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MHCTUTYTDBT 3A KOCMUYECKU U3CIJIEABAHUA MNMPU BAH —
C NPUOPUTET KbM EKOJIOTMYHUTE U3CJIEABAHUA

Metbp MNeyoB

WHemumym 3a kocmuyecku uscnedsaHusi —bbnzapcka akademusi Ha Haykume
e-mail: director@space.bas.bg

Key words: ecological problems, space research, remote sensing

Abstract: The paper is dedicated to the ecological activity of the Space Research Institute (SRI) at the
Bulgarian Academy of Sciences (BAS) during the last 10 years. The techniques, technologies, program &
instrumentation facilities designed by the researchers from SRI are considered by which different ecological
problems of anthropogenic or natural origin are solved.

EavH oT Ham-akTyanHuTe npobrneMu npen 4YoBEYECTBOTO W cCref HayanoTo Ha TpeToTo
xunsgoneTne 6e3cnopHo npoabimkaBaTt ga 6bgaT npobnemute Ha ekonorusata M OoKofHaTa cpeaa.
ToBa ca KakTo He3aBUCUMUTE OT YOBEKA aHOMAaIHWU NPUPOLHN NPOLIECU N ABMNEHUSA — 3eMETPECEHMS,
HaBOOHeHMS, Oypu M yparaHu, BYIIKAHCKU M3PUrBaHWsl, €KCTPEMHU TemnepaTypu U T.H., Taka u
oTpuuaTenHuTe M3MEHeHUa Ha napameTpuTe Ha OKofnHaTa cpefa CrefcTBMe Ha aHTPOMOreHHOTo
Bb3OENCTBME CBBP3aHO C MHAyCcTpuanusauuata um ypbaHusauusata, 6e3 KOMTO He MOXeM da Ccu
npeacTaBnM Nporpeca Ha YoBELUKOTO obLecTBO. Becmykm Te3n npobrnemu nocTaBAaT 3a pellaBaHe Bce
NO-CNOXHW U NO-OTrOBOPHU 3aJa4un nNpes HaykaTa v npakTukaTa u B OTAeNHUTEe CTpaHu, U B CBETOBEH
maLab.

B poknaga HakpaTko ce pasrnexga ekornormdHata akTMBHOCT Ha VIHCTUTyTa 3a KOCMUYEeCcKu
nscnegsaHus npu bbnrapcka akagemus Ha HaykuTe npes nocnegHute 10 roamHu [1]. Tasn akTMBHOCT
e obycnoBeHa M Bb3MOXHA MO HAKOMKO MpuuuHM. o npuvHUMN efHa OT HaW-BakHUTE HACOKU Ha
aepokocMmM4eckaTa Hayka, TeXHMKa M TexXHOMorus € udyvyaBaHeTo Ha reocdepute — nuTocdepa,
aTMocdepa W xuapocdepa, npouecuTe M dABMeHUsTa B TAX WM CbOTBETHO W3MEHeHusTa B
napameTpuTe, Cb3AaBalliy eKonormyHu npobnemu. MNpu NporHo3vpaHe Ha Te3n MpoLecu U SBMeHus,
npu OTKPMBaHETO M NoKanusaMpaHeTo WM, NpU crnefeHe Ha pasBUMTUMETO UM, NpU CchacuTenHu
onepauun, NpyY OLEHKa Ha LEeTn U T.H. ce NposBABaT Han-aApKo NpeaMMcTBaTa Ha aepoKOCMUYEcKUTe
MeToaM, TEXHOMNOMMU N TEXHUYECKU cpeacTBa — rmobanHocT, mawabHOCT, eKCNpecHOCT, HaaeXaHOCT
n onepatmBHocT [2,3]. OT gpyra cTpaHa camata CbLHOCT Ha KOCMWYECKUTE Wu3crnegBaHusa KaTo
WHTEpOUCUUNIMHApHa Hayka obycnaesa Hanuumeto B MKW — BAH Ha chneuywannctn OT LUMPOK
OnanasoH Ha HaykaTa, TeXHUKaTa u TexHornoruute. VMiIMeHHO ToBa No3Bonu nNpes nocnegHnTe roanHu B
WHctutyTa ga ce pas3paboTAaT u BHEOPSAT B MpakTMKata pegula — KakTo aepoKOCMUYECKM, Taka u 3a
Ha3eMHO U3Mons3BaHe, MeToau, TEXHOMNOrMW, anapaTun, nNporpaMHU NPoAyKTM N CUCTEMMU, C KOUTO B
e[Ha unv gpyra CTerneH ce peluaBaT 1 eKoNIormyHn npobnemu.

B WHctutyTa 3a kocmumyeckm uscnegpaHua npu BAH ca obGpabGoTteHn panHute [4] ot
ONCTaHUMOHHMTE u3MepBaHuMa ¢ [IBynonsipusauMoHHa CBPbXBMCOKOYECTOTHA paguomeTpuyHa
cuctema P - 400 [5], pabotuna ot cpegarta Ha mecel, man 1996 r. Ha 6opaa Ha cneumanmamMpaHus
moayn "lMpupoaa" Ha opbutanHusa komnnekc "Mup". MogynbT BknouBalle 17 pasnuyHu anapaTHu
CUCTEMM 3a OUCTaAHUMOHHO M3credBaHe Ha cylwarta, okeaHa U atMocdepata Ha 3emsATa BbB
BUONMUS, UH(PAYEPBEHNA U MUKPOBBLIHOBUSA AManas3oH Ha  eneKkTPOMarHUTHWUS  CMNeKTbP,
BKMIOYMTENHO U 3a M3y4YyaBaHE Ha E€KONOoruM4HWM MpoLecyu C aHoManeH U KatacTpodaneH xapakrtep.
Cuctemarta P-400 e 4acT OT yHUKanHUSA KOMMNIEKC Hay4yHa anapartypa, ocurypsisall U3nbiHEHNETO Ha
Hay4yHaTa nporpama no npoekta "lpupoga” [6], a UKM — BAH e eamH oT uHuumatopute u
cb3gaTenuTe Ha TO3W Han-rofisiM MeXOyHapOAeH HayvyeH MpoekT B obnacTtrta Ha OUCTaHLMOHHUTE
nscnegsaHus Ha 3emsta oT Kocmoca B kpast Ha XX B. OcobeHo BaXeH 3a Hac € akTbT, 4ye no
pernamMmeHT Kato yyacTHuuu B [Npoekta MMame OOCTbM M OO0 AaHHUTE OT BCUYKWM anapaTu u cuctemu
Ha mogyna "lMpupoga”.



MNpe3 nepuoga 1995-1997 r. ekun oT cekums "OuctaHumoHHM nacnegsanusa” Ha WKW — BAH
yyactBa B peanusauuaTa Ha npoekta CORINE LAND COVER Ha Komucuata Ha EBponeiickaTa
obuwHocT. M3nonaeaHu ca ckaHepHu n3obpaxeHus oT catenuTa "Landsat - TM" B mawa6b 1:100000 c
ncesfooLUBETABAHE Ha Pa3fMYHUTE erleMEeHTM Ha 3eMHOTO MOKPUTUE Ha TepuTopuaTa Ha bbnrapus.
Cb3gageHa e dmsnyeckaTa ocHoBa Ha reorpadcka nHgopmaumoHHa cucrema (MMC) Ha onpepeneHo
HMBO, C Bb3MOXXHOCTU 3@ NOCTOSIHHO AOMbBaHe € HoBa uHdopmaums [7].

EgHa TunmdHa npunoxHa paspaboTtka ¢ ekonormyHa Haco4YeHOCT, B KOATO y4acTBaT y4yeHu oT
WKW, e npoektbT MERA (KapTorpadmpaHe Ha ropcku eKOCUCTEMU N Ha EPO3MOHUS PUCK Ha NOYBUTE),
n3nbinHeH B bbnrapusa n dguHaHcmpaH ot EBponenckust cbios [8].

Ha 6a3arta Ha caTenuTHu nsobpaxeHus e paspaboteH MyntumeameH atnac Ha Bbnrapus,
OCHOBEH akLeHT B KOWTO ca 3aluMTeHuTe ekoTeputopumn. To3u aTtnac Oelwle npeacraBeH Ha
CseToBHOTO M3noxexHne EXPO'2000 B XaHoBep, KbAETO NOMYYN MHOTO BUCOKWN OLIEHKM.

B WHctutyTa ce pabotm M NO KOCMUYECKM MPOEKTM 3a M3crnedBaHe Ha pervoHanHaTa u
rnobanHa reognHamuka, Kato eauMH OT HaW-HaAeXOHUTE MPOrHOCTUYHM hakTopy MpU Npefckas3BaHe
Ha 3emeTpeceHnsa n ByrkaHcku nspureanus [9]. MNMpeanoxeHuaT oT Hac npoekT BALKANPROB uma 3a
Luen nscnefBaHe Ha perMoHanHarta u fiokanHa guHammka Ha CbBpeMEHHUTe audepeHLmMpaHn KopoBu
OBWKEHNSI U CbMbTCTBALLMTE M U3MEHEHUS BbB (bM3nyHKM 1 gpyru noneta [10].

[MbpBa CcTbNKa KbM NOArOoTOBKATa Ha LENeBW KOCMUYECKM eKCNepUMEHT 3a u3cneaBaHe Ha
npegBecTHMUUTE Ha 3emeTpeceHus [11] n edeKkTn OT TEeXHOreHHW Bb3OEWCTBUS BbPXYy OKONHaTta
cpepa e npoektbT KOMIAC - 1 Ha PyckaTa kocmmnyecka areHumsi. B paspaboTrBaHus mukpocatenut
CbC creunanuampaHa HaydyHa anapatypa, Penybnvka bbnrapusi ysactBa ¢ gBe anapaTHU cCUCTEMU,
paspabotBann B KM — BAH: BbnHoB komnnekc YHY/OHY - K1 u lMnasveH komnnekc UO-2 - K1.
CnepBawarta ctbnka e npoektbT [MPEOBECTHUK-E [12], konMTO npegswxkga wuarpaxgaHe Ha
cneunanusmpaHa caTenuTHa cucTema, BKNouBawa 18 MukpocaTenuta Ha KpbroBU OKONO3EMHU
opbutn, npegHasHayeHa 3a paHHO Mpeau3BecTsABaHe W KOHTPON Ha eapomMaluabHu npupoaHu
6encTBMsSt U TEXHOTEHHU aBapun.

CobBmecTHO ¢ [eodmanyeH MHCTUTYT Ha BAH e paspaboTeHa cucTema 3a M3MepBaHe Ha
reoenekTpu4HU 1 reoMarHUTHN napameTpun, KOATO BEPOATHO e npepacHe B HauMoHanHa Mpexa 3a
pervcTpaumsi Ha nyncaumMmTe Ha eNekTPoOMarHMTHOTO nosne Ha 3emMaTa Npefu3BuKaHu OT ClTbHYeBaTa
aKTUBHOCT C LieN1 u3y4aBaHe Ha TAXHOTO BNUSHMUE BbPXY XMUBUTE OpraHM3Mu. Ypes cblyaTta Mpexa Lie
ce M3MepBaT M reoenekTpuyHaTa akTMBHOCT U 3eMHM TOKOBE C Len pa3paboTBaHe Ha KpuTepuu 3a
NPOrHo3MpaHe Ha cenammuyHaTa akTMBHOCT [13].

MpeonoxeHa e meToauka U anapaTypHa KOHdUrypaumsa 3a uacrnensaHe n kaptorpadupaHe
Ha eneKkTPOMarHMTHOTO aHTPOMOreHHO 3amMbpcsBaHe B 0bnacTTa Ha HUCKATE YEeCTOTU 3a roriemuTe
rpagoBe v MHOycTpuanHu panoHn Ha Penybnuka benrapus [14].

B UK — BAH ce paspabortBaT m 60pooBM cUCTEMM 3a MOSyvyaBaHe Ha OMCTaHLMOHHA
BYAEOUH(POPpMaLnS, KakTO U MeToau 3a HerHaTa obpaboTka n uHTepnpeTaums. NHCTUTYTBLT 3aema
[o6pu nosnummn B CCD-TexHonornMTe 3a peanusaums Ha CEH30py 3a AMCTaHLMOHHN aepOKOCMUYECKN
nscnegsaHnsa. EQUH OT BaHMTE MPUNOXHU pesyntatu € U3Non3BaHeTo Ha Tesn pa3paboTku u 3a
ekonoruyHu nscnensaHus. KoHkpeTHUTe npunoxerus ca no npoekta KOCAM [15,16]. B To3u acnekt
XapakTepeH npuMmep e n paspaboTeHnaT codTyep 3a MbpBu4Ha 06paboTka Ha gaHHWM OT caTenuTa
"Nimbus-7", konTo ce nonssa B KyBenT.

PaspaboTeHa e cnekTpoMeTpuyHa cucTeMa C BMCOKa CriekTpanHa pasgenurenHa cnocobHocT,
npefHasHayeHa 3a Ha3eMHU M CaMOJSieTHU eKCMEPUMEHTU NpU U3CreABaHe Ha 3aMbpCABaHETO Ha
npupoaHara cpeaa [17].

OTcTpaHaBaHeTO Ha reomeTpuyHMTe gedopmMauun, AbIDKALWM Ce Ha BbTPELHU U BbHLUHK
NPUYMHM Ha aepOKOCMMNYECKNTE N300pakeHns ¢ BUCOKa NPOCTPaHCTBEHA pasdenuTerniHa cnocobHOCT
€ CblieCTBEH MOMEHT Mpu UHTepnpeTaumMsaTa Ha [[UCTAHLMOHHO nonyvyeHuTe faHHu. Bcesko
YCbBbpPLUEHCTBAHE Ha anapaTypata W MoBULIABaHe Ha pasgenurenHara W cnocobHOCT Hamnara
paspaboTBaHe Ha MeTOAM 3a OTCTPaHsABaHe Ha reoMeTpuyHUTEe AedopmMauun, OTroBapsawmn Ha
TOYHOCTUTE Ha u3dobpaxeHusita. B KM — BAH ce paspaboTtsaTt v npunarat B npaktukata MeTOAMKU
3a uanonseaHe Ha rnobanHuTe No3uunoHHU cuctemm GPS npu Kopekumsa Ha gedopMauunuTe Ha Tesun
nsobpakeHus [18].

Upes ancTaHumMOHHN 1 NaHaWwadTHO-FreOXMMWUYHM MEeTOaN Ca U3cneaBaHu oTAenHu panoHun ot
TeputopusAta Ha bbnrapms ¢ uen ycraHoBsiBaHe CTeneHTa Ha aHTPOMOreHHO 3aMbpcsBaHe Ha
okonHata cpefa. Ha 6a3ata Ha aepoOKOCMUYECKM CHUMKU Ca CbCTaBEHU CEpUs OT TEMAaTUYHU KapTu:
reoMopdonoxka, NoYBeHa, pacTuTenHa, kapta Ha epo3usaTa 1 naHwagTHO-reoOXMMmnyHa KkapTa, KouTo
CbBMECTHO C JaHHWUTE OT Ha3eMHUTEe U3MepBaHWUS CryXaT 3a eKONormyHa oueHka Ha CTeneHTa Ha
3aMbpcsiBaHe C TEXKM MeTanu Ha no4ysaTa, BoJaTa W pacTUTENHOCTTa Ha M3cnegBaHuUTe paroHu
[19,20].
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PaspaboTeHa e reorpadcka 6asa gaHHKU, B KOSATO Ce MHTerpupa TemMaTuyHa MHdopMauus,
nony4yaBaHa 4pe3 knacudukauusa ¢ obyyeHne Ha wusobpaxeHuss oT catenumTa "Landsat - TM",
n3rnon3saHa 3a KOHTPOI Ha 3eMernon3BaHeTo U aHTPOMOreHHOTO M3MEeHEeHWe Ha OKorHaTa cpefa Ha
yacTt ot lNnosguecka obnact [21]. C u3non3BaHe Ha AUCTAHUMOHHM aepPOKOCMWUYECKM CHUMKKU ca
n3creaBaHu eKONIOrMYHUTE N3MEHEHMS Cred NOCTPOsiIBAaHETO Ha A3oBup “CTyaeH knageHey” [22].

Opyr aktyaneH u 3a ekonoruata npobnem e wu3cneaBaHe Ha OOLIOTO CbAbpXaHue W
BEPTMKANHOTO pasnpegeneHne Ha atmocdepHus o03oH. B UK — BAH ca paspaboTteHn cepwusi
catenutHu [23] n HazeMHu [24] o30HOMETpPMW.

B KN — BAH B cbTpygHMYECTBO U C OPYrM akaAeMW4YHU 3BeHa ce paspaboTeBaTt MeToau u
CpeAcTBa, UMalM MpPsSKO OTHOLIEHME KbM M3y4aBaHETO Ha NPUPOOHW aHOManuM U eKONOrMYHM
katactpodu. TunnyHu Takuea paspaboTtku ca MeTog n yCTpOMCTBO 3a flabopaTopHO MogenvpaHe Ha
6bp3n reogMHaMM4YHM NPOLLECK KaTO 3eMETPECEHUS, B3PMBOBE M CBIayumlla U reHepupaHnTe oT TsX
BOAHW BbMHM — UyHamu [25] n Metog 3a perucrtpaums Ha abCoOnMTHOTO ABWXKEHME Ha Touka oT
3eMHaTa NoBbpXHOCT [26]. PaboTu ce no nabopaTopeH MakeT Ha KOMMEHCaLNOHEH CEN3MONPUEMHUK
[27], 4pe3 KOWTO ce nMpemaxBaT HAKOM OT OCHOBHWUTE HeOOCTaTbLWM Ha KnacuyeckuTe cemsmorpadu
npu peructpupaHe Ha cunHu 3emetpeceHus. VI Tpute paspaboTkm ca naTteHToBaHM U ca OOEeKT Ha
WHTEpec, Harpagn u dMHaHCUpaHe B MexayHapoaeH maiuao.

Cb3gageH e HOB METOA 3a aBTOMATUYHO LMpoBaHe B peasiHoO BPEME Ha peructpaumsTa Ha
KnacuyeckuTe KNMMaTtoniorMyHyn anapatu 6e3 ga ce cmylwaBa aHanoroBata um peructpauums [28].
Mony4yeHnAT UNPOB enekTPUYeckn curHan pgaBa Bb3MOXHOCT 3a €eKCnpecHa asBToMaTu4Ha
obpaboTka Ha AdaHHWTE, TEeNemMeTpu4yHOTO MM MpefaBaHe C LeN KakTo perynsipeH eKoflormyeH
MOHWTOPWHS, Taka U 3a eKCNpPecHO MPOrHo3mpaHe u criegeHe Ha HebnaronpuaTHU U KaTacTpodanHu
aTMocdepHu npolecu.

PaspaboTteHn ca meTogonorMyHMTe OCHOBM M ca (DOPMYNUPaHM HayyYyHWUTE 3adadv U HSKOU
TEXHUKO-EKCMMOaTaUNOHHN XapaKTepUCTMKU Ha MNeHeTpatop 3a €eKONormyHu uacnegsaHusa [29].
PaspaboTkaTa € BbB Bpb3ka C MEXAYHAPOAHUTE KOCMUYECKM MPOEKTU 3a M3yvaBaHe Ha nnaHetarta
Mapc, HO MOXe Oa ce NPUNoXu U 3a U3KCneaBaHus B TPYOHOOOCTBMHM U OMacHM pamoHM U Ha
3emgra.

Cneuuwanuctn ot UKMN — BAH yuyactBaxa B paspaborBaHeTo Ha nbpBaTa HauwmoHanHa
nporpamMa 3a 3alimta Ha MnagexrTa un geuara ot ekokatactpodu [30].

OcHoBHaTa 4YacT OT npenogaBaTenickus CbCTaB B MarucTbpckata M [OKTOpCKa nporpamu
"AepoKocMUYecKkM MeToam B ekorormuaTa u okonHata cpega” B HoB bbnrapckun yHMBepcuUTeT ca yydeHu
oT VMHcTutyTa 3a kocMuyeckn nscnegBanus [31].

3awmTeHuTe npes3 nocnegHute roauHu oT cneuywanuctu Ha VMKMW — BAH pguceprtaumm 3a
noriyyaBaHe Ha HaydHata CTeneH "OOKTOp Ha HaykuTte" TpetupaT B efHa wnv gpyra creneH
ekonornyHu npobnemun [32,33]. CbLOTO ce OTHAcs M 3a u3gageHuTe oT AKkageMUYHO u3gaTerncTBo
"Mpod. MapwuH dpnHoB" moHorpadum ¢ aBTopu yveHmn ot KA [2,34,35].

3HaunTtenHa 4vact ot nogrotBaHuTe B WKW pepoBHW, 3agoyHM m cBOOGOOHW LOKTOPAHTU
paboTAaAT No TEMU, UMALLM NPSKO OTHOLLEHME KbM €KONOrMYHuTE npobnemm.

MoHacTtoswem B MKW — BAH ce paboT No HAKOMKO 3HAYMMKU MEXOYHAPOOHU M HAUWOHANHM
NMPOEKTN C M3pal3eHa eKkororMyHa Haco4eHocT. KbM ycnewHus cu kpas BbpBu paboTtata no npoekra
.PaspaboTBaHe Ha cTpaTerys m MeToau 3a MOHWUTOPWUHI Ha EneKTPOMAarHUTHOTO 3aMbpcsiBaHe Ha
OoKonHaTa cpefa B panoHa Ha 3anagHute bankaHu”, B KOWTO y4yacTBaT M y4YeHUM U Cleumanuctn ot
MakegoHus, CnoBeHuss 1 XbpBaTus. Pe3ayntatute oT TO3M NMPOeKkT ca 6as3a 3a MOAroTOBKA Ha HOB
CbBMECTEH NPOEKT U MMaT NPSKO OTHoLeHMe KbM LLecTta pamkoBa nporpama Ha EBponeinckus cbios —
INTAS-SEE.ERA. NET — (Southeast European - European Research Area) [36,37].

B Hal-akTMBHaTa cu dasa e u pabotata no npoekta SCHEMA — Scenarios for Hazard-induced
Emergencies Management. Toan npoekT e no Lllecta pamkoBa nporpama Ha EBponeickusi cblo3 1 B
Hero yyactBaT 11 MHCTUTYUMM OT 8 cpeavM3eMHOMOpPCKU cTpaHu. KpanHuart pesyntat we 6bae
cleHapwusi 3a pearmpaHe npv 6e4CTBEHM €KOMOrMYHM CUTyauun, MPUYMHEHW OT LyHamu, a nonayBaTtenm
Ha pesynTaTuTe We 6baaT pegvua HaunoHanHM 1 perMoHanH BeAoMcTBa B Te3n cTpaHu [38].

CovBmecTHO ¢ WHCcTUTyTa no reoekomnornst Ha Pyckata akagemus Ha Haykute ce pabotu no
npoekT “'eoekonorns” - eoekonorMyHn n3cnenBaH1st Ha onacHy NPUPOAHM NPOLIECH C N3MON3BaHe Ha
ONCTaHLMOHHM U Ha3eMHN MeToau 1 reonHopMaLMOHHN TexHonoruu [39].

3aegHo ¢ yyeHun n cneumanuctn oT ApuctoTtenckus yHusepcuteT B ConyH ce pabotu no
NPOEKT 3a KapTorpadupaHe ¢ U3norssBaHe Ha Ha3eMHU U OUCTaHLMOHHN aepOKOCMUYECKU OaHHWU Ha
HapyLIeHOCTTa Ha TepeHn OT MUHHaTa uHayctpus [40].

Mo OnepatuBHaTa nporpama ,Pa3sutne Ha 4YoBewkute pecypcn” B IKM — BAH 3anoyHa
N3NbMHEHNETO Ha npoekTa ,[loBulIaBaHe KBanudukaumsaTa u CbxpaHsaBaHe Ha Mraj ekun oT yYeHu B
obnactta Ha aepoKOCMMUYECKUTE TEXHOMOMMWU KaTto MpPeAnocTaBka 3a MOHUTOPUHI M OMa3BaHe Ha
OKonHaTa cpefa W NpeBeHUUs OT WeTu 1 npupogHu beacrteus’.
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YueHu un cneumanuctu ot MIHCTUTYTa NnpoBefoxa Tpy Kypca 3a obyveHne Ha crneumanuncti ot
LleHTbpa 3a aepokocmuyecko HabnoaeHune (LLAH) Ha MUHMCTEPCTBOTO Ha M3BBHPEAHUTE CUTYaLUN.

Mo poroBopu ¢ obwmHmM Ctapa 3aropa, Kvpoxanu u byprac ca B xop 6asvpaHo Ha
CMbTHUKOBU U HA3eMHW OaHHW MOHWUTOPWHIOBO W3CrefBaHe Ha aTMoCepHOTO 3ambpcsiBaHe B
panoHNTE Ha CbOTBETHUTE OOLWMHYK [41,42].

EovH akTyaneH ekonorndeH npobnem - ropckuTe noxapu u OTKPUBAHETO U M3CNeABaHETO UM
C aepoKOCMUYECKM METOAMN M cpeacTBa CblLUo ca 06eKT Ha HayvyHom3crnegoBaTenckaTa paborta B KU
- BAH [43].

B WHcTuTyTa Cce paboTn 1 No HAKOW MO-KOHKPETHM U YAaCTHM EKOSNOTUYHWU TEMU - U3crneaBaHe
Ha MoTeHUManHWs puUCK OT pasnuBM Ha S130BMPU U pekn [44], HAKOM BBNPOCKM Ha HedTEHOTO
3amMbpcsiBaHe Ha BOAHM nnowm [45], aTMOCEepPHM 3amMbpcsABaHUSA Hag OTAENHW parioHW npes
pasnu4yHK1 Nnepuoamn ot Bpeme [46] n apyru.

[okato cbuwectByBa 3emsTa, Ha Hesl HEM30EXHO LWe UuMa eKOoMormyHu npobnemu ot
NpupoaeH M aHTPOMOreHeH xapakTep. 3aTtoBa efHa OT MaBHMTE 3aJayM Ha YOBEYECTBOTO € Ada
Hamanu OO0 MWUHMMYM OTpuuUaTenHUTe NOCMNEeACTBMS OT TAX - YOBELUKUTE XXEPTBU U MaTepuanHuTte
wetn. Ta Moxe Oda ce pellaBa eOUHCTBEHO 4Ype3 M3MNon3BaHe Ha Bce No-eekTUBHU MeToaw,
TEXHOMOIMM W CcpeacTsa, rapaHTMpaliyM HaBPEMEHHO WM HagexaHo nporHosvpaHe, egUuKacHu
npeaBapuUTenHN MeponpusiTUsi, BceobXBaTHO criedeHe Ha pasBUTMETO M eBeHTyariHa Hameca B
oTpuUaTenHUTe npouecu u sieneHusl, ePeKTMBHM CrnacuTenHu AEWCTBUS,, eKCpecHa U C BUCOKa
OOCTOBEPHOCT OLIEHKA Ha OoTpuuaTenHuTe NOocrneacTBusi, 6bp3n Bb3CTAHOBUTENHM Onepauun U T.H.
Cpepn Te3n meToam, TEXHONOMN 1 CPeaCcTBa OCHOBHO MSICTO 3aemarT M ronemMu Hagexau 3a B bbgelue
ce Bb3naraT Ha aepoKOCMUYECKUTE METOOU M TexHudeckum cpeactBa. 3atoBa WHCTUTYTBLT 3a
KOCMWYECKM wu3cnenBaHust kKbM bBbrrapcka akagemumss Ha HaykuTte e oObpHaT C fvue KbM
€KOmorMyHMTe Npobnemmn u rm cMsTa 3a e4AHO OT NPUOPUTETHUTE HAYYHU M MPUIIOXKHW HanpaBiieHns B
cBoSATa genHocT [47].
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Knroyesnbie cnoea: OnekmpomazHumHas 8oriHa, besompaxamersibHoe pacrpocmpaHeHue, HeOOHO-
podHocmu rnna3smbl, Ko3ghuyueHm ompaxkeHusi, MagzHUmoakmueHasi rnnaama, 2ubpudHsbili pe3oHaHC.

AHHOmMauyus: Ha ocHoge mo4HO pewaemol nuHeliHoU modesnu paccMompeHo be3ompaxamerbHoe
pacrnpocmpaHeHue MOOyupos8aHHoU Mo ammaumyde 31eKmpoMasHUmMHOU 60MHbI Yepes3 Crol  niasmbl,
codepxxauwuli merikomacumabHble ( 8 Macwmabe xapakmepHol ONUHbI 80SIHbI) CMPYK-mypbl naomHocmu. B
3adaye umetomcsi c80b600HbIE napamempsl, MOO60POM KOMOPLIX MOXHO CYUIeCMBEHHO MEHSIMb Xapakmep
HeoOHopoOHoCMU nna3mbl. B yacmHocmu, Onsi nna3ameHHo20 C/i0s KOHEYHOU MOMAWUHbLI 803MOXHA culUeKa Ha
e20 epaHuye e nadarouwel u3 sakyyma u yxo-0suieli om criosi 371eKMpPoMacHUMHbIMU 80fIHaMU C HyreebiM
KoaghpuyueHmom ompaxkeHusi. B crioe 803M0OxHbI makxe obrnacmu ¢ ompuyamersibHbIM 3Ha4eHUeM Ou3IeKmpu-
yeckoU npoHuyaemMocmu, 4mo coomeemcmeayem (10 Knaccu4yeckumM rnpedcmasneHusiM) Hernpo3payHocmu cpeosb!
pacripocmpaHeHust 8071H. Bo3amoxxHO 0606uwieHue 3adadyu u Ha criydall MazHUMoakmueHoU rrasmMbl, 8 KOmopou
rokazamenb npenioMneHusi Moxem 6bimb 6onbwe eduHUUbI, @ ¢hazosasi CKOPOCMb 80J1HLI 6ydem coomeemcm-
B8EHHO MeHbWe ckopocmu ceema 8 sakyyme. C moYKU 3peHuUsi 3QhheKmMUBHO20 MO2IoWEeHUsT 80IH MagHUMmMo-
akmueHoU nnasmoli UHmMepeceH criyyali B03HUKHOBEHUS Ha mpacce pacrpocmpaHeHUsi 80/1HbI C10e8 2UbpUOHO-
20 pe30HaHca C KOHEYHbIM MOo2roWeHUeM HepauU 371eKMPoMacHUMHoOU MoObl 8 PE3OHAHCHbLIX CosiX. BaxHo
ommMemums, Ymo UCMOJSIb308aHHbIU M0OX00 MoKa3bieaem 603MOXHOCMb pacrnpocmpaHeHuss He0OHOPOOHO20
80/1H08020 nakema 3adaHHol Yacmombi Oaxe 8 00HopodHoU nna3me. pu amom amnaumyda 80/1HbI OKa3blea-
emcsi nepuodudecku npomodynuposaHHoOU 8 rpocmpaHcmee, a anybuHa OaHHoU Modynsyuu onpedensemcsi
HeKkomopbiM c80600HbIM napamempom 3adaqyu. MiccriedosaHHas modesnb npedcmasrnisem uHMepec, Harnpumep,
0nsi uHmeprnpemayuu B803MOXHO20 MeXaHu3Ma 8bIXxo0a 3/1eKmpOMagHUMHO20 U3fy4yeHuss u3 obnacmel
naomHoU nnasmbl 8 acmpogu3uke.

NONREFLECTION PROPAGATION OF ELECTROMAGNETIC WAVES THROUGH
SMALL-SCALE STRUCTURES

Nikolay Erokhin®, Ludmila Mikhailovskaya®, Rumen Shkevov?, Kostadin Sheiretsky?

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

Key words: Electromagnetic wave, nonreflection propagation, small-scale plasma structures, nonlinear
equation, vortex component, charge surfing on an electromagnetic wave.

Abstract: The nonreflection propagation of the amplitude modulated electromagnetic wave through a
plasma sheet containing small-scale (on the typical scale of wave length) structures of the density is considered
on the basis of exactly solved linear model. With the selection of the free parameters it is possible to essentially
change the character of plasma inhomogeneity. For a final thickness plasma sheet it is possible to obtain the
reflectionless passage of the electromagnetic wave incident from the vacuum. This effect is possible also in the
presence of layers with negative dielectric permittivity which correspond (on classical representations) to opacity
regions for the incident wave. Generalization of a problem considered to a case of magnetoactive plasma in which
the refraction index can be more than unity is possible, and the wave phase velocity will be less than the speed of
light in the vacuum. From the point of view of effective absorption of the waves by the magnetoactive plasma, the
important case is the appearance on the wave propagation path of the hybrid resonances layers with final
absorption of the electromagnetic mode energy in resonant layer vicinity. It is important to note that the approach
used shows the possibility of propagation of the non-uniform wave packet with the frequency given even in the
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homogeneous plasma. Thus, the amplitude of a wave will be periodically modulated in space, and the depth of
this modulation is defined by problem free parameters. The model considered is of the great interest, for example,
for interpretation of the possible mechanism of electromagnetic radiation escape from dense plasma regions in
astrophysics.

BBepeHune

Mpn aHanunse konebaHuMn HEOLHOPOOHbLIX MMM HECTAUMOHAaPHbLIX cpen OObIYHO MCMOMb3YHT
NpubnmkeHHble MeToAdbl W YUCMEeHHble pacyeTbl. B To xe BpeMs 6onblIon MHTepec npeacTaBnsioT
TOYHO pellaeMble MaTemMaTuyeckme MOAENU, ONUCbIBalLWME HEKOTOPbIE XapaKTepHble cuTyauun Ans
B3aMMOOEWNCTBUSA BOMH C HEOOAHOPOOHLIMU UMW HECTaLMOHapHbIMU cpefamn (3pdeKTbl oTpakeHns n
MOrnoLeHnsa BOSMH, MPOCBETNIEHNs] BONHOBbIX GapbepoB). TOYHO pellaeMble MOAENN SABMSKOTCA
aTanoHamy [Ansi CpaBHEHUS C MNPUBAKEHHBIMU W YUCMEHHbIMW pPEeLUEHUSMU B POLACTBEHHbIX
dumsnyeckmx cutyaumsx. Kpome TOro, OHM MOTyT BbISIBNATb AOMNOMHUTENbHbIE OCOBGEHHOCTUM B
AvHamuke konebaHwi M B pacnpoCcTpaHeHUW BOSMH, a Takke [OEeMOHCTPUMPOBaTb WHTEpecHble
BO3MOXXHOCTMW MPaKTUYECKUX MPUIIOXKEHNI MPU KOHTPONUPYEMbIX U3MEHEHMAX NapaMeTpoB cpeabl .

B Hactoswem foknage Ha [OCTaTOMHO MPOCTbIX NPMMEepax TOYHO peluaeMblXx Moaenen
N3NOXeHbl pe3ynbTaTbl N0 pacnpoCTPaHEHUo BOSIH B HEOAHOPOAHbIX cpefax. PaccmMoTpeHbl pexvMbl
Be3oTpaxaTenbHOro pacnpoCTpaHeHWss BOMH MpU Hanmmyuu obnacten Henpo3payHoCTW, a Takke
KOHEYHOIO0 PEe30HaHCHOro MOrfoWEeHUs BOSMH MpWM  BMOSHE perynspHOM noBeAeHuun KeagpaTa
BornHoBoro uncrna k’(x). MokasaHo, YTO KOHEeYHOe MOrMOLIEHNe BOMHLI MPOUCXOAUT NP BrOMHe
perynsapHoMm noBeaeHnn kz(x). Kpome TOro Ha Tpacce pacnpocTpaHeHusi umeroTcs obnactu
Hernpo3payHoCTH.

YKasaHbl 1 apyrue npumepbl 6e3o0TpaxaTeribHOro pacnpocTpaHeHWst BOMH 4Yepes3  CroucTo-
HeogHopogdHylo cpedy. B 4yacTtHocTM, OHO uMeeT MeCcTO W AN KBa3unepuoamyeckux
HeogHopoAdHocTel ¢ nbbiM 4ynucnom cnoes. [pyHuMnuanbHO TO, 4TO 3agaB nwboe uyncno
napameTpoB U ucnonb3ys B 6e3pasmepHOM BOMHOBOM uucie pasnuyHble 6as3oBble yHKUMM Ans
OMNMCaHna peLUeTKn, nepexodHoro cros, 6apbepa Henpo3payHOCTM UNW APYrUX NOKannM30BaHHbIX
CTPYKTYP, MOXHO MOCTPOUTb LIMPOKMIN Habop npumepoB 6e3oTpaxaTenbHOro B3auMOAENCTBUS
SMEKTPOMArHNTHbIX BOMH C PEerynspHO HEOOHOPOAHOW CPefow, BKM4Yas Criov pPe3OHaHCHOro
NOrnoLeHns C perynupyembimM koadduumeHToM nornoLleHmns. NHTepecHo u cnegytowee. [ina 3apa-
Hee 3adaHHbIX 6a30BbIX MOAenen nokanbHOW HEeOAHOPOAHOCTU MX CyMMa CO CriyydariHbiM Habopom
BXogdawmx napameTtpoB 6Oygetr onpegenaTe Mogenb 6esoTpakaTtenbHOro  B3auMoOenCTBUSA
3MNEeKTPOMarHUTHOM BOJHbI C XaOTUYECKN HEOAHOPOAHON cpeaon. MNpeacTaBnseT nHTepec obobLieHe
OMNMCAHHOTO BblILle MOAXO0AAa Ha CNy4an HECKOSbKMX CBA3aHHbLIX BOMH C y4eTOM addekTa nx B3aMMHON
TpaHcdopmauun. M3ydeHHble moaenu moryT ObiTb 0o6obweHbl M Ha cnydanm ydeta Kybuyeckon
HeNUHEeNnHoCTN.

VccnepgoBaHne TOYHO pellaemblx Mogenen B3auMOAENCTBUSA BOMH C HEOAHOPOAHBbIMU
cpefamu npeacTaBnsieT MHTepec ANs Lerioro psiaa MNpakTUYeckux MPUNOXKEHUN, B YacTHOCTM, ANs
nepedadnm 9SHeprum Yepes HecTauuMoHapHble U cTpatuduuMpoBaHHbIe cpedbl, pa3paboTku
GesoTpaxaTenbHblX MOKPbITUA, Afs MPOCBETNIEHUS BOSMHOBbIX OapbepoB M AUArHOCTUKM MIOTHOM
nnasmbl, ee Harpeea SMeKTPOMarHUTHbIM U3MyYEeHNEM.

Kpome TOro, TO4YHO pellaemble mogenu MoryT ObiTb WMCMONb30BaHbl ANS NPaBUbHON
MHTepnpeTaumMn MPOCTPAHCTBEHHO-BPEMEHHOW  AMHAMMWKWA  PasfUyHblX  MPOLECCOB,  AaHHbIX
HabnogeHnn nabopaTopHON M KOCMUYECKOW NnasMbl, ANA MPOrHO3UPOBAHUA PasBUTUS KPU3UCHBLIX
NPUPOAHBIX ABMEHNI.

MonyyeHHble pe3ynbTaTbl MOryT NPEACTaBNATbL MHTEpec Ana paguoduanki, nccnegosaHui
no ynpaBnsieMoMy TEPMOSIAEPHOMY CUHTE3y, B aHanuse HenuHeWHbIX BOSMHOBbLIX MPOLECcCoB B
KOCMUYEeCKOWN nnasmMe, actpodusmke u B 6nodmanke, a Takke B NNaHETHbIX UCCreoBaHUSX.

Pexumbl 6e30TpaxaTenbLHOro pacnpocTpaHeHusi BOSIH B HEOAHOPOLHOM cpene

PaccmoTpym nyHenHble pexunmbl 6e3oTpakaTenlbHOro pacnpocTpaHeHWUsl BOSTH B CITIOMCTON
cpege. Wcnonb3dyemas Hwke martematmyeckas MoAenb B3anMMOLENCTBUSA BOSHblI C HEOAHOPOLHON
Cpefon ocHoBaHa Ha NMHEeNHOM ypaBHeHun [enbmMronsua :

1) F"+K(x/L) - F=0

n COOTBETCTBYET B KBAHTOBOW MEXaHWUKe paccedaHnto 4acTtuubl C HyﬂeBOVI aHeprMe|7| Ha
HEeoO4HOPOAHOM noTeHuunane :

2) U(X) = - (L-k)* = (L2K"/2:k) + 3 (L -k’ 12:k)?
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3aech L — xapaKTepHblii pa3mMep HeOAHOPOAHOCTU. TOYHOE pelleHne AaHHOro ypaBHeHusi GepeTcs B
KBa3WKIIaCCMYECKOM BMae

©) FOX)=A-exp[iPX) ] [ko/kX) 1", d¥/ dx = k(X),

roe A = const. Npy 9TOM NPOCTPAHCTBEHHbIA NPOUb BOMHOBOrO vncna K(x), KOTopbln cuntaetca
3agaHHbIM, ByaeT, onpeaensite Npodunb AMINEKTpUYEcKon npoHuuaemoctn. Onpegenum ksagpat
BOMHOBOTO uncna dyHkumeit: k’(x) = ko” - x / L. B aTOM criyyae umeem 3agady 0 paccesiHum BOSHbI Ha
CUHIyINSApHOM NoTeHumnane cneayoLero snaa

(4) UX)=5-(L/4-x)*=(00-Xx/C)

C MOSHbIM MOrNOWEHNEeM Mnagatoliern Ha 00nacTb Henpo3padyHOCTM BOJSIHbI B OKPECTHOCTU Criost
oTpaxeHusa X ~ 0. [laHHbIA BuA noTeHunana BMOJSIHE aHamnornyeH criydar rubpugHoro pe3oHaHca B
MarHMTOaKTUBHOM HEOQHOPOLHOW Nnasme.

Ecnun nmetoTcs ABe TOYKM OTpaXKeHWs T.e.

(5) k2(x) = k02 - [(x/L)2-1]=k02 - q2(¢),
noteHuman U(X) CUHrynsipeH B 060Mx TOUKax OTpaXeHus X = + L, a UMEHHO :
(6) UX)=p2-(1-82)+(1+15-€2)/[2-(&2-1)2],

roe £ = x /L, p=k0 - L — 6GespasamepHbIi napaMeTp HEOAHOPOAHOCTM cpedbl. B gaHHOM criyyae
TOYHOE pelleHne onucbiBaeT Ge3oTpaxaTenbHOe NPOXOXAeHMe BOSHblI Yepe3 ropb noTeHuuwana c
YaCTUYHbLIM MOTTOLEHMEM B OKPECTHOCTU cuHrynspHocten & = +1. KoadhdpuumeHT npoxoxaeHus,
n3MepsieMbli OTHOLLEHMEM MOTOKOB 3HEprMu npollewen u nagawwen BorH, paBeH exp( - - p ).
YkasaHHOe MnorfoLleHne BrofiHe poACTBEHHO WU3BECTHOMY MOrMOLLEHUI0 3NEKTPOMArHUTHbIX BOMH B
cnosx rmbpunaHbIxX pe3oHaHCOB HEOAHOPOAHOM MarHMTOaKTUBHOWM NiasMbl.

MogyepkHEM TO BaKHOe OBCTOATENbCTBO, YTO KOHEYHOE MOrMOoLWEeHNE MPOUCXOAUT Npu
BrOSIHE PerynspHoM noBeaeHnn k*(x). Kpome Toro, B OKPECTHOCTM CroeB & = + 1 umeloTcs obnacty
Henpo3payHocTu. MmetoTcs n apyrne npuMmepbl 6e3oTpakaTenbHOro pacnpoCcTpaHeHUs BOJSH Yepes
cnoucTyto cpefy. B yacTtHocTU, OHO MMeeT MecTo M ANS KBa3unepuoauyecknx HeogHOPOOHOCTEN C
nobbiM 4vncnom cnoeB. Kpome Toro, gna 3apaHee 3agaHHbIX 0a3oBbIX MOAENen JoKarbHON
HEOAHOPOAHOCTM MX cymMa B ((§) CO crny4YamHblM Habopom BXOAALWMX nNapaMeTpoB 6Oypet
onpegenaTe mogens 6e3o0TpaxaTenbHOro B3auMOAENCTBUS SNEKTPOMArHUTHOW BOSIHbI C XaOTUYECKU
HeogHopoaHon cpefon. NMpeactaBnsieT nHTepec 0606LLEHNE ONMCAHHOTO Bbille NoaxoAa Ha criyyaw
HECKOJbKMX CBSA3aHHbIX BOJTH C y4eToM 3ddheKTa ux B3anmHon TpaHcdopmMaumm, YTo no3sonuno 6ol
MOCTPOUTbL HOBBIN KIacC TOYHO pellaeMblX Mogdenen B TEOPUN KOHBEPCUMM MOA B HEOAHOPOAHLIX U
HecTauMOoHapHbIX cpedax.

3agagum 6e3pasmepHoe BonHoBoe 4mcio p(E) = k(x) / ko cneaytowwien popmynon p(€) =1 +y
[1-cos (ué&)]cnapametpamu v, u . lNMonaraem, yto v > - 0.5. CnegoBartensHO, B HEOAHOPOOHOM
cnoe 0 < & < b BbinonHseTcsa ycnosue p > 0. Kpome Toro 3agagvMm napameTp p COOTHOLUEHUEM L = 2
n n /b, rae n yenoe 4ncno. BaxHo oTMeTUTb, YTO B AAHHOM Cly4ae Ha rpaHuuax crosi BennymHa p
paBHa BaKyyMHOMY 3HadeHuio 1.

Mockonbky nponssogHble P:(0) = p:(b) = 0 BO3MOXHa CLUMBKa 6e30TpaXKaTeNbHOro peLleHuns ¢
nagjaroLler Ha Cron CrneBa WM yXOAsLWen OT Hero crpaBa 3MeKTPOMarHUTHbIM BOfHaMu, NpuU4eM Ha
rpaHunuax niasmMeHHoro Crost 3a cHeT Pg: = 0 UMeeTCs CKavoK ANINEKTPUYECKON NMPOHNLIAEMOCTH.

Myctb n = 8, b = 70, y = 0.4. Toraa rpaduk NpoCTPaHCTBEHHOIO Npochuna AN3NEKTPUYECKON
npoHuuaemocTtu g(&) meeT BUA, NpPeacTaBrneHHbIn Ha puc.l Kak Buamm 13 puc.l, B JaHHOM cryyae
nNpodunb AN3NEKTPUYECKON NMPOHULLIAEMOCTM BKIHOYAET U CIIOW HEMPO3padHOCTU, B KOTopbIX g(€) < O.
OTmeTnMm, YTO Ha rpaHuuax cnos p(g) = 1.

Ha rpadmke adpdpektnBHOro noteHumana U(E) = - g(§) aTm cnon cooTBeTCTBYOT Hapbepam,
Yyepes KOTopble YacTULbl B KBAHTOBOW MEXaHWKE TYHHENUPYIOT

MHTepeceH y4yeT HeNMMHENHOCTU B AaHHOW 3agade.

MpocTenwasa matematuyeckas Modernb NPOCBETIEHNs Dapbepa Npy B3auMoOeNCTBUSA BOJSTHbI
C HEeOOHOPOAHOM Cpedov OCHOBaHa Ha pelleHMuM YypaBHeHus [enbmronbua C  Kybuyeckomn
HENTMHENHOCTbIO:

(7) F" + ko’ [e(X) + o |[F(X)I?]-F=0,

roe &(x) NMHenHasa YacTb AN3NEKTPUYECKON NPOHULIAEMOCTH, ol F(x)| 2 = 8¢ HenuHelHas! pobaska.
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Mpueegem cnyyar Boibopa Ans BoNHOBOro Bektopa g(&) pyHKUMKM Tuna ambl

(8) q(€) =1 +A-g(8)-h(8),

roe doyHkumm g(&), h(€) onpegenstoTcs BblpaXkeHNAMM
9) 9 =05{1+(g+b)/[p’+(&+b)*]"'?},
(10) h@E=05{1+(b-&)/[p*+(b-£)*]""*}

C napameTpamu p, . XapakTepHasl TOfLIMHa BONHOBOro Gapbepa nopsiaka 2b, pasmbiToCTb rpaHuL
AIMbl XapakTepusyeTcs NapamMeTpoM p.
MpadmkM ON3NEKTPUYECKUX NPOHMLAaeMOCTel cpeabl

11) @), enc(8) = e(x) + o | F(x)| 2

OaHbl Ha curypax gur. 1+3 B crnyvae Bbibopa napameTpoB A =- 0.8, p =3, 0 = 0.4.

3aknroyeHue

Pe3ynbTaThl N3M0OXEHHOrO BhILLIE aHanM3a MOXXHO CYMMMPOBAThL CreayoLwmm obpasom:

Ha ocHoBe TOYHO pelaemMbix MOZENen Mnoka3aHa BO3MOXHOCTb 6e3oTpaxaTenbHOro
B3aMMOENCTBNSI BOMTH C HEOAHOPOAHONM Cpenon BKMKo4Yasi cpeabl ¢ KybU4eckon HenmMHEMHOCThIo. B
YAaCTHOCTK, OHO MMEET MECTO W NS KBa3UMepUoaMdecKNX HeogHOpPOOHOCTEn ¢ nobbiM (Hanepea
3a4aHHbIM) YMCITOM CrIOeB, MpUYeM MPOCTPaHCTBEHHbLIN NPOdUNb HEOOHOPOAHbLIX CTPYKTYP MOXEeT
CYLLIECTBEHHO 3aBMCETb OT NO6Oro ( Hanepea 3agaHHOro YMcna ) napameTpoB.

MpuvHumMnuanbHO cnegylowee. 3agaB  nwboe 4yMCcnNo napameTpoB M UCMONb3yA B
©e3paamepHOM BOMHOBOM u4ucne q(§) pasnunyHble 6GasloBble YHKUMW AN ONUCAHUSA pPeLUeTKH,
nepexofgHoro crnosi, 6apbepa HEenpo3payvyHOCTU WU OPYrMX FOKanM30BaHHbIX CTPYKTYP, MOXHO
NOCTPOUTb LLUMPOKKIA Habop Moaenen 6e3oTpa)kaTenbHOro B3anMoaeNcTBUS SMNeKTPOMarHUTHbIX BOMH
C HEeoOQHOPOOHOW U HenuHenHon cpedon. B yacTHOCTW, ANs 3apaHee 3adaHHbIX 0a30BbIX Modenen
rniokanbHOM HEOLHOPOAHOCTU UX cymMa B (&) co cnyvanHbiM HabopoM BXOASLIMX NapaMeTpoB OyaeT
onpegenaTe  Mogenb  HeNMHEeMHOro  MpocBeTNeHWst OGapbepoB  npu  BesoTpaxaTerlbHOM
B3aMMOAENCTBUMN 3NEKTPOMArHUTHON BOSHbI C XaOTUYECKN HEOAHOPOAHOW CPEeaOon.

Mo)xHO nokasaTb, YTO KpPOME 3MEeKTPOMarHUTHbIX MOA4 B HEOAHOPOAHOW nnasme
pacCcMOTpeHHOEe Bhille Oe3oTpaXaTenbHoe pacnpocTpaHeHMe BOMH M MNpocBeTneHMe OapbepoB
BO3MOXHO ¥ AN OPYrvMX TUNOB KornebaHun, HanpruMep, 3BYKOBbIX, BHYTPEHHUX rPaBUTALMOHHbIX.

ToyHO pelwaemble Mogenu MoryT ObiTb MCMOMb30BaHbl AN NPaBUiIbHOW MHTeprpeTaumm
NPOCTPaHCTBEHHO-BPEMEHHON AMHAMUKM PasfNYHbIX PU3NYECKMX NPOLIECCOB, AaHHbIX HabnwaeHun
nabopaTtopHOM M KOCMUYECKOW Mnasmbl, AN MPOrHO3MPOBaHMS Pas3BUTUS KPU3UCHBIX MPUPOOHbIX
SABMNEHUN.

MonyyeHHble pe3ynbTaTbl MOryT MpPeAcCTaBnATb WHTEpec Tawkke Ans paanodusmkuy,
nUccrnefoBaHMin Mo ynpaeBrnsieMoMy TepMOSIAEPHOMY CUHTE3Yy, B aHanv3e HeNMHENHbIX BOSIHOBbIX
MpoLleccoB B KOCMMYECKOW Mnasme, actpodusnke u B OuModumavke, a Takke B MNNaHETHbIX
nccnegoBaHusX.
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AHANMUTNYHO U3CNEABAHE HA CMMbTHUK B CUHXPOHEH PE3OHAHC.
N3CNEOBAHE HA BTOPUYHU CBOTHOLUEHUA 1:n

KocTtaguH WWenpetcku, NnameH TpeHuyeB, CTunusiH JlykoB

WHecmumym 3a kocmuyecku u3cnedsaHusi — bbnzapcka akademusi Ha Haykume
e-mail: sheiretsky@abv.bg

Knroyosu dyMUZ HebecHa MexaHuKa, HesluHelUHa QuHamuka, xaomu4Ha QuHaMuKa

Pesrome: B cmamusima e rpusnoxeH mMemodbm Ha nepmypbayuume 3a aHanus Ha emopudHume
PE30HaHCU Ha CITbMHUK, U38bpuweal] PasHUHHO ebpmeniueo OsuxeHue 6 pesoHaHc 1:1 ¢ opbumanHomo.
Uscnedeara e cmpykmypama Ha ¢ha3osomo MpocmparHcmeo, Kamo € HanpaeeHa U OUeHKa Ha e/lusiHUemo
8bPXY PE30HaHCHOMO O8LXeHUe Ha YrieHoseme, pasanexdaHu kamo cMyweHue. OnpedesnieHa e wupuHama Ha
xaomuy4Hama 30Ha OKos10 cenapampucama. Kamo npumep e pasanedaH pesoHarca 1:2.

ANALYTICAL SURVEY OF A SATELLITE IN THE REGIME OF SYNCHRONOUS
RESONANCE INVESTIGATION OF SECONDARY PROPORTION 1:n

Kostadin Sheiretsky, Plamen Trenchev, Stilian Lukov

Space Research Institute - Bulgarian Academy of Sciences

Key words: celestial mechanics, nonlinear oscillations, chaotic dynamic

Abstract : The present paper applies the perturbation method to analyze the secondary resonances of a
satellite with planar spin-rotation in resonance 1:1 to the orbital revolution. Surveyed is the structure of the phase
space; the influence impact on the resonance motion of Hamiltonian’'s members, viewed as disturbances, is
estimated. Determined is the width of the chaotic layer near the separatrice. The resonance proportion 1:2 is
considered as exemplary one.

BbBepgeHue

Pasrnexxgame mogen, npu KOWTO KPanWHWAT CTagui Ha AbMroBpemMeHHaTa AvHamu4ecka
€BOMUMSA Ha CMbTHUK NpeAcTaBnsiBa PpaBHUHHO (B paBHUHaTa Ha opbuTarta), BbpTenuBo ABUXEHMWE,
B pe3oHaHc 1:1 ¢ opbutanHOTO AOBWXEHMe, MpU ToBa OCTa Ha BbpTeHe CbBMaga C ocTa Ha
MaKCUMarH1Ma MOMEHT Ha MHepumsi Ha cnbTHUKa. LlenTta, koATO ce nocrtaeBaA e ga ce u3cnegsa
(ha3oBOTO NPOCTPAHCTBO BLB BLTPELUHOCTTA Ha CUHXPOHHWUS PE30HaHC, KaTo ce M3non3sa TeopusTta
Ha nepTypbauunTe.

MaTtemaTtnyecka chopmynmpoBKa Ha mogena

Mprvema ce, Ye LUEHTLPLT Ha MacuTe Ha CMbTHMKA ce ABWXKK MO KennepoBa opGuta okoro
LiEHTparHoTO TAMO, OCTa Ha BbPTEHE Ha CMbTHMKA € NeprneHauKynspHa Ha opbuTanHaTa paBHUHA U
CcbBrMaJa C OCTa Ha MaKCUMamnHuMs MOMEHT Ha WHepuusTa. [ucunatMBHUTE edeKTW, KakTo U
CMYLLIeHVsITa Npean3BUKaHu OT ApYrv NiaHeTy Uiu CMbTHULM ce NpeHebpersar.

Heka A < B < C ca rnaBHute MOMeHTH Ha uHepLmaTa Ha cnbTHUKa. Otbenassame ¢ R n v
CbOTBETHO OpOUTanHWs pagmyc M UCTMHCKaTa aHoMasnus Ha kenrepoBaTa opbuta. Heka X e bronbT
MeXay ronsiMaTta oc Ha enurncoua u nepuancugHaTa nuHus. YpaBHEHMETO Ha ABWXEHUE MOXe da ce
n3Bene oT ypaBHeHusiTa Ha Ovinep 3a TBbpAOTO TANO
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2
) X‘+%sin(2x—2v):0,

3B-A

2
KbOeto w = ET . Cuntace,ueB ypaBHEeHne (1) € N3BbpLIeHa HopMann3auuna

1T pprpmen =1)-

MpomeHnueute R 1 v ca M3BeCTHU KennepoBm PyHKLUMM HA BPEMETO, Taka Ye € Bb3MOXKHO
ypaBHEHVEeTO Aa ce pasnoxu B ped Ha dypue [1]

@ X+ i W(g,ejsin(Zx—mt)zo.

m=0,m=-o0
m |m-2|
Koedumumentute W E’e ca nponopumoHarnHu Ha € (Cayley 1859).

dakTa, Yye npeHebpersame MNpUNMBHUA €dEKT, Hanara pasrnexgaHeTo Ha KpaeH Gpon uneHose OT
pefa 0o NnopsiabK CbU3MEpPUM C Nopsabka Ha AucunaTnBHUTE eekTu

N, -
(3) X+ o Z W(%,ejsin(ZX—mt)zo,
m=0,m=N,

cregoBaTenHo, ypaBHEHWETO [0 BTOPY pesd No CTeNeHWTe Ha eKCLieHTpuumMTeTa narnexaa taka [1]

Loy

2
5(‘+%sin 2(x—t) sin(2x —t)—7sin(2x — 3t )]+

(4) 620’

+ [L7sin(2x — 4t)—5sin(2x - 2t)] = 0.

U3BexpaHe n nscnegBaHe Ha Pe30HaHCHUA XaMUJITTOHUAH

Mprema ce, Ye ekcueHTpULUMTETa € AOCTaTbyHO Manbk 3a Aa npeHebperHem uspasuTte oT
BTOpa CTeneH no eKCueHTpuuyuteTa. I'IpaBM Ceé KaHOHMYHaTa 3aMdaHa Ha npomMmeHnueuTe no
dopmynute
G Q=2(x-t), P=2(x-1),
M ce noiny4yaBa XxaMUNTOHNUAHA HAa CMYTEHO HENMHENHOo Maxarno
2 2 2
(6) H :P?—a)ZCOSQ+wTeCOS(Q+t)—7LZeCOS(Q—t).

MbpBuTE ABa YneHa Ha (6) cbBNagaT C XaMUATOHMSAHA Ha MaxanoTo, NoCneaHNTe ABa YneHa
pasrnexpame kaTto cmylleHue. PasnaramMme KOCMHYCbHT B HECMYTEHUS XaMUITTOHUSAH B pef Ha Tennbp
W ce orpaHnyaBame [0 MbpBUTE TpM YneHa. BbeBexgame HOBYM KAHOHUYHU MPOMEHNNBU OENCTBUE U
bIMbM, NOCPEACcTBOM hopmynuTe

7 Q= 2—Jsin49, P=+v2Jwcosd.
(0]

Cnegosame meTtoabT Ha [loaHkape [4] M TbpcMM TakoBa KaHOHWYHO NpeobpasyBaHue
J,0 —> J,0, ye B HOBUTE NMPOMEHNMBK, HOBOMOMYYEHUS XaMUITOHUAH Aa € (PYHKUMS caMo Ha

npomMeHmMBaTa nencreve, pas3narame B pea n KOCMHyCcuTe Ha CMyLLUEeHUETO. B pe3yntat ce oocTtura
00 n3pasa

- ) = 2 J
N L ) °y 2J cos(ng—t)+ 23 2J cos(n@ +t)
16 2 @ 2 @

2 7 2 T
—YZeéJm ,l% cos(me—t)+%r§\]m 1/% cos(mé +1t)

|/|3B'pr1JBa Cé KaHOHM4YHa 3aM4dHa, KaTo n3nosiasame rnpouv3eogdillarta beHKLI,VIFI

J
S=——(¥+t).
) w1

(8)
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J
HoBuTe kaHOHMYHK NpomeHnuem ca cbotBeTHo | = —un ¥ =néd —t, otunta ce n dpakra, ve

n
s __,
ot '
B HoBUTE KaAHOHUYHN NPOMEHITNBUN XaMUITTOHUAHaA Npuema smnaa
212 2 2
nl Twe 2nl w'e 2nl
H=Mho-1) - - J, cosW + ——J,| .|=— |cos(‘P + 2t)
16 2 0] 2 w

9)

2 2
—7weZJm ‘/ﬂ cos m‘I’—[l—mjt +EZJm ‘/ﬂ cos m‘I’+(1+mjt .
2 0] n n 2 o 0] n n

MbpBUTE Tpy UneHa B (9) onpeAensiMe KaTo pe3oHaHCeH xamunToHusiH H , a octaHanute ce
pasrnexaaT kaTo CMyLLeHWe

~ n?|? ~ 7a)2eJ 2nl

, cosV¥ .
16 2 w

1) H, =(ho-1)

CTaumoHapH1Te TOYKM Ce HaMMpaT KaTo NpUpaBHSBaMe Ha HyJa Npou3BOAHUTE Ha
OENCTBMETO U Ha bIbfia Nno BPEMETO,

. oH
1) wY=——=0,
ol
- oH
l=——"r=0.
oY
Heka Tean ctoitHoctn ca cvotBetHo | =1,, ¥ ="Y,. Uscnensame anHamnyHaTta cuctema B

6rM30CT A0 PE30OHAHCHUTE CTOMHOCTY Ha NPOMEHMNMBUTE

(12) l=1l,+p,. w=y,+&.

Pasnarame uspasa 3a H, B (10) u no ABeTe NPOMEHNUBK B pef, kKaTo B3MMame MbpBUTE TPy UreHa
oT pasnoxeHueTo. MNpu ycrnosne Y, = k7,k € Z, Moxe fa ce JOCTUTHE [0 U3pa3 3a XaMUINTOHUSIH

Ha nvHeeH ocuunaTop. Kato umame npenBua ToBa U Cce M3BLPLUM FpynupaHe Ha 4YneHoBeTe npep
eflHaKBWTe CTEMEHN Ha P ce focTura oo uspasa

2 2 ” !
_|n7 Tao'e 3 /2n|0 n . /2n|0 is /L cos, bp? +
16 4 o |20l @ >\ 8w

l,2

(13)
nl,
2o @ COSy,
w e
- 2 2 52:Hr_HrO1
KbOeTo
A=nw-1,
n2l,’ 2nl,
Al - T -&FJ, | Kk ” cos¥, =H,,.

MocpenctBom aHanua Ha ypaBHeHue (13) MOXe ga ce onpeaenu yCTOMYMBOCTTA Ha
CTauUoHapHNTE TOYKM B 3aBUCUMOCT OT NapameTpuTe.

KoHkpeTuampame nacrneasaHeto 3a N =2 u uacrnegsame nbpsuTe Tpu uneHa Ha (10), kaTo
OCTaHanaTa 4yacT ce npuema 3a CMyLLEeHNe.

2 2
(14) H,:(Za)—l)l—Z—%(L—l Jcos‘P.




/ I
B (14) ca usnonssaHv MbpBUTE [Ba YrieHa OT pasnaraHeTo Ha 6ecenoata yHkumusa J,| ,[— | no
@

cTeneHuTe Ha aprymeHTa. OT Tyk MoraT Aa ce HaMepsiT U NPOU3BOAHUTE Ha MPOMEHIUBUTE MO
BpeEMeTo

. H
(15) g -2 r:(Za)—l)—l+ T Tel ) s,
ol 2 4 6
2 2
__OH, _Tefe( 1 1P

v 2 20 607

CrauMoHapHUTe TOYKM cCe HamupaT OT CuUcTemaTa, kaTo MPOM3BOAHUTE MO BPEMETO Ha
OENCTBMETO 1 Ha bIbNa ThXXAECTBEHN NPUPaBHUM Ha Hyna. B pesynTat ce goctura 4o uspasute

(Zw—l)—Za)e (2a)—1)+171a)e
(16) ¥,=0(modz)1=1= T P, =x(modz) 1 =17 = T
———e “+—e
2 6 2 6

OrpaHManame pasrnexgaHeTo, go € < 7 .

1
I'IpV| w < —7 CblleCTByBa CaMO €Ha CTauMoHapHa TOo4Ka. Pasrnexpgat ce konebaHusita Ha

cucrtemMarta OKOJ10 Ta3n TO4Ka. ypaBHeHI/IETO, KOEeTO onucea npoueca e

2 2
(17) (hﬁjp—{?e—a’lg ! elgz)§—= H,—H,.

2 6)2 4 12 2

YCTOMUMBUTE CCTOSIHWSI OTTOBAPSIT Ha nanckBaHusta 3@ > | 7 > 0, koeTo Boan fo HepaBeHcTBaTa
(18) ! <w< ! < !

7 7 1 7

2+—e¢ 2—-—e ———e

4 4 2 4

[a pasrnename cnyyas @ > 7 B T031 crnyyaii € Bb3MOXHO a ce NosiBu BTOpaTa
2——¢
4

cTaLmoHapHa Touka. YpasHeHueTo onucseallo konebanustanpu ¥ =0 e

2 2
(19) (E—Ejp—+(—n—wlo+lelozj§—:HrO—Hr
2 6)2 4 ° 1 2

OueBMAHO, YCTOMUMBMTE CbCTOSIHUS OTroBapsT Ha ycnosueTo |, > 3w, kaTo ce otyeTe uspasa 3a |,
ce JocTura o HepaBeHCTBOTO

ﬁ<a).
—— —e

2 4

Toea HepaBeHCTBO cliegBa Ada oTnagHe, Tbh KaTo pasrmexgaHnte OT Hac 4ecToTu TpFI6Ba na ca

©r13KkM No CTOMHOCT C E . OT Tyk cneaBa, Ye cTaumoHapHaTa TOYKa € HeyCTon4mBa.

U3cnepBaHe WMpUHaTa Ha XaoTu4yHaTa 30Ha OKOJ10 BTOPUYEH pe30oHaHC
Pasrnexpgame XxaMnnToHusiHA (8), KaTo npeHe6perBame Hepe3OoHaHCHUTE 4lieHoBe, MNnpaBuM
KaHOHMYHa 3aMdAHa, BbBeXJaMe HOBa MNMpoMeHJIMBa Y =nf -t w usnonssame 3a npounseoadila

yHKUMA F(I,‘I’,t)=—(| —I_O)\P—I—t I

, KbAEeTo |0 € pe3OoHaHCHaTa CTOMHOCT Ha [OencTBMETO,
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oF
nonarame P = —0, oT4ynTamMe " (*)aKTa, ye E =-p. Kato ce Hanpasu CMAHaTa, ce goctura go
n

n3pasa 3a XxaMmnToHuAaHa B HOBUTE NMPOMeEHNNBU

20 —
€0 21, +np

(0]

cos(*¥ + 2t).

3a na npvBegemM XxamMUnToHMSIHA B 06MYaliHUS BUI, XapakTepeH 3a ypaBHEHUE Ha MaxarnoTo,
nonarame ¥ = 7 + 'Y . MNpexebpersame P cnpsimo |, B aprymeHTa Ha GecenoBaTta thyHKLWMS.

HocTtura ce oo ypaBsHeHue oT BUaa
2

(21) HO:%—Q COS‘P+6QOZCOS( /u)&ez.

MHTepecyBame ce OT U3MEHEHWETO Ha €HeprusaTa, Korato AuHaMuMyHaTa cucTemMa onucea
OBWKEHWS OKOMo cenapaTpucaTta. Bavmame cboTBETHWUTE M3pasu 3a NMPOMEHNMBUTE CbOTBETCTBALLM
Ha cenapaTpucHUs cnyyan

—= 2Q)
+Q tt
22) ¥ =darctger@tt) pog "0t
chQ,, (t—t,)

N3MeHeHNeTo Ha eHepruaTa, 3a onpeaeneHo Bpeme, Ha HECMYTEHWUA XaMUITTOHUSAH, NOof, OeNCTBUEeTO
Ha nepTypbauuaTa ce HaMmupa ¢ uHTerpana

(23)  AE = [[Ho, HHt = [W0Z sin(¥ - athit

[[onemuHaTa Ha xaoTuyHaTa 30Ha OKONO BTOpU4eH pe3oHaHC Lie HaMepum CﬂeﬂBaVIKM [3]

Heka LieHTbpa Ha conuToHa e pasnonoxeH B Touka 1, . [lokonkoto ¥ ekcnoneHunanHo HamansBea ¢
BpPEMETO, 3anucBamMe nHTerpana (23) B oOKoHYaTernHus My Bug,

A d
(24)  |AE|= 02, j sinf ¥ -—"—7-¢ [F——, Q,t-t )=1, g, =t
—0 QOl QOl
YecToTaTa Ha MaxanoTo OKOoSo cenapatpucuTte, Kakto € N3BeCTHO Ce n3pasdaBa Taka
0
w(E): - B = Qtz)l
o 32,
[E-E/

Heka (E,(/)) - (E,E) e n3obpaxeHune, CBbP3BALLO NapameTpuTe Npeau AeNCcTBMETO Ha UMNyJica Ha

CKOpPOCTTa OTHETEHO 3a BpeMe paBHO Ha NONoBUH nepunoa. Toraea ToBa |/|306pa>|<eHv|e B ABEH B ce
3anuncea Taka

A + A In 32E,
BN Y4
o(E) [E-E,|)

M3BecTHO e, Yye nokanHaTta HeyCTOVNMBOCT ce pasBuBa No-6bp30 No dha3oBaTa NPOMEHMMBA.
Manko nameHeHue Ha ﬂeVICTBMeTO BCneacteBne Ha cMmylwleHnmeTo BoauM OO Malriko U3MEeHeHue Ha
yectoTaTa Ha konebaHusiTa Ha ocumnatopa. bnvso go cenapaTpucuTte, KbOeTo nepuoga Ha
ocumnmpaHeTo € no-rondam, gaxe Manko U3MeHeHume Ha 4YecTtoTaTa BOAM OO0 CUITHA NpoMdAHa Ha
dasara.

3a fa ce oLeHu nokanHarta HeyCTOMYMBOCT, ce BbBexaa napameTbpa K

(25) E=E+AE,p=0¢+

(26) k=|—"—-
2

YcnoBueTo 3a rpaHunuaTa npu KOATO Ce nodaBdAaBa CTOXaCTU4yHa AMHaMUKa OKOJ10
cenapatpucute e K >1, B koHKpeTHUS criyyan

_ Al aE

| ————sing).

01| S
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B crnydyad Ha N = 2 XaMWUNTOHWSIHa UMa Bunaa

2
(27) p7—52cos;u+%52cos(‘lf+2t)= H,
kbaeTo J, i ~—2 y =2 :ﬂ.

w 4o 4

MHTerpanbT ¢ KOWTO ce onpeaenst UaMeHeHNETO Ha eHeprusiTa ce 3anncea Taka
=7 . 2 .

(28) |AE|=7J-SIn(z//+:r+(pn dr, @, =2t,.

Moxxe ga ce gokaxe, 4ye TOWM ce cBexaa 40 MHTerpan ot Buaa
2% . 2

(29) |AE|:7ISII’] \P+:T+(0n dT.

PelweHuneTo ce gaBa ¢ T.H. uHTerpan Ha MenHukos-ApHong.

2 2.
(30) |AE|=ZA-=|sing,.

7 =
KaTto nanonssame (*)OpMyﬂVlTe 3a U34ncnsiBaHe CTOMHOCTTA Ha MHTErpana Ha MeﬂHVIKOB-ApHOJ'I,D,,
nony4vyasame pegyrnrtarta

@) Az(— é} - mTﬂexp[— 34)

OkoHuaTenHo, 3a 6espa3MepHaTta LUMpUHA Ha XaoTU4YHaTa 30Ha Ce NoslyYyaBa HEPaBEHCTBOTO.

SE |E-E| _8z(2Y 3r
B2) —=—"l<2/ 2| exp —==|.
E E 712 =

= =
s

3aknroyeHue

MocpeacTBOM  M3MON3BaHETO Ha KAHOHUYHWMTE  TpaHcdopMauuuM U TeopusaTa Ha
nepTypbauuaTa e aHanusMpaHa CTPyKTypaTa Ha BbTPELIHOCTTa Ha CUHXPOHEH pe3oHaHc. MoaensT
[JaBa Bb3MOXHOCT Oa ce onpefenaT napaMeTpuTe Ha AMHaAMU4YHaTa cuctema, Npu KOWTO AdaneH
BTOPUYEH PEe30HAHC e YCTOMYMB UK MbK NpeTbpnssa Gudypkaumm, a CbLio Y BIUAHMETO Ha YNlieHoBe
B XaMWUNTOHMSATa onpederneHn KaTo CMyLLeHMe, KOeTO Ce M3pa3siBa B XaoTu3vpaHe Ha 30HaTa OKOmo
cenapaTpucuTe. B 4YacTHOCT e HanpaBeH aHanu3 Ha BTOPUYEH pe3oHaHc 1:2.
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SAMUNNN OT NEPUOANYHU PELLEHNA B ABTOHOMHU XAMUJITTOHOBU
CUCTEMWU. NPUNOXEHNA B ANUHAMWYHO CBBP3AHU TPYNA B
CITbHYEBATA CUCTEMA

NMnameH TpeH4yeB

UHemumym 3a kocMmuydecku uscredearusi — bbeapcka akademusi Ha Haykume
e-mail: ptrenchev@space.bas.bg

Knro4yoeu dymu: oepaHuyeH npobriem Ha mpu merna, nepuoduyHU peuweHusl, XxaMurimoHuaH

Pe3tome: PasznedaH e oepaHudeHusi npobnem Ha mpu mesna e Kpbaoea opbuma. Tol ce onucea
rnocpedcmeoM asmoHOMHa xaMusimoHoga cucmema c 08e cmerneHu Ha ceoboda U eOuH napamembp

HE [O,l/ 2], Kkolimo e mMacoeo chbomHoweHue Ha dee MacueHu mena. [lepuoduyHume peweHusi Ha mo3u

npobnem ¢hopmupam 08y-napamempuyHuU ¢hamunuu. MNacnedeam ce MmemolOu 3a npecMsmaHe Ha CUMempuyHU
MepuoOUYHU peweHus 3a MHOXecmeo cmolHOCmU Ha napamembpa (.

Pasrnexngame Tpu Toukosu Tena P, P, n P,, aBuxelun ce nnocka paBHvHa nog AeiicTteneTo
Ha HIOTOHOBWS 3aKOH 3a rpasuTaums. Tenata P, u P, ca c macu cbotBeTHO M, M M,, a macaTta Ha
TPETOTO TS0 NpUeMame 3a HULLIOXHO Marika U NpakTuiecku He Bnusiewa Ha Tena P, n P,. Mopaam
TOBa [onyckaHe npuemame mMacata Ha Tsno P, fa e paBHa Ha Hyna. B TakbB cnyyait Tano P, we ce
ABWXW MO Kenneposa opbuta cnpsimo Tsno P, . Ako tano P, ce gswku no kpbroea opbuta, Torasa

npoGriema 3a ABWkKeHWe Ha TANoTo P, ce Hapuya Nocbk KPBLroB OrpaHuyeH NpoGriem Ha Tpu Tena.
[a pornycHem, Ye macaTa, BPEMETO U pa3CTOSHMETO ca MOAXOAslo W3bpaHu Taka, Ye cymara
m, + M, , rpaBUTaLMOHHaTa KOHCTaHTa, pasctosHueto P, P, n vrnosata ckopoct P, cnpsmo P, ca

m
paBHW Ha eauHuua. B TakbB crnyyali ce nonyyaBa eAMHCTBEH MapamMeTbp ,u=—2 € [0,1/2].
2

Ako BbBE[EH KOOpAWHAaTHa cucTema, BbpTswa ce ¢ P,, T ToraBa B Tasu koopauHaTHa cuctema c
ueHTbp P, nosuumsita XX, Ha Tanoto P, ce onucea nocpeAcTBOM XamMUNTOHUAH C ABe CTEMNEHU Ha
ceBobofa v eanH napameTbp U :

X, =0H /oy,

My, =—oH/ox =12

KBJIETO

1 1
H=H,+/R, H, =—(yf +y§)+ Xo ¥ — %Y, ==

2 r
(@)
R:1+x1—i, r=yx2+x2, 1,=4(x -1 +x2

r r,
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Mpn u#0 3apgavata e HewHTerpupyema. Mpu =0 3agayarta e MHTErprpyema 1 BCUYKY
HelHW pelleHus moraT da 6bAaT KOpeKTHO onvcaHu. ©a30BOTO MPOCTPAHCTBO B TO3W Cryyai Mma
CMOXHa CTPYKTypa, KOeTo Ce AbIDKM Ha Bb3MOXHWTE cOmbcbUm Ha Tsno P, ¢ tamo P,. 3a y >0

Te3n cONMbChbLUM NPUYUHABAT 3HAYMTENHM NepTypbaummn, KOMTO BOAAT OO NO-HATaTbLUHO YCNOXHABaHe
CTpyKTypaTta Ha (pa3oBOTO MPOCTPAHCTBO. B TO3n cnyyan Han-BaxHu ca pamunumte nepuoguyHu
pelleHnsi, rnoHexe Te dopmuvpaT OCHOBHaTa CTPYKTypa Ha 4acT oT ha3oBOTO MPOCTPaHCTBO. 3a
dVKCUpaHN CTOMHOCTM Ha napameTbpa A MNEepUoAMYHUTE peLUeHUs Ha XaMmWiToHOoBaTa cuctema

npeacTaBnsiBaT efHO-MapaMeTpuyHu damunuu, 1 ABY-NapameTpuyHu npu BapvpaHe Ha L.
MpoBeaeHN ca HSAKOMKO MPOYYBaHWUSA Ha TE3WN (hamuUnmnM NPy Pa3nuyHU CTOMHOCTU Ha NapameTbpa L,

n3bpaHu No TakbB HAYMH, Ye Ja CbOTBETCTBAT Ha onpefeneHa rpyna obektn B CribHYeBaTa cuctema,
Hanpumep cuctemata 3ems-JlyHa, CnbHue- FOnutep, CribHue — HenTyH.

leHepupaHe Ha hamunmM NnepmMoanYHU peLieHns

Ako papeHo pewenve X(t, ), B cuna 3a HsakakBo 4 = u, >0, e HenpekbcHaTo Mo U 3a

npomssonHo manku g >0, To ToraBa Herosata rpaHuua npu 4 —> 0 ce Hapuya reHepupaHo
nepuoamnyHo peuieHne. O4eBUOHO, FEHEPUPAHOTO PELLEHUE € YacT OT pelleHusTa Ha 3agadara npu
1 =0. Teau peluennsi ce nogpasfensT Ha [Ba BuUAA: MbPBUAT BUL Ce CbCTOM OT PELLEHUs, Npu

KOWUTO TAJI0TO PS He ce cbrbeksa ¢ Tano P , KbM BTOPUAT BUA NpUHaAneXat peweHundarta, rnpm Komto
TANOTO PS ce cbnbckBa C TANOTO PZ' PeweHusaTa Ha NMbpBUA BUA Ca pelleHnda Ha 3agadaTta 3a ABe
Tena Pl n PS B CMHOOWU4YHa (pOTaLWIOHHa) KoopauHaTHa cucrtema. PeweHnata 3a BTOpUA BUO Ce
cbopMleaT B HAKOJIKO 4YaCTu Ha pelleHnATa Ha 3agadvaTta 3a ABe Tela Pl n P3, BCAKa 4acCT OT KOUTO

3arnoysa ”n CBbpliBa CbC cbnbCbK Ha TANo P3 B TAIO P2' Bcuykn Te3n yactu mmat egHa mn cblua

CTOMHOCT Ha XamunTtoHnaHa H. Bcuukm Tesm yactm npeacrtaendBat MpeXxa OT eOHO-NepuoanyHu
(paMI/I.I'IMI/I C pasfinveH Xapakrtep.
FeHepMpaHMTe CbaMl/IﬂI/WI OT nepunognyHn pelleHna ce CbCTOAT OT YacT OT (baMI/IJ'II/II/I CbC

CUMETPUYHU NepuoanyHM pelienmns 3a 1 = 0, yacT oT pamunum S 1 yacT ot ABoMkM hamunum T, ¢
Budpypkauum mexay Tean Yactu (BX. Bruno 1990).

29



Mpu =0 BcuukM cUMETPUYHW NepuoanyHU pelueHust 6e3 cbnbebk Ha P, ¢ P, ca

reHepupanu pewwenus. Te chopmupat gse bamunuum Id un Ir ¢ kpbrosu opouTtun. budypkaunmte mexay
damMmnumTe CUMETPUYHM NEPUOOUYHUN peLleHmns ce HabnogasaT npy npecuyaHe Ha amunuute Id, Ir,
S. ToBa CbOTBETCTBA HA UBMEHEHNE Ha XapaKTEPUCTUKNTE Ha Te3n hammnnu.

CneumnanHo BHMMaHune TpsibBa ga ce OTAeny no OTHOLUEHUE Ha XapaKTepa Ha reHepupaHuTe

camunum ot BTOpYM BiA 61130 go Tanoto P, . Mpenutalums xapakTtep Ha Tsnoto P, 6nuso fo tanoto

P, e uscnepsaH ot (Bruno, 1981) u nputexasa UHTpuryBall casos nopTpeT. Hait-o6Lwo kasaHo,
npenuTawima xapakrep ce onucBa MocpeacTBOM CUMETpuyHa xunepbonunyHa opbuta (cpur.l) B
3apavaTta 3a e Tena P, (c maca p) n P,. CnepBala cTbrnka e 4ncneHo npecMsiTaHe Ha TOYHO
AeduHnpaHn hamunum ¢ NOAXOAALLO noabpaHu napameTpu.

NurepaTtypa:

1.Bruno A. On periodic fly-bys of the moon,1981, Cel.Mech.24(3), 255-268

2.Bruno A. The Restricted 3-Body Problem. Plane Periodic Orbits. 1990, Nauka, p.296, Moscow

3.Voyatzis G, T.Kotoulas,J.D.Hadjidemetriou. Symmetric and nonsymmetric periodic orbits
in the exterior mean motion resonances with Neptune. 2005, CeMDA 91(4),191-202

30



S ENS 2 00 8
Fourth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
4-7 June 2008, Varna, Bulgaria
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opbumarnHu enemeHmu

Pe3rome: PasenedaHu ca mpaHcghopmayuume 3a KOH8EpMUpaHe Ha 8eKkmopa Ha CbCMOSHUEMO 8
Oekapmosu KoopOuHamu 8 2eoMempuyHU efleMeHmu, Kakmo u obpamHama 3adaya — rpeobpasyeaHe Ha
eeomempuyYHUMe efleMeHmU 8b8 8EKMOP Ha CbCMOSIHUEMO 3a mecm-4acmuua, dsuxeuw,a ce OKoJIo criiecHama
8 nosocume cu maHema. Tesu mpaHcgopmauyuu ca npeyudHu 6o emopu ped N0 OMHOWEHUEe Ha
eKcueHmpuyumema u UHKNuUHayusima. Toea e rone3Ho U Moxe ysepeHo 0a ce u3ronsea npu OUPeKmHU
U3Y4UCIIEHUS, HanpuMep rpu YUcneHo uscnedsaHe OUHaMukama Ha npbCcmeHu.

3a onucsaHe hopmaTta Ha TECHU NPBbCTEHU B NAaHETAPHU CUCTEMMU, HANPUMEP NPbCTEHUTE
Ha YpaH, YeCTo ce M3Mon3Ba CMcTeMa ypaBHEHUs], NpeAcTaBeHa Haw-o0Lo BbB B1Aa:

(1) r=afl-ecos(z¥ +zp)],

nnn nocpeacTtesomMm cynepno3viuna OT CUHycoupanHu 4neHose OT eAWMH U CbliM BUA, KbOETo I e
pagnyca Ha npbCTeHa, Z € asauMyTaryilHHOTO BbJIHOBO YWCIIO0 (uenoqwcneHa CTOI7IHOCT), ,3 e (*)a3OBVIF|T

bron, ¥ e gbmkuHaTa Ha pasrnexaaHna oTpA3bK , BbPTALL C€ CbC CKOPOCT Qp , CbOTBETCTBALLO Ha

opbutanHa Ab/mkuHa L cnpsMO MHepumanHa oTnpaBHa cucTemMa MocpeacTBOM 3aBMCUMOCTTA
Y= L—th. ToBa € 3a KOHLUEHTPUYHM MNpbCTEeHW. B crnyyan Ha enunTuyHn npbeTeHn Z =1,

Qp =@, KbOETO @ e CTOWHOCTTa Ha npeuecuaTa. OpButanHuTe enemeHTn (rnasHa Monyoc a,

€KCLEHTPULUTET €, U T.H.), KOUTO cneasaT oT yp.(1), N0 OTHOLLEHME Ha M3MmepBaTeNHUTE OAHHU Ce
pasrnexgaT kaTo reoOMeTPUYHU ENEMEHTU U Ce pasnuyaBaTt OT MO-YECTO U3MNOM3BaHUTE OCKyNMpaLLm
enemeHTn, ocobeHo B criy4anTe, KoraTo ce OoTyMTa M crfiecHaTocTTa Ha nnaHetuTe. Ockynupawute
enemMeHTM ca TeaW, KOMUTO TecT-yacTuuata O6M MMana npu npeHebperBaHe crnrecHaTocTTa Ha
nnaHeTarta. Korato LeHTpanHOTO TAMo e cnnecHaTto (B NONOCUTE), OCKyNMpalumMTe NeMeHT n3nuTeat
3HAYMTENHM KbCO-MEPUOANYHN Bapuaumu. [eoMeTpuYHUTE enemMeHTW, OT CBOsl CTpaHa, Cbllo
M3NMTBaT KbCO-NEPUOANYHM OCLUMMaLUKn, HO aMNNnTydaTa Ha Tesn ocuunaumnm € MHOro Marska u Moxe
na 6bae npeHebperHara.

OcBeH TOBa, YacTuLUa Ha KpbroBa opbuTa OKOMo chnfiecHaTa B MOMCKMTe ninaHeTa npuTtexasa

2
3 R

p
nonoxuterneH (NO-rofiiM OT HyNa) OCKynupall eKCLUEeHTpULMTeT €9 E‘J 2 r

[encTtButenHo, EeKCUueHTpununTeTa Ha 4actmuarta oun 6un OCKyInupaul, eKCUeHTpUuMUTeT, ako pemnm aa

He OT4YeTeM cnrecHaTocTTa Ha nnaHetata. Cbwuar npo6neM Bb3HMKBA U NMpu rmasHata nojiyoc —

rmaBHaTa noJjiyoCc Ha 4Yactuua, HamMupalla ce Ha KpbroBsa Op6VITa OKOJ10 cnJiecHaTta B MOJiicuTe
2

3
nnaHetTa LWe WMa ockynupawa CcToWHocT a, ~ I 1+EJ2 —2 | |, ako npeneBperHem
r

cnnecHaTtocTTa. [pnMepHo, 3a YacTuua Ha KpbroBa opbuta okorno CatypH ¢ paguyc r = 137 000 km
umame €, ~0.0045 u a, ~137650km, koeTo cboTBeTCTBa Ha BBHLUHWS Kpail Ha rnaBHUTe
npbCcTeHn. o TO3M HauMH OCKynupalwiata CTOMHOCT Ha rfnaBHaTa nonyc we 6bae CbLEeCTBEHO
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pasnuyHa OT reoOMeTpPUYHUS paanyc Ha opbuTarta. ETo 3awo reomeTpudHuTe eneMeHTu ca yagobHu 3a
n3nonaBaHe, Korato pasrnexgame opobutute Ha caTtenuth (C Marnku eKCLUEHTPULMTETM U HaKIMOHM Ha
opbuTUTE) MNK YacTUUM OT NPBCTEHUTE Ha CNiecHaTy B MOSKOCUTE NITaHeTU.

HdeduHnpaHeTo Ha reOMeTPUYHUTE eNeMeHTM CTaBa C MOMOLUTa Ha T.Hap. enuuUKIMYHa
Teopud. Tasn Teopus e Oeno Ha vHAUUCKMS ydeH YaHapacekap v e npefcraBeHa oT Hero 40-Te
roguHn Ha MMHanNnga BeK No OoTHoweHne Ha 3Be3aHaTa AHaMUKa. Ta ce oTHacs 3a No4YTH Kpbroeu v
Nno4YTN ekBaTopuanHu AOABUXEHUA. Tasn Teopua MoOxe pfa 6'bp,e npunoXeHa npu nnaHeTapHUTe
NPBCTEHU, 3alloTO BCUYKN N3BECTHU NPBCTEHU UMaT Mallkn eKCUEHTPUUUTETU U MallkKn HaKInoHU Ha
opoutuTe cu. TOYHUTE pELUeHUs] Ha YpPaBHEHUSITA Ha [OBMXEHME Cca paslMPEeHM CEPUM OKOJO
KpbroBuTe ekBaTopuanHu opbutn. KoHcTaHTUTe, BbL3HWKBALLM OT Te3u paslMpeHn cepuu, ca
EenUUMKITNYHUTE enemMeHTU. TeopusiTa BKIMHOYBA CbLLO Taka u Tpyu 6asnMcHU 4ecTOoTH, KOMTO ca: brioBa
CKOPOCT Ha BbPTEHE MO KpbroBa opbuTa, XOpM3OHTaNHa enuuMKInYHa 4ectota Kk, KoATO
Xapakrepuaupa paguanHuTe ocumnauMm OKOMO KPbroBO [ABWXKEHWE, BepTMKanHa enuuukinyHa
YyecToTa V, KOSITO XapakTepuaupa BepTukanHmTe ocumnaumm. OT Te3n ennuUMKITMYHU eNeMeHTU MOXEM
[a BbBeeH HOBa CUCTEMA OT efleMEHTU, KOSATO NpaBu ENUUUKITUYHOTO PELLEHME aHaIoMM4yHO Ha Mno-
pasnpoCTPaHEHOTO U MO3HATO ENUMTUYHO peLleHne. Te3n HOBU eNeMEHTU Ca UMEHHO reOMEeTPUYHUTE
enemMeHTu.

[Mpn yucneHnTe cvmynaumm OBWXKEHMETO Ha TecT-4yacTuua 4ecTo Ce MHTerpvpa B MiaHeTo-
LeHTpupaHa pJdekapTtoBa KoopauHatHa cuctema. 1o To3n HayMH MOXeM pfa TpaHcdopmupame
reOMeTpU4YHUTE enemMeHTu BbB BEKTOPU HaA CbCTOAHUETO (BeKTop Ha CKOPOCTTa W BEKTOp Ha
NONOXeHNEeTO) B NMaHeTo-LeHTpupaHa AekapToBa KoopAuHaTHa cuctema. ToBa € Heobxogumo,
HanpumMmep, B CaMOTO Ha4alno Ha MHTerpnpaHeTo, Korato ca n3BeCtHn camo Op6I/ITaJ'IHVITe enemMeHTu.
PascbxpgaBankm B obpaTHa Mnocoka, MOXeM [fa npeobpasyBame BekTOpa Ha CbCTOSIHMETO Ha
pasrnexgaHata 4actuua B JadeH MOMEHT BpeMe B reoOMeTpUYHM enemMeHTU kaTo pesynTtaTr oT
WHTEerpmMpaHeTo.

3aknroyeHue

B HacTosilaTa paboTa ce pasrnexga aHanuTUYHO TPaHC(OPMMPAHETO HA FeOMETPUYHM
efleMeHTV BbB BEKTOP Ha CbCTOSIHMETO, KakTo 1 obpaTHaTa 3adadva 3a npeobpasyBaHe Ha BekTopa Ha
CbCTOSHUETO B [EKapToBM KOOPAMHATM B TEOMETPUYHU eneMeHTU. [TbnHMTe aHanuTUYHU
npeobpa3syBaHns ca 06eKT Ha nocnefBalla no-geTannHa paboTa B HACTOSLWMS LUMKbI U3CNeaBaHus,
KOETO BKIOYBA U pasliupsiBaHe cdepaTta U KOHKPETHWUTE Crydaun Ha rnpuraraHe Ha npeactaBeHuTe
TpaHcdopmaLum B KOCMUYeckaTa AuHamuka, Npy YMCIeHo U3cneiBaHe AuHamMuKaTa Ha MPbCTEHNUTE U

ap.

NurepaTtypa:

l.Longaretti P.and Borderies N.Streamline formalism and ring orbit determination. 1991, Icarus 94,
165-170

2.Chambers J. Ahybrid symplectic integrator that permits close encounters between massive bodies, 1999,
MNRAS 304, 793-799

3.Borderies—Rappaport NNandLongaretti P.Test particle motion around an oblate planet,
1994, Icarus 107, 129-141.
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Abstract: In a classical approach, accounting for radiation reaction, the movement of a charged particle
in external accelerated field is considered. An approximate expression for this reaction, valid in the special case
for constant accelerarion, is recognised in the work to demonstrate that a charged particle’s movement is
regularly accelerated as in the case without presence of radiation reaction, but with another acceleration. The
obtained results can be applied in numerical modelling of a particle’s acceleration in space plasma.

1. BbBegoeHue

BbnpochbT 3a OBUXKEHUETO Ha enekTpudecKkn 3apefeHn 4YacTUUU BbB BBLHLUHO YCKOPABSLLO
none, T.e. Nog AEWCTBME Ha BbHLUHA YCKOpsiBalla cuna, uMma gbira ucropus. Tyk ocobeHocTTa ce
3aKnoyaBa BbB pakTa, Ye OBMXKELLMAT Ce C YCKOPEHUE 3apsaf e U3NbyBa eneKTPOMarHUTHU BbITHU,
KaTo npw TOBa LLie Bb3HUKBA U cnupalia cuna (cvna Ha paguaumoHHOTO TpueHe). Toan Bbnpoc e bun
noBourHaT owe OT Kriacuuute Ha enekTpoMarHetuama, Hanpumep JlopeHu, Jlapmop w gp.
Bnocnegcrteme BBLNPOCHT Ce AMUCKyTUpPa OT peauua m3BecTHu Teopetuum (BopH, Maynm w gp.). B
Halle Bpeme BbMNPOCHT 3a ABWXKEHMETO Ha 3apedeHn YacTuum nog AeNCTBME Ha BbHLUHO YCKOPSABALLO
none oTHoBo 6e NocTaBeH Ha AHEBEH ped — HanpuMep, BbB Bpb3ka C Npobriema 3a U3NbfHEHWETO Ha
MpVHUMNa Ha eKBUBaNeHTHOCT Ha AMHLLANH 3a ABWXKELLMTE Ce C YCKOPeHne enekTpudeckn 3apsam [1-
4]. Cnegea pa otbenexum, 4e BBMNPOCHLT 3a OBWKEHWETO HA 3apefeHu YacTMUuM BbB BBHLUHU
ycKopsiBallM noneTta Bb3HMKBA HE CaMO BbB Bpb3ka C MOCOYEHUTE MO-rOPe YUCTO TEOPEeTUYHU
CcbobpaxeHusi, HO U B peguua NnoBeve UM Mo-Masnko CBbp3aHu C NpakTukaTa 3agayum — Hanpumep,
CbC 3ajjayaTa 3a YCKOPEHMEeTO Ha 3apefeHu YacTuuM B KOCMUYeckaTa nrasma [5-7]. Ot Tasu
rnegHa Touyka, MMa CMUCbJ1 OTHOBO [a Ce CMPEM Ha yKa3aHus BbMpoc.

2. MpnbnuxeH nspas 3a pagunaymMoHHaTa cuna Ha TpMeHe

Tyk Wwe pasrnexaame ABWKEHUETO Ha 3apefeHnTe HYacTMLM B Knacuyecko (MakpoCKONMYecko)
npubnuxeHve. OcBeH TOBa, HWe Lle pasrnegamMe MbpBOHAYarHO HepenaTMBWUCKUS Crydan, T.e
ABWXKEHMe Ha JacTuuaTa npu v«ce.

Kakto e wu3BecTHO, Bceku 3apsf, KOWTO € MOAJIOKEH Ha yckopsiBaHe, Lie MW3nbysa
€NeKTPOMarH1THW BBbMHW U, CrefoBaTenHo, We M3NUTBa peakuus Ha uanbusBaHeTo. Knacuuyeckarta
dopmyna 3a cunata Ha pagvauMOHHOTO TPUEHe MMa cnefHus BuA (B CUCTEMA MEPHU eaMHULIM
MKSA) [8]

o F=-a
3c
KbETO ( e rofiemmHa Ha 3apsga, a - Npou3BoAHAaTa Ha YCKOPEHMUETO.

OTTyk ce BMXAA, Y€ MpU MOCTOSIHHO YCKOPEHWE Tasu Cuna ce aHynupa, BbMNpeku Ye B TO3U
criyyai 3apsagbT CbLUO e u3nbyea. B ToBa ce 3aknioyaBa Taka HapeyeHust “napafokc Ha peakuusaTa
Ha nanbyBaHeTo” [1].
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Heka 3apepeHaTa yactvua (Hanpumep, enekTpoH, pasrfiexaaH kaTo Knacuyecka Yactuua) ce
HaMupa BbB BBHLUHO YCKOpsiBALLO rorie3a npoctoTa TyK LWe cuyMTaMe, Ye BBHLUHOTO YCKOpsiBallo
nore uma noTeHuManeH xapakTep U e eqHOPOAHO U C NMOCTOSIHHA HanperHaTocT (NogobHO Ha NoneTo
MeXay NnovMTe Ha KOHAEH3aTop C NOCTOSAHHO HanpexeHue) (dur. 1).

——

£o
=
1 P :\\ %’-
A
dur.1

ID.BVI)K(EHI/IG Ha 3apeneHa 4Yactuua BbB BbHLUHO YCKOpABALLO none
(cnyanl Ha NOCTOAHHO €HOPOOHO eNiekKTpu4ecKo none
mMexay nrnoYnTe Ha enekTpu4ecku KOHD,eHSaTOp)

B noeanusmpaHus cny4dan, ako ce npeHebperHe N3MeHeHNeTo Ha NoneTo Mexay nnoyute Ha
KOHAeH3aTopa OT NPUCBLCTBMETO Ha 3apsaa ( TO HamperHaTtocTTa Ha YCKOpSBaLLOTO Mofie O4eBUAHO

we 6bae
(2) E=E.,,
kbaeto E, ce onpepens ususno oT 3apsyia BbpXy nnouuTe Ha KoHAeHsaTopa, €, € eAuHUueH

BEKTOp No HanpasneHue Ha octa Z (¢ur.1).
B TakbB criyyar oT ypaBHEHMETO Ha OBWXKEHWE Ha 3apefeHaTta Jyactuua

dv ~
(3) ma = OeZ y
nony4yasame
_ _  E,€ _
4 V=V E =—"*t=4at,
m

KOETO CbOTBETCTBYBA Ha paBHOYCKOPUTEJTHO OABMXXEeHNe Ha YacTtuuara.
Ctporo nornegHaTo, obaye, noneto mexgy NroYvMTe Ha KOHAeH3aTopa Le ce cmyliaBa oT
NpMCBLCTBMETO Ha 3apaga (, KOMTO cb3gasBa CBOW “ormedaneH” obpas Bbpxy nnounte, Kakto e

nokasaHo Ha cour.1. B TakbB crnyvaii pesynTaHTHOTO MNore Liie ce onpenens oT cymata Ha OCHOBHOTO

none E, v noneto, cb3gasaHo ot 3apsipa E
(5) E=E,+E,.

Cuctemata ,3apsg nnoc orneganHu obpasu Ha 3apsga’ (Bbpxy ABeTe niodn Ha
KOHOEH3aTopa) B OOLMs criyyal Lie uMMa CriokHa MynTUMofiHa CTPykTypa. 3a npocToTa Hue Lwe
npuememM, Ye 3apsabT B HAYasHO MOSIOXKEHMEe ce Hammpa MHOro no-6nm3o oo egHaTa nnova, Taka ve

OoTYMTanku orneganHusa obpas camo BbpXy e4HaTa nro4va, MoXeM Aa cuMTame, Ye cuctemara 3apsag —
ornefaneH obpas uma gunornHa cTpyktypa (dwr.1).

c

|-|OLI, JJ,eIZCTBVIe Ha noneTto EO 3ap;|,u,1=T q e ce yCKOpﬂBa, I'IpI/I KOeTo Le ce I'IpOMeHﬂ n
pa3CTOF|HVIeTO Me»q:\y 3ap;|,qa N nno4yaTta Ha KOH,CI,eH3aTOpa, a cnegoBaTtesiHO M oUNONHNUA MOMEHT
©  d(t)=2q[h, - z(t)E,.
KbadeTo hO - HA4YaliHO OTCTOAHME Ha 3ap;|,u,a OT NNo4aTa Ha KOHD,eH3aTOpa.

Ho, kKaKkTo e U3BECTHO, UBMEHEHNETO Ha AMNOSIHUS MOMEHT BOAM A0 M3NbYBaHe OT cucTemaTa
C MOLLIHOCT, KOSITO MOXe Ja ce onpeaenu ot nspasa [8]

2d®> 29°., 29° ,
7 = = 7% = a’,
() ' 3¢?  3c? 3c?

KbOeTo a = Z(t) = CONSt - nocTosAHHO yckopeHue Ha 3apsaaa.
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3a ga nonyuum u3pasa 3a paguaumoHHaTta cuna Ha TpueHe F, e nsxoaum ot o6wms nspas
3a umnynca P Ha 3apefeHara yacTtuua
®  P=P-P.
kbaeto P’ P, - cboTBeTHO, MMMYyNC Ha 3apedeHaTta 4acTuua Mpu OTCbCTBME Ha peakuus Ha
U3MbYBaAHETO N UMIMYIC, CBbP3aH C peakumnsita Ha n3nbyBaHe.

3amectBaikm P =MV , nonyyasame
9) mv=m'vV-mv,
kbaeTo M’ e “edpekTMBHA” Maca Ha uvacTvuaTta, OT4MTalla BMUSHUMETO Ha peakuusita Ha
n3nbyBaHeTo, M; - Maca, CBbp3aHa C MNoseTo Ha U3nbYBaHe.

Wmankn npegsua, 4e M’ '~ M u ¢akta, 4e NpuM OTCHCTBME HA PeakLMs Ha M3nbyBaHe
[BVXEHMETO Ha YacTuuarta criegsa aa 6bae pasHoyckopuTenHo, T.e. V = at, a cblyo Taka n uspasa
3a mMacata, cBbp3aHa C noneto Ha usnbysaHe M, =W, /c?, kvpeto W, e eHeprusTa, oTHacsiHa oT

M3nb4YBaHETO, NnoJjiy4aBame
o Wi (. PV
10) V=at-—vV=la-—=1,
c mc

kbaeTo e B3eTo npeasua, e W, = Pt.

"OpHUAT n3pas Mmoxe Aa ce NpeacTaBun Taka
1) v=(a-al,
KbOeTo
(12) a, =—V

mc

-OoTpuLaTenHo (Cnmpatlo) yCKOpeH1e, CBbP3aHOo C peakuusaTa Ha U3NbYBaHeTo .

OTTyK 3a pagraumoHHaTa cuna Ha TpMeHe umame

Y1 2
PV 2q
2 5

c 3c
KOeTO CbBnaja ¢ uspasa, nosnyyeH B [9] no Apyr HAYMH.

KakTto ce Bmxaa oT (13) gopy Npy NOCTOAHHO YCKOPEHUE, paguaunoHHaTa cuna Ha TpUeHe He
e paBHa Ha Hyna. OceH ToBa, oT (11) ctaBa fACHO, Ye B MbPBO NPUONMXEHUE B pasrnexgaHus
crnyyam [OBWKEHMETO Ha 3apefdeHaTa 4acTuMua BbB BBHLIHO YCKOpPSiIBAWO MOfie Chblo e
pPaBHOYCKOPUTENHO, HO C YCKOPEeHWe, Mo-mManko OT ToBa, Korato He Ce OTyMTa M3MbYBaHETO OT
cuctemara.

dopmyna (13) nokasea, 4Ye cunata Ha paguaLMOHHOTO TPUEHE € nponopuMoHanHa Ha
KBagpaTa Ha YCKOPEHMETO M Ha MbpBaTa CTEMeH Ha CKOpoCcTTa Ha 3apedeHaTta yacTtuua. [Npu Toea,

13) F, =dam= a’v

2 5 -
Koe(bI/ILlMeHT'bT Ha NponopunoHanHoOCT & = 2q /3¢’ uma TBbpAae Malika CTOMHOCT. CnepoBatenHo,

MOXe Ja Ce 3aKmyun ,4e Npu Mankm CTOMHOCTU Ha YCKOPEHMETO M Ha CKOPOCTTa BIIMAHWETO Ha
peakuusita Ha M3NbYBaAHETO MOXe Aa ce npeHebperHe. O6paTHO, NpW rOfiEMU YCKOPEHUS U Npw
cKopocTn, 6nmM3km OO0 ckopocTTa Ha cBeTnvMHaTa (T.e. B penatMBUCTKM W yNTpapenaTtuBUCTKU
cnyyam) cunarta Ha paguauuoHHOTO TPUEHE MOoXe [a ce okaxe TBbpAe ChLUeCTBeHa.

B kHurata Ha Jlangay v Jindwmua (Teopus nona [8] cTp. 286) ce npuBexaa cnegHvsa Mspas
3a cunara Ha paguaunoHHOTO TPUEHE B PENATMBUCTKUA Cry4van

2e* (E,—H,P+(E, +H,f
14) Fy=-——"r-? .
3m’c 1-(v/c)
kbaeTo E;, H; ca cbOTBETHMTE KOMMOHEHTUN HA BEKTOPUTE HA 3NEKTPUYECKOTO M MarHMTHOTO MoneTa,
B KOETO Ce ABWXM YacTuuaTa.

OTTyK ce BWxAa, Ye 3a ynTpapenartMBucTkaTa 4acTtviua cunata Ha pagualvoHHO TPUEHe e
nponopuMoHanHa Ha KBagpaTa Ha HenHaTa eHeprusi. [1o HaTaTbk B KHUraTa ce npaeu M3Boga, 4e 3a
ynTpapensatMBucTkata yactmua MoXe Aa MMa MSACTO Chnydval, KoraTo paguauvoHHOTO CnMpaHe ce
siBABA OCHOBHa AeWcTBalla Ha Hes cuna. Pas3bupa ce, ToBa e TBbpae obLy M3BOA U, 3aToBa MMa
CMUCDBIT A Ce M3SACHU BNUSHMETO Ha cunaTa Ha paanMauMOHHOTO TPMEHE B KOHKPETHUTE Cry4vau.
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3. ypaBHeHMﬂ Ha ABMWXeHuWe Ha 3apegeHata 4actuua C OTYUTAHEe Ha peakuudaTa Ha
n3nb4yBaHeToO

Tyk HVe LWe pasrnexgame crnyval Ha OBMXKEHME Ha 3apefeHaTta vyacTtvua (enekTpoH) BbB
BBHHLUHO €NeKTpOMarHuTHO rnore. Toraea, cunaTa C KosTo NoreTo AeWCTBYBa Ha YacTuuarta e cunara
Ha JlopeHL [8]

a5 F =—¢E+1(ixB)|.
C
Tbn kaTo noa ﬂ,eﬁCTBVle Ha 3NEeKTPpMU4eCKOoTO none 4Yactumua e ce yckopsasa, ToO o4eBUOHO, T4
e m3nvyBa N Ha Heqd Le D,eVlCTBa cunata Ha pagnaumMoHHOTO TPUEHE. ToraBa, C OT4YMUTaHe Ha Ta3un
cuna, Hme MOoXxem [a s3anuiemM ypaBHeHUEeTO Ha ABMXeHNEe BbB B/aa

dp B Y
(16) —=-¢ E+—(v>< B) -F.
dt C
3a CKOpOCTM, Marlkv B CpaBHEHWE CbC CKOPOCTTA Ha CBETNMHATA, UMMYNICLT P =MV u,
3aToBa, MMarku npedsug (1), nonyyasame
av  2e“d°v = 1. =
@ m—+_—F—=—-¢E+-[VxB)|.
dt 3c” dt C
HepoctaTbKkbT TyK, KakTo Beye Oelwle oTtbensasaHo, € aHynMpaHeTo Ha BTOPMA YneH npwu
V =const.
B yacTtHua cnyyal, koraTo OTCbCTBa MarHUTHO NOMe, BCUYKM BEKTOPHWN BENUYMHM MMaT camo
e[Ha KOMMOHeHTa, Haco4YeHa Mo NPOTEeXeHVe Ha BbHLUHaTa yckopsBalia cuna (T.e. No HanpasneHune

Ha BekTopa E ). B TakbB crniyyai Hue MOXeM Aa 3anuiuem, ¢ otumtaHe Ha (13)

dv 2e?(dv)’
(18 m—+——| — | v=-—eE.
dt  3c® \ dt

Kakto ce Bwxga, ToBa AudepeHUManHo ypaBHeHVWE € OT MbpBU pef, 3a pasnuka OoT
ypaBHeHue (17), koeTo e oT BTopu peq.

Mpu ckopoct, GNU3KM OO CKOPOCTTAa Ha CBETNMHATa, Kak € WM3BEeCTHO, cnedaea fda ce
N3nonsyBa PensTMBMCTKOTO ypaBHEHME Ha ABWKEHME HA 3apedeHaTta Yactuua, koeto Moxe Aa 6bae
3anucaHo BbB BuAaa [8, 9]
ag L) MV e lGxB)|-F,

dt | y1—(v/c) c

KbAEeTO Noa Fs ce nma npeasung I'IpOCTpaHCTBeHOFIOﬂ,O6HaTa (prmepHa) 4acT Ha YeTUpun-BeKTopa Ha
cunata Ha pagnaunoHHOTO TpUeHe.

B o6Lwus cnyyaii B ToBa ypaBHeHue 3a cunata F, cneaea pa ce usnonsysa nspasa (14).

Obaue, B ykazaHWsl NO-Tope YacTeH Cry4al, Korato BCUYKM BENUYMHM MoraT fa ce cyuTaT 3a
ckarapw, npefacTaBnsiBa WMHTEpeCc BBL3MOXHOCTTA Ja Ce WCMOomn3Ba penaTMBUCTKMA aHamnor Ha
ypaBHeHue (18), koeTo uma Buaa

2

d m,v 2e? | d m,v
(200 — 0 =+ 0 = = —¢eE.
dt| J1—(v/c)y’ | 3¢ |dt| Jj1-(v/c)

Tyk e B3eTO Npeasua, ye vic=1.
ToBa ypaBHEHWEe e Noe3HO Aa Ce CbMNOoCTaByM C PenaTUBMUCTKOTO YPaBHEHUE Ha OBUXKEHME Ha
3apefeHaTa YyacTuua Npy OTCbCTBME HA peakuusta Ha M3nbyBaHe

d m,v
(22) — | —=—— |=—¢E.
2
dt| J1-(v/c)
Kakto pobpe e wu3BecTHO, ypaBHeHue (21) onncBa Taka HapeyeHoTo ,XxvunepbonmyHo”
OBWXeHWe Ha penaTmBucTkaTa YacTuua, yeKkopsiBaHa OT NOCTOSAHHO BBHLLUHO Mone.

OTTYK MOXe [a Ce 3akyuyu, 4e no npuHuun, Ha OoCHoBaTa Ha 4YUCNEHO MoAelninpaHe Ha
OBVXEHNEeTO Ha 3apefeHaTta 4acTtuua, MOXe [a Ce CbMNOoCTaBAT pelleHndATa Ha ABeTe ypaBHEHUA U
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OTTYK Aa Ce UBACHAT yCrioBuATa, npu KOUTO BIIMAHMETO Ha peakundaTa Ha U3nbydBaHe Ha OABWXEHUETO
Ha YactuuaTta CTtaBa CbLEeCTBEHO.

4. 3aknoyeHue

Ha 6a3aTta Ha onpocTeH hm3ndeckn Mogen e pasrneaaHo ABMXKEHMETO Ha 3apefeHn YacTuum
BbB BbLHLUHO YCKOpdABaLlO nofie C OTYUTaHe Ha pagnaumoHHaTa cuia Ha TpUeHe. I'Ionyqua e
npubnuxeH 1M3pa3 3a Ta3n cuna, BanuWaeH 3a Ccrnyvyas Ha MNOCTOSIHHO YyckopeHwe. [okasaHo e
KayeCcTBEHO, 4e [BWXKEHMEeTO Ha 3apefeHara uvacTvua npu MNOCTOSHHO YCKOpPEHMe Cblio e
PaBHOYCKOPUTENHO, HO C YCKOPEHWE, MO-Marnko B CpPaBHEHWE CbC Cry4as, KoraTo He ce oTyuTa
peakuusita Ha wu3NbYBaHeTo. M3BeoeHO e ypaBHEHME Ha [ABWXKEHVMETO Ha 3apefeHn vacTuum
(enekTpoHK) B NoneTo Ha enekTpoMarHMTHa BbiiHa B MPUCHLCTBMETO HA MOCTOSIHHO MarHUTHO Mone, ¢
OTYMTaHe Ha paguauMoHHaTa cuna Ha TpueHe. To3u criydaill MMa BaXkHO 3Ha4YeHWe Npu MoaenvpaHe
Ha npouecuTe Ha YCKOPEHWE Ha 3apefeHmn YacTuLM B KOCMUYecKkaTa nnasma.
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Abstract: The article discusses the results achieved after radiation of a solar panel with CO2 laser and
covers the short circuit, the floating voltage, and the efficiency. The theoretical deriving of the most appropriate
laser wavelength, referred to the maximum transformation of laser energy into electrical energy for mono crystal
silicon is presented. The volt-ampere characteristics of the photo receiver are described

Introduction

The research of the influence of the laser radiation on photo voltage systems is important,
providing energy for existing satellites in the end of their life, due to reduction of the energy system [1].
This type of radiated laser energy has a great commercial value [2]. The laser radiation is preferable
because of the high efficiency of the silicon cells under monochromatic lightening [3], and the
possibility of increasing the energy, in order to produce more energy outcome per area [4].

Exposition
Laser with Carbon Dioxide

The most appropriate laser for injection on fading satellites is CO2 — laser, where the
amplification is approximately = 1006 nm, i.e. this is the closest value provided for the maximum of the
transformation of the laser energy into electric energy for the silicon semi-conductor.

CO2 - lasers generate a broad range of lines in the scope between 900 nm up to 1100 nm.
The strongest amplification is at 1060 nm. They are characterized with strong efficiency, reaching up
to 20 % for well constructed models.

The laser used (Model L 1000) has:

longitudinal smoldering discharge and fast longitudinal channel;
Output power by specification - 1000 watts;

Laser environment — carbon dioxide;

Mod —-TEMO1;

Diameter of the output ray — 15mm;

Beam divergence — 2 mRad;

Polarisation — circular.

The CO2 has more homogeneous and active environment and provides more qualitative and
direct radiation. It has better mode structure and better focusing [5].

T M

. . = Picture 2. Transverse view of the Picture 3. Defocusing lens
Picture 1. General view of the CO2 CO2 laser

laser
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Solar Panel

The silicon is the main semi-conductor material for photoelectric transformation of the solar
energy [6].

The direct transformation of the solar energy into electric energy can be achieved with solar
batteries, consisting of multitude of photo elements, through the so called photovoltaic effect [7].

The model of the used solar panel is:
685-SP-120-12 V;
Voltage — 12 V;
Current Voc — 120 pA;
Voltage (MAX) Voc — 16 V;
Current (MAX) Isc;
Size 15.9 x 27.8 x 1.7 cm.

The solar panel consists of 36 consequently connected photo elements, which aim at the
increasing of the output voltage.

Resistors
e R1=33kQ;
e R2=77kQ;
e R3=143kQ;
e R4 =308 «kQ;
e R5=406 kQ;
e R6=503kQ;
e RO=0;R=w
Meanings
e Rel — Electric power;
e RI-—laser power of the successive line of generation;
e 1, % - efficiency;
e n=Rel/RI.100;
e Rel =1.U - electric power.

Experiment

In front of the CO2 laser a defocusing lens is set, that allows a spot with diameter 5 cm and
25 cm. The photo converter is set at 150 cm distance from the lens. Ampere meter, voltmeter and
resistors for measuring of the current are plugged into the photo converter.

Figure 1. Scheme of the experimental setting
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Results
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Figure 3. Dependency of the lo/PI from the power at various

Figure 2. Dependency of Uo/PI from the power at various !
diameters of the laser spot.
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E;ggtﬁgelgée[iesp%rt\dency of the efficiency at various diameters Figure 5. Volt-ampere characteristics for CO2 laser at various
P power and diameter of 5 cm.

Figure 6. Volt-ampere characteristics for CO2 laser at
various power and diameter of 25 cm.
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Analisis of the Results

The following quantities can be brought into use, that characterize the panel's quality to
transform the laser light into electric one, depending on the diameter of the laser spot and the power of
the laser emission. These are the ratio between the floating voltage and the laser's power UO/PI, and
the current 10/PI, that results from the short circuit. During laser radiation at 0.5 W the floating voltage
for a 25 cm spot is 3.6 times greater than the one for a 5 cm diameter spot. The values for the short
circuit current for a spot of 25 cm are approximately 7 times bigger. As the laser power increases there
is no significant increase of the floating voltage and the short circuit current — 36 V and 7 mA for 25 cm
and 12 V and 1 mA for 5 cm at 0.5 up to 500 W power.

The values of the electric power of the solar panel at 0.5 W radiation are more than 38 times
bigger at 25 cm diameter of the laser spot than these at 5 cm, for resistance R = 33kQ.

The difference between the electric power at 5 and 25 cm increases with the increase of the
resistance and at R= 503 kQ the electric power is 85 times bigger. This ratio (P5cm- P25cm), is
preserved more or less unchanged at every value of the laser’s power.

The efficiency, which is the most important characteristic of the researched system, varies
from 8,98 % for 25 cm diameter of the spot to 0,2 % for 5 cm diameter of the spot at R = 33kQ. The
efficiency gradually decreases with the increase of the resistance reaching 3,02 % for 25 cm and 0,03
% for 5 cm.

With the gradual increase of the laser’s power from 0,5 W to 500 W the electrical power of the
photo converter increases as well with approximately 3 mW, but thus reducing the efficiency. The
lowest efficiency values of the photo converter are achieved at the highest level of the laser emission’s
power (Fig. 4).

The volt-ampere characteristic of the photo element, at 5 cm laser spot diameter (Fig. 5)
shows relative nonlinearity. Certain saturation is indicated at the higher voltage values. For 25 cm
laser spot the volt-ampere characteristic is S-shaped, and the saturation is measured again at the
lower current and the higher voltage values. Nonlinearity probably results from the raised temperature
of the selective coverage, which causes emission of heat, thus increasing the resistance causing the
current to stop decreasing linearly, but keep same values (Fig. 6).

Conclusions

The analysis of the results shows that the usage of a wavelength, close to the theoretically
deduced one, increases the photo element efficiency. In the same time the results suggest that for
producing high efficiency higher power is not necessary.
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Abstract: A neuro-adaptive approach for autonomous flight controller design for aerial robots is
proposed. Three intelligent modules are implemented to control respectively the altitude, airspeed and roll angle
of the airplane, through which the altitude and the latitude-longitude of the unmanned aerial vehicle are controlled.
Each intelligent module consists of a conventional feedback controller and a neural network feedback controller.
The former is provided both to guarantee global asymptotic stability in compact space and as an inverse
reference model of the response of the controlled system. The proposed approach makes direct use of the
variable structure systems theory. A variable structure systems-based on-line learning algorithm is developed and
applied to the neural network controller. Results from simulated trajectory control of the Aerosonde unmanned
aerial vehicle by using the proposed neuro-adaptive control scheme are presented.

I. Introduction

The main purpose of the autopilot is to enable the unmanned aircraft to accomplish its mission
autonomously, without any (or with minimal) intervention from the human operator. Three hierarchical
levels of control can be usually identified in the modern unmanned aerial vehicle (UAV) autopilot
systems: (i) Low-level control include control and stability loops aiming to provide airplane with
improved dynamic stability, regulation of flight parameters, as well as tracking of basic autopilot
commands; (ii) Mid-level control provides navigation and guidance capability to the take-off and
landing, climb, cruise, and loiter; (iii) High-level control has to interpret the mission objectives and
safety constraints, awareness of the current aircraft and environment conditions.

The most widely used approach at the autopilot low-level control, currently still implements
conventional Pl and PID controllers, augmented with online gain scheduling [1]. The increasing
complexity of today’s aircraft dynamical systems which is frequently coupled with unknown dynamics,
modeling errors, various sorts of disturbances, uncertainties, and noise creates a need for advanced
control design techniques that are able to overcome limitations on the traditional feedback control.
During the last decade model-free, computationally intelligent technigques using either fuzzy logic or
neural networks (NNs) have been investigated in order to circumvent existing difficulties in the
autopilot low-level control [2-4].

The present paper addresses the design of adaptive neural network feedback controllers for
the low level control loops of the UAV autopilot system. A variable structure systems-based (VSS-
based) on-line learning algorithm is developed and applied to the proposed neurocontrollers.

The paper is organized as follows. Section Il starts with a basic introduction to the proposed
neuro-adaptive control approach and then explains the design of the intelligent controllers used for the
trajectory control of the UAV. The variable structure systems-based online learning approach for
continuous time neural networks is introduced in Section Ill. Section IV is devoted to the obtained
results from simulations, and the concluding remarks are given in Section V.

Il. The Neuro-Adaptive Control System

The approach proposed in this paper is based on the design of three neuro-adaptive control
modules. Among them, one module has to adjust the aircraft bank angle value in order to control the
latitude and longitude coordinates, and the other two modules are used to adjust the elevator and
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throttle controls of the UAV in order to obtain the desired altitude value. These intelligent control
modules acting in combination enable simple navigation of the unmanned aerial vehicle.

The so-called feedback-error-learning concept, proposed in [5] and initially applied to control
of robot manipulators, has been used to tune online the proposed neurocontrollers. The general
structure of an intelligent control module is shown on Fig. 1. It relies on the parallel work of two
feedback controllers - a neural network feedback controller (NNFC) and a conventional feedback
controller (CFC). It is common, when applying the feedback-error-learning concept, to assume that a
proportional plus derivative (PD) controller is used as CFC. It serves both to guarantee global
asymptotic stability in compact space and as an inverse reference model of the response of the
system under control. The output of the CFC is used as an error signal to update the weights of the
neurocontroller in and in this way the latter is learning online to eliminate the conventional controller
from the control of the system. The weakness of the approach based on the usage of a PD controller
(and also of the obtained in this way PD-type NNFC) is that in many cases it is not possible to remove
out the steady state error.

When the required control performance cannot be reached by using a PD control law, then
proportional plus integral (PI) or proportional plus derivative plus integral (PID) controllers can be used
as CFC (thus adaptive PI-type, or PID-type neurocontrollers can be obtained respectively). The latter
approach has been adopted and implemented in this investigation by adding one common for both
(CFC and NNFC) blocks integrating term, placed after the summing junction for the output signals
from the two controllers (see Fig. 1).

Due to the highly nonlinear nature of UAV dynamics and the inference between the controlled
parameters two Pl-type adaptive NNFCs have been constructed in this work for the bank angle and
altitude controller respectively (by implementing only P terms in the CFC blocks) and one PID-type
neuro-adaptive controller has been utilized to control the airspeed.

—>

A4

Controlled y
> ,BJ System

v

A 4
]

— bl K, H

Fig. 1. Block diagram of the implemented feedback-error-learning scheme for a PID-type adaptive neurocontroller.

lll. The Sliding Mode Online Learning Approach

Most of the existing online training methods for NNs rely on the gradient descent methodology
and involve the computation of partial derivatives, or sensitivity functions. In this respect, they can be
considered as extensions of the well-known backpropagation algorithm for multilayer feedforward NNs
and hence they inherit some of its major drawbacks among which, in particular, is the difficulty to
obtain analytical results concerning the convergence and stability of the learning schemes.

An alternative way to design a robust learning scheme is to utilize the VSS theory [6] in
constructing the parameter adaptation mechanism of the NNs since the robustness of the variable
structure control (VSC) scheme against unmodelled dynamics, disturbances, time delays and
nonlinearities is well known [7].

Consider the two-layered feedforward NN with a scalar output, implemented as a neural
network feedback controller. The following definitions will be used:

.
X(t)= [xl (t), .. x, (t)] - vector of the time-varying input signals augmented by the bias
term.

T
Uy ()= [u,ﬂl(t), ...,u{;n(t)} - vector of the output signals of the neurons in the hidden layer.

u" (t) - scalar signal representing the time-varying output of the network.
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Wi1(t), .- matrix of the time-varying connections’ weights between the neurons in the input

(nxp)
and the hidden layer, where each matrix’s element wl; (t) denotes the weight of the connection of

the neuron i from its input j .

W2(t)(lxn) = |:W21 (t),...w2, (t)] - vector of the connections’ weights between the neurons in

the hidden layer and the output node. Both W1(t) are considered augmented by

(nxp) and Wz(t)(lxp)
including the bias weight components for the neurons in the hidden layer and the output neuron
respectively.

f() - nonlinear, differentiable, monotonously increasing activation function of the neurons in
the hidden layer of the network (e. g. log-sigmoid or tan-sigmoid function). The derivative of the
activation function f (-) of the neuron i from the hidden layer is denoted as A, (t) where

1) 0<A(t [ [Zwlxﬂssmj

and B, corresponds to its maximum value.
The neuron in the output layer is considered with a linear activation function.
The output signal u,']i of the i-th neuron from the hidden layer and the output signal of the

network u" (t) are defined respectively as follows:
P

@) uy, = f{Zwlij xj]= f (W1 X)
j=1

n
®3) u" (t) =D w2;uf, =W2Uj}
i=1
The NNFC is assumed to operate within the feedback-error-learning scheme, the general
structure of which is presented on Figure 1. It will be assumed (due to the existence of a CFC
controller in the scheme) that the input vector of the NNFC and its time derivative are bounded, i.e.

