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BbJITAPCKO ACTPOHABTUYECKO APYXECTBO - 60 FOAWHU OEAHOCT

EnucaBeTa AnekcanapoBa’, MnameH Avrenos”?, Tausa UBaHoBa'

1
Bbnreapcko acmpoHasmuyecko Opyxecmeo
2
WHemumym 3a kocmuyecku uscrnedsaHusi U mexHomnoauu - BAH
e-mail: e_alexandr@mail.bg

Knroyoeu dymu: bvneapcko acmpoHasmuyecko Opyxecmso, bA/L, Hukona boHes

Pestome: B doknada ca npedcmaseHu Hal-8axHUmMe cbbumus om ucmopusima Ha bbreapckomo
acmpoHasmuyecko Opyxecmsoce (bAL) om cb3dasaHemo My 0o OHec. [adeHu ca Kpamku ucmopu4yecku
akmu 3a omolenHume cmpykmypHU 3eeHa Ha bBAL — kroHose, cekyuu, knyboee, a CcbWoO U 3a
pbKogoOumernume Ha Opyxecmeomo rnpe3 2oduHume. OnucaHu ca U OCHOBHU MOMeHmuU om OeliHocmma Ha
OpyXKecmeomo U Ha cmpyKmypHUmMe 38eHa kamo ce akueHmupa Ha deliIHocmma npe3 nociedHume 200UHU.

BULGARIAN ASTRONAUTICAL SOCIETY - 60 YEARS OF ACTIVITY

Elisaveta Alexandrova', Plamen Angelovz, Tanya lvanova®

1Bulgarian Astronautical Society
2Space Research and Technology Institute at the Bulgarian Academy of Sciences
e-mail: e_alexandr@mail.bg

Key words: Bulgarian astronautical society, BAD, Nikola Bonev

Abstract: The paper presents the most important events in the history of the Bulgarian Astronautics
Society (BAD) since its foundation until today. In Brief are presented some historical facts about the BAD's
structural units - branches, sections, clubs, as well as about the heads of the Society over the years. There are
also described the main moments of the activity of the BAD and its structural units, with an emphasis on the
activity in recent years.

Mpean 60 rognHn — OBa Meceua cnej nsBexgaHeTo B opbuTa Ha MbpBUS U3KYCTBEH CMBTHUK
Ha 3emsAta “CnyTHuK” Ha 04.10.1957 r. — Ha 08.12.1957 r. B rp.Cochms rpyna y4yeHu, aBmatopwu,
WHXEHepW u crneunannctu ydpegssaT 4oOpoBonHa obLecTBeHa HayyHa opraHusaums — Cekuus no
“ActpoHaBTuka” kbM Codunckua aepoknyd Ha [JobpoBonHata opraHusalusi 3a CbAeuCcTBMEe Ha
otbpaHata (JOCO), uudato uen e ga cnomara 3a passBuTMeTo B bbnrapus Ha kocMuyeckute wu
aBMaUMOHHUTE U3CneABaHUA U npunoxeHute um aenHoctu. Mpe3 1963 r. Ta ce oTaensa kaTo
camocTodTernHa opraHmsauusa nog umeTto ,bbnrapckoTo actpoHaBTuMdecko apyxecTtso® (BAL) u ctasa
KonekTuBeH YneH Ha Cblo3a Ha HayydHute pabotHuum (CHP) B Bbunrapusa (go 1984 r.). Ho HavanoTo
Ha BA[l BuMHarm ce e cuutano, 4Ye e nocraBeHo Ha 8 gekemBpu 1957 r. n Ha Tasu gaTa ce YecTBaT
roguwHuHmTe Ha BAL.

Owe Ha cnegBawaTa roguHa crieq ocHoBaBaHeTo cu, npe3 1958 r. BAL cTtaBa 4neH Ha
MexgyHapogHaTa degepauuss no actpoHaBTMka (MA®). AKTMBHaTa [OEeNHOCT Ha [OpPYKEeCTBOTO,
nognomaraHo OT AbpXaBaTa, € OueHeHa MO [OCTOMHCTBO U TPW TrOAWH MO-KbCHO HEWHMAT
npegcenaTten, akag. Hukona boHeB, e n3bpat 3a BuuenpeangeHT Ha MA® (1961-1963 r.). MNpuHOCHT
Ha Obnrapckute y4yeHu 3a wu3cnedBaHe Ha KOCMUYECKOTO MpPOCTPAHCTBO M pesyntaTute oT
HabnogeHuATa 3a noneta Ha MbPBUSA U3KYCTBEH CMBTHMK HA 3emsATa nofyvaBaT BUCOKA OLEHKa OT
pbkoBoacTBoTo Ha MA®. B gonbnHeHne KbM TOBa M BUCOKUAT aBTopuTeT Ha akad. Hukona BoHes n
AeviHoCcTTa My kaTo BuuenpesngeHT Ha MA®, Bogat o peweHveTo Ha pbkoBoacTBoTo MAD 13-ns
KOHrpec opraHusauusita ga ce nposege B rp. BapHa (23-30.09.1962 r.). ToBa e n nbpBUAT KOHIPeC,



npoBedeH B CTpaHa OT couuanucTuyeckus narep. [OCT Ha KOHrpeca € BTOPUAT KOCMOHaBT Ha
nnaHetata epmaH TuToB.

Heka npocnegmMm OCHOBHUTE MOMEHTU B AENHOCTTa U pa3BuTMeTo Ha BAL v otgagem noynT m
NPU3HATENHOCT KbM JIMYHOCTUTE CbC ChLUECTBEH MPUHOC B JENHOCTTA Ha APY>KECTBOTO.

OcHoBHuTe 3agayu, kouto BA[] cv nocTaes oule OT OCHOBaBaHETO Cu, ca:

—CbAencTBMe 3a OpraHuM3aupaHe W npoBexgaHe Ha W3cnedBaHe Ha KOCMUYECKOTO
NPOCTPaHCTBO M peanuanpaHe Ha KOCMUYECKN MPOEKTN Ha AOrOBOPHN 1 Ha AOOPOBONHN Havana;

— MHULMMpPaHe U3NOoN3BaHETO N BHEAPSIBAHETO Ha pe3ynTaTute OT KOCMUYECKUTEe n3cneaBaHus
B pas3nunyHmn obractu Ha MKOHOMMKaTa Ha CTpaHaTa;

— pa3npocTpaHsiBaHe Ha Hay4yHM 3HaHUSA 32 KOCMWYECKUTE MOCTWKEHUS] 4Ype3 IeKkTopuw,
KypcoBe, LLKOMM 1 4Ype3 apyrn hopmMu.

3a m3nbnHeHWe Ha Te3u 3ajayn pbkoBoACTBOTO Ha BA[l opraHusmpa KnoHoBe, CeKuMu n
knyboBe B pasnuuHu cenuiia, B y4ebHU M HayyYHW 3aBefeHus, B NPOU3BOACTBEHU MPEeAnpuaTUS U
Opyrn opraHu3auun B cTpaHaTa, B KOUTO YrEeHYBaT OCBEH YYEHU OT MHXEHEPHO-TEXHUYECKUTE U
dU3nKo-maTeEMaATUYECKMTE Hayku, OT obnactute Ha KocMuyeckata Owuonorms v MeguuuHa,
KOCMUYECKOTO NpaBo, aCTPOHOMUS, Taka M Hecneunanuctui, kato 0CobeHo BHMMaHNE pbKOBOACTBOTO
Ha BA[] o6pbLya Ha YNEHCTBOTO Ha MITALEXM C aKTUBEH MHTEPEC KbM KOCMOHaBTUKaTa.

KnoHoBe, cekuum u knybose Ha BA[] ce ocHoBaBaT npe3 FOAMHUTE MO MHULMATMBA Ha
LEHTpaNHOTO pbKOBOACTBO Ha BA[l M Ha MNagexky n agMUHUCTPATUBHU PbKOBOAUTENW MO MecTa.
TakmBa ca cb3gageHn B Codus, BapHha, Nnoegus, JNloeey, Ctapa 3aropa, Benvnko TbpHoBO, Am6on,
LymeH, XackoBo, TposiH, Kbpaxanu, Bpaua, bnaroesrpag, Pyce.

Mpe3 1963 r. Ha npoeegeHoTo O6LWO cbbpaHMe ce npuema NMbpBus YcTaB Ha bbnrapcko
acTpOHaBTMYECKO OPYKeCcTBO M e usbpaHo LleHTpanHo pwvkoBoactso (LIP) n Bropo. LIP onpegens
Opos Ha YneHoBeTe Ha BlOpoTo, KOUTO CbrnacHo Ycraea, MoraT 1 Aa He 6baaT yneHose Ha LIP. Tosu
npuvHUMn octaea B cuna go 1975 r., cnea koeTo 3a 4neHoBe Ha blopoTo ce n3bupaT caMmo YneHoBe Ha
LIP. Teaun opranu 3a ynpaBneHue Ha BA[ ce 3anassaT go 1997 r., korato no peweHune Ha CIC-d.o.
Biopoto Ha LIP ctaBa M3nbnHutenHo 6topo, a ot 2005 r. opraHu 3a ynpasrieHvMe ca YnpaBuTeneH
cbBeT 1 KOHTporHa u peBn3MoHHA KOMUCUS.

Ot 1994 r. BAl vma cepuosHu (PUHAHCOBWU 3aTpyaHEHWs, nocrneaBaHu U OT HOPUAUYECKN
npobnemu, a MMeHHo — crieq 1997 r. ce NpaBAT CEPMO3HM ONUTK 3a 06cebBaHe Ha APYXeCTBOTO OT
rpyna uneHose Ha BA[, KOMTO JopW He ca cneumanucTy B ob6ractTa Ha KOCMUYECKUTE U3cneaBaHus,
N 3a CbXarneHue Te ycnsiBaT Aa MPUCBOSIT Mo-ronsmara 4YacT OT CpeAcTBaTa Ha ApYKeCTBOTO.
[pyXecTBOTO BCE Nak ycTosiBa Ha ONUTUTE 3a pasuennexHve n cned 6nm3o 9 roanHn cbaebHu gena,
OGnarofapeHue Ha HeyMopHaTa AeNHOCT Ha npod. AnekcaHabp CUMEOHOB, a CbLLUO 1 Ha ycunusaTa Ha
Han-npedaHn 4YrneHoBe Ha OpPYXeCTBOTO, cbaebHaTa cara npuknoum ycnewHo npe3 2005 r. u
eanHcTBoTo Ha BAJLl Gewe 3anaszeHo. Ha OOwWoTo 0TYeTHO-M36OpPHO perneratcko cbbOpaHue,
npoBefeHo Ha 03.12.2005 r., ce npuema HoBus YcTaB Ha BAL n ce nsbupa YnpaBuTteneH CbBET OT
7 uneHa, 3a npeacegaten Ha konto 6ewe nsbpaH npod. a-p Metwp Meuos, aupektop Ha VMKN-BAH,
no Hactoswem WMKUT-BAH. Ha 20.12.2005 r. BAL nonyuyaBa peructpauus no Hosus 3HOJIHL.
CneppalwmTte o0LM OTYETHO-M3OOPHN Aeneratcku cbbpaHua ca npoeegeHn Ha 07.11.2009 r. n Ha
11.11.2014 r., kaTo B OTYETHUTE AOKNaamM ce oTbensiaBa Bb3CTaHOBSIBAHETO Ha OTAENHM CTPYKTYPU Ha
OPYXecTBOTO, nopgobpsiBaHe Ha Bpb3kaTa C TAX M USANOCTHO MOBULLABAHE Ha aKTUBHOCTTA Ha
OPYXeCTBOTO.

Cpen uneHoBeTe Ha BA[l, KoMTO mMmaT HeoueHMMa 3acrnyra 3a MpOCbLLECTBYBAHETO Ha
OPYKECTBOTO, OCBEH peLuaBallung npuMHoc Ha npodp. AnekcaHabp CumeoHoB, Tpsbea Aa otbenexnm u
npuHoca Ha apgsokat Adren [Oumutpos, npeacepaten Ha KPK Ha BA[l, 3a nocturHeto Ha
NnonoXntenHo cbaebHo pelleHne 3a apyxecTBoTo npe3 2005 r.

Mpe3 2007 r. Gelwe Bb3cTaHOBeH knoHa Ha BAL B lnoegus, kbM dunmana Ha TY-Codwms.
OcHoBaH e u HoB knoH B neseH — kbm APCI “UHTenekT”, KOWTO NpecTaHa ga yHKUMOHMpPa KaTo
CTPYKTypa Ha [JpYXKecTBOTO camo criej 2 roguHu — nopagu HECbBMECTMMOCT Ha Uenute Ha
PBKOBOACTBOTO Ha KIOHAa C TE€3U Ha APYKecTBOTO. BbacTtaHoBM ce genHocTTa Ha Knyba Ha BA[L B
Benvko TbpHOBO. 3acTapsiBaHe Ha Hal-akTMBHUTE YneHoBe Ha BA[l no mecTa U HeocurypsiBaHeTo Ha
NpMeMCTBEHOCT [JoBede OO MpeycTaHoBsIBaHe [JelHocTTa Ha knoHa Ha BA[Ll BbB Bpaua c
npeacenaten bondo MnageHos. NMonarat ce ycunusa 3a Bb3CTaHOBSIBaHe Ha AEWHOCTTa Ha KMoHa B
Ambon, 3a opraHunsmpaHe Ha kny6 Ha BA[] B [neBeH n knoH/knyd B CMOnsH.

TpsbBa ocobeHo aa ce otbenexun covaencrTemeTo, koeto BALl nonyyaea ot 1975 r. go cera ot
PbKOBOACTBOTO Ha OTKpUTUS Toraea [Jom Ha cbBeTckata Hayka u kyntypa (OCHK), cera Pycku
KynTypHO-nHdopMaumoHeH LeHTbp (PKWLL), 3a npoBexaaHe Ha cBouTe MeponpusaTusi, MOCBETEHU Ha
benexutn patm v wbunen, CBbP3AHUM C UCTOPUATA HA KOCMOHaBTUKaTa, 3a CbBMECTHU
CbBeTCKO/pycKo-Obnrapckn HaydHu cpopymun. Yecto Ha Te3m YecTBaHWUs 3@ FrOCTU ca OMNM KaHeHu
CbBETCKU/pYCKM KOCMOHaBTW, KaTo 3acnyrata € usuano Ha pwbkoBoactBoto Ha PKULL. Tpsibea
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ocobeHo fa otbenexum nomowTta, koato BA[l e nomyyaBana npe3 rogvHUTE OT CTpaHa Ha
MHOFOrOOUWHUS ONPEKTOpP Ha UeHTbpa EBreHun TabayHWKOB, OT 3aM.-AMPEKTOPUTE MO Hay4yHO-
TEXHUYECKUTE BBbMPOCK CT.H.C. Anekcanabp CentoB u ag-p Hukona Muxannos, OT pbKOBOAUTENS Ha
otaen "Hayka n obpasosaHune" g-p Kocta lNees.

3a genHoctTa Ha BAl npe3 rognHuTe TpabBa Aa ce oTAage ObIMKMMOTO U Ha npeacepatenvte
Ha opraHu3auusita npes roguHute. OT OCHOBaBaHETO cu focera npeaceaartenu Ha bAL ca 6unu:

Akag. Hukona BoHeB (1898—-1979 r.), n3aBecteH O6bnrapcku y4eH—acTpoHOM, NpPbB Npeacenarten
Ha BAI npe3 nepuoga 1957-1979 r. Ton e ocHoBaTten Ha LleHTpanHata ctaHums npu BAH 3a
HabnwgeHne Ha UW3KycTBeHM cnbTHMuM. OcHoBaTen M nNpbB AuMpektop € u Ha Cekuuata no
actpoHomus kbM BAH npes3 1958 r. u Ha HauuoHanHaTa acTpoHomudecka obcepBatopus “PoxeH”.
Ton pabotn B obnactrta Ha CAbHYEBUTE 3aTbMHEHUS M m3cnensaHe Ha JlyHata. [MpusHaHue 3a
HEeroBuTe NOCTUXKEHUSI € HAPEYEHUAT Ha HErOBO MMe fyHEH KpaTep.

Akag. Kupun Cepadumon (1932-1993 r.) e npeacepaten Ha BAl npe3 nepnoga 1979-1987 r.,
a cbLo 1 ot 1990 oo 1993 r. Tol e eauH oT ocHoBononoxHMunTe Ha MNMporpamarta "MIHTEPKOCMOC"
W ObIMY roguHN € HeCMeHsIeM PbKOBOAMTEN Ha ObnrapckaTa 4acTt oT Tasu nporpama. OcbLiecTBaBan
€ HayyHOTO pPbKOBOACTBO Ha ObArapckoTo yyacTMe B NPOyYBaHUATA CbC  CAbLTHULM
"MIHTEPKOCMOC", c Texku reodusnyHn paketn "BEPTUKAJI", pbkoBogmTen Ha HayyHo-
TexHuyeckata nporpama 3a fofeta Ha nbpBuUst Obnrapckm kocMoHaBT [eoprn WMBaHoB. Ton e
MHMLMATOP U PBHKOBOAWTEN Ha 6bMArapckoTo yvactme B kocMmuyeckms npoekT "BbJITAPUA-1300", no
koto npe3 1981 r. 6axa wu3BegeHn B opbuta [OBa CbBETCKO-OBbNrapcknm ChbTHUKA:
"MIHTEPKOCMOC-BBNTAPUNA-1300" n "METEOP-TNPUPOLA". Crnepn akag. J1. KpbcTtaHoB, Ton e
6un noctosiHeH npeacTtasuTen Ha HP Bwnrapusa B Komuteta 3a MMpPHO M3Non3BaHe Ha KOCMUYECKOTO
npoctpaHcTBo (KOMYOC) kbm OOH.

l'eH. n-T g-p Meopru MBaHoB, NbpBUAT GbArapckM KOCMOHABT FETAN Ha KOCMUYeckus kopab
“Cot03-33” npe3 1979 r., e npeacepgarten Ha BA ot 1987 go 1990 .

Mpod. AnekcaHabp CumeoHoB (1931-2016 r.) e npeacenaren Ha BA ot 1993 go 1997 r. n
awnroroguleH 3am.-npeacepaten (1997-2005 r.). Ton nma usknounTeneH NpuHOC 3a Bb3CTaHOBSABaHE
€[VHCTBOTO Ha ApyxectBoto npe3 2005 r., cnen Texkata kpu3a oT 1994 r., Bcneacteve onutuTe 3a
06cebBaHeTO My OT HeroBm GmBLLKM YnieHoBe. Moxe ¢ nMpaBo Aa ce kaxe, Ye Ton belle ctaHan ,MonoBUH"
IOPUCT B CTApaHWETO CM Jda Ce MPOTMBOMOCTaBM Ha TEXHUTE MEPKaHTUIMTHW OOMOrBaHusi, KOUTO Bsixa
MOANMATEHN OT HSKOSKO CbAEOHW pelleHust B TsxHa nonsa Ha 6asata Ha npeacTaBeHu LOKYMEHTU C
HEBSIPHO CbabpXaHue. HayuHuTe TpygoBe Ha npod. CumeoHOB ca B obractrta Ha MexaHukaTa Ha
netateniHMTE anapaTtu U oNTUMU3NPaAHE Ha TPAEKTOPUUTE Ha TAXHOTO OBWXKEHME.

Akag. Oumntbp Muwes (1933-2003 r.) e npeacepmaten Ha BAL ot 1997 po 2003 r. Tonm e
N3BECTEH CbC CBOMTE TPYAOBE B 0o6racTta Ha MeToguTe, CUCTEMUTE M anapaTtuTe 3a OQUCTaHLMOHHU
nscneaBaHns Ha 3emsiTa OT KOCMOCa, OCHOBaTeN M NpbB AnpekTop Ha LieHTpanHa nabopaTtopusita no
CMbHYEBO-3eMHU Bb3aencTeus kbM BAH (1993 r.). HeroBoto n3obpeTeHne cnektometbp ,Cnektbp”
paboTn ObnarM roguHn Ha Gopaa Ha cTtaHuuute ,CantoT-6”7, ,Cantot-7“ n craHumsata ,MUP“. Toa
HEroBo pbKOBOACTBO € pa3paboTeH CNeKTPOMETPUYHUAT U HaBUraumMoHeH Komnnekc ,Pperat”, KOUTO
paboTn Ha kocMmmyeckaTa cTaHuusa ,doboc”, npegHasHayeHa 3a u3dydyaBaHe Ha Mapc u HeroBus
cnbTHUK ®oboc. Tow e uHMLMaTop U OpraHM3aTop Ha HSAKONKO GbArapckym KOCMUYECKM nporpamu, B
TOBa YMCMO CBbP3aHMTE C MofnetuTe Ha AdBamata Obhrapckum kocmoHaBTu [eopru MBaHOB M
AnekcaHabp AnekcaHapos, kKakto n ¢ Kocmuyeckus npoekt ,BbJTTAPUA-1300".

Un.-kop.npod. MeTbp NeuoB e HacToAwmAT npeacenaten Ha YC Ha BAL; anpektop Ha MKNT-
BAH 1 pbkoBoguTen Ha cekumsa “AepoOKOCMUYECKM CUCTEMM 3a ynpasneHue”. Ton e uyneH Ha
MexayHapogHata akagemusi 3a TexHomnormdHu Hayku, Ha New York Academy of Sciences, Ha
Mpesnanyma Ha MexayHapogHaTta akagemus “Homo-Perfectus Integralis, Ha Hay4Ho-koopauHa-
LIMOHHMS LIEHTBP MO rrobanHu npomenn kbM BAH.

3HaunTenHn ycnexm B obnactta Ha HayyHUTe u3crnefBaHus BbbnrapckoTto acTpoHaBTUYECKO
apyxectBo noctura cneq 1978 r. bnarogapeHve Ha akTMBHaTa OEWHOCT Ha CT.H.C. MHX. MeTtoamn
Benkos, gbnroroauwieH 3am.-npeacenaten Ha BbA[l, 6sxa cb3gageHn 7 aTenueTta — HaydyHU 3BeHa
kbM BA[, KOUTO u3nNbHsABaxa AOroBOpU 3a pa3paboTku Mo 3asiBka OT MUHUCTEPCTBA, NPeanpusaTus,
HaY4YHW UHCTUTYTWU U OPYrK, B pe3ynTaT Ha KoeTo KbM Hayanoto Ha 1990 r. BAL umalue B Hann4yHoCT
1,2 MnH. nB. [pyxecTBoTo Oewe uneH Ha MA® n komaHaupoBalle CBOUTE aKTMBHM YrieHOBE 3a
yyacTme C Hay4yHU Joknaau u cbobLueHnsa B eXXeroaHo NpoBexaaHnTe KoOHrpecu Ha defepaumsaTa.

UneHoBeTe Ha BA[ npoBexaaT u3cneaBaHus U NONynsapusnpart NOCTUXKEHUATa B cnegHute
Hay4Hu obnacTu:

—  acTpoHoOMUs;

—  KOCMWYECKN CbODLLEHUS;

— dwm3mMKa Ha KOCMOCa;

—  MeXaHuKa Ha KOCMUYECKUTE NOMeTu;
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— OUCTaHUMOHHK MeToaMn 3a aepo- U KOCMUYECKN nscnegBaHnAa Ha 3em4ra;
— KOCMun4ecKa reogesus,

— KOCMUYECKO ypeoOoCTpOEeHeE;

— aBMaUMOHHAa M KocMMYecka bronorus n MeguumHa;

— KOCMU4ecCKa MeTeoposiormd,

— coumnanHo-MKoOHOMUN4YecKu I'IpO6J'IeMVI Ha KOCMUYEeCKNTE NnoneTu;

— WUCTOpUA Ha KOCMOHaBTUKaTa U aBunauunaTa.

Kato Hai-ctapu cTpykTypu Ha BA[l, a 1 Han-akTMBHM Npe3 roguHUTE Ha CbLLEeCTBYBaAHETO CH,
cnenBa ga ce otToenexaT cnegHUTe KNOHOBE U CEeKLUMK:

BAL — knoH Jlogey

OcHoBaH npe3 1957 r. B “3aBoa-14" no uHMumMaTmMBa Ha eguH OT ocHoBaTenuTe Ha BAL — uHX.
OumuTbp GUNUNoB, KOHCTPYKTOP U TEXHOIION NPWU NPOM3BOACTBOTO Ha camoneTu “JIA3-7M” n ocHoBeH
ABuraTen B AevHOCTTa Ha knoHa. Cnepn kato uHx. Oumutbp Pununos Hanycka JloBey npes 1970 r.,
OPYKEeCTBOTO NMpeycTaHOBSABA AENHOCTTA CMU.

GBAL — knoH Cmapa 3azopa

Ha 13 mapt 1960 r. ce ocHoBaBa cekums “AcTpoHaBTuka” kbM Aepoknyba Ha [JOCO, kbMm KOATO
camo 3a efiHa rogumHa 3a uneHoBe ce 3anucsat Hag 800 aywn. CekumsTa ce ornassBa OT 3ananeHus
“nocosel” N KMeT Ha rpaga Mopaan KancamyHos. Mo-KbCHO npeaceaaTenit Ha KoHa ca acTPOHOM
Axren boHoB u npod. AdH Mutko lorowes. [enHocTTta Ha knoHa Ha BA[l e TACHO cBbp3aHa C
HAO“IOpu MarapuH”, KosITO yyacTBa B MEXAYHAPOAHU NPOEKTU 3a uscrefBaHe Ha CMbHYEBO-3EMHUTE
Bb34ENCTBUSA, KaKTO U B HABNoOeHNS Ha U3KYCTBEHU CcnbTHUUM Ha 3emsaTa. Cnen 1994 r. KNOHBLT B
Crtapa 3aropa Ha npakTuka He yyacTBa B genHocTtta Ha BA[. Bb3cTtaHoBEH € no mHuumMaTMBa Ha
pou.Anekcen CtoeB, pbkoBoauten Ha dunmana Ha MKUT-BAH B rpaga, kato Ton e nsdpaH 3a Heros
npegcenaTen Ha yvypeauTtenHo cbbpaHue, npoBedeHo Ha 18.04.2013 r. lNMoHacTosilemM TOBa 3BEHO
uma okono 40 uneHoBe. Te pa3BMBaT akTVBHA MPOCBETMTENCKA M NOMynsipusaTopcka AeNHOCT cpes
obLlecTBeHOCTTa B rpaga v obnactra, KaTo opraHusvpaTt YeCcTBaHWs Ha FOAVLLIHUHWM Ha BenexuTu
4aTun 3a aBMauusita U KOCMOHaBTMKaTa, KOMTO MMaT BMCOKa nocewiaemocT. [poBexaa ce NOCToAHHa
MeceyHa NneKTopus no NoBoA roAULLIHMHU HA OCHOBOMOMOXHULUMTE Ha TeopeTu4HaTa u npakTuyeckara
KOCMOHaBTMKa M MO NonynspusnpaHe Ha nocTmkeHusaTa Ha bvnrapua B obnactrta Ha KOCMUYECKUTE
nscnegsanus. LlenoroguwiHo ce opraHunsmpat obpasoBaTenHun nporpamu, nekTopumn 1 KoHdepeHunu,
Hanp. cbBMEcCTHO c¢ obwwuHa Ctapa 3aropa npe3 2016 r. e otbenasaHa ,Howta Ha my3seute® ¢
NeKumMs, acTpOHOMMYECKM HabntoaeHns n n3noxba Ha KOCMUYECKM ypean, KOeTo CbonuTMe € NoceTeHo
oT Hag 2000 rpaxxgaHu n roctu Ha Ctapa 3aropa..

EALl — knoH BapHa

OcHoBaH npe3 1962 r. oT kanuTaH |-Bu paHr umHx. Bacun Kaparbo3oB, KOWTO € U MNpbB
npegcegaren. EanH ot Ham-akTMBHUTE KnoHoBe Ha BA[l npe3 roguMHWTE — HEroBM YNeHoBe O0pu
yyactBat B npoekta “UHTEPKOCMOC-EbBJITAPUA-1300". KnoHbT passBmBa akTMBHa AEWHOCT U MO
pasnpoCTpaHeHNe Ha HayyHW 3HaHWS B obnactTa Ha KOCMOHaBTMKaTa, OpraHuavpa TbpXXECTBEHU
YecTBaHMS MO NOBOA Ha OTAENHU CbOUTMSA 1 OWNen, NOCBETEHN HA ycrexmTe Ha ObrrapckaTta u Ha
cbBeTcKkaTa/pyckata KOCMUYeCKM Haykn. Tean ycnexu B ronsima CTeneH ce ObJhkaT Ha oTaageHocTTa
Ha uHX. Oumntbp dununos, KOWTO e npeacenarten Ha knoHa cneg 1970 r. n HeroBuAT 3aM.-
npegcenaten gou. o-p MisaH MeaHoB, konto noema npegcenatenctesoto cred 2010 r. AKTMBUCTU Ha
knoH BapHa kato a-p Becenka Pagesa ot HAOI ,H.KonepHuk”, BogaT nporpamu ¢ y4eHuuu, Kouto
neyenaT YenHW MecTa M Harpagu B NPECTUXHU MexXayHapoaHu koHkypcu Ha HACA, B npoektu kato
My Kepler, B ekcneguuuun 3a HabnogeHns Ha MeTeopu, KOMETU 1 3BE3AN, B €XKErogHN HaLVOHaNHN 1
MEeXAyHapOoAHW OonuMnuagn no acTpOHOMUS, B MEXAYHAapOAHWM KOHEepeHuMn 3a pasBuTME Ha
kocmoca. B koHkypc Ha HACA, npoBsegeH npes 2013 r., Te neyenat NbpBM MeCTa CbC CBOU MPOEKTU.
O-p Eea Boxyposa ot HAOIN ,H.KonepHuk”, 3aegHo cbc 3axapu [oHueB, noBeye oT 20 roauHu
nogroTesa 3agayuTte 3a HaumoHanHaTa onumnuaga no actpoHomus. lNpea 2012 r. ta nogrotesa 10
ekcneguuumn 3a HabnoaeHs Ha MeTeopu, KOMETM U MPOMEHMBM 3BE3AN C y4aCTUETO Ha ydeHUUM OT
BapHEHCKUTE y4unuiia, NOAroTBSA CbLLO OTOOPM 3a yvacTue B MeXAyHapOA4HW ONMMMuaan, Ha KouTo
3aBotoBaT yenHm mecrta. YneHoBe Ha BA[-knoH BapHa yyacTtBaT akTMBHO B W3CrneaoBaTericku
nporpamMmv un passBuBaT nybnukaumoHHa pgenHocT. Wnx.Oumutbp Pununos u cnepg 80-roguwHa
Bb3pacT MNpoAbJiKaBa Aa MuLie CTaTuM B MecTHaTa npeca no crnydan 3HameHUTu gaTu oT uctopusaTa
Ha aBuauusTa U KOCMOHaBTMKaTa — nocnegHaTa, ,100 rogMHu Obnrapcka OGolHa aBuauus”, e
nybnukysaHa BbB B.YepHo mope oT 19.10.2012 r. AktuBeH 4neH Ha BA-knoH BapHa e n Mapruta
CotupoBa-YepkesoBa, agblueps Ha CoTup Yepke3oB, MbpPBUST ObArapuH NETsN C KOHCTpPyMpaH oT
Hero camoneT Ha 20.01.1912 r. Ta uHuymmpa cb3gaBaHeTo Ha dunma ,Ja cnegsaw medyrtarta cu ...,
MOCBETEH Ha XMBOTA M AenHocTTa My. GunmbT, NpPoayKuus Ha Tenesmsus ,TV+", peanuaupaH cbe
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cbaencTBmeTo Ha ,byncatkom” All, 6elwe npeactaBeH Ha yectBaHeTo no cnydanm 100-roguwwHMHaTa
OT HeroBusi NorneT, koeTo ce nposeae ot HTC no TpaHcnopTa. BbB BapHa npes 2015 r. e oTbensizana
n MexgyHapogHaTa rogmHa Ha CBeTnMHaTa — C KOHKYpC U dpecTuBan Ha MpPUPOOHUTE HayKu.
ExxerogHo Tam ce npoeexaa ,KonepHukoBa nekumsi no actpoHomus”. NMpoBexgaT ce YecTBaHUs Ha
OenexuTn gaTn, CBbpP3aHU C acTpoOHOMUATA, kKaTo Hanp. npe3 2016 r. ToBa ca [leHAT Ha komeTuTe,
noceeTeH Ha 360-roguWHUHAT OT poxaeHneTo Ha EgmyHa Xanein n 30 roguHu oT npeMrMHaBaHETO Ha
KOCMMYECKM anapaTu Mnokpanm sapoTo Ha XaneeaTta komeTta. ExerogHo MexayHapoOoHuAT AeH Ha
KOCMOHaBTMKaTa Ha 12 anpun ce oTbGenss3ea ¢ pa3nuUyHM CbCTe3aHns Mo KOHCTPyUpaHe Ha XapTUEeHU
camoneTu N Ha crnyckaemu anapatu, C KOCMUYECKM BUKTOPUHU 3@ YYEHULM U C NOOHACSHE Ha UBeTH
Ha nameTHuka Ha KOpwun MarapuH B MopckaTa rpagvHa. CBeToBHaTa ceagMuua Ha KOCMOHaBTUKaTa ot
4 no 10 oKTOMBpUY BCsIKa rogmHa ce 0Tbens3sa ¢ M3noxobu Ha pUCyHkM 1 poTorpadun. ExxerogHo ce
npoBexaaT Mo pasnuyHy noeBoaM M OHU Ha oTtBopeHuTe Bpatu B HAOI ,H. KonepHuk’, kakto u
HabntogaTenHu ekcneamumm B HAO ,Poxen”, AO ,ABpeH” u no Bpeme Ha HauumoHanHaTta narep
wkona ,benute bpesn”.

EA/L — knoH Smbon

OcHoBaH e npe3 1970 r. ¢ nbpBu nNpeacenarten MeaHka MapuHoBa, 3am.-npeacepaTten Ha
OkpbxHus HapogeH cbBeT (OHC) u cnep Hes npeacepaten e Kocta CTosiHOB, CblO 3aM.-
npeacenaten Ha OHC. Crnieg 1977 r. HacTbNBa KpyM3a B AEWHOCTTA Ha KINOHA, KOSATO NpoAbIhKaea 4o
1984 r. ToraBa 3a npeacepaten e wu3bpaH gou. VMBaH MwunkoB u penHocTTa Ha KroHa ce
Bb3CTaHOBSIBA, KaTo TOW CTaBa €4HO OT aKTMBHMTE 3BeHa Ha BA[l ¢ opraHusmpaHe M ydacTue B
pasfMyHM Hay4YHU KOHEPEHLIMN U NPOEKTU, BKIIIOYMTENHO U C MEXAYHAPOAHO ydacTue. YneHoBe Ha
ToBa 3BeHO Ha BA][] ca usHecnu go 2010 r. 126 Hay4yHu goknaga u okorno 200 Hay4HO-06pa3oBaTenHu
6ecenn. Cnea kato gou. MiBaH MunkoB ce oTTernst OT pbKOBOACTBOTO Ha 3BEHOTO MO 34PaBOCIIOBHMU
NPUYMHKN, OENHOCTTA Ha KITOHa 3anaja.

BAA — knoH TposiH

OcHoBaH npe3 1980 r. ¢ Hag 200 penoBHM YneHa ¢ npegceparen Llovyo 3tomboncku, eanH ot
ocHoBaTtenute Ha BA[, reorpad, uUCTopuk, KpaeBen, acTpoHOM M obuiectBeHuk. lMpes 2011 r. e
yecTBaH TbpPXKeCTBeHO Herousi 80-roguwHusa tobunem B podHoTo My ceno Ymdnuk. KnoHbT
OCHOBaBa kIybOBE KbM y4unviia, 3aBOAM U KbM BOEHHOTO nogeneHue B rpaga. KnoHbt e egHo ot
akTuBHUTe 3BeHa Ha BA[l, kato ocobeHo nocTmxkeHne TpsabBa Aa ce oTbenexu, Ye YneHose Ha knyba
B 3aBog “Ennpom” ca uspabotunu petamnu 3a cnbTtHuka “‘UHTEPKOCMOC-BEBIITAPUA-1300".
[MoHacTosILLEeM OCHOBHO HarnpaBfieHne Ha AENHOCTTa Ha KMoHa € nonynspusnpaHe Ha acTpoHOMUATA.
Ot 1997 r. npeacenarten e ao-p Hapka [daHkoBa. Ta pbKOBOAU KPBXOK NO aCTPOHOMMS M LUKOMa no
actpoHomusa kbM BA[ (cb3papeHa npe3 1994 r.), a ot 2004 r. pbkoBoan 1 AcCTpoHOMMYeEcKaTa
ob6cepeatopus M. Kennep”. MpoBexaaT ce HayYHO-TEXHUYECKN KOH(DEPEHLIMM, CPelln C yyeHu B
obrnacTTa Ha acTPOHOMMATA U KOCMOHaBTUKaTa, ¢ Obnrapckute KOCMOHaBTW, C NUCATENW, KOHKYPCH,
n3noxou no actpodoTtorpadus, eKkCkypanu, ekcneanummn, Typuctndeckm noxogun u gp. OpraHmaunpaHu
ca n HabniogeHNs Ha KOCMWYECKU SIBMEHUS, KaTo pe3ynTaTute oT TAX ce nybnukyeaT. [NpaBATt ce
doTon3NoXOoM n ¢ nomollta Ha Pyckus KynTypHO-MHGOPMaLMoHeH LeHTbp B Codusa ca m3gageHu
KHUMM MO MpUIIOXHa acTpoOHOMUA. YCbBbpLUEHCTBAT ce dopMuTe M MeToauTe Ha paboTta cC
yYyeHuumMTe No nonynspuanpaHe Ha acTpoOHOMKMATA, 3aKynyBa Ce HOBa M YCbBbPLUEHCTBAHA TEXHMKA.
Mpe3 2005 r. B obcepBaTopudaTa e YecTBaHa 25-rogmiiHmMHaTa oT cb3gaBaHeTo Ha BA—knNoH TposH,
a npes 2015 r. — 35-rognwHuHaTta my. Ypes 6asute 3a HabniogeHne Ha AO M. Kennep” n asete
wkonm no actpoHomuss B COY ,Bacun JleBcku”, TpaguuuoHHata — cbliecTByBalia Beye Hag 20
roouHn n HoaTta wWkorna — no HauwoHanHa nporpama ,C rpwka 3a BCEKM Y4eHMK', MOAyn
,LOcurypsieaHe Ha oOy4yeHue Ha TanaHTNuBM y4YeHuun”, cb3gadeHa C Len ydacTue B yYeHUYEeCKUTe
onumnuagu, ydeHuuute ce obyvaBaTt M NeyensaT mMeganu oT onumnuagu no actpoHomus. Llenumar
KOMNekc oT Ta3n fJerHocT e cBbp3aH ¢ BA[. ExerogHo cu npoBexgar OTKPUTU ypouu Mo
acTpoHOMMSsl, OPWU M B AeTckaTa rpaguHa, ¢ HabnwgeHus Ha acTpoHOMUYECKM O0BekTU, a CbLio U
acTpornapTuTa C npeseHTauMm Ha Tema ,BupTyanHo nbTewecTtBue Ao JlyHata”, cbC CbYMHEHUs Ha
Temu, cBbp3aHM ¢ HebecHN 06ekTu. MNMpoBexaa ce U exerogeH Kypc no acTpoHOMMUS 3a Bb3PaCTHW.
Mpe3 roguHWTe npoabikaBaT M3ABUTE Ha akTuBucTUTe Ha BA[-knoH TposiH B HauMOHamHu
KOH(bepeHLnn Mo acTpoOHOMMS!, CBbp3aHu ¢ pabota c geuarta, NO4 npencedatencreBoTo Ha Hapgka
HaHkoBa, koaTo npes 2011 r. 3awuTaBa guceptauua Ha Tema ,M3rpaxgaHe Ha cuctema 3a
n3BbHKNacHa pabota no actpoHomusa” B Coduiickns yHuBepcuteT — kaTegpa ,MeToguka Ha
06y4yeHneTo no pusmka”.

BAL — knoH UKNT-BAH (BAL — krnoH Coghus)

Oue oT cb3gaBaHeTo Ha ['pynaTta no dusnka Ha kocmoca kbM lNMpesmamyma Ha BAH npes3 1969
r., npepacHana npe3 1974 r. B LleHTpanHa nabopaTtopuss 3a KOCMMYECKM W3CIe[BaHus,
npeobpasyBaHa B VIHCTUTYT 3a KOCMUYECKMU n3cnenpaHmsa npes 1986 r., Hocell NOoHaCTOosILLEM UMETO
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MHCTUTYT 3a KOCMMWYECKU Uu3creaBaHus U TexXHONoruu, yyeHute oT ToBa 3BeHO Ha BAH aktusBHO
yyacTBaT B UANOCTHaTa AeMHOCT U ynpasneHueTo Ha BALl. Te ca OCHOBHU M3NBITHUTENN HA NOBEYETO
KOCMMYECKN MPOeKTU, peanuavpann B Bbnrapus. Ot 1996 r. npegcedaten Ha KroHa € A-p VHX.
Kpacumump CTtosiHOB, TpeTuaT Obnrapckm KocMoHaBT no cTaHgaptute Ha HACA. Ot 2005 .
npegcegaten e gou. a-p NnameH AHrenos.

Kbm TOBa 3BeHO Ha BALl e cbec crtatyT Ha BAL—knoH Codwus, T.e. MHOUBMAYAIHU YNEHOBE
moraT gaa 6baaTt u ca nuua, kouto He pabotat B MKUT. OceeH ToBa TpsibBa ga ce oTbenexu, ve
WHCTUTYTBT € KONEKTUBEH YrieH Ha TO3U KIOH.

MHOro6ponHu ca opraHusvpaHu 1 NPoBeAeHU Npe3 roauHuTe ¢ ydactueto Ha a-p Kpacumup
CrtosiHOB, AyO6MNbOp Ha BTOpUS OBbMrapcku KOCMOHAaBT M NodYeTeH npeacenaten Ha BAL, meponpuaTusa
C yyeHuum: — kypcose ,Mnag kocmoHasT* B COK ,Kamuusa“ c yyactmeto Ha pycku n 6bnrapcku
ydyeHuum (ot 1 go 4 n ot 5 go 8 knac) ot nmarepHaTta cmsHa ,Hue n Kocmoca“ (nporpamarta e
obpasoBaTenHa W Hay4yHO-MoMNynspHa C MpaKTUYEeCKo, HarnegHo M UrPOBO 3BEHO W YCMELUHO
npeMyHanuTe NbfieH KypCc Ha TeopeTudHa M MNpakTuyecka MoAroToBka nonyvasaTt ceptudukaTy,
yAOCTOBEPSABALY, TEXHUTE 3HaHWSA, YMEHWs U npugobuT onuT 3a ynpaBrieHWe Ha TPaHCMOPTHWSA
Kocmu4yeckn kopab ,Cbio3—TMA® B pexxumunTe Ha conmxkaBaHe u ckavBaHe ¢ MKC); — cpelum Ha yyalum
ce c 6bnrapckn n pycku kocmoHaBTu; K.CTOSIHOB B pbkoBoaMTEN Ha ABMOMKOCMUYECKUS LIEHTBP C
MnaHetapuym (AKLIM) B COK ,Kamuns®.

UneHoBe Ha ToBa 3BeHO Ha BA[l ca OCHOBHM ydYacTHWLM B nogrotoBkaTa M NPOBEXOAHETO Ha
exerogHaTta MexayHapoaHa koHdepeHumsa “Kocmoc, ekonornsa u curypHoct”. Te ca opraHusaTopu Ha
pasnuyHm opymMu, OpraHmMsMpaHu B YECT Ha OCHOBOMOSIOXHULUTE Ha KOCMOHaBTUKaTa W Ha
OenexnuTn OBbNrapckn yyeHu C ronsM NPUHOC B KOCMMUYeckuTe wuscnenBaHud. MHorobpowHu ca
nekuumuTe, usHeceHn ot ydyeHute Ha VIKUT B cTpaHaTta, no nonynspusmpaHe Ha MOCTWXKEHUSTa Ha
Obnrapckute yyeHu B obnactta Ha KOCMUYeckuTe wmacrnedBaHus. Hanp. npe3 2017 r. nekuuun u
npes3eHTauum No KoCcMMYecka TemMaTuKa Ha pasnunyHm obuiecTBeHn copymm Osixa m3HeceHu ot [1.
leuos, T. MBaHoBa, K .CtosiHOB, I'. MapaupocsiH, 1 .AHrenos, I'. COTMpOB 1 Apyrn YNeHoBE Ha KITOH
NKNT-BAH

3a oborataABaHe Ha ekcrno3vuMsaTa Ha HauuoHamHus MonMTEXHUWYEcKM Mysen aou. TaHs
MBaHoBa, nodeTeH uneH Ha BA[l, opraHu3upa wn uHaHcupa wn3paboTBaHETO Ha MaKeT Ha
Kocmuueckata opaHxepus CBET, gapeH Ha my3eda 3a BuTpuHata ,Kocmudeckn mscnegpaHusa”. Ts
yyacTBa, B Ka4yeCTBOTO CU Ha npeacenaTen Ha XXypuTo No onpegensHe Ha nobegurtenute, u B
opraHmMsaumsTa Ha eXerogHus HauMoHaneH KoHKypc Ha doHpauusa ,EBpuka’ Ha Tema ,KocmochbT —
HacTodwe n OGbaelle Ha yoBedecTBOTO”. T. VIBaHOBa € HayyeH KOHCYNTaHT Ha [eTckuAt HaydeH
LeHTbp ,My3einko” No N3roTBAHETO Ha KOCMUYECKOTO U3NOXEHNE 1 NPefOoCTaBAHETO Ha UHTEPaKTUBEH
mozen Ha Kocmuyeckata opaHxepust CBET, kakto n Ha nporpamara 3a o6y4yeHue B LieHTbpa.

Bcsika roguna BAO—«knoH MKUT nposexga v yyactsa B pasfiMyHU MeEPONPUATULA, NOCBETEHM Ha
MexagyHapoaHus OeH Ha aBMauusaTa U KOCMOHaBTMKaTa u Ha CBeToBHaTa cegmuua Ha kocmoca (4—10
okToMBpw). Tpagmums e Bcsika rognHa Ha 12 anpun ga ce nomnarat useTs nog 6anepeda Ha nbpeus
KOCMOHaBT Ha nnaHeTata HOpun larapuH B 138-mo0 yunnuwe B rp.Codus (opraHusmpatop e gou.
Hanvnena boHeBa).

OT HAKOMKO roanHn B AencTtene e uHnumatmea ,Kocmuuecko yuunuwe® Ha BAO, UKUT-BAH n
SCGIS—Bulgaria, ¢ koopanHaTop gou. A-p BaHs CtameHoBa. Tsi uenu 3ano3HaBaHe Ha Y4Y4eHW, KOUTO
NposiBABaT UHTEPEC KbM HayKUTe CBbpP3aHM C KOCMOca M HabniogeHue Ha 3emsATa, C HOBOCTUTE U
OOCTUXKeHUATa Ha obracTTa Ha KOCMUYECKUTE TEXHONOTUM.

BAL — knoH Nnogdus

BA-knoH MNnosaue, e ydpeneH npe3 man 2007 r. ot npenopgasaTtenu ot TY-Codusa, cunuan
Mnoeaue. MNMpeacenaten Ha ToBa 3BeHO B Aou,. CBeTno3ap ACEHOB.

BALl knoH-T1noBOuB opraHu3npa nocelleHnss Ha CcTygeHTu B aBumobasu ,[pad UrHatmeso®,
.KpymoBo“, BP3 1 ,ABMOTEXHUKA" C LieN 3ano3HaBaHe C UCTopusiTa, opraHnsaumsita u 4enHocTTa UM.
MpoBexaa ceMnHapu U KOH(EPEHLMM C y4acTUETO Ha CTyAEeHTW, npenogasaTeny U npeacraBuTenm
Ha KOMMaHuK, CBbP3aHu C aBMauusitTa, No BLNPOCUTE 3a aBUALMOHHOTO obpa3oBaHue B bbnrapus u
NpoOM3BOACTBOTO Ha 6e3nunoTHM neTaTenHu anapaTtu, No nonynspusnpaHe Goratata McTopust Ha
aBnauusita B bbnrapus n noctmxkeHusTa Ha KoOcMoHaBTMKaTa..[lpoBedeHn ca CEMUHapPU Ha criegHuTe
Temu: ,Komnosutute B HaHoOTeExHonormmte, ,M3usano enekTpnyeckn camoneTt” u cpewm ¢ nobutenm
Ha aBMaumsAiTa M KOCMOHaBTMKATa, C BeTepaHM U npodecnoHanmctn ot BBC cpewa c¢
U3KMIOYNTENEHUAT PYCKM neTeu-u3nutaten U KOCMoHaBT — nonk. Wrop lMetposBud Bonk Ha Tema
“HacTtoswweTo n 6baeweTo Ha ycBosBaHeTo Ha Kocmoca®, nognomorHato ot ,ABVMAMALL“ EOQOQ, n
ap.YneHoBeTe Ha TOBa 3BEHO YyyacTBaT C [OKMagM B peauua  HayydyHW KoHQepeHuun, H-p
KOH(epeHuuuTe: - ,,ABMaumnsaTa B CbBpeMeHHaTa reononutuka u ctparerusa’, nposegeHa npes npes
2011 r. n noceeTeHa Ha 100-rogMwHMHaTa OT cb3gaBaHe Ha BBC; - HayyHaTa koHdepeHuus npes
2012 r., nocBeTeHa Ha [leHsa Ha aBMauusaTa U KocCMoHaBTMKaTa M 105-Ta roguLHMHA OT POXAEHNETO
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Ha C. T. KoponboB (¢ y4yactneto Ha [MbpBuaT 6bnrapckm kocMoHaBT [eopru MBaHoB 1 Kpacumunp
CTo5IHOB); - Hay4YHaTa KOHbepeHUMs C MexayHapoaHo ydacTtue “lNpuopuTteTnTe B TpaHcnopTa - npes
Mosi nornen” npe3 2014 r.; - Vll-ma MexayHapodHa HayvyHa KoHdepeHuMes B pamKuTe Ha
nanoxexuneto ,,XEMYC - 2014 n gp.

BAL knoH-T1noBAMB akTMBHO yyacTBa B OpraHU3NpaHeTO U MNPOBEXAaHeTO Ha aBMaLMOHHU
cbOUTKSA 1 NpasHMLUK KaTo:

¢ 12 anpun - MexgyHapooHus AeH Ha aBuaumsTa U KOCMOHaBTMKaTa, OTOensA3BaH ¢ AoKnaam u
netaTtenHu gHW, Hay4YHU KOHdepeHUnn, nogHacsaHe Ha uBeTs Ha Anedta Ha KOCMOHaBTUTE Ha Xbnma
Ha ocBoboauTenuTe: - [leH Ha oTBOpeHu Bpatu B Mysen Ha aBmauusita, B KpymoBO, C OTKpMBaHe Ha
Bb3cTaHoBeHUs Gapened Ha neteua-kocmoHasT HOpun [arapuH B kB. [arapuH®, parnoH ,CeBepeH”
npes 2017 r. u nsnoxba ,PoaeHun ¢ kpune®; - TeMaTuyHU Nnekumm ,BbnrapCcknsaT NPUHOC B YCBOSIBAHETO
Ha Kocmoca“ (un.-kop. Metwp Meuos), ,KocmoHaBTbT Urop Bonk — ronemuat npuaten Ha Bwnrapua®
(oou. nmonk. o. p.CeeTtnosap AceHOB); - TpaguumoHHUAT [eH Ha cheumanHocTTa «ABUALMWOHHA
TEXHUKA M TEeXHOMormmy» KeM TexHuyecku yHuBepcuteT — Codums, dunuan Nnoegme, Ha neTaTenHa
nnowaaka ,Mapuua“, cbBMeCTHO c npeactaBuTenn Ha «JlydpTxaH3a TexHuk — Bbnrapusa», « TEPEM»
EOQ[, rp.Mnoegue, Ab-TI'padp UrHatneso, Ab—Kpymoso, Jletuwe—Inoeans, Mysel Ha aBnaumnsata—
KpymoBo, ¢ npeactaBuTeny Ha mecTHaTa BnacT B rpag nosgue, ¢ npenogasatenu n CTyAeHTU OT
TexHundeckn yHuBepcuteT — Codus, pununan Nnoeaue, ¢ BeTepaHu OT aBMauusaTa 1 roctu Ha rpaja.

¢ 16 okTomBpu — [eHAT Ha Gbnrapckata aBvaums 1 BoeHHO-BB3QyLLHWUTE CUMK: CbC CpeLwyn Ha
npenogasaTtenu N CTyaeHTW OT Katedpa ,TpaHCNoOpTHa M aBMaLMOHHA TEXHWKa U TexHonoruui” npu
TexHnyeckn yHuBepcuteT — Codomsa, cdounuan MNMnoBamB u ¢ opraHU3npaHe Ha TemMaTUYHU U3NoXOM,
CTYOEHTCKM CEMUHAPU M YeCTBaHe Ha BenexnTy y4yeHu, KaTo OCHOBOMOJIOXHUKA Ha KOCMOHaBTMKaTa
KoctaHTuH Linonkoscku.

BAL knoH lNnoeauB cbBmecTHO ¢ TY-Codwmsa, cdunuan MNnosgue, PHTC no TpaHcnopTta—
Mnoeame n CopyxeHune ,CriaBaHCKM CBAT® OpraHusnpa 4YecTBaHe Ha GenexuTu gatu ¢ JOoKnagu v
npoxektTupaHe Ha dwnmn, nocseteHn Ha: - 80 roguHu oT poxgeHueTo Ha HOpun arapwH; - 110
roOuHN OT POXOEHNETO Ha CbBeTCKUS neTeu—usnutaten Banepu Ykanos, - XnBoTa Ha KOHCTPYKTOpa
Ha camoneTtn CoTtup YepkesoB no cnyyanm 100 roguMHU OT norneTta My C KOHCTpPyupaHust OT Hero
camonet (2012 r.), — 50 roguHM OT NBLPBOTO U3NU3aHE OTKPUTUS KOCMOC Ha PYCKUS KOCMOHaBT
Anekcen JleoHoB; - 40 roguMHM OT CBbBMECTHUS CbBETCKO-amepukaHcku nonet “Anono-Cvuio3” ¢
TeMaTudeH cemuHap “bbaelleTo Ha 6e3nnnoTHUTe neTaTenHn anapaTtu® n ap.

Cekyus “@usuka Ha Kocmoca”

OcHoBaHa e npe3 1969 r. ot akaa. K. CepadumoB eaHoBpemeHHO ¢ pynata no dusuka Ha
Kocmoca, HenocpeactBeHo nogvmHeHa Ha [Npeacenatena Ha BAH akag. J1. KpbctaHoB. OcHoBHUTE
HanpaBneHusa oT AeHOCTTa Ha cekuua “dusuka Ha Kocmoca” ca:

—TEeOpeTU4HU N eKCcnepuMeHTanHu u3cnedBaHua Ha BUCOKaTa aTtmocdepa, KhoHocdepa u
mMarHutocdepa,;

—aHanus Ha pesynTtaTtuTe OT KOOPOWHWPAHWUTE MPEKN M Ha3eMHW KOCMUYECKN EKCMIEPUMEHTU
“UHTepkocmoc-8, 12 n 14", Texknute reodmsndHn paketn “Beptukan-3" n “BepTukan-4” U cnbTHMKA
“UnTtepkocmoc-bbnrapus-13007;

— NPeKn n3mMepBaHus Ha ekBaTopuanHaTa, Cpe4HOLWNPOTHA U BUCOKOLUMPOTHA MOHOCHEPa;

— NpoyyYBaHe Ha BEPTUKANHOTO pa3snpefeneHne Ha enekTpoHHaTa 1 MOHHA KOHLEHTpaLms 1 Ha
erneKkTpoHHaTa TeMneparypa;

—un3ydyaBaHe BbBb3AENCTBMATA Ha CIbHYEBUTE pagvaumm UM KOCMUYECKMTE IbYM  BbPXY
aTtMocdepata Ha 3emsaTa 1 nnaHeTuTe;

—y4acTue B noarotoBkaTta u pabortarta Ha [neHapHuTe KoHrpecu Ha KomuTteTa 3a KOCMUYECKH
nscnegsanus (KOCIAP) n Ha MA®.

Mpe3 1975 r. BbB BapHa ce nposexaa XVIII MNneHapeH koHrpec Ha KOCIAP, Ha konTo akaa. K.
CepadmmoB e nsdpaH B bropoto Ha KOCIIAP, Ha konTo nocT To octaBa Ao 1986 r. Npe3 1977 r. B
Mnoeaus ce nposexaa XV-ta MexayHapogHa KoHdepeHLmMs nNo KocMuyeckn nbyun. B nepmnoga 1974—
1986 B Ctapa 3aropa ce opraHuaunpaT Ha BCEKWU 2 FOAMHU MEXAYHapOOHM CEMUHAapU Mo KoCMUYecka
dumamka, a npe3 1985 n 1990 r. — HaunoHanHUTe KoOHMEpPEeHUNN C MexayHapoaHo yvacTtue “Kocmoc-
85” n “Kocmoc-90".

Cekuyus “[lucmaHuuoHHU u3cnedeaHusi Ha 3emsama u nanaHemume”

OcHoBaHa e npe3 1975 . o1 akag. [1. Munwes 3aegHo ¢ 06ocobsiBaHETO Ha NeTaTa eAHOUMEHHA
NnocTosHHO AewncTBawa pabotHa rpyna Ha “MHTEPKOCMOC”. Toea e Han-mnagata paboTtHa rpyna
Ha nporpamata “‘UNHTEPKOCMOC”. BypHOTO pa3BuTUE HA KOCMUYECKUTE TEXHOMOrMM U YCNELIHOTO
UM NPUNOXEHWe 3a HayYHU N CTOMAaHCKM Lenu AoBefoxa 40 YCbBbPLUEHCTBAHE HA AUCTAHUUOHHUTE
MeToaM, KOeTO [aje Bb3MOXHOCT 3a pellaBaHe Ha npobnemute 3a nNpuUpoOAHUTE pecypcu u
€KOJNOMMYHUS KOHTPOS&T Ha OKonHaTa cpefa. Hal-romsMoTo NOCTMKEHME Ha Tasn cekumns e
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Cb3[aBaHeTO Ha KOMMJieKc Hay4yHa anapartypa “bbJITAPUA-1300-11” pabotun Ha 6opaa Ha cnbTHMKA
“METEOP-MNMPUPOLA".

Cekuus “Kocmuyecku crobuweHus”

OcHoBaHa e npe3 1970 r. ot npod. K. CepadmmoB n CT.H.c. uHX M. BenkoB — gupekTtop Ha
HayuyHo-n3cnegoBartenckus MHCTUTYT No cbobuweHusaTa (HNUC-Codums), koraTto ce B3ema pelueHne
Ha ObpXaBHO HMBO 3a yyacTue Ha bbnrapusi B mexgyHapogHaTta cucTema M opraHusauus 3a
kocmuyeckn Bpb3kn “‘UHTEPCIYTHUK”. YneHoBe Ha cekuusaTa umat onpeneneH MnpuHOC B
n3cnenBaHusiTa 3a pasBUTUE HA KOCMUYECKUTE CbOOLLEHUS U CMbTHMKOBaA TeneBusns B bbnrapus
olle C ofnpefensiHe Ha ONTMMAanHOTO MECTOMONIOXKEHNE Ha MbPBUSAT KOMMMEKC 3E€MHU CTaHuuu
3CKB“lUunka” B lMnaHa nnaHuHa npe3 1971-1972 r. n NO-KbCHO C aKTMBHOTO CbAEWCTBME 3a
pasBUTMETO Ha KOCMUYECKUTE CbOOLLEeHWS 4Ype3 [ABe HOBM 3eMHU CTaHUuuM B MexayHapoaHaTta
cnbTHUKOBa cuctema “UHTENCAT”. Ha cumnosmymuTe C MeXOyHapoOHO y4vacTue B KOMMekca
“Kronno Kropn” B Kypopta “CB. KoHcTaHTMH u EneHa” npe3 1975 n 1985 r., 6bnarapcku yyeHu,
yneHoBe Ha BALl, npeacTaBaT cBOM pa3paboTku OT HaLMOHaNeH n MexayHapoaeH mMawab B pamkuTe
Ha MexayHapogHaTa nporpama ““IHTEPKOCMOC”. B MexgyHapogHus ekcnepyMeHTaneH LeHTbp no
nporpamata “IHTEPKOCMOC” B [lybHa u Ha HauuoHarneH ekcrnepumeHTtaneH nonuroH Ha HUNC-
Codusi ObMArapckm yy4eHM pbKOBOOAT 5-rooMlHM  €KCMEPUMEHTM MO  pasnpoCcTpaHeHue Ha
paavoBbLITHUTE MO CMbTHWKOBM M 3EMHU TpaceTa C YHMKanHa MOCTaHOBKA, KOATO Mony4vaBa
MEXAYHapOAHO aBTOPCKO CBMAETENCTBO. EKCnepuMeHTVTE 3aBbpluBaT C MeXAyHapodeH OT4yeT U
pegvua nNpunoXHW pesyntaTtu, JoknagBaHu Ha KoHrpecn Ha MA® npes nepuoga 1987-1992 r. n Ha
apyrn mexgyHapogHu dopymmn B Pycus, Monwa, Yexua n YHrapus u Ha 6bnrapckua “TEJIEKOM”.
UneHoBe Ha cekuusa “Kocmudeckn cbobuieHus” upe3 BAL ocbliecTBABAT MHOrOGpOMHM Hay4yHO-
NpuUNoXxHn paspaboTkm n oT 1997 r. o 2008 r. ypes TAx ocurypsBat PUHAHCOBO CTabunmampaHe Ha
BAL. Te cbwo yyacTBaT ycnewHo B pabotata Ha MexayHapoaHus cbio3 Mo ganekocboblieHust ¢
Jokrnagn B obnactrta Ha KOCMWYECKUTE CbOOLLEHWs U TeneBu3us B 3allMTa Ha WHTepecute Ha
Manknte agMMHucTpaumm n B osete CBETOBHM pagnokoHdepeHuumn Ha Cbio3a, nposeneHu npes 2012
n 2015 r., cbaencTBarkn Ha 6bnrapckata agMMHUCTPaUMSA Ha CbOOLLEHMATa 3@ B3EMaHE Ha peLLeHust
3a YeCTOTHO-OpOUTanHM pecypcu B nonsa Ha bwnrapus.

Kny6 Ha aguayusama

Kny6bT Ha aBrMauusaTa e KonekTMBeH YneH Ha bbnrapckata aBmaLmoHHa acoumauma u Ha BA[,
¢ 230 uneHoBe. KnybbT opraHuaupa 0OUNEnHW TbpXKecTBa Ha CBOWM UMEHOBE — U3TbKHATU
aBMaLMOHHM KOMaHAMPU U MHXEHEepU KaTo o. 3. nonk. MiBaH ATaHacos, ydyactBan B 3awuta Ha Codus
npes 1943-1944 r., o. 3. reH. marnop Topop TpucoHoB, o. 3. nonk. Aumutbp Meaapcku,
o.3.nonk.Toma KoBaueB u ap. PbKOBOACTBOTO Ha knyba monara rpvxku 3a 3awuTa Ha couunanHute
WHTEpPeCH Ha CBOUTE 4fieHOoBe, AOCTbN A0 MeOMLMHCKa NOMOLL M ChpaBeafiMBOCT B MEHCMOHHOTO
OCUrypsiBaHe, 3a KOETO aKTMBHO paboTaT 0.p. reH. AumuTtbp eoprues, o. 3. nonk. Toma Kosaues, 0. 3.
nosnk. QuMuTbp AHTOHOB U Ap.

KnydbT Ha aBuauusta npoBexaa LUMpoKa KynTypHO-MacoBa [OEWHOCT U MMa MHOXECTBO
BOEHHO-MATPUOTMYHMN U3ABW, KaTo Hanp: - TpaguMuuoHHaTa npofieTHa aBuauMoOHHa cpella
TbPXXECTBEHA 4acT U KOHUepT, kosaTo npe3 2013 r. e cbyeTaHa M c oTOens3aBaHe Ha 8-mMu MapT,
noceeTeHa Ha ObnrapckuTe XeHW-aBUaTopKu, KakTo n Ha 135-rognwHMHaTa OT OCBODOXAEHNETO Ha
Bvnrapusa oT Typcko pobCTBO; - €XerogHo, B HaBeyepueTo Ha 24 mMai, ce npoBexaa npasHuWK Ha
aBMaLMoHHaTa KynTypa CbC Cpelun C U3TbKHATU Aenumn Ha Gbnrapckarta Kyntypa u nutepartypa kaTo
eopru KoHcTaHTuHOB, EBTUM EBTUMOB, Hegsnko IZop,uaHOB W ap., IpueTn 3a NoYEeTHN YneHoBe Ha
knyba, ¢ npeacTaBsiHe Ha KHUMM, HaNMCaHW OT YfeHoBe Ha knyba, ¢ XygoXeCTBEHU M3Noxou, Ha
aBnomogenu n gp. CbC CBOM MHULMATUBMK KNYOBT Ce BKMHOYM B YyecTBaHusATa Ha: - 130 roguHu ot
OcBoboxaeHneto Ha bvnrapus; - 60-roguHMHaTa Ha rpaykgaHcKkaTa M CenckocTonaHcka aBmaumm; -
90 rogunwHMHaTa OT poXAEHMETO Ha reHepan Anekcangbp [eyes v ap.

BAl akTMBHO NoanomMorHa B NoArotoBkaTta M vyectBaHeTo Ha 120-roguliHUHa OT POXOEHUETO
Ha NbpBusa 6bnrapcku netel CumMeoH lMeTpos npe3 2008 r., npoBefeHO Mo uHMLMaTnBa Ha Knyba Ha
aBMauusaTa, CbBMeECTHO ¢ Wwaba Ha BBC, PKNL u ap.

KnyGbT wuHMUMMpa HauuoHanHa wHMuMatMBa Mo 3awutata Ha netuwe Bboxypuuwe,
HenpaBOMEPHO nNpuBaTU3MpPaHO No Bpeme Ha npasutenctBoto Ha HACB, Ho 3a cbxaneHue
OespesynTaTHa.

Kny6 Ha BAL, Benuko TbpHO80

Knyb6bT e Bb3cTaHoBeH Ha 09.04.2012 r. Ot 16.04.2016 r. npeacepaten Ha knyba e reH.
MnameH BorgaHos, pektop Ha HBY ,Bacun Jlesckn”.

Knyb®T, cbC cbaencTBmeTo Ha PanoHHaTta nHcnekums Ha MOH 1 O6wuHckns komuteT ,Bacun
JleBckun”, yqacTBa B opraHmsnpaHe Ha TemaTudHu becenun, MeounHM npes3eHTaumm ¢ NpeacTaBUTENTHN
oTOOpU OT cpeaHuTe yuunuuwia. Besika rogmHa B CY ,Bnagumup KomapoB” ce uanbiHsBa nporpama c
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nposiBM, CBbp3aHa C MaTpoHa Ha y4YnnuuweTo — KocMoHaBTa Bnagumup Komapos. OTt6ensassart ce
rogvWHMHUTE OT PpOXAEHMETO Ha poJoHadanHuka Ha Obnrapckata asuauus — Xapanamnu
IbxammkneB. OpraHusvMpaHu ca npenctaBsHe Ha kHurata ,HebGecHu nobpatumn’ Ha Maprapura
YepkesoBa n nsnoxba, nocBeTeHa Ha xuBoTa u genoto Ha Cotup Yepke3os, NOAroTBEHa OT CT.H.C.
HeesiHa BbuBapora, 4neH Ha knyba (n3noxbata e npeacrtaBeHa u BbB B. TbpHOBO M Bapha). C
yyacTmeto Ha knyba B c. XoTHMUA e 4ecTBaHO AenoTto Ha AceH [lonos, Hanucan ,Mctopusa Ha
aBnaumarta” npes 1923 r., a B Jlackosey e otbenasaHa 100 roguwHuMHaTa OT POXAEHWETO Ha
aBmnartopa CtecdpaH KannHoB, y4acTHuk B bankaHckaTta BoviHa ¢ noneTtu Hag OapuHckaTa KpenocrT.

3a pgenHocTTa Ha knyba cbliecTBeHa e pondata HessaHa BvuBapoBa, UCTOPUK, ObNrOroauLLEH
CbTPyAHWK Ha PernoHaneH ncropudeckn mysen — B.TbpHOBO. TH € yyacTByBana v B Cb3aBaHeTo Ha
dunma 3a Cotup YepkesoB — KaTo CLLEHaApPUCT MU C UHTEPBIO BbB huniMa B Ka4eCcTBOTO Ha Buorpad Ha
Cotup Yepkesos.

3aknw4yeHue

BbnrapckoTo acTpoHaBTUYECKO APYKECTBO MOXEe [a WUrpae CblUEeCTBEHa pofis CbC CBOUTE
CTPYKTYpY Npu pasnpocTpaHeHne Ha MHopMaLus 3a Gbirapcky KOCMUYECKN NMPOEKTU U NpunaraHeTo
Ha pe3ynTaTuTe OT TAX 3a pa3BUTME Ha MKOHOMUKATa Ha cTpaHaTa. Tasu 4elMHOCT, Haco4YeHa OCHOBHO
KbM MlaguTe Xopa, We 3aCuim UHTePECHT UM KbM KOCMUYECKUTE MU3CNeaBaHUs U TEXHOMOMUA U e
M noaroTeu ga usbepaT npodecun, KOUTo Gmxa MM nos3sonunu B 6baellle Aa yyactTBaT B KOCMUYECKU
NPOEKTK, a CbLLIo M Aa r'M MOTUBMPA Aa ocTaHaT B bbnrapus.

