KPATKO OIIUCAHHUE HA HAYYHUTE INIOCTUXEHUA

1. Bp3aeiicTBHE HA TATAKTHYECKUTE KOCMUYECKH JIHYHU

57 nyb6nukanuu: 6, 7, 8, 9, 13, 16, 17, 20, 21, 23, 25, 26, 27, 29, 36, 37, 39, 46, 48, 49, 54, 73, 82, 91,
95, 98, 99, 119, 120, 121, 124, 138, 162, 167, 171, 172, 174, 185, 190, 198, 217, 233, 257, 259, 260,
261, 265, 267, 269, 281, 282, 285, 291, 292, 293, 294, 295.

OCHOBHHM MIPUHOCH:

e PaspaboreHa ¢ ¢usmuecka Teopus 3a HoHm3anuara Ha [amaktuuexkutre Kocmuuecku JIbum
(IKJI) B fionocdepara [73, 82, 121, 171, 172, 174, 189, 259, 265, 267, 280, 291], kosTO € MOTBBPACHA
OT peAuiia eKCIEPUMEHTATHU HAOII0IeHHSI C PaIMOBBJIHU 110 MeTouTe A3 u Al, KakTo U OT paKeTHU
u3MmepBanus [26, 73, 217].

e l3Benenu ca (opMyaH 3a €IEKTPOHHATA MPOAYKLUS OT penaTuBucTuunute [6, 8, 17, 25] n
HepanaruBuctuyHu [7, 13, 17, 119, 120] I'KJI B 3aBUCHMOCT OT T€OMarHMTHaTa IIMPUHA, CIIEKThpa U
ChCTaBa HA TBPBUYHUTE YACTHIIH.

e [lomydenu ca u3pas3u 3a IIAHETAPHOTO pasmnpenencuue [16] u eneprerndeckus 6amanc [16, 46]
Ha fonusanusrta Ha ['KJI B 3eMHata atmocdepa.

e U3uucnenu ca npopuiMTe Ha E€NEKTPOHHATA MPOAYKIHS M HAa €JIEKTPOHHATA KOHIICHTPAIIHs
[91, 95, 162, 167] 3a pa3nu4Hu CE30HH, NIMPUHH U (a3 Ha CIbHUYCBATA AKTUBHOCT B 3aBUCHMOCT OT
cheTaBa U paznpenenenuero Ha I'KJI [17, 73].

e 3Bexenu ca uzpasu 3a eheKTUBHUS reoMaruuTeH npar u nenymopa na ['KJI [39] u 3a TsaxHata
M3TOYHO-3aMaHa acuMeTpus [79] npu MpOHUKBAHETO UM B HOHOC(Epara.

e [lokazano e, ue HoHmzanusTa Ha Bropuuynute KJI B cpeqHara u Bucoka atMocdepa ce oka3Ba
ChbH3MEpHMa, a TPU HIKOW XCJTUOAKTHBHU TEPUOAM JOPH JAOMUHHUpAIIA CIPSMO IIbpPBUYHATA
ronusanus [54, 138].

e Cs3pganel e 3D (Tpumepen) Mozen 3a niuaHerepHaTa onusauus Ha I'KJI B Huckara iioHocdepa
(50-90 km) [198].

e [lpennoxkeHa € XUNOTE3a 3a CABHYEBO-3EMHUTE BB3IACHUCTBUSA: TpUTepeH MexaHnn3bM Ha KJI B
raJakTHIHO-CIIbHUCBO-3eMHUTE BPB3KHU [244, 256].

e l3BeneHu ca HOBM U3pa3u 3a aTMOc(epHUTE MparoBe U 3a Mpodera Ha KOCMUYECKUTE YaCTHUIIH
ot edepruiinute uarepsanu I, IV u V B okonomnanerauTe npoctpancTsa [261, 269].

e I3BppmicHa e Kiacu(pUKANMs HAa EHEPreTUYHHUTE YaCTHIIM B OKOJIO3EMHOTO KOCMHYECKO
MPOCTPAHCTBO, KaTO T€ ca pasNpeAeNieHd B OCEM THUIIAa CIIOPE] TEXHHUS MPOU3XOJl, CHeprus, o01acT Ha
YCKOpEHHE U reoeeKTUBHOCT B TUIaHEeTHHUTE oHOochepu [253, 259].

e Jlomyuena e opmyna 3a Honusupamiara cnocooHoct Ha ['KJI [8]. Ts e u3uucnena 3a Haii-
pasmnpocTpaHeHuTe u30Tonu (0T Bojopoaa Z=1 mo ypana Z=92) B cabHYeBaTa cuctema [264, 292],
KOUTO OTpa3siBaT cbCcTaBa Ha mbpBuuHMTE ['KJL

e BwnB Bph3ka ¢ 00001meHus nHTEpakioneH Mojen Ha KJI ¢ mianernure onochepu [257, 260]
€ MOJIENIUpaH CIEeKThpa Ha MbPBUYHHUTE YACTHUIIM C TTIOMOIITA Ha W3TIaKIaIU (YHKIINH: apKyC TAaHTE€HC
[277, 265], Tanrenc xunepbonuuen [277, 281, 282], excnionentu [294], a cbio u 0e3 H3TIaKIAIIN
byHKIUY, T.€. ¢ peanHu crektpu [233, 273]. Te3u ciydyan UMaT CBOUTE MPEUMYIIECTBA B 3aBUCUMOCT
OT KOHKPETHHUTE yCIIOBUSI.

e Ilpennoxxen e HOB Tpu-KoMmmoHeHTeH crnekThp Ha KJI [297], xaro koedumnmeHTtnTe My ca
MHOTO(aKTOPHHU W 3aBHCAT OT HUBOTO Ha CITbHYEBATa aKTHBHOCT, MEXK/TYINIAHETHOTO MAarHUTHO TTOJIE U

Ap.

e l3Benena e Qopmyna 3a paauanuMoHHuTe Bb3AeicTBus Ha KJI m Ha wyactumure Ha
panuaoHHNUTE TI0SCH Ha 3eMsiTa BEPXY KOCMHUYECKUTE TTOJIETH BBB BHCOKaTa iioHocdepa [21].

e Bb3 ocHOBa Ha HOBO BapUallMOHHO ypaBHEHHE 3a obiactra F ca u3BeaeHH wu3pa3u 3a
pasnpeeNeHeTo Ha J103aTa U 3a MOBbPXHOCTHATA J103a NMPH OpOUTaJIeH MOJEeT Ha BUCOUYMHHU MEXKIY
200 u 1000 kM ¥ IpH pecCHUYaHeTo Ha BBTPEIHUS paguaioneH nosc (Mmexy 1000 kv u 6000 km).

e [loctpoeH e Mojen 3a HM3YMCIIIBAHE Ha 3allMTaTa Ha KOCMHUYECKHTe ekumaxku [166, 49].
W3BbpIIeHn ca M3YUCICHUS BBB BpPB3Ka C IMOJIETa HA BTOpHSA ObJIrapcku KocMoHaBT (7-17.06.1988).
Te3u pe3ynTaT ca CpaBHEHU C JAHHUTE OT U3MEPBaHUATAa Ha OpOUTaNHAaTa CTaHIMs “Mup”, KaTo Haii-
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rojemute paziauku (1o 15 - 35 %) ce momyuaBaT mpu npenutanero Han FOxHO - ATiaHTHYecKara
anomanus [167].

e Otkpur e Popbym edext B kocmuueckusi ciod C B HHCKara HoHOcdepa ¢ momoura Ha
abcopOrmonHus metox A3 (ceBMecTHO ¢ wi. kop. I'. Hecropos) [27, 37].

e [locpencTBoM CHIIMAT METOA TaM ca OTKPUTU U 27-AHEBHH Bapualluu, KOUTO c€ OOSICHSABAT C
27-nueaute Bapuanuu B KJI u reomaruutHoTo ose [29].

e VYcranosena e 11 - roauniaa Moynanust B KOCMHUECKHS CIION, KOSITO € 00paTHa ¢ TIOBEACHUETO
Ha oOnactta F, T.e. chliecTBYBa aHTU-()Aa3HOCT MEX]y OCHOBaTa Ha HoHocdepaTa U HEWHMS TJIaBEH
MakcuMyM [23, 26, 154].

e Pa3paboTeH € KOMMYEeCTBEH METOJ 3a OMpeeiisiHe Ha W3MEHEHHUATAa B KOCMUYECKHUS CIIOW MO
nanau oT KJI u ot reomarautHoTo noJie [124]. To3u MeToj ce OCHOBaBa Ha U3BEACHUTE BapUALIMOHHU
ypaBHEHHsI 3a HOHM3auusATa U abcopbuusaTa B KocMuueckus cioi [20, 23].

e (Crnopen HOBUTE BapHAIlMOHHU YPAaBHEHHUS M3MEHEHUSTA B KOCMUYECKHUS CJION ce pa3jeisaT Ha
TpH KJ1aca: arMoc(epHH, reoOMarHuTHU ¥ kKocMuuecku [48, 73]. KM nocneaaute ce otHacaT @opOyi-
edexrure [27, 37], 11-roqumante [26] u 27-naeBaute [29] Bapuarnuu, kakto u CKJI [9, 17, 36, 73].

e [locpencTBom mosiydeHUTE BapUAIMOHHU YPaBHEHHUSI MOTAT Jla C€ OMPEAEIISAT MPOCTPAHCTBEHO -
BPEMEBUTE 3aBHCHMOCTH HA ITbPBUYHHUTE IMOTOIM KOCMHUYECKH YaCTHUIM, Bh3 OCHOBA HA HOHOChepHU
naHuu [124].

