E quando voce quer alguma coisa, todo o Universo conspira para que voce realize seu desejo.
Paulo Coelho

Kozamo woeeK CUAHO KeAde Heuo, usrama Bcerena My cboeiicmed.

Jlayry Koearo
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CUNbHOE CEP®OTPOHHOE YCKOPEHUE NPOTOHOB
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PENATUBUCTCKUX HAYAJIbHbBIX QHEPTNAX YACTUL
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PymeH LLkeBoB', Hukonait Epoxun®, Hapexaa 3onbHukoBa’, Niiogmuna Muxainosckas
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Knroyeenie crnoea: CequompOHHoe YCKOpeHuUe rnpomaoHoe8, 3axeam 4acmuubl, UHmeepars OBUXEHUS,
HenuHeliHoe ypasHeHue, arieKmpoMazHUmMHas 80J1Ha, gha3a 80siHbI, cha3oeasi MNII0CKOCMb, KOCMUYecKas rnnasma.

AHHOmMayusi: PaccMompeHo CcurbHOe PeriimueuCmCKOe YCKOPEeHUE rPOMOHO8 3reKmpomagHUmHoul
8os1HoU, pacrnpocmpaHsiowelics 8 KoCMuYeckol rna3me rornepeKk MagHUMmHoO20 ronsA. AHanu3 nposedeH Ha
0OCHOB€E YUCIIEHHbIX pacyemos pelweHUs1 HerluHelHo20 OughghepeHyuanbHo20 ypasHeHUs 8mopoeo rnopsidka Ons
pasbl 80/IHbI Ha MPAEKMopuUU YCKOPSeMo20 MpomoHa. HayanbHas sHepausi yacmuuypl bbiia CyuweCmeeHHO
pensmusucmckol. MokaszaHo, 4Ymo 8 amoM criydae cmpykmypa obracmel 6nazonpusmHbix (0515 peanu3ayuu
ceppuHza) HavarbHbIX ¢ha3 cyuwecmeeHHO yrnpowaemcs. [ns 6na2onpusimHbIX HayvanbHbIX a3 3axeam
MPOMOHO8 80/IHOU C nocnedyrowWuM ybmpapensmusucmeKuM yCKOpeHuem rnpoucxodum cpasy u 4epes
HeKomopoe 8peMsi XapakmepucmuKku 3axeayeHHOU yacmuubl (MornepeyHbie KOMMOHEeHMb! CKOPOCmuU, membl
pocma 9Hepauu U KOMIOHEHmM umriynbca, hasa 60/IHbl Ha mMmpaeKkmopuu rpomoHa) 6bIxo0sm Ha
acumnmomudyeckue 3HadyeHus. [lonyyeHbl aHanumuyeckue arnnpokcuMayuu Onsi xapakmepucmuK yCKopsembiX
yacmuy. lNpu HebraeonpusamHbIX HayasnbHbIX ¢hasax 3axeam rpoOmMOHO8 80fIHOU Ha OOCMYrHbIX epeMeHax
YUCIIEeHHbIX pacyemos He Habrodarsics, CuflbHOe yCKopeHue yacmuy, omcymcemeayem. [TpomoHbl cosepwarom
flapMopoecKoe epalyeHue 80 8HewHeM MazHumHoMm rone. Obcyxdaromess onmumaribHble ycriosusi 0ns
peanusayuu e paccMampugaemMol cucmeme ybmpapesismueucITiCKO20 CephOMPOHHO20 YCKOPEeHUs Yacmud,
B03HUKHOBEHUEe gapuayuli MomoKo8 KOCMUYECKUX Yacmul, 8 CpasHUMesIbHO CrioKOUHOU KocMuYecKol rnnasme (8
omcymcmeue 3KcmpemarsbHbIX CObbimull murna 83pbieos).

STRONG SURFATRON ACCELERATION OF PROTONS BY AN
ELECTROMAGNETIC WAVE IN SPACE PLASMAS FOR RELATIVISTIC INITIAL
ENERGY OF PARTICLES

Rumen Shkevov', Nikolay Erokhin?, Nadezhda Zolnikova?® Ludmila Mikhailovskaya®

1Space Research and Technology Institute — Bulgarian Academy of Sciences
2Space Research Institute — Russian Academy of Sciences
e-mail: shkevov@space.bas.bg, nerokhin@mx.iki.rssi.ru

Key words: Proton surfatron acceleration, particles trapping, particles momentum, nonlinear equation,
electromagnetic wave, wave phase, phase plane, space plasma

Abstract: Strong relativistic proton acceleration by an electromagnetic wave propagating in space
plasma across the magnetic field is considered. Analysis is based on numerical solution of the nonlinear
differential equation of second order for the wave phase on the accelerated proton trajectory. The initial energy of
the particle was essentially relativistic. It is shown that in this case, the structure of favorable regions for surfing
realization, the initial phases is considerably simplified. At favorable initial wave phases for proton capture
followed by ultra-acceleration occurs immediately and after some time the parameters of the captured particles
(transverse velocity components, the energy growth rate, momentum component, the wave phase on the
trajectory of the proton) tend to the asymptotic values. The analytical approximation to the characteristics of the
accelerated particles are obtained. Under unfavorable initial phases for proton capture by the wave at the
available times for numerical calculations are not observed, there is no strong acceleration of particles Protons
performs Larmor rotation in the external magnetic field. The optimal conditions for realization of an ultrarelativistic
surfatron acceleration of particles in studied system, the genesis of variations in space particle streams in
relatively quiet space plasmas (in the absence of extreme blasts type of event) are discussed.
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BBeneHune

AHanu3 mMexaHu3moB (POPMMPOBAHUS MOTOKOB YNbTPaAPENSATUBMCTCKUX 3apshKeHHbIX YacTul
BXOAWUT B YMCNO aKTyanbHbIX 3ada4y COBPEMEHHON (PU3MKM KOCMUYECKOW nrasmbl, Hanpumep, aTo
npeacTaBnsaeT 00sbLIOW MHTEpeC Ans Npobnembl NponcxoxaeHus kocmudecknx nyden (KI) Bkrtoyas
npoueccbl opmupoBaHusa cnektpoB KJl, BO3HMKHOBEHMSI WX W3MEHYMBOCTM W 3aBUCUMOCTU
xapaktepuctuk KJ1 ot kocmmyeckon noroapl. PaHee cepdoTpoHHoe yckopeHue 3apsgoB (CY3) Ha
3NEeKTPOMarHUTHbIX BOMHaxX B MnasMe paccMaTtpuBanocb, B 4acTHocTW, B pabotax [1-11]. Bbino
nokasaHo, 4to CY3 aBnsetca apPeKkTUBHbIM MEXaHU3MOM FreHepaLmm NOTOKOB YNbTpapensaTUBUCTC-
KMX YacTuy, B KOCMuYeckon nnasme. [1osToMy ero uccnegoBaHue MPUMEHMUTENbHO K KOCMUYECKOMN
nnasme TpebyeTca ONs OLLEHKM KOMNMMYeCcTBa YCKOPEHHbIX YacTuL, XapakTepHbiX pasmepoB obnacrten
YCKOPEHMS, onpeaeneHnst UX 3HEPreTUYECKNX CNEKTPOB N BAUSHUSA BO3MOXHbIX BHELLUHUX (DAKTOPOB.
3agadya saBndetca  MHoronapameTtpudeckon. COOTBETCTBEHHO, [ANs  onpefeneHust  rnaBHbIX
3aKOHOMEPHOCTEN CEepOTPOHHOIO YCKOPEHUS 3apsgoB BONHAMW B KOCMWYECKOW MIia3me HYXXeH
fonblon oObeM 4YMCMNEHHbIX pacyeToB. B HacToswen paboTe Ha OCHOBE YMCMEHHBIX PacyeToB
paccMOTPEHO CUMbHOE CepOTPOHHOE YCKOPEHWE MPOTOHOB C PENATMBUCTCKUMM HayanbHbIMU
SHEPrNsAMM MNpU UX B3AUMOLEWCTBUM C INEKTPOMArHUTHOM BOSMHOW, pPacnpoOCTPaHAIOLWENCS B
KOCMMYECKOW Mnasme nornepek BHELIHEro marHutHoro nons Hgy . U3ydeHa guHamuka 3axsaTta u
YCKOpEHUs1 MpOTOHOB. [lokaszaHo, YTO NpwW 3axBaTe 4YacTulbl B PEXUM AONUTENBHOrO YCKOpPEeHUs
nonepeyHble KOMMOHEHTbl WMMNyMbCa 3aXBa4YeHHOro MPOTOHA W €ero PenaTUBUCTCKUMN haKkTop
YBEMNUUYNBAKOTCHA MPaAKTUYECKU JIMHENHO C POCTOM BpeMeHU. OTO COOTBETCTBYET MOCTOSTHHOMY TeMMy
pocTa aHeprun 3axBavyeHHoON YacTuLbl, NPUYEM OH OQUHAKOB AMNsi ANEKTPOHOB, NO3UTPOHOB, MPOTOHOB
N aHTUNPOTOHOB. PacyeTbl NOKasbiBalOT, YTO MOMEepeyHble KOMMOHEHTbl CKOPOCTU 3apsaa Vy , Vy
BbIXOASAT Ha aCUMMNTOTUYECKNE 3HAYEHUNS, a NPOAOIbHAas (OTHOCUTENbHO BHELUHErO MarHUTHOrO Nons)
CKOPOCTb V, CTpemutcad K Hymw. C poOCTOM 3HEeprMM YycKOpseMble 4acTuubl MOCTENEeHHO
KOHAEHCUPYIOTCA Ha AOHO 3((EKTMBHOW, HECTaUMOHAPHOW, MOTEHUWanbHOW AMbl. 3aMeTuMm, 4TO
3axBaT MPOTOHOB B PeXuM cepduHra NpoucxoauT Afs aMniuTyq BOfHbI Eq Bbiwe cnegyrowlero
noporac =e Eqg/ meCo>uy, =u/(1- sz )l/ % rne Bp= o/ Cck, U= oy / ®, One - LUKIOTPOHHASA
YacToTa HEPEnATUBUCTCKUX SNEKTPOHOB Nra3Mbl, o - YaCcTOTa BOIHbI, K - BONMHOBOW BEKTOP.

OCHOBHbI€ YpaBHEHUSA U pe3yNbTaTbl YACIIEHHbIX PacyeToB

Mpu aHann3e cepdOTPOHHOIO YCKOPEHMS UCXOLHBbIMU SBMNSIIOTCA PENATUBUCTCKME YPaBHEHUS
OBWXEHNs1 MpOTOHA, B3aMMOLEWCTBYHLIErO C  SMeKTPOMarHUTHOW BOMHOW. PenaTtuBucTckue
YpaBHEHUSI ABWXKEHUSA NS YCKOPSEMOro NpoToHa C Maccor M 1 pensiTMBUCTCKMM (DaKTOpOM y B nosne
BonHbl E, = Ey cos¥, ¥ = ot — kx umetoT Bua

d(yBx) /dt = (e Eo / M c) cos¥ + (e Ho / M C) By
(1) d{yBy)/dt=—(e Ho / Mc) By

dy/dt = (e Eq/ M c)By cosY

vy Bz = h =const

3pecb B=v/c, By =B, (1—-d¥/dt), 1= ot 6espasmepHoe Bpems. [ycTb £ = o X / ¢, Toraa
Ans asbl BONHbLI MMeeM BbipaxeHne ¥ = 1 — (& / Bp). Ana ynobeTea AanbHenwmnx pacieTos BBeAEM
Manbln napameTp 3agaum &€ = (Mg / M)”z, a Takke HopmupoBaHHoe Ge3pa3MepHOe BpPeMs S = ¢ T.
HeTpyaHO nokasatb, 4TO cuctema YypaBHeHui (1) nomumo h wmeeT BTOpPOM UMHTEerpan
J=yBy+ue P, (x—¥) =const Te.y By, =J+uc’B, (¥ - 1) Ana ynpolieHns 3anuceii BBeaem
o6osHaueHne B = 1 + h® + [ +u & Bp (P— r)]z. CnepoBatenbHo, y onpegensetcs opmynon
y2 =B/(1- sz). C yuyeToMm mHTerpanos aswxerus J, h ns (1) nonyyaem cnegyiollee HecTalMoHapHoe,
HenvHenHoe ypaBHEHWE BTOPOro nopsiaka Anst asbl BOMHbI HA TPAaeKToOpun NpoToHa

(2) d*w/ds® + [ o-(1 — Bx*)** 1 BY? Bl cos¥ + (u/ B B,)-(1- B )-[I + ue Bp(e? —8)] = 0

N BblpaxeHne pns Ge3pasMepHOl KOMMOHEHTbI CKOPOCTM MPOTOHA BAOMb BOJIHOBOrO (ppoHTa
By=[J+uBp-(x—-¥)]/y.

HenvHelHoe ypaBHeHWe Ansa ¢asbl BOMHbI (2) peLuanock YUCHEHHO C HavanbHbIMW AaHHBIMU
¥ (0) = ¥, ¥.(0) = a. lMpu atom umeem B(0) = B,(1 — a), rae napameTp a HaxoOuTCA B AuanasoHe
1-(1/Bp) <a<1l+(1/Bp). NHTEPECHO OTMETUTL, YTO MPU CUMBHOM YCKOPEHUW MPOTOHOB BOSHOW
Temn HabBopa ero sHeprum M ¢’ y BbixoguT Ha acumnTtotuky d(M c® y)/dt = me ¢ u B, v,
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CnepgoBaTtenbHO, CKOPOCTU pOCTa 3HEPrun Ansi SrIeKTPOHOB, MO3UTPOHOB, MPOTOHOB U aHTUMPOTOHOB
OOVHAKOBbI.

CornacHo aHanMTMYEeCKUM OLEHKaM, Ha 4OCTAaTOYHO 6OMbLLMX BpEMEHAX YCKOPEHUSI MPOTOHA
YNCMNEHHOE peLleHne OOJMKHO BbIXOAWTb Ha Cregylowue acuMMTOTUKU AN KOMMOHEHT CKOpPOCTU
yactmubl By = Bp, By = - 1 / yp. Takum o6pas3om B acMMNTOTMKE TEMM YCKOPEHUs He 3aBUCUT OT
aMmnnuTyabl BOMHbl Eg, KOTOpas onpeaensieT XxapakTepucTuky cpefHero Temna yckopeHus < cosW(t
)> ~ o /o, T.e. aCUMNTOTUKY NONOXEHUA AHA 3PPEKTMBHOM NOTEHUUANBHOW AMbl ANs 3aXBa4YeHHON
yacTuubl. OTMETUM, 4TO B @CUMMTOTUKE KOMMOHEHTblI CKOPOCTU [, ANA 3NEKTPOHOB W MPOTOHOB
OTNINYAIOTCS TOMBKO 3HAKOM.

Ona HaxoxaeHnss AuanasoHa HavanbHbiX a3 W(0), npy KOTOpbIX MPOMCXOAUT 3axBaT
NMPOTOHA B PEXNM YNbTPapensTUBMCTCKOrO YCKOPEHWs BOMNHOM, B pacyeTax dmkcupoBanace asoBasi
CKOPOCTb BOSHbI B, B MHTepBane 0 < B, < 1, Ana HavanbHoOW dasbl 6panca avanasoH |‘P(O) |< m.
AMNNuTyaa BonHbl ¢ Bhibupanach Bbille NOPOroBoro 3HavyeHus o = 1.5 ..

YucneHHbIMM pacdeTamMm Ha cpaBHUTENbHO Manblx BpemeHax t < 7000 onpepensancs
OvanasoH HavanbHblX a3, B KOTOPOM WMMen MEeCTO 3axBaT [MpoTOHA B  PEXUM
YNbTPapensaTUBUCTCKOrO YCKOpeHus BOMHOW. Ecnv Ha aToM uHTepBane ana Hekotopbix a3 ‘P(0)
3axBaTa He ObIno, cYeT BbINOMNHAMNCA A0 3HAYEHUS T, = 7.10".

MpuBegem pesynbTaTbl pacdeToB ANs Cnedylowero BapuaHTa napameTpoB 3ajauu
h =5, B, =07, y(0)B,(0) = - 10, u = 0.2, a = 0, COOTBETCTBYIOLLEIO PENATUBUCTCKOMY MPOTOHY.
PesynbTathl pacyeToB And HavanbHbIX a3 B uHTepBane - 3.1 < YW(0) < 3.1 c warom no case
d¥(0) = 0.1 nokasanu, 4to Ans 14 3Ha4YeHUN HavyanbHbIX a3 Ha MHTepBane t < T, 3axBaT NPOTOHOB
BOJSIHOM UMeeT MecTo. B kadecTBe npumepa Ha puc.1 npegcraBneHa 3aBUCMMOCTb BpEMEHWN 3axBaTa
Tc OT 3HadeHusa WY(0). CuHme obnactu obo3Ha4valOT OTCYTCTBME 3axBaTa MPOTOHA BOMHOW Ha
COOTBETCTBYIOLLEM UHTEPBarne BpeMeHu, bernble — Hannyue 3axeara.
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Puc. 1. 3aBnucmMmocTb BpeMeHu 3axBaTta tc OT 3HayeHus dasbl BonHbl W(0). CuHue obnacTtu obosHayatoT
OTCYTCTBUE 3axBaTa

WTak, B JaHHOM BapuaHTe napameTpoB 3a4ayn 3axBaT NPOTOHOB BOSTHOW B PEXUM ynbTpape-
NSATUBUCTCKOrO YCKOPEHMST mpoucxoout ans 22.6 % HadvanbHbIX pa3, 4YTO CYLIECTBEHHO AniA
reHepaumm Bapuaumi notoka KJl B 06rmacTtu BbICOKMX 3HEPIUIA NMOCKOSbKY NPU POCTE SHEPTUMN YacTuL,
Ha (3+5) nopsgKkoB BEenMMUMHLI Adaxe Manasi JoNns nonagalolmx B 3axBaT BOMHOW MPOTOHOB C
3Hepruen nopsgka 9B nocne cunNbHOro OOYCKOPEHWA MOXET cOo3faBaTb B KOCMWYECKOW Mnasme
3HauMTenbHble Bapuauum notoka KJ1 Ha aHeprusix 10*° aB v Gonee.

Bbinn nposegeHbl pacyeTsl Ana cnydaa y(0)By(0) = - 100 npu HeUsMEHHbIX NPOYUX
napameTpax 3ajadv Ha MHTepBane BpeMeHu T < T, . Pe3ynbTatbl pac4eToB ANs HayanbHbIX a3 B
uHtepBarne - 3.1 < Y(0) < 3.1 c warom no ¢ase 3¥(0) = 0.1 nokasanu, yto Ansa 11 3HayeHun
HayanbHbIX a3 Ha MHTepBane t < 1, 3axBaT NPOTOHOB BOSIHOW MMeeT MecTo. B kauecTBe npumepa
Ha puc.2 npeacTaBneHa 3aBUCMMOCTb BPEMEHN 3axBaTta t. OT 3HadyeHus YW(0). Kak n Ha puc.1 cuHne
obnacTtn o60o3Ha4alT OTCYTCTBME 3axBaTa NPOTOHa BOMHOW Ha MHTepBarne BPeMeHU T < 1, , benble —
Hannymne 3axsarta 4YacTuy B NOTEHUMUAMbHYIO SIMY.
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Puc. 2. 3aBucuMocTb BpeMeHu 3axeata tc OT 3HadeHus dasbl BonHbl ¥(0) npu y(0)By(0) = - 100

Kak Bumamm, umcno 6GnaronpuaTHblX AnAs peanu3aumm  CcepdOTPOHHOIO  YCKOPEHUS
PENATUBUCTCKMX MPOTOHOB HavanbHbiX a3 W(0) Heckonbko ymeHblwmnochb (11 3HaveHun). Ons
3aXBayeHHbIX YaCTHL, BPEMS PaCUETOB MOXHO yBeNnuuTb A0 5-10° , HO OHM OCTaIOTCS 3aXBaYEHHBIMMU.
CornacHo npoBefeHHbIM pacyeTam rpaduku pensaTMBUMCTCKOrO (haktopa NpPOTOHA Yy, MOMepeYHbIX
KOMMOHEHT uMnynbeca y By , ¥ Bx XOPOLLUO annpOKCUMUPYIOTCS NIMHERHbIMU (DYHKLUAMM T.€. TeMbl UX
pocTa MpakTUYeCKM MOCTOSIHHbI U COOTBETCTBYIOT BbIXOAY MOMEPEYHbIX CKOPOCTEN Ha YyKa3aHHble
BbIlLE acMMNTOTMKW. TpaekTopus 3axBa4y€HHOro NpoTOHa Ha NEpPneHaNKYNSAPHONA K MarHUTHOMY MO0
MIOCKOCTU Takke Onuska kK npsamonuHenHon. Ha dasoson nnockoctn (¥, dW/dt) TpaekTopusi
nsobpaxaroLen ToYKU SABNAETCA cnupaneBuaHOW, C 0COBOM TOYKOW Tuna yCTonMYMBLIA POKYC (OHO
3(ppekTUBHOM, HecTauuoHapHOW, noTeHumanbHon ambl). [paduk dasbl ¥(r) nokasbiBaeT
OCUMNAALMM aMMnTyaa KOTOPbIX MO Mepe YCKOPEHWS yMEHbLIAeTCsl, a Nepnos Bo3pacTaerT.

3aknro4yeHune

B HacTosien paboTe Ha OCHOBE YMCIEHHbIX PacyeToB WCCrefoBaHa AMHaMKKa 3axBaTta M
nocrneaytLwero CUnbHOro ceptOTPOHHOIO YCKOPEHMSI MPOTOHOB C PEMATUBUCTCKMMM HavarbHbIMU
AHEPrusaMn SNeKTPOMarHMTHOM BOSIHOW, PacnpoCTpPaHsAWENCca B KOCMUYECKOW MnasmMe nonepek
cnaboro MarHWTHOro nons. AMNAWTYOa 3neKTPUYeckoro nomns BOMHbI  npeBbiwana Ha 50 %
noporoBoe (ons peanusauun cepdOoTPOHHOIO MexaHu3ma YCKOpeHus1) 3HadeHne. 3agaya cBefeHa K
YNCNEHHOMY aHanu3y HeNMHENHOro ypaBHEHMS1 BTOPOro mnopsiaka Ans ¢hasbl BOMHbI HA TpaekTopun
yacTtuupl ¥(r).

PaccMoTpeHbl 3aBUCMMOCTb AMHAMMUKM KOMMOHEHT MMMYbCca, CKOPOCTU U SHEPTUM YacTuULbl,
CTPYKTYpbl pasoBon nnockoctn (¥, dW¥/dt), a Takke BpeMeHM 3axBaTa 3apsga BOMHOW T, OT
BENMWYMHbI HadvanbHon hasbl W(0). YcrtaHoBneHo, yto npumepHo ans 20 % 3HayveHnunn P(0) 3axeat
NPOTOHOB BOSHOMW B 3(h(DEKTMBHYIO MOTEHUMANbHYIO MY NPOUCXOANUT cpa3sy NMBo CnycTs HEKOTOPOE,
CpaBHUTENLHO HeBonbluoe Bpemsi. Ha WHTepBane BpPeMEHM YMCHEHHOro cyeTa T < Tt = 7-10°
HabnogaeTcs ynbTpapenaTUBUCTCKOE YCKOPEHME YacTuUL, C OTHOCUTENBHO HEBONbLUUM pasbpocom no
nproGpeTaeMbIM UMK SHEpPrUsSiMU. DTO yCKOpeHne U HabrogaeTcs Ha MHTepBanax cyeta go 5-10° .
Mo oueHkam cepPOTPOHHbIA MEXAHU3M YCKOPEHUS 3NEKTPOMArHUTHbLIMU BOSTHAMU B Mia3me MEeCTHbIX
MeX3Be3aHbIX 00nakoB MOXeT obecneynTb YCKOpeHuWe MPOTOHOB C HayaribHOW 3HEeprui nopsaka
pecsitkoB 9B [0 yposHs 10™° 3B v Gonee [10].

Bbllwe onucaHbl BapuaHTbl CePdOTPOHHONO YCKOPEHMSI MPOTOHOB C  OTpuUUATENbHbIM
HayanbHbIM 3HAYEHMEM UMMYbCa YacTuLbl BAOMb BONHOBOrO hpoHTa (ock y). B obpaTtHOoM cnyyae —
MOMOXUTENBHBIX HayamnbHbIX 3HAYEHWA MMMyNbca MPOTOHA BAOMb BOSIHOBOIO (hpoHTa mpoucxoauT
cnepywollee. Yactmua ¢ By ~ B, 3axeBaTbiBaeTCs BOMHOW WM Ha4MHaeT TOPMO3UTLCSH YMeEHbluas
KOMMOHEHTY ckopocTu P, . OcTaBasiCb 3axBa4€HHOW YacTuLa MeHSIeT 3HaK KOMMOHEHTbI CKOPOCTH fBy
Ha oTpuLaTenbHBIA U TOMbKO 3aTEM NPOUCXOANT CEPEOTPOHHOE YCKOPEHUE.

Ons  GonbluMx HavarnbHbIX 3HEPrU YacTul, Ha STanax TOPMOXEHUS-YCKOPEHUs Ans
pPensiTUBMCTCKOrO hakTopa 3apsifa y(t) NonyyatTcst IMHENHbIE annpoKCUMaLmn.
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AHHOmMauyusi: PaccMompeHO npoxox0eHuUe 6HympeHHUX 2pasumayuoHHbIX 8osnH (BIB) u3 HuxHel
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C/10U OMCymcmeyom U 803MOXHO (MPU OMCymcmeuu CJIosi 8epmuKaibHO20 OmpaXeHusi) npoxoxoeHue BIB do
UOHOCGhEPHbIX 8biICOM C eeHepayuel 803MyuweHUl 6 uoHocgepHolU nna3me, Ymo 6ydem uHOUKamMopom
KpU3ucHo20 cobbimusi 8 HUXHel mpomnocgepe.

NUMERICAL CALCULATIONS OF IGW PASSAGE FROM THE TROPOSHERE UP
TO THE IONOSPHERE THROUGH INHOMOGRENEOUS ZONAL WINDS
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3People's Friendship University of Russia
e-mail: nerokhin@mx.iki.rssi.ru, shkevov@space.bas.bg

Abstract: The passage of internal gravity waves (IGW) from the lower atmosphere to ionospheric
altitudes in the presence of an inhomogeneous zonal wind flow is considered. Analysis of the ray trajectories IGW
taking into account the inhomogeneity of atmospheric density and wind flow was done. The possibility of
occurrence of reflection layers IGW in the horizontal and vertical directions, the appearance of the critical layer
that blocks the passage of IGW in the ionosphere and leads to the absorption of waves in its vicinity was
investigated. In the work is pointed that for a sufficiently long-wavelength waves the maximum wind speed is
below a critical value, the critical layers are missing and it is possible (in the absence of a vertical reflection layer)
for IGW to pass thru to the ionospheric heights with the generation of perturbations in the ionospheric plasma,
which is an indicator of the crisis events in the lower troposphere.

BBeneHune

Ha oOCHOBe 4WCIEHHbIX pacyYeTOB Iy4eBbIX TPAEKTOPUA PACCMOTPEHO MNPOXOXAEeHNE
BHYTPEHHMX TPaBUTALMOHHBLIX BOJIH M3 Tpornocdepbl (BbICOTbl B HECKOSbKO KWIOMETPOB) 4epes
BEpPTMKANbHO HEOOHOPOAHbIE BETPOBblE CTPYKTYpbl OO0 WOHOCEPHBLIX BLICOT C  y4eTOM
HeoaHopoaHOCTN 4acToThl bpeHTa-Bancana. BB moryt Bo3GyxaaTeCcs B Tponocdepe 3a cuyet
pas3nMyHbIX NPOLECCOB, Hanpumep, KPU3NCHbLIX SBMEHUA TUMNa CEMCMUYECKOW aKTUBHOCTW, CTPYMHbIX
TedeHun. [pu pocTuxeHUn unoHocdepHbIX BbiICOT BB MoryT (3a cyeT CUMMAbHOrO YMEHbLUEHUS
NNOTHOCTM aTMocdepbl) 3HauYUTENbHO YCUNUTBCSA NO  amnnuTtyge. B pesynbtate 3Ttoro Ha
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MOHOCHEPHbIX BbiCOTax OyAyT BO3HMKATb NPEABECTHUKN N MHOUKATOPbl KaK CEMCMUYECKNX COBbITUN,
Tak M OPYrMx KPU3UCHBIX SBMEHWA B MPU3EMHON aTMocdepe, a Takke BO3MOXEH HarpeB aTOMOB, B
YaCTHOCTU, KMCMOpOoAa, YTO MpuBedeT K HabnogaemMoMy B HOYHOE BpPEMS CBEYEHWIO Ha 3ereHOW U
KpacHOW NMHMSX KMcnopogaa.

Ons Heckonbkux BapuaHToB Bbibopa napameTpoB BB u BeTpoBbix CTpPyKTyp npoBedeH
aHann3 ocobeHHOCTEW Ny4YeBbIX TPAEKTOPWUA 3TMX BOSH, CBSI3aHHblE C BO3HMKHOBEHMEM Ha Tpacce
pacnpocTpaHeHuss BB cnoeB ropusoHTanbHOMO M BEPTMKANbHONO OTPaXEHUM BOSH, a Takke
KpuTMyeckoro crosi. B OKpecTHOCTU KPUTUYECKOro Crios NPOUCXOAWUT CUMbHOE YMEHbLUeHue
BepTMKanbHOM KOMMOHEHTbI rpynnoBon ckopocty BB BcrneacTeme pocta BepTMKanbHOM KOMMOHEHTbI
BOMHOBOrO BEKTOPA W, COOTBETCTBEHHO, PE3KO BO3pacTaeT NorfoLeHne BOrHbl 3a CYET BA3KOCTU.

Pacuetamn nokasaHo, 4YTO ANA KOPOTKOBOSHOBbLIX BHYTPEHHUX [PaBUTALMOHHBLIX BOSH
HEBO3MOXHO MX NPOXOXAeHMe 13 Tponocdepbl 40 MOHOCKEPHBIX BbICOT MOCKOSbKY BO3HUKAKT Crou
BEPTUKAIBHOIO OTPAXXEHUSA U KPUTUYECKME CIIOU, BO3HMKAKOLWME NPU AOCTAaTOYHO OOMbLUOW CKOPOCTU
BETPOBOro Notoka. [ns KOHKPETHOro BEPTUKANBHOIO NPOoduUNa CKOPOCTM BETPA M YacToTel Bancans-
BpeHTa BbluMCNEHbI XapakTepHble 3HayeHus pAnuH BonH BB, npu KoTopbix ©nokupyetcs
npoxoxaeHne BIB B noOHOCepHyw nnasMy, BenuWYUHbl FOPU3OHTanbHOro cmelleHns BB no
OOCTWKEHUN VMU CINOEB BEPTUKANBbHOIO OTPaXKEHMSA U KPUTUYECKOTO CIOS.

Heobxogumo OTMETWUTb, 4YTO WCCregoBaHWE MpPOLECCOB  reHepauum  BO3MYLLEHWUA
NMoHochepHOM NnasMbl 3a CHET KPUSUCHBIX NPOLLECCOB B Tponocdepe OTHOCUTCH K YACNY aKTyarbHbIX
3agjad (pM3MKM OKONO3EeMHOro MPOCTPaHCTBa U nNpeactaBnsdeT OOMbLIOW MHTEpec, Hanpumep, Ans
HabnoOeHUN WMHOWKATOPOB U NPenBECTHUKOB KPU3UCHBIX aTMOCKEpPHbIX SBMAEHWUWA CMYTHUKOBOM
annapaTtypou, KOPPEeKTHON MHTepnpeTauny AaHHbIX U3MEPEHNA XapaKTepUCTUK BO3MYLLEHUN MOHOC-
depHoO NnasmMbl, Pa3BUTUS COBPEMEHHBIX METOAUK X 06paboTku (CM., Hanpumep, paboThbl [1-8]).

OCHOBHbI€ YpaBHEHUSA U YUCIIEHHbIe pacyeThbl

Mpn uccneposaHun pacnpoctpaHeHna BB B HeogHopodHoW atmocdepe € 30HamnbHbIM
BETPOM aHanus3 npoLle NpoBoANTbL HA OCHOBE MeTOAa NyYeBbIX TPAeKTOpUi A5 rpynnoBOn CKOPOCTU
BI'B npwu 3agaHHbIX BepTUKaNbHbIX Npodunsax YactoTbl Bancana-bpeHta N(z) n 3oHanbHoro notoka U
= U(2) ex. YpaBHeHNs Ansi Ny4yeBblX TPAEKTOPMI BOMHOBOIO Maketa B HEOOAHOPOOHOW cpede MMelT
Bug (Foccapd, Xyk, 1978; Mupononbckud, 1981)

1) dr/dt=vyg, dk/dt=—0w/or.

3pecb Vg = 0 o /0 k — rpynnoBsas CKOpOCTb m(k r) = kyxU(2) + N(2) ki, / k yacTtota BI'B ¢
yyeToM [JonnepoBckoro casura, rge kn = (k + ky ) = const ropusoHTanbHasi KOMMOHEHTa
BOMHOBOro BekTopa. CornacHo pacyetam, npoxomp,eHme BB B wnoHocdepy umeeT mMecto Ans
AOCTaTOYHO KpyrnHOMacwTabHbIX BOMH, korga BbinonHseTcsa ycnosue K, << k,. OTmeTum, 4Tto Ans
BI'B rpynnoBasi CKOPOCTb Y BOSIHOBOW BEKTOP B3aMMHO NeprneHanKynsapHbl.

[na ynobcTtea aHanu3a Beeaem 6espasmepHble nepemenHble z = L&, x = Ly, y =L, roe
L, =1km, Ly =Ly, =5 km. [insa ckopocTu BeTpa 3anuwem U(z) = u(&) m/c. Yactoty Bancans—bpeHra
N(z) HopMmupyeM Ha xapakTepHoe 3HadeHue: N(z) = w(€) / 50 c. Beegem Takke 6e3pasmepHble
BOIMHoOBbIe Yncna ky = ax/ 5 km, ky =g,/ 5 km, k, = g,/ 1 km n 6espasmepHoe Bpems t =t/ 250 c.

B pesynbTaTte ypaBHeHus ANg nyyvyeBbix TpaekTopun (1) npyHumatoT Bug

dg/dt=-(ng,q,)/p’, pz[q3+(qh/5)z]ﬂz;
dn/dt=(ud’q,)/ p’, +u(&)/20;

@  d¢/dr=(udlq,)/ pia,;
d¢/de=(na’q,)/ p’a,;
dqz/dr:—(qxlzo)(du/da)—(qh/p)(dp/di)

3necb HeobxooMMO OTMETUTL, YTO AJIS pacnpocTpaHsioLlerica BBepx BI'B crnepyet nonaratb
g; < 0, NockonbKy MO BepTUKanuM KOMMOHEHTbl (pas3oBOM W TPyMnoBOM CKOPOCTEMN HampasreHbl
NPOTUBOMONOXHO. VIHTerpan ABWXeHuUs Ans CUCTEMbl YpaBHEHWI Bbille (Hecyllas YacToTa nakera)
3anuiem cnegyowimum obpasom:

e =[0x u(g) /20] + u(€) an/ p(&) = @250 cek =To / T,
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roe To = 500-r cek ~ 26 muH 10 cek, a T, = Ty / ¢ — nepnog BI'B. BenuunHa uHTerpana ¢
onpegenseTcs HayanbHbIMW 3HAYEHUAMU BXOOAWMUX B Hero oyHKuMmn (¢ = const). OTmeTuM Takxe,
YTO rOpM3OHTanbHbIE N BepTUKanoHasa AnuvHel BI'B paBHbI:

Ax =10-m (km) / dx, Ay = 10-mt (kM) / ¢y, A, = 27 (KM) / 0.

OtmeTuM rnaBHble ocobeHHOCTM B3anmoaencteusa BB ¢ HeogHopoaHowm doHOBONM BETPOBOM
CTpykTypon. Tak npu nonyTHOM (OTHOCMTENbHO BeTpa) pPacnpoCTPaHEeHWM BOJSIHbl Ha HEKOTOPbIX
BbICOTax MOTYT BO3HMKATb KPUTUYECKNE CINOU Z.. B OKpecTHOCTU KpUTMYECKOro crios cornacHo (2) B
paccMaTpvBaeMol MOAENM BepTuKanbHas AfvMHa BOSHbI CTPEMUTCA K HYMO MOCKOMbKY Ha
KPUTUYECKOM YPOBHE (,° —> o« U @ —> ky U(z.). CnenoBaTenbHO, B KPUTUYECKOM COe rpynnoBast
CKOpPOCTb BOSIHbI CTpeMutcs K Hynto. Moatomy BB HeorpaHu4eHHO 3amMennsieTca U MOMHOCTbIO
MornowlaeTcs B KPUTMYECKOM CIloe 3a cyeT Bo3poclien ponu Bsskoctu. OTcioga crnegyeTt, yto
KpuUTuMyeckne cron z, GrnokupytoT pacnpocTtpaHeHne BB Ha woHocdepHble BbicoThl. [pn q, — «©
KpuUTMYeckasl CKOpPOCTb MOToka paBHa U, = 20 & / gy, T.e. U = o / ki [lockonbky BOsfHa
pacnpocTpaHseTcss B MOMYTHOM K BETPY HampaBfeHUW BEenu4YMHa U, OnpeaensieTcs 3HavyeHusiMu
WHTErpana & u KOMNOHEHTbI BOSIHOBOrO BEKTOPA (y. Takum oOpasom, ecrnim MakcumarbHasi CKOPOCTb
MOTOKA Umay > U, TO B BETPOBOM CTPYKTYPE HA HEKOTOPOW BLICOTE UMEETCS KPUTUYECKUI Crion (npu
OTCYTCTBMM Ha Tpacce pacnpoCTpaHeHNs Cros BEPTUKANbHOIO OTPaKEHMUSI.

Mpu BCTpeYHOM K BETPY pacnpocTpaHeHun BB mMoryT cyliecTBoBaTb CNOM rOpU30oHTanbHOro
N BepTUKanbHOro oTpaxeHun. OTpakeHue MO TropPU3OHTarlbHOMY HampaBEHMIO X MPOUCXOOUT B
HEKOTOpOM croe &y, rAe ropu3oHTanbHas rpynnoBasi CKOPOCTb MakeTa paBHa HYMio Vg = 0. CornacHo
(2) aTo paeT cneaytollee ycrnoBue:

[UEx) 1201+ { p(Er) Ax [ 92(E) T / 0 P(ER)T =0,

KoTopoe onpefenseT npodunb Un(E) = - 20-{ w(&€) ax [ 9.(&) ]2 / gn p(é)3 . Ycnosue ropnsoHTansHoro
(no ocu Xx) oTpaxeHuss BI'B BCcTpeyHbIM BETPOBBLIM NOTOKOM MOXHO 3anucatb B Buae U(E) = Ui(E).
"paduyeckm crnou ropmsoHTanbHOro oTpaxkeHnsa BB BCcTpeuHbIM BETPOM Z, (T.€. &) onpeaenstoTcs
TOYKaMU nepeceyveHnst KpMBbIX U(E) U U (). B okpecTHOCTM cnoeB &, NPOMCXOAMT OTpaXKeHNe nakeTa
BI'B Ha3az, K UCTOYHUKY MX reHepauun.

Cnoun BepTMKanbHOrO OTpaxeHus naketa BB BCTpeyHbIM BETPOM Z,, COOTBETCTBYIOT
ycrnoBuio Vg, = 0, T.e. q,(z) = 0. Ha aTon BbicoTe € = 5 p(&;) + [ax U(E,) / 20 ]. BBoaa dpyHKumio U, (&)
=20 [e — 5 w&)] / g Haxogum, 4YTO Crou BepTUKanbHoro otpaxeHws BB doHoBoOW BeTpoBOK
CTPYKTYpPON Z,, onpefenstoTcsa rpauyeckun, kak TOUKN nepecedeHus &, kpuson u(g) ¢ KpMBOW U, (&).
BagHo oTMeTuTb, YTO BbINOMHAETCS YCroBMe Uy, (E) < uc. B cnosx &, npomcxoauTt oTpaxeHue naketa
BB BHM3. CriegoBaTtenbHO, aHanoOrMyHO KPUTUYECKUM YPOBHAM &, 9TU CroM TOXe MpensATCTBYT
npoxoxaeHuto BB Ha noHocdepHbie BbicoTbl. OguH 13 BapMaHToB pacyeToB ¢ (,(0) = - 1, q, = 1.5,
gy = 0.5 gaH Ha puc.1, roe no BepTUKanu CKOpocTu B M/CEK, a No ropusoHTanu BbiCoTa B KM Npuyem
AnanasoH BbicoT 18.8 <z / km < 86.

40

0 i}

—60l ] ] | | ] ] | |
0 10 20 30 40 a0 1] 10 a0 o0

Puc. 1. NMpodwmnu ckopocten U(z), Ux(z) npu BapraHToB pacyeToB ¢ 4-(0) =- 1, qx=1.5,qy = 0.5

Kak BuaHO u3 rpacpukoB, B JaHHOM Crnyyae HeT KpPUTUYECKUX CNoeB, HO UMEKTCS ABa Cnos
ropm3oHTanbHoro otpaxeHusa BB Ha BbicoTax z nopsaka 32 1 82 km.

Ha puc.2 npusepeHbl npocunu ckopocten U(z), U, (z). NepeceyeHne kpmBbix onpenenset
BbICOTbl CINOEB BEepTUKaNbHOro oTpaxeHws. B gaHHOM BapuaHTe ecTb [Ba Crosi BepTUKarbHOro
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oTpaxeHus. [pu pacnpocTpaHeHun oT 3eMHoW noBepxHocTn BIB Oymetr oTpaxatbca BHU3 OT
HVKHEro cros, 6nokupyoLLero ee npoxoxaeHve B noHocgepy. Ecnu BonHa 6bina Bo3byxaeHa Bbiwe
BEPXHErO CMosl Z;, U pacnpoCcTpaHsAnach BHWU3, TO BEPXHUW CMON BEPTUKANBHOIO OTPaXKEHUs OTpasuT
ee obpaTtHo T.e. oH BygeT OnokmpoBaTb npoxoxaeHue BB k 3emHon noBepxHocTu. B mpuHuune
BOITHa MOXeT ObITb 3anepTa Mexay ABYMSI CMOSIMU Z,, , YTO O3Ha4YaeT BO3HWKHOBEHME BOMHOBOAA B
HeogHOPOAHON aTMOCcdepe C 30HaNbHBIM BETPOM.

40

Vel ;

-40 +

10 20 30 40 0 <1} 70 a0 o0

Puc. 2. Mpodunu ckopoctein U(z), Ur(2)

Bo3moxHbI U Bonee crioxHble TpaekTopuu fny4ver npu Hanuuuu B cucteme BIB-BeTposom
NMOTOK CMNOEB BEPTUKANbHOIO U rOPU3OHTANbLHOrO OTpaXeHu. Takaa cutyauus npoaeMOoHCTpMpoBaHa
Ha puc.3. 3gecb BB OoT ncToyHMKa Ha BbicOTax MeHee 18 KM pacnpoCTpaHsieTcsi Hanpaeo, 3aTeMm
OHa oTpaxaeTcd obpaTHO NOAHMMAsACL BBepX, OOCTUraeT Crnosi BEpPTUKANbHOrO OTpaXeHus wu
OMNyCKaeTCs BHU3 K CIOK rOPU3OHTasIbHOIO OTPaXXeHMs.
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Puc. 3. CrnoxHble TpaekTopum nyder Npu Hanmyumm B cucteme BIFB-BeTpOBOM MOTOK COEB BEPTUKANBHOMO U
rOPU30OHTarNbLHOIO OTPaXKEHUN

3artem BI'B pacnpocTtpaHsieTcs CHOBa HanpaBo W MPOXOAUT Hag UCTOYHUKOM €€ reHepauuun y
nosepxHoctn 3emnu. 30ecb BaXHO OTMETUTb, YTO TOPU3OHTalbHbIE CMELLEHWUst BOSHbI Ha 3TOMW
Tpaektopum MOryT ObiTb Becbma 6onbliMMKM, nopsgka TbhicAY KM. HakoHeu, Opyron BapuaHT
BbICOTHOrO Npocunga 3oHaneHOro BeTpa Ans AnanasoHa BbicoT (0+90) KM npuBeaeH Ha puc.4 BmecTe
C rpadukamMm Kputnyeckom ckopoctu U, 1 CKOpOCTM ropu3oHTanbHOro otpaxenusa U, Ans BapuaHTa
0,(0) =-1, gx = 1.5, gy = 0.5. 3necb MMeloTCsA TPU KPUTUYECKM Crost Ha BbicoTax 1.445 kM, 18.12 kM u
87.439 kM, KoTopble OyayT OnokuMpoBaTb npoxoxaeHne BIB B wuoHocepy OT UCTOYHUKOB,
HaxogsAwmxca Hwke 88 kM. VmetloTca Tpu CNost ropu3oHTanbHOrO OTPaXKEeHUs BOMHbI, a CroeB
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BEPTMKANbHOIO OTPAXEHMST HET MOCKOJSIbKY rpadhmk ckopocTu U, pacnonoXeH 3HaYMTENbHO Hbke
rpacmka U(z).

-100 -

-150 -\"-._l__ __._.-"r =

e | ] | ] | ] | ]
2 1] 10 20 30 40 50 a0 70 20 o0

Puc. 4. Tpn kputnyeckmn cnosi Ha BelcoTax 1.445 km, 18.12 km 1 87.439 km, koTopble ByayT 6nokupoBaTb
npoxoxaeHune BB B noHocthepy 0T MCTOYHMKOB, HaXoasaLWMXCH Hxe 88 kv

3aknro4yeHune

B HacTosien paboTe Ha OCHOBE YWCIIEHHBIX PACYeTOB ITy4EBbIX TPAEKTOPUN MpOBEAEH
aHanW3 psga BapyaHTOB pPacnpoOCTPaHEHMS! BHYTPEHHWX [PaBUTALMOHHBLIX BOJIH M3 MNPU3EMHOWN
aTMocdepbl 40 MOHOCMEPHBIX BLICOT B Crlydae KOPOTKOBOMHOBbLIX BI'B ¢ ropu3oHTanbHbIMK AfiMHaMu
BonH nopsaka 100 km. NMokazaHo, YTO ANA pacCMOTPEHHbIX BapuaHTOB BbibOpa napameTpoB 3agayuu
MOrYT BO3HWKaTb Crou BEPTUKANbHOIO OTPaXEeHUs N KpUTUYECKNE Crou, BnokmpyloLLme NpoxoxaeHme
BB Ha wuoHocoepHble BbicoTbl (nopsigka 90 km m Bonee). NMeloTcss cnov ropusoHTarnbHOro
OTPaXeHus1, YTO MOXET NPUBECTU K CIOXHOW CTPYKTYpe ny4veBbiX TpaekTopui. PesynbtaTthl pacueToB
MOKasbIBalT, YTO [AMHAMMKKY Iy4YeBbIX TPaEeKTOpU HeoOBXOAMMO y4uTbiBaTb MNpU NPOBEAEHUMU
3KCMEPMMEHTOB MO PerncTpaumm OTKIIMKOB, CO30aBaeMbIX B MOHOCEepHON Nnasme npuxoasiumm u3
Tponocdepbl BI'B, ons koppeKkTHOM MHTepnpeTauun AaHHbIX HaAOMAEHWUIA NOHOCHEPHBLIX OTKINKOB
Ha TponocdepHble BO3MyLLeHUs. Takne nccnegosannst 0yayT NpogorkeHbl B nocnegyowmux pabotax
ONst Apyrux BapuaHToB BblbOpa XapakTepHbIX NapameTpoB 3a4aquu.
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Pe3rome: [pe3 cpespyapu 2015 2. 8 Cmapa 3azopa bewe uHcmanupaH Ha3eMeH yrmpasuosnemos
paduomemnbp (GUV) 2511. Ypedbm GUV 2511 e npedHasHayeH 3a usMepeaHe Ha fpeMuHasawama npes
ammocgepama cribHYega paduayus ¢ Ob/KuHa Ha ebrHama 305, 313, 320, 340, 380, 395 nm u Ha
paduayusma ebe eudumama obracm 400-700 nm. Ypedbm no3gonsea Mosly4asaHemo Ha o06womo
cbObpxaHue Ha o3oHa (OCO) e ammocgepama, onpedensHemo Ha UV uHOekca u rnpecmsmaHemo Ha
onmuyHama debenuHa Ha obnayHama rnokpuska. B pabomama ca npedcmaeeHu mbpeume pe3ynmamu om
uamepsaHusima. Memodonozausama da ce useneye OCO om u3mMepeaHusima ce ocHogasa Ha U34uc/isieaHemo Ha
omHoweHuemo 314 HMI340 HM upe3 mpornocgpepHus UV u VIS (TUV) moden 3a paduayUoHHUS peHOC.
lMonyyeHume 3a deHss omHoweHus 314 HMI340 HM ca anpokcuMupaHu ¢ MoUHOM, 3a Oa ce Hamarnu 8ussHuUemo
Ha obnayHocmma rfpu ornpedesisHemo Ha KOHUeHmpauusima Ha 030Ha. [lonyyeHume pe3ynmamu ca cpasHeHU ¢
OCO, onpedeneHo no uaMmepsaHuss Ha Ozone Monitoring Instrument (OMI) Ha 6opda Ha cnbmHUK Aura.
Kopenauyusima mex0dy cmotiHocmume Ha OCO, onpedeneHu om OMI u GUV 2511 3a MecmornonoxeHuemo Ha
Cmapa 3azopa, e no-dobpa om 0.97.

OZONE DETERMINATION BY GUV 2511 MEASUREMENTS AT STARA ZAGORA

Rolf Werner', Boyan Petkov?, Dimitar Valev', Atanas Atanassov', Veneta Guineva’,
Andrey Kirillov®

1Space Research and Technology Institute — Bulgarian Academy of Sciences
%Institute of Atmospheric Sciences and Climate (ISAC), CNR, Bologna, Italy
*Polar Geophysical Institute (PGI), Apatity, Russia

Keywords: Ozone, ground-based measurements

Abstract: In February 2015 a Ground-based Ultraviolet Radiometer (GUV) 2511 was installed in Stara
Zagora. The GUV 2511 instrument is designed for measurements of the downwelling global irradiances at 305,
313, 320, 340, 380, 395 nm and of the irradiance in the visible range of 400-700 nm. The instrument allows
obtaining of the total column ozone (TCO) in the atmosphere, the determination of the UV-index and the retrieval
of cloud optical thickness. In the paper the first measurements results are presented. The methodology to retrieve
TCO from the measurements is based on the 313/340 nm ratio simulations by radiation transfer Tropospheric
Ultraviolet and Visible (TUV) model. The daily obtained 313/340 nm ratios were approximated by a polynom
determined by trimed regression to reduce the cloudiness impact on the determination of ozone. The obtained
results were compared with TCO determined by the Ozone monitoring instrument (OMI) onboard Aura satellite.
The correlation between the OMI Aura TCO values and the TCO GUV 2511 values both for the Stara Zagora
location is better than 0.97.

BbBeneHune

PerynsipHute HabniogeHus Ha UV paguaums 3a onpefgensiHe Ha obLoTo cbAbpXaHue Ha
o3oHa (OCO) BbB BepTuKkaneH atmocdepeH CTbnb ¢ eguHULA NoLl 3arnoysa CbC Cb3aBaHETO Ha
HOobcbH cnektpomeTbpa npe3 1924 r. [1]. Cnepg MexayHapogoHaTta leodumsndHa rogmHa 1957 e
nsrpageHa rnobanHa mpexa 3a Ha3eMHU U3MepBaHMsl Ha 030HAa, CbCTosILA ce rnaBHO OT [JOOCHH U
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Bptobp cnekTpoMeTpu € TUNMYHA CreKkTpanHa pasgenuTteniHa cnocoOHOCT okono 1 HM. [JoGCHH K
Bprobp cnekTpomeTpuTe ca M3non3BaHn LWMPOKO 3a KanmbpoBka Ha ApYrM HAa3eMHU MHCTPYMEHTH 1 3a
Banvgauus Ha CNbTHUKOBM W3MepBaHMA Ha o03o0Ha. [JOOGCbH cnekTpomeTpuTe Mo3BonsiBat
onpegensHeto Ha OCO c¢ TouHOCT 1% npu OMpeKkTHM HabnogeHus Ha crbHUEeTo u 2-3% npwu
HabnogeHus B 3eHUT [2]. pelwkaTa Npu M3BNMYaHETO Ha O30Ha C Bbplobp MHCTPYyMEHTH e okono 1%
[3]. Balis et al., 2007 [4], ca nony4unu cpegHo cbBnageHue no-gobpo ot 1% 3a gaHHuTe oT OMI-
TOMS 1 no-gobpo ot 2% 3a gaHHuTe oT OMI-DOAS ¢ HasemHu HabnogeHus. Stamnes et al. [5]
nokassar, Ye C NomMoLyTa Ha CNeKTPOMETPM C BUCOKa pasgenutenHa cnocobHocT ot okono 0.5 nm
OCO 1 abcopbumoHHUTE CBOMCTBA Ha obnauuTe morat ga ce onpenenat MHoOro ToyHo. pes 90-te
Osixa paspaboTeHu LWMPOKOMUNTBPHM WMHCTPYMEHTU, 3a Aa ce yBenuum o6LOoTO MOoKpUTME Ha
namepBaHuaTa. LLUMpoko-puUNTLpPHUTE MHCTPYMEHTM CaMO C HSIKONKO OUNTpy MO3BOMSBAT CbLO U
onpeaensiHeTo Ha 6uonornyHata UV gosa, obuwoTo KONM4ecTBO Ha 030Ha 1 onTudHata gebenvHa Ha
obnauute [6]. Mpe3 deepyapn 2015 r. egMH HasemMeH ynTpaBuoneToB paguomeTbpr (GUV) 2511
Oewe nHcTanupaH B Ctapa 3aropa. NHcTpymeHTbT GUV 2511 e npeaHasHaveH 3a M3MepBaHUS Ha
npeMyHaBallata npe3 arMocdeparta ClbHYEeBa pagvauusl B LUECT LUMPOKOUBWMYHM KaHana W Ha
pagvauusta BbB Buanmarta obnact ot 400 go 700 nm. VHCTpYMEHTBLT NO3BONSABA NOfydaBaHETO Ha
OCO B cTbN6 Ha aTtmocdpepata, onpegensHeTo Ha UV-uHOekca M npecMsaTaHeTo Ha onTu4yHaTa
nebenuHa Ha obnayHaTa nokpueka. B pabotarta e onncaHa meTtogornorusata Ha ussnuyaHe Ha OCO u
ca NpeAcTaBeHn MbpBUTE pesynTaTy.

OCHOBHU ONTUKO-TEXHUYECKN XapaKTEPUCTUKU Ha UHCTpPYMeHTa GUV 2511

MHcTpymeHTbT GUV mM3mepBa rnobanHarta paguauus Ha 305, 313, 320, 340, 380 n 395 Hm ¢
LWMpUHa Ha MBMUATa Ha nponyckaHe npu %2 oT makcumyma 10 HM, KakTo U BGMOMOrMYHO akTuBHaTa
pagvauus BbB Bugumarta cnektpanHa obnact ot 400 go 700 HM. GunTtbpbT Npu 313 HM e gobaBeH B
uHcTpymMeHTta GUV Tun 2511 3a pasnuka oT npeauvwHuma GUV tun 511, 3a ga ce ocurypu
onpeensHeTo Ha 030Ha Npu No-ronemMu 3eHUTHU brnu (okorno 80°), npu kouto abcopbumaTta npu 305
HM e MHOro cunHa. Bcuukn kaHanm umat cobcTBeH dhotoamoa ¢ ycuneaTen. BxogHoTo nposopye Ha
WHCTPYMEHTa ce CbCTou OT TedhSIOHOB pa3cerBaTen Ha KBapLoBa OcHoBa. KocuMHycoBaTa rpeluka Ha
WHCTpYMeHTa € no-manka oT 3% 3a 3eHUTHU brnn Ao 65° u ot 7.5% 3a 3eHuTHn brnm go 82° [7].
HarpsBawla nokpuBKka, MNoCTaBeHa B rnaBaTa Ha WHCTpyMeHTa, cTabunusmpa doTtoanoaunte,
dunTpuTe 1 ycunesatenute npu Temnepatypa 50°C. YacT oT TonnuHaTta ce usnonsea 3a 3aTonnsiHe
Ha pascemnBaTtens W 3a Aa ro nasu YUCT OT nefd N CHAr. PasToOnNeHUsT CHAr uUnum ObXOO0BHUTE Kanku
BbpXy pascenBatens v npuabpXawms ro npbCTeH ce OTBexaaT HacTpaHu Mpe3 ApeHaxHU
KaHanyeTa.

Pabotata Ha WHCTpyMeHTa Ce OCbLUeCTBSBa OT KOHTPOMep, BKIOYBAL, yrMpaBfeHue Ha
3axpaHBaHeTO, KOHTPON W perynupaHe Ha TemnepaTypata WU
npefaBsaHe Ha AaHHUTE Ypes3 cepueH uHTepderic RS232.

(maBHOTO NpenmyLLecTBO Ha UHCTpyMeHTUTe GUV e, ye Te

HAMaT OBUXeLm ce
KOMMOHEHTH "
cnegosaTeriHo paboTart

MHoro ctabunHo. OcBeH
TOBa W3MepBaHusAiTa Cce
n3BbpLUBAT MHOMO 6bpP30.

WHcTpymMeHTBT GUV bGelwe

WHCTanmpaH npes
pekemBpn 2014 r. Ha
rokpuea Ha
k ' - O6cepBaTtopusata B CTtapa dur.2. KoHTporniepbT Ha
dur.1. UHCTpymeHTT GUV Saropa (®ur.1). B nepuona |/|Hc+p-ymeHTa Y MOHUTOPBT B
2511 Ha nokpuBa Ha ot pekemepu 2014 r. Ao KOHTPOJHaTa cTasi.
obcepsaTopusTa. saHyapu 2015 r. 6Ggaxa

M3BBbPLUEHN TECTOBM W3MEPBAHUSA, a pPerynsgpHuTe WU3MepBaHUs
3anodHaxa npes despyapu 2015 r. ObcepBaTopusita € pasnonioxeHa Ha 3 KM OT rp. Tapa 3aropa Ha
BucounHa 430 m, okorno 250 M nNo-BUCOKO OT LEHTpasnHMTe 4YacTu Ha rpaga. Haokono HsmMa BUCOKK
crpagu, Taka 4ye e ocurypeHa npsika BUAMMOCT KbM HeOeTo. HCTPYMEHTBLT € CBbp3aH C KOMMIOTHP
npe3 RS232 c kaben, abnbr 50 M. ®ur.2 npeacraBs KOHTporepa M MOHUTOpa, MokasBall, Xxoda Ha
n3aMepBaHusiTa B KOHTponHarTa cTas.
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OCHOBHM NpUHLMNX HA U3MepBaHusaTa Ha OMI-Aura

NHCTPYMEHTBT 3a MOHWUTOPUHI Ha o30Ha (OMI) e uHCTanuMpaH 3aegHO C Opyru ypeau Ha
nnatcpopmata 3a cuctemata 3a HabmogeHne Ha 3emdara (EOS) Ha cnbTHMka  Aura.
CuvHxpoHM3npaHaTa CbC CbHUETO opbuTa Ha Aura MO3BOSSIBA M3BBLPLUBAHETO HA M3MEPBaHUSA Hag
€[0HO 1 CbLLO MSACTO Ha 3emMsATa NPUONN3UTENHO NO €4HO U CbLUO CPEAHO CTbHYEBO BPEME BCEKM OEH.
OMI e cnekTpomeTbp 3a M3MepBaHe Ha 0OpaTHOTO pasceriBaHe Ha ClibHYeBaTa pagvauust B Hagup B
ynTpaBuoneTosata u sugmumara obnact (UV/VIS) cbe cnekTpanHa pasgenutenHa cnocobHoct 0.42
HM B kaHana UV-1 (270 Hm + 310 HM) 1 0.45 1M B kaHana UV-2 (310 Hm + 365 HM). CnekTpoMeTbpbT
npegocTaBs 3a eAuH OeH NOYTUM NbMHO MOKPUTUE OT M3MEpPBaHUA Hag 3emsita ¢ MPOCTpPaHCTBEHA
pasgenuTenHa cnocobHocT 13 kM x 24 km [8].

3a pa ce wusBneye OCO ot wm3mepBaHuaTa Ha OMI ca wusnonsBaHW f[Ba pasnuUyHU
anroputbma. EgMHmMAat oT TAX ce ocHoBaBa Ha anropyutbma TOMS Bepcus 8, paspaboTeH 3a
n3BNMYaHe Ha 030Ha OT gaHHuTe oT Total Ozone Mapping Spectrometer (TOMS) (030HOBU AaHHK
OMI-TOMS). BtopusaT e 6asumpaH Ha TexHukata Differential Optical Absorption Spectroscopy (DOAS)
(o30HOBM gaHHK OMI- DOAS). CnbTHUKOBUTE AaHHU 3a 030Ha oT OMI ca BanuMavpaHu ¢ NoMoLLTa Ha
HaszeMHu bBprobp M [o6CbH cnekTpomeTpu. HamepeHn ca 3HauMTENHW HECBLOTBETCTBUS MEXAOy
030HOBUTE AaHHU OMI-DOAS u Ha3eMHUTe AaHHM B 3aBMCUMOCT OT 3€HUTHUS brbi [4, 9]. 3a pasnuka
oT ToBa lalongo et al. [10] He ca Hamepunu HECbOTBETCTBUS C HA3EMHUTE JaHHU HUTO 32 030HOBUTE
naHHn OMI-TOMS, HuTo 3a OMI-DOAS paHHuTe.

B HacTodwarta pabota kato nbpBO NpubnuxkeHwe usnonssame AaHHute OMI-TOMS 3a
CpaBHeHWe ¢ pesyntatute oT Hawwute mamepsaHud. OMI-TOMS paHHuTe 3a o030Ha (OMTO3) ca
AOCTBLMHM CbC cThKa 1°x1° Ha https://ozoneaq.gsfc.nasa.gov/data/ozone/ (OMI-Aura Global Ozone
Data). Te3n gaHHU ca nHTepnonupaHn GunuHerHo 3a mectononoxeHneto Ha O6cepsatoTua Crtapa
3aropa (ceBepHa reopr. wwup. 42.413°, u3TOovHa reopr. Abmk. 25.633°). B cnyyaute, korato
mMecTononoxeHneTo Ha CTtapa 3aropa ce okassa 6130 Jo rpaHvuaTa Ha 3puTtenHoTo none Ha OMI,
pasnpefeneHneTo Ha O30Ha Ce WHTeprnonupa 3a AOMbIHMTENHO MECTOMONIoXeHue B OnmM3ocT go
Crapa 3aropa, nossonsiBawo Aa ce W3Non3eaT AdaHHWTE OT CbCedHMS MUKCeNn Ha Mpexara.
OOVKHOBEHO KOraTO MECTOMOJMIOKEHUATA HEe ca B Kpas Ha 3pUTENHOTO Mone, pasfnukuTe B
CTOMHOCTUTE Ha 030Ha 3a ABETEe MECTOMOSIOXEHMS He ca no-ronemu ot 2 DU. B kpasi Ha 3pMTenHoTO
none obaye Te3n pa3nuku ce okaseat no-ronemu ot 30 DU n B Te3u crnyyam ce B3ema no-Bucokata
CTOMHOCT Ha 030Ha. CnbTHWKBLT Aura npemuHaBa Hag Bbnrapusa okono 13:30 4. mecTHO Bpeme C
OTKINOHeHue Ao okono 50 MuH. nopagu neptypbauuaTa Ha CMbTHUKOBATA opbuta U OTKIMOHEHUSATa Ha
WUCTUHCKOTO CITbHYEBO BPEME OT CPEAHOTO CIbHYEBO Bpeme. [lonbnHuUTENHa pasnuka BbB BPEMETO
OT okomo 40 MVH. ce nony4yasa 1 Nopagun OTKNOHEHMETO Ha brbfla Ha HabnaeHne OT Hagmp.

Aura e 4acT OT Taka HapedeHaTta A-ceuTa (A-train), cbCcTodAwa ce OT 5 cnbTHUKA C GnM3KM
opbuTK, KOMTO NpemMmnHaBaT Npe3 e4HO MSCTO B MPOCTPAHCTBOTO 3a 8 MWH., KOETO NMO3BOSIABA Aa ce
n3nonaea JOMbIIHUTENHA MHGOPMaLMS.

n peaBapuTenHu pesyntaTtu

Ot deBpyapu oo cpepata Ha toHM 2015 r. Bsxa NpoBedeHN eXeOHEBHU U3MEpPBaHUS CbC

our. 3. iamepeHun nanbyBaHua (oaneHn B UMBT/CMZHM) OT BCUYKM kaHanu Ha GUV 2511

ctbnka 10 cek. C HAKOU NpeKkbCBaHUA MO TEXHUYECKM npudnHn. Ha dur.3 e npeacraseH eanH npuMep
OT u3MepBaHuATa OT BCMYKM KaHanu Ha GUV 2511 npe3 eauH AceH geH (11 anpun 2015 r.).
MakcumymuTe Ha pagmnaumsaTta ce Habniogasat Ha 06sa4 okono 12:30 4. mecTHo Bpeme mnu 13:30 u.
MECTHO NATHO BpeMe. [JHEBHMTE MaKCUMYMK Ha paamnaumsita ce U3MEHAT B 3aBUCMMOCT OT 3€HUTHUS
brbN. MUHUManNHUAT 3eHUTEH Brbf NpW  NATHO CchbHUecTosHe € 19.25° wm npu  3UMHO
CIMTbHLUECTOSHE3EHNTHUAT bIb/1 HEe HagBuwasa 66.12° 3a reorpadckata wupuHa Ha Ctapa 3aropa.
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Oxono 70% oT n3MepeHaTa pagvauust € KOHUEHTpupaHa BbB BPEMEBUSI MHTEpBan OT 3 Yyaca npeau
obsag oo 3 yaca cnepq obsan.

a)

b)

dur.4.a) Mamepenn nanbyusanus npu 313 HM 1 340 HM, AageHn B UMBT/(CM?HM), 3a AHW C pa3nnyHa
06nayHoCT; 6) OTHOLLEHUS HA M3NbYBaHMATA (BUX TEKCTA).

®ur. 4a nokasea HabnogaBaHOTO M3NMbYBAHE Mpe3 OHW C pasfnnyHa OOMayHOCT: npes eauvH
noytTn siceH deH (B NsBO), Npe3 eauH OeH C O6bp30 u3MeHeHWe Ha obriadHata MOoKpuBKa Mnpep
CNbHYEBMSA AuUCK (B cpefaTta) u npes eduH AeH C BUucoka obnayHocT (B AsacHo). dur.46 npencrass
OTHOLLIEHUATa Ha pagnauuute 3a cblumTe aHW. HabnogaBaHaTa paguauusa € MHOro No-4yBCTBUTENHA
KbM M3MeHeHus B obnavyHocTTa OT MOMyyYeHUTEe OTHOLWEHMs Ha paguauuuTte. BMCOKO 4ecToTHM
NU3MEHeHNs1 ca MonyyYyeHn 3a AHW C MHOro 6bpP30 M3MeHeHne Ha obradYHOCTTa, BEPOSITHO CBBbP3aHO C
HanuyneTo Ha nepectu obnaum (umpycu) (B cpepgata Ha dur.46). MameHeHusaTa Ha paguaumaTa Ha
340 Hm ca manko noseye oT 40% oT MakcumanHaTta 1 ctormHocT. [pu 313 HM u3MeHeHudaTa gocTuraT
OKOMO efHa TpeTa OT MakcumarnHaTa CTOMHOCT no 06s4. A Mony4YeHOTO OTHOLUEHWE Ha Te3u
pagvauun e MHoro crtabunHo. To Bapupa camo okono 10%, a creg wsrmaxgaHe BapuauusaTa
HamansiBa 4O CTOMHOCTU no-manku oT 5%. B cnyyasd Ha cunHa obnayHoCT M3MEHeHusaTa ca C Mo-
HWCKOYECTOTEH XapakTep M OTHOLIEHUSATA Ha pagvauusita HamansasaTt npubnuantenHo c 0.5, koeto
BOAM 00 ronsima rpewwka npu onpegensive Ha OCO. CunHata 06nayHOCT YeCcTo e CBbp3aHa C HUCKK
obnaun 1 Banexu.

MeTtoponorus Ha onpegensiHeto Ha OCO
lpedeapumenHa o6pabomka Ha GaHHUMe

3a ga ce Hamanu BRvsiHLETO Ha obnayHocTTa, € NpuroXxeHa crnegHaTa npeaBapuTenHa
0o6paboTka Ha faHHUTE:

1. Axo cpegHata paguauma npu 340 Hm mexay 10:30 n 14:30 nokanHo Bpeme e no-Hucka OT
npecmeTHaTtata npubnuanTenHo mMecevHa CTOMHOCT (okoro 1/3 OT cpegHaTta MeceyHa
CTOMHOCT 3a AACHW OHW) Jonyllame, Yye onpeaensHeTo Ha 030Ha We 6bae norpeluHo nopaaum
cunHa obnayHocT.

2. OTHoweHuATa ca M3rnageHn AONBbMHUTENHO C MbN3dlla MnpaBobrbfHa QyHKUna 3a 17
cTorHOoCTK, T.e. 3a 170 cek. N3rmageHuTe OTHOLLUEHMSI Ca MOKa3aHW C YepBeHa NMHMSA Ha
®dur.46 Ha cdoHa Ha CUHATA NNHWUS Ha OpUrMHaNHUTE OTHOWeHus. Hawn-ronsam edekt uma
n3rnaxxgaHeTo B criydan Ha 6bp3o uameHeHue Ha obnayvHata nokpueka (Pwur.46, no cpepara).
Cnep npunaraHeTo Ha wu3rnaxpgaHeto no 17 Toykm (cboTBeTcTBawm Ha 170 cek.)
MaKCMMarnHOTO U3MEHEHWe Ha OTHOLUEHMATA Ha M3nbyBaHMATa Hamansasa go 0.1, koeTo 6u
poseno fo rpewka oT 10 DU npu onpeaensiHeTo Ha 030Ha (cpaBHM ¢ TabnuuaTta Ha CTamHec
— our.5).
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3. Tlpn cunHa o6navyHOCT U3MEHEHMSITA Ha OTHOLLEHMATa Ha paguaumuTe B MUMKOBETE Bapupat
pno 0.5 (Bwk Hanp. gdcHata 4vact Ha ®ur.46), KoeTo BOAM OO 3HAYUMMM TPELLKU MpU
onpegensHeto Ha OCO. NMopaan ToBa 3a AHEBHUS XO4 Ha BCSKO OTHOLLEHME e onpedeneHa
efHa ropHa o6BuBKa Mo cnegHata npoueaypa: NbpBo AHEBHUTE HAOMOAEHUS ca pas3geneHu
Ha uHTepBanu c¢ AbmkmHa 1000 cek. (T.e. okono 16.7 MWH.) U BbB BCEKM MHTepBan ca
onpegeneHn MakcumarnHarta CTOMHOCT M HEMHOTO nonoxeHue. PasBntveTo Ha MakcumMymnTe
BbB BPEMETO Ce anpoKcMMupa C MOMMHOM OT HUCBK pen U perpecusl, Kato ce U3knysar
TpUTE MakCcuMyma C HaW-ronsMo KBaapaTUYHO OTKMOHEeHWe OT nonuHoma (trimmed
regression).

Bsaxa npoBeneHu usmepBaHua npe3 244 gHu OT m3ydaBaHusa nepuofd. Npu npunaraHe Ha
npouenyparta, onucaHa no-rope B T.1, cunHa obnadHocT Gelle ycTaHoOBeHa 3a 27 OHW U Te3u
M3MEepBaHMA He ca BKIIKOYEHM MpU NMo-HaTaTblUHMTE pasrnexgaHuns. 3a 6 OHW NONMMHOMBLT MOKa3Ba
CWUIMHW ocumMniaumm, KoMTo He noseornseat onpegensaHeto Ha OCO c BMCoka TOYHOCT. BpoaT Ha nouTn
SICHWTe OHW Gelle nonydeH 4pes3 nperned Ha AHEBHUSA XO4 Ha manbuBaHeTo npu 340 nm. Mo Tasm
cybeKTMBHa oueHKa 77 aHu b6sixa onpegeneHn kato noyty 6e3obnaynn. 3a 139 gHm 6sxa yctaHOBEHM
CbBNageHus ¢ nsmepBaHusaTa Ha OMI. 56 oT Tax ca Ha 6e306na4Hn gHW.

MpecmsamaHe Ha mabnuuama Ha CmaMHec 3a MecmornosioxeHuemo Ha Cmapa 3azopa

C wuvHctpymeHTMTEe GUV ce wu3mepBaT obwarta, gudysHata M npskata paguauums.
OTHOLWEHNETO Ha pagvauMuTe Ha pasnMyHM ObIDKMHM Ha BbfHaTa 3aBUCU OT CBOWCTBATa Ha
pasceriBaHe Ha YacTUUUTE U MOneKynute
BbB Bb3ayxa, a CbLO M OT enesBauusta
Ha CIMbHLETO, T.€. OT AbJPKMHATA Ha MbTH
3a abcopbuus npe3 aTmocdepara.
3atoBa OCO He wMoxe pa 6bae 700 DU
onpefeneHo ANPEKTHO OT MOMyyYeHuTe oT
HabngeHusTa OTHOLLEHMSA Ha \
pagvauuute, Kakto € Bb3MOXHO Mpu
HOobcbH u Bprobp cnektpomeTpuTe 3a
OVPEKTHU CIbHYeBM U3MepBaHus. 3a aa
ce onpegenm OCO oT OTHOWEHUSN
UVA/UVB e Heobxoaumo mogenupaHe c
noMoLiTa Ha Mogenu 3a paguauuMoHHUS
npeHoc, Bkmnwo4Bawm UV cnekrtpanHaTta
obnacr. Tyk Hue nsnona3same
TponocdepHus Moaen 3a
ynTpaBuoneToBata M Bugmmarta obnact
(Tropospheric  Ultraviolet and  Visible  @ur. 5. Mpecvetvata Tabnuua Ha CramHec sa Crapa
(TUV) radiation model), Bepcus 4.1, 3aropa (an6eno Ha 3emHaTa nosbpxHoCT 0.2)
paspaboteH ot Madronich [11], B koWTO
napameTpuTe Ha PeneeBckoTo pasceriBaHe ce npecMsaTaT ypes3 nogobpeH anropuTbM 3a CTaH4APTHM
atMocdepHu ycrosus [12, 13]. CnekTpuTe ca npecMeTHaTH 3a reorpad)CKkoTo MECTONONOXeHne (BMX
rope) Ha Ob6cepBatopua Crtapa 3aropa 3a pasnnyHun OCO ot 0 go 700 DU cbe ctbnka 20 DU u
3eHUTHM brnm oT 20° go 90° cbe cTbnka 1°. ManonseaHo e anbeno Ha 3emHaTta NoBbPxXHOCT 0.2 kaTo
BXOOEH napameTbp. M3nonseame cpegHust 03oHoB npodmn ot U.S. Standard Atmosphere 1976, bl
KaTo pearnHuaT 030HOB MPOMUN MMa 3abenexumo BNUsSHUE BbPXY M3BNMYAHETO Ha 030HA cCaMo 3a
ronemu 3eHUTHM brnu [4]. CpegHuaT o30HOB npodun e yacTt oT bmubnmoTtekata Ha mogena TUV.
MMonyyeHnTe CNekTpyM ca YMHOXEHW C OTHOCUTEeNnHUTE yHKUUM Ha UNTpUTE, anpoKCUMWUPaHU C
"aycoBa hyHKLMA C WMprHa Ha 72 oT Makcumyma 10 HM. OTHOWeHusITa Ha paguaummTe Ha 340 HM 1
313 HM ca npecmeTHaTtu 3a otbensasaHuTe no-rope OCO 1 3eHUTHU bIMK (Tabnuua Ha CTtamHec, BUX
®ur.5). CeabpKaHMeTo Ha 030Ha e oMnpederieHo Ype3 MHTeprnonaums Ha npecMeTHaTuTe Tabnvum 3a
OTHOLUEHMATA, MOMy4eHN OT U3MEPBaHUSATA Ha paguaumMmTe 1 3a 3eHUTHU bINKU, KAaKBUTO ca Gunu no
BpeMe Ha M3MepBaHUSTa. 3eHUTHUTE BIMKU ca MPEeCMETHATW MO aCTPOHOMUYECKM anropuTbM (BUXK
[14]).

0DU

3a n3ennyaHeto Ha OCO 4ypes nHTepnonaums Ha Tabnuuata Ha CtamHec 3a CbOTBETHUTE
3eHUTHM brnn B 13:30 4. MECTHO BpeEME Ce M3MNon3BaT OTHOLWEHMATa OT 06BMBKUTE. OTHOLLEHMSITA Ha
paguauuute (C TOYHOCT 0 KOHCTaHTa) 3aBUCAT OT peanHute dyHKUUN Ha unTpute (NO-KOPEKTHU OT
crnekTpanHata anapartHa (yHkums). Hawmsat nHcTpymeHT GUV He e kanubpupaH Mo cTaHgapTeH
[o6cbH nnn bprobp cnekTpoMeTbp. 3aToBa NpaBuM perpecust Ha HawuTe pedyntati 3a OCO ¢ Tesu
OT cnbTHUKa OMI, KaTo n3non3BamMe pasfnM4YHU NOMOXKEHUST Ha MAaKCMMYMUTE OTHOCHO ObIMKUMHUTE Ha

23



Bb/iHaTa 3a yHKumMmMTe Ha cunTtpute npm 313 HM 1 340 HM B npouenyparta 3a npecMsitaHe no
Tabnuuarta Ha CtamHec. Han-gobpu pesyntatn 3a OCO ce nonyyaBat ¢ omnTpu, LeHTpupaHu Ha 340
HM 1 313.55 HM. To3n nogxon He HM NO3BOSISIBA Aa YCTAHOBUM HaNMYMETO Ha cUCTEMATUYHA rpeLlka
Mexay aseTe uamepBaHust — oT GUV mn OMI. Balis et al., 2007 [4], ca Hamepunn cucTeMaTuyHa
rpewka mexay npogyktute OMI-TOMS n OCO Ha cpefHu LUMPUHW MO HA3eMHW U3MepBaHus Mo-
manka ot 1%. He e ycTtaHoBeHa 4yBCTBMTENHOCT Ha pe3ynTatuTe CNpAMO PasfvMyHuM CTOMHOCTU Ha
anbepnoto B uHTepBana ot 0.05 go 0.5.

PesyntaTtu

OnpepneneHuaT BpemeBu peq 3a OCO 3a nepuoga oT mHcTanaumsata Ha GUV 2511 npes
depyapn 2015 r. oo kpas Ha oktomBpu 2015 r. e nokasaH Ha ®ur.6. [NocnegoBaTenHUTE OHEBHU
CTOMHOCTM Ha o3oHa oT GUV ca cBbp3aHu ¢ nuHus. Obnrute npekbcBaHusa 6enexar nepuoan 6es
OaHHW nopagu TEXHUYECKU NpudnHK. [peKkbcBaHMATa OT HSKOMKO OHW ca BCNEACTBUE Ha JTOLWO BpeMe
unn Ha cunHa o6bnayHocT. onydyeHoto OCO (Pur.6) cnegsa NABLTHO MHOIOrOAMLLIHUTE CE30HHU
cpeaHn CTOMHOCTW, JadeHu cbC 3eneHa ygebeneHa HenpekbCcHaTa fWMHUA, OMNpederneHn no
namepBaHuaTa Ha TOMS, kaTto ce HabnwgaBa TUNUYHMSA 3a CPEOHU LWIMPUHM MaKCMMyM Ha O30Ha
npes3 mapT 1 no-ronemu Bapuauumn npes3 nponerra. OCO 3a noytn 6e306nayHn OHW, NokasaHu C
YepBEHU KpbryeTta, ca MHOro 6rmM3o OO Ce30HHUTE cpedHn ctomHocTn Ha TOMS. Mpu obnayHn aHw,
NMbpBO, ce HabnwaasaTt No-rofeMu OTKIIOHEHUS, U BTOPO, Te3n CTOMHOCTU OBMKHOBEHO Ca MO-roneMu
OT CTOMHOCTUTE 3a SICHU OHW.

dur. 6. OCO 3a Crapa 3aropa,
onpeneneHo 3a  HabnwogartenHus
nepuoa despyapu-tonu 2015 (4epHn
KpbryeTta, CBbp3aHu C HenpeKkbcHaTa
nuHus npv HenpekbcHaTK
namepBanusi). CtonHoctute Ha OCO
3a Crapa 3aropa 3a sicCHM gHu ca
nokasaHu C YepBeHM Kpbryeta.
Ce30HHUTE CcpeaHn CTOMHOCTU Ha
OCO ot TOMS ca npeacrtaBeHu ¢
nebena cuHA HenpekbcHaTa NUHUSA.

®ur. 7 nokasea HalMTe HAa3EMHU M3MEPBAHUS U OaHHUTE 3a 030Ha OT cnbTHUKa OMI 3a aHwm,
B KOUTO Ca MpoBedeHW U3MepPBaHUS M C ABaTa UHCTpyMeHTa. durypata npencraBa pesynrata oT
nuHerHaTa perpecus Ha Hawmte OCO gaHHn oT GUV 2511 cnpsamo OMI OCO. AcHo ce BwxAaa, ye
HabnogasaHute oT Hac ctomHocTn Ha OCO cbBnagat mHoro gobpe ¢ OCO ot cnbTHuka OMI.

®ur.7. JiuHenHa Bpb3ka Mexay
pgaHHute 3a OCO ot GUV u

OMIL. [ebenata NNHNSA
npencTaBnsiBa perpecuoHHaTa
npasa.

HaknoHbT Ha NMHMATA Ha Han-gobpo HanacBaHe mexay OCO ot GUV n OMI 3a Bcuukm gHu e 1.057 n
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rpewkata e o = 0.023. 3a HMBO Ha 3HaummocT 0.05 TO3n HaknoH ce pasnuyasa OT 1. HamepeH e
koedumumeHT Ha kopenauus 0.970, koeTo 03Ha4vaBa, Ye obsicHeHaTa AeBuauus Ha OTKMOHEeHUATa Ha
CTOMHOCTMTE Ha 030Ha ot GUV ot Te3anm ot OMI e okono 0.941. To3su pesynTtaT € CpaBHUM C
HamepeHaTta kopenauusi 0.97 mexagy OCO ot Bprobp cnektpomeTbp B ctaHums Pum n OMI-TOMS
OCO 3a 574 epHoBpeMeHHU HabntogeHus [10]. HabniogaBanHnte OCO B noytn 6e30b6nadHyn OHu,
MokasaHu C YepBeHU KpbrdyeTta, kopenupat no-gobpe ¢ OMI OCO u obsicHeHaTa geuauus e 0.964.
Makap n cvotBeTcTBNETO Mexay GUV n OMI OCO ga e mHoro gobpo, o4eBMAHO €, Ye Npu Hawarta
npouedypa Ha u3BIMYaHe Ha 0O30Ha OCTaBa BNUsiHME OT obnayHocTTa. Bogeat et al., 2012 [15],
cbobOLWaBaT 3a HagueHsaABaHe Ha CTOMHOCTUTE Ha O30Ha no uamepBaHust oT GUV UHCTpymeHT B
obnaynm gHm npes anpun 2010 r.

OtHocuTenHuTe rpewkn Ha onpegeneHnte ot Hac OCO no oTtHoweHue Ha OMI OCO ca

15 B T T | T T | T T | T T [ T T | T T ] T T T T T T i
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nokasaHun Ha ®ur.8. MakcumanHute rpewkun He HagsuwasaTt 9%. CpeaHOTO CTaHOAPTHO OTKNOHEHME
e okono 3.1%. ToBa o3Ha4vaBa, Ye 95% oT rpewkuTe Npyn gHeBHUTE cToMHOCTM Ha OCO ca no-manku
oT 6.2%. CpegHaTa rpellka He e TOYHO Hyna, HO TOBa He € cucTemaTuyHa rpelika. [NpuymnHaTa e
nopagM He CbBCEM TOYHO OMPEAENneHOTO MOSIOKEeHUE Ha MakCMMyma Ha unTbpa, C KOUTO ce
namepBa pagunauuaTa okosno 313 Hm.

3aknro4yeHun

OanHnte 3a OCO, msBneyeHn ot HasemHu UV mamepBaHusa ¢ uHctpymeHta GUV 2511 B
Crtapa 3aropa, ca B 0obpo cbrnacve ¢ gaHHute ot OMI Ha cnbTHUKa Aura, Nofny4yeHun nNnocpeacTsom
anroputbma TOMS v.8. lMonyyeHa e kopenauwns 0.97 mexay Hawmte OCO OT HazeMHU n3MepBaHud
n OCO ot cnbTHUKOBUTE u3mepaHus ot OMI. Bce nak He Mmoxe fa 6bAe YCTaHOBEHO HanuyneTo Ha
CUCTEMATUYHO OTKIMOHEHWEe Mexay pesyntatute OT gBaTa npubopa, MoHexe HawuAT yped He e
KanmbpupaH no [obCbH cnektpoMeTbp unM bpiobp WHCTPpyMeHT. Bbnpeku BcMYkO Hawwute
n3MepBaHus no3sonseat onpegensHeTo Ha aHeBHus OCO c rpewwka 3.1%, cboTBETCTBALLA Ha OKOJO
10 DU. YcTtaHOBEHO e BnMsiHMe Ha o6nadyHoCTTa BbpXY TOYHOCTTa Ha onpegensHe Ha OCO.
MpenBwkoame nogobpsiBaHe Ha Mpouedypata Ha M3BAMYaHe Ha o3oHa. 3a ga ce nogobpwm
KayecTBOTO Ha pesyntatute 3a OCO, e Heob6xoanm u no-nogpobeH aHanu3 3a NpeLm3Ho onpegensaHe
Ha pyHKUMMTE Ha nponyckaHe Ha unTpuTe. CbLo Taka NpeaBuXKaaMe TeCTBaHe Ha M3BMMYAHETO Ha
OCO c¢ gpyru kombuHaumm ot puntpu. HeobxoaumMo e HalMAT UHCTPYMEHT Aa 6bae kannbpupaH ¢
NMoMoLLITa Ha eTanoHHU 030HOBM cnekTpomeTpu. KaTo usano Moxem a HanpaBuUM 3aKkriOYEHUNETO, Ye B
Obaelle moraT ga ce odakBaT Ha3eMHU AaHHM 3a 030Ha C BUCOKO Ka4eCTBO 32 MECTOMOMOXEHNETO Ha
Crapa 3aropa.

BnarogapHocTu

UHcTpymeHTsT GUV 2511 Gewe ocurypeH no npoekta BG161P0O003-1.2.04-0053
“Information Complex for Aerospace Monitoring of the Environment* (ICASME), peanusunpaH c
duHaHcoBata nogkpena Ha OnepaTuBHa nporpama ,PasBuTue Ha KOHKYpEeHTOCNOCOGHOCTTa Ha
6bnrapckata nkoHomuka 2007-2013%, cbbmHaHcupaH EBponenckusa choH 3a permoHanHo passutmne n
HauunoHanHus BroaxeT Ha Penybnuka bbunrapus.
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Pe3rome: PasanedaHu ca mpu nepuoda ¢ 8ucoka eeoMazHuUmMHa akmusHocm: 8-10 mapm 2012, 17-18
mapm 2013 u 17-21 mapm 2015 ea., npe3 koumo ca peaucmpupaHu eeomazHUmMHuU 6ypu cec SYM/H uHdekc no-
mansk om -100 HT. MscnedsaHu ca cy6bypume, 8b3HUKHaNU npe3 me3u nepuodu. 3a masu yesn ca u3non3saHu
daHHUmMe om cucmemama kamepu Multiscale Aurora Imaging Network (MAIN) 8 Anamumu. 3a napamempume
Ha CITbHYesUs 8IMbpP U MEXOYriaHemHomo MagHUMmHO rosne e u3nonideaHa bazama daHHu OMNI. OnpedeneHu
ca pas/fiuyHUme rnomouyu 8 CTbHYe8US1 8MbP, C8bP3aHU C 8b3HUKBAHEMO Ha eeoMazHumHuU 6ypu. Hayanomo Ha
cybbypume u nocrnedsasnomo uMm pasgumue e nomebpoeHo no OaHHume om all-sky kamepama e Anamumu u
mpexama mazHumomempu IMAGE. CpasHeHu ca cy6bypume mno epeme Ha pasfuyHume ¢pal3u Ha
eeomazsHumHume 6ypu.
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Abstract: In this paper three periods of high geomagnetic activity: 8-10 March 2012, 17-18 March 2013
and 17-21 March 2015 are examined. During these periods geomagnetic storms with SYM/H index less than -
100 nT were registered. The substorms generated during the storms are studied. For this purpose data from the
Multiscale Aurora Imaging Network (MAIN) in Apatity were used. The OMNI data base was used for the solar
wind and interplanetary magnetic field data. The different streams in the solar wind associated with the
occurrence of geomagnetic storms were specified. The substorms onset and further development were verified by
Apatity all-sky camera and IMAGE magnetometers network data. Substorms developed during different storm
phases were compared.

YBopg

M3yyaBaHeTO Ha sBNeHMsTa Mpu BMCOKA reOMarHMTHa akTMBHOCT € OT rofsiMO 3HauveHue,
NMoHexe reoMarHuTHuUTe Gypu moraT ga 3acerHaT eHEeprumHUTe CUCTEMM Ha CAbTHUUUTE UMM Ha
3emata. 3a pa ce pasbepaT ¥ nNporHosupaT Bb3MOXHUTE MnocrneauuyM OT TakuBa SBMEHUs e
HeobxooMMO Aa ce HaTpynaT HabniogeHus, Aa ce cb3gagaT MOLENM Ha uanata Bepura oT npouecu
oT CnbHUeTo Ao 3emaTa. Taka LWe MmoraT ga ce NpaBaT YCrneLLHM NPOrHo3u 3a KOCMUYECKOTO BpeMe U1
[a ce nNpefgoTBpeTsBaT MOBPEAM B TEXHOMOrMYHaTa MHAPACTPYKTypa MpU CUITHU reOMarHuTHu Oypu
[1]. HacToswmaT 24 CribHYEB UMK Ce OTNMYaBa CbC CPABHUTENHO HUCKA CITbHYEBA akTUBHOCT. 3a
nepvoga 2011-2015 r. ca peructpmpanu 14 reomarHutHu 6ypu, npyu konto SYM/H nHaekcshT goctura
CTOMHOCTM, no-manku ot -100 nT, n camo npu egHa (4eHAT Ha cB. NaTtpuk — 17.03.2015 r.) SYM/H
cTaBa no-manbk oT -200 nT [2].

27


mailto:v_guineva@yahoo.com
mailto:v_guineva@yahoo.com

Llenta Ha TasuM pabota e ga ce m3yyaT cybOypu, Bb3HMKHANMU MO BPEME Ha CUITHU
reomarHutTHu 0ypwm, ¢ MmHmaneH SYM/H nHagekc no-manbk ot -100 nT. Hue pasnonarame ¢ gaHHu OT
cuctemarta kamepu MAIN (Multiscale Aurora Imaging Network) B AnatuTtu, onncana nogpo6Ho B [3]. C
Hesi ca peanuanpanun HabnaeHus Npes Tpy Nepyuoda € TakaBa BUCOKA reOMarHUTHa akTMBHOCT, Npes3
ACHM 3MMHM Howwm: 8-10 mapT 2012 r., 17-18 mapt 2013 r. u 17-21 mapt 2015 r. 3a usyyaBaHe Ha
pa3BUTUETO Ha cy0OypuTe ca usnonseaHu gaHHu ot all-sky kameparta (n3obpaxeHus U keorpamn) m
oT Guppy F-044C (GC) cbC 3puTenHo none okono 67° (keorpamu). B keorpamute MarHUTHUAT ceBep
€ Harope, a HynaTta cbBnaja cbC 3eHuTa. [MapameTpuTe Ha CNBHYEBUSA BATHP U MEXAYNNAaHETHOTO
MarHuUTHO none ca B3eTu OT 6asa gaHHuTe OMNI (http://sdaweb.gsfc.nasa.gov/cdaweb/istp_public/).
HanuuneTto Ha cy66ypu e NOTBbLPAEHO M NO AaHHKU OT MepuanoHanHarta sepura Tartu — Ny Alesund
(Tartu (TAR), CGM Lat.= 54.47° — Ny Alesund (NAL), CGM Lat.= 75.25°) oT MpexaTta MarHUToMeTpu
IMAGE. PeructpupaHu ca o6wo 12 cybbypu npu sicCHM ycnoBusi npe3 Te3u nepuoau, no 2 npes
nbpBus U BTOpUA M 8 npe3 Tpetus. Te3am cybOypu ce pas3BuBaT nNpe3 pasnuMyHu dasm Ha
reoMarHuTHuTEe 6ypn. HanpaBeHo e cpaBHEHWE Ha XxapaKTepucTUkuTe Ha cybOypute B 3aBUCUMOCT OT
dasaTa Ha reomarHutTHaTa bypsi.

O6w, npernen Ha MeXxAaynaHeTHUTE YCIIOBUA

M3BecTHO e, Ye reomarHUTHUTE 6ypU Bb3HMKBAT NPU HANUYMETO Ha onpeaeneHn CTPYKTypu B
CIMbHYEBMS BATHP, HaW-Beve U3XBBbPNSHUS Ha KopoHanHa maca (CME) n kopoTupawm obractu Ha
B3ammogencTeue (CIR) (Hanp. [4, 5]). TpsibBa oa ce otbenexu, Ye bypute, reHepupaHu OT pasfnYHK
CTPYKTYpY B CITbHYEBMS BATHP, CE pasnunyaBaT MO MHTEH3UBHOCT, NPOABIMKUTENHOCT Ha dasaTta Ha
Bb3CTaHOBSAABaHe W T.H. (Hanp. [6, 7, 8]). o BpemMe Ha CcIbHYEB MakcMMym npeobnagaear
CMopagnyH1TE NOTOLM, CBBbP3aHW C KOPOHAIHU M3XBbPNAHMSA Ha Maca [9]. brnv3o go 3emsaATa Te ce
Habniogaeat kato MarHuTHU obnaum (MC) (Hanp. [10]. MC ce xapakTepuanpar kaTo obnacTtu, B KOUTO
cunata Ha MarHUTHOTO Mofe e no-ronsiMa OT cpefHaTa, NITbTHOCTTa Ha YacTUuuTe € CPaBHUTENHO
HUCKA W MArHUTHOTO HansiraHe CUIHO NpeBMWwaBa WOHHOTO TOMMAWHHO HansiraHe; nocokara Ha
MarHUTHOTO Mone ce MeHu npe3 obnaka, KaTo ce BbpTM YCNOPeOHO Ha PaBHMHA, KOATO € CUIHO
HaknoHeHa cnpsmo eknuntukata [10]. TMpea M™arHuTHMa obnak ce ¢opmmpa obnact Ha
B3aMMOJENCTBME C HECMyTeHus cnbH4YeB BATbp (Sheath), koaATO ce xapakTtepusupa € BUCOKa
NABbTHOCT, HApPaCcTHaNoO HansraHe u cumnHa NpomMeHnMBocT Ha MM,

PasrnexpgaHunte oT Hac CUMHU reOMarHUTHU 6ypu Bb3HMKBAT MO BPEME Ha NMpEeMUHaBaHe Ha
MC nokpan 3emata. OT egHa cTpaHa, BpemeHaTta Ha Te3u 6ypm (8-10 mapt 2012 r., 17-18 mapt
2013 r. n 17-20 mapt 2015 r.) ca 6130 OO CMBLHYEBUS MaKCMMyM, nonydeH npes anpun 2014 r. [2].
OT agpyra cTpaHa, YCTaHOBEHO €, 4Ye reomarHuTHuTe Bypu, reHepmupann ot Sheath n MC, 0GUKHOBEHO
ca C No-BMCOKa MHTEH3MBHOCT OT Te3un, reHepupanu ot CIR (Hanp. [11]). Bcuyko ToBa noTBbpXAaBa
pocerawHuTe n3cneasaHus. Ha dur.1 ca npeacraBeHn MexaynnaHeTHUTE YCIOBUA U reOMarHuTHaTa
peakumns 3a Tpute uHTepsana: 8-10 mapt 2012 r. (B naeo), 17-18 mapt 2013 r. (B cpeparta) u
17-20 mapt 2015 r. (B gAcHo). VI B TpUTE NaHena oT rope Hagosny ca nokasaHu: ronemmuHara Ha MMM
B, B, komnoHeHTata Ha MMTI, ckopoCcTTa Ha CNbHYEBUS BATbP V, HeEWHaTa X-KOMMOHEHTa Vy,
NNbTHOCTTa Ha NPOTOHUTE, TeMnepaTypaTa Ha NPOTOHWUTE, HansiraHeTo Ha NOTOKa, U ABa MHAEeKca Ha
reomarHutHaTa aktuBHocT, AE n SYM/H. MpaHuuute Ha Sheath n MC ca o3HayeHn ¢ BepTUKanHu
CVHU nnHUK. BpemeHnaTta Ha HabnogaBaHuTe cybbypu ca oTOensasaHn ¢ YepBeHN BEPTUKANHW JIMHNN.

lMbpBaTa OT pasrnexgaHuTe 6ypu e 4acT OT eAuH OT MbPBUTE CUITHO r€OMarHUTHO aKTUBHU
nepuoam npes Bb3xoasularta asa Ha HaCTOALWNS CMbHYEB LKL 24, onucaH B peavua uscnegsaHust
(Hanp. [12, 13, 14]). Ts e BTOpaTa M Han-cunHa OT nopeguua OT 4 nocrnegoBaTenHM reOMarHUTHU
Ooypwn. leHepupaHa e ot MC. SYM/H uHOEKCbT JocTUra MUHMMarnHa CTOMHOCT -148 nT (dur.1, B
nsBO).

BTtopata reomarHuTHa 6yps e reHepupaHa oT Sheath Ha 17 mapT 2013 r. (cpegHUAT naHen Ha
®ur.1). MuHnmanHaTa ctorHocT Ha SYM/H e -140 nT.

TpeTaTta reomarHuTHa 6yps, 3anodyHana Ha 17 mapt 2015 r., T. Hap. ,[eH Ha cBeTu NaTpuk, e
Han-cunHata npe3 24SC. Ta CbWO e reHepupaHa OT yaapHaTta BbnHa, opmmpaHa ot CME Ha
rpaHuuarta Ha Sheath obnactta n SYM/H goctura -235 nT (dwur.1, B gacHo). Cneg marHuTHMA obnak
nokpaw 3emsata nNpeMuMHaBa M BUCOKOCKOPOCTEH MOTOK (HSS), HacnoxeH 4yactuyHo Bbpxy MC, koeto
JoMpuHacs 3a NpoabiHKUTENHOCTTa Ha Bb3CTaHOBUTENHaTa ¢asa Ha bypsTa.
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our. 1. MexxgynnaHeTHU 1 reoMarHnTHU ycnoeus B nepuogute 8-10 mapt 2012 r. (B nsiBo), 17-18 mapt
2013 r. (B cpegarta), n 17-20 mapt 2015 1. (B AACHO)

HabnroaeHus

PasrnegaHu ca uamepBaHuaTa npu cHo Hebe Mo Bpeme TpuTe CUITHU reoMarHuTHu Bypu. o
BpeMe Ha nbpBata Oypa ca wuageHTudwuumpanm 3 cybOypu, BB3IHWKHANM Mpe3 KbcCHaTa
Bb3CTaHoBUTENHA hasa Ha OypsdATa; npu BTOpata bypsa — 2 nocnegoBaTteniHm cybbypu no Bpeme Ha
rmasHaTta pasa Ha GypaTa, U npu Tpetata bypa — 8 cybbypu, 2 oT KOUTO Npes3 rnasHata pasa Ha
Oypata, egHa — B HenocpeacTBeHa 6nmu3oct A0 MuHUMyMa Ha SYM/H (BbB (pasata Ha
Bb3cTaHoBsIBaHe), Ha 17 mapT 2015 r, n 5 — BbB (pasaTa Ha Bb3CTAHOBSABAaHE W KbCHaTa
Bb3CcTaHoBUTENHa pasa, Ha 18 n 20 mapT 2015 r. MomMmeHTUTE Ha Ha4yanoTo Ha cy6bypuTe ca ykasaHu
C YepBeHM BEPTUKAIHU NMHUK BMB dur. 1.

Kato npumepun ca npegctaBeHW 4YeTUpU TUMMYHM Clydas Ha pas3BuTMe Ha cyb0ypu Hag
AnaTtutu npe3 TpuTe reoMarHuTHu Bypu.

Cnyuan 1. Cy66ypsTa B 18:26 UT Ha 17 mapT 2013 T.

Cyb60ypsita Ha 17 mapTt 2013 r. 3anoyBa B 18:26 UT (yHuBepcanHo Bpeme), MO BpeEME Ha
rmaeHata ¢asa Ha reomarHutHaTa Oyps (Pur. 1, B cpegarta). B HayanoTto Ha cybbypsita SYM/H
WMHOEKCHT e okono -98 nT. HenHOTO pasBuTME NO AaHHKU OT cuctemarta kamepu MAIN B Anatutu e
napneHo Ha dur. 2. lopHuTe 2 pena npencrtasnaBat usbpaHu nsobpaxeHus ot all-sky kamepaTa. Hag
BCSKO M300paxeHue e BpeMeTo Ha perncrpmpaHeTo my. Bbpxy nbpBoTO M306paxeHne ca nokasaHu
nocokute (B 3aBMCMMOCT OT opueHTaumsiTa Ha all-sky kamepaTa no Bpeme Ha m3mepBaHusTa). B
gonHaTa yacT Ha dur.2 e nokasaHa all-sky keorpamata. CunHMTE MarHUTHM CMYLLEHWs 3ano4vsaTt OT
Haur-toxHaTa ctaHumsa oT IMAGE — Tartu (TAR) Ha 54.47°N CGM Lat. (kopurmpaHa reomarHuTHa
WwmpuHa) n ce npoctupat o Sgrgya (SOR) Ha 67.34°N CGM Lat. o usobpaxeHusta Ha all-sky
Kamepata cybbypsata 3anouBa B 18:26:40 UT Ha tor oT craHuuata Anatutu. HabGniopasa ce
paswmnpeHne Ha CUSHUATA Ha ceBep M Te NpemuHaBaT Hag 3eHuTa B 18:32 UT. B 18:39:40 UT ce
HabnogaBa BTOpa WHTEH3UMMUKALMA OT HOr, KOATO CbLIO Ce paslupsiBa Ha CeBEpP M CUSHUSATA
obxBawiat uUaAnoTo 3puTenHo none. Havyanoto Ha cybbypsta u BTOpaTa MHTEH3udukauua ca
oTbens3aHn ¢ YepBEHW BEPTUKAIHU NIMHWN BbPXY Keorpamara (gornHarta yact Ha dur. 2).

Cnyuan 2. Cy66ypsita B 19:59 UT Ha 17 mapT 2015 .

Pa3ButneTo Ha cybbypara B 19:59 UT Ha 17 mapt 2015 r. e nokasaHo Ha ®wur.3. FopHuaT
naHen npegcraesa usbpaHu nsobpaxeHus ot all-sky kamepaTa. YHuBepcanHoTto Bpeme (UT) e ykaszaHo
HaJ BCSKO M306paxeHune, a NOCOKUTE ca NoKasaHW BbpXy MbPBOTO n3obpaxeHue. B gonHata yact Ha
duryparta ca keorpamuTe Ha all-sky kamepara (B nsiBo) n Ha GC kamepara (B AACHO).

Ta3sn cyobypsa e HabnogaBaHa Mo Bpeme Ha rnaBHaTta asa Ha reomarHuTHaTa Oyps Ha OeHst
Ha cB. lNMaTpuk (dur.1 B gscHo). SYM/H nHOekchT B Havanoto Ha cybbypsata e okono -160 nT. lMo
MarHUTHW JaHHW MarHUTHOTO CMYLLEeHMe 3anoyBa oT cTaHuusaTa Tartu (TAR) Ha 54.47°N CGM Lat. u
ce npuaswkea o Ny Alesund (NAL) Ha 75.25°N CGM Lat. Mo aaHHu ot all-sky kamepara cy66ypsita
3anoyBa B 19:59:40 UT. lNbpBOHayarnHO cusiHMSTa OcTaBaT Ha lOr OT 3eHUTa Ha cTaHuusTta. B
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20:24:30 UT ce HabniogaBa 6bp30 pasliMpeHMe Ha CUSIHMSATA Ha ceBep M Te 3aemMaT LanoTo
3puTenHo none. ToBa BpeMe e oT6enas3aHo Ha all-sky keorpamarta ¢ yepBeHa BepTukanHa nuHus. Mo
paHHn ot GC kamepaTta cusiHusita B 19:59:40 UT ca Ha okono 25° 1okHO OT 3eHuTa. bnunkbT B
20:24:30 UT e sicHo m3paseH (ropHata GC keorpama BbB Pur. 2). MakcummanHata OTHOCUTENHa
WHTEH3UBHOCT Ha CUAHUATA B 3puTenHoTo none Ha GC kamepatae 70 OTH. eguHuLN.

UT: 18:26:40 18:27:20 18:29:00 18:32:00 18:33:40 18:36:30

(@]

UT: 18:39:40 18:39:50 18:40:20

18:41:40 18:42:10 18:45:00

18:00 18:26:40  18:39:40 20:00

dur. 2. U3bpaHn n3obpaxkeHust oT pa3BUTUETO Ha cybbypsTa Ha 17 mapT 2013 1. B 18:26:40 UT (rope)
u all-sky keorpama (gony). Hayanoto Ha cy6bypsiTa e no BpeMe Ha rnaBHaTa pasa Ha Ha reomarHuTHaTa 6yps,
Ha tor OT 3eHUTa Ha cTaHuuaTa

UT: 19:59:40 20:13:20 20:20:20 20:24:40 20:25:10 20:28:00

Guppy C, Apatity, G-chan 2015—03-17

20 22 24 26 28 30 32 34 36 38
Time, minutes from 20:00 UT

zenith angle, degrees

N
20:00 20:24:30

0 42 4“4 46 48 50 52 54 56 58
Time, minutes from 20:00 UT

®ur. 3. Pa3BuTne Ha cy66ypsita B 19:59:40 UT Ha 17 mapT 2015 r. no n3bpaHu nsobpaxeHus ot all-sky
kamepara (rope), all-sky keorpama (gony B nsBo) n GC keorpamu (4ony B ASICHO)
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Cnyuan 3. Cy66ypsTa B 21:43 UT Ha 20 mapT 2015 T.

PassuTtneTo Ha cybbypsata B 21:43 UT Ha 20 mapt 2015 r. no uamepBaHusi Ha cuctemaTta
MAIN e npeactaBeHo Ha dur.4. PopmatbT Ha dur.4 e kato Ha Pur.3. Tasm cybbyps e HabnogaBaHa
no Bpeme Ha KbCcHaTa ha3a Ha Bb3CTAHOBSBaHe Ha reomarHutHata Oyps B OeHs Ha cB. [laTpuk
17 mapt 2015 r. (dur.1 B gacHo). SYM/H uHaekcsbT B HayanoTo Ha cybbypsata e ~45 nT. [No gaHHuTe
OT MarHMTOMETPUTE MArHUTHOTO CMYLUeHne 3anouyBa ot Oulugarvi (OUJ) Ha 60.99° CGM Lat. n ce
npuaswkea Ao Ny Alesund (NAL) at 75.25°N CGM Lat. HayanoTto Ha cy66ypsTta no nsobpaxeHusta
Ha all-sky kamepaTa e B 21:43:20 UT 65130 40 3eHUTa Ha cTaHuudaTa. To e otbenssaHo B keorpamara
C yepBeHa BepTukanHa nuHusa. CusHusTa ce paspactBaT MHOro 6bp30, ob6xBalwaT UsanoTo 3pUTENHO
none okono 22:16 UT n cTaHuuMsiTa OcTaBa B aBpopanHaTa uanbkHanoct. B GC keorpamarta Ha4yanoTto
Ha cybbypsaTa ce Habnogasa B 3eHMTa Ha cTaHumsaTta B 21:43:50 UT. MakcumanHata oTHocuTenHa
MHTEH3UBHOCT € 36 OTH. eauHuLMN.

UT: 21:43:20 21:45:00 21:45:50 21:52:30 22:15:20

zenith angle, degrees

a6 48 50 52 54 56
Time. minutes from 21:00 UT

21:43:20

dur. 4. Passutre Ha cybbypsaTa B 21:43:20 UT no gaHHu ot cuctemata kamepu MAIN: nsbpaHun nsobpaxeHus
Ha all-sky kamepara (rope), all-sky keorpama (gony B nsaBo) n GC keorpama (gony B AsSICHO)

Cnyuan 4. Cy66ypsTa B 18:35 UT Ha 10 mapT 2012 T.

Cy60ypsita B 18:35 UT Ha 10 mapT 2012 r. Bb3HMKBaA NMpe3 KbCcHaTa dha3a Ha Bb3CTaHOBsSIBAHE
Ha cunHaTta reoMmarHuMTHa Oypsi, 3anodHana Ha 8 mapTt. SYM/H uHgekcbT B Ha4anoTo Ha cybbypsita e
~-50 nT (dwur.1 B naso). MarHuTHoTO cMyLleHne 3anoysa oT Pello (PEL) Ha 63.55°N CGM lat. n ce
pasnpocTtupa ao Longyearbyen (LYR) Ha 75.12°N CGM lat. PasBuTtneTto Ha cyb0ypsiTa € nokasaHo Ha
our.5 (dpopmatsT 1 e kaTo Ha dur.3). Hayanoto Ha cyb6bypaTta no aaHHM Ha all-sky kamepaTa e B
18:35:50 UT Ha ceBep oT Anatutu. CusaHmnata ce paswmpssat Ha tor, gocturat 3eHuTta B 18:39 UT u
npoabrkaesaT fa ce ABwxat Ha tor. B no-getannHute GC keorpamm cusiHuaTa ce HabnwogaeaT oT
18:38:30 UT Ha okono 15° Ha ceBep oT 3eHuTa (ropHaTta keorpama). Buxaa ce 6bp30T0 ABMXKEHNE Ha
tor. MakcumanHata MHTEH3UBHOCT B rpaHULMTE Ha 3pUTENHOTO nosne e 34 OTH. eANHULM.

Ounckycuna

W3cnepsaHo e pa3BuTMeTO Ha cybbypute, Bb3HUKHaANM No Bpeme Ha 3 CUMHM reOMarHUTHU
Oypy cbc SYM/H mHaekc no-manbk oT -100 nT no gaHHWM oT cuctemata kamepu MAIN B AnaTtutu:
8-10 mapt 2012 r., 17-18 mapt 2012 r. u 17-20 mapt 2015 r. HawwnTte n3cneaBaHusa nNoTebpxaaBat
nosieata Ha CugHMATaA CbIMAcHO AWHaMuKata Ha aBpopanHus oan (Hanp. [15]. Mpu cmyTeHun
yCrnoBug, N0 BpeMe Ha rnaBHaTa as3a Ha reomarHutHa 6ypsa unu BbB pa3aTa Ha Bb3CTaHOBSIBaHe
0nM30 0O MakcumarnHoTo pas3BuTMe Ha Oypsita (MMHMManHata CcToMHOoCcT Ha SYM/H uHpekca)
aBpoparnHuaT oBar € paslupeH, U Ha4yanoTo Ha cybbypute B npuekBaTopmuanHus My Kpaw € Ha tor oT
AnatuTtun. B TO3M cny4yai HabniogaBamve paswmMpsiBaHETO Ha CUsiHMATa Ha ceBep. B no-kbcHaTa dasa
Ha Bb3CTaHOBSIBaHe Ha OypTATa, KOraTto aBpoOparnHUST oBan € ,HopManeH® unu ,KoMnTpecupaH®,
Hayanoto Ha cybbypuTe e Ha ceBep oT AnatuTu. ToraBa BwXAamMe ABWKEHMETO Ha CUsSHWATa OT
CeBep Ha Ior.
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UT: 18:35:50 18:37:00 18:38:20 18:43:10 18:52:50 18:58:30

18:35:50

®ur. 5. Pa3sutue Ha egHa cy66yps Ha 10 mapT 2012 r. no n3bpann n3obpaxeHus Ha all-sky
kameparta (rope), n keorpamu Ha all-sky kameparta (gony B nsiBo) n GC kamepaTta (gony B ASICHO)

paHvuaTa mexagy cybbypuTe, 3amoyHanM Ha lor U Ha ceBep OT LMpuHaTa Ha AnatuTu
(63.86°N CGM Lat.) no ctonHocTTa Ha SYM/H nHagekca B Ha4anoTo Ha cybbypsTa, e mexay -40 u -50
NT. KakTto nsrnexnaa, T 3aBUCU Han-BeYye OT CTeNeHTa Ha reOMarHUTHOTO CMYLLIeHMe (KOeTO MOXe Aa
ce 13pasu Ype3 MUHUManHata CTOMHOCT, AocTurHata oT uHaekca SYM/H) n oT otganedeHocTta no
BpeMe Ha HayanoTo Ha cybbypsata oT Hero. BeposTHO BnusiHMe okasBa W NPOABLIMKMTENHOCTTa Ha
dasata Ha Bb3CTaHOBSABaHe.

MakcvmanHata OTHOCMTEeNnHa MHTEH3MBHOCT B 3puTenHoTo none Ha GC kamepata e no-
ronsma 3a cybbypu, Bb3HUKHANM Ha tor OT ANaTutu, 1 3Ha4YMTenHo no-manka 3a cybbypwu, 3anoyHanm
OKOIO 3eHMTa UNK Ha CeBep OT CTaHuusTa.

3aknrouyeHun

Ha ocHoBaTta Ha Te3u pe3yntaTv U pa3CbXAeHUss OCTUrame 40 CMefHUTE 3aKyYeHns:

» Cyb06ypuTte, Bb3HMKBAWM MNpe3 rnaBHata ¢asa Ha reomarHutHaTa 6yps wunu 6nm3o go
MaKkcMManHoTo W pasBuTWe BbB (pasaTa Ha Bb3CTaHOBSBaHe, 3arnoysaTt Ha tor ot AnatuTu
(63.86°N CGM lat) wn ce HabnogaBa AOBWKEHMETO Ha MONSPHUS kpan Ha cybbypeBaTa
U3MbKHANoOCT Ha cesep.

» [pu cybbypn npe3 pasata Ha Bb3CTAHOBSIBAHE Ha reomarHuTHaTa Oypsi unm npes KbcHaTa
¢ra3a Ha Bb3CTaHOBsIBaHe, HA4anoTo € OKOMO 3eHUTa Ha CTaHUUSATa UMK Ha CeBep OT Hes, U
Ce BWXKAa ABWXKEHNETO Ha CUSIHUATA OT CEBEP Ha tor.

» [paHuuaTa mexgy AsaTa Tuna cybbypu no ctonHoctTa Ha SYM/H uHgekca e B obnactra
40-50 nT, n 3aBMCM OT cunaTta Ha reomarHuTHata Gyps 1 pasnukata Mexay BpemeTo Ha
Ha4yanoTo Ha cybbypsaTa 1 BpemMeTo Ha MakCMManHoToO pa3Butue Ha bypsTa.

» MakcumanHaTa OTHOCUTENHa MHTEH3UBHOCT Ha cybbypeBuTe ObrM B 3pUTENHOTO Mone Ha
KamepaTta € 3HauUTeNHO No-B1coKa nNpu cybbypuTte, Bb3HWMKHANM Ha tor oT AnaTtutu.

BnarogapHocTu

Tasn pabora b6elue ocbllecTBeHa ¢ nogkpenaTa Ha lMporpama Ne9 Ha lMpesngnyma Ha PAH.
Ta e yact ot pabotata no cbBmecTeH npoekt 1.2.10 mexay MrN-PAH n MKUT-BAH no nporpamaTta
3a oyHOaMEHTanHn KOCMUYECKM u3cnenBaHus.

BnarogapHu cme Ha J. N. King 1 N. Papitashvili npu AdnetSystems, NASA GSFC 1 CDAweb
3a npegocrtaBgaHeTo Ha AgaHHuTe oT OMNI.
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Abstract: Based on five strong gemagnetic storms with Dst < -100 nT and five weak geomagnetic
storms with Dst > -100nT we studied the behavior of the basic parameters of the solar plasma: the speed, density
and temperature of the solar wind, and the four components of the interplanetary magnetic field: Bx, By, Bz and
Bt. The behavior has been studied for ten days before geomagnetic storms. Morphological analysis shows that
before the onset of geomagnetic storms there is a change of 2 to 3 days in the field of temperature, which during
strong geomagnetic storm is a sharply delineated large and sudden decline. After it the temperature remains
approximately constant two to three days before the start of the storm itself. During weak geomagnetic storms
such change is absent and there is a gradual decrease in temperature. So it is more difficult to determine a
starting point for the stationing of temperature, which leads to more difficult determination of the onset of
geomagnetic storm.

The reduction in speed may also be used as a predictor for 2 to 3 days, but there the form of the drop is
even more complicated due to the exponential form of the distribution of the values of velocity in time.

These are initial studies which can not readily predict whether or not there will be a geomagnetic storm.
But the fact that there is a change in the basic parameters of solar plasma before geomagnetic storms, could
serve as a precursor in forecast space weather.This requires the continuation of this kind of research.
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Knroyoeu dymu: Kocmudecko speme, leomacHumHu 6ypu, MazHumHu obnayu.

Pesrome: Ha 6bazama Ha nem cunHu 2eomazHumHu 6ypu ¢ Dst < -100nT u nem crnabu 2eomagHUMHU
b6ypu ¢ Dst > -100nT e uscnedsaHO rnogedeHUEMO Ha OCHOBHUME rapamempu Ha CiibHYeeama nnasma:
CKopocm, MIBLMHOCM U memrepamypa Ha CITbHE8US 8MBbp, U Yemupume KOMIIOHEHMU Ha MeXOyniaHemHomo
MazHumHo none: Bx, By, Bz u Bt. Tosa nogedeHue e u3cnedgaHo 3a decem OHU rnpedu 2eomasHUMHuUmMe bypu.
MopaponoeuyHusm aHanu3s nokasea, 4ye 2-3 deHa rnpedu HacmMbreaHe Ha eeoMagHUMHUMe 6ypu uma usMeHeHue
8 1o/1emMo Ha memrepamypama, KOemo fpu CUiHU 2eoMasHUMHU 6ypu e psi3Ko 04epmaHo CbC CKOK crad, cred
Kolmo memrnepamypama cmauyuoHupa om 2 0o 3 OHuU npedu 3ano4yeaHe Ha camama Oyps. [lpu crnabu
eeomasHuUmMHuU 6ypu iurcea makbe PS3bK CKOK, @ UMa MoCMerneHHO MOHUXeHUe Ha meMrepamypama u ro-
mpyOHo mMoxe Oa 6b0e onpedeneH Ha4yaaHUsI MOMEHM Ha cmayuoHuUpaHe Ha memnepamypama, koemo 80du 00
rno-mpyOHo onpederisHe Ha rosieama Ha eeomagHuUmHa bypsi.

lMoHuxXeHUemo Ha ckopocmma cbuio Moxe 0a 6b0e u3ron3eaHo kamo rpedsecmHuk ¢ 2 do 3 deHa, HO
mam ¢hopmama Ha criada e ouje ro-ycrioxHeHa rnopadu ekKcroHeHyuanHama ¢gopma Ha pasnpedesieHue Ha
cmoliHocmume Ha CKopocmma 6b8 8pemMemo.
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Tosa ca HayanHu uscredgaHusi, OmM KOUmMo He Moxe eOHO3HayHo Oa ce rpedckaxe danu we uma unu
HaMa Oa uma 2eomazHumHa byps. Ho gpakmbm, 4e ce Habrodasa U3MeHeHUe 8 OCHOBHUME rapamempu Ha
CclbHYe8ama rnnaama npedu eeomazHUMHU bypu, 6u mo2bs da rnocayxu kamo nped8ecmHUK 8 npoa2Ho3ama Ha
Kocmuyeckomo epeme. Tosa u3uckea rpodbinkasaHemo Ha mosu eud u3credsaHus.

Introduction

In the contemporary conditions of the space weather study special attention is made on the
sources of the Sun, the parameters of space plasma (mainly solar wind) and the magnetosphere. The
sources on the Sun, such as Coronal Mass Ejections (CME), Coronal Holes (CH), Solar Flares (SF),
Corotating Interaction Regions (CIR), etc. [1, 2, 3] are the main disturbances in the interplanetary
medium. The interplanetary medium is characterized by the speed of the solar wind (SW) [4], the
density and temperature of the space plasma, and the components of interplanetary magnetic field,
respectively [5].

When studying and forecasting of the space weather a basic information is obtained from the
spacecrafts SOHO and ACE, which are located in the Lagrange point L1 [6], one of the equilibrium
points between the Sun and Earth, which is located at a distance of 1.5 million kilometers from Earth.
In fact, the data from both satellites are the only information for prediction of the interplanetary
medium, which is used in real time, in particular of the plasma flow before it interacts with the Earth's
magnetosphere and forms the magnetopause. The solar plasma travels the distance between
Lagrange point and magnetopause for about 1 - 1,5 hours, depending on its velocity [7]. It is too soon
to predict the response of the magnetosphere and the effects in Earth's magnetic field, i.e. the
geomagnetic storms.

But even in the short-term prognosis, such as one-hour forecast of geomagnetic activity, the
accuracy is not always enough, and we can say it is unsatisfactory in most cases, especially during
geomagnetic storms. As for the short-term forecast (of the order of three to eight days) the accuracy is
more related (in most cases) with the appearance of geomagnetic storms, than to the magnitude of
geomagnetic disturbances. Therefore, the monitoring of overall state of the above mentioned
parameters of interplanetary medium appears an important element of its forecasting.

The task, that at first step we set ourselves, is to follow these interplanetary parameters known
to us before a geomagnetic storm and to determine how they relate to each other, i.e. before
geomagnetic storm, what was the behavior in SW speed, density and temperature and in the magnetic
field components at the point of Lagrange L1. For this purpose we used some geomagnetic storms
observed by us in the 24-th solar cycle. We made a conditional separation of geomagnetic storms into
two main categories: strong geomagnetic storms with Dst index (which has a reasonable physical
assessment) < -100 nT and weak geomagnetic storms with Dst > -100 nT.

Here the storms that are examined are the following:

(1) strong geomagnetic storms on:

7-8 October 2015, 17 March 2015, 17 March 2013, 9 March 2012 and 24 October 2011;

(2) weak geomagnetic storms on:

27 August 2015, 16 August 2015, 04 July 2015, 10 and 15 July 2013.

Analysis

What does morphological analysis of graphs describe at least ten days before geomagnetic storms?
First we must emphasize that all the hourly values of the interplanetary medium have been taken.
Smoothing was not done because our aim is to register every change in every hour, not to track
averaged behavior of the parameters.

1.Strong geomagnetic storms Dst £-100 nT

7-8 October 2015: Ap = 65/44, v = 936 km/s, Dst = -100 / 110 nT, Bz = -14 nT, By = + 14 nT. The
most important parameter with a special behavior is ion temperature. The behavior of the temperature
is characterized by sharp decrease of T from 3x10° to 1x10° K°. Then for 2.5 days the value of T
oscillates around 1x10° K°. Such behavior has the SW velocity: from 480 km/sec it drops below 400
km/sec. This behavior change is more gradual. In our opinion, two parameters, ion temperature and
velocity of SW, are connected to a common physical process. The proton flux density has a significant
decrease 3 days before the geomagnetic storms - on 4 October, according the storms on October 7-8.
The source which provoked the geomagnetic storm is a co-rotating interaction region with coronal
holes. It causes the solar wind (SW) acceleration. A gradual decrease of the SW velocity from 500 to
390 km/s two days before the geomagnetic storm is measured. After that a jumping increase of the
SW velocity appears (Fig.1).
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17 March 2015: This storm is preceded by calm values of Dst, which are around 0. Bz component of
17.03. has a characteristic oscillating behavior and reaches -22 nT. The behavior of the other two
components is not remarkable. The speed of the solar plasma starts to fall from 420 km/s (March 13)
and reaches its minimum at 15.03. evening - about 300 km/s. This behavior of the SW flow is smooth
for 2.5 days. After the minimum the velocity starts incrementally to increase. The new maximum is
reached on March 17 at the beginning of the geomagnetic storm - 600 km/s. The temperature
behavior of protons is interesting. On March 13 there is a sudden drop in temperature, not as in the
previous days, when there are sinus-oscillations. Then for 3 days, 14-16 and at the beginning of 17
March, the temperature was kept constant low, such as it has been decreased on 13 March. Only after
the onset of geomagnetic storm the temperature jumps sharply from 0.5 to 5x10° K°. The
characteristic values are the following: Dst = -223 nT, Ap = 10°. The storm was triggered by CME on
15.03.2015 as a consequence of magnetic thread breaking. There are two coronal holes in the
northern and southern solar hemispheres. The time interval where a temperature and velocity
decrease appears, correspond probably to magnetic cloud transport [8] (Fig.2). In dependence on the
magnetic cloud structure there is different behavior of the solar plasma parameters.

17 March 2013: Values of Dst =-130 nT and Ap = 72. It is caused by CME of 15 March and by coronal
hole in the southern hemisphere. Solar wind speed is in the range 300-700 km / s. Before the
geomagnetic storm Dst values oscillate around 0 over 6 days. Bz has a typical decrease to more than
-10 nT. By has a particular behavior three days before the geomagnetic storm - there is an increase of
oscillating values around 0 to 5 nT, and then there are oscillations around zero at the rate of 10 nT
and even more. The change of the speed of solar wind with this storm is radically different from that in
previous cases. Two days before the geomagnetic storms the speed increases stepwise, and during
the storm itself increases significantly from 400 to 720 km/s. The temperature Tp of protons despite of
many data gaps, emerged the following picture: from March 10 to March 14 Tp oscillates around the
absolute zero. On March 14, it leaps and reaches 1x10°K and again on March 15 it increases to
2x10°K. Tp then falls back to 1x10°K and lasts almost two days. Despite the changed behavior of Tp
with the initial jump 1.5 days before the geomagnetic storm, the scenario remains and the temperature
keeps a similar behaviour as that during the previous geomagnetic storms, i.e. there is still a relative
decrease in T before the geomagnetic storm. Regarding the the proton flux density, we could not
comment it because of lack of data and the fragmentation of their plotting.(Fig. 3).

9 March 2012: We look at the geomagnetic storm which has two stages: the first is on March 7, 2012
with Dst = -70 nT and the second geomagnetic storm is on March 9 with Dst = -130 nT. At the
maximum of the storm Ap = 87. On 6.03. a frontally directed CME to Earth is observed. Bz component
during the first geomagnetic storm from 7.03. jumped with +5 nT and with +10 nT and oscillated with -
4 nT around 0. During the second geomagnetic storm from 9.03. there is an even greater increase in
Bz from +5 nT to +25 nT. Ultimately Bz behavior is not typical but it is a problem for another study. Tp
behavior of protons is similar to that, during previous geomagnetic storms, with a sharp drop of 1.5
days before the first geomagnetic storm of 7.03. For the second geomagnetic storm there are missing
data. The same applies to the flux density of protons. The storm is caused by a great sunspot (Fig. 4).

24 October 2011: The minimum value of Dst is Dst = -150 nT. 7 days before the geomagnetic storm
Dst values oscillate around 0 and a little below it. Bz has typical behavior with a fall during the
geomagnetic storm with values -10 nT. Unfortunately, the speed and temperature of the proton flow
are not full prior to and during the geomagnetic storm, so we can not do any interpretations.(Fig. 5).

Minor geomagnetic storms: Dst >-100 nT

23 and 26 August 2015: Two small geomagnetic storms are considered: weaker from 23.08.2015 with
Dst = -50 nT and from 26.08.2015 with Dst =-90 nT. Bz component has standard behavior. At the first
storm the decrease is 10 nT, at the second it is 11 nT. The solar plasma speed behavior shows a
decrease from 450 to 350 km/s. It is continuous like by the strong geomagnetic storms. Now the
duration is smaller, it is 1.5 days. After that the speed increases up to 590-600 km/s as during the first
weaker storm.

The behavior of the other parameter, the ion temperature, shows a decrease, which continues 2 days
but this decrease is not sharp, it is gradual. That is different from the case of strong geomagnetic
storms. For the second geomagnetic storm on 26.08.15 we cannot make conclusions because the
solar wind parameters — speed and temperature — are influenced by the previous storm. It is caused
by coronal hole in the Southern hemisphere (Fig. 6).

16 August 2015. The next geomagnetic storm begins on 15.08.2015 and reaches maximum of
development on 16.08.2015 with values Dst = -84 nT, Ap=31. It is a result of transequatorial coronal
hole. The Dst values before the geomagnetic storm oscillate between 0 and -20 nT. The Bz
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component behavior of the interplanetary magnetic field is standard and the decrease reaches -18 nT.
It is interesting that 1 day before the storm the Bx component decreases gradually during 1 day from -
2t0-8nT.

The temperature rapidly decreases 3 days before the geomagnetic storm and oscillates near the value
of 5x10°K. The other parameter which characterizes the interplanetary environment is the solar wind
speed. It decreases gradually 2 days before the geomagnetic storm. This decrease has small gradient
but it is with stable trend almost without oscillations (Fig. 7).

4 July 2015. The next relatively weak geomagnetic storm begins on 4.07.2015 and reaches its
maximum on 5.07.2015. The second geomagnetic storm in relatively short time interval is on
11.07.2015 and continues with second deeper minimum on 13.07.2015. The value of Dst=-60 nT. Bz
component of interplanetary geomagnetic field shows classical behavior with decrease of -10 nT for
the first geomagnetic storm and -7 nT for the second. Bx and By have respectively increase and
decrease and mark both geomagnetic storms.

The solar wind speed behavior is clearly expressed with decrease and stable trend without
oscillations in an interval longer than 2 days before the geomagnetic storm. Before and during the first
geomagnetic storm there is rapid increase of speed from 300 to 550 km/s. Similar behavior is
observed also by the second geomagnetic storm in the solar wind speed. Concerning the ion
temperature by the first and by the second storm there is 2-3 days decrease. But it is with smaller
gradient in comparison with the strong geomagnetic storms (Fig. 8). The geomagnetic storm is
generated by co-rotating interaction region coronal hole.

We consider the last two geomagnetic storms from July 2013.

10 July 2013. The first geomagnetic storm is from 10.07.2013 with minimal value of Dst = -45 nT. This
geomagnetic storm is caused by slowly moving coronal mass ejection from 6.07.2013 which reaches
the terrestrial magnetosphere on 10 July. The Bz behavior is not standard. There is an increase with
10 nT before the storm. The other geomagnetic field components have stochastic character and it is
difficult to make concrete conclusions. Some conclusions for solar wind temperature and speed
cannot be made because of lack of data (Fig.9).

15 July 2013. The second geomagnetic storm appears on 13.07. and reaches minimal values of Dst =
-75 nT on 15.07.13. This storm is a result from CME shock wave periphery which passes on 13.07
near the Earth. By that storm also Bz component has not standard behavior as its values increase with
more than 10 nT. The solar wind speed increases rapidly from 400 to 500 km/s 1 day before the
storm.

After that the velocity decreases gradually in the period of geomagnetic storm development.
One dax before the geomagnetic storm begin the proton temperature decreases rapidly from 2x10° K
to 2x10°K. After that the temperature remains almost constant until the geomagnetic storm maximum.
The proton flux density cannot be analyzed because of lack of data during investigated period.(Fig 9).

Analysis and conclusions

In the analyzes made of the two types of magnetic storms we can make some conclusions
about the three main parameters of the solar wind - speed, temperature and density. Each of them
has a similar, yet differing behavior depending on whether it is strong or weak geomagnetic storm.

By strong geomagnetic storms it is clearly seen that the temperature decreased by a sharp
rise by 2 to 3 days before the beginning of the storm. While the weak geomagnetic storms have again
lower temperatures, but it becomes a smooth transition and the time before the storm is reduced by 1
to 1.5 days.

As regards the velocity of the solar wind - also a decrease in speed is obseved, which,
however, is expressed in a continuous steady trend of decrease, which may last 1-2 days before the
geomagnetic storm. There are also cases of elevated speed, which has the same kind of trend, but
with a rise up. Following our opinion, it depends on the magnetic cloud field whether an increase or a
decrease of the velocity appears. The kind of the source of the disturbance is not so important for it.
The time interval where the temperature and the velocity are decreased probably corresponds to
magnetic cloud transfer. In dependence on the structure of the magnetic cloud there is different
behavior of the solar plasma parameters [8].

Such temperature decreases in the solar plasma have been investigated yet in the 90s of the
previous century [9]. Usually they are related to CME and the duration of these regions is 1 to 80
hours. Approximately one third of the cases present a meeting with the heliospheric plasma sheet
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(HPS). Such events are observed more often at solar activity increases when HPS lies near the
ecliptic. The irregular low temperatures could be related to HPS.

With respect to the SW density, it also has a similar course as the temperature, but with much
internal oscillations and it can be hardly defined the start and the end of density variation of the
interplanetary environment compared to the beginning of the geomagnetic storm.

The morphological analysis showed that before the onset of geomagnetic storm there is a
change of 2 to 3 days in the field of temperature, which by strong geomagnetic storm is sharply
outlined jump-shaped drop, after which the temperature stationed two to three days before the start of
the storm itself.

In weak geomagnetic storm the surge is absent and there is a gradual decrease in
temperature and it is more difficult to define a starting point for the stationing of temperature, which
leads to more difficult determination of the onset of geomagnetic storm.

The reduction in velocity may also be used as a predictor of 2 to 3 days, but there the form of
a drop is even more complicated due to the exponential form of the distribution of the values of
velocity in time.

So established before geomagnetic storms histories of SW temperature and velocity indicate
the presence of certain space-time structures that are crucial for the impact on the Earth's
magnetosphere and on the Earth in general.

These structures are important also for the impact of such cosmological factors as galactic
cosmic rays and solar energetic particles on the Earth environment. They can play the role of a lens
for focus and defocus of the above mentioned factors [10, 11].
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Fig. 1. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 7 and 8 October 2015 with minimal Dst = -110 nT. Most evident is the sudden decrease
of temperature, for hours (it is shown with ellipse over the temperature course), and after that almost permanent

keeping of low T values. All values are measured every one hour.

Fig. 2. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 17 March 2015 with minimal Dst = -223 nT. Most evident is the sudden decrease of
temperature, for hours (it is shown with ellipse over the temperature course), and after that almost permanent

keeping of low T values. All values are measured every one hour.
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Fig. 3. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 17 March 2013 with minimal Dst = -131 nT. Most evident is the sudden decrease of
temperature, for hours (it is shown with ellipse over the temperature course), and after that almost permanent

keeping of low T values. All values are measured every one hour.

Fig. 4. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 7 March 2012 with minimal Dst = -74 nT. In the temperature course the decrease is
observable (it is drawn with ellipse).
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Fig. 5. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 24 October 2011 with minimal Dst = -147 nT. In both parameters some decreased
values before the storm are observed. Because of lack of data it can not be affirmed categorically.

Fig. 6. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 27 August 2015 with minimal Dst=-88 nT. This is an weak geomagnetic storm, but before
the storm some low temperature values are also observed (drawn with ellipse).
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Fig. 7. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 15 August 2015 with first minimum Dst = -50 nT and second minimum on 16.08. with Dst
= -84 nT. The low temperature values are clearly seen three days before the geomagnetic storm
(drawn with ellipse).

Fig. 8. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 04 July 2015 with minimum of Dst = -68 nT. The low temperature values are clearly seen
two and a half days before the geomagnetic storm (drawn with ellipse).
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Fig. 9. Behavior of both basic solar wind characteristics, velocity and temperature, before and during the
geomagnetic storm from 15 July 2013. A more complex behavior is shown because before that there is also one
weak geomagnetic storm on 10. July. However there is a temperature decrease and stationing two days before

the geomagnetic storm from 15.07. (drawn with ellipse).
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Pe3rome: B nopeduya om cmamuu e paspabomeH MHD moden Ha HecmayuoHapeH akpeyuoHeH OUCK
[4]. B masu cmamusi npoyysame memodume Ha monspulayus nodxodsawu 3a Hawemo meopemuyHomo
uscrnedsaHe Ha HamaeHumu3upaH Ouck. Llenma da ce u3nonsea rnonsdpusayussima Ha ceemiuHama Ha
U3MOYHUKa 3a UHCmpyMeHm 3a uHmepripemauusi Ha HabnwdeHussma u onpedesiiHe Ha MexaHuamume U
mpouyecume 8 mesu U3MOYHUUU. [uckymupa ce Kak ce u3rosidea ronspumempusima 6 aHasnu3a Ha
cmpykmypama Ha akpeyuoHHUS MOMOK.

POLARIMETRY AS A TOOL FOR ANALYZING NONLINEAR BEHAVIOR
ON THE ACCRETION SYSTEMS

Krasimira Yankova
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Abstract: In series of papers we have developed MHD model of non-stationary accretion disc. In this
paper we are exploring methods polarization suitable for us theoretical investigation of the magnetizing disk. Aim
is to use the polarization of the sources, to instrument for interpret the observations, and defining the mechanisms
and the processes in these sources. Discussed how we do used polarimetry to analyze the accretion flow
structure.

BbBeneHune

OT n3BecTHO BpeMe Mma gobpa TeHaeHums ga ce Tbpcu obeanHeH mogen Ha AGN
Mukponewmte ca yaobHM 3a u3cnegBaHe Ha OTAaneyYeHn W3TOMHUUM M B KOMOMHauus € He-
aTMocdepHu obcepBaTopmUn NPESOCTABAT U3KITHOUNTESNTHO MOLLEH METO[, 3a N3yvyaBaHe Ha BbPTEHETO
Ha [OWCKOBETE W KapTupaHe Ha KOMMaKTHUSA perMoHa B sgpaTta  Ha  ranakTtukmre.
Npyna ot 140 (cTo 1 yeTmpuaecet) [1] aBTOpU cTapTupana nporpaMa 3a HabnaeHne, YANTO OCHOBHM
n3Boan ca, 4ye Ge3 3HadeHWe OT Npuemallata ranakTvka, siAPOTO KBasap nokasBa egHa M cblua
CTPYKTYpa 1 nogobeH MexaHu3bM Ha pas3BuUTUE U pasnuuuaTa ca pesynTaTt OT pa3fuMyHUTE HMBa Ha
akpeumsi, Mmaca 1 nocoka Ha HabnogeHue.

CbBpemeHHaTa aCTPOHOMMKSI € NMO3BONUIa ga ce perucTpmpart KBasapu B S4POTO Ha BCUYKK
W3BECTHM CMMParHu ranakTuku, BKNKOYUTENHO HawaTta cobcTBeHa (cnsw). Tesan M3TovHuumM nokassat
U3KMIOYMTENHO CXOOHA CTPYKTypa: MHdpayepBeHUs LEeHTpaneH Top 3aefHOo C YepHata aynka ¢
BUCOKO MarHuTHO none (o 30 rayca) n aucumnatmeBHa obnacT B HenocpeactBeHa 6nmusoct —
akpeunoHHus guck (~ 650 Weapauwmngosu pagnyca).

O6nacTn Ha MHTepecC: MUKPOCTPYKTYPU 1 MallabHa reoMeTpust

Bbaewo paseutne Ha mMoaena, agantauMsi 3a YMCIEHO M3crefBaHe BbB Bpb3ka C HOBMS
WHCTPYMEHTapUyM.
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Teopvm Ha MeTtopa Ha nonspuMmeTusaTa

MonsipumeTpuaTa ce 6asnpa Ha U3MepPBaHe Ha edhekTUTe OT Nnosipu3aumsaTa Ha CBeTNMHaTa B
HabnogeHusitTa Ha kocMmmnyeckute obektu. B ocHoBaTa Ha meToaouTe Ha U3MepBaHe CTOM cxemara
nokasaHa Ha cur 1. 3a peanusupaHe Ha U3MePBAHETO, € HEOOXOAMMO Aa ce U3YUCTST napameTpuTe
Ha Ctokc (1) 3a ga ce onpegenu Buga v cteneHTta Ha nongapusaums (%).

XY-paBHuHaTa Ha HebecHa NpoeKuus
Ha obekTa

Z — nocokaTa Ha 3pUTENHUAT JTbY
1/y — INopeHuoB dakTop

0 — OTKNOHEHNETO OT MbPBOHAYASHO
HanpasneHue

our. 1: cxema

OcHOBHWTE BUOOBE NONspuU3aUMsa ca NMHerHa U KpbroBa, HO Hali YecTo B HabnogeHusTa e
CMeC OT Te3Un CbCTOSIHUSA, KOETO 03Ha4YaBa enenTuyHa U YacTUYHO NonapusMpaHa CBeTnuHa:

(1) I :<EX2>+<Ey2>
Q=(E)-(EJ)
U =2<EXEyc035>
Vv :2<EXEysin5>

Ako npuemM 4Ye e B cuna Bpb3kaTa Mexay amnnuTyaute I=E° 3a uHTeHauTeTa M noneto [3].
OpuveHTauuaTa Ha enuncata MOXe [a Ce OueHW U OT aMnnuTyaHaTa Bpb3ka Ha nonetata B=E/c.
Kbpeto B u E ca marHUTHOTO 1 enekTpuyHo none cboTBeTHO, (I Q U V) — napameTpute Ha CTokc, a &
e ¢hasoBaTa pasnuka.

3a crteneHTa Ha nomspu3auua P Moxe Oa ce onpedenu kaTo Msipka 3a W3MEHEeHWe OT MbiHuS
WHTEH3NTET

|
@ M=

3a MUKPOCKOMWYHA MONsipU3aLmMs (OMTWYHO MnbTHa cpega) 1°=Q%+U*+V? u wmoraT ga ce
onpeaenaT ot napameTpute Ha CTOKC CTeNeHnTe Ha KpbroBa 1 NUHeHa nonspusaums, CboTBETHO:

JQ?+U? V
@ M =S M=

B actpodusnyHm cuctemu te He HagemwaeaT m < 20% m~1%.

AHanus Ha TeOPEeTUYHUAT MHCTPYMEHTapuym

AGN uma ka4yeCTBOTO Ja M3nbyBa B LEennsa CnekTbp OT pagnogmnanasoHa o y-ray, emmucunTte
Ca CUITHO NPOMEHITNBU N CbOTBETHO forarto I/IHd)OpMaTI/IBHM.
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e B pasnuuHute yactu Ha cnekTbpa HabnwaeHuaTa No3BonsiBaT pas3nnyeH NOAXOA 3a
aHanms:

e B pagvo cnektbpa MONAPM3aLMOHHUSAT KOMMOHEHT Ce KOHBEpTUpa B ErneKkTpo
HanpexeHue 1 Moxe fa ce obpaboTBaT No eNeKTPOHEH MbT U3BMEHEHUATA B MbIHaTa
amnnuTtyaa un ¢oasaTa Ha pagmo-cBeTnuHara.

e B ontuyHuTe HabnogeHuss nscnenBaHETO Ce KOHUEHTpMpa BbpXY UHTEH3UTeTa Ha
cBeTNnvHaTa, KaTto B AeTeKTopa ce Mon3saT crioMaraTenHy OnTUYHU eNEMEHTH.

e BbB BUCOKMTE eHeprv e Bb3MOXHO NpeaMMHO )OTO eNeKTPOHHO MpocrieasBaHe 3a
OTAENHU NIVMHUWN UMW OTPaHUYEHN eHeprniiHu neHTu. MNMonspusauusara oT pa3cenBaHe
Ha ToMCBH (ONTUYHO NNbTHa cpefa), npae u obpateH edpekT Ha KoMNTeH ( ONTUYHO
TbHKM cpean).

CnekTpononapumeTpusitTa MOXXe da ce M3nonsea Mo LUenusa CnekTbp, Tbi KaTto Ts 6opasu C
KOHKpEeTHa AbKMHa Ha BbHaTa. T 0cobeHo ehekTUBHO ekcnnoatmpa edekta Ha 3eemaH noHexe
KOMMOHEHTUTE Ha pasueneHaTa NUHUS UMaT pasfnMyHa CTEMeH Ha nonspusaumsi, MoHsikora u
pasnuyeH Bug Ha nonsipmsawms.

B cnyyan Ha BBHWHO MarHWTHO Mofe no poTtauuata Ha Papagen Moxe ga ce cban 3a
CTpoexa Ha nna3maTta B Hero.

M3meHeHMeTO Ha cTeneHTa Ha nongpu3aunmsi € curHam 3a M3MEHeHMe Ha CTpyKTypaTa Ha
obeKkTa OT KOUTO uaBa NonsipusaLMoHHaTa kKapTuHa.

MonspumeTpusita gaBa KayecTBeHa MHGOpMauusa 3a rpaHvuuuTe MeXAy eNeMeHTUTe Ha
KBasapa 4pe3 BapuaummTte B CTENEHTA Ha Nonapu3aums Tam.

CnekTpononsipumeTpusaTa MOXe [a OUEeHW [opwu pasnpefeneHMeTo u pasMepute Ha
enemMeHTun (BMXPOBU 4acTULM) OT BbTPELLHUSA CTPOEXK HA aKPELMOHHUSI KOMMOHEHT 1 Aa nokanuaupa
OTHOCUTENTHOTO UM ABMXEHME B NOTOKA, Ype3 pasfnunKkMTe B CTENEHNTE Ha NONsipM3aumns B pasnuyHuTe
NNHWN.

3akno4yeHune

B 3aknioveHne Mmoxem aa otbenexum 4ye nonapumeTpuaTa € MoweH MHCTPyMeHTapuym C
MHOXECTBO MNPUIOXeEHUA. Pe3ynTaT|/|Te morat ga Obaar TbJIKyBaHM J1€éCHO KOEeTO € CbLleCTBEHO
npegumcTBO. PasButneTo Ha mopena [4] B Obaelle uwe e CbrnacyBaHO C Bb3MOXHOCTUTE KOUTO
MeTo[a npenoctaBsa 3a pasrpbllaHe Ha HaleTo uacneanBaHe.
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Abstract: We presented high-energy processes in two binary stars. Flares are detected by analysing the
corresponding light curves. The energy spectrum is received for the duration of active states in these stars.

We have studied the emission properties, as applying polarimetry methods on the high-energy events.

The results reveal significant variations in the polarization parameters of selected binaries for the period
of flares activity.

OLEHABAHE HA NAPAMETPUTE HA NOJNAPU3ALIUA NMPU BUCOKO
EHEPFETU4YHU NPOLIECU B ABOUHW 3BE3[QHN CUCTEMU
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Pesrome: B Hacmoswama paboma npedcmassme 8UCOKO-eHepeemuyHu npoyecu rnpu 0se 080UHU
38e30HU cucmemu. Cned aHanusupaHe Ha Kpusume Ha brisicbka Ha u3yyagaHume O080UHU, ce pa3kpusa
akmugupaHe Ha npobrAcbyu 8 pe3ynmam Ha Uu3XewbprisaHus Ha mamepus. [lonyyeHu ca eHepeemuyHume
criekmpu Ha me3u 38e30u 3a nepuodume Ha akmueHO CbCMOSIHUE.

UYpes npunazaHe Ha Memodu Ha rnonsspuMempusima ca u3crnedgeaHu ceolicmeama Ha U3/Tb48aHemo Ha
8UCOKO-eHepeemuyHuUme rnpouyecu.

Pe3ynmamume noka3eam 3Ha4yumesiHu U3MEHEHUsI 8 MoJspu3ayuoHHUmMe rnapamempu o epeme Ha
akmueupaHe Ha u3byxeaHusi rpu 080UHU 38e30U.

Introduction

High-energy processes in astrophysical objects are associated with the phenomena, which
include for example the acceleration of charged particles to very-high energies in flares or jets (from
protoplanets to active galactic nuclei), or the scattering of radiation in highly aspherical distributions of
matter, resulting from the effects of strong magnetic and/or gravitational fields.

Binary stars are dynamically active systems and it is related to tidally interacting processes
between two stars, as well as the following mass transfer, structural transformations, flickerings and
bursts. In this survey we investigate the features of flares and bursts by polarization modeling on the
flares emission properties in binary stars. The flares appear ordinarily in systems with accretion discs
in time scales of hours to days, with amplitudes in a range of 1 - 3 magnitudes. On the other hand, van
Paradijs, van Amerongen and Kraakman [10], performed five-colour observation and demonstrated
that the flares occur throughout the whole orbital period with the rise time ~ 100-200 s. AE Agr and
they found that the light curve of this CV exhibits large flares on timescales of about 10 minutes. Bruch
and Grutter [3] found that the strong flares could be also phase dependent.

A repeated variability in the brightness could affect to the degree of polarization. Churazov et
al. [4] proposed X-ray polarization as a mechanism to probe the flarings and the resulting,
reprocessed X-ray should be polarized. The polarisation could appear as patterns in all of the above
cases, as it depends mainly on the properties of radiation and geometry of the source. We investigate
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the polarized emission properties of accreting binary star systems. The observational data of yCas
and SS Syg are applied.

Models and methods of polarimetry

The known relations of Poincare-Stokes vectors are applied in the current calculation. Four
Stokes parameters S0, S1, S2, S3 and Poincare vector P; of polarization - characterize the intensity
and polarization of the emission [4], [8], [9]. For measurement of Stokes parameters a Cartesian
coordinate system (x, y, z) is used where x and y are perpendicular to the direction of light propagation
z. If Ey, and E, are the electric field components in the x and y directions, and I(¢) is the intensity of
light polarized in the direction ¢ to the x axis (see Egs. 1 —4).

o o) o)) o
o 0w (o) (581

(8) U=8y = |(45°j - |(135°j = Re<EXEy>

(4) V=33 =IRHC ~ ILHC = |m<ExEy>

However, the polarization state is completely determined by the three ratios S;/Sg, S»,/So,
S3/S, which are known as the relative Stokes parameters. They have possible values between -1 and
+1.

The following equations are used for calculation the degree of polarization (the ratio of
polarized to total intensity). Degree of polarization P:

(5) P= \/(512 £S5+ sgj/ So
Degree of circular polarization Pc:
(6) Pc=S3/Sp,

where P¢ is positive for right-handed circular polarization and negative for left-handed circular
polarization.