[pyXecTBOTO € OTBOPEHO 3a NpMeMaHe Ha HOBW YSIEHOBE W Ha MpeasioXeHus 3a y4yacTue B
noaxoadAaLlun npoekTn n nporpamn. PaboTun ce ocHoBHO no cnegHnTe HanpaBleHna:

— LUMPOKO NpurobLLIaBaHe Ha NOAPACTBALLOTO NOKONEHNE KbM 3HAHMETO M BUCOKUTE TEXHOMOIMMU;

— nonynspuanpaHe Ha KOCMUYECKUTE NOCTMKEHNS Ha Bbnrapus;

— MHTerpupaHe Ha paboTaTta Ha ApPY)XeCTBOTO B OOLUUTE yCUNUS Ha oBLLECTBEHUTE N HAYyYHUTE
opraHnzauunm B CTpaHaTta 3a nNoBullaBaHe Ha KBaJ'II/I(*)I/IKaLl,I/IﬂTa Ha Mnagunte Xopa WU Ha
CaMO4yBCTBMETO UM 3a NpUHaANEeXHOCT KbM 6'bJ'IFapCKaTa Hauu4d.

NuTtepaTypa:

1. B-k ,HapogHa apmus®, 6p. 2875 ot 10 gekemspu 1957 r.

2. Muwes, [1. Kocmuyeckute nscneasanus B bnrapus, Cocus, 2004 r.
3.loguwHmn oTyeTn 3a genHocTTa Ha bA[.

4. ApxuB Ha BAL (1957—2017 r.).
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AHHomauusi: [NpedcmasneHo meopemuyeckoe uccriedogaHue pocma 3SHepauu Mpu Pe30HaHCHOM
YCKOpeHUU crnabo pesismusucmcKUX 3/1€KMpPOoHO8 8 CepthOMpPOHHOM MeXaHU3MEe Ha OCHO8€ YUCIEHHO20
molernuposaHusi. [lposedeHHbIl aHanu3 OCHO8aH Ha MOYHOM PEeWeHUU HEerUHEUHbIX HecmauyuoHapHbIX
OugbgbepeHyuanbHbIX ypasHeHUl emopozo nopsidka Ons ¢hadbl 80/THOBO20 Nakema Ha mpaeKkmopuu Yacmuubl
ona Hecywel 4dacmomsbl. Pacdyemb! npoeedeHbl O 0OHO20 MOJIOKEHUST Yacmuubl, MO3ULUOHUPO8aHHOU 8
ueHmpe B80/51IH08020 nakema u Onisi 08yx Habopos UCXOO0HbIX napamempos OughgepeHyuanbHO20 yPasHEHUS.
lpu pacyemax 3neKmpPoHblI MPUHAMO cyumamse crabopenamueucmcKuMuU, Kak o ¢ha3oeol ckopocmu
80/IHOB020 MaKema, mak U Mo HayallbHOU 3Hepauu Yacmuubl. YI3ydeH pocm aHepauu Yacmuuy, rnocse CuilbHO20
CcephOMpPOHHO20  YCKOPEHUSI  MakemoM  3/1eKmMpPOMagHUMHbIX  80N1H.  Pe3ynbmambi  mModenuposaHusi
paccmampuearom HayanbHOe 8PpeMsi 3axeama 4Yacmul, MakCUuMasibHylo OnumesibHOCMb YCKOPEHUs, pocm
3Hepauu, CKoOpoCcmb pocma 3Hepauu u pessmusucmckuli ghakmop Yacmuy, Komopbkle npedcmasneHbl 8
mabnuyax u pucyHkax. [lonydeHHble MaKkcuMalsibHble 3Ha4YeHUs] OKOHYamesibHbIX 3Hepaul, rocne CcuslbHO20
YCKOpEHUS, cpasHugarmcsi ¢ UCX00HbIMU. COenaHbl 8b1800bI O 803MOXHOCMU 3axeama 4Yacmuy, CKopocmu
pocma aHepauu, OUeHKax MosyYeHHbIX d3Hepaull u Opyaux napamempax yCKOpeHUs: Yacmuuy,.

NUMERICAL INVESTIGATION OF ENERGY GAIN AT RESONANCE
ACCELERATION OF LOW RELATIVISTIC ELECTRONS

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

lSpace Research and Technology Institute — Bulgarian Academy of Sciences,
2Space Research Institute — Russian Academy of Sciences,
3Peoples’ Friendship University of Russia
e-mail: shkevov@space.bas.bg, nerokhin@mx.iki.rssi.ru

Key words: resonance acceleration, space plasmas, electromagnetic wave packet, wave phase, particle
trapping.

Abstract: A theoretical investigation by numerical simulation of energy gain at resonance acceleration of
low relativistic electrons is presented. The conducted analysis is based on the exact solution of second order
nonlinear nonstationary differential equations for the wave packet phase on the particle’s trajectory. The
calculations are completed for particle position in the center of the wave packet and for two sets of initial
parameters. Both the phase speed of the wave packet and the initial particle energy are assumed to be low.
Particle’s energy gain after strong surfatron acceleration by an electromagnetic wave packet is studied. The
simulations results about particles initial time capturing, maximum acceleration period, energy growth rate and
particle’s relativistic factor are presented in tables and figures. The final maximal energies after strong
acceleration are compared with the initial ones. Conclusions about particle’s capture possibility, energy growth
rate, estimates of gained energies and other particle’s acceleration parameters are made.
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BBegeHue

VMccnepoBaHne yCckopeHUs 3apsbkeHHbIX YacTul, 0JHa U3 akTyanbHbIX 3adad pyHaaMeHTanb-
HbIX Hay4HbIX MccriegoBaHun. [NonydeHHble pesynbTaThl MPUMEHNMbI BO MHOTMX Hay4yHbIX 0bnactsix
TakKuX Kak pu3amnka eCTecTBEHHOMW U CUHTETUYECKOM Nnasmbl, B aCTPOHOMMM U acTpodmanke, aHanmse
paboTbl ycKopuTENeWn YacTUL, U UCCREeOOBaHUSAX B PasfM4YHbIX 0BMacTax KOCMWYECKOW Hayku. 3TO
CBSI3aHO C Te€M, YTO CUNIbHOE YCKOpEHWe 3apsgoB 3MEeKTPOMarHUTHbIMU BOSIHAMW M B YaCTHOCTU
cepdoTpPOHHOE YCKOpeHue, paccMmaTpuBaBlleecq paHee B [1-4], a Takke B paboTax [5-13], sBnsietca
OOHMM M3 MEXaHM3MOB reHepauuMuM MNOTOKOB YNbTPapensiTMBUCTCKMX 4YacTuy B nNpupojae.
PaccmaTtpurBaembIn NpoLLecc OTHOCUTCS K paspsay pe30oHaHCHbIX NPOLLECCOB B3aMMOAENCTBUSA MexXay
3NEKTPOMAarHUTHbLIMW BOSTHAMM 1 3apsKEHHbIMW YacTuLlamMu Npu KOTopbiX HabnogaeTcsa OTHOCUTENb-
HO 6onbLIon NpUPOCT 3Heprum Yactuubl. OOHO M3 OCHOBHLIX TpeboBaHUM ONs peanu3a-umm 3Toro
Knacca B3auMoOenCcTBUN 3TO HEOOXOOUMOCTb BbIMOJTHEHMS YCINOBMSA YepeHKOBCKOro pe3oHaHca. [Ans
KOPPEKTHOW OLIEHKM KONMMYecTBa U MaKCUMarnbHOW 3HEPTrUM YCKOPEHHbIX YacTul, UX 3HEpPreTuyeckmx
CMEKTPOB, XapaKTepHOro pasMepa obnactM yckopeHus TpeOyeTca OeTanbHbli aHanuM3 YCroBuW
3axBaTa 3apsKEHHbIX YacTuL, B PEXWM PE30HaHCHOro yckopeHusl. B HacToswem goknage Ha 6ase
YNCMNEHHbIX pac4yeToB MpPOaHanM3npoBaHbl OnaronpuaTHble (ONA 3axBaTa 3apsPKEeHHbIX YacTul B
pPeXUM yrnbTPapenAaTUBUCTCKOrO YCKOPEHUs1) pasbl BOSHbI U CKOpPOCTU crnabo pensaTUBUCTCKMX
3apsKeHHbIX YacTuy, a Takke 3((eKTMBHOCTbL WX YCKOPEHUA Mpu  B3auMoOencTBun C
NPOCTPAHCTBEHHO JTOKANM30BaHHbIMU BOJSIHOBLIMM MakeTamu. Ha OCHOBE UMCNEHHbIX pacyeToB U
TOYHOIO peLUEeHUsT HENTMHENHBIX HECTaLMOHAPHbIX ypaBHEHUI BTOPOro nopsiaka Ans gasbl BOMHbI Ha
TPAeKTOpMM YacTuubl PACCMOTPEHbl 3axBaT CrabopensaTUBMCTCKUX SMEKTPOHOB M KX CUITbHOE
cepOTPOHHOE YCKOPEHWE MAKETOM SMEKTPOMarHUTHbIX BOJSIH, PacnpOCTPaHAKWMMCA nonepek
cnaboro BHeLIHEero MarHuTHoro nonsi H o B Kocmuyeckon nnasme. YucneHHble pacyeTbl peann3oBaHbl
Ons AByxX HabopoB HavanbHbIX MapameTpoB AnddepeHunanbHbIX YpaBHEHUW, COOTBETCTBYHOLLMX
CcnabopensiTUBUCTCKUM 3HEPrMsM 3MeKTPOHOB. Pe3ynbTaThl pac4eToB, NpeAcTaBneHbl B Tabnvuax u
rpaduyeckom Buge, Mokasanu, 4YTO Auana3oHbl 3HayYeHun pa3, GnaronpuAaTHbIX Ans 3axBaTta
9MNEKTPOHOB B PEXUM CUIBbHOIO CEPdOTPOHHOIO YCKOPEHUS, OKa3anucCb AOCTATOYHO LUMPOKUMMU, a
3HEprus 4YacTuubl NOCIe CUITBHOTO YCKOPEHMWS YBENMYMBAETCS HA HECKOSBbKO MNOPSAKOB BEMUYMHDI.

TeopeTnyeckoe 060CHOBaHME U OCHOBHbIE YpaBHEHUsI

PaccmMoTpuM  yckopeHue crnabopensTUBUCTCKMX SMEKTPOHOB 3MEKTPOMAarHUTHOW BOJSTHOW
p-nonsipusaunmn ¢ NIIaBHOM JTOPEHLOBCKOM ornbatoLLer ee aMmnnmTyadbl, pacnpocTpaHsitowencs BOob
OCM X B MarHMTOaKTMBHOW nnasMe nonepek cnaboro BHEWHEro marHUTHoro nomns Ho, koTopoe
HanpasneHo Baonb ocu z [5-13]. PaccmoTpum cnyyan Korga 4actoTa BOSHbl o 6nuska Kk vactoTe
BEpPXHEro rmbpraHoOro pe3oHaHca, HO OTNMYaeTCcs OT Hee U MpW BbINOMHEHUN CMEAYOLWEro yCroBus
Ope / ® = U <1, rAe ®ye LUMKNOTPOHHASA YACTOTa HEPENATUBUCTCKMX INEKTPOHOB MIa3mbl.

Monaraem, 4To ha3oBasi CKOPOCTb BOMHbI Vpn = @ / Kk MeHbLUe CKOPOCTW CBeTa B Bakyyme U
BO3MOXEH YEpPEHKOBCKMIA PEe30HaHC C yckopsieMbiMM yacTuuamu. CormacHo paHee NnpoBeAeHHbIM
pacyeTam, 3agady No UCCNEeOOBaHUIO CUIbHOTO YCKOPEHME 3MEKTPOHOB MOXHO YMPOCTUTb MpeHe-
Bperas BUXPEBbLIMW KOMMOHEHTaMW BOMHOBLIX nonen E, H, noToMy 4To uX BNusiHAE Ha pesynbTar
pacyeToB HecywecTBeHeH. B 3ToM cnyyae anekTtpuuyeckoe Mone BOJMIHbl MOXHO CYUTaTb
anekTtpoctatuyecknm T.e. E, (x, t) = A cos W, rae ¥ = g t — Kp X, rae oo - Hecyllas 4actoTa nakeTa,
ko = k( o ) BONHOBOW BekTOp, A (X, t) onpeaenseT nnaBHYI0 NOPEHLOBCKYIO OrnbatoLLyo aMmnnuTyay.

PaccMOTpMM  penaATMBUCTCKME YpaBHEHUS [OBWKEHWs AN8 UMnynbca P YCKOPSEMOro
anekTpoHa [5-13] :

dp«/dt=-eEx—evy(Ho+H;)/c,
Q) dp,/dt=-eEj+ev(Ho+H;)/c
dp,/dt=0, p, = const,

Ona ynobcrBa 3anucen BBegeM 6e3pa3mepHble NMepeMeHHble M napameTpbl B = v / C -
CKOPOCTb 3MeKTpoHa, ¢ = € Eqg / m ¢ oy - amnnutyga BonHbl, T = Wy t, § = kg X — 6e3pasmepHasd
koopamHata, y =1 /(1 - [32 )l/ 2 PENATUBUCTCKNIA dhakTop YacTuubl, U = e / 0y , Ope = € Hy / MC
HEepenATMBUCTCKAs LMKIOTPOHHAsA 4acToTa 3nekTpoHOB, Ey - amnnuTyga anekTpuyeckoro nonsi B
LEeHTpe BOJNHOBOro naketa. [na 4acToTbl BOJHbI, ONM3KOW K 4acToTe BEPXHEro rmbpuaHoro
pe3oHaHca, ycnosue B, < 1 BbinonHsaertca, Ana obnactu napametpa 6e3pa3MepHON NAOTHOCTK
nnasmbl vV = (ope /co)2 c1-u’<v<1, rge ®Wpe - NEHrMIOPOBCKAs YacToTa 3MeKTPOHOB Nnasmbl. 3axsar
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3apsifOB B PEXUM CUIIBHOTO YCKOPEHUS NPOUCXOAWT B Cryyae, Koraa rnosie BOMHbI Bbille HEKOTOPOro
KPUTUYECKOro 3HadveHna T.e., and c = e Ep/ mco >uy, =u/ (1- sz)”z. 3ameTum, 41O
6espasmepHasi ckopocTb 3apsaa Py = Pp [1 — ( dWP/dt )], Bp = o / Cko , UMNYNLC 3MEKTPOHa paBeH
p = m c v (, a nokasatens npenomnexuns nnasmsl N = ¢ k / (cBaA3aH ¢ pasoBoi CKOPOCTbIO BOSHbI
BblpaxeHueM (p=1/N.

Tenepb 3anvwem pensiTUBUCTCKUE YPaBHEHWS OBWXEHUS ONS WMMynbca YCKOPAEMOro
anekTpoHa B 6e3pasmepHom Buge [8, 11] :

d(yBx)/dr=-Acos¥-uBy
@) vy B2 =const=h

d(yBy)/dr=up
dy/dt=-ABscos ¥

rie A=c/{1+[(7-¥)/ (]2} nopeHuoBckas ornbatoLlas aMnnMTyabl BONIHOBOIO NakeTa,
napameTp TOMWMWHbI NakeTa ( cunTaeTcd OCTaTouHO GonbliMM Ans peanu3auny ynbTpapensaTuBucT-
CKOro YCKOpeHUsi 3axBayeHHbIx Yactuy (= (0 L/ c ~ ( 10* + 106), 30ecb 2L xapakTepHasi TonwuHa
BOITHOBOrO nakeTa. icnonb3ys (2) Haxogum uHTerparnbl OBVXEHUS ANS YCKOPSIEMOrO 3fIeKTpoHa

() J=vyBy+UuP,(¥-1)=const, h=yp,=const.

BennunHa J onpepensietca 3HadveHusmmn g = y(0) B, (0) n P(0). C yyetom (3) nonyyaem
PEenATUBUCTCKNIA haKTOp y 1 KOMMOHEHTY CKOPOCTM 3apsiia BAOSb BOMTHOBOro hpoHTa Py

@ r={1+h?+[I+uBy(s-¥)12}P(1-B) 7,
By=[I+uBy(z-¥)]/y.

AHanus yckopeHus 3apsi4oB NPOBOANTCS Ha OCHOBE BhbiTeKatowero uns (2), (3) v (4) HenvHen-
HOro HECTaLMOHAPHOTO YpaBHEHUS ANsi dhasbl BOSHbI HA TPAEKTOPUM SMEKTPOHA

(5) W d®—[c(1-BS)/yBplcos¥-(uBy/yBy)=0.

Ha ocHoOBe 4MCNEeHHOro peLleHnst HENMHENHOTo, HeCTaunoHapHOro ypaBHeHus (5) gna dasbl
BonHoBoro naketa ¥(r) = ¥ [x (), T] Ha Hecylen YacToTe Aanee uccnenoBaH 3axBaT criabopens-
TUBUCTCKUX 3NEKTPOHOB B PEXMME CUINBHOIO CEPAOTPOHHOIO YCKOPEHUSI MAKETOM 3M1EKTPOMAarHUTHbIX
BOSH [8, 11],

Ona peweHuns (5) HayanbHble AaHHbIE Bepem B Buge W(0) = ¥, , ¥.(0) = a. CooTBETCTBEHHO
nveem By (0) = B, (1 — a ). BBegem KOMMNOHeHTbI 6e3pa3MepHOro UMMNynbca YacTuubl gy = v Bx ,
0y = v By . Ona pocratouHo GONbLIMX BPEMEH YCKOPEHUSI 3NEKTPOHa YUCIEHHOE peLleHne [OIMKHO
BbIXOOUTb Ha crnegylowme acMMNTOTMKM Of1S KOMMOHEHT CKOPOCTU U PensTMBUCTCKOro daktopa
yactuubl (1) =U Bpvp T, Px=Pp. By=1/yp.

Takum oOpa3oM TeMn YCKOPEHWUSI MOCTOSIHEH WM He 3aBUCUT OT aMniuTyAbl BOSMHbI O,
onpegensoLen acuMnToTUKY OYHKUMN o < By cos W >.

Pe3yn bTaTbl YACIIEHHbIX pac4yeToB

B HacTosiwen paboTte npoBegeH aHann3 AByx HAOOPOB HavamnbHbLIX NapameTpoB. HavanbHas
no3nuus 4acTuubl yCTaHoOBMeHa B LeHTpe BonHoBoro naketa ¢ W(0) = 0, a HavanbHas 3Heprus
arnekTpoHa siBnseTcs cnabo penstuBucTkoW. B nepBoM cnyvae NpuHATHI HavarnbHble 3HadYeHust
napameTpoB u = 0.22; B = 0.2; h = 0.27; g = 0.28; p = 70000, ¥y =¥(0) =0,a=0;0=uy, = 1.65 0.
OueHKa Ha4ansHOro pPensTUBUCTCKOrO hakTopa anekTpoHa AaeT BenuduHy v(0) = 1.095.

[na HaxoxaeHus 6naronpuATHbLIX HavanbHbIX a3 13 gnanasoHa (— 3.1 < ¥y < + 3.1), npu
KOTOPbIX MPOUCXOOUT 3axBaT 3apsga B PEXMM HEOTPaHUYEHHOTO YCKOPEHMST BOMHON, hMKcupoBanach
¢hasoBast CKOPOCTb BOSHBI B, . AMMNUTYAa BOMHbLI B3SITA BbILLE NOPOroBOro O, 3Ha4eHus o > 1.65 o, .
3ateM yucneHHbIMU pacvyetamm Ha BpeMeHax t < 70000 onpefenanca gvanasoH HavanbHbIX has, B
KOTOPOM MMeN MeCTO 3axBaT 3apsifia B PEXMM CUIbHOTO YCKOPEHUsI BOSHOW. [poaHannsmpoBaHbl
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CeMbEeCsAT CryyaeB HayanbHblX a3 U3 BbllleykasaHHOro AuanasoHa. lMonyyeHHble pesyrnbTaTbl
npeacTaeneHsl B Tabnuue 1, rae 6%, - cmelleHne dasbl BOMHbI, a T¢ - BpeMs 3axBaTa YacTuLlbl.

Tabnuua 1
oY, -3.1 -3.0 -2.9 -2.8 2.7 -2.6 -2.5 -2.4 -2.3 -2.2
Tc 0 0 0 439 17958 > 70k 21488 > 70k 22310 16140
oY% -2.1 -2.0 -1.9 -1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2
Te > 70k 20620 5842 5853 8273 15146 3258 > 70k 6897 21844
oYy -1.1 -1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -04 -0.3 -0.2
Tc 8303 28598 19142 28585 20870 28422 > 70k 37243 16433 11338
oY% -0.1 -0.05 -0.02 -0.01 0 0.01 0.02 0.03 0.05 0.1
Te 14495 | 20195 | 30608 | 57267 > 70k 7492 34535 > 70k 7655 5594
oYy 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11
Te 0 0 0 0 0 0 0 0 0 0
oY, 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 21
Tc 0 0 0 0 0 0 0 0 0 0
oYy 2.2 23 24 25 2.6 2.7 2.8 2.9 3.0 31
Te 0 0 0 0 0 0 0 0 0 0

AHanus Tabnuubl 1 ykasbiBaeT, 4To B 34 cryyasx yactuua 3axBaTbiBaeTcs cpasdy (Tabnvua 1
KNeTkn B TEMHO CUMHEM LBETE) U YCKOpSeTCs A0 YNbTPapensTUBUCTCKUX SHEprumn, B Opyrnx 28
crnyyasx 3axBaT MPOUCXOAMT He cpasy, a Mocrfie HEeKOTOpPOro nepuoda UMKITOTPOHHOrO BpalleHus
(Tabnuua 1 kneTkM B CBETNO CUHEM LBeTe). B aTux cnyvyaeB BpemMs LMKNOTPOHHOrO BpalleHus Ao
3axBaTa 3riIeKTpoHa HaxoasaTcs B MHTepBare T = (439 =+ 57267), HO nocre 3Toro Yactmua 3axBaTbiBae-
TCA N UCMbITbIBAET CUMNbHOE ycKopeHue. B 8 cnyyasix yacTuua He 3axBaTbIBaeTCsl U He yCKopsieTcs.
BepoATHOCTHLIN aHanmM3 3axBaTa 4YacTuubl Ha 6Gase pesynbTatoB M3 Tabnuubl 1 nokasbiBaeT
cnefywollee nNpoUeHTHoe pacnpefeneHne BeposATHOCTENW 3axBaTa — B = 49 % wu3 Bcex criyvyaes
yacTuua 3axBaTbiBaeTcs HemeaneHHo npu t = 0, B = 40 % HabniogaeTcs nepBoHayvanbHOE LMKITO-
TPOHHOE BpalleHMe 3MeKTpoHa C nocrneaywmum 3axsatoM 1 B = 11 % 4actuua He 3axBaTbiBaeTcs —
KNneTkun B cepoM useTe (T > 70.10° = 70k). Ha ocHoBe pacyeTtoB B Tabnuue 1 n ecnu o6beanHNTL BCe
crnyyam 3axBaTa 4YacTuubl C MOCMAEAYOLWNM CUMbHBIM PE30OHAHCHBIM YCKOpeHuem nony4mm 89 % - kak
nNpueNu3NTEenbHY BEPOATHOCTb 3axBaTa CrabopensaTUBMCTCKOrO aNeKTpoHa C HavyanbHOW 3Hepruen
NakeTomM SNEeKTPOMAarHUTHbIX BOMIH CO crnabopensiTMBMCTCKOM (pa3oBOM  CKOPOCTbIO. 3adecb
HeobxoaAMMO OTMETUTb, YTO BbiBoAbl caenaHsl npu ycnosusx W(0) = 0, ¢ > 1.65 o, u BbINoOnNHaETCS
yCrnoBune YepeHKOBCKOro pesoHaHca By (0) = B, .

[na npoBeaeHUst OLLEHKM poOCTa 3Heprum criabopensaTMBUCTCKOrO 3MeKTpoHa Npu pe3oHaHC-
HOM cepdOTPOHHOM YCKOPEHUN BbIOEPEM OOUH CpefHecTaTUCTMYECKni criydan u3 Tabnuupl 1, Kakum
aBnsietca cnyda ¢ W(0) = 1.7. HayanbHoe 3Ha4YeHWe PensTUBMCTCKOrO hakTopa 3MEeKTPOoHa, Kak
yKasaHo Bbllle, Npy BbIGpaHHOM Habope 3HaYyeHun HavanbHbIX napameTpos coctasnseT y(0) = 1.095,
YTO COOTBETCTBYET NPUBNU3NTENBHON HaYanbHOWM aHeprun E ,; ~ 0.56 MeV.

PaspabotaHa aHanuTMyeckass annpokcumauusi PensiTUBMCTCKOro dakropa Yactuubl npu
cepdOTPOHHOM YCKOPEHUN, KOTOpas BblpaxaeTcs OpPMYron:

® M@O=v0)FuBy(t-w)
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roe M (T) - dhyHKUMS aHanUTUYECKoro 3HaYeHne pensTUBMCTCKOro chaktopa YacTtuubl, y(0) —
HavanbHOe 3HayeHue PensTUBMUCTCKOro dakTopa yacTuubl, U = ope / o ; vp = 1/ (1- sz)m—
pPenATUBUCTCKUIA pakTop BOMHbI. [logcTaBnas 3Ha4yeHUs Bcex napameTpor B (6) ans t = 0 nonyyaem
M(0) = 1.095 T.e. BenuyMHa aHaNUTUYECKON OLLEHKU COBMAgaeT C 3HAYEHWEM PENATUBUCTCKOIO
dhakTopa YacTmubl npu T = 0 (y(0) = 1.095). Ha Puc. 1 npeactaeneH rpadmk aHanuTUYecKom

3><103 T T T

2107

M (57000) = 2.56 x10° ¥ (57000) = 2.56 x10°

1x10°

1 1 1

4 : .
0 2410 410" T 6x10°

Puc. 1. M'padwmkn penaTuBucTckoro gaktopa cnabopensTMBNCTCKOrO SNEKTPOHA Y U ero aHanmMTuyYeckomn
annpokcumauumn M (1) npm y(0) = 1.095 n y(57000) = 2.56.10°

annpokcMMmaunm pensaTUBUCTCKOro dakrtopa, npu BbilleykazaHHOM Habope 3Ha4eHMN HayarnbHbIX
napameTpoB BOMMHOBOIO NakeTa U 4acTuLbl.

UucneHHoe pelleHne ypaBHeHus (5) no3BonsieT OuUEeHWUTb Ty — BpeMs BblfleTa 4acTtuubl U3 Mo-
TEeHUManbHOW SIMbl, CO30AaHHOW MOMSMW BOSHbI M BHELUHVMM CTauUMOHAPHbIM MarHWTHbIM nonem. B
3TOM Cny4ae HeTpyaHO MOoNyYnTb TOYHOE BPEMS BblleTa 4YacTuubl U3 MNOTEHUMarbHOM SMbl
Ty = 56940. [na OueHKM TOYHOCTU NPEnSIOKEHHON aHanUTUYEeCKOW annpokCcMMauuMM B KOHLUE
AnanasoHa ycKkopeHus YacTuubl, Haxoaum ans t= 57000 3HaveHus dpyHkumm M (57000) = 2.56.10% u
v (57000) = 2.56.10°. OwwmbBka B 3HAYEHUSX MeXAy 3HAYEHUsIMU 0BOUX BENUUMH MeHblue 107, yTo
yKasblBaeT Ha [JOCTaTOYHO BbICOKYHD TOYHOCTb aHanuMTMYEeCKOW annpokcumaluuM pensTUBUCTCKOro
draKkTopa YacTuLbl B paMKax UHTepBara yCKOpeHUsi YacTuLbl. 3Ha4YeHne pensaTUBUCTCKOro haktopa B
KOHLle [OmanasoHa YCKOPEHMSI SMNeKTpoHa, MO3BOMseT MNOMyyYuTb 3JHEpru  YacTuubl nocne
pe3oHaHCHOro cepdoTpOHHOro yckopeHuss Eq = 1.31 GeV, uTo ykasblBaeT Ha NPUPOCT IHeprum
anektpoHa 0.75 GeV.

PaccmoTpym BTOpOM Habop HavanbHbIX 3HAYEHUN NapameTpoB AN YUCIIEHHOrO peLleHus
andpdbepeHumansHoro ypasHeHus (5): u = 0.22; B = 0.35; h = 0.45; g = 0.5; p = 70000, ¥y = ¥(0) =0,
a=0 0=ury, =165 0, . B atom cnyyae yBenuueHbl 3Ha4eHN HasoBON CKOPOCTU BOJHbI By U
HayarnbHble 3HAYeHWNs KOMMOHEHT umnynbca Yactuubl h n g. OueHka Ha4yanbHOro pPensiTMBMCTCKOrO
dhakTopa anekTpoHa AdaeT BenuuuHy y(0) = 1.287. PacuyeTbl NPOBOAUMUCL aHANOrM4YHO NepBOMYy
cnyyato B AvanasoHe HavanbHblx a3 (— 3.1 < W, < +3.1) u Ha BpemeHax T < 70000. Nony4eHHble
pes3ynbTaTthl NpeacTaBneHbl B Tabnuvue 2 (UBeTOBOW kof aHanornyeH Tabnuue 1).

AHanus Tabnuubl 2 nokasan, 4to B 33 cnydasix yacTuua 3axsaTblBaeTcsi cpasdy (tc = 0) u
yCcKOpsieTCs 4O PensTMBUCTCKUX aHeprnin. B apyrux 34 cnyvasix 3axsaT HacTynaeT He cpasy, a nocre
HEeKOTOpPOro nepuoga UMKNOTPOHHOrO BpauweHus (Tt > 0) (kneTkn B CBETNO CUHEM LBeTe).
OnuTenbHOCTb NEpUOaO0B LIMKNOTPOHHOrO BpalleHnst 40 3axBaTa O0TobpaeHbl B KreTkax U HaxoaaTcs
B BpEMEHHOM UMHTepBane T = (457 + 34990). YacTuua He 3axBaTbiBaeTCsi B Tpex cryyasx (KNeTku B
cepom uBeTe; T > 70k). BeposaTHOCTHbIN aHanM3 3axBaTa yacTuubl No Tabnuue 2 nokasbiBaeT YTo B
= 47 % n3 Bcex cryyaeB yacTuLa 3axBaTbiBaeTcs HemeaneHHo (1. = 0), B = 49 % Habniwogaetcs
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nepBOHayanbHoe LIMKMOTPOHHOE BpalleHUe YacTuubl ¢ nocrneaylmm 3axsatom (t. > 0)u B =4 %
yactuua He 3axBatbiBaeTcs (T > 70k). Wcnonb3ya (6) oueHUM 3HayYeHus (PyHKUUWM aHanuTUYeCcKon
annpokcumaumnm penaTuBucTckoro caktopa Yactuubl M(T). HayanbHoe 3HaveHue pensiTMBMCTCKOrO
dhakTopa yactuupbl Y(0) MOXHO NOMYYUTL M3 BbipaxeHui (3) u (4). O6oux 6yaem oueHusaTs npu ¥(0)
= 1.7, No aHanoruu ¢ Bbille NPOBEAEHHbIMW OLeHKamu 3Tux napameTtpoB. OueHku ana T = 0 no-
kasbiBatoT M(0) = y(0) = 1.287, 4To COOTBETCTBYET HayarnbHOWM 3HEPruun aNekTpoHa E ,; ~ 0.658 MeV.

Tabnuua 2
R -3.1 -3.0 -2.9 -2.8 -2.7 -2.6 -2.5 -2.4 -2.3 -2.2
T 0 0 0 0 0 12490 4811 457 2317 > 70k
S\PO -2.1 -2.0 -1.9 -1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2
Tec > 70k 2367 16535 21511 3052 1826 8310 17760 1681 > 70k
R -1.1 -1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2
T 2693 6456 2146 12048 952 9371 34990 5984 6688 16923
0¥, -0.1 -0.05 -0.02 -0.01 0 0.01 0.02 0.03 0.05 0.1
Tc 844 11444 5607 13354 5745 5727 22314 1114 8146 3282
8‘“1"0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
T 2346 3917 0 0 0 0 0 0 0 0
oY, 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
T 0 0 0 0 0 0 0 0 0 0
S\PO 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1
T 0 0 0 0 0 0 0 0 0 0
.5><103 I | | | |
)
w10 M(T) 2 = 57200 :
3x10°F =
M@0)=129 Y (0)=1.29
ol M(57200)=4.70x10 ¥ (57200) = 4.70 x103 I
1x10°F R
0 1 | 1 | 1
0 1x10" 2x10° 3x10* 4x10* <1007 T ex10”

Puc. 2. M'padhmku penstTMBUCTCKOro paktopa YacTulbl Y U ero aHanuTuyeckomn annpokcumaumm M (T) ans BToporo
BapuaHTa HavanbHbIX ycnosui ¢ npu y(0) = 1.29 ny (567200) = 4.70.10°

26



Bpems BbineTa yacTulpbl U3 NoTeHuuansHoi Smel  Tq = 57200. 3HaueHns M(T) u y(t) koHue
WHTepBana yckopeHust Yactuubl ans T = 57200 coctaBnsetr M (57200) = y (57200) = 4.70.10°,
OTcioga MoXeM Mony4nTb SHEPrMo YacTuLbl NOCHe Pe30HAHCHOr0 CepdOTPOHHOIO YCKOpeHus Eqy =
2.40 GeV, 4TO yKasblBaeT Ha NPUPOCT 3HEPTUM INEKTPOHA OT BESIUYUHLI = 1.75.10° GeV. CpaBHeHue
NpupocTa SHEPrun Mexay ABYMS PacCMOTPEHHbIMU BapuaHTaMy HayamnbHbIX YCNIOBUIA yKa3bliBaeT Ha
pasHuyy B 1 GeV.

AHanu3 BbIOpaHHbIX CriydaeB € criabopensaTUBUCTCKMMU HavamnbHbIMW SHEPTUSIMU YacTuy B
oboux cnyyasdx nokasbiBaeT BbICOKYD 3deKTUBHOCTL (bonee Tpex NOPSAKOB) PE30HAHCHOro
yckopeHus. Hactoswas pabota nokasbiBaeT, YTO CepdOTPOHHOE YCKOpPEeHWe YacTul, MOoXeT ObITb
OOHUM 13 BO3MOXHbIX MEXAHM3MOB reHepauumn KocM1M4eckux nyden [6, 7, 14,15].

3aknro4yeHune

MpeacTaBneHHoe TeopeTMYecKoe NCCnefoBaHne pocTa SHEPrMn NPy CUIbHOM PE30HAHCHOM
YCKOPEHMUN 3apsHKEHHbIX YacTuL, NakeTOM 3MeKTPOMarHWTHbIX BOSIH CAENaHO Ha OCHOBE YMCIIEHHOrO
MogenuposaHus. [MpoBedeHHbIn  aHanM3  OCHOBaH Ha  TOYHOM  PELUeHUMU  HENWHEWNHBIX,
HecTauMoHapHbIX, AnddepeHumnansHbiX ypaBHEHUIA BTOPOro nopsgka Ans gassl BONHOBOrO naketa
Ha TPaeKTopuM YacTuubl AN HECYLLEN YacToTbl.

PacuyeTbl nposegeHbl Ans OOHOMO MOMOXEHWS 4YacTuubl, MO3ULMOHUPOBAHHOW B LEHTpEe
BOITHOBOrO NakeTa, 1 Ans AByX HAbopoB MCXOAHbLIX NapameTpoB AnddepeHUnanbHOro ypaBHeHs.

Mpn pacyeTax SMNEKTPOHbI CYUTANWUCLb CrnabopensaTUBUCTCKUMK, Kak No (has3oBOW CKOPOCTU
BOMHOBOrO naketa, Tak W MO HavanbHOW SHeprMyM uyacTuubl. PesynbTaTtbl MogenvMpoBaHus
paccMaTpvBaloT HayanbHOE BpeMms 3axBaTa 4YacTul, MaKCUMarbHbIA MEPUOA YCKOPEHWsi, poCT
SHEeprumn, CKOpPOoCTb POCTa IHEPrnn N PenATUBMUCTCKOro gpaktopa 4yacTuu, KoTopble npeacTaBfieHbl B
Tabnuuax n pucyHkax.

Ha ocHoBe pe3ynbTaToB aHanu3a NpeAacTaBneHHbIX B TabnNMyHOM Buae paccMOTpeHa oLeHKa
BEPOSATHOCTN 3axBaTa YacTuL B PEXUM CUIIbHOMO PE30HAHCHOro YyckopeHusd. [lokasaHo, 4To 3Tu
BEPOSATHOCTU HEMEeOSIEHHOro 3axBaTa 4acTulbl B PEXUM YMbTpapendaTMBUCTCKOrO YCKOPEHWs npu
KOHKPETHbIX HavarbHbIX yCnoBusx Boiwwe (47-49) %. BepoaTHOCTb 3axBaTa YacTuLbl NOCIEe HEKOTOPO-
ro nepuoga UMKIOTPOHHOIO BpaLLEHUs aHanormyHa, 4YTo yKasblBaeT Ha OTHOCUTENbHO BbICOKYHO
BEPOSATHOCTb 3axBaTa cnabopenaTuBICTCKOro 35IEKTPOHa B CUIIbHOM PE30HaHCHOM YCKOPEHUM.

WccnegoBaH pocT SHeprum 4actuu, Mpu CUMbHOM CepdOTPOHHOM YCKOPEHWUS MaKeToM
3MEeKTPOMArHUTHbIX BOMH. lMonyvyeHHble MakcumarbHble OKOHYaTelflbHble 3HEPruy MOcre CUIbHOTo
YCKOPEHWs CpaBHEHbl C UCXOAHbIMM. [oKka3aHo, YTO MPUPOCT SHEPTUK YacTULbl B 9TUX Clyvasx MOXeT
ObITb Gonee Tpex NopsakoB. TakMMm OoOpa3oM 3NEKTPOH C HavanbHOW 3Hepruen Hwke ogHoro MeV
nocre CUMbHOrO0 PEe30HAHCHOro YCKOPEHUS CTaHOBUTCA PEenATMBUCTCKOM yacTuuew ¢ aHepruewn 2.4
GeV. CnepoBaTenbHO, paHee BblABUHYTas runoTesa [6, 7, 14, 15] o ToM, 4YTO cepdOTPOHHOE YCKO-
peHne MoxeT OblTb OOHVMM M3 MEXaHU3MOB reHepaumm KOCMUYEeCKUX nyven B obnacrsx rennocdepsl
CO CMOKONHOW MMa3Mou 1 MeX3Be34HOM NPOCTPaHCTBE CTAHOBUTCS Hanbornee BEpPOATHOMN.
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Abstract: The transient electromagnetic events, such as Terrestrial Gamma Ray Flashes (TGF),
Transient Luminous Events (TLE) and cosmic Gamma Ray Bursts (GRB) as well as magnetosphere electron
precipitation were observed during the space experiment with RELEC (Relativistic Electrons) instruments on
board Vernov small satellite from July to December, 2014 and on board Lomonosov space mission from April 28,
2016 till now. The solar-synchronous orbits of both satellites provides the favourable conditions for the
magnetosphere electron precipitation (MEP) study as TGF and TLE observations in different areas of the
Atmosphere including Equatorial and Polar Regions. As the results of observations on Vernov satellite the dozens
of candidates in TGFs and thousands of UV and red flashes most likely associated with TLEs and lightning were
detected. The MEPs were also observed regularly in different areas of near Earth space. Some of TGF
candidates and UV flashes were observed at high latitudes in the regions far away from thunderstorms, but near
the MEP areas that could indicate on possible connection between TGF and TLE, i.e. high altitude discharges
and MEP. The short-time variations of sub-relativistic and relativistic (0.1 — 3.0 MeV) electron flux variations were
detected during Vernov and Lomonosov missions in the different parts of near-Earth space, including Aurora
regions. The typical times of such events are in the range from several milliseconds up to dozen of seconds and
even minutes. The spatial effects caused by satellite crossing of electron beams or other areas with increased
electron density and pure temporal, i.e. burst-like phenomena may be among them. Small satellites, such as
Vernov and Lomonosov are very appropriate for study electron precipitation, which can be dangerous for
spacecraft technique and biological objects. The experience of Vernov and Lomonosov missions are very
important for future project of multi small satellites, which can be used for monitoring of natural and artificial space
hazards such as space radiation, transient phenomena etc.

Study of short-time (10'4 - 10° s) variations of gamma-quantum (0.02 — 3.0 MeV) and
relativistic (0.3 — 10.0 MeV) electron fluxes was one of the main goals of Vernov [1] and Lomonosov
[2] space missions. It gives opportunity in progress of understanding of Transient Energetic
Phenomena (TEP) in the Atmosphere and its possible connection with magnetosphere relativistic
electron precipitation. By TEP we mean the Terrestrial Gamma Flashes (TGF) and the Transient
Luminous Events (TLE), which are the well-known effects possible connected with high altitude
electric discharges, such as sprites, elves and blue jets as well as discovered in Tatiana-Universitetskii
and Tatiana-2 missions flashes of ultraviolet (UV) and red emission [3].

The Vernov spacecraft was launched in 2014 July, 8 at polar (640x830 km) solar-synchronous

orbit with 98.4o inclination and ~100 min period. RELEC complex of scientific instruments included
gamma quantum and electron (0.01-3.0 MeV) spectrometer DRGE, UV (240 — 400 nm) and red (610 —
800 nm) photometer DUV, UV imager Telescope-T, low frequency (0 — 40 kHz) NChA (PSA-SAS3)
and radio frequency (0.05 — 15.0 MHz) RFA analyzers and electronic unit BE. The satellite orbit allows
observations in different areas of the near-Earth space including near Geomagnetic Equator and high
latitude regions. This gives a good opportunity to study TGFs as well as electron precipitations.

The main instrument for these purposes is DRGE spectrometer [1]. It consisted of three units,
i.e. two identical DRGE-1(2) and one DRGE-3 boxes. Each DRGE-1(2) box contained two identical
detector units, which were based on the large area (13 cm in diameter) Nal(TI)/CsI(Tl) phoswich
detectors, each with thin (0.3 cm) Nal(Tl) and more thick (1.7 cm) CsI(TI) crystals both viewed by
photomultiplier tube (PMT) Hammamatsu R877. During the experiment detector axes were directed
constantly to the Nadir, the total area of four detectors was about 500 cm?, which is enough to detect
TGF at appropriate sensitivity level. The DRGE-3 unit was used mainly for electron precipitation study.
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It consisted of three identical detectors with axes normally directed to each other. First one was
directed to the local Zenith, the second one was directed mainly against the satellite velocity vector,
and the third one was directed normally to the plane formed by two other detectors axes. Each DRGE-
3 detector unit consisted of Csl(TI)/BGO/plastic phoswich with 0.3 cm thick CsI(TI) and 1.7 cm thick
BGO putted in the anticoincidence cup from plastic scintillator with 0.5 cm walls. The diameter of both
CslI(TI) and BGO scintillators was 1.5 cm. The cylindrical copper collimator with height of 1.0 cm and a
0.1 cm thickness was arranged above the CslI(Tl) crystal. The output data from all DRGE detectors
were received in two modes. One is so-called monitor mode, in which mean count rates in given
energy channels separate for gammas and electrons, were measured continuously for chosen
exposure time (1.6 s mainly) during all observations. The other is “event by event” mode, in which for
every detected gamma quantum or electron its energy and time of detection were fixed. It is very
effective to study short events such as TGFs with time resolution limited only by detector dead time
(=15 mcs).

The same observation technique was used in the Lomonosov mission, which was
successively launched in 2016 April, 28. The Lomonosov instruments include the BDRG gamma ray
burst monitor (GBM), which consists of three identical boxes with the same Nal(TI)/CsI(Tl) phoswich
detectors as DRGE-1(2). The BDRG instrument boxes are mounted on the spacecraft instrumental
panel in such a way, that detector axes are directed normally to each other and detector fields of
views (FOVs) cover a half of the sky. Despite the BDRG detectors are oriented to the opposite
direction relatively to the Earth, they are also able to study precipitation electrons via bremsstrahlung
and to detect TGFs by the use of “bottom” CsI(Tl) crystals, which are not totally screened by satellite
constructions.

The DRGE-1 and DRGE-2 large area detectors with axes directed toward the Earth are the
main instruments for TGFs observations during the operation of RELEC Vernov in space. The huge
number of events which satisfied the trigger criterion was obtained. However, most of them were
caused by cosmic rays, particularly heavy charge particles, passing through the scintillation crystals.
Such events can be selected effectively from the “energy-time” diagrams which reflect the energy
release values pointed against the time of detection. The sample of TGF candidates was selected
after excluding events caused by heavy charged particles. The map of selected TGF-candidate source
position is presented in Fig. 1. For comparison the distribution of burst-like events imitated by charged
particles is also presented there. Despite that the most of selected events are random, about 40 of
them may be the real TGF candidates. This is also confirmed by concentration of corresponding points
in the regions with high thunderstorm activity, i.e. India, South-East Asia etc.
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Fig. 1. The map of distribution of TGF candidates. Red points mark the TGF-like events, blue points mark events
caused by heavy charged particles.
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Among the chosen TGF-candidates events those detected in the polar region under Antarctica
are of special interest. There are events detected 02.11.2014 at 03:34:14.051 UT and 22.11.2014 at
05:05:03.025 UT. The sub-satellite points at the time of detection of these events are marked in Fig. 2.
These bursts are longer (~2.5 ms) than other events, which duration (<400 mcs) is typical for TGFs
usually connected with thunderstorm activity. If take into account this burst source position, its
connection with thunderstorm is very unlikely. From the other hand both of these flashes were

detected near the areas of magnetosphere electron precipitation.

Fig. 2. The map with sub-satellite points in time, when most intensive TGF-like events were detected. The red
circle and circle number 5 correspond to gamma ray flashes detected in Polar region.
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Fig. 3. The time profiles of electron counts along Vernov orbit. Time scale means universal time UT. Top, middle
and bottom panels present the time profiles of integral (E > 15 keV) counting rates of bremsstrahlung from
DRGE-31, DRGE-32 and DRGE-33 detector outputs, respectively.
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As it is well-known, electron precipitations from the Earth radiation belts are caused mainly by
electromagnetic wave activity in the different bands from about 0.1 Hz to 15 MHz. Such precipitations
were observed repeatedly during the Vernov and Lomonosov missions in the different regions of the
near-Earth space including polar areas by the crossing of drift shells at the inner edge of the outer
belt. The example of such precipitation from the Vernov data is presented in Fig. 3. The increase
amplitude is approximately equal for the all three detectors unlike the count, which corresponds to the
outer belt electron flux measurements, when detector (DRGE-31), which axis was directed along the
magnetic field line, gave significantly lower count rate in comparison with two others, which axes were
directed preferably normally to the magnetic field line. It is the natural sequence of that trapped
particles have less isotropic fluxes in comparison with precipitated.

Similar precipitation-like short-time electron flux variations were observed in Lomonosov
mission. The example of such events is presented in Fig. 4, in which the time profiles of counting rate
in 20 — 35 and 60 — 100 keV energy ranges of two GBM monitor BDRG detectors are shown.
Background in the BDRG channels is caused mainly by electron bremsstrahlung, thus, detected count
rate variations really reflect the sub-relativistic electron flux variations. The rather short, with duration
about a few seconds, count rate increase can be seen evidently at L ~ 10, i.e. at inner edge of outer
belt.
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Fig. 4. The time profiles of counting rates in BDRG Lomonosov channels, BDRG-1 20 — 35 keV (green line),
BDRG-3 20-35 keV (lilac line), BDRG-1 60 — 100 keV (blue line), BDRG-3 60 — 100 keV (brown line). Time scale
means universal time UT. The middle panel: the time profile of L values at the same times as on the top panel.

As it could be seen from the Fig. 4, the presented electron flux variations were observed at
Polar regions at some higher L values than precipitation observed in the Vernov mission.
Nevertheless, we may assume that it is the same phenomenon caused by electron scattering on the
low frequency electromagnetic waves.

Cosmic gamma ray bursts (GRB) were also observed in Vernov and Lomonosov missions.
Based on the background features in the orbit of these satellites, gamma-ray bursts could be detected
at an acceptable sensitivity level, mainly in the equatorial regions and in the area of the so-called polar
cap, where the background count rate level was more or less constant. Because of special trigger
mode based on so-called event by event recording, which were realized in both missions, very fine
time resolution limited only by the detector dead time ~15 mcs was achieved.

During Vernov mission a few GRB events were detected. Among them was very short burst
GRB 141011A with about 50 ms duration. It is supposed that such short GRB are caused by merging
of two neutron stars, which also can accompanied by gravitational wave generation.

What about Lomonosov mission, from 2016, June 2017, January 20 gamma-ray bursts were
detected. These events were confirmed by data from other spacecraft and presented in the GCN
network. If we take into account the shadowing of the detector fields of view by the Earth, the time
spent in the regions of captured radiation and the zones of precipitation effective time of GRB
observation in Lomonosov mission is about is 20% of total time. By this, the probability of detecting a
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burst not listed in the GCN catalog does not exceed 10%. Nevertheless, there are several events in
the Lomonosov GRB catalog, which were missed by missions specializing in studying gamma-ray
bursts, such as Swift, Fermi and Konus-Wind. In particular, the GRB 160908A burst was observed
only in the CALET experiment.

Based on a very good experience of Vernov and Lomonosov missions the new space project
of M.V. Lomonosov Moscow State University Universat-SOCRAT was proposed. This project assumes
the elaboration of multi-satellites for real time monitoring in the near-Earth space of radiation
environment, natural (asteroids, meteorites) and artificial (space debris) potentially dangerous objects,
electromagnetic transients, such as GRBs, TGTFs, optical and ultraviolet bursts in the Earth
atmosphere.

It is intended to install on the satellites the instruments for space monitoring of dangerous
objects and hazards, i.e. spectrometers of electrons and protons, complex of instruments for study of
transient electromagnetic phenomena including gamma ray spectrometer, detectors of ultraviolet and
optical emission and also wide-field optical cameras.

The program of the new project Universat-SOCRAT is based on the results of experiments on
board Vernov and Lomonosov satellites intended on the study of extreme phenomena in the Earth's
atmosphere and outer space (see, for example, [1, 2]) including the results of observations of high-
altitude electromagnetic discharges, precipitation of magnetospheric electrons, gamma-ray bursts of
astrophysical and solar origin, as well as observations of space debris by wide-field optical cameras
first installed on a spacecraft [4].

Within the framework of the Universat-SOCRAT project several small spacecraft should be
launched on specially selected orbits. In the minimal version, the group of satellites should consist of
three spacecraft. One spacecraft of medium mass (small satellite) should be launched on a low solar-
synchronous orbit with a height of about 500-650 km and an inclination of 97-98°. Two other satellites
of lower mass (micro satellites) should be launched on an orbit close to circular with a height of about
1400-1500 km and an inclination of ~80° and on an elliptical orbit with an apogee of about 8000 km, a
perigee of about 600-700 km and an inclination of 63.4°.

The small satellite payload should include instruments for monitoring of space radiation, a set
of instruments for optical monitoring of hazardous objects, a set of instruments for studying of
atmospheric phenomena in the optical range, a set of instruments for monitoring in gamma- range,
and special unit for data collection. The payload should also include three-component magnetometer.
The payload of each micro satellite should include instruments for space radiation monitoring, a
compact gamma spectrometer, a wide field of view optical camera, an ultraviolet detector and an
electronics unit for data collection.

The successful realization of the project will make it possible for the first time in the world to
create a prototype of a space system for monitoring and helping to prevent space hazards for both
ongoing and planned space missions, including high-altitude atmospheric aircraft.

During the project realization, the following tasks should be solved:

- real-time estimation radiation environment in near-Earth space for evaluation of the radiation
risks of space missions and the producing of alert signals for decision accept on their control,

- verification of modern computational models of radiation fields in the near-Earth space;

- real-time control of potentially dangerous objects of natural and technogenic origin in the
near-Earth space;

- control of electromagnetic transients in the upper Earth atmosphere and space (GRBs, Solar
flares).
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Ha ceeo0HsiwHuUll deHb Hem OOHO3Ha4YHO20 omeema Ha O4YEeHb BaXHbIU 8O0Mpoc: npoucxodum U
YCKOPEHUEe 3apsKeHHbIX Yacmuy, HabrmodaeMbix 80 8peMsI COJTHEYHbIX MPOMmMOHHbIX cobbimul (CI1C), o epems
ecribiwek Ha CornHye unu xe Ha ydapHbIX 80ITHaX, MoOpoxoaeMbiX KOPOHallbHbIMU 8blbpocamu maccsl (KBM), unu
oba samu mexaHusma eHocsim ceoli eknad 8 pasHoU cmeneHu. B pamkax poccuticko-6onzapcko2o npoekma
«MICMOYHUKU COJIHEYHbIX KOCMUYECKUX Iflydel: COMIHeYHble 6CMbIWKU Uu 8bI6pOChl KOPOHarbHOU Macchi?»
npednazaemcsi  paccMompems  3mMom  80MpPOC  C  UCMOMb308aHUEM  Cmamucmuyeckoeo  aHanusa
HabmodamernbHbix OaHHbix O CIIC u cesisaHHbIX C HUMU S8/1eHUAX U coenamb 8bI800 O YUC/IEHHOM
coomHoweHuu eknada ecnbiwek u KBM e npodomkumensHocmb u 2eoaghgpekmusHocmb ClIC. B kayecmee
aKcrnepuMeHmarsbHbIX OaHHbIX O XXECIMKOM PEHMZEeHOBCKOM U 2aMMa-U3/lyYeHUU COJIHEYHbIX 8CIbILEK MOXHO
ucrnionb3oeame UHGopMmayuo ¢ Kocmudeckol obcepesamopuu «KOPOHAC-®», ¢yHKUuoHUpos8aswel Ha
okonozemHol opbume ¢ 2001 no 2005 eodbi. CyuHMUNAAUUOHHbIMU criekmpomempamu COHIT (2amma-
usny4deHue 8 duarnasoHe sHepeauli 0.03-200 MaB) u ClIP-H (xecmkoe peHmaeHo8CKoe u3ry4yeHue 8 duarasoHe
aHepeuli 15-100 kaB), ycmaHosneHHbiMu Ha 6opmy «KOPOHAC-®», 6bino 3apesucmpuposaHo boriee cma
8crblweK. AHanu3 6crbieK, Haubosiee UHMePEeCHbIX C MOYKU 3PEeHUsI MNpoeKkma, 8 moMm 4ucre cobbimul
ageycma 2002 e., okmsb6psi-Hos6ps1 2003 e. u siHeaps 2005 e., npedcmasneH 8 daHHOU pabome.

RESULTS OF HARD X-RAY AND GAMMA-RAY OBSERVATIONS ONBOARD
CORONAS-F IN THE FRAMES OF RUSSIAN-BULGARIAN PROJECT
“THE ORIGIN OF SOLAR ENERGETIC PARTICLES: SOLAR FLARES

VS. CORONAL MASS EJECTIONS”

Andrey Bogomolov, Irina Myagkova

Skobeltsyn Institute of Nuclear Physics of Moscow State University (SINP MSU), Russia
e-mail: aabboogg@sinp.msu.ru

Keywords: Solar flares, Hard X-rays, Gamma-rays, Space experiments

To the present time, there is no single answer to a very important question: does the acceleration of
charged particles observed during the events of solar energetic particles (SEP), occur during solar flares or shock
waves generated by coronal mass ejections (CME), or both mechanism contribute to the acceleration in different
degrees. In the frames of Russian-Bulgarian project “The origin of solar energetic particles: solar flares vs.
coronal mass ejections” it is proposed to consider this problem using statistical analysis of observational data on
SEP events and related phenomena and to draw a conclusion about the numerical ratio of the contribution of
flares and CMEs to the duration and geoeffectiveness of SEP events. As an experimental data on the hard X-ray
and gamma radiation of solar flares, information from the CORONAS-F space observatory operating in the near-
Earth orbit from 2001 to 2005 can be used. The scintillation spectrometers SONG (gamma radiation in the energy
range 0.03-200 MeV) and SPR-N (hard X-ray radiation in the energy range 15-100 keV) installed onboard the
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CORONAS-F, detected more than a hundred solar flares. The analysis of the flares, the most interesting for the
project, including the events of August 2002, October-November 2003 and January 2005, is presented in this

paper.

BBeaeHune

B nepuogbl BpemeHu, Onu3knMe K MaKCUMymam COJIHEYHOW aKTMBHOCTU OCHOBHbIMU
hakTopaMmm KOCMUYECKON MOrofbl CTAHOBSITCA COSHEYHbIE BCMbILLKM, KOPOHasbHble BbIGPOCHI Macchl
(KBM) u conHe4Hble npoToHHble cobbiTua (CIC). Poccuiicko-6onrapckuin npoekT «WcTouHukm
COJTHEYHbIX KOCMUYECKMX JyYel: CONMHEYHbIE BCMbILIKA UMK BbIOGPOCHI KOPOHamNbHOW Macchl?» CTaBuT
CBOEW Lienblo NoMyYnTb OTBET Ha AaBHUIA BOMPOC O B3aUMOCBSA3M 3TWX (hakTopoB.

B HacTosllee Bpems paccmaTpuBaeTCd OBa OCHOBHbIX MeXaHu3Mma, CMOCOOHbLIX YCKOPSATb
yacTuubl B KocMmyeckon nnasme. OgHUM M3 HUX SBNAETCH NpoLeCcC MarHUTHOro nepecoeuHeHns Bo
BpEMS COSTHEYHbIX BCMbIEK (YCKOpPEeHWe C NMOMOLLbI0 3nekTpuyeckmx nonen). B kavectBe apyroro
paccMmaTpvBalOTCa yAapHble BOSHbl (OAMH UMM HECKONbKO YyAapHbIX (OPOHTOB, B3aMMoAencTBue
BOMHa-4yacTuua), CBsi3aHHble C KOpOHanbHbIM Bblopocom Maccel (KBM). Bonpoc o Tom, kakoB
OTHOCUTENbHbIV BKNag COJIHEYHbIX Benbiwek u KBM B ycKOpeHWe MOTOKOB 3apsKEHHbIX YacTul v
Kakue yCrioBusi OKa3blBalOT 3HAYUTENIbHOE BNUSIHUE Ha AaHHbIN MPOLEecc, A0 CUX Mop He pelleH. [ns
OoTBETa Ha HEro B paMkax MpoeKTa MIaHWPyeTCs MPOBECTM Kak BCECTOPOHHEE CTaTUCTMYEeCcKoe
uccriegoBaHue CI1C 1 cBA3aHHbIX C HAMUW SBMEHUIA, TaK U AeTanbHOe n3ydeHne oTaernbHbiX cobbiTui,
HabNIOaBLLIMXCA B pPas’fUYHbIX SKCMEPUMEHTaX, PEerucTpupyroLlux pPeHTreHoOBCKoe M ramma-
n3nyyeHvne, pagvousryyeHue, MUKPOBOSTHOBOE M3fydeHMe, MOTOKM 3apshKEHHbIX YacTuy, a Takke
aHanua TononorMM MarHMTHOro Nonsi ¢ ucnosnb3oBaHMeM 3D MeTOL40B SKCTpanonsAummn.

B kayecTBe JaHHbIX O XECTKOM PEHTIEHOBCKOM M raMma-nu3ny4eHUn CoNTHEYHbIX BCMbILWEK U O
MOTOKaXx 3apsPKEHHbIX YacTuL, B OKOFIO3€MHOM KOCMWUYECKOM MPOCTPAHCTBE BO3MOXHO MCMOMb30BaTh
pe3ynbTaTbl 3KCMEPUMEHTOB Ha poccuiickon opbutansHon obcepeaTtopum KOPOHAC-®, paboTaBLuen
B 2001-2005 rr., T.e. BO BpeMs MakcMMyma 23-ro Lukna COSTHEYHOW aKTUBHOCTM.

SkcnepuMeHT

UckycctBeHHbIn cnyTHUK 3emnu (MC3) «KOPOHAC-®» 6bin 3anyweH 31 uiona 2001 r. Ha
KBa3UKPYroByto opbuTy ¢ HaknoHeHnem 82.5°, nepunoaom obpalieHns 94.5 MUH. 1 BbicoTon 507+21 km
(k koHUy noneta ero opbuta cHusunacb Ao ~ 300 km). Kocmudeckuir annapaT npekpaTun
cywiectBoBaHne 6 gekabps 2005 r. OcHoBHble 3agaun muccun «KOPOHAC-®» - mnccnepoBaHue
HecTauMoHapHbIX npoueccoB Ha ComHue ¥ uX BO3OEWCTBMA Ha MEXMMaHEeTHYI cpedy u
marHuTocdepy 3emnu.

[nsa 1M3yyeHUst HEMTPANbHOIO M3Ny4YeHUss ConHeudHbiX Benbiwek Ha NC3 «KOPOHAC-®» B
HUNAD MI'Y coBmecTtHo ¢ PUAH n N3P CAH Gbinn paspabotaHbl 1 ycTaHoBneHbl npnbopsl CrP-H
ONna perncrpauumn peHTreHOBCKOro M3Iy4YeHUs COMHeYHbIX Benbiwek B AuanasoHe 15-100 kaB wu
n3mepeHunst ero nuHenHon nongapmsaumm [1,6,8] 1 COHIT gns pernctpaumnm XecTkoro peHTreHOBCKOro
U3Ny4YeHUsi, ramMMa-usny4yeHus B JIUHUSX W KOHTUHYYME, a Takke [MOTOKOB HEWTPOHOB MU
pPenATUBUCTCKUX anekTpoHoB [9,10].

Mpnbop COHI (COnHeuHble HenTpoHbl, MaMma-kBaHTbI) NpeAHasHayeH Ans perncrpauum
MOTOKOB W CMNEKTPOB ramma-kBaHToB C 9Hepruamm 0.03-200 MaB, notokoB w© cnekTpos
3HEpProBblAeneHnn HENTPOHOB € aHepruamn > 20 MaB, NOTOKOB 1 CNEKTPOB 3MEKTPOHOB C SHEPrUAMM
11-108 MaB, notokoB npoToHoB ¢ 3Heprusamn 200-300 MaB n cymMmapHbIX MOTOKOB 3fIEKTPOHOB C
3Heprusamm >55 MaB u npoTtoHoB c aHeprusamu >70 MaB. [Ons 3anucu nokasaHui npubopa
ucnonebsyetca 14 uMdpoBbIX TENEMETPUYECKUX KaHanoB ¢ YactoTon onpoca 1 pass4 unne 1 c.

Mpubop COHI coctouT mM3 ogHoro Ornoka, BHYTPM KOTOPOro YCTaHOBIEHbI AETEKTOpbI
n3ny4yeHnn, cxembl oTOOpa W aHanu3a CcoObITUA, YCTPOWCTBa (POPMMPOBAHWUS MMMYMbCOB,
npeobpasoBaTenn HanpPsXXeHUs1 Anst NIUTaHUs AETEKTOPOB U 3neKTpoHuku. Cxema geTektopa npubopa
npeacrtaeneHa Ha Puc. 1 (npasas naHenb).
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Puc. 1. Cxema pgetektopoB npmbopos CIP-H (cneea) n COHI (cnpaga)

Pervctpaumsi yacTuiy OCYLLECTBNSAETCA CUMHTUNMNSAUMOHHBIM CYETYMKOM, COCTOSLLUMM K3
kpuctanna Csl(Tl) gnameTtpom 200 mm wm Bbicotor 100 mMm, npocmaTtpmBaembiM ®IY-173. Ons
3alLUMThl OT 3apsHKEHHbIX YacTUL, 3TOT CUMHTUMMSLMOHHBIN CHETYMK CO BCEX CTOPOH OKPYXXEH akTUBHOW
aHTMcoBNadaTeslbHON 3alMTOM, KOTOpast COCTOUT U3 ABYX YacTel. HMKHAA — YCEeYEHHbIN KOHYC U
UUNMHAP, KOTOpble HaxoOATCS B OMNTUYECKOM KOHTaKTe; 3Ta 4acTb BbIMOMIHEHA W3 MNAacTU4eCcKoro
CUMHTUNNSATOPA C TONWMHOM cTeHoK 20 MM M 3awmuwaeTr OCHOBHOW CYETYMK CHU3Y U COOKy.
YceueHHbI KOHYC npocmaTpuBaeTcs cHuzy ®IY-110; uunuHgp npocmartpuBaetcs cOoky C AByX
OnameTpanbHO MNPOTUBOMOMOXHbLIX CTOPOH AByMs ®IJY-114. BepxHaa 4vacTb — OUCK Takke U3
nnacTu4eckoro cuutunnaTopa TonwmHon 10 MM, KoTopbi NpocmaTtpueaeTcsa Asyma ®3Y-114 ¢ oByx
OnameTpanbHO MPOTUBOMOMOXHBLIX CTOPOH. 3TOT CLUMHTUNMATOP 3alumuiaeT OCHOBHOW OEeTeKTop
CBEpXy 1, KpOMe TOro, BMecTe ¢ HUM obpasyeT Teneckon Ans perucrpaumm anekTpoHoB. CymmapHas
3KpaHMPOBKA OCHOBHOTO CYETYMKa — He MeHee 1.3 I CM”, BEpXHEro aHTUCOBNaAaTeNbHOro AUcKa —
0.05rcm?[9,10].

Mpnbop CIIP-H 6bin pa3paboTaH npexae BCEro Ana M3MEPEHUsi MOoNnsaApu3aumm >KeCTKOro
PEHTTEHOBCKOrO W3MyYEHUs] COSTHEYHbIX BCMbIWEK C Lenbi W3Yy4YeHUs MexaHu3Ma MnepBUYHOrO
BblOEJIEHNS SHEPIMM BO BCMbILKE - B MEPBYI o4Yepedb AN OLEHKM OTHOCUTENbHOW PO Mpu 3TOM
HEeTEeNnoBbIX U TEMMOBbIX NpoueccoB. C OCHOBHLIMU pe3ynbTaTaMmyn U3MEpPEHUs Nonsapu3aunm MOXHO
O3HaKoMuUTbCS, Hanpumep, B [8]. MNMomMumo y3na oeTekTopoB nonspusaumu B coctas npubopa CI1P-H
BXOOUN nNaTpynbHbid OETEeKTOp, MNO3BONSABWIWA AeTanbHO WU3MEepATb BPEMEHHOW nNpodunb
WHTEHCUBHOCTM PEHTITEHOBCKOIO U3nydeHust B guanasoHe aHepruii 15-100 kaB, onpenensats BennyuHy
noToKa M AaBaTb OLIEHKY XXECTKOCTWU CneKTpa B yka3aHHOM AuanasoHe sHepruin. MIMeHHO nokasaHus
natpyneHoro getekrtopa ClP-H npegnonaraetcs ncnonb3oBatb B paboTax Mo NPOeKkTy, YyNOMAHYTOMY
BbiLLlE, MO3TOMY Ha €ro yCTPoOMCTBE OCTaHOBUMCS NogpobHee.

Cxema naTpynbHoro getektopa npubopa CIIP-H un3sobpaxeHa Ha neBon naHenu puc. 1.
PeHTreHoBCcKkoe wmanydeHue peructpupyetca kpuctannom Csl(Na) guameTtpom 1.5cM M TOMLWMHON
0.3cm, Hag KOTOPbIM PacMoNOXeH UUIMHAPUYECKUIA Konnumartop, obecneyvBalolwmMn A0CTaTOYHO
y3Koe norne apeHue aeTektopa — B npefenax 5°x5°. [Ons 3awuTbl OT PEHTTEHOBCKOrO WU3NyyYeHus,
noywero oT KocMudeckoro annapaTta, nog kpuctamnom Csl(Na) pacnonoXxeHo CBUMHLIOBOE CTEKIO
TonwmHon 0.5 cm. [Ans MCKIYeHnst perncTpaummn 3apsikeHHbIx Yactuy, kpuctann Csl(Na) BmecTe co
CBMHLOBbIM CTEKITOM MOMELLEH B 3KpaH aHTUCOBNaAEeHU M3 NNacTMacCoBOro CLMHTUNNATOpA, npwu
aToMm o0ba cuuMHTUNNATOpa npocMaTpuBaltTCA OOHUM  (OoTOyMHOXUTENnem (PIY-54, anameTp
doTokaTona 2 cm).

B xope Bcero akcnepumeHTa ¢ npubopom CI1P-H, HavaBwerocs 15 asrycta 2001 r. B ~13 4
30 muH UT, npubop pabotan B MOHUTOPHOM pEXMME HEMnpepbiBHbIX U3MepeHun. BbixogHbiMun
napameTpamu naTpynbHoro getekropa npubopa CIP-H asnaiwTca ckopoctu cyeta B kaHanax 15-40
n 40-100 k3B, a Takke CKOpPOCTb cYeTa aHTUCOBMaAaTeNbHOro Korinaka W3 nracTUyYecKkoro
cuMHTUNNsaTopa. BpemeHHoe paspelleHne Ons naTtpynbHOro Aetektopa npubopa onpeaensnochb
BPEMEHEM 3KCMO3MLUW, KOTOPOoe, Kak NpaBuro, Obino paBHO 4 cekyHAabl. Takke Obina npegycMoTpeHa
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nepegaya creumarnbHbIX «NaTpyfbHbIX» MacCUBOB, COAEPXKALUMX TONbKO AaHHble MaTPyrbHOro
AeTeKkTopa C BpeMeHHbIM paspeLleHneM, B 8 pa3 MeHbLUUM, YEM BPEMSsi IKCMO3ULUN.