2. Bu3aeiicTBHE HA CIBHYEBUTE KOCMUYECKH JIHbYH

54 ny6omukanmu: 9, 14, 15, 17, 18, 19, 22, 26, 28, 30, 33, 36, 38, 43, 45, 49, 52, 56, 57, 67, 68, 73, 83,
85, 98, 99, 100, 104, 105, 107, 120, 121, 122, 125, 126, 129, 138, 139, 146, 148, 155, 166, 170, 183,
212, 215, 227, 253, 267, 268, 273, 274, 282, 287.

e HampaBeHn ca HOBH TEOPETUYHH U EKCIIEPUMEHTAIHH pa3padOTKU 3a BB3IEHCTBHETO Ha
CnpaueButre Kocmuuecku Jlvunm (CKJI) Bbpxy #oHochepara [9, 14, 26, 73, 120]. Teopusra,
pa3pabotena 3a Bp3zaeiictBuero Ha [’ KJI e momudunmpana u 3a CKJI [17, 36, 49].

e li3BeneHu ca ypaBHEHHs 32 BUCOYMHHHTE MPO(HUIN HA HOHHU3AIMATA MPU BHCOKU M CPEIHH
UIMPUHU NIPH BEPTUKAJIHO M W30TPONHO NMpOHMKBaHE Ha yactuuure [18, 38]. Pasmpenenenusara Ha
HOHU3aIMTa ca U3YUCIICHH OT OCHOBaTa Ha oHocdepara 1o Bucounau 120 - 140 km [126].

e Bwb3 ocHOBa Ha opuUrHHAIHU (OPMYJIH ca MOCTPOCHU MPOMUINTE HA E€IEKTPOHHATA MPOAYKIIMS
[18, 19, 28, 36, 107, 125, 170, 265-268, 293] u Ha enekTpoHHaTa KOHIeHTpamwus [73, 172, 212, 217].

e JlaneH e eMH ONPOCTEH MOJTyEeMIMPUYEH METO/I 3a M3UMCIIsIBaHe Ha HoHM3auusATa [19].

e TeopeTH4YHO M EKCIEePUMEHTATHO € JjoKa3zaH qupekTHUAT edekt Ha CKJI Bbpxy cpenHaTa u
BHCOKa aTtMocdepa, KakTo U TUroBeTe mocieedextu (chBMecTHO ¢ akan. [[. Mumes u ui.kop. T.
Hecropos) [9, 15, 139, 146, 212, 215, 217, 227, 257, 267].

e U3zuncneno e BiausHueTo Ha napamerputre Ha CKJI ¥ 0KOJI036MHOTO MPOCTPAHCTBO BBPXY
nonocpepnure npodunu [28, 30, 33].

e ll3Benmenu ca GopMyiHM 3a MOJEIMpPaHE HA OCHOBHOTO BHCOKOIIMPOTHO siBieHue Polar Cap
Absorption (PCA) (TTormbinane B mojisipHata mmamnka) [43, 45]. AHaIUTHYHATE W3pa3y 3a EHEprUifHaTa
JMCUTIAIMS TI03BOJIABAT Ja C€ OIpeleNy pa3lpeAesieHUEeTO Ha OTJa/ieHaTa €HEeprust B MOJspHaTa
HoHoc(epa npu crimpanHoTo nponuksane vHa CKJI [52, 73, 100].

e [locTpoeHn ca HOpMATWU3WPAHW HOHHU3AIMOHHH TPOQWIN B PE3yiTaT Ha NMPOHWKBAHETO HA
Bucoko eHepreruunu yactuiy 1 CKJI B okonozemHoTO mpocTpaHcTBo [148, 156].

e EKcrepuMeHTalHO M TEOPETHYHO ca H3cienBaHU HoHochepHHUTE ePeKTH ciel TOJIeMHUTe
npoToHHM epynuuu npe3 1971 u 1972 Bp3HuKkHaMM ciea MakcumMyMa Ha 20 cirbHYeB HMKBI [56, 57, 67,
68, 83, 85]. Te3u mpoyuBaHus ca OOEKT Ha MEXIYHAPOJHH NPOEKTH W JaBaT BB3MOXKHOCT 3a
KOMIUIEKCHU M3CIIeIBaHUSI.

YcranoBeHa e: a) penakcauus 1-2 gaca Ha HoHOocepHUs edekt cupssmo ocHoBHUS edekT Ha CKIL;

0) mocneedekT B HoHOC(hepaTa 2-3 THH clie]] MAKCUMyMa Ha Te€OMarHuTHATa Oyps;

B) BEPTHUKAJIHO pasrpblllaHe Ha nocieedekTa B Lsiara oHocdepa. [IbpBoHAYAIHOTO CMYyIIEHHE
BB3HUKBA BB BHCOKaTa aTMoc(epa U BIIOCIEACTBHE CE CIycKa KbM obnactrta D;




I') PErUCTPUPAHU Ca CEPUH OT PeayBalll CE MO3UTUBHU U HETaTMBHU aHOMAJIMHM B KPUTHUECKHUTE
YECTOTH U JIp.

e OmpenencHa ¢ vecrorrara (10-100 MXir) 3aBUCUMOCT Ha HEOTKJIOHsBamaTa abcopOIus Ha
PaZIMOBBIHUTE 3a CIlydauTe: CIIOKOMHA CPeHOIIMPOTHA HOoHOC]epa, MOISIPEeH Kacl U MPHU MPOHUKBAHE
Ha CKJI [173].

e [IpoBeneHo e KOMILJIEKCHO (pU3UUECKO M3cienBaHe Ha Bw3zAeiicTBuero Ha CKJI mpe3 Bpeme Ha
MPOTOHHUTE EPYNIHMH BbPXY paznmuuHuTe HoHochepuu HuBa (mpe3 20 kM.) ot 80 mo 260 km.
VYcranoBenu ca npeasecTHUIM 30 MUHYTH IIpenu epynuusTa [146].

e PasBura e TeopHs 32 aHU30TPOIHATA KOPITyCKYyJIapHa HOHU3aIMs B HOHOC(epaTa IMOCPEICTBOM
BBBEXJIAHETO Ha 001K (PYHKIMU HA MbPBUYHUTE IPOCTPAHCTBEHU U CHEKTpaIHU pasnpeaeneHus [129,
131].

e l3BeneHu ca aHAJIMTUYHM W3pa3d HpU ToyisiM Bbr'ej Ha nponuksBane Ha CKJI u cyOKIJl, T.e.
KBa3UXOPHU30HTAJIHO U XOPU30HTAIHO MpoHuKBaHe [121, 122].

e Jloctpoen e HOB umncieH mojnen 3a Wonmszanusara Ha CKJI B cpemnara armocdepa [170, 185,
212], KOWTO YCHENHO € TPHIOXKEH 3a KOJMYECTBEHUS aHaIN3 M WHTEPIpeTalnus Ha KOHKPETHH
XEJIMOaKTUBHH CUTYyallu B KOCMU4eckara ¢usuka [134, 215].

e [lokazano e, ye paznuunute rpynu yactuiy Ha CKJI ch3maBar crpatuduiupanu cioese B
obmactra 40-100 xm [170].

e PazpabGoreH e nBy- M TpHU-IUANA30HEH MOJEN 3a HMHTEPAKLMATa HAa HHUCKOCHEPTreTUYHHTE
vyacTuiy B onochepuute obnactu D, E u F [98, 104, 105, 107].

e Pasrnenanu ca B 000OIIEH BHUJ HSAKOUW BBIPOCH OT B3aUMOJAECMCTBHETO HAa H3JIBYBAHETO C
BelIecTBOTO [82] ¢ OTYMTAaHETO HA EHEPreTMYeCKOTO U MPOCTPAHCTBEHO pasmpeselieHne Ha
MIPOHUKBAILIUTE paarauu [49].

3. Bo3aeiicTBue HA CyOKOCMHMYECKHUTE JIBYH U KOPILYCKYJAPHHU NOTOLH

21 ny6nukanmu: 31, 32, 47, 66, 67, 68, 73, 107, 114, 116, 117, 118, 123, 137, 138, 141, 142, 144, 151,
155, 250.

e Pa3kputu ca (U3NYECKUTE 3aKOHOMEPHOCTH Ha BB3JCHCTBHATA HA CYOKOCMHUYECKHUTE JIHUU
(cyoKJI) n xopnyckynapaure notouu (KII) BbpXy cpenHaTta m BUCOKa HOHOcdepa, a ChLIO Taka U
BBpXy obmactra D - rmaBHo B npexoanara D-E ob6nacr [31, 73, 137].

e [lo Bpeme Ha reomarnuTHH Oypu ¢ BHe3amHo Hauyanmo SSC (Sudden Storm Commancement) e
YCTaHOBEH IMOJIOXKUTENCH e()eKT B HyJIEBUS U MmocieeeKT Ha BTOpHS U TpeTus AeH - Post Storm Effect
(PSE) (cpBmectHO ¢ win.kop. I'. Hectopos) [31].

e Ortkputn ca Tpu tuna epexrtu PSE cnen SSC B romunnte Ha MuHMManHa [47], HapacTBama u
MakcuMaiHa [66] crbHYEeBa aKTUBHOCT.

e PeructpupaHute OTpULATETHU €PEKTH B HYJEBHs J€H (MHOIO PSAKO), ca MHTEPIpPETHpaHU
KaTo Pa3JInYHM CHOTHOILIEHHSI MEX/y OTKJIOHSBAIIAaTa M HEOTKJIOHSABAIIAaTa abCOpOIs U CTENEHTa Ha
MarHuTo-iionocepHu cmyuienus [73].

e [lpu u3cnenBaHeTo Ha JABJITH TNEPUOIH ClIe] T€OMAarHUTHU Oypu ca OTKpUTH HsAKoiko PSE mpe3
2-3 mHH, KOUTO ca HapedeHH kBaszunepuoanduu PSE [123] unu moaynupanu nzcunsanus Ha KII. Te ca
WHTEPIPETHPAHN KAaTO KBAa3HIEPHOAMYHN T€OMarHUTHH MyJIcaluu, moponaeHu or MXJ rpanueHTHH
BBJIHU.

e Pa3paboTeH e MeTOo[] 3a aHaJIU3 Ha CI'bHUEBO-HOHOC(EpHUTE BPB3KHU U 3a n3uncisBane Ha KII B
HomHUs cyior E mo abcopOrinonHu 1 reoMaruuTHU AaHHu [31, 68].

e Usyuenu ca SSC edekxtute BpXy HOHOChEpaTa BCIEACTBHE Ha KOPOHAIHATA MAaC-WHKCKITUS
Ha CapHuero Ha 10-11 sayapu 1997 [250]. Te3u cumuu edexTd (eTHOBPEMEHHO HapacTBaHE Ha
KPUTHYHUTE YECTOTH H BHCOYMHATAa Ha TJaBHUA HWOHOC(HEpPEeH MaKCHUMyM, HWHTEH3WBHU
KBa3UIEPHOANYHN KOJIEeOaHUsS M Jp.) HE Ca CHIPOBOJAEHU CBhC CIBHYEBH EPYIIHMH, KOETO € €IHO
MPEIN3BUKATEIICTBO KbM TPAJUIIMOHHUTE CXBallaHWs. ToBa MHUIIUHPA €IHO MMO-OO0CTOWHO M3y4aBaHE
Ha BJIMSHUETO Ha JBajieceTTe Hal-CHJIHU reoMarHUTHU Oypu ¢ SSC mpe3 XX Bek BbpPXY IIaBHUS
HoHocheper makcumym [296].