(4) X (1)) = /X7 (t)+...+ x5 <By vt
B X(1)|= % (t)+.. 4 X5 () < By Wt

with By and By being known positive constants.

Due to the physical constraints, it is also assumed that the magnitude of all vectors row
W1, (t) constituting the matrix W1(t) and the elements of the vector W2(t) are bounded, i.e.

©) WL (1)) = WL (1) + Wi (1) +...+ WL, (t) < By, Wt

@) |w2; (1) < By, Vt
for some known constants B, and By,, where i=12,..,n
u(t) and u(t) are also considered as bounded signals, i.e.
®  |u(t)<B,, |u(t)<B, vt
where B, and B; are positive constants.
A VSC-based on-line learning algorithm is applied to the NNFC in this investigation. The zero
adaptive learning error level for the controller s, (u,u”) is defined as follows:
9) sc(u”,u):uczu”+u
with 4 being a constant determining the slope of the sliding surface.
Definition 1. A sliding motion will have place on a sliding surface sc(u”,u) =u’(t)=0, after a
hitting time t,,, if the condition s (t)$; (t)=u®(t)u°(t)<0 is satisfied for all t in some nontrivial semi-

open subinterval of time of the form [t,th )c (—ooty)
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The learning algorithm for the NNFC weights W1(t) and W2(t) has to be derived in such a
way that the sliding mode condition of definition 1 will be enforced.
Let us denote as “ sign(sc)“ the signum function, defined as follows
1 fors,(t)>0
(10)  sign(s,)=40 fors. (t)=0
-1 fors,(t)<0
To enable s, =0 is reached, the following theorem is introduced.
Theorem 1. If the adaptation law for the weights W1(t) and W2(t) of NNFC is chosen
respectively
W2 X uy)

(11w :—[ - J]o:sign(sc); W2, = — + asign(s,)
XX (uh) ur

with « being sufficiently large positive constant satisfying « >nB,B,,,ByB,, +B, then, given an

arbitrary initial condition s;(0), the learning error u‘(t) will converge to zero during a finite time t,
which may be estimated as

(12) < 5 ()
a—nNB,By;By By, +By

and a sliding motion will be maintained on u® =0 forall t>t,.

lsc2 as a Lyapunov function candidate. Then differentiating V, yields:
2

V, =5, (6" +0) =, [sz f[ZWl X Hw :sclngiugi+ngi;\j§(wl " +W1,ij)++

:sc{—zn“u:':j asign (s, )ufy +ZA,Z{[ ]aﬂgn( o) X;W2, +w1,Jwa2} }:

Proof. Consider V, =

i=1 “HYH

=S [—amgn ZAIaW225|gn ZA,WZ ZWl X; +u]

i=1

n

:—[a—i-aZA,WZ ]|s |+{ZAIW2|iW1”XJ +u}sc <—alsy|+s, [ZA,WZ Zwlu X +u}

i i
(13)  <-als,|+(NB,By,ByBy + By )[sc| =|s.|(-a +NBABy ,By1By +B;) <0 Vs, =0

where A (t), 0<A( [ (Zwl X: HSBA Vi,j is the derivative of the neurons’ activation

function f(-), and B, corresponds to its maximum value.

The inequality (13) means that the controlled trajectories of the learning error s, (t) converge

to zero in a stable manner. The convergence will takes place in finite time which is estimated by eq.
(12) (see prove in [7]).

IV. Simulation Results

The effectiveness of the proposed sliding mode neuro-adaptive control approach has been
tested by implementing simultaneously the three low-level control loops under investigation for the
trajectory tracking control of airplane. A standard configuration of MATLAB/SIMULINK by The
Mathworks, Inc. and the Aeronautical Simulation Block Set (AeroSim) [8], have been used as
development platform for the flight control system design. The dynamic model of the Aerosonde UAV
[9] has been utilized for the conducted tests. Additionally, to ease the design process, the Microsoft
Flight Simulator has been used to get visual outputs about the flight of the Aerosonde UAV and to see
its physical response. A number of studies were carried out for different flight scenarios. For the
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results reported in this paper, a worst case approach was adopted, in which the reference signals for
all the controlled variables are allowed to change simultaneously. The reference trajectories used for

the simulation studies are given below, where Xy, (t), Xg,(t), and Xg;(t) are the desired bank
angle, speed and altitude, respectively.

X (1) 10sin (0.0227t)
(14)  [Xs]=| X4, (t)|=| 23+5sin(0.01xt)

X4 (t)| 11000 +50sin(0.027t)

Fig. 2. Airspeed tracking and tracking error with Fig. 3. Airspeed tracking and tracking error with the
conventional PID controller. proposed PID-type neuro-adaptive control scheme.
Fig. 4. Altitude tracking and tracking error with Fig. 5. Altitude tracking and tracking error with the
conventional PI controller. proposed PI-type neuro-adaptive control scheme.
Fig.6. Bank angle tracking and tracking error with Fig. 7.Bank angle tracking and tracking error with
conventional PI controller. the proposed PI-type neuro-adaptive control
scheme.

In order to evaluate the performance of the proposed neuro-adaptive control schemes, similar
simulation studies were carried out with well tuned conventional Pl controllers (PID in case of elevator
control). The tracked desired values of the airspeed, altitude and bank angle and the corresponding
tracking errors when conventional controllers are used alone and with the proposed neuro-adaptive
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controllers are presented on Figures 2, 4, 6 and Figures 3, 5, 7 respectively. As it can be seen from
the results the sum-squared values of the tracking errors when the proposed intelligent control
modules are used are by order of magnitude smaller than those of the conventional controllers
working alone.

V. Conclusion

A novel approach for design of model-free adaptive neural network feedback controllers for
the low level control loops of UAV autopilot is introduced. The controlled system is under a closed-loop
simultaneously with two controllers: a conventional controller and an adaptive variable structure neural
network controller. Results obtained from a simulated trajectory control of Aerosonde unmanned aerial
vehicle demonstrate the feasibility of the sliding mode learning neuro-adaptive controllers. In order to
be able to have a basis for comparison, well-tuned Pl and PID controllers are also designed for the
same control loops. It is seen that the performance of the proposed intelligent control modules is by
order of magnitude better compared to those obtained from the conventional controllers when used
alone (calculated as the sum-squared tracking error). Another prominent feature that should be
emphasized is the computational simplicity of the proposed approach.
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KOHTYPU 3A YNPABJIEHUE HA CTPAHUYHOTO ABMWXEHUE HA CAMOIJIET B
“MATLAB-SIMULINK”

Ovumutsp WopaaHos, Manmupa MNaHoBa, NMnameH Mewes

I/IHcmumym 3a KOCMUYeCKU u3criedeaHusi —bbreapcka akademusi Ha Haykume

Pe3stome: [lokaszaH e & “Matlab-Simulink® enemeHmapeH koHmyp 3a ynpasneHue Ha cmpaHU4HoOmo
dsuxxeHue “nunom-cucmema 3a yrnpasseHue-camosiem” o 0eama KaHana — C €/IepOHU U KOPMUJSio 3a
Harpas/ieHue 3a mpaHcriopmeH camoriem ¢ 6ycmepHo yripaeneHue. BHumaHue e omOeneHo Ha HacmpoUKume
Ha efleMeHmMuUmMe om KOHmypa 3a ynpasneHue u msxHama adekeamHocm. KoHmypbm 3a yripasneHue moxe 0a
ce u3srionsea 8 uscnedosamesickama 0eliHocm u 8 0byyeHuemo.

Mpn nacneposatenckun pabotu No ynpasneHWe Ha camoneTu ce Hanara ga ce pabotn cbe
3aTBOPEH KOHTYp 3a ynpaBneHue “nunoT-cuctemMa 3a ynpaerneHue-camoneT”. B cTpaHWyHOTO
OBWKEHWe Hal-4eCTO ToBa Ca OMNPOCTEHW KOHTYpPW 3a YynpaBsrfieHWe C enepoHn W KOPMWUIO 3a
HanpaBneHue. Kato napameTpu Ha ynpaeneHue nunoTbT B CTPAHUYHOTO [ABWXKEHWE WK3MNonssa
HakrnoHa Ha camoneTa Y’ (KpeH) 1 KOHTponMpa brbna Ha nibaraHeTo B°. Mpy noneTn 6e3 cTpaHuyeH
BATHP, 3af4adva Ha NWUroTa Mo brbf Ha nnb3raHe € B,,,=0 , @ No KpeH Ysp;=const. lNpu kauaHe cbC
CTPaHUYeH BATBHP MUOTBLT OCBLLECTBSABA C OpraHnTe 3a ynpasrneHne 6anaHcupoBka Ha Bs,,= const,
Ysap=CONSt

MporpamHuaT npogykT "Matlab-Simulink” no3sonsiBa ga ce mogenupat OCHOBHUTE (DYHKLMM
Ha CeH30MOTOpHaTa AEeNHOCT Ha NunoTa no ctabunusaunsa n ynpaeneHne Ha camoneTa. Ha durypa 1
ca nokasaHu JBaTa KOHTypa 3a yrnpaBneHWe Ha CTPaHW4YHOTO ABWMXEHWE C erlepoHn U KOPpMUIo 3a
HanpaBneHne Ha cpedeH TpaHcnopTeH camorneT ¢ Maca 38000 kg. [daHHuTe 3a mogenupaHe Ha
CTPaHWYHOTO OBMXKEHWE Ha camoneTa ca cregHuTe:

Cy“=5.5, Cz’=-0.745 , Cz* =-016,

m,” =-0.086, m,’=-0.115, m,**=-0.033, m,**=-0.0092, m,*”=-0.013,
m,“*=--0.0016, m,*=-0.11, my* =-0.072, m,*'=-0.0003, S,,=127.3m?,
l=37.55m, I,= 0.72.10°, I,=2.55.10° , m=38000kg

CTpaHMYHOTO OBWXEHWEe € MOAEeNMpaHO Ha pPeXxuMMm Ha noneta ¢ BucodmHa 10000m u
ckopocT 850km/h, kbaeTo cobcTBeHOTO AeMndumpaHe € MHOro crnabo M € HanoXWTernHo ga ce
n3nonasyesa aBTomaT 3a gemndupaHe. ABTomMaTtbT paboTn C KOPMUIIOTO 3a HanpasneHue. [pu
HepaboTely, aBTOMaT 3a AemndupaHe NUNOTLT criedBa Aa ce CTpeMu Aa 3anasu npeam BCUYKO
YyCTOMYMB KOHTYpa 3a ynpasrneHue. [pu ynpaBneHWeTo Ha CTPaHWYHOTO ABWXKEHWE MUIoTbT
paboTn OCHOBHO C eNlepoHUTE, a 3a bIbfla Ha Nb3raHETO € NoCTaBeHa YCroBHA 3agadva da ce
noaabpXKa Ha HyneBO 3HAYEHWe C NMpuraraHe Ha agekBaTHM ycunusi Bbpxy nepanute. 3agadara e
YCIOBHA 3aLL0TO C AEMOHCTPUPaHUTE MOLENN Ha nunoTta obMKHOBEHO ce paboTun B e4HOKaHarHo
ynpaBneHue, a He B koopauvHupaHo. 3a ga ce oTyeTe PaKkTbT, Ye MUMOTBT peanHo paboTu
KOOPOWHMPAaHO 1 No ABaTa KaHarna, B MOeNuTe Ha nuroTta Mo KPEeH U Nib3raHe € yBEenu4eHo aBa
NbTU 3aKbCHEHMETO Ha NuroTa npu obpaboTka Ha BXOASALMUTE CUTHANIM MO KPeH U MiTb3raHe
(obukHOBEHO Ha nosHaT curHan nNunoTeLT pearnpa cneq 0.2 s, korato paboTv B eduH KaHanm).
OcHoBHaTa paboTa B kaHamna Ha KOPMUNOTO 3a HanpasfeHve e npegocTaBeHa Ha aBToOMaTa 3a
aemndupaHe .
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Step Input Sideslip angle(deg)
Pragramme
sideslip K DMP
Suthdstem_ n
DMP
E§ > 1 ]
Inner il b+
Product]  Subsystem  Cn{Nfmj) K
fose Pilat - rudder a ki
rad Sum
Step Input
Silm
' e, | 1 Joi rd
Step Input o rer F000 |
Programme | Symi proguct] Subsystern  K/C{rad/N)_ Ke
roll Pilat - ailerant
roll(deg) AIRCRAFT

our. 1. KOHTpr 3a ynpaslieHue Ha CTPaHUYHOTO ABWXeHne

3a pga ce mogenupa camo ynpasrieHvue ¢ enepoHn, B mogena Ha dwurypa 1 6nok “Knr” ce
HaCTpoOMBa Ha HyneBoO 3HayeHue. ToraBa brbNbT HA Nb3raHe B NPexXogHuTe npouecu ce opmupa
nop BnusiHMe Ha cobcTBeHaTa brorepHa yCTOMYMBOCT Ha camoneTa v gemndupaHeTo, nogodpeHo
OT aBTOMara 3a gemndupaHe.

CMylleHMsAITa B CTPAaHUYHOTO ABWXEHMEe MoraT [a Ce UMUTUPAT MO HSKONIKO HayuHa B
Moaena:

e Ypes mameHeHMe Ha brbna Ha nnb3raHe (curHan Step input B 6nok “Disturbans” Ha
nogcuctemara “AIRCRAFT"- cour.4).

e C pBwxeHWe Ha KOPMUIOTO 3a HanpasneHue Moxe Aa ce hopMmpaT CMyLLEHNs No asata
KaHana.

e CMyTeHO OBWXEHWe crief, oTkas Ha ABUraTtern u rnonet ¢ HecumeTpuyHa TernuMTenHa cuna
ce umuTMpaT 4Ype3 HacTporka Ha ©Onok “Step input My _engine” Ha nogcucremaTta
“AIRCRAFT"- cour.4.

CnupaHe Ha nsaB pguraten e mogenupaHo B t=0.5s. BHe3anHO u3aMeHeHme Ha brbiia Ha
NNb3raHeTo MOXe [a HacTbNW Npy nonagaHe B CTPaHUYHO Bb3AYLIHO TedeHue. B KoHKpeTHusA crnydvan
€ MOoJennpaHo TakoBa TedeHue cbeC ckopocT 10 m/s, B KOETO caMoneThT nonaga B t=60s.

3apavaTta Ha nunoTa e Ja ce npekpaTaT konebaHuaTa Ha camoneTa no AsBata kaHana B
pexum “ctabunusauus”. B nbpBaTa nonoBvMHa Ha mMogenvpaHaTa cuTyauus (go t=60s) “nunotbT”
cnepa oTkas Ha gBuraTten ce HamecBa crnef 5s 3akbCHeHue n BbanaHcupa camoreTa B NnpaBofIMHEEH
nonet 6e3 nnb3raHe, HO ¢ KpeH. Cnen t=60s napupa CMYyLLEHMETO OT CTPaHUYHUSA BATHP WU
npoabikKaea HpaBOHMHeVIHMﬂ nonetT ¢ HeCMMETPU4Ha TernnuTenHa cuna. XMNoTeTUYHO camMosneThT €
obopyaBaH cbC cneuuvaneH ykasaten Ha nnb3raHeTo, paboTelly Ha npMHUMNa Ha cntorep [2].

HacTtpowka Ha mogena

OCHOBHM napamMeTpu Ha cuctemarta 3a ynpaBfieHMe ca npuBefeHUTe KbM KOMaHOHWUTE
NoCTOBE KOpaBMHM Ha HaTOBapBalLMTe MexaHusMun U npefaBaTenHUTe Yucra Ha Bepurata mexay
KOMaHoHUTEe nocTtoBe B KabuHaTta (WypBan wnv focT, nefjanu) M opraHute 3a ynpaefieHue Ha
camoneTta (kopmuna wu enepoHu). B mogenute npuBegeHata KopaBuMHa ~— ce MpeAcTaBs OT
3HaMeHaTens Ha cTaHgapTHUTe GrokoBe OT Gubnuotekata Ha “Simulink” 3a NUHEHW enemMeHTn -
“Transfer Fcn”, HacTpoeHu aa npeacTaBaT Opob, B koATo uucnuten e 1. NpenaBaTenHOTO YMCHO Ha
cuctemaTa 3a ynpasrneHue “K” (rad/m) e npencraBeHo B ycuneatenute “Knr” “Ke”. O6woTo 3a geaTa
KaHana e, 4Ye npu ModenupaHeTo ce npeHebperesa macara, MHepuusitTa U TPUEHETO B cucTemara 3a
ynpasreHue.

[MpuBeEXOaHETO Ha KOPaBMHUTE Ha MPY>XMHHO HATOBapBalLLUTE MEXaHU3MU KbM KOMaHOHUTE
NocToBE CTaBa MO PAaBEHCTBO Ha paboTMTe Ha MMNOTa M CBMBAHETO Ha MpPYXuHaTa B pearHuTe
mexaHnsmun. Ako ¢ “Kq,” ce oTbenexu npegaBaTenHOTO OTHOLLEHME MeXAy pbKoxXBaTkaTa Ha nocrta
(nepgannTe) n cbOTBETHUSA HaToOBapBaLl, MexaHu3bM, ¢ “C,,” — peanHaTta KopaBuHa Ha NpyxuHaTta, To
npuseneHata kopasuHa “C” ce nony4asa ot nspasa C=K.,".Cyp .

B MogenuTe Ha nunoTa BXoA Ca bINMTE Ha HaKMOH U MiTb3raHe 3a CTPaHWYHOTO ABWXXEHME.
MunoTeT nonyyaBa uHdoOpMUMATA 3a bIMTe B rpagycu. Maxog oT mogenute Ha nwnota B
MOOEenNMpaHUTe KOHTYpU € cumarta, C KOSITO TOW Bb3[AENCTBA BbPXY KOMaHOHUTE NOCTOBE B KabuHaTa.
B cymartopuTe npea mogena Ha nunoTta Ce CpaBHSIBaA peanHusa napameTbp U 3agageHus. Pasnukarta
cnensa ga 6bae nukBManpaHa oT MOAerna Ha NuIioTa B PEXMM Ha PbYHO NUITOTUPAHE.
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CbllecTBeH BbBMNPOC MNPV MOAENMPAHETO U HacTpoMBaHETO Ha Modena Ha nuroTa e
npaBuriHaTa NONSAPHOCT Ha CUrHamna, KOUTo u3nusa ot nunota. lNpegHamepeHo B cymaTopuTe
npea Mofena Ha nuioTa e BbBeAeHa pasnvkaTa Mexay Tekylw, napameTbp (kaTto ymansiemo) u
3afafeHoTo Mo mporpaMa 3HaveHve (kato ymanuten). [pu Taka  opraHusupaHa pasnuka mMexay
TEKyWM W 3aJafeHn napameTpu, KoeduUMEHTUTE Ha YycunBaHe Ha nunota ce nofyyaBaT C
MONOXUTENEH 3HaK M 3aToBa NPW HacTpoikata B MOAenuTe ce U3nonasat abCconoTHUTE CTOMHOCTU Ha
XapaKTEePUCTUKUTE Ha ynpaBnaeMocT. AKO ce NMPOoMeH NMonspHOCTTa Ha cymaTopa npea Modenute Ha
nunoTa, To KoeduUMEeHTUTE Ha yCUnBaHe Ha NWUMoTa ca C oTpuuUaTeneH 3HaK M No 3Hak CbBMagar
XapaKkTepucTMkuTe Ha ynpaensemocT. [lpu HacTpoikata Ha MoJdenute ce  W3nonssa
06CTOATENCTBOTO, Ye CTAaTUYHUTE XapaKTEPUCTMKM Ha YNpPaBrseMocT U KoeULMEHTUTE Ha ycunBaHe
Ha mMogdena Ha nunoTa uMaTt egHakBa (uandecka NpMpoaa, HO XapaKTEPUCTUKUTE Ha yrnpaBnsaeMocT
ca HOpMaTMBHO ornpeaeneHu, a KoepMUMEHTbLT Ha yCUINBaHe Ha NUIoTa e crlyyailHa Befin4MHa.

Moa6op n HacTpolika Ha NnapameTpuTe B MoAeria Ha cucTemaTa 3a ynpaBsrneHue

AKO He ca M3BECTHW JaHHWTE OT cucTemMaTa 3a ynpaBfieHMe Ha MOZenupaHus caMoreT, To
HacTporkaTa Ha Mofena MOXe [a CTaHe NOo cpedHu napameTpu, KOUTO crnejBa Ada rapaHtupar
YCTOMYMBOCT Ha MpPexodHUTe TMpoLecu B KOHTypa M MPUEMAMBM yCUNMS 3a NUIOTUPaHeE,
CbOTBETCTBALUM HA HOPMUTE 3a NeTaTenHa rogHoOCT. B KOHKPETHMS criydait He ca U3BECTHU aHHU 3a
cucTeMaTta 3a yrpaBfeHWe Ha XMMNOTETUYEeH TpaHCMOpTEeH camoneT. Hai-npocto MoaenbT Ha
cucTemMarta 3a yrnpaBfieHMe MOXe [ia Ce HacTpoU MO CNefHUst HauuH.

B kaHana 3a ynpaBneHve ¢ enepoHnTe uma NpenopbKM N0 HOpMUTe 3a fieTaTeNnHa rogHoCT
3a yCunveTo, KoeTo NUMoTHLT npunara, 3a Aa nonyyy ycraHoBeHa brroBa CKOPOCT Wy yem=1 rad/s. 3a
HeMaHeBpeHu camoneTn Toa e oT P, = -500...-1000N. 3HakbT Ha P, e cbobpaseH ¢ NpasunoTo,
4ye NonoXnTenHa brnoBa CKOPOCT ce MoslyYaBa Npu OTpULATENHO OTKIIOHEHUE Ha eNepoHUTe, KOEeTO
Ce nony4yasa npu OTKIOHEeHWEe Ha NoCTa HaAACHO. brunbT 3a OTKNOHEeHWe Ha efiepoHnTe npun Takoesa
ycunue e:

CbcTaBs ce ypaBHEHMETO 3a yCTaHOBeHaTa brmoBa CKOPOCT MPW M30MUPaHO OBWXEHWE Mo
KPEeH 1 OT Hero ce onpeaens noTpebHoTo oTHolleHne K, /C, 3a KaHana Ha enepoHuTe:

Wy yem=1 rad/s= -( m,®/ m). Pe**.(K/Co)

3a KkoHkpeTHus camoneT  m,*=-0.11; m,“*=-0.033. Mpuema ce P,”,=-750 N ot
HOPMaTUBHUTE XapaKTePUCTUKM W ce onpedenst MNOTPeOHOTO 3HaYeHMe Ha OTHOLLUEHMETO
K/Ce=0.0004(rad/N)

Mpwn naBecTtHo oTHoLweHue K /C, 1 3agageH npenopbunteneH amanasoH 3a K.=2...2.5rad/m,
notpebHoTo 3a Mogena 3HaveHue Ha C, e B rpaHmumte C,=5500....6250N/m. Npuema ce 3a kaHana
Ha enepoHnTe C,=6000N/m 1 ¢ Hero ce HacTporBa 3HameHaTens Ha 6nok “Transfer Fcn” B kaHana
Ha enepoHuTe. [NpegaBaTenHoOTO YNCAO Ha cucTeMarta 3a ynpaBrieHWe Ha enepoHuTe CbC CTOMHOCT
K.=2.4.

B kaHana 3a ynpaBneHuMe Ha KOPMUIOTO 3a HanpasfieHue C nejanute ce u3nonsyear
HOPMAaTUBHUTE MPENOPbBKU 3a yCunusiTa Ha nunoTta npu HGanaHcMpoBKa Ha camorieTa B NOneTu cbe
CTpaHWYeH BATLP. YcnoBueTo 3a GanaHcupoBKa Ha camonetra B MPaBOSIMHEEH MONET C KPEH U
nnb3raHe uMa cnegHuns sug, [4]:

m’ B+ my®se+ m ™ H=0

my’p+ my*oH =0

Cyy+ CZ%p+ Cz%H =0

OT pelleHMeTo Ha Tasn cucTeMa ypaBHEHWsl, MOXe [Ja Ce nofyyaT M3pasu 3a brbfa Ha

nnb3raHe, OTKINOHEeHUATa Ha eniepoHnuTe U KOpMUNOTO 3a HanpaelieHue npu 3agageH brbJl Ha
HaKI1oHa.

%= v (Cy/ m®) Al m= m™(my/f my™)] / [C2’- Cz™(my/I my™)]}
5=y (Cy/ my™).{ m/ 1 [CZ"- Cz™(m,/I my*™)]}
p=-y Cy/[ C2"- Cz*(m,/I my™)]
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CbOTHOLWIEHMETO MeXAy brbfla Ha Mnb3raHe M HakMoHa MpW MNpaBONMHEEH MoneT 3a
KOHKpPETHUS1 camorneT v pexum Ha noneta (C,=0.25, a=0.045rad)e:

(B! y)=- C,I[ CZ*- Cz*(my/I my*)]=-0.25 /[-0.745+0.16 (-0.115 /-0.072)]=0.51

Tasun Bpb3ka MOXe Aa ce M3nonssa npu 3agaBaHe Ha nporpaMa Ha mogena Ha nunoTta no
KPEH 1 Nb3raHe B YCNOBUATA Ha KaLaHe CbC CTPaHUYEH BATHP.

3a onpegensiHe Ha oTHoweHueTo C,/C, ce usnonssa Bpb3kata Mexagy 6anaHCMpoBBbYHUTE
ycunus Bbpxy KOMaHgHuTe rocTtoBe (WypBan v neganu) 3a ynpasrneHne B kabuHaTa v brnuTe Ha
OTKIOHEHVEe Ha opraHuTe 3a ynpaBreHue Ha camorieTa B paguaHu, kato 3a BycTepHO ynpasreHve
TOBa €:

5e:Pe.(Ke/Ce), 5H: PH(KH/CH)

3amecTBaT ce Te3n U3pasu B fisiBaTa YacT Ha ypaBHEHUsITa 3a 6anaHCMPOBBLYHUTE BIMK Ha
OTKIOHEHWE &, J, U Ce Mony4yaBa ycrioBue, OT KOETO MOXe [a Ce ONpefeniu TbPCEHOTO OTHOLLEHMETO
C,./ Ce:

8= Pe.(Ke/Ce)= v (Cy/ mx®) {[ my*- m¥(my”l my™)] / [CZ*- Cz¥(m m,)]}
8= Pu.(KJ/Cy) = v (Cyl my*) { m// | [CZ*- Cz¥(m//I m,*)]}

Pasgenat ce OBeTe ypaBHeHUs OT Ta3u cucTemMa WM MOMNy4YeHOTO YpaBHEHWe ce peluasa
OTHOCHO TbpceHoTO oTHoweHue C,/ C, . 3a koHKkpeTHuA camoneT npu K, =5 n K,=2.4 ce nony4asa:
6,15, =0.49; K,, | K, =2.08; C,/ Co = (P,,"I P, ")

3a HemaHeBpeHM camoneTu T[paguMeHTbT Ha YCUIMETO B KaHama Ha enepoHute ce
npenopbyBa (3a brbn B rpagycu ) P = -(5...20)N/deg, a rpagueHTLT Ha yCUNMETO B KaHana Ha
KOPMWMOTO 3a HanpasneHue P,'=-(100...150) N/deg. OT cpeHUTE CTOMHOCTU HA TAXHOTO OTHOLLEHWE
MOXe da ce onpenenu CbOTHOLIEHMETO Ha npuBepeHuTe kopaBuHu C,/C.. B KOHKpeTHMS cryvan e
npueTo cpeaHo oTHoweHue P,Y, /P ,=8. Mpu Takmea usxoaHn aanHm C,/C.=8; C, =48000N/m. ToBa
€ rnpuBedeHata KopaBMHa Ha MNPYXWMHHO-HaTOBapBaLUMA MEXaHU3bM Ha nejanute, C KOATO ce
HacTponBa 3HameHaTens Ha “Transfer Fcn” B kaHanma Ha KOPMWNOTO 3a HanpasreHuve.
lMpepaBaTenHOTO YMCO Ha BepuraTta 3a yrnpasneHne Mmexay neganvre u KOpMunoTo 3a HanpasrneHne
e K,=5.

Mopgenute Ha nunoTa ca nokasaHu Ha durypm 2 n 3. B Tax 3a HacTpoika Ha BbTpeLUHUTE
o6paTHM BPBL3KK MO ycunve 1 npemecTeaHe ca Heobxoaumu xapaktepuctukute P!, XV, P.F, X.? no
abconTHU CTOMHOCTHU

Madel "Pilot-aileran” 0.05 }4 @
K feed back P=1/20
ped bac P.e(N)
. . I
'“ EI o Integrat tr{nﬂP (N)
fpa Dead Z - : ntegrator autpart_Pn
anﬁle of Ba0 £one Tﬁglgf;?” aum Gain
roll {deg) ‘
300 |4 2]
‘ Inport Xe(m)

K feed back »=5000/20

our. 2. Mogen Ha nunoTta B ynpasrieHne Ha CTpaHU4YHOTO ABMXKEeHWE NO bkl HA HaKoHa C TBbpan
06paTHVI BPB3KM NO ycunme un npemecrtesaHe
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Model "Filot -rudder”
e f.004

Transfer Fen (< faad back Pn=
1/268=0 004 P
n - .
T4+ st ]
nport . Dead 7 = ; ntegratar outport_Fn
angle of 5a DneTr[?;:F;,?ﬂ Surm cElLe
sideslip (deg) .
A . Inpart ¥n(m)

Transfar Fonl I faed back ¥n=
480002658

®ur. 3. Mogen Ha nunoTta B ynpaBneHne Ha CTpaHU4YHOTO ABWXXEeHWUEe NO blbJjl HAa NNb3raHe C MBKaBu
06paTHVI BPB3KM NO ycunue n npemecrteaHe

OT HopMUTE 3a feTaTerniHa roAHOCT Ha TpaHcnopTHU camoneTu| P, [=5...20N.

Xapaktepuctukata | XY | = | Pe' | / Cs=20/6000= 1/300m/deg. Ycunsatenar B obpatHaTa
BPb3Ka MO MpemecTBaHe Ha focTa HacTpaHu Ce HacTpoWBa C  peuunpovyHaTa CTOMHOCT Ha
onpeneneHarta xapaktepuctuka | X.'| ( K feed back X =300 Ha dur.2). YcuneaTtenar B obparHaTta
Bpb3ka MO yCuMnMe BbpXy JlIOCTa HACTpaHUW Ce HacTpoviBa C peuMnpoyHata CTOMHOCT Ha
xapaktepuctuka | P,V | (K feed back P =0.05 Ha ¢wur.2). Ycuneatenar npen uHterpatopa ce
HacTpomea ¢ 4yncnoto 100. Moxe ga ce gokaxe, Ye B TakbB BUA MOLENDBT Ha NUNoTa 3a ynpasneHue
C ernepoHuTe € eKBMBAarieHTEH Ha nocnegoBaTenHo PasnosfiokeHW 3BeHa 3a MMUTauMs Ha 30Ha Ha
HeuyBcTBMTENHOCT (Dead Zone), 3akbCcHeHWe Ha nosHat curHan (Transport Delay), npepasatenHa
(PYHKUMS Ha WHEPUMOHHO 3BEHO C KoeduuMeHT Ha ycunsaHe K,=0.5|X.'|=0.00666m/deg u
BpemMekoHcTaHTa T.=0.1s.

Xapaktepuctukata P,f  Moxe fga ce onpegenu of yCNoBMeTO 3a paBHOBeECWE Mpu
N30nMpaHo ABMXEHME MO brbJ1 Ha NiTb3raHe.

M, B+ M,*6,=0 . 3a korkpeTHusi camonet my’=-0.115; m,*=-0.072
sdB=-(mP I my*=-1.6
(AP JAP)=-C(m/’ | my*)/(K,.57.3)=-268 N/deg

B MogenmpaHna KOHTyp € NpueTo ;

|P.B |= |(4P./Af°|=268 N/deg ; K feed back Pn =(1/268)=0.004
X, |=|P.* |/C,=268/48000; K feed back Xn =(48000/268)~180

BbB mogennTe Ha nunoTa e npegBuaeHa 30Ha Ha HEYYBCTBUTENHOCT C HAcTpoilkaTa Ha 6ok
“Dead Zone"Ha efHa brnoBa MuHyTa. Ha m3xoga oT modenute Ha nunoTa ce Bu3dyanuaupaT
npexogHUTe NpoLecu no ycunusa Bbpxy KOMaHOHUA NOCT M nefanuTe 3a KOHTPOM Npu ModenupaHeTo.
3akbcHeHuneTo B GriokoBeTe “Transport Delay” e 1=0.4s.

Mopen Ha camoneTa

KomnoTbpHMAT mogen B “Simulink” Ha camoneTa B CTPaHU4YHO ABWMXEeHUe € MoKasaH Ha
cdurypa 4. Ton e pelLeHne Ha cuctemata oT AudepeHunanHn ypaBHEHNs, U3BECTHa OT KypcoBeTe
no AvHammka Ha noneta. O6GWMAT BMO Ha cucTemaTa, KOATO ce peluaBa 4ype3 mogerna wuma
cnegHuvs BuAa;

mV ((:j_f - axa - ay)=Z+G cos 9. sin y;

Ix aa)x:Mx;
d
ly aa’y:My?
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d .
m W=awy .COS y [cosSI =y,
% y=ax- tgd.cos y =ay

KBACTO:
Z=7+7%6;

M, = MX'B ,B+waxa)x + waya)y"' aneé‘e + MX§H§H;

My =My My ™ o+ My™® i+ My™5,.

dur. 4. Mogen Ha camoneTa B CTpaHWYHO ABMkeHue (Subsystem Aircraft).

Mogcnctemarta Z oT dour.4 e nokasaHa B pasrbHaT BUg Ha gurypa 5.

==

dr_

in_2

1491240 |gs

- 2

Cutport

> ! =

Y

Inport Cz_dn |-0.745(Cz_heta
Pz

1

2.81

Transfer Fon

dur. 5. Moagen Ha nogcuctema “Z”
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3a MNKCTpauna Ha Bb3MOXHOCTUTE HA MoAera Ca NoKadaHu pe3yntat OT MoAdesrimpaHeTo.
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0 10 20 30 40 50 60 70 80 90 100

Tima (carand)

dur. 6. NpexogeH npoLec Ha KOHTypa “nNunoT—cucTeMa 3a ynpaerneHue-camorneT” no briosu
CKOpOCTWU criedl 0TKa3 Ha NAB ABuraTern u nonagaHe B CMyLLEHMUE OT CTPaHUYeEH BATHLP;
aBTOMAaTbLT 3a AeMnupaHe e BKITHOYEH.
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Tima (carnnd)

ur. 7. MNpexogeH npouec Ha KOHTypa “nNUNoT—cUcTeMa 3a ynpasBneHue-camoneT” Mo HaKMoH
cnep oTkas Ha nsB ABuraten v nonagaHe B CMyLLEHWE OT CTpaHUYeH BATLP; aBTOMaTbT
3a gemndmpaHe e BKIIHOYEH.

MogenupaHeTo MokasBa M3BECTEH OT NpakTukaTa ¢akT, Ye Ha rornemMu BMCOYMHM u criabo
AeMndupaHe TOYHOTO MUIIOTUPaHEe C W3KIOYEeH aBTOMaT 3a AemndupaHe € CBbp3aHO C pUCK OT
konebaTtenHa HEYyCTOMYMBOCT. brnute 3a nnb3raHe ce KOHTponupar rpy6o, kato nbpeaTa 3agaya Ha
peanHusa NuUNoT € YCTOMYMBOCTTA Ha KOHTypa 3a pbYHO ynpaerneHue. MogenbT Ha nunota 6es
U3MEHEHNe Ha HacTpoWkaTa MOXe [a ce W3NOon3Ba 3a M3crnedBaHe Ha npouecuTe Mnpu U3KIMYeH
aBTOMaT 3a AemndumpaHe. KOHTypuTe 3a ynpaBneHue ¢ U3kniyeH aBToMar 3a gemndupaHe 3anassat
YCTOMYMBOCT, HO C MPOAbIMKMTENHM U cnabo 3aTuxBalm konebaHus. Ycunusta Ha nunota ca B
pamMKuTe Ha perfnaMmeHTUpaHuTe OT HOpMUTe 3a netatenHa rogHocT.
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PACTEX HA PACTEHUA B KOCMUYECKA OPAHXEPUA “CBET” NPU
®JIYOPECLEEHTHU U CBETOANOAHU U3TOYHULIN HA CBETJIMHA
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Pe3rome: XapakmepucmuKkume Ha U3KyCmeeHOmO 0oceemisieHue ca om MbP8OCMerneHHo 3HayeHue 3a
pacmexa u pa3gumuemo Ha pacmeHusima omanexodaHu 8 mexHoeeHHU cpedu, kakeumo ca Kocmudeckume
oparxepuu (KO). lNpu mosa, HamupaHemo Ha onmuMasHUme C8emMJ/UHHU ycriosusi 3a 0a0eHO pacmeHue ce
3ampyOHsiga U om pasfiuyHUme My U3UCK8aHUsI KbM fapaMempume Ha ceemsuHama rnpe3 omoenHume ¢gasu Ha
uHOusudyanHomo passumue. [lpu paspabomkama Ha oceemumesnHume brokose 8 KO Ooceeaa ca usnonsgaHu
npedumHo chbriyopecueHmHu namnu, Ho 8 rnocrieGHUMe 200UHU WUPOKO NpuroxeHue Hamupam ceemoduodume,
Koumo oceeH MHO20mO cu rpeduMmcmea, Mo38osseam U OUHAMUYHO yripaerieHue Ha 0ceemyeHuemo.
lMposedeHu bsixa Yemupu eOHOMECEYHU eKcrepuMeHma C uesl u3credesaHe 6/IUSHUEMO Ha pasnuyHume
C8EMITUHHU U3MOYHUYU 8BbPXY pacmexa Ha canamHu Kyamypu 8 niabopamopHusi obpasey Ha nemsinama Ha OC
MUP KO "CBET-2". [Jea om ekcnepumeHmume bsixa rposedeHu ¢ u3ronseaHusi doceza brok 3a oceemneHue
(BO) Ha cbnyopecueHmHu nammnu, rocmaeeH Ha 08e 6UCOYUHU Hal mnoceeHama nnow,. [pysume 0sa
ekcriepumeHma bsixa nposedeHu ¢ HosopaspabomeHusi nabopamopeH obpasey Ha 5O Ha mowHU ceemoduodu u
criekmparsieH cbcmae Ha ceemiuHama 70% yepeseHa, 20% 3eneHa u 10% CuHs, HO Mnpu pasfnuyHU MmTbMHocmu
Ha ghomocuHmemu4HuUs ¢pomoHeH nomok. lNMbpsoHayanHume pedynmamu 0asam 8b3MOXHOCM 0a Ce CpasHU
echekmusHocmma Ha 0sama criocoba 3a oceemrieHue U 0a ce MombPCSmM OnmuMasnHu napamempu Ha
ce8emIUHHUMe ycrio8usi 3a pacmeixa Ha caniamHume Kynmypu 8 paHHUMmMe emarnu Ha pa3sumuemo Um.

PLANT GROWTH IN "SVET" SPACE GREENHOUSE UNDER FLUORESCENT
AND LIGHT-EMITTING DIODE LIGHT SOURCES

Yordan Naydenov, Tania lvanova, lliana llieva

Space Research Institute — Bulgarian Academy of Sciences
e-mail: yordan.naydenov@space.bas.bg

Keywords: SVET Space Greenhouse, Light Unit, Light-Emitting Diodes (LEDs), Fluorescent Lamps

Abstract: The artificial lighting’s characteristics are of primary significance for the growth and
development of plants cultivated in technogenic environments such as Space Greenhouses (SG). Finding optimal
light conditions is difficult to be resolved due to the different and ever changing requirements of the particular
plant species or even its varieties during their individual development (ontogeny). Fluorescent lamps have been
used largely in the lighting modules of the SGs and now they are superseding by the light-emitting diodes (LEDs)
which, among many other advantages over conventional lamps, allow light parameters’ control in dynamics. Four
one-month experiments were conducted in order to examine the effects of different light sources on the growth of
salad plants cultivated in the laboratory model of the flown onboard MIR Space Station SVET-2 SG. The original
SVET-2 fluorescent lamp Light Unit (LU) was used in two of the experiments. It was fixed at two positions above
the sowing area. The rest two experiments employed then newly developed LU on high-power LEDs. The spectral
composition maintained was 70% red, 20% green and 10% blue light but with different photosynthetic photon flux
densities (PPFD). The initial results of the experimental data analyses enable to compare the two modes of
lighting in terms of effectiveness and to search for optimal parameters of the lighting conditions needed for the
growth of the salad cultures in the early stages of their development.

BbBepgeHue

CBeTnMHHaTa eHeprusi oT BMAMMATA 06nacT Ha enekTPOMarHUTHWUSI CMEKTbP € OT XKWU3HEeHa
HeobXxoaMMOCT 3a (POTOABTOTPOHUTE OPraHN3MK, KAKBUTO Ca OCHOBHATa 4YacT OT BUCLLMTE pacTeHUs
(n3kntoyeHne ca 6e3xnopounHUTEe NpPeAcTaBUTENM Ha napasutHuTe, canpoduTHuTe U
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MUKOxeTepoTpodHMTEe B1goBe). B ectecBeHun ycnoBus Tasn eHeprusa ce HabaBsa OT gocTurHanarta go
CyXO3eMHUTE WNM BOOHW pacTeHusl CcrbHYeBa paguaumsa. [lapameTpute 1, KakTo M
NPOABLIPKUTENHOCTTA Ha CBETNMHHATa 4acT OT [OEHOHOLMETO, Ca BaXHW (hakTopu 3a pacTtexa,
pasBUTMETO N pPa3MHOXAaBaHETO Ha pacTeHusTa. Ype3 npoMeHun B napameTpute MOXe da ce Brusie
MOMOXWTENHO UMW OTPULATENHO Ha CKOPOCTTA Ha pacTeX U CTerneHTa Ha pasBUTME Ha pacTUTENHUTe
OpraHu3Mu, KakTo 1 aa ce NpeMUHe OT Nepuoa Ha Beretauus KbM pa3mMHOXaBaHe.

Mpn paspaboTtkata Ha ocBeTuTenHute 6GrnokoBe 3a Kocmuueckute opanxepun (KO) 3a
NpoBeXaaHe Ha EKCMepPUMEHTU C BUCLUM pacTeHMs B ycroBus Ha O0e3TernoBHOCT gocera ca
n3nonsesaHn npeaMmHo drnyopecueHTHM namnu. B cb3gageHata B MHCTUTyTa 3a KOCMUYECKM
nscnegBanust npu BAH aBTomaTtmanparHa KO “CBET”, nsctpensiHa Ha 6opga Ha OpbutanHa ctaHuus
(OC) MUP nipes 1990 r., nbpBUTE YCMNELUHN ABYMECEYHN EKCMEPUMEHTU CbC 3ESIEHYYKOBU pacTeHus
6sixa npoBefeHn C pycKkM NyMUHUCUEHTHWM namnu Tun LS 8-6 [1]. MNpe3 1996 r. ¢ domHaHCcKMpaHe oT
NASA, 6e paspaboTeHa HoBa Moamdumkauuss Ha opaHxepusta — KO “CBET-2", ¢ ontummnanpaxm
napameTpy Ha BCUYKM OFIOKOBE M CUCTEMW, BKOUMTENHO M HOB brok 3a oceetnenune (BO) c
dniyopecueHTHu namnu Tun OSRAM DS 11/21 [2].

OnTMmnsmpaHmTe napameTpu Ha HoBusa BO nossonuxa HopmanHaTa my paboTta Ha 6opga ¢
MHOro no-gobpa CBeTNMHHA WHTEH3MBHOCT, KOETO YBEMWYM 3HAYUTENHO Bb3MOXHOCTTA 3a
HaTpynBaHe Ha BuMomaca B pacteHusita. B netarenHusa obpasey Ha KO “CBET-2" npes 1996-99 r.
ycrnewHo 6sixa npoBefeHn peguua MHOrOMECEYHU eKCNEePUMMEHTU C PasfnuyHu BMOOBE pacTeHus C
Len OCblLUeCcTBsIBAHE Ha NbMEH XWU3HEH UMKbN (OT cemeHa nocageHu Ha Goppa ga ce passusar
HOpMarnHu pacTeHus M fa y3pesT XusHecnocobHu cemeHa) [3]. MNonydeHn ca yHWKanHW HayyHu
pesyntatm B obnactra Ha dyHOameHTanHaTa rpaBuMTauuoHHa 6uonorns — [okasaHo €, 4e He
CbLLECTBYBAT HEMPEOAONMMU NPENATCTBMSA 33 Pa3BMTUETO HA pacTeHusiTa B Oe3TErNoBHOCT, CTUra aa
6baaT ocuUrypeHn HeoOXOAMMMUTE KyNTUBALMOHHW YCIIOBUS.

TpaQuUMOHHUTE M3TOYHULUM Ha OCBeTNeHne — dryopecLeHTHUTe namnu, He no3Bonssar
OVHAMWYHO YMNpaBlieHVE Ha MapameTpuTe Ha reHepupaHata OT TsX CBEeT/IMHA U MOo-CrneuuanHo Ha
CMeKTpanHMsi W CcbCTaB. TakoBa ynpaereHne Moxe pga 6bae nocTurHato C M3nonsBaHe Ha
KOMOMHaUMS OT MOHOXPOMAaTUYHM CBETNMHAa-n3nbYBalm auoam (ceetoguoay; Light-Emitting Diodes,
LEDs). ToBa ca TBbpAOTENHM M3TOYHULM HA CBETNMHA, paboTeliM Ha CpaBHUTENHO HOB 3a
ocBeTuUTENHaTa TexHuMKa MpUHUMN. TEexXHUTE OCHOBHM MpeaumcTBa nNped KOHBEHLUMOHanHuUTe
M3TOYHMUUM Ca: ObJTbI E€KCMI0aTaUUOHEH >XMBOT; TONAM CBETNMHEH [obuB; cTabuneH CBETIIMHEH
MOTOK; BUCOKA HAOEXOHOCT N eEeKTUBHOCT Npu paboTa B TEXKM eKCrnnoaTtauMoHHU YCroBUs; Te ca
eHeprocnectsaBawm m ¢ Bucok KI[; necHo ce peanuanpa perynupaHe Ha CBETMMHHWUS MNOTOK
(aumupaHe); nmat Wupok paboTeH TemnepaTypeH AuManas3oH. Toea rv npaBu 0COBEHO MpUrogHu 3a
N3Mnon3BaHe B KOCMUYECKUTE OpaHXEePUIMHU YCTAHOBKU, B KOUTO pacTeHUsITa ce oTrnexaaT B YCrnoBusi
Ha MUKpOrpaBuTauusa M B edHa U3LAno TexHoreHHa cpefa. ToBa npeanonara HanuuvMe Ha CUSHU 1
pa3Hoobpa3HN CTPeCcOBU BBL3OEWCTBUSA, 32 MUHUMU3MPAHE OEWCTBUMETO Ha KOWUTO € Heobxoanmo
afleKBaTHO YyMpaBfieHWe Ha BCUYKM XM3HEHOBaXKHU NMapaMeTpu Ha BeretaumoHHaTa cpega cropes
hU3MONOrNMYHOTO CHCTOSIHUE U CTaaus Ha pa3BUTME Ha pacTeHusaTa.

C uen uscnegBaHe BNUSIHUETO Ha CMEKTpanHuWs CbCTaB M KONMMYECTBOTO CBETMIMHHA €Heprus
BbPXY KbMHAEMOCTTa M HayarHuTe eTanu Ha pasBUTME Ha pacTeHusaTa, Osixa nMpoBedeHn 4eTupu
€[JHOMEeCEeYHN ekcrnepvMeHTa Mo OTIMeX4aHe Ha canaTHW KynTypu B nabopatopHusi obpasey, Ha KO
“CBET-2", c usnonseaHe Ha fBa brioka 3a ocBeTneHne — Ha n3non3BaHna gocera Ha JTyopecLEHTHU
nammun (BOen) 1 Ha HoBOpa3paboTeHus Ha MolHK ceeTtoanoan (BOc¢p) [4]. 3a oueHka BNUAHMETO Ha
Te3n [Ba napameTbpa Ha CBETNMHAaTa BbPXY pacTeHWdTa ca U3MNon3BaHu JaHHW OT U3MepBaHus Ha
MOPONOrMYHN 1 BUOXUMUYHK MOKa3aTenn, OTYETEHM B Kpas Ha EKCNepUMEHTUTE.

EkcnepuMmeHTanHa anapartypa U matepvanm

BOqn ce aBwxmM BepTUkanHo B Kamepata 3a otrnexgaHe Ha pacteHus (KOP) Ha KO “CBET-
2", kaTo ce dhmKcMpa Ha [iBe pasnnyHu HUBA OT NOBBLPXHOCTTA Ha BeretaunoHHus cba: Ha 20 n 40 cm,
Taka 4Yye Ja oCcuUrypu pasnmyHa oCBETEHOCT Ha NoceBHaTa NOBbPXHOCT NPW MbPBUTE 2 eKCepuMeHTa.
Ha ropHaTa My Hocella nnoda € MOHTUpaH BeHTunatop (Tun PAPST) 3a oxnaxgaHe Ha namnute u
nosuwasaHe Ha rasoobmeHa mexgy KOP u BbHWHata cpeja. Ynpaenewveto Ha BOen ce
OCbLLEeCTBSIBA aBTOMATW4YHO OT ChneuuanuanpaHaTa MUKponpouecopHa cuctema Ha bnoka 3a
ynpaeneHue Ha KO, ¢ nomoLlTa Ha KOATO ce crnegdar u napameTpuTe Ha cpejaTta B KopeHoBaTa 30Ha.
M3BbpliBa ce M HabnwaeHne Ha Bb3gyllHaTa cpega (IMCTHa 30Ha) OT HoBopaspaboTeHa 3a uenTa
MOHUTOPUHIroBa cuctema [5].

B BOop ca usnonssanu 6 dpriyopecueHTHn namnun tun OSRAM DS 11/21 [6], a BO¢p — Tpu
Tuna ceetoguoau Cree® XLamp® 7090 XR, uanbyBaliym MOHOXpOMaTU4Ha CBETMIMHA B YepBeHarta
(620 — 635 nm), 3eneHaTa (520 — 535 nm) u cunHarta (465 — 475 nm) obnacTn Ha BUONMUSA CNEKTBP.
CeeToavoauTe ca rpynvpaHy B CnoToBe — rpynu oT Tpy AMoAa, No euH OT BCEKU BUA, — a COTOBeTe
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Cca MOHTMpaHM KaTo maTpuua 6x6 no nanbyBaTenHaTa NOBbPXHOCT Ha bnoka. Becekn cnoT e cHabaeH
C onTuyHa cuctema (nyna) 3a no-gobpo CMecBaHe M KOHLUEHTpUpaHe Ha TpWUTe CHomna CBETMMHA.
TakoBa obeguHeHne u pasnpegeneHne Mo3BOMsiBaT PaBHOMEPHO OCBETSIBAHE Ha BereTtauMoHHaTa
MOBBPXHOCT (pecn. NMcTHaTa NOKPMBKa) C KOATO M Aa € OT CBETIIMHWUTE, HE3aBUCUMO OT MPOLEHTHOTO
UM y4yacTue B obLUmMs criekTparneH cbetas [7].

W npu yeTnpnTe ekcnepnMeHTa eqHOBpEMEHHO 6sixa oTrnexaaHn ABa B1aa pacTeHus:

e nucTHa canarta (copT “JTlono poca”) — Lactuca sativa L. var. acephala Dill. cv. Lollo Rossa;

e nucTHa umkopus (copT “buaHka Ou MunaHo”) — Cichorium intybus L. subsp. intybus

(Foliosum Group) cv. Bianca di Milano.

OnucaHue Ha eKCnepnmMmeHTUuTe

EkcnepymeHTUTE NO KyNTUBMpaHeE Ha canaTHW pacTeHust B nabopaTtopHusi obpasey Ha KO
“CBET-2" ca ocblLeCcTBEHM Npu CTPOro 3afjafeHn napamMeTpu Ha wuanbyBaHata oT bnokosete
CBETMMHA U B CnegHUs XPoHONornyeH pea;

1) E5 (man - toHn 2006 r.) — BOen Ha 40 cm OT noceBHaTa MOBBLPXHOCT; MITbTHOCT Ha
hOTOCMHTETUYHMS hOTOHeH noTok (Photosynthetic Photon Flux Density, PPFD?): 120
pmol-m2.s™ [8];

2) E6 (1oHu - tonn 2006 r.) — EOen Ha 20 cm; PPFD: 220 pmol-m™?.s™ [8];

3) E8 (centemBpu - oktomBpu 2007 r.) — BOc¢y Ha 20 cm; PPFD: 400 pumol-mZ.s™;
cnekTpaneH cbeTaB: 70% : 20% : 10% RGB (4epBeHO-3eneHo-c1HbO) [9];

4) E9 (Hoemepy - aekemspu 2007 r.) — BO¢p Ha 20 cm; PPFD: 220 pmol-m™s™; cnektpaneH
cberaB: 70% : 20% : 10% RGB [9].

EkcnepumeHTUTE Ca npoBedeHM B KknumatuaupaHa nabopaTtopusi, C noggbpXaHe Ha
Temnepatypa 22°C u npu gbenbr geH (Long-Day Photoperiod, LDPP) oT 16 4Yaca geH v 8 4aca Holu.

Kyntneauusata B KO “CBET-2" e ocHoBaHa Ha TexHororusta Ha cybctpaTtHaTta kyntypa. Kato
XpaHuTernHa cpena € U3non3BaH MMHepar 3e0nuT C TbProBCKO HaMMeHoBaHue “bankaHun”, oborateH
OOMbHUTENHO C MUHEparHu conu u MukpoenemeHtn. dpakumsata Ha cybcTapTHuTe Yactmum e 1.0 -
1.5 mm. CemeHaTa ca 3acaBaHu nopenoso B KopeHosus Mogyn (KM) Ha KO Ha gbnbounHa 1 cm ot
cybectpaTHata noBbpxHOCT (5 €M OT XUOPONPOBOAMTE), CNnen W3MbIIHEHME Ha NoAroTBMTENHa
nporpama 3a NbpBOHAYanHo oOBnaxHsiBaHe Ha cybcTpata oT brioka 3a Ynpasnenue (BY) Ha KO.

BogHuaTt GanaHc B [pgBeTe kaceTu (pecn. 3a aBete kyntypu) Ha KM e nogabpxaH
aBTOMAaTUYHO CbC 3a4afeH npar Ha BRaXHOCT Ha cybcTpaTa, Taka 4e ga ce yTunmsupa
NpuOnM3NTENHO €[4HAKBO KOMWYECTBO Boda MpY BCUMYKM Beretauum. 3a HanosiBaHe € W3nonsBaHa
YyelMsAHa BoAa, nNpeaBapuUTeNIHO OYUCTEHa C npenapara CFS-SOLVO®, npegcrasnasall anymMmHueB
xnopxuapaTeH koarynaHT (xAlL,03.yHCI.zH,0; x =1,y = 0.9 go 1.2).

PesynTtatn n guckycums

Pesyntatute obxsawaTr MOpPGOMETPUYHU M OUOXMMUYHW aHanu3W, KakTo M aHanu3 Ha
KbJTHAMOCTTA.

[aHHuTe 3a KbITHAEMOCTTa, onpeaerneHa no 6pos Ha NOHMKHaNUTe pacTeHust (T.e. KbJIHOBETE,
nokasanu ce Hapg cybcTpaTHaTta NOBBLPXHOCT), KbM 00WMA Gpown 3acatn cemeHa (No 56 3a gBete
KynTypu), ca nokasaHu rpadudHo Ha curypu 1 u 2. MNpruenn cme, nopagn mankata gbnbovvMHa Ha
3acsiBaHe (1 cm), 4Ye BCSIKO NMOKbIIHANo ceMe BOAM A0 NOHWKBAHE Ha pacTeHue, 6e3 ga nma 3armHanm
TakvnBa BbB BPEMETO Mexay ABeTe CbonTus.

Mo oTHoweHue Ha pryopecLeHTHOTO ocBeTneHue (ekcnepumeHTn E5 wn EB), canataTa
CKbCdABa HanomnoBuHa nepumoaa CU  Ha nNOKbJBaHe [MNMpu noBullaBaHe Ha MNBbTHOCTTa Ha
HOTOCUHTETUYHUS (DOTOHEH MoTok oT 120 umol-m?.s™ Ha 220 pmol-m?.s™, Ho KbnHsemocTTa it ce
noHmxasa 6nn3o 1.5 nbTu. MNpu nucTHaTa UMKoprsa kapTMHaTa e obpaTHa No OTHOLLEHWEe CTeneHTa Ha
KbIIHAEMOCT — Ts ce yBenuyasa 1.3 mbTWM MpWM MO-BUCOKUTE HMBA Ha OcBeTeHOCT. [MepuoabT Ha
MOHWKBAHE He Ce MPOMEHsI MO MPOABLIMKUTENHOCT NPV OBaTa EeKCNepumeHTa, HO Havanoto My e
OTMECTEHO C eUH AeH no-paHo npu E6.

! [leduHnpa ce kaTo NIBLTHOCT Ha (DOTOHEH MOTOK Ha (HOTOCMHTETUYHO aKTWBHA paauauus. MameputenHaTta
eanHuua e pmol-m2.s™, kato 1 pmol-m?.s™ = 6.022 x 10’ photons-m?-s™.
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KbnHsemocT npu chnyopecLeHTHa cBeTAMHa KbnHsieMocT npu cBeToAuoAHa cBeTNUHA

100 100
75 4 75
g 50 4 g 50
25 4 25

0 0 'W/g

4 5 6 7 8 9 4 5 6 7 8 9

[leH oT 3acABaHeTO [MeH oT 3acaABaHeTO
‘—B—CanaTa LL —a— Lnkopusi LL —s— Canata HL —a— Liukopusi HL‘ ‘—B—CanaTa LL —a— Liukopusi LL —a— Canata HL —a— Liukopust HL ‘

dur. 1. KbHAEMOCT Ha canarta v NncTHa LMKpu1s npu
ekcrnepumeHTn E5 n E6 ¢ nsnonssaHe Ha BO
Ha dnyopecueHTHM namnu. CbkpalleHus: LL
— Low Light Intensity — 120 pmol-m?.s™; HL —
High Light Intensity — 220 pmol-m™?.s™,

®ur. 2. KbnHsaeMoCT Ha canaTta v NUCTHa LMKPUS npu
ekcnepumMmeHTn E8 n E9 ¢ nanonssaHe Ha BO Ha
ceetoanoan. Cobkpawenna: LL — Low Light
Intensity — 220 pmol-m?.s™; HL — High Light
Intensity — 400 pmol-m?.s™,

M3bpaHnte HuMBa Ha oTOCMHTETUMYHO akTuBHaTa paguauna (Photosynthetically Active
Radiation, PARZ) B ekcnepumeHTn E8 n E9 BNNSAAT NO CXOAEH HAYMH Ha OBETE KyNnTypu: cBeTnMHaTa
¢ 400 umol-m'z-s'1 PPFD noHwxaBa KbJIHeMOCTTa — Npu nucTtHaTa umnkopus ¢ 19.5%, a npu canartarta
C 22.3%, gokaTo NpoAbIMKUTENHOCTTa Ha nepuvoda Ha MOHUKBaHe ce yBenuyaBa npu nucTHaTa
LIMKOpUS U HamansiBa Npu canarara.

CpaBHsiBaHETO Ha OBETE HMBaA Ha OCBETEHOCT oT 220 pmol-m'z-s'l npu ekcnepumeHTtn E6 (BO
Ha donyopecueHTHM namnu) n E9 (BO Ha cBeTtogvoaun) nokasea, Ye nucTHaTa LMKOpus 3anassa
KbMHAEMOCTTa CW, NPOABLIMKUTENHOCTTAa W HayanoTo Ha nepuoda Ha MOHMKBaHe, JoKaTo npu
canaraTa ce oT4yMTa MOHWXKaBaHe Ha KbIHSAeMOoCTTa ¢ Hag, 73%.

[Mo-3HauuTeNHO HamansBaHe Ha BMCOYMHATa Ha pacTeHWsTa M Mpu aBaTa copTta ce
HabrlogaBa npu CBETOAMOOHOTO ocBeTneHne ¢ PPFD 220 pmol-m?.s™ (E9). HamansBaHe Ha
BMCOYMHATa B cpaBHeHUe ¢ E£6 ce ycTaHoBsaBa npu E£8, 0THOBO 3a ABeTe pacteHus (dwur. 3).

BucouunHu

140

120 -

100 -

80 4

[mm]

60

40 |

20

E6 E9 E8 E5 E6 E9 E8

Canata IluctHa uukopws

dur. 3. BucounHu Ha canarta u nIMcTHa UMKPUA B Kpad Ha
YeTupuTe ekCnepumeHTa.

CaexoTo Terno npy E6 € ABa NbTn NoO-BMCOKO OT ToBa Npu E9 u 3a aBaTa BMAa pacTeHus, HO
TOBa € 3a CMeTKa Ha Mo-rofsiMOTO OTHOCMTENHO BOAHO CbAbpXaHWe B JIUCTHUTE TbKaHW, Tbil KaTo
abconoTHo cyxoTo BellectBo (ACB) e no-manko ¢ 33% npu canatata u ¢ 18% npwu nucTtHaTa
uukopua (tabn. 1). Ceexute Terna ca cTaTUCTUYECKM efHakeu npu E5 n E9 B pamkute Ha ABaTa
copta, Ho ACB e noeeuye npu E9 — ¢ 50% npwu canatata u ¢ 37,5% npu nuctHata LUKOpUS.
3HaunTenHO nOBULIABAHE Ha CBEXOTO TErno 3a ABeTe KynTypu ce Habnwpgasa npu E8, Ho
cbabpxaHneto Ha ACB e cxogHo ¢ ToBa npu EB.

2 Pagwnauus ¢ gbmkuHa Ha BbnHaTa ot 400 go 700 nm.
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Tabn. 1. Ceexo 1 abCcontoTHO Cyxo Terno Ha nucTa

| Canama JlucmHa yukopusi

|
5O-I1 5O-Cll BO-11 5O-CL3

120 220 220 400 120 220 ‘ 220 400

PacTteHue
Bnok OcBeTneHue

PPFD, [umol-m?:s]

1,726 3,135 1,515 17,099 1,221 2,743 1,378 5,810
CBexo Terno, [g] + + + + + * * *

0,102 0,272 0,300 2,626 0,165 0,269 0,114 0,721
ACB, [%)] 6 6 9 6.5 8 9 11 9

M3BbplueHn ca U CTaHAapTHU OMOXMMWYHM aHanM3n Ha HSAKOM MapKEPHW 3a CTPECOBWU
Bb3aencTema Metabonutn: manonguangexvga (MAA), sogopogeH nepokcung (H,O,), nepokcuaasa
(POX), nponuH n pegyuupalym saxapm (tabn. 2).

Tabn. 2. laHH1 OT BUOXUMUYHM aHanM3un (yka3aHa e cCTaHAapTHaTa rpeLlka Ha cpegHaTta CTOMHOCT)

Canama Jlucmua yukopusi |

| |
5O-oI1 5O-CL3 5O-11 5O-CL3

120 220 220 400 120 220 | 220 | 400

PacteHue
bnok OcBeTneHne
PPFD, [pmol-m?s™]

MAOA, [mM-g* FW] 0,011(1) | 0,015(3) | 0,026(1) | 0,037(9) 0,017 0,014 0,018(9) 0,037
0,467 1,088 2,957 0,715 2,350 4,038 2,532 1,277
H.0;, [uM-g™ FW] + + + + + + + +

0008 | 0038 | 0081 | 0070 | 0092 | 0071 | 0694 | 0,105
POX, [umol-mg B-min] | 0,015(3) | 0,007(1) | 0,007 | 0,016(2) | 0,013(2) | 0,005(1) | 0,009 | 0,048(6)
0133 | 0212 | 0689 | 0466 | 009 | 0144 | 049 | 0,587

MponuH, [umol-g™ FW] + + + + * + + +
0,011 0,024 0,092 0,059 0,002 0,005 0,022 0,216
1,35 6,85 5,08 2,25 1,23 2,58 3,62 2,59

Pen. 3axapm, [mg-g”] + + + + + + + +
0,15 2,40 0,22 0,79 0,28 1,18 0,16 0,49

[MoBuweHaTa akTUBHOCT Ha eH3MMa Mnepokcuaasa, yCTaHoBeHa U 3a ABaTa copTa pacTeHus B
ekcnepumeHTn E5 n E8, BogM OO NOHMXaBaHe Ha KOHLEHTpauusaTa Ha BOAOPOOHUS] NepPOKCcKa, KOWTO
€ OTNafeH NpoAayKT Ha MeTabonnama 1 cusHa KneTb4YHa OTPOBA, M KaTO TakbB Ce pasrpaxga oT To3u
eH3uM. ToBa CBMAETENCTBA 3a Hanu4Me Ha No-CUMEH CTPEC B ABaTa Kpasi Ha HUCKO M BUCOKO HUBA Ha
0OCBETEeHOCT. HapacTtBaHeTo Ha KoHueHTpauusata Ha MIOA — otnageH npoaykT, obpasyBaH mnpu
OKWCMEHMETO Ha HEeHacUTEeHW MacCTHM KUCENWHW, BNU3awyu B CbCTaBa Ha KIEeTbYHUTE W
BbTPEKNEeTbYHM MEMOpPaHHU CUCTEMMU, — C yBennyaBaHe Ha (POTOCUHTETMYHMS (DOTOHEH MOTOK €
nokasaren 3a no-roriemute POTOYBPEXAaHUS, NONydYaBaHy B KNETKUTE U TbKaHUTe Ha n1cTa, npwv no-
BMCOKUTE HMBA Ha OCBETEHOCT. YBENM4aBaHETO Ha CbAbPXKaHWETO Ha aMWHOKMCenuHaTa MpPOSivH B
OBeTe KynTypu Npu ekcrnepumeHTuTe Ha cBeToauoaHo ocseTneHue (E8 n E9) cbwo nHamkupa no-
CUIeH CTpec Mpu Te3u YCMNoBUS Ha KynTuBupaHe. AcMMunauMoHHaTa CnocoBGHOCT Ha pacTeHusaTa
MOX€e [a Ce OLEHW MO CUMHTE3NPaHETO M HATPYMBaHETO Ha MbPBUYHM acuMUNaTU — NPOAYKTM Ha
doTocuMHTe3aTa (BbIMexvapaTu: MOHO- W nonusaxapugu). TakoBa HaTpynBaHe HaW-CUIHO ce
Habntogaea npu E6 u E9 3a canartata, u npu E£9, E8 n E6 3a nucTHaTa LUUKOpUsl, KOETO Kopenupa ¢
nsuucrnieHoto ACB (tabn. 1).

N3Boam

OTunTamkm pesyntaTute OT HanpaBeHUTE aHanusu, morat ga ce HarnpasaT cnegHute

o6o0LeHuns:

1) noabpaHuAT cnekTbp 3a cBeToauogHoTo ocBeTrneHne (70% : 20% : 10% RGB) He e
onTUMAarieH 3a pacTexa B HayanHuTe eTanu Ha pasBuUTME Ha M3NON3BaHWUTE canaTHU
pacTeHusi (COpPTOBE), Thil KATO MPW €AHU U CbluM HMBA Ha PPFD oT 220 umol-m?-s™ (E6 u
E9), ce nonyyaBaT CbLUECTBEHU pas3NUKM BbB  PUNOMOrO-OMOXUMUYHUTE 1
MOPMOOrMYHU NoKasaTenu Ha KynTMBMpaHuUTe pacTeHus,

2) onTUmanHWTEe HMBa Ha OCBETEHOCT MNPV U3NOM3BaHMSA CheKkTpaneH CbCTaB Ha
cBeToaMoaHoTo ocseTrneHne (70% : 20% : 10% RGB) 3a gBata Buaa canatHu pacTeHusi
ce HamupaT Mexay 220 pmol-m?.s™ 1 400 pmol-m™.s™ NABLTHOCT Ha (OTOHHMS NOTOK Ha
OTOCMHTETUYHO aKTMBHaTa pagnauns;

3) BuMcoOKWUTe HMBa Ha ocBeTeHocT (400 pmol-m'z-s'l) BOOAT OO NoBULLIABaHe Ha cTpeca npu
KynTMBMPaHe Ha pacTeHusaTa, KaTo no-rorieMmTe 40O6MBU B CBEXO TErNO ca C HamareHa
XpaHuUTenHa CTOMHOCT.
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MpoBegeHUTe ekcriepMMEHTW daBaT HacokaTa 3a ObAelly uacregBaHus MO HamupaHe Ha
ONTUMasiHW CBETIIMHHM YCIIOBUS OT TrfiegHa Tovka Ha KayeCcTBEH W KONMYECTBEH CbCTaB Ha
n3nor3eaHaTa CBET/IMHA B Ha4YalHUTE eTanu Ha pacTexa U pasBUTMETO Ha canatHuTe KynTypu. Tyk,
olle BegHbX TpsibBa da ce nopveprae, Ye M3MCKBaHMATa KbM Te3W YCMOBUsi 3aBUCAT B Hal-ronsiva
CTEneH OT BuAa Ha KyNnTUBMPAHOTO pacTeHune, MoraTt Aa ca PasfuyHu Npu pasnnyHuTe My COpTOBE U
ce NPOMEHST Npe3 MHAMBMAYaNHOTO pa3BuTME (OHTOreHe3aTa) Ha PacTUTESNHUS OPraHU3bM.
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Abstract: The first stage of the “Mars-500" Project, imitating human mission to Mars was started with
successful preliminary 14-days experiment carried out in Ground-based Experimental Complex (GEC) in the
Institute for Biomedical Problems (IBMP), Moscow, in the period 15-29 November 2007. The aim of this
experiment was to test the technical and operational characteristics of two renewed modules of GEC with 6 young
Russian volunteers isolated in it. Two previous long-term, ground-based wheat growing experiments (ECOPSI-95
and SFINCSS-99) carried out in Bulgarian SVET-2 Space Greenhouse (SG) by crew isolated in GEC, are also
described. According to the “Greenhouse-Mars” contract between IBMP and Space Research Institute, Sofia, a
new Light Module (LM) with power red, green and blue light-emitting diodes (LED) was developed by the
Bulgarian scientific team. First laboratory technical and plant growing tests using the new LM and the SVET-2 SG
equipment were made in 2007.

Pesrome: C ycnewHomo riposexdaHe Ha rpedsapumesieH 14-0He8eH eKcriepuMeHm, OCbU,eCMEeH 8
nepuoda 15-29 Hoemspu 2007 2. 8 UHcmumyma 3a meduko-6uonoau4Hu npobnemu (UMBIT), Mockea,
cmapmupa nbpsusim emar Ha npoekma “Mapc-500", umumupaw; Mmucusima Ha 4Yogeka 0o Mapc. Llenma Ha mo3u
ekcriepumeHm bewe Oa ce Mposepsim MexXHUYECKUme u ekcrioamayuoHHUMe xapakmepucmuku Ha deama
peHosupaHu Mmoldyna om HasemHusi ekcriepumeHmarneH kommnekc (HEK) ¢ 6 mnadu pycku Oobposonyu
u3onupaHu 8 Hezo. OnucaHu ca Hakpamko 08a npeduwHU Ha3eMHU eKcriepuMeHma 3a omesiexdaHe Ha
nweHuya 8 bbnzapckama Kocmuyecka opaHxepusi (KO) CBET-2 no speme Ha npodbrmKumesHu ekcriepumeHmu
¢ ekunaxu usonupaHu 8 HEK (EKOINCU-95 u COUNHKC-99). CrenacHo dozosopa “OpaHxepes-Mapc” mexdy
UMBIT u UHcmumyma 3a kocmuyecku u3crnedsaHusi, Cogpus, bewe paspabomeH om b6brieapCKusi HaydyeH
Konekmue Hoe brok 3a oceemneHue (BO) ¢ MowHU YyepeeHu, 3eneHU u cuHu ceemoduodu (LED). MMbepsume
rabopamopHU MexHU4YecKuU U C omefniexdaHe Ha pacmeHusi usnumaHuss Ha Hoeusi BO, usnonsealku
anapamypama Ha KO CBET-2, bsixa nposedeHu ripe3 2007 a..

BbBeneHune

OcbluecTBABaHETO Ha NuoTMpyem noneTt Ao Mapc e ctapogaBHa mMeyTa Ha 4oBeka U €
peanuayem OT TeXHMYECKa rnegHa Todka NpoekT B 6nnskuTte gecetnnetus (Han-BeposdTHO B nepuoaa
2028-2038 rogmHa). Ho nnaHMpaHOTO uM3npallaHe Ha 6-4rneHeH ekuMnaXk M3UCKBa peLlaBaHEeTO Ha
MHOTrOYUCIIEHN NPOBNemMu, CBbP3aHN C MEANKO-OMONOIMYHOTO My ocurypsiBaHe. MoneTsbT Wwe oTHeMe
1,5-2 rogunHn, Tbl-KaTo pascTtoaAHMeTo Ha Mapc oT 3emdara Bapupa oT 56 go 400 munMoHa
KnnomeTpa. o NpoABLIMKUTENHOCT TO3M NONET HE MOXE A Ce CpaBHsIBa C opbutanHute (Han-gbnro
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OT BCUYKM - 438 geHoHowms 6e3 npekbcBaHe B opbuTa e npekapan nekapat-uscnegosaten ot MBI
Banepun lNonskoe Ha OpbuTtanHaTa ctaHuus MUP npes3 1994-95 r., kaTo peKopAbT He e nogobpsiBaH
pocera). Ha ctaHumuTe B opbuta okorno 3emsara (kato MKC), ToBapHu kopabu gokapat perynsipHo
Ha ekunaxa npoaykTu U HOBMHMW, @ 3a TO3W NOMeT Le ce HanoXw Aa ce B3emaTt XpaHa W Boja 3a
usanoto My BpemeTtpaeHe. OCBEH TOBa B Criyyaln Ha M3BbHPEOHO NPOU3LLECTBME B OpOUTa, eKUNaxbT
MOXe [da ce 3aBbpHe Ha 3emsiTa cbC cnyckaemusa anapaT. [lpy Bb3HWKBAHE Ha W3BBHPEAHO
npom3sLwecTere no Bpeme Ha noneta Ao Mapc, Hama nbT Hasag. Korato Ha amepukaHckus “Anono-13"
Bb3HUKHA aBapus B cucTemaTa 3a OCUrypsiBaHe Ha >XMBOTA, Ha ekunaxa He ocTaBalle HULO ApYro,
OCBEH da npoabikum noneta koM JlyHata. [pegctoM MHOro cepuo3Ha HayvyHa M HasemHa
eKkcrnepuMMeHTanHa paboTa 3a pellaBaHETO Ha BCUYKU M3KIOYUTESNHO CIOXHM U BaXKHM BBMIPOCH,
CBbp3aHM C OCbLLLECTBSABAHETO Ha MoseTa, 3a Aa € CUIypHO, Ye eKUMbXbT We oTuae bnaronony4yHo
0o Mapc v we ce 3aBbpHe 0OpaTHO 3paB U HEBPEAMM.

ACcHO e kakBO KorfocanHo M3nuTaHue we O6bae To3n NoneT 3a KOCMOHaBTuTe. M3yyaBaT ce
Bb3MOXHWTE OMacHOCTM U U3BbHPEAHM CUTyauun, wu34McnsasaT Cce HaToBapBaHuATa U
npeTtoBapBaHUaTa Mo BpeMe Ha norneTa, Npu KauaHeTo Ha nnaHeTaTa U uanutaHeTo oT Hes. Kak we
Ce ObPXW YoBEKa MO BpeMe Ha TOMKOBa ObMbr nonet TpsibBa Aa O6bOe U3SICHEHO CbC CUIYPHOCT
npegBapuTeniHo M 3a ToBa LWe MOMOrHaT W3KMIYUMTENHO MHOrO Ha3eMHUTE EKCMePUMEHTU C
nsonauus. lNMpeacrton ga ce nposegaT OrpoOMHO KONMMYECTBO M3crenBaHns, Aa ce cb3faze NpuUHLUMNHO
HOBO 0e30TkasHO 00pyaBaHe, e(eKTUBHM M HAOEXOHW CUCTEMM 3a OCUrypsiBaHe Ha >uBoTa (3a
npeynMcTBaHe Ha BogaTa Hanpumep). lNpegn 4YoBekbT da nonetn kbM Mapc, e HeobxoomMmo aa ce
pa3paboTu BcecTpaHHa HaydHa nporpama, 3a Aa ce cbbepe KONMKOTO € Bb3MOXHO MOoBeve Han-
pasHoobpasHa UHopmaLms OT U 3a ekmnaxa.

MapcuaHcKMaT ekunax Le MoXe pfda pasudTa camo Ha ©OoppoBuTe cpefcTBa  3a
ncuxonorvyecka nogapwxka. lNMoneTbT Wwe ObAe TOnMKoBa AbNbI, KOPAOLT We ce oThaneyn ot
3emMsiTa Ha TakoBa OrPOMHO Pa3CTOsIHUE, Ye 3aKbCHEHWETO Ha paguocurHana npu npubnmxaesaHeTo
kbM Mapc we 6bae okono 40 muHyTM. KocMoHaBTuTE e TpsabBa camu Aa B3eMaT pelleHnst u camu
[a HOCAT OTFOBOPHOCT 3a Te3u pelueHus. NMopagn ToBa Ha 3emMaTa npeaBapuTenHo Tpsioea ga 6bvae
npeaBuaeHo OyKBanHO BCUYKO: Bb3MOXHUTE U3BBHPEOHW CUTyauun, OTka3 Ha TeXHWKaTa, MpoMsiHa B
CaMO4YyBCTBMETO Ha ekunaxa. [Npu cBpbxganeyHuTe nonetyu KopabbT M3nM3a M3BbLH rpaHuMuMTe Ha
3alimTata Ha MarHMTHOTO nose Ha 3emMsTa 1 ekunaxbT MOXe da 6bAde 3acTpalleH oT o6nbyBaHe Noa
Bb34EVCTBMETO Ha ranaktuyeckata v cribHYeBaTa pagunaums. [Ja He 3abpaBsame n 3a 4bArOCPOHHOTO
BNusaHME Ha 6e3TernoBHoOCTTa. 3acera ce pasrnexgart ABa BapuaHTa. [MbpBusaT — npenutaHe Kpan
Mapc. Btopust — BnusaHe B opbuTa, npusemsiBaHe Ha cnyckaem anapaTt C ekunax u paboTa Ha
nnaHetata. A ToBa e Apyr npobnem, Hag KOMTO ce paboTn ycurneHo, 3awoTo TS € CTpaLllHO
HerocTonpmMemMHa.

Mapc e eauHcTBeHaTa Bb3MOXHa 3a HacensBaHe nnaHeta oT CnbH4YeBaTa cuctema, HO
cpefaTta i e HanpaBo CMBbPTOHOCHA 3a YOBEKA U € HEBB3MOXHO Aa ce nsnese 6e3 ckadaHabp B Tasn
YyepBeHa MyCTMHA C nsAcadHyn Oypu. Tam HAMa kucnopon B atmocdeparta, a rfnaBHO BbINEepOAEH
OBYokuC. Hama gopu M BoAa, OTKPUTM ca crnean OT Hest B CKanuTe, [oKasBally HSKOraluHOTO M
Hanuuue, KakTo 1 no-ronemMu KonuyecTea 3aMpb3Hana Ha nontocute. HanaraHeTo e okono 10 nbTu
no-Hucko (80 — 90 mm. xmBadeH cTbnb), a paguauusata e 1000 nNbTM MNo-ronsiMa OT 3eMHarTa.
Temnepatypute ca ¢ 40°C no-HUCKM OT cpedHWUTe Ha 3emsATa, C rorieMn Bapmaumm (Ha eksaTopa e -
80°C npes Howita 1 +25°C — npes aeHs). MapcuaHckaTa rpasutaums € 3 mbTv no-Marnka ot 3emHara.

HesaBncumo ot ToBa, wom 6Ge obsBeHo B canta Ha WMHCTMTyTa 3a MeaukoGuomnornyHmu
npobnemu (MMBI1) B MockBa, 4e ce HabupaTt JoOpoBOLUM 3a Ha3eMeH eKCNEPUMEHT — UMUTaLUSA Ha
noneta oo Mapc, HapeyeH “Mapc-500", BegHara ca 3aBananu 3asBKM OT LSS CBAT U Beve ca ce
cbbpanu kbm 200 gywn. A B HEro e B3emar yvacTue caMo LIeCT Ayl Ha Bb3pacT 25 — 55 roguHu,
KaTo HSAIKOM OT TAX MMa BEeposATHOCT Ja nonetdar Ha Mapc: nekap ¢ yHMBepcanHa noarotoBka U
MCUXONOr CbLUEBPEMEHHO, CMELManucT Mo M3YUCnUTenHa TexHuka, OopauHXeHep, OoTroBapsl, 3a
CUCTEMMUTE 3a OCUTypsiBaHE Ha >XMBOTA, KOMaHAMP Ha Kopaba, a CbLLo y4yeHu: acTpodunank n duonor
(v reonor). 3acera He e peLleHO Janu a ce BKIHYaT B ekunnaka xeHu. B nondpHute ekcneguumn
TSXHOTO MPUCBCTBUE AEWCTBA Ha ydacTHUUMTE 6raroTBOpHO. HO npu TakbB AbMAbr MoneT, a u B
3aTBOPEHO NPOCTPAHCTBO OM MOrMo Aa Bb3HUKHE HaNpexXeHue.

Cbaenikn no u3NCKBaHUATA, KOMTO ce npeasBsaBaT KbM Yy4aCTHULUMTE B eKCNpUMEHTa, Te
TpsibBa ga 6boaT HEOOMKHOBEHM XOpa - CMENW, PELUNTENHKU, He camMo NPOodEeCUOHanMcTn B CBosiTa
obnact, HO cnocobHM Aa 3aMeHAT NpU HEOHBXOAMMOCT U HAKOW OT KONermTe cu OT eknnaxa. Te Tpsibea
4a vmat Bucwe obpas3oBaHuWe, OTNIMYHO 34paBe, Aa 3HaAT PYCKM U aHrmuncku. lNpemuHanute
npeaBapuTennHns nogdbop we 6baat nokaHeHu B MockBa M crnepd nocnefdeH nogbop ABaHageceTTe
puHanmcTn Wwe 6baaT pasnpeneneHn B ABe rpyny OT MO LWeCT YoBeka. EgHaTta we 3aeme MscTo B
TpeHaxopa, a gpyraTa Lie e pe3epBHa.
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ExcnepumeHTn ¢ nsonauma B HEK go 2000 r.

HasemHusat ekcnepumeHTtaneH komnnekc (HEK) 3a wmntupaHe Ha npogbmkuTenHu
KocMuyeckn nonetu e noctpoeH B IMBI ouwe npe3 1970 r. no uaes Ha Koponbos. B Hero moxelue aa
Ce npoBexaaT ekcnepMMeHTH, KaTo ce Cb3daaaT YCroBUSA MakCMMarHo 6nn3ku 0o pearnHuTe, C KOUTo
e ce cbnbckaT KOCMOHaBTUTE MPU UCTUHCKM NoneT. [NunotupyemuTe nonetu KbMm ApYyrv nnaHetu
(mbpBOHavanHo kbM Mapc) ce xapakTtepuavpaT Npegu BCUMYKO C MbfHATa M3onauusi OT BbHLUHUS
cBAT. He e BB3MOXHO MogenupaHeTo Ha dakTopu kato Oe3TernoBHOCTTA U Bb3OEWCTBMETO Ha
pagvaumsaTa, HO Ja ce M3onupa ekunax 3a NpogbIPKUTENHO Bpeme M fa ce cb3gafde cucrtema 3a
MeOuko-brnonorMyHo ocurypsiBaHe Ha MapcuaHcka ekcneanumnsi, € TeEXHUYECKU OCbLLECTBUMO.

MbpBoHauyano HEK ce cbetom ot 3 cBbp3aHM no mexay cu mogynm ¢ obemm 50, 100 n 150
M. B TSIX Ca MOMECTEHU UHAMBUAYANHW KaloTW 33 YNeHOBETE Ha eKunaxa, KatoT-KoMnaHus, paboTHM
MecCTa 3a MpoBexaaHe Ha MefMKO-OMONOrMyHN nscnenBaHns, MACTO 3a OpaHXepus, NoMeLleHne 3a
CbXpaHeHue Ha maTepuanute, 3anacute OT XpaHa M T.H. EkMnaxsT ce Hamupa B ycnoBus Ha
U3KycTBeHa aTMocepa (NpeyncraaHa no hUsNKo-XMMMUYEH MbT) U HOPManHO aTMOC(EepPHO HansraHe.
Peouua cuctemum ca pasnonoXeHW U3BbH MOOYNUTE, HO Ce Yycurypsisa Bb3MOXHOCTTa 3a
HernocpeacTBEHOTO MM yrpaBrieHue OT CTpaHa Ha ekunaxa.

B nepuoga 1971-2000 r. B HEK ca npoBefeHu peguua ekcnepuMeHTn ¢ nsonauumsi, B KOUTO
Osxa oTpaboTeHn MeTOAMKM 3a ajanTauusi Ha YoBeKa B YCIOBUSA Ha MPOOBLITKATENEH KOCMUYECKU
nomneT, B ABa OT KoUTo Ge BKI4YeH 1 NpoToTun Ha 6bnrapckata Kocmunyecka opanxepus (KO) CBET-
2 C OBbNrocpoyvHM eKCrnepuMeHTH 3a oTrnexagaHe Ha nweHuua: 1) 90-gHeBeH EKOIMNCK-95 n 2) 264-
AHeBeH COUNHKC-99 3a noarotoBka Ha MMcumTe Ha ekunaxuTe 3a OpbutanHarta ctaHuusa (OC) MUP
n MexpgyHapogHaTa kocMuyecka ctaHums (MKC).

1. Ot 21 oktomBpu 1995 r. go 22 sHyapu 1996 r. ce npoeene 90-OHEBEH EKCNEPUMEHT
EKOINCW-95, B kouto Gelie HanpaBeH onut da ce dopmynmpa MOHATUETO MNCMXOU3NONOTNYEH
KOHGOPT Ha cpefaTa 3a obutaBaHe, Aa ce OLEeHM B3auMoOeNCcTBNETO “YoBeK-cpeaa” U Bb3MOXHOCTTa
3a ynpaBeneHue [[uHamuKaTa Ha TOo3uM npouec. Llenta Ha ekcnepumeHTa 6e wu3cneaBaHe Ha
NMCUXONOrMYHOTO CbCTOSHME HA TPUYMEHEH €eKMnaX KOCMOHaBTW, 3aTBOPEH XepMEeTUYHO B
OBbIrocpoYyHa msonauus. EkMnaxsT ce rpwkelle n 3a oTrMeXaaHeTo Ha pacTeHust OT MueHuua copT
Super-Dwarf no BpeMe Ha efuH NbfeH XU3HEH LMKbN Ha pa3sutne B komnnekca KO CBET-FEMC,
cnefaBalkM  MHCTPYKUMMTE TMOArOTBEHW 3a MNpoBeXAaHeTo My Ha 6Oopaa. Bsixa B3eTn BCuukM
nnaHvpaHu obpasum n 6sxa HanpaBeHW POTOCHUMKM.

KomnnekcbT anapaTtypa Ha KO CBET ©6e kayeH Ha 6opaa Ha OC MUP owe npe3 1990 r., HO
OnarogapeHne Ha nognucaHoto Crnopa3yMeHWe 3a TPUCTPaHHO aMEepUKaHO-PYCKO-Obnrapcko
cbTpyaHnyectBo B MockBa u dpmHaHcmpaHeTto My oT HACA, moxaxme oT 1995 r. ga npoabimkmm
KOCMMWYECKNTE EeKCNEPUMEHTU C pacTeHus B Hesl. Kbm mogudunumnpaHata KO CBET-2 6e nobaseHa un
[OoMbrHUTENHA cucTemMa 3a HabnogeHne Ha noseve napameTpu Ha cpepaTta (TEMC), paspaboTteHa B
JlaBopaTopusta no KocMmyecka AvnHamuka npu YHueepcuteTa Ha warta KOTta. Tpabeawe ga 6bvpat
NpoBeAEeHM MHOro npeaBapuUTeNnHU HaseMHu ekcnepumeHT B KOTa M B MockBa B KOMMnekca
anapatypa CBET-F'EMC, 3a ga ce nogroTeu yCnewHOTO UM NpoBexaaHe Ha 6opaa npes 1996-97 r.
OT amepukaHckuTe actpoHasTu LaHbH Jllocug n ko Bnaxa. bnaropapeHve Ha npeaBapuTenHus
ekcnepumeHT B HEK 1 oTpaboTBaHeTo Ha BCUYKM BL3MOXHM CuUTyaumu, 6e rapaHTupaH ycnexa Ha
NOMNETHUTE EKCMEPUMEHTM, [OBENM [0 YHUKANHW dyHOaMeHTanHu pesyntatm B obnactrta Ha
KOCMWYECKOTO pacTEHNEBBACTBO.

2. OT1 2 dpepyapu 1999 r. go 22 mapt 2000r. B HEK 6e npoBeneH 264-gHeBeH ekCnepuUMEHT
COUMHKC-99 (o1 SFINCSS «Simulation of Flight of International Crew on Space Station» - umMtauus
Ha nofeTa Ha MeXZyHapo4eH eKMnaXx Ha KoCMU4Yecka CTaHUMs) C M30rauus, KaTo HeroBaTta OCHOBHA
uen Oewe ga ce umuTMpa noneta Ha ekunaxute Ha MKC. B TpuM OCHOBHM ekunaxa Brunsaxa
npeactasuTenu ot 5 cTpaHu B ToBa 4ncno u xeHn. OcBeH ToBa bsxa cdopmupaHu 3 ekvmnaxa 3a
nocewieHne. B nporpamata Ha ekcrnepumeHTa 6sxa peanuaupaHn 80 Hay4yHU €eKCrNepUMEHTa,
noaroTBeHN OT yyeHn Ha 9 gbpxasu. o Bpeme Ha COUMHKC-99 ekmnaxbT He XnBeelle BLOOLLE B
KaloTu, a B Mankus kopnyc (100 M3) Ha TECHWN HapoBe Ha 2 eTaxa. B cbLLOTO NnomelleHne n pabdoTexa.
B 1031 6ok KapanboB nnaHupalle ga pasnonoxu MexagynnaHeTHa opaHxepus, Ho korato ¢ Mapc He
noTpbrHa 6e B3eTO pelleHune, Ye HaMa da e opaHxepus, a we e moayn Ha OC MUP, kosiTo ce ckayBa
¢ MKC. B To3n moayn, kakTo n B 6opgosus, 6e moHTupaHa KO CBET-2.

B eanH oT ocHoBHuTe ekunaxu Ha COUNHKC-99 yyactBaxa 4 pycHaka — B. JlykaHiok, B.
KapawwH, A. MypawoB n Xangep XOOWMXOXWH, KOMTO MNPOBEAOXa AbIITOCPOYEH EKCMEPUMEHT C
nwenuua B KO CBET-2, HapeueH “Konoc”. MNMapanenHo ¢ Tax “Ha 6opaa” paboTtuxa n gpyru ekunaxmv B
KOUTO MMalle siINOHUM, KaHaguu, HEMUM U amepukaHuu. YuyeHuTe HabntogaBalim ekcriepMmeHTa ce
cTapaexa fa M3SICHAT Kak B eKCTPeMESTHUTE YCMOBMS Ha KOCMMYecKaTa «CKyka» MoraTt Aa XuBeaT
Xopa C pasnuyHu Tpaauummn, TPYA0BU HaBULW, PENUTMK N yOeXaeHus.
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Te3an ekcnepMMeHTU MOCTaBAT OCHOBaTa Ha MeAMKO-OMOMOrM4yHOTO OCUrypsiBaHe Ha
ObaewmTe mexgynnaHeTHu ekcneguuun. Begnara cnepn ekcnepumeHta COUHKC-99 yuenuTte oT
MMBI1 3anoyHaxa nogroToBkata Ha eKCNepUMEHT UMUTUpAaLL MUNOTUPYEMUS MOSIeT Ha Y0oBeEK A0
Mapc. HanctnHa tasm Mmcus CUIHo ce oTnmyaBa OT norneTtute okono 3emsaTta Ha OC n e Heob6xoouMo
[a ce pewaTt LWWPOK Kpblr OT BBbMAPOCM MO OMOMEOUUMHCKOTO My ocurypsiBaHe. 3atoBa 6Gelue
paspaboTeHa nporpamarta Ha npoekta “Mapc-500".

MoarotoBka Ha HEK 3a MpoekT “ Mapc-500”

LlenTa Ha ekcrnepMeHTa € usyyaBaHeTo Ha B3aMMOAENCTBMETO BbB Bepurata “4oBeK-OKoMHa
cpega’ M MonyyaBaHe Ha eKCNepuMMEHTanHW [[aHHM 3a  CbCTOAHMETO Ha 34paBeTo U
paboTocnocobHOCTTa Ha YoBEKa, HamMmpall, Ce B YCIOBUS Ha M30oNauus XxapakTepHu 3a noneta o
Mapc [1]. lMpoBexga ce B XEpMETUYHO 3aTBOPEHO MNPOCTPAHCTBO C OrpaHuyeH obem, npu
nogaobpxaHe Ha obuTaemaTa cpefa CbC CUCTEMM 3a OCUTypsiBaHE Ha XMBOTa M MoAenuvpaHe Ha
OCHOBHUTE pasfnuMKM N OrpaHUYEHUs], KakBUTO e ObaaT B OENCTBUTENHOCT MpU TO3M AbMAroTpaeH
nonet. Mepgmko-61MoNONOrMYECKOTO OCUrypsiBaHE Ha nunoTupyemus nonet go Mapc ce nogrotes ¢
OTYNTAHETO Ha peauua “M3BbHpeaHU” obcTosATencTRa:

1. CepbxnpogbmkutenHoct (1,5 — 2 roanHu 1 noseye);

2. Bucoka cteneH Ha aBTOHOMHOCT Ha ekunaxa, obycrioBeHa OT HEBb3MOXXHOCTTa 3a AOCTaBKa
Ha KaKBUTO 1 [a e ToOBapu Unu a ce U3MeHs1 CbCTaBa Ha ekMnaxa;

3. HeBb3MOXHOCT 3a He3abaBHO 3aBpbliaHe Ha 3emsaTa, AaXe MpU Bb3HMKBaHE Ha M3BBHPEAHU

obcToATencTea, NOCTOSAHHO NMOBULLIEHA OTFOBOPHOCT 3a CAMOCTOSITENTHO MPUETUTE pPEeLLEeHNUs U
TAXHaTa peanv3auusi;

4. 3aTpygHsiBaHe Ha YCNoBMsiTa 3a KOMYHMKAUMSA CbC 3eMsiTa, CBbp3aHU C HeusbexHaTa
3afpbXxKa B NpedaBaHeTo Ha nHdopMaumaTa 3apagm BPEMETO Ha NMPeMMHaBaHe Ha curHana
(NnpnbnnsntenHo 40 MnHyTK) OT Kopaba Ao 3emaATa, KOeTo BOAM A0 NPUHLMMNHN U3MEHEHUS Ha
Jocera CblUECTBYBaALUMTE B3aUMOOTHOLLUEHUS MeEXOY eKunaxa W HaseMHUTEe LEeHTpoBe 3a
ynpaBrieHne Ha noneTa;

5. PepyBaHe Ha rpaBuMTauUMOHHM Bb3gencTBusa no Tpaceto 3ems-Mapc-3ems n npebueasaHeTo
Ha noBbpxHOCcTTa Ha Mapc (1/3 oT 3emHaTa rpaBuTaums);

6. OrpaHudeH nepuon Ha ajanTtauus KbM rpaButTaumara npeau M3nNbNHEHWETO Ha nporpamarta
OT JeNHOCTU Ha NOBBLPXHOCTTa Ha Mapc;

7. TloBuLWEHO HMBO Ha KOCMUYecKaTa paguaums;

8. OTcbCTBME HA MAarHUTHOTO Mnore Ha 3emsTa.

Mpe3 2006r. TpuTE CbLUECTBYBaLLM MoAyna b6axa HanbnHO NpeobopyaBaHu, bsixa cb3gageHu
HOBM CWUCTEMM 3@ OCUTypsiBAHE Ha >UBOTA, NOAOABPKAHETO Ha TeMnepaTypHUs pexnm U
ocurypsiBaHeTo Ha Bopgarta. [lpes 2007r. cneumanHo 3a npoekta “Mapc-500" ©Oelwe nocTpoeH
OOMbITHUTEINTHO YEeTBBLPTU XepMmeTndeH moayn ¢ obem 250 m®. B Hauyanoto Ha 2008r. 3anoyHa
CTPOMTENCTBOTO Ha NeTM MoAayn C UMUTaUUsA Ha MapcuaHckaTa NoBbPXHOCT, crief 3aBbpLUBaAHETO Ha
KonTo komnnekcwbT Ha HEK (®ur. 1) we 6bae HanmbnHO rotoB 3a ekcnepumeHTta “Mapc-500”.
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our.1. bnokoBa cxeMa Ha HasemHus ekcnepumeHTaneH komnnekc, nogrotsaH B WMBI, Mocksa,
3a U3nbNHeHMETO Ha npoekTa “Mapc-500”. Oparxepusita e pasnonoxeHa B mogyn JY-250.

HasemMHunsaT mapcuaHckm komnnekc, nogrotesH B UMBIT 3a nanbnHeHneTo Ha npoekTta “Mapc-
500", ce cbCTOM OT LWIECT MOoAyna, CBbpP3aHu MOMEXAy CU C XxepMmeTudeckm TpbbonpoBoamu, BCEKU C
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OnameTbp Marnko Hag 3 meTpa. YeTupum oT TAx ca ekcnepumeHTanHu (JY) — meTanHu umnuHabpa, ¢
o6eM cboTBeTHO no 50, 100, 150 u 250 m® (c obw obem 550 M3). A OBa - 3a MMmuTauus Ha
N3nNn3aHeTo Ha ekMnaxa Ha MapcmnaHckaTa NoBBbPXHOCT (kaMepa 3a 0bnmyaHe Ha ckadaHapuTe u no-
ronsiM, C YepBeHWKaB NPO3paYveH Kyrnon).

Han-mankuat ot ekcnepumeHTanHute mogynm (QY-50) e mmutatop Ha moayna 3a KauaHe
(cnyckaemus anapat) Ha MapcuaHckata NnoBbPXHOCT. ToN-CbabpKa Hanl-HEOOX0AUMOTO 3a 3-UNeHeH
eKunax: OTCeK 3a XUBEEHE, KYXHSA U ToaneTHa 1 2 NpexoaHu wnto3a. B 6roka 3a xnBeeHe Ha uenus
ekunax no tpaceto 3ema-Mapc (3Y-150), ca noMecTeHun WeCT MHAMBUAYanHU KatoTu (ToanetHaTa u
aywa we 6baat o6Lwm), KarT-KOMMNaHus, rmaBeH NynT 3a ynpaBneHne, KyxXHst U 3 NpexogHu Wwo3a.

EavH mogyn (QY-100) e npegHasHayeH 3a MEOMUMHCKM HYXOW - MUHMAaTIOpHa GonHuua ¢
paboTHO MSICTO 3a fnekap U MeguumMHCKka anapaTypa, KakTo U ¢ BoNHMYHA cTasi C KyxHsi U ToanetHa. B
outoBua mogyn (3Y-250) we vMMa cknag 3a BoAa, XpaHa, XJNlagunHuM Kamepu, 3anacHu 4acTw,
TpeHaxopHa 3ana (BenoepromMeTbp, Bsralla nateka u ap., ¢ AbMKuHa 4 M) 1 opakxepus 3 M.

lNporpamata Ha npoekTa Npeaswxaa NPoBeXaaHeTo Ha 3 eKcnepuMeHTa C 6-UneHeH ekmnax:
npegsapuTeneH 2-cegMudeH B kpasa Ha 2007 r., owe eanH nogroteuteneH 105-aHeBeH npe3 nbpBaTta
nonosmHa Ha 2009 r., KaTO OCHOBHUAT 520-gHEBEH ekcrepuMeHT (KOWTO MOXe aa 6bae paswmpeH ao
700-gHeBeH) ce nnaHvpa ga crapTupa npes Hoemspu 2009 r..

I'Ipep,BapMTeneH €eKCnepumMeHT

Ot 15 po 29 HoemBpu 2007 r. B UMBI, MockBa, 6e npoBefeH ycnelwHo npegsaputenHus
eKCNepuMeHT, nmmutupawl nunotupyemus nonet go Mapc. 3a nbpBusa 14-gHEeBEH eKCNepuMEHT C
OCHOBHa Uen npoBepKkaTa Ha CbOTBETCTBUMETO HA TEXHUYECKMTE W  eKcnroaTtauuoHHUTE
XapakTepucTukM Ha AaBa OT peHoBupaHute mogynu Ha HEK, 6e nopbpaH 6-uneHeH ekunax oOT
pobposonum (5 Mbxe n 1 xxeHa) Ha Bb3pacTt 25-37 r1.:

1. PsasaHckun Ceprevi HukonaeBud (1974 r.) — KOMaHOup Ha ekunaxa, OMOXUMUK, KOH,

kocmoHaBT-uscnegosaten (MMBIT).

2. AptembeB Oner lepmaHoBud (1970 r.), UHXeHep-MexaHuK, kocMoHaBT-usnutaten (PKK
“Heprus”).
Mepdunos Omutpun Bnagummposuy (1975 r.), nekap tenemeaunumnHa (MMBIT).
ApTtamoHoB AHTOH AHaTonbeBuy (1982 r.), nHxeHep-u3sunk, nHxeHep-nporpamuct (MMBI).
Koeanes AnekcaHnap CepreeBud (1982 r.), nHxeHep tenemeguumHa (MMBI).
Tyrywesa MapuHa lNMeTtpoeHa (1983 r.), 6uornor, H.c., goktopaHT (MMBI).
B 3apauuTe Ha ekunaxa BnM3axa: fa uM3NMTaT HaHOBO paspaboTeHaTta cuctema 3a
OCUrypsiBaHe Ha XXMBOTa, KOHTpOMa 1 ynpaBfeHUeTo, MHPOPMaLUOHHOTO OCUrypsiBaHe, fokanHaTa
TenemeguumHcka mpexa. [a wmuscnegsaT ocobeHocTuTe Ha u3MonormyHata u ncmxonormyecka
ajantauus Ha YNeHoBEeTe Ha ekunaxa KbM YCroBMsTa Ha aBTOHOMHO (OYHKUMOHWMpaHe. Ja mnsyyat
B3aMMOJENCTBMETO Ha eKkunaxa C nepcoHana Ha LleHTbpa 3a ynpaBneHue Ha ekcnepumenTta (LIYE)
NpyM WU3MEHEHW YCIOBUA Ha KOMyHWKauun. [a npoBepsaT MeaunKo-TEXHMYecKoTo obopyasaHe,
cpeacTBaTa 3a OCUrypsiBaHe Ha XMBOTa Ha ekunaxa v HaydyHaTa anapaTtypa, a CbLLO Taka Aa YTOuHAT
HeobxoammaTa no CbCTaB U CbAbpXKaHue opraHu3aunoHHO-MeToanYecka AOKyMeHTaLums.

EnHa oT 3apgaunte Ha TO3n AByceOMUYEH ekcrnepuMeHT Oelue fa ce MMUTMPAT YCNoBUS Ha
“NHdopmaLmoHeH rnag”, KOWTo e U3nuMTBa ekvnaxa npu peanHus nonet kbM Mapc. Ha ctaHumsTa
MKC vma pasnnyHn M3TouHUUM Ha MHGOPMaLMS: MOXE Aa Ce CBbpXe C poaHUHU n 6nuskm, ¢ LIYE,
MOXe [a ce m3nonsysBa 3a ToBa M nwbutencko paguo. B “Mapc-500" He ce npeaswxga HULIO
nogobHo. Hama WHTtepHeT, gopu B ekcnepnmeHta COMHKC-99 nmawwe Bb3MoXHOCT no Skype ga ce
roBOPWM C BCEKM M B KOATO M Ja € Tovka Ha cBeTa. HaAma cbllo Taka Tenesu3op, TenedoH, KakTo
OOWKHOBEH, Taka M MOOWMEH — BCUYKWM POOHUHW M MO3HATW Ha ekunaxa Osxa npegynpeaeHu
npenBapuTenHo, Ye HAMa da moraTt fa ce CBbp3BaT C TaAX. EQuHCTBEHO MM Gelle paspelueHo Aa
HocAT cunmm Ha DVD, kaTto M B M3BECTHa CTeneH UM nomorHa v npegcrasutenkata Ha EKA E.
danxtuHrep npegoctaBankm um dunmm Ha BBC “CuHATa nnaHeTta”, KOUTO ekunaxbT rnegan c
yAOBOSCTBME.

MNpoBeneH 6e M npeaBapuTeneH eKCNePUMEHT C pacTeHWsl, KOWTO ce Hapudawe “Mukpo-
JIAOA”. B gBe opaHxepun c pasmepa Ha “NNAJA” Ha MKC ce oTrnexgalue rpax - B egHaTa u canarta —
B Apyrata. B “Mukpo-JIAA” Bpatata e npospadHa No npuvHUMN U Npe3 Hes MOXe Ada ce Buau
pacTeEHNETO, HO TyKa Ha BpaTaTta belle 3aneneH HenNpo3payeH NUCT XapTus, a Ha Hesl Malle JaTyuK,
dukcmpall, BCSIKO OTBapsiHe Ha BpaTtaTa. bele mHTepecHO ga ce pasbepe OOKOMKO 3a ekunaxa
pacTeHUsATA Cca BaXHW, KOJIKO YECTO Ce MHTepecyBaT Te OT TAX, OTBapsWkM opaHxepusaTta. Ha npbs
norneg Marnka 3agada, HoO Mpu MOfeT OT FoAMHA WM MOJIOBMHA EKCMEPUMEHTUTE C pacTeHus He ca
MPOCTO Hay4YeH eKCNepMMEHT, a ca YacT OT NcMxoriornyeckarta NoOAAPBKKA Ha eknnaxa.

o0 s w
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MpoekT “ OpaHxepesa-Mapc”

B pamkute Ha npoekT “Opanxepes-Mapc”, ckntoveH mexagy MKN-BAH n MMBI-PAH, npes
2007 r. e paspaboTeH JlabopaTopeH obpasel Ha bnok 3a oceTtnenne (BO) C HOBM CBETIIMHHMU
N3TOYHULM (YepBeHU, 3eneHn n cuHu ceetoguogm LED ot cepusata XLamp 7090 XR) [2,3]. ToBa
3acera e mogyn ¢ pasmepu 33x33 cm, ¢ konto 6e 3ameHeH ctapusa BO ¢ dpnyopucueHTHM namnu oT
HaszeMHusa npotoTun Ha KO CBET-2, B koaTO npoBexgame B1oTEeXHONOrMYHUTE U3NUTaHWUS Ha HOBUS
BO. To3sn mogyn mMoxe necHo ga 6bae myntunnuuupaH (B 3aBUCMMOCT OT (PUHAHCMPAHETO) M
n3nonsBeaH B nnaHmpaHarta 3a HEK opaHxepus 3a ocurypsiBaHe Ha cBexa BUTaMuHO3Ha Jo6aBka KbM
XpaHaTa 1 ncuxornoruyecka Nogkpena Ha ekunaxa no Bpeme Ha ekcrnepumeHTa “Mapc-500”.

MbpBOHa4YanHo O6sixa HanpaBEeHW TEXHUYECKU U3MEPBAHUSI Ha XapakTEPUCTMKUTE HA HOBUS
BO 3a onpegensiHe Ha NABLTHOCTTA Ha (POTOCUHTETUYHUAT poToHeH notok (Photosynthetic Active
Radiation — PAR) nooTgenHo Ha 4epBeHaTa, CuUHATa, 3erneHata W Osnata (Tpute uBATa
€0HOBPEMEHHO) CBETIMHA MO MOCEeBHaTa MfoW, B 3aBUCMMOCT OT Pa3CTOSHMETO, MOLLHOCTTa Ha
paboTa ¥ cnekTpanHus CbCTaB Ha eMUTUpaHaTa CBeTvMHa. M3amepBaHuaTa ca HanpaBeHu npu
pasctosiHne Ha BO Ha 20 cm n 50 cm oT nsmeputenHuaT ypeg LiCor-6400 Ha KOHTPOSEH CTeHA 1 Npuy
3akpenBaHe Ha BO Ha BucounHa 20 cm B nabopaTtopHuaTt obpaseu, Ha KO CBET-2.

dur. 2. CHMMKa Ha nabopaTopHaTa ycTaHOBKa
no Bpeme Ha eKcrnepuMeHT 3a
BMOTEXHOMOMMYHM M3NUTaHUs Ha HoBus Brok 3a
OocBeTNeHMe Ha 6asaTa Ha MOLLHM CBETOAUOAM
(LED), moHTupaH B KO CBET-2. PacTteHunsTa Ha
canata u NUCTHa uukopus (Ha 3afeH nnaH), ca
Ha 20-us pgeH OT pasBuTMETO ca UM ca
oTrmefaHu Mnpu  CheKTpaneH CbCTaB Ha
ceetnmHata: 10% cuHa (468 + 25nm), 20%
3eneHa (525 + 40nm) u 70% uepBeHa (632 +
15nm).

B nepuoga 11 centemBpu — 17 oktomBpu 2007r. n 14 HoemBpu — 14 pnekemBpu 2007r. 6axa
npoBedeHn [Ba ekcnepvMeHTa B nabopaTtopHusi obpasey Ha KO CBET-2 (dwr. 2) ¢ gBa Buaa
pacTteHus - canaTa (Lollo Rossa) u umkopus (Bianca di Milano). EkcnepumeHTute nmaxa 3a uen ga
n3cnenBaT XxapakTepUCTUKUTE Ha pacTeHus, oTrneaaHn Ha HoBus ceeToamodeH BO npu cnekTpaneH
cbCTaB Ha cBeTnnHaTa 70% u4epBeHa, 20% 3eneHa M 10% cuHA (Nony4veH 4Ype3 MpoMsiHa Ha
WHTEH3MBHOCTTa Ha cBeTeHe unu bposa ceeTewm ceetoguoamn). MNpu Te3n ekcnepumeHtn BO Gele
nocraBeH Ha pascTtosiHme 20 cm OT noceBHaTa MOBBLPXHOCT, @ MITbTHOCTTA Ha (POTOCUHTETUYHMUSA
oToHeH noTok (PAR) Gele 400 n 220 pmol.m?s™ cboTBeTHO. Mpobu 3a aHanuau Gsixa B3eTW Ha
onpegeneHn etanM OT pa3BUTME Ha pacTeHusTa 3a W3crnedBaHe BNUSHUMETO HA CBETNMHHUA
WHTEH3UTET N CNEKTPANHOTO pasnpeneneHme Bbpxy pusMonormyHnTe napameTpun Ha pacteHusaTa.

HanpaeeHn 6sxa mopdomeTpuyHu, BUodn3MYHM U BUOXMMUYHM aHanu3n Ha pacTeHudTa:
BMCOYMHa, Opol pasBuTu nucta, xnopodumnHa drnyopecleHums, nucTtHa abcopbuma B Gnuskara
nHdppadepBeHa o6nacT, cbAbpXaHMe Ha MNUIMEHTW, KONMWYECTBO ManoHAuangexva, BOAOPOAEeH
nepokcua, csobofeH NponuH, pedyuvpaliy 3axapu, OonpefensHe Ha nepokcuaasHa aKTUBHOCT U
©enTbK, CBEXO TErmno M Cyxo BewecTBo. [MbpBUTE NonydeHn pesyntaTu OT NPOBEAEHUTE U3NUTaHMS
Ha HoBusa BO npu ekcnepuMMeHTW C pacTeHMs NMokasaxa, Ye Ha pacTeHusiTa HE «UM MOHacsi» MHOro
CUMHa CBETNMHA N OUSNOMNOTMYHUTE XapaKTePUCTUKU Ha OTrnedaHuTe MNpu No-HUCKa WHTEH3UBHOCT
pacteHuss ca no-gobpuM No BCWYKM M3CReABaHM MNokas3aTenu. TOYHWUTE OaHHM OT aHanuautTe u
pesynTtaTu oT n3cnegsaHusiTa ca goknageanum Ha KoHrpeca Ha KOCIAP-2008, MoHpean, KaHaga.

NuTreparypa:

1. W ap o BTl Poccusa caenana nepebii war k Mapcy! Hoeocmu kocmoHasmuku, Tom 18, Ne1(300), 2008, 20-
25.

2. lvanovaT., V.Sychev.Project “Greenhouse - Mars” - Plant Growth Study with Different Spectra LEDs
Light Units. Proceedings of the Second Scientific Conference with International Participation SENS’2006,
14-16 June 2006, Varna, Bulgaria.

3. NBaHoBaT,Wlangonos O.Qumutpos b.boihues O.MeTpos V. HaitgeHos. bnok
3a OCBETIEHME 3a KOCMUYECKA OpaHxepusi Ha GasaTta Ha MolHWM ceeTtoauoaun. Proceedings of the 3rd
Scientific Conference with International Participation SENS’2007, 27-29 June 2007, Varna, 341-346.
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METO[ U YCTPOUCTBO 3A USMEPBAHE HA OKCUXEMOITIOBMHA
N OPOCABAHETO HA NEPU®EPHUTE TbKAHU

CtosH TaHeB, NnameH TpeHaadunos, Netbp NeHoB

MHcmumym 3a KOCMuYecKU u3criedeaHust — bvrieapcka akademusi Ha Haykume

METHOD AND DEVICE FOR MEASURING THE OXYHAEMOGLOBIN
AND THE IRRIGATION OF THE PERIPHERAL TISSUES

Stoyan Tanev, Plamen Trendaphilov, Petar Genov

Space Research Institute — Bulgarian Academy of Sciences

Keywords: oxygen saturation, blood perfusion index, pulse oxymeter, heart rate

Abstract: A well-known method measuring the oxyhaemoglobin in the blood has been adapted.
Research into the fading of light signal with wave length of 658 and 870 nanometres has been carried out. A
device for measuring the oxyhaemoglobin and the irrigation of the peripheral tissues has been designed. The
working capacity of the device has been checked in normal and high mountain conditions.

KneTknTe Ha opraHmnama ce HyXaasiT OT KUCMOPOA, KOWTO ce npeHacs Ypes KpbBTa oT Gennte
apoboBe KbM pasnMyHM opraHM M TbkaHW. B npoueca Ha guwaHe KMCHIOpOA4bT MPOHWMKBA MNpes
CTeHUTe Ha ansuonute B 6enusa 4pob 1 ce 3akpensa 3a cneuvanHu KneTku, HapeyYeHn epuTpoLMTy.
XemornobvHbT CBbP3Ba KUCMOPOAa M ro pasHacst M3 Lenus opraHusbM. MNpu cbeanHsiBAaHETO My C
Kucnopoga ce nofyvaBa SIPKO  YepBEeHO BELECTBO, Hape4yeHO OKcuxemornobuH. Cnep
ocBoboXOaBaHETO Ha Kucropoda OKCUXEMOMNOOMHBT ce MpeBpblla B OEe30KCUXEMOrNOGUH
(xemorno6uH, 6egeH Ha kucnopos).

HapywaBaHeTo Ha HOpManHuTe AuxaTenHn @yHKUMM Ha Oenus gpob e npuuvMHa 3a
HamarnsiBaHe Ha HacullaHeTo Ha KpbBTa C kucropod. HabniogaBat ce ydyecTsiBaHe Ha nynca u
3acunBaHe Ha CbpAeyvyHuTe CbKpalleHusi B NOKOW 1 npu paboTa; 3a eguHMLa BpeMe no-rofisiMm obem
Gorata Ha kucnopog KpbB OT GenuTe ApoboBe OTMBA KbM TbKaHWTE; HaTpynBa ce duandecka M
ncuxmyecka ymopa.

OrpaHn4YeHOTO HamarsiBaHe Ha KMCIOPOAOOTAENSHETO OT apTepuanHaTta KpbB KbM TbKaHWTE,
BOAM OO HamansiBaHe obmsiHaTa Ha BellecTBaTta, 6enogpobeH n mMo3byeH oTok. Cbbupa ce Boga B
Oennte apoboBe, KOETO CWUMHO 3aTpydHsiBa OMWIAHETO, MO3bKbT  HabbbBa OT yBENUYEHOTO
CbAbpXaHWe Ha Boga B MO3buyHMTe kneTkn. OT ToBa crnefBa XPOHWYEH KUCIOPOAEH rnaf Ha Han-
YYBCTBUTEMNHUTE CTPYKTYPU B YOBELLKOTO TSAMO — MO3bYHUTE, BOOELLO KbM XMMOKCUS U CMBbpT.ToBa
Hanara npeumnsHo, 6bP30 M NEeCHO N3MepBaHe Ha NPOLLEHTHOTO CbAbPXaHWE Ha KUCMOPOA B KPbBTA.

Pa3paboTeH e nopTaTvBEH NyJIC OKCMMETBHP, M3MEPBALY CTEMEHTa Ha HacullaHe Ha KpbBTa C
Kucnopop, nyrncoBaTa 4YecTtoTa U CcTeneHTa Ha nepdy3ns Ha KPbBHUS MOTOK B NEpUdEPHUTE TbKaHW.
MpoBeaeHn ca TecToBe, [OKa3BaLLM JOCTOBEPHOCTTA Ha pe3ynTaTuTe oT U3MepBaHeTo Ha npubopa.

MeToobT Ha u3MepBaHe Ha npubopa ce 6Gasnpa Ha perncTpyvpaHe MoOrMbLAHETO Ha
nponycHata npe3 TbkaHTa (MPbCT, YXO 1 Ap.) CBETIMHA C ABE Pa3fMyHM ObIPKUHM Ha BbIHAaTa.

B cboTBeTCTBME CbC 3akOHa Ha Bugger-Labert Bpb3kaTta Mexay manbyeHaTta cBeTnvHa lp 1
npemuHanarta npes abcopbupall, matepuan unm TbkaH CBETNMHA | CbC cbLyaTa AbMKUMHA Ha BbHaTa
ce foaBa OT u3pasa:

I —Ecd _ ~-A

W 77 =€
0
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KbOETO C - € KOHLeHTpauusiTa Ha abcopbepa, d — nebenvHa Ha matepuana, E — koeduueHT
Ha MoOrmeKynsipHa €eKCTMHKUMS 3a CbOTBETHaTa Ab/KMHA Ha BbnHata, Ecd = A - abcouws
(nornmbLiaHe).

Cnep noraputmyBaHe Ha ABETE CTPaHM Ha paBeHCTBOTO 3a A nony4vaBame:

2) —IanEcd:A
Iy

AKO cBeTnuHaTa npeMuHaBa npes3 cMec OT pasnuMyHu cybcTaHumm, oBLIOTO 3aTuXBaHe Lie
6bae cyma OT 3aTUXBaHETO, MPUYMHEHO OT BCWYkM cybeTaHumu. Ako ¢ CHb n CHbO  o3Haumm
pecrnekTMBHO KOHLleHTpaumsaTa Ha XemornobuH u okcuxemornobuH B kpbBTa, CbC Cn -
KOHLieHTpaumsaTa Ha BCUYKM NOCTOSIHHM abcopbepw, KaTo koxa, koca U Ap. , C dup, dupo M dy -
cboTBeTHaTa AebenvHa Ha abcopbupawimsa crnont n ¢ Epy, Epno, En - KOBUMUEHTUTE MOMMKYNSAPHW
€KCTUHKUMM 33 CbOTBETHUTE CyBCTaHUMM MOXEM Aa Hanuwem 3aBucumocTTa:

|
3) _Inl_:EHdebCHb+EHbOdeOCHbO+ENdNCN =A
0

Mpu nyncupalla KpbB nNpes3 TbkaHTa abcopbupaHeTo Ha cBeTNMHaTa Ha AafeHa ObMKuMHa Ha
BbIiHAaTa LUe Ce M3MeHsl BbB BPEMETO U MOXe Aa 6bae onncaHa 4pes nspasa:

d I d d d d
——Ih—=—E_ ,dy,Crp, +—Enp0dunoC +—EndyCy =—A
4) Hb Y Hb ™~ Hb HbO Y HbO ~ HbO NYUNSN
dt 1, dt dt dt dt
AbcopbuuaTa Ha CBETNMHA OT KocaTa, KoXKaTa M HOKTUTE OCTaBa KOHCTaHTa, T.e.
d
—EdyCy =0
dt NYN“>~N .
JlsBaTa cTpaHa Ha paBHCTBOTO (4) MOoxe fga 6bae NnpeacTaBeHo KaTo:
d d d
®) ——Ian—InI——InIO
dt  lo dt dt
Ako 3anasum lo KOHCTaHTa No BpeMe Ha N3MepBaHeTo noslydaBame:
d d d d
(6) _Elnl :aEHdebCHb +EEHbOdeOCHbO =5

Ot uspasa (6) ce Bmxaa yYe fnorapuTbMbT Ha NMpeMMHanarta npes TbKkaHTa CBETIIMHA € NpaBo
NponopLMOHanHa Ha CyMapHOTO MoOrMbllaHe Ha XxemornobwHa U JeokcuxemoronobuHa B
nyncupaiiata aptTepvarnHa KpbB.

Ako unsnonssame oTOYyBCTBUTENEH enemeHT (Hanpumep PIN guopn), TOkbT Ha avoga i,
Moxe Aa 6bae npencraBeH ¢ nspasa:

@  i=Kl,

KbaeTo K e KOHCTaHTa, 3aB1cella OT TUNa Ha AMoAda U ObIKNHaTa Ha CBETNMHHATA BbilHa.
Cnen noraputMyBaHe Ha TOKa i Ha u3xoga Ha norapuTtmMmaTtopa nony4yaBamMe HanpexeHue

(8) V =alni=alnkl =alnk+alnl

lMpomeHnmBaTa CbCTaBHa Ha HanpexeHueTo V MOXe Aa 3anuliem ¢ uspasa:

9) AV = Aalni=Aalnk +Aaln
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Mwmankn npeasua ve k e koHcTaHTa, cnegea Ye Aln(k) = 0 n 3a npoMeHnMBaTa CbCTaBHa Ha
HanpeXxeHWeTo MOXEM Aa 3anuvLiem

(10) AV]_ = Aaln' = Aaln | =Aad = AaEHbd HbCHb +AaEHbod HbOCHbO

3a Ja onpedenvM HacuwaHeTo Ha KpbBTa C kucnopog SO2, e HeobxoaMMo da onpegernum
nornblUaHeTo Ha cBeTnuHaTa Ha Hb ot ToBa Ha HbO2.

Ako n3nonseBame ABe pasfnuMyHW ObIMKMHU Ha CBENTMHHM BBbIHW, Hanpumep 650 nm - yepBeHa
1 800 nm - nHbpayepBeHa, OTHOLWEHNETO HA aMNNTYANTE 3a Te3n ABe Ab/MPKMHM Ha BbITHUTE MOXe
0a 6bae npeacTaBeHo, KaTo OTHOLLEHME Ha paBeHcTBo (10).

AaE C,,.d + AaE C d
R Hb™ Hb RHbOZ HbO?2 HbO2

Cyndy, +AaE C d
Hb™ Hb IRHbOZ HbO?2 HbO?2

11 aAlnlg
(1) aAlnl,z  AaE

Hb

IRHb

OebenvHata ©n KOHUeHTpauusTa Ha BewecTBoTOo abcopbatop € cyma OT BCUYKK
abcopbupawm komnoHeHTU. [a npeanonoxum, 4Ye abcopbupawmte komnoHeHTn ca Hb n HbO2 |
NPOLEHTHO MOXeM Aa rv npeactasum kaTo (100-x) 1 X, Npy KOeTo nonyyaBame 3a :

(12 Cpdp =Chp.dpp + Chipoz- Aoz = (100 -X)Cp,.dp, +XxCyp dy,
B3amecTtBame B (11) 1 nony4yaBame:

AE (100—-x) + AE X
aAlnl Rhb RHbo2

I3 JAInl, AE,, (100-x)+AE
"Rib

X
Rypo2
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3amecTBame CTOMHOCTUTE Ha MOMEKYNApHA EKCTUHKLMS ERHb " ERHbo2 32 Pasrnexnanute
OBbIDKUHNM Ha cBeTnvHaTa ¢ur. 1 n 3amectBame B (13).

aAlnly  900.(100 - X)+100.x
aAlnl,  200.(100 — x) + 200.x

(14)

N3pa3bT (14) npeacrtaensBa yHUuA Ha npaBa nuHua 1 3a HbO2 = 0%(x = 0) n HbO2 =
100%(x = 100) cboTBETHO nony4aBame oOTHoweHne 4.5 u 0.5. JIuHenHaTa 3aBMCMMOCT Ha
OTHOLLEHMETO Ha aMNNUTyauTe KbM caTypaumsata e nokasaHo Ha cwur. 2

SO2

0 20 40 60 80 100
(%]

dur. 2

Pa3spaboTeHnaT okcuMeTbp MMa 6rokoBa cxema, nokasaHa Ha dur. 3 .

odur. 3

MukpoKkOHTpONEpbT YynpaBnsBa [Ba reHepatopa Ha TOK, dopMupaliM gBa ONTUYHU
namepBartenHu kaHana. B u3xoga Ha eaumHusi € BKIKOYEH YepBEeH CBeToamon, KOWTO M3nbyBa
CBETNMHA C ObJKMHA Ha BbMNHata 658 nm. B uaxoga Ha gpyrus e BknoveH MHpavepBeH CBETOANOA
C ObmknHa Ha BbnHata 870 nm. KaHanuTe ce npeBkoyBaT ¢ yvectota 1kHz, karto

73



NPOABLIPKUTENHOCTTA Ha CBETEHEe Ce 3adaBa OT MWKPOKOHTponepa 3a MNOCTUraHe Ha Mo-gobbp
eHeprveH banaHc. NMpemMuHanuaT CBETNMHEH MOTOK OT ABaTa KaHara npe3 nokasaneua Ha pbkata
nocTbnBa Ha Bxoga Ha 6ok "Nloraputmartop”. JlorapuTMyBaHUAT cUrHan ce nogasa Ha ycurneaTen c
perynupym KoUUMEHT Ha ycurnBaHe, 3adafeH OT MMKPOKOHTponepa, npu KOeTo ce noctura
ctrabunaHa pabota Ha npubopa. bnokbt, “CnegeHe u 3anomuHsaHe” (S&H), ynpaBnsBaH oOT
MUKPOKOHTpOrepa, OTAens 4epBeHaTa M WHpayepBeHa CbCTaBHM Ha curHana. "Ycunsaten R”
ycunea curHana, norflydyeH OT CBeTnMHaTa reHepupaHa OT YepBeHus CBeToamod, U ro nogasa Ha
BXO4A Ha aHanoroBo UMdpoBus npeobpasyBaTesni Ha MUKPOKOHTponepa.”Ycunsaten IR” ycunsa
curHana, nony4yeH oT CBETNNHAaTAa, reHepupaHa oT UHdpavepBeHns CBETOAMNOA, U ro nogasa Ha BxoAa
Ha aHanoro-undgpoBus nNpeobpasyBaTen Ha MUKPOKOHTponepa. "bnok nepdysusa” dopmupa curHan,
nponopuuoHaneH Ha cTeneHTa Ha nponyckaHe Ha apTepuanHata KpbB Mpe3 TbKaHTa , KOMTO
nocTenBa Ha BXo4a Ha aHanoro-uMdpoBus npeobpasyBaTen Ha MUKPOKOHTpornepa. brok
"KomnapaTop” koMnapvpa nyncoBaTta BbIiHA, MONydeHa OT UH(PaYepBHUSAT KaHamn BcrieactevMe OT
KPbBOHAMbIIBAHETO Ha KanumnspuTe Ha nokasaneLla Ha npeaBapuTenHo 3agageHo HMBO. CurHambT ce
M3Mon3Ba 3a M3MepBaHe Ha nyficoBaTa YectoTa U crefctaawm o6paboTkm Ha BCUYKM curHanu. "Briok
Bpb3ka ¢ PC” ocbLuecTBsIBa Bpb3KkaTa Ha yCTPOWCTBOTO C NEPCOHANeH KOMMIOThP 3a NPEXBbPNSHE Ha
3anucaHaTta nHdopmaums.