Hapsigy ¢ peTtekTtopamu XXeCTKOrO PEHTFEHOBCKOTO U ramma-u3nyyeHusi B COCTaB Hay4yHOW
annapatypbl, yctaHoBneHHon Ha obcepatopun «KOPOHAC-®» Bxogun npubop MKIJ1 [9,11],
npegHasHaYeHHbI 41S PErMcTpaLmm 3apsKeHHbIX YacTuL:

- CNEKTPOB 1 NMOTOKOB NPOTOHOB B aHepreTnyeckom amanasoHe 1-90 MaB;

- CMEKTPOB 1 NMOTOKOB 3IIEKTPOHOB B 3HEpPreTnyeckom gmanasoHe 0,5-12 MaB;

- NoTokoB anbda-vacTtuy ¢ aHeprusmmn 100-140 MaB;

- NMOTOKOB 3S1IEKTPOHOB C 3Hepruen >1 MaB;

- MOTOKOB NPOTOHOB C 3Hepruen >10 MaB;

- CYyMMapHbIX MOTOKOB 3MEKTPOHOB C 3Hepruen >1,6 MaB n npoToHOB ¢ 3Hepruen >23 MaB.

- CYMMapHbIX NOTOKOB 3SIEKTPOHOB C 3Hepruen >1,6 MaB n npoToHoB ¢ aHeprunen >90 MaB.

Mpnbop Gbin paccunTaH Ha permcTpaumio NOTOKOB A0 2x10° CM'2-0'1-cp'1.

[eTtekTopHas yacTb npubopa COCTOUT M3 OBYX Teneckonuyeckux cucteM. PyHKLMOoHanbHas
cxema npubopa npvBefeHa Ha puc. 2. MIamepeHus MOTOKOB MPOTOHOB C 3Heprusmun 23-90 MaB,
anbdga-vyactuy, ¢ aHepruamm 100-140 MaB, a Takke NOTOKOB 3MeKTPOoHOB ¢ E.>1,6 MaB u npoToOHOB C
E, >90 MaB npoussogaTcs npu nomMoLLn TENecKornuMYeckon CUCTEMbI, CXema KOTOpOW npusedeHa B
BEPXHeN neBon 4vactu puc.2. CUMHTUNNAUMOHHBLIA aeTekTop [OT.1 - yacTb cdepunyeckoro crosi un3
NNacTU4YecKoro CUMHTUIINATOPA Ha OCHOBE MONIMCTUPONAa, OrpaHUYeHHasi KOHYCOM C BEpLUMHOW B
LieHTpe cdepbl 1 yrnom pacTteopa 140°. TonwwmHa cros ~4,0 mMm, ero paaunyc 40 mm. B LeHTpe cdepsl
pacnonoxeH NonynpoBOAHMKOBbLIN AeTekTop OT.2, AnameTp koToporo 12 mm 1 TonwmHa 2 mm. Ons
naeHTUMKauumn Yyactuy, 1 onpeaeneHnss Nx 3Heprum UCNonb3yeTca UX yaenbHas WoHW3auus npu
OBWXEHMM B paccMaTprvBaeMon CUCTEME.

[na namepeHun notokosB anektpoHos ¢ Ee = 0,5 — 1,0 MaB, npoTtoHoB ¢ Ep = 14-26 MaB u
npoToHoB ¢ Ep >10 MaB ucnonb3ayeTtcsa nonycgepuyeckuii crnom cumHtunnaTopa O1.1 Kak 0gMHOYHbIN
petekTop. F'eomeTpuyecknii haktop agetekropa ~30 CM2'Cp. Mopor anckpumMmnHaLumn NpoToHoB ¢ Ep =
14-26 MaB BbibpaH paBHbIM ~10 MaB.

[ns namepeHns cnekTpoB NOTOKOB 3riekTpoHoB ¢ Ee = 0,5-12 MaB 1 noTokoB NpoToHOB ¢ Ep
= 1-5 MaB ucnonb3yeTtcsa Teneckonmyeckasi cCMcTema, CocTosiLas U3 Tpex CYETYMKOB (NpaBasi YacTb
puc. 3). 1.3 - TOHKUI NPOXOOHOM Nn-p-geTekTop anameTpom ~10 MM n TonwmHonm 50 mkm; OT.4-
TONCTLIN NPOXOAHOW n-p-geTekTop AuvameTpoMm 12 mMm m TonwwmHon 2000 mkm, OT1.5 - coctaBHOM
CUMHTUNASAUMOHHBIN aeTekTop Tuna dgocsmy. OH cocTtouT 13 kpuctanna Csd guameTpom M BbICOTOM
10 mM. Ina 3awmTbl OT NPOHUKAKOLWMX COOKY M CHU3Y 4acTuL, OH OKPYXXEH CINOEM U3 NNacTUYeCcKoro
cuuHTUnnaropa TonwmHon 10 mm. OBGa cumHTMNnATOpa npocMaTtpuBarTcs ogHum O3IJY-84.
PasgeneHune cobbiTuin (CBETOBbIX BCMbILLEK NPY NPOXOXAEHUN 3apPsKEHHbBIX YacTul,), NPOMCXOOALLNX
B KpuUCTanmne wu nnacTUYeCcKOM CUUHTUNNATOPE, MpOM3BOAUTCA MO pasfnMyunuid BO BpeMeHax
BbICBEYMBAHUSA SMNEKTPOHHOW cxemon pasgeneHud. CobbiTus B NMacTUYECKOM CUUHTUANATOpE
3anpellalT ganbHenwylo o6paboTky curHana. [ns 3awutbl OT CBETa Had TerneckornoMm nomelleHa
aniomuHneBas donbra TonwuHon 10 MkMm. BxogHasa anepTypa Teneckona orpaHuyeHa KonnmmaTopoMm
13 antOMUHKS, Yron pacTeopa Kotoporo ~60°. leomeTpuyeckunii haktop cuctemsl ~ 0,5 om? - cp.
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Puc. 2. Cxema pgetektopa npubopa MKJ1

Pe3ynbTaTthbl

3a Bpemsi nonéta npubopom COHI Obino 3apeructpupoBaHo 105 Bcnbilwek ¢ ramma-
nanyyeHnem 6onee 50 kaB. Cpean Hux 38 Bcnbiwek ¢ ramma-nsnyvyeHvem 6onee 500 kaB. B 4-x
cobbiTuaAX Habntoganocb ramma-uanydyeHune ¢ asHeprvenn 6onee 100 MaB. Karanor cobGbitui,
[ETEKTMPOBAHHbLIX B XXECTKOM PEHTreHOBCKOM u3nydeHun npubopom CI1P-H, coctaBnsier 158
BCMbILLEK, MHOTME M3 KOTOPLIX OOBOSILHO criabble 1 He Obinu BuaHbl npnbopom COHI. Hawnbonee
MOLLHbIE M3 HabnogaBwnxcs cobbiTun — Benbiwkyn 25.08.2001r., 28.10.2003r., 29.10.2003r.,
04.11.2003r. n 20.01.2005r. B Tpex n3 atux Benblwek (25 aBrycta, 28 okTabpsa n 4 Hos6ps) Gbin
3aperncTpupoBaH 3HaAYMMbI MOTOK HENTPOHOB [4] .

Ocoboro BHUMaHusA 3acnykuBaeT HabMwOeHMe XeCTKOro PEeHTFeHOBCKOro W ramma-
N3NyyYeHnst BO BPEMSsI CEPUN BCIbILLEK, MPOUCXOOUBLLMX B OOHON U TOW e akTuBHon obnactu (AO). 3a
Bpemsa pabotbl obcepBaTtopun «KOPOHAC-®» Takmx cepunm Obino Heckomnbko. [Npexae Bcero 3To
3KCTpemarnbHble COObITUS KOHLA OKTA0psi — Hadana Hosi6ps 2003 r. [5]. Bo Bcnbiwkax 28.10.2003 r.
4.11.2003 r. MMenu MecTo npsaAMas pernctpaunsa COSTHEYHbIX HEMTPOHOB W raMma-u3nydeHmsa c
aHeprven Gonee coTHn MaB. Bmecte ¢ Tem, B MowHolM Benbiwke 29.10.2003 r. 6bin n3mepeH
CYLLECTBEHHO Bonee MSArkuin CNeKTp, XOTA OHa (PakTUYECKM MMEeNa Te XXe KoopanHaTbl Ha CONHEYHOM
Ovcke 1 npousolna B TOM xe obractu. Kpome Toro, MamepeHusi ¢ MOMOLLbIO MOMSipU3aumMOHHbIX
petektopoB CIIP-H panu ykasaHue Ha TO, 4TO WU3Ny4yeHMe B 3TOW BCMbIWKe O6bIIO CUNBHO
nonsapus3oBaHo, B OTNWYME OT APYrMx BChbiwek M3 3Ton obnactu, noxoxux no knaccy [6].
YCTaHOBNEHNE MPUYNH TAKOro pasfnnyuus BaxHO A5l NOHUMAaHUA MPOLECCOB YCKOPEHMS BO BCbILLKAX.

Cepuvn BCnbiwek, n3 ogHom n ton xe AO, Habnoganuck Takke B asrycte 2002 r. u B aHBape
2005 r.. Benbiwkam, npousoweawmm B AO 0069, nocesileHa paboTta [2], B KOTOpOW Mccnegosanach
OVWHaMKUKa 3aJepXeK MMUKPOBOSTHOBOrO U3MNYYEeHUs] OTHOCUTESNIbHO XKECTKOr0 PEHTreHOBCKOro
nanyyennsi. Cpegu cobbituin sHapss 2005 roga ocobo criegyeT BblgenuTb Benbiwky 20.01.2005 1. —
OOHY M3 MATU caMbIX MOLUHbIX, HabnopaBwmxca Ha cnyTHUke «KOPOHAC-®». Ona Heé Obina
npoBegeHa paboTa MO pasgeneHnio TEnsioBOro U HETeNnsioBOro KOMMOHEHTOB crnekTtpa [3]. bbino
nonyyeHo, 4To B 3TOM cobbiTum 20.01.2005 r. cymmapHas KnHeTudecKkasi aHeprusi 3neKkTpoHoB Obina
Onnska Kk TennoBon (-~2*1030 3pr) BO BPeEMS MMMYSbCHOM (pasbl BCMLIWKMA U 3aMETHO MEHbLUE ee B
Hayane cobblTusi, CNeaoBaTeribHO, UMEHHO 3MEKTPOHbI, YCKOPEHHbIE B UMMYITbCHOW CTagun BCMbILLKY,
obecneuynnun OCHOBHOWM Harpes nnasmbl.
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[na nccnegoBaHMin B pamMkax pPOCCUMCKO-60Mrapckoro nNpoekTa, NocBsILLEHHOro B3anMOCBA3M
CIC c napameTtpamu Bcnbiwek u CME, Heobxooum aHanua cobbiTWIA, B KOTOPbIX Habnoaanochb kak
BCMbILLEYHOE HeWTpanbHoe usnyyeHve, Tak U BO3pacTaHWUs MOTOKOB MPOTOHOB. [pUTOM AaHHbIe Nno
BCMbILLKaM [AOMKHbI coepXaTb He TOMNbKO XEeCTKOe raMma-usrnyyeHue, HO Takke paguounsnyveHue,
MWKPOBOJTHOBOE M3STydeHne, nokasaHus crnytHMKoB cepum GOES no msarkomy ramma-usnyyexuto. B ceasu
C 3TUM GBbINK oToBpaHbl 6 BCMbILLIEK, BpeMEeHHbIe NPOodUnM KOTOPLIX NpMBeaeHb! Ha puc. 3.
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Puc. 4. Mpumepbl HabnoaeHNs XEeCTKOro PEHTTEHOBCKOrO U raMMa-n3anyyeHns CoTHEYHbIX BCMbiLLek npubéopamm
COHT u CINP-H, yctaHoBneHHbIMU Ha 60opTy 06cepeaTopum «KOPOHAC-®»

OHepreTudeckne kaHanbl COHIT X1, X2, G1, G2 n G3 B Hauyane 3KCnepvMeHTa umenu
3Ha4veHus: 0.03-0.06, 0.06-0.15, 0.15-0.5, 0.5-1.5 n 1.5-4 MaB, cooTBeTCcTBEHHO. B TeueHne noneta
3Ha4YeHUs NOporoB MeffeHHO yBenuumBanucb, K koHUy 2005 roga oTtnuuMe coCTaBuSio MPUMEPHO
nontopa pasa. [Ans noHMMaHus NpPUpoAbl MOBbILEHHBIX MOTOKOB raMMa-uU3yyYeHunsl, U3MEpPEHHbIX Ha
OKOMO3eMHOW MOMsPHON opbuTe, O4YEeHb BaXKHO NPOBOAUTL OAHOBPEMEHHbIE M3MEPEHMWS 3NIEKTPOHOB.
Ha cnytHnke «KKOPOHAC—®» ans 3Toro MoXHoO ncnonb3oBaTth gaHHble npubdopa MKJT Cepble kpuBbie
Ha puc.3 nNokKasbiBatoT 00nacTy NepecevyeHnst BHELIHEro paavMaunoHHOro nosica 3emnu.

Cpeamn nokasaHHbIX COObITUI €CTb Kak MOLUHblE, TaKk U CpaBHMTENbHO cnabble. Hanpumep,
Bcnbiwka 11 anpens 2004 r. umena knacc Bcero C9.6. Tem He MeHee, OT He€ Takke Habnwaanoch
CIC. A Bo Bcnbiwke 20.08.2002 r. knacca M3.4 Habntoganock ramMma-u3nyyeHue ¢ aHepruen 6onee 5
MaB. C pgpyron ctopoHbl, npubopom COHI GbINo 3aperncTpypoBaHO raMmma-usnyvyeHue BbICOKUX
3HEPTU B psfe LieHTpanbHbIX U 3anafHblX BCMbIWEK, HE COMPOBOXAABLUMXCS MPUXOAO0M MPOTOHOB.
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Bcé 3710 cBMaeTenbCTByeT O HEOOHO3HAYHOW CBSA3M MeXAY KIacCOM BCMbIWKA MO  MSTKOMY
PEHTTEHOBCKOMY M3ITy4eHMIO U npoLeccaMu, NPUMBOASALLMMY K YCKOPEHUIO MPOTOHOB M K reHepauuu
BCMbILLIEYHOTO ramMMa-uanyyeHusi. B cratuctnyecknx mccnegoBaHusX CBA3M pasfnmyHbIX hakTopoB
KOCMWYECKON MNOroAgbl UMEeT CMbICI WUCMOMb30BaTb pasfdenbHO nokasatenun wmsarkoro (GOES) u
XKECTKOr0 PEHTITEHOBCKOTO W ramMa-usnyyeHusi. B kayecTBe nocnegHero MOXHO NpeasioknTb
OLEHOYHbIE 3HAYeHMs MoKasaTesnis raMma CTEMEHHOro CrneKkTpa, KOTopble MOryT ObiTb MOfy4YeHbl No
paHHeiM COHI, a Takke COOTHOLUEHMS CKOpPOCTEW cyeTa KaHamoB. Takke MOXHO WMCNonb30BaTb
KO3hprLMEHTbI, MONyYEeHHbIE pa3aensHo Ana das pocTa v cnaga BCrbIWEYHOro U3nyyYyeHus.
Pabota BbinonHeHa npu nogaepxke rpaHta POOU 17-52-18050 bonr_a.

Nurepatypa:

1. Bogomolov, A. V., Denisov, Y. |., Kuznetsov, S. N.,, et al. Hard x-ray radiation from solar flares in the second
half of 2001: Preliminary results of the SPR-N experiment onboard the CORONAS-F satellite. Solar
System Research 37(2), 2003, pp.112—-120. DOI: 10.1023/A:1023332408371

2. Bogomolov, A. V., Kashapova, L. K., Myagkova, I. N., and Tsap, Y. T. Dynamics of the hard x-ray, gamma-
ray, and microwave emission of solar flares produced by the active region noaa 0069 in august
2002. Astronomy Reports, 58(3), 2014, pp.156—166. DOI: 10.1134/S1063772914030020

3. Kurt, V. G., Svertilov, S. I., Yushkov, B. Y., et al. Dynamics and energetics of the thermal and nonthermal
components in the solar flare of january 20, 2005, based on data from hard electromagnetic radiation
detectors onboard the coronas-f satellite. Astronomy Letters, 36(4), 2010. pp.280-291. DOI:
10.1134/S1063773710040067

4. Kuznetsov, S. N., Kurt, V. G., Myagkova, I. N., Yushkov, B. Y., and Kudela, K. Gamma-ray emission and
neutrons from solar flares recorded by the song instrument in 2001-2004. Solar System Research 40
(2006), 104-110.

5. Veselovsky, I. S., Panasyuk, M. I., Avdyushin, S. |, et al. Solar and heliospheric phenomena in October -
November 2003: Causes and effects. Cosmic Research 42(5), 2004, pp.438-488. DOI:
10.1023/B:COSM.0000046229.24716.02

6. Zhitnik, I. A., Logachev, Y. |., Bogomolov, A. V., et al. Polarization, temporal, and spectral parameters of solar
flare hard x-rays as measured by the SPR-N instrument onboard the CORONAS-F satellite. Solar
System Research 40(2) 2006, 93—103. DOI: 10.1134/S003809460602002X

7. Boromornos, A. B., leHucos, 10. U., Jloraues, KO. V. n gp. BpeMeHHble, cnekTpanbHbie U Nonspu3aLoHHbIe
XapaKTepPUCTUKN KECTKOr0 PEHTFEHOBCKOTrO W3My4YeHUs COMHEYHbIX BCMblleK, HabnogaBlimxcs B
akcnepumeHTte CIP-H Ha 6opTty opbutanbHoin obcepBaTopun KOPOHAC-®. M3Bectus Poccuiickoii
akagemun Hayk. Cepus cpumanyeckast 67(10), 2003, c.1422-1426.

8. XutHuk, WN. A., Noraues, 0. WN., boromonos, A. B. u gp. OkcnepumeHT ¢ npubopom CIIP-H Ha NC3
KOPOHAC-®: nonsipusauuoHHble, BpPEMEHHbIE W  CMeKTpasrbHble  XapaKTePUCTUKM  KECTKOro
PEHTIEHOBCKOIO W3MNy4YeHUs CONHeYHbIX Benbiwek. B kH. ComnHeyHo-3emMHas dusuka. PesynbTathl
akcnepumeHToB Ha cnyTHuke KOPOHAC-®, M., ®dusmatnut, 2009, pp. 128—150.

9. KysHeuos, C. H., Boromonos, A. B., lankuH, B. N. n gp. Komnnekc npnéopos CKIJ1. B kH.: ConHe4yHo-3eMHas
usmka: pesynbTtatbl akcnepumeHToB Ha cnyTHuke KOPOHAC-®, noa pea. B.[.KysHeuosa, 2009, M,
dusmartnur, c.295-307.

10. KysHeuos, C. H., Kypr, B. I'., lOwkos, b. 0. n ap. YckopeHne npoTOHOB B COMNHEYHbIX BCMbILLKAX: pe3ynbTaTbl
aHanuM3a W3MepeHun raMMa-uanyyeHus U HeWTpoHoB npubopom COHI Ha WC3 KOPOHAC-o®.
CornHeyvHo-3eMHan dusmka. Pe3ynbTaTthl akcnepuMmeHToB Ha cnyTHuke KOPOHAC-®., M., ®uamartnurT,
2009, c. 308-331.

11.KysHeuos, C. H., Markosa, W. H., MypaBbeBa, E. A. n gp. [luHamuka nNoToKOB PENSTUBUCTCKUX INEKTPOHOB
BHELUHEro paguaumMoHHoro nosica 3emny no AaHHbIM npubopa MKJ1. ConHeyHo-3emMHas pumauka.
PesynbTaTthl akcnepnmeHToB Ha cnyTHMke KOPOHAC-®, M., ®dusmatnut, 2009, c. 332-342.

40



S E S 2 017
Thirteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
2 — 4 November 2017, Sofia, Bulgaria

LLEHTP AHAJIU3A KOCMUYECKOW Noroabl HUMA® Mry:
MOHWUTOPUHI U NMPOIMHO3 COCTOAHUA OKOJIO3EMHOI'O MPOCTPAHCTBA

UpuHa MHFKOBal, Bnagumup KaneraeBl, Onua LIJyraﬁl, Cepren ﬂoneHKol, Muxaun Maxacrok™?

1HayL/Ho-ucc:nedoeamem;CKUL? uHcmumym s10epHou ¢pusuku umeHu [.B. CkobenbubiHa Mockogcko20
2ocydapceeHHo20 yHuUsepcumema umeHu M.B. JlomoHocosa (HUNA® MI'Y), Poccusi
@usudeckuli pakynbmem Mockogckoeo eocydapcmeeHHO20 yHU8epcumema
umeHu M.B. JlomoHocosa Poccusi
e-mail: irna@srd.sinp.msu.ru

Knroueesnie cnoea: Kocmuyeckasi nozoda, paduauug, ceomMacHUMmMHsbIe 6ypu, KoCcMmu4ecKue
3KcnepumeHmMbl

LleHmp aHanu3a kocmu4yeckol noz2odbl HUNAD® MIY npedocmasensem uHgopmauyurw O meKyuwem
COCMOSIHUU OKOJI03€MHO20 KOCMUYECKO20 [pocmpaHcmea, a Mmakxe [po2Ho3ax KOCMUYecKol roe2oodbl.
UHgopmayuoHHbie cepsucbl SWX Ha MIHmepHem-calime ueHmpa SwXx.sinp.msu.ru obecnedusatom docmyn K
meKyuwum OaHHbIM, ONUCHLIBAIOWUM 8 PeaslbHOM 8PEMEHU ypOBEHb COTHEYHOU akmueHocmu, paduayuoHHbIe U
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3emnu u m.0. UHmepakmueHble cryx6bi No380M50M U38IeKamb U aHanusuposams OaHHble  PasfiuyHbIX
aKcriepumeHmos 8 obol 3adaHHbIl MOMeHmM epeMeHUu. LleHmp aHanu3a kocmu4deckol no2olbi HUNSAD MY
obecrieyusaem ornepamugHbIli KOHMPOIrb U MPO2HO3Upo8aHUe paduayUuoHHbIX ycrio8uli Ha eeocmayuoHapHbIX
opbuma u Ha HU3KUX MOJSPHbIX opbumax OKO/I03€MHO20 KOCMUYECKO20 MPOCMPaHCcmea C UCMOob308aHUEM
OaHHbIX Kak 3asepuweHHbix muccull (Bepros, cepussi KOPOHAC) mak u npodomkatowuxcs 8 Hacmosuee epemsi
Kocmu4eckux akcriepumeHmos (flomoHocos, Memeop-M Ne1 u Ne2, Gnekmpo-Ji). SWX - cospemeHHas subkas
cucmema Onsi aHanu3a U [PO2HO3UPOBaHUSI KOCMUYECKOU Mo2o0bl 8 OKO/T0O3€MHOM  KOCMUYE€CKOM
rnpocmpaHcmee.
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Space Weather Analysis Center of Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State
University (SINP MSU) provides information about the current state of near-Earth's space and also about the
space weather forecasts. Information services SWX on the website of the center swx.sinp.msu.ru provide access
to current data describing the level of solar activity, radiation and geomagnetic storms in the real time and also to
the results of several models: e.g. forecast of solar wind speed, of Dst-index and of relativistic electron flux of the
outer radiation belt of the Earth. Interactive services allow one to retrieve and analyze data in anyone given time
moment. The Center provides operational control and forecast of radiation conditions both at Geostationary
Orbits (GEO) and at Low Earth's Orbits (LEQO) of the near-Earth space using data of recent space missions
(Vernov, CORONAS series) and current (Lomonosov, Meteor-M, Electro-L). SWX is a modern system for the
analysis and forecasting of space weather in the near-Earth space.

BBeneHune

Kocmuueckon norogon NPUHATO Ha3biBaTb COBOKYMHOCTb sABMeHUn Ha CornHue, B CONTHEYHOM
BeTpe, renvocdepe, MarHutocdepe 3emnn n moHocdepe, KOTOpble MOryT MOBMMATL Ha paboTty
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OOpPTOBbIX M HA3eMHbIX TEXHOJIOTMYECKMX CUCTEM, a TaKkke Ha camodyBcTBue nogen. OgHum u3
nepBbIX MOHATME "noroabl B Kocmoce" BBen coBeTckuin reodmsuk, epor Coetckoro Cotosa,
YYaCTHUK 3HaMeHuTon akcneguumm [ManaHuHa, akagemuk EBreHun KoHcTaHTMHOBMY Penopos.
BnepBble oduumanbHoe onpegeneHne MoHATUS «KocMudeckast noroga» («space weathery») Obino
naHo B 1995 r npu paspaboTke HaumoHanbHom nporpammbl NSWP - National Space Weather Program
(NSWP Strategic Plan. Office of Federal Coordinator for Meteorological Services and Supporting
Research FCM-P30-1995,Washington DC, 1995, CLLA).

K sAiBNeHMSIM KOCMMWYECKOW MOrofbl OTHOCSIT: @) MOHU3YIOLLEE SMEKTPOMArHUTHOE U3NyveHue
COIHEYHbIX BCMbIWeEK; 6) COMHeYHble MPOTOHHbIE COOLITUSI - BO3pacTaHWe MOTOKOB 3HEPTUYHbLIX
NMPOTOHOB COMHEYHbIX kocMudeckux nyden (CKJT); B) marHuTHble Bypn 1 cyb6ypu; r)sospactaHusi
NMOTOKOB PENSATUBUCTCKMX 3NEKTPOHOB BHELLUHEro paamauuMoHHOro nosica 3emnu. [aHHble SIBNEeHUsi
MOTyT CTaTb MPUYMHOW BO3pacTaHWsi paanaLMoHHON ONacHOCTU BO BPEMSI KOCMUYECKMX NoneToB. (0, r)
N aBMALMOHHLIX pericoB (6), HapyLleHns paamocBa3n (a, B), c6oeB B paboTe KOCMUYECKUX annapaToB
(6, 1), TenerpadHbIX NMHWIA, TPYOONPOBOAOB, NMHWI 3NeKTponepeday U sHeproceten (B), a Takke
BO3MOXHOIO YXyALEHNs1 CaMOYyBCTBUS HEKOTOPbIX Ntoden (B).

Mo cywecTBylOWMM OUEHKaM OGoree MONoBUHBI OTKa3oB M cboeB B paboTe GopToBow
annapartypbl kocMmuyeckux annapatoB (KA) obycnoBneHo HebGnaronpusitTHbiM BO34ENCTBUEM
aKkTopoB KOocMMYeckoro npoctpaHctBa [1-3]. OCHOBHOWM BKNag B CYMMapHYH paguauMOHHYH A03Y
BHOCAT npoToHbl CKI1 ¢ aHepruen 20-500 MaB. Heobxogumo yunmTbiBaTh, YTO €CNuM Bo3pacTaHue
notokoB CKJ1 npoucxoauT BO Bpems MarHuTHow 6ypu, TO npoHMKHOBeHus udactuy CKJT B
MarHuTocdepy 3emnu nNpoucxoguT Ha Gonee HU3KME LIMPOTbI BCIEACTBUE W3MEHEHWsSI CTPYKTYpPbI
MarHUTOCEPHOrO MarHUTHOTO MNOJSI.

Bo Bpemsi reoMarHUTHbIX 6ypb MOTOK PENATUBUCTCKMX 3NEKTPOHOB BHELLIHETO pagvMaunuoHHOro
nosca 3emnun (BPIM3) ¢ sHeprmamm >1 MaB pes3ko nagaeT Ha rnaBHou dase, a Ha dase
BOCCTaHoBMeHus npumepHo B 50% cnyvaeB Bo3pacTaeT Ha HECKONbKO MopsiakoB. MarHutHele Gypu
MOTyT MPOMCXOauTb B pesynbTaTte npuxona k 3emre kak KopoHanbHbIX BbibpocoB Macchl (KBM), Tak
MU  BbICOKOCKOPOCTHbIX MOTOKOB conHeyHoro BeTpa (CB), WCTOYHMKOM KOTOpPbIX SBMSIOTCH
HU3KOLUMPOTHbIE KOopoHanbHble Abipbl (KO) Ha ConHue. KBM, kak npaBuno, cBsidaaHbl C CONTHEYHbIMMU
BCMbILLKaMu, W, cregoBaTenbHO, BHOCAT OCHOBHOW BKrag B Bapuauuu BPI13 Bo Bpems makcumyma
conHeyHon aktusHocTu (CA). BblicokockopocTHble noToku CB, mctouHukom kotopbix asngawotca KO,
CYLLECTBYIOT Ha Bcex dhasax COMHEYHOro LMKa U Takke MOryT OkasbiBaTb 3HAYUTENbHOE BIUSHME Ha
paguauuoHHyto 06CTaHOBKY B OKOMo3eMHoM kKocMudeckom npoctpaHctee (OKI1), ocobeHHO B
MuHuMymax CA. [Jns nporHo3vpoBaHusi BapmaLuii NOTOKOB anekTpoHoB BPI3 Takke ncnonbsyorcs
OaHHble o napameTpax MM u CB, a Takxe npeablayliee coctosHme camoro BPI13.

CyLecTByeT MHOXECTBO LIEHTPOB KOCMUYECKOW noroAbl no Bcemy mupy. Hanbonee kpynHblie
n3 Hux: LleHTp nporHosupoBaHusa kocmudeckon noroabl NOAA - Space Weather Prediction Center
(SWPC / NOAA - http://www.swpc.noaa.gov), MHTErpupoBaHHasa CUCTEMA aHanmu3a KOCMUYECKOW
norogbl - INTEGRATED Space Weather Analysis System (iSWA - iswa.gsfc.nasa.gov), HOBbIA MPOEKT
EBpocotoza SPACECASE (http://www.fp7-spacecast.eu/index.php). OcHoBHble 3agayn nboro
LEeHTpa KOCMMWUYECKOWN norodbl - 3T0 MOHUTOPUHT OKI Ha OCHOBE AaHHbIX pasfMyHbIX KOCMUYECKMX
MUCCUI B PEXMNME pearnbHOro BpEMEHU, C UCNONb30BaHNEM pe3ynbTaToB MOLENMPOBaHMS YCIOBUIA B
renuocdgepe n mariutocdepe 3emnu. Kaxabld ueHTp obecrneynBaeT aHann3 KOCMUYECKOW Noroasbl,
OCHOBaHHbIN Ha KOHKPETHOM Habope AaHHbIX U Ha pesynbTaTtax paboTbl peann3oBaHHbIX B AaHHOM
LUeHTpe onepaunoHHbIX Modenen. [laHHble OHNaH MOHUTOPUWHIA, Kak NpaBuiio, cogepxaT OaHHble
reocTaunoHapHbIX kocMmundeckmx annapatoB (KA), KA, Haxogsawmxcs B COMTHEYHOM BETPE, COJNTHEYHbIX
obcepBaTopui.

PaccmoTpym nogpobGHee BO3MOXHOCTM MOHUTOPUHIA W NPOrHo3a, npedocTaBhsieMble
LleHTpom aHanu3a kocmunyeckon norogbl HAAAD MITY.

Cucrema onepatuBHoOro MoHutopuHra LleHtpa kocmuyeckon noroasi HUNAD MI'Y

PagwauunonHblie ycnoeus B OKI  ABNSOTCS OOHUM M3 OCHOBHBLIX (DAKTOPOB KOCMMUYECKOW
norogbl [1]. C pasBUTUEM KOCMWYECKOW TEXHWKM, YENOBEYECTBO CTaHOBMUTCS Bce Oonee u Gonee
3aBMCMMbIMU OT MPOLIECCOB B KOCMOCE, MO3TOMY OMepaTMBHBI MOHUTOPUHI U MPOrHO3MpOBaHWe
npoueccos, npoucxogswmx B OKI1, ctaHoBuTCs Bce 6onee n 6onee aktyanbHbiM. C ApYyron CTOPOHHI,
B pes3ynbTaTe pocTa 4vucna KOCMUYECKMX MWUCCUIA BO3HMKaeT npobrema nosnyyvyeHusi, JocTyna B
pexvmMe pearnibHOro BpEMEHU K fAaHHbIM KOCMUYECKUX U3MEPEHUI, N X XPaHEHNS.

Ons apgekBaTHOW OUEHKM paguvauMoHHBLIX  YCIOBUMW  cnedyeT  yduTbiBaTb  BRMSIHUE
reOMarHUTHOM aKTMBHOCTWM Ha PacnpoCTPaHEeHWe, YCKOPEHWE U pacCesiHWe 3apsiKeHHbIX 4acTul, B
mMarHuTocdepe. Takke, HeobxoOMMO MPUHMMATb BO BHUMAHWE XapaKTEPUCTUKN COSTHEYHOM
aKTMBHOCTM — YUCIO COSHEYHbIX MATEH, COCTOSIHWE COJTHEYHOW KOPOHbI, HEWTpanbHOE W3ny4yeHue
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COIHEYHbIX BCMbIWEK, B ynbTpaduoNeToBOM, PEHTreHOBCKOM, ramma pAuanasoHax. [lpsmble
N3MepeHUsi MOTOKOB 3HEPrMYHbIX YacTul, HabnogeHns 3a CONMHEYHON N reOMarHUTHOW aKTMBHOCTBIO
ABMSAIOTCA OCHOBHbLIMU 35IEMEHTaMM CUCTEMbI paguaunoHHOrO MOHUTOPUHTa.

LleHTp aHanu3a kocMmu4veckon norogbl, co3gaHHbii B HANAD MIY (SWx), npegoctaBnsieTt
nonb3oBaTensaM akTyanbHyto MWHdopmauuio o Tekywem coctosHum OKIl. VMIHdbopMaLMoHHbIe
cepBUCbI LEeHTpa , Haxogsawmeca Ha cante http:/swx.sinp.msu.ru/ obecneuymBaloT [OCTyn K
aKTyanbHblM OaHHbIM, XapakTepusyloLlNM YpPOBEHb COMHEYHOW aKTUBHOCTWU, TFeOMarHUTHOro wu
paguaunoHHOro COCTOSIHUS rennocdepbl U MarHutocdepbl 3eMnn B pexume pearnbHOro BpeEMEHMU.
Ona aHanusa JaHHbIX MCMNOMb3YKTCA MOAENW KOCMWYECKOW cpefbl, paboTtaiwolime B aBTOHOMHOM
pexume. NHTepakTMBHbIE CEepBUChblI MO3BONSAT U3BMEKaTb WU aHanuM3uMpoBaTb AaHHble B 3aJaHHble
MOMEHTbI BpemeHn. B coctaB MOHWTOPUMHIOBOWM WHGOpMaLMK, WCNONb3yemMow [Ansi aHanusa
paguaunoHHo 06CTaHOBKM, BXOAAT cneayloLline AaHHbIe:

1) co cnyTHuka SDO: nsobpaxenus ConHua B avanasoHax 131 A, 171 A, 193 A, 211 A, 304
A, a Taoke maranTorpammel HMI.

2) co cnytHuka ACE: a) nnoTHOCTb M CKOPOCTb MNria3mMbl coniHe4yHoro BeTpa (CB) (wacTtuy B
cM3 M KM/C, COOTBETCTBEHHO); 6) MOAYNb BEKTOpa W 3HAYEeHWst TPEX KOMMOHEHT MEXMNNaHeTHOro
marHuTHoro nons (MMIT) (HT); B) noTokn NpoToHOB B AnanasoHe sHeprun 0.795-1.9 MaB; g) notoku
3NEKTPOHOB B AnanasoHe aHeprun 38-315 kaB;

3) co cnytHuka GOES: a) noTokM MSIrkoro peHTreHOBCKOro U3fny4eHust B AuanasoHe AfvH
BonH 0.5-8 A; 6) anddepeHumanbHble NOTOKM NPOTOHOB B AManasoHe aHepruii 4-200 MaB; B)
WHTerpanbHble NOTOKN 3NEKTPOHOB € aHeprusmu >0.8 MaB n >2 MaB.

4) co cnyTHUKoB AnekTpo-J11 u J12: a) guddepeHumanbHble NOTOKM NPOTOHOB B AuanasoHe
aHeprumn 13,5-320 MaB; 6) uHTerpanbHble NOTOKM 3NEKTPOHOB B Anana3oHe aHeprun >1.3 MaB;

5) co cnytHukoB MeTteop-M1 n M2: a) audpdepeHumnansHble NOTOKM NPOTOHOB B AMana3oHe
aHeprun ot 1 go 260 MaB;6) nHTerpanbHble NOTOKM 3NEKTPOHOB B Anana3oHe aHepruin ot >100 kaB
0o >4 MsB; 6) N'eomarHntHble nHaekcbl Dst 1 Kp.

Moctynarowaa B LleHTp aHanu3a kocMuyeckonm norogpl  HUUNAD® MIY uHdopmauus
3arpyxaetca B 0a3dy OaHHbIX M BbIMOJNHAETCA YCPeAHEHWE OaHHbIX MO CTaHOAapTHbIM BPEMEHHbIM
WHTepBanam: 1 MuH., 5 MUH.,1 Yac. [Nocne 3Toro 3anyckarTCca MOAENU U NPUNOXKEHWS, NO3BOMSOLLNE
paccuuTaTtb NPOrHO3upyemMble 3HaYeHUs U3MepsieMbIX MapaMeTpPoB KOCMUYECKOW cpenpbl (CKOPOCTb
COMHEYHOro BETpa, NOTOK PENSATUBUCTCKUX INEKTPOHOB Ha reocTaumoHapHon opbuTe 1 T.4.), a Takke
OLEHUTb He u3MepsieMble MNPSMO KhioveBble napameTpbl MarHuTocdepbl 3emnu -  gaBreHue
COMHEYHOro BeTpa W/wmnu pacctosgHue OO NOACONHEYHON TOYKWU. Pe3ynbTaThl MOAENUPOBAHUA TaKkke
3aHocATca B 0a3y AaHHbIX. [Ons Kaxgoro BPEeMEHHOro paspelleHuss opMUpYHOTCS TpU MNoToka
OaHHbIX: AaHHblE M3MEPEHWUN; NPOrHo3upyeMble 3Ha4YeHUs1 JaHHbIX U3MepeHuin, Heobxoaumble Ans
paboTbl MPUNOXEHUN; MNPOrHO3NPyeEMble 3Ha4YeHUs (aKTOPOB KOCMWYECKOW noroAdpl, MpsSMO He
namepsemole KA, nossonsiwowme 3¢PEKTUBHO OCYLLECTBNATL aBTOMaTUYECKUW OHMaWH aHanus,
BbIMOJTHAEMbI OQHOBPEMEHHO Anst xapaktepuctuk MMM n CB, reoMarHuMTHbIX MHOEKCOB, MOTOKOB
3apshKEHHbIX YacTuL pasHbiX 3HEepru, mamepsiemble B pasHbix obnactsx OKI1. Takonm nopxon
no3BonsieT NpocneanTb BCIO LEMOYKY renno- u reomsndecknx BosmyeHni « ConHue — rennocdepa
— COMHeYHbI BeTep — MmarHutocdepa 3emnu», B KOHEYHOM WUTOre BAUSIOLMX Ha paguaLyOHHOe
coctosiHme OKT1, cozgaBas ycnoBus, KpuTU4HbIe Ans yHKLMOHMpOoBaHUs KA.

OnepaTuBHbIN aHanM3 JaHHbIX CNYTHUKOBBLIX M HA3EMHbIX 3KCMEPUMEHTOB SIBNSIETCH BaXXHbIM
ans aHanusa kocMuyeckon norofdbl. M3yyeHue B3ammocBa3nm npoueccoB Ha ConHue, B COMHEYHOM
BeTpe N marHutocdepe 3emnu TpebyeT pasHbiX AaHHbIX AN pasHbIX NepuooB BpemeHn. Habopbl
OaHHbIX YacTO NepeKkpbIBalOTCH, MHOrAa TPYAHO OnpefenuTb, Kakne MMEHHO AaHHble HeobXxoauMbl
ONS  TeKywmx  HaydHbix  wuccrniegoBaHui.  CepBuc,  npeacTaBnsieMbli  Ha  CcTpaHuue
http:/swx.sinp.msu.ru/current.php, no3sonseT uccnegosartento BelbMpaTe HeOBGX0AMMbIE AaHHbIE ANs
aHanusa, npocMaTpmBaTh UX B rpacpmyeckom nNpeacTaBrieHnn, 3KCNOpPTUPOBaThL B LMPOBOM BUIE.
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BifOp rogosoro KHTEPEANA (C 01.01.2000 A0 TERYIIEH QaThl)

BLIfOp WHTEPEANZ EHYTPM MO0a (MHHMMYM - 1 HEJENH, MAKCHMYM - 9 HEJEAR)
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G Templates . ‘Workspace - Data Catalogue
[ Solar wind on the ACE orbit ) - k Solar X-rays
Plot N:0
( Solar wind on the Earth’s orbit. J {put here the data from data b Solar wind on ACE orbit
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Puc. 1. Cuctema onepaTMBHOro aHanmsa gaHHbix LieHTpa kocmuyeckon norogsl HUMAD MY
http://swx.sinp.msu.ru/current.php

CotpygHukamm LleHTpa aHanm3a kocmwuyeckon norogbl HUAMAD MIY paspaboTtana
opurMHanbHas MeToguka oOpaboTkM [aHHbIX O MOTOKAX SHEPrMYHbIX 3apsPKEHHbIX YacTul,
namepsiemblx Ha akcnepumeHTax KA C KpyroBbiMu nonsipHeiMM opbutamu. [JaHHas MeTopuka
OCHOBaHa Ha BO3MOXHOCTW aBTOMAaTMYEeCKOro pasfdeneHus OaHHbIX MOMSIPHbIX CMNYTHWKOB B
COOTBETCTBMM C MPUPOAON PErnCTpMpyeMbIX YacTuy v npeobragarowmMmn Ha BbIbpaHHbIX ydacTKax
op6UTbI PM3MYECKMMI MpOoLIECCaMM - CONTHEYHbIE kocMmu4veckme nyyumn (CKJIT), namepsiemblie B NONSPHBbIX
wankax, W 3reKTPOHbl BHELLUHEro paamaumoHHoro nosica 3emnu (BPIM3). 1o gaeT BO3MOXHOCTb
CpaBHMBATb AaHHbIE reoCTaLOHapHbIX U NOMSIPHbIX CMYTHUKOB C KPYroBOW OpOUTOMN.

Ha BepxHel naHenu pucyHka 2 nokasaHbl Bapnauumn notokoB npotoHoB CKIl, namepeHHbIx Ha
KA GOES un Meteop-M Nel, BblgeneHHble npy NOMOLLM aBTOMAaTUYECKOW CUCTEMbI pasfeneHus.
[aHHble PUCYHKM MOMy4YeHbl MNpyv MOMOLUM CUCTEMbI OMEPaTMBHOIO aHamusa AaHHbix  SWx
http://swx.sinp.msu.ru/current.php.
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Puc. 2. BpemeHHble 3aBMCMMOCTM NOTOKOB COSTHEYHbIX MPOTOHOB € 3Heprusimu ot 1 o 200 MaB, usmepeHHbie
B NepBoWi nonosunHe ceHTA6ps 2017 roga B akcnepumeHTax Ha 6opTy KA GOES-15 n MeTteop-M Ne1
(BEPXHSASt NAHENb) U MSITKOrO PEHTTEHOBCKOIrO M3rydYeHusi no gaHHbIM GOES-15
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Ha BepxHeln naHenu pucyHka 2 BUOHO, YTO Npodunib NPOTOHOB, n3amepeHHble Ha KA MeTteop-
M Ne1 (kpacHasi n CUHSIst KpUBbIE) CorfnacyeTcs ¢ Npodunem NpOTOHOB, N3MepPEHHbIX Ha GOES-15.

PaspabotaHHasi MeToaMKa pa3ferneHnsi MOTOKOB YacTuL, pa3HoW NPUpPOAbI MONe3Ha Takke npu
nccnegosaHum Bapuauni notokoB anektpoHoB CKJ1 B OKIM. 3To ocobeHHO akTyanbHO, MOCKOSbKY B
3KCMepMMEHTax Ha reoctaunoHapHon opbute anekTpoHbl CKJ1 He pernctpupytotcs. M3 pucyHka 3
BUOHO, 4YTO Bapuaumm notokoB anektpoHoB CKJ1 Ha KA ACE Ttouke JlarpaHxa L1 (3enéHas nuHus), un
Ha KA «MeTteop-M Ne1» Ha BbicoTe 850 KM B CEBEPHON (Y4epHas NUHUSA) U KXKHOW (KpacHas NUHUS)
NOMAPHBIX LIAankax MMET CXOOHbLIN XapakTep.

Puc. 3. BpemeHHble 3aBrcmocTy notokos anekTpoHoB CKIT aHeprusmu 175-315 kaB ( ACE) n > 100 kaB
(MeTeop-M Ne1), nsmepeHHsie B siHBape-gesparne 2014 roga

Cuctembl NPOrHO3NPOBaHUA COCTOSAHUSA OKONMO3eMHOro NpocTpaHcTBa Ha canTte LleHTpa
aHanu3a kocmu4yeckomn norogbl HUMAD MI'Y

Cuctemon pagmauMOHHOrO MOHUTOpUHra LleHTpa aHanu3a AaHHbIX KOCMWYEeCKOW Morofbl
HANAD MY npegycmoTpeHOo NporHo3vpoBaHne hakTopoB KOCMUYECKOW NOroAbl, 6asupyroLmnxcs Ha
cnefyrLmnx MHXeHEpPHbIX Moaensx:

1. TporHo3mpoBaHMe CKOPOCTM NapameTpoB COMNHEYHOrO BETpa;
2. TporHosmpoBaHMe reoMarHUTHbIX MHOEKCOB;

3. TlporHosvpoBaHWe  CpefHeYacoBblX  MOTOKOB  PEMATMBUCTCKMX  SNEKTPOHOB  BELLHErO
paguwauunoHHoro nosica 3emnu (PO BPI13) Ha reocTtaumoHapHoi opouTe;

4. lNporHo3mpoBaHue cyTouHbIX chnoeHcos P3O BPI13 Ha reocTaunoHapHon opbuTe;

5. MNporHo3mpoBaHmne 3KCTpemManbHOW rpaHuLbl NPoHUKHOBEHUA npoTtoHoB CKJ1 Ha cpegHme LWmpoThl
Ha rnaBHOW dhase 3NeKTpOMarHUTHom Bypu;

6. lMporHo3vpoBaHne MOMOXEHWs NOMSPHON PaHWLbl BHELLHETO paanaLMoHHOro nosica 3emnu;

7. npOFHO3I/IpOBaHI/Ie NOTOKOB U 003 HA HU3KUX Op6I/ITaX.

MepeuncneHHble Moaenu MUCNONb3YKT AaHHble U3MEPEHUN, XpaHsilmeca B Gase OaHHbIX,
WHTepHeT-nopTan http/swx.sinp.msu.ru  obecneynBaeT [OCTYN K [aHHbIM  MOAENMPOBaHWS,
BbINOMHEHHbIM B peXxumMme OH-NaviH. Hanpumep, pesynbTaT NpPOrHO3MpPOBaHMSA CKOPOCTM COMHEYHOTrO
BeTpa no mozenu [4] Ha OocHOBe AaHHbIX HAGMAEHWIA 3a COMHEYHOW KOpOHOW cnyTHukom SDO B
CMeKTpanbHOM AuanasoHe C LeHTPOM Ha AnuHe BonHbl 19.3  HM npeacTaBneHbl Ha CcTpaHuue
http.://swx.sinp.msu.ru/models/solar_wind.php.

Tak Kak M3BeCTHO, YTO OCHOBHOW MPUYMHON BO3HWKHOBEHMWS BO3MYLLUEHUA MarHUTocdepb! B
uernom, u BHelwHero PI13 B yacTHocTu, aBnsieTca conHeuvHbl BeTep (CB), B kauyecTBe BXOAHbIX
OaHHbIX Onsi NPOrHO3MpoBaHMA Kak 3HaveHun Dst-uHgekca [5], Tak n BenuumHbl notokoB PO P13
ucnonb3yloTca napameTpbl nnasmel CB n mexnnaHetHoro marHutHoro nonst (MMI1). B HacTosiwee
BpeMs BXOOHbIMW AaHHbIMW ONS1 NPOrHO3a crnyxaT npefaBaemMble Ha 3eMnio B pearlbHOM BpeEMEHU
naHHble VIC3 ACE (Advanced Composition Explorer), koTopbii HaxoguTca B Touke Jlarpanxa L1
mexay ConHuem n 3eMnén, Ha pacCcTOsAHUKN OKONO 1.5 MMH. KM OT nocnegHen.

lMockonbKy He cywecTByeT MPOCTON M OYEBMOHOW CBA3U  MeXay reoMarHUTHbIMU
BO3MYyLLieHUsiMn, notokom PO BPI13 n napametpammu kocMuyeckon cpefbl, OS5 NPOrHO3MpOBaHUS
reOMarHUTHbIX WHOEKCOB U notokoB PO Tpebyetcss paspaboTka mopenen, OCHOBAaHHbIX Ha
aganTUBHbLIX METOO0B U UX nporpamMmmHas peanusaums. B LleHTpe kocmuyeckon norogbl HANAD MY
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NCMNOMb3YIOTCH MPOrHOCTMYECKUE MOOENN, CO3AaHHbIE Ha OCHOBE WMCKYCCTBEHHbIX HENMPOHHbBIX ceTeu
(MHC). B kayecTBe BX040B ANng NporHo3npoBaHusa Dst-uHaekca ncnonb3ylTcs Crieayolme AaHHble:
1) napameTtpbl CB (ckopocTb CB u nnoTHocTb npotoHoB B CB) u MMIT ( X-, y-, Z-KOMMNOHEHTbI U
amnnuTtyga HanpsbkeHHoctn MMTI), koTopble namepsaTca B Touke Jlarpanxka L1 mexagy 3emnén m
ConHuem npnéopom SWEPAM KA ACE (http://www.srl.caltech.edu/ACE/Browse Data);

2) reomarHuTHble nHaekcol Dst u Kp (http://wdc.kugi.kyoto-u.ac.jp/).

B cnyyae, ecnu TpebyemMble 3Ha4YeHUs1 C HEOBXOANMBIM LLAroM Mo BPEMEHW HEOOCTYMHbI, OHU
BbIYMCMSIOTCA B peanbHOM BPEMEHW Ha OCHOBE CpPELHEYaCOBbLIX 3HAYEHWN COOTBETCTBYHOLLMX
napameTpoB. [lpumep pesynbTata HenpoceTeBoro nporHosa Dst-uHoekca Ha oguH 4yac Bnepef,
ocyulectBnsemoro B LleHTpe kocmuudeckon norogel HUUAD® MIY npeactaBneHsl Ha puc. 4
(http://swx.sinp.msu.ru/models/dst.php).

FeoMarHMTHeIE YCnoeHA

>-30 -30 - -50 -50 - -100 =100 - -200 =200 - -350 FEELT]

Terywee Mporxoz
3xavenmne DST wHgekca -23 -21
FeOMarHHMTHOS BO3MYLLIEHHE OTCYTCTBYET OTCYTCTBYET
Ananazox, MNporHos Dst MHAekca
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Puc. 4. Pesynbtat MHC-nporHosunpoBanus Dst- nHaekca Ha yac Bnepepg ¢ 24 no 30 ceHTabps 2017 T.

3eneHble TOYKKM - pe3ynbTaT NPOrHo3a, KpacHas KpvBasi - SKCNnepuvMeHTarnbHble AaHHble. U3
puvcyHka 4 BMaHO, 4To nporHo3 Dst-nHaekca Ha Yac Bnepe MOXHO CUMTaTb YAOBIIETBOPUTENBHBIM.

Mpn nporHo3upoBaHun notokoB P3 BPI3 [6] nmoMMMO BeNWYMH, WCMNOMb3YEMbIX MNpwU
nporHosmpoBaHun Dst B kayecTBe BxoAHOro napameTpa bepeTcsd Takke cam MOTOK 3MEKTPOHOB C
aHepruen E>2 MaB [1/(cm2-c-cp)], KoTopble uamepsitoTcs npubopom SEM Ha reocTauuoHapHbIX
cnytHukax cepun GOES (https://satdat.ngdc.noaa.gov/ sem/goes/data/new_avg/). Pesynbtat
nporHo3a MoTOKOB 3nekTpoHoB BPI3  (http:/swx.sinp.msu.ru/radiastatus/forecast.php?gcm=1)
npeacTaeneH Ha pucyHke 5. BuaHo, 4TO NPOrHO3 ycnewHo OCYLLEeCTBRSETCS gaXe Npu U3MeHEeHUn
notoka PO BPI13 Ha HeckonbKko NopsaKoB.

KpaTHOCpO4YHBIA NPOrHO2 CPEQHEYACOELIX NOTOKOE PEAATHEWCTCKMX 3NSKTPOHOB BHEIWHEro pagMayMoHHOro nosca 3emam Ha
reocTayMoHapHon opbure
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Puc. 5. Pesynbtat MHC-nporHosmposaHmnsa notoka PO BPIM3 Ha yac Bnepepn ¢ 27.09 no 27.09 2017 r.
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3aknro4yeHune

Mbl nokaszanu, yto B HANA® MIY cosgaHa yHukanbHasi aBTOMaTU3NPOBaHHAs cUCTEMA

aHanu3a u nporHo3MpoBaHus paguvaumoHHbix ycnoBui B OKI1. [MocTynatowiasi CcnyTHUKOBas
WHpopmaumss B pexnme obpabaTtbiBaeTcsi OHNMaH B LleHTpe aHanmMsa KOCMWYECKOW norogbl U
ucnonb3dyetcs Ans  TeKywero aHanusa u nporHosa coctosHma OKIl. Cuctema nossonser
NPOrHO3MpoBaTb TakMe Kr4YeBble (DakTOpbl KOCMUYECKOW MOrodbl Kak CKOPOCTb COJIHEYHOrO BETpPa,
aMmnnuTyay reomarHuTHbIX Bo3mylleHun (Dst-uHaekc), a Takke cpegHeyacoBble MOTOKU U CYTOYHbIE
dryeHcbl penaTuBmucTcknx anekTpoHoB (E > 2 MaB) Ha reoctaumoHapHon opbute. MNpegnonaraetcs
JanbHelwee pas3BuTne CUCTEMbl MOHUTOPWMHIA M NPOrHO3a hakTOPOB KOCMUYECKON NOroabl.

N =
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Abstract: In work the Zurich number of average monthly numbers of Wolf (a number of relatives of solar
spots — WSN) consisting of the average monthly values restored by Wolf on sketchy observations (the restored
row from 1749 to 1849), and a number of the regular observations from 1849 to our days (a reliable row) is
considered. Comparison of characteristics of spectral components and the analysis of their smoothness for the
reliable and restored parts showed essential differences in their behavior. Selection of long-period components of
a reliable row and extrapolation them on an external time interval gives the chance for reconstruction or prediction
of temporary dynamics of a row. This work confirms existence of a 150-year harmonica for a reliable part of a row
from 1849 to 2015 that, taking into account characteristics of reliable cycles, allows to predict solar activity.

AONrOCPOYHbIU MPOrHO3 CONMHEYHOW AKTUBHOCTU MO 1§0-J'IETHEI7I
FAPMOHUKE U XAPAKTEPUCTUKAM LIMKITOB NOCTOBEPHOU YACTH
PAOA YACEN BOJIb®A

Uropb LLInGaeB

U3MWPAH, Tpouuk, Mockea, Poccus
e-mail: ishib@izmiran.ru

Knroyoeu dymu: Yucna Bornbghba, criekmpanbHbil aHanus, npeobpasosarue unbbepma.

Pesrome: 3rioxu Makcumyma unu MUHUMYMa CO/THEYHOU akmueHOCmU xapakmepuaytomcs oa2ubarowiel
MaKCUMYMO8 LUKII08 U MECHO c8si3aHbl ¢ OTUHHONepUodHOU («8eKkoeoli») komroHeHmoU psida yuces Bonbgha. EE
yOayHasi uHmeprnonayus U npodsieHue Ha BHeWwHUl 8peMeHHOU uHmepsan 0arm B03MOXHOCMb
rpoeHo3upogamp 0bWul X00 CONMHEYHOU aKkmueHOCMU Ha BPEeMEeHHbIX Macwmabax 8 HECKO/IbKO UUKITO8.
Tpakmysi OfUHHOMEPUOOHYIO KOMIOHEHMY, Kak o2ubarowyto cpedHUX 3HadeHul Uuksios, pasbueasi UUKIbl 110
OnumenbHOCMU U Ofupasick Ha 83aUMOCBsI3b UHMepPBaslbHbIX OUEHOK HECKOSIbKUX UUKII08 MOXHO
Oemarnu3uposams MPoeHO3 Ha Macwmabax yukna.

Introduction

Eras of the increased or reduced solar phenomena (SP) are characterized by the periods of a
maximum or minimum of the "envelope" of cycles maxima and closely related to a long-period ("-
century") component of a Wolf number sequence. The Zurich sequence of average monthly Wolf
numbers (W = Wrest U Wtool) includes a reestablished sequence Wrest (since 1749 till 1849) and a
certain sequence of Wolf numbers Wtool (the regular instrumental observations since 1849 till
present). The successful interpolation of a long-period component of a sequence W and its extension
on an external time interval give a chance to predict the common course of solar phenomena at time
scales in several cycles. This work follows the basic concepts explained in the publication [1], where
the 150-year frequency component (by a certain part of the sequence), which can form a basis of the
long-term forecast of SP, is emphasized.
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Spectral characteristics of a sequence W and choosing the underlying array

Sequence W is rather non-uniform due to the history and methods of its formation. Differences
in total characteristics of the sequences Wrest and Wtool cycles, i.e. the cycles | + IX and X + XXIII
groups are analysed in work of [2] where it is noted that only the characteristics of cycles VIII and IX
are most concordant to the characteristics of cycles of a sequence Wtool. The analysis of cleanliness
of spectral components showed also essential differences in their behaviour. In the work of [1],
proceeding from character of a spectrum, a sequence is divided into five spectral intervals with the
following time periods, putin years : P1[24 <T], P2[6.8<T <24],P3[426<T<6.8],P4[1.66<T <
4.26], P5 [T<1.66]. Sequences P2(t) and P3(t) describe the main and second frequency components
and so we will pass to the analytical sighals characterizing these sequences, applying to them the
Hilbert transform [3]. It allows finding a time dependence of the envelope and “instantaneous"”
frequency of these spectral components. The behaviour of the "instantaneous" frequencies of the
components P2(t) and P3(t) shows the Fig. 1., where the area corresponding to a sequence Wtool is
marked by the lower legend. The distortions are shown clearly and their degree increases with
removal to the past. Characteristics of the time domain adjoining 1849, i.e. area of the VIII + IX cycles
(the top legend) are least distorted. It is the given estimations that define the choice of the underlying
array for prediction of SP — a sequence Wtool with possible inclusion of the cycles VIII =+ IX.
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Fig. 1. Review of the "instantaneous" frequencies of spectral components
of P2 (from above) and P3

We would like to remind the role of the components P1 + P5 of the sequence W. The sum of a
long-period component P1 and a basic frequency component P2 reflects the main time and amplitude
characteristics of the cycles. The sequence P3 corrects branches of increasing and reduction. The
component P4 transforms a clean relief of the cycles due to the quasitwo-year-olds - the local maxima
are arisen, the displacement of the basic maximum is possible, i.e. the cycles assume more individual
character. The high-pitched excess of the P5 includes annual and 155-d frequency components. The
review of the sequences of the main spectral areas P1 + P3 with relevant envelopes of the
components P2 and P3 is presented on Fig. 2.

Representation of the underlying array for the issues of forecasting and reconstruction

Further a sequence Wtool (since 1849 till may 2015) is examined. Determination of the
standard (table) parameters of cycles leans on the sequence W* which is deduced from a sequence of
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monthly Wolf numbers W by the flexible averaging based on 13 months (W => W*). The average
sequence, proceeding from simple rules, is divided into time spans (cycles), which are compared to
duration Tc, the maximal value of Wolf number in the given span Wm and the time moment Tm — the
duration of branch of increasing (Tm < Tc), corresponding to this maximum. At the same time, several
local maxima and lack of monotony in behaviour of branches of increasing and reduction are peculiar
for many cycles, which complicate the characteristics evaluation regarding to the issues of forecasting
and reconstruction. Leaning on a sequence P13=P1+P2+P3 (a sequence Wtool without quasitwo-
year-olds and a high-pitched part), after the relevant splitting into spans (cycles) we pass to one-vertex
cycles with the monotonic branches of increasing and reduction, which are shown on a Fig. 3. All main
characteristics of cycles remain however.
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Fig. 2. Spectrum of a sequence of Wolf' numbers and review of spectral components of P1+P3.
A[P2], A[P3] — a time dependence of the envelope for spectral components P2 and P3

Fig. 3. Comparison of cycles in W* and P13 modifications

Leaning on slowly varying functions P1(t) and envelopes of the main and the second
frequency components A[P2] and A[P3] it is possible to design the "envelope" maxima for cycles in
representation of P13: A[P13]=P1+A[P2]+A[P3], which is imposed well on sequence P13(t) maxima.
Extrapolation on an external span of slowly varying function A[P13] addresses actually the problem of
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the long-time forecast of SP. Considering close connection of A[P13] with a long-period component it
is enough to do that for P1(t) [2].

It is convenient to interpolate P1 by the sine P1_sin with the parameters, which are
determined from the maximum of its correlation with P1 when scanning by reference to frequency and
phase [1]. For the long-period component of the sequence Wtool (1849 + 2015) the period of an
approximating sinusoid equals to 150 years. Extrapolation of P1_sin on an external interval is
presented on Fig. 4.

Conclusion

Eras of the The provided approach allows to predict the duration of an era of the reduced solar
phenomena, the moment of beginning of its minimum and to estimate its level. We would like to note
that the amplitudes of the cycles VIII and IX are reasonably described in this approach and it is
possible to talk about compatibility of W and a 150-year frequency component on an interval more
than 180 years. Dynamics of the current minimum of SP differs from the scenarios of Maunder
Minimum and Dalton Minimum development.

Fig. 4. Imposing of sin-approximation P1 on a certain sequence of Wolf numbers Wtool
and its extrapolation
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Abstract: The procedure for compilation of a new proton catalog is presented here. The focus is on the
SOHO/ERNE instrument for the period 1996 to 2016 (entire solar cycle 23 and the ongoing solar cycle 24). The
main steps of the data analysis are outlined. Namely, as a first approach it is selected that 5-min averaged data
will be used to identify the peak proton intensity. Contributions due to local shock acceleration close to Earth are
not taken into account. In this report, the main properties of the proton sample in the energy channel 17-22 MeV
are presented and discussed.

KATANOI HA NMPOTOHHU CbBUTUA HABJTIIOOAABAHU OT SOHO/ERNE:
OMUCAHUE U MbPBOHAYAITHU PE3YIITATU
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Pe3rome: [pedcmaseHu ca npoyedypama 3a CbCmMassiHemo Ha HO8 Kamarsioa om npoMmoHHU cbbumus.
®okycbm e e8bpxy uHcmpymeHma SOHO/ERNE 3a nepuoda om 1996 do 2016 (uenusi 23-mu cribHYE8 UUKBI U
HacmosAwusa 24-mu). OcHoeHUmMe CMBIKU Ha aHanu3a Ha OaHHume ca rnpedcmaseHu. A UMEHHO, Kamo
MbpeoHayasneH nodxo0 e usbpaHo Ga ce pabomu ¢ ocpedHeHuU daHHU (5-MuHymu) 3a onpedesisiHe Ha MakcuMyma
Ha rMpomoHHUs Nomok. lNpuHocu 8 MPomoHHUS MOMoK nopadu ydapHuU eb/HU 6nusko do 3emsama He ce 83umMam
npedsud. Tyk ce dokmadeam u OuCKymupam OCHOBHUME XapakmepucmuKu Ha MpOmOHHUMe cbbumus 8
eHepauliHus duana3oH 17-22 MeV.

Introduction

Non-thermal particles — electrons, protons and heavy ions — are a well-known space weather
agent [1]. These keV-to-MeV particles follow in time the eruptive phenomena observed at the Sun
(flares and coronal mass ejections, CMESs), considered as the solar origin of the particles, with the
more energetic population arriving ahead of the slow particles. Nowadays the term solar energetic
particles (SEPs) is more frequently used compared to 'solar cosmic rays'. SEP events still await
guantitative description on the chain of processes of acceleration, escape and propagation through the
interplanetary (IP) space. Moreover, the likelihood for a flare and CME to occur and the early
assessment of their properties is a subject of ongoing work. These factors are essential for the
improved SEP-forecasting since energetic particles can endanger the performance of terrestrial and
satellite technological devices [2] and the health of crew members during polar flights on Earth or in
space.

Numerous particle detectors record continuously the SEP intensity (flux) — both in flight (e.g.,
by the sequence of IMP and GOES spacecraft) and on ground (e.g., by the network of neutron
monitors: http://www.nmdb.eu/). Since 1990s, numerous new satellites were launched to observe the
Sun — in remote and/or in situ mode, among them, Ulysses (ended in 2009), SOHO, ACE, Wind,
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STEREO, and SDO. There is a wealth of particle data (see, e.g., the large CDAWeb-database
https://cdaweb.sci.gsfc.nasa.gov/index.html/) with just a few comprehensive SEP catalogs, mostly due
to the fact that the analysis and compilation of a particle list is a time consuming task. In addition, not
all statistical and other relevant particle studies in the past prepared and released a new particle
catalog, but used available listings instead.

Several SEP catalogs, based on automatic or visual identification of the particle
enhancements above a pre-event background level or fixed intensity threshold, became recently
available. Selected notable examples for the case of proton events are listed below:

e NOAA solar proton events (https://umbra.nascom.nasa.gov/SEP/) based on GOES >10 MeV
data (1976—present);

e [3] based largely on IMP-8 data (1997-2006);

e SEPServer project (http://server.sepserver.eu) based on SOHO/ERNE, STEREO, Ulysses,

Helios data (1997-2015) [4];

e SEPEM reference list (http:/dev.sepem.oma.be/help/event_ref.html) based on the re-

calibrated GOES data (1973-2013) [5], see also catalogs in [6] and [7];

e http://newserver.stil.bas.bg/SEPcatalog based on Wind/EPACT data (1996—-2016) [8];

e [9] based on the extended (1997-2016) SOHO/ERNE data at 55-80 MeV.
Recently, a summary analysis on 25 MeV protons over nearly five solar cycles (1967-2014) was
presented in [10].

The aim of this report is to outline the main steps of the analysis and to present selected
preliminary results on a new proton event catalog.

Data and analysis

For the present work, proton data from SOHO/ERNE instrument [11] was used. A detailed
description of the data, background level, major data gaps and a proton event list over the energy 55—
80 MeV can be found in [9].

The Energetic and Relativistic Nuclei and Electron (ERNE) instrument aboard SOHO satellite
(https://srl.utu.fi/projects/erne/) consists of two energetic particle sensors, namely, the low energy
detector (LED) and the high energy detector (HED). Each of them can detect protons over 10 energy
channels, covering the range 1.6-13 MeV for LED and 14-131 MeV for HED. For the analysis
presented below, 17-22 MeV (about 20 MeV) from HED is selected and regarded as a reference
channel.

The procedure for assembling the 20 MeV proton catalog is similar to that described in [8].
Namely, the data is initially plotted in 3-to-5 day time window for visual identification of the proton
enhancements above the background level. For the study here, a 5-point data smoothing is selected.
Firstly, a background interval is selected by the observer and an averaged value of the proton intensity
is calculated over that interval. A conspicuous data enhancement is marked when the proton intensity
elevates three standard deviations above the preceding background level. Next, the peak value is
identified as the maximum particle intensity reached over an interval, again specified by the observer.
As peak proton intensity is regarded the background-subtracted value, namely the amplitude of the
proton event. This is necessary in case when the pre-event background is enriched by particles from a
previous event. Moreover, proton enhancements produced locally in the IP space (usually due to
shock passage close to Earth) are excluded. All identifications (onset and peak time, peak intensity)
are performed on the smoothed data. An example plot is shown in Fig. 1.

An important part of the SEP studies is the identification of their solar origin. The association of
a pain of (remotely observed) flare and CME to a given (observed in situ) proton event is not
straightforward. Overall, a set of criteria is imposed: the strongest solar flare and the faster and widest
CME prior the proton onset is initially selected as the most probable particle accelerator. In case of
multiple eruptive events observed nearly simultaneously or in succession, the proton profile is
regarded as indicative for the longitude of the origin: a slowly rising particle profile is a signature for
eastern origin, whereas the western origin events have shorter, more abrupt rise (rise time is the
temporal duration from onset to peak intensity). In addition, the flare and CME must originate from the
same solar disk quadrant. Information about the flare timings, soft X-ray class and location are
adopted  from  ftp://ftp.ngdc.noaa.gov/STP/space-weather/solar-data/solar-features/solar-flares/x-
rays/goes/ and www.solarmonitor.org, whereas CME time of first appearance, linear speed (projected)
and direction of propagation are taken from https://cdaw.gsfc.nasa.gov/CME_list/. In the present
study, the above procedure is followed.
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Fig. 1. Example of the intensity time plot in SOHO/ERNE 17-22 MeV channel over 2-day time period (proton data
is shown in blue and green). The identified peak proton intensity is given with a red symbol. The 5-point smoothed
data is shown in black curve.