e [locpeactBoMm cnbprHHIUTE “UHTEpKOCMOC brarapus 1300 u “/laitnumukc Excrutopsp - B” e
HaMepeHa eKBaTOopualiHaTa IpaHMIa Ha Kopnyckynapaute n3cunBanus u PSE [151, 155], kosTo mpu
MO-CUJTHUTE OypH ciiM3a 10 CpedHHM IHMpUHU. YcTaHoBeHO e, ue PSE oOxBamia 1suiata BBTpeEIIHa
ronocdepa (ot 50 1o 300-350 xkm) [155] (crBMecTHO ¢ akan. K. Cepadumos).

e 3a mpbB OBT B bbiarapus ca mpoBeleHU MapaneaHd HAOMIOACHUS MeXAy HoHocdepHaTa
abcopOIss W 3eleHara KUCIOpOoJHA eMucus 557,7 nm B CBETEHETO Ha HONIHOTO HeOe, KaTo €
yCTaHOBEHA BUCOKA CTETICH Ha Kopeyalus Mpe3 BpeMe Ha MarHuTo-ioHochepuu oypu [94, 111].

e VYcranoseHa e ponsara Ha cyOKJI u KII 3a momapprkaneTo Ha HOIHATA HOHU3AIUS B 00JIaCTUTE
D u E [32]. Pa3zpaboTen e MeToq 1 € moiydeHa (opMyIia 3a OnpeeNsiHe Ha eIeKTPOHHATA TIPOAYKIIHS
BCJIE/ICTBHE U3CUIIBAIIU CE MarHUTOC(HEPHH YaCTHUIM C JaJIeHO MUTY-paznpeaeneHue [32].

e Oumuenen e npuHOCHT Ha Bropuunute KJI BbpXy 00pa3yBaneTo Ha HomiHaTa obsact F [138, 145].

e [locpeacTBoM peliaBaHETO Ha yPaBHEHUETO Ha TOIUIOMPOBOJIHOCTTA ca MOJIy4eHU HOpMyIId 3a
temneparypuus edekt Ha cyoKJI u KII nmpe3 Bpeme Ha reomarHuTHU Oypu mpu cranuoHapuu [114] u
Hectarmonapuu [116, 117] ycnoBus.

e [lomydeHu ca aHAIUTUYHHU PEUICHHS U ca MOCTPOEHHU BepTukanHute pasnpenenenus (100-500
KM) Ha HeyTpallHaTa TeMIepaTypa npe3 riaBHata (pa3a Ha reoMarHuTHaTa Oyps (WM Cynepro3uius Ha
nBe win noBede Oypu) [118, 141, 142]. Onpenenen € U MEPUAMOHAIHUAT TEMIEPATypeH TPaJUCHT,
KOWTO BIHUSIC BbPXY BETPOBETE U BBHPXY €JCKTPOHHATa KOHIIEHTpallWs Ha IJIaHeTapHaTa HoHochepa
[142, 144].

e UucieHO € MOAEIMPAHO NPOHUKBAHETO HAa KOMIIPECMOHHM NOBBbPXHMHHU MX]/I BBIHU mpe3
cpennata atmocgepa [168]. Bb3 ocHOBa Ha pa3BUTHS MOZEIN € MOKa3aHo, 4e aucumnanusata Ha MX]]
eHeprusi Moxxe Ja crane He camo B ciost E, Ho u B obiactra D u me3ocdepara (B obyacTra Ha Kacma)
[168].

e [lokazana e ponsira Ha JBOMHHUTE CJIOEBE KAaTO YCKOPHUTENM Ha YACTHIIUTE B cCHUCTeMaTa
maruutocgepa-iionochepa [164].

e JlameHu ca OLEHKM 3a NMPHUHOCA HA MAarHUTOC(PEPHOTO M HOHOC(HEPHOTO AMHAMO KaTo ca
OTYETCHH HOBUTE M3MEpBaHMs 3a HEYTpPAJIHUTE BETPOBE OT reodusuunara odcepsaropus B LlapeBo
[163].

e JlageHo e oHoc(hepHO MPHIIOKEHUE HA KUHETUYHOTO ypaBHEHHE Ha bosmaH ¢ oTunTaHe Ha
HOHU3AIMOHHO - HEyTpalu3aluoHHUTe ¥ mpeHocHu mporecu [230]. ToBa ypaBHeHHE € PEIIEHO B
anpoKCcHUMaITUs Ha rmepTypOanus ot mbpBu nopsabk [231] ¢ momomrra Ha JlammacoBa Tpanchopmarus
[234]. N3BeneH e 1 U3pa3bT 3a AUCIICPCHOHHMS 3aKOH Ha MOU(UIIMPAHOTO ypaBHeHHE Ha bosMan 3a
ronocdepara [235].

4. Actpodusnuecku acnektu Ha KJI - yckopuTeTHM MeXaHU3MHU

17 ny6auxanuu: 34, 40, 41, 50, 51, 53, 55, 58, 59, 62, 71, 75, 77, 80, 81, 264, 292.

e [locpencTBoM BKIIIOYBAHETO HAa HOHU3AIMOHHHUTE 3aryOM B ypaBHEHHETO Ha npeHoca Ha ['KJI
ca u3Be/IeHU (OPMYJIH 32 CIIEKThPa Ha YACTUIUTE MTPH CTATHCTUYECKHUS MEXaHU3bM Ha YCKOPEHHUE THII
®epmu [34, 40, 50]: 1) B obsacTTa Ha YCKOPEHHETO U 2) MpH pasnpocTpaHeHueTo uM. IlokaszaHo e, ue
e(eKThT Ha 3aryouTe € 0COOEHO CHIIECTBEH 3a MO-TEXKKUTE AApa B 00JaCTTa HA HEPETATUBUCTUUYHUTE
CHepruu.

e l3BeneHu ca HOBM M3pa3u 3a BpeMeTo Ha xUBOT Ha ['KJI B paznuuHuTEe €HEpruiiHu MHTEPBAIH
[51] npu orcweTBUe [41] n HanmuKe [53] Ha yCKOpeHUE B MEKTy3Be3/IHaTa Cpea.

o Jlomyuenn ca dopmynu 3a auEpPEHIHATHUTE CIEKTpH U KoHieHTparusata Ha ['KJI B
3aBHCHMOCT OT IapaMeTpUTe Ha cpejaTa Mpu yckopsBaHeTo [77] u mpu pasnpocTtpaneHueto [80] Ha
atMocdepHo epextuBHuTE KJI.

e JlaneHM ca HOBM M3pa3u 3a €JIEKTpOHHATa KOMIOHEeHTa B cheTaBa Ha ['KJI karo ca obscHeHH
0COOEHOCTHTE B HEMHUS HAOMIOaBaH CrieKThp [81].

e U3Bexenu ca ¢popMynu, oTuuTany edexkra Ha HOHU3ALMOHHUTE 3aryOu BHPXY TEMIIOBETE Ha
aKcenepanusi, CHeKTbpa M CbhCTaBa Ha Te€OCPEKTHUBHUTE YACTHIIM, YCKOPSBAHM B CIbHUYEBATa
xpomocdepa 1 KOpoHa Ipu OeTaTpOHHO, eJeKTpuuecko u yckopenue tun ®epmu | u 11 [55, 58, 59, 62].




e l3BBpIICHO € TpeTHpaHe Ha TO3M MPoOJieM B OOILI acleKT: MOCPEACTBOM pEIIaBaHETO Ha
YPaBHEHHETO Ha HENpeKbCHAaTOCTTa W Ha eHeprusata Ha KJI ca momydyeHm u3pasu 3a BpemeBara
€BOJIIOLIMS Ha KOHIIEHTpalusATa U €HEeprusiTa Ha YaCTULUTE B pa3mupsBamara ce Beenena [71, 75].

e l3uucnen e npuHOca Ha Pa3IUYHUTE sA]pa B ChbCTaBa HA KOCMUYECKHUTE JTbUH (ChC 3apsau oT 1

1m0 92 - ypanuii) B HOHHM3aIMATAa U BB30YXKIAHETO HA MEXKIyIUIAaHETHATa M MEXIy3Be3[IHAaTa cpeia
[264, 292].

S. Be3aeiicrBue Ha KJI BbpXy Iu1aneTHUTE HOHOC(hEepH

18 nyonukanuu: 44, 74, 173, 236, 238, 240, 242, 254, 262, 265, 266, 268, 271, 272, 274, 286, 287, 293

e Paspaborenara teopus 3a Bb3aeiictBuero Ha I'KJI m CKJI [119, 125] e mpumiokeHa u 3a
ioHocdepure Ha apyrute miuaHetu [44, 74, 265, 266]. IIbpBoHAaYaIHO TEOpHATAa € W3IMOJI3BaHA 3a
arMocdepara Ha Mapc [173].

e C(Cw3mameH € YUCICH MOJACI M ca MocTpoeHW HoHmzarmoHHuTe npodmmm (0-100 kM) npu
paznuyHu (pa3u Ha CIIbHYEBAaTa aKTHUBHOCT, 3a TPU MOJejia Ha MapcHaHCKara arMocdepa U NpU
HaJIM4Yue Ha IpamrHu Oypu B Hes (110 JaHHM HA aBTOMaTHYHATa KOCMHUYecka CTaHuus ‘“‘Mapuubp-9”)
[173].

e [lokazaHo e, ye 3a IulaHerurTe-rUraHTy ot FOmuTepoBara rpyna M JIpyrd Teia - CHbTHHULU
(Turan), Ilnyton u TpaHc-HenTyHOBHTe 00ekTH, nmpuHOCHT Ha I'KJI cnpsmo XUV-pamuanusrta e
CBhbU3MEPUM U JaKe JOMUHUpaILL - 3a Ypan u Hentyn [44].