The Poincare vector of polarization is given by:
(7) B =Sj/Sg,where i=123

We also employ the modeling and code of Goosman and Gaskell [6], and Marin et al. [8] on
the estimation of polarization properties of the flares emission. Their code is based on the Monte Carlo
method for modeling polarization produced by absorption, reemission and scattering in many
astrophysical situations. They have studied the relation between spectral flux, polarization in
percentage P [%] and the polarization position angle and the photon energy. They have considered
those as a function of the observer’s inclination and the dependence of disc inclination i. In the case,
when the viewing angle i is increasing, the reflected radiation coming from perpendicular surfaces is
produced by scattering. This leads to decreasing the Stokes flux for the perpendicular polarization
component.

To make a clearer view, attached to the modeling, we suggest a schematic algorithm of the
processes. The flares-up activity in the selected binary is in a relation with variations in the flow
density level. The transformed flux structure gives rise to polarization variations in the optical and
near-infrared bands and the polarization degree could change significantly.

By the initial conditions the variable polarization's states could be the result of synchrotron
radiation from the forming bursts. Then an elliptical or circular polarization is established there.
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In the high-energy processes the stronger emission intensity is observed. The measurement
of this intensity is associated with the calculation of Stokes parameters. In the next step we can define
the degree of polarization.

Results of observational and theoretical considerations.

An expression of the flow dynamics could be detected as the brightness variability of some
CVs and Be/X stars. A small number of systems, including yCas, MV Lyr, SS Syg, GK Per and AE
Agr, exhibit stochastic brightness fluctuations. Flares could be detected at the light curve shapes of
these binaries. The modeling prediction gives the polarization degree of the next two binaries,
according to their light curves and energy spectrum.

There is strong evidence in the light curve’s shape for the production of bursts in SS Cyg. SS
Cyg is one of the optically brightest DN (dwarf nova). This can be the result of dynamically unstable
processes in accreting flow around the primary. Its energy spectrum is expressed at (Fig.1a). During
the bursts activity of this binary, the degree of polarization varies and at the higher rate of P this value
is normalized to 1 (Fig.1b). The variations of P are in a relation with the maximum energy value of the
burst’s emission, inclination and the polarization position angle.
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Fig. 1. Energy spectrum, PC mode of SS Cyg (Swift-XRT generator, Evans et al. 2009)) (1a).
Polarization degree (P) during the bursts activity of SS Cyg (1b) [1].

The accumulation of mass transferred to the surface of the white dwarf from the giant star
through an accretion disc eventually triggers an outburst activity.

Further, we develop our study of the binary star y Cas (Cassiopeia), which is of Be/X stars
type. Typical X-ray luminosities of Be/X-stars are ~ 10*+10* erg/s. The most common suggestion is
that the emission comes from accretion from the Be star wind or disk [11]. In Kaygarodov et al. [7] we
make an assumption that the X-ray emission is due to the accretion of matter by neutron star with
mass ~ 1Me. There the relationship between X-ray luminosity and accretion rate is determined. As we
have already said in [2], the higher luminosity rate, in the result of flares could affect on the
polarization degree. This suggestion is shown at Figures 2 (a,b).
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Fig. 2. Swift-XRT energy spectrum, PC mode of y Cas (Be/X) (Swift-XRT g,]enerator, Evans et al. 2009
[5]) (2a). The high accretion rate here could give rise to the X-ray luminosity (103 +10% erg/s). Polarization
degree (P) variations during the flares activity of yCas (Be/X) (2b) [1].
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The high-energy peculiarities include an X-ray light curve that varies on several timescales
ranging from seconds to 2—3 months. We have already shown this in [1] and [2].

Conclusion

We report observations of the flare-ups and burst activity as seen at the light curve’s shape of
the studied binaries. Each of the events, which we have identified as flares, has a characteristic stellar
flare profile. This means a sharp rapid rise to maximum followed by a quasi - exponential decay. In
these two classes of compact binaries, presented in the section “Results”, some difference between
the flickering is detected. The difference could be caused by physical properties of the accreting flow,
as well as by the dominating flickering mechanism or their orbital periods.

The polarimetry methods to detect the active emission processes in binaries are applied. It is
revealed a high polarized emission and the polarization degree variations during the high-energy
processes in the studied binaries
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Abstract: Object-oriented programming is powerfull modern approach for development of flexible
programming tools. Some classes of objects applied in program system for space mission and simulation of
experiments are presented. The aim of development of such classes of objects is approaching flexibility related to
calculation’s organization. Every class represents pattern for creation of objects’ descriptors. Code fragments and
application of developed classes of objects are shown. Classes of objects for description of ordinary differential
equation systems integrators, situation problems solvers, initial values problems union of parallel tools and other
are developed on the present stage.

PA3PABOTKA HA KITACOBE OT OECKPUNTOPU HA OBEKTU 3A
CUMYJIMPAHE HA KOCMUYECKKX MUCUN

ATtaHac AtaHacoB

UHemumym 3a kocMmudecku uscriedeaHusi U mexHonoeuu — brrzapcka akademusi Ha Haykume
e-mail: At_M_Atanassov@yahoo.com

Pestome: ObekmHOmMo rnpoepamupaHe € MOWEH CbepeMeHeH noodxod 3a paspabomka Ha 2bekasu
npoepamHu cpedcmea. Pa3enedaHu ca HSIKOMIKO Kraca 0bekmu u3rosi3eaHu 8 paMkume Ha pozpamMHa cucmema
3a cuMyrnayuu Ha KOCMUYecku mucuu u ekcriepumeHmu. Llenma Ha paspabomkama Ha me3u obekmu e Oa ce
rnocmueHe 2bBKagoCM 10 OMHOWEHUE Ha oOpaaHu3auyusima Ha us4qucreHusima. B cnyyass eceku knac
npedcmasnsiea wabnoH 3a cb3dasaHe Ha Oeckpunmopu Ha obekmu . [lokasaHu ca kodosu chpasmeHmu u
peanu3sayuu 3a u3rosideaHe Ha pasanedaHume obekmu. Ha mosu eman ca pa3pabomeHu Krnacose 3a onucaHue
Ha uHmMezpamopu Ha cucmemu om OughepeHyuanHu ypasHeHUs, NPOoUecopu 3a pewasaHe Ha cumyauyuOHHU
3adayu, 0beduHeHuUs1 Ha napanesiHu UHCmMpyMeHmu u opyeau.

Introduction

Technological developments of computers provide more calculation powers for scientist-
designer in field of space investigation. This allows development of more complex models and
execution in details of simulations without necessaries from special deduced computer architectures.

One modern concept for complex and reusable software development is based on object
oriented programing approach. Object programing offers possibilities for broader abstractions related
to new user-defined data types and applied appropriate data processing methods. Every object has
specific properties which distinguishe it from other objects. These properties could be described
through complex user-defined type. A simulation model formed on the base of some types of objects is
possible to be executed numerous times through different changeable scenarios.

The better using of growing calculation power could be achieved through increasing flexibility
of developing software and development of possibilities for easily definition of new tasks in the frames
of appropriated objects field.

Algorithms and program system for multi-satellite missions simulation is under development in
STIL-BAS, branch in Stara Zagora. The recently improving of the system flexibility and possibilities for
simulations based on complex physical-mathematical models are shown in the present report.

Basic tasks in the frame of the program system for space experiments’ simulation

The basic tasks provided for solving was [1]:
- Numerical integration of satellites motion equations.
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- Calculation of different geometrical and physical parameters of the environment along
the orbits.

- Situation analysis - calculation of time intervals appropriated for satellite measurements
according to specific constraints.

- Active satellite experiments and physical processes simulation at appropriate parts of
orbits, according to previously executed situation analysis.

- Satellite operations scheduling.

- Visualization of results and simulated scenes.

- Writing of obtained results.

The organization of calculations comprising different tasks from listed above types was based
on static scheme, connected with consecutively execution of these one.

Two parallel tools- ordinary differential equations systems integrator [2] and situation problems
solver [3] was developed in the course of space missions’ simulation system development. Motion
equation systems of one or more classes of space objects (satellites, space debris, charged particles
and neutral or charged dust particles) could be solved through starting numerous of actual integrators.

For instance, a set of situation problems could be solved with group of satellite and other set
of situation problems with space debris. The both sets of situation problems could be solved
simultaneously in parallel trough starting more than one actual situation problem solver. These actual
integrators and solvers could be executed simultaneously through “union of pools of threads” program
model [4]. The applying of this model demands from application of more flexible schemes for
calculation scenarios definition and control of their execution.

State of the problem

The aim of the present work is to present some user-defined types, which could be used for
flexible definition of calculation tasks and their execution. Classes of objects- descriptors heaving such
user-defined types could be created. Definition of complex and various versions of simulations are
achieved via these classes of objects.

Development of some user-defined types

a). Type “parallel solvers”

This user-defined type serves as object-descriptors for creation of parallel calculation tools
based on “pool of threads” program model. The definition of this type is shown on figure 1a.

type  pool_par type  IVP_par

sequence character name*20

UNION integer integ_index ! serial order in the class
MAP integer num_objects
integer num_threads integer t_adr,dt_adr
integer ha_race integer xvn_adr,xvk_adr,eps_adr
integer - counter_adr integer adr_Grv_model,len_Grv_model
integer pool_par_adr integer transfer_data_adr,work_data_adr
integer granulation end type IVP_par
END MAP -
MAP (b)
linteger union_atr(2)
END MAP

END UNION

end type pool_par (@

Fig. 1. (a) parallel solvers type definition; (b) Initial values problem type definition

The components of user-defined type pool_par are: num_threads - containing number of the
threads, ha_race - handled of the event for synchronization between threads when tasks are got from
input task queue, counter_adr - counter address for countering solved tasks, pool_par_adr - address
of pool of threads parameters and granulation - control parameter pointing the rate of breaking up
entire task into smaller tasks.

This pool_par type could be used for descriptors of different solvers — on this stage these are
integrators of ordinary differential equation systems and processors for situation problems’ solvers.

b). Type “initial values problems”

The type IVP_par contains various attributes describing an initial values problem (fig. 1b).
Character type attribute “name” contains the name of IVP. The attribute integ_index contains serial
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order of pool of threads which represents ordinary differential equation systems integrator among all
objects in the class. The next variable num_objects indicate the number of all objects which motions
could be integrated. Attributes t_adr and dt_adr contain addresses of variables, where time and step
of time are stored. Analogously the next lines contain addresses of coordinates and tolerances data
about all objects, address of array containing information about perturbations for each object and
length of element of the array. The last line contains addresses of working arrays which are necessary
for integrator.
c). Type “situation problems”

The type SitProblems contains different attributes related to situation problems solving (fig.
2). The first two attributes contain order numbers of situation processor and initial value problem as
members in respective classes. num_objects present the number of objects (satellites),
max_num_sit and num_sci_prob determine the size of array, sit_prob contains situation problems
having address in addr_sit_prob.

type  SitProblems

integer pool_index I index of the pool in a descriptor - class
integer IVPs_index
integer num_objects ! number of objects in conected IVP

integer max_num_sit | maximal number of situation conditions for all situation problems
integer num_sci_prob ! number of situation problems
integer addr_sit_prob ! address of situation 2D array containing situation problem
! definitions- each column contains situation problem
integer addr_xvn,addr_xvk
integer TrParam_adr ! TrParam- contains calculated parameters along the orbit
end type SitProblems

Fig. 2. User-defined type SitProblems contains attributes for description of situation problems

d). Type “union of pools of threads”

The user defined type PoolThUnion (fig. 3a) represents template for descriptor of pools of
threads union. The first attribute num_threads contains sum of threads for all pools. The second attribute
union_atr contains address of array which contains all control parameters for union of pools [4].

type  PoolThUnion type  TrajParam

integer num_threads integer num_objects

integer union_atr(2) integer trj_par_

end type PoolThUnion end type TrajParam
@ (b)

Fig. 3. (a) this user-defined type describe “pools of threads union” objects; (b) type for objects “trajectory
calculations”

e). Type “trajectory calculations”

This type (fig. 3b) provides calculation of various quantities from geometric and physical
nature along the orbit. These quantities are calculated on every step in the time, after objects motion
integration. The obtained results could be used for situation analysis or simulations. The type
TrajParam contains information about number of objects, address of calculations control structure and
address of structure containing calculated quantities from models.

The access to classes’ descriptors from random point of the program is ensured trough
common named areas. Every area contains current size and address of the respective class (fig. 4a,
4b).

Creation of classes of objects

When one structural variable from given user defined type receives values of his components
we can accept that object is created. The members of given class are objects with same types.

All of above described user defined types serve for objects- descriptors creation, each of them
belonging to respective class. An essential parts of descriptor's attributes contain meta-data
addresses of the real data and their dimensions. These meta-data are determined in the course of
tasks definition which will be solved and preceded inserting of particular data. When the values of all
attributes of one structured variable are defined, these variables are submitted to subroutine for object
creation and adding to corresponding class.
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INTERFACE
SUBROUTINE add_object(dimension, Als_descriptor_adr, Als_descriptor_adr_new, Al_param, &
IVPs_descriptor_adr, IVPs_descriptor_adr_new, IVP_param, &
TrPas_descriptor_adr, TrPas_descriptor_adr_new,TrPar_param, &
StPrb_descriptor_adr,StPrb_descriptor_adr_new,StPrb_param, &
UsPTh_descriptor_adr,UsPTh_descriptor_adr_new,Union_param)
integer dimension
integer, optional :: Als_descriptor_adr, Als_descriptor_adr_new, &
IVPs_descriptor_adr, IVPs_descriptor_adr_new, &
TrPas_descriptor_adr,TrPas_descriptor_adr_new, &
StPrb_descriptor_adr,StPrb_descriptor_adr_new, &
UsPTh_descriptor_adr,UsPTh_descriptor_adr_new
type pool_par
integer num_threads,ha_race,counter_adr,thread_par_adr granulation
end type pool_par
type (pool_par), optional :: Al_param

type IVP_par

character name*20

integer integ_index,num_objects,t_adt,dt_adr,

integer xvn_adr,xvk_adr,eps_adr,adr_Grv_model,len_Grv_model
integer transfer_data_adr,work_data_adr
end type IVP_par

type (IVP_par), optional :: IVP_param

type TrajParam

integer num_objects ! number of obects

integer trj_par_adr | address of trajectory parameters arry for one IVP
end type TrajParam

type (TrajParam), optional :: TrPar_param

type SitProblems

integer sit_solv_index,IVPs_index

integer num_objects,max_num_sit,num_sci_task,addr_sit_prob
integer addr_xvn,addr_xvk,TrParam_adr

end type SitProblems

type (SitProblems), optional :: StPrb_param

type PoolThUnion

integer num_threads

integer union_atr(2)

end type PoolThUnion

type (PoolThUnion), optional :: Union_param
END SUBROUTINE add_object
END INTERFACE

@
I common /c_IVPs/num_IVPs,IVPs_descriptor_adrl
i
: Al_1%num_threads = num_threads; Al_1%thread_par_adr= thread_par_adr;
i Al_1% ha_race =ha_1; Al_1%counter_adr = LOC(AI_1_glb_counter)
! Al_1%granulation =1
I CALL add_object(num_Als,Als_descriptor_adr,Als_descriptor_adr,Al_1)
| )
i

common /c_StPrs /num_StPrs,StPrs_descriptor_adrl

|

|

|

: CALL add_object(num_StPrs,StPrb_descriptor_adr=StPrs_descriptor_adr, &
i StPrb_descriptor_adr_new=StPrs_descriptor_adr,StPrb_param=StPrb_param) ;
|
|

Fig. 4. a). Interface of subroutine; b) and c). Variants for calling the subroutine according to object type. lllustration
of polymorphism is shown.

The subroutine add_object (fig. 4b, c) accepts objects and inserts them in respective class.
One new class of descriptors is created during the first call of the subroutine add_object with actual
parameters - object of given type. The subroutine has polymorphic abilities and accepts all different
objects according to their user-defined types. This is approached trough appropriate interface and
description of actual parameters shown on figure 4.

54



Different relations and possible connections between separate/particular classes are shown
on figure 5. For example, object-descriptors from class of parallel tools (integrators, situation solvers)
are in connection with object-descriptors of initial value problems. Descriptors of integrators and
situation solvers are connected too.

common /c_Als/num_Als,Als_descriptor_adr common /c_StPrs/num_StPrs,StPrs_descriptor_adr

common /c_UPths/num_UPths,UPths_descriptor_adr common /c_TrPas/num_TrPas, TrPas_descriptor_adr

common /c_IVPs/num_IVPs,I\VPs_descriptor_adrl

1 1
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: W 1 | - ___
Pootof N h /
| thipgotor—.L= ) !
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Fig. 5. Semantic model presenting relations between different classes

Conclusion and future work

Only five user-defined types are developed on this stage and some number of simulation
problems could be defined. These types contain basic meta-data (address of the real data in the
storage and dimensions) about described from them object. Two of explained types - pool_par and
PoolThUnion describe abstract models for parallel calculations execution.

Developed types are used for development of new control of calculations and achieving a
flexibility and freedom about definition and execution of the simulation tasks in the frame of Program
System for Space Missions Simulation [5].

Reflection of relations and description of properties in given object field is the aim of the
development of above explained and other user-defined types in future.

Explained approach for development of object-classes is different from these one which are
used in object-oriented programing via fortran 95/2003.
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Abstract: Flexible approach for synthesis of complex simulation model containing different physical and
mathematical models is presented. Different consequences of calculations in field of space mission design are
based on some previously developed classes of objects. A simple command language for composition of
cyclograms is presented. Execution of these cyclograms is based on developed interpreter.

Introduction

The development of flexible tools for space mission design and analysis has exclusive
importance for decreasing of efforts, price and time [1]. The recent technological advances in the field
of multicore processors and other components are challenges and good base for experiments in this
direction.

Algorithms and program system for multi-satellite missions and experiments [2] are under
development at STIL-BAS, branch in Stara Zagora. Improving flexibility and possibilities for multi-
physics space simulations of the program system are shown in the present paper.

Programming system for multi-satellite mission design

The programming system for space mission design is under development. Execution of
different types of tasks is possible. These tasks are related to orbital equations integration, geometric
and physical quantities along the orbits, situation problems solving, satellite experiments simulation,
visualization and etc. [2, 6].

Unfortunate, calculation scenarios, containing simultaneously application of more than one
actual integrator [3] and situation problems solver [4] using special developed union of pools model [5]
for parallelization, wasn't possible.

Problem statement

Logical mutually connected calculations will be treated as calculation flow. There are different
levels of mutual connectivity. The higher level of connectivity demands mutual connection between
results in the frame of one calculation flow. The low level of connectivity within the calculation flow is
due to applying of unifying/common algorithms. Application of parallelization to one calculation flow
depends from availability of appropriate platform and specifics of calculations. Two reasons are
possible for calculation flows parallelization - possibilities for optimal use of computer system and
development of complex multi-physic models and calculation algorithms.

Each calculation flow could consist from one or more consecutive stages. The parallelization
between calculation flows is possible related to particular stages only. The different calculation flows
are executed asynchronously until point of synchronization when exchange of results between them is
necessary.

For instance, one calculation flow could contains orbital motion integration for set of satellites
as first stage, calculation of different quantities heaving geometrical or physical nature as second
stage, solving situation problems as third stage and etc. At the same time, a second calculation flow
engaged with computation about other set of satellites is possible too. Other calculation flow could be
related with space debris. Some exchange of results between separate flows after appropriated
stages could be based on situation problems connected with mutual situations between objects
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evolved in different flows. The realization of such scenarios demands synchronization between
respective/relevant calculation stages from the calculation flows.

“Computation flows” is program model for presentation of complex multi-physics applications
based on higher abstraction level. This is formal thinking approach which demands appropriate
specific program models and tools.

The joining of some calculation flows put the question about effective use of multi-processor
system. We will have in mind exclusively shared memory system below in this paper.

Control of calculations

Finite automata approach is applied for realization of flexible scheme of calculations’ control.
The algorithm is based on series of commands (cyclogram) execution. The algorithm reads and
recognizes a series of commands and transits in the relevant state related to some code execution.
Additional tasks are included for initialization of actual integrators and situation processors, in
additional to the basic tasks listed above. The compilation of particular variant of calculation scheme
consists of ordering appropriated commands. The list of commands developed at the present stage is
presented in table 1.

Table 1.
Command name | First parameter | Second parameter | Third parameter
Init_Integ p_Al _ind p_IVP_ind
Init_SitAnal ini_Al ind ini_StPr_ind
Init_Union
Integ s Al ind s IVP ind
'Integ Union' Union_ind
‘Trajekt param' t IVP_ind
'Sit anal' run_StPr_ind
'‘Display' dsp_StPr_ind
'‘Get_Al rezult' u IVP ind
'‘Cycle’ begin_time final_time step_in_time
End_cycle
END

All commands are described by user-defined type command (fig. 1). This type contains
different number of parameters/attributes and semantic specific for each command. The first
parameter is common for all commands and contains the name. Other parameters of the
commands are presented by integer or real types. Operator UNION is used for description of all
variants of command types (fig. 1), because each command has individual format,

The couple of commands Cycle and End_cycle are important construction for repetition of
entire cyclogram or subseries of commands closed between them. All commands which must be
repeated are inserted between the Cycle and End_cycle commands. The commands for initialization
are placed at the beginning, before the command Cycle.
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type command !
character*17 name MAP I Get data after Union execution
UNION integer u_IVP_ind ! index of IVP
MAP END MAP
integer num_com ! The zero element MAP ! Traject. param. calculation
! contain number of integer t_IVP_ind
I commands END MAP
END MAP MAP ! Situation analysis
MAP ! Al preparation integer run_StPr_ind ! index of solver
integer p_AL_ind ! (p)- za pointer integer run_Al
integer p_IVP_ind END MAP
END MAP MAP I command ‘Disply’
MAP ' IVP initialization integer dsp_StPr_ind
integer s_Al_ind !index of integrator END MAP
integer s_IVP_ind !index of IVP MAP I Cycle
END MAP real*8 begin_time
MAP ! Init_SitAnal real*8  current_time
integer ini_StPr_ind ! index to solver real*8 final_time
integer ini_Al_ind !index to intrgrator real*8  step_in_time
END MAP real*8 shift_time
MAP I Creation and initialization of Union integer end
integer ins_Al_ind I index of the solver END MAP
integer com_ind_integ ! multiple integration MAP I End cycle
END MAP integer back ! counter return 'back’ steps
MAP I Multiple IVPs integration END MAP
integer  Union_ind I index of Union END UNION
integer index_IVP(0:10) end type command
integer union_atr(2)
END MAP

Fig. 1. User-defined type used for cyclogram commands definition

The execution of the commands is based on object-descriptors heaving specific user-defined
types [6]. These types appear as templates for description of objects which could be created and used
for computational control. For instance, pool_par represents actual integrators and situation problem
solvers. The type IVP_par represents the solving of initial value problems. The type TrajParam
defines calculation of some parameters along the orbits. The types SitProblems and PoolThUnion
are used for definition of situation problems and union of pools of threads.

Command interpreter

Finite automata approach is used for new version of the program system. Program fragment
on figure 3 accepts series of commands and interprets them in sequent mode. The algorithm
recognizes the current command and transit to the respective stage and call to corresponding solver
or calculation code. Each command leads to calculation of portion of final results. Different primitive of
calculations are used like elemental building units for assembling calculation models in one scientific
field. A complex model can contains some objects from equal type. Every object could be presented
through different characteristics or parameters. So each object is described through user-defined type.
Such types are shown in [6]. Objects of the same type are united in class of objects. These classes
are created by special polymorphic subroutine [6]. These types contain different specific attributes.
Some of them represent geometric or physical quantities which accept values in some interval. Other
attributes represent meta-data — addresses and sizes of data structures.

Five object-descriptors are defined through separate user-defined types at the present stage.
The access to particular object at random point of the program is possible by global class-descriptor
(named common area in fortran) (fig. 2a). This common area contains the number of objects in the
class and address of the array in computer storage containing objects of the class (fig. 2a). For
example, named common area /c_Als / contains descriptor of the class of parallel actual solvers
based on pool of threads program model- integrators of ordinary differential equations and situation
processor solvers. The class of “initial values problems” objects is accessible through named common
area / c_IVPs / (fig. 2b). The class of situation problems is presented trough class-descriptor and
common area / ¢c_StPrs /. The class of “union of parallel solvers” could be accessed through common
area / c_UPths /. Figure 2b illustrates the access to classes of objects based on pointers.
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The object classes are dynamic objects. The addition of each new object to respective class is
connected with changing of the address in the storage.

integer Als_descriptor_adr 0 — s oo T T o

. POINTER(  Als_descriptor_adr,Als)
common /c_Als/num_Als,Als_descriptor_adr POINTER( IVPs_descriptor_adr,IVPs)
type (pool_par) Als(num_Als)

|
|
: POINTER(TrPas_descriptor_adr,TrPas)
|
|

POINTER( StPrs_descriptor_adr,StPrb)

integer IVPs_descriptor_adr . .

common /c_IVPs/num_IVPs,IVPs_descriptor_ady POINTER(U Pzg)s_descrlptor_adr,Unlon_atr)

type (IVP_par) IVPs(num_IVPs) e
[

integer TrPas_descriptor_adr

common /c_TrPas/num_TrPas, TrPas_descriptor_adr
type (TrajParam) TrPas(num_TrPas)

integer StPrs_descriptor_adr
common /c_StPrs/num_StPrs,StPrs_descriptor_adr
type  (SitProblems) StPrb(num_StPrs)

integer UPths_descriptor_adr
common /c_UsPTh/num_UsPth,UPths_descriptor_adr
type  (PoolThUnion) Union_atr(num_UsPth)

(@)

Fig. 2. An access to classes of objects is shown. (a) Description of object classes. (b) Allocation of object classes
according to addresses.

The addresses of the real data, which are pointed as actual arguments, are contained in
attributes of objects-descriptors. Each object-descriptor is used for simulations in the frame of one
calculation flow.

Figure 3 represents fragment of the interpreter of command series (cyclograms). Actual
arguments of the subroutines don’t point directly to transmit data. The access to data addresses is
provided. The data transmitting is provided through special developed object-descriptors [6]. Each
command has specific parameters for synonymous access to necessary data.

Actual parameters of command Integ for multi satellites’ orbits integration are presented on
figure 3 in some details for illustration. Addresses of data passed as actual arguments to respective
subroutines related to other commands are described through analogous approach.

The sophisticated description of actual parameters which is shown on figure 3 is result from
application of object-descriptors and command parameters for assigning command to particular
calculation flow. The commands initiate usually big portions of calculations and so the pointed
sophistication doesn’t decrease substantially the speedup.

The command parameters play important semantic role connected with building of calculation
algorithm. Except parameters which are defined in the course of cyclogram compilation, there are
other hidden parameters which are used for control of cyclogram execution. For instance, the values
of the two parameters End_cycle%back and End_cycle%end are determined from preprocessor
depending from their mutual disposition in the frame of cyclogram. The first parameter provides the
return of command counter to beginning of the cycle, and the second of them — exiting from the cycle.

A preprocessor for preliminary command cyclogram analysis is under development. It checks
the syntax of used commands and determines some of their parameters. The preprocessor executes
an automatic adjustment of commands for cycle organization.
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run:DO WHILE(cyc(counter)%name.NE."END'.AND.cyc(counter)%name.NE.'end'.and.counter.LE.cyc(0)%num_com)

SELECT CASE(TRIM(cyc(counter)%name))
CASE(Init_Integ")
CALL Data_Al(addresses of actual parameters)
CALL Preparation_Al(addresses of actual parameters)
counter= counter + 1
CASE(Init_Union";
CALL InitUnionPools(addresses of actual parameters)
counter= counter + 1
CASE(Init_SitAnal’)
CALL Data_Sit_Solver(addresses of actual parameters)
CALL Preparation_Sit_Solver(addresses of actual parameters)
counter= counter + 1
CASE(Integ’)

CALL traekt_Al(Als(cyc(counter)%s_Al_ind) %thread_par_adr, &
Als(cyc(counter)%s_Al_ind) %num_threads, &
Als(cyc(counter)%s_Al_ind) %counter_adr, &

IVPs(cyc(counter)%s_Al_ind) %num_objects, &
IVVPs(StPrb(cyc(counter)%ini_StPr_ind)%IVPs_index)%t_adr, & !
IVPs(StPrb(cyc(counter)%ini_StPr_ind)%IVPs_index)%dt_adr, &
IVVPs(cyc(counter)%s_Al_ind) %xvn_adr, &
IVVPs(cyc(counter)%s_Al_ind) %xvk_adr, &
IVPs(cyc(counter)%s_IVP_ind)%transfer_data_adr)

counter= counter + 1

CASE('Cycle")
counter= counter + 1
CASE('End cycle’)
cyc(cyc(counter)%back)%current_time= cyc(cyc(counter)%back)%current_time + &
cyc(cyc(counter)%back)%step_in_time
cyc(cyc(counter)%back)%  shift_time= cyc(cyc(counter)%back)%shift_time + &
cyc(cyc(counter)%back)%step_in_time
counter= cyc(counter)%back
CASE DEFAULT
! WRONG command!!!
END SELECT
END DO run

Fig. 3. Fragment of subroutine Drive_M. This fragment realizes interpretation of commands. The command Integ
is presented in details.

Conclusion

A development of interpreter of commands’ cyclogram is presented. The application of such
interpreter allows more flexible and adaptable execution of computation scenarios when complex

multi-physic model are simulated.

Further development of presented approach demands development of interactive tools
(appropriated dialogue) for definition of objects’ attributes and cyclogram compilation.
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Hukosume cucmemu Ha tOnumep, CamypH, YpaH, HenmyH u l11ymoH, kakmo u 3a cribHYesume rniaHemu 8 dea
criyqas — npu 4 peayndpHo nnaHemu (camo maszosume aueaHmu) U npu 8 peaynsapHu nnaHemu. Hamepera e
cmamucmuyecku 3Hadyuma 3asucuMocm Ha KoeguyueHma Ha opbumarHa peaynspHocm 6 3akoHa Ha Tuyuyc-
bode om macama Ha ueHmpanHomo msino. KoeguyueHmnbm 3aa opbumarnHus paamep sapupa om okoso 1.3 3a
cnemHuyume Ha lNnymoH do okono 1.7 3a nnaHemume Ha CribHUemo.

CORRELATION BETWEEN THE CENTRAL BODY MASS AND THE ORBITAL
REGULARITY SCALE IN THE SOLAR SYSTEM
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Keywords: Solar system: structure | -- Solar system: Titius-Bode Law.

Abstract: The parameters of maun and secondary Titius-Bode Laws for the satellite systems of Jupiter,
Saturn, Uranus, Neptune and Pluto, as well as for the solar planets two cases — with 4 regular planets (gas giants
only) and with 8 regular planets — are derived. Statistically significant dependence of the orbital regularity
coefficient in the Titius-Bode Law on the mass of the central body is found. The coefficient for the orbital sizes
varies from about 1.3 for the satellites of Pluto to about 1.7 for the solar planets.

1. YBoa

B CnbHueBaTa cucTema CblUecTByBa NpubnuantTenHa CbU3MepuMMOCT Ha roniemMute nonyocu
A Ha opbuTHuUTE cuctemu, n3BectHa kato 3akoH Ha Tuunyc-boae (3TB). Hec Tasm 3aBUCUMOCT ce
3anucBa KaTo reomeTpudHa nporpecusi A, = Ag x A" unu, B nuHeapuanpaH BuL KaTo apuTMeTUYHa
nporpecus log A, =log Ag + log Ac x n. Tyk Ag 1 Ac Ca KOHCTaHTK, Noanexalun Ha onpegensHe, a n
e Homep Ha Tano. Obave, ronsamaTa nonyoc Ha opbutata A n opbutanHuat nepuod P ca cBbp3aHu
ype3 TpeTua 3akoH Ha Kennep: A ~ P ynu Alog A = 2/3xAlog P, a nepuoguTe B CNbTHUKOBUTE CUC-
TEMU Ca NbPBUYHUTE U TOYHO onpefensdemun napameTpn. OCBEH TOBa, LIEHTPANHOTO TANO MOXe Aa
6bae nobaBeHO CbC CBOS pOTaALMOHEH Nepuos, KonTo, okadsa ce, noakpens 3TB (Dermott, 1968).

3aToBa aHec 3TB ce uspasssa upes opbutanHuTe nepuoau P BbB dhopmute P, = Py x P"
unm log P, =log Pg +log Pc xn. Tykn=0, 1, 2, ... , N-1 ca npeaBapuTenHo nogdbpaHn Homepa Ha
TenaTta, kaTo Homep 0 CbOTBETCTBA Ha LIEHTParHoTo TAmno, Py ce BbBeXAa kato poTaunoHEH nepuos
Ha UEeHTpanHoTo TAMo, a Pc e mognexawuvar Ha onpegensiHe KoeuuMeHT Ha npubnusuTenHa
CbM3MEPUMOCT (Mo-HaTaTbk — koedmumeHT Ha 3TB). Ha npaktuka nocnegHaTa oT ropHUTE POPMU Ha
3TB ce nma npeasua kaTo NMHENHa 3aBUCMMOCT OT Buaa Q, = Qg + Q¢ xn, kbaeTo Q¢ € CTbMka Ha
npuénuantTenHa CbLU3MEPMMOCT B forapuTMumyeH mawab (no-Hatatbk — cTbnka Ha 3TB). Mapa-
meTpuTte Qo 1 Q¢ Ce onpeaensT perpecuoHHO BbB BCEKM KOHKPETEH Crny4van.
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OtpaBHa Ctennu Obpmot (Dermott, 1968) e nybrukyBam perpecuMoHHO ornpefenHuTe na-
pameTpu Ha 3TB 3a cuctemute Ha KOnutep, CatypH, YpaH 1 3a ocemTe nnaHetn ot CrbH4YeBaTa
cucTemMa KaTo BTopa OT TpuTe 4YacTu Ha guceptauudaTta cu. C ToBa Temata ,3akoH Ha Tuuuyc-boae”
KaTo 4ye nv e 6una 3akputa (BmxkTte owe Graner & Dubrulle, 1994). O6ade, B Hayanoto Ha XXI| Bek
3TB 3anoyHa ga ce M3Mon3Ba 3a WM3credBaHe Ha ek30-MnaHeTHW CUCTEMM, U, B 4acTHOCT — 3a
npegckassaHe opbutute Ha HeHabnwogaBaHu ek3o-nnaHeTn (Poveda & Lara, 2008; Bovaird &
Lineweaver, 2014). 3atoBa 3TB B CnbHYeBaTa cuctema ctaBa OTHOBO MHTEPECEH.
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dur. 2. CaTypH CbC 7 perynsipHu cnbTHUUM i CaTypH cbe 7+4 3HauMMm cnbTHULM. BuxTe dour. 1.
3a HarnegHocT BTOpu4HuAT 3TB e oTMecTeH xopm3oHTanHo ¢ -1.

3TB He e 0b6siCHEH KOHBEHLMOHANHO A0 cera, HO crefBa Ja ce O4vakBa 3aBMCMMOCT Ha KO-
eduumneHta Ha 3TB ot macarta Ha ueHTpanHoTo Tano. Pesyntatute Ha Dermott (1968), kbaeTo cuc-
TemuTe Ha HOnutep n CaTypH ce oka3BaT TBbpAe pasfnuyHKu, cuctemata Ha HenTyH He e pasrnexaa-
Ha, a AaHHM 3a cucTemaTta Ha [nyToH e HAMano AaHHW, HamekBaT 3a TakaBa 3aBMcUMOCT. B HacTos-
warta paboTa 3aBMCUMOCTTa € HaMmepeHa. Y1ucneHnTe JaHHU ca rnaBHO OT 0630pa Ha Sheppard (2014).
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Tyk e BbBeeHO OOMbIHWUTENHO MPeAnofiokeHne, Ye B HacTosWaTa enoxa ce Habnwogasa
HSKaKBO MPEXOOHO CbCTOSHME B MpoAdbiikaBaliata AMHaMU4YHa eBONIOUUS Ha opbuTuTe, 3a KOeTo e
BanuaHa HsikakBa rraBHa, gobpe m3paseHa opma Ha 3TB. CblueBpeMeHHO MOXe [a ce Hamupa 1
u3nonaea v gpyra, no-cnabo m3paseHa dopma Ha 3TB, uHTepnpeTupaHa kato crnega OoT MUHANIOTO
Unn KaTto Hamek 3a ObaelleTo Ha cuctemata. B T1asm pabota ca HamepeHu n manonssaHu 3B 3a
cuctemnte Ha HenTyH u MNnyToH.

TpaguuunoHHo perpecuaTta Ha 3TB ce onpegens cnen BbBexAaHe Ha npenBapuTenHa Ho-
Mepauusa Ha Tenarta. Tyk npeaBapuTenHo ce npuceosisa camo Homep 0 Ha LeHTpanHoTO TAMOo, KOUTO
ocTaBa HeuameHuM. [lpyruTe Tena ce nogpexgaT crief HyrneBoTO MO HapacTeawm nepuoau. [lo
HaTaTbK Ce npoBepsaBaT MHOXECTBO HOMepauuu Ha Jpyrute Tena, Kato Hakpad Apyrute Tena
nony4aeaT NOAXOOALM HOMEpPa Ha opbuTKn, C Bb3MOXHU AyNKM B HOMepauuaTa. 3a uenta napame-
TbpbT Q CKaHMpa NoaxoAsl, UHTepBarn OT Bb3MOXHU CTOMHOCTM Ha Q¢ C Marnka cTbrka, Kato 3a
BCsIka huMKCMpaHa CTOMHOCT Ha Q ce onpefens uenovmcneH Homep Ha Bcsa Tsno n = (int)(Qn-Qo)/Q.
Cnen ToBa ce nocTposiBa perpecuMoHHata nuHus Ha 3TB, cboTBeTHa Ha HOMepauusata K ce
usuucnsisa CbOTBETHOTO CPedHO-KBagpaTU4HO OTkroHeHue E(Q). MNMocnegHoTo ce pasrnexga kato
TOYKa OT KpMBa Ha rpelukaTa“. o3vummMTe Ha rmaBHUS U BTOPUYHUS MUHUMYMKU Qi 1 Q, Ha E(Q)
JaBaT rnmaBHaTa M BTOpUYHaTa HoMepauus M CboTBeTHMTe ABa 3TB, nokasaHuM BbB BCEKU OT
cnyyaute no-gony. PerpecnoHHo yToYHeHUTe CToMHOCTM Q1 U Q, ce nsnonaeaT Hakpas 3a U3sBsBaHe
Ha TbpceHaTa 3aBMCMMOCT OT macara. loseye noapobHocTM uma B cTaTusita Ha Georgiev (2016).

2. Ctbnkm Q; n Q, Ha 3akoHa Ha Tuumuyc-boge 3a 7 cnyyas B CnbH4YeBaTa cucrtema

®urypn 1 (a) — 7 (a) nokassaT KpusuTe Ha rpewwkute E(Q) ¢ nosmuunte Ha TEXHUTE YTOYHEHM
rMaBHN U BTOPUYHU MUHUMYMU Q; u Q,. durypu 1 (b) — 7 (b) nNokaseBaT CbOTBETHWUTE [MaBHU U
BTOpMyHM 3TB, npeacTtaBeHn pPerpecuoHHO. YTOYHEHUTE KOeMUUMEHTM Ha HAKITOHU Ha perpecunte
Q1 1 Q, ca CTbNkMTEe Ha onTUManHW MNPUBNN3UTENHO €EKBU-AUCTaHTHU opbuTanHu nepuoan B
noraput-mmuyeH Mawab. Te moraT moraT ga ce npeobpasyBaT B CTbMKM NPUONM3UTENHO EKBU-
ONCTaHTHW ro-nemu nonyocu Ha opbutun Ypes TpeTusa 3akoH Ha Kennep..

Cuctemata Ha KOnuTep c 4 ronemu perynspHu (ranvneesu) cnbTHUUM (ur. 1) e Han-npocTta-
Ta cpep pasrnexaaHute. Ta nokassa gobpe nspaseHn MuHumMymn Ha E(Q) npu Q; = 0.31 n Q, = 0.20.
lMepuoaouTe Ha Te3n CNbTHULUM Ca penakcupanu B OTHoweHue 1:2:4:=8 c ovakBaHo Q¢ = log 2 =
0.301. Obaye, OBe oTAaneyvYeHW TPOMKU HeperynsapHuM CAbTHUUKM, efHata OT KOUTO CbC Camo
peTporpagHy CNbTHULK, 3aemMaTt opbutn ¢ ronemmn Homepa u nogkpenaTt gobpe gsata 3TB. EanH ot
BbTPELIHUTE CMbTHULM 3aeMa opbuTa Ne 1.

CuctemaTta Ha CaTypH CbC 7 perynsipHu cnbTHUUM (cur. 2) CbLLo narnexaga npocrta n gobpe
nogpeneHa. Obave, rmMaBHUAT MUHUMYM Ha E(Q) cboTBeTCTBa Ha TBbpAe Marnka crbnka Q, = 0.17.
Bce nak, cbluecTByBa HamMek Ha BTOpMYEH MUHUMYM npu Q, = 0.26. Taka cuctemarta Ha CaTypH 3a-
noyesa ga npunuya Ha Te3un Ha Konutep, HO C pasMeHeHn MecTa Ha MaBHUS Y BTOPUYHUSA MUHUMYM.
[Ba goctaTb4yHO rofemMu ganeyvyHu CbTHULM, eOUHUAT OT KOMTO peTporpageH, nogkpensT gearta 3TB.
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dur. 3. YpaH ¢ 5 perynspHu cnbTHUUM iy YpaH 5+3 3Haunmm cnbTHUUW. BuxTe dur. 1.
3a HarnegHocT BTopu4HMAT 3TB e oTmecTeH xopm3oHTanHo ¢ +1.
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CuctemaTta Ha YpaH ¢ 5 perynspHu cnbTHUUM (dur. 3) 0OMKHOBEHO Ce AaBa kaTo npumep 3a
nepdekTHa untoctpauma Ha 3TB. Tyk ce Bumkaa, Ye kakTo npu cuctemarta Ha tOnutep, uma gobpe
n3paseHu rmaBeH U BTOPUYEH MUHUMYMW, HO MpU NO Kbcu CcTbnu: Q; = 0.23 n Q, = 0.19. [Barta
oThaneyeHn peTporpagHun cnbTHUUM nogkpenaT 3TB.

Cuctemata Ha HentyH, ¢ 3 perynspHu cnbTHUUK (dur. 4), ce nogeexaa kbm 3TB 3a nbpeu
nbT Tyk. B npegnwHnte 3 cnctemm 3HaummumTte peTporpagHn cnbTHUMum nogkpenat 3TB. 3atoBa Tyk,
Kb[ETO perynsipHn CnbTHULUM HE AOCTUraT, € U3Non3BaH peTporpagHuaT TputoH. JaneyHute 3Haunmu
peTporpagHu cnbTHMUM nak nogkpenat 3TB. MuHuMymuTe cboTBeTCcTBaT Ha Q; = 0.26 1 Q, = 0.18,
T.e. OT rnegHa Touka Ha 3TB cuctemute Ha YpaH u HenTyH ca nogoGHu nomexay cu.
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dur. 4. HentyH ¢ 3 perynsapHu cnbTHUUM v HenTyH ¢ 3+2 3Haummn cnbTHUUKM. BuwxTe dour. 1. 3a HarnegHocT
BTOPUYHUAT 3TB € 0OTMECTEH XOPU3OHTanHo ¢ +1.
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Our. 5. MNnyToH ¢ 3 perynaphHy cibTHUALM unu MnyToH 3+2 (BCUYKM U3BECTHU) CMbTHULM. BuxTte dour. 1.
3a HarnegHocT BTOpu4HMAT 3TB e oTmMecTeH xopm3oHTanHo ¢ +1.

Cuctemata Ha lnyToH, nma 3 perynapHu cnbTHUUM (Pur.5), kaTo opbUTanHUAT nepuoa Ha
Han-ronemMms CNbTHUK, XapoH, CbBNaga ¢ poTauuoHHUs nepuog Ha MNnyTtoH. Bece nak, obn6okn mu-
HUMymn Ha E(Q) ce Habntogaeat npu Q;:=0.20 n Q, =0.10. BB BTOPMSA Cryval BCUYKATE U3BECTHU
CMBbTHULM Ce HapexaaT NNbTHU No npasaTta Ha 3TB.

CnbH4yeBaTa cuctema € Mo-CroXHa OT pasrfiedaHute A0 TyK CITbTHUKOBU CUCTEMU. 3Hauw,
crnefBaviku MpuroxeHaTa OO TyK NOrvka, MOXe ga ce pasrnejar ABa cnydass — C 4 perynsipHu
nnaHeT n ¢ 8 perynspHu nnaHeTw.

CnbHuyeBaTa cuctema ¢ 4 perynapHu nnaHetu (dur. 6) nokassa Q;=0.38 n Q, =0.43. Tyk,
KakTo npu KOnutep, rmaBHUAT MUHUMYM Ha E(Q) 3a 4Te nnaHeTn He ce NoAKpenst OT MHOXECTBOTO Ha
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4+8 nnaHeTn (nMpekbcHaTa kpmBa). OcBeH ToOBa, B rmaBHusa 3TB 3emsaTta n BeHepa 3aemat opbuTta Ne
3, nokato opbuta Ne2 octaBa npasHa, a BbB BTOpunyHMa 3TB 3emata n Mapc 3aemat opbuta Ne3.
Taka ce oHarnegsiBa Manko W3BECTHUAT hakT, Ye OT rrnedHa Toyka Ha 3TB opbutata Ha 3emsTa
narnexmna HeymecTHa B cuctemara nnaHeTHun opoutu. (Buxte owe Dermott, 1968; Neslusan, 2004.)

CnbHuyeBaTa cucteMa Cc 8 perynsdpHu nnaHetu (cpur. 7) nokassa ApPYrM MUHUMYMU — MpU
Q3=0.24 n Q, =0.28. Tyk MMHUMYMUTE 3a ABeTe cuctemu nnaHeTn (8 n 8+4) coBnagar.
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®ur. 6. CnbHUETO ¢ 4 perynapHu nnaHeTu (camo rasosute ruraHTu) nnum CnbHUeTo ¢ 4+8 3HauMu nnaHeTm
(Bkn. mxyoxeta). BuxTe dour.1. 3a HarnegHOCT BTOPUYHUAT 3TB € 0TMEeCTEeH XOPU3OHTanHo ¢ -1.
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@ur. 7. CnbHUeTO ¢ 8 perynapHu nnaHeTy unu CnbHUeTo ¢ 8+4 3Haunmun nnaHeTn (BKN. DKymxeTa).
BuxTe dour. 1.) 3a HarnegHocT BTOpnYHMAT 3TB e oTMecTeH XOpn30oHTanHo ¢ -1.

3. Kopenauusa mexay macaTta Ha LeHTPaNnHOTO TANO U CThIKaTa Ha perynsipHoCT

durypa 8 npeacrtasa kopenauuaTa B Ba BapuaHTa: B NABO — € napameTbp Q = log Pc vnu log
Ac, a B AsicHO - ¢ napameTbp Pc unun Ac. Cnopea npekbcHaTaTa NuHus Ha perpcust Ha ¢ur.8 (b) (3a Bcuykm
MUHVMMYMW Ha KPMBUTE Ha TPELUKUTE) MUHMMANHWUAT KoepuuMeHT Ha npubnusmtenHa npubnusmTenHa cbus-
mMepumocT e Ac=1.3 3a cuctemarta Ha NnyToH n Ac=1.7 3a nnaHeTnte Ha CnbHUETO.

KoemumeHTUTE Ha HaKMOH Ha perpecuoHHMTEe NHUK Ha dour. 8 (a) ca 0.025 n 0.0216, a Ha ¢ur.8 (b) Te
ca 0.105 n 0.069. MNMo-HNCKMTE HaKMNOHW, CbOTBETHU Ha NTbLTHUTE MpaBu, yaoBneTtsopsiBaT 99 % kputepuii Ha
3HauymmocT no CTiogbHT 3a otnunumne oT 0. MNMo-BUCOKUTE HAKMOHW, CbOTBETHW Ha MPEKbCHATUTE NpaBw, yAo-
BMNETBOPSABAT NO-BUCOK KPUTEPUI Ha 3HAYMMOCT o CTIOABLHT 3a oTnmyme ot 0.
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4. 3aKkno4veHue

B ta3u pabota ce npegnonara, 4e TEKYLUAT CTaTyT Ha BCAka opbuTHa cuctema e pesyntart
OT npoAbipKaBalla AvHaMU4YHa €BOMUMS, U, 3Ha4u, HabnwgaBaHMAT cTaTyT npexogeH. Crneposa-
TENHO, MOXe Ja Cce TbpCU, Hamupa U n3nons3ea rnaBHa gopma Ha 3TB n owe noHe egHa BTOpMYHaA
dopma — cnefja OT MMHano unu Hamek 3a obaewle. B Tasn paboTta e n3non3saH 0OEeKTMBEH KPUTEPUN
3a HOMepVpaHe Ha Tenata M ca HamMepeHu 7 OBOWKMA KOHKpPeTHW peanu3aumn Ha 3TB — rmaseH u
BTOppuYeH. NokasaHo e, Ye perpecuoHHNTe HaknoHu Ha 3TB, T.e. napameTpuTe e Ha NpubnuanTenHa
CbU3MEPUMOCT Ha nepunogute (I/IJ'II/I Ha ronemMmuTe nNoslyocn Ha 0p6I/ITI/ITe), KaKTO B noraputmMnyHa, Taka
nB J'II/IHel7IHa, CKana Kopenupat 3Ha4MMmo C MmacaTta Ha UeHTpPaJiHOTO TAIO.
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dur. 8. Kopenauust mexagy noraputbma Ha macata M Ha LEHTpanHoTo Tsno, u3paseHa B 3eMHM Macu EM u
napaMmeTbpbT Ha perynspHocT 3a nepuoante Q = log Pc (@) wnm Pc (b). CboTBeTHUTE MapamMeTpu Ha
perynsipHoCT Ha rofiemmuTe nonyocu Ha opbutute log Ac mnu Ac ca npeactaBeHU Ha AecHWUTe opanHatu. CTon-
HOCTUTE MapaMeTpuTe Ha perynspHocT 3a rnaBHuTe 3TB ca npeacTaBeHy C TOYKM B KPbIYeTa, @ 3a BTOPUYHUTE
3TB — c Touykn. CnbHYeBaTa cucTeMa € MpefcTaBeHa C ABe ABOWKM napameTpu. BepTukanHute oTceuku Ha
rPELIKUTEe CbOTBETCTBAT Ha LUMPUHUTE HA MUHUMYMWUTE Ha MONoBMHATa Ha Abn6oynHWUTE UM. MNbTHUTE per-
PECWOHHM CKPUBW CE OTHACST 3a MMaBHUTE MUHUMYMU a NPEKbCHATUTE — 3a IMaBHUTE U BTOPUYHUTE 3aefHO.

MHTepeCHO € [la Ce NOTbpPCK TakaBa Koperauuna npn ek3o-nraHeTHnTe CUCTEMMN.
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Abstract: The substorms, observed during the large solar cycle maximum (1999- 2000, with Wp> 100)
and during the last maximum (2012-2013 with Wp~60), were studied. All considered substorms were divided into
3 types: “usual”, “expanded” and “polar’” substorms. First type - substorms which observed only in auroral
latitudes; second type - substorms which propagate from auroral latitudes (<70°) to polar geomagnetic latitudes
(>70°); third type is substorms which observed only at latitudes above ~70° in the absence of simultaneous
geomagnetic disturbances below 70°. Our analysis was based on the 10-s sampled IMAGE magnetometers data,
the 1-min sampled OMNI solar wind and interplanetary magnetic field (IMF) data. There were analyzed above
1700 events of "expanded"”, "polar" and “usual” substorms in 1999- 2000 and in 2012-2013 years. The following
substorm characteristics have been studied: (i) the seasonal variations of substorms, (ii) the latitudinal range of all
three types of substorms, (iii) dependences of all three types of substorms on solar wind parameters and PC
index.
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Abstract: Ha ocHose OaHHbIX Ha3eMHbIX HabrodeHul Ha ckaHOUHaBCKOM Mpoghusie MasHUmMomMempos
IMAGE u 6a3bl daHHbix OMNI 1o connHedyHomy eempy rnposedeH cpasHUMeribHbIU aHanu3 ycrosuli rnoseneHust
cy6bypb 8651usu makcumymos 23-20 (Wp~115) u 24-20 (Wp~65) yuknos conHeyHol akmusHocmu (1999-2000 u
2012-2013 e.e.). Bce cybbypu 6binu pasdeneHbl Ha 3 murna 8 coomeemcmeuu ¢ OUHaMUKOU aspopasibHo20
oeana. lepsbili mun - cybbypu, komopbie Habmodaromcs mMosbKO 8 aspoparibHbIX 2e0MagHUMHbIX wupomax,
Huxe 70° («obbidHbIe» cyb6bypu). Bmopol mun - cybbypu, komopbie nepemewjaromesi u3 agpoparsbHbeix (<70°) e
rnonspHbie (>70°) eeoMagHUMHbBIE WUPOMBbI («8bICOKOWUPOMHbIE» cyb6bypu). Tpemuld mun - cyb6bypu, komopbie
Habmodaromesi mosibko Ha wupomax ebliwe ~70° npu omcymcmeuu OOHOBPEMEHHbIX 2€0MagHUMHbIX
803MyWeHUl Ha wupomax Huxe ~70° («nonspHbie» cybbypu). bbino npoaHanusuposaHo bonee 1700 criydaes
«8bICOKOWUPOMHBIX», «MOMAPHBLIX» U «0bbIYHBIX» Ccybbypb, Habrrodaswuxcss 8 1999-2000 u 2012-2013 eodax.
lNposedeHo cpasHeHue cybbypb no credyrowum xapakmepucmukam: (i) ce30HHbIU x00, (i) wupomHbIt pa3max
8cex mpex murios cybbps, (iii) 3asucumocms ecex murnos cybbypb om rnapamempos cosiHeyHo20 eempa u PC-
UHOeKca eeoMaz2HUMHOU akmugHoOCMU.

Introduction

In this paper we studied substorms during the large solar cycle maximum (1999- 2000, with
Wp> 100) and during the last maximum (2012-2013 with Wp~60). Namely, we present a comparative
analysis of some substorms characteristics and the solar wind conditions observed before substorm
onsets.

It is noted that although the history of the substorm study is very long, there are only a few
large statistical substorm investigations (e.g. [1],[2],[3],[4].[5]). In these papers were determined 390
substorms events from POLAR UVI ([4]), were found more than 2400 substorm events from IMAGE
FUV instrument ([5]), were identified more 5000 substorm events from IMAGE magnetometers
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network ([2], [3]). Traditionally, researchers have been considered all substorms. In our work we
divided all observed substorms into 3 groups according auroral dynamics. It is known that under
normal conditions (moderate disturbance) the auroral oval is located at geomagnetic latitudes about
65-67° (“normal oval”), under quiet conditions (at B>>0) the auroral oval shrinks and moves to higher
latitudes (>70°GLAT, “contracted oval”), and in disturbed conditions (increased magnitude of the IMF
negative By component), the equatorward boundary of the oval is shifted down to 50° geomagnetic
latitude, while its poleward boundary extends to higher latitudes (“expanded oval”) (e.g. [6]). Thus, in
our terminology, we call the first type of substorms as “usual” substorms, i.e. substorms which
observed only at auroral latitudes. Similarly as the auroral oval is called an “expanded” oval, meaning
its extension in the disturbed conditions, we will call “expanded” substorms those which start at the
auroral zone and then propagate to very high latitudes. We point out that in the maximum phase of
“expanded” substorms, the westward electrojet can be observed at very high geomagnetic latitudes (>
75°) ([7]). The third type of substorms, we term as “polar” substorms, according to contracted oval.
They represent the isolated bay-like magnetic disturbances, observed at geomagnetic latitudes higher
than the location of the typical polarward boundary of the auroral oval (> 70° GLAT) and do not
accompanied or preceded by substorm activity at auroral latitudes.

The aim of this work is the comparison of some substorm characteristics of all three types of
substorms and the solar wind conditions observed before substorm onsets during two solar cycles
maximum: (1999-2000 and 2012-2013). It should be noted that details of substorms at the contracted
oval (“polar” substorms) and substorms at the enxpanded oval (“expanded” substorms) were
considered in the recent paper [8]. There are shown many clear examples of the “polar” and
“expanded” substorms observed at the IMAGE meridional chain Nurmijarvi - Ny Alesund located at
geomagnetic latitudes of 57-75°. Therefore, in this article we will not give examples of “polar” and
“expanded” substorms, and focus on the results of the comparison between the different types of
substorms during the two maximums of solar activity.

Data

We used the 10-s sampled IMAGE magnetometer data, namely the data of the meridional
chain Nurmijarvi - Ny Alesund. The solar wind and Interplanetary Magnetic Field parameters
measured by Wind spacecraft were taken from 1-min sampled OMNI database. Two time intervals,
close to the different solar cycle maximums are used. First time interval is the period of 1999-2000,
which close to the large solar cycle maximum with Wp> 100. Second time interval is the period of
2012-2013, which close to the last solar maximum with Wp~60. There were selected and analyzed
above 1700 events of "expanded"”, "polar" and “usual” substorms in 1999- 2000 and in 2012-2013
years all together. In Table 1 are presented number of analyzed events of all three types of substorms:

Table 1. Number of selected substorm events for different years

Type of substorm 1999 2000 2012 2013

“usual” 363 320 285 285

“expanded” 62 25 27 18

“polar” 42 39 65 64
Results

a) Seasonal variations of substorm number

We calculated the seasonal variations of substorms, observed in two different solar cycle
maximums — in 1999-2000 years and in 2012-2013 years. All substorms observed in these time
intervals were divided into 3 types according to auroral oval dynamic: “usual” substorms, “expanded”
substorms and “polar” substorms. Figure 1 presents the results for 3 different types of substorms and
for all substorms: U - “usual” substorms (blue); P - “polar” substorms (green); E - “expanded”
substorms (red line); A - all substorms (black line). The seasonal variations of substorms observed
during 1999-2000 time intervals are presented in the left panel (a), during 1999-2000 intervals - on the
right panel (b).

It is seen that number of substorms is higher during 1999-2000 periods than during 2012-2013
periods. It seen also that summer minimums of substorms number and spring and autumn maximums
are common to both periods. However, the “polar’” substorms behavior was in opposition to the
behavior of other types of substorms. Number of “polar” substorms have maximum in the winter
months; wherein it is noted that “expanded” substorms maximum was observed in winter 1999-2000,
but not observed in winter 2012-2013.
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Fig. 1. The seasonal variations of the substorm different types during two solar cycle maxima: (a) —in
1999-2000; (b) —in 2012-2013, A - all substorms (black), U - “usual” substorms (blue), E - “expanded” substorms
(red), P — “polar” substorms (green).

b) Onset and maximal latitudes of the substorm occurrence
To determine onset and maximal latitudes of substorm, we used the data of the NUR-NAL
(Nurmijarvi — Ny Alesund) meridional chain from 56.89° to 75.25° geomagnetic latitudes. It should be
noted that the stations are located irregularly along latitude, and, correspondingly, the substorm
latitude was measured discretely and was determined with different accuracy (this accuracy varies
from 0.5° to 1.5° depending on a distance between adjacent stations). Onset and maximal latitudes of
all 3 types of substorms were determined. For example in the Figure 2 are presented the “usual’
substorms onsets and its maximal reaching latitudes. Onset latitudes are marked by the black
triangles and maximal latitudes by the red ones. For clarity of latitudes presentation, they were
presented as dependences of latitudes on X-component of solar wind velocity (Vy) (b) and Z-
component of Interplanetary Magnetic Field (Bz) (a).
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It is seen that substorms onset latitudes for 1999-2000 years were a little lower that onset
latitudes for 2012-2013 years. It is shown also that the latitudinal sizes of substorms in 1999-2000
years were a little more than the latitudinal size of substorms during 2012-2013 years.

We considered the solar wind and IMF parameters observed before the onset of 3 types of
substorms. We calculated the values of following solar wind parameters averaged for 1.5 hours before
the substorm onset: the By, By, B, components of IMF, Vx component of the solar wind velocity, Ey
component of the interplanetary electric field, temperature (T), density (N) and dynamic pressure (P)
of the solar wind. It is shown that significant differences in distributions of the solar wind parameters
between substorms during 1999-2000 and substorms during 2012-2013 have been not found (Figure
not presented here).

d) PC-index for all three types of substorms

We also calculated the PC-index values (e.g. [9]) before the onset of three types of substorms.
PC-index values were averaged for 1.5 hours interval prior to the moment of substorm onset. Figure 4
shows the histograms of the PC-index values observed before the onset of the “polar” (right top panel,
(a)), "expanded” (left top panel, (b)), “usual” ( left bottom panel, (c)) and all (right bottom panel, (d))
substorms. The histograms of the PC-index values before substorms for periods 1999-2000 (black
lines) and 2012-2013 (blue lines) are shown.
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Fig. 3. The PC-index distributions (histograms) before 3 types of substorms during two intervals: 1999-
2000 and 2012-2013: E - “expanded” substorms (a), P - “polar” substorms (b), U - “usual” substorms (c),
A - all substorms (d).
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We also calculated averaged values and the standard deviations of all of the PC-index values
before the onset of all of substorms. In the Table 2 are presented averaged values and standard
deviations of the PC-index.

Table 2. Averaged values and standard deviations of the PC-index

Type of substorm 1999-2000 2012-2013
“expanded” substorms 1.98+0.80 1.59+0.95
“polar” substorms 0.77+0.59 0.52+0.54
“usual” substorms 1.49+0.92 0.95+0.82
all substorms 1.47+0.93 0.91+0.82

It can be seen that the highest PC-index values are observed before the occurrence of the
"expanded" substorms, the lowest value of the PC-index before the occurrence of the "polar"
substorms, while the “usual” substorms occur at the intermediate values of the PC-index. At the same
time, the PC-index values were 2.57-3.06 times less for the "polar" substorms than for the "expanded"
substorms.

It should be noted also that for the substorms which observed during last solar maximum
(2012-2013) the PC-index values were 1.3-1.6 times less than for the substorms during the large solar
cycle maximum (1999-2000).

4. Discussion

We have carried out a comparative analysis of the occurrence conditions for different types of
substorms which observed during the two maxima of solar activity, namely during the large solar cycle
maximum (1999- 2000, with Wp> 100) and during the last maximum (2012-2013 with Wp~60). Three
types of substorms, i.e., the “polar”, "expanded” and “usual” substorms, were compared with respect
to the interplanetary and geomagnetic conditions, namely, the solar wind and IMF parameters and PC-
index values before the onset of three types of substorms, etc.

It is shown that the significant differences in distributions of the solar wind parameters (Vy ,
Bz, P, N, T) has been not found between the substorms during 1999-2000 and substorms during
2012-2013. However, if we compare the two types of substorms - the“polar” substorms and the
“expanded” subsrorms, one can see that the “polar” substorms are observed at low solar wind velocity
and the “expanded” substorms — at higher values of the solar wind velocity. This result was obtained
recently by Despirak et al. ([8]). However, in this paper, this result is confirmed by other long-time
intervals of observations.

In our opinion, the new interesting result of our study is the finding the different values of the
PC-index before the occurrence of all three types of substorms. It is shown that the highest PC-index
values are observed before the "expanded" substorms, the lowest value of the PC-index before the
"polar" substorms. Thus, the PC-index values are 2.57 - 3.06 times less for the "polar”" substorms than
for the "expanded" substorms. It should be noted that these two types of substorm observed at almost
identical high geomagnetic latitudes. However, they appear in different situations and for different
preceding conditions. It argues that the conditions of these substorms generation are different, i.e.,
they reflect the different processes in the magnetotail or different sources.

Conclusions

- Number of substorms is higher in 1999-2000 than in 2012-2013; the summer minimums of
substorms number and spring and autumn maxima are common to both periods; the “polar” substorms
behavior was opposite to other types of substorms behavior. The number of the “polar” substorms has
maximum in the winter months; wherein it is noted that the “expanded” substorms occurrence
maximum was observed in winter 1999-2000, but it was not observed in winter 2012-2013.

- The substorms onset latitudes were a little lower in 1999-2000 than in 2012-2013; the
substorms latitudinal exetent was a little greater in 1999-2000 than in 2012-2013.

- There were no significant differences of the solar wind parameters (Vx, Bz, P, N, T) before
substorms in 1999-2000 and in 2012-2013.
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- For all three types of substorms which observed during last solar maximum (2012-2013) the
PC-index values are 1.3- 1.6 times lower than for substorms during the large solar cycle maximum
(1999-2000). It is shown also that the PC-index values are 2.57 - 3.06 times lower for the "polar"
substorms than for the "expanded" substorms.
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Abstract: In our terminology, the “polar substorms” are isolated substorms, observed at geomagnetic
latitudes higher 70° and not accompanied or preceded by substorms at auroral latitudes; the “high-latitude
substorms” are the substorms which start at auroral and then drift to the polar latitudes. Here we apply the
methods of the discrete mathematical analysis (DMA), namely the calculation of the general dispersion of the two-
dimensional covariance matrix of the wave, to study the global latitudinal structure of the Pi2 (f=8-25 mHz)
geomagnetic pulsations, which were observed during several polar and high-latitude substorms. For this analysis,
we used the observations of 10-s sampled IMAGE meridian magnetometer profile data and 1-s sampled data
from some mid-latitude and equatorial INTERMAGNET stations. We found that generally the Pi2 pulsations bursts
associated with both types of substorms occurred simultaneously from polar to equatorial latitudes. However, the
wave polarization was different at different latitudes. The strongest Pi2 pulsations were recorded at the electrojet
location latitudes. The Pi2 behaviour during two considered types of substorms is presented and discussed.

Introduction

Despite the fact that Pi2 geomagnetic pulsations (f=8-20 mHz) have been widely studied for
more than half a century and several hundred works are devoted to them, the mechanism of their
generation and their role in the physics of magnetosphere substorms have not been finally established
so far. There are some monographs and reviews in which the morphological characteristics of Pi2
pulsations at different latitudes and possible mechanisms of their generation are discussed ( e.g., [1],
[21,[3],[4],[5],[6].[7],[8]). The mechanisms of Pi2 propagation in the magnetosphere from the generation
area to the Earth’s surface have also not been established. Consequently, the analysis of Pi2 features
remains an important task for studying the physical mechanism of the generation of this type of
pulsation and its source localization.

One of the most important properties of Pi2 pulsations is their clear link with onset of the
explosive phase (breakup) of the magnetospheric substorm [9]. The magnetic substorms are observed
not only at auroral latitudes but at polar latitudes as well. All substorm disturbances observed in polar
latitudes we divided into two types: “high-latitude substorms” [10], which expand from auroral (<70°) to
polar (>70°) geomagnetic latitudes and “polar substorms” [11], which are observed at geomagnetic
latitudes higher than 70° in the absence of disturbances below 70°.

The aim of this paper is to study the Pi2 latitude distribution and wave polarization during
these types of substorms. For the analysis, we used the observations of 10-s sampled IMAGE
meridian magnetometer profile data and 1-s sampled data from some mid-latitude and equatorial
INTERMAGNET stations.

Method of the analysis

The Pi2 pulsations here have been analyzed by applying the fuzzy logic methods of the
Discrete Mathematical Analysis —-DMA developed in some papers (e.g., [12], [13], [14]).

The first step of the observation data processing included the filtration within the 8—-20 mHz
range using a band-pass Butterworth filter with a zero-phase shift [15], the amplitude-response curve
of which is maximally smooth in the frequency bandwidth. The chosen DMA rectification for this
analysis was so called the generalized variance, calculated as the Kolmogorov mean [16] of
eigenvectors of the covariance component data [17]. The covariance matrix calculation in the window
is the known procedure for polarization analysis.
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Fig. 1. Magnetograms from some IMAGE stations and plots of the generalized variance of Pi2 pulsations
(relative units) at high, middle, and equatorial latitudes during the “high-latitude” (left) and “polar” (right)
substorms; the arrows indicate the rotation direction of the wave polarization.

First at all it was found that each Pi2 bursts in both types of substorms was observed in the
global scale of the latitude: the Pi2 bursts were coherent at high, middle and equatorial stations located
along the same geomagnetic meridian. It was sharp amplitude decreasing with latitude declining. The
Pi2 amplitude at the equator was much stronger at night side than at day side.

The principal axis of the polarization ellipse and the direction of the polarization vector rotation
were determined (shown by the arrows in Fig. 1). It can be seen that the auroral burst of Pi2
pulsations in the region of their amplitude maximum was characterized by the left-hand polarization,
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while the polar Pi2 burst was chartered by the right-hand polarization. We note that the right-hand
polarization burst of Pi2 pulsations at polar latitudes was also observed during the “polar substorm”
(right side of the Fig. 1). The change of the Pi2 polarization with the substorm shift from auroral to
polar latitude is seen in the left part of Fig. 1.

We found that the Pi2 polarization change near the geomagnetic latitude ~70° is the regular
fact. One can see it clearly in Fig.2, illustrated that for two more examples.

Another change of the sign of the wave polarization was observed near the plasmapause and
then it remains the same to the equator (Fig. 1).
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Fig. 2. Two more examples of Pi2 pulsations in the “high-latitude” substorms
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It was found that the solar wind and IMF parameters are different in the case of the "polar” and
“high-latitude” substorms. Typically, the “polar” substorms occur under the low solar wind velocity <
500 km/s in the late recovery phase of a magnetic storm. Contrary to that, the “high-latitude”
substorms are observed during high speed solar wind streams (HSS) in the early recovery phase of a
magnetic storm under the high solar wind velocity > 500 km/s ([18]). The typical solar wind and IMF
parameters for the “high-latitude” substorms are shown in Fig. 3.

Fig. 3. Solar wind and IMF parameters typical for “high-latitude” magnetic substorm

One of the presumable sources of the Pi2 pulsations could be fast plasma flows in the
magnetotail (BBFs) that are directed to the Earth. A statistical link of these flows with generation of Pi2
pulsations is shown in a number of works (e.g., [19]). A possible scheme of the generation of the BBF-
induced Pi2 pulsations is shown by [6]. A BBF “impact” on the closed magnetosphere generates a fast
mode of wave (compression wave) propagating along the Earth’s radius to the equator, as it was
recorded on satellites and at the ground-based low-latitude stations. These Pi2 pulsations are referred
by [6] to “directly driven Pi2". Moreover, the appearance of the fluctuating field aligned electric currents
is most likely connected to the auroral and polar bursts of Pi2 pulsations discussed in this work.

Conclusions

- It was shown that the bursts of Pi2 pulsations in a frequency band of 8-20 mHz
accompanied substorm both types ("polar” and “high-latitude”) occur simultaneously at a global
latitude scale: from polar to equatorial latitudes. The spatial dynamics of the maximum amplitude
location of the Pi2 pulsations corresponds to the spatial dynamics of the westward electrojet center
location.

- We revealed a very important fact, namely, the regular change of the polarization rotation
direction of the substorm associated Pi2. It was left-handed at the auroral latitudes (< 70°) while right-
handed at the polar ones (> 70°). During both types of substorms, the sigh of the polarization vector
rotation changed near plasmapause and then remains the same to the equator. Thus, the direction of
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the Pi2 polarization vector rotation, observed at low and even equatorial latitudes could be used as an
indicator where are these Pi2 pulsations were generated low or higher of 70° geomagnetic latitude.
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Abstract: Parker’s transport equation expresses the basic physical processes affecting the cosmic ray
(CR) transport in the heliosphere. However, adequate theoretical description of the modulated galactic cosmic ray
(GCR) spectra in the heliosphere during solar cycle is a difficult task because the theoretical models consider
many parameters whose values are not known throughout the heliosphere. That is why the development of
empirical and theoretical approximations is recommended, especially for calculation of CR’s atmospheric effects
and for practical tasks [1]. A model, whose parameters can be given as a function of the solar-heliospheric and
geomagnetic parameters, is presented. Because the flux of GCRs has a delay relatively to the values of
determined parameters, we can use them to predict the intensity of the galactic cosmic rays. The BESS (Balloon-
borne Experiment with Superconducting Spectrometer) experimental spectra of GCRs are fitted by the model.
Because measurement data contain both random and systematic errors, a constrained least squares method for
the calculation of the unknown model parameters is applied [2].

CMNMEKTPU HA TANTAKTUYMHUTE KOCMUYECKU NbYK
NPE3 CNIbHYEBUA LIUKDBII

Mapycsa BbuBapoBa, Aumutsp dparaHoB

UHecmumym 3a kocMmuyvecku uscnedsaHusi U mexHonoeuu — bbrzapcka akademusi Ha Haykume
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Knroyoeu Oymu: KOCMUYHU TbYU, MOOYnayusl, ClTbHY€8 UUKbIT

Pe3rome: TpaHcriopmHomo ypasHeHue Ha [Napkep obobujasa ocHoBHUME hUUYHU rpouecu, snusewu
8bpxy mpaHcriopma Ha kocmuyeckume nbyu (KJ1) e xenuocghepama. Bbrpeku mosa moyHomo onucaHue Ha
modynupaHume crnekmpu Ha 2anakmu4yHume KJ1 8 xenuocghepama npe3 cibHYe8Us UUKBI cu ocmasa mpyoHa
3a pewasaHe 3adaya, mbl Kamo meopemuyHume Modesnu pasefexoam MHOXecmeo napamempu, Huumo
cmoliHocmu 4Yecmo ca Heu3gecmHu 8 0adeH MoMeHm u 3a O0adeHO MsScmo 8 Xxenuocgepama. 3amosa e
fpenopbYuUMesIHoO pa3sumuemo Ha eMUPUYHU U meopemuyHU anpokcuMayuu, koumo da ce usrnonssam npu
npecMmsmaHe Ha ammocghepHUmMe egheKkmu Ha KocMuYyeckume byu U 3a Opyeu npakmu4decku 3adayu [1]. Hue
dagame mModers1, YuUMo rapamempu ca yHKUUsI Ha Modxodsuwo u3bpaHu CITbHYE80-XeIuOChEPHU napamempu.
Tol kKamo uHMeH3Umembm Ha 2anakmuyHuUme KOCMUYECKU fbyu 3a dadeHa eHepausl rokas3sa U3e8ecmHo
3aKbCHEeHUe cripsiMo cmolHocmume Ha me3u rnapamempu, Hue Moxem da usronsgame mosa, 3a 0a rpedckaxem
crieKmbpa Ha KOCMUYECKOmoO rbyeHue. [aHHume 3a criekmpume Ha 2anakmuyHume KOCMUYeCKU ITbyl,
rmonyyeHu om BESS u3mepeaHusma, ca cumHamu KbM pedroxeHuss ModesrieH criekmbp. [loHexe
uamepsamersiHume OaHHU cbObpPX)am U crlyqalHu U cucmeMamuyHU epewKu 3a rMpecMsmaHe Ha Heu3geecmHume
MoOesniHU napamempu e npusoxeHa edHa Modughukayusi Ha Mmemoda Ha Hal-mankume keadpamu - constrained
least squares method [2].

Introduction

The 11-year cosmic-ray heliospheric modulation in the energy range from several hundred
MeV to tens of GeV is determined by convection—diffusion, adiabatic energy changes as well as drift
effects, which play a specific role in the changes of the profiles of the GCR intensity (flat or picked) in
different 11-year cycles of solar activity [2]. The 22-year cosmic-ray cycle is dominated by the 11-year
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solar cycle. The drift effects in the modulation of cosmic rays enhance during periods of weak to
moderate solar activity, i.e. around solar minima and during negative polarity periods [2].

Adequate theoretical description of the modulated galactic cosmic ray (GCR) spectra in the
heliosphere during solar cycle is a difficult task because the theoretical models consider many
parameters whose values are not known throughout the heliosphere. That is why the development of
empirical and theoretical approximations is recommended, especially for calculation of CR’s
atmospheric effects and for practical tasks [1]. A model, whose parameters can be given as a function
of the solar-heliospheric and geomagnetic parameters, is presented. Because the flux of GCRs has a
delay relatively to the values of determined parameters, we can use them to predict the intensity of the
galactic cosmic rays.

Cosmic-ray-spectrum approximation model

The cosmic-ray-spectrum approximation (CRSA) model [2, 3] is given by the following
dependence using a logarithmic scale (see fig.1)

(1) 5o In(DL.li ((E -++ 5% (Ig()D(E )

Here aand g are model parameters, f = tanz; where ris the angle at a point corresponding to
energy E + a; Dy s(E + Ey) is the local interstellar spectrum.

DLIS

Differential intensity, D (E)

E E+a E
Energy, E

Fig. 1. Local interstellar spectrum Dy;s(E) and differential cosmic ray spectrum D(E) as a function of kinetic energy
E. Representation of the trigonometric dependence tanz (equation (1)) using a logarithmic scale [2, 3].

After some transformations equation (1) is written in the form of CRSA model in terms of D(E) [2,3]:

B
@ D(E) = Dus(E)(u%j

In fig. 2 the geometric interpretation of the CRSA model in terms of f(P) and P is given by [2]
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_ In(fus (P))-In(f(P))

In(P + ap ) - In(P)

3) Be(P)

Pp =tané. Equation (3) can be written in the form [2]

55
(4) f(P)=les(P{P +Pap j :

Distribution function, f

P P+a,

Rigidity, P

Fig. 2. Local interstellar spectrum fys(P) and modulated cosmic ray spectrum f(P) described by the distribution
function f. Representation of the trigonometric dependence tan 6 (equation (3)) using a logarithmic scale [2].

The drawbacks of the CRSA model approximation is that parameters « and g are not
dependent on the time t and rigidity P, and the model does not take into account general trends in the
variations of the heliospheric magnetic field; therefore the influence of the drift effects on the shape of
the spectral curves for different magnetic field polarity swings is ignored [2]. The development of the
CRSA model is related to finding of functional dependences between the coefficients a and 8 and
different heliospheric and solar variables [2]. These dependences can be derived on the base of
finding correlations between the variations in CR intensity and various solar (sunspot number, coronal
index, number of grouped solar flares) and heliospheric (number of coronal mass ejections,
heliospheric current sheet tilt) parameters [2].

The integral GCR spectrum on the Earth is determined by

5) D(>P) = (D (P)Y(P)dP,
PC

where P¢ is the geomagnetic cut-off rigidity in the point of measurement; Y(P) is the yield function in
the atmosphere.
Buchvarova and Draganov in [1] show that exists a rigidity P¢ such that

(6) IND( P) = InD(> P),is — fp In[1+ "F‘)—PJ
¢
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Letg(ap,ﬂp,P§)= Bp In(1+ i_Pj' Using equation (6), Nagashima and Morishita model [4,5]
5

that gives a relation between cosmic ray intensity and solar activity indices and taking into account
some considerations, Buchvarova and Draganov derive a dependence between parameters ap, Sp,
and time-lagged solar-heliospheric parameters for a given rigidity P in the form [1]:

7) g(ap,ﬂp,P§)=G(zaixij ,

Here G :G(Zaixijis function of a linear combination of appropriately selected indices X;;, a; are
i

coefficients [6].

CRSA model, experimental data and numerical method

Buchvarova, Velinov, and Buchvarov in [3] show that the inverse problem for the nonlinear
equation (2) is well-posed and the Levenberg-Marquardt (LM) algorithm [7] can be used. However, the
data for cosmic ray differential spectra contains both systematic and random errors and the LM
algorithm based on the simple chi-square minimization is not entirely adequate for these data sets [2].
That is why we use a constrained least squares method (CLAM) as an alternative to the traditional chi-
square minimization technique [2, 8].

In our calculations the program Aplcon [8] is used for solving the constrained least squares fit
with correlated data and systematic uncertainties [2]. The program is extended to non-Gaussian
variables [2]. Aplcon is a method used for difficult problems, which follows accurately the assumed
physical and statistical model of the measurement process, and avoids a bias in the result [8].
Because the measured data are not normally distributed, we determine contours for the calculated
parameters a and 8 by profile analysis [2]. In Tables 1 and 2 we list the parameters a and g for the
experiments BESS 1997, 1998, 1999, 2000 and 2002 [9, 10] for protons and helium nuclei,
respectively [2]. The values of a and S for the helium nuclei for BESS 1997 and BESS 1998 show that
the measured spectra D(E) approach a power spectrum [2].

Table 1. Fitting parameters a, 8 and )(2 for protons for experiments BESS97, BESS98, BESS99, BESS2000 and
BESS2002 [9], y = 2.7320+.022 and K=13.700+1.200 [2, 10]

Experiments BESS97 BESS98 BESS99 BESS2000 BESS2002
a 2.567+0.168 1.149+0.050 1.718+0.092  2.454+0.083 2.044+0.058
B 0.723+0.013 1.280+0.019 1.185+0.018  2.033+0.019 2.142+0.019

Table 2. Fitting parameters a, 8 and )(2 for helium nuclei for experiments BESS97, BESS98, BESS99, BESS2000
and BESS2002 [9], v = 2.699+0.059 and K=0.706+0.115 [2, 10].

Experiments BESS97 BESS98 BESS99 BESS2000 BESS2002
a 0.0+0.029 0.0+0.026 0.147+0.091 1.903+0.019 1.600+0.018
B 0.0+0.015 0.0+0.015 1.70040.015 1.016+0.015 1.001+0.016
Conclusion

In this work a model, whose parameters can be presented as a function of the solar-
heliospheric and geomagnetic parameters, is given. Because the flux of GCRs has a delay relatively
to the values of determined parameters, we can use them to predict the intensity of the galactic
cosmic rays. We have calculated the unknown model parameters from the proposed model equation
(2) for the experiments BESS 1997, 1998, 1999, 2000, 2002 [9, 10] for protons and helium nuclei by
using the constrained least squares method [2, 8, 11, 12, 13]. This method is an alternative to the
standard chi-square minimization method because the data for cosmic-ray differential spectra do not
only contain random errors, but also systematic ones, and often the systematic errors are significantly
bigger than the random errors [2]. A further development of the CRSA model is related to finding
functional dependences between the coefficients a and 8 and different heliospheric and solar variables
[2]. These dependences can be derived on the basis of finding correlations between the variations in
CR intensity and various solar (sunspot number, number of grouped solar flares) and heliospheric
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(number of coronal mass ejections, heliospheric current sheet tilt) parameters [2]. The study of the
contributions of these parameters to the long-term CR modulation would lead to a better
approximation to the observed intensities during solar cycles [2].
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M3BEXOAHE HA HAKOU NOTEHUWAJIHO BAXXHUN 3A ®USUKATA U
ACTPOOPU3UKATA MACU NOCPEACTBOM AHAJIN3 HA PASMEPHOCTUTE

Oumutbp Bbnes

UHecmumym 3a kocMmuydecku uscnedsaHusi U mexHonoeuu — bbrzapcka akademusi Ha Haykume
e-mail: valev@gbg.bg

Knroyoeu Oymu: aHanus Ha pasmepHocmume, chyHOamMeHmasiHU KoHcmaHmu, obuwo peweHue Ha
JNuHeldHU cucmemu

Pesome: Kbm mpume  ¢pyHOameHmanHu  KoHcmaHmu  (ckopocmma Ha — ceemjiuHama,
epasumayuoHHama KoHcmaHma u [lnaHkoeama KoHCmaHma), usnondyeaHu om Makc lnaHk 3a usgexdaHe Ha
lnaHKkogama Maca nocpedcmeoM aHasu3 Ha pa3mepHocmume, e dobageHa U KOHCmaHmama Ha Xbbb. B

pesynmam Ha moea e HaMepeHo 06O peweHUe 3a 8enuyUHama ¢ pasmepHocm Ha maca m =y °m,, kbdemo
M, e llnaHkosama maca, y = 1.23x10°%" e manka GespasmepHa eenuduHa, a p € MPOU3BONEeH napaMembp 8
uHmepsana [-1, 1]. YemaHoseHo e, 4e [lnaHkoeama maca m, =m, = 2.17x10° kg, macama Ha cghepama Ha

Xbbb1 m, ~ 10% kg, MUuHUMarnHUs KeaHm maca/eHepaus M, = 2.68x10° kg, macama Ha BaiiH6epe m; =

1.08x10% kg, EduHemoHosama epaHuua 3a Macama Ha 38e30ume Ms = 6.6x10% kg, macama Ha
Xurnomemu4yHUsi K8aHmMo8 epasumauyuoHeH amom M, = 3.8x10% kg u ouwe HAKou nomeHyuasHO B8axkHU 3a
¢usukama u acmpoghusukama macu, rnpedcmassisieam YacmHu pPelweHusl 3a cCmoUHOCm Ha rnapamembpa p,
u3paseHa kamo 0pob ¢ MabK Yucrumes u 3HaMeHamerl.

DERIVATION OF SOME POTENTIALLY IMPORTANT MASSES FOR PHYSICS
AND ASTROPHYSICS BY DIMENSIONAL ANALYSIS

Dimitar Valev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: valev@gbg.bg

Keywords: dimensional analysis, fundamental constants, general solution of linear system

Abstract: The Hubble constant has been added to the three fundamental constants (speed of light,
gravitational constant and Planck constant) used from Max Planck for derivation of Planck mass by dimensional

analysis. In result, a general solution has been found of mass dimension quantity m=y"m,, where m, is the

Planck mass, y = 1.23x10°" is a small dimensionless quantity and p is an arbitrary parameter in the interval [-1,
1]. It has been found that the Planck mass m, =m, = 2.17x10°® kg, mass of the Hubble sphere m, ~ 10°® kg,

minimum quantum of mass/energy m, = 2.68x10™ kg, Weinberg mass m, = 1.08x10*° kg, Eddington mass

limit of stars M3 = 6.6x10% kg, mass of hypothetical quantum gravity atom M, = 3.8x10" kg and some more
masses potentially important for the physics and astrophysics appear particular solutions for values of p,
represented as fraction with small numerator and nominator.

BvBeneHue

AHanu3bLT Ha Pa3MepHOCTUTE € ePEKTUBEH METOZL, KOMTO YECTO Ce U3NOoN3yBa BbB mnamkaTa
n actpodmsnkaTa 3a da ce pasbepe dusmyeckata CuUTyauus, KOSTO ce onpedens OT U3BECTHU
dusndeckn BenuunHu [1-4]. OBGMKHOBEHO TOWM Ce U3Nof3yBa 3a Aa Ce NMpoBepu NpaBAonogobHoCTTa
Ha U3BeAeHNTEe ypaBHEHMUS1 U NpecMsiTaHusl. KoraTo e n3BecTHO gadeHa msmyecka BENMYMHA C Kou
OpYrn BENMUYMHM € CBbp3aHa, Ho hopmaTta Ha Bpb3kaTa € HeM3BEeCTHa, Ce CbCTaBsi Pa3MepPHOCTHO
ypaBHEHME 3a HamupaHe Ha Tas3u Bpb3ka. B ngBata cTpaHa Ha ypaBHEHMETO Ce MOCTaBAT
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pasmepHocTTa Ha dwu3nyeckara BeNnuyMHa ¢, C HeWHUss paMepHOCTEeH CTerneHeH mnokasaTen. B
AscHaTa cTpaHa Ha ypaBHEHWETO ce NocTaBs NPon3BeeHeTO OT pa3MepHOCTUTE Ha onpeaenswmTe

i

n
BEMWYMHU @, , MOBAUrHATU Ha cTenenn n; [q,] ~ H[qi] , KbIETO N € LSNOo NONOXUTENHO YMCIo, a N,
i=1
ca pauvoHanHu uucna. Hai-yecto aHanM3bT Ha pa3MepHOCTUTE ce U3MNOoN3yBa B MexaHukaTa,
aepoauHamukaTa, acTpodusmkata M gpyrm obrnactu oT cbBpeMeHHaTa usmnka, KbAeTO MMa MHOro
npouecw, 3aB1ceLLM OT ManbK 6poli onpeaensawy rm BenuimHu.

he }
MNnaHkoBata maca m =m, ~ ‘/E = 2.17x10®° kg e nsseneHa B [5] NOCPEACTBOM aHaNM3 Ha

pasmMepHOCTUTE C M3NON3yBaHETO Ha 3 PyHAAMEHTHAMHN KOHCTaHTM — CKOPOCTTa Ha CBeTNnHaTa BbB
BakyyM (C), yHVMBepcanHaTa rpaBuTauuoHHa KOHCTaHTa Ha HioToH (G) u pegyuupaHnaTta [NnaHkosa

h
koHcTaHTa /. lNnaHkoBaTa Maca e macarta, yuMsaTo KoMNTbHOBa Ab/KMHA Ha BbnHata A=— e
mc
- 2Gm
paBHa Ha HenHusi rpaBuTauunoHeH (LUsapuwwmngos) paguyc Ry =—— [6]. CbrnacHo Pesyntatute
c

CbBpeMeHHaTa KBaHTOBa TeOpWsi Ha MOMeTo, eKBMBaneHTHaTa eHeprus Ha [lnaHkoBata Mmaca
E,=mc® -~ 10”° Gev npeacraBndBa eHepruata npuv  KOATO 4YeTupute dydameHTanHu
B3aUMOLEWNCTBUS Ce CNMBaT B eANHHO YHUBEPCarnHo B3ammogencTame [7].

Kbm koHcTaHTUTE ¢, G 1 H B [8] Oe gobaBeHa n KoHCTaHTaTa Ha XbObn H un 3a Bcska oT
TpoWiknTe KoHcTantn (¢, G, H) , (c, %, H) u (G, h, H) 6e edHosHayHO W3BedeHa BeNMYMHA C
pa3amepHoCT Ha Maca. [lo TakbB HauMH 06sxa HamepeHn 3 HOBU yHOAMEHTanHM Macu —

3 3
m2=GC—H~1053kg, m3:r;—|;|:2.68><10’69kg n m4=;>/HG"§ = 1.43x10® kg. Macata m, 6e

naeHTUdULMpaHa ¢ Macata Ha cdeparta Ha Xb0bn, M, — C MUHMMArHVA KBaHT Maca/eHeprvis, a m,

ce mpegrnonara, Ye € macarta Ha BCe Olle HEeM3BEeCTHa CBPBbXTEXKa dacTuua uUnu dyHaameHTanHa
eHepreTyyHa ckana.
B HacTosiwarta paboTta TbpCUM BEnMYMHA C PasMEpPHOCT Ha Maca KaTo NpPOM3BEAEeHVEe OT

paunoHanHu cTeneHn Ha yemupume KOHCTaHTu — ¢, G, fi nH.

OGwo pelleHMe Ha 3agadaTa 3a HamMuMpaHe Ha BefMYMHA C pPa3MeEpPHOCT Ha Maca
nocpeacTBoM cpyHAaMeHTanHUTe KOHCTaHTM c, G, /i n H

MocpencTBOM aHanM3 Ha pasmMepHOCTUTE TbPCUM BENMUYMHA M C pasMepHOCT Ha Maca KaTo
npoussedeHne OT paLMoHanHu CTemneHmn Ny, Ny, N3 U N, Ha KOHcTaHTuTe ¢, G, /i u H:

Q) m=kc"G"h"H"™

B ypaBHeHue (1) ny, Ny, N3 U N, Ca HENM3BECTHU CTEMEHHN NOKa3aTenn, KOMTo MoraT ga obaar
onpeaeneHn nocpeacTBOM U3paBHsIBaHe Ha pa3MepHOCTUTE OT ABEeTe CTPaHu Ha ypaBHEHWeTo, a k e
Be3pa3smepeH napameTbp (koedurUneHT) OT nopsabka Ha eauHuLa.

3amecTBalikv pasmepHocTMTe Ha m, ¢, G, /i 1 H nonyyaBame pasmMepHOCTHOTO ypaBHEHNE:
(2) LOTOM 1_ Ln1+3n2+2n3-|- —n1—2n2—n3—n4M —Ny+Ng

OT ypaBHeHUe (2) nonyyaBame cuctema SIMHENHN YpaBHEHMUS 3@ HEU3BECTHUTE Ny, Ny, N3 U
Ng:

n,+3n,+2n, =0
3 -n,-2n,-n;—n, =0
-n,+n,=1

PaHreT Ha paswwupeHaTa maTpvua Ha cuctemata € r=3 U € paBeH Ha paHra Ha maTpuuaTa
Ha cucTemaTa. [lopagm ToBa cuctemata € CbBMeCTMMa, T.e. MMa pelleHne. Tbi kaTo OpoAT Ha
HeusBecTHUTEe e m=4>r =3, crnegBa 4e cucTtemata € HeonpegerneHa u ObLWOTO pelleHne Ha
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cucTemarta e 3aBMCU OT eAuH Npou3BoneH napameTsbp p. CuuTaiikM n, 3a cBoboAeH mapameTbp
n, = p cucremara (3) ce npeobpasysa B:

n +3n,+2n, =0
4) -n-2n,-n;=p
-n,+n,=1
[etepMmunHaHTata Ha cuctemata € A = 2 # 0 nopagu KOeTo cucTtemara Mma pelleHue

3aBucelo OT npousBorieH napameTbp p. [lMocpeacteom opmynuTe Ha Kpamep Hamupame
pelleHneTo Ha cuctemarta (4) cnpsiMo HeM3BEeCTHUTE N1, Ny U N3:

(5) n=@1-5p)/2, n,=(p-1)/2, ny=(p+1)/2, n,=p,
KbOETO P € NPOM3BONEH NapameTbp.

3amecTBaliku pelueHmeTo (5) B ypaBHeHeHue (1) nonyvyaBame ypaBHeHue (6) 3a macata m:
(6) m~ c(1—5p)IZG(p—l)IZh(p+l)/2H p

MaTtemaTtuyeckn napamMeTbpbT P MOXE Aa NpMeMa NPOM3BONHN CTOMHOCTU OT —w A0 +o , HO
dumsmyeckn cMmmcbn bGuxa mMornM ga umart camo pelleHusTa B MHTepBana [-1, 1], Tbh kaTto 3a

KpanHUTe cToMHocTM p = 1 n p = — 1 ce nony4aBaT CbOTBETHO HaW-marnkata uaMepuma mMaca BbB
nH ; . -

BCeneHara m, ~ —- = 2.68x10%° kg ~ 10* eV [9, 10] u Hait-ronsimara Habniogaema Maca — Macata
c

3
Ha cipepaTta Ha Xb6bN m, ~(“:_H ~ 10" kg [11, 12]. Pasrnexgame 4YacTHUTE peLUeHUs1 Mpu KOUTO

1.1 1 1
napameTbpa |p| <1 ce aBsiBa Apob C ManbK YACNUTEN U 3HAMeHaTen, T.e. p=+—,+— +— +— +

I'Io-Ha,u,ony e nokaxxem, 4e HAKOU OT Te3n pelleHnAa BoAAT OO MaCOoBU (*)OpMyJ'IM, KOUTO morat ga
npencraBnaBat UHTEPEC 3a CbBpeMeHHaTa cbm3m<a.

YacTtHu peweHnsa ¢ noTeHUnanHoO 3Ha4eHue 3a (*)VISVIKaTa n aCTpO(bMI!VIKaTa, npu KOnNTo
napamMmeTsbpa |p| <1 ce AiBAABa ,qp06 C ManbK YucnuTten n 3HamMmeHarten

1
3a p= 3 OT 06LWoTOo pelleHne (6) nony4aBame YacTHOTO peLleHue:

1 1 2

112 1 2
7) m; =c 3G 3a°H?3 = 31/ HZ =1.08x107° kg = 60.8 MeV
c

dopmyna (7) e nobpe n3sectHata macosa gopmyna Ha Bannbepr [13]. Macata m, e okono 2

MbTM MO Manka OT MacaTta Ha nuoHa m, ~2.48x107°°kg. ®uanyeckusT cMucbn Ha Tasn maca 6e

HamepeH oT CuBapam [9]. Tol nokasa, Ye macaTta Ha BaiiHGepr ce ABABa Hal-mankara maca, YMsTo
cobCcTBEHa rpaBMTALMOHHA EHEeprusi Mma M3Mepuma CTOMHOCT 3a BPEMETO Ha CblUecTByBaHE Ha

BceneHata H™ ~ 1.38x10" roauHu.

1
3a p= -3 oT 06LL0TO peLleHune (6) nonyyasame macata my:

421 1 o
(8) ms =¢3G 373H 3 =c-3 oH =4.36x10"kg

B [14] e nokasaHo, Ye 3a xunoteTuyHuss ‘KBaHTOB rpaBuTaLMOHEH aToOM’, CbCTaBeH OT
2

h
HeyTpanHa LeHTpanHa maca M okono kosiTo Ha pa3cTosiHue paBHO Ha paauyca Ha bop a,=— =
m.e

5.3x10™"" m oBukans erieKTpoHeyTparnHa 4actuua ¢ maca paBHa Ha Macata Ha enekTpoHa m,,
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GMgm, e’
rpaBUTALMOHHUAT MoTeHuman V =———= e paBeH Ha eneKkTpocTaTuyHus noteHuman V. =—
aO aO

OT11yk dopcanT onpeaens LeHTpanHata maca Mg

e2

(9) Mg = o C 3.8x10" kg

e

1
3a p= E oT (6) nony4aBamMe 4YacTHOTO peLleHue:

1
(10) ,=C 4G 4h4H2 =7.64x10"* kg = 4.3x10%eV

1
OueBnaHO Macata m,, nonyyeHa ot cdopmyna (6) npu p :E’ € OT nopsgbka Ha Macarta Ha
MOKOW Ha HeyTpUHoTO Vv [15].
1
Bap= Y oT (6) nony4aBamMme 4YacTHOTO peLleHue:

7 1

(11) _ciG e

22
G3 =6.18x10"kg

Macata m, npegctasnssa okono 1% oT macata Ha 3emsaTa u e 6nuska Ao Macarta Ha
JlyHara.

3a p= 1 OT 06LWoTOo pelleHue (6) nonyyaBame:

1

1
(12) my=c G 8h8H4 = :1 29x107%kg = 7.25 TeV

Tasu eHeprna e TMnn4Ha 3a eHeprmdata Ha NpoToOHUTE B Monemunsa afjpoOHeH ycKoputen un e
Bb3MOXHO [Ja WMMa Bpb3ka C Macata Ha BCe oOlle HeOoTKpuUuTa CBPBbXTEXKa 4YacTtuua Wuin
cbyH,qameHTanHa eHepreTn4yHa ckana.

1
3a p= _Z oT 0o6LoTo peleHne (6) nonyyaBame macarta:

s 23 ch®
(13)  my,=cG ShoH 4 —c. Sw/Gs —3.67x107kg

Macarta my, no Bcsika BEPOATHOCT HAMa OTHOLLEHME KbM yHOamMeHTanHaTa dusuka.

3a p= —% oT 06LoTOo pelleHne (6) nonyyaBame macaTta:

(14) , =CG 5h5H 5= =3.4x10%kg

MacaTta m;, efBa nv uma HAKaKkBO (PU3NYECKO 3HAYEHMe.

1
Cnyyasat p =z €[HO3HayHO BOAM A0 hopMynaTa 3a macara:

3
(15) m, = 1/'2? - 1.43x10? kg = 8.0x10° GeV.

Tasn maca cbllo He Moxe Aa Obae vaeHTMdUUMpaHa M MOXe Aa ce pasrnexia kaTo
€BPUCTUYHO Nnpeacka3aHne Ha npeanoxXeHuna mogern.
312

3am,=%

OT 06LWoTOo pelleHne (6) nony4aBame YacTHOTO peLleHue:

o152
3

(16) m,=c %G ®h°H

4

=5.39x10"*“kg = 3.0x10%eV

5
1t
C

@I

Tasu maca e 6nuska 10 eaHa oT ceaeMTe PyHAAMEHTarHN eKBUAMCTaHTHU Macy HamepeH B
[16], a uMeHHO macaTa M, =7.15x10 kg .
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2
3a p= -3 oT obLoTo pelueHne (6) nonyvyasame macata m,:

135
6

(17) my=c’G

o
6

w|n

hoH 3 = ¢?.g) M
G°H

- =8.76x10%kg

MacaTta m, B [16] 6e naeHTudmupara ¢ EquHrroHosaTa rpaHMyHa Maca Ha Hanl-MacuBHUTE
3Be3au.

M3BeneHnTe no-rope macu 3a KOMTO napameTbpa |p| <1 B 06LL0TO peLLeHune ce saBsaBa Apob ¢
ManbK YMCnUTEN 1 3HaMeHaTen ca npeacraBeHn B Tabn. 1.

Ta6nuua 1. Macu 3a KouTo napameTbpa |p| <1 B 06WOTO pelleHne ce siBABa Apo6 C ManmbK YACTIMTEN U

3HameHaren.
CTOMHOCT Ha p Maca coTBeTcTBYBalLLa Ha p WpoeHTudpmkaums Ha macarta
-1 (;3 53 Maca Ha Habnogaemata BceneHa M,
m,=——-= =1.76x10" kg
2 . EpunHrToHoBa rpaHmyHa maca 3a
3 m; = c? GSH T = 8.76x10™ kg 3Be3guTe
1 3 Maca Ha JlyHaTa (Tunm4eH cnbTHUK Ha
N _ 22
2 SRt - 6.18x10% kg nnaHeTa)
1 c " ‘KBaHTOB rpaBUTaLMoHeH aToM’
- 3 =
3 o 4.36x10 kg Mg
1 p—
N 7
4 GSHZ =3.67x10" kg
1 n’ 4 -
5 o = 3.40x10" kg
0 ch MnaHkoBa Maca M,
m, = 3 =2.17x10® kg
1 e MpenckasaHue Ha MeToaa 3a
g m, ~ = =1.43x10%° kg CBpbXMacuBHa Yactuua
1 P MpenckasaHue Ha MeToaa 3a
n m, =8 recal =1.29x10% kg Hen3BeCcTHa MacKBHa Yactuua
1 2 Maca Ha BaiiH6epr m,
- H#x .
3 m, =3 g - 1.08x10*° kg
C
1 H2 HeyTtpuHo v
Pl m, =4 G =7.64x10"° kg
C
2 1 |#°H* 2 Maca Ha ®opcait-Bbnes M 1)
3 m, =—-§ =5.39x10™" kg
c cG
1 AH 60 MuH1ManeH kBaHT maca/eHeprus
m; = C_ =2.68x10"" kg m, (MacuBeH rpaBuToH)
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BeposaATHO 06L0TO pelleHne (6) cbabpxa M OPYrM Macu, MHTepecHU OT umanyecka rnegHa
TOYKa, HO HeonpeaeneHoOCTTa Ha NnapaMeTbpa p He NO3BONsABa Aa Ce HAaMepPSAT Te3n Macwm.
O6uoTo pelueHmne (6) Mmoxe ga ce npeobpasyBa Mo CNegHUs HauMH:

15 1p1lp % |GAH? P
(18) m~c22'G 2 zp2' e = /C_ LhR-
G c®

O4eBUOHO MbPBUAT MHOXUTEN B ypaBHeHue (18) ‘/% =m, = 2.17x10°® kg e macata Ha

GhH*

MnaHk. BTopuaTt MHOXuTEN =y = 1.23x10°% e Oe3pa3mMepHa BeNMYUHA C USKIHOYUTESTHO
c

Marnka CTOMHoCT. 3aMmecTBaliku Te3u BenuunHu B (18) nonyyasame gpyra popma Ha 3anuc Ha obLoTo
peweHue (6):

p
/GhH2
(19) m-~ = me =y°me,

GhH?
Kbaeto mp e lNnaHkoBata maca, y =

— ~ 10 e uskniounTenHo manka 6espasmepHa
c

BEIIM4MHa, a p € Npon3BOJIEH NapaMeTbp.

3aknro4yeHun

Kbm Tpute (byHﬂ,aMeHTaJ'IHI/I KOHCTaHTK (CKOpOCTTa Ha CBeTJ/InHaTa C, rpaBuUTauMOHHaATa

koHcTaHTa G u [lnaHkoBaTa koHCTaHTa /), usnonsysaHu oT Makc [naHk 3a u3BexgaHe Ha
MnaHkoBaTa Maca NocpeacTBOM aHanv3 Ha pasMepHocTuTe, e AobGaBeHa 1 KoHcTaHTaTa Ha Xbobi H.
MocpeacTBOM aHanuWa Ha pPa3MEepHOCTUTE Ce TbPCU BeNuuMHa M C PasMepHOCT Ha Maca KaTo

npov3sBeaeHne OT paluoHarnHW CTeneHu Ha KoHctaHtute ¢, G, /i n H. B pesynrtar Ha ToBa €
HamepeHO OBLLO pelleHne 3a BenuyMHaTa ¢ pasMepHOCT Ha Maca m=y°m,, Kbgeto m,= 2.17x10°
kg e lNnaHkoBaTa Mmaca, y 1.23x10°" e manka fespasmepHa BenuuMHa, a p € MNpPOM3BOSIEH

napameTbp B nHTepeana [-1, 1].
MNokasaHo e, 4e NnaHkoBata Maca m, =m, = JCG—h = 2.17x10°® kg, macata Ha ccepaTa Ha

3

Xb6bn m, ~ GC_H ~ 10*° kg, MMHUManHUS KBaHT Maca/eHeprusi m, ~ @ = 2.68x10™ kg, macata Ha
c

2
BaiHGepr m5:31/HZ = 1.08x10% kg, EAuHITOHOBaTa rpaHuLa 3a macata Ha 3Be3gute M; =
c

6.6x10% kg, MacaTa Ha XUMOTETUYHUSI KBAHTOB rPaBUTALIMOHEH aToM M, = 3.8x10" kg u oLue Hsikou
MOTEHLMANHO BaXkHU 3a (uavkaTa u acTpoduavkata Macu, NpeACTaBNsiBaT YacTHW peLleHus 3a
CTOMHOCT Ha mapameTbpa p, M3paseHa kaTo 4pob C MambK YUCIUTEN M 3HameHaTen. Tebpae
BEPOSITHO € HSKOW OT HEVNAEHTUPULMPAHUTE MacK Aa UMAT EBPUCTUYHO 3HAYEHWe 3a acTpoduamkaTa
1 huamnkaTa Ha BUCOKUTE EHEPTUN.
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Abstract: The work gives an overview of the most striking manifestations of chaotic behavior in the
movement of the celestial bodies. The examples of chaos in both the orbital motion and in motion around the
center of mass of space objects are given. The conditions for occurrence of chaotic regime in the movement of an
artificial satellite are outlined.

I'Ipumepu 3a XaoTUYHU ABMXEHUA HAa HebecHUTe Tena

B CnbHuyeBaTa cucTema ca M3BECTHU MHOMO MpPUMEPUM Ha pPEe30HAHCHO W XaoTU4YHO
noBefieHMe: pe30HaHCHa CTPYKTypa Ha rnaBHUs acTepoueH nosic u npasHuHu Ha Kupkyya [1], [2],
CTpYKTypa Ha nodca Ha Konnep [3], opbuTanHu pe3oHaHCU Ha CNbTHULMTE C MNaHeTUTe OKOMO KOUTO
obukanat [4], [5], opbuTaneH pe3oHaHC M Xxaoc B opbutuTe Ha camuTe nnaHetu [6], [8], [9].
PasrnexgaHeTo Ha Te3n BbNPoCU e TACHO CBBbP3aHo C ycTomumBocTTa Ha CnbHYeBaTa cucrema.

YpaBHEHMETO Ha ABWKEHNETO OKOJIO LIEHTbpa Ha MacaTta ekBaTopuareH CbTHUK Ha NaHeTa
e nssegeHo ot beneuku [10]

2
f —2esin vd—5+3A—Csin5 =4esinv,6 =20.
v v B

B ypaBHeHMETO V e UCTUHCKaTa aHoManus, ® e brbna Mexay ocTa Ha MHepLUUs Ha TANoTo

1 paguyc-BekTopa Ha HeroeaTta op6uta, A, B,C ca rnaBHuTe MHEPYHM MOMEHTU Ha CMbTHUKA.

MHdopmauus 3a rnmobanHoOTO NoBeAeHWe Ha MHOXECTBOTO OT TPaeKTopwuw, MOslydeHu npwm
pellaBaHe Ha ypaBHeHue (1) gaBa MeToAbT Ha To4vkoBUTE M3obpaxeHwus. Han-uHdopmaTtuBHaTa
yucrneHa peanusaums Ha TO3W MeTOA, CBexXAall ce OO YUCIEHOTO UHTerpupaHe Ha ypasHeHue (1) un
usBexgaHe Ha pesyntaTm C MNEepUoaMyYHOCT paBHa Ha opbuTanHua nepuon, TOeCT B TOuYKUTE

1) (1+eCOSv)3
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do
dv

2 ”
uncneHo 3a @, =0.1, e =0.1 nokassa [11] xaoTM4HO ,MOpe” Ha [OBWKEHMATa B KOWUTO ca

v=2d, | =12,... ®asoBuat noptpeT B paBHuHaTa | @,0' = ypaBHeHue (1), MHTerpupaHo

pasnonoXeHu ,OCTPOBM” Ha perynspHu OBWXKEHWs, CbOTBETCTBALUM Ha YCTOMYMBO PE3OHAHCHO
BbpTeHe [12]. LieHTpoBeTe Ha OCTPOBUTE CbOTBETCTBAT Ha CTAOUNHN ABWXKEHUS:

k—m

2 0= v+k(); k(v+2mm") =k(v),

kbaeto k,m,m’ ca uenu uncna. Tosa gswkeHne e K:M pesoHaHc. Tyk K onpegens 6pos Ha

3aBbpTaHUATa KOMTO CMbTHMKA NpaBK OKOMO OCTa cu 3a M 3aBbpTaHus No opbutaTta. Pe3oHaHCHT
1:1 npeacrtaBs NepuoaMYHM OCUMNAUUKM OKONO npobsrsalums paguyc-Bektop, 3:2 pe3oHaHca
onpefens potauus nogobHa Ha Mepkypui.

Kakto Gelwe oTbGensasaHo, noBevyeTo CnbTHUUM B CrnbHYeBaTa cuctemMa ce HamupaT B
CUHXPOHEH pe30HaHC. XapakTepHOTO BpemMe HeobXOAMMO Ha MOBEYETO CMbTHUUM Aa AOCTUrHaT ToBa
CbCTOSIHME € 3Ha4YUTESTHO MOo-Marnko oT Bb3pacTTa Ha CrnbHyeBaTa cuctema [13]. OkasBa ce, 4Ye ToBa
BpemMe e obpaTHO MpPOMNOpPLMOHANHO Ha NPUNMBHUST MOMEHT, KOWTO CUMHO 3aBMCM OT paguyca Ha
CMbTHMKA U € obpaTHO MpOMnopUMOHarneH Ha LwecTata CTeMNeH Ha pa3CTOSHMETO OT CMbTHUKA [0
nnaHeTarta. ToBa BoAW A0 U3BOAa, Y€ ManKUTe CMbTHMUW, Pa3nofioXeHW Aaned OT MraHeTuTe OKoso
KOoMTO obukandaTt, He ca MManu AOCTaTb4yHO BpeEME [a €BOMoUpaT KbM CbCTOSIHME HA CUHXPOHEH
pe3oHaHCc. CnbTHMKLT Ha CaTtypH XunepuoH uma HeobuyamHa dopma 175x120x100 km,
ekcueHTpuunteta my e 0.1, a paguyca Ha opbuTtaTta my e 24.5 pagmyca Ha CatypH. Mo HabniogeHus
Ha ,Bosmxbp-1”" u ,Bospxkbp-2“ nepnoga Ha BbpTeHE HA XunepuoH e 13 aeHoHowms, a opbutanHus
nepvog e 21.5 geHoHoLWwms1, KOETO SICHO NOKa3Ba HECUHXPOHHOCT Ha opbuTaTa.

Yusgem, MNun n Muuap [14] npegnarat HeobuyaeH cueHapuii. Te nNpaBaAT YUCNEHU U
aHanWTM4HM m3cnenBaHusa Ha ypasHeHue (1), OT KOMTO cTaBa SICHO, Yye XMWMNepuoH He camo He e
3axBaHaT B CMHXPOHEH pPEe30HaHC, HO M BBbPTEHETO MY W3MNMTBA XaoTU4HM (B CbLLOTO BpeMe
AeTepMunHMpaHmn) Bapmaumm. B cbwoTto Bpeme Ynsabem u gp. [lokasear, Ye BbPTEHETO Ha CMbTHUKA €
HEyCTOMYMBO C BMCOKA CTEMEH HA BEPOSATHOCT OTHOCHO HAKMOHA Ha OCTa Ha BbPTEHE, TOECT CMbTHUKA
ce ,mMaTa” B MNpocTpaHCTBOTO. HasemHuTe HabniogeHust Ha KnaBeTep [15] moTeBbpxaaBaT Taswu
XunoTesa. XaocbT Mpu BbpPTEHETO Ha XUMEPUOH € CreAcTBME Ha HeroBata HeobudanHa dopma u
roneMnsi eKCLEeHTpUUUTET Ha opbutata My. [NpunuBHUTE CUNM HamansaBaT EKCLEHTPULMTETUTE Ha
opbutuTe Ha cnbTHUUMTE. B cnyyast Ha XMNnepuoH ekCLEeHTPULUTETBLT HE MOXE [ja HamarsiBa NoHexe
TOW € MPUHYOEH eKCUEHTPULUTET nopaxaally opbutaneH pesoHaHc 4:3 ¢ 6nn3kMsa MacuBeH CMbTHUK
TutaH. Mo Tasu npuynHa opbutata Ha XMNepuoH e ycTonumBa 3apagun pesoHaHca 3:4 ¢ TuTaH, HO
BbPTEHETO MY € XaOTMYHO 3apaan B3aUMOLEWCTBUSATA Ha CNuH-opbutanHute pesoHaHcu. CbrinacHo
pabotute Ha bnek [16], BbpTEHETO HA XMMNEPMOH MOXE [a Cb3JaBa BrevyaTlieHUe Ha PEerynspHo 3a
OB NHTEpBanu oT BpeMe, Makap BbPTEHETO Aa € hopMarnHO XaoTUYHO.

HanbnHO BEPOSITHO € M Apyru ChbTHUUM C HenpaBwuiHa ¢opma ga M3nNUTBaT XaoTUYHO
BbPTEHE B MPOOBIDKUTENHN NEpMoOan OT CBOsITa AUHaMuYHa esonouus [17]. OewncrtButenHo, 3a ga
MOXe CMbTHUMKBLT Aa Obae 3axBaHaT B cCnuH-opbuTaneH pe3oHaHc, Tou TpsibBa ga npecede
XaOTUYHUAT CMOWM B OKOMHOCTUTE Ha cenapaTtpucute, a TOBa Heu3bexHo Boau OO0 enu3oam Ha
XaoTUYHO BbpTeHe. TakmBa nNepuoanm ca Bb3MOXHM U 3@ CMeTKa Ha YyAapHU SABMEHUS U3MEHSILU
BbpTENMBUTE CBOWCTBA Ha CNbTHUKA. Ennsoamte Ha xaoTMYHO BbpPTEHe MoraT Aa npeav3Bukar
CbLUECTBEHO BbLTPELLUHO HarpsBaHe W M3MEHEeHWe Ha CTpyKTypaTa Ha MNOBBLPXHOCTTA Ha HsAKoU
CNbTHULUM. TakMmBa MpouLecu BEpOsiTHO € u3nutan cnbTHuka Ha Mapc ®obyc M cnbTHUKA Ha YpaH
Mwupanga [18],[19].

Jlackap u PoGyten [20] noka3BaT, Ye HakOHa Ha OCTa Ha BbPTEHE Ha BCsKa MNraHeTa OT
3emMHaTa rpyna € Morbf ga TpPenTu xaoTu4yHo. B cnyyass Ha Mapc TakuBa TpenTteHusa ca mornu ga
OOCTUrHaT HSKOJKO AeCeTKu rpagyca.

EavH cnyqaﬁ Ha XaoC npu ABUXXeHUeTo Ha U3KYCTBEH CMNbTHUK

Heka pencteume Ha rpaBUTaUNOHHNA, NMPUNUBHNA N MarHUTHMA MOMEHT, Ce pasdrnexaa B
cny4vyad Ha paBHNHHO BbPTEHE Ha CNbTHUKa, KOWTO € MNOCTOAHHO HaMarHUTeH Mo npoTexeHne Ha egHa
OT rMaBHUTE OCWU Ha enuncomga Cu Ha MHepuund, HaMmupa ce B HIOTOHOBO rpaBUTALMOHHO Mone u
He

r3

Ha ueHTpanHoTo Tsano, K e opT Ha BeKTopa Ha MarHWTHWS MOMEHT, €, € OpT Ha pafAuyc-BekTopa Ha

avnonHo none ¢ H = {3(K.ér }?r - K}, KbAETO [/, € MOAYMN Ha MOCTOSHHUSIT MarHUTEH MOMEHT
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ToukaTa B MPOCTPaAHCTBOTO, B KOETO ce onpeaenst HanperHatoctta. OcTta Ha avnona npes usnoto
BpeMe ce Hamupa B paBHMHaTa Ha opbutata Ha HebGecHOTO Tsno. YpaBHEHWETO, KOETO Onucea
nocTaBeHaTa OT Hac 3agava [12] e

d?s do . _ o _ o
©) —+B——+a@,"sind =3acos| ——U |-&Ccos| —+U |,

du du 2 2

3(A-C
KbOeTo a)oz = % A, B, C - rnaBH/ MOMEHTV Ha UHepLUWs, L = (M + m)]/, ¥ - TpaBUTaLMOH-
_ 1
Ha koHcTaHTa, M - maca Ha ueHTpanHoTo TAMo, M-maca Ha ChMbTHUKA, O = Bﬂc , | - noctosHeH
Y7

MarHMTeH MOMEHT Ha HEOECHOTO TS0 C MOCoKa ycnopeaHa Ha MOMeHTa Ha uHepuua C , U=v+w,
U- WCTUHCKa aHoManus, @- MNOCTOsAHHa WHKNMHauuA Ha paguyc-BeEKTOpa Ha nepured Ha

CMbTHMKOBAaTa opbuTa Mo OTHOLIEeHUEe Ha ekBaTopa Ha nnaHetata, 0 = 20, O e bronbT, 06pasysaH

)

5
0

oT nocokata onpegeneHa ot C u Tekywms pagnyc-sektop Ha opbutara, [ = uR, , Ry e

paguychbT Ha opbuTaTta, CbrnacHo [21] 0 € NoNoXWUTEenNHa KOHCTaHTa.

2
B cnyuas, korato CnbTHUKBLT MMma cdepuyHa opma, T.e. @y = 0, moxe na BbBeaeM Hoea

npomeHnuea X NOCPEeACTBOM PaBEHCTBOTO
o
X=——-—-
2 2
B 1031 cnyyan ypaBHeHue (3) npuema Buaa

2 2
4) d X+,B(:—X+1)+wzsinx:%sin(X+ZU),
u

2
du
Heka HanpaBum 3amsHaTa @U = 7 B ypaBHeHue (4). OsHavaBame ¢ f3, = ﬁz 1 BbBEXaame
()

[iBe HOBW NpomMeHnuen 77 1 6 , kaTto ceexaame ypaeHeHwve (4) 4o cuctemara

dx _

dr T

dn : 1. ~
G)  —L=—sind—p,(n+1)+=sin(x+20),

dr~ 3

4 _1

dr @

Manonaeame npueTtaTa npoueaypa 3a HamupaHe mHTerpana Ha MenHukoB [22] n gocturame
00 cnegHaTa dhopma Ha UHTErpanHuaT KpUTEPUI 3a HacTbNBaHeE Ha Xaoc

+msin(Zarcsinthr + 2r + Goj
dr.

4 ) 9
©) D(T’To)= I%dT+J‘CTIBj-dT_§J- 4

—00 —00 —00

chr
KaTo M3BBLPLUMM MHTErPUPaHeTO Ce AocTUra 0 pesynTaTa

(7) D(r,ro):(8+27z)ﬁ2+387r2 1 1 sind, .

T T
@ |sh™ ch™
(1) (1)

KoraTo 3HakbT Ha D(z-, ro) Ce MeHW, cenapaTpucute ce npecuyaTt 1 ABWXKEHMETO B JajeHaTa
obnacTt ce siBaiBa xaoTnyHo. OT (7) crnefBa, Ye ToBa NpousTnya npu
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® B, < 287z 1 B 1
3w,"(8+27)| n & %

3aknio4yeHue

B cratuata e nokasaHa KnodoBaTa POMs Ha XaoTUYHUTE [OBWKEHUA 3a obsacHABaHe
NOBEAEHNETO Ha KOCMUYECKUTE Terna. Bbnpeku BbnHaTa OT Hay4yHW pesynTatu B Tasu obnacr, KosiTo
HabnogaBaxMe B Kpasi Ha MUHaNUAT BEK, BCE Ollle OCHOBHUTE MPOBMeMu KOUTO Bb3HMKHAxa npu
U3y4aBaHeTO Ha HeperynspHute ABuxeHust. To3u pakT OT Apyra cTpaHa [aBa OCHOBaHuWe [Aa
cunTame, ye GbAELIETO Lie HWM AOHEece HOBM (byHAAMEHTanHW pesynTath B Krnacudeckata obnact
HebecHa MexaHuKa, KOITO MHOIO YYEHW CYMTAT B MOMEHTA 3a MOYTW HAMbIHO 3aBbpLUEHa HayKa.
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Abstract: Solar corona is very important part of the solar atmosphere, which is not available every time
and it is very difficult to observe it. From solar corona we can get more information about outer sun layers. Large-
scale structure of the solar corona can be studied during total solar eclipses.

The structure, shape and brightness of the solar corona significantly change from eclipse to eclipse.
They depend on activity of the sun. At maximum solar activity, the corona is very bright and uniform around the
solar limb. There are a lot of bright coronal streamers and other active regions on it. During minimum of solar
activity the solar corona stretches at the equator and become elliptical.

Flattening index is the first quantitative parameter introduced for analyses of the global structure of the
solar corona. It varies with respect to the phase of the solar activity and sunspot number. In this paper we study
the solar corona during the 1990, 1999, 2006, 2008, 2009 and 2012 total solar eclipses. We obtain flattening
coefficients for all the six eclipses by using a new computer program. Our results are in a good agreement with
published results.

CTPYKTYPA HA CITbHYEBATA KOPOHA B BAJA CBETJIMHA N HEMHATA
CMNECHATOCT NO BPEME HA WECT NbJIHUA CITbHYEBU 3ATbMHEHUA
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e-mail: penm@abv.bg; bmarzoke@yahoo.com

Knro4oeu dymu: Cmpykmypa Ha CribH4Ye8ama KOPOHa, MbJIHO CITbHYE80 3ambMHEHUe, KoepuyueHm
Ha crnecHamocm Ha KopoHama

Pe3rome: CribHYegama KOpoHa € MHO20 8aXHa Yyacm om ammMocghepama Ha CTbHUemo, KOSimo He ce
suxda NMocCmosiHHO U e MHo20 mpydHo Oa ce Habrodasa. Om HabrodeHusma Ha KOpoHama Ha CITbHUemo
MoxxeM da rosyqum rioseye UHGhopmayusi 3a 8bHWHUME crioese Ha cribHuemo. lonamomawabHama cmpykmypa
Ha ciTbHUemo Moxe 0a ce udyyasa o 8peMe Ha Mb/IHU C/TbHYe8U 3aMbMHEHUS].

Cmpykmypama, ¢hopmama u sipkocmma Ha ClibHYe8ama KOpPOHa 3HayumesiHo ce [POMeHsim om
3ambMHeEHUE Ha 3ambMHeHue. Te 3asucssm om akmusHocmma Ha cibHuemo. 1o epeme Ha MakCuMyM 8
C/TbHYe8ama akmueHOCm, KOpoHama e MHO20 sipka U e0HOpOoOHa OKos10 numba Ha CIbHUemo. Vima MHO20 sipKu
KOpOHanHu cmpumepu u Opyeu akmueHu obrnacmu no Hesi. [1o epeme Ha MUHUMYM 8 CITbHYe8ama akmueHoOCm
KopoHama ce pa3msiea OKOJIO ekgamopa U cmasa efunmuyHa.

KoegbuyueHmsbm Ha crinecHamocm Ha KopoHama e Mmbpeusim Ko/IuYecmeeH rnapamemsp, U3rosi3eaH 3a
aHanu3 Ha enobanHama cmpykmypa Ha ClibHYegama KopoHa. Tol eapupa o omHoweHue Ha ¢hazama Ha
C/TbHYe8ama akmueHocm U 6posi Ha crbHYesume nemHa. B masu paboma Hue u3scrnedeame KopoHama Ha
C/TbHUEMO 110 8peMe Ha Mb/HUMmMe CribHYe8u 3ambMHeHus npe3 1990, 1999, 2006, 2008, 2009 u 2012 eoduHa.
Hamupame koegbuyueHma Ha crijiecHamocm 3a wecmme 3ambMHEHUs] Kamo U3riosidgaMme HO8a KOMIMIOMbPHA
npoepama. Hawume pe3ynmamu ca 8 MHO20 00bpo cbanacue ¢ rnybnukysaHume doceaa.
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Introduction

The total eclipse of the sun is truly a remarkable event not only because of the fact that the
beautiful corona, prominences and all other associated phenomena are rendered visible, due to the
hiding by the moon of the disc of the sun or the photosphere as it is called, but mainly because it
enables astronomers to study these parts of the sun which are always invisible during bright
sunshine [1].

The white-light corona, the outermost part of the atmosphere of the sun, has been observed
photographically during the total eclipse of the sun since 1860 [2].

During the total solar eclipse, when the moon occults the sun for a few minutes we can
observe the outer atmospheric layers of the sun, the chromosphere and the corona. The shape of the
corona extends to several solar radii depending on the sunspot cycle [3].

Markova et al. [4] found that the structure of the corona is created by both the global and local
magnetic fields. Structure and shape of the white-light corona during the 1997 and 1998 eclipses,
considered by the authors, was of minimum type.

Rusin [5] tried to express the shape and structure of the white light corona according to its
brightness with three parameters: ellipticity; structure; and integral brightness. All these parameters
are closely connected. They vary with activity cycle phase, and reflect mainly the magnetic field of the
sun, which is generated below the photosphere, in the convection zone, erupts through the
photosphere and permeates the surface.

In this work we compare the defined features of the solar corona during six total solar eclipses
(1990, 1999, 2006, 2008, 2009 and 2012) at different phases of the solar activity cycle. Also, we have
calculated the flattening index of the solar corona during all eclipses by the help of a hew computer
program (Mathlab R2012 language program).

Data Used

The observations of total solar eclipses in 1990, 1999, 2006, 2008, 2009 and 2012 were
conducted at different sites of the world.

July 20, 1990 — near the town of Kem, Karelia, Russia (Lat. = 64°57' N, Long. = 34°36’ E,
Alt. = 165m).

August 11, 1999 - around the town of General Toshevo, Bulgaria (Lat. = 43°41.7' N, Long. =
28°11.5' E, Alt. = 200m ).

March 29, 2006 — near the west border of Egypt, Salloum city, Egypt (Lat. = 31° 34" 3.23"N,
Long. = 25°7" 39.35'E, Alt. = 202m).

August 1, 2008 - near the town of Bijsk, Altay, Russia
(Lat. = 51°58' N, Long. = 84°57'E, Alt. = 360m).

July 22, 2009 - near the upper reservoir of the TianHuangPing Pumped Storage Power
Station, China (Lat. = 30°28'14.2" N, Long. = 119°35'29.0” E, Alt. = 909m), near the Shanghai
Observatory, which belongs to the Chinese Academy of Science.

The November 14, 2012 TSE was observed in the region of Mount Molloy, 150 km from Palm
Cove, Cairns, Queensland, Australia (Lat. =16°29'45.6" S, Long. = 144°58'17.4" E, Alt. = 342m).
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Fig. 1. White-light solar corona during the total solar eclipses,
a- 1990, b-1999, c-2006, d- 2008, e-2009, f-2012

Flattening of the solar corona

The flattening coefficient € characterizes the shape of the isophotes of the Wight-light solar
corona can be defined as:
Q) €= (refrp) -1

Where r and r, are the equatorial and polar distances of the isophotes from the center of the
solar disk respectively.

Ludendorff [6] made first quantitative analysis of the shape of the solar corona. He analyzed
isophotes of coronal images and defined the averaged flattening of the solar corona by the formula
2 e =(+1+VI)/(IV+V+ VI))-1

Where |, II, 1l, ....,VII designate eight diameters of an isophote separated at angles of *
22.5°.

Results and Discussion

The most fundamental coronal characteristics (polar plumes, dome-shaped structures and
helmet type streamers) have been observed on the images of the studied six total solar eclipses
(2990, 1999, 2006, 2008, 2009 and 2012).

The total solar eclipses on 1990 and 1999 were during the maximum of the 22" and 23" solar
activity cycle, respectively. These coronas show many streamers located at all azimuths around the
occulted disk of the Sun (Fig. 1a,b).

The Total Solar Eclipse in 2006 occurred at the minimum of the 23" solar activity cycle. We
can see in Fig. (1c) stalks of helmet extend to 3 solar radii. The existence of different zones in the
observed white light corona is clearly noticed.

According to the consensus reached by The Solar Cycle 24" Prediction Panel on May 8,
2009: the 24™ solar cycle begins in December 2008. The 2008 total solar eclipse is on the falling
branch of the solar cycle. Structures are also outlined on the composite image of the white-light
corona - shape of the corona and number of streamers is different. The deviations of dome-shaped
structures in western hemisphere are smaller than that in eastern one (see Fig. 1d).
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The 2009 total solar eclipse is also in minimum but on the rising branch of the 24" solar cycle.
The quiet Sun corona shows larger helmet type streamers concentrated in latitudes near the equator.
Image of the white-light corona during the total solar eclipse 2009 (Fig. 1e) also show the typical
coronal structures. For 2012 total solar eclipse the white-light corona (Fig. 1f) is a typical maximum
type. The active solar corona is full of structures. During sunspot maximum, the corona is very bright
and uniform around the solar limb and bright coronal streamers and other condensations associated
with active regions are much in evidence.

Studying the three TSEs during minimum of the solar activity cycle we found that deviation of
the coronal streamers from radial direction or their inclination towards the equator is larger as a whole
for the 2008 (Sunspot Number (SSN) at 2.5) and 2009 (SSN at 4.5) eclipses in comparison with the
2006 TSE (SSN at 17). This fact can be explained with the low solar activity in 2008 and 2009 (deep
solar minimum).

Eclipse Year Flattening index at r = 2R, Corona type

1990 0.12 Pishkalo 2011 Before min of cycle 22
0.12 Steova et al. 2012 (May 1996)
0.11 this work

1999 0.04 Pishkalo 2011 After min of cycle 22
0.19 Steova et al. 2012 (May 1996)
0.20 this work

2006 0.17 Pishkalo 2011 Before min of cycle 23
0.10 Steova et al. 2012 (Dec 2008)
0.16 this work

2008 0.21 Pishkalo 2011 Before min of cycle 23
0.32 Steova et al. 2012 (Dec 2008)
0.34 this work

2009 0.24 Pishkalo 2011 After min of cycle 23
0.22 Steova et al. 2012 (Dec 2008)
0.25 this work

2012 - Pishkalo 2011 After min of cycle 23
0.024 Steova et al. 2012 (Dec 2008)
0.02 this work

According to Eq. (1) and Eq. (2), we could calculate the flattening parameters at four positions
(using a new computer program Matlab R2012 language).

Table 1 shows values of the flattening coefficient € calculated for the six total solar eclipses
(2990, 1999, 2006, 2008, 2009 and 2012).

The method we used to calculate the flattening index ¢ values is computerized by using
Mathlab R2012 language program.

Our results are in good agreement with the published one. For 1990 total solar eclipse we find
that the flattening index € is 0.11 and it is in agreement with Pishkalo [7] and Stoeva et al. [8] (equal
0.12).

As we see in Table (1) Badalyan & Sykora [9]; Pishkalo [7], found that the flattening parameter
during the total solar eclipse in 1999 is 0.04 and Stoeva et al. [8] found it equal to 0.19, while in this
work we've found it equal to 0.2. It is in a good agreement with the published by Stoeva et al. [8].

For 2006 total solar eclipse, Stoeva et al. [8], defined the value of the solar coronal flattening ¢
= 0.1. Pishkalo [7] and Gloub & Pasachoff [10] found that the flattening index € during the total solar
eclipse in 2006 is 0.17. Our value for the flattening index € during the total solar eclipse in 2006 is
defined to be 0.16, and it is matched with published one by Pishkalo [7] and Gloub & Pasachoff [10].

The flattening index € during the total solar eclipse in 2008 was calculated by Pishkalo [7] and
he have found it equal to 0.21, while Stoeva et al. [8] found it equal to 0.32. Our value is matched with
the published by Stoeva et al. [8], and it is equal to 0.34.

Pishkalo [7] shows that the flattening index € during the total solar eclipse in 2009 is 0.24,
while Stoeva et al. [8] found it equal to 0.22 and in this work we've found it equal to 0.25 and it is in
agreement with the published values.
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Finally, the flattening index € during the 2012 total solar eclipse have been calculated by
Stoeva et al. [8] and they found it equal to 0.02. Here, we find it equal to 0.024.

The contour maps (isophotes, equidensites) for six total solar eclipses (1990, 1999, 2006,
2008, 2009 and 2012) are shown in Fig. 2.

Fig. 2. Equidensites of the solar corona derived by using the new Mathlab R2012 language program for
computing the Ludendorf flattening coefficient for six total solar eclipses in
a- 1990, b-1999, c-2006, d- 2008, e-2009, f-2012.

Conclusions

The most fundamental coronal characteristics (polar plumes, coronal cavities and arcades,
coronal holes, streamers) have been observed in the photographs of six total solar eclipses (1990,
1999, 2006, 2008, 2009 and 2012).

The calculated flattening coefficient shows that white-light corona during the 1990, 1999, and
2012 total solar eclipses is symmetric (solar corona maximum), while white light corona during the,
2006, 2008 and 2009 total solar eclipses is asymmetric (solar corona minimum).

We obtain value for the flattening index € in 1990 TSE (0.11), which is in a good agreement
with the results of Pishkalo [7] and Stoeva et al. [8]. Value for the flattening index during the 1999 TSE
is consistent with that published by Stoeva et al. [8]. For the 2006 TSE, € value is in agreement with
that of Pishkalo [7] and Gloub & Pasachoff [10]. The flattening index value during the 2008 TSE
correlate with that published by Stoeva et al. [8]. For the 2009 TSE the obtained in this work value for
the flattening index is in agreement with that published by Pishkalo [7] and Stoeva et al. [8]. Finally, for
the 2012 total solar eclipse we obtain flattening index € value is consistent with that of Stoeva et al. [8].

In general, our new computerized method for calculation of the flattening coefficient € gives
values, which are consistent with the published ones.
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Abstract: Research on the air temperature course of the of ground atmospheric layer, located near the
entrances of four show caves - Saeva dupka, Ledenika, Snezhanka and Uhlovitsa for the 1968 - 2014 period is
presented in this work. The data are derived within the detailed micro-climatic monitoring of the caves and Karst
areas at which they are developed.

Mean annual Sunspot Number and Apmax indices of solar and geomagnetic activity have been taken from the
National Geophysical Data Centre, Boulder, CO. It was found that different lengths of solar cycles and different
lengths of the upstream and downstream part of the curve complicate coordination of the duration of one cycle to
another.

Just because of this, procedure was used to bring the individual solar cycles to a standard using the years of
maximum and minimum as a reference points. The adjusted to one length cycles were divided into 10 phase
intervals. All the data were normalized in such a way that in the course of every 11 years solar cycle, the
maximum value of the studied variable by module was equal to one.

The results of the research showed that there is a positive correlation between the deviations of the average
annual, summer and autumn temperatures of the Karst regions and solar activity in western phase of the quasi
biannual variations. Periods with eastern phase correlation practically absent from the annual seasonal
distribution of temperatures. The average annual temperatures in the four caves reach their maximum three years
after the peak of solar activity. Negative correlations between the values of temperatures and Sunspot Number
and Apmax are observed in winter and spring.
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OT KAPCTOBU TEOCUCTEMU
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Knroyoeu Aymu: [lewiepeH MUKpOKIIMam, CrbHYe8a U 2eO0MasHUmMHa aKmueHoCcm, newjepHa
ammocegepa, MUKpOKITuMam

Pe3rome: B pabomama e npedcmaseHo u3criedgaHe Ha memrepamypama Ha eb30yxa Ha Mpu3eMHuUs
ammocghepeH crol, pa3snonoxeH 8 bnuzocm 0o exodoseme Ha dYemupu brazoycmpoeHu newepu - Cbesa
dyrika, JledeHuka, CHexaHka u Yxnosuuya 3a nepuoda 1968 -2014 2. [JaHHuUmMe ca rnosny4eHu 8 pamMKume Ha
Obri208peMeHeH MUKPOKIUMamu4YeH MOHUMOPUHE Ha newjepume u Kapcmoeume paloHU, 8 Koumo me ca
passumu.

CpedHozol0uwHume 6poll Ha cnbH4Yesume nemHa (SN) u Apmax uHOekcu Ha crbHYesama U
eeomasHUmMHama akmueHocm ca 83emu om HayuoHanHusi uyeHmbp 3a eeogu3uyHu OaHHU 8 boyndep,
CredureHu wamu (National Geophysical Data Centre, Boulder, CO, USA).

YcmaHoeeHo be, ye pasnuyHama rnpodb/KUMENTHOCM Ha C/bHYesUme UUKIU U pasnuyHama Ob/mKuHa
Ha eb3xodsawama U Hu3xoddwama yYacm Ha Kpusama yCrioXHseam orepayusima Mo cbaracysaHe Ha
npodn/mKumenHocmma Ha eOuH UUKbil ¢ Opya. ToyHo nopadu mosa 6e usrnonseaH rnpouedypa no npusexoaHe
Ha omodesiHUME CTbHYe8U UUKIU KbM eOuH cmaHdapm, u3roni3ealiku 3a PperepHU MmoYku 200uHUme Ha
MakcuMyM U MuUHumyMm. Taka npusedeHume KbM eOHa Ob/hKuHa Uuknu b6sixa pasdeneHu Ha 10 ¢hpasosu
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uHmepearna. Bcuuku 0aHHU 6s1xa HOpMUpPaHU 110 Makbe Ha4yuH, Ye 8 xo0a Ha eceku 11 200ulieH CrTbHYe8 UUKDBIT
MakcumanHama rno Modys cmolHocm Ha uscriedeaHama genuquHa be pasHa Ha eOUHUUaA.

Pe3ynmamume om u3crnedsaHusima riokasaxa, 4e cbuUjecmsysa [ofioxXumesiHa Kopesnayusi Mexoy
OMKIIOHeHUsima Ha cpedHo200uWHUMe, NemHuU U eceHHU memrepamypu U cibHYesama akmusHocm (W) npu
3anadHa ¢hasa Ha Kea3zudgyzoduwHume gapuayuu. lNepuodu ¢ usmoyHa hasa Ha Kopenayusma rnpakmu4yecku
omcbcmeam oOm 200UWHOMO CE30HHO pasnpedeneHue Ha memnepamypume. CpedHo200uWHUMe
memnepamypu u npu Yemupume rnewepu O0ocmuzam C8051 MakCUMyM mpu 200UHU cred MakcuMyma Ha
cnbHYegama akmueHocm. [lpe3 3umama u nponemma ce Habrodasam ompuyamesiHu Kopesayuu Mexoy
cmoliHocmume Ha memnepamypume u W.

Introduction

Problem of helioclimatic links is interesting and topical, despite the enormous amount of
articles on their study. The conclusion drawn from these studies showed that if the sun - Earth
interactions exist, they are characterized by a strong regionalism and instability on time. Regional
manifestation of solar - terrestrial relations in climate changes can be explained by the complex nature
of the circulation of air masses in the Earth's atmosphere. Many of these studies show that in some
areas there are positive correlations between indices of solar activity and weather parameters. In other
investigations the correlation is negative and in third — it is absent at all. Moreover, the response of the
meteorological parameters to the change of solar activity varies with seasons and manifests in
different way during odd and even 11-year cycles of solar activity. Phase shifts are detected in most
cases. They are different not only with respect to meteoparameters. They also change during the
transition from cycle to cycle, or from one geographical region to another (Webb, D.F., 2002).

Quasi-biennial oscillations (QBO) are regarded as the prominent feature of many processes in
the Earth's atmosphere. The QBO phase (west or east) is determined by the zonal wind direction in
the equatorial stratosphere. The QBO reversals are not precisely enough determined to specify the
date and the day-to-day noise is smoothed in the monthly averages of wind velocity at specified
pressure heights from 10 to 90 hPa (about 35 to 17 km). Series of works of the group of K. Labitski
have significant contribution to the study of these problems. They show that the response of
atmospheric parameters to solar activity changes (in stratosphere and troposphere) is better
expressed if years with different phases of Quasi-biennial oscillations (QBO) of western and eastern
winds in the equatorial stratosphere existing at levels of 10-40 hPa are separately considered.

The purpose of this work is to investigate the links between variations of surface air
temperature of local areas located near the entrances of four show caves - Saeva dupka, Ledenika,
Snezhanka and Uhlovitsa for the period 1968 — 2014. The data are derived from air temperature
measurements in the ground atmospheric layer made in the frames of detailed micro-climatic
monitoring of the caves and Karst areas, at which they are developed. Mean annual Sunspot Number
and Apmax indices of solar and geomagnetic activity have been taken from the National Geophysical
Data Centre, Boulder, CO.

Data for meteorological parameters of the ground atmospheric layer obtained from
measurements of weather stations located near the entrances of four show caves - Saeva dupka,
Ledenika, Snezhanka and Uhlovitsa for the period 1968 — 2014 are used in the work. They are taken
from meteorological journals of the show caves. Trends related to the overall warming of the territory
of Bulgaria were removed from the initial curves of mean annual and mean seasonal temperature
variations. Variations with a period shorter than the solar cycle and periods for which the temperature
deviations were smoothed by moving average method (with 4 years interval of averaging) were also
excluded. Temperature variations throughout the year and for each season were considered as far as
local climate in warm and cold months differently reacts to variations in solar activity.

Method of research

In order to assess trends in the examined air temperatures, linear regression is
applied.easonal fluctuations of the mean annual air temperature in the ZCT of the caves have been
identified by Fourier analysis, which could be applied as the time series is with equally spaced values.
The same analysis has also been applied for the Sunspot number and Ap indices (representatives of
the solar and geomagnetic activity) for the same period of data available. Seasonal patterns of both
the air temperatures in the ZCT in every cave, and Sunspot number and Ap indices have been
examined via autocorrelograms (Tsekov M., 2002).

In order to uncover the correlations between air ZCT temperatures in the caves and solar and
geomagnetic activity, cross-spectrum analysis has been applied.
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Method of juxtaposition of ages (method commonly used in heliophysics) was used to
determine is there a connection between changes of surface air temperature and solar activity. It
allows separation of the contribution of the investigated events in the ground atmospheric layer
obtained against the background of great random noise and tropospheric temperature variations near
the studied periods of time (Bramberg, S. A., 1973).

It is generally known that the solar cycles have different absolute duration. Also, they have a
different length of the ascending and descending part of the curve, which changes during the transition
from cycle to cycle. All this complicates the comparison of periods from one cycle with the other ones.
That is why the 11 year cycles have been standardized. The Mears of their maxima and minima have
been taken as reference marks. Five solar cycles - from 20™ to 24" — have been considered. The
calculations were made by the method of juxtaposition of ages in two ways:

On the first way, the years of minima of all cycles were brought to one and the same length
and were divided in 10 phase intervals. Some of the longer cycles (for example Cycle Ne20) needed to
be shortened.

On the second way all the minima and maxima have been juxtaposed - the ascending and
descending part of the curve were shortened or extended. The length of 4 phase intervals was
accepted as standard length of the ascending part of the curve and for the descending part of the
curve - 7 phase intervals. All data were normalized in such a way that for every 11 year solar cycle
maximum modulus value of the studied magnitude was accepted for a unit. The data for all five solar
cycles in the period 1968 — 2014 were averaged.

The results obtained in two ways are in good correlation. Further we’ll discuss the results from
the analysis conducted by the second way.

Experimental data

Our investigation includes four show caves in Bulgaria - Ledenika, Saeva dupka, Snezhanka
and Uhlovitsa. Data cover a period of 46 years (1968 — 2013). The caves are situated at different
altitude and geographic latitude. The caves are formed in the limestone nearly 400 000 years ago.

Temperature of the air in the ZCT is daily measured, at noon, by mercury thermometers with
an accuracy of 0.1°C. Monthly and yearly mean values of the air temperatures have been derived from
the averaged everyday data (Stoeva et al., 2006).

Air temperature data outside the caves have been taken from meteorological stations situated
near about the caves: in the towns of Vratsa (Ledenika cave), Lovech (Saeva dupka cave), Peshtera
(Snezhanka cave) and Smolyan (Uhlovitsa cave), National Institute of Meteorology and Hydrology,
Bulgarian Academy of Sciences, Sofia.

Timpanogos Cave National Monument protects three interlinked limestone caverns - Hansen
Cave (elevation 1920m), Middle Cave, and Timpanogos Cave. The caves are relatively new - they
were formed along fractures in the limestone around 200 000 years ago and are still actively changing
— and situated nearly at the same latitude as Bulgarian caves.

The temperatures in Hansen Cave, Middle Cave, and Timpanogos Cave (Carmell Falls and
Lower Passage) have been taken from the Western Regional Climate Centre
(http://mww.nps.gov/tica/RMweb/MonitoringData.html). For the 1991- 2000 period data were collected
every 2 hours by a Campbell Scientific network. The annual average temperatures on the surface, for
the same period of 36 years (1968 — 2003) have been taken from the Timpanogos Cave Station,
UTAH, (elevation 1719 m) (428733).

Mean annual Sunspot Number and Apmax indices have been taken from the National
Geophysical Data Centre, Boulder, CO.

Results and Discussion

= The air ZCT(Zone of constant temperatures) temperature and Sunspot number or Apmax
indices for the period of 46 years, for the caves Saeva dupka, Snezhanka, Ledenika and
Uhlovitsa are simultaneously presented as two dimensional scatterplots.

" The curves are very similar and some of them are mutually shifted. These are plots for
the Uhlovitsa and Snezhanka caves. All the maxima in the temperature coincide or lag the
respective Sunspot or Apmax maxima by a period of 1-3 years.

" t°,cr is rather connected with the first peak in geomagnetic activity, which is associated
with transient solar activity, i.e., coronal mass ejections (CMEs) than with the second one,
which is higher and connected with the recurrent high speed streams from coronal holes.

For increasing the reliability of the results only the courses of the temperature deviations At
were compared for two weather stations, those located in front of the entrances of Snezhanka and
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Uhlovitsa caves, which have a similar nature and are in one and the same climatic region. The
coefficient of correlation between the changes in the mean annual temperatures there, for these
stations is equal to 0.9 (p = 99%).

Reliability coefficient of correlation was determined by the criterion of Student. It is difficult to
find correlation between sunspot number and mean annual temperature fluctuations At at direct
juxtaposition of these variables. Correlation coefficients are small (r Snezhanka = 0.32 r Uhlovitsa =
0,30, p = 95%), correlations are practically not detected.

We can compare altitudes, periodicities in the t°,cr, phase shifts of the temperature and
sunspot time series, and correlation coefficients obtained for the studied caves.

Periodicity in t° Correlation coefficient
Cave Altitude, m : \I(égrls ZCT | Phase shift, Years | at 0.05 level of stat.
sign.
Saeva dupka 320 10 3 r=0.8253
Snezhanka 540 10 1 r=0.7292
Ledenika 1260 10 0 r=0.7172
Uhlovitsa 1480 11 0 r=0.8021

Labitski research group have investigated the correlation between changes in the temperature
of Karst regions and phases of QBO for the period 1964 — 2010. Studies show that if for years with
Western phase of QBO there is a link between At and Sunspot Number and calculated correlation
coefficients are rspezhanka = 0.55 and rypevisa = 0,59 (p = 98%), then for years with Eastern phase
change in the nature of solar-terrestrial relations from cycle to cycle could be observed.

At division of quasi-biennial variations in temperature by phases, separately for each season
of the year, there is a positive correlation - (r symmer = 0.46; I auuumn = 0.52 for the Snezhanka cave and
I summer = 0.41; 1 quumn = O 58 for the Uhlovitsa cave) during the summer and autumn, at 95%
significance in a period with western phase. Correlation is practically not detected for each season
during periods of eastern phase of QBO in temperature. Maxima of the curves of mean annual
temperatures for both weather stations (Snezhanka and Uhlovitsa cave) are shifted against the
maximums of the Sunspot Number with four years. We obtain significant correlation coefficients
moving the curves relative to each other with 2-3 years (see Table 1).
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Table 1. Correlation coefficients R between temperature variations and Sunspot Number, as well as their
level of statistical significance p

Cave Snezhanka Snezhanka Uhlovitsa Uhlovitsa
Season R p R p
Annual 0.34 - 0.42 -
Shifting with 2 years - - 0.92 99%
Shifting with 3 years 0.96 99% 0.86 99%
Winter -0.77 98% 0.31 -
Shifting with 2 years - 98% 0.84 99%
Spring -0.75 98% -0.31 -
Shifting with 3 years - - 0.95 99%
Summer 0.88 99% 0.65 96%
Autumn 0.85 99% 0.95 99%

The most controversial solar-terrestrial links are in the winter. If can be assumed that the
coldest winters correspond to the era of maximum solar activity for the station at Snezhanka cave, for
the Uhlovitsa cave this is not confirmed. It should be noted that the positive correlations between solar
activity and mean winter temperatures have been observed by shifting of the curves for two years. The
guestion of the cause of such differences remains open.

Conclusion

1. In this work we show that there is a positive correlation between the deviations of the mean
annual, summer and autumn temperatures of the Karst regions and solar activity in Western phase of
the Quasi-biennial oscillations (QBO). For years, when Quasi-biennial oscillations (QBO) are with
Eastern phase, correlation is absent in every season.

2. Mean annual air temperatures within the caves Snezhanka and Uhlovitsa located at
different altitudes in the Rhodope Mountains, Bulgaria reach maximum four years after the peak of
solar activity.

3. Surface air temperature around the entrances of both caves varies depending on the
seasons. The results of the analysis made by the method of juxtaposing eras allows to assume that
during solar activity maxima, in the summer and autumn, in the local areas around the caves higest
temperatures are recorded in comparison with solar activity minima.