TecTtBaHeTO Ha npubopa 6e HanpaBeH No ABa pasnMyHKU cnocoba:

* ANPEKTEH CPaBHUTENEH METOA — CpaBHSBaHe Ha Noka3aHueTo Ha npubopa ¢ yTBbpAeHN B
KnuHn4HaTa npaktuka nync okeumeTpn Ha NONIN Medical Inc., Phischer Medical Ltd. B npoueca Ha
TecTBaHeTO NpubopBLT Nokasa pesynTatv, WOEHTUYHU C M3NOoN3BaHWTe MNpu Tecta npubopu, Kato
perncTpupaHoTo OTKINOHEHWE e No-Marnko oT 2 %.

e TabnuyeH cpaBHUTENEeH MeToh - CpaBHsBaHe Ha MokasaHWeTo Ha npubopa CbC
CTaTUCTUYECKN AaHHUW, NoKasaHu Ha ¢ur.4 - rpaduka STAT.

[%] 105
100 -
95 _’\
90 |
85 -
80 -
75 |
70 |
65 -
60

0 1000 2000 3000 4000 5000 6000 7000

[m]

= STAT — V1 V2 —V3

dur.4

TecTbT e HampaBeH C Tpuma KIWHWYHO 34paBu O0OPOBOMUM MPU  BUCOKOMAHMHCKO
nskadsaHe. MamepeHnTe CTOMHOCTU 3a BCEKM eOuH ca nokasaHu ¢ rpadumkm V1, V2, V3 Ha dur.4.
Bwxga ce, 4ye OTKNOHEHMETO OT cTaTucTUyeckata rpaduka 3a pasfuyHu BUCOYMHM € B paMKuTe Ha
ponyctumuTte +5%, nocodeHn OT aBTOpuUTE Ha [2].

Mo Bpeme Ha TecToBeTe NpuOOPBLT MOKasa Heobxogumata TOYHOCT Ha M3MEepBaHe U
paboToCnNOCOBHOCT B pasnMyHU YCMoBMS Ha ekcnfyaTauusa. ToBa gaBa OcHOBaHWe gda 6bae
n3non3eaH B HOpMarnHu KInMHUYHU N eKCTPEeMHU YCIioBUA. Bb3moxxHocTTa 3a 3anuc Ha pe3yntatute oT
n3MepBaHuaTa paswmpsisaT Bb3MOXHOCTUTE MY M FO NPaBAT NPUITOXUM NPU U3crneaBaHe Ha CbHHA
anHea, NOCTONEPaATUBHO JNIEYEHNE U B Crly4amn Ha cneLuHa NOMOLL.

NuTtepaTtypa:

1. The high altitude medicine handbook, Pollard, A. J., Murdoch, D. R. Wellington Square, Oxford OX1 2JD, UK
2003.

2.XpucTtoB B, Jl. TaHe B a. “PbkoBoacTBO 3a NabopaTOpHW yrNpaXHEHWS MO MUKPOMPOLLECOPHA TEXHMKA”,
KO3Y - bnaroesrpag, 2006 r.
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Pe3tome: B Hacmoswuss doknad e rpedcmaseH an2opumbM 3@ YUCEHO ofpedesisHe Ha
napamempume Ha 8bHWHO MeYeHuUe Ha causaeM 2a3. PeweHa e cucmema YyacmHu OugbepeHyuanHu ypagHeHust
Ha Odnep, cbcmoswa ce om ypasHeHUemo 3a HerpekbcHamocmma Ha me4yeHuemo, ypasHeHUs 3a CbxpaHeHue
Ha Konu4ecmeomo Ha O08UXeHUe U ypaeHeHue 3a CbXxpaHeHue Ha eHepausma. [lonemo Ha meyeHuemo e
AucKkpemu3upaHo nocpedcmeom CUHMe3 Ha KeadpamuyHa u3yucriumersniHa Mpexa, KOsimo om €805l crmpaHa ce
cbcmou om chamunus Kpusu, ydosemeopsisawu enunmuyHuUme YacmHu OughepeHyuanHu ypasHeHusi Ha
Jlannac. HucneHusm aneopumbm Ha peweHue e MpurioxeH KbM UHMeepaaHama ¢opMma Ha ypasHeHusima 3a
0suxeHue Ha ea3a. M3ron3saH e m. Hap. KIembyHO ueHmpupaH “Memod Ha KpalHume obemu” 3a
Ouckpemu3ayusi Ha KOHBEKMUBHUSI UHMezparsl, Kamo maka rnosfyyeHama 4ucrieHa hryKcusi e KopueupaHa C
OucunamueHa ripubaska. [locneGHama e onpedeneHa ¢ noMowma Ha memoda Ha npogp. Qunun Poy kamo
MOYHO peweHue Ha npubnusumenHama 3adada Ha PumaH crpsMo e6csika KiembyHa CmeHa Ha
usyucnumersnHama Mpexa. BpemernpousgsodHama e usqucrieHa ¢ noMowyma Ha wecm Cmbrikosa cxema Ha PyHze
— Kyma. paHuyHume ycnosusi Ha 3adadama obesnevyasam HernpoHuUyaemocm Ha obmekaemama Mo8bPXHOCM.
llposedeHu ca ekcriepumeHmu C 4Yuc/ieHama peanusayusi 3a CuMyfnayus Ha meyeHue OKoo cgepa.
lMonyyeHume pe3ynmamu 3a pa3npedesieHUemo Ha MibmHOCmma, CmamuyYyHOmo HasseaHe U cKopocmma Ha
¢riyuda 8 nonemo Ha mevyeHUemo 3a pasfuyHu yucna Ha Max u PeliHornOc ca ceepeHu C eKcriepumeHmarHu
daHHu.

BbBepgeHue

Passutneto Ha wu3uMcnuMTenHata TexHuka npe3 nocnegHuTe ABageceT TOAMHW Aaje
Bb3MOXHOCT Aa ce hopMmpa HOBO HanpasfneHue B gvcumnnuHara ,MexaHvka Ha dpnynante” — T. Hap.
JM3umcnutenHa dnyvgHa guHamuka® (Computational Fluid Dynamics — CFD). ToBa nossonu Ha
uscnegosaTenvTe ga cuMynupar pasnnyHn edekTn u ABneHns, Bb3HMKBALLM B NOMETO HA TEYEHMETO,
KOMTO A0 TO3M MOMEHT He Ce nojdaBaxa Ha martemaTudecka obpaboTka CbC cpefcTBata Ha
BEKTOPHUA aHanua. KaTto npumMep moraT ga ce nocovat rpaHuydeH Crnow, OTKbCBaHe Ha TeYEeHUeTo oT
obTekaemarta crteHa, Typbynusauus n gp. OCHOBHUAT noaxon Ha paboTa ce ceBexaa A0 YMCIEHO
pelleHne Ha cucTema YacTHU AudepeHumnanin ypaBHeHUs, OnNvcBaluy nosegeHneTo Ha dnyuaa npu
pasnuuHM ycrnoBus Ha cpegarta. [MaBHOTO NpeguMCTBO Ha TO3W MOAXOA4 € MoflyyaBaHeTo Ha
cnomeHaTuTe (OU3MYHU ABMEHMSA B KA4YeCTBOTO MM Ha 4acT OT pesynTarta. ToBa O3HayaBa, ye Tesu
ABMEHVs Beye moraT ga 6bvaaT npegsmkaaHn, KoeTo A0 M3BeCTHa CTeneH OTMEHS NPOBEXAaHeTo Ha
peA CKbMno CTpyBaLLy eKCrepuMeHTH.

B HacToAwmMA Aoknaa e U3NoXeH anropuTbM 3a YACMEHO pelleHne Ha cucTema ypaBHeHus,
onucealla AOBYMEPHO TeYeHWe Ha CBUBaeM ras C OTYMTaHe pas3npoCTPaHEHUETO Ha aKyCTU4YHU
CMyLLEHUS — T. Hap. cuctema ypaBHeHus Ha Ounep. ANropuTbMbBbT Ce Nonsesa C NOMyfMsipHOCT B
aHrnoesuyHata nutepatypa bnarogapeHve Ha OTHOCUMTENHaTa npocToTa Ha peanu3auums. Mopagu
3HaunTenHusa obem Ha matepuana, jokasaTencrsa Ha TbXaecTBaTa He ca nocoveHn. Bmecto Toea ca
AafileHn npenpaTtky KbM CbOTBETHaTa nutepatypa. OcBeH ToBa, Nnopaau abcTpakumaTa Ha TeopuaTa,
aBToOpuTe npenopbyBaT nuTepaTtyparta KaTto Usano 3a nogpobHO M3siCHABaHE HA OCHOBHUTE MOMEHTM
OT YUCIIEHNSI anNrOPUTHBM.

TeopeTU4HM OCHOBM

B HacToswara Touka e onucaH anropMTbMa 3a pelleHWe Ha nocTaBeHaTa 3ajauya, B
nocnenoBaTesiHOCTTa Ha HerosaTta pa60Ta.
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YpasHeHus, onuceauwju 08yMepHO medyeHue Ha ceueaem 2as.

CucTtemata ypaBHEHUsI, ONUCBALLM ABYMEPHOTO OBMXKEHME HA rasa, ce CbCTOW OT ypaBHEHME
3a HEnpPeKbCHATOCTTa Ha TEYEHUETO, YPABHEHNS 3a CbXPaAHEHWE HA KONMWYECTBOTO Ha ABWXEHWE U
ypaBHEHUE 3a CbXpaHEHME Ha eHeprusiTa (cuctema Ha Onnep):

P pu PV
0. 0 7, O (. eyl -, pu’+op| puv
1) —q+—1"f(d)+—(G)=0, g = _ _
pt R (@) ay(Q) q pvyf(q) o .G(d) D
pe (pe+ p (pe+ph

Tasu cuctema e HeonpegeneHa M 3aToBa CTAaTUYHOTO HansiraHe ce um3passBa KaTto (DYHKUUS Ha
ocTaHanuTe NPOMEHMBMW, NOCPEACTBOM YPaBHEHUETO 3a PABHOBECHO CbCTOSIHME HAa MAeasneH ras Ha
KnanenpoH:

) p=plc, —c, )l = p(x —De-0.5(u? +v?)|.

Huckpemusayusi Ha cucmemMama ypagHEeHUs.

B npoueca Ha u4MCNEHOTO MpecMsiTaHe Ha cuUcTemaTa ypaBHEHWS ce OTKposiBaT ABa
cneumMgunyHM eTana: AWUCKPEeTU3aumMsi Ha TFeoOMETPUYHWTE MPOM3BOOHM W OMCKPETU3auus Ha
npousBogHaTta no Bpeme. 3a peanvsauusita Ha MbPBUSA eTan ce pasrfexaga UHTerpanHaTa opma Ha
ypaBHeHUusITa 3a ABMXKeHue. YA06HO e, OTHa4yano reoMmeTpuyHUTE NPOU3BOAHM Aa Ce MpeHanuwaT B
KOHTpaBapuaHTeH 6asuc:

p(uf +v])
3) iq‘+€§=0§= pului +vj)+ pi|
ot ’ pv(uf+v])+ pj
pH (uf +vj)

Cnep npunaraHe Ha Teopemata Ha [layc — OcTporpaackm
4 [VRdv = RS,
\ S
cnoMeHaTaTa UHTerparHa ¢)op|v|a Ha ypaBHEHUATa 3a OBUXeHUne npmnema smnaa:
® v fRdS-0,Q = [qav -
ot < VY

MocnegHata cuctema ce  guckpeTusmpa  3a
KOHTpOnHMA obem, nokasaH Ha dwur. 1, KakTo
cnepnga:
Q (s5c . 5¢ .56 .5¢
(6) VE+(RESE+RWSW+RNSN+RSSS):O-
HenssectHata BenuumMHa ( ce Tbpcu 3a

reoMeTpuYHNS LeHTbp Ha obema (kneTkaTta) — To4ka
(i, j), dur. 1. OT Tyk cnegBa 1 UMETO Ha MeToda 3a

YNUCNEeHO npecMdATaHe: ,,KJ‘IeT'b‘-IHO LUeHTpupaH mMetoq
Ha kpavHuTe o06emun“. Tlpu npecMmsiTaHeTO Ha
yucreHaTa gnykcus B cuctema (6), BaXHO e aa ce
0ObpHE BHUMaHWE Ha MocokaTa Ha eauHUYHUTE
HOpMariHM BEKTOpM 3a BCsKa KneTb4YHa CTeHa — Te

Pur. 1. BanpueT 03Ha4EHNs B KOHTPOIHUA 0bem BMHAary ca opMeHTUpaHn B NOCOKa ,HaBbH” OT obema.

Mpu cnassaHeTo Ha TOBa yCroBWe, 3HauuTe npep cubupaemute R, S, n R S ocrasart ,+".
B cBosTa cTatus [1] Lax nokasBa, Yye cxemara 3a npecMmsTaHe Ha yncreHaTa drykcust

(1) Re = O'S[R(qi,j )+ R(qi+1,j )]

€ HecTtabunHa, BOAeNKn A0 pasxogsLo OCLMMAMPALLO YMCNEHO pelleHne. ToBa Hanara BbBexaaHeTo
Ha gucunaTtusBHa npubaska, KOATO Aa NOATUCHE HeU3NYecknTe ocumnauum n ga ocurypy cxognmocT
Ha pesynTata KbM (bM3NYeckn peanHu CToMHocTW. Hanpumep, gucunaTtueBHata npubaska Tpsibea Aa
oT4MTa msMyeckaTa npupopa Ha ypasBHeHusTa Ha Ownep. lNpupobunaTta nonynspHOCT maes Ha
logyHoB [2] e Oa ce Hamepun XapakTepUCTUYHOTO pelLeHWe Ha edHOMEpHa cucTemMa 4YacTHM
audepeHumanHu ypasHeHus (U0Y) Ha Oirinep OTHOCHO BCSika KMneTbYHa CTeHa Mo HamnpasfeHue Ha
HopMmarnHus BekTop. PelleHneTo Ha Ta3n 3agaya nos3BonsiBa Aa Ce OTYMTa BIIMSIHUETO Ha aKyCTUYHU
CMyLLEHMsA B MONeTo Ha TeyeHueTo. T9 ce Hapuya ,3agada Ha Pumad”. C uen ga ce Hamanu
usuncnuTenHata ueHa, gonycka ce ga ce pewuv npubnuantenHaTa 3agada TOYHO crief HenHata
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nuHeapwmsauusa (T. Hap. ,Approximate Riemann Solver”). NpouecbT Ha NMHeapu3upaHe gonycka, ve
XapaKTEPUCTUYHOTO peLLeHne ce cbCeTom unu oT Tpu paswmuputenHu (All Rarefaction Solution, Osher
[3]) wnu ot Tpn yaapHu (All Shock Solution, Roe [4]) akyCTUYHM BBIHW, KaTO NOCNEOHUNAT MeTon €
n3nonsBaH B HacTosiwata paspaboTka. M3BexaaHeTo Ha AvcunaTuBHaTa npubasBka € pasrnenaHo B
[ocTbnHa oopma B ydebHuka Ha BopoHuy [5]. OkoH4aTenHo 3a uncrneHaTa crykeus ce nosny4vaBsa

©®  R.=05(R.,+ F?E'L)—O.Sng:{k P

KbAeTO 3HakbT ,~" O3HayaBa ocpefHeHa no Roe BenuuuMHa M ce npecMaTa € noMowTa Ha
dopmynure:
9) ~ PLUL +4/PrlUg PLVL T4/ PrVg h pLh+4prhg

p—prR,—\/Z\/Z"\/Z\/Z Joo +lpe

MaTtpuuaTta oT AecHu cobCTBEHM BEKTOPM UMa BUaa

1 1 1 0

@w 1 " u u+en, n, '
Aoflv—cn, v vV +en, -n,

h-cUu 05(@u?+v2) h+cU un, —vn

a BEKTOPBT Ha XapakTepUCTU4HuA npupacTt e:

Aa,=Ap-a;Aa, = JAp - [— nyA(pu)+ nXA(pV)}Aa3 =

AG =|Aa, Aa, Aa, Aa,|V =nd+n¥;U=-ni+n,V;
(11)

= Sz 128(pe)- 024 (pu)-TAp]-T[2(pv)-TAp;

A A(pv)-VA A
_n, (pu)+n,A(pv) P s (K—l)[h—u +V ]

c

EOVHCTBEHMAT HepocTaTbk HA MeToAa Ha Roe e NpeacTaBaHETO Ha pasWMUpPUTENHUTE BbITHU
ype3 paspus. B cnyyan, ye xapakTtepucTuyHaTa CKOPOCT € MpubnM3NTenHO Hyna, NPUHOCHLT Ha
paswmpuTenHaTta BbfHa KbM Npupacta Ha nyKkc — BeKTopa ce uskpuessa. AKO CTeHaTa Ha kneTkaTa
nonagHe BbB Beepa Ha paswuvpuTenHaTa BbfHa, TO NOCNeAHaTa ce 3aMeHs C eHa XapakTepucTuka
1 TOBa BOAM OO0 Bb3HWKABaHETO Ha CKOKOBE Ha pasLUMpeHue B NOMeTo Ha TeYEHUETO, KOEeTO ABMeHne
dmsnyeckn e HeBb3MOXHO. o Tasn npuumHa B yyebHuka Ha Blazek [6] e npeanoxeH cnegHusT
MeTop 3a Kopekuusi Ha cobCTBEHUTE CTOMHOCTM, 6rM3kn A0 Hyna (BX. CbLUO cTaTtuaTa Ha Harten [7]):

1=
=< 2 5:0.1
/124-5 /1‘<5

3a npecmaTaHe Ha u3MYecKMTe U gucunatuBHuM QIyKCcum ce uanonsea T. Hap. ,Roe’s
Superbee Limiter”, ¢ nomoLTa Ha KONTO Ce NpecMsiTa BEKTopa Ha CbCTOSHWMETO OT NSABO U OACHO Ha
KnetbyHata cTeHa. CbrrmacHo nocoyeHoto OT Roe B ctatusa [8], Tasu TexHuka AencTBa KaTo
WHTEPNOMaHT M NOATUCKA HEPU3MYECKN OCLMMALIMM HA YNCIIEHOTO peLleHne B 6n3ocT 0o poHTa Ha
yaapH/ BbIHU. Taka Hanpumep BEKTOPbT Ha CbCTOsIHMETO 3a cTteHa ,M3tok — E” (i+1/2, cur. 1) ce
npecmsTa cbrnacHo hopmynure:

N T
. =4; +§¢i+1/2(qi+1 _qi)+g¢i—l/2(qi _qi—l)’ Jr =Qjx —

12 Z-dagdU-c] G G (5] al

1, _ 1,, [ _
— i3 (Qi+2 - Qi+1)_ ~ Pl (Qi+1 - Qi)

6 3
(13) ¢i_+1/2 = ¢(ri;1/2 )’¢it1/2 = ¢(rit1/2)1¢i13/2 = ¢(ri;3/2 )1¢itr]/2 = ¢(ri:1/2 )v
= = ql ql 1 ,r_+ — q|+l ql T — qi+1 _qi ’ o qi+2 B qi+l ,
R A . h AP A

#(r)=max|[0, min(2r,1), min(r,2)]
Y NonyYeHUTe pes3ynTaTi ce U3Mon3BaT 3a OCPeHABAHETO UM ChrnacHo dopmynm (9).
BTOleﬂT eTan OT YucrneHarta peanmsauna € npecMdataHeTo Ha npoun3BogHaTta Nno BpeMe. B
HACTOSLLVS AOKMNAZ € M3MON3BaHa LIECT CTLNKOBA cxeMa Ha PyHre — KyTa:
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0.037 At 0.0851 At 0.1521 At

Vol ; Vol ; Vol ;
(8) _ g0 _ 0:2562At o (3)) 4 &) _ g0 _ O-ASI2AL b)) o) _ o) _ AL p(o)
q“=q® =2 (@®)q® =g e (@®)q =g o (@)

ij ) 1)

CtbnkaTta Ha WHTErpnpaHe e agantuBHa n ce onpenena c ornen n3dsireaHe Ha npecn4yaHeTo
Ha XapakKTepuctukmte OT OBe CbCeaHWU KIEeTbYHU CTEeHMWU. AJ'IFOpVIT'bM'bT HE MOXe Oa npeasnaun
VIHTep(*)epeHU,I/IFITa N cnegoBaTesiIHO HE MOXe aa Cce rapaHtupa NnocTtoAHCTBO Ha YUCIeHUTe (bJ'IyKCVIVI
mMexay Ase ntepatuBHU CTbIKU. d>opmynaTa 3a onpepnendHe Ha CTblhKaTa e clneaHarTa:

CFLvol,; . O
i = 0.52 qU|+C)SSi,,- 'At - mm(Ati,j)'I [1"5]11 [1177]

IpaHu4HU ycrnosus.

Opyr BaXeH eTan OT uyucrieHaTa peanu3auusi € OnpedensiHe Ha rpaHWYHWUTE YCIOBUS Ha
3agavaTa. Te ca pasgeneHu Ha aBe rpynu: no obtekaemarta NOBBPXHOCT M MO BbHLUHATA rpaHvua Ha
nauucnutenHaTta obnact. OTHOCHO NbpBaTa rpyna, HeobxoaMMo e Aa ce OCuUrypy HempoHMLAEMOCT
Ha obTuyaHaTa CTeHa, KOeTo o3Ha4yaBa, Ye TpsbBa ga ce MpUpPaBHW Ha Hyna KOHTpaBapuaHTHaTa
CKOpPOCT:

(16) U=-nu+nyv=0
ToBa ycnoBue NPOMeHs FpaHNYHNTE CTOMHOCTM Ha 0606LLEeHns dryKe — BEKTOP:

(15) At

@) Ry=o pi pi O

T. e. HeobxoaMMo e camo [a ce Onpedenu CTOMHOCTTa Ha CTaTUYHOTO HansraHe no obrekaemara
CTeHa. ToBa ce u3BbplLLUBa C NOMOLLTA Ha hopMynara:

(18)  p, =0.125(15p,, —10p,, +3p,,)

BbB BTOpaTa rpyna ce pasrnexgaT rpaHU4HUTE YCIMOBMS MO BbHLIHATa rpaHvua Ha
nauucnutenHaTta obnact. lNpueta e KoHUenuusiTa 3a CbLieCTBYBaHe Ha pen (PUKTUBHU KIETKU OT
nsuucnuTenHaTa Mpexa, rpaHuyell, ¢ BbHWHaTa rpaHnua. CTOMHOCTUTE Ha BEKTOpPA HAa CbCTOAHMETO
BbB (PUKTUBHUTE KNETKU € NMPUPaBHEH Ha Te3n OT nocnegHus peq (MepmoanyHu rpaHuYHn yCrioBumsl).
Mo To3M Ha4YMH ce npecmATa ,AsicHaTa” CTOMHOCT Ha GYNyKC — BEKTOPA MO FPaHNYHUTE CTEHN.

CuHme3 Ha u34ucnumersiHa Mpexa.

Mpean n3BbpLUIBAHETO Ha YMCIEHOTO pelleHne Ha cuctemaTa Y[Y, onuceBalia OBUXKEHUETO
Ha rasa, HeoboaMMoO e Ja ce guckpeTusnpa usumcnutenHata obnact. Cucremara ypaBHEHUSI Ha
Oiinep HsAMa TOYHO pelUeHWe 3a MPOU3BOMHM Ha4vanHW M rPaHUYHK YCMOBWSl, HO ako B MONeTO Ha
TEYEHNETO Ce CUHTE3MpaT MHOro Ha Opov KBagpaTUYHM KNEeTKW, KaTo MnokasaHata Ha dwur. 1, TO
rpaHMUUTE Ha BCsIKa KNeTKka MoXe [a ce 3aMeHNAT C nNpaBu, YNCcneHnuTe rykcmum no KOUTo Morat aa ce
npecMmeTHaT To4yHO. [lopagM MankaTa pasmMepHOCT Ha BCska KreTka, HaTpynaHaTa rpeluka npu
npunaraHeTo Ha TO3M NoAXo4 € He3HaduTenHa.

Heka gbmkuHaTa Ha gbra S pga Bapupa oT 0 4o 1 1 Heka CblUO Taka HOMEepUpaHeTo Ha
TOukKMTe No Abrata Aa ce uameHs otr 0 go | Taka, ye s(0)= 0,s(l )= 1. lNpucsonsaiiku

MbpPBOHAYAIHO CTOMHOCTM Ha MbPBUTE NPOU3BOAHN
s(0 os (I
(19) a—()=A81' ():Asz,

g on
MN3BbPLUBAT Ce nonaraHundaTa

(20) A = Asz; 1 _shs
As, " 14/As,As, 5

n ce n3dmncndaeart beHKLI,VIVITe B crneaHaTta nocnenoBaTtesiHoCT:

@ ul(;)—i—“th{gﬁm;s(n) 4. (1)

th% Av@-ANG)

)r(p)=r@)+[F()-7F©)]s@)n =01,2.3,. 1
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YpaBHeHue (22) faBa pasnpefenieHneTo Ha ToukuTe no kpusarta, 3a kosto ¥ (n )e [F (0 ) 7 (1 )] n
KbM Hes ca npunoxeHu opmynm (21).

PesyntaTtun

Ha cur. 2 e nokasaHa usuucnutenHata Mpexa, reHepupaHa okono cdepa c¢ paguyc 1.
PeanuanpaH e cnomeHaTnaT edekT Ha musrnaxgaHe Ha JlannacuaHa, KOUTO MOXe Ada ce perynvpa
NOCpPeACTBOM M3MEHEHNE CTOMHOCTMTE Ha Npou3BogHUTE no doopmynm (19).

MbpBMAT eKCnepuMmeHT, MPOBEAEH C 4WcreHaTa peanu3auus, Uenu cuMmynauuaTa  Ha
[O3BYKOBO TeyeHune okono cdepata. Ymcnoto Ha Max e 0.5, pasmepHOCTTa Ha usuMcnuTenHara

Mpexa e 91x31 To4km no kpuemte pecn. & = CONSt u
n=const. Pesyntatute ca  CBepeHn C

eKkcnepumeHTanHn pfgaHHn Ha c¢ur. 3 u  ca
npeacraBeHn B VTK dannos ¢opmar.
M3nonssaHnaT Bu3yanusatop e ParaView®.

Ot dur. 3 ce Bwkga, 4Ye anropuTbMbT
yCrnewHo npeaBmxkaa Bb3HUKBAHETO Ha MpefHa
TOYKa Ha 3anpuuiBaHe (4YepBeHaTa 30Ha, KapeTo
rope, BOSACHO), @ Taka CblUO M Ha 3aBUXPSAHETO Ha
TEYEeHMeTO  HernocpeacTBeHoO  crieg  cdepata
(ckopocTHOTO none, gony BAscHo). [locnegHoTo
sABNeHMe ce Hapuya BuxpoBa neneHa Ha KapmaH,
KOATO B nocneicteve ce pasnaga Ha TypOyneHTeH
notok. KaptuHata Ha  pasnpegeneHve  Ha
CKOPOCTHOTO  Mofe CcbBMaga C TasM  Ha
eKkcrnepumMeHTanHarta npogyska.

Ha cnepBawara dwur. 4 e nokasaH
aHanorvyeH ekcrnepuMeHT, HO TO3uU MbT YMcnoTo Ha Max e 1.5. PasmepHoCTTa Ha uauucnuTenHara
Mpexa OCTaBa cbllaTa. FICHO ce OTKpOsiBa CKOKbT Ha YNTbTHEHME npef cdeparta.

dur. 2. CTpyKTypHa U3UMUCNIUTENHA Mpexa

dur. 3. PasnpegeneHne Ha napameTpute Ha dur. 4. PasnpeneneHune Ha napameTpute Ha
TeyeHneto, M=0.5 TeyeHneTo, M=1.5
3aknioyeHue

B HacTtoswmaT goknag 6e pasrnefaH M3YMCNUTENEH anropuTbM 3a aHanu3 Ha ABYMEPHO
TeyeHve Ha cBuBaeM ras. PelweHa 6e 4McreHo cucTema 4yacTHU gudbepeHuManHM ypaBHEHUS Ha
Owvnep nocpenctesom T. Hap. ,MeToq Ha kpanHuTe o6emn”. 3a gMcmnaums Ha YMCNEeHOTO pelleHne be
nanonsesaHa dopmynarta Ha Phillip Roe, ¢ nomowTa Ha KOATO ce peluaBa NpubnuanTenHaTta 3agada
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Ha PuvmaH TOYHO OTHOCHO BCSIKa KNeTbYHa CTeHa Ha wm3uucnutenHata mpexa. [locnegHata 6e
reHepvpaHa MnocpeacTBOM YMCIIEHOTO PELUeHWe Ha CUCTeEMa ENUNTUYHW YacTHU audepeHumantm
ypaBHeHus Ha Jlannac. BpemenponssogHaTta 6e npecmeTHaTa ¢ NOMOLLTA Ha LWECT CTbIMKOBa CXema
Ha PyHre — Kyta. MsnonsBaHnTe rpaHny4HM ycnoeusi Ha 3agadvarta obeaneyaBaTt HEMPOHULLAEMOCT Ha
obTekaemaTa CTeHa, a Taka CblLlO M afAeKkBaTeH ,KOHTaKT” Ha maymcnuTenHarta obnact ¢ okonHaTa
cpepa.

EcTtectBeHo obolleHMe Ha nocTaBeHaTa 3ajaya € YNCNEeHOTO peLleHne Ha ypaBHEHMATa Ha
Hasue — Ctokc. PasrnegaHunsT anropuTtbM He MOXe Aa npeasuan edekTn, KOUTO ca CreacTBue Ha
BMCKO3HOCTTa Ha chriynga M no Tasu npuvyMHa He moraT ga ObgaT CMMyNMpaHu SIBREHWUsI KaTo
OTKbCBaHe OT o0TeKkaemaTa CTeHa, rpaHNYeH crnow, Typbynusaunus Ha TedeHneTo 1 ap. Bunpeku ToBa,
pelueHneTo Ha cuctemata Ha Onnep gaBa NpMeMnMBKM 3a UHXEHepHaTa NpakTuka pesyntaTu.
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Knro4oeu dymu: 4yecmeumesiHoCm Ha efekmpuyecKku eepuau, UHEapuaHmHoCm, cXeMHa (hyHKUUS,
YECMOMHU U 8peMesU XapaKmepucmuKU Ha efekmpuYecKu eepuau.

Pe3rome: B ripednazaHama cmamusi uHeapuaHmHocmma Ha byHKyuume Ha 4yecmeumesiHocm Ha
yecmomHume U epemMesume XapakmepucmuKku Ha eflekmpuyeckume eepuau e OoKkasaHa 6b3 OCHO8a Ha
ceolicmeama Ha eOHOPOOHUMeE hyHKYUU, C KOUmMo ce oruceam xapakmepucmukume um.B cmamusima e
dokazaHo, Yye eapuayuume Ha cxeMHama (hyHKUUsSI Ha eepuzama, MoflyyeHu ecredcmeue OMK/IOHEHUs] Ha
rnapamempume Ha efileMeHmume U, ca UH8apuaHmMHU  CrpsiIMO 8b3MOXHUME eKausaneHmMHU npeobpa3sysaHus,
peanusupauwu masu hyHKUUSI, Kamo He 3a8uUcsim om KOHKpemHama CxeMHa peanusayusi Ha eepusama.

UssedeHume 3asucumocmu ca MpUIOXeHU KbM racueHa 4YecmomHO-ceflekmusHa eepuza U ca
onpedeneHu OMHoOCUMENHUME 4Yy8cmeumesHocmu om nbpeu U emopu ped Ha decmomHume U
xapakmepucmuku. [lokasaHo e, 4Ye cymapHume GhyHKUUU Ha napamempuyHa 4yecmeumesiHocm crpsimo
pasnuyHume peakmueHu enemMeHmu crnabo ce pasnuyaeam U fpu OemepMUHUPaHU OMKIIOHEHUS Ha
napamempume om eOuUH Ul ca UHeapuaHMHU KbM peanusayusima Ha eflekmpuyeckama eepueaa.

1. BbBepeHue

MeTooute OT Teopus Ha YyBCTBMTENHOCTTA NpeAcTaBnsiBaT YHUBEpCaneH anapaT 3a
pellaBaHe Ha peguua 3agayu, CBbP3aHW C aHanu3 M OMarHoCTMKa Ha enekTpuyeckn Bepurn. Te
nossonsBat ga Ce u3cnedsa BMMSHMETO Ha BapuvauuMTE Ha MNapameTpuTe Ha Bepurata BbpXy
HelHaTa YCTOMYMBOCT W KadyecTBeHu nokasatenu [1,2]. MNpun ekBuBaneHTHM npeobpasyBaHus Ha
BEPUTNTE Ce YCTaHOBSBA, Y€ HSAKOM CyMM Ha (PYHKUMMTE Ha YyBCTBUTENHOCTTA MpeactaBnsasat
MOCTOSIHHW BENMYUHU W HEe Ce MPOMEHAT, T.e. Te Ca WHBapuaHTHM KbM peanusauusaTa Ha
enekTpuyeckaTa Bepura.

B npeanaraHata ctatmua ce onpenenat MHBapuaHTu Ha YyBCTBUTEJTHOCTTa Ha BpemMeBUTe U
YECTOTHUTE XapaKTEPUCTUKW, Bb3 OCHOBA Ha KOUTO ce chopmupaTt KpuTepum 3a YCTOMYMBOCT Ha
enekTpu4ecknTe Bepuru. VssegeHuTe 3aBMCUMOCTU Ca NPUINOXKEHW KbM peakTMBHA CTPYKTypa, 3a
KOSATO € JoKasaHo, Ye CyMapHUTEe nokasaTenu Ha YyBCTBUTEMNHOCT Ca UHBapUaHTHU KbM KOHKpeTHaTa
peanu3auusa Ha Bepurata u ce onpenensat oT CBOMCTBaTa Ha cxeMHaTa (hyHKUKMS.

2. WHBapmaHTHOCT Ha YHKUMMTE Ha YYBCTBUTESIHOCT Ha XapaKTepUCTUKUTE Ha
eneKTpu4ecKkuTe Bepurm

AHaNMTUYHUAT M3pas Ha MHOTO OT XapaKTEPUCTUKUTE Ha eneKTpUYECcKUTEe BEpPUrM Moxe aa ce
npeacrtasu BbB Buaa [4]:

@) FXY)=F{Xy1Yn}

KbeTo X € He3aBCMa NpOMEeHIIMBa - 4eCTOoTa, BpemMe, KOMMnJiekcHaTta npomMeHnnea p,
Y ={y1,...¥n | € BEKTOp OT NapamMeTpuTe Ha erleMeHTUTe Ha BepuraTa.

Ako dyHKkumsiTa F(X, ¥ ) € egHopoaHa YHKUMA OT V'° CTeneH OTHOCHO apryMeHTUTE Vi,...Yn,
TO 3a Hes € U3MbIIHEHO [5]:

@ Fluyimenstyn)= " F(Ypmnyn)
Kb[ETO 1 € MPOW3BOIIHO YMCIIO.
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Cnepn gndepeHumpaHe Ha uspas (2) cnpsiMo . ce nonyyasa:

oF ouy oF ouy oF ouy _
(3) L 2 ot " v E (Y Vi)
ouyy Ou  Opy, Op OuYyn Op

Ako ce pasgendat gBeTe cTpaHuM Ha paBeHCcTBO (3) Ha F(yi,...yn) M ce nonoxu u=1, ce
nonyyaea, 4ye

& OF Y
(4) — 21—y =const
E oy F

Ot nonyyeHaTta 3aBucumocT (4) crnegBa, 4e ako F(X,y) e cxemHa @yHKUMS Ha
enekTpuyeckata Bepura ot Buga (1), To cymata OT (DYHKUMUTE Ha YYBCTBUTENHOCT MO BCUYKK
napameTpu Ha Bepurata e NnocTosiHHa BenuyuHa, T.e. TS € WUHBapuaHTHa. B obwua cnyyaii ToBa e
yHKUMOHaNHa (anrebpuyHa) 3aBMCUMMOCT Mexay (YHKUMUTE Ha YyBCTBUTENHOCT Ha BepuraTa
CNpsIMO HEMHMTE NapameTpu, He CbabpKalla NPOMEHMBM Ha CbCTOSIHUETO.

Heka F(x,y ) e onepatopHa cxemMHa (PyHKLUMS Ha enekTpuyeckaTta Bepura oT Buaa:

(6) F(x,7)=F(p,R,L,C) ,

KbOETO ﬁ, E,6 Ca napamMeTpun Ha pe3unctopute, MUHOYKTUBHOCTUTE U KOHOEH3ATOPUTE BbB Bepurarta.

MHBapuaHTHOCTTa Ha yHKUMUTe Ha dyBcTBMTenHocT Ha (5) ce ocHoBaBa Ha cCBoWCTBaTa Ha
CXeMHuTe beHKLI,I/II/I, Mn3non3BsaHu Npu HoOpMMpaHe no amnnnTyga v no 4Yecrtora:

©  F(b.4Ro. 0.5/ = 4" Flp.%0).

(7) F(p,Ro. tlg, Co) =F(u p. Vo) .
KbaeTo y, = {R_O ,Lo.Co } € BEKTOPBT Ha HOMUHAMHWTE NapamMeTpu Ha BepuraTa ,

v=l, -1, O, B 3aBMCMMOCT OT ToBa ganu F(p) e cbnpoTuBreHue, NPOBOAMMOCT WU
npegasarternHa yHKUuS.

AKO 03HauMMm BapuauuuTe Ha napameTpuTe Ha enemeHTuTe ¢ Ay M B uspasum (6) n (7)
NONOXUM :

A
®  a=1+

Yo
cnen KOeTo OT [BeTe CTPaHUM Ha BCSKO PaBEHCTBO M3BaAUM M3pasa Ha HOMUWHanHata (yHKUUsS
F(p, y ), ce nonyyaBa, 4Ye N3MEHEHMNETO Ha CXxeMHaTa yHKLUUA €:

©) AF(pJ){Hj—Zij(p,v) ,

(10) AFLc(p,7)=p(1+j—Z]F(p,v)

3asucumocTtu (9) n (10) nokaseart, Ye pasrnexgaHuTte Bapnaumm Ha F(p, y ) 3aBUCAT caMo OT

CBOICTBaTa Ha HOMMHanHaTa (OYHKUMA U Ca WHBAPUAHTHW KbM BCUYKU €KBUBANEHTHU BEpury,
peanuavpalum gageHata dyHKUMS.

AHanorvyHy pesyntatu MoraT ga GbaaTt MoMyyYeHW U 3a YUCTO PEeaKkTUBHU CTPYKTypu Ha
eneKkTpuYecknTe BEpUIi.

OT nonyyeHWTe 3aBMCMMOCTM 3a orfepaTopHaTa CXeMHa (yHKUMS Ha Bepurata crnegsat
aHanormyHu CbOTHOLLEHUS M CBOWCTBA 3a YECTOTHWUTE XapakTepucTukn F(jw) Ha enekTpudyeckara
Bepwura.
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Bb3 OCHOBa Ha MHBAPUAHTHOCTTA Ha DYHKLMNTE Ha YyBCTBUTENHOCT Ha F(p,R,L,C) Moxe
[a ce [I0Kaxe N WHBApWaHTHOCTTa Ha BpeMeBuTe (DYHKLMM Ha enekTpudeckaTta Bepura, kouto [4] ce
nonyyasaT upe3 o6paTHOTO NpeobpasyBaHe Ha Jlannac L™, (v=0):

1) gt)=L{F(p)},

(12) )= L‘l{w} .

p
Cnep npemuHaBaHe OT ypaBHeHus (6) u (7) KbM CbOTBETHWTE onepaTopHM obpasu Ha

BpeMeBuTe (PYHKLUMKU, Ce U3BbpLLUBaA 0GpaTHOTO npeobpasyBaHe Ha Jlannac. MonyyeHusaT pesyntaT
MOXe [a ce 3anuile BbB BUaa:

(13 9tRo.so.iCo)=g( V.50 ) .

(14) 1t Ro,alo.4Co) =h Y/, 70 )

nOﬂy‘-IeHVITe 3aBNCMMOCTU nokaseaTt, 4e CcymapHuTe 4YyBCTBUTENTHOCTU Ha BpemeBUte
(byHKLI,I/IM Ha eJieKTpn4ecKknTe BepUrn B npneTmna eriemMeHTeH 6asnc 3aBUCAT caMO OT CBOMCTBATa Ha
(byHKLI,I/IﬂTa M ca NHBapMaHTHN KbM €KBUBAJ1IEHTHUTE r|pe06pa3yBaHMﬂ Ha Bepwurara.

3. WscnepgBaHe Ha napamMeTpuyHaTta YyBCTBMTENIHOCT HA MNacuMBHA YeCTOTHO-
ceneKkTMBHa eNneKTpuyecka Bepura

I'IapameTpquaTa YYyBCTBUTEJTHOCT Ha 4YeCTOTHaTa XapaKTepuctuka Ha e€egHa 4YeCTOTHO-
cernekTtnBHa Bepura, no OTHoOLWEHNE Ha peakTUBHUA eflIeMEHT k, moxe ga ce n3pasn KaTto:

i k
(15) |5k(ja)l= %m

Ako N n N¢ ca 6p0ﬂT CbOTBETHO Ha MHOYKTUBHUTE U KanaulWUTUBHU €NeMeHTN BbB Bepurarta,
TO napamMeTpuyHata 4yBCTBUTEJSIHOCT € CyMa OT YyBCTBUTENNIHOCTUTE NO OTAeNHuTE BUOOBE
PEaKTUBHU EJTIEMEHTIU.

N N¢
) s, (io] =2l |+ D sc,|
k=1 k=1

Oor gpyra ctpaHa KoMnJjiekCHaTta 4yBCTBUTEJTHOCT MOXe Aa Ce npencrtaBu KaTo:

drlie) k. j opl@)

k |F(jo] ~ ok =5 () 107 (o)

a7y Sk(jo)=

F
KbeTo SL ‘(a)) e oTHocuTenHarta vyscteuTenHocT Ha AYX Ha BepuraTa, a Qlf(a)) € oTHocuTenHaTa

YyBCTBUTEMNHOCT Ha PYX.
Bb3 ocHoBa Ha (16) u (17) 3a OTHOCUTENHUTE YYBCTBUTENHOCTU Ha Bepurata Moxe fa ce
3anuvuwe:

CF L EIF ey IF| w
as) sl =S Tl sl = 97 @ '
o (@) kzzlaLk E kzzllack F[~ 0w |F|

N, Ne o0
(19) Qf(c"): ZQ& +2ng 50
k=1 k=1 @
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dur.1

Ot 3aBucumoctn (18) wu (19) cnegsa, Ye cymapHuTe YHKUMM Ha napaMeTpuyHa
YYBCTBUTENHOCT CMPSAMO PasfUyHUTE PEaKTUBHU ereMeHTU Npu AEeTEPMUHUPaHU OTKIOHEHUS Ha
napamMeTpuTe OT €4uH BU4 Ca MHBapUaHTHM KbM peanu3aumnsta Ha enektTpudeckara sepura.

CymapHaTta oTHocuTenHata 4JyBcTBMTEnHocT Ha AYX Moxe da ce npeactaBu B ped Ha
Tennop [5], B KOWTO PYHKUMWUTE Ha YyBCTBUTENHOCT OT MbPBM U BTOPU pef ca CbOTBETHO:

Floy SSAF L (JFl s aF] C
(20) S}, '(w)= S ()= ,
w @)= 25 e e 2o
Nl alF L )" gl s aF] o
(21) S , S 1)
2 kz oLy |F| 2c (@)= Z aCy |F|

Mo 3aBucumoctn (20) u (21) ca M3YUCNEHM MaKCUMANHUTE CTOMHOCTM (MO MOoAyn) Ha
OTHOCUTENHNTE YyBCTBUTESNHOCTU OT NMbpBU M BTOpWM pen 3a HYD Ha Yebuwes ot 7 pen [3], ¢
HepaBHOMEPHOCT Ha 3aTUxBaHE B JieHTaTa Ha nponyckaHe Aa=0,28 dB u 3atnxBaHe ay=28 dB B
neHTaTa Ha 3agbpxaHe npu yectota Q=1,3. TexHnTe 3aBUCMMOCTM Ha M3MEHEHME OT HopMMpaHaTa
yectoTa QQ ca NocTpoeHn Ha dur.1.

OT nonyyeHuTe rpadunyHn 3aBMCMMOCTM Ce BWXAa, Ye CcymMapHuTe yHKuMM Ha
napameTpyyHa YyBCTBUTEMHOCT CNPSMO Pas3fNUYHUTE peakTMBHU enemeHTn cnabo ce pasnu4yasar.
CneposaTternHo npu geTepMuHUpaHn OTKITOHEHUS Ha napameTpuTe OT €AuH Bui, Te ca MHBapUaHTHU
KbM peanusauusita Ha enekTpudeckara Bepura.

4. WN3Boau

MMonyyeHWTe MHBapUaHTHU CyMU Ha OTHOcuTenHaTa JyBcTBuTenHocT (20) u (21) moraTt ga ce
N3Mon3BaT KaTo nokasarenu 3a CTabunHOCT U YyBCTBUTESHOCT Ha YE€CTOTHO-CENEKTUBHUTE BEPUTN.
Te onpegensaT getepMuHupanute (3asucumoct (20)) n cnydanHuTte (21) cbCTaBsWwM Ha BapuaumuTe
Ha CbOTBETHaTa PyHKUUSA Ha Bepurata. Tbi kaTo Te ca PyHKLMA Ha YecToTaTta, TO 3a BCska YecToTa
MOXe [a ce ONpefenaT rpaHuyHUTE OTKIMOHEHWS Ha XapakTepUCTUKUTE Ha Bepurata OT TexHuTe
HOMMWHAHN CTONHOCTW.
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AHomayusi: B cmamusima ce pa3senexdam Hosu 100xodu 3a KOMI/IEKCHO peweHue Ha rpobrema 3a
ynpasneHue 8 epeamuyHu cucmemu, rogsonssawu mamemamudecka ®OPMAJINSALUNA u pewasaHe Ha
onmumu3ayuoHHU 3ada4qu 8 ycrioeusi Ha HeornpedeneHu Kpumepuu. B peduuya cumyayuu koeamo obemMbm Ha
8b3MOXHUME U3Mep8aHUs, Ha KOUMmo ce 0cHog8asa yrpasrieHuemo, e o2paHuyeH, eduHcmeeHama 8b3MOXHOCM
da ce nosuwWU Ka4yecmeomo Ha pasfosazaemama uamepumeriHa UHgopmayusi ce cbCmou 8 U3rosi3eaHemo Ha
anpuopHa uHghopmayusi 3a obekma Ha yrnpasneHue. Takusa cumyayuu 8b3HUK8am Ko2amo surncea ceobodeH
docmbn 00 obekma Ha yrnpaerneHue, fpu BUCOKU CKOpOCMU Ha u3mepumerniHume npouedypu u dp. Toea
o3Hayaea, 4e npu OonbrHumMenHa uHgopmayuss 3a obekma Ha yrnpasreHue, makasa He Moxe Oa 6ble
rosnyy4eHa ype3 rposexoaHe Ha GoMbIHUMEHU U3MeP8aHUs.

B npednoxeHama cmamusi ca dadeHu nodxodu u uscrnedsaHe 8bpxy modenu, 060cHoB8aHU Ha meopusi
Ha kamacmpoghume u meopusi Ha hpakmanume, dagawju 8b3MOXHocm Oa 6b0am u3ron3eaHu 3a noguwasaHe
Ha Ka4ecmeomo Ha KonuyecmeeHama anpuopHa UHhopmayusi 3a obekma Ha yrpasrneHue.

ROBUST METHODS FOR CONTROL UNDER UNDETERMINED CRITERIA

Antonio Andonov', Zoya Hubenova®

! Todor Kableshkov University of Transport
2Space Research Instute — Bulgarian Academy of Sciences
e-mail: andonov@vtu.bg; gecov@space-mail.bas.bg

Abstract: The paper considers new approaches for complex solving the problem of control in ergatic
systems allowing mathematical formalization as well as solving optimization problems under conditions of
undetermined criteria. In a number of instances of limiting the possible measurements the control process relies
on, the only possibility for improving the quality of the available measured information consists in utilizing apriori
information regarding the controlled object. Such situations occur in case of lack of free access to the controlled
object, in case of rapid performance of the measurement procedures etc. It means that if additional information
about the controlled object was available, it could not be obtained through carrying out measurements in addition.

In the proposed article, a research on the approaches and models based on the theory of catastrophes
and fractals is performed which may be used to improve the quality of the quantitative apriori information about
the controlled object.

MpouecnTe Ha ynpaBrieHNe B CIOXHWM epraTuyHM cucTemMu Ha 6asaTa Ha u3nonsBaHe Ha
CbBPEMEHHM KOMMIOTbPHM TEXHOSIOTMM YCIIOBHO MOraT Aa ce pasrfexzaT Ha ABe HuBa. Ha nbpBoTo
HVMBO ce aBTOMaTU3MpaT MeToauTe Ha paboTa Ha 4YoBeka, a Ha BTOPOTO — BMECTO KOMupaHe Ha
paboTata My, KOETO B MOBEYETO Cryyau He BoaW [0 ONTUMarnHu pesynTaTh, Ce M3BbpLUBa
ONTUMM3aLNS Ha NPUEMaHWTE pELUEHUs!, KaTo Ce M3MOoN3Ba KOMMIOTbpHA TexHuka. O6aye, OCHOBHM
MPensTCTBUS 3a BHEAPSIBAHETO Ha CUCTEMM, peanusupaliy BTOPOTO HMBO Ha aBTOoMatusauus, e
nvncaTa B MOBEYETO MPakTUYEeCKU pellaBaHW 3afayn 3a NpPOoeKTMpaHe W ynpaBrieHue Ha 3agafeHu
KpUTEPUM 33 ONTUMAsIHOCT.
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EBontounsita Ha KoHUenuuMuTe, nexaluy B OCHOBaTa Ha cMcTeMUTE Ha ynpasneHue, Boan A0
TbPCEHETO U U3MON3BaHETO HAa NO-CLBBLPLUEHU CTATUCTUYECKM MOAENUN HA BXOOHWUTE Bb3OEWCTBUS,
KpUTEpUM U METOAM Ha CUHTE3A.

Mpun nscnepsaHeTo Ha cnoxHu EC ce pasnuyasaT criegHWTe BUOOBE HeonpeaeneHocT:

- HeonpegeneHocT, NpomsTUyalla OT HEe3HAHWETO Ha KOHKPETHU CTOMHOCTM Ha CrnyvanHu
BEMUYMHMU UMK (DYHKUMW, 38 KOMTO Ca W3BECTHU CTaTUCTUYECKUTE N BEPOATHOCTHW CBOWCTBA C
onpefeneHa cteneH Ha NogpobHOCT KaTo 3aKOHW Ha pasnpefernieHe Ha BepOosTHOCTUTE, KyMYyMnaHTH,
KopenaumoHHN yHKUMKU M Mp., UM ca 3adadeHn OrpaHuyeHuMs Ha MakcumanHu u MUHUManHW
CTONHOCTY;

- HeonpegeneHocT, CBbp3aHa C Heno3HaBaHe Ha BMAA Ha onpedeneHn OeTepMUHUPaHU
YHKUMKN, TEXHUTE YUCINOBU XapaKTEPUCTUKM U CTOMHOCTU HA KOHCTAHTUTE, OMUCBALLM BbTPELLHO-
cucTeMHuTe npouecu. Toea Boan A0 anpokcumauuu;

- HeonpegeneHocT, nNpousTuyalla OT TexHUYecka HEBBL3MOXHOCT Aa Ce OT4MTaT BCUYKK
dakTopy, BNMseLM BbpXy NpouecuTe U XOA4a Ha npoueca Ha ynpaBneHue U He3aBUCUMO OT Te3un
akTopy N TEXHWUTE CUTYaLMOHHU XapakTepUCTUKM Ca TOYHO W3BECTHW (HegoCTaTbYHOCT Ha
MaTemMaTndeckus anapaT Unm U34UCNUTENHUS pecypc). Tosa BOAM OO0 NPUBNMKEHN OLEHKN;

- HeonpegeneHocT, npomsTuyalla oT MaTemMaTudeckata HeCbpasMepHOCT Ha YWCNeHuTe
OLEHKN Ha BenuunHuTe, xapaktepuaupawm ynpasneHueto B EC. lNMocneacteusata morat ga 6vaat
MHOTO CMOXHU;

- HeomnpegeneHocT, CBbp3aHa C HeycToMYMBOCTTa Ha  cuctemute, nopaxgalim
KBa3NCTOXacTU3bM;

- HeomnpegeneHocT, CBbpP3aHa C HEM3BECTHO LieleHaco4YeHO Bb3AEeNCTBME UMW NOBTOPEHME,
KOETO e MHOro xapakTtepHo 3a crnoxxHute EC. Bogu oo pyck n ToBa € onepaTvBHa HEONPEeAENeHoCT;

- HeonpegeneHocT, Npou3Tuyalla oT HOBM, HEM3BECTHU Ha HayKaTa aBrneHus n edekTu;

- HeonpegeneHocT, cBbp3aHa ¢ HegOCTaTbLM UMW HEAAEKBATHOCT Ha MOHATUNHMA anapaT u
HEBB3MOXHOCT 3a hopmanusaunsa 1 oTbxaecTssaBaHe Ha dakTute. [locneacTBmsiTa ca CUTYauUMOHHM.

KapavHaneH cnocobHOCT 3a paspeluaBaHeTo Ha npobnema 3a anpuopHaTta HeonpeaeneHocT
Ce CbCTOU B U3MOM3BaHETO Ha NpuHUMNUTEe Ha aganTtaumsaTta. Obade, HepaspelleHNTe 40 HacToALWMSA
MOMEHT peauua BbNPOCK, OTHOCHO AWHAMWYHWTE CBOWCTBA Ha KOHTypa 3a ajanTtaums 4YecTo
MOCTaBAT HenpeodonVMy MNPensaTCTBMA MO OTHOLIEHME Ha MNPaKTUY4eCcKOTO W3MOoN3BaHe Ha To3u
cnocob. BcnegctBue Ha ToBa, NEPCNEKTMBHO € pas3BUTUETO HA METOAM 3a CMHTE3 Ha CUCTEMMU, KOUTO
He ca aganTVBHW B LUMPOKUS CMWUCBI Ha TOBa MOHSITUE, HO OCUrypsBaT NpUeMIMBO, a YeCTO MbTu
ONTMMarnHo no 3ajafeH KpuTepuih, kayecTBO Ha paboTa npu M3MEHeHWe Ha CTaTUCTUYECKUTE
XapaKkTepUCTUKN Ha BXOOHWTE BBb3AENCTBMSA B LUMPOK OMana3oH U Npy Bb3MOXHA HeCcTabumHOCT Ha
napameTpute Ha obekTa Ha ynpaBfieHve. TakmBa CUCTEMWU ca M3BECTHW kaTo pobactHu (robust),
KoeTo B OykBaneH MpeBOf O3HayaBa Kpenku, cunHu. Tpabsa ga ce nocoyu, Ye B nuTepatypaTa
NoHATUATa POBACTHOCT M PYHKLMOHANHa yCTOMYMBOCT YECTO ce ynoTpebsaBaT kaTo CUHOHUMM.

Obwarta KkoHUenuus 3a CcuHTe3a Ha pobacTHM cucTeMuM [Jonycka Bb3MOXHOCTTa 3a
M3Mon3BaHe Ha pas3nu4yHu Modenu U MeToAu, HO OCHOBHWUTE pes3ynTaTu B Ta3u obnacTt ce onupart Ha
MpyvHUMNa@ Ha WHBApPMaHTHOCTTa 3a W3CNedBaHe Ha pasBMBalUM Ce CUCTeMU. TO3u Moaxod ce
Xapakrtepuanpa cbc criegHnTe ocobeHocTu: OyHKUMATa ce ABsBa MbpBMYHA, a CTPYKTypaTa BTOpMYHA.
dPyHKUMATa ce onpedens OT HyXXOUTe Ha NpakTukaTa u ce u3MeHs nog HenHo BnusHWe. CTpykTypaTa
OCTaBa HeM3MeHHa OO Toraea, LOKaTo OCUrypsiBa peanv3aums Ha uaMeHswarta ce yHkuus. Ako
JajeHa CTpykTypa He obesnevaBa HoBaTa (PyHKUUSA, TO TA Ce 3aMeHs C HoBaTa CTpykTypa. HoBarta
CTPyKTypa ce obycnaesa OT HoBaTa (yHkuusa. Mexagy HoBaTa CTpykTypa M (byHKUMSITA CbLUECTBYBa
obpaTHa Bpb3ka, crnocobcTBalla pas3BMTUETO Ha dyHKuuATa. HoBata dyHkuua mMoxe ga Obae
peanuaupaHa 4pes pas3nuyHu cTpyktypu. OT TaAx Han-epekTBHaA € CTpyKTypaTa C MUHMMarneH Gpow
Ha KOMMNOHEHTUTE. PYHKUMOHAMNHO-CTPYKTYPHUSI NOAX0 XapakTepmuanpa MHTEH3MBHO pa3BuBaLLUTE ce
cuctemun. OCHOBEH MPU3HAK Ha Mpoueca Ha pasBUTME € HAaNMYMETO Ha HOBU TEXHUYECKU pPeLLEHNs Mo
aKkTyanHu Bbnpocu. Tpsbea ga ce nog4veprae, Ye B3aUMOAEWCTBUETO MeXay (PyHKUUSA U CTPYKTypa
Hen3bexHO M3nckea paspaboTBaHETO Ha Hay4YeH MeToAd. B Ta3n Bpb3ka B METOAONOMMYHO OTHOLLEHNE
npegnaraHeTo Ha MeTo 3a CUHTE3 Ha pobacTHM CUCTEMU MPU HEOMNPELENEHN KpUTEPUM MOXE Aa ce
npeactaBym C  MocrefoBaTenHocTTa:  npuHUMn  (MPUHUMMN  HA  MHBapuWaHTHOCTTa), YHKUMS
(pobacTHocT), uen (paspaboTBaHe Ha METOZ, 3a HENMHATA peanu3auus).

B TeopuaTa Ha aBTOMaTMYHOTO ynpaBrieHne NpobnembT 3a MHBAapMAHTHOCTTA, € Npobnem 3a
onpedernsiHe Ha TakvMBa CTPYKTYpU U NapamMeTpy Ha cucTemaTta 3a ynpasrieHune, Npu KOeTo BIIMSHUETO
Ha onpegeneHn, MPOU3BOSIHO MPOMEHSLN Ce BbHLIHM CMYLLUEHWSs U COOCTBEHM MNapameTpu Ha
cucTeMaTta BbpXy AMHAMUYHUTE XapaKTEPUCTUKM Ha MpouecuTe Ha ynpasBneHue, morat ga 6wvpar
YaCTUYHO MMM HanmbiHO KoMreHcupaHu. OT CbLUECTBEHO 3HAYeHue €, Ye (hOPMMPAHETO Ha CUCTEMM
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3a ynpaeneHve Ha 6asaTa Ha NPUITOXKEHMETO Ha NMPUHUMNAG Ha UHBAPMaHTHOCTTA, CE M3BbLPLLBA MpU
OTCbCTBME Ha anpuopHa WHopMauus 3a xapakTepa Ha BbHLUHMTE CMYLLEHMS U U3MEHEHMETO Ha
napameTpuTe Ha 06eKTa Ha ynpaBreHue.

Mpu cb3gaBaHeTo Ha pobacTHM CUCTEMM B YCIOBMATA Ha LUMPOK AMAMNa30oH Ha U3MEHEHNE Ha
BXOAHWTE Bb3OENCTBUS U HECTAOMIMHOCT Ha NapameTpuTe Ha obekTa, OCHOBHMAT Npobriem ce cBexaa
0O pellaBaHeTO Ha ONTMMM3auUMOHHA 3aJava Mpu U3MEHSIL, Ce KpUTepuii 3a onTMMarHocT. B T1o3u
Han-obLy crny4al CUMHTE3BbT Ha pobacTHM CMCTEMM Hanara 3agadaTta 3a vM3bop Ha anropuTbm B
ycnoBusi Ha HeonpegeneHn kputepun. OOMKHOBEHO MOZOOHM 3ajadn ca pellaBaHn B
crneunanuampaHaTa nutepartypa no cnegHus HauunH: M3bnpa ce npou3BonHa ueneea yHKUUs, KaTo
ce u3xoxaa OT cboOpaxeHue 3a yAOOCTBO Ha pelleHuMeTo (Hanpumep cpegHo KBaapaTU4HO
OTKIMOHEHME) W Ce pelaBa CbOTBETHATa MaTeMaTU4ecku CTporo cpopmynvpaHa 3agada 3a
onTummsaums. OCHOBHUST HeJoCTaTbK Ha TakbB MOAXOM Ce CbCTOM H TOBa, Ye Mpu Apyr n3bop Ha
ueneesata (YHKUMS, pe3ynTtaTbT OT PELUEHWETO Ha ONTUMM3aUMOHHaTa 3ajadva Moxe da 6bae
CbBbPLUEHO APYT.

B nocnegHoTo peceTtunetue ce paspaboTu crneumaneH matematudeckun opmanusbm U
MeToOM 3a peluaBaHe Ha 3ajayM 3a ONTUMM3auMs B YCINOBMS Ha HeonpegeneHwu kputepun. o
CbLWEeCTBO BCUYKM Te3n mMeToau (MHOFOKpI/ITepI/IaJ'IHVI 3ajadun, Teopuda Ha pasMUTUTE MHOXEeCTBa,
p06aCTHVI MeToaun B CTaTUCTUKaTa, onTuMmn3auunda B AnMasnioros pe)KVIM) Ce cBeXxaaT KbM pellaBaHe Ha
3afjayata 3a onTumMu3saums ¢ UKCUpaH KpPUTEPUIA, MpU KOWTO Ce OTYMTa HsKakBa OOMbIIHUTENHa
anpuopHa nHgopmavrmsa 3a obekta Ha nscneasaHe. lNogobeH aHanormyeH npobnem Ha pasrnexgaHus
B CcTaTusATa Bb3HUKBA, Hanpumep BbB bu3unkata, KbOeTo € Heobxoaumo OT ronsim Gpon mogenwu,
cbrnacyBaHu C pe3ynTtaTtu OT eKCrnepuMeHTu, aa ce n3bepe fageH obobuweH mogen. Bve dmsmkaTa
Ce M3MNon3BaT pPasfiM4yHN eBPUCTUYHKU crocobu 3a u3bop Ha TakbB MOAEN: aHarnorusi, NpUHUMN Ha
CbOTBETCTBME U CUMETPUSI, NMPU KOUTO Ce CbXpaHsBaT onpeerieHn CBOMCTBA Ha u3crnensaHus obekT.
Mopaam To3un chakT B cTaTusiTa ce npepgnara cnegHust o6o6LeH NoAxoA 3a pellaBaHe Ha 3agadaTa 3a
onTuMnsauma B ycnoBmdaTa Ha HeonpeneneHn Kputepun: B cnyqa|7| KoraTto Kputepua He e N3BeCTeH, e
HeoOX0AMMO Aa ce OMnpeaensaT cUMeTpumTe B pasnuyHUTE MOAENW, CbCTaBEeHWN Mo eKcrnepuMeHTanHu
OaHHW 1 OTAENAT KpuTepumTe, MHBApMaHTHU OTHOCHO Te3n cumeTpuu. [prmMep 3a TakaBa cMMeTpus e
3amMsiHaTa Ha m3mepBaTenHuTe eauvHUUWM Ha oTAenHuTe BenuyuHu, T.e. n3bopa Ha anropuTbMma 3a
obpaboTka He TpsibBa ga 3aBMCK OT TOBA, KakbB € MawwabbT Ha M3aMepBaTenHuTe eamHMum (MawabHa
WHBapUaHTHOCT).

Mo OTHOWeEHMe Ha 4ecTo cpelwaHuTe B NpakTukaTa MawabHO MHBapuaHTHU npouecy,
peLleHreTo Ha 3agadvaTa 3a ONTUMarHo yrnpasneHue Npu yCrnoBus Ha anpuopHa HeonpeaeneHocT, e
noaxodsila MeTogonorusaTta pasrnegaHa B [1], onmpalya ce Ha CbBMECTHOTO MPUOXKEHNE Ha Teopus
Ha kaTacTpoduTe M Teopus Ha ppakTanuTe 3a MOBMLIABAHE Ha KavyeCTBOTO Ha u3MepuTen Ha
nHdopmaLms B yCNoBus, korato obekTa € HedoCTbMNEH U MO3BOMBa OrpaHnyeH 6pon n3amepBaHus.

KakTto e nsectHo oT [2], npu pewaBaHe Ha npobrnema Ha cMHTe3a Ha pobacTHU CUCTEMU €
TY)XXHO Ja ce rapaHTvpa 3agajeHo JOnyCcTUMa CTOMHOCT Ha AMHaMM4HaTa rpeLuka npuv ynpasneHneTo.
N3bopbT Ha npepaBaTenHa YHKUMS Ha cucTemarta, rapaHTupall OrpaHuyeHa Aucnepcust Ha
OvHamMuyeckaTa rpeluka B [2], e NpeacTaBeH kaTto pe3ynTar, pasrfniedaH Hanpumep 3a npeobpasyBaHe
Ha BXOOHOTO Bb34eNCTBUE npe3 Guntbp C YeCTOTHa NpedaBaTterniHa OyHKUMs oT Buaa:

1

@) H,(jo) = m -

HamepeHoTo Tam pelleHune 3a npefaBaTenHata yHKUMS € BbB BUAaA:

. 2
@  |H(jo)| =c,+c0° +...+c 0™ <C,y (o) .

PelwweHneTo Ha 3agayaTta ce cBexaa A0 TOBa, NpW 3ajafeHa npefasaTtenHa yHkums ga ce
noabepat koeduumentute C;, 3a kouTo e m3MbiHeHo ycrosue (2). Ha Tasu 6asa e nocTaBeHa
obpaTHaTa 3agaya Ha paBeHCTBO (2), onpedensuia cuMHTE3a Ha pobacTHa cucTema no CcriegHus

N
HauuH: 3a HsKaKkbB Habop OT koeduLUUeHTH {Ci }0 , 38 KOUTO € U3MbJIHEHO PABEHCTBOTO:
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0
TpsAbBa Aa ce oTAenu Knac npeaasaTenHu MYHKLMK, 38 KOMTO € U3MbIIHeHo ycrosue (2). Tyk Deg e
3apafeHara gonyctuMara CTOMHOCT Ha AWCrnepcusaTa Ha AuHaMuyHara rpetuka.
B cratua [1] e npeonoxeHa pakTanHara Sx (0)) = B(DB ; Sé ((D) = B\V' . Torasa

onTuMariHnAa Mmeto Ha KopeKuuna (T.e. onTuMarieH BuHepoB CbVIJ'IT'bp) e 6bae npe06paaoBaHMeTo:

kbpeto  Y(J®) e npeobpasosanme Ha ®ypue OT KopurMpaHaTa CTOWHOCT, a i(jco)

npeobpasoBaHne Ha Pypue OT oueHkaTa. Tasu anpokcMmauuss nNpuTexasa CBOWCTBOTO MallabHa
WHBaPUaHTHOCT.

MpeanoxeHnsT pobacteH metod B paboTta (1) B cpaBHeHMe C nocouveHus B pabota (2)
no3BonsiBa NpPeofonsiBaHe Ha anpuopHaTa HeonpedeneHoCT B MOAENW, KOUTO MMaT JOKasHO
Hernaako noBegeHne, NPEKbCBaHUS U CKOKOOOPa3HO M3MEHEHME Ha NapameTpuTe Npu NPEXoq Mexay
pasnuyHn asun Ha 6 bP30U3MEHSILLM Ce MPOLIECU.
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A6cmpakm: VI38bpweHO e u3MepeaHe Ha e/IeKmMpPOMasHUMHOMO U3fTb4YeaHe Ha UHMesnu2eHmHa
cucmema ¢ KocMudecko basupaHe C yes oueHka u onmumusayusi Ha paspabomeaHusi Modyr. IamepeaHusima ca
npogedeHu 8 pasnuyHu pabomHu CbCMOSIHUSI Ha cucmemama. HanpaeeH e aHanu3 3a MpusioXeHuemo Ha
KOHKpemHama cucmema 8 KOCMUYECKU yCri08Usi MPpU HaoXeHU U3UcKeaHusi Mo mexdoyHapoOHUme cmaHOapmu
3a eflekmpomMazHUmMHa cbeMecmumMocm Ha bopda Ha 2onemu Kocmudecku obekmu. pusedeHu ca epaghuku ¢
usMepeHume amraumyoOu Ha e/leKmpoMacHUMHUME CMYWEeHUs U mexHume pasfuku 8 pasfiuyHu pabomHu
pexumu.

INVESTIGATION OF ON-BOARD SPACE-BASED INTELLIGENT SYSTEMS
ELECTROMAGNETIC EMISSION

Rumen Shkevov, Pavlin Gramatikov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: shkevov@space.bas.bg, pgramatikov@space.bas.bg

Keywords: space electronic systems, electromagnetic compatibility (EMC), radio-frequency interference
(RFI), electromagnetic interference (EMI), intelligent system, microprocessor unit, electromagnetic emission

Abstract: The electromagnetic emission of an intelligent onboard space-based system is investigated for
the later optimization of the developed unit. Leading measurement is performed in different work conditions of the
system. Analysis of the system’s applicability in space conditions in conformity with international standards of
electromagnetic interference, radio-frequency interference and electromagnetic compatibility onboard large space
structures is made. Graphs of the measured amplitudes of electromagnetic disturbances and their differences in
several work regimes are shown.

BbBegeHue

O6ekTbT Ha M3cnegBaHe B HacTosiwata paboTta ca enekTpoMarHMTHOTO m3nbuBaHe (EMI),
enekTpomarHutHata cbBmMectumocT (EMC) n paguodvectotHuTe cmyliennsi (RFI) Ha MHTEnUreHTHu
©opaoBu cuctemm ¢ kocmmyecko 6asupare. Miamepeanusata Ha (EMC) n (RFI) moraTt ga ce ussbpiar
cnopen metoaute u ctaHgaptute [1+4]. TeopusaTa, METOOMKUTE U UHCTPYMEHTUTE 4Ype3 KOUTO ce
pelwasaT npobnemmn Ha enekTpoMarHMuTHaTa CbBMEeCTUMMOCT ca uanoxeHu B [5]. OnTumusaumaTa npu
NPOEKTUPaHe Ha TOMOSMornsiTa Ha eNekPoHHN MoayNKu e nogpobHo pasrnefaHa B [6,7]. OcobeHocTuTe
Ha erleKTPOHHU MHCTPYMEHTN C aepOKOCMUYECKO NpurioxeHne n texHute EMC v EMI npu nmmntauyus
Ha pearneH 6opaoBu Kommnekc ca onvucanu B [8]. EaHa paboTta ¢ npakTMyHa Haco4eHocCT, obcbxaalua
B KOMJTEKCEH acnekT NpobnemMuTe Npu gusariHa Ha CNOXXHWU MHTENUIeHTHU aHanoro-LmMdgpoBn cuctemMm
e [9]. HatpynaHuat onut B peanu3aums Ha KocMmmyecku npubopu [10] nokasa, Ye nscnenBaHeTo Ha
EMC, EMI u RFI e npenopbuuMTenHo ga ce 3anovHe Ha Mno-paHeH etan - nabopaTtopeH wunu
TexHorsormyeH obpased.
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MeToau Ha nscnegBaHeTo

BrnokoBaTta cxemMa Ha MHTenureHTHa cuctema ¢ KocMuyecko basupaHe e nokasaHa Ha dwr.1,
KbAETO M3MoNn3BaHMTE CbKpalleHus ca - ,Base Digital Unit” - BDU,"Interface System Unit” — ISU.
Mokasanata obLa CTpykTypa e MakcumanHo 6nu3ka A0 peanHuTe WHTENUreHTHW CUCTeMu, C Len
MocTUraHe Ha MakCMMariHO KOPEKTHWU uamepBaHuns n nscneasanHus Ha (EMC) u (RFI). N3cnegsaHo e
N3NbYBAHETO HAa CbeauHeHn u 3axpaHeHn BDU wu ISU. KbM Tax 6axa npucbeguHeHw gucnnewn,
WHTEepdencMTe Ha aHanoroBuTe BXOAHO-U3XOAHM YCTPOWCTBA, MHTepdencuTe Ha USMbIHUTENHU
MeXaHW3MU 1 YCTPOWCTBA, a CbLLO Taka U MHTepdencuTe Ha NneyaTalum yCTponcTea KnasmaTypu.
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dur.1 brnok-cxema Ha u3cnegBaHaTa cuctemMa.

MHayumpaHuTe TOKOBE B M3MON3BaHMTE 3a eKpaHupaHe maTepuann n CTPyKTypu moraTt Aaa
ObaaT pasrnexagaHu Kato U3TOYHULM Ha eNeKTPOMarHMTHU BbiTHU. B3anMoagencTBMeTo MM BOAW KakTo
[o nogobpsieaHe, Taka U Ao BnowaesaHe Ha EMC u EMI B 3aBMCMMOCT OT peanuaupaHaTta

KOHpUrypaums.

EkcnepumeHTanHuTe ycrioBusi, Teopusita U METOAMKUTE, Ha KOUTO € OCHOBaHO HacCTOALLOTO
n3criefBaHe ca CXOOHW C Te3n OT cepusTa nybnukauum B koHdepeHuusTa SENS. MoapobHo
onucaHue Ha NOCTaHOBKAaTa Ha eKcrepMMeHTa Moxe Aa 0baeHamepeHa B [11].

ExkcnepumeHTanHu pesynrtaTtu

[MpoBeneHuTe n3mepBaHus ca HanpaBeHW B CbOTBETCTBME C npoueaypuTte onucanu B [2], [3],
[8]. Ha cbur. 2 e npegctaBeH pe3yntaTbT OT UIBMEPBAHETO Ha CMeKTbpa Ha U3NTbYeHMTE pagmoLLyMO-
Be Eqp1 Ha 0TBOPEHU HeekpaHupaHu 6asosn 6nokose BDU u ISU ot 300 go 400 MHz, kbaeTo Eqp ca
NM3MepeHNTe CTOMHOCTU 3a aMMNNTYANTE Ha HaNperHaTocTTa Ha eneKkTUYECKOTO Nose 3a KOHKPETHU

yecTtoTn B [dBmicroV/m].

KakTo ce Buwxkaa Ha dour. 2, HaN-BUCOKN aMNIMTYAM Ha LUYMOBETE ce HabnogaBaT Ha YecToTu
ot 300+310 MHz, 325 MHz n B gnanasoHa 345+395 MHz. MpodunbT Ha amnnuTyauTe Ha Egp, OT
dwur.3 B gnanasoHa 400 MHz go 1000 MHz nokassa CpaBHUTENHO MO-HUCKWU aMmninTyaun cnpsiMo Egpg
- cbur. 2. Ha yectoTun no-sucoku ot 800 MHz, nanbyeHuTe WyMoBe ca NpeHedbpexnmo Marnku -
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f [MHz]

dur. 5. HanperHaTtocT Ha eneKkTpu4eckoTo none
Ha u3nbyeHUTe paguowymose Eqps Ha BDU
ISU n 3asemeH ekpaH Ha BDU ot 400 go 1000
MHz.
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eNeKTPNYECcKOTO MNosie Ha pagunoLLyMoBeTe A
Eqrs Ha BDU u ISU 1 He3aszeMeHM ekpaHun Ha BDU
n ISU o1 300 go 400 MHz.



— CbW3MEPUMU CbC CODOCTBEHUTE LUYMOBE Ha W3MNON3BaHWA u3mepBaTeneH ypend. WMamepenute
CTOMHOCTU Ha Eqps U Egp, Ha HeekpaHupaHute umdgposn mogynu BDU n ISU ca n3nonssaHu kato
0a30BM 3a HYXOUTE Ha NPOBEAEHOTO U3CneaBaHe.

MpunoxeHn Osixa pasnuyHM cpeacteBa 3a nogTuckaHe Ha EMC mn RFIl, kaTto egHOCNonHM
MHOFOCITOMHN MarHUTHM W HEMarHWTHU €eKpaHu C pPasfnyHU reoMeTpUYHU dopMU N CTPYKTYPU.
NscnepgeaHo 6e BNUAHMETO Ha Pa3CTOSHWETO MeEXOY €ekpaHa WM nnatkaTa, BUABT U MACTOTO Ha
3a3eMsaBaHeTO Ha ekpaHa. [Mo-gony ca obcbaeHn Tpu ekcnepuMeHTa ¢ NAOCKU NOKaNHW, HEMarHUTHU
eKkpaHu, cbuamepummn ¢ pasmepute Ha basosute 6nokose BDU n ISU.

MbpBUAT ekcnepumeHT 6e NpoBeaeH NpU MOHTUPaH 3a3eMeH ekpaH Ha BDU n pesyntatute
OT Hero ca npeacraBeHn Ha ur.4+7. AMnNnuTyante Ha Eqps Ca NokasaHu Ha dur. 4 B AnanasoHa oT
300+400 MHz, a Ha Egps - dur. 5 ot 400+1000 MHz. Ha dur. 6 e npeacraseHa pasnukaTa B
HanperHaTocTTa Ha enekTPU4ecKoTO More Ha M3nbyeHute paguolymose A Eqp; Ha BDU 1 ISU 1

3a3eMeH ekpaH Ha BDU o1 300+400 MHz, kbaeTo :
(1) AEQpl = Esz - EQpl [dBmlcrOV/m]

AHanusbT Ha ¢ur.d un ¢ur.6 nokasa BrnowasaHe Ha napameTpute Ha RFI B yecToTHWS
ananasoH ot 310+330 MHz n ot 360+400 MHz. Nonsm nonoxuTteneH egeKkT e MOHMXKEHNEeTO Ha
AEqp; (dur. 6) B obxsata 300+310 MHz, a oTHOCUTENHO NO-Manbk e To3n B AnanasoHa 330+340MHz.
B ycnoBusita Ha nbpBUAT ekcnepumeHT (cur.3, dwur. 5) B YyecToTHUS gmana3oH 400+1000MHz ce
HabnogaBa M34e3BaHETO Ha HAKOIIKO CMeKTparHy CbCTaBswm Ha Yyectota 560 MHz u B ananasoHnTte
620+730 MHz, koeTo nogobpsiBa obiata kapTvHa Ha RFI n EMI.

Ha dour. 7 e nokasaHa pasnukaTa B HanperHaTtocTTa Ha eneKkTPUYEeCcKOTO Nofe Ha U3NbYeHuTe

paauoltymose A Eqp, Ha BDU 1 ISU npu 3a3emeH ekpaH Ha BDU ot 400 no 1000 MHz, kbaeTo :
(2) AEQPZ = EQp4 - EQpl [dBmlcrOV/m]

Ha c¢wur.7 B guanasoHa ot 400+600 MHz ce 3abensisBa noBuaBaHe Ha amnnuTydarta Ha 5
XapMOHWYHM 4YeCcTOoTH, a B obxBaTa 560+800 MHz noHmxaBaHe B 6 OTAENHN YECTOTH.

BTopuaT ekcnepMMeHT e npoBedeH NpU MOHTUpPaHM ABa 3a3eMeHun ekpaHa Ha BDU u ISU.
Pesyntatute 3a AEqp; Ca NpeActaBeHn Ha dwur.8. CpaBHsABaHETO Ha KpuBUTE, NokasaHu Ha ur.6 u
¢ur.8 Boam Ao n3Boaa, Ye BTOPUAT EKCNEPUMEHT € NO-HeyCneLleH B CpaBHEHME C MbPBUIS.

TpeTuaT ekcnepMMeHT e NpoBedeH NPU MOHTMPaHW ABa He3a3eMeHu ekpaHa Ha BDU u ISU.
Pesyntatute 3a AEqp, ca npeacraBeHn Ha dur.9. AHanu3bT Ha kpusute oT dur.6, dpur.8 n dur.9
u3Bexaa Kato Hau-ycreweH TpeTusi eKCNepuMEHT, 3alloTO B OTHOCUTENHO LWMPOK AuanasoH
330+380MHz e nocturHato Han-goOpo MOATMCKAHE Ha M3NbyeHuTe paguollymMoBe. 3a OTAENHU
4YeCTOTU € MOSTyYEHO CPaBHUTENTHO BUCOKO MOHWXaBaHe B rpaHuunte ot -10 [dBmicroV/m] po -
15 [dBmicroV/m].

3aszeMsBaHETO Ha €eKpaHM KaTo eOMHCTBEH (aKTop M pasfnuMka Mexagy BTOpu U TpeTu
eKCNepuMEHT MOoKasa CbLLEeCTBEHM NPOMEHN B U3MepeHaTa HanperHaToCcT Ha eneKkTpUYecKoTo none
Ha paguolwiymoBeTe. [1poTMBHO Ha OYaKBaHUATA, HE3Aa3EMEHUTE eKpaHU Jagoxa no-gobpu pesynraru.

3aknroyeHue

PernctpupaHn ca CbLECTBEHNM W3MEHEHMst B HabnogaBaHMSI CNEKTbP Ha WM3MepeHuTe
eneKTpoOMarHnuTHU cMmylleHns Eqp npu gobaBsaHe Ha ekpaHn B wuscnegsBaHata WHTENWreHTHa
MMKPOMpPOLIECOPHa CUCTEMa 3a pas3nuyHM paboTHM CbCTOSHUSA. CBBbP3BAHETO WM ronemuHata Ha
€KpaHMTe Ha CbOTBETHUTE MOAYNN, KaKTO M THAXHOTO pasnosfiokXeHue BOoAW LO MNPOTUBOPEYMBU
pesyntatn - cdwur. 6, 7, 8, 9. lNpunoxeHnte meToaM MU CpeacTBa B NPOBELEHOTO u3cnenBaHe
nosuwasat o +11 [dBmicroV/m]. - dour. 8 unu noHnxkasat go -15dB [dBmicroV/m]. - cur. 9 HMBOTO
Ha WU3NbYEHUTE paauMoLlyMOBE, 3a pasnMyHM CbCTOSHMA Ha cuctemata. Heobxogmmo e
AOMbITHUTENHO U3crneaBaHe N ontuMmaaums Ha EMC 1 RFI Ha cucTtemarta npu pabota B KOMnnekca
OT Hay4Ha anapaTtypa Ha 6opaa Ha KocMUYeckuss 00eKT. AHanNU3bT Ha HUBOTO M xapakTtepa Ha EMC n
RFI, nokasa npumnoXmnmocTTa Ha KOHKpeTHaTa CMCTeEMa 3a LieNMTe Ha KOCMUYEeCKOTO NPUBOopPOCTPOEHE.
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Abstract: Now the resolution of VHR satellite images, such as QuickBird images is sufficient to generate
digital orthoimages. Orthorectification is the process of geometrically correcting imagery for significant geometric
inaccuracies which can be caused by topography, camera geometry, and sensor related errors. The output of
orthorectification is a planimetrically true image. There are two approaches for orientation of images: physical
model and non—parametric models. Physical models describe the physical acquisition geometry and are based on
colinearity equations and complanarity equations. Non-parametric sensor models describe the relationship
between the image and the ground coordinates based on the RPC (Rational Polynomial Coefficients), digital
elevation model (DEM) and three-dimension ground control points (3D-GCPs). The orthorectification methods
applied in this study are the following: (1) using the RPC supplied with data only; (2) using the RPC supplied with
data + 2GCPs; and (3) using built RPC from 3D GCPs.

The test field is a flat area covered with single QuickBird, 0.599m resolution, panchromatic standard
ortho-ready Level-2A date 2005-09-06. Mean Off Nadir Viewing Angle = 8.6; and Cloud Cover = 0.029. The
required height information, ground control points (GCPs) and check points (CPs) used in this study are obtained
from digital surface model (DSM) and ground survey.

The objective of this research is to study non-parametric sensor models for orthorectification of
QuickBird imagery to produce orthoimages for the selected study area. In the framework of the investigation,
accuracy evaluation of the planimetric position of the obtained satellite orthoimages is made.

Aims:

1. Using remote sensing data and digital image processing techniques to produce orthoimages
with suitable scale.

2. The results of this study could be useful for future production of orthoimages in similar study
area.

Introduction

Orthorectification is the process of geometrically correcting imagery for significant geometric
inaccuracies which can be caused by topography, camera geometry, and sensor related errors. The
output of orthorectification is a planimetrically true image. The goals of orthorectification images
require very high positional accuracy or uniform scale throughout the image. For example, after
orthorectification it becomes appropriate to measure or precisely locate features in the image, to
collect information for a GIS, or to combine the image with other accurately rectified images for
sophisticated analysis.

In the case of this paper, the input images are very high-resolution satellite images QuickBird
provided with RPC (Rational Polynomial Coefficients) sensor models. Original RPCs provided with
very high-resolution satellite image products are known to contain significant biases, which can be
corrected if GCP data of the image area is available (Grodecki and Dial, 2001; Fraser et al., 2006).

Objectives of the Research Work:

1. To study produced orthoimages from QuickBird 0.599 m resolution, panchromatic standard ortho-
ready Level-2A.

2. To assess the quantitative assessment of produced orthoimages, through calculation of statistics of
the check points.
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Data Sets and Test Site:

The test area is located in Egypt. The test area is covered by QuickBird, 0.599m resolution,
panchromatic standard ortho-ready Level-2A date 2005-09-06. The mean off nadir viewing angle =
8.6 degree, and % cloud cover = 2.9%. The total area=33 km®. The Characteristics of QuickBird
images are :

Sensor Name: QuickBird

Focal Length (mm) = 8836.2

Image Pixel Size x,y (mm) (0.013745, 0.013745)
Mean In Track View Angle = -8.6

Mean Cross Track View Angle = -1.0

DEM Correction = "Base Elevation"; terrain Hae = 21.08;
Image Descriptor = "ORStandard2A";

bandld = "P";

Product Level = "LV2A";

Product Type = "Standard";

bits Per Pixel = 16;

scanDirection = "Forward";

Cat Id ="1010010004807F00";

First Line Time = 2005-09-06T08:55:51.056546Z;
Mean Sun Az = 147 .4,

Mean Sun El = 62.1;

Mean Sat Az = 194.6;

Mean Sat El = 80.5;

Mean Off Nadir View Angle = 8.6;

Cloud Cover = 0.029;

Earliest Acq Time = 2005-09-06T08:56:10.888743Z;
Latest Acq Time = 2005-09-06T08:56:10.888743Z;

Ground Control Points GCPs and Check Points CPs

Ground Control Points (GCPs) and Check Points (CPs) are necessary to orthorectify the satellite
images and to control the orthoimages accuracy, 12 GCPs were collected by using GPS and the
coordinates of 26 CPs extracted from large scale maps 1/2500. A well distributed points over the
territory of Kafr Az-zyat were done.

Digital Surface Model DSM

One input for orthorectification of QuickBird images is the elevation model. The traditional way to
correct image geometry is by using a bare ground model (DTM: digital terrain model). The result of this
kind of rectification is acceptable for small scale application; however, large scale images suffer from
the fact that 3D objects have a lean. 3D objects are not represented geometrically correct because
their height is not taken into account. In case of buildings, displacement of footprints and roofs is
extremely unpleasant when e.g. merging such image data with other geographically correct
information.

A 3D digital surface model DSM were generated from map scale 1/2500 produced from stereo
aerial photos covered the study area by generated the contour lines of these maps with contour
interval 1m and interpolation with a grid-cell of 0.80 meters.

The generated model used consists of both bare land or digital terrain model (DTM) and digital
building (DBM).

Used Map Projection And Datum
Projection: map Projection Name = "UTM"; map Zone = 36 ;Reference Ellipsoid:WGS-84; semi Major
Axis = 6378137.0000; inverse Flattening = 298.257223563;

1 Projection: ETM Datum: Halmart 1906
\Map converted from UTM Datum WGS-84 reference system to ETM Datum: Halmart 1906, by using
Envi software and the seven transformation parameters.
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Methodology

As mentioned before, according to the technical features of QuickBird products, the best choice when
dealing with an accurate orthorectification is to start from the Basic or Standard OrthoReady products.
In this study three different approaches can be used to orthorectify the QuickBird images.

Inputs for generation orthoimages include satellite images, GCPs and/or map and DEM.The
generation of orthoimages is accomplished in three steps, viz. generation of digital elevation
model (DEM) using and GCPs, geometric correction and grid generation in a given map
projection using ground to image mapping, and re-sampling to generate a gray- level image in
a required output (map) resolution. The RPC (Rational Polynomial Coefficients or rapid positioning
coordinates) sensor model can now be used to orthorectify data from QuickBird sensors within ENVI
4.0. The RPC orthorectification process combines several sets of input data to place each pixel in the
correct ground location. In addition to the image to be rectified, the RPC coefficients and some sort of
elevation information are required. Furthermore, the offset between mean sea level and the
gravitational equipotential surface known as the geoid is required so the elevation can be correctly
interpreted. Finally, if the source image does not have approximate geo-location information
available, the rough location of the image on the earth’s surface must be computed to provide a
location base needed for the RPC transformation.

Methods of orthorectification which applied in this study were.

(1) using the RPC supplied with the data only.

(2) using the RPC supplied with the data + 2GCPs

In this case, the RPCs supplied with the data was used followed by transformation using 2 GCPs.

(3) using build RPCs from 3d GCPs only.

In this case, another option was used to build RPCs for any generic pushbroom sensor, scanned
aerial photograph, or digital aerial photograph. Build RPCs function can be done from ground 3d-
control points (GCPs) or from known exterior orientation parameters (XS, YS, ZS, Omega, Phi, and
Kappa). Then, use the Generic RPC to orthorectify the image. In our case we build RPCs function
based 3d ground control points (GCPs) using ENVI software. ENVI software implements a build up
Rational Function Model for orthorectification QuickBird images.

In the present research the accuracy test includes calculations of the discrepancies of X, Y
coordinates for a total group of (26) test points check points CPs located on the orthorectified image
covering the whole test area. These point's X, Y coordinates are compared with the corresponding
ones derived from the existing map 1/2500 which are considered as a reference in this research. In all
the tests the same number of CPs was used for each of the four studied orthorecticiation approaches.

The Digital elevation model used was accurate. This means that the transformation from image pixels
to projected coordinates was obtained based on accurate GCPs in x, y and z.

In any case, when applying the transformation to the whole image, the position of each pixel in the
final rectified imagery is dependent on the accuracy of elevation data.

Results and Analysis

The first result is related to the first method: using the rational polynomial functions
RPCs supplied with the data (no additional GCPs) and the DTM to generate orthorectified
panchromatic image.

The results in terms of RMSE, maximum and minimum residuals errors in x and y direction on 26 CPs
have been summarized in table 1. When applying RPCs supplied with the data (no additional GCPs),
The RMS error and in check points CPs X and Y directions are 1.178m and 0.524m .The total
RMSt is 1.392m. The max. and min. residuals in x direction are 9.227m and 4.378m, in y direction
are 4.712m and 2.384m

Table 1. RMS error maximum and minimum residuals in check points CPs X and Y directions and
the total RMSt using the RPCs supplied with the data

No. of GCPs No of CPs Dx (m) Dy (m) RMS (m) RMSt (m)
0 26 Max 5.227 Max. 4.712 x 3.956 4.875
Min 2.378 Min. 2.384 y 3.956

99



The second sets of results Table 2 are related to the application of the rational polynomial
functions provided with the image data followed by transformation using only two GCPs and
the DTMto generate orthorectified panchromatic image.

When applying RPCs supplied with the data +2 GCPs, the RMS error and in check points CPs X
and Y directions are 0.959m and 0.742m .The total RMStis 1.499m. The max. and min. residuals in
x direction are 3.657m and -0.432m, in y direction are 2.337m and -1.411m

Table 2. RMS error maximum and minimum residuals in check points CPs X and Y directions and the total
RMSt using RPCs supplied with the data+ 2 GCPs.

No. of GCPs No of CPs Dx (m) Dy (m) RMS (m) RMSt (m)
2 26 Max. 3.657 Max. 2.337 x 0.959 1.499
Min.  -0.432 Min. -1.411 y 1.152

The Third sets of results Tables 3 are related to the application of build rational polynomial
functions from user 3d GCPs to generate orthorectified image.

When collecting around 12 GCPs and working with a first order build RPCs from user 3d GCPs only.
The RMS error and in check points CPs X and Y directions are 1.161m and 1.663m.The total RMSt
is 2.028m. The max. and min. residuals in x direction are 2.271m and 2.731m, in y direction are
5.435m and -2.341m

Table 3. RMS error maximum and minimum residuals in check points CPs X and Y directions and the total
RMSt using Build RPCs for any generic pushbroom sensor

No. of GCPs No of CPs Dx (m) Dy (m) RMS (m) RMSt (m)
12 26 Max. 2.271 Max.  5.435 X 1161 2.028
Min. -2.731 Min.  -2.341 Y 1.663

Conclusions

Regarding the assessment of obtained results, the following conclusions can be outlined for
flat terrains area:

1. Generation of orthoimages with high accuracy can be done effectively from Ortho Ready
Standard panchromatic product using non-parametric models that does not require the data
of imaging sensor and orbit elements.The user can also order smaller Ortho Ready Standard
panchromatic scenes which are cheaper instead of full scenes.

2. The RPC (Rational Polynomial Coefficients) non-parametric model are used for orthorectifying
QuickBird imagery of flat terrain with accuracies 4,875m, 1.499m and 2.028m according to
the three methods of orthorectification. These accuracies of the orthorectification meet
theoretically the requirements for orthoimages scale 1:10000, 1:3000 and 1:5000 or smaller.

Recommendations:

=

Re-calculating the results for images that covers hilly terrain.
2. Re-calculating the results using physical model (the rigorous).
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Abstract: There are many available sources of geographic data, such as areal photography, field
surveys and paper maps. For most applications, satellite images are often the best practical way to acquire
usable geographic information due to its characteristics. The key factor for information extraction is the very high
resolution which makes QuickBird panchromatic or pan-sharpened images a very powerful instrument especially
over urban areas where small details can be sensed by the satellite. The information extraction process can be
carried out in an automatic or semi-automatic way by using more or less sophisticated algorithms that take into
account the spectral, geometric, contextual and hierarchical features or simply by visual interpretation. The
information to be extracted depends on the objectives of the analysis. In many cases, the focus is on man-made
features such as roads, buildings and infrastructure. The level of detail of QuickBird data enables the detection of
many features, not only buildings and roads, but also single trees, parking areas, sports facilities, etc.

In this work, we study and evaluate in details the visual interpretation approach which is always the best
way for information extraction for mapping. The result of this research shows that not all objects can be identified
with sufficient accuracy and clearness. There is limitation imposed by the resolution of the satellite image. So,
when the objects are not clear and cannot be identified properly, other sources of information must be used.

Aims:

1. Evaluating the dectabiliy levels of different classes of features from two dimensional
panchromatic QuikBird image using visual interpretation.

2. Providing image interpreters with image interpretation key which help them in their visual
analysis task.

1. Background

Very high resolution space imagery such as IKONOS, QuickBird and EROS is essential for a large
scale mapping; QuickBird is the satellite that offers the most powerful solution for information
extraction and mapping in a wide range of applications. the QuickBird sensor is one of those. It offers
images with a spatial resolution of 0.61 m (panchromatic) and 2.44 m (four multispectral bands).
Feature recognition is very important to GIS users. It is determination of different objects on the
images and classified. These objects are then used to build GIS topology useful for map making and
modeling. Much useful information can be obtained by visual examination of individual image bands.
Here our visual abilities to rapidly assess the shape and size of ground features and their spatial
patterns (texture) play important roles in interpretation One of the most important characteristics of an
image band is its distribution of brightness levels, which is most commonly represented as a
histogram. Increase the interpretability of grayscale images by using the Contrast Enhance- ment
procedure Automatically classification techniques of satellite images is allocating every image pixel
we want to classify, to a certain type of land cover. Several approaches were tested, taking the
spectrally heterogeneous nature of urban areas into account. We emphasize that the approach
presented in this paper is completely dependent on Visual interpretation of object we want to
recognize.

2. Objectives of the Research Work:

Three main objectives related the understanding of Visual interpretation of single QuickBird:
1-To study the visual interpretation from QuickBird 0.599 m resolution, panchromatic standard ortho-
ready Level-2A.
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2-To asses the qualitative analysis of information extracted for large scale mapping.
3- To evaluate the level of dectability of different features classes from two dimensional
panchromatic QuikBird image using visual interpretation.

3. Test Site and Data Sets:

The test area is Kafr Az-zayat region, Egypt. It is a largely urban area that contains buildings, a
network of main roads as will as minor roads and green areas. The terrain varies from4 mup to 10 m
above M.S.L (mean sea level) through the area. The test area is covered by QuickBird, 0.599m
resolution, panchromatic standard ortho-ready Level-2A date 2005-09-06. The total area=33 km®’.
Also, the study area covered with maps scale 1/2500 produced from aerial photos. A well distributed
ground control points (GCPs) and Check Points (CPs) over the territory of Kafr Az-zyat, were
measured.

4. Methodology

The methodology of producing large scale maps from very high resolution satellite images involves

many steps to get the final GIS reedy base map according to the specifications. These steps are:
e Data collection

Pre-processing of satellite images

Enhancement

Developing interpretation key

Vectorization and Editing of Satellite Image Features:

Data revision process

Adding height information.

Quality control, Field revision and verification Accuracy assessment

Evaluating the produced map

In this study we will evaluate the level of dectability of different classes of data available in hand two
dimensional panchromatic QuickBird image. And this evaluating will be done based on an
developing interpretation key. The developing interpretation key will be for QuickBird images and
can help on interpretation of similar study area. The devolved key will used mainly to coordinate the
work of the interpreter, to obtain homogeneous results and to minimize the field work.

Pre-processing of satellite images

The QuickBird image was geometrically corrected with a second order polynomial function,
using the 12 GCPs from GPS measurements . The total RMS error on GCPs and CPs meet map
scale 1:2500.

Enhancement

Image enhancement techniques improve the quality of an image as perceived by a human. There
exists a wide variety of techniques for improving image quality. The contrast stretch, density slicing,
edge enhancement, and spatial filtering are the more commonly used techniques. In our case the
corrected image was clear and no need to make enhancement.

Interpretation Key

The success of an interpretation of remotely sensed images strongly depends on the knowledge
of the interpreters and how this knowledge is used within the interpretation process. The
development of an interpretation key is a prerequisite for a reproducible interpretation of all kind
of remotely sensed images. An interpretation key can be defined as a legend that describes
the object categories and their characteristic features on the images.

First the visual interpretation of geometrically corrected QuickBird images will be done based only on
novice interpreters and experienced interpreters. At the end a comparative study will be done between
the produced maps and the existing maps. Then the developing interpretation key will be done based
mainly on the existing map, field check and will be supported with snapshots for all types of f classes
and subclasses.
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Vectorization and information extraction

Vectorization was done manually on screen based on the developed interpretation key. According to
the required map scale (small, medium and large), the geographic database requirement for GIS
application differ. In this research we study producing large scale base maps for the selected
study area, QuickBird single panchromatic image urban data has been used for generating
1:2500 scale base maps. The requirement information for large scale mapping for GIS applications

are “built-up areas”, “roads”, “railways
built areas”,

"o,

, “water”, tanks, green areas and trees, poles, bridges and “un-

The level of detail of QuickBird data enables the detection of almost features that can be used for
large scale mapping. But not all features can be identified and recognized easy there are levels of
detectability, identification and reorganization. So, we will measure these levels of detectability for the
selected study area.

Data revision process

Revision of map vector data Integration of vector and raster data Image processing Topology editing

Digital contour editing

In our case no need to draw contour lines because it was cultivated area but only needs some spot
heights

Quality control Field revision and verification Accuracy assessment

Field revision_including road names, landmark types and names.. Spot heights must be measure in
case absent of another sources of information.

5. Results

In summary, the results show that:

1. Dbuilt-up areas
All buildings private and government with their categories, residential, educational industrial
hospital, schools, mosque , church and cemetery.
e Residential areas can be identified by the pattern that they make in conjunction with the
roads. Individual houses and other buildings can also be identified as dark and light tones.

2. Roads
All roads with their categories and width dual carriage road, main paved road, secondary paved road,
unpaved road, alley, track, and river-bank)

e All oads are visible due to their shape (straight in many cases) and their generally bright
tone contrasting against the other darker features. Roads with width from 1 t0 4 m not esiy
to identfy.

e track is quite easy to identify because of its characteristic shape.

3. Raillines
All Rail lines with their categories railway single track, railway double track

e In general all railways lines are difficult to identify because it is dark tone contrasting
against the other darker features.

4. Water
All water bodies and All streams (perennial/ephemeral)
e the river is also easy to identify due to its contrasting tone with the surrounding land and
also due to its shape.

5. Tanks
e verhead tanks, surface tanks, wells, etc.

6. Green areas and trees
tress and vegetation cover with categories green areas, grass, swamp trees (palm trees , orchard tree
, other types of trees), bush
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7. Poles
Poles of Electric power line and Radio transmission antenna, Telecommunication network
o all poles are difficult to identify

8. Bridge
e Bridges are identifiable based on their shape, tone, and association with the river - they cross
it.

9. un-built areas (Terrain elevation)
e |tis impossible to identify the terrain elevation by a single scene (without a stereo-pair).

The results shows that the possibility of Recognition of man-made features of several classes of
objects with dectabiliy classification rates higher than 80%. This means that we have in this case
study 20% defect of the produced mps cut must be covered from another sources of information.

6. Solutions:

To product complete map from mono QickBird images according to the Egyptian specifications we
must used alternative methods or solutions to complete the rest of requirements which in our case
represent 20%. The sources of information which can be used.

- Data from the cadastral information (old maps)..

- Field survey

Observations of confused objects and to add contours lines and spot heights by traditional survey
techniques..

- Field checks to get all the interoperated items and names of targets.

7. Conclusions:

The following conclusions can be outlined:

B From single QuickBird panchromatic satellite imagery. The dectabiliy rates higher than 80%
of man-made features.

B Using additional data from different sources and from field surveying is essential to complete
all elements of the produced maps.

B The developed interpretation key is only valid for a geographic region with similar land cover
units and for similar images within this area. The key has to be adapted for other regions and
other types of images.
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Abstract: The report presents a concept model for establishment of a scientific-information complex with
thematically distributed satellite and subsatellite data base for the aerospace test sites on the territory of the
republic of Bulgaria. The subject matter of the scientific-information complex will be: establishment, development,
training, collection of thematically oriented data and transfer of techniques, instrumentation and technologies for
remote sensing and monitoring of the environment, unfavourable and hazardous natural and anthropogenic
processes and phenomena. The scientific-information complex will be used as a system, providing easy access to
the data, their quick visualization, processing and analysis. It will support the scientific-research activity of the
scientists from the BAS institutes working in the field of earth sciences and the Centre for Aerospace Monitoring
at the Ministry of Emergency Situations. The complex will be also used to improve the training provided to Master
and Post-Graduate Students in the field of Remote Sensing of the Earth.

Introduction

In the beginning of the 70-ies, under the Intercosmos Programme, a network of aerospace test
sites was established for conductance of international quasi-synchronous sub-satellite experiments.
Seven test sites were fixed for Bulgaria: Pleven, Shoumen, Rila, Plovdiv, East Rhodopes, Pchelina
and Novi Iskur. The conductance of the experiments on the Bulgarian side was assigned to the SRI-
BAS. As a result of more than 80 conducted experiments, a great stock of aerial photos and satellite
images was accumulated. To make them adequate for use by modern geoinformation technology
means, they should be entered in a thematically distributed data base. This database will be
supplemented with the agrometeorological information available on the NIMH-BAS network as well as
with new satellite photos.

The development of civilization is accompanied by the increasingly topical problem of
forecasting the scale of expected changes of the environment and the changes of man-inhabited
environment related with them. Satellite information has become a major source in studying and
observation of the Earth’s surface. It is preferred in the composition of topical spatial data bases,
servicing a given geographic-information system (GIS). In this context, satellite images are a major
information source for a number of branch and complex studies.

One of the priority lines of the 7" EU Framework Programme is the establishment of GMES
(Global Monitoring for the Environment and Security). The adequate participation of Bulgarian
scientists in it requires updating the information about the test sites on the territory of the Republic of
Bulgaria, bringing it in compliance with the modern substantially new development stage of remote
sensing of the earth technologies. For the purpose, a scientific-information complex should be
established, with thematically distributed satellite and subsatellite data base for the aerospace test
sites on the territory of the Republic of Bulgaria.

The study is implemented within the framework of the contracts: Establishment of a Scientific-Information Complex for
Aerospace Polygons on the Territory of Republic of Bulgaria. Contract N-HUK-003/07 between the SRI-BAS and the
Scientific Research Fund at the Ministry of Education and Science, 2007 — 2008.
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The subject matter of the scientific-information complex will be: establishment, development,
training, collection of thematically oriented data and transfer of techniques, instrumentation and
technologies for remote sensing and monitoring of the environment, unfavourable and hazardous
natural and anthropogenic processes and phenomena.

Establishment of scientific-information complex

Such scientific-information complexes are not produced; they are unique in their essence,
since they characterize particular physical and geographical conditions, which are specific for the
various regions of the world.

Aerospace test sites (ASTSs) are specially selected territories, which are well-studied and
equipped for the conductance of synchronous and quasi-synchronous observations and
measurements, followed by data analysis and transfer to the scientific-information complex. The need
of such centres became apparent and their establishment started in the middle of the 60s of the 20"
century, when receiving of remotely sensed data started on a regular basis.

Subsatellite experiments are carried out on the territory of these test sites, which develop
along three basic lines:

- Calibration of the characteristics of on-board (air-borne and satellite) equipment and
elaboration of a formation model for the spectral characteristics of the individual types of land cover
and their condition.

- Verification of the results from the interpretation of the obtained space information. The
ASTSs play the role of “deciphering references” in studying the environment.

- Providing an information source for the solution of self-contained scientific and application
problems, related with environment monltormg

In the beginning of the 70s of the 20", on the territory of the member-states of the Intercosmos
Programme, a network of aerospace test S|tes was established, where multiple international quasi-
synchronous subsatellite experiments were carried out (Koursk, Gobi-Hangay, Caribe, Telegeo, Tyan-
Shan and more). In 1973, at an engineering consultation between the representatives of the geodetic
agencies of Russia and Bulgaria under the Intercosmos Programme, 5 test sites were fixed (Fig.1):
Pleven, Shoumen, Rila, Plovdiv, and East Rhodopes [1, 2]. On the Bulgarian side, their organization
was assigned to the Central Laboratory for Space Research, now named Space Research Institute, at
the Bulgarian Academy of Sciences (BAS). Later, they were supplemented by two more — Pchelina
Dam and Novi Iskur.
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The test sites in North Bulgaria are intended for remote sensing, mainly in the field of
agriculture, prospecting of ores and minerals, such as oil-gas depositions and monitoring the
anthropogenic changes of the environment. The test sites in South Bulgaria are targeted at the
development of ore prospecting methods, study of seismo-tectonic phenomena, exploration of a
number of neotectonic morphostructures and faults.

On the Plovdiv test site, a number of methodical issues were clarified, related with recognition
and mapping of various soil types and soil salination, mapping of land cover dynamics using aerial
photos and satellite images. The Pchelina Dam test site was introduced in 1987 in relation with the
implementation of the Home Water Catchments Project under the Intercosmos Programme. The Novi
Iskur test site is a new one, established in 2005 with the financial support of the Scientific Research
Fund at the Ministry of Education and Science (Contract N0.1507). On its territory, studies aiming to
improve the methods of landscape-ecological planning using remote sensing are carried out. About 80
experiments [3] were conducted, in which, apart from the specialists of the Remote Sensing of the
Earth Department (CLSR, SRI) there participated as well specialists from the N. Poushkarov Institute
of Soil Studies and Yield Forecasting (ISSYF), the National Institute of Meteorology and Hydrology
(NIMH), the Institute of Botany with Botanical Garden (IBBG), the Institute of Geography (IG) and the
Institute of Ecology (IE) at the BAS, the Ministry of Environment and Water (MEW), the Chief
Administration in Geodesy, Cartography and Cadastre (CAGCC), Military Topographic Service (MTS)
and more. During these experiments, a large stock of images, spectrometric, radiometric and ground-
based data was collected. The greater part of the performed studies and measurements were of
identical nature, which makes it possible to compare and juxtapose the collected information. A great
part of them are negatives, photos and magnetic tapes. To make them adequate for use by modern
geoinformation technology means, they should be subject to additional processing (digitizing or
transfer to CD/DVD medium) and entered in a thematically distributed data base.

The thematically distributed database will be supplemented with parallel information for
terrestrial objects to provide for more precise interpretation of remote sensing data measurements.

The solition of a great number of tasks requires before all processing of a large amount of
experimental meteorological and agrometeorological observation material. Some of the greater district
centres have taken into account the observations of two or three climatic or agroclimatic stations.
Thus, the test site territory is covered by 24 stations of the paytoll and volintary n go6posonHa climatic
and agroclimatic network of the NIHM-BAS. The stations’ location is chosen in such a way as to
comply as much as possible to the test sites subject to satellite or subsatellite experiments.

The distance between the observation points ensures correctness and representativeness of
the measured elements’ field, related with the meteorological and phenological elements and their
derived features.

The technological diagram for the information’s organization in catalogues and archives during
the composition of the thematically distributed satellite and subsatellite data base is shown in Fig. 2.

The major purpose of the database is to create an electronic catalogue of the aerial and
satellite image archive available at the SRI-BAS, with the accompanying agrometeorological
information, available on the network of the NIMH-BAS for the respective data for which images of the
test sites were taken. It will systematize and facilitate the search and use of this archive.

A major requirement for the data base is to store in the long run a great amount of satellite and
aerial images, agroclimatic data massifs, as well as the results from their joint processing. It will be
open for functional extension and supplementing with new data.

According to the set up task, the most appropriate model for the data base is the relational
model. This model features a table structure, the rows (objects) are records of some object
information, and the columns are the object characteristics (attributes). The data indexing will
substantially reduce data search and data request times.

Digital images in various file formats will be input in the data base. In order to be input in the
data base, the aerial and satellite photos and negatives will have to undergo additional processing —
digitizing and transfer to CD/DVD/external storage device. For the purpose, the analogue space
images have been digitized by scanning.

Construction of a data base

In the first stage, the database type and structure were chosen, and in the next stage, the
clients’ programs were coded. On analyzing the various types of data bases, the "PostgreSQL" was
chosen.

Several types of fields are used (Fig. 3, 4.).

1. Fields describing the image source — to be used in clients’ search programs:
»  Satellite or aerial images;
» Type of satellite, sensor and aero-photo camera
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Fig.3. Types of fields used in constructing the data base

LANDSAT,
SPOT,
TERRA,
AQUA,
IKONOS,
MKF-6,

o Wild RC10;

O O0OO0OO0OO0O0

»  Spectral information.
2. Fields describing the image parameters — to be used depending on the set up task:

>
>
>
>

VVVY

3. Descr

Test sire;
Coordinates;
Acquisition date;
Source

O scannetr,

0 image,

0 vector data,

o0 GPS points,

O raster maps;
Spatial resolution;
Processing level;
Image number;
Quality in %.

iption and location of archive — to find the image and the accompanying

meteorological and agroclimatic data: meteo data, agroclimatic data, phonological information, file
archive name, reduced image for quick visualization (preview) to serve the clients’ programs (Fig. 5).

4. Notes
characteristics.

and comments on type and quality — to facilitate the archive’s review: sensor
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Fig. 5. Reduced quick visualization (preview)
image: (a) satellite; (b) aerial.

(&)

()

To speed up the access to some database fields, 6 primary codes are used.

Conclusions

The research-information complex will operate as:

¢ Information-reference system providing easy access to the data stored in the data base
and their quick visualization;

e Information-reference system providing both reference functions, as well as data
processing and analyzing options to produce essentially new information on environmental state and
change;

¢ Information-modelling system for evaluation of the impact of natural and anthropogenic
factors on man-inhabited environment;

e Information system assisting the scientific-research activity in the institutes of the BAS
working in the field of earth sciences and Aerospace Monitoring Centre at the Ministry of Emergency
Situations. The Complex will be used as well to improve the training given to Master and Post-
Graduate Students.
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Abstract: Satellite remote sensing has become increasingly important to snow hydrologists because the
data provide information on the spatial distribution of parameters of hydrologic importance and the possibility for
this data to be incorporated into runoff forecasting and management systems.

There are many remote sensing instruments applicable for snow detection and monitoring - the selection
of the appropriate sensor depends on the specific aims and goals, as well as on the compromise between spatial
and temporal resolution.

This report presents the results obtained for snow cover monitoring and snow melting processes on the
territory of Bulgaria for the winter season 2007-2008, using AVHRR and MODIS data. Satellite images and data
products, as well as meteorological forecast and ground-based data are used for snow cover depth. An attempt
for using these data for flood hazards is done.

Snow AVHRR NDSI indexes for automated snow mapping procedure are created and proposed.

1. Theoretical Background

The main data and underlying information used may be summarized in: optical properties and
spectral reflectance of snow; NOAA AVHRR and MODIS images — between 5 and 10 images per
twenty-four hours; ground data for snow cover depth and meteorological forecast. Below, in very
shortly is presented the theoretical background for remote sensing of snow

1.1. Optical Properties of Ice and Water

Snow is a collection of ice grains and air, and, when at 0 degrees C, it also has a significant
fraction of liquid water. Snow also often includes particulate and chemical impurities - dust, soot,
pollen and other plant material, and small amounts of the major cations and anions. Thus the optical
properties of snow depend on the bulk optical properties and the geometry of the ice grains, the liquid
water inclusions, and the solid and soluble impurities. (Dozier,1989)

In the visible and near-infrared wavelengths the optical properties of ice and water are very
similar, so the reflectance and transmittance of the snowpack in this region of the electromagnetic
spectrum depend on the wavelength variation of the refractive index of ice, the grain size distribution
of the snow, the depth and density of the snowpack, and the size and amount of those impurities
whose refractive indices are substantially different from those of ice and water. The reflectance of wet
snow in the near-infrared is lower than that of dry snow, but mainly because of microstructural
changes caused by the water, except in some narrow spectral regions where the optical properties of
water are different than those of ice. Similarly, the reflectance and transmittance of clouds depend on
the geometric thickness, the number density of the droplets, and their size distribution. (Dozier,1989)

The most important optical property of ice and water, which causes spectral variation in the
reflectance of snow and clouds in visible and nearinfrared wavelengths, is that the absorption
coefficient (i.e., the imaginary part of the refractive index) varies by 7 orders of magnitude in the
wavelengths from 0.4 to 2.5 btm. (Dozier,1989)

Ice is very weakly absorptive in the visible (minimum absorption at 0.46 micrometer) but has
strong absorption bands in the near infrared (near IR). The near-IR solar irradiance thus plays an
important role in snowmelt and in the energy balance at a snow surface. The near-IR albedo is very
sensitive to snow grain size and moderately sensitive to solar zenith angle (Warren at all, 1982). The
visible albedo (for pure snow) is not sensitive to these parameters. Grain size normally increases as
the snow ages, causing a reduction in albedo. If the grain increases as a function of depth, the albedo
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may suffer more reduction in the visible or in the near IR, depending on the rate of grain size increase.
The presence of liquid water has little effect per se on snow optical properties in the solar spectrum, in
contrast to its enormous effect on microwave emissivity. Snow albedo increases at all wavelengths as
the solar zenith angle (fig.1 and 2).

Cloud cover affects snow albedo both by converting direct radiation into diffuse radiation and
also by altering the spectral distribution of the radiation. (Warren at all, 1982)

Fig. 1. Left - albedo dependence of the sun zenith angle and snow depth (channel 1, NOAA, 26.01.2008, 10:42 h)
Fig. 2. Right - albedo dependence of the sun zenith angle and snow depth (channel 1, NOAA, 26.01.2008, 13:15
h)

1.2. Spectral Reflectance of Snow

In the visible wavelengths ice is highly transparent, so the albedo of snow is sensitive to small

amounts of absorbing impurities. In the near-infrared wavelengths ice is more absorptive, so the
albedo depends primarily on grain size (Dozier, 1989)
Because snowl/ice is so transparent in the visible wavelengths, increasing the grain size does not
appreciably affect the reflectance. The probability that a photon will be absorbed, once it enters an ice
grain, is small, and that probability is not increased very much if the ice grain is larger. (Dozier,1989) In
the near-infrared, however, ice is moderately absorptive. Therefore, the reflectance is sensitive to
grain size, and the sensitivity is greatest at wavelengths from 1.0 to 1.3 ym. Because the ice grains
are strongly forward-scattering in the near-infrared, reflectance increases with illumination angle,
especially for larger grains (Dozier, 1989).

Because the complex indices of refraction of ice and water are similar, liquid water per se has
little effect on the reflectance of snow. Except where meltwater ponds in depressions when melting
snow overlies an impermeable substrate, or when rain falls on fine-grained snow. The decreases in
reflectance that occur as snow melts result from the effective size-increase caused by the grain
clusters that form in wet, unsaturated snow. These apparently behave optically as single grains.
(Dozier,1989)

Although the reflectance in the visible wavelengths is insensitive to grain size, it is affected by
two variables, finite depth and the presence of absorbing impurities (figl, 2 and 3).

In the 8-14 ym region of the spectrum snow emissivity decreases with both increasing particle
size and increasing density due to packing or grain welding; while snow emissivity increases due to
the presence of meltwater (Salisbury, et al., 1994). It is obvious that snow has lower temperature in
infrared part of electromagnetic spectrum in comparison with surroundings (fig.10 and 11).

Water, ice, and snow generally have a high emissivity in 0.86 to 0.99 um, across the thermal
infrared region. Snow emissivity is in the range 0.9- 1.00 for all grain sizes and viewing angles.
However, there is a conflict between the published theories of the emissivity of snow. Moreover,
accompanying measurements show a decrease in emissivity in the presence of liquid water (Dozier
and Painter, 2004).

Snow is unusual in that it has a high reflectance in the visible region (where most of the
downwelling energy is during the day) very high in NIR and very low emissity in region around 3-5 ym.
(fig.6). The near-IR albedo is sensitive to grain size and zenith angle; the visible albedo is sensitive to
snow depth and impurities observed 30% differences in between clean and dusty snow. (Dozier and
Painter, 2004; Hall et al., 1995). In additional, albedo in VIS is much higher then albedo in NIR at the
same solar zenith angel (fig. 3 and 4). The albedo is dependent on snow cleanness and presence of
different impurities and increase with increasing the depth and purity of snow. (fig.3,4).
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Fig. 3. Left -NOAA channel 1 albedo product; 21.01.2008, 10:58 h 0.58 - 0.68 ym
Fig. 4. Right - NOAA channel 2 albedo product ; 21.01.2008, 10:58 h 0.725 - 1.10 ym
Albedo in channel 1 (VIS) is much higher then albedo in channel 2 (NIR)

2. Primary results from monitoring of snow cover and snow melting processes using
NOAA AVHRR (and MODIS) data

2.1. Distinguish between snow and cloud cover

In visible satellite images, clouds can usually be distinguished from snow by texture, but there
is a many cases when distinguish between snow and clouds may be difficult and inaccurately. In the
thermal wavelengths clouds may be either warmer or colder than the snow surface, but in most cases
the snow and clouds have the same spectral characteristic. (fig. 9 and 10)

As is stated above, the snow has very low albedo (emissity), (around 0-6 %) in region around
3-4 um, as the albedo decrease with increasing of snow depth (fig.6,8). The differences in albedo
values between snow and cloud can be reached over 40 — 50 % (fig.6) In this region of
electromagnetic spectrum, snow and clouds have different spectral signatures and consequently this
wavelengths can be used for of snow and cloud cover distinguish.

Temperature,
plane ['C)

Fig. 5. Left - NOAA channel 3 temperature product, 30.01.2008, 10:50 h
Fig. 6. Right - NOAA image channel 3 albedo product, 30.01.2008, 10:50 h

Fig. 7. Left - NOAA image, channel 1 and 3, 30.01.2008,10:50 h
Fig. 8. Right - NOAA image, channel 3, 30.01.2008,10:50 h
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Fig. 9. Left - NOAA channel 4 temperature product, 30.01.2008, 10:50 h
Fig. 10. Right - NOAA channel 5, temperature pproduct, 30.01.2008, 10:50 h

2.2. Monitoring of snow cover and snow melting processes using remote sensing data
and Normalized Difference Snow Index (NDSI)

Satellite image from NOAA AVHRR and MODIS are used for monitoring of snow cover and
snow melting processes. Snow and clouds distinguish is done taking into consideration physical and
spectral characteristics of ice (snow) and clouds.

For our purpose image products such as albedo, brightness temperature, density slice, NDSI
ect. from NOAA AVHRR data are created.

Density slicing is a digital data interpretation method (image enhancement procedure), based
on combining digital data (DNs) of different values within a specified range or interval into a single
value. The density slice (also called "level slice”) method works best on single band images (fig.13).
The objective of density slicing is to deduce the number of grey scales in an image be redistributing
the levels into given number of specified slices to facilitate visualization of features in the image
(Cracknell at al, 1993).

A suite of normalized band differences for mapping snow (with Landsat TM band) are
presented in Dozier (1989). The current scheme in NASA’s Earth Observing System (EOS) applies
this method to the MODIS (Moderate-Resolution Imaging Spectrometer) instrument for its standard
snow map product (Hall et al. 1995, 2002). The NDSI helps distinguish snow from similarly bright soil,
rock and cloud (Dozier, 1989 ). This has been shown to be an effective index for mapping snow cover
in rugged terrain (Hall et al, 1995 ).

A normalized difference snow index (NDSI) is calculated from reflectance in bands at
wavelengths where snow is bright (AVHRR band 1) and where it is dark (AVHRR band 3):

(1) NDSI = AVHRR bandl — AVHRR band3 / AVHRR bandl + AVHRR band3
For our purpose, the other NDSI products are proposed:

(2) NDSI = AVHRR band2 — AVHRR band3 / AVHRR band2 + AVHRR band3
(3) NDSI = AVHRR band2 + AVHRR band3 / AVHRR band2 - AVHRR band3

(4) NDSI=AVHRR bandl + AVHRR band3 / AVHRR bandl - AVHRR band3

Fig. 11. Left - NOAA HRPT, 30.01.2008, 10:50:25 (GMT + 2:00), NDSI product (Channel 2 and 3)
A pixel is mapped as snowcovered when NSDI>0, formula (2).

Fig. 12. Right - NOAA HRPT, 30.01.2008, 10:50:25 (GMT + 2:00), NDSI product (Channel 1 and 3)
A pixel is mapped as snowcovered when NSDI>0.9, formula (4).

In additional, for satellite images analysis and interpretation are used image processing

functions, such as image enhancement with different enhancement profiles. Such products and image
processing functions are used for snowpack monitoring and mapping and determination of areas with
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snow melting processes and the areas with snow cover that is expected to hold longer. For
visualization and better interpretation satellite images and products are integrated and GIS.

Image processing, interpretation and analyses shows that the areas covered with snow that is
going to melt first are characterized in low albedo, higher temperature in the thermal region and low
density slice. And vice versa, snow cover that is going to hold for a longer period of time is
characterized with high albedo, high values of density slice, and lower brightness temperature.

It has to be noted that highest mountain region is not taken into consideration (in analysis),
because it is obliviously that snow in these areas will melt in late springtime.The snow pack in the high
mountain region is characterized with high albedo ( in VIS and NIR ), high density slice and very low
temperate in thermal region (in comparison with surroundings ), because of elevation, purity and
depth.