e TpBi KaTo MJAHETUTE-TUTAHTH MMAaT 3HAYMUTEIHA CIUIECHATOCT, T.€. SIBABAT CE€ POTALIMOHHU
SIMTICOMN, 3a TIX € W3BeJeHa HoBa Momuduimpana ¢yskius Ha Yenmen MDY, xosto oTumTa
TsAXHaTa reomeTpus [236, 265, 271].

e U3Benenu ca crenu(pUUYHN M3pa3n 3a foHOchepuTe B MoNApHUTE paiiony (mupuHa = 90°) mpu
BCHYKH BIJIM HA IPOHUKBAHE Ha paxuanusta [272].

e (Cpb31a/eH € HOB MOJIE] 3a MOHM3ALUATAa HA KOCMUYECKUTE JbUM B EIUICOMJAIHU IUIAHETHU
nonocthepu [242, 254, 266, 272]. Monenst e mpunoxkeH 3a Onurep u CaTypH, KOUTO MpUTEkKABAT
Haif-rojsiMa cruiecHatocT [266].

e OTKpUT € HOB TUI U3rPEeBHO-3aJIe3eH e(eKT B oHochepaTa Ha FOnurep, 3aBucel] oT HIMpUHATA
U CIIbHYEBaTa JIeKIMHauus [262, 265]. To3u egekT He ChIEeCTBYBa B ChBpeMEHHHUS MI0ChK FOnmurepos
HoHOoc(hepeH MoZIeNT M HE MOXKE Jla ce€ OTUeTe OT Kiacuueckara chepuuHa GyHKIus Ha YenmeH.

e Cp3maeH € TpUMEpeH HoHmM3arumoHeH Mmozen (mpwiokeH 3a CatypH) [293], koiiTo oTdmTa
a3uMyTaJlHaTa 3aBUCUMOCT Ha MPO(UINTE HA €JIEKTPOHHATA MPOAYKIHS.

e C nomomra Ha CTaTUCTUYECKM aHAIW3 € OTKpUT edekT B MarHutochepara or MX]/]
(MarHUTOXUAPO-IMHAMUYHATA) JIYyHHA Cliefla, JbJDKAllla ce Ha Ipoleca Ha oOTuuaHe Ha JlyHara oT
crbHYEBHS BATHP [158].

e [locTpoeH u TeopeTHueH MOJEN 3a Bb3ACHCTBUETO Ha JpeOHOMAIa0HUTE HEeTHOPOJHOCTH Ha
JyHHaTa cjiella BbpXy BhHIHATA MarHUTOC(Epa U MO-CIESIHATHO BbpXY MaruuTonay3ara [158].

6. ®u3uka Ha iioHocdepaTa

53 nybomukanmu: 1, 2, 10, 11, 12, 13, 24, 42, 48, 73, 91, 95, 96, 97, 103, 113, 136, 143, 147, 149, 153,
159, 163, 165, 180, 214, 219, 225, 249, 258, 263, 283, 284.

nyOJIMKalMy o MeTeopoJiornued kodTpou: 88, 89, 92, 93, 108, 109, 110, 110b, 112, 115, 127, 128,
130, 133, 135, 152, 154, 187, 194, 202.

e I3Bexena e popmyrna 3a MUHUMAJIHO HEOOXOAMMaTa €JEeKTPOHHA KOHIIEHTpAlUs Ha IbITUTE
PaIMOBBIIHH MPU OTPAXKEHHUETO UM OT obsactta D (cpBMecTHO ¢ ui.kop. I'. Hectopos) [2].

e HamepeHm ca 3aBUCHMOCTH Ha BHCOYMHHUTE BapHallMd Ha EJEKTPOHHATA ILTBTHOCT W
YEeCTOTUTE MPH OTPaKEHUE OT HUCKaTa oHocdepa [1].

e PaskpuTH ca aHaJOTMM MEXIy M3pa3uTe 3a KOPIyCKyJapHaTa M €JeKTPOMAarHUTHA pajuaIius
P TAXHOTO BB3JIEHCTBUE BbpXY HoHOcPepaTa [10]. U3BeneHo e o010 ypaBHEHHE 3a BapHalMsITa Ha
eJIEKTpOHHATa MPOIyKIHs OoT BhJIHU U yacTuIM [10]. ToBa ypaBHEHHE € MPUIIOKEHO 32 KOCMUYECKHUs
clioi B HUCKaTa oHocdepa [11].




e [Ipemoxena e puznyecka Teopus 3a HOHU3ALMOHHUTE Bapualuu B oHocdeparta [10, 24, 42].
[Tonyuenu ca BapuallmOHHU YpaBHEHHS 3a HoHU3anuaTa Ha BeiiHOBaTa XUV pamuanus [24] u 3a ['KJI
[10, 13, 48]. Bapuanuute ca pasnpeesieHd B TPH Kjlaca: METCOPOJIOTMYHH, FTCOMAarHUTHH U IIbPBUYHU
[73]. B MereoponornyHata BapHalus aHAIUTUYHO ca pa3[elieHd M MPEACTaBeHU JIOKAJIHHUS U
MHTETPAJICH TeMIlepaTypeH e(peKT 1 JIOKAIHUS 1 HHTeTpajieH OapomerpuyeH edekt [24].

e li3BeneHu ca BapuallMOHHU YPaBHEHUS 32 €IEKTPOHHATA KOHIIEHTPALUS B 0.-, - 1 KOMOWHUpPaH
af3- CJI0M, ¢ KOeTO MPAaKTUYECKU ce 00XBalaT BCUYKH ClTydau B HoHOc(epaTa [42].

e [lomydyeHo e aHATUTHYHO pelIeHHEe Ha MOHOCPEpHOTO OaJaHCHO ypaBHEHUE M € H3BEleHa
¢dopmya 3a eNneKTpoHHATa KOHIICHTPALUs PU CIIbHYEBH XpoMochepHu epymiun [12].

e [IpemioxkeH e cexkaHC KBaJApaT XUIMEpOOJIHMYEH MOJET 3a Pa3MpeAeiCHUETO Ha €JIEKTPOHHATa
KOHIIEHTpanus B kocMuueckust ciioi [91, 95]. C to3u monen ca uzBeaeHu GopMyiu 3a abcopOuusTa Ha
PAAMOBBIHUTE B PA3JIMYHU YECTOTHU JuanazoHu [96].

e [IpemioxxeH e u 0OOIICH EKCIOHEHIIMAJICH MOET 32 IPOPIINTE HA EIEKTPOHHATA TUIBTHOCT B
HUcKaTa HoHocdepa [97, 143], kaTo ca pemICHH CHOTBETHUTE AOCOPOIIMOHHM HWHTErpajd U ca
OIIpe/IeJICHH MTapaMEeTPUTE Ha MOJiea IPU Pa3JIMYHU 3€HUTHHU BIIU Ha CIIbHIETO, CE30HU, CTENEHHU Ha
cmytenoct (CKJI u maruurocdepuu 6ypn) [103].

e JlanmeHo e pemenue Ha oOpaTHaTa HoHocdepHa 3a1aua nocpeacTsoM Cumiuieke merona [113].

e [lpennoxxeH € HOB THI OaJIaHCHO ypaBHEHUE B IHeBHaTa o0jacT F ¢ anda-pekomOunanms [214,
217], karo e wusBedeHa ¢opMmyla 3a MaKCHUMajlHaTa €JNeKTPOHHA IUTBTHOCT B 3aBUCHUMOCT OT
IBIDKEHUATA (BeTpoBe, npeiidose u qudysus). ToBa ypaBHEHHE € PEIIEHO YHCICHO, 33 Ja € 00SICHU
JTHEBHATa aHOMAJIWs Ha TJaBHUS oHOChEepeH MakcuMyM [223].

e Bw13 ocHOBa Ha 22-TOJIUIIIEH MEPUOJ Ca U3YUYEHH PA3IUKUTE MEXKIY MAaKCUMAIHUTE U 00eTHUTE
KPUTUYHU YECTOTH B 3aBUCHUMOCT OT CE€30Ha W CibHUeBara akTuBHOCT [152]. Ilomyden e kBa3u-
CUMETPUYEH JBYyMaKCUMYMEH (MapT U OKTOMBPH) CE30HEH XO/I.

e I3Bexenu ca Gopmynu 3a BpeMEeTO Ha perakcanus Ha HoHocdepHara obmact F B HelHus
MaKCUMYM U BBB BBHIIHATA HoHOC(hepa [222], KbIETO rPaJHeHTHT Ha €JIEKTPOHHATA KOHIICHTPAIUS €
oTpunateneH. Ta3u penakcaius € OOsSCHEHa M 4Ype3 TEPMHUUYHUSI PEKMM Ha BHUCOKaTa atMmocdepa u
BapHallMUTe Ha PeKOMOMHAIIMOHHNUS KoepuueHT [162].

e Pa3paboreH € HOB MEXaHHW3bM 3a KBa3U-NEPUOJUYHUTE OCHMJIAIMM Ha eJeKTPOHHATa
KOHIICHTpanus B iloHocdepute Ha 3emsTa u ruianetute [258].

e 3a mppBM OBT y HAc MO JaHHM Ha HoHocdepHara ctaHuus B Codust oOCTOIHO ca MpoyueHH
(ceBMecTHO ¢ un.kop. I'. HectopoB) MopdoiornunuTe 3akOHOMEPHOCTH Ha BUCOKaTa HoHocdepa, 1o-
TOYHO Ha IVIaBHUS HoHOC(hEepeH MaKCUMyM U HETOBUTE BPB3KHU C HUKeJexaluTe obnactu [153].

e Uscnensanu ca pawaronepuoanynure (11- u  22-roguimHu) W CE30HHM BapHallUM Ha
KpuTHueckutre 4yectoT Ha cinos F2 Hang Codus 3a mepuona 1962-1983 roxa. I'oguminuTe Xom0Be
IIOKa3BaT aCUMETPHsI MEKIY YETHHUS M HEUETEH CIBHYEB LIMKBJ, KATO aCUMETpUATA MMa MOJYEPTaHO
CE30HHA 3aBUCHMOCT. Y CTaHOBEHA € U TPOJICTHO-eCeHHA acumeTpus [ 154].

e [locTpoeH € aHANIUTHYEH U YHCIEH MOJEN 3a Bb3/JCHCTBUETO HAa TUHAMHUKATa Ha HEYTPATHUS
ra3 BbpXY CE30HHATa Bapuauus B cpenHara HoHocdepa [136], karo Mo TO3M HAUYMH € OOSICHEHa
Ha0Jr01aBaHaTa 3MMHA aHOMAJIUS Ha KbCUTE PAJUOBBIIHU.