4. Negative correlations between temperatures and Sunspot Number are registered during the
winter and spring.
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Pe3rome: [oknadbm e noceemeH Ha 65-2o00uwHuHama Ha MexdyHapodHama acmpoHasmu4yecka
edepayusa (MA®) u 55-z00uwHuHama Ha MexdyHapodHama acmpoHasmu4yecka akademuss (MAA) u
npuHocbm Ha 6bri2apcku y4eHU KbM msixHama delHocm. EOuH om msx, akad.Hukona boHes, 6ewe mbpsusim
npedcedamen Ha Bbwbrzapckomo acmpoHasmuyvecko Opyxecmeo (BA/L), ocHosaHo Ha 8 dekemepu 1957 e.
lpedcmaseHu ca npuHocu Ha 6bfi2apCKu yHeHU Mo CbLMHUKO8UME KOMYHUKauuu U ¢hyHOameHmarsHu ebrnpocu
c8bp3aHU ¢ omeniexdaHe Ha pacmeHusi 8 yCrio8usl Ha MUKpoepasumauusi, ompaseHu 6 doknadu Ha MA®.

HISTORY OF MAF AND MAA AND THE BULGARIAN CONTRIBUTION

Alexandar Simeonov, Elissaveta Alexandrova

Bulgarian Astronautical Society
e-mail: bad@space.bas.bg

Keywords: International Astronautical Federation, International Astronautical Academy, satellite
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Abstract: The report is dedicated to the 65th anniversary of the foundation of the International
Astronautical Federation (IAF) and the 55th anniversary of the International Astronautical Academy (IAA) and to
Bulgarian scientists contributed to their activities. One of them, Acad.Nikola Bonev, was the first chairman of the
Bulgarian Astronautical Society (BAS) based on December 8, 1957. Contributions of Bulgarian scientists to IAF
Congresses on space communications and fundamental issues related to growth and development of plants in
microgravity are presented.

UcTopusa Ha cb3aaBaHe U y4aCTHULM

MA®

Mpe3 2015 rognHa ce HaBbpLUBAT 65 roaMHM OT OCHOBaBaHeToO Ha MexayHapogHaTta acTpoHaBTU-
yecka depepaums (MA®) n 55 roguHu OT cb3gaBaHeTO Ha MexayHapogHaTta acTpoHaBTUYeECKa
akagemus (MAA).

Cob3pgaBaHeTo Ha MA® gonpuHacs U3KMKOYMTENHO 3a obeduHsABaHE Ha yCUnMsATa Ha ydeHuTe,
YMATO AEVNHOCT e B obnacTta Ha u3yyaBaHe M U3Non3BaHe Ha KOCMUYECKOTO NPOCTPAHCTBO 3@ MUPHU
uenu, 4Ypes obMeH Ha MHopmauMs 3a NOCTUXKEHUATA UM Ha exerogHuTe koHrpecn Ha MA®, Ha
KOVTO JoKnagsaT CBOMTE NPUHOCKU 1 6 brapcky yYeHu.

AcTpoHaBTU4eckuTe apyxecTtsa oT 9 cTpaHu, ocHoBaBaT MA® Ha MexayHapoaHus KOHrpec no
acTpoHaBTMKa, NpoBeaeH B JloHaoH npes3 centemepu 1951 r. B paHHuTe cu roguHn, Pegepaumata u
roguvWHNTE N KOHrpecu Osixa eguH OT MankoTo opymu, KbAETO y4yeHuTe oT M3Toka u 3anaga
Moxexa fa 3acepasaT cBobogHo. KoHrpecute Ha MA® ctaHaxa OCHOBHM bopymu, Ha kouto Osixa
odmumanHo obsiBABaHU CcbOUTUSA, 3HAKOBM 3a KOCMu4veckaTa enoxa. Ha koHnrpeca Ha MA® npes
1955 r. B KoneHxareH, kakto CbBeTckMs cbto3, Taka n CALL 06sBMxa cBOMTE CMBTHMKOBU Mporpamm
3a npeacrosiwarta MexayHapoaHa reoduanyHa roamHa. Ha koHrpeca npes 1957 r. 6ewe odumumanHo
00siIBEH cTapTa Ha NbpBUAT CMbTHUK Ha 3emaTa ,,CnyTHUK”.
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B otkputaTa atmocdepa Ha koHrpecute Ha MA®, Hay4yHOTO CbLTPYAHMYECTBO B obnactra Ha
KOCMOHaBTMKaTa 3anoysa fa Aasa nnogose. Mucuara ,Anono-Cotos" 6e pbopmynupaHa 3a npbuB MbT
Ha koHrpec Ha MA®. lMopennua ot cpewm Ha koHrpecn Ha MA® cbaernicTBaxa 3a NpoekTa, KOWTO
ctaHa MexayHapogHa KocMmuudecka cTtaHums. CbTpygHUYECTBOTO MEXAY KOCMUYECKU ObpXKasw,
dUPMU 1 YHUBEPCUTETU CTaBa CbBCEM HOPMAanHO WU HayanoTo Ha MHOr0 KOCMUYECKUM MPOEKTU e
nocTaBeHo Ha koHrpecu Ha MA®. deaepaumaTa e cTaHana npean BCUYKO CBETOBHA OpraHm3auus 3a
nscreBaHe M 3aliMTa Ha KOCMUYECKOTO MpOCTpaHCTBO. HemHute Hag 200 4yneHoBe BkIYBaT
BCUYKM BOAELLM areHummn, KOCMUYECKMN KOMNaHuW, Apy>KecTsa, acoumnaumm u UHCTUTYTU OT LAN CBAT.

Bbnrapckata HayyHa oOLLeCTBEHOCT MoXe ga ce ropgee, 4e 13-uaT koHrpec Ha MA® e
nposefeH B rp.BapHa, 23-30.09.1962 r., ¢ yyactne Ha 320 y4yeHn n cneumanuctn ot 40 cTpaHu, Ha
KOWTO npucbwcTBat npegcenatenat Ha MA® npod.Teogop poH KapmaH 1 BTopusi KOCMOHaBT 'epmaH
TutoB. [JBama Obnrapcku akagemuvum ca 6unu BuuenpeaugeHTn Ha MA®. N geamaTta ca 6unu
npegcegaTenu Ha bvnrapckoto acTpoHaBTudecko Apyxectso (BAL). EauHuAT oT Tax, akad.Hukona
Bones, e nbpBuaT npeacepaten Ha BAL (1957-1979 r.), ocHoBaHO Ha 8 gekemBpu 1957 r. kato
cekums ,AcTpoHaBTuka” kbm Cochuiicknsa aepoknyb Ha JOCO. HoBocbagageHaTa cekumsi cTaBa YneH
Ha MA® Ha 9-usa KoHrpec, Ha KOMTO akag. boHeB n3Hacs goknag, NocBeTeH Ha m3crnegBaHudATa Ha
JlynaTta. Akag.Hukona BoHeB e ronsM O6bArapckum yyeH C LUMpOKa MexXOyHapoaHa WM3BECTHOCT U
aBTopuTteT, noseye ot 40 rogvHM e Hadeno Ha Gbnrapckata acTpoHoOMus. ToW HamucBa MbpBUTe
YHMBEPCUTETCKM Y4eOHMUM MO acTPOHOMMUS, TEOPETMYHA acTPOHOMUS M acTpodu3nka, MHOTOKpaTHO
npensgasaHy BnocrneacTeue. ABTOp € Ha 86 HayyHu nybnvkaumm oT obnactTa Ha KOCMOrOHUATa,
chepuyHaTa acTpoHoMUS, BUCLLATa reofesvs U mMaTemaTudeckaTta reorpadus. Bucoko LeHeHu ot
MexayHapogHaTta acTpoHOMMYecka OOLWIHOCT ca u3cregBaHuAta Ha akad. Hukona BoHeB 3a
npousxoaa Ha kpaTepute Ha JlyHaTta u Mapc. [Jecetunetus Hape[ TOW pbKOBOAM YHUBEpPCUTETCKaTa
acTpoHoMu4yeckaTa obcepBatopusi B bopucoBata rpagmnHa B Coumsa U ¢ MHOIO MHMUMATMBA U YCUNS
nsgencTea cb3gaBaHeTo Ha HauwoHanHata acTpoHomudecka obcepartopus - PoxeH B Pogonute,
KOSITO € Ham-ronsimata B KOromnstouHa EBpona. lMpod.Hukona BoHes e n3bpaH 3a BULENPE3AEHT Ha
MA® Ha 12-ua koHrpec Ha MAQ® 3a nepuoga 1961-1963 r. lpes3 usanata cu npodecrmoHanHa
AenHocT, npod.Hukona BoHeB e akTuBEH y4acTHUK B KOHrpecuTe Ha MA®.

Axkag. Aumutbp Muwes, npeacedaten Ha BAL (1997-2003r.) n BuuenpesngeHt Ha MA® (1981-
1983 r.), e n3BecTeH cbC CBOMTE TpyAoBe B obnacTTa Ha mMeToauTe, CUCTEMUTE M anapatuTe 3a
aepoKOCMMYECKN [OMCTaHLMOHHU uM3cneaBaHuMs Ha 3emMsTa, OCHoBaTen W NpbB OUPEKTOP Ha
LlenTpanHa nabGopaTopusdta MO CAbHYEBO-3eMHM Bb3gencTBua kbM BAH (1993 r.). HerosoTto
n3obpeteHne cnekromeTbp ,CnekTbp” paboTn Abnru rognHn Ha 6opaa Ha ,CantoT-6”, ,CantoT-7 n
craHuuata ,MUP*. Tog HeroBo pbKOBOACTBO € pa3paboTeH CrNeKTPOMETPUYHUAT U HaBUraumoHeH
komnnekc ,dperata”, konto pabotu Ha crtaHuuata ,doboc” 3a usyvyasaHe Ha Mapc u HeroBus
cmbTHUK Po6oc. TOM € MHMUMATOP M OpraHM3aTop Ha HAKOMKO ObArapckM KOCMWYHW Mporpamu, B
TOBa 4MCnO MnoreTute Ha pABamata Obnrapckm KocmoHaBTu [eopru MBaHoOB u  AnekcaHabp
AnekcaHapoB, KakTo U HaumoHanHusa npoekT ,bvnrapusa — 1300”.

Opyr n3BecteH Obnrapckn ydyeH Togmop [abpoBcku, eduMH OT YNEHOBETE-OCHOBATENU Ha
MexayHapoOHUA MHCTUTYT NO Bb3AYLWHO MNpaBo, neyenu npusHaHue npenopbyBaitiku npeg MA®
mariop HOpuii MarapuH ga 6bae n3bpaH 3a noyeteH vneH Ha MAA, KoeTo ce npuema OT Npes3uaeHTa
O-p Xanen, konto kaHu Togop MabpoBcku ga npenctasu goknag nped YeTBbpTust KOMOKBUYM MO
KOCMMYECKO NpaBo no Bpeme Ha 12-ust koHrpec Ha MA® Ha Tema ,Kocmunyeckute npaBHu npobnemu
KaTto hakTop 3a CBETOBHWA MUP U MporpecuBHaTa Hayka”. B Tasu nokaHa e nogyepraHo, 4ye no
npenopbka Ha akag.JleoHng Cenos e peweHo 13-uat koHrpec Ha MA® aa ce nposege B bbnrapus.

MAA

MexayHapogHaTta akagemusi no actpoHaBTuka (MAA) e mexayHapoaHa OBLLHOCT OT eKCnepTH,
CTPEMSALWMN Cce [a pasWupsaT npedenute Ha 3aobukanswmsi HUM cBAT. Ta e HenpaBUTENCTBEHA
opraHusauusi, cb3gageHa no naes Ha npod.Teogop doH KapmaH, yunTo ctaTyc e ogobpeH Ha 11-ns
koHrpec Ha MA® B Crtokxonwm (LUBeuus) Ha 16-tm aBryct, 1960 r. Lla6-kBapTupata Ha MAA e B
Mapwxk. M3nbnHuteneH opraH Ha MAA e CbBeTbT Ha HacToAaTenuTe, B KOMTO BNU3aT Npe3naeHTa,
3amecTHUUMTE My M HactoaTenute. MAA paboTu 3a HacbpyaBaHe Ha pPa3BUTMETO Ha KOCMOHaB-
TMKaTa 3a MUPHU Lienu, oueHsiBa NIMYHOCTU, KOUTO Ca Ce OTIIMYUIM B CPOOHU KINOHOBE Ha HaykaTa
UM TexHonorumTe M ocurypsisa nporpamMa, 4Ypes KOHATO 4YrfieHoBeTe W moraT fa gorpuHecaT KbM
MEeXOyHapOoaHWUTE yCcunus 3a Hanpedbka Ha KocMmuyeckata Hayka. Pabortata ce wm3BbpliBa B 4
HanpaBneHus: pyHaaMeHTanHn, MHXeHepHW, BUONOrMYeckn N MeAULMHCKM HayKNU U COLMarnHn Hayku.
MAA pabotn B THACHO cbTpyaHuyecTBO ¢ MexayHapooHaTta defepauuss no acTpoHaBTUKa, C
HaUMOHaNHM W MexXAyHapoaHW KocMuyecku areHumun. O6woto cbbpaHne u CbBETbT Ha
HacToaTenute Ha MAA ce npoBexaaT exerogHo Ha KoHrpecute Ha MA®. ExeroqHo B pamMkuTe Ha
koHrpecute Ha MAA n KOCTIAP opraHuaupa, caMOCTOATENHO UM CbBMECTHO, CUMMO3UYMU, CECUM,
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ceMuHapu, amckycum. OcHoBeH nevaTteH orpaH Ha MAA e HaydyHOTO cnmcaHune Acta Astronautica, B
KoeTo ce nybnukyBaT TpydoBeTe Ha CUMNO3NYMUTE U CeMUHapuTe, KakTo U pesyntatm OT
n3crnenBaHuns Ha n3bpaHn KONEKTUBK U PabOoTHU rpynu.

MbpBuaT npesngeHt Ha MAA e o-p Teogop doH KapmaH, eaHa OT Han-BaxHUTe urypu B
pa3BMTUETO Ha pakeTocTpoeHeTo. [pod Eayapa C. CToyH 3aema nocta o okromspu 2009 r. Cneg
Hero 3a npe3ugeHT Ha MAA e u3bpaH g-p -MagxasaH Hawp, npegcepatenat Ha WHauickaTa
opraHmsaums 3a KOCMUYECKN n3cnenBaHus. Tol € egUHCTBEHUST NHOWEL N MbpPBUST He-aMepukaHel,
konTo ornaesaBa MAA ¢ maHgat go 2015r.

MexayHapogHata akagemusi No acTpoHaBTMKa odmumanHo ocHoBaBa komuTeT 3a SETI
HaykaTa oule B Ha4anoTto Ha 1970. Npe3 gecetuneTusaTa Ton e 6un n3eecteH kato ,SETI komuTeT Ha
MAA”, ,SETI lNocTosiHHaTa rpyna 3a nacnegsaHe Ha MAA” n 3a nocnefeH nbT KaTto ,SETI NocTtosiHeH
komutet Ha MAA”. lNMoHacTosiwem KomuTeTbT paboTu nop pbkoBoacTBoTo Ha MAA Komucus 3a
KocMuyeckuTe usmyeckn Haykn. SETI e akpoHVMM 3a TbpceHe Ha M3BbH3eMeH pa3ym. OcHoBHaTa
Luen e ga ce Hamnpasu Mperneq Ha BCUMYKM acnekTu Ha eBeHTyaneH Obaely KOHTaKT C M3BBbH3EMHU
uMBMNM3aLmMn, CbC CneumnanHo BHMUMaHME KbM MEXAYHApOAHW BBNPOCU U AeNHOCTU. Te3n acnektu
BKMOYBAT TEXHUYECKU YCUMUSI 3@ HaMMpaHe Ha [oKasaTericTBa 3a WU3BbH3EMEH pasyM, KakTo M
coumanHuTe nocrneauum OT TakoBa OTKpuTMe. B gonbrHeHue, Tasu rpyna HacbpyaBa UHTEpeca u
€BEHTYanHoOTO y4yacTve Ha ydeHuumTe B Ta3u paboTa, Han-Beve upe3 obpasoBaTeriHU MHULMATUBM,
WHTEPHET, KaKTO U cpeAcTBaTa 3a MacoBO OCBEAOMSIBaHE.

Ot 1960 r. MAA cbbupa Han-godpuTe UCTOPULM U KOCMUYECKN EKCMEepPTU, KOUTO NpaBsT Tasu
opraHu3aums BaxHa MexayHapogHa UHCTUTYLUS 3a cbbupaHe Ha MeMoapwu 1 reHepupaHe Ha Xunsam
peueH3npaHn OT cneuuanncTu ctaTum 3a UCTOPUYECKN MOCTMXKEHUA B KOCMUYECKUTE OENHOCTWU.
MAA ce rpmxu fa CbXpaHu 3a NOKoneHusTa naMeTTa 3a KI4oBUTE MNOCTUXEHUS B YCBOSIBAHETO Ha
kocmoca. Mo cnyvan 50-rogmwHuHata Ha MAA e usgageH TepMUHOMOIMYEH peyvHuK, CbhabpXaly
noseye oT 2600 TepmmHa B obracTTta Ha KOCMOHaBTMKaTa, usgageH Ha 20 e3uka, 3a nonssaHe OT
cneumanucTy B pasnuyHmTe obractu, CBbp3aHu C M3y4yaBaHe M YCBOsIBaHE Ha KOCMoOca.

MexpgyHapooHaTa akagemus Mo acTpoHaBTMKa opraHusvpa Bcska roguHa: oT 15 go 20
CaMOCTOATENHU KOHPEPEHLMN 1 CUMMMO3uyMu; oT 12 0o 14 cMMno3nMyMu, UHTErpMpaHn B nporpamara
Ha MexagyHapoaHMA KOHTpPec MO acTPOHaBTMKA; - HSKOMIKO CUMMMO3UMyMW, MHTerpypaHm B OOWoOTO
cbbpaHue Ha COSPAR; ot 5 go 10 pernoHanum cpewm Ha MAA; oT 2 go 5 akageMnyHu OHu B
NapTHLOPCTBO C HALMOHAMNHUTE akageMun Ha HayKUTe UM TEXHUYECKU UHCTUTYTMW.

Bbnrapcko yyactue B KoHrpecu Ha MA®

BwnrapckoTo yyactue B koHrpecute Ha MA® B roguHUTE Ha eHTycnasma u Bce Nno-HapacTBalms
NHTEPEeC KbM KOCMUYECKUTE Haykn e BMno akTMBHO M MNON30TBOPHO, KakTo 3a 6brrapckaTa, Taka U 3a
MexayHapoaHaTa HaydyHa obLecTBEHOCT. HEBB3MOXHO € Aa ce onuLle ToBa y4YacTue uadepnaTesnHo.
[onama 4vact oT aBTopuTe ca uneHoBe Ha Bbbnrapckoto acTpoHaBTMYECKO OPYKeCTBO. Taka oT
npeactaBeHnTe Ha 13-us koHrpec Ha MA® BbB BapHa npe3 1962 r. 9 goknaga B cecusi ,HebecHa
MexaHuka” 4 ca usHeceHn oT Obrrapcku ydyeHu: npodp.Hukona BboHeB, npod.Bnagummp Xpucros,
npod.Kupun Monos, npod.NeaH LleHoB. lNMpe3 1964 r. nsgartencrteo Springer-Verlag nsgaesa B 2
NIYKCO3HW TOMa [[OoKnaauTe, CbaBToOp Ha npefgroesopa e npod. Hukona Bones. [oknagute ca B 8
pasgena, eauHuaT oT KouTto e ,KoMyHMKaumMoHHW cnbTHUumM”. OT 36-ua oo 41-us koHrpecun Ha MA®
npobrnemuTe Ha CMbTHUKOBUTE KOMyHUKaumK Wwe 6bae egHa ot 6bnrapckute Temu. B Tabnuua 1 ca
npeacrtaBeHn goknagute u asTopuTe. [peactaBeHuaT goknag Ha 40-ma koHrpec e u3bpaH u
nybnukyeaH B cnucaHue ,Acta Astronautica”, 1991, Vol.25, Ni.8/9, p.579-586.

3abenexutenHn ca ydactmsita Ha ObnArapcku yyeHu BbB (hopymMute Mo KOCMMUYECKO MpaBo.
OcBeH Togop Mabposcku, npod.Mapko MapkoB nsHacst Bneytnsasaly Aoknag Ha XV-us KONOoKBUYM Mo
KOCMMYECKO NpaBo Mo BpeMe Ha 25-usi koHrpec Ha MA® B AmcTtepaam.

He moxe ga He ce nocovat goknaante Ha npod.Knpmun Cepadumos v npod. Jumntbp Muwwes
Ha koHrpecun Ha MA®, ocobeHo, goknagbT Ha 26-usa koHrpec Ha MA® B JlncaboH, nsHeceH oOT
npod.CepacdumoB Ha Tema ,EkonornyHm rpaHnum Ha eHepreTnkata n Kocmoca”, nsrotseH 3a 15 yaca
OT gBamaTa. Ha cblmsa KOHrpec Te M3HacAT ouwe no eavH goknag: ,EHeprunHuTe pesepBu Ha
BMcokaTta atmocdepa’ un ,JnctaHunMoHHO onpedensiHe Ha CnekTpanHuTe KoeUUUEHTU Ha PasnnyHm
npupodHu obpasyBaHus”. Ha 32-ua koHrpec Ha MA® B Pum akag.K.CepadwmmoB u [lbpBuat
6bnrapckn KocmoHaBT ['eopru MIBaHOB M3HacAT CbBMECTEH AOKNa4 3a 3Ha4YeHMeTo Ha MPUCHCTBUETO
Ha yoBeka B Kocmoca. Ha 36-us koHrpec Ha MA® B Mapwx npod.AnekcaHabp CumMeoHOB nNpeacTaBs
nybnukaumusi 3a NpMHOCUTE B CaMONETOCTPOEHETO Ha MbpBus HGbnrapcku aBMOKOHCTpykTOop CoTup
UepkesoB (¢ur.1): TpeToTo Konemno, TpubenpeHnss KONMEeCcHUK, M3MNon3BaH B KOHCTPYMPAHUSA OT HEro
camoreT, KOeTo CTaBa NpakTuKa B CaMONeTOCTPOEHETO M NPOEKTUPaHOTO OT Hero YCTPOWCTBO 3a
crnacsiBaHe Ha ekunaxxa npu aBapuinHM cUTyauun, KOETO HE € yCMAn fa peanuavpa, HO C onucaHara
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OT HEro KOHCTPYKLMS, TOM Ha MpakTUKa MOCTaBs Ha4yarioTo Ha Bb3MOXHOCTTA 3a KaranyrnTupaHe Ha
neTtaTtenHus CbCTas.

B cepus ot goknagu Ha koHrpecu Ha MA® ca npeacTaBeHu pe3ynTtatu OT eKCTePUMEHTH, NPo-
BeJeHu B KocMmunyecka opanxepus ,CBET” Ha OpbuTtanHa ctaHums ,MUP”, konto nsacHseart peguua
dyHAaMeHTanHu BbMNPOCK, CBbP3aHn C pacTexa 1 pa3BUTUETO Ha pacTeHUATa B MUKpOrpaBuTaLung.

dur. 1. Ooknag Ha 36-usi kKoHrpec Ha MA® 3a nbpeust Gbnrapcki aBuokoHCTpykTyp Cotup Yepkesos

OCHOBHUMAT pe3ynTaT € YCTaHOBSABaHETO, Ye HAMa MPUHLMMHM NPeYKn 3a pa3BUTUETO Ha pacTeHudaTa
B MMKpOrpaBuTauus Mpu MOAXOAAWO npoekTupaHo obopyaBaHe W OGuotexHonormv. HayuyHo-
nscriegoBartenckara pabota, nposegeHa ¢ nomowTa Ha KO «CBET», gonpuHece U3KIOYMTENTHO
MHOro 3a [JoKasBaHe Ha Bb3MOXHOCTTa Aa Ce OTrnexaaT pacTeHus, KakTo 3a XpaHa, Taka u 3a
npeyncTeaHe Ha Bb3ayxa B 6baeLuy GUONOrMYHN CUCTEMU 3a OCUTYpsiIBaHE Ha >XMBOTA Ha eKkunaxuTe
npy AbArFOCPOYHU KOCMUYECKM MUCUKM, MbpBOHayanHo ao Mapc. B Tabnumua 2 e npeacraseHa
nHpopmaums 3a koHrpecute Ha MA®, Ha KouTO ca goknagsaHu pesynTatute OT Ha3eMHUTE U
KOCMUYECKM Hay4YHW uU3CneaBaHuMs MpoBedeHU C MnomoliTa Ha paspaboreHute 3 MNOKOMeHus
komnnekcn anapaTtypa Ha KO ,CBET”, Hakoum oT kouto ca nybnukyBaHu B cnucaHue ,Acta
Astronautica” [5-7]. YyactTmeto Ha Obnrapckute ydeHM B KkoOHrpecu Ha MAD® ponpuHece
U3KITKOYMTENHO MHOMO 3a Pa3npoCTpaHeHUe Ha HaydYHUTEe UM MOCTWDKEHWUS cpef CBEeTOBHaTa Hay4Ha
OOLIHOCT U OCbLUECTBABAHE Ha BaXXHW KOHTAKTM 3a MNinaHvpaHe Ha ObAeliy MpOeKTM C BbHLUHO
duHaHcupaHe (Hanpumep, MHOroOroAMWHOTO cbTpyaHuMdecTBo ¢ HACA 3ano4vHa npe3 1992 r. BbB
BaluMHITOR).

3aknro4yeHune

CrnaBHa e uctopusiTa Ha Obnrapckata KocMumyecka Hayka. bbrnrapckute ydenu npoabimkaBaTt
uscreaBaHusTa CM B paMKWTe Ha €BPOMEncKM KocMudecku nporpamu. OTbensisBaTt ce CbLo Taka
3Ha4YMMKM MOCTWXKEeHUA KakTo npeau 20 u noBeye rogmHu. Ho, Beve HMKOM He ydYacTBa B KOHrpecute Ha
MA®. BbnrapckoTo acTpOHaBTUYECKO APYKECTBO OTAAaBHA He € yreH Ha MA®, 3au0To He MoXe aa cn
nrawia 4reHckuss BHoc. Ho, ¢ ycnexu moxem fa ce noxeBanmum. Taka, Hanpumep, B obnactta Ha
KOCMMYecKuUTe CbOoOLLEHMS 3a MbPBU NMbT B UCTOpUATA Ha MexayHapoaHUst Cblo3 No JanekocbobLLeHus
cbec 193 cTpaHu-YneHkn, GbArapcku cneumanucTy 3a nepvog ot 3 roavHM 3awmuTixa HoBa npenopbka
(Rec.ITU-R BO.2063-0), nameHeHve Ha npenopbka (Rec. ITU-R S.1717-1) u HOB m3cnegoBaTerncku
BBMNPOC 3a cneasalma 4-roguien nepuog (Question ITU-R 293/4).

Nurepatypa:

1. Mwuuwes, [., KocmuyecknTe nscneasanus B bwnrapus, Xopa, daktn n gokymeHTn, Cocus, 2004 r.

2. CwnwmeoHoB, A., E. AnekcaHgpoBa, H. [dankoBa, [. ®ununos, 50 rogmHun Bbnrapcko acTpoHaBTUYECKO
apyxectBo, SENS 2007, 27-29.06.2007 r., BapHa, cn.”KypHanuct”.

3. AnekcaHgpoBa, E., Bbnrapcko acTpoHaBTUYeCKO ApyxecTBo — 55 rognHu genHoct, SES 2012, 04-06.2012 r.,
Codmsa, PKALL.

4. WeaHoBa, T., 25 roamHn Mpoekt Kocmunuecka opanxepus CBET, Proccedings of the Fifth Scientific Conference
with International Participation SENS 2009 (ISSN 1313-3888), 2-4 November, Sofia, 59-65, 2009.

5. lvanova, T., Yu. A. Berkovich, A. L. Mashinskiy, G. I. Meleshko. The First "Space" Vegetables have been Grown in
the "SVET" Greenhouse Using Controlled Environmental Conditions. Acta Astronautica (ISSN 0094-5765),
Vol. 29, 8, 1993, 639-644.
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6. Ivanova, T., P. T. Kostov, S. M. Sapunova, |I. W. Dandolov, F. B. Salisbury, G. E. Bingham, V. N. Sytchov,
M. A. Levinskikh, I. G. Podolski, D. B. Bubenheim, G. Jahns. Six-Month Space Greenhouse Experiments - a
Step to Creation of Future Biological Life Support Systems. Acta Astronautica (ISSN 0094-5765), Vol. 42, Nos.
1-8, 1998, 11-23.

7. Kostov, P., T. lvanova, |. Dandolov, S. Sapunova, . llieva. Adaptive Environmental Control for Optimal
Results during Plant Microgravity Experiments. Acta Astronautica (ISSN 0094-5765), Vol. 51, 1-9, 2002,
213-220.

8. WHTepHeT cTpaHuum.

Tabnuua 1. Joknaam B o6nactra Ha KOCMUYECKUTE CbOOLLEHNS, UBHECEHU HA KOHrpecu Ha MA®

36-TK KOHrpec Ha
MA®, 1985r.,
CTOKXOMNM,
LLIBeums

b.banabaHos,
E.AnekcaHgpoBa,
M.BenkoB

,YCNoBMsi  3a Ccb3gaBaHe Ha
KBa3WakTMBHa obpaTHa Bpb3ka B
pa3npoCTPaHEHNETO OT CMbTHUK
Ha obpasoBaTtenHu nporpamu”

TexHN4YecKM M MKOHOMWUYECKM acnekTu Ha

ONCTaHUMOHHOTO 06yquV|e 4pes
n3non3esaHe Ha cuctemmTe 3a CNbTHUKOBO
Tenesn3noHHO n paguopasnpbCKBaHe.
EKcnepwmeHTanHa NOoCTaHOBKa n

napaMeTpM Ha curHana npe3 kaHana 3a
3BYKOBWSI CbMPOBOA,

37-MU KOHrpec Ha
MA®, 1986 r.,
MHCOpykK,
ABcTpus

b.banabaHos,
E.AnekcaHapoBa,
M.Benkos

,Cucrtemu 3a obpasoBarenHu
nporpamu ¢ yBenuyeHa
MKOHOMUMYecKa edhekTMBHOCT”

Bb3moxHOCTV 3a HamansBaHe ¢ Hapg 25%
pasxogute 3a CMbTHUKOBUSI CErMEHT C
M3MNomn3BaHe Ha MHOrOMTbYEBN aHTEHU U
noaxodsLy, YyectoteH obxear. AHanuanm Ha
BMMSIHUETO Ha cpepaTta 3a
pasnpocTtpaHeHune B obxearta 11-12 Xy 3a
EBpona wu wusnbyeHata EWWM BBbpxy
pasxoguTe.

38-MU KOHrpec Ha
MA®, 1987 r.,
BpanToH,
Ob6egnHeHoTO
KpancTeo

b.banabaHos,
E.AnekcaHapoBa,
M.BenkoB

JJloB/WaBaHe Ha eqEKTUBHOTO
M3Mon3BaHe Ha reocTauMoHap-
HaTa opbuTa 4pe3 HenpekbcHaT
KOHTpOn Ha 30HaTa Ha
obcnyxBaHe OT CnbTHULMTE”

OCHOBHU MpoGrieMn Ha W3rpaxxaaHeTo U
pabotaTta Ha cucTema 3a HenpekbCcHaT
KOHTpPON Ha 30HaTa Ha obcnyxsaHe OT
cnbTHUK.  [peanoxeH e anroputbMm 3a
n3mepBaHe " onpeaensHe Ha
nsmectBaHeTo. lNocoyeHn ca kputepun 3a
M3MeCcTBaHeTO M Bb3MOXHOCTM  3a
KanubpoBka Ha n3mepBaTesiH1Te CTaHLUN.

39-Tu KoHrpec Ha
MA®, 1988 r.,
BaHranope,
Nuounsa

b.banabaHos,
E.AnekcaHgpoBa,
K.Cepadummos

+,MHorodyHkunoHanHa cuctema
3a CMbTHMKOBO
pagvopasnpbckBaHe”

PaswupsBaHe Ha ycrnyrute B CMbTHUKOBU
pagunopasnpbCKBaTenHy  CUCTEMU  Ype3
NpeHoc Ha UMgpoBa MHGOpMAaLMS Mexay
Manku 3emHu cTaHuuu. [peanoxexve 3a
KOHGUrypauus " anropuTbm 3a
ynpaeneHue Ha  MHOrOMYyHKUMOHanHa
CNbTHUKOBA cuCTeMa C aHanu3 Ha
eHepretTykata UM efeKTpomarHuTHaTa
cbBMecCTMMOCT. PesyntaTtu ¢ nabopartopeH
mogen.

40-pu KOHrpec Ha
MA®, 1989 .,
Manara, VicnaHus

E.AnekcaHapoBa,
B. Bayep,
b.banabaHos, u
Aap.

LPasnpegenexHve Ha 3aTUXBaHETO
B AbX[ N0 HAKIMOHEHO Tpace Ha
yectotn Hag 10 MXy: Kopenauus
MeXay HsIKoM MoJenu 3a pasnpo-
CTpaHeHue n pesyntaTute ot
ObN-TOCPOYHU U3MEpPBaHUSI B
pamkuTe Ha nporpama
LMHTepkocmoc™

CpaBHWTENeH aHanu3 Ha npunoXmMmocTTa
Ha 14 wmopgena 3a nMpoOrHosvMpaHe Ha
3aTUXBAHETO Ha PaAMOBBIHUTE B AbXA NO
CMbTHUKOBM TpaceTa C eKCrnepu- MeHTarnHo
nofly4eHn CTaTUCTUYECKN pasnpeaeneHns
W npunaraHe Ha W3BeAEHWTE 3aBUCUMOCTM
3a NpOCTpaHCTBEHa  Kopenauus  Ha
3aTUXBAHETO MO 3eMHO W CMbTHWUKOBO
Tpace. KombuHaumsta € 4ecToTHa
Kopernaums gaBa BUCOKOe(eKTMBEH MeTon
3a npefBapuTenHa oueHka Ha 3aTuXBaHeTo
B AbXA NO CMbTHUKOBK TpaceTa, ocobeHo
Bb BMCOKOYECTOTHUTE 06XBaTK.

41-BY KOHrpec Ha
MA®, 1990 r.,

OpesneH,
epmaHus

Bb.BanabaHos,
E.AnekcaHgpoBa,
M.Benkos

JMHdbopmaumoHeH  obmeH  3a
LuennTe Ha KOHTpona Ha 3oHaTa
Ha noKpuTME OT CMbTHUKOBA
paavo-pasnpbekBaTernHa cuctema

PesynTtaTtn ot paspaboTkaTa Ha
nHdopmaumoHHa cuctema B HUMC-Codusa
3a npejaBaHe Ha WHdopmauusi  oT
n3mMepBaHe Ha M3MECTBAHETO Ha 30HaTa Ha
MOKPUTUE OT CMBbTHWUKOB B CMbTHWKOBa TB
cucTema Ha reoctaumoHapHa opbuta upes
peTpaHcnaTop B neHTtata Ha TB curHan.
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Tabnuvua 2. Joknagm B o6nactta Ha kocMuyeckaTta 6uonorust no npoekt KO « CBET», usHeceHu Ha KoHrpecu

Ha MA®
37-mu KoHrpec Ha | T.VMBaHOBa, JMepcnektven 3a wusnon- | MNpeasaputened ekcriepument  «CyBetpaTt»  Ha
MA®, 1986 ., M.Kocrtos 3BaHe Ha Bucwure pac- | 6opaa Ha OC Cantot-7 3a u3cneABaHe Ha
NHCBpyK, TEHUS B  EKCMEpUMEeHT | XpaHuTenHata cpefa u cuctemute 3a ynpasneHve
ABcTpus ,CybcTpat” no Bpeme Ha | Ha BraxHocTTa. WscrmeasaHu ca 4  pasnnyHu
KocMuyecku nonet” dpakumMoHHN cbCTaBa Ha cybcTparta “bankaHuH” —
M3KyCTBEHA MOYBa Ha 3e0NUTHa OCHOBa, oboraTeHa
no creuvanHa Obnrapcka  TexHonorms  C
HeobGXoAMMUTE 3@  pacTeHusTa  XpaHWUTesHu
BeLLeCTBa U MUHeEparnHu Conu.
42-pu koHrpec Ha | T./BaHoBa, JbpBUTE  KOoCcMuyeckn” | MMbPBUAT — AbArocpoveH €KCNneprMeHT  CbC
MA®, 1991 r,, 10.bepkoBuy, 3eneHuYyLmn, OTIMedaHn B | 3€MeHYyun (penuykn M KWTalcko 3ene) Kato
MoHpearn, A.MawumHckmn, opaHxepusta ,CBET” c | BUTamuHO3Ha [goGaBka KbM  MOpuMOHa  Ha
KaHapa I.Menewko nomolLTa Ha KoHTponupa- | kocMoHasTUTe A.BanaHguH u A.ConosboB npes
HM ycroBust Ha okonHata | 1990 r. 3a npbB NMbT € MoMyyYeH KopeHonnog
cpena” (penuuka) B ycrnoBusi Ha KOCMUYECKU MoseT.
;\lllexw I%-érgec Ha8 | T MeaHoBa _BUOTEXHOMOTMYHM Pa3spaboTka Ha HOBM TEXHWYECKM CUCTEMU K
BaUJI;IHFFOH,r-’ cuctemm Ha ,CBET” 3a | OuMoTexHomormm 3a MpeuusHo u3MepBaHe Ha
CALL, npoeeaeH ynpaBreHue napameTpute | NapameTpuTe Ha OkornHaTa cpeda B nucTHaTa w
CbBMECTHO C Ha oKonHaTa cpefga 3a | KOpeHoBaTa 30Ha Ha pacTeHusTa U aBTOMaTUYHOTO
KOCTIIAP no oTrNexgaHe Ha BuMClM | UM yMpaBrneHne B HeobxogumuTe rpaHuum C
cnyyan 500- pacTeHuss B YCMoBWsi Ha | MOMowiTa Ha GopAaoBa MUKPOKOMMIOTBPHA crucTeMa.
roauiiHrnaTa ot GeaTernosHoCT”
OTKPUBaHETO Ha
Amepuka, T.H.
“World Congress”
46-Tv koHrpec Ha | T./BaHoBa, JlogHoesBaHe Ha 6uo- | Paspabotka Ha HoBo nokoneHne KO CBET-2 ¢
MA®, 1995 ., M.Kocros, TEXHOMOIMYHUTE eKcriepu- | ONTUMMU3MPaHM modynu, B cbctaBa Ha OC MUP
Ocro, Hopeernss | C.CanyHoBa MeHTU B opaHxepusita Ha | Npe3 1996 r., pabotuna 6e30TkasHO A0 Kpas Ha
6opaa Ha KocMmuyeckusi | eKCrioaTauusTa Ha ctaHumsTa npes 2000 r.
komnnekc MUP”
48-mu KoHrpec Ha | T./BaHoBa, JenHoctn  Ha  3emsTta, | HasemHu n3cneasaHus, CBbp3aHu c
MA®, 1997 r., M.KocTos, CBbp3aHN ¢ rnofobpsisaHe | ONTUMU3MPAHETO Ha KopeHoBus mogdyn Ha KO
TopwuHo, Utanua | C.CanyHosa, Ha  KoHTpona  Bbpxy | ~CBET" KOHdUrypauusTa, noabopa Ha
W.Jangonos oBnaxHsaBaHe Ha nouysaTa | (PPaKUMOHEH CbCTaB Ha cybcTpaTta ocurypssally
B KOCMUYECKUTE €eKcnepu- HeobxoanMoTOo XxvopatumpaHe n aepupaHe,
meHTn B KO ,CBET” npeuusmMpaHe Ha nporpamute 3a yrnpasneHue Ha
Bnarata.
51-Bu koHrpec Ha | T.MeaHoBa, JPesyntatu oT mukpo- | O6o6LIeHn 1 aHanusupaHu ca pesynrtatute OT
MA®, 2000 ., M.KocToB, rPaBUTALMOHHM eKcrepu- | BCUYKM  eKCNepuMeHTM C  pasnu4yHn  BUOOBE
Puo e WM.Jannonos, MeHTM B Kocmuuyeckata | pacTteHusi, npoeaeHn B KO CBET n KO CBET-2 Ha
YeHeiipo, C.CanyHoBa opaHxepua ,CBET” wna | OC MUP B nepuoga 1990-2000 r., gokassaiuu, ye
Bpasunus 6opoa Ha Op6buTanHata | pacTeHusTa mMoraT Aa ce passuBaT HOPMarHo B
crtaHuust MUP” ycnoBus Ha 6e3TernoBHOCT.
52-BM KOHIPEC Ha 'Iltl-ﬁggL%BB’a ,AjantuBHo ynpaenenue | PaspaboTeHa e HoBa KOHLENUMSt 3a a4anTuBHO
MA®, 2001 r., l/I' ,EI,aH):LondB Ha okonHaTa cpefa 3a | yNpaBneHue Ha okonHaTta cpefa, npu Kosito ce
Tynysa, ®panums C:CanyHOBa,’ OnNTUManHu pesynTaty | U3MepBaT OCBEH KIMMaTUYHUTE W (DUMOSIOTMYHUATE
N.UnvneBa npu ekcnepumeHTute c | NapaMeTpu Ha pacTeHusTa n B 3aBUCMMOCT OT
pacTeHusi MpoBeXgaHn B | »30PaBOCMIOBHOTO" WM CbCTOSHUE CE MPOMEHSAT
MVKporpasuTaums” yCrioB/siTa Ha OTIMeXJaHe 3a noryyaBaHe Ha no-
nobpu pesyntaTtu.
53-Tn koHrpec Ha | T.MBeaHoBa, JKocMmuueckute O60o6uieHn ca pesyntatute oT HauuoHanHute
MA®, 2002 r., W.dangonos, uscnensaHus B Bbnrapus: | KOCMUYecku nporpamv Ha Bbrrapus: no speme Ha
XioctbH, CALL C.CumeoHoB, MocTwxeHns B KkocMmu- | MbpBUA 1 BTOpUs KocmoHasT, NK-B-1300, kakto n
C.CanyHoBa yeckute ouonorusa nm | oT u3cnegBaHusiTa c Obnrapcka anapaTtypa B
MeamumHa’ obnactta Ha Ouonormata (KO CBET) wu
MeauumHata (Hespona6) Ha 6opaa Ha MUP.
57-mu koHrpec Ha | [1.KocTos, ,Hazemun PaspaboTeHu ca HazeMHV nabopaTopHU yCTaHOBKM
MA®, 2006 r., T.MBaHoBa, BepucMKaLMOHHN TecToBe | 3@ U3CreABaHe Ha BrlaroeMkocTta M 06eMHOTO
BaneHcus, C.CanyHosa, u anapatypa 3a nogGop | PasnpefeneHue Ha BoAaTa npu pasnmuHn pakumm
WcnaHus WN.Wnuesa n ap. | Ha cpepaTta B kopeHoeaTa | Ha cybGcTpaTta, KakTo U KbIHAEMOCTTa Ha cemeHaTta

30Ha 3a KynTMBMpaHe Ha
BUCLLMN pacTeHus B
Kocmoca”

MpU pasnmyHy BUCOYMHU U BIAXKHOCT Ha KOPEHOBUS
mMoayn Ha KO CBET-3.

60-TK KOHrpec Ha
MA®, 2009 r.,
LewnxoH, KOxHa
Kopes

M.HaitneHos,
T.UBaHoBa,
M.Oangonos,
N.Nnnesa

+MOHWTOPUHI 1 ynpasne-
HWe Ha oKonHaTa cpefa B
nuctHata 3oHa Ha Koc-
MuyeckaTa opaHxepusi
CBET”

PaspaboteHn ca HOBa CeH30OpHa cucTtema 3a
n3MepBaHe Ha paswupeH Opon napameTpu Ha
Bb3ayLUHaTa cpefa, HoBa cuctema 3a cbbupaHe Ha
OaHHUTE U yNpaBlEHWeTO WM, KakTo W HOBO
cBerogmogHo ocBeTneHne 3a KO CBET-3;
NpoBefEeHN ca TECTOBE C pacTeHus!.
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Pe3rome: B cmambe npeacmaeneHa 3IeKMpPOHHas annapamypa ons r1poO8epKU u3rioMa X80CImoeoeco
earsa, uamepeHus bueHus1 xeocmoeoeo sana u usmMepeHus 60K08020 3a3opa e wiiuyesbix wapHupax emecmo
wmamHbIX MeXxaHU4YecCKux I'I,DUCI'IOCO6J'IeHUL7. OnucaHa 3/IeKMpPOHHasA cucmema, 8 KOanpOlj ucrionib3yemecs
eMKOCmHoU npuHyun usMepeHus napamempos mpaHcMuccuu eepmoriema.

ELECTRONIC EQUIPMENT FOR CHECKING TRANSMISSION PARAMETERS
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Key words: electronic equipment, helicopter’'s transmission.

Abstract: The article presents the electronic equipment to test the fracture of the tail shaft, measuring
run-out of the tail shaft and measuring backlash in hinges instead of standard mechanical devices. It is described
an electronic system that uses a capacitive principle for measurement transmission parameters of helicopters.

BBeneHune

lMpoBepky napameTpoB XBOCTOBOrO Bara TpaHcmuccumn Beptoneta Tuna MN-8/17 nposogar
COrMacHO PYKOBOACTBY MO TexHudeckonm akcnnyataumm [1]. OgHako 3T NpoBEpKM AOCTaTOYHO
TPyQOEMKME M 3aHMMaloT MHOro BpeMeHu. Llenbio gaHHowm paboThbl ABMIOCH CO34aHME 3IEKTPOHHON
annapaTtypbl O MPOBEPKM MapamMeTpoB XBOCTOBOrO Bana TpaHCMUCCWUM BepToreTa, KoTtopas
nossonuna Obl yCTpaHWTb yKa3aHHble HEeOOCTaTKM U MOBLICUTb TOYHOCTb M3MepeHui. [Npuyem B
OCHOBE MpPVHUMAaEMbIX peLeHNA NEeXUT MNPUHLMN  MaKCMMaribHOMO MCMONb30BaHUSA  LUTATHbIX
npucnocobneHnin Mo  KPEMMEeHU0 U3MepPUTENbHBIX NPUOOPOB, a 3amMeHe MOANEXUT 4YacoBOW
WHOWKATOP Ha 9MeKTPOHHbIM 60K, WHgOopMaumMs C KOTOPOro nepefaetrcsd Ha MepcOoHarbHbIN
KOMMbIOTEP MO paguokaHany.

I'IpOBepKa napameTpoB TpaHCMUCCUM BepTOoINeTa 3neKTp0|-||-|0|71 annapaTypoﬁ

M3rotoBneH MmakeT 3MeKTPOHHOW annapaTtypbl ONS MPOBEPKM NapamMeTpoB TpPaHCMUCCUU
BepToneta. [lpoBedeHa a3KcnepuMeHTanbHasd nNpoBepka MakeTa annapaTypbl Ans ONTUYECKOro
namepeHuns koHyca nonacten HB Beptoneta MW-17 B ¢. MapkynewTtsl, Mongosa. Mcnonb3oBancs

113


mailto:gsotirov@space.bas.bg
mailto:gsotirov@space.bas.bg

Beptonet MW-17 peMoHT, KoToporo Obin npoBegeH B . [noeaws, Bonrapus npegnpustuem
ABNOHAMC A[l. Ha puc. 1 u puc.2 nokasaHbl hOTO YCTAHOBIIEHHbIX MAKETOB 3J1EKTPOHHLIX O/I0KOB
Ons npoBepok OveHus u mM3nomMa BanoB TpaHCMuUcCuW. [ns KpenneHus 3SnekTpoHHoro 6noka

MCMOoJ1b30BaHbI LUTATHbIE I'IpVICI'IOCO6J'IeHVI9|

Puc. 1. ®oTo YcTaHOBKM MakeTa ANEKTPOHHOIro 6noka ans NnpoBepKu GueHuii Banos TpaHCMUCCUn

Puc. 2. ®oTo YcTaHOBKM MaKeTa 3reKTPOHHOro 6rioka Ansi NPOBEPKX U3riomMa BasnioB TPAHCMUCCUK
Ha BepTonete MA-17

BHeLHWiA BUA, 3N1eKTPOHHOro 6r10Ka Ansi NPOBEPKM U3foMa BasrioB TpaHCMUCCUM 6e3 KpbILWKK

nokasaH Ha puc. 3.

Puc. 3. BHelHWI BUA 9NEKTPOHHOrO Orioka Ans MpoBEPKM M3NTOMa BanoB TPAaHCMUCCUM Be3 KPbILLKK
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[lns npoBegeHns ncnbiTaHUn NOAroTOBIEHO paboyee mecTto (cM. Puc.4 ), BkrovatoLee:
— Banbl TpaHcmucuu.

— [pucnocobneHue ang yctaHoBKu 6e€CnpoBOAHOrO MKOCTHOMO AaTyuka.
— Apantep Bluetooth, nogkntoYeHHbIN K NepCOHaNbLHOMY KOMMbIOTEPY
— KowmnbtoTep ¢ nporpammori «M3nom Bana TpaHCMUCCUNY.

Banebl BecnposogHon \\
TpaHcMuccun EmMkocTHOM
BepToneTa Jatumk

T

MporpammMHbIN \\
komnnekc Ha MK ‘

Puc. 4

3akno4eHue

B npouecce ucnbitTaHui 66N BbINMOJTHEHO:

1. TappupoBka (kannbpoBka) 6ecnpoBOOHOMO E€MKOCTHOIO AaTyMka B COOTBETCTBUM C
Moaynem nporpammbl  «KanubpoBka». BbiCTaBneHwe 3a3opa oOCyLleCcTBRsAnacb npu MOMOLLM
CTPENoYHOro MHAMKaTOpa YCTAaHOBIIEHHOIO Ha CTeHAe (OaHHble BKMYeHbl B Tabnuuy 1);

2. lamepeHne 13nomMm Bana Ha MakeTe (CTeHAe) TpaHCMUCCUWM B OMHAMUYECKOM pexunme B
COOTBETCTBMM C MOAynem nporpammbl «/IamepeHne B peanbHOM MawTabe BpemeHu». CKOpOCTb
BpaLleHunsa Bana coctasuna 11,2 o6\muH.

3. TonHbIN UUKN n3MepeHns BkNoyan B cebsa 3 ceaHca M3MepeHUs, B KaXOoM ceaHce no 4-5
nonHbIX 060poTOoB Bana. NamepeHus NpoBOAUNUCH C 3anMCbi0 Pe3ynbTaToB B NPOTOKOS MCMbITAHWUNA.
MpoTokon ncnbiTaHui oTpaxeH B MNpunoxeHun 1.

PaccTosiHue oT KoMnioTepa Ao gaTtyuka coctaBuno 5m, 12m. B oboux cnyyasx Habnoganacb
ycTonuMBaga nepegada, 1 npuem gaHHblx Yepes Bluetooth kaHan.

Nurepatypa:

1. Beptonet MAN-8MT: PykoBoACTBO No TexHu4eckon akcnnyaTtaumu. Cunosas yctaHoBka. Asmaakcnopt, 1988,.
396¢.
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CraTnyeckas kanmbpoBka

Mpunoxenne 1

Emkoctb pf mm Emkoctb pf mm Emkoctb pf mm Emkoctb pf mm
5.2678 0.0500 3.3437 0.6300 3.1422 1.2100 3.0700 1.7900
5.1290 0.0600 3.3376 0.6400 3.1399 1.2200 3.0693 1.8000
4.9932 0.0700 3.3315 0.6500 3.1377 1.2300 3.0686 1.8100
4.8636 0.0800 3.3256 0.6600 3.1356 1.2400 3.0678 1.8200
4.7432 0.0900 3.3197 0.6700 3.1337 1.2500 3.0669 1.8300
4.6351 0.1000 3.3140 0.6800 3.1321 1.2600 3.0659 1.8400
4.5414 0.1100 3.3085 0.6900 3.1306 1.2700 3.0648 1.8500
4.4605 0.1200 3.3030 0.7000 3.1294 1.2800 3.0636 1.8600
4.3897 0.1300 3.2976 0.7100 3.1282 1.2900 3.0624 1.8700
4.3264 0.1400 3.2924 0.7200 3.1271 1.3000 3.0612 1.8800
4.2678 0.1500 3.2873 0.7300 3.1260 1.3100 3.0601 1.8900
4.2119 0.1600 3.2824 0.7400 3.1248 1.3200 3.0593 1.9000
4.1588 0.1700 3.2777 0.7500 3.1236 1.3300 3.0587 1.9100
4.1089 0.1800 3.2732 0.7600 3.1222 1.3400 3.0583 1.9200
4.0629 0.1900 3.2688 0.7700 3.1208 1.3500 3.0580 1.9300
4.0212 0.2000 3.2646 0.7800 3.1192 1.3600 3.0576 1.9400
3.9842 0.2100 3.2604 0.7900 3.1176 1.3700 3.0572 1.9500
3.9511 0.2200 3.2564 0.8000 3.1159 1.3800 3.0566 1.9600
3.9210 0.2300 3.2524 0.8100 3.1143 1.3900 3.0557 1.9700
3.8929 0.2400 3.2484 0.8200 3.1127 1.4000 3.0548 1.9800
3.8659 0.2500 3.2444 0.8300 3.1113 1.4100 3.0538 1.9900
3.8392 0.2600 3.2404 0.8400 3.1099 1.4200 3.0527 2.0000
3.8129 0.2700 3.2364 0.8500 3.1087 1.4300
3.7874 0.2800 3.2323 0.8600 3.1075 1.4400
3.7630 0.2900 3.2283 0.8700 3.1063 1.4500
3.7402 0.3000 3.2243 0.8800 3.1052 1.4600
3.7191 0.3100 3.2205 0.8900 3.1040 1.4700
3.6996 0.3200 3.2170 0.9000 3.1028 1.4800
3.6812 0.3300 3.2138 0.9100 3.1016 1.4900
3.6636 0.3400 3.2108 0.9200 3.1003 1.5000
3.6464 0.3500 3.2079 0.9300 3.0989 1.5100
3.6293 0.3600 3.2051 0.9400 3.0976 1.5200
3.6123 0.3700 3.2022 0.9500 3.0962 1.5300
3.5956 0.3800 3.1991 0.9600 3.0948 1.5400
3.5792 0.3900 3.1960 0.9700 3.0936 1.5500
3.5633 0.4000 3.1929 0.9800 3.0925 1.5600
3.5479 0.4100 3.1899 0.9900 3.0915 1.5700
3.56332 0.4200 3.1872 1.0000 3.0906 1.5800
3.5191 0.4300 3.1848 1.0100 3.0897 1.5900
3.5060 0.4400 3.1827 1.0200 3.0888 1.6000
3.4937 0.4500 3.1807 1.0300 3.0879 1.6100
3.4824 0.4600 3.1787 1.0400 3.0870 1.6200
3.4719 0.4700 3.1766 1.0500 3.0861 1.6300
3.4620 0.4800 3.1743 1.0600 3.0851 1.6400
3.4524 0.4900 3.1719 1.0700 3.0840 1.6500
3.4430 0.5000 3.1695 1.0800 3.0829 1.6600
3.4335 0.5100 3.1670 1.0900 3.0817 1.6700
3.4241 0.5200 3.1645 1.1000 3.0804 1.6800
3.4149 0.5300 3.1621 1.1100 3.0792 1.6900
3.4061 0.5400 3.1599 1.1200 3.0780 1.7000
3.3977 0.5500 3.1577 1.1300 3.0768 1.7100
3.3899 0.5600 3.1557 1.1400 3.0757 1.7200
3.3826 0.5700 3.1537 1.1500 3.0747 1.7300
3.3758 0.5800 3.1518 1.1600 3.0737 1.7400
3.3691 0.5900 3.1500 1.1700 3.0728 1.7500
3.3627 0.6000 3.1482 1.1800 3.0720 1.7600
3.3563 0.6100 3.1463 1.1900 3.0713 1.7700
3.3500 0.6200 3.1443 1.2000 3.0706 1.7800
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Knrovoeu dymu: BJ1A, mpeHaxop, Yosek-oriepamop, obyyeHue

Pe3rome: Ha Hay4yHO-MemoOorioeuyHa OCHO8a e HarnpaseH aHasnu3 Ha mpeHaxopHama no020moseKka Ha
onepamopu 6 bJIK. PasasnefaHa e ponsma Ha KOMIOIOMBbPHUME mpeHaxopu npu obyyeHuemo u
Keanugukayusma Ha ornepamopume. lNpedroxeHa e npoepama u cbomsemcmeauume ¢hopmu 3a obydeHue 3a
onepamopcku cbcmas Ha BJ1A ¢ oened msixHama cepmugbukayusi.

TRAINERS FOR OPERATOR’S PREPARATION OF UAV COMPLEXES —
STATE AND PROSPECTS

Petar Getsov, Georgi Sotirov, Zoya Hrbenova, Konstantin Metodiev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: director@space.bas.bg; gsotirov@space.bas.bg

Key words: UAV, simulator, human operator, training

Abstract: On scientific-methodological basis it is make analysis of training preparation of operators
UAV complexes.There is observed position of computer trainers for preparation and increasing qualification of
operators. It is proposed program and corresponding form of training for UAV operator’ and their certification.

BbBeneHue

B HacTosiwe Bpeme B Bbnrapws, Kakto n Mo cBeTa, CTPEMUTENHO Ce pasBuBa M npwunara
0e3nuMnoTHa TexHuKa OT BCSKaKbB BWA W FONIEMUHA, KaTO MHTEPEC KbM Hed MposiBABaT He camo
CUIMOBWTE BEOOMCTBA, HO W MPaXXOaHCKNsi CEKTOP B MKOHOMUKaTa. be3nunoTHuTe neTtatenHu anapatu
(BNA) cbc cneuunaneH noneseH ToBap ca C LWMPOKN Bb3MOXHOCTY Aa 6bAaT n3nons3saHn B pasnuyHu
obnacTtu: pasy3HaBaHe; HabnwoaeHue; oTKpuBaHe, Orno3HaBaHe U CbMpoBOXaaHe Ha obekTu (uenu);
[OoCTaBka Ha TOBapW; MOHUTOPUHI U KOHTPON Ha OKOMNHaTa cpefa, NoMoLl B cracuTeNHW onepauumu,
KOHTPOI Ha Bb34YLLUHOTO NPOCTPaHCTBO M Ap.

Ponata Ha 4oBeka B ocurypsBaHe QYHKUMOHWpAHETO Ha 6e3nuMnoTHUTE neTaTenHu
komnnekcn (BJIK) e ocHoBHa, BkntOYBaLLa opraHM3auMs Ha npoueca Ha nnaHupaHe, NoarotoBka U
N3nomn3BaHe Ha cuctemaTa 3a yrnpaBneHue, oueHka Ha pesyntatute n edektnsHoctTa Ha BJIA. Mpu
ToBa, UHTepdencouT "onepatop BJTIA-EVM" B apxuTekTypaTta Ha cuctemarta 3a yrnpaBfieHne ce cuuTa
3a rnaeeH. N36opbT 1 cepTudmkaumaTa Ha TakbB MHTEPAENC, a CbLLO OpraHM3auusita Ha npoeca 3a
oby4eHune Mo Hero Ha onepaTopuTe € CBbpP3aH C pa3paboTBaHETO Ha cneumanHu NnporpamMu.

HesaBncumMo 4e AMCTaHLMOHHO NunoTupaHuTe netarenHu anapaty (OMJ1A) no cbuecTtBo ca
Marnku, TO Te CM OCTaBaT Bb3gyxonnaBaTenHoTo cpeactBo. OcHoOBHaTa 3ajava Ha HOpMaTUBHUTE
OOKYMEHTU B aBMauusiTa ca CBbP3aHM C OCUTypsiBAHETO W MNOAAbPXaHeTo Ha 6esonacHocTTa.
MpunoxeHo kbm AMNJIA ToBa 03HayaBa ocurypsisaHe Ha 6e30MacHOCT 3a BCEKM APYr BbB Bb34YLUHOTO
NPOCTPaHCTBO, a CbLLO M 3a XxopaTa MU UHMpaCTpyKTypaTa Ha 3emaTa. Heobxoammo e fa ce 3HadAT u
OLeHsIBaT OMacHOCTUTE U pucka 3a Bceku KoHkpeTeH LAIJ1A, koeTo Hanara TsaxHaTta perucrtpaums u
ceptTudukauma. Taka Ha npegeH nnaH Bb3HMKBA BbBMOPOCA, CBbp3aH C MOAroToBKaTta W
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KBanudukauuaTa Ha cneumanumcTu no TaxHaTa ekcnnoaTauus, KoeTo Hanara ngesTa 3a Cb3aBaHe Ha
LEeHTpoBE U LLIKOJIX 3a NoAroToBKa Ha TakmBa crneunanunctu.

PonsaTta Ha YoBewkusa dakrop npu ekcnnoaTtaumsa Ha BJIK

BbB Bpb3ka C ocurypsaBaHeTo Ha 6e3onacHocTTa Ha MoneTuTe B MOHATUETO ,6e3nunoTHa
aBmaumMoHHa cuctema” crnejBa da ce BKNOYBAT, M3cneaBaT M oueHsiBaT U onepatopute Ha BJIA,
obcnyxBaLLmsa nepcoHar, a CbLo cucTemara 3a NOAroToBKa Ha onepaTtopuTe.

C oTuMTaHe Ha CMUCTEMHMSA MOOXOon CTPyKTypaTa Ha OesnunoTtHaTa aBMauMOHHa cucTema
MOXe da Cce MpeacTaBu Kato nepapxusd OT Tpu HuBa (wur.1): Ha HaW-HUCKOTO HMBO Ca CIOXHUTE
TexHnyeckn cuctemu ¢ BIJIA, Ha BTOpoTO — 6e3nunoTHMAT aBuaumoHeH komnnekc (BAK), a Ha
TPETOTO — TEXHUYECKOTO 3BEHO Ce 0beanHsIBa B epraTu4yHOTO, BKITHOYUTENHO TpeHaxop 3a obydeHune
[1,2]. OceeHn BIJIA, B cbctaBa Ha BAK Bnmsat cpepctBaTa 3a: Bpb3ka M ynpaBrieHue, HaseMHO
obcnykBaHe, cTapTupaHe, KauaHe, cnacsiBaHe, TpaHCMOpTMpaHe N CbxpaHeHne. ToBa npeacTaBsiHe
Ha CTpykTypaTta Ha ©OesnunoTHaTa aBuaumMsa No3BOfsiBa OT €OMHHW no3vuuu da ce TpeTtupar
pasnUYHMTE MOHATUSA N CbCTaBALLUTE M €IEMEHTU, KaTo Ce ThPCU TAXHaTa B3aMMOBPb3Ka.

BE3MNNIIOTHA ABUALIMOHHA
CUCTEMA c—[ EPFATUYHO 3BEHO ]
¢c
58 1

| HMBO | Il HuBO

Il HuBO

BesnunoTeH netateneH
HasemeH KoMnnekc Tpetasxop
anapat C-StaR
MynT 3a ynpasneHve Ha
|— NetateneH anapart - };A : nzn‘;aeH Tonap Oﬂl_(lﬂpaTODVI Ha NIA n
oneseH ToBap

DyHKLMOHAMNHN CpepncTBa 3a Ha3eMHO
cuctemu obcnyxeaHe
OcwrypsiBalu
nepcoHan
ArperaTy CpegncTBa 3a Bpb3ka 1
ynpasneHue

Opyrv cuctemmn
(3a kauaHe, aBapuiiHv 1 np.)

@ur. 1. OpraHnsaLmMoHHO-TeXHUYecka cuctema Ha BAC

HeszaBucumo, 4e Tasm TexHuka e ,6e3nnnoTHa”, To BNMSAHMETO Ha YOBELUKUS paKTOp OcTaBa
HeraTMBHOTO B MOBEYETO crydyam Ha katactpodum ¢ BJIA. Brobue B3aumonencTsmeto "oneparop -
BIMJTA" e pa3nuyHo 3a pasnuyHuTe cuctemMu. Npu 6e3nNMNoTHM CUCTEMU C aBTOMAaTWMYEH MoneT no
MapLpyT U KauaHe onepaTopbT cCamo onpefensd maplpyta, kato Mo BpeMe Ha noreta He ce
HamecBa B yrnpaBfeHNETO, a CaMo KOHTponMpa noreta u fa AaBa KOMaHAa 3a aBapuiHO KauaHe. 3a
0€e3NMnoTHN CUCTEMU C Bb3MOXHOCT 3a PbYHO yrpaBreHue onepaTopbT MOXe Aa M3MEHS MapLupyTa
Mo Bpeme Ha noreta v Aa M3BbpLUBaA pasnvMyHM MaHeBpu, Aa usnuta v da kaua. B nmbpeuda cnyyan
D©esonacHoCTTa 3aBMCK OT HAOEXOHOCTHA Ha BCMYKM YacTu Ha cucTemaTa, a npu BTopus ce gobass u
KBanudukauuaTa Ha onepaTopa.

OueBngHo, 4ye oOyuyeHMeTo U nogroToBkata Ha nepcoHana Ha BAC - nunota-onepartop,
onepartopa Ha none3Hna ToBap, o6cny>|<Bau.|,v|Te cneunanncTtu - morat cbrllecTtBeHO Aa MNOBIMUAAT Ha
OesonacHocTTa. TaBa Hanara HeobxoguMmocTTa OT pas3paboTBaHETO Ha €OUHHW W3UCKBaHUS U
nporpamu 3a oby4yeHne Ha onepaTopu, KakTo U HagexaHu cpeacTBa 3a obydeHne B 3aBUCMMOCT OT
pasnuyHuTe kateropum BJIA. Kato ocHOBHO cpeacTBO 3a obydeHue ce M3nonssaTt TPEHaXopu, KOUTO
ocurypsieat uHZMBMOyanHa W KONEKTMBHA NOArOTOBKA Ha onepatopute W nopobpssart
KBanudmkaumaTa MM B YCNOBUSA Ha CrioxHa obCcTaHOBKA, pasnmyBu CUTYLUU/MUCUN U HANU4mMe Unu He
Ha 0coGeHN yCNoBMS BbB Bb34YLLIHOTO NPOCTPaHCTBO B 30HATa Ha AeNCcTBuE.

CbBpeMeHHNs1 Mpouec Ha obydyeHMe Ha TPEeHaXop Ce onvMpa Ha MOHATUETO KOrHWTUBHA
obpasoBaTeniHa TEXHOMOrMMs, CBbp3aHa C LieNleHaco4YeHO YrNpaBreHNe Ha KOTHUTUBHUTE OYHKLMU Ha
obydyaemusa onepaTop-CTaXaHT: BUCLUM MO3bYHM YHKUUW, TakMBa KaTo MameT, BHUMaHue,
NCUXOMOTOpPHaA KoopAauHauuda, ped, MucrneHe, opueHTauud, nrnaHupaHe W KOHTPOJS1 Ha BuUcLaTta
ncuxunyecka gerHoct. [3,4]. KorHmTnBHata OyHKUMS XxapakTepuaupa CnoCOOHOCTTa Ha YoBeka KbM
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Bb3NpuATME U NpepaboTka Ha MHdopMaLms, a CbLLO U3MON3BaHEeTO N 3a KOOPAMHAUWSA Ha HeroBute
[OEencTBuUsS.

TpeHaxopute NpeAcTasnsBaT MOAeES Ha peanHu epratuyHu cuctemu [5], npegHasHavyeHu 3a
pasBMBaHe Ha HaBULUWM 3a YyMNpaBlieHMe Ha CroXHa TexHuka. TaBa oOycnaBA HawwuTe HayyHa
WHTEpecK, CBbp3aHM PyHOAMEHTanHU 1 NPUIOXHU u3crensaHud B obnactrta Ha dopmanusauus,
mMogenupaHe n nogbop Ha YoBekKa-onepaTop u paborata My B €KCTPEMHU yCroBus. TS ce ocHoBaBa
Ha CbBpPEMEHHOTO pa3bupaHe 3a aHanuM3 U MoaenupaHe Ha ,YoBeKbT KaTo ynpasnsgalla cucrema’,
KOATO pasrnexna 4YoBeKbT KaTo CroXHa MHOroMepHa cuctema. TakaBa cucTemMa Moxe fa ce
aHanuaupa n cdopmManmMsaMpa no pasfMyHU  CTPYKTYPHU UNU  PYHKUMOHANHM  nNpusHaum,
XapakTepusmpalim ce cbC peguua ocobeHOCTU KaTo: aCUXPOHHOCT Ha NpouecuTe 1 U3YUCTIUTENHUTE
npoueaypy; Bb3MOXHOCT 3a pPasfUWYHU pPexXuMu Ha QyHKUMOHMpaHe — obydeHue, ymeHue u
camooby4yeHune; Bb3MOXHOCT 3a paboTa ¢ AaHHM, 3HaHMA U COBCTBEHW MOAENU; Bb3MOXHOCT 3a
paboTta ¢ uHdopmauma OT pas3fnUyeH «TWUM» - CUrHanu, 3Hauu, cumBONnM K on-line npeBknioYBaHe n
KOHBEpPTUpPaHe OT eAuH B APYr BUA; CNOXHA NepapxvMyHO OpraHvM3upaHa cucTtema 3a yrnpasrieHue C
HSIKONIKO CTPYKTYPHW W (DYHKUMOHANHM HUMBA; pyHOaMeHTanHa OCOOEHOCT Ha 4oBeka kKaTo
yrnpaBnsiBalla cucTemMa € HanuMuMeTo Ha MeHTaneH cybekTuBeH Mogen B OCHOBHaTa Bepura Ha
ynpaBneHue. Tasu CTpykTypa € WHdOopMauMoHHaTa cpefa, B KOATO ce dopMmupaT AMHAMUYHMU,
anropMTMUYHM MOZENN HA 0BEKTUTE Ha yNpaBrneHne 1 3aKOHU Ha yNpaBrieHNeTo.

Eq:)eKTI/IBHOCTTa Ha epratunyHaTta cuctema B rondma cteneH 3aBuUCU OT uHAOAMBUAOYyaNHUTE
KOTHUTUBHWN crnocobHocTn Ha YO npn BB3NpUATUE Ha I/IHdDOpMaLLI/IFlTa N eCTecTBeHO €, 4Ye BCHdKa
npodecns nMa CBOU U3NCKBaHUS KbM MCMXOu3monornyecknte napametpu. lNopaagm toea B 6baelue
€ 3anerHano paspaboTkaTta Ha KOMMMEKC OT TeCTOBWM Mporpamu, npegHasHadeHu 3a OueHka Ha
Nncuxou3nonornyeckuTe napaMmeTpu nNpu Bb3NpMemaHe Ha MHopMauuaTa OT YOBeka-onepartop.
KomnnekcbT oT nporpamu, npegHasHadeH 3a OLEeHKa Ha KOTHUTMBHUTE CMOCOBOHOCTM Ha onepaTtopa B
CbCTaBa Ha epratMyHaTa cucTema, € OpueHTUpaH 3a ycTaHoBsiBaHe ¢a3nTe Ha ycTondMBa
paboToCnoCcOOHOCT M HeNHaTa AuHaMKKa B nepuoda Ha paboTHaTa CMsiHa, KakTo U YCTaHOBSBaHETO
BMNMAHNETO Ha BuZa u hopmMuTe Ha npeasiBsiBaHaTa nHdopmMaums Ha pabotocnocobHocTTa My.

Ha cbBpeMeHHOTO HMBO Ha npoBexaaHe Ha OOy4eHWe Ha onepaTtopu B KOMEHTMpaHaTa
cepa ce Hanara HeobxoaUMMOCTTa OT JOCTOBEPHA OLEeHKa Ha AeCTBUsITa Ha obyyaBalumsa ce B xoaa
Ha NpoBeXAaHWUTe pasfMYyHM 3aHATHS.

OpraHusauusa n npocecnoHanHa noaroTtoBka Ha onepartopu Ha BJ1A

OpraHusauusaTta n npodecrnoHanHa NnoaroToBka Ha onepatopu Ha BJIA BkntoyBa npoBexaaHe
Ha npodecnoHaneH nogbop Ha kKaHAuAaTMTe U opraHusauus Ha OOy4YeHMEeTO W KOHTpona Ha
npuaobuTnTe HaBULUM 1 3HaHMSA Ha B6asaTta Ha TpeHaxopu 1 oby4yaBallm CUCTEMMN.

KAHOWOATU 3A
OlEPATOPU

'

Mopn6op Ha
onepatopu Ha BJTA

nMnoTn

y KYPCOBE
TeopeTnyHa n

aBuaulunoHHa
noaroTtoBka

\ 4
TeopeTuyHa n
> aBuMaLMoHHa » TPEHAXXOP
NoAroToBka

JletatenHa
NOAroToBKa
"| saynpaenenue
Ha BNA

CEPTUOUKALINA
In3paBaHe Ha
LOKyMeHTU/

\

dur. 2. OpraHu3auMoHHa CTpyKTypa Ha 0by4YeHneTo

lpoepamama 3a oby4yeHuUe e CbCTaBHa 4YacT OT KOMMJieKcHaTa nporpaMa 3a noAroToBKa Ha
onepaTopuTe, KOSITO € C aKLEHT Ha NpakTuyeckaTa NOAroToBka Ha kaHampaTuTe. Mpu 3aBbpLlUBaHe Ha
Kypca kaHgugaTtuTe TpsbBa ga uMmar nspaboTeHn HaBuUM 3a Obp3a OLEeHKa Ha cuTyauuuTe, n3bop Ha
cTpaTerMm 3a ynpaBfieHWe, B3eMaHe Ha ONTMManHW pelleHnss B 6bp30 NpoMeHsilla ce cpepa.
dopMMpaHeTo Ha Te3n KayecTBa M TeXHMYecka KynTypa npeanonara MHAMBMAYyaneH noaxond KbM
BCEKW YYaCTHUK.
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KaTto usano nogrotoBkaTa Ha onepaTtopuTe BKIOYBa:

- oBnagsaBaHe Ha TEOPETUYHU 3aHATUS;

- oby4yeHne 1 TPEHNPOBKN HA TpeHaxopeH cumynartop Tin C-STAR SimLat;

- MPaKTUYECKN 3aHATUSA C paanoynpaBnseMn Mogenu;

- NnpakTnyeckn 3aHatna ¢ brNJ1A Ha nonNuroH.

OpraHusaumoHHata dopma Ha obyyeHuMe — criywaHe Ha Teopus B knacHo (10 4oBeka);
paboTa Ha TpeHaxop 2x2 (4 YoBeka) 3a ABe paboTHM MecTa C MHCTPYKTOP.

TeopeTnyHa 4acT: Nekumun ¢ NekTop; NpeaocTaBsiHe Ha y4eOHUK 3a cCamMonoAroToBKa

MwHuManHu obpasoBaTenHn N3NCKBaHUSA : cpeaHo obpasoBaHue.

Ob6em Ha nogrotoBkaTa - 3 mogyna go 30 vaca.

dopma Ha KOHTpON — TeCcToBe N cbbeceaBaHe.

YyebHama OQucyuriiuHa BkovBa kypca “OcHoBM Ha OesnunoTHaTta TexHuka”, KOWTO ce
CbCTOM OT TPW MoAyrna n e noaxoasly, 3a Xenaewm ga ce obydasaTt KaTto onepatopy Ha 6e3nMoTHU
netaTtenHn anapaTtu, KOUTO HAMAT aBMaLWOHHO obpasoBaHve. ToW uma 3a uen ga gage 6asoswu
3HaHWA 1 € BbBedeHne npean oby4eHNEeTO C UHCTPYKTOPU Ha TPEHAXKOPU U B peariHn NoneTu.

MpenBuaeHute mogynu ca: Moagyn 1 - "OcHoBM Ha aepoavHaMU4YHUA NoneT” AaBa 3HaHWs 3a
Bb3fylWHaTa cpefja M B3aMMOAEWCTBMETO W C YacTuTe Ha neTaTenHus anapart; crnocobuTte 3a
nony4yaBaHe Ha aepOAMHAMWYHN CUMM U MOMEHTM 3a aepoanHaMUYHO YNpaBlieHNe Ha caMoreTu.

Mogyn 2 — “KoHCTpykTMBHM ocobeHOCTU Ha 6e3nunoTHWUTe anapati” MMa 3a uen a Bbeege
obyyaemnTe B OCOOEHOCTUTE Ha KOHCTPYKLMATA, KOMMOHOBKATa CbC 3a[BWKBALLUTE CUCTEMMW,
OnokoBeTe Ha €enekTpo- W PaguoeneKkTPOHHU CUCTEMW, HA3EMHUTE MynTOBE 3a YynpaBrieHue u
cTapTupaHe, TxHaTa noaroToBka 3a MnoneTu.

Mogyn 3 — “Enektpuyecksm u pagmoenekTpoHHM cucTemn” [aBa OCHOBHW MOHATUS 3a
NPONOPLMOHANHOTO  AUCTAHLUMOHHO  YMpaBfieHUe, CEepBOYMNPaBEHNETO (KOPMWUMHM  MalluvHMK),
MHOroKaHanHoTO NPOMOPLMOHANHO yrpaBreHne, npegaBaTennte, MNPUEMHULNTE, aBTOMNWIOTUTE,
HacTpolkaTa u NpoBepkuTe 3a paboTa Ha KaHanuTe 3a yrnpaBrneHne u ApYyri NPaKkTUYECKU NMPEnopbKM
3a eKkcnnoartaumsita Ha yCTponcTBaTa 3a AUCTAHLUUOHHO yrpaBreHue, BKITKYUTENHO U HOPMATUBHUTE
pasnopeaow.

Kato npunoxeHue ce npepgnara: ,[lpumepeH NpoekT no 3agadeH ABUraten € BbTPELLHO
ropeHe” n ,[abapuTHO MacoBO NpoekTupaHe Ha 6e3nnnoTeH camonet”.

TpeHaxop

CumynatopbT C-STAR Ha mspaenckata ¢dpmpma SimlLat faBa Bb3MOXHOCT 3a 0obyyeHue Ha
eKvnax OT onepaTop M NUNOT B pearnHo Bpeme. TpeHaxopHuaT komnnekc C-STAR cumynupa nonet
Ha BJ1A ¢ B1COKa TOYHOCT M CbLLEBPEMEHHO JaBa Bb3MOXHOCT Ha MHCTPYKTOP Aa U3MEeHs nonetHarta
3agadva n paborarta Ha BopaoBuTe cucteMu (HanpuMmep aBapus Ha arperat rno Bpeme Ha nonert). Tesn
Bb3MOXHOCTM Cb3AaBaTt AMHaMU4Ha cpefa 3a paboTa Ha ekunaxa. TpeHaxopbT C-STAR moxe ga ce
KOHdMrypmpa 3a Bcska netartenHa nnargopma, noneseH Tosap nnvm mvucus [6].

JonbnHuTenHa Bb3MOXHOCT Ha TPEHAXKOPHMS KOMIMJIEKC € MHAMBMAYanHo obyyeHre 3a nunoT
Unu onepartop Ha nonesHus ToBap. VIHCTPYKTOpBbT B Cryyas M3NbiHsSBa 3agayute Ha nunceBalius
YreH Ha ekunaxa.

CnomeHaTuTe KOHMUrypauum 3a obydeHume ca oT ocobeHa non3a npu opMmupaHe Ha
paboTHM HaBULUM B YNEHOBETE Ha ekunaxa. [pyru npeaumcTBa Ha TpeHaxopa ca CnegHuTe:

— Bucoko edekTBHU cpeacTBa 3a obyveHne Ha OTHOCUTENHO HUCKA LeHa;

— EpHoBpemMeHHO obydeHre Ha NWUNOT M onepaTop Ha Oonnes3eH ToBap B paMKUTE Ha efHa

noneTHa 3agava;

— CumMynauus ¢ BUCOKa TOYHOCT Ha AMHaMuKaTa n MucusaTa Ha noneTa;

— BBb3MOXHOCT 3a KOHUrypuvpaHe Ha TpeHaxopa 3a KOHKPETHW reTaTenHa nnartgopma,

noneseH ToBap WM noneTHa 3agadva. lNpeaswkaa ce obyveHune ¢ checklist 3a nsnbnHeHne Ha

npouenypu Npu HOpMarsnHu 1 U3BbHPEAHM CUTyaLun.

BasoBaTa KoHGMrypaumst Ha TpeHaxopa ce CbCTOM OT efHa CTaHUuMs 3a MHCTPYKTopa U no
efHa cTaHuusa 3a oby4yaemute — MUIOT U onepaTop Ha noneseH Toeap. lMunoTbT ce obyyaBa 3a
ynpaBneHne Ha BJIA kakTo B pbyeH, Taka M B aBTOMATMYEH PEXWMM, KOHTPOJT Ha CbCTOAHMETO Ha
nnaHepa n 6opaoBuTe CUCTEMU, U3MBIIHEHNE HA NoreTHaTa 3agada. OnepaTtopbT Ha NOMes3eH ToBap
ce obyyaBa B ynpaeBneHne Ha EO/IR kamepa, vgeHTMdwmKaums M CbNpoBOXAAHE Ha LenUTe B
npovrpaBaHusi cueHapuii. CuMmynaTopbT pasnosnara ¢ MHTEPKOM 3a KOMYHUKaLUS Mexay UHCTPyKTopa
n obyyaemure.

[Npakmuyecka nodsomoeka

Cnep ycnelwHo 3aBbplUBaHe Ha MOArOTBUTENHWUS KYpC Ha TpeHaxopa, B nporpamara 3a
obydeHne ce npeaBwkaaT NPaKTUYECKW 3aHMMaHusa. MaTtepuanHaTa 4acT 3a 3aHATMATa BKIO4YBa
oesnunotHute camonetn LHK—3M (Kutawn), [7], Maja (Fepmanus), [8], FireFly 6 (CALL), [9] n Zephyr
(CALL), [10]. KomnoHoBkaTa Ha nocriegHWTe OBa camMoneTa € neTsawo kpwuno, kato FireFly e c
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HaKMaHsaWM ce poTopu, MO3BOMSABALLM M3MbIIHEHWE Ha BepPTUKANHO uM3nuTaHe W KauaHe. B
UUTUPaHNTE U3TOYHMLM ca NyOnnKyBaHM TEXHUYECKMTE AaHHU 3@ CaMOoreTuTe.

Camonet LHK-3M e o6opyaeaH ¢ aBTonunot STA3x (Pycus), [11], no3BonsiBaly, U3NbIIHEHNE
Ha aBTOHOMEH MoneT Mo 3agageH MaplpyT. ABTONUIOTBLT BKIKOYBA TPUOCHWU aKcenepoMeTsp,
CKOPOCTEH XMPOCKON U MarHUToMeTbp, GPS npuMeMHuK, npeobpasyBaTen Ha HansraHe 3a Tpbba Ha
MuTo. JONbIHUTENHO MMa Bb3MOXHOCT Aa ce A00aBAT M AaTynum 3a BUCOYMHA (YNTpPasByKOB), HUBO
Ha ropuBo, bIbM Ha aTaka/nnb3raHe, KaKToO M YCTPOMCTBO 3@ aBTOMAaTUYEH 3anvc Ha napameTpute Ha
noneta. TenemTpusa ce npegasa Ha 3emsaATa nocpencrsoM mogemun XTend—PKG 900 MHz, [12] no
uHTepgenc RS-232.

BIIA - Maja BJ1A - LHK-3M

Zephyr/ UAV

Personal Unmanned Aerial Vehicle

BJIA - Zephyr

Bcuykn n3bpoeHn camoneTtn ca cHabaeHu C enekTpUYeckn OBWKMTENN C NOCTOSIHHA CTbIKa
Ha BuTnarta. EguHcTBeHoTO mnskntoyeHne e camonet LHK-3M, Ha 6opaa Ha konto e uHctanupad OBl
DLE-60 (Kutan), [13]. No cbwecTBo obade ToBa HE BHAcA OCOBEHOCTM B TEXHMKATa Ha NUnoTupaHe
Ha camornerTa.

MonesHuaT ToBap Ha BJIA Maja ce cbcTtom oT kamepa BOSCAM c xupocTabunmsmpaHa
nnatdgopma, a nonesHuaT ToBop Ha BJTIA — Zephyr BkntoyBa:

Ricoh PX 16MP MNopBwxHa TetraCam ADC Micro
XupoctabunmnsnpaHa XupocTtabunusnpaHa kamepa XupocTtabunuaupaHa
umdpoBa kamepa MynTUCNEKTpariHa kamepa
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4. Npo6nemHu BLNPOCU, CBBLP3aHU CbC cepTudukaumaTa Ha onepartopu B [YJIC

BbB Bpb3ka ¢ mMacoBoTo npoussoactBo Ha BJIC B EBponelickua cbio3 u B Bbrrapusa teve
auckycmuss no paspaboTBaHeTO Ha HopMaTuMBHa M 3akoHodatenHa 6asa, nossonsBawla Ja ce
nsnonseaT BJIA B eAMHHOTO Bb3AYLWHO NpocTpaHcTBO [14,15]. OcBeH ToBa BCe Olle He e Cb3fdageHa
U HopMaTuBHO-NpaBoBa 6as3a 3a cepTuduumpaHe Ha BJIA, cBbp3aHa ¢ 6Ge3onacHOCTTa, KaKTo W
HOpMaTMBM 3a NOAroToBKaTa Ha creyumanucty u onepatopu Ha OMJ1A.

B bBbnrapys Beye ce MOAroTBAT [AOKYMEHTM OT HOpMaTMBHA paMKa, CBbp3aHa C
n3crneaBaHusaTa, NPOEKTMPaHeTo, MPOM3BOACTBOTO M TEXHUYECKOTO obcnyxBaHe Ha BJ1A

Ounckycunte OTHOCHO perynupaHeTo npoTtuyat kakto B pamkuTe Ha WMKAO, Taka u Ha
€BpOINENCKO paBHWULLE, KaTO BaxkHa pons urpae obcwxgaHeTo B pamkmte Ha JARUS (Joint Authorities
for Rulemaking on Unmanned Systems— CbBMECTHU OpraHu 3a U3roTBsHE Ha nNpaBuia Nno OTHOLLEeHne
Ha 6e3nunoTHUTE CUCTEMU) — MeXAyHapoLHa eKCrnepTHa rpyna OT HauWOHaNHW OpraHn Ha
rpak4aHCKOTO Bb3AyXOnnaBaHe 1 perMoHanHu opraHu 3a 6€3onacHoOCT Ha Bb3ayxonnasaHeTo [16].

CtaHoBuweTo Ha EBponelickata komucusi e ,MHTerpupaHeto Ha [AYJIC B eBponewickarta
cuctemMa 3a Bb3gyxOnnaBaHe crnedBa Ja Ce OCHOBaBa Ha MpuUHUMNA 3a HEHaKbpHSABaHE Ha
fesonacHocTTa. Ekcnnoataumata Ha [LOYJIC cnegBa pa nokasea paBHULLE Ha GesonacHocT,
pPaBHOCTOMHO Ha TOBa MNpuW NUNoTUpaH1Te anapatu.”

Bbaelmnte eBponeickn 1 CBETOBHU pasrnopeatu 3a ANCTAHLMOHHO ynpaBnsieMuTe netaTesHu
cucTemu crieaBa aa obxeallaT BbnpocuTe, CBbp3aHu ¢ [17]:

— nertaTenHaTa rogHocT;

— cepTuUdUKaunMoHHUTE cneuundukaymu;

— M3MON3BaHETO — 3a TbProBCKW W pa3BriekaTeNHN Lenu;

— nageHTudmnKaumnaTa Ha 6e3nMnoTHUTE NneTaTenHu anapaTtn Ha cobCTBEHUUUTE, ONepaTopuTeE;
— 0fo6psBaHETO Ha opraHM3auuuTe 3a o0yveHne Ha NUIOoTUTE;

— 00y4YeHNeTOo 1 NULIEH3NPaHEeTO Ha NUIOTUTE;

— onepauuuTe;

— OTFOBOPHOCTTA U 3aCTPaxoBaHETo;

— 3awmTara Ha JaHHUTE U Ha NPaBOTO HA HENPUKOCHOBEHOCT Ha NIMYHUS XUBOT;

— M3npaliaHe Ha npeaynpexaeHns npu HaBnu3aHe B onpegenieHa reorpadcka 30Ha
(,geofencing®);

— 3abpaHeHn 3a NoneTn 30HMU.

3aknio4yeHue

BugHo e, 4e npodhecrmoHanHata noarotoBka Ha onepatopute Ha ANMJIA B 3aBucumocT oOT
YyCrnoBuATa, MpuM KOMTO Ce W3NON3BaT 3a rpaxaaHcky uenu, morat Aa npeamsBuKBaT PUCKOBE —
MOHSIKOra rofiemMun, KakTo C eBEHTYyarnHu XepTBu, Taka 1 Aa NpuynHaBaT MatepuanHu wetn. MNMopaaun
BMCOKaTa CTeneH Ha aBToMaTtu3auus, He Ha NocneaHo MACTO, Npsikata OTrOBOPHOCT 3a yrpaBfieHNeTo
Hocu onepatopa Ha BJ1A.

C ornep Ha U3roTBSIHETO Ha ONTUMAaIHM NpaBua 3a Non3BaHe e Heo6XoAMMO peryrnaTopHUTe
opraHm u npodecuoHanHuTe opraHmsauun, oTroBapawm 3a OYJIC cbBMecTHO fga cb3gagaTr
3aKkoHofaTenHa paMka 3a npodecroHanHaTta NnoAroToBka Ha NUMOTK U onepaTopu, KOMTO ynpaensasat
netatenHu anapaTtu OT pa3CToAaHUE N TAXHOTO NULUEeH3npaHe. Taka e ce HamMmanum n HedCHoTaTa Mno
OTHOLWIEHNE Ha 3acTpaxoBaTeNIHUTE aCcneKkTn N BbNPOCUTE 3a npaBHaTa OTrOBOPHOCT. ToBa oyeBNgHO
Hanara cb3gaBaHETO Ha HOBU WUIMIN MO — BUCOKWU CTaHAAPTWU, NMPUNOXMMW KAKTO NO OTHOLUEeHMe Ha
NMYHaTa, Taka M Nno OTHOLLEHMEe Ha TbproBckaTa UM ekcrnroaTtauus.
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Knrovyoeu dymu: UnepyuanHa kypcosepmukana, PIC18F2550, Mukpo — efnekmpomexaHu4eH CeH30p

Pe3rome: Llen: UamepsaHe opueHmauyusima Ha 6e3nurnomHo eb3dyxorniasamesiHo cpedcmseo 8b8
yHKkyus Ha Olneposu veru.

Memod: WsnonssaHusm ceH3opeH modyn e AHRS GY-88 ¢ 10 cmeneHu Ha ceoboda. Modynbm
8K/I0Y8a MPUOCHU akKceriepoMembp U CKOPOCMEH XXUPOCKOr, uHmezpupaHu 6 ceHsop MPU6050, mpuoceH
macHumomemnbp HMC5883L u 6apomembp BMP085. [JaHHUme ce cwbupam rno rnpomokosn I’C. lonyyeHama
UHebopmauusi ce npedasa KbM MepCcoHasieH KOMMMbP 4pe3 MukpokoHmponep PIC18F2550, kolimo om ceosi
cmpaHa e c8bp3aH C KOMMmbPa Mo cepueH nopm. [JaHHume om akcesiepoMembpa U CKOPOCMHUS XXUPOCKOIM
ce obpabomeam 4pe3 niuHeeH unmbp Ha KanmaH. M3nonsseaHume npozpamHu cpedu ca MikroC for PIC, MS
Visual Studio, Matlab u Processing.

Pesynmamu: B Ooknada ce deMoHcmpupa ApurioXumMocmma Ha CeH30pHUS MoOyn 8 OUCMAaHUUOHHO
ynpasnsaemu aguomodenu. 3abpaHsiea ce usrnon3saHemo Ha Molyrna Ha bopda Ha nuromupyem camorem om
cbobpaxeHus 3a cuaypHocm!

EMBEDDED SOLUTION FOR ATTITUDE DETERMINATION
OF AN UNMANNED AERIAL VEHICLE

Konstantin Metodiev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: komet@space.bas.bg

Keywords: AHRS, PIC18F2550, MEMS

Abstract: Objective: An unmanned aerial vehicle attitude is to be measured in terms of Euler angles.

Method: The used sensor module is a ten degrees of freedom (10 DOF) GY-88 attitude and heading
reference system (AHRS) including a three axis accelerometer and a rate gyro integrated within MPU6050
sensor, a three axes magnetometer HMC5883L, and a barometer BMP085. All data are collected through I’c
protocol. The data being received are logged further into a PC by means of PIC18F2550 microcontroller unit
which in turn interfaces the PC through a serial port. Both the accelerometer and the rate gyro outputs are
processed further by means of linear Kalman filter. The utilized development environments are MikroC for PIC,
MS Visual Studio, Matlab, and Processing.

Results: In the article hereby, the sensor applicability to a remotely controlled aerial vehicles is
demonstrated. It is strictly forbidden to install the sensor onto a piloted aircraft for safety reasons.

BbBeneHue

PasrnegaHunaT B goknaga moayn GY—88 npeacraBnsBa TPUOCHaA cUCTEMa OT CEH30pU, KOATO
AaBa MHdopmMauus B peariHo BpeMe 3a OpueHTauusta B NPOCTPaHCTBOTO, @ MMeHHO OnnepoBu brmu
(W/vnu KBaTEPHWOHW), MArHUTEH KypC, KakTo U aTMocepHO HansaraHe u Temnepatypa. MogynbT
chaga kbM T.Hap. rpyna ,Attitude and Heading Reference System — AHRS®. Haii-6nusknaT npesoa Ha
6bnrapcku e ,MHepumnanHa KypcosepTukana“, ¢ yrouHeHneTo, Yye nanonssaHute B AHRS ceHsopu ca
OT MUKpPO- enekTpomexaHudeH Tun (aHrn. MEMS — Micro- Electromechanical Sensor).

Moagynute AHRS ca npoekTupaHu ga 3aMeHdAT TpaguUMOHHUTE MHCTPYMEHTH, 6a3upaHun Ha
XKMPOCKOMK, KakTo M Aa OCUrypsaT Mo-HadexXaHW M TovHu gaHHu. Mopgynute AHRS He npuemat
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BbHLWEH paguocurHan, Hanpumep ot GPS munn VOR, koeTo rv npaBu aBTOHOMHMW. [punoxeHusara um
BKITHOYBAT KOHTPOM M yrnpaBrneHue, u3amepBaHe U Kopekuus, HaBuraums. Npumepun 3a npunoxeHve Ha
AHRS ca xupoctabunumsmpaHna nnatdopma 3a MOHTaX Ha kamepa Ha 6opaa Ha Bb3gyxonnaBaTesniHo
CcpencTBo, HacouBaHe W cTabunu3aumsi Ha OopgoBa Kamepa KbM HaseMHa Lern, M3TOYHMK Ha
NMNOTaXHO — HAaBUraLMOHHa MHpopMauus.

B HacTosiwms goknag e pasrnegaHo usnonssaHeto Ha AHRS mogyn GY—88 B 6e3nMnoTHM
Bb3gyxonnaesartenHu cpeacrea. CeH3opuTe Ha MoAyna ce M3nonseaTt B MOMynspHUS aBTONUIOT 3a
aBnomopenu ArduPilot. B goknaga e pasrnegaHa B AeTannv KOMyHUKaUMaTa Mexgy CeH3opute Ha
Moayna u npvemalums uHdgopmaumsta koHTponep 6e3 ga ce u3nonseBa LMTUPAHWUSAT aBTOMWIIOT.
[oknaabT eBeHTyanHo npeacTaBnsiBa UHTEPEC 32 aBUOMOAENUCTM U pa3paboTumum Ha NPUNOXEHMUS
3a BrpaxaaHe (aHrn. Embedded Applications).

anIHLIMﬂHa cXema n onncaHue Ha n3nons3BaHUsA xapayep

CxemaTta Ha npoekTta Bknto4yBa MukpokoHTponep PIC18F2550, paboTtew Ha 20 MHz TakTtoBa
YyecToTa, NPEXOAHUK 3a JTOrMYeCcKo HMBO 3a NMPOTOKON I°C oT 3.3V kbM 5V, npexogHuk FTDI FT232RL
ot UART kbm USB wu ceHsopeH mogyn GY-88. [onbnHUTENHO KbM KOHTponepa ce BKMuBa u
nporpamartop PICKIT 3. MNMpuHuMnHaTa cxema Ha npoekTa n obLWnAT BUA Ha M3Non3BaHMTe MOaynu ca
nokasaHn Ha cur. 1. [pexogHMKBT 3a MOrMyecko HMBO MOXe [da ce MpOorycHe ako ce u3nonssa
KOHTposiep ¢ MSSP mMoay”n 3a KoMyHuKaums no I°C, paboTely Ha +3.3V.

PICKITZ

FTE32RL

© PICIBF2550

FC Level Shifter

AHRS Gr-88

dur. 1. MprHUMNHA cxema Ha npoekTa 1 o6l Bua Ha OCHOBHUTE MOAdYIW.

Mopgyn GY-88 cbabpxa ceHzop MPUG050, cbCcTosil, Ce OT TPUOCEH aKcenepomeTsbp U
CKOPOCTEH >kmpockon, marHutometbp HMC5883L u Gapometbp BMPO085. MogynbT pasnonara c
BrpageH perynatop Ha HanpexeHue o +3.3V, nopaan KoeTo Moxe Aa ce 3axpaHsa ¢ +5V. lNuHoBeTe
Ha moayna ca cnegHute: V_in — Bxog +5V DC kbM perynatop Ha HanpexeHue +3.3 V DC; 3V3 —
Bxoa +3.3V DC; GND — maca; SCL — I°C kaHan 3a yectoTa; SDA — I°C kaHan 3a gaHHu; M_DRDY -
npekbcBaHe oT ceH3op HMC5883L; G_ADO — 7-6utoB 1°C agpec 3a ceHsop MPU6050: ADO = 0
(1101000), ADO =1 (1101001); G_INT — npekbcBaHe oT ceHsop MPUG050.

MexaHn4yHUTE U eneKkTpUYECKN XapakTepucTukm Ha ceHsopute MPU6050, BMPO85 u
HMC5883L npu Temnepatypa 25 °C ca nogpobHo onvcaHu B cnpaBoyHaTa nutepartypa [1], [2] v [3]. B
HaCTOSLLIOTO U3crneaBaHe ca U3Mon3BaHu CrieqHUTE HAaCTPOMKN:

e CkopocTteH xupockon (ceHzop MPUG6050): obxeaTt +250 °/s; ywysctButenHoct 131 LSB/(°/s)

e AkcenepomeTtbp (ceHzop MPU6050): ob6xBaT +2 g; uyBctBuTenHoct 16384 LSB/g

e bBbapomeTtbp (ceHzop BMP085): obxsat 300 ... 1100 hPa (Hagm. BucoumnHa —500 ... +9000 m);
pesontounsa 0.01 hPa; abcontoTtHa TouHocT £1 hPa

e MarHutomeTbp (ceH3op HMC5883L): obxsat —8 ... +8 gauss; 4yBcTBMTENHOCT 980 (0C Z) 1
1100 (ocu X, Y) LSB/gauss; pesontoumsi 0.73 ... 4.35 milli-gauss
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NuHeeH connTbp Ha KanmaH

JInHenHnAaT puntbp Ha KanmaH e peanmsnpaH B MpOeKTa KaTo PeKypCUBEH anropuTbm 3a
OUEeHKa Ha MVHUMAanHaTa CpedHOKBagpaTuMYHA rpelika Ha apuTMeTu4HaTa cpedHa Ha [JaHHuTe,
nonyyeHn OT TeKywo wusmepBaHe, [4]. locpeacTBoM u3non3BaHe Ha dunTbpa ce nofy4vyaBa
CTaTUCTMYECKM ONTMMarnHa OLEeHKa Ha CbCTOSHMETO Ha cucTemMata Bb3 OCHOBA Ha [AaHHW,
.3aMbpceHn” ¢ wym. NMoaxoabT € noaxodslly 3a MHTerpMpaHe Ha JaHHUTe OT akcenepoMeTbp Wu
Xupockon (aHrn. Sensor Fusion), Tbi kKaTo PUNTBPBLT MOXE Aa Ce NpOoeKTUpa Taka, Ye Aa oueHsiBa
KaKTO OpMeHTaLMsTa Ha CeH30pHMA MOAYN, Taka u gpenda Ha xunpockona (aHrn. Gyro Bias).

KanmaHoBuaT omnTbp MOXe YCMOBHO Aa ce pasgenu Ha aea etana. Ctenka ,[peackassaqHe”
(aHrn. Predictor) oueHsBa TekyluMTe NPOMEHMNNBM Ha CbCTOSIHMETO U CbOTBETHUTE rpewwkn. CTbnka
.Kopekuma“ (anrn. Update) cpaBHsIBa NONy4yeHUTE OLIEHKM C OLUYMEHWTE AaHHW, KaTo Kopwurupa
oueHkaTa C KOMOWHauuMsa OT pesynTatuTe, nonyvyeHn Ha etan lNpeAckasBaHe U U3MEPEHUTE OaHHWU,
YMHOXEHU C TernoBeH KoeduuueHT. Hakpas ce u3umcnsBa KOBapWauWOHHWSE MOMEHT (aHrn.
Covariance) Ha oLeHKaTa, KOMTO JaBa Msipka 3a NMHeNHaTa 3aBUCUMOCT MEeXAY HOBOTO CbCTOSIHUE U
N3MepEeHUTE JaHHW.

JInHeHuAT untbp Ha KanmaH pgonycka, 4e npouecuTe, M3MEpBaHU CbC CeH3opa, ca
NVHENHM 1 NOBIMSIHM CaMO OT LUYMOBE Ha MnpoLeca U u3aMepBaHeTo ¢ [[aycoBo pa3snpeneneHue. Toea
orpaHu4eHne ce npeacTtaBs MaTeMaTUYeckum 4Ype3 mofen Ha npeackasBaHeTo M Mogen Ha
nsmepBaHeTo, [5]:

x, =Fx,_, +Bu, +N(0,Q,)

z, = Hx, +N(O,R,)

Kbaeto F e matpuua Ha npexogHus mMofen, KOATo TpaHcdopMupa npefuHOTO CbCTOSHUE Xy 3 B

cnegBaLwoTo CbCTOsIHWE X; B e maTpuua Ha ynpaBneHUeTo, KOSATO TpaHcdopmupa BekTopa Ha

yrnpaBnsiBaluTe Bb3AENCTBUS Uy B CbCTOSIHUETO Xi; H e maTpuua Ha mogena Ha HabnwogeHve, KosTo

TpaHcdopMupa NpeackasaHOTO CbCTOSIHUE X BbB BeKTOpa Ha HabnogeHueTo z,; matpuuute N(0, Qy)

n N(0, Ry) npeacrasaT n3touHMLM Ha MaycoB Wwym ¢ koBapuaumm Qy n Ry n aputmeTtnyHa cpeaHa 0.
dunTLPBT Ha KanmaH ce npoekTvpa Taka, Ye [a OueHsiBa bIMUTe Ha TaHraXx UM KpeH Ha

mopyna GY-88, a Taka cbLlo 1 gperida Ha CKOPOCTHUS XKMPOCKOM MO HadTbXXHATa U HanpeyHa OcCMu.
ToraBa BEKTOPBT Ha CbCTOSIHUETO X NpUema Buaa:

@

T
(2) xk:H’g Vo @Oy a’thk

KbeTO ¥ e brbfl Ha TaHrax, Y € brbfl Ha KPEH, Wy, € Apend Ha XMpocKona Mo oc X, Wy, € Apend Ha
XXnpockona rno oc y.
BekTopbT Ha HabnoaeHneTo z, ce aeduHNpa KakTo cnegea:

® z=[9 v 0 0

BbB cbopmynu (2) u (3) brivTe Ha TaHrax 4 n KpeH y ce onpeaensat ot HeobpaboTeHuTe AaHHW (aHrn.
Raw Data) cnopepn uspasure:

—a a
2 - 2 ’ 7/:atan 2y 2
\ay, +a; Na; +a;

ToraBa MofenuTe Ha NpeaukTopa U U3MepBaHeTo ca criegHuTe:

() g =atan

9 |1 o —d o9 it 0 0 0o
y 01 0 -—dt |y OdtOOa)y
= . * NO,
o, oo 1 0], o 0 o offo] *NOQ)
o, 100 0 1ffes  Jo o o ool
G 19 |t oo o0
A o100
_ - N(0,R
OOOOOa)ber(")
of, o 0 0 0
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TyK Wy U Wy, NPEACTaBMABAT PECH. bIFloBaTa CKOPOCT MO OC X M CbOTBETHUSA Apend. B cuctema (5) e

HanpaBeHO JONYCKaHETO, Ye ApendbT Ha CKOPOCTHMUS XNPOCKOM € MOCTOSHEH BbB BPEMETO.
PUNTLPBLT Ce HacTporiBa NOCPeACTBOM KoBapuauuoHHuTe matpuumn Qy = diag[Qs Q, Qsp Qyul

n Ry = diag[Rs R, 0 0] n 3aTtoBa e Heob6xoanmo Te aa 6baaT U3BeCcTHV npeasapuTenHo. CMUCHIBLT Ha

HacTponkaTa e B CTeneHTa Ha JOBepue KbM MOAerna U M3MepBaHEeTO CbOTBETHO. AKO ce 3agagar

Manku CTOMHOCTM Ha Qy Hanpumep, TOoBa O3HayaBa, Ye MOAENbT € HaaexaeH n unTpupaHute

CTOMHOCTM ce norny4yaeat 0nmsku 0o namepennte. [lobpa npaktunka e Q, ~ O(1EQ); Ry ~ O(1E-2).
Etanute Ha peanusauus puntbpa ca onucanu B Tabn. 1 (H = diag(1 1 0 0)):

Tabnuua 1. MocnegoBaTenHOCT Ha NpunaraHe Ha NUHeHNa ounTbp Ha Kanmax

EkcTtpanonaums (NnpeackasBaHe) Ha BekTopa 3a CbCTosiHMe k|k—1 Ha
cucTteMata Mo OueHkaTa OT NpeauHoTo cbeTosiHne  k—1|k—1 xk|k71 = Fkxk71|k71 + Bkuk
(anpuopHa oueHKa)

OnpegnensiHe Ha anpyopHa KoBapuaLuMoHHa MaTpuua Ha rpelukarta 3a P —EP FT n Q
eKcTpanonupaHns BEKTOp Ha CbCTOSAHUETO klk—1 k™ k=1lk-1" k k

OnpefensiHe Ha OTKINOHEHNETO Ha HabMIAEHNETO B CTbMKa k oT Y, =2, - H x
anpyopHOTO CbCTOosIHME B CThiKa Klk—1 k k K x|k-1

T
OnpefensiHe Ha MaTpuLaTta KopenaumMoHHY MOMEHTM 3a BeKTopa Ha Sk _ HkPk k—lHk n Rk
OTKITOHEHUETO |

Tc-1
OnpepensiHe Ha MaTpuua OT KoeMUMEHTM Ha ycunBaHe Ha Kanvax Kk = Pk|k—1Hk Sk

Kopekuus Ha ekcTpanonupaHns BEKTOP Ha CbCTOSHUETO X, =x +K y
(nocTepuopHa oueHka) klk klk—1 kJk

Kopekuusa Ha koBapuauuoHHata maTtpuua P Pk|k = (I - Kka )Pk|k—1

OnucaHaTa nuHenHa popma Ha puntbpa e npeanoxeHa ot Kanman u biocu npes 1961 r.

CbbupaHe Ha gaHHuTe

[aHHnTe OT n3amepBaHeTO ce CbbupaT OT MUKPOKOHTponepa u npeHaco4saT kbM PC no UART
npotokosi. OGMeHBLT Ha JaHHU Mexay CeH30pHUs moayn GY—88 1 MUKPOKOHTpOSiepa € OCbLLECTBEH
no cepueH npoTokon I°C, KOITO e peanuanpaH xapayepHo B Moayn MSSP. YecToTaTa Ha WwuHa SCL
e 100 kHz. MNMporpamara 3a cbbupaHe Ha JaHHWM € pa3paboTeHa B nporpamHa cpega Mikro C for PIC
(Mikroelektronika, Cbp0busi). Cneq komnunauus, nonydeHmaT hex dann 3a 3anucea B KOHTporiepa ¢
nporpamartop PICKIT 3, dwur. 1, ot nporpamHa cpega MPLAB X IDE (Microchip, CALL).

AOpecbT 3a nucaHe Mo MNPOTOKOS I°’C B ceHsop MPU6050 e 0xDO. NHuumnanusaumsarta ce
n3BbpLLBa Ypes 3annceaHe Ha 6ant 0x00 B peructpm 0x1C 1 0x1B cbOTBETHO 3a akcenepomeTbpa U
Xupockona. Cnep v3gaBaHe Ha CTapTOB CUrHam OT KOHTposiepa, MPOYMTAHETO Ha JaHHuMTe OT
akcenepomeTbpa criegsa nocrnegoBaTtenHocTTa, nokasaHa B Tabn. 2.

Tabnuua 2. MpountaHe Ha NokasaHusTa Ha akcenepoMeTbpa No NPOTOKON I’c

1 2 3 4 5 6 7 8 9 10 11 12 13
Write Write Write Read Read
Master | S | 5.po 0x3B RS | oxD1 ACK ACK
Slave ACK ACK ACK | DATA DATA

Tabnuua 2. MNpoabkeHne

14 15 16 17 18 19 20 21 22 23
Master Read Read Read Read =
ACK ACK ACK NACK
Slave DATA DATA DATA DATA

CobkpalleHusaTa, uanonseaHu B Tabn. 2, ca cnegHute: S — Start; RS — Repeated start; (N)ACK
— (Not) Acknowledge, P — Stop. faHHuTe, kouto ce npegasaT (DATA), nmat gbmxmHa ot 1 Gawr.
MNokasaHWeTo 3a NMHENHO YCKOPEHUe No TpUTe ocu ce npepdasa OT CeH3opa B NocnefoBaTenHocT 3a
ocute X, Y, Z. HeobpaboTeHuTe paHHM OT akcernepoMeTbpa Ce CbxpaHaBaT B LenovMcneHa
npomeHnuea ¢ abmkmHa 16 6uta signed int. 3a cbbupaHe Ha AaHHW OT TpUTE OCU ce NpounTaTt obLUo
6 6anta. CbbupaHeTo Ha faHHU cnupa, koraTo KoHTponepsT npegane 6ut NACK un curHan STOP.
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Mo aHamoruyeH HadMH ce cbbupat HeobGpaboTeHUTE MoKa3aHWsi OT CKOPOCTHUSA XKMPOCKOT.
Pasnukata e camo B agpeca Ha permctbpa OT KonoHka 5, Tabn. 2. Bmecto 0x3B ce 3anucBa 0x43.
MocnepoBatenHocTTa 3a cbbupaHe Ha fdaHHM oOT ceH3op MPU6050 e onucaHa nogpobHo B
pbkoBoacTBo [1].

Mpouenypata 3a npounmtaHe Ha HeoOpaboTeHM [AaHHM OT MarHUTOMeTbpa 3anoysa C
uwHMUManusauma Ha censopa B Continuous Measurement Mode. CbbupaHeTo Ha p[JaHHUTE €
aHanorM4yHo Ha noco4yeHoTo B Tabn. 2. Pasnuknte ca B agpeca 3a nucaHe (kornoHka 3 — 0x3C) un
agpeca Ha perncrbpa ¢ gaHHu (konoHka 5 — 0x03). NocnegoBaTenHocTTa Ha NpefaBaHe Ha JaHHUTE
OT CeH3opa 3a TpuTe ocu obave e X, Z, Y. lNocnepoBaTtenHoctTa Ha cbbupaHe Ha AaHHUTE e
noapo6bHo onucaHa B pbKOBOACTBO [3]

Hai—Tpynoemko e cbbupaHeTto Ha HeobpaboTeHn paHHM oT Gapometbpa BMPO085, B
YaCTHOCT HEKOMMEHCUpaHUTe TemnepaTtypa n aTMocdepHo HanaraHe. AgpecwhT 3a nucaHe e OxEE.
lMocnepoBaTenHocTTa Ha KOMyHUKaLMS Mo I°C e onvcana B Ta6n. 3.

Ta6nuua 3. MpounTaHe Ha HEKOMMEHCUpaHaTa TeMnepaTypa oT 6apoMeTbpa Mo NpoTokon 1°C

1 2 3 4 5 6 7 8 9110 11 12 13 14
Write Write Write Write Write
Master | S | o.rE OXF4 0X2E P 1S | oxee OXF6
Slave ACK ACK ACK ACK ACK

Tabnuua 3. MpoabmkeHne

15 | 16| 17 | 18 | 19 | 20 | 21 22 | 23
Write Read Read
Master | RS | o pp ACK NACK | P
Slave ACK | DATA DATA

Pe3yntaTbT OT M3MepBaHe Ha HEKOMMEHCUpaHa TemnepaTypa ce CbxpaHsiBa B LienoyncrieHa
npomMmeHnuea oT Tvn signed int. Mo aHanorMyeH HayMH ce nMpoyYuTa HEKOMMEHCUMPAHOTO HansraHe.
Pasnukata e B KonoHka 7, Tabn. 3. Bmecto uncnoto Ox2E ce 3anmcBa uucnoto 0x34. CeH3opbT
npegaea Tpu OanTa, KOMTO, crieq nocriegoBaTenHu OTMecTBaHus npe3 8 OuTa, ce CbxpaHsAsaT B
uerovncrneHa npomMeHnuMea oT Tun unsigned long int. MHuMumManusaums Ha GapomeTbpa He e
HeoOXxoA4vMa, Tbi KaTo UCTUHCKUTE HansraHe n TemnepaTtypa 3aBUCAT OT YHUKanHW 3a 6apomeTbpa
KanmbpoBBbYHU KOEPULIMEHTN.

CwbupaHeTo Ha HeobpaboTeHn aaHHM ce n3BbpluBa B cpeaa Visual Studio (Microsoft, CALLL)
ypes3 KOH30MHO npunoxeHne nog Win32. MNporpamarta npoynta cepyeH NopT U CbXpaHsiBa OaHHUTE B
TekctoB dhann. HomepbT Ha nopta ce 3agaBa aBTOMaTMYHO OT OnepauuMoHHaTa cuctema crneg
WHCTanupaHe Ha gparsep 3a npexogHuka Ha FTDI, ¢ur. 1. CumBonHaTa ckopocT (aHrn. Baud Rate)
Ce 3ajaBa KaKTO B nporpamaTta 3a KOHTporiepa, Taka M B nporpamaTta 3a cbOupaHe Ha OaHHUTE.
JlornuHo e, 4ye ctonHocTuTe TpsabBa Aa ce egHakBM U B ABeTe nporpamu, B criydas 57600 bps.

MonyyeHnTe noOCpeacTBOM KOHTporiepa HeobpaboTeHM [daHHM OT akcenepomMeTbpa WU
Xupockona Ha ceHsop MPUGB050 ce obpabotBaTt ¢ nuHeeH cduntbp Ha KanmaH B cpega Matlab,
cnepfBaviku popmynuTe B Tabn. 1.

CwbpaHnTe HeobpaboTeHn gaHHK oT ceH3op BMPO085 3a HekoMneHcupaHuTe Temneparypa u
HansiraHe ce obpaboTBaT cnedBalkv TpygoemKa npoueaypa, KOATO € U3noxeHa noapobHo B
pbkoBoactBo [2]. CToMHOCTMTE Ha [OEWCTBMTENHOTO HandraHe W TewmnepaTypa 3aBucAT OT
evHageceT KanMbpoBbYHM KoeduUMEHTa, KOMTO Ca YHUKasrHW 3a BCEKM CEH30p W cnefsa ga ce
npoyeTaTr €4HOKpaTHO OT KOHTponepa. B pbkoBoacTBo 3a noTpebutens [2] ca nokasaHW NpUMeEpHU
N3YMCNEHNST C MEXOUHHN pe3ynTaTh 3@ XUMNOTETUYHU CTOMHOCTU Ha KanMbpoBbYHUTE KOEULIMEHTMN.
ToBa gaBa Bb3MOXHOCT Ha nporpamucTa ga tectBa oyHKumsaTa 3a o0bpaboTka Ha HEKOMMNEHCHMPAHUTE
AaHHn. MNMopaawn orpaHuyeHns obem Ha goknaga Tasum npoueaypa He e onuncaHa. Yutatenar moxe ga
Hanpasw crnpaeka B pbKOBOACTBO [2], cTp. 13.

KakTo e n3BectHo, MarHUTHUAT CeBep He cbBrnaga ¢ reorpadckus. ToBa Hanara nonyvyeHuTe
AaHHKU oT marHntomeTbp HMCS5883L ga ce kopurmpaT cbC CTOMHOCTTA Ha MarHMTHaTa AeknuHauums.
lMocnepHata 3aBucK OT reorpadCKOTO NOMOXKEHUe Ha ceH3opa M OT BpeMeTo. Cnpaska 3a fnokanHaTa
W TeKyllla CTOMHOCT Ha AeKnNuHauuaTa Moxe Aa ce Hanpasu B [6].

PesyntaTtu

3a nocrnegoBaTeNIHO M3MEPEHUN BITIM Ha TaHrax u KpeH 6sixa 00paboTeHn AaHHUTE C NIMHEEH
GuNnTbp Ha KanMaH 3a pasnuyHuM CTOMHOCTU Ha MaTpuumuTe OT KOpenauMoHHW MOMEHTU Qi U Ry.
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Peayntatute ca nokasaHu Ha dgwur. 2. FICHO nponuyaBa CMUCHABT Ha KOBapUaUMOHHUTE MaTpuuu,
KOWTO OTpassiBaT CTerneHTa Ha JOBepue B Mogena v NoyvyeHnTe SaHHW.

KannbpoBkaTta Ha gaTymMuuTe U TOMHOCTTa Ha M3MepBaHe Ce rapaHTvpaTt OT NPOV3BOAUTENS.
3a noTpebuTtensd e 4OCTaTbYHO Aa HampaBu e4HOKPaTHO M3MepBaHe, 3a Aa ce nonydu pesynrtaT C
TOYHOCT, nocoyeHa B AokymeHTu [1], [2] n/vwnn [3]. UskntoueHne e TemnepaTypHUAT odceT, KaTo B
UUTMPaHNTE JOKYMEHTU Ca OMUCaHM Ha4YMHKU 32 KOMMEHCUpaHe Ha pesynTara.

CTorHOCTTa Ha gencTButenHuTe Temnepatypa u atmocdepHo HansiraHe Ha 08 cenTtemBpwy,
2015 r., 12:30 vaca, rp. Cocus ce nonydmxa cbotBeTHO 24.4 °C n 95318.43 Pa, cboTBeTCTBALLM HA
HagMopcka BucovmHa 512 m. NpelukaTta Ha pe3yntaTtuTe € NocoveHa B JOKYMEHT [2].

dur. 2. dunTprpaHe Ha U3MEPEHWTE bITIM HA TaHrax (JIBO) U KPeH Npy pasnuyHU KoBapuaLuMOoHHU MaTpuum Ry

3akno4yeHune

lMpunoxeHneTo Ha MeToda 3a onpefensiHe opueHTauuaTa Ha BITA B NpocTpaHCTBOTO BbB
dyHKUMA Ha OnnepoBM bIMU € OrpaHUYEeHO Mopagu pegvua CBOMCTBEHW HedocTaTbuu. 3a TpuTe
OnnepoBu BbIMU TaHraX, KPeH M puUCKaHWe cbluecTByBaT 12 pasnuyHM MOCNEedoBaTENIHOCTM Ha
BbPTEHE, KOUTO HE Ca MHBapuaHTHW. Hanpumep cnea nocrnegoBaTenHu 3aBbpTaHust ¢ TaHrax 90° u
kpeH 90° BJIA npuema opueHTauusi, KOSITO € pasnuyHa Mnpyu CbLUTE BIMM Ha 3aBbpTaHe, HO
NpunoXxeHn B obpaTHa nocnegoBaTenHocT. [pyr HEAOCTaTbK Ca CUHIYNSIPHOCTU B MaTeMaTu4eckusi
MoZen 3a CTOMHOCTM Ha OnnepoBuTE bIMUW, KAKTO crneaBa: pUcKaHue 21T, TaHrax *11/2, KpeH *21T.
HepocTtatbk cbLo ce Habnogasa korato eauH ot OnneposuTe bW NpUeMa CTOMHOCT |T1/2|. B 103K
cnydqan BJIA rybu epHa cteneH Ha cBobopa (pyc. CknagbiBaHue pamok, aHrn. Gimbal Lock).
[MpOM3BONHOTO M3MEHEHWEe Ha OocCTaHanuTe ABa brbfla BOAW OO0 €4HAKBO OTKMOHeHue Ha BJIA B
NPOCTPaHCTBOTO, [7].

Bcuukm cnomeHaTn HegocTaTbUM Ha MeToda oTnazart npu onpedensHe Ha opyveHTauusaTa Ha
BJ1A 4ype3 kBaTepHWOHM U T. Hap. obobweH cdmntbp Ha KanmaH (aHrn. Extended Kalman Filter).
OnwucaHuAT B goknaga metod obadve e No-neceH 3a peanuaaums 1 npunoxmnm 3a HemaHespeHu BJTA.

Mopagn orpaHuvyeHmss obem Ha [Joknaga ca ChecTeHM NogpoObHOCTUM  OTHOCHO
NporpaMmMpaHeTo Ha MWKPOKOHTpOSEepa W NEpPCOHANHUS KOMMIOTbP. Yutatenat nonyyvyaBa MblieH
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[OCTbMN O u3xogHus kop, nybnvkyBaH OT aBTopa B GitHub, [8], HO camo cneag uuTupaHe Ha
HacToslma goknagd. [emMoHcTpauus Ha n3non3BaHeTo Ha CeH3opa MOXe Aa ce Habnoaaea Ha agpec
[9], kboeTo paHHUTe ce cbbupat B PC upes nporpamHa cpeaa Processing.
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Abstract: “Internet of Things” (IoT) is a modern term gathering all or almost all devices that connect to
the Internet. But why not connect drones to the Internet and control them using the Internet?

Drones are another modern trend in the high-end technological revolution and all innovations in the
unmanned aerial vehicle avenue are most welcome by industry and the general user.

There are a few benefits from implementing Internet of Things in the drones and a few drawbacks. The
current paper tries to disclose all aspects of using drones as Internet of Things. The author also proposes a new
approach that is a partial Internet of Things realization thus avoiding the disadvantages of IoT that may be
dangerous and simultaneously harvesting some of the advantages an IoT application may bear.

MHTEPHET HA HELWWATA U AIPOHOBETE
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Cooputicku yHusepcumem «Cs. KnumeHm Oxpudckux», @usudecku akynmem
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Knroyosu d}/MU.' WHmepHem Ha Hewama, besnunomHu nemamesiHuU anapamu

Pe3rome: “lhmepHem Ha Hewama” e MolOepeH MmepMuH, obxeawaw, 8CUYKU UAU oYMuU 6CUYKU
ycmpoticmea, cebp3aHu KbM MIHMepHem. Ho 3awo 0a He npunioxum uHmepHem Ha Hewama rpu OpoHoseme u
Oa eu ynpasrnssame 4pe3 MlnmepHem?

JpoHoseme ca Opy2o0 MOOEpPHO meyeHue 6b8 BUCOKO-MexXHoo2uYHama peesosioyus U 8CUYKU
uHosauuu npu 6esnunomHume sfemameniHu anapamu ca Oobpe mnocpewHamu om uHOycmpusma u
nompebumenume.

Cbujecmeysam HSAKOJIKO rOfIe3HU MOMEHma rpu U3roi38aHemo Ha UHmMepHem Ha Hewama mnpu
OpoHoseme u HSIKONKO Hedocmambka. Hacmosiujama cmamusi ce onumea 0a pasKpue 8CUYKU acriekmu Ha
usnonseaHemo Ha OpoHogeme 4ype3 uHmepHem Ha Hewama. Aemopbm rnpednaza eOuH HO8 o0xod, Kolmo
npedcmasrnsasa YacmuyHa peanu3ayusi Ha UHMepHem Ha Heuwlama u maka u3bszea Hedocmambyume Ha
UHMepHem Ha Hewama, koumo Moz2am Oa 6bOam onacHu. B cbwomo epeme 4Ype3 mo3u nodxod ce
oronzomeopsisam Hsikou om rfpedumcmeama, Koumo eOHO MpusioXeHUe Ha UHmMepHem Ha Heuw,ama Moxe 0a
rnopodu.

Introduction

“Internet of Things” (IoT) is a modern technology, or rather a field of technologies. It is not like
drones, which date back from the 1930s. But what is Internet of Things? How do we define it?

Assuming that we know what the Internet is, we might think that defining IoT is an easy task,
but practice has proven that it is not. There is still no universal definition of 10T that most institutions
and universities have agreed upon. Without a formal and official definition we could use a broader
definition that is drawn from the words in the term and also from its practical and obvious
implementations. 10T is about things. With ‘things’ it is meant devices. It is about all kinds of devices
from refrigerators, doors, cooking ovens to robots, smart phones, sensors and so on. Any device that
can connect to the Internet through a LAN card or other means is a thing in the IoT avenue. But
Internet of Things presumes mostly wireless connections. And of those wireless connections mostly
Wi-Fi is meant. Some more radical devices that may become IoT are food packages like mink cans,
bottles of vine and so on. Then lIoT may be also clothes, luggage bags, shoes and hats. Well, anything
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that is connected to the Internet might be qualified as Internet of Things, as long as this thing has
electronics in it that communicate some information to and/or from the Internet.

If so many things are 10T then a question arises quickly: “What is not Internet of Things?”. The
answer goes like this: All things that are not connected to the internet or those connected to the
Internet that have been connected for a quite a while, like laptops, tablets and smart phones. But for
the smart phones no one is quite sure.

On a larger scale, 10T might be defined as smart grids, connected cities, industrial Internet.

“.',.
|
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Fig. 1. Wi-Fi module with ceramic antenna (on the left) and external antenna for it (on the right).
Note: scale of the two images is not equal.

Drones and the Internet

This paper is about drones, no, it is about Internet and drones, or the reverse. Anyway, drones
are obviously things and they do have a lot of electronics inside. Almost every drone has an onboard
computer. Also almost every drone communicates with the base station. This communication is
wireless. Then the questions arises: “Why not connect a drone to the base station through the
Internet?”. Of course it is possible and has been done many times. We shall examine the benefits and
drawbacks of such an approach first. Then we shall suggest an approach that is a compromise,
something in the middle of ordinary wireless connection and loT method.

The Benefits of an 10T Drone

These are rather obvious. You may not need to establish a wireless network, but rather use a

readymade one. Options are many. Let’s elaborate on some of them.

1. Use a satellite phone. These are not very heavy and may be carried with ease by a
midsized drone. If the satellite phone operator provides Internet access then you have loT
drone that can fly anywhere under the blue sky having the satellite network has coverage
where the drone is flying. A nice solution. Universal one, one might say.

2. Use a terrestrial cell phone network. As in the previous point, but this time a cell phone,
rather than a satellite phone. Having the operator provide Internet access, you have an
IoT drone ready to fly. Now you may fly wherever there is coverage. If the operator is in
one state — you may fly in one state. If the terrestrial cell phone operator supports roaming
you might well extend your range. For example roaming got much cheaper in the
European Union recently. Why not fly from London to Sofia using I0T drone carrying your
cell phone (and enough fuel)?

3. Use local Wi-Fi networks. As long as you have access to these networks, wherever they
are, you may connect your drone using a Wi-Fi LAN card onboard to these networks (see
fig. 1). You may fly in a city, in a small region or have you.

4. Use some other wireless technology that connects to the Internet, like Bluetooth for
example. Yes, the range may be shorter, or ever larger that Wi-Fi. Such a solution,
nevertheless, will not be so universal, but it is still 10T, isn't it?
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Fig. 2. Wi-Fi rooter

The benefits, as said are obvious:

1.You get cheap network access (not always), you pay for the access to it and the device on
board.

2.You get almost worldwide coverage using a satellite phone.

3.Your drone may extract information from the Internet directly, not passing through your base
station or the 0T server.

4.Your drone may post information directly to the Internet, not passing through your base station
or the loT server, having the places where the drone tries to post information allow robots to
post.

5.Your base station needs to be connected to the Internet, but you don’t always need a dedicated
base station. You may use an improvised base station — your smart phone, your desktop
computer, you name it.

6.You may want to use an loT server, but for a highly autonomous drone you may go without even
an loT server. How about e-mail conversation between you and your drone?

Fig. 3. Wi-Fi amplifier

The Drawbacks of an IoT Drone

Most of the denoted drawbacks are true for all 10T devices, not only to drones. Internet is not a
safe place and when a device is connected to the Internet it may be hacked. If this device can do harm
then it is not a good idea to connect it to the Internet. The drone is a dangerous device, it may do a lot
of damage if used improperly and enabling a potential access to it from an offender through the
Internet is a drawback. Some countermeasures are always possible like super strong encryption and
protection of the IoT server, the base station and the drone computer from attacks, but the risk is there
and it is crucial. Another drawback is that some drones may need stable connections. The Internet is
not so stable and has downtimes. On the other hand there are no networks with guaranteed coverage
or with 0% downtime. A gap in communication due to the network infrastructure or the Internet
connection may lead to catastrophic results in some scenarios.
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Fig. 4. Wi-Fi helix antenna

A Compromise between IoT Solution and a Standard Wireless Communication Solution

One might utilize some of the benefits of 10T method and also implement certain aspects of
the classic wireless communication used to control drones. An example of such an approach is
proposed by the author of the current article in the following sections.

Using a readymade wireless network meant for the Internet is a benefit. There are over the
shelf devices for wireless Internet connectivity available for a very low cost. These are the Wi-Fi
devices used for the loT connectivity and the well-known wireless network routers, repeater and
amplifiers. The idea is to create such a dedicated wireless Wi-Fi network that will connect the
unmanned aerial vehicles and the base station without going through the Internet. The drone should
be equipped with a micro-WLAN card (see fig. 1). The ground base station might use an ordinary Wi-
Fi rooter (see fig. 2) whose performance could be enhanced using a Wi-Fi amplifier (see fig. 3) and a
special purpose 2.4 GHz high gain directional antenna with circular polarization (see fig. 4). 5.8 GHz
Wi-Fi frequency band is also an option, but the higher frequency has its drawbacks.

The circular polarization would eliminate some unwanted effects that deteriorate the wireless
connection when applying high frequencies in the decimetre and centimetre bands.

Conclusions

Internet of Things is beneficial to drones control, but implementing it fully or partially should be
done with care in order to avoid the dangers that accompany it. Drones are among the most
hazardous devices of the modern technological advances and coupled with the weaknesses of loT
may result to catastrophic result if not dealt with as needed. On the other hand utilizing the benefits of
IoT in the drones sphere bears new horizons for the inventors and engineer to harvest.
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Abstract: This work is part of the effort to build statistically sound marine monitoring network to support
the implementation of Article 11 (coordinated monitoring programmes) of the EU Marine Strategy Framework
Directive (MSFD) in Bulgaria for the period 2014-2018. It is known that the existing monitoring is insufficient to
meet the requirements of MSFD. A statistically sound sampling strategy is needed to provide adequate data for
environmental status assessment. The first step in order to build a marine monitoring network is to develop an
ecological niche model (ENM) of each ecosystem of the region.

Because of the nature of the available field data, a presence-only ENM was selected and Maxent
modelling tool was chosen. A Maxent model of Cystoseira barbata (brown algae) was developed and instructions
are provided in order to develop an ENM for the rest of the ecosystems. The environment predictor variables used
to develop the Maxent model are existing monitoring information combined with satellite-derived information.

MOAOEJNIMPAHE HA EKOJIOTMYHATA HALLA HA MAKPO®UTOBEHTOCH
MO BBLIIFTAPCKOTO YEPHOMOPCKO KPAUBPEXUE

OecucnaBa NaHeBa

University of Southampton
e-mail: dessislava.ganeva@gmail.com

Knroyoeu Jdymu: Moden Ha ekonoeuyHama Huwa, Maxent, Cystoseira barbata, Mopcka
MOHUMOpPUH208a MpeXxa

Pe3rome: Tasu paspabomka e Yacm om ycunusima Oa ce cb3dade cmamucmu4yecku cmaburiHa Mopcka
MOHUMOpUH208a Mpexa, 3a Oa ce mnodkpenu rnpunazaHemo Ha 4neH 11(koopOuHUpaHU MOHUMOPUH208U
npoepamu) om Eeponelickama Pamkosa dupekmusa 3a Mopcka cmpameausi (PAMC) e bvreapusi 3a nepuoda
2014-2018. Cbuwecmsysawusim MOHUMOPUH2 e Hedocmamb4yeH 3a rnocmueaHe Ha u3uckeaHusima Ha PAMC.
Cmamucmudecku cmabunHa cmpameausi 3a npoboHabupaHe e Heobxoduma, Kosimo Oa rnpedocmasu
docmambyHO OaHHU 3a OUEHKa Ha CbCMosiHUe Ha okosnHama cpeda. [Tbpeama cmbrika npu u3zgpaxoaHe Ha
MOpCKa MOHUMOpUH208a Mpexa e pa3pabomkama Ha Molen Ha ekonoauyHama Huwa (MEH) 3a ecsika
ekocucmema 8 patioHa.

Modenvm Maxent, koimo e ,presence-only”, 6e u3bpaH nopadu Hamypama Ha 0oCmbIIHUME nosesu
OaHHu. 3a Cystoseira barbata (sud kaghsisu eodopacnu) de uspabomeH Maxent moden. [lpedocmaseHu ca
UHCcmpykyuu 3a uspabomearHe Ha MEH 3a ocmaHanume sudoge om ekocucmemume. [lpomeHnueume, Koumo
onpedensam okonHama cpeda u3snonsgaHu 68 Maxent modena, ca cbwecmeysauwu MOHUMOPUH208U OaHHU
KOMOUHUpaHU CbC CITbMHUKO8U OaHHU

Introduction

This study is the first step in order to develop a monitoring network of the Bulgarian Black Sea
by modelling the spatial distribution of the different ecosystems (Amorim et al. 2014, Fyhr et al. 2013).
Existing monitoring information will be combined with satellite-derived information to enable the design
of statistically sound species distribution of the ecosystems using GIS tools.

This study focuses on modelling the ecological niche of Cystoseira barbata
(macrophytobenthos species) along the Bulgarian Black Sea coast using Maxent tool and gives
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practical steps in order to perform a Maxent model for the rest of the identified ecosystems. The
present report is a summary of this study that could be downloaded from www.academia.edu.

Methodology

In the literature there is sometimes confusion between species distribution model (SDM) and
ecological niche model (ENM) (Anderson 2012), however it is important question for the interpretation
of the results (Araujo and Guisan 2006). In this study the ENM is considered as described by
Anderson 2012, because only the suitable conditions (abiotically) will be modeled.

Modelling techniques are especially useful when there is a lack of biological surveys, as is the
case in the Black sea. While ENM cannot replace the actual monitoring, its predictions can be used to
construct effective marine monitoring strategies for impact and ecological status assessments needed
for the implementation of ecosystem-oriented management regulations such as the European Marine
Strategy Framework Directive (Fyhr et al. 2013, Reiss et al. 2014).

In order to establish the best sample sites for the monitoring program the species ecological
niche should be estimated. Therefore a correlative ENM will be developed (Amorim et al. 2014,
Stohlgren et al. 2011). Correlative ENM are empirical models relating field observations (sampling
data) to environmental predictor variables, based on statistically or theoretically derived response
surfaces (Guisan A. and Thuiller W. 2005). Therefore the quality of the input data is of course of great
importance for the model (Lozier et al. 2009, Soberon and Peterson 2004), as Pearson, 2009 states:
“Garbage in, garbage out”. In our case this applies for the sampling data and the environment data.

There are two main groups of ENM that are divided by the type of data they use: presence-
absence and present-only data (Brotons et al. 2004). The available data for seabed habitats in the
Bulgarian part of the Black sea is a presence-only data. Therefore only those types of ENM will be
considered. Another specificity of the available data is that the sample size is very small. For example
there are 20 sampling locations for Cystoseira barbata in 2012 monitoring.

The Maximum Entropy model was chosen as the most appropriate, considering the specificity
of the available data and its predictive capabilities even for small sample size (Anderson and
Gonzalez 2011, Magris and Déstro 2010, Meif3ner et al. 2014, Merow et al. 2013, Reiss et al. 2011,
Stockwell and Peterson 2002, Wisz et al. 2008) and Maxent v3.3.3.3k software (Phillips et al. 2006)
was used.

Maxent relies on an unbiased data, however our data is highly biased therefore special care
was taken in order to limit the effect of the sampling bias (Barnes et al. 2014, Elith et al. 2010,
Fourcade et al. 2014, Kramer et al. 2013, Phillips et al. 2009, Syfert et al. 2013). The split correction
was used when creating the bias file, in the sense that for the strip 0-3m a Gaussian function was
applied and for the strip 3-end of the distribution area of the species a value of almost O density was
applied.

The choice of the environment predictor variables is a very important step in modelling species
ecological niche because those models use correlative approaches that use the environmental
variables to explain patterns of species ecological niche (Reiss et al. 2011). Maintaining a small
number of predictor variables, when having small sampling size is a sound strategy (Warren et al.
2014). Along with substrate characteristics and wave regime the environment predictor variables from
remote sensing in Table 1 were used.

Table 1. Products from GlobColor (www.globcolor.info) used in the study

Environmental predictor variables Product from ACRI-ST Remarks

from remote sensing GlobColour Team 2014

Total suspended matter concentration TSM Chosen because validated for
water type I

The Secchi Disk depth ZSD-DORON Chosen because validated for
water type Il

Chlorophyll-a concentration CHL-2 Chosen because validated for
water type Il

Photosynthetically Available Radiation PAR

Another important aspect of a model is the spatial extend of the study area because the model
performance relies on it (Anderson & Raza 2010, Barbet-Massin et al. 2012, Barve et al. 2011). The
study area should be the geographical area accessible to the specie over given time period (Fourcade
et al. 2014, Anderson & Raza, 2010). After discussion with Bulgarian macrophytobenthos experts
(Elitza HINEVA from Institute of Oceanology Varna and Dimitar BEROV from the Institute of
Biodiversity and Ecosystem Research at the Bulgarian Academy of Sciences in Sofia), it was agreed
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that the most probable habitat distribution of Cystoseira barbata along the Bulgarian Black Sea coast
is between 0 and 15m water depth.

With different scale and resolutions of the data, different patterns are visible (Austin 2007,
Guisan and Thuiller 2005, Haegeman and Etienne 2010, Pearson and Dawson 2003, Pearson et al.
2004), it is why a great care was taken in adjusting the right spatial scale for the application. On one
hand, the samples were taken from a square of 15m X 15m and their exact location is unknown.
Therefore a coarser resolution that 15m X 15m would better take into account this uncertainly. On the
other hand the substrate is the predictor variable that is the most important and the resolution should
be fine enough to distinguish correctly the hard substrate. A resolution of about 50m correctly
represents the substrate. On the third hand the study area for each species is a narrow strip of less
than 2km wide along the Bulgarian Black Sea coast and is less than 400km long. Therefore a spatial
resolution of about 50m per cell size was chosen for all the variables in the Maxent model.

The calibration and selection of the suitable model is done following Scheglovitova and
Anderson (2013) and Pearson et al. 2007 for small sampling size. The model was run with different
types of features and regularization and optimising first the omission rate and then the AUC. The
lowest presence threshold rule (Pearson et al. 2007) or the equivalent minimum training presence
threshold (in Maxent) was used in order to determine if a test sample is within or out of the predicted
area. Because of the small sample size the chosen threshold represents a conservative rule
preventing to overestimate the area suitable for the species. Therefore the omission rate is the
number of times a test sample is outside of the predicted area, the lower the omission rate the better.
The types of feature for which the model was tested are L (linear), Q (Quadratic) and H (Hinge)
following Philipps and Dudik 2008 recommendations because of the sample size of 20. Using complex
features increase the complexity of the model and could lead to an overfitting. The following features
or group of features will be used for the test: L, Q (LQ and QH are the same as Q), H (LH is the same
as H), LQH. Regularization of the other hand gives more or less tolerance in the selected variable
value and therefore smaller regularization value will probably result in more restricted predictions and
larger regularisation values in less discriminating predictions. The regularization multipliers 0.25, 0.5,
0.75, 1, 1.25, 1.50, 1.75, 2 were used.

This study utilise two tests to evaluate the model: (i) Area Under the Receiver Operating
Characteristic Curve (AUC) (ii) test for significance of the results. An AUC value of 1 is considered a
perfect prediction and a value of 0.5 or less is consider a prediction no better than random. In other
words a model with AUC = 0.89 ranks the suitability of the site correctly 89% of the time. The “leave-
one-out” approach for model evaluation was applied as described by Pearson et al. 2007.

Results

The tests with lower omission rate are the tests for every tested feature class with the regularization
multiplier of 1.75 and 2. For each feature class, higher regularization multipliers correspond to lower
omission, which correspond to the results from Scheglovitova and Anderson (2013). The tests with the
regularization multiplier 1.75 were selected as optimal settings because of the downscale resampling
of the remote sensing data from 1000m to 50m spatial resolution. Therefore more value tolerance for
those variables is not necessary.

For the tests with lower omission rate, an average AUC was calculated from the 20 “leave-
one-out” runs of the model, results in Table 2. For each model a P-value was computer with the tool
proposed by Pearson et al. 2007 in their Appendix. All the models are statistically significant (P-
value<0.05).

Table 2. AUC and P-value for the tests with the lowest omission rate

Test AUC mean test P-value
TestH, 1.75 0,8426 0,000019
Test LOH, 1.75 0,84885 0,000027
TestQ, 1.75 0,84835 0,000027
TestL, 1.75 0,8303 0,000015

Conclusions

The calibration of the Maxent model shows 4 models with similar performances, see Table 2.
Although it is still under consideration which of those models to choose, the less complex model was
selected (L1.75, Linear feature and regularization multiplier 1.75). Only 3 out of the 6 variables
contribute to the model (substrate, waves, chlorophyll-a).
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The proposed Cystoseira barbata ecological niche as an input for modelling the monitoring network is
in Figure 1.

Proposed Cystoseira barbata ecological niche as
an input for modelling the monitoring network
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Fig. 1. Proposed Cystoseira barbata ecological niche as an input for modelling the monitoring network
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Abstract: this article presents the first results from the agricultural application of satellite time series data
from the SPOT5/HRG XS in Zlatia Test Site (ZTS), Bulgaria. Those time series were acquired within the SPOT 5
Take 5 experiment, which was carried out between April and September 2015 as an initiative of CNES and ESA.
The main objective of the study is to perform spatial analysis and assessment of the winter wheat physiological
state in three test fields using time series of satellite NDVI imagery from SPOT5/HRG XS (product level L2A). The
crop state is assessed using a qualitative scale with three levels: poor, satisfying and good condition. This division
was based on NDVI threshold values determined during this study using the method natural breaks classification.
Assessment maps are prepared for three winter wheat phenological stages: stem elongation, milk development
and dough development. Field experiment was carried out on 8 and 9 June 2015 to verify the maps. Image of the
test fields was acquired using the specialized unmanned aerial system for mapping senseFly eBee Ag. In addition
were performed phenological observations, biometrical measurements and plant samples were collected from
nine sampling plots to assess the actual state of the crops. The NDVI values from both eBee Ag/S110NIR and
from SPOT5/HRG2 XS pixels have been classified using natural breaks method in three NDVI ranges,
corresponding to three classes of crop state (poor, satisfying and good). Those classes coincide entirely with the
ground observations of the physiological crop state established during the field campaigns. The results from the
study carried out in ZTS show that the high spatial and temporal resolution of the SPOT 5 Take 5 image dataset
substantially increase the potential for monitoring of winter wheat and assessment of its state at local level.
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mecmosu yyacmsk (TY) ,3namusi”, bvneapusi. Te ca nosiy4eHU no epeme Ha ekcriepumeHma SPOT 5 Take 5
Kolimo e ocbuwiecmeeH 8 nepuoda anpus-cenmemepu 2015 e. no uHuyuamusa Ha CNES u ESA. OcHoeaHa uen
Ha uscriedsaHemo e Oa ce u38bpWU MPOCMpPaHCMeeHa OUeHKa U aHasu3 Ha CbCMOsIHUEeMO Ha nocesu om 3uMHa
nweHuya Ha mpu rnosema pasrosioXXeHU Ha mepumopusma Ha TY ,8namus” ¢ u3nonsgaHe Ha CrTbMHUKO8U
spemesu cepuu om NDVI uszobpaxeHusi eeHepupaHu om ceH3opa SPOTS5/HRG2_XS (npodykm Hueo L2A).
CbcmosiHuemo Ha rocegume e OUeHeHo Ha 3 cmeneHu — fiowo, ydosriemeopumersiHo U 0obpo Ha 6aszama Ha
ycmaHo8eHU 8 rnpoueca Ha uscrnedgaHemo rnpacosume cmoliHocmu Ha NDVI 3a ecsika om msix. CbcmageHu ca
OUEeHBbYHU Kapmu 3a mpu om ¢hazume Ha pasgumue Ha 3uMHama nweHuya - 8pemeHeHe, MiieYHa U 80CbYHa
3perniocm. 3a eepuguyupaHe Ha cbcmaseHume kapmu Ha 08 u 09.06.2015 2. e ocwbuwecmeseH ronesu
eKcriepuMeHm. M3ebpuweHo € 3acHeMaHemo CbC crieyuanusupaHa b6esnunomHda cucmema 3a 6b30YWHO
KkapmoepacpupaHe sensefFly eBee Ag. lNposedeHu ca u HaseMHU ¢heHorno2uyHU HabndeHus, buomempuyHuU
usmMepeaHusi u cbbupaHe Ha pacmumesiHu rnpobu om 9 enemMeHmapHU naowadku 3a oueHka Ha peaslHomo
cbCcmosiHue Ha nocesume. 3a mpume riosiema e u3dzpadeHa 2eo-baza daHHU. YcmaHO8€eHO e, Yye cmoliHocmume
Ha NDVI Ha nukcenume om u3obpaxeHusma NDVI eBee Ag/S110NIR u NDVI SPOT5/HRG2 XS,
cbomeemcmeawu Ha MecmoriofioxXeHUemo Ha efleMeHmapHuUme nnowadku, usysso nonadam e epaHuyume Ha
npazosume cmoliHocmu Ha UHOeKca, omaoeapslu Ha mpume u3credsaHu CbCMOSIHUSI Ha rocesume.

Pesynmamume om npogedeHume u3cnedeaHuss Ha TY ,3namus“ nokaseam, u4e e8ucokama
rnpocmpaHcmeeHa u spemesa pasoesiumesiHa criocobHocm Ha u3obpaxeHusima rosly4eHu om ekcriepumeHma
SPOT 5 Take 5 nosuwasam 3Ha4umesiHoO MomeHyuasa 3a usebpuweaHe Ha MOHUMOPUH2 Ha rocesu om 3UMHa
rnweHuua U oyeHka Ha msxXHomo CbCMOSIHUE Ha JI0KaslHO HUBO.

Introduction

Large number of documents in the common agricultural policy of the European Union (EU), are
intended to rule and regulate the use of satellite imagery to control the agricultural practices, to assess
the crop state of agricultural fields and to predict their yields. With the launch of Sentinel-1A in 2014,
starts the EU program for Earth observation — Copernicus [http://copernicus.eu]. On 23 June 2015 the
satellite Sentinel — 2A was launched with temporal resolution of 10 days, operating in 13 spectral
channels, with spatial resolution of 10 m, 20 m and 60 m. After the launch of Sentinel — 2B, planned
for 2016 is expected that satellite imagery with this type of characteristics to be acquired every 5 days.
Centre National d'Etudes Spatiales (CNES) and the European Space Agency (ESA) have initiated the
project SPOT 5 TAKE 5 [https://earth.esa.int/web/...] in 2015 before the launch of Sentinel — 2A. The
project goal was to change the orbit of the satellite SPOT 5, to the intended orbit of Sentinel — 2 in
order to generate imagery with 5 days temporal resolution mimicking Sentinel — 2 imagery. In
December 2014, ESA have opened a call for project proposals for test areas around the world, where
dense time-series of satellite imagery will be acquired and made available for experiments and the
data processing cost will be funded by ESA's Earthnet program. Space Research and Technology
Institute (SRTI) and the Institute of Soil Science, Agro-Technology and Plant Protection “Nikola
Pushkarov” (ISSAPP) proposed a territory in North-West Bulgaria — Zlatia Test Site (ZTS), the test site
was accepted together with other 150 test areas around the world [http://www.cesbio.ups-tise.fr/...]. In
the period between April and September 2015 field data collection campaigns in ZTS were carried out.
The imagery acquired during the SPOT 5 TAKE 5 experiment are preprocessed by THEIA Land Data
Centre. The satellite imagery was available in two types of products L1C (Ortho-rectified images
expressed in top of atmosphere reflectance) and L2A (Ortho-rectified images expressed in surface
reflectance with a cloud and cloud shadow mask). During the vegetation period in 2015, over ZTS are
acquired 21 satellite images, with 12 of them with relatively low cloud cover. In this paper are
presented the results from the first experiment conducted during the summer in 2015. The main goal
of the experiment is to perform spatial analysis and assessment of the winter wheat physiological
condition in three agricultural fields in ZTS. NDVI time series are generated using the sensor
SPOT5/HRG2_XS. The crop condition was assigned in one of the three classes: poor, satisfying and
good condition, using NDVI threshold values. The threshold values are determined with natural breaks
classification.

Study area

Winter wheat (Triticum aestivum) is traditionally grown in Bulgaria. There is substantial amount of
research dealing with the spectral characteristics of this crop and its ecological and physiological
features [Kancheva R. et al 2013]. In Bulgaria, satellite vegetation indices have been broadly used for
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mapping the physiological state of winter wheat and other agricultural crops [Roumenina E., et al
1989, 2000, 2011, 2013, 2014, 2015; Vassilev V. et al 2014].

The study area investigated during the field experiments comprises of three agricultural fields, located
in North — West Bulgaria, near the village of Kneja, municipality Pleven. This area is one of the most
extensive agricultural regions in Bulgaria and the Danube plain, with average elevation of 136 m. The
remarkable fertility of this territory is mostly due to the soil type — typical chernozem. The test fields are
sown with the cultivar Enola, 4 cm deep, with norm of 26 kg/dka. The spatial analysis and assessment
of the test fields are performed in the period April — July 2015, during the experiment SPOT 5 TAKE 5.
In the beginning of the project, the crop is in phenophase stem elongation on 15 April 2015 and the
end of the project coincides with the harvest on 10 and 11 July 2015.