The preliminary results obtained from snow cover monitoring and snow melting processes
(after image interpretation and analysis) are presented on fig.13. On the image are shown areas with
snow that going to melt first and the areas that is going to hold for a longer period of time.

Further down are shown a few chosen images for the period from 26.01.2008 to 25.02.2008.
The snow melting process is presented on the figures 13,14,15, and 16.

Fig. 13. Left - Channel 2 NOAA density slice product. 26.01.2008 13:15 h. The snow that going to melt first if
framed in red rectangular, and the one that is going to hold for a longer period of time is circled in
black ellipses. White circle shows the snow in the highest mountain areas

Fig. 14. Right - Snow cover on the territory on the country , 20.02.2008. MODIS image from USDA integrated
in GIS. (http://www.pecad.fas.usda.gov)

Fig. 15. Snow cover on the territory on the country, 22.02.2008. Image from USDA integrated in GIS
(http://iwww.pecad.fas.usda.gov)
Fig. 16. Snow cover , 25.02.2008, NDSI product, NOAA image

2.3. Snow Water Equivalent

Snow Water Equivalent (SWE) is a measurement of the amount of water contained in snow
pack. Snow Water Equivalent (SWE) is the product of snow depth and snow density.
(5) SWE (m) = snow depth (m) x snow density (kg/m®) / water density (kg/m®)
A satellite and variety of surface-based methods can be used to measure SWE, but because
of the small penetration distance of light in the wavelengths where the absorption coefficients of ice
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and water differ, any information about liquid water in snow from multyspectral data is restricted to the
near-surface layer (Shi, 1995).

Because of lack of data about snow density, for our purpose the theoretical is used. It can be
seen because of small depth (fig. 17) and low SWE there is no floods hazard caused by snowmelt for
existing environmental conditions. (Springtime floods with long duration in Danube river region caused
by high flows in Danube catchment is not under consideration)

Attention has to be paid to south and south-western part of Bulgaria - here are located the
highest mountain in Bulgaria with snow cover in the highest mountain regions between one and two
meters.

Fig. 17. Snows cover depth on 03/04.02.2008

Conclusion

The results obtained for snow cover monitoring and snow melting processes using AVHRR
and MODIS data are presented. Satellite images, data products, meteorological forecast and ground
data are used, as well as different techniques for image analysis and interpretation. An attempt for
using the results for flood hazards is done. A snow AVHRR NDSI indexes for automated snow
mapping procedure are created and proposed. There is a good correlation of primary results obtained
and actual environmental condition. The accurate results require satellite data to be combined with
weather forecast and hydro-meteorological ground data.
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Pe3rome: B nybnukayusima e npedcmaseH onum 0a ce cb3dade arneopumbM 3a mpaHcgopmupaHe Ha
wupoko docmbriHama uHgopmayus om CORINE landcover 3a uenume Ha KapmozpaghupaHemo Ha
cbepemeHHume naHOwagpmu. Cb3dadeHa e mabnuya, 4Ype3 KOAMO Kracoeeme 3eMHO [oKpumue ce
npeobpasysam & cmerneHu Ha aHmporogeHu3ayus Ha naHowagpmume. Macmomo Ha HAKOU Kriacose 8ce owe e
OUCKYCUOHHO.

USING CORINE LAND COVER CLASSES TO ESTIMATE AND MAP
THE DEGREE OF HUMAN TRANSFORMATION OF LANDSCAPES

Alexander Gikov

Space Research Institute — Bulgarian Academy of Sciences
e-mail: gikov@abv.bg

Key words: contemporary landscapes, CORINE landcover

Abstract: An attempt to create an algorithm for transformation of CORINE landcover information for the
purposes of contemporary landscape mapping is presented. A table for conversion of the CORINE landcover
classes into degree of human impact of natural landscapes is created. The exact spot of some classes is still
guestionable.

BbBeneHune

BbnpochT 3a aHTrponoreHHUTe TpaHcdopmaluu B naHawadTute e muscnensaH B peauua
paboTn Ha pasnuYHn aBTOpMW, Cb3AaAEHU cCa MHOXeCTBO knacudukaumm (Munbkos, 1973, 1978;
NcaueHko, 1974; Ykneba, 1983; Axkywko u ap., 1983). Korato roBopum 3a aHTpomnoreHmsauus Ha
naHgwadpTnte TpabBa Oa ce 3Hae, 4Ye pPasNUYHUTE KOMMOHEHTW Ha naHawadTta nputexasar
pasnuMyHa YCTOMYMBOCT Ha npomMeHn. Cnopen eMnUPUYHO-TEHETUYHUS ped Ha MaTtepuanHute
reokoMnoHeHTn Ha npodpecop H. A. ConHuer (1960) Hal-yCTOMUMBUAT U HaW-Manko noaatnune Ha
MPOMEHN TEeOKOMMOHEHT € cKanmHata ocHoBa (dwr.l). [Mo-HaTaTbk EeMNUPUYHO-TEHETUYHUS peq
npoabikaBa No CnegHusa HauvH: Bb34yX, BoAa, pacteHust n xmoTHW. MNpod. Metpoe (1990) nobass
Ha NocnegHo MACTO nodBeHaTa NMokpueka. Bb3 OCHOBa Ha MOCOYEHUs pen MOXe fa Ce Kaxe, ve npu
B3aumogencTeudaTa B naHgwadtHaTa cdepa Han-cnabo BAMSHWE U3NWUTBA JIMTOrEHHUAT KOMMOHEHT,
a Haun-curnHo no4seHuAT. CnegoBaTenHO aHTPOMOreHHNTE NPOMEHN MOXeE [ia Ce O4aKBaT rMaBHO KaTo
U3MEHeHne B KOMMOHEHTUTE OT AsICHaTa YacT Ha TO3u pef v Mno-psaako TpaHcdopmauunte 3acarat
KOMMOHEHTUTE OT ngBaTa 4acT. Ta3n 3aKOHOMEPHOCT MOXe [a Ce M3MNon3Ba 3a usrpaxgaHe Ha
rpagaunoHHa ckana Ha cTeneHTa Ha aHTPOMOreHHU NPOMEHN.

3a pa ce kapTorpachmpaT Te3u NpoMeHW e Heobxoaumo [a MMa HadeXOeH M3TOYHWK Ha
npocTpaHcTBeHa MHdopmauud. KakBu M3TOYHUUM Ha TakaBa MHGopMaLmsa cbliuecTByBaT? Ha nbpso
MSICTO TOBa ca TpaguuUOHHUTE Tonorpadpckm kaptu. Ha Tax ca n3obpaseHn ropckite ninowm, HUBuTe,
nacuvwiarta, nusaguTe, cenuvuiaTa n T.H. Tasn nHdopmarmsa npeacrasnssa popma Ha 3eMenor3BaHe u
MOXe [a MOCMNY>XW 3a OLeHKa Ha aHTpornoreHHata TpaHcopmMaunus Ha ecTecTBeHUs (MoTeHuuarneH)
nangwadT. YecTto nHdopMaumaTa oT KapTUTe € ocTapsna 1 He e akTyarnHa.
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CamoneTHWUTe 1 caTeNUTHU CHUMKUTE OTpa3sBaT MOMEHTHOTO CbCTOSIHUE Ha NanawadTiTe B
OafeHa TepuTopust U No Tasu MpUYMHA Te ce SBSBaT OTMMYEH M3TOYHUK Ha akTyarHa, HO cypoBa
WHpopmauma. 3a ga ce oTpasu Tasm nHdopMaumsi Ha kapTa T9 TpsioBa NbpBo Aa 6bae nsBneyeHa
ypes gewmndgpupaHe. To3u npouec 06MKHOBEHO € TPYAOEMBK 1 ako TEPUTOPUSTa € C ronsiM obxeat e
Heob6Xxo04MMO MHOIo Bpeme.

cKkanu |:> Bb3OyX |:> BoAa IZN pacTeHus |:> XXUBOTHU |:> rnoysa

®ur.1. EMOMpUYHO-reHeTuYeH pe Ha MaTepuanHuTe reokOMNOHEeHTH Ha naHawadrTa.
(no H.A.ConHues [1960] v N.MeTpos [1990])

EpHa oT uenute Ha naHesponenckusa npoekt CORINE Landcover e ocurypsiBaHe Ha akTyarnHa
WHopmaunsa 3a 3eMHOTO nokputme. Mo Tasm npuynHa gaHHUTE 3a CNos CbC 3€MHOTO NOKpUTME Cce
o6HOBsIBa pedoBHO. Te3n gaHHM ca LWMPOKO OOCTBMNHM M Buxa MOrnM ga nocnyxart 3a U3roTBsHe Ha
KapTW Ha CbBPEMEHHUTE naHawadTV UM Ha CTeNeHTa Ha aHTponoreHusauma. Mo npuHuun cnogart
CbC 3€MHOTO MOKPUTME HE CbAbpXXa AUPEKTHO MHAOpMaUUsA 3a aHTPOMoreHuM3auusTa, HO ako ce
NpUnoXu onpegeneHa cxema, Takaea MHopmaunus 61 morna aa ce usBrede oT 3eMHOTO MOKpPUTHE.

Llen Ha goknaga e oa ce npeactaBu anropuTbM, C KOUTO MOXE [a ce u3sneyve nHgopmMaums
3a aHTponoreHHuTe TpaHcopmaumm Ha naHawadgTMTe OT CroeBeTe N KapTUTe 3a 3EMHOTO NOKpUTUE,
nsnonsealn HomeHknatypata Ha CORINE landcover.

MbpBoOHayanHo we O6bae pasrnegaH OMpPOCTEHUMA CryYaW, NPU KOWTO BCUYKM CbBPEMEHHM
naHawadT ca pasnonoXeHn B eAvH NaHawadTeH Mnosic, B KOUTO ecTecTBeHaTa pacTUTENHOCT e
ropcka.

Korato ce pabotu B eguH naHgwadTeH MOSIC, YMATO eCTeCcTBeHa pacTUTENHOCT € ropcka
cxemaTa 3a ornpefensiHe Ha CTeneHTa Ha aHTponoreHusauusa e no-npocra. Msxoxaa ce ot dakra, ye
3a ecTecTBeH naHawadT ce cuMTa TakbB C TUMMYHATA 3a 30HaTa ropcka pacTuTenHocT. Hanpuwvep B
OykoBusA nosic naHgwadTute ¢ OGykoBM ropu ce npuvemart 3a ecTecTBeHM unu cnabo n3MeHeHu
nangwadTn. Tyk ce BKMOYBAT U U3ABHKOBUTE ropw, 3aLlloTO 3a NPOoM3Xo4a Ha ropuTe He MoxXe da ce
nony4n nHpopmMaLmsa oT 3eMHOTO MOKpUTME, a U OBUKHOBEHO M3ObLHKOBUTE FrOpU ca MU3rpageHu ot
30HanHua egncukaTop. Konkoto no-ronemu ca uU3MeHeHudaTa crnpsMo MnoTeHuManHusa naHgwadrT,
TONKOBA aHTPOMNOreHM3aLumsaTa ce cynTa 3a no-cusnHa.

KbM ecTtecTBeHMTe naHpwadTv Tpsibea oa ce o6aBAT U ronvTe ckanu, BbNPeKU Ye NnoHsKora
Te MOXe [a ca TakvMBa BCeAcTBME Ha aHTponoreHHa Hameca. 3a BCUYKM ocTaHanu 6u Tpsibeano ga
Ce cuuTa, Ye ca NOBMUSIHWU B pa3fiMyHa CTeneH OT YoBeLlKaTa JeNHOCT.

OueHKa Ha aHTponoreHusauusdTa B Pasnoxkarta KOTnoBMHa

Cxemarta 3a ouLeHKa Ha CTeneHTa Ha aHTpOonoreHmnsaumst Ha naHgwadpTnTe Ypes n3non3BaHe
Ha CNnov CbC 3EMHOTO MOKPUTUE, CbCTaBeH Mo knacudwukaumsata Ha CORINE landcover Gewe
npunoXxeHa 3a NbpBU NbT 3a TepuTopuaTa Ha PasnoxkaTa KOTNOBMHA BbB Bpb3Ka C peanuanpaHe Ha
3agaynTe MO NPOEKT 3a KOMMIEKCHU U3cneaBaHust B 4acT OT GacenHa Ha p.MecTa, dpmHaHCcupaH oT
doHa HW (goroBop MY H3-1202). TepuTopuaTa 3aema JofnHaTa 4YacT Ha nosica Ha yMepeHuTe
XYMUOHU U TONNW YMEPEHU CceMUXymMuaHu naHawadTtn. Tosum Tvn naHawadTy B MHOMO 4YacTu Ha
CTpaHaTa MOXe $ICHO [da ce MoAenu Ha [Ba BMCOYMHHM noaTtuna. Ha no-ronsma BucoudvHa ca
pasnosioXeHM ropcknTe Me3ouTHN NnaHgwadTn ¢ 6ykoBu ropu, a nog TaxX ca No-Kcepome3oPuTHUTE
ropckn naHgwadTv, NpeacTaBeHn rmaBHO OT rabbpoBO-ropyHOBM ropu. B pasrnexgaHarta Teputopus
obaye He MOXe ga ce npokapa sicHa rpaHuua mexagy asata noatuna. OBUKHOBEHO OyKOBUTE ropu
3aemart CKIOHOBEeTe CbC CeBepHa KOMMOHeHTa Ha mesopenedHuTe dopmu, a oT gpyrata cTpaHa ca
pPa3nonoXeHn No-KCepoUTHUTE FOPYHOBM CbobLLecTBa. Ha no-HUCKO MepapxmyHoO HMBO, Bb3 OCHOBA
Ha npeobnagaBawmaT TMN pened, Tesn NnaHawadTn ce nodenaT Ha epO3VMOHHO-AEHYOALNOHHW,
aKyMynauuoHHO-€PO3NOHHM U €PO3UOHHO-aKyMyrnauMOHHM, a Bb3 OCHOBA Ha pasnuumsaTta Ha
noyBeHaTa MOKPMBKA MOXEe Aa Ce HanpaBu no-AeTavnHa gudepeHumaums, Ho T He e 0BekT Ha
HacTosALWmMs goknag.

Hannuveto Ha eguH Tun naHgwadT, KakTo Oelwe nocevyeHo, YnecHsiBa 3agadarta.
EcTecTBeHUTE 30HanNHM ropu ca LUMPOKOSNIMCTHU 1 TOBa AaBa OCHOBaHWE BCUYKM MOLM C KNnac 3€MHO
nokputue 312 (MrMOMUCTHW rOpU) YBEPEHO Aa ce cuuTaTt 3a M3KycTBeHW. CrnMChbKbT Ha KracoBeTe
3eMHO MnokpuTMe Ha TpeTo HMBO No CORINE u cxemarta 3a TpaHcdopMaumara MM KbM CTENEH Ha
aHTpOMNoreHn3aums e npegcraseHa B Tabn. 1.

TunoBeTe 3eMHO NOKPUTME Ca rPynMpaHu B ckana, oTpassiBallia CTerneHTa Ha aHTponoreHHa
TpaHcdopmaumsa. Tpute OCHOBHM rpynu ca: 1-HeM3MeHeHM 1 criabo N3MEHEHU; 2-CPegHO U3MEHEHU U
3-cunHO mn3MeHeHun nangwadgpTn. [MbpBaTta M TpeTata rpyna moraT ga ce audepeHuupart
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JOMbIIHUTENHO Ha ABe MOArpynu, KOeTo MO3BOMisiBa M Cb3[aBaHe Ha MNo-AeTaiiHa neT cTeneHHa
rpagaums.

Tabn.1l. Mpynu 1 noAarpynu naHawadTy No cTeneH Ha aHTponoreHHa TpaHcopmaums U CbCTaBnsABaLLMUTE T
3eMHM NoKpUTUSA

rpyna nasgwadTn Kof Ha nogrpynara
Py Awap A ArpY KO Ha Knac Ha
Mo CTeneH Ha Ha Knac 3eMHO NoKpuTue
3€eMHO NoKpuTHe
aHTponoreHnsaunst | aHTponoreHunsaums
311 LUIMPOKONUCTHU ropu
HEN3MEHEHU U
1 313 CMeceHu ropu
cnabo nameHeHu
MpUPOAHH 332 ronu ckanm
naHgwadgtm 5 231 nacuwia
312 WITIONNCTHN ropu
142 CbOPBXEHUA 3a CNOopT N OTAUX
CpeaHo N3MeHeHN
211 HeHanosiBaHa opHa 3emsd
arpapHu 3
naHawadgpT 222 NnofgHn abpeeTta
512 CMOKOWHU BOAMU
4 112 NpeKbCHaTU rpafiCkn CTPYKTYpH
CUITHO U3MEHEHU
121 MHAYCTPUANHU NNOLLN
N3KYCTBEHN
naHaLwadT 5 131 Kapvepwu 1 OTKPpUTU pyaHULIA
132 CMeTULLA N XBOCTOXpaHUnmLwa

MbpBaTta rpyna obxeaila knacosete no CORINE 231,311, 312, 313, 332. HesaBucumo oT
OKa3aHOTO MM aHTPONOreHHo B‘b3,D,eI7ICTBI/Ie (ropaTa MOXe Oda € WU3OAbHKOBa WM U3KyCcTBeHa C
HeTunNnyeH egundukaTop) naHgwadTMTe, XapakTepusupaw ce C TakoBa 3eMHO MOoKpuTue
npoabskaBaT fa Ce passuBaT NpeAuMMHO NoA OeWcTBUMETO Ha npupoaHuTe 3akoHW. B nbpeaTa
nogrpyna ca obeavMHeHu naHawadTV C ropcka pacTUTENHOCT UMW eCTECTBEHU FONWU ckanu, a BbB
BTOpaTa ca obeauHu knacoseTe 231 u 312, T.e. ToBa ca naHowadTUTE, KbAETO B pe3ynTar Ha
YyoBellka AEeWHOCT ecTecTBeHaTa 30HarHa pacTUTENHOCT € 3aMeHeHa C Jpyra, HeCBOWCTBEHa 3a
30HaTa, HO MpoAabikaBaT Ja Cce pa3BvMBaT MO4 OEWCTBUMETO Ha MpPUMPOOHMTE 3aKoHM. AKO ToBa
pasBuTME NPoAbITKM Heobe3nokosBaHO, TO He cred AbMAro Tesn naHawadTu We ce BbpHaT KbM
30HarnH1sa CU BapuaHT.

B cnepgpawarta rpyna nonagat cnegHute knacose: 142, 211, 222 n 512. Moxe ga ce cuuTa,
ye naHawadTUTE C TakoBa 3EMHO TMOKPUTME ca MpPeTbprneny Mno-3Ha4YMTEeNnHM MNPOMEHN U ce
XapakTepuaunpar CbC cpefHa CTeneH Ha aHTponoreHHa TpaHcdopmauusd. B Tesn naHawadg ™ He camo
ecTecTBeHaTa pacTUMTENHOCT € 3aMeHeHa CbC 3eMefericka Kyntypa, HO CbLLO M MOBbPXHOCTHMS CrON
OT noysBarta NpeTbprsiBa pasnnyHa MexaHw4yHa npepaboTka exerogHo, a roguwHaTa Guonpoaykums
noyTM M3UANO ce OTCTpaHsBa. 3a CMeTka Ha ToBa, Ce WU3BbpLUBa BHacsHEe Ha W3KYCTBEHW U
ecTecTBeHU TopoBe. HesaBucMMO OT TOBa, MpM OTCLCTBME 3a €4HO MO-MPOObIMKUTENHO BPpeMe Ha
aKTMBHO aHTPOMOreHHO Bb3OENCTBME, Te3n naHawadTV LWe npoabimkaT CBOETO ECTECTBEHO
pasBuTUE, KOETO JaBa OCHOBaHME Te fa ce cunTaT MMEHHO B Tasu rpyna.

B Tasn rpyna e noctaBeH M knac 512 — ToBa Ca W3KYCTBEHUTE BOLOEMWU, MNPU KOUTO
npoMsHaTa € MHOro Mo-3HauuMTenHa. Te ca B Tasu rpyna camo 3alloTo HOBOCOpMUpaHuTe
naHgwadTy ce pa3BmBaT U3KIIOYUTENHO MO NPUPOAHMTE 3aKOoHW. Bbnpekn ToBa, TOYHOTO MM MACTO B
KnacndukauusaTa Ha aHTPOMOreHHUTE NaHAwadgTM € ONCKYCUOHHO U MOoXe Aa Obae NMPOMEHEHO B
obaeule.

pynata Ha nangwadTuTe, MNpeTbpnenn Han-3Ha4YNTENHU MpPOMEHM BCreacTBMe Ha
YyoBeLlkaTa OEVHOCT BKMYBa knacoseTe 112, 121, 131 u 132 (tabn.l). JlaHgwadptute Ha 4meTo
MSACTO Ca Bb3HUKHaNu cenviia ca BKMOYEeHW B YeTBbpTaTa noarpyna knac 112 —npekbcHaTu rpagcku
CTPYyKTypu. B no-rongmarta 4act OT cenuwaTta crpagute ca HUCKM — C no 2-3 eTaxa, 4ecTo
3a00MKOmneHn OT ABOP, JOKATO CaMo B LieHTpanHWTe Yactn Ha Pasnor uma no-rbcto CTpOMTENCTBO U
no-ronam aan ¢ acdant n 6etoH. ToBa faBa ocHOBaHWe Te fa Ce pa3rpaHuyar B nogrpynaTa c no-
Marnka aHTpOnoreHHa TpaHcdopmauus.

B cnepBawaTa neta noarpyna ca o6eguHeHn Te3n naHawadgTn, B KOUTO € HacTbnuna nbiiHa
NnpoMsiHa M YHULIOXaBaHe Ha ecTecTBeHaTa cpefa. Tyk Bnu3aTt Kapuepute, TabaHuTe, cMeTuwaTa,
yTanHMUMTE W XBOCTOXpaHunuwiata. B Tasu rpyma wususnmo ca BKHOYEHWM UM yyacTbuuTe C
WHOYCTpUanHu OGEeKTW, BbMNPEKU 4Ye Mpu NO-NpeumsHo pasgenenHne buxa mornm ga ce oTgendar
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00eKTMTe KOWUTO CWUMHO 3aMbpcsiBaT OKOMHaTa cpeja C OnacHW BEeLlecTBa, OT TE€3W KOWUTO HAMaT
TakoBa Bb3JeNCTBUE, KaTo 3aBoaa 3a TenedoHHu arperatn mexay baHcko u c. baHs.

Ha dwmr. 2 e npencrtaBeH pparMeHT OT KapTata Ha 3eMHOTO MOKpUTME B panoHa Ha
c. EnewHunua n gBa BapuaHTa Ha KapTa Ha cTeneHTa Ha aHTPOMNOoreHn3auus Ha CbLUMs y4acTbK.

dur. 2. KapTu Ha 3eMHOTO NOKpPUTUE U CTeneHTa Ha aHTponoreHn3auns (dparmMmeHT)

A — Kapta Ha 3eMHOTO nokpuTMe C krnacoseTe No HoMmeHknatypata Ha CORINE: 112 - npekbcHaTu
rpagckv CTpykTypu; 121 - wmHAaycTpuanHu nrowy; 131 - kapuepn u OTKpUTM pyaHuuum; 132 - cmeTuwa wu
XBOCTOXpaHuUnuwa; 211 - HeHanosiBaHa opHa 3ems; 222 — OBOLLHM rpaguHn; 231 — nacuwa; 311 - WMPOKONUCTHU
ropu; 312 - nrnonuctHu ropu; 313 - cmeceHn ropu; 332 - ronun ckanw,

B — KapTa Ha cTeneHTa Ha aHTponoreHHa TpaHcdopmMaumsa Ha naHawadTute (NeT cteneHHa rpagaums);
YCnoBHO HensMeHeHn n cnabo naMeHeHn ectecTBeHn naHawadTi: 1 — naHawadTM CbC 30HaNHa MbPBUYHA U
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BTOpPUYHA ropcka pacTUTENHOCT; 2 — naHawadTn, B KOUTO eCTecTBeHaTa 30HanHa pacTUTENHOCT € 3aMeHeHa C
W3KyCTBEHa WIMONNCTHa ropcka uNu npoussBogHa TpeBHa pactutenHoct; CpegHo M3MEHeHW arpapHu
nangwacdptn: 3 — naHgwadTn, B KOUTO ecTecTBeHaTa pacTUTENHOCT € 3aMeHeHa CbC 3eMeferickv KynTypwu;
CvnHO M3MeHeHM K3KyCTBeHM nanawadTtv: 4 — naHgwadTv TpaHcdopmmpanu B cenuwia; 5 — nangwadtm
TpaHcopMUpaHn B Kapuepu, MuHKU, TabaHu, gena 3a oTnagbLUM XBOCTOXPAHUMMLLA U UHAYCTPUATHU 30HW.

C - KapTa Ha cTeneHTa Ha aHTponoreHHa TpaHcdopmaumsa Ha naHgwadTute (Tpy cTeneHHa rpagaums):
1 — YcnoBHO HeusMeHeHu K cnabo u3meHeHu ecTecTBeHu naHawadT; 2 — CpedHO M3MEHEeHU arpapHu
nangwadTtn; 3 — CUNHO N3MEHeHN N3KYCTBEeHN nanawadTm

KapTorpacdmpaHe Ha cbBpeMHHUTe naHawadTm Ha TeputTopusita Ha Pogonure

[Mo-HaTaTbLLWHOTO pa3BUTUE Ha uaesTa 3a M3Non3BaHe Ha 3eMHOTO MOKPUTUE 3a OLeHKa Ha
aHTPOMNOreHn3aLmaTa n3ncKBalle MeToamkaTa aa ce NpuroXxun u B Teputopun, obxeallaiin noseye ot
eOuvH nangwadTeH nosic. Ta Gelwe pa3paboTeHa n NpuUoXeHa 3a U3roTBAHE Ha NaHAawadTHa KapTa
Ha PoponuTe, Ha KOATO ca un300paseHn ecTecTBeHUTE naHawadpTHM nosicn, 3aedHO CbC
CbBpEMEHHaTa MM aHTponoreHHa TpaHcdopmauums. 3a cb3gaBaHeTo Ha o630pHa KapTa 3a usnata
Teputopusa Ha Pogonute ce u3anckBalle CTeneHWTe Ha aHTponoreHusauus ga ce pegyuupaT Ha
HSIKOJIKO KaTeropum, a CbLUEBPEMEHHO Ha Mo-eApomallabHUTe KapTu Ha OTAeNHUTE OBLLIMHU aHTPOMo-
reHnsaumsitTa ga ce n3obpasu no-geTansHo.

MacuebT Ha Pogonute 3aema pasnuuHM XUNCOMETPUYHM MOSICM U BbB Bpb3ka C TOBa ca
pas3npocTpaHeHn pasHoobpasHn nangwadTHN nosicn. LUupoko pasnpocTpaHeHve B 3anagHute
Poponu nma tMnbT Ha XnagHUTe XyMUOHW nangwadTy ¢ noaTuna Ha UrnonucTHuTe ropu. B To3m
MOSIC HAMa Kak caMo 4Ype3 3eMHOTO NOKpUTUE fa ce onpeaenu NnponsxoabT Ha ropaTta. B ropHaTa vact
Ha cbcedHus ByKOB NOSIC YECTO ce cpeluat ropute oT ena. 3a ga ce onpegenu ganu ropata uma
€CTEeCTBEH WM M3KYCTBEH npou3xon Oelle manonseBaHa MHGOpMauMs OT FOpckus KagacTbp. 3a
cbXaneHve TpsibBa fa ce oTOenexu, Ye B HKOWM FOPCKM CTOMaHCTBA Tasn MHopMauusa e HenbIiHa, a
HsIKbAEe JOPW € HeBsipHa, KOeTo belle yCTaHOBEHO Ha TepeH. Bbnpekn ToBa HsAMa Apyr JOCTOBEPEH
M3TOYHMK 3a MOSACUTE Ha WUIMONMCTHUTE U OyKOBWUTE rOpu, Ype3 KOWTO Ada ce onpedeny KakbB e
npousxoabT. 3a ocTaHanUTe NO-HUCKO Pa3nofIOKEHN MOSCU HANMYMETO HA NITOLLM C UFTIONUCTHU ropuy
€ 0CTaTb4yHO CUrYpPEH MpU3HaK, Ye ropuTe ca C U3KYCTBEH Nponsxos.

lMpuHUMNHa cxema 3a norlyyaBaHeTO Ha MOMUroHUTE C U3KYCTBEHM FOpU B rOpHUTE ABa nosica
€ nokasaHa Ha dur.3. OT ropckusi kKagacTbp Ce cernekTupaT oTAenuTe C M3KYCTBEH npou3xon U ce
obeaunHsBaTt. OT crnosi CbC 3€MHOTO MOKPUTUE Ce OTAENST TpUTe U3udano ropcku knaca 311, 312 u
313. lMNMpuunHata e, Ye peanHoTo pasnpoCTpaHeHNe Ha ropuTe € NO-TOYHO MpY 3EMHOTO MOKPUTUE OT
CORINE, 0TKOMKOTO TOBa BbB KagacTbpa, 3al0ToO He BCUYKW OTAENV U NOAOTAENU ca U3Lsano 3aetm
c ropa. Cneasa overlay onepauus v TakvBa 3a enMMUHUMPaHe Ha He3HaunTenHute nonuroHn B NMC
cpepa. EgHoBpeMeHHO ¢ ToBa Ha GasaTa Ha KnNMMaTuMYHM U OpyrM nokasartenu ce gudepeHumpat
TUMNoBETE U NOATUNOBETE NaHALadTN, KOUTO Ce ABABAT KaTo BUCOUMHHU nosdcu. OToenaT ce nosicute
Ha XNagHUTe XYMUOHU U YMepeHn XyMUaHn naHawadTy, YAMTo NoATUNOBE Ce ABABaT NaHawwadTuTe,
pasBuTM B UrnonuctHmust n bykoB nosicn. OTHOBO ce u3BbpLUBa overlay, Ypes KOWTO ce nonydaeat
TOYHUTE KOHTYPW Ha CbBPEMEHHUTE naHawadTi B Te3n ABa nodca, B KOUTO ropckata pacTUTENHOCT
UMa aHTPOMoreHeH Npou3sxoa.

OTpensHeTo Ha CbBPEMEHHUTE NaHAWadTM C U3KYCTBEHN FOPU B MO-HUCKO Pa3nofioXeHNTe
naHgwad T ce U3BbpLLBA KaTo ce OTAENAT KnacoBeTe 3eMHO nokputne 312 n 313, Tbi KaTo B TE3N
MosicM ecTecTBeHaTa 30HanHa pPacTUTENHOCT € W3KMYUTENHO LWwupokonucTHa. [lpuema ce 4e
OCTaHanuTe ropcku naHawadT ca C eCTeCTBeHa 30HarnHa pactuTenHocT. Mo To3u HayuH obade
MOXe Aa Ce NPOMyCHaT U3KYCTBEHUTE FOPCKN HacaXKAeHWs C LUMPOKOMNUCTHU BuaoBe. 3aToBa KbM Tesun
Knacose ce J06aBAT U NNOLWNTE, B KOUTO MMa KagacTparnHa UHopmaums 3a U3KyCcTBEH Npousxos.

HabniogeHnata Ha TepeH nokasaxa, Y€ OTAensHeTO Ha KracoBeTe C  WUrMoSUCTHa
pacTUTENHOCT € MO-HageXOeH HauvH 3a AudepeHuMpaHe Ha naHgwadTuTe C M3KYCTBEHWU Fopw,
OTKOMKOTO aKoO 3a W3TOYHWK Ha WHGopMauusi ce B3eMe ropckus kagjactbp. LupokonuctHute
HacaxaeHus ca MHOro manko B Pogonute, a UrnonucTHUTE ropy 6e3norpeLuHo ce ngeHTnduumpar Ha
MYNTUCTNEKTPANHUTE N300paXKeHUs.

lMpn Taka noctaBeHaTa rpajauuoHHa CXeMa Ha aHTponoreHusauus Ha naHgwadptuTte
€CTEeCTBEHUTE TOpU Ce sBABaT MbpBaTa CTeneH OT ckanata (Tabn. 2). BTtopata creneH ca
naHgwamTNTe ¢ N3KYCTBEHU, NPEeAMMHO UrNoNUCTHU ropun. MNpeasua Tuna 3eMenorns3BaHe U cTeneHTa
Ha aHTpororeHHa TpaHC(OPMMPAHOCT OCTaHanuTe W3BbH FOPCKM KMacoBe 3eMHO MOKpuTue no
CORINE ca peknacudpuumpaHn no cnegHus HadmH. Knac 324 — npexogHa ropcko XxpacTtoBa
pacTUTENHOCT ce npuema 3a TpeTa CTEeNeH Ha TpaHcdopMaumsa B cxemaTa. B Tasm kateropusa snusar
naHgwadgTuTe € nonyectecTBEHa TOPCKO-XpacToBa pPacCTUTENHOCT, XapakTepHa 3a W3TouHuTe
Pogonun. Mo Bcska BEpOATHOCT TS MpefcTaBnsBa popma Ha gerpagauus Ha 30HanHWs TUM ropu,
npeaussBrkaHa oT YoBellkaTa AerHocT. [puymHa ropaTa fa He Cce Bb3CTaHOBEHA € NPOAbMKaBaLloTo
YOBELLKO Bb3AEWCTBME M HepocTaTbyHaTa obe3nedeHocT ¢ Bnara. CnepgBawara karteropusi ca
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nangwadTuTe ¢ BTOPMYHaA TPEBHA pacTUTENHOCT — Knacose 231 1 321. KaTto npouaxoa nacuwiarta ca
CXOOHW C NaHawagTUTe C ropcKko-xpactoBa pacTUTENHOCT, HO € HEBBb3MOXHO Aa ce pasrpaHuyar
HagexaHo nacvwarta oT nvMBaguTe (KOUTO Ce KOCAT €XEerogHo), a B pe3yntaT Ha aHTpOmnoreHHa
Hameca € CKbCEeH 3HaYUTENHO BEP-TUKaNHUAT NaHgwadTeH npodun.

CLC ropcKu M3X0aHU
2000 KagacTbp MaTepuanu
ropcku V|3KyCTBeHV| TUnoBe n
Krnacose ropu nogTunnose
311;312;313 naHawadTu
(nosicn)
Overlay :
analysis WFIOMNUCTEH
n 6ykoB
nosic
N3KyCTBEHU
ropu @

Overlay
analysis

~

d

N3KyCTBEHU
ropu B
UrMOSIUCTHUA 1
OykoB nosic

dur. 3. OI'IpOCTeHa CXeMa 3a onpegendHe Ha U3KyCTBEeHUTe ropu B UrMOJIMCTHUA U GYKOBVIFI nosc.

[MeTaTa cTeneH Ha aHTponoreHM3auus € NpeacTaBeHa OT KrnacoBe CbC CUITHO CMECEH Tun
3eMHO MOKpUTUE — ToBa ca knacose 242 n 243 no CORINE. B Te3n nangwadtu ce Habnogasa 4yecTo
pefyBaHe Ha eCTeCTBEHa PacTUTENHOCT C arpapHuW KynTypu Ha Manko pasctosiHue. Te3u knacose
3€eMHO MOKPUTME CBbLLO Ca TUMWUYHW 3@ HUCKOMMaHUHCKUTE Teputopum Ha WM3touHuTte Popgonu. B
crnefBallaTta CTeneH Ha aHTponoreHusauuss ca obedWHEeHW KIacoBETE C MOCTOSIHHU KynTypu —
OBOLWHM rpaguHn (222) n noss (221). Ceamarta cTeneH Ha aHTponoreHmsauus npegcraensasaT
cenTbo0b0opOTHUTE 3EMU — HUBMK M 3ENIEHYYKOBU rpaguHn — krnacose 211 n 213. Npu TAX eXerogHo
NMOBBPXHOCTHUAT CMNOW Ha noysaTta ce obpaboTBa, OrpoMHa YacT OT BMONpPoAyKLMsATa ce OTCTpaHsBa
U ce NpMBHAcCAT XMMUYECKM BellecTBa. Ha ocmaTta nosvuus B rpagauusdta Ha aHTpororeHHa
TpaHcdopMaLumsa ca M3KyCTBeHUTe BogoeMu — knac 512. lNo-rope 6elle M3TbKHAT KOMMMEKCHUAT U
CNOXEH Xapaktep Ha npoMsiHa Ha Te3un obekTtu. [leBeTtata cTeneH Ha aHTpornoreHu3auums
npeacTasnsiea TpaHcopmauuaTa Ha naHawadTmte B cenuila n MHaycTpuanHu 3oHun — knacose 111,
112, 121, 122, 124, 141 v 142. lNMpu knacoeTte 131 n 132 no CORINE ce HabntogaBa Han-abnboka
cTerneH Ha npeobpa3yBaHOCT Ha eCcTecTBeHUTe naHawadTh, KOATO UMa W 3HauMTerHa
AbnrotpanHocT. ToBa ca OTKPUTUTE MUHHKU pa3paboTku, kapuepute, TabaHUTe, XBOCTOXpaHUNULLATA.
Mpn TaX nNpomgaHaTta 3acsra AoOpyU W HaW-YCTOMYMBUAT Ha MPOMEHU FE€OKOMMOHEHT MO eMMUPUYHO-
reHeTU4HUA pea Ha ConHueB — ckanHaTa ocHoBa.

3a ga moxe fga ce mM300pasn cTeneHTa Ha aHTpornoreHu3aumst 1 Ha no-gpebHo MalabHu
KapTu [JeceTTe CTeneHW ce rpynupat B TPU T[eHepanuaupaHu HuMBa Ha aHTPOMNOreHHa
MoaMdULMPaHOCT.
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Tabn. 2. CTeneHn Ha aHTpornoreHHa TpaHcopmaums Ha NaHawadgTUTe Ha TepuTopusiTa Ha Pogonute

Tpu cTeneHHa ckana [eceT cTeneHHa ckana

1 - naHaWwadgT! C eCTECTBEHU FOPU 1 FONnu ckanm
2 - naHawapTU ¢ N3KYCTBEHU ropu
3 - naHawadTU C BTOPUYHA FOPCKO XPacToBa PacTUTENHOCT

EctectBeHu n cnabo
N3MeHeHUn naHawadTn

4 - nanpwadTn ¢ BTOPUYHA TPEBHA PACTUTENHOCT
5 - naHAwWaMdTU € y4acTblLM OT ECETCBEHA U arpapHa pacTUTENHOCT
6 - NnaHawWwadpTN ¢ arpapHa pacTUTENHOCT OT TpalHu KynTypu

CpeaHo n3ameHeHun

nangwadTn
7 - naHawad T ¢ arpapHu cenTb060pOTHM KyNTYpU
8 - naHawadTM NpeBbpPHATK B M3KYCTBEHN BOAOEMU
CUIHO U3MeHeHM 9 - naHgwad ™M NpesbpHaTK B CENULLA U UHAYCTPUATHU 30HU
naHgwadTn 10 - naHgwad TV NPeBbPHATA B MUHW, Kapuepu u cMeTuLla
3akntoueHue

MpennoxeHmaT cnocob gaBa Bb3MOXHOCT Aa Ce M3MoMn3Ba LWMPOKO AOCTbNHaTa nHdopmaums
oT CORINE Landcover 3a cb3gaBaHe Ha pasfiMyHU TEMATUYHM KapTW, OTYUTALLM aHTPOMOreHHuTe
TpaHcdopMaLmm, HacTbnunu B naHawadtnte. Tasm nHgopmaumus ce siBsBa 0cCObeHO nornesHa npu
Cb3[aBaHe Ha KapTa Ha CbBpeMeHHuTe naHgwacdTi. Korato kaptorpadmpaHarta Teputopust obxaala
HSAKOMKO nosica € HeobxoaumMo fa ce B3eMe npeasua TUMbT KNMMakcHa 3a nosica pactuTenHocT. 3a
[a ce nony4yaTt JOCTaTbyHO HALEXAHW pe3ynTaTty € NPenopbYMTENHO Aa ce NOM3Ba U AOMbHUTENHA
WHopMaLma OT ropckus KagacTbp.

Lincpposata wmHAMKaLMA Ha CTeneHTa Ha aHTPOMOreHHa TpaHcopMaums 3Ha4UMTerHoO
yrnecHsiBa 4YeTeHeTo M pas3bupaHeTo Ha KapTUTe Ha CbBPEMEHHMTE naHgwadTM Jopu UM oT
Hecreuwanuctn B obnacTta Ha nangwadpTHata Hayka. [pu npegnoxeHata [eceT CTeneHHa
rpagauus Ha aHTponoreHmsauusiTa, KOMKOTO NO-rofnsiM € HOMepbT Ha fJajeH naHawadTeH apean,
TOMKOBA NO-ronsiMa e cTerneHTa Ha HaCTbNUNUTe U3MEHEHUS B HErO, CNPSIMO TUMUYHUSA eCTEeCTBEH 3a
30HaTa naHgwadT. CbhLIOTO Ce OTHacs ¥ 3a MbpBOHAYanHWs NeT cTeneHeH BapunaHT. [pynupaHeTo Ha
JeTannHata ckana B ONpoCTeHa Tpu CTeneHHa rpajaums nokassa rbBKaBOCTTa Ha Tasn cxema 3a
OLEHKa Ha aHTpoMoreHu3auusita M MoXe YCrnewHO fa ce npunara npu o630pHO naHgwadTHO
KapTorpadupaHe B cpeaeH mawao.
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Abstract: In relation with the high industrialization rate during the recent decades and the active
anthropogenic activity, adequate land use and land use change turns to be a problem of extreme importance
concerning the sustainable development of any territory. The report presents a study on land use change in the
region of the Kutina drainage basin, a territory where intensive coal-mining took place which had direct impact on
the Kutina Pyramids natural landmark located in the area. The registered land use change was obtained based on
visual interpretation and deciphering of aerial photos of the Golemiya Dol sub-catchments area, a part of the
Kutina drainage basin, where the natural landmark is located for two time periods — prior to the start of the lignite
coal mining activity and after its termination and the performance of partial reclamation activities. Significant land
use change is observed on the examined territory. Before the start of the mining activity, the territory was
occupied mainly by arable land, meadows, and barren (denudated) land — rocks and soils, with a very low
percentage of available forests. Nowadays, a great part of the Golemiya Dol sub-catchments area is occupied by
(coniferous or deciduous) forests and pastures.

Introduction

As a result of the high industrialization rate in the last decades and the active anthropogenic activity,
adequate land use complying with preservation of the environment is becoming an increasingly topical
issue. Land use and its changes are an essential input into decision-making for implementing
appropriate policy and effective planning of each territory.

The purpose of the study is a large-scale mapping of the land use change on a natural landmark in a
stage of degradation on catchments mapping level using GIS and remote sensing methods in addition
to existing topographic maps and fieldwork . Remote sensing methods and GIS technologies make it
possible to identify the areas with strongest land use changes and determine their spatial parameters.

The study area, the Kutina catchments area, is ~ _ sowewvaso
located in the northwest part of the

Metropolitan Municipality. The major emphasis
is placed on land use changes of the Kutina
Pyramids natural landmark area, located in the
Kutina’s sub-catchments called Golemiya Dol
(Fig.1). The area of the Golemiya Dol is 1.93
km®. The Kutina Pyramids was awarded the
status of a natural landmark in 1962. They
represent a group of earth pillars in a stage of
accelerated destruction, as a result of the
anthropogenic activity and lignite coal
excavation, carried out in its immediate vicinity -
(Kanev, G. et al, 2006). The study area is Kirtins Erainags
chosen because of the dynamic changes that

have taken place in it during the last 60 years,

especially the development of the Kutina

mining site. Fig. 1

study area

The study is implemented within the framework of scientific-research contract NZ — No0.1507/05 concluded
between SRI-BAS and Scientific Research Fund at the Ministry of Education and Science
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Methods

The basic methods used for creating a geodatabase aimed at land use mapping and land use change
detection is geoinformation technologies which include GIS and remote sensing techniques. The
methods used in the study include 9 major stages (Fig. 2).

I. PRELIMINARILY SURVEY OF THE STUDIED AREA

11. SELECTION OF LAND USE / LAND COVER CLASSIFICATION SYSTEM

111. COLLECTION AND CREATION OF INFORMATION DATABASE

IV. TRANSFORMATION OF THE SOURCE INFORMATION INTO UNIFIED GEODATA BASE

V1. GEOREFERENCE AND DECYPHERING OF AERIAL PHOTOS

VII. GENERATION OF NEW SPATIAL MODELS USING THE NEW DATA BASE

VIII. PERFORMANCE OF SPATIAL AND STATISTICAL ANALYSIS

[
(
[
[
[ ¥ FORMATION OF VECTOR DATA BASE
(
[
[
[ X ELABORATION OF CARTOGRAPHIC LAND USE MODELS

e et d d ) ) ) ) )

Fig. 2. Working stages

One of the most important steps is the selection of land use/land cover classification system. The
presented land cover/land use classification is based on the USGS land cover/land use classification
system (Anderson, J. 1972, 1976) and is adapted for the territory of Bulgaria (Table 1).

Table 1. Land cover / land use classification
No | LEVELI LEVEL II

RESIDENTIAL
SUMMER-HOUSES’ AREAS

1 BUILD-UP LAND INDUSTRIAL

TRANSPORTATION, INFRASTRUCTURE AND UTILITIES

AGRICULTURAL BUILD-UP LAND
CROPLAND

2 | AGRICULTURAL LAND PASTURES

PERMANENT PLANTS (ORCHARD, VINEYARDS)
OTHER AGRICULTURAL LAND

MEADOW

3 VEGETATED LAND SHRUB

MIXED VEGETATED LAND

DECIDUOUS FOREST

4 FOREST LAND CONIFEROUS FOREST

MIXED FOREST

STREAMS / RIVERS

CANALS

5 WATER AREAS
LAKES
RESERVOIRS

6 BARREN LAND BARE SOIL / ROCKS

Database organization

The geodatabase created for the purpose includes archive panchromatic and coloured aerial
photographs, large-scale topographic maps, data from terrain studies and GPS measurements,
photos, thematic maps and other department databases. Based on the created database and the
defined land use/land cover classification system, a number of thematic cartographic models, tables,
and graphs were produced. The data are divided into three groups depending on the way they were
obtained — input information, derived data and output results (Fig.3). The output results are presented
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in the form of assessment maps, graphs and tables. The created personal geodatabase comprises the
following geodatabase elements — feature dataset, raster datasets, attribute data (tables) and
additional elements, such as graphs and diagrams (Table 2).

Input data
Panchromatic aerial photographs
Colour aerial photographs
Large-scale topographic maps
Forest maps
Ground control points measured by GPS

Derived data
Relief contours
Footholds
Digital terrain model
Watershed deliniation
Boundary of protected areas

Land use
Integrated (Combined) and Assessment data
Maps: Land use map for 1940

Land use map for 2006

Graphs: Distribution of land use classes for 1940

Distribution of land use classes for 2006

GEODATABASE

Fig. 3. Data types

Table 2. Geodatabase elements

GEODATABASE ELEMENTS | TYPE OF LAYER
Feature dataset
Ground control points measured by GPS Feature - point
Relief contours Feature - line
Footholds Feature - point

Boundary of protected areas (based on data from maps of the State

Forestry, Sofia - Novi Iskur Forestry) Feature - polygon

Land use — 1940, 2006 Feature - polygon
Attribute data (tables)

Ground control points measured by GPS Feature - point

Relief contours Feature - line

Footholds Feature - point

Boundary of protected areas (based on data from maps of the State

Forestry, Sofia - Novi Iskur Forestry) Feature - polygon

Land use — 1940, 2006 Feature - polygon
Raster dataset
Digital terrain model Raster
Panchromatic aerial photographs - 1940 Raster
Coloured aerial photographs - 2006 Raster
Large-scale topographic maps Raster
Forest maps Raster
Additional elements — graphs and diagrams
Distribution of land use classes - 1940 Chart
Distribution of land use classes - 2006 Chart
Results

The changes of land use classes during a 65-year period on the territory of the Golemiya Dol's sub-
catchments were investigated.

There are two temporal stages:

e hefore the exploration period — 1940;
e after the exploration period — 2006.
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Maps of land use for 1940 and 2006 were created as a result of deciphering and interpretation of
aerial photos for the abovementioned years. The land use changes of the studied area during this 65-
year period are quite significant.

In the period before mining activity began, the territory of the Golemiya Dol was occupied mainly by
cropland and meadows, amounting respectively to 39.9% and 21.9% (Fig. 4a). Vast areas were
occupied by barren land — a total of 22.5%. The percentage of forest land for this time period is
insignificant — less than 5% (Fig. 4a). According to bibliographic (literary) sources, the Golemiya Dol’s
catchments were woodless, with many erosion incisions and gullies, and the lower part of the drainage
basin was a low land with slight slopes (Bozhinov, Iv., 1954).
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Fig. 4a
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During the exploration period the terrain was transformed many times. Mining activity was terminated
in 1972, to be followed by a reclamation period.

Nowadays, a great part of the Golemiya Dol's catchments area is occupied by forest land (deciduous
and coniferous forests) and pastures. Their percentage distribution is respectively 44.9% for forest
land as a whole, with predominance of coniferous forests, and 39.8% for the pastures (Fig. 4b). The
percentage of barren land has decreased over the time period to 1.2% as a result of the intensive
forestation actions after the 50" of the previous century. Anthropogenic activity has generated some
new land use classes, such as lakes, which occupy abandoned excavations, summer-house’ areas
and coniferous forests.
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The land cover/land use changes undergone by the Kutina Pyramids natural landmark are shown in
Fig. 5a and 5b. The main land cover/land use class which in 1940 occupied more than 50% of the
protected area was barren land. Nowadays, these areas are entirely covered by forest land, where
deciduous forest increased to 75 % while 4% of the territory is afforested with coniferous species.

Land use classes
B Barven lana Land use classes
Cropland I coniferous forest
3- I Deciduous forest .i g_ I Deciduous forest _3
o Meatow 5 5| B akes 5
Pastures | Parennial plants
1 streams 0 summar-houses’ areas
_ Boundary of the Boundary of the
~ Kutina Pyramids % Kutina Pyramids
natural landmark © natural landmark
Distribution of land use classes (%) Distribution of land use classes (%)
2 ! 2 3 g
3 o r$ 3 b €
b 5 5 &
0s
5' ‘5 ; 205 01 4 3
5 § & ) 4
e R R 012525 50 75 100
e Meters
T T T T T T
£R0I00 £53400 GHE0D 690000 GHT400 690300
Fig. 5a Fig. 5b

The observed land cover/land use changes of the Golemiya Dol's catchments area and especially the
protected area of the Kutina Pyramids are a result of the anthropogenic activity during the last
decades and the intensive development of mining activity, which is the main reason for their
accelerated destruction (Kanev, G. at al, 2006).

Conclusion

The created geodatabase is used as an information source to elaborate a series of thematic and
assessment maps of land use change and to determine the spatial parameters of land use change. It
provides for quick retrieval of unbiased information on land use change whereas land use maps may
be used in land use planning, which will help the local self-governing bodies and the natives to make
everything possible for the natural landmark’s conservation and preservation and the territory’s
sustainable development.
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Abstract: Preprocessing is an important part of analysis of imaging spectrometry data and is relevant to
data quantitative estimation. The basic appropriate methods for elimination of sensor-related effects of
spectrometric data, such as dark current correction and spectral and radiometric resampling, are described and
highlighted. Some corresponding approaches illustrating the procedures for data preprocessing are presented and
the obtained results are shown.

1. Introduction

Notwithstanding their young age, spectrometric measurements have about 30-year-long
history, while Remote Sensing of the Earth from space occupies is of essential importance for the
development of modern science and technology. The application area of remotely sensed spectral
data is expanding continuously to incorporate new applications, such as ecologic monitoring of
endangered areas, monitoring the global changes of natural resources and environment, climate
changes etc. The conclusion can be drawn that spectral images make it possible to map biophysical
and biochemical changes of the Earth’s surface and the state of atmosphere with unprecedented
accuracy. The observed tendencies show that we need better observation and understanding of the
basic lines for sustainable development of our resources and the preservation of the environment.

During the last decade, the development of modern technologies resulted in vigorous
development of remote sensing systems and apparata (space, airplane or ground-based) [1,2].
However, the expected enhancement of classification accuracy tends to lag behind [3]. The major
reasons for this lie in the great complexity of remote sensing measurements and the insufficiently
intensive investigation of the sources of indefiniteness in remotely sensed data [4,5]. This calls for
development and improvement of the modelling methods, the data processing techniques, and the
identification and classification methods for the objects from the observed scene, to improve
information quantity and quality, without expensive changes in equipment hardware.

Actually, to score new achievements we should improve the quality of used data by consistent
and comprehensive efforts in the field of preliminary processing and improvement of remote sensing
systems.

2. Methods

Spectrometric measurements, as a new area in remote sensing, require new approaches
towards data acquisition, data preprocessing and deriving information from synthesized spectral
images. These approaches constitute an important part of the analysis of spectrometric data and are
mandatory for quantitative analysis of these data. In the Remote Sensing area the radiation that has
fallen onto the sensor is registered after it has passed from the source to the examined object and
back to the sensor [6]. The objective of the measurement is to identify the examined object by its
characteristics, such as form, size, composition, temperature, and other parameters of interest to the
researchers. The information about the object is contained in the instrument’s response. The purpose
of the studies is to provide for determination of the functional relation between the radiation reflected
by the examined object and the output signal of the device by appropriate preprocessing of the
obtained data.

To achieve this purpose, system analysis must be performed from data acquisition to
information deriving. This analysis will make it possible to reveal and identify the sources of
indefiniteness in the measurements and will demonstrate the need of applying data preprocessing
before using data classification algorithms. In the quantitative aspect, this high indefiniteness is
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substantiated not only by the type of the used instrument, but also by the sources forming the overall
power of the reflected emission registered by the instrument. In a number of practical cases, the
unambiguous determination of the characteristics of the examined objects and consequently, their
identification, turns to be impossible without accompanying synchronous or “quasi-synchronous”
ground-based measurements, providing additional spectral data for the examined scene.

Spectrometric measurements require as well solving a number of multidimensional problems,
since the measured value of the emission at the sensor’s input is a function not only of the radiation
reflected by the examined object, but of other factors, too, such as polarization and location of the
emission arriving at the input aperture, its direction and spectral distribution. The sources of
spectrometric measurements errors feature a broad spectrum; therefore, in the cases where such
measurement data will be used for subsequent analyses, these errors should be necessarily
accounted for, and each of them should be localized, analyzed and characterized. The proper
identification of the sources of indefiniteness, occurring during the measurement process, provides not
only to determine their quantity, but also to apply preprocessing of such data for the purpose of
excluding or at least minimizing their influence on the output results, to enhance these data’s
comparability and improve the integrity of the derived information [9,10].

The major objective of the preprocessing of spectrometric data is to provide possibility for the
most accurate possible determination of the functional relation between the radiation reflected by the
investigated object and the output signal of the device through proper preprocessing of the obtained
data.

The identified objective may be achieved by investigating and applying the basic stock of
methods and resolving the following major tasks:

- conducting system analysis in remote sensing to localize, characterize and minimize the
impact of the sources of indefiniteness through preprocessing of the data during the period between
their acquisition and deriving of information, which includes the following subtasks:

- investigating the impact of radiation propagation from the examined object and back to the
sensor to characterize the parameters’ impact on data quality;

For the purpose of the studies, the main measurement equation of a spectrometric system
may be used [11]:

(1) S =R, [ Tua (Pga + Pg.adis Wa)TT~ COS @ (Tgp + Tqaits /COS @) Eop + Lam, | A4 4A
From equation (1) we express functional (2):

(2) S =1[Ta Tagita @, 6, Pga s Taadih Tdditadja Ogadit Wa, Tua, Tudiia, Lam]s

where: S — output sensor signal, 74 r'd,dm Td,adj A r'd,dif,adj,;\ — admission coefficients of directly fallen and
diffuse radiation, ¢ — falling angle, 6 — observation angle, Py, Pgad. — reflection coefficients, w, -
weighing coefficients accounting for the closeness effect, 1y, 7,44 — admission coefficients from the
studied surface to the sensor, Ly — atmospheric backscattered radiation, R, — spectral instrument
sensitivity characteristics, 4A — studied surface in the sensor’s input aperture.

The derived functional accounts for the influence of the various complex input signal elements
on the sensor’s output signal [12] and provides to make detailed analysis of the noise sources and
indefiniteness in remote sensing measurements, including localization, analysis, and characterization
of each of them.

- investigating the methods for image restoration in the special and spectral areas;

A number of spectral image restoration methods exist, the most popular of them being:

Nearest Neighbor Resampling:
The interpolated pixel value is:

(3 Li(Xp,Yp) = L(Xp +AX, yp+Ay),

1/2

where: L is the original radiance value, and (Ax* + Ay?)"? is the minimal distances to the

selected position.
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Fig. 1. Spectral image collected in spectral band 550nm, a — original image, b — corrected image.

Linear Interpolation Resampling:

(4) Li(Xpryp) = (I—i(X)xp + Li(Y)yp)/Z,

where Li(X)xp = (L(X-1)xp + L(X+1)x)/2 and Li(y)yp = (L(y-L)yp + L(y+1),p)/2, L(X) o @nd L(y)yp YP
are the linearly interpolated continuous functions of radiance in across track and along track
directions.

Bilinear Interpolation Resampling:

(5) Li(vayp) = Li(Xv Y) triang | Xp,yp 1
where: Li(X, ¥) tiang | xpyp represents a bilinear interpolation.

The selection of an appropriate spectral image restoration method depends on a number of
factors: sensor spectral and spatial resolution, synthesized image class, studied cover type, data
acquisition conditions etc. The differences of the various interpolation methods used in the data
calibration process need to be analyzed further in future work.

3. Conclusions

1. The conduct of a preprocessing, including a detailed and comprehensive analysis of the
noise and non-uniformities introduced in the process of data acquisition will provide to minimization,
and to a certain extent, prevent the examined objects’ classification errors under various
measurement conditions. This will also demonstrate the need of preprocessing data before using
them in classification algorithms.

2. The conduct of an appropriate preprocessing of remotely sensed spectral data provides to:
reduce the effects of non-uniformity in the spectral images by formulation of requirements for the
individual blocks of the spectral system and the location platform; verify remotely sensed spectral data
acquired by space-based instruments, intercalibrate and compare spectral data and simulate the
characteristics and parameters of future hyperspectral sensors.

3. Based on the performed system research in the preprocessing area, the modern
tendencies for design and development of remote sensing systems will be confirmed, expanded, and
to a certain extent, assisted.
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Abstract: Atmospheric processes determining the dynamics of aerosols are related to the radiation
budget and the global climate of the Earth. The indirect effect of atmospheric aerosols on the radiation balance of
the planet finds expression in their basic role in cloud formation, evolution and precipitation. The two decisive
factors for droplet formation are the presence of sufficiently abundant particles and relatively large humidity of the
air. Many other factors, such as aerosol size, chemical composition, and meteorological conditions, also influence
the complex aerosol-cloud interactions.

The objective of the present paper is to study the capacity of ground-based observations of clouds and
their precursors by means of digital visible images of clouds under different meteorological conditions. The
reversible transition aerosol-droplet-raindrop is considered with respect to the variability of the available
meteorological parameters: relative humidity, horizontal visibility, temperature, pressure, wind speed, etc. The
clouds as displayed in the visible images are characterized by their texture, shape, thickness, motion. These
morphological features that are related to cloud microphysical properties may be indicative of the aerosol-cloud
interactions. Our results show that the response of cloud appearance to the changes of meteorological conditions
is practically immediate. We make use of the advances of ground-based observations to establish some relations
between the variations of cloud physical properties and atmospheric parameters in very short time intervals. The
detailed description of these relations for some types of clouds contributes to the knowledge of aerosol-cloud
climatology.

Because of their high resolution in space and time, ground-based series of cloud photographs
allow for quantitative and detailed analysis of cloud development in different meteorological regimes.
Below in Fig. 1 three consecutive images of the sky in the south hemisphere over the city of Sofia
taken within only 15 min are shown. They show clouds that are forming at the expense of the near
ground aerosol. Half an hour earlier, the haze worsened the horizontal visibility (V) to 6 km that is
below the ordinary value of 10 km. The newly created low clouds move up. The movement is evident
from the position of clouds with respect to the sun. They join to the upper level low clouds that rose
before, whose radiance slightly goes down, i.e. the upper clouds capture power from the clouds just
formed from the surface aerosols and thus getting thicker. This is in accordance with the variations of
the meteorological conditions - increasing of the relative humidity (RH) from 55% to 66%, and slight
decrease of the pressure at the same time. The slight decreasing of the pressure serves as an
impulse for the updraft of the aerosols serving as cloud condensation nuclei (CCN) of the lower
clouds. The pumping effect during cloud formation is accompanied by improving visibility from 6 to 8
km. Because of the retaining values of high pressure P =1024 hPa at sea level >norm, the relatively
high air humidity (RH > 60%) does not lead to the formation of clouds that give significant precipitation.
Only the next day light rain showers occur. The abundance of larger in size surface aerosol below the
clouds is not a sufficient condition for the growth of cloud droplets to raindrops at high pressure. A
number of reversible interactions aerosol < cloud keep the dynamical equilibrium that makes these
clouds sustainable and long living.

The moist air (RH>60%) is a precondition for the observed cloud formation. The increasing of
the relative humidity from 55% to 66% may be due to the wetter air carried by atmospheric advection
(horizontal motion) during the intensification of the wind speed to 18 km/h. Another effect of the
blowing wind is the accelerated evaporation of cloud droplets. But the additional water evaporation is
probably due to the solar heating of the 3rd highest cloud layer. Actually, the veil around the solar disk
through the highest cloud layer enlarges, that is it is getting thinner. The inference may be drawn that
the effects of high clouds on low clouds pass through the changes of the atmospheric meteorological
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conditions. They prevent the heating of the surface and atmosphere and replenish water vapour
supplies beneath. Thus they stipulate the formation of new low clouds. By now, only tentative result is
known that low clouds do not exhibit obvious diurnal variations in presence of high clouds. To this
point, the suggested mechanism of interactions may be a possible answer to the rhetorical questions
found in climatologic studies.

Figure 1. The low clouds rise up approaching (ellipse area) and joining (rectangle area) the upper located cloud.
The movement is evident from the position of clouds with respect to the sun. P>norm, slight decreases; humid air
RH>60%; improving of the worsened V=6—8 km.

The next example refers to the appearance and development of rainy stratus and stratus-
cumulus clouds. The 3 images in Figure 2 are acquired at P<norm =1007 hPa (at sea level),
RH<60%=55% that is not as high as usually needed for further new low cloud formation as is shown in
the previous example. The rainy stratus and stratus-cumulus clouds are usually located at the upper
area of the frames. They look heavy and their low edges become well outlined and thicker. The cloud
gradually is getting thicker at the expense of the surface aerosols - the brightness of the transmitted
light decreases by more than 70% in the first two pictures. This is related to pumping effect on
aerosols below the cloud manifested with further decreasing of RH and improving V. At that time the
temperature T becomes higher because of the intensification of the water condensation that is related
to the growth of droplets to raindrops and to the beginning of rain showers. During the rain, cloud
rarefies that is the optical thickness diminishes — the 3-rd image. The influence of precipitating clouds
on the air below finds expression in replenishment of water supplies and increasing of number
concentration and the size of near surface aerosols. Actually, cloud dispersion during the rain is
accompanied with worsening of V to 6 km and increasing of RH to 72%. This is a display of the
opposite interaction — the influence of clouds on the atmospheric parameters beneath. But after the
partial dissipation, the cloud still looks “rainy” in the sense mentioned above. At these meteorological
conditions — P<norm, high RH and abundance of large in size aerosols below the cloud, i.e. reduced V
— the repeated activation of processes of rainy cloud formation and vice versa is observed during the
next day or two.

Figure 2. The influence of surface aerosols on the formation of precipitating cloud at P<norm; RH < 60% is
displayed as growth and thickening of the latter (first 2 pictures). During the rain, cloud rarefies (3-rd picture).

In the present study, some relations between visible features of clouds and the variations of
specific parameters of the atmospheric meteorological conditions have been established. Some macro
physical characteristics of clouds such as shape, thickness, motion, etc. closely reflect the variations
of meteorological conditions. The remote sensing of the variations of cloud optical properties by
means of visible images taken from earth’s surface can improve our knowledge of the climatologic
importance of atmospheric aerosols and clouds. Also, these methods may be complementary to
the satellite imagery.

Acknowledgement: The present paper is supported by the NCSI under contract NZ 1414/04.
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Pe3rome: bbp3omo paszgumue Ha nApoMuwsieHocmma, eHepeemukama U mpaHcriopma rnocmasuxa
peduua ekonoeu4yHU npobremu Mo OMHOWEHUE 3aMbpcseaHemMoO Ha 6b30yxa U MpoMsHama Ha He208Uust
kayecmeeH cbcmas. Om cpedama Ha 20-mu ek 8 cbcmasa Ha ammocghepama Hacmbriuxa CbUWEecmeeHU
rpoMeHu, seseauju ce Kamo pesynmam Ha OypHOmoO pa3sumue Ha Hay4YHO-MEeXHUYEeCKUs [poepec Uu
enobanu3ayusi Ha obuecmeeHoOmMo MpPou3soocmeao.

B Hacmosiwiama paboma e nokasaHa OuHamukama Ha amMocgepHUme 3aMbpCcsi8aHUs Mpes
nepuoda eceH-3uma 2006—2007 eol0uHa 6 palioHa Had u okosio egpad Cogpusi, npocrnedeHa c
romouwima Ha aepokocmudecku U GPS daHHu.

C yckopsiBaHe TeMMOBETE Ha TEXHUYECKMSI MPOrpec HeraTMBHOTO Bb3AENCTBME Ha XopaTta
BbpXy Npvpodarta cTtaBa BCe No-mMoLHO. B gHewHo Bpeme TO BeYe € CbU3MepuMo C AENCTBMETO Ha
npupogHuTe daktopu. B npupoagarta Bce noeede ce BHeapsBaT HOBU BELLECTBA, MHOIO YECTO HSIKOU
OT KOMTO Ca U CUITHO TOKCUMYHU. ATMOccepaTa e Han-nabunHust KOMMNOHEHT Ha BruocdepaTa 1 nopaam
TOBa HENHOTO 3aMbpCsiBaHe € Hal-akTUBHO. T NpeacTaBnsBa MexaHu4Ha cMec OT pasfuyHn ras3ose.
KonnyecTBEeHOTO CbAbpXaHMe Ha MNo-BaXHWTe rasoBe B aTtMmocdepara u3paseHo B MNpPOUEHTU e
cnegHoto: N - 78.084%, O - 20.946%, Ar - 0.93%, CO, - 0.33%. A30TbT N aproHbT Ca CPaBHUTESTHO
WHEPTHM ra3oBe B paguauMoHHO M XMMUYHO OTHOLLIEHWE, 3a pa3nuka oT kucropoga [1, 2].

M3TouHnumMTE Ha aTMOCEepHU 3aMbpcaBaHus ca:.

» eCcTeCcTBeHM - npeamsBuMKaHu OT BYyfkaHuTe, Oypute u Ap. TsxHata OEnHOCT e
CbrpoBodeHa C OTAENAHEeTO Ha 3HauYUTEeNnHW KonuyecTsa npax, MpUYUHABALLN
BMOWAaBaHeTO Ha npo3payHoCcTTa Ha artMocdepata M BoAdewm A0 nossata Ha
TeMnepaTypHU 1 XMapoTePMUYHM aHOManuu.

» aHTpPOMOreHHW - U3TOYHWUM Ha aHTPOMOreHHOTO 3aMbpcsBaHe Ha Bb3fyxa ce sssaBaT
eHepreTukara, NPOMULLINIEHOCTTa ,HedpTO- " rasonobuBa, TpaHcnopTa,
CENCKOCTOMaHCKOTO MNPOM3BOACTBO U Ap. Bcekn oOT Te3n M3TOYHMUM CU MMa CBOU
cneundmyHM  ocobeHocTM W OTAens pasnuMyHM  oTnagbuM U rasose. Han-
pasnpocTpaHeHnTe MPOMULLNIEHN eMUCUMM ca: npax, CepoBOAOPOA, MepKanTaHMu,
LUWHKOBM OKUCK, CUNWUKaTK, angexuau, BbrneBogopoamn, CMOMU, a30THU OKUCU, aMOHSIK,
030H, BbIMepoaeH amokcua, AMcnepcHn Yyactuum (3onm), XropoBoaoposa, pagnoakTUBHU
nanbuBaHnss. OT aBTOMOOUNHWMS TPAHCMOPT Ce WU3XBbLPNAT 3HAYUTENHW KONMYecTBa
BpegHu BewecTBa (okono 200 Buaa) - KaHUEpPOreHHU BellecTBa , BbINEBOAOPOOU U
TETpaeTUNEHOBN CbeauHeHus Ha onoBoTo. OnOBHUTE CbeaWHEHUS, BbINEepodeH
avokcma v Opyrn BellecTBa, KOUTO Ce U3XBBbPASAT OT aBTOMOOMITHUSA TpaHCHopT ce
HaTpynBaT B pas3nUYHUTE KOMMOHEHTU Ha OKonHaTa cpefa. ABTOMOGUNHUAT Tpadumk
cTaBa npuymHa 3a npubnuautenHo 25% oT emucumTe Ha BbrnepogeH avokeng (CO,) B
cBeTa. ABrnaumsaTa gonpuHaca ¢ 12% KbM 3aMbpcsBaHUSTa NPUYMHEHWN OT TpaHcnopTa
kato usano (unun 2.5% ot obwuTe eMmcumn), a NbTHUAT TPaHCNOPT cbC 77%. CepunoseH
3aMbpcuTen Ha aTtMmocdeparta ca TOMNMoenekTpuyeckuTe LeHTpanu, metanypruara —
yepHaTa u ocobeHo LBeTHaTa meTtanyprus. TELlL oToenst B aTmocdepaTa rasose,
CbAbpXally OKACW Ha caApaTta W asoTa, 30MM U MeTanu, a npeanpusaTuatTa Ha
MeTanyprmyHata npoOMULLNIEHOCT — npax , pasnuyHu CbeguHeHWs Ha csapaTta u
MeTanuTe.
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Codusa e Han-ronemMuaT rpagckm M NPOMULLNEH UEHTbP B Bbnrapus, Ha 4maTo TepuTtopus
OencTBaT Hag xunsga npomuwneHn npeanpuatus. He no-manko oT 200 OoT TaAX M3XBbpPNAT
3HaYMTENHM KONMMYECTBa 3aMbpcuUTENM Ha Bb3gyxa. BaxHo e obcrosaTencrBoTo, ye Hag 60 % ot
NpeanpusTUATa ce HamupaT CpeA XWUMULLHWTE KBapTanu Ha rpaga unv B HenocpeacteseHa 6rm3ocT
0o Tax. [pakTnyeckn BCUYKM MHAYCTPUAIHN 30HU HA CTOMMUAaTa BKIOYBAT M KUIULLHW KBapTanu, C
nsknodeHne Ha MK “KpemunkoBuW”, KONTO € pa3nornoxXeH Ha okorno 18 km ceBeponsTtoyHo oT Codums n
€ Han-roneMusiT 3aMmbpcuTen Ha Bb3gyxa B CopuinckoTo none.

OT npomuwneHocTTa ANPEKTHO BbB Bb3dyXa Ce U3XBBLPMSAT CEPHWU, a30THU U BbINepoaHU
OKWUCW; HETOKCUYHA M TOKCUYHA npax, CbAbpalla OfloBO, Mef, UMHK, XUBaK WU ApyrM MeTanu;
KaHueporeHHn BellecTBa (caxaw, cmonu, acgant) u ap. bbp3o HapacTBa GposaT Ha MOTOpHUTE
npeso3Hu cpeactea (MIC), konto 3ambpcaBaTt Bb3gyxa Hag Codusi ¢ ronemm KonmyecTsa asoTHU U
BBIMEPOLHN OKUCK, BBIMEBOAOPOAN, caxau u ap. B nepndepHuTe HUCKOETaXHM KBapTanu Ha rpaga
(6e3 komnnekcute) ce nanonssat HeeekTUBHN OMTOBM OTONNUTENMN.

3HaunTenHM KoNMYecTBa MNpax 3amMbpcsiBaT Bb3gyxa W Mopagn foWOTO CbCTOSHUE U
HegobOpaTa XurMeHa Ha YAWYHWTE MfaTHa, NpW  KOMyHanHW W PEMOHTHM JenHocTu. Tesu
pa3Hoobpa3Hn M MHOrOOPOMHM W3TOYHMLM, KOHLEHTPUPaHU Ha OTHOCUTENHO Marka TepuTopus,
onpegensaT BMCOKOTO HMBO Ha 3amMbpcsiBaHe Ha Bb3gyxa. [lpy romamaTta CKOpOCT Ha BATbpa
npobnemuTe ca NoO-manko, HO Npu HebnaronpuATHW 3a pasceriBaHe METEOPOSIONMYHM YCrOBUSA
KOHLEHTpauunTe Ha 3aMbpCUTENN HaABULLIABAT XUTMEHHUTE HOPMW.

3ambpcaBaHETO Ha Bb3gyxa OT aBTOTPaHCMNOpPTa Lie cTaBa BCe MNO-CEPUMO3eH Mnpobnem,
nogo6HO Ha BCUYKM ronemMu rpagoBe B CBETA.

Heobxogumn ca nscnepBaHusi Ha OTOXUMUYHUTE M APYrX NPeBpbLLaHNS Ha BellecTBaTa B
Tponocdeparta, KakTO U Ha METEOPOSIOTMYHUTE YCMOBWSl, BOAELM [0 BWCOKM HMBA Ha
3amMbpcsiBaHETO. Taka e ce nony4yaT SICHU KpUTEpUM 3a NosiBa Ha PUCKOBUTE SIBMEHUS ,3UMEH" U
J1ETEH" CMOT 1 LWe ce pa3paboTAT MeponpuaTUst 3a NPEOAONIBaHE UMK MOHE 3a OrpaHM4aBaHe Ha
BpeauTe OT TaX.

MwukpoknuMaTbT Ha HabnogaBaHus pervoH (rp. Codwmsa m okonHocTTa) € yHKUMs OT
reorpacpCKkOTO My MONOXEHUE W Pas3norfioKEHUTE Ha TepuTopusiTa Ha rpaga U B OKOMHOCTUTE
TEXHOTEHHWN U3TOYHULM Ha 3aMbpcsiBaHe Ha atmocdepara.

B pesynTtaT Ha KOTNOBMHHMSA XapakTep Ha peneda (cdur.1), B konTo € pasnonoxeH rp. Codus
W CNeacTBUME Ha 3aMbpCABaHETO OT TpaHCnopTa, MNPOMULIIEHOCTTa W APYrM  U3TOYHUUM,
3ambpcuTenuTe B atMocdepaTa mmat cnocobHoCcTTa Aa ce 3agbpXkaT Hag pasrnexpaHata obnact.
Ha cour. 2, e nokasaH uncdposB moaen Ha peneda Ha n3bpaHusa 3a MOHUTOPUHT PanioH.

®ur. 1. CnbTHUKOBO n3obpaxeHune Ha rp. Codunsa ¢ pasgenuTenHa cnocobHOCT 1 m
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our. 2. Lindpos mogen Ha peneda Ha permoHa Ha MOHUTOPUHIa

3a MOHWTOPMHIOBOTO U3crieaBaHe ce U3Nos3BaT AaHHUTE OT caTenuTuTe Terra, Aqua u Aura
oT nporpamata MODIS (EOS — Earth Observation System). [laHHUTe OT ceH3opuTe Ha Terra u Aqua
ca xunepcnekTpanHn nsobpaxerus (36 kaHana), npegHasHadeHW 3a HabnaeHMe Ha 3eMHaTa U
BOOHaTa NOBBLPXHOCT. [laHHWTE OT CceH3opa Ha Aura ca KOHLEHTpauMs Ha KOHKPETHU Masiku rasosu
KOMMOHEHTU, KOUTO cbluecTByBaT B aTMocdepaTa. C pewleTka Ha ckaHupaHe 13x24 km. [3].

>

YecToTaTa Ha NOBTOPEHME Ha CKaHUPaHe 3a BCsKa nnatdopma e YeTupu nbTu 3a 24
yaca . MisanonseaHu ca nsobpaxeHusTa, 3acHeT B MHTepBana ot 08:00 UTC o 13:00
UTC.

CnbTHMUMTE Ca B HAOMP Had edHa M Cblya ToYka OT 3eMHaTa NMOBBbPXHOCT €4VH MbT
Ha 16 aHwn.

MpeanmcTBO Ha un3bpaHWTe caTtenutu e, Ye AaHHMTe ca C BUCOKa YecToTa Ha
NOBTOPEHUE U AaHHUTE, NOofNyYaBaHN OT TEXHUTE CEH30pU ca XunepcrnekTpanHu.

OcCHOBHUTE aprymMeHTU 3a To3n u3bop ca CBbp3aHM CbC 3agayuTe KouTo TpsibBa na ce
pellaBaT MPU MOHUTOPUHI Ha aTMOCEPHUTE 3amMbpCsaBaHMSA. XapakTepUCTUKUTE Ha CEeH30puTe Ha
Te3n I'IJ'IaT(i)OpMVI no3esondeBaTt Aa ce nosfydvyaTt CNbTHUKOBU AaHHM C NMOMOLUTa Ha KOUTO MoraTt ga ce
peLuaT cnegHvTe 3adaudn ;

>

>

HabnogeHne Ha CbCTOSIHMETO Ha MPU3EMHUS TPaHUYEH CIOW B PEXMM Ha peariHoTo
Bpeme 1 6nm3bK O peanHoTo BpeME;

npocrneasieaHe Ha pasnpoCTPEHNETO Ha aTMocepHUTE 3aMbpCsSBaHUS Ha ronemmu
pa3cTosHus (pa3mepbT Ha nsobpaxeHneTo e 2330x2330 km );

BMCOKa CMeKTparnHa pasgenurenHa cnocobHoCcT u Heobxoaumarta NpoCcTpaHCTBeHa
pasgenuTenHa crnocobHOCT, AocTaTbyHa 3a OTKPUBAHE, WHAEeHTUdMUMpaHe u
pasno3HaBaHe Ha aTMochepHUTE 3aMbpCsiBaHMSA.

[MpocTpaHcTBEHa pa3genuTenHa cnocobHOCT Ha m3obpaxeHunata: — 250 m 3a 1 1 2 kaHan,
500 m 3a kaHanu ot 3 4o 7 n 1 KM 3a ocTaHanuTe.

M3BbpLUEH e MOHUTOPUHT Ha obrnacTtTta Hag u okono rpag Codusa 3a nepuoga ot 1 HoeMBpu
2006 go 31 mapt 2007 roguHa.

Mopagmn ocobeHocTUTe Ha ce3oHa 1 n3bpaHata obnacT, B OKOMNo efHa TpeTa OT AHUTe uganaTa
unu ronsiMa vacT ot obnacTTa e nokputa oT obnaun. 3a Te3n AHM e4HO EBEHTYaNHO 3aMbpcsiBaHe Ha
aTMocdepaTa He MoxXe Aa Obae ACHO PerMcTpMpaHo camo No CaTENUTHU LAaHHW.
lMpe3 neTHageceT OT AscCHUTE OHU ce HabmnaaBa CHO U3pa3eHo aTMOCEPHO 3amMbpcsBaHe.

Ha cnegsawiunte dourypm ca nokasaHu HAKOM OT AHUTE C BUAMMO aTMOCEEPHO 3aMbpCsiBaHe:
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dur. 3. ATmochepHO 3ambpcsBaHe
08.11.2006 B 11:00 u.
n3obpaxkeHne oT CNbTHUK Terra
245 2300
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42115
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dur. 5. ATMocdhepHO 3ambpcsiBaHe
16.11.2006 B 11:50 u.
n3obpaxxeHne OT CNbTHUK Agua

Ha dourypm 3, 4, 5 1 6 ca nokasaHu nsobpaxeHus B ONTUYHUA AnanasoH (kaHanm 1, 4 1 3) Ha

nsbpaHarta 3a MOHUTOPUHT 0GNacT .

Ha dur. 6 e npeacraseHo aTmocdepHo 3ambpcsBaHe Hag rpag Codums oT 26-T OKTOMBPU
2006 r. EnHoBpeMeHHO ¢ ToBa, obrayHaTa NMoKpuBKa Hand M3crnedBaHWs PermoH e 3HaduTenHa. OT
durypata ce BMxaa, Ye nNpu Nponyku B obnaunte, atMmocepHUTE 3aMbpCABaHNS NOA TAX MoraTt SICHO
fa ce pasrpaHuyart. NogobHa kapTuHa ce Habnogaea Ha cnefBawaTa durypa (cdwur. 7) Ha 2.12.2006

dur. 7. ATMochepHO 3ambpcsaBaHe

02.12.2006 B 13:30 u.

n3o6paxeHne OT CNbTHMK Agua

2345

430

Lol 3

A

a1F

42745

4230

4215

dur. 4. ATMmocepHO 3ambpcsiBaHe
16.11.2006 B 9:25 u.

n3obpaxkeHne OT CNbTHUK Terra

245 Z300 2315 2330

23745

2400

43 0

g

4y

—Zy

dur. 6. ATmoctepHO 3ambpcsBaHe
26.11.2006 B 12:25 u.
n3obpaxkeHne OT CMbTHUK Agua

®ur. 8. ATmMochepHO 3ambpcsaBaHe
06.01.2007 B 10:40 u.
n3obpaxkeHne oT CNbTHUK Terra
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our. 9. ATmocdepHO 3ambpcsBaHe @dur. 10. ATMochepHO 3aMmbpcsiBaHe
08.01.2007 B 10:30 u. 08.01.2007 B 13:50 u.
n3obpaxeHne oT cnbTHUK Terra n3o6paxeHne oT CNbTHUK Agua

@ur. 11. ATMocdhepHO 3aMmbpcsiBaHe dur. 12. ATmocdepHOo 3aMmbpcsBaHe
09.01.2007 B 11:15 u. 09.01.2007 B 12:55 u.
n3obpaxeHue oT CNbTHUK Terra nsobpaxeHune oT CNbTHUK Agua

our. 13. ATMocdhepHO 3aMmbpcsaBaHe our. 14. ATMmocdhepHO 3aMmbpcsiBaHe
10.01.2007 B 11:35 u. 10.01.2007 B 13:35 u.
n3obpaxeHue oT cNbTHUK Terra nsobpareHune oT cNbTHUK Agua
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dur. 15. AtmocdhepHO 3amMmbpcsBaHe dur. 16. ATMocthepHO 3ambpcsiBaHe
11.01.2007 B 11:00 u. 11.01.2007 B 11:40 u.
n3obpaxeHne oT cnbTHUK Terra n3obpaxeHne oT CNbTHMK Agua

Ha durypu 11 — 16 e npeactaBeHa AMHaMuKaTa Ha NPOABLIDKUTENHO 3a4bpXan ce cMor Hag
rpag Cocumsa B nepmnoaa ot 08.01 o 11.01.2007 r. 3a BCeKM OT YEeTUPUTE AHM ca NPEeACTaBEHN Mo ABe
n3obpaxeHns (cboTBeTHO OT nnatdopmute (Terra n Agua). Kakto ce Bmxaa ot cdomrypm 9 u 11, npes
CyTpeLLUHMTE 4YacoBe Ha OeHsi 3aMbpcsABaHeTo € no-cnabo. To ce crbCTABa B YacoBeTe OKOJSIO M cnes
0654.

dur. 17. ATmocdepHo 3ambpcsiBaHe dur. 18. ATmocdepHo 3ambpcsiBaHe

14.01.2007 B 11:30 u. 14.01.2007 B 13:10 u.
n3obpaxeHue oT cnbTHUK Terra n3obpaxeHne oT cNbTHUK Agua
22°45 b S < | N <. .V S . ) 4" 00
ey
424
42 :ﬂ
a2
o 230 F< 2:;”30’ 2:5':15‘ 21;'00
dur. 19. ATmocdepHo 3aMbpcaBaHe dur. 20. ATmocdepHo 3aMbpcaBaHe
16.01.2007 B 13:55 u. 16.01.2007 B 15:10 u.
n3obpaxxeHne OT CMbTHUK Terra n3obpaxkeHne OT CNbTHUK Agua
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®ur. 21. AtmocdepHo 3ambpcsiBaHe Ha 16.01.2007r B 12:10 4. ¢ HaHeCceH BEKTOP Ha pernoHa, obxeaHaT oT
aTmMocdepHO 3ambpcsBaHe U NoLTa My B KBaApaTHN KUNIOMETPU

2245 Z3°001 2315 23730 2345 24700

4308
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A1 4215

dur. 22. AtmocdepHo 3aMmbpcsiBaHe dur. 23. ATmocdepHO 3amMmbpcsiBaHe
21.01.2007 B 13:35 u. 06.03.2007 B 14:45 u.
n3obpaxeHne oT CMbTHUK Agua n3o6paxeHne oT CNbTHUK Agua
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dur. 24. AtmocdhepHO 3amMmbpcsBaHe dur. 25. ATMocdepHO 3aMmbpcsaBaHe
18.03.2007 B 12:30 u. 19.03.2007r B 13:100.
nsobpaxeHue oT CNbTHUK Agua n3obpakeHne oT cnbTHUK Aqua

Ha dour. 25 e npeactaBeHO CMbTHUKOBO M300paXeHWe Ha u3cneaBaHus paioH, Ha KOeTo e
perucTpmpaH noxap Ha uatok ot rpag Codus.

3akntoyeHune

M3cnenoBaHn ca 5 meceua npe3 eceHHO-3UMHUA nepuog Ha 2006-2007 r. MNpu okono egHa
TpeTa oT gHWTe ce Habngasa nNnbTHa obnayHa NokpuBKa Hagd uscneaBaHwWst pernoH. MNMopaaw ToBa
HEe MOXEM [a KaXeM CbC CUFYPHOCT MMa UMY He 3aMbpCsiBaHE Ha MO-HUCKUTE aTMOoCdepPHU crioese
€[IMHCTBEHO Bb3 OCHOBA Ha caTeNUTHUTE AaHHW.

B HAkOM OT pgHUTE npe3 wu3cnedBaHuWst nepuod ce HabnwogaeBaT SCHO  pasnuyuumu
3amMbpcsiBaHMS Ha aTMocepHnst Bb3ayx Haj rpaga, KoMTo ce BukaaT 1 nod obravyHaTa NoKpuBKa.

lMpe3 ocTaHanuTe CTOTMHA SACHWM OHW B NeTHageceT cMe Habnwopgasanu Oobpe m3paseHo
3ambpcsiBaHe. ToBa € CpaBHUTENHO MalbK MPOLIEHT B CPAaBHEHWE C APYIMM PErMOHU Ha CTpaHaTa u
Opyrv ronemu rpagoee no ceeTa.

ToBa u3crnegBaHe e MokasaTenHo, Yye C MoMowTa Ha caTenuTHW OaHHW aTtMocdepHu
3amMbpCcsiBaHMSA MoraTt Aa ce perncrpvpart U npe3 eCeHHO-3UMHWS Ce30H, KoraTo umame noseve AHu C
nnbTHa o6nayHa NokpmBeka.
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Abstract: The main responsible agency for risk management of natural hazards in Bulgaria is the
Ministry of Emergency Situations. The Aerospace Monitoring Center (ASMC) at the Ministry is the first satellite
data receiving center built up in Bulgaria. The Center was opened in July 2007 and its main objectives and tasks
are focused on monitoring risk and disaster analysis, as well as damage assessment. The center is equipped with
two receiving satellite ground stations (one for NOAA - AVHRR and Feng-Yun - MVISR, and another one for
TERRA/Aqua - MODIS) for real-time data receiving and processing. In addition, satellite images from Disaster
Monitoring Constellation (DMC) are delivered to ASMC by Internet after being downloaded and processed. The
ASMC uses the leading geographic information systems ArcGIS and digital maps of Bulgaria appropriate for the
task.

The paper deals with the primary results obtained from the activity of the ASMC in Bulgaria and the role
of the Aerospace Monitoring Center (ASMC) in natural hazard risk management in Bulgaria.

1. Introduction

The Aerospace Monitoring Center (ASMC) at the Ministry of Emergency Situation is the first
direct satellite broadcast center built up in Bulgaria and its main objectives and tasks are related to
support natural hazard risk management.

The center is equipped with two satellite direct broadcast stations (one for NOAA - AVHRR
and Feng-Yun - MVISR, and second for TERRA/Aqua - MODIS) for real-time data receiving and
processing. In addition satellite images from Disaster Monitoring Constellation (DMC) are delivered to
ASMC by Internet. The different satellites have different application in disaster studies as well as in
different stages of risk management process.

ASMC has the ability for real time video monitoring. The system can be based on an
Unmanned Aerial Vehicles or other vehicles. The signal transmits via telecommunication satellites
Inmarsat. Because of GPS, each captured image contains information about the coordinates in real
time.

The center has the leading geographic information systems for modeling, mapping and image
possessing (ERDAS and ArcGIS), as well as appropriate for the task digital maps and DEM model of
Bulgaria.

The paper deals with the satellite data application in risk management of natural hazards and
some preliminary results obtained.

2. Remote sensing data in risk management process
2.1. Biomass fires

The extremely high temperatures in Bulgaria in the end of July 2007 contributed to hundreds
of forest fires. The largest fires were near the city of Stara Zagora, where more than 30 000 hectares
were affected in this mountain region.

The most severe wildfire in 2008 started in the beginning of September in the mountainous
area of the national park “Rila”, around 30 km from the city of Blagoevgrad.

According to European Forest Fire Information System (EFFIS) Bulgaria is the 4th country in
Europe most severely affected by fires in 2007. The total areas burned in Bulgaria are estimated
around 68 160 ha until 31 August 2007 (http:/effis.jrc.it/documents/2007).
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Table 1 presents the distribution of the burned area by land cover type. The normally
considered as forest area, i.e. including forest stands and shrubland, was burned in a total of 28 995
ha. The remaining burned area was distributed by agriculture (38 607 ha) and artificial surfaces, i.e.
urban, industrial or social areas (558 ha).

Table 1. Distribution of burned area (ha) in Bulgaria by land cover types (until 31 August 2007).
http://effis.jrc.it/documents/2007/EFFIS_Newsletter_2_2007.pdf

Land cover Area burned % of total burned
(ha)
Forest land 28995 425
Agriculture 38607 56.6
Artificial surfaces 558 0.8
Total 68160 100

The wildfires were detected, observed and localized in ASMC by NOAA and Feng-Yun
satellites. The satellite data, coupled with meteorological data, DMC data and GIS have been used
about the emergency and disaster analysis, as well as damage assessment. In addition, satellite data,
NDVI index obtained from satellite data and data from EFFIS and FAS-USDA was used for
determination of the areas with higher probability of biomass fires.

Analyses show that very high fire danger was due to extreme temperatures, lack of
precipitations, very low soil moisture and dry vegetation. The affected areas are located in flat country
and low-mountain areas with mixed forest (coniferous and deciduous trees) and low-growing
vegetation. The bigger part of the fires was placed in border between low-laying and low-mountains
land and most of the fires were located near the settlements. (fig. 1,2,3).

The wildfires were probably caused by unprecedented heat waves and mainly by human
neglect. The fact that the most of burnt areas is not highly populated and the distant villages were not
easily reached by the fire brigades and the high speed of the wind helped the fires to spread very
quickly. Because of the lack of resources, Bulgaria requested international assistance to cope with the
disaster.

On the figures 2 and 3 are presented satellite images during and after the disaster. The results
of damage assessment are shown on fig. 3. The presented images show the most affected areas on
the territory on the country. For this purpose DMC images have been used.

The remote sensing data used about detection and assessment of the forest fires show good
correlation with the surface observations.

—— mads

Fig. 1. Left - During disaster Fig. 2. After disaster — Affected Fig. 3. Right - Topographic map of
(Feng-Yun CHRPT, 20 July regions are enclosed in red. the region
2007, 18:52:17,)
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Fig. 5. Before, during and after disaster (Dubavo, Stara Zagora Municipality; DMC images)
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Fig. 6. Monitoring of forest fires on the territory on the country - .Rila National Park, September 2008. Fire spread
direction (from south to north and west) is clear visible
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2.2. Winter storm

During the wintertime the different parts of the country usually are subjected by severe winter
storms — the temperatures fall to around minus 15 degrees Celsius, the snow cover reach over one
meter in some parts of the country, dozens of villages remain without electricity and water supply.

The satellite images, coupled with meteorological information and ground data are used for
risk analysis and disaster preparedness. The results of the risk analysis and monitoring of snow cover
helps to determine places with higher probability of storms. In addition, the monitoring of snow cover,
meteorological forecasts, together with remote sensing data serves for determination of snowmelt
rates, one of the most important factors contributing to springtime flood danger. For these purposes
are used satellite image from NOAA AVHRR and MODIS and image product such as albedo,
temperature, density slice, NDSI etc. Taking into consideration physical and spectral characteristics of
ice (snow) it was possible to determinate snowmelt rates, areas with the highest probability of severe
winter storms and areas that may be subjected by floods in spring time.

The NDSI helps in distinguishing snow from similarly bright soil, rock and cloud (Dozier,1989).
This has been shown to be an effective index for mapping snow cover in rugged terrain (Hall at all,
1995). A normalized difference snow index (NDSI) is calculated from reflectance in bands at
wavelengths where snow is bright (AVHRR band 1) and where it is dark ( AVHRR band 3):

NDSI = AVHRR bandl — AVHRR band3 / AVHRR bandl + AVHRR band3
NDSI = AVHRR band2 — AVHRR band3 / AVHRR band2 + AVHRR band3
NDSI = AVHRR band2 + AVHRR band3 / AVHRR band2 - AVHRR band3
NDSI = AVHRR bandl + AVHRR band3 / AVHRR band1 - AVHRR band3
The results show good correlation with ground observation.
Some of the results are presented on fig. 5, 6,7 and 8.

Fig. 7. Snow cover on the territory on the country. Fig. 8. Channel 2 NOAA density slice product.
Blue circles indicates the areas with the highest 26.01.2008 13:15 h The snow that going to melt first if
probability of severe winter storms.( NOAA framed in red figures, and the one that is going to hold
HRPT, 04.11.2008, 10.51.53 h, for a longer period of time is circled in black ellipses.
White circle shows the highest mountain areas

Fig. 9. Snow cover on the territory on the country, Fig. 10. Snow cover , 25.02.2008, NDSI product, NOAA
22.02.2008. Image from USDA/PECAD image
integrated in GIS
(nttp:/iwvww.pecad.fas.usda.gov)
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3. Anthropogenic hazards

On the figure 11 are presented the results obtained during the explosions from a military
storage facility on 3 July 2008, located in the northeast Sofia, quarter Chelopechene.
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Fig. 11. Explosions from a military storage facility located in the northeast Sofia, quarter Chelopechene,
03.07.2008.

Upper left —northeast Sofia, quarter Chelopechene before accident ; Upper right — during accident. Explosion,
location as well as smoke spread direction are clear visible and are enclosed in black square and yellow circle.
Bottom left — affect area is visible in the black square;
Bottom right — affect areas and land cover (Corine Land cover codes: 112. Discontinuous urban fabric, 121.
Industrial or commercial units, 131. Mineral extraction sites, 211. Non-irrigated arable land, 231. Pastures, 242.
Complex cultivation patterns, 243. Land principally occupied by agriculture with significant areas of natural
vegetation, 311. Broad-leaved forest, 512. Water bodies)

4. Applicability of ASMC data in risk management process

The potential of the remote sensing for the monitoring of the Earth environment, risk
application and their key role in risk management process are well known and largely used.
Unfortunately, most of the remote sensing data are used in general by a few people - mostly
specialists of the observation and monitoring systems. Some of space units have combined
applications, but, it's clear that for some natural hazards the remote techniques are high effective, for
others not so, for the rest - not at all.

The effectiveness of the remote sensing and technologies depends on several parameters -
complexity, simultaneous use of the earth data and remote sensing data, frequency band, sensitivity,
high/low resolution, sampling frequency of the measurements, reliability of the communication and
data transfer, software tools and velocity of the data processing, etc.

The different effectiveness of the registrations, monitoring and warning systems depends
strongly on the technologies and sensors used. The main parameters according to the classifications
are the bands, sensitivity, resolution, physical principles and methods used, etc. The accuracy of the
data collected depends on the resolution, purposes of the measurements, practical applications they
have to be used.

Below two tables are presented. In tab.2 some technical characteristics of remote sensing
units and technologies is shown. The table includes only satellite and equipment on board from which
SMC receive data, although each satellite caries on board a several apertures for earth observation.
For each type satellite some orbital parameters, instruments carried on board, frequency band, spatial
resolution and instrument swath are shown. Most of those sensors have applications in disaster
mitigation practice, though depending of the physical properties of the objects on Earth and the nature
of the disaster itself.
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Table 3 is created on the basis of table 2. In the table the different instruments and their
usefulness and applicability in risk management process of natural hazards/disaster are described.
The tables show that different instruments, depending on their type, band and resolution are
applicable for different hazards at the different stage of the hazards observations and the risk
management process.

Thee levels of applicability (low, medium and high) and 15 hazards had been selected
including global phenomenon as climate change, El Nino and La Nina. The classifications are based
on the philosophy “before”, "during” and “after” the disaster occurrence. “Before” means - preparatory
stages, early warnings, vulnerability and risk assessment; “During” means - disaster monitoring in real
or near-real time when it is possible; “After” means - damage assessment, modelling the negative
effects of the past of future events.

Tabl. 2 Typology and description of the satellites and sensors

. . Repeat | Instrument Spatial Swath
Satellite Orbit cycle / Sensor Frequency/band Resolution (km)
Sun-Synchronous
AQUA Near polar, 36 band ( 21 within 250 m,
(EOS-NASA) Altitude: 705 km, 16 day MODIS 0.4-3.0 um; 15 within 500 m 2330
(A-Train) Inclination: 98 ° 3-14.5 pym.) 1000 m
,Period: 99 min
Sun-Synchronous
T(EF§§A Near polar Altitu_de: 36 band (21 wit_hir_1 250 500
Canad;a 705 km, Inclination: | 14 day MODIS 0.4-3.0 um; 15 within 1 i(m 2330
3 ’ 98,2 Period: 99 3-14.5 um.)
apan) :
min
Sun-synchronous
Altitude - 686 km, 3 band/6 channel
DMC Inclination - 98° 4 day ESIS 0,52-0,9 um 32m 600
Period - 98 min
NOAA/ POES Sun-Synchronous 0.58 - 0.68 um 0.725
series (NOAA, near-polar, -1.00 um 1.58 - 1.64
NASA, CSA, Alt. 804-854 km 12 hr AVHRR/3 pm 3.55 - 3.93 pm 1,1 km 2900
CNES, UK, Inclination - 98.7° 10.30 - 11.30 pm
EumetSat) Period -102 min 11.50 - 12.50 ym
Tabl.3.Typology and applicability of the different satellites to the stages of the natural hazards
Satellite | Instrument Before During After
DMC ESIS 1,(2),(3),8,9,(11) 1,8,9,(12),14 1,3,8,9,10,11
AQUA MODIS 1,((2)),(4),((6)),(N,(8),((10)),(11)) | 1,6,8,9,(12),14,(13),15 1,8,9,(10),(11)
TERRA | MODIS 1,((2)),(4),((6)),(1),(8),((10),((11)) | 1,6,8,9,(12),14,(13),15 1,8,9,(10),(11)
NOAA AVHRR/3 | 1,((7)),(8),(9), 10, (11) 1,8,6,(9),10,12,(14),((13)),15 (1),(8)

Legend: 1 - Volcano activity; 2 - Earthquakes; 3 - Tsunamis; 4 - Climate change, research and modelling; 5 -
Ozone hole; 6 - El Nino, La Nina (ENSO) - SST; 7 - Landslides; 8 - Forest fires; 9 - Droughts; 10 - Storms,
hurricanes (incl. high rain rates, flash floods, strong winds); 11 - Floods (river), flash floods (incl. snow melt); 12 -
Winter storms; 13 - Polar ice sheet; 14 - Global land coverage (incl. deforestation and desertification); 15 — Snow
cover; (()) - low applicability; () - medium applicability; without bracket - high applicability

5. Conclusion

The climate change is probably bringing Bulgaria even closer to the Mediterranean climate, so
strongly characterized with frequent forest fires in summertime and devastating flash floods. The
remote sensing data could be of a great importance in risk management of natural hazards. As is stated
above, for one type of disaster the ASMS data are applicable and useful (such as winter storms, fires)
for other not so. The case studies and first results obtained in Aero Space Monitoring Centre show the
applicability and usefulness of satellite data and GIS for monitoring of natural and man-made hazards,
risk and disaster analysis, as well as for damage assessment.
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BJIMAHUE HA JTYHATA BbPXY NOABATA HA 3EMETPECEHUA
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Knrovoeu Aymu: 3emempeceHus, ghazu u opbumarsHa nosuyusi Ha JlyHama

Pe3rome: Llenma Ha Hacmosiwusi 0oknad e rnpedcmassHe Ha pe3ynmamu Oom cmamucmuyecko
uscnedesaHe Ha enusHuemo Ha JlyHama ebpxy rnosisama Ha 3emempeceHusi. ObpabomeHu ca OaHHU 3a 10
2o0uweH nepuod, om 1997 do 2007 e., 3a 3emempeceHusi ¢ M>4,5. [lJokazea ce cbuwecmsaygaHemo Ha SICHU
KopenayuoHHU 3asucumocmu: ,6pol 3eMempeceHusi—gpa3a Ha JlyHama" u "6poli 3emempeceHusi-opbumarnHa
nosuyusi Ha JlyHama". Toea nokasea, 4e JlyHama e MoWeH ¢hakmop 3a rosisama Ha 3eMempeceHUus.

EnoHa oT ocHoBHUTE npegnonaraeMn nNpu4nHM 3a 3eMeTpeceHnATa € BIIMAHNEeTO Ha J'IyHaTa
BbpXy 3emdTa, KoeTo BMAMMO Hal-NecHo ce Habnogaea no BpemMe Ha npuinneun n oTrineBun.

1. EHepreTMqHa OLeHKa Ha BJIMAHUeTO Ha HYHaTa

CunaTta, ¢ koato ce npuenuyat 3emata u JlyHata, moxe fa 6bae npecmeTHaTa upes
dopmynara:

4 3
—pr’m

=G=—7—-= —k.r , kndemo:
r

M e macama Ha 3emsima;
M — mMaca Ha msifio Ha rnoebpxHocmma Ha 3eMsima;
G — epasumaulioOHHa KOHCMaHma;

r — pascmosiHue Mexdy Macosume UeHmpose Ha 3emsma u msiiomo;
4

k= —-G.p.r.m;
3

P — nIBMHoOCM.

BbB dhopmyna (1) Moxe fa ce 3amectaT M, m U r CbOTBETHO C MacuTe Ha 3emsaTa n JlyHaTa
N Pa3CTOSHMETO MEXAY THX U e ce NOoMyyu cunaTta Ha npuBnuyaHe mexay aAsete HebecHu Tena (2) :

Mpn BbpTEHETO cu JlyHaTa npeamMsBuKBa NpPUIMBUM UM OTNMBM B OKeaHuTe Ha 3emsaTa.
MpunueuTe 1 OTNNBUTE U3nNpesapsaT nosieata Ha JlyHaTa (dur. 1 n 2).
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Tomam
MIPIIINB

Tonsam
TIPHJIHB

// dur. 2. OTMeCTBaHe Ha MakCMMyma Ha NpUNUBMTE MO
/ nocoka Ha poTauuaTa Ha 3emsiTa Cnpsimo

npasaTa nuHua «JlyHa-3ema»
dur. 1. Npunuewn, NnpeanssukaHu ot JlyHaTa P y

2. lokanusunpaHe Ha o6wWMA MacoB LeHTbLP Ha cucTtemara , 3emsa-JlyHa”

3emsaTa n JlyHata morat ga 6baaT pasrnexagaHu kato egHa cuctema ¢ obL MacoB LIEHTBLP.

}.‘;ro JI__ Yo ‘_]I

0]

dur. 3. Cuctemarta «3ems-JlyHa»

ToraBa OT ypaBHeHMETO 3a cyma mMoMeHTM ( > M = 0) Moxe ga ce Hamepu (Mo abconromHu
CcmoUHOCMU) MACTOTO Ha obLWmA MacoB LeHTbp (1):

(1) [M.g.ro] = Im.g.r¢| , OTKbAETO 3a PA3CTOSHUETO Iy CE NoMyYaBa ypaBHEHNETO (2):
—_— m -
2) 1= V.I’e , KbOeTo:

M e macama Ha 3emsima;

m — macama Ha JlyHama;

lo — pa3cmosiIHUEMO Om Macosusi UeHmbp Ha 3emsma 0o obwusi Macos UeHmMbp;
fe — PA@3CMOsIHUEMO om Macoeusi ueHmbp Ha JlyHama 8o obuwusi Macoe UeHmMbp;
g — 3eMHOMO YCKOPEeHUe.

JBWXKeHMeTO Ha 3emsiTa OKOMo OOLMA MacoB LEHTbP ,3ems-JlyHa” e Ty paBHOYCKOPUTENHO, Ty
paBHO3aKbCHUTENHO (ur. 4). MNnockocTTa Ha enunTuyHaTa opbuta Ha 3emsATa KbM MNMOCKOCTTa Ha
eknunTMkata e bronl oT 5°. ToBa mokassa, Ye JlyHaTa Wie oOkasBa PasnUyHO BMWSIHUE B pasfMyHUTE
reorpadpcku LIMPUHU Ha 3emsTa.

MaCOBII.IF:H'I'Bp

f
/

~N //

dur. 4. [IBuxkeHne Ha cuctemata «3ems-JlyHa» okono obLuss MacoB LEHTbP
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ToBa BnusHve Ha JlyHaTa Moxe Oa ObOe M3paseHo KaKTo Npu HyTauusaTta (cur. 5), Taka U npu
npepasnpeaeneHneTo Ha macuTe, Tbii KaTo Ce NPOMEHs OGLLMSAT MacoB LeHTbp (6apuueHTbpa).

OTIIpaBHa TOUKa

PaBHOBECHC

» 0 (BI'BJI Ha IIpeneCHsTa)

dur. 5. KprBa Ha noTeHUmManHaTa eHeprus Ha >XUpockon ¢ HyTauua

Hannuneto Ha npomeHsiw, ce no no3vums obl, MacoB LEHTbP W HanMMinMeto Ha  HyTauwus,
KOMMEeHcupalla paBHOBECHOTO MOSIOXEHUe Npu potauunte Ha JlyHata n 3emsaTa Bogu 4O ABE Bb3MOXHW, HO
NPOTUBOMOSOXHMW 3aKMHOYEHUS:

1. Hanuyne Ha TBBPAO SAPO, NOTOMNEHO BbLB hryna C Bb3MOXHOCTM 3a NPOMsiHA Ha no3uuusita Ha
TBbPOOTO A4PO0;

2. HanMyMe Ha Kyxo s4po, 3a0bMKONEHO OT MHOMO NITbTEH hryna, BbPTSLLY CE C pasfMyHa CKOPOCT:
Han-BUCOKa A0 KyXuHaTa U HamansiBallia no nocoka Ha 3eMHaTa Kopa.

Bce owe HaAma ybeauTenHu pokasaTenctea 3a JOMWHMpPAHe Ha edHO OT ABeTe TBbPAEHUS.
MocnegHuTe nabopaTopHUM M MOLENHU U3CreaBaHMsA Ha MPEXOOHMSA CNOW Mexay 3eMHOTO A4po M AonHaTa
MaHTMS MOKa3BaT KOPEHHO MPOTMBOMOSIOXHN CBOMCTBA Ha CINosi OT NPUETUTE Jocera - XOpu3oHTanHaTa
CbCTaBKka Ha CEeU3MWYHWTE BBLIIHW € Mo-rongMa OT BepTukanHata. ToBa  TBbpAeHMe Kopenupa c
NpeanonoXeHNETO 3a KyxvHa B LieHTbpa Ha 3emsTa.

JlyHaTa okasBa Bb3gencTBue Bbpxy 3emsita. Cbute cunu, KOUTO MpeausBuKBaT NPUIMBUTE U
OTNMBMTE B OKeaHa, ca npuyvHa 1 3a ,NpurMBuTE U OTNNBMTE” B 3eMHaTa kopa. [QuanasoHbT Ha Npunueute
N OTNIMBUTE B 3eMHaTa KOpa € Manbk — e4Ba HAKOJIKO CaHTMMETpPa, 4OKaTO TO3M Ha OKeaHUTe e OT nopsigbka
Ha meTpu. TbK KaTo KaTO XXMBEEM BbPXYy 3eMHata Kopa, HMe He MOXeM Aa YyCeTUM eBeHTyarnHuTe
OTKITOHEHWs1 OT TOBa, KOETO ce npearnonara, Yye Tpsibea ga € HOPMarnHOTO 1 CbCTOsIHUE, Taka Ye ePeKkTbT OT
nyHHaTa rpasuTaumsa e cnab, Ho cbllecTByBa. OCBEH TOBa kaTo LANO ce 3abensassa NOBULLIEHA CEU3MUYHA
aktmBHocT B CeBepHOTO nonykwunbo, korato JlyHata e Ha ceBep OT EkBaTopa n Ha cBOW ped — TakaBa B
KOxHOTO Nonykbnbo, korato JlyHaTa e Ha tor oT EkBaTopa.

paBuTauusTa Ha JlyHaTa, CibHUETO M NnaHeTMTe MOBMUSBA BbPXY CEM3MMYHATA aKTMBHOCT Ha
3emnaTa. Han-mMHoro 3emetpeceHusi 6u nmano no Bpeme Ha cusurusta (NonoxeHWeTo Ha JlyHaTa e no
npaBa NuHMS cbC 3emsiTa MU CAbHUETO) MM CBbp3aHu C Hesa daktopu. Cusnruata mexgy CnbHUeTo,
3emaATa u JlyHaTta HacTbnBa ABa NbTUM B MeceLa — B MOMEHTUTE HA MbITHONYHWE U HOBOMyHME. B Te3un
MOMEHTU, U MO-CNeuunanHo B OHe3n OT TAX, korato HebecHUTe Tena ca Han-6nm3o, rpaBUTaALMOHHUTE CUIK
gocturat cBosi Makcumym. 3emsita u JlyHata ca Han-6mm3o (nepurei) BeOHbX MeceyHo, a 3emsdarta u
CnbHUeTo ca Han-6nun3o (nepuxenuin) BegHbX B roanHata. NepuxenmaT 0OMKHOBEHO HAcTbMNBa B HAYanoTo
Ha siHyapu. [paBuTauMsiTa € Hal-cunHa, KoraTto CU3UrMsiTa U NepuresT HacTbnBaT B €4WMH M CbLUM AEH C
nepuxenusi.

IQI F lal,tulc’
50x10* 4

40x10°*
30x10°3 1
20x10* 4

10x10%4

40 50 60 70 80 9 1008,
®ur. 6. MpUNMBHO-OTNMBHM BNUSIHWSA Ha JlyHaTa u CnbHUETO BbpXy 3emsiTa:
1-u3mMeHeHne Ha MoAyna Ha OTKIIOHEHMETO d Ha CNbHLETO Ha opBuTanHOTO ABUXEHNE HA 3eMsiTa OKOMo
06LMs MacoB LeHTbp 3emsi —flyHa Npy namMeHeHWe Ha pascTosiHETO I “3eMs-JlyHa”; 2.M3MeHeHe Ha NPUNNBHOTO

Bb3gencTeme dg Ha JlyHaTa npu nsmeHeHne Ha pasctosHueTo r “3emsa-JlyHa”; 3.CymapHa KpuBa Ha KpvBu 1 1 2 kaTo
dyHKUMA Ha U3MEeHeHWe Ha pascTosHueTo mexay 3emsaTta u JlyHata B paguyca Ha 3emsta Re
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CensmomeTpute, octaBeHW Ha JlyHaTa OT acTpoHaBTUTE Ha amMepukaHckata cTtaHuusa “Anono”
nokaseaT, Ye NyHHUTE 3eMEeTPeCceHus ca Han-4yecTu Mo Bpeme Ha nepuren. CnegoBaTenHo € SCHO, 4e
NyHHUTE 3eMeTpeceHust ce Npeaw3BUKBAT OT 3eMHaTa rpaBuMTauusi, KOETO O3HayaBa, 4Ye M 0bpaTHOTO e
BsipHO [3]. MpoTuBHUUMTE Ha Ta3n xunoTesa cmsATaT U TBBbPASAT, Ye JlyHaTa e npekaneHo Mmarnka, 3a ga
npeamv3erka semeTpeceHus Ha 3emsaTa.

3. CtatucTuyecko nscnegBaHe Ha BNusiHneTo Ha JlyHata BbpXy nosiBata Ha 3eMeTpeceHUsTa

NacnepBaHu ca 3emeTpeceHus, NposiBUIN Ce MO UAroTO 3€MHO Kbnbo ¢ MarHutyq no-ronam ot 4,5
3a 10 roguweH nepuog, ot 1997 go 2007 r. [laHHUTe 3a 3eMeTpeceHnsaTa ca B3eTU OT MHTEPHET agpeca Ha
AmepukaHckaTa reonoxka cnyxba (USGS) [4]. JaHHuTe 3a dasuTe Ha JlyHaTa ca n3yncrneHu ¢ nomMoLlTa Ha
crneumanHo n3paboTeHo 3a u3cnegBaHeTo COPTYEPHO NPUITOXKEHNE, NPU KOETO Crief HaHacsiHe Ha BpEMEBU
AaHHM (oata 1 Yac/MuH./cek.) Ha 3eMeTpeceHneTo ce AaBa nHdopMaumsa 3a dasarta Ha JlyHaTa B AageHus
MOMEHT Ha KOHKPETHOTO MACTO. [laHHUTe 3a 4YacoBeTe, B KOUTO Ca CTaHanu 3eMeTpeceHusiTa U JaHHuTe,
KOUTO Ce BbBEXAaT B nporpamaTa, ca NpMpaBHEHM KbM KOOPAMHUPAHOTO yHMBepcarnHo Bpeme (UTC). Bb3
OCHOBa Ha pesyntatuTte oT Tabn. 2 n 2a ca Nnpocnegenn crnegHuTe 3aBUCUMOCTH:

- Opou 3emeTpeceHus kato PyHKUMS Ha dasaTta Ha JlyHaTa;
- DOpowi 3emeTpeceHus kato PyHKLUMS Ha opbuTanHaTta nosmuus Ha JlyHata no meceuu;
- Opowi 3emeTpeceHnst kato PyHKUUSA Ha reorpadockarta LmMpuHa.

®dasuTe Ha JlyHaTa ca fageHu B NpoueHTn B MHTepBan 5 %.

Pesyntatute oT nsdncneHusaTa 3a yHkumMsita 6pon 3emeTpeceHus crnopep gasata Ha JlyHata ca
N3MNosi3BaHn 3a NOCTposiBaHe Ha rpadukaTta Ha dwur. 7.

Epad zemerpeceni no dazHalliHare
(%%- HoeomHke , 10080- N BNHON HKE MaHHKTE G2 33 NERM0gE
AH.1937- oo, 2007 W obieswet 130 w wna Ha Mpar!
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o 95-99"1

dur. 7. Bpon cTaHanu saemeTpeceHns no casn Ha JlyHara:
0% - HoBonyHue; 100% - NbNHONYHWE; AaHHWUTE ca 3a nepuog siH. 1997-0kT.2007 r.; obxBawat 130 uukbna Ha JlyHaTa

OT rpadhvkaTa ce Bwxaa, Ye Hait-ronsm Gpoii 3eMeTpeceHus ce criyysBaT Mo BpeMe Ha cusurusTa.
Cna6o nosuiieHne Ha 6posi ce oTumTa U Npu asa 50% Ha JlyHaTa. He3zaBucuMo, Ye n3cneaBaHUaT nepuoa
e 10 roguHK, nonyyeHaTta CTOMHOCT 61 Morna aa 6bae crnydariHa BenuynHa Unmu cbBnageHns Ha nosuuusTa
Ha JlyHaTa ¢ rno6anHo TEKTOHCKO HapyLleHue.
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4. CTtaTMCTMYeCKO u3cnefgBaHe Ha BnusiHMeTo Ha JlyHata Bbpxy 3emeTpeceHusTa no
OTHOLIEeHMe Ha opbGuTanHara cu No3uuus

Pesyntatute oT CTATUCTMYECKOTO uM3cnefBaHe Ha Opovi 3emMeTpeceHWst MO OTHOLIEHME Ha
opbuTtanHaTa nosuumsi Ha JlyHaTa no meceuu ca npeacTaBeHu Ha ¢ur. 8.
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PAEHATEHCTERE PARHOZERCTEE
Jlarao LT
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odur. 8. bpol 3emeTpeceHnst No Meceun B rognHata

Ha rpadmkaTta (cdour. 8) ce oTtumTaT HSAKOMKO WMH(PMEKCHUM TOYKW, KOUTO MOKasBaT, 4Ye Han-MHOro
3eMeTpeceHus cTaBat Nno BpeMe Ha MNepuxenus n nepures.

Pesyntatute ot ctatnyeckata obpaboTka 3a BnuaHMETO Ha JlyHaTa kaTo (oyHKUMSA Ha reorpadckara
LuMpuWHa ca npeactaseHn Ha cur. 9 u dur. 10.
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Meceum B roguHaTta Meceum B rognHaTta
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OT nHdnNeKkcHNTe ToYkK Ha rpadukuTe (dur. 9 n 10) MmoraT Aa ce HanpaBsAT CriefHUTE 3aKMOYeHUs:
- BpoAT Ha 3emMeTpeceHuaTa Npes3 NATOTO HapacTBa B CeBepHOTO NONyKbIbo;
- Mpe3 3MMaTa HapacTBa 6posT M B KOXXHOTO nonyksunoo;
- ronemusaTt 6por 3eMeTpeceHns Kopenvpa c NpomsHa Ha opbuTarta Ha JlyHaTa, npeMuHaBaHeTo i B ABETE
nonykbnba v ¢ MHpNEKCHNTE TOYKM NO BPEME Ha Nepurest 1 anores;
- Han-ronsim 6por 3eMeTpeceHns MMa No BpeMe Ha cusurudaTta u korato JlyHata n CnbHUETO “yBMCHAT Hag
rnobanHuTe HapyLIEHN 30HU;
- BEPOATHOCTTa 3a MnosiBaTta Ha CUMHO 3eMeTpeceHue e Bb3MOXHa MpW CbBNageHWeTo cusnrms-nepuren-
anoren-nepyxenvin n panoH ¢ HapyLueHa rinobarnHa TeKTOHCKa 30Ha;
- Han-CUIHO BrnMsiHWE Ha JlyHaTa 1 eBeHTyarnHa nosiea Ha CUMHO 3eMeTpeceHne e CbBNageHNeTo Cusnrns-
nepurewi/anoren/nepuxennin — KoraTo ca Hag pavoH C HapylleHa rnobanHa TEKTOHCKa 30Ha;
- CblLIECTBYBa siICHa KopenauuoHHa 3aBMCMMOCT ,6pon 3emeTpeceHus—no3numsa Ha JlyHata”, T.e. JlyHata e
MOLLIEH (paKkTOp 3a nosiBaTa Ha 3eMeTPeCEHNS.
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Abstract: This presentation aims to familiarize the broad audience with the participation of the Bulgarian
scientific institutions in the EU SCHEMA Project. SCHEMA is the acronym of Scenarios for Hazard-Induced
Emergencies Management - Contract No: 030963 with the EU under the FP6 Priorities (Space). The Project
comprises 2 general working packages, its duration is 36 months and it has 12 partner organizations from France,
Portugal, England, Italy, Greece, Morocco, Turkey and Bulgaria.

Recently, two very important new and unexpected evidences about the tsunami impact on the Bulgarian
Black Sea coast have been obtained and investigated — the 7" May 2007 event and the discovery of the Cybele
Temple in Balchik same year. The future activities, information dissemination and end-user requirements will be
incorporated in the near future actions and investigations according to the Project’s time schedule.

1. Bulgarian experience on Tsunami investigations in the Black Sea

The continuous research of the Black Sea tsunamis started in Bulgaria at the early 80-ies of
the XX century creates interest and curiosity in the scientific community abroad. The first publications
indicated that the Black Sea tsunamis are possible phenomena [1] have been followed by the
participation of the Bulgarian specialists in the GITEC Project of EU (1992-1995) [2]. During the
execution of this project many new and unknown facts about the observed and supposed tsunamis in
the Black Sea and have been discovered the tsunami research in Bulgaria has been developed in
different directions:

- New data and homogeneous catalogue (as part of the standardized GITEC catalogue) has
been compiled [3];

- Tsunamigenic sources and natural vulnerable areas have been outlined [4,5];

- Ray refraction analysis and tsunami energy dissipation/concentration have been performed
for the whole Black Sea area;

- Special vulnerability analysis has been performed for some areas and test site areas [6,7];

- Fractal properties of the tsunami in the Black Sea according the bottom and coastal
geometry [8];

- First attempts of the tsunami zoning for the whole Black sea at large scales and in case of
not completed information have been executed and rough schemes created, assessing the expected
average run-ups and attack velocities of the tsunami to the shore, based on the average repeated
recurrence time established by the real data [9,10,11,12,13,14];

- Original equipment about the tsunami laboratory generation and physical modelling
investigations has been patented [15,16];

- Paleotsunami deposits have been discovered for the first time on the Black Sea coast
[17,18].

2. SCHEMA Project

SCHEMA is the acronym of the Scenarios for Hazard-Induced Emergencies Management
Contract No: 030963 with EC of the PF6 Priorities (Space). Duration — 36 months, 12 partner
organizations from France, Portugal, England, Italy, Greece, Morocco, Turkey and Bulgaria.

The presentation of this Paper is supported by SCHEMA Project

161


mailto:mardirossian@space.bas.bg

The Project is constructed by several working packages (WP’s):

- the first one is related to the Lessons learnt by the previous experience and modeling
possibilities and vulnerability analysis

- Other WP’s include several (5 test site areas — Morocco: Rabat region; Bulgaria: Varna
region on Black sea; France: Mandelieu, Cote D'Azur; Portugal: Setubal; Italy: Catania, Sicily),
where different methodologies about tsunami modeling and vulnerability assessment well be
performed. The main tasks of the Project is to satisfy the end-users requirements about the possible
prevention and protection actions to the population of the threaten test sites.

- The last WP’s are related to the management of the Project and the dissemination of the
results obtained - Large knowledge exchange and massive people information is intended to the final
stage of the project (Workshops, educational materials to the decision makers and the public, mass
media involvements, etc.)

The WP 1 considers several topics important for the next works performance:

- State of the art of the partners’ knowledge about tsunami;
- Lessons learned from December 2004 tsunamis and more recent events;
- Users’ needs analysis;

- Collection of feed back on modelled effects in Indian Ocean. New modelling in some
selected sites in Indian Ocean area;

- “Benchmark” of models compared to real damages. What the models do and what they do
not do?;

- Generic factors to classify coast configurations and morphology (from the beaches and
shores inland).

3. Bulgarian participation

The Bulgarian participation in the SCHEMA is represented by the Space Research Institute
(SRI) which is a partner to the Project. Specialists with different abilities from different (outside SRI)
organizations: GFI (Geophysical Institute at he Bulgarian Academy of Sciences, SWU (South-western
University — Blagoevgrad), PLD (Plovdiv Geophysical Observatory, CDA (Civil Defence
Administration), etc. playing important role in the Project. The initial items definition (test-site area,
data and catalogues (earthquakes, surface and underwater landslides as possible triggers of tsunami),
data bases, space images, etc.), end-users requirements and research activities intended are parts of
the Project.

4. Working packages tasks and deliverables

The main focus at the initial phases of the project is related with the state of the art of the
knowledge, lessons learnt and the assessment of the vulnerability criteria for future applications. The
compilations of the seismic catalogues, landslides with different sizes and origin, their transformation
in useful and homogenous data bases have been performed. The scenario definition, the data and
imaginary collection and the tsunami hazard assessment are the targets of primary importance. Due
to the former and resent analysis the main tsunami events are described as case studies and
assessed by the recent terms of tsunami intensity (for the first time in the Bulgarian tsunami practice):

5. Case studies

I-st (lll-rd?) century BC case — IX-X tsunami intensity (Papadopoulos-Imamura

(P-1) scale)

“Ancient town Bisone (Greek colony) sank in the sea waters” (Strabo). Major earthquake (M ~
8), accompanied by huge slides and large inundation (probably tsunamis). “The whole” ancient city
(most probable — the port and the facilities) went under water. The rest part of the town was moved on
the top hills. Paleotsunami findings.

543AD case — VIl tsunami intensity (P-l scale)
Earthquake (M ~ 7.5), probable local tsunami, activated landslides, destroyed and buried the
Cibele temple. Possible paleotsunami findings.

31% March 1901 earthquake and tsunami — V tsunami intensity (P-I scale)

Earthquake of magnitude M = 7.1 occurred in the sea. Large destruction in the epicentral area
(more than 5 villages and small towns have been affected; more than 830 houses damaged.).
Aftershock sequence lasted more than 7 years. Land subsidence and landslides (probably submarine
as well) occurred. Rockfalls were reported. A witness reported a sea level rise of about 3 meters at the
port of Balchik, recognized as tsunami.
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The case of 7" May, 2007 — V tsunami intensity (P-I scale)

Northeast Bulgarian coast — nonseismic origin (possible underwater turbidities). Data about
withdrawal and inundation — frequency of the phenomena (up 3-5 to 6—8 minutes) are collected. Data
about the water peculiarities consequences — observed turbulences, currents and water boiling
supports the used models. Data about the consequences — moved boats, tetrapodes and other items
also have been assessed [19].

The systematic data of the parameters of these events are presented in [20].

The intended scenario earthquake has the following parameters:

Epicenter location: 43,2E; 28,6N; Depth-15; Epicentral intensity — X EMS; Magnitude: 7.2;
Vertical displacement: 2—3 meters; Strike: E-W (1* variant) and NE-SW (2nd variant). This scenario is
based on the event of 1901 as best studied earthquake and its consequences.