e l3BwppumieHo e cpaBHeHue Ha 123 iioHochepuu mnpodmia (100-300 kM), momydeHH OT
HoHorpaMu, ¢ MexxayHapoaHute oHochepuu pedepenunu (IRI1) [147], kato e nagena pekoMeHaanus
32 TOJMHUTE HA CITbHYEB MAKCUMYM.

e l3cnensaHo e rio0alHOTO paslpeielieHue Ha HOHHATa KOHLIEHTPAIHs B I0)KHOTO MOJYKBI00
BbB BUCOTHUS HHTEpBa 0T 800 10 900 kM Bb3 OCHOBA Ha PE3yNTATUTE OT U3MEPBAHUSITA CHC CITBTHUKA
“UHTEPKOCMOC-bbarapus -1300” [157], kato e monyyeHa ruiaHeTapHara kaptuHa.  [lokazano e,
4ye JBDKUHHUTE OCOOCHOCTHM Ha B3aMMOJEWCTBUETO Ha HEYyTpajJHUS BATHP C IJla3MaTa HMaT
I'BPBOCTENIEHHO 3HaueHHe IMpH (POpPMUpAHETO Ha TJI00ATHUTE OCOOEHOCTH B paslpe/leIeHUeTO Ha
KOHIEHTpaLUATA.

e Bw13 ocHOBa Ha aHHU 0T cbTHUKA “ATMOchep Excrmopbp E” 3a mbpBU BT € OTKPUTO HOBOTO
SBJICHHE B €KBaTOpHaHaTa M TPONUYHA HOHOC(eEpa - BHE3AHO HAapacTBaHE IUIBTHOCTTA HAa WOHUTE
NO* u O2" mpu usrpes CinbHue [165] (ceBmectHo ¢ akan. K. Cepadumor u npod. L. Taues). B
CBIIOTO BpPEME HAMAISIBAT KOHICHTPAIMATE HA TiaBHUTE WoHOChepepHn Kommonentn OF wu
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eJIEKTPOHHATa KOHIIEHTpanus. Te3n pe3ynTatu ca 00sICHEHU ¢ (POTOXMMHUYHHUTE MPOIECH M PEaKIUU U
C HEeyTpaJIHUTE BeTpoBe B obacTta F [165, 169].

e [IpoBenenu ca mapajlelHM CUHXPOHHM W3MepBaHUs B HoHocgepara or 60 mo 650 kM upes
Ha3eMHM MeToau M chbTHUKA “Meteop-Ilpupona™ [140, 149]. ITlokazaHo e, 4e HHTErPAIHOTO
ChIIbPKaHUE HA EJICKTPOHUTE W BUCOUMHATA HA TTABHUS HOHOCHEPEH MaKCUMyM MMAT TOCIeeEeKTH -
EKCTPEMYMH Ha TPETHUs JICH CJIe]] TeOMarHUTHUTE OypH (pe3ynTarhT € ChbBMeCTeH ¢ akai. J[. Muies u
wi.kop. I'. Hectopos).

e VYcraHOBEHO e, 4e Oudypkamusara Ha obnactra F u yucnoro Ha mosiBa Ha ciost F1 ca B oOpaTHa
3aBUCHMOCT OT YKMCJIOTO Ha CIbHYCBUTE MIETHA U € Pa3KpUTa Ce30HHATA UM 3aBHCUMOCT [283, 284].

e Amnamu3upaHu ca HoHOocepHHTE ePEeKTH Ha YaCTUYHOTO CIIBHYEBO 3aTbMHEHHE OT 12
okToMBpH 1996 1 Ha MBIHOTO cIBPHUEBO 3aThMHEHHE OT 11 aBryct 1999 [249, 263]. B iionocdepara ce
HaOJII01aBa OCHMIIMPANIO TIOBEJCHHE, OOSICHEHO C BBTPEUIHHTE aTMOC()EpHH BBJIHHU, MOPOJEHH OT
cBpBbX3BykKoBaTa (=700 wm/c) nyHHa clieia, KOSTO MPEKbCBAa CITBHYEBOTO HArpsiBaHe, OXJIaxIa
arMocdepara (ocobeHo B TporocdepaTa u 030Hochepara) U TeHeprupa BhIHOBU cMyIneHus [249].

MeTeOpoaoruyeH KOHTPOI BEpXY HoHocdepara

o [lIpeanoxxkena e xumore3a 3a OOSICHEHHE Ha JISTHO-3MMHHUS MPEXOJ Ha pexuma B obnactra D
(XanoBeH e(deKT) MOCPEeACTBOM H3MEHEHHETO Ha €CEHHATa IUPKYJIalus Ha BETPOBETE H IOJ
NEHCTBUETO Ha CI'bHYEBATa U T€OMAarHUTHATa aKTUBHOCT W MPWJIMBHUTE CHIIM B cuctemara CIbHIE -
3ems - Jlyna [88, 93].

e 3a 00sICHEHHE HAa Ce30HHUTE Bapualliy Ha a0COpOIMATa HA KbCUTE BBJIHH € TIOCTPOCH MOJIET Ha
HHCKaTa oHOoc(hepa ¢ oTunTaHe Ha HoHM3anuaTa Ha paauanuute Jlaiman-anda, X u I'KJI [127].

e [lpennoxkena e yeTupu-OHHA cxema 3a mnosiokutenHute Honu [130] m ca wu3uMUCICHU
npoduIMTe Ha EJIEKTPOHHATa KOHIEHTpAlus W adcopOIusaTa, Karo € IOKa3aHo, Y€ HOpMallHaTa
KOMIIOHEHTa Ha 3MMHAaTa aHOMalus C€ Ch3/laBa OT CE30HHUTE Bapuallid Ha TeMIeparypara u
ITBTHOCTTA Ha aTMocdeparta [128, 135].

e Mozenupana € ce3oHHaTa Bapualus Ha epeKTHBHATa CKOPOCT 3a (OpMHpaHe Ha KIIACTEPHH
HOHM, KOATO ompenens KoeuImeHTa Ha pekoMmOuHamms B obOmacrra D [133]. UsebpiieHo e
nonobpeHue Ha Mojeja Ha HUCKara iHoHocdepa B cpaBHeHHME ¢ MexayHaponHata PedepentHa
Honocdepa (MPW) u apyru emmupuyaan Moaenu [159, 180].

e Bw®3 ocHOBa Ha HOB TeopeTHueH Mojen Ha obiactta D ca moctpoenu mnpoduiaure Ha
€JIEKTPOHHATa KOHIIEHTpAIsl NPH THEBHU M HOILHU YCJIOBUS B 3aBUCUMOCT OT CE30HA U ca O0SCHEHU
Ce30HHUTE M3MeHeHMs Ha abcopOrusara [180]. Ilo To3u HaumH ca OOSICHEHM 3UMHATa aHOMAJMs Ha
KbCH BBJIHH U JIITHATA aHOMAJIHSI Ha JIBJTH paguoBbiHu [152].

e OTKpUT € mapajelu3bM MEXJy CE30HHUTE XOJI0BE Ha HoHocdepHara aOcopOIUs B LIMPOK
YeCTOTEH 00XBaT Ha KbCUTE BBJIHMU U CKOPOCTTA Ha 30HAJHAaTa KOMIIOHEHTA Ha BATbpa BbB BHCOKATa
atMocdepa (o mogena CIRA) [89, 92]. Cemoto e motBspaeHo U 3a apirute [108] u cpeganre [109]
palMoBBIHM IO U3MEpBaHUs B HloHOC(hepHaTa obcepBatopus B Codus.

e Te3u BPB3KM ca pa3lIMPEeHU U 32 MAKCUMAJIHUTE M HYJEBH TaXOKOHTYPH B €KBaTOpHalHaTa,
CPeAHOIINPOTHA M MOJsIpHa cTpaTto-me3ocdepa u Hucka tepmochepa [112, 115]. Ilo TakbB HauuH e
J0Ka3aHO BB3JICHCTBHETO HA JWHAMHYHUTE CTPYKTYpPH Ha 30HAJHATAa [HPKYJAIUsS BBPXY
HOHM3MpaHaTa KOMIIOHEHTa B cpeaHara arMocdepa [110].

e [loctpoeH e eMnupuyeH MoOje] Ha MapaMeTpuTe B cpeiHara aTMmocdepa (Temmeparypa,
HaJsiraHe, IUIBTHOCT M BETpOBE) MO pakeTHH naHHUM B HOrouwstouna EBpoma B 3aBUCHMOCT OT
cpHYeBaTa akTuBHOCT [187, 194, 202, 204].

7. Bp3elicTBUS Ha eJeKTPHYECKHUTE NoJ1eTa ¢ TponocdepeH NPoOn3xXoq
BBPXY CPeHATa U BUCOKA aTMoc(epa

34 nybonukanuu: 3, 4, 176, 177, 178, 179, 182, 184, 188, 191, 192, 193, 199, 203, 205, 206, 207, 208,
209, 210, 211, 213, 214, 218, 220, 221, 223, 229, 243, 251, 252, 280, 288, 290.

e VYcraHoBeH € e(heKT Ha MBJIHUUTE U TPbMOTEBUYHUTE OYpH BbpXY HoHochepuurte odbnactu D, E
u F B3 ocHoBa Ha 81 HaOmomaBanu ciydasi [176, 182]. Peructpupano e: (1) psi3ko HapacTBaHe Ha

7



IPaHUYHHUTE YECTOTH Ha CIIOPAJUYHMS CIOH, WK (2) u34ue3BaHE Ha TO3M CJIOW IMOCIEABAHO OT CUIJIHU
nocneeeKTH B MUHUMAaTHATa Y€CTOTa HA OTPaXEHUE U KPUTUYHATA YecToTa Ha cios F2. J[Bara Tuma
edeKTH 3aBUCAT OT (pa3aTa Ha CIIbHYEBATa AKTUBHOCT.

e TopHusT edekr ce MOTBHPXKIaBa OT aHAIMW3a HAa HAKOJIKO KOHKPETHHU Clydasi Mpe3 3UMHUS
ce3on [241, 288], kpaeTo ca YCTAaHOBEHH CIIOKHU BB3JCHCTBUS CBHIPOBEACHH C UYETHPU THIA
OTpaXEHUS: OCHOBHO M JBOWHO oTpaxkeHue oT ciosi F, u mHorokpathu M u N orpaxenus ot
criopajinuHus cJIoi u obnactra F.