Methods and data

It is vital for the farmers to have in-time estimates of local crop condition anomalies within the fields.
This information enables taking on-time decision making and prevents such cases and supports
sustainable usage of the agricultural resources. Different technologies are applied for controlling and
crop condition assessment: ground data collection equipment with high accuracy but very time and
resource consuming; unmanned aerial vehicles, airplanes and satellite imagery. The current article
satellite derived information from the experiment SPOT 5 TAKE 5 was used a data source. Based on
image processing and analysis in ArcGIS environment, crop condition maps are composed for winter
wheat for three fields in the studied period. For validation of the achieved results sub-satellite ground
measurements were conducted between 07-09.06.2015. Crop condition assessment was based on:
ground phonological information, biometric measurements, collection of plant tissue samples
conducted in the Institute of Maize in Knezha. During the experiments a unmanned aerial vehicle
senseFly eBeeAg was used. All collected data during the experiments were included in the ArcGIS
geodatabase.

Multispectral Satellite and aerial imagery

The spatial resolution and winter wheat crop condition analysis in the studied fields in based on
multispectral satellite imagery from SPOT5/HRG2 XS (product L2A) collected from the SPOT 5 TAKE
5 experiment. They have 4 spectral bands at the following wavelengths: 1) AA 0.50 — 0.59 um; 2) AA
0.61 — 0.68 pm; 3) AA 0.79 — 0.89 pm 1 4) A\ 1.58 — 1.75 pm. The spatial resolution is 10 meters. Nine
cloud free images were processed, acquired in the period between 19.04.2015 — 13.07.2015.

The Canon S110 camera was used for the image acquisition with the specialized unmanned aerial
vehicle equipment senseFly eBee Ag. The camera has the following spectral bands: 1) AA 0.52 — 0.59;
2) A\ 0.58 — 0.67 1 3) AA 0.80 — 0.90. In order to get spatial resolution of 10 cm/pixel for the images the
UAV flight height of 286 m is set.

Ground data collection

Crop calendar information was obtained from a local farmer including the following information:
previous sown crop, date of sowing and harvest, beginning and end date of all major phenonological
stages of the crops, achieved yield, date and type of the agricultural treatments, date of fertilizing,
herbicides and insecticide treatments.

During the conducted sub-satellite experiments on 08-09.06.2015, information for 9 sampling units
with size 1m? within the studied fields was collected: crop phenophase, LAI, height and density of the
crop canopy, soil moisture and GPS measurement. The collected plant tissue samples ware evaluated
in the laboratory for quantity of fresh biomass, dry matter, chlorophyll content, caronines and total
nitrogen content.

Building-up a spatial Geodatabase
A geodatabase for all three studied fields was created in UTM WGS84 projection including:

e Collected sampling data for each field including: accurate location, soil properties, crop
calendar;

e Raw multispectral imagery from: 1) SPOT-5/HRG2 XS (product L2A) and 2) eBee
Ag/Canon S110 NIR camera
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e  Ground collected data and laboratory measurement;
e  Processed information layers from the conducted analysis.

The crop condition assessment was applied utilizing the Normalized Difference Vegetation Index
(NDVI)

Q) NDVI = (pNIR - pRed) / (pNIR + pRed)

Where, kbaeTo:

PNIR — near infrared reflectance values
pRed - red reflectance values

The NDVI index is presented first in the work of Rouse et al, 1973 and it is the mostly applied
vegetation index ever since for satellite vegetation monitoring. The NDVI values traditionally lies
between -1 and +1. The NDVI index can be generated with vast amount of satellite imagery with
different spatial resolution, which have available spectral bands in the red and NIR portion of the
electromagnetic spectrum (0.55-0.75 um) and (0.75-1.0 um), respectively [P. Sellers, C. Turker et al.,
1994]. The algorithm for calculating the NDVI is implemented in most of the dedicated software’s for
image processing. The index is mostly used for vegetation season dynamics evaluation for example
monitoring the season analysis and condition of crops.

The procedure for image processing includes the following stages:

1) Orthorectified imagery creation from the eBee Ag/Canon S110 NIR camera;

2) NDVI generation from SPOT 5/HRG XS and the eBee Ag/Canon S110/NIR camera;
3) Applying crop mask only for the selected crop fields;

4) Applying 15 m buffer within the border of the fields;

5) Aggregation of the unmanned aerial vehicle to the spatial resolution of the satellite
images from the experiment SPOT 5/HR2 XS to 10 meters.

6) Applying of natural jerks classification algorithm (Jenks' Natural Breaks Algorithm)
[Jenks G., 1967] to the selected winter wheat fields with 4 classes. This algorithm determines the
borders from preliminary determined classes is based on natural data grouping of the images and
differentiate between the class values the best way possible. For each class a threshold values are
determined which resembles the best grouping of values. This enables to minimize the variations of
the NDVI values. Three crop condition classes are defined for the winter wheat: poor condition,
satisfactory and good condition. One additional class is defined not occupied with winter wheat cover.
Winter wheat crop condition maps are composed and the area occupied by each class is calculated.

Results and Discussions

The winter wheat condition determined by the NDVI threshold values is constantly changing during the
vegetation season (Figure 1.) From the moment the winter wheat is sown they start to accumulate
biomass and the values of the index start to increase. At milk dough phenophase the accumulated
biomass is at its peak, and afterwards the values start to decrease towards the end of the vegetative
season. The lower values of the vegetation index is evidence for occurring stress situation, which in
most cases is due to pest infestations or bad soil moisture conditions.The average values of the NDVI
derived from SPOT 5/HRG2 XS for the three studied fields for all images varies between 0.20-0.85
(Figure 1).

Using the vegetative crop calendar and the average values analysis of the NDVI/SPOT 5/HRG2 XS
(Figure 1.) three acquisitions dates were selected: 19.04.2015, 08.06.2015 and 08.07.2015. Threshold
values are determined for these dates and crop condition maps were created (Figure 2, 3, 4).
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Fig. 1. Mean, maximal, and minimal NDVI from the SPOT 5/HRG2 XS over the studied winter wheat fields for the
period 19.04.2015 — 13.07.2015.
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Table 1. Threshold NDVI values for the SPOT 5 HRG2 XS sensor

Date Phenophase Condition NDVI Threshold values
Poor 0,34-0,58
19.04.2015 Stem elongation Satisfying 0,59-0,75
Good 0,76 - 0,86
No winter wheat areas 0,35-0,59
Poor 0,6-0,7
08.06.2015 Milk Dought
Satisfying 0,71 -0,75
Good 0,76 - 0,82
Weeds 0,49-0,7
Poor 0,35-0,48
08.07.2015 Maturity
Satisfying 0,3-0,34
Good 0,22 - 0,29
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from the SPOT 5/HRG2_XS sensor
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Fig. 4. Winter wheat crop state assessment map for 08.07.2015 produced using a classification of NDVI image
from the SPOT 5/HRG2_XS sensor

It is evident from the generated maps that the winter wheat is growing not evenly over the three fields.
On all three fields the sowing dates were at the optimal time for this region. The first and second fields
were sown on 07 and 08.11. 2014, and the field three was sown on the 23.11. 2014. The first two
fields head towards winter at the stem elongation phenophase, while the third field was at emergence
phenophase at that time. The areas with winter wheat at stem elongation phenophase are
characterized with high threshold values (Table 1). Because of late development some parts of the
fields with low NDVI values were assigned to satisfactory condition. They occupy 71% of the total area
of field | ad 62% of the total area of field II. In the worst condition is field Ill, occupying 38% of the total
area. On the 19.04.2015 the field was treated with insecticide for Eurigasther integriceps with pest
population between 3-8 individuals for 1m? The following formula was used for NDVI change
evaluation:

(2)  ANDVI = (NDVI, — NDVI,)/(NDVI, + NDVI;)

Where NDVI, is the average values of the NDVI for every field at milk dough phenophase and NDVI,
— average values of NDVI for each field at stem elongation phenophase [P’yankov S., et al., 2009]. A
map was generated based on the NDVI change values (Figure 5). The NDVI values for field Il are the
highest, where evolution of the crop condition was observed.

On 08.06.2015 the winter wheat was at milk dough phenophase, which started on 30.05.2015. The
good condition in the fields | and Il is occupying 83% of the total area (Figure 3 a), whereas field Ill the
percentage of good condition is 48% of the total area. The same situation can be observed when
using the eBee Ag/S110 NIR (Figure 3 b).

Based on the analysis of the NDVI threshold values (Table 2.) it was estimated that the classes
satisfactory and poor condition from the NDVI eBee Ag/S110NIR are with low values with wide range
compared to data extracted from the satellite imagery. There is a big difference between the threshold
values of the class no winter wheat cover (0.11 — 0.46) from the eBee SPOT5/HRG2 XS and (0.35 —
0.59) derived from NDVI SPOT5/HRG2 XS. More research is necessary to investigate this issue in
more detail.
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Fig. 5. Map of the change in NDVI values (ANDVI) between phenological stages stem elongation
and milk dought

Validation process using the ground collected data

When comparing satellite derived NDVI at local level it is obligatory to take in consideration the border
between the soil and vegetation cover, which can have different index values. Validation procedures
are required to be accomplished using ground collected data. In many articles such as [C.Tucker, P.
Sellers, 1986; M. Gandhi et al., 2015] consider the NDVI index as a indicator for the environment
processes dynamics such as vegetation cover productivity. These authors share the opinion that the
NDVI is an integral indicator of the vegetation activity.

Table 2. Results from the field measurements on 8 and 9 June 2015 for winter wheat state assessment and NDVI

threshold values.

Crop state
Parameter

Poor Satisfying Good
Crop height (cm) 62 78 83
Canopy coverage (%) 51 80 90
Aboveground biomass - (kg/0.75 m?) 1.1 1.5 1.7
Dry matter (%) 91.62 91.61 90.26
Chlorophyll a+B (mg/g fresh biomass) 3.7 4.8 5.6
Carotenoides (mg/g fresh biomass) 0.72 0.86 0.94
Total nitrogen (N) content in the dry sample (%) 1.57 1.98 1.91
Soil moisture VWC % mean 10.9 11.9 10.5
NDVI threshold - eBee Ag/S110NIR 0.47 — 0.64 0.65 — 0.70 0.71-0.86
NDVI threshold - SPOT5/HRG2 XS 0.60 -0.70 0.71-0.75 0.76 — 0.82
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The present article utilizes the information from a sub-satellite experiment conducted on the 08 and
09.06.2015, for evaluating the actual winter wheat condition. Ground data was collected for 9 sampling
points within fields Il and Ill. SPOT 5/HRG2 XS image acquired on 08.06.2015 was used for the
experiment over Zlatia test site. Three sampling units were selected representing areas with poor
condition, four representing satisfactory condition and two with good condition. The collected ground
data for each sampling unit is summarized in Table 2.

The NDVI values derived from the eBee Ag/S110 NIR and SPOT 5/HRG2 XS are correlated with the
threshold values from the sampling units.

Conclusion

The conducted experiment in Zlatia test site shows that the better spatial and temporal resolution from
the SPOT 5 TAKE 5 experiment enhance the potential for better crop monitoring and evaluation of
their accurate condition at local scale.

The winter wheat condition evaluated based on the threshold values of the NDVI both from SPOT
5/HRG2 XS and NDVI eBee Ag/S110 NIR, over the vegetative season gives opportunity to conduct
both quantitative and qualitative assessment on field level.
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Pe3rome: B Hacmosiwiama cmamusi ca npedcmaseHu pesynmamume om rposedeHust Ha 09 07.2015 e.
roniegu ekcriepuMeHm 3a KkapmozapagupaHe Ha CbCmMOsIHUemo Ha rocesu om yapesuyHu xubpudu Knexa-517 u
Krexa-435 cbomeemHo epyna no ®AO - 500-599 u 400-499, rnipu pas3nuyHU HOPMU Ha MOPEHE C U3Mosi3eaHe Ha
OaHHU om cneyuanusupaHama 6e3anunomHa cucmema 3a 8b30yWHO KapmoepaghupaHe sensefFly eBee Ag.
CbcmaseHama kapma, ronydeHa Ha 6asama Ha NDVI u3zobpaxeHue zeHepupaHo no OaHHU Oom Kamepama
NIR/eBee AG, ompassiga pasnu4yusima 8 CbCMOSHUEMO Ha yapesuyHume rocesu omanexdaHu 8 ornumHume
nnowadku npu ycrosuss 6e3 mopeHe U Npu U38bPUWEHO MUHepasnHo mopeHe. CbCcmosHUEmMO Ha rocesu om
uapesuuya e ornpedesieHoO 8 Yemupu cmerneHHa ckana — /iowo, cpedHo, obpo u MHo20 dobpo. OmdeneH e u
camocmosimesieH Knac rno4ea. 3a onpedenissHe Ha peasiHomoO CbCMOSIHUE Ha UapesuyYyHUsim rocee 8 dge om
onumHume rnowadku CUHXPOHHO C 8b30ywHomo 3acHemaHe ¢ bBJIA eBee Ag ca usebpweHU ronesu
HabndeHus u usmepsaHus. [JaHHume om msx nomebpxoasam ornpedenieHUme 4Ype3 rpaz2osu cmoliHocmu Ha
NDVI cbcmosHus Ha yapesuyHUme rnocesu 8 uscredsaHume onumHu riowaoku.
Ha ocHosama Ha nonoxumesiHume pes3ynmamu nosy4eHU om rpoeedeHUsIm eKcriepuMeHm Moxe 0a ce
paspabomu mMemoduka 3a u3ebpuieaHe Ha oriepamuseH MOHUMOPUHE Ha CbCMOSIHUeMO Ha yapesuyHU rnocesu
CbC cneyuanuaupaHama besnunomHa cucmema 3a 8b30yWHO kapmozpagupaHe SenseFly eBee Ag.

APPLICATION OF SPECIALIZED UNMANNED SYSTEMS SENSEFLY eBee AG
FOR MAPPING AND EVALUATION OF MAIZE CROP STATE WITH DIFFERENT
FERTILIZING RATE

Georgi Jelev', Eugenia Roumenina®, Monko Nankov?, Petar Dimitrov’, llina Kamenova',
Veneta Krasteva®, lliana llieva’, Yordan Naydenov1
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e-mail: gjelev@space.bas.bg,
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Abstract: This paper presents results from a field experiment carried out on July, 9th 2015 for mapping
the state of maize cultivars Knezha-517 and Knezha-435 (FAO groups 500-599 and 400-499 respectively), grown
at different fertilizing rates, using data from the specialized unmanned aerial vehicle (UAV) - senseFly eBee Ag.
The generated map is based on NDVI image, acquired from the NIR/eBee Ag camera data, and depicts the
differences in the state of maize crops grown on test plots with and without fertilizer. The state of the maize crop
is characterized using a four-level scale — poor, satisfactory, good, and very good. Bare soil is mapped as
separate class. In order to determine the actual state of the maize crops in situ measurements and observations
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were performed simultaneously with the aerial image acquisition on two of the test plots. The data from these
measurements match the crop state determined by the NDVI threshold values of the four-level scale.

Based on these results a methodology for operational monitoring of maize crops state can be developed
using the specialized UAV senseFly eBee Ag.

M3non3BaHeTo Ha ©Oe3nunoTHW neTaTenHu anapatu (OpoHoee) BCce MOBeYe HaBnun3a B
noneBnTe AWCTaHUMOHHU U3CreABaHus. Te ca MHOro MonesHn npu 3acHeMaHe Ha u3crnegBaHuTe
06eKkTn mopagu MankuTe pasmepu, BUCOKa OMEepaTMBHOCT U Mofy4yaBaHe Ha Obp3n U HagexaHu
pesyntatu. Hanuuneto Ha Kamepu, 3acHemallM KakTO BbB BuauMmara, Taka u B Onuskata
UHdpayepBeHa 06MacT Ha enekTPOMarHUTHUSA CNekTbp AaBaT Bb3MOXHOCT 3a perucrpvpaHe Ha
CbCTOSHMETO Ha 3emedenickym MnoceBu. 3a MOCTUraHe Ha YCTOMYMBO 3eMeericko MpPOM3BOACTBO
CbLLECTBEHA Pons UrpasT arpoTexHuyeckuTe daktopn (0bpabomka, HopMa Ha MUHEpPasriHo mopeHe,
suda Ha npedwecmeeHuUKa, HarlosieaHe U O0p.), KaTO OCHOBHM 3BEHa Ha TexHonoruuTe 3a
Npou3BOACTBO. 3anaraT ce OnUTK 3a U3CnefBaHe Ha BNUSHUETO Ha Te3n (hakTopu BbpXy pasBUTMETO
Ha 3emefencknTe Kyntypu. Hai-yecto ronemMuHaTta Ha napuenute KOMTO Ce M3Mon3BaT 3a 3anaraHe
Ha onMUTWUTe e Manka, B HAKOW cryyau u noa 50 m® 3a KoNMYecTBEHa M KauyecTBeHa OLieHKa Ha
pasBUTMETO Ha MOCeBUTE Ce U3nonssaTt NPeanMHO MeToauTe 3a Ha3eMHO TOYKOBO u3amepBaHe. Kato
OOMbIIHUTENEH KOMMOHEHT 3a Ta3W OueHKa moraT fa ce u3nonaeaT cneuuanuavpaHn 6e3nunotHu
cucTeMun 3a Bb3AYLWHO KapTorpadupaHe. TakaBa cuctema Tun senseFly eBee Ag e nsnonssaHa no
Bpeme Ha npoeaeHus Ha 09.07.2015 r. noneBu eKCnepuMeHT Ha TepUTOpMsiTa Ha ONUTHOTO Norne Ha
WMHctutyTa no uapesuuata - rp. KHexa (Q@ue. 1.). Cuctemarta BknoyBa 6e3nunoTeH neTtaTenex
anapat (bJ1A), oBe Kamepu n NporpaMHO OCUTypsiBaHe 3a NiiaHupaHe Ha noneTta n obpaboTka Ha
CHUMKWTE, NOMyYeHn No Bpeme Ha KapTorpadupaHeTo.

Llenta Ha nonesus ekCnepMMeHT € Aa ce kapTorpaduvpa u Hanpasu OLEeHKa Ha CbCTOSHUETO
Ha MoceBM OT LUapeBuUa NPU pPasfU4HU HOPMU Ha TOPEHe C W3NOoN3BaHe Ha [JdaHHW OoT
cneunanuaupaHaTa 6e3nunoTHa cnuctema 3a Bb3ayLHo kaptorpadupaHe (C6CBK) senseFly eBee Ag

MeToponorusita Ha NPOBEXAaHe Ha MONEBUsSI EKCMEPUMEHT BKMHOYBA CIEeAHUTE eTanu Ha
pabora:

v' N360p Ha onuTHW norneTa v NioLaaKu;

v MnaHupaHe n 3acHemaHe cbc CHCBK senseFly eBee Ag Ha onuTHOTO none Ha
WHcTuTyTa no uapesuuaTa - rp. KHexa;

v' TlpoBexpaHe Ha Ha3eMHWU M3cneaBaHUs U HabnAeHWs Ha peanHoTO CbCTOSHUE Ha
LlapeBUYHUTE NOCEBY;

v O6paboTka Ha nonyyeHuTe oT kamepaTa NIR/eBee Ag n3obpaxeHus;

v' [eHepupaHe Ha UHAEKCHU KapTu;

v' KaptorpadupaHe n aHanus Ha gaHHuTe B cpefa Ha ArcGIS;

v' BepuduumpaHe Ha CbCTaBEHUTE OLEHBYHU KApTU C Ha3EMHU OaHHMW.

O0GeKT Ha nscnenBaHe

O0ekT Ha n3cnegBaHe ca ABe ONUTHM NoJieTa 3aceTu C LapeBuua 3a 3bpPHO, PasnosioXKeHW Ha
Teputopuata Ha MHcTuTyTa no uapesuuaTta, rp. KHexa (®ue. 1.). Ha none 1 B onuTHUTE NMoLiaaKku
(Or7) ot 1 po 8 (®ue. 2.) uapeBuLaTa ce OTrNEXAa KaTo MOHOKYNTYpa oT 54 roauHu. MNpe3 2015 . Te
ca 3aceTu c uapesuydeH xubpua KHexa-435, rpyna Ha 3panoct no ®AO - 400-499 [6]. OnuTeT e
3anoxeH no 6rnokoBus MeTod B 4 MOBTOPEHWS Ha MOYBEH TWUM TUMUYEH YepHO3eM, MPU HEMOIUBHU
yCroBwusi, B 1Ba BapuaHTa:

- nNpu ycrnosus 6e3 TopeHe — OlN 2, 3,6 1 7;

- MpU N3BBPLLUEHO MUHEPArHO TopeHe ¢ TopoBa Hopma NigPjy kunorpama akTMBHO BeLLECTBO
Ha gekap -0l 1, 4,5 n 8. (Que. 2.).

Ha none 2 B onutHute nnowagku ot 10 go 12 (Que. 2.) ce oTrmexaa uapeBudeH xubpua
KHexa-517 ot rpyna Ha 3psanoct no ®AO - 500-599 ¢ npealecTBEHNK OBEC N efHAKBa MbCTOTa Ha
nocesa. Centbara e npoBegeHa Ha 27.04.2015 r., Tpyn OHM NO-KbCHO OT Ta3u Ha none 1. M 3a gBete
noneta ceutbeHata Hopma e egHa M cbwa. Ha tpute Ol - 10, 11 n 12 yapeBUYHUAT MOCEB €
OTrnexaaH npu Tpyu pasfnnyHU HOPMKU Ha TopeHe, CbOoTBEeTHO - NgP.K; kg dka™, N12PoKg kg dka™,
N1sP1:K1; kg dka™.

155



TopeHeTo ¢ cdoccop 1 Kanui e M3BbpLIEHO Npe3 eceHTa Ha 2014 r. A3oTa e BHECeH npes
nponetta npeau nocnegHoTo kyntusmpaHe (20.02.2015 2.) noa cdopma Ha amoHMeBa cenuTpa.
CeuntbaTa Ha UapeBuLaTa € U3BbpLUBaHA B ONTUMAHWTE arpoTEXHUYECKM CPOKOBE 3a palioHa Ha
24.04.2015 r. npu centbeHa HopMa - 5 000 pacTeHus Ha fekap U LWMPOYUHa Ha MexaypeaneTo 70cm.
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dur. 1. PaloH Ha nscnegsaHe

- . "5, -
OnutHoTO none Ha WHcTUTyTa no uapeBuuarta, rp. KHexa =

dur. 2. ONUTHW NNOLWAaAKM Ha KOUTO e npoeefeH ekCnepuMeHTbT

MnanupaHe n 3acHemaHe cbc CBCBK senseFly eBee Ag, Ha ONMTHOTO noJfe Ha
UHcTutyTa no yapesuuara - rp. Knexa

Mpean ga ce n3Bbpmn camoTto 3acHemaHe ¢ NIR/eBee Ag Ha onutHOTO none Ha WHctuTyTa
no uapesuuaTta - rp. KHexa e cbCTaBeH nnaH Ha noneTta M e npoBefdeHa cuMmynauus. M3nonssaH e
cobTyepHMAT NpoaykT eMotion 2 3a nnaHnpaHe n cumynupaHe Ha noneta (Que. 3. u 4.). ToBa cTaBa
B HSIKOJIKO CTbMKK [4]:

v' 3apaBa ce BUABLT Ha kamepaTa — S110 NIR;
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v Onpegensi ce MSCTOTO Ha MyckaHe Ha [poHa — CTapToBa MO3MUMS UM Tovka Ha
npusemsiBaHe (Ha mepeHa OpoHa asmoMamuyHO ce Mo3uyuoHupa u onpedersns ceosma
cmapmosa rnoauyus 4ype3 egpadeHusi cu GPS);

v" N34yepTaBa ce NOMUIoHbT Ha 3acHEMaHe U ce ONpeaensiT HEroBUTe napameTpu;

v’ 3apaBa ce XenaHaTa NpocTpaHCTBeEHaTa pasfenuTeniHa crnocoGHOCT Ha n3obpaxeHusaTa
— 10 cm/nukcen, kaTo aBTOMaTUYHO Ce M3YMCIsiBa BUCOYMHATaA Ha noneta Ha 6asaTa Ha
TEXHUYECKUTE XapaKTepUCTUKN Ha KamepaTa — 286,1 m;

v' Onpegens ce B NPOLEHTN 3acTbNBaHETO HA CHUMKMTE B ABETE NOCOoKN — 70%;

v' Cumynupa ce Nocoka M CKOpOCT Ha BATbpa KaTo ce 3aaBaT CbOTBETHO B rpagycu 1 m/s
(Ha mepeHa ckopocmma u rnocokama Ha e8simbpa ce oripedesiim asmomMamuyHo);

v' 3apaBa ce MakcMManHoTO Bpeme Ha noneta (mo 3asucu om xueoma Ha bamepuume u
e 0o 40 min);

v' 3apaBa ce obxBaT Ha paguomogemMa — 2 500 m;

v' Onpegens ce NOCOKa M LWUMPUHA Ha CEKTOpa 3a NpU3eMSBaHE B rpagycy;

v' 3apaBaT ce pecTpUKLUMM Npu aBapuinHu cuTyauuu;

v CuMynupa ce NoneTbT 1 ce npernexaa reHepmpaHuaT panopT;

v’ 3anucBa ce MucusiTa 3a KauBaHe(3apexgaHe B MaMeTTa) Ha ApoHa npeau norfeta Ha
TEPEH.

dur. 3. Npo3opey oT nporpamaTa eMotion 2 npu our. 4. Cumynaums Ha noneta s eMotion 2

3ajjaBaHe Ha nNapamMeTpuTe Ha noneta

Tabn. 1. TexHuyecka cneumdukaums Ha kamepute Canon [4]

MpocTpaHcTBEHa pa3genvTenHa cnocobHocT 12 Mp
MpocTpaHcTBeHa pasgenutenHa cnocobHocT Ha 100 m 3.5 cm/pixel
Pasmep Ha ceH3opa (CCD mampuyama) 7.44 x 5.58 mm
PascTosHue mexay eneMeHTUTe Ha ceH3opa 1.33 um

dopmaT Ha M306pakeHNeTo JPEG n/vnn RAW

B — blue (450 nm)

Canon, RGB G —green (520 nm)
Kamepu u R —red (660 nm)
cnekTparnHm
KaHanm G —green (550 nm)
Canon, NIR R —red (660 nm)

NIR — near-infrared (850 nm)

Ot aBeTe Hanu4yHu kamepu — Canon/RGB n Canon/NIR (Tabn. 1.) 3a 3acHeEMaHETO Ha palioHa
e n3bpaHa kamepata Canon, NIR/eBee Ag nopagu HanuMumeto Ha GNM3bK MHGPAYEepBEH KaHan,
Nnoaxodsily 3a onpefdensHe Ha CbCTOAHMETO Ha pacTUTENHOCTTa W FeHepupaHe Ha WHOEKCHU
nsobpaxerHmna — NDVI (Normalized Difference Vegetation Index) n SAVI (Soil Adjusted Vegetation
Index).

Cnep npoBexgaHe Ha 3acHemMaHeTo ca nonydyeHn 81 6p. cypoBu (HeobpabomeHu)
nsobpaxeHus, 3acHetn c kamepata NIR/eBee Ag Ha 09.07.2015 r. (Que. 5.) oT parioHa Ha
uscnegBaHe (onumHomo rnose Ha MIHcmumyma o yapesuyama - KHexa).
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dur. 5. EanHnyHo cypoBo (Heo6pabomeHo) nsobpaxkeHue ot kameparta NIR/eBee Ag,
3acHeTo Ha 09.07.2015 .

O6paboTka Ha nony4yeHuTe oT kKamepaTa NIR/eBee Ag nsobpaxeHus

MonyuyeHuTe ot kamepaTa NIR/eBee Ag 81 6pos usobpaxeHus ca NoanoXKeHU Ha NbpPBUYHA
obpaboTka.

lMbpBaTa cTbMKa € NoaroToBka Ha U3obpakeHnsita n CBbP3BaHETO MM C AaHHMTe oT GPS Ha
OpoHa, KOeTO ce u3BbplUBa CbC codTyepa eMotion 2. Te ca reopedepupaHm N0 OaAHHUTE OT
ooppoeusa GPS B koopavHaTtHa cuctema UTM 3oHa 35, patym World Geodetic System (WGS) 1984.
KaTto panopT ce gaBa 3a peanHoToO Tpace Ha noneta ekcnoptupaHo B kml dpopmat B Google Earth
(Pue. 6.).

dur. 6. Mpo3opum oT nporpamata eMotion 2, kbaeTo ce reopudepupaT n3oGpaxeHusTa
n oT Google Earth, kbaeTo ce BuxAa peanHoTo Tpace na noneta

Cnepgawmre CTbNkn oT obpaboTkata ce u3BbpLUBaAT M3uano B nporpamara Postflight Terra
3D u ca:

v OpTopekTuduumMpaHe 1 reHepupaHe Ha Mpexa oT n3obpaxeHusita (Que. 7.);

v' T'eHepupaHe Ha DSM (yugpoe modesn Ha Mo8bPXHOCMMA);

v WN3uncnsieaHe Ha cpefHa NPOCTPaHCTBEHa pasfdenuTenHa cnocobHocT B cm/nukcen,
KOATO B cniyyas e 9.60262;

v KomnosupaHe Ha opTOodhOoTOMO3alKa;

v/ Cb3gaBaHe Ha obnak oT Touku (Que. 7.);

v' KankynupaHe Ha UHAEKCHU KapTu;

v" T'eHepupaHe Ha panopTu Ha Bceku oT eTanute B *.pdf hopmar.
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dur. 7. OpTopekTUcMUmMpaHe 1 reHepupaHe Ha Mpexa OT U306paXeHUsTa U cb3gaBaHe Ha obnak OT TOYKU

Ha 6asaTa Ha cb3gageHus DSM-yugpos moden Ha nosbpxHocmma (®Pue. 8.) U Ha Kapma Ha
ompaxeHue Ha rnoebpxHocmma - Reflection map (®ue. 9.) ca U34MCNeHn pasnuyHu UHOEKCHU Kapmu
— NDVI (@ue. 10.), SAVI (Que. 11.).

@dur. 8. DSM-UundpoB Mogen Ha NOBbLPXHOCTTa @ur. 9. KapTta Ha oTpaxeHue Ha NOBbPXHOCTTa —
(Reflection map)

@ur. 10. NMHpekcHa kapTa — NDVI our. 11. MHaekcHa kapTta — SAVI
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Mo gaHHuTe ot GPS Ha gpoHa 3a UueHTbpa Ha BCsika CHUMKAa € reHepupaH uMdpoB Mogern Ha
peneda ¢ To4HOCT 5 m (Que. 12.).

dur. 12. Unudpos mogen Ha peneda

Cnep Bcaka obpaboTka ce reHepupa aBTOMaTUYEH panopT 3a pe3ynTtatuTe U rpelukuTe B
*.pdf dopmar.

KapTorpacdwmpaHe n aHanu3 Ha gaHHuTe B cpeaa Ha ArcGIS

MocnepgBawmte 06paboTka M MHTepnpeTauma Ha gaHHUTe ca n3sbpeHn B N'MC cpena, kato
Ca U3Non3BaHn CrnegHuMTe MHCTPYMEHTU, 3anoxeHn B codTyepHusa npodykt ArcGIS [5]: 3D Analyst
Tools — Raster Reclass; Analysis Tools — Extract; Overlay; Summary Statistics; Data Management
Tools — Database; Features; Fields; Georeferencing; Joins; Projection and Transformation; Table;
Raster; Analyst Tools — Surface; Extraction; Interpolation; Zonal.

Mpeaon ga ce CbCTaBAT OLEHBYHMTE KapTWM Ha CbCTOSHWETO Ha LapeBWYHWUTE MOCEBU Ha
6asarta Ha reHepupaHoTo NDVI nsobpaxeHue, To e u3psisaHo Mo rpaHvLaTa Ha ONUMTHWUTE nonetaTa u
nnowagkite B Tax. Ha Q@ue. 13. ca npeactaBeHu cpedHy CTOMHOCTM, MAaKCMMarnHu, MUHUMAarHU U
pasamax Ha cTtonHocTuTe Ha NDVI 3a Bcsika oT onuTHUTE nnowagkm B aosete noneta. CtaHAapTHOTO
OTKIIOHeHue € B rpanunumte ot 0,03 — 0,04. B OI1 3 n 10 To e manko no-ronamo, cboTBeTHo 0,05 n
0,06. CtonHocTTa Ha NDVI 3a Bcuukn onntH nnowanku Bapupa ot 0,19 go 0,84.

OnpenensiHeTo Ha CbCTOSAHMETO Ha noceBa ce 6Gasupa Ha pasnuunata B NDVI uHgekca, kato
3a onpegensiHe Ha MparoBUTe CTOMHOCTM Ha pasfnWYHWUTE CbCTOSHWUA € M3Mon3BaH MeToda Ha
ectecTBeHuTe rpaHuum Ha Jenks (Jenks natural breaks classification method). To e pa3paboTteH 3a
TOYHO NpeacTaBsHe Ha aTpubyTuUTe Ha NPOCTPaHCTBEHUTE AaHHWM BbB BMA Ha kapTa [3]. Onpegenexm
ca MeT MHTepBana: YeTupu UHTepBarna Ha CbCTOSIHWE Ha noceBa (/1owo, cpedHo, obpo U MHO20
006po) n eguH — noysa. lNparosute ctonHocTn Ha NDVI ca cvoTBeTHO: 3a noysa — 0,19-0,49, nowo
cbeTosiHne — 0,49-0,60, cpegHo — 0,60-0,66, nobpo — 0,66-0,71 n MHoro go6po cbecrtosiHme — 0,71-
0,84 (Q@ue. 14). Ha TaxHa Oa3a e cbCTaBeHa OUEHbYHA KapTa Ha CbCTOSHMETO Ha LapeBUYHUTE
nocesu B nscnegsaHute noneta (@ue. 15.).

HabniogaBa ce HepaBHOMEPHO pa3BUTME Ha noceBuTe B oTaenHute noneta (Que. 14 u 15).
AcHo ce pasrpaHuyaBaT gBe rpynu ONUTHU MAOLWAAKM B KOUTO CE€ PerucTpupaT pasnuuvs B TAXHOTO
cbeTosiHMe. Kbm nbpBaTa rpyna cnagaT Tean B KOMTO Hag 66% oT niowTa MM e 3aeta OT KracoBeTe
JIowo v cpedHo cbCTosIHME. BbB BTOpaTa rpyna ca oTAeNeHn ONUTHUTE NMOLWAaK/ B KOMTO KITacoBETE
006p0 N MHO20 Aobpo CbCTOosIHUE 3aemat Hag 60% oT nnowTa uwm.

B none 1 kbm nbpBaTta rpyna crnagaT YeTUpW OMUTHM MIOLAAKU, Ha KOMTO uapeBuua ce
oTrnexaa kato MOHOKynTypa oT 54 rogunHun (@Que. 16.). OnuTUTe 3anoXeHn Ha TAX ca C LapeBuYeH
xnbpug KHexa-435 otrnexganun npw ycnosus 6e3 TopeHe. 1o Bpeme Ha ekcnepumeHTa uapesuuara
€ BbB (heHoasza ubdTeX, HA METNMUA-U3CBUNSABAaHE Ha KovaH, HacTtbnuna Ha 06.07.2015 r. Han-
cnabo paseutne Ha nocesute ce pernctpupa B Ol 2, 3 n 7 kbaeto 84-91 % oT nnowita UM e 3aeTa oT
knacoseTe sjlowo n cpedHo cbeTtosHne. 3a Ol 6 To3n nokasaten e 66 % (®Pue. 14 u 15), kaTo B Hesd
34 % oT noceea e B 006p0 N MHO20 G06pPO CLCTOSHUE, 3a pa3fnvka OT OCTaHanuTe, NpPu KOUTO TO3n
npoueHT Bapupa mexay 8.3% n 15.6 % . lNnowuTte He3aeTn OT PacTUTENHOCT BbB BCUYKM MIIOLLAAKM
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ca nog 1%. CpegHute ctorHocTn Ha NDVI Ha noneTtata oT Ta3um rpyna Bapupat B rpaHuumte 0,59 —
0,65.

dur. 13. CpeaHu, MakCcumarnHM 1 MUHUMarHM CTOMHOCTH, U pa3Max Ha
NDVI 3a Bcsika OT onuTHUTE NnoLwagky B ABeTe noneta

dur. 14. [poueHTHO pasnpefeneHne Ha KnacoBeTe Ha CbCTOAHMETO Ha LlapeBUYHUTE NOCEBU
3a BCdKa ONnnTHa nnowagka B gBeTe norneta
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dur. 15. OueHbYHa KapTa Ha CbCTOSAHMETO Ha LiIapeBUYHUTE NOCEeBM B U3CMneaABaHuUTe noneta

Kbm BTOpaTta rpyna (@ue. 16.) cnagat cegem onutHu nnowanku - OMN 1,4, 5 8 ot none 1 un
BCUYKM OT none 2. Te3n onuTHU NMOLaaKM ce OoTnmMyaBaT OT MbpBaTa rpyna € TOBa, Y€ Ha TsX e
M3BbpLUEHO MUHepanHo TopeHe. 3a Of1 1, 4, 5 n 8 ot none 1 topoa Hopma NPy kunorpama
aKTMBHO BelecTBO Ha fgekap. Mo Bpeme Ha ekcnepuMmeHTa Te ca BbB dieHodasa UbdTeEX, Ha
MEeTNMLAa-U3cBMUNsBaHe Ha ko4daH, KOATO € HacTbiuna no-paHo — Ha 01.07.2015 r. B Har-gobpo
cbeTosiHMe ce oTnuyasa Ol 5, kbaeTto 90,3% OT nnowTa 1 e 3aeTa C LapeBMYeH NoceB B 306po n
MHO20 006po cbeTosiHMe, cneaBaHa oT Ol 8 (80 %). Te nmat Bucoku cpegHun ctorHoct Ha NDVI n
ca ¢ Manbk pasmax (@ue. 14.). C no-Hucku xapakrepuctukm ca Ol 1 u 4, KbOeTo B TOBa CbCTOSIHUE
ca 60-65 % ot nocesuTe. [IBeTe nnowiagkMm uMMaTt CXOOHO MPOLEHTHO pasnpeferneHne Ha
CbCTOSIHMETO Ha MOCEeBWUTE, KaKTo M efHakBW cpefdHu ctomHocTu Ha NDVI, kouto ca no-Hucku ot
ocTaHanuTe B Tasu rpyna — 0,67 (@ue. 14.). OT TX ce o4yakBaT No-HUCKM SOOUBMK.

L

®dur. 16. OnuTHUTE NNOLWaAKN Ha ABETe noneTta v NyHKTOBE Ha NPOBEAEHNTE Ha3eMHU N3MepBaHUS
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MoceBuTe OT LapeBuyeH xmbpug KHexa-517 B TpUTe ONUTHM NIOLWAAKU Ha Nnose 2 Cblo kaTo
Orl15 1 8 ot none 2 ce otnnyaeaT ¢ Ha-gobpo passutme. CpegHute ctonHocT Ha NDVI ca Bucoku B
rpaHuunte Ha 0.69-0.71, HO pa3maxbT UM e MHoro ronam (@ue. 13.), kato 3a Ol 12 goctura oo 0,64.
ToBa ce ObIDKM Ha HanMMYMEeTO Ha HEMOKPUTU OT pacTUTENHOCT ydacTbuu, kouto B Ol 12 3aemaTt
2,2 % ot nnowta 1 (Que. 15.).

B cpegmata u Ha TpuTe nnowagku ce HabnwogasaT SCHO M3paseHW yyacTblLM, B KOUTO
CbCTOSIHMETO Ha noceBuUTe e Jobpo, 3a pasnvka OT OCTaHanuTe, KOUTO ca C npeobragaBallo MHO20
00bpo cbeToaHue (Que. 15.). HesaBnucumo oT TOBa, Ye M TpUTe MNMOLWAAKU ca 3aceTu C eQuH U Cbly
uapeBuyeH xubpug — KHexa-435, KOATO NO BpeMe Ha eKkcrnepvMeHTa e BbB peHodasa n3MeTnsaBaHe
Ha Ko4aH, — ce HabnwaaeaT pasnuuusa B TAXHOTO CbCTosiHME (Que. 14. u 15.). ToBa BeposATHO ce
ObIDKM Ha BHECEHUTE Pa3nUYHN HOPMUK Ha MUHEParHo TOpPEHe.

Haii-gobpe ca passutu nocesute B Ol 10 1 Ol 5, B KOUTO NfowmTe ca 3aeTh OT LapeBUYHHA
xnbpuan — cbotBeTHO KHexa-517 n KHexa-435. Hag 90 % oOT nnowTta um e 3aeta OT KrnacoBeTe
006p0 N MHo20 dobpo cbeTosiHne (Que. 14. u 15).

BepuduumpaHe ¢c HazeMHM gaHHU

3a BepumumpaHe Ha nonyyvyeHn ot AaHHM oT kamepaTta NIR/eBee AG npwu kapTorpadupaHe
Ha CbCTOSIHMETO Ha MOCEBM OT LapeBuua B U3CnegBaHUTE ONUTHM MNIOWAAdKUM ca npoBedeHu
CUHXPOHHM Ha3eMHU HabnaeHnsa n uamepBaHns B 5 nyHkTa. Tpu OT Te3nm nyHkToBe (1, 2, u 3) ca B
none 2 n xapakrepuampaTt CbCTOSHUETO Ha LlapeBu4Husa noces xnbpua KHexa-435 ¢ pa3nuyHa Hopma
Ha TopeHe. B none egHo ca onpefeneHn fBa MyHKTa B KOWUTO Ce OTrMmexaa LapeBuua kato
MOHOKynTypa oT 54 rognHn n npe3 2015 r ca 3aceTn ¢ LuapeBnYHUSA noceB xubpug KHexa-517 B aBa
BapuaHTa: 1) npu ycnoBus 6e3 TopeHe U 2) nNpu MUHepanHo TopeHe ¢ TopoBa Hopma NigPi
Knnorpama akTMBHO BELLECTBO Ha [eKkap C MpuoXeHa HecTaHgapTHa obpaboTkata Ha no4ysaTa (Ha
ObsiboyuHa 10-12 cm). BbB BCceku MyHKT € HanpaBeHa eKCrnepTHa OLeHKa Ha CbCTOSIHMETO U e
onpefeneHo nNo €4HO npeacTaBUTENHO pacTeHMe Ha KOoeTo ca  U3BbPLUEHU EHOMNOrMYHN
HabnogeHus, GUOMEeTpUYHM N3MEPBaAHUSA M ca B3eTW Npobu 3a onpedensHe Ha CbObPXaHUETO Ha
o6L a3oT 1 cyxo BeLlecTBO Ha Haa3eMHaTta buomaca (Tabs. 2.), KakTo N CbabpXKaHUE Ha xnopodun
atba+tb u kapoTuHoMamM B nuctata Ha pacTeHuaTa. JlabopaTopHuTe aHanmua3n ca W3BbLbPLUEHN B
MHcTuTyTa no uapesuuata — rp. KHexa.

Tab. 2. PesyntaTv OT NpeAcTaBeHUTe U3MepBaHUs

MyHKT MyHKT MyHKT MyHKT MyHKT
Xapakrepncruka Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
LlapeBuueH xnbpug KHexa-435 KHexa-435 KHexa-435 KHexa-517 KHexa-517
BucounHa Ha nocesa (cm) 240-260 240-250 245 210 270
Bpon nucta/kovaHu 13/2 13/2 12/2 11/2 12/2 6p. m1
Manbk
OOLWo NMOLWHO NoKpUTUE
onm (%) 100 100 100 80 90
3anneseHocT (0-4 6ana) 0 0 0 1 1
Terno Ha Hag3emHaTa
6uomaca Ha 1 pacteHue 1,26/0,47 1,25/0,32 1,28/0,42 0,60/0,16 1,22/0,48
(kg)/xouyaHun
Cyxo B-B0 B HapzemHara 91,43 92,46 90,23 90.43 91,01
6uomaca Ha 1 pacteHue (%)
CbAabpxaHue Ha obLy, a3oT B
npobara cnea macylwaBaHe 3,14 2,96 3,57 2,56 2,39
(% cyxo 8-80)
BriavkHoct Ha nousata VWC 33,35 26,85 29,27 37,15 26,62
% CpeaHo

M3mepBaHeTO Ha nUCcTHaTa nnoLy € n3sbplueHo ¢ anapart LI-3000C (LI-COR, USA) Ha BcuYku
nucTa OT NbPBUS NPUKOYAHEH NUCT A0 BbpXa Ha pacTeHneTo. [Npn uapeBUYHUTE pacTeHns B3E€TH OT
nyHkToBe 1, 2, 3 n 5 MbPBUAT NPUKOYAHEH NUCT OTFOBaps Ha NeTU CbLUMHCKU NINCT, JOKATO MPU NYHKT
4 TOBa € WeCTN CbLUNHCKN nucT (Tabsn. 3.). JluctHaTa nNnoLy, Ha NPUKOYaHHUA NIUCT Ha pacTeHUeTo oT
NyHKT 4 e ¢ 26 % no-HUCKa B CpaBHEHME C MYHKT 2 KbAETO TH € Hal-Bucoka. To3u MpOoLEeHT ce
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yBenu4yaBa npu nocnegHUTe eTaxu Ha nucTa KbAeTo NMCTHaTa NoL, Ha pacTeHMETO B3ETO OT MyHKT
4 e ¢ 60% no-HMCKa B CpaBHEHWE C MYHKT 1.

B npuko4aHHWTE nuUcTa Ha pacTeHusTa OT MyHKToBe 2, 3 U 5 B Manku rpaHuuM Bapupa
cbabpXXaHneTo Ha xnopodwun a+b (5,35-5,39 mg/g ceexa maca) n kapotunH (0,68-0,72 mg/g ceexa
Maca). Han-BmMcoka CTOMHOCT TO JocTura B pactutenHute npobu ot nyHkT 1 (6,03 mg/g ceexa maca
xmopogpun u Car(pasonuwu) 0,85 mg/g ceexa maca). CblLueCTBEHN pa3nuuusa ce HabniogasaTt B
NyHKT 4 KbOETOo Te ca ABa MbTu no-Manku (Chl a+b 2.57 mg/g ceexa maca u kapomuHoudu 0,47 mg/g
ceexa maca).

CbabpxaHMeTo Ha obLL a30T Bapupa B Masku rpaHuumn B cbbpaHnTe pactuTtenHm npobu cneq
nacywasaHe (3,0-3,57 % mg N) B nyHkTOBeTe OT none 2. B pacturenHute npobu ot none 1 10 €
3HaA4YUTESTHO NO-Marnko, CboTBeTHN 2,6 1 2,4 % mg N (Tabs. 2.).

C Haii-gobpun napameTpu ca LapeBUYHUTE pacTeHus B3eTu OT NyHKT 1 u 5. [pu BTOPUAT NYHKT
ce peructpupa Hanuume Ha 2 6posi kouaHu 1 1 ManmbK ? pacTeHMEeTo e Han-Bucoko (Tabs. 2.), nnowTa
Ha nuctata e no-manka (Tabs. 3.) B cpaBHeHMe ¢ NyHKT 1. ToBa ce ObJKM Ha pasnukata B
uapeBnyHUTE XMbpnan. HesaBMcMMO OT TOBa U B ABaTa MyHKTa ca PErMcTpupaHn BUCOKN CTOMHOCTM
Ha NDVI (0,79 u 0,82) n Ha cbCTaBeHaTa kapTa Te crnafaT KbM €4VH M CblUKM Knac — LapeBU4HU
nocesu B MHO20 006po cbeTosiHME (Que. 14. u 15.).

[obpe pa3BuT ca LapeBUYHUTE pacTeHuss xmbpua KHexa-435 B nyHkToBe 2 n 3. Te ca B
efHa un cbwa deHodasa — N3MeTNsABaHe Ha KoyaHa. 3a pasnuka oT pacteHusTa B NyHKT 1 u 5 Te ca
MO-HWCKK, KaTo MOCNeOHUST eTax Ha nucTta ce oopMmpa OT eamHageceTn CbLUMHCKN nucT (Tabn. 3.).
M3MepeHOTO B ropHUTE eTaxun Ha nuctaTa cbabpxaHme Ha xnopodwun (3,72-3,75 mg/g ceexa maca)
n kapoTuH (0,52-0,57 mg/g ceexa maca) e No-mMarnko OTKOSKOTO B NMYHKT 1 M 5 KbAETO TO € CbOTBETHO
3a xnopocmna 4,60 — 5,06 mg/g ceexa Maca u 3a kapotmHa 0,68-0,83 mg/g cBexa Maca.
CroriHocTuTe Ha NDVI (0,69 u 0,71) B Te3n NyHKTOBE Ca NO-HUCKMN N Ha CbCTaBeHaTa KapTa Te cnagar
KbM €4MH 1 CbLUU KNac — LapeBuyHN nocesun B dob6po cbeTosiHue (Pue. 14. u 15.).

Ta6. 3. [lucTHa nnowy Ha LapeBUYHUTE PaCTEHMS

MyHKT INucTtHa nnow Ha nucT Ne, [sz]
Ne 5 6 7 8 9 10 11 12
1 676,67 | 764,11 | 670,47 | 700,14 | 620,24 | 575,03 | 467,71 | 177,80
2 747,70 | 734,09 | 710,94 | 644,48 | 559,61 | 459,63 | 265,96 -
3 655,21 | 670,66 | 648,72 | 619,55 | 564,50 | 466,71 | 274,72 -
4 - 549,92 | 488,29 | 447,04 | 369,85 | 282,23 | 183,78 | 105,38
5 663,12 | 682,82 | 688,65 | 63563 | 553,19 | 460,90 | 370,66 | 169,70

B no-nowo cbctosiHMe e uapeBuyeH xmbpug KHexa-517 B onuTHa nnowagka 2. Ha Hesa
Luapesuua ce oTrnexga Kkato MOHOKyNTypa oT 54 roauHu npu ycnosus 6e3 TopeHe. PactutenHata
npoba B3eTa OT NMyHKT 4 e B cbwarta deHodasa (Ubghmex, Ha Memnuya-u3ceusisieaHe Ha Ko4YaH)
KaKTo Ta3u B MYHKT 5, HO ¢ no-nowwn nokasartenu (Tabs. 2.). BucounHaTa Ha pacteHueTto e ¢ 0,60 cm
no-masnka, umat 11 Op. pas3BuTM NUCTa, KaTo TAXHATa NIOW, € 3Ha4YUTenHo no-manka (Tabsn. 3.).
CoblaTta TeHAeHUMs1 ce Habnaasa U Npy CbabPXaHUETO Ha xnopodwun a+b (2,7 — 3,0 mg/g ceexa
Mmaca) n kapoTtuH (0,45 — 0,68 mg/g ceexa maca) UaMepeHo B ropHUTE eTaxu Ha nuctata. CToMHoOCTTa
Ha NDVI (0,57) e 3HaunTernHo no-HWCKa OT Ta3n Ha ocTaHanuTe MyHKTOBE W Ha CbCTaBeHaTa kapTa
crnagaT KbM Kraca — LlapeBUYHM NOCEBU B /IOWO CbCTosiHNE (Que. 14. u 15.).

3akno4yeHune

v MobunHocTTa 1 ekcrnpecHata o6paboTka Ha MofyYeHUTe AaHHW OT crneuuanuaupaHarta
0e3nuMnoTHa cucTema 3a Bb3gyLHO kapTorpadupaHe SenseFly eBee Ag gaBaT Bb3MOXHOCT 3a
KapTorpadmpaHe Ha ONUTHW noneTa M MMowaAkn W onpefensiHe Ha CbCTOSHUMETO Ha MOCEBUTE.
KpaTkust xmBOT Ha GaTepuaTa e nuMuTMpaly, dakTop 3a NPOABLITKATENHOCTTA Ha noneTa, a oTTam U
3a nnowTa, KosITo ce 3acHeMa.

v' CodTyepbT 3a ynpaeneHue (eMotion 2) paBa Bb3MOXHOCT 3a npeaBapuTenHa
cvMynaums Ha noreTa, KOSiTO NO3BoJIsiBa 3HAYMTENHO Aa Ce MOBULLM HAZAEXHOCTTa Npu NpoBeXaaHe
Ha peanHusa NoneT U CaMoTO 3acHEMaHe.
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v' PabotaTta cbc copTyepa 3a obpaboTka Ha usobpaxeHus Postflight Terra 3D e 6bp3a u
MHTYynTMBHA. ObpaboTkaTa Ha cypoBuTe M30bpaxeHns n cbbupaHeTo MM B MO3aiika, reHepupaHeTo
Ha pasfIMYHUTE UHOEKCU B pacTEPHMS KarnkynaTtop e NecHO M 6bp30 MO OTHOLIEHUE Ha Non3BaTens.

v' TlonyyeHute wu300paxeHUss ca C MHOro BWCOKa MPOCTPaAHCTBEHA pasfenutenHa
cnocobHoct (10 cm/px), KOeTo AaBa Bb3MOXHOCT Ja Ce M3Mnon3eBaT 3a nokanHu HabniogeHusa wm
[JeTansiHn u3crneaBaHus.

v Ob6paboTkaTta Ha JaHHUTe B cpefa Ha T'MC gaBa Bb3MOXHOCT 3a MbfHA MHTEpNpeTauus,
n3Bnu4aHe Ha UHoOpmaUus 3a cTaTucTnyecka obpaboTka 1 BU3yanmaaums Kato TeMaTU4HU KapTu.

v' CbcTaBeHaTa kapTa, nonydeHa Ha 6asata Ha NDVI nsobpaxeHue reHepupaHo no gaHHM
oT kamepata NIR/eBee AG, oTpassiBa pas3nuMuusaTta B CbCTOSHMETO Ha LAPEBUYHUTE MOCEBU
OTrMNeX4aHn KaTo MOHOKYNTypa npu ycrioBusi 6e3 TopeHe M Mpu U3BLPLIEHO MUHEPArTHO TOPEHe C
TopoBa HopMma N10P10 (MHAaeKcK?) kunorpamMa akTMBHO BELLECTBO Ha Aekap.

v' [laHHMTE OT OCbLUECTBEHUTE CUHXPOHHO CbC 3acHemaHeTo ¢ kamepaTa NIR/eBee AG
nonesu U3MepBaHUsa 1 HabnaeHUs NOTBbPXKAABAT onpeAeneHnTe Ypes nparosu ctomHocTn Ha NDVI
CbCTOSIHUA Ha LapeBUYHNTE NOCEBU B U3CNeABaHUTE ONUTHU MMOLLAAKN.

v/ Ha ocHoBaTa Ha nony4YeHuTe NOIOKUTENHUTE Pe3ynTaT OT NPOBEAEHUST €KCNepUMEHT
MOXe Aa ce pa3paboTu MeToauka 3a M3BbpLUBAHE Ha OMNepaTVBEH MOHUTOPUHI Ha CbCTOSIHMETO Ha
LapeBUYHN MOCEBM CbC cheumnanuampaHaTa 0e3nunoTHa cucTtemMa 3a Bb34YLWHO kapTorpaduvpaHe
SenseFly eBee Ag.

BnarogapHocTu

B wun3cnepgBaHeTo e u3nonasaHa 4acTt OT anapaTypaTa, (Que. 17.) 3akyneHa no [lpoekT
“UHdopmaLMOHEH KOMMMEKC 3a aepoKOCMUYECKM MOHWUTOPUHI Ha okonHaTta cpepa“ (MKAMOC),
MoneBusi wnsmeputeneH komnnekc (MMK), [doroBop 3a 0e3Bb3mesgHa MHaAHCOBA MOMOLLY,
BG161P0O003-1.2.04-0053-C0001, no OI1 ,Pa3BuTue Ha kOHKypeHTOCnocoBbHOCTTa Ha Gbnrapckara
nkoHomumka” 2007-2013, npouenypa BG161P0O003-1.2.04 ,Pa3Butue Ha NnpunoxHUTe U3cneaBaHus B
u3cregoBaTtenckute opraHusauum B bbnrapms”.

dur. 17. N3nonaeaHa
anapaTyparta, 3aKyneHa
no npoekrta MKAMOC n
BKMtoyeHa B Monesus
N3MepuTeneH KoMmnmekc
(MUK):

v CneumanuavpaHa
6e3nunoTHa cuctema 3a
Bb34YyLUHO
KapTorpadupaHe
senseFly eBee Ag;

v" GNSS cuctemm Leica
GSO08 plus 3a
BUCOKOTOYHM
n3mepBaHua 3a
onpefensHe Ha
MECTOMNOSOXEHNETO 1
npvBbP3BaHE Ha
n306paxeHnaTa;

v LI-3000C (LI-COR,
USA) 3a nsmepBaHe Ha
nucTHaTa nnoty,.

165



NurepaTtypa:

. BbnuwmHkos, CT., A. MNonos, M. XpucTtosa, M. MNeTtpos., 2005. LlapeBnyeH xubpua KHexxa 517, PacTeHneBbaHu
Hayku, 42, c. 21-24

. Hankos, M., I. Tnoroea, B. Cnupos. 2013. BnusiHne Ha MMHepanHoTO TopeHe Bbpxy Aobusa, macaTta Ha 1000
3bpHa W BMWCOYMHATa Ha pacTeHusiTa Npu uapesuuata 3a 3bpHO, HayyYHU TpydoBe Ha PyceHckus
yHuBepcuteT, Tom 52, cepusa 1.1, ctp. 77-80.

. Jenks, G. 1967. The data model concept in statistical mapping, International Yearbook of Cartography, 7,
186-190.

. SenseFly Company Website, Drones, eBea Ag — https://www.sensefly.com/drones/ebee-ag.html

. Data classification methods, ESRI, Help page — https://pro.arcgis.com/en/pro-app/help/mapping/symbols-and-
styles/data-classification-methods.htm

. MHcTtnTyT no uapesuuarta, rp. Knexa, Hayunu npogyktu, AO 500-599 — http://www.ic-kneja.com/fao-500-599

166



S E S 2 015
Eleventh Scientific Conference with International Participation
SPACE, ECOLOGY, SAFETY
4 — 6 November 2015, Sofia, Bulgaria

KOPENAUUOHEH AHAJIN3 HA NDVI-BPEMEBU CEPUU 3A
KAPTOIrPA®UPAHE HA SEMELOEJICKU KYJITYPU

MNetbp OumutpoB, UnuHa KameHoBa, Neopru XXenes

UHecmumym 3a kocMmuydecku uscredsaHusi U mexHonoeuu — bbnzapcka akademus Ha Haykume
e-mail: petar.dimitrov@space.bas.bg;

Knro4yoeu dymu: pasrnosHasaHe Ha 3emedesicku Kynimypu, 200uwHa ouHamuka Ha NDVI, PROBA-V

Pesrome: Obpabomkama Ha epemesu cepuu om crnbmHukosu NDVI u3zobpaxeHus e eghekmuseH
mMemo0 3a kapmoepadghupaHe Ha 3emederickume Kynmypu. Tol pa3yuma Ha 8b3MOXHOCMMa 3a pasro3HasaHe
Ha Kynmypume Ha 6asama Ha ¢eHonoau4yHume um ocobeHocmu, ompa3seHu 8 200uwHusi xod Ha NDVI.
Hoknadbm uma 3a uen da mecmea ynpaensigaH KrnacugukayuoHeH nodxo0d, npu Koumo epemesama cepusi om
NDVI u3obpaxeHusi ce cpaeHsiea, MuKces rno rukces, ¢ Habop om pegpepeHmHu NDVI-epemesu cepuu Ha
mbpceHume kKnacoee. lNukcenbm npuema mo3u Kiac, 00 Yusamo pegepeHmHa epemesa cepusi e Hau-bmu3bK,
Kamo Kpumepusim 3a 6ru3ocm e KkoeguyueHmbm Ha Kopenayus. Memodbm e npuroxeH 8bpXxy epemesa cepusi
cbcmaseHa om 14 eOHoOHesHU PROBA-V u3obpaxkeHusi 3acHemu 8 nepuoda mapm-okmomepu 2014 e. ¢ yen Oa
6ndam kapmoepacghupaHu credHume krnacoee: nueHuya, panuya, yapesuua, CibH4Y021e0, momioH U panuya
nnc emopa Kynmypa yapesuya. Obwama moyHocm Ha knacugukayusima e 70,1%.

CORRELATION ANALYSIS OF TIME SERIES NDVI DATA FOR CROP MAPPING

Petar Dimitrov, llina Kamenova, Georgi Jelev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: petar.dimitrov@space.bas.bg;

Keywords: crop identification, within season NDVI variation, PROBA-V

Abstract: NDVI time series analysis, using satellite imagery is an effective tool for crop mapping. It is
based on the possibility to distinguish between crops using their phenological differences as represented in the
annual NDVI profile. The aim of this paper is to test a supervised classification approach where the NDVI time
series is compared, pixel wise, with a set of reference NDVI time series of the classes to be mapped. Each pixel
is assigned to the most similar reference class. The measure of similarity is the coefficient of correlation. The
method is applied to map six classes (wheat, rapeseed, maize, sunflower, tobacco and double crop) making use
of 14 daily PROBA-V images collected between March and October 2014. The overall accuracy of the
classification is 70.1%.

BbBeneHue

Bb3amoxHOCTTa 3a nonyyaBaHe Ha M300paXeHWs Ha 3emMHaTa MNOBBbPXHOCT Mpe3 KpaTku
WHTEpBanu OT BPeMe € €A4HO OT KIYOoBUTE NMpeaMMCTBa Ha CMbTHUKOBUTE AUCTAHUMOHHU METOAM,
nossonsBalo HabrnoaeHNeTo Ha ce3oHHaTa AMHaMUKa Ha pacTutenHocTTa. ONTUYHUTE CMbTHUKOBU
CEeH3opu nossonsdsaT ga ce npocrneauM M3MEeHEeHMeTO Ha KONMMYecTBOTO 3eneHa Guomaca npes
BereTaumMoHHusa nepvof. TpaauvuMOHHO M3NonsBaHa MspKa 3a KONMMYecTBOTO Ha 3eneHata buomaca
ca cnekTpanHute nHaekcu, kato Hanpumep uHgekca NDVI (Normalized Difference Vegetation Index,
Rouse et al., 1974; Roumenina et al., 2010). CeH3opu kato MODIS, AVHRR n PROBA-VEGETATION
npegoctasaT NDVI gaHHM npe3 uHTepBanu oT nopsiabka Ha AeceTAHEBME NN MeceL,, KOeTO OCBEH 3a
PEHONMOMMYHN n3cnenBaHns e MnofesHo 3a kKapTorpadupaHe Ha TUMNOBETE 3eMHO MOKPUTUE W
pactutenHoct. MoanwHuAT xoa Ha NDVI, T.Hap. BpemeBa TpaekTopusi, B MHOro criydau wuma
XapakTepHa dopma npu pasnMyHuTe pacTUTenHu cbobliecTBa WMNW BWAOOBE, BKMYUTENHO Npu
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oTAenHWTE 3eMedencku KynTypu, M MOXe [a Ce W3Non3Ba 3a TAXHOTO pasno3HaBaHe no
cnbTHUKOBUTE BpemMeBu cepun (Evans, Geerken 2006; Doraiswamy et al., 2007).

B nutepaTypaTta ce cpeliaT pasnMyHM NOAXOAM mM3non3ealim Bpemesu cepumn oT NDVI 3a
pasno3HaBaHe Ha TWUMOBE PaCTUTENTHOCT, 3€MHO MOKpUTME WU 3eMedericku KynTypu. Hanpumep
Vassilev (2013) npunara anroputbMa 3a knbctepudauus ISODATA Bbpxy NDVI BpemeBa cepusi oT
[eceToHEeBHM KOMMO3UTHU n300paxeHus oT ceHdopa SPOT-VEGETATION 3a ga pasrpaHuyim 4etmpu
OCHOBHW KyNnTypu Ha TepuTtopusaTa Ha benrapusa. Kato npegsaputenHa ctbnka npu knacudukaums Ha
3eMHOTO nokputne B rnobaneH mawab Loveland et al. (2000) n3anonssat HeynpasnsBaH anropuTbm
3a KnbCcTepmsaumsi Ha MecedHu komnoauTHu NDVI unsobpaxeHusa ot AVHRR. dopmupanute B
pesynTaT Ha KnbCTepu3auusaTa cnekTpanHu knacoe (T.Hap. ,greenness classes”) npencrtaenssar
panoHW, XOMOreHHU NO OTHOLLEHNE Ha CEe30HHWS XOL Ha pa3BuTME Ha pacTuTenHocTTa. Opyr nogxon
3a aHanu3 Ha BpemeBu cepum oT NDVI e pga ce usBnekart ,peHONOrMdHW’ NPOMEHNUBU KaTo
Hanpumep MakcumarneH roguweH NDVI, kymynatmeeH roguweH NDVI, MOMEHT Ha HacTbMBaHe Ha
MakcumanHus NDVI, NDVI Ha Hai-Tonnust mMecel, U gp., KOUTO Aa ce M3non3saT B nocregsalla
knacudumkaums. NogobHN NpomMeHNnBKM, KankynmpaHu no mecevyHn AVHRR gaHHu, nsnonseat Hansen
et al. (2000) B cBosiTa knacudukauma Ha 3eMHOTO NOKpuTMe B cBeTa. CxoaHa crpaTervs npunarat
Moody 1 Johnson (2001) u3nonasanku HeynpasnsBaHa knacudukauus, Ho Bmecto camute AVHRR
NDVI nsobpaxeHusa knacuduuymupar dasata 1 amnnuTygata Ha MbpBUTE OBa XapMOHMKa MOMyyYeHu
npu npeobpalyBaHeTO Ha BpemeBaTa cepus 4pe3 aHanu3 Ha Pypue. Cpea npunaraHute metToam 3a
obpaboTka Ha BpemeBu cepumn oT NDVI MoraT ga ce cnomeHar oOLle aHanv3 Ha rMaBHUTE KOMMOHEHTH
N ynpaensiBaHa kracudukaumsi No MeToda Ha MakcumanHoTo npasgonogobue (Townshend et al.,
1987).

Geerken et al. (2005) npegnarat nogxoA 3a KnacudguunpaHe Ha BpeMEBM CeEpuM, B OCHOBaTa
Ha KOMTO CTOM KOoedMUMEHTLT Ha nuHenHa kopenauuwsa. Kopenauusita ce wusnonsea 3a ga ce
Onpefenu CXoACTBOTO Ha BCEKM MUKCEN C NPeaBapuUTENHO onpeaerneHn pedepeHTHN BPEMEBU CEPUN
Ha TbpceHUTe knacoBe. MeToabT € NPUNOXKEH OT aBTOpPUTE 3a MOMY-NYCTUHHA TEPUTOPUS C TPEBHO-
XpactoBa pacTtutenHocT. Manon3saHm ca 36 gecetgHeBHM NDVI n3obpakeHusi, kKato BpemeBuTe
cepun ca hunTpupaHun Ypes aHanus Ha Pypue npegm knacuduuyupaHeto. HactoswoTo nacneasaHe e
MOTMBUPAHO OT BbMNpOCa [anu ONpoOCTEH BapuaHT Ha kopenauuoHHus nogxond Ha Geerken et al.
(2005) moxe ycnelwHo ga 6bae NpPUNoXeH 3a KnacuduumnpaHe Ha 3eMefenckn KynTypu, Kakto 1 ganm
MeToAbT € MPUIIOXMM NMPU BPEMEBA Cepusi C Manbk G6pon nsobpaxeHus. 3a uenta e m3nonssaHa
NDVI-BpemeBa cepusi OoT cnbTHMKa PROBA-V cbcTaBeHa OT u3bpaHu, 6e306madHm nsobpaxeHms B
paMKUTe Ha BereTauMoHHMS ce3oH Ha 2014 r., C noMoLiTa Ha KOATO ca KrnacuuuupaHu Lwect
3eMederickn Tuna 3eMHO MOKpuTMe: ,MueHuua’, ,panuua’, ,uapesuua’, ,cribH4Yornea”, ,THTHOH ©
.panvua/uapesuua”.

MaTtepuanu n metoau

PatioH Ha u3scnedsaHe u noneeu OaHHU. V3non3BaHUTe B HACTOSALWOTO M3cneaBaHe Monesu
OaHHW ca cbbpaHW B paMKuUTe Ha NpPOeKkT, ocbliecTBeH npe3 2014 r., uensw ga OeMOHCTpupa
Bb3MOXHOCTUTE Ha u3obpaxeHusata oT cnbTHuka PROBA-V ¢ npocTpaHcTBeHa pasgenutenHa
cnocobHoct (MPC) 100 m 3a pasnos3HaBaHe Ha 3emepgencku kyntypu (Roumenina et al., 2015).
HanHnTte BkntouBat MMC cnon cbe 105 nonuroHa ¢ aTpubyTrMBHA MHGOPMaUUS 3a 3aceTuTe KynTypu
npes cenckoctonaHckata roguHa 2013/2014 (cbcedHu noneTa 3aceTu C egHa M cblla KynTypa ca
obeanHeHn B eguH nonuroH). OcHOBHaTa YacT OT noneTara ca 3aceTM C MuweHuua, panuua,
cnbHYyornen v uapesuua. [1Be noneta ca 3acajeHu C TIOTIOH, a B €QHO rorne ca oTrnejaHn ase
KyNnTypu npes cesoHa — panuua v uapesuua. lMonetata 3aceTu € niouepHa ca C MHOrO Marku
pasmepu, nopagu KOeTo Te3u KynTypa € WU3KMYeHa OT no-HaTaTbliHWA aHanus. [loneTata ce
HamupaT B 3anagHata 4acT Ha [lyHaBckaTa paBHWHa B panoHa Ha rp. KHexa. WNHdopmauusa 3a
NOYBEHUTE M KNIUMaTUYHUTE YCNOBUS B paoHa MOXe Aa ce Hamepu B Roumenina et al. (2015).

CnbmHukosu NDVI daHHu. OcHoBHaTa uen Ha nporpamata PROBA-V (Project for On-Board
Autonomy — Vegetation) e oCbLLEeCTBABAHETO Ha HEMNPEKbLCHAT MOHWUTOPWUHI Ha pacTUTENHocTTa u
3eMHOTO nokputme B rnobaneH mawab (Dierckx et al., 2014). 3a TepuTOopUnTE CEBEPHO U HOXKHO OT
npnbnuantenHo 40° r. w. cnbTHUKLT PROBA-V npegocTtaBs MbfHO Nokputue ¢ AaHHu cbc 100 m
MPC Ha Bcekn net gHm (Wolters, Dierckx, Swinnen, 2015). Hackopo 6sxa OeMOHCTpUpaHu
npegumcTBaTta Ha Te3n JaHHW MNpu KapTorpadvpaHeTo Ha 3emefgenckum kyntypu (Roumenina et al.,
2015), nopagnm KoeTo Te Ca W3NOM3BaHM W B HaCTOAWOTO uscneasaHe. MsnonssaHute NDVI
n3obpaxeHns ca u3TerneHn BbB BuA Ha rotoB npogykt (S1 TOC NDVI 100 m) oT nopTtana Ha
dnamaHaCKNS UHCTUTYT 3a TEXHOMOMMYHWN U3crneaBaHus (VITO)l. N36paHu ca o6wo 14 nsobpaxeHus
nonydyeHn B nepuoga OT Kpas Ha MapT A0 HayanoTto Ha oktomepu 2014 r. (dur. 1), kouTo ca

L VITO Product Distribution Portal - http://www.vito-eodata.be/PDF/portal/Application.html#Home
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©e3061a4HN Nnn ¢ HeaHaunTenHa odNaYyHoOCT Hag u3crneaBaHus panoH. Te ca obeguHeHN B eQuH o6LL
MHOrocrnoeH chavn npeacraBnsBally, BpeMeBa Cepusi C HepaBHU MHTEpBany Mexagy usobpaxeHusaTa.
Mukcenute 3aeTn oT obrauw Jopu B edHa OT JaTtuTe ca MackMpaHu M U3KIMHYEHW OT aHanusa.
TepuTopumuTe M3BBLH 0OpaboTBaemMuTe 3eMU CbLLO Ca MacKMpaHw.

AHanus. MHorocnonHuat NDVI chann e knacuduumpaH ¢ Len ga 6buaart otaeneHu cnegHute
LeCT Knaca: ,weHnua’, ,panuua‘, ,uapeeuua, ,cribH4yornen”, ,TLOTIOH" 1 ,panuua/uapesmua” (panvua
NMc Lapesuua kaTo BTopa Kyntypa). 3a uenta e npunoxeH MeTof cxodeH ¢ Ta3n Ha Geerken et al.
(2005), npu kOMTO ce aHanu3upa cTeneHTa Ha kopenaumst mexay NDVI BpemeBaTta cepusi u
pecdepeHTHn NDVI BpemeBM cepum Ha TbpceHuTe knacose. [lpouenypaTta BkNouBa cnegHute
CTBIKM:

1. Cb3dasaHe Ha pegepeHmHu NDVI spemesu cepuu. B mHorocnonHus NDVI dann ca
cenekTupaHn NUKCenu - NpeacTaBUTENM Ha TbPCEHUTE Knacose. 3a LenTa ca U3nons3BaHu rpaHuuuTe
Ha nonetaTa, 3a KOUTO € HannyHa HaseMHa MHdopmauua 3a 3emMedenckara Kyntypa. YUpes gaHHute
OT Te3u ,00y4aBalm® nukcenu ca nonyyvyeHun ocpegHeHn NDVI BpemeBU cepum, KOUTO CrnyxaTt KaTo
pedepeHTHM 3a LWecTTe knaca.

2. KopenayuoHeH aHanus3. Bceku nukcen B mHorocnonHust NDVI dhavn ce pasrnexaa kato
camocTodTenHa BpeMeBa cepus KaTo nocrefoBaTefniHo ce M3uucnsgBa HeWHUAT KoeduumeHT Ha
kopenauus (r) c wecTtTe pedepeHTHU BpeMeBu cepun. NonyyasaT ce LwecT pactepa — No €4uH 3a
BCEKM Knac, KaTo CTOMHOCTUTE B TAX NpeacTaBnsABaT KOpenauuoHHU KOoeduuUeHTn Bapupalwm ot -1
0o +1. Teau pactepu nokassaT AOKOSKO roauwwHMAT xo4 Ha NDVI Ha Bcekn nukcen ce gobnukaea oo
pedepeHTHUA rogmileH xoq Ha NDVI Ha cbOTBETHMUS Knac.

3. Knacugbukayus. NpnHaanexxHoCcTTa Ha BCEKM NUKCEN KbM €UH OT KnacoBeTe ce onpeaens
kKaTo ce u3bupa knacwT, ¢ 4mMATo pedpepeHTHa NDVI BpemeBa cepus kopenaumsTa € Han-BMCOKa
(ToecT r e Han-6nnso go +1).

3a oueHkaTa Ha TOYHOCTTa Ha kKnacudukauusTa € u3non3eaHa criydyanHa wusBagka oOT
nukcenu. MNMpuHagnexHocTTa UM KbM AafleH Knac e onpefeneHa ypes BM3yanHo AeluundpupaHe Ha
CMbTHUKOBM Mn300paxeHus oT Landsat 8. M3nonssaHm ca o6wWo ocem M306paxeHUss 3acHeTU B
nepuoga 23 mapt — 1 oktomepu 2014 r., KOETO No3BonsiBa Npu AewndpupaHeTo ga ce oT4vertar
deHomnornyHnTe ocobeHOCTM Ha knacoBeTe. 3a knaca panuua/uapeBuua e mnon3saHa W
nMHpopmauumsita ot Bpemeata cepusi oT PROBA-V NDVI unsobpaxeHusi, KaTo KbM TO3M Krac ca
OTHEeCeHU ped)epeHTHU NUKCENN, 3a KOUTO BTOPUAT MUK npe3 ce3oHa nma NDVI Hag 0,6.

PesyntaTtu

YcnewHoTo NpunoXeHne Ha KopenauuvoHHUA MeTod 3a KapTorpadupaHe Ha 3emeperickure
KyNnTypu B Wu3cnegBaHWs pavioH 3aBUCM OT TOBa [OKOMKO LIEeCTTe Knaca wumaT XapakTepeH,
oTnuumnTeneH roguweH xon Ha NDVI. PethepeHTHUTE BpemeBM cepumn Ha KnacoBeTe ca npeacTtaBeHn
rpacpmyHo Ha ur. 1. YetupuHagecetrte PROBA-V un3obpaxeHus ca CpaBHUTENHO pPaBHOMEPHO
pasnpeneneHn npes BereTauMoHHMs nepuwod. ToBa no3BonsiBa ga ce HabnwgasaT Han-obute
ocobeHocTu B roaulHma xod Ha NDVI npu otaenHute knacose. 3a ABETE 3VMHU KYNTypu - NleHuua
W panuua, BpeMeBuTe cepumn obxeallaT caMo nepuoaa Ha BereTauusa cnej npesvMmysaHeTo um. [pu
Tax NDVI uma BMCOKM CTOMHOCTM B Ha4anoTo Ha BpemMeBaTa cepus (kpas Ha MapT) TbM kaTo Te
npoabrkasaT BereTauMoOHHOTO CU pa3BUTWE 3anoyHano npes npeaxogHata eceH. Kpusute Ha
uameHeHne Ha NDVI 3a nonetata c nweHuua M panuua uMaTt cxogHa dopma. Pasnukute
HabnogaBaHM B ABETE KPMBU B Nepuofa crnej Kkato Tesu KynTypu ca Beye npubpaHu ce AbmkaT Ha
pasnuyHnUTE CbCTOAHUSA, B KOUTO CE HAaMUPAT OXbHAaTUTE MofeTa — CTbpHULA, NNeBenu, yrap 1 ap. n
crnefoBaTenHO He ca nokasaten 3a Buaa Ha npegwecTtBawara kyntypa. ChibHYornegbT U
uapesuuata umat NDVI kpuBM ¢ TUNMYHa 3a nponeTHuTe KynTypu cdopma. lNMpu nbpeBaTta KynTypa
obadye HapacTBaHeTo Ha NDVI e ¢ no-6bp3n TeMnoBe, MakCUManHUTE My CTOMHOCTM Ce JOoCcTuraT no-
paHo npe3 roguHata n noHwxeHueto Ha NDVI cBbp3aHo C MpuKn4BaHETO Ha BeretauMoHHOTO
pasBuTUE 3anoyBa No-paHo. XapaktepHata ¢opmMa Ha kpuBaTta Ha NDVI npu TOTIOHa € cBbp3aHa ¢
KbCHUTE JaTu Ha 3acaxpgaHe Ha Tasu kynTtypa. KnaceT ,panvua/uapesnua” uma agsa SCHO u3paseHu
makcumyma Ha NDVI npes3 cesdoHa. OT dur. 1 ce Bwkga, Ye MOBEYETO KracoBe ce oTnuyasaT C
xapaktepeH NDVI npodun. TpyaHoOCTM mMoraTt ga ce odakBaTt npu pasrpaHM4yaBaHeTo Ha ABeTe 3UMHMU
KynTypu. TexHuTe pedepeHTHU BpPeEMEBU Cepunm ca CUINHO KopenupaHu nomexay cu (r=0,98).
Kopenauuata mexagy pedepeHTHUTe BPeMEBU CepuM Ha CnbHYornega v uapesuulata € 3HauyuTenHo
no-Hucka (r=0,77).
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dur. 1. PedepeHTHn NDVI BpemMeBM cepun Ha LWIECTTe Krnaca no gaHHu ot PROBA-V 100 m.
B ropHaTa 4acT Ha rpacukaTta ca nokasaHu gaTute Ha usnonssaHute 14 nsobpaxenus ot 2014 r.

PesyntaTbT OT MpUNOXEHMETO Ha KopenaumoHHMA MeTod 3a Knacudukauus BbpXy
BpemeBaTa cepusa ot PROBA-V e npeacrtaseH Ha dur. 2.A. Cnopef knacudukauuara Han-ronsaMo
pasnpocTpaHeHue nmat KnacoBeTe ,neHunua”, ,cnbHyornea” u uapesuua“. Kem tax ce otHacaT 78%
OT BCUYKM KnacuduumpaHu nukcenu. CpaBHUTENHO ronsiMa niow, 3aeMa W Knac ,panuua‘.
OcTtaHanute fgBa kraca 3aemaTt camMo 6% OT TepuTopusATa BKMOYeHa B Knacudwukauuata. Tosa
CbOTHOLLEHME MexAy KrnacoBeTe € peannucTM4HO C Offieq Ha  cneumanusauuata  Ha
pacTeHneBbACTBOTO B panoHa (M3X 2014). Pesyntatute OT oOuUeHKaTta Ha TOYHOCTTa Ha
KnacudukaumaTa ca npeactaBeHn B Tabn. 1. Obwara TouHOCT Ha knacudukaumsita e 70,1 %.
To4HOCTTa NO KNacoBe € Han-BMCOKa 3a LiapeBuuaTa, CibHYorneaa v knaca ,panvua/uapesuua”, kato
Bapupa ot 74% po 84% (Tabn. 1). Han-Hucka e TOYHOCTTa 3a MuweHuuata v panuuaTa, KoeTo e
CBBbP3aHO C MOCOYEHOTO BeYe CXOACTBO B pedhepeHTHUTE BPEMEBM cepum Ha asete kyntypu. [lo-
Manko OT MOfoBMHATa MUKCENW KnacudpuumpaHu kaTto panuua pearnHo ce OTHACAT KbM TO3M Krac
(Tabn. 1). TlpewkaTa ce pOb/DKM Ha CMeCBaHeTO C knac ,nweHuua“. CnegoBaTtenHo
pasnpoCTpaHEHNETO Ha panuuarta e npeyBennyeHo 3a CMeTKa Ha nuweHuuata. ToYyHoCcTTa Ha knac
,TIOTIOH" HEe e oueHeHa nopaau nuncaTa Ha pedepeHTHW faHHWM. ToBa ce AbIMKM Ha cnaboTo
pasnpocTpaHeHne Ha Kraca B paoHa Ha uscrnegBaHe.

TpsibBa ga ce vMMa npedBua, Ye W3MOM3BAHETO Ha [AaHHW MONYyYeHU 4Ype3 Bu3yarHa
WHTepnpeTauus, a He TaknBa cbOpaHun Ha TepeHa, BUHarn KpMe puck OT HETOYHOCTM MNpUY OLeHKaTa Ha
TOYHOCTTa Ha knacudukaumsTa. MNpu nuncata Ha Apyrn pedepeHTHU gaHHM obade, TO3n noaxon e
nobpa anTepHaTvBa M HM NO3BONSABA Aa MOMY4YUM MOHE OPUEHTUPOBBYHA KONMYeCcTBeHa npeacTasa
3a HagexaHocTTa Ha knacudukaumsita n ga g CbnocTaBuM ¢ Apyrn nogobHu nacnegeadms. Obwarta
TOYHOCT Ha kKracudukaumsara noslydeHa upe3 TeCTBaHMs KOopenaumMoHeH MeTon e 6nuska o
ToyHocTTa oT 73,9% nocturHata ot Geerken et al. (2005) B TAXHOTO u3crnedBaHe W3MNON3BaLLO
aHanornyeH kopenaunoHeH nogxog. Roumenina et al. (2015) nocturaTt TouHOCTM OT 75% [0 77% npwn
Knacudvkaums Ha 3emefenckum Kyntypu usnonseamkm gaHHun ot PROBA-V ¢ pasgenurtenHa
cnocobHoct 100 M ¥ TpagMUMOHHM KnacuUKaLUMOHHN MOAXOAM KaTo MeTOod Ha MakCUMasHOTO
npaesgononobue n ISODATA.

3a uenuTte Ha HacTOsALLOTO M3creaBaHe e NpUeTo, Ye BCUYKM obpaboTBaemMm 3eMu B parioHa
MoraT ga 6bgaT OTHeCceHM KbM eUuH OT LeCTTe knaca. B gencTBMTenHoCT B palioHa ce oTrnexaar u
Opyrn 3emMefenckn KynTypu, Makap U Ha He ronemu nnowu. 3a ToBa roBopy u pakTbT, Ye Mma
rnoneTta, B KOUTO NMUKCENUTE HE Ca CUMNHO MONOXUTENHO KOPEenupaHu ¢ HUTO efHa oT pedepeHTHUTe
BpemeBu cepum (dur. 2.6.). Tean noneta umart rogueH xog Ha NDVI 3HauntenHo pasnuyasaly ce oT
pedepeHTHUTE BpeMEBN CepUn N BEPOATHO YacT OT THAX ca 3aceTu C KynTypu Ui TUNoBe 3eMHO
NMOKpUTUE pasnuyHW OT pasrnexgaHute B ToBa nscnegsade. Npu nuncarta Ha Nonesun AaHHU 3a Te3un
KynTypu Te He moraTt ga 6baaT mageHTudmumpaHm u BHACAT rpeLlka B ocTaHanute knacose. Tosu
npobnem e m3berHat ot Geerken et al. (2005), KONTO MbpBOHAYaNHO Cb3daBaT OTAENHW KapTU Ha
pasnpocTpaHeHNeTO Ha BCEKM Knac. ToBa cTaBa 4ypes3 onpedensHe Ha MUHUMANHU CTOMHOCTM Ha
KOpenauMoHHUSA KoeULMEHT, Npy KOUTO AadeH MNUKCen e no3BoneHo Aa 6bae npuyuucneH Kb
CbOTBETEH Knac. Te3u nparoBe ce npunarat KbM pacTepute nonydeHun B CTbMka 2 OT HacToswara
npouegypa (Bux ,MaTtepmanm u metoau. AHanus“), 3a Aa O6boaTr MackupaHu NUKCenuTe He
OTroBapslM Ha KpuUTepumte 3a MNPUHAAMNEXHOCT KbM CbOTBETHUSA Knac. OTtaenHute pactepu B
nocneacTtene ce KOMOGUHMpAT, MpPU KOETO MUKCENUTE KOMTO Ca MacKMpaHu BbB BCUYKUTE pacTepu
ocTaBaT He knacuduumpaHu. AKO JafeH NuKcen yooBneTBOpsiBa KPUTEPUST HA MOBeYe OT eauH Knac
ce npu4mcnaBaT KbM Kraca ¢ Hal-B1coka kopernauus.
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Tabnuvua 1. Pe3yntaTu oT npoBepkaTta
BPEMEBM CEPUN

Ha TOYHOCTTa Ha KJ'IaCI/Id)I/IKaLI,MFITa 6a3|/|paHa Ha Kopenauua mexay

PedepeHTHn AaHHN
Knacudpurkaums Llapesuua | Panuua | CnbH4Yornep, Panuua/ MweHnua | TioTioH | O6Wwo | User Acc.(%)
Lapesumua
LlapeBuua 62 0 8 0 4 0 74 83,8
Panuua 0 17 4 0 19 0 40 42,5
CnbHYornen 8 1 54 1 9 0 73 74,0
Panuua/uapesuua 0 1 10 2 0 13 76,9
MweHnua 9 8 1 1 52 0 71 73,2
THOTHOH 4 0 3 0 0 0 7
Obwo 83 27 70 12 86 0
Prod. Acc.(%) 74,7 63,0 77,1 83,3 60,5

TpygHoCcTMTE Mpu TO3M Mogxod ca CBbp3aHM C m3bopa Ha HaW-nogxodsawy nparosu
CTOMHOCTM Ha KopenauuoHHUst KoedumumeHT. B HacToswoTo mnacnensaHe Oelwle HanpaBeH onuT 3a
onpegernsiHe Ha TakMBa CTOMHOCTM M3MOMN3Barku Habop OT TECTOBM MUKCENN CbCTaBEH Ype3 NonesuTe
naHHu. Llenta Gelle ga ce n3bepe CTOMHOCT Ha KOpenaunoHHMS koeuumeHT npu kosTo Hag 90% ot
TEeCTOBUTE MUKCENN Ha CbOTBETHUSA Krac Aa ca ,pas3nosHaTu”. Pesyntatute oT Tasu knacudukaums ca
nokasaHn Ha ®wur. 3. MNpu TO3M BapuaHT Ha knacudukaumsaTa egHa YeTBbPT OT NUKCenuTe He ca
KnacuduumpaHn, ToecT He ca AOCTaTbyHO CWUMHO KOPEnuWpaHW C HUTO efHa OT pedepeHTHuTe
NDVI BpemeBn cepun. Buxpga ce, ye ocCBeH He knacuduumpaHu noneta (KOMNAkTHW rpynu OT
NUKCENM) UMa U MHOXECTBO OTAENHU MUKCENU UNKN MBULM OT MUKCENU MO rpaHuuuTe Ha nonetarta
KOMTO CbLO He ca knacuduuupaHu. ToBa ca CMeCEeHM MUKCenu, KOMTO HAMaT edHO3HayeH
deHonornyeH curHan.

BpoaT Ha He knacuduumpaHuTe NUKCENW 3aBUCKU OT U3DpaHWTe MNparoBM CTOMHOCTM U €
TONKOBa MO-FOMsiM, KOMKOTO MO-BUCOKM ca Te. Ako 6baaTt m3bpaHu npekarieHo BMCOKWM NparoBe Ha
KopenaumoHHMs KoeduLMEHT uMa OnacHOCT MUKCENW, KOUTO peanHo npuHaanexart KbM JafeH Knac
Oa 6bgaT nponycHaTu nNopagu ecTecTBeHaTa Bapvauusa Ha BPEMEBUTE CEPUM B paMKMTE Ha Knaca.
KonkoTo no-HUCKM ca nparoBeTe, TOMKOBa MOBeYe pesynTatute OT Knacudukauuata uwe ce
pobnumxkasat o Te3u Ha dur. 2.A. B KOHKpeTHUs criyyaw e TpygHoO Aa npeueHum ganu nsbpaHute
nparose ca MOAXOAAWMW. Tbh KaTo pedepeHTHUTe AaHHW ca cbbpaHM [OoMyCKankM HanMuneto B
nscnegBaHuns panoH camo Ha LIecTTe Knaca Te He MoraT Aa ce M3nonssaT 3a NpoBepKa Ha TOYHOCTTa
Ha knacudmkaumaTa nonydeHa c npuraraHe Ha nparoBy CTOMHOCTMU.

KoeduumeHT Ha kopenauyws

[:’ Panuua/uapesuua -
[ uapesnua B oo BT [ T .
") & P =) o
Panuua MNwennua © A v % 2 % N
C———Jkm Oo? o ! o' o o §? o

dur. 2. (A) Knacndukaumsa Ha NDVI BpemeBa cepus oT cnbTHMKa PROBA-V ¢ NMPC 100 m Ha 6a3aTta Ha
kopenaums ¢ pecdepeHTHu NDVI Bpemesu cepun. (B) MakcmmanHa CTOMHOCT Ha koeduLmMeHTa Ha Kopenauus
nosilydyeHa npw kopenaumsta ¢ wectre pegepeHTHn NDVI Bpemesu cepun.
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[:] Llapesuya
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- HeknacuduyupaHu

nuKcenn

dur. 3. Knacudvkaums Ha NDVI BpemeBa cepusi oT cnbTHUKA PROBA-V ¢ MPC 100 m Ha 6a3aTa Ha kopenauus
¢ pecbepeHTHU NDVI BpemeBu cepun ¢ NPUIoXeHU NparoBy CTOMHOCTU Ha KOPEeNauuoHHNS KoeULMEHT.

3akno4yeHune

Pesyntatute oOT u3cnegBaHeTO MoOKa3BaT, Ye KNacuUKauMOHHUSAT MeTO[ OCHOBaH Ha
Kopenaunsata mexgy NDVI-BpemeBu cepum Mma 3HauuTerneH noTeHuuan npu kaptorpadpupaHe Ha
3emMeencky KynTypmu n CToNaHCKM NpakTUKK KaTo oTrnexaaHe Ha ABe KynTypu npes ce3oHa. Moxe ga
ce cyuTa, Ye KoedULMEeHTBT Ha Kopenauus e JOCTaTbyHO edeKTMBHA MSAPKa 3a CXOOCTBOTO Mexay
NDVI-BpeMeBu cepumn Jopu KoraTo 6posAT Ha HabnaeHusaTa B TAX € Manbk. IMEHHO TakbB e criyyasaT
B TOBa u3cregBaHe, kbaeto camo 14 6e300nayHu nsobpaxeHus ca HanuyHW Npe3 BereTaumoHHUS
nepvoa. Benpekn ToBa TpabBa ga ce nma npeasua, 4e ocBeH BpoaT Ha M3obpaxeHusTa OT 3HadeHne
€ 1 JOKOJSIKO Te Ca paBHOMEPHO pasnpefenieHn BbB BpeMeTO U 0TpassBaT XapaKTepHUs roguileH xon
Ha NDVI Ha pasnuuHuTe KynTtypu. Jluncata Ha gaHHU B NPOABIMKUTENHN UHTEPBanu OT BpemMe unu B
KIMOYOBW 3a pa3no3HaBaHETO Ha KynTypuTe MOMEHTU OT rogMHata Moxe Aa Hamanu npurnoXnumMocTTa
Ha KopenauuoHHUSA MeToda Ha knacudumkauus. NonyyeHaTta B KOHKPETHUS cryvan oblia TOYHOCT Ha
knacudukaumaTa ot 70,1 % He e BUCOKa, HO € CbM3MepuMa C TOYHOCTTa MOCTUrHata oT Apyru
KnacuukaLMoHHW MeToau MNpW U3MNOM3BAHETO Ha CblUUTE WUMAW CXOOHU CMBTHUKOBU OaHHMW.
Heobxoaumm ca OoMbNHUTENHN U3CNeABaHMs, KOUTO Aa Pa3KpUST MbITHUTE Bb3MOXHOCTW HA MeToaa.
ToBa MoXe fa BKMYBa CpaBHEHWE C APYr KNacurkauMoHHN MeToan NPUNOXEHN NPy €HU U CbLun
YCNOBUA.

BnarogapHocTu

M3kasBame cBodATa 6GnarogapHocT Ha npod. EBreHumss PymeHmHa wu r-H MnyoBckm 3a
npegocTaBeHUTe Nonesu AaHHW.
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Abstract: Landscape ecology is a highly interdisciplinary science of studying the interactions between
organisms and their relationships with the environmental conditions and processes. Landscape ecology findings
are a core prerequisite for ecosystems conservation and biodiversity preservation. The goal of our paper is to
present key considerations on using remote sensing as a means of landscape surveys and to acknowledge the
importance of incorporating multisource and multitemporal remotely sensed data into ecological analyses.
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Pe3rome: JlaHOwagpmHama ekornoausi e uHmepOucyunnuHapHa Hayka, usydasawja
e3aumodelicmeusima mexdy opeaHuaMume U 8pb3kama UM C ycrosusima Ha okoriHama cpeda. Pesynmamume
om u3cnedsaHe Ha npomuyawjume nMPOUECcU ca ycrosue U Hay4Ha OCHO8a 3a OUeHKa, cmornaHuceaHe, ona3eaHe
U 8b3cmaHossisaHe Ha npupodHUmMe pecypcu u buopasHoobpasuemo. Llenma Ha Hacmosiwama paboma e 0a
U3HBbKHE me3u ocobeHocmu Ha OUCMAaHUUOHHO Mofy4asaHume OaHHU, KOUMO MSCHO cebp3sam
ducmaHyuoHHUMe mMemoud CbC CbBPEeMEeHHUmMe saHOWagmHO-eKomnoauyHU u3credsaHusi. W3noxeHa e
cucmemamusupaHa KOHUeNuuUsi OmHOCHO rpedoriocmaskume 3a u3rosi3geaHe Ha OucmaHYUOHHUMe Memoou 8
naHOwaghmHama eKosio2usi U Hogume 8b3MOXXHOCMU, Koumo 0agam rpu eKofo2u4yHUmMe aHanu3u.

Introduction

Landscapes can be defined as areas that are spatially heterogeneous, and therefore
landscape ecology approaches can be applied at various scales to a wide range of different
environments including terrestrial, aquatic and marine systems. Landscape ecology is a highly
interdisciplinary science of studying the interactions between organisms and their relationships with
the environment conditions and processes. It focuses on understanding the origin, extent, and
ecological consequence of spatial heterogeneity across different scales. The findings of this discipline
are a core prerequisite for ecosystems conservation and biodiversity preservation. Major research
themes for terrain information extraction include landscape structure, spatial arrangement of habitat
patches, interactions among the elements of landscape patterns, assessment of ecosystem changes
over space and time, evaluation of disturbance effects, and landscape sustainable management.

A landscape encompasses a mosaic of land-cover and land-use types that are dynamic, as
are the relationships and precesses that connect them. Landscape-scale measurement approaches
should deal with spatially and biologically diverse areas and account for multiple interactions. Data are
needed from large areas, often for multiple points in time, and the collection of these data can be
expensive and time consuming. Such data, however, are readily provided by remote sensing
observations. Remote sensing, the technology of obtaining information via noncontact recording, has
swept the fields of ecology, biodiversity and conservation due to the fact that it is a landscape-relevant
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method that takes into account multiple land cover and land-use categories especyally when dealing
with heterogeneous areas. Remote sensing provides consistent long-term Earth observation data at
scales from the local to the global domain. The natural features and physical state of a landscape are
obtained through object classification of aerial and satellite images. Multitemporal remotely sensed
data provide the ability for consistent measurements of landscape condition and allow detection of
both abrupt changes and slow trends over time. Deriving environmental change indicators is a main
focus of landscape ecology studies.

In fact, the development of landscape ecology as a discipline has been particularly stimulated
by the technological developments in remote sensing whose origins lie in aerial photography. Remote
sensing data helps to map and study vegetation types, species composition and distribution, the
status and seasonal variation of vegetative cover, and human interventions at fine to coarse spatial
scales. Thus, remote sensing proves to be a very effective tool to analyze landscape-level elements
and characterize biodiversity. It is a key technology for quantifying landscape patterns and processes
in the twenty-first century.

The goal of our psper is to summarize key considerations on using remote sensing as a
means of landscape ecology surveys and to acknowledge the importance of incorporating
multispectral, multisource and multitemporal remotely sensed data into ecological landscape analysis.
The basic concepts underlying the ecological remote sensing applications are discussed with
emphhsis on the ability of these technologies to map, measure, track and understand ecological
changes and interactions. The grounds for integrating remote sensing data into landscape inventories
are highlighted.

Conceptual considerations

Remote sensing application in landscape ecology is a complex issue and all its aspects can
hardly be considered in a single paper. This section presents some insight into the relationship of
landscape ecology with remote sensing. The main crosspoints and bridging elements between both
disciplined are identified and discussed. The acknowledgment of these crosspoints is very important
since they justify the ecological applications of remotely sensed data and determine the methods used
for infirmation retrieval.

Ecological monitoring and management require detailed information over broad spatial scales.
Historically, such information was often acquired through interpretation of aerial photographs. Aerial
photography to studies of interactions between environment and vegetation was the starting point for
Carl Troll to developed the terminology and many early concepts of landscape ecology. Despite the
many advantages of aerial photographs [1], there are specific challenges for using them, especially
with respect to manual interpretation and traditional aerial photograph analysis. The rapid and
excessive spread of satellite imagery over the past few decades has influenced the use and perceived
utility of aerial photography. Satellite imagery, with its broad spatial coverage and regular revisit
possibilities, has provided researchers and recource managers with a cost-effective alternative to
aerial photography. This alternative has contributed to a shift in emphasis of spatial analysts away
from aerial photographs and more toward digital platforms. One important development associated
with the recent emphasis on satellite imagery, has been the advent of a wide range of digital image
analysis techniques [2. 3].

The dissemination of landscape ecology studies intensified starting in the 1980s, a period that
coincided with the significant development of geospatial analysis [4]. A key point for the increase in
research studies in the field with the use of satellite imagery was the launch of multispectral and
hyperspectral sensors onboard LANDSAT, NOAA, SPOT, ASTER, IKONOS, MODIS, QUICKBIRD,
EROS, and other satellites. Hyperspectral data provided new possibilities to detect subtle differences
between objects and discriminate species-specific land covers such as vegetation categories or soil
types [3, 5]. These fine-scale classification possibilities made remarkable contribution to studies
regarding biodiversity patterns. Moreover, hyperspectral data have been successfully applied in
recording information about critical plant properties (e.g., leaf pigment, water content, bimass, and
etc.), discriminating tree species and assessing stand structure, and fairly accurate identification
between different species. Image data used for landcover analysis are multisensor (ASTER, Geoeye,
Ikonos, MODIS, Hyperion, CHRIS, PROBA and etc.) Also thermal and lidar measurements [6] are
applied for quantifying habitat heterogeneity and as predictor variables of habitat quality.

The interpretation of data generated from a varirety of passive (radiometers, spectrometers)
and active (radar, lidar) remote sensors has matured as facilitated by the development of a rich set of
analytical tools that go well beyond traditional cartographic products. Recent technical advances
related to innovative remote sensing methods and products including hyperspectral sensing, multi-
angle viewing, and imaging radar add new value to remote sensing applications in landscape ecology.
The use of multisensor imagery has become increasingly common in late years, the particular
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advantages of these data being their digital format, the repeated and large scale coverage and the
prospect of monitoring landscape change. Data derived from satellite images are easy to integrate
with other data sources for planning purposes. Satellite Earth observation sensors provide unique
measurements of geophysical and biospheric variables, and associated processes, regionally or
globally and repetitively. These measurements are all the more critical because the Earth as a system
changes constantly over a wide range of temporal and spatial scales. The analysis of remote sensing
imagery before, during and after a natural or man-made ecological disturbance occurs, allows
predicting and measuring the location, extent and the impact of the incident on the physical
environment. In contrast to exclusively focussing on the state of the landscape at a single point in time
it allows to draw conclusions from multiple temporal stages. Remote sensing is how a fundamental
tool for mapping, monitoring and management of ecosystems. Satellite images offer repeatable and
guantitative assessments of habitat and environmental characteristics over spatially extensive areas.
However, remote sensing and field landscape observations can successfully complement each other.
In integration of Earth observation and in-situ data for landscape analysis the challenge is to be able to
utilize this complementarity to the full thus strengthening the scientific and practical value of landscape
ecology studies.

That the relationship between remote sensing and landscape ecology is significant is due in
large part to the strong spatial component within landscape ecology. Landscape classification,
quantification and monitoring need multiscale investigations which is illustrated by the fact that studies
of habitats often provide different results at different scales for the same species [7-9]. Since the
thematic and geometric resolution influence the results of landscape metrics analysis it is crucial that
the scale of investigation and the spatial resolution of the data correspond to each other. Multiscale
methods may be more informative than those based on only one scale. The availability of remote
sensing data at different spatial scales (local, regional and global) meets the needs of landscape
structure analysis at multiple scales. The decision about the thematic content and resolution in
landscape studies depend on the aim of the investigation and the appropriate remote sensing image
data should be chosen. The scale of observation and measurement is undoubtedly one of the most
essential considerations to be made in remote sensing data interpretation [10] since landscape
ecology addresses complex multiscale questions regarding the influence of spatial patterning on
ecological processes. The issue of spatial resolution is extremely important recognizing the scale-
dependent nature of environmental phenomena.

The time component (trmporal dynamics) within landscape ecology is another bridging
element between remote sensing and landscape ecology. The multitemporal dimension of satellite
data ensures large scale information from multiple points in time - which cannot be acquired by other
means (e.g. surveying on site). The use of multitemporal measurements is consistent with the
landscape ecology approach which departs from traditional approaches by focusing on the structure,
function, and spatial patterns of landscape elements, as well as on changes in the landscape mosaic
through time. This landscape approach fostered by the use of remote sensing data has implications
for conservation planning because the total area, patchiness, connectivity of ecosystems and habitats,
and the way biological and physical processes interact over multiple spatial and temporal scales, are
all important for biodiversity conservation. Moreover, the spatial data, when integrated with
socioeconomic data, have the potential to reveal the complex role of social and economic factors
underlying change. It should be noted that airborne remote sensing may be a suitable alternative to
high spatial resolution spaceborne imagery, given that the relatively low altitude of airborne platforms
enables the generation of very fine spatial resolution data which increases the accuracy of
characterisation of small objects.

In short, the relationship between remote sensing and landscape ecology is based on the
inherent properties of remotely sensed data as it is shown in Figure 1 and Figure 2.

Fig. 1. Main elements bridging landscape ecology and remote sensing
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Fig. 2. Relevance of remote sensing data to landscape ecology studies

Ecological remote sensing applications address the main needs and goals of landscape
ecology studies, namely the assessment of landscape composition, structure and spatio-temporal
dynamics including interactions, processes, and the functional changes in the landscape. The large
number and variety of landscape ecological studies and applications that use remote sensing in one
way or another confirms their connectivity. This relationship expands and matures as new possibilities
are explored based upon technical developments, including those represented by newly launched
satellite sensors and novel data interpretation methods. Very high spatial resolution image data
provide greater and more varied opportunities for spatially detailed landscape mapping. Advances in
technology and decreases in cost are making remote sensing practical and attractive for use in
ecological studies and landxcape management. They are also allowing researchers and managers to
take a broader view of ecological patterns and processes. The use of remote sensing in landscape
ecology provides a rich range of examples of the interface between remote sensing and landscape
ecology.

Figure 3 presents in more detail our notion about the crosspoints between remote sensing and
landscape ecology. In fact, these crosspoints reflect the dicussesed above fundamental characteristics
of remote sensing data and the ecological relevance of these data.
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Fig. 3. Relevance of remote sensing data to landscape ecology research
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The main advantages of digital satellite images that are relevant to landscape ecology
research include broad spatial coverage, high spatial resolution, broad spectral range, rigorous
radiometric accuracy, high temporal frequency, systematic collection, continuous change detection,
all-weather operation (microwave sensors), numerous data processinsg and analysis methods
developed, easily accessible (many images are free), precise and site-specific metadata easily
obtained.

In general, there are two approaches of ecological remote sensing. One involves direct
observation of land cover categories. Commonly, Habitats are derived from vegetation categories to
retrieve the distribution of animal populations. The indirect approache involves the derivation of
environmental parameters from remotely sensed images as proxies for ecological phenomena [11].
Landscape-scale quantification [12] of the physical and biological features of an area, covering both
measurement and modelling, can include approaches that treat the landscape as a single unit or can
include more complex approaches that simulate landscape functioning, i.e flows of nutrients, water or
energy between subunits within the landscape. Dealing with the landscape as a system allows
analysis to focus on hotspots, both in temporal and geographic terms. In this regard remote sensing is
an inarguable landscape relevant method. Data from satellite Earth observations are hihly appropriate
in implementing landscape-scale study approaches.

Implementation of remote sensing in landscape ecology studies

The basic concepts underlying the ecological applications of remote sensing are discussed
above with emphhsis on the ability of these technologies to map, measure, track and understand
ecological changes and interactions. The grounds for integrating remote sensing data into landscape
inventories are highlighted. Our first intention was to richly illustrate the implementation of remote
sensing in landscape ecology by case-study examples. However, the limited size of the paper did not
allow doing so. Therefore, in this section we only point out the most widely spread applications of
remote sensing in the field of landscape ecology. This is not an exhaustive summary of remote
sensing applications in landscape ecology research but is based primarily on publications overview on
the subject. Some ststistics (from review papers) on ecological remote sensing use is also presented.

The demand for ecosystem assessment is growing rapidly as information gathering and
analysis options are increasing. The focus of remote sensing data incorporation into landscape
ecology studies is land cover classification, change detection, quantification of processes, and
determination of the degree of landscape disturbance. Numerous publications use interpretation
products of remote sensing images in the following key topics related to landscape ecology research:

- land cover/land use classification and mapping (delineation of landscape types, landscape
composition and connectivity, size, shape, number, and position of patches, land mosaics
heterogenity, habitat arrangement, spatial distribution and abundance of species, species richness,
biological diversity, landscape topography, watershed boundaries, and etc.);

- studing relationships and interactions (between spatial patten and ecological processes,
vegetation-landform-soil mosaics, landscape components and ecosystems, and etc.);

- assessment of climate variables (temperature, water vapor, rainfall and etc.), energy, nutrient
and gas fluxes, heat trandfer, hydrological flows, and etc.

- retrieval of biophysical and biogeochemical variables (vegetation biomass, leaf area index,
chlorophyll content, productivity, health condition, stress detection, soil properties - texture, moisture,
organic content, mineral composition, forest structure and diversity, and etc.);

- landscape change detection (monitoring landscape-level environmental indicators, such as
changes in the size and configuration of habitats and vegetation cover to quantitatively determine
changes in ecosystems, landscape mosaics modification, harvesting of natural resources,
identification and quantitative evaluation of environmental pressures and threatening processes, etc.);

- monitoring and quantification of disturbances and degradation processess (habitat quality,
fragmentation and loss of habitats, deforestation, desertification, soil erosion and salinization,
landslides, water quality, wildfire damage, environmental impacts of mining activity, invasive species
occurance and spatial distribution, wetlands draining, and etc.);

- landscape rehabilitation monitoring (biodiversity restoration, revegatated areas, vegetation
regrowth, wetland regeneration, land reclamation, rehabilitation of waterlogged and saline soils, mine
rehabilitation, marine wildlife and habitat recovery after oil spills, and etc.);

Indicative statistics presented in [13] provides some measure of remote sensing use in
landscape ecology research. It is based on the review of 438 research papers published in the journal
Landscape Ecology (the leading scientific journal in the field ) for the years 2004—-2008 inclusive. It
was found out that only 158 (i.e. 36%) of the studies explicitly mentioned remote sensing. Many of the
rest almost two-thirds of the papers made use of geospatial data and mapping derived from remote
sensing without having acknowledged this explicitly. The results of the examination in greater depth
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indicated that aerial photographs (orthophotos) and digital imagery acquired from sensors on board
the Landsat series of satellites were the most commonly used types of imagery accounting for 46%
and 42% of studies, respectively. Only 0.5% of studies made use of radar data and 2% employed
multiple sources of remote sensing data.

The predominant application of remote sensing data across these studies was for thematic
mapping purposes focusing on the use of landcover maps as a basis for analysing landscape pattern
or spatial structure. This suggested that landscape ecologists were rather conservative in their use of
remote sensing data and relatively slow to recognize the potential value of recent developments in
remote sensing technologies. In approximately 14% of the examined studies, remotely sensed data
were used as input to some kind of environmental models, and very few studies (approximately 3%)
were explicitly designed to develop or refine, for example, the development of new approaches to
image analysis and classification. A particularly surprising finding was how few studies had employed
very high spatial resolution digital image data from spaceborne platforms, such as QuickBird and
Ikonos, offering imagery with spatial resolutions of less than 5 m.

Regarding scale aspects, investigations were undertaken at a wide range of scales, ranging
from site-based studies of less than 1 km? in extent to regional or national-scale investigations. The
spatial extent of about 1000-10000 km? was the most common. A small number of studies (<5%)
were undertaken at a range of scales, with the objective of comparing results obtained at different
scales. These findings are illustrated by Figure 4a. With respect to types of landcovers examined,
around a quarter (26%) of the studies were undertaken in areas where no single ecosystem type
predominated. Figure 4b presents the different landcover types examined in the above mentioned 158
research publications that employed remote sensing imagery. The majority of studies examined one
ecosystem type in particular, of which forest was the most common, accounting for 37% of the studies.
Many ecosystem types, such as coastal or marine, wetland or freshwater, were poorly represented
within the sample of publications, each accounting for <4%.
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Fig. 4. Predominant spatial extent (a) and ecosystem type (b) in landscape ecology studies
using remote sensing [13]

We have to point out, however, that the sample of publications considered above is biased,
having focused on a single journal over a restricted time period. Both remote sensing and landscape
ecology now fall within the scope of a great many journals. Other journals might have provided a very
different set of results. For instance, a great number of papers published in journals with a specific
focus on remote sensing (such as Remote Sensing of Environment, International Journal of Remote
Sensing, IEEE Transactions on Geoscience and Remote Sensing, International Journal of Applied
Earth Observation and Geoinformation, and others) tend to be associated with emphasis not on only
technical aspects of data processing but particularly on image analysis for deriving environmental and
ecological information. Anyway, as suggested in [14], remote sensing specialists might better
recognise the importance of ecological issues than landscape ecologists acknowlege to the full the
unigue capabilities of remote sensing data application to landscape ecology problems. One possible
reason is that by its nature and origin remote sensing is an application-oriented discipline and as such
responds to urgent research needs as those of ecology-related studies.

Conclusions

Using airborne and satellite data results in improved capabilities for landscape-scale
ecosystem studies. Remote sensing technologies contribute to the main objective of landscape
ecology to detect spatial and temporal changes, to identify ecological processes, and to quantify the
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ways in which ecosystems interact. Based on a research papers review, a conclusion is drawn in [14]
that as a discipline, landscape ecology needs to engage more actively with the wide variety of remote
sensing data and techniques that are already available. This may be particularly useful when the
evaluation of habitat quality over a wide landscape is required. It is suggested that the role of remote
sensing in landscape ecology can be strengthened by closer collaboration between researchers in
borh disciplines, by greater integration of diverse remote sensing data with ecological data, and by
increased recognition of the value of remote sensing beyond land-cover mapping and pattern
description. Such approaches might improve the analytical and theoretical rigour of landscape
ecology, and be applied usefully to issues of outstanding societal interest, such as the impacts of
environmental change on biodiversity and ecosystem services.

We identify the following five ways for increasing the contribution of remote sensing to
landscape ecology studies:

- expanded interdisciplinary collaboration between landscape ecologists and specialists in
remote sensing for better mutual understanding of the inherent properties of remotely sensed data and
the possibilities they provide for the needs of the ecological research;

- timely recognition of the new opportunities (higher accuracy, across greater spatial areas,
and with greater temporal frequency) provided by advances in remote sensing technologies
(platforms, sensors, data types, and analysis methods) for using the increased level of information in
addressing more complex scientific questions;

- employing multiple remote sensing data sources, diverse data types and data fusion
methods for obtaining more detailed and sophisticated information;

- minimization of the temporal disconnection by overcoming the time lag between the
availability of new remote sensing products and their application in ecological research;

- more often integration in landscape ecology studies of field measurements, remotely sensed
data, geospatial analytical tools (that go well beyond traditional cartographic products), and simulation
modelling.

The intense use of satellite imagery in landscape ecology studies observed in the last decade
indicates that in coming years there will be an increase in remotely sensed data incorporation into
landscape surveys and analysis. The global view afforded by images obtained from many different
remote sensors and at different temporal scales has become an important tool in choosing action
strategies regarding the conservation and protection of ecosystems.
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Pesome: B pabomama ca cucmemamu3upaHu OCHOBHU rpusiazaHu rnodxo0u U rosyyasaHu
pesynmamu npu U3MbjIHEHUE Ha rnpouedypu 3a criekmpasHa xapakmepusayusi Ha eudeoCreKmpoMempuyHU
npubopu 8 nabopamopHu ycnosus. OnucaHu ca enasHUMe criekKmpasnHu xapakmepu3aUyuoHHU QyHKUUU Ha
UHCMpyMeHmume om mo3u Knac u memodume 3a msixHomo onpedensHe. [lpedcmaseHu ca 4Yacm om
pesynmamume, rosy4asaHu 8 rpoueca Ha rrabopamopHa xapakmepu3ayusi Ha 8uOeoCrneKkmpoMempu ¢ 8UCOKa
criekmparsnHa u npocmpaHcmeeHa pasdesiumersiHa criocobHocm (xunepcrnekmpanHu npubopu). B3 ocHosa Ha
aHanu3 Ha roslyyeHume pesynmamu e CUHme3upaH U rpedrioXeH MPUMEPeH an2opumbM 3a crekmpasnHa
Xapakmepu3sauusi Ha UOeOoCreKkmpoMempuUYHU rMpubopu.

SPECTRAL CHARACTERIZATION OF IMAGING SPECTROMETRIC DEVICES

Valentin Atanassov, Denitsa Borisova, Hristo Lukarski, Boyko Tzenov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: imaging spectrometers, spectral characteristics, procedures for spectral characterization

Abstract: In the article are considered and systematized basic approaches and applied procedures for
spectral characterization of imaging spectrometer devices . The main spectral characteristics of the instruments
and methods for their determination are described. A part of the results obtained in the characterization process
of the imaging spectrometers with high spectral and spatial resolution (hyperspectral instruments) are shown.
Based on analysis of results is proposed an exemplary algorithm for spectral characterization of imaging
spectrometer devices.

1. BbBegeHue

BuaeocnektpomeTpute ca npubopu 3a nonydaBaHe Ha CheKTpanHu n3obpaxxeHus B HAKOMKO
Unu gecetkM UM CTOTULM (XMnepcrnekTpanHu npubopu) CnekTpanHu fNeHTU OT eneKkTPoOMarHUTHUS
cnekTbp. [NocpeacTBOM M3MepBaHETO Ha NPUCTUrALLOTO NMTbYEHME OT BCEKU MPOCTPaHCTBEH eneMeHT
Ha HabnogaBaHaTa MNOBBLPXHOCT MOXe pAa 6Obae HanpaBeHa [OUMPEeKTHa WM MHAMPEKTHa
naeHtTudurkaums Ha HabniogaBaHuTe OOEKTM OT MOBBPXHOCTTA, M3NON3Balku cneunduyHuTe UM
MOneKynspHn abcopbumoHHu cBomncTBa. [lpocTpaHCcTBeHaTa CbCTaBHA Ha MNOMYyYEHUTE OaHHU
no3BofisiBa usrpaxgaHe Ha kapTa Ha MOBBPXHOCTTA C TSAXHOTO KONMYECTBEHO pasnpegenenve. Mpu
XuvnepcnekTpanHuTe npubopu Te3n AaHHW ce OTnMYaBaT C BMCOKA CMeKTpanHa M MpoCTpaHCTBEHA
pasgenutenHa cnocobHocT [1,2].

2. OCHOBHM CNeKTpanHn Xxapaktepu3aumMoHHU (*)yHKLIMVI

CnekTpanHaTa xapakTepusauusi ce U3ronsea 3a Bepudukauusi Ha OCHOBHWTE CMEKTpasHu
bYHKUUM Ha BUAEOCNEKTPOMETPUYHM Npubopn. KaTo TakmMBa ce siBSBAT CreKkTpasiHa XapaKkTepucTuka
Ha YyBCTBMTENHOCT, CNeKTparnHa aucrnepcHa yHKUMS, CrieKTpanHa pasgenuTenHa crnocobHOCT v ap.
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2.1 CneKTpanHa XxapakTepucTuKa Ha YyBCTBUTENHOCT

CnekTpanHaTa xapakTepucTuka Ha YyBCTBUTENHOCT:

Q) S(A)=AU/AL(})
npu AL(A)=const,

uspassisa 3aBMCMMOCTTa Ha OTroBopa Ha npubopa kaTo BYHKUMSA OT AbIDKUMHATa Ha BbNHATa A Ha
BXOJHO Bb34EeWCTBUE C MOCTOAHEH MHTEH3UTET AL(A)=const.

OcHoBeH noaxoA 3a onpefensiHe Ha crnekTpanHata XxapakTepucTuka Ha YyBCTBUTENHOCT S(A)
Ha crekTpomMeTpuyHu npubopu B nNabopaTtopHW yCrnoBus MpeanocTaBs AWPEKTHO MofydYyaBaHe Ha
XapakTepucTukata u4pes3 Bb3OeWCTBME Ha BXoda Ha npubopa ¢ MOHOXPOMHO JTbYEHWE C MOCTOSAHEH
nHTeHauTeT (AL(L)=const) n npomeHNuBa AbMKUHATA Ha BbMHaTa A 3a Uenusa cnekTpaneH auanasoH.
CnekTpanHaTta xapakTepucTuKa Ha YyBCTBMTENHOCT Ha BMOEOCMNEKTPOMETbPa Ce M3passiBa kaTto KaTo
3aBMCMMOCT Ha peakuuaTa Ha npubopa OT npomsHaTa Ha [ObfKMHaATa Ha BbNHata A Ha
MOHOXPOMAaTM4YHO ITbyeHue (dur.1). 3a namepBaHe Ha cnekTpanHaTa XapakTepucTuka ce W3nonssa
KanubpupaH M3TOYHUK C M3BECTHA CMeKTpanHa MAbTHOCT Ha nbyucTusa notok P(A). Mamepsa ce
amnnuTyaata Ha HanpexeHueto Ha usxogHus curHan U. OTtHoweHuneto AU/AL(L) poenepmuHupa
crnekTpanHarta xapakTepucTuka Ha YyBCTBUTENHOCT:S(A) Ha npubopa [3}.
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dur. 2. CnekTpanHu xapaktepuctukm Ha CCD
CeH30p, ANdpakUMOHHA peLueTka 1 pe3ynTaHTHa
crekTparHa xapakTepucTuka Ha BUuaeo-
CMEeKTPOMETBP

®dur.1. CnekTparnHa xapakTepucTmka Ha xunep-
cnekTparneH npubop

[pyr nogxopn 3a onpenensHe Ha criekTpanHata XxapakTepucTuka Ha 4YyBCTBUTENHOCT S(A) Ha
CNeKTpoMeTpuyHN npubopn, oBUKHOBEHO npunaraH npuv eTanuTe Ha KOHCTpyupaHe Ha npubopa,
BKMNIOYBA M3CnedBaHe Ha CHNEeKTparHUTE XapakTepUCTUKM Ha OCHOBHUTE CMNEKTparnHo 3aBUCUMMMU
enemMeHTn, Bnm3awm B cbcTaBa UM - CCD ceH3op n gudpakumMoHHa peweTtka. CnektpanHaTa
XapakTepuctuka Ha JysctBuTenHoct 3a CCD ceH3opa ce u3passBa KaTo KaTtO 3aBMCUMOCT Ha
reHepvpaHusa 1 nonyyeH Ha usxoaa 3apsieH nakeT OT NpoMsHaTa Ha AbMKMHaTa Ha BbMHaTa A Ha
MOHOXPOMAaTM4YHO NTbYeHMe. 3a U3MepBaHe Ha CriekTpariHaTa xapakTepucTika TyK CbLLO Ce U3Mnon3Ba
KanubpupaH W3TOYHMK C W3BECTHA CMeKTpanHa MIbTHOCT Ha NbyYyMCTUS NOTOK MoTok D(A). -
MOHOXpomaTop. Miamepsa ce amnnuTygata Ha HanpexeHeTo Ha usxoaHus curdan U; no oTHoLleHne
Ha TbMHUHHUSI CUTHAn Uijc.

ExkcnepumeHTanHo onpegeneHarta cnekrpanHa xapakTepuctmka Ha obpasen, CCD maTpuua e
nokasaHa Ha ¢wur.2. Mo cbwaTa mMeToaMka e ornpedernieHa W CrnekTpanHaTa XapakTepucTtuka Ha
OndpakumMoHHa pelleTka M Bb3 OCHOBA Ha ABETE XapaKTepUCTUMKU € MoflydeHa K pesynTaHTHaTa
chneKkTpanHa xapakTepucTuka Ha ONTUKO-eNeKTpoHeH 6ok Ha BMAeoCnekTpoMeTsp [4}.
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2.2. CnekTpanHa gucnepcHa cdyHKumusa

Tasn xapaKTepucTuka UmcTpupa AUCNEPCHOTO Pas3nofioKEHME Ha CreKTparnHuTe KaHamnu Ha
npubopute B LENnsa CriekTparneH agnanasoH. TS ce M3Mon3Ba 3a TOYHOTO onpefensiHe Ha LeHTpanHara
ObIDKMHA Ha BbIHaTa Ao, 32 BCEKW CMeKTparneH kaHar.

EQovH OT nogxoauTe 3a noflydyaBaHe Ha crnieKkTpanHata gucnepcHa yHKUMS e Bb3dencTBre Ha
BXxoAa Ha npubopa MocpeAcTBOM KanubpupaH MOHOXPOMEH W3TOYHUK (C M3BECTHM LeHTpasiHu
ObIDKMHM Ha BbSiHATa Ha ChekTpanHuTe neHTu. amepBa ce amnnuTygata Ha HamnpeXeHWeTo Ha
n3xoaHust curian Uj no OTHOLWEHWE Ha TbMHUHHUS curHan US;. ®yHKuMsiTa Ha criekTparieH oTroBop 3a
BCEKM KaHar, Nnokpuealla Lenus crekTpaneH auanasoH, Moxe Aa Gbae nonydyeHa ypes uamepsaHe
npes onpeneneHn nHTepeanu (cur. 3) 1 Nocneapalla ekcTpanonauus Ha nonyyYeHnTe gaHHu.
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Bb3AENCTBIS C PA3NUYHN LEHTPaNHN AbMKUHM BXOHO Bb34eNcTBMNe ocBeTsiBaHe c.Hg.namna
Ha BbJlHaTa Ao

[Opyr nogxoa 3a nonyyasaHe Ha crnekTpanHaTa gucnepcHa (oyHKUMA npegnonara Bb3gencrene
Ha Bxoda Ha npubopa nocpeAcTBOM KanvbpupaH M3TOYHUK Ha M3NbyYBaHe — Hanpumep npu
M3Mon3BaHe Ha MNONynpOBOAHMKOBU AMOOHWU rasepu, kanubpauumoHHM namnu ¢ gobpe um3paseHu
aTOMHM abCOPOLMOHHN NMHUK B CMEKTbpa Ha M3NTbYBaHETO MM TakaBa kato Hg nnmu PtCrNe namnu.
(cowr. 4) unn cnekTpannum omuntpn

2.3 CnekTpanHa pasgenutesiHa cCnoco6HoCT

CnegHWTe TEPMWMHM Ca WU3MNOM3BaHM HaW-4eCTO TMpU OMUCaHWE Ha CheKkTpanHaTa
pasgenuTenHa CnocoGHOCT: LIMPOYMHA Ha ChekTpaneH kaHam A, ChNeKTpaneH OUCKPeTusMpall
WHTEpBar, OTHacsAW, ce A0 OTAensiHe Ha LBEe CbCELHW CMeKTpanHu JIMHUM U NUKCeNHa aucnepcust
AXnukcen [5, 6]. Te3n xapakTepucTUkM TOYHO ONpeaendaT cnekTpanHara pasgenurerniHa cnocobHocT
Ha npubopa 1 Morat Aa 6bAaT U3MNon3BaHN KaKTO NOOTAENHO, Taka U B KOMOUHaLMS .MeXay TAX.

2.3.1 lUupoumHa Ha cnekTparneH KaHan

LLnpounHaTa Ha cnekTpanHusa kaHan Moxe Aa 6bae onpegeneHa ypes noryvyaBaHeTO Ha T.
Hap. cnekTpanHa gyHKUMs Ha oTroBop Ha npubopa. CnekTpanHata yHKUMS Ha OTroBOp OonucBa
peakumsiTa Ha MHCTPYMEHTa Npu BXOOHO Bb3AENCTBME — TOYKOB U3TOYHUK C MOHOXPOMHO U3MbYBaHe.
B noseueTo cnyyau cnekTtpanHaTta (yHKUMs MOxe Aa 6bae anpokcumupaHa ¢ [aycoB mogen unu
NoNUHOMUHaNHa anpokcumauusa. CnekTpanHa YHKUMS Ha OTroBop Ha npubopa e wunsMmepeHa,
n3nons3eankm nogxon, nogodeH Ha onucaHusa B [6]. B KOHKpeTHUS cnydan KaTo U3TOYHWUK HA BXOAHO
Bb34ENCTBME C TACHA YECTOTHa NeHTa € U3Non3BaH MOHOXPOMAaTOp, YMMTO CBET/IMHEH MOTOK MMa
LWIMPOYMHA Ha chnekTpanHata neHta Aly, (Al < Akgh, KbAETO Alg, € LMpoYMHaTa Ha cnekTpaneH
kanan) (cpwur. 5).
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NOJIMHOM)

2.3.2 CnekTparneH gUCKpeTU3upall uHTepBan

CnekTpanHuaT AUCKpeTM3upall, WHTepBan ce onpegens oT pascTosHueTo (B eauHuLM
Ob/DKMHA Ha BbfHAaTa) AAgr MeXAy ABe CbCEOHW CMeKTpanHu NUHUW, pasgenenun oT npubopa. Ham-
LUMPOKO pasnpoCTpaHEeH KpUTEpPUI 3a onpegensiHe Ha cnekTpanHuis AuckpeTuaupal, MHTepBan e
KpuTepusa Ha Penen [5], cnoped KOMTO ABe CbCEeAHWU CNEKTPaHU NUHUN C UHTEH3NTET lnax: # Imax2
mMoraT ga 6baar pasgeneHu, ako HaMansiBaHETO Ha MHTEH3UTETa Ha Te3n NUHUKM e no-ronsamo ot 19%
(A lgecrease = 19%). dur. 6 nokasBa M3MeEpEH CrekTparieH OAMCKpeTM3Mpall MHTepBan Ha npubopa,
cbrnacHo kputepus Ha Penen, Alg =2nm [5].

2.3.3. NukcenHa gucnepcusn

lMukcenHata pAgucnepcus W ChAeKTpanHata pasgenuTenHa CcrnocobHOCT ca CBbp3aHu
€[0HO3Ha4yHO MOCPEACTBOM (PYHKLUUOHANHUTE XapaKTEpUCTUKN Ha edwH chekTpaneH npubop. [Npu
nu3MepeHarta LUMpoYMHa Ha cnekTparneH kaHan Alpypv = 4nm (cpur.5) nokpusawa 10 nukcena Ha
MaTpuuaTta, nukcenHaTa gucnepcusa AN/pixel = Alpwnm /10 = 4/10 = 0.4nm [5].

3. AﬂrOpMT'bM 3a CcneKTpanHa Xxapakrepun3auunsa B na60paTop|-w| ycnoBus

OcHoBHuUTE XapakrtepusaumoHHn npouenypu  npu  CnektpanHa Xapaktepusauma Ha
BMAeOCNnekKTpoMeTpn4Hn np|/|60pl/1 N nocnegoBaTtesiIHOCTTa Ha WU3BbpLIBAHETO WM, CbrnacHoO
npennoXxXeHuna anroputoMm, ca Noka3aHu Ha (*)I/IF. 7.
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dur. 7. ANropuTbMm 3a cnekTparnHa xapakrepusaumsaumsa Ha BUAEOCNEKTPOMETbP
B naGopaTopHU YCIoBUS
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4. U3Boan

1. Heobxogumo e ga otbenexunm, 4e He3aBUCMMO OT MHOIOTO M3BPOEHN XapaKkTepusauoHHN
npouenypu, AeTEPMUHMLLALLN CMEKTPANIHUTE XapakTEePUCTUKM Ha BUAEOCNEKTPOMETPUYHU CUCTEMM,
TO TOYHOTO UM OMUCaHWe e BanuaHo camo 3a MHOro Aobpe HacTPOeHU CUCTEMN.

2. CnekTpanHaTta xapakTepu3auusi Ha BUOEOCMNEKTPOMETPUTE, KaTo edHa OT Hal-BakHUTE
YyacTu OT LSNOCTHUS XapakTepusaunoHeH Npouec Ha Te3n npubopu, A0 ronsiMa CTeneH onpedens u
Bb3MOXXHOCTMTE 3a U3MNON3BaHe U NPUMNOXEHUE Ha NofyYyaBaHUTE AaHHW OT TakmBa CUCTEMM.
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Pe3rome: B pabomama ca onucaHu OCHOBHU xapakmepucmuku Ha eudeocriekmpomempuyHU rnpubopu
enusiewu ebpxy paduomempuyHama MOYHOCM Ha UHCMpYyMeHmume, nocoYeHU ca Memodume 3a MSXHOMO
onpedensiHe U ca npedcmaseHU ca 4Yacm om pesyimamume, rofiydaséaHu 8 rpoueca Ha nabopamopHa
Xapakmepusauyusi Ha euleocrneKmpoMempu C B8UCOKa CrekmpanHa U npocmpaHcmeeHa pasodesumerHa
crnocobHocm. Pe3ynmamume ca 0606weHU 8 npednoxeH MpuMeEPEH aneopumbM 3a paduomMempuyHa
Xxapakmepu3ayusi Ha 8UOeocrnekKmpoMempuyHU rnpubopu.

RADIOMETRIC CHARACTERIZATION OF IMAGING SPECTROMETERS

Valentin Atanassov, Denitsa Borisova, Georgi Jelev, Hristo Lukarski

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: imaging spectrometers, radiometric characteristics, procedures for radiometric
characterization

Abstract: In this work are described basic radiometric characteristics of imaging spectrometers defining
radiometric accuracy of the instruments and are referred the methods for their determination. A part of the
results obtained in the process of laboratory imaging spectrometers characterization are presented. The results
are summarized in a proposed algorithm for radiometric characterization of imaging spectrometer devices.

1. BbBegeHue

BuaeocnektpomeTpute Cce yCTaHOBMXa KaTO OCHOBEH WHCTPYMEHT 3a usneaBaHe Ha
NoBbpXHOCTTa Ha 3emsATa. Bucokata cnektpanHa U NpPOCTpaHCTBEHA AMMEHCUOHANHOCT Ha Te3u
npubopn npaBn Bb3MOXHO OTAENAHE Ha TECHM ChekTpanHuW INMHMM UM 4vact oT obnactu oT
€NeKTPOMarHUTHMUS CMNekTbp, MPUCBLCTBALM B MOBEYETO O0EKTU OT u3crnegBaHaTa MOBBPXHOCT.
TakaBa MoOLLUHa BB3MOXHOCT, KOSITO MO3BONSABA e€AWH 3agbiboveH aHanm3 Ha duandveckuTe,
OronorMyHn n 6Mon3NYHK NPoLLECH, a CbLLO Taka M Ha AMHAMMUKATa Ha Te3u Mpouecu, € 0cobeHo
Ba)XKHa 3a NPUNOXEHUSATa Ha OUCTaHLUMOHHUTE n3cnensanus [1,2].

EoHM OT Ham-BaXHWTE XapakTepPUCTUMKM C KOWUTO Cce onucBaT nogobHu npubopm ca
XapakTepUCTUKNTE, CBbP3aHn C ONpedensiHe Ha paguomeTpuyHuTe My nokasartenu. bes nogxoaswm
npueTn MeToau 3a OTHacsiHe Ha n3mepeHnTe POTOHU KbM CTOMHOCTUTE Ha paguaumsaTa Ha Bxoda Ha
npubopa cHeTuTe AaHHM He Buxa mMornu aa 6baaT M3non3BaHW OT HayyHaTa M ynpaBneHdyecraTta
obuwHocTn. MeToauTe, OTHacAWM ce [0 Te3nM KONMUYECTBEHW CbOTHOLLUEHUS  BKNHOYBaAT
KannbpaumoHHMA NpoLecC KaTo Bpb3ka Mexay Te3n BenuuMHU. TepMUHBbT KanmbpupaHe € u3nonssaH
YeCcTO KaTo eauH no obLy TepMMH 3a O3HayaBaHe Ha KOMMIMEKCHUTE MPOLIECU 3a XapakTepusauus,
KanvbpupaHe 1 noTBbpxaaBaHe (validation) Ha OCHOBHUTE TEXHUYECKWN XapaKTepUCTUKM Ha npubopa.
XapaKTepm3aunoHHUAT Mpouec npeanonara YCTaHOBSABAHE Ha OTKNMKA Ha WHCTPYMEHTa Mo
OTHOLLEHME Ha MpucTMrawjata Ha Bxoda Ha ceHsopa paauaums [1,2,3]. Heobxogmmo e pa ce
oTbenexu, Ye To3M NpoLec He Moxe Aa ObAe M3NoN3BaH 3a OTCTPaHsBaHe WM KOMMEHCUpaHe Ha
€BEHTyanHn He JOOpPU TEXHUYECKN XapaKTEPUCTUKU Ha cucTemMaTa, OeTEPMUMHUPAHU OT eTanuTe Ha
KOHCTpyupaHe. KpalHuaT pe3ynTaTt oT TO3M MpoLec e nonydYaBaHe Ha eavH OTHOCUTENHO HE3AaBUCUM
OT CeH30pa curHarn, KOMTo Moxe Aa 6bae n3nons3eaH 3a 6baeLLm aHanMamn B CNEKTPOCKoNUsTa.
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2. OCHOBHM XapaKTepUCTUKN U NapamMeTpu, onpeaensiy paguoMeTpMyHaTa TOYHOCT Ha
BUOEOCNEKTPOMETPH

MpoueaypwTe 3a pagMoMeTpUYHa XapakTepusaumsi, M3BbpLIBaHN B NabopaTopHu YCroBus no
BpeMe Ha noarotoBkaTa Ha npubopuTe 3a nNpuBexgaHeTo MM B paboTeH pexuMm nossonssat
AEeTePMUHMPAHETO Ha OCHOBHM XapaKTepUCTUKM Ha BULEOCNEKTPOMETPUTE KaTo YyBCTBUTENHOCT U
NMHEeMHOCT  (HENMMHEMHOCT) Ha  XxapakTepuctukata Ha npeobpasyBaHe  CBETNMHA-CUrHar,
HepaBHOMEPHOCT Ha OTTOBOPUTE Ha MUKCenuTe, 1 ap.

2.1 JInuHeMHOCT Ha XapaKTepucTMKaTa Ha Nnpeobpa3yBaHe CBeTNMHA-CUrHan
XapakTtepucTukaTta Ha npeobpasyBaHe CBeTNMHa-CUrHan:

(1) Sij (A?L)zAUij/ALij (A?L)
npu AA=const,

onpegens 3aBMCMMOCTTa Ha OTroBopa Ha npubopa kaTo PYHKUUSA OT MHTEH3MTEeTa Ha NonagaLloTo Ha
BXofa Ha npubopa nbyeHne AL;(AL), npu Al=const. CblUecTByBaT HAKOMKO METoda 3a onpenensiHe
Ha NTMHEeMHOCTTa Ha XapakTepucTukaTa Ha npeobpasyBaHe CBET/IMHA-CUrHan Ha BUAEOCMNEKTPOMETPU.
EoMH OoT TAX € To3Ku, npuM KOWTO Ce M3non3Ba T. Hap. WHBEPCEH KBagpaTU4yeH 3aKOH, TbW KaTto
NPUCTUralLloTO nNbYyeHMe ce u3MeHs obpaTHO MponopuMoOHanHO Ha KOpeH KBagpaTteH oT
pasCcTosHUETO.

Opyr no-moLleH meToa npegnonara Tasv pagMoMeTpuyHa xapakrepmsauums ga ce oCbLUeCcTBM
ypes3 BbBeXOaHe B 3pUTENHUS brbl HA MHCTPYMEHTA Ha CurHan OT kanvbpupaH paavoMeTpuyeH
n3TouHuk. MNMpn onpepensHe Ha NMHENHOCTTa Ha OTroBopa Ha npubopa B NabopaTtopHU yCrioBUS Kato
KanubpupaH BXOAEH M3TOYHMK ce u3nonssa dotomeTpuuHa cdepa. YyscteutenHocTta S;=UjlLj,
KaTO OTHOLLEHME Ha U3XO4HWSI CUrHas OT CEeH30pa 3a OonpefeneHo BXO4HO Bb3AeENCTBME Ce onpeaenst
ypes n3MepBaHe Ha TbMHUHHUA TOK U KOPEKLUS OTMecTBaHe

DN

160.00 —

80.00 —

0.00 T T 1
0.00 0.40 o.80 1.20

HuBa Ha ocBeTeHOCTALjj [uW/cm?srnm

dur. 1. XapakTepucTvka Ha npeobpasyBaHe CBETNMHA-CUTHAN Ha BUAEOCMEKTPOMETBLP 3a PasfvyHM HMBA Ha
oCBeTsIBaHE M BpeMe Ha UHTerpupaHe Ti=80ms=const, rpetuka npu nuHeapusauusata 0.31%

Ha n3xogHute gaHHu Uij. PesynTaHTHOTO OTHOweHWe mexay L n U BkmoyBa HepaBHOMEPHOCTTA Ha
OTKnMKa Ha nukcenute Ha CCD ceHsopa. [lpouechT Ha mM3amMepBaHe Ce M3BbpLUBA 3@ HSKOSKO
nepvoaa, BKMoYBaLly namepsaHe Ha TbMHUHHNSA TOK Ha CCD geTekTopa, neT HMBa Ha OCBETEHOCT Ha
dotomeTpuyHaTa cepa (cpur. 1), ocurypsisalm KOHTPOSHU AaHHM Ucj, U ce cHemarT [JaHHWTe 3a
OTKMMKa Ha ceH3opa. 10 TO3M HayuH LWeCTTe KOHTPOSIHM CTOMHOCTM (e4Ha 3a TbMHUHHO HMBO U 5
CBETIMHHU HMBA) OaBaT Bb3MOXHOCT 3a NpoBepka Ha YyBCTBUTENHOCTTA B LUenus AMHaAMUYEH
OunanasoH (NpoBepka Ha NMHEeNHOCTTa NOCpeACcTBOM MeToda Ha Cynepno3vums Ypes pasnuyHu Huea
Ha OCBETEHOCT).

2.2. Xapaktepu3sauus HA TbMHUHHUSA TOK

MpoueaypvTe No XapakTepu3auusi Ha TbMHUHHKS TOK 3anoyBaT Mo BPpEME Ha KOHCTpyMpaHe,
KaTo BKMNioYBaT HabensssaHe U U3NMbIHEHNE Ha MeToau 3a nabopaTopHa xapaKkTepusauusl, a CbLo U
npeaBwkaaHe Ha MeTOaM 3a XapakTepusauusa B eKCrnnoaTauuoHHUS Nepuoa Ha MHCTPYMeHTa.

TbMHUHHUST TOK 3@ Bceku nukcen US; € OTHOCMTENHO MOCTOSIHEH Mpu onpejeneHa
Temnepartypa 1 pexum Ha paboTa Ha npubopa, KbAETO ce NposiBABa KaTo OTMeCTBaHe Ha HUBOTO Ha
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curHana (odpceT) 3a T03M nukcen. OT gpyra cTpaHa, TbMHUMHUAT TOK Bapupa MPOCTPaHCTBEHO MO
nnoLuTa Ha ceH3opa. NocpeacBoM CHEMaHe Ha nopeauua oT n3obpaxeHus

120000.00 200000.00 —
160000.00 —|
80000.00 —

120000.00 —|

80000.00 —

40000.00 — 4

40000.00 —
000 | o om S e B I I I I
0.00 400 8.00 12.00 16.00

0.00 4.00 8.00 12.00 16.00

dur. 2. XucTorpama Ha pasnpefeneHme Ha Husa Ha UM 3. XrcTorpama Ha pasnpeaeneHne Ha Husa Ha
TBMHUHHMS! TOK 32 PEXIM Ha paBoTa Ha BaEo- TbMHUHHUS TOK HA KOMMOHEHTaTa CbC ClydaeH

CMeKTPOMETbP C BpEMe Ha UHTerpupaHe t; = 80ms XapakTtep, nony4yeHa cnen Kkopekuna .Ha TbMHUHHUA
TOK

npy nunca Ha OcBeTreHue (Ha TbMHO) ce MorlydaBa CpefdHa CTOMHOCT Ha TbMHWMHMS TOK 3a BCEKU
nukcen 3a gageHa Temnepatypa (dwur.2). isBaxaariku ToBa OnopHO u3obpakeHne Ha TbMHUHUSA TOK
OT MocneaBaLlo CHeTO n3obpaxeHne Ha peanHu obekTn ce enMMuMHUpa Jo ronsiMa CTeneH BrMSHUETO
Ha To3u TOK. ToBa e T. Hap. KOpeKUMs Ha TbMHUHUSA TOK.

3a cbKaneHue ToBa HEroBO BMSHME He MOXe Aa 6bae M3usno OTCTPaHeHO.

OcBeH OTHOCUTENHO MOCTOsIHHATa koMnoHeHTa U™ TbMHUHHMAT Tok US; uma u egHa BTOpa,
cnyvanHo Bapvpalla komnoHeHTa AU,

(2) U% = U™ + AUS,

KOATO MOXe [a Ce anpokcMMupa KaTo KBagpaTeH KOpeH OT KOMekuuoHupaHus B nukcena sapsag [7],
onpegens TbMHUHHAUS TOK (cpur. 3).

2.3. AMHamMmnyeH gnanasoH

CobliecTByBaT MHOTO OMNpeaeneHus 3a AUHAMUYHUS Auanas3oH B [ucTaHUMOHHWUTE
uscneneaHus. Cnopen efHo oT Tsx [5] AMHaMUYHKAT Avana3oH Ha npubopa Moxe Aa ce AuduHupa
KaTo OTHOLUEHME Ha CTOWHOCTA curHana Ha Hacvwade U° u cToiHocTa Ha wyma U" n otroeaps Ha
oTHoLeHneTo curHan/wym (SNR). OBMKHOBEHO HMBOTO Ha wyma U" ce AeTepMuHMpa OT TbMHUHHUS
TOK Ha ceHsopa U°. CnenoBaTternHo:

(3)  SNR=UAU"

Ha npakTnka guHamuyHUAT ananasoH ce onpenens He caMo OT CTOMHOCTUTE Ha FOpHUTE ABe
BENTMYNHN, HO Ce orpaHun4vyaBsa u ot 6pos=| Ha HMBaTa Ha KBaHTOBaHe Ha U3XOOHUA CUTrHasl Ha npm6opa

[6].

2.4 HepaBHOMEpPHOCT Ha OTFOBOPUTE Ha NUKCenuTe

PesyntaHTHOTO OTHOweHne mexay U; u Ly oT Sy (AL)=AU;/AL; (AX), npu Ai=const, AL;;
(AL)=const(1) 3a BCUYKM NMUKCENM U3passiBa T. HaAp. HEPaBHOMEPHOCT Ha OTrOBOPUTE Ha NUKCenuTe
PRNU (photo response nonuniformity) Ha CCD wmatpuuyaTta (dwur.4). CnegosaTenHo, cnepg
U3BbPLUBAHE Ha KOPEKUMA Ha TbMHUHHMA TOK M OdCeT Kopekuus, curHansT TpsAbsBa aga 6bae
KOpurMpaH OT HepaBHOMEPHOCTV Ha OTTOBOPWTE Ha MUKcenuTe, 0COGEHO OT Teau, NPUAU3BMKAHU OT
M3MEeHeHnsATa 3a BpeMeTo Ha (hyHKLIMOHMPaHe Ha KOHKpeTHaTa peanusaums Ha npubopa.
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owr. 4. 3-D ounarpamMmaHa pasnpenerneHume no HMBa Ha nukceniHa HeeaHOPOA4HOCT

3. YpaBHeHue Ha KanubpupaHe
M3mepeHunTe CTOMHOCTU Ha NMbYeHNEeTO, Nonaaallo Ha Bxoda Ha npubopa, morat aa 6baat
onucaHn Kkato yHkumna f1:

(4) DN = fl[Ll, LZ, Gl, GZ, ET, DF] y

kbaeTo: DN — namepeHa CTOMHOCT OT ceH3opa (B U poBn eanHnLn);

L, — nonesHa CTOMHOCT Ha ITbYEHNETO;

L, — napa3utHa CTOMHOCT Ha TbYeHuUeE;

G; — KoedUUMEHT Ha NpedaBaHe Ha cucTemara (OTroBOp Ha cucTemara, OTHacsLW, ce OO0 MOMe3Hus
curHan);

G, — koedMUNEHT Ha NpefdaBaHe Ha cucTemarta (OTrOBOP Ha cucTemaTta, OTHacsIL, ce A0 napasuTHUS
curHan;

ET — Bpeme 3a ekcnosuunsa Ha CCD ceH3opa;

DF — uaMepeHa CTOMHOCT Ha TbMHUHHUS TOK (BbBEAEH 3aTBOP Ha CeH3opa).

ToBa ypaBHeHMe € BannaHo 3a BCEKUN B I'IpOCTpaHCTBeHO/CI'leKTpaJ'IHO HanpaBneHune nukcersn.

ChbllUo Taka KanubpauWoHHMAT MpoLec MoAabpXa KOpeKUMM Ha HepaBHOMEpHoOCTeTe Mo
OTHOLUEeHMe Ha:

- NKCenHa HepaBHOMEPHOCT Ha OTroOBOpUTE
- HenageanHocT Ha crnanTa
- NapasuTHN APKOCTKU, NOPOAEHN OT HengeanHocTTa Ha onTukata unu npmbopa

C nomouya Ha KaJ'IVI6paLI,VIOHHVITe KOHCTaHTU CcypoButTe namepeHunm naHHM morat Aa oboat

npeobpasyBaHn B pagnoOMeETPUYHI edVHULM NocpeACTBOM npeobpasyBaHe Ha YypaBHeHue (4) BbB
BMaa:

5) L, =f2[DN, DF, ET, G, G;]

FOPHOTO ypaBHEHVE e BanuaHO 3a BCEKW YNeH Ha peariHata matpuua oT m'n enementa [4].
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®ur. 5. AnropnTbM 3a pagnoMeTpu4Ha xapakrepusauus Ha BUAEOCNeKTpoOMEeTpU
B nabopaTopHu ycrnosus

4. AnropuTbM 3a pagMoMeTpUyHa Xxapaktepusauums

OcHOBHWUTE npouedypu 3a paguMoMeTpUYHa XapakTepusauus Ha BUAEOCMNEeKTPOMETPUYHM
npubopwu, pasrregaHn no rope, morat ga 6baaT onvcaHu 4Ypes nokasaHuws Ha dur. 5 anropuTbm.
MocnenoBaTenHocTTa Ha M3BbLPLUBAHETO WM, CbIMlAcHO Hero, Moxe da 6bae cuctemaTusmpaHa no
CredHUst HauuH:

- BbBEXaHe Ha 3aTBopa;

- V3BbpLUBaAHE Ha XapaKTepusauusi Ha TbMHUHHWS TOK, MoflydyaBaHe Ha YCpeaHeHW
KOe(ULNEHTUN 3a KOPEKLMS HA TbMHVUHHUS TOK 33 BCEKU MHAMBUAOYaNEH NUKCen;

- BbBEXAaHe Ha audysep;

- U3BbPLUBAHE HA PaAMOMETPUYHN XapaKTepusaLUMoHHM U3MepBaHusl, kaTo n Bpoii kagpw
ce CHemaT U ycpeaHsiBaT CbC CbOTBETHUTE KOPEKUUN C KOedpULMEHTUTE 3a TbMHUHHUS TOK 3a
BCEKV UHAMBMAYANEH NUKCEN;

- onpepensHe Ha koeULMEeHTUTe Ha HEPaBHOMEPHOCT Ha OTrOBOPUTE Ha NUKCENUTE Sj;
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- U34ncnsBaHe Ha KoedVLIMEHTUTE 3a HOPManu3MpaHe Ha OTrOBOPUTE Ha MUKCENUTe aj;
- 3aMnnC U CbXpaHeHWe Ha NoNyYeHUTE KOEPULNEHTU.