Results and discussions

The results on the properties of the proton sample identified in the energy channel ~20 MeV
are described below. The initial data analysis confirmed about 550 proton events in the period 1996—
2016. The yearly distribution of the proton events is shown in Fig. 2 (left) using 6-month bins. The
solar cycle (SC) trend is easily recognized. The drop in the number of protons in SC24 is also evident
from the figure: over the 7-year period after the start of either SC, as defined in [8], the percentage
drop in SC24, compared to the relevant SC23 period, is about 44+6%. This result is marginally close
with the reported drop of Wind/EPACT ~25 MeV protons, 29+8% [8]. Note that SOHO data is subject
to several large periods of data gap in SC23.

Fig. 2. Left: Number of SOHO/ERNE 20 MeV proton events in the period 1996-2016 binned over 6-months.
Right: Scatter plot of the proton events observed simultaneously by SOHO/ERNE and Wind/EPACT; filled circles
are for events in SC23, open circles are for events in SC24. The intensity is in protons/(cm”2 s sr MeV).

In order to validate the proton event identity observed with SOHO/ERNE, a cross-correlation is
performed between the proton identifications using two independent instruments. A proton event is
considered to be the same phenomena when recorded by two satellites, when the reported onset
times are within one day and the identified solar origin is the same. Using data from SOHO/ERNE ~20
MeV and Wind/EPACT ~25 MeV, about 300 events in common were identified in the period 1996—
2016. The scatter plot is shown in Fig. 2 (right), where the proton events in SC23 are given with filled
circles and those occurred in SC24 — with open circles. The Pearson correlation coefficient is very
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high: 0.89 for the entire sample (0.89 over SC23 and 0.84 for SC24 alone) with some outliers. One
can notice a saturation for the SOHO/ERNE data at high proton intensities (flattening), which is an
instrumental limitation for this data.

Description of the proton sample: distributions

The histograms of the SOHO/ERNE 20 MeV proton events are shown in Fig. 3, shown as a
distribution over the peak proton intensity (left) and the onset-to-peak rise time (on the right).

The saturation at high energies is clearly seen as the cut-off effect at peak intensities of about
10-20 protons/(cm”2 s sr MeV), see the plot in the left. Both, mean and median values of the sample
are at the order of 0.01-0.02 protons/(cm”2 s sr MeV).

With respect to the proton rise time, the majority of the events reach their maximum intensity
up to about few hours after their onset. The distribution has a broad extent, with few events reaching
longer rise times, up to about 40 hours (these are proton events progressing very gradually in time,
with a plateau instead of a well-defined peak). The mean/median value of the rise time is 6/4 hours,
respectively.

Fig. 3. Distributions of the SOHO/ERNE 17-22 MeV protons in the period 1996—2016 as a function of the peak
proton intensity (left) and onset-to-peak proton rise time (right).

Correlation analysis

The preliminary results for the Pearson correlation coefficients, namely between the peak
proton intensity and the flare class/CME linear speed (in log-log), are evaluated for the duration of
SC23 (1996-2008). With respect to the flare class, the correlation in SC23 is 0.48+0.05. Considering
the CME speed, the correlation is 0.51+0.04, respectively. The uncertainty is calculated according to
the bootstrapping method based on 1000 individual runs.

The correlation coefficients are less than the reported 0.6 value for both solar origins by [3].
The significance cannot be estimated since no uncertainty range is given there. Alternatively, for ~18.5
MeV protons [6] reports 0.56+0.07, both for the correlation with flare class and the CME speed, which
are nevertheless consistent with the obtained results for ~20 MeV SOHO/ERNE protons reported
here. A discussion on results from different proton catalogs in SC23 was given in [12].

Outlook

The continuation of the statistical study to the ongoing SC24 is already in progress. In the
future analysis, however, no smoothing will be applied on the data thus taking advantage of the full
temporal resolution of SOHO/ERNE data (1-min). No significant difference in the number of identified
events compared to the 5-min smoothed data is expected. Some minor differences in the peak
intensity level are possible, but the quantitative estimation will be assessed after the re-evaluation of
the ~20 MeV protons based on 1-min data analysis.

Moreover, expansion of the analysis to both higher and lower energies is planned under an
ongoing project (http://newserver.stil.bas.bg/SEPorigin). The multi-energy analysis will be done by
evaluating the signatures of the selected reference energy channel 17-22 MeV both in LED and HED
of SOHO/ERNE. The particular selection of the 20 MeV protons is due to the fact that at lower
energies IP shock counterparts become more prominent and need to be carefully filter out. At much
higher energies, the number of proton events is naturally reduced and cannot be used as a guideline.
The chosen reference energy is also close to the energy of other proton event catalogs [3, 5-8].
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The SOHO/ERNE proton event catalog is planned to be published online at a dedicated web-
site supported by the Space Research and Technology Institute — Bulgarian Academy of Sciences:
http://newserver.stil.bas.bg/SEPcatalog/.
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Introduction

Our increasingly technological civilization is ever more vulnerable to disturbances known as
‘space weather’ which can not only endanger astronauts and space-borne instrumentation but can
also disrupt ground-based communications and power supply, and can even lead to harmful effects on
the human physiological state. The forecasting of such effects is at present one of the main challenges
in the field of solar-terrestrial physics. The possibility of early warning of these potentially harmful solar
events is invaluable for preventing or at least mitigating the effects of such adverse space weather
conditions. Solar energetic particle (SEP), solar flare and coronal mass ejection (CME) events are
signatures of the active Sun and the main space weather drivers [1].

At present there is no reliable method for prediction of when, where and how intensive each of
these eruptive phenomena will become. The current challenge and ultimate goal of the space weather
studies is the successful forecasting and timely mitigation of the negative effects in various aspects of
human society, especially the large storms. Among these is the health hazard in terms of the elevated
radiation doses which astronauts outside the protective magnetosphere can obtain and to a lesser
extend also aircraft crew on polar flights. On other hand, there are social and economical damages to
be prevented or minimized, such as service interruption, partial damage or loss of different
technological systems, both space born and ground based. Of special interest are the prevention of
black-outs due to large-scale networks failure, decreasing the operational costs and increasing
longevity for satellite and ground-based systems. In addition, the high energy part of the SEPs can
reach the surface (known as ground level enhancements, GLEs) and be detected by neutron
monitors. Finally, the elevated radiation dose by SEP effects is rated among the main obstacles for the
manned space travel (NASA report No. IG-16-003). In overall, there is the need to increase the space
weather awareness by information exchange and active cooperation between scientific, engineering,
governmental and general public communities.

The evolution of SEP fluxes is of considerable interest to heliophysics, since it allows us to
study processes of particle acceleration, probe interplanetary magnetic fields, and understand the
origins of particle radiation that pose significant risks for space exploration.

Solar energetic particles (SEPs) are electron, proton and ion populations with energies in the
range of tens of keV to a few GeV. SEP events were initially categorized into two categories,
‘impulsive’ versus ‘gradual’ events, according to the timescales of their intensity profiles, their
associated element/ion abundances, ionization states and accompanied phenomena [2]. In overall,
the impulsive SEP events are attributed to particle acceleration due to magnetic reconnection process
of solar flares, whereas the gradual SEP events are due to CME-driven shocks. Since observations
from various new spacecrafts showed that there are a number of SEP events that exhibit
characteristics of both impulsive and gradual events, identifying the distinction between flare and
coronal/interplanetary shocks acceleration is difficult. At present, there is no clear answer on the origin
of SEP events. Although multiple observations have shown that many ‘mixed’ in properties SEP
events exists, the widely adopted terminology is still in use today [3].

In order to be able to forecast the SEP events, one needs to understand how to identify and
separate unambiguously the different physical processes of particle acceleration that often occur
simultaneously. The source of origin of solar energetic particles is one of the fundamental non-solved
problems of space weather.

There exists a causality effect between the solar flare/CMEs (regarded as the SEP origin) and
the non-thermal particles. Both flares and CMEs are known to be able to accelerate particles to high
energies, which in turn can reach Earth traveling around the interplanetary (IP) field lines. The
identification of the particular accelerator, however, is not an easy task. The difficulty is due to several
reasons, e.g., an overall uncertainty of the time of SEP escape from the solar corona (error margins
are usually not given); there are multiple flare/CME candidates prior the particle injection as well as
during the course of the SEP event. The standard practice is to choose the ‘best candidate’ in terms of
strongest flare and fastest and widest CME; however this procedure is a gross over-simplification.

The implications of knowing the SEP origin are multiple. There is direct effect for modelling, as
well as for improving the forecasting techniques and their predicting capabilities. Flare and CME
models for particle acceleration are both strongly supported by observational data. An intrinsic part of
the problem is that solar flares and CMEs are related and frequently overlaid (in time/energy)
phenomena. Despite the need for correct identification of flare/CME as the SEP origin, the association
of the particle event with its origin is usually done based on temporal studies. Usually, a single flare-
CME pair is selected as the SEP origin. Namely, the strongest in X-ray emission solar flare and fastest
in projected speed CME that occur prior the particle enhancement (at 1AU) are selected as the most
probable SEP origin. This procedure is usually straightforward to apply in ‘quiet’ times, however during
active periods (around solar maximum) multiple flare/CME pairs can be present and identification
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becomes subjective. The presence of several flare/CME candidates prior the SEP onset (and its time-
shifted injection point) indicates that there is a multiple influence on the resultant particle flux.

The fact that during large SEP events (with duration of several days) several flare/CME events
take place is usually never examined. The potential subsequent contribution by multiple flares/CME
has not being quantified before. The ‘rule of thumb’-type criteria employed to select the ‘best’
candidate or flare-CME pair, described above, could be erroneous. Occasionally, different authors
provide a different SEP origin association, however the differences are not compared in details. In
overall, no decisive dominance is obtained when performing correlation studies between the peak
particle intensity and the flare class vs. the CME projected speed, with correlation coefficients about
0.6 in either case. This is especially true when one consider large number of events [4], or use
statistical uncertainty estimation [5]. In summary, the reliability of the SEP origin evaluation needs to
be assessed in a quantitative manner and uncertainty ranges need to be given. During the project we
plan to address all these issues.

In order to unravel the connection between the SEP and their accelerator we aim to focus on
new and not explored before observations, both in situ and remote-sensing, which are available to the
team. With the aid of multi-wavelength emission observations and new techniques for analysis, we
aim to explore in detail the topic of the SEP origin. We will identify a number of SEP events and we will
perform two different tests for their origin: by means of statistical approach and via detailed single
case studies. In addition, we will focus in identifying early eruptive signatures of flares/CMEs and their
SEP-predictive capability will be quantified. At present we have unprecedented space observations
monitoring flare and CME activity, however the CME parameters are not well integrated into the
forecasting schemes. Finally, we will summarize our findings into a set of guidelines to be used for
improvement of theoretical and forecasting models.

Description of the project

The main objective of the project is to address in details the long-standing question of the
origin of the SEP events. Two main candidates are known to be able to accelerate particles in space
plasmas: magnetic reconnection process (electric field acceleration) during solar flares and shock
waves (single or multiple shock front encounters, wave—particle interactions) driven ahead of CMEs.
The goal of the present project is to identify the individual contribution of flares vs. CMEs to the
resultant flux of energetic particles observed close to Earth by means of observations.

There are three working hypotheses that our team will address, as summarized below. We
aim to evaluate which scenario is true for the majority of the SEP events.

1: The dominant SEP acceleration is either flare or CME. We will investigate if the other
accelerator provides any effect on the particle flux and under which conditions.

2: Both accelerators play a role that varies in time and space during the course of the particle
event. In such case we aim to isolate, quantify and study the effect by each accelerator (where
possible) as a function of time, space and energy. We will also study to which extent the multiple
accelerators (multiple flares and CMESs) influence the peak particle flux and SEP total duration,
compared to an isolated accelerator.

3: We will test (by applying the exclusion principle) whether the injection and transport effects
are the dominant factor which shape the SEP events observed in situ, irrespective on the acceleration
processes and drivers.

Fig. 1. Work flow structure of the SEPorigin project in terms of work packages (WPs) and their interaction
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Data

The basic scientific method to be utilized during this project (‘'SEPorigin') is analysis of
observational data, both, from new instruments and from well-known but unexplored in full data
sources. The project will utilize particle and electromagnetic data from several new instruments. These
are the Russian spacecraft CORONAS-F [6] and Vernov [7,8].

Flare observations are provided by GOES, SDO and SOHO and their data will be used in the
project. For the observations of eruptive filaments we will use ground-based data (from the Bulgarian
National observatory Rozhen) and space-born missions (SDO, SOHO, Hinode, STEREO). We will
analyse full-vector SDO/HMI magnetograms using techniques developed by the project team
participants (in collaborations). The links to solar dedicated satellite data are listed below:

GOES: http://www.swpc.noaa.gov/products/goes-x-ray-flux
Hinode: https://www.nasa.gov/mission_pages/hinode/index.html
SOHO: http://sohowww.nascom.nasa.gov/

SDO: http://sdo.gsfc.nasa.gov/

STEREQO: http://stereo.gsfc.nasa.gov/

Work organization

The project is divided into five main directives (work packages: WPs) which will serve to its
accomplishment. The research structure is given in Fig. 1.

WP1: Data analysis of solar energetic particles

This WP will provide the selection and identification of all SEP events to be considered in the
project. Two directions for the SEP analysis will be followed: analysis of a large sample of proton
events observed by SOHO/ERNE in multiple energy channels (namely, the development of a new
proton catalog) and detailed single event analysis (by analysis of SEP data provided by multiple
instruments and energy coverage stimulated and coordinated by data analysis and results in other
WPs).

WP2: Data analysis of flare emission related to SEP events

The main target of this WP is to prepare observational data of solar flares, to separate the
events by active region of their origination, and to estimate parameters of the magnetic field of the
different active regions. Multi-wavelength observations together with 3D-magnetic field extrapolations
will be considered here.

WP3: Data analysis of CMEs and filament eruptions related to SEP events

Several approaches will be explored, namely, the influence of the reported differences of
various CME parameters on the deduction of the SEP origin. The analysis will continue with using de-
projected CME speeds for selected events and comparison with the widely used on-sky projected
speeds. Further, the team will evaluate if the presence of eruptive prominences increases the chance
a SEP event to be detected or not and what is the energy distribution of such SEP events. Finally, the
effect of multiple CMEs and their interaction on the resultant in-situ SEP fluxed will be addressed
[9,10].

SEP origin project

Research collaboration and network

\HoME [ woRK PACKAGES ~ RESULTS ~ [| OUTREACH ~

The origin of solar energetic particles:
solar flares vs. coronal mass ejections

Call for proposals
Competition for financial support for bilateral projects 2016 — Bulgaria — Russia
Duration: 2 years PI (Bulgaria): Rositsa Miteva
Start date: 23 June 2017 PI (Russia): Larisa Kashapova

Objectives

The goal of the project is to identify the individual contribution of flares vs. CMEs to the resultant flux of
solar energetic particles by means of observations.

Different working hypotheses will be tested: there is one primary particle accelerator for the entire SEP
population; there is a mixed contribution from flares and CMEs that vary from event to event; the injection and
transport processes are the dominant factors compared to acceleration.

Large statistical studies will be complemented with detailed event analysis (using also data from the Russian
satellites Vernov and CORONAS-F SONG and from the ground-based Rozhen observatory in Bulgaria).

Fig. 2. Example view from the home page of the project web-site: http://newserver.stil.bas.bg/SEPorigin
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WP4: ldentification the origin on SEP events

This work package will combine all results obtained in the previous WPs (1, 2, and 3) in order
to complete the project objective.

We will probe, test and finally identify the physical relationship of flares and CMEs to the SEP
events (by inspection of the profiles and their temporal, spatial and spectral evolution). Timing
relationships will be scrutinized and the validity of broadly adopted approximations will be tested. This
will be accomplished by detail evaluation of well-observed case studies and comprehensive evaluation
of SEP origin over two solar cycles (as statistical work).

Two novel approaches in the SEP origin evaluation will be explored here: the influence of the
active region topology (using 3D magnetic field extrapolations) and the timing and spectral analysis of
radio emission signatures in cm and m wavelengths (used as proxy for the particle escape from the
solar corona, e.g., type lll radio bursts). The occurrence, duration and efficiency of the particle
accelerator can be also tested using gamma, X-ray and radio emission signatures (multi-frequency for
the flare, and white light and radio emission for CMES).

WP5: Dissemination of the project results

Scientific dissemination includes publications of the project results in scientific journals,
conference participations of the project members, as well as the organization, participation and
discussion of work progress in project meetings.

Dissemination to the general public is planned to be performed via direct communications by
members of the research teams presenting popular talks (to schools, general public); writing popular
publications (newspapers, social media); preparation of exhibitions; participations at science events;
publication of free-of-charge flyers, information materials, etc.

In addition indirect contact will be established via the project dedicated web-site:
http://newserver.stil.bas.bg/SEPorigin. Detailed information on the project objectives, team members
and published results will be given there. The main content of the web-site will be dedicated to the
scientific community with a section designed for the general public as well. We plan to support the
website in three languages: English (as default language), Russian and Bulgarian. An example view
on the developed web-site can be seen in Fig. 2.

Perspectives

The project success is based on the mutual collaboration between Bulgarian and Russian
experts in different space weather topics. The novelty in this respect is that the two teams will gather
for the first time establishing a new scientific network.

The foundation set by the project will allow exchanging data and expertise between the
partner organizations thus improving the individual team member qualifications with a focus on young
researchers and PhD students who will be part of the project.

We aim to achieve improved understanding on the physical link between SEP events and their
accelerator by exploring the observational data to their limit. In addition, we plan to evaluate the SEP
origin in quantitative way and to provide the uncertainty boundaries of our results.

During the project we foresee to obtain the following results:

1) We will test new hypothesis considering the peculiarity of the magnetic topology on the SEP
origins and make a conclusion about the efficiency of using such factors in forecasting
methods.

2) We will produce new scientific products. Among them is the new SEP proton catalogue in
multiple energy channels by SOHO/ERNE instrument over two solar cycles (e.g., 1997-20186,
with further extension if data is publicly released). In addition, we will analyse and present
detailed case studies (temporal, spatial and spectral comparison) for selected SEP events and
their solar origin using data from the new Russian space missions (CORONA-F, Vernov).

The project will translate the main findings into a set of guidelines and recommendation
dedicated for improvement the numerical modelling efforts and forecasting schemes. The potential for
practical application of the project is by providing a quantitative indication of which flare/CME
parameters have the major influence on the SEP flux and its evolution.
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Abstract: Coronal mass ejections (CMESs), one of the most energetic manifestations of solar activity, are
complex events, which combine multiple related phenomena occurring on the solar surface, in the extended solar
atmosphere (corona), as well as in interplanetary space. We present here an outline of a new collaborative
project between scientists from the Bulgarian Academy of Sciences (BAS), Bulgaria and the University of Graz,
Austria. The goal of the this research project is to answer the following questions: 1) What are the properties of
erupting filaments, CMEs, and CME-driven shock waves near the Sun, and of associated solar energetic particle
(SEP) fluxes in interplanetary space? 2) How are these properties related to the coronal acceleration of SEPs? To
achieve the scientific goals of this project, we will use remote solar observations with high spatial and temporal
resolution to characterize the early stages of coronal eruption events in a systematic way — studying the pre-
eruptive behavior of filaments and flares during energy build-up, the kinematics and morphology of CMEs and
compressive shock waves, and the signatures of high energy non-thermal particles in both remote and in situ
observations.
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Knrodoeu Aymu: KopoHanHu U3XebpfisiHUS Ha Maca, C/TbHYe8U BUCOKOEHEep2emuyHU yYacmuuu,
KOpOHasIHU y0apHU 8bJIHU, epyrnmueHU eriakHa

Pe3rome: KopoHanHume usxebprisiHusi Ha maca (Coronal Mass Ejections — CME), eOHo om Hal-
eHepeemuyYHUMe [MpOsIB/IeHUS Ha CiTbHYeeama akmueHOCm, ca KOMIUIIEKCHU Cbbumus, cbribmcmeaHu om
MHOXecmeo c8bp3aHu (heHOMEHU 8bpXy ClTbHYe8ama Mo8bpXHOCM, 8 ClibHYe8ama ammocgepa (KopoHama),
Kakmo u 8 mexdoyrnnaHemHomo fpocmpaHcmeo. Tyk npedcmassame HO8 Cb8MeCMeH MPoeKm Mexoy ydeHu om
bwvnezapckama akademusi Ha Haykume (BAH), Bwneapus, u YHusepcumem “Kapn-®pany’, pau, Ascmpus.
Llenma Ha npedcmaseHusi npoekm e Oa omeosopu Ha crnedHume ewbrpocu: 1) Kakeu ca ceolicmeama Ha
epynmusHuUme ripomybepaHcu, KOpoHaiHuUme U3X8bpJrigHUSI Ha Maca U yOapHuUme 8b/IHU rnpedu3suKkaHu om msx
8 6nuzocm 0o crbHUEMO (8 crbHYe8ama KOPOHa), Kakmo U Ha f[poudmuyawume om msx [omouyu
8UCOKOEHep2emuYHU Yacmuuyu 8 MexdyrnnaHemHomo rpocmpaHcmeo? 2) Kak ca cebp3aHu me3u ceolicmea C
YCKOPEHUemO Ha C/TbHYe8U B8UCOKOEHEpeemuyYyHU Yyacmuyu 8 KopoHama? 3a 0a u3nb/IHUM Hay4YHume uesnu Ha
mo3su npoekm, wie u3nonseame OUCMaHUUOHHU ClTbHYe8U HabrnrodeHUs1 C 8UCOKa 8peMesa U npocmpaHcmeeHa
pasdenumersnHa criocobHocm, 3a Oa u3cnedeame Hali-paHHUMeE emarnu Ha CrbHYesume u3puaeaHusi Mo
cucmemamu4yeH Ha4yuH — Kamo rpoyyYyum rped-epynmueHoOmo rnosedeHue Ha rnpomybepaHcu u u3byxeaHusi 8
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bsina ceemrnuHa npe3s rnepuoda Ha HampyreaHe Ha eHepausi, a CbUo KuHeMamukama u mopgposioeusima Ha CME
U KoMrpecusHu ydapHu 8bJjIHU, U ceolicmeama Ha Cebp3aHume BUCOKOeHep2emuyHU 3apedeHu Yacmuuyu e
ducmaHUUOHHU U in situ HabrodeHusl.

Introduction

Coronal mass ejections (CMEs) are impulsive eruptions of plasma and magnetic fields from
the Sun that propagate in the heliosphere, and one of the main phenomena that affect space weather
in the Solar system. They can influence the interplanetary environment over vast longitudinal and
radial ranges by injecting fast solar wind plasma, increased magnetic flux, and highly energetic ions
and electrons. Modeling studies suggest that these major solar eruptions are part of stellar activity in
general, and they help determine the structure and dynamics of astrospheres. Our research project
aims to investigate the connection between CME onset, early-stage dynamics, and the acceleration of
highly energetic ions in solar eruptive events.

If they reach speeds in the solar corona higher than the local fast magnetosonic speeds,
CMEs may drive magnetized shocks of varying strength and speeds. It has been suggested that high-
energy charged particles, called solar energetic particles (SEPs), may be accelerated out of the
coronal plasma population and may gain most of their energy (up to several hundred MeV) at such
eruption-driven shocks relatively close to the Sun, within 10 Rsun [1]. In fact, observational studies
show that such shocks and compressions capable of producing SEPs can form as low as 1.2 Rsun
due to the rapid expansion and acceleration of the CMEs, but then subside higher in the corona
(beyond 2—-3 Rsun), where the CME acceleration slows [2].

Characterizing and predicting the early-stage acceleration and heliospheric propagation of
CMEs and SEPs is of considerable interest to heliophysics. CMEs disturb the interplanetary conditions
and can drive strong geomagnetic storms at Earth if they reach the terrestrial environment. SEPs
probe the magnetic conditions in the solar system, but also present a significant radiation damage risk
to astronauts and spacecraft situated beyond low-earth orbit. The period between onset of a solar
eruption and arrival of SEP fluxes of harmful energies to 1 Astronomical Unit (AU) is generally on the
order of several hours, which is often very short time to warn astronauts and spacecraft operators.
Thus, an important applied goal of heliospheric research is developing a capability to estimate and
forecast interplanetary SEP fluxes and CME events as early as possible after their onset.

b
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Fig. 1. A diagram of a canonical solar eruption from [6] showing the prominence lift-off, driving the plasma pile-up
and shock wave. The pile-up and shock are shown separated. (Center and Right) Two snapshots from a solar
eruption imaged by SDO/AIA, with the EUV wave brightening outlined by arrows, and the erupting prominence

marked with a red dashed line. The flare emission is seen as bright EUV emission below the prominence.
Adapted from [7].

Eruptive filaments (also known as eruptive prominences or EP) are often associated with
CMEs and play an important role in their initiation. A common pattern of typical filament eruptions
consists of: pre-eruption activation, followed by an initial slow-rise phase, during which the filament
gradually ascends; then an abrupt transition to a fast-rise phase of acceleration, and a final gradual
evolution characterised by little change of speed or morphology. In many events, the impulsive
acceleration of the eruptive structure occurs closely synchronized with the energy release and particle
acceleration in the associated flare [3]. While the detailed mechanisms responsible for the triggering
and driving of the eruption are not fully understood [4], the specific characteristics of the eruptions may
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well provide early diagnostics of CME triggers and behavior. Thus, detailed knowledge of the early
evolution of CMEs and accompanying phenomena (flares, shocks) is essential for better
understanding of their role in accelerating SEPs.

The initial properties of eruption drivers — such as orientation and initial velocity — may
influence significantly their interaction with the corona, whether and where shocks may form, and how
energetic particles are produced. While it is known that large SEP events correlate with fast
interplanetary CMEs, and modeling has shown that flux rope overexpansion should cause the
formation of coronal shock waves, it is not presently known to what extent the speed profiles of
eruptions lower in the corona influence particle acceleration, or how much overexpansion is necessary
to drive strong enough coronal shocks that produce significant SEP fluxes.

Eruption-driven coronal shocks and compressive waves are most readily observed in EUV
as “EUV waves” [5] — broad, large-scale, arc-shaped regions of brighter EUV emission that propagate
along the solar surface (when seen on the disk), or along the limb and away from the solar surface
(when seen off limb). The left panel of Fig. 1 shows a diagram of a canonical CME onset, including an
eruptive prominence, plasma pile-up, and leading shock wave. The middle and right panels in Fig. 1,
adapted from [7], show two observations of an eruption onset near the western solar limb, separated
by ~3 minutes, with the EP outlined by red dashed line and the driven compressive wave as a bright
feature pointed out by arrows. Individual EUV waves have been studied in detail recently, thanks to
the significant improvement in the spatial and temporal resolution of space-based, multi-wavelength
remote observation missions, such as the extreme ultraviolet imagers (EUVI; [8]) on the two Solar-
Terrestrial Relations Observatory (STEREO) spacecraft and the Atmospheric Imaging Assembly (AlA;
[9]) on the Solar Dynamic Observatory (SDO) spacecraft.

Planned Work

Several previous observational case studies have made the connection between erupting
filaments and EUV waves [10]. They have shown that EPs indeed can drive shocks low in the corona,
based on kinematics and shock stand off models. However, these studies have not explored this
connection for multiple events, or from the point of view of particle acceleration. We propose to
investigate the connection in detail. Furthermore, a strong connection between EUV waves and shock
waves has been established by observations showing temporal and spatial overlap of EUV waves and
metric type Il radio emission, indicative of a coronal shock. Recent analysis of the temporal relation
between EUV wave evolution and in situ particle flux onset for a large sample of cycle 23 events has
shown a general consistency with wave/shock acceleration for protons [11], but the question remains
at which stage of the eruption SEP acceleration is strongest. This is one of the goals of the present
project.

From a modeling perspective, early-stage acceleration of SEPs by CME compressions/shocks
is possible. Previous studies of coronal SEP acceleration in single events have successfully used
realistic 3D numerical CME simulation results in the corona to drive particle acceleration models
[12,13]. These studies explored the time-dependent CME evolution in the corona and effects of post-
shock compression structures on particle acceleration, and found that CMEs can accelerate protons to
energies exceeding several hundred MeV within 20 solar radii. However, the detailed acceleration
efficiency of a larger sample of CMEs has not been explored. We will address this using a recently
developed an analytic model for early-stage SEP acceleration, based on diffusive shock acceleration
(DSA) theory, driven mostly by detailed remote CME observations [14]. We will apply this model to
selected events in our list with enough data to drive the model. This will allow us to directly
characterize the overall acceleration efficiency of these CME-driven coronal shock waves.

The goal of the research work is to answer the following questions: 1) What are the properties of
erupting filaments, CMEs, and CME-driven shock waves near the Sun, and of associated SEP fluxes
in interplanetary space? 2) How are these properties related to the coronal acceleration of SEPs? To
achieve the scientific goal of this project, we will use remote solar observations with high spatial and
temporal resolution to characterize the early stages of coronal eruption events in a systematic way —
studying the pre-eruptive behavior of filaments and flares during energy build-up, the kinematics and
morphology of CMEs and compressive shock waves, and the signatures of high energy non-thermal
particles in both remote and in situ observations. Below we describe briefly the various activities of our
project.

Event and Data Selection

As a first step, we will select the CMEs for our analysis, identify eruptive filaments associated
with onset of the events, pick the relevant EUV, X-ray, radio, and in situ observations. In previous
work, the Bulgarian team has identified close to 50 solar flares with onsets and peaks (as indicated by
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soft X-rays — SXR) in freely available RHESSI data over the last years. Such observations point to
times and locations of SEP acceleration. The Graz team has identified a set of about 50 CMEs
associated with EUV waves that are observed on-disk with SDO and from quasi-quadrature (limb
view) from one of the two STEREO satellites. This unique combination of data allows detailed analysis
of the intial CME/flux rope evolution for Earth directed events. These CME events will be cross-
checked for associated SEPs. Using both these event samples as a starting point, we will determine a
list of suitable events according to available other key observations, also based on the two teams’
prior work. Developing a larger list of events will allow us to perform both single-case and statistical
studies. We will select a sub-sample with sufficient multi-wavelength coverage, presence of EUV
waves, and in situ observations, for the single-case studies. The necessary data will be downloaded
and prepared for analysis.

Analysis of CME Eruptive Prominences and Flux Ropes

We will determine the relevant morphological and dynamic parameters of EPs and flux ropes
in our event sample, such as: type, size, orientation of the filament or flux rope, time-dependent
position, speed, and acceleration; timescales of activation and acceleration, amount of overexpansion,
whether it activates overlying loops or not. We will use freely available SDO/AIA, STEREO/SECCHI,
and SOHO/LASCO data.

EUV Wave Analysis

We will characterize the parameters of CME-driven coronal waves in the event list: onset time
relative to the CME eruptions, time-dependent radius, starting velocity and acceleration,
thickness/intensity of the wave sheath, stand-off distance from the driver, whether the wave is dome-
like, change in sheath temperature and density, interaction with a model coronal magnetic field. The
list of relevant parameters may change in the process. We will use freely available SDO/AIA,
STEREO/EUVI, and SOHO/LASCO observations — separately, as well as in concert, where available.
Where possible, we will augment our analysis with results from existing EUV wave catalogs, such as
CoRPITA and CASHeW.

Analysis of remote signatures of SEPs

We will investigate the electromagnetic signatures of accelerated particles in hard X-rays
(HXR) and in radio produced during the events, and quantify their properties (occurrence, location,
spectrum and temporal evolution). We will select emission parameters to be utilized as additional input
parameters. In addition, we will compare observed in situ SEP fluxes with HXR emission signatures
(as evidence for particles and their spectra accelerated toward the Sun). Namely, we will perform a
detailed analysis of all well-observed SEP-related flares in HXRs using RHESSI data. We will perform
a correlation between the deduced HXR photon flux and spectral index and the particle event fluxes.
We will compare the results with similar diagnostics using freely available GOES soft X-ray and
ground-based radio observations.

Analysis of In Situ SEP observations

We will analyze in situ observations of SEP (proton) fluxes during the event periods, determine
whether they are related to the appropriate solar eruption event, and characterize their parameters:
onset time, rise time, maximum flux, energy spectrum. Since we are only interested in the coronal
acceleration capability of SEPs, we will focus on the rise phase up to a day after the onset of the
eruption. In addition, we will control carefully for SEP events that may be produced entirely in flares.
We will use freely available proton data from SOHO/ERNE and GOES. Where possible, we will also
use results from web-based catalogs such as SEPServer (http://server.sepserver.eu/).

Modeling of SEP Shock Acceleration

We will prepare, run and analyze data-driven analytic particle acceleration models, to be
driven and constrained by our analyzed observations. The model to be used has been recently
developed and enables a novel approach to characterizing early stage coronal SEP fluxes. It solves
for the particle distributions based on an analytic solution of DSA theory, taking into account shock
evolution and injection speeds, and produces time-dependent fluxes for each shock-crossing magnetic
field line. The model domain is currently limited by the extent of the observations to ~2 solar radii. To
keep the investigation focused on the influence of coronal dynamics on particle acceleration, we will
simulate only protons as a representative SEP species.
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Summary

Carrying out this project now is important and timely, as it will contribute significantly to
advancing research on the topic of early-stage solar eruption evolution and energetic particle
acceleration. By making the needed connection between the observational parameters of the onset of
eruptive filaments and flux ropes, EUV waves/shocks, and SEP acceleration efficiency, the results of
this project will enhance our understanding of arguably the most important and consequential stages
of solar eruption, which have not been studied in such detail in multi-wavelength analyses previously.
This work will be relevant and necessary for interpreting observations from the upcoming NASA and
ESA space missions Solar Probe Plus and Solar Orbiter, which will study activity in the solar corona
with unprecedented detail at a proximity to the Sun never studied before. Identification of remotely
observable coronal eruption parameters that control early particle acceleration will allow us in future
work to develop predictive tools that will improve the current state of solar event forecasting. In
addition, the project will produce a significant and consistently analyzed event sample, which may be
used as a catalog in upcoming studies of solar eruptions, and may serve to identify additional
predictive parameters of these eruptions in the future.
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Pe3rome: B doknada ca pasenedaHu mpu mModesiHu 3adadu, 8 MameMamu4eckusi anapam Ha Koumo
enu3zam HesnuHelHU OugepeHyuanHu ypasHeHusi. Tesu 3adayu ca peweHu, kamo 3a ecsika eOHa om msx e
npunoxeH onpedened acumnmomuyeH mMemod, nodbpaH 8 cbomeemcmeue CbC Cmpykmypama Ha
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Abstract: The paper examines three model problems in the mathematical apparatus of which are
nonlinear differential equations included. According to the structure of the differential equations and applying
carefully selected correct asymptotic method, each one problem is correctly solved. In assumed approximation
the tasks are solved completely.

BbBeneHune

ACUMNTOTUYHUTE METOAM Ca MOLLEH anapaT 3a pellaBaHe Ha HenuHerHu AudepeHumanHm
ypaBHeHus . [NonyyaBaT ce pelleHnsa B peoBe Mo ManbK napaMmeTbp, KOMTO He € 3a4bIDKUTENHO Aa
Ca CXOOslWM, HO B MNpedBapuTENHO YTOYHEHW T[paHWUM, Ha CTOMHOCTUTE, Ha y4dacTBawute B
ypaBHEHUsATa MPOMEHNUBU, Te3W penoBe afeKBaTHO OnucBaT MoenvpaHara OT TaX AMHaMu4Ha
cuctema. Knacmyeckm n LUMPOKO M3non3eBaH € MeToabT Ha [MoaHkape-JivHawen - eanMH oT MbpBuTe
MeToau, KOWTO Ce M3MOoM3Ba 3a pellaBaHe Ha 3aJayn CBbp3aHu C OBWKEHWETO Ha KOCMWYHWUTE Tena
[2]. Opyra rpyna meTtoam, ce GasupaT Ha ycpedHsiIBaHE Ha MOJTyYeHUTEe CUCTEMU OT OOMKHOBEHU
ondepeHumanHn ypaBHeHus — metod Ha BadH pgep lMon u metog Ha KupunoB — boronto6os-
MuTtpononcku [6], [7]. B goknaga ca npeactaBeHu Tpu 3adayu, KOUTO Ca NMOCTaBEHW B PasfnmnyHU
dusnyHm obnactu: HebecHa MexaHuka, pagnocusmka n B3auMOL4ENCTBME Ha BbITHA C YacTuua.
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OnpepensiHe TpaekTopuATa Ha CMbTHUK Ha NnaHeTa no metoA Ha MNMoaHkape-JlnHawen

[da ce HamepsT ypaBHEHMETO Ha TpaekTopusTa U MNpeuecusTa Ha maTepuanHa Toyka -
CMBbTHUK, [OBWXKEL] Ce B LEHTparnHO [paBWTaAUMOHHO Morie, nog [AEeWCTBMETO Ha noTeHuman:
U - yMm

R
TAno, M e mMaca Ha cnbTHUKA, R e pa3cTosiHue OT LeHTPanHoTO TANO A0 CMbTHUKA, (@ € MOMNSIPHUS
BB, a & € KoeduUMeHT uspasssall HecepudHata popma Ha LieHTpanHoTo T4ano [3], [8], [9].

a
+E’ KbAETO ¥ € yHMBepcasiHa rpaBuMTaLuMoHHa koHcTaHTa, M e maca Ha LeHTpanHoTo

our. 1. TpaekTopusa Ha CMbTHUK

3anucBame MHTEerpanuTe 3a 3anas3saHe Ha eHeprudata nu nMmnyrnca Ha cucrtemara [5]:
1 52 2.2) K«
() =mR?+R%?)-—-Z=E k=pMm,
2 R
) G =mR%p.
N3passiBam pascTOSiHMETO A0 CUINOBUS LIeHTbP R kaTo dyHKUMSI HA MONSPHUSA BB @
2
1 G? |(dr |k«
=== +R
2mR* | de

©)

1
Monarame o :E n gudepeHumpame paBeHCTBOTO (3) owe BedHBbX, KaTo oThensasBame C LpUx

npounssoaHaTa no NondpHUA bIbil, NO TO3U HA4YMH Ce OOoCTUra 4O ypaBHeHMe OT Buaa
3om km
(4) c"+o0- K 02:?.
3a ga ce onpocTy ypaBHEHUETO, TbPCMM pPELLEHME BbB BUA Ha COOP OT KOHCTaHTa 1 pyHKLMS
(5) oc=0,+f o,=cons,
KoHcTaHTaTa no,u,6mpame Taka, 4Ye B ypaBHEHMETO 3a HeusBecCTHaTa (byHKLI,I/Iﬂ Aa Hama cBoboaHu
YrieHoBe.

3am m
(6) - E 002+00_F=0’
y 6am 3am
(7) f +(1—T00)f+?f220_

PelwiaBaHeTo Ha ypaBHeHue (6) Hanara ga nNpeMuHeM KbM OeduHMpaHeTo Ha HoBa 6e3pa3mepHa

npoMeHnmBa
2

8 X=—-o0,.

(8) km o

Taka gocturame 0 ypaBHEHUETO
(9) —a1X2+X—1=0,
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3am?’k
KbaeTo Oy = L Korato ; =0 cneaga, ye X, =1.MornuHo e B cnyvas o, # 0,a; <<1 pa

NOTbPCUM pPELLUEHNETO KaTO pen No CTeENeHNTEe Ha MarnknAaT napameTbp
(10) X =Xo +aX +,°X, +.
3amecTtBame (10) B ypaBHeHue (9)

—ozl(x0 FaX +a X, . )2 X F X O Xy +. —1=0
I_IpVIpaBHHBaMe KOGCpMU,MeHTMTe npen eaHakeuTe CteneHn n Hammpame Hen3BeCTHUTE BeNIM4nHn

o =LX =1Lx,=2
Taka okoH4YaTenHo gocturame Ao n3pasa 3a KOHCTaHTaTa
km 3am’k* 18a’m°k’®

(11) GOz?—l— GG + Glo

Nonarame:
6am

(12) n

n gocturame Ao uspasa
2

(13) f"+n, f+1 f2=0

20'0
MpemyHaBame KbM 6e3pa3|v|epHaTa npoMeHnuBea
62 —n,” km
(14) y=—o:="F,8= £ —5
20‘0 G

¢ P e osnauen manbk napameTbp, NOCPEACTBOM KOMTO LLE pellaBame Mosly4eHoTO ypaBHEHWE

2 2
(15)  Y'+n"y+py" =0
no metoaa Ha NoaHkape-JinHaLiea.
Pasrnexpame 6e3pa3MmepHara NPOMEHNNBA, KaTto MYHKUMS Ha V = @@ .

Tbpcum pelLeHne Ha ypaBHeHMeTo (15) BbB BMA Ha pefose
y=Yot+t M +..
(16) @=Ny+/pn +

KaTo 3amecTtm BennYMHMUTE CbC CbOTBETCTBAWMTE UM penose, Kato KpaeH pes3ynrtart ce noly4yaBa
cucrtemarta, KaTo TO3M MbT CbC LWPUX 03Ha4YaBamMe npounssogHaTa no V.

(17) Yo T Yo = 0,
" 2
Y1 +y1+2 yo +Yo =0,
Ny
MbpBOTO OT ABETE YPaBHEHUS Ce pellaBa BeaHara

(18) Yo =Ac dvs-v,)
3amecTBame NonyyYeHns pesynTaT BbB BTOPOTO ypaBHeHue Ha cuctema (17)
: n Ix
(19) vy, +Y, =2-—>Acos(v _Vo)_7[1+ cos2(v —v,)].
nO
3a ga nonyunm nepuoanyHo pelueue npuemame N, =0 u nonarame:

AZ
(20) y,*= y1—7.

OkoHuaTenHo ypaBHEHNETO pobuea Buaa:
2

" A
@) Y HYH =T Ay -8,).
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Tbpcum pelueHueTo Ha (21) BbB Buaa Y, ™ = B COS 2(v — VO). Torasa 3a koeduLMeHTa npes
2
kocuHyca Hamupame B = e Bpbliame ce KbM npeauvilHaTa NpoMeHNMBa

2 2

A A
@2) y=——+—C Bv-sv,)
2 6
Cera Be4ye nmame Bb3MOXHOCT Aa 3anunuem OKoOH4YaTesllHOTO pelleHneTo BbB BUaa
km 3ok’m® kmA kmA? m A®
(23) o=—_+ —+t—cosnp+f3 > cosanp—ﬂk—z—
G G G 6G 2
[dedurHupaT ce cnegHUTe BESTMYUHU:
km 1
(24) —=—,
G P
(25) A=e
P n € npencraenssaT cboTBETHO hOKANHUAT NapameTbp U eKCLEHTpULUTETa Ha opbuTaTa
3o 18a% e ae? 30 e’
(26) o=—+—F+—5+—-C0SN@+_—-COS2N,p —————+
P kP P k P 2kP kP° 2

C TouyHOCT [0 BTOpaTa CTeneH Ha mapametpute [ W €, pascTOSHMETO A0 CUMOBUSAT LEEHTHP Ce
onpefens ypes copmynara:

27) R= P ~ n,P n — 1_6_“
- ~ N =4 -
3a 1+ en, cosnyp kP

1+kp—2+ecosn0(p

[BWXeHNETO MOXe Aa ce pasrnexga, kato efnunTuyHO, KaTo enuncaTta ce OBWKW pPaBHOMEPHO B
paBHMHATa CM MO MOCOKa Ha ABWXKEHWETO Ha TANOTO-Npeuecusi. brbnbT, HA KOWTO Ce M3MecTBa
enuncara npv aBwxeHue oT nepmxenusa (adenus) o nepmxenus (adenus) e paBeH Ha:

(28) Ap-27= Zﬂ(i—lJ ~

No

6o
kP2

HamupaHe ypaBHeHMeTO Ha rpaHUYeH UUKBLN No metoa Ha BaH aep MNMon

[a HamepunM rpaHUYHUAT LMKBN Ha ypaBHeHueTo [10]:
(29) G+q-£(1-39°-2¢")q=0, O<&<<1,

KaTo usnonasame metona Ha BaH gep lMon.
Tbpcum peLLeHneTo BbB BMAa:

(30) g=A(t)cos(t+0(t)), a=—A(t)sin(t+6(t)).

HocTura ce oo cuctemara, KOATO e ocpeaHUM

2z
(31) A:‘;—:Isinzyx(l—SA2 cos’ y —2A%sin’ y ) dy,
0

2z
(32) A4 :% j sinz,ycosa,//(l—:sA2 cos®  —2A’sin® (//)d://.
0

Cnep ocpefHABaHETO ce AOCTUra A0 CbKpaTeHaTta cucTema:

(33) A:ﬁ(l—g Azj,
2 4

(34) 0=0.

2
BegHara HamupaMe cTauuoHapHaTa amnnuTyaa: &25 [da HanpaBum aHanMa3 Ha

2
cTaumoHapHoTO pelieHue. Monarame A = 3 + ¢, |§| << 1. ToraBa ce foctura 4o ypaBHEHUETO:
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35 E=-&f,

nUnn peleHneTo 3a OKOJTHOCT Ha CTauMOoHapHaTa aMnintyaa nva suaa:
2

(36) A==—+e .
3

YPaBHeHVIeTO Ha rpaHn4yHnA UUKbI e:

@7 q= %cos(t +6,). 0, e KoHcTaHTa.

nepMOAM‘-IHVI peweHna Ha 3agaydaTta 3a 3apdan noarioXxeH Ha OEeACTBUETO Ha NnJockKa
eNIeKTPOMarHuTHa BbJ1Ha

Heka pasrnegame camo egHoMepHua crydan [1]. YpaBHeHMeTO Ha ABWXeHWe Ha 3apsga ce
Jasa c coopmynara:

(38)  X+28%+am, x=eE,sin(vt—kx),
KbAeTo €e enemeHTapHWsi 3apsi Ha enekTpoHa, E, - komnoHeHTaTa Ha enekTpUYHUSI BEKTOp Mo
octa X. PelueHneTo Ha (38) ce Tbpcu nof doopMata Ha KBasnxapMOHMYHA YHKLWA BbB BUAA:

(39)  x=a(t)sin(wt+a(t)), a):ﬁ, N=12,..

Kato wusnonssame wmetoabT Ha Kupunos-Boronto6oB-MuTpononcku ce poctura OO CKbCeHaTa
cuctema:

eE,N
kaw
. w/-a" eE,

(40) oO=—-
20 aw

B cuctemara ca nanonssaHu dyHKUuMM Ha Becen oT mbpan pog J, (ka) ot peg N . Ycnosueto 3a

a=-pa+ Jy (ka)sinNe,

Jy (ka)cosNa .

HaMnpaHe Ha CTauMoHapHUTE TOYKKU BOAU OO0 ypaBHeHUATA:

2eE .
) — @ = ea xJ, (ka)sinNe,
» 2eE

@) o’-o aXJ,;(ka)cosNa.

Pasrnexname pe3oHaHCHUAT CnyyYal @, = @, KOUTO € U3MbITHEH NPK:
Jy (ka)=0 nm cosNa =0.

3a nscnegsaHe Ha YCTOMYMBOCTTa Ha pelleHnsiTa Heka 3anuwem cuctemara (40) BbB Buaa:
a=f(aa).a=g(aa).

Ycnosusita 3a cTabunHo pelleHve moraTt ga ce sanuiwiaTt BbB Buaa:

of o9 [of a9 Y
(42) RePlz<O,F>12:661 da 4 ||l 0a Oa +ﬂ6_g
' ’ 2 2 oa oa

M3uncneHusaTa nokaseaT, Yye ctabunHute aMnnnTygn yoosneTeopsaBaT yCIOBUETO:
43)  J{ (ka)=0.

YpaBHeHue (3.9.17) nokasea, Ye CTaburHM amnNAUTyaM ca Bb3MOXHWM CaMoO 3a AUCKPETeH pen oT
CTOWHOCTM OnpeaerneHn oT ypaBHEHNETO:

(44)  ka; = jy;.

KbOETO ], ; € apryMeHTbT Ha cyHKuusiTa Ha Becen J, (ka) otpea N B i -Ta ekcTpemarHa Touka.
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3aknro4yeHune

PasrnegaHute npumepu ca €4HWM OT MHOrMOTO Cliydau, B KOUTO W3MNONI3BaHETO Ha

acyMMTOTMYHM MeToay, M3LASIO pellaBa nocTaBeHWUTe 3afdayun. Pasbupa ce, n36opbT Ha KOHKpETeH
MEeTOZ 3aBWCU, KAaKTO OT CTPyKTypaTa Ha audepeHuManHuTe ypaBHEHUs, Taka W OT MocrefBalms
m3nyeH aHanu3 Ha pesyntatute. Makap U pelieHusiTa 4a ca NPMEMIIMBU NpU onpeaeneHn rpaHuum

n

ycnosud, acuMnTtotTu4HMTE MEeToanm Cca He3aMeHUMU TIpu HEeYuclieH aHalnim3 Ha HenMHeNHN

ANHaMWU4YHN CUCTEMMN.

A WN

00 ~N o O

9.
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Abstract: Scientific space mission analysis and design is important process which is necessary and
envelopes different stages of space missions preparation and realization. This process begins with an
assessment of the possibility of solving a variety of scientific tasks, such as optimization of different satellite
orbital parameters and scientific instruments. Reducing/shortening of the time for mission preparation and
lowering costs are also important goals [Wertz]. Some elements of SMAD process continue during of mission
control - planning and scheduling.

Each scientific problem, which is solved through satellite data, demands appropriately performed
experiments and measurements executed/accomplished in the frames of suitable time intervals under specific
constraining conditions of geometrical or physical nature. Determination of these time intervals is achieved
through so-called situational analysis. Situational problem solving is connected with checking of situational
conditions. Each situational problem contains one or more situational conditions. Verification of some situation
conditions may require a significant amount of calculation time. Effective simultaneous solving of many situational
problems with difficult for computation conditions could be serious problem due to time for calculation.
Optimization of situational analysis algorithms is an irresistible challenge.

Some of situational problems may contain one or more situational conditions heaving same type and
equal attributes. The calculation of such situational conditions every time in the frames of different situational
problems is inefficiently.

An idea about an algorithm which escapes from such over-calculation of equivalent conditions is
submitted in the present report.

PELWABAHE HA CUTYAUUOHHU 3AOAYN UMALLIN EOAHAKBU
CUTYALMUOHHU YCNOBUA

ATtaHac AtaHacoB

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

Pe3rome: Pa3znexda ce 8b3MOXHOCM 3a cb30agaHe Ha aneopumbM 3a pewasaHe Ha cumyayUoHHU
3adayqu ¢ noseye cumyayuoHHU ycrosusi, cped Koumo uma eOHakeu (om eOuH u CbWwu mun U ¢ eOHaksu
rnapamempu) 3a HKOU om cumyayuoHHUme 3adayu.

lpednacaHus no0xod ce OcHosasa Ha ObpamHU OMHOWEHUs, OmM CumyayuoOHHUMe yCrio8usi KbM
cumyauyuoHHume 3adadu. [Todxodbm e yHugepcasneH u Moxe Oa ce rpunaza e obwus crydyal Ha 3afadyu umauu
unu 6e3 eOHakeu cumyayuoHHU yCr08Usl.

Introduction

Preliminary analysis of a space mission checks the feasibility of planned experiments and
measurements in order to obtain quality data to solve the given scientific tasks. Multiple analyses are
accomplished to establish optimal values of different orbital and ballistic parameters, positioning the
various instruments on satellite platform and parameters of scientific instruments. The goal is to
achieve optimal mission results. Appropriate orbit is determined on the first stage of preparation of the
mission and test of basic ideas about proposed satellite experiments are investigated [1]. All orbital
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and scientific instruments parameters could be optimized on the next stages of mission preparation.
Recently, requirements have been laid for quick preparation of cheap space missions [1, 2]. This is
possible using appropriate flexible and portable new satellite missions software tools for computer
simulation and analysis.

Some power commercial tools for space mission analysis and design are known [1, 3, 4] as
well as other which are shareware [5, 6, 7].

The execution of various satellite operations related to solving of scientific problems, as well
as control and support of different kinds of auxiliary systems, is subject to various restrictive
conditions. The determination of the time intervals in which the restrictive conditions are in line with the
requirements for performing satellite operations is based on a relevant analysis known as a situational
analysis [8, 9, 10].

Computer program for situational problem solving for astrophysical experiment in the frame
of second bulgarian cosmonaut mission was developed [11]. In this ‘ad-hock’ created program many
situational problems (related to hundreds astrophysical objects) compiled from several situational
conditions and corresponding constraints were solved. These conditions was related to transition of
Mir station through Earth’s shadow, angles between objects of interest according to Sun and Moon,
radiative background and some other. All of situational problems were identical, with only different
coordinates of the astrophysical objects of interest. The program was not flexible concerning to mixing
situational problems with different type and number of situational conditions.

Approach for situational analysis which copes with "over-calculation problem" when different
situational problems have equal situational conditions is presented in the article.

State of the problem

The situational problem (SP) can be presented as complex logical function in the general
case.

1. S=fRAt)=01
In (1) {ﬁ}:<F1(t),F2(t),...,Fn(t)> is set of the radii-vectors of the objects in the model space,
{A} = (al(t),az(t),_,_, am(t» - set of vector or scalar fields, describing certain properties of the model

space and t — the time.

Actually, we can have a combination of several constraining situational conditions (SC)
for one situation problem. In addition, we shall examine such conditions that are independent
from each other. Thus, the set of situation conditions {y} can be juxtaposed to the set of

predicate functions {s }.
The presence of situation event S will require the fulfilment of the following identity:
2. S=S,AS, AnS, =1

In the field of space investigations, one situation event occurs when S = 1. All predicate
functions in (2) are justified in time interval (tfina - tstart)-

There are different types of situational conditions:

— geometrical - visibility and lightening of objects of interest, angles between them and

sources of light (Sun and Moon);

— physical - related to values of physical quantities (fields) and orientation according to

vector fields (like magnetic field);

— access to shared resources - related to auxiliary apparatus and systems of the satellite

(storage, communication tools).

Most often, a complex of specific situational conditions that meet specific constraints is
required for performing a scientific or technological task. This happens at a certain time interval of
some part of the orbit. The duration of the time interval, when the situation problem is executed (the
value of the predicate function has a value of 1) may also be important for the execution of the satellite
operations.

Let us pay attention that the planning and scheduling of satellite operations is a next stage that
is dependent on the possible, previously determined time intervals. The situational analysis examines
only part of the required conditions for carrying out various operations, related to solving different
scientific tasks and determines the timeframes optimal for execution. A schedule shall be drawn up,
which takes account of the need for joint use of different resources for the purposes of different
scientific and technological tasks, for the implementation of requested satellite operations. Different
satellite operations (similar operations are possible for different scientific tasks) compete for the use of
common resources. A schedule for the implementation of satellite operations would be prepared,
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which takes into account the need of shared use of resources for the purposes of different scientific
and technological tasks. Different algorithms and strategies to achieve schedules are used [12, 13,
14]. For the optimal use of satellite systems, this analysis uses different algorithms and strategies to
achieve close to optimal schedules.

Previous work

Initially, a model for situational problems definition was developed [15]. Each situational
problem is presented trough structured data (user defined type). Such data types for each situational
condition are saved in library- fortran module file. Every type contains specific attributes characterizing
respective situational condition. Each situational problem is composed from several situational
conditions. Dialog editor for assembling situational problems by selection of situational conditions and
setting of their attributes.

Serial [15] and parallel [16] versions of situational problem solver were developed. The
situational problems are treated as independent. If two situational problems contain equal situational
conditions, they are checked in consecutive order every time.

Situational
| Situational lem m
N Situational
problem 1

K
Mati_onal \ |\]\S'rt-L@tionaN| |Situationa|
|SitWI MSig ational M bn K,

Situational | | Situational || Situational
condition 1 condition 2 condition k;

Fig. 1. All of situational problems are checked in consecutive order in the time

Setting of the problem

Let S; and S, are two situation problems containing more than one situational condition - N
and M respectively:

S, = Sip A SppenSyy = /\Sl,i

i=L,N

Sy =S ASppeSyy = /\Sz,j
i=LM
If for some i and j the situational conditions are of one type and have the same attributes, a
situational task will have equal situational conditions. Two situational problems can have more than
one equal situational condition. The above condition from mathematical point of view could be written
down:

3 <I’ j>m;:|sm<min(N,M) ' S =S

If the situational problems are solved one by one (fig. 1), without accounting values of already
calculated predicate functions (situational conditions) from previously solved situational problems,
over-calculations could be produced. Let have in mind that these unnecessary calculations are
repeated on each step of simulation time. To find approach for minimization of these calculations is
important.

1,i;m 2,jm*

Proposed algorithm

Optimizing situational analysis, when some of the situational conditions of different situational
problems are equal is possible, based on the following approach.
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SP,; SP, SP; SP, SPs SP6 SP,

Fig. 2 The series of rectangles SP and sc illustrate the queues of situational problems and situational
conditions respectively. Rectangles drawn with thick lines represent situational problems (SP, and SPs)
having different situational conditions — (sc1, SC4, SC10 and sc5, sc7, scis). Other situational problems (SP4,
SP3, SP4, SPs, SP7) have mixed situational conditions- some of them are equal (scz, SCs, SC13)
and other not.

At the beginning we have set of situational problems and relations between each of them and
correspondent situational conditions. The proposed approach is based on reversed relations between
each situational condition and all situational problems in which it participates. A dynamic storage/array
is created which contains the names (identification code) of all situational conditions. Except these
names this array contains and three additional attributes for each of situational conditions - number of
situational problems where it participates, initial address of the storage where identification codes of
these situational problems are dynamical allocated and series of identification numbers of SP.

Two queues, one containing all situational conditions (SP_Q) and other situational problems
(SC_Q) are prepared before the beginning of simulation process (the simulation process contains
situational analysis). All situational conditions and situational problems are arranged in respective
queue in random order or according to the order of their definition.

When situational tasks are solved, situational conditions are checked in the order they are
queued. The corresponding situational problems are marked as false or are deleted in the situational
problems queue (SP_Q), when a certain situational condition is not fulfilled.

CALL Making_Queue(SP_Q)
CALL Making_Queue(SC_Q)

DO WHILE(SC_Q = empty)
iSC= check_prFunc(SC_Q); <parameters>) ! predicate function (situational condition) checking
IF(iSC .EQ. .false.) THEN ! Not satisfaction of situational condition
kod= SP_reject(SP_Q) ! corresponded situational problems are rejected-
I they will not been satisficed
kod= SC_reject(SC_Q) ! rejects situational conditions of unfulfilled situational problems
ELSEIF(iSC .EQ. .true.) THEN
ENDIF
END DO
CALL sit_intervals(SP_Q) ! Time intervals determination

Fig. 3. Code fragment illustrated the presented algorithm

Other situational conditions located further in the queue and associated with the same
situational problem may remain unchecked after a currently tested unfulfillable situation condition (the
value of the predicate function is 0 and the situational problem is deleted). If these situational
conditions continue to stay in the queue (SC_Q) for following checking this will produce unnecessary,
over calculations.

Copping with this issue is possible by two ways. The first one is related to preliminary check if
the situational problem is in the queue of the problems. According to the second approach, all
situational conditions related to the particular unfilled situational problem are deleted. After that, a
checking of the next situational condition in the queue is performed.
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When all situation conditions in the SC_Q queue are finished (all correspond predicate
functions are checked), in the queue of situational problems SP_Q may eventually remain only such
tasks, that can be executable according to the constraints in situational conditions at all current points
in the time. The entire time interval when a situational problem is executable is determined on the
basis of all consecutive moments of time when the relevant conditions are met.

Conclusion and future work

The proposed algorithm for situational analysis is universal unlike the previously developed
one [16]. This algorithm could be applied to solve situational problems no matter whether they have or
not equal situational conditions. A case when all situational problems haven't equal situational
conditions is possible. So, this approach is universal and is interesting to investigate and analyze its
priorities and disadvantages in different cases. Experiments for comparison of efficiency of the two
algorithms are necessary to be performed.

Special attention will be directed toward establishing potential possibilities for parallelization of
this algorithm. The influence of data locality and latency of different storage levels will be investigated
too. The last is important when high-dimensional problems are solved.
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Abstract: We present some possible mechanisms that provoke development of vortices in accreting
flow in binary star systems. We use the standard configuration of close binary systems with the distance between
the stars, comparable to their size. It includes: interacting flow between the components, mass transfer through
the Lagrangian point, accretion disc around the compact object. Numerical gas dynamical calculations are applied
on the base conditions of the baroclinic instability and Rossby wave instability. These two instabilities are
considered to be the main engines for the vorticity production in the flow.

CbCTOAHUA HA HEYCTONYMBOCTU KATO MEXAHWU3MU 3A PA3BBUTUE
HA BUXPOBU CTPYKTYPU B TECHU IBOUHU 3BE3U

OdaHnena boHeBa

UHecmumym 3a kocmuyecku uscredsaHusi U mexHomnoeuu — bbnzapcka akademus Ha Haykume
e-mail: danvasan@space.bas.bg

Knrovyoeu dymu: 3ee3du: [leoliHu 38e30u; Akpeuusi; Heycmolivusocmu: Buxposu cmpykmypu;

Pesrome: B ma3u cmamusi ca npedcmageHU HSKOU 8b3MOXHU MexaHu3Mmu, koumo buxa moenu 0Oa
npedu3sukam pa3gumuemo Ha 8UXPU 8 aKpeUUOHHOMO medyeHue 8 080UHU 38e30HU cucmemu. M3non3eaHa e
cmaHOapmHa KOHguaypayus Ha mscHa 0solUHa cucmema C pa3cmosiHue MmexoOy 38e3dume, cpasHUMO C
mexHume pasmepu. Tosa CbWO 8KY8a Hanu4due Ha e3aumodelicmeawo medeHue Mex0y KOMIoOHeHmume,
mpaHcghep Ha Maca rnpe3 moykama Ha JlagpaHx, akpeyuoHeH OUCK OKOJ/I0 KOMIakmHusi obekm.
lMpunoxeHu ca yucneHu 2a3o-OUHaMUYHU CUMynayuu 8bpxy OCHOBHUME yCrl08Us 3a 8b3HUK8aHe Ha 6apOKIUHHa
Heycmoulyusocm U Heycmouyueocm Ha Po3bu ebsiHu. Te3u dse Heycmou4yugocmu ca CHYUMaHU 3a OCHOBHU
delicmeauwu MexaHU3MU rpu obpasyesaHemo Ha euxpu 8 Momoka.

I. Introduction

In close binary stars, the most common processes are related to the flow interaction between
the components. The incoming flow usually meets the matter around primary star and the resulting
effect comes to the accretion disc structure formation.

This research is based on the aim of searching the mechanisms that enforce angular
momentum transportation and this way to increase of accretion rate. A configuration of vortices in the
regions with accreting flow is one of the most considered mechanisms as an efficient angular
momentum transportation [2] in regions where the magneto-rotational instability [1] does not operate.

The simulations of Klahr and Bodenheimer in [8] show that non-magnetic turbulence can drive
outward angular momentum transport and is maintained itself by the resulting accretion process.
There are many hydrodynamics studies in finding the way of vortices appear and their further behavior
in the flow. According to the investigations of Klahr [8], baroclinic instabilities could arise in rotating
fluids when there is an inclination between surfaces of constant density and the constant pressure
[22]. In this case vorticity per unit surface density is not conserved (Kelvin's circulation theorem, see
e.g. Pedlosky 1987 [19]), and vortices can be generated.
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Vortices can be generated by a globally unstable radial entropy gradient [8] that may result in

local outward transport of angular momentum. The first global (2D) simulation of an accretion disc
allowing for the baroclinic instability results in large vortices form. These vortices are long-lived high-
pressure anti-cyclones with an over-density by a factor of up to four.
Johnson and Gammie in [18] give a very realistic way of the initial vorticity generation. They have
noted that the remaining vorticity can be generated from "finite-amplitude compressive perturbations”.
Shen et al. [21] examine the formation of 2D vortices starting from 2D turbulence in fully compressible
simulations. Such a situation could be baroclinically unstable, and in fact that region is found to be
associated with outward transport of angular momentum. Lyra in [14] talks about the SBI (Subcritical
Baroclinic Instability), which is processing to keep up large-scale vortices in the presence of a radial
entropy gradient and thermal diminution.

Three-dimensional, cylindrical numerical simulation shows a growth of strong and steady
vortex in a differentially rotating disc. It appears in the result of the Rossby Wave Instability [10], [13],
[16], which has been studied in various astrophysical contexts such as in protoplanetary discs or in the
accretion disc of compact objects.

Lovelace et al. [13] and Li et al. [10] investigated the stability of a strong local entropy maximum in a
thin Keplerian disk and found the situation to be unstable to the formation of Rossby waves, which
transported angular momentum outward and ultimately formed vortices [11].

In this paper we suggest our interpretation and results of the conditions and mechanisms that

could cause development of vortical — like structures in the accreting flow in binary star system.

Il. Engines that cause vorticity in the accretion flow

a) Disturbances in the flow and equations.

In the result of the mass transfer from the secondary to the primary star, the flow around the
accreted object doesn’t remain stable. It could be disturbed in the terms of velocity and density in time:

V:V+U;pq=p+p'; p=P+p';¥’q:¥’+5V'

where V, Pq: p,Y’q are the total quantities of velocity, density, pressure and vorticity respectively;

v,p,P,¥ are the time averaged values; u,p ,p ,¥ are the perturbations in time. The exponential
form of the perturbation terms [3] give influence on the Navier — Stokes equations (egs. 1), (see also
[3], Boneva & Filipov 2012: Appendix — this equation is expressed in cylindrical coordinates (r,¢,2)

with the perturbed quantities) and on the vortical transport equation (eq. 2) [3].

(1) %.,.V,Vv:—lVP—Qx(_er)—ZQxV—Vd)+VV2v

yo)

The basic notations are: p - is the mass density of the flow, Vv - is the velocity of the flow; P -
is the pressure; v - is the kinematics viscosity; (2 - is the angular velocity; 2 x (.(2 X r) is the

centrifugal acceleration of the centrifugal force; and 242 x v is the Coriolis acceleration in the mean
of the Coriolis force. In the current analysis p # const and v = 0. @ is the gravitational potential

and it depends on the density distribution inside each of the star's component [5].

After the flow has once been perturbed, it could be transformed to the variety of unstable
states, which might produce a development of vortical like structures throughout the whole disc. One
way to explain the vortex formation is the operation of the vorticity equation (or its transformation as a
vortical transport equation).

The vortical transport equation is related to the examination of transfer's mechanisms in the
flow. This equation could be derived in the following commonly used way, how it has been done by
Nauta, Lithwick, Godon in [7], [12], [17]. If the curl of Navier-Stokes equations is considered and using
the expressions: ¥ =V x v , which gives the vorticity in the flow; as well as:

Vv = VV% -vx¥ and (a—lp +v.V]i = M
ot el p3

then the following expression, which we would call “the vortical transport equation” is obtained:
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Here ¥ - is the vorticity; D - is the diffusion coefficient (or matrix of the transport coefficient).
This equation expresses the relation between the transport coefficient, which takes part in the angular
momentum transfer, evolution of the vorticity with time and the non-conserve relationship between
density and pressure in the flow. Non-conservancy of specific vorticity by the each fluid element is
observed in the right-hand side of Eg. (2), which gives a condition for baroclinicity in the flow [13] and
enables the development of vortices in the accretion matter.

b) Baroclinic instability

According to the baroclinicity conditions of Klahr and Bodenhiemer [8], misalignment of
pressure gradient and density gradient is required wherever there is azimuthal density gradient. This
misalignment acts as a source term for the generation of vorticity in the region of outer edge of the
disc.

The baroclinicity of the general flow is given by the baroclinic term [9], [20]:

Vp(r,z,(/))pr(r,z,(p)¢O . The importance for this instability is the non-axisymetric deviations from
the mean state which can lead to the rise of the baroclinic term even in two dimensions:
Vp(r,qo) X Vp(r,(p) # 0 and vorticity can be generated. This instability, known as baroclinic [8], [9]

and the corresponding baroclinic term is responsible for the vortex production, as it is the only source
term in the vorticity equation. Following this formulation, we perform a computational analysis to reveal
one possible way of the vorticity appearance, based on the vortical transport equation (Eq. 2), [8]. For
the purpose, the box - frame model is created (see Boneva & Filipov, 2012) [3].

The introduced boundary conditions in this model are of Dirichlet- and Cauchy type:

N(1+n) = K(x,y)- %ﬁ ro(0) = 0 is the radius of the vortex; K(x,y) is the boundary area of

ory ot

the equations activity: ~108m2 -~6.68><10_10 AU, for x and y respectively. We place the
cylindrical coordinates (r,e,z) frame for the equations and quadratic (X,y) set for the numerical
scheme. We perform a series of runs with zero initial vorticity, but different from zero the initial

: -6 -3
turbulence values:  v(0) = v, ?’r#,(to) -0, pltg)=,0~25x10"°kg/m~°, tg ~1, and
Ih = 1.
Results of the simulations show a vortex type growth in r,p plane of the disc zone. The box-
frame values range from about 7.6 x 10_3 AU ...t0...6.68 x 10_3 AU and  from
7.6 x 10_6 AU ...t0...6.68 x 10_6 AU , corresponding to the above values of X and vy, referred to as

Xl and Y.