e HanpaBeH e npuHOC KbM HECUMETPUYHHUTE aHTEHHU CHCTEMH KaTo € pa3paboTeHa Teopus Ha
HEeCUMETpUYHUS BUOpaTop [3] U e majaeH enuH MeTOo] 32 KOPUTMpaHE Ha TPElIKUTE MPH JICHIOBUTE
anTeHu [4].

e [locpencTBoM MeTonuTe HA KOMOMHATOpHKATa M TEOpHUATa Ha rpadute € pazpaboTeH Mojenl
(aHayIMTMYEH M YHUCJICH) 3a eKBUBaJeHTHaTa enekTpuyecka Bepura (EEB) mexmy Honocdepara u
3eMsTa IpU MBJIHUCBH U IPbMOTEBUYHU Oypu [195, 223].

e l3Benena e Qopmyna 3a HoHochepHHMS NMOTEHIMANT MPH MBJIHUEB paspsl, KaTo € pemieHa
cucremara audepennuanau ypasHenus Ha Kupxos B EEB [186].

e [IpencraBeH e TEeH30PHT Ha MPOBOAMMOCTTA B HoHOC(hepara u cpeanara atmocdepa [221], karo
Ca M3BEACHU AHAJIUTUYHO HAUIBKHATA MPOBOAUMOCT M npoBoguMocture Ha Xou u Ilepepcen. Tesu
MIPOBOAMMOCTH Ca MOJETUPAHU 32 PA3TMYHU IIMPUHU MPU CHOKOWHU W CMYTEHH YCIOBHS, BKIL.
Hanuuue Ha CKJIL.

e [lonyyeHn ca aHATUTUYHM PEHICHUS 32 NMPOHHMKBAHETO B HOHOC(EpaTa Ha EIEKTPHUYECKUTE
MojieTa OT TPHMOTEBHMYEH OOJAaK HAa BHCOKM M CPEIHM MIMPHUHHM C TPUIOINIOCHA CTPYKTypa Ha
EJIIEKTPUYECKUTE 3apsau B CTAI[IOHAPHH YCIIOBHUS MPHU OMPOCTEHO MNpECTaBsSiHE Ha MpoduiInTe Ha
npoBoaumoct [177, 199].

e [lonyyenu ca hopMynu 3a BapHallMuTe HA €JIEKTPOHHATA IUTBTHOCT B HoHOC(hepHara obmact E,
BB3HMKBAIIM B pPE3ylTaT HAa TE3U EJIEKTPUYECKH TIO0JeTa, Karo ca U3CIEeJBaHM TOJEMHUHATa U
XapaKTepHUs pa3mep Ha Bapuaruure [178].

e [lonyyenu ca m3pasu 3a MoIUQUKAIMATA HAa EIEKTPOHHATA KOHIICHTPALUS OKOJIO TJIABHUS
HoHoc(hepeH MaKCUMyM TP MapaboInYHO MPUOIMKeHNE HAa HecMyTeHus npodut [191].

e Tesu pesynrtatu ca pasmmpenu B [184, 220], kpaeTo e uscneaBaHa MonauduKanusITa Ha
npoduia Ha eJeKTPOHHA KOHILIEHTpauus B HoHocepHuTe obnactu F u F, Bb3HUKBAIA NTPU pa3IMyHU
MOJIeTI Ha TPBMOTEBHYEH O0JIaK.

e I3pa3eHn ca aHANTUTHUYHO BapUAlMUTE HAa HOHOCHEPHUS EIEKTPUUYECKH TOTEHIUAN Haj
IPBMOTEBUYCH 00JIaK U € U3CJie/IBaHa roJIeMHHATA Ha Te3u Bapuaiuu [179].

e [lonyyeHo e mpuOMMKEHWE B SIBEH BHJ Ha Pa3MpeleICHUETO Ha eNEeKTPUYECKOTO IoJie B
HoHoc(epara u € olleHeHa ChBMECTHAaTa My 3aBHCHUMOCT OT CTPYKTypaTa Ha TPHbMOTEBUYHUTE 3apsiid U
npodunute Ha npoBoaumoctute [192, 193].

e (OOoOmaBamm pe3yntatu ca moiaydeHH B [208], kbAeTO € WH3CIeABAaHO KOMIIOHEHTHOTO
pasmpeneieHre Ha eIeKTPUYECKOTO TMOJe B pa3IMyHUTE aTMOChEpHH O00JIacTH, KaKTO U POJsITa Ha
JOJIHUSI 3aps/l B TPUIIOJIIOCHATa CTPYKTypa Ha obOsaka. M3yuenu ca moauduuupaHusar npodus Ha
€JIEKTPOHHA KOHIIEHTpAIUs HaJl 00Jlaka U XOPU3OHTATHUAT pa3Mep Ha 00JIacTTa Ha HeeAHOPOTHOCT.

e C men u3cienBaHe PoOJsATa HAa pa3MEpUTe Ha €NEKTPUYECKHUTE 3apsau Ha TPBMOTEBHUYEH O0JIaKk
BBPXY I'€HEpHUPAHUTE eNEeKTPUIECKH rosera E ca u3BeieHn aHATUTUYHU PEIICHHs Ha Pa3NpeIeieHusTa
Ha E OT rppMoTeBHYEH OOJIaK C TPHUITONIOCHA CTPYKTypa B CIydaWTe, KOTaTO Pa3Mpe/IeICHUETO Ha
BCEKH 3apsl €: a) B XOpU30HTaIHa m1ockocT [205-207]; 6) mpoctpancTBero [208- 211].

e I3BeneHM ca KOHKPETHH W3pa3d M Ca HANpPaBeHW M3YHUCICHHUS 3a pas3NpefelieHHeTo Ha
SIIEKTpUIECKUTE Toyieta B HoHocdepara [213] u B nmpu3emnHara atmocdepa [214] B 3aBUCHMOCT OT
edeKTUBHHUTE pa3MEpU Ha 3apsSAUTE MPHU MPEINOIOKEHUE 32 TAXHOTO MOIUGPUIIUPAHO EIUTICOUIATHO
raycoBO IPOCTPAHCTBEHO pasmnpeneneHue. OneHeHa € poiisita Ha IPOCTPAHCTBEHOTO pasnpeieiieHne Ha
3apsaUTe BHPXY €NEKTPUUECKHUTE MOJIeTa B Is1aTa oonact “hoHocdepa-3ems’ .

e MoaenbT U ChOTBETHUTE YMCICHU PE3YJITAaTH 3a pas3lpeseleHneTo B obnactra “HoHocdepa-
3eMs” Ha cranmoHapHuTe E OT rphbMOTEBHYCH 00J1ak ca YTOYHEHH W pa3BUTH B [213, 214], kpaero ca
BBBEJICHN 3HAYUTEIHO MO0-3/ICKBATHO MPEACTaBIHE HA MPOQIINTe HA aTMoc]epHaTa MPOBOJAUMOCT U
MO-PEATHCTUYHO TPAHUIHO YCIIOBHE BHPXY TOpHATa IpaHUIla HAa MOJIETIA.
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e TeopeTH4HO € W3CIEIBaHO CHBMECTHOTO BIHMSHHE Ha TpH (PakTOpa BBHPXY Pa3MpeeICHUETO B
obnactra “HoHOChEpa-3eMsa” Ha EICKTPUYECKUTE TOJIeTa OT TPHbMOTEBUYECH oOjak: a) mpodwim Ha
MIPOBOJIUMOCT; 0) 00€MHO pa3mpesesieHHe Ha eIEKTPHUECKUTE 3apsId; B) OTHOCHUTEIHO U3MEHEHHE Ha
IIPOBOIMMOCTTA B 00J1aKa CIIPSIMO 3a00MKaIIAIIHS IO Bh3ayX [229].

e [lomyyeHu ce aHAIUTUYHH PELICHUS 3a MPOCTPAHCTBEHO-BPEMEBOTO paslpeiesieHue Ha
€IIEKTPUYIECKOTO TI0JIe OT TPHMOTEBUYECH 00JIaK BbB (hazaTa Ha (popMHpaHEe HA EIECKTPUUCCKUTE 3apsIu
[191], otHauao pu OMPOCTEHO MpeACTaBsiHE Ha aTMOc(hepHaTa IMPOBOIUMOCT.

e Te3u pesynratu ca o600meHu B [218], kpaeTo € oTYeTeH OOMMAT TOK (CymMa OT TOKa Ha
MPOBOAMMOCT M TOKa HAa OTMECTBaHE) M ca MOJy4YeHH (OpMyIM 3a BPEMEBOTO IIOBEJCHHE Ha
€JIIEKTPUYECKOTO TMoJje (4Ype3 CHOTBETHOTO CTAI[MOHAPHO II0JIe), KAKTO W OTHOIICHUATA MEXIY
BpeMeHaTa Ha HACHUIIaHEe Ha 3apsijia U MOJIETO.

e l3cnenBaHu ca MpOCTPAHCTBEHUTE pasmpeseieHus B obnactra “HonHocdepa-3emsa’” Ha KBa3H-
CTAllMOHAPHUTE EJEKTPUYECKH IMOJIeTa OT TIPbMOTEBHYEH OOJaK MpH YCIOBHE 3a XOPHU3OHTAIHO
T€OMarHUTHO ToJie (€KBATOPUAIHH IIUPUHU), P KOETO CE€ MPOSBSABA BIUSHUETO HA MPOBOJUMOCTTA
na Xou [243, 251, 280].

o [lpeanoxeH € aHANUTUKO-YHMCIEH METOJ 3a MpecMsITaHe Ha EJIEKTPUUECKUTE MOoJieTa U ca
HalpaBeHW HSKOW CPAaBHEHHS ChC Clydyas HAa BEpPTHUKAJIHA OPHUEHTAIMS HA TEOMAarHMUTHOTO IIOJIE
(monspau mmpunK) [243].

e Pa3paboTeH € yTOYHEH aHaJIUTHYEH MOJEI], C MOMOIITa Ha KOWTO ca MOJy4YeHU MO-II'BJIHU
pe3ysTaTd 3a MPOCTPAHCTBEHOTO pasmpeiielieHne Ha elekTpuyeckuTe mnonera. Kato xapakTepHa
0c00EHOCT 3a pasNpeeIeHNeTO B HUCKaTa ioHoc(hepa € yCTaHOBEHO, Y€ TO € C OTKJIOHEHHE Ha M3TOK
OT IPbMOTEBHYHHUS 00JIaK M TOBA OTKJIOHEHHE HAPaCcTBa ¢ yBelnvaBaHe Ha Bucoyrnata [280, 290].