5. UsBoau

1.BanvugupaHeTo Ha paguoMEeTpUYHUTE XapakTepUCTUKM Ha  BUOEOCMEKTPOMETPUYHM
npubopn moxe Aa 6bAe OCbLECTBEHO MbIIHOLEHHO B NTabopaTopHM YCIOBUS Ypes U3MbIIHEHME Ha
noaxoAsLy NpoLeaypu 3a xapaktepusaums, onMcaHu ¢ NnpeanoxeHus B paboTaTa anropuTbM.

2.PagvomeTpuyHaTta xapakTepusauusi Ha BWOEOCMEKTPOMETpUYHU npubopu, npoBedeHa B
nabopaTopHM YyCroBusl, MPedocTaBA Bb3MOXHOCTM 3a NnaHuMpaHe Ha MeToau M npoueaypu 3a
M3NbfHeHMe B paboTeH pexum Ha npubopuTe. MpunaraHeTo Ha Tesu npoueaypu npeAanonara
CHeMaHe Ha [pJonbnHuTeneH o6eM fOaHHW, KouTo Oda 6baaT uM3nonsBaHWM B nNpedsapuTenHara
obpaboTka M Mo TO3M HauuH Oa GbAe MOoBULIEHa TOYHOCTTa U JOCTOBEPHOCTTa Ha MoryvyaBaHuTe
OaHHU.
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CE30OHHO USMEHEHUE HA OBJIAHYHATA NOKPUBKA HALl BBJITAPUA 3A
NEPUOOA 2004-2015 I'. MO AAHHU OT MODIS

Mapusa OumutpoBa

WMHemumym 3a kocmuyecku uscriedsaHusi U mexHonoauu — bbnzapcka akademus Ha Haykume
e-mail: maria@space.bas.bg

Pe3rome: OnpedeneHo u aHanu3upaHo e pasnpedernieHuemo Ha 6posi OHU C pasfnuyeH npoueHm
obnayHocm o meceuyu 3a nepuoda roHU 2004 - cenmemepu 2015 2o0uHa no omdesnHo 3a OaHHUmMe om deama
camenuma — Terra u AQua om nipoepamama EOS.

SEASONAL DISTRIBUTION OF CLOUD COVERAGE OVER BULGARIA DURING
A PERIOD OF 2004-2015 USING MODIS DATA

Maria Dimitrova

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: maria@space.bas.bg

Abstract: The numbers of days with different percentage of cloud coverage from june 2004 to
september 2015 is defined and analyzed separately for the two satellites - Terra and Aqua from the EOS
program.

B pabotata e npeactaBeHO CE30HHOTO pa3npeferneHNEeTo Ha OHW C pasnuyeH MNpoueHT
obnayHocT Hag TepuTopusaTa Ha bbnrapusa 3a nepuoga 2004 — 2015 roguHa.

3a onpepgensHe Ha NPOLEHTHOTO 0BMaYyHO MOKPUTME € U3MOoN3BaHa MeToauKaTta, onucaHa B
[1].

MpoueHTHOTO obnayHO MOKpPUTUE 3a BCEKM eOuH OeH e B3eTo OT crneumanusvpaHata 6asa
AaHHu [1, 2.

OnpegeneHo e pasnpegeneHveTo Ha 6post AHU C pasnuMyeH NPoUeHT obnayHoCT No meceum
3a nepuoga toHn 2004 - centemepu 2015 rogmMHa no oTAenHoO 3a AaHHWUTE OT ABaTa catenuta — Terra
n Aqua ot nporpamaTta EOS. lNony4yeHnte pedyntaTtu ca npeacraseHu Ha durypa 1.

Pa3npep,eneHV|eTo € NnoJiydeHo 4pe3 CymunpaHe Ha BCUYKM OHUN CbC CbOTBETHOTO obnayHo
NOKpUTUE OT BCAKa €4Ha rogaunHa. M3kntodeHn ca gHnTe, 3a KOUTO HAMA AaHHW.

B tabnuua 1 e nokasaH OpOAT OHM CbC CLOTBETHOTO MPOLIEHTHO 0OMa4YHO MOKPUTUE MO

MeceLM 3a BCeKM enH OT ABaTa caTtenuta
o To3n Ha4MH 3a BCeKkU MeceL, OT rognHaTa nMma gaHHu 3a okono 300 gHw.
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our. 1. Pasnpep,eneHme Ha obnayHaTa NOKPKUBKa 3a pa3nnM4yHnTe Meceuun 3a nepuona
toHn 2004 — centemspu 2015 T.
Tabnuua 1. Bpolt AHM ¢ pasnuyeH NPoLIEHT 06MaYHoOCT No MeceLm oT roguHaTa
Terra
mecew | moowvovVovIVvIE v X X Xi
10% 26 12 20 25 19 27 49 49 33 20 15
20% 29 29 33 36 42 49 67 70 46 43 21
40% 90 78 99 125 160 172 185 174 133 118 82
60% 81 87 73 61 75 69 54 45 60 57 85
80% 56 50 53 49 32 27 5 7 35 35 65
100% 52 43 3 27 6 3 1 2 12 31 25
Obwoanm 334 299 314 323 334 348 361 347 319 304 293
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Aqua

meceL | Il 1l \% \% \'! Vil VIl IX X Xl Xl

10% 27 13 16 14 6 15 22 22 18 13 16 15

20% 27 20 23 28 23 21 46 47 34 43 26 18

40% 85 79 101 104 158 179 198 206 136 101 76 80

60% 86 82 81 115 1083 97 89 68 80 61 87 88

80% 46 61 59 41 44 31 6 12 37 48 53 51

100% 63 50 38 15 4 4 2 1 15 37 37 65
O6wo aun 334 305 319 317 338 348 363 356 320 303 295 318

Kakto ce Bwkaa oT Tabnuuata, obwmMsT OGpol OHM ce pasnuMyaBa KakTo 3a pasfnunyHuTe
Meceuu, Taka 1 3a eaVH 1 CbLUN Mecel, 3a ABaTa caTenuTa.

3a no-gobpo npeacTaBsiHe M Bb3MOXHOCT 32 CpaBHEHME Ha pe3ynTaTtuTte, Ha durypa 2 e
nokasaHo pasnpeaerieHNeTo Ha AHUTEe C pasnuyeH MNpPoLeHT 06nayHOCT Mo Meceuu B MNPOLEHT OT
obLwimns 6pon nscnensaHn gHW.
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dur. 2. PasnpegeneHue Ha obrnayHaTa NOKPMBKA 3a pasnuMyHMTe Meceum 3a nepvoga toHn 2004 — centemBpu
2015 r, npeacTaBeHo B NPOLEHTH
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Kakto ce Bmkga oT dwurypute, HabnogaBa ce O4akBaHUS CE30HEH XOf Ha obnayHocTTa, a
WMEHHO — MoBuLLAaBaHe Ha 6pos gHM C no-manka obnavHocT npe3 meceumTte Man, HOHK, HOnm un
Aeryct. ObnavHocTTa € Han-NnbTHa nNpe3 Mmeceunte Hoemspu, ekempu n despyapu.

HabniogaBa ce u nogyeptaHo Mo-HMUCKa 0OGnayHOCT B acoBeTe npeau obsag cnpsiMo Tesu
cnepobep [1].

BbB Bcekn eamH ce3oH npeobnagaBa obnadHoct mexay 20 u 40%, kaTo npes3 neTHuTe
Meceum TakaBa obnayvHocT uma B Hag 50% oT agHuTe.

BbposaT aHn ¢ obnayHocT Ao 20% He Hageuwasa 30% Oopu U B NETHUTE Meceuun, oKaTo npes
3umHuTTEe Ton cnaga nofd 20%.

MonyyeHnTe pesynTaTtu nokaseaT, Ye caTeNMTHUTE JaHHW ca Hark-NoaXo4sLM 3a u3cneaBaHe
Ha no-rnobanHu SBReHus Hag TepuTopusita Ha Bbnrapus, KoMTo ce BMAMMU U NPU CPaBHUTENHO
BUCOK NPOLEHT obnayHa nokpuBeka.

CatenutHuTe gaHHM moraT Ada ce M3MNon3eaT U 3a m3crnegBaHe Ha GaBHO MPOMEHSILM ce
SIBNEHUNS, 33 KOUTO € A0CTaTbYHO Aa Ce HaMepSIT HAKOJKO SICHM OHU B Mecela.

INntepartypa:

1. AnmuTtpoea, M., P. Hegkos, O6nadHa nokpuska Hag bbnrapus 3a nepuoga 2004 - 2014 rogvMHa no JaHHM OT
MODIS, [eceTa Hay4Ha kOHbepeHUMs ¢ MexayHapoaHo yyactne SES 2014

2. QumutpoBa, M., B. BenueBa, OpraHusdaumsi Ha cneumanusupaHa web-06a3a [AaHHM  CbC CMBTHUKOBU
nsobpaxeHnss 3a eKOMOHUTOpuHr Ha bBbnrapus, [eceta HayyHa KoHdEpeHUMs C MexayHapogHO
yyactne SES 2014
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®YHKUMN HA UHOOPMALIMOHHA CUCTEMA 3A YINPABJIEHUE
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Knrovoeu dymu: SmartGrid, ghyHKyuoHannHu obnacmu, ynpasiaeHue Ha yciyau, ynpaseHue Ha Mpexa,
ynpasseHue Ha Mpexoe esieMeHm

Pe3rome: bypHomo Haenu3saHe Ha 8b306HO8sEMU eHepauliHu udmoyHuyu (BEW — conapHu naHenu u
sempozaeHepamopu) 8 eHepauliHama cucmema eo0u 00 cumyauyuu, rpu Koumo npednazaHemo rnpesuwasa
mbpceHemo. 3amosa e Heobxoduma cucmema, Kosimo da ynpasssisa me3u rnpouyecu. YmMHama mpexa SmartGrid
npedcmasssisa rnnamgopma, Hadepaxdawa Mpexama 3a EnekmpocHabosisaHe. Tsi ce npedcmassi ¢bC €805
Mpexa u ycnyeu, koumo cbwo mpsibea Oa ce ynpaensiesam. Llenma Ha cmamusima e Oa npedcmasu emopusi
eman om MmodenupaHemo Ha ynpaeneHue Ha SmartGrid, kolimo nocpewa pPasHOPOOHU U3UCKBAHUSI KbM
ynpaeneHuUemo Ha ycryeu u Mpexa u e opueHmupaH KbM (hbyHKUUOHaIHUme obnacmu, rnokpusawju Xu3HeHusi
UUKB Ha ycnyzama EnekmpocHabdsisaHe. M3nonsgam ce hyHKUUOHaIHU Modesiu om cbujecmeaysauiu Mpexu,
Koumo ce alanmupam KbM efiekmpocHab0sieaHemo. Pe3ynmamume ce unrocmpupam ¢ mpu yHKUUOHANHU
obracmu 3a ynpaerneHue Ha ycnyau: TakcyeaHe, U3kynysaHe u TexHu4ecKu xapakmepucmuku. AHarnoau4Ho ce
cuHme3upam hyHKUUU 3a yrnpasneHue Ha Mpexa U Ha MPEexXos efleMeHm.

INFORMATION SYSTEM FUNCTIONS FOR SMART GRID MANAGEMENT

Mila llieva-Obretenova

Mining and Geology University “St. lvan Rilski” — Sofia
e-mail: milailieva@abv.bg

Keywords: Smart Grid, functional areas, service management, network management, network element
management

Abstract: The violently penetration of renewables in Power Supply Network leads to situations, in which
the offer exceeds the demand. So it is necessary to build a system for process management. SmartGrid is a
platform over the Power Supply Network. It is represented with its network and services, which also have to be
managed. The paper aims to show the second stage of SmartGrid management modeling. It meets
heterogeneous requirements to service and network management and is oriented to functional areas, covering
the life cycle of Power Supply Management. Functional models for recent networks are used — they are adapted
to power supply. The results are illustrated with three functional areas for service management: Accounting,
Buying up and Performance. The synthesis of network management functions and network element management
functions are analogous.

BbBeneHune

BypHOTO HaBnu3aHe Ha Bb30OHOBAEMU eHeprurHu ustouHuumn (BEW — npegumHo conapHu
naHenun n BeTporeHepaTopu) B eHepruinHata cuctema BoAu A0 CUTyalMu, NMpu KOUTO npeanaraHeTo
npesuwlaBa TbpceHeTo. ToBa Hanara usknoyBaHe Ha BEW oT eHeprunHaTa cuctema, od-namH
akymyrnupaHe Ha €eHeprusi U npegaBaHETO W Ha pas3cTosHue B nogxogsi, MOMeHT. 3atoBa e
HeobxoavMa cucTeMa, KOATO Aa ynpasnsiBa Te3u npouecu. YMHata mpexa SmartGrid npegcraBnsea
nnatdgopma, Hagrpaxgala mpexarta 3a EnektpocHabaaBaHe. Ta ce npedctaBsi CbC CBOS Mpexa 1
ycnyru, KoMTo Cbllo TpsibBa ga ce ynpaenseaT. Llenta Ha ctatuaTa e ga nokaxe BTOpusi eTan oT
MogenupaHeTo Ha ynpaBneHve Ha SmartGrid, KOWTO nocpella pasHOPOAHW W3UCKBAHWUA KbM
YNpaBreHNeTo Ha YCMnyrm U Mpexa U € OPUEHTMpPaH KbM (PyHKLMOHANHUTEe obnacTu, NokpuBaliu
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XM3HEHUS UMKbI Ha ycrnyrata EnektpocHabasiBaHe. ManonseaT ce dyHKUMOHaNHM Mogenu 3a
yrnpaBreHMe Ha CblUeCTBYBalM MPEXWU, KOUTO Cce aganTMpaT KbM eneKkTpocHabAasiBaHeTo.
Pesyntatute ce unoctpupaT ¢ Tpy pyHKUMOHanHW obractu 3a ynpaeneHve Ha ycnyru: TakcyBaHe,
N3kynyBaHe n TeXHWYECKN XapakTepUCTMKW. AHANOrMYHO Ce CUMHTE3MpaT U (OYHKUMKU 3a ynpaBreHne
Ha Mpexa W 3a ynpaBfieHVe Ha MPEXOB efleMEHT.HedOoCTaTbk € HEBb3MOXHOCTTA Aa ce M3MepBa
HernpekbCHAaTO Nopaau BpeMeBU OrpaHNYeHNst CBbp3aHu CbC CaMusi METOA Ha U3MepBaHe.

Teopusa Ha meTOoAa

MogenbT Ha SmartGrid Moxe Aa ce B3aMMCTBa OT CbLUECTBYBALLM MPEXN 3a ynpasneHue [6].
Ha dmrypa 1 e npeacraseH agantupaH mogen ¢ yHKUUKM Ha Mpexa EnektpocHabasiBaHe u Ha
SmartGrid.

PyHKUMKM Ha Mpexa EnekTpocHabassaHe n Ha SmartGrid

SmartGrid

Mpexa EnektpocHabasBaHe

our. 1. PyHkuMKM Ha Mpexa EnektpocHabassaHe 1 Ha SmartGrid

dyHKLMMTE Ha Mpexa EnekTpocHabasiBaHe ca cnegHuTe:

PAF — Power Agent Function — urpae ponsTa Ha aboHar;
PF — Power Function — urpae ponsTa Ha efnlekTpoueHTpana.

®yHKkummTe Ha SmartGrid ca cnegHuTe:

SSF — Service Switching Function — ®yHkumna KomyTaums, noctass ce npeumyLiectseHo Ha BEU;
SRF — Specialized Resource Function — ®yHkuma CneuunanuanpaHm pecypcu, Hanp. npeobpasysarten
NMOCTOSIHHO HanpeXeHne — MPOMEHMBO HaMNpPEXeHNe UM CUHXPOHM3aUns Ha BETporeHepaTopu;

SCF — Service Control Function — ®yHkunsa KoHTpon Ha ycnyraTta EnektpocHabasiBaHe;

SDF — Service Data Function — ®yHkuna [JaHHM 32 OTAENHUTE LieHTpanu;

SGMF — SmartGrid Management Function — ®yHkuusa YnpasneHue Ha SmartGrid;

MAF — Management Agent Function — ®yHKuua AreHT Ha ynpaBreHneTo;

ACEF — Application Creation Environment Function — ®yHkuus Cpeaa 3a cb3gaBaHe Ha NPUNoXeHus.

YnpaBneHueTo Ha ycnyrata EnekrpocHabasBaHe CbLO MOXe Aa ce B3aMMCTBa OT YNpaBrieHNeTo Ha
Apyrn mMpexw [4] cnopep XWU3HeHWs UMKbN Ha ycnyrata. Ha dmrypa 2 e nokasaH agantvpaH mogen
Ha dyHKUMOHanNHWTe obnacTm 3a ynpaBneHne cnoped >KU3HEHUs UMKbM Ha ycnyrata
EnekrpocHabassaHe. Tyk e gobaBeHa n dyHkuMoHanHa obnact U3kynysaHe, 3awoTto Power Function
MOXe Aa ce pasnonoxu npu aboHarta (poTtoBonTavum no nokpuew, dpacagu u ABopose) U Tow Aa
npoaasa eHeprus.
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dyHKUMOHaNHM 0bnacTy 3a ynpasneHue cnopen XU3HeHus LMK b Ha yenyraTa

[MpoekTnpaHe n
MnaHnpaHe

l Mpen-ycnyra

WHcTannpaHe

CoblumHcKa yenyra

MpepocTaBsaHe
KoHdomrypauus
N
MopoabpxaHe
~ABoHaTeH

EeXHU4ecKkun
apaKT epucT Uk
TakcyBaHe
M3kynyBaHe

n3nonasa noamMmHoxecTso o1 ~—KOHTPOI

CneundmnyHo 3a
mo6anHo notpebutens
ynpaeneHve yripaBneHue

dur. 2. dyHKUMOHANHM 06nacTy 3a ynpaBreHue cropes KU3HeHUs UMKbI Ha ycryra EnektpocHabasiBaHe

Ha Gasata Ha n3MCcKkBaHWATa Ha yvyacTHUMUMTE B ynpaBfieHUeTo Ha ycnyrata EnekrpocHabasisaHe [1],
[2] moraT pa ce pedmHupaT yHKUUKM 3a ynpaBrieHWe Ha ycryrm u mpexa B SmartGrid, kaTo ce
npunara yHudpuumpaH esvk 3a mogenupaHe UML[3]. M3non3eaT ce guarpamu Ha MNOBeAEHME,
nuceawm pabotaTta Ha cuctemaTa. PyHKUMUTE, NPEAOCTaBEHN Ha AelCTBaLLMTe nNuua, ce NpeacTaBsaT
KaTo crydau Ha U3nossBaHe.

PesyntaTtun

3a Bcska byHKLMOHanHa obnact oT cwmrypa 2 ce cuHTe3npaTt (PyHKUMM 3a ynpaBrneHue Ha
yCryrn, Mpexa n MpexoB eneMeHT Ha SmartGrid.

1. ®yHKyuu 3a yrpasneHue Ha yciyau

dyHKUMUTE 3a ynNpaBneHue Ha yCcnyru ce uncTpupart vpes (pyHKLMM 3a obnactu TakcyBaHe,
MskynyBaHe 1 TexHnyecku xapakrtepuctuku. dyHkummTte no MNpoektupaHe n MnaHupaHe moraT aa ce
n3BbPLUBAT Ype3 MHCTpyMeHTa Ha Google ,ConapeH nokpus“ [5], KONTO MOKa3Ba KOMKO MOXe fa ce
cnectTn OT POTOHEH reHepaTtop Ha nokpusa. [NoTpebutensaTt TpabBa fa BbBede: agpec U MeceyHa
CMeTKa 3a TOK U nofyyaBa aHanu3 Ha MoKpMBa M CTOMHOCT Ha crniecteHaTta eHeprusa B KW. Cuctemara
npenopbYBa pa3Mep Ha conapHata cuctema, TMM Ha MoAynuTe, TWM Ha Macuea, NPOrHo3upa
3arybute, nsuncnsisa HaknoHa n asyMyTa Ha MoKpMBa.

1.1. ®yHKkuum 3a TakcyBaHe Ha ycnyra

B TakcysaHe Ha ycnyra yvacTteat npsiko [JoctaBumkbT, ABOHATBLT CbC conapeH naHen n ABoHaTbT
6e3 conapeH naxen. [locTaBuMKbT TakcyBa ycrnyraTta, a AboHaTuTe Tpsbsa Aa n3sbpLuBaT nnailaHe.
Ha dmrypa 3 e nokazaHa UML guarpama Ha criyyam Ha nsnornseaHe 3a obnact TakcyBaHe Ha ycryra.
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odur. 3. UML guarpama Ha cryyau Ha 13nonaeaHe 3a obnacT TakcyBaHe Ha ycnyra

dyHKkUMKTE, NpegocTaBeHn Ha [locTaByuka, ca:

dyHKkumaTa AccountServ(x) cnyxu 3a TakcyBaHe Ha ycnyra.
dyHkumaTa InstallAccLog(x) cnyxu 3a nHcTanupaHe Ha XKypHan TakcyBaHe.
dyHkumaTa WriteAccRec(x) cnyxun 3a 3anucBaHe Ha cbbuTus nNo TakcyBaHeTo B XKypHana.

dyHkumaTa InsertAccPlan(x) cnyxu 3a BbBexaaHe Ha [1naH 3a TakcyBaHe.
®yHkumsaTa WriteTariff1(x) cnyxu 3a 3anucsaHe Ha TapudaTa B nnaHa 3a TakcyBaHe.

dyHKLMUTE, NpeaocTaBeHn Ha AboHaTa CbC ConapHu NaHenu, ca cnegHuTe:

PyHkumaTa AccountSubs-pv(x) cnyxu 3a TakcyBaHe Ha ABoHaT ¢ (hoTOBONTANK.
dyHkuuaTa ReceiveFininfol(x) cnyxu 3a nonyyaBaHe Ha PMHaHCOBa MH(OPMaLMS 3a TakCyBaHe OT

[ocTaBuuka.

dyHkumaTa ReceiveRemind1(x) cnyxu 3a nony4yaBaHe Ha HanomHsHe No TakcyBaHe.
dyHkumaTa ReceiveChargeMode(x) cnyxu 3a ocBegomMsiBaHe 3a Pexxum Ha TakcyBaHe.

dyHkumaTa ReceiveLimitl(x) cnyxu 3a ocBegomMsiBaHe 3a JlIumuty No TakcysaHe.

dyHkumaTa ReceivePayment1(x) cnyxu 3a ocBegomMsiBaHe 3a [1nailaHe no TakcyBaHe.

dyHkumaTa ReceiveServAcc(x) cnyxu 3a nonyyasaHe Ha CmeTka 3a ycnyra u 3a u3kynyBaHe.
dyHkumATa ReceiveBeAccl(x) cnyxu 3a nonydyasaHe Ha CmeTka 3a MpeHOC MNpu nofyvyaBaHe Ha

ycnyrarta.
dyHkumaTa ReceiveProfAccl(x) cnyxu 3a nonyyaBaHe Ha CMeTKka 3a nogabpXaHe Ha enekTpoHeH

npodumn Ha ABoHaTa.
dyHKLMATa 3a TakcyBaHe Ha AboHaT 6e3 goTtoBonTamk € AccountSubs(x) 1 Ta cbaobpXka cbLuTe

€J1IeMEHTU.

1.2. ®dyHkuum 3a N3kynysaHe Ha ycnyra

B u3kynyBaHeTo Ha conapHa eHeprusi yyactBaT [docTaBuMkbT M ABOHaATLT CbC ConapeH
naHen. [ocTaBuMKbT W3KynyBa eHeprusita, a AOoHaTbT nony4yaBa nnawaHe. Ha dwmrypa 4 e
nokasaHa UML gunarpama Ha criyjam Ha usnonssaHe Ha obnact U3kynysaHe Ha ycnyra.
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odur. 4. UML guarpama Ha cryvau Ha u3nonssaHe Ha obnacT U3kynysaHe Ha ycnyra

dyHKkUMKTE, NpegocTaBeHn Ha [locTaByuka, ca:

dyHKkumaTa BuyServ(x) cnyxu 3a u3kyrnyBaHe Ha conapHa eHeprus.
®yHkumaTa InstallBuyLog(x) cnyxu 3a nHctanupaHe Ha XypHan N3kynysaHe.

dyHkumaTa WriteBuyRec(X) cnyxu 3a 3anuceaHe Ha cbbutus no uskynyesaHeTo B XKypHana.
dyHkumaTa InsertBuyPlan(x) cnyxu 3a BbBexaaHe Ha lMnaH 3a n3kynysaHe.

®yHkumnsaTa WriteTariff2(x) cnyxu 3a 3anucsaHe Ha TapudaTa B nnaHa 3a uskynysaHe.

dyHKLMUTE, NpeaocTaBeHn Ha AboHaTa CbC ConapHu NaHenu, ca cnegHuTe:

DyHKumnaATa BuySubs-pv(X) cnyxu 3a U3KynyBaHe Ha corlapHa eHeprus.
dyHkumnaTa ReceiveFinIinfo2(x) cnyxu 3a nony4aBaHe Ha PrMHaHCOBa MHOPMaLUNS 3a U3KyNyBaHe OT

[ocTaBuuka.
dyHkumaTa ReceiveRemind2(x) cnyxu 3a nonyyaBaHe Ha HanomHsHe 3a U3KkynyBaHe.
dyHkumaTa ReceiveBuyMode(x) cnyxun 3a ocBegomMsiBaHe 3a Pexum Ha n3kynyBaHe.
dyHkumaTa ReceiveLimit2(x) cnyxun 3a ocBegomsBaHe 3a JIumMnty No U3kynysaHe.
dyHkumaTa ReceivePayment2(x) cnyxu 3a ocBegomsiBaHe 3a [nawaHe no uskynysaHe.

dyHkumaTa ReceiveBuyAcc(x) cnyxu 3a nonydyasaHe Ha CmeTka 3a U3KynyBaHe.
dyHkumATa ReceiveBeAcc2(x) cnyxmn 3a nonyyaBsaHe Ha CMmeTka 3a NpeHoCc Mpu OTAaBaHe Ha

eHeprus.
dyHkumATa ReceiveProfAcc2(x) cnyxu 3a nonyyaBsaHe Ha CMeTka 3a nogabpXaHe Ha enekTpoHeH

npodoumn 3a n3kynysaHe.

1.3. ®yHKkuMM 3a TeXHUYECKM XapaKkTEPUCTUKM Ha ycnyra

B koOHTpona Ha TexHW4YeckuTe XapakTepuCTUKM ydacTBaT npsiko [JOCTaBUYMKBLT,
doToBonTamk u AboHaTbT 6e3 cboToBOoNTamk. Ha c¢hurypa 5 e nokaszaHa UML gnarpama Ha criydyam Ha

n3nonssaHe Ha obnacT TexHn4ecku XapaKTepUCTUKn Ha ycnyra.

ABoHaTBLT C
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TexHUuyecku

XapPaKTepPUCTUKU
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odur. 5. UML guarpama Ha cry4yau Ha u3nonasaHe Ha o6nacT TexHU4Yecku XapakTepucTuki Ha ycnyra

dyHKkUMKTE, NpegocTaBeHn Ha [locTaBumka, ca crnegHuTe:

®yHkumaTa PerformServ(x) cnyxu 3a HabnogeHve Ha TEXHNYECKUTE XapakTepuUCTUKM Ha ycnyraTa.
dyHkumaTa InstallResUsagelog(x) cnyxu 3a nHctanupaHe Ha >KypHan 3a usnonssaHe Ha pecypcu
npu npegocTassHe Ha ycrnyrata.

dyHkumaTa InstallServUsagelLog(x) cnyxu 3a uHctanupaHe Ha XKypHan 3a u3nonssaHe Ha ycnyrara.
®yHkumaTa InstallResBuyLog(x) cnyxu 3a nictanmpare Ha >KypHan 3a usnosnssaHe Ha pecypcu npu
N3KynyBaHe Ha eHeprus.

®yHkumaTa InstallServBuyLog(x) cnyxu 3a uHctannpaHe Ha >KypHan 3a U3KyrnyBaHe Ha eHeprus.
dyHKkumnaTa WriteServStatus(x) cnyxu 3a 3anucBaHe Ha cTaTyca Ha ycnyrata, Hanpumep AKTUBEH,
KkoraTo uma notpebnexue, n HeaktuseH, korato aboHaTbT € B OTMycKa.

®yHkumaTa WriteBuyStatus(x) cnyxu 3a 3anucBaHe Ha cTaTyca Ha MW3KyrnyBaHeTO, Hanpumep
BkritoveH, Korato naHenuTe ca BKIYeHN, 1 V3kntoveH, Korato naHenuTe ca U3KIIYEHH.

(DYHKLI,I/II/ITe, npegocrtaBeHn Ha AboHart ¢ (bOTOBOJ'ITaVIK, Ca cnegHuTte:

®yHkumaTa PerformSubs-pv(x) 3a goknagBaHe Ha OOrOBOPEHUTE TEXHWYECKUM XapaKTepUCTUKM npwu
nonyyaBaHe Ha ycnyrara.

OyHkumaTa  WriteQoSinfo(x) cnyxu 3a nonyyaBaHe Ha WHQoOpMaums 3a TexHUYeckuTe
XapaKTepUCTUKN Ha ycnyrata u 3a TEXHUYECKUTE XapakTepUCTUKM Ha OTAaAeHaTa conapHa eHeprus.
dyHkumaTa WriteSubs-pvUsage(x) cnyxu 3a nonyyaBaHe Ha uMHdoOpMaLMs 3a U3NON3BaHETO Ha
ycnyrata oT aboHara.

dyHkumaTa WriteSubs-pvSell(x) cnyxu 3a nony4yasaHe Ha MHOPMaLMS 3a KONMYECTBOTO OTAaaeHa
cornapHa eHeprusi ot aboHaTa.

®yHkumaTa PerformSubs(x) cnyxu 3a goknagsaHe Ha OOTOBOPEHUTE TEXHWYECKU XapaKTepUCTUKU
npu aboHat 6e3 doToBonTamk. PyHKUMUTE ca cblunTe, HO 6e3 oTAaBaHe Ha conapHa eHeprusi (camo
3eneHuTe nonerta).

2. @yHKyuu 3a ynpasneHue Ha Mpexa

AHarnorM4yHo ce cuHTE3Mpar ycnyru 3a ynpasreHve Ha Mpexa Ha SmartGrid.

3. @yHKUuUu 3a ynpaenieHue Ha MPEXoe efieMeHm

Mo nogo6eH HauMH ce cUHTe3MpaT ycryru 3a ynpasreHue Ha MpPexoB enemMeHT Ha SmartGrid.
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3akno4yeHune

B cratuara ca cuHTe3aupaHu QyHKUMM 3a ynpaeBneHne Ha ycnyrm B SmartGrid,
CbOTBETCTBALUN Ha M3UCKBAHMATA Ha BCAKO OT AeWCTBalUMTE nmua: goctaByumk Ha ycnyra (EPIT) n
aboHaT Ha ycrniyra. B3etu ca nog BHMMaHue yHKUMOHanNHM obnacTtu TakcyBaHe, V3kynyBaHe wu
TexHU4eckn XxapakTepucTuku. AHanorMyHo moraT ga ce geduHupart yHKUMM M 3a OCTaHanute
dyHKUMoHanHn obnactu: WHctanupaHe, lNpepoctaesHe, KoHdurypupaHe, MNMogabpxaHe, 3awuta un
AboHaTeH koHTpon. o nogobeH HayuH MoraT Aa ce cuHTe3upaTt YHKLMN 3a ynpaBreHue Ha Mpexa
W Ha MpeXoBM enemeHTn Ha SmartGrid, CbOTBETCTBALLM HA U3UCKBAHMATA Ha BCAKO OT AeucTBalumTe
nuua: oneparop Ha Mpexa, goctasyuk Ha ycnyru (EPI) n aboHaT Ha ycnyru.

MpeomumcTBaTta Ha CMHTE3NpaHUTe OYHKLMOHANHW MOAENN ca CneaHuTe:

e OcurypsaBaT HenpekbCHAT KOHTPOM Ha Bb30OHOBAEMUTE €HEPruiHW U3TOYHULM OT eHeprumHata
cucTema;

e He BnuadaTt Ha noTpebneHneTo Ha aboHaTuTe;

e JlecHo ce uWHTerpypaTt CbC CblUECTBYBaLLMTE €MNEKTPOLEeHTpanu, KoeTo no3sonsiBa epeKkTUBHO
pasnpegeneHne Ha enekTpPoeHepruaTa;

e [lonesHu ca 3a gbnrocpo4vHo HabnoageHne Ha aboHaTu ¢ BEWY,

e [lpunoxvmu ca B ycrnoBusaTa Ha 6ypHo pa3sutne Ha BEW n koMNioTbpHM TEXHOMOMUN.

Ha cnepgawusa eTan npegcTov gedvHMpaHe Ha KracoBe ynpaBnsiBaHn 06eKTU Bb3 OCHOBA Ha

Bede cuHTesnpaHute yHkumm. Knacosete ynpasnsBaHu obektn TpsibBa Aa CbOTBETCTBAT Ha

yrnpaBnsiBaHu eguHuLM.

Nurepatypa:
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EnektpocHabasBaHe B ymHa Mpexa SmartGrid“, EHeprueH dopym, 24-26 toHn 2015r., CBOPHUK YacT Mbpsea,
cTp. 141-147

2. Vnuea-ObpeTteHoBa, M., ,Mogen 3a ynpaBneHwe Ha ycrnyrm B UHTenureHTHa Mpexa“, [ducepTauus 3a
npoBexaaHe Ha Hay4yHo-obpa3soBaTtenHa cteneH Joktop“, TY Codwms, 2009
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Knrouyoeu dymu: gpomocuHmesa; eecemauuoHHu uHoekcu — REP, NDRE, PRI; cos.

Pestome: ®omocuHmeszama e Hali-8aXHuUsim [pouec 8 pacmeHusima, HO U3MepeaHemo U 4Ypes
203006MeHeH Memod (Hal-mo4yeH 3a ceaa) e epeMeeMKo U Uu3uckea creyuanusupaHa anapamypa. B
cesickocmonaHckama rpakmuka 6ce [10-4ecmo Cce U3rofi38am 8e2emauuoHHU MpodyKmu roslyYeHu om
Ha3eMHuU, aepo- Unu CIbMHUKOBU O0aHHU 3a ompaxamesiHume XxapakmepucmuKu Ha pacmeHusima 3a OUeHKa
cmamyca Ha pacmeHusima u npednpueMaHe Ha CbOmeemHama KynmueauyuoHHa npouedypa. Llen Ha
Hacmoswemo u3cnedsaHe e 4pe3 nuromHu OaHHU Oa ce MNombpcuU Kopesnauyus MexoOy U3MepeHa 4Ype3
2a300b6meHeH Memod ¢homocuHmesa u eezemauyuoHHuUme uHOekcu Red Edge Position (REP), Normalized
Difference Red Edge Index (NDRE) u Photochemical Reflectance Index (PRI) npu cosa. Om nony4eHume
nunomHu O0aHHU MoHuxeHume cmolHocmu Ha REP u NDRE Hemozam da 6bdam c8bp3aHU C MOHUXEHU
cmolHocmu Ha ¢omocuHme3dama, Ookamo mpeHOa Ha uHOekca PRI cwenada ¢ OHeeHusm xo00 Ha
¢gomocuHmesama, HoO ¢ obpameH 3Hak. HanpaseHusm kopenayuoHeH aHanu3 mexdy PRI u gpomocuHmeszama
rnokasa obHalexdaeawu pe3ynmamu, HO U Heobxodumocm Om YCbBbPWEHCMEaHe Ha [POMoKona Ha
usmepeaHe 3a Oa ce KOMIEHcupa 6/USHUEMO Ha ompa)xameJslHume Xapakmepucmuku Ha rnoYeama u Opyau
gakmopu.

EMPIRICAL STUDY OF THE CORRELATION BETWEEN PHOTOSYNTHESIS
AND VEGETATION INDICES IN SOYBEAN

lliana llieva, Yordan Naydenov, Illina Kamenova, Georgi Jelev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: iliana_ilieva@space.bas.bg

Key words: photosynthesis; vegetation indices - REP, NDRE, PRI; soybean

Abstract: Photosynthesis is the most important process in plants, but its measurement by gas exchange
method (most accurate for now) is time consuming and requires specialized equipment. Vegetation products
derived from terrestrial, airborne or satellite data for reflective characteristics of plants are more often used in
agricultural practices to assess plant status and take the appropriate cultivation action. The aim of this study is to
access the correlations between photosynthesis measured by gas exchange method and the vegetation indices
Red Edge Position (REP), Normalized Difference Red Edge Index (NDRE) and Photochemical Reflectance Index
(PRI) by using pilot data for soybean. Diminished values of REP and NDRE that cannot be associated with
decreases in photosynthesis were obtained from the pilot data, while the trend of the PRI reversely coincides with
the daily course of photosynthesis. The correlation analysis between PRI and photosynthesis showed
encouraging results, but also the need to improve the measurement protocol to offset the impact of soil's and
other factors’ reflective characteristics.

BbBeneHune

doToCcMHTE3aTa € Hal-BaKHUSI MpoLleC B pacTeHuATa W criefoBaTeNiHo Hail-onpeaenaums
nokasaTes 3a MOMEHTHOTO UM (PU3MONOTMYHO CbCTOSIHME. AKTMBHOCTTA Ha POTOCUHTE3aTa MoXe Aa
GbOe onpefeneHa uypes M3MepBaHe Ha rasoobMeHa W3BLPLUBALL Ce B NWUCTaTa Ha pacTeHusTa C
nomoLuTa Ha peguua npeHocummn anapatu. PaboTaTa ¢ Tax o6ade nanckea ranyecko NpuchCTeme Ha
TepeH, cneuuanHo obyyeHrie 3a M3MNoM3BaHeTO UM, M3MepBaHUATA C TAX ca BPeMeeMKku 1 anapaTtuTe
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Ca JocTa CKbMMY 3a M3MNon3BaHe M3BbH HayyHu uenu. CnegosartenHo, nopagu Te3n aktopu, TAXHOTO
n3nona3BaHe B MpakTukata, KaTto CpPedcTBO 3a MOHMUTOPMHI CTaTyca Ha rofemMu CEeriCKOCTOMaHCKM
Nnowy oT caMmuTe arpoHOMW, € TPYAHO NPUIOXMMO.

OvncTaHuMOHHUTE MeToAM, W3MNOoN3BallM Ha3eMHW, aepo- WM CNbTHUKOBM [JaHHM 3a
OoTpaxaTenHuTe XapaKTepPUCTUKN Ha pacTeHusTa HammupaT BCe MO-roNisiMo NPUIIOXEHNE 3a OLeHKa Ha
o6LWma M U3MONOrNYEH CTaTyc, HO Ype3 MHopmauusiTa, NpegocTaBeHa OT TAX, HE MOXe ANPEKTHO
na ce onpegenu gotocuHTesata. OT cnekTpanHuTe XapakTepuCTMKU Ha pacTeHudTa moraTt ga ce
onpenenat napameTpu, KOUTO WMHOMPEKTHO UNU AMPEKTHO Aa 6baaT CBbp3aHM C aKTUBHOCTTA Ha
doTocuHTE3aTa.

Beretaunonnnte mHgekcn Red Edge Position (REP) [1], Normalized Difference Red Edge
Index (NDRE) [2] n ap. ce nsnonseat 3a onpefensiHe Ha CbObPKaHNETO Ha Xxropodun B ficrata u
CbOTBETHO AaBaT MHAWPEKTHA NpeAcTaBa 3a akTMBHOCTTa Ha POTOCUHTE3aTa.

Mo p[ucTaHUMOHHM [aHHW MoraT [da ce onpefensdt KOCBEeHO cnegHute O6uodusnyHu
napameTtpu: Leaf Area Index (LAIl), koWTO npeacrtaBnsBa nowiTa Ha nucraTta 3a eavHuua nnowy,
3emMHa noBbpxHocT (LAl = leaf area / ground area, m* / m?) [3, 4, 5] u Photosynthetically Active
Radiation (PAR), konTo e abcopbupaHaTta pOTOCUHTETMYHA aKTMBHA CBETNMHA [6, 7]. MIauncneHuTe
napameTpu ca MHOWPEKTHO CBbp3aHM ¢ POTOCMHTE3aTa M AasaT NpeAanocTaBka 3a NoTeHuuana Ha
pacTeHusTa Ja OCbLUECTBABAT TO3M NpPOLEC.

OT OuCTaHUMOHHM AaHHM MOoraT CbLUO [a ce OnpefenaT TemnepaTypa Ha nucTtaTta, BNaXxHOCT
Ha noyeaTa ¥ Ap., U Aa ce U3non3BaT KaTo BXO4HM NapaMeTpu B pasnuyHu MaTeMaTU4eCcKu MoLenwu,
3a UHOUPEKTHO onpeaensHe Ha OTOCUHTETMYHATa akTUBHOCT Ha pacTeHudara [8, 9].

BeretaumoHHuat nHpekc Photochemical Reflectance Index (PRI), naBa gupektHa npencrasa
3a aKTMBHOCTTa Ha (poTOoCMHTE3aTa, TbW KaTo M3MepBa KCaHTOUMNOBUA UMKBLI B pacTeHusaTa -
NpoLEeC KOHKYPEHTEH Ha eNeKTPOHHMSA TpaHcnopT BbB PoTocuctema Il [10].

Bbnpekn ronsiMata MKOHOMMYECKA MOf3a OT W3MOMN3BAHETO HAa AMCTAHUMOHHW MEeToAM Mnpu
onpedernsiHe crtatyca Ha JafdeH MoceB C Len ONTUMWU3MpaHe Ha KyNTMBALMOHHWSA MNNaH, BCe oule
nMncBa 3HaHve 3a Kopenaumsita Mmexagy poTocuHTe3aTa, M3MepeHa 4pe3 ro3oobmeHeH metoa (Haw-
TOYEH 32 MOMEHTA) N pasnMyHUTE BEreTaumMoHHN MHOEKCH, onpeaeneHn Ha 6asaTta Ha cnekTpanHuTe
XapaKTEPUCTUKN Ha pacTeHuATa.

Llen Ha nscnegBaHeTo

Upes nunoTHM paHHM ga Oboe wuscnedBaHa Kopenauusita Mexay (PoToCUHTEeTUYHaTa
aKTUBHOCT, U3MepeHa Ypes rasoobMeHHeH MeTof U BereTalMoHHUTe UHAEKCU, U3UYNCIIEHN Bb3 OCHOBA
CreKTparnHy XxapakTepucTUK/ Ha pacTeHusaTa.

MeToau u matepuanu

O6exkm Ha uscredsaHe

MsacneaBaH e noces OT Aga copta cod Glycine max cv. Galina n Glycine max cv. Neoplant,
3acAT Ha gBe noneta ¢ obwa nnow, 1947,18 dka, pasnonoxeHn Ha Teputopusita Ha rp. KHexa (dwr.
1.). PacTeHusiTa ce HamupaT BbB (DEHOMOTMYHM pa3n Ha pasBUTME - Havano Ha OyToHu3auus,
ubdTex n obpasyBaHe Ha 6oboBe.

our. 1. PasnonoxeHue Ha TectoBuTe noneta, Tectosu nnowaaku n NDVI, reHepupaH oT BJ1A eBee Ag
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lNocmaHoeka Ha u3zcrnedeaHemo

M3amepBaHuATa Ha crnekTpanHute otpaxarenHu xapakrepuctuku (COX) n oTocMHTETUYHATA
aKTUMBHOCT Ha pacTeHusTa ca npoBegeHn Ha 08.07.2015r. ot 12:00h go 14:30h n Ha 09.07.2015r. ot
16:30h go 18:30h B 10 TecToBM NnoLliaaku, pasnonoxeHu B ABeTe noneta Ha dur.1. (mone 1 u none
2).

MecTononoxeHneTo Ha NrnowagkiTe e npegBapuTenHo ONpeaerneHo ¢ NoMoLTa Ha akTyarnHu
CNbTHMKOBU n3obpaxeHns ot Landsat 8 OLI, kaTo kputepunte 3a nsbopa ca: pasnmuns B Nocesa,
onpefeneHn Bb3 OCHOBa BM3yarHa UHTepnpeTaums Ha n3obpaxeHusaTa u Bb3MOXHOCT 3a A0CTbN A0
CbOTBETHMTE Nnowagku. NonoxeHMeTo Ha TeCTOBUTE MIMOLLAAKM U pasnuuusta B NOCEBa B TAX €
TOYHO MPOCTPaAHCTBEHO NOKanmM3nMpaHo, Ype3 aepodoTto 3acHemaHe ¢ BJIA eBee Ag (6poH) ¢ NIR
kamepa Canon ¢ npocTpaHCcTBeHa pasgenutenHa cnocobHocT 10 cm/pixel [11].

UsmepesaHe Ha homocuHmemuyHama akmueHoOCm Ha pacmeHusima

M3mepBaHeTo € m3BbpweHo ¢ anapaT LI-6400XT (LI-COR, Lincoln, NE, USA) npu cnegHute
ycroeusi: KamepaTa Ha anapata e ¢ nnoly 6 cm’, N3MepBaHeTo e OCbLIECTBEHO KaTo B KamepaTta €
MOCTaBSIHO BCSKO OT fUCTYeTaTta Ha 1-BM M 2-py HAMbIHO Pas3BUT MUCT, CYMTaAHM OT Bbpxa Ha
pacteHusTa cod. NamepBaHusaTa ca M3BBLPLUEHU MPU UHTEH3UTET Ha CBeTNUHaTa B kameparta 1000
pmolm™s™ u cnekTpaneH cbCTaB B CUHSITa U YepBeHaTa obnactt ot VIS.

U3mepeaHe Ha criekmparniHu ompaxameJsiHU Xxapakmepucmuku

MamepBaHuaTa Ha COX ca m3BbpueHn cbe cnektpometbp ASD FieldSpec 4 B ananasoHa
350 — 2500 nm cbC cnekTpanHa pasgenutenHa cnocobHocTt 3 nm BLB BUMAMMUSA M BRM3KKA
uHppavepseH amanasoH (VNIR) n1 8 nm B kbCcoBbNHOBUA MHGpadvepBeH auanasoH (SWIR). 3a
n3MepBaHETO e u3nona3eaH pubpo-onTuyeH kaben ¢ brbn Ha 3puTenHOTO none 25° Ha pascTosiHue
150 cm oT NOBBLPXHOCTTa Ha 3eMaTa. BbB BCsika TecToBa niolwlagka ca HanpasBeHU 12 namepBaHus,
KOMTO Ca pasnosyioKeHu B 2 ycnopedHu TpaHcekTa. MamepBaHusaTa BnocneacTeme ca ycpeaHeHu 3a
nonyyaBaHe Ha oboOLLlEH cnekTbp, xapakTepuaupal, uanata nnowagka. OTAenHo ca HanpaBeHM
€OVHUYHM n3mepBaHus Ha COX Bbpxy cybnnolwiagka ¢ pasmep 75%75 cm, KbAeTO ca HanpaBeHU U
n3MepBaHuATa Ha POTOCMHTETUYHATA akTuBHOCT. OT cybnnollaakaTa ca B3eTM pacTUTENHU Npobu 3a
nabopatopHo namepsaHe Ha COX Ha HMBO NUCT, MOCPEACTBOM MNPUCTaBKa 3a KOHTaAKTHO M3MepBaHe
Ha pacTuTenHu obpasum, nsnonssallia XarnoreHHO oceBeTneHue. ViamepeHn ca 1-BU U 2-pu HaMmbIHO
pasBu1T NIMCT, CYMTAHO OT BbpXa Ha pacTeHusTa Cosl.

M3uncneHu ca cnegHUTe MHOEKCHU:
REP=(((R670+R780)/2-R700)/(R740-R700))*40+R700;
NDRE=(R740-R705)/(R740+R705);

PRI = (R531-R570)/(R531+R570).

PesyntaTtu

AKmusHocm Ha ¢homocuHme3ama

AKTMBHOCTHa poTOCUHTe3aTa

14,00
12,00
10,00
6,00
4,00

Yac 12:00 ‘ 12:30 ‘ 13:00 ‘ 13:30 ‘ 14:00
1 ‘ 6 5 ‘ 4 ‘ 7 ‘ 8 ‘ 11 ‘ 10 ‘ 2 ‘ 3 ‘
Mnowaaka

Pn [ umolCO,m2s1]
®
8

dur. 2. POTOCMHTETMYHA aKTMBHOCT Ha pacTteHusaTa no Mnowaaku

doTOCUHTETUYHATA aKTUBHOCT Ha pacteHusiTa ot nowagka 1 e 10,6014,58 pmolCOzm'Zs'l;
oT Mnowaaka 6 - 9,73+2,66 pmolCO,m?s™; ot Mnowagka 5 - 10,21+4,09 pmolCO,m?s™ u ot
Mnowapka 4 - 9,42+1,57 pmolCOzm'zs'l. Paanvknte B namepeHnTe CTOMHOCTU He ca CTaTUCTUYECKN
3Haummm npu  p=0.05, wnscnegBaHuM upe3 epgHodakTopeH AaucnepcuoHeH ananuis (ANOVA).
OpraHusauusata Ha uM3criegBaHeTO Ha MowuMTe CbC COS NpeaBwxjalle na ce Npoabimku
n3amepBaHeTo Ha ¢oTtocmHTe3daTta un cneg 13:30h, nopagu KoeTo HabGMO4aBaHOTO MOHWXKEHWE Ha
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oTOoCMHTE3aTa B OCTaHanuTe NnowankM e BCreacTBMe Ha AHEeBHUS XoA4 Ha doTocuHTe3aTa U He
MOXe Aa 0bae 06BbP3aHO CbC CTPEC, AOPY Aa MMa TaKbB.

BezemayuoHHU UHOEKCU C8bp3aHU CbC CbOBbPXaHUemo Ha X/10poghusl 8 pacmeHusima

REP Ha nucTa REP Ha cy6nnowagkaTta REP Ha nnowaakara
30 30 30

24

wao|12:00 [12:30 | 13:00 | 13:30 | 14:00| 14:30 | 16:30 | 17:30 | 18:00 | 18:30 |
tlel sl alslelunlwla2]s 1ol s a7l lnlwlz2]|s] tlelslalzlelulwl2]s]
Mnowaaka Mnowapnka Mnowanka

our. 3. BeretaumoHeH nHgekc REP Ha pacTteHusaTa no lMNnowaaku

NDRE Ha nucTta NDRE Ha cy6nnowaakaTta NDRE Ha nnowapgkata

1 10 10

08 08 08

06 0,6

04 04

02 0.2
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dur. 4. BeretaumoHeH nHgekc NDRE Ha pacteHusita no MNnowagkm

CtovHocTuTe Ha uHaekcute REP (®ur.3) m NDRE (dwur.4) 3a lNnowagkm 6, 5 n 2 ce
OTnMyaBaT OT CTOMHOCTUTE MpU OCTaHanuTe nnowagku. To3u pesdynTtaTt npegnonara, 4ye B Taswu
obnacT Ha noneTo cbLlecTByBa Npobnem ¢ noceea. CbnocTaesaiky, obave, gaHHUTe oT REP 1 NDRE
C pearnHo uamepeHarta otocmHTe3a Ha lMNnowankm 6 n 5 (dur. 2), ToBa NpeanonoXxeHne He MoXxe da
Obae notBbpaeHo. dotocuHTesaTa Ha lNnowagkn 6 n 5 He e cTaTUCTMYECKN pas3nuYHa OT Tasu Ha
Mnowapku 1 n 4. doTocuHTe3aTta Ha lNnowagka 2 Hama ga 6bae pasrnexgaHa, Tbil KaTo nonaga BbB
dasaTa Ha OHEBHO MOHWXeHWe. Bpb3kaTa Ha akTMBHOCTTa Ha (POTOCMHTE3aTa CbC CbObPKAHNETO Ha
xnopodun (otpaseHo B nHaekcute REP n NDRE) e uHanpekTHa u ce Bnusie oT MHoro daktopu. OT
apyra ctpaHa, nHgekcute REP 1 NDRE ce BAMgAT M OT CTpaHUYHW (PakTopwu KaTo: rbCcToTata Ha
nocesa, OTpaXaTeNHUTE XapakTepUCTUKM Ha nodsaTa, NoYBeHaTa BNaXKHOCT U Ap.

BezemauuoHHu uHOekcu cebp3aHU OUPEKMHO € npoueca homocuHmesa

PRI Ha nucTa
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0,06 -
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0,02 -

Yac [12:00 [12:30 | 13:00 | 13:30 | 14:00 | 14:30 | 16:30 | 17:30 | 18:00 | 18:30
1 6 5 ‘ 4 7 ‘ 8 ‘ 11 ‘ 10 ‘ 2 ‘ 3 ‘
Mnowagka

dur. 5. BeretaumoHeH nHgekc PRI Ha pacTteHusaTta no MNnowagku

Tpenga Ha PRI (dwr. 5.) B xoga Ha AeHsi crnegBa TpeHaa Ha boTocmHTe3aTa ¢ obpaTeH 3Hak.
KopenauMoHHUST aHanu3 nokasea CUSIHO M3pas3eHa oTpuuaTenHa fUMHerHa Bpb3ka (r = -

0.775) mexay cdoTocmHTe3aTa, M3MepeHa Ype3 razoobmeHHMa meTtog n PRI, onpegeneH Bb3 ocHoBa
CMeKTpanHuTe XxapakTepUCTMKN Ha OUPEKTHO U3MEPEHU NNCTA.
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KopenauyuoHeH aHanus Ha PRI u gpomocuHmemuyHama akmugHocm

PRI Ha nucTta PRI Ha cy6nnowaakara PRI Ha nnowagkara
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y = -0,0029x +0,0285
Re =0,2491

dur. 6. KopenaunoHHa 3aBUCMMOCT Mexay poToCMHTE3aTa u BeretaumoHeH nHaekc PRI

Bbpxy PRI oka3Bat BnvsHUe oTpaxaTenHute XapakTepuUCTUKM U Ha Apyrn obekTu Haun-Beye
noyBa, Npu KOETO NMHEeNHaTa kopenaumaTa mMexay poTOCUHTETUYHAaTa akTMBHOCT 1 PRI Hamansga,
KoraTto W3non3BaHUTE CMNeKTpanHW AaHHM ca oT cybnnowagkaTta (r = -0.499). Kopenauus mexay
doTocuMHTeTMYHaTa akTuBHOCT M PRI, onpegeneH Bb3 OCHOBa CreKTpanHWTe AaHHW, OCPedHEHU 3a
BCSKa nrowajka He ce Habnogaea, Tbi KaTo AaHHUTE ca Marko U CUIHO gucnepcupanu (r = 0.237 u
rs =-0.006).

3akno4yeHune

BeretaumoHHmnat nHaekc PRI e obewasalwy meTon 3a onpegensiHe Ha (poTocuHTe3aTa 4pes
OuCTaHUWOHHN MeToau. Hal-ronam mHTepec npeacTtaBnsiBa kopenauusata mexay (poTocuHTesata u
PRI, onpegpeneH Hapg cybnnowapgka. HannuHata makap u cnaba kopenauus Mexay Hero u
¢oTOCUHTE3aTa, M3MepeHa 4pe3 ra3oobMeHeH MeTOda, AaBa OCHOBaHWE Ja Ce YCbBbPLUEHCTBA
npoToKoIia Ha M3MepBaHe M Ja ce Cb3fafde MeTodoniorns 3a noneeBu uamepBaHusi Ha COX Ha
pacTeHusaTa, C KOSITO Ja Ce KOMMEHCMpa BIUAHUETO Ha OTpa)kaTeNIHUTE XapakKTepUCTUKM Ha noyBaTta

W opyru dpaktopu.
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TEXHOIMEHHU WWYMOBE NPU ANCTAHLUMOHHO U3CINEABAHE HA 3EMATA
OT KOCMOCA

MBaH Oumutpos

UHecmumym 3a kocMmuydecku uscriedsaHusi U mexHonoeuu — bbnzapcka akademus Ha Haykume
e-mail: idimitrov@space.bas.bg

Knroyosu d}/MU.' MmexHO2eHHU wymose, homoegosimauydHu cucmemu, OucmaHUUOHHU u3criedeaHusi

Pe3rome: PaszznedaHu ca MmexHO2eHHU wWymose npu OucmaHUUoOHHO u3scriedeaHe Ha 3emsima om
Kocmoca. pedcmaseHu ca OCHOBHUME U3MOYHUUU Ha MEeXHOSeHHU WymMose - homosonmauyHu cucmemu u
opaHXepuu U xapakmepucmukume UM 8 pa3fuyHu criekmpasnHu duana3oHu.

ANTHROPOGENIC NOISES IN REMOTE SENSING OF THE EARTH
FROM SPACE

Ivan Dimitrov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: idimitrov@space.bas.bg

Keywords: Arterial blood pressure, pulse wave, electrocardiogram (ECG)

Abstract: The anthropogenic noise in remote sensing of the earth from space are explained in the
article. Presented are the main sources of anthropogenic noise - photovoltaic systems and greenhouses and their
characteristics in different spectral ranges.

BbBeneHue

Mpn m3BbplIBaHE HA OUCTAHUMOHHW WM3CrefBaHWs Ha 3emsTa OT KOCMOCa CblUecTByBaT
peavua WymMOBM M3TOYHULIM OT MPUPOLEH U TEXHOTEHEH XapakTep. HAKOW OT TEXHOreHHUTe LLyMOoBe
ca CBbp3aHM C Bb3OOHOBSEMUTE EHEPTUUHU UITOYHMUM — OTOBONTan4HM cuctemu. [lpes
nocrnefHoTo pAecetunetve B bwnrapua ca wusrpageHu peguua  OTOBOMTAUYHUM  MapKOBE,
npovsBexaalln enekTpoeHeprus 4pe3 npeobpasyBaHe Ha crnbHYeBaTa paguauusa. [lo gaHHM Ha
BbnrapckaTta gpoToBonTamMyHa acoumauusa kem 21.02.2016 r. B Bbnrapus ca UHCTanMpaHu MOLLHOCTU
3a npousBoactBo Ha 819740 kW [1] enekTpoeHeprus. Te3an cuctemm 3a nNpou3BOACTBO Ha ,3eneHa
eHeprns” okas3BaT onpefeneHy HeraTMBHU Bb3AEWCTBUMS Ha OKonHata cpepa. EgHo ot Tax e
npean3BMKBaHe Ha ONTUYHU EMUCUU BbB BUANMUA 1 MHPaYEPBEH Anana3oH Ha cBeTNMHaTa.

TexHOreHHu WwymoBe

MpeobpasyBaluute enemMeHT Ha (POTOBONTAUYHUTE CUCTEMU Ca OCHOBHUTE EMUTEHTU Ha
TEXHOreHHU LWyMoBe. EneMeHTTE MoraTt yCroBHO Aa ce pasfensaT Ha criegHuTe Tunose.

Mo Tun Ha okayBaHe Ha NpeobpasyBallUTe eneMeHTU: TPalnHo UKCUPaHN MoaYNU, €AHOOCHM
WY OBYOCHU NOABMXKHU Criopes ClbHLEeCTOeHeTo Mmoaynu (T.H. ,Movers”).

Mo TN Ha npeobpasyBallaTa TEeXHOMOIMA: MOHOKPUCTaneH CUNUUMIA, NonuKpucTaneH
CUNULIMIA, NONYNpPOBOAHVKOBU TbHKOCIOMHU NpeobpasyBally eNneMeHTu.

Mo cneunMgprUYHOTO MEeCTOMONOXeHWe Ha npeobpasyBally eneMeHTU: pPasCTosHMe Mexay
pegoseTe; NaHawadTeH pened; nnow, u 4.p.

N3bpoeHuTe Tunose npeobpasyBallM enemMeHTW oKasBaT BMUSHME Ha ONTUYHUTE
oTpasuTenHUTEe XapakTepUCHUKU Ha dpoToBoNTamyHMA napk. Ha npakTuka Bceku 0GEKT MMa CBos
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WHAVBUAyanHa oTpasuTenHa XapakTepucTuka B ONTUYHWUS AMana3oH. AHAMNOrM4yHU LYMOBMK OMNTUYHU
eMucum umat u gpyrm obekTu: opaHXepuu, crpagu CbC CTbKIEHW acagu, xaneta C MeTanHu
MOKPMBU, MOKpPU 6ETOHOBU 1 acanToBu NOBbPXHOCTU, METAITHN KOMYHUKALUOHHM aHTEHN 1 A.p.

Mpn ©BIT ocHOBEH NPUHOC 3a reHepupaHnst ONTUYEH LWYM umaT npeobpasyBalimte MoaynuTe
W MeTarnHuTe 3akpernBaliy KOHCTPYKTMBHWM eneMeHTW. B npeobpasyBawimte mogynute OCHOBEH
NPUHOC MMAaT CTbKNEHUTE MOBBPXHOCTM HA MOAYNUTE U TFPAHUYHUSA CMOW  CTBKMO/CUnULUiA
(nonynpoBogHuk). OTpaseHaTa cnbHYeBa paguauunsa HamansiBa epekTMBHOCTTa Ha npeobpasyBaHe 1
NnoHMxaBa NnkoHommudecknst ecpekt Ha OBIN. 3a 6opba ¢ ToBa sABNEHME Ce N3non3BaT aHTUpednekcHU
NMOKPUTUSA B CNeKTpaneH AuanasoH Ha cnbHYeBaTa paguauuda ot 380 go 780 nm. Bbnpeku Te3n Mepku
BbB BMOUMMA ONTUYEH AManal3oH ce 3abensiBaT 3HAYMTENHU OTPaKEHWs, KOUTO AoBexaaTr Ao
“3acnensiBaHe” (HaBnM3aHe B 30Ha Ha HaculaHe) Ha perucTpupaiwiata anapaTtypa Ha 6opga Ha
kocmuyeckute netatenHu anapatu (KINA). HanpaBeHuTe nscnegsaHns ot BoAELLM CBETOBHU oUpMU 1
nscnegoBaTencku LIEHTpoBe NnokaseaT, ye okono 15-20% oT cnbHYyeBaTa pagvauus BbB BUOUMUS
OmanasoH ce oTpassBa OT npeobpasyBaliMTe Moaynu. AHanorMyHu npobrnemu cbliecTByBaT M B
WH(payepBeHNss AmMana3oH Ha cribHYeBaTa paguauus. lNpu pasceriBaHe Ha OTpaseHaTa CibHYeBa
pagvaums Bb3HUKBAT 3HAYMTENHM HMBA Ha NoNnApu3aumns, 3aBuceLlm ot peguua aktopu.

Mpn un3BbpLIBaHE Ha PYTUHEH MOHWUTOPWUHI Ha TepuTopuATa Ha bbnrapms B onTU4YHUS
OnanasoH C u3nonseaHe Ha MWHdopmauusa ot cnbTHUuuTe TERRA n AQUA nepuognyHo ce
3abenasBar M3TOYHULM Ha OMTMYEH LIYM OT TEXHOTEHEH XapaKTep C onpefeneHa NepuoguMyHOCT,
pasnofnoXeHne U pasHOBMAHOCT Ha emuTeHTuTe[2,5]. MNoncknte u ropckM noxapu karto LIyMOBU
€MUTEHTU HOCAT CryyaeH xapaktep. POToBONTAMYHWUTE CUCTEMWU BHACAT LWYM B 3aBMCMMOCT OT
CBOWTE XapakKTEepPUCTMKW, bIbfla Ha NagaHe Ha CibHYeBaTa paguauusi, TpaekTopusiTa Ha ClbTHUKA U
XapaKkTepUCTUKUTE Ha CMbTHMKOBATa peructpupawia anapatypal2]. AHanorMyHn LymoBe BHACAT U
crpaguTe CbC CTbKNeHn pacaam — Hanp. opaHxepuu.

Ha dwur.l e npencrtaBeHa emucuss Ha opaHxepudata kpan r.CTpangxa OO MbTeH Bb3en
MetonbukaTa [3,4,5]. Ha dwur.2 e npeacraseHa emucuss Ha opaHxepusita kpan r.llasapgpkuk. Ha
dwur.3 e npeactaeH ®PBI1 kpaw c.YepraHoBo (06Ly.KasaHNbK) B pexXMMHa reHepaumsi Ha OnTUYeH
wym. Ha dour.4 e npeactasen ®BI1 kpan c.KapagxanoBo B pexvMMHa reHepauus Ha onTudeH wym. Ha
dwur.5 ca npeacraBeHn 28 3HauMMy LWYMOBKM ODEKTM Ha TepuTopuaTa Ha bbnrapus. Ha dwr.6 e
npeactaBseH OBI1 kpan Mcakya n Hukynuuen (o6n.Tynya-PymbHusa). Ha dwur. 7-12 ca npeacraBeHun
nanbyBaHusita Ha PBI1 kpai Mcakya B pas3nuyHu cnekTpanHu guanasoHu Ha anapartypata MODIS Ha
cnbTHMka TERRA. Ha ¢wur.13 ca npeactaBeHn 10 3Ha4yMMy LWyMOBM OOEKTU Ha TepuTopusTa Ha
obnact CnmeeH n Amoon.lMpu BCUYkM n3crneaBaHn o6eKTU MPOEKLMOHHATa MioW, Ha reHepupaHus
OMTWYEH LWYM B MbTU NpEeBMLIABa MMoLWTa Ha N3mbYyBalmns 0b6exT.
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our. 13

3aknroyeHue

PasrnegaHnte TEXHOreHHW ONTWYHW WymMoBK emucum oT ®BI1 1 opaHxepun nognexart Ha
OEeTannHo n3crnedBaHe M KatanornsvpaHe Ha TeXHUTe XapakTepuCTUKW. ToBa We gage Bb3MOXHOCT
3a aBTOMatuU4yHO MM UNTpUpaHe npu M3BbPLUBAHE Ha OUCTAHLMOHHM M3cnedBaHus oT bopaa Ha
KNA. lNMonyyeHuTe pesyntati MoraTt ga ce u3nosi3eBaT M 3a Cb3aBaHe Ha aKTUBHU LUYMOBU U3TOYHULN
npu Bb3HVKBaHe Ha onpeaeneHn puckoBu CUTyaLnn.
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Pestome: pedcmaseH e MOHUMOPUH2 Ha Ha80OHeHUs 1o nopeqyuemo Ha pekume TyHOxa u Kamyus c
OaHHU om camenumume Terra u Aqua. MsronsgaHa e camenumHa UHgopmayus 3a npocnedssaHe Ha
Xxudponoxkama obcmaHosKa U ca CbCmaseHu memMamuyHU Kapmu Ha HagoOHeHUsma.

FLOODS MONITORING ALONG THE RIVER TUNDJA AND KAMCHIA

Ivan Dimitrov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: idimitrov@space.bas.bg

Keywords: flood monitoring, Tundja, Kamchia, Aqua, Terra

Abstract: The floods monitoring along the river Tundja and Kamchia with data from satellites Terra and
Aqua are explained in the article. Used a satellite tracking information hydrological situation and are composed
thematic maps of the floods.

BbBeneHune

HaBoagHeHuUsiTa NpeacTaBnsiBaT pearnHa 3anfaxa 3a XMBOTaA Ha HaceneHWeTo W HaHacaTt
3HAYUTENHU LWETU Ha MHPACTPYKTypaTa M YacTHOTO MMYyLLEcTBOTO. MoponHnTe AbxaoBe U 6bP30To
TOMeHe Ha cHeroBeTe ca B OCHOBaTa Ha ToBa npupoaHo 6eacteme. HenpaBunHOTO ynpaBreHue Ha
A30BUpUTE, NUNcata Ha MoaApbXKka Ha S30BUMPHUTE CTEHUM M U3NYCKATENHUTE CbOPBbKEHUS
npeBpbLUAT TE3M BOAHM aKyMynaTopu B NOTEHUMANEH PUCK 3@ HaceneHneTo.

OWCTaHUMOHHNTE MeToaM 3a aepoKoCMMYEcKM HabnoaeHuMs OaBaT Bb3MOXHOCT 3a
MOHWUTOPWHI HA HAaBOAHEHUSATA, NPEAOCTaBAT onepaTMBHa MHpOpMaLUS 3a akTyanHOTO CbCTOsIHUE Ha
HaBOAHEHUTE TEPUTOPUM U MO3BONSIBAT MPOrHo3upaHe Ha ObAELUM CbCTOSIHUS Ha ToBa NPUPOOHO
6encTBus.

MOHVITOpVIHF Ha HaBOAHEeHUATa

Pekute ¢ ronemu BooocGOpHM paiioHW NpeAcTaBnsBaT NoTEHUMAreH pUCK 3a reHepupaHe Ha
HaBoaHeHusi. Cpep TX 0co6eHo MACTO 3aemaT pekute TyHoka u Kamuus.

Peka TyHoxa

Peka Tynoxa ussupa ot Ctapa nnaHvHa nof BpbX boTes, npemuHaBa npes [logbankaHa,
npecuda TpakuickaTa HU3MHaA U ce BnuBa B peka Mapuua npu rp.OgpuH — Typuuda. OBwmar
BogocGopeH GaceiiH Ha p.TyHaka Bbanuaa Ha 7901 km® Ha Gbnrapcka Teputopus (cpur.13). PekaTa
JocTvra cBOETO MbIIHOBOAME Npe3 MapT-anpuil, KOeTo CbBnada CbC CHEroTOMEeHEeTO W MPONeTHUTe
aobxgose. B ropHoTo cu TeueHue p.TyHoxa e 6ydepupaHa ot si3oBMp KonpuHka npu rp.KasaHnbk u
a30Bup XKpebueso npu c.bans, obwy. Tebpamua. Npu c.bUHKOC e uarpageH OeHT, OTKIOHsBALL, YacT
OT pekaTta B XMapOTEXHNYECKOTO MENNOPATUBHO CbOPbBXEHUE - kKaHan ,CpegHa TyHmpka”.

MHOXeCTBO NpuUTOLM 3axpaHBaT pekaTa BbB BOAOCOOpHWsi GacenH, kaTto 0COGEHO 3Ha4YMM B
[ONHOTO TeyeHue e peka Mouypuua. imeTo Ha Ta3u peka camo roBopu 3a HEWHUS XapakTep.
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Peka Kamuusn

Peka Kamuusa e Han-ronamata 6bnrapcka peka, Bnueaila ce B YepHo mope. HenHaTta obuia
AbkuHaTa e 245 km 1 e ¢ Bogoc6opeH GaceiiH oT 5358 km®. Tsi ce oBpasyBa OT CIMBAHETO Ha
pekute lNonama Kamumsa v Jlyna Kamuma npu c.Benuukoso, obw. Ownronon. Ha p.Kamums ca
uarpageHn 4qsosupute "Tuya", "Kamuma" un "LloHeBo"(cur.1). MNpeaou uarpaxgaHeTo nm pekarta e
3anuBana ronsiMa TepuTopus kpan ABPEHCKOTO MnaTo B panoHa Ha HEWHOTO ycTue B YepHO mope.
Bbnpekn Te3nM XnapoTEXHUYECKN CBOPBXKEHUS MPU NPOMMBHWU ObXOOBE B panoHa Ha ABPEHCKOHO
nnaTto ce peanuavpa CroOXHa XWAPOJIOXKa OOCTaHOBKAa M Ce HaBOOHABAT [ONleMU TepuTopun
obpaboTBaema 3ewmsl.

HaBogHeHusa no nope4yneTo Ha peka Kamuus

Ha 29.10.2014 r. B crnieaAcTBME Ha nagHanuTe HagHopMeHu Banexu (165 n. Ha kBagpaTeH
MeTbp) B parnioHa Ha ceno Crtapo OpsxoBO ce peanuaupa CriokHa XUAporioxka o6CTaHOBKa.
HaBogHeHn ca Hapg 10 000 gka obpaboTBaema 3eMsi C eCeHHM noceBu. Banexwute HagBuwasaT
4YeTMpu MeceyHn Hopmu. Kato ocHOoBHa NpuyMHa ce NocoYBa HEMOYMCTEHUTE OTBOOHUTENHU KaHanm v
YaCTMYHOTO MM paspyllaBaHe OT cTpouTenHa dwupma. HaBogHeHneTo Gelle permctpmpaHo 4pes
WHpopmaums oT cnbTHUUMTEe TERRA u AQUA - npubop MODIS. Ha ¢wr.2-7 e npencraBeHO
CbCTOSIHMETO Ha HaBogHeHaTta Teputopus Ha 3,4,5,6,7 n 11 HoemBpu 2014 r. Ha dur.8 e nokasaHo
CbCTOSIHMETO Ha TepeH, NbesHo npegoctaBeHo oT Cnyxba 3emenenve — JoneH uncdpnuk’. Ha cur.9
€ npeacTaBeHa TeMaTuyka KapTa, oTpassiBalla CbCTOAHUETO Ha HaBogHeHaTa Teputopus Ha 3,4,5,6,7
n 11 HoemBpu 2014 r.

B Havanoto Ha meceu despyapu 2015 r. ce pvanuavpa aHanorMyHa CriokHa XoOporioXxka
obcTtaHoBKa No nopeyneto Ha p.Kamuuda. HaBogHeHusaTa 6sxa peructpupanun dpes uHgpopmaums ot
cnbTHUUMTe TERRA n AQUA — npubop MODIS. Ha ¢wur.10 e npectaBeHa obcTaHoBKaTa Ha
HaBogHeHuTe Teputopun kbm 02.02.2015 r. Ha dwur.11 e npencraBeHa TemaTuyka KapTa,
OTpassiBalla CbCTOSIHMETO Ha HaBoAHeHaTa Teputopma Ha 2,3,4 n 9 despyapu 2015 r. Ha ¢ur.8 e
nokasaHo CbCTOSIHMETO Ha TepeH Ha 5 man 2015r. n nocneacTBuaTa OoT HaBogHeHuATa Kpan ¢.Ctapo
OPSIXOBO.

HaBogHeHusa no nope4ymeTo Ha peka Ty|-|,q)|<a

B HavanoTto Ha mecey deBpyapu 2015 r. ce pvanuaupa aHanorMyHa criokHa XoOporioxXKa
obcTtaHoBKa M no nopeuvneto Ha p.TyHmka. B paiioHa Ha r.EnxoBo Bb3HMKHA pearnHa 3anfaxa 3a
HacereHNeTo 1 ce peanunsmpaxa onacHo BUCOKM HMBa Ha pekaTa. ObcTaHoBkaTa Gelue permctpupanHa
C m3nonaeaHe Ha uHdopmaumsi oT cnbTHUUMTe TERRA n AQUA — npubop MODIS. Ha d¢wur.14 un
dur.15 e npectaBeHa obcTaHOBKaTa Ha HaBoaHeHUTe Teputopumn kbM 02 1 11 deBpyapu 2015 .
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BnarogapHocTu

ABTOpPBT M3ka3ea brarogapHocTn Ha OC3 [onHu undnuk, O3 BapHa 3a npegocrtaBeHuTe
CHUMKM OT TepeH 3a HaBogHeHumeTo oT 31.10.2014 r. n nepcoHanHo Ha CT. ekcnepTt r-H [eopru
eoprues.

3aknoyeHune

OncTtaHUMOHHUTE MeToaM 3a aepoKOCMUYECKM HabnwaeHus p[aBaT Bb3MOXHOCT 3a
MOHUTOPWUHI 1 NPEAOCTaBAT onepaTMBHa MHGOPMAaLMS 3a aKTyanHOTO CbCTOSIHUE Ha HaBOAHEHUTE
Teputopun. Cb3gaBaHETO Ha TEMATUYHM KapTW MNO3BOSMsSIBA MPOrHo3MpaHe Ha 6bAeLn CbCTOSHUSA U
npegnpveMaHe Ha ageKkBaTHM MEPKU 3a NMPOTUBOAENCTBME U MUHMMU3MPAHE Ha LWeTuTe OT ToBa
npupoaHo deacTeme.
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CPABHEHUE HA roOguUWIHWUTE U MECEYHUTE 0OBMBU HA CITbHYEBA
EHEPIrnd C U3anon3BAHE HA A4AHHU UBMEPEHU C METEOCTAHLMUA
Vantage Pro2 Plus

BecenuH Tawes', Pond BepHep', AHren MaHes', MapuaHa MopaHoBa®

1M.l-/cmumym 3a KOCMUYeCKu uscriedsaHusi U mexHonoauu — breapcka akademusi Ha Haykume
2TexHuyecku yHugepcumem Cogbpusi, @akynmem o KOMIOMbPHU CUCMEMU U yrpasnieHue
e-mail: veselinlt@abv.bg;

Knroyosu 6}/MU.' CrnibHYyesa paduauug, C/TbH4Ye8a eHepeus, Memeoposiocu4YHU U3Mep8aHuUus.

Pe3rome: MamepeaHemo Ha cribHYe8UMe eHepauliHu XapakmepucmuKu € U38bpWEHO 8 podbimKkeHUe
Ha nepuod om 5 eo0uHu. 3a npakmu4yeckomo npusoxeHue Ha me3u uscrnedsaHusi e Heobxodumo Oa ce
onpederniu KONMUYECMBOMO Ha akyMmyrnupaHama ClibHYe8a eHepeausi 3a onpederieH rnepuod om epeme om
eOuHuya niow, Ha 3eMHama noebpxHocm. [JaHHUMe 3a cnbHYegama paduayusi ca U3MepeHU U akyMyrnupaHu ¢
noMmowma Ha asmomamuyHama MmemeoposiocudHa cmaHuyusi Vantage Pro2 Plus. [JupekmHo nony4eHume
OaHHU Oom ceH30pa 3a CribHYesa paduayusi ca UHMmezspupaHu u rnpeusqucseHu 3a 0a ce ronydYam pesynmamu
3a akymyrnupaHama crbH4Yeea eHepausi [1o mo3u HayuH ce rpocriedsiea U3MEHEHUemo Ha eHepeulHume
C/TbHYE8U XapaKmepucmuKu rpe3 pas3nu4yHume Meceuu, c8bp3aHO CbC CE30HHUS XapaKmep Ha MoIoXeHUemo
Ha CnbHUemo. Ms4ucneHa e u eoduwHama rnosmapsieMocm Ha uaMmepeaHusima. Bucokama noemapsiemocm,
Kosimo ce Habrtodasa rnpe3 uamMuHaaume 200uHuUmMe daga 8b3MOXHOCM Oa ce NMpo2Ho3uUpa CITbHYEe8US] eHEPaUEH
dobus 3a cnedsawjume 200UHU.

INVESTIGATION OF DATA MEASURED WITH WEATHER STATION Vantage
Pro2 Plus AND FORECASTING THE ANNUAL PRODUCTION
OF SOLAR ENERGY

Veselin Tashev', Rolf Werner®, Angel Manev', Mariana Goranova®

lSpace Research and Technology Institute — Bulgarian Academy of Sciences
*Technical University Sofia, Faculty of Computer Systems and Control
e-mail: veselilt@abv.bg

Keywords: Solar radiation, solar energy, measurement of meteorological parameters

Abstract: The monitoring of the solar energy is performed over a period of 5 years. For the practical
application of these studies, it is necessary to determine the amount of accumulated solar energy for a definite
period of time from a unit area of the ground surface. It is known that the solar radiation and solar power are
directly related to each other. The data on solar radiation were measured and accumulated with the help of the
automatic weather station Vantage Pro2 Plus. Data obtained directly from solar radiation sensor are integrated
and translated to produce results for the accumulated solar energy. In this way, follow of energy solar
characteristics in different months, due to a seasonal nature of the position of the Sun. The degree of repeatability
is presented for the corresponding days and months in different years. The high annual repeatability provide an
opportunity for sunlight forecast for subsequent years.

1.BbBeneHune

MeTeoponorudHata ctaHuua Vantage Pro2 Plus 6e HacTpoeHa aa uamepsa 1 cbbupa gaHHu
3a Bceku nepuopg ot 15 muHyTh [1]. B cpaBHeHWEe C OCHOBHUSA BapyaHT Ha MeTeocTaHuunTe OT Tuna
Ha Vantage Pro, nonynpodecunoHanHata ctaHums Vantage Pro 2 Plus e cHabaeHa ¢ 4ONbAHUTENHU
CEH30pM 3a WU3MepBaHe Ha ClbHYeBaTa pagvaunsi U CIbHYEBOTO YNTPAaBUONETOBO M3NbyBaHe
nonagaiiM Ha 3emHaTa MOBBLPXHOCT. Te3n CEeH30pWu perucTpmpaTt MHTEH3UBHOCTTa Ha ClbHYeBaTa
pagvauuns, gosata M WHOEKCA Ha yNTpaBUOMETOBOTO M3MbuBaHe. Taka MOMNyvyeHUTe AaHHW 3a
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METEOPOSIONMYHNTE MapamMeTpu ce ekcnopTupaT 4ype3 dpann C TeKCTOBM hopMaT B CbOTBETHOTO
npunoXxeHne 3a TsAXHaTa Mo-HaTaTbliHa oOpaboTka. ABToOMaTU4Ha M3MepBaTesnHa cTaHumsa Vantage
Pro 2 Plus npepoctaBsa Ha cBOUTe MOTPEOUTENN OCBEH AaHHM 3a CITbHYeBaTa paguauus, Taka u
OaHHM 3a crnbH4YeBaTa eHeprus (Solar Energy). V3BecTHO e, 4e cbliecTByBa Bpb3ka Mexay
CnbHYeBaTa paavaumsi U cnbHYeBaTa eHeprus. OT Tasym Bpb3Ka OaHHW 3a ClbHYEBaTa eHeprus
MoraT a ce nosnydaTt oT JaHHM 3a ClTbHYeBaTa paguaums no Asa HayuHa:

1.EkcnopTupaHe Ha p[aHHMTE 3a CnbHYEBa pagvaumsi B CneumanHo NpuroxeHue wu
WHTErpMpaHeTo 1M Mo BpeMe 3a [a ce nonyyaT JaHHW 33 ClbHYeBaTa eHeprus.

2. MeteoctaHuuata Vantage Pro 2 Plus e npoaykt Ha amepukaHckaTta kopnopauus Davis.
lMopaaun Tasm npuyvHa CnbHYeBaTa €Heprus e M3dncrieHa oT JaHHWUTE 3a ChbHYeBa paguauus u e
AafeHa B egnHuua Langley.

1 Langley = 11.622 Wh/m2

Tean [aHHM CbLO MOraT ga ce ekcnopTupar ypes cainn B TEKCTOBU hopMart 3a TaAxHaTa no-
HaTaTbluHa o0OpaboTka B CbLOTBETHOTO MNpunoxeHne. B ToBa uM3noxeHMe e UCNOnN3BaHoO
npunoxeHneto Microsoft Office Excel.

2. TeopeTU4HM faHHM 3a CNbHYeBaTa paguauuvsa U cibHYeBaTa eHeprus nonagaiia
BbpPXy eAuHULa 3eMHa nnoLy

MN3BecTHO e, 4e cnbHYeBaTa paguauns 3aBMCUM OT MHOMO (hakTopu 1 CbBCEM NOMMYHO € da ce
o4aksa, Ye [OOMBBT Ha eHeprus 3a pasnuyHUTE PEerMoHM MOXe Ja € CbBCEeM pasfnu4yeH. ToBa ce
ABbIDKM Ha dhakTa, Ye camo 4acT OT ClTbHYEeBaTa eHeprusa AocTura 4o 3eMHaTa NoBbpxXHOCT. EgHa vacT
OT nonajaiwiaTa CribHYeBaTa pagvauus BbpXy 3emHaTa aTmocdepa ce pedrektnpa AMPEKTHO
obpaTHO B KOCMOCa, a Apyra 4acTt ce abcopbupa B ctpaTocdeparta n Tponocdepara. O6wwo okono
19% OT cnbHYeBaTa eHeprus He JOCTUra OOSTHUTE CIIOEBE Ha 3eMHaTa NoBBbPXHOCT [4].

MHTeH3nTeTbT Ha chnbHYeBaTa paguauus HamansBa [naBHO nopagu nornbLiaHeTo oT
BOAHWTE Napu B MHpavepBeHaTa 0bnacT Ha cnekTbpa, 030HOBOTO NOrMbLLaHe B ynTpaBuoneTosarta
obnacTt n pascenBaHeTo OT YacTULNTE BbB Bb3ayxa. TakuBa KOMMNOHEHTWN KaTO BbIMNEPOaHNS ABYOKMC
N HAKOW ApYrn ra3oBe, KOUTO Ce CbabpXaT B NO-Mankuy Konuyectea B aTmocdepaTta, nornbLiaT vyact
OT TOMNWHHAaTa paguauums, u3nbyeHa OT 3eMHaTa NOBbpPXHOCT. CnegoBaTenHo AOOMBBLT Ha eHeprus
3a pasnuUYHUTE pernmoHn Moxe Aa € CbBCEM pasfnMyeH B 3aBUCMMOCT OT TEXHUTE 0COBEHOCTH.

CnbHYeBaTa eHeprvs ce M3nbyBa [MaBHO KaTo efnekTpoMarHUTHa paguaumsi CbC CNeKTbp Ha
naearnHo 4YepHo TAMO XapakTepuampallo ce ¢ Temnepatypa ot npubnusmtenHo 6000K. CrnbHyeBaTa
paguvauus npencrtaBnsiBa MAbLTHOCTTA Ha TbYMCTUS €HEprMeH MNOTOK W3MbYBaH OT CITbHUETO,
M3MepBaH Ha pa3CcTosiHMEe efHa acTPOHOMMYEcKa eduHMLa BbpXy eAnHULAa XOpU3oHTanHa nrowy 3a
eavHMua Bpeme. TS ce M3MepBa B €AMHULM BaT Ha kBagpaTeH meTbp [ W/m® ]. KonmuecTBOTO
eHeprns Ha KBagpaTeH MeTbp 3a onpedeneH nepuon OT BpemMe ce rnonydasa yYpes UMHTerpupaHe Ha
cnbHYeBaTa paguaumnsa no Bpeme. [lopagn Tasu nNpuyMHA KONMUYECTBOTO CHbHYEBA €eHeprus ce
n3mMepBa B eANHNLUN BaTHac Ha KBagpaTeH MeTbp [W*h/mz].

MHTEeH3NTETbT Ha cnbHYeBaTa paguauus nonajalla BbpxXy 3eMHaTa MOBBbPXHOCT, ce
U3MEeHs B 3aBMCUMOCT OT pascTodHueTo 3emsa-CnbHue. CteneHTa Ha abcopbuua Ha crnbHYeBaTa
paguauusa 3aBUCKM OT AbMKMHATA Ha ONTUYHMSA MbT, KOWTO CBeTnuHata TpsbBa Aa uM3MuHe npes
aTmocdpepaTa 3a ga AOCTUIHE OT ropHMTE I CnoeBe [0 NOBBbPXHOCTTa Ha 3emsTa. T e obpaTHo
NponopuMoHarnHa Ha KOCUHyca Ha bIbfla Mexay NonoxeHneTo Ha CnbHUETO CNpsAMO 3eHuTa.

CnbHuyeBaTa paguaumsa nonagaila Bbpxy AafeHa NOBbPXHOCT uma gse koMrnoHeHTn. EgHaTa
€ AVpeKTHaTa pagvauus, nagaiwla Bbpxy MOBBbpPXHOCTTa 6e3 uameHeHue Ha nocokarta. [pyraTta e
andysHata paguaums, KoaTo npeacTaBnsiBa cymata OT pascesiHata B atMocdeparta u oTpaseHa oT
noysaTa W OKONMHUTE MpegmMeTV pagvauus, nagailia BbpXy gafeHa MOBbPXHOCT. Hanuumeto Ha
obnauu Bogu 0o oTcnabeaHe Ha AMpeKTHAaTa 1 yBennyaBaHe Ha pascesHarta pagvaums.

B HacTosAwmMTe M3cneaBaHMsa pasyeTuTe ca HanpaBeHM 3a MNOTOKa OT CNbHYeBa eHeprus,
KOMTO nonaga BbpXy hoToconapHute npeobpasoBatenu, a kakBa 4acT OT Hero e ce YCBOW 3aBUCK
OT Koepu1LMeHTa Ha NoNe3Ho AeNcTBMe Ha CbOTBETHUTE NpeobpasosaTeny.

3. N3cnepBaHe Ha AHEBHMUA XO4 Ha CNMbHY€BOTO rpeeHe

[OupekTHO nonyvyeHuUTe AaHHM OT METeoponorMyHaTa cTaHuus ce 3anasBaT BbB (hannose 3a
nepvoa oT eaAnH Mecel, KaTo 3a Bcekn 15 MMHYTK e HanpaBeHo no eaHo usmepsaHe. O6wns obem Ha
uHpopmauumsTa 3a nepuof ot 51 meceua cbabpxa okono 149 000 namepBaHus. Cnen ToBa JaHHUTE
3a cnbHYeBaTa pagmauns ce UHTerpmpar no Bpeme 3a BCeKku Yac, 3a BCEKU AEeH 1 3a BCeKN Mecel, 3a
[a ce nonyyaT pe3yntaTtu 3a u3MepeHaTa crnbHYeBa eHeprud. O6wua obem Ha 6asaTta gaHHU € 3a
nepvoa ot okono 5 roauHu. MNonyyeHuTe pesyntaty ca nokasaHu B rpacmyeH 1 TabnuyeH sua.
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Ha ¢our. 1 e nokasaHa namepeHaTta CribHYeBa eHeprus 3a pasnuyHu aHW 3a fa ce BUaM Kak ce
M3MeHs CifbYeBaTa eHeprus 3a e4uH U CbLuM AeH, 33 edVH U CbLUM MeceL, Npe3 CbOTBETHATa roguHa.
3a npumep ca u3bpaHu nbpBuTe 15 gHM oT meceumte KOnu, Tbi KaTo TOBa € Meceua C HaW-
WHTEH3MBHa CibHYeBa pagvauus. CymapHaTta CribHYeBa eHeprus 3a BCeKM eauH AeH oT nbpeute 15
OHu Ha mecey, HOnum 2011 , KOnm 2012, KOnun 2013, KOnn 2014 n KOnn 2015 roanHu e nokasaHa c
pasnuyHX LBETOBE.

CnkHYeBa eHeprusa usMmepeHa 3a 15 aHu

12000
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dur. 1. CnbHYeBa eHeprust nsmepeHa 3a Bceku aeH ot 1 go 15 tonm ot 2011 go 2015 roguHa

C Mmo3amyeH cvB UBAT € ouBeTeHa rpadmkata Ha TEOPEeTUYHO M34YMcreHaTa ClbHYeBa
eHeprus 3a Bcekn eguH aeH. OT Tasum rpaduka ce Buxaa, Ye npes meced KOnu ce Habnogaea 6aBHO
HamarnsiBaHe Ha TeopeTuyHaTa CITbHYeBa €eHeprus, B CreacTBMe Ha HamangsaHe Ha ofwarta
nsnbyeHa eHeprus oT CNbHUETO, KOETO MbK € CreAcTBME Ha HEroBOTO MPOMEHEHO MOMOXeHue
cnpsiMo 3eHuTa. CbluaTta KOHCTaTaums BaXu U 3a M3aMepeHaTa CribHYeBa eHeprus 3a meceumTe HOnm
3a BCUYKM roguHu. MNMpomMsHaTa Ha BapuauuuTe Ha paguauusita B crneacTeue Ha obnauute, obave e
no-cumnHa ot TOo3u TpeHa. MNopaam Tasu npuynHa ce Habngaea dakra, Ye cnbHYeBaTa eHeprus 3a
pasnuMyHMTe OHW OT Meceua 3Ha4yMTeNHO Cce pas3nuyaBa MO CTOMHOCT. Hampumep 3a nouytu
6e3obnayHnTe agHK 2, 7 1 13 0Nn CTOMHOCTUTE Ca MOYTU eOHU U CbLUW, KaTo pasnukarta e no-manka
oT 1000 wh/m®. 3a cpaBHeHuWe ce Bkaa, Ye 3a JeH 1 v 3 tonu Te ce npomeHsT oT 2000 go 7500
wh/m® unn noseye ot 5000 wh/m® Bbhpeku, Ye BUCOYMHATA HA CITBHLETO HE Ce NPOMEHs!
CbLLECTBEHO NPaKTUYECKW, M3MEpeHuUTe pes3ynTaTu ce pasnvyaBar, 3alwoTo aTmocdepata € ¢
pasnuMyHa npornyckaTenHa Bb3MOXHOCT 3a pa3nuyHuTe gHu. [ponycknvBocTTa Ha aTtmocdeparta
3HAYUTENHO Ce BInUSe KakTo OoT obnauu, Taka M OT Brara, npax M ApyrM 3amMbpCcUTENU, KOMTO
normbLLaT CITbHYeBaTa eHeprus.

Ha cpur. 2 e nokasaHa cpegHO M3MepeHa CITbHYEBA €Heprusi 3a BCekn AeH oT mecel HOnu B
npoabrkeHve Ha 5 rogmHun. 3a pasnuka oT ¢ur. 1 TyK € nokasaHa cpegHoO naMepeHaTa CTOMHOCT 3a
NMOCOYEHUTE FOAMHN, KAKTO N MAaKCUMaIHUTE U MUHMMAanHU OTKIIOHEHUS! 32 BCEKU OEH.

Cbc cmBM cTbnbyeTa € nokasaHa cpegHata CTOMHOCT 3a BCEKM AeH OT meceuuTe KOnu, npes
neTTe roguHu, a ¢ YepHU NMHUKN e OTOEens3aHo AHEBHOTO MUHUMAIIHO U MaKCMMarHo OTKIOHeHune oT
cpeaHaTta CTOMHOCT. TyK OLle Mo-CHO ce BWXAa AMHamMuKaTa B CTOMHOCTUTE 3a 2 U 7 AeH, KoraTto e
MUHMManHa cnpsmo 1 u 3 geH, korato e 3HavyuTenHo no-ronsMa. Tasu AuHamuka MoXe ga ce
npocneam u 3a octaHanuTe OHW.

OT Tyk MOXe [a ce HanpaBW 3aKM4YeHMEeTO, Y€ U3MEPEHUTE CTOMHOCTU Ha CITbHYEBOTO
rpeeHe ca 3Ha4yuMTEeNHO Mo-KonebnmBy OT TEOPETUYHNUTE, KOETO € CBb3aHO U C MO-rofieMnTe NpoOMeEHU
B NPOMYCKMMBOCTTA Ha aTMocdepaTa, kakTo oTbenssaxme no-rope. B cneacreue Ha NpOMEHSALLOTO ce
CbCTOSIHME Ha aTmoccepata M Ha obnayHocTTa W3MEepeHWTe CTOMHOCTM ca MNo-Manky oT
TeopeTuyHaTa oueHKa, a npu 6e306nayHo Bpeme ce npubnukasaT A0 T€3U CTOMHOCTW, KakBaTo €
Hanpumep ctoriHocTTa Ha 01 KOnn 2014 r. u 2 KOnn 2011 r. Ha cowr. 1.
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dur. 2. CpegHo n3MepeHa cnbHYeBa eHeprus 3a Bceku aeH ot mecel HOnu ot 2011 go 2015 r.

OTtcnabBaHeTo Ha crbHYeBaTa pagMaunsi, PecnekTMBHO Ha ChbHYeBaTa eHeprus B
aTMocdepaTta He € eHO M CbLUO 3a PasnNMYHNTE YacTU Ha HeWHWS CMeKTbp, a OCBEH TOBa 3aBWCU
KaKTO OT CbAbpXaHWeTO Ha Brara B atmocdpepara, Taka U oT obnayHocTTa. Hanpumep abconioTHO
CYXUAT U YACT Bb3AYX MpuUTexasBa HaW-ronsiMa Npo3payvyHoCT 3a MHGpayepBeHaTa paguauusa 1 Hait-
Mmarka 3a yntpasuoneToBaTa paguaums. Hanmuneto Ha 030H B aTMocdepaTta Chbllo OKa3sa BrusiHUE
B MOMMbLLAHETO Ha paavauus B yTPaBUOMNETOBMS U B OanedyHus uHdpadepBeH AuanasoH. Kos ot
KOMMOHEHTUTE KaKBO BIMSIHWE OKa3Ba TYK HE MOXXE TOYHO [a Ce MOCOYM, HO B Crydast € BaXKHO Kaksa
yacT OT eHepruaTa 4ocTuUra 4o NOBbPXHOCTTA Ha 3eMATa.

4. U3cnegBaHe Ha MeceYHUsA Xo4 Ha CNTbHYEBOTO rpeeHe

Ha ¢wur.3 ca nokasaHu CTOMHOCTUTE Ha CNbHYEBaTa €Heprus U3MepeHa 3a BCEKU Mecel B
npoabiKeHne Ha okono 5 roguHn. 3a Bcsika egHa OT MeTTe rogvHu cTbnbderara, nokassaluu
CbOTBETHUTE MECEYHU CTOMHOCTU ca n3obpaseHn Cc pasnuyeH LBsT.

MSMBDEHG CNbHYeBa eHepruAa 3a BCEKKM Mecel

Bl3mepeHa CNbHYEBa EHEPriMA Ha 38MHaTa NosbpxHocT 3@ 2011r.  ml3mepeHa cnbHYEBa EHEPrUA Ha 3EMHATA NOBbPXHOCT 33 2012r.
260 - mWamepeHa cibHYEBa eHEpMA HA 3EMHETE NOBbPXHOCT 338 20131, "M3mepeHa CiibHYeBa EHEPINA Ha 3EMHATA NOBLPXHOCT 38 20141
240 =l13mepeHa CribHYeBa EHEPIVA Ha 3eMHaTa NOBbPXHOCT 3a 20151
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our. 3. CnbHYeBa eHeprusa nsmepeHa 3a Bcekn mecel, ot 2011 go 2013 r.
OT rpachukaTta ACHO ce BMXKaa CE30HHUSA XapakTep B UBMEHEHNETO Ha CbHYEBOTO rpeeHe. To

€ Han-ronamo npes meceuute KOHM 1 HOnu n Han-manko npes meceuute AHyapu n Jekemspu. Han-
UHTepeceH, obaye e (pakTbT, Ye AMHaMUKata B U3MEHEHME Ha CTOMHOCTUTE 3a eOHOWMEHHUTE
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Meceun npes3 roanHnTe rnokasaHu Ha dur. 3, € MHOro no-marnka OTKOSIKOTO Ta3u Ha eQHOWMEHHUTE
OHW nokasaHa Ha dour. 2 u dowur. 1.

Ha c¢wur. 4 e nokasaHa cpegHO M3MepeHaTa CibHYEBa €Heprus 3a BCekM Mecel B
npoabImKEHNe Ha 5 roguHu, 3a pasnuka oT dur. 3, KbAeTO ca NnokasaHu OeNCTBUTENHUTE CTOMHOCTU
Ha MeceuuTe. CbC cmBM cTbNOYETa € nokasaHa cpefHaTa MecevyHa CTOMHOCT, a C YEpPHU JIMHUK €
0oT6EenaA3aHo MMHMMAIHOTO M MaKCMMariHO OTKITOHEHNE OT cpedHaTa CTOMHOCT 3a BCEKu Mecel,.

dur. 4. CpenHo n3mMmepeHa CnbH4YeBa eHeprma 3a BCEKN mecel

Ha Ta3u rpadmka oue no-gobpe ce Bwxaa no-Marnkata AUHaMUKa B MECEYHOTO OTKITOHEHUue
cnpsAMo gHeBHOTO. Hanpumep 3a egHn 1 m cbwm gHu ot Meceumte HOnm 2011, HOnm 2012 , KOnu
2013, KOnm 2014 n KOnm 2015 roguHu, nokasaHu Ha dur. 1 1 cur. 2 nsamepeHaTa crnbHYeBa eHeprusi
Ce pasnu4yaBa 3HauYUTENHO, KaKTo oTbensasaxme Mo-rope, HO 3a YeTUpUTE UIM NeTTe eOHOUMEHHMU
MeceLa nokasanu Ha cur. 3 n gur. 4 obwmaT AobMB e NoYTK eanH n cbly. YncrnoBuTe gaHHM 3a OeH
1, cvotBeTHO 3a 1 KOnm 2011 r. ¢ usmepeHa ctonHoct 3200 Wh/m?, cnpamo 1 Onun 2014 r. ¢
namepeHa crovHoct 7800 Wh/m? nokaseaT guHamMuka OT 2.5 MbTW, a 3a [JeH 3-TU CbOTBETHO 3a 3
KOnu 2011 r. c namepena crorHoct 1800 Wh/m? cnpsmo 3 KOnu 2012 r. ¢ namepeHa crorHoct 7600
Wh/m? nokasBaT AMHamMuka noBeye oT 4 MbTU. B CbLLOTO BpeMe pasnvkaTta B U3MEpeHaTa eHeprus
3a nette Meceua Asryct ot 2011 go 2015 r. e no-manka ot 14 %, KOeTo ce BuMxaa OT MECEYHOTO
pasnpeneneHve, nokasaHo B Tabnuua 1, Hamupalwa ce no-gony B Tekcta. [MogobHM MUHUMaNHKU
pasnuku ce nosny4vaBaT U 3a gpyrute meceuu. Hanpumep 3a meceuute Anyapu, KOnn n ABryct 14 e
no-marnka ot 16 %, a Han-ronsama e 3a mecey, [lekemBpu — camo 39%. C gpyrn gymmn Habnogasame
€[HO ycpeaHsiBaHe Ha Mece4dHa 6a3a. Te3an nbpBOHaYanHu pesyntati, BbNPEKM Ye He ca JOCTaTbyHO
NPoOAbIMKNTENHN, faBaT OCHOBaHWE Ada Ce MPeAnosioXku, Ye KOMKOTO nepuvoda Ha MaMmepBaHe € Mno-
ronsiM, TONKOBA OTKIOHEHMsATA OT CcpeAHaTta CTOMHOC ca Mo-Marku.

Ha c¢ur. 5 e nokazaHO Mece4yHOTO pasnpegenieHne Ha crnbHYeBaTa eHeprust oT Mecel, Konu
2011 roguHa go mecey, Centemepu 2015 roguHa, 3aegHO C LEHTpUpaHa nnb3ralja ce cpegHa C
nepuog 12 meceua B NpoabSiKeHe Ha OKono 4,5 rognHun.

CbC cuBM cTbNGYETa e oTGena3aHa CTOMHOCTTa Ha M3MepeHaTa eHeprua 3a BCekn Mecell, a ¢
no-TbMHaTa NUHWUA CTOMHOCTTa Ha Nib3aralllaTa ce matemarTmyecka cpeaHa.

(0]} rpachlKaTa ce BWXKAa, Ye CTOMHOCTTa Ha nbarawata ce maremaTuyecka cpegHa € no4vtun
NOCTOSIHHA, T.e. TOAULLHOTO OTKINOHEHWE € MOo-Marko OT MeCevHoTo. To3n (*)aKT noTBbpXaaBa n3eoaa
HanpaBeH Mno-rope, 4e KOJIKOTO nepuoabT Ha ycpeaHABaHe € MNo-rofidM TOoJikoBa MPOrHo3uTe 3a
CTOMHOCTTA Ha CNbHYEBOTO rpeeHe ctaBaT NO-TOYHW.
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our. 5. MNnb3arawa ce LeHTpupaHa maTemaTn4ecka cpegHa Ha cribH4eBa eHeprud rno 12 meceua

B Tabnuua 1 ca nokaszaHu N3MepeHnUTe 1 CpeaHN CTOMHOCTM 3a BCUYKM MeceLm B nepuoga ot
2011r. go 2015r. B npegnocnedHaTa rpada e usuyucneHa pasnukata Mexny MakcumanHaTta u
MMHMManHaTa CTOMHOCT 3a eJHOMMEHHWTE Meceuu 3a To3u nepuog. B nocnegHaTa komoHka ca
[aneHn B NPOLEHTHO CbOTHOLLEHME Ta3n pasfMka KbM cpegHaTa CTOMHOCT 3a CbOTBETHUS MeCeL.

Tabn. 1. Pa3r|pe,qeneH|/|e Ha ClnbHYeBaTa eHeprua no egHOMMeHHU meceun

Ot Tabnuua 1 ce Bwxga, Ye MakCMMarnHuTe CTOMHOCTU Ha cpefgHaTta ClbHYeBa eHeprus ot
198.71 kWh/m? ce nony4aBaT Npe3 MeceL, Ny nopagu no-ronsaMaTta Ob/PKUHA Ha OeHs 1 ronsmara
BUCOYMHA Ha CnbHUeTo. PeanHute CTOMHOCTM Ha CrbHYeBaTa paguauus nNpes NeTHUTE U paHHUTe
eceHHn meceum e okono 50% OT TeopeTU4HO MaKcMManHaTa paguvauusl, a 3a KbCHUTE €CEHHU U
HabngasaHuTe 3MMHKU Meceumn 3a 2011 — 2014 r, Ta e okono 30% OT TEOPETMYHO MaKcuManHaTta
pagvauud. [JOKONKOTO CnbHYeBaTa eHeprus € akymyrnvpaHata BbB BpPeMeTO CrbHYeBa pagmauums
Ta3n KoHcTatauma 6m TpsabBano ga ce oTHacH M 3a Hed. TeopeTuyHaTa CribHYeBa eHeprus oT dwr. 1
3a mecel, KOnu cernacHo copmyna 1 e:

@ E_ - 0.1x31 _ 348 szh |
0.81 m

KbAETOo n3nonssame kopuripaiyms koeduumeHT 0.81, cbrnacHo T. 2, B KOSTO cnoMeHaBame, 4e ,,06LL0
okono 19% oT cibHYeBaTa eHepPrusi He JOCTUra JOMNHUTE CNoeBe Ha 3eMHaTa NoBbPXHOCT [4].,,
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Ot pgpyra cTpaHa, cCpefHO M3MepeHaTa CribHYeBa eHeprus 3a Mmecey HOnu ot Tabnvua 1 e
198,71 kWh/m?. OT Tyk nonyyaBame, Ye pearHUTE CTOMHOCTM Ha MU3MepeHaTa CrbHYeBaTa eHeprus
3a permoH Crtapa 3aropa B cregctBMe Ha obradHocTTa npe3 netHute meceunm e 56.9 % ot
TEOPEeTUYHO MaKCMManHaTa eHeprus, Koeto MHoro gobpe cbBnaga c TeopusTa.

B Tabnuua 2 e nokasaHo pa3npedeneHneTo Ha CiibHYeBaTa eHeprys No Meceuu, a 3aefHo C
TOBa cpefHata CTOMHOCT, CTaHOApPTHOTO OTKMOHEHWe K oTHocuTenHuaT cnag. Ot Tabnuuarta ce
BWXKAa, Ye CTaHOapTHOTO OTKMNOHEeHWEe W OTHOCUTENHWS Crnad CpaBHEHO 3a MeceuuTe npes
pasfnMyHUTE CE30HW Ha YeTMpuTe roAMHU Ce pasnuyaBaTt 3HadyuTenHo. ToBa e nokasaTeriHo, 4ye
dakTopuTe, KOUTO BIMAAT Ha CNbHYeBaTa eHeprus kato obrauu, npax v Apyrn, Mmat criydyaeH
XapakTep, HO C TeYyeHne Ha BPeMeTO 3a Mo-AbArY NEpMOAN B3aMMHO Ce KOMMeHcupaT u ocpeaHsaBarT.
[Mpn aHanu3a Ha 6asata gaHHu HaTpynaHa o 2013 roguHa, T.e. B CbOTBETHMSA NpeaxoneH Aoknag,
KOHCTaTMpaxme, Yye npes NpexogHuTe Meceuu OT eQuH Ce30H KbM APYr CTaHAapTHOTO OTKMOHEHWE B
CIMTbYEBOTO rpeeHe e OTHOCUTENTHO MO-FONISIMO, @ KoraTo ce YCTaHOBW Ce30Ha TO CTaBa no-marnko. Taka
Hanpumep 3a TUNMYHO 3nMHNA Mecel, OekemBpu To Gewe 0.5%, 3a TunMyHo nponeTHusa Anpun 1.6%,
a 3a TMnu4Ho neTHua ABrycT 2.2%. ObpatHo, 3a npexogHusi mecel, Man 1o 6ewe 40.3%, 3a MapT
13.7% , a 3a mecel, OktomBpu 9.15%. C nobaesiHe Ha gaHHWUTe npe3 2014 rognHa B MUHanNus aoknaa
Ce nony4u Marika Kopekums B Tasun TeHOeHuus. Han-ronemumTe OTKNOHEHUS NEKo ce U3MeCTBaT KbM
CcpenHust NMponeTeH U Hayanoto Ha neTHus ce3oH. OT Tabnuua 2 ce BWXAa, Ye Han-ronemuTe
OTKMOHEHMs ca cboTBeTHO 3a mecel Anpun 20.4%, Mai 29.8% u KOHun 18.6%. 3a eceHHuTe meceum
OTKMOHeHuATa neko Hamanat — OktomBpu A0 9.1% n Hoespu 4.6%. Han-mankn Beye ce okassaT
OTKMOHEHMATa Npe3 3UMHNTE Meceuun CboTBETHO 3a mecel, [ekemspu 4.6% v Anyapu 2.7%.

Tabn. 2. Pasnpep,eneHme Ha ClbHYeBaTa eHeprna no meceum

Ot ananusa 3a 2015 roguvHa c pobaBsiHe Ha HOBWTE AaHHU HabniogaBame OTHOBO MEKM
NPOMEHN B CTaHOAPTHOTO OTKIMOHEeHWe. Han-manko € cTaHOapTHOTO OTKIOHEHWe 3a MeceuuTe KakTo
cnegga : Hoemspu — 6.1, NegemBpu — 6.1 u AHyapun — 2.2. Han-ronsamo e npe3 meceuuTe KakTo
cnegsa : Anpun — 18.2, Man — 25.0, FKOHn — 16.9. EQHO OT Bb3MOXHUTE 00SACHEHNS Ha Te3n dhakTu e,
ye npes3 3UMHWUTE Meceuu HanuM4MeTo Ha Mpax W Brara ca €4HW MO-MOCTOAHHU BENMYMHK, oKaTo 3a
NPONeTHO-NEeTHMUTE MeceLm Te3n KOMMOHEHTU B aTMocdeTaTa ca C No-AMHaMUYEH XapakTep.

Opyr nHTepeceH M3BOA, KOMTO MOXE Aa Ce Hanpasu e, Ye n3MepeHaTa eHeprus 3a nepuog ot
e[Ha roguHa e no4TM edHa u cblia. Pesyntatute oT Te3anm pasyeTu ca gageHun B Tabnuvua 3. B
KOMOHKa 2 e u34yucrieHa cnbHYeBaTa eHeprus 3a nepmog ot 1 rogvHa mexay 2 eQHOMMEHHW Meceua,
a B KONOHKa 3 cpefHaTa MecevyHa CTOMHOCT 3a efHa roavHa, T.e. 3a eauH nepuod oT 12 nopegHu
Meceua. Hanpumep 3a nepvioga tOnu 2011 go KOHM 2012 Tasu cToiHocT e 1389 kWh/m® | a
cpegHoOMeceYHaTa u3yucneHa oT nnbarawiara ce matemartuyecka cpegHa e 115.7 kWh/m?® Ha meceLl.
HOuHamukaTta Ha cpegHaTa roguvlliHa CTOMHOCT ce BMxAa OT MakcumManHuTe nokasaHusiTa 3a nepuoja
KOHu 2012r. — Man 2013r., kouto ca 119.6 n muHnmanHute 3a nepuoga Anpun 2014r. — Mapt 2015r.,
komTo ca 103.3. B konoHka 4 e m3uucrneHa cpegHaTta rogulHa CTOWMHOCT 3a BCUYKU 12-MeceyHu
nepuoam 1 T8 e 112.4 kWh/m®. B KonoHKka 5 e nokasaHa pasnukata Mexzy MeceyHaTa CTOWHOCT 3a
BCEKW nepuo B KONMoHKa 3 UM cpefHaTta CTOMHOCT B KOMOHKa 4. B konoHka 6 e nsuucrneHa coliarta
pasnvka B npoueHTU. Han — ronsima pasnuka ce nonydasa 3a nepuoga Anpun 2014r. — Mapt 2015r.,
¢ nokasaHue — 9.1 kWh/m” unn 8.8 %, a Hait — manka 3a nepuoga Hoemspu 2012r. — OKTOMBPYU
2013r. ¢ nokasanve — 1.7 KWh/m? unu 1.5 %. TakvuBa Marikv OTKIIOHEHWsI UMa U1 3a pegouua apyrm
rOAVLIHM U34YUCTIEHNS MOKa3aHu B KOMOHKa 5 1 6. Ta3n HUCKM pasnuky nokasear, Ye eaHOroAuWHNTE
CTOMHOCTM Ce pasnuyaBaT TBbPAE Marnko MO OTHOLWEHWEe Ha eHepruiHusa OobuB 3a pasnuka oT
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MeceyHuTe (Tabnmua 2), KbAeTO OTKITOHEHUsATA Ca OTHOCUTESHO MO-rofieMn U OHEBHUTE, KbAETOo ca
Han-ronemMu.

Tabn. 3. Pasnpep,eneHwe Ha cClnbHYeBaTa eHeprua no rognHn

B nocnegHunte pepose Ha Tabn. 3 ca npecMeTHATW CTaHAAPTHOTO OTKIIOHEHME 3a BCUYKU
€4HOroaULHN Nepnoamn U OTHOCUTENHUAT cnag. Te ca cboTBeTHO 4.91 Kwh / m? 1 4.36 % CBHOTBETHO.
Te3n HUCKM CTOMHOCTU OlWe BEAHbX MNoKas3BaT, 4Ye OTKMOHEHWATA B CNbHYEBaTa pagvaums un
pPECneKkTUBHO B CNMbHYEBMSA eHeprimeH Jobume Ha roguwHa 6asa ca MHOro HUCKU. B To3m cmucbn gopu
N KpaTKOCPOYHUTE M3cnenBaHus We gaBaT MHOMO TOYHM NPOrHO3n 3a crnedBallnTe roguHu.

Tasu KoHCTaTauus HM OaBa OCHOBaHWe fa npecMeTHeM cpepHoroauvweH aobus (Cra) Ha
enekTpoeHeprus B permoH Ctapa 3aropa:

Crl = CpegHomeceyHa eHeprus x 12 meceua. OT Tasm oopMyna nony4yaBame:
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) CI] =112.4x12 =1348.8kWh/m?

unu npnénusntenHo 1350 KWh/m? .

5. 3akntoyeHue

B cainita EMDE Solar (www.emde-solar.com) e nocoyeHa CTOMHOCT 3a CITbHYeB A0OMB Ha
eHeprusi oT MUHUMYM 1314 KWh/m? o makeumym 1510 KWh/m® kaTo roamiuHa 6asa B pervioH CTapa
3aropa unu cpegHo 1412 KWh/m? .To3u ananasoH CpaBHUTESTHO TOYHO CbBMNazja C nofnyyYyeHuTe OT Hac
pesyntaTtn ot 1350 KWh/m?, Mpn Hac cTaHQApPTHOTO OTKMOHEHME CbrnacHo Tabnuua 3 e 3HaunTenHo
no-Manko M uma cToiHocT 4.91 KWh/m? unu 4.36 %. Bb3MOXHO €, HWUCKaTa CTOWHOCT Ha HalLeTo
OTKINOHEHVE [a Ce ObIMKM Ha dhakTa, Ye M3MepBaHuATa ca fnpaBeHW B efHa TOYKa, HO OT Apyra
CTpaHa, CpeaHuTe CTOMHOCTU Ha ABEeTe HE3aBUCUMU U3MEePBAHNA CbBNagaT MHOMO TOYHO.

OT TeopeTuyHa rnegHa Tovka COMEHaxmMe MHOro 9akTopu, KOMTO OKasBaT CbLUEeCTBEHHO
BNUSIHME BBPXY MOTOKA Ha crbueBaTa paguauusi, PeCNeKTUBHO BbPXY KOMMYECTBOTO CITbHYEBA
€eHeprusi, KoeTo JocTura oo 3emsTa. ToBa ce NOTBbPAM M OT KPaTKOCPOUYHUTE N3MEPBaHUS C NoMoLlTa
Ha meTeoporiormyHata ctaHums. pu no-gbnrocpodHUTe M3MepBaHusi, obade ce Habnwogaea eaHo
ycpeaHsiBaHe 1 NoATUCKaHe Ha pasnukaTa, 0co0eHOo Ha roguwHa 6asa. ToBa ce AbmkM Ha dakTa, ye
Te3n U3MEHEHNS BbB BPEMETO Ca C pasfiMYeH 3HaK, KaKTO MOSIOKUTENTHM Taka U oTpuuaTeENHN 1 Mpu
TAXHOTO CyMUpaHe 3a No-AbMAbr NepUoA OT BpemMe Te B3aMMHO Ce KOMNEHcUpaT 1 ocpeaHsaBaT.

HaTtpynaHaTta 6a3a gaHHW e BCe Olle CpaBHUTEMNHO Marnka 3a [a Ce HanpaBAaAT KaTeropuyHu
Hay4HM 3aKn4yeHusl, HO ce HaasBame, vye OGbAaelumTe uscneaBaHus e NOTBbPAAT HanpaBeHUTE B
TO3W [OKNag NbpBOHaYanHW KoHcTaTauuu. PedyntatuTe oT TOBa u3crneaBaHe MoraT ga nocnyxat
KaTO BaXXeH OPMEHTUP, 3a Aa Ce U3YUCIM NpeaBapUTENHO ovakBaHaTa eHeprua oT POTOBOMNTaUYHUTE
npeobpasoBartenu B onpeeneH reorpaddCku pernoH.
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Abstract: A new magnetoresistive vector magnetometer with improved thermal stability has been
developed. The instrument is installed in an observational place without magnetic disturbances near the Stara
Zagora city. A comparative analysis between collected geomagnetic data and data from different INTERMAGNET
observatories is made. Preliminary results show similarity in the observed time series and in the dynamics of
registered geomagnetic processes.
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Knro4yoeu dymu: AHU30MpoOnHa MasHUMOPE3UCMUBHOCM, BEKIMOPEH MacHUMOMEMBD, 2e0MacHUMHU
uscnedsaHusl.

Pesrome: PaspabomeH e HO8 MazsHUMOPE3UCMUBEH BEKMOPeH MagHUmomembp C ModobpeHa
memnepamypHa cmabunHocm. WHCcmpyMeHmbm € UHcmanupaH 6 4Yucm om MagHUMHU CMYUW,eHUs
HabnrodamerneH nyHKm, Hamupauw, ce Hedanedy om 2p. Cmapa 3azopa. HanpaeeH e cpasHumeneH aHanu3 Ha
rnonyyeHume OaHHU C¢ OaHHUMEe om pa3s/iu4yHU 2eomMazHuUmHuU obcepsamopuu om mMpexama INTERMAGNET.
lpedsapumernHume pesynmamu rokasgam cxodcmeo 8 HabnodasaHume epemesu pedose U 8 OuHamMukama Ha
peaucmpupaHume 2eomMagHUMHU rpoyecu.

Introduction

The anisotropic magnetoresistive (AMR) effect in ferromagnetic materials was discovered by
William Thomson (Lord Kelvin) in 1856. It takes more than a century until the advance of the thin-film
technologies allowed its practical use. Sensors based on this effect are suitable for industrial
applications with strong magnetic fields and for measurements within the range of the Earth's
magnetic field. Modern implementations of such type of sensors show sensitivity, frequency response
and signal-to-noise ratio comparable and sometimes superior to these shown in the conventional
magnetometers used in geophysical research, such as a fluxgate magnetometer, proton precession
magnetometer or magnetometers based on the effect of Overhauser. Moreover, AMR sensors are
superior in terms of low cost, miniature size and negligible electric current consumption. From this
point of view, naturally arises the question of their applicability in geomagnetic research. An attempt to
give a short preliminary answer to this question is the essence of this report.

Magnetometer description

The new vector magnetometer (Fig. 1) is an advanced version of the previously used USB
portable magnetoresistive magnetometer muMeter [1] [2]. Present instrument implements a system for
temperature stabilization of the magnetic sensor, based on the negative feedback with PI
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(Proportional, Integral) algorithm implemented through PWM (Pulse Width Modulation) with variable
duty cycle, driven by the embedded microcontroller. The magnetic measuring module and the
temperature sensor are mounted on the pcb in adjacent places, so that the temperature of both chips
is established to be the same through a common aluminium block mounted on top of them. For better
contact between surfaces thermally conductive compound is used. A non-magnetic resistor,
embedded inside in the aluminium block, acts as a heater. The controlling system uses single N-
channel MOSFET connected as a low-side switch to drive the current through the heating resistor.

Fig. 1. Common view of the magnetometer and result of the sensor temperature stabilization
system operation

The signal of the temperature sensor is digitized by an ADC and is fed to the microcontroller,
where is numerically processed in order to calculate the current duty cycle value of the PWM. A
minimum limit of 40% duty cycle is set (values vary between 40% and 100%) and the magnetic data
are obtained during the off-state time (from 0% to 40%) in order to avoid interference with the current
flowing through the heating resistor (remaining leakage current of the MOSFET is with magnitude of
tens of nA and in this case can be ignored). The temperature control system operates with frequency
of 4 Hz. Fig. 1 shows the common view of the magnetometer with the aluminium heating block. On the
right bootom corner of the image is demonstrated the result of the operation of the temperature
stabilization system. Notice the initial settling time for the temperature around its final set value. The
achieved accuracy is better than 0.01 °C at 1 Hz sampling frequency.

Installation and operation

The instrument is installed in the observational place 12 km far from Stara Zagora city. The
location was chosen as a relatively easily accessible and yet far enough from the city in order to
minimize magnetic interference of the urban environment. Magnetometer was placed in a watertight
plastic box, mounted on the bottom of the special non-magnetic shaft, dug into the ground at a depth
of about 1m. Control is fully automatic and is carry out by a PC workstation placed at a distance of
10m from the shaft. The data are saved to the computer hard disk in continuous mode as a text format
files with sampling frequency of 1Hz. Time is recorded as UTC (Coordinated Universal Time) and
synchronization is done via Wi-Fi connection to the Internet. Prior the installation the magnetometer
was calibrated in situ following the procedure described in [3].

Results

In the initial analysis of magnetometer data a residual dependence from daily variations of the
ambient temperature was established. Although with a thermo stabilizing system of the magnetic
sensor, described earlier, the device as a whole is placed in an environment without constant ambient
temperature and its drift affects the work of the other electronic components in the magnetometer
circuit. In order to reduce this effect we use the following procedure: the relation between uncorrected
observational data and ambient temperature T,, finded in the form of third-degree least-squires
regression polynomial is subtracted from the raw magnetometer data, or:

3 2
1) Feorr = Fraw —(as Ta" +ap -Ta" +a;-Ty +a0),
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where F., and F,, are corrected and row values of the magnetometer data respectively, a, to a; are
coefficients of calculated third-degree polynomial. A similar procedure is described in [4], with the
difference that there is used a linear function of temperature. Fig. 2 depicts Stara Zagora corrected
data averaged to one-minute samples and filtered with a 5-minute bidirectional low-pass digital filter
and the minute data series from three different INTERMAGNET (International Real-time Magnetic
Observatory Network) geomagnetic observatories situated in the region of Eastern Europe. As an
attempt of preliminary analysis we can emphasize the fact of nearly perfect correlation (coefficient of
correlation is more then 96%) between Stara Zagora series and the other observational data.

Fig. 2. Stara Zagora geomagnetic data and minute-format data from three INTERMAGNET
geomagnetic observatories. Our data are filtered with 5-minute low-pass bidirectional filter.
Series cover the period from 20th to 23th October, 2015.

Conclusions

A new AMR magnetometer with improved temperature stabilization of the magnetic sensor
has been developed (and reported in this work). The obtained results are demonstrated in comparison
with the results of other geomagnetic observatories located in the region of Eastern Europe.
Preliminary analysis shows a high correlation between our instrument data and those of the other
observatories (the correlation coefficient is higher than 96%).

As a future work, we plan to improve the conditions at which the magnetometer is placed in
order to reduce the influence of the ambient temperature to the recorded geomagnetic data series.
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Abstract: An analytical survey of existing space-based stations for remote Earth surveillance has been
achieved. The abilities and the tasks of Synthetic-aperture Radars (SAR) have been formulated. The technical
parameters of the above radars have been analyses with emphasis placed on their resolution. Further
development aiming to increase effectiveness of SARs has been outlined in the conclusion.

BbBeneHue

B HacTosile Bpeme Bce MO-LUMPOKO MNPWUMOXEHWe BbB BCUYKM OOMacTM Ha 4oBelukaTa
OEeVHOCT Hamupa uHdopmaumaTa, nofnyyaBaHa OT KOCMOCa C MOMOLLUTa Ha KOCMMYECKM anapaTtu 3a
OUCTaHUWOHHO HabntogeHne Ha 3emsata (OH3). Manon3eBaHeTo Ha Ta3n MHgopMaums e Tonkoea no-
rofnsiMo 1 3Ha4YMMO, KOJKOTO TS € No-KayecTBeHa 1 AOCTOBEpPHaA.

LLnpokute Bb3MOXHOCTU 3a AUCTAHUMOHHO U3y4yaBaHe Ha 3emsATa OT KOCMOca ce NnosBuxa B
Kpas Ha 60-Te roguHM Ha MUHanNMa BEK MpWM BHeOpPSABaHETO Ha U3CneadBaHUATa Ha CKEHEPHU U
paguonokaumoHHM MeToan, paspaboTeHn 3a BOEHHOTO pasy3HaBaHe. Te nos3sBonuxa pJda ce
U3BbPLBAT CHMMKA B HEU3NON3BaHW MO-paHO [AuanasoHM Ha eneKkTPOMarHUTHUTE BbIHU U
nony4yaBaHe Ha Ka4eCTBEHO HOBa MH(OPMaLMS, B TOBA YMCIO U306paXeHMst Ha PasnuyHN y4yacTbLm
OT NOBBbPXHOCTTa Ha 3emdATta. [MosBUXa Cce TakMBa MeToAM Ha 3acHeMaHe, KaTO MHOrO30HamHo
WH(ppayepBeHo oTorpadmpaHe, TOMIMHHM W MNacMBHU MeToaAu 3a KapTtorpadwmpaHe B CBY
AvnanasoH. Cuctemute, paboTtelun Ha OcHOBaTa Ha Te3n MeToau, No3BonsBaT Aa ce cbbupaT AaHHU
3a NOBBbPXHOCTTA Ha 3emsATa Mo MbTS Ha aHanu3a Ha HenHuTe CBY 1 nHdppavepBeHn nanbuBaHns u
OTpa3eHnTe enekTpoMarHUTHU konebaHua B Buammarta u 6nuskata uHdpadvepBeHa obnactn Ha
crnekTbpa. Beuuknte gatumum Ha Tesu cucTeMm ca NacuBHW, T.e. Bb3NpuMemaTt caMO Ta3u eHeprus,
KOATO Ce M3nbyBa OT NMOBBbPXHOCTTA Ha 3eMsATa UM ce NpeunanbyBa OT Hesl B NpoLieca Ha oTpa3sBaHe
Ha CNbHYEBOTO M3NbyBaHe. CbrnacHo npuetata kKnacudukauus Ha KOCMUYECKOTO paly3HaBaHe,
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NacvBHUTE KOCMWYECKU cuctemn 3a HabnwogeHve ca KOCMUMYECKO poTopasy3HaBaHe U
ONTMKOENEKTPOHHO KOCMUYECKO pa3y3HaBaHe.

MPUHUMNHO HOBM BB3MOXHOCTM OCUIypsiBaT PaguonoKauMOHHWTE cucTemu, paboTtewmy B
MUWKPOBBITHOBMS OMana3oH Ha eNeKTPOMarHuTHUTE BbITHU. TOBa ca akTMBHW CUCTEMMU, YCTAHOBEHU Ha
bopoa Ha kocMmuyeckus anapat 3a [H3, kouTo wm3mbyBaT TACHOHACOYEH BUCOKOYECTOTEH
ereKTpomMarHMTeH WMMYJICEH CUrHam W npuemaTr oTpaXeHusaTa My OT CKaHupaHaTa 3emHa
NOBBbPXHOCT. [JOKOMNKOTO Te3n cMcTeMU M3Non3BaT cBoA COOCTBEHA eHeprus Ha uanbyBaHe, Te morat
[a paboTaT No BCAKO BpeMe Ha AEHOHOLLMETO U NMpU BCSKAKBU KNMMATUYHU YCNoBus. M3nbyBaHuUST
OT TAX curHan npeMvHaBa 06e3npensaTcTBEHO npe3 obnauu, AbX4 WU Mbrna, a nNpu onpegeneHa
ObMKUHA Ha BbNHATa — M MNpe3 nucrata Ha AbpBeTara U cnow cyxa nodsa. Ha npaktuka ce
M3Non3BaT KakTo paauonokaunoHHu ctaHuum (PJIC) ¢ peanHa anepTypa (HapuyaHu olle
HekoxepeHTHU PJIC ) n PJIC cbe cnTHe3upaHa anepTypa Ha aHTeHaTa — HapudaHu koxepeHTHu PJIC.
PaspelwaBawiara cnocobHocT Ha HekoxepeHTHuTe PJIC ce onpepens oT peanHWtTe pasMepu Ha
aHTeHaTa U TAXHOTO NMPEAMMCTBO € OTHOCUTENHaTa NpPOoCTOTa Ha camus paguorokaTtop U cuctemaTta
3a obpaboTka Ha WHdOpMauusTa, a CbLIO Taka M LwupokaTa nofoca Ha ob3opa. OCHOBHMSA MM
HeJocTaTbKk € Hu3kaTa paspelwaBawia cnocobHocT. KoxepeHTHute PJIC nputexaBaT no BuUCOKa
paspeluaBalla cnocobHOCT, HO M3UCKBAT MHOMO MO-CrOXHAa cuctema 3a obpaboTka Ha curHanurte.llo
TEe3N NPUYUHM B AOKNada, OT MHOrOTO KOCMMYecku anapaty 3a [H3, we 6baart pasrnegaHy camo
cuctemute, cHabaeHn ¢ PCA.

CbCTOsIHME N Bb3MOXHOCTU Ha CbBPEMEHHMTE KOCMUYECKU pafapy CbC CUHTe3npaHa
anepTypa

PagvonokaunMoHHWTEe CUCTEMM MpeacTaBnsBaT HaW-yHMBEpCanHuTe W MHAOPMaTUBHU
JaTtyiuM 3a AMCTaHUMOHHO HabniogeHve B MUKPOBBITHOBUSA AManas3oH. Haw-lmpoko npakTuyecko
npunoxeHne B HacTosille Bpeme HamupaT PJIC cbc cuHTesupaHa aneptypa. [NpuHumna mm Ha
OelicTBME ce OCHOBaBa Ha Bb3MOXHOCTTa 3a npemectBaHe Ha 6opposata aHTeHa Ha PJIC 3a
nocriefoBaTenHo hopMmnpaHe Ha aHTEHHa pelleTka C rornemMu pasmepu no TpaekTopusaTa Ha noneta.
Mpu TOBa OOpaoBaTa aHTeHa WMa Heronemu pasmepu W [AOCTaTbYHO LUMPOKA Auarpama Ha
Haco4eHOCT. He3aBMCUMO OT CrOXHUTE TEXHUYECKM pelleHus U Bucokata LeHa Ha PCA, TaxHaTta
paspaboTka 1 ekcnroaTauusa Mo3BOoMsiBa Aa Ce pellaBaT MHOXECTBO BaXXHU 3a[a4n, YeCTO AOCTbIMHM
caMO Ha JafeHusi cnoco® 3a gucTaHuMoHHO HabniogeHve. VHTepecHo e ga ce oTbenexwu, ye
CpaBHMTENHO €QHAaKBU OT TEXHUYECKA MefHa ToYKa pagapw, U3MbIHABAT pasfMyHM UHPOPMAaLMOHHN
3agaun. 3a KaHaga - ToBa ca HabnogeHne Ha apKTudeckute nefose, 3a Kutalh — MOHUTOPUWHE Ha
MopcKaTa akBaTopusi, 3a Wtanua — kapTtorpadwmpaHe, 3a V3paen — cnegeHe Ha TepuTtopusTa Ha
WMpaH, 1 T.H. EBponenckusaT cnbTHUK “ERS” Nbk € cbC cpaBHUTENHO HUCKA pasgenuteniHa crnocobHoCT
(20 — 30 m), HO uH(popmauumaTa, nonydyaBaHa oT 6opaa My, akTMBHO Ce M3MNon3Ba OT CTpaHWUTe Ha
HATO 3a oTkpuBaHe Ha Kopabw u cnegeHe Ha obcTaHoBkata Ha Mope. WIMeHHO Te3n cuctemm
HamuparT LUMPOKO NMPUIOXEHWE U NPU peLlaBaHe Ha HaBUrauuoHHM 3a4aun.

OcBeH opbutanHuTe napameTpu Ha OBWKEHWe, BCcekn kocMmumyeckn anapat (KA) 3a AH3 uma
pegovua pasnuMyHM TEXHUYECKU XapaKTEPUCTUKM U napameTpy — U3fbyYBaHa MOLLHOCT, YeCTOTEH
OunanasoH, nonsipuM3auus Ha curHana, WMpvHa Ha nofiocata Ha CKaHWpaHe, 3axpaHBaHe M MHOro
apyrn. Ho egHa OT Hal-BaXHWUTE XapaKTepUCTUKM Ha cucTemuTe 3a HabrnogeHne e paspellaBallara
crnocobHocT. Ta Moxe Aa 6bAe NPOCTPaHCTBEHA U paguoMeTpuyHa (SpkocTHa). PaguomeTtpuyHaTa
paspeluaBalla cnocobHOCT ce onpefensi OT KONMYECTBOTO HMBA Ha OUCKPETM3auMs Ha sipKOCTTa U
3aBMCM OT LMpMHATa Ha [UHaAMWYHWS f[uana3oH. 3a npaktukata obade Mo BaxHa e
NpocTpaHCTBEHaTa paspeluaBalla CrnocobHOCT — TOBa € pasMepa Ha erieMeHT aT MOBbPXHOCTTA,
KOMTO Ce Bb3npuemMa Kato oTaesnHa Touka.

lMpocTpaHcTBEHATa paspeluaBallia CnoCOOHOCT 3aBUCK OT AbIDKMHATA Ha BblHATa, pasmepa
Ha anepTypaTa Ha aHTeHaTa u BUCOYMHaTa Ha opbuTaTa no cnegHusa HaumH [ 1]

A
m r=,H

KbOETO I — MPOCTpaHCTBEHa paspellaBallia CnocobHOCT; A - AbMKUHA Ha BbnHaTa; D - pasmep
Ha anepTypaTa Ha aHTeHaTa, H - BUcouMHa Ha noneTa.
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Tabnuua 1. OcHoBHM xapakTepucTukm Ha PCA B opbuta

Kocmuuecku BucouuHa HaknoH Ha Pa6otHa gbmxkuHa | MpocTtpaHcTBeHo | LlUupuHa Ha
anapart Ha opburaTta. o Ha BbIIHaTa,CcM paspelueHue. m nonocarta
opb6uTara. (yectoTta GHz) Ha o630p.
KM KM
ERS-1,2 782 x 785 98,5 (53) 30 100
ENVISAT 820 98,55 (3,9-6,2) 30, 100, 1000 100, 400

JERS 567 x 569 97,7 (1,257) 18 75

ALOS 700 98,1 (1,275) 5-10 70, 250
RADARSAT 743 98,6 (5263) 28, 100 200,300,500

Anmasz- 1A, 1B 280: 400 72,7 (3),35,96,70 5-7:20-40 20,70 170
COSMO 600 - 650 98 (9,65) 3;6-12 40, 100-120
COSMO 614,4 x 633 98,86 3,1;(9,6) 1; 30; 100 10; 40, 200

SkyMed 1
Lacrosse 676 x 696 68 (9,5-10,5) 1; 3; 10-15 2;20; 100
SIR-C/X-SAR 233 x 240 57 (5,298);(9,6) 8-10; 13-26 15-90

(SpaceShuttle)

Osiris 600-800 90 3 3-5 30-50
TeraSAR-X 507,7x512,5 97,45 (9,65) 0,5;1; 3; 16 5;30;50;150
SAR-Lupe 472,1x516,0 98,16 3 5,5, 8-60

Ofeq 401,8x581,5 41,03 X 1,18,3,8

RISAT 399,2x553,1 94,02 X 1,18,3,8

OT Tasu dopmyna e BMAHO, Y€ 3a Mofy4yaBaHe Ha BUCOKO MPOCTPAHCTBEHO paspelleHne e
HeoOXOo4MM CTpeMex KbM yBenuyaBaHe Ha pas3Mepa Ha anepTypaTa Ha aHTeHaTa U KbM Bb3MOXHO
Han-mManka ObIDkMHa Ha BbnHata. CnegBa fa ce otbenexu, ye BuUcouMHaTa Ha opbuTtaTta Ha
kocMmnyeckna PCA He Bnvsie CbLLECTBEHO Ha NPOCTpaHCTBEHATa pa3peluaBalla CrnocobHOoCT.

B HacToswmna MOMeHT B opbuTa okono 3emsaTta ce HamupaTt pasnuMyHu TUNoBe padapu CbC
cuHTesupaHa aneptypa 3a [JH3: ERS, Radarsat, COSMO, SkyMed, TerraSAR, SARLupe, ENVISAT,
ALOS un mHoro apyru, nokasaHu B Tabnuua 1.

Lle pasrmegame HakpaTkO OCHOBHUTE TEXHUYECKU XapaKTEepPUCTUKM, Henoka3aHu B
Tabnuuarta, Ha HAKOM OT Te3U CUCTEMM.

LlenesaTta anapatypa Ha EBponencka Kocmuuyecka cuctemMa 3a AUCTAHUUOHHO
HabnogeHune Ha 3emsita ERS (European Remote Sensing satellite) Bkniousa anapatypa 3a
MUKPOBBLITHOBO HabntogeHne AMI (Active Microwave Instrument), kosiTo ce MOHTMpa M Ha ABaTa
KocMuyecku anapata ERS-1,2 n ocurypsiBa pasnumyHm pexmmm Ha pabota. ManbyBaHaTta MOLLHOCT €
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1270 BaTa, WMpMHaTa Ha crnekTbpa Ha uanbyBaHuTe curdanu — 15,5 + 0,06 MHz, nonapusauusTta Ha
U3NbYBaHNTE W MpUEMaAHW BbIHW € BepTuKarnHa JMHerHa, a TOYHOCTTa Ha onpegensHe Ha
BMCOYMHATa Ha HazeMHUTe obekTn e 10 meTpa.

dur. 1. Kocmuyeckn anapatu 3a [1H3 ERS-1 n ENVISAT-1

Kocmunueckna anapatr 3a [AH3 ENVISAT-1 mma B CBOS CbCTaB YCbBbpLUEHCTBaHa
paguonokaunoHHa cuctema ASAR (Advanced Synthetic Aperture Radar), koaTo € yCcbBbpLUEHCTBAH
BapuaHT Ha PJIC cbc cuHTe3npaHa aneptypa, usnonseaH B cepumte KA ERS-1,2. Cuctemata ASAR
pabotn Ha yectoTuTe Ha C-gmanasoHa (7,62 — 4,84 cm) 1 ocurypsBa HabnogeHve Ha OO cefem
n3bupaemu nonocu no Tpaceto Ha KA ¢ obwa wupuHa 100 km. n paspelwieHne 30 M. unu Ha egHa
nosioca ¢ wupuHa 400 kM. ¢ paspelieHne 1 kM.

AnoHckua KA 3a pasy3HaBaHe Ha npupogHu pecypcu JERS (Japan Earth Resources

Satellite, AnoHcko HasBaHue Fuyo-1) npeacraBnsiBa PCA c peanHu pa3mepu Ha aHTeHaTa 11,9
x 2,5 M. lNpegHasHayeH e 3a LEenoroguLIHN CHUMKU Ha 3eMHaTa NOBBPXHOCT U BperoBaTta 30Ha Ha
MOPETO U Mosly4yaBaHe Ha paaMoNioKaLMOHHM N300paXkeHns C BUCOKa pa3peLuaBalla cnocobHOCT.

fAnoHckus KA 3a pasy3HaBaHe Ha npupogHu pecypcu ALOS (Advanced Land
Observation Satellite) nma Ha 6opaa cu paguonokaumoHHa cuctema VSAR, ocurypsisalla npeaenHo
NPOCTPAHCTBEHO pa3peLleHne 5 M. Mo TpaceTo Ha OBWXEHWE Npu LWMpMHA Ha norocata Ha o63op 70
KM.

KaHapckata cuctema 3a pasysHaBaHe Ha npupogHute pecypcu Ha 3emata RADARSAT
(Radar Satellite) e ¢ pasmepu Ha aHTeHaTa Ha PJIC 15,0 x 1,5 M. MHorodyHkumoHanHua PCA e
npegHasHadeH 3a LEeNorogvHM CHUMKM Ha NMOBbPXHOCTTA Ha nnaHeTaTa, HabnogeHne ABUXKEHMETO
Ha Kopabute n NpeMecTBaHETO Ha NeAOBETE, kapTorpacdmpaHe Ha 3emMHaTa NnoBbpPxXHOCT. PaboTHaTta
yectota Ha KA RADARSAT e 5,263 GHz, npoctpaHcTBeHOTO pa3spelwleHne 9 — 100 M. B 3aBUCMMOCT
OT peXxunma Ha pa60Ta, J'II/IHeI7IHO—XOpI/I3OHTaJ'IHa nonapusauna Ha nsnbvyYBaHUTE U NpUeMaHn curHanu,
cpegHa manbyBaHa mowHocT — 300 W, umnyncHa mowHocT — 5 KW, NpoabmKUTENHOCT Ha uMmnynca —
42,0 MKc, YecToTa Ha NMoBTOpeHne Ha umnyncute — 1270-1390 GHz. PJIC moxe ga nsmeHsa nonocaTta
Ha 0630p CNpsAMO TPACeTO Ha KOCMUYECKMS anapar.

dur. 2. AnoHckn kocmmnyeckn anapatu 3a H3 JERS n ALOS
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PaguonokaunoHHaTta cuctema cbC CUHTe3upaHa aneptypa Ha KA Anma3-1A ot PyckaTta
nporpama ,AJIMA3” BknouBa [ABE BbBJIHOBOAHM aHTEHHW pelietkn ¢ pasmepn 15 x 1,5 m,
dopmupalLuM ABa OTAENHU NbYa U MMa CNegHUTEe XapakTepucTuku: paboTHa yectota — 3 GHz.,
NPOCTPaHCTBEHO paspelleHne — 15 M., nongpmsauua Ha CUrHanuTe — JMHEWHO-XOPU3OHTarnHa,
uanbvyBaHa mMowHocT — 190 W, npogbmkutenHocT Ha umnyncute — 0,07 u 0,1 Mcek. 1 yectota Ha
noBTOpeHne Ha umnyncute — 3 KHz.

Kato npogbmkeHne Ha nporpamarta ,AJIMA3” e cb3gageH KA Anmas — 1B, 6oppoBus
paavonoKauMoHEH KOMMIEKC Ha KOMTO Ce CbCTOM OT TPWU MOACMCTEMM, OCUTYpsiBaLLM HabnogeHne Ha
pasnuyHM YECTOTU U Pa3NNYHN PEXUMMU:

- PCA-3 — paboTHa gbmkvMHa Ha BbnHata 3,5 cM., paspeLleHne Ha MEeCTHOCTTa 5-7 M., LUMPUHA Ha
nonocata Ha 063op 20-35 km.;

- PCA-10 - paboTHa ObJmkMHA Ha BbNHaTa 9,6 CM., paspellueHe Ha MecTHOCTTa 5-7 M., LUMpuHa Ha
nonocaTa Ha 063op 30-55 kM. (geTanneH pexum), paspelleHMe Ha MecTHocTTa 15 M., wupuHa Ha
nonocaTta Ha 0630p 60- 70 kM. (MEXONHEH PEXMM), pa3peLleHne Ha mecTHocTTa 15-40 M., WnpuHa Ha
nonocata Ha 063op 120- 170 km.(0630peH pexum);

- PCA-70 - paboTHa abimknHa Ha BbnHata 70 cMm., paspelleHne Ha mectHocTTa 20-40 M., WMpUHa
Ha nosnocarta Ha 063op 120-170 km.;

dur. 3 Kocmunyeckn anapatu 3a [1H3 RADARSAT, Anmas-1A n COSMO

Kocmunuecknute anapatm 3a AJH3 COSMO ( Utanus, Vcnanus, Mepumsa ) CA obopyneaHu ¢
PKA, pa6otely Ha yectoTa 9,65 GHz, k0ATO ocurypsiBa NpoCTpaHCTBEHO paspelleHne 3 M. npu
LUMpUMHa Ha nonocata Ha 063opa 40 kM. 1 6-12 m. npu nonoca 120 km.

OpbuTtanHaTa rpynupoBka ¢ ABOMHO HasHavyeHne COSMO-SkyMed (UTanus) uma B cbCTaBa
CW YyeTupm KocMu4eckn anaparta. Te ca obopyasaHu ¢ pagap SAR-2000 cbc cuHTe3upaHa anepTypa ¢
pasmepu Ha aHTeHaTa 5,7 x 1,4 m. Pagnonokatopa pabotu B X-gnanasoH ( paboTtHa ObIbKMHA Ha
BbnHata — 4,64 — 2,75 cm. n 3,1 cm. ). B pasnunuHute pexumm Ha pabota TOM ocurypsisa
npocTpaHcTBeHo paspelwleHne 1 M., 3-15 m., 30 M. n 100 M. Nnpu CbOTBETHA WMPMHA Ha nNonocaTa Ha
o63opa 10 x 10 km., 40 km.,100km. n 200 Km.

®peHckusa KA 3a IH3 Osiris e paspaboTeH no 3asBka Ha MuHncTepcTBOTO Ha oTbpaHaTa Ha
®paHuua n usnbnHeH ot dmpmn ,Matra Markoni” n , Space Alkatel Espase”. Kocmudeckus anapat
uma PCA oT caHTMMETpoBUS AuanasoH, KOWTO OCUrypsiBa paspeluaBsalla crnocobHocT 3 — 5 M. npu
LWMpUHa Ha nornocata Ha o63opa 30 — 50 km.

TexHU4YecKUTe XapakTePUCTUKN U Bb3MOXHOCTU Ha OCTaHanute Kocmudecku anapatu 3a [H3
C pagapu cbC cuMHTe3aupaHa anepTtypa — Lacrosse, TerraSAR-X, SAR-Lupe, Ofeq — ca nogpo6Ho
pasrnexgaHv B npeguwHn nyénukaumm ( 3,4 5), n No Tasm npuymHa TyK HAMa da ce cnupame Ha TsX.

U3Boaun

OT u3BbPLUEHUSA aHanuTMYeH 0030p Ha CbllUEeCTBYBALUUTE pPaaMONIOKALMOHHM CTaHUMKU C
KocMUu4yecko GasvpaHe 3a OUCTaHUMOHHO HabniogeHue Ha 3emaTa mMoraTt ga ce HanpassaT cregHuTe
N3BOOM:
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- BCe MoBeYye ObpXaBu, OCBEH TPAAMLMOHHO KOCMMUYECKUTE, MPOSBABAT OrPOMEH WMHTEPeC KbM
paspaboTkaTta 1 ekcnrioataumsiTa Ha KOCMUYECKU pajapy CbC CMHTEe3MpaHa anapaTypa, He3aBMCHUMO
OT CMOXHOCTTa U BUCOKAaTa CTOMHOCT Ha M3aenvsiTa;

- pagunoriokaunoHHaTta MH(bOpMaLIMﬂ € He3aMeHuMma Mnpu eKCTpemMHU Cutyauunmn, pellaBaHEeTO Ha
3agayn B nonAapHute pa|7|0H|/|, B KapTOFpaCbMFlTa, 1ecoBbACTBOTO, TbpCEHeTO Ha HerT n npum
HaBurauundaTa n ynpasrneHne Ha OBUXEeHUETO,

- HanpasneHusTa 3a Mo HaTaTbLIHOTO pa3BuTMe Ha KA 3a AuCTaHUMOHHO HabnoaeHne Ha 3emsaTa ¢
PCA B ronsma cteneH ce onpeaensit oT U3UCKBaHWATaA Ha noTpebutenute Ha uHgoOpmauusi, HO
CbLLECTBYBAT TEOPETMYHM U TEXHUYECKM OrFpaHWYeHust KaTo eHepreTuyHus pecypc Ha PIIC,
CNOXHOCTTA Ha anroputMmte 3a o6paboTka Ha uHGopMauuaTa, Obp3oAenCcTBMETO Ha
N34nCNIUTENHUTE MaLUUHK M NponycKaTenHaTa cnocobHOCT Ha NMHUUTE 3a NpefaBaHe Ha AaHHW;

- TeopeTuyHust npefen Ha Bb3MOXHOCTUTE Ha pagapuTe CbC CUHTE3WpaHa anepTypa ole He e
JOCTUrHaT, 3aTtoBa e Heobxoaumo Aa npogbivkaBaT HayvyHUTE M3crefBaHUs B TbPCEHETO Ha HOBM
MeToau, cnocobu 1 cpeacTBa 3a rnoBuLIaBaHe Ha TsxHaTa ePeKTUBHOCT.
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Abstract: The incontestable advantages of space radar systems for remote monitoring of Earth are
pointed out in the article. The condition of modern space radar in orbit is described. Projects and their realization
for Ultra-wideband (UWB) Synthetic-aperture Space Radar (SASR) are emphasized. The projects
slerraSAR and Apkor-2" (“Arkon-2") are examined. Main missions resolved by Ultra-wideband space radars are
defined.

MHOIroagnANnA3OHHU KOCMUYECKU PAOAPU — NEPCNEKTUBA 3A
BBAEWETO
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Knroyoeu Oymu: KoCMUYecKO  pa3y3HaeaHe, palduosiokamopu CbC CuHmesupaHa arnepmypa,
MHO200uanasoHHU padapu;

Pe3rome: B cmamusma ca rocodYeHu Heocriopumume rnpedumMcmea Ha  KocMu4yeckKume
paduonokayuoHHU cucmemu 3a OucmaHUUOHHO HabnwleHue Ha 3emsma. OnucaHoO € CbCMmOSHUemo Ha
CbBPEMEHHUME KoCcMu4Yecku paduoriokamopu 8 opbuma.. OCHOBHO 8HUMaHUe € omdesieHo Ha Mpoekmume u
peanusayusima Ha MHo200uana3oHHU KOCMUYecKU padapu.CbC cuHmesupaHa arnepmypa. PasznedaHu ca
npoekmume , TerraSAR” u “ApkoH-2". [JecbuHupaHu ca ocHogHUMe 3adayu, pewasaHu om MHozolouarna3oHHUmMe
Kocmudecku padapu.