After the numerical analysis, given in details in [3], the development of vortical-like patterns in
the flow could be expressed in the next simulations:

yal

(a) (b)

Fig. 1. Simulations of the vortical patterns production in the result of Baroclinic instability ([3], [4]). Figures
illustrate the final stages of the development of vortical structures in the disc flow in 2D (fig. 1a) and 3D (fig.2b)

view. The sizes of the pictures frames referred to the defined in boundary conditions values, ranged for Xa1 and

Va1 The light Blue and dark Blue colours (light and dark in a grey scale for the printed version) show the

difference in density in the interacting flow layers. The density values are increasing from dark to the light zone.
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Now we can summarize that to describe the vortex production we need: the vortex equation,
which to be converted in the vortical transport equation; plus baroclinicity conditions as a source of the
vortex.

The analysis on the construction of vortical transport equation, (see Boneva & Filipov 2012,
Eqg. 5) [3], shows that it is an expression of the whole disc’s structure analog. It gives the relation
between the angular momentum transport part (the last term in the right hand side) and describes the
sources of the transport mechanism in sense of the vorticity function, and the patterns development.

¢) Rossby wave instability

In an unmagnetized differentially rotating disc, the vortices can be generated by the operation
of Rossby Wave Instability [11], [13], [15]. This instability is usually proceeds in areas with variations in
the density values and density accumulation.

The instability occurs, where the local extremum in the radial profile of the quantity H(r)

exists, related to the vorticity of the equilibrium flow. It is initially given by Li et al. in [10], later applied
by Meheut et al. in [15], [16] and here takes the form:

2
H(r) = A(r)iy A= & = %; ( f 4 is the vorticity ¥); f2 is the square of the epicyclic

P £2
frequency, p is the volume density, y the adiabatic index, @ is the rotation frequency. Then we
have: H(r) = Li
2¥Y p7

One possibility for the extremum in H(r) is found to be near marginally stable orbit around the

compact object, where the maximum of the dispersion relation of Rossby waves could be written here
in the next form, following the expressions of Lovelace [13] and Meheut [15]:

f,Cs/O 2,.2
® ro-—2% ) iy - L
1+ 2n Lskp

where Lis the length scale of the entropy variation, Lp is the length scale of the pressure variation;

24 f¢2+ fzz,hzcs/G); ®=v(p/r.

Following Eq.(3) the maximum occures for (In 17) = 0 and it is obtained to be:

o is the frequency mode; Cg - the speed of sound,; f2 = fr

max(e) _ |Tples/€?

(1+ fzhz)%(Lst)%

Then, its simplified form becomes:

() @i(max) =

1
LI E
1 Vk LsL
(1+ fzhzjé P
Further, the equations 3-5 (Egs. 3-5) are applied to investigate the flow states under the conditions
and operation of the Rossby wave instability. For this calculation we employ 2D frame-scheme, and

the same initially conditions as in the Section (Il a).

Taking in account the whole disc’s conditions and equations, the calculations are resulting in
the next 3 figures. They give us one visualization of the vortices formation:
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(b)

Fig. 2. Stages and snapshots pictures of the vorticity formation in the result of Rossby wave instability. Figure (a)
illustrates the process of initial vortencity in the flow (in a (r,p)frame). It is presented as the velocity vectors
(green lines) and density layers (dark and light thick lines) along the area, where Rossby vortex is generating.
Figure (b) shows the single Rossby vortex, situated in the flow. The light and dark blue colors correspond
to the different density layers. The simulation at fig. (c) presents the development of small vortex formations along
to the inner part of the accretion disc.

The grids of the Figures 2 (a,b,c) correspond to the calculation frame scheme. Their sizes are not
related to the boundary condition, given in the model explanation in Section (lla) and [3].

Ill. Conclusion

In the studied interaction parts of the binary star flow, the speed of the tidal flow is close to the
speed of sound. Then, the incoming wave from the secondary to the primary star may cause some
perturbations in quantities, which could change the dynamics of the gas flow. After applying the
numerical methods via numerical code the result shows the presence of two-dimensional vortical
patterns.

Vortices are usually local formations, but under the conditions assumed here, they could
propagate globally throughout the disc. This type of vortices has often been observed in 2-D
simulations of accretion discs. We have been started applying simulations in a 3-D calculating box -
framed scheme, according to the model above, but still in a 2-D reference grid. The results in 3-D will
be a part of the future work.

Vortices can be generated by two-dimensional instability as the Rossby wave instability or
baroclinic instability, which have been investigated in recent years.

In depend on the dominant activity of the suggested in this paper vorticity generation engines, they
could appear as single structures or in a group of several vortices.

In the cases, when the vortices are developed not as a single structure, they could be
considered as a chain with tied to each other vortex formations. Further they can evolve as they start
merge and form a larger vortex-like or other density structure. Or they could continue their movement
throughout the whole disc until their decaying phase ends.
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Pe3rome: Llenma e W3cnedsaHe Ha pa3wupeHuemo Ha aldg8ekmueHama xurome3sa 6be8 obujama
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Abstract: The aim is to research the expansion of advective hypothesis in the theory of the general
relativity (GR).To trace prerequisites for the emergence of connections the disk to the other Quasar elements , as
a consequence of the realization of the mechanism.

BbBeneHune

B Ttasm ctatua e onpeageneHa ocHOBHaTa Nocoka Ha G6baewmnTe HWU nscnegsaHusa. Llenta e
0600LeHne Ha pa3paboTeHus aHanUTU4YeH MoAen 3a CTPyKTypupaHe Ha KomnoHeHTuTe Ha AGNs B
GR. LLle Tbpcum oTroBopuK Ha crieaHNTe BLMNPOCH:

1. OnpegensiHe Ha Ha4yMHa, NO KOWTO Ce pasBMBa He-gedopmupaliata agsekuus B obwara
Teopusi Ha OTHOCUTESTHOCTTa U BannanpaHeTo U Kato dyHAaMeHTaneH MexaHn3bM;

2. NpeHTudmkaums 1M mn3yvyaBaHe eCTeCTBOTO Ha MPUYUHHO-CrieACTBEHATa BpPb3Ka, KOSATO
ocurypsiBa HETEPMUYEH KOHTPOIT BbPXY MEXaHM3Ma Ha agBeKLMS;

3. OueHka Ha cTeneHTa Ha yHudurkauus Ha mogena Ha Al'A;

4. [pyrvn BbNPOCK, KOUTO MOraT Aa Bb3HUKHAT B X04a Ha NPOy4YBaHETO ;

Wilson error

Wilson [2, 3, 9] pasrnexaa agBekuusita B perlaTuBnama 1 CbLLO KaTo aBTOPUTE Ha afBeKUMS C
nedopmaunss B reoMeTpusita Ha CpedHoTO TeyeHue (Ha drnymaHa CTPykTypa B MHOroobpasuneTo)
npeHebperesa agBEKTUBHOTO OENCTBUE HA KOMMOHEHTa dv; /ot.

(at +Vj8Xj }/i = 0,V+VVV =, Toil npaBn kapavHanHa rpellka nofBefeH OT onuTa cu ¢

penatueucTkata uavka, Kato MynTUnNIMuupa rnpocmpaHcmeeHama agsekumsi. Wilson cam ycela
Tasu rpelika B 3arybata Ha KOHCepBaTUBHOCT. 3aToBa Ce CTPpeMu [a A KopurMpa v Bb3TaHasu
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1o
KOHCEPBATMBHOCTA Ha 3aKOHa :>8tV+EV(V) , HO B OENCTBUTENHOCT M3BbpLUBa noamMdAaHa Ha

=0, =0
MexaHu3Ma Ha Bb36yxaaHe, KOSTO e HEeKOPeKTHa M OTHOBO AoBeXaa i .

MogoobHO Ha ocTaHanuTe HEMbITHU PEXUMN — paguanHa u opbutanHa agBekUuns B akpeLnOHHN
OUCKOBE WM afBekuus B NnaHeTapHu atmocdepn u npbeTeHn, Wilson pasrnexga LoKoBu
U3MEeHeHNs1 Ha NapamMeTpuTe Ha NoToKa Npu cynepHoBu. VI UMMHHO TaMm cu NponunyaBa COBCTBEHO OT
obekTa 4Ye TOMW rpewn, NOHexXe OTHOBO MexaHu3ma cneasa msbpaHa nocoka tpagumanHa 3aegHo ¢
npucBoeHaTa Nocoka Ha BpemeTo.

3a pasnvka OT gedopmupalnTe pexnMu, KOWTO MOXe Aa ce pasrnexgar KaTto HembiHu
rpaHnLK, 3aLl0TO He NOAMEHSIT MEXaHU3Ma, HEroBOTO pasrnexaaHe € HEKOPEKTHO 1 Mopaau ToBa ye
He paboTu Npy HUCKa 1 BUCOKA rpaHuLa, T.e NpuU KBasn-Knacudecku npexon (gonHa rpaHuua 3a OTO)
n/vnn npn MHoroobpasunsi oT No BMUCOK knac paamepHoctn M(n, m) and N(n,0) (ropHa rpaHuua).

N3rpagnxme reoMeTpu4HO TbHBK, OnTuveckn aeben, egHo-TemnepaTypeH Kenmepos Auck B
HOpMariHO MarHWTHO Nofie OKOMo YepHa Aynka. Mogena e nocTpoeH B ranunesun TpaHchopmaumm [5,
6, 10-14] c ncespgo-HwoToHOBa nonpaska [1, 7]. [py nnaBHO [AoCTUraHe Ha YynNTpa BWUCOKK
TemnepaTypu, Kakto e nokasaHo B [11, 13], Hama ycnosus 3a gedopmauus Ha notoka. Agsekuusita
ce pasrpblya MocTeneHHO 3a TemnepaTypu MO-HUCKU OT obLionpueTuTe A0 MbNHWUA KanauuTeT Ha
MeXaHU3bMa, KaTo Ce YCTaHOBSIBa B PEXUM Ha CaMOMHOYKUMSA NpU BUPManNHW TemnepaTypu.

Mpun TO3M KBa3u-kNacu4eckn NOAX0A aAaBekumaTa nod opmaTa Ha NbreH agBekTUBEH YrneH (1)
€ eCTeCTBEHO U3BeJeHa B ypaBHEHUATa, ONUCBaLLM AMHaMUKaTa Ha noToka:

(1) j j

Hsma HeecTeCcTBEHO HeCbInacyBaHO WHAMBUAYANHO W3MeHeHWe 3a edHa unu gpyra ot
KOMMOHEHTUTE Ha CKOPOCTTA; U He ce UrHopupa AeicTBUeTo Ha dv; / ot. ToBa 03HavaBa, Ye Bb3HUKBA
M3MecTBaHe Ha CpPeOHOTO TeYeHMe CbC CKOPOCT V; BbB HsIKakBa MoCOKa, KaTo ce 3anasBa HerosaTa
npvpoaa.

B ropHaTta rpaHuua npu cmMmeceHn maMepeHua NbliHUnA BUO Ha penaTtuBucKata aaBeKuunA (2)

BKI0MBA KOHKpPETHa NPOCTpaHCTBEHa NOCOKa 3aeHO C NPMCBOEHaTa Nocoka Ha BPeMEeTO T, KOSImMOo ce
onpedersisi 0m 3Haka Ha eHmporusima 8 MHo2o00bpasuemo.

1. M(n, m)

(2) (GT +V;0, }\/ij , Kb1ETO Vi = %

]

CkopocTa He npaBu pasnvka Mexay MpOCTPaHCTBEHUM U BPEMEBU W3MEPEHUS, KaKBaTo €
CbLUMHCKATa KOHLENUMS Ha penaTtMBucTkaTa manka. 3atoBa B YNCTO BPEMEBO MHOroobpasune moxe
[a ce BUan caMoTo OTMeCcTBaHe no Bpeme (3-4):

2. N(n, 0)

(3) (é‘ti +Vjia;(,- M‘ = (ati +Vii [Vx EO])‘/ij :ﬁatj
@) (0, +vyo, by =0, +v;0, by =0, (B+1)

To He e go6aBeHO M3KYCTBEHO Ha pbKa, a € eCTeCTBEHO U3BEeOEHO B ypaBHEHUATa Ha penaTuBUCTKa
agBekuus.
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PenatuBuctka agBeKkuus

PenatmBucTkata agBekums ce onpefenst oT ABa paktopa — TOMOSMOMMSITA HA MarHUTHOTO
none u camorpaBuTauuaTa Ha dopmauusTa B KOATO afBekuusata Bb3HukBa. CamorpaBuTaumsTa v
POHOBMSA MOTEHUAN OnNpeaeneHn OT MeTpukaTa Ha MpPOCTPaHCTBO-BPEMETO Ca CBbP3aHW MPSAKO C
pasBuBallaTa ce afBeKLUs, NOHEXe B Ka4eCTBOTO CM Ha NMbreH andepeHuman, Ta TpsabBa TOYHO ga
cnefBa meTpukata Ha MHoroobpasueto [4, 8]. JokaTo MarHMTHOTO Mofe Bb3gencTea yYpes3 obpaTtHa
Bpb3ka Ha MexaHu3ma.

ToBa o3Ha4yaBa 4e ako Hanpumep MHOroobpasveTo e cTpaTUduLMpaHO MO HAKaKbB MpU3HaK
(no Gpon wn3MepeHusi; KBaHTOBO KITOHUpaAHe; NPOCTpPaHCTBEHa MNNbTHOCT...) NnsiBaTa CcTpaHa Ha
ypaBHeHudATa (5) Wwe e egHa M Ccbla, HO OTroBopa B pe3ynTtat Ha obpaTHO u3obpaxeHue ot
aKTOpM3MpaHOTO pascroeHne — gacHaTta ctpaHa (6) B ogenHute cnoeeBe Ha MHOroobpasueTto Lie
Obae pasnuueH.

g
wn W <

To Toi| (ed md
T, T.) lefd mfd

]

®) T, =

Bp'b3KMTe Mexay enemMeHTUTe Ha KBasapa

Me)KJJ,yKOMI'IOHeHTHI/ITe BPBb3KN B AlA ce n3rpaxaat ¢ pa3BuTUETO Ha agBeKUUA B TAX:

- B ducka

Pa3BKBaLLOTO Ce MarHWTHO More rapaHTUpa Cb3AaBaHeTO Ha KOMMaKTHW YNITbTHEHN PErMOHU
reHeTUYHO HecBbp3aHM CbC cnupanute. PopmupaTt ce aaBeKTUBHU MPBLCTEHU (7-8) - Ype3 YacTUYHO
3aMpassiBaHe TOKa B AMcKa BoaM nnasmara; Ta ro crnefBa U ce ynnbTHsABA, o6pasysat ce dnynaHu
CBETOBOAM, KOUTO 3aabpkaT Beve hOpMMPaHOTO JibYeHUe B NpbCcTeHnTe. OrynaHuTe CBETOBOAM ca
HOB MHAMBUOYyamneH MeXaHU3bM, KOMTO KOHTpONMpa TEPMWUYHOTO Bb3GykaaHe Ha aaBekums [12].
CamorpaButauusita B npbcTeHa (7) ce Bnvsie NPsikO OT YMIbTHABAHETO My. TS KOHTponupa
JOMbJIHUTENEH MEXaHW3bM Ha He-TepMUYHO Bb3OyxaaHe Ha afBekuus (KbApW MHOroobpasneTo),
CBBbP3aHO C flokarHaTa MeTpuka Ha NpocTpaHCTBO-BpeMeTo [16].

- ds? = g, dt* + 29, dtde +g,,,de* +dr? +dz?

o), 0 (g Ymp| Dy M|, DY
@ " A T BT

- B kopoHama

Pa3BnTMeTO Ha kopoHaTa M MO HaTaTblHATa M €BOSOLMSA 3aBMCAT OT MpoLecute Mo
rpaHuLaTa B cucTemMaTa OUCK-KOpoHa. AfBekuusitTa B gucka ce camouHayupa. lNpbcTeHuTe ca
MobunHn (8). ToBa ocurypsiBa akTMBHO a[BEKTMBHO HarpsiBaHe B MOAMOXKaTa WM MNogbpXxa
ObNbroXxumeyLla kopoHa [12].

- B ueHmpanHusm obekm — BH

AgsekTnBHMAT BUHT (9-10) e nNpoabikeHWe Ha adBeKTUBHATa cnupana cnej nocnegHara
cTtabunHa opbuta Ha ANCK OT BbTPELIHUSA pb6 KbM 1 B KOMNAKTHUS OBEKT:

@ 8 = g.dt” +29,,dtdp+g,,de’ +dr® +dz’
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Tasu my chopma e npsika nocneguua oT ToBa, Ye aABeKUUsiTa TOUHO Aa crefBa MeTpukaTa Ha
MHoroobpaswueTo [16].

T(M ﬂs)
(10) D~

npeancrasndaBa TepMoanHaMnYeH NMblieH aaBEeKTUBEH nmd)epeHuman, C orneg Ha (baKTa, ye
aaBeKkunAaTa Bb3HUKBA NbPBO B AUCKOBUA KOMMOHEHT U Ce€ pa3BMBa BbB BPBb3KUTE MY C OCTaHanute
eJ1IeMEHTU.

3akno4veHune

Pe3yntatute oT kBa3u-KkNnacU4eCKUsIT MOAEN Ha AMCKa NokasBaT Bb3MOXHOCTU 3a €CTECTBEH
npexop [15] B obaTta otHocuTenHocT OTO. TakaBa TeopeTuyHa pa3paboTka Lie faae LWMPOoKo none
Ha MpunoXeHne KbM peanHy OBGeKTM 3a TECTBAHETO Ha CTeneHTa Ha yHudukauust Ha mogena 3a
CTpyKTypaTa un eBonounaTa Ha Al'A

3a ga ce mogynupat npobnemMuTe Ha yHUcmkaumaTa u pesyntatute oT UHTeprnpeTaumsaTa Ha
Ka4eCTBEHO HMBO, LLe Ce TbpPCAT OMNTMMAarHW TEOPETUYHM WU EeKCNEePUMEHTaNHM WHCTPYMEHTH,
BKIMIOUMTENHO HAbNogeHNe Ha JOCTATbYHO rofisiM GpPOr M3TOYHMLM, NOOXOASLM YUCTIEHN METOAM U
MEeToaMN Ha NossipUMETpPUS.
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Pe3rome: PasznedaHa e npozpamama Ha Hay4Hama ekcrneduuyusi 3a HabmodeHue Ha Benukomo
AMEpPUKaHCKO MbJIHO CITbHYe80 3ambMHeHue Ha 21 aszycm 20172. Ta 6e nodzomeeHa 3aedHO CbC
crneyuanucmu Ha Pyckama, ®peHckama u Eesunemckama Akademuss Ha Haykume.HabnwodamenHama
anapamypa be pasrnosioxeHa 8 patioHa Ha 2pad CelHm [xoyseq, CALL, 6ru3o do peka Mucypu.

3a uscnedsaHusima Ha 6snama u MOHOXpoOMamu4Ha KOpOHa, 3a MemeoporiogudHama obcmaHoska u
ceemeHemo Ha Hebemo b6sixa npedsudeHu meneckonu — 130/2 000 (Makcymos-KacazgpeH) u 80/840

pegppakmop, mecHousuYeH 3erieH uImbp (A= 5 303/4), gomoanapamu ,KaHoH” EOC, nykcmempu,
sudeoKkamepu, agmomMamuyHa KrumamuyHa crmaHyus U KOMompu.

lMvrHOMo cbHYeso 3ambMHeHUe Ha 21 aszycm 20172. e nbpeomo 8 CALL om 99 200uHU Hacam u
npecu4ya cmpaHama om OpezoH 0o KOxHa KaponuHa. Hue ycnsixme 4yacmu4Ho da Habrirodasame sierieHUemo
rnopadu 8He3arHo U3MeHUIuUme ce ammMocehepHU yCrio8uUsl, HO MOJIyHUXMe MpeKkpacHu ghomoepaghuu om Hawume
amMepuKaHCKU U (bpeHCKU Koreau.

THE GREAT AMERICAN ECLIPSE ON AUGUST 21, 2017 -
OBSERVATIONS AND RESULTS

Penka Malgova®, Alexey Stoev', Sergey Kusin?, Beshir Marzouk?,
Andrey Pertsov’, Mohamed Semeida®

lSpace Research and Technology Institute — Bulgarian Academy of Sciences
2| ebedev Physical Institute, Russian Academy of Sciences, Moscow
®National Research Institute of Astronomy and Geophysics, 11421 Helwan, Cairo, Egypt
e-mail: penm@abv.bg, kuzin@maill.lebedev.ru, bmarzoke@yahoo.com

Keywords: White light and monochromatic corona, total solar eclipse,

Abstract: The program of the scientific expedition for observation of the Great American total solar
eclipse on August 21, 2017 is considered. It has been jointly prepared with specialists from the Russian, French
and Egyptian Academy of Sciences. The observational equipment was located in the area of the town St.
Joseph, USA, near the Missouri River.

For the investigations of the white light and monochromatic corona, atmospheric response during the
eclipse and variations of the sky illumination were provided telescopes - 130/2,000 (Macsutov-Cassegrain) and
80/840 refractor, narrow-band green filter (A= 5 303,4), EOS Canon cameras, meteorological conditions and
skylight , luxmeters, videocamers, automatic climate control station and computers.

Total solar eclipse on August 21, 2017 has been the first in the United States since 99 years and crosses
the country from Oregon to South Carolina. We partly managed to observe the phenomenon due to suddenly
changed weather conditions, but we received wonderful photographs from our American and French colleagues.
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BbBeneHue

Kocmuyecknte obcepBaTopmmn NpeaoCcTaBsAT OFPOMHM Bb3MOXHOCTM 3a U3yvaBaHe dusukarta
Ha cnbHYeBaTa KopoHa. HaszemHuTe HabnogeHus Mo Bpeme Ha MbIHW CITbHYEBM 3aTbMHEHUS HU
JaBaT LWaHC da u3criejBame Hal-BbTpellHaTa 4YacT Ha KopoHata. Taka nony4yaBame GeslLeHHa
nHcpopMaums 3a rnoGarnHoTo M NoKanHO MarHWTHO MOJIE Ha CITbHLETO, 3a HarpsiBaHeTo, CTPyKTypaTa
W AMHamuKaTa Ha KopoHaTa.

MbnHO cNbHYEBO 3aTbMHEHME Ce NoABsABA HAKbAE Mo 3emsATa Bcekn 18 meceua.

Earth

Moon
Sun

Umbra
Total eclipse

Penumbra Path of

(Not to scale) Partial eclipse eclipse

dur. 1. Cxema Ha NbITHO CIMTbHYEBO 3aTbMHEHNE

Jlynata HanbnHO 3akpuBa CnbHueto. [pe3 ToBa Bpeme MOXe Aa Cce BuMOW CTPyKTypaTa Ha
KOpoHaTa - BbHWHaTa aTtmocdepa Ha CnbHUETO, KOATO HOpMarHo € ckputa OT no-Apkata
doTocepa. ToBa e orpoMHa 00nacT OT cynep HarpaT ras, KOMTO ce yabpKa OT MarHUTHOTO MoJsie Ha
CnbHueTo. KoraTto ce 6noknpa gotoccepara, KopoHaTa ce NosiBsBa C LsnaTta cu npenect - bneaa,
neprieHa cBeTNMHa U CTPUMEPHU, N3MM3aLLm OT NOBbPXHOCTTa Ha CbHUETO.

CbcTaBHUTE M306paxXeHUss U U3MepBaHuWsl, HarnpaBeHW MO BPEME Ha NpPeduHM 3aTbMHEHUS
pasKkpuBarT, Ye KopoHaTa € CbCTaBeHa OT CMOXHWU BUXPU OT ras, MHOIo No-ropeLy, oT NOBbPXHOCTTA Ha
CobHueTo. Temnepartyparta Tam e okono 6000 rpagyca no KeneuH, a Ha kopoHaTta e cpeaHo 1 MUMOH
rpagyca no KensvH. ®yHoameHTanHMAT BBMPOC, KOMTO 3agaBame e "KakBo npuynHABa TOBa
HarpsiBaHe?"

Mpu HabnogeHne OOMKHOBEHO ce wm3nonssaT ObAroOoKycHM OOEKTUBM, KOWTO MoraT Ada
3acHemat wusobpaxeHus Ha KopoHaTa BbB Buaumarta cBeTnvHa. [lpaBAT ce w  chnekTpanHu
n3MepBaHus, 3a Oa ce BMOM KOW ernemMeHTM npucbcTBaT B KopoHaTta M KOnKo ropewm ca Te.
XapakTepHu ca eMUCUUTE Ha MHOTOKPATHO WOHU3MPAaHWTE XEre3HW aTtoMu B 3efieHa, XbiTa U
yepBeHa cBeTnMHa. 3a ga JOCTUrHaT ToBa CbCTOAHME, Te TpsibBa Oa ce HarpesaT 4O MHOrO BUCOKU
TemnepaTtypu. Taka, 3aTbMHEHMETO HW MPEAOCTaBsl YHUKanHaTa Bb3MOXHOCT 3a onpefensiHe Ha
TEPMUYHOTO CbCTOsIHME Ha KopoHaTta Ha CnbHUETO.

XapakTepuCTUKU Ha NBITHOTO CN'bHYEBO 3aTbMHeHMe Ha 21 aBrycTt 2017 r.:

Benukoto amepukaHcko 3aTbMHeHMe e nmbpBoTo B CALL oT 99 rogmHm Hacam u npecuda
CcTpaHaTa OT 3anag Ha u3tok - oT OperoH go KOxHa KaponuvHa. Aenenueto 3anoyea B 09:06 PDT
(Pasific Daylight Time) (4:06 PM UTC (Coordinated Universal Time)) n 3aBbpwBa B 4:06 PM EDT
(Eastern Daylight Time) (8:06 PM UTC). Hawn-ronsmaTta npogbixUTENHOCT Ha nbrHata ¢asa e 2
MUHYTU 1 41.6 cekyHam B Kapbongenn, UnuHoric. CNbHUETO € B MMHMMYMa Ha CBOSITa aKTUBHOCT.

Benvko 3aTbMHeHMe ce Habniogasa KoraTo ocTa Ha fyHHaTa CsHka MUHaBa Hain-6rm3o go
LeHTbpa Ha 3emsATa, a Benuka npoabmkMTENHOCT Ce nony4vasa Korato AbiKnHaTa Ha fyHHaTa CsiHka
[oCTura MakCMMyM Mo FIMHUSTA Ha ToTanuTeTa.
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dur. 2. BenukoTto aMepPUKaHCKO 3aTbMHEHMEe

Msicto Ha HabnogeHue:

EkcneguuuaTta 3a HabnwgeHne Ha MbIIHOTO CITbHYEBO 3aTbMHeHMe Ha 21 aBrycT 2017r. 6e
opraHusnpaHa ¢ nomolita Ha npod. xen MNacavos, pbkoBogMTEN HaA paboTHaTa rpyna no ClibHYeBn
3aTbMHeHns Ha MexayHapogHms ACTPOHOMMUYECKM Chio3.

AnapaTtypata 3a HabniogeHve ©Oe pasnonoxeHa B HauuoHanHua napk Ha rpag CewHT
xoysed, CALL, kpan peka Mucypu, B LleHTpanHaTta NMHUSA Ha 3aTbMHEHMeTo. ToBa € MSACTOTO C
Han-yncTo Hebe npes aBrycT. TyK 1 NPOABIMKUTENHOCTTA Ha NbnHaTta pa3a e egHa OT HanW-gbNUTE -
2 muHyTM n 38 cekyHau. leorpadckute koopauHatn ca ¢ = 39°47'23.1" N, A =94°52'42.6" E,
Alt. = 253m.

ST. JOSEPH, MO
* RIGHT inthe
M

®ur. 3. Ebnemata 3a HabnogeHe Ha NbIHOTO CBHYEBO 3aTbMHeHMeE B rp. CenHT [xoy3ed

B CewHT [x0oy3ed 3aTbMHeHMeTO 3anoysa B 11:40:34 MeCTHO BpeMe 1 CNBHLETO € Ha
BMCOYMHA 54.1° Ha 10rounsToK.

MbnHaTa dasa 3anoysa B 13:06:19 1 cnbHLETO € Ha BUcoYMHa 61.9° Ha tor.

Makcumyma Ha 3aTbMHeHueTo e B 13:07:38 1 crbHUETO e Ha B1ucovmHa 61.9° Ha tor.

KpasT Ha nbnHaTa pasa e B B 13:08:57 1 cnbHUETO € Ha BucounHa 61.9° Ha tor.

KpaaTt Ha 3aTbMHeHMETO € B B 14:34:27 1 CMbHLUETO € Ha BucoYMHa 57.9 °Ha torosanag.

Npapn CenHT [xoy3ed e pasnonoxeH Ha Opera Ha peka Mucypy u e M3BECTEH CbC
3abenexuTenHata cu apxuTekTypa, apTUCTMYHa U My3uKanHa Kyntypa v nbpBaTta nowa B CAL -
lMoHu ekcnpecc, cb3gageHa npe3 1860r., korato ¢ 6bpP3n KOHE ca pasHacanM nNuUcMma, BECTHULM U
Tenerpamu ot ATnaHTuka go lNacuduka. Mo Bpeme Ha BennkoTo amMepuKaHCKO 3aTbMHEHME BbLB
BCUYKM My3€eun M NapKoBe MMalle nporpammu n ns3noxou, NoOCBETEHU HA YHUKAHOTO NPUPOAHO SIBNEHUE.
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®ur. 4. NHcTpymeHTUTe Ha GbnrapckaTa ekcneauums 3a HabnogeHe Ha NbHOTO CITbHYEBO 3aTbMHeHVe Ha 21
asryct 2017r. B HunoHanHus napk kan peka Mucypwu, rp. CenHt [Ixoysed

HayyHa nporpama u pesynraTtu

1. KomnnekcHa gpomoepaghusi Ha CrnbHYyeeama KopoHa 8be sudumama ceemisiuHa u
roslyvagaHe Ha CbCmMasHo u3obpaxeHue Ha bsinama KopoHa.

OnTuyHuTe HabniogeHns Ha 6snaTa KOpoHa OCTaBaT OCHOBEH M3TOYHMK Ha MHopMauus 3a
pa3nuuyHWTe obnactu Ha cpegHaTa M BbHLUHA KopoHa Ha CnbHueTto. KopoHata B 65ina cBeTnuHa ce
dopmupa ot K- (Kontinuierlich) un F- (Fraunhofer) kopoHaTa. K-kopoHaTta ce nony4aBa oOT
pascenBaHeTo Ha ¢oTocdepHaTa CBETNIMHA OT ObpP30 OBMKELUUTE Ce KOPOHAlHW eneKTpoHu, a F-
KOpoHaTa - OT pasceViBaHeTO Ha oTocdepHaTa CBeTMHaA OT Mpaxa B MEeXAYnnaHeTHOTO
NPOCTPaHCTBO Mexay opoutute Ha Mepkypuii n 3emsaTa.

MsnonaeaH e gotoanapat KaHoH EOS 750D ¢ obektuB ¢ ¢okycHo pasctosHme 300mm. 3a ga
Ce Mony4n CbCTaBHO M30bOpakeHMe e HeobxoouMO [a ce HanpaBAT CHWMKU C eKCnosuumst oT
1/500cek. oo 2 cek. npu vyysctBuTenHocT 1ISO 100.

dur. 5. CnbHYeBaTa KOpoHa B 65na ceetnuHa. ®oTtorpadus Ha ekvna Ha npod. Macayos ot Yunavc Konuox,
MopTtnang, OperoH; YactTuyHaTta gasa npes obnaum B C. [xosed.

2. Acmpomempus Ha sieneHuemo [vnHo CibHYe80 3ambmHeHuUe Ha 21 asaycm 2017 e.
(susyarnHu HabnwdeHuUs U ghomoepaghupaHe Ha Yacmu4yHume ¢pasu).

Onpepens ce TOYHUAT MOMEHT Ha MbpBUS KOHTAKT ¢ TovHocT 1/10 cek. doTorpacdmpaHe Ha
ancka Ha 3aTbMHeHOTO CnbHue B rongma ¢pas3oBa eBOJOLUMS C TOYHO onefdensHe Ha MOMEHTUTE
BpeMe Ha otgenHuTte doTorpacdum. KoHTakTbT ce onpegens BusyanHo ¢ 130/2000 Macsutov -
Cassegrain Teneckon ¢ 20 mm okynap u 99% HeyTpaneH puntsp.

3. ®omomempus Ha C/ibHYe8ama KopoHa 8 3ejieHama KOpOoHasiHa JIUHUSI (CHUMKU C
mecHouBUYeH 3esieH ¢hunmbp A= 5 303/().

M3mepBaHeTO U aHanuM3bT Ha MWHTEH3MBHOCTTA Ha EMWCUOHHUTE NWHUN € OT OCHOBHO
3HayeHVe 3a wuscnedBaHeTO Ha U3MYEeCcKUTe YCMNOBUS W  Marko-mawabHuTe CTPYKTypu BbB
BbTpelwHaTa kopoHa Ha CnbHUeTo. [NpucbCcTBMETO Ha 3abpaHeHuM NMHUMM OT BMCOKO WNOHWU3MPaHU
aToMu B CMeKTbpa Ha KOpoHaTa MokasBa, 4Ye TemnepaTtypaTta TaMm € MHOro Bucoka. Hvue nscnegsave
3efeHarta KopoHarHa numHus Ha 14 KpaTHO NOHU3NPAHOTO XEeNA30 C TECHOMBUYEH OUATHP C AbIMKMHA
Ha BbnHaTa A= 5303A.
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gt e pobneey ifu e s S

selected partial spectrum near C2 21 Aug. 2017 total eclipse 17:26 UT
Indian Valley Idaho S. Koutchmy (tAP- Fr) and Fr. Baudin (JAS-Fr) ohservers

100000 — T

Freliminary Coronal Spectrum Total Ecl 21 Aug 2017 0.3 R from the E- limb
S. Koutchmy, F. Baudin and Fr. Sevre (IAP & IAS- France)
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®ur. 6. Cnektpu, nonyyermn ot C. Kyumun n ®p. byaoH, ot UHctutyTa no Actpodusmka, Mapwx, PpaHums

5. Memeoporozusi Ha npuseMHama ammocghepa - uaMepsare Ha memnepamypa, HansizaHe u
cKkopocm Ha esimbpa 8 08yMemposuUsi pu3eMeH crioli Ha ammocghepama.
Mo BpeMe Ha nbnHata asa Ha CMbLHYEBOTO 3aTbMHEHME, KOraTo PA3KO MpeKkbcBa nafdallara
CBETNWHa, TemnepaTypaTa U HanaraHeto B atMmocdeparta 6bp30 ce MPOMEHAT U ToBa BOOM [0

aHomanuu. MeTeopornormyHuTe napameTpu ce wusmepsat ¢ [lpodecuoHanHa MeTeopornorndHa
cTaHuus.

dur. 7. TemnepaTypa v BriaxXHOCT, nameperu B AtuHa, TeHecu, CALL. TemnepaTypaTta naga ¢ 11 rpagyca, a
BMaXXHOCTTa Ce yBenu4yasa.

6. ®omomempusi Ha ceemeHemo Ha Hebemo o speme Ha hazoeama e8osoUUs Ha
seneHuemo [MbnHo CribHYe80 SambMHeHUe.

lMpomsaHaTa B pKOCTTa Ha HeOETO MO Bpeme Ha 3aTbMHEHMETO Ce u3MepBa C 3 NnykcmeTbpa
LUX-PU-150 B 3eHMT, B XOpu3OHTanHaTa paBHMHA W B paBHMHATa Ha CNbHUETO 6nM30 OO0 Hes.
CeTeHeTO HamarnsiBa NOCTENEHHO B paHHUTE hasn Ha 3aTbMHEHMETO M 6BP30 OKOMNOo NbrHaTa dasa.
Mpu HanuuneTo Ha obnauun ctaBa 0co6EHO TbMHO.

93



2017/08/21 20:24

®ur. 8. MbnHaTta asa Ha 3aTbMHEHNETO nNpe3 obnauu; KombuHaums ot KocMuyecku HabnogeHus
no Bpeme Ha BenmkoTo ameprKaHCKO 3aTbMHEHVE N CbCTaBHUTE M300paXeHnsi, MONy4eHn OT ekuna
Ha npodp. Maca4vos 1 nybnukyeaHu oT LieHTbpa 3a kocmudecku nonetu Ha HACA lMogapg .
Mop4epTaHn ca KOPOHaAPHUTE CTPYKTYPMU.

YcnelwHo ce peanusnpa u npoektbT 3a Meracdmnm (http://eclipsemega.movie), B KoTo xoparta
oT usnata ctpaHa CALl - "rpaxgaHu-yyenn" wmsnpawart dortorpadmm unu Bugea KbM CUCTEMA,
cBbp3aHa c ['yrbn, 3a ga ca AOCTbMHM 32 BCUYKM.

our. 9. [InamaHTeHUAT NPpbCTEH

KakBo e pa HabnioagaBaw MNbnHo CnbHYeBO 3aTbMHeHue?

Bcsko nbnHO 3aTbMHEHME 3anoyBa C YaCTUYHO 3aTbMHeEHWe, npu KoeTo JlyHaTa nocteneHHo
nokpmBa BCE MO-ronisiMa 4acT OT CNbHYEBUSA AUCK. ToBa CTaBa 3a OKOSO 4ac, Npean HavanoTo Ha
nbnHaTa ¢asa Ha 3aTbMHeHueTo. [1pe3 no-ronsimata 4acT OT BpeMeToO HeDEeTO ocTaBa SIpKO U He
MOXe fa ce 3abenexu, ye nma 3atbMHeHue. Manko npeau nbnHaTa ¢asa HebeTo cTaBa TbMHO B
MocoKa Ha INyHHaTa CsiHKa, KaTo 4Ye nn ce 3agaBa Oypsi. CBeTnuHaTta, npeMyHana npes nucrara Ha
ObpBeTaTta obpasyBa xunsam nonymeceumn Ha 3emsta. CeHkMTe cTtaBaT 0CobEHO pesku, a AHEBHaATa
cBeTnuHa — cnaba u cusa.

B nocnegHute cekyHaM fnyHHaTa CsiHKA Ce M3gura Haj XOpM30HTa KaTo 3aBeca OT Mpak, KOSTO
CTpeEMUTENHO BU Npubnmkasa. OctaHanuaT oT CNbHUETO Cbpn Ce HaKbCBa Ha Ccepusl OT OPUNSAHTHU
TOYKM MO Kpas Ha NyHHUA AOMCK. Te3n MbHUCTa Ha bennn ce obpasysaT 3awloTo crnbHYeBaTa
CBeTNMHa CBeTM npe3 AbnbokMTe AONWHU MeXdy BbpXOBETE Ha MOBbPXHOCTTa Ha JlyHaTa.
MocnepHunat Gnackk, npean CnbHUETO Aa wm3yvesHe 3aa JlyHata e cbnpoBoAeH C nosiBata Ha
npuspayHo - 6anaTta cnbHYEBa KpoHa U obpasyBaHeTOo Ha ,JAnamaHTeHus NnpbeTeH”.

KopoHaTta moxe ga ce Buan camo npu MNbnHo CnbHYeBO 3aTbMHEHME, KOraTo Ce 3akpusa
OpunaHTHUA cnbHYeB amck. Cera HeGETO e TaMHCTBEH 3A4pad, AOCTaTbYyHO TbMEH, 3a Oa ce BUaAT
nnaHeTuTe N No-ApkuTe 3Be3gun. MNoHsikora, pybrMHEeHO YepBeHM NpoTybepaHcy mMoraTt ga ce BUAST Mo
Kpass Ha CnbHUeTo. ToBa ca orpoMHu obnaun OT BOAOPOAEH ras, no-ronemu oT 3emsaTa. YecTto
XMBOTHUTE Ce ObpXKaT Taka, CAKall e AoLuna HowTa. TemnepatypaTa MoXe psi3ko Aa cnagHe.

MbnHaTa dasa psako NpoAabinkaBa NMOBEYE OT HSAKOSIKO MUHYTU (OKONMO 7 MMH. MakCUMyM).
Cnep kpas Ha nbnHaTa dasa guMckbT Ha CrbHUETO Ce OTKpMBA, OTHOBO C€ BWXXAAT MbHMUCTATa Ha
Bennu n lnamaHTeHNSaT NpbCTEH, KOpOHaTa n34yesBa 1 ce Bpbllia AHEeBHATa CBETNMHA.

MbnHoTo CnbHYeBO 3aTbMHEHME €  HaW-TpaHAMO3HOTO, KpacuBO M BHyLlaBaLlo
CTpaxonoynTaHne NpuUpoaHoO sABrfeHne. AKO BEOHBX Ce BMOW, HMKOra He MOXe aga ce 3abpasu. Ako
HSKOra umMaTe Bb3MOXHOCT Aa HabnoaasaTte [MbnHo CnbHYeBO 3aTbMHeEHME, He A nponyckanTe!

94



S E S 2 017
Thirteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
2 — 4 November 2017, Sofia, Bulgaria

NCTOPUA, HACTOALLE U NEPCMNEKTUBU HA KOCMUYECKUTE
HABJIIOOAEHUA U NMPOCNEAABAHE (SST) B BbJITAPUA

OrHsH OFHHHOBl, fABop UJOHOBZ, Metbp Feuoa3, MeHka M'brnoaas,
Anekceii Ctoes’, Cepreit Ky3un”, Auapei Mepuos®

1I/I.l-/cmumym 3a s8ucoku mexHonoauu 8 uHdycmpusima 4.0, Cogpus
2CoqbuacKu yHusepcumem ,Kn. Oxpudcku”, Cogbus
3I/IHcmumym 3a KocMuYecku uscrniedeaHusi u mexHonoeauu, bAH, Cogusi
4ousuvecku uHcmumym, PAH, Mockea
e-mail: ognianov@acceco.com

Knro4yoeu dymu: Kocmuyecku HabnrodeHus u npocnedsisaHe, [lo3HasaHe Ha cumyayusima 8 KocMoca,
HabnodeHus Ha kocMmu4ecku omnadbuyu 8 bruskusi Kocmoc

Pesrome: B doknada e npedcmaseHa ucmopusmama Ha onmudeckume U fasepHu HabrnodeHus Ha
U3skycmeeHu cnbmHuyu Ha 3emsima (MC3) e bbneapusi 8 nepuoda 1958 - 2002 e. lNokazaHu ca OCHOBHUME
HacoKu Ha passumuemo Ha masu rnepcriekmusHa obrnacm Ha KocMmuyeckume u3crnedeaHusi 8 ceema, U 8
yacmHocm e CALL, Pycusi u Egpona.

PazznedaHu ca anasHO esgporelcKume HacoKu Ha pas3sumuemo Ha KocMu4Yeckume HabmoleHus u
npocnedsisaHe (SST). [llokasaHu ca enasHume ycunusi 3a u3gpax0aHemo Ha ornepamueHa Mpexa 3a
HabnodeHus Ha MC3 u kocmuyeckume omnadsyu (SD).

JemoHcmpupaHu ca munoseme HabnodeHusi: padapHO, ONMUYHO U n1a3epHo. Cbuwo maka ca 0ehuHupaHu
muna HabnwodeHust Ha SST u SD:
- [laHopamHu HabnwdeHuss 3a OemekmupaHe Ha O0beKmu C U3M0n38aHemo Ha WUPOKObEbIIHU
ceemocursnHu obekmusu;
- OnpedernsiHe Ha npeyusHU KoopOuHamu C U3M038aHeMo Ha MOYHO HacO4YeHU MesiecKomnu ¢ OfNMmuUYHO
sooeHe;
- OnpedensiHe Ha MOYHOMO pa3cmosiHue 00 MsX C f1a3epeH cueHar;
- OnmuyHo pasno3HagaHe (udeHmucbukayusi) Ha cusyema Ha CibmHUyU u ompabomeHu efnemMeHmu om
msx.
JuckymupaHu ca usepaxdaHemo u pa3sumuemo Ha HabnwlamesnHu Mpexu 8 Eepona u npusbp3saHemo
Ha 6wbriezapcku Habrmmodamenu Ha SST u SD kbm msx. [lokasaHu ca omOenHume emanu Ha rosy4asaHe u
CbXpaHsieaHe Ha OaHHU, Kamaroau3upaHemo Ha obekmu u Oemadnu.
B 3aknioveHue e riokasaHa cmpykmypama 3a u3epaxoaHemo Ha makaea cmaHuus 3a SST u SD s
bwneapus, kakmo u omdenHume emanu 3a mosa: [Tbpeu eman — onmu4yHu HabnwdeHusi, Bmopu eman —
nasepHu HabnodeHusi, Tpemu emarn — padapHuU HabodeHusl.
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Abstract: The report presents the history of the optical and laser observations of Artificial Earth
Satellites (ESA) in Bulgaria in the period 1958 - 2002. The main directions of the development of this perspective
field of space research in the world, and in particular in the US, Russia and Europe.

In particular, the European Development Guidelines Space Surveillance and Tracking (SST) are
considered. The main efforts are being made to build an operational network for SST and Space Debris (SD)
observations.

The types of observations have been demonstrated: radar, optical and laser. Also, the type of SST and
SD observations is defined:

- Panoramic observations for object detection using wide-angle light-eyed lenses;

- Determination of precise coordinates with the use of accurately directed optical telescopes;

- Determining the exact distance to them with a laser signal;

- Optical identification of the silhouette of satellites and their processed components.

Discussion on development of observation networks in Europe and the participation of Bulgarian SST
and SD observers to them were discussed. The individual stages of data acquisition and storage, cataloging of
objects and details are shown.

In conclusion, the vision for the construction of such a station for SST and SD in Bulgaria is shown, as
well as the different stages for this: First stage - optical observations, Second stage - laser observations, Third
stage - radar observations.

BbBeneHune

Bbp3o pacTawums 6poli Manku catenuTu 1 MnaHoBe 3a Pas3BUTUE Ha rofemMu Cb3Besansi oT
CMBTHULM OOMBIHUTENHO yBenuyaBaT HeobXo4MMOCTTa OT HafexAaHa WM HaBpeMeHHa MHdopmMauus
3a KOCMUYECKMTE 0DEKTN.

Ot 2009 r. Hacam EBponerickata kocmuvecka areHuuss (ESA) npegnpvema nporpama 3a
WHOPMMPAHOCT 3a cuTyauusita B kocmoca (Space Situational Awareness - SSA) ¢ Tpu cermeHTta
Space Weather (SWE), obektn B 6rmsoct go 3emsata (NEO) m kocmmyecko HabnwgeHue wu
npocnegsaeaHe (SST). TpeTus eTan Ha nporpamarta € ogobpeH OT YnpaBuTenHusi cbBeT Ha EKA
npe3 gekemepu 2016 r. 3a nepuopg ot Tpu roguHn ot 2017 r. O6wo 19 abpxaBu-uneHkn Ha EKA
yyacTtBaTt B nporpamaTta SSA, ot kouto 11 ca aboHupaHu 3a cermeHTa SST. B Hero ca BKMOYEHU
pa3paboTBaHETO Ha TEXHONOMMM 3a OTKPUBAHE, KaTanorM3nupaHe u NpocnegsBaHe Ha KOCMUYECKUTe
00EeKTN N Ha TEXHUTE MPUIIOXKEHUS 3@ NMPOrHO3MpaHe Ha COMbCbLM, NPOrHO3K 3a NMOBTOPHO BrM3aHe
Ha OCTaHKM OT caTenuTu B aTMocdepaTa M OTKPMBAHE Ha CbOWUTUSI C dparMeHTauusl, kKato MbpBYU
BaXKHM CTBMNKM KbM €BpOMnerncku kanaumrteT B SST.

3a pa nocturHe Tasu uen, ESA ce dokycnpa Bbpxy HayyHUTE M3CNeABaHUS U pasBuTue,
rnognomaraHe Ha HauuoHarHuTe MHULMATMBMY M Ha B3anMHO AOMbIBaHE C APYrM eBpONnenckn Noaxoam
B SST. Ovaksa ce, 4e B EBpona Bb3HUKBa TbpCeHe Ha MO-rofieMu, TpaHC-HaUMOHAMHN KOMMOHEHTH
Ha SST 1 Heob6X0AMMOCT OT TEXHOJOMMYHM pa3paboTKM 3a Aa ce OCUrypu onepatMBHa CbBMECTUMOCT
Ha cuctemute. lNpumepn 3a NnNaHMpaHU LEWHOCTM ca kocMuyeckn SST ceH3opu, codTyep 3a
06paboTka, ynecHsiBaHe Ha MexaHu3MuTe 3a OObMeH Ha AaHHW M obwuTe MeToau M dopmaTtun 3a
obpaboTka Ha paHHW. C penHocTute Ha nporpamata SSA ekcneptmsata Ha ESA we 6bae
OOMbIIHATENHO U3MOM3BaHa 3a nogrnoMaraHe Ha HayvyHuTe Wu3cnedBaHusi, pa3paboTBaHETO U
KOOPOWHMPAHETO Ha CBbP3aHUTE C KOCMOCA TEXHONOMMM B MHOrOHaLMOHanHa cpeja u npu oueHkarta
N pa3BUTMETO HA CbOTBETHUTE HOBU TEXHOOMUN.

Uctopusa Ha HaGnroaeHuaTa Ha UC3 B Bbnrapus

Ha 4 oktomBpu 1957 rogmHa e umsctpensiH [MbpBUAT U3KYCTBEH CMBbTHUK Ha 3emsaTa. 3anousa
KOoCcMmyeckata epa B uctopuata Ha YoeyectBoTo. CriegBaT olle CTapToBe Ha pakeTu, Bb3HWKBA
HeoOXOAMMOCT OT M3crneAdBaHe Ha OBWXEHMETO Ha CMbTHUUMTE, EBONIOUMSTA Ha TexXHuTe opbutw,
npoMsHata B Onsicbka vM. HyxHM ca pegoBHM HabnogeHus Ha OBWXKEHMsATa Ha W3KYCTBEHUTE
cnbTHUUM Ha 3emdata (MC3), a 3a peanusupaHeTo Ha Ta3uM uUen ca Heobxoaumu oByyeHu
HabniogaTenu. Taka 3aKOHOMEPHO Bb3HMKBA HYyXAaTa OT WMHCTUTYLWUKW, 3aHMMaBally ce C TakaBa
[ENHOCT.

Tosu npouec He nogmuHaea u Bbnrapua. Mo MHUUMaTMBa Ha GbNrapckMs acTPOHOM akagemuK
Hukona boHeB — pbKkoBOaMTen Ha kategpa ActpoHomus npu CY, KOWTO Toraesa e n npeacegarten Ha
BbnrapckoTo acTpoHaBTMYECKO ApyKecTBo npe3 nepuoga 1958 - 1959 r. ce cb3gaBaT Tpu
HabntogaTenHu ctaHumm — B Cocums, Ctapa 3aropa n BapHa. TexHute cboTBETHM HOMepa ca 1101 —
Codmsi, 1102 — Ctapa 3aropa, 1103 — BapHa. No-kbCHO, Te3n ctaHumMM npemunHasaT B LleHTpanHaTa
nabopatopus no Bucwa reogesuns (LUJ1BIN) npu BAH, unsato HabnogaTtenHa 6asa e pasnonoxeHa B
Mnana nnadvHa (1101), HapogHata actpoHomuyecka obcepatopusi HO. Marapun” (HAO), Ctapa
3aropa c HabniogaTtenHa cTaHuus pasnonoxeHa B Craposaropckute MuHepanHu 6aHm, O6nact
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CTtapa 3aropa (1102) 1 HapopgHaTa acTpoHomu4yecka obcepBatopus u nnaHetapuym ,H. KonepHuk”
(HAQIN), BapHa ¢ HabntogatenHa 6a3a B ¢. ABpeH, O6nact BapHa (1103).

MbpBOHAuYanHoO HabnwaeHusTa ce npoBexaar No mMetToda Ha BudyanHuTe Gapaxm Ha UC3 ¢
nomowita Ha HabnogatenHun Tpvom AT-1 m T3K, kaTo TOYHOTO BpeMe € OTYUTAHO C MOPCKM

XpoHOMeTpu. Brnocneacteme, ca 3akyneHn KMHOMOTOTEOOONNTM Ha

dupmarta ,,AckaHus’m cneuunanuanpaHm cnyxou 3a ,To4dHO Bpeme”,

KoeTo Mmo3BonsBa Aa ObaaT mpoBefdeHW BMCOKOTOYHM HabnogeHus
“=4Ha NC3 c npocnegsieaHe n Ha camuTe cnbTHMUM. EcbemepuanTe 3a
HabniogaBaHUTe CNbTHULKM ce nonydaBaT oT AcTpocbBeTa npu AH
Ha CCCP, a pesyntatute oT HabnogeHusaTa ce manpaiiar CbLLo TaMm
n B AcTpoHOMMYeckaTa obcepBaTtopusi B 3BeHuropoa, Pycus. Mpes
nepnoga 1979 — 1980 r. ot CCCP B bbnrapusa ca gocrtaBeHn aBe
aBTomaTtumsmpaHnm potorpadckn kamepu A®Y — 75 (ABTomaTnyeckas
doTorpadumyeckaa Kamepa; D = 210 mm, F = 736 mm) — egHaTta 3a
LUIBIN, BAH a gpyraTta — 3a HAO, Ctapa 3aropa. HabniogeHuaTa Ha
NC3 B HAOI, BapHa nocteneHHO oTnagar OT CAMCbKa Ha Hay4yHUTe
HabnwogeHus, nopaguM  HEBB3MOXHOCT pga ce  obopyaBa
HabnogaTenHara cTaHuus CcbC cnegsatlo nokoseHve
aCTPOHOMMYECKN ypean 3a HabnoaeHnst Ha NC3.

L

3a HyxauTe 3a KocMuyeckoTo npubopocTpoeHe npe3 1982 e cwb3gageHo HayuyHo
nponssoacteeHo npegnpudatve (HMM) “Kocmoc” kbm LleHTpanHaTa nabopatopusi 3a KOCMUYECKM
nacneasanua (LUJTKN) - BAH. Mpe3 1984 — 1986 roa. B HIM ,Kocmoc”, BAH ceBmecTHO ¢ JINTMO —
Jlenunrpag (oH. Cankt [leTtepbypr, Pycusa) e paspaboteH nasepeH panekomep YJINC-630 3a
HabnogeHne Ha U3KyCTBEHW cnbTHUUM Ha 3emaAta. MspaboTeHn ca Tpu anaparta, MHCTanupaHu B
LleHTpanHaTta Jlabopatopus no Bucwa reogesusi, BAH, ActpoHomuyeckata obGcepBaTopusi Ha
ObpxaBHua yHuBepcuteT Ha JlatBua u AcTpoHomudeckaTta obcepBaTopus B 3BeHuropog Kpam
MockBa. [llpe3 1981 r. B Crapa 3aropa e opraHusupaHa W npoBegeHa MexayHapogHaTta
KOH(bepeHUMst 3a onTu4HM HabmogeHus Ha MIC3 B pamkute Ha MexagyHapogHata opraHu3auust
“UHTepkocmoc”, Cekums 6 ¢ ydacTueTo Ha noeeye ot 270 yyeHu oT 14 cTpaHu.
BuayanHute, doTtorpadckm n nasepHu HabnogeHus Ha NC3 B bbvnrapus npoabikasaTt go 2002
r., KOraTo MOCTEMEeHHO Te mnpecTaBaT Aa ObAaT W3BBPLUBAHU MOpaau nunca Ha dUHaHCUpaHe U
npeMvHaBaHe Ha CBETOBHWTE HabniogatenHu ueHTpoBe 3a HabnwogeHusa Ha NC3 Ha no-BMCOKO
TEXHOMOrMYHO HUBO.
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CbcTosiHne Ha KocMunueckn HabnogeHus n npocnegsisaHe

B HacTosILMS MOMEHT OCHOBHUTE HabnOEHMS 3a KaTanormavpaHe Ha KOCMUYecknTe obekTu
ce n3pbpwea B CALL n Pycus. MNMporpamu 3a HabnogeHne umat u B Kutan, kbgeto Hanocnegbk ce
narpaxga ronsima HabntogatenHa mpexa, Anonus, NHaus, Kanaga.

onemMuTe eBpoNenckn gbpXKasu umat cobcTBeHN HabnogaTenHn Mpexu, Kato 3a no ronsMa
e(EeKTMBHOCT Te MOCTENEHHO Ce UHTerpupaT nog erngarta Ha ESA.

MporpamaTta SSA ce ynpasnsiBa upe3 nporpameH oguc, kouto e 6asnpaH B 6aszata ESOC Ha
ESA. Ta ce u3nbnHaABa kaTo He3agbipkuTenHa nporpama Ha ESA ¢ dwuHaHcoBo yyactne ot 19
Obpxasu-uneHku. MNMpes nbpBuTe ABa nepuoga 6sxa ytebpaeHn Hag 100 goroBopa ¢ uHAycTpusaTa 3a
paboTta, cBbp3aHa cbC SSA. Tekywmnat nepuopg e puHaHcupaH ¢ 95 mnH. EBpo 3a 2017-2019 roanHa.
Mpe3 BcuukuTe Tpyn nepuoga aenHoctute no SSA ca duHaHcMpaHu Ha obwa cTtomHocT okono 200
MuUnMoHa eBpo. [lHec B nporpamaTta ydvactBaT ABcTpusi, benruns, Yexusa, HaHusa, duHnaHaus,
®paHuusa, Mepmanusa, Mopums, Utanus, Jiokcembypr, Xonanausa, Hopeerus, MNonwa, MopTtyranus,
PymbHua, Wcnanus, LUWeeuusn, LWeenuyapua un CbeguvHeHuTe LWwaTtu, KOETO MO3BOJsSBA Ha
topyaMYeckMTe Nuua oT Te3n AbpXKaBy Ja KaHOu4aTCcTBaT 3a NPOMMLLSIEHN OEWNHOCTM MO NPOeKTa.

SST BkntoYBa TEXHOMOMMK 3a OTKPUBAHe, KaTtanornsvpaHe u npeackasBaHe TpaekTopumTe Ha
obexTuTe obukansawm okoro 3emata. ESA paspaboTBa, AEMOHCTpUPA U YTBbPXKAaBa CBbP3aHUTE CbC
SST TexHomormv npunoxeHus. [onbnBaHeTo C OPYyrM napanenHy eBponenckn noaxoan wu
Hay4yHOM3cnegoBaTencka W pasBovHa [OEeWHOCT B MOoAKpena Ha HauuoHarnHuTe WHUUMaTuBKU ce
rapaHTvpa 4pes U3nbiHEeHWeTOo Ha nporpamara.

OuakBame 6bpP30 HapacTBallaTa HeobxoaMMocT OT AaHHM oT SST Aa noagkpenu oueHkaTa Ha
e(eKTMBHOCTTa Ha HaCoKMTE 3a U3MbIIHEHME W Oa [OoMNpuvHece 3a pellaBaHeTo Ha perynaTopHu
Bbnpocu [1]. Mankute cCnbTHUUM Ce M3CTpernBaT C HapacTBalla 4YecToTa B MacOBM KONMYECTBA.
M3BegeHn ca Ha HSKOMKO rONeMy KomepcuanHu cb3e3gus B opbuta. SST e Heobxogvma 3a
OTKpMBaHe Ha parmeHTauuMn B opbuTa M 3a CNOAensHe Ha kaTanoxHa opbuTtanHa uHdopmauns 3a
reHepupaHute cparmeHTn. OnpegeneHa e cpegHa CTOMHOCT Ha roguiHaTa 4YectoTta oT okono 3,4
dparmeHTauum 3a nocnegHute 10 roguHu [2]. Wmankn npedBug U CTaTUCTUYECKUTE OaHHM 3a
KOCMMWYECKN OTIIOMKM C nop-katanoxHu pasmepun, MASTER mogena Ha ESA u3uncnu, ye noseye ot
750 000 obekTtun, no-ronemu oT 1 cm ca B opbuta Ha 3emsaTa [3] ¢ noTeHUmMan ga NOBpeaaAT Unm
YHULLOXAaT OeNCTBaLLM CMbTHMLK, Cb3[aBalky oLle noBeye oparMeHTu.

[Hec, pasunTaHeTo Ha HaBpPEMEHHW W TOYHW AaHHWM OT katanora Ha SST e peanHocT B
CbBpPEMEHHUTE OnepaLnm ¢ KOCMUYECKN anapaTtu, 0cobeHo 3a M3bsareaHe Ha COMbCHUU U 3a OLEeHKa
Ha cbOMTUSITA 3a NOBTOPHO HaenuaaHe. EKA n BCcuyky eBponenckm HaunmoHanHn KOCMUYECKM areHumm
W KOMepcuarnHu onepatopu 3aBUCAT OT AaHHUTE OT HabnogeHus OT HeeBponewncku (npeguMHO
aMepUKaHCKN) N3TOYHULIN.

Applications

Ground-based Survey Radar Conjunction Processing

SST Processing Pipeline
Sensor Data Processing
Orbit Determination
Catalogue Correlation
Catalogue Maintenance
Sensor Planning and scheduling = = ¥ = —

Tracking Radar Re-entry Prediction

Ground-based Optical ' Fragmentation Detection
Telescopes

SST Expert Centres for Optical ||
and Laser observation

1
Ground-based Laser Tracking Catalogue Query

Standardisation
L )
_ . —

Space-based Optical Telescope

» Sub-catalogue Characterisation
- — | « Mission Support
+ Misslon Characterisation

‘j—’, PI  CRD "‘

dur. 1. Ctatyc Ha paspaboTkute Ha SST, nnaHoBe 3a nepuog 3 Ha nporpamaTta
n nanckeanusi B CRD, no [6]

/3non3BaHeTo Ha BbHLUHM AaHHU OT HabnoaeHust e N3BbH 0bxBaTa Ha nporpamaTta SSA Ha
ESA. OnepatvBHa nogkpena 3a mucuute, 6asnpaHym Ha OgaHHM OT HabnaeHus ce npegocTaBs OT
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CnyxbaTta 3a Kocmudeckn oTrnioMkn Ha ESA. ESA kato onepatop Ha KOCMWUYECKM anapatv uma
OencTBallM aKTMBHOCTM, KaToO Tasn 3a OcuUrypsiBaHe Ha ycnyra 3a usbsireaHe Ha cbnbebum [4], 3a
npenckassaHe Ha NOBTOPHO BnivM3aHe [5] M 3a noakpena Ha HenpeaBuaeHU U crneumanHu dasmn Ha
MUCUSITA Ha KocMuyecku anapatu, kato CtaptupaHe wm PaHHu opbutanHu dasm (LEOP). 3a
nognomaraHe Ha onepauuute Ha ESA, Bewe nognmcaHo cnopasymeHve 3a OOMeH Ha JaHHU Mexay
USSTRATCOM un ESA npes 2014 r., no3sonsiBallo onepauunte Ha ESA ga 6baart npegynpexagaBaHu
B Criyyan Ha ngeHTudpuumupaH puck ot cOnbCbk.

MNnaH Ha SST B TpeTuAa nepuoa Ha Nporpamara

lMnaHoBeTe B nporpamHusa nepuog 3 3a SST ca onucaHuM nogpoBGHO B TO3M pasgen.
CnenBame notoka oT faHHu 3a SST: 3ano4yBarikym OT CEH30PHUTE CUCTEMMU, NOCNeaBaHN OT MPEXOBM
acnekTn n Ha obpaboTkaTa Ha AaHHM U NPOM3BOAHUTE MM MpunoxeHus. dopmaTnte 3a obMeH Ha
OaHHW 1 CTaHOapTUTe, KaKTO U CbTPYAHUYECTBOTO Ce pasrnexaart OT4elHoO.

Moxem [a cpaBHUM TEKYLOTO CbCTOSIHWE W MAaHUpaHUTe MOCTWXKEHUSA B MporpaMaTta Cbe
cb3gagenusa oT SSA Ha ESA gokymeHT 3a u3uckBaHusiTa Ha knneHta (CRD). durypa 1 nokasBa, ye
Han-goOpuAT nMporpec gocera Moxe fa ObAe OoknadBaH 3a MPUIIOXKEHMSTaA M 3a HAKOM n3bpaHu
CEH30pHM TEXHONOorMM, AoKaTo 3a MnpoyyBaTenHWTe pagjapu He e npedBuieHa MbTHa kKapTa 3a
nepvoaa 3.

1. etiHocmu Ha SST ceH3zopume.

MpoyyeHa e egHa HoBa 3a EBpona ceH3opHa TEXHOSOMMs, KOSITO € KOCMuYecku BasmpaH
MHCTpPYMeHT 3a SST uenun. OCHOBHUTE NpoyYBaHUs NpoBefeHn B paMkuTe Ha [lporpamaTa 3a obLym
nscnegsaHns (GSP) Ha ESA, papgoxa »usHecnocobHa koHuenums 3a ¢asa A. Kocmwuuecka
nnatgopma Ha HuckodemHa, CnbHLe-CUHXPOHEeHHa opbuta B 3anes/3opa, KOSATO CkaHupa LanoTo
GEO exeOHeBHO ¢ nacuBeH UKCUPaHO-MOHTUPaH Teneckon ¢ okosio 20 cM anepTypa e HamepeHa 3a
[ocTaTb4yHa 3a nocTturaHe Ha 3agaunte 3a SST, onpegeneHn B CRD. KoHuenuuaTa Ha mucusita e
rbBKaBa 3a npunaraHe 4Ype3 AeMOHCTpaTop Wnv noneseH Toeap, 6asupaH Ha Mucus 3a HabnogeHe
Ha 3emdATa B CbTPYAHMYECTBO C HaUMoOHanHuTe cTpykTypu. OCBeH TOBa TO3M AM3aiiH Ha CeH3opuTe
MOXe 3HauuTEernHoO Jda [JonpuHece 3a nogobpsBaHETO Ha CTAaTUCTUYECKM MO3HaHMSA 3a nofa-
KaTanoxHute manku kocmmuyecku otnagbum B LEO. C mogkpenata Ha mporpamara 3a pas3BuTue Ha
TexHonoruata Ha ESA, koHconvaupanuaTt amsarH ot GSP  npoyyBaHeTO € [AOMbIIHUTENHO
netannuanpaH. MNMpeunsmpaH ansanH Ha MUCKUATa U UHXEHEPHUS MOAEN Ha CeH30opa 3a KOCMUYECKM
Ba3supaH SST KOMNOHEHT € nnaHupaH B nepuoaa 3.

HasemHuTe Teneckonu, NasepHUTE CUCTEMU 3a W3MepBaHe W pajapHUTE CeH3opu ca
npegMeT Ha u3crefoBaTesicka U pasBolHa [OEeWHOCT (Hanpumep, pasBUTMETO Ha JNlasepHuTe
Janekomepu, M3non3eBaHeTo Ha ABata poboTmsvpaHun Teneckona Ha ESA wunn mMoHoCTaTU4HM 1
fuctatnyHu pagapHu cuctemu, nputexasaHn oT ESA). Llenta e npogbikeHne Ha mogkpenata Ha
paspaboTBaHe Ha HauuMOHanHWTE CceH3opu, OocobeHO 3a mMocpellaHe Ha MexayHauuoHamHu
TEXHOMOMMYHM HY>KAM Ha BCUYKM HUBA Ha TEXHONOMMYHA FOTOBHOCT U 3a KBanMuLMpPaHN HauMoHamHmn
CEeH30pw.

2. [JeiHocmu e obrnacmma Ha ceH30pHUmMe Mpexu u obpabomkama Ha OaHHU om SST u
c8bp3aHume ¢ msx mexHoI0auu.

PasButneto Ha TexHomorumTe 3a SST 3a ONTMYHWM WM Na3epHU CEH30pu Ce Hyxaae oT
Ccb3aBaHe Ha eKcrnepTHM LeHTpoBe B obracTtta. Hackopo nmbpBaTa Bepcusi Ha TEXHONormsiTa Ha
eKcnepTHUA LeHTbp Oe pasrbpHaTa u TecTBaHa. pe3 nepuopa 3 ce nposexaa UHaNM3nMpaHeTo Ha
pa3paboTkute 1 obwmnpHUTE TeCToBU onepauun. Llenta e ga ce usnona3ea eeKkTMBHMAT OOMeH Ha
[aHHW C BBbHLUHM CEH30pM 3a HacbpyaBaHe Ha onepaTuBHaTa CbBMECTUMOCT Ha SST cuctemu u
ceH3opHu nHctanauun. OcBeH ToBa, nogkpenarta Ha EkcnepTHUSA LeHTbp 3a kBanudukauus, oLeHka u
KannbpupaHe CEH30pu, KakToO M 3a MnopobpsiBaHe Ha CeH3opuTe U pas3paboTkuTe, Beye €
OeMOHCTpupaHa. Ta3u geMOHCTpauus paskpvBa ronsm noTeHuuan n B nogkpena Ha HauuoHanHuTe
JenHocTun

3. [eltiHocmu e npunoxeHussima 3a SST

SST noctaBs pokyca Ha pasBuTMeTo BbpXy SST ceH3opute n obpaboTkaTa Ha LaHHW.
Beue paspaboteHute npunoxeHuma 3a SST 3a npegorBpaTtsiBaHe Ha cONbCbLUM, NpeackasBaHe Ha
CcbOUTMA Ha NMOBTOPHO HaBnM3aHe, OTKPMBaHe Ha dparMeHTauus U JOMUTBAHUSA OO KaTanosuTte Lie
Obaat nogabpXKaHu, OOMBIHUTENHO WHTErpUupaHn M BanvaupaHu, KaTo Cce W3non3BaT HanuvyHuTe
naHHu. MNMopapbxkaTta Le BKoYBa U BHeapsiBaHe Ha HOBW 1 PEBU3UPaHN cTaHAapTusmMpaHu opmatu
Ha cbobLLeHMATa B NogKpena Ha OCHOBHUTE COPTYepHM AeNHOCTU Ha SST.