The formulation of the vulnerability criteria following the IADB methodology is the next
important task of the test-site activity and assessment.

During the last years some new developed methodologies have been tested for the North
Bulgarian Black Sea coast. The IADB methodology needs a special scheme about the factors and
indicators recognition. After our research and investigations we developed and accommodated the
indicators tables, which contains data and information about the main indicators and factors for
vulnerability assessment [21, 22].

New evidences in 2007: The 7" May tsunami and Cibele temple discovery in Balchik
Unexpectedly, two new cases, extremely interesting and very important evidences about the
tsunami influence occurred during 2007:

Tsunami observed on the North Bulgarian Black Sea coast on May, 7" 2007

About a three meters water level changes of nonseismic origin occurred on 7" May, 2007 on
the North Bulgarian Black Sea coast with maximum effects around 12 LT. The starting time of the
event was announced around 9-10 AM. The water oscillations have been observed several times, with
long lasting fluctuations (between 10 and 15 cycles with decreasing intensity). The oscillation period
was estimated about 3-4 minutes. In most cases water first withdrew and then the sea level rose in
many areas on the North Bulgarian Black Sea coast. Observations have been made mostly in the two
biggest towns of the coast — Balchik and Kavarna (about 13000 inhabitants each). The port authorities
informed about similar effects to the North — near Kaliakra cape and village Shabla. According to the
seismic network centre in Bulgaria, no significant earthquakes were recorded in the same day.
Further, the weather conditions were normal and the sea was calm.

Fortunately, only slight negative effects occurred on the affected areas. The board of a tourist
boat of 50-60 tons was damaged near the anchor holes and in some other parts as well as on the rule
of the boat. This boat was rotated violently according to his captain. Many fishermen small boats sat
on the sand. Debris was deposited on the coast. Three - four big tetrapodes (1.2 tons each) have
been slightly moved from their previous positions near the port breakwater wall of the Kavarna town.
Fortunately a lot of visual information has been collected — pictures, video clips, etc.

Probably the event was triggered by the underwater sliding of deposited masses. The fact that
the water first receded from the usual shoreline is also in support of the slide origin. The observed
turbulences registered on photo pictures and the muddy waters in the bay support that hypothesis
further on. There is a possibility of the performance of the high resolution bottom deposits
investigations.

The Cibele temple discovery — a evidence of multihazard destructive event

The discovered temple of the ancient goddess — Cibele — near Balchik in 2007, provoked the
investigations about the possible reconstruction of the end of active life of the ancient temple. The
temple is dedicated to one of the most popular cults during the ancient times and the possible reasons
of those final moments of the temple activity.

After the ruins have been digged several possible explanations about the end times of this
temple were suggested:

- possible destruction by unknown conquerors
- possible destruction by natural hazards
- Possible destruction by both factors.

Our research on the ruins and discovered artifacts leads at most to the second hypothesis —

the destruction by a combination of several disastrous events acting during the ancient times. The
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main role in this natural acting forces destroyed the ancient temple is a tsunami influence [23]. this fact
is supported by the most of the discovered evidences preserved since the ancient times.
The most logic chain of destructive events destroyed the ancient temple looks like that.

- Burning phase. Possible fire of the roof could be trigger by the burning rituals, earthquake
which cold trigger fire from the hall of the temple to the roof, etc. It seems clear that the roof (probably
build up of wood) burned and collapsed on the floor. This hypothesis is supported by the black layer
and the red bricks found on the floor. The time of the fire is not possible to be identified.

- Very soon after the fire, the floor had been flooded by sea water bringing the sand and shells.
The sand comes from the sea and has typical sea origin. The grains, composition of the sand and the
well preserved parts of the shells of mollusks support this hypothesis.

- It is very probable that this local tsunami had been generated by an earthquake. The list of
known earthquakes leads to that one in 543 AD [20]. The effects of this earthquake could be the
cracks visible on the walls on East and South segments. The fallen and broken marble plate with the
written description is fully reconstructed — no missing parts, which means that this plate fall down and
have been broken at once, and then immediately buried.

- Than the whole temple had been buried under the layer of deposits, also brought at once,
because the whole lower part of the temple with the artifacts and the walls are preserved totally. The
most probable explanation is that this burial process is due to the landslide or some not very fast, but
also not very slow process (like erosion depositions for example). That's why these parts (from the
walls and the marble and) have not been used for some kind of further structures construction around
the temple (as the ancient practice is). The buried process had been enough fast to preserve the walls
and artifacts, and not enough slow to the same reason. The only natural process with such physical
characteristics could be the landslide, which also added its force for the mixture of the artifacts inside
the space of the temple. The area is famous with active landslides with Pleistocene age and the
materials inside the temple are absolutely similar to the surrounding materials sliding down
permanently.

This hypothesis is still under development and verification. The archeological diggings process
is in prolongation. The new discoveries are expected in the near future.

Horizontal links

During the execution of the SCHEMA project, other tsunami EU projects started (like
TRANSFER, Sea HELARC etc.). The horizontal links between all these projects have been
established by participation of some partners in the other projects. For example: the team from
Bologna University and National Observatory of Athens participated in all mentioned projects, the JRC
team and B. Ranguelov from Bulgarian Academy of Sciences — in TRANSFER and SCHEMA, etc.
The new developed methodologies by different teams for tsunami modeling and tsunami hazard
assessment have been performed on different test site areas (for example — to the North Bulgarian
Black Sea coast). The fruitful cooperation started between the teams. The mobility and free exchange
of specialists’ ideas, data and information have been performed between the partners in the European
Research Area (ERA). New links and future cooperation is intended in the frame of SCHEMA,
TRANSFER and other projects. Workshops, meetings, research exchange is planed for the next
months related to the execution of SCHEMA. All actions are targeted to the requirements satisfaction
of the end users and for the benefits of the research and investigations to the societies, local
administrations and Civil Defense activities.

Conclusions

The main purposes of the SCHEMA project are outlined and described in the frame of the
Bulgarian tsunami investigations experience.

The main achievements of this experience are summarized and systematically incorporated
during the initial phase of the project.

Two very important new and unexpected evidences about the tsunami influence to the
Bulgarian Black Sea coast happened and have been investigated recently.

The future activities, information dissemination and end-users requirements will be
incorporated in the near future actions and investigations according the Project time schedule.
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Abstract: Besides the two already known nets, | recently discovered this new one, known as Stoyan’s
(net). At first, the active knots of this net were identified as very dangerous for the living creatures, including the
human race. Therefore, around 15,000 people and 8,000 heads of cattle were analyzed.

Under the research, around 120 seedlings were also analyzed, on which there was an active S-knot and
it was concluded that most atmospheric electricity charges were discharged exactly on these seedlings. This
means that the active knots, through the stem and the root of the seedling, create good earthing through which
most atmospheric discharges take place.

Based on this, | have envisaged the construction of a separate nanotechnology which will be able to use
the active knots of the cosmic S-net for telecommunication and other processes on our planet (as shown in Fig.).

The cosmic S-net, combined with the new transmitters, is a new discovery and a technological solution,
which allows for permanent and safe communication around the world with immensely lower financial costs, as
well as in view of safe living environment.

Thanks to the possibility of higher conductivity level, the cosmic S-net can also be used to direct,
discharge or exploit atmospheric electricity discharges.

According to the classification, it belongs to Al.

Introduction

As a consequence of the damage done to the ozone cover, there are so called cosmic (ozone)
holes, which cover large amount of space on the Earth. The ultraviolet rays can easily come through
them. If people are exposed to those ultraviolet syn rays, there are more chances to get skin burns
and skin cancer. Besides these cosmic or ozone holes, there are other sources of electromagnetic
sort, known as emissions, which come from the cosmic nets.

The planetary system with its existence does certain inner reflections, thus creating nets
above the Earth’s ozone cover. The cosmic nets are different from one another because of the
distance between the lines and the parallels, from which they are made of, and their width. With the
intersection, of the lines and parallels, the so-called knots with which are forming the nets. The knots
that don’t get through the ozone cover represent passive knots.

The cosmic sources for emission (knots), which manage to get through the ozone cover
represent active knots. They can be identified on the earth and they represent serious danger to the
living world. The diameter of the knot depends on the width of the lines that form the cosmic net, and
with that the diameter of the effect made by the cosmic emissions over the earth. Only three cosmic
nets are detected so far, which are harmful for the living world.

The three nets carry their authors names:

a. The net of Ph.D. Manfred Curry 300 cm x 300 cm x 50 cm;

b. The net of Ph.D. Ernst Hartmann 250 cm x 200 cm x 25 cm;

c. The net of Ph.D. Stojan Velkoski 100cm x 90 cm x 10 cm.
Fig. 1
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Material and Methods

The cosmic knots can be moved for more than 1 m in case of tectonic activities (earthquakes)
or sun storms.

| have noticed these occurrences based of the years spent on studying the nets, and
experiments. After the appearance of the sun storms which happened in December 2003, an
occurrence is detected with new active cosmic emissions especially from the third cosmic S-net. The
frequency of the cosmic knots over the Earth, among other things, depends also from the damage of
the ozone cover, and the harm which they cause to the living world is enormous.

Also, in the solitaires, there are certain places where the cosmic knot doesn’'t match
rectilinearly on all of the floors. This occurrence is due to the certain reflection, or the redirection. The
reflection or redirection of the knot can be caused by a string in the bed or an armature from a
concrete panel, but this is not always the case. If there is a knot on some bed or on the armature in
the concrete panel, on some of the higher floors, there can be a match in the distance and the size of
the spirals or the armature with the resonance of the knot, in that case the same is easily redirected to
the lower floors and changes the direction of movement. The reflection can also happen from some
synthetic and other materials.

| have elaborated and investigated it in details, from technical aspect and concerning the
effect it has on the live world including the human (a part of the researches can be seen on
www.soncevzrak.com).

There are more scientific studies, which include more than 10000 people and around 8000
large livestock. The results have shown that people, whose work place or bed is exposed to these
active knots, get sick from malign diseases in the average of 9 years. The experiments with the large
livestock have shown that the livestock which has been continually exposed gets sick from malign
diseases for about 3 months.

There is a chance for solving this problem, and that is with the neutralizer—transformer BIO-
SPH, which has a feature to decrease the intensity of the electromagnetic fields to 300 MHz, and with
this it can secure a safe living environment.

From the three nets that we know so far, there is a real opportunity that the third net can be
used for telecommunication and other services.

So far the telecommunication solutions involve the relay, mobile and the satellite
telecommunication. All these ways of communication are conditioned by time, space and service with
a very high price.

The technical solution which is meant for utilizing the cosmic S-net is a new invention which
can be used in combination with a transmitter with a receiver emitter and a locator.

The locator has a purpose to precisely locate the active S-knot, which will be used for further
transfer. The transmitter has a purpose to module the knot of the cosmic net, so that it can be used for
emission of additional low frequencies through which the translation will be done. The emitter has a
purpose to broadcast waves into the space, through which they can be in contact with the user of the
services, or the transmitter.

The invention will have the opportunity to be used statically or mobile. The static solution will
have the opportunity to be located directly on the cosmic S-knot with which it will have a direct link,
and the services will be performed by emitting to the users.

The mobile technical solution will have the opportunity to emit certain frequencies in the space
through which it will create a contact with the active S-knots and with the help of the transmitter it will
enable receiving and giving telecommunication or other services.

There is no given rule by which we could know the number of active S-knots in a certain
space. For example, in 1000 m? there can be 5 knots, and in another case with a space of the same
size there can be 50 active cosmic S-knots. The frequency of the active cosmic S-knots enables the
mobile communicational method to emit frequencies in a limited and relatively small space in the
radius of a couple of meters and the communication will go on uninterrupted. In this case the scope of
the mobile device will always be in contact with the S-net. This way we can spare the environment
from all kinds of emitters with a great destructive power.

Results

This invention represents a new era in the development of the telecommunications.

According to my analysis through out the years | have noticed that the S-knots attract the
electro atmospheric discharges. In most of the cases the electro atmospheric discharges happened in
places where there are active S-knots. The cosmic S-knot was next to or on some distance of the
place where there is good grounding. This natural occurrence represents a good indicator that the
active S-knots represent some sort of conductors. Because the same comes from the cosmic S-net
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which is spread over the ozone cover, the net represents a juncture between all of the knots of the net.
In this case separate knots achieve to break through the ozone cover and reach the Earth.

The active knots can be identified on the Earth and they can be used for: scientific, military
and industrial purposes.

The utilization of the active S-knots can be done in several ways, among which are the
following three:

1. Specially constructed transmitters can be placed on a previously identified two or more
active knots, which are located on two different continents. They will be able to use the
electromagnetic component from the cosmic knots for transferring information etc (Fig. 2).

Fig. 2

2. In this model a micro mobile locator can be used on the cosmic S-knots and right away,
through the same, a telecommunication link can be engaged without the need of any additional
emitters. In this case there is a need of a sophisticated mobile device with a locator, transmitter and
receiver emitter. With the locating of the cosmic S-knot, the device is brought to that point and we are
in contact with the cosmic S-net (Fig. 3). Also, the contact between the mobile device and the active
cosmic knots can be done by waves (Fig. 4).
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Fig. 3 Fig. 4

This model is more acceptable because the user does not depend on the locating of the
cosmic S-knots or any other central emitter which is recharged by electrical energy. In this case the
user owns a mobile device without a locator, which is equipped with a transmitter and a receiver
emitter with a short range. In that way the user will be able even in motion to reach the S-knots (one or
more of them) and establish the contact through them.

3. Because of the fact that the active cosmic S-knots represent some sort of a conductor for
the electromagnetic discharges, they can be used for controlled discharge into open or urban space
and their utilization.

With the use of the new technical solution, there is a line of positive effects which the people
can benefit from. For example:

* Reduced energetic expenses, as for the device, so as for its maintenance;

*  Better telecommunication reach over the whole planet;

*  Preserving the living environment;

*  Possibility for utilization of the technical solution for better communication with the
crew in the spacecrafts;

* Reducing the consequences of the electro atmospheric discharges, with a possibility
to use them further on;

*  Cheap telecommunications and other services.
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Discussion
Fig. 1

Fig. 1 shows the spreading of the three cosmic nets and their dimensions.

a. The Kerju net is discovered and elaborated by D-r. Manfred Kerju, whose knots on the
Earth are 50 x 50 cm, while the distance between the lines which form the net, depending on the
geographic position is around 300 x 300 cm;

b. The second net, which was known by the older generations, is called after the name of Dr.
Ernst Hartmann, who elaborated and announced it in the second half of the previous century. The
dimensions of the cosmic knots are 25 x25 cm, while the distance between the lines is north-south
250 cm x east-west around 200 cm. Depending on the geographic width on which the net is located, it
can go through certain changes;

c. | have discovered, elaborated and followed the third net for a longer period of time. The
width of the lines is around 10 cm, and with it the spread of its knots is around 10 x 10 cm, while the
distance between the lines is north-south around 90 cm, and east-west around 100 cm. Depending on
the geographic width on which the net is located, it can go through certain changes. This net was not
known till recently, because of the small spread of the knots.

Fig. 2

Fig. 2 shows the following elements:

Point 1 shows the spread of Stojans’, or the S-net with two active knots;

Point 2 shows the ozone earth shield which is penetrated by two S-knots;

Point 3 and 4 represent two active cosmic S-knots;

Point 5 and 6 represent specially constructed transmitters whose purpose is to receive and
transform the active S-knots and perform the receiving and emitting of the communicational and other
services;

Point 7 and 8 represent the energizing of the transmitters who are placed on two different
places on the earth with electrical energy;

Point 9 and 10 represent local receivers emitters which help the mobile devices to get the
necessary activities.

Fig. 3

Fig. 3 shows the opportunity for utilizing the s-net through the active S-knots, without central
emitters with transmitters and locators which is presented with the following things:

1 — the cosmic S-net over the Earths’ ozone layer;

2 — the ozone cover;

3 and 4 — active S-knots;

5 and 6 — mobile receivers/emitters with locators and transmitters which work in direct contact
with a cosmic S-knot.

Fig. 4

Fig. 4 shows the opportunity for utilizing the active S-knots with the help of frequencies
emitted by the mobile devices. The device equipped with transmitters and receivers emitters will be
able to obtain active S-knots in their surrounding area, which will enable the further development of
the processes. The energizing of the mobile devices can be combined with the help of the solar
technique or with batteries.

The solar utilization for energizing the devices for communication can be of great benefit to the
expeditions on the Earth and in the Space.

The process of utilization is shown through the next points:

1. Point 1 shows the cosmic S-net;

2. Point 2 shows the ozone layer;

3. Point 3 and 4 show the two active cosmic S-knots, which are in function with the help of a

mobile device and on a certain distance;

5. Point 5 shows the mobile device which in motion reaches active cosmic S-knots and

functions normally;

6. Point 6 shows the system and methodology with the technical resources for grounding and

utilizing the electro atmospheric charges, as described in the given points.
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Fig. 5

Fig. 5 shows that the opportunities given by the cosmic S-net are very big.
One of those opportunities is to utilize the conductibility of the active cosmic S-knots for

controlling and using the electro atmospheric discharges.

In this case the damages caused by the electro atmospheric discharges (lightning) can be

reduced to a minimum. If they can be redirected through the active S-knots, for their grounding or
utilization, then the living environment can be protected, and also an additional energy can be gained
from the nature, as shown in the following points:

O~NOOTWN -

11.

12.

13.
14.

15.

16.

. The cosmic S-net with its active knots;
. The ozone cover;

and 4 are the polarized clouds with polarity (+) and (-);

. Discharging of the electricity (lightning);

. Active S-knot which has good grounding;

. Active S-knot which hasn'’t got good grounding;
. System for grounding.

Fig. 5 Fig. 6
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Abstract: The concentrations of the bio elements (K, Na, Ca, Mg and Fe) have been established in the
liver and kidneys of foxes from mountain region with high quality of nature environment in Bulgaria. Seven
assessment range groups have been defined for each analyzed element in the studied organs. These groups set
the limits, which could be used for comparison of the impact characteristics of a new examined specimen,
reflecting the tangible ecological conditions of its habitat. The established analytical concentrations of these
elements can be regarded as a starting point for making bioindicative characteristics of fox in view of its use as
bioindicative type for appraisal of the ecological state of its living ambience.

HeraTvBHWTE NpoMeHM B Ka4eCTBOTO Ha MpupoaHaTa cpefa, B CNeAcTBUE Ha exeaHeBHaTa
aHTpONOreHHa AerHOCT, ca HeNnpekbCHaT U HeobpaTum npouec. PasnuyHuTe XMMmnyeckn BeLLectesa C
aHTpOMNOreHeH NpounsxoA, nonagaT BbB Bb3Ayxa, novsata unu sogaTta, NpeMmnHaBaT no XpaHuTenHuTe
BEPUIN U B KpailHa CMeTKa NpeMnHaBaT B OpraHu3MuTe Ha XXMBOTUHCKUTE BUOOBE N YOBEKa.

B Tasu cutyaums e HeobxogmMma MHpopmMauMsa 3a CbCTOSHMETO Ha eKocUcTeMuTe C uen
OCUrypsiBaHe Ha TSIXHOTO YCTOMYMBOTO pa3BuTHE.

BMONOrMYHUAT MOHUTOPUHT € MBbTAT MO KOWTO Ype3 oueHKaTa Ha CbCTOSIHMETO M peakuuute
Ha XXMBWUTE OpPraHM3My Ha M3MEHEeHMsTa B OKOJIHATa cpefa, € Bb3MOXHO [a ce MpaBAT M3BOAU
OTHOCHO M3MeHeHudaTa B bnocdepara, NpoTuyalLm nog Bb34eNCTBUETO HA aHTPOMOreHHUTE (PakTopu.
EOvH OT OCHOBHWTE HEroBM MOOXOAM CE OCHOBaBa Ha oOLEHKaTa Ha HanuMuMeTo Ha OCTaTb4yHU
KONMYECTBO OT MPUMOPUTETHN MPUPOAHU 3aMbPCUTENN - TEXKA MEeTanu BbB BbTPELUHUTE OpraHn —
“MULUEHN" HA HaN-YyBCTBUTEMNHUTE BMOMOIrMYHM OpraHn3mMm — 300MoHMTOpPKU (HaumoHanHa nporpama
3a 6GromoHuTOpUHr Ha Bvnrapus, 1990).

OcBeH oueHkaTa Ha OocTaTbYHMTE KOMMYEecTBa OT KCeHobuoTumuuTe, BaXHO OT GuonorvyHa
rnegHa Tovka e n onpegensHeTo 1 Ha KOnMYeCcTBOTO Ha Makpo-6uoreHHnTe enemeHtn kato K, Na, Ca,
Mg u Fe, kouto ca ¢ nosuweHa GuonornyHa akTMBHOCT. OT TAXHOTO CbObpPXaHWe B pasnuyHuTe
TbKaHW W OpraHW Ha [OUBUTE XMBOTHW, CE BMMSEe YCTOMYMBOCTTA Ha OpraHnsMuMTe CrnpsiMo
3abonsBaHns, MNOBULIABAHETO HA MPOAYKTMBHOCTTA WM OMNTUMU3MPAHE HA TErrnoTo WM, KakTo U
KayecTBOTO Ha JobuBaHMTe OT TaX npogykTn. OT ONTMMANHOTO KOSIMYECTBEHO CbObPXaHWE Ha
OGUoreHHUTE enemMeHTV B OpraHM3mMmnTe 3aBUCK TAXHOTO 34PaBOCIIOBHOTO CbCTOSIHWE U Pa3BUTUETO Ha
HOBOPOAEHUTE M NOAPACTBALLUTE XKUBOTHM.
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OueHsABaNKM U3KMIOYUTENHO BaXXHOTO 3HAYEHME HA KONMMYECTBEHOTO MPUCBLCTBUE HA Te3u
€NeMEeHTM B OpraHM3MuMTe Ha >KUBOTUHCKUTE BWAOBE — 300MHOVKATOPW Ha CbCTOSHUETO Ha
npupogHaTta cpega, uenta Ha uacrneaBaHeTo e: (i) u3sBa Ha CbObpXaHWETO (CPpedHuM CTOMHOCTU U
abcontoTHata MM M3MEHYMBOCT) Ha nscnensaHute 6uoreHHn enemeHTu K, Na, Ca, Mg u Fe, B 4YepHus
npob n 6bLOpeunTe Ha 3oomoHuTOpa nucuua (Vulpes vulpes), obuTaBalla MAaHMHCKKM MapKOBU
Teputopun B bbnrapus, 3a Kouto ce npuema, Ye ca crabo aHTPOMNOreHHo nosnusHK; (i) Ha TaxHa
OCHOBa fa ce pa3paboTAT OUEeHbYHM HOPMAaTUBHU TPYMM 3a CbAbPXKaHMETO Ha Mpoy4vBaHWUTE
OrnoenemMeHTn B “OopraHuTe MuweHn” - YyepeH apob n 6vubpeun Ha To3n GruonHamMkaTop, C KOETO Aa ce
cb3dage Bb3MOXHOCT 3a CpaBHWUTENHO KnacudpuuMpaHe Ha WHAOMBMAYyanHWTe napameTpyu Ha
CbAbpXaHMe Ha Te3n efnieMeHTU Ha BCEeKM KOHKpeTeH WHAMBMA Ha Buaa, obuTasall Teputopuu C
pasnuyYHO aHTPOMOreHHO NOBMMSIBaHe B CTpPaHaTta 1 Ha €BPOMNENCKMUSA KOHTUHEHT.

MaTtepuan n metoam

KonunyectBeHOTO cbabpxaHne Ha Makpo-buoreHHuTe enemeHTn K, Na, Ca, Mg n Fe B YyepHus
apob n B 6b0peumnTe Ha nucuuata B bbnrapus e oueHeHo Ha OCHOBaTa Ha NPOYYBaHETO Ha XMBOTHM
OT NapkoBu TepuTopun Ha HaumoHaneH napk «Punax», un MNMpupoaeH napk «BuTolia», kouto ca Gunu
M3MNON3BaHM 3a 300MOHUTOPHA OLEHKA Ha CbObPXaAHMETO Ha MPUOPUTETHU 3aMbPCUTENM Ha
OKOfHaTa cpefa — TEXKM MeTanu CbC 3aBWCUM OT Jo3aTta UM TokcudeH edekt (Mn, Fe, Cu, Zn) u ¢
OokasaH curneH TokeudeH edekt (Mapkos, MocnogmnHoBa, 2006a, 6; NocnognHosa, Mapkos, 2006).

3a cTtaTnctnyecka obpaboTka Ha aHaNMUTUYHUTE pPe3ynTaTu ca U3Non3BaHM CTaH4APTHM MaTe-
MaTUKO-CTaTUcTMyeckn metoam (Sneath, Sokal, 1973), nsnonssaHu B GUONOrMYHUTE U3CNEABaHUS.

3a onpegensiHe Ha rpaHUUUTE HaA OLEHBYHUTE TPYNMM Ha CbAbPXaHME Ha BCEKM OT
npoyyYBaHNTE BMOreHHN enemMeHTV BbB ABeTe NpoyyYBaHn TECT cUCTEMU - YepHus apob n 6vbpeunte
Ha nucuuata e npunoxeH “Metoga Ha MapTuH”- anropuTbM 3a onpedensHe Ha HOPMaTUBHU
XapakTEPUCTUKN, NPU KOUTO Ce ONPEedENAT rpaHUUUTe Ha 7 HOPMATUBHMW TPYNKU, CIPSAMO EMMINPUYHO
onpefeneHaTta cpefHa rpynosa CTOWHOCT:

1-*3 rp. - ENEMEeHTbT NPUCHCTBA B CUMHO U3Pa3EHO HUCKO ChabpKaHue
2-"? rp. - ENemMeHTbT NpUChCTBA B CPEOHO 13PA3eHO HUCKO ChAbpXKaHue
3-" rp. - EnemeHTbT npucbeTBa B cnabo UspaseHo HUCKO CbabpKaHue
4-" rp. - ENEMEHTbT NPUCHCTBA B HOPMAIIHO ChAbpXaHue

5-" rp. - ENnemMeHTBbT NpucbcTBa B crnabo 13pa3eHo BUCOKO ChAabpKaHue
6-" rp. - ENnemMeHTbT NpMcbCTBa B CPEAHO M3Pa3eHO BUCOKO ChabpXKaHue
7-"% rp. - ENeMeHTBbT NPUCHCTBA B CUITHO U3PA3EHO BUCOKO ChbpXKaHue.

Pe3ynTtaTtu n o6¢cbxaaHe

OnpeneneHn ca cpegHUTe CTOMHOCTU U CTaHAAPTHUTE OTKITOHEHWUS Ha CbObpPXaAHWETO Ha
BCEKM OT neTTe aHanuanpaHu buoenemeHTn B YepHust gpob (Tabn. 1) n B 6ubpeunte (Tabn. 2) Ha
nucuuaTta oT bbnrapus.

Ha TsaxHa ocHOBa, 3a BCEKM OT MNPOYYBaHWTE ENEMEHTU Ca YCTaHOBEHM 7'° OLEeHBbYHM
OvanasoHHM Tpynu, CnNpsMoO KOUTO € Bb3MOXHO [da Ce W3BbPLUM CpaBHUTENHA OUEHKa Ha
WHOVBMAOYAITHOTO CbAbpXKaHNE Ha Te3WN eNeMeHTN BbB OpPraHnTe MULLIEHN Ha BCEKN HOBO M3cneasaH
WHOVBWA, peanu3vpaHo Npu KOHKPETHUTE eKONMOMMYHU YCrOoBMS Ha HEroBOTO MecToobutaHue (Tabn.
1 n 1abn. 2). Taka e cb3gageHa Bb3MOXHOCT, B 3aBUCUMOCT OT YCTaHOBEHWUTE WHOMBMAYaNHU
KOHLIEHTpaLMM Ha u3crneaBaHUTE €eNeMEHTU, CbAbpPXaHMeTO UM BbB BCEKM MHOMBUAO Oa Obae
OLEHEHO M NPUYNCNEHO KbM HAKOA OT KaTeropumTe: “nog Hopmarta”, “B HopmaTa” unm “Hag HopmaTta”’
Nno OTHOLWUEHWE Ha TsXxHaTa pedepeHTHa CTOMHOCT B 300MHAMKaTOpa, obutasan NiaHUHCKU NapkoBu
TepuTopun B Bbnrapus.

N3paboTeHnte cpedHu noMynauMoHHM CTOMHOCTUM U OUEHBbYHMTE AManasoHn  3a
CbAbpPXaHNETO Ha BuoenemeHT B ABaTa opraHa—‘mMuLLIEHN” — YepeH apob n 6bbpeun Ha nucuuaTa,
paswupsBaT no3HaHusTa 3a Buga Vulpes vulpes B Ka4eCTBOTO My Ha 300MOHUTOP 3a CbCTOSIHUMETO
Ha okomnHaTa cpefa. Te gaBaT Bb3MOXHOCT 3a MO-pasllMpeHa WHOUBMAyarnHa XapaKTepucTuka u
oueHka (U3NOMNOIMYHOTO CbCTOSIHME HA WHOUBMOUTE HA TO3U 300MOHUTOP B KOHKPETHOTO UM
MecTooOMTaHue, NOBMAMsIBAHO B pe3ynTaT Ha 3acunBawa ce ypbaHuzauna wunu cneumduyHo
NPOMMULLINIEHO aHTPOMOreHHO Bb3OEeNCTBUE.
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Tabnuua 1. CpegHu cToHOCTU (X Cp.) Ha aHaNUTUYHUTE KOoHUEeHTpauun (mg/kg Bb3OYyLLHO Cyxa TbKaH),
CTaHOapTHOTO MM OTKIoHeHne (SD) 1 HOpMaTWBHU rPyNn 3a CbAbPKAHNETO Ha BMoenemMeHTn B YepHUs
apo6 Ha nucuuaTa B bbenrapusa

o1 71.4181 po 110.7392
ot 110.7392 oo 130.3997
o1 130.3997 go 169.7208
Hap 169.7208

onoenemMeHT HopmaTtuBHM rpynu ouoenemMeHT HopmaTtuBHM rpynu
Mean SD Mean SD
9811.0729 158.4070 433.6100 149.9661
K noag 9494.2590 Na nog 133.6778
(mg /100 g) oT 9494.2590 oo 9652.6660 (mg/ 100 g) o1 133.6778 oo 283.6439
oT 9652.6660 go 9731.8690 ot 283.6439 0o 358.6270
o1 9731.8690 go 9890.2760 ot 358.6270 go 508.5931
o1 9890.2760 oo 9969.4800 o1 508.5931 oo 583.5761
oT 9969.4800 oo 10127.8900 oT 583.5761 no 733.5422
Hag 10127.8900 Hap 733.5422
onoenemMeHT HopmaTtueHu rpynu OuoenemMmeHT HopmaTtneHu rpynu
Mean SD Mean SD
105.9370 60.1398 77.2956 10.3734
Ca nog - 14.3426 Mg noa 56.5488
(mg /100 g) oT - 14.3426 po 45.7972 (mg /100 g) oT 56.5488 go 66.9222
o1 45.7972 po 75.8671 0T 66.9222 po 72.1089
oT 75.8671 go 136.0069 oT 72.1089 go 82.4823
o1 136.0069 go 166.0768 oT 82.4823 po 87.6690
o1 166.0768 oo 226.2166 oT 87.6690 no 98.0424
Hap 226.2166 Hap 98.0424
ounoenemMeHT HopmaTtuBHUM rpynu
Mean SD
91.0786 39.3211
non 12.4364
Fe o1 12.4364 no 51.7575
(mg /100 g) ot 51.7575 po 71.4181

Tabnuua 2. CpegHu ctorHOCTM (X Cp.) Ha aHaNUTUYHUTE KOHUeHTpauuu (mg/kg Bb3OYLIHO Cyxa TbKaH),
CTaHAapTHOTO MM OTKIOHeHne (SD) 1 HoOpMaTUBHYM rpynu 3a CbAbpXKaHNETO Ha buoenemeHTn B 6BLOpeuuTe
Ha nucuuara B bwnrapus

ouoenemMeHT HopmaTtneHu rpynu OuoenemMmeHT HopmaTtueHM rpynu
Mean SD Mean SD
1003.3880 257.5795 619.6640 203.6995
K nop 488.2290 Na noa 212.2650
(mg /100 g) oT 488.2290 oo 745.8085 (mg/ 100 g) oT 212.2650 oo 415.9645
oT 745.8085 no 874.5983 o7 415.9645 no 517.8143
oT 874.5983 0o 1132.1780 o7 517.8143 no 721.5138
o1 1132.1780 go 1260.9680 o1 721.5138 oo 823.3635
oT 1260.9680 go 1518.5470 o1 823.3635 go 1027.0630
Haa 1518.5470 Hag 1027.0630
ounoenemMeHT HopmaTtunBHuM rpynu OouoenemMeHT HopmaTtnBHu rpynu
Mean SD Mean SD
123.6550 112.9643 66.1420 21.8939
Ca non — 102.2736 Mg noa 22.3542
(mg/ 100 g) ot —102.2736 oo 10.6907 (mg /100 g) oT 22.3542 po 44.2481
o1 10.6907 oo 67.1729 oT 44.2481 po 55.1951
o1 67.1729 pno 180.1372 o1 55.1951 po 77.0890
ot 180.1372 0o 236.6193 oT 77.0890 o 88.0359
oT 236.6193 0o 349.5836 ot 88.0359 0o 109.9298
Hap 349.5836 Hapg 109.9298

6uoenemeHT HopmaTtusHM rpynu
Mean SD
31.5780 12.8269
nog 5.9242
Fe o1 5.9242 no 18.7511
(mg /100 g) o1 18.7511 go 25.1646

oT 25.1646 go 37.9915
o1 37.9915 o 44.4049
oT 44.4049 po 57.2318
Hap 57.2318
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Abstract: New nanocomposite material with advanced mechanical properties was created by high
energy (ball milling) pre-treatment of iron+3 wt.% fullerene C¢o powder followed by high-pressure/high-
temperature treatment. The highest values achieved for a series of samples are the following: 210 GPa for bulk
modulus; 100 GPa for shear modulus; 260 GPa for Young’'s modulus, which are ~20% higher than the values of
cast iron of the same composition.

The samples were investigated using the following techniques: metallography, acoustic spectroscopy,
scanning probe microscopy and microhardness.

1. Introduction

A new branch of nanomaterials is under development today. There is an idea to use different
forms of nanocarbon or nanocarbon compounds to produce nanostructured composites [1]. Iron and
carbon nanocomposites are of particular interest.

Solid metal-carbon matrix of metallofullerenes and method of forming the same was patented
[2]. The method is based on heating of high carbon component (fullerene reach) with low carbon
component up to melting point (of carbon reach component).

Optical microscopy, X-Ray diffraction (XRD) analysis and magnetic properties measurements
were carried out to characterize Fe-85 vol.% Fe;C [3] prepared by mechanosynthesis of elemental Fe
and graphite powder. It was found that mechanical properties (i.e. hardness) correlate well with fine
grain size.

Dry sliding wear tests were carried out on nanophase Fe-FesC white iron produced by
mechanosynthesis and hipping [4] which was obtained by Fe and graphite milling and cold isostatic
pressing at 300 MPa.

Raman spectroscopy, microhardness and wear resistance measurements were used to study
the transformation of fullerites Cgo+Co in @ mixture with iron powder upon changing temperature (800-
1200°C) and pressure (1-5 GPa) of compacting treatment [5], the treatment providing the fullerite
transformation to particles (up to 700 um in diameter). The formation of superhard amorphous carbon
phase from fullerenes in carbon matrix was found and investigated.

Martensitic steel dispersed with nanometre-scale carbonitride particles was produced using
conventional processing techniques [6]. Time-to-rapture at 923 K was increased to record value.

In the work presented we report on high mechanical properties found for iron+fullerene Cg
composite. High-energy ball milling of iron-fullerene mixture was followed by treatment under high
pressure (7.7 GPa) and different temperatures. A series of samples was produced. Ultrasonic
technique was applied to study elastic properties and their bulk irregularities of the samples. Optical
microscopy, scanning probe microscopy and microhardness investigations was fulfilled.

2. Samples preparation

Fe+3 wt.% fullerite Cso composition was chosen taking into account the following. It seemed
very probable that iron and carbon would form carbides, most probably FesC. There are 6.7 wt.% of
carbon in FesC. For the composition Fe+3 wt.% Cg, we are supposed to have free iron in any case
and amount of carbides is supposed to be considerable.
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Iron powder of high purity was mixed with Cg, powder and than ball-milled with steel balls in
stainless-steel container in protective environment. It was found that 6 hours milling reduced the
average size of the iron grains from 50 ym to less than 1 ym. Glove box precautions were applied to
reduce contamination. High-pressure/high-temperature treatment of the composition was made with
profiled anvils (toroid-type) apparatus. Pressure calibration of the apparatus was made using bismuth
polymorph transitions as pressure marks. Chromel-alumel thermocouple was used to measure
temperature. A series of experiments was made at 7.7 GPa pressure and 60 second exposure to
different temperatures (400, 600, 800, 1000, 1200 and 1350 °C). The dimensions of the samples were
about 5 mm diameter and 3 mm height.

Density of the samples was measured with weight-in-liquid method. Results of the
measurements are presented in Table 1.

For further studies the front and back faces of specimens were polished and treated for
metallographic study. The height of the samples with plane-parallel surfaces was 2.3 mm.

Ultrasonic pulse (microacoustic) technique at frequency 25 MHz was applied to study elastic
properties of composite samples. Ultrashort probing ultrasonic 30-40 ns pulses were used for
measurements. Experimental procedure was described in details previously [7]. Elastic module were
calculated on the basis of the measured sound velocities and densities of the samples. The data on
sound velocities V_ and V1 were obtained with an accuracy of ~3%.

Vickers hardness measurements were done with diamond 136° pyramidal indenter, 1 N load
and 30 second dwell time.

Optical microscopy investigations were fulfilled to track out visual peculiarities of surface.

Probe microscopy investigations of polished surfaces were made to map profile and to
measure microhardness of the surface. Peculiarities of the measurement techniques with scanning
probe microscope NanoScan which were used it this work were described previously [8].

3. Results and discussion

3.1. Investigation of structure

Optical microscopy investigations add to scanning acoustic microscopy and scanning probe
microscopy of the surface of the samples and revealed the following. Samples treated below 800°C
consist of different size (~5-40 ym) grains with irregular shape (figure 1a). But these grains are not
“true” ones. Closely packed small iron particles covered with fullerene originated carbon make bigger
aggregates or grains. 800°C temperature of high-pressure treatment is the temperature when the
structure of the samples changes considerably. At this temperature the “optical structure”, “scanning
probe microscopy structure” and “scanning acoustic microscopy structure” consists of small grains
about 1 ym in size or smaller (figure 1b). Above this temperature the grains “start to grow slightly” and

achieve ~3 ym size at 1350°C (figure 1c).

a) b) c)

Figure 1. Structure of the high-pressure treated samples. Acoustic microscopy images. a) 300x300 um,
T=400 °C; b) 300x300 pm, T=1000 °C; ¢) 100x100 pm, T=1350 °C.

3.2. XRD investigations

X-ray investigations revealed that temperature region about 800°C is the region of
considerable structural changes. X-ray patterns for the samples below 800°C contain broad Fe lines
only. Since 800°C lines of Fe;C start to develop and at ~1000°C Fe,C lines are “very strong” though
“small” Fe lines are also present. X-ray patterns above 1000°C consist of Fe;C and Fe lines.
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a) b)

Figure 2. X-ray investigation results for the samples treated under high pressure at a) 600°C; b) 1000°C.

3.3. Elastic moduli and hardness

Mean values of ultrasonic velocities and corresponding values of elastic constants and
hardness for all obtained samples are presented in Table 1. It should be noted that shear modulus and
Young’'s modulus grow steadily with the synthesis temperature increase. There is quite good
correlation between elastic modulus K and microhardness. Bulk modulus as well as microhardness
reach maximum values for the samples synthesized at 800 and 1000°C. It should be said that
attempts to make microhardness measurements device were also made with NanoScan. The
NanoScan microhardness temperature dependence is similar, but the values are 20-30% higher.

Table 1. Fe+3 wt.%Cgo synthesized at P=7.7 GPa. Average values of density p, longitudinal V. and shear
Vr ultrasonic wave velocities, bulk modulus K, shear modulus G, Young’s modulus E Poisson’s
ratio o and microhardness Hy as a function of synthesis temperature T.

T°C P Vi Vr K, E, G, o H,
glem® Km/s km/s | GPa GPa GPa GPa
400 7.52 6.03 3.25 170 200 80 0.30 9.13
600 7.65 6.10 3.10 187 195 74 0.33 9.45
800 7.63 6.30 3.17 200 205 77 0.33 13.35
1000 7.67 6.50 3.30 210 220 85 0.33 12.40
1200 7.61 6.17 3.39 170 225 90 0.29 9.35
1350 7.56 6.37 3.72 160 260 100 0.23 7.80
Steel 7.60 6.20 3.24 185 280 80 0.31 ~3

High values of elastic module of the samples treated above 800°C under high pressure may
be discussed from two adjacent points of view. The first of the points considers structure. The second
considers the properties of the sample constituents. Grain refinement after high-energy treatment,
dispersion strengthening with sub-micron fullerite originated carbon or carbonaceous particles, zero
porosity are general reasons for high hardness and elastic properties values from structural point of
view. The structure of all the samples in general consists of small Fe particles, about 1 ym in size or
smaller and some carbon reach constituent gluing the particles.

As it can be read from x-ray data “carbon reach” constituent of the samples treated with high
pressure above 800°C is FesC mostly. But there are some doubts that the FesC is the only carbon-
originated constituent. Bulk modulus K value for FesC is about 174 GPa [9]. There are evidences that
Ceo subjected to high-pressure/high-temperature transforms into state with extremely high moduli [10],
bulk modulus K may have value above 450 GPa, Young's modulus E above 600 GPa, shear modulus
G above 300 GPa. It is known [11] that fullerene Cg, treated under high-pressure/high-temperature
transforms into very hard and extremely hard phases, most of the phases being disordered or long
range lattice disordered, X-ray patterns for the phases contain broad and few lines.

Conclusion

High energy mechanical pretreatment (ball milling) followed by high-pressure/high-
temperature treatment was found to be “good technological chain” to produce materials with excellent
properties.
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New nanomaterial with advanced mechanical properties was created with high energy (ball
milling) pre-treatment of iron+3 wt.% fullerite C¢; followed by high-pressure/high-temperature
treatment. The highest values achieved for a series of samples are the following, 210 GPa for bulk
modulus; 100 GPa for shear modulus; 260 GPa for Young’s modulus, which are ~15-25% higher than
the values of the cast iron of the same composition. Grain size reduction after high-energy treatment
(down to 1 ym), dispersion strengthening with nanoparticles, zero porosity are the reasons for high
elastic properties and hardness values from structural point of view. Mechanical properties of the
structure constituents are very high.

Temperatures above 800°C during high pressure treatment at 7.7 GPa make radical structural
changes accompanied with sharp increase of mechanical properties.
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Abstract: The cubic »SisNs phase was synthesized by the shock technique from the hexagonal S-SisN4
phase. The thermal stability of the »SizsN4 was investigated during heating in vacuum up to 1773 K. An exothermal
heat effect was found at 1690 K, structural investigations revealed complete transformation of »~SizN4 to 3-SizNa.
The corresponding heat effect value was estimated as 51.3#7.7 KJ/mol. The high-pressure-high-temperature
treatment (P=13 GPa, T=1300-+2300 K) was applied to »SisN4 to make bulk polycrystalline non-porous samples.
It was found that temperatures below 1623 K do not change the content of the cubic »SisN4, temperatures above
2273 K decrease it substantially. Mechanical properties of these bulk samples were measured by acoustic wave
and nanoindentation techniques. The maximum values belong to cubic »~SisN4: hardness 39-+44 GPa, Young's
modulus 475 GPa, bulk modulus 263 GPa. Equilibrium 4 line position in P-T phase diagram was estimated
using data obtained in this work. The equilibrium pressure at T=300 K was estimated as P300=7.0#2.0 GPa.

1. Introduction

In 1999 a cubic spinel-type silicon nitride y- SisN, phase was for the first time synthesized in
diamond anvil apparatus at 15 GPa and 2000 K, bulk modulus 300 GPa and shear modulus 340 GPa
of the cubic y-SisN, were calculated [1]. Later the same authors measured hardness values
30+43 GPa for the y-SizNy4 [2].

First shock synthesis from powder B-SisN,4 yielded more than 80% of cubic y-SizN4 [3,4]. The
isentropic curve was calculated from the Hugoniot data applied to the Birch-Murnaghan equation of
state of the y-SisN4. The bulk modulus 300 GPa and its first pressure derivative 3.0+0.1 were
estimated [3,4].

Available data show that y-SisN, is promising very hard substance with low compressibility [5].
There is general difficulty to obtain sufficiently large single phase cubic y-SisN4 sample. For example,
diamond anvil or shock syntheses yield quite small pieces or very fine powder of the cubic y-SisN,.
That is general reason why different properties of the y-SizN, still need precise measurements. The
aim of the presented work was to create bulk samples from the cubic y-SizNs and investigate
mechanical properties of these samples, as well as stability of the y-SizN,4 in pressure and temperature
terms.

2. Experimental details

The cubic y-SisN, powder was shock synthesized as described in [6, 7] from the B-SizN, and
copper mixture. To remove copper it was rinsed in nitric acid, cleansed in distilled water and dried. The
shock conditions were estimated as 53 GPa and 5370 K.

The investigations of the thermal stability of the shock-synthesized samples were carried out
with the thermal analyzer TAG-24 up to 1773 K.

A series of experiments was made to establish y-SizN, stability under 13 GPa pressure and
1300+2300 K temperature and to create bulk material.

The sound wave velocities and the elastic moduli of the high-pressure-high-temperature-treated
samples were measured with an acoustic microscopy technique. Details of the technique are
described elsewhere [8]. The surface mechanical properties were investigated with the scanning
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probe microscope (SPM) and Nanohardness tester “NanoScan” [9], the sclerometry technique was
used for the hardness measurements, the «approach curve» [10] technique was used for the Young’s
modulus measurements. A contact area was ~ 0.01 pm?.

The HR-transmission electron microscopy (JEM-2010 with EDS analysis) and the X-ray
technique (powder diffractometer ARL X'TRA, CuK,) were used for structural investigations.

3. Experimental results

The cubic y-SizsN4 was synthesized from the hexagonal -SisN,4 [6]. A powder with composition
50% B-SizN4+50% Cu was pre-pressed up to 70% density than shock loaded. The shock conditions
were estimated as 53 GPa and 5370 K [6].
Typical TEM picture of the sample after shock synthesis is presented in Fig. 1. Electron
transmission microscopy diffraction analysis revealed that this sample contains three different phases
of SizN4: hexagonal a and B, as well as cubic y.

Fig.1. TEM image of the sample after shock synthesis.

X-ray diffraction analysis showed that sample after shock synthesis contains about 80 % of the
cubic y-SizN4, about 20% of the hexagonal B-SizN, and traces of the «-SisN4 (specimen No. 1 in
Fig. 2).

Fig. 2. X-Ray data of the SisN4 samples. Figures in brackets designate reflection indexes of the cubic y- phase, * -
not transformed hexagonal 8- phase.

A series of experiments was made to establish y-SizN, behavior under 13 GPa pressure and
1272 K, 1473 K, 1623 K and 2273 K temperatures. Diffractograms of the shock synthesized sample
and the samples after high-pressure-high-temperature treatment are presented in Fig. 2. All the
diffractograms contain peaks of B- and y- phases (traces of the a—phase are found only in the initial
sample No.1l). TEM observation revealed o—phase particles in high-pressure-high-temperature
treated samples (see Fig. 3).

Fig. 3. TEM image of a non-perfect a—SizN4 particle of the sample No. 2 (Table 1) after 13 GPa and 1273 K
treatment.
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Relative percentage of the phases, calculated X-ray density and specific weight of the samples
measured with the hydrostatic weighing technique are presented in Table 1. The sample numbers in
Table 1 are the same as the curve numbers in Fig. 2. The phase composition of the samples was
estimated from relative intensities of the strongest lines. X-ray density of the hexagonal SizN, is 3.20
g/sm® [1], X-ray density of the y-SizN, is 4.001 g/sm® (it was calculated from the cubic parameter
a:7.7510.01A). Best coincidence of the X-ray density and the specific weight measured with the
hydrostatic weighing technique was found for the samples No. 4 and No. 5. This fact says for absence
of pores in these samples.

Table 1. Results of the structural investigations of the SizNs samples after 13 GPa pressure and different
temperatures treatment

Specific
Sample Treatment % of % of cubic Specific weight (X- weight .
No. temperature hexagonal phase ray)3 (hyo!ros_tatlc
(K phase (g/sm”) weighing)
(g/sm’)
Material after
1 shock-wave 22 78 3.83
synthesis
2 1273 24 76 3.80 3.64
3 1473 27 73 3.78 3.73
4 1623 21 78 3.79 3.83
5 2273 73 27 3.42 3.44

The experiments showed that 13 GPa and temperatures up to 1673 K do not increase content
of the cubic phase. Considerable decrease of the cubic phase content takes place at 2273 K
temperature due to reverse y—f transition.

The sound velocities measurement with an acoustic microscopy technique and results of
calculations of the elastic module for the samples after high-pressure-high-temperature treatment are
represented in Table 2. The data are bulk averaged. The sample numbers are the same in Tables 1
and 2. Maximum values were observed for the sample No. 4 (synthesis temperature T=1623 K), that
is, probably, connected with the most dense structure of this sample (see Table 2).

Table 2. Results of the sound velocities measurements and the elastic moduli calculations for the samples after
high-pressure-high-temperature treatment

Mechanical values Sample No. 2 Sample No. 3 Sample No. 4
Longnugﬂnal sound 8.58 731 11.70
velocity (km/s)
Transvz_ersal sound 532 4.45 718
velocity (km/s)
Elastic longitudinal
constant (GPa) 266.2 199.1 524.0
Shear modulus (GPa) 102.9 73.9 197.5
Bulk modulus (GPa) 121.3 100.4 261.0
Young's modulus (GPa) 240.4 177.8 473.0
Poisson’s ratio 0.169 0.204 0.198

The surface mechanical properties (hardness and Young’s modulus) of the high-pressure-high-
temperature treated samples were investigated with the SPM-Nanohardness tester “NanoScan” and
are presented in Table 3. The sample numbers are the same in Tables 1, 2 and 3.

Table 3. Mechanical properties of the SisN4 samples after high pressure-high temperature treatment measured
with SPM-Nanohardness tester “NanoScan”

Sample No. Nano-hardness (GPa) Young's modulus (GPa)
2 38+4 470460
3 3944 470460
4 44+4 480460

The pictures obtained during nanosclerometry measurements of the samples No. 2 and No. 4
are shown in Fig. 4. Pores formed during high-pressure-high-temperature treatment are well visible on
the surface of the sample No. 2. At the same time surface of the sample No. 4 is more homogeneous
and non-porous.
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4a 4b

4c 4d
Fig. 4. Surface SPM-images of No. 2 (a,b) and No. 4 (c,d) samples; (a,c) — surface relief with scratch imprint
(dimension of the images - 5.0x5.0x0.3 um); (b,d) — corresponding elastic modulus map.

Measurements of the Young's modulus with the approaching curve technique are dependent on
the surface quality and homogeneity. The hardness and the Young's modulus values of different
phases are different. Only maximum measured values are presented in Table 3. We believe that these
values belong to cubic phase. In this case the hardness values are in good accord with the data of
work [2].

SPM-Nanohardness tester “NanoScan” measurements are local, while sound wave technique
measurements are bulk (and dependent on porosity of a sample). That is why the best coincidence of
the Young’s modulus values obtained with the SPM-Nanohardness tester “NanoScan” and with the
sound wave technique was observed for the sample No. 4 that was found non-porous.

Investigation of the thermal stability of the sample after shock wave synthesis was carried out
with the thermal analyzer TAG-24 up to 1773 K.

First experiment was made up to 1473 K in helium protective environment. The heating rate
was 15 K/min. An endothermal peak was found at 1360 K. Corresponding heat effect value was not
estimated. X-ray diffraction studies did not reveal a difference in this sample before and after 1473 K
heating. The heat effect might be assigned to a constituent that can not be revealed by X-rays (due to
its low concentration or highly defective structure) or to annealing of some defects.

In second experiment the manganese was used as the reference substance. The sample and
the reference were placed into small platinum crucibles, than heated in helium up to 1273 K, than
vacuum pumped and dwelled at 1273 K for an hour. The following heating was in vacuum also. The
heating rate was 15 K/min, maximum temperature — 1773 K. The difference thermocouple signal
between the reference and the sample was recorded and is presented in Fig. 5. An exothermal effect
peak in SizN, was found at 1690K. It extended from 1640 K to 1750 K. Measured heat effect value
was 51.3 KJ/mol.
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It should be mentioned that some additional sharp heat effect appear at 1540 K if y-SisN, is
placed not into platinum but into aluminum oxide crucible.

Fig. 5. Heating curve for the SisN4 sample (1273+1773 K temperature interval, vacuum).

It should also be noted that manganese evaporates quickly at temperatures higher than 1633 K
due to high saturation-vapor pressure but we believe this does not notably effects accuracy of the heat
effect measurement that is about 15 %.

X-ray diffraction investigations revealed that after 1773 K vacuum heating SisN; sample
contained o and B phases and traces of pure silicon (see Fig. 6). Amount of the B phase was about
80 %.

Fig. 6. Comparison of the X-ray diffractograms of the SisN4 sample (1) before and (2) after 1773K vacuum
heating.

The result obtained confirms very high thermal stability of the cubic y-SizN, phase that was
observed previously [11]. Our results are in good agreement with [12] where small but very broad
peak was observed at 1350K and another peak at 1600+-1750K.

Transmission electron microscopy investigations revealed the following. The SisN,; average
particle size increased considerably from 30 to 150 nm (Fig. 7) during heating in vacuum up to 1773 K.
Phase composition changed considerably also. Only particles with hexagonal lattice were present
after heating while particles with cubic lattice were not found. High resolution TEM of a B-SizN, particle
and corresponding diffraction pattern are presented in Fig. 8. Zone axe [01-1]. High resolution TEM
image of a fragment of an a-SizN, particle is presented in Fig. 9. Zone axe [11-3]. Inter-planar
0.216 nm and 0.672 nm spicing correspond to (211) and (100). The image analysis of the sample after
1773 K vacuum heating revealed much less irregularities or lattice defects than in the sample before
heating.
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Fig. 7. TEM image of the SisN4 material after 1773 K vacuum heating.

8a 8b
Fig. 8. (a) TEM image of a fragment of a B-SisN4 particle of the sample after 1773 K vacuum heating; (b)
corresponding diffraction pattern.

Fig. 9. High resolution TEM image of a fragment of an a.-SisN4 particle of the sample after 1773 K vacuum
heating.

4. Discussion

A question of the equilibrium SisN, pressure-temperature phase diagram is still open. Based on
available data and on the results obtained during this work we made an estimation of the equilibrium
conditions for B- and y- phases using an approach proposed in [13]. First of all we assumed that the
point (Pz=14+1 GPa, T;=2100£100 K) belongs to B-y equilibrium line. This assumption is based on [1]
and on our high-pressure phase annealing data. So the slope of the B-y line can be calculated using
values of the heat effect of the y—f transition at T=1690 K and the volume change during this
transition:

o _ PToAV  AHT(T, -T,)
° T,AVF T,AV"F

where T, — temperature of the transition from high-pressure y-phase to low-pressure pB-phase at P=0;

Po — equilibrium pressure at To; (P2 Tz) — the point that was chosen belonging to -y equilibrium line;

AV ">? _volume effect of the transition; AH”~” - heat effect of the transition.

Taking into account our results and [1] data:

AV 77 29.107°(m*/mol )
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AH77# =513(KJ/mol)

T, =1690(K )
T, =2100(K)
P, =14(GPa)

Hence:
T, AH7/T,-T
P,=P, L4 =y Z_ 0
T, AV’ T,
So at T=300 K the equilibrium pressure P3q «=7.0£2.0 GPa.
It should be noted that the slope of the equilibrium curve is positive dP/dT>0, and the high
volume effect makes major contribution, i.e. contribution of the stored elastic energy and the correction
due to different compressibility may be neglected.

=12,4(GPa).

5. Conclusion

The cubic y-SisN, phase that was investigated in this work was synthesized with the shock
technigue from the hexagonal B-SizN4 phase [6, 7].

The thermal stability of the y-SisN, was investigated during heating up to 1773 K. A
51.3+£7.7 KJ/mol heat effects was found at 1690 K. Structural investigations of the heated sample
revealed complete reverse y—f transition. The y-B equilibrium line position in P-T phase transition
diagram was evaluated. Equilibrium pressure at T=300 K was estimated as P3y=7.0+2.0 GPa

High-pressure-high-temperature quasi-hydrostatic treatment (P=13 GPa, T=1300+2300 K) was
successfully applied to make bulk polycrystalline non-porous y-SisN, samples. It was found that
13 GPa pressure treatment does not change cubic y-SisN4 content if temperature is below 1623 K.
Temperatures above 2273 K decrease content of the y-SizN4 substantially. Mechanical properties of
the bulk high-pressure-high-temperature treated samples were investigated. Maximum measured
values were as follows: 39+44 GPa hardness, up to 475 GPa Young's modulus, up to 263 GPa bulk
modulus, 0.204 Poisson’s ratio.
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Abstract: The presented work shows the influence of several methods for final acid purification and post-
purification procedures (deep freezing, microwave and furnace drying, milling) on the surface peculiarities of
detonation synthesized nanodiamond. Methods of FTIR-spectroscopy and pH-measurement were applied to
compare the surface functional groups.

Ultradisperse diamond powder (UDD) with nanoscale dimensions are produced by detonation
of carbon-containing explosives under conditions of negative oxygen balance [1]. UDD exhibit unique
properties because of their particle size, which is considerably smaller than the size of most other
types of synthesized diamond, and the specific conditions of its formation. Its surface and interior
structure is still a matter of debate. The information regarding the UDD microstructural properties and
its component molecules is important to the overall understanding of UDD interactions and the
development of novel strategies for its application. There is a variety of methods, which can be used
or adapted for determining the UDD properties. These range from relatively simple and inexpensive
methods to rather complicated laser light and X-ray scattering techniques. The latter provide important
information but are not suitable as express methods for everyday work. Infrared spectroscopy is the
study of transitions within the energy levels of a molecule, due to the absorption of infrared radiation of
the electromagnetic spectrum. The frequencies at which a molecule absorbs infrared radiation are a
characteristic property of its structure. In the paper, we studied UDD samples that differ by the final
acidic purification, ball-milling, microwave or thermal treating.

Figure 1. Nanodiamond suspensions, finally purified with HCI/HNO3
1- not frozen, not sonified (pH 3.80)
2- frozen, sonified (pH 3.60)
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Samples structural-mechanic relationships were characterized through experiments, including N,
sorption, pH measurements and FTIR spectra. Applying these simple methods, the surface chemistry
of the UDD samples was shown to retain a memory of the purification conditions [2]. Generally,
diamonds with more amorphous sp® bonded carbon and nitrogen-oxygen complexes on its surface are
produced by the use of microwaves, HCI/HNO; acid and when TNT is the only carbon material used
for detonation.

1. (Figurel): The process of the alternative three-fold freezing and sonification of the
suspensions provides the necessary conditions for production of diamond powders with high quality.
In the untreated suspension (linel), the diamond particle carries electric charges because of the
absorption of ionization ions (strong sharp peaks in the region at 3200-3700 cm™).

During treatment, preferential substitutions of the ions and formation of functional groups
occur (line 2). The very strong absorption peak around 3440 cm™ is induced by the stretching O-H or
Jand N-H vibration. The absorption peak centered at 1642 cm™ is also due to the combinational
action of C=0, N-H/or C-N, or C-N=0 functional groups. The method of freezing/sonification shows
positive influence on the nanodiamond quality, and can be recommended as additive treatment.

Figure 2. Nanodiamond powders (flakes)
1- purified finally with HCI/HNO3 (pH 3.83)

2- purified finally with HCI (pH 4.12)

2. (Figure2): We adopted two agents for final removing of the metal impurities from the
diamond particles: nitric-hydrochloric acids mixture and hydrochloric acid. The most characteristic
features of the diamond particles finally purified by the different oxidizing agents are displayed in the
absorbance around 1716 cm™ that is the carbonyl groups. The amount of the latter is higher for
sample treated with HCI/HNO; (line 1). The absorption peak at 1764 cm™ may be connected with
distinctive absorption of carbonyl for carboxyl group (line 2). So the final oxidative acid treatment is
irreplaceable for removal of some metal impurities (as Cu), but changes the surface to some extent in
chemical aspect.
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Figure 3. Nanodiamond powders, finally purified with HCI/HNOg

1- milled
2- milled, microwave heated (pH 4.09)

3- milled, furnace heated at 200 (400)°C (pH 3.80)
4- powder obtained from frozen and sonified suspension via furnace drying at 200 (400)°C (pH 4.47)

3. (Figure 3): - broad band at 400-700 cm™ region is correlated with the existence of N, CN,
CO, CH bonds and impurities of non-carbon nature (Fe, Ni). They exist in greater extent in sample
(line 1).

- the unresolved bands in the region ca 1250-1400 cm™ in the spectra of all diamond
materials are due to C—C vibrations of the sp>-hybridized diamond lattice interacting with impurities or
structural defects [3].

- during the microwave treatment, a diamond surface modification occur, that results in a
formation of surface acidic functional groups (the peaks in the region 1400-1800 cm™ (line 2), most
probably because of diamonds particle fragmentation. Based on the comparison of the intensity
among the peaks can be concluded, that there are less —NH, groups and more —COQOH groups on the
nanodiamond surface (pH 4.09).

The diamond particles obtained from frozen and sonified suspension via furnace drying at 200

(400)°C have less surface groups. So the “diamond character” of their surface is more distinctive (pH
4.47).

Figure 4. Nanodiamond powders (flakes), finally purified with HCI
1- obtained from TNT/RDX — same as “2" on Fig.2 (pH 4.12).
2- obtained from TNT (pH 6.20).
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4. (Figure 4): As seen from the IR spectra, there is an increase in the relative content of
graphitic carbon in the case of TNT-produced sample (400-700 cm™ and region around 1000 cm™
related to C-N vibration of amines on the nanodiamond surface). The decrease of surface oxygen
species and the increase of CH species imply the enhancement of the hydrophobic property of the
diamond surface. Therefore, the amounts of adsorbed water are less in the sample prepared by TNT
(pH 6.20).
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Pe3rome: VscriedsaHo e enussHUEMO Ha HaHoOpa3MepeH ysKyasaw, Mamepuarn (HaHoouamMaHm) 8bpXy
HsIKou ceolicmea Ha 6e3MmoK080 HUKEI080 MOKpUmMue.

lposedeHu ca cpasHUMENIHU Mecmose Ha KOMMO3UUUOHHU HUKE108U [MOKPUMUS, BK/rYsawu
MUKpopa3amepHu ycungawu Yacmuyu (CBN).

lMonyyeHume pe3ynmamu 3a U3IUKO-MexaHUYHUMe U eKcroamauyUuoHHU Xapakmepucmuku 3a
rnokpumue  Huken-HaHoOuamaHO romebpx0asam yHUKarHocmma Ha ceolcmeama XapakmepHu 3a
HaHopasMepHUme Yacmuuyu, u3rnon3saHu Kamo rnoducneauw efleMeHm: 8Uucoka U3HOCO- U KOpPOo30-ycmou4usocm,
rnosuweHa mebpdocm, HUCBLK KoeghulyueHm Ha mpueHe, nodobpeHa adxe3usl.

lposedeHume ekcriepumMeHmu ca emarn om mecmosu u3csiedeaHusi 8b8 8pb3ka C paboma Mo
lMpoekma X-Gear o VI Pl e cekyusi «KKM u HT» npu UKU-BAH.

X1MMHYeCKO HUKeNoBo nokKkputue

XumunyecknTe MeToam 3a oTnaraHe Ha HUKeNOBW MOKPUTUA ca NpeanovnuTaHn 3a nosnyyvasaHe
Ha komno3sunuunoHHu nokputua (KIM) oT rmegHa Todka Ha onasBaHe Ha OKonHTa cpeaa [1).
W3cnegBaHu ca Tpu Buaa MNOKpUTUA, ABa OT KOUTO Ca KOMMO3WLMOHHM C ysAKYaBaluM 4actuumn —
HaHogmamHg [2] n cBN, oTnoxeHn BbpXy nognoxka oT ctomaHa 17CrNiMo6. HanpaseHu ca
CpaBHUTENHW TECTOBE KaKTO BbPXY 3aKareHa Taka U BbpXy He3akaneHa cTomaHa:

o IMokpuTue oT XMudeckn Huken [3]
. KoMMo3nunoHHO NokpuTmne HuKken+HaHognamang, [4]
° KoMno3nunoHHo nokputmne Huken+HaHognamang+ cBN
Bcunykun nokputua ca TepmoobpaboteHun 3a nogobpsiBaHe Ha agxesusTa.
U3cnepBaHus
MeTtanorpadcko nscnegBaHe
= MukpoTBbpgocT — Tabnuua 1.

an/ICbCTBI/IeTO Ha HaHoguMamaHg 1 cBN B pasTBopa 3a HUKeNnupaHe BOAM OO OTflaraHe Ha
NOKPpUTUA C MNO-BMCOKa TBbLPAOOCT. TepM006pa60TKaTa AONbIHATENNHO BOAM OO MNOoBUWIaABaHE Ha
TBbpPOOCTTA.

Tabnuua 1
N Steel Type of coating HK 0,02
With out TP TP

1 Not hardened Ni+D 712
2 Not hardened Ni 494
3 Hardened Ni+D 712
4 Hardened Ni 908
5 Not hardened Ni+D 1112
6 Not hardened Ni 1452
7 | Hardened Ni+D 1608
8 Hardened Ni 1452
g | Hardened Ni+cBN 950
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19 | Hardened Ni+cBN 712
11 | Not hardened Ni+cBN 716 = 950
12 | Not hardened Ni+cBN 1264
. MukpocTpykTypa
oSO, s
B .,:!a_;,%j ¥y ’}1 -
% 3 3

.\. L 50 pm 50 pm

durypa la-¢: MukpocTtpyktypa Ha Ni (a, d); Ni+ND (b,e), 1 Ni+ND+cBN
- (c, f) nokputus: a, b, c —6e3 TP; d, e, f— ¢ TP (2900 C, 6h)

MokputusaTa ce BWXAaT kaTto 6sana neHTa. B nokputuaTa Ha Hskou obpasum ce HabnogasaT
Masnku BkMouBaHUA. Te ca C HepaBHOMepHa dopma. HabniogaeBat ce nombnBaHUMSA Ha MUKPO
nykHatuHute (Pur. 2p). MpanaBoctta e okono 1-2 pm. CtenemMHTa Ha rpanaBoOCT 3aBucu OT
NOBbPXHOCTHATa rpanaBoCT Ha obpa3suuTe (OT CTeneHTa Ha nonmpaHe).

Pesyntatute 3a gebenvHa Ha nokputmeTto & ca: OebenuHata Ha Ni n Ni+D nokpuTus 3a
BCWYKM 06pasum e ot 7,3 4o 9,3 um.

HebenuHata Ha Ni+cBN nokputus e no-marnka, T.e. okoso 5 um.

HaHockaH aHanu3 (Puaypa 2)

[MokpuTUA ca NNbTHU, paBHOMEPHO OTIIOXEHU MO MOBBLPXHOCTTA Ha NoAroxXKaTa.

TonorpadusaTa nm 3aB1cK OT Ta3n Ha obpaboTBaHUTe 06pasum.

664 urn = 6,64 um x 391 85 nm

Sample 3 Sample 7

B 64 um x B84 urn x 82111 nm 664 um x5 64 um x84 68 nm

Sample 9 Sample 10
durypa 2

SEM aHanus (®urypa 3)
SEM aHanunabT Ha TecTBaHUTeE
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NOKPUTUA NOKa3Ba:

. He ce HabniogaBa CbLIECTBEHO BNUSIHWE Ha CTEMNeHTa Ha NOoMMpaHoCT Ha obpasuute BbpXY
MOpdONornaTa Ha nokpuTusaTa.

. He ce HabnogaBa andysns Ha NOKPUTUETO B NoasioxKaTa

. PernctpupaHumaTt Bbrnepog B NOKpUTUETO BU MOrMo Aa € HaHOAMAaHA, BKMAYEH B HUKENOBUS
Cnown.

durypa 3

N3Boan

. MukpoTBbpAOCTTa Ha Nony4YyeHnTe nokputus e ot 498 — 1608 no Knoop,. te ca
N3HOCOYCTONYMBM 1 C A0Bpa aaxesus.

. [ebenuHata Ha nokputusiTa e 6 + 8 um

. MeToabT ce siBABa OKOHYaTeneH npu obpaboTkata Ha NOBLPXHOCTTA Ha obpasunTte

. MokpuTuATa ca NAbTHU, pABHOMEPHO OTNOXEHN , MOBTAPSILLM NOBbPXHOCTHATA rMaaKoCcT Ha
OCHOBaTa, NoNbNBALLM MUKPOMNOPY U LIENHATUHW.

. OTCcbCTBMETO Ha MOPU MO NMOBBPXHOCTTA Ha NOKPUTMTE 0Opasum ocurypsisa jobpa
KOPO3MOHHA YyCTONYMBOCT.

. Habnogaea ce HamaneHue Ha KoeduuneHTa Ha TpueHe Jo 68%.

. MeToabT 4aBa Bb3MOXHOCT 3@ aBTOMaTu3auus Ha paboTHMsI npoLec.

. MeToabT e eHeprocnecTsiBall U eKOSTIOrM4eH.
NurepaTtypa:
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Abstract: This paper discusses recent attacks against summation, shrinking and self-shrinking stream
ciphers. Some attacks against shrinking stream cipher are applicable also against self-shrinking stream cipher.

Introduction

Research of resistance against cryptography attacks is one of the most important requirements to the
stream ciphers. The attacks and statistical researches form complete picture of stream ciphers
properties.

This paper shortly notates the most recent attacks against summation [27], shrinking [6] and
self-shrinking [24] stream ciphers.

Basics of the summation, shrinking and self-shrinking stream ciphers

The summation combiner is a stream cipher in which two maximal periods’ binary Linear Feedback
Shift Register (LFSR) [25] sequences of periods 2" and 2°-1, are combined using addition-with-carry,
but the carry is saved and added in at the next stage.

In the shrinking generator, a control LFSR R,y is used to select a portion of the output
sequence of a second LFSR R1. The produced keystream is a shrunken, irregularly decimated
subsequence of the output sequence of Ry, as depicted in Fig. 1.

The algorithm of shrinking stream cipher consists of the following steps:

1. Registers Ry and R; are clocked.

2. If the output of Ry is 1, the output bit of R; forms a part of the keystream.

3. If the output of Ry is 0, the output bit of R is discarded.

Fig. 1. Shrinking stream cipher

Suppose that the connection polynomials of Ry and R; are chosen uniformly at random from
the set of all primitive polynomials of degrees L, and L; over Z,. Then the distribution of patterns in
output sequence is almost uniform.

The self-shrinking generator is based on the shrinking principle. It requires only one maximal
length LFSR. The self-shrinking cipher requires a tuple (ay, asi+1) as input and outputs ay;.; if and only
if as=1.
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The 2-adic summation-shrinking bitstream generator is proposed in [29] with the period and
linear complexity.
In [30] the N-adic summation-shrinking generator is proposed, Fig.2.

Fig.2 N-adic Summation-Shrinking Generator

The results from statistical analysis show that the sequence generated by the cipher is
uniform, scalable, uncompressible, whit large period; consistent and unpredictable.

Recent attacks against summation, shrinking and self-shrinking stream ciphers

Regardless of big period and high linear complexity the summation stream cipher is vulnerable to
correlation attacks of Meier [14], Meier and Staffelbach [22], [23], Dawson [9] and to the attacks of 2-
adic complexity of Klapper and Goresky [21]. These attacks are feasible if the summation stream
cipher is constructed from low degree polynomials LFSRs.

There are few attacks against shrinking stream cipher. The main attack is divide-and-conquer,
which performs exhaustive search among all of possible initial states and minimal polynomials of
controlling LFSR [6].

Courtois and Meier propose algebraic attack against LFSR-oriented stream ciphers with filter
as a nonlinear part [8]. The adapting of this attack to the LFSR-oriented stream ciphers with memory is
made from Armknecht n Krause [1].

Gollic and O’Connor propose in [17] correlation attack, which is experimentally analyzed in
[28]. Studies [15], [17] and [19] propose correlation attacks with reduced complexity on the base of
searching for the specific subsequences in the output keystream of the cipher.

A breakthrough in attacking shrinking stream cipher is achieved by Biryukov and Shamir with
the compromised attack “time-memory-data” [2], generalized by Hong and Sarkar in [18]. The
parameters to attack are the time T for the real phase, the memory M — hard discs and the enemy
owned data size D. Is used the formula TM?D? = S?, where S is the searching space size.

Some modifications of the shrinking stream cipher attacks exist in the studies [3], [4], [5], [7],
[10], [11], [12], [13], [26], [20], [87], [31], [33] and [34].
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Attacks against shrinking stream cipher are also applicable against self-shrinking stream

cipher if it is LFSRs constructed. There are attacks directly oriented against self-shrinking stream
cipher [24], [26], [32], [35], but not sufficiently effective.

There are no other published attack methods against 2-adic summation-shrinking and N-adic

summation-shrinking stream ciphers.

This

Conclusion

is a short survey on recent attack methods against summation, shrinking and self-shrinking

stream ciphers. It can be useful as a starting point for further cryptanalytic research.

Acknowledgement

This work is supported by Shumen University, section “Scientific research” under the grant Ne / 2008.

o o O O

©
O

10.E

11.

12.
13.

14.

15.

16.

O 06 6 0 060 O

17.

18.H

19.J

20.J

21.K

22.

23.

24,

< 2 £ £

25.

References:

rmknecht F., M. Kr au s e. Algebraic Attacks on Combiners with Memory, CRYPTO 2003,
LNCS Vol. 2729, pp. 162-175.

iryukov A, A. S h a m. r. Cryptanalytic Time/Memory/Data Tradeoffs for Stream Ciphers,
ASIACRYPT 2000, LNCS Vol. 1976, Springer-Verlag, 2000, pp.1-13.

e Canniere C.;,J.Lano,B.Preneel Commentsonthe Rediscovery of Time Memory
Data Tradeoffs, p. 5, http://ecrypt.eu.org/stream/papers/040.pdf.

anteaut A, M. Trabbia.lmproved Fast Correlation Attacks Using Parity-Check Equations
of Weight 4 and 5, Advances in Cryptology, EUROCRYPT 2000, LNCS Vol. 1807, Sringer-Verlag, 2000,
pp. 573-588.

hambers W. D.Gollma n n.Lock-in Effectin Cascades of Clock-controlled Shift-registers,
Advances in Cryptology, EUROCRYPT ’'88, LNCS Vol. 330, 1988, pp. 331-343.

oppersmith D,H Krawczyk, Y. Mans o ur.The Shrinking Generator,
Proceedings of Crypto ‘93, Springer-Verlag, 1994, pp. 22-39.

ourtois N.FastAlgebraic Attacks on Stream Ciphers with Linear Feedback, CRYPTO 2003, LNCS
Vol. 2729, pp. 176-194.

ourtois N., W.Me ie r.Algebraic Attacks on Stream Ciphers with Linear Feedback,
EUROCRYPT 2003, LNCS Vol. 2656, pp. 345-359.

a ws on E. Cryptanalysis of Summation Generator, Advances in Cryptology, AUSCRYPT '92, LNCS
Vol. 718, 1993, pp. 209-215.

kdahl P, W.Meier, T.J o hans s o n.Predicting the Shrinking Generator with Fixed
Connections, EUROCRYPT 2003, LNCS Vol. 2656, pp. 330-344.

o |l i ¢ J. Computation of Low-Weight Parity-Check Polynomials, Electronic Letters, Vol. 32, No. 21,
October 1996.

o | i ¢ J. Correlation Analysis of the Shrinking Generator, CRYPTO 2001, LNCS Vol. 2139, pp. 440-457.

o | i ¢ J. Cryptanalysis of Alleged A5 Stream Cipher, In W. Fumy, editor, Advances in Cryptology,
EUROCRYPT '97, LNCS Vol. 1233, Springer-Verlag, Berlin, 1997, pp. 239-255.

o | i ¢ J. Edit distances and probabilities for correlation attacks on clock-controlled combiner with
memory, IEEE Transactions on Information Theory, Vol.47, No. 3, 2001, pp. 1032 — 1041.

o | i ¢ J. Linear Models for Keystream Generators, IEEE Transactions on Computers, Vol. 45, No. 1,
January 1996, pp. 41-49.

ol i ¢c J. Towards Fast Correlation Attacks on Irregularly Clocked Shift Registers, Advances in
Cryptology, EUROCRYPT '95, LNCS Vol. 921, Springer-Verlag, 1995, pp. 248-262.
olic J.,, L. O Conn o r.Embedding and Probabilistic Correlation Attacks on Clock-Controlled

Shift Registers, Advances in Cryptology, EUROCRYPT '94, LNCS Vol. 950, Springer-Verlag, 1995, pp.
230-243.

ong J.,, P. S ar k a r.Rediscovery of Time Memory Tradeoffs, Cryptology ePrint Archive, Report
2005/090, 2005, p. 25, http://eprint.iacr.org/2005/090.

o0 hansson T. Reduced Complexity Correlation Attacks on Two Clock-Controlled Generators,
Advances in Cryptology, ASIACRYPT '98, LNCS Vol. 1541, Springer-Verlag, 1998, pp. 342-357.

ohansson T., F. Jon s s o n.Fast Correlation Attacks Through Reconstruction of Linear
Polynomials, Advances in Cryptology, CRYPTO 2000, LNCS Vol. 1880, Springer-Verlag, pp. 300-315.

lapper A.,, M. G or e s ky.Cryptanalysis Based on 2-adic Rational Approximation, Advances in
Cryptology, CRYPTO '95, LNCS Vol. 963, Springer-Verlag, N. Y., 1995, pp. 262-273.

eier W., O.Staffelbac h.Correlation Properties of Combiners with Memory in Stream
Ciphers, Advances in Cryptology, EUROCRYPT '90, LNCS Vol. 473, 1991, pp. 204-213.

eier W.,, 0.Staffelbac h.Correlation Properties of Combiners with Memory in Stream
Ciphers, Journal of Cryptology, Vol. 5, 1992, pp. 67-86.

eier W., O.Staffelb ac h. The Self-Shrinking Generator, Advances in Cryptology,
EUROCRYPT '94, LNCS Vol. 950, 1995, pp. 205-214.

enezes A,P.van Oorshot, S.Vanston e.Handbook of Applied Cryptography,
CRC Press, 1997, p. 780, http://www.cacr.math.uwaterloo.ca/hac.

199



26.M i haljevic M. A Faster Cryptanalysis of the Self-Shrinking Generator, In J. Pieprzyk and J.
Seberry, editors, Advances in Cryptology, ACISP '96, LNCS Vol. 1172, Sringer-Verlag, Berlin, 1996, pp.
182-189.

27.R u e p p e | R. Correlation Immunity and the Summation Generator, Advances in Cryptology, CRYPTO
'85, LNCS Vol. 218, 1986, pp. 260-272.

288Simpson L.,,J.Golic, E. Daws o n.A Probabilistic Correlation Attack on the Shrinking
Generator, Information Security and Privacy '98, Brisbane, LNCS Vol. 1438, Springer-Verlag, 1998, pp.
147-158.

29.Stoyan ov B.2-adic Summation-Shrinking Generator, Western European Workshop on Research in
Cryptology, WEWORC 2005, Leuven, Belgium, 5-7 July, 2005, pp. 103-104.

300,LTasheva Zh,B. Bedzhev,B. Stoyan ov.N-adic Summation-Shrinking Generator. Basic
properties and empirical evidence, http://eprint.iacr.org/2005/06.

31.W a g n e r D. A Generalized Birthday Problem, Advances in Cryptology, CRYPTO 2002, LNCS Vol.
2442, Springer-Verlag, 2002, pp. 288-303.

32Yang L., K.Chen, X. Wa n g. Cryptanalysis of Self-Shrinking Generator, Electronics Letters,
Vol. 39, Issue 22, 30 October, 2003, pp. 1586-1590.

33.Z2eng K.,C. Yang, T. R a o.On the Linear Consistency Test (LCT) in Cryptanalysis with
Applications, Advances in Cryptology, CRYPTO 89, LNCS Vol. 435, Springer Verlag, 1990, pp. 164-174.

34.Z e n n e r E. On Cryptographic Properties of LFSR-based Pseudorandom Generators, PhD Thesis,
University of Mannheim, Germany, 2004, p. 114.

35.Zenner E., M. Krause,S.Luck s.Improved Cryptanalysis of the Self-Shrinking Generator,
Advances in Cryptology, ACIPS 2001, LNCS Vol. 2119, 2001, pp. 21-35.

200



S ENS 2 00 8
Fourth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
4-7 June 2008, Varna, Bulgaria

OPTIMAL COORDINATOR OF CONTROL SYSTEM FOR UNMANNED
COMBAT AIR VEHICLE

Valentina Tsekova

Rakovski Defence and Staff College, Defence Advanced Research Institute
e-mail: valsof20@hotmail.com

Key words: unmanned combat air vehicle, coordinator, statistic characteristics

Abstract: The unmanned combat air vehicle (UCAV) is used to attack stationary and mobile objects on
the ground, in the sea and in the air. Optimal coordinator for the attacked targets is synthesised in the paper.
Some statistic characteristics and signals of the objects are used.

OMNTUMAJEH USMEPBATEJ1 HA KOOPOAUHATU 3A CUCTEMA 3A
YNPABJNEHUE HA BE3MNWUINOTEH JNIETATEJIEH ANAPAT OT YOAPEH TUN

BaneHTtuHa LlekoBa

BA ,I". C. Pakoscku” - lHcmumym 3a nepcriekmusHu u3criedgaHusi 3a ombpaHama
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Knroyoeu dymu: 6esnunomeH nemamersieH ariapam om ydapeH muri, KOOp@UHamO,D, cmamucmu4yecKku
xapakmepucmuku

Pe3rome: besnunomHume nemamenHu anapamu (BJ1A) om ydapeH mun ce u3non3seam 3a riopassigeaHe
Ha cmauyuoHapHU U MOBUSIHU Ha3eMHU, MOPCKU U 8b30yWHU uenu. B npedcmaserusi doknad e cuHmesupaH
onmumaneH usmepsamen Ha koopduHamume (KoopOuHamop) Ha amakysaHume uesu. 3a moea ca U3rosn3eaHu
HSIKOU Om cmamucmuyecKume UM Xapakmepucmuku U me3u Ha ompa3seHume om msix cugHasu.

BbBepneHune

lMpe3 nocnegHuTe roanHK ce NposiBABa ronsiM MHTepec KbM pa3paboTBaHeTo Ha 6e3nnnoTHu
netartenyu anapatu (BJ1IA) ot yoapeH Tun. Te moraTt ga u3nbiHsiBaT KakTO CaMOCTOATENHO, Taka U
BbB B3ammogenctene ¢ BBC 3agaum, cBbp3aHu C nopassiBaHe Ha pasnuyHW Lenv Ha NpOoTUMBHMKA
KaTo: KOMaHOHW NYHKTOBE, paamonoKaLMOHHN CTaHLMN, CBbP30YHN Bb3NW, LWabose, apTunepusita Ha
OrHeBW NO3MUMK, NNaBaTeNHU CbaoBe, OpOHETAHKOBA TEXHMKA, NeTuLa U APYrU BaXKHU CTaLMOHAPHU
1 MOGMIHM Lienun B HTEpec Ha cyxonbTHUTE Bowickn (CB), BBC n BMC [6].

Ypoapuute BJIA nopasaBaT onpegeneHa Luen 4pe3 U3fNon3BaHe Ha ynpasnsemu wunm
HeynpaBnsieMun pakeTu UM Ypes Npsiko cBoe nonageHve B Hesi. EcbekTuBHOCTTa Ha Beekn 6oeH BJTA
3aBUCK USKITHOYUTENHO MHOMO OT TOYHOCTTa Ha HAacoYBaHETO My KbM aTakyBaHaTa Len. TOYHocTTa oT
CBOS CTpaHa ce onpedens oT cuctemara My 3a ynpasnexue (CY), kosTo peanusvpa noneta Ha BJ1A
Mo TpaekTopusi B 3aBMCMMOCT OT u3bpaHus meTon 3a HacouyBaHe. OcHoBeH enemeHT Ha CVY e
n3mMepBaTenaT Ha koopavHaty (koopAauHaTop). Tor n3mepBa KoopauHaTUTE Ha aTakyBaHaTa Uen B
KoOpAMHaTHa cucTema, YMeTO Havano CbBnaga C LeHTbpa Ha Macata Ha BJIA. CneposartenHo
edeKTMBHOCTTa Ha 6oiiHMA BJ1A Wwe 3aBUCK 1 OT KayecTBaTa Ha U3MepBaTens Ha KOopAuHaTMK.

Mpn wmn3nonsBaHe Ha NpPeKUTE METOAM 3a HacouBaHe, KOMTO WMMAT HaW-npocta CxemHa
peanusaumsa n TEXHUYECKO U3NbITHEHUE [4], KOOPOUHATOPBT € HEMOABMXEH U HEroBaTa Hag TbXHa OC
CbBraga c HagnbXHaTa oc Ha 6e3nunoTHMsa camoneT. Mo To3n HauymH Npe3 UAnoTo BpeMe Ha noneta
HagnbxHaTa oc Ha BJ1A e HacoyeHa kbM UenTa. Cuctemata 3a ynpasneHue Ha 6onHus BI1A moxe ga
ce pasrnexaa KaTo cMcTema, CbCTosiLLa Ce OT KOOPAMHATOP, KOWTO M3MepBa bIfIOBOTO NOMOXEHNE Ha
uenTta cnpsaMo HagnbxHata oc Ha BJIA n ot 6e3nunoTeH camoneT, KOMTO C U3MbIIHUTENHUTE CU
opraHv M KMHeMaTU4YHOTO 3BEHO OTpaboTBa (OTCTpaHsiBa) TO3U bIbIT HA pascbrnacyBaHe, CTPEMENKM
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ce fa ro ceefe 0o Hyna. MNopaau ToBa e Heo6XxoaAMMO KOOpAMHATOPBLT Aa onpeaens KoopauHaTuTe Ha
LenTa ¢ MMHUMarHO Bb3MOXHa rpeLlka T.e. Aa 6bae onTumareH.

Mpw cbluecTByBalmMTE METOAM 3@ CUHTE3 M MPOEKTUpaHe Ha KoopAMHaTOpU OOWMKHOBEHO ce
3aJaBaT XxapaKTEePUCTMKMTE: Ha LienuTe, KOMTO Lie 6baaT atakyBaHW; Ha UHOPMAaLMOHHUTE CUTHaNW,
KOWUTO We 6baaT n3amMepBaHu OT KOOPAMHATOPa M Ha npeanonaraeMmmTe cMylueHust. o Tesn gaHHu ce
onpenerns HeropaTta CTpyKTypara.

B npakTukata HuKora He ce pasnonara ¢ BCUYKM HEOBXOAMMM [aHHW, @ CaMO C HamnuyHu
CTaTUCTMYECKM XapakTepucTuku. Te oGade moraT [a ce pasnuyaBaT CbLECTBEHO OT U3MOoN3BaHUTE B
pasyeTa, Tbil KaTo 3aBUCAT OT MHOro (hakTopyu — TypOYMEeHTHOCT Ha cpefaTa, MaHeBpPU U
aBTOKoNebaHust Ha uenta u BJIA, METEOPONOrMYHM YCMOBUS, CMYLLEHUSI OT MPOTUBHUKA U Ap. [5].
Mopagu ToBa NapameTpuTe Ha koopavHaTopa He TpsibBa Aa 3aBUCST CUITHO OT YCrOBUATA, NPYU KOUTO
ce usnonsea. Te TpsibBa ga ce M3MeHAT aBTOMaTWYHO, Tbil KaTO CKOPOCTTa, C KOSITO TpsibBa Oa ce
OLieHsiBa npueTtaTa MHopMauus U Oa ce B3ema pelleHue, e [ocTa No-BUCoKa OT Bb3MOXHaTa 3a
YyoBeKa CKOpOCT.

OntumaneH n3mMepBarten Ha KoopaunHaTu

OnpegensiHeTo Ha CTpykTypata M MapameTpuTe Ha OnTUMarnHus KOOpPAMHATOP, WU3MepBall
KoopAMHaTUTE Ha aTakyBaHaTa uern, MoXe Aa Obde OCbLECTBEHO Ype3 M3MNon3BaHe Ha eauH OT
CTATUCTUYECKUTE METOAM, YMATO KPUTEPUIA 3a ONTUMANHOCT € MaKCMMyMbT Ha arnoctepvopHaTta
BeposATHOCT [1, 5].

Mpu TO3M MeTon 3HAYEHMETO Ha M3MepBaHWS brbn (KOOpOUHATM Ha aTakyBaHaTa Len) ce
oueHsiBa No u3bpaHW 3HAYEHUS Ha BXOOHWUTE peanu3auum Ha MNpueTusi UHPOPMALMOHEH CUrHan.
CnepoBaTteniHO 3a OLEHKa Ha HEM3BECTHWUSI MapaMeTbp (M3MepBaHWs bIbf) A Ce npuema ToBa
3HaYEHUE A3 , MPY KOETO aNoCTEPUOPHATA BEPOSITHOCT MMA MakCUMYM.

Ako anpuopHaTa BEepOATHOCT Ha M3mMepBaHua brbn A(t) ce o3Haum ¢ Py (L) 1 dyHKumMATa Ha
npaesgonofobue ¢ P[y/)A], To anocTepnopHaTta BeposiTHOCT LWe 6bae [2, 7]:

1) P,(A)=KP, (\Ply/A],
KbOEeTo
K — 1

[Py (1) Pyt

(2) =const .

Ot dopmyna (1) ce Bwxga, 4e 3a ga ce onpedenu anocTepuopHata BEepoOsiTHOCT, €
HeoOXoaMMO Aa ca M3BECTHM anpUOPHOTO pasnpedeneHne Ha M3MepBaHns NapameTbp U PyHKUMATa
Ha npaepgonogo6bue [3]. MNMpu onpegensiHe Ha anpUOPHOTO pasnpefeneHne Ha U3MepBaHUsl brbil
TpsbBa ga ce m3nmsa OT CregHoTo. VI3MepBaHUAT bIbfl Ha LenTa € CToXacTU4eH npouec, Thil Kato
3aBMCWN OT MHOXECTBO CIlydyarHu (pakTopu KaTo: Kypca Ha uenta u Ha BJ1A, maHeBpuTe Ha uenTa 1
BJ1A, TexHuTe aBTOKONebaHusi, TOYHOCTTA Ha npuuensaHe Ha bBJIA B MomeHTa Ha aTakara,
TypbyneHTHOCTTa Ha cpepata M Op. Bb3gencrtBueto Ha ronam 6pon criyvyariHu sIBEHUA BbpXY
CTOXaCTU4YEH NpOoLEC JoBEX A 4O HEFOBOTO HOPMAasnHo pasnpegeneHue. 3a ToBa Moxe ga ce npueme,
Ye N3MEPBaAHUAT bIbJ1 € pa3npeferneH HopMarnHo U HeroBaTta anpuMopHa BepOSITHOCT Lwe 6bae [1]:

2
1 Ao —A
3) Ppr () =——— exp _M ,
v2mdetR 2R
Kbgeto R = |R(ti,tj)| - KopenauuoHHa Matpuua; Ac = Agpr ... Aepn - BEKTOp CTbM6 Ha
CpefHOTO 3Ha4yeHWe Ha U3MEPBAHUA BIbI; Ausx = Augxl ------ Ausxn - BEKTOP CTbNO Ha U3MepPeHOTOo

3HayeHue Ha brbna.
dyHKUMSTa Ha NnpaBgonogobue we nva suga [1]:

@ Ply/n]=K exp Ni [t Autt, Aoddt + [u(t, n(ode ||
0LO0 0

n

(5) K =Kexp —iﬂyz(tﬂuz(t,k)]dt ,
2N,
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kbaeTo K — KoHCTaHTa, He3aBucella oT ¥ 1 A; y(t) = u(t) + n(t) — BekTop pen Ha npuemaHara
peanusaumsi; g = Aoy ...... Aon - BEKTOP CTbNO HA UCTMHCKOTO 3HaYeHWe Ha nsMepBaHus brbn; u(t,d) —
noneseH curHan; n(t) — 6an Wym ¢ eAMHUYHA cnekTpanHa NibTHOCT; Ny - cnekTpanHa MAbTHOCT Ha
wyma; [O, T] — BpeMeHeH MHTepBar, Npe3 KOWTO ce U3BbpLUBa HAOMOEHNETO.

MbpBUAT 4YNeH nog 3Haka Ha eKkcnoHeHTata BbB dopmyna (4) npeacraensea
aBTOKOpernauuoHHa yHKUUA Ha MpUEeMaHus curHan no W3MepBaHWs brbf, a BTOPUAT -
B3aMMHOKOpenauMoHHaTa PyHKUUSA Ha curHana u wyma.

Ctporo nornegHato copmyna (4), oTHacsilwa ce 3a pyHKUMsTa Ha npaegonogobue, e BApHa
camMO aKoO M3MEpPBAHUAT brbfl € MOCTOsHEH. B npaktnkata oOukHOBEHO A(t) € MpPOMEHNMB, HO
CKOpPOCTTa, C KOATO Ce W3MEHSl, € MHOro no-mMarnka OT CKOPOCTTa, C KOSITO Ce W3MEHSAT BCUYKU
ocTaHanu criy4alHu NpoOMEHNUBU B NpueTaTa peanusauusi, Henoanexawy Ha namepsade. [MNopagu
TOBa MO TsIX MOXE [a Ce U3BbPLUM OCpeaHsIBaHe.

Ako MHTepBanbT OT Bpeme [0, T], Npe3 KOWTO ce u3BbpLIBa HabnogeHueTo, ce n3bepe aa
Obae 3HauUMTENHO NO-ronsM OT BPEMETO Ha Koperauus Ha Han-6aBHWUTE CriydanHW NPOMEHSUBU BbB
BxofgHaTa peanu3aums Y(t) M CbLiEBPEMEHHO - 3HAYMTENHO MNO-ManbK OT WHTepBana, B KOWTO
N3MepBaHMAT bIbN A(t) ce naMeHs, To yHKUMATaA Ha npaBgonogobue Moxe Aa ce pasrnexaa kaTto
yHKUMA OT “3aMpaseH” B TO3U MHTepBan OT BpeMe brbi. [1pn ToBa HENMHUAT NorapuTbm MOXe Aa
Obe anpoKcMMMpaH CbC CBOETO KBagpaTMYHO pPasfoOXeEHME OTHOCHO BCsIKa TOYKA, KOSATO CbC
CUTYpHOCT € Onmu3ka OO CTOMHOCTTa Ha M3MepBaHUS brbfl. TakaBa Tovka MOXe Aa CbOTBETCTBA
Hanpumep Ha CpegHOTO 3Ha4yeHue Ha mamepBaHusa brbn A(t). CnegoBaTenHo anpokcumauusita Ha
dyHKUMATa Ha NpaBgonogobueTo Moxe Aa 6bae 3anncaHa no CregHUst HaumH:

P[Y(t), Aep J = exp{ln P[y(t), xcpJ+

© =Pl M 1)+
1 02 2
+E@k an In P[y(t)lx‘cp kkmx _kcp) }

n3Xi M3X]

Mpn Tasm anpokcumauma ca B3eTW caMO TPU YrfeHa, TbW KaTo M3MepBaHeTO MOXe Ada ce
CcuMTa 3a [JOoCTaTb4yHO TOYHO W credoBaTeNHO BbPXbLT Ha yHKUMATaA Ha npaBgonogobue e
[OCTaTb4HO TeceH. AKO npuemeM 0bo3HaveHusATa:

__0lnPly(®).2,,|

@) O\

= Z, - BEKTOp CTbN6

usxi

3 InPly(v).n,)
)

m3xi M usxj

(8)

= Aij - KBagpaTHa matpuua,

TO cnep 3amecTBaHeTo MM B (6) ce nomnyyaea, Ye yHKUMsTa Ha Npaesgonogobue e paBHa Ha:

© Py, )= exp{ln Ply(), 1 |+ ZOr —2) —%A(xm —xcp)z}.

3a anocTtepuopHaTa BEPOATHOCT Ha M3MEpPBaHUSA brbf Ce MoryyaBa CrnegHOTO PaBEHCTBO
cnep 3amectBaHe Ha (3) n (9) BB hopmyna (1):

_Ply(®). %]
Pos M) —m X

(10) )
X EXp Z(}‘mx _?\'cp) _EA(;“

2
(7\’1/13)( _}\’Cp) .

% Y-
o) R

usx

Tbn Kkato norapuTbMbT € (*)yHKLI,l/IFI, KOATO HapactBa MOHOTOHHO OT CBOA aprymeHT, TO
MaKCMMYMBbT Ha anoCTtepuopHaTa BEPOATHOCT CbBNaga C MakCMMyMa Ha noraputbmMma n. I'Iopap,M TOBa
e ce TbpCn MakCUMyMbT Ha CrnegHarta (*)yHKLI,I/IFIZ

203



P[y(t)'xCpJ+ Z(kmx _;\«cp) _%(A-F%) (;\‘mx _7\'0}”)2 '

A2ndetR

Mpy OocTaTb4yHO rofemMy OTHOLLUEHMS Ha CUrHana KbM LlymMa arnocTepuopHata BeposiTHOCT
MMa MaKkCUMyM, KOWTO C rofiiMa BepOSsiTHOCT CbBMaga C WCTUHCKOTO 3HA4YeHWe Ha W3MepBaHus
napameTbp. OTHOLIEHMETO Ha cUrHana KbM LiyMa TpsibBa Aa 6bae A0CTaTbYHO rofisiMO, HO HE MHOTO
ronsiMo, Thii KaTo B TaKbB Cryyal oTnaga 3agayarta 3a ontuMmuaauus. MNMopaam ToBa kato onTMMarnHa
OLieHKa Ha M3MepBaHMs bIbST MOXe Aa O6bae B3eT KOPEeHbT Ha CNegHOTO ANdepeHLManHo ypaBHeHne:

dln Pps (xmx)

(11) In Pps (A )=1In

12 =0.

( ) a)\‘1/13)&
Cnep nonaraHe Ha (11) B (12) ce nony4aBa gudepeHUManHoTO YpaBHEHNE:
olnP (A

(13) N Prs (R) _ =Z—C(Ay —hep) =0,

O\

usxi

kbaeTo C = A + 1/R - kBagpaTHa MaTpuua, a 1 — eauHnyHa MaTpuua.
OT nony4eHoTo paBeHcTBO (13) ce BUXAA, Y€ U3MEPEHUAT bIbil € paBeH Ha

(14)  Mx=C'Z + Agp,
KbAETO C'ce onpegens ot cregHoTo ypaBHEHME:
(15) CYAR+1)=R.

3a obnekyaBaHe Ha paboTaTta ce npemMuMHaBa OT MaTpUYeH 3anuc KbM 3anuc B pasrbpHaTta
dopma Ha ypaBHeHusaTa (14) n (15):

n
(16) 7\’H3xn = Z C;izk + }\‘cpn
k=1
"
L8
(17) Coc + 2 Cai 2 AR =Ry
il

PaBeHcTBOTO (17) MOxe ga Obae OMNPOCTEHO CWMHO MPWU YCrOBME, Y€ W3MEPBAHUST
napametsp A(t) ce wu3ameHs 6GaBHo. ToraBa maTtpuuata A e [guaroHanHa, Kato MbpBOTO
andepeHumpaHe Ha norapytbma Ha (PyHKUMSTa Ha npaBgonogobue no Ay Ce M3BbpLUBA CamoO Ha
noavHTepBana OKorno i, a BTOPOTO - MO A, OOpasyBaLlo matpuuata Ha noguHTepsana oKoro f.
Tpsibea ga ce otbenexu, Ye maTpyuaTa e pasnuyHa oT Hyna camo npu cbBnajalin BpemMeHa T.e. npu
ti=t;. ToraBa BmecTO (17) MOXe Aa ce 3anuLue:

(18) K+ Z ChARy =Ry

3a CuHTEe3upaHe Ha CTPYKTypHaTa CXema Ha onTMMarnHusi koopanHaTop e Heobxoammo fa ce
nonyyart HenpekbCHaTM aHano3n Ha CbOoTHoLweHuATa (16) u (18). 3a uenta Moxe fa ce U3BbLPLUK
npegeneH npexon, CYNTarku Yye CTbrnkaTta Ha AUCKPETHOCTTa ce CTpPeMn KbM Hyna, T.e. A=t -ty —
0, a BpoAT Ha CTBLMNKUTE Ce CTPEMU KbM BGe3KpalHOCT, T.e. M — co. 3a U3BbPLUBAHE Ha npexoda e
HeobBXxoOuMo Aa ce onpedenu kak matpuuute A, C* 1 R ce CTpemsT KbM rpaHuua. 3a uneHa,
Hamupall ce B n — Tns peg u k — a9 ctbnb B KopenaumoHHaTa maTpuua R, Moxe ga 0bae 3anmMcaHo
Rik = R(tn,t).

Ako ce obo3Haum t, =t u t, = 1, T0 Ry = R(t,1). Thi KaTO M TpUTE MATPUMUM UMAT €OHAKLB
xapakTep, T0 Cn " = C'l(tn,tk) = C'l(t,r) n Ank = A(tn,t) = A(t,7). Mo TakbB HaYMH 3a U3MepBaHUS bIb ce
nony4aea:
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m t
(19) >\‘143x (t) = Ilm ZC;JK.ZKAtI + 7\‘cp (t) :_[C_l(t’ T)Z(T)d’E + 7\‘cp (t)
At—0, k=1 t,
m—oo

B T0o3u cny4yan 3a ountbpa ce nonyyasa

(20) C(t, 1)+ jc—l(s,r)A(s)R(s, 7)ds = R(t, 7).

0

Ha 6asaTta Ha nony4eHoTO MHTerpanHo ypaBHeHue (19) moxe aa 6Gbae nocTpoeHa criegHaTa
Gr1oKoBa CXxeMa Ha ONTUMarHWsl M3MepBaTen Ha KoopauHaTH, rnokasaHa Ha dwur. 1.

}\’Cp (t)

y(t, %) z(t,¢) A (1)
—> OuckpumuHaTop » dunTup »———»

A +

our. 1. OnTumaneH n3MmepBaTesn Ha koopanHaTtu

OnTumanHuAT KoopaMHaTOp Ce CbCTOM OT AUCKpUMUMHATop u cunTbp. Ha Bxoga Ha
KoopAuHaTopa nocTbnBa MHPOPMaLNOHHUAT curHan y(t, L), KOUTo NpemMuHasa npes AUCKpUMuHaTopa,
namepsall, pascbrnacyBaHeto. WM3XoOHUAT curHam Ha OUCKpMMUHATOpa € nponopuvoHaneH Ha
BenuYMHaTa Ha pascbriiacyBaHeTo. TOM NOCTBLMNBA Ha BxoAda Ha hunTbpa (nsrnaxgawum sepurn). Kom
CUrHana Ha nsxoga Ha dunTbpa ce npubass CPeHOTO 3HAYEHNE Ha U3MEPBaHUA BIbi Aq(t). Taka ce
nony4asa onTMMariHaTa OLeHKa Ha u3MepBaHaTa brfoBa KoopauHaTa Ha uenta Aux(t), KbM KosTO €
HacoudeH yaapHus BI1A.

3aknoyeHune

MsnonssaHmaT B [Joknaga npuvHUMA Ha MakCMMymMa Ha anocTepuopHaTa BepOSiTHOCT
nosgonsiea ga 6vae cuHTE3aWpaH onTuMmarieH uaMmepBaTten Ha koopauHaTu 3a yaapeH BJTA. Toswm
noaxof 3a onpefensHe Ha napameTpuTe Ha KoopauHaTopa MOXe [a ce npurara npu npoektupaHe Ha
HoBu yaapHu BJIA, korato He ca u3BecTHM B 4OCTaTbyHa CTEMEH XapaKTEPUCTUKMTE Ha LenuTe U Ha
0e3nNMnoTHNS CaMoneT U YCroBUSATa Ha TAXHOTO BOWMHO M3MNoMn3BaHe, a ce pasnoriara camo C HSKOW
TEXHU CTAaTUCTUYECKN XapaKTEPUCTUKM.

MNonyyeHute opmynu 3a napamMeTpuTe Ha ONTUManHUsa KOOpAMHATOP MnoKassaT, 4e TOoW
TpsbBa Oa npuTexaBa napamMeTpu, KOUTO Aa He 3aBUCHAT CUITHO OT CUTyauuuTe W YCrnoBudATa, npu
KouTo ce mnanonsea yaapHus BJ1A. Mpn ToBa nameHeHnsiTa Ha NapameTpuTe Ha KoopauHaTopa Tpsibea
na ctaBat 6e3 y4acTneTo Ha YOBEK, TbW KaTO CKOPOCTTA, C KOATO TpsibBa Aa ce oueHsiBa npuertarta

uHdopmaums 1M ga ce B3ema PELUEHUE, € 3HAYUTESNTHO MO-BMCOKa OT Bb3MOXHAaTa 3a
YOBEKa CKOpPOCT.
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Abstract: The possibility for research of the total ozone content is studied by means of the satellite
spectral limb method.

The methodological diagram of the satellite limb experiment, as well as the geometry of the experiment
is researched.

A block diagram of the absorption ozonemeter and its characteristics are presented and the experiments
are to be carried out in the near ultraviolet part of the ozone specter, in the absorption bands of the ozone of
Hartley-Huggins and the specter of the aerosole diffraction in the atmosphere is taken into consideration.

The scientific program of the Second Bulgarian-Soviet Space flight includes large scientific
tasks and experiments in the area of space physics [1...5]

The aim of this research is to offer a method and apparatus for investigation the atmospheric
transparency and aerosol content by a satellite spectral limb method.
A method for determination of the gas components of the atmosphere by the method of star
occultation is determined. A methodological scheme of the satellite limb experiment is presented on
fig. 1.

Fig. 1. Star occultation measurement geometry

Fig. 1 shows the viewing geometry for measuring in the limb viewing mode. Simulated

measurements in four channels (A =3914 A, 4278 A, 5200 A and 5577 A) were used to retrieve
vertical profiles of the following quantities:

- aerosol size distribution;

- aerosol density, particles;

- real part of aerosol reflective index;

- molecular density;

- ozone density.

Theoretical calculations of the twilight aureole brightness showed that they are governed by
the atmosphere’s dust content at different heights. It is, therefore, possible to determine the spatial
distribution of dust from aureole spectra data recorder at different points of the Earth.
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An occultation experiment is a promising method for retrieving aerosol vertical profile in the
stratosphere. In this case, radiation attenuated by the long atmospheric paths is registered from space
at starset.

An equation for radiation transfer for occultation geometry is rather simple:

1 *
@ NOEING
Here Iy (h)is the radiation registered along the viewing line with its pedigree altitude, h; I;\is

the intensity of the extra atmospheric solar radiation. The atmospheric optical thickness r/l(h) along
the viewing line is calculated by the formula:

) %
z,(h) =exp —ZI(ﬂg(h')dX(h,h')) !
h

where (£, (h) is an unknown distribution of the attenuation coefficient with an altitude h; x(h,h’) in the

variable of the geometrical part along the viewing line between the points at altitudes h and h’.
It is seen form the above two equations that the solution of the inverse problem is reduced to

solution for £(h') in the Volterra’s equation of the first kind:

3) o
g, (h)=In{l/ 7, (h)} =2[ A(h")dx(h, "),
h

The star occultation geometry (fig. 1) is typically used to measure the stratosphere because of
clouds in the troposphere. The extinction by clouds is so high that the attenuation of the radiation by
aerosols would be undetectable.

In the case of the “occultation-mode” the radiative transfer is completely described by the law
of extinction (4), which is the analytical solution of the appropriate special case of the equation of
radiative transfer and which is simple compared to the “scattering-mode™:

) E; =Eg, eXp—(dr; + G, +9pa).

Where:

E — spectral solar flux density at the spectrometer;

Eo, ~ spectral solar flux density before entering the atmosphere;

Sri optical depth of the atmosphere integrated over the optical path, due to air molecules
(Rayleigh optical depth);

Sg, ~— same, due to absorption by gases;

Sp, ~— same, due to aerosol particles.

As can be seen from (4) the desired quantity, the aerosol optic depth can be gained
reasonably by simply “inverting” the measured quantity E ; . In fact the Rayleigh optical depth is the

only perturbing quantity. The gaseous absorption on optical depth can be chosen to be zero by an
appropriate choice of the peak wavelengths and the bandwidths of the spectrometer channels.

The developed method is provided by an absorption ozonemeter. The absorption ozonemeter
consists of the following constructive blocks: hinge block with a position lock pin, lather light-protective
blind, vizir, photometric channel and connection cable to the apparatus.

The general view of pulse photometer is presented on fig. 2.
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Fig. 2. Block-scheme of absorption ozonemeter: 1-sight-protective device; 2-objectives; 3- filter
block; 4-sensor; 5-photon counter; 6-microprocessing unit; 7-guiding device; 8-operator;
9-control desk.

The hinge block serves for the absorption ozonemeter mounting to the space station
illuminator. A lock pin for positioning is assembled in it, which provides fixing of the pulse photometer
in the desired direction. The blind serves for photometer objective and vizir protection from side
lightings. The vizir serves for apparatus guiding to the researched object.

The photometric channel consists of the following blocks, changeable filters block, input
optical system, photometric multiplier, analogue unit, digital unit, control panel. The input optical
system means an afocal objective. It serves for receiving of the optical signal, as at its output a
concentrated parallel beam which descends on the corresponding interference filter is formed.

A diaphragm is located in the focal plane.

The design permits the diaphragm shift depending on the required in the experiment visual
field. The photo electronic multiplier is provided for the information flow conversion into electronic
signal. The used photoelectronic multiplier is of 9893 B/100 type, made by “Torn EMI”. A secondary
supplying source for stabilizedvoltages (15 V, 5V, +1,5V, ...2,3 kV, 27 V) is provided. The analogue
unit serves for signal amplification and forming into convenient shape for digital conversion at the input
of the photoelectronic multiplier. The digital unit is provided for solving of following tasks: counting of
pulses from analogue unit, signal transmission for recording in apparatus, run mode of absorption
ozonemeter selection, providing of control panel indication.

The changeable filters block provides the subsequent transition of the photon flux trough the
various interference filters to the photoelectronic multiplier. The control panel serves for: switching on
the power supply of absorption ozonemeter, selection of automatic or manual mode of filter change,
selection of high time resolution mode “100 us” or low time resolution mode “1 ms” and “100 ms”,
manual selection of the desired filters, switching on the mode of the information recording into the
apparatus.

Run mode of absorption ozonemeter.

The light flux from the researched object is registered by the following sequence: transmitting
trough the optical system and filter block, it hits the photocathode of the photoelectronic multiplier
anode the signals pass in the form of electrical pulses to the analogue unit where they are amplified
into digital form.

Depending on the selector position “100 ys — 1 ms — 100 ms” on the control panel, the digital
unit counts this pulses with high (100 ps) or low (1 ms or 100 ms) time resolution.
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Abstract: The subject of the current research is the possibility of the approximation methods to find
anomalous signals in the optic-electronic absorption ozonemeter.

The absorption ozonemeter provides to carry out research of the total ozone content in the atmosphere
in the near ultraviolet part of the optical specter, in the absorption bands of Hartley-Huggins. The intensity of
natural optical emissions in the earth atmosphere is researched.

Chebishev’s principle is applied to find anomalous signals. The principle is that the incoming and the
registering tract of the appliance background signal, which carries anomalous values, is approximated to a
polynomial according to the information signal and after that the actual error is calculated. The definition of the
utmost amount of the information signal comes to the calculation of the dispersion error at the approximation.
When calculating the utmost value and having in mind that the biggest anomalous errors are caused by senior
discharges, an evaluation is performed of the maximum number senior discharges which causes an anomalous
error to be found with a certain probability. The searched value is the ability of the approximation polynomial to
discover.

WN3cnenpaHeTo ce oTHacs [0 perucTpupaHe Ha CuUrHanu oT ONTUKO — eNIEKTPOHHHN ypeau.

MpeomeT Ha HacTosiwaTa pa3paboTka e n3creaBaHe cnocoBHOCTTa Ha anpoKCUMaLUOHHUTE
MeTOaM 3a OTKpMBaHe Ha aHOMarlHW CUrHanu B MMMyrcHa poTomeTpuyHa anapartypa “Tepma”.

MmnyncHa  d¢oTomeTpuyHa anapatypa “Tepma’ ocurypsiea  u3crnedBaHus  C
BMCOKOMPOCTPAHCTBEHA M MO BpPeMe pasgenuTenHa CrnocoGHOCT Ha  pasnpedenieHneTo  Ha
WHTEH3MBHOCTU OT HaTypasiHM OMTUYHM eMUCUM B 3emMHaTa aTMocdepa M CBETIIMHHU CMYLLEHUS
okofnio opbuTanHata cTaHuus. Bucokata crnekTpanHa 4yBCTBUTENHOCT W MpOCTpaHCTBeHaTa
pasgenuteniHa crnocoBGHOCT MO3BOMABAT M3yYaBaHETO Ha GbpP30MpoOTUYALLM MPOLECH, BKITIOYUTEITHO
nyncupaLLm NoNSAPHN CUSIHWSA, NONAPHU Abrv 1 gp. [1, 2].

@ur. 1. UmnyncHa poTomMeTpryHa
anapartypa “Tepma”
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BxoaHuaT nHdopmaumoreH curdan A(t) npu oTkpuBaHe 1 uaeHTUULMPaHe Ha OTaaneYeHu

2
06eKTn e HenpekbCHAT MPOLEC CbC CpefHa Aucnepcust o; U kopenaumonHa dyHkums R, (). B
ONTUKO — enekTpoHHaTta cuctema curHana A(t) npeacTaensiBa CbBKYMHOCT OT PABHOOTCTOALM
croiHocTn BbB BpemeTo A(ti) (ti =iT,;1 =0,12...;T, - nepvoa Ha auckpeTusaums).

MpYHUMABLT Ha OTKPMBaHe Ha oTAaneveHns obekT ce 3akn4vaBa B TOBA, Y€ NMOCTbNBALLMAT B
perucTpupawnsa TpakT Ha ypeda wWwymoB (POHOB) CUrHam HOCeLW, aHamarnHu CTOMHOCTU

A (ti)(i=012,....,n) cnpsmo uHcbopmaumorHusi curhan A(t) ce anpokcumupa no meTopa Ha

Yebbiiwes B nonmHom Ag (ti) cve ctenen N —1(N <1), cren koeto ce usumcnsiBa aktuyecka
rpeLuka:

@) A (i) = A (i) — A7 (ti).
Anpu1opHoTO pasnpegerneHue Ha anpokcumauusTa Ha A(ti) B oTcbeTBME Ha aHOMareH curHan e:

2 A(ti) = Ag (ti) — A(ti),

KbOEeTo ﬂ”B(tI) — CTOMHOCT Ha anpokCuMumpaHmna noJIMHOM TMnpun OTCbCTBME Ha aHoMaleH

curHarn.

AKo pasnpegeneHueTo e HopmarnHo, Moxe aa ce npueme npu P =0.99:

@) |A(ti)P| =30, (i),

RO 2 (1) = MIAGH)]
M - matemaTtuuecko oyaksaHe.

CnepoBartenHo onpenendaHeTo Ha npenenHarta CTOMHOCT Ha I/IHd)OpMaLI,I/IOHHMﬂ curHan ce

2 /-
cBexXAaa A0 npecMdaTaHe Ha gucnepcHara rpeLlka npu anpokcmmMaumaTa o, (tl) .

Mpy npecmsiTaHe Ha npegenHata CTOMHOCT (3) M C OTYNTaHE, Ye Han-rofnemMm no CTOMHOCT
aHoMarHu rpellkm ce NpeamM3BUKBaT OT CTapLUMTe paspeau, To HeobxoaMMo e Aa ce U3BBLPLLM OLeHKa
Ha MakcumarnHus Opovi cTaplm paspsian Npu NPosiBABAHETO Ha KOMTO CblUECTByBallaTa aHoMmasHa

rpewka mMoxe ga 6bae oTkputa ¢ onpeneneHa BepositTHOCT Porp > 0,8. TbpceHoTo 3HaueHne
npeAcTaBnsBa OTKpUBaTENHaTa CroCoBHOCT Ha anPOKCUMMUPALLS MOMMHOM.
2
Ako A(t) e c ussectHa kopenauvonHa dyrkums R, (t) = oK, (t) [4], nposiesiBaHeTo Ha

A(ti) e perynspHo 1 o6pasysa anpokcumaums NosIMHOM:
n

N-1
() iB(“)i;O > A(tk)Pq., n(k)Pan(i) .

k=0

Ha ocHoBaTa Ha nonvHoma Ha Yebbiiwes [3],

(@) q is
24+ s Cqpscic +s
nS

Pg, n(i) = |~ 0
® PO e &

kbaeto 0 =01,2...,N —-Li* =i(i —1),...,(1-s+1) e 0606lieH cTeneHeH nokasaTer.
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A
OtyuTariku, ve | = T_ WHTepecyBallaTta gucnepcus we b6bae:

0
© , n N-1 n N-1 N-1
opt)=0711-2 ¥ k,Tq, X Pa,n(k)Pa,n()+ X X k,(-K)Ty X Paq,n(l)Pq,n(i) X Pjn(i)|.
k=0 q=0 i+0k=0 q=0 j-0

Mpy nsuncnaBaHe Ha TekylwlaTa chakTuyecka rpelika npu anpokcumauusita (1), ce otyuTa, ye
aHoMareH curHarn e perucTpypaH npu nonoxeHue i, , Hocely aHomarHa rpelka o, , T.e.

Alti)+o, npu i =1,
) Xty =
A(ti) pu i #i,.

BamecTBaniku nspasa (7) B (5) u nonydyeHute pedyntatu B (1) ce nony4vasa 3a hakTuyeckaTa rpeLuka:

A*(ti)‘ =|A(ti) + Nz_lpq, n(i)Pan(i,) - a,i,|5,,
q+0

(8)  «kbpeTo la=

0,i =i,

AHanusupaiikn (8) cbBMecTHO ¢ (3) ce Habniogaea, Ye Mpu 3adageHa BEpPOSiTHOCT Ha OTKpvBaHe
Porip =1 cnenpa, 4e MMHMManNHaTa CTOMHOCT Ha @aHOMarHaTa rpeLuka e:

©) 2A(ti)|P
oo g P
> Pan(i)Pgn(ia)di, i,
q=0

B 3aknouyeHne cnegsa pa ce Hanpasun n3Boaa, 4e cnocobHocTTa Ha anpokcnMMauoOHHUA
MeTod npu pernctpupaHe Ha aHoMaliHu CcurHanum 3aBuCcu OT BuMAa Ha BXOOHWUA I/IH(bOpMaLI,VIOHeH
CurHamn B ONTUKO — EeJIeKTPOHHUA ypea U no-cneunanHo OT BMOA Ha HeroBaTta KopesriauMOHHa

dyHKUUSA.

NuTtepaTtypa:

1.AnexcaHnpgpoB A, X Xekos, A Xpuctos, . YayHoB, /. Xpuctos,A. baHkoB,/[.
Konapos, O MeBaHoBa, T. CtaHuyeB C. CnacoB, K. Bbnues, . lepoB,B. Tepros.
MmnynceH dpotomeTbp "Tepma™ HayuHa cecus - KocMuyecku TexHonormdeH TpaHcdep, LymeH, 1989.

2.l ey oB lN. CNbTHUKOBM CUCTEMU 32 EKONOrMYEH MOHUTOPUWHT. C6. TpyaoBe Ha HayyHa koHdpepeHums :HayuHo-
TexHornorn4eH TpaHcgep”, KU — BAH, LLlymeH, 2000, c. 3-9.

3.T'ywkwuH JI. C. Teopusi onTumanbHbIX METOAOB paguonpuema npy pnykTyaumoHHbIx nomexax. M., "Hayka",
2000, c. 42-51.

4. 0emunpoBuy B.M,N. A MapoH,3.3. LysanoBa.YucneHsle metogn aHanusa. M.: TMOMA, 1993.
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N3CNEOBAHE HA BJIIMAHUETO HA ABEPALMUTE HA ONTUYHATA
CUCTEMA BbPXY ANMAPATHATA ®YHKLUMNA HA ABCOPBLIMOHEH
O30HOMETbHP

CtunusaH CtosiHOB

WHecmumym 3a KocMu4yecku u3credsaHusi — bwrieapcka akademusi Ha Haykume

Key words: apparatus function

Abstract: When researching the apparatus function of the absorption ozonemeter with infrared selective
amplitude modulation, the aberrations of the object-glass are usually ignored. This is in case when a parabolic
mirror is used instead of an object-glass with infrared selective modulation. When using an object-glass with a
spherical mirror, the aberrations can cause interference picture in the image which can be compared with the
changes depending on the properties of the researched specter and on the precision of the performed
adjustment.

The requirements for the interference part are criteria for the maximum amount of the aberrations.

Methods were developed to research and evaluate the influence of the aberrations of the optical system
on the apparatus function of the absorption ozonemeter with interference selective amplitude modulation. Its goal
is to clarify the possibility of using a spherical mirror object-glass, based on the requirements for the quality of the
apparatus function.

Mpw nscnegBaHe Ha anapaTHaTa (PyHKUMA Ha abcopOLMOHEH 030HOMETBP C MHTepdEepeHYHa
cenekTyBHa aMnNnuTygHa moaynauusi, abepaummTe Ha obekTMBa 0GUKHOBEHO ce npeHebpersat. Tosa
e B Cfy4au, Korato B Ka4eCTBOTO Ha 06eKTMB C MHTepdepeHyHa cenekTMBHa aMnNNnTyAHa Moaynauns
ce nsnonsea napabonuyHo ornegano. B cnyyan Ha n3non3saHe Ha 06eKTMB CbC ChepunyHo ornedano,
To abepauuute moraT da nNpeausBMKaT MHTepedeHYHa KapTuHa B M3obpaxeHneTo, cpaBHUMA C
NU3MeHeHusTa, 3aBMucely OT CBOWCTBATa Ha W3CMNeABaHWS CMeKTbp W OT nNpeuusHocTTa Ha
n3BbpLUEHaTa I0CTMPOBKa. M3nckBaHmATa KbM MHTepdepeHyYHaTa YyacT ca KpuTepuin 3a gonyctumara
CTOMHOCT Ha abepauunTe.

B Ta3n Bpb3ka e paspaboTeHa MeToAuKa 3a oOnpefensHe M OueHKa Ha BMAUSHWETO Ha
abepaummTe Ha onTMYHaTa cucTema BbpXy anapaTtHaTa yHKUMA Ha abcopbumOHEH 030HOMETBLP C
UHTEepdEpeHYHa CenekTMBHA amniuMTygHa mogynauus, C uUen Aa ce M3ACHUM Bb3MOXHOCTTa 3a
npunoxeHne Ha cdepuyeH ornenaneH 06eKTVB, U3XOXAAWKN OT U3MCKBaAHMSATA KbM Ka4yeCTBOTO Ha
anapaTHata yHKums.

BxogHata u m3xogHa Awvadparma Ha abcopObumoHeH 030HOMEeTbp NPeAcTaBnsABaT KPbriu

OTBEpPCTUSA C bIMoBU pasmepu a,;. POKYCHOTO pas3cTosHMe Ha obekTmBa e paBHO Ha F. BxogHu u

M3XOAHM 3eHMLIM Ha cucTemaTa ca NpaBobrbNHM Avadparmu ¢ pasmepu 2Lx2H. MNpu npecmaTaHe Ha

anapaTtHaTa YHKUMA Ha 030HOMETbpa Ce CuuTa, Ye Herosata UHTepdepeHYHa 4YacT He BHaca B

n306paKeHMeTo OOMbIHUTENHM abepalnmn U MMa bIMoBO YBENuYeHe, paBHO Ha equHMLA.
PasnukaTta, Bb3HMKBalla Ha Bxoda Ha abCOPGUMOHEH O30HOMETbP C WHTepdepeHYHa

ceriektTmuBHa aMmnnmntygHa mMogynauuda, Ha MOHOXpoMaTuMyeH InbY C AObJDKMHA Ha BbJIHA A c
KOOpAuUHATK B paBHMHATa Ha BXoAHaTa gunarpama X'n y’ 1N C KoopaunHaTth B paBHMHATa Ha 3eHuUaTa
Xun Y, Moxe ga ce 3anuviie B criegHus Bua:

(1) R (p2
W AKX, Y, X, Y, 4, 4g,1) =TX (A-2) —171 +6(t),
KbOeTo: R - TEeopeTUYHa pasgennTternHa CI'IOCO6HOCT Ha aucneprmpawiarta cucrema,
ﬂO — AObJKNHA Ha BbJ1HA MNMpn HaCTp0|7||<a Ha KonmmMmartopa,
(01 — bbb/l HAa NOCTbMNBaHE Ha J1b4a KbM paBHMHATa Ha 3eHuuarta,
o(t) — pasnuka B xofa Ha nbya, BHECEHa OT MHTEp(MEPEHYHIs MoAynaTop.

ToraBa ApKOCTTa B U3XOAALLATA 3€HMLA LLE Ce M3MEHS MO 3aKoHa
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)
B= ZBO(1+ cosz%A) .

Tvn kaTo abepaumnte Ha obekTuBa e ce uscnenBaT npu obpaTeH xo4 Ha NbunTe U LWe ce
npeHecat B paBHMHaTa Ha obpasa Ha udnarta cucrtema, To yoobHo e ga ce npunoxat MNonspHU

koopaMHatM pu @B paBHMHATA Ha BXOAHATa AvadparMa M Ja ce W3pa3n CTOMHOCTTa Ha @
nocpeacTBOM MepuaMoHarnHarta cbCrasnsBalla:

3) ¢12:(012x+¢12y'

Mpm KOeTo

4 i '

(4) (plxzpsm<9+§x :asin9+§,
F F

5 i !