I. Introduction

According to expert opinion about the twenty first century, a tendency exists for satellite radar
monitoring systems and they are to be used not only for control over missions in emergency situations
by modern military and civil agencies, but also as a powerful tool aiming to boost the economy and
modern technology. With this in mind the volume of the gathered radiolocation images and their
trading by the world market will increase rapidly compared to the rate of gathering and trading of optic
images. Possible areas of practical application of the images gathered by space radar include areas of
interest for power agencies, oil and gas companies and also organizations dealing with geological
investigation, hydro-meteorological and ecological monitoring, cartography, evaluation for agricultural
yields, etc.

Space radar monitoring systems have many indisputable advantages:

- independent of meteorological conditions or time of the day;

- combination of a wide lane of large distances and high resolution;

- multiple regimes and flexibility for control of the work of Synthetic-aperture Radars (SARs), allowing
fast corrections of the location and size of the area monitored, resolution and forms for presenting of
the information;

- high operation capabilities for receiving data from drilling, close to the actual time scale.
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Radar data are invaluable in extreme situations, problem solving in polar regions, cartography,
forestry, finding oil and others.

Development and exploitation of space radars is a complicated and expensive activity. Due to
the fact at this stage only countries with highly developed economics and financial abilities own
satellites with SAR with large resolution. Operators from twelve countries with active space activities
(USA, European Space Agency, Japan, Germany, Canada, Italy, Israel, China and South Korea) have
or plan to launch into orbit space apparatuses with SAR. Prospective satellites are with both civilian
and military purposes and some of them are developed as projects with a double purpose.

Current condition of radars in space

Table 1. Main prospective systems with SAR

Country Civil and Military SA with SAR
/deployment year

USA Radarsat  2/2005, FIA/2008, Lacrosse/2006,
SBR/2012

Canada Radarsat 2/2005, Radarsat 3/2009

Japan ALOS/2005, IGS-R1/2006, IGS-R2/2008, ALOS-
2/2013

Germany Infotera-X/2006, Infotera-X2/2007, SARLupe

4,5/2008, TeraSAR/2012

United Kingdom

Infotera-L/2008, TerraSAR-L/2011

Italy COSMO/2006, Skymed 3/2008

India RISAD-1/2006, RISAD-2/2009

China GSMS/2007, Tsyanbin-5/2008, Yaogan-6/2009
Israel TesSAR/2008,0feq-8/2012, Ofeq-10/2014
Russia Almaz-1/1991,Arkon-2/2010, Condor/2013
Ukraine Sich-1M/2004

SouthKorea KompSAT-5/2013

EuropeanSpaceAg | Envisat-1/2006, ERS-2/2097, CryoSAT-2/2010
ensy

In this report specific space programs of different countries are not examined in details,
despite each of these programs being able to illustrate opportunities and intentions. We will only
emphasize some incredible achievements, which are defining for the modern condition and patterns in
purpose and development of space radars.

Historically it is necessary to mention the USA's reconnaissance system and it's three
"Lacrosse" satellites. These satellites allow for radiolocation reconnaissance enabling monitoring of
various objects during daytime, nighttime and cloudy weather. The radar images are transferred for
development via Tracking and Data Relay Satellite (TDRS), flying in geostationary orbit, in a close to
real timescale, with resolution of the image in the range of 0,6 - 3m and competing with that of optic
apparatuses. In the operation "Union power" the two Artificial Satellites of

Earth (ASE) "Lacrosse" from an orbital formation have been flying over the territory of
Yugoslavia for 4-7 times in a twenty four hour period, with at least two of them over Kosovo. The
"Lacrosse" satellites supplied the necessary operational information to military command in the
followed battle actions in Iraq and Afghanistan.

“Aaxpoc ™

Fig. 1. General appearance of the “Lacrosse” satellite
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The first radar fleet in space - 5 "SAR-Lupe" satellites simultaneously in orbit - is achieved by
Germany. The creation of a radar fleet "SAR-Lupe" is argumented with the aim of the German
government to find and monitor crisis situations in their beginning stages and also to avoid one sided
dependency in reconnaissance areas. The five satellites that are simultaneously in orbit move in
unison with one another in the shape of a large letter "X". Each satellite is a radar with synthesised
wideband in the X - range. From a military and political perspective the system puts Germany on the
same level with the leading space countries in the matter of satellite reconnaissance. The "SAR-Lupe"
system is to be used not only by German military and civil departments. It is to become part of the
European system for global monitoring of Earth.

Fig. 2. SAR-Lupe satellite on the launch-pad and on the Space

The space systems for radar reconnaissance are essential for Russia more than any other
country. A large portion of its territory is in the northern longitude and covered by clouds in the larger
time of the year (according to some up to 80%) or unlit by the Sun during the polar winter lasting for
weeks. Due to this the development of space apparatuses for radiolocation monitoring begins as early
as the year 1959, but truly important from a practical perspective is the development and exploitation
of space apparatuses "Anmas-1“ (Almaz-1). On 06.27.2013 Russian space departments launched in
orbit another space radar — ,KoHgop“ (Kondor). It works in the S-frequency range and its unique
advantage is that it combines a high resolution with better classification for vegetation and deeper
subterranean radio wave reach. The "Kondor" radar allows for making of terrain maps of the areas and
finding changes in the surroundings.

The most recently launched satellite in orbit is the Israelite radar named "Ofek-10" on
04.09.2014. Made for the "Etgar" project and aimed for radar images on the surface with a high
resolution and identification of a wide range of objects including moving ones.

It is interesting to note that closely related from technical perspective radars execute different
informative tasks. For Canada - it is monitoring of arctic glaciers, for China - monitoring of the sea
aquatory, for ltaly - cartography, for Israel - observing Iran's territory, etc. The European satellite
"ERS" is with a relatively low resolution (20 - 30m), but the information received by it is actively used
by NATO countries for finding ships and keeping track of events in the seas.

FiG. 3. ,Kondor” and “Etgar” radars

Lastly - something curious - radars will save us from space garbage. From conservative
estimates around half a million space debris from satellites, rockets and other scrap currently orbit
Earth, gathering up ever since 1957. The speed they move around with is 27 000 kilometers per hour.
By clashing with one on other they become smaller, thus they threaten both piloted and unpiloted
flights. The company "Lockheed Martin" won an auction of the United States Air Force for the making
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of an aerospace system for monitoring called "Space fence”. The new system of radars on Earth,
situated on the Marshal islands will track and catalogue space debris.

[ll. Current Ultra-wideband space radars - projects and realisation in space

It is well known that the quality and the information of the radar images strongly depend by
the radar wavelength. Photographing in the centimeter "X"- range (wavelength - 3cm) allows for radar
images with resolution close to that of images from fiber systems. Radars of "S"-range (wavelength -
9.5 cm) allow for the ability to make a terrain map of the area and to detect changes in the surrounding
environment. Systems of the decimeter "L"-range (wavelength - 23cm) allows for seeing trough the
leaves of trees. Lastly the R-range (wavelength - 70cm) SAR allows drilling under a layer of dry soil.
Naturally the question arises - can we not receive a complex image that contains simultaneously the
capabilities of radars with different wavelength ranges. Thus we get to the idea and later to the
realization of Ultra-wideband space radars. The complex processing of radar data from different
wideband channels of this type of space radars provides new informative qualities while increasing the
efficiency of deciphering and analyzing the received images, widens the range of problems solved
including finding objects in forests and buried objects.

The high information quality of the images of Ultra-wideband synthetic-aperture radars was
demonstrated by the American complex "SIR-C". Despite the short duration of the three flights, carried
out by the board complex of the space shuttle “Chattel” during the 90s, the received digital information
was processed for many months afterwards. The “SIR-C” complex has formidable size — a total weight
of 11-13 tons, with an antenna system that weighs 3.3 tons and 12 meters long.

Multiple leading space countriesintend to develop two or three wideband SARs. Such are the
projects of the space reconnaissance “Lacrosse/Onyx” by the USA, “IGS-R” by Japan, “Jogan(Czian
Bin-5)" of China, the German-British project “TerraSAR” and “Arkon-2” of Russia.

The German-British project “TerraSAR” is planned from the year 2000 as a two—wideband - in
“X” and “L” range. The space apparatus is designed especially for trading and scientific purposes.
Previous space radars for monitoring are not completely satisfying for the demands of the commercial
users, which needed detailed and adaptive information. The data needs to be always available and
independent of night and day or season conditions.

Most likely because of the high value and complexity of technical realization the project
“TerraSAR” was divided into two separate satellites — “TerraSAR — X" and “TerraSAR — L” for a
tandem flight and in latest years the two project are looked upon as separate.

The shape of the satellite will be a hexagonal parallelepiped with length 5.2m and diameter
2.2 m. The useful cargo of the satellite is radar in the “X"-range with phased wideband. The size of the
antenna of the radar is length 4.8 m and width — 0.8 m. The space apparatus is about 1230 kg. The
planned term of active existence of the satellite in orbit is at least 5 years. It is planned for it to be
launched into space with the Russian carrier rocket “OHenbp“(Dnepar).

"TerraSAR — X" will work in three modes:

- pictures with high resolution: the size of the shooting frame is 5-10 km for every 10 km, with the
resolution of the are reaching 1 m;

- pictures of the lane: the space aperture takes lane photos with width 30km and length 1500kn with
resolution area up to 3m;

- scanning: picture of a corridor with width 100 km and length 1500 km with resolution are — 16m.

The satellite will be launched in polar orbit with height 500 km which will allow receiving
images of any area of Earth’'s surface with a minimum of one every three days. The captured
information will be stored on board the space apparatus and later transmitted to the ground complex in
German Aerospace Center - DLR, situated in the city of Neustrelitz. In addition to all of this the
apparatus will be able to transmit information immediately to user receiving stations.

Developers also plan a variant to use in a tandem simultaneously two space apparatuses
TerraSAR-X (a project by TanDEM — X). According to their information the two satellites can form an
interferometer capable of providing a stereoscopic image of Earth’s surface with a resolution less than
two meters.

The project “Arkon-2" by the Non-government organization “S. A. Lavochkin” (Russia) claims
that a large-size space apparatus with a three wideband radars made for highly-informative images of
objects with high and middle resolution for a wide range of consumers can be created — Federal
Space Agency, Ministry of Natural Resources and Environment, Federal Agency of Geodesy and
Cartography, Ministry of Affairs for Civil Defense, Emergencies and Elimination of Consequences of
Natural Disasters, Ministry of Internal Affairs, Hydro meteorological Centre, Federal Agency for Marine
and River Transport and other government and trade organizations . Usage of the satellite for
ensuring national safety for Russia is also assumed.
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Fig. 4. “TanDEM — X" satellites on the Space

The choice of “X"- “L"- and “R”- ranged space apparatus “Arkon-2” allows solving of multi-
planned tasks. The usage of R-range will be the first ever known case of montage of analogical
aperture in a space platform.

The satellite “Arkon-2" will provide a detailed image of the region with sizes 10 x 10 km with a
resolution up to 1m, astronomical images in lane with length 450 km with resolution up to 50m and
route images with lane length 400 — 4000 km.

For transmission of large data volumes the satellite is planned to be supplied with highly
informative lines for information transmission immediately to ground consumer stations of information
and trough a satellite — repeater with speed of 15 up to 600 Mbit/sec. For an increase in the operation
of processing and reduction of data volumes, transmitted to small-scale mobile receiving complexes,
implemented perspective technologies for on board synthesis of images is being planned.

Fig. 5. Satellite “Arkon-2”

Main problems, solved by Multi-wideband space radars include:

- Operative control of crisis situations — dynamics of river spills and dam spills, floods, avalanches,
forest fires, consequences from natural, technological disasters and so on.

- Planning of construction and situation of road and highways;

- Land division and control of construction of underground areas;

- Control of glacier movement and operative security of safety for sea navigation;
- Agriculture and Forestry;

- Geology and searching for minerals;

- Control over highway piping condition;

- Monitoring of coastal areas and finding oil spills;

- Hydrology and Oceanology;

- Cartography, topography and others.
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IV. Conclusion

Analysis of modern conditions and prospective for development of space radars allows us to
reach the following conclusions:

- Development and realisation of ultra-wideband space radars is a relatively new and promising field of
Earth monitoring from space.

- Complex development of radiolocation information of this type of radars allows new information
qualities and significantly increases the effectiveness of deciphering and analyzing the received
images;

- Space radars of this sort will supply detailed panoramic and route highly informative pictures of
objects, including masked in forests or buried under the surface, with wide and middle range for a
wide customer usage;

- Realisation of projects for ultra-wideband space radars demands for experience, application of most
modern technology and a huge amount of funds and because of this, only the most powerful space
countries can afford it.
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Knroyoeu OJymu: obpasosaHue o eeozpacpusi, OUCMAHUUOHHU U3CcnedsaHusi, aepOKOCMUYECKU
u3obpaxeHusi

Pe3rome: B cbepemeHHUsI emarn Ha passumue Ha 2eozpaghckama Hayka 6ce o 20/5IMO 3Ha4YeHue
npudobusam eeoepaghckume UHEOPMaUUOHHU cucmemMu u QUCMaHUUOHHUME aepoKOCMUYEeCKU u3cned8aHusi Ha
3emsma. Tesu 6bP30 Hamepuxa C80e€mMO MsSICMO 8 fpoepamume Ha sucwume y4ebHuU 3asedeHusi. Bce ouje 8
y4unuwHomo obpa3soeaHue no eeoepaghusi U UKOHOMUKa me3u obnacmu Ha nosHaHuemo u mexHume memodu
Hasnuzam mpydHo. B cbwjomo epeme me ca MOWEH UHCMPYMEeHmM He caMo 3a u3y4yasaHe Ha 3emsma u
nMpeno0asaHemo Ha Me3u 3HaHUS, HO U 3a paseusaHe Ha KIo4oeu KOMMemeHUuuU U yMeHus y yvyeHuuyume. B
mo3su doknad uje pasanedame 8b3MOXHOCMUME, KOUmo rnpedocmassm aepoKoCMUYecKume U306paxeHusl 3a
usy4yasaHe Ha 2eozpaghcku 0bekmu U sieneHusi 8 0by4eHUEmMo o 2eoepaghusi U UKOHOMUKa 8b8 8b3pacmosama
epyna 11-15 200uHu.

USING AEROSPACE IMAGES IN GEOGRAPHY LESSONS FOR VISUAL
INTERPRATION OF THE STUDIED OBJECTS
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Abstract: At the contemporary stage of development of geographic science geographical information
systems and remote sensing become more and more important. They quickly entered the curriculum of the
universities. Yet inplementing them in school education of geography is difficult. At the same time they are not
only powerfull instrument for studying Earth and teaching about it, but they also develope key competences and
skills of the students. This report is about the opportunities that aerospace images offer for studying
geographical objects and phenomenons in geography education for pupils 11-15 years old.

BbBeneHue

CobrnacHo AbpxaBHWTE oOpasoBaTenHuM uauckeaHus (OOW), B y4ebHMTE nporpamy no
reorpadus U UKOHOMMKA OT YYEHUKbT 3aBbpluBall, ycnewHo 5 knac ce ovakBa Aa e chopmupan
YMEHUs 3a ,B3UMaHe Ha pelleHns — aa n3bupa ustouyHuuu Ha nHdopmMaums, 4eNHOCTU U HaYuHK 3a
npeacrassiHe Ha MHopmaums”. B kpas Ha To3m obpasoBaTeneH eTan, B 8 knac 4acTt OT U3UCKBaHUATA
noctaHossiBaT ,da MNpoAb/kKM POPMUPAHETO Ha LEHHOCTU HacO4YeHM KbM pasbupaHe Ha
NOCTMXKEHUATa 1 NpobrnemmuTe, KbM CbNPUYACTHOCT U rpaxkgaHcka No3uumsl, KbM Cb3WMAATENCTBO U
npocnepuTeT, KbM KynTypa Ha OkonHaTa cpefa”’. B To3n OOKYMEHT, B yacTTa KbAeTo ce nocoysart
MeToauTe 3a NOCTUraHEeTO Ha Te3u Lenu Ha oby4eHneTo Mo reorpadmst n3o0LWO He ce croMeHaear
reorpadckute nHgopmaumoHHn cuctemmn (FMC) M gUCTaHUMOHHNTE aepOKOCMUYECKM U3CTefBaHuS.
Te ce cnomeHaBaT 3a NMbpBM MbT B creaBawusa obpasoBaTernieH eTan. B nocnegHus npuer oT
HapogHoto cbbpaHne Ha Penybnuka bvnrapua (OB, ©p.79, 13.10.2015 r.), 3akoH 3a
nNpeayYnnuLLIHOTO U y4unuiHo obpasoBaHue, egHa oT uenute B un. 5, (1): 11. ,npugobuBaHe Ha
KOMMETEHTHOCTM 3a pa3bupaHe Ha rnobanHu npouecu, TEHAEHLMM U TEXHUTE B3aMMOBPb3KN.

Cuntame 4Ye eguH OT MbTUWATa 3a MNOCTUraHe Ha TasuM Len e u4pe3 npunaraHe Ha
OOCTWXKEHMsITA Ha reorpadpckarta Hayka, KakTo U Apyrute Hayku 3a 3emsTa. Ha cbBpemMeHHus etan oT

245



pa3BuUTMETO Ha reorpadckata Hayka cpef M3TOYHUUMTE Ha reorpadcka nHdopMaLlms BaXKHO MSCTO
3aemMaT aepoKOCMUYECKUTE M300paxeHnss M ocTaHanuTe AUCTaHLUMOHHM Uu3cnedBaHus Ha 3emsTa
(OWNB). Te ca HagexaeH M OOCTbMEH U3TOYHUK Ha MHOPMaUUs 3a CbCTOSIHMETO Ha npupogara u
YOBELLKOTO OOLEeCTBOTO, KaKTO M 3a QUHaMuKata Ha npouecuTe, KOUTO MpoTuyaTt B TE€3U CUCTEMM.
M3nonsBaHeTo Ha aepokocMUYeCcKUTE M30OpaKkeHusi, OT CBOS CTpaHa U3WCKBAaT yMeHus 3a paboTa c
NMNC, kouto ca B cdepata Ha MWHdopmauunoHHuTe TexHomnorum (UT). Cnopen HaumoHanHata
nporpama MWHMOPMALUMOHHU U KOMYHUKALMOHHW TEeXHOMOorMM B yyunuuwie Ha MuHMCTEepcTBO Ha
obpasoBaHueTo 1 HaykaTa ,HaBnusaHeto Ha UKT B yuynnuiie ontumuampa npoueca Ha obyyeHne u
noeuLlaBa HeroBaTa edektuBHOCT.” Llenta Ha nporpamarta e go 2015 rognHa cbOTHOLWLEHUe y4ebHu
KOMMIOTPU KbM y4deHuum ga pgocturHe 1:10, npyu 1:15 npe3 2015 r. TexHn4eckoTo ocurypsiBaHe e
3a0bIDKMTENHO ycnosue 3a uHterpupaHeto Ha M'MC un N3 B 4yacoseTe no reorpacdus. To BknoyBa
KaToO MMHMManHO U3UCKBaHe afjleKBaTHU KOMMIOTbPHU KOHUrypaLmm, MynTuMeaunHn NpoXKeKLUNOHHM
cpencTtea, CboTBETEH COPTOyep, KaKTO U JOCTbN A0 UHTEpHeT. 3a no-3agbnboyeHo MM BKIOYBaHe
ca HeoOXOOMMM CbLO HaBUrauMoHHM cpeacTBa, 06e3nunoTHM netaTenHu anapatn, MOOWITHM
yCTpOWCTBa U Ap.

Mo oTHoWeHMEe Ha OOHSAKbAE HesicHaTa hOPMyNMpPOBKa ,KyNnTypa Ha okomnHata cpega” N3 n
MC npepoctaBAT peguvua Bb3MOXHOCTM Ha npenofaBaTtenute no reorpadpus nm MKOHOMUKa fOa
OEMOHCTpUpPAT 3HA4YeHNeTOo, U MawabnTe Ha eKoNorM4yHUTE NpeausBuKaTencTBa, M KoHUenuusaTa 3a
ycTonumBo passutune. B JliouepHckata geknapauus 3a reorpadckoto obpasoBaHuMe 3a YCTOMYMBO
pasBuTME Ce MOCOYBa Ye "... yCTOMYMBOTO pa3BuTMe Tpsabea ga O6bae nHTerpupaHo B NnpenofaBaHeTo
Ha reorpadua Ha BCUYKM paBHULLE U BbB BCUYKM pernoHu Ha ceeta. ". B cbluMa OOKYMEHT e
nogyeptaHa BaxHocTTa Ha VIKT 3a o6yyeHneTo no yCTon4nBo passutue B reorpacdmsaTa.

Bpb3kute Ha AIU3 u TNC ¢ KOrHUTMBHUTE CNOCOBHOCTU Ha yYeHuLuTe

MoTpebuTteni Ha obGpasoBaTenHuTe ycnyru ca OOLEeCTBOTO, MKOHOMWUYECKUTE CyBekTn u
oTaenHusa nigmeua. ®aktopu, KOMTO OKasBaT BNUsiHUE Ha edheKTUBHOCTTa Ha y4ebHuMs ca npouec ca
KOTHUTMBHWUTE CMOCOOHOCTMHA 06y4aemnTe, YyMeHusiTa 3a OopaBeHe C pasnuM4yHM BUAOBE
WHdopMaLMs, MOTMBaUMATA, €MOLMOHANHOTO UM CbCTOSIHME, U CbOTBETHUTE XapaKTEPUCTUKM Ha
npenogaeaTtensi, Kakto M M3bpaHus MeTogudecku nogxod. OcBeH ToBa, OOy4YeHMETO BUHarM ce
OCblLecTBsiBa B ONpPefeneH KOHTEKCT, UMaiku B NpeaBua opraHnsauusata Ha y4ebHo-Bb3nuTaTesnHus
npouec, MatepuarnHo TeXHWYecKaTa OCUTYPEHOCT, KakTO U COLUAnHO-MKOHOMUYECKUS W, 30paBHUS
cTaTyC Ha yYyeHuuuTe, NPUHAANEeXHOCT KbM €THUYECKN ManuuHCTBa 1 ap.

dyHgameHTanHo 3HavyeHue 3a u3aMepBaHeTO Ha e(PeKTUBHOCTTA Ha y4ebHmsa npouec umat
uscnegBanusita Ha bengxamuH bnym n cb3gageHaTta OT HEro TakCoHOMMS Ha obpasoBaTenHuTe
uenu. TakcoHomusiTa e pa3paboTteHa fa obyyaBa npenogaBaTenuTe Kak ga knacvduumpaTt gageHa
y4ebHa 3agava nnu uen. MamckBaHusita KbM y4ebHMTE LIenun ca ga cbabpxar:

e YcnoBue , B KOETO CE peanuampa onpeaeneHo NoBeAeHNe — NOy4nn MHCTPYKLMK, YKasaHus,

YYEHVKBT [a U3BbPLUM ONpeaeneHa 4enHoCT

e [loBeaeHuecku rmaron - AeNCTBUE, C KOETO Ce 0O3HavYaBa HabnoaaBaHo noBeAeHue Ha

YYEHMKa NN cb3gaBaHe Ha Habnogaem NpoaykT (naeHTudmumpa, knacudpuumpa, obobLuaea,

onncBea, paskassa, Cb3gaBa NPOAYKT U T.H.)

o Kputepwuii — TBbpaeHMe, KOETO ONMUCBa KOMKO Aobpe TpsibBa Aa 6bAe M3BbPLLEHO HELLo, 3a

[a yooBneTBoOpsiBa HAMepeHnsTa onucaHu Ypes NnoBedeHYeckmsl rnaron (kputepunrte, no

KOUTO Le ce oT4eTe ycnex/Heycnex)

CamuTe uUenu ca CTeneHyBaHW B LUECT KOTHUTMBHWU HMBA. Hanpumep 3anoMHSIHETO Ha Hay4HU
hakTN, KONMKOTO M BaXHM fa ca Te, € Ha MO-HUCKO CTbMNano OT YMEHMETO Aa aHanuavpail unm
oueHsiBaw.Te3n HMBa MoraT ga ce pasrfnexgar kaTo pasnvyHa CTeneH Ha TPYAHOCT - 3a A4a ce yCBOou
JafdeHo paBHuLe, TpsibBa Aa e oBnagsHoO NpeauwHoTo. B cbkpaTeH BapyaHT TakcHomMudATa Ha bnym
knacudpuumpa obpasoBaTenHnTe Lenn Ha CrnegHUTe KOrHUTUBHU HUBA:

e 3HaHMA - 3anameTsiBaHe Ha 3HaHuA u akTu. M3passBa ce BbLB Bb3NpOU3BEXOaHe Ha

3anameTeHa nHgopmaLms.

e PasbupaHe - cnocobHocTTa Oa ce cxBaHe CMMCbNa Ha u3yyaBaHaTa maTtepusi. Manonsea ce

MHdopmaLms OT Beve usy4yaBaHu obnactu.

e [lpunoxeHne - cnocobHOCT da Ce M3Non3Ba Hay4yeHOTO B HOBM W KOHKPETHU CUTyauuw.

CBbp3Ba ce C npunaraHeTo Ha NPUHLUMNK, NpaBuna, KOHUEeNUMn, MeToamn , TEOPUN.

e AHanms - cnocobHoCTTa 3a pasgensHeTo Ha JaJeHa mMaTepus Ha CbCTaBHUTE U YacTu, 3a Aa

ce pa3bepe v uscneasa CTpykTypaTa u.

e CuHTe3 - obeanHaBaHe Ha HOBUTE YacTu, 3a Aa ce Nosy4n HOBO Usno. N3nckea ce TBOPYECKO

noBefeHVe C akLEeHT BbpXy pa3paboTkata Ha HOBM MOLENN N CTPYKTYPW.
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e OueHka - crocoOHOCTTa Ja ce oKayecTBsABa CTOMHOCTTA/UEHHOCTTa Ha JageHa mMaTtepus C
faneHo npegHasHadeHne. OueHknTe ce 0asvpaT Ha TOYHO OMpedernieHun Kputepum u
Cb3HaTEemNHo OLEeHsIBaHe Ha CTOMHOCTM.

TakcoHomusATa Ha Bnym ce m3nonaea 3a knacudmkaums Ha LenuTe B npoueca Ha obyyeHne. B

Tabn. 1 ca npeacraBeHU Hskou yy4ebHU Uenu no reorpadusi, CBbpP3aHW C U3MNOM3BaHETO Ha
aepOKOCMMYECKM N30DpakeHnsa u reorpadckm MHPOPMaLMOHHN CUCTEMN.

Tabn. 1. O6pasoBatenHu uenu, nanonasawm AN3 n NC, cernacHo TakcoHomusita Ha brnym

KozHumueHa obrnacm @opmynupaHe Ha Uesu, Ypes u3rosideaHe Ha akKmueHU (U3MepuMu) ara2onu

3HaHusA OonMcBa aepoKOCMUYECKO u3obpaxeHue, u3bposiBa 00ekT, Bb3Npou3Bexaa
onpegenexHus n noHaTns cebpsaHu ¢ MMC n N3, nocoyBa LUBETOBU U reOMETPUYHMN
XapaKTePUCTMKM Ha 06ekTH, cbobLuaBa HayYHU OakTu.

PasbupaHe pasnuyaBa reorpaddckm obekTM ¢ BnmMsKkM xapaKTepucTukn, 0BsicHsiBa Hyxaata oT
n3yyaBaHe Ha 3emsATa M U3MNOM3BAHETO HA KOCMWUYECKN TeXHONornu, Aaea npumepu
3a U3MON3BaHETO HAa aepOKOCMUYECKM n3obpaxeHus, AeduHupa seneHusa Ha 6asata
Ha catennTHU usobpaxeHus, obcbxaa kavecTBaTa Ha n3obpaxeHve, cpaBHsABa ABe
n3obpaxeHus, obsicHABa Bpb3kaTa Mexay opbwutata Ha caTenuta u mawaba Ha
1306paxeHneTo.

MpunoxeHue n3nonssa 13obpaxeHnsa 3a JokasBaHe Ha Tesa, U3MepBa napameTpy AUCTaHLMOHHO,
npocriefsisBa AvHaMKKa, OEMOHCTpMpa Mo3HaBaHe Ha OOeKTW U SIBMeHus uypes
noabop Ha noaxoasimn n3obpaKeHusl, yCNeLwHo HaBUr1pa, NpoKapea MapLUpPYTy.
AHanus Knacucuumpa 00eKTM U sABIIeHWsl, NpeAcTaBs rpadyyHO reonpoCcTpaHCTBEHA
WHopmauus, AudepeHUMpa CTEeNeHUn Ha Bb3OeNCTBUS, MpaBu 3aKMHOYEHUs U
13soau, 6asnpaHy Ha M3Non3BaHe Ha aepPOKOCMMUYECKN N30BpaXeHUs.

CuHTes KOMOVHMpa CchekTpanHu KaHanM 3a Wu3BNMYaHe Ha WHdopmauus, cbbupa
CaMOCTOSITENHO NOAXOAALIM [aHHW, CbCTaBs TemaTuvHa KapTa, reHepupa 6asa
OaHHKW, pa3paboTBa NPUNOXEHUs, Npeanara peLieHne Ha eKorormyeH npobnem.
OueHka oLeHsiBa MalabuTe M 3HA4YEHMETO Ha MPUPOAHU M AHTPOMOreHHW SBMEHUS 4Ypes3
nacriefBaHe, Kateropusupa SBeHUMsl U MNPOLECU, WHTepnpeTupa pesyntatm oT
n3crefBaHe, ocrnopea WUnu 3awuTasa Tesa 3a reognHaMuyHu npouecu, Ha 6asarta Ha
m3nonssaHeto Ha AN3 n M'C.

MpegnoxeHata Tabnuua MoXe ga ce OOMNbfHW WM paslupu, HO HelHaTa uen e ga nokaxe
npumepu 3a nocTtaBsHe Ha obpasoBaTenHu uenu, cbobpas3eHn C KOTHUTMBHUTE CMOCOOHOCTU U
no3BosisiBalLM Aa ce Cb3gae AOCTaTbYyHO ePEKTUBEH MHCTPYMEHT 3a U3MepBaHe Ha pes3yntaTtuTte oT
obyyeHuneTo. KateropusanpaHuTe Lenu noMmaraT ga nsrpagmm ydyebHata nporpama Taka, Yye ronamara
Len Aa e opueHTMpaHa OKOJI0 BUCOKUTE HMBA HA TakCOHOMMUSTa — aHanu3, CUHTe3, oueHka. CTbnkute
3a nocTuraHe Ha OCHOBHaTa uen Ha obydYeHUeTo ce MocTuraT Ype3 HaarpaxgaHe BbpXy MO-HUCKUTE
HUBa, CbOBpa3eHn C MbPBOHAYANTHOTO N3MEPEHOTO HUBO.

3a ga MoXem fa usmepum MbpBOHAYANHOTO HMBO Ha YYEeHULMTE U TAXHaTa NoAroTBEHOCT, Taka
Yye ycrewHo Aa agantupame ydebHata nporpama, METOAUTE U pecypcuTe, € HeobxoamMmo ChLUo Aa
NPOBEPUM HSAKOU MPeAMETHU 3HaHUS U YMEHUS, KOUTO He ca cneuundunyHa obnact Ha reorpagusaTa u
OUCTaHUWOHHWUTE M3CrefBaHns Ha 3emMaTa. YcnexbT Ha ydeHuumTte npu usnonssaHeto Ha UC u
aepoKoCMMYeCcKn n3obpaxkeHns B YacoBeTe Mo reorpadumsi B M3BECTHA CTEMEH 3aBUCK CbLLIO TEXHUTE
Mo3HaHMs M YMeHuWss B oOnacTra Ha reoMmeTpusTa, acTpoHomusTa, ¢umsumkata, Guonorusita u
€KOJNOMMsITa, KakTo M OT OUTUTANHUTE UM U KOMMIOTbPHM KOMNETEHUMN. 3Ha4yeHne MMmaT CbLyo, Taka
HapeyeHuTe ,Mekn ymeHus”, kaTo paboTa B ekun, NMAEPCTBO, yNpaBrieHWe Ha BPEMETO, CrpaBsHE C
KOHQIMKTN, B3EMAHE Ha pelleHust B TPYOHW CUTyaLuW, KakTo M BCUYKM coumanHu ymenus. Korato
ydyeHuuuTe ca 6unuHren e aobpe ga ce namepm CbLUO CTEMEHTA Ha NO3HaBaHe Ha e3uka, HO KOWTO e
npoekTupaHa yvyebHaTa nporpama.

Mpu npoekTupaHeTo Ha y4ebHa nporpama no reorpadus, nHterpupaita MC un U3, tpsbea
[a ce B3emaT B NpeaBu BCUMYKM, (PAKTOPU 3a YCMELIHOTO U U3MbIHEHWEe. HAKOM OT TAX ca U3BBLH
cthepaTa Ha BNUAHME Ha npenojaBaTtensi, KaTo HafnpuvMmep 3akoHoBaTa M HopMmaTuBHa ypenba,
MaTepuanHo-TexHMyeckaTa OCUrypeHoCT U MbpBOHAYaNHOTO KOTHUTMBHO paBHULLE Ha ydyeHuuuTte. B
cnegpalmTe 4YacTu Le ce onuTaMe fa OeMOHCTpupame, Ye 4pe3 M3MoNi3BaHe Ha aepoKOCMMUYECKU
n3obpaxeHnsi B YacoBeTe Mo reorpacmsi Morat ga ce pasBuMBaT y YYEHULUTE YMEHUS OT MO-BUCOKU
KOrHUTMBHM paBHMLLA, a CbLLO Aa ce NocTuraTt no BUCOKM pe3ynTaTi No OTHOLLUEHWE Ha NPeaMETHOTO
3HaHWe, Ype3 BbBEXOAAHETO Ha U3y4YaBaHUTE MOHATUS, 0DEKTU U SIBNEeHUsa B y4eOHM AeMOHCTpauumn,
cumynaumMm u urpn. B ToBa OTHOLIEHME Y4YMTENUTe MoraT ga Wu3nonssBaT Beye Cb3gageHu
obpasoBaTtenHu NPOAYKTU U pecypcu, KouTo ca 6e3nnaTtHu 1 cb3gafdeHun cneuunanHo 3a obydeHne Ha
Aela BbB Bb3pacToBUTE rpynu, B KOUTO Ce Npenogasa reorpadus.
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O6pa3oBaTenHu nporpaMmu u pecypcu

CobuwecTtByBart ronsm 6pori obpasoBaTenHu nnatdopmu, U3Non3eawm ocTwkeHusaTa Ha TMC
n ON3 B npenogaBaHeTo Mo reorpadms U CBbpP3aHM C E€KOJIOTMYHOTO OOyyYeHWe, HacOo4YeHW KbM
Bb3pacToBaTa rpyna 5-8 knac. lNoBeyeTo OT TAX ca OOCTbMHM Ha aHMMNCKM €3MK U NpeaocTaBaT
M3nona3BaHe Ha roToBu y4ebOHM MMaHoBe, pasnuMyHM No copmaTt AaHHW, crneuuaneH codTyep 3a
aHanu3 Ha usobpaeHus, TectoBe, paboOTHM NUCTOBE W AOMBIHUTENHU pecypcu. MHOro ot Tsx
npeaocTaBaAT U METOOUYECKM YKa3aHUS 3a yuuTenuTe kKak aa usnonseat ydebHuTe nnaHose. [pu no
ronamaTta 4act ot yeb GasupaHuTe nnatopmMu Mma cneuuanHo MACTO 3a y4YeHyuuTe, KbAeTo Te
MoraT Ada npoyeTar Martepuanu 3a [OUCTaHUMOHHUTE wu3cneaBaHud, fa nposefaT cobcTBeHu
Npoy4BaHUA nnu aa urpaat obpasoBaTenHu uUrpu.

PasHoobpasHu nporpamu, pecypcm u urpu B Tasu Bb3pacToBa rpyna npegnara Landsat
Science n Space Place 3a no-mankute Ha HACA. lNogxoaswm 3a no-HanpegHanuTte yvyeHuum e Earth
observation, otHoBo Ha cawta Ha HACA. MHoro ot ye6 nnartdopmMuTe CbLO M3Nonseart
npenMyLLecTBEHO CBOOOAHO OOCTBLMNHM N3obpaxeHus oT Landsat. Hakon nnatcdopmu kato Earth from
Space npegnarat KakTO FOTOBM YpPOYHM TMNI@HOBE, Taka M BPb3KM KbM Apurk obpasoBaTenHu
nnatcpopmn. Ha nogobeH npuvHumMn e unsrpageHa n nnatgopmara DLESE (digital library for earth
system education). Pa3sHoo6pa3HM pecypcu cbabpxa neparorndeckusat mogen GLOBE, 3a pa
NMOMOrHe Ha yyuTenuTe Aa nposeaat 3aedHo C ydeHUumUTe cu oby4yeHMeTo no npeameTta KaTto HayyHo
uscnegosaTenckm npoekT. [JaHHuWTe, KOUTO ca AOCTbMHM 4Ype3 TO3M cavuT ca B ygobHu copmatw.
Hanpumep 6a3n gaHHM C npocTpaHcTBeHa WHdopmaunms BbB dopmaT .kml, kosto moxe pa ce
Bu3yanuaupa 4pe3 Google Earth. Canta mma cbwo cobcTBeHa cucTema 3a Bulyanu3sauus. Yeb
DasupaHns HayyeH n obpasoBaTeneH pecypceH LeHTbp KbM ,,KapnTbH Konuak” e cb3gageH ¢ uen aa
nogobpsiBa KayecTBOTO Ha obpa3oBaHMeTo Mo cBeTa. Ha T03n canT ca npeaocTaBeHn MeTOANYECKM
yKasaHusa 3a ydutenute kak ga wmmnnemeHtupat MMC un N3 B knacHata ctas M BpPb3KM KbM
N3TOYHMLUM Ha SAHHW.

WHTepec npeactaBnsiBa repmaHckata obpasoBaTenHa nnatgopma “GLOKAL Change” Ha
Xanpenbeprckus negarormyeckn YHUBEPCUTET, Cb3fdafeHa 3a [da HacbpyuM crnocobHocTTa Ha
nogpacTealyuTe, Aa OLEHSABAT EKOSIOMMYHUTE MPOMEHU MO OTHOLLEHWE Ha YCTOMYMBOTO pasBUTHUE.
Mpu Hea obyvyeHneTo BKMOYBa Tpu eTana. Ha nbpBus 4pe3 4yeTupu BUOEO MaTepuanu ce
OEMOHCTpUpaT nocneacTemsaTa OT HecbobpaseHWTe C M3UCKBaHMATa Ha YCTOMYMBOTO pasBuUTME
JeHoCcTM Ha 4oBeka. 3a Ta3u obpasoBaTenHa nnatopma € Cb3dafdeH cneunaneH CbpBbp
cbabpxaly n3obpaxeHuss ot Landsat TN n ETM+, KakTO U MHCTPYMEHTM 3a aHanumsa um. Ts gasa
Bb3MOXHOCT Ha BTOpWs eTan Ada Cce CpaBHAT rnobanHW u fokanHM MpOosiBNEHUs Ha [afeHo
€KOMOrM4yHO Npeam3BMKaTENCTBO M Aa ce oueHu mawaba Mmy. Ha Tpetusa etanm OT ydeHuuute ce
O4akBa fa nposefaT COGCTBEHO Hay4yHO M3crneaBaHe, KOeTo BKMoYBa U MUKPOAPOH.

dakTopu, KaTo Hanpumep OoLBeTsIBAHE Ha U306paXeHUeTo, CNOXHOCT Ha u3obpaxeHneTo, u
obwute TpygHoCcTM B pa3bupaHeTo Ha YeCTOo npeyaT Ha HeEONMUTHU noTpebutenn aa uHTepnpeTupar
yCneLwHo catennutHu nsobpaxeHus. Nopaan Tasm npuyuMHa, KMYOBO 3HAYEHWETO Ha MOCTEMEHHOTO
aHanuaupaHe Ha u30OpaxeHMeTo crnel WHCTPYKUMA M / unu npefoctaBsHe Ha AOMbIHUTENHA
WHpopMaums, Hanpumep OnuCBall, CbAbpXaHMETO Ha wusobpaxeHuveto. B "GLOKAL Change"
caTenuTHu n3obpaxxeHnst sa BrpageHi B pamkaTa Ha AOMbIHUTENHA MHOpMaUus, KOATO Aa NOMOrHe
notpebutenute ga gocTurHat no-gobpa mHTepnpetauus. NpegoctaBeHn ca paboTHU NMCTOBE, KOUTO
CbObPXKaT Pas3NUYHU YNPaXHEHUS MO OTHOLUEHWE Ha MPaBWUIIHOTO YETEHe W MHTeprnpeTMpaHe Ha
n3obpaxeHuata. o TO3n HaumH, noTpedbutenuTe ce pPbKOBOAAT CTbMKa MO CTbMKa KbM efHa
BceobxBaTHO pa3bupaHe Ha wusobpaxeHuss B "GLOKAL [pomsiHa", 3a ga ce u3yepnu Lenusat
noTeHuman 3a n3nons3saHe Ha AaHHW OT AUCTAHUWOHHUTE U3cneaBaHns B y4ebHU cutyaumu.

MU3nonsBaHe Ha aepoOKOCMUYECKN n306paxeHns B YacoBeTe Nno reorpacus

Lle npencrtaBMm eguH onuT 3a npunaraHe metoauTe M goctuxkeHuata Ha TMC m N3 B
yacoBeTe no reorpacdus B MpPOrMMHa3ManHUa eTan KaTo WHTerpuvpaHa 4acT B nporpamaTta
3agbmkuTenHo msbupaema noarotoska (3UIM1) B 7 knac Ha OcHoBHO Yumnuile ,Hukona Banuapos”
AceHoBrpag. YyeHuLmMTe OT yYNnNuLLETO ca ¢ NnpeobnagaBallo HUCHK COLManHO-MKOHOMUYECKM CTaTyC
MU ca npeacraBuTeny Ha ManuuHCTBEHa OOLLIHOCT, 33 KOSTO ObMArapckMaT e3uK He € ManyuH.
Pesyntatute Ha y4eHUUWTE Ha HALUUMOHAIHO BBLHLUHO OLEHsIBaHe crief 7 Krnac MOoCTaBAT y4MIMLLETO
cpepn nocnegHuTe 6 % No oTHOLWeHWe Ha ycrnexa. Bcuuku yyeHnum ca OMnumHrem, kato momMexay cv u B
cemencTBaTta He nsnonaesaT ObArapckn esuk, KoeTo Boau 4o TBbpae crnaboto My BnageeHe. Bbnpekn
TOBa, BOAEHU OT naesita, Ye e3nka Ha u3obpakeHnsTa € yHuBepcarneH, nnaHvpaxme npes yyebHara
2015-2016 roguHa B YacoBeTe no 3WI1 reorpadmsi 1 MKOHOMUMKA 3a 7 Knac ga UHTerpupame MeToam
3a TAXHOTO m3nonasaHe. ETanute Ha paboTa e npeacTaBeH Ha dour. 1
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| ETAT]

TEOLETUYHA YACT , MOOBEOKA HA
PA3OUOAHETO

-3Qn0O3HABAHE C PUMYHUTE M
MATEMATUYECKUTE OCHOBU HA TEOrPAPCKMUTE
U3CAEABOHEMS;

-Pa3no3HaBaHe HA [eorpadcku 0BEKTU U
SABAEHUS, ACHALLQPTH.

Il ETAT

BOAEHQA MOOKTUKA

-OYEPTABAHE HA NMOAUTOHM, AUHUM, TOYUKM;
-MPOCTPAHCTBEH OHAAM3 HO AMHOMMUYHM
NEOLECH;

-AQBOHE HO NPENOPBKM.

I €TAN

CAMOCTOSTEAHO PABOTA, MOOEKT,
AOMOQLLHA paboTa
-YYEHUUMTE OBAQASBAT reOrpadCkum

coodTYER;
-YUEHMLIMTE NPABIT CBOM COBCTBEHU
NEOYUBAHMS.

dur. 1. Cxema Ha eTanuTte B n3nonssaHeTo Ha M'MC n N3 B ob6yveHmneTo no reorpadums

Ha nbpBua eTan ydeHuuute ce 3anosHaBaT C ocHoBuTe Ha AW3 n 3HayeHneTo MM B
reorpacusaTa. 3anoysa Kypc 3a pasnosHaBaHe ¥ BU3yarnHa UHTepnpeTauns Ha obekTu oT caTenuTHA U
aepodoTo n3obpaxeHns. ToBa ca HUCKUTE HMBA MO TakCHOMUSATa Ha bnym 3a yyebHute uenu. Bue
BTOPUAT eTan OT MOAroToBKata Ha YYeHUUWUTE Beye € Bb3MOXHO Aa Ce AOCTUrHaT BUCOKUTE
KOrHUTUBHM HMBA. [pumep 3a ToBa e y4ebHaTa cumynaums Ha U3pureaHeTo Ha ByrnkaH. 3agayarta Ha
Knaca e 4pe3 aHanuM3 Ha CMbTHUKOBM AaHHW Aa npeanoxu 6esonaceH MapluipyT v nroliagka 3a
KauaHe 3a crnacutenHuTe xenukontepu, kouto Tpsabsa ga cnacAt GedcTeBallM TypUCTU B pavioHa Ha
BynKaHckaTa epynuus. 3a Tasu uen ydeHuuuTe TpsbBa Aa kapTtorapdmpaTt nasBoBuTe MOTOUM U
rmocokaTa Ha THAXHOTO pasnpoctpaHeHve. [a onpegenatr nocokata Ha BeTpoBeTe Mo
pasnpocTpaHeHneTo Ha obnaka oT nemen u rasose. [a unsbepaT BL3MOXHO Han-Gnmskna Ao
nocTtpaganute TepeH, NOAXOAsLL 3a KalaHe.

3a No-NbMHOTO M3nona3saHe Ha Bb3MmMoxHocTuTe Ha TMC n N3 npeaBwxaame oT BTOpUS
y4yebeH Cpok Aa 3anovHe M3BBLHKMACHU 3aHMMaHWs C rpyna YYeHuLM CbC CreunanHu MHTepecu B
reorpacusaTa n TexHonoruute. geata Ha Te3un rpynun e aa ce 4OCTUTHE TpeTust etan Ha obydyeHneTo
no reorpacus upes MNC n N3, a UMEHHO Ha CaMOCTOATENHNTE NPOYYBaHUSA U U3CNegoBaTeNckuTe
NpOEeKTL.

3aknro4yeHue

[OwvcTtaHunoHHnTE a€pPOKOCMUYECKN M306pa)KeHI/I$| ca HagexaeH WHCTPYMEHT 3a
Bu3yanusauund, uHtepnpetauud, mscnegBaHe M aHanmsa Ha reorpad)CKMTe 06eKkTn 1 aBneHusa u
npouecunuTte CBbp3aHnN C TAX. C'bLLI,eCTByBaT MeToaun, KOUTo ce npunaraTt 3a UHTeErpupaHetTo MM B
o6yqu|/|eTo no reorpad)wﬂ, oule B NbpBUTE eTannM Ha M3ydaBaHETO Ha TO3W npeaMeT B yHUIULLE.
M3non3BaHeTo Ha caTennTHN M306pa)KEHVI9| nMma cnegHuTe npeanmcTea:

- Cnomarart 3a e(*)eKTI/IBHO npunaraHe Ha 06pa3OBaTeJ'IHVI cTpartermn CBbp3aHn C npenogaBaHETO Ha
KOoHUEeNnuunATa 3a YCTOVIHVIBO pasBuTune.
- Mognomarar WHTErpnupaHeTo n oBiagAaBaHETO Ha VKT B YYUNnMLHOTO 06paaoBaHMe.

249



- 3agbnboyaBaT pa3bupaHeTo 3a reognHaMUYHMTE NPOLIECU B pa3NIMYHUTE reocdepu.

- CBbp3BaT reorpadpCckoTo NO3HaHWE C ApYruTe U3ydaBaHu NpeaMeTy Ypes MexayrnpeamMeTHU BPb3KU.
- mat noBuLLEHN M3NCKBaHNA KbM KBanudukaumaTa Ha npenogasaTenvTe no reorpadusi.

- MoBuwaeat aTpakTUBHOCTTAa Ha NPeaMeTa U MOTUBALUMATA 3a yYeHe.

- NpeogonaBaT HegocTaTbUUTE Ha TEKCTOBaTa MHopMaLus No OTHOLWEHME Ha oby4eHMeTo C Aeua
OvnHren,
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Abstract: Analyzed the problem with the applicability of Newcomb's formula. Explored the possibilities of
constructing a solar calendar. Showing correlation is the adequacy of the calendar formula Bulgarian calendar of
Tanev-Manev.

BbBeneHue

3a pa cbuectByBa noHATUETo KaneHpap ca HeobxoAumMo fa ca U3MbAHEHM TPU YCrOBUS.
OTCbCTBMETO Ha MOHe edHO OT TpUTE YCNOBUSA He [aBa MpaBo [a Ce onpefendaTt KaTo kaneHaap
KaKBUTO W HarnegHu nopeguum OoT AHW U roguHU Aa ce aHanuaupart. [TepBoTo ycnosue e CtaptoBaTta
fata Ha kaneHgapa, BrtopoTto e HanuuuMeTo Ha onpefeneHa kaneHgapHa dopmyna, koaTto Aa
rapaHTMpa TOYHOCTTa M YCTOMYMBOCTTA Ha KaneHgapa. M TpeToTo ycrnosue e usrpageHa Metoauka 3a
CVMHXPOHHO CMsATaHe C ApYr KaneHgap, Ypes3 KOWTO ca pPerucTpupaHu egHu U CblUM peanHu cbbutus
crnoped AeaTta kaneHgapa. Manko kaneHgapu U3nbiHSABAT NMOCOYEHWTE YCMOBUS M 3aTOBa Ca Marko
KaneHgapwvTe, Ypes KoUTo MOXe Aa ce AaTupar peanHu cboutusa n ga ce uarpaxgart XpOHOSOormu.

B HacTosAwoTO M3cnegBaHe ce aHanuavpa KaneHgapHaTta dopmyna Ha bbnrapckusa umknios
kaneHgap Ha TaHeB-MaHeB. OCHOBHUTE XapaKTEPUCTUKN Ha TO3W kaneHaap ca nybnukysaHm B [1].
CrapTtoBata gaTta Ha kaneHgapa e 5505r.np.H.e. 1 e obocHoBaHa B [2] a HeroBaTta MeToAuKa 3a
CUHXPOHHO CMATaHe e AeMoHcTpupaHa B [3]. Llenute, kouTo ca HabenasaHu npy KOHCTPYUPAHETO Ha
TO3W KaneHgap, ca HaKkonko: MNMbpBO Aa ce cb3gade U3KMUYUTENHO TOYEH CMbHYEB KaneHaap, ypes
KOWTO Aa moraT fa Cce perncTpypar pearnHu UCTOPMYECKN CbOUTUS, 3anmcaHn B APEBHUTE XPOHUKM.
BTtopo ga ce cb3gage MHCTPYMEHT, Ype3 KOMTO Aa Ce pasynTaT KaneHZapHW 3anvcu, OCTaBeHu OT
ApeBHUTE ObNrapy n TPETO Aa ce NpeanoXu HOB KaneHaap, Ype3 KOMTO LbPKOBHUTE U (POMKIOPHU
npasHuUuM fa ce npasHyBaT B AHW, KOUTO Ca NOCTOSAHHM U 3emsiTa ce Hamupa BUHarn Ha egHo U CbLUO
nonoxeHue no opbutarta cu, HeE3aBUCMMO KOS FTOAMHA Ce npasHyBa nNpasHuka. 3a ga ce peanusupart
Tean uenn e HeobxooumMo [a ce cbyeTaaT ABaTta nogxoda B KaneHgapucTukarta, To3u Ha
MaTeMaTtMuute M acTPOHOMWUTE M TO3U HA LBbPKOBHUTE XPOHUCTU, KOMTO Ca 3anvcBanu pearHu
NCTOPUYECKN U aCTPOHOMMYECKM CbOUTMA HO M OT Apyrata MUCTUYHATa rnegHa Touka.

[peBHUTE XPOHUCTU HE Ca MManu CbBPEMEHHUTE XPOHOMETPU, HE ca MO3HaBanM aTOMHUSA
pasnag. 3a TAX eOMHCTBEHOTO CTabWMHO UMKIMYHO siBNeHMe € Guno cmsHata Ha AeHs C HowiTa.
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[eHoHoWwMeTO € BuAMMAaTa 1M oce3aema LMKINYHA NpoMsiHa Ha cpedaTta B KOATO XMBEEe YOBEKLT U
caMO0 4pe3 BpoeHEeTo Ha AeHOHOoLWMATa XxopaTa ca pasnonarany U UCTOpUYecKkMTe CbOMTUS B TAXHaTa
nocrnegoBaTenHOCT BbpPXy OCTa Ha BpemeTo. KanengapbT npeacTaBnsiBa Nornyecka nocTtponka ot
nopeguua oT Lenu eHOHOLWMS. XapaKkTepHo 3a kaneHgapute e TaxHaTa ,pa3genurenHa cnocobHoct”
- TOYHO eHO LANOo AEHOHOLLME.

B ocHoBaTa Ha BCUYKM CITBbHYEBM KaneHAapHU CUCTEMW € 3arerHano MOHSATMETO roavHa
Tponunyecka roguHa. MloguMHaTa € NnpMbnusnTenHo BpeMeTo 3a KoeTo 3eMsiTa M3BbpLUBa e4Ha MbiiHa
obuKorka oKono cnbHUeTo. TponuyeckaTa rognHa oBbMKHOBEHO ce Oonpeaerns kato BpeMeTo 3a KOeTo
npy BMANUMOTO cu ABWxeHue no HebecHaTa cdepa CnbHUETO NpeMyHaBa nocrnefoBaTenHo npes
Toykata Ha [lponeTHoTo paBHodeHCTBME. B pgHewHa acTpoHomus, Tponuyeckata roguHa ce
AevHupa kato uHTEpBan OT BpeMe, 3a KOWTO cpefHaTta Tponuyecka AbimkuHa Ha CnbHUETO ce
yBenuyaesa ¢ 360 rpagyca. VIHTepeCbT KbM TOYHOTO onpedensHe Ha MNpPOAbINKUTENHOCTTa Ha
Tponuyeckata roguHa npou3TMya OT npsikaTa Bpb3ka Ha TasW roguHa C MOCTPOSBaHETO Ha
KaneHgapHuTe cuctemn. B uCTOpuYeckM acnekT pasnuyHuTe u3cregoBaTenu onpegensit no
pasnuMyeH HauYvH NPOABIMKMTENHOCTTA Ha TponuyeckaTta roguHa n cera Ts1 HAMa MoYTU HULLO obLWo C
Ha4anoTo Ha acTpoHomuyeckaTta nposneT [4]. o HayanoTo Ha 19-Tu BeK, NpPakTUYECKN eaNHCTBEHUAT
Ha4MH da ce Hamepu [Ob/KMHATa Ha TponuMyeckaTa rOAMHA € CpPaBHEHWETO Ha JdatuTe Ha
paBHogeHcTBMe. Cera, bnarogapeHne M Ha CbBpPEMEHHUTE MeToOU Ha TOYHWM HabnaeHus n Ha
cb3fadeHnTe NpeuunsHu Teopun 3a BbpTeHeTo Ha 3emsAta okono CrnbHUeEeTo, Tponuyeckata rogmHa
MOXe Aa ce Oonpeaernu C rofnsiMa TOYHOCT.

Bbpxy npoabmkuMTenHocTTa Ha Tponuyeckata roguMHa OCBEH CYOEKTUBHUAT akTop —
uscnegosarten, BAUAAT U 0B6EKTUMBHU (DU3NYHWM BH3OENCTBUSA BOAELM A0 HepaBHOMEPHOCTU BbB
BbPTEHETO Ha 3emdATa M opbutanHoTO W ABWXKEHWe. TOYHUTE acTPOHOMMYECKM HabnwaeHus
nokaseaH, Ye camarta Touyka Ha [MponeTHOTO paBHOAEHCTBME ce npemecTBa No HebecHata cdepa u
TOBa BNusie Ha Tponuyeckata rogvHa BbB BpemeTo. 3a cera acTpoHOMMsTa npuema TeopusTa 3a
npeuecusTa Ha 3eMHaTa OC kaTo eUHCTBEHO BApHaTa. Cnopep Ta3u Teopus npeuecusaTa Ha 3eMHaTa
OC BMvsie BbPXy MPOABIDKATENHOCTTA Ha TponuyeckaTa roguHa TbW KaTo camarta Toyka Ha
lMponeTHOTO paBHOOEHCTBUE ce OBWXMW. [BMKxeHNeTo Ha PaBHOOEHCTBMETO € MOCTOSIHHO M BOAW OO
NOCTOSIHHOTO HamMarnsBaHe Ha TponuyeckaTa roguHa ¢ okono 0.53 cekyHam Ha cToneTue.

Hali-pasnpocTpaHeHa B Ha4anoTo Ha MMHanusl BEK € Taka HapeyeHaTta CnbHYeBa Teopusi Ha
Hiokomb 3a gBwxkeHune Ha 3emdAta okono CnbHueTo. Cnopen Tasw Teopus, nopagw npeuecusdta Ha
3emMHaTa oc, NPoAbIMKUTENHOCTa Ha TponuyeckaTta rogMHa ce npecMsaTa no cnegHarta opmyna :

(1) T,y =365.24219879 -0.00000614x (T —1900)

KboeTo mbpBaTa KOHCTaHTa € TOYHO U3MepeHaTa NPOABLIDKUTENHOCT Ha Tponudeckata roguHa 3a
1900 roguHa ot HoeaTta epa. BbB dopmynata T e rogmHaTa, YNATO NPOABLIMKUTENHOCT ThPCUM C
dopmynara.

B nocnencrteue ce nosieuxa umacriegBaHusi, cnopep kouto dopmynata Ha Hiokomb He ©6m
TpsibBano pa ce wm3nons3eBa 3a MHOrO OTdanedYeHn uHTepBanu oT Bpeme [5]. [pepnara ce
napabonunyHata cdopmyna (2) n ce gUCKyTMpaT METOAMYECKUTE IPELLKU, KOMTO MoraT [a Bb3HWUKHAT
npu N3nNon3BaHeTo Ha opmynarta Ha HiokomO.

() T, =365.242189669701-0.00000616187XT, —0.000000000644XT§

Tg e oTcTosiHMeTOo oT 2000r. BbB BEKOBE.
CoblyecTtByBa 1 KyonyHa hopmyrna 3a NpoabIKUTENHOCTTA Ha Tponuyeckarta roguHa [6] :

(3 T, =365.2421896698 —0.0000061xT, —0.000000000729xT3 +0.000000000264XT;

Ha durypa 1 e nokasaHO kak Ce M3MeHs NpoAbIKUTENHOCTTa Ha Tponuyeckata rogvHa
cnopepn, Tpute onucaHu dopmynu. . Ouwle npu NbpBOTO HabnaeHWe ctaBa ACHO, Ye KybudyeckaTa
dopmyna ce OTKMOHABA YYBCTBUTENHO OT Xo4a Ha rpaduknute Ha NbpeBuTe ABe POPMYnM 3a BPEMETO
npean 500 roguHa npean Hoeata epa. NoBeaeHneTo Ha ABeTe NbpBu HOpMynu € MHOro 6nu3ko 3a
roogMHn oT nopsabka Ha 5500np.H.e B uudpoB Bua 3a rogumHata 5500np.H.e cboOTBETHaTa
NPO4BbIMKUTENHOCT Ha TponunyeckaTa rogmMHa B JEHOHOLLMS € :

Tw = 365,24265306

T = 365,24264819
Tk =365,24253571
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Pasnvkata mexgy nonydeHuTe CTOMHOCTM Ha NMpOObIHKUTENHOCTTa Ha TponvdeckaTa roguHa
cnopeg copmyrnarta Ha bopkoBckn 1 gpyrute ase hopmMynu e crnegHara:

Tg- Ty=0.00000487 neHoHoLwms
Tg- Tk=0.00011248 geHoHoLwwmSA

KybrnyHaTta cpopmyna e nonyyeHa B Halle Bpeme Ha BasaTa Ha MHOro npeunsHu HabngeHns
n e npunoxumma 3a 6vaewm nepuoan ot 8-10 000 rogmHu. 3a ronemum BpeMEBM OTCTOSAHUS B
MuHanoTo dopmynarta Ha bopkoBcku e no-tovHata [5]. MNocnegsanute npecmATaHUsa 3a KOUTO ce
n3nonsea AbMkuHata Ha Tponuyeckata roguHa ca HanpaBeHW, KaTo e MU3nonseaHa dopmynarta Ha
BopkoBcku.

+ 1w
365.2427+
365.2426
Hiwokom6
- Bopkoeckn
Tl . .

365.2425 = e
365.2424+
365.24231
365.24221
365.24211 roanHu

]

6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000
dur. 1

®akTbT, Ye NpoabIKMTENHOCTTa Ha TponuyeckaTa rogMHa He e LUSiNOo YUMCNO [HMU, KOMKOTO e
pasgenutenHata cnocobHOCT Ha CMbHYEBUTE KaneHaapu, BOAU OO CUCTEMATUYECKO U3MecTBaHe Ha
Hayanoto Ha HoeaTta roguHa BbB BpemMeTo. [Mopaau ToBa ce Hanara da ce npunarat pasnuyHu
NOrnyecKkn KOHCTPYKUUKM 3a Oa Ce Kopurmpa pasmMuHaBaHETO MexAay MOonoXeHmetTo Ha 3emsAta no
opbutaTta 3a UANOTO 4Mcrno OHWM 365 u M30CTaBaHETO M [0 3aBbpLUBAHETO Ha MbiiHA OBMKOrKa.
TakaBa rogmHa ¢ 365 uenu gHu ce okasea ¢ 0.24264819 geHoHowwms no-kbca ( 3a 5505 r.np.H.e.).
Hanara ce ga ce BbBexgaT AONbIHWTENHM KaneHgapHW OHK, Taka Yye 3emsiTa a 3acTaBa BMHaru B
€0HO N CbLIO MoMoxeHue no opbutata cvM B Hayanoto Ha HoaTa roguHa, Korato € cTapTupaH
KaneHgapbT. Hanara ce ga ce cbrnacyea KaneHgapHata roguHa ¢ TponuuyeckaTta roguHa, Kosito e
no-gbnra. [JobaBsaHETO Ha KOPEKUMOHHN JHM CE OCBLUECTBABA YPE3 U3MNON3BAHETO HA BPEMEBU NakKeT,
Hape4yeH KOpPEKUWOHEH MakeT Ha kaneHaapa. B pamkuTe Ha onpegeneH nepuod OT rOAMHMW, HapeyeH
~ObIDKUHA Ha KOpeKUMoHMA nakeT” ce [o06aBAT HSAKOMKO BUCOKOCHWU rOAMHU C MO €AWH OONbAHUTENEH
[0€H, Taka, 4Ye B Kpasi Ha uMKbna 3emsaTta e OTHOBO B ,cTapToBaTta’ cu no3munsa no opbutara cu.

Han-rpybaTta kopekuus e YyeTupuroguwiHaTa Kkopekums. [pyn Hes Ha BCeku YeTupu roauHN ce
nobass eavH aeH v Taka Yyetupun nbT 1 nNo 0.25 ce ocdopmsA egHO LaNo geHoHowme. 1o To3n HauvH e
peweH npobnemsT B KOnvaHckusa kaneHgap. 3akpbrisiHeTo 4o BTOpUSA 3HaK Ha Tponuyeckarta roguHa
obaye, He peluaBa npobrnema c M3ocTaBaHeTO Ha 3emsTa no opbutata u. Manko, 0.0073182 ot
JEHOHOLLMETO, HO BCE NaK Tasu pa3nuka ce HaTpynBa 3a AbMbr nepuop oT BpeMe. Hanara ce ga ce
BbBeAaT M APYrM AOMBbIHMTENHMW, KOPEKUMOHM OHM 33 Oa € Bb3MOXHO Aa ce OposAT uenu OHu B
paMK1Te Ha BCsika rofuHa.

MocTposiBaHETO Ha KOPEKLMOHEH NakeT ce 6a3npa Ha ABa npuHumna: [NbpBO OT Kora 3anoyea
[a ce u3non3eBa naketa M BTOPO KOMKO TOYHO TpsibBa ga paboTm cb3gaBaHusa kKaneHaap. Teau
NPUVHUMINK Ce NMposiIBSABAT KaTo [Ba OCHOBHM BbMNpOCa npep, cnbHYeBMs kaneHgap: Konko e agbmkuHata
Ha Tponuyeckata roguHa npuv CTapTUpaHEeTO Ha Kanengapa v BTOPO A0 KOW 3HaK 3aj 3anertasita e
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HeobxoOQMMO [a ce 3akpbrfs peanHata Tponuyecka rogMHa u ga ce u3nonssa T kaTo KaneHgapHa
roguHa.

Cnep kato Mo MUCTMYEH MbT € onpegeneHo, 4ye 5500-ta roguHa npegou HeaTa epa e
CbTBOpeH CBeTa e NOrMYHO CcTapToBaTa data Ha KaneHgapa da ce TbpCWM OKOMo Tasu roAavHa.
CnepoBaTtenHoO B OoCHOBaTa Ha kaneHngapa TpsibBa fa ce noctaBu 6nm3ka OO Tasu rogvHa AbIimKMHa

5505 _
Ha TponuyeckaTta roguHa. AbmkuHaTta Ha TponudeckaTa rogmHa npes3 5505 roguHa np.H.e. € Tqr =
365.242648491. 3a HyxOguTe Ha KaneHgapucTukata He BUHarn € HeobxoamMmo ga ce M3nor3ea Takaea
BMCOKA TOYHOCT Ha AbJKMHATa Ha Tponuyeckata rogumHa [7]. 3akpbrnsHeTo OO0 MeTusi geceTudeH
3HaK gaBa rpelka OT efHo AeHoHowme 3a nepuog ot 100 000 roguHu. CnepoBaTtenHo ToBa €
npuemnueaTta TOYHOCT C KOATO MOXe Aa ce paboTu npu MOCTPOSIBAHETO HA KOPEKLMOHUS MakeT Ha
CrnbHYeBMS kaneHgap.

MpobnemMbT C TOYHOCTTA Ha KaneHgapa ce pellaBa 4ype3 TexHukaTa Ha BepwxHute apobu
[7]. B3ema ce onpegeneHa abiknHa Ha TponuyeckaTa rogmHa u gpobHata u 4acT ce pasnara Ha
BepwxHM apobu. MNpouechbT cnvpa, Korato € NocTurHaTa oTHanpes 3ajajeHa ToYHocT. B cnyvas e
SICHO, Ye neTaTa kaneHgapHa apob we 6bae AocTaTbyHa 3a M3rpakgaHeTo Ha TOYEeH KOPEKLMWOHEH
naker. BbB BcsaAka kanengapHa opob 3HaMeHaTens npeacraBnsiBa ObiKMHATaA Ha KOPEKLMOHMS
naket, a yncnutensa e 6posaT Ha BMCOKOCHUTE roguHK B nakeTa. 10 TO31 Ha4YMH NPOABLIMKUTENHOCTTA
Ha KOPEKLMOHMSI MakeT M CbOTBETHO Oposi Ha BMCOKOCHUTE TOAWHW B HEro ce onpenensar ot
NPOAbIMKNTENHOCTTa Ha TponuyeckaTta rogMHa B Ha4anoTo Ha nakera.

3a uscneaBaHe Ha NOBeAEHUETO Ha NMeTaTa KaneHgapHa Apod B pasnuMuHUTE 3akpbrnsiBaHUs
Ha Tponu4yeckaTa roguMHa Ha aHanus 6elle NoanoXeH NHTepBanbT OT rogMHn oT 5600 oo kbm 5535 B
nocoka HamansiBaHe KbM roguHata 5505. Peayntatute ca nokasaHu B Tabnuua 1. 3a Bcska egHa
roavHa ce M34ucnsBa ObIDKMHATa Ha TponuyeckaTta roguHa cnoped copmynaTta Ha BopkoBcku u
cnep ToBa ce npecMmsaTaT kaneHgapHute apobu Ao netata kaneHgapHa gpob. Taka ce odopmsart 7
WHTEpBana 3a KoMTO neTata ApobO KaTto uuMcnuTen W 3HaMeHaTen ca nokasaHu B TpeTata u
yeTBbpPTATa KOJNOHA. B neTaTta KonoHa e npogobimKUTENHOCTTa Ha Tponuyeckata rogMHa 3a nbpBaTta
roguHa OT NOCOYEHUsI B MbpBa KOMIOHa BPEMEBU MHTEpBar.

Ha ®urypa 2 e ysenuyeH Bpemeus nepmog ot 6500 rogmHa np.He. go 4500 rogvHa np.H.e.
lMnbTHaTa HaKMOHEHa NWHWSA NpeacTaBnsBa vacT oT rpadwukara Ha copmynaTta Ha BopkoBcku 3a
ObiKnHata Ha Tponuyeckata roguHa. XOpPU3OHTaNHUTE JNUHWKM Ca MpekapaHu Ha HUBOTO Ha
ObIDKMHATa Ha Tponuuyeckata roguHa 3a CbOTBETHWUTE KOPEKLUMOHM MAKETU, TOBa € yKasaHo OT
AsicHaTa cTpaHa Ha nuHumTe. LjudpuTe, nocoyBalym npeceyHnTe ,TOUKM X yka3BaT npes3 Kosi rogvHa
AbiknHata Ha TponuyeckaTa rogMHa Ha CbOTBETHWUS NaKeT CbBMaga C peanHaTa Tponuyecka
roguHa, cnopen bopkoBcku. inu ToBa e roaMHaTa B KOSITO CbOTBETHUSAT KOPEKLMOHEH MaKkeT e TOYEH.
Bwxga ce kak 4pe3 no-gbnrMTe NakeTu e Bb3aMOXHO Aa ce Jobnmkn 4o MHTepecyBallaTa HuU XanoHHa
roguHa 5505 np.H.e. CbluaTa 3aBUCMMOCT ce Habngasa 1 B AaHHUTe B Tabnuua 1.

KaTo maTtemaTtnyecku pascbXxaeHust FOPHOTO M3MOXEHME € [OCTaTb4yHO 3a [a Ce OpuMeHTupa
n3crnegoBaTens camMo B MaTemMaTudeckata CbLUHOCT Ha CrbHYeBUTE KaneHgapw. Ho 3a ga craHe
e[iHa nornyecka KOHCTPYKUMS KaneHaap Ts Tpsbea ga 6bae n ageksaTHa. TpsibBa Ha 6asaTa Ha Tasu
KOHCTPYKUMSI 4a MOXe [a Ce M3rpagu XPOHOSIorMsl Ha peanHuTe cbOMTUS OT YoBeLuKkaTa uctopus. A
Te3n peanHun cbOMTUSA ca 3anucaHM OCHOBHO KaTo ce u3non3ea HOnuMsiHCKMS a MNo-KbCHO MU
puropuaHckusa kaneHgapu. CnegoBatenHo TpsibBa Aa Ce TbPCU KOHCTPYKLMS, KOSATO Aa No3Bonssa
Ja ce cb3gage M MeToaMKa 3a CUHXPOTHHO CMsiTaHe, oOBbp3Ballia HOBUS CITbHYEB KaneHgap C
["puropuaHckus kaneHgap.

OCHOBHUTE XapaKTepUCTMKM Ha [puropmaHcKkmnsa kaneHgap ca HeroBaTa kaneHgapHa Apob wn
parata My Ha cTtapTupaHe. KanewgapHata gpo6 Ha [puropmaHckua kanengap e 97/400., koeTto
O3HayaBa, 4Ye ObKuHaTa Ha kopekuumoHuss me naket e 400 roguHn n B Te3m 400 roguMHuM mnma
pasnonoxeHn 97 BMCOKOCHM roguHu. [ak nopagu 3akpbIMSHETO Ha AbJSKMHATA Ha TponudeckaTa
roguHa B [puyropmaHckus kaneHgap ce npaBaAT M TPU OONBIIHUTENHN BEKOBU KOPEKUMWU OT NO eOuH
OEH, KOUTO ce No3MuMoHMpaT B Kpas Ha kaneHgapa.

HoBuaTt kanengap TpsibBa ga MMa KOPEKUMOHEH nakeT ¢ AbimkmHa okono 400 rogmHn. Takmea
KaneHgapw moraTt ga ce u3rpagsart camo Ha 6asarta Ha gBe ot gpobute B Tabnuua 1. Toea ca 91/375
n 124/511. KanengapHata gpo6 91/375 He e gobpa 3a marpakgaHeTo Ha KaneHaap, KOWTO e ce
cbrnacysa c [puropmaHckus 3aWoTO HeroBaTta AbikuHa € no-manka ot 400-te roguMHuM Ha
puropuaHckmust naket. ToBa O3Ha4yaBa, Y€ B paMkuTe Ha 375 roguHu we ce npaBAT U BEKOBU
Kopekuun npegu Te ga ce HanpaBeHu B [puropuaHckusa naketT. Vinu cnepg 375-Te roguHu we ce
nony4n pasMnHaBaHe B 4aTUTe Ha ABaTa Kanengapa.

OT HanpaBeHWUTEe pas3CbXAeHMs crnedBa, Ye eAMHCTBEHO NpuemnvBa kaneHgapHa apob 3a
narpaxgaHe Ha CrMbH4YeB karneHngap, ctaptupaH npe3 5505 r.np.H.e n ygobeH 3a CUHXPOHM3MpPaHe C
puropuaHckus kaneHgap e gpobta 124/511. C ta3m gpob moxe ga ce JOCTUrHe OO0 npuemnuvea
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0a3oBa TOYHOCT Ha kaneHgapa. OnpegensiHeTo Ha HeroBaTa abCOMTHA TOYHOCT € NpeaMeT Ha
Opyro u3cneggaHe.

Tabnuua 1
MHTepBaJ'I Yucnuten 3HameHaTen Tponmqec}(a Touna l;&:)r(l)%H,qapHa
np.H.e roavHa
A B [roanHu]
[romuHv] [roanHu]
1 5988-5803 58 239 365.2426 77771 0.2426 77824
2 5804-5719 91 375 365.2426 66620 0.2426 66666
3 5718-5669 124 511 365.2426 61407 0.2426 61448
4 5668-5637 157 647 365.2426 58375 0.2426 58423
5 5636-5614 190 783 365.2426 56435 0.2426 56449
6 5613-5597 223 919 365.2426 55041 0.2426 55059
7 5596-5584 256 1055 365.2426 54010 0.2426 54028
dur. 2
dur. 2
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Abstract: The severity and frequency of weather-related natural disasters have increased, thus showing
how important is disaster management. Geo-information (GI) can help us better understand natural phenomena
but there are obstacles which prevent humanitarian originations and individuals from taking full advantage of it. In
this paper based on an extensive review of disaster management literature, some key failure factors were
identified. The purpose is to offer an overview of these factors using the framework of project management and to
point out areas where improvements could be initiated. The findings show that there is an abundance of papers
describing the use of new sources of geo-information and new processing techniques. But the lack of skills,
awareness and time hinder their use. There are also issues with the visualization, compatibility, availability and
sharing of geo-information, which have to be approached.

®AKTOPU 3A HEYCINEX NP U3MNOJNISBAHETO HA TEOUH®OPMALINA
Nno BPEME HA NPUPOAHU BEACTBUA

HukonnHa MuneBa

Ympexmcku yHusepcumem
e-mail: n.p.mileva@students.uu.nl

Knrovoeu Aymu: yrnpasneHue Ha npupodHu 6edcmeusi, 2e0UHpopMayust

Pe3rome: [Npe3 nocnedHomo decemurnemue 8axkHocmma Ha yrpasneHuemo Ha 6edcmeusi ce ygenuyu,
mbl Kamo npupodHUME cmuxuu Cce rposiessieam 8ce [10-4ecmo U HaHacsm e6ce ro-20/1eMu  wemu.
leouHgpopmayussima moxe Oa HU roMmoeHe 3a no-0obpomo pas3bupaHe Ha MpupoOHUME S8MEeHUs, HO
cbuwecmesysam pasfiuyHU MPeYKU, KoUumo 8b3rpernsmcmeam XyMaHumapHuUme opeaaHudauyuu u omoesiHume
uHOusuUdU Oa ce 8b3ron38am Hamb/IHO Om HelHUme npeumywecmsa. B mo3u doknad b3 ocHoga Ha obwuUpeH
npeened Ha Hay4yHama numepamypa 3a yrpasneHue Ha 6edcmeusima, 6sxa udeHmugbuyupaHU HIKOU KITH4o8U
gakmopu 3a Heycrniex. Llenma e da ce npednoxu 0630p Ha me3u ¢hakmopu u3non3sealku yrnpasneHuemo Ha
poeKmu Kamo pamka 3a Khacugukayusi u rno mo3u HayuH Oa ce oco4Yu 8 Kou cghepu ca Heobxodumu
rnodobpeHusi. UssoOume riokazsam, 4ye cbuwjecmsysa MHO2006pa3ue om HO8U U3MOYHUUU Ha 2e0UHOpMayus u
HO8U mexHUKU 3a obpabomkama (. Ho nuncama Ha ymeHus, UHgopmupaHocm U epeme 8b3rpensmcmeam
usrionzeaHemo um. CbW0 maka cbuwecmsysam fpeyku fpu suldyanHomo rpedcmassiHe Ha uHgopmayusma,
pu orlepamueHama CbBMECMUMOCM Ha pasiaudHume OaHHU U npu OdombrnHocmma u O0bMeHa Ha
2e0UHGbopmayus, Koumo cbuWo mpsibea da 6b0am 83emu o0 8HUMaHUE.

Introduction

Climate changes have increased the severity of weather-related natural disasters. Land and
sea temperatures have risen, precipitation patterns have changed making some regions more inclined
to floods and storms [1]. These developments together with global conflicts and disease outbreaks
have highlighted the importance of monitoring and managing disasters. There is a lot of spatial data
available that can contribute to the better understanding and management of disasters. But it is
guestionable if we make use of it in the best possible way. As Dawes et al. [2] have noted, the
importance of having data in the right format and at the right time has increased, however there is
much room for improvements. Their findings were based on a research of the World Trade Centre
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attack in 2001 but are still valid today. More recent natural disasters such as the Haiti earthquake,
Typhoon Haiyan and Cyclone Pam have shown that (geo-)information derived from mapping,
crowdsourcing and social media can save human lives [3, 4, 5]. But there are still many factors — both
organisational and technological, limiting the use of Gl to its full extent. The purpose of this paper is to
identify these factors using the framework of project management, thus showing areas where
improvements could be initiated. The main research question therefore is:

What are the factors that prevent humanitarian organizations and individuals involved in
disaster management from taking full advantage of geo-information?

In order to answer this main research question, the following subquestions are addressed as
well:

» How is Gl used to support disaster management in its different domains?

» What are the expectations of Gl users?

» Where do these expectations fail to overlap with the capabilities of current Gl disaster
management tools?

First, the methodology is outlined. In the next two chapters, a closer look is taken at how geo-
information is used describing the different applications and limitations. Subsequently, the user
expectations are discussed and it is showed where these are not met. Conclusion and some
recommendations are given in the last chapter.

Methodology

This study is based on a literature review in the Scopus database covering scientific papers
from the last five years. The literature search was concentrated on specific case studies describing the
applications and limitations of geo-information and resulted in 97 documents of which 19 were
identified as relevant. For the assessment of the needs of geo-information users, 101 documents were
found. However, only few were relevant to geo-information. Therefore, also other sources of
information were used, more specifically the reports of ALNAP (Active Learning Network for
Accountability and Performance in Humanitarian Action).

Applications

Using geo-information for the purposes of disaster management is not a novelty. From simple
multicriteria overlay analysis and mapping techniques to data fusion, simulation models and real-time
data from remote sensors and mobile devices, the use of geo-information has evolved tremendously.
There are many areas of application — hazard prediction and modelling, susceptibility mapping, risk
assessment and mapping, public awareness and education, scenarios development, emergency
planning and training, real time monitoring and forecasting, early warning and alerting [6].

The types of spatial data used are diverse. Widely used across the different domains of
disaster management are data about land use, soil, slope and aspect, altitude, the location of houses,
shelters, rivers and roads [7, 8]. But there are also data which are specific for the particular domain —
for example the different indices. The Topographic Wetness Index (TWI) is used for flood susceptibility
mapping [7]; different indices algorithms are used for the automatic recognition of build-up regions [9].

The sources of geo-information are also diverse — statistical databases, ground observations,
(satellite) imagery and its products, social media, etc. The spatial and temporal resolution of satellite
images have improved and even ad hoc acquisition of new satellite data is possible within less than 8h
[10]. There are also simulation models such as fire spread models [11] and hydraulic models [12],
which make use of spatial data in a new way and supplement traditional spatial analysis. Spatial Video
Geonarratives are also a new source of spatial data, where participants are guided through an area
familiar to them and are asked to discuss different issues such as consequences of a tornado, but also
health and crime related problems. GPS-enabled cameras and word geotagging software are used to
create spatial data from the recordings [13]. Crowdsourced information from (social) media also
gained popularity as a tool for near real time mapping [14].

There are also new techniques emerging for the processing of remotely sensed data — for
example the object-oriented analysis technique [15]; GEOBIA (object-based image analysis) is
considered to be “the most innovative new trend for processing images” [16]. 3D visualizations also
emerge not only as a technique for representation of geo-information but also for analysis purposes
[17, 18]. Specialized data models are used for a better overview of the data available [19]. Data fusion
is another technique applied in order to overcome data limitations [20]. There are geo web
applications able to combine information and services from different sources (mashup) including real
time data from mobile devices [21].

260



Limitations

There are some limitations in the use of geo-information. For the use of satellite imagery the
main drawbacks are the lack of openly available [18] and up-to-date data [22] and the fact that satellite
images are not always sufficient to estimate damages, so additional data such as multi-view image or
video are needed [23].

Besides having up-to-date data, other limitation for the use of geo-information is the lack of
high resolution datasets such as road networks, digital elevation models but sometimes also additional
information such as the location of critical facilities [20, 22, 24]. Thus, spatial analysis on a finer level
encompassing also local communities is not possible and accounting for the fact that “hazards do not
stop at the county boundary” is difficult [25]. For the use of simulation models, the computational costs
of finer-grain modelling and simulation at a local scale are high and different software packages may
be needed in order to perform this type of analysis [11]. Open source tools offer flexibility to some
extent but expertise is required to build and manage them and it takes time to fix bugs [19].

Another issue is the conversion of data. Many of the data sets could be used automatically but
often data conversion is required because source data sets are not standardized [18, 19]. There is a
need of pre-defined core data sets (such as address and parcel information), pre-organized sharing
relationships and standards, and interoperable systems [26]. Standards and data policy also hinder
the use of mashup technology. Data security, http proxy standards, the use of common coordinate
system are all topics that have to be addressed [21].

The use of social media is not equally spread among rural and urban populations and different
socio-economic groups. So, relying solely on it as a source of information can lead to a bias in the
data [27]. The reliability of such information is questionable because it is “captured by untrained
persons and therefore poorly structured and not standardized” [6]. Spelling mistakes in the local place
names are an obstacle in the spatial analysis [20]. Low awareness and lack of knowledge and
capacity to process the data are also an issue for using crowdsourced information. There are as well
some purely technical obstacles such as outdated software and hardware and limited bandwidth [14].
Web applications which use real time data from mobile devices require real time synchronization
between the application and the server, and reliable network [21].

The lack of skills for dealing with spatial information across government agencies has to be
approached as well [26]. For example, GEOBIA although accurate is time-consuming [15, 24] and
difficult for non-experts [24]. Often in order to make use of these new methods the operational chains
within management organizations have to be changed [12]. Confidentiality and ethical issues may also
arise during the use of geo-information as it may reveal the identity of the participants or other
sensitive information that may harm local business and local residents [13].

User expectations

There are not a lot of research papers on the expectations and actual needs of Gl users. The
study of Burston et al. [28] is one of the few researching the needs of emergency managers. Their
study found out that emergency managers are dissatisfied with the visualization of warnings and the
misinterpretation caused by the lack of harmonization across information platforms. For them it is
important to have enough time for preparation and a warning system should “ensure that people can
be gathered as soon as possible”. Emergency managers also would like to have time series
information about the warnings and finer spatial resolution. They have expressed their concerns that
for remote areas interpolation of data is required, which reduces the reliability of the warning system.
Therefore higher resolution of (spatial) data has to be provided [28].

ALNAP offers a series of documents with lessons learned from recent disasters, which are
rich source of information about the needs of people involved in disaster management as they are
often based on interviews with operational humanitarian practitioners. In an assessment of the Nepal
earthquake, it was identified that some baseline datasets should be available at the beginning of a
disaster [29], for example up-to-date maps of the infrastructure [30]. The data should be publicly
accessible via the web and it should be ensured that new data collected is compatible with the data
already available [29]. Data management systems should enable the quick extraction of information
and the conversion to different formats according to the needs of the users [31]. Data should be
shared as soon as possible [14]. Visualization is also important because in the aftermath of a disaster
there is an information overload [14] and it is difficult to comprehend all the information available [29,
31]. The technology used at the time of a disaster should be fully mastered. If this is not the case,
more traditional technologies should be preferred [30, 31]. Information gaps and limitations of the
scenarios, assumptions and assessments should be acknowledged and clearly outlined [31]. In the
research of Burston et al. [28], emergency mangers also perceived that uncertainty is not adequately
communicated in forecasts. Collecting information that is too detailed is not beneficial [31]; it is “better
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to have moderately reliable information and “good enough” analysis on time than “perfect” information
and analysis that comes too late” [32].

The mismatch of expectations and reality

Analysing the applications and limitations of geo-information and the needs of geo-
information users, the following mismatches were identified:

» Current visualization of disasters does not fully meet the needs of geo-information users.
There is advancement in the use of 3D visualization for both presentation and analysis of data
but it still fails to outline the uncertainty of forecasts, the information gaps in the different
scenarios and assumptions, and the temporal aspects of data.

» For geo-information users time during disasters is critical. Therefore the collection and
analysis of data should not be too detailed and should not be aimed at achieving the most
accurate and comprehensive analysis but rather a moderately reliable one. Because of this
time-consuming techniques for processing geo-information may not be suitable even if they
provide accurate results.

» People involved in disaster management do not always have the skills to use certain
technologies or techniques. In such cases more traditional well known technologies and
techniques should be used. Manual mapping and weighted overlay analysis may be preferred
because they do not require any expert skills [33]. Because of this some innovations in the
area of geo-information may not be applied during a disaster until they reach a certain maturity
level.

> Despite the abundance of geo-information, there are still some basic datasets missing, the
data available is not current or does not meet the needs of the users in respect to spatial
resolution.

» Sharing data with other stakeholders such as other humanitarian organizations or media [34]
is important. However, there are some compatibility issues between different information
platforms and data formats, which hamper it.

According to the classification framework of Moe and Pathranarakul [35], disaster
management can be viewed as public project management, where disaster management phases are
presented as parts of a project life cycle. Using this framework the mismatches identified above can
be addressed in different phases of a disaster. Organizational changes and the lack of skills and
awareness to use certain technologies and techniques should be approached in the initiation phase;
outdated software and hardware, limited bandwidth and network issues, compatibility issues between
information platforms and data formats, data issues (not available, not reliable, not up-to-date, with low
spatial resolution) should be approached in the planning phase; visualization of uncertainty,
information gaps and temporal aspects, lack of time for using time-consuming techniques for
processing, confidentiality and ethical issues should be approached in the execution phase.

Conclusion and recommendations

Gl is used in many domains — for flood and wildfire evacuation and recovery, assessing
human vulnerability to cyclones and storm surges, post-disaster recovery, (real-time) damage
detection, landslide monitoring, earthquake emergency response just to mention a few. However, Gl
tools do not always meet the needs of their users. A pull approach should be considered, where
emergency managers are actively involved in the development of new Gl technologies and
techniques.
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3EMETPECEHUATA B HEMNAI - 2015T. - TEHE3NC N OCOBEHOCTU

Boiko PaHrenoB

MuHHo-2e0m0xKU yHUBEpPCUMEM
e-mail: branguelov@gmail.com

Knro4yoeu oymu: CunHu 3emempeceHusi, Henan, eeHe3uc, ocobeHocmu

Pe3rome: CunHume 3emempeceHusi 8 Henan npe3 2015 2o0uHa OoHecoxa MHO20 paspyuleHust u
yoeewku xepmeu. eHemuyecku ca npuebp3aHu KbM 2paHuyama Ha Eepasusi ¢ WHOulickus cybKOHMuUHeHm.
TunuyHama eeoduHamuy4Ha obcmaHo8Ka ce xapakmepusupa 8 YCrI08Usi Ha CufHa KOMrpecus, cb3dadeHa om
Konususima Ha 0eeme KoHmMuHeHmarsnHu royu. lNopadu moea 3emempeceHuUsima umam 8b3cedeH xapakmep U
MHO20 npodb/mKUMesnHa asmepuiokosa cepus. [Jeeme Hal-CunHU CeU3MUYHU Ccbbumusi ce omiau4asam o
MakpoceusMu4yHUme Ccu XxapakmepucmuKku — [MbP8OMO C [04Ymu U30MEeMmMPUYHO MaKpOCeU3MUYHO rorie,
8Mopomo — CbC CUIHO u3mearieHa oc 8 HarnpasneHuemo C3-HOU.

NEPAL EARTHQUAKES, 2015 — GENESIS AND PECULIARITIES

Boyko Ranguelov

Mining and Geology University — Sofia
e-mail: branguelov@gmail.com

Keywords: Strong earthquakes, Nepal, genesis, peculiarities

Abstract: The strong earthquakes in Nepal 2015, generated huge damages and many victims.
Genetically the seismic events are located at the boundary between Eurasia and Indian subcontinent. The
geodynamic environment is typically compressive. All strong earthquakes are trust type and that’s why generated
long lasted aftershocks. The most powerful two seismic events have completely different macroseismic fields —
the first one — isometric, the second in time — elongated ax to NW-SE.

BbBeneHue

Ha 25 Anpun - cbboTa, 2015 rognHa B 13.56 MeCTHO BpeMe B CpaBHUTEMHO NYCT, HEHaceneH
pavioH Ha XumananTe, 3eMsiTa 3anoysa fa ce pyLum OT cuneH semetTpse. MarHutya 7.8. 3a okono 7-8
MUHYTM LianaTa nnaHnHa 3aeqHo ¢ Esepect, AHanypHa n apyrute oceMxunsiaHuLM 3ano4Ba HEMCTOBO
na Tpenepu. KatmaHnay ce usgura ¢ okorno 3 metpa. EBepecT n okonHuTe ocemMxunagHuum 3anoysat
ha rybaT oT BucoumHaTa cu. [1o-KbCHO MpeunsHUTe U3MepBaHus Lie Nokaxart, Yye Te nponagaT ¢ no
HAKOMKO OeceTkn munuMmeTtpa. 3emMsata NpPoMeHs ocTa M CKOpPOCTTa Ha BbPTEHETO cu (edekTbT ce
OBbIDKN Ha (paKTa, Ye OrpoOMeH KbC OT 3eMHaTa Kopa ¢ pasmepu 120 Ha 60 knnomeTpa ce e usgurHan
cpegHo ¢ okono 1 MeTbp, a ToBa MPOMEHS] UHEPYHMS MOMEHT Ha BbpTEHe Ha 3emsTa U BPEMETO
3ano4Ba ga Teye C 4YacTu OT MunuceKkyHaaTta no-6aBHo). Bubpauuute ca yxacsiBawu, HO He
Heo4akBaHu — 1 B MuHanoTo KatMaHgy e npexusasano nogobeH yxac.

UcTopus Ha 3emMeTpbCHUTE NPOSIBM B paloHa

— 1897 roguHa — Benukoto Acamcko 3emMeTpeceHua (Mo AHELIHW U3YNCINEHUS C MarHUTayn
8.7) — HaM-CUIHOTO CYX03eMHO 3emMeTpeceHue 3a nocregHuTte 200 roguHn. Puyapg Ongbm nuwe 3a
Hero B cBosi panopT oT 1899 roamHa — ..."BUASX C 04MTE, CU KaK edHa MiiaHMHa Ha HSAKOJTKO KUroMeTpa
OT MEH, 3anoyHa fa Ce CpuBa M LENUAT XbiM C BMCOYMHA okorno 200 meTpa 3amnoyHa ga cnsra,
[0KaTo Cce u3paBHU CbC 3eMsTa. B cbLOTO Bpeme, ApYr parioH 3a4 MeH 3ano4vHa Aa pacTe — U CTUrHa
15-20 meTpa Hag 3emsTa, He yCcnsiBax [a Ce AbpXa Ha KpakaTa CU U cefHaX, KaTo PUCKyBaX, BCEKU
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MOMEHT 3eMsiTa da Me norbrHe...”. 3a ga npomeHn peneda Ha 3emsTa B TakMBa Malladw,
HabniogaBaHaTa MHTEH3MBHOCT (MO BCUYKM MaKpOCEM3MWYHM cCKanu) goctura Ham-sucokaTta — Xl
CTeneH.
- npe3 1950 — B CbLKA parioH — HOB TPYC C MarHUTy4 8.6 NnpoMeHsa OTHOBO perneda Ha wara
Acam.
Te3n n3BbHPEOHO CUIHM TPYCOBE CTaBaT Ha M3TOK OT Henan.
- 1934 1pyc B Henan (Ha nstok ot Katmanay) ¢ martutya 8.0, ybusa okono 17 xunagu gywm.
- 1988 rognHa — B camus Henan, 3emeTpeceHne ¢ marHntyg 6.9 yéusa okorno 1000 gywwm m
paspyLuaBa cunHo lMaTtHa.
B cbuoTo Bpeme — Ha 3anapg oT Henan, 3emsaTta He € MHOro Mo-CrnoKOWHa:
- 1905 rognHa Ha 4 Anpun - B gonuHaTa Kanrpa, B Hamuan [Mpagew, ctaBa 3eMeTpbC C
mMarHutyg, 7.8 , paspywun Japmacana (ctonuuata Ha Janaw Jlama) n nséun node 20 000 gyiun.

CnnCcbKbT Ha Tesu YHULLOXUTENHN 3eMETPECaHNA MOXe aa obaoe npoabJIKEH.

FeoanHamnyHaTa o6CcTaHOBKA

VicTtopusaTa 3ano4ysa MHoro npeau toea — okono 130 MununoHa rognHn B enoxaTta Ha PaHHaTa
Kpepa. ToraBa VIHOWNCKMAT CYOKOHTUMHEHT ce oTAenst oT AHTapkTnaa n ABCTpanusa M 3anoyBa CBOS
ObINbr NbT Ha ceBep. TOBa € KOHTUHEHTBLT NPONMbTYBas Pa3CTOSHMETO OT paroHa Ha KOxxHusa nonc
00 A3ns No CpaBHUTENHO CMOKOWHA, HECMYLLaBaHa OT APYrv rnobanHu KaTaknmaMm, TpaekTopus.

—,

Palencené GO _Ilﬁa
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WM Taka go npegm okono 20 mMunuoHa, korato ce cbnbckBa ¢ A3vsa M 3anoyBa ga u3byrtsa
Harope Haml-ronamara nnaHuvHa Ha 3emsaTta — Xumanante. M Taka go geH gHeweH. OT cOnbcbka Ha
MHamnckmna cyOKOHTUHEHT C KOHTUHEHTa A3us, MPou3nM3a v Han-BucokaTa NMraHuHa Ha nraHeTaTa.

Vima v olle Hello BaxHO — HabpaHaTa uHepuusa ot npean 130 MunmMoHa roguHa, npogarkaea
C HecCTMxBallla cuna u gHec. 3aTtoBa 30HaTa Ha KONMU3WA MeXAy ABETE KOHTUHEHTanHW Niouv —
MHugninckata v AsvaTtckaTa paxga Han-O0bp3o pacTswlata nraHuMHa Ha nnaHetata 3ems. Toea
O3HauvaBa, 4ye camo npe3 KeaTtepepa, (a moxe 6u gopu camo npes3 XonoueHa), XumanawTte ca ce
nsguranu cbC cpegHa ckopocT oT 1-2 cM Ha roguHa. W ToBa e BCneacTBME Ha rmraHTckata Konmaust
Ha CONbCHK Mexay ABETEe KOHTUHEHTAIHN MI0oYM.

Mopaan ToBa — cuUnHoTo 3emeTpeceHne ot 2015 r., KakTo 1 cTaBanuTe npeau Hero, KakTo u
Te3n, KOUTO LLie cTaBaT B ObaelLe, ca nsLano npeans3BecTeHu.

ToBa cnegBa HeMocpeacTBEHO OT reoTekToHckaTa obcTaHOBKa B palioHa — Ha curyparta e
npeacTaBeHa rpaHuuarta mexay Asmartckata nnoda u WMHguickaTta cybnnoya — xbntata nuHus. Ha
doHa Ha cOMbCBbK Mexay ABeTe, OTYETNMBO NMYM CbBPEMEHHaHa CEW3MUYHOCT — KpbryetaTta C
pasnuMyeH UBAT cCa enuUEeHTpUTe Ha cunHute 3emetpecenHnsa ot 1960 rogmHa OO 3eMeTpeceHUeTo
cTaHano Ha 25 Anpun, 2015 (3Besgunukara). Bwkaa ce 4e macoBo censmmyHuTE CbOMTKA cTaBaT Ha
ceBep OT rpaHuuaTa. ToBa roBopu Ye TaM Ce HaTpynBaT HaMnpexXeHusiTa B 3eMHUTE Heapa, KOUTo ce
ocBoboxgaBaT OT cTaBawmte B obema Ha  3emMHaTa  Kopa  3eMeTpeceHust -
http://earthquake.usgs.gov/earthquakes/.

TE BB

TeKkTOHCKa cxema Ha parioHa CbC CKOPOCTU M MOCOKM Ha ABwkeHne Ha VHauiickaTa cybnnoda n HAKOW No-CUIHU
3emeTpeceHuns (cnopea USGS). GPS nsmepBaHusaTa, noka3saT ABWXKeHNUst oT okono 40 mm/rog.

anI‘WIHVI 3a yXacaBawuTte nocrneamum

OCHOBHUTE NPUYUNHY ca:

MbpBo — AbnbouymHata My e okono 10 KMmoMeTpa — 3a CbXalneHue CPaBHUTEMHO MAWTKO,
nopaam KOeTo — MHOTO paspyLUUTESHO.

BTtopo — cpaBHuTenHo 6nm3ko 4o mHoromogHn mecta (Katmangy e camo Ha 80-90 km ¢
HaceneHuwe 1.5 mrH. aywu, a bapaTtnyp — Ha 70 km ¢ HaceneHnue Hag 150 000 gyun)
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P ion and th ical PGA

P e

d for MAG=7.6 (limit of validity of PGA law)

M7.8 2015/04/25 - 06:11:26 UTC

Lat 28.28 Lon 84.79 Depth 10.0 km P

Number of inhabitants
per square kilometer

pop <5

5 < pop < 25

25 <pop <125
. 125 < pop < 600
. 600 < pop < 3000

. 3000 < pop < 15000

. pop > 15000

Restricted use:
redistribution forbidden

TpeTo — nopaau cunata cu, TPyCbT Npeamn3BrKa BCUYKN €CTECTBEHW BTOPUYHU SBIIEHNS KOUTO
CblLO MMaT paspymTeneH NOoTEeHUUsin U youmBaT: — rofieMy LenHaTMHU B 3eMsATa; akTUBM3UpPaHU
CBraymLLa, KOUTO OCBEH Ye 3aTpynBaT Xopa, paspyLlaBaTt cnacuTenHarta MHpacTpykTypa — NbTuLla,
ennpoBoan, ApYrM KOMyHMKaLMK, KOETO OT CBOSl CTpaHa 3aTpyAHsiBA CnacuTeriHuTe ornepauuu;
NaBWHW BbB BUCOKOMMaHUHCKaTa YacT — norpebanu Hag 300-400 gywn. 30610 Han-nowo ctedeHmne
Ha obcTosiTencTeaTta. [Nopaam ToBa M nopaau cunarta cu, TPYCbT Npeau3BUKBa TEXKN paspyLleHust Ha
nnow, Hag 20 000 kB.kM, a € yceTeH Ha pascTosHusa Hag 1500 km, gopu go LewnoH. Bpodat Ha
XepTBuTe No nocnedHn aaHHu e Hag 7 700, a Ha paHeHuTe okoro 15-16 000.

@ Extreme/violent damage @ Violent/severe Very strong Strong  Moderate

New Delhi®

PaspyLueHus no ckanata Ha Mepkanu — eKCTpeMHU (YePBEHO), MHOTO CUIHU (kadsBo),
CUIHM (OpaHXeBo), NOBpeaun (KbMTo)
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[aHHn 3a ycewaHeTo Ha HaceneHneTo no cteneHu (cnopen EMCLL)

HanpeueH npocun CeBeposanag-tOromatok npes konusuaTa Ha NHauinckaTa ¢ EBpoasuickaTa nnova. [NokasaHu ca cunute Ha
cbnbckBaHe (OpaHXeBUTE CTPESKN); OTHULLETO (C Kpbrye), BEPTUKANHOTO pas3kbCcBaHe (NnaBata fMHUS) U U3QUraHeTo Ha
tokHaTa YacT (c KatmaHay Ha Hesl) M nponagaHeTo (0T oTkaTa) Ha ceBepHaTa (C EBepecT Ha Hesl) — CUHUTE CTPenKy.
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Pa3r|pep,eneHme Ha a(*)TepLLIOKOBeTe Nno MACTO 1 BpeMe N NNbTHOCT Ha HaceneHneTo B pa|?10Ha

PasnpefneneHve Ha adpTepLUOKOBETE BbB BPEMETO 3a MbpBUTE AECET AHW Crief CUNHUA Tpyc
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Makpocenammnynm noneta Ha nbpeusa (25.04.2015, M7.8) — nsomeTtpuyHa cpopma u Btopus (12.05.2015, M7.4)
TPYC CbC CUIHO U3TErNeHa enuncosmaHa dopma u HanpaeneHue Ha gbnrata oc C3-HOU

AHanoruu mexay Tpycosete B Henan 2015 n Tean B bnrapusa — 1904 r.

3a pasnuka ot Tpyca B Henan, bbnrapckoto semetpeceHue ot 4 Anpun 1904 rognHa ctaBa
Ha ABa MOLLHW Tpyca, MbpPBUAT C MarHuTya 7.2, a BTOpuAT — ¢ M7.8, pasgeneHu oT mHTepBan ot
Bpeme paBeH Ha 20-uHa muHyTM (Ranguelov B. et al, 2000). Te3n TpycoBe cbbpaHu B €OUHUNYEH,
BEPOSATHO LWe HagMuHaT no cuna Henanckus, ako eHepruaTa um Belle oTAerneHa Ha egHa nopuus
(kakto B Henamn). Pasbupa ce oueHkaTa Ha MarHWTYOuMTe Ha Te3n [Ba Tpyca € HanpaBseHa
noctdakTyMm (Mo pasnUYHU Ha4yMHK), MOHEXe MO TOoBa BpemMe MarHuTygHaTa ckana ouwe He e buna
dopmynmpaHa ot Yapa Puxtep (o1 KanndopHuinckns TexHonormyeH nHeutyT). Tol npaeu ToBa npes
1935 roamHa 3aegHo ¢ beHo N'yTeHbepr — oT cbwus MHCTUTYT. CbrnacHo ToBa, BTopuAT Tpyc (M7.8 —
kKato B Henan), e Ham-CMNHOTO 3eMeTpeceHWe B Mnpedenute Ha KOHTWHeHTanHa EBpona npes
nocrnegHute 200-250 rogunm (Ranguelov B., 2005). 3a wacTtue, ToBa He ce e cnyduno npeau 111
roavHu, HO nocreguuute ca 6unm He nNo-manko yxacsasawm. Paspywenn ca KpecHa n KpynHuk,
nocTtpaganu ca cunHo NopHa Oxymas (gH.Bbnaroesprag) v QynHuua, kakto u NexyeBo B MakeaoHus.
Mopagn obpasyBaHaTa nykHaTuHa B 3emsaATa, CTpyma ce e 3arybuna 3a ussecTtHo Bpeme. Mmano e
MHOrO aKkTMBU3WpaHW CBMauuvlla, NaBvHWM M AbhAra aTepLlokoBa Cepusi — Mpojarnkumna HsKOIKo
roavHn. ToBa obGade, koeTo oTnmyaBa bwnrapckus Tpyc oT Henanckusi, KOWTO € B ycnoBus Ha
KoMnpecusi T.e. CBMBaHe, HaTUCK (M TO e HaW-CbLLEeCTBEHOTO), € Ye 3a pasnuka oT Henan, y Hac
TPYCbT CTaBa B KaTEropmyHU YCroBuS Ha eKCTEH3Us, T.e. pasTaraHe, onbH (Vikulin A. et al, 2000) .

3aToBa 1 NpemMecTBaHusATa Ha 3eMHUS pened He e Taka gpamMaTuyHK, 3aTOBa U OBWKEHUSTA
Ha 3eMHaTa kopa npeau u cnef Tpyca (Kouto morat da Obaat npemepeHu u gHec ¢ GPS) ca B
paMK1TE Ha HSKOJIKO (EAMHULN) MUNUMETpPA 3a roguHa.

Bcuuknte TE3an gaHHM nokaseaT, vye Te3an reoguHamuyHu obnactM Ha 3emsiTa ca MHOro
aKTMBHM, KOETO O3HayaBa, 4Ye Te umaT NoTeHumnan ga reHepvpaT NnogobHu TpycoBe B MUHAOTO, umat
ro u cera, Lie ro nmat 1 B 6baeLleTo.

3akno4yeHune

- PasrnegaH e reHe3ncbT Ha cunHuTe 3emeTpeceHusa B Henan npes 2015 r. 1 aBTepLIOKOBUTE Cepun
KOMTO Te ca Npeaun3BuKanm.

- OnucaHu ca nocneguuuTe U 0cOBEHOCTUTE B MakpoCeM3MUYHWUTE MoneTa Ha ABaTa Hal-CUMHU
Tpyca.
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- HanpaBeHo e cpaBHeHue Ha 3emeTpeceHnsaTa B Henan 2015 r. u Bwnrapua 1904 r. n e nokasaHo, 4e
Ca CTaHanu B YCNOBWsiTA Ha CWUITHO pasfM4yaBalla ce reogMHamuyHa obcrtaHoBka. B Henan — cunHa
Komnpecwusi, B Bbnrapmsa — ekcteH3us.

- MNokasaHo e, ye Henan He e 6Gun nogroTBeH 3a NMOJOOHU CUMHW 3EMETPECEHUHA, HE3AaBUCUMO Ye
TakvBa ca cTaBanv v npeaw.
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MAGNETIC SOURVEY OF THE DANUBE RIVERBED
FROM km 795" TO km 796*%*° (THE AREA OF THE NEW BRIDGE
OVER DANUBE RIVER VIDIN-KALAFAT)

Bozhidar Srebrov?, lliya Cholakov?, Dimitar Ognianov2

"National Institute for Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences
’VIDASOF Ltd
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Abstract: The article observe carried out of magnetic survey on the area of new bridge over Danube
river Vidin-Kalafat The project for a new bridge over Danube river at Vidin-Kalafat started in the beginning of
2003. Organization and conduct of the field campaign take place during the months of July and August 2007.

MAMHUTHO NMPOYYBAHE HA KOPUTOTO HA PEKA IYHAB
OT km 795%°*° 0O km 796"*° (PANOHA HA HOBUA MOCT
HA PEKA IYHAB BUOWH-KANA®AT)

Boxugap Cpe6pos’, Unus Yonakos', AMMuTLP OrHsiHoB®

'HayuonaneH uHcmumym no 2eochusuka, 2e0de3usi u 2eozpacpusi — bbrzapcka akademusi Ha HayKume
*VIDASOF Ltd
e-mail: srebrov@geophys.bas.bg

Pe3rome: Pabomama pasanexda npoeedeHomo MagHUmMHO npoy4yeaHe Ha palioHa Ha Ho8usi MOCM Ha
peka [lyHae BuduH-Kanagam. Npoekmbm 3a HO8 Mmocm Ha peka [yHae npu BuduH-Kanagpam cmapmupa npes
2003 e. OpeaHusayusma u npoeexdaHemo Ha rnosesume magHUmMHU pabomu bewe npe3 M. OIU U asaycm
2007 e.

The project for a new bridge over Danube river at Vidin-Kalafat started in the beginning of 2003. The
project consortium was formed from UK and Spanish companies and Bulgarian participation and he
predicted survey of the riverbed of Danube river at km 796, affected by construction works. According
to the requirements for identification, assessment and risk management of construction of the facility
has provaided a map of the riverbad 1:2000 and geomagnetic survey to detect buried objects
including munitions of the wars.The task associated with the realization of such a project,
implemented first in the country, was commissioned by the developer of the site Spanish FCC
CONSTRUCTION of "VIDASOF" Ltd. with a contract from 04.07. 2007. Organization and conduct of the
field campaign take place during the months of July and August 2007 by a team led by Bozidar
Srebrov from Bulgarian Academy of Sciences (BAS) and participation of lliya Cholacov and Dimitar
Ognianov. The equipment for the task is provided by "HYDROREMONT IG" Ltd. - Varna, BAS and
"VIDASOF" LTD. For correctly reporting the results of geomagnetic studies of the area affected by the
construction of the bridge has been used 3D-model of riverbed provided by "VIDASOF" LTD,
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Principal survey data:

Investigated section of the river Danube 70 m upstream 150 down-stream to km 795**°

1

2. Coordinate system: local (bridge-related)

3. Scope of the magnetometric survey: 10.1 ha
4. Water level variation during magnetometric measurements in km 795*%'%; 26.2 - 26.8 m Baltic
Elevation System.

Water depth variation during magnetometric measurements in km 795"1%: 8.6 —10.2 m.
Method of magnetometric survey: geomagnetic field deviation

Accuracy of the measurements of the geomagnetic field: 1 nT

Accuracy of positioning of the sensor: 1 m.

9. Method of hydrographic survey: echo sounding measurements

10. Total number of measured points in the digital model describing the anomalous field: 3080
11. Number of survey gals: 24

12. Number of land control points: 1

13. Average spacing between the survey gals: 18 m

14. Speed of the survey vessel along the survey gals: 2-3 km/h

15. Frequency of magnetic field measurements along the profile (gal): every two seconds

16. Total length of the navigation canal survey profiles: > 220 m

|. General Remarks

I.1. Scope of the task

The field campaign for magnetic survey of the riverbed of the river navigation canal touched by project
“New Bridge over Danube River” was conducted between 31 July and 6 August 2007. The scope and
contents of the performed activities comply with the Investor's Assignment Note and Bulgarian
standards.

The investigation site-focus in water territory occupied of navigation canal from km 795 to km
796"%% and  width 600 m (water level 27) , according to the investor's assignment. Equipment’s
setting-up is accordingly investor’s requirements for detection of sunken objects; including ammunition
from past wars - metal objects over 50 kg.

Before begging was executed:

- Equipment calibration.

- Site investigation of magnetic field.
- Set-up of work parameters

- Equipment synchronization

Magnetometric investigations were made in three stages:

1 stage - site investigation in general and determine the zones for detail investigations.

2 stage - Detail magnetometric survey.

3 stage - Result annalist, recommendations for addition investigation include diver inspection.
The detailed magnetometric survey of the riverbed covers the area 220 m along the coast and 460 m
across the river 24 survey profiles along the coast with 18 m average interval was projected for
preliminary investigation of geomagnetic field. The length of the survey profiles is 220 m. The
parameters of implementation of the magnetometric survey comply with the requirements of Investor’
Assignments.

+610

[.2. Equipment

Equipment for localization of the metal objects includes:

- Magnetometer Proton-4 for investigations in the water territory

- Proton magnetometer PMP-5A for land measurements

- GPS- receiver — Aquarius 5000- Desault-Sersel

- Motor cater —4.51t.
Calibration of the Proton-4 magnetometer was made by PMP- 5A standard magnetometer from
Geomagnetic Observatory (PAG) at the Geophysical Institute, Bulgarian Academy of Sciences.

I.3. Work organization

One team was established for implementation of the task composed of Capitan, Hydrograph,
Geophysicists (specialists in the geomagnetism) and Surveyor.
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Team participators:

- Assoc. prof. Bozhidar Srebrov — Head of Geomagnetic Service.
- Assoc. prof. lliya Cholakov — Head of Geomagnetic Observatory.
- Diver- Ivailo Dushkov.

- Hydrograph — Dr. Dimitar Ognianov.

- Data processing - Bozhidar Srebrov, Peter Petsinski.

I.4. Methodology and technology

The investigations for obtaining of geomagnetic anomalies, caused by ammunitions from past wars or
different artificial magnetic disturbers consist:

- Preliminary calibration of the Proton -4 magnetometer and reference land measurements by
PMP-5A magnetometer.

- Carry-out of site investigation in general and determine the areas for detail investigations.
- Carry-out of the detail magnetometric survey.

- Data processing including comparison with data from the Geomagnetic Observatory
Panagyurishte (PAG). Preparation of maps and 3D model of the disturbed geomagnetic field
of the riverbed.

GPS technology for determination of positioning, geomagnetic survey and specialized software for
design, control and processing of data have been used in the process of design of a geomagnetic map
and a 3D model of the anomalous geomagnetic field near the riverbed.

I.5. Regulatory framework

See the References of this article.

Il. Instrument Calibration and Site Survey in General
II.1. Instrument calibration

The operative geomagnetic control was made as follows:
1. Calibration of Proton-4 magnetometer was made by PMP-5A standard observatory
magnetometer:

e The both magnetometers sensor in one place on the land was sited.
e With every one magnetometer 10 simultaneously measurements was made.
e The average values measured by the magnetometers are as follows:

Magnetometer Average values of the magnetic field
Proton -4 48 617 nT
PMP -5A 47 643 nT

The instrument calibration value for Proton -4 magnetometer is:

48617 nT - 47 643 nT =-973 nT.

2. Comparisons of geomagnetic field data from km 795" to km 796" area of Danube River
with data for total geomagnetic field F from Geomagnetic Observatory PAG during time
intervals during measurements on the every one of the geomagnetic profiles.

[I.2 Site investigation in general

The magnetometric survey in general near the riverbed covers the area 220 m along the coast and
460 m across the river and 4 survey profiles along the coast with 100 m average interval were
measured for preliminary investigation of geomagnetic field. The length of these survey profiles is >
220 m.
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[ll. Detail Maghetometric Survey
[ll.12. Method and technology

The survey of the geomagnetic field has been conducted by the measurements in the river water with
time interval 2 seconds. Water-depths during the geomagnetic measurements have been 8.6 — 10.2 m
and the width of the accessible investigation area was 460 m. The number of survey gals was 24
with average spacing between the survey gals -18 m. For determination of positioning and time during
the geomagnetic measurements the GPS receiver was used. The average distance between
magnetometer sensor and the riverbed surface was 3.5 m. The distance between Motor cater and the
magnetometer sensor was 60 m. The magnetometer investigation of the underwater area was made
by JW FISHERS INC Tracker Il software installed in a computer, which worked in synchronization with
the magnetometer and the GPS receiver. The geomagnetic field was measured in 3080 points in the
investigation area.

I\V. 3D Model of the Anomalous Geomagnetic Field
IV.1. Description of the model

The 3D model of the anomalous geomagnetic field is created by separation of the geomagnetic
variations (registered in the geomagnetic observatory) from the site-measured geomagnetic field data
and by optimization procedure for obtaining of the disturbed areas which contain local minimums of
the geomagnetic field. On the base of the model are obtained the areas with considerable negative
geomagnetic field deviation. These disturbed areas could be associated with ferromagnetic bodies
which eventually can change the normal geomagnetic field. After data processing was derived 73
points with anomalous geomagnetic field which can be used for planning of detailed diver searches in
these areas.

IV.2. Results

The all 3080 points in the water section have been used for representative description of the
anomalous geomagnetic field and for creation of the 3D model. The accuracy of the measurements of
the geomagnetic field is 1 nT and optimization level step for obtaining of the disturbed zones is 14 nT.
The value of the negative geomagnetic field deviation at distance 3.5 m between magnetometer
sensor and one ferromagnetic metal body with mass 50 kg is > 28 nT.

The equipment and the results from data processing are shown further down:

Equipment for magnetic water survey The Sensor of Proton-4 magnetometer

On the first picture is shown the 3D model of the disturbed geomagnetic field in the investigated area.
The geomagnetic field values are in the interval between 47 600 and 47 700 nT. The magnetic field
with values below 47 671 nT is eventually influenced by disturbers on the riverbed and under the
riverbed surface in small dept.
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The next picture is a plot of magnetic field distribution in the investigated area.
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After application of the optimization procedure for obtaining of areas with anomalous magnetic field
values the next plot was draw. All spots on this picture are areas with disturbed magnetic field caused
the eventually disturbers which can be on the river-bed and under the river-bed surface.

Anomal magnetic field areas in nT
Danube river, km 795
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Through data processing was derived 73 points with anomalous geomagnetic field which are
containing in the areas with anomalous magnetic field. These points are shown in the next scatter plot:

Negative magnetic field deviation points in nT
Danube river, km 795
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The places in the magnetic field deviation points in the investigated area can be see on the next plot:
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Negative magnetic field deviation pointsin nT
Danube river, km 795
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The coordinates of these negative magnetic field deviation points are described further down. These
coordinates can use for planning of detailed diver searches in the areas around the points.

Negative magnetic field deviation points |

Coordinates deviation Coordinates deviation
deg, min.min/100 nT deg, min.min/100 nT
22.568551 44.000551 -17 22.567683 44.000279 -15
22.568545 44.000553 -14 22.569265 44.000344 -17
22.568538 44.000554 -12 22.570629 44.000405 -48
22.568532 44.000555 -16 22.567270 44.000919 -18
22.568525 44.000556 -15 22.567335 44.000928 -16
22.568100 44.000640 -11 22.567722 44.000971 -17
22.568093 44.000637 -14 22.568970 44.001101 -103
22.568087 44.000635 -19 22.569008 44.001108 -154
22.568076 44.000631 -15 22.569230 44.001147 -19
22.567614 44.001397 -62 22.569277 44.001935 -15
22.567604 44.001395 -65 22.566377 44.001443 -16
22.567584 44.001392 -44 22.566602 44.001454 -15
22.567577 44.001389 -26 22.569987 44.001699 -15
22.567568 44.001387 -15 22.566746 44.000220 -17
22.567253 44.001322 -16 22.566787 44.000221 -18
22.568860 44.002223 -32 22.566830 44.000223 -15
22.568900 44.002232 -18 22.566988 44.000238 -16
22.569347 44.000284 -20 22.567031 44.000242 -18
22.569525 44.000263 -18 22.567075 44.000246 -39
22.569563 44.000260 -19 22.567489 44.000264 -18
22.569834 44.000282 -47 22.567532 44.000265 -20
22.570070 44.000315 -22 22.567775 44.000277 -19
22.570154 44.000327 -21 22.568077 44.000290 -37
22.570251 44.001140 -18 22.568263 44.000297 -46
22.568951 44.001088 -61 22.568875 44.000351 -21
22.569058 44.001106 -70 22.569408 44.000434 -17
22.569097 44.001114 -18 22.567593 44.000601 -16
22.566743 44.001348 -16 22.567638 44.000606 -16
22.566958 44.001378 -16 22.567893 44.000616 -17
22.567248 44.001435 -17 22.568088 44.000615 -16
22.569002 44.001826 -14 22.568367 44.000638 -16
22.569715 44.001996 -17 22.569177 44.000741 -16
22.567400 44.001899 -91 22.569679 44.000810 -16
22.567734 44.001994 -88
22.568604 44.002215 -17
22.568906 44.002251 -18
22.568251 44.000319 -34
22.568328 44.000318 -83
22.570040 44.000429 -17
22.567638 44.000275 -18
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Pe3rome: AHanusupaHu ca nocredcmeusma om rosmapswu ce pasnusu Ha peka Kamuusa Ha
mepumopusima Ha pe3epeam Kamy4usi bpXy CbCMOSHUEMO Ha JIOH203HUMe 20pu 8 pe3epsama. Kamo msipka 3a
CbCMOSIHUEMO Ha pacmumesiHocmma U 800HOMO CbObPXKaHUE 8 HUS ca u3nonseaHu uHdekcume NDVI u NDWI
3a nepuoda 1985-2015 no daHHU om Landsat.

THE INFLUENCE OF A WATHER AS A ECOLOGICAL PHACTOR ON A
CONDITION OF KAMCHIA PRESERVE

Maria Dimitrova®, Svetlana Markova?, Roumen Nedkov', Mariana Zaharinova®

lSpace Research and Technology Institute - Bulgarian Academy of Sciences
’Sofia State University st. Kliment Ohridski
e-mail: maria@space.bas.bg

Abstract: In this work it is the effects of repeated floods around Kamchia River in the territory of the
reserve Kamchia on the state of the forests in the reserve. As a measure of the state of vegetation and water
content, were used NDVI indices and NDWI for the period 1985-2015 data from Landsat.

lMpu npocnegsiBaHe Ha BPEMEBOTO pas3npederieHne Ha HaBOoOHEeHMsTa Ha TepuTopusTa Ha
Bwnrapusa ce 3abenassart noBTapsLWwmM ce pa3nuBM NoO HXKHOTO nopeyne Ha Kamunsi npes nponeTtta Ha
2006, 2010 1 2015 rogmnHa n 3umaTta Ha 2014 [1, 2]. Ta3u Teputopusi nonaga B pesepat Kamuus.

BuocdepeH pesepeat “Kamums” e pasnonoxeH Ha TeputopusiTa Ha obrnact BapHa B
o6wuHuTe JonHu undnuk n ABpeH. 'eorpadckute koopamMHaTu ca 43°00'24" N; 27°52'10" E. MnowTa
Ha pesepBaTa M OydepHaTta 3oHa e 1053,2 xa. bydepHa 3oHa 199,2 xa, pesepBaT 854,0 xa.
PesepBaT Kamunsa e obsiBeH e 3a pesepBar ¢ [loctaHoBneHne Ne14289 ot 29.06.1951 r. Ha
MwuHucTepcTBOTO Ha ropute. [Npe3 1977 r. e BKNIOYEH B CBETOBHATa Mpexa OT bnocdepHu pesepatu
KaTo YacT oT nporpamara ,“Yosek n 6rnoccepa”’ Ha FOHECKO 3a ona3BaHe Ha Han-nNpeacTaBUTENHUTE
ekocucteMu Ha nnaHetata. OcobeHo LieHHU 3a pe3epBaTa ca fMOHrO3HUTE ropu Mo AOMHOTO TeyeHune
Ha peka Kamuus. [3]

3a oTKpMBaHe Ha HaBOL4HEHUS € NpUNoXeHa MeToaukaTa, onucaHa B [4].

3a KONMMYecTBEHOTO u3cregBaHe CbCTOSHMETO Ha pacTuTenHocTTa e wu3bpaHo Ja ce
usnona3eat HopMupaHus  audepeHuunaneH BereTauMoHeH uHekc NDVI  wn HopmwupaHus
andepeHumaneH BogeH wHoekc NDWI, kouTo ce wm3passiBaT MnocpedcTBOM —OTpaseHaTta
ereKTpomMarHMTHa eHeprusl B pasnuyHu CnekTparnHu yYyacTblm KakTo cneasa [4, 5):

NDVI — NIR - RED
NIR + RED
NDWI — NIR — SWIR
NIR + SWIR
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KbOeTo:

- NIR e konuyecTtBaTa OTpas3eHa enekTpoMarHuTHa eHeprusi B Onuskms nHdpadepBeH
OnanasoH ¢ ObJPKMHA Ha BbfiHaTa okono 0.85 um, Koeto 3a gaHHUTe OT Landsat5un 7 e
4-Tn kaHan, a 3a Landsat 8 — 5-u

- RED e konuyecTtBaTa OTpaseHa efieKTpOMarHMTHa eHeprns B YepBeHUs AnanasoH C
ObIMKnHa Ha BbnHaTta okorio 0.65 uym, koeTo 3a gaHHuTe ot Landsat 5 n 7 e 3-Tm kaHan, a
3a Landsat 8 — 4-1n

- SWIR - «konuyecTtBaTa OTpaseHa efnekTpoMarHutHa e€eHeprus B KbCOBBSIHOBUSA
WHdpadepBeH AManasoH C Ob/MKMHA Ha BbiHaTa okorio 1.65 ym, koeTo 3a JaHHuTe OT
Landsat 5 n 7 e 5-T1 kaHan, a 3a Landsat 8 — 6-Tu

HopMmunpaHuaT BereTauuoHeH WMHAEKC umMa CTOMHOCTU mexay -1 u 1, kaTo KONKOTO no-
ronsiMa e CTOMHOCTTa, TONKOBA NO-CUMHA € BereTauusita U no-rofiiMo € BOAHOTO CbAbpXaHue. ToBa
€ Taka, T.K. 3apaBuTe 3efleHN pacTeHUs CUITHO NOrMbLLAT ClbHYEBATa €HEpPrus B YepBeHUs AnanasoH
Ha cnekTbpa (Hag 80 %), Aokato B 6nn3kusa nHdpadyepBeH AnanasoH NOrbLAHETO € MHOMO MO-HUCKO
(0o 40 %).

OTpuuaTtenHute ctonHocTn Ha NDVI oTroBapaT Ha aobnboka Boga, CToMHocTUTE okoro 0 — Ha
rona naropsna no4ea, ot 0.2 o okosno 0.4 — Ha TpeBHa PacTUTENHOCT a Hal-BUCOKUTE CTOMHOCTU ce
OTHacAT 3a ropuTe.

Hopmupanuat gudepeHumaneH BogeH MHAEKC MMa CTOMHOCTU Mexgy -1 1 1, KaTo KOMKOTO
no-ronsiMa € CTOMHOCTTA, TONKOBa MO-TOfiIMO € BOAHOTO CbAbpXaHwe B NMCTHaTa mMaca Ha
n3cneaBaHaTta ropa.

3a ga Moxe Ada ce npaBu CpaBHEHWME 3a Pas3nUYHKU rOAUHN € HeobXoauMO MHOEKCuTe ga ce
npecmsaTaT 3a eaHa M cblla asa oT pas3BMTMETO Ha pacTeHusaTa, T.e. 3a eQuH U CblUM rogulleH
Ce30H.

Ha durypa 1 ca nokasaHu pa3nueuTe, onpegenexHu no 6asara gaHHu ot MODIS [1, 2]. Bbpxy
uncpoB mMogen Ha peneda Ha TepuTopusiTa OKONo pesepBaTta. 3abensisBaT ce MNOBTapsilM ce
pasnMBuM No XHOTO nopeyvne Ha Kamums npes nponetrta Ha 2006, 2010 n 2015 rogmMHa u 3umaTa Ha
2014. Tasu Teputopusa nonaga B pesepsaT Kamuus.

™~

INerenpa

D F:'E:iepElET Kamuna

*  CeyeHue 1

Qur. 1. MNMoBTapswm ce pasnmen Ha TeputTopusaTa Ha pesepaat Kamuus
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NerexHga
*  ceyeHue 1 E peaepeat Kamuua

*  ceyeHne 2

®ur. 2. Pasnue Ha Kamuusi ot nponeTta Ha 1999 rognHa no nsobpaxeHus ot Landsat

B HacTosilaTa paboTa ca npecMeTHaTU uHAekcute 3a nepuoaa 1985 — 2014 roguHa, kaTo ca
noadpanHn n3obpaxeHnss oT NOCNeLHUTE AHU Ha Mal 0O NOCNEeLHUTE OHU Ha aBrycr.

3a n3cnegBaHeTo ca u3nona3saHu gaHHu ot Landsat 5, 7 u 8 3a nepuoga 1985 — 2014 roamHa
kakTo cneasa (Tabnuvua 1)

Tabnuua 1. [JaHHM, n3non3BaHW 3a U3crneaBaHeTo

roguHa | gata | ceH3op | Komno3uTtHo nsobpaxeHue
(kaHanwu)

1 1985 24.07 ™ 345
2 1986 27.07 ™ 345
3 1987 31.08 ™ 345
4 1990 7.08 ™ 345
5 1991 10.06 ™ 345
6 1992 19.07 ™ 345
7 1999 25.05 ETM+ 345

23.07 | ETM+ 345
8 2000 6.07 ETM+ 345
9 2001 21,05 | ETM+ 345
10 2002 12.05 | ETM+ 345
11 2003 31.05 ETM+ 345
12 2006 31.05 ™ 345
13 2007 21.07 ™ 345
14 2008 23.08 ™ 345
15 2009 8.06 ™ 345

27.08 ™ 345
16 2010 11.06 ™ 345
17 2011 16.07 ™ 345
18 2013 2.05 OLI 456
19 2014 8.07 OLI 456
20 2015 25.05 OLI 456
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Mpn nogbopa Ha gaHHM oT Landsat ce 3abens3Ba HanuuMe Ha HaBo4HEHWe 1 npe3 man 1999
roguHa (gpurypa 2).

Cnep npecMsTaHe Ha WHOEKCUTE ca MOCTPOEHM CeYeHus Ha gBa M3bpaHuM y4dacTbuu OT
FNIOHrO3HUTE FOpU, KOUTO Ca YCNOPEAHN HAa PEYHOTO KOPUTO, KOMTO ca NnokasaHu Ha durypm 1 1 2.

MbpBUAT yvacTbK He ce 3anuBa npu HabniogaBaHWTe HaBOOHEHWUs, [OKaTO BTOPUAT
npeMuHaBa npes3 Hal-4ecTo 3anMBaHNs y4acTbK.

Mo TAXHOTO MpoTeXeHne ca NOCTPOEHM anarpaMmn Ha pasnpegeneHneTo Ha MHOEeKCUTe U ca
onpeaeneHn MakCUMarnHuTe n cpeaHnTe UM CTOMHOCTU.

Ha durypa 3 ca npeacraseHu Bapuauuute BbB BpeMETO Ha CpeaHuTe CTOMHOCTU Ha NDVI
MHOEeKCUTe No ABeTe ceyeHus. Kakto ce Buxkaa, NoBeAEHNETO Ha ABaTa npoduna e NaeHTUYHO, KOeTo
0O3Ha4aBa, Ye KaKTo YCNoBUsATA, Taka U TUNa pacTUTENHOCT Ha ABeTe MecTa ca MHOro NogobHu.

Ha dwurypa 4 ca npencraBeHu BapumaummMte BbB BpPEeMETO Ha CTouMHocTMTe Ha NDVI,
OTroBapsiLM Ha MakKCUMYMUTE B pa3npederieHNeTO Ha NHOEKCUTE.

Kakto ce Bmxga OT cpaBHEHMETO Ha curypm 3 m 4, MakCUMyMUTE Ha pasnpegerneHue
HaMbTHO OTroBapsaT Ha cpedHuTe ctoHocTM Ha NDVI nHaekca. NoBeaeHneTo Ha gBata npoduna e
MOEHTUYHO, KOETO O3HaYaBa, Ye KakTO YCINoBMSATa, Taka M Tuna pacTMTENHOCT Ha [BETe MecTa ca
MHOro nogooHu.
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CronHoctute Ha NDVI BapupaT mexay 0.4 n 0.9, koeTo roBopu 3a ropcka pacTUTENHOCT,
Hamupalla ce B 4OOpO eKONOrmMYHO CbCTOSAHWE Npe3 No-ronsiMaTa YacT Ha M3crneaBaHus nepuos.

Ha durypuTe cbCc cMHM OBanu ca nokasaHu NnepuoauTe Ha HaBOOHEHUS.
3a 1999, 2000 u 2006 moxe ga ce kaxe, Yye cnen HaBogHeHusaTa NDVI nmHaekca mbpBOHayarHo
chaga, T.e.npekaneHo MHOroTo BoAa B Cnyyasd Mma Mno-CKOpO OoTpuuaTtenHo Bb3OencTBue BbpXY
ropaTa. ToBa, obade He ce Habnogaea 3a pasnuea oT eceHTa Ha 2014 n nponeTTa Ha 2015 roanHa.

Ha dumrypy 5 n 6 ca nokasaHM CbOTBETHO M3MEHEHUATA BbB BPEMETO Ha cpegHuTe K
MakcumarnHu ctomHoctn Ha NDWI nHagekcute no ABeTe CeYeHus.

Kakto ce BWxga OT CpaBHEHWETO Ha urypy 5 M 6  TyK CbLWO MakCMMymMuTe Ha
pasnpefeneHne HanbIHO OTrOBapAT Ha cpeaHnTe cToMHOCTU Ha NDWI nHaekca.
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PasnvBunTe He oka3BaT MpPSKO BUSHWE BbPXY BOOHOTO CbAbPXaHME Ha KOPOHMTE Ha
abpBeTara.

Ha cmrypa 7 ca npegctaBeHM efgHOBPEMEHHO cpegHuTe cTomHocTM Ha NDWI n NDWI
WHOeKcuTe 3a ABaTta npodwmna 3a ga Moxe Aa ObAde HampaBeHa CbMNOCTaBka Ha TAXHOTO BPEMEBO
nosefeHve.

BpemeBo pa3snpegeneHue Ha NDVI n NDWI

‘I NDVI @ NDVI-f B NDWI| @ NDWI-f

®ur. 7. CpaBHeHue Ha ra3suTueto BbB BpemeTo Ha NDVI u NDWI nHgekcute no asete ceveHusi

KakTo ce Bmxga ot rpad)leaTa, HAMa npsdka 3aBUMCUMOCT MeXAy BIIaXXHOCTTa B KOpoHaTa Ha
avbpBetTata U TAXHOTO BeretaumMoHHO pa3BuUTUE. BnnsHneto Ha HaBogHeHuATa € Nno-CKOpOo
oTpuuaTesiHo, OTKOJIKOTO OTpuULaTESTHO, BbIMPEKU, Ye 3a HabnogaBaHaTa NOHro3Ha pacTUTenHoOCT e
XapaKTepHO Aa N3NCKBa BUCOKa BJ1aXXHOCT U NepnognyHO 3annBaHe OT NnpunexawmnuTte peku.

HabniogaBaHute pas3nnBn npemMnHaBaTt nMnpe3 u3crnegBaHUTE JIOHIO3HM TOpu WU 3anuBat
npunexatwlin semMeneriCkm n apyrm nnowmn, Komto He ca 00eKT Ha ToBa u3cnegBaHe. Kato ce otyete u
(*)aKTa, Ye HaBOAHeHusiITa ca HabniogaeaHu B paHHa nponet n KbCHa eCeH, a CEJICKOCTOMNaHCKNUTe
nnowmn He ca C Tpal7IHVI HacaxXneHusa, BIIMAHNETO Ha HaBOOHEHUATa TaM HEe MOXa Aa Ce OT4eTe
KOPEKTHO nNocpeancTtBoOM caTeNiMuTH AaHHWN.
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Pesiome: B Hacmosiwama paboma ce  rnpocredsiea ce3oHHama OuHamuka Ha nnasaujume
mpbCcMuUKosu ocmpoesu 8 esepomo CpebbpHa 3a nepuod om edHa 2o0uHa. lNnasawume mpbCMUKO8U OCMpPOos8U
umMam U3K/TI0YUMEsTHO 8aXHO 3Ha4yeHue 3a 2He30eHemo Ha pasfuyHu eudose 8000s0buUsU MMUUU, HSKOU om
Koumo ceemoeHo 3acmpaweHu eudose. 3a uscrnedsaHe OuHamukama (kamo abCcofromHO U OMHOCUMEsIHO
dsuxeHue) Ha nnasawjume OCcmposu e u3rosi3eaHa eOUHCmEeHama 6b3MOXHOCM, Kosimo rnpedocmassam
gucokomexHorioauyHume mMemoodu, b6asupaHu Ha OuCmaHUUOHHU u3credsaHusi om KOCcMoca C noMmowma Ha
CeH30pu ¢ nodxodsawu 3a yesma napamempu Ha peaucmpupaHume om msx 0aHHU 3a mo3u eud HecucmemMHuU
naHOowaghmHu eduHUUU. Toea rokasea Kak ocmposume ce MPOMEHSIM fpe3 ce3oHume 3a e0Ha 200UHa, Kakeu
d8UXeHUsT U NpoMeHU 8be ¢hopmama u nnouwyma um ce Habrmodasam u Oanu moea ce ompassiea 8bpxXy
u3riofI38aHeMo UM OmM HSIKOU C8EemMOBHO 3acmpauleHu eudoee nmuuu kamo Mmsicmo 3a eHe3l0eHe. Ce30HHUs
MOHUMOpuUH2 Oaea npedcmasa kak Oa 6bO0am onaseHu nnasawjume MPbCMUKOBU OCMPOBU Kamo 8a)HO
mecmoobumaHue.

SEASONAL DYNAMICS OF FLOATING REED ISLANDS IN SREBARNA LAKE
BASED ON SATELLITE, TERRESTRIAL AND GPS DATA, FOR THE PERIOD OF
MARCH 2014 - MARCH 2015

Iva lvanova, Roumen Nedkov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: ivaivanova@space.bas.bg, rnedkov@space.bas.bg

Keywords: remote sensing, dynamics, floating reed islands, habitats

Abstract: In this work we describe the seasonal dynamics of the floating reed islands in Srebarna Lake
for the period of one year. The floating reed islands are essential for the breeding of various species of
waterbirds, some of them endangered species. To study the dynamics (such as absolute and relative motion) of
floating islands was used only opportunity witch provide high-tech methods based on remote sensing from space
using sensors by suitable parameters recorded by the data for this type of unsystematic landscape units. The
change of the islands through the seasons in a period of one year was shown, dynamics and changes in their
shapes and sizes, and the effects on their usage of some globally threatened species of birds as a nesting site.
Seasonal monitoring gives an idea of how to preserve the floating reed islands as important habitat.

BbBeneHue

MpeameTbT Ha u3cneaBaHe B paboTaTa € AMHaMuMKaTa Ha nnaBaliMTe TPbCTUKOBM OCTPOBM
npes3 OTHOCUTENTHO AbITbI NEPUOA OT BpeMe B e3epoTo CpebbpHa (0T 1978 r. Hacam). MNogabpxaHuaTt
pesepsart (P) ,CpebbpHa“ e pasnonoxeH Ha bpera Ha p. yHaB mexay R.km 391 R.km 393 (44°07
N, 27°04 E; UTM grid NJ 08) n Hagmopcka BucoumHa mexay 10 m n 13.2 m) [4].

MnaBawute TPHLCTUKOBU OCTPOBM UMAT M3KIIOYUTENHO BaXKHO 3HAYEHWE 3a rHe3deHeTo Ha
pasnvMyHM BUOOBE BOAOMOMBM NTULM, HAKOM OT KOUTO CBETOBHO 3acTpalleHu Bugose. lNMnaBawute
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TPBCTMKOBM OCTPOBM Ca YyHUKanHM 3a EBpona kato mectoobutaHms Ha BogonobumeBu nTuum ca
npeacTaBeHn eOUMHCTBEHO B €3epoTo CpebbpHa u [lentarta Ha p. [lyHaB.

3a u3cnegBaHe AvHamukaTa (KaTo abCoNIOTHO M OTHOCUTESTHO ABWXKEHME) Ha MnaBalumTte
OCTPOBM € M3Mof3BaHa eauHCTBEHaTa Bb3MOXHOCT, KOATO MNPedoCTaBAT BUCOKOTEXHOMOrMYHUTE
mMeToau, 6a3mpaHu Ha OANCTaHLUMOHHM U3cneaBaHus OT KOCMOCca C MoOMOoLLTa Ha CEH30pU C MOAXOAALLM
3a UenTa napameTpu Ha PerucTpupaHutTe OT TAX OaHHM 3a TO3M BMA HECUCTEMHM naHawadTHu
eonHnum[3].

lMnaBawute TPBHCTUKOBM OCTPOBU NpeacTasnasat cneundudHn opMmpoBaHms OT Nrasalim
dparmMeHTV OT NOYBa, NHUELLM NUCTA, KOpeHuLLa 1 cTbbna oT TPBbCTUKA, Pa3nosIOKEHN B akBaToOpUn ¢
HMBO Ha BofaTa, MO BUCOKO OT 2 m. Te npeacraeBnsiBat cnown ¢ gebenuHa ot 1-6 m, kouto ca
nsrpageHyn oT KoMObuHaumsa Ha TPbCTUKOBU PU3OMMU U KOPEHW WU OPYrM BOLHM pacCTEHUsi, CMECEHU C
opraHuka n conu(3].

MnaBawuTe TPBCTMKOBU OCTPOBY Ca:

NOABWXHU — OBWXKELLN Ce Nog AEVCTBUETO Ha BOOAHWUTE U Bb3AYLUHUTE TEYEHNS;

UKCMpaHN — HEMOABMXHO MPUKPENEHN KbM AbLHOTO 4Ype3 TPbCTMKOBU KopeHuuwa. Te ca
CMOCOBHM NpW M3MEHEHME Ha BOAHOTO HUBO [a WM3BbLPLUBAT BEPTUKANHU OBWKEHWS, MPU KOETO ce
obpasyBa BOAEH Crow nog TsX, KOWTO e OTNMYHa cpefa 3a Hsikou BugoBe puow.

MbpBOHAYanHO TPBLCTUKOBUTE OCTPOBWM Ca HenoaBwkHW. [Mpu nokayBaHe Ha HMBOTO Ha
BoJara Te ce otaendart ot 6pera nnm obHOTO Ha BoAHUA GacelnH u ce npeBpbLUAT B MaBalLy OCTPOBMU
C pasnuyHu pasmepu 1 opma, KOUTO Nog BNUAHME HA BOOHUTE M Bb3AYLIHUTE TeYEeHUs ce aBwxkar
no NOBBbPXHOCTTa Ha Bogoema [1].

Xngporeorpad)CKnTe xapakTepucTMKM Ha BogocbopHata obract M MoOpOMETPUYHUTE
XapakTepUCTUKMN Ha e3epo CpebbpHa yyacTBaTt Npsko BbB hOPMUPAHETO HA HErOBUSA BOOEH PEXUM.
C TAX ca cBbp3aHu npouecuTe Ha POpMUpaHe Ha NOBBLPXHOCTHUSA OTTOK, NOA3EMHMSA OTTOK, a Taka
CbLLO N NONOXEHNETO Ha BOAHOTO HMBO B €3epoT0[2].

NacnegsaHaTa vact ot NP ,CpebbpHa” BKkMOYBa akBaToOpuUSTa Ha USNOTO €3epo, KOeTo ce
CbCTOM OT €3epHO Orfeaano ¢ mroly okoro 1 km” 1 Ba OCHOBHM TPLCTVKOBM MacuBa (CEBEpeH W
toXeH). Tesan TPbCTMKOBM MacvBU Ca CbCTaBeHW OT [Ba Tuna — Taka HapeyeHaTa ,peguHa” —
TPBbCTMKA, KOSITO M3pacTBa OT AbHOTO Ha €3epoTo U € MPUKPEneHa 3a Hero HeMmoOABWXKHO U MnaBaLym
TPBCTUKOBM OCTPOBU C pa3fnuyHa ronemMuHa. Te Moxe Aa ce ABMXKAT KaKTO B XOPU3OHTarnHa, Taka u
BbB BepTuKanHa nocoka.

MeTtomgonorus

3a uennte Ha uM3cneaBaHeTO Ca M3MON3BaHW CMbTHUKOBU WU300paxeHUs OT CMbTHULUTE
Landsat 8 OLI 3a pasnuyHnTe ce3onu (tabn. 1.).

Ta6bnuua 1. I3TOYHMUM Ha AaHHU

E3sepoTo Cpe6GbpHa
CnbTHUK NoauHa Oarta
Landsat 8 2014 28 mapTt
Landsat 8 2014 15 tonun
Landsat 8 2014 4 HoemBpU
Landsat 8 2015 15 mapTt

3a konuyecTBeHa OLeHKa Ha CbCTOSIHMETO Ha MnaBalluTe OCTPOBU € HeobxoOuMO BCUYKM
BXOOHW AaHHM fa 6baat npeobpasyBaHu B uUMdpoB Bua U reopedepupaHn. ToBa o3HayaBa, 4ve
noabpaHunTe nsobpaxeHus n kapTeH Matepuan Tpsabea fa 6baaTt npuBbp3aHu (reopedepupanHin) Kbm
e[lHa 1 Ccblla koopauHaTHa cuctema [5].

"eopedepupaHeTo Ha BxoaHUTe AaaHHM € B UTM (universal transversal mercator- 35T), WGS
84, 35 30Ha.

CnekTpanHuTe oTpaxaTenHW XapaKTepPUCTUKN Ha pacTUTENHOCTTa ca OUHAMWUYHU U 3aBUCAT
KaKkTo OT yCroBMATa Ha MonagaHe M OTpaXeHue Ha usnbveHaTa OT CITBbHLUETO eHeprusl, Taka u oT
CbCTOSHMETO Ha camuTe 06EKTU — BMIAXXHOCT Ha No4YBaTa, BEreTaumoHeH Nepuoa.

Wudopmauus 3a obektnte ce nonyyaBa Ha 0as3aTta Ha TEXHUTE CMEKTParHW OTpaXaTesiHu
XapakTepPUCTUKN, XapaKkTepa Ha KOUTO MMa BaXXHO 3HaveHue 3a usbopa Ha CnekTpanHus AnanasoH, B
KOWTO Ce M3nonasaTt ANCTaHUMOHHMUTE METOAM 3a JafeHO U3crneqBaHe.
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LincdpoBnute mogenu Ha peneda ca reHepupaHu Ha 0asata Ha XOpu3OHTanuTe OT
Tonorpachckata kapTa.
[eHepupaHe Ha CbOTBETHWTE BEKTOPHM CrloeBe, Heobxooumu 3a mnpocregsBaHe Ha
OvHaMuKaTa Ha nnaBalmTe TPbCTUKOBU OCTPOBM
- reHepupaHe Ha BEKTOPHM CIOeBe 3a pasfvyHu BPEMEBU NEPVMOAMN HA OTAENHUTE KOMMOHEHTU
BbPXY pacTepHU n3obpaxeHus;
- nnaBsaLin TPbCTUKOBU OCTPOBMU,
- BOAHO orneparno Ha esepara;
- reHepupaHe Ha BEKTOpPHU CrioeBe Ha peKU, KaHann n HaceneHn MecTa,
- CbBMeCTABaHe Ha NoJlydeHUTe BEKTOPHU crioeBe OT passyiMvyHuTe roanHn m onpenendaHe Ha
nnowTa Ha nnaBawuTe TPbCTUKOBU OCTPOBU W NroLiTa Ha BOAHOTO oOrnefgano B €3epoTo
CpebbpHa[l].

OnpedensiHe koopOuHamume Ha MECMOMNOMIOKEHUEMO Ha Aasawume mpbCmMUKosU
ocmposu

Tbi KaTo NnaBalMTe OCTPOBU NPEACTABMABAT CIIOXHM Fr€OMETPUYHU Urypu, kKoopanHaTute
Ha MEeCTOrOSIOXKEHMETO UM Ce OMpeaenaT Mo aHanorus Ha MeToda 3a onpedenisHe UeHTbpa Ha
Macara, kaTo BMecTo macaTta ce u3anonsea nnowra (MeTon Ha onpefensHe Ha KoopauHaTuTe Ha
LeHTpoua). YpaBHeHuATa 3a U34MCnsiBaHe Ha KOOPAMHATMTE Ha LeHTbpa Ha nnaBalluTe OCTPOBU ca
JafeHun no-aony:

> A
1) Cx=L—
(1) Cx SA

> AY
2) Cx==F—
OPTEA

dur. 1. MecTononoxeHne Ha LeHTbpa Ha nnaealy OCTPOB
npes ABe pasnuyHu roannu B MNP ,CpebbpHa”

KbpeTto:

Xi € pasCTOsIHMETO OT LeHTbpa Ha KBagpaTta Ha Mpexarta ¢ niow, A; 40 KoopAuHaTHaTa
ocYy,

Vi pa3CTOSHMETO OT LeHTbpa Ha KBagparta Ha Mpexara ¢ nnouy A; o KoopAanHaTHaTa oc
X!

Ci (Xj, i) ca ueHTpoBeTe Ha 6as3ncHUTE KNETKN Ha Mpexarta c nnow A;.

To3n MeTon Ha onpefernsiHe Ha KOOpAMHATUTE AaBa Bb3MOXHOCT Aa Ce MPOCNennT BCUYKU
Bb3MOXHW Cry4aun Ha ABWxXeHune (abComTHO OTHOCUMTENHO), ThiA KaTo Ha NpakTMKa Mexay Tesu ABa
BMOA ABWXEHME He CbLUEeCTBYBA psidka rpaHuLa, U3Non3BaHuUAT MeToA € OnTUManeH, Tbi kaTo AaBa
KOnu4yecTBeHA OLleHKa 3a peanHaTa guHamukall].

OvHamukaTta Ha nnaBaliMTe TPbCTUMKOBM OCTPOBU MOXE Aa ce u3pasu B NpoMsiHa Ha TaxHaTa
MnroLl, BCNeacTBME M3MEHEHME HMBOTO Ha BOAaTa, B pe3ynTaT OCTPOBBLT MOXE [a CTaHe Mo-Manbk
unu no-ronsiM. CbLLo Taka, caMUaT OCTPOB C TEYEHME HA BPEMETO MOXE [a Ce pas3Kkbca M OT Hero Aa
ce OTAEenW 4acT, KOSITO Lie CTaHe HOB MfaBall, OCTPOB C ofpegereHa nrnow, u ¢opma. Mma wm
BEPOATHOCT CaMuAT nnasal, OCTPOB Aa Cce cnee C Opyr, Npu KoeTo nnowta My ce yBernunyaBa U
dopmaTa My ce NPOMEHS.
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PesyntaTtu

CpasHumenHu uyugposu Modenu Ha pa3rnofioxeHUemo Ha nnasaujume mpbCMUKO8U
ocmpoesu rpes3 ce3oHume

our. 2. Lindpos mogen Ha ®ur. 3. Uugppos mogen our. 4. Lncdpos moaen

nnasawuTe TPbCTUKOBM ocTposn B Ha nnasawuTe TPBCTMKOBUA  Ha nnaeawuTe TPBCTUKOBM

e3epoTo CpebbpHa, oT 28 mapt ©OCTPOBM B €3epoTo CpebbpHa, OT  ocTpoBM B e3epoTo CpeGbpHa, OT

2014r., cpaBHeH ¢ 15 tonm 2014 15 wmapt 2014r., cpaBHeH ¢ 4 4 npoemepu 2014r., cpaBHeH ¢ 15
HoemBpu 2014 mapT 2015

lnow, Ha nnasawjume mMPBLCMUKOBU OCMPO8U U UEHMpPasHomo 800HO o2fedano Ha
esepomo CpebbpHa

®ur. 5. MNnowy Ha nnasawuTe TPHCTUKOBM dur. 6. Mnowmy Ha LEHTPanHoOTO BOHO
ocTpoBu B e3epoTo CpebGbpHa npes cesoHuTe B ha ornepano Ha esepoto CpebbpHa npes cesoHute B ha

LHuHamukama Ha nnasawjume mpbCMUKO8U 0CmMposu

3a pga ce npocrnean AvHamuKaTa Ha nnaBawuMTe TPBbCTUKOBU OCTPOBU Mpe3 u3cnenBaHus
BpPeEMEBUS Nepuod, 3a BCEKN OTAENEH OCTPOB CE MU3YUCIsIBA HerosaTta Mnnol, crieq KoeTo ce npaswu
CpaBHEHWEe Ha nnowuTe npe3 oTgenHute roguHu. Onpepenst ce U TEXHUA KoedUUMEHT Ha
OTHOCUTENHAaTa UM NMOL KaTo MecToobuTaHus, CNPSAMO LIEHTPANHOTO BOAHO Orfieaano Ha e3epoTo
(KM)[1].