e [lomydyenu ca aHaJUTHYHU PEUICHHS 32 MPOCTPAHCTBEHO-BPEMEBOTO pa3MpeieieHHe Ha KBa3U-
enektpocrarnunute nojera (KECII) B atmocdepara n HUCKaTa ioHochepa Hall TPHBMOTEBUYECH 00JIaK,
BB3HHMKBAIIM B pe3yaTar Ha MbaHHEB paspsa [290]. M3uucieHna e BeaMYWHATA HA TE3W IMOJICTA W €
W3CIie/IBAaHA BB3MOXKHOCTTA 332 TEHEpPHpPAHE 4Ype3 TAX Ha IMOTOIU OT CJICKTPOHU C PEIATHBUCTHYHU
€HEPTUu, CIIOCOOHHU JIa MPUYMHSBAT SBJICHUETO “‘UepPBEH CIIpaT’.

o [lpennoxxeH € TEOpETUYEH MOJIEN Ha MPOIECHTE, MPOTHYAIIM IPH H3MEpBaHE HAa KBa3u-
CTAllMOHAPHH EJIGKTPUYECKH IojieTa B HoOHOcdepara HaJ TPHMOTEBHYEH O0OJIaK, KOTaToO TOBa
M3MEpBaHe € OCHOBAaHO Ha EJIEKTPOJMHAMUYHATa (MarHUTO-elIeKTpUYecKkaTa) WUHIYKIUS, BMECTO Ha
enexTpo-cratuuHaTa [248]. O6o0IeHre Ha TO3KU MOJIEN € HampaBeHo B [252] mpu yyacTue B mporeca
Ha W3MEpBaHE €IHOBPEMEHHO Ha eJEeKTpUYecKaTa MOJSpHU3alUs U HAMAarHUTBAHETO B CIIELMATHU
W3KYCTBEHH CpeIIn

8. Hos ananutnuen moaea CORIMIA 3a KJI B iionocdepara u cpennara atmocepa
U HErOBOTO MPUJIOKEHHE 32 MJIaHeTHTe

82 mybomukanmu: 298, 299, 301, 302, 303, 306, 307, 309, 313, 315, 316, 317, 318, 319, 321, 323, 325,
328, 329, 331, 333, 334, 336, 337, 341, 342, 343, 344, 345, 346, 348, 350, 352, 354, 357, 363, 364,
368, 370, 376, 377, 381, 383, 384, 388, 393, 400, 401, 404, 407, 408, 409, 417, 418, 425, 427, 430,
432, 433, 434, 438, 444, 446, 448, 449, 453, 455, 456, 459, 462, 464, 465, 466, 470, 471, 473, 474,
479, 480, 481, 484, 484b,

e Cw3mazeH € HOB YCHBBPIICHCTBAH aHAIMTHYEH MOJEN 3a WOHHM3amusATa Ha [ amakThdeckurte
Kocmuuecku JIvuu (I'KJI) B HioHOC(hepaTa u cpennara atmocdepa [321, 328, 331, 332, 334, 342, 348,
350, 352, 354, 364, 376, 377, 381, 383, 384]. MoxaensT ¢ npuioxeH u 3a CnpHUeBHTe KocMudeckn
JIvun (CKJD[302, 313, 315, 316, 317, 341, 354, 363].

e To3u monen e xkommootusupan ¢ koga MATEMATHUKA u e npencraBeH KaTo ONepaliOHEH
mozen CORIMIA (COsmic Ray lonization Model for lonosphere and Atmosphere). MopensT
CORIMIA e npunoxeH 3a mocrposiBaHe Ha TpuMepHu 3D mpodunam Ha HoHuzamms 3a ciiyyaute Ha
I'KJI, CKJI u AKJI [444, 453, 456, 459, 462, 465, 466, 469, 470, 471, 477].

e Karo enement Ha CORIMIA e u3Benena 5- untepBaiiHa (GyHKIHS HA HOHU3AIMOHHUTE 3aryowu,
KOSITO € aJIeKBaTHa Ha eKCIepUMEHTaTHHWTe AaHHU. [lomydeHHM ca 3akoHWTE 3a HaMaJleHHEe Ha
EHeprusita U ChOTBETHATa €JEKTPOHHA MPOJYKIMS OT HPOTOHH C NMPWIOKEHHE Ha M3BEAeHATa 5S-
uHTepBaiHa QyHkiws [319, 333].




e [IpecmerHatu ca chOoTBETHUTE ObI0OUMHU B atMocdepata [307, 319, 321]. U3uucnenusra ca
HampaBeHH 3a eHepruitHuTe wuHTepBamu 200-850 MeV u 850-5000 MeV. B [321, 334] Te3u
M3YHMCICHHS Ca MPOJBIDKEHU 3a eHepruiiHus nntepsan 5 GeV-5 TeV. M3Bexnen e atMochepHuUsT mpar,
ChOTBETCTBAI HA TO3W UHTEpBai [321].

e HampaBenu ca n3unciaeHus 3a siipa Ha KOCMUYeCKUTe JIb4M cbe 3apsa Z. [Ipuema ce ciryyaii, B
KOWTO TpaHC(OpMALMUTEe HAa IPAHUIMTE HA SHEPTHIHMTE MHTEpBANM IomafaT B mHTepBan [0.15Z2,
200] MeV [331].

e DBbBeleH € HOB MHTEpBaJ Ha HaMaJIeHWE Ha 3apsiaa 10 eauHuded 3apspg [0.15, O.ISZZ] MeV.
3akoHMTE 3a HamajeHue Ha eHeprusita Ha KJI m ckopocTTa Ha €lneKTpOHHATa IPOLYKIHUS ca
dbopMyIMpaHu aHATUTUYHO 3a XEJUEBU siApa CbC 3apsia Z = 2 npu TpaHchopMmaluu Ha TPAHUIIUTE,
nonasamw B uaTepBan [0.1522, 200] MeV [333].

e MoaenbT Ha CKOpPOCTTa Ha EJNEKTPOHHATAa MPOAYKLHUS € pa3BUT B OOmHUs ciaydaid, Oe3
OrpaHUYEHHUE BBPXY TpaHc(HOpMAI[MMTE HA TPAHUIMTE HA eHepruitnure mutepBanmu [347, 349]. Tyk,
obaue, ce BbBEXK/Ia MEXKIUHHA 00J1aCT, KOSITO CBbP3BA T€3H MHTEPBAIN B aHAJTUTUYHATA (POPMYITHPOBKA
Ha mojena. Jlomycka ce 2- U 3- mHTepBaJiHa (yHKIMsS Ha HOHW3AIMOHHHUTE 3aryou. Ilpm cwiure
IIPEIIOCTABKY B U3YMCIICHUATA Ca HAlIpaBEHH 3 si/ipa Ha KOCMUYECKUTE JIbUU ChC 3apss Z.

e Mozenupanu ca HOHU3AIMOHHH MPO(UIN KaTO € BbBEACH HHTEpBala HA HAMAJICHUE Ha 3apsaa
10 eAuHUYeH 3apsan. V3uucneHusara ca HampaBeHH 3a 6 TPYNU OT sApa HA KOCMHUYECKUTE JTbUYU ChC
3apsin Z [352].

e Mozenupanu ca HOHH3AIMOHHUTE MPOQHIN 32 MUHUMAIHA, CPEAHA U MaKCHUMallHa CI'bHYEBA
aKTUBHOCT M € HAIpaBEHO CpaBHEHHE C ekcrepuMeHTanHu nanHu [321, 363]. B [376] e npencraBen
CHOTBETHHST MOJIC] 3a NMPOTOHU C 4- MHTEpBaJHA anpokcumarnusa. B [364, 376] e pa3But monmen Ha
€JIEKTPOHHATa MPOAYKLHUS 4Ype3 BbBEXKIaHE Ha CHEPrUeH MHTEpBaJ Ha HaMajleHue Ha 3apsaa Z.
MogensT € 06001IeH 32 5- HHTEepBalIHA anpOKCUMAIHS 32 TIPOTOHH U TeXKH sinpa Ha ['KJI cbe 3apsg Z
[381]. BkioueH € ChOTBETHO M MHTEPBal Ha HamajcHHe Ha 3apsaa Z. Taka OposAT Ha CHEPrUHHHUTE
uHTepBaM (pakTuyeckn craBa 6. IlokasaH € U3NYECKUAT CMHUCHI Ha OTACITHUTE MHTEPBAIH, KOUTO
CHOTBETCTBAT HA PA3IMUYHUTE TUIIOBE YACTUIIM HA KOCMUYECKUTE JIHUH.

e B [383, 384] To3u MOen € MpeCTaBeH BbB BPh3Ka C HETOBUTE OCOOCHO BaYKHU MPHUIIOKEHUS
IIPU U3CIEJIBaHE Ha IITAHETHUTE aTMOC(EepH, CITbHYEBO-36MHHUTE Bb3/IEHCTBUS M KOCMUYECKOTO BpEMe.

e Pazpadoren e 3D (TpumepeH) mozen Ha enekTpoHHaTa mpoaykius ot ['KJI B cpemnara
atMoc(epa 1 Huckata onochepa [302, 354, 368] ¢ noBuinena Tounoct. ChepudHocTTa Ha 3emMsiTa ce
OTYHUTA C BbBEXAaHE Ha QyHKIUATA Ha YUeTMeH 3a 3apeiecHUTe YacTHUIIH.

e C momomra Ha Ta3u DU ca uzuucineHu u TabynupaHU MapaMeTpuTe Ha arMocdepure Ha
Omurep, CarypH, Ypan u Henryn [342, 352] 3a mponukBammte ['KJI n CKJL

e HampaseHo e cpaBHeHMe ¢ enunconiHaTa miaHera CatypH; 3a Hesl € U3BeJieHa HOBa EIMITUYHA
¢yukuusa Ha Yenmen [298]. Ha 500 km BucoumHa e ycraHoBeHa 40% mo-BHCOKa HOHU3aIUs 3a
MOJIIPHUTE 00JIACTH C HOBOBbBEIeHaTa (PYHKIIMS Ha YenMeH.