) (pzxzw:acos@_y%,

Yo,

KbaeTo a=E, X' n OY'- cbeTaBHM Ha HanpedHuTe abepauum Ha oBeKTWBa B paBHMHATa Ha

BxogHaTa gnadparma.
Mpn abcopbumoHeH o030HOMETBP Wu3xogHaTa Auadparma u3pss3Ba oT abepaumoOHHOTO
MOHOXPOMAaTN4HO M30bpaxkeHne Ha BxoaHaTa Avadpparma LeHTpanHaTa yacTt, nopaau KoeTo 3a brbi

¢, € B cuna ycrnosmeTo @, < ag , NPpN KOETO

©) (022 = ¢22x + ¢)22y7

(7 X'
Dox = Prx +?'

(8) @/H
Pay = Pry +?,

kbaeto X' n dy" - cbecTaBsAwM Ha HanpedHaTa abepauys B paBHUHATa Ha U3XOAHUTE Anadparmi.

AnapaTHaTa QyHKUMA, npeacrtaBnaBalla amnnntyga Ha uHTepdepeHyHaTa mogynauus Ha
NbUYMCTUSA MOTOK, NMPeMUHaBal, npen abcopOLMOHHUSA O30HOMETbP, OTYMTAMKM TFOPENOCOYEHOTO,
MOXe Ja ce 3anuvue BbB Bnaa

N 2n +L+H
©) A(A—%):Wjdajdej [dxdyb(2, 49,1, ),
0 0

—L-H
kbaeTo N — koeMUMEHT Ha MbIHOTO U3MON3BaHe Ha AuamMeTbpa Ha BXoAHAaTa 3eHuua,

A-ly @
(10) b4, A, @y, X) = cos| 2R | 2= %0 _ A
(4, 40,91, X) =7

Mpu paspaboTBaHe Ha MeToda ce nanonssaT opMynu OT TeopusaTa 3a abepauunte.OTunTa
ce, Ye | e pascTosiHMe OT UeHTbpa Ha Anadparmarta Ao rnaBHaTa OC Ha orfedanHus ob6ekTuB, OT
KbOeTo

(11) | = 2Ftgi.
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1 1
3a pasrnexganus cnyyain S, :Z,S“ :E’S'” =15,y =-1, a paBHuHaTa Ha u3xogHaTa

Anadparma e n3MecTeHa OTHOCHO raycoBaTa Ha pascTosiHue O :

(12) |2
2
XapaKkTepuanpaLuo HanpeyHuTe abepaunn X' u &y’ ; napaseHn Ypes koopamHaTUTE X U Y:
(13) Cv(y2 42 2,2
= XX -y ) 3V i Xigh
8F 4F 2
(14) Culy? 42
oy =YY XY Vi
8F 2F 2

Tbil KaTo bIbS | € ManbK, Moxe aa ce npueme tgi ~ i . Torasa uspasute (4) u (5) c oTunTaHe
Ha (13) n (14) npuemaT BUAa

(15)

x(x2+y2)+3x2+y2i_ X .,

=asing - —i
i 8F° 4F2 " 2F

(16)

g YY)y Yo
3 2 ’
8F°  2F7 2F

OTunTalikn, Ye B abCOPOLMOHHUS 030HOMETbP C MHTepdepeHYHa cenekTVBHa aMnnuTyaHa
MoAynaumsl, ce ocbllecTBsiBa Z-00paseH XoA4 Ha fbuuTe, TO cdepuyHata abepauuss u
acTMrMaTu3aMbT B paBHMHATa Ha M3xogHaTa Auadparma ca paBHM Ha yABoeHuTe abepaumn Ha
ornenanoTo, a komaTta HambiTHO Ce KOMMEeHCUpa, Tbii KaTo MepuamarnHoTo yBenvyeHe Ha cuctemara
€ paBHO Ha eauHULa, NPU KOEeTo

(17) X(X* +y%) X
—asing- 22 TY 0 22
Dox =g
(18) y(x*+y?) y
=aCOSt9————i2.
F2y 4F°  F
Monararikm B wuHTerpana (9) N= E,V = %, a= M, z=mRa® u npuemaimkm

TenecHna bren (2, nop Konto ce HabrioaasBaTt BXxodHaTa U U3xo[Ha avadparma OT rmaBHaTa Todka
2
Ha 06eKTVIBa, onTuMmarlieH n paBeH Ha F, a I = 2L = 2H , C& NnoJy4daBa HOB MU3pas 3a onpenernadHe

Ha anapaTtHaTta yHKUUS:

1 2n  2n 1
(19) A(a) =— [dz [d@ [dudvf (a,d,,u),
N 0 0 -1
Mnpm KOeTo
cos[(a—RD.u)| mpm D2 <27
f(a1®1,u) _ [( 1 )] p 2

0 mpu @3 >2r,
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KbadeTo
2 2 2
2 2 2
@ = @2)( + ®2y.

Torasa

2,2 2,2
®,, =+/2zsinf+ M uu +v)+3u v 4

64 16 4|
_u@U?+vd) w v
®,, =v2zC0S0+ M| ———+—+—|,
y =2 64 8 4
. _u@?+vd)
O,, =v2ZsSiN0+ M| ———— |,
w2 B 2
a2 2
®,, =/22c0s0+ M %—%

L
KoeduumeHtsT M e cBbp3aH C OTHOCUTENHOTO OTBepcTMe Ha obektmBa, &=——, a

2F
M =+/27Re3.

CrtonHocTUTEe Ha uHTerpana (19) ca npecmeTHaTV NpuU pasnuyHu koeduumeHTn M, koeTto

NO3BOMNM NOCTPOSIBAHETO HA NOCNEAOBATENHOCT OT anapaTtHu dyHkumMn A(a,M) npu ctonHoctTn Ha M B
nHTepeana ot 0 go 20 cbe cTbnka 0,5 (dur. 1).

®ur. 1. Cepusa anapatHu dyHkummn A(a,M): 1-M=0; 2-M=5; 3—-M=10; 4-M=15

Ha Gasata Ha npuBedeHaTa rpadvka MOXe [a Ce Hanpasu M3BOAa, Ye C yBenvyaBaHe Ha
cBeTocunata Ha eKCnepumeHTupaHutTe orneganHu OﬁeKTI/IBI/I, anapartHaTta q.)yHKLI,I/IFl nputexaea

3HauUTenHoO naMeHeHve. Ha dwur. 2 rpacumyeckn e nspaseH xoga Ha MHTEH3MBHOCTTA Ha anapaTHaTa
PYHKLUMSA B Makcumyma B 3aBUCUMOCT OT M.
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dur. 2. 3aBUCUMOCT Ha MHTEH3UBHOCTTA Ha anapaTHaTa dyHKuus | oT koeduumeHta M

B 3akntodeHune crnegga ga ce otbenexu, 4ye oTYNTanKM JONyCTMMUS cnaj Ha MHTEH3MBHOCTTA
Ha anapaTtHaTa (PyHKuMsi B Makcumyma ¢ 3 %, B CpaBHEHME C MHTEH3UBHOCTTA Ha He M3mecTeHaTa
anapartHa (pyHKLMSA, TO ce Oka3Ba, Ye CTOMHOCTTa Ha M He TpsibBa ga npeBuwasa 6 go 7. Taka 3a

5
obekTBa Ha abCopPOLIMOHHMSI O30HOMETBLpP, Npu TeopeTudHa pasgenuTenHa cuna R =5.10" e
pa3paboTeH KonnMMaTopeH 06eKTUB C OTHOCUTENHO oTeBepcTne & <1:6.

NurepaTtypa:

1.XX e k o B X. OnTnyHM meToam n cpeacTBa 3a OTKpPMBaHE Ha oTaaneyeHn obekTn oT 6opaa Ha KOCMUYECKH
netatenHu anapatu YHusepcuTeTcko nagartencrso «Envckon K. MNpecnascku», LymeH, 2006. 308 c.

2.Xexos X, Mapaupocan W Xpuctos, . MWBaHoBa ABCopbLMNOHHbI yNbTPaBNONETOBbI
030HOMETP. bbnrapcko reousnyHo cnucanme, Tom XXIII, Ne 3-4, s. 50-54.

3Manasos K,A  MaHnes X Xexkos, . MerTtko B MNpoekt MUHTEPBOJI. YntpaBuonetos
cnektpodotomeTsp YPCUNC, Pesyntatm no gaHHu ot Gopposusi komnoTbp. C6. Tpynose HBY “B.
JleBckn”, pakyntet “Aptunepus, NMBO n KNC”, LLymeH, 2004, ctp. 253-259.
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WATER SUPPLIES UNDER DISASTER CONSITIONS
OR USE OF MASS DESTRUCTION WEAPONS
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Keywords: water purification, disaster.

Abstract: Water supplies under disaster conditions or use of mass destruction weapons is very important
to survival. Reserves of potable water and food must be created in the collective protection shelters. Reserves of
potable water and food are limited in quantity and time. When water treatment or extraction systems are available,
longer period of stay in a shelter is possible. Such systems decrease the risk of illnesses or deaths. The current
water treatment systems work on the principle of filtration with carbon or other porous materials, reverse
osmoses, ion exchange, deionization, chemical treatment, etc. The goal is to obtain pure water with complying
with the applicable standards for potable water quality. The new systems which will appear in the near future will
be able to synthesize water from various organic substances, such as fuels etc.

CHABASABAHE C BOOA B YCJIOBUATA HA BEACTBUA U ABAPUA
nnn N3NON3BAHE HA OPBXXNA 3A MACOBO MNOPA3ABAHE

Jlro6omunp ButaHoB

BoeHHa akademusi “I".C.Pakoscku” - MHcmumym 3a nepcrnekmusHu uscredsaHusi Ha ombpaHama.
e-mail: vitanov.lpv@abv.bg

Knro4yoeu dymu: npeducmeaHe Ha 8o0a, bedcmeus

Pe3rome: CHabdsisaHemo ¢ 800a 8 ycriogusima Ha U3rofi38aHe Ha OPbXUS 3a Macoeo ropassieaHe e
eakHa 3adaya 3a ouerisieaHe Ha HacerneHuemo. Heobxodumo e cb3BagaHemo U ONpecHsI8aHemo Ha 3anacu om
yucma 8o0a U xpaHa 8 cmauyuoHapHuUme cpedcmea 3a KorlekmueHa 3aujuma. Teau pesepeu umam orpederneH
nuMum 8 Kosiudecmeama u onpedensm epeMemo 3a ripecmosieaHe 8 msix. Koeamo uma cpedcmea 3a dobusaHe
Ha eo0a U HellIHomo npeyucmeaHe Moxe Oa ce ysenuyu epemMemo 3a npecmoli 8 makasea u3onupaHa cpeda.
Te3u cpedcmea we no3gonsasm 0a ce Hamanssm crydYaume Ha 3abornsigaHusi u cMbpm. Cpedcmeama, Koumo ce
usronseam ceza pabomsm OCHOBHO Ha MpuHyuUnNume Ha gunmpayusima, obpamHama ocmo3a, UOHOObMEH,
mpemupaHe ¢ Xxumudecku eewecmea u Op. Llenma e 0Oa ce nony4yu eoda, kKosmo Oa omaoeapsi Ha
Odelicmeawjume cmaHdapmu 3a Kayecmeo Ha numelHama eoda. Hosume cucmemu 8 6nusko 6blewe we
Moeaam Oa cuHme3upam 8o0a om pa3fiuyHU op2aHUYHU eelecmsa, Harnpumep aopuea u op.

B paMKuTe Ha MNnoJMTUKaTa 3a HauuoHarnHa CUrypHOCT BbOPBXEeHUTE CUin MMat 3agaydn ga
oKasBaT NOMOLL, Ha HaceneHveTo npu 6eCTBUA U aBapun 1 Npu NogabpXKaHe Ha MUpa, XyMaHUTapHu
n cnacutenHn mucum u gp. [3]. lMoTeHumanbT Ha “lpaxgaHcka 3awmTta” 3a cHabgsdsaHe Ha
HaceneHMeTo C BOAA CblLO € orpaHuyeH. PasBuTMeTo Ha cpeactearta U MeToauTe 3a MOHUCTUYHO
OCUrypsiBaHE BbB BbLOPBXEHUTE CWUMM LIE pasWwMpu Bb3MOXHOCTUTE 3a MNoanoMaraHe Ha
HaCeneHMeTo B KPUTUYHN CUTYaLMN.

CHabasiBaHeTO Ha HaceneHWeTo C BoJda € OCHOBHAa 3ajaya, KOATO MOoXe Aa Hamanu
MHOroKpaTHO 3abonieBaemMocTTa M CMbPTHOCTTA Ha xopaTta. B ekcTpemHu cnyyan mpu MECTHOCT C
HebOnaronpusaTHa OKOMHa cpefa unu 3apaseHa ¢ G6omHo oTpoBHM BeulectBa (BEOB), npomuinexHu
otpoBHM BewectBa ([MOB) unu pagMoakTMBHM HYKNMMAW MOXE da Ce HaroXu cHabasBaHeTo C
nMTenHa Boda [fOa cTaBa OT MECTHM BOAOU3TOMHMUM WNM ObXOOBHA Boaa. [JocTaBsHETO Ha
HeobxoQMMMTE KONMYECTBA Le e TPyaHO, 0COBEHO ako B TakuBa YCITOBUSA Ce OKaXkaT rofieMu rpynu ot
xopa. Hepoctur Ha Boga We uma W NpU NPOABLIDKUTENHO MPecTosiBaHe B yKpUTUATa wunu
cKkpuBanuiwiata 1M e no-uenecbobpasHo da ocTaHaT TaMm 3a foBeye BpeMe, 3a Aa ce HamanaT
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BMCOKMTE CTEMEeHW Ha pagvauuns unu ga HacTbnu ecTecTBeHa Aerasauns Ha TOKCUYHWTE BellecTBa Ha
MecTHoCTTa. ToBa Lle cb3gafe ycrnoBusa 3a 6e3onacHo m3BexgaHe Ha xoparta 6e3 nHausBuayanHu
cpefcTBa 3a 3almTa, HO HYyXAWTe 3a YMCTa BOAA Lue Ca aKkTyasnHu.

3a 3agoBonsBaHe HyXAMTE M MakCuManHoO Aa ce Hamanu obema Ha focTaBsHaTa Boda €
HeobXxoAMMO Aa ce U3non3eaT cpeacTsa U MeToau, KOMTO Aa MoraT Aa NpPeyncTBaTt BOAA OT BCAKAKbB
BOAOM3TOYHMLM, BKMOYUTENHO U Takmsa, KouTo cbabpxat BOB, OB, 6akrepuanHu (6uonornyHo
aKkTMBHW) cpeacTsa u ap. Npu Hanndme Ha pesepBoapu C gocTtaTbyeH 0bem, Jopy BodaTta B TsX Aa He
e npsicHa, Ta necHo Moxe Aa ce npevmctn. OcTtaBa BBLNPOCHLT KaKBO Le ce npasw, koraTo Bogara
cebplmn. Heobxogumo e Aa ce 3Hae, Ye B e4HO ckpuBanuiue Tpsbea Aa ce cb3gagat 3anacu oT BoAa
3a NMeHe C pasyeTu Han-manko 2 - 3 NMTpa Ha eouH YOBEeK 3a eOuH [eH, KaTo Bojata 3a 6utoBu
Hyam Tpsibea ga 6bae ot 4 oo 7 nuTpa. ETo 3awo e HanoxuTenHo aa ce paspaboTBat HOBM MeTOAU
3a npeuncTBaHe u gobveaHe Ha BoAa.

B 6baewe cHabaaBaHeTo € YMcTa BoAa e MOXe Aa cTaBa ype3 AbNboKo npeynctsaHe Ha
HanuyHaTta Bofa (4opu Ta3n OT OTXO4HWTE BOAM), e Ce CUHTe3upa Boda oT oTpaboTeHuTe ra3ose Ha
aBTomMOOMNUTE, e ce KOHAEeH3npa Boda OT Bb3gyxa M LWe ce paspaboTsaT criedsalln MOKONeHUs
CMCTEMM 3a NpevncTBaHe Ha BoAa.

MNutenHaTa Boga e GesonacHa W YWCTa, KOrato He CbAbpXa MUKPOOPraHu3Mu, napasuTiy,
XMMUWYECKW, pagnoakTUBHU M ApYrY BeLLecTBa B KOHLEHTPaLun, KOMTO nNpeacTtasnssaT noTeHumanHa
OMacHOCT 3a 34paBeTo Ha YOBEKa;

OCHOBHUTE NOTEHUMAarnHN 3aMbpcuTenu, KomTo Tpsbea ga ce npevncTar ca [4]:

e HeopraHuWyHu BellecTBa (HepPa3TBOPMMU W Pa3TBOPMMM, BKIOYUTENHO M PaMOAKTUBHU
HyKnnaw);

e  OpraHW4yHW BelLecTBa (BKIMIOYMTENHO BOVHU M NPOMULLINIEHN OTPOBHM BELLIECTBA);

e Buonoru4Hn cybeTaHumm.

OCHOBHUTE CTOMHOCTM Ha Bb3MOXHUTE 3aMbpCUTENW B HOpMaTMBHaTa ypeaHa B Bwnrapus
ca:

MVIKpO6VIOJ'IOI'VI‘-IHVITe nokasartenu

[NokasaTen CtonHocT
Opown konoHoobpasysawm egunmum (KOE /ml)

Ewepuxuna konn (E. coli), EHTepokoku, NceBgomoHac

0/250
aepyrmHosa
Bpoi konoHumn (MnkpobHo Yncno) npu 22 °C 100(2)
Bpon konoHun (Mnkpo6Ho Yncno) npu 37 °C 20(2)
BroTokcuHu — T-2 TOKCUH 8,7 ng/l
Pagvonoruynn nokasatenu
MNMokasaTten EavHnua
Tputun 100 Bqg/I
Pagun226 0,15 Bg/l
EcTtecTtBeH ypaH 0,06 mg/l
O6ua nHankaTMBHa aosa 0,10 mSv/year
O6La beTa-akTMBHOCT 2,0 Bg/l
Hopwmu 3a 3apaseHocT ¢ BOB Ha nuTenHa Boga n npodosoncTeume. [2]
BOB TpaHWYHO JOMYCTUMM KOHLEHTpaLuun mg/gm° Ha BOB BbB Boaa npu ynotpe6a
1 neH 2 OeH 3 aeH
V ras 0,0006 0,00006 0,00002
3apuH 0,0003 0,00001
3omaH 0,006 0,00084 0,0002
nnpuT 0,005 - -

3apavata ga ce cb3gagaTt yCTPOWCTBA, 3a OTCTPaHsABaHe B AOCTaTbyHa CTEMeH Ha BCUYKM
3aMbpCUTENN, U3NCKBA N3MNOM3BaHE Ha BUCOKOTEXHOMOMMYHN CbBPEMEHHN METOAM.

MMpn ekcTpeMHW cuTyaumm BOAOU3TOYHMUMTE, OT KOMTO Le ce Yepnu BoAda, LWe ca C
Hen3BecTHM 3ambpcutenun. Cpepctearta, KouTo TpsbBa ga ocurypat npeducTBaHeTo Tpsbsa Aa
npemMaxHaT BCMYKU TOKCMHWM [0 KOHUeHTpauuu, 6esonacHu 3a 4oBeka M TO B KONUYECTBA, KOUTO
TpsbBa Oa ca JOCTaTbYyHM 3@ HSAKOMKO AHEBEH MpecTou B Tesu ycrnoBus. KayecTBoTO Ha nuTenHaTa
BoAa B bbnrapus e pernameHTnpaHo B Hapeaba Ne 9, kakTo 1 Apyrv ctaH4apTU3auMOHHN JOKYMEHTU
Ha HATO. Tam ca gageHu OCHOBHUTE BUOOBE 3aMbpCUTENW U MeToAUTE 3a TAXHOTO KayeCTBEHO U
KONMYECTBEHO ONpeaensHe 3a HyXanTe Ha CaHUTapHUSA KOHTPOIT.
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lMpeunctBaHeTo Ha BogaTa ce M3BbPLUBA NpW onpeaeneHa nocnegoBaTenHoCcT Ha npoLlecuTe.
[6] MeToauTe ce onpedensT oT BMAA Ha 3aMbpCABaHETO, KONMMYECTBOTO BOAA, KOSATO TpsibBa da ce
NPeyncTn 1 CTeNeHTa Ha NpevncTBaHe.

OcCHOBHMTE METOAM, KOUTO Ca NPUINOXMMU 3a CUCTEMUTE MPU KPUSUCHN CUTyaL K ca:

1. MexaHn4HO npeyuncTeBaHe.

Upe3 TO3M MeToA4 ce 3agbpXaT W OTCTpaHsABaT Mo-ronsMaTa YacT OT HepasTBOpEeHWUTe
BELLECTBA, a 3aMbpPCABAHETO C OpraHN4YHM BellecTBa ce noHuxkasa oT 15 go 35 %. NMpouecute, KOUTO
ce nsnonseaT ca npeuexgaHe, yTasBaHe U UNTpyBaHe, a CbOPbXEHUATa ca OT TUMa Ha pelueTkTe
n cutata. ®UMHO cCycneHOupaHuTe YacTuuu MoraT Ja ce OTCTPaHAT 4pe3 unTpyBaHe wnu
LueHTpodyrmpaHe.

2. ®U3NKOXMMUYHO NpeYvncTBaHe.

PU3NKOXMMUYHUTE METOOM Ca Koarynauums, enekrpokoarynaums, copoums, oHooOMeH n ap.

Koarynauusata Hain-4yecTo ce npunara 3a MpedYncTBaHe Ha JucneprupaHy U KONoUAHU
3ambpcuTeny. KonomaHute YyactTuum ca enekTpooTpuuaTeniHu ¢ AMaMeTbp OKOMo 2 um.

CopOuMOHHMTE MeTOAUN Ce M3MOM3BaT 3a OTCTpPaHsBaHe Ha YCTOMYMBM OPraHUYHWN BELLECTBA,
HepasrpagMMuM no OuMoXMMMYeH nbT — nectuuugn, OOMHM OTpOBHM BewecTBa U ap. 3a
agcopbumnoHHUTE KayectBa Ha copbeHTa ce cbau No agcopbumoHHaTa My M30TepMa, KOSATO e
OVNHaMWYHO paBHOBECUE Mexady copbupaHOTO BbpXYy eauHuMua maca oT copbeHTa BeLIecTBO U
paBHOBecHaTa My KOHLUEHTpauus BbB BoAaTa.

[MpeunctBaHeTo Ha BoauTe 4Ype3 MOHOOOMEH Ce OCHOBaBa Ha OOMEHa Ha EeKBMBAIEHTHU
KONMYecTBa NOHW MexXAy TBbPOW HEOPraHWYHW WNU OpraHuYHu BewlectBa (NOHWMTU) U 3aMbpceHa
Boga. MloHnTuTe ce npuemar kaTo enekTponnuTh CnocobHM Aa B3aMMOAENCTBaT C APYr eneKTPOnnTH.

3. Xrimmnyecko npeyncreaHe.

O6uKHOBEHO TOBa MpeyvncTBaHe ce ocHoBaBa Ha obpaboTkaTa Ha BogaTa C peareHTW, KOMTO
obpa3syBaT C HAKOW 3aMbpcuTenn cnabo pa3TBOPUMY CbeAUNHEHUSI.

4. MNpeuncrBaHe Ype3 MemMbpaHHU NpoLiecu.

OCHOBHOTO NpeguMMCTBO Ha MembpaHHWTE npouecn e, 4Yye Te npoTudaT 6e3 hasosm
npeBpbllaHMsa Npyv OOMKHOBEHa Temnepatypa M Ca CbC CPaBHUTEMHO MPOCTO TEXHOMOMMYHO
obopyaBaHe. MemOpaHuTe MoraT ga ca MOSIMMEPHM, KepaMW4YHW W MeTanHu. Pasnukata B
HansraHeTo OT OBETe CTpaHM Ha MembpaHaTa e ABwXKelwa cuna Ha pasgensiHeTo. TakumBa ca
obpaTHaTa ocmo3a, yntpaduntpaumsta u MukpoduntpauusTa. MNpunaraHeTo Ha BBHLUHO HansraHe
TpsbBa ga npeBuaBa HSKONKOKPATHO OCMOTMYHOTO HamnsiraHe Ha pasTBOpeHuTe BellecTtBa. [pwm
obpaTHaTa oOcMoO3a ce 3agbpXaT 4Yactmum ¢ pasmepu oT 0,000l um pgo 0,001 um, npwm
ynTpaduntpaumsata — ot 0,001 um go 0,2 um mn npu MukpoduntTpaumsata — ot 0,2 um go 10 um.
OCHOBHM XapakTepUCTMKM Ha MembpaHuTe ca TAxXHaTa NPOHULAEMOCT, CENTEKTUBHOCT U MOPECTOCT.

5. EnekTpognanusa.

ToBa e npouec, Npy KONTO NoA Bb34EeNCTBME HA NpaB TOK B MOrokamepeH membpaHeH anapat
(enekTpogmanusaTop) ce M3BNUYaT MOHM Ha comu. MembpaHuTe ca NNbTHM U ce pas3gensit Ha
XeTeporeHHn (npaxoobpasHn WNOHOOOMEHHM CMOMM UK MOMMMEPHO CBbP3BALLO BELWECTBO —
nonvetuneH (PE) unn nonunponuneH (PP)) n xoMoreHHn — nonMMepHo honmMo MoanuumpaHo cbe
CbOTBETHUTE NOHOOBMEHHU (PYHKLMOHAMNHN rpynu.

EgHo HoBO HanpasreHune 3a eheKTUBHO NpedncTBaHe Ha Boda ca HaHoTexHorornnte. Tosa e
HOBO HarnpaBsrieHNe B CbBpeMeHHaTa Hayka C HEBEPOSATHN Bb3MOXHOCTU. CucTemMuTe 3a npeyncTBaHe
Ha BoAa LLie MoraT Aa 3afbpXar U LWe pasrpaxaaT pasTBopeHuTe BellecTsa. e nma Bb3MOXHOCT 3a
SICHa 1 NNeCHO BUguMa nHavkaumsi npyu otpaboTBaHe Ha pecypca Ha untbpa 1 HanmMumMe Ha TOKCUYHU
BellecTBa BbB BogaTta u ap. B TabnuuaTta ca nocodeHn Jo kakBa cTerneH ca epeKkTUBHM pasnuyHuTe
MeToOM 3a NpeYncTBaHe Ha Boga. [5]

TokeuHm Xum. Baktepwuu, Bupycu Bwvo- PagnoaktneHm
areHTu crnopu TOKCVHM BellecTBa
MeTtoan
Koarynauus, duntpaums C 0; O O; O C a
paHynMpaH akTMBEH BbIMEH a 3 3 M C
MukpodunTtpaums C O C O
TpeTupaHe ¢ xnopupalim BeLiecTsa M 0 O C
0
O30HMpaHe n 6] 0 C
[enoHnsauus C C C C O
O6paTHa ocmo3a 0] 0 0 o o*
Yntpacvntpauus C 0 0 o*
[es3vHdekuusa ¢ ynTpaBunoneTosa 0 (0] C
CBETMMHA
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3abenexka: C - cnabo (0 go 20% npemaxsaHe); 3 - 3agosonuTenHo (20 go 60% npemaxsaHe) ; [-
£o6po (60 no 90% npemaxeaHe); O - otnm4yHo (90 o 100% npemaxBaHe); 1 — npomeHnuBo; * - YactuyHo ce
npemaxsa

TpeTupaHeTo Ha Boaa npu 3apassiBaHe C XMMUYEecKU BellecTBa (OpraHuMyHM 1 HEOpPraHU4HMW)
Ce OCHOBaBa Ha [ABa OCHOBHM MeTOfa — 3aAdbpXaHe Ha npumecute B obema Ha unTbpa 4pes
abcopbuus n agcopbumsa nunu npeobpasyBaHETO HA 3aMbPCUTENUTE YPE3 KaTaNMTUYHO OKUCIIEHME
B MO-Manko TOKCUYHM BeLlecTBa C Mocrefsalwo 3agbpXaHe BbB wntbpa. [peuncreHata Boaa
TpsbBa ga cbObpxa NoAa AOMYCTMMMTE KOHLUEHTpauuy NMbpBOHaYanHUTE 3aMbpcuteny. Bb3amoxHu
3aMbpPCUTENN Ha BodaTa Ca OpraHWYHu BELLECTBA, NecTuumMamn, 60MHN U MHOroo0pa3HM NMPOMULLINIEHN
BeLlecTBa, KakTo M BellecTBa Ha Gasata Ha HedTonpoayktn. Te ce OTCTpaHABaT NPeauMMHO 4pes
copbuus n 3agbpxaHe BbB hunTbpa. HoBuTe hnnTpm MMaT MHOMO ronsiMa nioLy, 1 pa3BuTa nopecra
CTPYKTYpa, KOATO BKITHOYBA MUKPO-, ME30- 1 Makponopwu (paguyc Ha nopute cboTBeTHO 15 go 16 A; 16
no 1000 Awv 1000 no 2000 A. B ot 3aBucumoct BMOa MU TEXHOMOrMaTa 3a NPOM3BOACTBO KONMYECTBOTO
Ha pasnMyHUTE NOpMK € pasnnyHo. ToBa onpedens U epekTUBHOCTTa Ha unTbpa no abcopbumsa Ha
pasnuyHMTe BellecTBa. Han-eekTBHM ca MUKPO- M Me3onopute, KOUTO MoraT ga 3agbpXkaTr B
CTPYKTYpUTE CU JOPU NEeKU ra3oBe — a3oTHM OKCMAauW, LmaHosogopoa v ap. B meso- n makponopute ce
3a4bpXKaT NO-TEXKM U C MNO-rofieMn MONeKynu BellecTtBa (Xfop, HepBHONApanuTUYHU BELLECTBA,
unput 1 ap.) lMNpu Hanvune BLB BogaTa 3aMbpcsBaHMS C TakuMBa BellecTBa, Te Obp3o 3aemar
HeoOpaTMMO MecTaTa B Me30- U Makpo MnopuTe, KaTto MO TO3W HayMH WM34epneBaT kanauuTteta Ha
duntbpa. MNpyn ToBa JOCTBMBT HA MOMEKYNUTE C Marka MOSieKylHa mMaca OO0 MecTaTta, KbOeTo Te
MoraT ga ce 3aabpxaTt (MUKpomnopuTe) ce m3knoyBa. HsiMa mMeTon, KOMTO 4pe3 TpeTupaHe Ha
BoAdaTa Ja NoCTUrHe MbIIHO OTCTpaHsBaHe Ha 3ambpcuTenute. C TeyeHWe Ha BpemeTo unTpute
3arybBaT cnocobHOCTTa cu Aa 3axBalyaTt BellecTBaTta u Te TpsibBa Aa ce CMeHST.

BpemeTto 3a pabota Ha egvH ¢unTbp ce npenopby4Ba OT npou3BoauTens, Ha 6asa Ha
npoBedeHn CpaBHUTENHM nabopaTtopHy meToan. Te OO ronsiMa CTeneH ca JOCTOBEPHU, HO He MoraT u
He OT4MTaT peanHuTe ycroBMsTa U KayecTBaTa Ha BogaTta, KosaTo we ce npeynctea. OctaBa oTkpuT
BbNpoca kora fa ce CMeHAT duntpute? ToBa 3aBMCM OT HanNMuMeTo Ha uWHgopMauusa 3a
N3nons3BaHuTe BOOOU3TOYMHUUKM. AKO Ce Oo4vakBa BbB BodaTa fa Mma Hanuuve Ha BOB wnu gpyru
TOKCUMYHW NPOAYKTM N TO BbB BUCOKM KOHLIEHTPaLUUn e LienecbobpasHo ga ce KOHTponvpa kavyecTeaTa
Ha BoJaTa npeaM La ce u3non3ea. AKO ToBa He € Bb3MOXHO € Heobxogmmo fa ce Hamanu
MaKkcMMarnHo BoJaTta 3a NueHe, KaTo ce YBENuYM KONMUYEeCTBOTO Ha XIopupalumTe areHTu 1 Boaarta
npecTosBa MO-NPOABLIMKUTENHO BpeMe, 3a Ja MMa Bb3MOXHOCT W Hau-yctomumsute BOB 1
OakTepuanHu cpeacTea Aa ce yHuwoxaT. lNpu Hanmyune Ha HOBU hUNTPK T€ CE CMEHAT BB3MOXHO MO-
yecto. OTpaboTeHute punTpu TpssOBa Aa ce xepmeTu3npaT U OTAEeNAT Taka, Ye ga He moraT faa
Bb3eNCTBaT Ha XopaTa BELLECTBa, KOMTO OMxa MOrnu aa ce gecopbupar ¢ Te4eHne Ha BpeMeTo.

OcobeHocT npy punNTprMpaHeTo Ha pagnoaKTMBHM BELLECTBA €, Ye aKTMBHOCTTAa Ha unTbpa
pacTe HenmpeKbCHATO C KONMMYECTBOTO Ha NpeMuHanaTa npes Hero BOAa M CTaBa CEPUO3EH N3TOYHUK
Ha M3nbyBaHe, KaTo MOXe [da HaHece paguauMoHHW nopaxeHus. pu TakaBa cuTyauus ce nsonupa
JocTbna Ao GunTbpa 1 Ce KOHTPONMpa HeNpPeKbCHaTO HUBOTO Ha paguauus.

Mpy NpPoOObMKUTENHO M3MON3BaHe Ha uUNTpupawmuTe cucteMu Te rybaT cBoWcTBaTa cu ga
npedncTeaTt. TO3n NpoLec MOXe Aa ce OAbJPKM Ha HacuwaHe Ha akTMBHUTE LieHTpoBe B copbeHTuTe,
BPEMETO U YCroBMsaTa Ha CbXpaHeHne n ap. KOnkKoTo No-ronemMu KoOHLUEeHTpauum sambpcuTenu uma 3a
npeyvncTBaHe, TOMKOBA XUBOTa Ha uUNTbpa € No-ManbK. Te3n hakTopm ca MHOro pasHoobpasHu KkaTo
KOHLIeHTpaLK, BpemMe Ha [OencTBue, TemnepaTypHU YCNoBus U Ap. U BNUAAT Ha BpemeTo 3a
npobusaHe. OTTyK ugBa 1 TpyaHOCTTa Aa Ce ONpeaeny Kora a ce CMeHSIT (hunTpupalimuTe cuctemu.

Mpun BCcKYKKM criydam e HeobxoauMo ca ce cb3hafaT YCroBusl 3a NPOBEpPKa Ha Ka4ecTBOTO Ha
BOAaTa ypes3 NepuognyHM XMMUYHN 1 BMONOTMYHN aHanusw.

lMpemaxBaHeTo Ha GONECTOTBOPHM MUKpPOOM e npobnem, KOMTO BCe MOBeYye ce pellasa
YCMELIHO C HamMarnsiBaHe Ha NopuTe Ha CpeAcTBaTta 3a unTpupaHe, Npes KoMTo NpemMuHaBa Bogarta.
Mo TO3n HauMH He moraT ga npemuHaT B YMicTaTa BOAa roremute MukpoopraHusmu. TpsibBa ga ce
uma npeasug, Ye 3agbpKaHeTo UM BbB punTbpa e npeanocraBka npu 6rnaronpusTHX yCcrnoBus Te aa
Cce pasBuAT M fa ce yBenuum komu4yectsoTo um. [pu criegBawo npevvcTBaHe Ha Boga e ronsma
BEPOSITHOCTTa Te Aa nonagHaT B YoBeka. MexaHM4HOTO 3agbpkaHe He MOXe da pelun Bbhpoca C
MHOro BUOOBE OT TsIX. 3aTOBa NOCNEaHNSA eTan OT NPEeYUCTBaHETO € YHULLOXaBaHEeTO MM. ToBa CTaBa
C KaTtanusaTtopu, NOBULLIABALLM CKOPOCTTa Ha OKUCMEHME Ha OpraHWYHUTE BeLLecTBa. ToBa € egHo OT
HanpaBneHusaTa 3a pa3BUTME HA HAHOTEXHOMOrMMTE B TE€3M NPOLECH.

lMpeyncrteaHeTo OT OMOMOrMYHM OMacHM BeELLECTBA MO KNacUYEeCKUAT HauMH cTaBa 4pes3
N3Mon3BaHeTO Ha OKUCIIMTEHU areHTU. TakuBa ca OKUCIUTENUTE C XNopupaLlo OeNcTBue, KoMTo npu
pasTBapsHETO CWM OTAENAT T.H. aKTMBEH XNop. TakuBa BellecTBa Ca XMOpHa Bap, Kanuues
XWUMOXITOPUT, CONMK Ha N30XnaHypoBaTa KucenvHa u ap. B no-pegku cnyyvam ce nanonsea xnopvpaHe ¢
razoobpaseH xsnop, OpoMumpaHe unu o3oHUpaHe. Tean okucnuTeny mMoraT Aa gosedart 40 HamanssBaHe
Ha KOHUEHTpauusiTa Ha OTPOBHWUTE BeLLEeCTBa, HO € TPyOgHO Aa Ce HamanaT nog Aonyctumute
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KOHLeHTpauumn HepBHonapanutuyHute BOB. ToBa U3MCKBa MHOTO BpEME M BUCOKM KOHLIEHTpauun Ha
OKUCTUTENHUTE areHTu.
EdexkTnBeH MeTo e yHULLOXXaBaHe Ype3 obrbyYBaHe ¢ yNTpaBUoneToBa CBET/IMHA.

CpeacTtBa 3a cHabasiBaHe B NpsicHa BoAa NPU €KCTPEMHU YCNoBUs

CoblecTByBaT pasnMyHM MONIEBM CUCTEMM, KakTO MO KanauuTeT, Taka WU Mo MeToan 3a
npeuncTBaHe. Ha nasapa ce npegnarat oT TabneTtku 3a NpeynctBaHe Ha BOAA CbC CbMHUTENHU
KayecTBa, YCTPOWCTBa 3a WHAMBWMAYyaAnHO MOM3BaHe, C Bb3MOXHOCTM 3a W3MON3BaHE Ha BCSKAKBU
BOAOWU3TOYHULN, CUCTEMM 3a CHabasBaHe € Boga Ha rpynu ot xopa oT 100 — 150 4oBeka Oo
TpaHCMopTUpPyeMU CUCTEMU 3a cHabassaHe Ha 2000 go 3000 yoBeka. Tean cuctemum moraT ga ce
TpaHcnopTupaT, MoraTt ga paboTdaTt Ha kopabu unm ga ce obopyaBa C TX CTauUOHaPHWU KONEKTUBHU
CcpefcTBa 3a 3awuTa.

lMpumepwn 3a TakmBa cuctemu ca:

1. O6paboTkaTta ¢ xnopupaLLm areHTM MoraTt aa goBeAaaTt 40 HamarnsiBaHe Ha KOHUEeHTpauumsTa
Ha OTPOBHUTE BELUECTBA, HO € MOYTU HEBBH3MOXHO Aa Ce HamanaT no4 AOonyCTUMUTE KOHLUEHTpauum
3apaseHa ¢ HepBHonapanutuyHute OB Boga. ToBa u3nuckBa MHOro BpeMe M BMCOKU KOHLIEHTpauuu
Ha OKUCNUTENHWUTE areHTW, Npu KOeTo BoAaTa CTaBa HerogHa 3a nueHe OT TpeTupallnTe enemMeHTy.
Ha nasapa ce npegnaraT TabneTkn C OKUCMMTENHO XMIOpUpALo WM noaupawo AencTeue
(cbobpkawm xnopguokeng, unu E 926- 3abpaHeH B EBpona). Takmea ca Tabnetkute Micropur MP1
(Katadyn). 3a npeunctBaHe Ha 1 nuTbp Boga OT OakTepuu, BApPYCM U Op. € Heobxooumo da ce
pa3TBOpuM B egHa TabneTka (Bogata cred TpeTupaHe oTroBaps Ha EPA Water Purifier Test
Standards.)

2. dunTpupawm cuctemm 3a MHAMBMAyanHo npeyYncTeaHe Ha BoAa

2.1. duntbpbT 3a ekcripeMHu cnydan. Cyst Filter (M3paen) e nepcoHaneH cuntbp 3a
npeyncTBaHe Ha Boga OT GUOMNOrMYHM, OPraHNYHN U HeOpraHnyHu BewecTea. Puntbpa ce M3nonsea
3a HenpoBepeHM U3ToYHMUM Ha Boga Moxe ga npeunctu 3,75 nuTtpa Boga B OyTunka OT GMOMNOrMyHu,
OpraHU4yHM N HEOpPraHWYHM BeLlecTsa.

2.2. Kaceta 3a npeuncteaHe Ha Boga AntiClog™ — Katadyn® LlBewnuapusi € CbC CMeHsiEM
(PUNTBLP OT aKTMBEH BBITIEH C ronsama nnow,. C ycTponcTBOTO necHo 1 6bp3o ce MmaHunynupa. Cbcton
Ce OT KaceTa, B KOSTO ce nocTaBd unTbpa, pbyHa nomMna M Mapkyd C HakpavHUK 3a B3eMaHe Ha
BOAa OT BOOOM3TOYHUK. OTCTpaHsiBa OakTepum 1 MMKpoopraHmamu. MiMa kanaumTteT 3a npeyncTBaHe
Ha Boga go 750 nutpa. Texun 310 g.

2.3. bytunka 3a ekctpemHu crniydam — Katadyn® ce m3nonssa 3a npeyuctBaHe Ha BoOga OT
BCHAKaKBM BOOOM3TOMHUUM. HanmBa ce Boga B OyTurnkaTta,KoAaTo 3a onpefernieHo Bpeme npemMuHaBa
npe3 akTMBHUS BBLITIEH U Ce MPeYnNCTBa OT XMMWUYHM BellecTBa n buonormyHm Bewectsa. O6emMbT Ha
cbaa e okono 800 ml. C eguH counTbp Morat ga ce npednctar okono 100 nutpa Boga.

2.4, bytunka LIFESAVER (UK)

Mpeacraenasa unTtpupalla cuctema B bytunka, npeyncrealla Boga oT bakrepum 6e3 ga ce
nogupa unu xnopupa ToBa e nbpBaTa MO poda CU cCUCTEMA 3a MNPevYMcTBaHe Ha Boda udpes
yntpacdumnTtpauma. Obesspexaa Bupycu n bakrepumn >99,9999 % . bytunkaTta npeunctea 2,5 L/min
npu 0,25 BGar. dMNTLPBLT NpeacTaBnsaBaT cUcCTeMa OT nocrnegoBaTenHo paboTtelim npendunTsp,
aKkTMBeH BbIMeH 1 MeMbBpaHa 3a yntpadpuntpupare. KanaunTteta Ha duntpupawata cuctema e 4000
| unn 6000 | B 3aBMCUMOCT OT BMAa Ha cCMmeHdemute untpu. bytunkata Texum 635 g u uma
BMmecTumocT 750 ml, MiHamMkaTop 3a cMsiHa Ha KaceTaTa e npu 3aTpydHEHO U3NMBaHe Ha BoAaTa C
MHOrOOpOMHM HaNoOMMNBaHMU.

2.5. 3a amepukaHckaTa apmus ce paspaboTBa T.H. MHOUBMAyarHa eneKTPOHHa nucarnka 3a
nesvHdekumnsa. T cnyxum 3a npednctBaHe Ha Boda M e paspaboTteHa Ha 6asaTa enekTporiM3Ho
3a0bpXaHe Ha conu, CbBMECTHO C MeToauTe Ha MeMOpaHHO dunTpupaHe, obpaTHa OCMO3a,
agcopbumnsa n gp. Cuctemata paboTv NMpu HUCKO HansraHe W NpeyncTea No-0bp3o M edeKTUBHO
OTKOJIKOTO XNnopupawimTe u nogupaiwumrte cpeactsa. [Nucankata npeuncrtea ot 150 | go 300 | Boga ¢
eavH komnnekT 6atepuu, kaTo u3nonsea conv M Boga. 3a okono 10 yHuwoxaa 99,9999% ot
Gaktepumte. [lpaBAT ce uM3NUTBaHMSA, KOUTO Joka3BaT eeKkTMBHOCTTA Ha cuctemata UM 3a
npeynMcTBaHe Ha 60MHO OTPOBHM BeLLecTBa. [8]

2.6. B bbnrapusa ce ussbpLluBa Hay4YHO M3crnegoBaTesnicka JENHOCT 3a cb3faBaHe Ha unTpu
3a npedncTBaHe Ha BoAa, KaTo Ce W3MNon3BaT U HaHoTexHonorun. Cb3gageH e npoToTUN Ha
duntpupaiya cuctema (PriB) npeuncrealla Ha HSAKONKO eTana. [bpBUST e rpybo npeyncTBaHe u ce
n3sbpLiBa ot npeacdunTbp. Cnen ToBa Bogata NpeMuHaBa Npe3 akTUBEH BbrieH 6e3 kaTanmsaTop,
KbAETO Ce 3aabpXaT YyacTuum ¢ roniemvHa go 2 um. [lo ronsiMa cTeneH ce 3axBawlat b6aktepuum u
MUKpoopraHuamu. Cnep ToBa BoAaTta MOCTbMBA B KOMOWHWPaH (bunTbp CbCTaBEH OT CUSIMKATHU C
ronsma nroL, katanutuyHn gobasku Ha 6asa Ha cpebpo u ap. B To3n obem ca nogpeneHu NnacTuHM
C HaHeceHuM BbpXy TAX CheuuanHyu HaHokaTanM3aTopu — BELLECTBA, KOMTO WUrpadt ponsta Ha
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Katanusatopu 3a pasrpaxgaHe Ha opraHudHu BewectBa. Cb3gageHata MoOWHa 3awuta e
npeanocTaBka 3a Mb/IHO MpeYMcTBaHE Ha BoAaTa OT HEOpraHuWyHW, OpraHWYHM M OMONOTUYHM
3ambpeuTenu. Kayectsata Ha Bogarta oTroBapsaT Ha 6bnrapckoTo 3akoHogatencTso. KanauuteTa Ha
dumntbpa e Hag 200 nuTtpa.

3. Cuctemu 3a npeyncTBaHe Ha BOAa 3a roriemu rpynu xopa.

3.1. Cucremata ZENON Mini-ROWPU [9] e mogynHa TpaHCcnopTMpyeMa eauHuua 3a
npeyncTBaHe Ha Boda, cnocobHa ga NpeyncTu Jopy U OTXOOHW BOAM B TakmMBa 3a nueHe. PaboTtu Ha
npuvHUuna Ha obpaTHaTta ocmosa. [MponsBoauTenHocTTa € Hag 8 nuTpa 3a MuHyTa. [Nokasatenute
Ha BogaTa CbOTBETCTBAT C M3MCKBaHWUSATA Ha CBeToBHaTa 3apaBHa opraHusaumna u STANAG 2136.
Pasmepu Ha cuctemaTta - 1549 mm x 1219 mm x 1251 mm. Maca: 564 kg. MowHocT Ha nomnarta —
5 kW. General Electric Company

3.2. ADROWPU e TpaHcnopTupyema ABOWHO MPOTOYHA cucteMa, paboTelwa Ha obpaTHaTta
OCMO3a, crnocobHa Ada npeYncTM Boda OT BCSAKAKBUM BOOOW3TOYHULM MPU BCAKAKBM KIMMaTU4HU
ycnosus. NMpoussogutenHoctTa n e go 5000 I/h nutenHa Boga npes egHata nuHns unu 2400 L/hr
aKko Bofara ce npeyvucTBa ABa MbTU Npes3 ABOMHO NPOTOYHATa NUHUS.

3.3. Mpe3 1979 B CALL e paspaboteHa cuctema ROWPU ¢ Bb3MOXHOCT fa NpeyncTea OKomo
200 nutpa Ha 4ac Boga. Bogata ce HarHeTsiBa OT BOAOM3TOYHMKA B CMCTemMaTa NOCpeaCcTBOM MOMMa,
cnejpa koaryrnvpaHe C KaTMWOHeH nonueneTponut. Taka npevucTeHata BOAa cCe nNpekapsa 4pes
cuctema oT UITpU, KOATO OTAenst BCMYKM YacTvum Hag 5 um. C cunTpu OT akTMBEH BbITIEH Ce
npemaxeat 3ambpcsBaHua ot BOB, PB n pgp. Cnegsa cuctema, paboTtewa Ha npuHUMna Ha
obpaTHaTa ocmo3a C BUCOKO HansraHe. B kpas nma nomna 3a MHXeKTMpaHe Ha Xnopupall areHT 3a
npemareaHe Ha oCTaTbuu Ha BuonorvyHn enemeHTn. CnegBalumTe rogMHM ce cb3gasaTt Mo-rofieMu
CUCTEMU C MO-rofnsgMa MPOU3BOAUTENHOCT, HO OCHOBHUTE MPUHUUNM Ha NpeynctBaHe ocTtasat
HEeNpOMEHEHMU.

3.4. Stella Meta, e vact ot ITT Corporation inc., npoussexgawia MoOWUIHO yCTaHOBKM 3a
npedncreaHe Ha Boga (WPU), rb-BkaBM pe3epBoapu 3a CbxpaHeHMe Ha Boga M npucnocobneHus 3a
BesonacHo nuMeHe Ha Boga B ycnosusTa Ha AXB3.

3.5. B BA Bce ouwe Ha cHabasBaHe ce Hamupa cucTemarta 3a NpeynucTBaHe Ha Boda
ABTOMaTtnyHa duntpupaila craHuma MA®C-3. Ta cnyxu 3a npevyncTBaHe Ha npupopHaTa Boga OT
€CTEeCTBEHN 3ambpcsiBaHMs (MbTUIKA, LUBSAT, BKYC, MWPMC W Ap.), OT pPagvuoakTUBHW, OTPOBHMU
BellecTBa u bakTepuanHu cpeactsa — naTtoreHHu Gaktepum n TOKCMHW. BogaTa ce npeuncrea ypes
XnopupaHe, KoaryrnumpaHe un ytasiBaHe B pe3epBoap C Mo-HaTaTbLIHO unTpupaHe 4vpes puntbp U
aexnopaTtopw, 3anbJIHEHN C HaaPOOEeH aHTpaUUT U akTMBUPAHM BbIMMLLA.

MpeuncTBaHeTo Ha 3apa3eHa Boga (cneuunanHo NPevYnMcTBaHe) ce M3BbpLUBA B 3aBUCUMOCT OT
B/OA W CTEMEHTa Ha 3apas3siBaHETO WM MO CxemMata Ha OOWKHOBEHO npeyncTBaHe, unm 4dpes
XnopupaHe, koarynupaHe, ytasiBaHe C No-HaTaTbLUHO unTpupaHe npe3 punTbp M gexnoparopu,
3anbriHeHu ¢ kapbodeporen-M un cyndosbrivuia.

Pa3paboTku, kouTo MoraT Aa peLuaT peBOoNIOLUOHHO cHabasBaHeTO ¢ Boga ce paspaboTeaT u
cera. paBAT ce uscnegBaHust 3a MeToq 3a AobvBaHe Ha BoAda, KOWTO M3nonsea oTpaboTeHuTe
rasoe ot aBTomobunuTe. lNpu pasnaraHeTo Ha ropuBO Ce MoryyYaBaT BbLINEPOAHM OKCuaWM U BOAaA,
KOATO MOxe pa ce cbbepe M npeuuctu o nuTeriHa. Hanm-o6wo ToBa MOXe ga craHe no
ypaBHEHUNETO:

CioH + 17,50, —» 11 H,0 + 12 CO,
TeopernuHo npu U3rapsHETO Ha 1 TUTHP JU3EITOBO TOPHBO MOXKE Ja CE MOTYUH OKOJIO

€/IMH JIUTHp BoJa. EQPEeKTUBHOCTTA HA €KCTIEPUMEHTATHUTE YCTAaHOBKH € OK0J10 65 %.

EdeKTUBHOCTTa Ha pasnuyH1TE MeToau 3a NpeyncTBaHe Ha Boaa [5]

TOKCUHK Xum. baktepuu, Bupycu Bvo- PagnoaktusHu
areHTn crnopu TOKCUHU BellecTBa
MeTtoamn
Koarynauus, gpuntpauus C 0; O 0, O C 0
paHynmpaH akTMBEH BbrMeH 1] 3 3 M C
Mwukpodomntpauus C 0 C (O]
TpeTupaHe ¢ xnopupalim BeLiecTsa M 0] O C
0]
O30oHupaHe M 0] 0] C
OevoHunsauns C C C C 0]
O6paTHa ocmo3a 6] 0 0 0 o~
YntpadvnTtpauns C 6] (0] o~
[e3uHdekuusa ¢ yntpasunoneTosa @) (0] C
CBETMMHA
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3abenexka: C - cnabo (0 go 20% npemaxsaHe); 3 - 3agosonuTenHo (20 go 60% npemaxsaHe) ; [-
nobpo (60 no 90% npemaxsaHe); O - otnmnyHo (90 o 100% npemaxsaHe); 1 — npomeHnuBo; * - YacTuuHo ce
npemaxsa

HanpaBeHuAT KpaTbK nperneg Ha MeTOAuMTe U CUCTEMUTE 3a MPEeyvYMcTBaHe Ha Boda npu
benctens, aBapum U Kpu3M e BaxkeH npobnem, cBbp3aH C MOBULLIABaHE YCTOMYMBOCTTA Ha
HaceneHneTo B ekcTpeMHu cutyauun. B P. Bbnrapus tesu npobnemu ce nogueHssar, He ce oTaenar
cpeacTsa 3a 0bopyaBaHe Ha ckpmBanuuiaTa CbC CUCTEMU 3a NpeyncTeaHe Ha Boga. PasumTa ce camo
Ha cb3gaBaHe Ha 3anacu OT YMcTa BOAa, KOMTO 3anacu OOpu da ca Cb3gadeHn morat ga pewlat
BbMpoca Mo OuensiBaHeTO caMO 3a Manbk nepuog OT Bpeme. He ce pasBuBa
Hay4yHomM3crnedoBaTerncka paboTa 3a cb3gaBaHe Ha HOBW TEXHOMOMMW W CUCTEMM, KakBaTo €
npakTukaTa BbB BCUYKM CPEAHO PasBUTU U pasBUTU CTPaHM.
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Pe3trome: PaszznedaHu ca 68b3MOXHUME mepopucmuyHu amaku C MOKCUYHU XUMUYeCKU
gocpopopeaHuyHU azeHmu u Mawabume Ha 3apassieaHe Ha pas3nuyHu obekmu. PassicHeH e MexaHu3Mbm Ha
ropassieaHe U 8b3MOXHOMO 8b3delicmeue 8bPXy YOBEWKUSM Op2aHU3bM U OKornHama cpeda. OnucaHu ca
U3UKOXUMUYHUME Mpoyecu npomuYalyu npu omcmpaHsigaHe u obesspexdaHe Ha ¢hocchopopeaHUYHU a2eHmu.
Ob6ocHosaHu ca xapakmepucmukume Ha cCbepeMeHHuUme cpedcmea 3a uHousudyariHa u KornekmueHa 3aujuma
u Hal-eghekmusHume criocobu u cpedcmea 3a 0eza3ayusi Ha pasfuyHUmMe obekmu.

Cvbutnsata npes nocnegHuTe roAvMHU (SOPEHU aBapuv, TEPOPUCTUYHM aKTOBE, CKPUTO
NPOM3BOACTBO HA XUMUYHM U OMONOIMYHM OpPBXKWSA) MOKassaT, Y€ BEpOSATHOCTTA BOMCKOBUTE
dopMMpoBaHMs, y4acTBaLlM B pa3HoobpasHn mucum u onepaumm ga cpewHaTt PXB areHTn e Bucoka.
ToBa Hamara CBOEBPEMEHHO W3yyYaBaHe Ha MopassaBawoTo Bb3genctesue Ha PXB areHTtuTte,
edekTMBHUTE CpeAcTBa 3a 3awuTa OT THX, KaKTo M crnocobuTe M cpegcrBata 3a THAXHOTO
OTCTpaHsaBaHe 1 ob6e3BpexaaHe OT 3apas3eHnTe 006eKTu.

PagunonormyHn areHTn ca pagmoakTMBHM YacTuuM B TBbpAa, TeYHa unm rasoobpasHa dasa,
KOWUTO 3acsaraTt KoXaTta, TbKaHuTe, KNeTKATE Ha BbHLUHU U BbTPELUHW OpraHy 1 morat fa NpUYUHAT
nbyeBa Gonect. PasnagaHeTo MM € CBbp3aHO Hal-BedYe C o-M3NbYBaAHE M B peaku crydau y-
nsnwvysaHe [1,3].

B MuHanoto, paauonorMyHo unu sigpeHo opbxue Osixa knacuduumpaHM Ha OCHOBa
n3nonssaHe Ha B3pUB OT paavOakTUBHU Matepuanmu.

B OHelwHna, HOB CBAT, KbAETO AApeHaTa BOMHa € Manko BeposiTHa, paguoriornyHOTO OpbXKue
e rnpegornpeneneHo Kato opbXxue Ha Tepopuctu, uanonssawm Cs-137, Sr-90, Co-60, S-38 n gp. B
MHOTO NiokanuanpaHu KoHnmkTK [3 ].
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PagnonornyHoTo opbXne mMma peguua npevMyliectsa. Ha nmbpBO MACTO € NECHOTO My
pasnpocTpaHsaBaHe (pasnpbCkBaHE) W NOpPas3sdBalLOTO Bb3OENCTBME BbPXY LANOTO  TAMO.
3apassiBaHETO MOXEe Ja Ce WM3BbPLUM WM MO aKTMBEH cnocob 4pes3 B3puBsABaHe Ha Ooenpunacwy.
M3non3saHeTo Ha paguonorMyHM areHTM € CbNpPOBOAEHO C BUCOKA CTeMneH Ha (hakTopa Ha LUOoKa.
CTpaxoBuTuAT edeKkT ce yBenuyaea u oT mMeaunTte, oTpasssawim "MpbcHata 6omba”. CbLiecTBEHO
NpPeuMyLLecTBO € 1 ObNrOBPEMEHHOTO 3apassiBaHe Ha pasnuyHun obekTn u obnactn. Taka Hanpumep,
ako nepuogbT Ha nonypasnag Ha S-38 e 2,48 yaca, 1o Ha Cs-137 e 30 roguHu. [lesaktmBaumndata Ha
3apaseHnTe 06eKTU U panoHM € U3KIMIYUTENHO CKbMa U TPpyAHa, a B HAKOM Cryvyau U HEBB3MOXHA.
MpenmyLlecTBO Ha PagMoSioNMYHOTO OPBXUE € N Bb3MOXHOCTTa 3a AbJITOBPEMEHHO CbXpaHeHue Ha
cknag.

Mo-cblecTBeHN HegoCcTaTbUM Ha PaanONIOrMYHOTO OpBXME ca:

— TpyOHOCTM 3a noflydyaBaHe B rofieMu KONMMYecTBa M 3alimMTa Ha NpovM3BOAMTENUTE Mpu
3apexpgaHe B 60MHM cncTemm 3a ynotpeoda;

— IecHa OeTeKTMpyeMOCT Ha paguoakTnBeH matepuan, otgensw 6eta n rama n3nbyBaHus;

— Marika e(peKkTMBHOCT Ha pa3npocTpaHeHne B OKonHata cpefa (paavoakTUBHUAT MeTepuan
€ C B/COKa OTHOCUTENHA Maca 1 He MoXe Aa ObJe pasHeceH ganey ot BATLPA).

Mopa3aBaloTo AENCTBUE HA PAgUONOrMYHMTE areHTU ce ObIKM Ha 06nbYBaHETO (BBHLUHO -
B-4acTvum u y-nbyun) n BLTPEWHO (o- U B-yacTuum). MNMpu BLHWHO OBnbYBaHEe OnNacHocTTa € Hau-
ronsiMa npu obnbysaHe c y-kBaHTU. Anda n beTa-yacTuumTe ca onacHW, Korato paguMoHyknuauTe ce
HaTpynBaT BbpPXY He3almMTeHa UM HapaHeHa koXa. Han-onacHo e BbTpelHoTo 06nbyBaHe, Korato
pPafMoOaKkTMBHM MPOAYKTU MonagHaT B OpraHusma nopagu BWcoKaTa WMOHW3Mpalla CrnocoOHOCT Ha
N3nbYBaHMe Ha a- U B-4acTuumTe.

MopassBawoTo AencTBME Ha paaMosiorMyHOTO OPbXUE BbPXY YOBEKA Ce n3passiBa B MbyeBa
Gonect. B 3aBucumocCT OT norbnHataTa Jo3a Ce pasnuyaBaT YeTUpu CTEMNeHM Ha nbyeBa Gonect
[3,4]. MbpBa cTeneH Ha MbYyeBa GonecT ce nonyyasa Mpu NOrbAHaTU 403K Ha obnbyBaHe oT 0.8 go
2.0 Gy ; BTOpa 012.0 #o 3.2 Gy; Tpeta 013.2 00 4.8 Gy n yeTBbpTa Hag 4.8 Gy.

Mpn B3aumMopencTBMe Ha MOHM3MPALLOTO JTbYEHUE C BuorormyHaTa TbKaH, BCNeACcTBUE Ha
MoHm3aumsi n Bb3OyxOgaHe ce obpasyBaT MONEKyNnM W pagukanu, OaBaljy Ha4varo Ha XMMWUYHU
peakuun, Npy KOMTo MoraTt ga 6baaT 3acerHaTi 1 yBpeaeHU XU3HEHOBAXXHU CyOKNEeTBbYHN CTPYKTYpU
[3]. CunTa ce, Yye rmaBHO 3BEHO B TE3M peakumu ca NpOoAyKTUTE OT paguonui3aTta Ha Bogarta - NoHuTe
H*, OH’, HO2', KouTO MMaT ronsaMa X1M1U4YHa aKTUBHOCT.

YBpeXgaHeTo Ha KIeTKMTe ce [AObMKM [NaBHO Ha HapywaBaHe Ha CTpykTypara.
EkcnepvmeHTanHo e gokasaHo, Ye HAKOWM OT YBpeXOaHUsATa Ha KneTkute ca obpatumu U Te moraT ga
ce Bb3cTaHoBsiBaT. CblLO Taka He BCUMYKM YBpPEXOaHWUA BOOAT OO CMBPT Ha KMeTKaTta 1 ako T8 He ce
Bb3CTAHOBW 4O MbPBOTO AerieHe crnef obnbyYBaHETO, 3MEHEHMATA LWe ce npefagaT Ha AbluepHute
knetkn. ToBa MoXe Oa OOBede wnv OO TAXHATa CMBPT, UK OO MPOMSHA XM3HECNoCcobHocTTa u
cneundunyHnTe NM OYHKLNN.

MopassBawoTo gencTBMe Ha YoBeKa MOXe Aa ce NposiBv B pasnuMyHu popmu 1 CTeneHn - oT
He3HauMTenHn YHKLUMOHANHN CMYLLEHUS W feKn CTPYKTYPHW yBpexgaHus Ha OTAerHW Herosu
OpraHn 1 TbKaHu 4o CMbPTTa My, KakTo 1 B pasnnMyHO BpeMe cref obnbyBaHeTo.

KaHueporeHHOTO AEeNCTBME Ha MOHU3MpaLLUTE NbyYu ce CMSATa, Ye CbLeCcTBYBa MpU NoYTU
BCUYKM TbkaHW. CbC CUTYpPHOCT € YCTaHOBEHO Mpeau3BMKBAHETO Ha HAKOM BWOOBE JEBKO3U
(3nokayecTBeHM 3abonsiBaHNA Ha KPbBOHOCHATa CUCTEMA).

FeHeTUYHNAT edekT OT paamoakTUBHOTO OOMbYBaHE € CBbP3aH C YBPEXAaHEeTO Ha reHa, npu
KOeTO MpemMuHaBa B HOBa ycTonuymBa hopMa, KOSITO Ce Bb3NPOoM3BeXAa B ObLUepHM KNeTku. Tosu
npouec ce Hapuya MyTauus. AKO MyTauuaTa e cTaHana B MosioBa KrneTka, HEWHOTO eBEHTyasrlHo
yyacTue B OonnoxgaHeTo Ou OoBeno A0 npedaBaHe Ha Tasu MyTauusi Ha BCUYKM KIETKM Ha HOBMS
OpraHv3bM.

PagnonormyHo cpedcTBO 3a pasnpbCKBaHE MOXEe Aa pasCTeny paguoakTvBeH matepuan Ha
ronemu nnoww. B pesyntar Ha ToBa MoOxe ga Obaart 3apas3eHu crpagum, TEXHWKA, BOOAOM3TOYHMLN,
0BneKno n cHapsbkeHne M Op. KakTo C TeYHW aepo3onu Taka M C TBbpAM YacTuuwn. [Npu KOHTaKT Ha
pPagMoaKkTMBHUTE  YacTuuM C NMOBBbPXHOCTUTE Bb3HWKBA aOXEe3MOHHO U agcopbuMOHHO
B3aumogencTteue. B pesyntat Ha Ouy3MOHHW W Opyrv Mpouecu paguoHyknevauTe morat Aa
NMPOHUKHAT B AbNGOYMHA Ha 3apaseHnTe NOBbPXHOCTU, OCHLLECTBSABakU AbNBOYNHHO 3apas3siBaHe. B
3aBMCUMOCT OT  (PM3MKOXMMUYHUTE nNpoLecu 3apassiBaHeTo Moxe pfa 0Obae aaxesuoHHO,
MOBBLPXHOCTHO U AbNOOYMHHO. 3aToBa Ae3akTMBauusATa Ha 3apaseHuTe O006eKTM M panioHu e
M3KITIOYUTENHO CKbNa W TPyAHa, a B HAKOM Cnyvaum U HeBb3MOXHA. B npoueca Ha gesaktusaums e
HeoOXOOMMO [a ce M3BMeKkaT pagvoaKkTMBHWUTE BELLECTBa, MPOHMKHANM B AbNOOYMHA MM ga ce
OTCTPaHAT paguoHyKnenauTe oT NOBbPXHOCTTA.

lMpouecute Ha 3apasaBaHe Mpegonpesenatr U crnocobuTe 3a OTCTpaHsBaHe Ha
pagnoakTMBHUTE YacTuuu. B peanHu ycnoBusi Moxe Ja uma cbyeTaHue OT HAKOMKO BMAa 3apassiBaHe
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B pasnuMyHa MocrnefoBaTeniHoCT. Taka Mpu nonajaHe Ha paguMoOakTMBHM BellecTBa BbB BWMA Ha
Kanyuum NbpBOHAYarHo onpegensia ce ABsBa agxesnsita Ha kanymumMte KbM TBbpAaTa NOBbPXHOCT.
B Te3un ycnoBusi 0TCTpaHsABaHETO Ha KanuuuuTe rapaHTMpa HagexaHa gesaktnauus. C yBenvyaBaHe
BPEMETO Ha KOHTaKTa paguMoakTMBHWTE U30TOMW B KanuuuuTe ce agcopbupar Ha MOBBbPXHOCTTA U
TO3KN Mnpouec cTaBa onpefensiy aktop Ha 3apasdBaHeTO, OT KOWTO 3aBUCKM e(eKTUBHOCTTa Ha
pesaktmBaumata. Cnen gesaktuBaumsita 3apaseHute obektn TpabBa ga 6bgart TakuBa, Ye fa
M3KNtoYaT nopaxeHue Ha xopaTta U Aa rapaHTupart TaxHaTta ©esonacHocT. 3aToBa AesakTMBauusaTa
npegnonara He MNpPOCTO OTCTPaHsIBaHE Ha paaMoOaKTUBHUTE 3aMbpCsABaHMS a OTCTpaHsiBaHe C
HeobxopgMMaTa MbHOTa N ePeKkTUBHOCT. EhekTMBHOCTTa Ha Ae3akTuBaunst MOXe [a Ce OLeHsBa C
pPasnuUYHU BENUYNHMN.

Ako ce o3Hauu ¢ Ay- HayarnHoOTO 3apassiBaHe Ha obpaseua, a ¢ Ax KpalHOTO 3apassiBaHe
(cnen pesaktMBaumsita), TO e(PEKTMBHOCTTA Ha Ae3aKTMBauMaTa MOXe Ada ce da ce onpegenu no
CbOTHOLLEHMETO [4]

A
@ oy = —5100% Ax
AH
BennyunHaTta 0, NOKa3Ba 4YaCTTa Ha paanoOakTMBHUTE BelleCTBa B NPOLUEHTU OT Ha4aJ10TO Ha
3apasdBaHe, KOATO € OCTaHalla Ha obekTa clnep ge3aktnBaundra.
BenuuuHata B, onpegens , kakea 4acT OT HayanHOTO 3apa3siBaHe B NPOLIEHTW € OTCTpaHeHa
oT obekTa B peaynTaT Ha NpoBefdeHaTa Ae3akTmBauus[3,4]

A, — A

) By= ZH K 100%
H
OcBeH ToBa, ePEeKTUBHOCTTA Ha [erasaums ce oueHsiBa Ypes3 KoeUuUMeHTa Ha Ae3eKTMBaLms
A
H

3) Kon=—"

AK

KoepnumeHTbT Ha Ae3akTuBauusl, XapakTepuaupall, CTeneHTa Ha Ae3akTuBauusi, Nnokassa
KONKO MbTW Ce € Hamarnuna 3apa3eHoCTTa Ha obekTa B pe3ynTaT Ha NMpoBeAeHaTa Ae3akTuBaums Ha
NMoBbLPXHOCTTA.
lMoHsKOra 3a OTHOCUTENIHO TONieMW 3HA4YeHUs Ha KoeduUMEHTa Ha [e3akTMBauus ce
n3nomnsyea norapuTbMbT Ha Te3n 3Ha4YeHus, KouTo ce obosHavaeat ¢ [l M ce HapuyaTt MHOEKC Ha
aesaktusaums [3,4]
Ay

nzl
] QAK

Me>+<,u,y BennynHUTEe, onpeaendwum e(*)eKTVIBHOCTTa Ha [e3akTMBauuAa CblleCcTByBa
onpepereHa B3anMoBpb3Ka:

O :100_Bﬂ; KZ[:7; HHZIQKH

Bpb3kata mexay senuuunute K, [, a,u B, e nokasaHa Ha dwur. 1 [4]

=1g Kn

ap ¥ A% K
100 g -0
AN a0 44
6&._' F" . =
= -6 12
b A o =
d I .E:‘}' ; -ﬁrﬂ I i ﬁm.ﬂ

dur. 1. 3aBMCUMOCT Ha e(beKTVIBHOCTTa Ha Ae3aKkTuBauna OoT BpeMeTo 3a O6p360TKa

Ot rpacdmkata e BMOHO, Ye M3MEHEHMETO Ha BenuyMHata d, e obpaTHO nponopuuoHanHa Ha
M3MEHEeHNeTo Ha BenuumHata B, 3apassBaHeTo cnep [AesakTusauuaTa BUHArM e no-mManko oT
HayanHoTO 3apassiBaHe, nopagn koeto koeduumeHTbT K;>1. OOWKHOBEHO KOeMUUMEHTBLT Ha
fesaktvBaums He npesuwasa 1000. MbNHOTO OTCTpaHsABaHe Ha 3aMbpcsBaHWSATA OT 3apaseHus
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00EeKT e HEeBb3MOXHO, Mopaan KOEeTO € BbBEOEHO MOHATUETO “HeobxoaMM KoedUUMEHT Ha
AesaktnBaumsa”.OU3NYECKUST CMUCHIT Ha TO3U KoeUUMEHT € rapaHTupaHe OTCTpaHsiBAHETO Ha
paguvoHyknenanTe OT 3apa3eHunTe MNOBbPXHOCTW A0 MpeMaxBaHe OonacHOCTTa 3a obnb4yBaHe Ha
XopaTa v npegoTBpaTaBaHe nonagaHeTo Ha paguoakTVBHN BeLLEeCTBa B OpraHusma .

Mpu gesaktuBauudAta TpsbBa ga ce MpeodonesaT CUnuTe Ha afaxesusl, KOeTO Ha MpakTuka
0O3Ha4yaBa 4Ye Ha npunenHanuMTe KbM NOBbPXHOCTTA pagMoakTUBHM YacTuum TpsibBa aa ce gevictea c
BbHLUHM CUMKW, pPaBHU WNW MNpeBulLaBalLyM aaxe3MoHHOTO B3aumogencTeue. ToBa € OCHOBHOTO
yCrnoBue onpefensiio MbpBUS CTaguin Ha npoueca — OTKbCBaHe Ha mpunenHanuTe Yactuuun. Cnen
OTKbCBAHETO pPaaMOaKkTMBHUTE 4acTuum TpsibBa pga Obgatr oTcTpaHeHu OT ob6paboTBaemarta
noBbpPXHOCT(BTOpM cTagui). ChbluecTByBaT pasnuyHM Cnocobu 3a ge3akTuBauusl, KOMTO ocurypsisat
HeobxoamMmaTta cTeneH Ha pgesakTuBauusa. KonkoTo m pasHooOpas3Hu ga ca cnocobute, Te ce
obeauHsiBaT OT eHa U Cbllia OCHOBA-OTKbCBAHE HAa PagVOaKTUBHUTE HYAcTULM U OTCTPAHABAHETO UM
OT 3apaseHaTa NoBbPXHOCT. Haii- 000 BcMYkM cnocobu moraTt ga ce pasgensit Ha 6e3TeYHOCTHU U
Te4yHOCTHU. KbM Ge3TedyHOoCTHUTE crnocobu ce oTHacAT obayxBaHe Ha MOBBLPXHOCTTA C Bb3AYyLUEH
(rasoB) NOTOK,Mpaxo3acMyKBaHe M MPOTPMBAHE CbC Cyxu TammnoHu. 3a no-BuUCOKa ePEKTUBHOCT npw
Ae3aKTMBaULMs C Bb34yLUEH MOTOK Ca HEODXOAMMM BUCOKM CKOPOCTU Ha Bb3QYLUHMS NMOTOK, KOETO Ha
npaktuka e TpygHo peanu3yema. 3atoBa e(ekTMBHOCTTA MO TO3U crnocob® € He3HaunTenHa;
0OMKHOBEHO KOe(MLMEHTBT Ha Ae3aKkTuBaumsa He npesuwiasa 10[4].

Mo-Bucoka ehekTMBHOCT ce nocTura no BTopus cnocob-npaxosacMykBaHe. OTKbCBAHETO Ha
YacTuuMTe no To3n cnocob NpoTuMya He camo Mof Bb3AEWCTBME Ha Bb3AYLUHWUSI MOTOK, HO M OT U B
pesynTtaT OT MEXaHMYHOTO Bb3AENCTBME C YeTKa. EcbekTmBHOCTTa Ha ge3akTuBaums no To3m cnocob e
cbu3MeprMMa C ePEKTUHOCTTa Ha [e3akTMBauus C M3rnonsyBaHe Ha Boga. [Npu gesaktuBaumsi CbC
CyXu TaMMOHM NpPOTMYa MNPOLIEC Ha MPEHOC Ha paguoakTMBHWUTE BewecTBa. KoeduumeHTbT Ha
Ae3aKTuBaums B Te3n cryyau ce konebae B npegenute ot 16 go 80 [3].

KbM TeYHOCTHMUTE crnocobu 3a ge3akTuBauusi ce OTHACAT M3MOM3BaHETO Ha BogHa CTpys B
HenpekbCcHaT U Kankoobpas3eH MOTOK, a Taka CbLo NpW NpoTpuBaHe C 4YeTka. HesaBucumo oT
pa3Hoobpa3neTo Ha TEYHOCTHUTE CNOCOOM Te MMmaT o6l MexaHM3bM: OTKbCBAHE Ha YacTuuuTe noja
OEVCTBMETO Ha yaapa Ha KankiTe M OTCTpaHsiBAaHETO UM Mof OEWCTBMETO Ha ABMXellaTa cuna Ha
JBWXELMA ce CITION TEYHOCT.

EdekTBHOCTTa Ha ge3akTuBauus 3abenexnTernHo ce noBuwasa Npu U3Mona3BaHe Ha BOAHM
pa3TBoOpu C noBbpxHocTHoakTuBHM BewecTBa([1AB) . OcHOBHa npuyMHa 3a TOBa € HamarnsiBaHe Ha
MOBBbPXHOCTHOTO HarpexeHwe Ha peuenTypaTa, OCUrypsiBallo NIECHO OTKbCBaHe Ha 4acTuuuTte oT
3apaseHarta noebpxHocT. ObukHoBeHO AB ce pa3gensT Ha [Ba Krnaca:AOHOreHHU U HE MOHOTEHHM.
N36opbT Ha MNAB B 3HauuTenHa cTeneH ce onpeaensi oT yCroBusiTa Ha 3apa3eHaTa NOBbpPXHOCT. Taka
Hanpumep Mpu 3apassiBaHe Ha MOBbLPXHOCTTA C pagUOHYKNeuan npuTexasawy KaTUMOHOWOHU
CBOMNCTBa, Han-ePeKTMBHU ce ABABaAT aHWOHOoakTuBHUTE [AB (conu Ha BUCLUMTE MACTHU KUCENUHWU,
COnKn Ha cyndoecTepw, anknnmpaHn apomaTH1 BbINeBOAOPOAN, ankunbeHauncyndoHaTn n ap.)

B npaktukaTa Ha Ae3aKkTMBauMaTa LWUMPOKO Ce M3MNOoN3yBaT CUHTETUYHU MUELLU CPeacTBa noja
pasnuyHu MPMEHN HaMMEHOBaHWsI B OCHOBaTa Ha KOMUTO ca pa3nuyHu BuaoBe cyndaHonu[6].

3a nopobpsiBaHe edeKTMBHOCTTA Ha [Jes3akTMBaumsita B peuentypute ce pobaeaArt
KoMnrekcoobpasyBally BeLLecTBa, KOMTO HE CamO CBbp3BaT PaguMOaKTMBHUTE WMOHU, HO ce siBABaT
aKTMBaTopu Ha mmewms npouec. B kayecTBo Ha KomnnekcoobpasyBallyn BewwecTBa Npean BCUYKO ce
M3non3yBaT XenaTHU CbeOUHEHMUsl, C OCHOBEH MpeacTaBuTeN eTuneHanaMmMHTeTpaoleTHa KucenuHa
(EOTA) n HewmHata HaTpmeBa con. O6pasyBaHeTO Ha 34paBM KOMMMEKCHW CbeAMHEHMsT Ha
paguoHyKnenanute ¢ TaX NpoTuda no criegHarta cxemal4] :
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OcBeH KkomnnekcoobpasyBaHe C paguoakTnBHute msotonn EOTA cBbp3Ba KaTMNOHWTE Ha
Kanuusa u marHesusi, Kouto obycrnaBsaT TBbpAOCTTA Ha BogaTta. [1o TO3n HauMH Te JOoMpuHacAT 39
nogobpsisaHe Ha muewmsa npouec. PastBopute ¢ gobaeka Ha E[TA ce sBaABaT aHTUKOPO3UOHHWU
cpeackea W npepoTBpartsiBaT BTopuyHaTa copbuus Ha  m3otonu. Bnuanneto Ha EOTA Ha
edeKTMBHOCTTa Ha Ae3aKkTuBauusata MOXe Aa Ce WIMCTpupa cbe cnegHusa npymep. KoepuumeHTsT
Ha Oe3akTMBauus Ha namydyHuM TbkaHu npu obpaboTka c pasTBop, cbabpxaw, camo [1AB, He
npesuwasa 6. Npn pobaska Ha EATA, koeMuneHTHLT Ha AesakTuBaums ce yBenvyasa go 40 [4].

EdektnBHM cpefcTBa 3a 3awmTa Ha AnxXaTenHUTe opraHy u Koxata npuv 4ENHOCTU B panfioHu,
3apaseHn C paguosnormyHn, XMMMYHN 1 BUONOTMYHN areHTn, KakTo 1 NpW NPoBeXAaHe Ha cneumanHa
obpaboTka Ha 3apa3eHn 06eKTM ca unTpUpaLLUTe NPOTMBOrasn 1 unTpupawmTe 3awmTHK obnekna
[5]. MpuetnaT Ha cHabgsBaHe B BA cdunTpupaly npotusoras MNMd-90, nponsBoacTBo Ha ,3ebpa” ALl e
npegHasHadeH 3a 3awuta Ha JuxaTternHuTe opraHu M nuueto oT GOoVHM OTPOBHU BeLLEecTBa,
paanoakTMBHM BelecTBa U bakTepuanHu cpeacrtea.

OCHOBHU XapaKTepuUCTUKK Ha omunTprpaLimnsa npoTuBoras ca:.

— CbMpPOTUBNEHMNE MpPU BOMLUBAHE NPWU HenpekbcHaT Bb3gyweH notok 30 I/min — makcumym
0,3 pbar;

— CBbNpPOTUBNEHMNE NPWU U3OMLIBaAHE NpPU HENpeKkbCcHAT Bb3ayLleH notok 30 I/min — makcumym
0,8 pbar;

— KoedUUMEHT Ha MPOCMYyKBaHE Ha MacfneHa Mbrna /Mpu KOHUEHTpauust Ha macreHarta
Mbrna 2500 mg/m® — go 0,0001 %;

— nepuopd Ha 3awuTa Ha KoXaTa Ha NMUEeTO OT Bb3OEWCTBMETO Ha Karnko-TEYHU OTPOBHMU
BeLLecTBa — MMHUMYM 8 yaca;

— o6uwo none Ha 3peHne — MuHUMyM 70 %;

— ©6bp30 M ygobHO nocTaBsiHE W CBansiHe MOCPEACTBOM 6-TOYKOB TFyMEH 3akpensall
€NeMEeHT.

dur. 2. dunTpupawy, npotmsoras MNd-90

EdbexkTvBHM cpeacTBa 3a 3almTa Ha KoxaTa OT paauMoHyKrnenau, O0MHN OTPOBHM BELLECTBA U
OvonorMyHn areHtTn ca dunTpupawmte 3awmTHKM obnekna. C Han-gobpu xapakTepucTukM ca
obneknara Ha cmpma ,britoxep™;

OCHOBHMW XapakTepUCTUKN:

—  3awwmTa OoT Mapwu 1 Kanku Ha 6oMHM OTPOBHM BELLECTBA — HE NO-Marnko oT 12h;
—  YCTOMYMBOCT cpeLly TOMMAnHHa paguaumsa — nmnync ot 60 Jlcm? — 3a 66 S;
—  MPOMYCKIIMBOCT Ha Bb34yX — MUHUMYM 167 mm/s, makcumym — 915 mm/s.

3aabnbo4yeHOTO No3HaBaHe Ha Han-ePEKTMBHUTE CNOcobu M cpeacTBa 3a Oe3aKTMBauus U
cBoeBpemMeHHaTa ob6paboTka Ha 3apaseHuTe o06ekTM e rapaHuuMst 3a Obp30 OTCTpaHsiBaHe
paguoHyKNenanTe areHTu 1 ceexaaHe 40 MUHUMYM Ha TSIXHOTO BPeaHO Bb3AeNCTBYE.
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Abstract: A method is suggested for substantial decrease of the impact of the first coating’s reflection
properties on the height assessment performed by a fast converging Doppler system for proximity radiolocation. A
corresponding analogue adaptive threshold device is presented, as well as results from its operation with real
signals from the radiosensor of the proximity radiolocation system.

B 6nuskata pagmonokauusi LUMPOKO Ce WM3MOoS3Ba HenpeKkbCHaAT COoHAMpaLL, CurHar, KOWTo B
HaW-NpoCTMS criydan e HemogynupaH. TeopuTUYHO ce npefgnonara, Ye oTpassBaliaTa MNOBBbPXHOCT
[rpyHABT/ npepcTaBnsiBa paBHMHA C OTHOCUTENHO HeOorpaHuveHn pasmepu. [Npu Tesm ycnosus
OTPa3eHUsIT CuUrHam € egHONMbYeB M Ce pas3npoCTpaHsaBa MEPNeHOMKYNSpHO Ha oOTpassaBallata
paBHMHa. CbOTBETHO OT paaMoceH3opa ce nonyyaBa MHGoOpMaLMoHeH [lonnepoB curHan, YnMsito
amnnutyga e obpatHonponopumoHanHa Ha BucovmHaTa H :

US =AH.

BenuunHata A npegcrtansia (oyHKUMS OT :

S - pagnoyecToTHa YyBCTBUTEIHOCT Ha CeH30pa,

D, F1 - xapakTepuCTUKN Ha aHTeHaTa,

N — KoeMLUMEHT Ha OoTpaXkeHue Ha uenTa /rpyHaal,

A — Ob/KMHaA Ha paboTHaTa BbJIHa Ha paanoceH3opa.

Mo nmpuHUMN Hanl-Be4ye nopagn ToBa, Ye 3a MOBEYETO pearnHy 3eMHU MOBbpPXHOCTU N =
0.3+0.9, cTonHOCTTa Ha A MOXe fa Bapupa B LUMPOKN rpaHULM.

3agavaTta 3a OTKpMBaHe Ha npefBapuTesiHO 3adadeHa BMCovMHa Hg Hag rpyHaa moxe ga ce
pewn npubnuanTenHo nNOCPeAcTBOM MNparoBO YCTPOWCTBO, pearvpawo MnpuM [OCTUraHe Ha
onpeferneHa nparoBa amnnuTyga Ha usxogHusa curHan Ut . AcHo e, ye npu Ut = const, BucoumHaTta
Hg Le ce npoMeHst MponopumMoOHanHO Ha MNpoMeHuTe Ha BenuumHata A . Tasn 3aBMCMMOCT Ha
oLeHKaTa Ha BUCOYMHATa OT OTpaKaTeNHUTE CBOMCTBA Ha rpyHAa BOAM OO 3HAYUTENHW U B MHOIO
crny4dau - HernpuemnueM HeTOYHOCTU. ECTecTBeHO, ako MO HSKakbB HauMH ce paboTu C aganTuBeH
npar Ur= A, 10 Hg Hama ga 3aBucu oT paktopute, onpegenswm A .

B goknaga ce pasrnexga aganTyMBHO NparoBO YCTPOWCTBO, KOETO € MPUITOXUMO 3a CMCTEMU 3a
6nmaka paguonokauns / CBPJ1/, paboTelm B ycnosusata Ha 6bp30 cOnmkaBaHe C rpyHaa.

3a amnnuTygata Ha gonfniepoBata KOMMOHEHTa Ha MpUEeTUs OTpaseH CuUrHam Moxe ga ce
3anuiue M3pasoT :

1) Us = A/( Hp — V1t¥)
CwoTBeTHO Hy e BucouMHaTa Hag rpyHaa B JafeH MOMeHT, obosHaueH ¢ t*= 0, a vi e

BepTMKanHaTa KOMMOHEHTa Ha CKopocTTa Ha conmxeHne Ha CBPJ1 kbM rpyHaa.
MspasbT (1) e ynobHo 3a ce npuBene BbLB BUAa
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(2) Us=A/Ho(1-X), xbmero X=Vit*/Hp
Heka ce dhopmmpa nparoBo HanpexeHune
3) Ut = Us dx
Mpen BuAa Ha (2) ce nonyyasa
4 Ur=-(A/Hp) In|1-x|+C .
(5) M x=0 cenpuema C = A/Hy
ToraBa
©  Ur=(A/Ho)[1-In|1-x]]
Heka cuctemaTa fa pearvipa Ha onpeferneHa BUCOYMHa B MOMEHTA, KOraTo
(7) Us*= Ut , kato Ug*=KUs
3a uenTta TpsbBa Aa ce pelun ypaBHEHNETO
(8) K/(1-x)=1-In|1-x| 3a 0<x<1

Bwxpaa ce, ye npu nssecTtHa Hy , TbpceHaTa BUMCOYMHA ce AeduHupa eguHcTBeHo oT K . Ha
dur.1 e npeacTaBeHoO rpacmyHo pelleHune Ha (8) 3a K= 0.3, 0.5, 0.75 .

opHuaT dopmaneH aHann3 6e HanpaBeH C Len ga ce onuwe paboTaTta Ha cuctemaTa npu
dopMMpaHe Ha aganTMBEH Npar, Cb3gafeH OT UHTerpaTtop. VIHTerpaTtopbT MO NPUHLMN NpeacTaBnsBea
WHEPLMOHHO YCTPOWCTBO, pearvpalio Ha HMBOTO Ha curHana. Kakto Gewe ykasaHO B Ha4yanoro,
CaMUAT CUrHan TeopeTUYHO pacTte obpaTHO MPOMOpPLMOHANHO Ha HamanssaliaTa BMCOYMHA U Npu
CpaBHUTENHO MO-rofiiMa CTOMHOCT Ha TeKyllaTa BMCOYMHA OTHOCMTENHaTa amnnuTyga Ha curHana
cnabo HapacTBa B TeYeHWe Ha BpemeTo. 3aToBa C onpeaeneHo NpUbnumxkeHne Moxe Oa ce TBbpAawW,
Yye BuMcouvMHaTa Hy, creg KosTo amnnuTygaTa Ha curHana 3anodBa OTHOCUMTENHO 3abenexumo ga
pacTte, NpakTU4eckM HAMa [a 3aBMCK OT oTpaxkaTernHuTe CBOWCTBA Ha rpyHAda u fa ce npueme 3a
KOHCTaHTa 3a onpefeneHa ObJbkMHA Ha paboTHaTa BbfHa. CnegoBaTenHo, U3MON3BavikM TakbB
afanTMBEH Npar, MOXe [a Ce O4YakBa CbLUECTBEHO CTabunuanpaHe Ha BUcoYnHaTa Hg B ycnosusaTa Ha
NPOMEHSILLM Ce OTpaXKaTeNnHUTE CBONCTBA Ha rpyHaa.

[—— 1-In{1-x) 0.5/(1-x) 0.75/{1-x) - -0.3/(1-x) |

-] -
0.3/(1-x) |
i

0.5/(1-x)

—

0.75/(1-x)

|-|g£:*J _’_,_.--""'-/
e

dur. 1
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YpaBHeHreTo (8) MOXe Aa ce pelur OT aHasnoroBO €feKTPOHHO YCTPOMCTBO, YMATO GriokoBa
cxema e npegcrtaBeHa Ha dur.2 .Kem Bxoga Ha yCTpPOWCTBOTO ce nofaBa AdonfiepoBata KOMMOHeHTa
Ha curHana ot paguoceH3opa Uscos Qpt , kbaeto Qp e yectotata Ha [onnep. Ha usxoga curHansT
npemMrnHaBa OT NOrMYecko HMBO “0” KbM fornmyecko HMBO “1” B MomeHTa, korato Us*cos Qpt = Ut un
npeacraengesa nopeguua ot MMMyIcK, cnep vmsato obpaboTka ce B3ema pelueHmeTo. M30opbT Ha
BMCOYMHATA Ce OCbLLECTBsIBA Ype3 3agaBaHe Ha koedumumeHTa K .

odur. 2

Ha ®ur. 3 e nokasaHa enekTpuyecka cxema Ha aganTMBHO MparoBO YCTPOMCTBO, MOCTPOEHO
no usnoxeHata naea. Yceunenwuat ot U; curHan ce nogasa KbM genutens R, , Rg U KbM nuKoBUSA
neTekTop ¢ uHTerpatop Rs, D; , Cs . Cnepn ToBa U3XOOHUTE CUrHanv OT AenuTens U uHTerpatopa ce
cpaBHsABaT OT koMnapartopa U, . MocpeacTeom andepeHumpaHe ce cb3gasaT UMMYNCU C MOCTOSHHA
NPOABLIMKUTENHOCT U 4YecToTa Ha crneaBaHe, paBHa Ha [onneposarta 4yectoTa. Tasu nopeguua
3apexga koHaeHsatopa C; M crneqd OOCTUraHe Ha onpedeneHo HMBO M3xoaHaTta cxema U, cb3gdasa
curHan, npeausBuKBaLl gafeicTBaHe Ha M3MbIHUTENHOTO YCTPOWCTBO Ha cucTemata. MpunoxeHara
JonbnHUTENHa 06paboTka Ha curHana OT Komnapatopa cromara [a ce Hamanu BrnuUAHWMETO Ha
onpedeneHn konebaHWa Ha amnnuTygata Ha curHana oT M3xoda Ha paduoceH3opa  BbpXy
KOPEKTHOCTTa Ha oLieHKaTa.

odur. 3

PaGoTtata Ha ropHaTa cxema 6e MpoBepeHa C M3Mosi3BaHe Ha peasiHu CUrHamu, NoryveHu
cried 3anuc oT BrpageH LU poB pekopaep.

B peanHu ycrnoBusi paanoceH30pbT MOXe Aa NpueMa CurHars, KoWTo npefctaensisa cyma oT
HAKOMNKO OTpaseHu fMbya CreacTBMe Ha TOBa, Ye BbpPXY 3eMHaTa MOBbPXHOCT MOXe Aa ce Hamupat
pasnuMuHN NpeaMeT MNU T Oa He e JOoCTaTbyHO rnadka. ToraBa Ha M3xoda Ha pagmoceHsopa
CUrHaMbT B MbPBO MPUBNMKEHUE ce fABsIBA CymMa OT Hal-Manko OBE XapMOHWYHU TpenTeHus,
3aBuCeLLM MO amnnuTyaa OT BUCOYMHATA HO pasnuyeH 3akoH, YMUTO YecToTM, Makap M Gnusku, ca
pasnuyHn. Ha &dur. 4 e nokasaH 3anMc Ha peaneH W3XodeH CurHam oT pPaguoceH3op npu
MHOronbyeBo NpuemMaHe. B cnydyas M3XoOHMAT curHamn ce xapakrepuanpa C MHOXECTBO Bb3nn U
BbpxoBe. Ha curypata QonmbrHMTENHO € MokasaH CreKTPanHUAT CbCTaB Ha CyMapHWs U3XOo[eH

231



curHan 3a spemerto. Npu orneganHa oTpassBalla NoBbPXHOCT CNEKTbPBT Ha curHana Tpabea aa uma
camo efHa CbCTaBHa.

B Te3n ycnoeusi nocpeacTBOM eflieMeHTapHO NparoBo YCTPOMCTBO 3aaayaTa 3a onpeaensHe
Ha BMCOYMHATa He Moxe Ja Gbae pelleHa KOPeKTHO, Thbil KaTo CyMapHUAT M3XOOeH curHan moxe Aa
MPeBULIM MParoBOTO HampeXeHWe npeau AOCTUraHe Ha 3ajafeHarta BucoumHa Hg . 3a HsAKkou
KOHKPETHM TMPUMOXEHNA 3a0eMCTBAHETO Ha W3MbLMAHMTENHOTO YCTPOWCTBO Ha cucTemarta Ha mno-
ronemMun BUCOYMHMN € HENPUEMIUBO.

our. 4

Ha ®wur. 5 ca nokasaHu ocuunorpamu Ha pearneH curHam ¢ ABe CWHO pasfnvyaBaliy ce
aMnMTyam | HAKONMKO MbTWM / M MONyYEHUTE U3XOLHM CUrHanmM OT YCTPOWCTBO, 4MATO cxema Ge
KOMeHTUpaHa no-rope. Bwxaa ce, ye B ABaTa cnydas cuctemara ce 3agenctsa Ha nNpubnuantenHo
efHakBn BUCOYMHU. CboTBETHO BucounHata Hp=AT vi . Tyk AT e BpemeTo, koeto 6u 6uno
HeobxoaMMO 3a HamansiBaHe Ha BMcodvHaTa go Hyna. Cxemata pearvpa npy AT = 80 ms , koeTo npu
vi =60 m/s, o3HayaBa Hg = 4.8 m .
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odur. 5

3HauuTenHo no-gobpu pesyntati moraT [a Ce o4aksaT Mpu U3Mon3BaHe Ha MomdynupaH
coHaMpalll curHanm, KOMTO MpyU NOAXOAAW0 U3bpaH 3akoH Ha Moaynauuata /Hai-4ecTo - YecToTHa/
npuTexasa OMTWManHa aBTOKOpernauuoHHa (yHKUMs. TO3M MeTo MOo3BOMsiBa CbLIECTBEHO Oa ce
HaManu BMUSHWETO Ha oTpassiBallaTa CrocOBHOCT Ha rpyHAa BbPXy BMCOYMHATA Ha 3afdencTBaHe U
CblLLUO Taka [a Ce CHWKM OTPULATENHUAT edeKT OT MHOrOMbYEBOTO MpuemaHe. XapakTepHo 3a
MeToda e, Ye MOXe [a Ce U3Monasa 3a paboTa Ha MHOMO Marku BUCOYMHM — OT MOPSiAbKa Ha HSAKOMKO
meTpa.

Nurepartypa:
1.KoraH WN. M. BnwxkHas paguonokauus. M., Cos. Paawo, 1973.
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Abstract: Bulgarian and foreign scientific materials have been analyzed concerning the use of
aerospace-based radars within the meter range to solve the problems of ecological and nature-resource
monitoring. A brief overview of the methodic is made related to the georadar sounding of surface objects and
assessment of wood ecosystems biomass supplies. A list of tasks for georadar sounding is presented, as well as
some requirements for the range of georadars, conditions of photography and precision of data georeference.

1. BbBegoeHue

B HayyHO — TexHuyeckaTa nutepaTypa TepMuHa “reopagap” (oT adrnumnckute “Ground
Penetrating Radar — GPR" vnn “Subsurface Interface Radar — SIR”) obukHOBEHO ce m3nonssa Mo
OTHOLLEHVE Ha pagMONOKaLMOHHUTE CEH30pW, YCTAaHOBEHU Ha Ha3eMHW NOABWXHWU MratdopmMu, unm
TpaHcnopTupaHu pbyHo [1-2]. ToBa ca Hal-CbBpeMeHHWUTE ypeaun 3a NOAMOBBPXHOCTHO COHAUPAaHe,
npegHasHayeHn 3a OTKpUBaHe Ha aHoManuu (HeeaHOPOAHOCTU) B 3EMHUTE MIlacToBe W U3MON3BaHu
3a nNpegBapuTenHo reodusnyHo n3cnegBaHe Ha apxeonornyHu obextu. MpuHumna um Ha paboTa ce
3aKnoyaBa B M3NTbYBAHETO HA MOLLHM €NEKTPOMAarHUTHM MMMYSICKM C YeCcToTa OT HSAKOMKO OEeCeTKU
MHz po Hsikonko GHz, kouTo ce oTpasaBaT Npu NPEMMHABaHETO OT BELLECTBO C eAHa ANeneKTpuyHa
NMPOHMLAEMOCT BbB BELECTBO C [Jpyra AWEneKTpudHa npoHuuaemMocT. PeructpupaHeto Ha
OTpaseHnTe CUrHanM gaBa Bb3MOXHOCT 3a Cb3[aBaHETO Ha ABY- U TPUMEPHO Mu3obpaxeHune Ha
00eKTK, CpuTK NoA 3eMHaTa MOBBbPXHOCT MM pacTUTENHOCT. LlenecbobpasHo e TepMmmnHa “reopagap”
na Oboe BbBEeAEH M 3@ CEH30pUTe C Bb3OYLWHO M KOCMMYecko 0OasvpaHe, TbW Kato Te ca
npeaHasHa4vyeHu 3a n3nbJiHeHne Ha CblunTe beHKLWII/I, KaKTO N TEXHUTE Ha3eMHU aHao3u.

B nocnegHnTe roanHu n0Tpe6v|Tenv|Te Ha OaHHU OT OAUCTAaHUMOHHOTO CcoHAMpaHe Ha 3emarta
3anoYyHaxa [fa MnposiBiBaT BCe MO-TONSMO BHMMaHWe KbM WHOpMauusita, nonyvaBaHa oOT
aepoKOCMUYECKUTE pajapy OT METPOBKSA Avanas3oH. ToBa nNpean BCUYKO € CBbP3aHO C M3MEHEHMETO
Ha MHTepecuTe Ha CTOMaHCKMTE OTpacnv U agMUHUCTPATUBHUTE OpraHu OT pasfMyHO HUBO, HACOYEHU
Ha MbPBO MECTO KbM peLlaBaHe Ha rnobanHuTe U permoHanHu npobnemMum Ha eHeproobesneyaBaHeTo
M ekomnornyHata GesonacHocT. 3a TAxXHaTa npakTMyecka peanu3auma MHoro 6umxa mornu Aaa
crnocobCcTBaT onepaTtMBHUTE AaHHW 3a CbCTOAHMETO Ha KOMMOHEHTUTE Ha OuocdepaTa (MOYBEHO —
pacTUTENHOTO MOKpUTUE, MaTEPUKOBUTE U MOPCKUTE NedoBe, Topda, 30HNTE C BEYHA 3amMpb3HanocT
W T.H.), AOCTaBsiHN OT GOPAOBUTE aEPOKOCMMYECKN padapu 3a NoANOBbPXHOCTHO COHAUPAHE.

AepoKOCMMYECKOTO reopajapHO COHAMpPaHe € CpaBHUTENHO HOB CMOco6 3a AMCTaHUUOHHO
HabnogeHne, M3non3BaH B CUCTEMWUTE Ha CTOMA@HCKUS M €KOMOrMYEeH MOHUTOPUHI U HEeroBuTe
NoTeHUManHn Bb3MOXXHOCTU Ca N3yYeHU N pasKkpuTK SBHO HE4OCTaTb4YHO.

BbB Bpb3ka C TOBa LenTa Ha HacTosilaTa cTatus e Aa ce npoBede aHanu3 Ha Obrnrapcku u
YyXXaecCcTpaHHU nutepaTtypHU n3TovHUUKU, nMmalln OTHOLLEHNE KbM np06ne|v||/|Te Ha aepOKOCMUYECKOTO
reopajapHo coHaupaHe, 3a Aa MOXe MNo-AeTanHo Aa ce 3arno3HasaT cneuvanuctTute B obnactra Ha
AVNCTaHLMOHHOTO COHAMPaHE CbC CbBPEMEHHOTO CbCTOSIHME W MEPCMNEKTUBUATE Ha reopagapHuTe
MeToaM U CpeacTBa, TEXHUTE ANarHOCTUYHM Bb3MOXHOCTM B 0bnacTTa Ha OTKpUMBaHe M M3yyaBaHe Ha
HaseMHUTE 1 NOAMNOYBEHN OOEKTU, CKPUTU OT MOYBEHU U PACTUTENHN NOKPUBKM.
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®ur. 1. CHMMKa OT HaseMeH reopagap

2. C'beeMeHHO CbCTOAHME Ha reopagapHoOTO COHAMpPaHe

AepokocMmnyecknTe reopagapu ca cpaBHUTENHO HOB MHCTPYMEHT 3a nscneasaHe Ha 3emsTa.
Mpe3 60-Te roanHn Ha XX Bek B KaHaga e 6un pa3paboTeH, a B Ha4anoto Ha 70-Te roanHn LUMPOKO
ce 13nonsea MeToda 3a NoAMNOBbPXHOCTHO PagMoNoKauuoHHO coHaMpaHe oT 6opaa Ha camoneTu m
BEPTONETH, OCHOBABALL, Ce Ha U3NbyBaHe B HAAMP KbM MOBBLPXHOCTTA Ha CBPBbXKpaTKM umnyncu [1].
Bopoosute pagapw, peanuavpaliy To3v MeToa, 6unu npegHasHadYeHn Ha MbPBO MSACTO 3a U3MepBaHe
Ha nebenuHaTa Ha cHera v nefa Ha NOBbPXHOCTTA Ha e3eparta Ha KOUTO ca Kauanu TeXKU caMoneTy.

B Havanoto Ha 80-Te rogumHn B CALL ce npoBexgaT eKCNMepUMEHTM 3a M3MOM3BaHETO Ha
bopaoBu pagapu cbC cuHTeanpaHa aneptypa (PCA), kayeHM Ha camoneT, 3a MoANOBBbPXHOCTHU
reocpusmyeckn nscnensanus [3].

B CCCP paboTa no cb3gaBaHETO U MPOBEXOAHETO Ha EKCMEepUMEHTU 3a W3MOSI3BAHETO Ha
pagapv, M3nonsBalin npegaBaTeny CbC CBPbX KpaTkn COHAMpPALLM BUOEOUMMYIICH, Ca U3BBbPLUBAHU B
PvXkna MHCTUTYT 3a rpakgaHcKa aBuaunsi Nof pbKOBOACTBOTO Ha npodpecop PuHKenbLITENH npes
1960-Te roguHun.

B XapkoBckns MHCTUTYT 3a pagnodusmka n enektpoHunka Ha AH YCCP npodecop Kanmbikos
W HEroBUTE CbTPYAHULM pas3paboTunm M NPOBENM YCMNeLwHO MONeTHU M3nuTaHusa B kpasd Ha 80-Te u
Hayanoto Ha 90-Te rognHm Ha PCA oT pgeummeTpoBMs M METPOB AManasoH, W3Mnon3Baviku
KBa3nHenpeKkbCHaT CUrHan ¢ fnMHenHa YecToTHa mogynaums. Pesyntatute oT Tesu mscneasaHus v
pas3paboTku Mokasanu peanHUTe Bb3MOXHOCTM Ha pajapuTe 3a OTKpMBaHe Ha MOA3EMHU
Tpbbonposoan (8o 6 MeTpa AbNOOYMHA), @ ChLLO HMBOTO Ha NOA3EMHUTE BOOM.

our 2.a. LANDSAT-TM L-anana3oHeH pagap OTKpvBa nareoapxeonornyecku cneam ot HanoutenHu
KaHanu B ceBepHaTa nycTuHs Ha CyaaH NoKpUTU OT HAKOMKO METPOB CroW NSACHK; 2.b reopagapHo onpefensHe
Ha NoA3eMHUN KaBEPHWN N XOPU3OHTMU.

W Hakpas, 3anousaiku OT cpepata Ha 90-Te roauHm m o cera, B CALL u LBeuna ca
pa3paboTeHn U N3NUTaHN CbOTBETHO BEPTONIETHU M CaMOSNIETHU reopagdapu, NOCTPOEHN Ha NpUHLMNA
Ha PCA v nsnonsealuy coHaMpaLLm CUrHanm ¢ HenmpeKkbCHaTO U3NTbYBaHE CbC CTBbMKOBA MaHvnynauus
Ha yecToTaTa. TakbB cnocob Ha Moaynauusi ocurypsiBa ONTMMarnHO CbrfacyBaHe Ha CnekTbpa oT
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YeCTOTM Ha COoHAMpaLLMSl CUrHam CbC CrekTparnHuTe CBOWCTBA Ha MPUEMO — NpedaBaTernHuTe
aHTeHn [3].

B Tabnuua 1 ca gageHy TakTUKO - TEXHUYECKUTE XapaKTePUCTMKN Ha Hal — NepCneKkTUBHUTE
reopagapy OT METPOB AMana3oH C aepokocMumyecko GasmpaHe, MOHTUpPaHM Ha BepTonetun (B) u
camorneTy (C), a CbLLO 1 TakuBa, KOMTO ce pa3paboTBaT 3a MOHTUPAHE Ha KocMu4eckn (K) anapaTu.

MIMOSA — HedhokycupaH pagap paspabortsaH ot EKA. HeroBoTo rmaBHO npegHasHavyeHue e
HaOMPHOTO COHAMpaHe Ha apKTUYEecKMTe NedoBe, Makap Ye MOXe C ycrex ga ce M3fonsea u 3a
COHAMpaHe Ha ropPCKN EKOCUCTEMMU.

MMAPK — pyckn camoneTteH YeTpuamanasoHeH PCA, nmall LMPOK CNEKTbP Ha NpUNoXKeHue.
[ObnroBbnHOBUSA OManas3oH YCMewHo ce M3nonssBa 3a OTKpMBaHe Ha “nannyeanu” ydacTbuu OT
MarucTpanHute TpbbonNpoBOaAM B paioHUTe 3a JoOMBaHe Ha HedT, a CbLLOo 32 OTKPMBAHE Ha HUBOTO
Ha Nog3eMHUTE BOOM.

Tabnuua 1. MapameTpy Ha GopaoBUTE pagapk ¢ aepoKoCMUYecko GasupaHe

PaspeLueHune PaspelueHne
ObmkuHa Ha [Nonoca Ha o o
HaumeHoBaHve BbJIHATA, 0630pa,
XOpU30HTana, BepTuKana, Pa3paboTumk
Ha pagapa m km m m
MIMOSA (k) 1.0 40-50 1-10x10 10 EKA
MMAPK (c) 2.24 24 15-25 15 Pycus
MAPC (c) 1.8 30-60 50-100 40-90 YkpanHa
CARABAS (c¢) 5.0 0.7 3.0x3.0 3.0 LWseuns
MKV (8) 1.0 0.5 1 1 CAL

MAPC — camoneTeH yetupuguanasoHeH PCA, TBbpae MHoro aHanornyeH Ha PCA MMAPK.

CARABAS — PCA moHTUpaH Ha camoneT. [TbpBoHavanHo e 6un npegHasHavyeH 3a BOEHHU
Luenu — 3a oTKpMBaHe Ha 0BeKkTW, HaMupallM ce B ropa Unn 3amackmpaHu ¢ pactutenHoct. HerosoTo
rpakaaHcko NpegHasHavyeHne — yrnpaBneHne Ha CbCTOSIHUETO Ha FOPCKUTE eKOCUCTEMM, 3a OXpaHa Ha
oOKkpbXaBallaTa cpea U CbXpaHsiBaHe Ha 3alUTEHUTE 30HM.

MKV — BeptoneteH PCA 3a oTkpuBaHe Ha Lienn, CKpUTU OT PacTUTENHOCT UM HamMupaLLn ce
noA 3emsta (bnuHOaxu, MMHHK NoONeTa, cknagose 3a 6oenpunacy u T.H.).

2. Bb3MOXHOCTM Ha aePOKOCMUYECKOTO reopagapHoO CoHAnpaHe

Hali-BaxkHM OT MEeTOAMYECKM achekT 3a reopagapHOTO COHAMPaHe OT aepOKOCMUYECKU

nnatgopmu TpsibBa Aa ce cMATaT cnegHUTe XapakTepUCTUKNL

> onpeaensiHe Ha MakcumanHaTa AbnOo4YMHa Ha OTKPUBaHE Ha OGEKTW, CPUTW MOA 3eMHaTa
MOBBbPXHOCT UMM OT PacTUTENHOCT;

> OLeHKa Ha MnoTeHumanHaTa TOYHOCT Ha M3MepBaHe Ha AbnboynHaTa Ha pasnonaraHe Ha
obeKTuTE;

> n3bop Ha onTUManHata BefnuMyYMHa Ha MPOCTPAHCTBEHOTO pa3spelleHne Ha reopagapa B
XOPUW30OHTanHa niocKoCT;

> n3paboTka Ha M3NCKBAHMA KbM TOYHOCTTA Ha MpMBbP3BaHe Ha pesyntatute oOT
coHaupaHeTo.

MeToauka 3a npecMsTaHe Ha MakcyManHaTa AbnboyrHa Ha COHOMPAHETO € U3MOXEHa B
[2,3], 3aToBa No-gony e fAageHa camo kpaiiHaTa dopmyna:

1)

PR/ W e—— = 5, :
s1ein( 4Gy Frpl ™ )= In[GooSy 1 ¥+ em3RE)|

KbAETO h;

A= Bprax - MakcMMarnHata Abnbo4vHa Ha COHAMPaHeTo, HOPMUPaHa OTHOCHO
L=, — b
Y

AObJKnHaTa Ha BbJiHaTa.
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M3BecTHO e, Ye BBIHWTE OT OMTUYECKUSA OManasoH ce pascenBaT MNPenMyLLecTBEHO OT
MOBbPXHOCTTAa Ha KOPOHWTE Ha [ObpBeTara, 3aceHYyBallM TEXHUTE MO-HUCKA  eTaxMu.
EnekTpomarHMTHUTE BbIHW OT CaHTUMETPOBUSA 1 OELUMMETPOBUSA AnanasoH, Makap 1M Aa NPOHUKBAT B
AbnboynHaTa Ha KOpoHaTa, ce pascevBaTt OT UIMWYKMTE, Nuctata M MarkuTe KIOoHW, KaTo B ToBa
BpeMe BBLIIHUTE OT METPOBMS AMana3oH ce pa3cerBaT OT CTBOMOBETE Ha AbpBeTaTa U NOBbPXHOCTTA
Ha noyeaTta, KaTo NO3BONSBAaT [a Ce BMAWM CTPyKTypaTa Ha ObPBECHUTE CTBOMIOBE, CKPUTW OT
KOpoHarTa.

MexaHnsmMbT Ha B3aMOAENCTBME Ha eNIeKTPOMarHUTHUTE BbIIHW OT METPOBUS AManasoH CbC
CTBOJIOBETE Ha AbpBeTaTa U 3eMHaTa NOBbPXHOCT € aHanorM4yeH Ha NpoLeca Ha TAXHOTO OTpaXeHue
OT BIMNOBU OTpaXxaTesi, KoOeTo ocurypaBa nosiydaBaHe Ha BWUCOKO HMBO Ha MNONEe3HUA CurHarn.
OTHocuTenHaTa edekTMBHa MOBBLPXHOCT Ha pascelBaHe Ha roparta 3a cryyasd Ha CoHAaupaHe B
METPOBUS AMana3oH Ha BbIHUTE € CBbp3aH C OTHOCUTENHMS obemM ObpBECMHaA NOCpPeacTBOM
dopmynara [1,3]:

(4) e ——, i=12..N

sIF|EEw?

BepToneTHuTe n camoneTHWTE reopagapv nossonsasaTt da ce nonyyat ABy- U TPUU3MEPHU
CHUMKM Ha napameTpuTe Ha 3emHata nokpuBka. [lonyyaBaHeTO Ha CTEpPeOoCKONUYHKW, O0BeMHM
reopagapHu M3obpaxeHunst cTaHa Bb3MOXHO GrarogapeHne Ha U3non3BaHeTo Ha PagunonoKauMOHHU
NHTEpdepomeTpu, paboTeLlm B pexxumm ¢ “TBbpaa” 1 “meka” 6asa.

CouectBeHata pasnuka Ha PCA B cpaBHeHME C UMMyNCHUTE reopagapu C HagupHO
coHOvpaHe ce siBfIBa TsXHaTa BMCOKa paspeluaBallia CroCOBGHOCT B XOpPM3OHTanHa nnockoct (oT
nopsgbka Ha 1 m 3a pagapu MKV) u wnpokaTta nonoca Ha o63opa (go 60 km 3a PCA “Mapc”). Obaue
paboTeNkM B pEXMM Ha HaKMOHEHO COHAMPaHe Te3aW pagapu ocurypsisaT Manko no-manka (B
CpPaBHEHUE C Ha3eMHUTE reopagapyv) AbNOOYMHA HA COHOUPAHE U Ca OPUEHTMPAHW 3a OTKPUBAHE Ha
06eKTn, MackupaHu OT nucTa, NAUTKO 3anoXeHn TpbObonpoBOAM, pa3nuMB Ha HedT, NpeansBukaH oT
aBapuu Ha He(PTOMPOBOAM, a CbLUO 3a ONpeferisiHe Ha 3anacute oT AbpBecKHa B roparta [1-2].

LLlo ce kacae go paspaboTkaTta U NPaKTU4ECKOTO U3MON3BaHe Ha reopagapuTte ¢ KOCMUYECKO
BasupaHe, TO TyK ycnexute B CpaBHEHWE C TEXHUTE aBMaLMOHHW aHarno3u ca ganey no — CKPOMHW.
ToBa ce obscHABa C ABE€ OCHOBHWM MPUYMHU: MbPBO, TBbPAE BUCOKaTa CTOMHOCT 3a paspaboTkarta u
Cb3aBaHETO Ha KOCMUYEeCKUTE reopagjapu M BTOpPO, HEOBXOAMMOCTTa OT OTYMTAHE BMUSHUETO Ha
MoHocdepaTta BbPXy aMnNIUTygHUTE U Pa3oBUTE XapakKTEPUCTMKM Ha exo — curHana. C oTyntaHeTo
Ha Te3an obcToATencTBa B HacTosile Bpeme EBponeiickata kocMudecka areHums (EKA) ussbplusa
paspaboTkaTa Ha kocMudeckn reopagap MIMOSA [3].

3. UsBoan

3.1. AepokocMuyecknTe reopajapv OT METPOBUS AManasoH ca NepcrneKkTVBHWU cpeacTea 3a
rnobaneH u pervoHaneH eKonorMyecku MOHWUTOPUHI Ha CbCTOSHMETO Ha OGEKTWTE U MpupogHaTa
cpena, CKpUTK Nod 3eMHaTa NOBbPXHOCT u/unu pactutenHocT. Oule Ha To3u eTan 6opaoBuTe pajapu
C Bb3ayLWHO 6a3vpaHe yCreLlHo peluaBaT 3ajavnTe 3a TbPCEHE HA HUBOTO Ha BOAMTE U HedTeHuTe
Haxoayullia, OLEHKAa Ha 3anacuTe OT [bpBEeCUMHa B TOPCKUTE €KOCUCTEMW, MO3BOnsBaT Jda ce
KOHTpONMpaT MarucTpanHuTe HedTo- 1 ra3onpoBOaM.
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3.2. CkopowHaTa paspaboTka M 3anyckaHe B KocMmuyecka opbuta Ha MIC3, cHabpeHn c
reopagapv OT METPOBWUS AMana3oH M MMAaLLM MO-BUCOKM TaKTUKO-TEXHUYECKN XapaKTEPUCTUKU OT
MIMOSA, we no3BOnsT Cb3daBaHETO Ha Wepapxuyecka cuctema 3a rnobaneH wu pernoHaneH
€KOmMorm4eckn M Mpupoao- pecypCceH MOHWUTOPWHIE, BKMYBanku B cebe cum CbloO M cpeactea 3a
Bb34YLUHO U Ha3eMHO reopoOAOPHO COHAMPAHE.

3.3 MakcumarnHa eekTMBHOCT Ha (PyHKLUOHMPaHe Ha TakaBa cucteMa Moxe Aa cnocobcerea
Ha OCUrypsiIBaHETO Ha YCTOMYMBO pPa3BUTME KaKTO Ha OTAENHW PEermoHM W CTpaHWu, Taka M Ha
CBETOBHOTO CHOBLLECTBO KaTo UAmoO.

NurepaTtypa:

1. KanaweHkoB A W., Jl. A Bepae wunH. UccnedosaHue 3emnu u3 kocmoca, 2004, Ne3, cTp. 88-96
2. PpaHkenbwTenH M.U,B.A.MeHagenbcoH,B. A KyTe B. Paduonokayusi crioucmsix 3eMHbIX

rnokposos, M., Cos. Paguo, 1977, ctp. 176
3. Herique A,W.Kofman,P.Bailer,L.Phalippou. ASpaceborne Ground Penetrating Radar:
MIMOSA CEOS SAR Workshop, ESA-CNES Toulouse, 26-29 October, 1999, p. 6

238



S ENS 2 00 8
Fourth Scientific Conference with International Participation
SPACE, ECOLOGY, NANOTECHNOLOGY, SAFETY
4-7 June 2008, Varna, Bulgaria

KOCMUYECKO PA3Y3HABAHE.
AEPOKOCMUYECKO PAOUWOTEXHUYECKO PA3Y3HABAHE

Metbp CrosaHOB, BeHuncnae MapkoB, Muxann Muxos, Neopru Kunpos
MHcmumym 3a KOCMUYecKuU u3cnedsaHusi — EbneapCKa akademusi Ha HaykKkume
e-mail: pstoyanov@abv.bg

Knro4yoeu Oymu: aepoKkoCcMUYECKO padUuomexHUYeCKo pasy3HasaHe, paduoioKkayUuoHHU U
paduoHasu2ayUoHHU cmaHyuu, nenaeHaayusi

Abstract: The purpose and the main tasks of satellites from space are examined in the paper. Based on
the analysis obtained during the use of these satellite systems, including in military conflicts, the main
characteristics of the satellites “CANYON”, “CHALET”, “VORTEX", “MERCURY”, “MAGNUM", “Ferret” and
“Clementine” are described. The existing faults as well the tendency for creating and operation of modern satellite
systems for radio reconnaissance are pointed out.

1. BbBegeHue

OTKpMBaHETO U  MNpMXBAllaHETO Ha  M3MbYBaHMSATAa Ha  PAgUONIOKAUMOHHU U
pagvoHaBUraumMoOHHN CTaHLUMM Y CUCTEMM, ONpeaensaHeTo Ha TEXHUTE XapaKTePUCTUKU, PEXUMUTE UM
Ha pabota m Tuna Ha paboTewmnsaT M3TOYHMK € edHa OT OCHOBHMTE 3a4ayvM Ha TEeXHUYECKOTO
pasy3HaBaHe. CbBMmecTHaTa obpaboTka Ha neneHrmTe KbM KOHKPETEH W3TOYHMK, €OHOBPEMEHHO
nonyyYyeHy OT ABa aepoKOCMMYECKU anapaTa, NMO3BOMsBa Aa ce Onpedernivu MecTOMnoroXeHNeTo My C
TOYHOCT, JOCTaTbyHa 3a LeneykasBaHe Ha cpeactBaTta 3a nopaxeHue. 1o Tasu npuyvHa BogelumTe
KOCMMUYECKN ObpXKaBu HEMpeKkbCHATO pas3BMBaT UM YCbBBbPLUEHCTBAT cpeactBata U cUCTeMuTe 3a
paguoTexHudecko pasysHasaHe (PTP).

Ha HacToswma etan CibTHUKOBUTE CUCTEMM 3a paguoTexHudecko pasysHaBaHe Ha CALL ce
pa3BuBaT B paMKUTE Ha CleHUTe OCHOBHM Nporpamu:

> “Ferret” — 3a pagno 1 pagnoTEXHNYECKO pasy3HaBaHe OT HUCKWN OpbuTy;
» -“White cloud” — 3a MOpPCKO paguoTEXHMYECKO pa3y3HaBaHe 1 LieneyKka3BaHe;

> “Jumpseat” — (nporpama 711) 3a paguo 1 pagnoTEXHUYECKO pasy3HaBaHE OT BMCOKU
enuUnTU4HM opomnTY;

» -“nporpama 980" 3a pagnoTeXHMYECKO pasy3HaBaHe, KakTo 1 3a paguonpuxesailaHe ot
KBa3MCTaLMOHapHN opounTy.
B cboTBeTCTBME C M3MCKBaHWUATa 3a ocurypsiBaHe Ha rrnobanHo HabnwgeHne B pamMkute Ha
BCSKa OT nporpamute, Ha opbuta Tpsabea Aa dyHkumnoHupart 2 — 4 C3. Camo kaTo npumep, no Bpeme
Ha onepauus “Cbto3Ha cuna” Ha bankanuTe, PJIC Ha MNBO Ha KOrocnasus ce KOHTponumpaxa OCHOBHO
C nomoLyTa Ha YyeTupu cnbTHUKA “Ferret-D” Ha BucoynHa 700-800 km.

B Pycus (toraBa CCCP) 3a nepuoga 1961 — 1964 r. e pa3paboTeH NPOeKT Ha CMbTHUK 3a
MOPCKO KOCMMYECKO pa3y3HaBaHe U1 LieneykasaHe HapeyeH “YC-I1" — ynpaBnsem CNbTHUK, HApyyaH B
3anagHute nstouyHnum EOR-SAT (Electronic Ocean Reconnaissance Satellite). Ton e npegHasHadeH
3a OTKpMBaHe W NeneHraumsi Ha eneKTPoOMarHUTHUTE CUrHanu, nanbYBaHu OT kopabuTte Ha BMC Ha
NoTEeHUManHusa MpoOTMBHUK, C LEN OTKpUBaHe W onpefensiHe MECTOMOJSIOKEHMETO HAa BOEHHO —
MOPCKUTE TPYMMPOBKA W LEreykasBaHe Ha CUCTEMUTE C MNPOTMBOKOpabHO opbxme. OT 1988 r.
cnbTHUUMTE OT Tnna “YC-IT" paboTaTt Ha opbuTanHu BucoumHu 413 X 432 km ¢ nepuog 93 min un
HakIoH 65 grad. BucokaTa eceKkTMBHOCT Ha cb3dadeHaTa cuctema ocobeHo SpKo ce MposBsiBa npes
natoTo Ha 1982 r. no BpeMe Ha aHrmo—apXXEHTUHCKUSA KOHMNUKT 3a PornkneHAcKuTe OCTPOBMW.
Cuctemata nosBonuna MbAHOTO cregeHe Ha obcTaHoBkata MO Mope, a OT MnoflydaBaHaTa
WHpopmauma 6un onpefeneH MOMEHTa Ha HA4YanoTO Ha aHIMUNCKNA AeCaHT.

B kpas Ha 60-Te 1 HayanoTo Ha 70-Te, NapasiesiHo CbC Cb3aaBaHETO HAa MopckaTa cucTema
3a paguoTEXHWYECKO pasy3HaBaHe Ce Cb3aaBa M cUcTemaTa 3a pagMoOTEeXHWYECKO pasy3HaBaHe B
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Wwnpok amanasoH “Uenuna”. B 1971 r. 6una npueTa Ha BbOPbXKEHME MoacucteMa 3a 0030pHO
paguoTexHudecko HabnwogeHne “LenuHa-0", a npe3 1975 r.—nogcucrema 3a [OeTannHo
paguoTexHudecko Habnwaexue “LlennHa-L”.

2. Bb3AaywHu BUCOKOTOUYHU cucTtemu 3a PTP

B ocHoBaTa Ha cb3gaBaHETO Ha CbLUECTBYBALLNTE Bb3AYLUIHN BUCOKOTOYHU cuctemun 3a PTP
NeXW NPYHLMNA Ha NPOCTPAHCTBEHO Pa3HECEHOTO MPUEMAaHe Ha CUrHanuTe Ha pasy3HaBaHoTo PEC
OT HSKOMKO (He Mo-manko OT ABa - TpY) Bb3AYLWHW MyHKTa 3a paguonpuxeaT € nocregsalo
pasno3HaBaHe Ha PEC no TexHuTe 60pOoBM M3TOYHMUM Ha U3NbYBaHE U €QHOBPEMEHHO TPMMEPHO
n3mepBaHe Ha KoopAMHaTUTE UM NPaKTUYECKM B peaneH mawab oT Bpeme.