3a pa ce HabnaaBa ABWKEHNETO Ha NMiaBallnTe OCTpoBM B e3epoTo CpebbpHa, ca nsbpaxHu
HSIKONKO OCTPOBa, KOWTO WMMaT CpaBHUTESNTHO MOCTOsiHHA ¢opMa M ca SICHO pasnMyumMu npes
oTAenHuTe rognHn. TAXHOTO pasnonoxeHne e n3bpaHo Taka, Ye ga obrpaxgaTt LeHTpanHOTO BOAHO
orrnepano Ha e3epoTo. B cnyyasi ca usbpaHu net oT OCTPOBUTE, KOUTO ca KnacuduumupaHn B OTAENHN
knacoBe, obo3Ha4veHn kaTo: K1, K2, K3, K4 n K5.
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dur. 7. Cxema Ha pPa3nofIoXeHNEeTOo Ha nnaBawuTe TPbCTUKOBU OCTPOBU

MMrowwu Ha omdenHUMe nnasawju MmpbCMUKO8U OCMPO8U

Tabnuua 2. MNnowy Ha nnaesawum TPBCTUKOBUTE TPBCTUKOBU OCTPOBU N KOEULMEHTHT Ha OTHOCUTENHaTa

nnoLy Ha MecToobuTaHmsTa cnpAamMo UeHTpanHoToO BOAHO ornenano

UsmeHeHue Ha niowume Ha rnnagauwume mpbCmUKo8U 0cmposu

dur. 8. W3meHeHne Ha dur. 9. MN3meHeHne Ha
nnowita Ha nnasaw, TPbCTMKOB MfowWTa Ha nnaeal, TPbCTUKOB
octpos K1 octpos K2

dur. 11. W3meHeHMe Ha our. 12. NsmeHeHne Ha
nnowTa Ha nraeaw, TPbCTUKOB MNNOWTa Ha nnaeal, TPbCTUKOB
ocTtpoB K4 octpos K5
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dur. 10. NameHeHne Ha
nrnowita Ha nnaeal, TPbCTUKOB
ocTtpoB K3



KoegpuyueHnmu Ha omHocumernHama nsiow, Ha mecmoobumarusima (KM)

dur. 13. KM Ha nnasauy our. 14. KM Ha nnasaly dur. 15. KM Ha nnasaly
TpbCTUKOB ocTpoB K1 TPBCTUKOB 0CTPOB K2 TPpBbCTMKOB OCTpOoB K3

dur. 16. KM Ha nnasauy dur. 17. KM Ha nnasaly
TPbCTUKOB OCTpoB K4 TpbCTUKOB OCTpoB K5

[lswxeHue Ha nnasawjume mpbCMUKOBU OCMpPOo8U

dur. 18. [BumkeHne Ha dur. 19. [BmxeHue Ha dur

20. [BuxeHue Ha
nnasaLy TpbCTUKOB ocTpoB K1 nnaeaLl, TPbCTUKOB OoCcTpoB K2

nnasawl TPbCTUKOB OCTPOB K3

dur. 21. [OBumkKeHue Ha dur. 22. [BmxeHne Ha
nnaeay TpbCTMKOB OcTpoB K4 nnaeaty, TpbCTMKOB ocTpoB K5
3aknoyeHue

OT nonyyeHWTe pe3ynTaT Ce BWXKAA Ye MraBalyuTe TPbCTUKOBM OCTPOBU  U3BBLPLUBAT
onpeaerneHy ABWKEHVE OOPU U B paMKUTe Ha eauH ce3oH. Habnogaea ce sicHO u3paseHa AvHaMuka,
KOSITO BK/HOYBA MPOMsiHa BbB hopmaTta, NioLiTa U MeCTONoNoXKEeHNeTO Ha ocTpoBuTe. Haii — ronsma
nrow, nraealuTe TPbCTUKOBU OCTPOBU MMAT NMpe3 MapT Mecel, OT HabnogaBaHaTa roavHa.
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Pe3rome: Llenma Ha Hacmosiwama paboma e u3cnedsaHe Ha npouecume, npomuyaliu 8 ekocucmema
npedu u eb3cmaHosumesiHume rpoyecu cred noxap. 3a nocmueaHe Ha yesima ce U3Mon38a KOMIIIEKCEH
nooxod, 3a peanusayusima Ha Kolmo e paspabomeH modesn1 Ha 6asama Ha mpu KoMmrnoHeHma - Disturbance
Index, eekmop Ha MOMEHMHOMO CbCMOSHUE Ha eKocucmemama U MocoyeH bebil. Kamo exo0HuU OaHHU 3a
moldena e usrondsaHa Tasseled Cap mpaHcepopmayusi (TCT), om Kosmo ca 2eHepupaHu mpume OCHO8HU
Tasseled Cap komrnoHeHma. U3cnedeaHama mepumopusi ce Hamupa 8 roeoudmoyHa bbnzapusi, kbdemo npes
aszycm, 20072. uzbyxsa 2o51sM noxap. MsnonseaHu ca cnibmHUKo8U u3obpaxeHusi om Landsat 5 TM, Landsat 7
ETM+ u Landsat 8 OL/ .

MODEL FOR QUANTITATIVE ASSESSMENT OF DISTURBANCE INDEX AND
VECTOR OF INSTANTANEOUS CONDITION OF AN ECOSYSTEM AFTER FIRE
BASED ON AEROSPACE DATA

Nataliya Stankova, Roumen Nedkov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: natalia_hs@space.bas.bg

Keywords: remote sensing, recovery after fire, Tasseled Cap transformation, Disturbance Index, vector
of instantaneous condition, direction angle

Abstract: The aim of this study is monitoring the processes in the ecosystem before and ecosystem
recovery processes after fire. To achieve this goal, an integrated approach was used for implementation of which
a model based on three components was developed - Disturbance Index, Vector of Instantaneous Condition and
Direction Angle. As input data for the model Tasseled Cap transformation (TCT) was used and the three main
Tasseled Cap components were generated. The study area is located in southeastern Bulgaria, where a
significant fire took place in August, 2007. Satellite images from Landsat 5 TM, Landsat 7ETM+ and Landsat 8
OLI were used.

BbBeneHue

lopcknTe noxapu MoraT fa ce pasrfexgaTt KaTo e4VH OT Hal-rofieMuTe NPUpOoAHW 3aniaxu
3a OKofHata cpega. Te ca 4YecTo cpellaH oTpuuateneH daktop, ocobeHo B obractu,
XapaKkTepusmpalim ce NpeauMHO C BUCOKM CPEAHOTrOAMLLHM TemrnepaTypy U ropelio Cyxo IsTo.
N3cnepBaHaTa obnacT e UsKMYMTENHO nodaTnvea Ha noxapu. MNpes nocnegHuTe roguHu GposT u
NepMMeTbpbT Ha 0oGNacTUTe, YHULLIOXKEHW OT MOXapu ca AOCTUTHANM KPUTUYHU HMBA M HAMAT
€KBMBareHT B UCTOPMATa Ha FOPCKOTO cTonaHcTBo B Bbnrapua [1]. AkTyanHocTTa Ha M3cneaBaHeTo
Ha nocneacTBusTa OT rOpckM noxapu e obycrnoseHa OT roneMute no mawab u ¢ AbnrotpaeH
XapakTep TeXHU Bb3AeNCTBMSA BbPXy eKonorMyHata ob6cTaHOBKA Ha OrpoMHM Teputopun. 3a
onepaTMBHO, HaAeXaHO M MallabHo TakoBa uM3crneaBaHe AUCTaHLUMOHHUTE aepOKOCMUYECKU MEeTOoaM,
TEXHOJOMMMN U CPpeacTBa ca HesameHumu [2].
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3a oueHKa Ha CbCTOSIHMETO Ha ekocucTemara npeav v crnej noxap e M3nonssaH MeTof Ha
NVHenHa cnekTpanHa TpaHcdopmauMss B MHOTOMEPHO MPOCTPAHCTBO C LUeNn HamarnsiBaHe Ha
Kopenaumsita Mexagy OTAENHUTE My eNeMEeHTUM KaTo Ce M3Mnomns3BaT Tpu— No4yBa, pPacTUTENHOCT U
BNaXKHocCT. To3u Tun npeobpasyBaHe ce Hapuya Tasseled Cap TpaHcdopmauua (TCT) [3,4,5].

Ha 6asarta Ha nonyyeHute KomnoHeHTu - Brightness (BR), Greenness (GR) n Wetness (W) —
€ MOoNy4YeH BEKTOp, OMMCBAaLl, MOMEHTHOTO CbCTOSIHME Ha ekocucTtemata [6]. To3u BekTop onucBa
CbCTOSIHMETO U Bpb3KaTa Mexay TpUTe OCHOBHWM KOMMOHEHTa Ha M3crneaBaHaTa eKocucTeMa, KakTo u
nokassa npoMsiHaTa B CbOTHOLLEHMETO MeXAY KOMMNOHEHTUTE B crnyvan Ha 6eacrteue.

N34mcneH e n bronbT Ha OTKNOHeHUe mexay Greenness koMmnoHeHTata oT TCT 1 BekTopa Ha
MOMEHTHOTO CbCTOSIHME, KOWTO Ce Hapuva nocodeH brbn [6]. To3n brbn nokasea nocokata Ha
npomMaHata Ha 3eneHata KOMMOHEHTa MNO OTHOLIEHWE Ha BEeKTopa Ha CbCTOSHMETO, [OaBaiku
Bb3MOXHOCT 3a OLleHKa CTeneHTa Ha Bb3CTaHoBsBaHe Ha Greenness KOMMOHEHTaTa 3a pasnuyHuTe
MOMEHTM OT U3CneABaHus NepUoa.

B HoBoTO npocTpaHcTBOo ce wuauucnsea Disturbance Index (DI) [7], KOWTO € nuHeWHa
KombuHaums ot TpuTe Tasseled Cap komnoHeHTa. Pasrnexnanun nocnegoeatenHo DI nsobpaxeHusata
ocurypsiBaTt QUPEKTEH HAYMH 3a OTKPOsIBAHE Ha MUKCeNuUTe, pasnuyaBaluy ce OT Te3u, XapaKTepHu 3a
HOPMariHOTO CbCTOSIHME 3a ropuTe.

3a MOHMTOPUWHI Ha Mpouecute, NPOTMYaLLM B ekocucTemarta npeau M Bb3CTaHOBUTENHUTE
npouecu cneg noxap e paspaboreH mogen 3a KonuyecTBeHa oueHka Ha Disturbance Index, Bektopa
Ha MOMEHTHOTO CbCTOSIHME Ha eKOCUCTEMATa U NOCOYHUS BIbil.

O6eKT Ha nscnegBaHe

N3cnegBaHaTa TepuTopus Ce Hamupa B lorom3ToyHa bbrrapusi, Ha rpaHuuata mexay
obnactute XackoBo n Amb6on, kbaeto aeryct 2007 rogd. n3dyxea ronsam noxap. B pesynrtaTt Ha
U3KITIOYUTENHO BUCOKWUTE TemnepaTypu W Cyxus Knumat 3a nepuopga OT cpepata Ha tonv o
centemBpu 2007 rog. Ha TeputopuaTa Ha BankaHckus nonyocTpoB M30yxBaT ronsamMm 6pon noxapwu
[8,9,10,11]. MecTOMNONOXEHMETO M MNEPUMETLPBLT Ha u3ropanara TepuTopus ca onpeneneHn ¢
noMmowiTa Ha Ase u3obpaxeHuss ot Landsat — npegn (22/08/2007) n cnen noxapa (29/08/2007).
MoxapbT 3acqara nnow, ot 15798 xa. Cnopepn avpektuBata 3a xabutatute [12] noxapbT nonaga Ha
TEepUTOpUATa Ha HSKONKO 3alimMTeHu 3oHu — Cakap, Xgpenoto Ha peka TyHmka n [depBeHTCKM
Bb3BMLWEHUA. Cnopeq aupekTnearta 3a ntuuute [13] n3cnegsaHaTa obnacTt nonaga Ha TepuTopusaTa
Ha 3awwmTeHa 3oHa Cakap.

MaTtepuanu n metoau

3a uenTa Ha HacTosLeTo n3cneaBaHe ca usnonasaHun nsobpaxeHust ot cnbTHULMTE Landsat
5 TM (Thematic Mapper), Landsat 7 ETM+ (Enhanced Thematic Mapper plus) u Landsat 8 OLI
(Operational Land Imager). lNogbpaHnuTte nsobpaxeHnsTa ca B3eTU BEAHBX FOAULLHO MO BPEME Ha
nacneaBanusa nepuog (2001 — 2015 rog.) — 7 roanHn npean n 8 roauHn cnefd noxapa. [aHHuTe ca
HabaBeHu ot USGS [14] kaTo ce B3emaT npeasuva nepuoa OT rogvHaTta C Han-ronsMa Beretaums v
OHWTE C OTCBbCTBUE Ha obriayHa MOKpMBKa Hag uscrnegBaHarta Teputopwus. [JaTute Ha nsnonssaHuTe
n3obpaxeHunsi ca nokasaHu B Tabn. 1.

Tabnuua 1. ManonasaHun n3obpaxeHus

Hatn CeHsop
20/08/2001 | ETM+
06/08/2002 | ETM+
18/08/2003 | T™M
13/08/2004 | T™M
16/08/2005 | TM
26/08/2006 | TM
22/08/2007 | TM
29/08/2007 | TM
24/08/2008 | TM
02/08/2009 | T™M
08/08/2011 | T™M
13/08/2013 | OLI
16/08/2014 | OLI
18/08/2015 | OLI

Cnepn nogbopa Ha unsobpaxeHnsaTa, cnedsa ekCcTpaxmpaHe Ha 3acerHarara oT noxapa obnact
n npunaraHe Ha Tasseled Cap TpaHcgopmauus. Tasseled Cap TpaHcopmauusita npencraBnsisa
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BWA CrekTpanHa TpaHcdopmauuns, KoSTo npeobpasdyBa OpUTMHANHUTE CUIMHO KOBapWaHTHU OaHHW B
TpU HekopenupaHu nHaekcu - Brightness, Greenness n Wetness. VianonssaHnte TpaHcopMaLMOHHN
MaTpuumM ca pasnuyHM 3a pasnuyHute Landsat ceHsopu. Kato BxogHW AdaHHW 3a mopena ce
nanonseaT Tasseled Cap TpaHchopMupaHUTe N300paxxeHus Ha TepUToOpUATa Ha noxapa.

[MbpBaTa CTbMNKa OT MOAENa € 4eKOMMNO3nLMS Ha BCEKM eMH OT Tpute ocHoBHU Tasseled Cap
KomnoHeHTa - BR, GR n W (®dwur.1). Btopata cTblNKka € M34uUCIisiBaHE Ha CpPeaHUTE CTOMHOCTU U
CTaHOapTHUTE OTKNOHeHUs 3a Bcekn eauH oT Tasseled Cap komnoHeHTuTe. TpeTaTa CTbhka e
npecMsiTaHe Ha HOPMUPAHUTE CTOMHOCTM Ha KOMMOHEHTUTE. Te3n CTbNKM ce npaBAT C Luen
HOpMUpaHe Ha pagMoOMeTpUYHUTE NpoMeHn. HopMmmnpaHeTo ce n3BbpLuBa No crnegHuTe hopmMyrnu:

nBR = (BR — E{BR})/ St.Dev(BR)
(1) nGR =(GR - E{GR})/St.Dev(GR)
nW =W — E{W})/St.Dev(W)

kbgeto E{BR}, E{GR} u E{W} ca cvoTrBeTHO cpegHuTe cTOMHOCTM Ha Tasseled Cap
KomnoHeHTuTe - Brightness, Greenness u Wetness. St.Dev (BR), St.Dev (GR) n St.Dev (W) ca
CbOTBETHUTE CTaHOAPTHU OTKINOHeHMs Ha Tasseled Cap komnoHeHTUTe. CnegoBaTtenHo nBR, nGR un
nW ca HopmupaHuTe CTOMHOCTU Ha Brightness, Greenness n Wetness.

Cnepn HopmupaHeTo TpuTe Tasseled Cap koMnoHeHTa ca cbbpaHu NMHENHO 3a U34YncnsBaHe
Ha DI:

(2) DI =nBR—(nGR +nW)

Cneppallata CTbMKa € U3YNUCMsiIBaHE Ha BEKTOpa HA MOMEHTHOTO CbCTOSIHME Ha
ekocuctemarta (VIC) Ha 6a3aTa Ha HOpMUpaHUTE CTOMHOCTM Ha Tasseled Cap KOMMOHEHTUTE:

(3) VIC =sgrt(nBR*nBR + NnGR*nGR + nW *nW)

MocnegHaTta cTbMNka € us4ncnsiBaHe Ha NocoyHus broen (DA) — brbia Ha OTKIOHEHWE MeXay
3eneHaTa komnoHeHTa oT TCT 1 BekTopa Ha MOMEHTHOTO CbCTOSIHUE:!

(4) DA =arccos(nGR/VIC)

dur. 1. Mogen 3a nsuncnsaeaHe Ha DI, BEKTOpa Ha MOMEHTHOTO CbCTOAHUE N NOCOYHUA bIbll
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PesyntaTtu
Disturbance Index (DI)

N3uncnasaHeTo Ha DI ce Gasvpa Ha HabniogeHMeTo, Ye 3acerHatute OT noXkapa ropcku
HacaxaeHuns 0BMKHOBEHO Ce xapakTepusumpar C No-BMCOKM CTOMHOCTU Ha Brightness komnoHeHTaTa 1
No-HUCKN CTOMHOCTU Ha Greenness M Wetness KOMMNOHEHTUTE B CpaBHEHWE He3acerHaTute ropcku
yyactbum [7]. CnepoBaTenHo, 3acerHatute OT MoXapa y4vyacTbLUM UMAT BUCOKA MNOSNOXUTENHU
CTOMHOCTM Ha NBR n Huckn otpuuatenHm ctonHoctn Ha NGR n nW. Te nokasBaT BUCOKM CTOMHOCTU
Ha DI. ObpaTHo, He3acerHaTuTe yyacTbLM criefBa Aa NpeacTaBaT HUCKU CTOMHOCTM Ha DI [15].

®ur. 2 nokasea cTorMHocTuTe Ha DI, nony4eHn ypes npunaraHeTo Ha pa3paboTeHnst Moden Ha
TEpUTOPUSATaA Ha NoXxapa 3a BCsKa roguHa oT macrnensaHusi Nnepuod — 7 roguMHu npeaym u 8 roguHu
cneq noxapa. lNpu cpaBHsABaHe Ha cTOMHOCTMTE Ha DI oT n3o6pakeHNMeTo HenocpeacTBEHO Npeaun
noxapa W TOBa cnep Moxapa YCTaHOBsiBaMe, Ye He ce HabniogaBa 3HAYMTENTHO U3MEHEHME B
CTOMHOCTUTE Ha TO3N WHAOEKC, T.e. NoXapa He e oTkasan oTpuuaTeneH GuornornvyeH edekT BbpXy
ropckara ekocuctema. He e yctaHoBeHa TeHAEHUNS] HA U3MEHEHME HA CTOMHOCTUTE Ha TO3WU MHAEKC
3a nepvoga npeam noxapa, Kakto 1 3a To3u cref Hero.
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dur. 2. Disturbance Index Ha TepuTopusiTa Ha noxapa 3a uscnegsaHus nepvog — 2001-2015 r.

Bekmop Ha MOMeHMHOMo cbCMOsIHUEe Ha ekocucmemama

dur. 3 nokasBa CTOMHOCTUTE Ha BEKTOpa Ha MOMEHTHOTO CbCTOSHME Ha ekocucTemarta Ha
TEepUTOpUATa Ha NoXapa 3a BCUYKM roguHu OT uscrneasaHns nepuog — 2001 — 2015r.
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®ur. 3. BeKTOp Ha MOMEHTHOTO CbCTOSIHME Ha ekocucTemaTa Ha TepuTopusiTa Ha noxapa 3a u3cneasaHus
nepuog — 2001-2015 .

lMocoyeH baba

dur. 4 nokasea brbia Ha OTKIOHeHNe mexay Greenness koMmnoHeHTaTa oT TCT 1 BekTopa Ha
MOMEHTHOTO CbCTOSIHME 3a u3cneaBaHus nepmod — 2001 — 2015r. Kato usano nocovHus bren creasa
TeHOEHUMUTE Ha W3MEHEHWEe Ha BeKTopa Ha MOMEHTHOTO CbCTOsIHME, HO MpeacTaBsi MO-sICHO
NPOMEHUTE Ha 3erieHaTa KOMMOHEHTa 3a M3creaBaHus Nepuoa.
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dur. 4. NMocovHus brbi Ha TepUTOPUSTA Ha NoXapa 3a uscneaBaHus nepmog — 2001-2015 .

3aknio4yeHue

MonyyeHnTe pe3ynTaT gaBaT Bb3MOXHOCT 3a OOeKTMBHA OLEeHKa Ha CbCTOSIHMETO Ha
ekocuctemata npeau u cnef noxap. Ypes vM3non3BaHeTo Ha NpeanoxeHus mogen Ha 6asarta Ha
TpuTe ocHOBHM Tasseled Cap koMnoHeHTa € HanpaBeHa KonmyecTBeHa oLeHka Ha Disturbance Index,
BEKTOpPA Ha MOMEHTHOTO CbLCTOSIHUE Ha eKocucTemMaTa M MOCOYHUS brbn Mexay Greenness
komnoHeHTata oT TCT M BekTopa Ha MOMEHTHOTO CbCTOsiHME. Pe3yntaTute 3a BekTopa Ha
CbCTOSIHMETO U MOCOYHMSA BbIb NOKa3BaT, Ye Te ca NOAXOASALM 338 MOHUTOPUHI HA CbCTOSIHMETO Ha
ekocucteMata npeau u cnep npupoaHo beacteve. Kato HegoctaTbk MoXe Aa ce oTbenexwu, ye Te
nokasBaT MOMEHTHOTO CbCTOSIHME Ha ekocucTemata. Kato wuwHOMKaTtopyu 3a CTeneHTa Ha
Bb3CTAHOBsIBAHE Ha ekocucTemaTa Te pfaBaT OOeKkTMBHa OLEHKa He camMo 3a CTeneHTa Ha
Bb3CTAHOBsIBAHE, HO CbLLO M 3@ HanMYMeTO Ha HEBL3CTAHOBUMMK ydacTbUW. MNpeanoxeHusT moaen
MOXe Oa m3non3ea AaHHWM 1 OT ApYrn CNbTHUUW, KOETO npenoctaBA Bb3MOXHOCT 3a no-p,eTa|7|nHa
OUeHKa Ha Bb3CTaHOBUTEITHUTE MpoLiecn.
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Abstract:. A simple and cost effective method was applied for the synthesis of composite products
containing zeolite type FAU from waste materials (fly ashes and/or slag) of several Bulgarian coal burning TPP.
The method consists in a prolonged alkaline treatment at room temperature of the respective wastes. The zeolitic
composites thus obtained as well as the starting wastes were tested as absorbents of a textile dye (malachite
green) from water solutions. It was demonstrated that in comparison with the starting wastes, the zeolitized
products possess better absorption properties: they almost completely extracted the dye for much shorter times.
This reveals possibilities for their prospective application for purifying polluted waters, e.g. from the textile
industry.

OTCTPAHABAHE HA BOA-OUBETUTEN OT BOAEH PA3TBOP C MOMOLLTA
HA 3EOJINTUSUPAHU OTNAAOHU NENEU U LUNAKA OT YHETUPH
BBJITAPCKWU TOMJIOLEHTPAJIU

Banepus CtosiHoBa', PagocT MackoBa', Anu LymkoBa', AnenuHa MuteBa’, TeMeHyXkKa
KyneHoBa’

lMHcmumym o gpusukoxumusi “Akad. Pocmucnas Kauwes” — bbneapcka akademusi Ha Haykume
UHecmumym 3a KocMmuydecku uscredsaHusi U mexHomnoauu — bbrzapcka akademus Ha Haykume
3MHcmumym 3a si0peHu u3cnedsaHus u sopeHa eHepeemuka — bbreapcka akademus Ha Haykume
e-mail: valeria@ipc.bas.bg; ad.miteva@gmail.com; kupenova@inrne.bas.bg

Knrovyoeu dymu: TEL|, nenen, wnaka, 3eoumeH Komno3um, abcopbuus, usenuyaHe Ha oygemumer,
omnadHu 800u

Pe3srome: [NpunoxeH e npocm u UKOHOMUYECKU u3200eH Memo0 3a CUHMe3 Ha KOMMO3UMHU npodykmu,
cudbpxawu 3eonum mun FAU om omnadbyu (nenenu u wnaku) om HsKosnko 6wneapcku TEL. Memodbm ce
ocHogasa Ha MpodbL/KUMENIHO mpemupaHe npu cmaliHa memrepamypa 6 askalHu pasmeopu Ha
cbomeemHume omnadbyu. [lonyyeHume 3e€07UMHU KOMMO3UMU, Kakmo U u3xo0Hume mamepuasnu, ca
uscnedeaHu kamo abcopbeHmu Ha eOHa mekcmunHa 6051 (Manaxumoeo 3esieH0) om B00HU pa3meopu.
YcmaHogeHo e, Ye 3eonumusupaHume fpodykmu u3dsnuyam 6osima noymu Hamb/HO U 3@ MHO20 10-KpamkKu
8pemMeHa, OMKO/IKOMO U3XO0HUMe nenenu U wiaku, Koemo paskpuea 6b3MOXHOCcmu 3a 6bdewomo um
u3arion3deaHe 3a npevucmeaHe Ha ommnadHuU 800U, Hanp. om meKkcmuriHama rMnpPoOMUWIeHHOCT.

Introduction

Coal is an important raw material in the thermal power plants (TPP) either in Bulgaria or in the
world. Global coal burning by-products, like fly ashes (FA) and slag (SL), are over 500 million tones
per year [1]. Although the disposal and storage of such wastes is a large problem for the power
generation industry, their degree of recycling is lower than 15-20% [2, 3]. At the same time, they have
turned out to be useful secondary raw materials which could find many application fields [4 - 7]. What
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concerns the anual producing of coal combustion waste products, it overcomes 34 million tones per
year for the European Union, and it is over 6 million tones from the Bulgarian TPP [2, 5].

For the last decade, there has been an increased interest in the field of synthesis and
application of the zeolites, and especially in recycling of FA and SL into zeolitic composites, using
possibly simpler, faster and cheaper conversion methods [8 - 14]. The products of FA zeolitic
conversion have found or can find many applications, e.g. for different ion exchange treatments, as
molecular sieves, and adsorbents. Due to the specific zeolite structure, such composites are used in a
wide range of environmental engineering processes, such as removal of heavy metals, ammonium
ions or oil-derivative contaminants from polluted waters [1, 3, 15, 16].

As well known, effluents from different industries (textile, leather, paper, ceramic, food, paints
and printing inks, hair coloring, etc.) are usually polluted by dyes. In many cases these dyes are
dangerous, irritant and toxic for living organisms, and have to be removed in order to prevent
environmental pollution. A recent study has been devoted on the absorption behavior of FA and
zeolite-fly ash (ZFA) composites [17]. It has been established in all such investigations that not only
FA but also zeolite-ash (ZFA) composites are especially suitable for the absorption of dyes from
wastewater [7, 16 - 20].

Aim of the present study is to compare the possibilities for extraction of malachite green by
several raw and zeolitized coal by-products (FA and/or SL) from Bulgarian TPP.

Materials, methods and experimental procedure

Samples of FA and/or SL were collected from several Bulgarian coal burning TPP, namely
TPP “Varna” (“V"), “Republika” (“R"), “Rousse East” (“RE"), and “Svistov” (“S”). The “V” and “R” wastes
consisted of FA, the “S” waste was milled SL, while the “RE” waste was a mixture of FA and SL.
Detailed information about their content is available in our previous studies [5, 10, 11, 21].

Experiments for the synthesis of zeolitic composites were carried out, according to an idea of
Derkowski at al. for chemical activation of FA at room temperature [13, 14], applied also in [2]. For this
purpose samples of FA and/or SL from the mentioned TTPs were treated by 5M solution of NaOH for
a period of one year. The products thus obtained were filtered, washed to neutral pH, dried and
analyzed. Methods, such as Scanning Electron Microscopy (SEM), Energy-Dispersive X-ray (EDX)
analysis and X-Ray Diffraction (XRD), were used for characterization of the raw materials, as well as
of the final products with respect to their morphology, elemental and mineral composition.

b)

Fig. 1. Model 1200 Spectrophotometer (a), its block diagram (b), and scale of relation between absorbance and
transmittance, according to eq.1
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The dye used here - malachite green (MG), is an organic compound (C,3H»5CIN>) that often
appears as a pollutant in effluent waters, used for coloring of silk, leather, paper, etc. The initial
concentration of MG in water solutions was 10 mg I"*. The degree of its removal was determined by
monitoring the absorbance changes at a wavelength of maximum of MG absorbance (617nm). All
measurements of transmittance were carried out by using an UV spectrophotometer (1200 Series,
Cole Parmer Instruments Company), Fig.1a, b. Full transmittance (100%T) was obtained using a test
tube with a blank reference solution (distilled water). The relation between transmittance (%T) and
absorbance (A) is visualized in Fig.1c, according to Eq.1:

() A =2-10g(%T)

This method of measurement needs a linear dependence between the absorbance (A) and the
dye concentration (C) for construction of a calibration curve. The linearity was tested in the
concentration interval of C from 10 to 10 mg I'*. A calibration curve was drawn by measuring the
transmittance of a set of samples with previously known dye concentration C (Fig.2a), and
recalculating the respective absorbance (Fig.2b).
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Fig. 2. Calibration curve, obtained using a set of samples with previously known concentration C

Results

The used starting materials (FA/SL) are very different with respect to their composition, size
and shape of the particles [10, 11]. They contain significant amount of crystalline and amorphous
aluminosilicates that could be utilized for zeolite production. Generally, the applied method of
zeolitization is based on the alkali activated dissolution of aliminium and silicon containing phases in
the FA/SL, and precipitation of zeolites from the respective gels. The main aliminium and/or silicon
containing crystalline phases are found to be quartz (in “V” and “R” samples), that is the most difficult
to be dissolved at room temperature, and mullite (in “V”, “R” and “RE” samples). The most soluble
and most reactive are those of the waste products which have a high content of amorphous
alumosilicates like the slag and to some extend the wastes which are mixtures from SL and FA (“RE").

Among the FA wastes, sample “V” has the smallest average particle size, and “RE” — the
biggest one. More than half of all particles in each FA sample are of submicron size which enhances
the dissolution of aluminium and silicon oxides needed for the zeolite synthesis. The specific surface
of “R” sample is up to 2-3 times larger in comparison with the other waste samples. Accounting for the
above mentioned differences, we can suppose that the waste products investigated should also
possess different solubility in alkaline solutions.

The raw materials used are fine powder-like materials of complex composition. The particle
morphology of these wastes is quite different as visible in Fig. 3.
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Fig. 3. SEM images of individual particles from four FA (“vV”, “R"), SL (“S”) and FA+SL (“RE”). The white marker
bar shows the sizes in micrometers

Using electron-microscopy we investigated also the morphology of the zeolite crystals grown
on the surface of the FA and SL particles after one year of alkaline treatment at room temperature
(Fig. 4). As seen, the zeolite crystals possess well developed octahedral shapes.

Fig. 4. Zeolite microcrystals grown on alkali activated particles of FA (“ZV”, “ZR"), SL (“ZS") and FA+SL (“ZRE").
The white marker bar shows the sizes in micrometers

Our study showed that the most appropriate for the synthesis of zeolitic composites were the
“RE” and “S” and to a certain extent the “R” wastes. The zeolite crystals formed after zeolitization of
the first two wastes were characterized with almost perfectly grown faces and relatively big sizes as
well as with a high degree of zeolitic conversion. For “RE” and “S” samples, both containing SL, this
fact could be related to the better solubility in alkaline solutions due to the higher content of
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amorphous phases in them. In contrast, smaller and not so well faceted zeolite crystals (“ZV") were
observed in respect to other FA sample (the “V” sample).

XRD investigations were used to determine the type of crystals, formed on the surface of initial
FA or SL particles after alkaline activation. It was established that independently of the differences in
the initial characteristics of FA and SL used, all newly grown crystals were of the group of faujasite
(FAU), most probably zeolite X (see the Fig.5). Such type zeolite X was obtained at similar conditions
of alkali activation of FA from another Bulgarian TPP [2]. As seen in Fig.5, the spectra of all zeolitized
materials show a good enough coincidence in the peak positions with those of zeolite X. Moreover,
since the diffractograms were recorded under the same conditions some conclusions could be made
about the relative content of the zeolite X in the respective composites.

15000 o X X
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Counts

5000 -

20

Fig. 5. X-ray diffraction (XRD) spectra of zeolitized FA/SL materials from TPP “V”, “R”, “RE” and “S” wastes
evidencing the presence of zeolite FAU

As expected, due to the different mineral, chemical and morphological characteristics of the
initial waste materials from TPP, the latter should exhibit different absorbance properties.

The absorption properties were investigated with respect to the initial “v”, “R”, “RE” and “S”
wastes and to the zeolitized composites synthesized (“ZV”, “ZR”, “ZRE” and “ZS"). For this purpose,
water solutions of the MG dye were used. All experiment lasted up to 48 hours. Fig.6 shows the
transmittance (in %) of the water solutions of MG as a function of the time (in min) of absorption of the
wastes and of the zeolitic composites investigated. The transmittance data were recalculated in terms
of time dependent concentration C (mg I'l) and were presented in Fig.7 for several times only, namely
for 10 minutes, 1, 5 and 48 hours.

Among the initial untreated raw materials, the best results with respect to the kinetics and the
degree of the MG removal was established for the FA sample “R”: The concentration of the MG
solution was felt down to 0.9 mg I after 48 h. The most unfavorable result was obtained for the SL
sample “S” which reduced the MG concentration 3 times, only, i.e. down to 2.8 mg I after 48 hours.

The studies shown in Figs.6 and 7 clearly demonstrate that the rate of MG removal by the raw
FA/SL or their zeolitic composites is initially very high, but thereafter significantly decreases. This
result could be explained by the fact that in the beginning all absorbent sites are vacant, and the
solute concentration gradient is high, but afterwards they both decrease.
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Fig. 6. Absorption kinetics of the initial wastes (black squares) and of the respective zeolitic composites (red
circles) in water solutions of malachite green. Here, T (in %) and t (in minutes) are the transmittance of the
solutions and time of the contact, respectively.
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Fig. 7. The dye concentration C; (mg I'l) in water suspensions after time intervals t (from 10 min to 2 days) in
contact with the raw materials (“R”, “V”, “RE”, “S”) - blue colored bars) or with the respective zeolitized products
(“ZR", “zZV”, “ZRE", “ZS") - purple colored bars)

The most probable reason for the similar absorption characteristics of all studied zeolitic
composites is the presence of one and the same zeolite X (type FAU) grown on the surface of FA/SL
particles, only. The dye concentration decreased with about 50% after the first 5-10 minutes of contact
with the zeolitic composite, and 5 hours later it felt down to 95-98% for all samples studied. On the
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bases of the results of the present study and of many other reviewed publications, it could be
concluded that due to their unique properties, zeolites have a great potential as effective sorbent
materials for a large number of water treatment applications, such as removal of different organic
compounds and dyes.

Conclusion

A simple method was applied for the synthesis of zeolitized composites by using waste
materials (fly ashes and/or slag) of several Bulgarian coal burning TPP, substantially different in their
mineral, chemical and morphological characteristics. The method used is based on a low temperature
alkaline treatment of the wastes. It turns out that independently from the wastes used the zeolitic
composites synthesized contain one and the same zeolite, type FAU. The presence of this zeolite X is
considered to be the mean reason for the high and nearly equal absorption ability of the composite
materials as demonstrated employing aqueous solutions of malachite green. These results
convincingly evidences that the zeolitic composites synthesized by reprocessing of fly aches and slag
from thermal power plants, are not only extremely suitable for almost fully purifying of waters from
some dyes, but also have a huge potential as a cost-effective and environmental-friendly solution that
can improve the efficiency of waste water treatment.
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Abstract: It is known that the exposure to cosmic source of radiation ifs beneficial to arthropods, and
they therefore chose to build their hive exactly on locations where those radiation exists. Ants most often build
their anthill where there are active cosmic knots or points of the Stojan’s cosmic swarms.

But lately those theses do not correspond with the bee colonies and the points of the Stojan’s swarms.

Pursuant to the results of the researches it was concluded that in the bee families located on cosmic radiations
coming from the Stojan’s swarm, the bees are disoriented and anxious, leaving the hive and look for other
shelter. The study included approximately 500 bee colonies in Macedonia.

Introduction

Colony collapse disorder is increasingly emerging in bee colonies nowadays. The world
seems helpless against this disease that in certain areas of our planet, kills as many as 50-60% on an
annual basis.

This problem can result in a certain imbalance in the biological processes of the entire
biosphere. Knowing this, scientists approach this problem with special seriousness while others are
not aware of its consequences.

The experts of the IGAPE Institute from Skopje approach this problem with ultimate

seriousness, analyzing in detail all known and less known elements which will lead to this diseases in
beehives.
The majority of scientists treating this disease consider that it results from the large presence of
frequencies in the atmosphere, caused by mobile telephony transmitters, long-distance power lines
etc. Others think that the root to this phenomenon is the increasing use of pesticides, or climatic
changes or environmental catastrophes and pollution. While science searches for the answer, 60% of
the bees die in some countries. Fig. 1. Starting from this fact, mankind is faced with a serious
challenge that sets on the alarm.
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Fig. 1. Map of bee extinction of in USA

Materials and methods

The alarm is already worldwide, large finances are dedicated to finding a solution to this
problem. The funds reserved to solving this problem in the USA are as follows:
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Fig. 2. Financial investment for the preparation of a strategy and finding a solution to this problem

It is still considered that mobile telephony is the reason of the Colony Collapse Disorder, Fig.
3, but the beehives are destroyed even where the number of mobile telephones is relatively low: Fig. 4
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Fig. 3. Influence of mobile telephones on | Fig. 4. Bees and the queen working on a honeycomb
bees and Colony collapse disorder

The research included 500 bee families from several beehives, where 10% were already
attained by Colony collapse disorder. The following influences were analyzed: a) geopathology, b)

cosmic pathology and c) technological sources of radiation in the analysis of the symptoms and life of
the bees.

Results:
a) Influences of geopathology on bees.

In the Kozle area of the city of Skopje, 20 bee crates were taken on wintering in 2006. Ten of them
were placed on a location affected by geopathology, distributed in two 10-crate groups which were
placed at 25m distance one from the other. Fig. 5 and 6. All bee families were equally treated and with
similar queen age and number of bees. In the winter period, those who were on a geopathogenic field
did not leave the crate as much as those placed on a safe location. In the spring of 2007 the bees

located on a geopathogenic field outnumbered those on the safe location. This indicates that certain
spam of frequencies is favourable for the bees.
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Fig. 5. Geopatogenic field (GPF) Fig. 6. Experiment with bees
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b) Influence of cosmopathology on bees

In the process of researching of the reactions due to the impact of cosmopathology upon bees
more significant results were observed on the bees exposed to the knots of the Stojan’s cosmic grid
and points of the Stojan’s cosmic swarm.

The bee colonies affected by a Stojan’s cosmic knot are more agitated and more aggressive
for the environment. Fig. 7 and Fig. 8.

Fig. 7. Bee colonies on S knots and on a safe location Fig. 8. Bee colonies on an S-knot and on a safe
location, Prilep town vicinity

¢) Influence on the Stojan’s cosmic swarm on bees.

The Stojan’s cosmic swarm are approximately 400 in number (Fig. 9) but not all of them are
active on Earth. Also, their presence is more frequent on certain locations than on other.

Fig. 9. Stojan’s cosmic swarm

The shape of an active Stojan’'s cosmic swarm reminds of a swarm in which points are
grouped towards west and north-west. The first research of the impact of the Stojan’'s cosmic swarm
on the appearance of Colony collapse disorder was performed in 2008 on a beehive in the village of
Breznica, Skopje region (see Fig. 10). The results of the research demonstrated that 9 out of 24 crates
were affected by 1 — 3 active knots of the Stojan’s cosmic knot, and 8 of the said 9 crates were
already abandoned.
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Fig. 10. Beehive affected by Colony collapse disorder in the village of Breznica, Skopje vicinity
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Fig. 11. Schematic representation of the first researched beehive affected
by a Colony collapse disorder

Influence of technical radiations on bees

The bees flying through a curtain of electric smog originating from long-distance power lines
and other transmitters get hurt and never return to such locations (see Fig. 12).
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Fig. 12. An electric smog curtain hurting the bees
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Conclusion

The building of urban settlements with a high concentration of steel, electric smog, chemical
and other elements, weakens the protective function of the ozone layer and intensifies the negative
impact of the Stojan’s cosmic swarm. The impact of the swarm has been intensified in recent years,
threatening the lives of the living beings, especially of bees. They are very sensitive to exactly that
frequency, which erases their orientation capacity and get lost in nature. This means that the team of
Mr. Stojan Velkoski indicates the Stojan’s cosmic swarm as the immediate reason of Colony collapse
disorder and has elaborated a special strategy for protection of the bees against this disease.
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Abstract: The protection of the cultural heritage and of the natural rarities is a serious problem in Macedonia,
directly related to damage and destruction of goods which are under temporary protection or belong to cultural
heritage or to the natural rarities, by the removal and exportation thereof. There are also the illegal excavators within
the country. They appropriate the cultural heritage: artifacts, icons and other.

The cultural heritage and the natural rarities in Macedonia are protected by establishing crimes in this field, as well as
operational activities with the purpose of identification of those criminal acts. Besides the legal and criminological
protection, it is necessary to undertake preventive actions on a larger scale with the purpose of efficient protection.

Introduction

The protection of the cultural heritage in Macedonia is a serious problem from the viewpoint of

the existence of crime perpetrators whose activities aim at appropriation of artifacts from our
archeological sites. Their purpose is also of material type: to gain material profit or enrich their private
collections. Besides the material damage, there is another one reflected in the fact that many artifacts
from Macedonia are presented as belonging to other countries, thus causing great loss of our national
individuality, identity and treasure.
The illegal appropriation and destruction of parts of the cultural heritage is typical in environments
where diverse cultural goods are concentrated, where samples of the cultural heritage are of
exceptional artistic and material value, where there is not a completely developed attitude towards the
values of people’s own cultural heritage. This is primarily due to the numerous shortcomings in the
systemic setting for practical care and protection of the heritage. These general features are mostly
present in our country as well.

Criminal and Legal Protection of the Cultural Heritage and the Natural Rarities

The national legislature of the Republic of Macedonia, in its Criminal Code, determines the
protection of the cultural heritage in its Chapter XXIV entitled Criminal Acts Against the Cultural
Heritage and Natural Rarities. Thus, Article 264 reads as follows: “A person who damages or destroys
any good placed under temporary protection or belongs to the cultural heritage or is considered a
natural rarity, shall have to pay a fine or will be convicted to prison sentence of six months to three
years.” The Paragraph 2 envisages the following: “A person who, without a permission of a
responsible body, performs conservation or restoration activities or carries out archeological
excavations or researches on goods under temporary protection or on a natural rarity despite a
prohibition thereto, and due to it they are severely damaged or lose their quality, shall be convicted to
a prison sentence of one to five years.” The following paragraph deals with commission of a crime by
a legal entity, for which a fine is envisaged.

Further, the legislator sanctions the appropriation of goods placed under temporary protection
or are part of the cultural heritage or a natural rarity and refers to perpetrators who, upon archeological
excavations, archive research, geological, paleontological, mineralogical or petrography researches,
excavations or otherwise appropriates some material or an object which is under temporary protection
as cultural heritage or natural rarity. The prison sentence envisaged to such an act is of one to ten
years.

The latest changes in the Criminal Code of the Republic of Macedonia relates to certain
activities regarding the protection of the cultural heritage. Thus, the Criminal Code refers to the crime
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of “removal of goods under temporary protection or cultural heritage or natural rarities” entailing
certain sanction. A perpetrator can be any person who, without the permission of a responsible body,
removes any good under temporary protection or cultural heritage or an object representing some
natural rarity, for which a prison sentence of three to ten years is envisaged. If the goods placed under
temporary protection or representing part of the cultural heritage are archeological, ethnological,
artistic, historic objects or an icon which is of special importance for the Republic of Macedonia the
prison sentence envisaged is of at least four years. This Article envisages responsibility of a legal
entity which will be sanctioned with a fine. The Code also envisages responsibility of a person who will
sell, give as present or alienate some cultural heritage in state ownership, even if there are no features
of any other harder act of crime, for which the sanction is a prison sentence of three to ten years.

Article 266-6 envisages “import of illegally purchased goods under temporary protection,
cultural heritage and natural rarities”, referring to the materials imported into Macedonia — movable
goods under temporary protection, cultural heritage and natural rarities of which the perpetrator knew,
or was obligated to know or informed about its illegal import into the territory of another country, shall
be sanctioned with a prison sentence of three to ten years. Besides defining the removal of some
goods into and out of Macedonia, the national legislation refers to unauthorized trade with goods
under temporary protection, cultural heritage or natural rarity. The Modus operandi system of this
crime is: purchasing, hand-over, acceptance or exchange of objects under temporary protection,
cultural heritage or natural rarity, of which the trade is prohibited or limited. This crime is sanctioned by
a fine or a prison sentence of one to five years. It can be perpetrated by a group, a gang or an
association or by an organized network of re-sellers or intermediaries in order to transport the objects
abroad. The sanction envisaged for such crime is a fine or a prison sentence of one tot en years, and
if the crime is committed by a legal entity, it will be sanctioned by a fine, and the illegally traded objects
and goods will be confiscated.

The Code also refers to state-owned goods, sanctioning the alienation of the cultural heritage
of special importance in state ownership. Namely “A person who sells, gives as present or otherwise
permanently alienates state-owned cultural heritage of special importance, shall be sentenced to three
to ten years of imprisonment.” The subject of protection referred to in this Chapter is the cultural
heritage and the natural rarities but also the prohibition to import movable cultural heritage stolen from
museums, sacral and other public buildings or institution on the territory of another country. The prison
sentence envisaged for this crime is of three to the years. The last crime referred to in this Chapter of
the Criminal Code is the one referring to the destruction or concealing of unprocessed archive
material, as well as of documentary material which cannot be regarded as archive material before the
important issues were identified therein.

Statistical Indicators of the Criminal Acts of Chapter XXIV in Macedonia

The official statistical indicators of the National Bureau of Statistics for the year 2012,
according to the data published in the Statistic review: Population and Social Statistics, lead to
conclusions about the following situations represented on tables.

In the year 2012, the number of major perpetrators was only 8:

All eight criminal charges were submitted from the Ministry of Interior. What is impressive is
the number of rejected criminal charges. Five out of eight criminal charges were rejected and the
prosecution motion was effectuated only concerning three of them. Considering that only the Ministry
of Interior submitted the criminal charges the question arises about the reason of the rejection of the
other ones? Is the reason in the insufficient support of the charges by proofs, or maybe the measures
taken were not in the framework of the legal authorizations or maybe there is some other reason.
Anyway, the number of rejected charges is relatively high, and this fact is to be further analyzed in
order to improve the preparation of the criminal charges and their further processing into judicial
proceedings.

This is especially important taking into account the current situation in the country which
indicates a large presence of illegal excavators and a low number of identified acts or of raised
criminal charges. In order to reduce this disproportion between the real situation and the actual
criminal charges, it is necessary to take further measures of widespread activities of all responsible
bodies in charge of the protection of the cultural heritage and the natural rarities in view of their
protection.

The number of perpetrators in 2013 is considerably higher and amounts 14 persons against
whom criminal charges have been raised for crimes with the cultural heritage and the natural rarities.
As for the acceptance of the reports, the number of the submitted criminal charges in comparison with
the one in 2012 is 10 whereas two perpetrators are still unknown.
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T 01: Reported major persons as per the act of crime, type of decision and sex
in the year 2012

Criminal
acts
against the
cultural
heritage
and

natural
rarities

Total

Total
number
of known
perpetra-
tors

Women

Rejected
report

Interrupted
investiga-
tion

Stopped
investiga-
tion

Prosecution
motion
submitted

Total
number

of

unknown
perpetrators

total

Damage or
destruction
of goods
under
temporary
protection,
cultural
heritage or
natural
rarities

Removal or
export of
goods
under
temporary
protection,
cultural
heritage or
natural
rarities

Other

T 02: Reported major persons as per the act of crime, type of decision and sex in the year 2013

Criminal
acts
against
the
cultural
heritage
and
natural
rarities

Total

Total
number

of

known
perpetrators

Women

Rejected
report

Interrupted
investigation

Stopped
investi-
gation

Prosecution
motion
submitted

Total
number

of unknown
perpetrators

total

14

12

10

Damage or
destruction
of goods
under
temporary
protection,
cultural
heritage or
natural
rarities

Removal or
export of
goods
under
temporary
protection,
cultural
heritage or
natural
rarities

Other

314




T-03: Reported adults persons —known perpetrators, as per crime groups and ethnicity
in the year 2012

Total | Macedo- | Alba- | Turks | Roma | Vlachos | Serbs | Bosnians | Other | Unknown
nians nians
Total 8 5 1 - 2 - - - - -
Women | - - - - - - - - - -

The ethnicity table reveals that from the total number of perpetrators (eight of them) in 2012, five
were Macedonians, one was Albanian and two of them were of Roma ethnic affiliation.

T-04: Reported adults persons — known perpetrators, as per crime groups and ethnicity
in the year 2013

Total | Macedo- | Alba- | Turks | Roma | Vlachos | Serbs | Bosnians | Other | Unknown
nians nians
Total 12 7 1 2 - - 1 - 1 -
Women | - - - - - - - - - -

As for their ethnic affiliations, the number of perpetrators coincides with the demographic situation
of the country, namely, the highest number of them (seven) are Macedonians, one was Albanian, two are
Turks, one was of Serbian and one of the other ethnic affiliations.

T-05: Convicted major individuals as per the type of crime and type of sanction in the year 2012

Criminal
acts
against
the
cultural

Wo-
men

Convic-
ted

Fines-
total

Princi-
pal -
prison

Princi-
pal -
fines

Fine

Secon-
dary -
fine

Secon-
dary —
ban on
practicing
a

Secondary
Relegation
ofa
foreigner

Secon-
dary
Alterna-
tive
measures

heritage
and
natural
rarities
total 3 1 1 - - - - - 1 2
Removal 1 1 1 - - - - - 1
or export
of goods
under
temporary
protection,
cultural
heritage or
natural
rarities
Other 2 - - - - - - - - 2

profession

Of the two above-mentioned alternative measures, two are probations — 6-months to 1 year of
prison sentence with the application of the measure of confiscation of objects. The evidence reveals
that all three perpetrators committed their crimes by themselves. Men were from 30 to 39 years of age,
and the lady was 40 to 49. As per ethnicity, two perpetrators were Macedonians and one of the other
ethnic affiliations. Referring to education level, they had completed secondary education, two of them
were unemployed and there are no data of one of them.
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Fig. 1. Number of reported and charged persons in 2007-2013
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The analysis of the data can lead to the conclusion that the difference between the two
categories is big, which means that certain number of individuals reported for crime regarding cultural
heritage have not been prosecuted. In future this should be a subject of interest of the security
services and bodies, which should provide sufficiently reliable proofs of each criminal act, to enable
the Court to reach a verdict sanctioning the perpetrators.

As for the development of the procedure, the authors of the work also made a comparative
year-by-year analysis in the period from 2007 to 2013 (Fig. 2).

12

10

B complaints dismissed

N indicment

investigation halted

2_ ili

2007 2008 2009 2010 2011 2012 2013

Fig. 2. Number of reports in the period of 2007-2013

The analysis of the data given in Fig. 2 can lead to the conclusion that the number of rejected
investigations is higher that the number of the submitted acts of accusation (e.-g in 2012). This is a
worrying situation which again reveals the unprofessional approach to the procedure of providing
quality criminal charges which would result in acceptance. The situation is not satisfactory as the
reports concerning some of the above mentioned cases were refused or rejected.

Analysing the sanctions it can be concluded that the punitive policy of the Courts is lenient,
and the sentences are probative. This is not the method of preventive actions, neither on the special
prevention, nor on general level, i.-e prevention of other persons from becoming perpetrators.

As for minor perpetrators, there is only one such person evidenced as perpetrator of a crime in
damaging and destruction of goods under temporary protection, cultural heritage or natural rarities, on
whom a sentence proposal was submitted.

Nine people were convicted in 2013, with prison sentences, fines and alternative measures.

It can be concluded that there is organized criminal in the field of protection of the cultural heritage, and it
is necessary both to prevent this type of crime in future, as well as to introduce more repressive measures
towards the perpetrators.

T-06: Convicted major individuals as per the type of crime and type of sanction in the year 2013

Criminal Convic- | Wo- Fines, Princi- Princi- Fine Secon- Secondary- | Secondary | Secondary
acts against | ted men | total pal - pal - dary ban on Relegation | Alternative
the cultural prison fines - fine practicing ofa measures
heritage and a foreigner
natural profession
rarities
total 9 - 4 1 3 - - - - 5
Export of 3 - 3 - 3 - - - - -
goods
under
temporary
protection or
cultural
heritage or
natural
rarities
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Export of 1 - - - - - - R N 1
goods
under
temporary
protection or
cultural
heritage or
natural
rarities
Alienation of | 1 - - - - - N R N 1
cultural
heritage of
special
importance
in state
ownership
Other 4 - 1 1 - - - - R 3

Conclusion

The Law on Protection of the Cultural Heritage was passed in Macedonia in April 2004, and

certain amendments and changes were carried out in the Penal Code of the Republic of Macedonia in
2006. However, the weak and barely existing penal policy increased the audacity of some people who
dared to excavate the archeological localities, not taking any care of whether they were excavating
unprotected archeological localities or if those localities had already been protected by law. Such
excavations lead to thefts of valuable objects of the cultural heritage, but also some of the immovable
units are damaged or destroyed. Another problem is the absence of a Law on Collectibles. Some of
the newly arisen business people invest in old objects and coins, making their own collections and in
certain way, thus supporting and financing the illegal excavations.
As the majority of the archeological localities, churches and monasteries in Macedonia have been built
outside the populated areas, they are more accessible by the illegal excavators and the security of the
buildings and localities is one of the important components in the prevention and timely identification
of such crimes. It is therefore necessary that the responsible institutions in the country pay special
attention to this important component in order to improve the level security of the buildings and
localities.

Education is one of the important elements contributing in the preservation of our cultural
heritage and treasure. But it is also necessary to simultaneously educate the employees of the
institutions and organizations responsible to preserve the cultural heritage as well as to timely identify
and prevent the perpetrators of such criminal acts. Young people should, since their first days at
school, be raised to cherish and respect their cultural heritage and treasure and strive to promote it
worldwide.
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Abstract: General aim of the study is collecting of data for the environment and the ecosystem of
Dragovishtitsa River, Bulgaria and receiving of information for its influence on contamination of the Struma river.
Samples are taken and measurements are done at intervals about 500 m along the river as well as the estuary at
place of its entrance into the Struma river. By this way 50 ponits of measurements in Serbia and 50 points in
Bulgaria were measured. The main conlusion of the study is that the water of Dragovishtitsa river responds to the
type R3-Mountain river as almost all measured parametrs are in normal range with few exemptions for cyanuric
acyd and nitrate content. There were measured 45 parameters of the environment and most of them are result of
natural processes. Only cyanuric acyd and nitrates are in relatively high range around the waste canals from
human living in Serbia and agricultural farms in Bulgaria. Reccomendation is to be taken attention on this kind of
contaminator with relation of the governmental efforts for restoration of the population of the Brown trout fish into
the river.

O6wWwwm gaHHKU

Peka [parosuwimua ce Hammpa B 3anagHa bbnrapus, uma gbmkmHa 40 KM (OT KOUTO OKOJO
25 km B Bbarapusi u okono 15 km B Cbpbusi) u cpeaeH HaknoH 19,2%q (7,3%0 B Bbnrapus).
HavanoTo mn 3anoyBa OT MACTOTO Ha CbedVHsIBaHe-BNuBaHe Ha pekuTe boxwuuka (nsB) u JlucuHa
(oeceH nputok) B Cbpbus. JintepaTypHuTe M3TOYHMUM OOMKHOBEHO BKIHOUBAT usAnara ObIDKMHA Ha
peka [parosuwmua n peka boxuuka, nasaiia ot BacmHCKOTO e3epo 1 Taka gbimkuHaTa 1 ctasa 70 KM,
oT KOVITO okono 45 km B Cbpbus (EHLI,VIKJ'IOI'Ie,CI,VIﬂ Kroctengun). BogocbopHaTta obnact e ¢ nnoty 867
km?, Ha 6bnrap0|<a Teputopua 177,1 km?, Ha cpbbCKka TepuTopus, 3aegHo ¢ obpasysaluute NpUToLU
689, 9 km? 1 CbC cpeaHa HagMopcka BmcquHa 1188 m, kato 46% OT Heq e 3aneceHa. Han-Bucokata
CTOMHOCT Ha CpeaHOroAULLHUAT OTTOK € Mmano npes 1937 19,9 m®s, a Hal-HUCKa npes 1983-3,22
m®/s. YecTo nma nenoBu siBnenust gocturaium 1o 20 AHM rogumiuHo. CpegHaTa MbTHOCT Ha BogaTa e
261 g/m3 (no paHHM oT 1975-84), cpeaHa mwuHepanusauma 211,5 mg/l (1969-84). MNponetHoTO
nbrHoBOAME OOVMKHOBEHO HacTbMNBA B Kpas Ha (heBpyapu 1 3aBbpLUBA B HAYANOTO Ha OHW, a NIATHOTO
ManoBoAMe 3anoyBa B HaAyanoTo Ha aBrycT U MpoAgb/bkaBa OO OKTOMBpPU-HOEMBpPU. [1o-BaxkHM
nputoum B bbnrapusa ca: Joxagesuua (nse, BNuBa ce npu Maxana OntomaHum Ha c. [JonHo YWHO),
JlomHnyka peka 1 YiHewmua (Bnueat ce npu ¢. [JonHo YiiHo). [paroeuiimua numa rosisiMo CTOMaHCKo
3HayeHve 3a KiocTeHOWNCKO u e BaxeH cenuuwoobpasysaly daktop. Mo nponoMa u npemuHaBsa
MexayHapoaHoto woce KiocrteHamn — bocunerpan, kbaeto ce Hamupa KM OntomaHun. Vma
u3rpageHa mMpexa OT CbOPBbXKEHUsI 3a HanosiBaHe Ha Cenullia no nopeyneTo Ha pekaTa.

Peka Oparosuiiuua e eguH OT Han-ronemuTe npuTtoum Ha peka CTpyma 1 B TOBa OTHOLLEHUE
CbCTOSIHMETO Ha ekocucTemMaTa U BNusAe BbpXy Hes. Ts € aeceH nNpuTok Ha peka CTpyma oT mbpBu
nopsiabk, BoAHO Tano tmn TR28-011111, kog EU_CD BG4ST700R019 [1].

Cnopen PamkoBata [upektuBa 3a Boan (POB) (OVMPEKTUBA 2000/60/EC HA
EBPOMENCKMA NAPJTAMEHT N HA CBBETA, 2000), uscnenBaHuaT panioH nonaga B ExkopervoH 7,
obxeawaly M3touHn bBbankaHu, konTo BkntouBa HOxHa bBbnrapus, yactu ot CeBepHa [bpuwus,
EBponenckata vact Ha Typuus, BIOP MakegoHus u Cbpbus, Bk. pedyHute GacenHn Ha Mapuua,
Mecta n Ctpyma [2].
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dur. 1. MectononoxeHue Ha n3cnenBaHuaT panoH

Feonorusa Ha paoHa

PanoHbT ce xapaktepuaupa C pasyneHeH pened, pesyntar OT WMHTEH3UBHW HEOTEKTOHCKM
aBwkeHns. To3u cpakt Tpabsa ga ce uma nNpeasud, BbAPEKM HUCKAaTa cnopes CTaTUCTUYECKUTE OaHHU
CTeneH Ha censMmyHa akTMBHOCT. CTPBMHUTE CKanHW OTKOCK NpeAcTaBnsaBaTt NoTeHUManHa onacHocCT
3 pa3BuTKE Ha CPYTULLHM npoueck [3].

Heo-npoTtepo3sonckn ckanu. lMpes yanata cn abmkmHa B Cbpbua n npes npubnusmTenHo
nonoBuHaTta cu AbmkuHa B bbnrapms ot KM OntomaHuu po ceno [paroBuwiunua, pekarta
npemMuHaBa npes nuceukuTe gMopuTtn. Bb3pacTtta nm e Heo-npoTepo3oricka 1 ca vact ot Jluceukus
opTomeTamopdeH komnekc (dur. 2). Te ca TbMHO3ENEHN Ha LBAT, 30paBU U TEXKN, CPEAHO3bPHECTH
ckanu. TekcTypata UM € MacvBHa U rpybolIncTo3Ha. B MMHepanHuaT uM cbCTaB yvyacTBaT PENMKTOB
nnarmoknas, Keapy, enuaoT, UMo3nT, XnopuT, BUOTUT, MYCKOBUT, KanuuT U akLeCOpHU MUHepanun —
anatuT, weenut(?), pyaHu MmHepanu. MetamopdHaTta npomMsiHa e no-cnabo napaseHa.

MetarabpaTta (metarabpogmopnti) ca TbMHOCUBMW-3EMEHKU, 3O0paBM WM MAacUBHM CKanw,
OOUKHOBEHO C >Xene3Hu XuapooKcuau no NMyKHaTUHW U U3BETPUTENHU MIIOCKOCTU. TekcTypaTta UM e
MacuBHa 0o rpybo-lWmncTo3Ha, a cTpykTypaTa bnact-rabpoBa, 6nacoodutoBa, MMKpOrpaHobriacTHa,
nenugorpaHobnactHa. B MuHepanHuMs wuM CbCTaB y4vacTBaT pPENMKTOB  MfarMoknas, Mu
MeTaMopdOreHH UmMo3unT, envaoT, KIIMHOLMO3WUT, cepuuuT, anbut, kBapl, amdubonoBn MuHepanu,
XIOPUT, PYTUM, TUTAHUT, KapOoHaT.

KsaTepHepHu Hacnaru. B panoHa Ha ceno [parosuwimua o BnvMBaHeTo M B peka CTpyma,
peka [parosuwinia npemMuHasa npeguMMHO npes KBaTepHEepHW Hacraru, TbW KaTo TaMm T4 usanusa ot
nnaHWHckMs perned Ha Jlucey nnaHuWHa M HaBMM3a B PaBHUMHHO MOHWXeHMe Ha peka CTpyma B
KiocTeHguncka KOTNOBWHaA. KBaTepHepHMTe Hacnarm umar 3HauuMTenHo pasHoobpasue M ca
npuBbP3aHM KbM onpegeneHn Mopdonoxkn dopmu. JlokanusnmpaHu ca OKONo AonNuHata Ha peka
CTpymMa u HerHuTe npuTouUM, KaKTO M B MNOAHOXMUATA Ha nnaHuHuTe. JlexaT BbpXYy HEOreHcKw,
naneoreHcku n gonaneoreHckn ckann. C Han-lMpoKo pasBUTUE ca anyBuanHuTe Hacnaru.

B TekTOHCKO OTHOLWEHWEe panoHbT nonaga wususano B KpauwmaHata TeKTOHCKa 30Ha
(Kpauwwimam). Han-3Ha4nTenHoTo TEKTOHCKO CbOMTUE, KOETO hopMMpa MHKOBO-HABa4YHMs NpoLec Ha
pernoHa e CBbp3aHO C aBCTpuMcKaTa pasa, paHHO anfUACKUAT (aBTCPUNCKU) CTPYKTYpeH nnaH. B
pavioHa nonagat v ronemu cpparmeHTn ot CTpymckata n Mopascka eanHmum Ha KpauwmgHarta 3oHa.
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®ur. 2. M'eonoxka KapTa Ha nopevneTo Ha peka [parosuwmua (3aropyes, W., 1993)

Il. MeToaun Ha nscnegBaHe

Llen Ha npoekta e cbbupaHe Ha AaHHM 3a OKONHATa Cpeda U ekocucTemMarta Ha peka
[paroeuwuua n nonyyaBaHe Ha MHGOpPMaLUUsi 3a BIIMSIHUETO HA OCHOBHUTE U MPUTOLM U HEWHOTO
BNUSHME KaTO MPUTOK BbpXY peka CTpyma. MiamepBaHusaTa ca U3BbPLLUEHM MO TEYEHMETO Ha pekaTa oT
MSICTOTO Ha HenHOTO obpa3syBaHe B Cbpbus npyu BNuBaHeTo Ha ABeTe pekun boxuuka m JlucuHa go
BNMBaHeToO U B peka Ctpyma. NamepeHa e 1 onpobeaHa 1 BogaTta oT peka CTpyma npeav BMBaHeTo
Ha peka [parosuiiuua 1 cneg HeMHOTO BNnBaHe. HabnogeHneTo e M3BbpLUEHO Npe3 MbPBUSAT feTeH
MoHuTopuHr 20 tonu — 10 aBryct 2015 r. U e nscnegsaHa pekata No Bpeme Ha HEWHUAT BOAEH
MWHUMYM — NATHO ManoBoAMe.

MeTtoguTte ca n3bupaHu B CbOTBETCTBME C Obrapckara HaumoHanHa cuctema 3a MOHUTOPUHT
Ha oKonHaTta cpefa, KOsiTo noaabpxa uHdopmaumoHHa 6asa AaHHW Ha HaUWOHAarHO U pernoHanHo
paBHUWe. HauuoHanHaTa cucTeMa 3a MOHWUTOPWMHI Ha OKoNHata cpefa W3NbrHABa MNOCTOSHHU
HabnoaeHUst B MHOro CTaTUYHN U MOBMIHM cTaHumMKu. HacTosAwoTo nscneasaHe gasa nHgopmaums 3a
HSKOW MapameTpu Ha KOMMOHEHTUTE Ha OKONHaTa cpefa Ha peka [parosuimua, kKato NPUTOK Ha peka
CTpyma M Ha HSKOW HENHW NO-BaxHW npuToum — peka boxuuka u JlncuHa, kouto 51 obpasysaT B
Cbpbus n peka bpaHkoBauka, KOSITO Tede Mo rpaHuuata ¢ benrapus n ce BnmBa B panoHa Ha KM
OnTtomaHuw. MpunaraHu ca nonesn MeToAuM Ha uscneasaHe [4].

lMpobuTe ca B3MMaHM U M3MepBaHUSATa Ca M3BbPLUBaAHWM B MHTepBanu OT okorno 500 M no
npoTexeHne Ha peka [JparoBuLumLa, KakTo 1 OT yCTUATa Ha TPUTE U NpuToka u oT peka CTpyma npeau
W crep BNMBaHeTo Ha peka [parosuwmua. Mo To3u HavmMH ca m3mepeHn 50 nyHKTa Ha pekaTa B
Cbpbus n 50 nyHkta B Bbnrapus (dur. 3).
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Legend:

Shdkd ries
Poltofobse naton sid moitoreg

®ur. 3. PasnpepeneHve Ha OCHOBHWTE BUAOBE pnba No TeyeHWeTo Ha peka [parosuwmua:
1-bankaHcka nbCTbPBA; 2-YepHa MpsiHa; 3-Peyen kedan (knew); 4-Cvea yanna
(c umdpu-mecTata Ha onpobBaHe 1 U3MepBaHe)

M3nonssaHn ca undpoBu (ENEKTPOHHWN) anapaTu 3a U3MNbMAHEHMETO Ha U3crefBaHeTo, 3apaau
TEXHUTE BB3MOXHOCTU 3a 6bp30, yA0O6HO U nNpeuunsHo uamMepBaHe Ha M3crnedBaHUTE napameTpu Ha
TepeH.

MpunoxeH e MeTOABLT 3a N3MepBaHe "Ha MACTO" (“in-situ”), Ha TepeH Ype3 NpPsKo B3eMaHe Ha
npobu (“grab samples”), 3awwoTo NpeauMcTBaTa Ha TO31 METOA Ca B1COKaTa CTeNeH Ha JOCTOBEPHOCT,
KOPEKTHOCT M TOYHOCT Ha m3cregsaHusaTa.

O6wmAT paguoaunoHeH oH 1 paaMoakTMBHOCTTA Ha BogaTa ca M3MEpPEHU C ranrepo 6posiy
"Radex" RD1503 B MukpocuBepTa Ha 4ac (USv/h).

M3amepBaHuATa Ha BogdaTa ca M3BbPLUEHU C MHCTPyMeHT "XaHna" HI9813-6, konto wuamepsa
KMcenuHHocTTa Ha Bogata (pH), TemnepaTypa Ha BogaTa (t, ° C), enekrtponposoammocT (EC, uS),
060 pa3TBopeHn TBbpAM BewecTea (TDS, ppm).

Opyr usnonseaH anapart e "SensoDirect 150", kONTO u3mMepBa KUCENMHHOCT Ha BoaaTta (pH),
TemnepaTypa Ha Bb3gyxa v Bogarta (i, °C), enekTponpoBoanMocCT (pa3TBopeHn MmuHepanHu conu) (EC,
pS), obuwo konuyecTBO Ha pasTBopeHuTe TBbpAM BewectBa (TDS, ppm), pasTBopeH Kucnopon
(O,, %).

3a uscnegBaHe Ha XMMWYHUTE nNapamMeTpu Ha peyHaTa Boda € M3MNOon3BaH € CrnekTpareH
doTomeTbp (konopumeTbp) "Lovibond". C nomoLyTa Ha TO3M MHCTPYMEHT Ca YCTaHOBEHU: CBOOOAEH,
06w, n kombuHupaH xnop Cl, kncennHHocT (pH), umMaHypoBa kucenvHa CYS, o6uwa tBbpaoct CaCOs;,
cBobopHa, obuwa n kombnHmnpana meg Cu m xensso Fe B mg/l.

Opyr na3nonseaH cdoTomMeTbp (koropumeTbp) e “Lovibond MD 600", ¢ KOWTO ca U3MepeHu
cbwmute napameTtpu: cBobogeH, obw, u kombuHmpaH xnop Cl, kmcenuHHocT (pH), uMaHypoBa
kncenuHa CYS, obwa tBbpaoct CaCO;, cBoboaHa, obwa u kombuHupaHa meg Cu u xensso Fe B
mg/l.

HutpatHo NO3- mg/l u HuTputHO NO2- mg/l cbabpXaHMe BbB BoJaTa ca YyCTaHOBEHM ypes
KOMNopuMeTpuyeH MeTo C TecToBu neHTu ¢ obxasat 0-10-25-50-100-250-500 mgl/l.

CobabpaHuaTa Ha apceH As ca n3MepeHu Ypes KONopuMeTprUYeH MeTo C KOMMMEKT TeCTOBU
neHtn ¢ obxsat 0.005-0.0010-0.0025-0.05-0.1-0.25-0.5mg/l n peareHT manoHoBa kucenuHa. 3a
onpefensiHe CbObPXaAHNETO Ha UUHK Zn € NPUNOXeH KONOpPUMETPUYEH METOA C KOMMMEKT TeCTOBU
neHtn ¢ obxeat 0-4-10-20-50mg/l n peareHT HaTpueBa ocHoBa. MaHraHbT Mn cbLO € onpegerneH
ype3 KOJIOpMMETPUYEH METOZ C KOMIMJEKT TEeCTOBU JeHTU ¢ obxeat 2-5-20-50-100mg/l n peareHT
HaTpueBa OCHOBa.

CbobpxaHueto Ha onoBo Pb e yctaHOBeHO 4pe3 KonopumeTpudeH MeTon C KOMMMEKT
TECTOBM NeHTn ¢ obxeaTt 20-40-100-200-500mg/l n peareHT Blei-Test.

CyndgaTtute SO4 ca uaMepeHn Ypes KonopumeTpuyeH MeToq C TeCTOBM NeHTn ¢ obxeaT 200-
400-800-1200-1600mg/l.
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Cyndutute SO;3 ca M3MEPEHU Ype3 KONIOPUMETPUYEH MeTon C TECTOBU NEHTU ¢ obxeat 10-
40-80-180-400 mg/I.

3a OMOMOHWUTOPUHI K onpedensHe Ha peneda Ha pPevyHOTO ABHO € M3MOoMn3BaH MPEeHOCUM
pagap (coHap) 3a pubHu nacaxu “Fish Finder” ¢ moHoxpomaTteH LCD ekpaH, egHONMbYeB, YecToTa
200 kHz, makcumanHa abnbouynHa 100 m, kKapTuHa Ha ObHHUS pened.

MwukpoGuonormyHoTo un3cneaBaHe 3a konudopmu coliforms e u3BbpWEHO CbrnacHo
meTtogukata nucaHa B [.B. BAC EN ISO/IEC 17025: 2006 3a u3cnegBaHe Ha peyHM BOAM.
N3cnegBaHeTo € u3BBLPLIEHO OT M3nuTBaTtenHa xumudHa M MuUKpobuonoruyHa nabopatopus npu
“Kioctenguncka Boga” EOOL, rp. KiocteHamn. KonuyectBo Ha npobute 250 ml, BbpXY KOMOHHM
egHmum KOE/M100 ml u craHpaptu BanugupanHu metoau BAC EN ISO 9308-1, Temnepatypa Ha
nscneasaHeto 37°C npu CTOMHOCT 1 gonyck Ha nokadaTtena 5000. MNpoTokonu 455 n 456/25.08.2015 .

3a ceauMeHTONOXKNTE M3cneasaHmsa npobute ca B3MMaHu oT nnoty 1 m? Ha AbNGoYMHa Ao
20 cm. WNscnegBaHa e (hpakuma Ha MuUHepanHuTe 3bpHa C rpaBunHM pasmepu ot 1 go 10 mm.
CbOTBETHO M3CNEeABaHMAT aHTPOMOreHEH MUKPOAETPUT C pa3mMepu Ha oparmeHTuTe o okono 20 mMm.
M3non3BaH € MUKPOCKOMCKM METOA Ha u3criefBaHe, KOWTO ce npwunara B reosfiorudta 3a pascurnHu
HEUUMEHTUPAHN CEOMMEHTHU cKanm — OuHokynsipeH (ctepeo) mukpockon “CETI” (STAR-24ED) c
oTpa3eHa 6sanma cBeTnMHa M C NPUMoXeHue 3a pryopecueHTHa CBETNMHA W BrpageHa gurntanHa
kamepa “Globecam-D” ¢ USB Bpb3ka 3a KOMMTbP W KOMMOTbpHa nporpama “Image Driving
Software” DCE-2. UsnonssaH e n gurMtaneH MoHokynspeH mukpockon USB 2.0 DigiScope, kakTo u
Digital Microscope ¢ komnioTbpHa nporpama MicroViewer ver. 2.2.d. Bcaka npoba e pasgeneHa Ha
MMWKPOCKOMCKM npenapaTtu B CTbkneHn nabopatopHu Onoga tun “leTpu’, B KOUTO ca m3cnenBaHu
MUHUMYM 300 TOYKM nMonagHanu B LEHTbPa Ha XWUYHUAT KPbCT - MUHEparnHU 3bpHa U OEeTPUTHU
KbCOBE OT BCSKa Npoba npe3 paBHOMepHa CThMKa Ha NpeMecTBaHe Ha npenapara.

MwvHepanHuTe 3bpHa M HedryopecumpallmMTe MUKPOAETPUTM Ca OonpeaensiHn no metoauTe
onucaHn ot Pettijohn n Pettijohn et al. [5.6] a dnyopecunpawmTe MUKPOAETPUTU Ca OMUCAHM,
CbIMacHO TeOoNIOXKMAT MeTod, npunaraH 3a rnyopecueHTHa MUKPOCKONWS B AucuunivHaTa
opraHu4yHa neTporsorus onuncax ot Talylor et al. [7] u Stach et al. [8].

®riyopecueHTHUAT MeTof 3a OnpedensiHe M OnMMcaHue Ha aHTPOMOreHHU MUKPOAETPUTM B
MoYBM 1 ceaMMeHTn e onmcad ot CotupoB u Ap. [9]. aHHM 3a N3BBPLUEH EKONMOrMYEH MOHUTOPUVHT Ha
Bojata M ceguMmeHTuTe Ha peka CTpyma v gecHuTe nputoum oT KioocTeHauncka KOTNOBWHA uMMa
npeactaseHun ot Cotupos 1 ap. [10,11,12,13,14,15,16,17,18] n Sotirov [19,20] Dimitrov et. al [21]

Cratuctnyeckata obpaboTka Ha JaHHUTE U KNMbCTEp aHanu3 3a U3BbPLUEHU C nporpamara
Excel n HertHoTO NpunoxeHne XL-Stat.

Ill. Pe3ynTaTu OT NpoBeAeH NeTeH MOHMTOPUHTI Ha peka [iparoeBuiymua

LLnpoyunHa, m Obn6ounHa, m

. I
o o0, el e

1 7 13 19 25 31 37 43 49 55 61 67 73 79 8 91 97 1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93

CKOpOCT Ha Te4YeHuneTo, NVs KucenunHocTt, pH

9 85 91 97 1 7 13 19 25 31 37 43 49 55 61 67 73 79 8 91 97
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O6Lwp Kkon.pa3TBopeHn TB. B-a TDS, mg/l

91 97

73 79 85

67

EnekTponposoaumocT EC, mS

13 19 25 31 37 43 49 55 61 67 73 79 8 91 97

7 13 19 25 31 37 43 49 55 61 67 73 79 8 91 97

7 13 19 25 31 37 43 49 55 61 67 73 79 8 91 97

7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

12
10

(]
<
g £
g g
@

=
z 5
© a
<3 =
> s
= I
Q
@
c
3
s

—

~
D ® © % o
i © © o o
-
Q
@

5
~
=Y

o
- =
=

0
™ @
@

o
> ~
=

I
™ ~
s

~
~ ©
©

R o
- - ©
N © =,
o
1)
g 2 E 8
Q o ]
s g 9
=)
g < s N
2 E
s )
F [} a
T QL = <
e £
~
@ ~
= ™ «©
&

o
b
= ™
v 0
Q ~

)
2 =

(%]
3 3
~ ~
— -

0.12
0.1
0.08
0.06
0.04
0.02
O AT T T T T T T

7

1

0.6

04

g
W €]
©
S g
o c
19
e Qo
x W
= @©
8 g
o Q
>
x
5
=
=
=
=
=
=
— -
o
~
& 5
b
& >
n w0
@ @
o o
~ ~
™ I
~ ~
~ ~
© ©
E=l > —
B 2k .
- n Ov n
(8] w a o]
a 9]
Q =) 5 =3
x
2 s T <
©
% [v) Q o
= < N <
8 <
<] ~ © ~
8 © s )
S
p=d o
« ™
v e}
~ [
] o
A —
«
)
Al ~
~

1

323



Ceso6oaHa men Cu, mg/l

97

13 19 25 31 37 43 49 55 61 67 73 79 85 91

7

1
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PapuoakTuBHoCT Ha BogaTa, mSv/h
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Konudopmu, Coliforms, KOE/100ml
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13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

7

mSv/h

061, pagnaumoHeH oH

13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

7

YepHa mpsiHa, Barbus barbus, 6p.
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Heonpepnenexu puou, 6p. Cuea vanna, Ardea cinerea, 6p.
120 1.2
100 1
80 0.8
60 0.6
40 0.4
20 0.2
PR ISR N | B TS | 0 b ———————
1 7 13 19 25 31 37 43 49 55 61 67 73 79 8 91 97 1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

our. 4. narpamu Ha uamepeHuTe napameTpu

Dendrogram

W rad .
B rad '
S rad .
NO2

F Cu -

F Cl

CYA
CaCo3

C Cu | !
TCu :

C Cl
T CI
S04 —

Zn 1

L]

02 ]
NO3
TDS

EC '

pH .

As
SO3 .

0.901929784 0.701929784  0.501929784  0.301929784  0.101929784

Similarity

®ur. 5. KnbcTep aHanus Ha nonyyYyeHuTe AaHHU

®du3nyHM napameTpm

lMpe3 npoBefeHUs NeTeH MUHUTOPUHI peka [paroBuwmua Oelwe mscnegsaHa no BpeMe Ha
naTHOTO ManoBoane oT 27 tonm o 7 aeryct 2015 r. Llenta Gelwe ga ce nscneneart napameTpute Ha
peyHaTa Boga npw Han-HUCKO BOOo HUBO. MNpu NATHOTO ManoBoane Har-gobpe ce ulydaea cpriopata
1 chayHaTa Ha pekaTa, KaKTO U Ha-TOYHO Ce NokanuanpaTt NOCTOSAHHUTE 3aMbpcuTenu. HUCKOTO HMBO
no3BornsiBa fa ce BMNuM3a B pekaTa W Ada ce udyyaBa nofapobHO ceanmeHTa, dpnoparta un ayHata Ha
mMsAcTo (in situ). Kato usno pesyntatute ca 3agOBONUTENHM U OCHOBHO Ce€ Hanara us3BogbT, 4e
€KONOMMYHOTO CbCTOSAHNE Ha pekaTa e 4o6po ¢ Manku 3abenexku, KoMTo e 6baaT onMcaHy No-aony.

LLnpounHarta Ha pekaTa Bapupawe ot 3 0o 20 m, a gbndoymHaTta Bapupawe ot 0,2 go 1,6 m,
B 3aBUCMMOCT OT peneda 1 HaknoHa Ha ObHOTO, CKOPOCTTa Ha OTTOKA, HANMMYMETO Ha MPUTOLM UIK
BOAOXBaLlaHUsA 3a HanosiBaHe. CKopocTTa Ha TedeHueTo obukHoBeHo 0.20 m/s — GaBHO TeudeHue,
0.50 m/s ymepeHo TeveHne u 1 m/s 6bp30 TedeHne (Obp3eit). 3aBnpsiBaHUS 1 3acTosna Boga noyum He
ce Habntogaea, nopagy CTPbMHUS HAKMOH Ha TepeHa B MNaHWHCKaTa 4YacT U CPaBHUTENHO MpaBaTta
NVHWSI HA TEYHMETO B paBHUHHATA 4YacT (dur. 4).
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M3amepBaHuATa ca n3BbpLLEHM NPE3 CBETMATa YacT Ha AeHsa npubnmnsntenHo ot 9.00 go 21.00
yaca U TemnepartypaTta Ha Bb3ayxa Ha csiHka Bapupewle mexay 22 n 34°C. Ha cnbHUe 4ecTo
pocturaxa o 40°C. Jlatoto Ha 2015 r. Oelle M3KITHUYUTESNHO CYXO U CITbHYEBO B MPOABbIPKEHNE Ha 2
Meceua ¢ Temnepatypu Hag 30°C. Ekcnegmumnte Bsixa NpoBeAeHMU C fiek aBToMoOWN, KaTo Ha MecTa
JocTbNa OO pekaTta e faneye OT MbTS U NpoAbiDKaBalle MNEWKOM A0 CbOTBETHUSAT MyHKT Ha
usvepBaHe. Hanaraxa ce MHorokpaTtHu o06xoou newa wunM C aBToMobun OO HamupaHe Ha
CbOTBETHUAT NIAHUPaH MyHKT.

[ObHHOTO MecToOBUTaHME e npeauMMHO KaMeHUCTO € no-eapu GrokoBe U BanyHu B ropHarta
4YacT Ha TEYEHMETO Ha pekaTa, NMPeMMHaBalLM B rpaBuMi U Yakbil B OOSHOTO TeyeHue. KbcoBeTe ca
npegMMHO OUOPUTOBM — Tydou, rHaCK, KBapLMTU B TOPHOTO TeyeHue A0 ceno [parosumua, Kouto
CpaBHUTENHO PSI3KO NPeMUHaBaT B KABTEPHEPHU YaKbIN U rpaBuiA B JONHOTO TeYEHWe cref CenoTo U
00 BnBaHeTOo B peka CTpyma.

OOWwmsT pagnaumoHeH (GoH, paaMoaKTMBHOCTTA Ha BOA4aTa M Ha ceaMMeHTa ca B paMK1Te Ha
HopmuTe, T.e. nog 0,36 uSv/h. dnyktympa ot 0,04 go 0,24 pSv/h, T.e. cpegHo okomno 0,20 uSv/h,
KOETO e HopmMariHaTa CTOMHOCT 3a pervoHa.

PU3NKO-XUMUYHU napameTpu

M3aMepeHaTa KMCENMHHOCT € HOpMarHa 3a pekv MaHUHCKM Tun R3, KOUTo ca B MbCTbpBOBaTa
30Ha pH=7,52-8,43, eQnHCTBEHUTE OTKMOHEHMSI Ha KUCENUHHOCTTa Ha BodaTa OT HOpMUTE ca B
paioHa Ha u3nuMBaHe Ha GUTOBMAT KaHan Ha bocunerpag n HepernameHTUpaHuTe GUTOBKM CMeTULLa
OKONO Hero, KbAeTO KUCENMHHOCTTa Bapupa oT 6,6 go 9,1. M3TouHMK Ha BKuUCnsiIBaHE Wnu
ankanusauusa BeposiTo ce sBsABaT peKkanHuTe U NOMUWHW OTNadbLM, KakTo U MUELLUTE U NEPUNHU
npenapaTtu B OTXOA4HUTE BoAU. B 6bnrapCckuaT OTPSA3bK KMCENMHHOCTTa € cTabunHa B HOPMUTE OKOMOo
8, camo B peka CTpyma npeau BnuBaHeTo Ha peka [paroBuumua e yctaHoBeHo pH=9, Ho cnep
BMNMBaHETO Ha peka [paroBuwinua KucenvHHoctTa Ha CTpyma ce HopManuaupa, T.e. MpuToka nma
NnonoXuTeneH npeyncTaall edbekT BbpXy rnaBHaTa BogHa apTepusi Ha parioHa (dwur. 4).

EnektponpoBogmmocTTa Ha BogaTta EC, T.e. pasTBOpeHWTe enekTponutu (Hanp. MuHepanHu
COMNKn) He e BMCOKa B CpaBHEHWE C ApYyrn cbCeaHu nputoum Ha CTpyma oT cblunsi BO4OCOOp BUOUMO
He ce BNnusie OT KACENUHHOCTA 1 uMa ctabunHm Hopmu ot 0,149 go 0,363 mS (MunucumeHca), Ho B
nose4eTo cryvyau Bapupa okosno 0,250 mS.

O6buwoTto konuyecTBO TBLPAW BewecTBa TDS cbBMaga C [aHHWTE 3a M3MepeHaTa
€reKTponpoBOAUMOCT Ha BogaTa, Tbil KATO OCHOBHUTE €NEKTPONMUTU Ca pa3TBOPEHUTE BbLB BoaaTa
TBbpPAW BELLECTBA, Hal-BeYe MUHEPArHu Conu.

PasTtBopeHuat BbB BogaTta kucnopog O, e ot 20,1 pgo 28,1%, T.e. 2,1-2,81 mgll.
CpaBHUTENHO HUCKOTO CbAbpXKaHMe Ha Kucnopos ce obACHABa C BUCOKUTE TeMrnepaTypu Ha Bb3ayxa
M Ha BogaTa no BpeMe Ha mamepBaHusaTa. Crnopep Pyces, Hukonoe (2013) guwaHeTo Ha gbroearta
NMbCTbpBa ce 3aTpyaHaBa npu ctonHoctn 3,5 mg/l. Moxe 6u nopagu Tasu NpuyMHa ObroBa MbCTbpBa
He e yCTaHOBEHa B pekaTa Nno BpemMe Ha MOHUTOPUHra.

M3mepeHaTa Temnepartypa Ha Bogata € oT 15 po 24,7°C, B 3aBMCUMMOCT OT 4aca, HO e
yCTaHOBEHa efHa TemnepaTypHa aHoHanus npu c. [JonHoO ynHO, KbAeTO BodaTa uma Temnepatypa
10,1°C. TllpnumnHaTa BEPOSATHO € MOA3EMEH KapCTOB WM [OpeHaXeH W3BOp, KOWTO yBenu4yaea
MHOrokpaTHo Aebuta Ha pekaTa 1 WMpoYnHaTa ctaBa OT 4 m nNpu NPESULLIHUAT MNYHKT Ha u3mMepBaHe
Ha 15 m. Moxe ga ce npegnonoxu, Ye Ha ToBa MSICTO pekaTa U3BMpa OTHOBO W Ha MpakTuKa pekaTta
MMa BTOpU M3BOP OCBEH OULMANHUAT - CbeAMHSBAHETO Ha ABeTe peku boxuuka n JlucuHa B
Cbpbus.

XUMUYHU NapamMeTpu

Hutputn NO, n Hutpatn NO; ca yCTaHOBEHM CaMO B panioHa Ha M3nMBaHe Ha GutoBuTe
kaHanu B bocunerpag, cebotBeTHO NO,=10 mg/l u HuTpatn NOs=1 mg/l n okono cenata PanunnoBuu,
Punbapun n MnekomuHun B Cbpbus, HO ¢ Huckm ctomHocTn NO3=0,1-0,5 mg/l. B Bbnrapusa ce
nosiBsiBaT okono ceno [onHo yiHo, MopaHoBuu u Oparosuwmua u B peka Ctpyma NO3=0,1-0,5 mg/I
(cour. 4). OT Te3u cbaobpkaHUs camo ycTaHoBeHWUTe B bocunerpag ca Ha rpaHuuara Ha gonyctumute
Hopmu cnopef [dupektuBa Ha CbBeTa oT 12 gekemBpu 1991 rogvHa 3a onassaHe Ha BoauTe OT
3amMbpcsBaHe C HUTpPaTW OT CENCKOCTONaHCKM n3todHmumn (91/676/EMO).

CeobopeH, o6y n kombuHmnpaH xnop Cl He ca ycTaHOoBeHM B cpbbckaTta yacT Ha pekaTa. Mima
camo cnabo npucbeTBUE Ha 06LL N KOMOMHUPAH XNOp BbLB BoAaTa Ha OECHUAT NPUTOK peka NucuHa,
[aBaly, HavyanoTo Ha peka Adparosuwimua 0,15 mg/l n Ha usxona Ha peka [parosuiimia oT cbpbus npu
KM Pubapum cbe ctorHoctm 0,1 1 0,09 mg/l. B 6bnrapckata yact Ha peka [dparosuwimia v BbB
BogaTa Ha peka CTpyma npeam v crief, BnNvBaHeTo Ha [paroBuwuua, obave xnopbT NPUCHCTBA BbLB
BCUYKMUTE CU (pOPMM MOYTM BBbB BCUMYKM NMpPobW, HO OTHOBO B MHOMO MarkKu KONM4ecTBa B MOBEYETO
cnyyau nog 0,1 mg/l. Camo B HAKOM MYHKTOBE Cce yBenuyasa Ao cnefd ceno CTEeHCKo 1 npeau ycTueTo
Ha pekata n goctura go 0,1 mg/l. MNpucbcTBMETO Ha pasnuyHUTEe (POPMU Ha XMOP BEPOSATHO €
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npvpogeH npouec. Tol e 4acT OT MUHeparnHuTe Conu, pasTBoOEPHM BbB BogaTta npv NpeMmnHaBaHeTo 1
npe3 Mo4YBM M KOPEHHW CKanu U TAXHOTO M3nyxBaHe. Hal-BepositeH m3TtouHuk ca HaTpmeB NaCl n
kanuneB xnopug KCl, obukHoBeHa con B nodsute. OT gvarpamuTe ce BuWxaga, Ye HaborataBaHeTo Ha
BOdaTa C Xop 3anoyBa OT ceno [paroBuwimua, KbAeTo NnaHawadTa ce CMeHS OT MMaHUHCKU C
paBHUHEH, @ reofiorMaTa Ha PeYHOTO NErfio Ce CMEHS OT MOPUTU Ha KBaTepHep.

OcobeHo BaxeH MapamMeTbp B pamMKWTe Ha TOBa u3credBaHe Ha BOAHWAT KOMMOHEHT Ha
peyHaTa ekocucTema Ha peka [paroBuwimua e T.Hap. umaHypoBa kucenuHa CYS. [NapametbpbT e
BaXXeH, Tbil KaTo He e BKMYeH B HauuoHanHata cucteMa 3a ekosnlorMdeH MOHUTOPUHT U BbobLLe e
Marnko usyyeH. LinaHypoBata kucenuHa npefctaenssa 0606LLEeHO NOHATUE Ha OTNAgHW NPOAYKTU Ha
XMMMYeckaTa NPOMULLNIEHOCT, YecTO M3fnofnBawM ce Ccblo M B Outa kato OenuHa, nenuna,
nesnHdekTaHT, 6ou, Ko3meTuka, ctabunusatopu 3a xnop (npegnassaT XAOPHUTE CbeOUHEHUs OT
Obp3 pasnag Ha cnbHYeBa M UV cBeTnvMHA) M MHOrO Apyru. T9 HEM3MEHHO MNPUCBHCTBA KaTo
uHountpart (leachate) Ha mecTaTa, KbaeTo MMa BUTOBM CMeTULA. 3a NPBLB NbT € OTKpUTa B ypuHaTa.
TpyoHo ce obpa3yBa CaMOCTOSITENIHO B MpupogaTa M HanMumeto M e Jo0bp MHOuKaTop 3a
aHTponoreHHa gerHoct. dopmMynaTta u Mmoxe ga 6bae pasnuyHa, Ho 0b6obLeHaTa MOXe Ja ce Nnokaxe
kato (CNOH); (1,3,5-triazine-2,4,6-triol). EguH oT aHano3nte M e MenamuH [22]. ToBa e KpaeH
NPOAYKT Ha pa3naj M e cuneH 3ambpcuten. B npupogata He moxe ga ce npeynucTBa OCBEH 4pes
yTasiBaHe KaTo opraHudeH kambKk. [lo cbwmss HauvH npegmsBukBa obpa3yBaHe Ha Hau-
HEpPas3TBOPUMUTE OPraHUYHM KaMbHU B ObLOpeLMTe M MUKOYHWUTE NbTulia npu xkmBoTHuTe [23]. Mo
WHTEPHET AaHHW MbCTbpBaTa € MHOrO YyBCTBMTENHA Ha TO3W XMMMKan, KaTo Npu CTOMHOCTW Hag 8
g/ml wn3yesa. VMima gaHHM M 3a 4YyBCTBMTENTHOCT Ha CcnagkoBogHuTe ckapugu Branchiopoda.
CoobpxaHuneTto Ha CYS He Tpsibea aa Hagsuwaea 10-12 mg/l B 6aceinHun 3a nnysaHe.

M3cnepBaHeTo Ha LiMaHypoBaTa kucenuHa e Heobxogmmo 3apagu dakTa, Ye B gepeTtaTta Ha
pekuTe B Bbnrapusa nma MHOro HepernameHTMpaHn OMTOBM CMeTWLLA, a B Mpunexawure Teputopum
MHOro oepMu 1 OTXOOHW KaHanu, CbYeTaHo ¢ pakTa, Ye peka [parosuwimiua nonaga B MbCTbpBOBaTa
30Ha. OcHoBeH BuouHaMKaTop 3a u3cnenBaHe no npoekta e bankaHckaTta NbcTbpBa Salmo trutta u
WHBa3MBHUAT BUO AMepukaHcka abroBa nbcTbpBa Oncorhynchus mykiss, kakto u yctaHoBeHaTa B
nocneacTeue B cpbbckaTa YacT Ha pekata MakegoHcka nbcTbpBa Salmo macedonica.

MHTepecHOTO e, Ye pekaTa e pasgerneHa OykBarHO Ha JBe MO OTHOLLEHWE Ha CbAbpXaHusATa
Ha LMaHypoBa kucenuHa. B cpbbckaTta yacT Ts He Ce yCTaHOBsiIBa C Marlku U3KIIOYEeHNs] Ha MecTa ¢
aHTpoMoreHHa AeMHOCT OKOMo u B camusa bocunerpag B MuHnmanum konudectsa ot 1 mg/l, gokato B
ObNrapckusIT OTPSA3LK Ha pekaTa ce MosiBsiBa OLLEe B HA4anoTo Ha Halwa TepuTopwusi Mpu crpagaTa Ha
muHn BELL 0,5 MW B konmyectBo oT 5 mg/l n npogbikasa ycToMdMBO Aa MPUCHCTBa B MOBEYETO
npobwu, kKaTo Jopu ce yBenu4daea Ha 26 mg/l okono ceno [1onHO yMHO, n3yesBa OKorio ceno FopaHoBLUM
n nak ce ysenu4yaea okono ceno CteHcko mexay 20 n 25 mg/l . B nonoBuHata uamepeHun nyHKToBe
unaHypoBata kucenuHa CYS goctura HuMBaTta, KOUTO HE ca MOAXOLALM 3a pa3BUTUE Ha MbCTbpBa.
Moxe Ou nopagu Ta3m npuuMHa NbCTbpBa B cpbbckaTa 4acT Ha pekaTta ce HabniogaBa 4ecTo
NbCTbpBa, AKATO B Obhrapckata 4acT Ha pekata HawuaT ekun He ycns Aa HabnogaBa Takaga,
AaHHUTE ca camo Mo MeToa Ha MHTepto oT pubapu 3a Hannuue Ha bBankaHcka nbcTbpBa. MHTepeceH
dakT e, unaHypoBaTa KucenuHa ce nosiesiBa BegHara cnep narpagexHumst muHn BELL, Ho He e B onacHu
KOHLUEHTpauum 1 ce YCTAHOBSIBA M MHOrMO crieq Hero, oTHOBO B HE-MHOIO BWUCOKM konwuyecTBa. B
noBeYyeTo MyHKTOBE C M3MEepeHU BUCOKM HMBA Ha CYS He e 3abens3aHa aHTponoreHHa AENHOCT
OCBEH Ha MecTa Marku CMeTuLLa, MHOFO MO-Marku OT CbCeaHUTe peku Ha Bogocbopa M HanouTenHu
cuctemn (Cotmpor mn ap. 2014). KoHueHTpaumMmMTe ca CpaBHUTENHO BMCOKM 3a fa Obaat npupogeH
deHOMeH, a n3amepBaHeTo beLle N3BbPLLIEHO U BTOPW MbT C APYr anapar 3a KOHTPOJ1, HO CTOMHOCTUTE
Ha efHa n cblla npoba octaHaxa HenpoMmeHeHn. YopaneHata ¢abpuka B bocunerpag He paboTu, a
W cnepj Hes He Ce yCTaHOBsIBA LMaHypoBa KUCENWHA, a B pavioHa Ha KepamudHaTa ¢abpuka B C.
[paroBuwimiia cbLlo CTOMHOCTUTE He ca ocobeHo BUCOKW. Taka ce npegnonara, Ye M3TOYHUKBLT Ha
3ambpcsiBaHe ca OTnagHW BOAM OT hepmMuTe B JOSHATA YacT Ha pekaTa, a B ropHaTa 4acT BEPOSITHO
ce cb3gaBar ycnosus npu 6eHta Ha BEL| 3a HaTpynBaHe M pasnaraHe Ha OoTnagHWUTE NPOAYKTU OT
oTxoaHuTe KaHanu B Cbpbus.

O6wara TBbpAoCT Ha Bogata CaCO; He e Bucoka u Bapupa mexay 106 n 198 mg/l, camo B
ycTUeTo U npeau u crned BnuBaHeTo Ha peka Ctpyma e Hag 200 mg/l. OT HayanoTo Ha pekata [0
YCTUETO U CbPbKAHUETO Ha KanuueB kaboHaT NOCTENEHHO Neko ce yBenuyaea. M3o4Hunk Ha obLaTa
TBBbPAOCT Ca KOPEHHWUTE CKamnu, Npe3 KOUTO NpeMUHaBa pekaTa, YacT OT KOUTO CbAbpXKaT KapboHaTu
N Kanuur.

CobobpkaHuaTa Ha cBobogHa, obwa u kombuHMpaHa meqg Cu ca Huckm m BapupaTt ot 0 oo
0,41 mg/l, B noBeYeTO Crydam MHOro no-HUCkU. MpUCHCTBMETO HA Mef € NPUPOAEH NPOLEC, B paioHa
MMa yCTaHOBEHW MeOHW Haxoawuwa, a ckanute npes, KOMTO MUHaBa pekaTa CbObpXaT pasfnuyHu
MeOHW MUHepanw.

Xenssoto Fe," n Fe;' e B manku konnuectsa ot 0,01 go 0,05 n paako manko noseve. CbLlo
€ eNieMeHT npuMec, pe3ynTaTt OT NPMPOOHOTO U3NYXKBAHE Ha XXENe3HNTEe MMHepany B OKOJTHUTE CKanw.
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TpsibBa ga ce crnegm obaye 3a KONMMYECTBOTO Ha Me[ W XKEens30 B HanouTenHUTE Niowm crieq ceno
OparoBnwmua go peka CTpyma, 3a Oa He HaOBbpnAT CTOMHOCTMTE 3a MO4YBU onpedeneHn ot
IObpxaBeH BecTnHk N054/1997.

ApceHbT As BbB BogaTta Ha peka [paroBulimua ce ycTaHOBsIBA PSOKO B Marnku KONMYecTBa,
pesynTtaT OT NPUPOLHO M3NY>XBaHe Ha MUHEepanuTe OT OKOMHWTE Ckanu u CTOMHocTMTe My ca oT 0 go
0,01 mg/l. Habuea ce Ha o4m obaye, Ye CTOMHOCTUTE OTHOBO Ca MO-BUCOKU OKONO ceno fopaHoBuUM U
B JenTaTa Ha pekaTa, npeau BnvBaHeTo u B p. Ctpyma As=0,05 mg/l, kbaeto nma obums Ha UHEPTHU
mMaTepuanu u BEposTHO Ha 3naTo.

Onoso Pb npe3 BpemeTo Ha NETHUA MOHWUTOPUMHI HE € YCTaHOBEHO BbB BodaTta oOT
N3MepeHNTE NYHKTOBE.

MaHraH Mn ce oTkpvBa camo B ObnrapckaTa 4YacT Ha pekata ole OT CaMOTO Hadano npwu
KM OntomaHum 1 cbaobpxaHusaTa my Bapupat ot 0 oo 4 mg/l. 3apagn HEBBL3MOXHOCTTa Aa ce
06BBbpXKE CbAbPXKAaHMETO HAa Mn ¢ aHTpPOMOreHHa AEWHOCT U HUCKWUTE KOHLEHTpauun Ha meTtana, To
npegnonaraem U3TOYHMK Ha eNleMeHTa ca OKOJTHUTE CKanw.

LnHK Zn - cbaobpxaHusata my sBapupaT oT 0 go 2 u pagko go 3 mg/l. MNMpucbcTBrueTo My B
peyHaTa BoAa BEPOSTHO CbLIO Ce ObIMKM Ha NPEeMUHaBaHETO Ha pekaTa Npe3 KOPEHHW cKamnwu,
CbObPXaLLW LIMHK.

Mpun nacneasaHeTo 3a cyndatn SO, n cyndutn SO, OTHOBO NpaBu BreyaTrieHne, Ye OKOro
MecTaTa C pa3BuTa YoBeLllKa EeNHOCT ce HabnoaaBa 3aBuLLIaBaHe Ha HAKOW U3Cre[BaHn napaMmeTpu,
KaKTO Npuv HUTpaTUTE U HUTPUTUTE. EANHCTBEHUAT NYHKT ¢ ycTaHoBeHu cyndutn e IKMNM OntomaHum.
Cyndatn ce cpeliaTt no-4ecTo NpeaMMHO OKONO MecTaTa C pa3BuTo 3emefenue n epmepcTso 1
OTHOBO OKono cenarta lopaHoBuu, Oparosuwimua n CteHcko cyndaTtute gocturat go 300 mg/l. dur. 5
nokassa B3aMMHa CBbP3aHOCT Ha M3cneaBaHWUTE napameTpu Npu KMbCTEp aHanu3 Ha nonyyeHute
OaHHW,

Mukpo6uonornuHu napameTpum

CbobpkaHMeTo Ha konndopmMn BbB BoAaTa € U3MEPEHO B 2 MyHKTa: eAUHUAT Ha U3xoda Ha
peka Oparosuwmua ot Cbpbus npean KM Pubapum v BTOPUAT NYHKT € Npeau BNUBaHETO Ha
pekata B p. Ctpyma, npean 3ayctBaHeTo M B GETOHHO KOpWUTO, B panioHa Ha ceno Paxpasuua.
M3cneaBaHeTo nokasa, Ye CbAabpKaHMeTo Ha konudopmu Ha maxoga ot Cvbpbusa e ¢ okono 50%
rnoBeye OTKOJIKOTO CbOBPXAHWETO Ha M3xoga Ha camata peka B bbnrapud. CbabpXaHueTo Ha
konndgopmn e 115 KOE 3a cpbbekaTta yact u 78 KOE (dur. 4) 3a 6bnrapckata 4yacT, HO U OBeTe
CTOMHOCTM Ca B HOPMUTE M BogaTa € YyMcTa no To3u nokasarters. BeposiTHO nanneBaHeTo Ha OTXo4HUTE
KaHanu Ha bocunerpag v npunexawuTe cena ca MpuyYMHaTa 3a MO-BUCOKaTa KOHLEHTpauus Ha
OakTepuuTe.

CeQMMEHTONOXKN uscnenBaHus

M3cnepoBaHeTo Ha cefMMeEHTa € BKIIOYEHO B M3CneaBaHeTo, nopaam cakTa, Ye npeauMHo B
cedvMeHTa Morar ga ce HabnogasaT U3NYeckuTe 3aMbPCUTENN HA pekaTa OUPEKTHO MaKPOCKOMCKM
UIM Ypes M3Non3BaHe Ha MMKPOCKOMN ce HabnwaaBaT MMKPOparMeHTH OT BCUYKM YOBELLKM OTNaabLm
(Cotupos u ap., 2015). KaTo usino cegMMmeHTa Ha pekata € YMCT OTKbM aHTPOMOreHeH MUKPOOETPUT.
MHoro pagko ce yctaHoBsBaT ¢parMeHTUM OT GuTOBM OTMaabLM KaTto NOoMnMeTurneH, nnacrmaca,
MeTanu, rymu, Kepammka, CTbKMo, CTUPONOpP, CTPOUTENHU Ma3unku, Bap, LUMMEHT, TyXNn 1 Ap., KOUTO
Cce cpewaT B HepernameHTupaHute 6GutoBm cmeTulla No HawuTte peku. B panoHa Ha Bocunerpag,
Cbpbua moxe ga ce BUOAT BCAKAKBM OMTOBM OTNagbuUu B pekaTta KaTo aBTOMOOWMHM rymMun, OCTaHKu
OoT 65na TexHuKa, NONMETUNEHOBU TOPOMYKM U LWIMLIEeTa, TyXNKW, Bap, AbPBECUHA, cnama, dekanuu,
nomusi, 1 BCUYKO OCTaHano. HabniogaBa ce u MbTHOCT M MEHNMBOCT Ha pekaTa W BbMpPeKM ToBa
napameTpuTe Ha pevHaTa Boda ca C aHOMaslHW CTOMHOCTM caMoO B cammuTe kaHanu, a Ha 50-100 m
cnepj kaHana BogHUTe napameTpu ce ctabunuampaT U MoXe Aa ce BUau MHOro puda, uma un Bnevyru
1 3eMHOBOAHN. KonnmyecTBOTO Ha aHTPOMOreHHUAT MUKPOAETPUT B ceanMeHTa Ha pekaTa B Cbpbusi e
B konu4yectBa 0-1%, camo B HaceneHute mecta bocunerpag, Panuunosun, Pudapum n MnekoMmHum
N OKOIIO CMeTULLIaTa ce NosIBABAT OPEOsIN C pa3cesiH MUKOOPETPUTU NPEOANMHO CTBKITO U KepaMuKa,
KouTo gocturat oT 5-6 0o 10% B oTaenHu Npobu.. NonueTuneHsT ce HabnwaaBa MakpPOCKOMCKU.

B ©Obnrapckata 4act Ha peka [paroBuwivua aHTPOMOrEHHUAT  MUKPOLETPUT B
CEANMEHTONOXKMUTE NPOOM CbLLO € B MHOIO Marku KOnMyecTBa M Jaxe OTCbCTBa B NMOBEYETO nNpobu.
CegunmeHTa B TOBa OTHOLLEHME € YNCT B CPAaBHEHME CbC CbCEOHUTE PEKM B KIOCTEHAMMCKA KOTMOBUHA,
pecHn nputoum Ha Crtpyma kato buctpuua, baHwmua mn Hoocencka (CotupoB v gp., 2015).
Cbabp)XaHMETO Ha aHTPOMOreHeH MWKPOAETPUT obaye pA3Ko ce yBennyaBa OT BOOOXBALLAHETO Ha
ceno [parosuymua, kKbaeTo MMa 6eHT 1 MSACTOTO ce nocellasa oT pubapu, Kbnewm ce, U3nosnsea ce
3a MpaHe M 3a U3XBbIIIHE Ha OTNaabuM, 0cobeHo cTpouTenHu. KonmdectBOTO Ha MuKpogeTputa B
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nnaHuHckata 4act Ha pekata e 0%, HO B pailoHa Ha cerno [paroBuwimua goctura go ob6emHu
npoueHTa. Ton e npeacTaBeH OT uenust Habop GUTOBM oTnagbUM, HO B Manku konmdectsa Ao 1%
o6bwo. OctaHanute 0o 9% ca 4YepBeHa Kepamuka, NpeaMMHO U3BXbprieHa OT KePaMWYHUAT 3aBog —
TyxnapHata dabpuka B ceno [paroBuwmua. OpeonbT Ha pasceriBaHe Ha MUKPO- U MaKpo-
HabnogaBaHaTa YepBeHa kepaMuka cnep dabpukata ce npocTtupa vak go peka Ctpyma. lNpegnonara
ce, 4Ye He Bpeau Ha pedHaTa ekocucTema, Ho TpsibBa Aa ce MMa NpeaBus, Ye He € NPUPOAEH NPOOYKT.
B nyHkTOBeTe cniep TyxnapHata ¢abpuka e ycTaHoBeH Ha mecTa u acgant (dur. 6).

KakTo Gelue cnomeHaTo B NMnaHMHCKaTa CU YacT Ha pekaTa CeauMeHTa e NpeacTaBeH OT Mo-
egpu onokoBe u BanyHu B ropHaTa 4acT Ha Te4eHUETO Ha peKaTa, npeMnHaBsallu B rpanu7| N YaKbll B
AOJNTHOTO Te4yeHune. KbcoBeTe ca npegumMHO OUOPUTOBU — Ty(i)l/I, FHaIZCI/I, KBAapUUTU B TOPHOTO Te4veHne
0o ceno [paroBuiimnua, KOUTO CPaBHUTENHO PS3KO MPeMMHaBaT B KaBTEPHEPHWU Yakbin U rpaBuin OT
KBapL, KBapuuT, rHanc, NACbYHMK, MHOFO FMUHECTU MUHEpann U JOHECEHN OT TeYEeHUEeTo AUOPUTU K
Tydu B paBHUHaTA.

MonueTuneH, ynTpaBroneToBa CBETNUHA, Bb3AyllHa cpeda, x45

TekcTun, cTnponop 1 nnekcurnac, acdant, x45

dur. 6. AHTpoONoreHeH MUKPOZETPUT B CeAMMeHTa Ha peka [dparosuwmua

HaHHu oT GuonornyHuA MOHUTOPUHT

BankaHcka nbcTbpBa Salmo trutta. bankaHckata nbcTbpBa Gelle HabnogasBaHa caMo Ha
cpbbcka Teputopus. PubaTta necHo ce pasnosHaBa no crneumdmryHata oopmMa U Ha4yMH Ha nnyBaHe.
3a ToBa NOMOrHa M HUCKOTO HMBO U MbTHOCT Ha BoJaTa npe3 BpeMe Ha NATHOTO manosogue. PubaTa
ce HabnoJaBa Ha nacaxu OT MO HAKOMKO ekdemnnspa 2-3 o okono 10. Pasmepute 1 ca okono 16-20
cm. Habniopaea ce B peka JlucuHa — neBusT nputok, obpasysaly peka [dparosuwiuua Ha cpbbcka
TEpUTOpPUS BbB BCUYKM HabnogaBaHW NYHKTOBE, KakTo U B camusT bocunerpag, kbaeto Bogarta e
3aMbpceHa ¢ oTnagHuM 6utoBm Boaw. Ham-mHoro ot TO03M BuA Oelie HabnwogaBaH cnen ceno
PanumnoBuu u3BbH HaceneHute mecta. Ha 6bnrapcka teputopust He e HabniogaBaHa, JaHHUTE B
Tabnuua 1 ca no meToda Ha MHTEPBIO HA MECTHUTE pubapu, KOUTO TBLPAAT, Ye bankaHcka NbcTbpBa
uma v ca xsawanu 18 6posa mexay cenarta [onHo ynHo 1 [opaHoBLM, HO TBBPAAT, Ye bpakoHnepure,
MNOBSALLMN C HE3AKOHHW CPeACTBa KaTo eNeKTpUYeckn YyCTPONCTBa U C BUMLM Ha NETPOMaKCOBU NamMnu
13060 He ca manko. MNMpuurMHUTE 3a MankoTo KONMMYECTBO MbCTbPBA Ha Gbrrapcka TepuTopus Moxe
[a ca pasnuyHu, BKITl. U1 M3MEPEHOTO HanuuMe Ha LuaHypoBa KucenvHa B pekaTa. TemnepatyparTa,
KACEMWHHOCTTA W BCUYKM OCTaHanM W3MEPEHU MapaMeTpu ca noaxoasdwin 3a pasBUTME Ha
DOankaHckaTta MbCcTbpBa. To3n BUA puba € OCHOBHUAT OMO-UHAMKATOP 3a YMCTa BOAA B HACTOALMAT
NPOEKT.

ObroBa nbcTbpBa (amepukaHcka) Oncorhynchus mykiss He e HabniogaBaHa No UANOTO
NpoTEeXeHMe Ha pekaTa, BbNPEKU, Ye N0 MHEHMETO Ha pubapuTte U MECTHUTE Xopa uma 1 TakaBa. Ako
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¥MMa HanuyvMe Ha TakaBa, TO TS Ce siBsiBa MHBA3WBEH BWA 3a peyHaTta eko-cucTema v Tpsbea ga ce
BHYMaBa C HEMHOTO pa3BbKAaHe, Tbil KaTo Ce XpaHu C MarnkuTe Ha ocTaHanvTe BuaoBe puou.

MakepgoHcka nbcTbpBa Salmo macedonica 6ewe HabniogaBaHa camo B peka JlucmHa no
HSIKOSIKO eKk3emnisipa oT 2 A0 5 ¢ AbikuHa okorno 15-18 cm.

YepHa MpsHa Barbus peloponnesius. ToBa e npeobnagaBawuaT HabnogasaH Bua puba no
BpemMe Ha MoHuTOopuHra. Cpella ce 1 B cpbbckata 1 B 6bnrapckata yacT Ha pekata, oT 1 oo okono 20
eksemnnsapa, ot 10 go Hag 20 cm gbmkmHa. PrnbaTta no HUKaKbB HAa4YMH HE MOXe [a ce NPUYNCIIM KaTo
buo-nHankaTop 3a uYncTta Boda, Tbih KaTto € 3abenssBaHa NPeaVMHO OKOSO 3aMbpCEHUTE MeCTa, B
HaceneHuTe MecTa, OKOJI0 CMeTULLaTa U OTXOOHUTE KaHanw.

Puba npbwckayka Alburnoides bipunstatus. Habnogasa ce B Cbpbusa n bbnrapus, Ho npasu
BreyaTnieHne, 4Ye € OTKpMBaHa [Janeye OT HaceneHWTe MecTa W HaW-BeposTHO MMa CbLOTO
MecToobuTaHne kato BbankaHckata nbcTypBa.. HapogHOTO MMe e mpbcKadka, 3aloTo M3NpbCkea
CTpys BOAa M Taka atakyBa HacekoMuTe MO HaABUCHaNWTE KMOHW BbLB BogaTa, KOMTO crnepj ToBa
nssxga. BogHu cTpyiiku ce 3abenssBaTt C ObIDKMHA A0 OKONo 1 m B NO-TUXMTE 30HU Ha pekaTta. T4
4YecTo ce cpella Ha nacaxu oT 20 go noseye ot 100 6pos ¢ NoYTH egHaKBa ObIKMHA, KOSTO Bapupa
oT 1 cm go 10 cm. HauuHa Ha npebposiBaHe e Gpon Ha KBagpaTeH AeUNMeETHP.

NewaHka Phoxinus phoxinus (?) OnpegeneHa ¢ HeCUrypHocT, 6eLle ynoBeHa OT HalLMs ekun,
n3mepeHa 1 BbpHaTta BbB BogaTta. He ce pasnosHaea BbB Bogata. [KIMIMT OntomaHuu.

PeueH kedpan (kneH) Leuciscus cephalus. 3abensisaH e B AOMHOTO TeyeHMe crneg Ceno
Oparosuwnua, eamHndHn 6poikn ¢ abimkuHa go 20 cm. Mo gaHHW Ha pubapute B MMHAamNoTO ce e
cpeLan no-4ecTo, Npean NOCTaBAHETO Ha YCTUETO Ha pekaTa B 6ETOHHO KOPUTO CbC LUMO30BE.

Kpotywka Gobio spp. HabniopgaeaHa e B bocunerpag v no gaHHu ot pubapute. Cnopen
pubapn noHsikora ce cpelwa BnucaHata B YepBeHaTta kHura Ha bbnrapmsa 6ankaHcka KpoTyllka
Romanogobio kesslerii, HO ToBa HE € NOTBbPAEHO OT HACTOSLLNTE U3CreaBaHMs.

HeonpepeneHa puba. B noBeyeto nyHkTOoBe 6sxa HabnwogaBaHu pubHM nacaxu wunm
3aceyveHn oT M3Non3BaHuAT pubeH pagap Tun coHap. PnbuTte Hai-BEpOSITHO B MOBEYETO Cry4vau ca
pnba npbckayka M YepHa MpsiHa. YCTaHOBABAT CE KaKTO B HACENeHWTe MecTa, Taka U MU3BBLbH TAX.
Pa3amepute ot 1 go 20 cm. YcTaHOBEHUTE Marnku pubu ca B roniemMm nacaxm.

Cuga yanna Ardea cinerea. BnucaHa e B YepBeHata kHura Ha bbunrapus. Hyxxaae ce ot
rofnsiMo KonmMyecTBo pnba, KoeTo € 4OOBbP MHOAMKATOP 3a CbCTOSIHUETO Ha peyHaTa ekocucrTema.
Cuutana ce e 3a n34yesHana no Te4eHneTo Ha peka [dparoBuwmua. HabnogasaH e eanH eksemnnsp B
pavoHa Ha ceno Pnbapuu B Cbpbusi. Bb3MOXHO € CbLUMAT ek3eMnnap unu apyr Aa e HabnoaasaH B
parioHa Ha BoAoOXBalLaHeTo Ha ceno [parosuwimua. MecTHOTO HaceneHue He € OCBEAOMEHO U A
cuuTa 3a CUB LbPKEN.

300- u puto-6€HTOC, BMO-MHAMKATOP 3a YnCTa BoAa

CbbpaHu ca pasnmyHu BUAoOBe DEHTOCHM OpPraHnM3mMu, HO KaTo MHAMKATOP 3a YACTO BOAM ca
onpefeneHun crnegHuTe: Mamapum Amphipoda, cnagkosogHu ckapuam Branchiopoda, napsa Ha
Hacekomu Erhemeroptera larvae, napsa Ha Hacekomu Perla sp., napsu Ha Trichoptera larvae, 3eneHo
Bogopacno Choloropbyta, kadsiBo Bogopacno Pbaeopbyta.

3akno4yeHune

Peka [OparoBuwmua otroBaps Ha TMn R3 nnaHMHCKa peka, KaTo uM3crneaBaHUMTe nokasaTenm
OTroBapsAT HAa HOPMUTE U KOHCTATUPaAHUTE NPUCBHCTBUSA Ha Pa3NINYHN XMMUYHU eNeMEHTU ca pesynTaT
OT NPUPOAHUTE 0COBEHOCTU Ha paloHa, C Marku U3KIIOYEHNs 3a LmMaHypoBaTa KMCENMHa U HUTpPaTW.
C ornen Ha onuTWUTe Aa ce BbL3CTaHOBM Mnonynauusita Ha bankaHcka nbcTbpBa € HeO6X0AMMO Aa ce
oObpHEe BHMMaHMe Ha CbAObpXKaHMETO Ha LUMaHypoBa KWCENMHA BbB BogaTa, nopaau
YyBCTBUTENHOCTTA Ha Tasn puba KbM TO3M BMO 3ambpcuTen. B cpbOCKMAT OTpS3bK OT pekara
3amMbpcsBaHUsATa ca NPeAUMHO OT OTXOAHUTE OGMTOBM KaHann u HepernaMmeHTUPaHoOTO M3XBBLPIISIHE Ha
OMTOBM OTNaabLUM B KOPUTOTO Ha pekaTa B bocunerpaa u cenata cnep Hero Pubapuum, PaitunnoBum u
MnekomuHumM. Mopaan 6bp3oTedallata Boaa, KOSATO 3a HSKOMKO Yaca ce OTBOAHSBa OT HA4anoTo Ha
pekaTa go GbnrapckaTa rpaHvua TO3W BWUL 3aMbpCUTENW TPYAHO Ce 3adbpxaT W pasnarar, a
UnaHypoBaTta KuUCernuHa e KpalHuaT MM NPOAYKT Ha pasnag. PasnonoxeHuwsaT 6nmn3o Ao rpaHuuaTa
6eHT Ha BEL 3agbpxa Bogata M ckopocTTa M e paBHa nodtn Ha 0 m/s. MAcCTOTO € OTKPUTO U
M3MOXeHO Ha npunek. BeposiTHO Tyk ce cb3faBaT yCroBWs 3a pasnaraHe Ha GUToBUTe 3aMbpcuTenu
nasawm ot Copbus n 3anoysa oTAeNsSHETO Ha MHUNTPATK, Pas3NUYHU NPOOYKTM Ha pasnag, KouTo
nsrpaxxgaTt cbCTaBa Ha umaHypoBaTa kucenuHa. OT To3m 6eHT HaTaTbk TO3M 3aMbpcuTen NPUCLCTBA
MOCTOSIHHO B U3MepBaHMTE NPobu C Manku U3KMYeHUs. 3a yBenMyaBaHeTo Ha CbAbpXKaHMETO Ha
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UnaHypoBa KuCENMVMHa B PpaBHUMHHATaA 4YacT Ha pekaTa BEPOATHO cCromarat pasfnofioXeHuTe
MHOrobponHn depmmn (0COBEHO XMBOTHOBBAHM) C HaTpynaHW ronieMu Konmyectsa obopcka Top U
arpapHo-npepaboTBaTenHM LEXOBE MO TEYEHMETO Ha pekaTa, 3a HSKOM OT TAX KOHCcTatupaxme
u3nvBaHe Ha OTXOOHW BOAM B pekata. pegnonara ce, 4ye nopagu Ta3w NpuYMHa KONMMYECTBOTO Ha
UnaHypoBa KUCEnuHa ce yBenuyaBa noBeve OT 3 MbTWM HaA rpaHuuaTa Ha 4YyBCTBUTENTHOCT Ha
BankaHckaTa nbCTbpBa 1 peyHaTa ckapuga bpaxuonoga, ocHoBHa xpaHa Ha pubute. B To3n y4acTbk
Ca YCTaHOBEHU U CbAbpXaHua Ha cyndaTu B €AMHUYHW npobu u HuUTpaTu 6nM3o 00 npeaenHo
[ONyCTUMUTE KOHLIeHTpaumm onpeaeneHy ot HutpatHaTta OQupektuea Ha EC.

CegumeHTa Ha peka [dparosBuwimia € YNCT C HACKO CbAbpXKaHWe Ha aHTPOMOreHHU Makpo U
MUKpO-OTNaabUn. CbabpKXaHMETO Ha aHTPONoreHHU MmukpoaeTputn e nog 1%, camo Ha MecTa OKomMo
HaceneHuTe MecTa U HepernameHTUpaHu CMeTuLla ce yBenu4yasa neko. Han-ronemuar 3sambpcuten
OT TO03u BN e bocunerpag, kbaeTo 3a HabngasaHy GUTOBM MaKpPo ONTaabLM, HO MUKPOOTNaAbLUUTE
He ca BbB BUCOK MPOLEHT W cred 3aBoda 3a 4epBeHa kepamuka B ceno [parosuwuua. Tam
oTnagbunTe gocturat B otaenHu Toukmn ao 100% B 3anueHaTta Tepaca u o 10% B pe4yHOTO KOpUTO, a
opeona Ha pasnpocTpaHeHne JocTura Yak go BnuBaHeTo u B peka CTpyma. To3u Bug 3aambpcuten ce
npegnonara, Ye He BpeaM Ha OKONHaTa cpefda, 3alloTO € XMMMWYECKU YCTOMYMB, HO CTPYKTypara,
KOATO Npuaasa Ha pe4YHOTO AbHO M HErOBUAT pened e pasnunyHa OT NpMpoaHO-Cb3dadeHaTa.

Mo oTHOWeEHWe Ha MUKPODOMOMOruATa, KOHLUEHTpauusiTa Ha KONMMAOpPMU € MHOro HuUcka U
Bogata e ¢ pobpo kadectBo. Ha um3xopa ot Cbpbua v HaBnu3aHeTo B bbnrapusi namepeHoTo
KONMMYecTBO Ha Konvdopmu BbB Bodata Ha peka [parosuwmua € ¢ 50% noBeye OTKOMKOTO Npu
BnuBaHeTo 1 B CTpymMa, BbMNpPEKU, Ye ObJPKMHATa Ha pekaTta B bbnrapusa e no-ronsima. Kato n3touHmk
Ha konundopmun e onpepeneH bocunerpag v cenata cneg Hero. OCHOBHUTE OMO-UHOMKATOPU 300- U
puTobEHTOC NoKasBaT, Ye CbCTOSTHMETO Ha peyHaTa eKko-cucTeMa e ctabunHa u B ob6po CbCTosHUE.
Ho Haii-BaxxHUST 6uo-uHgmnkatop bankaHcka nbcTbpBa Oewe HabnogasaH camo B cpbOckaTa YacT Ha
pekaTa. B 6bnrapckust oTpsasbk Ta3u puba He e HabntogaeaHa (dur. 3).
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Pe3rome: B pesynmam Ha moea obwupHo uscredsaHe, enagHusim u3go0, Kolmo e HarpaseH e, Jye Hal-
pasnpocmpaHeHUsim 3aMbpcumesi Ha peKume 8 U3Y4YeHUsl mpaHc-2paHu4yeH pesuoH mexoy 4 eeponelicku
cmpaHu Bbrieapus, Cbpbus, MakedoHusi u Mbpyusi ca HepeanameHmupaHume cmemuuwa 3a bumosu omnadbyu
u bumosume u omxoOHU KaHasu, pes3ynamam Om XU3HEeHUSmM Mpouec Ha MecmHOmo HaceneHue be3 Oa ce
crazeam 3akoOHUMe Ha HaUUuoHariHomo u esporielicko 3akoHodamersicmeo. EOHoepemMeHHO ¢ mosa MecmHume
enacmu rnpunazam JiOWO yrpaesieHue Ha omnadbyume. Bmopuam eonsm u3moyHUK Ha 3aMbpcsieaHe ca
epmume u cmpoumenHume OelHocmu. WM3nn3eaHemo Ha U3KYCMEeeHU U ecmecmeeHU mopose Hald
donycmumume HOPMU U U3X8BbPIIAHEMO Ha OmMX00HU 800U OM XUB0MHO8BACMEBOMO, KaKmo U cmopumesiHume
deliHocmu, eonsiMa 4acm om Koumo bumosu 3ambpcsieam eofama u rno4yeume 8 patioHa, Kolimo He e dobpe
paszsum 8 uHOycmpuasaHoO OmHoweHue. YecmaHosu ce, 4ye pubHume gudoge ce 8/usisim om 3aMbpcsi8aHEMO Ha
eo0ama. Kamo 6uo-uHOukamop e u3non3saH euda bankaHcka nbcmbpea (Salmo trutta fario), kosmo ce snuse
0m KOHUeHmpayuume Ha yuaHyposea KucesluHa 8b8 godama, a makuea CbObpXaHUsi Ce ycmaHoeuxa 8 pekume
bucmpuuya u Hosocerncka, a eo0ama Ha peka baHuwuya e 3ambpceHa oceeH om bumosu omnadbyu U OMX0OHU
KaHanu, cbWwo U om u3fnueawja ce 8 Hes MuHeparHa eolda. [lpoekmbm e c¢huHaHcupaH om mpuU rnpozspamu:
lMpoekm “EkonoauvyeH MoOHUMOpUHe Ha peka Mpazosuwuua” no [lMpoepamu BG02 u BGO3 no ®uHaHcosus
MexaHu3bM Ha Eepornelickomo uKoHOMUYecKo rnpocmpaHcmeo ¢ beHeguuyueHm COpyxeHue "Bbrizapcku
UKoHomuYecku ¢hopym" u npoepameH onepamop MuHucmepcmeo Ha okorniHama cpeda u eodume, [lpoekm “Yyu-
BAH” Ha bbneapcka akalemusi Ha Haykume u lNpoekm”Eeponelicko cbcme3aHue 3a mnadu y4eHu EUCYS 2015”
Ha MuHucmepcmeo Ha obpa3osaHuemo u Haykama.

General Information

Studied area is situated in South-West Bulgaria, near mountain Osogovo (Fig.1). It is located
in the Central part of the Balkan Peninsula (South Europe) near town of Kyustendil with average
altitude of 512 m. The climate of the town is transitional Continental to Mediterranean. Rainfalls are
not very intensive with an annual rate of about 589 mm. They are almost equal distributed over the
seasons. Snow falls from November to March and the average thickness of snow is 30 cm with
duration about 15 days. However, the area has many water sources: rivers, springs, lakes, mineral
and ground water [1].

The biggest river in the area is the Struma River. The Struma River springs from 2246 m
above sea level, closely to the peak Cherni Vruh (2290 m) of the Vitosha Mountain, Bulgaria. The
length of the river is 415 km from which 290 km are situated in Bulgaria and the rest 125 km are
situated in Greece, where the river flows into the Mediterranean Sea (Fig.1). By this way it might
appear as a cross-border pollutant. On the territory of Kyustendil Municipality, the river has four big
feeders: Dragovishtitsa River, Bistritsa River, Novoselska River, and Banshtitsa River. Dragovishtitsa
River which length is 70 km is a right tributary to the Struma River and flows through Southeastern
Serbia (45 km) and Western Bulgaria (25 km). Bistritsa River has 51 km length. Banshtitsa River is 22
km long, and Novoselska River is 25 km long. All four feeders spring at the cross-border area between
Bulgaria and neighbor countries Serbia and FYR Macedonia. Information about the topic is published
only by our research team [1,2,3,4,5,6,7,8].
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Fig. 1. Location of the studied area, * place of sampling

The most widespread fish species in all 5 of the studied rivers are: Leuciscus cephalus,
Barbus barbus, but most important as an environmental bio-indicator is Salmo trutta fario (Brown
trout). This specie is under special fishing regime by the Bulgarian Government. It is sensitive to some
parameters of the environment such as dissolved oxygen, temperature and most important it is
sensitive to presence of Cyanuric acid (CYS) in the water. Cyanuric acid is a product of decomposition
of the domestic waste in the illegal landfills along the rivers, which are the main source of
contamination observed in the studied area. It is considered that this fish specie disappears when the
concentration of the Cyanuric acid becomes more than 8 mg/l. Other bio-indicator for this parameter is
the fresh water shrimp Branchiopoda, which we also studied.

All territory is a part of the European Green Belt. Total 37 248 hectares from the territory of
municipality Kyustendil are included in the protected area NATURE 2000.

Fish Salmo trutta fario (Brown trout) is under protection and under special fishing and breeding
regime.

Methods and Materials

General aim of the project is to underline the importance of the environmental monitoring for
achieving preservation of the natural resources for future generations, including water, soil, air,
forests, fish, agricultural lands, and etc.

Specific aim of the project is to obtain information about the quality and possible contamination
of the water, sediments and soils along the cross-border Struma River and some her feeders and
influence of the water contamination on the distribution of the river fish species. Study is necessary,
because the biggest river in the area and its 4 flows cross large cross-border area between 4
European countries. Area has about 100% agricultural and fishing mean for the livelihood. Water of
the studied rivers is used mainly for irrigation, farming, drink water, fishing, and food industry.

Project is financed by three programs: Project “environmental Monitoring of Dragovishtitsa River” on
Program BG02 n BGO03 of the Financial Mechanism of European Economic Area with Program Operator Ministry
of Environment and Water, Project “Student Institute of BAS” of Bulgarian Academy of Sciences, and Project
“European Competition for young scientists-EUCYS 2015" of the Ministry of Education and Sciences of Republic
of Bulgaria.

The study is performed along the length of the feeders and along Struma River at the places
of the penetrating of her feeders: Dragovishtitsa River, Banshtitsa River, Bistritsa River, and
Novoselska River. The research is done in order to gather perennial data about the condition of the
Struma River and to prepare a database for comparison for future studies. The data will be used to
obtain valuable information about the agricultural and fishing value of the river at the time of the study.

Methods are selected in accordance to the Bulgarian National System for monitoring the
environment which supports database at national and regional level. National System for
Environmental Monitoring performs constant reviews in many static and mobile stations. It is
coordinated with the EU environmental regulations.

The present study includes measurements of basic physical and chemical parameters of the
water of Dragovishtitsa River, Novoselska River, Banshtitsa River, Bistritsa River, and the Struma
River. Samples were taken and measurements were made at intervals of about 300 meters along the
rivers and at the point of their penetration into the Struma River. Points of measurement are situated
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at the confluence places and before and after them also. Investigation of fish passages — bio-
monitoring was done using radar (sonar) for fish passages. Fish species are determined by method of
interview of the fishermen.

Radiation of the water and the common radiation background were measured with a Geiger
counter "Radex" RD1503.

Measurements were performed also with an instrument "Hanna" HI9813-6, which measures
the acidity of the water (pH), water temperature (t, °C), electrical conductivity (EC, uS), total dissolved
solids (TDS, ppm).

Another device used for testing the water in the river is spectrophotometer (colorimeter)
"Lovibond".With the help of this tool are identified: free, total and combined chlorine CI, acidity pH,
cyanuric acid CYS, total alkalinity CaCOg, free, total and combined copper Cu and iron Fe.

It is also used binocular (stereo) microscope USB“CETI” (STAR-24ED) with a computer
program “Globecam-D” and digital microscope USB 2.0 DigiScope with white and fluorescent (blue)
light in order to study the micro-detritus in the sediment of the river.

Nitrate and nitrite content in the water are measured by using test strips with a range of 0-10-
25-50-100-250-500 mg/l. The team will continue environmental measurements in the future to
determine the seasonal variation of the parameters of the water, as well as taking steps and decisions
in case of the event of established dangerous levels of pollution.

For bio-monitoring we used portable sonar (radar) for fish passages “Fish Finder” with
monochromatic LCD screen, one-ray, frequency 200 kHz, maximum depth 100 m, picture of bottom
relief.

The applied method of measurement is "on spot" (“in-situ"), on terrain, throughout direct
sampling ("grab samples"), because the advantages of this method are high accuracy and correctness
of the research. Digital (electronic) devices are used for the accomplishment of the study because of
their ability to quickly, easily and accurately measure the parameters on terrain.

Results

The air temperature during the measurement varied from 14 °C to 18 °C. The Struma River
before the confluence of it inflows is relatively clean. The acidity of the water is almost neutral with a
pH=7.69. Water of Dragovishtitsa River has pH=7.40, with presence of Cu (0.16 mg/l) and Fe (0.05
mg/l). All other measured parameters are in normal rates. Because of the clean water in this river the
fish species Brown trout (Salmo trutta fario) is widely spread. At the point of confluence in Struma
River parameters do not change significantly. At the confluence of Banshtitsa River the acidity does
not change significantly, but at the confluence of Bistritsa River the acidity becomes to strong alkaline
pH = 8.26, which means that Bistritsa River is contaminated probably with washing chemicals from the
households. Evidence for this contamination is the high foaming at the point of confluence of the two
rivers. Canals for domestic waste water are observed. The electrical conductivity is relatively high EC
= 3.25-4,20 uS , which means that the water is saturated with electrolytes. The mineral content is
relatively high, probably because of the drying up of the rivers during summer period. This parameter
is almost constant along the river and does not effect by the observed sources of contamination as
canals and landfills. Water of Novoselska River has high content of Cyanuric Acid CYS (16 mg/l). (Fig.
2) (Table 1). There are no fish species observed. Fishermen also were not observed in the Banshtitsa,
Bistritsa and Novoselska Rivers.

The amount of total dissolved solids TDS is within the normal range, with low concentrations
of dissolved solids ranging from 50 to 169 (ppm). This shows low level of sodium carbonate, sodium
bicarbonate and sodium chloride contamination. Only traces from nitrates and nitrites are established
(according EU Nitrate Directive), probably nitrogen fertilizers are not used this season (autumn). There
is presence of total, free and combined chlorine (Cl), but in low concentrations from 0 to 0.08 mg/I.

Particular attention should be paid to cyanuric acid CYS, which is in quantities of 0 to 16 mg/I.
There is increased content before the feeders and in the confluence of the Bistritsa River and
Banshtitsa River. This pollutant is established at place of the illegal landfills and after them along all
studied rivers. Cyanuric acid CYS is a product of the chemical industry and is contained in detergents,
disinfectants, adhesives and others. This water is not suitable for direct consummation and livestock
watering, also the irrigation of agricultural areas may be a problem. The water has high total alkalinity
(hardness CaCOg). The content of calcium carbonate (Total Alkalinity) ranges from 111 to 250 mg/I
and it is higher around the illegal landfills with building waste - lime, concrete, cement, ceramics.

The amount of free, combined and total copper Cu is not high, but systematic irrigation of
agricultural areas may enrich the soil with copper and exceed the limit values for soils under Bulgarian
State Gazette, No54/1997. According to this Gazette, for low acidic and neutral soils, Cu must be
under 250-260 mg / kg, but for acidic soils — must be much lower. Free copper in the studied water
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varies between 0 and 0.8 mg/I, total copper from 0.19 to 0.46 mg/l and combined copper is from 0 to
0.46 mgl/l.

Free Iron (Fe) is in low concentrations from 0 to 0.05 mg/l, again it is higher before the inflows
and in the places of confluence.

Radioactivity of the water, sediments and the common radiation background are normal and
fluctuate around 0,16-0.20 uSv/h.

River sediments and alluvial soils are contaminated with various anthropogenic micro-detritus
(microscopic fragments by human waste) as polyethylene (10%), plastics (5%), textile (10%), ceramics
(7%), metals (4%), building materials (15%), glass (7%), coal, ash, rubber, paper, styropor (1% each),
and others.

Discussion

Dragovishtitsa River is not contaminated. Water is relatively clean and because of this reason
the fish species Salmo trutta fario is widely spread. There are also Leuciscus cephalus, Barbus barbus
and some other fish species. Fresh water shrimp Branchiopoda is widely spread also, which is the
main food for the fishes. The overall anthropogenic pollution of the river is low which results in a wider
biodiversity.

Novoselska River is contaminated with Cyanuric acid, copper and high alkalinity around the
illegal dumpsites. No fish species in the river. Branchiopoda disappears around the illegal landfills.

Banshtitsa River was contaminated with almost all studied parameters, but after our
publication and letters to the Government it had been cleaned and now it is relatively pure with high
hardness (CaCO3) and salinity, which could be explained with the drought of the river in the end of the
summer season. Biological species Branchiopoda disappears at places of illegal landfills at about 300
m after them. No fish species present in the river. The temperature of the water of Banshtitsa River is
abnormally high because of the high amount of hot mineral water which inflows artificially into the
river. It was localized near the town’s swimming pool.

Bistritsa River is contaminated with washing chemicals from the villages and farms where it
passes through and as a result has high alkalinity. Because of this reason foaming was observed at
her confluence into the Struma River. No fish species observed into this river.

Struma River and its feeding inflows have increased conductivity (high salt/mineral content)
which probably is a natural process because of the low level of rivers their salinity is increased.
Electro-conductivity parameter is almost constant for each river in different measurement points. It
does not help to be localized any source of contamination. The disinfectants and the detergents in
Struma River have high concentrations, above 8 mg/l. Probably, because of this reason the fish
species Salmo trutta fario is rare in this river.

Total alkalinity is high, which might be explained with the low level of rivers and the fact that it
passes through carbonate rocks and dumping of construction waste at the illegal landfills along the
rivers. Carbonate content increases at places of dumping of domestic and building wastes.

The water of Banshtitsa, Dragovishtitsa and Novoselska rivers contains copper and should be
taken into consideration for systematic irrigation of agricultural lands and cattle-breeding. Cu presence
is established around the illegal landfills, where local population dumps illegally domestic waste. One
part of the Cu in the water has probably natural origin.

Table 1. Measured parameters of the water of Struma River and its feeding streams

Ponit of EC NO2
Description Measur pH ' | TDS, ppm t,°C air t,°C water NO3, mg/l ' free ClI, mgl/l
us mag/l
ement
Struma River
before the 1 7.69 | 3.50 150 18 11 25 5 0.08
streams
Bistritsa River 8.26 | 3.60 75 18 11 0 0 0
River Struma
before flowing
of the Bistritsa 3 7.15 4.20 79 14 11 2.5 5 0.08
River
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Banshtitsa
River

4 7.34

3.34

169

15

12.5

Struma River

after flowing

of Banshtitsa
River

7.79

3.25

80

16

11

0.39

Novoselska
River

7.55

3.20

120

16

11

25

0.12

Dragovishtitsa
River

7.40

3.48

92

18

12

Ponit
of
Measu-
rement

total
Cl,
mg/l

Description

Combi-
ned Cl,
mg/l

Cianuric
acid CYS
mgl/l

Total
alkalinity
CaCoOs3,

mg/l

free
Cu,
mg/l

total
Cu,
mg/l

combined
Cu, mg/l

Iron
Fe,
mgl/l

radiation
backgroun
d pSv/h

radiaiton
water,
uSv/h

Struma
River
before the
streams

0.07

250

0.10

0.37

0.27

0.04

0.20

0.28

Bistritsa
River

12

198

0.80

0.27

0.16

0.20

River
Struma
before
flowing of
the
Bistritsa
River

0.15

0.07

250

0.27

0.28

0.01

0.20

0.22

Banshtitsa
River

155

0.13

0.19

0.06

0.04

0.18

0.20

Struma
River after
flowing of
Banshtitsa

River

197

0.00

0.46

0.46

0.16

0.20

Novoselsk

a River 0.10

16

160

0.18

0.32

0.14

0.12

0.20

0.20

Dragovishti
tsa River

111

0.16

0.16

0.05

0.16

0.16

The river sediments contain copper minerals as virgin copper, chalcopyrite, malachite [9].

Anthropogenic micro-detritus is widely spread in the sediments and soils and measures for
this contamination must be taken. Such as localization, more strict regulations of illegal dumpsites and
cleaning of river beds and shores.

Quality of the water and soils along the studied rivers influence directly on the quality of the
crops, livestock, produced food, and fish species. For example as a results of abuse of nitrogen
fertilizers traces of nitrates and nitrites have been established in different vegetables tomatoes and
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cucumbers of local producers. The bio-indicator fish specie Salmo trutta fario disappears in places
with high concentration of Cyanuric acid.

Through using of microscope with fluorescence (blue) light it was established polyethylene
micro-detritus in soils, sediments, but also additional investigations established microplastics in nylon-
packaged food as cheese, yellow-cheese, sausages, and in dog and birth excrements.

Polyethylene fragments may become a part of the food chain and might cause strangling of the
animals, occlusion of the digestive tract, trauma of the internal organs, necrotic and inflammation of the
intestines, intoxication of man and animals. Presence of the anthropogenic micro-detritus might
become poor the soil and might change the soils structure. Pure plastics have low toxicity due to their
insolubility in water and because they are biochemically inert, due to large molecular weight. Plastic
products contain a variety of additives, some of which can be toxic. For example, plasticizers like
adipates and phthalates are often added to brittle plastics like polyvinyl chloride in order to make them
pliable enough for usage in food packaging [10].
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Fig. 2. Diagrams of the measured parameters of the water of Struma River and its feeders

Conclusions

As a result of this vast investigation, the main conclusion done is: the most widespread
sources of contamination in the studied cross-border Euro-region between 4 European countries
(Bulgaria, Serbia, FYR Macedonia, and Greece) are the illegal landfills, dumping waste and household
waste water canals, result of the living process of the local population without respect to any National
and EU legislation. Equal to this harm is the bad work of municipal and governmental authorities about
waste management of the area. Second source of contamination is farming and construction activities.
Using of fertilizers is widespread in the area during spring and summer period. Farming and
construction waste dumped illegally in river beds also contaminates the water and soils in the area.
Region is not industrial developed and industry is not the main pollutant of the area.

It is established that population of the fish species closely relates to contamination of the
water. Contaminated rivers do not have any fish species. Feeding streams bring contamination into
Struma River and decrease population of some fish species as Brown trout fish (Salmo trutta fario).
This specie disappears in water, contaminated with Cyanuric acid CYS (Novoselska and Bistritsa
Rivers) or in water contaminated with thermal mineral water (Banshtitsa River).
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Knro4yoeu oymu: SWOT-aHanu3, ezeopadapeH Memod, I308UPHU CMEHU Om 3eMHO-HacurneH mur

Pe3rome: Llen Ha pabomama e 0a ce npedcmasu SWOT-aHanu3 Ha ekcriepuMeHmarnHa memoduka 3a
u3credgaHe Ha 3eMHO-HACUMHU MUKPOSI308UPHU cmeHU 4Ype3 2eopadapeH memod (Ground Penetration Radar
System - GPRS). PaspabomeHama memoodosiocusi e 6as3upaHa Ha Hawu Mo-paHHU U3C/ied8aHusi 8bpXy
MUKPOSI308UPHU CMeHU om 3eMHo-HacuneH mun 8 bwbneapus — Manomupcku (obwuHa Bvpbuya), bnamHuuya
(obwuHa Cmpenya), Cmuney 2 (obuwjuHa Cmpenya). B pe3ynmam om nposedeHume u3crnedsaHusi ca
HarpaseHu u3800U OMHOCHO fpedumMcmeama 8 nPUIoKeHUemo Ha eeopadapHusi Memoo npu u3credsaHe Ha
3eMHO-HaCUMHU CbOPBXEHUS 8 CPasHeHUEe C Kracudyeckume memoldu Ha uscriedeaHe Ha makuea obekmu.
Bbnpeku koHcmamupaHume HedocmambUu Ha eeopadapHusi Memod, npu He2080MO MPAasusIHO U pe2yrisipHO
U3ron3eaHe e 8b3MOXHO 0a ce 0CbU,ecmassa MOHUMOPUH2 Ha 3€MHO-HaCUIMHU 51308UPHU CMEHU.

SWOT ANALYSIS OF RESEARCH EXPERIMENTAL METHODOLOGY OF
EMBANKMENT DAMS USING GPRS METHOD

Ralitza Berberova', Bilyana Kostova®, Vania Hadjieva®, Georgi Petrov*
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*New Bulgarian University — Business Administration Department
“New Bulgarian University — Telecommunications Department
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Abstract: The aim of this paper is to present a SWOT-analysis of research experimental methodology of
embankment dams using GPRS method (Ground Penetration Radar System - GPRS). The methodology was
developed based on our previous investigations of embankment dams in Bulgaria, nhamely Malomirski dam
(Varbitsa municipality), Blatnitsa dam (Streltcha municipality) as well as Smilets-2 (Streltcha municipality). As a
result from our work we made conclusions concerning advantage of using GPRS method in comparison to
classical methods for investigation of embankment dams. Regardless of some disadvantages of GPRS method,
his proper and regular use is a very good possibility to monitoring the embankment dams.

BbBeneHune

CraHanute B nocnegHvuTe roavHuW B CTpaHaTa HU HaBOOHEHMS U Cb3danuTe Ce KPWU3UCHU
cbbUTUA crned TAX CNeAcTBME Ha HapylleHMs B M3NPaBHOCTTa Ha MUKPOSI30BUPHU CTEHU OT 3EMHO-
HacuneH Tvn goBegoxa 40 CEPMO3HM CoLMarniy U MKOHOMMYecky nocneguum [1, 2].

CtaHgapTHUTEe wu3cnefBaHWs 3a CbCTOSHMETO Ha MUKPOA3OBUPHUTE CTeHW obxsawaT
KNnacu4eckn MHXEHEPHO-TeONOoXKN U XMAPOreonoxkun metoau [3]. Ypes Tax ce nonyyasa nHdopmMmaums
3a BMaa Ha ckanuTe, U3non3BaHu 3a uarpaxgaHe Ha 3eMHO-HaCUMHUTE CbOPBXEHUST (MUKPOA3OBUPHU
CTeHI/I), ,qe6en|/|HaTa Ha oTAenHuTe croeBe cCKalnu, TAXHaTa BOAOMPONYCKMMBOCT, HanMM4neTto Ha
NYKHAaTUHN N CTPYKTYPHU HapylwleHna B TAX. I/I3cnep,BavaTa Ce Mn3BbpLUBaT 4Ype3 B3eMaHe Ha r|p06|/|
OT MOBBLPXHOCTTA M ObNOOYMHA (Ype3 CoHOaXu) M nocrnenBalloTo UM nabopaTopHO u3cneadBaHe u
nsnuteaHe. Te ca TPyQOEMKM, N3MCKBAT rofnsmM Gpovi BUCOKOKBaANMUUUpaHu cneumanucTu, Bpeme u
mMHaHCOBM CpeacTBa.
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B cpaBHeHMe C KnacuyeckuTe METOOU MPUIOXKEHUETO HA reopafjapHusi METO4 MMa CBOUTE
npeavMcTBa B M3CNeABaAHETO HA 3EMHO-HACUMHM CbOPBXEHMWS KAaTO MUKPOS30BUPHU CTEHM [4-11].