4. Acnekmu Ha cempyOHU4Yecmseomo u cmaHlapmu3sayusi 8 SST

HoBea nocoka B pa3Butneto Ha SST B EBpona ngea ¢ BbBEXAAHETO HA PUHAHCUpaAHa OT
EC Pawmka 3a nogkpena Ha SST. B Tasu cnoxHa n anHammyHa cpega pabortata Ha SST Ha ESA we
NPOABLIIKM A NOAKPENs pasBUTUETO Ha eBPOMENCKNTE CMOCOBHOCTM Ypes3 Hay4YHom3cnegoBaTerncka u
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pasBoViHa OenHocT. Tean OeHocTu e O6baaT AOMbfHEHW OT CBbp3aHMTE C ToBa TECTOBE U
Banuaupaxe, paspaboTBaHe Ha CEH30PHM TEXHOMOMMKU, 06paboTka Ha AaHHW U MPUMNOXEHMSI.

ESA we npoabmku oa NOAKpens v Aa Boau OEeWHOCTU, CBbpP3aHM CbC CTaHAapTu3auuaTa
Ha SST (Hanpumep B CCSDS).

3aknio4yeHue

Kato 3aknioyeHve MOXe Oa KaxeM, 4e Lenus CerMeHT Ha KOCcMuYecko HabniogeHve Ha
OKOIMO3eMHOTO MPOCTPAHCTBO € B BypHO pa3BuTME U Ce pasBmBa MHOro AuHamuyHo. Kato ce nma
npeasua onuta B benrapusa ot TakuBa HabntogeHns U ydacTneTo Ha ctpaHaTta B EKA, e ectectBeHo
Ja ce o4akBa Bb3CTaHOBSBaHETO Ha HabmnwpeHuWsTa M B HawaTa cTpaHa. CTbnka B Ta3um nocoka e
cb3gaBaHeTo Ha HaumoHaneH LleHTbp 3a Kocmnuyecko Habntogenune n MNpocneasisaHe (LIKHIT) B rp.
Crapa 3aropa. B HauanHuaT eTtan, nopagm nunca Ha cobcTBeHa HabnogatenHa 6asa e npeaBugeHo
Bb3 OCHOBa Ha [JOrOBOpM CbC CblLUecTByBalWM 3 Marnku obcepBaTopuv [da 3amnoyHaT TecToBM
HabnwogaTenHy KamnaHWM 3a U3SICHABaHE Ha TexHonorMsTa W opraHu3auusita Ha To3u Tun
HabnogeHus. Kbm Te3n cTaHumum ce o4akBa Aa ce BKMYaT v Apyru 2 obcepBaTtopun KOUTO Ce OYakBa
na 6baart marpageHn B 6nusko 6baewe. Npes To3nM NbpBM €Tan ce npeaswkaa ga ce nposexaar
caMO ONTUYHKU HabndeHus, 3a AeTeKTMpaHe 1 npocnegsiBaHe Ha KocMuyeckn obekTn, otpaboTBaHe
Ha TexHonorusita, nogbop Ha HeobxoaumaTa TEXHMKA 3a BTOpMS eTan U NpoBexaaHe Ha
eKkcnepumeHTn 3a obmsHa Ha cbobuleHus mexay obcepBaToOpuUMTE M HaLMOHANHUAT LEeHTbp 3a
obpaboTka un kaTanorusmpaHe. Ha To3m etan ce nnaHupa u NnpoBexgaHe Ha eKCnepuMeHT No 0bMsHa
Ha cbobLleHns ¢ MmpexaTa Ha ESA 3a SST. Ha BTopuAT eTan ce npeaswkaa npu crnevernsaHe Ha
NPOEKT 3a u3rpaxpaHe Ha HayyHa uHdpacTpykTypa, B rp. Crapa 3aropa ga 6bae wmsrpageHa
cobctBeHa obcepBaTopusi 3a KocMudecku HabniogeHus. [lopagun orpaHuyeHust pasMep Ha
04aKBaHOTO PUHaHcupaHe ce npeaswxaa Aa 6bae uarpageHa 6asoBaTta MHGpPACTPYKTypa, ONTUYHA
obcepBaTopusa C aBTOMATU3MPaHO HAOMAEHUE U HAaUMOHaNEeH KOMMIOTbPEH LEHTbP 3a 0bpaboTka Ha
pesyntatute. [Npeaswxaa ce Npy Bb3MOXHOCT Aa ce 3anasv CbTpyaHWYECTBOTO ¢ obcepBaTopuute
OT NbpPBMAT eTan Ha MpoekTa, KOeTo uWe no3sonu B bbnrapus ga ce wmsrpagu Mpexa ot
HabnogaTenHyn craHuun. TakaBa MOCTaHOBKa LWe u3Bege HabnwgeHudTa y Hac Ha MHOMO BMCOKO
HMBO. Ha TpeTusa eTan npu cnevyenBaHe Ha €BPOMENCKU MPOEKT € MNpeaBUAEHO WHCTanvpaHe Ha
nasepeH panekomep, KoeTo Le [fage Bb3MOXHOCT 3a MbIIHO OMpedensHe KoopauHatuTe Ha
KocMumyecknte ob6ekTu.Tbi kaTo B CTpaHata MMa U3BECTHA HanunyHa WHpacTpyKTypa u onut B
HayyHUTE cpeaw, Ha crnedBalln eTanu, Npy Hanuume Ha MHaHCUMpaHe ce NpeaBwkaa U3rpaxgaHe u
Ha CTaHuus 3a pagapHo HabnogeHve.
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Pe3rome: [Joknadbm e noceemeH Ha 8brpocu, C8bp3aHu C M.H. ,MbMHU" eHepausi U Mamepusi, Koumo
cbe8peMeHHama gpusuyeckama Hayka ycuneHo uscriedea MmeOPemuyHO U MbPCU eKCrnepuMEHMasnHo, ¢
Hadexdama da 6b0e u3zpadeH Hal-nocrie 3aebpweH u eceobxeameH Modesn 3a rnpousxoda u ycmpolicmeomo
Ha 3aobukansuusi HU cesim. [NpednoxeH e HO8 8b32/ied 3@ MbMHama Mamepusi, Kamo Mo Mo3uU Ha4uH ms e
uzeedeHa om mbMHUHamMa u oceemreHa. BHeceHa e sicHoma OmHOCHO HeliHama cbuwHOCM, napamempu u posisi
8b8 ¢husudeckama peasHocm.

LIGHTENING OF THE DARK MATTER
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Abstract: The report is dedicated to issues, related to the so called "dark" energy and matter, that
modern physical science intensively investigates theoretically and experimentally, with the hope to be built finally
a complete and comprehensive model, concerning the origin and structure of the world around us. A new concept
about the dark matter is proposed, thus it is taken out from the “darkness” and it is lit. It is clarified its nature,
parameters and role in the physical reality.

dusnyeckata Hayka OHeC nonara 3HadYuMTenHW ycunus no m3cnegBaHeTo Ha T.H. ,TbMHA”
MaTepusi, KaTo egHa OT Bb3MOXHOCTUTE 3a NO-AbNIBOKO M 06XBAaTHO OCMUCIISIHE Ha dumsmyeckaTa
peanHocT U NocTposiBaHe Ha UAnocTeH moden Ha Bcemupa, kakbBTO BCe owe He e m3rpageH. Ha
nvue ca MHOXecTBO pa3paboTku 1 nybnukaumm, HAKOM OT KOUTO A0CTa CEPUO3HU, APYrK HE OO TaMm.

YacT oT nscnegosatenute no Bbnpoca unu oeHomeHa ,TbMHa” matepus, Hanpumep [1], [2],
[3], [4] maxe ca onpegenunu, 6e3 ga 3HAAT KakBO TOYHO NpeAcTaBrnsiBa TS KaTto dM3M4ecKo
CbObpPXaHWe, HEVHMAT Oan B obema Ha BCeEMUPHOTO npocTpaHcTBo. OCBEH ,TbMHA” MaTepusi BbB
dmsmkaTta, 6e3 HMKaKBO OCHOBaHMe M 06OCHOBKA, € BbBeAEeHa 1 KaTeropmusita unmn noHATMETo , TbMHa”
eHeprud. T9 e BbBefeHa, kakTo 1 peguua Apyrn heHoMeHn, O4EBMAOHO OT HEBB3MOXHOCT Aa 6baaT
N3SICHEHWN KOPEKTHO, Ha 3gpaBa m3nyecka OCHOBa, peauvua sIBMeHust 1 npouecu. BbBegeHa e kato
HeLLOo M3Ha4arHo, HeLWo CbBCEM OTAENHO OT camata ,TbMHa" MaTepus 1 no3HaTtaTa Ha pmaukaTa nnm
YCINOBHO ,CBeTNa” MaTepusi, OT KOSATO € uarpageHo 6apmMoHHOTO BellecTBO. B umtupaHute u apyru
nybnvkauun ce BbBeEXOAT OOPU MPOMOPUUN U CHOTHOLUEHUS 3a OANOBETE Ha pasnuyHWTEe BUOOBE
mMaTepus u eHeprus BbB Bcemnpa. PasnpegeneHuneTo, Hanpumep cnopeg [1], e kakTo crneaga: 74 % -
,TbMHA" eHeprus, 22 % - ,TbMHa" mMaTepuss U camo 4 % - nos3HaTaTa HW CBeTna martepus unm
BellecTBO. [1pu ToBa OT Te3n ockbaHU 4 Y% cBeTna unu BellecTseHa maTepus, 3,6 % ca BbB BUA Ha
MexayranakTuyeH n mexgyssesgeH npax n camo 0,4 % KoHUeHTpUpaHu B 3B€34u, NNaHeTu, KOMeTU U1
APy CTPYKTYpHM obpasyBaHuda. OTHacCANKM Ce KoMnernarHo U C yBaKeHWe KbM TpyAa Ha BCUYKK
uscnegosateny no TemaTta ,TbMHA” MaTepusi 3a TEXHUTE ycunusa ga U3AcHAT Ha cebe cu, a u 3a
HaykaTa, TO3M Taka BaXXeH BBbMPOC, HE MOXe Aa He ObAaT M3paseHU HAKOM CbMHEHUS U pe3epBu Mo
npegrnaraHiTe NOCTaHOBKM U Aa ObAaT NpeanoXeHn B NPOTUBOBEC CbOOpaxeHus, 6asmpaHu Ha HOBU
aKkTyanHu uscnegBaHusi B TOBa HanpaBreHue. Te ca oTpa3eHn B HAKONKO Mybnvkaumm oT nocnegHuTe
roguHu, Hanpumep [5], [6], [7], [8].
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MpenBaputenHo obadve cregBa ga ObOaT HaMpaBEHW HSKOM YTOYHEHUHA, C Orfed noBeye
SAICHOTA M KOHKPETHOCT Mpu cneaBaLloTo U3MNoXeHWe.

Mpean Bcryko e HeobXo0aUMO SICHO U TOYHO Aa 6bae OCMUCIEHO 1 ONPeAeneHo Bb3MOXHO N
€ CbLLEeCTBYBaHETO Ha eHeprus 6e3 HanMumeTo Ha MaTtepus. AKO ce BbpHEM [OCTa FOAMHU Ha3ag v
C/M CMOMHUM 3a efHO OT TevyeHusTa BbB um3myeckata Hayka ,eHepreTusbm’, C HEeroB OCHOBEH
npegctasuten OcTBang, cnoped KOWTO €eHeprusita ,e Hewo W3BbH BCUMYKO [Jpyro, Ta e
MbPBOMNPUYMHATA N OCHOBATa Ha BCUYKO™ LLE OTKPUEM, Ye maedTta 3a HanMyuMeTo Ha eHeprust U3BbH
MaTepus, Kato camocToaTenHa duanyecka pearnHocT M kaTeropuss He e Hosa. OctBang u
eHepreTuuMTe edBa N ca Cu 3agaBanu 1 U3ACHSABaNM BbMpoOca OT KbAe Ce B3emMa eHeprus 1 Kakeo
BCBbLUHOCT NpeacTaBnssa 1 otpasssa Ts. [10 ckopo He, 3aLl0To npyemaT KakTo belle umMtnpaHo, ye 15
€ Hewo Haj BCWYKO, cCaMOAocTaTbyHa B CBOETO CbLUECTBYBaHE W He MOAMEXW Ha aHanus u
uscneasaHe. Ho ako 3a yyeHute ot npean 100-200 rognHyn mMoxe Aa ce HaMepu HAKaAKBO onpaBagHue
3a TakaBa NpeAcTaBa W 3akiioyvyeHWe, nopaau o6LOTO HMBO Ha pasBUTME HA HaykaTa KbM OHOBa
BpemMe, TO e napajoKcasnHo, Ye U MHOrO CbBPEMEHHU y4YeHu, B T.4. Bogelmn pusmum He oTtmeaT no-
Janey B pasbuvpaHuaTa U no-gbrnboko B OCHOBUTE Ha (uamkaTa. Te CblWO cmATaT, a M Hanarat
cTaHoBuLLETO, Ye BceneHata, pmanyeckata peanHocT, Nnpom3xoxaaTt OT Hewa 6e3 sicHU usnyecku
XapakTepucTukn K1 napameTpu, Hanpumep OT CaMOTO MPOCTPaHCTBO cnoped  Yunbp
(reomeTpogMHamukaTa), OT eHeprusitTa Ha Bakyyma cropeg [Mutbp Xwurc, nocpeacTBOM
"6oxecTBeHaTa” Yactuua X-6030Ha 1 eaBa nNu He OT HULWOTO, cnopef Kpayc u MpuiH. MNoka3atenHu B
TOBa OTHOLUEHME Ca KHUIMTe Ha nocrnegHute ABama usvum 1 aBTopwn, ,BceneHata OT HULWOTO” Ha
JlopvHe Kpayc wnwn ,Ckputata peanHoct”, ,EneraHTHata BceneHa” n ,TbKbHTa Ha Kocmoca” Ha
BpanbH MpunH. KHurm ¢ MHOro gaHHM M uHdopmaumst B TSX, HO MHOro garned oT 3agbnboyeHo
U3ACHABaHe Ha PU3MYeckMs CBAT. HMKakbB OMMT 3a TbPCEHE Ha OTrOBOP Ha OCHOBHWS BBLMPOC Ha
dusnkata, a UMEHHO, OT KakBO Mpou3TMYa U Ce pa3BMBa BCUYKO, Aann He € OT Hello pearHo
cblecTtByBallo. O4eBUOHO €, Ye Korato e madeprnaHa Bb3MOXHOCTTA 3a U3ACHsIBaHe Ha HellaTa B
ObnboyrHa, B KOpEeH, N3X0AbT € [a Ce NMpUeMe HeLo 3a AAOeHOCT M BCUYKO Aa ce rpaau U U3scHsIBa
Ha Tasnm ocHoBa. [lpyr e BbBMAPOCLT fanu MPUETOTO Hadano CbOTBETCTBA Ha peanHaTta
aevcTBuTenHocT. N3BecTHU ca v gpyru bopmMu Ha YOBELLKOTO MO3HaHWe, KOUTO mnonseaTt nogobeH
noaxop.

3a cTporo n Hay4yHo 0GOCHOBaHO [0Ka3aTencTBO, Ye eHeprus B ,4MCT’ BU4 U cama no-cebe
CM, KaTo HEeLLO M3Ha4arHo 1 MbPBUYHO, HE MOXe a CbLLECTBYBa, € AOCTaTbyHO Aa ce OObpHEM KbM
OCHOBHUTE OPMYNWN 3a eHepruaTa OT ABeTe BoAewyn KbM MOMEHTa Teopuu BBLB du3MKaTa,
N3SICHSBALLN MPOLLECUTE HA MakKpo U MUKPO HMBO Ha dmnsnyeckaTa peanHocT, CbOTBETHO TeopudaTta Ha
oTHocuTenHocTTa u KsaHToBaTa MexaHuka. [1Bete oopMynu B TSX ca CbOTBETHO E = m.c’ u
E = h.f. Te egHO3Ha4yHO M HeABYCMWCMEHO yKa3BaT YCMOBUSITA 3a MNOpaXKAaHETO Ha eHeprusd, a
WMEHHO HanM4MeTo Ha NpeanocTaBka, CbOTBETHO Maca mMatepust unm kBaHT (m u h) 1 cbCTosHNE Ha
OWHaMKKa, OBMXKEHME Ha Tas3u npepgnocTtaBka (¢ u f ), npu ToBa cbBMecTHO. CTorHocT 0 (Hyna), Ha
KOATO N da e OT ABeTe KOMMOHEHTU BbB (hOPMYNUTE UMM OTCbCTBMETO Ha KOEeTo W Ada e OT ABeTe
yCroBus, T.e. HaNUYMETO Ha Maca U HerHaTa AVHaMunka eqHOBPEMEHHO, U3KNIoYBa Bb3MOXHOCTTA 3a
nopaxgjaHe v Harnvune Ha eHeprus.

CnepoBatenHo eHeprnss B ,4ucT’ Bua, OOEKTMBHO kaTo Hewo 6a30BO, He MoOxe pfa
CblUecTBYBa. TS MOXe Aa ce MOosiBM edBa Crned Hannyineto Ha HAKakeu (hopMMpoBaHUS U TAXHOTO
OBWKeHVe n B3aumopgenicteue. EHeprusaTta, cnopen ykasaHuTe HOBW u3cnegBaHus, e onpegeneHa
KaTo MspKa 3a KOnM4ecTBO AencTBMe, POpMMPaHO OT HSKakBa mMaca M CKOpOCTTa Ha NpoMsiHa Ha
HEMHOTO CbCTOSIHWE B MPOCTPAHCTBOTO, UNW AMHaMukaTa M. [JOKONKOTO macata W KBaHTa, KakTo U
TAXHOTO ABWXEHWE, ca NPUCHLUM caMOo Ha MaTepusaTa, TO U eHeprusaTa Moxe a 6bae camo ,cBetna’,
KOETO W3KMNIYBa BB3MOXHOCTTA 3a Hanuyine Ha ,TbMHA” eHeprusi. Ta Ou Tpabeano ga 6bae
OoTXBbpJieHa n 3abpaBeHa OT hmaukaTa KaTo hmanyecka peanHocT 1 KaTeropus, 1 BboOLle fa He ce
u3Bexga B paHr Ha paBHOCTOMHa KOMMOHEHTa, HapaBHO C peanHata mMartepus U Jopu ,TbmHaTa’
MaTepusi, KaKTo 1 Aa ce obcbXKaaT BbNPOCH, CBBbP3aHN C Hesl.

U Taka, ocTaBa Bb3MOXHOCTTa 3a CbLUECTBYBAHETO U HanMyneTo caMoO Ha ABE KOMMOHEHTU
Ha dusmnyeckaTa peanHocT, a UMEeHHO M3BecTHaTa HK1, NO3HaTa, KakTo 1 HapeKkoxme YCNOoBHO ,ceeTna”
MaTepuss M BCe Olle HerosHaTata HW, HesdcHa M nopaguM ToBa WMeEHyBaHa ,TbMHA” MaTepus.
M3sacHABaHeTO Ha HenHaTa hm3anyecka CbLUHOCT, MACTO M pPOMs B pearniHoCTTa CTaHa Bb3MOXHO B
npoueca Ha U3CcrneABaHeTO Ha peguua BCe OLLEe HEeU3SICHEHW BBbMPOCKU OT CbBpeMeHHaTa gumsmka. B
TbpCEHETO Ha KoMmmnnekceH, obobLaBall, OTrOBOP Ha TakuBa BBLMPOCU KaTo, KOe npvaaBa maca Ha
ereMeHTapH/NTe 4acTuMuM Ha BEeLeCTBOTO, KOS € npuyMHaTa matepuanHite Tena da ce Hacousat
€[lHO KbM OpyTO, paswmpsaea nu ce BecenenaTta, nmano nu e Nlonam B3pmB KaTto Hayano Ha Bcenenata
W CbOTBETHO TOYKA HA CUHIYMSIPHOCT, Bb3MOXHO MU € CbLUECTBYBAHETO Ha T.H. ,4epHU” AYMNKU ”
peavua apyru, ce ctura Ao naesata, Ye BCUYKU Te3un ABMneHus u npouecu ou Tpsabeano ga mmat obwa
peanHa duamyecka ocHoBa U obeauHsiBalwo 3BeHO. CbBpeMeHHaTa u3Mka OTYETNMBO AOMaBs U
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yCTaHOBSIBA, Y€ TaKoBa HeLlo N NMncBa, HO OOEKTMBHO O MMa, B pe3ynTaT Ha KOeTo ce Bb3nprema ¢
OCHOBaHue onpenerieHneTo ,TbMHA” MaTepusi, KaTo HeWo HEesACHO M HeobscHMMO. Bbe3 HeroeoTo
paskpvBaHe W SACHO onpedensiHe u3rnexga HEBb3MOXHO KakTO W3SCHABAHETO Ha MOCOYeHUTe
SABMEHUS U MpoLecu, Taka U crinobsBaHeToO Ha UANoCTHa M 3aBbplueHa npeactaBa 3a hu3myeckus
CBAT. YCWMEHO Ce TbpCM W3 BCEMMPHOTO MPOCTPAHCTBO ,TbMHA® Matepus C npesymuusita u
npenybexaeHneTo, 4Ye TA e HsKbAe oTgeneHa u obocobeHa OT ocTaHanaTa duaudecka cpepaa,
yeauHeHa B HAKOW KOCMUYECKM KbT U Yaka Aa 6bae oTkpuTa. U olle egHo norpellHo npeaybexaeHue
npenstcTBa usgupeaHeto W. o aHanorMs c nosHaTata MaTepus U nopagun MNpPekoMepHOTO
daBopuampaHe, oopu deTuwmnsnpaHeTo, Ha KBaHTOoBaTa uMaes U dopmanmabM, Ce € HanoXuno
CXBalllaHeTo, Ye BCUYKO BbB (hU3NYECKUs CBAT ce KBaHTOBa. [lopu ce cnpsira ugesita 3a ,kKBaHTOBa
rpaBuTaumsa’, Tasm npudygnMea KOMOMHaLMs, HAMaLLa usnyecka OCHOBa, HO ABsIBALLA ce Hagexaa
3a u3xoA OT 3acTos BbB ¢m3ukata. M Taka c npegcraBata M MOTUBa KBaHTOBaHe ce MpoBexpaT
€KCMePUMEHTM MO U3OUPBAHETO HA YacTULM C MPUETO HanMeHoBaHue ,BuMmn” (oT aHrnumnckoto WIMP -
Weakly Interacting Massive Particles — cnabo B3avmogencTBallyM MacvBHW 4YacTuLM) UIK oule
aKCWMOHW, KaTo eNieMEHTapHM YacTULM UITM KBAHTW HOCMTENW Ha ,TbMHaTa” matepusi. 3a cbXXaneHue u
B TOBa HanpaBfieHne, KaKTo Npu rpaBmMTaumsTa, C BbBEXAAHETO Ha FPaBUTOH U rpaBUTaLMOHHN BbIHU
Mo aHarnorMss C efnekTpoMarHeTMama, aHanorusita € Jfow MOMOWHMK W OTBEeXAda BCTpaHu oOT
Oe’icTBUTENHOCTTA.

C ybexgeHMeTo W Cb3HaHWMEeTO, 4Ye crefBaHWTe nbTUWaATa W npunaraH MeToau 3a
paskpvBaHETO Ha ,TbMHaTa” MaTepusi ca U34YeprnaHu M He BOAST OO HyXHWUTe pesynTtaTu, Gelue
MOTbPCEH W MPUMOXEH HOB Mogxon 3a m3gupBaHeTo W. MoaxogbT ce ocHOBaBa Ha upesta, 4ve
napamMeTpuTe Ha HenosHaTtata [O cera U wmsguMpBaHata ,TbMHA® maTepuss 6u TpabBano ga ca
obe3aTenHo cBbp3aHM C yHAaMeHTanHuTe @U3NYHU BENWYMHK, 33 KakBMTO u3mkata e
onpegenuna rpaBuMTauMoHHaTa BENWYMHA, CKOPOCTTA Ha pasnpoCTpaHeHMe Ha enekTPOMarHUTHUTE
B3aUMOJEWNCTBUS U NiaHKoBaTa KOHCTaHTa. VMIMEHHO 4Ype3 TAX U CbOTBETHU TEOPETUYHUTE U3BOAUN U
aHanMTMYHM U3pasn Ha TeopusTa Ha MoneTo, TepMoAMHAMUKaTa M MaxaHukata Osxa onpegeneHu
npucbLMTE (PM3UYECKM NapameTpu Ha usgupBaHaTa uanyecka peanHocT unum ,TbMHA” MaTtepwus,
N34UCTIEHN TEXHUTE aKTyallHM CTOMHOCTU U Auana3oHa Ha NpoMsiHaTa MM B MpoLeca Ha eBonooumaTa,
KaKTo crnepaBa:

- 3a nbTHoOCTTa — oT 10° Ao 10° g/cm®, npu akTyanHa cToitHocT - 1,49.107 g/cm®;

- 3a Mofyrna Ha enacTuUYHOCT - 13,4.10° Pa (Pa — nackan, egnHuua Msipka 3a enacTu4HoCT);

- 3a cpefgHaTta TeMnepartypa — guanasoHa ot npubnusntenHo abconoTHaTa Hyna 0°K go

9-10°K, npwv akTyarnHa CTOMHOCT 2,73°K;

- 32 TEpMOAMHaAMMYHATa BEMUYMHA, N3dncrneHa Ha 6asata Ha ypaBHEHUETO Ha CbCTOSHUETO
Ha cpegaTa - 7. 10™ erg/grad;
3a BbTPELLHOTO HansraHe B cpegaTa - 18,9.10™ erg/ cm®;

3a CKOpOCTTa Ha enekTpomMarHutHuTe konebaHud unu cBeTnuHaTa B Mpoueca Ha
eBonoLysiTa Ha cpegata — ot 10° go 10! cm/s npu akTyanHa croitHocT 3.10™° cm/s;

3a CKOpOCTTa Ha Bb3OEWCTBMETO Ha cpedaTa BbpXy BELLECTBOTO MM CKOpPOCTTa Ha
NpoMsiHa Ha BBLTPELHOTO HansiraHe B cpegata — oT 10" go 10" cmi/s, npu akTaynHa
ckopocT npubnuautenHo 10 cm/s.

B pesynTtaT Ha onpefeneHnte 06eKTMBHO pearnHu hunsndeckn napameTpu ,TbMHaTa” maTepus
Oe paskpuTta, ,0CBeTneHa” u onpegeneHa kato uanyecka peanHocT, MbpBMYHA Maca M cpeda C
(hm3nMYeckM CbCTaB U CbLUHOCT, €4HAKBU C Te3n Ha Mo3HaTaTa HM MaTepusl, HO CbC cneunduyHu,
npucblM U3NYECKM NapaMeTpu, 3HAYMTENHO OTNMYaBaLM CU MO CTOMHOCTU OT HewHuTe. 3a
OTYETNIMBO pasrpaHuyaBaHe Mexay M3BecTHaTa mMaTepus U ,TbMHaTa” UMM HOBOYCTaHOBEHaTa, Ha
nocnegHata Oewe nNpuCBOEHO HaumeHoBaHMeTO CbLUHOCT, OTpassBallo MbPBUYHOCT U
PyHOAMEHTANHOCT, CbLUEBPEMEHHO KpaTKO, HE CbCTaBHO, M34YeprBallo M OTpassBallo HavanoTo,
CblUMHaTa M nocrefoBaTeNHOCTTa Ha npouecnTe BbB bmanyeckata gencreuTenHocT. lNpremankm ¢
ybedeHOCT ThXXAECTBEHOCTTA Ha ,TbMHaTa” Matepusi C HOBOyCTaHOBeHaTa huanyecka peanHocT unm
KpaTko CbLUHOCT, B CNEeABALLOTO U3NOXEHME e Obae U3non3BaH MMEHHO TO3U TEPMUH U KaTeropwsi.

Beue onpepeneHute napametpu Ha ChbLHOCTTA HEOBYCMMUCMEHO yKa3BaT, 4e ToBa €
HenpekbcHaTa U Hepa3pyBHa XOMOreHHa cpefa, C MHOrO BMCOKa MiTbTHOCT. TA e HeancKpeTusmpaHa,
HEeKBaHTOBaHa efHOpoAHa Maca, M3nbliBalia MbTHO USANOTO BCEMUPHO MPOCTPAHCTBO, MpU ToBa
N30MOpHO, T.e. 6e3 060Cco6eHN TOUYKM N 30HM U U3OTPOMHO, T.e. 6e3 ocobeHn 1 NpuBMNEerMpoBaHu
HanpaBneHusi B Hesl. BCUYkM Taka M3BEeLEHN 3a Hesl MPU3HALM U XapaKTepPUCTUKK, CbINacHo TeopusiTa
Ha MoneTo, si ONpPeaenaT HeABYCMUCIIEHO M eOHO3HA4yHO KaTo 6a3oB KOHTUHYYM Ha duamveckarta
PENHOCT, 3a pasnuka OT U3KYCTBEHO BbBEAEHMS KOHTUHYYM MPOCTPAHCTBO-BPEME, KOHTUHYYM OT ABe
HAMaLLM PU3NYECKN XapaKTUPUCTUKN 1 MapamMeTpu unm obwm npusHaum, kateropun. Tyk cnegsa sicHO
Oa O0bae nskaszaHo TBbpPAEHUE, KOETO OCBEH 3a AOCTOBEPHO, MOXE [a Ce cYMTa M 3a onpenensaiwo npu
ONMCaHMEeTO U U3rPaXdaHeTo Ha MNpeAacTaBu, Maew, Xvunotesu, mMogdenu u Teopumn 3a Bcemwupa, a
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UMEHHO 4Ye reomeTpusitTa He € U He MOXe da nopoau dwusvka, obpaTHO dwusmkata HEMUHYEMO
nopaxpga reometTpus. ToBa € AACHO Han-mMarkoTo nopagu Heocnopumus PakT, Ye reomeTpusitTa He e
dusndHa kateropus ¢ usmdeckn atpubytn, kakeato e CblwHocTTa. C reomeTpusita camo moraT ga
ObaaT NpeacTaBsHM U OMUCBAHU SABIEHWUS U Mpouecn oT 06eKTuBHMSA CBAT. Ta He Moxe ga Obae
HeLLo noBeYye OT NOMOLLHO CPeACTBO 3a ONMcaHue U U3rpaxaaHe Ha MOAENW 3a OKOJTHWUS CBAT, HO He
M OCHOBEH aTpuOyT Ha bmanyeckarta peanHocT.

MaTtemaTnyeckn peanHus pmanyeckn KOHTUHYYM MOXE Ja Ce OnuLle KaTo ckanapHo nosne Ha
CobuwHocTtTa. CnegoBaTtenHo ¢ TEH30pW OT HYNEB paHr UNU ckanapyu Morat Aa 6baaTt npeacTaBsiHu U
OMNMCBaHW BCUYKM HEroBM MNapameTpu, MNpPefcTaBeHM no-rope. TakbB ckanap € Hanpumep Beye
onpegerneHaTta NbTHOCT. KakTo € M3BeCTHO OT MaTeMaTuKkaTa TEH30PUTE OT HYNEB PaHr ca BENTUYMHA
CaMO CbC CTOMHOCT, rofieMuHa, Ho 6e3 HanpaBneHusl, JOKAaTO BEKTOPUTE Ca BENUYMHM OT MbPBU PaHr,
OMNMCBaHM CbC CTOMHOCT U HanpasreHue.

ManbnBawa no onpefeneHns HauvMH LSOTO BCEMWPHO MPOCTPaHCTBO, B OTCHCTBMETO Ha
KakBMTO 1 da e HeegHopogHocTu, CblyHOCTTa 6u cnegsano ga e B abcomnoTeH MoKoW, B cobcTBeEHA
MHepuunanHa cucTteMa M OTCbCTBME HA KakBaTo U Aa e eHeprus. Ta e caMo NpMBUOHO C MHOMO BMCOKA
NbTHOCT, 3aLl0TO CbLUEBPEMEHHO MITbTHOCTTA N € HULLIOXKHO Marika Nno CpaBHEHME C NITbTHOCTTa Ha
rpagMBHUTE eNEMEHTU Ha ,CcBeTnarta’ MaTepusi, Ha BELLECTTBOTO, YMSTO MITbTHOCT € B Auanas3oHa
10" - 10" g/cm®. CbOTHOLLEHMETO MEXAY NITbTHOCTUTE Ha YHAAMEHTA W rPaAMBHUTE EMEMEHTY Ha
MaTepusiTa, OapUOHHOTO BELLECTBO, HaBeX4a Ha MUCbITa M [daBa CEpUMO3HO OCHOBaHME 3a
JOMyCKaHeTo, Ye eNeMeHTapHWTe 4YacTULM Ha BELLECTBOTO Ca MOPOAEHU MMEHHO OT MacaTa Ha
CblwHocTTa 6€3 NoCpegHMYecTBOTO Ha XuUnoTeTudHaTa ,00xecTBeHa” dacTuua unu M3gupBaHns
CbLLUO Taka ynoputo u HeycnewwTo X-6030H. T.e. enemMeHTapHUTe YacTuuM camu u3Bnu4aTt maca ot
cpepaTa Ha CbLUHOCTTa KOHAEH3MPaNKM 1 %/I'IJTbTHﬂBaI;IKM 1 MO cunarta Ha TEpMOAUHAMUYHUTE 3aKOHU
B obemMu c pasmepy B auanasoHa 107° - 10™ cm, T.e. noBpe n3BeCTHUTE Ha hu3MkaTa Ha
ernemMeHTapHuTe YyacTuum paguycu. [pyr MexaHu3bM Ha npuaobuBaHe Ha Maca oT hopmupoBaHuaTa
Ha GapMOHHOTO BELLECTBO, KaTo U3KPUBSBAHE Ha NPOCTPaHCTBOTO MMM U3BMIMYAHETO W OT eHeprusaTa
Ha BaKyyma, KOATO He MOXe [da CblUeCTBYyBa, KakTO Bevye Oelle [JoKa3aHO, € Marko BeposiTeH
hU3MYECKM HEBB3MOXEH. 3alloTO MPOCTO HAMAa OT KakBO Opyro Ada npou3Tnya BeLiecTBOTO WU
yactuuuTe ga npugobuBaT Maca, OCBEH OT peanHata (usnyecka OCHOBa, 3a kakBaTto bOewe
onpegeneHa CbLHOCTTAa U BEPOSITHO € eAMHCTBEHMSI peanHo Bb3MOXEH MpeTeHAeHT 3a 6asa Ha
dusmkaTa. EctecTBeHO ce Hanmara cxBalwaHeTo, 4Ye dumandeckaTa peariHoCT B CBOsiTa OUTHOCT U
€eBOMUMS MMa LBe OOEKTMBHO HaNM4YHW KOMMOHEHTW, NbpBaTta, dyHAameHTanHata CbLHOCT unm
npegnonaraemarta go cera ,TbMHA” Martepusi, C NPUCLLLMTE N N OonpedeneHn Beye napameTpu U
BTOpaTa, npousBogHaTa W, AobGpe Mo3HaTa HWM MaTepusi CbC CBOWUTE [BE MPOSiIBU — BELLECTBO U
nbYeHue.

M3TbkHaTMTE MNOCTAHOBKM M OBOCHOBaHM [A0BOAW MOAKPENAT YOexaeHVWeTo, 4e MMEHHO
CblwHOCTTa € TbMHaTa Martepusi, KOATO [0 cera ybdareawe OT TEOpeTUYHUTE Modenu w
eKCrepuMeHTanHn wuscnegBaHnss Ha duamkata. TH, CbIMacHO akTyanHuTe wuscnegBaHus W
N3MNOXEHOTO, € HaBCAKbAE OKOMO HAac M B HAC, OT MEXAyaTOMHO M MEXOyMONEKYNHOTO A0
MEXOY3BE3HO U MeXAyranakTM4HOTO NpoCTpaHCTBO. Mexay napameTpuTe Ha OBETE KOMMOHEHTU —
CbLHOCT U MaTepusa, CblLEeCTBYBa B3aUMHa Bpb3ka M 3aBMCMMOCT, OMEBUOHO NpeanocTaBeHa OT
npoueca Ha npeobpa3syBaHe u TpaHchopmaunst Ha CbLLHOCT BbB BELLECTBO U 06paTHO.

Taka npeacTtaBeHUTE TyK KpaTKO TEOPETUYHU paspaboTku, pe3yntati U U3BOAM eCTECTBEHO
Ce HYyXXOasiT OT eKcnepyMMeHTarnHa nNnpoBepka Ha CbCTOSATENHOCTTa U AocToBepHocTTa. C Tasu uen B [5]
ca npeanoXeHu MeToAuM, OMMTU M MOCTaHOBKM 3a npoBepkata. OKypaxaBawo e, 4e peguua
nyénukauum n cbobLLeHUs B CBETOBHOTO MHGOPMAaLMOHHO MPOCTPAHCTBO U MPEXM, Ha BoOeLLM
nuscnegoBaTenckM  EeKUnM WM yd4eHU TMNOTBbpXOAaBaT BbB BUCOKA CTEMEH nNpaBuUSIHOCTTA U
[OCTOBEPHOCTTa Ha NPOBEAEHUTE U3CNEABaHMS, Ype3 TEHAEHUMATA HA NPOMsIHA Ha NapaMeTpuTe Ha
dyHOaMeHTanNHN U3MYHM BENUYMHKU, UMALLM MNpsika Bpb3ka C MapaMeTpuTe Ha HOBOOTKpuUTaTa
CwobLHocr, [9], [10] v gp.

BasupaHeTo Ha mamdeckuTe siBNeHUs 1 npouecu Bbpxy CbLHOCTTa 61 umano ABe BaXKHWU 3a
dmsmkata cneacteusa. MbpBO, ynecHsBa u cnomara nonyyYyaBaHETO Ha SICHM U HEenpoTMBOPEYMBHU
OTrOBOpM Ha BCMYKM OHE3W BBMPOCU Ha m3mKaTa, 3a KOUTO OO0 CKOPO OTChbCTBaxa ybeautenHu u
[OCTOBEPHM U HENPOTMBOPEYMBU Taknea. BTopo, ocurypsiBa Bb3MOXHOCT 3a M3rpaxgaHeTo Ha obLy
Mogen 3a CbabpXXaHMeTo, yCTPOMCTBOTO M eBonoumMsaTa Ha Bcemupa, kato CMHOHUM 1 0606L1eHne Ha
dmamyeckaTa peanHocT.
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BbBeneHune

UoBeEKbT € C HeorpaHu4yeHu WHTEeneKTyanHy Bb3MOXHOCTW, KOEeTO e npednocraBka 3a
obxuBsBaHEeTO, HaanpeBapaTta, NpPOTMBOMOCTABSAHETO W 3aBnagsdBaHETO Ha BCSAKO [OCTbMHO
NPOCTPaHCTBO Ha HawaTa nnaHeTa 3emd. Tasu 6e3rpaHUMYHOCT Ha 4YoBellkaTa MWUCBbN BOAU A0
cbbaBaHe Ha Han-cmMenuTe U PaHTaCTUYHU XernaHus 3a NOKOpsIBaHE Ha cyllaTta, BogaTa M Bb3ayxa.
OcBeH HenocpeAcTBEHO OOCTbMHATa HU 3eMHa, NiiaHeTapHa cpeda, 3a KOSiTO CMe MPUKOBaHU Mo
cunaTa Ha pu3nveckuTe 3akoHu, Han-aApb3KUTE YMOBE OTMNPaBAT B30p OTBbA BMAMMOTO U nNpeaenure
Ha ceTuBaTa, OGneHyBaT 3a HEMOHATHOTO, HEOOATHOTO, MMaleLo CbC CBOSITA HEM3BECTHOCT, HO B
CbLLOTO Bpeme npuTteratesniHo KOCMWYEeCKO MpoCcTpaHCTBO. B cpepata Ha XX Bek, npe3s 1957 r.,
CBbBETCKUAT CblO3 U3BEXAa B opbuTa nbpBust catenut, CnyTHUK |, KOETO NOCTaBsi HA4anoTo Ha HOBa
epa B XMBOTa Ha LANOTO YoBeyecTBO. KbM CbTpyAHNYECTBOTO, HaaNpeBapaTta, NpOTUBOMNOCTaBAHETO
3a 3emATa, BoAata M Bb3OYLIHOTO MPOCTPAHCTBO ce A00aBA KOCMUYECKOTO MNPOCTPAHCTBO.
OrpaHunyeHocTTa Ha npupogHaTa o0OBbp3aHOCT KbM 3emsaTa, 3aBMCMMOCTTa OT BOoAaTa,
HeobxoQMMOCTTa OT Bb3Adyxa NPOBOKMPpAT HaW-CMenute ymoBe Aa nornegHaTt OTBbA NMUMUTUTE Ha
cetuBaTa. B HegpaTa Ha JoBelkaTa paHTasmsa U BbOOPBXEHNE ce paxaa ngesta 3a ,nokopsiBaHe n
BKMIOYBAHE Ha KOCMOCa B XMBOTa Ha xopaTta. B cBom aHanu3 Ha rnobanHute TeHOeHUUKU, KOUTO
onpefenAT Hawarta AencTBuTenHocT, HaumoHanHoTo pasysHaBaHe Ha CALL n3Bexga TeHOeHUuaTa
KbM paslwmpsiBaHe Ha Bb3MOXHOCTUTE U MHULMATMBUTE 3@ LOCTBIM OO KOCMUYECKOTO NMPOCTPaHCTBO:
KOCMWYECKM Typu3bM, MMHHO [AENo Ha actepouau, pas3paboTBaHe Ha TEXHOMOruM 3a >XUBOT B
KOCMWYECKOTO MPOCTPAHCTBO. W BbMNpekn oTAanedeHocTTa B ObOelweTo Ha  akTUMBHOTO
KOoMepcuanuavpaHe Ha KOCMOca, TOBa BOAM [0 CbMEPHMYECTBO MeXOYy CTPaHUTE M YCKOPEHU
TEMMOBE Ha pa3BUTUE Ha TEXHOMOrMMTE 3a MopassiBaHe, HeyTpanuaupaHe, AOpW paspyllaBaHe Ha
carenutuTe. B gonbrHeHne kbM O6GLWIOTO yAMBMAEHME U Bb3XMLLEHWE OT OOCTUTHATUTE KOCMMUYECKM
BNCOTN ce pobaBsa TpeBorata OT CbMEPHUYECTBOTO B KOCMMYECKOTO MPOCTPAHCTBO U HEroBOTO
n3nonseBaHe 3a BOeHHW uenu. KocMocbT ce npeBpblla B HOBa CTpaTerMyecka cpefa Ha
CbMNEPHNYECTBO MEXAY AbPXKaBUTE, B KOATO OT AOCTbMBbT 4O HES, OT M3MNOMI3BAHETO M KOHTPONbT Haz
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Hesq 3aBucK ObaeLeTo Ha obpXkaBuTe 1 cBeTa. [TbpBU B cnucbka ce HapexaaTt Kutan, Pycus n CALL.
[1; c. 157-158] NgeannanpaHoOTO MUPHO MU3MOSM3BaHE HA KOCMOCA € U3MECTEHO OT peasnIMCTUYHOCTTa B
npoueca Ha munutapu3daums. C orneg Ha TEXHONOTMYHWUTE BBb3MOXHOCTM BCE MOBEYE akTopu
paspaboTBaT KOCMWYECKM MpOrpamMu 3a peanusvpaHe Ha CBOM MPOEKTW B UMETO Ha OTCTOSIBaHE Ha
cBouTe WHTepecu w notpebHocTn. KuTamcknte ycunust B pas3paboTBaHETO Ha KOCMUYECKUTE
CMOCOBHOCTM MpPOBOKMPA aKTMBM3UpaHeTo Ha WHams, koAto ¢ nomowrta Ha CAL ycnewHo
paspaboTBa cBosiTa KocMmmyecka nporpama. B ypasBHeHueTo Bnu3a [lakucTtaH, kaTo MPOTUBHUK Ha
Nhaus, ¢ koeTo curypHocTTa Ha tOxHa A3nsi e 3acTpalleHa oT yBenuyaBalute ce Bb3MOXHOCTU Ha
KOCMUYECKOTO MunutapusupaHe. KasaHo no Apyr HauvH, OeMOKpaTU4HOCTTa B W3MOM3BaHETO Ha
KOCMMYECKOTO MPOCTPAHCTBO M Bb3MOXHOCTUTE Ha BCE MOBEYe eneMeHTU B pasnpeferneHneTo Ha
BMMAHNETO B KOCMOCA OKa3Ba MPSKO BNUSHME BbPXY CUTYPHOCTTA Ha CBeTa kaTo usano v Ha KOxHa
Aszua (KOA) B 4acTtHocT. OT gpyra cTpaHa, KOH(INUKTHUTE OTHoweHus mexay WHama n lMakucTtaH
onpefenaT HagnpeBapaTa B pa3paboTBaHETO Ha sApeHO opbxue. KbM KMYOBUAT BBLNPOC 3a
yperynmpaHe Ha OTHOLUEHUsITa B KOCMUYECKOTO MPOCTPaHCTBO ce fobaBs HeobxogumocTTa OT
n3cnegBaHe Ha 3aBUCUMOCTTa MEXAy MUnMTapmsauusaTa Ha kocmoca u curypHocTTa Ha FOA.

VHTEH3MBHOTO pa3BUTUE Ha KOCMWYECKUTE MpPOrpamMm M HEOOATHUTE BB3MOXHOCTM Ha
KOCMOCa, KakTO W YyBenuyasalluTe ce Bb3MOXHOCTM Ha XopaTa 3a u3cnegBaHe, AoCTuraHe u
,MOKOpsIBaHE“ Ha KocMoca onpefens akTyanHocTTa Ha TemaTa 3a BMMSHUETO Ha Munutapusauusata
Ha KOCMWYECKOTO MPOCTPaHCTBO Haa curypHoctta Ha HOxHa Asua. ToBa € egHa OT Ham-
B3pMBOOMACHUTE 30HM Ha CBETa, KbAeTo ABe sapeHu cunun, UHamsa wn lMMakucrtaH, BpaxaysaTt 3a
TepuTopun, pecypcu, BnuaHue. CbcedcTBOTO Ha Apyr asmaTcku ruraHT, Kutal, u HewHoTo
CbTpyaHMYeCTBO C lMakncTtaH BHAcs HOBW HEU3BECTHW B yperynMpaHeTo Ha cpegata Ha CUrypHOCT B
A3na n ceeTa.

U3cnepoBaHeTo e poKycupaHo BbPXY MW3MNON3BAaHETO HA KOCMWYECKOTO MPOCTPaHCTBO 3a
BOEHHM Lenu n BUSIHWETO Ha Te3u npouecn Haf curypHoctTa Ha tOA. Llenta Ha goknaga e kato ce
aHanuaupar ornpeaeneHu napameTpu Ha MUNUTapU3npaHeTo Ha KOCMUYECKOTO MPOCTPaHCTBO Aa ce
onpegenu BrUSHMETO UM Hag curypHoctTa Ha KOxHa Asusi. OGekT Ha mnacneaBaHe e NpPoLEecHhT Ha
MuUnuTapusaums Ha KOCMMYeckoTo npocTpaHcTBo. OcobeH WHTepec npeacTaBnsiBa BNWSAHUETO Ha
Tasn TeHOeHUMs Bbpxy HelcurypHocTTa Ha HOA. WMacnepoBaTenckata xunoTtesa pasrnexaa
MuUnuMTapusauusaTa Ha KOCMMYECKOTO MPOCTPAHCTBO KaTo MpOLEeC, KOWTO MOA4 BIIMAHMETO Ha
HagnpesapaTa 3a OOCTbMbT, U3NON3BAHETO M KOHTPOMbBT HaZ KOCMUYECKOTO NPOCTPAHCTBO OKOMO
3emaATa e puck 3a curypHoctta Ha HOxHa Asua. 3agaumte, KOMTO CU MOCTaBs HACTOSILWOTO
uscrieasaHe ca: [la ce aHanuanpa npoueca 1 NpUyYnHUTE 3a MunuMTapusauusata Ha Kkocmoca; [a ce
onpegenu BAMSHWETO Ha KOCMMYecKkata Mmunutapusaums Hag curypHoctTa Ha FOA; Kato ce ussepar
OCHOBHWM nNapameTpu Ha MunuTapmsaumMsTa Ha KOCMUYECKOTO MPOCTPaHCTBO, Ja Ce o4epTae
3aBMCMMOCTTa MUNUTapmu3aLmsa Ha KOCMOCa «> permoHanHa CUrypHocr.

HacToswoTo nscneasaHe ce 6asvpa Ha MynTUAMCLMNNNMHAPHUS Noaxon 3a TeopeTusmpaHe B
obnactTta Ha HaykaTa 3a CUrypHocTTa. AHanuampaHu ca CbBPEMEHHU nUTepaTypHU U3TOYHWULN, B
KOMTO € pasrnefaH MpouecbT Ha MWUNUTapmM3auus Ha KOCMOCa KaTo enemMeHT oT npobnembT 3a
MUPHOTO M3MNon3BaHe Ha obwmTe 4oBelwku 6Gnara, KakBOTO € KOCMWUYECKOTO MNPOCTPaHCTBO U
usnons3saHeTo My 3a BoeHHM uenu. OcHoBononarawia nepuenuus B M3CNeABaHETO € ugesra 3a
o6LwWoTo 0bMTaBaHO MPOCTPAHCTBO, 3eMsTa, 3a KOETO HEropaHM4YEHUTE Bb3MOXHOCTM Ha YoBeLUKaTa
MUCBN M [JOCTUraHEeTO Ha HEeODATHOTO KOCMMYECKO MPOCTPAHCTBO OKa3Ba BIUSHUE BbPXY
He/curypHocTTa B FOA. B n3cnegBaHeTo ca pasrfnefaHn crtpaTtermiyecku JOKymeHTu Ha bbnrapus, B
KOUTO ce TbpCW BU3UATA Ha HawaTta CcTpaHa OTHOCHO KOCMUYECKOTO MpocTpaHcTBo. PasrnenaHu ca
aKTyanHu aHanumsm oT pasnu4yHn ,Mo3byHM pesepBoapk” think-thank. N3cnegBaHeTo € ONBbIHEHO C
nperneq Ha KOMeHTapu, JoKnaau, HOpMaTUBHU JOKYMEHTU. BCUYKM M3TOYHULK, KOUTO Ca M3NON3BaHU
B aHanusa, ca untupaHu cnopes U3nckBaHusiTa u ca nogpeaeHun B bubnuorpadpckara cnpaska.

MeTtoponorusata Ha uM3crnegBaHeTo ce 0a3npa Ha mageaTa 3a KOMIMIIEKCHOCT, CIIOXHOCT,
BapuaTMBHOCT Ha Temarta. M3non3BaHW ca TpaguMuMOHHM MeToau Ha u3cnegsaHe: [lpoyysBaHe u
OTYMTaHe Ha akTyanHaTa cuTyauus; AHanu3 Ha MHPOPMALNOHHUTE N3TOYHULN; TeopeTnieH Noaxos;
CuctemeH u bakTopeH aHanus; 3akrndeHnsiTa ce Gasupat Ha nNpemMuMHaBaHETO OT abCTpakTHO u
0OOLWO KbM KOHKPETHO M 4YacTHO, u obpaTtHo. OrpaHuyeHnsiTa Ha HacTOAWOTO M3crefBaHe ca B
NpeacTaBsHETO Ha Han-obWwu nokasaTenu Ha [OCTUTHATUTE HUBA Ha MUnUTapusauus Ha
KOCMUWYECKOTO NPOCTPaHCTBO U BIIMSIHMETO Ha TO3U npoLlec Haf curypHocTTa Ha FOA. B nscnegsaHeto
He ce Habnsira Ha YTOYHsIBaHE Ha TEXHOJIOrMYHUTE NapameTpy Y Bb3MOXHOCTU 3a BOLAEHE Ha BOEHHM
Jencteus B kocmoca. CucrtematmsaumaTa Ha nocrneauumte 3a curypHoctta Ha MOA orpaHudasaT
aHanus3a B eAWH PEervoH, KOeTO W3KMKYBa OCTaHanaTta 4acT Ha CBeTa, C SACHOTO Cb3HaHMe 3a
OrpoMHaTa 3Ha4YMMOCT Ha NpoLuecuTe B OCTaHanMTe permoHu.

M3cnegBaHeTo € HAaCOYEHO KbM LUMPOK KPbI OT NOTpebutenu, Ho € Haco4YeHO NPeaUMHO KbM
cneumanuctm B obnactta Ha 3akoHO4ATerncTBOTO, aHanu3aTtopu B cdepata Ha CUrypHocTTa,
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CTYAEHTU, KOUTO MMaT MHTEPEC KbM MpOLEecUTE B MEXOYyHApOOAHUTE OTHOLUEHMSI U BYACTHOCT KbM
KOxHa Asus.

1.MapamMeTpu Ha MUNUTapU3auUnATa Ha KOCMoca

Anepuenuuata Ha HATO u EBponenickusi cbto3 (EC), kbMm KoUTO ce uHTerpupa u bbnrapus,
onpegens Mope, Bb3ayx, KOCMOC 1 Knbep kato 6rara cbC cTpaternyecka 3Ha4MMoCT 3a MKOHOMMKaTa
n BoeHHaTa cdepa. ToBa u3sBexaa B cBosTa kHura ,CurypHoctta m otbpaHata Ha EC cnep
JIncaboHckna goroeop u cTparternyeckata koHuenuunsa Ha HATO ot 2010 r.“ g-p MoHuka NaHarnoToBa.
B cBos aHanu3 TA nogdepraBa ockbAHaTa MpaBHa pernameHTauns No OTHOLIEHWEe Ha Kocmoca U
Knbep npocTpaHCTBOTO. He Ha mocnegHo MACTO ca MoCTaBeHW npeausBukaTencrsata B 6nuska u
cpegHocpoyHa nepcnektnBa npeg HATO u EC. EgHO OT TAX € MOCTOSHHOTO HapyllaBaHe Ha
cuctemaTta 3a KOMaHABaHe 1 ynpasfieHWe Ha aBMauusita u NpoTnBoBb3AYyLWHaTa otopaHa (MBO) upes
aTakm B KOcMoca W kubep npocTpaHcTBaTta. [pyr MHOWKATOp 3a HapacTBallOTO 3HayeHue Ha
KOCMMYECKOTO MPOCTPAHCTBO € pa3paboTBaHETO Ha OPBXUS C FONsM pagnyc Ha OeNCTBME, 3a KOUTO €
HeoOXOOMMO pasBUTME Ha CnocobHOCTUTE 3a pasy3HaBaHe, HabnwaeHwe, OMno3HaBaHe MpPsiKo
3aBuMceLLM OT JocTbNa Ao kocMoca U kmbep npoctpaHcTeoTo. [-p MNMaHanoTtoBa gonbrBa CBOSA aHanu3
OTHOCHO KOCMWYECKOTO MPOCTPAHCTBO C OYepTaBaHETO Ha YMCIEeHUTE MoKasaTenym Ha KOCMUYECKUTE
06exTn n onpegens TexHust 6port Ha 18 000 BkntoumTenHo 1300 catenuT, onepaTMBHO N3MOMN3BaHN OT
okono 40 ctpaHu. Beuykn Te ca B HenpekbcHaT obMeH Ha MHAOpMaLmMs, KOSTO OCBEH 3a HYXAUTE Ha
TenekoMyHukauuuTe, rnobanHoTo MO3UUMOHUPpAHE, METEOPONornsaTa W Ap. FPaXxaaHCKM uenu, ce
n3nons3eaT 3a CUrypHocTTa u otbpaHata. Kbm TO3M KOMeHTap Moxe ga ce gobaBu eguH BaxeH
aKkueHT. HUTo efHa 4acT OT KOCMUYECKOTO NPOCTPAHCTBO He nonaga nof cyBepeHuTeTa Ha KoATo u
na e pgbpxaea. B ,[oroBop 3a Kocmoca“ ot 1967 r. (Outer Space Treaty) n nocnegsanute ro
crnopasyMeHus onpedensit kocmoca KaTto rnobanHo obuwo 6naro, 4O KOETO AOCTLNBLT U MOMN3BAHETO
3a MMPHM Uenu e npaeBo Ha AbpxaBute. [oCTbnNbT OO KOCMOCA Ce OKa3Ba OT >KWU3HEHOBAXHO
3HayeHne 3a HATO u EC.[2; c. 114 - 127] lNoBuwaBaHETO Ha aKTUBHOCTTA B KOCMMWYECKOTO
NPOCTPAHCTBO KpUe PUCKOBE OT COMBbCHK Ha MHTEPECU, KOUTO MPOBOKMPAT pPa3BUTUE HA TEXHONOMMU
3a yHuLLOXaBaHe U/unu noepexaaHe Ha catenutn. OCBeH yBenM4YaBaHETO Ha CTPaAHUTE-Y4aCTHUYKM B
KOCMMYecKkaTa HaanpeBapa, NosiBABAT CE M HeObpXXaBHU akKTopy C ambuumm 3a u3nona3saHe Ha
KOCMMWYECKOTO MPOCTPaHCTBO, KOETO NMopaxga HOBU PUCKOBE Ha CUTYPHOCTTA Ha BCUYKM paBHULIA, OT
uHauBMayanHata go rmobanHarta curypHocT. [3; c. 21][4; c. 210]

Mo Hayano KOCMWMYECKOTO MPOCTPAHCTBO Ce TpeTupa KaTo 0O0Wo NpOCTPaHCTBO, MoOA
HabnogeHneto Ha OOH, koeTo MoXe ga ce u3non3eBa 3a MWpHM Lenu. B aguMHamukaTta Ha
oTHoweHusATa CALL n3nusat ot obLWus KOHTEKCT € AeKnapupaHe Ha HeobXoaAMMOCT OT BbOpbXKaBaHe
Ha KOCMWYECKOTO MPOCTPaAHCTBO B MMETO Ha HauMoHanHuTe cu oTbpaHuTenHu cnocobHoctu. Okassa
ce, Yye molwHM abpxasu kato CALU, Pycus, Kutan, NHoma ca cunHo 3aBuCMMWM OT caTenuTHUTE
TexHonorum 3a ObP30TO NpeofonsBaHe Ha HE3BUCTHWUTE BbB BOAEHETO Ha BOEHHU AENCTBUS.
OcHoBHaTa KOMYyHUKauusi, HaBuraumst U uHdopmauus MuHaBa npe3 catenutute. Kbm TOBa ce
npunbaesa nHpopmMmaunsaTa oT NpeaynpexaeHus 3a pakeTHW HanageHus. HasemHuTe yactu m3nonssar
rnobanHaTa cuctemMa 3a nosuvumoHupaHe GPS (Global Positioning System), Tyk ce npubass
MeTeoposiorMyHaTa nHopmMaLlms U3non3saHa OT BOEHHUTE KOMaHOMpW U TOYHOTO KapTorpadupaHe.
CnegctBueto OT HapacTBalWOTO 3HA4YeHMe Ha caTenutuTe € WHTEH3MBHO Wu3rpaxgaHe Ha
CcnocobHOCTM 3a 3awmTa Ha cobCTBEHUTE caTenuTu U aTakyBallM CNocoOHOCTM 3a nopassdBaHe Ha
yyxan catenutu. Bogewmte cTpaHn B paspaboTBaHeTO Ha Te3n TexHonormm oTHoBo ca 3a CALL,
Pycns n Kutain.[5][6] Cnea uactpenBaHeTo Ha CnyTHUK |, agMMHUCTpauMsiTa Ha aMepuKaHCKUsI
npesngeH AN3eHxayep € WusnpaBeHa nped OrpomMHa OTFOBOPHOCT M HATMCK Ja OTroBopM Ha
npegmaBukaTencreoto otnpaBseHo ot CCCP. CrtapTupaTr cepusi OT HOBW ONUTU 3a OOCTUraHe Ha
MOCTWXXEHUSITA Ha KOMyHUcTuYeckust 6Gnok. Cnopea enuH nakucTaHckm astop, Axmag Ka,
BCreACcTBME Ha Ta3n HaanpeBapa, KOCMUYECKOTO MPOCTPaAHCTBO Ce MpeBpblia B HOBa cpefda Ha
KOHQMMKT MexXay ABETe Ccynepcunu, KouTo onpenenaT rnobanHute nonvtuyeckn, MKOHOMUYECKU U
coumanHu npouecu. Toea e nepuoga Ha CTygeHaTta BoWHa, koraTo B Kpas Ha 50-Te n HayanoTo Ha
60-Te roguHn Ha XX Bek HanaraT CBOsITa XereMoHusl U BbB BoeHHaTa cdepa. EguH ot acnektute Ha
BOEHHOTO MPENMYLLLECTBO CE OKa3Ba Bb3MOXHOCTTa 3a ABOWHO NMpefHas3Ha4YeHue Ha caTenuTute B
opbnTa U TAXHOTO M3MoM3BaHe 3a BOEHHM uenu. [o-KOHKPETHO, aHanu3 B peariHo BpeMe Ha
cTpaTerMyeckute Mo3vLMM Ha Bpara, Ha arTakyBalUTe CMOCOOHOCTM W TsAXHATa CKOPOCT, He Ha
nocrneaHo MSICTO NpefocTaBsHe Ha MHpopMauus 3a Uuenute Ha Bpaxecka Teputopus. Korato ctaBa
Jyma 3a MunMTapmsauus Ha Kocmoca, TpsibBa fa ce oT4yeTe, Ye B Ha4anoTo Ha KocMu4yeckaTta enoxa
caTtenuTuTe ca M3MNon3BaHyW MPeaMMHO OT BOEHHUTEW, @ MMEHHO pasy3HaBaHe 3a aKTMBHOCTTa Ha
BPaXeECKNTE CUNKN, KOMYHMKAUUS, aHanM3 Ha KNnMMaTtuyHuTe ycnosus. [lopy u gHec, caTenuTUTHUTE
CUCTEMU Ca M3MNON3BaHM MPEAMMHO 33 BOEHHW LeNnu, KOeTo ' MpeBpbLla B UHTErpaneH KOMMOHEHT
BbB BCsika BOeHHa cTpaTterus. OT uacneasaHeTo Ha Axmapg KaH ctaBa sicHO, Ye OCHOBHaTa npuivHa
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3a KocMmyeckaTa HagnpeBapa € acumeTpuyHaTa npupoda Ha sApeHWTe U KOHBEHLUMOHarnHuTe
apceHanv Ha gBaTa BOeHHW Onoka. B >xemaHmeTo cu 3a HagmollMe OBeETe Cynepcunu Hacouvsat
ycunusita cu KbM MNPEBb3XOACTBO B HeOOATHWTE MpOCTpaHCTBa Ha Kocmoca. W gBeTe cTpaHu
usrpaxxgaTt aTakyBallM OpPBXWUSl C SOPEHU 3apsauv, BKITHOYMTENHO UHTEPKOHTUHEHTanHW 6anncTuyHm
pakeTun (Intercontinental Ballistic Missile - ICBMs). B gonbnHeHue, m3rpaxnaT ce NoABOAHULM CbC
CMOCOBHOCTM 3a M3cTpenBaHe Ha OanUCTUYHW pakeTu, kakTo n BGombGaHaMpoBayu, C AOPEHU U
KOHBEHLMNOHanHn opbxus. C pa3BuTMeTO Ha sapeHuTe cnocobHOCTM Ha ABaTa NPOTUBHMKOBK Grioka n
nactpensaHeto Ha CnyTHuk | ctaBa AcHo, ye CCCP mmaTt cnocobHOCTM Aa u3cTpensaT 6anncTtuyHm
pakeTu c agpeH 3apsa. B pesyntar Ha TOBa, catenuTuTe ca M3non3eaHu 3a dotorpadupaHe Ha
BOEHHM Lienn, pa3y3HaBaHe B OKeaHUTe 3a NokanusvpaHe Ha sapeHu NoABOAHMLM U BOEHHU Kopabw,
KaKTO M 3a paHHO CUrHanuaupaHe 3a U3CTPENSHU MEeXOYKOHTUHEHTaNHN 6anucTnyHn pakeTn ¢ 9apeH
3apaa.[7, c. 39-42]

CTtyneHaTa BoViHa € nNepuof Ha UHTEH3NBHO pa3BMTUE HA KOCMMWUYECKUTE Mporpamun Ha aBeTe
cynepcunu, CALL n CCCP. B nocnegHute 40 roanHyn Ha TO3U KOHMMUKT XUNSAN caTenMTu 3a BOEHHU
uenu ca nsBedeHn B KOCMUYeckoTo npoctpaHcTeo. CALL peanusmpat nbpBUTE C MUCKUM B KOCMOCA —
CORONA n KOSMOS. 3a u3nbiiHEHME Ha BOEHHW 3adayn M 3agadnm ca cdopmupaHn NASA —
National Aerunautics and Space Administration n NRO - National Reconnaissance Office. B HayanoTo
Ha 60-Te roonHM Ha XX Bek € JOoCTUrHaTa TodkaTa Ha rapaHTMpaHOTO B3anMHO yHuoxeHue (Mutual
Assured Destruction — MAD). CTtpaxbT OT BHe3HanHa sgpeHa ataka cpewy CALL moTtumsumpa
npesngeHta PenrbH ga o6sBu Ha 23 mapt 1983 r. Crtpatermdecka oTtbpaHuTenHa uHuumMaTusa
(Strategic Defence Initiative — SDI), koeTo 03HayaBa u3rpaxgaHe Ha LKUT B KOCMoca U Ha 3emdArta
npegHasHayeHn ga NpedoTBpaTST BCEKM OMUT 3a aTaka C BanucTUYHM pakeTu cpeLly Teputopmm Ha
CALl. Jata e nameTHa 3a kocmuyeckata nporpama Ha CALL nopagu ctapTupaHeTo Ha HoBa
JokTpuHa, nogmeHuna MAD, uensuia rapaHTuMpaHo ouensisaHe Ha cTpaHute (Mutual Assured
Survival). Npe3 nocnegHnTe roaMHM BCE MOBEYE aKTOPU MMAaT Bb3MOXHOCT 3a pa3BUTME Ha CBOU
Kocmudeckn nporpamu. Cpen T1ax ca AnoHus, CeBepHa Kopes, WpaH, bpasunus, MakuctaH, Kntain,
MHama.[8; c. 3; c. 64] Kakto Oewe oTOensa3aHO B Ha4yarioTo Ha aHanusa, C HanpedBaHETO Ha
KATalcKaTa KOCMMYecka nporpama wusnpaBs curypHoctta Ha UHaua n uyana KOxHa Asusa npeg
usnutaHve. Tasn B3aMMO3aBUCUMOCT YCKOpSBa pas3BUTUMETO Ha MWHAWWCKATa W MNakucTaHckata
KOCMUWYECKN nporpamu.

2.Bnusinve Ha KocMMYeckaTa MunuTapmsaumusa Hag curypHoctTa B KOxkHa Asunsa (HOA)

3abaBeHOTO N3paboTBaHe Ha 3aKOHOAATENCTBO, KOETO perfaMmeHTpa B3aMMOOTHOLLEHNSITA B
KOCMMYECKOTO NPOCTPaAHCTBO € Bb3MOXHOCT 3a HEOrPaHUYEeHO BbopbxaBaHe B A3usi. [lonbnHuTeneH
THacbK B Ta3n NMocoka e peBoniounsata B UHPOPMALMOHHUTE N KOMYHUKALMOHHUTE TexHonorun.[9; c.
62] nauna n MaknctaH ca kntovoBute aktopu B FOA. [1BeTe cTpaHu nocTturaT cBosiTa HE3aBUCUMMOCT
cnen otTernsiHeTo Ha BenukobpuTtanusa oT cybpernoHa npe3 1947 r. Odopmsa ce cTpaterndecku
TpubrbnHuk — NHausa-Naknctan-Kutan. OT egHa cTpaHa 3actaBaT Kutanm u NakucTaH, a oT gpyraTa
WHaunsa, koeTo BOAM 4O NEPMAHEHTHO CbMEPHMYECTBO M KOHNUKTU. CoONbCbUUTE NpemMuHaBaT U B
KocMuyeckata HagnpeBapa. MexaoyBpeMeHHO ce cTura OO Tpu ronemm BOWHW mexay WHausa u
MakucTaH (1947, 1965, 1971 r.) n egHa mexay NHana u Kntan (1962 r.).