KoHkpeTHuaTt Tmn PEC ce onpegensd Mo nbTS Ha aHanmMsa Ha npuxBaHatuTe
paguounsnbyBaHns, CTaHOAPTHW 3a UMAPOBUTE MPUEMHMLM 3a OTKpuBaHe (Hocella 4ecToTa,
NPOABIMKUTENHOCT M Nepuoa Ha MOBTOPEHME Ha WMMMYIICUTE), @ BUCOKO TOYHOTO OMpedensiHe Ha
koopanHatuTe Ha PEC ce noctura 3a cmeTka Ha cbBMecTHaTa 06paboTka B NMyHKTOBETE 3a npuxeat
Ha M3MepeHuTe pasfnuku B AOMMepoBUTE YECTOTU U Pa3nMKUTE BbB BPEMETO Ha MpuUemMaHeTo Ha
curHanute Ha PEC.

3a nsscHsBaHe Ha CbLUHOCTTa Ha Bb3AyllUHA BUCOKOTOYHA ABYNO3uLMOHHA cuctema Ha PTP
Lle pasrrnegamMe CTpyKTypaTa v NpuHuMna Ha encTBUe Ha TakaBa cucTema.

B cbcTaBa Ha cuctemata Bnu3art [Ba caMorneTa — BOAell 1 BoAeH. B kayecTBOTO Ha BofeLl
Moxe Aa Obae KoM 1 Aa e caMoneT OT TakTuyeckata aBmaluMs C MOHTMpaH KOMMIEKT anapaTtypa 3a
PTP. Komnnekta anapatypa TpsibBa Aa BKOYBa BCEHACOYEHa MPUEMHa aHTeHa, LMdpPoB NPUEMHUK C
MUTHOBEHO WM3MEpBaHe Ha YecToTaTa, MOHOMMMYNCEH MPUEMHMK 3a aMnnuTygHa neneHraums u
MHOrOKaHaneH NMPUEMHMK Ha CUrHamuTe Ha KocMudeckata paguvoHaBuraumoHHa cuctema Navstar.
Tosn camoneT TpsbBa owle Aa uma anapaTypa 3a npegaBaHe Ha AaHHWU C NOBULLIEHA NponyckaTernHa
CMOCOBHOCT.

[MpnxBaHaTuUTe OT BOAELLUA CAMONET CUrHanu, 3aegHo ¢ JaHHU 3a BPEMETO M HanpaBfeHneTo
Ha HeroBoTO MpUCTUraHe, a CblLLO COOCTBEHUTE KOOPAMHATU M CKOPOCTTa Ha norneTa ce npegasaT B
LUMdpoB BUA NO 3aceKkpeTeHa pagnonuHua Ha bopaa Ha BOOEHWS camoreT, KbAeTO Ce M3BbpLUBa
obpaboTka Ha JaHHUTe OT paanonpuxeaTa.

BooeHuaT camoneT npeactaBnsiBa crneunanusavpaH camoneT 3a JanevyHo paanorokaLMoHHO
oTKpuBaHe. Ha Gopaa My OOMBIHUTENHO Ca MOHTMpPaHW cTaHums 3a PTP, npuemHa cTaHumsa Ha
KocMmyeckaTta pagvMoHaBuraumMoHHa cuctema Navstar n anapatypa 3a pasnpegeneHme Ha SaHHW.

CraHuugata 3a PTP BknoyBa npuemHo-npouecopeH ©Onok, obeauHsBalw, ABa LMGPOBU
NpMeMHUKa C MUIFHOBEHHO M3MEpBaHe Ha 4YecToTata, MOHOMMMYFICEH MPUEMHWK 3a aMniuTygHo
nerfeHroBaHe W curHamneH npouecop, OCbLUECTBABALL, MapaMeTpuyecko pasno3HaBaHe Tuna Ha
M3TOYHMKA Ha MPUXBaHATOTO M3NbyBaHe. TH OocurypsiBa KpbroBO M OCTPO HACOYEHO MpMEeMaHe ¢
MoYTN MUTHOBEHHO CKaHupaHe B cektop 360 rpagyca v nereHroBaHe Ha U3TOYHMLUTE Ha U3NbyBaHe
c rpetuka 0.5 — 1°,

AHanu3bT Ha apxuTekTypaTa Ha pasrnexzaHaTa Bb3fyllHa BMCOKOTOYHa cuctema 3a PTP
nokasea, 4Ye M3MepBaHETO Ha koopauHaTuTe Ha manbyBawmTe PEC ce ocbluecTBsBa MO NbTH Ha
CbBMECTHOTO M3MON3BaHE Ha bIIoOMepHUs, pasnuko - Bpemesusi (TDOA, Time Difference of Arrival) n
pasnuko — gonneposus (DD, Differential Doppler) MeToam 3a nenenraums. Npu ToBa nonoxexve PEC
B MPOCTPAHCTBOTO Ce OMNpedensT KaTo TOYka Ha npecuvaHe Ha TP MOBBbPXHOCTU: MITOCKOCTTa Ha
neneHra, NOBbPXHOCTTA Ha paBHaTa pasnvka Ha OOMNMEepPOBUS CUTHamN M NMOBBPXHOCTTA Ha paBHaTa
BpeMeBa 3agpbXka Ha curHana. Mo Hskou gaHHM Ha 6opaa Ha BOAEHUSA CaMoneT MoXe da wvma
CbLUO KaHan 3a M3MepBaHe Ha CKOpPOCTTa Ha M3MEHEHWe Ha hasaTa Ha NpuemaHusi CurHasn, KoeTo
no3esonsiea ga ce usumcnm pascrtosHmeTto o PEC n no TakbB HauuH OONBAHUTENHO Aa Ce YTOYHAT
HEroBMTe KOOpAMHATH.

MpMHUMNBT Ha onpeaensaHe Ha MECTOMNONOXEHNETO Ha Ha3eMEH U3TOYHUK Ha U3NbyBaHe Npu
KOMMMNEKCHO 13nona3BaHe Ha pasrnefaHnte MeToam Ha neneHrauuns e nokasaH Ha dour. 1.

Mpe3 1995-2000 r. CALL pa3sbpHaxa HAKOMKO TUNa Bb34YLLIHWU BUCOKOTOYHU cuctemu 3a PTP
Ha 6asaTa Ha camoneTu 3a JanevyHo pagnonoKaunoHHO OTKpMBaHe 1 ynpaeneHne E-3 AWACS Block
30/35, camoneTtn — pasysHaBaun RC-135 V/W Rivet Joint, U-25, RC-12K, EP-3E Aries, a cbLl0 OT
6asoBaTta natpynHa asmauus P-3C Orion.
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our.1 MNpuHuKMN Ha onpeaensHe Ha MeCTOMNONOXEHNETO Ype3 BUCOKOTOYHM cuctemu 3a PTP

Lintnpanute cuctemn 3a PTP B HayanoTo ca 6unun nanutaHn B pamknte Ha nporpama PSTS
(Precision SIGINT Targeting System), a crneg ToBa ca NpeMuHanu ycnewHn u3nutaHus B BONHU
ycnosusa B Upak (1998 n 2003 r.) n B KOrocnaesusa (1999 r.). JOCTUrHAaTOTO HMBO Ha TOYHOCT Ha
onpefensiHe Ha KOOPAMHATUTE Ha U3TOYHWULMTE Ha U3NbuBaHe (OT MOPsSiAbKa Ha AeceTku meTpu)
nosgonu TtoraBa Ha CAUl pa wmsnonssa 3a yHuwoxasaHe Ha PEC aBmauvoHHuM cpeactBa 3a
nopaxeHue, KOUTo 68xa HacoyBaHM KbM LieniTa caMmo Mo nonyyeHata KoopAauHaTHa MHdopmauus. B
Ka4yecTBOTO Ha BOAEHUS caMONET ce MU3nons3ea cneunanuampaxHms camonet E-3 AWACS Block 30/35

(cpur. 2).

our. 2. Camonet E-3 AWACS

B pamkuTe Ha npoekta Block 30/35 Ha 6opaa My OOMBLIHUTENHO Ca MOHTMPaHM CTaHUMs 3a
PTP AN/AYR-1, npyvemHa cCTaHUus Ha KOCMM4YeckaTa paguoHaBuraumoHHa cuctema Navstar u
anapaTypa Ha obeduHeHaTa TakTM4ecka cucTema 3a pasnpegernenHve Ha gadHu JTIDS, knac 2H.
O6uwarta maca Ha JoNbIHUTENHOTO obopyaBaHe e 855 kg. CBoeobpasHa “BM3UTHa kapTu4dka” Ha TO3n
camMoneT ca HabuBalnMTe Ce Ha O4YM BHYLUMTENHW pas3Mepu Ha CTPAHWYHWUTE NMPUEMHM aHTEHM Ha
ctaHumst AN/AYR-1, pasnonoxeHnun Ha neeus n geceH 6opg Ha camoneTa. Te ca ¢ pasmep 3.9 x 0.84
m . 3a ocurypsiBaHe Ha KpbroB 0030p AOMBIAHMTENHO CE U3MON3BaT HE rofieMmnTe HOCOBa M OonallHa
aHTEHHW peLUeTKu.

OCHOBHUTE XapaKTepucTMkn Ha cTaHumsaTa 3a PTP AN/AYR-1 ca noka3aHu B Tabnvua 1.
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Tabnvua 1. OCHOBHM XapaKTepUCTUKM Ha cTaHuus AN/AYR-1

Ne XapakTtepucTtuka, pasamepHocT 3Ha4veHune
no pea
1 Pa3sy3HaBaH YecToTeH ananasoH, GHz 0,5-18
2 MNepuoa Ha ornexgaxe, s 2
3 CKOpOCT Ha pa3y3HaBaHe Ha M3TOYHULUTE Ha U3NbYBaHe, Lenu/s 150 - 200
4 BeposiTHOCT 3a pasno3HaBaHe Ha Tuna Ha uenTta 0,95
5 [JaneuvHa Ha oTKpuBaHe W pasno3HaBaHe Ha LUenn MO [faBHUS | PagMoXopu3oHTa
NEenncTok
6 ToYHOCT Ha onpeaensHe Ha koopanHaTute, % OT ganednHaTa:
- 3a UMMyJICEeH curHan; 0,01 - 0,02
0,03-0,05

- 3a HenpekbCHaT CUrHan

3. Kocmunyeckn BUCOKOTOYHU cuctemu 3a PTP

B xona Ha paspaboTkaTa Ha KOCMMYECKM BUCOKOTOYHU cucTemn 3a PTP cneumwanuctute ot

BOJELLUMTE KOCMWYECKM AbPXKaBW HAMbIHO OCHOBATENHO M3Mon3BaT Bede OTpaboTeHU TeXHUYECKU
pELLEHNs, N3MON3BaHN MO-paHO BbB Bb3aywHute cuctemun 3a PTP. B CALL nogobeH nogxod Kbm
Cb3gaBaHETO Ha HuckoopbutanHu cuctemm 3a PTP He e HoB. [JocTaTb4yHO € [a Ce CpaBHAT
Bb3gyLHaTa cuctema 3a PTP Guardrail n Beye cnomeHatata cuctema White Cloud. MNMpumepwn B ToBa
OTHOLLEHME MMa TBbPAE MHOro, MpyM TOBa CbBCEM He camMoO Mpu paspaboTkata Ha cpeactesa U
cuctemun 3a PTP.

3arToBa, OTYMTAMKM BCUYKO Kas3aHO MO-rope 3a Bb3gylwHuTe cuctemn 3a PTP, moxem cbc

CUTYPHOCT Aa npeanosfioXXmm, 4e Bb3MOXHUAT BapUaHT Ha NOCTPOeHMe Ha KoCMU4YecCKa BMCOKOTOYHa
cuctema 3a PTP uarnexpga Taka, Kakto € nokasaH Ha dovr. 3.

ur. 3. TpuvHUMN Ha U3rpaxaaHe Ha KOCMUYecka BUCOKOTOYHa cuctemMa 3a PTP
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Bogewmar kocMmudeckn anapaT (Taka HapuyaHus “pparMeHT”), no aHanormsa c BoAewus
caMorneT OT Bb3gyLuHaTa BUCOKOTOYHa cuctema 3a PTP, ocurypsiBa KpbroBo BCEHacO4YeHO NpuemaHe
Ha U3NbYBaHWs, a BOOEHUS — KPBIrOBO BCEHACOYEHO M OCTPO HACOYEHO MpUEeMaHe Ha curHanuTe C
TOYHO onpefensHe neneHra KbM uenra.

Mexay KocMmnyecKkUTe anapatv e opraHM3upaH kaHan 3a CBpb3ka 3a 0OOMeH Ha npuxBaHaTute
AaHHn. OnpefensHeTo Ha NapaMeTpuTe Ha [OBWXKEHME Ha BCEKU OT KOCMUYECKUTE anapaTtu, a CbLyo
Taka CUMHXpPOHM3aLMa Ha BpemMeBUTE W LONMEpPOBUTE M3MEpBaHMA Ha Oopaa Ha CnbTHUMUMTE Cce
N3BBbPLUBA NO AaHHM OT KOCMUYecKkaTa paamoHaBuraumoHa cuctema Navstar.

3a noBuiaBaHe Ha onepaTMBHOCTTA Ha pasy3HaBaHeTO obpaboTkaTa Ha BCUYKM OAHHM OT
paguonpuxeaTa Ce OCbLUECTBSIBA NO- CKOPO Ha GopAa Ha BOAEHMSI KOCMUYECKU anapaT. Tow CbLyo e
ONBbXEeH Aa ocurypu npegaBaHeTo Ha nonyyeHute gaHHu 3a tuna PEC n HeroBute koopauHATh KbM
HaseMHUTE MPUEMHU MYHKTOBE. VIMEHHO HanuumMeTo Ha bopaa Ha BOOEHMS KOCMMYECKM anapart Ha
JOMblNHUTENHA anapaTtypa 3a obpaboTka Ha AaHHW, a CbLO W CBbP30YHM AHTEHKU, OOsICHABA
CbLLECTBEHMTE pPa3nNuuMsa Mexay BoAeLLMs N BOAEHMS anapaTti u No Maca u no rabaputw.

3a npegaBaHeTO Ha [daHHWTE KbM Ha3eMHWTE MPUEMHM MNyHKTOBE Morat ga Obaar
3a0eNCTBaHN CbLLECTBYBALUTE CNbTHULM —peTpaHcnaTopu (Hanpumep 3a CALL - npnHagnexaiwmTe
Ha HaumoHanHoTo pasy3HaBaTenHo ynpasneHne peTpaHcnaTopu oT cuctemara SDS).

Kato npumep we pasrnegame npeanonoXeHNeTo 3a pasBpbluaHe Ha nepcrnekTMBHa
KocMuyecka cuctema 3a PTP Ha CALL, nonyunna B 4vyxgusa nedat obosHayeHneto SBWASS-CP
(Space-Based Wide Area Surveillance System-Consolidated Program). OcHoBaHue 3a TOBa
npeanonoxeHne e cbCToaAnNuAaT ce Ha 2 gekemBpy 2003 r. 3anyck B MHTepec Ha HaumoHanHoTo
pasy3HaBaTenHo ynpaeneHue Ha CALL Ha BTOpa OBoWka kocMuyecku anapatu 3a PTP ot HoBO
noKorneHuve.

B Hakou nybnukaumm ce nocouvBa, 4ye HoBata cuctema 3a PTP e pesynrat ot
“eBOMIOLMOHHOTO NpepaxaaHe” Ha ChlUecTByBalllaTa KocMuyecka cuctema 3a PTP Ha BMC Ha CALL
White Cloud. Tasu cuctema ce M3nomnsBa B HACTOsILLLE BpeMe 3a Onpegensiie Ha MEeCTOMNONOXEHNETO
Ha kopabuTe Ha NPOTUBHUKA U CriefeHe Ha TAXHOTO NPeMeCcTBaHe No METOA4A HAa MHOrono3MuuoHHaTa
neneHraumsi Ha M3NbYBaHUATa Ha TexHUTe GopaoBu pagunoenektpoHHu cpeactea (PEC). B cbcraBa
Ha cucTemara BMnM3aT HSKOMKO rpynM KocMmuyeckn anapata SSU nbpBO M BTOPO nokosnieHve (Mo Tpu
CMbTHUKA BLbB BCSKa rpyna), a cbwo Tpu KA — peTtpaHcnaTtopmn NOSS, ocurypsiBawim npegaBaHeTo Ha
NpyxBaHaTUTE U3NbYBAHUSA KbM HAa3eMHMS MyHKT 3a obpaboTka.

B kayecTBOTO Ha OCHOBHM apryMeHTW B MOMn3a Ha TBbPAEHUETO 3a Cb3haBaHe Ha HOBa
cuctema ce cuMTaT CbBMAL4EHMETO Ha HaKMoHa M BMCOYMHaTa Ha opbutata Ha KA SBWASS-CP ¢
aHanorn4yHuTe opbuTanHu napameTpm Ha cNbTHULMTE SSU, a cbLuo (hakTa, 4Ye 3aeTaTta oT HoBuTe KA
opbuTarnHa nNnockocT yaayHo ce “BnUcBa” B CblUecTByBaLlaTa opbutanHa rpynuposka Ha BMC.

C ToBa obaye CXoOCTBOTO Ha CUCTEMUTE MNPUKOYBA, a CblUECTBYBaLUTE pasnuyus
cBuaeTencTByBaTt 3a ToBa, Ye SBWASS-CP He TpsibBa Oa ce pasrnexga camMo KaTto cucTtema 3a
MOPCKO pagmMOTEXHUYECKO pasy3HaBaHe OT CrefBallo, TPeTo MokoreHue. 3aToBa MO MHEHME Ha
crneunanucTuTe, pasBpbllaHaTa Ha Hucka opbuta cuctema 3a PTP Ha CALL tun SBWASS-CP ce
OTHacsl KbM HOB KIlac KOCMUYecku cuctemn 3a PTP, a MMEHHO KbM BMCOKOTOYHMUTE KOCMUYECKU
cuctemun 3a PTP.

OcHoBHUTE pa3nuuusa mexgy cuctemmte SBWASS-CP n White Cloud ca:

» B CbCTaBa Ha paboTHaTta rpyna Bnu3at Bcudko asa KA, Bmecto Tpu 3a cuctemata White
Cloud;

» un3BefeHaTa Ha opbuTa gBorika HoBM KA uma cymapHa maca nodTtv ABa MbTW NO-Marika,
OTKOSKOTO MacaTa Ha anapatute NOSS u SSU;

» HOBUTE CMbTHMUMW, CbAEWKM NO pe3yntatuTe OT ONTUYHMTE HabNOeHUs, 3HAYUTENHO ce
pasnuyaeaT eauH OT Apyr No rabaputn, AoKaTo MankuTe cnbTHUMUM SSU ca egHakeBu 1 no
Maca v no pasmepu.

N3BpoeHnTe pasnukm moraT fiecHo fa ce 06SICHAT, oTYMTaliku Ye B XO4a Ha paspaboTkaTa Ha
cuctemata SBWASS-CP 64 morno ga ce u3nons3eat Bede OTPabOTEHM TEXHUYECKU peLLeHMs
N3MNon3BaHun No-paHo BbB Bb3ayLLHUTE cuctemun 3a PTP. MNpunaraiku ToBa kbM cuctemata SBWASS-
CP, HenH “aHanor’” HambfHO MOXe [a e pasrfiegaHarta BMCOKOTOMHA Bb3dyllHa [BYMNO3ULMOHHA
cuctema 3a PTP.

PeanusauusaTta Ha pasrnegaHuns cnocob 3a BUCOKOTOYHO PTP npu cb3gaBaHeTo Ha cucTema
SBWASS-CP nosBonsiBa fa ce OTKaxe TpeTUs MNyHKT 3a paguonpuxsaT, 3aToBa B CbCTaBa Ha
paboTHaTa rpyna Ha HoBaTa KocMudecka cuctema 3a PTP e goctatbyHO ga ce manonssaTt camo ABa
KOCMUYecKku anaparTa.

CnepoBaTtenHo, oT4yeTeHuTe B Katanora Ha Kocmuyeckoto komaHaBaHe Ha BBC Ha CALL T.H.
“pparmeHTn” cnbTHUUM USA-160 m USA-173, no-cKOpo ca MbIIHOLEHHW KOCMUYECKM anapaTw,
BNMU3alLM B CbCTaBa Ha KOCMMYecka ABYNo3nUMOHHa cuctema 3a PTP BT.
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CbOenky no BCUYKO, TOYHOCTTa Ha OMNpPedensHe Ha KOOpAMHATUTE Ha W3TOYHMUMTE Ha
pagvou3nbyBaHus C NMOMOLLUTa Ha HoBaTa cuctema 3a PTP BT we 6bae HAKOMKO CTOTUMH MeTpa B
peaneH mawab oT Bpeme.

Kato otuntame kasaHOTO OO cera MOxe Aa TBbpAMM, Ye HOBaTa amepukaHcka obeavHeHa
cuctema 3a paguoTexHudecko pasysHaBaHe SBWASS-CP e npegHasHadyeHa 3a OTKpuUBaHe,
pasno3HaBaHe M onpegensiHe B peaneH mawab OT BpeMe Ha TPUMEpPHUTE KOOpAWHaTU He camo Ha
HaszeMHu n mopckn PEC, HO 1 Ha Bb3gyLwHW paanonsnbyBally 06eKkTn ¢ TOYHOCT, KOATO Ha NopsiabK
npesuLLaBa TOYHOCTTa Ha OTKPMBaAHE Ha Lenn OT CblUeCTBYBaLLMTe KOCMUYeCckn cuctemm 3a PTP.

Mo TakbB HayMH, BMECTO MpoCTa €BOniuMa Ha HuckoopbuTanHute cuctemm 3a PTP ce
HabntogaBa ka4yeCTBEH CKOK B TAXHOTO pasBUTUE, CBBbP3aH C KapAuMHanHO U3MeHeHue Ha NpuHUMnuTe
Ha THAXHOTO MOCTPOEHUE W MU3NOMN3BaHWUTE NEpPCnekTUBHW MEeToAM 3a nacuBHa nNeneHrauns Ha
pagvnounanbyBaLlyn 00ekTu.
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Abstract: Evaluation of the possibilities for modernization of on board IFF systems is performed. The
paper provides analysis and some different modernization versions.

CuctemaTa 3a pagmonokauMoHHO ono3HaBaHe “cBon-uyyxa” (CPJIO) e npegHasHayeHa 3a
onpedensHe Ha MpuHaANeXHOCTTa Ha OTKpUTUTE OT HalemHute, OoppoBuTe M KopabHuTe
pagvonokauMoHHn ctaHumm (PJIC) uenu (camoneTtu, BepToneTw, kopabwu, TaHKoBe, OpOHMpaHu
MaLUVHU 1 Ap.) KbM COBCTBEHUTE BLOPBXKEHN CUSN.

CPJ1O onosHaBaHe BKMNtoYBa — Bb3AyLUIEH, MOPCKU M HAa3eMEH CErMEHT, KaTo ce Ocurypsisa
ono3HaBaHe Ha 0bekTUTe CbC 3aJafeHa BEPOSATHOCT U AMana3oH Ha AeNCTBME NO HanpaBneHuaTa:

- 3eMs — camornerT (BepToner);

- camoreT (BepTorneT)- camoneT(BepToseT);

- camoneT(BepToneT)- 3emMs;

- kopab- kopab;

- camoneT(BepToneT) — kopab;

- 3ems — kopab;

- kopab — camoneT (BepToner)

MpuHUMNBT Ha paboTa Ha cucTtemaTa ce wncTpupaHa ¢ur. 1, KbAeTo ca npeacTraBeHu
B3aVMOBPB3KUTE MeXAy pasfUYHUTE Bb3AYLWHM M HA3eMHU CpPeacTBa NpW U3MON3BaHe Ha BOEHHO
MIFF n/vinn umBunHo ono3HaBaHe CIFF.

B cbcTaBa Ha cuctemaTta BNu3ar:

- HaseMHM W KkopabHM paaMoNoKaLMOHHW pPagMoSIOKaLMOHHM 3anvMTBally YCTPOWCTBA
(aBTOHOMHU U cnperHaTu ¢ PJIC);

- OopooBu (camoneTHW, BEepTONETHW W KopabHM) paaMoNioKauMOHHM 3anuTBalin U
OTroBapsLy yCTPOWCTBA (TPaHCNOHAEPU U 3annTBaYn);

- bopooBun (CaMOneTHW, BEPTONETHM, KOopabHM M OpoHemalMHM) pPagnoNoKaLMOHHU
OTroBapsiLn YCTPOMCTBA (TpaHCcnoHAepw);

- TEXHUYECKN CPeACTBa 3a reHepupaHe, npeHacsHe u BbBexgaHe Ha koga B broka 3a
KpunTorpadpcka 3awuTa;

- cuctema 3a egmHHo speme (CEB).

B cbcraBa Ha 6GoppoBute (CamoneTHM W BepTONETHW) pagmonoKauMOHHU 3anuTBaLim
(3anuTBauYn) K OTroBapsLlM YCTPOMCTBa (TpaHCnoHAepw) BMM3aT: aHTeHHo-(buaepHa cucTema,
npvemo-npenasaTenieH 6ok, KopenaTop Ha NpuMemMaHuTe U U3MbYBaHW CUTHaNM OT BCSiKa aHTeHa,
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6ok KogMpallo-aekoaupatl Moaysn U KpMNTOKOMMIOTLP, MYNT 3a ynpaBrieHne v KOHTPOJ, cucTema 3a
aBTOMaTM4YeH KOHTPOI U AMarHocTuKa, 6ok 3a 3awuTa oT cMylueHusi, CEB, moaynu 3a Bpb3ka ¢

our. 1

opposaTta PJIC, KOHTPONHO NpoBepoBbYHa anapatypa u 3Url.

3a nogobpsiBaHe Ha ONEpPaTUBHUTE U TEXHUYECKM BBL3MOXHOCTM Ha BBLOPBLXEHWETO U
TexHuKaTa, U3non3sally CUCTEMM 3a PaaMOoNIoKaLMOHHO Ono3HaBaHe, 0cobeHo BHUMaHue ce obpblia
Ha M3NON3BaHETO W CNPSAraHeTO CbC CbBPEMEHHW CUCTEMU U CPEeACTBa 3a HaBurauusa ot tuna GPS
unun MOHACC.

lMpucbeanHaBaHETO Ha cTpaHaTa kbM AnuvaHca, KoHuenuusTa 3a pas3BuTneto Ha bBA,

MnaHa 3a mogepHu3aumsaHa BA ©n wm3nbnHABaHe Ha MeponpusTMaTa N0 OCUrypsiBaHe Ha
CbBMECTMMOCT, cucTeMaTta 3a pa-OuoroKauMOHHO OMno3HaBaHe crnedBa da 6bae marpageHa u ga
CbOTBETCTBA Ha CNeAHUTE N3NKCBaHUS:

- ctangapT STANAG 4193 “TexHU4ecKkn XapakTePUCTMKN Ha CUCTEMUTE 3a OMO3HaBaHEe
“cBon-uyxa” Mk XA n Mk —XII;

- ACP-160(B) “OnepaTnBHM npouenypu 3a cuctemmTe 3a onosHasaHe |FF/SIF;

- Mpunoxenne 10 Ha ICAO.”MexagyHapoOoHW CTaHOapTW M MpenopbkM 3a Bb3AyllHa
CcBpb3ka”.

ToBa LLie NO3BOMM OCUTYPSIBAHETO Ha CNeAHMTE OCHOBHM pPeXnMn Ha paboTa Ha cuctemara:

- pexum 1 — 32 koaa;

- pexum 2 — 4096 koaa;

- pexxum 3/A — 4096 koaa;

- pexum 4 — KpunTorpadyCKo ONO3HaBaHe;

- pexxum C — KognpaHo JoknagBaHe Ha BUCOYUNHA;

- pexxum S Ha ICAO.

C HapacTBaHeTO Ha ponsaTta u BnvsiHMETO Ha BuaoseTte BbopwbxeHu cunm (BBC) n popose
Bovickn (PB) 1 Bb3MOXHOCTUTE Ha U3MON3BaHNTE CbBPEMEHHWN U NEPCMNEKTUBHM 00pa3umn BbOPBHKEHNE
N TEXHUKA 3a OCUrypsiBaHe Ha CUrypHoOCTTa M oTbpaHaTa Ha cTpaHaTa, Lie HapacTBa U MSICTOTO U
ponsaTa Ha cMCTEMUTE 3a PafMosIoKaLUMOHHO Ono3HaBaHe. ToBa n3uckBaHe cneasa Aa 6bae oTyMTaHo
NPy M3rpaXxgaHeTo Ha OCHOBHWUTE MPOEKTU MpU U3NbIHEHMETO Ha [naHa 3a cHabaseBaHeTo W
MoaepHusaumst Ha BA ¢ uen no-6bp30To NpuBeXaaHe U OCUrypsiBaHE Ha OnepaTUBHA M TEXHUYEcKa
CbBMECTMMOCT Ha BHeOpsiBAHUTE W CPeAcTBa OT HauMoHanHaTa cucTemMa 3a paguosioKauMOHHO
Ono3HaBaHe, CbrNacHo cHagapTuTe n nsmckeaHusata Ha HATO.

M3non3yBaHeTO Ha CMCTEMEH MOAXOA Lie Mo3BOnv fa ObAe wm3rpageHa onTMMM3upaHa no
nepapxusi, CTPyKTypa, 3aja4yM U B3aUMOBPbBL3KW HaLMOHanHa cucTemMa 3a paguoriokaumMoHHO
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OMno3HaBaHe cucTeMa M Le crnocobcTByBa 3a u3bvMpaHe Ha NOAXoAsLWo 3a uenta obopyaBaHe u
KOHTPOIHO-N3MepUTENHa anapartypa 1 cpecTtsa 3a obyyeHue.

OnNuTbT OT noKanHWTe BOEHHM KOH(IMKTU MoKasa onpegensuwiara poss Ha CbBPEMEHHU
paguoTexHuveckn cuctemm n cpenctea (PTC) B cbcTaBa Ha KOMTO BNu3aT n 6opaoBUTE CUCTEMUTE U
CcpeAcTBaTta 3a paaMoriokaumoHHo onosHaBaHe (BCPJ10), pewaBawm WMPOK CNekTbp OT 3agaun [1-
4,6-8]:

- ronama ganeuvvHa Ha gencteue (paguyc Ha gencTeume);

- BMCOKa TOYHOCT Ha OTKpMBaHE W OMO3HaBaHe Ha Bb3AyLIHUTE 00EKTUTE BbB BCAKAKBU
METEOPONOrNYHN YCNOBUA U Nepuog OT AE€HOHOLLUETO;

- BUCOKa aBTOHOMHOCT M NpUrogHocCT 3a paboTa;

- BCECTPAHHO W HEMPEKbCHATO FIOMMCTUYHO OcuUrypsiBaHe ¢ MUHUMYM CUNWU U CpeacTsa B
CTaUNOHAPHM 1 NOSIEBU YCITOBUS.

PagnoenektpoHHuTe komnnekcu Ha BCPJIIO ga BknovBaT CbBPEMEHHU CpeacTBa 3a
OTKpMBaHE 1 Ono3HaBaHe Ha NPOTMBHMKOBM Bb34YLUHU Lien OCUMIypsiBaLLm:

- BUCOKa aBTOMaTtu3aumsi Ha TbPCEHETO, OTKPUBAHETO U MAEHTUDUKALMATA HA pasnnyHn
uenm;

- MHOroKaHamHoCT Ha 3axBaTa, CbMNpPOBOXAAHETO W YyNpaBfeHWeTO Ha aBuMaLUOHHUTE
BopaoBsu cpecTBa 3a nopassiBaHe;

- edpeKTUBHM CpeacTBa 3a pagnoenekTpoHHa 3aLumTa;

- MbBKaB coTyep C Bb3MOXHOCTU 3a nporpammpaHe Ha HOBU pexunmn 3a 60KnHO
N3nona3BaHe;

- CbBMECTMMOCT Ha paguoenekTpoHHuTe komnnekcn Ha CPJIO cbc crtaHgapTuTe Ha
HATO wn naucksanuaTa Ha UKAO (obpxaBHO ono3HaBaHe, KOMYHMKaUMS Y HaBuUraums);

- BCOKa GoviHa M ekcnroaTauuoHHa XUBYYeCT, npednonaraila 3awmMTeHOCT Ha XU3HEHO
BaXXHWN eNeMeHTU U CUCTEMU U pe3epBUpaHoCT no HopmuTe Ha HATO;

- TEXHOJIOTMYHOCT, EpProHOMWsi U [OOCTBMHOCT Ha TEXHWYEcKoTo 06-crnyXBaHe U
ekcnnoatauma Ha BCPJO.

AHanmu3bT Ha pasBuTME Ha cbBpeMeHHWTe PTC noka3ea, 4Ye B HACTOSLMUS MOMEHT ce
3abenssBa TeHOEHUMS 3a MOBMLIABAHE Ha YHMBEPCANHOCTTa M  MHOrO(YHKLUMOHANHOCTTa Ha
M3non3yBaHMTE CUCTEMU M CPeACTBa 3a PaguoNoKaLUMOHHO OTKPMBAHE M OMO3HaBaHe.

Kakto nmokasBa cbBpeMeHHaTa BOEHHA HayKka M ONUTBLT OT JIOKArHUTE BOWHM U KOHMAVKTY
OT CbLUECTBEHO 3HAYEHME MNPU U3MBIIHEHNETO Ha GoMHWM 3agayn oT PTC ca Bb3MOXHOCTUTE Ha
pagnoeneKkTpoHHOTO UM obopyaBaHe.

OcHoBHOTO obopyasaHe Ha cbBpemeHHa BCPIO skntoyBa:

- kabuHa (kabuHu), oNTMMM3MpaHa 3a U3NbiHeHWe Ha BorHUTe 3aaauu;
- cucTema 3a OMno3HaBaHe;

- (DYHKUMOHANHO pa3nonoXeHN MHONKaTOpW;

- cucTema 3a ynpaBlfieHMe Ha Ono3HaBaTeNHNS KOMMIEKC;

- HTEerpvpaHa cuctema 3a obpaboTkarta u ynpasneHve Ha JaHHUTE;

- epProHOMMYHO Pa3noSIoXKEHW OpraHu 3a ynpasrieHue;

- HaBUrauMoHHo obopyaBaHe;

- KOMYHUKaLMOHHO 0b6opyABaHe;

- eNneKkTpo 1 cneumanHo obopyasaHe.

O6opynBaHeTo Ha cbBpemeHHnTe BCPJ1IO nputexxaBa Bb3MOXHOCTU 3a CEAHUTE PEXUMMU
Ha pabora:

- MHUManu3npaHe u BbBeXaaHe/M3BnmyaHe Ha gaHHu,
- OTKpMBaHe 1 OMo3HaBaHe;
- NpegaBaHe Ha nHdopmaumaTa KbM noTpebuTtenute.

Cucrtemute 3a paguorokaumoHHO ono3HaBaHe Ha cTpaHuTe uneHku ot HATO ce mnarpaxaar
B CbOTBETCTBME C M3UckBaHuaTa Ha ctaHgapT STANAG 1493 (MKkXIl) n nmat cnegHuTe pexxummn Ha
paboTa:

- Pexvnmn 1 n 2 (HATO);

- Pexvumn 3/A n C (MKAO);

- 3awmTeHn kpunTopexnmm (pexmmn 4, 5);

- Pexum S (3a B3aumogpericteue ¢ PB[1).

OcobeHo ronsMo BHMMaHue ce OTAEns Ha CnpsiraHeToO Ha cucTemarta 3a Ono3HaBaHe C
NpULEHO-CTPENKOBUTE KOMMIEKCH Ha BopaoBnTe cMctemMmn 1 CpeacTea 3a nopasssaHe .

B BCPJ1IO paboTtata Ha BCMYKM CUCTEMM Ce ynpaBnsBa OT cCrneuuanm3vpaHn KOMMOTPW,
KaTo LUMPOKO NPWUIOXEHUE ca Hamepunu undpoBu NMHUKM 32 OOMEH Ha AaHHW Mexady OoTAenHuTe
cuctemu ot Tuna MIL-STD-1553 Muxbus, ARINC 429 n RS-422.

Tasn koHuenuus ce 6Gasuvpa BbPXY WU3MNOM3BAHETO HAa MHOTOMYHKLMO-HANEH KOMMIOTHP,
KorTo obpaboTBa uHoOpMauMsaTa OT pasfnMyHM NOACUCTEMW U OCUTypsiBa Ha onepaTopa onTuMmarnHa
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MHopMaums 3a Bb3ylHaTa oOCcTaHoBKa, Mognomara B3eMaHeTo Ha TaKTUYECKN peLueHuns, nadopa u
yrnpaBrneHne Ha BbOpbXeHneTo. KoMnoTbpbT criegn yHKLMOHNPAHETO M TeCcTBa M3NPaBHOCTTA Ha
cuctemmuTe oT cbetaBa Ha BCPJIO npu nbpBOHAYanHOTO BKIOYBAHE, KaKTO M B npoueca Ha paboTa,
KaTo nos3BonsBa HaTpynaHata cratucTmyecka mHdopmauus ga Obae u3non3eaHe npy adHanuaa,
OLEeHKaTa M NPOrHo3MpaHeTo Ha OTKa3uTe B cuctemara.

Lvpoko npunoxeHue B ynpasneHueTo Ha obopyasaHeto Ha BCPJIO ot nunota ca
HamMepunm MHOroQyHKLMOHANHUTE PbYHM MaHMMynNaTopu, KOMTO NO3BONABAT M300pa HA HaN-BaXKHUTE
pPeXUMM W BKIKOYBAHETO Ha CUCTEMUTE 3a U3BbLPLUBAHE Ha OTKpMBaHe, OMO3HaBaHe, 3axsar,
CbNPOBOXAaHe Ha LenTa u ap.

OT CbLUECTBEHO 3HAYEHNE 3a U3MBIIHEHNETO Ha OOMHUTE 3a4a4M MMa HAYUHBLT U BUABLT Ha
nsobpassieaHata WHdopmaums. 3a uenta ce MU3non3yBaT MHOMOMYHKUMOHANHW LUBETHU Oucnneu
(MoLLO). MunoTuTe Ha camoneTu UnM BepToneTe moraTt ga m3bupat m3obpassiBaHeTo Ha efHa unu
apyra uHgopmauus Ha MOL. Tesu gucnnenm ce u3nonsBaT OCHOBHO 3a MpeAcTaBsHe Ha
TakTudeckaTa obCcTaHOBKa, KaTo MHOUKATOp Ha cpeAacTBaTa 3a OTKpMBaHE M OMO3HABaHe Ha LenvTe u
3a MHAMKaUWsa 1 ynpaBrneHne Ha cMcTeMuTe 1 cpef-cTBaTta 3a nopassiBaHe v ap.

ToyHoCTTa Ha nsobpassBaHaTa uHGOpPMaUns 3a uenvte 1 napa-MeTpuTe 3a N3non3BaHe u
HacoyBaHe Ha BbOPBXKEHNETO € B rpaHMUMTe Ha U3NCKBaHMATa 3@ TOYHOCT Ha NMPULENHO-CTPESKOBUS
KOMMnekc.

AHanM3bT Ha CbBPEMEHHOTO CbCTOSHME WM TEHAEHUUWTE Ha pasBUTME Ha cpeacTeaTta 3a
obekTnBeH koHTpon Ha PTC nokasBa, Yye HenpekbCHATO ce paboTu NO MOBULLABAHE KA4YeCTBOTO U
e(heKTMBHOCTTa Ha anapaTypaTa 3a BbBexaaHe U CHEMaHe Ha JaHHu 3a pabota Ha BCPJIO.

Llenta Ha n3nonsyesaHe Ha ToBa obopyaBaHe € Aa Ce Hamanu BpemeTo 3a NoAroToBKa Ha
OaHHM 1 TaxHoTto BbBexaaHe B PJIC n CPJIO, KakTo M npoynTaHe Ha 3anuMcaHuTe Mo BpeMe Ha
paboTa gaHHMW.

3a nogrotoBka Ha AaHHUTE, TAXHOTO BbBexaaHe B PJIC v nocnegsallo npoyuTaHe Ha
3anncaHuTe Mo Bpeme Ha paboTa JaHHM Ce U3Non3yBa LIeHTbP 3a ONnepaTUBHO NNaHupaHe.

B HacToswmMs MOMEHT cuctemmute M cpegctBaTta 3a 0bekTMBeH koHTpon Ha BCPJIIO ca
N3roTBEHU Ha CbBPEMEHHA efleMeHTHa M TexHonormdHa 6asa, no3sonsiBawa ga 6bae 3anucaH ronsimM
obem oT MHdopMaLms 1 Bb3MOXHOCTM 3a 6bp30TO 1 BbBEXAAHE U CHEMAHE.

LLinpoko npunoxeHue ca Hamepwuny cuctemuTe 3a OOMEH Ha JaHHW B peariHo BpeMe Ha
nHdopmaums 3a TakTudeckaTa 06CTaHOBKa MeXAy B3aMMOAENCTBALLUTE TaKTUYECKN €ONHULN

HaBuraunmoHHOTO OocurypsiBaHe MMa CbLLUECTBEHO 3HAYEHUe 3a YCMNELIHOTO U3MbIIHEHNE Ha
noctaBeHnTe OOMHN 3aga4un.

B cbuwectsyBawmte BCPJIO HaBurauuaTa ce usBbplla CcbC cnbTHUKoBata GPS, kato
cuctemaTa ocurypsiBa MHOMO BMCOKA TOYHOCT Ha [aHHUTE 3a BPEME W KOOpAMHATU, U HEMHOTO
OENCTBMNE He Ce orpaHnyaBa OT MECTOMOMOXEHNETO U peneda Ha MecTHOCTTa.

CwncrtemuTe npuTexaBaT MbBKaB copTyep, KOUTO ce Moamduumpa cnopes N3mMckBaHuATa Ha
notpedutens.

OCHOBHUTE XapaKTepuUCTMKM Ha obopyaBaHeTo Ha cbBpemeHHaTa BCPJIO ca B TsacHa
BPb3ka U B3aMMO3aBMCUMOCT CbC CbCTaBa M (YHKUMUTE Ha PagunonoKaUMOHHWUS KOMMMEKC 3a
OTKpMBaHEe W OMO3HaBaHe W crneaBa Ada ce pasrnexgar B paMKuTe Ha KpuTepust "CTOMHOCT-
edeKTMBHOCT”.

WHTerpupaHeto Ha PBbnrapusa B cTpyktypute Ha HATO Bb3HMKBA HeobxogumocTTa OT
npeBbopbkaBaHe Ha Hawwnte BBC ¢ BCPJIO, otroBapsiwa Ha ctaHgaptute Ha HATO m ocurypsiBaHe
Ha CbBMECTMMOCT Ha OMO3HaBaLoTO M cneunanHo obopyaBaHe.

HamupalumTe ce Ha BbOpPbXEHUE B HAaCTOALWMUSA MOMEHT TpaHcnoHdepu ot Tuna ATC 2000
R 1 ATC 3401 nmaT camo rpaxgaHckm pexumu Ha ono3HaBaHe 3A u C u He nNos3BonsBaTt yyactue B
CbBMECTHM onepaumm Ha Bonckute oT AnvaHca. [5]

B Ta3u Bpb3ka ¢ ornes HanvyHusa napk 6opaoBm cuctemu U cpeacTea 3a pagmonokaunoHHO
ono3HaBaHe e LenecbobpasHo fa 6bae M3BbpLUEHA MOAepHM3aumns Ha HanmdHuTe BCPO.

B cboTBeTCTBME C M3UCKkBaHUATa Ha cTtaHaaptuTe Ha HATO [9-10] u npakTukaTa Ha CTpaHu
- yneHkn Ha HATO moaepHusauusta Ha BCPJ10 cnegsa aa 6bae HacoyeHa KbM:

1. TlocTuraHe Ha onepaTMBHa CbBMECTMMOCT Ha cucTemata 3a pagvosioKaLMOHHO
OMno3HaBaHe.

2. [loBuwaBaHe Ha MHOPMALMNOHHUSA NOTeHUMan.

3. [lMoBuwaBaHe Ha TOYHOCTTA, HAAEXKOHOCTTA W  MHOTrOMYHKLMO-HANMHOCTTa Ha
cucTemMuTe 1 cpeacTeaTta paamoenekTpoHHo obopyaBaHe.

4. TlopobpsiBaHe Ha eproHOMWYHOCTTa Ha NunoTckaTa kabuHaTa 3a M3non3eBaHe Ha
bopgoBuTe cnucTeMu 1 cpeacTBa 3a pagnosiokaLuMoHHO OMO3HaBaHe.

5. MuHuMM3MpaHe Ha norumyeckata 3aBMCUMOCT W Cb3daBaHe Ha CbLBMECTUMOCT C
nornctuyHoTo ocurypssaHe B HATO.
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Ha ocHoBaHMe onepaTMBHO-TAKTUYECKN W3NCKBAHWUS, CbBPEMEHHUTE  TEXHUYECKU
OOCTUXXEHUA N TeHOEeHUMW Ha pasBuThe, pernameHtupaliuTe cTaHgapTu3auMOHHM [AOKYMEHTU Ha
HATO n UKAO, a Taka CbLLO MHpOpP-MaLmaTa OT NPOBEAEHN CpeLun U MPeAcTaBsaHUA Ha UPMUTE
“BAE” - Benukobputanus, EADS —lepmanus, “Raytheon’ CALL v gp. morat ga 6bgoat o6ocHOBaHM
obLwuTe M3MCKBAHMSI KbM CUCTEMUTE 3a PaguoSioKaLMOHHO OMO3HaBaHE U ca NPEeaSsIoKEHN Bb3MOXHMU
BapuaHTU Ha MogepHU3aLuns Ha.

- [a uHTerpuMpa B €AMHEH KOMMSIeKC C OOWo ynpaBreHue M UHOUKAUUS HOBUTE U
CbLUECTBYBaALLM CUCTEMU, C Bb3MOXHOCT 3a OnpefensiHe Ha MecTOMNOSOXKEHNETO U €ANHHOTO BpeEME
no curHanu ot GPS. Ctpyktypata Ha BCPJIO pa 6bde c oTBOopeHa MopyrnHa apxuTekTypa,
no3BonsiBalla nocreasaLlo oyCbBbpLUEHCTBYBaHE. [1a ce na3nonsyesa cbBpeMeEHHO 060pyaBaHe.

- Ono3HaBaTenHoTo obopyaBaHe pa ocurypsiea pexumm 1, 2, 3A/C, S, 4 n 5 no
nanckeaHeto Ha STANAG 4193 3a cuctemu IFF. CpegHata HapaboTka Ha oTka3 Aa Obae He mno-
marnka ot 2000 h.

CbrnacHo npuBegeHUTe MNo-rope CbOoDpaKeHUs ca Bb3MOXHW CregHMTe BapuaHTM Ha
MoaepHusauus Ha BCPJIO:

1) MbnHa mogepHU3aums .

2) YacTtmyHa mogepHusaums.

GPS A®DC

CN3APIUN

BapwuaHT 1. MNbnHa mogepHusauus Ha BCPJ1O

B npegnaraHute BapuaHTU HOBUTE CUCTEMU W CpeacTBa OT CbCTaBa Ha M3OenueTo ca
NOBAWIHATU C YEPBEH LIBAT.

HanpaBeHusT aHanuM3 Ha nocodeHuTe BapuaHTM 3a MogepHusaums Ha HCPJIO pasa
Bb3MOXHOCT [la Ce HanpaBsAT HAKOSIKO OCHOBHU M3BOAA.

1. BapuaHT 1 Hal-nbnHO noOKpMBa OOLWMTE OnepaTMBHO-TAKTUYECKM W3NCKBaHWS.
Hannuneto Ha HoBWM aHTeHHO - dwmpaepHa cuctema (APC), 6opooBM pagunoKauMOHEH 3anuTead
(BPN3) c kpuntobnok, aBToMaTuamMpaHo pabotHo msActo (APM), cucteMa 3a npefaBaHe Ha AaHHU
(cnn), cneumnanmaupad komnoTbp (CK), GPS cnctema 3a Nno3mMuuoHMpaHe 1 e4MHHO Bpeme, cuctema
3a paguoenektpoHHa 3awmta (PE3), cuctema 3a nnaHupaHe, 3anuc M aHanu3 Ha
paguornokaunoHHata wuHdopmaums (CM3APJIA) noBuwaBaT Bb3MOXHOCTUTE W OfepaTyMBHATA
cbBMecTuMOocCT Ha BCPJ10, HO 3HaunTenHo ockbNABaT peanu3auusTa.

2. B cpaBHeHue ¢ nbnHaTa MoAepHU3aumnsa BapuaHT 2 nokpuea mauckeaHusaTa Ha HATO u
MKAO npu no-manbk obem HoBO obopygBaHe. W3nonsyBaHeTo Ha wartHute GPS u aHTeHHo-
duaepHa cuctema He BrnoLwlasa XxapakTepUCTUKUTE Ha cucTemMaTa, HO CHWXaBaT HelHaTa ueHa.
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OcobeHoCT Ha NocoYeHnTe BapnaHTn e HeobxoamMmocTTa oOT npomMAHa Ha KOHCbVII'yan,I/IFITa Ha
ﬂpVI60pHVITe Tabna B nunoTckata kabuHa. Toea npu pasnnyHn MO,ElVId)VIKaLI,VII/I aBMalUMOHHa TexXHUKa

GPS ADPCMAD

CK

]

CMN3APIIN

BapwuaHT 2. YactnyHa mogepHusaumsa Ha BCPIO

e gosene 00 OONMbITHUTENHO yBElNTM4aBaHe Ha pa3xoguTe 3a UHXEHEPUHT No cnpAaraHeTo Ha BCPIJ1O
¢ PJ1C v oo HeobGxoammocT oT o6yqu|/|e Ha netarteniHng N MHXeHepPHO-TEXHNYECKN CbCTaB.
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Abstract: Evaluation of the possibilities to evaluate the efficiency of on board EW systems at
overcoming air defence is presented. The paper provides analysis and proposes a method for evaluation of
efficiency based on the theory of Markov’s processes.

KpuTepuute 3a oueHka Ha e(PeKTMBHOCTTa Ha aBMaLMOHHMUTE CPEACTBA 3a PaaMoeneKTPOHHO
npoTuBogencTBume ce pasrnexaat B [1,2]. Ha npakTtuka nony4yaBaHeTo Ha KONMMYECTBEHM pe3ynTaTtu 3a
eeKTMBHOCTTa € CIIOXEeH Mpouec nopagu ronsiMoTO YWCMNO CIyYarlHW BENIMYUHW, KOWUTO S
xapaktepuanpaT. B HacTosiwarta paboTta ce npegnara meton, NO3BONsABaL, TOYHO Aa ObAe oueHeHa
e(EeKTMBHOCTTA Ha aBMaLMOHHUTE CPEACTBa 3a paguoeneKkTpoHHo npotmeogen-cteme (PEMM).

[maBHaTa uern, KOATO ce npecredBa C M3Mon3BaHeTo Ha cpeacTtBaTa 3a PEIN B xopa Ha
npeogonsBaHeTo Ha MNpOTMBOBb3AyWHaTa oTtbpaHa ([MBO) Ha NpOTMBHWMKA, € HamMansiBaHETO Ha
cobctBeHuTe 3arybun. CnepoBaTenHo KpUTepUA 3a OueHKa Ha eqekTMBHOCTTa Moxe da Obae
cpefHOTO Yncno nopaseHn camonetn Pg,. B npoueca Ha npeogonsasaxe Ha NBO no aBuauunoHHaTa
yoapHa rpyna (AYI) wmoraT ga 6baaT W3BbPLUEHUM HSAKOMKO Mycka OT 3EHUTHU paKkeTHU
komnnekcn(3PK), saTtoBa 3a nsuncnssaHeto Ha Pg, e Heo6xoanmo :

- na 6bae onpepeneHo cpegHoto uucrno nyckoBe ot 3PK no camonetute oOT

yaapHaTta rpyna —k;

- Oa OboaT onpedeneHn BEpOSTHOCTUTE 3a NopassiBaHe Ha CaMONEeTUTE Cref BCEKM

nactpen ot 3PK — Pnop(i), (i-nopegeH Homep Ha n3cTpena).

Ia pasrnegame pencrteusita Ha AYIlT, obopyaBaHa cbe cpeacta 3a PEIN, npu npeogonsasaHe
Ha JageHa 30Ha, oxpaHseaHa ot 3PK (dur.1)

pynata camoneT moxe ga 6bae oTKpuTa Ha HsikakbB pybex Xo, JaneunHarta do 4O KOMTO ce
onpeaens oT Bb3MOXHOCTUTE Ha pagvoenekTpoHHUTE CpeacTBa, Brnu3alwm B cbeTtaBa Ha 3PK, a Taka
CbLLO OT BUCOYMHaTa Ha noneta H n napametbpa Ha Kypca Zy Ha YAI. 3a oTkpuBaHeETO Ha LenuTe u
3a nogroToBkata Ha cpegcTtBaTa 3a nopasssaHe Ha 3PK e Heobxogumo onpegeneHo Bpeme,
HapeyeHo «NacuBHO» - Tna, CNef KoeTo ce u3BbpLuBa cTpenba. 3a BpemeTo Ha npebuBa-BaHETO Ha
camoneTute B 30HATa Ha nopassiBaHe, KOATO MMa ObikuHa di, = (X-Xp) (Xi, X, ca CbOTBETHO
KoopAMHaTUTE Ha TOYKUTE Ha BNM3aHe W U3nNu3aHe OT 30HaTa Ha nopassBaHe), 3PK moxe aa
N3CTPENSs HAKOMKO pakeTn. 3Ha4eHMeTo Ha CpeaHOTo Yncro nsctpenu [3].we obae

1) K= Ng[1+ (d*sn+ L*)/(V*:T*)] Pa, -
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kbaeto Ni e uucnoto Ha ueneBute kKaHanm Ha 3PK, d*,, = (X*-X*;) — cpegHO 3HaveHue Ha
AbnboynHaTa Ha 3oHaTa Ha nopassiBaHe, L*, — cpejHO 3Ha4YeHne Ha AbnboYmHaTa Ha B6oliHus pen Ha

dowa Ha E ' ‘l
nopasabae ) | |
0 [ X2 X Lx.
S

dur.1.

camonetute, V*; — cpegHa ckopocT Ha YAI, T*, — cpegHO 3HaveHve Ha UuuKbna Ha ctpenbaTta Ha
Kommnnekca, P, — BEpOSITHOCTTa 3a M3NbITHEHME Ha MbpBaTa aTaka OT 3eHWTHaTa pakeTa.
3a ocbLyecTBABaHETO Ha ycneweH nactpen no AYT ot dour.1 cnegga ,4ye

2 Txox1 = Tnac + Tox,

KbAeTo Txox1 € BPEMETO 3a NpenutaHe Ha camoneTuTe OT pybexa Ha oTkpuBaHe X, OO BNM3aHe B
30HaTa Ha nopassBaHe X; , Tp,c — MACMBHOTO Bpeme Ha Komnnekca, Tox; - BPEeMeTo 3a nonet Ha
3eHWTHaTa pakeTa Ao Tovkata Ha cpewa ¢ AYl — X,.

PaBeHcTBO (2) Moxe ga 6bae 3anucaHo BbLB Buaa:

@) {l(d% — H? =Z%)" — X1IV*C} = Toae + (X241 + H? +270) IV,

KbaeTo V*, e cpefHaTta CKOpOCT Ha noneTa Ha 3eHuTHaTa paketa. OT paBeHCTBO (3) Moxe da 6bae
onpeperneHa kKoopavHaTaTa Ta TodkaTta 3a Bnu3aHe Ha AYT B 3oHaTa Ha nopassiBaHe Ha 3PK — X*;.
CpegHoTo BpeMe Ha uukbna Ha ctpenba T*, 3aBucy ot Tuna Ha nsnonssaHuns 3PK.

Hanpumep B 3PK ¢ nonyakTvBHO Haco4BaHe TO ce onpeaenst Cbc 3aBucumoctTa [3].

(4) T*, = TH + Thn = dbVA + T,

KbOeTo T*, e cpeQHOTO Bpeme 3a Haco4yBaHe Ha 3eHUTHaTa pakeTa KbM uenurte, T*,; — cpegHo BpemMe
3a nosTopeH nyck Ha 3PK. B (4) cpeaHoTO 3HayeHue Ha JaneynHata Ha HacoyBaHe d*, B criyvan Ha
paBHO Bb3MOXHa cTpenba no uenute oT YAl BbB BCSKa TOYKa OT 30HATa Ha nopassiBaHe LWe 6bae
(3]

X1
(5) d*y = [1/(X1—Xz)]j(x2 +H2 +Z20)12dx

X2

KboeTo X, € KoopauHataTa Ha Todykata Ha wu3nu3aHe Ha camonetute oT YAl OT 30Hata Ha
nopassiBaHe 1 3a 3Ha4YeHWeTo N 0OBMKHOBEHO Ce npuema, Ye e paBHO Ha MUHMMarnHaTta ganedynHa Ha
ctpenba Ha 3PK.
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Bb3MoxXHOCTUTE 3a M3NbiHEHWe Ha nbpBaTa aTaka oT 3PK 3aBucnm oT BenuumMHata Ha
NacvBHOTO BpEME, HeOOXOAMMO 3a OTKpMBaHe Ha Uenute W MOAroToBKa  3a MbpBMSA MYCK.
BeposaTHOCTTa 3a u3nbnHeHMe Ha MbpBaTa ataka P, e BeposiTHOCTTa, Ye MacuMBHOTO BpeMe T g,
ABSIBAMKN Ce CNy4anHo, HAMa Aa HagXBbpiiv MakCUManHoTO AOMYCTMMO BPEME T, MPU KOETO BCe OLle
€ Bb3MOXHO cpeLla Ha 3eHuTHaTa paketa ¢ AYl 0o nsnusaHeTo OT 30HaTa Ha nopassiBaHe. BpemeTo
T MOXe fa 6bAe onpegeneHo OT YCrOBMETO 3a paBeHCTBO Ha BPEeMeTO 3a npenuTaHe Ha camoneTuTe
[0 U3nn3aHeTo OT 30HaTa Ha nopassiBaHe U BpeMeTO 3a MNOMeT Ha 3eHUTHaTa pakeTa 40 TO3U MOMEHT

6)  T=[(d2—H2-Z20)12 - Xz + LNV*p - (X2 — H2 +Z20)12V/%,

Ha npakTvka 3akoHbT Ha pasnpegeneHue Ha BpeMeTo OOMKHOBEHO ce npuema aa 6bae
nokasaterneH [4] cbC cpeaHo 3HayeHune T.,c U BEepOSTHOCTTa 3a U3NbIHEHWE Ha NMbpBaTa aTaka Lie
obae

(7)) Pa=P(Trae<T)=1—p™®

3amecTBavikun nocrnegoBaTenHO 3HayYeHusita oT paBeHcTBa (4) u (7) B (1 moxe pa 6bae
onpeaereHo CpefHOTO YNCNO U3cTpenu K.

3Ha4yeHneTo Ha BEPOATHOCTUTE 3a NopassiBaHe Ha CaMOneTUTe crned BCEKU U3CTPen Moxe Aa
Obae onpedeneHo ¢ NoMoLLTa Ha MapkoBckuTe Bepurk. [a npegnonoxum ,4e no YAl ce npousBexaa
eOuHNYHa cTpenda. Npy ToBa BEPOSITHOCTTA 3a NMopassBaHe Ha eQuH CaMorieT, ako ce M3nonsyeat
cpeactea 3a PETI, e P, (n- 6pon Ha camoneTute). AKO He ce u3nonaear cpeactea 3a PEIN, B criyyas
KoraTo OCTaHe efMH CamMoneT , BEepOATHOCTTa nopassiBaHe e P;.

[o Bnu3aHeTo Ha camorneTa B 30HAaTa Ha MopassBaHe cucTemata Ce HamupaB WU3XOQHO
cbCcTosAHMe n. Cnea NbpBus NYCK TS MOXeE a OCTaHe B TOBA CbTOSIHWE, ako He e NopaseH HUTO eAuH
camorneT unu ga npeMuHe B CbTOsiHWE N-1, B cny4van, 4Ye e nopaseH eanH OT camoneTuTe.

BeposaTHOCTUTE 3a Te3n npexoau e 6baaT CbOTBETHO

Pun= 1-Py 1 Pyn1=Py,

KbJeTo NMbpPBUAT 3HaK B MHAEKCa O3Ha4YaBa CbCTOSHMETO Ha cucTemMara Ao Mnycka, a BTOpUAT — crefq
Hero.

lMocnepoBatenHuTe npexoauM Ha cuctemarta OT edHO CbCTosdHue B Apyro cned N nycka
npeacTaBnsBaT MapKoOBCKa Bepura — “ObpBO Ha cbCTosHMATA” [5,6]. MaTpuuata Ha BepoATHOCTUTE
Ha npexoauTe 3a Tasu Bepura crefl BCekn usctpen uma suaa

CbcTosiHMe CbcTosHME cnep nycka
o
nycka n n-1 n-2 | | 2 1 0
n 1- Pn Pn 0 | 0 0 0
n-1 0 1- Pha Poa | e 0 0 0
n-2 0 0 1-Poo | |
2 0 0 0 | e | 1- P, P, 0
1 0 0 0 | e | 0 1- P, Py

ToraBa B CbOTBETCTBME C «ObpBOTO Ha CbCTOAHUATA» U MaTpuuata Ha BEPOATHOCTUTE Ha
npexognte, BEpOATHOCTTa 3a NnopasdBaHe Ha eUH CaMoneT cnej enH nyck we 6boe

(8) pPO= Pn
cnen aBa nycka

9  PP=P,(1-P,) + PPy

a cneg N nycka
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10)  PM=pPy(1- PP + PPua(1- PN+ PPy (1-Py) Po+ PyPry PoPy
ToraBa BelMindYnHaTtTa Ha CpeLI,HOTO Ynucno nopaseHm camMoneTu we 6'b,£l,e

k
(11) Pgp=z PO
i=1

PaBeHcTBO (11) nosBonsgBa KonmuvyecTBeHO pAda 6bae oueHeHa edekT-MBHOCTTa Ha
cpeacteata 3a PElN npu npeogonsasaHe Ha MNMBO Ha npoTuBHWKa. [NMpeacrtaBeHUAT MeTon MOXe Aa
6bae usnonseaH u 3a onpegensHe AbnbounHaTa Ha MPOHUKBaHe Ha 3agjageH GoeH pen Ha AV,
KOSITO ocurypsisa npeogonsisaHeTo Ha [NBO cbec 3agageHa BEpOSATHOCT.
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Deyan Gotchev, Konstantin Sheiretsky, Plamen Trentchev

Space Research Institute - Bulgarian Academy of Sciences
e-mail: dejan@space.bas.bg

Key words: hierarchy, space, conflict

Abstract: A discussion is made on the use of peculiar points in the governing parameters’ states’ space
of a conflict during its evolution in the space vicinity of the Earth.

PeanHo u cnopepq norvkaTta Ha eBOMOUMS Ha KOHPIMKTHUTE 30HN OKOJI03EMHOTO KOCMUYECKO
npoctpaHcTBo (OKI1) ce npeBpbLla B AOMUHUPALL TeaTbp Ha BOeHHUTe aencteua (TBL).
MbpBaTa NpuynHa e nopagu reoMeTpudHUTe 0COBEHOCTU, OT KOUTO criegBaT NpeaumcTea
KaTto: no-gobpu 0630p, TOYHOCT Ha BbBL3AEWNCTBME, MAHEBPEHOCT, HEys3BMMOCT- CKPUTOCT U
HeOOCTbMHOCT.
CnepBallarta npudnHa e nopagm gusndeckute ocobeHoctn Ha OKI1, kouTo gaBaT Bb3MOXHOCTU
3a LierieHaco4YeHo NpoMeHsiHe Ha cpefaTta n obektute B Hes. VIma aBe HanpaBneHus:

1. KOHUenTyanHO eAHO3Ha4yHO u3criegBaHe W KOHTPONMUPAHO TEXHOMOMMYHO WM3MNon3BaHe Ha
0COBEHOCTM B NPexXoHM NpoLecu oT reodmanyHaTa MarHUTOXUAPOANHAMYKE;

2. cnekynupaHe u eKcnepumMeHTUpaHe C HOBOOTKPUTU SABFEHNS U ,HEKAHOHWYHW' NOCTynaTu 3a
cKkanapHu mnoneTta, XapakTepuCTMKM Ha MPOCTPaHCTBO-BPEMETO (CTPYKTypa, KasyarHocT,
NU3MeHeHue).

B nogbpaHM nNOCTOAHHM WNW  BPEMEHHW EHepProakTUBHW  30HU  4Ype3  UMMYFMCHWU,
,MH(POPMALIMOHHO” MOAYNMPaHN eneKkTPOMarHUTHW BB3AENCTBUS Ce BNWSE Ha AbIro-nepuoanyHm
ronsamo-mawabHn npouecu. PesynTaTbT ca NPOMEHU B aKTUBHOCTTA Ha KMMMAaTUYHU MU TEKTOHWUYHU
npoLecM W CbOTBETHUTE WM EKOMOrMYHW, COLManHU U UKOHOMMYecku edpektn. CnopHu ca
Bb3MOXXHOCTUTE 3@ KOHTPOI U perynupaHe Ha npeunsHocTTa v ,CnekTbpa’Ha nocnegHure.

[pyra Bb3MOXHOCT € 4pe3 BUCOKOEHEePrMnHO HacovYeHO [AencTBue fa ce Bnusie Ha
cTpykTypata Ha obekt B OKI1 1 Ha nokanHu xapakTepucTuknm Ha cpegata. PesynTtaHTHUTE NpoMeHu
BPEMEHHO HeyTpanuaupaT nnaHupaHuTe KOMYHWKauuwn, HabnogeHUs n TPaHCNOPTHU MaHeBpU B
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30HaTa Ha npunoxeHue. lNpeykn ca MHCTPYMEHTaNHOTO MNOAAbPXKaHEe Ha HyXHaTa eHepreTuka u
,3a001KansaHeTO” Ha AucMNaTMBHUTE NPOLIECH.

B nporpamu ¢ ,0BOWHO npedHasHaveHue” ce obCbxXAaT Bb3MOXHOCTU 3a LeneHacodeHu
NpoMeHn B OBWXKEHWETO Ha npecuyawy 3emHaTa opbuta actepouaun. [Npeasua TeHgeHuusATa 3a
TOYHOCT U OrPaHNYEHOCT Ha AEeCTPYKTUBHO Bb3AENCTBUE, € CbMHUTENHO HAaCOYBaHETO UM KbM 3eMHa
uen unu paspyllaBaHe M HacuwaHe C oTrnoMkuTe M Ha obnact ot OKIl, T.e. nepcnekTuBHO e
N3MONn3BaHeToO Ha eBEeHTyarnHoO HOBOOTKpMBAHUTE Mpouecu 1 pelleHus. NocnegHoTo e BanugHo 1 3a
uscnegsaHus Ha JlyHata n Mapc.

TpeTtaTa npuymHa e oT HacuwaHeTo Ha OKIl ¢ HenunoTupyemMu CbTHULM C PasnnYyHO BOEHHO
npefHasHadyeHue, Ha KOMTO LSNOCTHO ce AernernpaTt MHOroCTpaHHM aBTOHOMHU OYHKLUMN.

PuckoBeTe ca oT cBpbxBHegpsiBaHeTo Ha gencTalwum B OKI cucteMu ¢ u3kyCTBEH UHTENEKT,
n3npeBapBallo TpaauWLUMOHHUTE KPWUTEpMM 3a MpoBepka Ha HaaexaHocT. HambnHO HeWsBecTHO e
NoBeAEHMNETO Ha CbOTBETHUTE MPEXW OKOMO KPUTWUYHM NMparoBe B caMmonoggbpkaliara ce nepapxus
Ha PYHKLMOHUPAHETO UM.

Henpegckasyema e w1 ponsta Ha crnomeHaTtata O0COGeHOCT, KOMOWHMpaHa C
HOBOBBb3HMKBALLOTO Y4aCTUETO Ha MHOXECTBO AbPXKaBU U OpraHn3auum ¢ HECbBMECTUMMN UHTEPECU U
MWHUMArHO CPaBHUMU HMBa Ha OBLLIECTBEHO U TEXHOMOMMYHO passutne. CutyaumsaTa e cbyeTaHue no
aHanorva oT ABa OoTAaneveHy no Bpeme npoueca- OT enoxaTta Ha BenukuTe reorpaddckv oTKpUTUS B
no3HaBaTenHo npeausBMKaTenHa, HO aHTpono-He-spaxaebHa cpeja W Ha To3W cnep BTOpaTa
CBETOBHA BOMHA, KOraTo B MHEpLUUSATa Ha arpecuBHO NPOTMBOMNOCTABSAHE y4acTHULUTE Ce KOHKypupaT
C KOMMpaHu OT 0BL, N3TOYHUK PELLEHUS.

lMpoTnBOpeunBM Ca 1 NHTepnpeTaumMuTe Ha UHTepecuTe u npuHoca Ha ,doanerHute” (CALL un
Pycus) KbM UHTEpPHAUMOHaNM3auusaTa Ha KOCMUYECKUTE U3cneaBaHus.

KomeHTUpaHuAT npouec e npumep 3a NOTEHUMANHO KatacTpodUYeH cueHapun nopagu

nVHeeH NOAXOA KbM HenuHeeH npouec. lNpuymMHata e B XxaoTnyHata AMHaMmnka u TpaHcopmupaHe
npu NpecnyaHe Ha MHOXEeCTBOTO MPEXo4HN obnacTtu.
JonbnHuTenHa HEsICHOTM 3a eBeHTyanHa npeacka3yeMoCcT € M OT mponaraHgHaTta npasHota U oT
o4eBMaHOTO BnbupaHe B obsBaBaHNTE LUMBWUITHU U BOEHHUTE nNporpamu. E nin ToBa rpaHnyeH pexum
Ha gucunauus Ha ycunusaTa nopagn eBpUCTUYHO U3TOLAaBaHe C nocrefBalla CaMO-Bb3HMKBaLLA
npeopueHTaums?

Mnn B rnobanHoTto WMHE(OPMAUMOHHO OOLIECTBO CME CbBPEMEHHMLM Ha HeoDsBEHU U
HeJOCTbMHKW, ,OTBbA XOPU3OHTa Ha MO3HaHWE” u3cnedBaHWs MO LUUBMMM3AUMOHEH KOHMMWKT B
kocmoca? [poBepka Moxe Aa e HabniogaBaHeTO Ha HEaHTPOMNMYEH MHTENEKT N CboTBETHAaTa husmka,
KOETO He e HECbBMECTUMO.

PaboTtaTa e no TemaTukaTa Ha gorosop 1507/2006 ¢ MOH.
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enlekmpomagHuUmHa nyncayusi. Edsa npes 1962 e. 3a nbpeu nNbm 8 aMepukaHCKUsS rnedam ce rosiesea
opuyuanHa uHgopmayus 3a "uskdumenIHama posis, Kosimo moea omkpumue uma 3a cugypHocmma Ha CALL
u 3a ceemoesHusi Mup". Tozasa ce cbobuwjasa u uMemo Ha Hez2oeusi asmop - bbreapuHa npog. 0-p Kpbecmbo
Kpbcmes.

N3noxeHne

Ha 6 aBeryct 1945 r. aToMeH B3puB onyctowasa Xupowuma. Tpu OHM NO-KbCHO CbluaTta
cbaba cnonetssa n Haracaku. MNpe3 1949 r. CbBETCKUAT CbiO3 U3BbPLUBA ONUT C SOPEHO OPbXME.
MocTeneHHo B 3aTBOpeHMs Knyb Ha sapeHuTe Abpkasu ce BkrousaT OpaHums, AHrnns n Kutan. B
fesnogHWTE palioHM Ha nnaHetaTa ce W3BbPLUBAT CTOTUMLUM OMUTM C aTOMHO OpbXue. AopeHusaT
KOLUMap KaTo JaMOKNeB Med HagBuCBa Hag M3cTpaganoTo oT BropaTa cBeToBHa BOWHA 4YOBEYECTBO.
Mpe3 1959 r. Ha XeHeBckaTa koHdepeHuusa CALL obaye onoBecTsiBaT, Ye pasnonarat ¢ HagexaHa
cMcTeMa 3a permcTpupaHe Ha BCEeKM SiAPEH onuT B aTMocdepaTa, KbA4eTo M a € U3BBbPLUEH TOW. U ce
cnopasymsiBaT cbC CbBETCKMSA Cbl3 3a MOpaTopuyMm BbpXy u3nuTaHuaTa. [o-kbCHO ce nognvcea
JOroBOp 3a Hepa3npoCTPaHEHNE Ha SAPEHOTO OPBXME U 3a NPEYCTaHOBABAHE Ha BCsKakeu onuTtu. He
Ye TOW € Mpu3HaT BedHara OT BCMYKM SAPEHW CWMM, HO Taka WM MHaye ce cbhb3fasa topuaudecka
Oapuepa cpelly ekCnepMMeHTUTE B Tasu obnacT.

CH. 1. MNMpod. KpbeTtbo KpbeTes
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B ocHoBaTa Ha u3rpageHata B CbegunHeHuTe WwaTtu cTabunHa cuctema 3a KOHTPOM CTou
PU3NYHMAT dbeHomeH EMI (enektpomarHuTHa nyncaumsi). Obnrv rogMHu Bbpxy TOBa OTKPUTUE U
MMETO Ha HeroBusi aBTop cTom rpucd “Ctporo cekpeTHo!” [1]. EaBa npe3 1962 r. 3a nmbpBY MbT B
aMepuKaHCKMa neyat ce nosiBsiBa oduumanHa nHopmauus 3a “nskniovmTenHaTa ponsi, KOsiTo ToBa
oTkpuTME MMa 3a curypHoctTa Ha CALL n 3a ceetoBHMA mup”. ToraBa ce cbobLiaBa U UMETO Ha
Herosusi aBTop - 6bnrapuHa npod. a-p Kpbetbo KpbeTes.

CH. 2. KpbCTbo Ha 2 roanHu

Ton e poageH Ha 12 tonm 1900 r. B Cunmctpa B ceMencTBo Ha yuutenu. Cnea pyMbHcKaTa
okynauus Ha HOxHa [dobpymxka cemenctsoto ce npemectBa B Codwms. Tyk KpbCcTbo 3aBbpLuBa
rMMHasuanHoTo cv obpa3oBaHue, ceTHe cneasa MUHHO MHXEHePCTBO B 'epmMaHus u nocnegosaTtenHo
3awmTaBa Tpu goktoparta [3]. MNpe3 1930 r. cTaBa ANPEKTOP Ha XenesHuumTe 1 nowuTe, a ceTHe e
npodecop no gusmnka, TEXHOMNOMMSA U XMMUSA Ha MOLLHUTE eKCno3nsu BbB BoeHHaTa akagemus. MNpes

1932 roguMHa e [OUMPEeKTop Ha HayvyHuTe wuscnegBaHns kbMm [eHepanHus wab Ha BoeHHoTo
MUHUCTEPCTBO [3].

CH. 3. JadpmHa n NeaH Kpbetesu — poautenn Ha Kp. Kpbetes
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EnekTpomarHuTHaTa nyrncauus

12 aBryct 1932 r. ce oka3Ba CbA0OOHOCHa AaTa 3a Mo-HaTaTbLHUA NpodecnoHaneH NbT Ha
npod. Kpbctes. Ha 103 aeH no Bpeme Ha cTpenba ¢ TeXKo opbane Tow 3abensssa, Ye KOHTPOIHO -
n3MmepBaTenHuTe ypeau nokassat HEOOACHUMO ABMeHne. YUeHNaT ce 3aeMa C HeroBoTo uM3cneaBaHe
W cTUra 0O 3aKkniveHUeTo, Ye Npu B3pMBHaTa peakuns ce OTAENAT eneKkTpoOMarHUTHU BbITHU, KOUTO
Ce pasnpocTpaHaBaT CbC CKOPOCTTa Ha cBeTnvHaTa. KpbCTeB HaszoBaBa HOBOOTKPUTOTO SIBiEHUE
enektpomarHuTHa nyncaumst (EMIT) [2]. MNpe3 1933 r. BOEHHOTO MWUHUCTEPCTBO O HarpaxkgaBa CbC
3raTeH Medarn 3a Cb3[aBaHeTO Ha yped Bb3 OCHOBa Ha HEroBOTO M30OpeTeHue, ocurypsBsall TovHa
apTunepuiicka ctpenba.

CovrnacHo cnorogbata mexgy bbnrapus n Nepmanns 3a CbTpyaHMYECTBO B obGractra Ha
BOeHHWTEe Hayku npodp. KpbcTbo KpbCcTeB npogbmkaBa nscneaBaHvsTa cu ¢ usnum OT otgena 3a
nsmepBartenHn ypegu Ha “CumeHc”, Kakto U ¢ umeHuTusa ydeH Makc [Mnadk [1]. lMpes 1933 r.
repMaHckute uanumM permctpupat M HayyHo yTBbpkgasaT sasrneHneto EMIN, HasosaBavikm ro
“EdextbT Ha KpbeTes”. MNpu npoBeaeHus kpan bepnuH npes despyapu 1939 r. onut 3a pasbusaHe
aToMa Ha ypaHa ce u3nonsea ocuunorpacd, ocHoBaBall ce Ha “edpekta Ha KpbCTeB”, 1 3a MbpBu NbT
B UCTOpUATa Ha aTOMHWUTE M3cneaBaHus ce AOKYMEHTMpa MuUHuaTiopHa sapeHa ekcnnoaus. lMpod.
KpbCcTeB yyacTBa B KOHCTPyMpaHETO Ha NbpBUS M3MepBaTeneH yped 3a TOYHOTO HacovBaHe Ha
HeMmckuTe pakeTn “®ay 1" n “®ay 2" npu obcTpensaHeTo Ha AHrmmA[1].

OcBeH Hay4yHou3scrnegosartenckata cu aenHocT Kp. KpbcteB cb3aasa npes 1933 r. B Codus u
TPU wHAyCTpUanHu npegnpuatns: “EncoH” 3a enekTpoTexHuyecko obopyaBaHe, “AnTpoc” 3a
XYMUKanu 1 fiekapcTBa, enekTpoxumuyeckus 3asog “Ansicka” ¢ Hag 1 800 paboTHMLM 1 CryxuTenu.

[eeTn centemBpyn 1944 r. ro 3aBapBa CbC CEMENCTBOTO My Ha MbT ¢ aBTOMOOMN oT CrnoBakus
3a bbnrapma, HO ToM NpoMeHs MaplipyTa u npe3 ABCTpua ctura go Wtanusa. Tyk npes 1947 r.
cbabaTa ro cpewa ¢ amepukaHckus uank Anbept bpn CTon, CbBETHMK Ha BOEHHOBbL3OYLUHMS
atawe Ha CALL B Pum [2]. lMNMpea Hero npod. KpbCTeB paskprBa OTKPUTUETO CU U 3aegHOo obcbxaaT
HEroBOTO MPUNOXeHue Npu atoMHuTe ekcnnosuu. CobliaTa rogMHa CbC CEMENCTBOTO cu KpbCTbo
KpbcteB npuctura B KaHaga W cTaBa JAWPEKTOP Ha HayvyHOM3CNedoBaTernckusa LEHTbp 3a
Xupyprudecko obopyasaHe B TopoHTO. MNpe3 1950 r. Ton Beve e B CALL 1 e HasHayeH 3a cneumaneH
KOHCYNTaHT Ha aMepukaHckata apmus, (rnoT U BOEHHOBBL3AYLHU cunun. CbLieBpeMEHHO € U
CbTPYAHWK Ha cnewumanHata uscnegosartericka naboparopus Ha yHuBepcuTeTa B MuuuraH. MNonsea ce
C ronamM aBTOPUTET cpef HayvyHUTe U pPbKOBOAHMTE cpean Ha CbeguHeHuTe WwaTu. YyacTBa KaTo
CbBeTHUK Ha >KeHeBckaTa KOHMepeHUMs Mo pasopbXkaBaHeTo. YecTo M3Haca OOKnagu Ha HayyHu
KOHdepeHuun. B TMpuHCTBLH ce cpella ¢ AVHLWANH, YMNTO acUCTEHT € OMn No BpeMe Ha repmMaHcKus
cu nepuop, 1 3aegHo obcbxKaaT HOBM HACOKM 3a NpuroxeHue Ha “EdekTbT Ha KpbeTeB™[1].

CH. 4. Mpod. KpbCcTeB cbC CEMENCTBOTO CU
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CtaHan amepuKaHCKU TpaxpaHuwH, npe3 HoemBpu 1962 r. my ce BpbyBa “Harpaga 3a
n3KrnoumTenHa cnyxba” - Han-BMCOKOTO OTNMYME, KOETO Ce MpUChX4a B aMepuKkaHcKaTa apmMus Ha
LMBUNHO Nuue.

B Hauanoto Ha 1963 rogmHa CBeToBHMTE M3MbIHUTENHU odmcy “JleHko”, MHK - [xakcbH,
Mwucypu, pasnpocTpaHsaBaT cneumanHo nsgaHue, HapedeHo “lounTt KbeM egHa nssiBeHa NUYHOCT - 4-p
KpbcTbo KpbeTes”. B npegucnosmeTo ot npesugeHTa Mon Jleonapg ce kasga: ” B To3n Halwl 3aeT CBAT
HWe, nsrnexaga cMe CcTaHanu TONKOBa aHraxupaHu, TOMKoBa 3aeTu B bGopbaTa 3a ocurypsiBaHe Ha
XnBOTa CK, 3a CaMOTO CU oLensaBaHe, Ye NoHaKora rnpornyckaMme ga pasnosHaem v fa otaagem novut
Ha UCTUHCKN BENUKUTE YOBELLUKM NOCTUXKEHUSA Ha HalleTo Bpeme. C Ta3m MUCbM B Cb3HaHMETO CU a3
uMaMm yaoBOMCTBME [a NpeAcTaBs B TOBaA M3faHue 4vact oT mctopusita ul080 u nocTmxkeHusiTa Ha
eOuH 3abenexnTteneH Yosek....A-p KpbcTeo Kpbetes” [1].

3aknoyeHune

o kpas Ha xuBoTa cu g-p KpbcTteB octaBa 6bnrapuH. Cnea cMbpTTta My Ha 16 centemBpu
1969 roavHa, n3nbrHABaNKM HEFOBOTO XenaHue, npe3d 1972 roanHa 6nmnskute My AoHaAcAT ypHaTta ¢
npaxa My Ha 6brrapcka 3emsi.

NurepaTtypa

1.CtameHoB M. Te npocnaeuxa bwnrapus. Cogus, 2003
2. http://www.aba.government.bg/bg/Bd/Archive/archive/970901/4.html
3. http://www.segabg.com/online/article.asp?issueid=1480&sectionid=7&id=00012
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CEP®OTPOHHOE YCKOPEHME 3APAXXEHHbLIX YACTUL| MAKETOM U3
ANEKTPOMATHUTHbLIX BOJIH KOHEYHOU AMIJIUTYAbl B KOCMUYECKOU
NNA3ME

Hukonai Epoxun’, Hagexna 3onbHukoBa', Miogmuna Muxaitnosckas', PymeH LLikeBoB?,
CtunsiH flykos®

Y WHemumym kocmuyeckux uccnedosaHuii — Poccuiickas akademus Hayk, Mockea, Poccusi
2M/-lcmumym Kocmuyeckux uccriedosaHuli — boneapckas akademusi Hayk, Cogpusi, bonzapus
e-mail: nerokhin@mx.iki.rssi.ru, shkevov@space.bas.bg

Knroyeeble crioea. YrnbmpapernsamugucmcKoe yCKopeHue, nakem 371eKmpomMagHUMmMHbIX 80/1H, KOCMU-
yeckas nnasma, HesluHelUHble ypaeHeHUHA, suxpesasd KOMINoHeHma, cepghuHe Ha anekmpomMazHUMmMHoOU 80s1He

AHHOmauusi: MccriedogaHo ynbmpapenssmueuUCMCKOe YCKOPEHUE 3apsikeHHbIX 4Yacmuy npu ux
g3aumodelicmeuu € NakemoMm U3 3/1EKMPOMagHUMHbIX 80J/IH KOHEYHOU ammnnumyObl, PacrpoCmpaHsouUuxcs
rornepek criabo2o 8HeWHe20 MazgHUMHO20 oSl 8 KocMudeckou rnasme. C yd4emom euxpesol KOMMOHEeHMbI
aneKkmpuyeckux rosnel 60J/IH MOo/yYeH uHmezpan O8UXEeHUsI CUCMeMbl PensimuguCMCKUX ypaeHeHul O0ns
ycKkopsieMoeo 3apsida u 3adava ceedeHa K uccrie0o8aHU0 HeNTUHEHO20 ypasHEHUST 8mopo2o rnopsidka Onsi ghasbl
00HOU U3 80J/IH Ha mpaekmopuu Yacmuuypl. [TpogedeHbl YucieHHbIe pacdemsl ycrosull 3axeama u rnocnedyo-
weao yrnbmpapensimuguCINCKO20 YCKOPEeHUs 3apsi008 8 3asucUMOCMU OmM HayallbHbiX OaHHbIX Yacmuubl U
UCXOOHbIX MapamMempos 60/IH08020 Makema. HayvanbHas 3Hepeus yYacmuy ronazaemcs pesssmueucmcKodl.
YucneHHbiMu pacyemamu nokasaHo, 4ymo 0nsi crabo HenuHelHbIX 31eKmpoMagHUMHbIX 80S1H fpu docmamoy-
HOM pasnuquu ux Yyacmom (¢ha3osbix ckopocmeli) 8 nakeme U rpu rpesbileHuUU amniaumydamu 80J5TH HEKOMO-
pO20 10p0o208020 3HAYeHUsI UMEem Mecmo 3axeam U ocnedyuwee yibmpapensmusucniCKOe YCKOPEHUH
3apsi008, ecrnu 8 HayasbHbIlU MOMEHIM 8PEMEHU CKOpOCmb 3apsida 8 HarpaserieHuu pacripocmpaHeHuUsi 8071H
docmamoyHo b51u3ka K ¢gha3oeoli ckopocmu 00HOU u3 Mo0. Takum 0b6pa3om u3 rMpoesedeHHO20 aHasu3a criedyem,
Ymo eeHepayusi MomoKo8 YybmpapessmueUCMCKUX YCKOPEHHbIX 3apsKeHHbIX Yacmuy rnpu cepguHze Ha
anekmpomazHUMHoU 801He npoucxodum u rpu eo3delicmeuu Ha 3apsi0 nakema u3 80J1H KOHEYHOU amriumyobi.

CHARGE PARTICLES SURFATRON ACCELERATION BY A SET OF FINITE
AMPLITUDE ELECTROMAGNETIC WAVES IN SPACE PLASMA

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

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

Key words: Ultrarelativistic acceleration, package electromagnetic waves, space plasmas, nonlinear
equation, vortex component, surfing on an electromagnetic wave.

Abstract: Charged particles ultrarelativistic acceleration during their interaction with the package of the
finite amplitude electromagnetic waves, propagating across the weak external magnetic field in space plasma is
studied. Taking into account the wave vortex field component, the integral of motion for relativistic equations
describing accelerated charge is received and the problem considered is reduced to the study of second order
nonlinear equation for the phase of one of the waves on the particle’s trajectory. Computer calculations are made
to obtain the trapping conditions following the charges ultrarelativistic acceleration depending on initial particles
data and waves parameters. The initial energy of the particles is supposed to be relativistic. The computer
calculations have shown that for weakly nonlinear electromagnetic waves under sufficient difference of their
frequencies (phase velocities) and at waves amplitudes exceeding certain threshold value there are trapping
conditions following the charges ultrarelativistic acceleration, if in the initial time the velocity of the charge along
the waves propagation direction is close to the phase velocity of one of the wave modes. Thereby from the
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analysis performed it follows that generation of streams of ultrarelativistic accelerated charged particles due to the
surfatron mechanism occurs at the charge interaction with some set of finite amplitude electromagnetic waves.

BBepeHune

OOHMM U3 OCHOBHbIX MEXaHM3MOB reHepaumn KOCMUYECKUX fyven aBnaetca cepuHr
3apsA0B Ha 3MNEKTPOMArHUTHbIX BOJSIHAX B MarHUTOaKTMBHOW KOCMUYECKOW nria3me (CM., Hanpumep,
[1-4]). Ero uccnegoBaHue BXOAUT B YMCHO akTyarbHbIX 3a4ad acTpodusnkn 1 NpeacTaBnseT nHTepec
ONSA vHTepnpeTauMm OaHHbIX HabnogeHWn pensaTMBUCTCKMX YacTuL, B OKONTO3EMHOM MPOCTPaHCTBE.
AcHo, 4YTO aHanmM3 yCcnoBW 3axBaTa 3apsPKEHHbIX YacTuy, B  pPeXuUM  CepdOTPOHHOrO,
YyNbTPapEenAaTUBUCTCKOrO YCKOPEHUS B 3aBUCUMOCTM OT MapameTpoB 3agayun, a Takke uccregoBaHue
3(pHEKTUBHOCTN JAHHOIO MEXaHM3Ma YCKOPEHUS MpU BO3OEWCTBUM BOJTHOBLIX MakeToB HeOO6XxoaMmo
ONS1 KOPPEKTHbIX OLEHOK YMcCrna YCKOPEHHbIX YacTul, MX MakCUManbHOW SHEPrMn U 3HEepPreTUYeckux
cnektpoB [5-7]. [OaHHasa paboTa ABnsieTCA NPOOOIHKEHME paHee BbINOSIHEHHbBIX UCCREAOBaHUN Ha
cnydanm 6GonblMX HavanbHbIX SHEPrMrM  3apshKeHHbIX YacTul, Hanpumep, NS  SNEeKTPOHOB
paccmaTpuBalOTCs HavyanbHble 3HaYeHUs PenATUBUCTCKOro chaktopa nopsigka 5000.

[MapameTp HenuMHEeMHOCTM BONH MofnaraeTcs [[OCTaTOMHO MarnbiM, MNONSA  YCKOpsitoLen
3MNEKTPOMAarHUTHOM BOJHbI CYMTAOTCA 3a4aHHBIMU U MOCTOSIHHbIMU. BHayane u3 penaTMBUCTCKUX
YPaBHEHUN [OBWXEHWUs1 3apsifa C Y4eTOM BMXPEBOW KOMMOHEHTbl BOSHOBLIX MOMEW MOSyYeHbI
WHTErpanbel ABWXKEHMWS, YTO MO3BONISIET CBECTU 3aJadvy K aHanuay HeCcTauMOHApHOro, HENMMHEWHOro
ypaBHEHUsI BTOPOro Mopsaka AMCCUMNATUBHOIO Tuna Ans asbl 3NEKTPOMAarHUTHOM BOJSHbI Ha
TPaeKkTopmn 3axBa4yeHHOW YacTuupbl. OTO YpaBHEHNE pPEeLIaeTCs YUCIIEHHO AN PasnMYHbIX 3HAYEHWN
NCXOOHbIX MapameTpoB. 3agjada oOkasbiBaeTCd BecbMa TPYAOEMKOW W MOTOMY B AdaHHOW paboTte
M3noXeHa TOMbKO 4YacTb BO3MOXHbIX BapuaHToOB Bblbopa napameTpoB. [ns unnoocTpauun 3Toro
OTMETMM, YTO HaAexHoe onpegeneHve, Hanpumep, obnactu 3axBaTa YacTuubl B pexuMm cepduHra
cBOAUTCS K pacyeTy nopsagka 60000 BapnaHToB.

PesynbTaTbl NpOBEAEHHbIX pacyeToB MOXHO CHOPMYyNMpoBaTth criegyrowmm obpasom. [Npu
3axBaTe 4YacTuLbl B PEXMUM CUSIBHOTO YCKOPEHUSI C TeYEHMEM BpeMeEHM has3a YCKOPSOLLE INEKTPO-
MarHUTHOW BOJTHbI HA TPAeKTOpUM 3axBadeHHOM YacTuULbl MEASIEHHO BbIXOAUT HA HEKOTOPOE acUMMTO-
TUYECKOE 3HAYEeHME, YTO SBMAETCH XapakTePHON OCOBEHHOCTLI0 MexaHn3Ma cepduHra. KoMnoHeHTbI
UMNynbca 3axBayeHHOro 3apsfa U ero pPensTUBUCTCKUA pakTop YBENMUMBAIOTCS MNpPaKTUYECKU
NUHENHO C POCTOM BpPEMEHW, YTO COOTBETCTBYET MOCTOAHHOMY TEMMy YCKOPEHWs 3axBa4yeHHOW
BOMHOM YacTuubl. [py BbiGOpe pensTUBMCTCKUX 3HAYEHUN ha30BOW CKOPOCTU BOJIHbI HavbonbLuee
YCKOpEeHWe MAeT No HanpasIieHNO pacnpoCcTpaHeHus BOMHbI. B obpaTHOM crnyyae — HU3KUX 3HaYeHWI
¢asoBorn ckopoctn (o / ¢ k < 0.4) OCHOBHOE YCKOpeHWe MpoUCXoaWUT BOOSMb BOMHOBOro (ppoHTa.
PacueTbl npou3BoaMnMcb Ha WHTepBanax Oe3pa3mepHoOro BpemMeHn t = o t ~ 100000. Ons
Ge3pa3smepHoi hasoBon ckopocTy nonaranocb o / ¢ k = 0.4.

3a MCKNIOYEHNEM HavanbHOro WHTEpBana BPEMEHWU MOMNEpPeYHble K BHELUHEMY MarHUTHOMY
MO KOMMOHEHTbI MMYfbCca 3axBayYeHHOW YacTuLbl YBENMYMBAIUCH NPAKTUYECKN NIMHENHO C POCTOM
BpemMeHn. Ha 6onblumx BpemeHax nonepeyHble (OTHOCUTENbHO BHELLUHEr0 MarHWTHOMO MONsA) KOMMO-
HEHTbl CKOPOCTM 3apsiga OblnM NPakTUYEeCKM MOCTOSIHHBI, Hanpumep, Bapuaumm 6e3pa3mepHON CKo-
pocTn 3apsda BOOSMb HanpasfieHMst pacnpocTpaHeHus BomHbl He npeBblwany 0.001. KomnoHeHTa
CKOPOCTU 3apsiaa BAOSb BHELLIHEr0 MarHUTHOrO NMOJiSt B CUITY COXPaHEHWSI 4aHHOMO MMMNybca YacTuLpbl
cTpemunacb K Hymo. C yBenuueHMeMm HayvanbHOW 3JHEprMM 3axBadeHHOW 4acTuupbl (Mpu UKCKU-
poBaHHON (©a30BOM CKOPOCTU BOJSHbI) Bapuauuu asbl BOMHbI Ha TpaekTopum 3apsiga HECKOSbKO
BO3pacTator.

M3 npoBeOeHHOro YMCNEHHOrO0 aHanmMsa MexaHu3ma YnbTPapenATUBMCTCKOro cepduHra
3apagoB  Ha 3NEKTPOMarHUTHOM BOMHE cnefyet HeobXoOuMOCTb  AanbHEenwero  ynpoLleHus
WCXOAHOro ypaBHeHUst Ans dasbl BOMHbI HA TPaekTopunM 3axBadeHHOW YacTulbl C Lienblo NonyyeHus
acuUMNTOTKK, Hanpumep, Ans Temna YCKOPEeHUs U HecTaunoHapHoro adpekTMBHOro noteHumana, B
KOTOPOM peannsyeTcs HeNMMHeNHasa AUHaMuKa 3axBadeHHbIX YacTul,

OCHOBHBbIe ypaBHeHUuA n ux uccnepgoeaHue

C TOuYKkM 3peHns NpeHebpexeHns HeNMHeHbIMM addekTamMm NS YCKOPSOWMUX BOMH Hago
nonaratb, 4TO aMnNNUTyAbl pPacCMaTpMBaeMblX BOSIH 3aMETHO HWXKE XapakTepHOoro nons
PEenATUBUCTCKOM HENMHEWHOCTM T.e. 6 = e Ex / m ¢ ® << 1 nockomnbKy 3axBaT B pexum cepduHra
NpoucXoavT ANS aMNAUTy BOMHbI Bbille nopora ¢ > Uy, =1/(1- sz) 1z

PaccmoTpum Be BomnHbl € hasamMn Wy = w1 t— ki X, Vo= o t— ko X + @

BBenem 6e3pasmepHbie NepemMeHHble T= w; t, § = k; X. Imeem cBs3un
1) dWi/d1=1—(Bx/Pp1) 7€ Bx=Ppr [1-(d¥2/dT)]
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Y,=¥;-0+(a-38)-1+¢,d¥/dTt=0a(1-N;pBx),

rae No=cky/ oy, =/ Wy, 8=k /Ky, Bpr =1/Nyz, aNy, N, nokasarenu npenomneHus
nnasmbl Ha Yactotax BOMH. [ns OBYX 3NEKTPOMarHUTHbIX BOJSH, Oerylmx nonepek BHELUHEro
MarHuUTHOro Mosisi, KOMMNOHEHTLI Nonen 6epem B BUAe

(2) Ex = Eg;-cos W1 + Egy-cos ¥, , Ey = Xl'E01 -sin ¥, + X2 ‘Eo» -sin ¥,,

Hz =Ni-%1-Eo1-SinWi+Nz-y2- Ep-sin't;

30ecb y1 = €11 lecs , Y2 = €12 lecx MApamMeTp y XapakTepudyeT BUXPEBYH) KOMMOHEHTY
3MEeKTPUYECKoro norsi BosfHbl. BBoanM 6e3pasmMepHble : CKOpOCTb ycKopsiemoro 3apsga p=v / c,
0©e3pasamMepHble aMnnnTyabl BONMH 6y =€ Egr /M c o, 6, =€ Egx/ mc o, .

3ameTuM, 4YTO NMeeT MECTO COOTHoLWeHNe Py = By [ 1 — (d¥, /dt)]. Toraa 6espasmepHbin
UMMyJIbC 3M1EKTPOHa paBeH p /mc =v B, rae

y=1/(1-p*)"?- penstvBucTckuit chaktop. Tenepb PENsSTUBUCTCKUE YPaBHEHWS ABKEHUS B
none AByX BOJTH, paCcnpoCTpaHALWNXCA B nNiia3Me nonepek BHelWHero MarHMTHOro nonda nMeroT B

d(’y BX)/d’C = - (Gl cos¥, + a - o, cosY, ) —Ug- By - (Gl Ny - Xlsin Y, +

+ - Gz'Nz'Xz'Sinl‘Pz) . By ,

3 d(yBydt=-(o1-y1-Sin¥1+a-0z-%2-SiNY2) + (61-Ny-y1-sin Wy +
+a-02-Ny-y2-SinWo)Bx+uy-PBy,d(yB,)/dt =0,y B, =const,

Bx=Ppr[1—(d¥Pi/dt)],d¥,/dt=a(1-Nz-Byx),

dq”]_/d‘fz(l'Nl'BX),azﬁ)zlwl,S:kz/kl.

MpvBeaem Takke BbIpaXeHUS ANsi [NaBHbIX XapaKTEPUCTUK BOMH 4Yepe3 CTaHOapTHble
napamMeTpbl Nnasmbi :

U= ope /o, V= (mpe / w)z, r0€ Mpe , ®He COOTBETCTBEHHO JIEHrMIOPOBCKAs M LIMKIOTPOHHAsA
YacTOTbl ANEKTPOHOB. Takum obpasom nmeem cnegyoiime hopmynbl :

Bpr = (U” + Vo — 1)°° /[ (L + ug = vi)-(Uy + Vi — 1)] *°, Uy = ope fg,

Vi = (0pe / col)2 . CnepoBaTenbHO, OTCIOAa BbITEKAET CBA3b

Vvi=1-2-u” (1-Bp’)/[1-4-u’ B (1-Bp) 1" 2.

[nsa BTOpoKn BOMHbI 3anuckiBaem

Vosvilal  up=up /o, N2 =[(1=va ) —u2 ]/ (1—u”—vs),

UNn Bbipaxas Yyepes Vi, U; Nofyvyaem

N22= 1 +Vq (()Lz—V]_)/[OL2 (U12+Vl—(12)], V1<Q,2< U12+V1 , Bp2< 1,

X1=(1—V1—u12)/ulvl, X2=a~(a2—vl—u12)/ulvl,

Sza'ﬁpl/BpZ’ Bp2=1/N2-

3ameTum, 4To 13 ycrnosus Py, < 1 ( pasoBast CKOPOCTb BTOPON MOAbI MEHbLLE CKOPOCTU CBETa
B BaKyyMe) HaXoAuM [ONyCTUMbIN MHTEPBas M3MEHEHWs MapaMeTpa o, @ Vi < a’ < Uy” +Vv; .

[nsa nocnegyowero aHanusa BaXHO, YTO cUCTEMa PENSITUBMCTCKUX YPABHEHWUA OBMXKEHUS
3apsbkeHHoM 4YacTuubl (3) ¢ yvyeToMm BO3OeNCcTBMS 0Denx BOMH MMeeT cregyllme uHTerpanb
aswxeHnss h =y - B, = const,

J=y-By+tuy Ppr-(Y1-1)-01-%1-COSY¥1-0a-05- %2 COSY,,

J = const. OTclofa MOXHO MOMYYMTb BbIPAXEHUS ONA  Y-KOMMOHEHTbI CKOPOCTU MU
PENsTUBMCTCKOrO pakTopa YacTuubl :

By =[J + Uy Bps(t-¥1) +o1-y1-COSW¥i+a-0zy2-COSYWs /Yy,

Y=(1+h2+r2)1/2/(1-ﬁx2)l/2,

rEJ+Ul' Bpl‘(T"Pl)+61'Xl'COS\P1+(X,‘62'X2'COS\P2.

B utore mn3 (3) crnegyeT okoH4YaTenbHOE ypaBHEHWe Anst dasbl MEPBON IMEKTPOMArHUTHOW
BOJTHbI Ha TPAEKTOPUU 3apsXKEHHOWN YacTuLbl

(4) dW/di® +A;- (61-COSWi+0-0,-C0S W) +A,-S=0

roe BBefeHbl 0603Havenus : A; = (B —1)/y- B, Ao=PBy /v Bpa,

S=01- %1 (Bx=N1)-sin¥1+a- o2 %2 (Px—Nz)-sin'¥;.

Kak Buaum un3 ypasBHeHus (4), AMHaMuKa 3axBaTa W MOCMeaylwero yCKopeHus 3apsnos
BOSTHAMMW OMUCLIBAETCH HEMNWHENHbIM, HecTauuoHapHbIM ypaBHeHWeM. [MoaToMy Ans ero aHanusa
HeoOX0OMMO WCMONb30BaTh YMCIEHHble pacyeTbl. [1oCKOnbKy WMeEEeTCA HEeCKONbKOo CBOOOAHBLIX
napameTpoB 3ajaya SBMseTCA BeCbMa TPYOAOEMKON WM HWMXe W3MOXeHbl TOMbKO HEeKOTOopble crydau
n3yyaemoro npouecca. B pacyeTtax noctynaem cnegyowmm obpasom. 3agatotca napameTpbl NepBom
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®ur. 1. AnHamumka konebaHmin dasbl NepBoO BOMHbI HA TPAEKTOPMM YCKOPSEMOro 3apsiaa B6nman
HWXKHEeN rpaHuvLbl 6naronpusiTHOro Ans yaepKaHusa 4actuubl ananasoHa gas.

I I I

T

| | |

0 2.10* 4.10* 6-10* g.10* 10°
our. 2. MNbaduk penaTnBmcTckoro aktona 3apsiaa v(7) nom ¥+(0) = 0.8. Mmeem max v ~10930.
| | | |
()
gY

] ] ] ] ¥

0 2-10% 4.10% 6-10°* g-10* 10°

®ur. 3. InHaMuka KOMNOHEHTLI MMMYNbCca 3apsiaa BAOMb BOMHOBOrO opoHTa gy Ans cnyyas ¥1(0) = 0.8.

OTmeTuM NPaKTUYECKN NIMHENHBIA POCT Jy C yBeJIn4eHnem BpemMeHu.
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dur. 4. BpemMeHHas guHamMmka KOMMOHEHTbI nMnynbca yckopsaemMoro 3apsaaa, napannenbHon

HanpaeBneHWo pacnpocTpaHeHus BonHbl, ¥1(0) = 0.8 .

o ™
0.4 1 1 1 1
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our. 5. BpemeHHaﬂ AOVNHaMUKa CKOPOCTU yCKOpAeMOoro 3apsaaa Baosib BHEWHEro MarHUTHOro nons,
¥1(0)=0.8.
0se T T T T
06 [ —
_— (e =
0z —
l~P1((}) = 1.2
D c—
e 1 1 1 1 =
o 2-10* a.10* 6-10* g-10* 10°

dur. 6. BpemeHHasi gpuHamuka CKOpPOCTU YyCKOPSEMOro 3apsiga BAOMb BOMHOBOrO dpoHTa W1(0) = 1.2 .
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®ur. 7. BpeMeHHas guHammka pasbl BOSHbI HA TPaeKTopun yckopsiemoro 3apsaa npv Belbope W1(0) =
1.6 B cepegunHe GnaronpuaTHOrO AN YCKOPEHWUA AnanasoHa HavanbHbIX das.

4 T T T T T T T T T
f
1 o amn
i I
MR | I I
Rl '”
il h=25
0 1 1 1 | I I | I P %
o 110t 210" 310* 410* 510t 610t 710 g0t 90t 10°

dur. 8. BpeMeHHasi AMHaMuMKa (hasbl BOSHbI HAa TPaeKTopum yckopsieMoro 3apsiga npu Belibope W1(0) Ha
BEpXHeii rpaHunLe 6naronpusiTHOroO ANsl YCKOPeHWs AvanasoHa HadvanbHbIx das, ¥1(0) = 2.5.

dur. 9. ObnacTb 3axBaTa YacTuL, B PEXNM YNbTPapensAaTUBUCTCKONO YCKOPE-HUS Ha MITOCKOCTW HavarbHbIX
OaHHbIX; MPU pacyeTax wwar no HadanbHomn gase d¥1(0) = 0.02, No CKOPOCTN OH COOTBETCTBOBAI
da = 0.0005. Bpems cyeTta T = 100000.
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MoAbl, COBCTBEHHO Uy, Bp1 , 01 . 3aTem Bapbupys napameTpbl o , 6, NoabupaeM napameTpbl BTOPON
MOAbl U NPOBOAUM YUCIEHHbIE pacyeTbl. N3 dunsmyeckmx coobpakeHuin sICHO, YTO MpU AOCTaTO4YHO
OonbLlon pasHuue has3oBbIX CKOPOCTEN BOMH BTOpas Mopa He OydeT npensTcTBoBaTb 3axBaTy U
YCKOPEHMIO 4acTuL, NepBOM MOLOW MOCKOSbKY €€ BO3OEeNCTBME HOCUT ObICTPOOCLMNNUPYHOLLIA
xapakrep.

B naHHon paboTe m3yvaeTcsi cnyyanm 3axBaTa B PEXUM CUITbHOrO YCKOPEHMSI NEPBOM MOAOW
pensTUBMCTCKOM YacTuupl T.e npu h >> 1. bepem cnegyoLme 3Ha4eHUA NCXOOHbIX NapameTpos : h =
5000 = y(0)-B,(0) , g = y(0)-By(0) =0, u; = 0.2, Bp1 = 0.4, 51 = 1.09109, v; = 0.9662174, 61, = 0.24, %1 =
-0.03217,a=0T.e. B(0) = Bpr , rae a=d¥y /d7|.=o, gy=vPBy,h= vB,,01=1.106c , Gc = Uy Yo
0.98296 < o < 1.00311, g, (0) =g, Bx(0) =Pps (1 —a).

OTmMeTum, 4TO MMeeT MecTo hopmMyna [\((O)]2 =1+h?+g*+ [y(O)]2~ [BX(O)]Z, Monaraem o =
1.003, ¢ = . AMNIUTYOHBIN NapameTp BTOpon Mmoabl v = Eqg, / Eq; 6bIn B3ST paBHbiM v = 1.

PaccmaTpuBanock B3aMMofencTBuMe YrbTPapenaTUBUCTCKOrO 3apsga C  BOMHaMu AN
pasnuyHbIX 3Ha4YEeHU HavanbHow chasbl nepeor moabl ¥1(0), koTopasa meHsinacb B nHtepsane ( 0.5 +
2.8 ).PacueTtbl nokasanu, 4To Ha 3TOM MHTEpBasie BPEMEHN CHETa YCTOMYMBO YOEPKUBAKOTCS BOSTHOM
yactuubl ¢ 0.8 < W4(0) < 2.5. ina ¥,(0) = 0.7 3apag yoepXvBaeTcs N YCKOPSeTCA BOMHOM A0 T =
92706, ecnu B3ATb ¥1(0) = 0.6 , TO yaep>kaHWe UMeeT MECTO Ha BpeMeHax [0 T ~ 76421. AHanormyHo
npu 6onbLUnX 3HayYeHuax dasbl W1(0) = 2.6 3apsg yckopsAncsa BonHOW 4o T ~ 81716, a B cniyyae W4(0)
= 2.8 , yoepxaHue nmeet mecto ans t < 58337. B obnactu ¢as, CoOOTBETCTBYIOLLMX ANUTENBHOMY
3axBaTy M YCKOPEHUIO YacTuL, MakCumarnbHOe 3HayeHne pendaTMBUCTCKOro dpakTopa 3apsga ( npu T =
10°), BpeMeHHasi AMHaMMKa KOMMOHEHT €ro WMMyNbCa M CKOPOCTW MPaKTUYECKU HE 3aBUCSHT OT
3HauyeHnst ¥1(0). BbiSCHMOCH, YTO B cepeavHe GraronpuaTHOrO Ans YCKOPEHWUsl YacTul nHTepeana
T.e. npn ¥; (0) ~ 1.6 pasmax konebaHun ¢asbl MMHMMAareH, HO BO3pacTaeT Npwu yaaneHun K ero
KoHUam. 3To BMAHO n3 rpadmkos cdasbl W(t), y(7), KOMAOHEHTbI MMMYbCa gy(t), CKOPOCTM PB,(T) .

Kak BuMOMM, MpWM Hanuyinu BTOPOW BOSIHbI Ha MMOCKOCTWM HavamnbHbIX [aHHbIX CTPYKTypa
obracTu 3axBaTta 4acTuL, B PEXUM YNbTPapensiTUBUCTCKOrO YCKOPEHMS MOXET ObiTb OAHOCBS3HOW.

PaccmoTtpeH obwuin cnyyam npou3BOSIbHOMO (NTMHENMHOrO) BOJSIHOBOrO nakeTa. HampaeHbl
WHTerpansl OBWXeHUs 3apsga B More BOMH M NokKasaHo, YTO 3ajada aHanumsa YCKOPeHWs 4acTtul
BONTHAMU CBOAMUTCH K UCCNEOOBaHUKO HECTALMOHAPHOro, HEMMHENHOMO YpaBHEHWUs BTOPOro nopsiaka
ansa dasbl 04HOM M3 BOSIH Ha TpaekTopum yckopsiemoro 3apsifga. [aHHoe ypaBHeHne MoxeT ObiTb
paccMOTpeHO ANns 3apaHee 3aJaHHOro nakeTta BOIMH C HEKOTOPbIM pacnpeaeneHveM no amnnutygam
n dasam B 3aBUCMMOCTM OT 4aCTOThbl BOMHbI. CnegoBaTternbHO, MOXHO MU3y4YaTb BAUSIHUE YaCTOTHOW
ancnepcun Ha 3PGEKTMBHOCTb MexaHu3Ma cepduHra. VI3 npeaBaputenbHbIX OLEHOK crnegyeT, 4YTo
ANl NoKanM3oBaHHOIO B MPOCTPaHCTBE BOJTHOBOrO MakeTa ero wupuHa L gomkHa 6biTb 6onblue ¢ -
Bp1 - T, A€ T XapaKTepHoe BpeMs ynbTpapensATUBUCTCKOro YCKOpeHns 3apsiaa.

3akntoyeHune

B paboTe un3noxeHbl pesynbTaTbl YUCIEHHbLIX pacyYeTOB 3axBaTa W CUNBHOMO YCKOPEHUS
3apagoB € yNbTPapensTMBUCTCKOM HadanbHOW 3JHEpPrMer B MarHUTOAKTUBHOM Nfasme npwu
BO34ENCTBUM OBYX 3MNEKTPOMarHUTHbIX BOSTH KOHEYHOW aMnnuTyAbl. 3agadya pellaeTcs YUCrneHHbIMU
pacyeTamyn HeCTauMOHAPHOIo, HENMVMHENHOIO YpaBHEHUSA BTOPOro nopsaka AMccunaTtuBHOro Tuna ansg
dasbl NepBoM BOMHbI Ha TpaekTopuy YacTuubl. BonHbl pacnpocTpaHalTcs nonepek AoCTaTovyHO
cnaboro BHELUHero MarHWTHOro nonsi. AMNNUTYAbl BOMH U WX 4acToTbl nonaratTcs 6nmskumn. Ha
BonbLlUMX BpeMeHax BPEMEHW MonepeyHble K BHELUHEeMY MarHUTHOMY MOS0 KOMMOHEHTbl MMMynbca
3axBavYeHHOW YacTuLbl yBENMYMBANMCbL MPaKTUYECKU NMHENHO C POCTOM BPEMeHW, a nornepeyvHble
(OTHOCMTENBHO BHELUHEro MarHUTHOrO MOMiA) KOMMOHEHTbl CKOPOCTU 3apsda Obinv npakTUyecku
MOCTOsIHHBLI. KOMMoHeHTa CKkopoCcTu 3apsaa BOOMb BHELIHEro MarHWTHOMO MONSA B CUY COXPaHeHUs
AaHHOro MMMNynbca YacTuubl CTpeMunach K Hyno. OuHamuka konebaHuin asbl BOMHbLI HA TpaekTopun
yCKOpSeMoro 3apsiga CBuMAeTenbCTByeT O TOM, 4TO adpdektuBHad noTeHumanbHas sma
3BOSIIOLUMOHMPYET C TEYEHUEM BPEMEHMW, Hanpumep, ee MUHUMYM caBuraeTcs B obnactb GonbLumx
3HayeHu dasbl. Temn pocTa aHeprum YacTuubl NPakTUYECKM He 3aBMCUMT OT 3HayYeHUs Ha4varbHON
asbl U3 avanasoHa bnaronpuAaTHbIX ANA yaepxaHusa ¢as. Pasmax konebaHui dasbl MUHMMarneH
npu HadvanbHbiX asax (B paccmoTpeHHoM cnydae) W1(0) ~ 1.6 , COOTBETCTBYIOLNX MUHUMYMY
3(PHEKTUBHON MOTEHLUMANBHON SAMbl, HO 3HAYUTENBHO YBENUYMBAETCH BHE Y3KOM OKPECTHOCTU 3TOro
MuHMMyMa. 3a rpaHuuamy GnaronpusiTHOro Ans YCKOpPeHWs 4YacTuy, auanasoHa ¢a3 Bpems
yaepxaHus 3apsiga B adeKkTMBHOM MoTeHumanbHoW gMe ObICTpo yMeHbluaeTcs. M3 npoBeaeHHbIX
pacyeToB crnegyeT, YTO B Cryyae ynbTpapensaTMBUCTCKUX 3apagoB, Korga nepuog ux konebaHun B
apdeKTMBHON MNOTEHUManbHON siMe CTaHOBUTCA BecbMa OGomnbliMM, HeobxoaMMO  CUMbHO
YBENNUMBATL BPEMS UNCTIEHHBIX PAacyeToB, Hanpumep, Ao t ~ 10°.
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PaccMoTpeH o6wuii crnyyaii NpoM3BOSbHOrO (NMHEMHOro) BOJIHOBOrO MakeTa C 3apaHee
3afaHHbIM pacnpegeneHnem amnutya u ¢as :

Ex=2nEncos¥,, Yn=ont—K, X+ ¢@n, Ex=2, EqynsSin¥y,
H, = >0 En o Np Sin W,

HaigeHbl nHTerpansl ABWXEHWUA 3apsifa B MONie yKasaHHOro BOJNIHOBOIO MakeTa W MokasaHo,
YTO 3ajava aHanu3a YCKOPEHMSI 4YacTul, BOSIHAMW CBOAMTCS K MCCMeaoBaHMI0 HeCcTalMoHAapHOro,
HEeMNVHEeNHOro ypaBHEHUSA BTOPOro nopsaka Ans dasbl OAHOW M3 BOMH Ha TPaeKTopunM YCKOpSieMoro
3apsiga. [JaHHoe ypaBHeHMEe MOXET OblTb pPacCMOTPEHO ANsl 3apaHee 3aJaHHOro naketa BOJSH C
HEKOTOpbIM pacnpeneneHnemMm no amnnntygam u (baaaM B 3aBUCMMOCTU OT 4aCTOTbl BOJIHbI.
CnepoBaTtenbHO, MOXHO M3yyaTb BIIUSIHWE 4aCTOTHOW Aucnepcun Ha 3PdEKTUBHOCTL MexaHu3ama
cepduHra.
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Abstract: Most stars in the Universe have a companion and they are known as binary stars. In the
current survey, we focus on the special part binaries, Low-Mass X-ray Binaries (LMXBs)*. Using the mechanisms
of hydrodynamics, we studied the behaviour of accretion disc flow after weak disturbances in velocity and density.
We obtained that this causes some instability in the disc dynamics and has an effect on the shape of light curves.
The observational data of the estimated objects is used to create light curves. We analyzed the variations in their
shape, caused by different possible sources.

I. Introduction to LMXBs

X-ray astronomy is the branch of astronomy that studies the hot regions of our universe.

In fact, the coronas of the Sun and other stars, with their temperatures of several million degrees,
produce x-rays, as do the shock waves associated with supernovae, the surfaces of young neutron
stars, the accretion discs and accretion shocks associated with degenerate dwarfs, neutron stars, and
black hole candidates in binary systems, the hot gas in clusters of galaxies, and the massive black
hole candidates at the cores of galaxies. Our sky is bright with these various X-ray sources.

In current survey we stress our view on the binary stars with accretion discs as X-ray sources (Alpar et
al, 1984). Low mass X-ray binaries (LMXBs) are binary systems with a compact object that accretes
matter from a low mass optical companion star filling its Roche lobe (van den Heuvel 1975). The
LMXBs include semi-detached binaries consisting of either neutron star or black hole primary, and a
low mass secondary. Ways of formation and evolution are important and not yet fully understood
(Lipunov et al. 2007; Belczynski 2008).

Observationally: the spectra of the LMXB /at maximum light/ are devoid of normal stellar absorption
features. The ratio of their X-ray to optical luminosities is much larger than unity. Neutron stars are
created in supernovae, and they are generally more massive than the Sun, with maximum masses
around 2.5 solar masses the precise mass depends on the physics of the interior, which is highly
uncertain.

Some of the Low mass X-ray binaries are soft X-ray transients. They appear suddenly as bright X-ray
sources and then disappear smoothly for weeks to months. Neutron stars in low-mass X-ray binaries
can be identified when an X-ray burst is observed that lasts around tens of seconds.

Theoretically: the LMXBs are accompanied with accretion discs, which are hydrodynamical flow. Most
likely, the reason of these bursts is hidden in the flow fluctuations, such as some unstable
phenomena: shock waves, turbulization and pattern formation.

For neutron stars, about half of the gravitational potential energy is released as matter flows through
the accretion disk, and the rest is released when the matter falls from the accretion disk into the
neutron star's atmosphere.

If the neutron star has a weak magnetic field or there is an absent of such, the accretion disc extends
to the neutron star's atmosphere, where the problem becomes very difficult from a theoretical
standpoint. The interaction is between supersonic centrifugally - supported fluid and a pressure-
supported subsonic atmosphere. In the current survey we study the case of accretion flow without
magnetic field.

It is shown in the Figure 1 the image of X-ray binaries in Globular cluster M15, received by Chandra X-
Ray satellite.
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Figure 1. The two X-ray binary systems in Globular cluster M15. This Chandra’s image shows
two binary systems with neutron stars: one (left) whose neutron star is hidden by accretion disc
and one (right) which X-ray burst reveal another neutron star.

Credit: NASA/GSFC/N.White, L.Angelini

In the second section we present our theoretical results on the dynamics of the accretion flow, after
week consecutive disturbances of velocity, density and pressure. In section Ill, we turn to the
observational data and obtain another evidence of unstable behaviour of disc flow.

Il. Basic theoretical features of the considering problem

As it is known the accretion disc is a hydrodynamical flow. In this reason we apply in a section down
the equations of hydrodynamics that describe the dynamic of the flow. We receive these equations, as
we take in account of the presence of neutron stars in a binary system.

To study these features for the astrophysical flows, such as accretion in binary star, we choose to
explore by the equations of Navier-Stokes, because of the fullness of their form and the possibility of
suitable transformations. When the neutron stars are the pair of the binaries, we consider viscous,
rotating fluid and we couldn’t neglect the gravitational potential and the centrifugal force. In that case,
the Navier — Stokes equation takes the form:

(1) Z_\t/_;.v_VV:—EVP—QX(QXF)—V(D-FVVZV
el

Where the basic denotations are: p - is the mass density of the flow; we consider p = const so that

the radial entropy gradient exists; V - is the velocity of the flow; P - is the pressure; v- is the
kinematic viscousity; Q - is the angular velocity; Q x (Q X r) - is the centrifugal force of the rotating

accretion flow; VO - express the gravitational potential.
The energy balance equation for a viscous non-ideal fluid is:

@) %{p(%vz +g+cDH+V{pv(%v2 +h +cDj—2no-.v} =0:

where: %{p(%vz + & +<DH - is the total energy density, where the first term denotes the kinetic

energy, the second is the internal energy and the third express the potential of the gravitational field.

{pv[% vZ+h+ (Dﬂ - is the total energy flux, where h = £ + P/ p is the enthalpy.

n is the shear viscosity of the flow;
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o is the rate of shear;

Following the assertion that the flow becomes instable when some of the parameters: velocity, density
or pressure are disturbed, we make the necessary transformations of the above equations, including
the quantities:

@) V=v+uipp=p+p;Pp=P+p;
Where V,p,,p are the total quantities of velocity, density and pressure; Vv,p,P are the time
averaged values; u,p' , p' are the perturbations in time. We choose for the perturbations to be in an

exponent form and for the velocity it is: U = exp(ifct + im(p), where f_is the complex frequency of
perturbation; m is the mode number, over ¢ direction.
In Figure 2 below it is shown the velocity excesses and the density fluctuations distribution over r.

Figure 2. The images show the variations and exceeding of fluctuations of density (fig.2b) and velocity
(fig.2a). These two graphics are received applying analytical examinations of the perturbed quantities and
using appropriate mathematics software to parameterize the value.

In the above theoretically considerations, we showed some instability features in accretion disc flow,
according to the above requirements of the neutron stars. In the next section we will consider how
these processes have an effect on the light curves of the X-ray binaries with neutron stars as a
primary.

lll. Effects on the light curves shape

The shape of the luminosity of LMXBs may provide important information about their long term
evolution. Postnov & Kuranov (2005) noted that the observed shape of the LMXBs luminosity function
depends on the distribution of the masses of optical donor star. They assume that the X-ray luminosity
of the compact object is directly proportional to the mass transfer rate in the binary system.
Measurement of the variation of the X-ray luminosity of an object provides a wealth of information
about the dynamics and physical processes in a system. The spin of an object will often appear as a
periodic fluctuation in the object's X-ray luminosity. The eclipse of an object by an orbiting companion
will appear as a periodic dip in the X-ray luminosity. Instabilities or fluctuations in the flow of material
through an accretion disk can appear as random or quasi-periodic fluctuations in the X-ray luminosity,
which provides information on the physics of fluid flown onto an accreting source. The last relation is
most important for the considerations of the current paper problem and we make a conformation of
this fact here.

How this look on the light curves shape, which we create for the selected binaries figures (3, 4, 5). The
luminosity of these three binaries has different behaviour. It is essential for our suggestions the
magnitude variations of 4 an over. However the magnitude variations in LMXBs are not so high, but
changes sharply. These springs, as well, points to the running of unstable processes, usually in a
boundary of accretion disc flow.
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Figure 3. Light curve of LMXB GU Mus /Musca/. This is an ellipsoidal rotating variable, close binary
with ellipsoidal components. This binary behaves as intense variable X-ray source. The image is
created on the observational data of AAVSO /www.aavso.org/.

There is not enough and rich observational data of LMXBs, because of their specificity. The optical
radiation from an X-ray source arises from a different set of processes, and often from different parts
of a system than X-rays, so the ability to make these observations provides much more information
about the physical conditions at the X-ray source. The coherent kHz oscillations discovering during X-
ray bursts from LMXBs strongly suggest (Strohmayer 1996) for the existence of neutron stars in such
binaries.

We selected the below LMXBs from the General Catalogue of Variable Stars (Kholopov et al 1987)
and Catalogue of CV, LMXBs and related objects (Ritter and Kolb 2003). They are observed, as
follows, by the observers of AAVSO.

AAVEO DATA FOH V518 PER - WWW .AAVE0.0RG
13

Vv
135
14 ¥ .
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Figure 4. The light curve of LMXB V518 Per /Perseus/ (RK catalogue of X-ray stars). This is
an ellipsoidal rotating variable. It is seen the sharp drop of luminosity in a short period. The
image is created on the observational data of AAVSO /www.aavso.org/.
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Figure 5. The light curve of KV UMa /Ursa Major/. This is intense variable X-ray source binary
systems. This nova-like transient system, occasionally rapidly increases in brightness, probably
caused by some kind of instable behavior in the mass transitions between two objects. The image
is created on the observational data of AAVSO /www.aavso.org/.

Final remarks of the results

Gravitational potential of neutron stars provide the most effective mechanism of releasing energy from
matter. The viscosity in accretion discs slowly converts gravitational energy into thermal.