Llenta Ha HacTosilaTa paboTa e aa ce npeacraBu SWOT-aHanM3 Ha no-paHo paspaboTeHa
OT Hac ekcrnepuMeHTanHa MeToAuKa 3a M3crnefBaHe Ha 3eMHO-HaCUMHU MUKPOSI30BUPHU CTEHM Ypes3
reopagapeH metog (Ground Penetration Radar System - GPRS) [11].

O6GekT

OBeKTbT Ha mM3cneaBaHe € ekcrnepuMMeHTanHa MeToamka 3a uscnegBaHe Ha 3€MHO-HaCUMHM
MUKPOSI30BUPHM CTeHW upe3 reopagapeH meton (Ground Penetration Radar System - GPRS).
PaspaboTteHata metoponorns € 6asupaHa Ha Halin Mo-paHHW U3cneaBaHust BbpXy MUKPOS30BUPHU
CTEeHW OT 3eMHo-HacuneH Tun B Bwnrapns — Manomupckn (obwuHa Bupbuua), bBnaTHyua (obwmHa
Ctpenuya), Cmuney 2 (obwmHa Ctpenya) [6-11].

MeTop
SWOT-aHanM3bT Ce MU3MNon3Ba 3a OueHKkata Ha CUNHUTE U crabuTte CcTpaHM Ha
eKcnepumeHTanHata Metoguka. AHanM3bT Ha CUITHUTE K criabuTe CTpaHu pasrnexaga NpPUNoXeHMeTo
Ha MeToauKaTa, 4OoKaTO aHanM3bT Ha Bb3MOXHOCTUTE W 3amnnaxuTe pasrnexza BbHWHUTE haKTopu,
oKasBally BrMsIHUE BbPXY HEMHOTO NpurioxeHue. To3nm MeTod HM [aBa Bb3MOXHOCT Aa OLEHUM
NPUNOXEHNETO Ha reopagapHUs METOZ 38 MOHUTOPUHT Ha 3€MHO-HACUMHN MUKPOSI3OBUPHU CTEHM.
Mpunarankn TexHmkata Ha SWOT-aHanuaa ce uenu:
ONTMMarHo M3non3BaHe Ha NpeanuMcTBaTa;
MUHUMU3MpPaHe Ha edbekTa OT HeaocTaTbLUUTE;
MakCMMM3MpaHe Ha NOTEHLNANHUTE Bb3MOXHOCTMU;
HeyTpanuaupaHe Ha 3annaxuTe Ha cpefara.

ANENENEN

Pe3yntaTtun n guckycus
Pesyntatute ot npoBeaeHus SWOT-aHanms ca npegctaBeHn B Tabnuua 1.

Tabnvua 1. SWOT-aHanuM3 Ha ekcnepuMMmeHTanHaTa MeToauka 3a  W3credBaHe Ha  3eMHO-HaCMUIMHM
MUKPOSA30BUPHU CTEHW Ypes reopagap

CUnHM cTpaHu Cnabwu cTpaHm
v’ CbBpEMEHEH He[eCTPYKTUBEH n v/ 3aBMCMMOCT OT METEOPOJSIOTMYHU YCMOBUS U
ekonorocbobpaseH MeToq 3a U3cnenBaHe; yCcrnoBusiTa Ha cpefaTa 3a npoBexaaHe Ha
v/ [OaHHWTEe OT pagapHOTO wu3creaBaHe ce n3cnenBaHus;
BU3yanuampaTt Ha MOMEHTa; v B oTAENHU cnyyau e Hanuue
v’ papaprpamute faBaT MHdoOpmauus  3a Heob6XoOAMMOCT  OT  MpoBexgaHe  Ha
3€MHO-HaCUMHOTO CbOPBXEHUE B LIEnnsa My OOMBIHUTENHW U3CreABaHns C Knacuyecku
obem, a He OTAEenHW HEroBM TOYKU WU MEeTOAM 3a onpefensaHe Ha BUAOBETE CKamnu
yyacTbuy; N TEXHWUTE KOHKPETHU (U3UKO-MEXaHNYHM
v’ papaprpamute NpPefoCTaBAT AOCTATb4YHO CBOWNCTBA, OaHHW Heobxoanmum 3a
KayecTBeHa MbpBOHA4YanHa WHopMaLus peluaBaHe Ha npobnema.
OTHOCHO HamnuuneTo B AbnbouvMHa Ha
MaTepuanu ¢ pasnuyHn or3nyHn CBOMNCTBA;
v/ CbXxpaHsiBAHE Ha TMonyvyeHuTe pesynTtatu B
undpoB BUA U TAXHOTO MoAnaraHe Ha
JonbrnHuTenHa nocneasala obpaboTka;
v’ HaTpynBaHe Ha 6a3u 4aHHU 3a CbCTOSIHWMETO
Ha 3€MHO-HaCUMHK CbOpPBXEHUS c
Bb3MOXXHOCT 3a aKTyanusauusi.
Bb3moxHoOCTU 3annaxu
v’ reopagapHoTo n3cnenBaHe AaBsa niunca  Ha  duWHaHCOB  pecypc  3a
JOoCTaTb4HO  HagexaHa  MbpBOHavanHa NPOBEXAAHETO Ha perynsipeH MOHUTOPWHT,;
MHdOpMaLs 3a yCTaHOBSsIBaHe Ha HanoXxeHa npakTuka 3a mnpunaraHe Ha
(PaKTM4ECKOTO  CbCTOSIHAE  Ha  3eMHO- KnacuyekuTe MeToau Ha u3cneaBaHe;
HACUMHWUTE CbOPBXKEHUS; HeGnaronpusTHU METEOPOSIOMMYHU YCIOBUS
v/ OCblLUECTBABA MOHWUTOPUHI Ha  3€MHO- W yCcrnoBus Ha cpefaTa;
HaCWMHW SI30BUPHM CTEHM B TXHATa USNOCT; nunca Ha KOMMETEHTHU 1 KBanuduunpaHm
v MWHUMW3AUMM Ha pa3xoauTe, B CPaBHEHUE C Kagpwu;
Knacuyeckute nogxoam 3a nogobeH Bug HenonynspHOCT Ha MeToAaa.
n3cneaBaHus.

Bb3 ocHoBa Ha o4yepTaHUTEe 4eTupu erieMeHTa Ha aHanum3a MOoXe [a ce 06obwu, ye
eKCnepuMeHTanHata MeToAuka € npunoxmma B pealnHa cpeda UM daBa AOO0CTAaTb4YHO KadecCTBEeHa
I/IH(*)OpMaLI,I/IFl OTHOCHO UEJIOCTTa Ha CbOpPbXEeHUATAa. |_|pl4 Hann4Ha anapartypa, /:l,o6pa opraHu3auua un
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KagpoBM U (PMHAHCOB pecypc € Bb3MOXHO PEerynsipHo MpoBeXAaHe Ha MOHWUTOPWHI Ha 3eMHO-
HaCWMHU MUKPOSI30BUPHM CTEHM B CTpaHaTa HMu.

KbM MOMeHTa HsIMa faHHW 3a NpocrnefsiBaHe Ha CbCTOSIHETO HAa MUKPOSI30BUMPHMU CTEHWU OT
3eMHO-HacuUneH TUMN 4pe3 reopajap, KOETO Ce AbJPKM OCHOBHO Ha Nunca Ha gocTtaTbyeH OGpoM
anapatu (GPRS) u nogroteeHu kaapu 3a paboTa c Tasu anapatypa u nocneggauia obpabotka u
WHTepnpeTaumsl Ha AaHHUTE.

Mo oTHOLEHNe Ha NpakTMKkaTa B Bbnrapus ca Hanuvue HSKOSKOo 3anaxu:

v/ nunca Ha (OMHaHCOB pecypc 3a perynsipeH MoOHWTOPWUHr. B HauuoHaneH mawab ga ce
YTBbPAM MpaKTMKaTa Ha npeBeHUMsi, a He nocrnefpawo OTCTpaHsiBaHe Ha
nocneacTeusitTa ot NpupoaHuTe 6efcTBUS;

v/ HanoxeHa npakTuka 3a npuraraHe Ha Kknacuyeckute MeToau Ha uacnegpaHe. [a ce
opraHusvpaT passiCHUTENHM KaMnaHuM C NpeAcTaBUTENN Ha LieHTpanHaTa U MecTHa
BrnacT (KakTo W BCUYKM APYrM NOTEHUManHW nonssaTenu), KOMTO Ada ce 3ano3HasaT C
npeavMcTBaTta U pesyntaTtute oT NpuraraHeTo Ha reopafapHOTO NPOYYBaHE;

v/ HebnaronpusiTHU MeTEeOopOSIOrMYHN YCIIOBUA U YCNoOBUS Ha cpepaTta. [Mpu perynsipeH
MOHWTOPWUHI, MoraT Ada Ce MnaHupaTt NosfieBUTe OEWNCTBUS, Taka 4ve KMMaTuyHuTe
yCroBus ja oka3BaT MUHUMAIHO Bb3AeNCTBUE;

v/ nunca Ha kagpu. CTapTupaHe Ha 06y4YMTENHU Nporpamm 3a chopMmnpaHe Ha eKCnepTHU
rpynu, KOMTO MO MecTa a npocneasiBaTt NpouecuTe B AMHaAMUKA.

3akno4yeHune

Bb3 ocHoBa Ha HanpaBeHus SWOT-aHanmM3 MOXe pJa Cce HanpaBu u3Boda, 4e
eKcnepuMeHTanHaTta MeToauka naBa MONOXUTENHW pesynTatn M Moxe ga 6bae npunoxeHa 3a
OCbLUECTBSIBAHE HA MOHUTOPUHT Ha 3EMHO-HACUMHN S30BUPHN CTEHM B CTpaHaTa HMu.
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Abstract: Concentrations of BTEX (benzene, toluene, ethylbenzene and xylenes) were monitored at
schools in Kardzhali town in Bulgaria, during the July and October 2015. The concentrations of all species during
the investigation period were below guideline value Studies have shown that pollutants concentrations in indoor
environments are always greater than in outdoor environments. Significant seasonal cycles with high values in
winter and lower values in summer months could be modelled for indoor concentrations of BTEX. This is in
accordance with findings with completely different climate and building characteristics
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Knroyoeu dymu: BTEX, 3amMbpcsisaHe Ha 8bmMpeueH 8b30yX, CE30HHOCM

Pe3rome: KoHueHmpayuume Ha BTEX (6eH3eH, moriyeH, emunbeH3eH u KcurneH ) bsixa HabnodasaHu 8
yqunuwa 8 epad KvpOxanu e bonzapus, npes ronu u okmomepu 2015 2. KoHueHmpauyuume npe3 rnepuoda Ha
uscriedeaHemo ca bunu 6 Hucku cmouHocmu MW3crnedeaHusima ca riokasanu, 4e KOHUeHmpauuume Ha
3aMbpcumenu 8 3akpuma cpeda 8uUHasu ca 0-20/1eMu, OMKOIKOMO 8 omKpumu cpedu. 3HayumersiHuU ca
pasnukume npu ce3oHHocmmau ca U3MepPeHU Mo- 8UCOKU CMOUHOCMU fpe3 3umama U ro-HUCKU cmolHocmu 8
nemHume meceyu.Toga e 8 cbomeemcmeue ¢ KoHcmamauuume 3a pas/iudyeH Kumam u xapakmepucmuKkume
Ha cmpoumenHume Mamepuaru.

Introduction

People generally spend more than 80% of their time in indoor environment [1]. The
anthropogenic activities have caused degradation of air quality, both in open and in confined
environments. With the current urban centres lifestyle, the man has spent more time indoors than in
open spaces [2]. In closed environments, the emission sources can be diverse, such as construction
material (in particular finishing materials), air conditioning systems, cleaning procedures, the low
exchange between the indoor air with the outside air, among others [2].

Among numerous compounds which belong to VOCs, benzene, toluene, ethylbenzene and o-
xylene (BTEX) are chosen for this study. The reason is that BTEX is the major VOCs found inindoor
environments in different countries [3]

Volatile organic compounds (VOCs) are important outdoor air toxins suspected to increase
chronic health problems in exposed populations [1, 2]. BTEX (benzene, toluene, ethylbenzene, (m+p)
xylene and o-xylene) are some of the common VOCs found in urban and industrial areas and are
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classified as "hazardous air pollutants" (HAPs) because of their potential health impacts [3]. low levels
of VOCs might have no significant health impacts, the interactionbetween VOC species and other
criteria pollutants mightcause adverse health outcomes. Some researcheres studied the linkages
between domestic exposure to VOCs andasthma in young children in Perth, Western Australia, and
found that exposure to VOCs increased the risk of childhood asthma [4].

Among indoor volatile organic compounds (VOCs), the chemical families of carbonyls and
BTEX are of interests [5,6]. The Environmental Protection Agency of USA has listed carbonyls and
BTEX as hazardous air pollutants to human [7]. BTEX have been found to affect the immune,and
central nervous system (brain), liver and kidneys [8,9]. Some studies have suggested associations
between ambient carbonyls and adverse health outcomes [10]. Numerous indoor sources of BTEX
and carbonyls have been well documented, including off-gassing from furniture made of wood-pressed
products, paints, floor varnishes glues, smoking, cooking andconsumer products for cleaning, pest
management, deodorizing, and personalcare, etc. [11,12].

In industrialised countries at moderate climate (e.g. Germany) pollutants in indoor air are
accumulated due to central heating and low air exchangerates, especially in winter months. As a
consequence, in regions of moderate climate indoor concentrations of VOCs can exceed the outdoor
burden [13-15]. A typical seasonal cycle of the indoor total VOCs was found in German apartments
[16,17]. These findings are presumably not necessarily valid for the Northern Egypt which is
characterised by subtropical climate and a different lifestyle [18 - 21]. On this base of information
about the indoor VOC exposure we made aur investigation in Kardzhali town in Bulgaria and the
influence of the high outdoor BTEX concentrations.

This investigation was designed to determine annual average concentrations of benzene,
toluene, ethylbenzene, and xylene (BTEX) at a wide range of sites throughout in Kardzhali,
understand seasonal variations and identify temporal trends of BTEX concentrations.

Methods
Field studies

Kardzhali municipality is situated in the northern part of the Eastern Rhodopes occupies an
area of 624 kmz2. Administrative municipality is part of the South-Central region and the town of
Kardzhali is the administrative center of the district of Kardzhali. Northeast and east Kardzhali
municipality borders the municipalities of Haskovo and Stambolovo. South borders Momchilgrad and
Djebel, and in a very small area of Krumovgrad Municipality (near dam "Studen Well"). West the
municipality borders with the municipality of Ardino and to the north and northwest with the
municipality Municipality.

The geological structure of the municipality is characterized by a wide variety of rock
formations and geological structures. The largest share of the territory is covered by volcano-
sedimentary rocks of the Paleogene complex composed of rhyolites, andesites, tuffs and tuff mixed
with various marine sediments. In the southwestern part of the municipality of large areas revealed
metamorphic rocks represented by gneisses, amphibolites, mica schists and others. The municipality
has considerable size deposits of non-metallic minerals: bentonite, zeolite, perlite track, feldspar, mica,
limestone, sand, gravel and more. In the town had built the only side plant for the production of
bentonite, perlite and zeolite. Still untapped deposits of quality marble and stone materials, such as
gneiss, tuffs and limestone. This is very important for investigation, because this building materials are
used in present and now for construction.

Climate characteristics

The climate of the municipality is continental Mediterranean, conditioned in the nature of
atmospheric transport and transformaﬂon of air masses on the surface of the relief. The average
annual temperature is 12.5 °C.On average, about 216 days a year, from early April to early November
saw sustained retention temperature above 10°C. Winters are relatively mild, the days of stay of snow
about 39 days. The summer_ is long and hot, maximum temperatures reach 39- 40°C. The average
winter temperature is about 0°C and in the summer - about 24°C. The relative humidity is lowest in the
summer months from 57 to 67%, and highest in winter 78-83%. In the analysis and study of volatile
organic compounds temperature differences have a particular important role of periodical concetration
of emissions, as well as temperature and humidity during the periods.
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Quality of atmospheric air

The condition of the air in the municipality of Kardzhali traces of AIS "Cold well" - situated in
built-up part of town. Kardzhali reflecting the impact of emissions from production activities and
emissions from the residential sector. The sampling results (automatically) are displayed every hour.
The municipality has developed a program for air quality (AAQ) .Potential air pollutants are large
industrial enterprises located in the town of Kardzhali and in some other places, but under strict control
and effective management of many of the harmful emissions can be reduced to values tailored to the
requirements of current legislation.

Of importance for the distribution and dispersion of air pollutants are the characteristics of the
terrain and altitude, slope and orientation of rays that determine the distribution of heat, light,
precipitation and humidity, wind picture. The persence of local ground transport of air masses along
the Arda River in east-west direction also contributes to the accumulation of pollutants into the pool at
certain times of the year.

An additional factor to air quality in urban areas are emissions from transport, local fuel
sources, domestic heating and secondary air pollution with dust due to improper cleaning and washing
of the street network.

The monitoring of indoor air pollution in classrooms

Air quality in the room or acquired universal significance term "Indoor air guality” (IAG) for the
quality of the indoor air around the building and in particular the case of the building which is
workplace.

Air quality in the room is part of the internal environment which includes physical factors and
psychological aspects such as lighting, acoustics, thermal comfort.

The quality of indoor air can be exacerbated by the content of the gases generated inside the
room (as a result of combustion, migrating from building materials and furnishings chemicals from
cigarette smoke), microbial contamination. These pollutants come from activity in the premises of daily
used items and products. Air in homes, schools, kindergartens, offices and other institutes can be 2 to
5 times more polluted than the air in the environment, in some cases up to 100 times

Report of the World Health Organization [22] points out that 30 percent axis new or renovated
buildings in the world can be the subject of complaints related to poor air quality.

Measurements of volatile organic compounds (VOCs) were carried out in a field study in
Kardzhali town in the period of January —August 2015. Four reconstructed and repaired schools were
chosen as sites for passive sampling of VOCs in different parts of the Municipality, taking into
consideration the traffic volume profile across the city and the suburbs.

The levels of indoor air pollutants measured in the investigated classrooms in the selected
schools in area of Kardzhali (Fig 1). The same environmental monitoring methodology was used in all
the classrooms. According to the project Cherrie, the same equipment was used during the january-
march 2015 and july-august 2015 environmental monitoring to discover some seasonal dependency
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Fig. 1. Selected schools in Kardzhali area

Sampling and analysis

The selected pollutants were measured inside schools in the area during the heating and
cooling season. The concentrations of BTEX (benzene, toluene, ethylbenzene and xylenes), were
examined using a passive sampling method (Radiello-type samplers-Fig.2.).

The sampling for BTEX was conducted using passive samplers incorporated with activated
charcoal absorption element.Passive samplers offer a cost—effective method for screening
concentrations over alarge spatial distribution. Sampling using Radiello monitors begins with a quick
assembly of the support plate. The adsorbent cartridges used to collect samples are housed in a
sealed glass tube that is used to store the cartridge before and after sampling. Prior to sampling, the
adsorbent cartridge needs to be transferred to the appropriate diffusive body, which is then screwed
onto the triangular support plate horizontally for stationary sampling, or vertically (with adapter) for
personal sampling. The overall design of the Radiello sampler allows users to easily transfer the
adsorbent cartridges from the diffusive body without touching the adsorbent itself. Protective outdoor
shelters are recommended for environmental/ ambient air sampling. Uptake rates are dependent on
temperature; therefore, concentration values obtained during sampling will be more accurate if precise
temperature values are recorded during sampling. For all 7 day period of sampling was recorded a
temperature in every 15 min. One sampling point per classroom was designated for indoor
measurements. Samples were collected in classrooms where the children spent most of their time.
The passive samplers were placed at a height of 1.5 to 2 m in the classrooms. Exposed BTEX
samples were analysed using the “PerkinElmer” model of GC-FIDmethod (Fig 3) and standards 1SO
16200-2:2002 and ENISO 16017.
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Fig. 2. Radiello samplers Fig. 3. Result of GC-FID method

Sample preparation and gas chromatographic analysis

After exposure, the VOCs Caught from the cartridge with activated charcoal volatile organic
compounds are extracted with carbon disulfide. Aliquots of this extract is injected into a gas
chromatograph equipped with a capillary column and flame ionization detector. Quantification is done
by absolute calibration.

Conditions for gas chromatography determination of benzene, toluene, xylene, ethylbenzene
are as follows:

» Gas chromatograph: "PerkinElmer" model 8310 with FID detector
* Injection port; 250 ° C

e Column: DB-5MS, 30m, 1.D.-0,25mm, film-0.25um

* Detector FID: 300 ° C

» Column temperature: 32 ° C /3 min, 8 ° C/ min up to 100 ° C.

Results of air quality measurements

In practice, indoor exposure levels are assessed on the basis of existing guidelines and
recommendations. Each EU member state sets limit values for workplace environments, but only
some member states have guideline values for public places, and limit values for private spaces are
very rare.

On the following figures (4-7) are represent the investigation in all 4 schools in Kardzhali town.

Fig. 4a. Result of benzene concentration in winter Fig. 4b. Result of benzene concentration in summer
period period
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Fig. 5a. Result of toluene concentration in winter Fig. 5b. Result of toluene concentration summer period

period

Fig. 6a. Result of toluene concentration in winter Fig. 6b. Result of toluene concentration in summer
period period

Fig. 8a. Result of toluene concentration in summer Fig. 8b. Result of toluene concentration in summer
period period

Assessment of the possibilities for the conduct of secondary degradation, which could lead to
the generation of secondary emissions of pollutants into the environment has different
physicochemical basis for volatile organic pollutants in the premises. The very nature of building
materials is also different and that even determines the opportunities to generate one or another type
of contaminants in the environment. All this imposes specific consideration. The emergence of organic
pollutants in the premises is primarily related to the presence of organic components in the materials
used. These may include:

- The majority of primary and secondary waterproofing and insulating materials are currently
widely used in the renovation of old buildings and new construction but in which the main
objective is to increase energy efficiency;
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- Different connecting composites produced are often based on widely used traditional binders,
such as lime, gypsum and cement, but with significant active organic additives;

- Various mixes with a high content of organic components frequently used in finishing to
achieve certain objectives;

- Polymer plastic and rubber mixtures directly used for gaskets or manufacture of windows and
seal in their homes;

- Coatings of various dyes, pigments and varnishes final coatings on the premises.

In furnishing and operation of housing require repair and bring many other products and
technigues necessary for living, which further complicates the distribution of emitted organic pollutants
in a dwelling. It is therefore possible in the same house in different rooms to establish different levels
of emissions of volatile organic contaminants. This is determined by the availability of substantial
difference mixtures with different content of organic chemical components. Another feature of
composite materials is their gradual reduction over time due to their passage in the gas phase and
spreading into the air. The manner of their distribution is carried out with a variety of software products
that allow simulation and with different contents of organic substances in construction materials.

Potential negative impact of construction materials on people during their life cycle from
extraction to use in different sites can be substantially different depending on the type and capacity of
the emissions generated by them during the entire period of use of homes and buildings . Logically
and usually does in practice the emissions generated are the highest in the initial period after
production and application and gradually decreased over time. Significant difference is that the
generation of organic pollutants in some cases it may be meaningful only a few hours after
manufacture and packaging. This is determined by the nature of the processes in time and
technological characteristics of individual processes in production. It follows that the potential negative
impacts and health risk is higher when the time of delivery of produced construction materials is
shorter with limited storage in the warehouses after production. At the same time it must be
considered that the negative impact is determined not only by specific levels of emissions of an
organic pollutant, but also their number. With the increase in the number of chemical contaminants
usually gets certain cumulative effect in which the negative effects increase. Based on the measured
concentrations of volatile organic contaminants analyzed in the test subjects can be argued that the
potential impacts on humans will be limited. It is limited and the potential for negative impacts as a
result of a cumulative effect, because in most cases the majority content of volatile organic pollutants
is too low or below the detection limit of the analytical techniques.

In accordance with the foregoing now expect higher potential negative impacts in the sites
where it is carried out renovation postigane higher energy efficiency. In such cases are attached
modern new building materials produced with a higher content of organic components in them.

Used traditional building materials such as cement, lime mortars for plasters and bricks that
are placed in the test subjects more than 30 years is unlikely. Above all still in the process of their
production is used high firing temperatures and remaining organic components in them is unlikely. It
still in the early years is reached equilibrium with the surrounding environment and the generation of
emissions of organic contaminants can not be expected.

Conclusion:

« Indoor air is very important issue — affects everyone almost all the time

- Better ventilation should be provided for the public buildings and air cleaners should be used,
specifically for the department store, to reduce the indoor BETX levels.

e Chemicals in indoor environments change seasonly

e The long term effects of many chemicals are still inknown — more research is needed
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Abstract: A new innovative system for counting of somatic cells in milk samples with installation of fiber-
optic block avoids the use of optical lens systems. The principles set forth in the modeling of the system by using
the software ZEMAX. Examines the characteristics of constructive modeling and gives practical guidelines for
implementation.

BbBeneHune

MpuHUMNUTE Ha KOUTO ce u3rpaxgaT cuctemuTte 3a 6poeHe Ha COMaTUYHU KIEeTKN B MMEYHMU
cpean ca npunoxuMmn u B Apyru obnacTtu, KbAeTO Ce Hamnara Aa ce KOHTponupa HanuiveTo Ha no-
NNbTHU, 060cobeHn 06eKTUN, C MUKPOHHU pa3Mmepu B TeuHu cpean. Cb3gageHuTe cuctemu 3a 6poeHe
Ha COMaTW4YHW KMeTKW MoraTt [a ce M3non3BaT B MeauvuuHaTta, eKonorusita, XpaHuTenHo BKycoBaTa
npoMuneHocT. [ondma 4acT OT CblLUEeCTBYBALUTE CUCTEMU Ca WU3rPafeHW Ha NPUHUMNUTE Ha
dm3mMyHaTa onTMKa C U3MON3BaHETO Ha JELLOBUN ONTUYHM TPAKTOBE XU MOHSIKOra CIIOXHW MeXaHWYHU
CUCTEMU 3a CKaHupaHe Ha npobuTte. lNpegnaratHata cuctema pellaBa peguua OT KOHCTPYKTUBHUTE
3aTpyAHEHUs Npy peanu3aumusita Ha CUCTEMM 3a KOHTPOI Ha MUKPO ODEKTM 3a KOUTO He Ce U3NCKBa
nscnegBsaHe Ha mopdonornsaTa M.

B nutepatypaTta uma onncaHu ABa Tvna onTUYHM CUCTEMU 3a BpoeHe Ha COMaTUYHU KMETKN.
Cuctemute oT [NbpBM TUN ca KOHCTpyupaHu Ha OasaTa Ha ONTUYHM eNneMeHTU, KouTo dopmupat
MawabupaHo usobpaxeHne nocpeacTtsoM KoMOMHauuma OT onTudHu newu[l], [2]. BropuaTt tun ca
cUCTEMUTE, KOUTO MpoeKkTupaT usobpaxeHneto Ha obema B MUKpO drnynaHata Kamepa uypes
W3MOMN3BaHEeTO Ha BMAaKHECTO ONTWYHW NnacTuHW. VI npu gBaTta Tuna cuctemu CbluecTByBaT obLum
KOHCTPYKTMBHU XapakTtepuctuku. [letektmpawmart enemeHt e CCD matpuua, ouBetutens B npobarta
ce ,Hanomnea” ¢ NMbyeHne C AbIDKMHA Ha BbNHaTa 365 MKM, U3non3eaT ce €4HU U CbLUM anropuTtMu 1
nporpamu 3a ,,6poeHeTo” Ha KneTkuTe. Pa3nuumsata ca B HA4YMHUTE MO KOUTO Ce npoekTupa npobarta
BbPXYy MJIOCKOCTTa Ha pgeTektopa. B npoueca Ha mogenvpaHe M Ha gBaTa Tuna cuUcTemMn ce
usnonasaxa Mmetogute Ha 3D cumynaumm 3a npecMsaTaHe Ha ONTUYHUTE U KOHCTPYKTUBHU NapameTpu
Ha aHanusupaHaTa cuctema.

353



NacnegBaHuTe 0BeKTM — coMaTUYHUTE KIMETKW, MMaTt onpederieHn ONTUYHUM U FeOMEeTPUYHU
xapaktepucTtuku. 1o nuTepaTypHU AaHHU 1 Criopef Hawm u3cregBaHusa pa3MepbT Ha Takasa KreTka
e oT nopsagbka Ha 9-10 mkm. [NMbTHOCTTAa Ha KNeTkMTe B npobata OT MIISIKO M TakaBa, ude
MWUHMMAarnHOTO Pa3CTOsHWE MeXAy ABE KMNeTKM Ha edHO WM CbLio pas3CTosiHMe OT m3MmepBaTternHarta
cucTemMa MHOro psaako e no-manko ot 20 Mkm. [Npu Te3n xapakTepucTUKM € SICHO, Ye M3UCKBaHuATa
KbM onTukaTa we O6baaT He da ce aHanu3mpa Mopdponoruss Ha npobaTta a Aa ce perucrtpupart
cBeTelm obekTn ¢ onpeaenenn pasmepu. Toea noctaBs cneunuyHn N3CKBaHna CbM ocobeHocTute
Ha ONTUYHMA TPaKT — B HAKOW OTHOLLIEHUS OMPOCTSIBaHE Ha M300paxeHNeTo a B ApYyrn 3acunBaHe Ha
nancksaHuaTa. lNo-cunHm ca nanckBaHmaTa 3a Ka4ecTBO Ha M300paxeHMeTo npu cuctemuTe ot | Tun.
C ornep oTHoLLEHUETO curHan/wym cuctemute ot |l Tun ca No-4yBCTBUTEMHM U OT TYK U C NO-BUCOKM
N3NCKBaHMS KbM reoMeTpusaTa Ha TpaHCHOPMMPAHETO Ha M300paKEeHNETO.

B npouecuTte Ha mogenupaHe Ha ONTUYHUTE CUCTEMU Ce M3cnenBa caMo onTUYHaTa cuctema
3a popMupaHe Ha u3obpaxeHne 6e3 Oa ca BKMOYEHW OCBETUTENHATa W AeTeKTupawiata cuctema.
XapakTepucTUKUTE Ha OCBeTUTenHata W perucTpuvpaliy CUCTEMW UrpasT ponsiTa Ha rpPaHU4YHM
YCNoBMS 3a ONTUYHUA TpakT. ONTUYHMAT TPaKT, CMef KaTo € ONTUMKU3MPaH, 3agaBa caMo KOedULNEHT
Ha TpaHcdopMMpaHe Ha eHeprusaTa 3a JOYTOYHSABAHE Ha XapaKTepucTukute Ha ocsetuTtens n CCD
mMaTpuuaTa.

MpoekTupaHe 1 peapusaums Ha cuctemar
Cnepn npoyyesaHe Ha CblLUECTBYBALLMAT CBETOBEH OMUT B aHanorMyHu anapaTtypu u cnep
uscrnedBaHy Ha peavua TEXHOMOrMYHW npobrneMu ce CTUrHa OO0 KOHCTPyMpaHeTo Ha cregHata

cucTema, nokasaHa Ha courypa 1. MNpu Ta3y cxema eaAMHCTBEHMST HauMH Ha OCBETsIBaHe Ha npobaTa e
oTAony Ypes poTo AMod MOHTUPAaH HeNocpeacTBEHO Noa npobara.

our. 1. ObLa cxema Ha cuctemaTa
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OT onTu4yHa rrnegHa Tovka cucTemaTta He € CIOXHa U HAMa NPOONEMHU ONTUYHU E€NEMEHTH.
OcobeHOCTUTE Ha KOHCTPYKUUSATA C€ CbCTOAT B HAYasiHUTE YCIOBMS, MOCTABEHO Npes KOHCTPYKTopa.
M3ncksaHmsTa ca HAKOSIKO:

1. Ha noBbpxHOCTTa Ha pgeTektopa CCD martpuuata ga ce wmsrpagym usobpaxeHue Ha
npobata B [loToyHaTa Kamepa C gocTaTbyHa pasfgenuTenHa CrnocoOHOCT . YCroBMeTO € Ja ce
HabntogaBat pasgeneHo obektu ¢ pasmepu 9 — 10 MKM KaTo pa3CTOSIHMETO MexXay TSX He e No-Marnko
oT 20 MKMm.

2. [Oa ce nocturHe MakcumarnHa eHeprumHa nponycKNMBOCT Ha cucTemaTa 3a ga ce
rapaHTupa cTabunHo oTHoLLEeHne CI/IFHaJ'I/LIJyM Ha BXO4a Ha AeTeKTopa.

3. [a ce rapaHTupa Bb3MOXHOCTTa Aa ce pernctpupat o6ektn Ha abnbounHa B MNpoTovHaTa
kamepa go 200 MKM.

MpoekTHO n3bpaHaTa hmdbpoonTuyHa nnova e UKKOLW 755757.041 ¢ pasmepu Ha onTuyHaTa
yact 20X20 MM, AnaMeTbp Ha ONTUYHOTO BNakHO 6 MkM 1 gebenvHa 5 MM (CbOTBETHO AbIDKMHA
Ha ONMTMYHOTO BMNakHo). CbpLeBMHaTa Ha BNakHOTO € M3roteeHa ot cTbkno TBP10 ¢ koedumumneHT Ha
npedyneaHe ne = 1.82057 n koeduumneHT Ha ancnepcusa Ve = 33.17. MaTepuansT Ha 6e3uBeTHaTa
nnakvpawa obBMBKa Ha BMaKHOTO € OT onTudecko cTtbkno BOS50 ¢ koeduumeHT Ha npedyneaHe
ne=1.4838. TbMHaTa, nornbliawata obsuBka € ot cTbkno BTO73 ¢ n. = 1.90 . Peructpmpawumsar
enemeHT € oTHoBo CCD matpuuata KAF 402.

OnTUYHOTO M3cneadBaHETO Ha KOHCTpyupaHaTa ¢ubpoonTuyHaH cuctema ce nposede C
noMmowiTa Ha nporpamHara cuctema 3a OonTuyHo mogenupaH e ZEMAX 9.0 12.10.2009 [3].
CbnocTaBku ce npaBexa u ¢ aHanornyHute naketu OlMAJT n OCJ10. Ha To3u eTan oT nscnegBaHeTo
MoZenvpaxme Xxoda Ha CBETNMHHUTE nNbuM MonajawM Ha caMo efHo OT BnakHata Ha
¢ubpoonTmnyHaTa nnoya.AHanuanpaHaTa cMcTeMa e nokasaHa 4acTU4Ho Ha cpurypyn 23 1 dourypa 24.
Ha curypa 2 e yBenu4yeHa ,BXOAHOTO 4acT Ha cucTemarta. [MokasaHa e cumynaTmBHa Touka A OT
coMaTuyHaTa KneTtka, ymeto docdopecumpallo TbyeHre nonaga B HavanoTo Ha pubpo onNTUYHOTO
BMNakHO — Touka B. Creg MHOrokpaTHO OTpaXeHue BbTpe BbB BNAKHOTO TbYMUTE M3MM3aT OT Kpad My
1 bopmupat nsobpakeHMeTo Ha Touka A BbpXy paBHUHATa Ha AeTekTtopa — Touka D.

1 2

/! E v
N

dur. 2 dur. 3

Ha yenHaTa cTpaHa Ha pnbpoonTuyHaTta nnacTvHa, paBHUHA 2, € HaHeCEH 3alUuTeH Crow oT
SiO,, anamaHTo nogobeH Bbrnepon ¢ gebenuHa oT nopsabka Ha 110 NnM M kKoedUMUMEHT Ha
npeyyneaHe ne = 1.54. Llenta a ToBa NOKpUTUE € CbXPaHABAHETO Ha LiefiocTTa Ha pmnbpo onTruiHUTE
OpakHa MpuM MueHe M noyucTBaHe. To3m CrOM ce 3anoXu MNpu MO-HATaTbLHOTO MoAenupaHe.
BnusHueTo Ha TO3uM cron BbpXy ONTUYHUTE NapaMeTpu € He3HadYUTernHo nopagu mankaTta gebenuHa
Ha Crosi, HO BbMPEKN TOBa TO3W CIOW y4acTBYBa B MPOLLECUTE HA MOoAenuMpaHe C NporpaMHUs naket
ZEMAX. Ha 3agHaTa cTeHa Ha ¢oubpoonTuyHaTa nnoya, paBHUHA 3, € HaHEeCEeH TbHKOCITOEH pexell
PUNTBP KOUTO KOUTO ,pexun” KbCOBBbINHOBaTa KOMNoHeHTa (A < 420 nm) u nponycka nbyeHue npu A >
420 nm. 3a nonyyaBaHe Ha OapuepeH (unTbp C rOpHMTE CBOWCTBA € W3MONn3BaH MeToda 3a
HaHacsHe B CaHABUYOBa CTPYKTypa Ha TbHKM cnoese OT SiO, (Nssgnm = 1,54) N TiO, (Nsgenm = 2,65).

TexHonorn4yHo e npueto AeTektopbT — CCD MaTpuuaTa a ce 3aneny ¢ nenuno oT Tuna Ha
Enokcnpa Opti-Tec5001 3a 3agHata cTpaHa Ha dwmbpoonTuyHata nnactuHa. [lokasaTenat Ha
npeyynsaHe Ha nenunoto e N, = 1.56 . JeGenvHaTa Ha NenUnHUMA CMAOW NO MPUHUMN BNuse Ha
Ka4yecTBOTO Ha noriy4aBaHOTO u3obpaxeHune. Konkoto Tom e no-geben TonkoBa Mo ,MbTHO” €
nsobpaxeHueTo. [lpoBegoxa ce MHOXECTBO CUMMYNaTUBHU W3CMeABaHWs Ha 3aBMCMMOCTTa Ha
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n3obpakeHneTo Ha uanbyBallarta Touka A oT gebdennHaTta Ha nenunHua cnon. M3aBogbT Aa KOWTo ce
pocturHa Ge, 4ye B rpaHuuyaTta Ha ot 4 go 50 MKM He ce HabniogaBa 3HAYMMO WM3MEHEHME Ha
napameTpuTe Ha U3Nu3aWwmsT oT Prnbpo BrakHOTO CBETNMHEH cHomn. CriegoBaTeNHO HAMA ONTUYECKM
orpaHuyeHuss 3a gebenuHarta Ha NenuroTo B Teaw rpaHvum. EgnHcTBeHMTe cbobpaxeHns octasat
TEXHOMOrMYHUTE N MKOHOMWYECKU NoKasaTemnu 3a HayMHa Ha HaHacsHeTO Ha NenunoTo, HeroeaTa
XOMOFEeHHOCT Y MUHUMarHus pasxod Ha matepuanuTe.

CnocobHocTTa dhubponnactuHata fa TpaHchopmupa M3MbYBAHETO Ha MyMuHUCLMpalla
comaTmyHa kneTka 6e mM3cnegBaHO KaTto ce NpoBede MoAenvpaHe Ha npefaBaHeTO Ha NbYeHUeTo
npes e4Ho OT BfakHaTa Ha cmbponnonkaTta. B nporpamuunsa naket ZEMAX 6s1xa 3anoXxeHu crnegHute
N3XOOHW YCNOBMSA : PUKCUPaHM NnapameTpn Ha ONTUYHaTa cuctema :

- pebenuHa n kKoedUUUEHT Ha NpeYvynBaHU Ha ANAaMaHTEHOTO NOKPUTUE;

- AbI/DKWHA, AMaMeTbp U nokasaTern Ha npedenBaHe Ha PnbpPOBNaAKHOTO;

- pebenuHa v nokasarten Ha npeyynBaHe Ha pexewmsa unTbp;

- aebenuHa n nokasaTten Ha npevyynBaHe Ha NEenuHus CIow.

OnTnyHaTa oC Ha cwucTemMaTa ce duKkcupa npe3 UeHTbpa Ha 4enHaTa CTeHa Ha
dmbpoBnakHoTo. Pasrmegaxme kak eHeprusita OT €AWMH CBETMIMHEH W3TOYHMK LLEe BrMSie BbpXy
JeTeKkTopa, Hamupall, ce B paBHMHaATa crep nenunHua cnow. 3a uenta Peructpupaxme
NponyckNMBOCTTa Ha cucTemMata KaTo pasnonaraxme MocnefoBaTeniHo MW3TOYHUKA B YeTUpM,
NepneHauKynapHM Ha OnTUYHaTa OC, pPaBHUHW OTCTOSALM OT CTeHaTta Ha (pMOpPOBNAKHOTO Ha
pasctoaHua 50, 100, 150 n 200 mkm. BbB BCHka OT Te3uM paBHUHM U3TOYHMKA ©e MocTaBsH Ha
pasnuyHK pascTosiHUA OT onTuyHaTa oc. Ha curypa 25 ca nokasaHu pesyntatute OT MpOBEAEHOTO
mogenupaHe. [NocneaBanuTte CTBIMKM NoKasaxa, Ye npu othanevyaBaHe Ha M3TOYHMKA Ha MoBeve OT
200MKM TeHOEHUMsITA Ha CbOTBETHWUTE KPMBM Ce 3ana3Ba Kakto Tasu 3a kpuBute o 200MKM.
lNMpuemame, ye 3Hauumo e nponyckaHe ot noseve oT 80 %. Buxaa ce oT rpacdmkata 3a pasHuHa 50
MKM, Ye TakoBa NpornyckaHe ce rapaHTupa camMo 3a TOYKU, KOUTO Ce HaMmupaT Ha He noseyve OT 3 MKM.
3a M3TOYHUK B paBHMHA 100 MKM — He noBevye OT 7.5 MKM, a 3a paBHuMHa 150 MKM — 12.5 MKMm.
paHu4eH e cny4yaat ¢ paBHuHa 200 MKM. AKO n3nbyBaLlaTa ToYka € B Ta3u paBHMHA U € B rpaHuLmTe
Ha o 15 MKM HENHOTO M3NbYBaHe Lle BrMsie 3HAa4YMMO BbpXYy 1M306paxeHneTo, opM1paHo OT TOYKM
no-6nu13o go ontnyHata oc. [Npu paBHMHU Ha No-ronsamMo oT 200 MKM pa3cTOsiHUE He Cu CTpyBa [a ce
pascbXxgaBa 3aLl0oTo Mpu TAX BAUAHUETO Ha U3TOYHULUUTE € 3HAYUMO U NpU NO-rofieMu OTCTOSHUS OT
onTu4yHaTa oc.
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odur. 5

OT HanpaBeHOTO n3cneaBaHe crneaBa M3BOAbT, Ye AebenvHaTa Ha Crost Msiko B MpOToYHaTa
Kamepa He Tpsbea ga Hagsuwasa 200 MKM 3aLLOTO npu No-ronmu AebenuHu e ce nonyyasa OCBEH
pasmasBaHe Ha U300paKeHNeTo Ha CBeTeLLMTe U3TOYHMLM, U NPUMNOKPMBAHE Ha Be CBETELLM KIEeTKH,
KOUTO Ce HamupaTt Ha pascTosHuA no-mankm or 30 MkM. A TakuBa OBUKHOBEHO ca HaW-mankute
pasCTosHUS MEXAY COMaTUYHUTE KINeTKW, KouTo TpsibBa aa ce usbposasar.

WHTepecHu ca pesyntatuTe Npy U3MEHEHUE Ha ONTUYHATa CXema M 3aMsiHaTa Ha npoToyHaTa
Kamepa c MukpodnymaHa, cmeHsiema kamepa. lNpuema ce, Yye usanbysalmaT obekT € Ha NOCTOSIHHO
pascTosiHMe OT JofHaTa NOBBbPXHOCT Ha cTeHaTa Ha kamepara -100mkm. Beuykn napameTpum octasat
MOCTOSIHHM @ ce MpPoMeHs camo gebenuHaTa Ha cTeHaTa Ha kameparta. Pesyntatute ca nokasaHu Ha
durypa 4. N3BoabT, KONTO MOXE da ce HanpaBu € 4ve npu gedenvHa Ha cTeHaTta no-marnka oT 200
MKM KOe(MLUMEHTBT Ha TpaHcdopmauusa e no-ronsm ot 75% u ToBa e npuemnuearta rpaHuila 3a
pebenuHata Ha cTeHaTa Ha kameparta. [lo To3M HauvH ca onpefeneHn n KOHCTPYKTUBHUTE
napameTpu Ha eBEHTYyarnHo M3non3BaHaTta CMeHsieMa kaMmepa 3a uscrneaBaHata TEYHOCT.

3akno4veHune

B npoueca Ha v3cnegBaHeTO Cce OEMOHCTpMpaT Bb3MOXHOCTMTE Ha MporpaMHaTa cuctema
ZEMAX 3a mogenupaHe Ha pearnHu ONTUYHM CUCTEMM C M3MONI3BaHE Ha PUOPOONTUYHM ENEMEHTN.
lMpennaraHata cucteMa 3a 6GpoeHe Ha COMAaTUYHU KNEeTKU e peanu3yema 1 Cb3gaBaHeTo U He Kpue
Henpeogonumu TexHonornyHu ycnoesus. B UKUT BAH cbluecTByBaT ycrnoBus 3a KOHCTPYKTUBHOTO
MoZenvpaHe Ha MHOBaAaTUBHU ONTUYHM CUCTEMMN.

Nurepatypa:

1. http://www.chemometec.com/en-GB/global/p87.aspx
2. http://www.delaval.com/
3. http://www.radiantzemax.com/en/design/
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Abstract: Encountering avalanche unprotected resulting in a high mortality rate - 60%. It was due to
suffocation after being buried by snow mass. This mass shows complex mechanical properties. They make it too
possible exits. If successful rescue operation took place about 10 minutes after encountering in the avalanche,
the probability of survival was 97%. Using air bags provides rapid ascent to the surface of the avalanche and
preserves the life and health of victims in 97% of cases of falling into an avalanche. This avalanche rescue device
integrates four types of protection systems get stuck in the avalanche. If necessary, set enables long-term stay in
the snow mass theoretically ensures survival at all probable situations.
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3UHcmumym 3a Kocmudecku uscnedsaHus u mexHonoauu — bbrzapcka akademus Ha HayKume
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e-mail: jivkov@tu-sofia.bg, philip_philipoff@imbm.bas.bg, philip.philipoff.auto@gmail.com,
director@space.bas.bg, garo.mardirossian@gmail.com, mardirossian@space.bas.bg,
GSotirov@space.bas.bg, contact@igape.edu.mk, pmandiev@imbm.bas.bg, bas.pmandiev@gmail.com

Knroyosu OYMUZ JlasuHHO cniacumeneH Kommnekm, lNonadaHe 8 dsuxeuwja ce f1aguHa.

Pesrome: [NonadaHemo & nasuHa 6e3 npedna3Hu cpedcmea eodu 00 sucoka cMmbpmHocm — 60%. T4 ce
Ob/mku Ha 3adywaeaHe cried 3ampyrnieaHe Om CHexHa maca. Tasu maca [rposessea CrIOXHU MexaHUYHU
ceolicmea. Te 3ampydHseam U3KIIOYUMETHO MHO20 €8eHMyasiHomo u3fnusaHe Ha rnogbpxHocmma. Ako 6b0e
nposedeHa ycnewHa criacumersnHa onepayusi 0o 10 muHymu cned noarndaHe 8 fnlaguHama, eeposimHocmma 3a
ouensaeaHe e 97%. U3nonssaHemo Ha 8b30yWHU paHuuyu ocuaypsiga 6bp30 u3ryeaHe Ha ro8bpxHocmma Ha
naguHama u 3arnassea xueoma u 30pasemo Ha rocmpadanume 8 97% om criyvYaume Ha rnonadaHe 8 slaguHa.
Hacmoswusm nasuHHO cnacumerneH KOMIIEKM UHmezpupa 4emupu euda cucmemu 3a 3awuma npu ronadaHe
8 nasuHa. lMpu HeobxoOumocm Komrekmbm ro3eosisisa Obji2zompaliHo npebusasaHe 8 CHeXHama maca, Kamo
meopemu4HO ocueypsiea ouerns8aHe rnpu 8csKasu 8b3MOXHU cumyayuu.
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Risk Management in Case of Natural Disasters, Transport Accidents and Industrial
Crashes

The modern practice develops risk management in case of natural disasters, transport
accidents and industrial crashes [1, 2, 3, 4, 5, 6, 7].

Avalanche Rescue Operation Device in Avalanche Moving Conditions. In the high
mountains often fall avalanches [1]. They pose a serious danger to skiers, snowboarders and sikers
[1]. Fig. 1 shows the probability to be saved skier buried in an avalanche in function of time. On the
Fig. 2 is shown the effect of Brazilian walnut - body with large volume and low weight when moving
snow mass is pushed to the surface. Body small volume and the same size of the weight is buried
snow mass. Fig. 3 shows stationary inflatable suit. In the Fig. 4 is shown skier equipped with
avalanche rescue device to emerge surface movement of the avalanche and the skier without
avalanche rescue kit remains buried under the snow (on figures from the Internet). Fig. 5 shows the
principle scheme of avalanche rescue device. Avalanche rescue device presented in Fig. 5 and
consists of:

e 1) A fixed aerodynamic part (Part 1) which is filled with air, oxygen-enriched. This part plays the
role of stabilizer in skiing or snowboarding and provides additional confidence in the downhill at high
speeds.

¢ 2) Detachable inflatable part that automatically fills with air from the bottle under pressure to reach
avalanche.

e 3) Bag pack, in which folded type is mobile inflatable (Part 2) bottle with compressed air and has a
camera storage of skier or snowboarder. The bottle is equipped with a fan, a battery and if necessary,
can be used repeatedly.

e 4) System of straps through which the bag pack is attached firmly on the shoulders of the skier.

e 5) Helmet on which are mounted radio transmitting device and a breathing mask.

e 6) Transmitter device, equipped with an accelerometer antenna and GPS/GSM transceiver. The
device carries out continuous radio contact with a mobile network operator in real time and at any
given point in time GPS location on an electronic screen, hanging on the strap of the bag pack. In a
predefined risk threshold acceleration of the movement of the skier or snowboarder, automatically
launches mobile inflatable part of the system is filled with pressurized air from the bottle. Thus air bag
pack acquire a total volume of over 250 liters (fixed and inflatable parts) and falling in avalanche
provides retention on the surface of driving at a high speed snow mass. Even skier is not conscious,
the transceiver includes a distress signal and immediately to the command center of rescue
operations receive GPS location of the accident.

e 7) Aflexible conduit connecting the mask 8) with a tank of oxygen-enriched air 1).

¢ 8) Mouthpiece breathing mask or air, stationary placed on the face of the skier. When you turn on
the system through the pipeline automatically fed oxygen-enriched air, and if caught up in the
avalanche skier has breathing for 30 minutes or more is made available oxygen, even in complete
immobility of the body of the victim.

e 9) Trapezoidal spring handle for manual operation of the system.

Avalanche rescue device (air pack), consisting of stationary aerodynamic Part 1 (50 liters)
filed with oxygen-enriched air; 3) bag packs containing a bottle of compressed air with automatic
valve and balloons in skate type 2 (in exploded view with a volume of 200 liters) actuated
automatically by the acceleration sensor (or manually by trapezoidal handle 9); regulator mouthpiece
8) (oxygen mask attached to the helmet 5) with line 7 connected with the stationary part 1 to provide
breathing of the victim; harness 4 to carry a device; 5 helmets with built-in acceleration sensor,
operable under certain conditions, the automatic valve and pumping balloons 2 and radio -
transmitting device 6 - GSM/GPS (receiver-transmitter with antenna). In above paragraph the
numbers with “) bracket” represent the different positions of the avalanche rescue device according to
Fig. 5.

The proposed system provides the highest level of protection from getting an avalanche.
Avalanche rescue device is able to preserve the life of the victim in the realization of high avalanche
risk and long-term stay in the avalanche to the rescue.
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Fig. 1. Chance to rescue skier buried in an avalanche in function of time for rescue

Aaa 4l

Fig. 2. Effect of Brazilian walnut - body with large volume and low weight when moving snow mass is pushed
to the surface - body with small volume and the same size of the weight is buried snow mass
(in figures from the Internet).
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Fig. 3. Stationary inflatable suit — a).
Benefits: 1. Always in working condition
Disadvantages:

1. Material with a high density and elaborate
workmanship,

2. Creater resistance,
3. Difficult movements,
4. Insufficient useful volume

Fig. 4. Skier equipped with avalanche rescue device
to emergesurface movement of the avalanche

and the skier without avalanche rescue device
remains buried under the snow:

a) swimming with avalanche rescue Kkit;

b) sinking without avalanche rescue kit;

¢) sinking without avalanche rescue kit;

d) swimming with avalanche rescue Kkit.
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Fig. 5. Principle scheme of avalanche rescue device
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Conclusions. The avalanche rescue device integrates four types of protection systems get
stuck in the avalanche. If necessary, set enables long-term stay in the snow mass theoretically
ensures survival at all probable situations.

Acknowledgments. The authors express their gratitude to GPS Control SA for financial
support of the study.
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Abstract: High power wind turbines have a common axis with the main building structure. Vibration of
wind turbines can be extinguished using light nanomaterials for the wind turbine rotor. It rests on bearings
insulated with rubber pads of the primary concrete structure of the building. Membrane of greenhouse warming
geothermal installation ends with a wind turbine, powered by an warm air rising over greenhouse.
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Pe3rome: B e doknada ce pasanexdam essmbpHU mypbuHU ¢ 20/1iMa MOWHOCM U OC cbenadawa C
ocmma Ha OCHO8Hama KOHCMpyKuyus Ha cepadama. Bubpauyuume Ha esmbpHume mypbuHu Moxe 0Oa ce
rozacsim ¢ nnoMouwjma Ha HaHomamepuasnu om Koumo e uspabomeH pomopa Ha sambpHa mypbuHa. TypbuHama
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cepadama. MembpaHa Ha opaopaHxXepusi (3amorisiiHa om 2eomepmariHa UHCcmanayusi) 3agbpuiea ¢ 8simbpHa
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Introduction. The dynamic behavior of the common mechanical structures can model by the
theory, presented in the several publications [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]. The dynamics of
the wind turbine structures have similar behavior.

Exposition. In the fig.1 is presented the scheme of high power wind turbine. It is applicable to
operating in urban environments. High power of the wind turbine is determined by balancing the
generator axis and the axis of the building structure. Generator stator is mounted on a main building
structure. It is made of heavy materials. Rotor package is placed in the parapet of the main building
structure. It is made of light materials. This combination of materials isolated the high frequency
component of the spectrum of the vibrations. Low-frequency part of the spectrum of the vibration is
isolated by rubber isolators used in railway transport. The effectiveness of the presented high power
wind generator depends on coupling of the building and the turbines axes.

The other wind turbine structure is presented on the figure 2. The structure of green house
consists of membrane part and geo thermal installation under it, shown on the figure. This is the
structure with continuous operating wind generator. The hot air under the green house structure rises
and drives the turbine. The membrane is supported by a ring with helium or light metal central column.

Position A represents a geothermal heat exchanger. Position B represents a triple serpentine
drilling. The use of system A or B provides geothermal water with a temperature 13 degrees.

The heat pump 2 increases the water temperature to working values. In case of areas with water with
hot geothermal temperature the heat pump may be missing from the scheme 2. Such areas are in
southwestern Bulgaria.

The presented scheme further provides heat for the greenhouse and electricity from the wind
turbine. This is a scheme and ongoing turbine.

Another scheme of the continuous operating turbine is represented in the fig. 4. Through small
nozzles of the car is supplied airflow. These small nozzles do not create a large air resistance. Jet
spinning rotor turbine made of lightweight material.

Presented three designs show three examples of effective use of wind to produce electricity.

There are many other schemes of efficient airflow. In buildings heating creates low heat flows,
which also can be used to produce electricity. Figure 3 shows detail of rotor package. Figure 4 shows
air turbine mounted on the automobile. The electrical part of the generators is not presented in the
details. They can be mounted over the working plane of the rotors.

Conclusions. These structures will be the subject of future researches.

Acknowledgement. The authors express their acknowledgment to GPS Control SA for the
financial support of the study.

Z

Fig. 1. Coupling of the building Z and the turbines axes
a- Rotor package of the wind turbine; b — Main structure (stator of the wind turbine)
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Fig. 2. Green house membrane over the geothermal installation:
¢ — geothermal installation, d — membrane, e — wind turbine and helium ring or central column
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Fig. 3. Detail of rotor package: 1 - Roller bearing diameter of the building;
2 - Roof reinforce concrete plate; 3 - Rubber insulator applied in railway;
4 - Thick steel mesh; 5 - Working plane of the rotor; 6 - Internal housing railing.

@
®
-

Fig. 4. Air turbine mounted on the automobile:
a — air nozzle; b — electro generator; ¢ — rotor
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Abstract: In this paper are calculated electronic and hole states in semiconductor quantum wells with
variable chemical composition (graded-gap quantum wells), namely triangular quantum wells, with and without the
application of a longitudinal constant electric field. The energies of the main optical transitions and their spatial
distributions are calculated with and without the application of electric field. The aim of this work is the comparison
of these quantum wells (that are the same width but with different inclinations of the linear concentration profile) in
the presence of an electric field. A comparison with the available experimental data for these quantum wells has
been made.
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Knro4yoeu dymu: MonynposoOHUKOBU K8aHMOBU sIMU, KBaHMOB0 oz2paHuyeH Lljapk egpekm, memod Ha
cunHama epb3ka, AIGaAs, eneKmpoHHU CbCMOSIHUS, e/IeKMPUYHO osie, K8aHMOB8U MU C POMEHIIUE XUMUYEH
cbcmas

Pesrome: [pecmemHamu ca enneKmpoHHUMe U Qyrn4ecmu CbCMOSIHUSI 8 M0J1yrpo800OHUKOBU K8aHMosu
SIMU C MTPOMEHSIU8 XUMUYEH CbCmas, a UMEHHO MpUbab/IHU K8aHMOoeU siMu, 6e3 U npu npunazaHe Ha Hal/TbXHO
OCMOSIHHO eflekmpuyHo rorne. [pecmMemHamu ca eHepauume Ha OCHOBHUME ONMUYHU fpexodu ¢ u 6e3 rnore,
Kakmo u npocmpaHcmeeHume um pasnpedeneHusi. Llenma Ha pabomama e Oa ce cpasHsiIm rpecMemyamume
KeaHmMoBU sSIMU, KOUMO ca ¢ eOHakea WUpUHa, HO C pasfiuyeH HakoH Ha NUHelHUsI KOHUeHmMpauuoHeH npogusl 8
rpucbcmMaeuUemo Ha roCcMmOosIHHO e/IeKmMPUYHO rose. HanpaseHo e cpasHeHue ¢ Halu4dHume exkcriepuMeHmarHu
daHHU 3a makuea K8aHmosu siMu.

Introduction

In semiconductor quantum wells (QWSs), sharp excitonic absorption peaks are clearly
observed even at room temperature. When an electric field is applied perpendicular to the QW layers,
the energy of the fundamental absorption edge shifts by a large amount without severe broadening of
the exciton resonance. This is the well-known quantum confined Stark effect (QCSE). These
properties enable one to utilize QWs for high-performance room temperature optoelectronic devices.
Moreover, to improve the performance of these optical devices, band structure modifications in QWs
have also been investigated. The electric field effects (Stark effects) on the graded-gap QW
structures, where the band gap of the well is inclined along the growth direction, are one of the most
promising among the maodifications for applications of making various fast optoelectronic devices
[1,2,3]. The modification of the well potential shape can create different optical properties and thus
optimize nanostructure-based devices compared to conventional rectangular QWs (RQWSs). The aim
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of this study is to conduct numerical calculations with one of the methods, which is widely used for
atomistic investigation of semiconductor nanostructures — the empirical tight binding method.
Numerical calculations within the framework of a realistic tight-binding (TB) model for the electron and
hole bound states of some semiconductor nanostructures, namely of asymmetric triangular quantum
wells with different depths, in the presence of a constant electric field have been made.

Model and method

In this work we present the numerical calculations results of single quantum wells of the type
AlLGa;As, with an asymmetric triangular concentration profile. This profile is realized by linear
variation of the concentration within the well region. The electric field is applied parallel to the growth
axis [001]. The three QWs under study have a width equal to 44 monolayers. One monolayer is equal
to 2.825 x 10™° m. The concentration x of Al in Al,Ga,,As barrier for all of the wells is constant and
equals to 0.36, i.e. all barriers are semiinfinite and with a composition Aly 35Gag s4AS. The concentration
x of Al in the well varies linearly from 0.02 at the left edge of the well to 0.12 (QW1), 0.24 (QW2) and
0.36 (QW3) at the right edge of the well, respectively for the three considered QWs: QW1, QW2 and
QW3, as shown schematically in Fig . 1. In Fig. 1 QWs are shown without applied electric field. The
calculations are made for temperature T = 0 K.

- Al (0.36) Al (0.36)
— - 44MLS - e e
Qw3
E i
o 1o B (R SO (LT Qw2
Q o
2
7% 7 NN SO (sl . awi
: -
[o]
©0.021.......
0.0
0 20 40 60

Distance [MLs]

Fig. 1. Scheme band diagram of the three calculated quantum wells. The profiles of the contents x of Al
is shown, it coincides with the potential energy profile of quantum well

We use the sp3s* spin-dependent semi-empirical tight-binding model as it is described in [4].
The virtual crystal approximation is used for the description of the TB parameters TB(x) of the alloy
Al,Ga;_As:

TB(X)=x.TB(AIAS) + (1-x).

We use surface Green function matching technique, in order to calculate the Green function of
the infinite system containing the finite inhomogenious slab. We define the presence of an external
static electric field by adding an linearly varying with the distance term to the diagonal elements of the
TB Hamiltonian matrix. This method allows also realistic TB calculations of the electronic states in
guantum wells with variable concentration profile in the presence of a constant electric field (F) [5,6].
Electric fields are applied between the first and the last monolayer of the QW in the direction of crystal
growth. In barrier areas in all QWSs electric field is zero. All QWs have a width of N = 44 MLs.
Everywhere direction of crystal growth [100 ].

Results

Tables 1, 2 and 3 show the all calculated main bound electron and hole energies of the three
QWSs under study without and in the presence of a constant electric field F. C1 and C2 are the
conduction band bound states, and HH1, LH1 and HH2 are the valence band bound states. Some of
this energies are partially investigated [7]. For all three QWs the behavior of the energies is similar:
they decrease or increase with increasing or decreasing the applied electric field. We note the
following dependence: the higher the content of Al in quantum well (QW3 has the highest content of
Al), the higher is the value of the energy state in the conduction band, depending on the applied
electric field. The above dependence is also valid for energies in the valence band.
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Table 1. Main calculated bound electron (C1 and C2) and hole (LH - light holes and HH — heavy holes) energies
(eV) for QW1 (see Fig. 1) without and with the application of a constant electric field F (kV/cm)

F [kVicm] | C1[eV] c2 HH1 LH1 HH2
-212.4 2.228 2.328 0.689 0.665 0.638
-141.6 2.212 2.296 0.619 0.602 0.583
-70.8 2.193 2.259 0.555 0.545 0.537
0.0 2.169 2.216 0.515 0.504 0.493
70.8 2.135 2172 0.495 0.478 0.455
141.6 2.085 2.130 0.480 0.459 0.427
212.4 2.025 2.088 0.468 0.444 0.403

Table 2. The same as in Table 1, but for QW2

F [kVicm] | C1[eV] c2 HH1 LH1 HH2
-212.4 2.245 2.361 0.638 0.619 0.598
-141.6 2.231 2.334 0.571 0.560 0.549
-70.8 2.216 2.304 0.484 0.479 0.454
0.0 2.198 2.269 0.500 0.483 0.465
70.8 2.176 2.229 0.484 0.465 0.433
141.6 2.147 2.183 0.449 0.409 0.365
212.4 2.100 2.14 0.461 0.436 0.388

Table 3. The same as in Table 1, but for QW3

F [kVicm] | C1[eV] c2 HH1 LH1 HH2
-212.4 2.260 2.389 0.588 0.577 0.563
-141.6 2.248 2.367 0.532 0.525 0.497
-70.8 2.235 2.340 0.505 0.492 0.475
0.0 2.220 2.312 0.489 0.470 0.442
70.8 2.203 2.278 0.475 0.454 0.416
141.6 2.182 2.239 0.464 0.440 0.394
212.4 2.156 2.194 0.455 0.428 0.375
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Fig. 2. Dependence of the main optical transitions from the applied electric field F for QW3.
(C1-HHL1) - rectangles, (C1-LH1) - circles and (C2-HH2) — triangles.

From Fig. 2 and the other data for QW1 and QW2, of the energies of the main optical
transitions, we conclude that they are greatest in QW3 than in QW1 and QW2, at the same value of
the applied field F.
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Fig. 3. Spatial distributions of the total spectral strength for C1 and HH1 states in QW1.
The electric field intensity F is zero.

We have calculated the total spectral strength spatial distributions for all states, corresponding
to the energies given in tables 1-3. But for the lack of space we couldn’t give them all here. In Fig. 4
are shown the results of the total spectral strength spatial distributions. The applied electric field
intensity F is given on the picture. For the three QWs there is a complete overlap of the spatial
distributions at F=0 kV/cm (see Fig. 3 for QW1). A displacement of the spatial distributions of C1, HH1
and LH1 states appears at electric field F#0. It is larger for QW1 than for QW2 and QW3. Namely it is
larger for QW with smaller Al content (most shallow). We can conclude that QW1 is not suitable for
applications at such fields, as F very quickly moves the electrons and holes outside QW. On Fig. 4 we
see that for QW2 and QW3 (see Fig. 5) the critical value of the electric field is achieved. Ai the critical
value the intensity of the optical transition tends to zero due to the absence of spatial overlap between
the states.
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Fig. 4. Spatial distributions of the total spectral strength for C1 and HH1 states in QW2 and in QW3.
The electric field intensity F is given on the picture
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Fig. 5. Spatial distributions of the total spectral strength for C1 and HH1 states in QW3.
The electric field intensity F is the critical value of the electric field

Concluding remarks

We may conclude that QW3 has the better Stark effect characteristics than QW2 and QW 1.
And also, the composition profile of QWs is essential in their Stark effect characteristics. The actual
composition profiles of QWSs, experimentally obtained, may differ significantly from those of the ideal
QW stricture. Then a more realistic calculation would require taking account of the measured
composition profile. With the method used here there would be no difficulty in taking in full account of
any details of a realistic model that one might want to study. The work is in progress in this direction.

Such investigations will help to find a QW potential profile with better Stark effect characteristics. The

investigation of the electric field effects on the optical properties of the QW structures with graded-gap
potential profiles is essential for the optimization of QW-based devices.

References:

. Di Carlo, A., Semicond. Sci. Technol. 18 (2003) R1-R31

Singh, J., Physics of Semiconductors and Heterostructures (McGraw-Hill Book Co., Singapore, 1993)
Weisbuch, C., B. Vinter, Quantum Semiconductor Structures (Academic Press Limited, London, 1991)
Vlaev, S. J., F. Garcia-Moliner, V. R. Velasco, Phys. Rev. B, 52 (1995) 13784-13787

Vlaev, S. J., A. M. Miteva, D. A. Contreras-Solorio, V. R. Velasco, Surf. Sci. 424 (1999) 331-339
Vlaev, S. J., A. M. Miteva, D. A. Contreras-Solorio, V. R. Velasco, Superlat. and Microstruct. 26 (1999) 325-
332

ourwNE

~

BysekoBa-lNeHkoBa, A., OTHOCHO CBOMCTBaTa Ha HAKOM HaHOCTPYKTYpU B MPUCHLCTBUMETO HA MOCTOSIHHO

enekTpuyHo none, Proceedings of 26-th International Scientific Conference, 13-16 September, 2010,
Sozopol, Bulgaria, 300-305

375



S E S 2 015
Eleventh Scientific Conference with International Participation
SPACE, ECOLOGY, SAFETY
4 — 6 November 2015, Sofia, Bulgaria

ELECTROLESS DEPOSITION OF METALIC COATINGS
ON MAGNESIUM ALLOYS

Zdravka Karaguiozova

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: karazuzi@yahoo.com, aleksander.ciski@imp.edu.pl

Keywords: Electroless coatings, nickel coatings, zinn coatings, copper coatings, magnesium alloys

Abstract: Magnesium is the subject of interest from scientists due to his lightness combined with
strength. Magnesium density is only two thirds of the aluminum’s. This is a reason magnesium and its alloys to be
widely applicable in areas of the industry as aircraft production, automotive and missile construction. This leads to
fuel economy and reduced weight.

A big problem for the magnesium and its alloys utilizing is its high chemical activity, which generates
corrosion of the surfaces. To achieve optimum results in term of corrosion and wear protection of magnesium
alloys a proper electroless and electrochemical coating deposition technique could be used.

The complicated behavior of the magnesium and its alloys during plating or chemical treatment
processes requires the use of a specific pretreatment leading to equipotential material surface the technically and
economically viable coating systems to be produced.

OTNAIrAHE HA METAJTHU NMOKPUTUA NO BE3TOKOB METO
BbPXY MATHE3UEBU CINJIABU
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Knroyosu dyMUZ be3mokosu UMepCUOHHU MOKpUMUS, KajlaeHo rnokpumue, nevyammHdu rniaamku, eygaHe,
bebJ/1 HQ OMOKpPsHe

Pesrome: MaeHe3zuam rnipedcmasrnsiea uHmepec 3a yyeHume nopadu kombuHauyusma Ha dee Hezosu
OCHOBHU ceolicmea: mol e fieK U KO8bK eniemeHm. [lnbmHocmma Ha MazHe3usi e 0ge mpemu om ma3su Ha
anymuHusi. Toea obsicHsiga wupokama ynompeba Ha MasHe3ul U He2o8uU crnasu 8 obnacmu Ha uHOycmpusima
Kamo camosiemocmpoeHe, asmomobusio- U pakemocmpoeHemo,koemo 600U 00 UKOHOMUSI Ha eopuso U
pedyKyusi Ha meanaomo.

lonam npobnem npu u3non3saHe Ha MazgHe3ul U He208U criasu € eucokama My XUMU4Yecka
akmueHocm, Mpu4yuHa 3a KOpo3usi Ha noebpxHocmma. 3a mnocmuzaHe Ha onmuManHu pedynmamu o
OMHOWEHUe Ha KOPO3UOHO- U U3HOCOYyCcmoU4ueocm Ha MazHe3uesume crifiasu ce rpedriaza rpurioxXeHue Ha
nodxodsuwu memoodu 3a 6e3MoK0o80 U efleKMPOXUMUYHO HaHacsiHe Ha rMoKpumusi.

KomnnuyupaHomo nosedeHue Ha MazHe3ul U He208U Criasu o 8peMe Ha HaHacsiHe Ha rokpumusi u
XUMUYECKO mpemupaHe u3uckea crieyuguyHu npedsapumernHu nodaomosku, eodewju 00 eksurnomeHyuaaHa
nosbpxHocm. 1o mo3u Ha4YuH ce ocueaypsieam MEexXHUYeCKU U UKOHOMUYECKU U3200HU yCcriogusi 3a roslyyasaHe
Ha Ka4ecmeeHuU MoKpUmusi.

Introduction

This short review presents some methods for surface treatment of Magnesium and
Magnesium alloys in order their high chemical activity to be reduced and their corrosion and wear
resistance to be improved.

Since magnesium is less dense than aluminum, with a density of only two thirds of the
aluminum, it has countless applications in cases where weight reducing is important, i.e. in aircraft and
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missile construction, space industry. Magnesium alloys are prized for its properties of lightness
combined with strength [1].

As of 2013, magnesium alloy consumption was less than one million tons per year, compared
with 50 million tons of aluminum alloys [2, 3]. Its use has been historically limited by its tendency to
corrode, high-temperature deformation, and flammability [4].

For the chemical resistance improvement of Magnesium and its alloys research and
development are carried out an expanding the application areas to be achieved. One preferred
method for surface properties improvement is metal deposition by electroless or electrochemical
methods.

According to the authors [5, 6] only complex and multilayer coatings are able to produce
optimum results for surface protection of magnesium alloys, and a great deal of research has to be
done furthermore to develop technically and economically viable coating systems.

The coating that acts as a barrier between the metal substrate and the environment has to be
uniform, adherent, pore and crack free and self-healing in the applications where damage of the
coating can occur [7].

Methods for magnesium surface pretreatment by plating deposition

The most widely used commercial magnesium alloys, i.e. AZ91D and AM60B, contain alloying
elements which form intermetallic phases (Fig. 1a). From an electrochemical point of view those
phases have different behavior when the alloy is immersed into a solution for plating or chemical
treatment. This means that the surface must be made equipotential by modifying the metallurgical
structure before the coating process or by a specific surface pretreatment.

Fig. 1. Initial stages of nickel growth on AZ91 alloy (after 1 min): a) secondary and (b) topographic mode [8]

Chen [9] recently proposed a new galvanizing process based on the deposition of a zinc film
by immersion followed by the deposition of a layer of electroplated zinc. The addition of FeCl; salts to
the zincate bath helped to change the zinc crystal structure and then the coverage and adhesion of
the zinc layer (Fig. 2). Before the electroless plating or the electrodeposition on magnesium alloys, a
copper strike layer, usually cyanide bath, is electrodeposited on zinc layer in order to provide a
uniform coverage. Yu studied the deposition (displacement + electrodepositon) of copper from a
pyrophosphate solution over a zinc transition layer deposited from pyrophosphate solution [10].

In another study, a protective copper film on AZ31 magnesium alloy, without zinc
pretreatment, was proposed. The aqueous solution containing 0.4M Na,P,0; + 0.08M Cu,P,0; +
0.24M CuSO, + 0.05M NaF was used. A galvanic displacement reaction occurrs between copper and
magnesium, then copper film is formed on magnesium substrate. After that, electroplating is carried
out applying direct current and pulse current using the same copper solution. Yang proposed a
procedure in which a copper layer is deposited onto AZ91D, by immersion plating, before EN plating.
The solution was optimized in term of temperature, pH and fluoride content by searching the maximum
coverage [11-13]. Ultrasonication was found effective in improving the copper immersion coating
process, particularly during extended deposition times, beyond the initial stages [14]. Higher coverage
of magnesium alloy surface (> 80%) by copper immersion coating was also achieved by using an
alkaline bath. The procedure proposed by Yang is schematically represented in Fig. 3 [13].
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Fig. 2. Flowchart of the overall procedure for coating on the AZ91D magnesium alloy [9]

Glas bead treatment

Degreasing Alkaline degreasing

Plating Acid etching

Cu- immersion plating

Fig. 3. Flowchart of the procedure for copper immersion coating on the AZ91D magnesium alloy [13]

Methods for surface activation for direct electroless nickel plating on magnesium alloy

Yang presented the results of a research on EN deposition (8 uym, 4.74% phosphorous) and
molybdate conversion film pretreatment on Mg-8Li alloy [15] (Fig.4).

Ultrasonic cleaning

>

Alkaline cleaning Mo-pretreatment

Electroless nickel

Fig. 4. Flowchart of the molybdate coating and electroless Ni deposition on the Mg-8Li magnesium alloy [15]
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Magnesium alloy is disposed by three kinds of acid pickling formula and activation formula and
the effect of the three kinds of acid activation formula on magnesium alloy is studied by contrast
experiment. The experimental results indicated that after disposed by acid pickling formula of HNO3; 25
ml/L, H3PO,4 25 ml/L, room temperature and activation formula of NH,H,PO, 80-100 g/L, NH4F 30-50
g/L, room temperature, magnesium alloy could realize electroless nickel plating directly. The results
showe that the structure of Ni—P coating is amorphous, the Ni—P coating is very meticulous and
uniform, the activation coating is mainly MgF, and Mg,P,0O,;, and comparing with magnesium
substrate, the corrosion potential of magnesium alloys increases by about 1.1 V and the corrosion
current density declines obviously. Tested by thermal shock test and file test, the adhesion of
magnesium alloy and Ni—P coating is good. Fig. 5 shows the section figure of magnesium alloy
electroless nickel plating, it is seen from the figure that nickel plating is well combined with the
substrate.

Fig. 5. Cross section morphology of Ni—P coating on magnesium alloy.[16]

The surface morphology of nickel plating layer is observed to find out the early growth rule of
nickel layer. Fig. 6 shows the surface morphology and energy spectrum analysis of the electroless
nickel plating for magnesium alloys in the early growth process. Fig. 6(a)—(e) respectively shows the
surface morphology and element distribution map during the plating time of 10 s, 30 s, 60 s, 120 s and
240 s.

Fig. 6. Beginning growth process of electroless nickel plating on magnesium alloy.
(a: 10s, b: 30s, c: 60s, d: 120 s, e: 240 s)

379



After continuous plating for 30 min, the surface of plating is completely covered with nickel—
phosphorus alloy layer and its structure is shown in Fig. 7: belonging to the sub- crystalline structure of
coating.

Fig. 7. X-Ray patterns of Ni_P coating on Magnesium alloy

Authors [17] investigate the influence of the chemical pretreatment before direct electroless
nickel plating on the surface roughness (Fig. 8). It is found the substrate surface roughness increases
significantly after pretreatment process, although to different degrees for different alloy substrates. The
coating surface roughness on the pure Mg substrate increases compared to the chemical pretreated
surface. On the contrary, the coating roughness on AZ31 and AZ91 alloys decreases after plating
(Table 1). Figs.9-11 show that the interface between the coating and AZ31 substrate has a rather high
roughness and a more uniform distribution than other interfacial systems, consistent to the highest Lc
value of 13N. In contrast with the smallest Lc (8.7N) and rather smooth interface between pure Mg
substrate and plating, it is believed that the interfacial mechanical interlocking effect plays a more
important role in improving adhesion strength than the substrate hardness in this coating system.
Nevertheless, various substrate composition and microstructure leads to different surface roughness
after etching, influencing the coating performance.

Table 1. Surface roughness velue Ra (um) and mechanical performance

Sample Before Before After plating Substrate Coating Adhesion
etching platin (220min) hardness hardness strength
(HV50q) (HV50q) Lc (N)
Mg 0.05+0.01 0.15+0.03 0,36+0,06 55+10 580-610 8,7
AZ31 0.05+0.01 0.37+0.06 0,22+0,04 75+10 580-610 13,1
AZ91 0.05+0.01 1.2+0.2 0,32+0,05 95+10 580-610 10,1

10

; ;:

11

Fig. 9-11 Cross section optical micrograph of electroless Ni plating on 9- pure Magnesium, 10- AZ31, 11-AZ91

subtrates
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Stage no. | Constituent or condition /alue or range
1 Ultrasonic degreasing | Ethanol 5-10 min
2 Alkaline cleaning NaOH 50 g/L
NasPO, 10 g/L
Temperature 2330k
Agitation Mild, magnetic
Time 8-10 min
3 Acid etching CrO; 125 g/l
(pickling) HNO; (70% V/V)] 110 ml/L
Temperature Ambient (293K)
Agitation Vigorous, magnetid
Time 30-60 s
4 Fluoride activation HF (40%V/V) 385 ml/L
Temperature Ambient (293K)
Agitation Mild, magnetic
Time 10 min
Electroless nickel Basic nickel 10 g/L
5 plating and operating |carbonate
conditions HF (40% V/V) 12 ml/L
Citric acid 5 gL
Ammonium 10 g/L
bifluoride
Sodium 20 g/l
hypophosphite
Ammonium 30 ml/L
hydroxide 25%
pH (colorimetric) | 4.5-6.8
Temperature 349353 K
Agitation required | Mild mechanical

1 . - g 4 . 1
Water rinse about 1-2 min is omitted after each step in this table.
Fig. 8 Sequences of operations

Conclusions and outlook

The study presents a short overview for some surface treatment of Magnesium and

Magnesium Alloys the better corrosion and wear resistance of the surface to be achieved. Many
Authors focus their attention on the electroless and electrochemical plating methods for production of
high quality coatings to expand the application areas of these materials.

Considering Magnesium lightness combined with strength it is too promising to investigate

novel coatings with improved properties for application in areas of the industry as aircraft production,
automotive and missile construction, also space technology.

Our achievements in recent Years about improved properties of electroless nickel and

composite nickel coatings give us a reason to be optimistic about possibilities for using these coatings
to ensure a bright future of Magnesium and its alloys.
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Abstract: The metal layering on the metal surface flowing without the presence of the reducing agents
or an external source of electricity is called immersion plating. The salt solution of the noble metal and less noble
metal substrate are needed the process to take place. The deposition of the noble metal on the plated surface is
observed due to displacement process.

The immersion plating of Tin on Copper is too popular in the production of printed circuit boards. The
displacement of copper with tin in the solution of tin salt becomes. The achieved layer is characterized with better
solder wettability, corrosion and oxidation protection of the surface.

The morphology observation, hardness and elasticity measurements are carried out of the Tin and Tin-
DND coatings.
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Knro4oeu dymu: 6e3mokosu UMEPCUOHHU MOKPUMUS, KanaeHo rnokpumue, rneyamdu raamku, eysaHe,
bebJ/1 Ha OMOKPSIHE

Pe3rome: [lpouecbm Ha omrazaHe Ha MOKpUMUST 8bpXy MemarsHa MoebpxHocm, npomuyaw, 6e3
Hanuyue Ha 8bHWEH U3MOYHUK Ha MOK unu 6e3 xumuvecku pedyKmop ce Hapuda UMEepPCUOHHO omsazaHe Ha
nokpumus. 3a da npomeye npoyecbm e HeobxodumMo Hanuyue Ha pa3meop Ha con Ha bnazopodeH memar u
cybcmpam om no-HebrnacopodeH memarn. [Npu moea ce Habnwdasa omnasaHe Ha ro-6na2opodHusi memarn
8bPXYy IMOKpUBaHama MOB8bPXHOCM 8 pe3ynmam Ha obmeHeH rpouec Mexdy amomume Ha cybcmpama u
memasnHume UOHU 8 pa3meopa.

UmepcuoHHOmMo omrazaHe Ha kanal ebpxy Med e MHO20 ronyspeH Memod 8 rnpou3soocmeomo Ha
neyamHu nnamku, npu kolmo cmaea 3amecmeaHe Ha Med ¢ kanal e pasmeop Ha kanaeHa con. [lonyyeHomo
rnokpumue ce xapakmepusupa ¢ 0obpa criolisaeMocm, KOPO3UOHHa ycmolyueocm U eucoka 3awuma Ha
MoKpumama nogbPXHOCM OM OKUCIIEHUE.

lposedeHu ca usnumeaHusi 3a mebpdocm, enacmuyHocm u HabndeHus Ha Mopghborogusma Ha
no8bmMxHocmma Ha rnokpumue om Kasad U KOMIMIO3UMHO nokpumue Kanal-HaHoduamaHm.

Introduction

Displacement (immersion) plating

The process of displacement plating, or also called immersion plating, is possible to flow on
the metal surface immersed in a salt solution of more noble metal. The deposition of a more
electropositive metal on a substrate of a more electronegative metal is observed. A chemical
replacement between metallic ions of the coating metal and the substrate metallic atoms becomes into
stoichiometric ratio (fig. 1). Displacement plating requires no reducing agents or an external source of
electricity which is result in difference in both process’ mechanisms and its results.
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Ni° + 2Au* = Ni2* + 2Au°

I ] | Ni2* P rich zone
| Au* [ L Ni J 1Au 3
~h

A \ .

Uniform nickel/phos

Fig. 1. The displacement reaction in which the substrate metal dissolves, as the solution metal deposits.
Phosphorous does not dissolve and become concentrated at the surface [1].

The electrons are delivered to the more electropositive metal ions in solution by the metallic
substrate due to its dissolution as the substrate is completely covered by the metal coating. This is a
reason for the coating thickness limitation to the full covering of the substrate surface. [2]. Typical
thicknesses vary from 10-200 pm.

The main advantage of the process requirements are low costs of the technological equipment
and chemicals.

Immersion Deposition of Tin

Displacement reaction between copper and tin leading to a tin deposition on copper substrate
is widely used in the printed circuit board technology [3-7]. According to the value of the electrode
potential the tin deposition on copper is couldn’t be realized. Addition of some complex agents to the
solution allows the reversion to be achieved. The most used complex agent is thiourea. The produced
tin coating during immersion plating characterized with a good solderability, thickness uniformity, an
important property for the coatings’ application in production of printed circuit boards and electronic
components [8]. The spontaneous formation of tiny crystalline length growing from the surface of tin
coating named whiskers are a big problem for electronic systems due to formation of short circuits
leading to systems’ failure. Several instances have been reported where tin whiskers have caused
system failures in both earth and space-based applications. To date, there are reports of at least three
tin whisker induced short circuits that resulted in complete failure of on-orbit commercial satellites.
There have also been whisker-induced failures in medical devices, weapon systems, power plants,
and consumer products. The mechanism of the whiskers formation is not been established. There are
few suggestions regarding to the whiskers growing connected to the affection of the stress relief. Such
stresses with internal compressive nature are generated due to formation of the diffusion layer
(CugSns) between copper and tin layers and lead to the whisker growth. Some additives as metal ions
could prevent this phenomena [9].

Experimental Methods

Tin coatings are deposited on the circuit board sided glass size 1mm, Copper - foiled of 35
microns thickness in the solution for immersion tin plating.

The preliminary processing for copper surface degreasing and micro etching are performed
before tin layers deposition. The deposition process is performed at ambient temperature.

Two kinds of coatings are investigated: immersion tin coating and composite tin coating. The
ultra dispersed diamond powder obtained by detonation synthesis (ND) [10] is used as an additive to
the immersion solution. The size of ND particles is in the range 4-6nm.In [11,12] the positive
nanosized condition on the material properties is proved.

The baths composition is as follows:

Stannous chloride concentration from 0.06M to 0.02M,

Thiourea(TU)-concentration from 0.3M to 1.0M,

Sulphuric acid concentration from 0.1M to 0.5M

Additives of different divalent ions of Co, Cd, Mn, Fe, Ni, Pb

Surface to be coated per Liter: 3dm2

Tinning time - 30min.

The ND patrticles concentration — 5 g/l, determined in [13].

The thickness of Sn coatings is determined by Back-scattering of beta-radiation method on
Betascope 2045 equipment. Sometimes the direction of beta-particles is changed when going through
a substance layer. This process is the scattering. The beta-particles interact with the electrons. Since
the mass of the beta-particle and the electron are the same, their collisions result in a scattering with a
great angle. When the change in the direction is near to 180 °, back-scattering takes place. The
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degree of back-scattering depends on the atomic number and the thickness of the scattering matter
[14, 15].

For solderability investigation of Sn layers the solder spread test is used by the contact angle
measurement. The lead free solder wire is used. The solder of 0,036-0,038g is heated at 250°C to the
melting of the wire [16].

Nanoindentation testing of the tin samples is carried out using a NanoScan measuring system.
The NanoScan is a unique device for surface properties investigations and measurements of
hardness, elastic modulus of materials, coatings and thin films. The main characteristic feature of
NanoScan is the use of piezoceramic probe sensor with high bending stiffness of the cantilever. The
system is developed by Technological Institute for Super hard and Novel Carbon Materials, Russia on
the principles of Scanning Probe Microscopy (SPM) and represents a scanning force microscope
(SFM) of original construction, working in a regime of a rigid contact in ambient environment.

The tin coatings characteristics are investigated after deposition and after aging (corrosion
test) for 10 days in an Air Humidity Chamber above the following condition: 93+3% relative humidity
and T=40°+2C, which represents storage over few months.

The coatings’ topography is observed by SEM Jed 100C at magnification of 2000 the tin
coatings’ graininess to be determined.

Results and Discussions

The obtained coatings are of gray color, dense and uniform.

The influence of different parameters on the coatings’ characteristics is investigated.

The results of coatings’ thickness dependence on the tinning time and working temperature are
presented in Table 1 and Figure 2.

Table 1. Influence of the tinning time on the coating thickness, received at different working temperature

Thickness (d), um
Tinning time, Sn Sn-Co Sn-Cd
min T=20°C | T=70°C T=20°C T=70°C T=20°C T=70°C

1 0,76 1,19 0,51 1,19 0,79 1,32
2 0,83 1,59 0,64 141 0,79 1,64
8 0,75 1,80 - 1,48 0,98 2,54
10 0,88 3,60 0,58 3,22 1,14 3,18
15 - - 0,82 3,41 - -

20 1,16 4,37 0,90 3,77 1,36 4,67
30 1,26 4,26 1,20 4,23 1,46 7,03

The experimental results show significant influence of the mentioned parameters on the Sn
deposition rate irrespective of the type of solution. The coatings’ thickness increases with the
increased tinning time and it is observed rapid increase at higher temperatures.

There are two cells at the tinning surface according to the Authors in [17], namely the
immersion cell in which tin is cathode and is depositing on the copper surface (fig. 3a) and the
corrosion cell in which the same part of tin coating is getting anode and is desolating in an acid
environment (fig. 3).

WS n-20°C
g
Sn-70°C
6 .
SNn-C0-20°C
ar WS n-Co-70°C
2 (‘4\ \I ‘ //s n-Co-70°C WS n-Cd-20°C
L o
NP ol el A7 B0 SN-Cd-70°C
1 2 10 20 30

Fig. 2. Influence of the tinning time and temperature on the coatings thickness
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a) immersion cell b) corrosion cell

Sp2+ CuTM,* Sn2t

\ ™ t H* H:

K Cu Cu A Cu

Fig. 3. The schema of galvanic cells on the surface of samples in an acid environment:
a) immersion cell, b) corrosion cell.

Given this, one could assume the greater coatings’ thickness at higher temperature is due to
the priority and speeding up the tin deposition process towards to the tin dissolution. This
phenomenon is observed because of intensification of the chemical polarization to the cathode area
through rapid chemisorption and complexation processes.

The solderability measurements are carried out for the Sn, Sn-Co and Sn-Mn layers at
temperature range between 20+80°C. The results are shown in Figure 4.

It is observed that the solderability of the coatings decrease with the temperature of the
process. The presence of divalent ions (Coz+ and Mn2+) in tin solution leads to better soldering
characteristics, i.e. the contact angle decreases.

Fig. 4. The influence of the working temperature on the contact angle
(x-Sn; A-Sn-Mn; 0-Sn-Co).

The investigation of the coatings morphology by SEM analysis at magnification of 2000
represents finer graininess for the coatings, obtained at lower temperature. The addition of the divalent
ions also influences the coatings graininess. Influence of these two parameters is shown in Figure 5
and 6.
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80°C 60°C 40°C 20°C

Fig. 5. SEM analysis of the morphology of tin coatings, observed at different temperatures
at magnification of 2000

Fig. 6. SEM investigation of the Sn-Mn, Sn-Pb, Sn-Fe, Sn-Co, Sn-Cd, Sn-Ni coatings’ morphology
at magnification of 2000

The Nanoindentation study is carried out for two kinds of coatings: Sn and Sn-ND. The results
achieved for the coatings’ morphology and hardness and elastic modulus of the coatings are
presented in Fig. 7 and Table 2.

Scan-1{Am)-cutZ.bmp

1.04 um x 1.02 um x 24,58 nm

Scan-1(Am).bmp EEx Scan-10{Am).bmp

5,20 um x 5,20 um x 62,78 nm

Fig. 7. Nanoscan observation of Sn (1) and Sn-ND (2) coatings
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Table 2. Elastic modulus and hardness of Sn and Sn-ND coatings

Sample El, GPa E2, GPa E3, GPa H, GPa
Sn 90,6+8,6 42,8+4,1 14,8+1,4 6,59+0,48
Sn-ND 149,3+14,2 69,1+6,6 35,4+34 7,37+£0,64

The addition of nanodiamond particles to the solution for tin plating leads to formation of a
finer morphology of the obtained coatings’ surface, characterized with enhanced elasticity and
increased hardness.

Corrosion after aging at above mentioned conditions of the coatings without divalent ions
additives is to a greater extent in comparison to this one of the tin coatings with divalent ions additives,
despite getting on a fine structure. The presence of divalent ions in the immersion solution also leads
to formation of uniform, equal tin layers with grains characterized with a fine structure which is one of
the reasons of good corrosion resistance. It is found no influence of the corrosion aggressive
environment on the contact angle for all of the tested coatings.

The coatings’ solderability is retained after a stay 45 days, no change of the contact angle
value also is observed for all of the tested coatings.

Conclusions

Analysis of the results achieved leads to the conclusion:

It is observed that the addition of divalent ions in a working solution causes a different rate of
the crystalline nucleus formation and their growth, leading to finer crystalline structure.

It is found the higher temperature of the working solution is a reason for a coatings’ crystal
grain enlargement.

It is determined the more fine coatings are, the wettability (accordingly solderability) thereof is
better.

The aasumption is made the better solderability of the coatings produced at ambient
temperature in a solution with additives of divalent ions could be explain with their finer structure.

It is concluded the contact angle value, respectively solderability is kept the same after aging
in corrosion aggressive environment as well as after a 45 days stay for all of the tested coatings.

It is observed that the influence of the divalent ions is weaker than that of the working
temperature.
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Abstract: This study is focused on some coatings used in aerospace area. The special inherent
properties of many metals and their alloys have focused attention on their increasing application in aerospace and
allied industries. However, severe operating conditions in air and space often limit the possibility of using these
alloys directly. Therefore to reduce the influence of adverse environmental space conditions and for successful
use in aerospace industry these metals and their alloys require special surface preparation, namely deposition of
different types of coatings on their surfaces. In this paper we will briefly present several types of the most
aerospace applicable coatings.
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Knroyosu dyMU.' AepoKoCMUYeCKU U KOCMUYECKU MPpUIOXeHUs, NMoKpumus, aﬂyMUHUU u anymuHuesu
crinasu, MagHe3ul u MagHe3uesu criyiasu, HUKenosu rnoKpumus, cmomaHu, criziagu, Kopo3us

Pe3tome: Tosa npoyysaHe e hoKycupaHo 8bpXy HSIKOU MOKpUMUS 3a KOCMuYeckume uacriedsaHusi u
cebp3aHume ¢ Hesi obnacmu. CrneyuanHume npucbwu ceolicmea Ha MHO20 Memarsnu U mexHume criiasu ca
oKycupanu eHUMaHUemo 8bpXy Hapacmeawjomo UM [IPpurioXeHUe 8 KocMmuyeckume uscriedeaHusi U
cebp3aHume ¢ Hes npoMuUWIIeHoCMU. Bbripeku mosa, cyposume ycrnosusi Ha paboma eb8 8b30yxa U KocMoca
yecmo oepaHu4Yasam 8b3MOXHOCMIMa 3a U3roni3eaHe Ha mesu crsasu oupekmHo. CriedosameriHo, 3a 0a ce
Hamarnu enusiHuemo Ha Hebrnaz2onpusmHume ycnosusi Ha OKofHama cpeda U KocMoca, 3a YCrnewHomo
usronisgaHe 8 KocMmuveckama MpoMuUlIIeHocm, mes3u Memarsnu U mexHume criasu u3uckeam creyuanHa
obpabomka Ha MOBBPXHOCMMA, @ UMEHHO HaHacsiHe Ha pasfiuyHu eudose MOoKpUMUsl 8bpXy mexHume
rnosbpxHocmu. B masu paboma we npedcmasum Hakpamiko HAKOAKO euda om Hal-u3ronssaHume 3a
KOCMUYECKU MPUIIOXEHUST MOKPUMUSI.

Introduction

The present work is motivated by the nowadays tremendous interest in extremely stable in
space environment coating materials. The evidence is the Space Programs and space budgets, which
almost every country has. Today the coatings attract a lot of attention, especially in aerospace
applications. We can not use directly the metals and their alloys in aerospace industry, or at least most
of them for a long time. This is due to the negative influence of the unfriendly environment conditions
in outer space. Therefore to reduce the influence of adverse environmental space conditions and for
successful use in aerospace industry, these metals and their alloys, and all items made of them,
require special surface preparation, namely deposition of different types of coatings on their surfaces.
In this paper we will briefly present several types of coatings, namely some of the most applicable
coatings in aerospace.
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Examples of some coatings used in aerospace

In the literature and in the industry there are sufficient data for such coatings. Aluminium (Al)
alloys are frontrunners among the structural materials used in space applications. But being a strong
electronegative metal, aluminium has a strong oxygen affinity and forms a thin tenacious oxide films.
For that reason, aluminium and its alloys require special surface treatment for successful use in
aerospace industry. For example in [1] are presented studies on ultra high solar absorber black
electroless nickel (Ni) coatings on aluminium alloys for space application. Process optimization was
carried out by investigating the influence of various operating conditions, viz., pH of electroless nickel
solution, thickness of electroless nickel deposit, formulation, concentration, temperature and
processing time of etching solutions on the physico-optical properties of the black coating. The nature
of the coating was evaluated by the thickness measurement, micro hardness evaluation and EDX
studies. The microstructure of the deposits was examined under scanning electron and optical
microscope. The space worthiness of the coating was evaluated by the environmental tests, viz.,
humidity, corrosion resistance, thermal cycling, thermo-vacuum performance and thermal stability
tests. Optical properties of the coating were measured before and after each environmental test to
ascertain its stability. The blackened electroless nickel provides high solar absorber in the order of
0.995. The results of these studies clearly indicate that the coating process described in [1] is
extremely suitable as a solar absorber coating for space and allied application.

Magnesium has focused attention on increasing applications in aerospace and allied fields. Its
density is two thirds that of aluminium-a conventional structure material for aerospace. Magnesium
has one drawback: it is prone to atmospheric corrosion. Further, because of its high chemical affinity
for agueous solutions, it is categorized as a difficult metal for electrochemical treatments. The highly
reactive nature of magnesium is clearly indicative by its position in the electromotive series. The
situation is still more complex for magnesium alloys, where the alloying constituents introduce
electrochemical heterogeneity. Communication satellites make use of a traveling wave tube (TWT) for
amplification of signals. In a TWT the collector is the main source of heat dissipation. The electrodes
are heated by the residual kinetic energy of the collected electrons; however, the electrodes must be
maintained at a relatively low temperature. There are two ways to dissipate this heat into cold space.
One of them is: heat radiation or conduction from the electrodes to a radiator, which is an integral part
of TWT. This is called radiation cooling and is suitable for even high-power TWTs. This cooling
method simplifies spacecraft thermal control. A fin structure is attached to the collector end to increase
the heat transfer area, and a high-emittance coating is applied over it to improve heat-radiation
characteristics (See Figure 2 in [2]). The radiator, top collector, and base plates of TWT (shown in
Figures 3 to 5 [2]) were made out of magnesium alloy ZM21. In a conventional TWT, these are
fabricated out of aluminium alloys. The magnesium alloy ZM21 was selected because of its inherent
lightness and higher thermal conductance over conventional magnesium alloys. The radiator requires
a high-emittance coating on the exposed portion to reject the heat in space. The inner area of the
radiator and the complete surface of the top collector and base plates are to be coated with a high-
corrosion-resistance coating with good solderability characteristics. These coatings should withstand
elevated temperature for an extended period without degradation in their properties. In [2] an
electroless nickel deposition process is described and applied. The process provides a high degree of
corrosion resistance at elevated temperatures and a good solderability and wettability to the soldering
material. A process of electroless nickel plating on magnesium alloys [2] using the sequence of
fluoride activation, electroless nickel deposition, passivation, and heat treatment has been optimized
for aerospace applications. The process provides excellent plating coverage inside narrow holes. The
electroless nickel coating so obtained has adequate mechanical properties, corrosion resistance,
solderability, and environmental stability for stringent space requirements.

In [3] are presented many examples of aerospace applications (and also in many other areas
of applications) of electroless nickel. All of the properties of electroless nickel are used to advantage in
this industry. In aircraft engines, turbine or compressor blades are plated with electroless nickel as
protection against the corrosive environment they are exposed to. The coating thickness in this
application is generally 1 to 3 mils of high-P electroless nickel. When the blades are plated with
electroless nickel, there is about 25 percent less loss of fatigue strength than when plated with hard
chrome. Electroless nickel coatings compliment aluminium's inherent characteristics (its density and,
consequently, its light weight.) by adding hardness, wear resistance, corrosion protection, and
solderability. Piston heads are a good example of the successful combination of aluminium and
electroless nickel in the aerospace industry. The light weight of aluminium allows the piston to work
more efficiently, while the electroless nickel provides wear resistance that extends the useful life of the
piston. The main shafts of aircraft engines are plated with electroless nickel to provide good bearing
surfaces. An additional advantage of electroless nickel is realized when rebuilding of the shafts is
required during maintenance overhauls. The remaining electroless nickel can be stripped off and
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replated to the required thickness. This contrasts favorably with the more expensive machining
required for chromium-plated shafts. The rear compressor hub sleeves and bearing liners of the TF30
Jet engine are reconditioned and replated with electroless nickel at a cost savings of several thousand
dollars over the purchase of new components. The components are made of a titanium alloy
containing 6 percent vanadium and 4 percent aluminium. Two mils of electroless nickel are used as
the finish. In addition to engine-related applications, electroless nickel finds many other uses in the
aerospace industry. The relatively low coefficient of friction of electroless nickel, coupled with its
corrosion resistance, makes it useful in plating servo valves. Landing gear components are plated with
1 to 2 mils of electroless nickel to build up mismatched surfaces, as well as to provide corrosion
resistance. Metallic optics are becoming widely used in spaceborne systems. In these applications, a
strong coating must be deposited over a light, strong metal such as beryllium or aluminium. Special
high-phosphorus electroless nickel deposits have been polished to 9 A (13), providing superior
performance in space applications where high G forces are present and low inertia is required. Table
8.2 (form [3]) summarizes the major uses of electroless nickel in the aerospace industry.

In references [4,5,6] the authors thoroughly presented the types of conformal coatings used in
space applications. Conformal coatings are used in space applications on printed circuit board (PCB)
assemblies, on spacecraft electrical circuits, primarily as a protective barrier against environmental
contaminants. Such coatings have been used at Sandia National Laboratories for decades in satellite
applications including the GPS satellite program. There are five primary types of conformal coating
materials used for environmental protection of electronics: acrylics, silicones, polyurethanes, epoxies,
and parylenes. The first four are typically applied with spray or dip operations, while parylenes are
applied using a vacuum deposition process. Proper selection of conformal coating material may
increase lifetimes and improve performance of electronic assemblies. In [4,5] authors give us also
recommendations for future work in the field of conformal coating space applications.

In the work [7] are studied some of the properties (microstructure, mechanical,
electrochemical, wear-corrosion) of electroless nickel-phosphorus (ENP) coatings on carbon-fiber-
reinforced plastic (CFRP) composites, commonly used in aeronautical and astronautical applications
due to their superior properties such as high specific strength and modulus. Experimental results
demonstrate that a uniform ENP coating was successfully deposited on a CFRP substrate via
electroless plating after appropriate sensitization, activation and mechanical polishing pre-treatments
of the CFRP substrate exhibited excellent protection from corrosion and wear corrosion for CFRP
composites. The microstructure, phosphorus content, thickness and electrochemical and wear-
corrosion properties of the ENP coatings were strongly correlated with the pre-polishing condition (the
corresponding surface roughness) of the CFRP substrate. High P content (P > 7 wt.%), low micro-
porosity, smooth morphology, high thickness and hardness of ENP coatings on the CFRP substrate
were obtained when substrate surface roughness was =0.3 pym (grinding with 800-grade emery
paper). The resulting electrochemical behavior exhibited a strong passivity that is favorable to
enhanced wear-corrosion resistance properties.

The corrosion in space is described in [8] by the effect of atomic oxygen on several materials.
The metals investigated are Cu, Au, Al, stainless steel, Ta, Al alloys and Mo. These materials were
exposed with and without coatings, such as silicones. Other groups investigated Os, Pt, Ni, Fe-alloys
and carbon. The metal which was most affected was silver. Silver oxidizes according to a linear-
parabolic law and due to the thermal stresses the oxide layer continuously breaks up, resulting in a
linear degradation. Atomic oxygen not only attacks materials in the line of sight of the ram flux, but
also by reflected atomic oxygen. Many materials form an adherent oxide layer, such as Cu, Al, and
stainless steel and are as such protected once this oxide layer is formed. Some materials have a
volatile oxide such as Osmium and many polymers materials. On way to protect the silver of being
oxidized by atomic oxygen is by plating with gold. The tests on polymers show that each polymer
appears to be sensitive to a different component of the environment. The conclusion in [8] was: the
effect of atomic oxygen on surfaces in laboratory experiments might be different from the effect
encountered during low earth orbit exposure. During orbit the exposed samples undergo a thermal
cycling sequence of +100/-100°C. This might have a detrimental effect on some oxides. The
simultaneous action of atomic oxygen attack and thermal cycling might be compared with such effects
as static stress and corrosion (stress corrosion) and fatigue and corrosion (corrosion fatigue), where
the result of the combined action is more than the sum of the separate effects. To predict materials
performance in low earth orbit, one must accurately simulate the conditions of the low earth orbit
environment or at least understand how the performance of materials under simulated conditions
relates to that in space.

In [9] were prepared the Ni-Fe-La-P rare earth alloys of glass fiber. Rare earth element
lanthanum (La) was first introduced into glass fiber by electroless plating, in order to improve and
adjust the chemical, physical properties and microstructure of alloy coatings. The application of rare
earth element La in electroless plating was explored. The results showed that an appropriate amount
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of rare earth element La could improve the stability of the chemical plating solution and reduce the
temperature of electroless plating by 6°C - 20°C. La not only could make the morphology of alloy
coatings compacted, smooth and uniform, but also could greatly improve the contents of Fe, Ni and
could tremendously reduce the content of P in the alloy coatings of glass fiber. The conductivity and
magnetic properties of the alloy coatings could be increased by La. La could promote the transition of
alloy coatings from amorphous state to crystal state, improve the electromagnetic performances of
alloy coatings, and enhance the electromagnetic wave absorbing properties and application areas of
alloy coatings.

In [10] were investigated 3 new crystalline and amorphous MoS, based coatings for space
applications. The study focus on understanding what governs the tribological behavior of dry
lubricated contact to find out the keys to develop new coatings for space applications. Firstly
conducted on sputtered columnar MoS, coatings and amorphous MoS,+Ti coatings, experiments
show that contamination modulates the 3" body rheology and helps controlling the 3" body generation
(particlesizeand amount). To dissociate the role of both Ti and the coating microstructure in the
tribological behavior of the coatings, a sputtered amorphous MoS, coating was studied. The study
confirms the beneficial impact of the addition of a controlled amount of contamination on their
tribological behavior . It also brings some recommendations to design coatings for space applications
in terms of microstructure, addition of metal and gaseous dopants, etc.

Electromagnetic interference (EMI) and electromagnetic compatibility (EMC) are garnering
more attention due to the rapid growth in the use of telecommunication and electronic devices in
residential and industrial applications. A number of materials for the EMC purposes have been
proposed that are capable of absorbing electromagnetic radiation. However, the conventional
absorptive materials such as metal powders and ferrites are quite heavy, and this restricts their
usefulness in applications requiring lightweight mass (such as earospace). In the study [11] highly
conductive Ag thin film is coated on hollow silica microspheres via electroless plating for application in
lightweight microwave absorbers. Their microwave absorbing properties were analyzed in relation to
the electrical properties of the thin film. The microwave absorbance was enhanced with decreases in
the electrical resistance of microspheres due to the increased dielectric loss. As a result, the
lightweight and thin microwave absorbers were proposed with the Ag-coated microspheres with a
controlled electrical resistance for lightweight mass applications.

Every year energy requirements of people increase, because all human activities require
energy. Many researchers look for possible alternate sources of energy. There has been a significant
interest on hydrogen evolution reaction (HER), which is one of the most intensively studied reactions
industrially. Hydrogen can be produced by a number of processes, one of which is alkaline water
electrolysis. This method however is too expensive and consumes too much energy. There are
several ways to reduce the cost of hydrogen production by means of improving the electrode's
performance leading to low energy consumption. New electrode materials capable of catalytically
reducing the energy barrier of the HER have been investigated. In order to improve the electrocatalytic
performance of the surface, a nhumber of metal alloy coatings have been recently developed and
reported to have low over potential and high exchange current density as available in recent
literatures. Literature reports also confirm that nickel and its alloys could be considered as the highly
active electrode materials among all the various types of metal or alloy coated electrodes studied for
the hydrogen evolution reaction in alkaline solutions. The effects of nano NiO incorporation on
enhancement of electrocatalytic efficiency of the electroless Ni—P coatings for HERs in alkaline
medium were systematically investigated in paper [12] with respect to both metallurgical and
electrochemical characteristics. An improvement in the hardness and thickness of electroless coatings
along with a mirostructural surface grain refinement was achieved by the incorporation of the nano
NiO into the Ni—-Pmatrix. The role of nano NiO on enhancement of electrocatalytic efficiency of the
coatings for catalyticHER is evident from the results of potentiodynamic polarization and cyclic
voltammetric studies.

Magnesium and its alloys have excellent physical and mechanical properties for a number of
applications. In particular its high strength:weight ratio makes it an ideal metal for automotive and
aerospace applications, where weight reduction is of significant concern. Unfortunately, magnesium
and its alloys are highly susceptible to corrosion, particularly in salt-spray conditions. This has limited
its use in the automotive and aerospace industries, where exposure to harsh service conditions is
unavoidable. The simplest way to avoid corrosion is to coat the magnesium-based substrate to
prevent contact with the environment. The review [13] details the state of the art in coating and surface
modification technologies, applied to magnesium based substrates for improved corrosion and wear
resistance. The topics covered include electrochemical plating, conversion coatings, anodizing, gas-
phase deposition processes, laser surface alloying / cladding and organic coatings. A great deal of
research is still required to develop better, simpler, cheaper coating technologies (especially protective
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coatings that can withstand harsh service conditions) so we can take advantage of the lower weight
and excellent mechanical properties of Mg.

Electromagnetic waves have been widely used in both military and civil applications: radar,
wireless communication tools, local area networks, personal digital assistant, aerospace, etc.
However, there are many problems caused by the increasing usage of electromagnetic waves. In
order to provide solution to electromagnetic interference (EMI) and microwave absorption, the
absorbers of electromagnetic waves are becoming very important, which have attracted much
attention of many scientists. Carbonyl iron, as well as ferrites, has been extensively studied for a long
time as magnetic components of polymeric composites for the application of electromagnetic wave
absorbers. However, carbonyl iron is more suitable to be applied in a broad frequency range than
ferrites. In paper [14], Co-coated carbonyl iron was synthesized using an electroless plating method,
using flaky carbonyl iron particles as raw materials. This preparation method has the advantages of
simplicity, low-cost and high-purity in practical applications. The antioxidation and electromagnetic
properties of the Co-coated carbonyl iron were discussed in detail. So the Co-coated carbonyl iron has
much better antioxidation property and can also serve as a super thin microwave absorber for different
applications.

Black coatings on metallic substrates are widely used for numerous applications; for example,
as decorative coatings, as solar absorption coatings in solar panels, as antireflective coatings in
optical instruments etc. It has been reported that there is a strong relationship between the optical
properties of black nickel coating and its thickness. The coating exhibits solar absorber property only
in a narrow range of thickness and with increase in thickness, the coating behavior changes from a
solar absorber coating (high absorbance and low emittance) to a flat absorber coating (high
absorbance and high emittance). High emittance coatings play an important role in passive thermal
control of spacecraft. These coatings are predominantly applied on internal packages of spacecraft to
improve their heat radiation characteristics. In a spacecraft, the electronic packages that are in
operation may become too hot due to large heat dissipation while other standby may have the
tendency to get colder. High emittance coating helps in minimizing the temperature gradient between
the operational and standby components by improving their heat radiation characteristics. In [15] black
nickel, an alloy coating of zinc and nickel, was obtained on copper substrate by pulse
electrodeposition from a modified Fishlock bath containing nickel sulphate, nickel ammonium sulphate,
zinc sulphate and ammonium thiocyanate. The main objective of this work [15] was to optimize the
process parameters to develop high emissivity space worthy black nickel coating to improve the heat
radiation characteristics of the substrate surface.

The guide [16] to reflectance coatings and materials contains the description of many coatings
and materials suitable for many space applications. One example: Infragold NIR-MIR reflectance
coating; the typical reflectance of Infragold is >94% above 1000 nm and data is traceable to the
National Institute of Standards and Technology (NIST). Infragold can be applied to metal parts,
generally aluminium, nickel or steel, although it has been applied with success to copper and
tungsten. It is generally used for reflectance integrating spheres and accessories for NIR to MIR
applications and is suitable for many space applications.

[17] reports a method of fabrication for small-feature-sized nickel microbumps on gold using a
newly developed technique called electroless Ni plating with noncontact induction (ENPNI). This
technique, differing from conventional electroless Ni plating with contact induction (ENPCI), which
directly connects an active metal with an inactive metal to induce Ni electrochemical reaction, is
characterized by separation of the active metal and the target metal. The mechanism of ENPNI is
interpreted by employing the electric-double layer theory, and some phenomena are explained by the
proposed mechanism. Ni microbumps with a diameter of 3-6 ym and a height of 3—4 ym have been
successfully fabricated using ENPNI. The resistance of the Ni microbumps is measured, and yield and
uniformity are evaluated. By breaking the restriction of contact, ENPNI has the advantages of no need
for pretreatment and contact induction, allowing fabrication of microbumps with small feature sizes for
applications in which direct contact of an active induction metal is impossible. The obtained in [17]
results demonstrate that ENPNI is a promising method to fabricate microbumps for 3-D integration of
MEMS arrays with ICs (it is obvious, that very small devices are very applivable in space).

High efficiency, thin-film Epitaxial Lift-Off (ELO) Ill-V solar cells offer excellent characteristics
for implementation in flexible solar panels for space applications [18]. However, the current thin-film
LO solar cell design generally includes a copper handling and support foil. Copper diffusion has a
potentially detrimental effect on the device performance and the challenging environment provided by
space (high temperatures, electron and proton irradiation) might induce diffusion. It is shown that heat
treatments induce copper diffusion. The prime alternatives for a different metal foil carrier known to be
compatible with thin-film cell processing are silver and gold, which are much more expensive than
copper. Other alternatives of particular interest for implementation in GaAs solar cells would be the
electroplated titanium and nickel diffusion barriers suggested for silicon solar cells [18].
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There are many companies on the market space today, which offer various coated items for
space applications. One of them, Glenair Inc. (United States) offers composite thermoplastic
interconnect components (instead of coated metals), which are manufactured from high-grade
engineering thermoplastics for the toughest application environments. Specifically geared for high-
performance air, sea, land and space applications, Glenair's line of composite connectors and
backshells are ideally suited for systems which require electromagnetic compatibility, reliable
environmental protection and long-term durability. Through the use of selective plating—which limits
easy-toscratch plated surfaces to the protected portions of the part—Glenair has effectively eliminated
superficial damage to coupling nuts, saddle bars and box exteriors. The parts are free from visible
wear-and-tear problems that forces premature replacement of backshells, connectors, box assemblies
and other EMC interconnect components. Over the past 15 years, Huber+Suhner AG, has been
manufacturing microwave assemblies, offering outstanding electrical and mechanical characteristics,
which have been successfully employed in various scientific and commercial space projects. The use
of its space application ranges from low earth orbit (LEO), geo synchronous orbit (GSO) to
interplanetary unmanned vehicles as well as manned missions. Its carefully balanced range of cables
and connectors covers the frequency range up to 65 GHz having at the same time flexibility, increased
mechanical strength or protection against abrasion. Their patented connector assembly system
ensures a reliable connection between the connector and the cable in any situation. The most
important: the most of the connector parts of their space flight power sub miniature connectors (which
are made of different alloys) are plated with different coatings (gold, ceramic coating, etc.).

Every year in the USA is accepted Joint industry standards “Space Applications Electronic
Hardware Addendum to IPC J-STD-001E Requirements for Soldered Electrical and Electronic
Assemblies” [19]. In this important document are listed all necessary properties for coatings in space
applications.

Aluminium metal matrix composites (MMCs) are the most significant materials in aerospace
and automotive industries due to their superior mechanical properties. A variety of methods have been
used for synthesizing these composites, but the liquid-state route is the simplest technique with lower
cost. However, low wettability of ceramic particles as reinforcement by liquid metal matrix is a major
problem in fabrication of MMCs via casting (liquid- state) method. This important challenge is
addressed by the use of metal-coated ceramic particles to increase the wettability of the composites.
Metallic coating of ceramic powder particulates is commonly performed in order to alter the specific
properties of ceramics. The mass gain (MG, %) of coated metal on ceramic particle plays an important
role in this regard. Copper, nickel and cobalt are three important metals, which were reported for
fabrication of metal-coated ceramic particles as reinforcements of MMCs. As example, the
investigation [20] was undertaken to predict the MG of cobalt electroless deposition (ED) on ceramic
SiC particles.

The overviews [21,22] presented the guides to the use of electroless nickel for engineers,
metallurgists, designers and others involved in materials selection. The important properties of
electroless nickel deposits are described and examples are given of how these properties have been
used successfully to solve materials problems in various industries. In [21] special attention is given to
the use of electroless nickel in aerospace industry. Initially, the main interest was in the use of
electroless nickel during engine overhaul and maintenance programmes. On jet engines, it has also
been used on fuel control assemblies and bellows and in the space programme, it has been used
effectively on the docking, cargo bay and ruder mechanisms of the space shuttle. Applicatins in the
aerospace industry are not limited to engine components. Electroless nickel is used on many airframe
assemblies 30 such as landing gear components, ramp locking systems and flap and actuator
components. Several parts of the mai landing gear of the Boeing 727 are protected from corrosion and
erosion by electroless nickel. These are mostly high strength steel parts that previously were coated
with cadmium and now have extended service life since a change to electroless nickel was made. In
addition, electroless nickel is used on some critical and advanced aircraft navigational systems. The
expanding use of metallic optics17 in the aerospace industry has resulted in another successful
application for electroless nickel. The requirement is for a high strength coating to be applied to a
strong, light metal such as aluminium or beryllium. A deposit, containing 12.2 to 12.7% phosphorus,
polished to an extremely fine finish has provided outstanding performance in space applications where
high G forces are present and low inertia is required. Many components used in the space programme
are plated with electroless nickel to provide corrosion protection, wear protection and excellent
lubricity as required. These include components on the space shuttle-31 used in fuel systems, gear
systems and fluid transfer systems for example. Composite coatings of electroless nickel and
fluorinated carbon [21-23] are also used for various applications, including battery components and
satellite systems.

As already mentioned above, Al alloys and Al-based composites constitute a very important
class of engineering materials widely employed in the aircraft and aerospace industry for the
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manufacturing of different parts and components due to their high strength-to-density ratio and being
the second cheapest of all commercially important metals after magnesium. In our department in
SRTI-BAS [24,25] was synthesized a new Al-based alloy, namely Al alloy B95 with certain additions of
tungsten (W) and some nanodiamonds (ultrafine diamond particles, ND). These detonation
nanodiamonds were used as strengthening particles for improving the mechanical properties of Al
alloy. Also some of us [23,26,27] have experience in electroless nickel composite coatings with
nanodiamond (ND) additives. The so modified, with nanodiamonds and W, aluminium alloy B95
(B95+W+ND), prepared in our department, was a part of the DP-PM module of the international outer
space experiment “Obstanovka” (carried out in the Russian sector of the International Space Station).
In the international project "Obstanovka" were involved six countries: England, Bulgaria, Poland,
Russia, Ukraine and the Czech Republic, on the International Space Station. On 02.12.2013, at 0:40
pm., with the transport spacecraft "Progress 18M" on board of the International Space Station was
supplied scientific equipment, including the DP-PM module with our alloy. The aim of this international
space experiment was to investigate the 2 years and a half influence of outer space environment on
the properties of the alloy (B95+W+ND). The box, on which were mounted the samples of the so
modified (see above) Al alloy B95 (for being exposed directly to the outer space conditions, for about a
2 years and a half stay), was coated by a bilayer composite electroless Ni coating (Ni / Ni + ND) to
improve the surface characteristics of the box alloy. After this exposure to the outer space influence,
the samples and the box were returned to the Earth for future research. Today the comparative
analysis of the samples (i.e. of the both types of materials, that were and that were not in the outer
space) is under study.

Conclusions and outlook

Here is presented a brief (because of the lack of space) survey of some coatings for
aerospace applications. We see the important role of different coatings for space research and
applications. Both experimental and theoretical studies of the coating structures, properties and
materials are quite important for development of the new coatings and their new space applications.

Hence it is very interesting and useful to study the material properties in the context of new
coatings of considerable interest for application in space technology and in particular for aerospace
instrumentation.

We see that some of the unique properties of electroless nickel and electroless composite
nickel, such as thickness uniformity, hardness, corrosion resistance, not expensive and magnetic
response have resulted in its use in many different industries. Today it is firmly established as a
functional coating in the electronics, oil and gas, chemical, aerospace and automotive industries, for
instance. It is also recognized and used effectively in many others and the number of applications
continues to grow.

Last but not least, our experience in the electroless nickel depositions and electroless
composite coatings will be of great help in the future study of unknown coating properties, coating
structures, new reinforcing particles (in composite coatings) for new potential aerospace applications.
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Abstract: Shown is the method of removal of blocks PD-PM from the surface of the PVK and preparing
its return to Earth.

BbBeneHue

CTpemexbT Ha YoBeka da ce pasBuBa, Aa Cb3hasBa ypeau M anapaTu KOUTO Aa YnecHAT
HayMHa My Ha XXMBOT Ca HeJOoCTaTbyHM 3a Hero. XunagonetHata My medrta ga netu B HebeTo un go
HebecHM Tena gaTvpa B nuTepaTypaTta Ha No4vTu Ha BCUYKM Hapoau. JlobonnutcTBoTo My AoBexaAa A0
Cb3aBaHETO M PaBUTUETO Ha KOCMWYECKUTE TEXHOMOrMu 4pes npouecu K onepauum, KouTo ca
XapaKTepHu 3a 3eMHaTa NMPOMULLINIEHOCT, HO Ce n3nonseaT B ycrnosusita Ha Kocmoca.

M3yyaBaHe BNUSHMETO Ha KOCMWYECKUTE YCMOBUS BbPXY PasnnuHn matepuanu gosexga ao
paspaboTBaHe M M3nonssBaHe Ha HOBWM MaTtepuanu. HenpekbCHaATOTO TbPCEHe Ha HOBM CNMaBu CbC
cneumduryHn cBOMCTBa AoBexda Ao nogbopa Ha OCHOBHMA MmaTepuan B Hawarta pabota ga e
anyMMHWIN ySIKYEH C AMamaHTeH npax n Bondpam.

MaTepuanbT npeacTaBnsBa 3HauMTeNneH WHTepec 3a M3Mon3BaHeTo My B KOCMu4yeckaTa
TEeXHVKa M B YaCTHOCT 3a KOCMWYECKOTO NpubopocTpoeHe. ETO 3aLL0 naeiiHNAT NpoekT ce peanusmpa
B CbTPyAHMYECTBO C Bofelwla AbpxasBa B To3n OpaHw- Pyckus mogyn Ha MexayHapogHaTa
Kocmunyecka CtaHuma (MKC) , B KoeTo pasgeneHue, KONEKTUBBLT yyacTBa akTuBHO ¢ 6rok Ar-MM,
kaTo yacT ot ekcrnepumeHTa OBCTAHOBKA.

Bnok OrM-MNMM npeactaensiBa koHTenHep ¢ pasmepn 185mMm x 70mm x 10mMm. B cbpueBnHaTa
Ha KOHTerWHepa ca pasnonoxeHn 10 Op. umnMHOPWYHW obpasun, n3paboTeHn OT BUCOKOSIKa
anymuHueBa cnnas B95 ysakyeHa ¢ HaHoguamaHTeH npax n Bondpam (~0,1%). (dowur.1)
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Mpobwu ot
n3crnegsaHuTe
obpasumn

our. 1. bnok AM-rMM

Cnepn wartenHa npoBepka 3a maca, rabaputi, NpUCbEAMHUTENHM pa3Mepun, BbHLUEH BUA 3a
Wynnu, BANbOHATUHN, NyKHATUHW, OPACKOTUHM MO 3aLLMTHUTE MOKPUTUS U OApYrn AedeKkTH, BNUsieLm
Ha KayecTBOTO M pasBansWy BBHLWHMSA BUA4, BaKyMHW W3NUTaHWS, Bb3AENCTBME Ha noBuULLEHW/
MOHWMXXEHN TeMNepaTypu Ha ekcnnoartauusa u ap. onok ArM-NM 6e gonycHat 3a nonet. Ha 12.04.2013
r. 6rnok AOrM-NM 6e kavyeH Ha G6opga Ha MKC, a Ha 19.04.2013 r. 6e M3HeCeH M MOHTUpPaAH OT
KocmoHaBTuTe [laBen BuHorpagoB u PomaH PomaHeHko oOT BbHWHaTa cTpaHa Ha MKC Bbpxy
nnasmeHo-BbIHOB komniekc MBK.(dwur. 2)

MsicTo Ha
ook JAII-ITM
Bbpxy [IBK1

®ur. 2. NnasmeHo-BbNHOB komnnekc MNBK (HPOK.411711.001 PJ)
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@ur. 3. NnasmeHo BbAHOBUAT KOMMIIEKC OT BbTpe

e,

our. 4. MoHTUpanuaT 6nok AM-MNM, NMBK1 Bbpxy noBbpxHocTTa Ha MKC

Cniep npecTton oT 2 roguHu n Yyetupm meceua, 6nok ArM-NM e BHeceH Ha 6opaa Ha MKC Ha
10.08. 2015 r. ypes npeaBapUTENHO NOArOTBEHA METOAMKA 3a AEMOHTaX, nspaborteHa ot MKUT-BAH
, NKN-PAH v opobpeHa ot PKK “EHeprus®.

[eMOoHTaxbT e n3BbpLleH OT kocMoHaBTuTe NeHHaams MNagankn n Muxamn KopHueHko.

our. 5. KocmoHaeTute NeHHagua MNaganku u Muxamn KopHueHKo B OTKpUTUS KOCMOC Npeau AeMOoHTaxa
Ha 6nok AMN-NM
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@ur. 6. n dur. 7. KocmoHastute NeHHaams MNaganku n Muxann KopHueHKo B OTKPUTUSE KOCMOC

Teopus Ha MeTOAMKaTa

MeToavkaTa cbAbpxa CBeOeHUA 3a CbCTaBa, npeAHasHayeHWeTo, napameTpu Ha
nsnon3yemotro obopyaBaHe npu gemMoHTaxa Ha ©Onoka [AMN-MNM ot noeBbpxHocTTa Ha [BK un
noaroToBka Ha HEroBOTO 3aBpbliaHe Ha 3emsaTa, KakTo M npouenypa 3a Ae/CTBUATa Ha ekunaxa u
cneumanuctute UYM, 3a ga ce rapaHtupa pabotata Ha [BK1 ©n KOHTpon Ha TexHW4YeckuTe
xapaktepuctmkn Ha [NBK1 B u3nbnHeHMeTOo Ha npeasuaeHuTe genHoctn no KE Ha nporpama
"O6cTaHoBka (1 eTan)".

MeTogukaTa e U3KM4YMTENHO TOYHAa 3a BCAKO €0HO AENCTBUE Ha KOCMOHABTA, KaTo Ce NoYHe
OT OTBaApPSHETO Ha foKa A0 3aTBapsiHETO My crne NpeknoyBaHe Ha paboTtata B OTKPUTUSA KOCMOC.

pachmk Ha paboTaTa Ha KOCMOHaBTUTE OT BbHLUHATa CTpaHa Ha cTaHuusATa:

» OTBapsiHe Ha ntoka 3a goctbn (OBJ) - 17:14 mck.;

dur. 8. OTBapsiHe Ha ntoka Ha MKC

* IlannsaHe B oTkputus kocmoc (BKM) - 17: 14-23: 48 ms.

@ur. 9. N3nusaHe B OTKPUTUSA KOCMOC

» 3aTBapsHe Ha ntoka 3a nsnusaxe (3BJ1) - 23:48 ms.

MpoabmknTenHocTTa Ha npebuBaBaHe Ha KocMoHaBTUTe [eHHagus [Magankm n Muxamn
KopHueHko B ycnoBusiTa Ha OTKpUTUS KOCMOC ca 6 yaca 1 34 MUHYTMU.
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MeTtoaunka no gemoHTax Ha 6nok AMN-NM (Metoaunka KE 142422).
Bnok OM-INM e MoHTMpaH OT BbHLLHATa NOBbPXHOCT Ha 6ok KINB1.

1. briok AOMN-NMM Tpabea ga 6bae oTcTpaHeH OT noBbpxHocTTa Ha [1BK1 6e3 pa Obae
HapyLLeHa paboTocnocobHocTTa Ha 6nok MNBK1.

2. briok [MN-TM HeTpsbBa oa 6bae HapaHeH, HagpackaH Npu caMmusi LEMOHTaX.

3. Bnok AOMN-NMM Tpsbea Taka ga 6bae A4EMOHTMpPaH, Ye BbpPXy MOBLPXHOCTTA My Aa He ce
nony4art 3aMbpCcsBaHUS.

1 cTbfNka — 3axBalllaHe C pbkaBuLaTa 3a YXOoTO B OTBOpa, npemaxsaHe Ha Al-NMM ot
noBbpxHoOCTTa Ha NBK1;

> 2 cTbnka — cnarane Ha AlM-MNM B “onakoska AM-INM” (dur.10). Mo Bpeme Ha onakoBaHETO He

ce gonycka gonup Ha obpasuuTte B 30Ha B, cwrnacHo MY OMM-MM;

our. 10. XepMeTU4eH KOHTEHEpP 3a CbXxpaHeHue Ha 6nok AM-MNMM
3 cTbnKa — BHacsiHe Ha “OnakoBka OM-MNM” Ha 6opaa Ha MKC

Mo Bpeme Ha cbXxpaHeHneTo Ha 6opaa Ha MKC Hsima cneumnanHn M3nckBaHUS KbM CbCTaBa Ha
aTMocdpepaTa, BNaXHOCTTA U CTeMeHTa Ha XepMeTMdHOCT. CbXxpaHeHMeTo € [OoMnycTUMO B efHa
onakoBKa, KOSITO Ja rapaHTupa, 4ye npobute HamMa aa GbaaT HapaHeHW U 3auanaHu. XXenaTtenHo e
onok Ar-NMM ga 6bae crnoxeH B TBbpPA kanbd.

M3nckeaHuaTa 3a goctaBkaTa Ha 6nok OM-NMM Ha 3emsTta kato 4act oT TIK "Cbio3" ca
WMOEHTUYHU C N3NCKBaHUSATA 3a goctaBka Ha [lM-INM Ha 6opaa Ha MKC. 3aBpblaHeTo Ha 3emsTa ce
M3BbLPLLBA B CbOTBEACTBUE C MHCTPYKUuuTe Ha PKK "EHeprus”.

Ha 12 Centempu 2015 r. B 00 4yaca 1 29 MUHYT NO MOCKOBCKO BPEME TPaHCMOPTHUSI Kopab
(TTK) «Cotoz TMA-16M» ¢ ekunax B cbCTaB: kocMoHaBTUTe eHHaaus lMagankm (Poccus), AngbHa
AnmbeToBa (Penybnuka KasaxctaH) n acTpoHaBTa AHgpeaca MoreHceHa ([aHusa) oTnbTyBa OT
MexayHapogHaTa kocMudecka ctaHums. MNMoneta npukniodsa B 3 4yaca M 29 MWHYTU Ha TeputopudaTa
Ha KasaxTaH, 146 kunomeTpa toro — M3To4Ho oT rpag >KeskasraH.

Llenta Ha ekcrnepumeHTa € wu3crnedBaHe Ha feK KOMMO3WMT Ha OCHOBaTa Ha BMCOKOsiKa
anymmHmneBa cnriae B95 npu npoabmkMTeneH Npecton B yCrioBUsiTa Ha OTKPUTUS KOCMOC.

B cboTBeTCcTBME C MOCTaBeHuTe Uenu, TpsibBa da GbgaT peleHu cregHuTe 3ajauu:

- N3cnepBaHe Ha NMOBBPXHOCTHWTE CBOWCTBA Ha eKCnepvMMeHTanHuTe obpasuu (oThensiHe Ha

€NieKTPOHN) 1M TSAXHOTO  CpaBHsBAaHE CbC  CBOWCTBaTa Ha  HaseMHWTe  obpasuu.

- OnpegensiHe BrVSIHUETO Ha JTbYeHUSITA BbpPXy B3aWMOBpb3KaTa CTPYKTypa - CBOMCTBO Ha

KOMMO3M1Ta, U HAYMHWUTE MO KOMTO U3MEHEHUSITA B CTPYKTypaTa BIUSIAT BbpPXy CBOMCTBATA, CpaBHEHMWE
C HazemHuTe.

401



- scnegBaHe BNUSHMETO Ha MbYeHUATa BbPXY MEXaHUYHUTE MOKa3aTeny Ha eKCNoHMpaHuTe
obpasum C TEXHUTE Ha3eMHWM aHano3su, 3a CTEeNeH Ha HanperHaToCcT Ha CTPyKTypaTta, AKOCT Ha OMbH,
HaTMCK, ymopa, MUKPOTBBbPAOCT, TBBPAOCT U KOE(UUUEHT Ha NbN3EHe

- ViscnegBaHe 3a CTPyKTypHUM OedeKTn, Bb3HWKHANM B YCIOBMSATA Ha OTKPUTUS KOCMOC.

- VMscnegBaHe Ha yCTOMYMBOCTTa Ha KOMMo3wWTa - [0 KakBa CTEneH ca Bb3gencreanu
NOCTOSIHHMUTE TemnepaTypHU pasnuku B OTKpUTUA Kocmoc oT -120 go +150 Ha npexoga oT
NNacTUYHOCT KbM KpexkocT. [lanu ce 3ana3sa TOBa U3MEHeHWe, cnep Kkato npecraHaTt ga AencTsar,
TEe3U pe3kn TemnepaTypHu NPOMEHU MU Aanu TemnepaTypHUTE NPOMeEHU NPaBAT MaTepuana Kpexbk.

3akno4veHune

BrnokeT [AM-NIM Gewe ycnewHo geMOHTMpaH OT NoBbpxHOCTTa Ha [1BK 6e3 ga noepeau
paboTocnocobHoCTTa My.

BnokbT OM-NM 6eLue ycnelwuHo BkapaH Ha 6opaa Ha MKC.

BnokbT AMM-MNM 6ewwe ycnelwHo ceaneH Ha 3emsaTa.

Nurepatypa:

1. MeTtoauka m3spaboteHa ot bvnrapcka MKUT-BEAH u Pycka ctpaHa MKW PAH 3a gemoHTax Ha 6nok OM-MNM.
CobrnacyBaHa n yTBbpaeHa oT PyckuTe koHCTpykTopu Ha PKK “EHeprus’.
2. Marepwuanu npegoctasenu ot KW PAH n PKK “EHeprus”.
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®A30B CbCTAB HA HAHOMOAU®ULIMPAH KOMIMO3WUT B95

AHHa By3ekoBa — MeHkoBa', Moamun MapKoel, Metbp U,BeTKOBZ
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Knrovoeu Aymu: anymuHuesu crnnasu, ynmpaducrnepceH duamaHmeH rnpax

Pe3rome: B npedcmageHama paboma e u3rion3saH npaxoeo peHeeHo8 OupakyuoHeH memod, 3a
onpedersiaHe Ha KpucmanHama cmpykmypama u MUKpoCmpyKmypHUmMe ocobeHocmu Ha KpucmanHume gasu 8
u3cnedsaHusi obpasey - komrno3um B95.

PHASE COMPOSITION OF NANO MODIFIED COMPOSITE B95

Anna Bouzekova-Penkova®, Ludmil Markov®, Petar Cvetkov?

1Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: a_bouzekova@space.bas.bg; Lmarkov@space.bas.bg
%Institute of General and Inorganic Chemistry — Bulgarian Academy of Sciences
e-mail: p-tzvetkov@gmx.net

Keywords: Aluminum alloys, ultradispersed diamond powder

Abstract: In the present work is used powder X-ray diffraction method for determining the crystal
structure and microstructural characteristics of crystalline phases in the research model - composite B95.

BbBeneHue

M3nckBaHnsATa KkbM cnnaBuTe ctaBaT Bce no ronemu. C nosieata Ha B3pPUBHO MNOSyYeHU
OnamaHTu, B T.4. yNTpaamMcnepCHU, Bb3HUKBA U Bb3MOXHOCTTa 32 U3MOM3BaHETO UM KaTo ydkyaBaliu
YyacTuum 3a nogobpsiBaHe Ha KayecTBaTa MM.

B npeacrtaBeHaTa paboTta m3xogHata cnnaB € B95 ¢ konuyectBeHa npubaBka Ha B3pUBHO
CUHTe3upaH HaHoamamaHT (HI) n Bondpam. HaHognamaHTa npeacrasnsea omH cyB npax, ¢ Ynctota
99,9%, NUKHOMETpUYHa NMbTHOCT — 3,16 glcm® u cneuuduryHa noBbpxHocT Ao 400 m%/g,.
WN3cnenBaHusTa, M3BBPLUEHN CbC CKaHMpall efnekTPOHEeH MUKPOCKOM WM MpoBedeHaTa KOMMITbpHa
obpaboTka Ha 06pa3uTe Nokasear, Ye 4YacTUUMTE HaHOOMAMAaHT ca MoYTKM M3OMETPUYHM CbC CpeaeH
pasmep 4+7nm.

our. 1. HaHogunamaHT
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Teopvm Ha MeToAda

Llenta Ha u3cnegBaHeTo e onpegensHe Ha KpuctanHute dasv B m3cnegBaHus obpasel
nocpeacTBOM  MPaxoBM PEHTIEHOBW AUMPaKUMOHHW MeTOAM, KOUTO no3BonsasaT ga ce Mony4u
JetannHa uvHdopmauus 3a KpucTanHaTa CTpykTypata W MUKPOCTPYKTYPHMTE OCODEHOCTM Ha
nacnegBaHuTe KpuctanHu dasu. lMonyyeHaTta Kpuctanorpadcka mHopmaumss nossonsea ga ce
onpefenaT kKayecTBeH U KonuyecTBeH ha3oB CbCTas, TUMa peLleTka U napameTpu Ha erieMeHTapHaTta
KrneTka, 3aceneHocT M no3vuus Ha atoMuTe B CTPyKTypaTa, pasMep u cdopma Ha Kpuctanutute B
npaxoBsusi obpasey. Tasn MHGOpMauUua NO3BONSABa Aa Ce HanpaBu Bpb3ka MeXOy HauynHa Ha
nonyyaBaHe OT efjHa CTpaHa U CTPYKTYpHUTE OCOOEHOCTM U CBOMCTBaTa Ha Matepuanute. [Nopagum
Tasn npuyMHa npaxoBaTa peHTreHoBa AudpakumMs € MHOro BaXeH MeTod B HeOpraHWyHoTO
MaTepuanosHaHue.

OcBeH peHTreHoBM Nbyu (X-rays) monyyeHu B nabopaTopHM YyCrnoBusd, 3a MofyyYaBaHe Ha
andpakumsa oT nonukpuctTanHu obpasum Moxe ga ce M3Mnons3Ba CbLo MOTOK OT (DOTOHM C BMCOKA
eHeprusa (CMHXPOTPOH). Te3an U3TOYHMLUM Ha CBETNIMHA [AaBaT Bb3MOXHOCT 3a MorfyyYyaBaHe Ha
WH(popMaLnNs C MHOrO BUCOKO KayeCTBO W M3BbpLUBAHE Ha OONbIAHUTENHU U3CNeaBaHus, KaTo
JetannHo u3yyaBaHe Ha ¢as3oBM npexoaum NpuU YCNOBWUS Ha BUCOKa TemnepaTypa, HandraHe,
enekTpUYecko uUnm MarHutHo none. Npu npemMmvHaBaHe Ha PEHTreHOBUTE MbYX Npe3 BELLEeCTBOTO Te
B3auMOeWCTBaT C Hero, Kato ocBeH gudpakuma ce Habnwogasa owe dnyopecueHuus, abcopbuus,
KomnTbHOBO pasceriBaHe, ABovHa Andpakumsa n ap. B pesyntaTt oT B3anmMoaencTBneTo ce nornyyasa
KOXEPEHTHO U HEKOXEPEHTHO pa3celBaHe Ha PEeHTreHoBUTE MbyYuM OT enekTpoHHaTa obBumBKa Ha
aTomuTe. [pn KOXepeHTHO pa3cenBaHe ce HabmngaBaT PeHTreHOBW (POTOHM C eHeprus paBHa Ha
eHeprusaTa Ha nagauwlaTta BbfiHa, A0KaTO NPY HEKOXEPEHTHO pa3cenBaHe MMa pasfnuka B eHeprusTa.
Ondpakuma oT kpucTanHa pelleTka ce nonyvaBa B pe3ynTar OT KOXEPEeHTHO pasceriBaHe Ha
PEHTFEHOBMN MbYUM OT PasfUYHU CUCTEMWU PaBHWHHU MpEeXU B Kpuctana. Cuctema paBHUHHU MpPEXU
npeacraBngsa aToMu OT KpucTanHaTa CTpyKTypa, noapefeHu B NMocKo napanenHn paBHUHU, KOUTO
Cce XxapaktepuaupaT C TOYHO onpedeneH nepuvoa Ha noeTopsieMocT. B kpuctanorpadgusta Takusa
CUCTEMU OT PaBHUHW Ce HapuyaT CEMENCTBO PaBHMHU U Ce O3Ha4yaBaT CbC CboTBeTEH Munepor hkl
WHAOEKC.

3a TbrKyBaHe Ha SIBNEeHNeTOo AudpakLmsa OT KpucTanHaTa pelleTka ce usnonssa 3akoHa Ha bpar,
KOWTO pasrnexga oudpakumsata KaTo oTpaxXeHne oT CEMENCTBO paBHMHK ¢ nHaekcu hkl:

nA = 2dhk|sin6hk|
KbaeTo N e uano uucno, A [A] e abmkmMHa Ha BbMHaTa, dpg € pasCTosHME MeXAy ABE CbCeaHM

paBHUHM ¢ uHaekc hkl, brbn O° e nonoseHaTa OT brbfna Ha NagaHe u oTpaxeHue. [eoMeTpudHo
3aKoHa MOXe [a ce n3Beae ot cxemara Ha dwur. 2.

dur. 2. eomeTpu4HO NpefcTaBsiHe Ha 3akoHa Ha bpar 3a gBe ycnopeHu paBHWHM OT aToOMU

Bcaka paBHMHa OT CEMEWNCTBOTO MOXE [a Ce pasrnexga Kato oTheNnHa paBHUHA Ha
OoTpaXeHune. Pa3CcToOSHMETO MeXAy OTAENHUTE PaBHUHU € PaBHO Ha MEXOYNITOCKOCTHOTO Pa3CcTosiHNE
dhw. Ondbpakums oT ceMENCTBO PaBHUHU € Bb3MOXHA caMo ako obuiaTa pasnukaTta B U3MUHATMSA NbT
2A Ha BbJ1HM OT [ABE CbCEAHM paBHMHM TpsAbBa Aa oTroBaps Ha 2A = nA, KbAETO N € Usro Yncno, aA e
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ObMKUHaTa Ha BbfHaTa Ha M3MNon3BaHOTO MbyeHne. KoeduumeHTbT N e U3BECTEH KaTo NopsabK Ha
pedrnekca. HeroBata CTOMHOCT Npu npecMmsiTaHeTo ce npuvema 3a n = 1, TbW Kato pediekcn ¢

nopsiAbK N > 1 MoXe BUHArM Aa ce NpeAcTaBAT KaTo KpaTHU Ha Hero: dpg = N.dph nk nl

Pe3yntaTtu oT uscnegBaHeTo

3a onpepensHe Ha kpuctanHuTe pasm B wuscnenBaHus obpasey OGewe un3nonssaHa
peHTreHoBa Audpakums. VamepBaHeTo Gelle HanpaBeHO Ha MpaxoB PEHTreHoB AUGPaKTOMETbLP
Bruker D8 Advance, obopyaBaH C MO3ULWOHHO YyBCTBUTENEH TBbpAOTENEH AeTektop LynxEye wu
peHTreHoBa Tpbba ¢ MeaeH aHog (CuKa = 1.541838 A). dasosusaT cbeTas Ha uscneasaHus obpasel
Oewe onpegeneH ¢ nomowTa Ha nporpama DiffracPlus EVA v.12 n cpaBHuTenHa 6asa gaHHu C
pedepeHTHN npaxoBu gudpaktorpamm ICDD PDF-2 or 2009 rogvHa. 3a wvaeHTudwMKauusi Ha
oTaenHuTe ¢asm 6sxa nsnonseaHn pedepeHTHU KapTU4KKM CbC criegHuTe Homepa: PDF # 71-4015
(A|17(F632Mn03)5|2), PDF # 45-1196 (AllgMg3W2), PDF # 35-0773 (MQZSI), PDF # 82-0515
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BAlFile: AB9S-long.raw - Type: 2TH/Th locked - Start: 10.000 ° - End: 89.984 ° - Step: 0.039 ° - Step time: 175. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 10.000 ° - Theta: 5.000 © - Chi: 0.00 © - Phi: 0.00 - X: 0.0 mm- Y:
Operations: Background 0.120,1.000 | Import
[[1100-035-0773 (*) - Magnesium Silicon - Mg2Si - Y: 2.05 %- d x by: 1. - WL: 1.5406 - Cubic - a 6.35119 - b 6.35119 - ¢ 635119 - alpha 90.000 - beta 90.000 - garma 90.000 - Face-centered - Fm-3m (225) - 4 - 256.192 - F19=142(0
00-045-1196 (*) - Aluminum Magnesium Tungsten - A18MG3W2 - Y: 1.61 % - d x by: 1. - WL: 1.5406 - Cubic - a 14.68000 - b 14.68000 - ¢ 14.68000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8
[1]00-004-0787 (*) - Aluminum, syn - Al - Y: 105.70 % - d x by: 1. - WL: 1.5406 - Cubic - 2 4.04940 - b404940 € 4.04940 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 - 66.4006 - Vic PDF 3.6 - F9
[L1101-071-4015 (i) - Aluminum Iron Manganese Silicon - AL7(Fe3.2Mn0.8)Si2 - Y- 3.92 % - d x by: 1. - WL: 15406 - Cubic - & 12.56000 - b 12.56000 - ¢ 12.56000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Prirmitive - Pm-3 (200)
01-082-0515 (C) - Ringwoodiite, syn - Mg2(SiOd) - Y: 1.42 %- d x by: 1. - WL: 1.5406 - Cubic - 703100 7 63100 - ¢ 709100 - alpha 90,000 - beta 90.000 - gamima 90.000 - Face-centered - Fd-3m (227) - 8 - 498.866 - Vic PDF
[1101-075-9709 (C) - Hercynite - Fe(AI204) - Y: 0.85 %- d x by: 1. - WL: 1.5406 - Cubic - a 7.92489 - b 7.92489 - ¢ 7.92489 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fd-3m (227) - 8 - 497.713 - Vic PDF 2.6 - F3
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dur. 4. NpaxoBa peHTreHoBa AndpakTorpama Ha komno3ut B95. Cumeonute otbensisBat cneaHuTe cdasu:

o — A|17(F63,2Mno_8)5i2, A A= A|18M93W2, o — Mngi, > — MngiO4, A —FeAl;,04.
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3akno4yeHune

Ha 6asarta Ha NpoBeaeHOTO U3creaBaHe, MOXe [la Ce 3aKmoUM Ye U3CNeaBaHUAT CIIOXKEH Mo
CbCTaB KOMMO3UT € obpasyBarn o4akBaHUTe OT Hac hasu 1 € B PaBHOBECHO ChCTOSIHUE.

Nurepartypa:
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2. Cooper, M., Acta Crystallogr., volume 23, page 1106 (1967)

3. Kerimov, K., Dunaev, S., J. Less-Common Met., volume 153, page 267 (1989)

4. Swanson, Tatge., Natl. Bur. Stand. (U.S.), Circ. 539, volume |, page 11 (1953) CAS Number: 7429-90-5

5.Lacks, D. J., Gordon, R. G., Phys. Rev. B: Condens. Matter, volume 48, page 2889 (1993)

6. Palin, E. J., Harrison, R. J., Am. Mineral., volume 92, page 1334 (2007)

7. Miteva, A., “On the microstructure and strengthening of aluminium and aluminium alloys”, Tribological Journal
BULTRIB, BULTRIB '12, 2012, Sofia, vol. 3, 2013, pp. 367-370.

8. Miteva, A., “On the microstructure and mechanical properties of nanocomposites”, SES 2012, pp. 220-225.
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	Детерминантата на системата e Δ = 2 ≠ 0 поради което системата има решение зависещо от произволен параметър p. Посредством формулите на Крамер намираме решението на системата (4) спрямо неизвестните nR1R, nR2R и nR3R:
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	където p е произволен параметър.
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	(11)
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	(13)
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	За  от общото решение (6) получаваме масата:
	(14)
	Масата  едва ли има някакво физическо значение.
	Случаят  еднозначно води до формулата за масата:
	(15)  = 1.43×10P-20P kg = 8.0×10P6P GeV
	Тази маса също не може да бъде идентифицирана и може да се разглежда като евристично предсказание на предложения модел.
	За  от общото решение (6) получаваме частното решение:
	(16)
	Тази маса е близка до една от седемте фундаментални еквидистантни маси намерени в [16], а именно масата .
	За  от общото решение (6) получаваме масата :
	(17)
	Масата  в [16] бе идентифицирана с Едингтоновата гранична маса на най-масивните звезди.
	Изведените по-горе маси за които параметъра  в общото решение се явява дроб с малък числител и знаменател са представени в Табл. 1.
	Вероятно общото решение (6) съдържа и други маси, интересни от физическа гледна точка, но неопределеността на параметъра p не позволява да се намерят тези маси.
	Общото решение (6) може да се преобразува по следния начин:
	(18)
	Очевидно първият множител в уравнение (18)  = 2.17×10P-8P kg е масата на Планк. Вторият множител  = 1.23×10P-61P  е безразмерна величина с изключително малка стойност. Замествайки тези величини в (18) получаваме друга форма на запис на общото решение ...
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