»3aknoveHa“ mexxay Kutanm u MNakucrtaH, lHans akTuBHO passuBa CbTpyaHMdecTBO cbe CALL,
¢ kouto npe3 2005 r. ce cTura 4O UHONNCKO-aMEePUKaAHCKO CbTPYAHMYECTBO B 06MNacTTa Ha agpeHuTe
N KocMu4deckuTe nporpamn. B cneacteue Ha cbTpygHudecTBoTo Mexay CALL, MHama v U3paen, Ha 11
sHyapu 2007 r. Kutan nocrtaBsi HOB eTan B KocMUYyeckaTa HaanpeBapa € YCrnewHoTo n3npobBaHe Ha
Dong Feng-21 (DF-21). N Bbnpekn 3Ha4ymMTenHo no-mankusa cu 6ogxet, nog 10% ot T1o3n Ha CALL,
cTpaHata wusnpobBa HaszeMHO GasvpaHa aHTUcaTenuTHa CUCTEMA, KOATO MMa Bb3MOXHOCTM 3a
HeyTpanuanpaHe Ha catenuTu. Kutam ce BknoYBa OTHOCUTENTHO KbCHO B KOCMMYecKaTa Hagnpesapa
C usBexgaHeTo Ha nbpeusa cu catenuTt Dong Fang Hong-1 (DFH-1) npe3 1970 r. Npe3 mecew ABryct
2016 r. Kutan nssexga B opbuta CBOM caTenuT, C KOETO Ce NermtuMmpa KaTo TpeTa kocMuyecka
cvna. CatenuTbT € C AOKa3aHW aHTU-xakepcku 3awmTtu. B cbnepHmyectBoTo cbe CALL kuTanckaTa
ObpXaBa Cb3HaBa HEBHL3MOXHOCTTA 3a NMPOTMBOMNOCTABAHE CbC CaMOSEeTN U TAHKOBE M TOYHO 3aToBa
NPUOPUTETHO pa3sBMBa KOCMMYecKaTa Cu nporpamMa, no-TOYHO CbC cTpaternara cu Anti Access Area
Denial (A2/AD). B ponbnHeHue, Kutam wu [lakuctaH passBuBaT CbTPyOHMYECTBOTO CU U B
KOCMMYECKNTE CU Mporpamu. [MbpBUAT MaKUCTAHCKM caTenuT € u3BedeH B KOCMOCa OT KuTawncka
ctaHumsi. C pas3BWTMETO Ha TEXHONMOrMUTE U YyBENWYaBallMTE Ce BBb3MOXHOCTM Ha KuTanckaTa
WMKOHOMMKA U OTHOCUTENHO 3anafawoTo rnobanHo npemmyiectso Ha CALL nanpaesAT geBete ctpaHu
npen cbNepHUYECTBOTO 33 KOCMWMYECKOTO MPOCTPAHCTBO, KOETO OKa3Ba HEraTMBHO BIMSIHNE BbpXY
curypHoctTa Ha FOA. OTtroBopbT Ha MHOMSA e B nocoka narpaxaaHe Ha aHTUcaTenuTHU CNocoBHOCTH,
KOMTO Ca NPOBOKMPaHW OT AEMOHCTPUPAHUTE KUTaWCKM Bb3MOXHOCTU npe3 2007 r. PesyntaTteT OT
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Ta3n HagnpeBapa € MNpOMsiHa Ha pervoHanHuMTe U MexayHapogHaTa nonuMTudecka cueHa u no-
crneumarnHo no BbNPOCUTE HAa KOCMUYECKOTO NMPOCTPaHCTBO.[10; ¢. 81]

Kutaickata mowy B aHTUCaTeNUTHUTE CUCTEMU € JOMbIIHEHA C aHTUcaTenMTHUTE paketTn SC-
19 1 DN-2, kouTo ca C Bb3MOXHOCTU 3a YHULLOXXEHME Ha CaTENUTU U KOCMUYECKU Kopabun. KbMm Tsx
Morat da ce npubaBsAT TEXHOMOrMuTe 3a EHEPruiHM U KMHETUYHW OPBXWUS 3a aHTucaTenuTHUTe
mucun. OkasBa ce, Ye PEeBOSIOLUMOHHUTE MOCTUXKEHMS B TEXHOMOTMUTE MPOBOKMpAT 3agbnbovaBaHe
Ha aunemaTta Ha CUrypHOCTTa M 3acuneHa HagnpeBapa OT CTpaHa Ha BCUYKM akTopu. Tosa
3acTpawaBa curypHocTtTa Ha tOA. NHaomsa pas3bupa HeobxoauMOCTTa OT 3aluuTa Ha CBOUTE UHTEpecu
OT €eBeHTyarnHa KUTanWCKO NpenMyLLecTBO B KocMmudeckata nporpama v npe3 2008 r. MHOMNCKUAT
reHepan Deepak Kapoor onpegens nsanon3saHeTo Ha KOCMOCA 3a BOEHHWU LEeNN KaTo CbLUECTBEH
enemMmeHT oT 6anaHcupaHeTo Ha KMTanckaTa Moll. MHana 3acunea marpaxgaHeTo Ha aHTUcaTeNUTHU
OpbXUs, Ype3 nopassiBaHe Ha enekTpoHuKaTa WU maTepuanHutTe Tena Ha caTtenutute B opbura.
Taka npe3 2012 r. ycnewHo e nsnpobeaHa paketata Agni V ¢ Bb3MOXHOCTU 3a gocTturaHe Ha 600 Km
B KOCMMYECKOTO NPOCTpaHCTBO. KbM ToBa ce NpmbaBAT HapacTBawmAT 6por Ha caTenuTu 3a 3awuta
Ha WHOWNCKATE WHTEpPecU MO OTHOLIEHME Ha WM3non3BaHeTo Ha kocmoca. OceBeH ToBa, WNHAus
nsctpensa pagapeH catenut npes 2009 r., Radar Imaging Satellite-2 (RISAT-2) n RISAT-1 npe3 2012
r., C KOeTO [aBa 3asiBKa 3a Bb3MOXHOCTM 3a U3BeXJaHe Ha OpbXXeNHN cuctemm Jo 2 ToHa 6asnpaHun B
Kocmoca.[11; c. 63-65]

3. U3Boau

1) YcraHoBuxa ce fgBa eOHOBPEMEHHO MpoTuyallM npoueca. [MbpBUAT e yBenuyaBaHeToO Ha
aKTopuTe C OOCTbM A0 TEXHONOrMKU 3a U3crefBaHe U OOCTUraHe Ha KOCMWUYECKOTO MPOCTPaHCTBO.
BTopuaTt e gBwxeH OT MunuTapusaumsaTa Ha KOCMOCa KaTO OCKHOBEH MOTMBATOP 3a pasBUTUE Ha
KOCMUYEeCKUTE nporpaMmyv U yBenuyaBaliuMTe Ce Bb3MOXHOCTU 3a M3BEXOaHe Ha BbOpPbXeHue B
KOCMWN4YECKOTO NPOCTPAaHCTBO;

2) N3Begoxa ce OCHOBHUTE akTOpW, KOUTO UMAT M pa3BMBaT CNOCOOGHOCTU 3a M3NON3BaHe Ha
KOCMMWYECKOTO MPOCTPaHCTBO, KOETO CbC CTaTyTa cuM Ha ob6uwo rmobanHo Gnaro e npegnocraBka 3a
cObNbCBbK Ha UHTEPECU U KOHNUKTM B KOCMUYeckaTa cpefa. Habenssaxa ce HeraTuBHuTe edpekTu ot
PEBOOLUMOHHOTO pa3BUTME Ha TEXHONOrMUTE, AOCTbNBLT HA BCe MOBEYe CTpaHW OO kocmoca. Toea
UMa HeraTMBeH edeKT BbpXYy cuUrypHocTTa Ha KOxHa A3us, kaTo nocrneauua oT akTMBHOTO y4acTue Ha
Kutan, Mugms v MNaknuctaH B kKoCcMMYeckaTa Hagnpesapa.

B 3aknioyeHune, 3a nocnegHute gecetuneTtus Ha XX BeK M nbpeaTa 4eTBbppT Ha XXI Bek
YOBEYECTBOTO U3BBLPBSIBA MbTHA OT ,MPUKOBAHOCTTA® KbM 3eMsiTa OO0 M3rpaxgaHe Ha noTeHuuman 3a
BOAEHE Ha KOCMWYECKM KOHMNUKTW/BOWHW. [JOCTOMHUTE 3a yBaXEHWE MOCTUXKEHUS Ha YOBELUKUS
WHTENEKT ca 3acTpalleHn OT AOCTMraHe Ha TakaBa MOLL 3a YHULLOXEHMEe, KOATO MOXe Jda ce
npeBbpHE B LUUBMIM3AUMOHHO camoybuincteo. Kakto Ha 3emdAta, Taka u B KOCMoOca, e€fgHa oT
Bb3MOXHOCTUTE 32 yperynupaHe Ha OTHOLUEHWUSITAa € KOHCEHCYCHO CblflacMe Ha 3akOHOBa OCHOBa
MeXay CTpaHUTe U BnaraHe Ha ycunus 3a nsrpakgaHe Ha MMp BMECTO HacOYBaHETO Ha pecypcuTe B
usrpaxxgaHe Ha otbpaHuTenHu GonHuM cnocobHocTn. B epaTa Ha KOMYHVKALMOHHUTE TEXHOMOMNW,
MpexoBusauuaTa, 3arybata Ha NEerMTMMHOCT, MNonuTMyeckaTa Hemol, Ha npaBuTencTBaTa,
HapacTBaLOTO 3HAYEeHWe Ha HEeTPaAMLMOHHMUTE PUCKOBE 3a CUIypHOCTTa Ce Hamnara usrpaxgaHe Ha
CUTYPHOCT 4Yep3 yTonuyHata uaes 3a uHTerpauusi, BMECTO Ae3uHTerpaumsaTa Ypes3 cuna. B ocobeHa
CTeneH ToBa BaXu 1 3a perMoHa Ha KOxHa Asus.

Nureparypa:

1. Global Trends — Paradox of Progress, A publication of the National Intelligence Council, January 2017, NIC 2017-
001, www.dni.gov/nic/globaltrends, pp. 157-158.

2. Nawnawnotosa, M., ,CurypHocTtTa 1 otbpaHata Ha EC cnep JlucaboHckusa 4oroBop v cTparermyeckaTa KoHuenums Ha
HATO ot 2010 r.“. IHCTUTYT 3@ nkoHOMMYecka nonuTuka, 2017, www.epi-bg.org, pp. 114-127.

3. Global Trends — Paradox of Progress, A publication of the National Intelligence Council, January 2017, NIC 2017-
001, www.dni.gov/nic/globaltrends, pp. 21.

4. Global Trends — Paradox of Progress, A publication of the National Intelligence Council, January 2017, NIC 2017-
001, www.dni.gov/nic/globaltrends, pp. 210.

5. http://www.cato.org/pubs/pas/pad27.pdf,

6. http://www.nuclearfiles.org/menu/key-issues/space-weapons/basics/introduction-weaponization-space.htm

7. Khan, A., Global Trends in Space Militarization: Its Implications on South Asia. LAP LAMBERT Academic
Publishing, 2013, pp. 39-42.

8. Mak Tam: c. 64.

9. Lele, A, Fifty Years of the Outer Space Treaty: Tracing the Journey. PENTAGON PRESS, 2017, Institute for
Defence Studies and Analyses, New Delhi, pp. 63.

10. Khan, A., Global Trends in Space Militarization: Its Implications on South Asia. LAP LAMBERT Academic
Publishing, 2013, pp. 81.

11. Lele, A., Fifty Years of the Outer Space Treaty: Tracing the Journey. PENTAGON PRESS, 2017, Institute for
Defence Studies and Analyses, New Delhi, pp. 63-65.

110


http://www.dni.gov/nic/globaltrends
http://www.epi-bg.org/
http://www.dni.gov/nic/globaltrends
http://www.dni.gov/nic/globaltrends
http://www.cato.org/pubs/pas/pa427.pdf
http://www.nuclearfiles.org/menu/key-issues/space-weapons/basics/introduction-weaponization-space.htm

Session 2

Aerospace Technologies
and
Biotechnologies

Chairman: Corr. Member Petar Getsov
Secretary: Assoc. Prof. Zoya Hubenova






S E S 2 017
Thirteenth International Scientific Conference
SPACE, ECOLOGY, SAFETY
2 — 4 November 2017, Sofia, Bulgaria

ONTUMUIALNA HA MY3UKATTHATA NMCUXOTEPAMNUA HA ONEPATOPUTE
HA EPFATUYHU CUCTEMU YPE3 METO[A INPB-BUOEJIEKTPOIrPA®UA

NeHHagnn MaknakoB

CaHkmmnemepbypacku UHCmMuUmMym o uHghopMamuka u asmomamu3sayusi
Pycka akademusi Ha Haykume
e-mail: gmaklakov@mail.bg

Knro4yoeu Jdymu: 4osek, rcuxo-¢hu3uoiocudHO CbCMOsIHUE, pexabunumauus, My3ukomeparus,
nnaHupaH ekcriepumMeHm, 2a3opaspsioHa eusyanu3ayus.

Pestome: B cmamusima ce pasanexdam memoOu 3a npunazaHe Ha My3ukasHa mepanusi ¢ uers
cmabunusupaHe Ha [CUX0-(hu3UO0/I02UYHOMO CbCMOSHUE Ha Yoeeka. 3a onmumusupaHe Ha rpoyeca
My3ukomepanusi ce npednaza U3rnos3eaHemo Ha KOMBUHamopHU MemolOu 3a eKcriepuMeHmarsHo niaHupaHe.
lNokaszaHa e ebMOXXHOCMMa Ha mexHosozusima FPB-6uoenekmpozpachusi 3a u36op Ha onmumasiHa cmpameaust
npu npoeexdoaHe Ha My3UuKomepIus.

APPLICATION OF THE GDV METHOD FOR OPTIMIZATION
THE MUSICAL PSYCHOTHERAPY OF THE PSYCHOSOMATIC CONDITION
OF THE OPERATORS OF ERGATIC SYSTEMS

Gennadii Maklakov

Petersburg Institute for Informatics and Automation - Russian Academy of Sciences
e-mail: gmaklakov@mail.bg

Keywords: operator, psycho-physiological condition, rehabilitation, music therapy, experiment planning,
gas discharge visualization.

Abstract: The article examines methods of application of music therapy in order to stabilize the psycho-
physiological state of the working people in transport. Experiment planning theory methods are used for
optimization. Efficiency of using combinatorial planning methods is shown. The ability of the gas-discharge
visualization technology to select an optimal strategy for conducting music therapy is demonstrated.

BbBeneHue

3a 6esonacHoCcTTa B aepOKOCMUYECKMS OTPacChil BakHa ponsi urpae yMEHMETO Ha YoBeka ga
npuema npaBUITHN PELLEHNS B eKCTpemMarnHa cutyauus. ToBa € noseye OT OCHOBAaTeNHA MpuUynHa 3a
Bb3CTaHOBSIBAHETO, YKPEMNBAHETO W OMa3BaHETO Ha (PU3MYECKOTO M MNCUXMYECKOTO 34paBe Ha
paboTelmTe NpuU CUIEH CTpPec [a Ce TbpCAT HOBM U BCe No-edpekTuBHM MeToan. Cpep Ham-
nepcrnekTUBHUTE OT TAX AHEC pasrnexagame My3ukanHata ncuxorepanusi (NCUXOKOPEKLMS).

TeopeTUyHUTE MNONOXEHUA 3a My3MKoTepanusi, KOMTO MoraT fa 6baaTr OCHOBHU Mpu
Cb3[aBaHeTO Ha CUCTEMU 3a Bb3CTAHOBUTENHA Kopekuus, Bsxa obcbxaaHu u nonyyunxa ogobpeHue
Ha Hay4yHa KOHMEepEeHLUNs C MeXAyHapoaHO y4acTve No aBUaLMOHHA, aBTOMOBUNHA 1 Xene3onbTHa
TexHuka n texHonornm «BULTRANS-2017» [1, 2].

Mpn n3bop Ha My3ukanHa KOMMO3WUMS 3a MNcuxoTepanust cera ce u3nons3saTr Haun-obLim
npenopbkn. He ce otuntaTt nHamBmayanHuTe nNpeanoynTaHmst Ha naumMeHTa U, KOeTo € OLLe MO-BaXHO
- He ce B3emaT noj BHMMaHue WHAMBMAYanHWTe OocobeHOCTM Ha opraHu3ma. lpenopbkuTe, KaTo
npaBuIio, Ce OCHOBaBaT Ha UHTYUTUBHU 3HaHWS, NpeALecTBalLl, ONUT Ha NcuxoTepanesTa U He BUHAru
Cce MMCNM 3a KOHKPeTeH naumeHT. Taka 3agavarta 3a npaBuITHMS U300p Ha My3uKanHO Npou3BeAeHMne
no CTWUIN, HanpaeneHne, N3NbIIHUTEN W T.H. CU OCTaBa HepeLLeHa.
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B Tasu cBeTnvHa eguH OT MpoGremMuTe, KOUTO TbPCAT pelleHne, e HeobxoaMmocTTa da ce
onpeaeny Kak MCUXOCOMaTUYHUTE CTPYKTYpPW Ha YOBeKa pearvpaTt Ha My3UKarHOTO Bb3delCTBUME.
AcHo e, Ye 3a nonyyaBaHe Ha [OCTOBEPHM XapaKTEPUCTMKM € HeobXoauMOo Aa ce M3Non3BaTt Haii-
CbBpPEMEHHUTE METOAM U MEAMULIMHCKO 060opyABaHe 3a 06eKTUBM3MpaHe Ha TOBa Bb3deicTBme.

MeTogonorus Ha nscneaBaHusiTa

AHanu3abT Ha nybnukauum B WHTepHeT no GMOMEAMUMHCKM TEXHOMOMMM 3a KOMMIEKCHO
OLEHsIBaHE CbCTOSIHMETO Ha YOoBEeKa MO3BOMsBa Oa HanpaBuMM U3BO4, Ye Han-edekTMBeH mMeTo 3a
Tasu uern ce siBABa METOALT rasopaspsgHa susyanusaums (FPB meTon).

MHOXecTBO u3cnenBaHusi, NMPOBEAEHN BbB BOAELUM KITMHWKU MO CBETa, MOKa3BaT BMCOKaTa
CUIypHOCT Ha To3n MeTog. CblHocTTa Ha PB-meToda 1 HeroBute Bb3MOXHOCTU Aa Obae nanonssaH
B 034paBUTENHU NporpamMu 3a ctabunmnsmpaHe NCUXOCOMaTUYHOTO CbCTOSIHME Ha YOBEKa, B YaCTHOCT
Ha onepaTopuTe Ha CIOXHW epratudHM cuctemn, ca nybnukyBaHum B Martepuanute Ha
KoHepeHuunata. O6cbxaoaHn ca W umat opobpeHueTo Ha HayyHaTa OOLWeCTBEHOCT Ha
MeXayHapoaHUTE KoHpepeHL M n KoHrpecu npes 2016-2017 r. B Pycusa n benrapus.

3aToBa cera NpuCTbLMNBAM HanpaBo KbM O0COBEHOCTUTE Ha eKkcnepumeHTa. 3a KONUMYeCTBEHO
OUEeHsiIBaHE Ha napameTpuTe Ha MNcuxo-PU3MONONMYHOTO CbLCTAHME Ha YoBEeKa MW3Mnon3Baxme
MHOrO(yHKLMOHaNHMSA anapaTtHo-nporpameH komnnekc «'PB komnakt OKO», paspaboteH oT cdmpma
«Kirlioniks Technologies International».

To3n Komnnekc [fJaBa Bb3MOXHOCT C BMCOKAa TOYHOCT fa ce gururanusmpart
NPOCTPaHCTBEHUTE E€HEProeMUCUOHHN Mpouecu ype3 MPB rpamm n ga ce msuncnart noesedve oT 50
pasnuyHu NapameTpu.

lMpoBegeHN no-paHO Npoy4YBaHMS MO3BONUXA Aa OMNPELEenuMM KaTo Har-uHOpMaTUBHU 3a
OLUEHsIBaHE Ha MCUX0-(PU3NOMNOrMYHOTO CbCTOSIHWE CrnegHMTe nokasaTenu: obwa nfow, Ha
n3obpaxeHneTto, BapuabenHocT Ha obwiata nnoLy Ha CBETEHe, cpeaHa ApPKOCT Ha M3obpaKeHneTo,
KoedunLmMeHT Ha doopmaTta, KoeduLMeHT Ha ppakTanHocTTa, KoedUUNEHT Ha eHTponuaTa.

3a ga ocurypvmM OOCTOBEPHOCT Ha M3MEPBaHUSATa, M3MOM3Baxme CTaTUCTUYECKN KPUTEPUA Ha
CTiogbHT, kpuTepun Ha MaHH-YuTHK, KpuTepun Ha Banpg-Bondoswuu, kputepun Ha Konmoropos-
CwmupHoB 1 ap.

M3bopbT Ha MysukanHO npowusBedeHue (B oOOWmMA chiydyam — aKkyCTUYMHO Bb3AencTBue),
OCUrypsiBallo Han-ronaMa edqeKTMBHOCT 3a MOJMOXWUTENHO Bb3OeNCTBME  BbPXY  MCUXO-
hM3MONOrMYHOTO CBHCTOSIHME CE OCBLLUECTBSABA Ha HsKonko etana. OTHayano Ha TecTupaHus ce
npegnarat pasfnyHn NpupoaHu WymoBe (OT BoAa, B ropa, NeeHe Ha NTUUM W T.H.), a crnep ToBa
My3uKa OT pasfMYHM XaHpPoBe (Knacuyecka, MHCTPYMEHTanHa, HapogHa W Ap.) CbC CbOTBETHO
BMaeounsobpaxeHme. B cbloTo BpeMe ce dukcmupaT 3HaumMmnTe napameTpu Ha PB rpamuTe, cneg
ynsaATo o6paboTKa ce B3eMa 1 peLleHne 3a HOANBUAYANHUTE NpeanovYnTaHmns Ha cybekTa.

MonyyaBaHeTo Ha MepogaBHa M OBeKTMBHa MHOpMauUWs 3a MpeanoynTaHusTa Ha YoBeka
npyn nsbopa Ha Mysuka (rnMaBHO 3a Bb3CTAHOBsIBAHE UM pexabunurauus) Msnckea ga ce nposegar
rofnsiMo KONMYeCcTBO eKCNepuMeHTU. ToBa oTHema MHoro Bpeme. Kakto nmokasaxa npegBaputenHute
n3cnegBaHns, TECTMPAHETO NPOAbIKaBa HAKOMKO Yaca, KOeTo, eCTECTBEHO, € Henpnemnmeo. YoBek
OOTONIKOBa Ce yMOpsiBa, Ye AOCTOBEPHOCTTA Ha nony4veHata nHdopmaums e MuHuMmanHo. Maxoa ot
cuUTyauusitTa Hammpame B M3MOM3BaHEeTO Ha MeToda Ha NfaHupaHus ekcnepuMeHT. TakbB Noaxon
PSA3KO CbKpallaBa BpPEMETO 3a €eKCnepuMMeHTa W eOHOBPEMEHHO — 3a CMeTka Ha chneuuanHa
cTaTucTmyecka obpaboTka, HyBCTBUTENHO MOBMLIABA UCTUHHOCTTA Ha nosnydeHaTa MHopmMauus.

lMpunaraHeTo Ha MeTOA4a Ha NnaHWpaHWs eKCNepUMMEHT HW MO3BONW Aa YCMNOXHUM CaMus
ekcrnepumeHT, 6e3 Aa yBenvyaBame BpemeTo 3a nposexgaHeTo my. CtaBa Ayma 3a OOMbIHUTENHO
n3yyaBaHe Ha TOBa Kak BMUSASAT BUAEOCKIKETW, CBbP3aHN N0 CMUCHI C MY3UKaNHUTE KOMMO3NLINW.

Mpu n3cnegBaHusATa OpraHM3MbT Ha YOBEKa Ce pasrnexaa KaTto «4epHa KyTusi», Ha BXxoda Ha
KOATO ce nmogaBaT My3MKarHW KOMMO3ULMM CbC CbOTBETHM BUOEOCIOXKETU. B KauecTBOTO Ha OTKMMK Ha
cucTemara ce sABsiBaT napameTpute Ha 'PB rpamuTe, oTpassaBallym NCMXoCOMaTUYHOTO CbCTOAHME Ha
yoBeka.

OcobeHoCcT Ha nnaHuWpaHus ekcrnepuMmeHT e ToBa, 4Ye daktopute (Mysuka, usobpaxeHue)
umaT KayecTBeH xapaktep (MMaT cdopmara Ha NIMHIBUCTUYHU MPOMEHIMBU) U €CTECTBEHO HMBaTa Ha
hakTopuTe He MoraT da 6bAaT OnNMcaHu Ype3 KONMYECTBEHU OLEHKW. [1poBedeHuaT aHanus nokasa,
4ye Ha TOBa M3UCKBaAHE CbOTBETCTBAT METOAMTE Ha KoMBUHaATOpHOTO nnaHupaHe [3, 4]. NogpobHoTo
pasrnexgaHe Ha KOMOMHaTOpHUTE NiaHOBE HWM NO3BONM da n3bepem mMeTop 3a niaHupaHe, OCHOBaH
Ha OpPTOroHanHW MaTWMHCKM KBagpaTtu, 3a Aa onTuMu3npamMe npoueca Ha TecTBaHe. [lpu TOBa ce
pPBKOBOAUM OT NOCTAHOBKMTE NO-A0NY.

JlaTuHCKMAT kBagpaT e KBagpaTHa maTtpuua OT NopsabK N, BCEKU ped M BCAKa KOMoHa OT
KOATO € nepMyTauuns Ha efeMeHTUTE Ha OrpaHNYeHOTO MHOXECTBO S, CbCTOSILL, Ce OT N eneMeHTU
(4ncnoTto n ce Hapuya nopsgbk Ha kBagpaTa). ObukHoBeHo S ={1, 2, ..., n } [5].
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OpTOoroHanHUAT NaTMHCKK KBaaparT [5] e ABOVika NAaTUHCKU KBagpaTu

A =g nB =[],

OT MopsabK N TaKka, ye (ay, by) # (aw, b)) npn (i, j) # (k, 1), i, j, k, | € S={1,2,...,n}.

dakTopuTe ca BXOAHUTE MPOMEHSIMBM, NOCTLMBALLM HA BXOAa Ha cuctemarta (Xi, Xp,..., Xq. B
Hawma crydanm ToBa ca cnang ouimu, YUATO CIOXKET € CBbP3aH CbC CbOTBETHA My3uka. Bceku
hakTop Cce OuEeHsiBa Ype3 KayeCTBEHW OLEHKN (CEMaHTUYHO CbAbpXKaHWe), T.e. TOM MO NPUHLMMN He
MOXe [a uma KOnM4ecTBeHa oLeHKa Ha HuBaTa. OTKIMKBT €: M3XOOHW MPOMEHNMBU, B3€TU OT n3xoaa
Ha cuctemata (yi, Yz..., Y. B Hawwua cnyyan — napameTrpu Ha [PB rpamu, oTtpasasawiu
NCUXOCOMATUYHOTO CbCTOSHME Ha 4YoBeka. Bcekn paktop X, | = 1, 2, ..., k moxe ga npueme B
eKcrnepumeHTa edHO WNW noBeyve 3HadYeHus, HapeyeHun Huea. PukcupaHusT Habop OT HMBa Ha
dakTopuTe onpepens egHo OT Bb3MOXHUTE CbCTOSHWUS Ha pasrnexpaHata cuctema, Nno KOouTo,
U3MNon3BankM M3BECTHM METOAM 3a ONTMMM3auus, ce onpeaens ayavoBmsyanHaTa KOMMOo3vuus,
ocurypsisalla Han-e(eKkTUBHO Bb3AeNCcTBME BbPXY AadeHO nuue.

3a [ga M34MCIMM KOHKpPETHWUTE 3aBUCUMOCTM Ha 3Ha4vyeHuWsiTa Ha OTKNMKka OT dhakTopuTe,
n3nonsBaxme ctaHgapTHaTa MeToauka Ha LUeHk [7].

N3cneaBaHns Ha NCMXOCOMATUYHOTO CHLCTOSIHUE HA YOBekKa
npv pasnuyHo ayavoBU3YJTHO Bb3AeNcTBue

B ekcnepumeHTa yyacTBaxa nuua ot ABaTta nona Ha Bb3pacT oT 30 o 70 roauHu, Ha KOUTO
Osxa npennoxXeHn pasnuyHy BuaeomparMeHTu.

3a peructpvpaHe Ha TAXHOTO MCMXOCOMaTUYHO CbCTOSIHME M3non3saxme napameTtpute Ha [PB
rpaMmmMTe Ha naneua Ha ngaesata pbka. MIMeHHO napameTpute Ha [PB cBeTeHeTO Ha neBus nanew
[OCTaTbyYHO MbJIHO XapakTepuanpaT MNCUXOCOMATUYHOTO CbCTOSIHME MNPWU BBHLUHW BIUSHUSA U B
YaCTHOCT MoraT Ja CryXarT KaTo nokasaTen 3a ncuxuyeckarta agantauns KbM eKCTPeMarHu yCroBus.
Pernctpupaxme cnegHuTe napameTpu: MOLL U SPKOCT Ha CBeTEHEe, KOULMEHTU Ha OpaKTanHoOCT U
eHTponusa. [locne Bcsaka nonydeHa wu3Bagka (50 3HayeHnst) obpaboTBaxme NO CTaHOAPTHU
cTaTtucTMyeckn metoau. 3a Aa onTuMmusMpame npoueca Ha nsyvyaBaHe BNUSHMETO Ha BMAEO M ayauo
WHpopMaumsiTa BbPXY MNCUXOCOMATUYHOTO CbLCTOSIHWE, MNaHUpaxmMe eKCrnepuMeHTa, M3Non3Baniku
OpTOroHaneH naTuMHCKM KBagpaT OT TpeTu nopsaabK (Bux dwur. 1).

11 22 33
23 31 12
32 13 21

®ur. 1. OpToroHaneH naTUHCKU KBagpat OT TPeTU Nopsiabk

Bsixa npoBeAeHn 3 cepumn OT EKCNEPUMEHTN.

B nbpBata cepuss wuscnegsaxme BAWSHUMETO Ha  3ByuMTEe Ha npupogata  BbpXy
rcuxocomartumkata Ha YoBeka, onpefensaHeTo Ha npeanoynTaHusaTa Ha YoBeka KbM pasnuyHu 3ByuMU
OT Mpupogara (Wwym oT BogaTa Ha BOAonafd, ropckv LUymMOBE, MOPCKM BbiHU U T.H.). Kato caktop 1
Oewwe npueT cnang peq ¢ n3obpaxxeHnst Ha Nensax (BM3yanHo Bb34eNCTBME) Ha CriedHuTe HMBa:

e 1 HuBO — cnang punm c nsobpaxennsa ot KackageH sogonag (c. KpywyHa) — «Bugeo 1»;
e 2 HUBO — cnang unm c nzobpaxxeHuns Ha ropa (Pvna, Ctapa nnaHvHa) — «Bugeo 2»;
e 3 HUBO — cnang unm ¢ n3obpaxeHusa ot kpanbpexuneto (okono rp. BapHa) — «Buaeo 3».

Kato dakTtop 2 6elue npueT My3nkaneH peg (ayavmo Bb34encTBUE) Ha cnegHuTe HUBaA:

e 1 HMBO — «3BYKOB pef 1» (3ByuM Ha Bogonaga);
e 2 HMBO — «3BYKOB pef 2» (3Byuu OT ropata - NeeHe Ha NTULUM, POMOJIEHE Ha pyyen 1 ap.);
e 3 HMBO — «3BYKOB pef 3» (3ByuM OT BbITHU, BUKOBE Ha Yanku 1 ap).

B cboTBeTCTBUE C MaTpuuaTa Ha nnaHupaHe (dur. 1) 6sxa cb3gageHu 9 cnang counma:

1) «Bugeo 1, 3BykoB pef 1»; 2) «Bugeo 2, 3BykoB pegn 2»; 3) «Bugeo 3, 3BykoB pea 3»;

4) «Bupeo 2, 3BykoB pef 3»; 5) «Bugeo 3, 3BykoB peg 1»; 6) «Bugeo 1, 3BykoB pea 2»;

7) «Bngeo 3, 3ByKOB pef 2»; 8) «Buaeo 1, 3BykoB pef 3»; 9) «Buaeo 2, 3ByKoB pef, 1».

3a uenTa 65xa cb3gageHu cnang dunvm ¢ n3obpaxeHnss 1 CbOTBETCTBALLM ayaAnO3an1cuy Ha
LWyM Ha BOAa OT Bogonaz, MOPCK/ BbiHU, LWWyMOBe B ropaTa (aBTop H. 'eopruesa).

Mo To3M HaumH Bsixa npoBegeHn 9 eKCnepuMeHTa, B KOUTO KaTo OTKNMK Bsixa perncrpupaHmi
nokasatenu Ha (PB-cBeTeHeTO: NnoLL, SPKOCT, KOePMUMEHTU Ha PpaKTanHOCT N EHTPONUA.

BbB BTOpaTa cepus ekcnepMMeHTU onpegensxme nNpeanovyMTaHuaTa Nno XXaHpoBe My3uka
(MeguTaTMBHa, KNacuyecka, pomaHTMyHa). B To3u cnyyanm kaTo HMBa Ha bakTop 2 6sxa npueTu:
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e 1 HMBO — «3BYKOB pepf 1a» (Carino, Chris Spheeris)
e 2 HMBO — «3BYKOB pef 2a» (LoneH, Banc Ne 10);
e 3 HUBO — «3BYKOB pef 3a» (PpaHcuc Nownsi, BeyHocT).

B TpeTaTa cepusa ekcnepMMeHTU NpeanovnTaHuaTa Ha YoBeKa onpeaensixme, U3xoxaamkm ot
n3bpaHnss MysukaneH XaHp BbB BTOpaTta cepus (MeauTaTMBHA, Knacuvecka, poMaHTuyHa). [a
OOMyCcHeM, 4ye TeCcTUpaHuAT e npeanoden poMaHTMYHa Mysuka. B TakbB cnyyanm B TpeTaTta cepus
KaTo HMBa Ha (hakTop 2 npnemame:

e 1 HuBO — «3BYyKOB peg 16» (Kait MeTos, Tema no6eu);
e 2 HMBO — «3BYKOB pef 26» (PKaH Muwen, XKap Magnetic Fields);
e 3 HuBO - «3BYyKOB pef 36» (Geh doh con mit mir mal spazieren, akopaeoH).

Ako cyBeKTbT M3bupa Apyr xaHp My3uka OT BTopaTta cepusi, ToraBa HuBaTa Ha BTOpus goaktop
B TpeTaTa cepus OT eKCNEPUMEHTHU Ce NMPOMEHSAT CbOTBETHO.

AHanus3 Ha gaHHUTe U pe3yntatun

Kato npumep ga pasrnegame npoMsiHata B NCUXOMU3NONorMyHuTe napameTpu npeaun u cneq
My3uKanHaTa Tepanusi Ha 4YOBeK, M3pasun npegnodvTaHue 3a penakcauus, Kato ce M3nonssart
npupoaHu 3ByLmn. Ha cur. 2 e npeactaseHa gnarpama, KOATO MOKasBa Kak ce U3MEHAT napameTpute
Ha cBeTeHe B [PB nsobpaxeHuata Ha naneua Ha naBaTa pbka (3a ygobcTBO Ha CpaBHEHNETO BCUYKU
ca npvpaBHEHW KbM eamHuua). TyK U no-HaTtaTbK B cTatuaTa ca nNpuetu crnegHute ob6o3HadyeHus:
CTbNOYEeTO C BEPTMKANHW NWHUM MOKa3Ba MrowTa Ha CBeTeHe, C XOPM3OHTalNHM — cpegHaTta
WHTEH3NBHOCT Ha CBETEHEe, C HaKMOHEHW — eHTPOoNuUsTa NO M3OMWHWMMK, C TOYKM — dpaKTarnHocT no
nsonuHunTe.
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Bugose ayaNoOBU3YNHU Bb3OeNCTBUSA

®ur. 2. PasnpegeneHue Ha napameTtpuTe Ha 'PB rpamu Ha naneua Ha nsiBaTa pbka Npu pasnmyHm
BMOOBE ayMOBU3yarHo Bb3aeicTBmne: 1 — n3xoaHO HMBO (OO ceaHca ¢ My3ukoTepanusl),
2 — chunm ¢ nzobpaxeHus Ha Bogonag, 3 — unm ¢ n3o0bpaxeHns Ha ropa,
4 — dounm ¢ n3obpaxeHns Ha Mope.

AHanNM3bT Ha NUTEpaTypHU U3TOYHULIM, MOCBETEHN HA U3yYaBaHETO Ha Han-uHOPMaTUBHUTE
npusHaLuuM, oTpassBallyM NCUXOCOMATUYHOTO CbCTOSIHME Ha YOBEK MpU ayauMOBU3YarHWU BrUSIHUS, HU
No3BoSiIsiBa Oa 3akrymMM, Y€ Hah-CUNHO pearupaT nnowta Ha ceBeTeHe u eHTponuata. OT ocobeH
uHTepec e PB eHTponuata, Tbi KaToO eHTponuATa Ha OBuonornyHuTe cuctemum ocobeHo pobpe
XapakTepusanpa [OOKONIKO YOBEK MOXe Aa Ce MNPOMEeHW, ajanTuMpankm ce KbM MPOMEHSWuTE ce
YCIOBUS Ha XMBOT. 3aToBa € NMpuMeTo da ce cMmsaTa [6], Ye ako crief MCUXOITIOTMYECKM TPEHUHT, B
YaCTHOCT crieq My3uKanHa Tepanusi, ce yBennyaea caMoO cpedHaTa MHTEH3UBHOCT Ha CBETEHETO Ha
NpbCTUTE, a EHTponusATa OCTaBa HUCKAa, ToraBa € Bb3MOXHO Ja Ce MpPMEME C BMCOKA CTEMeH Ha
BEPOSATHOCT, 4Ye edeKTbT OT ncuxoTepanuaTa Obp30 M34e3Ba, XWU3HEHUTe cunm B bGopbaTa C
obcTosTencTeata cbLo 0bP30 ce n3depnsaT N YOBEK OTHOBO LLE MMa HyXaa oT nomoll. MNopagu Tasm
npu4nHa no-noapobHo LWe aHanManpame TOYHO NOCOYEeHUTe napameTpu.

3a m3cnegBaHuWs MaLMEHT NO BpemMe Ha ceaHca (bunMmbT C u3obpaxeHuss OT Bogonaja
yBenuuu nnowta Ha ceeteHe ¢ 5 %, a eHTponuaTa ¢ 8 %; PUNMBT C M300pakeHUss OT ropaTta
yBeNMuYM nnowta Ha ceeteHe C 12 %, HO eHTponusaTa Nneko ce MoHwkU (¢ 6 %); PunmbT C
n3obpaxeHnst OT MOPETO YBEMMYM MMoLWTa Ha cBeTeHe camo C 6 %, HO eHTponuaTa Cce yBenuun C
9 %. B TO3M CcMUCBLN, akoO € HeobxoouMMO OadeHuAT YoBeK Obp30 M CUITHO da Bb3CTaHOBMU
NCUXOEMOLIMOHAIHOTO CU CbCTOsIHME, Hak-0obpe aa nsbepem Buaeo unmM ¢ KapTUHM OT roparta; ako
Ce M3NCKBA MO-Marsko CUITHO, HO AbJSITOCPOYHO Bb3CTAaHOBSIBaHEe, ToraBa Moxe Aa ce usbepe unm c
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n3obpaxeHnss Ha MOpPETO WM — KOeTO € Marko Mno-3fne — Ha Bogonaga. CnepBa ocobeHo ga
nogyeptaem, Ye B TO3M Cryyal roBOpUM 3a My3uKarnHa Tepanus C MoMowTa Ha ayauo- wu
BMAgeo3anucu. AKO MMa BBb3MOXHOCT 3a OpraHusvMpaHe Ha fcuxoTepanus cpef npupogara, To
HECBbMHEHO Han-e(PeKTMBHWUTE METOOM Ha fedyeHne ca B 6rm3ocT Jo Bogonagu (BX. ctatusTa B TO3u
cbopHuk I'. Maknakos, H. l'eopruesa "lMpunoxeHue Ha NPB meToaa 3a nscnensaHe Ha ekonorusta B
peKkpeaLnoHHN 30HM B KpyLuyHckus kpain').

3aknro4yeHune

MoHacTosAwem ocobeHa akTynmHOCT npugobuBaT Mepkute 3a  nopgobpsiBaHe Ha
CblUeCcTByBaLLUMTE M Cb3JaBaHe Ha HOBM e(eKTMBHM cpeacTBa M MeToan 3a pexabunutaums wm
NpeBeHLUUsi, KOUTO yBenMYyaBaT pPe3epBHUSI KanauuteT Ha opraHuama. Tasu 3agadya € M3BbHpPegHOo
Ba)kHa, KOraTto ce oTHacs OO onepaTtopuTe B KPUTUYHM cepun Ha LENHOCT (KOCMOHaBTUKa, aBMaLms,
AEL, n gp.) c uen npegoTBpaTtsBaHe Ha aBapuiHU CUTYaLUW.

3a cb3gaBaHe Ha edhekTUBHM MeToaM 3a pexabunutauusa 1 NpeBeHums ¢ ronsamMm eqekT Moxe
na 6baa msnonsBaHa My3aukanHata Tepanus - obnacT Ha Bb3CTaHOBUTENHaTa MeauuMHa, KOSITO
M3MNoM3Ba pasfuMyHM MY3MKANHO-aKyCTUY4HU METOAM, TEXHOMormM WM noaxoau 3a KopurmpaHe Ha
NCUXNYECKOTO N dpmandeckoTo 3gpase. Npu ToBa € BaXHO Oa NogyvepTaeM, 4e MHOro no-gobubp
pesynTaT ce nocTtura, npunaravku MHAMBMAyaneH noaxod KbM BCEKM YOBEK U CbobpassBanku ce ¢
HeroBuTe NpeanoYnTaHus.

MpouechbT Ha My3uKoTepanusi ce oNTUMM3upa, KaTo ce M3Non3BaT MeToANTE Ha NiaHupaHus
eKcnepumeHT. Ham-npegnounTtaHn ca MeToaMTE Ha OCHOBaTa Ha KOMOWHATOPHOTO MilaHupaHe,
HanpuMep, Ha ocHoBaTa Ha OpPTOroHasliHM NaTUHCKM KBaapaTMu.

3a My3ukanHa Tepanusi, HacodeHa KbM KOHTpOSiMpaHe Ha MCUXOEMOLIMOHANHOTO CbCTOsIHUE,
€ npenopbYMTENHO Aa ce U3non3ea MeToabT rasopaspsgHa Busyanusauns (FTPB TexHonorus).
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(hU3MONOrMYHOTO CbCTOsIHME Ha paboTelmTe B TpaHcnopTa. HayyHa KoHepeHuus ¢ MexayHapoaHO
yyacTve no aBMaUMOHHA, aBTOMOOWUIIHA U Xene3onbTHa TexHuka u TexHorormn «BULTRANS-2017».
TY-Codous. 2017 (nog nevar).

2. Maknakos, I., . l'eyoB. Cuctema 3a KOMMMEKCHA pexadbunuTaumss U NpoduakTUka Ha HapylleHusiTa B
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BUBPOAKYCTUYECKASA CUCTEMA NMPOMHO3A OCTATOYHOI'O PECYPCA
NONACTEN BO3AYLUHOIO BUHTA CAMOJIETA UHTErPAJIbHbIM METOZ1IOM
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Knrouoebie cnoea: ocmamouHblli pecypc nornacmeli 8030yWHO20 8uUHMa camoriema, MmpewjuHbl
ycmanocmu, 3anac o rospexoaemocmu sonacmel, akycmu4yeckue u eubpayuoHHbIe Xapakmepucmuku
nonacmu.

Pesome: B cmambe npedcmasneHa MemooOuka Mpo2Ho3a OCmamoYyHo20 pecypca Jsonacmel
8030yWwHO20 8UHMAa camoriema U MpogpaMMHO annapamHbili Komnnekc annapamypbl CKU «Azam» 0Ons
subpoakycmu4veckol cucmembl OuazHOCMUKU MemoOom c80600HbIX KonebaHuli. Criocob duasHOCMUKU Havana
rpouecca paspyuweHus fnornacmeud uHmMa camMosiema 0CHoO8aH Ha KOHMPOJIe Criekmpa akycmu4yeckux KonebaHul
u yacmomsl cobcmeeHHbIx KonebaHuli sonacmel 803HUKWUX r0OC/e KpamKo8peMeHHo20 ydapHO20
g8o30eticmeausi. [lepuoduyecku uepe3 pagHble UHMepsarnbl 8pPeMeHU pou3eodumcsi u3MepeHue 4Yacmom
subpayuli u cnekmpa, UX 83aUMHbIU aHanu3, MOMeHm roseieHUs] HepaseHcmeaa Keanuguyupyom Kak Hadarno
rpouecca pa3pyuweHuUst KOHMPOIUPYEeMO20 3/IEMEeHMa KOHCMPYyKUuU obbekma.

VIBROACOUSTIC SYSTEM FOR FORECASTING THE RESIDUAL RESOURCE
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OSCILLATIONS
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Keywords: The remaining life of the aircraft propeller blades ,cracks fatigue, reserve for damages of
blades,acoustic and vibration characteristics of the blade)

Abstract: The article presents a technique for predicting the residual life of airplane propeller blades and
a hardware-software complex for Control measuring system (CMS)"Agat" equipment for a vibroacoustic
diagnostic system by the method of free oscillations. The method for diagnosing the beginning of the process of
destruction of propeller blades is based on the control of the spectrum of acoustic oscillations and the frequency
of natural oscillations of the blades that appeared after a short-term impact.And for the basic acoustic and
vibration characteristics of each blade, measurements taken at the beginning of the application are used and are
designated as basic ones, with which the current statistical values of the control parameters are compared with

periodic monitoring.

BBeneHune

B paay mMetoaoB akKyCTUYEeCKOro KOHTpPOIA MeTansioB [1] paccmaTpunBalrdTCA pe3OHaHCHbIe
MeTOoOdbl, KOTOpble NpaBuribHee Ha3BaTb MeETOA4aMU konebaHumn, NOCKOJIbKY OHU 06beanHAIT MeToabI
cBOOOOHbLIX W BbIHY>XOEHHbIX konebaHui KOHTpONnnpyemMmoro mnsgenuma. K BbIHY>KEHHbIM konebaHnam
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OTHOCSIT MOHATWE pe3OHaHca, T.e. COBMafjeHue 4acToTbl BO3OY)XOEHUST C 4acTOTOM COOCTBEHHbIX
KonebaHui cucTeMbI.

MeTtog cBobogHbix konebaHunm npegnonaraetr OTCYTCTBME MOCTOSIHHOW CBSA3M CUCTEMBbI
BO30OY>XOEHUSI C OOBbEKTOM KOHTpOmns. MHTerpanbHbll MeTog CBOOOAHbLIX KornebaHun ucnonb3yloT
O4YeHb [aBHO MpW NPOBEPKE CTEKMsTHHOW, XpycTanbHOM W dapdopoBor nocyabl, OaHaaxewn
XKENe3HOAOPOXHbIX KOMEC, yAapHbIX My3blKalbHbIX MHCTPYMEHTOB U OpYrMX OOBLEKTOB, OLeHMBas
«YMCTOTY» UX 3BOHA. B CBOE Bpemsa 3TOT MeTon nonyyun u npubopHoe ocHalleHue [2], koTopoe
NPUMEHSAIOT ONs  KOHTpons abpasvBHOINO WHCTPYMEHTa, TBEPAOCNNAaBHbIX pe3uoB, AeTanen
NOALLMMNHUKOB U Ap.

KonebaHua obbekta KOHTpons BO3OyxaalT NyTEM yaapa, nocrne 4yero o6bekT konebnercs
cBobogHo. BocnpuHumaloT konebaHua C NOMOLLBD MWUKPOOHA M YaCTOTHOrO aHanuaaTopa.
NamepsieMble XxapakTepucTMKM — OCHOBHasi 4acToTa, CheKkTpamnbHbIi cocTaB konebaHun, ux
aonutenbHocTb. [losiBneHMe B CNeKTpe [AOMOMHUTENbHbIX YacTOT, KOTOpble BOCMPUHUMAKOTCA
KOHTpONEpoM, Kak apebeadxaHue (peBubpauus), ABnseTcs npu3Hakom Hanuumsa pedpekra. [Mo
OnuTenbHOCTM komnebaHuin cygoaT o 3aTyxaHuM 3Byka B OObekTe KOHTpond. [OnuTenbHoCTb
YMeHbLIaeTCa Mpu HanuuyMM MHOXECTBEHHbIX Menkux aedektoB. [pumMeHUTEnbHO, Hanpumep, K
fionacTsiM M3 KOMMo3uTHbIX MaTepuanoB (KM), koTopble B npoLecce aKcrniyaTtaumMum MoBEprincb He
TUNNYHOMY HarpyXeHuio (nomagaHve B MOLLHYKW TypOyneHTHOCTb C BO3HUMKHOBEHMEM B HUX
KPUTUYHBIX MO MNPOYHOCTM AMHAMMUYECKUX HAMPSHKEHUN) MHOXECTBEHHble Mernkue aedektsl — 3TO
pacTpecknBaHWE CBSA3YIOLLEro NPU COXPaHEHMM HECYLLE CNOCOBHOCTM apMUPYIOLLErO HAMONTHUTENS

OcHoBHas 4YacToTa onpefensieTcss reoMmeTpuen o6bekTa KOHTPOMS U YNpyrMMn CBOWCTBaMM
ero matepmana. lNpumeHUTENBHO K nonacTaMm BO34YLWHbIX BUMHTOB (BB), M3roToBneHHbIX, Kak U3
cnnaea anoMuHua 014, Tak m M3 KM, a Takke K KOMMNPECCOPHbIM fionatkam W3 aHanorn4HbIX
MaTepuanoB, pPacy€T MX YacTOT COOCTBEHHbIX KonebaHun pasHblx ¢opM (TOHOB) sBMsETCS
obs3aTtenbHOM npouedypol Ha CTaguM UX MNPOEKTUPOBaHMs. PernameHTUpOBaHHbIE 3HAYEeHUS
COBCTBEHHbIX YaCTOT, HaNpumep, 4ns nonacTen HekoTopbix Tunos BB coctaensioT:

YacToTa, 'y, MaTtepuan nonactu
Tun BB |[Camonér — -
AB-140 AH-140 17,8 19,8 KM
CB-34 Mn-114 19,3 20,7 KM
AB-36 AH-38 32,9 35,1 KM
AB-115 BNA 26 32 KM
AB-60K Ty-95 38 41 a1y
AB-72(T) AH-24(T), AH-26 53 60 a1y

1. O6ocHoBaHMe BHeApEeHUs1 3KCNnyaTauMoOHHOro KOHTponss nonacten BB
WUHTerpanbHbIM MeTOA0M CBOOOAHLIX KonebaHumn

B HacToswee Bpems npmubopHbii koHTponb (MK) nonacten BB w3 cnnasa 414 npoBogutcs
ynbTpo3ByKoBbIM (Y3K) U BUXpPETOKOBBIM METOO4aMM C YCTaHOBMEHHOW nepuogmdHocTbio 100 m 50
yacos.

3T BUObI KOHTPOIS NPUMEHsIOTCA K nonactsMm BB 6onee 40 net gononHssa opyr apyra, T.K.
Y3K obHapyxuBaeT, kak BHYTPEHHME, TaK W MOBEPXHOCTHble AedeKTbl (B OCHOBHOM TpELUMHbI
yCTanocTu W WHOPOAHbIE BKMOYEHWS B MaTepuane), HO TONMbKO ONpPeaenéHHON OTpaxKaloLlewn
nnowaan. BuxpeTokoBbI MeTod NO3BOMNSEeT OOHapyXuBaTb TOMbKO MOBEPXHOCTHblE AedeKTbl
(KOpPPO3MOHHbIE A3Bbl MOA NTAKOKPACOYHBIM MOKPbLITUEM, MUKPOPACTPECKMBAHME MOBEXHOCTU nepa) u
He CTONb KPUTUYEH K pa3mepam Manbix AedekTos, kak Y3K.
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HopmupoBaHHoe BpeMsi Y3K ogHon nonacTtu, Hanpumep, BB AB-60K (camonét tuna Ty-95)
coctaBnseTr 1 vac. B camonérokomnnekre BB AB-60K 32 nonactn (4CY x 8 non =32 non),
cnegoBatenbHO, Npyu HeobxogumocTn npoBegeHna Y3K nonacterr Bcex coocHbix BB opgHoro
camonéta TpebOyetca He MeHee 32-x 4acoB. KoHTpomnb npoBOAMTCS B YycCrnoBusix 6GasvpoBaHus
TEXHUKM, T.€. MOA OTKPbITbIM HEOOM M 3a4acTyro MpU HEGNMAronpUSATHBIX MNOrOAHbLIX YCNOBMAX.B Taknx
ycrnoeusix obecneuntb 100% HagéxHocTb K BecbMa CrioxHo.

Cratuctuka, nony4yeHHasa 3a MHOrONeTHUN nepuog, B YacTu OBHapyXeHUs1 TPELLMH yCTanocTu
B rnepe nonacrtewn, CBMAETENbCTBYET, Kak 06 3(PHEeKTUBHOCTU ITUX METOLOB KOHTPOMs, Tak u 06
OTMEYEHHbIX Ccrnydasx OBHapyXeHWsi, Kak CKBO3HbIX TpeLMH nepa fonacten nocne npoBeneHus
NpMBOPHOro KOHTPoOns npu oba3aTtensHOM nocnenonétHoMm ocmoTtpe BB, Tak u 06 obpbiBe KOHLIEBON
yacTu nepa u gaxe BCeEW nonacTtu no pesbbe e€ komns, Hanpumep, 3a nocnegHue 10 neT nonyyeHo:
cM. Tabnuuy u puc. 1, puc.2 n puc.3.

OnuHa
Tun Ne BB Hapabotka | Tun [[daTta obHapyx TPELMHBI, KoHTporb, 30Ha
BB CH3, vac BC TPELLMHbI MM nepa
72 | o001 5051  |An-24| anpens 2006 15 3K ey, nepe
72T | C73N741 2000 AH-26{okTs6pb 2006 115 BusyanbHo, K1
60K | C311I537 1830 Ty-95| 9.10.2013 30 BAL-2M, K1
60K 52l 1912 Ty-95| 9.10.2013 30 BAL-2M, K1
BusyaneHo,
60K 1135 421,5 Ty-95( 30.09.2013 180 ckBosHas, KIT,
cM. puc.1
60K | 23r23 1850  |Ty-95| 25.08.2013 | oBPbLIB | Mocne nonéra,
KM cm. puc.2
Mpwn pasbere BC
72T 211154 2381 AH-26| 29.03.2016 OBPbLIB no pesbbe
Komns, cm puc.3
a) TpelumHa ycTanocTn 4o yaaneHust Kpacku 6) TpelumHa ycTanoctun nocne yganeHns Kpacku
Puc. 1. TpewmHa yctanoctu
Puc. 2. O6pbiB nonactu Puc. 3. O6pbiB komns no pe3bbe
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2. 3KCI19pVI MeHTalbHblIe nccnegoBaHus

Llenb ucneitaHui:
1. OnpegeneHve CKOPOCTM pPasBUTUS MaKpPOTPELUMHbI YCTanocTM B YCIOBMSAX MPOrPaMMHOro
HarpyxeHuns Ha cteHge BC-10[ gons nonactu AB-72 ¢ HavanbHOM 3KCMIyaTaLMOHHOW TPELLMHOMN,
0oBHapy>XeHHON NPNBOPHBLIM KOHTPOJSIEM.
2. TlonyyeHne WCXOAHbIX [daHHbIX Ans  pa3paboTkM MEeTOAWKU  KOHTPOMsS  yCTanoCTHOW
nospexaaemoctn nonacten BB AB-23M4 no nageHuo 4acToTbl COOCTBEHHbIX KonebaHuin nonacremn
no NepBOMY TOHY B NpoLecce AUHAMMUYECKOrO Harpy>KeHus.
3. YcTaHoBneHue AonycTMMON HOPMbl Ha CHUXXEHME 4acTOTbl COBCTBEHHbIX konebaHui nonacten BB
AB-23M4, obecneuunBatoLLiert 3anac no AONroBe4YHOCTH nonacremn.
4.poBeaeHne yCTanoCTHbIX UCMbITaHUA nonacten MoHobrnokos BB AB-23M4 oo paspywieHus ans
OLEHKM xapakTepucTtuk BoiHocnmBocTu NMKM (cteknotekctonut CK-2561C) nonacrei.
5. lNpoBegeHne OLEHOYHLIX MCMbITaHUI paspyleHns nonactu Beprtoneta MWU-8 uncKycCTBEHHbIM
nytem

OBBbEKT ncnbITaHUN:
1. YcTanocTHbIM MchbiTaHUsaM nogsepranack nonactb Ne J17434, BxoamBlias B coctaB B/B AB-72,
N3roToBrieHHoro B Hosibpe 2000 r.. HapaboTka nonactu coctaeuna 59514ac. ¢ Ha4yana akcnnyaTtaumm
n 1952yac. nocne nocnegHero peMoHTa.
2. NcnbiTaHnsam go paspylieHus noaseprHyTtel 9 moHobnokos AB23M4.000.010
3. NcnbiTannsam nogsepranack nonactb Beptoneta M-8

MeToavka npoBedeHUst UCMbITAHUN:
1.YctanoctHble ucnbitaHus nonactu  AB-72 NeoJl17434 nposogunuce Ha cteHge BC-100 npwu
NPOrpaMMHOM AUHAMUYECKOM HarpyxeHum no cdopme konebaHuin 2-ro ToHa. YactoTa HarpyxeHus
cocTtaensana ~36 'y, yto coorBeTcTBYeT 2160 UK/MUH. [MporpaMMHbIN BOK Harpy>xeHns NpeacTaBnsn
coboln nocnefgoBaTtenbHoe YepeaoBaHME OBYX YPOBHEN (PEXMMOB) AMHAMUYECKNX HANPSHKEHNIA:
S =45k um®

ai9K6

Ha 1-om pexume 3agaBancs ypoBeHb AMHAMUYECKUX HOPMarbHbIX HanNpsKeHUn COOTBETCTBYIOLLMN
3KBMBANEHTHOMY 3KCMlyaTauMoOHHOMY YPOBHI OENCTBYHOLUMX B KOHLeBoW 30He nepa ( r =0,8 )
HanpshXeHUn (AuH.+cTart.) 3a BeCb UMK paboTbl BUHTa (paboTa Ha 3emne + nonér).

Ha 2-om pexume, npoOomKUTENbHOCTb KOTOPOro coctaensana 12 MuHyT, 3agaBancsd YpOBeHb

.6, = Ik um?® . .

HanpshKeHun * , COOTBETCTBYIOLLMIA MaKCUMarbHbIM YPOBHAM HaMpsiKEeHWA Mnpu
pabote BuHTa AB-72T Ha 3emne ( pexumbl 07Ne, 0,85 Ne, Ne, Nmax, NB3n, lNpuémuncrocTs).

2. N\ckyccTBEHHbIE NOBPEXAEHUS, MyTeM Nponuna NoBepxHOCTH nonactu septoneta MAU-8 ot
MUHMMarbHbBIX pa3MepoB 1 A0 paspyLleHus

McnbitaHnsa Ha 1-om pexume (14ac) m Ha 2-om pexnme (12MUHYT) B KOMMJIEKCE COCTaBMANN
O[VH BrOK Harpy>eHus nonactu, cootTeeTcTBytoWMA ~150000 LMKIOB HarpykeHui Ha cteHge BC-10[
(npu YacToTe HarpyxeHus 36 'y).

CymmapHoe Bpemsi paboTbl nonactm (72 MWH.) 3a ONOK HarpyXeHusi, NpuUHSATOe [ns
UCnblTaHWI, COOTBETCTBYET Tpaccam Nonéta C MMHMMarbHbIM BpeMeHeEM paboTbl BUHTa B MONéETe,
4yTo obecneyvrBaeT MaKCUMarbHY0 AOM BPEMEHW 3EeMHbIX BbICOKOHArPYXXEHHbIX PEXMMOB paboThbl
BMHTa W, CriefoBaTenbHO, JOMOMHUTENBHBIA 3anac no ANUTENbHOCTU Harpy>KeHust MakcumarnbHbIMU
HanpsbkeHMaAMKM Npu ucnbiTaHmsax. Ha doTto, puc. 4, nokasaHa nonacte BB camoneta c
YCTaHOBIMEHHbIM BMOpOAATYMKOM AN 3anUCU MOMYYEHHbIX aMniUTy4 M 4acToT MNpu yAapHOM
BO30y>KAEeHUMU.

Puc. 4. 3anuce amnnuTya 1 4acToT Npu yaapHoM Bo3byxaeHun nonactv BB
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OKCNepMMEHT NpPOBOAWICA C MCMOMb30BaHMEM OMbITHOrO ob6pasua BMOPOaKYCTUYECKOrO
nprbopa NporHo3a 0CTaTOYHOro pecypca nonacten. icnonb3oBanucb akyCTUHECKUA U BUOpOOaTUUKK.
Ha doTo, pnc.5, nokasaHbl NpyMepbl 3anmMcu NOMYYEHHbIX aMMAUTYA Y YacToT MpPU pasHbIX rMybuHax
W ANvHe co3[aBaeMbIX MCKYCCTBEHHbIM MyTEM TPELUMH B fionactu BuHTa BeptoneTta MU-8, a Ha pwuc.
6 nokasaHo )OTO TECTOBLIX UCMbITAHUI flonacTn BUHTa BepTtoneta M-8

Ipadr cnexTpa

310 Ty N

226,352
2,000 ; 630,544

689,529
20515
249,400
230540

1000

By W 0 EB D ® D E B 7 DPecypemmem nocnep... | [2] Agat_s8 | [ Post | B Sqrivalue ] pe

amnnaTyaa = 0,0 ETE: LI

226329
23,857

274 482
143,147
228,272
226272

@yl W4 @@ 3 ® 06 B > S Pscypovonsim, nocns e |Agaus | [ Post | B sqrtvalue e

Puc. 5. MpuymMepsbl 3anncy NonyyYeHHbIX amnauTyAa 1 YacToT NPy pasHbIX rMyOuHax 1 ANrHe NCKYCCTBEHHbIX
TpeLwwuH B nonactu BuHTa septoneta M-8

Puc. 6. ®oTo TecToBbIX UCMbITaHWUIA flonacTn BUHTa Beptoneta M-8
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3. AHanus npouecca pasBUTUA MakpoTpeLwunHbl yCcTanoctu

OCHOBHOW LeNbIo 3KCNEPUMEHTA, pe3yrnbTaTbl KOTOPOro NpuBeaeHsl B [5, 6 n 7], 6bina oueHka
CKOpPOCTM YBENNYEHUS 0BOLLEN ANNHBI MaKpOTPELLNHBI YCTanocTw.
M3 npuBeneHHOro Hwxe rpaduka, puc. 7, N3SMeHeHus1 TEKYLLNX CpeaHUNX 3HaYeHUN 3TUX CKOPOCTEN 3a
30 6nokoB HarpyxeHusi (NoneToB) BUOHO, YTO 3TOT MPOLIECC He ABNSeTCs criyyanHbim. U3 puc. 7
crnefyeT, YTO C yBenu4yeHueM 4ncna OGIIOKOB HarpyXeHusi OTMeYaeTcs YCToMuuBas TEHAEHUUSA K
YBEMNUYEHUIO TeKyLllen cpefHen CKOpPOCTM pocTa TpeLUMHbl B CTOPOHY nepeaHent kpomku (MK) un k
YMEHBLLEHNIO CKOPOCTU pocTa B CTOPOHY 3aaHen kpomku (3K). Tekylume cpeaHne 3HavyeHmst CKOpoCcTH
pocTa TpelmHbl B HanpasneHun 3K u MK Belumcnanuce no hopmyne:

i=k
2V
v i=1
= =k —
cp K
2
=1
foe: i=1,2, 3....... k nopsagkoBbli HOMEP KOHTPOSS npupawleHuss OfvHbl TPeluHbl B

HanpaeneHun 3K n INK;

Ni — yncno 6710KOB Harpy)XeHUs nonacTn Mexagy o4epeaHbIMN KOHTPOIAMU;

Vi=Li/ ni — cKOpoCTb pocTa TpeLLMHbI B Npeaenax ni 6yIOKOB Harpy>KeHus;

Ni 6GyTIOKOB Harpy>xeHus.
Li —npupaweHre onuHbl TpewuHbl 3a Ni 610KOB HarpyXeHusl.
M3 npuBeaeHHbIX AaHHbLIX MO CyMMapHOW anuHe TpewmH B HanpaeneHun 3K n MK cneayer,

YTO OTMEYEHHas Bbllle TEHAEHLNSI COXpaHsaNach NPakTUYeCKn B TeYEHNE BCEro BPEMEHU UCMbITaHWU
nonactwu.

BT T T T T 11 EEE
| Tekywwme 3HayeHus I —
| cpeaHen CKOpoCTH Mo \
pocTa TpeLyyHbl, HanpaBneHu Pl
cm/6nok o k MK \ g
T [T
/ Mo /
/ HanpaBneHu \ =4
10 k 3K
\/
0,2
/
/ /
- /
N,/ N /
0,15 ™N * 3 R Ny
N
e
/i‘\ —
'4
0,1
0,05
Yucno 6nokos
HarpyxeHui
0 L]
0 5 10 15 20 25 30

Puc. 7. 'padhmk nameHeHns TeKyLLMX cpegHuX 3HadeHun
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Mpadhvk BRUSIHUSA OMHAMWYECKUX HampshKeHMA Ha CKOPOCTb pocTa TPEeLuHbl MOCTPOEH Mo
pesyrnbTaTam pacyeTHO-3KCNepMMEHTANbHONM OLEHKM U MpeacTaBieH Ha puc. 8

4 T T T T T T T T
[ OTHOLeHWe CKOpOCTN PasBUTUS TPeLUNHBI
L B cTopoHy MK k ckopocTn passutus
— TpeLmHbl B cTopoHy 3K.
35 17— (KoachdmumeHT 3anaca no ckopocTn K,= 10.983K- 11.039
[ PasBUTMS TPELUMHbI ). R? = 0.9442
[ K, —=
— CoortBetcTByeT 30 6rokam
3 | | | | HarpyxeHus v obLien anvHe
1 1 1 1 TpewmHbl 119 mm.
[ | Cootsetcteyet 20 Griokam
2,5 1| Harpyxerusi n obLen anuHe '/V
. TpeLmHbl 56 MM. /,/
] P
T T ] ] T P
2 ,i<: 1 N L~
T s R -
CootsetcTByeT 6 =
- 6rokam HarpyxxeHus u N\
1,5 +—— obLeit ANUHE TPeLLWHbI AN %
. 16 Mm. 7
I \ T
[ 1 [ [ [ [ | | \ S M PO —
1 77<‘ D OTHOLWeHne [:leMCTBleU.lVIX c ]
T | iN i~ 4 [AVHAMUYECKUX HaNpshKeHWid Ha nytm |
| | * ~ ¢ pa3BuUTUS TPeLMHLI B HanpasneHnm MKk |
} } g Hanp: B HanpasneHun 3K. —
8 I _
05 ,,<‘, ] (KoadbdmuumeHT sanaca no ]
HanpsxeHNsM) |
K. —]
| | | | | | |
0 | | | I I | I I I I
1 1,05 11 1,15 12 1,25 13

Puc. 8. N'paduk BANAHWUS AMHAMUYECKUX HaNps>KeHUN Ha CKOPOCTb pocTa TPeLUMHbI

CnegyeT OTMETUTb, 4YTO pas3nuyMe B YPOBHAX [EWCTBYIOLLUMX HaNpsXeHun (Mnm  umx
COOTHOLLIEeHME) NpuobpeTaeT onpegensoLee BIMAHME HA CKOPOCTb POCTa TPELLMHbI Toraa, Korgaa oOHo
coctaensieT BenuumHy 1,1 n 6onee (unun 10% n Gonee).

[o aTon BenMYUHbI pasnuyne B CKOPOCTW pOCTa TpewwuH B Gonbluen cTeneHu 3aBucuT OT
pasnuuui B XapakTepuCTUKax TPELLMHOCTOMKOCTU, OBYCMOBMEHHbIX HEOOHOPOAHOCTLIO, Kak MUKPO,
Tak U MakpoCTPYKTypbl MaTepuana nonactu B UCMbITyeMON 30He nepa. 3anac no HanpsbkeHUsM,
3ajaHHbI NPU UCMBITAHMM Ha CKOPOCTb PasBUTUS TPELLMHbI, Kak noka3aHo B OT4éTe, coctaBnsan Kx
2. OH npeactaBnsn cobon OTHOLLEHWE YPOBHEN HanpsXXeHn B Broke Harpy>KeHUs K 9KBUBasEHTHbIM
3KCnnyaTaunoHHbIM HanpsXXeHUsIM.

Pe3yn bTaTbl UCMNbITAHUN NOKa3anu:

6

1. Nocne HapaboTkm N=4,555.10 UMKNOB NOSABUMUCH BTOPUYHbIE TPELLMHbI YCTanoCTw,
pacnonoXeHHble nof yriom ~ 75° K nepBoHayanbHOW TpeliuHe. BTopuyHbie TpelunHbl NosiBUIUCH
NpakTU4eCcKkn OAHOBPEMEHHO C ABYX CTOPOH OT PacrnonoXeHns NePBUYHON TPELLUHBI.