We may assert that the variations of the shapes of the presented lightcurves give us information about
the conditions inside the accretion flow and to conclude for the existence of some kind of unstable
processes. We used the well known common assertion of instability and after including the
perturbation quantities in the hydrodynamical equations, the possibility of turbulization of the flow is
grown. Observationally these disturbances in stability state of the disc flow are expressed as
pulsations, bursts, rapidly rotation, quasi-periodic oscillations and etc. In this way, the theoretical
predictions of the second section above are in corroboration with observational evidences.
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Abstract: A simple model of a certain type of porous media is condidered — mainly activated carbon,
based on the use of classical volume fractals. It is shown that the model provides satisfactory description of the
main experimentally verifiable characteristics of the considered media. In short, the possibility for further
improvement of the model is shown through intriduction of random changes in tne structure of the initial classical
fractal.

1. BbBeaeHue

M3BecTHO e, Ye MbPBOM3TOYHUK NPU Cb3aBaHeTO Ha bpakTanuTe u ppakTanHaTta reoMmeTpus
ca 6unu obekTn OT peanHocTTa, HanpumMmep, 6e3kparHO HayyneHaTa CTpyKTypa Ha bperoBaTta mBuua
[1]. Brnocnepcteue, obadve, ce 3abenssBa obOpaTHMA npouec — Cb3gajeHaTa Beye Teopusita Ha
(bpakTanuTe 3ano4Ba LUMPOKO Aa Ce Mpunara 3a MoAenvpaHe Ha pegwuua peanHu cpeauv u npouecu
CbC CnoXHa cTpykTtypa [2, 3]. lNMprMmep B TOBa OTHOLLEHME NpeAcTaBnsiBa paKkTarHOTO OnMcaHue Ha
Bb3HMKBALUMTE MyKHATUHW B HanperHatM martepvanu, pakTtanHoTo MOZenupaHe Ha KOMMO3WUTHU
MaTepuanu [4], npeacTaBAHETO Ha MoOpcKaTa MOBBbPXHOCT Kato dpaktan [2] u mHoro apyrun. Tyk
BaXXHO MSICTO 3aemMa (opakTaniHOTO MoAenupaHe Ha MopecTy u wynnectn cpeam [5, 6]. Bunpekn, ve
nscnegBaHunsiTa B Tasm 06nacT ca 3anoyHany CpaBHUTENHO HEOTAABHA, BeYe ca HaTpynaHn HeMambk
Opon paboTu, KakTo C TeOpeTW4yeH, Taka M C eKCnepuMeHTaneH xapakTtep. Tean u3crnensaHus
npeacTaBnsiBaT OCBEH TEOPETUYEH, Taka U HeManbK MPaKTUYECKU MHTEpEC, KaTo ce uma npeasug
Bb3MOXHOCTTA 3a Cb3[aBaHe Ha U3KYCTBEHW cpeam ¢ onpeaeneHn CBOMCTBA.

B HacTosima poknaj Hue pasrnexgame eavH NpocT Mogen Ha onpefeneH Tun nopectu
cpeau — rMnaBHO aKTUBEH BbLITIEH, OCHOBaH Ha M3MOMN3yBaHETO Ha Krnacuyecku obemHu dpakTanm.
MokasaHo e, Ye TO3N MoZen OnNucBa YAOBETBOPUTEITHO OCHOBHUTE EKCMEPUMEHTANIHO NPOoBEpPSiIEMM
XapaKTEPUCTUKN Ha pasrnexpaHnte cpefun. HakpaTko ce nocoyBa Bb3MOXHOCTTA 3a MO-HaTaTbLUHO
YCbBbPLUEHCTBYBaHE Ha MoJena 4pe3 BbBexAaHe Ha CryyYyavHu WM3MEHEHMs B CTpyKTypaTa Ha
N3XOOHMS KNnacuyecku dpakran.

2. Hakou no-BaXXHU XapaKTepuUCTUKU Ha cpeaaTa

AkTuBMpaHuAT BbrneH (AB), kakTo e M3BecCTHO, € cpefa, nosflyyaBaHa M3KYCTBEHO 4pes
n3rapsiHe Npu cneuunaniun ycrosusi Ha 06BMBKU OT KOKOCOBW opexu. MNMopagmn U3KNIoUYNTENHO BUCOKUTE
cu abcopObUMOHHM CBOWCTBA, TOW OTAAaBHa HaMupa MHOMO LUMPOKO MPUITOXKEHUE B XUMWUYECKUTE
n3crneaBaHus M TexXHonormm — Hanpumep, B abcopbepute, npotmeorasute u np. CpaBHUTENHO
HeoTaaBHa AB 3anovHa ga ce u3nonsyeBa (4pe3 cneuuanHa TEexXHONorus) 3a Mpov3BOACTBO Ha
€MeKTPUYEeCKN KOHAEH3aToOPU C OrpoMeH cneuudmyeH kanauuteT (0O HSKONKO AeceTku hapaga Ha
Ky6. cm).

AB ce xapakTepuaunpa c nopecra CTpyKTypa, T.€. C HaNM4YNEeTO Ha MHOXECTBO MUKPOCKOMUYHM
nopu unu TyHenu (C AunaMeTbp OT YacTM OT MM A0 eAVHMUM nm K no-manku). Teaum TyHenu (Mnu
OONWMHCTBOTO OT TAX) ca “MpoxogHn”, T.e. OcurypsiBaT MpemMuHaBaHeTo (punTpauusita) Ha
CbOTBETHM Cpean — Hanpumep, razose. CymapHaTa BbTpeLlHa NoBbpXHOCT Ha obpa3uuTe oT AB ce
OKa3Ba OrpOMHa — OT eVHWLM [0 AeceTku xunsam m>/cm?’. ToBa KauecTBo, Hapes ¢ MUKPOCKOMMUYHUS
pasmMep Ha Mopute ocurypsisa CbOTBETHUTE CBOWCTBA - CBPbXBUCOKa abcopbumoHHa crnocoGHOCT,
CBPBXBMCOK ENEKTPUYECKM KanauMTeT Ha CbOTBETHUTE YCTporcTBa 1 np. [4].
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3. OnucaHne Ha Mmogena

MpepnaraHmaT moden ce OCHOBaBa Ha CbOTBETHWM MOAMMUKALMK Ha Knacuyeckus dpakran
“I'bbnyka Ha MeHrep” . locnegHuaT, KakTo € N3BECTHO, € OT MPOXOAEH TuUM, KOETO CbOTBETCTBYBA Ha
NPOXOAHUA XapakTep Ha cTpykTypaTa Ha AB [7].

B nuTtepatypaTta pa3snuyaBat ABa OCHOBHM Tuna pakTany — MaTeMaTu4eckn Unu ngeanHu u
dusmdeckn unu peanHu dpaktann [2]. MNpu ToBa, rMaBHO OTNMYME Ha peanHuTe dpakTanu oT
ngeanHuTe e KpanHusa Opowi uTepauMu Ha reHepuvpalimsi anropuTbM M, CbOTBETHO, KpanHus Gpon
mawabn. Pa3bupa ce, cbliecTByBaT W OpPyrM OTNNYMS — Hanpumep, OTCbCTBMETO Ha uaeanHa
cumeTpus n np. Okassa ce, Ye 4pes onpegeneHu npoueaypw eavH uaeaneH gpakran Moxe ga ce
mMogudmumpa, gobnmkaBanky ce No TO3M Ha4YMH OO CbOTBETHUS pearneH dpakTan.

EgoHa oT OcHOBHUTE npoueaypu B TOBa OTHOLUEHWE € T.H. “opsA3BaHe” unu “otcuyvaHe” Ha
hpakTana, cbCTOSLlA Ce B CNUpaHe Ha reHepupawius anroputbm cref onpegerneH 6pon cTbhku
(ntepaumn) [2]. Hne we o3HauyaBame ykasaHaTa npouenypa kato “opsis3BaHe Ha dppaktana otgony”,
oTNU4aBanku S OT crefsallaTa npoueaypa — “opsiaBaHe oTrope” unu “opsasBaHe B Ha4asrioTo”, KOSATO
ce npeanara oT Hac U He e onucaHa B nutepaTtypara.

Mpoueayparta “opsizBaHe OTrope” nma 3a Len usrnaxgaHe unu perynspusaums Ha dpakrana
1 Ce 3aknoyaBa B M3MyCcKaHe Ha HavanHuTe CTBLMKM Ha anropuTbMa M 3anoyBaHe Ha reHepaumsita Ha
dpakTana oT cragunm Ha no-ronamo “n3gpebHsisaHe”. ToBa ce unoctpupa Ha dwur.l, kbaetTo e
rnokasaH maxogHus dpakran “I'ebudka Ha MeHrep” (a) n opsisaHusa oTrope (MbpBa UTepaums) dpakran
oT 1031 Tnn (b).

dur.1. WoeaneH dpaktan Tun “Mouyka Ha MeHrep”

®ur. 2. OTpsizaH OTrope Ha NbpBa utepaums dpakran Tmn “boéudka Ha MeHrep”.

Opsai3BaHeTo OTAOMNY Ha dpakTana ce orpaHuyaBa OT MUHMMANHO OONYCTMMUA pasMep Ha nopuTe,
onpeneneH oT uU3nMdeckn cbobpaXkeHUss UMM OT MUKPOCKOMCKO HabniogeHve Ha peanHaTa cpena.
Opsi3BaHeTo oTrope e Heo6xoaMMo 3a u3rnaxgaHe Ha Moferna (B OEeNCTBUTENHOCT B CTPyKTypaTa Ha
aKTUBHUSA BbIMEH He ce HabnogasaT eauHUYHN NOPU C MHOTO rofnieMu pasmepm).
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Mpouenyparta “paHaoMu3aums” ce npunara LWMPOKO 3a mogudmkaums Ha MaTemaTuyeckuTe
dpakTann n gobnmxasBaHeTo UM MO TO3U HAYUH OO peanHuTe dpakTtanu. CbliaTta ce 3aknoyasa B
[obaBAHETO Ha cryyYyaHu CMyLWeEeHWs B OeTEepPMUMHUPAHUS anropuTbM,  FeHepupall M3XOOHWS
dpaktan. Taka morat ga 6bAaT NoOMAyYeHW pPasnMyHM PaHOOMU3MPaHW BapuaHTWM Ha KhacuyeckuTe
dpakTtanu — “Kpuea Ha Kox”, “Kunum Ha CepnvHckun” n ap. [7].

B pasrnexgaHusa cnyyam paHgomMmusaumsaTa Ha knacmnydeckusa dpakran “Iboudka Ha MeHrep” e
uenecbobpasHa OT rnegHa Toyka Ha npubnuwkaBaHe Ha mofena [0 peanHaTa cpepa. Kakto e
M3BECTHO, BbLITIEHBT, B TOBA YMCIIO U aKTUBHUAT BbIMNEH, MMa aMopdHa CTPYKTypa U OTAENHUTE nopwu
HSIMaT CTPOro NMoApefeHo pasnonoxeHune, gokato dpaktansbTt “IMbbuyuka Ha MeHrep” nma cTpykTypa,
n3oMopdHa Ha CTpykTypaTa Ha KpucTanuTe C KyOuMdHa CMMeTpUsi, KaTo KBadpaTHUTE TYHenu c
HamarnsBall, pasmep ca pa3nosioXXeHN B CTPOr pes.

Mexay BNpo4eM, He € U3KMYEHO U HWE TO U3KasBaMe TyK B KA4eCTBOTO Ha XunoTesa, Aa
cbliecTByBaT (MMM ga moraT fda ce cb3gafdaT W3KYCTBEHO) ApyrM Mopuduvkauum Ha BbINepoaa,
XapakTepusupalliy ce C HanMyuneTo eOHOBPEMEHHO, KaKTO Ha KpucTarnHa, Taka M Ha dpakranHa
CTPYKTypy (Taka, KakTO M3KyCTBEHO 0sixa CUHTe3vMpaHu HeoTAaBHa JApyr TuM BbINEPOAHU
Moaudmkaumm — pynepeHute).

4. OCHOBHM XapakKTepucTukKn Ha Mmogena

4.1.®dopmanHo onucaHue

dopmanHo, anroputbMa Ha reHepupaHe Ha dpaktana “'bbuyka Ha MeHrep” moxe ga ce
npeacraBu Taka
(1) M = ﬂMn , M- eannnuen kyb,

noN

wepeto M, = {(x,y,2)c R%:3i, j,k € 04,2}: 3x—i3y - j3z-k)e M, |.

4.2. ®pakTanHa pasmepHoOCT

dpakrtanHata pasmMepHOCT Ha rbbuykata Ha MeHrep, KakTo € M3BECTHO, € ApobHa M Mma
cnegHaTa CTOMHOCT [7]

logN, log20
@  dp =21 1990 57268,

logr log3
kbaeTo I' =3 - Gpol Ha YacTuTe, Ha KOWUTO Ce [enu cTpaHaTta Ha kyba, N, = 3°® —7 =20- 6poit Ha

yacTuTe (cybkyboBeTe), ocTaBalum crnef nbpeata utepaums.
Mo aHamnornyeH HauuH, 3a opsidaHaTa oTrope (OO0 MbpBaTa MTepauus) Mouuka Ha MeHrep,
nonyyasame

r =3 =9, N," =3°-3°7 =540,

o _log N, _ log540
logr® log9

@ d. ~ 2,863,

a 3a OpsdA3aHaTa OoTrope o BTopaTta urepauuna rbOunYka nmame
r® =33 =27, N,® =3° —3°7 =14580,

@ logN,”  1log14580

= = ~ 2,9039.
logr log 27

@  de

KakTo ce Bmxaa, ¢ yBenumyaBaHe Ha Oposi Ha opsi3aHUTE OTrope UTepauun Ha reHepupaLLmns
anroputbm, HapacTBa CTOMHOCTTa Ha ApobHaTa pasMepHOCT Ha Moaudmumnpanusa dpaktan “Mboudka
Ha MeHrep”, CTpeMeNkN ce KbM YMCIOTO 3, T.€. KbM TOMOMOrMYHaTa pasMepHOCT Ha U3XOOHMUS KyO.

CbrnacHo nuTepatypHUTe [AaHHW [8], NpOBeAeHWUTE €eKCMepMMEHTanHW W3MepBaHWs Mo
MeToZa Ha MonekynspHata abcapbuusa Ha obpasum OT aKTMBUPAH BbLITNIEH OT OOBUBKM Ha KOKOCOBU
opexu Nokaseart, Ye pa3MepHOCTTa Ha CbLUUTE Ce HamMMpa B rpaHnLMTE Ha
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G)  d."®"* =280+0,6.

OTTyK MOXe [a Ce 3akmouu, Ye Mo OTHOLWEHVME Ha dpaKTanHata pasMepHOCT, KakTo
HeMoaMMUUMPaHUAT Mofen, Taka W ABeTe MoaudukauuyM Ha CbluMsi 4Ype3 opsidaBaHe oTrope,
CbOTBETHO, HA MbpBa W BTOpa UTepauuu, ce BMUCBAT B MHTEpBana Ha M3MepeHuTe CTOMHOCTW Ha
TO3M NapameTbp Ha aKTUBHUSI BbIMeH. Bece nak, Han-6nmM3o go cpegHaTa CTOMHOCT Ha TO3W MHTepBan
ce Hamupa pakTanHaTa pasmMepHOCT Ha Opsi3aHnsa OTrope Ha MbpBa utepauus dpakTan, KoeTo AaBa
OCHOBaHMWe fa ce oTgafe npegnovutaHve Ha To3u Mogen. JonbnHUTeNnHo cbobpaxeHune, koeTo belue
oTtbens3aHo no-rope, e no-ronsimMata paBHOMEPHOCT Ha dpakTana, T.e. N0-MankoTo OTnuyMe Mexay
pasmepuTe Ha Hal-ronemMumTe TyHEnu, KOEeTO OCUrypsiBa OpPsi3BAHETO OTrope Ha pasrnexgaHus
dpakTan.

4.3. CymapHa nnou Ha TyHenuTe (BbTpellHa nnouy)

Kakto e nssectHo, 06emMbT Ha OCcTaBallaTa cnej npops3BaHe Ha TyHemnuTe YacT Ha dopakTana
“'buuka Ha MeHrep” mma mspka Hyna [7]. B cbwoTo BpemMe cymapHaTa BbTpellHa nnow, Ha
TyHenute Ha ngeanHusa dpakran e 6eskpanHa. 3a peanHus (ops3aH 0T4oNy) dpakTan Tasu nnow, e
KpanHa, HO MOXe fa AOCTUrHe MHOIO roflieMu CTOMHOCTU crne AoCTaTbyHO ronsiMm 6pon ntepauuu.

3a mogena BbB BW4 Ha opsid3aHa OTrope Ha MbpBaTa uTepaums rbbuyka Ha MeHrep
cymMapHaTa nnow, Ha TyHenuTe, T.e. BbTpellHaTa Nnolw, Ha dpaktana Moxe fa ce onpegenu ot
CTeneHHUs 3aKoH

368n 20n—2 5

(6) Sn_ 32(n+l) a,

KbETO @ e cTpaHaTa Ha U3xoaHus Ky6, N e 6pos Ha uTepauumTe;
-2 < 0
Mpu n <113a mHoxutens 20" ce npvema ctonHocTTa 20° =1.

Mpu a =1 (B CbOTBETHW MEPHM eanHULIM) ropHaTa (popMysia BCbLUHOCT AaBa OTHOCUTENHaTa
(Ha egmnHMUa 06eM) BbTpeLLHa NIoLW, Ha pasrnexaanus dpakran

’

7 S ::%% [m?7em? ]

n

Taka, 3a wecTaTta utepauna nmame

8°20°
®) S, =————=127.10"a’.
6 38
3a HauaneH ky6 cbc cTpaHa a =1CMm, nonyyaBame 3a oTHOCMTENHaTa BbTPELLHA MOl Ha
dpakTana

9) S’'=1,27.10".10" =1270m?* /cm®.

3a pa3mMepa Ha CTpaHaTa Ha Han-marnkuTe TyHEenn nmame

min

10) a, =a, = 3% ~ 0,00137cm =137 zm.

lMonyyeHUTe CTOMHOCTM 3a OTHOCUTENHATa BbTPELUHA NMOLW, U 32 MUHMMAanHUTE pa3mepu Ha
TyHenuTe Ha pakTana nokasear, Ye MO Te3n nokasaTenu pasrnexgaHusa mogen ce gobnuxkasa go
TUNNYHUTE U3MEPEHN CTOMHOCTU Ha BbTpEeLlLUHaTa Niol M Ha pasMepa Ha nopute Ha obpasuu oT
MoAenupaHaTa cpefa — akTUBMpPaH BbITIEH OT OOBMBKM Ha KOKOCOBM opexu [8].

Mo-HaTaTbLHO YCbBbPLUEHCTBYBAHE Ha Mofena U1, crieaoBaTernHo, no-gobpo npmbnmxkasaHe
Ha CbLUMS KbM XapaKTepUCTUKUTE Ha pearnHuTe cpean, MoXe fa ce NMOCTUrHe, KakTo Gelue NocoveHo
no-rope, Ypes npunaraHe Ha npoueaypa Ha paHOoMmM3auusi Ha um3xogHua dpaktan (rbbuyka Ha
MeHrep unu, CbOTBETHO, OpsidaHa OTrope 1 oTAony rebudka Ha MeHrep).

Mo NpyHUMN ca BbL3MOXHM HaW-pasnUYHM METOAM 3a paHAOMM3aUMUs Ha pasrnexgaHus
obemeH (ppakTan — Hanpumep, Ype3 3amsHa Ha CTPOro NoApeAeHOTO pasMnofioKeHWe Ha TyHenute
ype3 BbBEXOAaAHE Ha CryyawHWM Mankv U3MECTBaHWS Ha CbLUWUTE CMPSIMO HayarHOTO MOJIOXKEHME.
Opyra Bb3MOXHOCT NPeAoCTaBsl BbBEXAAHETO HA CNy4YalHN M3MEHEHUS Ha MbpBOHA4anHarta cTporo
KBagpaTHa popMa Ha CeYEHMETO Ha TyHenuTe u Np. Ha TpeTo MACTO, HMe NpeaBMXKaamMme Bb3MOXHOCT
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3a paHOoOMM3aund 4Ypes BbBeXOaHe Ha JTIOKalilH N3MEeHEHUA Ha OpA3BaHEeTO OTrope n oTaosy, KOUTo

cTaBaT MO CfyyaeH u3Bop — Hanpumep, upe3 pasgensHe Ha uaxogHus ky6 Ha 3" cybky6a,
HOMepupaHe Ha oTaenHuTe cybkybose u BnocrneactsmMe M3bop Ha oTaenHuTe cybkybose OT USMOTO
MHOXECTBO, B KOUTO Ce BbBEXJa Opsi3BaHe B MO-BMCOKA CTEMEH, Ype3 npoueaypa 3a cnyvaeH msbop.
Mo TO3M HaunH paHgomuaupaHus dpaktan “Ibudka Ha MeHrep” npugobuBa CTpykTypata Ha
“mynTudpakTan”, MHoro no-gobpe naceall Ha ecTecTBeHUTe (peanHuTte) dpakranu.

5. 3akntoyeHune

lMpoBeaeHOTO M3cneaBaHe W MNonyyYeHUTe pesyntaTy JaBaT OCHOBaHWE [a ce 3aKmouun, ye
npeanaraHus NpocT dpakraneH Mogen Ha nopectu cpean (akTuBMpaH BbINEH) CpaBHUTENHO Jo6pe
OTroBapsi Ha OCHOBHUTE XapakTepuUCTUKM — dppakTanHa pasMepHOCT, CymapHa BbTpeluHa nnoL,
pasmep Ha TyHenuTe U np., Ha peanHuTe cpeaun. ToBa AaBa OCHOBaHWE [a ce Npeanorioxu, Ye Tosu
mMozen 6w Morbn Aa ce M3Non3yBa 3a YMCMEeHO MOAenMpaHe Ha pasnuyHu NpoLecu B Te3n cpean —
Harnpumep, Bb3HUKBAHE U pa3BuUTMe Ha AedeKTn 1 np.
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CRITICAL PHENOMENA DURING SELF-ORGANIZATION IN ASTROSYSTEMS’
TRANSITION REGIONS

Deyan Gotchev, Konstantin Sheiretsky, Plamen Trentchev
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Key words: self-organization, astrosystem

Abstract: A comment on the phenomenological nature of astrosystems’ transition regions and its
epistemological potential is presented.

lMpenBua OTBOpPEHWsT XxapakTep Ha OTKPUBAHWUTE M U3CNedBaHN acTPOCUCTEMU- ENTIEMEHTU OT
MeTaranaktukaTta, Mo3aevHaTta UM "nepapxus”, KOHBEPrMpaHeTo KbM HEMO3HABAaEeMOCT 3a MPaHUYHK
CTOMHOCTM Ha EeHeprunHUTEe U MNpPOCTPaAHCTBEHO-BpeMEeBUTE Malwiabu, no-gony ce KomeHTupaT
npouecu, Henognexawy Ha cTpora MopdonorMyHa v kaysanHa knacudukaumsi.

C pasnuyHa ACHOTa N UHTEPEC € E€BPUCTUYHUAT NOTEHUMan Ha M3non3sBaHuTe OMUHAHTHO
(~90%) 3Ha4YMMu peHopManu3auMoHHN NPUAOMU HaMp. ,TbMHa eHeprusa matepus”.

TunnyHn 3a npexogHuTe obnacTM ca AMHaMMyHaTa HeOonpenerieHOCT Ha BbTpeELllHa WM BbHLUHA
CTpaHa, nuncata Ha CTaTuyHa pPasnUUMMOCT Ha eKCTpemManHoCTTa Ha XapaKTepHuTe QYHKUUNK,
spasmutara’ ThXXOEeCTBEHOCT, BHe3arnHus ,TyHeneH” npexos.

OcBeH 3apagn HOBOOTKpMBaHUTE 00ekTn (,kadsBu [xymkeTa”, ,Onyxgaewm 3se3gun’”,
.,Mexypu” MpoTo3Be3gHa MaTtepwusi), € Bb3MOXHO [a Ce Hanoxu npegeduHMpaHe Ha MOHATMETO
~MEeXOycuctemHa cpefa’ M Ha OCHOBHM penepu 3apagn KoOHMNUKTA Mexnay, OT edHa CcTpaHa
anapaTypHO M KOHUEeNTyanHo obycroBeHW rpaHvumM Ha HabnogeHwe n MHTepnpeTauus, a oT gpyra-
MawabuTe Ha npouecuTe.

Cropeq MHOrocTpaHHaTa MHTeprpeTaums Ha npoueca Ha Bb3HUKBAHE Ha rpaHWYHU SIBEHUS
ce Jonycka CbLLeCTByBaHETO Ha caMoopraHu3aums Ha nameTtTa my. 3a NposcHsBaHe Ha npobrema
On ponpuHecno n u3crnegBaHeTOo Ha MNodobueTo MeXay KPUTUYHUTE pPEeXMMUM B  MakCMMariHo
pas3HOpOAHM B3aMMogencTBaLLm cu npexoaHm obnactu.

MpeounssukaTencTBo KbM ,30paBus pasym”’ 3a obpasyBaHe M yCTOMYMBOCT B H6anncTuyHuTe
3agayu e n-kpaTtHocTTa (N>2) Ha pasHOpPOAHM MO hU3NYECKa ChLUHOCT acTPOCUCTEMM.

3a CnbHyeBaTa cucTemMa OCBEH Heu3bexHO cnopHute (puanyeckn KoHUenTyanHo wu
dunocodckn daTanucTMiHo) edEKTUBHOCT Ha OTKPUBaAHE W U34UCnsBaHe Ha opbuTuTe Ha
acTepovau, 3acTpallaBaly CbC CONMbCbK 3emMATa, BaHW 3a ObOeLeTo Ha YOBEYeCcTBOTO ca M
npouecuTe Ha CTpykTypooGpasyBaHe B ,MPbCTEHM-" M ,00Mnako-" nogobHM obnactv, cbObpXalum
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pasnuyHK Mo rofieMrHa U CbCTaB OTIIOMKWU OT NMiaHeTouan 1 NpoTo-nnaHeTHa matepus. OT Nogo6HO
€CTeCcTBO € M MnepcrnekTMBata 3a paspyllaBaHe Ha NNaHeTeH CMbTHMK Mopagu nonageHue Ha
actepova. Kato aprymeHT 3a HenpefckasyeMocTTa B pe3ynararta Ha CroMeHaTuTe no-rope ycunus,
MOXe [a Ce CMOMeHe CbBMECTHOTO W CMECEHO BMWSHWE Ha €neKTPO-MarHUTHU U (POTOXUMUYHU
npouecuM BbPXy OanUCTUYHWTE XapakTepuCTMKM Ha Manku Tena. [lepcrnektmBHa e w
3agbnbovaBallata ce AMCKyCUsi 3a porsiTa Ha KocMuyeckaTta cpefa B ,KpbroBpata” U NPOMEHSHETO
Ha 6uonornyHn hopmu, NPeHacsiHM ¢ OTIIOMKM OT ropecnoMeHaTmuTe coONbCbLM.

HepoctaTbk npu M3non3BaHeTo Ha MOAENU € TMCUMXONOMMYeckn TPyaHO OBnaasBaHWTe
eKkcTpanonupaHe Ha NPUIIOXKUMOCTTa UM, abCoMTU3NPaHe Ha U3YUCIIMMOCTTA U KOHCTPyMpaHe no
aHanormu. ToBa cb3faBa eBPUCTUYHO 3abnyxaaBally 30HU Ha BanMAHOCT. THOCEONOIrMYHUST paspuB
mMexgy duandecka KOHUENUUS U U3YUCIIUTENHU U HabntogatenHn BbL3MOXHOCTM Ce MposiBSBa B
naTtoea cuTyauus, NogabpXaHa cskalw OT CaMOBbB3MNPOM3BEXOALUM Ce KOoHcTaTauum 3a abcypgHo
noBefeHve Ha pasHoMmawabHu meTaranakTudyHu enemMeHTU. To € W3BbH Aaxe HaW-eK30TU4HUTE
NpeacTaBn 3a OCHOBHM BbB (PM3NYECKOTO Bb3NPUATUE NOHATUS- BpEME, MPOCTPaHCTBO, EHEPIUS.
HesaBucumo ot ToBa, B6e3anTepHaTvBeH 0OeKkT Ha m3cregBaHe ca obnacTute ¢ ronsm rpagveHT Ha
€HEPrMNHN N  OWHaMWYHUM  TpaHcopMauum- nraHeTapeH T[PaHWYeH CroW, CTPYWHW TeYeHus,
aBpopaneH KbCM, KBasuCTaLuMOHapHM obnacTu Ha MarHWUTHO NpUCbeduHsIBaHe, pasnpegeneHve u
B3aMMOJENCTBME Ha LIEHTPOBE Ha aKTMBHOCT (BMXpooOpasyBaHe) B aTmocdepata M oOKeaHa,
Bb3HVMKBAHE W MOBEAEHME Ha CUHIYMSPHOCTM B KPYMHO-MallabHW rpaBMTaUMOHHKM noneTta, Mx4-
OMHaMO B NNaHeTHWUTe sapa, CTpyKTypoobpasyBaHe BbLB BWCOKOEHEPIMAHM MOTOUM nNnasma u
Mexay3BesaeH/ranaktudeH npax. Kato npyumepu 3a ponsita Ha ynpaensiBally napaMeTpu MoXe aa ce
rnocoyart: BMUSHMETO Ha CbObPXKAHWETO Ha Cspa B XKEns30To OT s4poTo Ha Mepkypuii BbpXy
MarmeHaTa KOHBEKLUMATa; NparoBOTO 3HAYEHUE Ha HSAKOIKOrpagycoBW MPOMEHW Ha aTMocdepHaTa
TemnepaTtypa BbpXy TEPMUYHUS GanaHC M CbOTBETHOTO BIIMSIHAE BbPXY MPOMEHW HA TEKTOHWUYHM
npoLecu ¢ nocrnefealla obpatHa Bpb3ka BbpXy peneda un obliata xuapoamHamudHa uupkynaums Ha
3emsaTa; 3Ha4YeHMEeTo Ha .KnanaHuTe” MO OKeaHCKOTO AbHO 3a MoAAbpXKaHeTO Ha pasfnnyHu
OMONOrMYHM EBOMOLMOHHM HaNpaBneHUs.

B saknioyeHve, cnoped HanuyHUTE [aHHM W 3apaxjawarta ce napagurma, ¢$asoBoTo
MPOCTPAHCTBO Ha npexogHute obnactm O6u TpsAbBano ga MMa MHOrOMepHa, HepaBHOMeEpHa
mpexonogobHa CcTpykTypa obpasyBaHa OT HenogpedeHO MNPeKbCBaHe Ha OUCMNATMBEH €HeprueH
anepvoguyeH kackag. PaHo e ga ce onpedenv ganv Bce OlLe ekcriepuMeHTanHaTa nHgopmaums e
HedocTaTb4YHa WNM nNpeanonaraeMarta HenbfHOTa € HagkpuTMYHa 3a Bb3HMKBaHE Ha HoBa
KOCMOIorMyHa napagurma.

PaboTaTa € no TemaTnkata Ha gorosop 1507/2006 ¢ MOH.
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Abstract: This R&D, as part of Project “ANTIMUS", is theoretical and experimental 6D Eikonal
development of Sir W. R. Hamilton Paradigm, that “The Sciences of the Future”, will be Sciences of Times’
Phenomenology — Especially — 6D Eukonal Development of Multidimensional Time Phenomenons for Earth, Moon
and Sun system. MTD Cosmology, Cosmonautics, Space Sciences of Multidimensional Times and Multitemporal
Theory of Relativity are real innovations and evolution of Hamilton’ Prediction Paradigm for “Future Sciences of
Times”. But 1962 Year was the last for IAF and COSPAR Programs, including as “Number 1: - Moon, Sun and
Planets’ Phenomenons” in all modern programs after IGY (International Geophysical Year) 1957... Of course, that
is not “The End of History” and not “The End of Space Sciences”, esspecialy for Earth, Moon, Sun and Planets of
Sun System! Contrariwise, the 6D-nD Phenomenons of Multidimensional Time are strategic important for all
Existential Paradigms of Sun System and for “Life in Universe”. All Innovations are Author's® know-how & Fig-
Units - Black Box Security.

Three Multidimensional Times (MDT) worldwide innovations, (important for understanding Relative Cosmic
S-T (Space-Time) Extinction Threat as “Thinking Experiments” [6]) are presented in this work for first time:

1. Complex 6D Coordinate System with possibilities for Eikonal Imagination of 6D S-T Waves Convolutions
of Micro-Cosmos & Macro-Cosmos Waves and S-T Systems, ilncluding 4D S-T of Einstein-Minkovski,
Multitemporal 6D-nD Cosmological Universe (Sky) Clocks, 6D RS-GPS-GIS etc. systems — Important for Space
Physics & Missions.

2. Earth Phenomenon of Multidimensional Times (MDT), especially Eikonal 3D Times-Slice of 6D S-T
GeoDynamics Field, using 287 IERS stations global coordinates in ITRF92 - EPOCH 1988.0 and its associated
3D velocity field [12]... - Extremely important for Earth’s Catastrophical Predictions, including — Earthquakes...

3. Sun System Phenomenon (3D Times Bermuda Triangle) of Multidimensional Times MDT, especially 3D
Times-Slice of 6D S-T Sun System Dynamics Field, using NASA - Planetary Fact Sheet — Times in 3D Metrics...

Mponor - MHoromepHoTo Bpeme, 3emsTa, JlyHata u CnbHYeBaTa cuctema

M3kniounTenHo MHTepecHo e Tyk n cera Ha SENS 2008, B 50-roguwHuHata Ha NASA, pa
npocrneavMm B cTpaTermyecku nnaH kak Ham-saxHute peHomeHu oT npoekta “ANTIMUS” (Anomalies
in Cosmological, Global and Biological Times and Multitemporal Dangers for Suitable development of the
Earth and the Life in Universe) [8-9] 3a “YKuBota n yctonumsoto passutue Ha 3emsata, CnbHYeBaTa
cuctema n BbB BceneHnata’, HamupaT OTpaXeHue B [MaBHUTE MeraTtpeHauM U merarpagueHTu Ha
“System for All Systems” B cTpaterunte Ha NASA&ESA [1-9,20,24,31]. Owe npu nbpBaTta HM cpeLla
B npoLeca Ha eBponHTerpaums ¢ ekcneptute Ha ESA nponuvya n 6ewe TV gokyMeHTUpaHa nbnHaTa
©e3noMOLLHOCT Ha rmaBHUA ekcnepT Ha ESA ga nocouun gopu eovH meraTpeHg Ha “Cuctemara 3a
Bcuukm cuctemn” Ha NASA un ESA. 3atoBa B TO3M JOKMNag NoOYTM HambiHO ce abcTtpaxupam oOT
noctuwkeHuata Ha ESA. Pas3bupaemn ca n npoydBaHusaTa, Ye “EBponerickata Hayka (EU Science)
nsoctaea ¢ okono 20 roguHmn ot Ttasm B CALL (USA Science)... lNopagn ToBa TyK K cera e ce
onuTam KaTteropudHo ga st peabunutupam oT No3muMsTa Ha TPU cTpaTernyeckun penepu Ha Haykarta:

1. EkcnepuMeHTBLT Ha AnHwanH-EguHrTeH u konektue ot 1919 r. (Deflection of Light by
the Sun's gravitational field as Risk Paradigm for S-T Antigravity and Photon Rockets Regulation -
1919-Year Solar eclipse&7 Stars: Power of {2-11}Light Units) n kputuyHMa aHanu3 ¢ goka3BaHe Ha
KapauHanHa rpewka [9,30].

2. Nno6anHoTo penatmBHo uMameHeHue (Fig. 3) Ha 3D kKocmu4yeckotTo Bpeme [1-9] Ha
basarta Ha kaTanora [12] Ha IERS & Observatorie de Paris - “ITRF92 and its associated velocity
field” — Fig. 2 - no komnnekc oT rnobanHo pasnonoXXeHn 287 CTaHLMM N KOOPOUHATHU LIEHTPOBE MO
cucTemuTe:

2.1. VLBI — Very Long Baseline Interferometry.
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2.2. LLR — Lunar Laser ranging.

2.3. GPS - Global Positioning System.
2.4. SLR - Satelite Laser ranging.
2.5. DORIS — Doppler Orbit determinations and Radiopositioning Integrated.

3. Hayynata ctpaterns Ha NASA 3a 3emsaAta ot 2004 r. (NASA’s Solid-Earth Science
Strategy) [24] n 3a uscnegBaHusst Ha CnbH4yeBaTa c-ma [31] — Table 1. Tsa e paspaboteHa ot
N3KNIOYNTENHO “conmaHun” konekTueu (6e3 aa Bnaram vpoHus B noHatuata “Solid-Earth”)... He mora
Aa He cnomeHa lNpeacepatenat Ha CneunanHua KomuteT - Committee Chair - Edward M. Stolper -
California Institute of Technology [24], Tb1 kaTo BbB Bpb3ka C obLloakegeMuyHaTa AMCKYCUsSI 3a
“HayuyHaTa ctpaTterna Ha BAH” no “Key Words” — “Academy of Sciences” B Google Ha 1-2 noauuuu
namexgy 23 000 000 cauta ca cbotBeTHO Nel - California Academy of Sciences n Ne2 — Bulgarian
Academy of Sciences... AKUEHTbT € MOCTaBEH BbpXy CTpaTerMyecku BaXHO MyNTUTEMNOPanHo
oTkpuTMe 3a Pseudo Flat-Field pasnpeneneHne Ha mMHoromepHoTo Bpeme B CnbH4YeBaTa c-ma B
eavH “Cosmic Bermuda Triangle” [9] — Fig. 4 — c¢eHomeH 3a Earth & Cosmos Life.

YHuBepcanHu 3D-6D eMKOHanu U mogenu Ha MHOromepHoTo Bpeme 3a 3emsTa, JlyHaTta
u CnbH4YeBaTa cucrema

KnioubT 3a pasbupaHe Ha “CBeTbT, B KOUTO XmBeem” [1-31] n KOWUTO B HUKAKBLB Criydaun He e
“CBeTbT Ha MwuHkoBckn” [16] e ckpuT B MHOBauuoHHaTa 6D S-T KoopauHaumoHHa c-ma — Fig. 1,
anpobupaHa Ha SP-2008 [9] n gp. [1-8]... Ta no3BonsiBa fecHO u ACHO pas3bupaHe Ha MHOroMepHUTe
aHM30TPOMHU MorieTa Ha CKOpPOCTUTE M Ha KOCMMYeckuTe BpemeHa, nonydeHun ¢ Inverse Eikonal
Transform [1-9,18] — Fig. 2 u Fig. 3.

(c)
6D-XYZ txtytz fz . (an)

}’N6D-Cosmos
- S=T .. -

P

| Cosmos Sky
k{(q.) Clock

Fig. 1. Complex 6D Coordinate System with possibilities for Imagination of 6D S-T Waves Convolution of Micro-
Cosmos & Macro-Cosmos (Including 4D S-T of Einstein-Minkovski) & Multitemporal 6D-nD Cosmological
Universe (Sky) Clock.
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Fig. 2. Multidimensional V(Vx,Vy,Vz) Earth’ Velocity Field — Relative Representation on the Global base of 287 RS
IERS (RDB Source ITRF92) Stations & Systems: - 1. VLBI — Very Long Baseline Interferometry; 2. LLR — Lunar
Laser ranging; 3. GPS - Global Positioning System; 4. SLR — Satelite Laser Ranging; 5. DORIS — Doppler Orbit
determinations & Radiopositioning Integrated System (Anisotropic Base to 3D Time-Eikonal — Nonlinear Science
Eikonal Phenomenon).
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Fig. 3. Multidimensional T(Tx,Ty,Tz) Time Earth’ Field — Relative NonLinear Representation with MegaTrend to
Enlargement on Global base of 287 RS IERS (ITRF92) Stations & Systems: 1. VLBI — Very Long Baseline
Interferometry; 2. LLR — Lunar Laser ranging; 3. GPS - Global Positioning System; 4. SLR — Satelite Laser
Ranging; 5. DORIS-Doppler Orbit determinations & Radio-Positioning Integrated System (Nonlinear Science 3D
Eikonal Phenomenon).

MpogbmxuTenHuTe npoyyBaHusa [1-9] nokasaxa, ye crieq cmbpTTa Ha Prof. N. S. Kalitzin
(1918-1970) [8-9, 21], (NO OTHOLUIEHNE Ha CTpaTernyeckn Han-BaxHuUs GUanyeckn MyntTuTemnopaneH
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napameTbp - KOCMUYECKOTO MHOroMepHo Bpeme), NASA & ESA, KakTo u KOCMUYECKUTE nporpaMmu Ha
Pycusa, Nuaua, Knutan n AnoHna ca u3BbH rnaBHUSA MeraTtpeHA UM rnaBHUSI MerarpagueHT Ha
uctnHckata “Cosmos System for all Systems” [1-9,11-24,26,31] ... B To3n cmucen, 3a 3emaTa,
Jlynata n CnbHyeBaTa cucTema, M300WO0 nuncBa, KakBato M Ja € npaBunHa cTpaTerusa 3a
KOCMWYECKUTE EKCNEPUMEHTU U HayYHU U3creaBaHus, KOATO Aa No3Bonisisa B MHOBaUMOHHaTa 6D S-T
KoopavHaumoHHa c-ma — Fig. 1, anpobupaHa Ha SP-2008 [9], ToMHO M SICHO ga ce perucrpupart
KOCMWYECKUTE KOOpAMHATM HA KOCMMYECKM HaBUraUMOHHW W M3MepBaTenHu CTaHuuu, Taka 4e
passuBankun IERS metogonorusTa [9,12] 3a JlyHaTta n CnbHYeBaTa c-ma fa nonyvyaBame aHanormyHm
MHOroMepHM aHM3OTPOMNHM NoneTa Ha CKOPOCTU U Ha KOCMUYecknUTe BpeMeHa c Inverse Eikonal
Transforms [2] , aHanoruyHo Ha Fig. 2 n Fig. 3.

B cnyyas TpsabBa ga ce NMpUMMPUM C HanMyHUTE “cCeMnnu” eKCnepuMMEeHTU U pe3ynTaTu Ha
NASA [31], kouTo npu BCe ToBa OT rnefHa Toyka Ha MTR [21] n MDT nosBonuxa OTKpUMBaHeTO Ha
penatuBeH 3D myntutemnopaneH T = T {Rotation Period; Length of Day; Orbital Period}
c¢eHomMmeH - “Cosmic Bermuda Triangle” [9] , skntouBaw, Pseudo Flat Times Field (~3D Time-
Slice [28]) - Fig. 4. ...

Table 1. Planetary and Moon's parameters of Sun System. - NASA - Planetary Fact Sheet — Metric [31]

Mercury | Venus | Earth | Moon Mars Jupiter Saturn Uranus Neptune Pluto

Mass (10%°kg) 0.330 4.87 5.97 0.073 | 0.642 1899 568 86.8 102 0.0125

([L'ﬁ]')“—eter 4879 12104 | 12756 @ 3475 | 6792 | 142984 & 120536 @ 51118 49528 2390

—vazr;;g) 5427 | 5243 | 5515 | 3340 | 3933 & 1326 687 1270 1638 | 1750

Gravity (m/s?) 3.7 8.9 9.8 1.6 3.7 23.1 9.0 8.7 11.0 0.6

Escape
Velocity 4.3 104 11.2 2.4 5.0 59.5 35.5 21.3 235 11

(km/s)

Rotation 14076 | -58325 | 239 | 6557 | 24.6 9.9 10.7 17.2 161 | -1533
Period (hours)

—Q—Y'(-heonurtSOfDa 42226 | 28020 | 240 | 7087 | 247 9.9 107 172 161 | 1533

Distance from

5 57.9 108.2 | 149.6 | 0.384* & 227.9 778.6 1433.5 2872.5 4495.1 5870.0
Sun (10° km)

Perihelion

(10° km) 46.0 1075 | 147.1 | 0.363* @ 206.6 740.5 1352.6 2741.3 44445 4435.0

(%% 69.8 108.9 | 152.1 | 0.406* | 249.2 816.6 1514.5 3003.6 45457 7304.3
Orbital

- 88.0 224.7 | 365.2 27.3 687.0 4331 10747 30589 59800 90588
Period (days)

Orbital
Velocity 47.9 35.0 29.8 1.0 24.1 13.1 9.7 6.8 5.4 4.7
(km/s)

Orbital
Inclination 7.0 3.4 0.0 5.1 1.9 1.3 2.5 0.8 18 17.2
(degrees)

B nHoBauuoHHaTta 6D S-T koopauHaTHa cuctema — Fig. 1 — ca passutn n “Minkovski World”
[1-9], n “Schrodinger Equation for Evolution of the Universe” [2,6]... Ta e 3a 1-BM NMbT
npeacTaBeHa oT aBTopa Ha BPU-4 (4™ General Conference of the Balkan Physical Union — 22-25

August 2000, Veliko Turnovo, BG) ... Ot goknaga Mmu Tam “Development of Transcendental
Theories of the Theories & 6D Time-Space for Cosmos and Planets” n ot “C6opHuk ¢ Tpyaose”,
baneH 3a msgaBaHe B Typuwms (?!) — Hama u cnepal... 3atoea no npoekta “ANTIMUS” [8-9]

3alMTaBaM MHTENeKTyanHy WHOBaUUM C KapguHanHo rrnobanHo M KOCMUYECKO 3HaveHue.
BrevatngaBallo e, ye ¢ tasun 6D S-T koopauHaTHa cuctema (Fig.l) BCEKM BHUMATENEH CTyAEHT no
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http://nssdc.gsfc.nasa.gov/planetary/factsheet/mercuryfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/venusfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/earthfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/moonfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/jupiterfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/saturnfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/uranusfact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/neptunefact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/plutofact.html
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#mass
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#diam
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#dens
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#grav
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#escv
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#escv
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#rotp
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#rotp
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#leng
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#dist
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#dist
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#peri
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#peri
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbp
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbp
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbv
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbv
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbi
http://nssdc.gsfc.nasa.gov/planetary/factsheet/planetfact_notes.html#orbi

MaTematMka M ¢usvka 6M BuOAN NPUMHLMNHATA rpewwka B MMaHUMPaHeTO Ha CTpaTernvyeckusi
ekcnepumeHT Ha AunHwanH-EamHrtbH [1,9,30]... [lpu BBb3npuemaHe Ha napagurmarta 3a
MHOroMepHOTO BpeMe (3a N=3 — TPUMEpPHO BpeMe) UMa Bb3MOXHOCT 3a uscrefBaHe n Ha 6-MepHU
fABNeHusi B 6030HHUA crnon: — Ecpektn Ha: Kasummp (Kazimir Effects); Bose-AnHwanH (Boze-
Einstein) n T.H. [1-10,14-17, 21]...

EnHo HoBo oTkpuTue [9] Ha AsTopa npu 6D-nD mscnensaHuna no npoekta “ANTIMUS” e ¢
deHomeHanHn Time-Slice [28] xapakTepUCTUKM U C HEM3OEXKHO M3KIMIOYUTENHO BaXKHO 3HAYeHWe 3a
BCUYKN KOCMMUYECKU n3cnenBaHusa m mucum npes 21 sek u lll-to xunsgonetue [1-31]... Tyk we ro
Mapkupam camo C “KOgoBO HaumeHoBaHue” — OTKpuTHe Ha 6D S-T “BepMyAcKu TPUBIBIAHUK' B
CnbHuyeBaTa cuctema — Fig. 4. Taka peabvnutupam cpeHOMeHanHUTe TbpPCEHUS Ha yYeHUTe OT
1962 r. Ha XXIIl — IAF Congress Varna BG, 4nnto Tpygose (Springer-Verlag, 1964 Vol. 1-2 — Editors —
Prof. Nikola Boneff [11] u Dr. Irwin Hersey), cenektupaHu B 8 pasgena 3anousat ¢ Chapter I “Moon’,

Sun’ and Planets’ Phenomenons” ...
\ \ \ \ \

150+

100+

\ \ \ \ \ \

-250 -200 -150 -100 -50 0 50
Fig. 4. Presentation for Discovery of Relative Multidimensional Times Slice Phenomenon - “Bermuda
Triangle” in Sun System (NASA [31] RS RDB, Etc.) ... {Relative Nature 3D Time-Slice [~28] of 6D Dynamics in
Sun-System — Dangerous Pseudo Flat 3D Times-Field =» Dangerous 3D Gravitational Field’ Waves Gradients
for 3D-Space & 3D-Time Model}... Original Author’ Methodology & Know-Haw =» Risk Paradigm for:
Cosmonautics in Sun System; Space-Time Propulsions and RS Control of Rockets, Interstellar Spacecrafts,
Time Machines, Etc. [9].

3aknrouyeHue - nepcnekTuBm 3a 3emATa, JllyHata n CnbHYeBaTa cuctema

MepcnekTuBUTE 32 YCTOMUYMBO pa3BuUTUe Ha 3emsTa, JlyHata n CnibHYeBaTa cuctema [1-24,
27] ca cunHoO CBbp3aHu ¢ MynTMTEMNopanHaTa AnHamuka [21] Ha MHOrOMEpPHOTO Mosie Ha BPEMETO B
KOCMMYEeCKN, nraHeTapeH, reocatenuteH (JlyHeH) n 6mo mawab [1-9]. YcTonmumBOTO pasBuTME Ha
3eMHUTE UMBMMM3ALMU € HEBB3MOXHO 03 CUCTEMHO MPEeBaHTUBHO M3crneaBaHe YCTOWYMBOCTTA U
aHoManuWTe B reoguMHaMuka U MynTUTEMMNOPANHUTE XapaKTEPUCTUKM HAa MHOrOMEPHOTO Mofe Ha
BpemeTo 3a 3emsnaTa, JlyHaTta, nnaHetute M CnbHYeBaTa cucTema kato usno. B npexoga ot
“Cosmology of the Times” [8] kbM “The Time of Cosmology” aHomanMmuTe B MHOrOMEPHOTO BPEME Ha
3ewmsTa, JlyHaTta, actepouga Eros [11] n Ha deHomeHa “Bermuda Triangle” B CnbHYeBaTta cucrema
ca BaxxHU dpakTopu 3a YKnBoTa 1 yCTOMYMBOTO pa3BuTue Ha 3emsaTa [7] !...
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NIKOLA S. KALITZIN — GREAT INNOVATOR OF GUT, MULTITEMPORAL
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DEDICATION: This R&D is dedicated to the 90-th anniversary of Prof. DSc Nikola Stiliyanov Kalitzin
(Dec. 1, 1918 - Aug. 10, 1970) — Author of “Unified Field Theory” (UFT~GUT, TOE), “Multitemporal Theory of
Relativity” (MTR) - Developer of Scientific achievements of H. Poincare, A. Einstein, K. E. Tsiolkovsky, A. M.
Lyapunov; and Developer of Relativistic rockets to the Photon and Hyper-Photon Rockets, etc., etc., etc.,...
The Author — April 12, 2008, SRI - BAS [1-3]

Abstract: - The search presents elements of Prof. DSc Nikola Stiliyanov Kalitzin scientific biography -
important for World’ foundation of cosmical sciences and cosmonautics in the light of UN coordinated World
International Geophysical Year (IGY) 1957. Especially - three his greatest achievements — Challenges for 21
century Space Sciences and Astronautics in the light of cosmos era genesis:

1. Grand Unified Theory (GUT - unifying for all fields) — UFT [19-20] (~ GUT & TOE) in infinity (n—> o0)
dimensions Riemannian Space-Time — alternative of “Minkovski’ World”, manifested by A. Einstein.

2. Multitemporal Theory of relativity [27, 29].

3. Relativistic Photon and Hyper-Photon Rockets [3, 24, 34, 38, 39].

Incredibly, but fact — the System Innovator and Integrator of all this epochal challenges is one Bulgarian
Universal Genius — Prof. DSc Nikola Stiliyanov (01.X11.1918-10.VI11.1970).

Every one of this 1-2-3 Challenges founds New Era after A. Einstein in development of World Space
Sciences and cosmical hyper nanotechnology. Paradox Paradigm for transcendental Phenomenology point of
view, but completely real and explicably for Prigogine’s “Metamorphose de la Science” [1-39].

The System of Impact factors competences and all systems for famous Bulgarian, European and World-
Wide Scientists are not adaptive for N. S. Kalitzin’s cosmical achievments and astronautical challenges... In the
origin of cosmic era [2,3,7-10,17-39] N. S. Kalitzin generated a complex of brain new physical and cosmological
theories (including UFT ~ GUT & TOE), mechanical and space technological decisions for cosmodynamics and
propulsion accelerations of classic and relativistic rocket systems, Photon Interstellar Spacecrafts, etc. Prof. DSc
N. S. Kalitzin is world-wide famous Scientist; Cosmos R&D-Strategist; one of founders and general strategist of
Bulgarian Astronautical Society (since Dec. 4, 1957); Pioneer-Leader of new Astronautics era and successful
Scientific secretar of Physical Institute (With Atomic Scientific Center) of Bulgarian Academy of Sciences...

Prof. N. S. Kalitzin is well known with his innovative top Multitemporal theory of relativity, cosmosnautics
achievements, relativistic photon rockets, cosmological and physical theories, nuclear physics and astrophysical
innovations in ::: USA (American Journal of Physics, NASA, NASA Astrophysics Data System (ADS); Harvard-
Smithsonian Center for Astrophysics, The Energy Citations Database (ECD - DOE’s - Office of Scientific and
Technical Information - OSTI); Stanford University - Aerospace Computing Lab; etc.); UK, GB (Monthly Notices of
the Royal Astronomical Society, University of Cambridge); Germany (University of Heidelberg; Zentrum fir
Astronomie der Universitat Heidelberg or ZAH; Institute for Theoretical Astrophysics (Institut fir Theoretische
Astrophysik or ITA; International Max Planck Research School for Astronomy and Cosmic Physics at the
University of Heidelberg (IMPRS-HD).); State Observatory Konigstuhl (Landessternwarte Konigstuhl or LSW);
Astronomisches Rechen-Institut (ARI); DLR (German Aerospace Center); Italy (Nuovo Cimento della Societa
Italiana di Fisica (SIF) - B: General Physics, Relativity, Astronomy and Mathematical Physics and Methods);
SIMCA - Societa Italiana di Meccanica Celeste e Astrodinamica; Research Associate at Laboratorio Nazionale del
Sud (LNS) - Instituto Nazionale di Fisica Nucleare (INFN), Catania; Osservatori Astronomici Italiani; Osservatorio
di Roma; SAIT - Societa Astronomica Italiana; SISFA - Societa ltaliana degli Storici della Fisica e
dell'Astronomia); Japan Imperial Academy and University Institutions (Journal “Progress in Theoretical Physics™);
Russia - USSR (Academy of Sciences; MGU; MAI; SRI, DUBNA Strategy Centrum; Kazan State University;
Steklov Mathematical Institute, Scientific Research Institute No. 1 (NIl-1), Central Institute of Aircraft Engine
Building (TslAM), ), IZMIRAN, Keldysh Research Centre, Keldysh Institute of Applied Mathematics, St. Petersburg
Nuclear Physics Institute, Etc.)... General Conclusion: Prof DSc. N. S. Kalitzin is one of the greatest Space
Physics Scientists; Developer of Hamilton, Poincare, Eddington, Einstein, Dirac, Heisenberg, Schrodinger, Bohr,
Landau, Gell-Man, Feynman, W. von Braun, Oberth, Sedov, Keldysh, Sakharov, Basov, etc., Geniuses.
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1. Mponor — npod. H. C. KanuuuH n 3opaTta Ha KOcMUYeckKkaTa epa

The innovative key for enigmas of Grand Unified Theory (GUT) is physical sense discovery of {(s)
Zeta Riemann Function and Proof-Solution of the Great {(s)-Zeta Riemann’s Hyppotesis [{(s) RH], on the
foundation of “Multitemporal Theory of Relativity” by Prof. Nikola St. Kalitzin - Pioneer and Genius of the
World Space Era — The Leadership — Above two Worlds suspicion!!!... ABTopbT [1-3], Sofia - 2008

Fig.1. Prof. DSc Nikola St. Kalitzin: (December 1,1918 - August 10,1970)

Cosmos Ornamenture — Above two Worlds - On Original Photos of N. S. Kalitzin - Central Archive BAS:
1) 15.11.1955; 2) April 27.1V.1966; 3) June 20.VI1.1969) - http://cosmostimescosmologyseti.blogspot.com

SENS 2008 ce npoBexaa B 3HameHaTenHa roguvHa, otbensassawa 150 rognHM OT poXAEeHWeTo Ha
Makc lMnank (Max Planck - 23.IV.1858 - 04.X.1947); 110 rogMHu OT POXAEHMETO Ha akagemwuk
Hukona BoHes (11.VII.1898 - 18.VI.1979) [7], 100 roguHu oT poxgeHueTo Ha akagemuk Jliobomup
KpbcTaHos (15.X1.1908 — 08.V.1977) [7,30,31,36] 1 90 roaMHu oT poxaeHueTo Ha npoc. Hukona
CTt. KanuumH — Fig. 1 - (Nikola Stiliyanov Kalitzin: 01.X11.1908 - 10.VIII.1970) [2,3,16-30,34,36,38]...
B rno6aneH nnaH 2008 roguHa e 3HaMeHaTenHa C OWe MHOro rogulHuHn — 100 roguHu ot
deHomeHa TyHryckm meteopuT; 100 roauHW OT poxaeHueTo Ha 3HameHuTusa Jles [. JlaHgay
(22.1.1908-01.1V.1968) u ocobeHo 90 roguHu oT cmbpTTa Ha . Kantop (03.111.1885-06.1.1918) —
OTKpMn Mo Aymute Ha XunbepT «Oes3kpalHWTe TpaHCLEHAEHTanHM KOCMMWUYECKUM XOPU3OHTU Ha
Haykata». CneumanHo otbensiseam n 110 roguwHMHaTa Ha poaeHus B bvnrapmsi cBeToBHOM3BECTEH
actpodumauk ®Ppuy LiBukn (Fritz Zwicky - 14-11-1898, Varna, BG - 08-11-1974, Pasadena CA) —
TeopeTU4eCckn OTKpMBaTEN Ha TbMHATa matepus u nyncapure [5-15,25]. U Bce nak: - 3awo npocp. H.
C. KanuuuH e “ ®aBoput Ha ®aBoputute”?!...

BcenssectHa uctuHa e crnep LuonkoBckn, 4e uanoto Obgewle Ha YoBeyecTBOTO €
U3KIMYNUTENHO KocMumyecko [1-39]. Ho YoBe4vecTBOTO MMa nNpaBo Aa 3Hae, Ye eanH UCTUHCKN YoBek —
BvnrapuH-Kocmononut — npodp. H. C. KanuumH e 6un eanHcTBeHUAT, cnocobeH ga npueme u
npuen BCUYKN NpeAu3BMKaTeNiICTBa Ha KOCMMYecKaTa epa B HEMHOTO Havyano — OoT MeyTaTa Ha
AMHWaNH 3a cb3paBaHe Ha OGeguHUTENHa Teopuss HAa MUKPOKOCMOCa M MaKpOKocMoca M
BCUYkn ¢manyHam nonera [1-3,8-15,19-20,30-39], A0 (OTOHHUTE penaTUBUCTUYHU PaKeTu
[24,32,34,38] n xunep-choToHHUTE pakeTn Ha “Multitemporal Theory of Relativity”[1-3,29].

Tbi KaTo B CBETOBHATa Hay4yHa nutepartypa eBonounsata oT reoumsmka KbM KocMopumamka
OT reonorus kbm kocmornorust [1-39] e xaoc ot 6e36pon «PaiHMaHOBM TpaekTopuu» N «JlabupuHTH
Ha MuHOTaBpwu», OT KOUTO HE CaMO BCEKM NMOOMTEN Ha HaykaTa, HO U BCEKM NpodecMoHaneH yyeH 6u
Nony4nn TeXbK UHTENEKTYarneH LUOK, e ce onuTam Aa npeacTaBs Ta3u «eBOMOLUUS» B TPY MyHKTA:

1. KoHconupauusa Ha reopu3mLuTe U APYrU y4eHU OT NpupogoMaTteMaTUyeCKUTe Hayku
3a npoBexpaHe Ha 1-Ba MIT (MexxgyHapoaHa Neocmanyna Noguna - 01.VI11.1882 — 31.VI11.1883),
(1-st IGY), TpaHchopmupaHa B 1-Ba MM (MexagyHapogHa [lNonapHa MogmHa) [30,33,35], kakTo
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cnepga: HuuunatmeeH goknag Ha aBcTpunckusa ydeH Kapn Bannpext npes 1875 r. npen 48-a KoHrpec
Ha HeMckuTe npupogousnutTatenn u nekapu; PeweHua 3a 1-sa MM Ha MexagyHapoaeHus
reocpusmyeH koHrpec B Pum — 1877 r. u Ha Tpu koHdpepeHumn B 1879, 1880, 1881 rr., pbkoBOAEHU OT
pycknsi ydyeH npod. Bung — pupektop Ha [naBHata dwusmnyecka obcepBatopusa B [leTepbypr
(MynkoBo); Yuactne Ha 12 abpxkasu B l-ta MM (01.VIIL.1882 r. — 31.VIII.1883 r.). Obwo 12-Te
ObpXXaBu opraHmaupat 12 ctaHumm B ApKTuKa 1M 2 cTaHuum B AHTapkTuka. Obpxasute (Mo a3by4veH
pen) ydactBanu B 1-ta MMl ca: Asctpusa, AHrnus, MNepmanus, Oanunga, KaHaga, Hopserus, Pycus,
CAL, duHnaHams, ®paHums, XonaHams, LWeeuwns [30].

2. PeakTBu3auus Ha reopusmumtTe U y4yeHUTE OT NpUupoaoMaTeMaTUYEeCKUTE HayKu 3a:
npoBexpgaHe Ha 2-pa MIT (2-pa MII) - ToyHo 50 roavHn no-kbeHo (01.VIN1.1932r. — 31.VII1.1933r.),
CMSITAaHO OT Joknaja Ha HeMckus ydeH-meTeoponor [eoprun npe3 1927r. WHuumatuBaTta e
TpaHcnupaHa oo MexgyHapogHata komucust oT 10 abpkaBu NoA NpeacenarternictBOTO Ha 4ATCKMA
reocpumsuk a-p Jlakyp u po MexayHapoaHus reocusnyeH komuteT B JlokapHo — 1931 r., noaTBbpAMUn
peLleHueTo 3a 2-pa MII" ¢ yyactneto Ha 44 abpxasu B nepnoaa 1 aesryct 1932 r. — 31 aBryct 1933 .
Bvnrapusi yyactesa nog pbKOBOACTBOTO Ha ChblUecTByBawms «HaunoHaneH komMuteT 3a reogesvst U
reocpusmka» (C Har-ussiBeH HeuH MNpeacenarten B nocrneasanaTta kKocMudecka epa — npod. MieaH-AceH
Hukonos lNMeTkoB — cbpaTHUK Ha Niels Bohr n Paul Melchior [33]) n HauunonanHa komucus c M-n (ot
torin 1931 r.) npocp. P. PainHoB n uneHose - H. HereHuoB n K. T. Kupos — p-n Ha Oupekuuara no
meTeoponors M Ha MeTeoponormyHata HabntogatenHuua Ha Bpbx Mycana, gencrtBawa oT 2
oktomBpu 1932 r., cenektnpana «MeTeoponornyHute pesyntatu 3a 2 MMIM», usgagenn ot K. T.
Kupoe B cbopHuk «MonsapHa 1932 — 1933 roguHax» Ha LieHTpanHua meteoponornyeH n-1. COOpHUKBLT
BKIIOYBA M pe3ynTatute Ha «Cnyx0aTa 3a BpemMeTo npu Bb3gyxonnasaHeTo» [30]. EaHoBpeMeHHoO ¢
ToBa no nporpamata Ha MII B «CBeToBHaTa onepauusi 3a Buclla reoge3vvHa MNPEeUn3HOCT Ha
reorpadpckuTe ObIMKUHU», (nNpoBexaaHa oT BOEHHOTO MWHMCTEPCTBO 4Ypes3 HeroBus [bpxaBeH
reorpad)Ckm U-T U cneumanHo — acTPOHOMUYECKOTO My OTAerleHWe) yyacTBa ekun Ha Obaelums
akagemuk - nuaep Ha cBeToBHaTa reofesus, TorasalwHus a-p Bnagumup XprcToB, YMnTo nepdekTHr
pes3yntaTi ¢ nacaxHusi UHCTPYMEHT “AckaHus” ca usnpateHn u nybnukyesaHu B Mapwx, BanuagHu 3a
BCUYkKM 44 abpxasu [30].

3. CtpaTternyecka nHumuymatua [30,35] 3a npoBexpaaHe Ha 3-ta MIT - noag ermpaTta Ha
OOH (UN - United Nations), esontompana B 1-sa MKI" (MexgyHapogHa Kocmuyecka NoguHa - ISY) -
OajeHa B peasniHO pasBUTME 3a MbPBU MbT TYK U Cera ¢ U34YNCTBAHE HA HeMasnko dganiumdukaumm,
MUTOBE M nereHan, (B T.4. ecTecTBeHO U danwmdukaumm Ha uctopusTa BbTPe B CaMUTE «BEITUKU
CWMW», 3aLLOTO BbTPELUHO-BUAOBUTE BOWHM MPUHLMIMHO Ca MO-KECTOKU OT MEXOYBUOOBUTE U YECTO
nasat nosedye xepTsu). UHMUMaTuBaTa 3a 3-ta MIT ce pazBuMBa opraHu3auUMOHHO Taka: - 1-BO
MHCTUTYLIMOHAITHO pellueHue 3a 3" IGY ot MexayHapoaHus cbBeT Ha Hay4yHute cbio3mn (MCHC)
npu OOH (International Council of Scientific Unions (ICSU) - UN) npe3 oktomBpu 1951 r. B
cBeToBeH Mawab ToyHo 1951 r. e HayanHata roguMHa Ha WHCTUTYUMOHanHuTe (opraHnsvpaHm)
KOCMUYECKN n3cnensaHust, Toi kaTo To3m opraH Ha OOH npbB nNnaHunpa, nporpamupa u peanusupa
nbpeBaTa MawabHa KocMuMyecka nporpama B T.4. U MbPBUTE U3KYCTBEHM CMbTHULM Ha 3emATa Ha
CCCP n CALl [3,30,35]. AMepukaHckaTa Bepcus 3a 3-ta MIT (IGY — International Geophysical
Year), reHepupana n NASA, narnexga Taka [35]: - “The International Geophysical Year-IGY for
short-grew out of a suggestion made in 1950 by Lloyd V. Berkner to a small group gathered at the
home of James A. Van Allen in Silver Spring, Maryland, that in the period 1957-1958 there should be
a Third International Polar Year. Two previous International Polar Years, the first 1882-1883 and
the second 1932-1933, had demonstrated in some measure the value of international cooperation in
earth science investigations.1 The group was heartily in favor of the idea “... He e u3BecTHa
OescnopHa odmumanHa cbBeTcka MM pycka Bepcus 3a 3-ta MIT [3,7-10,30,35], 3a reHeauca wu
nuaepcTeaTta B 30paTa Ha KocMuyeckaTa epa, HO edHOo e KateropudHo: - EctecTBeHuTe nupgepckm
npuopuTeTM 3a CTapTOBMA ABYOOM Ha KOCMMYecKaTa epa Ha Hal-BMCOKO CBETOBHO HMBO [1-3,9-
38], nepcoHudmumpaH B nuuata Ha akagemMuk JleoHna MBaHoBuy CegoB (14.X1.1907-05.1X.1999)
3a CCCP n Ha npodp. a-p BepHep choH BpayH 3a CALL (pecnektmBHO - 3a N'epmanns), BanMaHu 3a
nepuoga 1955-1969 r., ¢ Te4eHMETO Ha BPEMETO HeegHOKPaTHO Ca MPOMEHSAHW — CcTurawm Ao
NepMaHEeHTHM YacTUYHM Unu ToTanum anwudmkaumm [ 1-3,9-10,16,17,30-38].

MpocnensBariku XNTENCKUTE N TBOpYECKUTE Mucum Ha akag. J1. U. CegoB u Ha npodp. H. C.
KanuuuH HaBcsikbae no CBeTa, kaTeropnyeH e n3Boga, Ye 6e3 komnnekca OT reHnanHu TBopYeCcku
1 GrecTawm opraHmM3aTopckn 1 gunnoMmaTtudeckn ymennst Ha akag. J1. . CenoB u 6e3 nsnonasaHe Ha
“Hewo MHO20 Mo-3Ha4YyuUMO” OT TeHManHoOCTTa U XapakTepuTe Ha HemckuTe TuTaHu - . ObepT u B.
¢oH BpayH, 1 Ha aMepUKaHCKUSA FEHUA Ha KOCMUYECKUTE HaBuraunoHHu cuctemyn Ha CALL — C.
Opennbp, kocMmyeckata nporpama Ha CCCP, He camo 4e He 61 6una nmoHepHa npea CALL, Ho u
npMMepHo 6M n3ocTaHana Ha HMBOTO Ha KocMmudeckata nporpama Ha ®paHuuda. Toea “Hewo MHO20
ro-3Ha4yumo”, KOeTo e koHconuanpano Ceeta no Tpaektopusita N3tok-3anag n OOH B kocMuyeckute
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nacnenBaHus, “ToBa HeLWO” e “uHTerpanbT’ Ha kocmononuTute - akag. K. lNMonos 1 npod. H. KanuuuH!
[ 1-3,16-39]...

2. Mpod. H. C. KanuuuH — BpBbX B KOCMUYECKUTE HAYKU U MHOBaLMK

Mopagn dakta, Yye MCTMHATa 3a reHesmca Ha KOCMWYECKUTE W3CMeABaHus U B CBETOBEH
Mawab He e HUTO Aobpe, HUTO LUMPOKO M3BECTHA, HE3ABMCUMO OT OrpOMHUS BPON NMUCaHus, TyK Lue
paskpusa HAKOW OT HaW-BaXXHUTE MUOHEPHWU “OpraHu3upaHu reousanyHn mnscrnegsaHusa”, ¢ npsko
OTHOLLEHME KbM MHOBALMOHHOTO KOCMMWYECKO TBOPYECTBO OT OKono 500 ny6nukauum (okono 100
Hay4yHU B HaW-aBTOPUTETHU MU3JAHWA Yy Hac M 4YyxbuHa, u ~400 Hay4yHO-nonynsipHu
ny6nukaumm) Ha npodp. H. KanumuuH. Te ca B obnactra Ha dusnyeckute, maTematmyeckuTe,
aCTPOHOMMUYECKUTE, TEXHUYECKUTE, TEXHONMOMMYHUTE W Hal-Beve - B KOCMMYECKUTE Hayku u
mscneaBaHua [2-3,17-29], yMATO CbBpPEMEHEH MeXAayHapoAeH WHCTUTyUMOHarneH cTapT e
AafeH, nogyeptaBam oTHOBO, npe3 1951 r. [30]., a 3a Bbnrapusa — oT gaTtaTta HX Ha YNEHCTBO B
OOH - 14.XI1.1955 r. W3TbkBam cneumanHo (Ha 6asaTa Ha HEONMPOBEPXUMWN OOKYMEHTU U haKTn C
rnobanHa BanuOHOCT, Kopenupawu ce ¢ Bb3xoda Ha Werner von Braun ot 1955r.), 4e nbpBUAT
cucteMeH uMHTerpaTtop (Ha MUKpokocMmoca [17-18] u makpokocmoca [2-3,17-29]) — nuoHep Ha
KOCMMUYEeCKUTe Mu3cnepBaHUA OT CBeTOBEH Mawab (He caMo y Hac) - e ToyHo npody. H. C.
KanuumH, 4uinTo NbPBM 3HAYMMM MEXAYHApPOAHU aKTOBE OT KOMaHAMpoBKaTa My npe3 1955 r. B
Wesenuapua (LUY-LApxuB-BAH) ca cBbp3aHu c¢ dopmMupaHeTo Ha Tpetn CBeTOBEH
KoopauHauuoHeH ueHTbp (CKL) 3a 3-ta IGY B XKeHeBa, oTroBopeH 3a EBpona n CBeTa, cnen
nbpBuTe aBa KL B MockBa 1 BawuHrroH [30]...

“Streamline”-bT “Von Braun-Popoff-Stransky-Kalitzin-Sedov-Keldysh” B Ha4anoTto Ha
KOCMMYECKUTEe U3cneaBaHUs, NPOBeXAaHU Ha HAM-BMCOKO CBETOBHO HMBO NoOJ ernpgata Ha
OOH [30,35], pewaBa 1 3aragkata: - “Kown e ©Oun HauuoHaneH agMUHUCTpPaTUBEH W
eAHOBpPeMeHHO C TOBa Hay4yeH pbkoBoauTen B bBbnrapus Ha Te3n NbpBU  CBETOBHU
reochusnyHM N KocMnyeckn nscnegBaHmna?!” ... EctectBeHo - To3un akT e oTbena3aH oT akageMuK
Nn. KpbcrtaHoB, ocHoBaten Ha [eodwu3nyHua uHctTuTyT Ha BAH wum MNoanpeacepaten Ha
Bbnrapckusa HaunmoHaneH komuteT 3a MIT (1957-1958r.)... He ce mbyeTe! — ToBa e «3aragka Ha
3aragkuTe», CblocTaBMMa caMo C TBop4vecTBOTO Ha npod. H. C. Kanuuun!ll. 3abenexetel!ll... -
PekTtopbT Ha CAY-1943-1944 r.[36] !!! — «[pepcepaTen, Bb3rnaBaBaw bbnrapckmsa HaumoHaneH
komuTeT 3a MIT (1957-1958) npu BAH e akagemuk J1. HakanoB, konto e yrBbpaun MPOMPAMA
3a yvyactue Ha bbnrapua B MIT B cnegHute avcuunnuHu: memeoposioausi, ... , C/IbH4Yes8a
aKkmueHocm U Memeopu, KOCMUYECKU JibYlu, CUHXPOHU3UpaHe U cmaHO0apmu3upaHe Ha
acmpoHomudeckume obcepeamopuu U cucmemume 3a HabmodeHus Ha 6blOewume WCS3;
u3cnedsaHe paduoakmusHocmma om sS0peHUme 83pusoge B8b8 BUCOKUME cjioege Ha
ammocepepama (8kn. cred ekcrnnepumeHma ARGUS) u npomsiHama 6 paduoakmueHocmma Ha
eOuHuya nnow, ecriedcmeue Ha paduoakmusHume dbxdoee [30]... OcHoBHaTa paboTa ce n3BbpLUBa
OoT ®u3nyeckMa WU-T TnMO4 PbLKOBOACTBOTO Ha cekuumute Mo “TeopeTuyHa cpusmka’,
“EkcnepumMmeHTanHa ¢wusumka’, “MeTteoponormusa”, “JlabopaTtopmATa 3a KOCMMYECKM NbuMn”’,
“CeKkuymaTa no acTtpoHomus” wu “AcTpoHomMuyeckaTta obGcepBartopus”. JlabopatopuaTta 3a
KocMmyeckn nbyun npu dusmyeckus u-1 Ha BAH e 3aBbplumna KOHCTpyMpaHeTo Ha chneuunanHa
anapartypa, HapeyeHa “Teneckon ot 6posiun”, C KOUTO Ce permcTpupaTt TakmBa YacTuLM OT KOCMUYECKN
nbYKN, KOUTO MMaT CpPaBHUTENHO ronemu edHeprun”... Tyk we otbenexa [2-3,30,34,38] camo
petpocnektueHo, 4Ye npodp. H. C. KanuuuH 6 mosu nepuod usebpuwiea 02pOMHa MeopemuKko-
eKcriepuMmeHmarHa u aHasusamopcka OeliHocm (8 m.4. no “pakemu u NC3"), kosmo ybedumesiHo
KynMuHupa 8 KanumarsHus My mpyd 3a obeOuHsisaHe Ha 8CUYKU ¢busuyecku rorema (Medymama Ha
AUHwauH), 0enosupaH 3a nybnukysaHe Ha 30./X.1957 2., 8 m.4. u 3@ KOCMUYeCKUME JTbYU U 3a HAKOU
crieyuarsnHu ¢hbomoHHU echekmu Ha keaHmosama ¢husuka [18-29]. ®akmume KpacHOpPe4u8o 2080pPsSIM
[2-38], ye moyHO npogh. H. C. KanuyuH e a2naeHUsim cucmemMeH UHmMez2pamop u aKkmu4ecku
npwne:. - U y4YeH, U op2aHuU3amop u rnonysisspusamop Ha KocMoJiozusima, KOCMOHasmukama u
acmpoHaemukama om ceemoeeH Mauwiab. He cnyyalHo npogp. H. C. KanuuyuH u3sHacsi Ha
04.X11.1957 2. nuoHepHusim npogecuoHasnieH 0oknad 3a yenume u 3adayume Ha
KocMmuyeckume u3cnedsaHusi 8 bwsieapus u no Ceema npu y4ypedsisaHemo [16,34] Ha
Bwnzapckomo acmpoHaemu4ecko opyxecmeo (BAL) e LAHA kamo nodnpedcedamesn Ha
BA/[... BcenssecTtHo e, Ye NO NpaBuUno BCUYKM PBKOBOAHW MOCTOBE B TOTanWTapHWTE AbpXKasBu ca
abconoTeH npuopuTeT 3a nNapTUriHUTE dQYyHKUMOHepn. KanuuuH € reHvanHo 6e3napTuUnHO
nskrtoveHne B Ceeta Ha Kocmuyeckarta epa n CtygeHarta BoviHa, rnefa, oT BUcoTaTa Ha CBOSI reHun
NONMUTUYECKNTE N WOEONIOTMYECKUTE HULLOXECTBa, €OMHCTBEH Ha TakaBa CTpaTerM4yecku BUCOKa
nosmuns B CeeToBHaTa Hayka, HenpusHaBall HUTO «AWKTaTypata Ha nponeTapuaTta», HUTO -
ToTanutapHuTe guktatopu Hag eHud. OT Ha4yanoTo Ha CBOETO MbIIHOMETUE Aa Kpas Ha XMBOTa CHu,
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HeHaBbpLWKN 52 rognHW, TOW ce ovepTaBa KaTo eAuH OT HaWl-rorieMmUTe KOCMOMOMUTU U Ha CBOETO
BpeMe, U Ha BCUYKM BpemMeHa. M B TOBa OTHOWeHMe. TOW CTOM BWUCOKO Ha Han-BUCOKUA
KOH(POPMUCTKM BPbX B CbBETCKaTa U B CBeTOBHaTa Hayka AHapen CaxapoB, KOUTO KaTO UCTUHCKU
KoHdopmMucT nnadve ot ckpbb no Ctanun! E, ga, we kaxe Hskon, Ho CaxapoB nma Hobenoea Harpaga
3a mup, a KanmumH — He! E — gal... Ho uma u no-ronsima Harpaga ot Hobenosata Harpaga 3a mup!
ToBa e HarpapaTta 3a Yosewko u HayuyHo [doctomHcTBO!... B cnyvas c¢ «[lpeacenatencrBoTo U
Mopnpencenatenctsoto Ha BA[», pecnektuBHo ¢ akag. H. boHeB n ¢ npod. H. KanuuuH [16,34] e
npegenHo sicHo, Ye akag. H. boHeB He e NpocTo nonuTuyecka urypa, a € CbLLO U USKIYUTENEH
npoecnoHanmncT-kOCMOMNOmnNUT, HO B MO-TECHUSI CMEKTbP Ha acTpoHoOMUATa U acTpodwusukaTa [7].
«YoBekbT-KocMmoc», rnobanHUAT CUCTEMEH Y4YeH-MHTerpaTop B TpunatepanHata reogusnyHa u
KocMuyecka cucteMa XXeHeBa-BalumHrtoH-MockBa, Y4YeHUsT - cnocobeH aa obeanHn Mmnkpokocmoca
Ha sagpeHaTa u3Mka C MakpoKOCMOCa Ha KocMmudeckata uauka, BbfiHOBaTa MeXaHuka Ha
3omepdeng ¢ KBaHTOBaTta MexaHuka Ha LpboguHrep, kBaHTOBaTa ¢usmka Ha H. Bop wn B.
XanseHbepr ¢ Teopusata Ha OTHOCUTENHOCTTa Ha AMHLWAWH, € eauH n camo eauvH — npod. H. C.
KanuuumH! Tean KoCMMYECKM HayyHU npuoputety u npuHocu Ha H. KanuumH ca B gupekTtHa
eBonoLUMoHHa Bpb3ka ¢ World IAF Congress — Varna 1962 [34], 1 peCnekTUBHO - CbC CBETOBHO
ussectHuTe HU akagemuum Kupun A. MNonos, Jllo6omup H. Yakanos, Hukona . O6pewkos, NBaH A.
LleHos, Neoprun C. HagxakoB - BCce eBPONENCKN Bb3NUTaHULMN — HEMCKW, UTanmnaHcku, peHcku... ETo
N BEeNUKMAT WHan Ha egHa “BenuyecTBeHa KocMuyecka 5-Ta cuMpoHMs”, [Ookassall
KocmononutHata 6e3npeueneHtHa B CBeTa HayyHa gevHocT Ha npod. H. C. KanuuuH ot
nepmoaa 1955-1957 r. (3oparta Ha kocmudeckata epa) [20]:

“ CnedoeamenHo Hawama meopusi € 8 cbcmosiHue 0a ob6sicHuU ¢hakma, ye 8 dadeH MOMeHm, 8
dadeHa mo4ka om npocmpaHcmeomo moesam da ce nosiessm dea, mpu u nose4ye 4>om0Ha. Toea ce
Habnrodaea Hanp. npu dsy- mpu- u nogeye homoHHama aHuxunayusi.

Hab6nrodeHnusima Ha LlUaiiH, KaunoH u PumcoH, kKakmo u me3u Ha 2pynama om TypuHo, noka3axa
npes nocnedHume 806lIHu, 4ye eJleKmpomMazcHUmMmHume KackadHu rnpouyecu npu eUcoKuU eHepauu, Koumo ce
uzebpuwieam ripu KOCMu4YecKume Jib4u, ce omHacsim Cb8bPWEHO dpyeo;me om moea, Koemo MO)Xem Oda
o4Yakeame b3 OCHO8a Ha KeaHmoeama esleKmpoOUHaMUKa: ycmaHoeeH e oyydeawusm ¢hakm, 4e npu
edHOo esleMeHmMapHo cbsbckeaHe Mo2am da ce nopodsm Ao 20 - keaHmu. Toea siesieHUe MOXXe JIeCHO da
ce 06siCHU 8b3 OCHOBa Ha Hawama meopusi. Pakmbm 3a MHO2OKpamHomo nopa)l(daHe Ha (I)OMOHU
Moxxem Oa pasane)kdame Kamo eGHo eKcrnepumMeHmMasiHoO yKa3aHue 3a rnpocmpaHcmeomo.

Moxem Oa ce Hadsieame, 4e Mo onucaHusi Nbm we cmu2Hem 00 eOHa OKOH4YamesiIHa CUHmMe3a
Me»(dy epasumayusima, eJieKmpomMacHemu3bMa U KeaHmoeama meopus. Toea ce ﬂOdeeﬂﬂ u om
dJaKma, 4Ye KeaHmMoeaHemoO Ha ypaeHeHuUsima Ha nojiemo ce riocmueza 4pe3s edHa cucmema ¢ 6€3KpaL7HO
MHO20 cmeneHu Ha ceoboda...” ...

Ctatusita Ha npod. H. KanuuuH e npegcraeeHa, Ha 30. V. 1957 r. Llenun 50 rogmMHu no-kbCHO
TeneckonbT MAGIC (Major Atmospheric Gamma-ray Imaging Cherenkov) oTkpyBa Hal-
€HepreTMYHOTO nyrcupawo rama-nbueHme — lNyncapsTt (no npaso “Nikola Kalitzin”) B nseectHaTa
“PakoobpasHa mbrnsgsmHa». OTkpuTneTo e nybnukyeaHo B cn. ,CanbHc” (“Science”) Ha 16.X.2008

[5].

3. Mpod. H. C. KanuuuH n cCbBpeMEHHUAT CBAT — U3BOA U 3aKITKOYeHune

HesaBucuMo, Ye dyxaecTpaHHUTe Npenopbky oT 1966 r. 3a akageMnyHo 3BaHue Ha npod. H.
KanvuuH ca nrHopupaHu no “nonutuydecky cbobpaxeHus” (BbNpeku xoaa 3a akageMuydHa npoueaypa
¢ pesontouunsa ot akag. J1. KpbctaHoB — 1-n Ha BAH go “akag. A. laues — 3a goknag!”...); He3aB1McMMo
OT HoGenoBuTe Harpaaun Ha Jlangay, ®PanHmaH, enn-MadH, CaxapoB, MH3Gypr M koW nn He
TUTynoBaH kopudpen Ha Haykata - cneq TBOpPYECKUTE MPO3PEHUS 38 KOCMUYECKOTO NPOCTPaHCTBO-
BpeMe Ha lMoaHkape, ANHLWanH 1 JlopeHu, gopu Benuknat CTuBbH XOKWHT [15] He ce e pobnuxasan
Tonkoa 6nm3o, konkoto Hukona C. KanuuuH [18-29] po napagurmute: - 3a O6eanHuTenHa Teopusi Ha
BCUYKM BbNHOBU noneta GUT, 3a ObegnHuTenHa teopus Ha Teopunte; 3a (DOTOHHUTE U Xunep-
OTOHHUTE pakeTu , 3a nyncapuTe, 3a NbTyBaHeTo B Kocmoca n BLB BpemeTo! [1-6,8,14-15,37]...

CeH3aumnoHHO 3a HemnocBeTEeHUTE, HO JIOTMYHO U 3akoHoMepHOo 3a CTpaTtesute Ha Haykata u
Mporpeca B CeeTa [3], AHEC KOCMUYECKUAT Bb3XOA4 M HOB peHecaHc Ha H. C. KanuuuH B CBeTa e
dakT cnep orpomHus uHTepec [18-29] (B8 NASA u B CALL kaTo usrno, B N'epmaHuns, B KaHaga, B Pycus
W T.H.) KbMm TpygoBeTe Ha KanuuumH!... KanuuuH, 3a pasnuka oT ANHLWANH, HUKOra He e “BpbX” Ha
UHCTUTYUMA Kato “Kamsep Bunxenm” (gHec u-ta “Max Planck”), HO caMuaT Touh e U3KMYuMTenHa
KOCMMYecKa WHCTUTYUMsl, faBal, W Han-epyauMpaHuTe aHanu3an BbpXy BCUYKM KOCMUYECKN,
acTpoHoMuyeckn n dmsnyeckn HosocTul... 3a H. KanuuuH He Moxe aa ce Kaxe CbLLOTO kaTo 3a P.
dariHMaH, Ye e BTopu reHnn cneq ArHLLAanH, 3aLoTo U No HMBaA Ha FeHManHoCT U No YHUBEPCAnHOCT
Ha reHus cu, KanuuuH e Nenun Ha MeHunTe, NpbB Apb3Han owe B 1957 r. ga passuBa 1 “Hagckada”
AVHLarH 1 BCUYKM CBETOBHM kopudeu [4-15], HesaBucmumo, Ye AnHwanH u anHmvaH umat Hobenosu
Harpagm no ¢msmka — a Ton — He! [la, HO aHec npod. KannumH uma ¢ 50 roguwHa gasHocT “facts-
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proofs” 3a ceosita GUT — UFT [5,19,20 ] - MeuTata Ha AliHLWaH, Hewlo, 3a koeTto bom, ®aiHmaH,
"enn-MaHnH, JlaHaay, Cepnos, Kengnww, CaxapoB, XOKUHI 1 BCUYKM KOCMOMO3W, HE ca ce onuTBanu 1
na medtaar B 1957 r. 1!

A korato dpakTute roBopsT - u boroBeTe mbnuarl... M Hama cuna Ha CeeTa, KOATO Aa 3anuyu

dakTuTe, OaBallM KOCMUYECKU NMUOHEepHU npuopuTeTn Ha npod. H. C. KanuumH B kocMmyeckaTa
epalll

10.

11.
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15.
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17.
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KOCMMWYECKUTE U3CJIEQOBATEJICKU NMPOEKTW.
noaxoaun 3A nNIAHUPAHE U PEAJTU3ALIUA
YACT I.

Hapsa MapuHoBa

Hoe Bwbrieapcku yHUgsepcumem

Abstract: A general overview of space research projects in terms of methodology is performed, following
the historical development of the matter. General conclusions and structural assessment are made according to
(mainly) the US experience with some adds of the next time stages in other countries. The final result is to extract
the useful elements for direct application in the practice of planning, implementation and management of the
recent space research projects.

BbBeneHune

Kocmuyeckute nscnensaHua ca eqHa TBbpae cneuudunydHa obnact Ha YoBELLKOTO No3HaHue U
obllecTBeHaTa npakTMka. B pesyntaT Ha cbCTe3aHMETO MeXOy BEenuKuTe cuUnim (M MonMTUYEcKM
cUCTeMW) 3a OEMOHCTpMpaHe Ha TEeXHONOTMYEH Hamnpedbk U BOEHHO MPEMYLLEeCTBO B paHHUTE
rOAVMHW Ha CBOETO Bb3HUKBAHE, MOCTEMEHHO Te ce MpeBpbliaT B OCHOBEH W3TOYHUK Ha
OpraHu3aUMoHHW, YNPaBEHCKM, UKOHOMUYECKM, CTPaTErMYECKN 1 Hali-BeYe TEXHOSOTMYEH NpuopuTeT
Ha BCUYKM pas3BuTU Abpxasu. Mopagn cneundUyYHOTO eCTEeCTBO Ha CBOS ODEKT Ha u3credBaHe —
KOCMMYECKOTO MPOCTPaHCTBO - Te3W MHOBAUMU M CBbp3aHUTE C TAX AeMHOCTU ca eduH OCHOBEH
CTUMYI B pasBUTUETO Ha HayKaTa 1 TexHonorunte. OYeBUOEH e TEXHMS NMPUHOC, KaKTo 3a u3cneasaHe
Ha KOCMWYECKOTO MPOCTPaHCTBO, Taka M MOXe OWU MO-BaXHOTO MPUMOXEHWEe Ha KOCMUYECKUTe
TEXHOMOMMM B Ha3eMHW YCMNoBuA M 3a npaktuyecku uenu. OT edHa cTpaHa ruraHTCKUTe cpeactsa
OTOENsAHW 3a PasnUYHU KOCMUYECKU MnporpaMu U MNPoeKkTW, BoAAT A0 6bp3o pasBuThe Ha
TexHornorumTe Ha Bcuuku H1Ba. OT Apyra (gaxe TBbpae YecTo!) nopaau HanpeagHWYaBus XapakTep Ha
nscneaeaHuata (advanced research), noHsKora U3NbNHEHMETO Ha Te3W Nporpamu ce e NpespbLIano
B Kpax, ocobeHO B HayanHuTe cTaauMu OT TAXHOTO pasBuTMe. ToBa MocTaBsa ¢ ocobeHa ocTpoTa
Bbhpoca 3a ePEKTMBHOTO yrpaBreHne Ha KOCMUYECKUTE NPOEKTM U NporpamMu, KakTo Ha Makpo HUBO,
Taka U B MoO-O€TalNHUTE erneMeHTW Ha TAXHOTO u3nmbfHeHue. [la ca mscneasaT noaxoauTte 3a
nraHuMpaHe, KOHTPOS Ha KayecTBOTO, YNpaBrieHe U MKOHOMUYecka edeKTUBHOCT Ha KOCMUYECKUTE
NpoeKTU 1 Nporpamu ce npesBpblla camo no cebe cu BbB BaXKeH uacneaoBaTencku npobnem. Tosa e
OCHOBHaTa Len Ha HacToslaTa pa3paboTka — Ooa npocneau, passue, OLEHU, CpaBHU U aHanusupa
pasnUyHUTE NMOOXOAM, METOOU U TEXHWKU 3a U3MbIIHEHWE Ha KOCMUYECKU MPOEKTU U mnporpamu oT
rregHaTa Todka Ha CUCTEMHO-CTPYKTYPHUS NOAXOA.

Moaxoam 3a nnaHnpaHe un peanun3aymna Ha KOCMUYeCKUN NPOEKTU

CobluecTByBaT ABE METOAOMNOMMN B NOAX04a 3a NiaHupaHe - MeTOA Ha KPUTUMYHUA MbT (critical
path method /CPM/) n meTop 3a koHTpon Ha pasxoauTte (cost specification / C/SPEC/):
CPM e pas3BAT CcaMOCTOSITENMHO 3a pellaBaHe Ha npobremn B XvMuyeckaTa WHAYCTpus,
KopabOoCTpPOEHeTO 1 eHepreTukaTa npes nergeceTTe roamHu. HacoyeH e rmaBHO KbM ynpasreHne Ha
BPEMETO Ype3 U3Mon3BaHe Ha MPEXoBO NraHupaHe. Metogonorusata CPM noHsAkora ce cpella KaTto
CPA (critical path analysis - aHanu3 Ha kpuTu4HuA NbT) M PERT (programme evaluation and review
technique - TexHuMka Ha oueHKa M nperneq Ha npoekTta). Yecto ce npunara B NnaHMpaHeTo Ha
Kocmuuecknte mscnegpanms. C/SPEC (unm cost/schedule control system criteria (C/SCSC) — ce
OCHOBaBa Ha KpUTEpus 3a KOHTponupaHe Ha pasxogute). Ton e Gun pa3paboTeH OT BOeHHaTa
nHgyctpusa Ha CbeamHenuTe Latm (DOD, 1975). Ta ce dokycmpa Bbpxy Tpy obekTa: ynpasnsBaHe
Ha obxBaTa, opraHu3aumsitTa U pasxoguTe. YnpaBneHmeTo Ha obxBata ce geduHvpa nocpeacTBOM
Nepapxu4HoO CTPYKTypupaHe Ha genHocTtute - work pakages structure (WPS), a Ha opranmsauusTa -
ypes3 CTpyKTypupaHeTo 1 - organization breakdown structure (OBS). EgHa gByu3amepHa matpuua,
dopmupaHa upe3 WPS n OBS, ce Hapuya “cxema 3a pasnpefeneHne Ha oTroBopHocTute”. CobuiaTa
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MaTpuua, CbNOCTaBeEHA KbM MepapXU4HOTO CTPYKTypupaHe Ha pasxoauTte - cost breakdown structure
(CBS), cdopmupa TpuMepHa maTtpuua, dopmupaHa ype3 WBS XOBSXCBS, HapeyeHa “kyb 3a
KOHTpOnupaHe Ha pasxogute” - cost control cube. B npakTukata Ha KOCMUYECKUTE M OUCTAHLUOHHM
nscnegBaHus ce npunarat v gBata NoAaxoda, Kakto U pasnuyHu xmbpugu mexay Tax. B noeedveto
cnydau pasnpegeneHueTto Ha 3agaunte (WPS - work packages structure) ce ussbpLiBa N0 Bpeme Ha
KoHuenTyanHaTa dasa. WPS e OOKYMEHT, KOMTO CTPYKTypupa MpoekTa Ha OCHOBHW KOMMOHEHTU —
obopyaBaHe (xapgyep), codTyep, WHMOPMaUWs, MNOMOLHN eneMeHTU. Te3n KOMMOHEHTU ce
pasnpegensT U ce U3roTBs CNUCHK, aeHTMdMUMpaLL BCSKa OTAeNHa AEeNHOCT, KOATO crnefBa ga ce
M3BBLPLUN 3a peanusnpaHeTo Ha npoekta. WPS cbaencTea 3a gednHUpaHeTo Ha AeVNHOCTUTE, KOMTO
cneasa fa ce M3BbpLIaT, M nomara npu nraHnpaHeTo, YUHaHCMPaHETO, MOHUTOPUHIA U KOHTpora.
Mo To3M Ha4WH C HanpeaBaHETO Ha NpoekTa rpaduKbT U pasxoauTe MoraTt Aa ce CbNoCTaBAT CNPSMO
nnaHa u otopkeTa. Tabnuua 1. nokasBa NPMMEPHO CbKpaTEHO pasnpeferneHne Ha 3adadn 3a pakeTa-
HocuTen Ha opbuTanHa KocMunyecka naboparopusi.

Tabnuua 1. YacTuyHo pasnpegeneHue Ha 3agaHusTa 3a Kocmudecka nabopatopus

MNHpekc OnuncaHne Ha 3agaHNeTo
1.0 KomaHgeH moayn
2.0 JlabopaTopeH moayn
3.0 ['maBHa gBuraTenHa cumcrema
3.1. CucTtema 3a nogaBaHe Ha ropmeo
3.1.1. MoHTUpaHe Ha ropMBHUSA pesepsoap
3.1.2. M3onupaHe Ha ropMBHUSA pesepsoap
4.0 Cucrtema 3a Haco4yBaHe
5.0 KunuvweH moayn
6.0 TpeHvpoBbYEH Moayn
7.0 Cuctema 3a nogapbxka

YnpaBneHneTo Ha NpoekTuTe, kKaTo MOAepHa AUCUUNMANHA MO MEHUIXMBHT, € Ha okono 50-60
rognHn. Havanoto ce cBbp3Ba c [Npoekta “Atnac” B CbeanHenute LWartn, ctaptupan npes 50-Te
roanHu Ha XX Bek (Morris, 1993). Npe3 Te3n roanHu e HaTpynaH 3Ha4yuMTeneH onut n o6emM OT 3HaHus,
KOWTO e narpagun epekTnBHN MHCTPYMeHTU u TexHukn (Cleland, 1988),

AnTepHaTM BeH noaxon

AnTepHaTMBHUAT MOAXOA Onpenens W3MbIHEHMEeTO Ha MpoekTa KaTo MPOLEC, 4pe3 KOMTo
edVH MNPOeKT ce OoBexaa OO0 ycrnelleH Kpal, T.e A0 AOCTMraHeTo Ha OcHoBuTe uenu. Mma Tpu
AMMeEHCUM Ha To3m npouec: Llenu Ha npoekTa; YnpaBneHCkM NpoLecu 3a AOCTUraHeTo Ha LenuTe;
HuBa Ha npunoxeHue Ha ynpaBneHCKUTE NPoLIeCH.

Llenu Ha MNpoekTta

JocTuraHeTo Ha OCHOBHaTa LeNn Ha MNpoeKkTa W3WCKBa LIECT OCHOBHW erleMeHTa Ha
yrpaBreHNeTo Ha NMPoeKTa, a He camMO Ha edHa UM MUHUMYM TpW, KaKTO € cnopen TpaauLUMOHHMSA
nogxon: YnpaeneHue Ha obxBaTta; YnpaBreHuWe Ha opraHusauusaTa; YnpaefeHue Ha KavyecTBOTO;
YnpasneHne Ha pasxoauTe; YnpasneHue Ha BpeMeTo; Tbi KaTo BCHAKa edHa OT Lenute Cbabpxa
puck, To 6 morno aa ce no6asu 1 ynpaBrieHNe Ha pucka.

CeBepHoamepuKaHCcKUAaT MIHCTUTYT no YnpaeneHune Ha [poekTuTe npeactaBs eaHa OCHOBHa
uen - obxeama Ha ynpaBrneHmeTo, kato obocobeHa yacT (Wideman, 1987) (dur. 1.). MpeacraBeHata
cdurypa cb3gaBa BnevaTnieHve, Ye Ka4yecTBOTO € OTAEeNEeHO OT pa3xoauTe, a 06xBaTbT - OT BPEMETO.
Mupamunpata, gageHa Ha @urypa 1. obaye enuvmmHMpa TOBa BnedyaTneHve U MokassBa Kak
opraHusaumsTa UHTerpupa u OCHoBHUTE Uenu. B 3aBucUMOCT OT TOBa, BbpXy KOS Lien LWe ce NocTaBu
yAapeHneTo, CblUeCTByBaT pas3fuMyHM BapuaHTW Ha GanaHcupaHe, kato Moxe Aa 6bae gonycHar
TOnepaHC Mo OTHOLLEHME Ha BCSKa LEeN Ha nupamugata v ga ce U3BbplIM NaHupaHe Ypes Hes.
Mo-nobpe Oa ce HanpaBuM KOMMPOMWUC C BPEMETO UM pasxoauTe, OTKOMKOTO C KayecTBOTO. ToBa e
OCHOBHO W3MCKBaHe MNpu aepoKOCMUYECKUTE MPOEKTU, KbAETO KayeCTBOTO € OCHOBEH W3UCKyeMm
napameTbp. Ha ®urypa 1. e nokasaHo CbLLUO Taka, Ye ABe OT uenute — obxBaTbT M OpraHM3auusTa -
ca 3agbiokutenHu. bes ob6xBaTr HsiMa MpoekT, a 0e3 opraHuM3auusa, ToM He Moxe gda Obae
ocbluecTBeH. 3a ga uma edpekT, uenta TpsAbBa ga 6bAe NocTUrHaTa Npu onpegerieHa UeHa, 3a
TOYHO BpEeMe U Npu KOHKpeTHa cneundukaums.
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OBXBAT

peann3yemMocCT npoaAYyKTUBHOCT

PA3XOON KAYECTBO

ycunus

BPEME

dur. 1. CrpykTtypa “ObxBaT — Ka4eCTBO — pa3xoam — Bpeme”

YnpaBneHneTo Ha NPoeKkTUTe e npouec, C KOUTO ce aedumHMpa M OCbLLECTBSBA XenaHaTa
npomMaAHa No MU3NbJIHEHMETO Ha 3afdayvnTte Ha npoekTa. CprKTypHI/IFlT noaxoa KbM TO3M npouec e
n3BegeH Ha 6asa Ha ABe OCHOBHM Te3w. [TbpBaTa OT TsX €, Y€ MPOEKTbT C OCHOBHA Len, B KONTO
YyoBELUKNTE, MaTepuanHute u UHAHCOBUTE pPECypCcU Ce opraHusnpa no eamH CbBCEM HOB
(HecTaHOapTeH) HauvH, 3a Oa Ce M3BLPWM €OuH YHUKaneH o6xBaT OT OelHOCTM, Mo AafeHa
cneumMdukaLmnsg B pamMKMTE Ha OrpaHUYEHUsITa, HanoXeHw OT pas3xoauTe U BpeMeTo, Taka ye Aa
JoBefe A0 XenaHata npomsiHa, AeduHuMpaHa OT KayeCTBEHUTE U KOMNMMYEeCTBEHWUTE U3UCKBAHWUS Ha
npoekta (Turner, 1992). CbLLeCTBEHOTO € Ye TO3W NOAXOA € BanuaeH rmaBHO 33 YUCTO UHOBALMOHHM
NPOEKTU, KbAETO Ce Cb3AaBa HeLLO YHMKANHO, HOBO U HEMO3HATO B AocerawHaTa npaktuka. Btopata
Te3a (T.H. NepapxuyeH NOAXOA) €, Ye NOAXOABLT, KaKTO M CaMUAT MPOEKT, MMa Tpy PyHAaMEHTanHu
HuBa (Tabn. 2.).

[MoHexe opraHu3aumsitTa € HenpyMBMYHA U OJENHOCTUTE Ce M3BbpLUBAT 3@ OFPaHUYEHO BpeMe,
yrnpaBrneHneTo e CbLUEeCTBEH eNeMEeHT B npoueca Ha uanbiiHeHMe Ha npoekta. [lopagu dakta, ye
paboTaTta e yHuKarnHa, T9 BKoYBa €4HO HUBO Ha PUCK.

Tabn. 2. MepapxudyeH noaxoa Npy ynpasneHeTo Ha NpoekTuTe

Huso PyHKUMA EnemeHTHN
1 MpegnocTaBkn Llen, KOHTEKCT 1 NPUHLMNK
2 Crpaterus MeTtoau, nancksaHus, npowuecu, HMBa
3 TakTukn TexHUKn
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lMoHexe enVMMHMpaHETO Ha TO3W PUCK, MOXe Jda CTpyBa MHOIO MOBeYe, OTKOJIKOTO
noTeHUManHuTe WeTn, KOUTO TOW MOXe Aa MPUYMHKU, TO No-edhekTMBHO e Ton Aa Obae ynpaBnsBaH,
OTKOSKOTO €NMMUHMPaH. YNpaBneHneTo Ha npoekta B nogobHu crnydyanm Moxe fa ce NpeBbpHE B
yrnpaBreHue Ha pucka.

Konmekcmbm e abCTpakTHO MOHATME, KOEeTO BKMNOYBa cpedata. ToBa e udnara
MKOHOMMYECKA, YOBELLIKA, coLManHa cpefa u ekocuctTeMara, B KOSTO MPOEKTbT CbLUeCcTBYyBa.
KOHTEKCTBT MMa TP OCHOBHM efieMeHTa:

1. MNpoekT n cTpaTerus

2. YyacTBallm CTpaHu B NpoeKTa:

- CobCTBEHUKBT Ha NPOEKTa, NpeacTaBnsBaH 0T MHBECTUTOPA;

- 3nbnHuTen Ha npoekTa;

- Nopabpxalwm opraHm3aumm (CyGKOHTpaKTopK);

- MNoTpebutenute, paboTeLym C TEKYLUTE pe3ynTaTtu OT U3MbITHEHMETO Ha NPOEKTa;
- MoTpebutenu Ha kpanHUA pesynTaTt OT NPoeKTa.

3. Ctparernyecko YnpaeneHue Ha lNpoektute

YnpaBneHNeTo Ha nNpoekTa B HEroBWsi KOHTEKCT W3NCKBA MpPUEMAHETO Ha efuHEH

cTpaTermyecku ynpasneH4Yecky Noaxod, KOWTO BKITHOYBA HAKOMKO efnleMeHTa:
LianocTHa Harnaca 3a ynpasrieHWe Ha MPOEKTN 3a BCUYKM HMBA OT OPraHvM3auMOHHUTE CTPYKTYPU Ha
nscnegBaHusTa; YnpaBreHue, HacodeHO KbM MpoekTHuUTe uenu; llooxon 3a ynpaBreHWeTo Ha
npoekTa; YNpaBneHNeTo Ha KOHTEKCTa Ha npoekTa; Pecypcu, kouto obesneyaBaTt M3BbPLUBAHETO Ha
npoekTa — (pMHaHCOBU, YOBELLKU, MHTenekTyanHu u ap.(Turner, 1992).

3akntoyeHune

B nbpBus eTan Ha ToBa M3cnensaHe e HanpaBeH PEeTPOCNEKTUBEH Npernes Ha 3apaxagaHeTo
N YCbBbPLIEHCTBYBAHETO Ha METOAOMNOrMsATa Ha MnaHuMpaHe W peanus3auus Ha KOCMUYeckuTe
npoektn. OBoOLEH € OCHOBHO aMEpWKaHCKMA OMNWT, KaTo TakbB Ha HaW-HanpegHanara cTpaHa B
obrnactta Ha kocMudeckuTe wmscrnedBaHus. [loka3aHo e, 4Ye M3non3yBaHeTO Ha efgHa unu gpyra
anTepHaTMBa Ha NnaHuMpaHe W/unu peanu3auus Ha BCEKW KOHKpPETEH MNpoekT, nmma obwm dasm.
PasnuunaTta ca camo B npakTukata Ha M3Mnon3yBaHe Ha eguH Uiu Apyr noxod, KOMTo Moxe Aa 6bae
KopurMpaH B fpoueca Ha u3nbrHeHue Ha npoekTa. [lopagn CUNHO MHOBATMBHUS XapakTep Ha Tesu
NPOEeKTn Wu HenpekbCHaTUTe npeagn3BnUKaTesriCTBO Ha pa3pa60TBaHe N BHegpsdABaHe Ha HOBMU,
Hemno3HaTu TEXHONOrMK, YecTo ce CriyyBa “kopurnpawimMte AerHOCTM” Ja ce npunarart B npoueca Ha
n3nbnHeHue (Mnu gopu cnep npuknoyBaHeToNe Ha npoekTa.
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Wideman, R. M, The framework, in The Revised Project Management Body of Knowledge, Project
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3. Cleland, D. I, Project management: Strategic Design and Implementation, TAB Books, Blue Ridge
Summit, PA, 1990.
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KOCMMWYECKUTE U3CJIEOOBATEJICKU NMPOEKTW.
YNPABJIEHUE, AHAJIU3 N OLIEHKA HA E®EKTUBHOCTTA
YACT II

Hapa MapuHoBa

Hoe Bbbrieapcku yHusepcumem

Abstract: The second part of this investigation is focused rather to the management, analysis and
efficiency assessment of space research projects. The specific targeted space projects are related to the
investigations, discovery and implementation of the new, innovative products which, as shown in practice, could
be introduced in everyday life and bring more profit then direct research and new space discoveries.

MpuHUMnNW Ha ynpaBneHue

Knacunueckn noaxopn

B nctopuyecku nnaH, To3n noaxod e npeanoxeH ot XeHpu ®anon (Fayol, 1949) n e HacoyeH
KbM MHTEerpaumsita Ha HectaHgapTHa opraHusauusa. T9 MMma neT OCHOBHU (PYHKLMM Ha yrnpaBreHue —
4YeTUpy ANPEKTHN N edHa MHTerpaTmeHa (obobwasawya) (dwur. 3.):

»( lMnaHnpaHe

I

it R s Rl it e

J

OcbluecTBsiBaHe <

dur. 3. NeTTe yHKUMM HA yNpaBneHneTo

MnaHnpaHe Ha AenHOCTUTE, KOUTO TpsAbBa Aa 6bAaT U3BBLPLLEHN;

OpraHusupaHe Ha pecypcuTe 3a TAXHOTO OCbLUECTBABAHE;

M3nbnHeHve nocpeacTBoM BbanaraHe paboTata Ha U3MbIHUTENCKUTE EKNMU;
KoHTponupaHe Ha M3MbiHEeHUETO Npu NMOCTUraHETO Ha NiaHa Uy NOBTOPHO MaHupaHe;
YHpaBneHme Ha N3NBbJTHUTENCKNTE eKnnn

Mopaxop 3a pewaBaHe Ha npo6nema (npmn)

Tosn nogxod pasrnexia Lenta Ha NpoekTa KaTto eauH MpoGneMm u npunara CTPYKTYPHM
MEeTOAM 3a peluaBaHeTo Ha To3u Npobnem npu HeroBoTo ynpaeneHue. dPurypa 4. UnCTpupa UMKbI
OT [eceT CTbMKW, a Tabnvuarta UnicTpMpa NpoLecuTe Ha yrnpasrieHne, KOUTO MPoM3TUYaT oT ToBa.
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Tesun geceT CTbMKU MoraT Aa ce pasgensaT Ha Tpu rMaBHM eTana: CbCTaBsiHe Ha pelleHneTo (CTbrku 1
0o 5), B3emaHe Ha pelleHne (CTbnka 6) 1 nsnbnHeHne (cTbnku 7 oo 10).

A

- — - =
- ~

MOHUTOPWHT pnemaHe

bOupaHe

Peanusauus

Ha peLIeHNeTo

peLueHne

dur. 4. Llukbn oT geceT CTbMNKU 3a peluaBaHe Ha npobnema

Bcska oT Tesun geceT CTbMKM MMa eKBMBanNeHTHO 3HadeHue (T.e. He BuBa oa ce paBopuaunpar
edHn W npeHeGpersat Opyrn), kaTo LenTa e MnocTUraHe Ha pelleHUeTo C MbleH KOHTPOn Ha
npoLecute KoMTo BoAAT 4O TOBa.

CucTtemaTtusaumsita Ha NpoLecuTe Ha ynpaBlieHVe e HanpaBeHa Ha OCHOBaTa Ha CTPYKTYPHUSI aHanms
1 npeacraBeHa B Tabnuua 3.

Tabnuua 3.¥YnpaBneHne Ha npouecuTe, Npou3TMYaluM OT LMKbfla Ha pellaBaHe Ha npo6neM|/|Te

(Turner, 1992)

Ctbnka

Mpovuec Ha ynpaBneHue

Bb3nprvemaHe Ha
npobnema

Onpeaens ce Bb3aMOXHOCTTa 3a NofyJaBaHe Ha noneaHa uHgopmaums m
pesyntaru.

CbbupaHe Ha AaHHW

Cbbupa ce nHdbopmauus, 3a Tosa.

HeduHupaHe Ha
npobnema

OnpenensT ce pasxoanTe 3a OCbLLECTBSIBAHE HA Ta3u Bb3MOXHOCT U
noTeHuuanHuTe nomnsn oT Hes.

eHepupaHe Ha
pelleHus

M,D.eHTM(*)MLI,I/IpaT Ce HAKOJIKO NbTA 3a nonyvyaBaHe Ha Ta3v Bb3MOXHOCT U
AOCTUraHEeTO Ha XenaHuTte pe3ynrtaTu.

OueHka Ha pelueHneTo

OnpenensiT ce, KOJKO Le CTpyBa OCbLLECTBSABAHETO Ha pelueHusiTa. (Cost
analysis)

M360p Ha pelueHune

M36upa ce pelueHneTo, KOETO AaBa Hal-0o0bp pe3ynTaT 3a NiaHupaHuTe
pasxoamu.

KomyHukauus YBegomsiBaT ce BCUYKM y4acTBaLLM CTPaHU 3a n3bpaHoTO peLIEHNE.
MnaHupaHe Ha 3aBbpluBa ce geTannHaTa paspaboTka Ha peLLeHneTo, cropep,
OCbLLECTBABAHETO nnaHnpaHuTe pasxoau.

OcbluecTBsiBaHe Bb3narat ce 3agaynTte Ha U3NBbAHUTENNTE U KOHTPOMA No N3NbIIHEHUETO.
HabnwoaeHue Habnogaea ce n3anbiHEHNETO, NOMyYEHNTE pe3ynTaTuTe U KOPEKTUBHUTE
(MOHUTOPWHT U [OEenHOCTK, ako TakMBa ce npunarart.

Kopekuunm)
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OCHOBHM HMBaA Ha KOCMUYECKUTEe NMPOEKTn

Wma Tpn dyHgameHTanHu HMBa Ha Noaxoaa, KOMTO CBbP3BaT LienuTe C ynpaBieHCKUTe NpoLecu:
- uHTerpupalyo (HmBo l);
- cTpaternyecko (Huso Il) ;
- TakTn4yecko, getannHo (Huso llI).

UHTerpupaiio HUBO

Ha ToBa HMBO uUenTa e onpegeneHa B 3aBUCUMOCT OT pe3yntaT, KOWTO TpsibBa ga 6bae
nocturHat. feduHupaHm ca obxBaTbT U HeOOXoOUMUTE pecypcu, KakTo u 6asoBuTe NapameTpu unm
OrpaHMYeHns No OTHOLLEHME HA BPEMETO, Pa3XOAMTEe M Ka4yeCTBOTO Ha pesynTatuTe. YCTaHOBEHM ca
BCUYKM pUCKOBE U npepgnonoxeHus. Omyemsm Ha [ecuHuyuume Ha [Ipoekma € WHCTPYMEHTbT,
KOWTO Cce M3Mon3ea, 3a ga Ce 3anuwe Tasn MHdopmauus (HenocpedcTBeH pesynTtar). ToBa HMBO
onpederns KakbB € KpavHUAT MpOoAyKT OT MpOeKkTa, Heropute cneumdukaumm u orpaHudeHusita ot
rrnefHa Tovka Ha pasxoan n Bpeme.

CTparterm4yecko HUBO

[eduHmpaT ce MeXAMHHUTE Lienu U HeobxoanMMTe KOHTPOIHM TOUKU 33 MOCTUMraHeTo Ha LenuTe.
Bcska KoHTpoNiHa ToYka e KpaeH pesynTaT — crneacTBue OT M3MbHEeHWeTo Ha paBoTHWMA nakerT.
[edunHnpaHa e OTrOBOPHOCTTa Ha OpPraHU3aUMOHHWUTE edVMHULK, PONUTe U DYHKLUMUTE B paMKUTE Ha
paboTHMTe nakeTu. CTpykTypaTa Ha paboTHUTe MakeTu ce NocTposiBa, paspaboTea ce OlomkeTa. Ha
TOBa HMBO MEHVMIKbPbT UMa 3a Len Ja cb3haae eauH cTabuneH nnaH, KOWTo e KoHUEenTyanHa pamMka
3a cTpaTtervsita Ha ynpaBsrieHue 1 No3BosisiBa Aa Ce UHMUMMpAT NPOMEHU Ha TpeTo HuBo. OnpedensTt
ce OTrOBOPHOCTUTE Ha OpraHM3auMoHHUTE eauHuuM. [naHbT, KOHTPOSIHUTE TOYKM M MaTpuuaTa 3a
pasnpeaerneHne Ha Ponu U OTTOBOPHOCTM ca MHCTPYMEHTUTE, KOUTO Ce U3MON3BaT 3a Tasu Ler.

TaKTn4yecko HUBO

BkrouBa KOHKPETHU WHCTPYMEHTM U TEXHUKU, KOUTO ca HeoBXOAMMM, 3a [a Ce MOCTUrHaT BCUYKM
eneMeHTU OT cTpaTterMyeckuss nnaH. Ha ToBa HMBO ce MpaBaT NPOMEHM B 3aBMCUMOCT OT pamMkaTa,
npedoctaBeHa OT CTpaTerMyecko HuWBo. PaspaboTBa ce [OeTaisiHO MpoOeKTUpaHe Ha CpeacTBOTO
(HenocpeacTBeHNUs pesynTar).

OCHOBHU UHCTPYMEHTU U TEXHUKN

3a ga ce oCcbLUECTBAT MeTOAMTe, ce n3bupart MHCTPYMEHTM U TEXHMKM OT Project Management
Body of Knowledge (Agpo ot 3HaHusa no YnpaeneHue Ha [Npoektun) (Andersen, 1987; Cleland, 1988;
PMI, 1987). Hakon OT NPUHLUMMHUTE UHCTPYMEHTU N TEXHUKU ca NpeacTaBeHn Ha cur. 1.9. 1 1.14. n
Tabn. 1.5.)

3a o6xeama Ha ynpaeneHuemo: lepapxniHo cTpykTypupaHe Ha paboTaTta unm Ha npoekTa
(WPS). Ypes WPS npakTunyeckun ce cb3gaBa LSNOCTEH MOLEN Ha NPOeKTa, OCHOBA Ha MMaHMpaHeTo.
OpyrM VMHCTPYMEHTM BKMOYBAT ynpaBleHMe Ha KOoHdurypauusita, ynpaerneHue Ha npomsiHaTa Ha
KOHTpona unu nHdopmaumaTa.

3a opaaHu3ayusma: lepapxmyHo CTPYKTypUpaHe Ha OpraHn3aLmaTa v MMHEeNHN rpaduki Ha
OTroBopHOCTTa. [pyrn MHCTPYMEHTWU BKNIOYBAT YNpaBfieHWe Ha matepuanunte, TEeKyLu Pernctpu u
acnekTn Ha PUHAHCOBOTO M 3aKOHOBOTO yrNpaBrieHe N PbKOBOAEHETO Ha NPOEKTa.

3a ynpaeneHue Ha kadsecmeomo: OGe3nevyaBaHe Ha Ka4yeCTBOTO, KA4YECTBEH KOHTPOIM U
KOHTpOMN Ha npomsiHaTa. MiMa TaknBa 1 3a TOTanHOTO KayecTBo, meToaute Ha Taguchi u just-in-time.

3a ynpaeneHue Ha pasxodume: lepapXxMyHO CTPYKTypUpaHe Ha pasxoauTe W KOHTPONeH
Ky6 Ha KayecTBOTO. [pyrute TEXHVMKM BKMOYBAT MapamMeTpU4HKU, CTHMKOBM W EKCMOHEHLMarHu
MEeTOAM 3a N34NCNsABaHe Ha pa3xoguTe.

3a ynpaeneHue Ha epememo:. MeTof Ha KPUTUYHUA MbT (MaTeMaTUYECKN MHCTPYMEHTU 3a
nnaHvpaHe Ha BpemMeTo) U rpadukm Ha [aHT (NMHeeH rpaduKk 3a U3NbHEHWME Ha NPOEKTHUTE
OEeNHoCTN).
PaboTHM cnvcbuM 3a CBbp3BaLLMs MfaH Ha opraHu3auusTa 1M 3a cbOupaHe Ha JaHHM 3a Xoha Ha
pa3BUTMETO ca 06euHEHMN.

AHanus Ha edpeKTMBHOCTTA

AHanM3bT Ha edeKTUBHOCTTa ce Mpurara Hai-yecTo cref MpUKIYBaHe Ha MpoekTa U
M3BbpLLEHA OLEHKa Ha MoslyYaBaHWUTe pesynTaTu.

Hali-yecTo ce npwunara cxemarta aHanu3 Ha pasxop/nedyan6a. Kocmuuyeckute npoekt ce
XapaKkTepuampaT CbC 3HAUMTENTHU pa3xoay nopaan MHOBATMBHUSA CU XxapakTep. MHOro 4ecTo siBreHue
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€ yAbIhKaBaHEeTO Ha CPOKOBETE M HEOOXOAMMOCTTA OT BriaraHe Ha HOBW cpeacTBa. M TyK — OCHOBEH e
noaxoda 3a oboCHOBaBaHe Ha AOMbIHUTENHUTE pa3xogu. YecTo 3anoyBaHETO Ha €OuH NPOEKT He
MOXe ga 6bae npekpaTeHo (Oopw Aa ce BbkAA SICHO, Ye NMPOoeKTHLT € rybell) nopaan dakrta, vye Beye
Ca HanpaBeHW 3Ha4YMTEeNHU MHBECTUUMK. Taka ce cTura 4O NOPOYeEH Kpbr (pasxoam-3arybu-no-ronemm
pasxoau-no-ronemMu 3arybu) npu KOWTO TPyAHO ce Hamupa m3xod. Wma npumepwn 3a pegyumpanu
KOCMWYECKM MPOEKTU WM MporpaMmy nopagv NPEKoOMEepHOTO HapacTBaHe Ha pasxogute. Hanpumep
WHUUMaTMBaTa “3BE34HM BOVHM' OoOBede [0 pyxBaHe Ha CbBeTckata KocMudecka nporpama,
MKOHOMMUYeckn nNpobnemm B CbBETCKMS Cbi03 U OT Tam — [0 pyXBaHe Ha couManuama kato couuanHa
cuctema. Pa3bupa ce, ToBa e camo enH oT DaKTOpuUTE, HO C HEMAIIKO 3HaYeHNE.

MHOro no-BaxeH e aHanu3bT Ha BTOPUYHUTE Me4vandu OOHECEHW OT PasfnMYHM KOCMUYECKU
NPOEKTM U Nporpamu;

MwuHunaTiopu3aumsTa, OMoHMKaTa, KOCMUYECKNTE KOMYHMKALMK, reocTauuoHapHuTe opbuTn (a
OoTTaM 1 METEOPOSIOrMYHMUTE MPOrHO3K), BUCOKOEEKTUBHUTE codpTyepu, gurntanusaumaTa (a otTam u
KOCMUYeCKNTE HabniogeHUs ¢ BUCOKa pasgenuterniHa cnocobHocT, GPS 1 nasepHute namepBaHus (a
OoTTaM ¥ HaBUraumaTa), pagapHute n nHdgpadepBenn nsobpaxeHus ( 4ecto nsnonsysaHu B 6opbarta c
npupogHnTe 06efcTBMs)) YCLBBLPLUEHCTBAHETO HA pagvMo M TENeBM3UOHHUTE Bpb3ka (@ OT Tam U
MOBUMHWUTE KOMYHMKALMM) — U3pEeXaaHeTo MOXe Aa NPO4BbIKM OLLEe MHOro — BCUYKO TOBa ca NnogoBe
OT Pa3BMTUETO Ha KOCMUYECKUTE TEXHUKM N TEXHOMOIUN, KOUTO HaBMNM3aT BCe MOBeYe B eXeAHEBHUSA
6uT. OueHkaTa Ha MKOHOMMYEecKaTa ePEKTUBHOCT OT TE€3M MHOBALMUN € MPaKTUYECKN HEBB3MOXHA, HO
M OT NpbLB nornen ce swxaa, 4de ne4yandbute ot Te3an BTOPUYHN NPUNOXEHNA Ha WMHOBATUBHUTE
n3cneaBaHnAaA M TEXHOJI0NMKU, BEPOATHO MHOIOKpaTHO npeBullaBaT pas3xogute no KOCMUYEeCKUTe
nporpamMmun " NpoeKkTn n OUPEeKTHNUTE Non3n OT CaMnTe KOCMUYECKN n3cnenBaHus.

3aknouyeHue

O6WmAT nperneq Ha TEXHOMOMMSATa Ha MNraHupaHe, U3MbIHEHWe, yNpaBlieHne U aHanua Ha
KOCMWYECKUTE M3CNedBaHUsi W TEXHONOrMM MokasBa, 4Ye ToBa € efdHa BUCOKOedeKTUBHa,
camooby4yaBallla Ce M CaMOYCbBbPLUEHCTBYBalla Ce CUCTEMa, KOSITO MMa CBOsiTa BWCOKa
edekTnBHOCT He camo B Kocmoca, HO M exedHeBHMs1 BUT Ha HaceneHVeTo Ha nnaHeTaTa 3ems.
EgeKkTMBHOTO M3Mon3yBaHe Ha OnMUTa OT KOCMMUYECKUTE TMPOEKTM W MporpaMu € eduH CuneH
WHCTPYMEHT 33 BUCOKOEMEKTMBHU TEXHONOrMW, MPaBWITHO YMpaBfieHWe Ha PUCKOBM WMHOBaTUBHU
NMPOEKTU 1 B KpaliHa cMeTKa hakTop 3a MONOXUTENHOTO pasBUTUE HA YOBEYECTBOTO B MHOIO acnekTy
OT HEroBOTO CblLIECTBYBaHe.
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3.AndersonC.C, M. M. K. Flemin g, .Management Control in an Engineering Matrix
Organization: A Project Engineer's Perspective", Industrial Management, Vol. 32, No. 2, 1990.

4. ClelandD.Il,W.R.Kin g, Systems Analysis and Project Management. McGraw-Hill, 1983.
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