6
2. MNMocne HapaboTtkn N=13,977-10 LMKNOB Ha4yancs yCKOPEHHbIN POCT BTOPUYHBIX TPELLUUH U

npu HapaboTke N=14,817~1O6 LMKIIOB MPOU3OLLSIO OKOH4YaTernbHOe paspylleHwe nonactu. Ond
TOYHOIrO M3MEpPEHUs y4acTKOB pOoCTa TpeLMHbl OHa Bblina OTCKaHMpOBaHa M 3aBejeHa B KOMMbIOTEP
ans obpabotkn. MacwTtab KomnbloTepHOW konuu coctaBnsan 1 kK 1 ¢ opurMHanom TpewmHbl Ha
nonacTtu. 3To NO3BOMWMO, UCMOMb3Ys BO3MOXHOCTU KOMMbIOTEPA, U3MEPATb Y4aCTKU pocTa TPeLUUHbI
C TOYHOCTLIO Ao 0,1 MM M nokasaTb CXeMaTU3NPOBAHHbLIA NPOLECC Pa3BUTUS TPELLUMHBI B pexnve
NnoKagpoBON CbEMKN.

3. PesynbTaTthl KOHTPOMS ANVHBLI TPELLMHbI MO XXypHany ucnbiTaHWi cnegylowue:

- Mo ykasaHHbIM pe3ynbTataMm MOCTPOeH rpaduk, puc.9, U3MEHEHUSI ONUHbI TPEeLMHbl OT
yncria 6roKoB HarpyxeHus.

- OTOT rpadukK, Kak nokasblBaeT ero KOMMbIOTEPHbIA aHanu3, XOpOLlO anpoKcuMupyeTcs
NMHEHON 3aBUCMMOCTBLIO Buaa Y= K * X (T.K. KOadhbmumeHTbl Koppensumm 6nm3ku K 1 n coctaBnstoT

R2=0,9862; R2= 0,9688).
KoadpdumumeHT K, onpenensoLlimMi yron HaknoHa rpaduka, 34ecb SBNAETCA CyMMapHOW

cpedHeln CKOpoCTbio pocTa TpewuHbl Nno wupuHe cedeHuss (V3K + VIK) pasmepHOCTb €ro
cocTaBnseTr Mm/6nok (Nonér)
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T T T T T T T T T T
— O6uwas anvHa cteHgoBon l l l l l l l l l l 1 1 1 1
[ MaKpOTpeLUMHbI yCTanocTy, MocTpoeHo no y = 3.4935x
r MM pesynbratam sanucu B | [\ R? = 0.9862
U e e e XXypHase uCrbITaHui \\ \
[ |  [OnuHa skcnnyaTaumoHHoiA . PE3yNLTATOB KOHTPONA 1
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Puc. 9. Fpadmk UsMeHeHUst ANVHbI TPELLMHBI OT YKCIa GOKOB HarpyXeHus

AHanns rpadwmkoB (Puc.9) nokasbiBaeT XOpPOLIYK CXOAMMOCTb pe3ynbTaToB KOHTPOMS pocTa
OJIMHBI TPELUHbI PasHbIMKM MEeToZaMu U UCMonHUTensaMu — nadopatopusa npodHoctn (JIM) m Gropo
HepaspyLlarLwmnx MeTofoB KoHTpons (6p. HMK).

Mo pesynbTatam KoHTpons JIM cpenHssi CKOpOCTb pocTa TpeLMHbl cocTaBnsaeT 3,6 Mm/6nok
(nonét), no pesynbTatam KoHTponsa 6p. HMK —3,5 mm/6nok (nonér).

3a  KpuTudeckui  (Qonyckaembld)  pasMep  TPELWMHbl, MOXHO  MPUHATb  ASMHY
aKcnnyaTaumMoHHoW TpewwmHbl 115 MM, BM3yanbHO obHapyxeHHon Ha nonactu Ne K7745 ¢ gpyroro
BuHTa AB-72T Ne C73J1741 npun HapaboTke ~ 2000 yacos. Npu 3TOM TpewuHe nonacTb CoOXpaHuna
paboToCnocoBHOCTD.

4. AHanu3 pe3ynbTaToOB YCTaNOCTHbLIX UCMLITAHMA MOHOGTOKOB BO3AYLLIHOIO BUHTA
AB-23M4 pno paspyLwieHus

KoHTponb ycTanoctHou nospexpgaemoctu nonacten BB AB-23M4 no napgeHuto 4actoTbl UX
cobCTBEHHbIX kKonebaHuin No NepBoMy TOHY B NpoLlecce AMHAMMUYECKOrO HarpyxxeHus npeacraBneH Ha
puc. 10 B OTHOCMTENBHOM BWAE, rae Tekywlass HapaboTka B LMKMNax HarpyXeHus oTHeceHa K
nony4eHHOM CyMMapHOWN NpuBeAeHHON HapaboTke A0 paspylleHus. ITO OTHOLLEHMe, Kak cneayeT U3
W3MNOXEHHOro, CTPOro COOTBETCTBYET MO BeNUYMHE YCTanoCTHOW NoBpexaaemMocTu - gone
noTeHLManbHON JONTOBEYHOCTH.

Ha puc. 11 npeactaBneHbl pesynbTaTbl pacnofiaraemMoro 3anaca no noBpeXxgaemocTu —
[OMroBeYHOCTN  Npwn YCTanoCTHbIX MCMbITAHUSIX MOHOOGMOKa Bo3gywHoro BuHTa AB-23M4. U3
aHanm3a MofyyYeHHbIX pe3ynbTaToB criegyer, 4YTO OTHOCUTENbHO CpedHew 3aBMCMMOCTM BCe
pe3ynbTaTbl KOHTPOMSA YacTOThbl TONacTen NpakTUYeckn nexar B npegenax ot + 2,5y u go muHyc 2
4 Ha NPOTSHKEHUM BCEro NpoLiecca UCMbITaHUIA BNOTb A0 paspyLUeHus.

®PyHKUMOHANbHbIE 3aBUCMMOCTM YaCTOThbl U HAKOMIIEHHOW NOBPEXAAaeMOCTU, NOKa3aHHble Ha
puc. 11, NO3BONUNWN OLEHUTb MO JONFOBEYHOCTW 3anacbl creaylowux rpagaumi (kak BernuuuHy
obpaTHY0 NoBpeXaAaeMocTH):

- He MeHee, kak KN, muH =1/axp [ (35.302-f)/ 0.5607], (3)
- B cpeaHem, kak KN, cp =1/axp [ (32.802-f)/ 0.5607], (4)
- He bonee, kak KN, makc =1/axp [ (30.802-f)/ 0.5607], (5)

roe f- nsmepeHHas cobcTBeHHas YacTtoTa konebaHun nonactn MoHobnoka
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PesynbTaTthl ncnbiTaHn nonacten moHobnokos AB-

50 ——
— TeKyLlue 3Ha4yeHns 4acToTbl N LUKIOB
f 23M4
45 -1y arpy>xenus). LInknbl Harpy>xeHnsi npMeegeHb! (npy m =
— 12) K YPOBHIO AUHAMUYECKMX HanpsokeHuit 10 KI/mm? T i
B f ‘ y =-0.7589Ln(x) + 48.61911
= I i \ ]
40 - R*=0.8 0
) - JlorfacTtb Ne1 ul
35 hd 1] m
fiESa PRt
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\
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20 COOTBETCTBYIOT B
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Puc. 10. KoHTponb ycTanoctHon noepexaaemMocTu nonacte BB AB-23M4 no nageHunio 4acTtoThbl
50 r [
C f, My
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— = I ——
40 T L T i
LY = — # 15 & —
= = O] o]
35 ] e N e — e AT
i R VA . .‘fln‘ ! [
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30 2 - L]
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I
25 /
YacToTbl nonacten ;; PesynbTaTtbl KOHTpOnst P
20 MOHOGNOKOB B Havane mr— YacToThbl B Xo4e a3pyLIJeHVIe
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Puc. 11. Pe3ynbTaThl yCTanoCTHbIX UCMbITaHUA MOHOGOKa BO3AYyLLHOrO BUHTa AB-23M4

Mpaduk 3aBucumocTem (3), (4) n (5) AaH Ha puc.12.

lMpakTnyeckoe 3HadYeHWe, C YYETOM HAOEXHOCTU OnpedesieHMs pacnonaraemon BenUYUHbI
3anaca, UMeeT TONbKO 3aBUCMMOCTb (3), kOoTOopasi MO3BONSET OLEHUTb MWHMMAarbHbIA 3anac.
3aBMCMMOCTb (4) HOCUT CNpaBOYHBLIN XapakTep, HO MOXeT OblTb MCMOMNb30BaHa C AOMNOMHUTENbHBIM
npueneyeHnem npmbopHOro MeToaa HepaspyLLatoLLLEro KOHTPONS.
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Puc. 12. I'padhmk 3anaca no JONroBEYHOCTU OT YacTOTbl COBCTBEHHLIX KOnebaHui

BbiBOAbI MO pe3yfbTaTaM YCTaNOCTHbIX UCMbITAHUNA

1. lNMoBbiWeHNe ypoBHS HanpsbkeHun [0 o=+10 Kr/MM2 w pJanbHenwee CTyneH4yaToe
yBenunyenne 0o o=+(15...19) kr/MM2 NpuBENO K paspyLLUEHU0 BCEX MOHOOMOKOB (MO KpamHen mepe
OOHOW 13 nonacTten MoHoboka).

2. lpn 3TOM NEpUOAMYECKMM KOHTPONEM fonacTted OTMeqanocb CHWXKEHWEe 4acToTbl
cobCTBEHHbIX KonebaHum nonacTen B npouecce BCero nepuoga ucnbitaHui. CHWKeHWe 4acToThbl
CBUOETENbLCTBOBANO 00 YMEHbLUEHWM >XECTKOCTHbIX (YMpyro-npoYHOCTHBLIX) XapaKTepucTuk nepa
fionacTter M3-3a HaKoMneHus ycTanocTtHon nospexgaemoctn B mx KM. lNpu atom oTmedanacb
MOEHTMYHOCTb MpoLecca CHKeHWsA YacToTel Ang nonactn Ne1n Ne2 B ogHOM MOHOGIOKe.

3. Nepen okoHYaTENBbHBIM paspyLlEeHMEM CHUXEHUE YacToTbl cocTaBumo oT 13,4% no 35,6%
(oT MOHOGIOKa K MOHOBIOKY).

4. Mony4eHHble KOMMBIOTEPHBIM aHANU30M YpaBHEHUSA OCPEOHEHHbBIX 3aBUCUMOCTEN YaCTOThbI
OT Tekywen HapaboTtkn anga nonacten Ne1 u Ne2 moHobnokos, kak criegyet us puc 10, okasanucb
NpakTU4eCKN OAMHAKOBbLIMMU:

- anga nonactn Ne1

f=-0.7589Ln(NX) + 48.619 (6)

- anga nonactm Ne2

=-0.8233Ln(NZX) + 49.321 (7)

OT0 noaTBepXaaeT UOEHTUYHOCTb NPOLECCOB U3MEHEHUS YNpPYro-nPoOYHOCTHbLIX CBOMCTB KM
pasHbIX flonacten MOHOGMOKOB NP AMHAMUYECKOM HarpyXeHum N cBUOeTeNbCTBYET O CTabunbHOCTU
TEXHOMOMMN WX U3rOTOBIIEHWS.

5. BbluMcneHne pacnonaraeMoro MMHMManbHOro 3anaca JONroBeyHocTn no cpopmyne (4)
unu ero onpegeneHne no rpaduky MNpu aToM KpuTU4eckon cnefyeTt NpuHATb yacTtoty 35 Iy —
MakCMMarbHyt0 M3 Bcex 18-TM WCMbITaHHbIX OO paspylleHus nonacterd 9-Tu MOHOOMOKOB, Npu
KoTopoW npousowno paspyweHne nonactn Ne1 moHo6noka Ne 0903-03. T.e. npu chmkcaumm 4acToThl
35 Iy (u meHee) gns nobonm M3 TecTMpyembix nonacten mMoHobnoka (unv BB), ganbHenwee ero
NCMONb30BaHVe B NPEXHMX YCNOBUSAX paboTbl HeuenecoobpasHo.

C y4yéToM nMOBbLIWEHHOIO pa3bpoca NPOYHOCTHBIX XapaKTEPUCTUMK CBoOMCTBEHHOro KM,
NpeanoyTUTENBHON BENMMYMHOW 3anaca no AonroBeyHocTu nonacten BB AB-23M4  uenecoobpasHo
NPUHATL BENUYNHY He MeHee 20.
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6. CTpykTypHas cxema npu6opa BU6poaKyCcTM4YeCKOro nporHo3a ocTaTo4HOro pecypca

Puc. 13. CTpykTypHas cxema npubopa BUGPOaKyCTUYECKOro NPOrHo3a 0CTaTouHOro pecypca

BopToBo# TepmMuHan BT-03

Puc. 14. BHewHun B1a onbiTHOro obpasua npubopa

Ha puc. 13 npeacraBneHa CTpykTypHasi cxema npubopa BuBPOaKyCTUUECKOro MNporHosa
OCTaTovHOro pecypca. Bubpo u akycTuueckme p[faTuvku, Bcero 4-UTyku NOAKMYalTCs yepes
BHELWHME pa3beMbl K y3rnam obpaboTku curHanoB 1-4. CurHambl C [aTyMKOB YCUNMBAKOTCS
WHCTpYMeHTanbHbeiMn yeunutensmm (AY), cdunbtpytotca B PHY  n ganee npeobpasyotca B
umdpoBor Kog ¢ noMoLLbio 16-paspsgHoro AL, B yane cbopa n 06paboTku faHHbIX ouMdpOBaHHbIE
curHansl popmupytoTcs B 12 paspsigHble MHGOPMaLUMOHHLIE CrioBa M gdanee B Mnagwive Kagpbl.
Kaxgomy crioBy COOTBETCTBYET U3MEPEHHOE MIHOBEHHOE 3HaYeHne O4HOro 13 4-x gaTyukoB. Becero B
Mnajwem kagpe nomellaetca (256:4 =64) 64 nsmepeHus. B cnyxebHon yactu Mnagwero kagpa
WUMEIOTCS: CUHXPOHM3ATOP MJ1. KagpoB, CYETYMK MIaflMX KagpoB M METKU TEKYLIero BpemeHu
KOTOpble MO3BONSAT NPOBOAUTE CUHXPOHM3ALUIO HENPEPLIBHO NOCTYNAKLWNX M. KagpoB U «CLUMBKY
N3MepPEHHON MHGOPMaLMM B HENPEPLIBHbIA MOTOK C YKa3aHUMEM TEKyLLero BpeMeHW U3MEPEHUS.
CdopmunpoBaHHble M. Kagpbl 3anucbiBaloTCcsa B hnew-namate Ang ganbHenwen obpaboTkm Ha
BHELLUHEM KOMMblOTepe, a Takke noctynatoT B mukpo PC npubopa, B koTopom ¢ nomouibto MO B
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KOTOPOM peanun3oBaHbl MaTeMaTM4eckue ypaBHEHWs, rpadvku U 3aKOHOMEPHOCTM pocTa TPeLVH U
N3MeHEeHNsi COGCTBEHHbIX YacTOT KonebaHun.

CneumnanbHoe 10 B KOTOpPOM peanu3oBaHbl MaTeMaTUYeCcKue YypaBHEHMWS, rpadukn u
3aKOHOMEPHOCTU pOCTa TPELMH U M3MEHEHMS CODOCTBEHHbIX 4acToT KonebaHun W3NoXeHHble B
paboTtax [3-10] , Nno3BonsieT NPOBECTM OLIEHKY MPOrHO3a OCTaTOYHOro pecypca nonacten. NMpu aTom
Ha 9KpaHe uHaukatopa npubopa oTobpaxaeTcs MHOPMaLUSA O TEKYLLUNX U3MEPSEMbIX napameTpax
(amnnuTyg HanpshkeHun,  cobCTBEHHbIX 4acToT konebaHui) M BbIBOAbI MO OLEHKE NpOrHosa
OCTaTOYHOro pecypca nonacten. [Ons npoBepOYHbIX MCMbITaHWA Obin Mcnonb3oBaH 60pTOBOW
TepmuHan BT-03, doto Ha puc. 14. [MpoBepoyHble UCMbITAHWUS MOKa3anu BbICOKYHD CXOOAUMOCTb
(6onee 95%) pe3ynbTaToB HATYPHbLIX UCNBLITAHWI N peannM3oBaHHOIO anropuTMa OLLEHKU OCTaTOYHOro
pecypca nonacten. icneitaHua npoBoamnmck Ha 20 nonacTtax BO34YLLUHbIX BAHTOB caMoreTa.

BbiBoAabl

1. PaspabotaH npubop BMBPOAKYCTUYECKOW OLIeHKU MPOrHo3a OCTaTOYHOro pecypca nonacTten
BO3AYLLIHOIO BMHTa caMoneTa MHTerparnbHbIM MeTOAOM CBOOOAHBLIX KonebaHunin B KOTOPOM 3a OCHOBY
B3SIT KOHTPOSb CMEKTpa aKyCTUYECKMX KonebaHum M CHMXKEHUS 4acTOTbl COBCTBEHHbLIX konebaHui
nonacTen B npoLecce BCEro nepmoga UcnbiTaHui Npu 3TOM:

3a bGasoBble akycTuyeckue M BUOPALIMOHHbIE XapakTEPUCTUKM KaXAOW onacTu WCMOMb3YTCs
N3MepeHus, NpoBeAEHHbIE B Havane npuMmeHeHust n obo3HavaroTcsl, kak 6a3oBble, C KOTOPbIMU MpU
NepMoaNYEeCcKOM KOHTPOSle CpPaBHUBAKTCS TEKyWMe CTaTUCTUYECKME 3HaveHus napameTpoB
KOHTpOns;
- Mepuogun4yeckn Yepes paBHble MHTEpPBarbl BPEMEHW MPOU3BOANTCHA U3MEPEHMEe YacToT Bubpaunm n
CMeKTpa, UX B3auMMHLIA aHanu3, MOMEHT MOSIBIIEHUS HepaBeHCTBA KBanNUUUUPYIOT Kak Hadasno
npoLiecca paspyLLleHMst KOHTPOSNIMPYEMOrO 3fleMeHTa KOHCTPYKL MM 0O BEKTA;
- MOMEHT BO3HUKHOBEHMSI TPELUHbl U CKOPOCTb pPa3BUTUS TPELUUHbl OMpedensiT Ha OCHOBe
OVWHAMUWKM M3MEHEHUSA Pa3HOCTU YacTOTbl BUOpauuKn, NOSBNEHNS B CNEKTPEe AOMNOMHUTENbHbBIX YacToT
N U3MEHEHNs ANUTENbHOCTU KonebaHui oT ABYX 1 bonee 4aTynkoB.
2. B ocHoBy pa3spaboTaHHbIX anropuTMOB U MaTeMaTUYECKMX 3aBMCMMOCTEN MO OLEHKe MporHo3a
OCTaTOYHOro pecypca fonacten BO3QYLLIHOMO BMHTA B3ATbl pe3yrbTaTbl MPakTUYECKUX MCMbITaHWUM
nposoanmbix B nepuog ¢ 2010 no 2016 roabl cneumanuctamu HIMM «Aspocunay.
3. MNpoBepoYHbIE UCMBITAHWST MOKa3anu BbICOKYHO cxoanMocTb (bonee 95%) pe3ynbTaToB HaTypHbIX
UCMblTaHUN U peanu3oBaHHOrO anroputMa OLEHKM OCTATOYHOro pecypca nonactei. WcnbiTanHus
npoBoAnnmck Ha 20 nonacTax BO3OYLUHbIX BUHTOB camorneTta. bbino noareepXaeHo YvTo:
- nepeq OKOHYaTeNbHbIM pa3pyLleHWEM FONACTU CHKEHWE YacToTbl ObINo B AvanasoHe oT 15% o
32%, JTO noaTBepXOaeT BbIBOAbI MO pe3ynbTataMm  YCTanocTHblx wucnbitaHun (3.Mepen
OKOHYaTENIbHbIM pa3pyLUEHNEM CHWXKeHME YacToTbl cocTaBmno oT 13,4% po 35,6% (oT MoHoGnoKa K
MOHOOGIIOKY).
4. [Ina BHeOpeHUs B NPOMBbILLMIEHHYKO 3KCnyaTauumio npubopa HeobxoamMmo NpoBECTM NMPOBEPOYHbIE
ncnbiTaHus ewle xoTs Obl Ha 50-80 nonacTsax BO3AYLLHbLIX BUHTOB CaMorieTa.
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PA3SPABOTBAHE HA CUCTEMA 3A MOHUTOPUHI HA PACTEXA U
CbCTOAHUETO HA PACTEHUATA B KOCMUYECKA OPAHXEPUA CBET-3
Bb3 OCHOBA HA TEPMAJTHU USOBPAXEHUA U U3OBPAXEHUA
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Knrovyoeu dymu: kocmuyecka opaHxepusi Ceem-3; 6u-criekmparnHa (KoM6uHuUpaHa mepmo U b6
sudumusi duanasoH) Kamepa, JlucmHa memrepamypa, pacmex Ha pacmeHus.

Pe3rome: OcHosHa ¢pyHkyus e 6blewume buonozuyHu cucmemu 3a ocueypsisaHe Xueoma Ha
ekunaxume npu npodb/pKumMesnHUme Mucuu ce ompexda Ha pacmeHusma. B kocmudecku ycriosus
eKkcriepuMeHmu ¢ omernexdaHe Ha pacmeHus ce rnpogexdam om 45 200uHU, HO 8bIPEKU HampynaHus onum &
obnacmma Ha ,KocMu4yeckomo pacmeHueebOcmeo”, ece owe 8 KocMmudeckume opaHxepuu (KO) ce cbadasam
cmpecosu ycriosus 3a passumue Ha pacmeHusima. KoHuenyusima 3a adanmusHo yrnpasneHue Ha KO Ceem-3
npedsuxda eknYeaHe Ha obpamHa epb3ka OM cmamyca Ha pacmeHusima 6 fpoueca Ha KOHMPOs Ha
napamempume Ha okofiHama cpeda ¢ yesn 0a ce npeycmaHosu cb30asaHemo Ha HebnazonpusimHu ycnosus u
da ce onmumu3upa cpedama 3a omenexdaHe Ha pacmeHusima. Llen Ha Hacmosiwama paspabomka e
HalzpaxdaHemo Ha Cucmemama 3a MOHUMOPUH2 pacmexa U cmamyca Ha pacmeHusima 8 KO Ceem-3, upe3
dobassiHe Ha KaMepa 3a 3acHeMaHe pacmexa u pa3sumuemo Ha pacmeHusima (VIS kamepa), u mepmo kamepa
(IR kamepa) 3a 3acHemaHe mewmnepamypama Ha nucmama. bu-cnekmpan+a (VIS u IR) kamepa FLIR AX8 (FLIR
Systems Inc., USA) e npunoxeHa 8 MoHUmopuHazog8ama cucmema Ha KO Ceem-3 nopadu cbomeemcmauemo Ha
criekmpanHume u onmuyHUMmMe U xapakmepucmuku C MOMJUHHOMO U3/Tb4Y8aHe Ha pacmeHusima u mawaba Ha
3acHeMaHama fiucmHa nrow, Ha pacmeHusima, Kakmo U rnopadu 8b3MOXHOCmma rnofydYeHume u3obpaxeHus 0a
6v0am aHanu3upaHu u 0aHHUmMe om msix 0a 6s0am ekrro4YeHU KbM PLCs.

DEVELOPMENT OF THERMAL AND VISUAL IMAGING SYSTEM FOR
MONITORING PLANT GROWTH AND STATUS IN SVET-3 SPACE
GREENHOUSE: REQUIREMENTS AND CAMERA SELECTION

lliana llieva®, Galin Gyulchevz, Genoveva Zlateva®

1Space Biotechnology Laboratory, Space Research and Technology Institute — Bulgarian Academy of Sciences
2Depan‘mem‘ of Physics, Biophysics and Radiology, Faculty of Medicine, Sofia University "St. Kliment Ohridski"
e-mails: iliana_ilieva@space.bas.bg, gyulchev@phys.uni-sofia.bg, gzlateva@abv.bg

Key words: space greenhouse Svet-3; bi-spectral (combined thermal infrared and visible light) imaging
camera,; leaf temperature; plant growth.

Abstract: Plants will play key role in the future Biological life support systems to sustain crews’ life
during long duration space missions. Plants are grown in space for more than 45 years and although significant
knowledge is gained in the field of "space horticulture” stressful conditions are still being created in the space
greenhouses (SG). The concept for adaptive control of Svet-3 SG envisions control of the environmental
parameters by feedback from the plant physiological status with the scope to prevent creation of suboptimal
conditions for plant growth and to optimize the environment. The aim of this study is to upgrade the plant growth
and status monitoring system of Svet-3 SG with visible light (VIS) camera for imaging of plant growth and
development, and thermal (IR) camera for imaging of leaf temperature. FLIR AX8 (FLIR Systems Inc., USA) bi-
spectral (VIS and IR) imaging camera was implemented in the Svet-3 monitoring system. The spectral and optical
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characteristics of the camera suited well with plants’ thermal emissivity and scale of leaf area being measured.
FLIR AX8 also has built-in support to connect to industrial control equipment such as PLCs, and allows sharing of
image analysis and results for control.

BbBeneHune

BuonornyHata cuctema 3a ocurypsasaHe Ha xumBoTa (BCOX) e cucremarta, koATo cb3gaBa U
nogaobpXka ONTUMArNHW YCMOBMS 33 XMBOT Ha eKuMnaxa Ha KocMuyeckute kopabw v cTaHuuu npu
npoabmkutenHn mucum. OcHoBeH enemeHT B 6baewmte BCOX ca pacteHusaTa, TbW KaTo 4dpes
npouecute OTOCUHTE3a M TpaHCNMpauus pacTeHudTa MoraT da MpeyncTBaTt Bb3dyxa M Bopara.
PacteHusiTa ca CbLL0 M3TOYHMK Ha BCUYKM HEOOXOAMMM Ha YOBEKA XpPaHUTEMHM BELLECTBA, KakTo 1 Ha
LEeHHM BeLlecTBa, KOMTO MoraT Aa 6baaTt U3non3BaHu KaTo NiekapcTBa, CYpoOBMHU U MaTepuanm.

OTrnexgaHeTo Ha pacTeHuss B KOCMUYECKM ycrnoBusa 3amoyBa npe3 1971 r., B cneumarnHo
cb3dadeHa KOHTponuvpaHa cpepa HapedeHa Kocmuuecka opaxepuss (KO). OttoraBa pocera B
KOCMUYeECKM ycroBus ca oTrnegarHun nosede ot 100 Buaa pactenunsa B Hag 20 pasnuyndn KO (Porterfield
et al., 2003). PaspaboTteaHeTo Ha KO u oo gHec e u3npaBeHO npen peavua TeEXHUYECKUN U PeCYPCHU
orpaHunyeHusa (Monje et al., 2003), kouTo HanaraT M3NON3BaHeTO Ha TEXHOMOrMM 3a OoTrnexaaHe Ha
pacTeHns No-CKOpPO CbOOpaseHn C orpaHuyveHusTa 3a pasmep, obem, Terno u HUCKM pasxoau Ha
€Heprusi, OTKOSKOTO C U3UCKBaHUATA Ha pacTeHusaTa. [NpunaraHeTo Ha TO3M NOAXOA MpY Cb3AaBaHETO
N KOHTPONUpaHeTo Ha napameTpute Ha okonHaTa cpega (OC) B KO BoauM A0 BB3HMKBAHETO Ha
CTpecoBM YCroBUs 3a oTrnexaaHe Ha pacteHusita (Minnesa n gp., 2004).

Mopoxon 3a NMpOTMBOOENCTBME HA Bb3HUKBaALLUTE cTpecoBu ycnoeusa B OC e npennoxeH 3a
peanu3upaHe B TpeTo nokorneHne Ha KO Ceetr (KO Cget-3), KOWTO MMa 3a Uen ga cb3gage
nogo6peHn ycnoBus 3a KynTUBMPAHE Ha pacTeHUsiTa KaTo ONTUMU3Mpa cpefata MM Ha oTrnexaaHe
Bb3 OCHOBa Ha u3unonormdHua cratyc Ha pacteHusita (Kostov et al., 2002). ®PyHkumaTa Ha
cucTemara 3a agantuBeH koHTpon Ha KO CeeT-3 ce cbcToM B perynupaHe Ha napameTpute Ha OC —
doTonepmoa, MHTEH3UTET U CNeKTbp Ha CBETNVHAaTa; CbAbpXaHWe Ha BbIMepoaeH AUOKCUA;
TemnepaTypa v BNaXHOCT Ha Bb34yXa; KOHTPOS Ha BMaXHOCTTa B U3KYCTBeHaTa noysa v ap. He camo
OKONO 3ajafeHu nparoBuM CTOWHOCTW, MNpeadBapuTenHo onpegeneHn Ha 6Gasata Ha e€BPUCTUYHMU
3HaHWs, HO M Bb3 OCHOBa Ha obpaTHa Bpb3ka OT caMuTe pacTeHusl, Taka Ye ycrosuata Ha OC pa ce
Ccb3gaBaT CbobOpa3HO U3NCKBaHMATA Ha pacTeHusaTa.

M3knounTtenHo BaXXeH enemMeHT 3a peanusnpaHeTo Ha npakTuka Ha agantuBeH koHTpon B KO
CBeT-3 e pa3paboTBaHETO HA MOHWUTOPUHIOBA CUCTEMA 3a OLEHKa Ha (PU3MONOTMYHWUS CTaTyCc Ha
pacteHusTa.

MoHuTopuHroBata cuctema Ha KO Ceet-3 BknouBa [azaHanumsmpawa cuctema (FAC) 3a
onpegernsiHe Ha hOTOCMHTE3aTa M TpaHCNMpauusaTa Ha pacTeHUATa, KakTo 1 ABe KaMmepu: kamepa 3a
3acHeMaHe pacTexa U pa3BMTUETO Ha pacTeHusTa 3a onpedensiHe Ha nNUcTHaTa NioL 1 BUCOYMHaTa
UM M KaMepa 3a M3MepBaHe Ha TemnepaTypaTta Ha nucrtaTa. [ogpobHo KpuTepuuTe 3a nogbop Ha
uHdppayvepseHnTe rasaHanusatopy Ha [AC ca onmucanm ot Sapunova et al.,, 2008. Len Ha
HacTosilaTa pa3paboTka e nogbop Ha kaMepa 3a 3acHeMaHe pacTexa W pa3BUTMETO Ha pacTeHusdTa
(VIS kamepa) n Tepmo kamepa (IR kamepa) 3a 3acHeMaHe Temnepartyparta Ha nuicrarta, KouTo aa ce
BkMtoyaT B CuctemaTa 3a MOHUTOPUHI pacTexa 1 ctaTyca Ha pacteHusaTa B KO Ceet-3.

Kputepum 3a nog6op Ha VIS u IR kamepu 3a Cuctemara 3a MOHUTOPUHr Ha KO CeeT-3

VIS n IR kamepu, cneuuwanHo npegHasHavyeHM 3a 3acHeMaHe Ha pacTeHusl, He ca
paspaboTeHn OO MOMEHTa OT MNPOM3BOAUTENUTE Ha OMTUKA MM onTUYHM ypeawn. Ha nasapa ca
HanvyHy IR Kamepu 3a M3MepBaHe TemnepaTyparta Ha crpagu Unu NPOMULLIEHN NPOLECH; BOEHHU
(nonuuerickun) IR kamepu, npegHasHavyeHn 3a BugeoHabnogeHve n/vnu oxpaHa; kakto u VIS goto n
BMAeo kamepw. MNopaam Tasu NpuyMHa, OCBEH aHanu3 Ha CrnekTpanHuTe, TeMnepaTtypHUTe n onTUYHU
XapakTepuctnku Ha HanudHute VIS u IR kamepu c uen onTumanHus um noadop, cbobpaseH
CbOTBETHO C TONMMHHOTO M3MbYBAHE HA pacTeHnsaTa n mawaba Ha nMcTHaTa nnow, 6sxa BbBeAeHN 1
cnegHvTe JOMbIHUTENHW U3NCKBAHWSA C Len U3NblHeHWe Ha YHKUUMTE Ha cucTemaTa 3a aganTuBeH
KoHTpon Ha KO CeeT-3:

*  Bb3MOXHOCT 3a HenpekbcHaTO BUAeO 3acHemaHe B VIS u IR obnactu Ha cnekTbpa B Xo4a Ha
XU3HEHNS LMKbBI HA PacTEHUATA;

* BbamoxHOCT 3a aHanu3 Ha nonyyeHuTe VIS u IR wnsobpaxeHus 3a wu3BnuMvaHe Ha
nHdopMaumsa OoT cenekTupaHn obnactu Ha nuctaTa u cTebnoTo;

*  Bb3MOXHOCT 3a curHanuaupaHe npm uamepBaHe Ha Temnepartypa Ha nuctata no-Bucoka unu
Nno-HUCKa OT 3aJafeH npar;
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« Bb3MOXHOCT 3a M3rosfisBaHe Ha AaHHWTe 3a TemnepaTtyparta Ha nuctaTta w/vnu guHaMmukaTa
Ha pPacTeX Ha pacTeHusTa B MOCMeABaLl KOHTPOI Ha napameTpuTe Ha OKonHaTa cpeaa.

Moa6op Ha VIS u IR kamepu 3a CuctemaTa 3a MOHUTOPUHI Ha KO CBeT-3

CbBpEMEHHOTO pa3BUTWE Ha TEXHOMOrmmMTe B ONTMKaTa Mo3Bonu nogbop Ha kamepa, KoATo
cbyeTtaBa B egHo VIS u IR ceH3op 3a egHOBpeMeHHO 3acHeMaHe Ha obekTa 1 No-necHo aHanuanpaHe
Ha nonyvyeHute usobpaxeHus. B Tabnuua 1 ca npeacTtaBeHUM TEXHUYECKUTE XapaKTepUCTUKM Ha
kamepa FLIR AX8 (FLIR Systems Inc., 2014) B 3aBUCMMOCT OT U3BPOEHUTE KPUTEPUN.

Tabnuua 1. TexHNYecKkn xapakTepucTukm Ha kamepa FLIR AX8

Twvn IR petekTop

FPA HeoxnageH MMKpobonomeTbp

PasgenutenHa cnoco6HocT IR / VIS kamepa

80 x 60 pixels / 640 x 480 pixels

CnekTtpaneH o6xsaTr 7,5-13 um
3puTenHo none 48° x 37°
O6xBar -10 - 150°C
YyBCcTBUTENHOCT 0,1°C
TouHoCT +2°C
®dokyc dukcupaH
MuHuMmanHo pa3scTosiHue Ha poKycupaHe 0,1m
MakcumanHo pa3cTosiHue Ha pokycupaHe o0

IR
dopmaT Ha n3obpaxeHneTo VIS

Bu-cnektpaneH (VIS & IR)

IR

®dopmaTt Ha Bugeo n3obpaxeHMeTo VIS

Bu-cnektpanen (VIS & IR)

BnaxHoCT Ha Bb3ayxa npu paboTa

95% npu 25 — 40°C

Temnepartypa Ha Bb3ayxa npu paboTa 0-50°C
3axpaHBaHe PoE
MpeHoc Ha AaHHK PoE

3apaBeHe Ha 6 obnacTy ¢ aHanu3 Ha MMHUManHarTa,

AHanus Ha M306pa)KEHMeTO
MakCcumanHaTta n cpeHata TeMmnepaTtypu

Anapwma 1 n3npatiaHe Ha e-mail Bb3ocHoBa Ha 6

AHanu3 Ha gaHHM
KPUTWUYHM TOYKMU 3aafeHN B M300paxxeHNeTo

KoHTpon Bb3moXHOCT 3a Bpb3ka kbMm PLCs
Pasmepu 54 x 25 x 95 mm
Terno 125¢g

Ouckycus

Kameparta, koato 6ewe gobaBeHa B MoHUTOopuHrosata cuctema Ha KO Ceet-3 e FLIR AX8
(Pur.1). Ta moxe pa 3acHema W npepasa Buaeo wusobpaxeHne B VIS, IR n 6u-cnekrpaneH
(komBuHMpaH dopmaT Mexay TepmanHo nsobpaxeHue n usobpaxeHue BbB BUAMMUA AMANA30H -
MSX) (®wur.2.). MNpn To3M opmaT IR M30O6paKEHNETO € KOHTYPUPaAHO M MO TO3M HAYUH MHOrO Mo-
flecHO MoraT Ja ce pasrpaHuyart getannute Ha HabniogaBaHus OBEKT, KakTo U nNpobrnemMHute my
30HM. C kamepaTa MOXe [a Ce OCbLUEeCTBU HENPEeKbCHATO BMAEOHabMwaeHue, KaTto npedaBaHuAT
BMOEO CUrHan npu Gu-cnekTpanHo nu3obpaxeHne e ¢ pesonounst 640 x 480 pixels, T.e. BbNpekn no-
HWCKaTa pasgenuTenHa cnocobHocT Ha IR kamepa npv TO3u Npouec ce M3BbpLUBA aBTOMATUYHO
pecemnnvpaHe Ha usobpaxeHueTo. Upes codpTyepa Ha kamepaTta moraT ga ce 3agagar 6 obnactu B
nsobpaxeHneTo, B KOUTO Aa Ce cregu MvHMManHata, MakcumanHata u cpegHaTa TemnepaTypu.
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Morat ga ce 3agagatT u 6 oTAenHW ToukM B M30OpaxeHueTo (Pur.2.), B KOUTO Oa ce crneau
TeMnepaTypaTa fga He HaABULLIM WM Oa He Ce MOHWXW nog onpefeneH npeaBapuTeriHo 3ajafeH
npar, npy KOeTo aBTOMaTU4YHO MOXE a Ce U3npaTtu e-Meinsn Ha NocoYeH agpec C aHanu3 Ha JaHHUTe
N n3o0paxeHne OT CbOTBETHOTO CbOMTUETO. [OMbIIHUTENHO MOraT fa Ce HanpaBAT CHUMKWA W/vnu
BMOEO, KOUTO Aa ce 3anuwaT B komnioTbp. FLIR AX8 moxe ga paboTu npu BMCOKa BNaXHOCT Ha
Bb3gyxa — 95%, KOeTo CbLLO A npaBu Noaxoasiia 3a MOHUTopuHroearta cuctema Ha KO CeeT-3, Tbi
KaTo pacTeHusTa ce OTrnexanaTr B cpeda C BMCOKa BRaXHoOCT. Han-ronsamoto npeanmcteo Ha FLIR
AX8 e Bb3MOXHOCTTa Kameparta ga 6bae cebp3aHa kbM PLC n nokasaHuaTa m ga ce m3nonssar B
peaneH npouec Ha KOHTpomn. Tasn dyHKUMSA HambiHO OTroBaps Ha KOHLUenuusaTa 3a ajanTuBeH
KoHTpon Ha KO CeeT-3, Tbil KaTo napaMeTputTe Ha pacTeHudaTa, KoMTo we 6baaT namepBaHUTE OT
Kamepata ca BCbLUHOCT (PM3MONOrMYHM MoKa3aTenu KaTto: Temnepatypa Ha nucrata, BUCOYMHA,
NUCTHa NIIOLL, pacTex 1 pasBuTUe Ha pacTeHusTa, U NOCNeaBaLloTO BKIOYBaAHE Ha aHanuanpaHuTe 1
006006LeHN gaHHK OT Te3n nakasaTenv B KOHTPOSa e peariHa CTblka B OCbLLECBSBAHETO Ha obpaTHa
Bpb3Ka OT cTaTyca Ha pacTeHusiTa KbM KOHTpona Ha napameTpute Ha OC B KO.

dur. 1. Bu-cnekTpanHa dur. 2. bu-cnektpanHo (VIS u IR) nsobpaxeHne Ha pacteHue
(VIS n IR) kamepa FLIR AX8 Sinningia speciosa cbC 3agageHn 6 KPUTUYHU TOUKM
BnarogapHocTu

PaspaboTtkaTa e ussbpLieHa no MNpoekt ,OnpegensiHe ctaTyca Ha pacTeHusaTa, KynTUBMpPaHu
B KOCcMMYecka opaHxepusa CeeT-3, Ype3 aHanu3 Ha TepmanHm nsobpaxenms”, Jorosop No. H 80-10-
210/24.04.2017-®HWN, duHaHcupaH oT doHaa 3a HayyHu nscnensaHus Ha MeauumHCKMA dakynTer,
Coduiickn yHnBepcuteT “CB. KnumeHT Oxpuackn®.
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NOTES ON TEACHING EXPERIENCE GAINED THROUGH SIMLAT
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Abstract: In the report hereby, topics related to training, evaluation, and selection of UAV operators are
discussed. Experimental data taken from recent courses held by means of C-Star simulator of Israeli company
SimLat are also presented. The flight task data are logged by means of PANEL module. Our teaching experience
is shared, so is the trainees’ performance.

BEJIEXKU MO NPENOAABATEJICKUAA ONMUT HATPYNAH YPE3 CUMYJIATOP
SIMLAT C-STAR B BbJIF'APUA

3o0a XybeHoBa, KoHcTtaHTuH MeToaues

UHecmumym 3a kocMmuydecku uscredsaHusi U mexHonoeuu — bbrzapcka akademusi Ha Haykume
e-mail: zhubenova@space.bas.bg, komet@space.bas.bg

Knro4yoeu dymu: onepamop, /1A, cumynamop, obyyeHue, C-Star

Pesrome: B Hacmoswus O0okrnad ce obcwbxdam 6brpocu, cebp3aHu ¢ 0byyeHuemo, ouyeHkama u
cenekyusima Ha oriepamopu Ha bBJIA. lNpedcmaseHu ca ekcriepumeHmarnHu OaHHU, MOly4eHU Om HacKopo
nposedeHuU Kypcoee Ha cumyrnamop C-Star Ha u3paesickama c¢upma SimLat. [onemHama uHgopmayus e
cbbpaHa rnocpedcmeom Mmodyn Panel. O6cbwlOeH e npernodasamersicKusm oOnum Ha asmopume, Kakmo u
ycrnesaemocmma Ha obyyaemume.

Preamble

Business and entertainment drone applications are all the rage these days in Bulgaria and
worldwide. For example, the drones might be used in agriculture and forestry for observation
purposes. On the basis of collected data, it might be decided when crops should be treated, the yield
is forecasted, etc. Activities like coordinating forest fires extinguishing, medical care in the event of an
accident, fight against hailstorms, and many others are also facilitated by drones. Unlike the recent
past, drone applications are nowadays there for the taking.

In Bulgaria, the first aerial target drone was designed about 50 years ago, [1]. Many others
have been produced since then. In order to get well trained, pilots are required to attend a preliminary
training course including practicing at a simulator. Similarly, having realized the need of vocational
UAV training, the managing body of Space Research and Technology Institute was persuaded into
purchasing a UAV simulator. From among all received offers, SimLat’s was rated as the best value for
money. The simulator gives a crew the opportunity to carry out specific tasks solely related to typical
UAV applications. The achieved results are topical and may be useful in further UAV teaching activity.

C-Star solution in the Space Research and Technology Institute

The Space Research and Technology Institute (SRTI) possesses a full crew solution of the C-
Star simulator including a pilot station, a payload station, and an instructor station. The taught course
is led by SRTI employees who have already been certified by SimLat in advance. The overall
arrangement of the simulator within the laboratory is shown in following figure.
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Fig. 1. The C-Star laboratory at the SRTI

Teaching method

Among wide variety of teaching methods, demonstrating, [2], was given the biggest priority for
obvious reasons. Prior to practicing at any station, each trainee is shown a correctly performed task
once. The task is performed by the instructor correctly. The trainee is expected to memorize as many
details about task implementation as possible. Having confirmed readiness, the trainee is offered to be
seated at the station and try to implement the task by her/himself. Immediate help is provided by the
instructor if it is necessary. Should the trainee undergoes a crash, the flight task is started over again.
This is repeated until the trainee achieves satisfactory result. Upon task completion, a short debriefing
follows.

In 2016, about fifty employees from Bulgarian Ministries of Interiors and Defense attended
educational courses at C-Star laboratory. Students were between 20 and 30 years old. Women made
up about 10% of trainees’ total number. Each student practiced maximum one hour per station and
eventually took an exam. Among the students, there were several professional fighter pilots.

Initially, the students had to master basic piloting skills such as takeoff, flight on route, visual
approach, and landing so as to get familiar with the pilot station. Having got used to fly, the students
were assigned more difficult tasks. For example, distinguished students were asked to perform landing
procedure with autopilot failure. In this way, the airplane attitude stabilization and Euler angles
limitations are no longer available which is why the trainee has to make more effort to avoid crash
landing. Severe weather conditions were also simulated to make steering the airplane even harder.

The students were assigned next task at the payload station. The task plan is depicted in Fig.
2. In this scenario, the payload operator has to detect and follow a moving ground target (T-72
medium tank). Both the airplane and the target move along a previously assigned route. Also, there
are additional clues (accompanying vehicles) that let the operator figure out the target from a greater
distance. The task goal is to lock the target within the sensor field of view (FOV) as soon as possible.
Simultaneously, the Panel module records few performance parameters. The most important
parameter is period of time within which the target falls into sensor FOV. The sooner student locks the
target, the better. The task depicted in Fig. 2 is same for all trainees.

Finally, a crew training session was also carried out. The session consists of initial checklist,
taxiing for take-off, take-off, flight en-route, task completion, landing approach, landing, and taxiing to
parking area. It is worth mentioning that the only available video channel gives an impression of
additional impediment to the crew trying to identify a ground object. Whenever the onboard camera is
turned aside by the payload operator, it prevents the pilot from observing the front hemisphere and
maintaining the right course.
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Fig. 2. Flight task scenario

Results

Graphs depicted in Fig 3, 4, and 5 show success rate of trainees carrying out a flight task at
the payload station. The graphs are put together by means of the Panel module. The tested trainees
are a professional pilot, Fig. 3, and two beginners, Fig. 4, 5. As it was mentioned earlier, the flight task
comprises detecting and following a mobile ground target. In the figures, each curve provides
information about following:

Line 1: distance between the UAV and the target, m

Line 2: distance between the line of sight and the target, m
Line 3: payload field of view, deg

Gray areas: the target is locked within the sensor field of view

Fig. 3. Very good performance by a professional pilot
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Fig. 4. Intermediate level achieved after initial training

Fig. 5. Weak performance following initial training

Discussion

The achieved results indicate that successful trainees are either skilled professional operators
(of UAV in particular) or play computer flight simulators on a regular basis. From figures above, it is
evident that the professional trainee makes a single attempt at locking the target and succeeds at
once. On the contrary, it takes the unexperienced beginner trainee more time to get used to the
joystick and be quick on the uptake. Eventually, everybody succeeds. However, preliminary
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demonstration made by the instructor is strongly necessary. Having watched the flight scenario in
advance, the trainee is less likely to make errors due to ignorance.

Another conclusion might be made that mastering the payload station appears to be a more
arduous undertaking for all trainees. Working with the payload is a relatively long task taking a trainee
up to a few minutes to complete. The underlying scenario involves performing vigorous maneuvers by
the airplane which is why the line of sight shifts continuously. The trainee has to decide on a course of
action quickly and figure out the new target location over again. What is more, the moving target is
very elusive within a scene with small angular extent (a.k.a. small angle of view, zoomed-in window),
which may happen right before triggering the locking button. On the other hand, it is impossible to lock
the target within a zoomed-out scene of the video channel. All these pieces of subtlety are critical for
successful performance because they burden the trainee’s attention in addition.

In the C-Star simulator, there are five generic tasks that might be added to the scenario.
These include target detection, static target observation, dynamic target observation, route scanning,
and area scanning. In the course of task, the Panel module provides a mean of data logging and
depicting the trainee’s performance automatically. This is the only available tool for the purpose.

We would like to bring minor technical issues to reader’s notice, Fig. 6. Whenever the payload
operator happen to scan a large area, the corresponding FOV rectangle is depicted too large. We
suggest that a kind of limiter should be introduced so as to cut off rectangles which exceed an initial
size limit so as to preserve the overall minimum resolution of the scenario.

b sottms ) fessonsuten

= 1 .
B octos, 216 1 Session Report ) 00:02:24 UAV and LOS distance from target
Session Report T
’ 12000
: el E Target Detection | et H Lo [l

AR
A i = S e
Oﬂl;ﬂm . mﬁono mﬂllm mhLzo - 0’0“0’1’% i IlOﬂ'Zm mﬁz;n

mUAV distance from target [m]  WLOS distance from target = Payload FOV [deg] M Target in FOV

Objectives

Task Summary

Basic Summary Detection Parameters

Task start time 00:00:02 Target name T72.101
Task end time 00:02:23

Total task time 00:02:21

Final Grade

Fig. 6. Occasionally, the field of view rectangle appears excessively stretched (left half)

What lies ahead is putting a 3D map of Bulgaria together and installing it further in the C-Star
simulator. Another improvement to come up with is making the flight dynamics model more plausible
by expanding it within the bounds of possibility.

Reader is strongly advised to get acquainted with the C-Star manuals [3], [4], [5] so as to gain
profound insight into the simulator theory and practice.
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Pe3srome: Llen: lNpozpamHa peanu3ayus Ha mecmoseme om rnpubopeH kowmrnekc ,l[lneeeH-87" Ha
cmapmaoH unu mabnem.

Memod: U3nonseaHama pa3eoliHa ripoepamMHa cpeda e Processing v.3, a usnondsaHusm APl — Android
eepcusi 6, Marshmallow. Pa3pabomeH e u3xo0eH KoO 3a eOuH npumepeH mecm om rpubopHUS KOMIIEKC
L 1neeeH—87". Pe3dynmamume om mecma ce 3arnuceam 8 peasiHO epeMe 8 mekcmos haln. V3snonzeaHusm
¢opmam Ha ¢hatina e csv.

Pesynmamu: B Ooknada He camo e o0b6cbleH paspabomeHusim coghmyep, HO U CbWO maka e
demMoHCmMpuUpaH mecm om npubOPHUS KOMIIIEKC, UHCMmasnupaH Ha CMapmaoOH.

MOBILE IMPLEMENTATION OF DEVICE “PLEVEN-87"

Konstantin Metodiev
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e-mail: komet@space.bas.bg

Keywords: Android, Processing, Pleven—87, operator

Abstract: Objective: Software implementation of tests initially installed on Pleven-87 device by a
smartphone or a tablet.

Method: The used development environment is Processing v.3, whereas the utilized API is Android v.6,
Marshmallow. The source code is developed for a sample test of the Pleven-87 device. The results are stored in a
text file in real time. The used file format is csv.

Results: In the article hereby, special attention is given to a test case, previously installed on the
smartphone, as well as to developing the software itself.

BbBeneHue

Mpe3 1988 r. BTOpMAT OGbnrapckm kocmoHaBT AnekcaHabp AnekcaHopoB Ha 6Gopaa Ha
opbutanHata cTaHuus ,Mup“ npoBede noBeve OT [ABafeceT MEeLMUMHCKM eKcnepuMeHTa Mo
MexayHapoaHaTta nporpama llunka“ ¢ uen ga ce uscnegsa paborocnocobHocTTa Ha ekunaxa. 3a
HY)XOUTE Ha ekcnepuMeHTa ca bunu paspaboTeHu neT cneumanuanpaHu 6opgosu cuctemu. EgHa ot
Tax e npubopeH komnnekc ,lneseH-87%. T[lpnbopbT € npegHasHayeH 3a u3cnegBaHe Ha
NcuxoU3NONOrMYHUTE peakumMmM Ha onepaTtopa B HaseMHM W KocMuyecku ycnosusi. Llenta Ha
eKcrnepumeHTa, NpoBeAeH eqHOBPEMEHHO B KOCMOCa U Ha 3emsATa, e buna nacnegsaHe u oBrnagsBaHe
Ha NPOMEHWTE, KOUTO HACTBLMBAT B NcuMxmyeckaTa paboTocnoCoOHOCT, OYHKLMOHAMHOTO CbCTOSHNE
Ha HepBHaTa cuUCTEMa W aganTMBHUTE Bb3MOXHOCTM Ha KOCMOHaBTMTE. EKcnepumeHTbT e 6un
NpoBeAEH He camo Mpu NPOABbIKUTENHO nNpebrBaBaHe Ha 6opaa Ha KOCMUYECKM NneTaTeneH anapar,
HO Taka CbLO M B Mepuoga Ha agantauusi KbM YCIOBUSATA Ha KOCMWYECKUS MOneT, T.e. KbM
MUKporpasutaums. To3u nepuog e xapakTepeH ¢ T. Hap. ,CMHAPOM Ha KocMu4decka agantaums®.

Pesyntatute ca ganv Bb3MOXHOCT [a ce OnpefensatT KpUTepum u HopMaTuBM 3a OLieHKa Ha
paboTtocnocobHocTTa Ha KOCMOHaBTUTE Npu npebuBaBaHe B kocmoca. [onbnHutenHo ca ounu
paspaboTeHn MeponpuaTMa 3a MCMXonorMyecka noaapbxka W npodunakTvka npu  CHWDKEHa
paboTocnocobHOCT.
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Mpnbop ,MneBen-87¢, dwur 1, peanuanpa neTHageceT MNCUXOPU3MONOrMYHN TecTa, KakTo
cnepBa: 1) cmsATaHe B 3afjafeH Temn, 2) HeNpekbCHaTO CMATaHe B 3afadeH Temn, 3) HenpekbCHaTo
CMsiTaHe B aBTOTeMM, 4) cMsATaHe B 3afadeH Temr, BTOpU BapuaHT, 5) cMmsiTaHe B 3agageH Temn ¢
npeBkn4YBaHe, 6) npocTa CEH30MOTOpHA peakuWss Ha CBEeTMVMHeH pJpasHuTen, 7) npocrta
CEH30MOTOPHAa peakuusi Ha 3BYKOB ApasHuTen, 8) croXHa CeH30MOTOpHa peakuus ¢ NpeaBapuTeriHoO
obydeHue, 9) crnoxHa CEH30MOTOpHa peakumsi 3a usbop, 10) crnoxHa CEH30MOTOpHa peakuusi ¢
npeaBapuTenHo obyyeHne u NpeBKOYBaHe Ha BHUMAaHWETO, 11) cnoXHa CEeH30MOTOpHa peakuuns B
3agageH Temn, 12) cnoxHa CeH30MOTOpHAa peakuus B 3agafeH Temn C ncuxornormyecka obpartHa
Bpb3ka, 13) cnoxHa ceH3oMOTOpHa peakumsi B aBToTemn, 14) yCnoBHW ABUraTenHW peakuun Ha
KOMBUHaLMM OT LBETHU CTUMYNK, 15) peakumsa Ha aBuXeL ce 0bekT.

®ur. 1. 06w, BuA Ha npubop ,MneeeH-87" (nsaBo) n cmapTdoH Doogee X5 Max Pro

LlenTta Ha HacTosIWOTO M3cneaBaHe e Aa ce npeHecaTt TecToBeTe oT npubop ,[neBeH-87¢ Ha
MOOMMHO ycTponcTBO — Tabnetr wnu cmaptdoH. [lo To3M HaunmH macata u rabaputute Ha
n3crefoBaTenckusa KOMnnekc HamanaesaT ApacTU4HO. ToBa AaBa LUaHC Ha KOMMIeKkca OoT TecToBe Aa
ce u3nonsea O0THOBO Ha 6opaa Ha gencTealy obuTaem kocMmyeckn anapat. OBwmaT Bug Ha npubopa
N U3NON3BaHMsA CMapTAOH e nokasaH Ha dur. 1.

MeTtoau u MaTepuanun

3a pasBoinHa cpefa 6e nsbpaHa Processing v.3 [1]. lMporpaMHuAT e3nk ce ocHoBaBa Ha Java,
HO M3MoMn3Ba ONPOCTEH CUMHTaKTMYEH moden Ha nporpamupaHe [2]. imeto Ha API e Marshmallow
Bepcus 6, HMBO 23 [3]. 3a ueneBo yCcTpoMCTBO € usnonsesaH cmapTdoH Doogee X5 Max Pro [4], ¢
napameTtpu 2 Gb RAM, 16 Gb ROM, gnaroHan Ha ekpaHa 5" n pesontouns 1280x720 nukcen, cwur. 1.

MpunoxeHneTo e pa3paboTeHo CbC cpeacTBata Ha OBEKTHO OPUEHTUPAHOTO MporpaMupaHe
(OOIMM). B To3u crniyyan CbBKYMHOCTTa OT JaHHW W onepauuuTe Hag T9x (MeToam) ca peanvsmpaHu B
060cobeHn CTPYKTypuU Ha koga — obeKTu unm abcTpakTHU TunoBe AaHHW. CbHBKYMHOCTTA OT BCUYKM
06eKTN OT eQMH 1 CbLy TMN ce Hapu4a knac. AbcTpakunsiTa Ha JaHHWTE NO3BOSISIBA KIacoBeTe Aa ce
paspaboTBaT B OTHOCWUTENHA M3onaums OT ocTaHanus Kod. Tasu TexHuKa Ha KoaupaHe ce Hapuda
.KancynupaHe“ [5]. [lpy HenHaTa peanus3aums CbLIECTBYBa YWUCTO pasrpaHnvyaBaHe Mexay
uHTepdpenica Ha JadeH Knac, KOWTo e JOCTBbMEH 3a OcTaHanara 4acT OT nporpamara, U BbTpeluHaTta
YyacT Ha Knaca, KoATO He MoOxe fa O6bae gocTurHata OT BBHLUHW MpOrpamMHU enemeHTu. Takosa
pasgeneHve No3BonsiBa Aa ce NPOMEeHs BbTpellHaTa 4YacT Ha knaca 6e3 ga ce 3acara octaHanarta
YyacT Ha nporpamarta. [dpyru goctonHctea Ha OOI1 ca ,HacnegssaHe* n ,nonumopdusbm® [6].

B npunoxeHueTto ca paspaboTeHu knacoBe 3a GyTOH, (PbOHOBO nore, CBETOAMOOEH KPBI,
cBeTogvogHa maTtpuua, ABa 7-cerMeHTHM gucnnes (uudpoBo v uHdopmauuoHHo Tabna) u aea
cBeToamuoaa 3a UHOUKAUWS Ha peXXmMa CbrnacHO O3HaYeHMATa, NokasaHu Ha dour. 2. KnacsT 3a 6yToH
CbObpXa NPOMEHNMBM 32 pa3Mepu U MO3ULNA Ha ekpaHa, TEeKCT, UBAT U egHa OyneBa npomeHnvBa,
oTyuTalla antepHaTMBHa (PyHKUMA Ha OyToHa (BYTOH C OekopaTMBEH TpUbIbieH enemeHT). KnacobT
cbObpXa camo eauH MeTof — byHKUMs 3a n3obpasasaHe. OT To3n knac NormdHo ca gedumHnpanun 19
obekTa, a OT BCUYKM OCTaHanu Krnacose — no eaunH obekt. Obektute ot Tmn ,OYTOH" ce CbxpaHsABaT B
xaw-tabnuua no eTUKeT, CbBMNaAaLL C TEKCTa BbPXY TsX. 3a M3060p Ha KOHKPEeTEH BYTOH e JocTaTbYyHO
[a ce HanpaBy 00pbLUEHME KbM eTUKETA.
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dur. 2. EnemeHT oT MHTepderica Ha npnbop Mneeer-87: 1) CBeTtoamoneH kpbur; 2) CBeTognoaHa matpuua
3a npeacTaBsiHe Ha obpasu; 3) PoHoBo none; 4) Lindposo Tabno; 5) MHoukatopm Ha pexnma;
6) Lindpposa knaBuatypa; 7) ®PyHkuMoHanHa knasmartypa; 8) MiHdopmaumnoHHo Tabno.

KnacbT 3a (pOHOBOTO nofie CbAbpXa MNPOMEHNMBa 3a Tekyw, UBAT M e€OuH MeTon 3a
n3obpassisaHe. CbLIOTO BaXu U 3a ABaTa Krnaca Ha CBETOAMOAHUTE Kpblr 1 maTpuua. B Te3n knacose
uma no eanH JoNbrHUTENEH MeTo 3a usobpassiBaHe Ha akTUBHWUS cBeToamod. B knacoseTe 3a ABaTta
7-CEerMeHTHU auUcnnes ce CbAabpXaT MPOMEHMNMBU 3a TEXHUTE KOOPAMHATK, a Taka CbLo U MeToaM 3a
nsobpassiBaHe Ha TEKCT C onpegeneHn napameTpu — WpuUdT, roneMmmHa u uBaT. Beuukn knacose
CbabpXaT ABeH npeaeduHmpaH KOHCTPYKTOp. 3a pa3nuka ot C++, Java He noaabpxa AeCTPYKTopHU.

Mpn HaTUCK BbPXY CEH30PHMSA eKpaH nporpaMara M3BbpLUBa NpekbeBaHe Ha pyHkums draw(),
n3nbnHaBa 6ubnuoTteyHa dyHkuua mousePressed() kaTto ISR 1 cBepsBa nonyyeHnTe KOOpAMHaTH Ha
MSICTOTO Ha HaTucka mouseX u mouseY ¢ Te3an Ha 6yToHunTe. AKO KOOpAMHATUTE CbBMnagar, TeKyLWmMAT
OyTOH ce n3obpassiBa ¢ YepeH UBAT (TexHuka overlay) n ce aktmeupa dnar ot Tun boolean. B Tan0To
Ha dyHKuma draw() donarsT BUHarK ce npoBepsiBa. AKO NpoBepkaTa BbpHE MOMOXWUTENEH pe3ynTar,
TeKywmaT 6yToH ce n3obpassiBa OTHOBO C 65n UBAT 1 dnarbT ce Hynupa. Taka ce peanuavpa edekT
Ha NpemMureaHe Ha HaTUcHaTus OyTOH, KOWTO € JocTaTbyHO DaBeH, 3a Aa e Buaum ot notpebutens.

B T1abn. 1 e nokasaHa wn3Bagka OT AOKymMeHTauuata Ha usgenue ,[lneseH-87¢ [7].
Tabnuuarta e onucaHa 3agadaTa, nporpammpaHa B cmapTdoHa.

Tabn. 1. OnucaHune Ha TecTa

Tecm Ne Bud cmumyna Bpewmsi npedbsieneHusi Konuuecmeso
HaumeHosaHue Helicmeusi onepamopa 00HO20 cmumyna cmumynos
CyeT B 3agaHHOM [Ba cny4anHbIX 4ecsaTUYHbIX Yucna | BeibmpaeTtcs u3 guanasona: 0.5 25 - 250
Temne (BapmaHT 1) | Ha 3eneHom unun KpacHom doHe. — 3.5 cek. ¢ warom 0.25 cek.

3apavata ce uM3NbrHABa OT onepaTtopa B crefHata nocrefoBaTenHoct. Ha 3sened wnu
yepBeH (POH Ce nosBABaT ABe Cry4vyarHu eaHoumdpeHn aeceTuyHu dmncna. OnepaTtopsT Tpsibea aa
cbbepe uncnaTa npu 3eneH oH Unu aa rm n3Bagm rnpu YepeeH LUBAT Ha (POHOBOTO none, ¢ur. 2, nos.
3. PesyntathT ce BbBexaa 4upe3 undpoBata knasmatypa. 3a pasnuka OT OpPUrMHaANHOTO mM3genwue,
MOBUIHOTO NpUMoXeHne nogabpxa AsyundpeH pesyntaTt. CuctemaTta nogasa crnefBalins CTUMYI
crnep peakuusaTa Ha ornepaTopa, HO He NMO-KbCHO OT U3bpaHOTO BpPEME 3a MosIBSIBaHE Ha eauH CTUMYII.
Peructpupa ce OposAT Ha npaBuUNHWUTE, TPELUHUTE U MPONyCHaATUTE OTrOBOPW, KaTtO CbOTBETHUTE
CTOMHOCTM Ce CbxpaHsiBaT B npoMmeHnmeuTe A, B 1 C, dur. 2, nos. 8. 3a pasmep Ha nsBagkara no-
ronsm unu paeeH Ha 30 ce namepBa BPEMETO 3a MpaBUITHa peakuusi, CpegHOTO BpeMe 3a npaBuiHa
peakuusi U cpegHo KBagpaTUYHOTO (CTaH4AapTHO) OTKMOHEHME No doopmMynara:
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PesyntaTtun

Ha dr. 3 e nokasaH onucaHusT npuMepeH TecT oT npubop ,lMneBeH-87%, peanuaupaH B
cuUMynaumoHHUsS nposopel, Ha Processing. NHTepdenchbT Ha NPUNOXEHNETO U3MMeXxaa Mo CbLuus
Ha4YMH Ha uenesoTo YycTponcTBo Doogee X5 Max Pro. [lNpoBegeHun ca cepuiHuM TecToBe 3a
OTCTpaHsiBaHe Ha rpeLLKn Mo BpeMe Ha uanbiHeHue. NpunoxeHneTo noHactosiem pabotu crnopes

O4YaKkBaHuATa.

u e
i
@ ey

dur. 3. TecT Ha pa3paboTeHaTa nporpama B CMMyNauMOoHHKS nNpo3opel Ha Processing v.3.3.5

B 1abn. 2 e nokasaHa u3Bagka OT pes3ynTtaTtute OT npoBexgaHe Ha MNpobeH TecT Cbe
cmapTtdoHa. C uen v3BbplIBaHE Ha AOMBLIHUTENHO TeCcTBaHe Ha codTyepa B MPUIIOXKEHMETO ca
KOOMpPaHM BCUYKM apuUTMETMYHKM onepaumn. Te ca nokasaHM B KONOHa ,operation“. B KkonoHa
Loperands“ ca nokasaHu yMcnara, usBexagaHu Ha undpoBoTo Tabno, gur. 2, nos. 4. B konoHu ,result"
n time“ ca nokasaHn CbOTBETHO pe3ynTaTUTE Ha onepaTtopa U BpemMeTo 3a peakuus. TemnbT Ha
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animeguttons

playBellyBarcell;

Tablel);

dasses drawframe miscTasks

threeRectanglesInThemiddle(37.5, 39.5,

TecTa e ouKkcmpaH n paseH Ha 2200 ms 3a e4HO apuUTMETUYHO AENCTBUE.

Tabn. 2. N3sagka oT npumMepeH TecT, mean = 1533.9 ms, o = 328.7 ms

id operation | operands | result time, ms | KomeHmap
0 0 0 0 2 CnyxebHo
1 * 85 40 1933

2 + 76 13 1933

3 - 18 7 1208 Mogayn

4 * 98 72 1734

5 + 20 2 1067

6 - 45 1 1266 Mogayn

7 * 53 15 1534

8 / 72 3 1797 LenouncneHo
9 * 51 5 1333




Aunckycus

Kakto ce Bwkga OT eKCcnepuMeHTUTe, MNpoBedeHW CbC cMapTdoHa, HAMa Mpeyvkn 3a
peanusaumsita Ha BCUYKW TECTOBE OT koMmmnekc ,[1neeeH-87“ Ha MobunHo ycTpolrcTeo. Tpsabea aa ce
HanpaBU YTOYHEHMETO, Ye pas3paboTeHusT codTyep He obpaboTBa NonyydeHWTe AaHHM, a caMo U
cbbupa. AHanM3bT Ha nornydeHaTa MHopmMauus e 3agavya 3a ekcnepTu ncuxonosu. 3a JocTwbn Oo
cbbpaHuTe AaHHKU NOTpebuTenaT TpsibBa Aa uMa root NpMBMAErMN 3a KOHKPETHOTO YCTPOWNCTBO.

MpuHOCHT Ha AoknagBaHaTa pas3paboTka e YMCTO MpakTudeckn. ABTOpbT € obHagexaeH, ve
TecToBeTe MoraT Aa ce usnonasat Ha 6opaa Ha MKC Hanpumep, nopagu 3Ha4MTENHOTO HaMansiBaHe
Ha Macata u rabaputuTe Ha wuacnegoBatenckusi komnnekc. Cren nNpoBedeHUst eKCNepPUMEHT ce
BWXOa, Ye pa3paboTkaTta Ha HOBW TECTOBE 3a MOOWUITHO YCTPOWCTBO € peanucTnyHa u OUMHAHCOBO
JoCcTbNHa 3ajada. WM3non3BaHeTo Ha TecToBeTe OT acTpOHaBTU He U3NCKBa 3HaHWUS Mo
nporpamupaHe. Ha cwur. 4 e nokasaHa npumepHa ynoTpeba Ha Tabnet Ha 6opaa Ha Coto3 MC-04.

Mopagn orpaHuyeHnst obemM Ha Jokraga ca CnecTeHW NogpobHOCTM OTHOCHO paspaboTkaTta
Ha u3xogHusa Kod. 3a Aa Mmonyyum yviTaTtenaT NMbfeH AOCTbMN A0 Koda € HeobxoauMMo da ce uanpatwu
ncKaHe [0 aBTopa Ha NocoYveHust e-mail, kakTo 1 Aa 6bae UMTUpaH HacToALWMAT Aoknag,.

MacnepoBatenckn komnnekc lNneeBeH-87 e obekT Ha aBToOpcko npaBo. [MpeacTaBeHUNAT B
Jokrnaga codpTyep e aBTEHTMYEH U pa3paboTeH Oe3 ga ca 3aMMCTBaHW €NeMEHTU 