o Ta3u Qynkuusa e uzuucneHa 3a mianerute rurantu Onutep, Carypn, Ypan u Hentyn [298,
329, 346].

e 3a3emsTa ca U3YKCICHU NMPOGUIN Ha enekTpoHHara mpoaykius (30-120 kM) 3a 6 reOMarHUTHH
mpara - OT eKBaTopHajgHuTe 10 mojsipuute obmactu [306], kato e ycTaHoBeH edeKT ,,KOISIHO” Ha
aHOMaJTHATa KOMIIOHEHTA Ha KOCMHUYECKUTE JTbYM Ha BUCOKH INIMPUHU U B MOJIsIpHHS Kact [302].

o [lpennoxen e HOB Tpu-KommnoHeHTeH crnekTbp Ha KJI [306], xato koedunmeHTuTe My ca
MHOTO(aKTOPHHU U 3aBUCAT OT HUBOTO Ha CI'lbHYEBATA aKTUBHOCT.

e [locTpoeHo e IIaHeTapHOTO pa3mpesesieHHe Ha eJIeKTPOHHATa MPOIYKIMA 32 BUCOUMHU OT 30
kM 1 100 kM 3a 4 pa3aTuYHU MIUPUHU B CEBEPHOTO M FOKHO MOIYKHI00 [307].

e OrtkpuTa € 3HaUMWTEIHA BapHallisl Ha eJIeKTPOHHATa MPOIYKIUS C IbKMHATA, ChOTBETCTBAIA
Ha BBJIHOBO uucio 1 u B asere xemucdepu. To3u edekT e Hall-CHIIEH 3a CpeJHU HMIMPHUHU U UMa
amrmuatya ot 3 1o 10 mptw.

e B ekBaropuannarta ioHocepa IBJITOTHUAT ePeKT € B aHTH(a3za C OCTaHAIUTE UIMPUHU U
amruuTyara My e HesHauutenHa (mo 10-15 %) [309]. dwusuueckata npuuuMHa 3a TOBa €, 4e
npoHukBamuTe yactuiu Ha KJI ce koHTponupar B 3HauuTeNlHa CTENEH OT HWHKIMHAIMATa Ha
T€OMarHUTHOTO TIOJIE - Ha CPEIHU IIUPUHH T€ TPOHUKBAT MTOUTH BEPTUKAITHO.
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ITapamMeTpusanys Ha ciekThpa Ha nppBuuyHuTe KJI

My6mukanumu: 311, 312, 321, 324, 327, 330, 332, 349, 353, 361, 373, 375, 397, 405, 413, 420, 424, 439

e ll3BbpuieHa e HOBa mapamMeTpu3alvs Ha CIEKThpa Ha IbPBUYHUTE KOCMUYECKUTE JIbYU KATO €
npemtosken mogena CORESIA (COsmic Ray Experimental Spectra and Intensity Approximation) sa
CICKTPUTEC M WHTCH3WTETAa HA YACTHIIMUTE B PA3IMYHUTE O0JACTH Ha xenuo-cepara (~ obema Ha
CnbHUeBaTa cuCTeMa);

e Pemena e oOparHara 3ajada 3a MOJIEIHMpAHE CIEKThpa HA MPOTOHUTE M ajda YacTHIUTE Ha
I'KJI B mpocTpancTBOTO OKOJIO 3emsiTa W IaHeTuTe rurantu ot Omureposara rpyma: IOmnutep,
CarypH, Ypan u HentyH.

e OmnpeneneHu ca MOTyJIAlIMOHHUTE KoehuimeHTH B ciekTbpa Ha ['KJI 3a 3emsTa u choTBETHUTE
IUTAHETH TIPH JAJICHA EKCIIEPUMEHTAITHU CTOMHOCTH Ha AU(EPEHITUATHUS CIEKTHD.

e [IlokaszaHo e, 4e ¢ HapacTBaHE HA CIIbHYCBATa AKTUBHOCT MOJAYJIAIIMOHHUTE KOCPUIIMEHTH Ha
I'KJI ch11o HapacTBaT, 1I0KaTO CTOMHOCTUTE Ha AU(EepeHInaTHUS CIIEKThP HaMassBarT.

e Jludbepenuuanuute crnexktpu Ha I'KJI, monyyenu ¢ HameTo ypaBHEHUE M T€3U IMPECMETHATH OT
pEIICHNeTO Ha TPAHCIIOPTHOTO ypaBHEHHWE, ca B MHOTO JOOpPO CHOTBETCTBHE 3a MPOTOHHUTE W alidha
yactuuute. CTaHAAPTHOTO OTKJIOHEHHE MEXIY JBaTa CIeKThpa € B rpaHuiute Ha 1,5%.

e [lonydyenure koeduMeHTH OT AU(EpPEHIIUATHUTE CIIEKTPU Ca U3IOJI3BaHH 32 M3YHCIsBaHE Ha
HOHM3AIIMOHHUTE TpoduiIn Ha MiaHeTuTe W B yacTHOCT Ha CarypH (TiaHeraTa ¢ Haii-roisiMa
criecHaroct 0.1076). Tyk e u3non3BaHa BbBeeHAaTa OT HAC MOJU(HUIMPaHa (eMUNTHYHA) QYHKIUS HA
YenmeH.

9. KocMnuecko BpE€ME€ H KJIMMAT - HOBA 030HHA XHUIIOTE3a

Hy6mukanmu: 314, 325, 338, 339, 340, 395, 410, 421, 467, 474

e Pa3paGoTeHa e HOBa XMIIOTE3a 3a CI'HPHUCBO-3EMHHUTE BB3ACUCTBUS: TPUTEPEH MEXaHW3bM Ha
KJI B ranakTu4HO-cirbHYEBO-3eMHHTE BpB3kH [338]. ['KJI BIHsAT BbPXY €IEKTPUUSCKUTE MApaMEeTPH U
XUMHYCCKHSI ChCTaB (BKIIOYMTEITHO M BHPXY 030Ha O3) B cpemHara atMocdepa u tporocdepara. Taka
I'KJI npenacat B o30HOcepara cBOsITa CI'bHYUEBA MOJyJalus, T.e. Hail-puHUTE Bapualuu Ha
CI'lbHUEBaTa akTHBHOCT. HO 030HOC(epaTa KOHTPOJMpPAa METEOPOJIOTHYHATA CIIbHYEBA KOHCTAHTA U
CIIeZIOBATETHO TEPMUYHMS pPEXHUM Ha aTMmocdepara U OKeaHa. To3M MEXaHH3bM Ha TaJaKTHYHO-
CI'bHUEBO-3€MHUTE BB3ACUCTBUS € MOXKE OM THPCEHHUsS KIIOY KbM pa3peliaBaHe Ha NpoOJeMHTe B
KOCMMYECKaTa U CIbHUYeBO-3eMHa ¢u3nka. Kato yHuBepcanna nponuksama paguanus ['KJI onpenensrt
EIIEKTPUUYCKUTE MPOBOJIUMOCTH, TOKOBE M IOJIETa, KOMUTO WTPAST POJS HAa CBHP3BAIIO 3BEHO MEKIY
pasnuuHuTe reocdepu: Mmarautocdepa, onocdepa, armochepa, xuapocdepa, kpuocdepa, nurocdepa
[335, 354, 354a].

e VYCTaHOBEHO €, Y€ BUCOKO EHEPrHYHHUTE 3apelCHW YaCTHUIM, MPOHHKBAIIM B OKOJIO3EMHOTO
KOCMHMYECKO MPOCTPAHTCTBO, MMAaT 3HAuuTelleH e(peKT BbpXy KocMuueckoTo Bpeme. IlocpenctBom
nonochepuure Mmetoau Al u A3 e aHaIM3UPHO BIMSHUETO HAa M3KIIOUHUTEIHUTE CIbHUEBU IMPOTOHHU
epynuuu ot 28 okromBpu 2003 u 20 smyapu 2005 BBpXy pasnuuyHuTe HoHochepHu obmactu [325,
347]. Te3u epynuuu ca cwupoBojeHu ¢ peraaruBuctuuad CKJI u cumHu reomarautHu Oypu ¢ SSC.
PerucrpupaHno e HOBO sIBJIEHHE - CUJICH NMO3UTHBEH e(deKkT 39% Ha MakcuMallHaTa KpUTHYECKa YecToTa,
KOETO HECBMHEHO ce Ibku Ha penatuBucThuHATe CKJIL. Te3m wn3cnenBaHus ca HpuMepu 3a
KOMIIJIEKCEH aHaJIM3 Ha MPOLIECUTE Ha KOCMUYecKaTa (pU3MKa U KOCMMYECKOTO BpEME.

Bu3getictre Ha KJI BBpXY 030HA M IPYTU MAJIKH ChCTABKHU

My6mukarmmu: 187, 196, 197, 201, 203, 226, 232, 245, 246, 247, 289, 303, 303b, 305, 308, 314, 320,
347, 355, 356, 358, 362, 385, 414, 431

e MankuTe ChCTaBKM B aTMocdepaTa UMaT TOJISIMO BIUSHUE BHPXY HEMHATa TEPMOIMHAMHKA U
€HeprueH OajlaHC U CIIEJIOBATETHO MMAaT BaXXHO eKojiornyecko 3HadeHue. OCHOBHaTa Hamia paboTHa
xunoresa e, e ['KJI ¢popmupar nonHara gact Ha npouiIuTe Ha 030HA, PA3MOJIOKEHH B MAaKCUMyMa Ha
[Idortuep. Tesu mpodrm ce MogyaupaT OT pa3TuIHUTE (PAKTOPH HA CIHHYCBA AKTUBHOCT.
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e Ha 06a3ara Ha Hall TEOPETUYEH MOJEN ca MU3YHMCICHU NMPO(UIMTE HAa CKOPOCTTAa HAa O30HHATA
IIPOMYKIHS BCIEACTBUE TaJaKTHUECKUTE KOCMHUYECKH Thun Ha mupuan 0, 20, 40, 50 u 60°, xakTo u B
MarHUTO-CIperHaTuTe ToYku Ha 3emsra [203].

e VYcraHOBeHO €, 4ye sBieHneTo @opoOymr-epext Ha I'KJI uma npsk epexT BbpXy crparocqepHust
030H (O3) u ce sBsiBa (paKTHUYECKUAT MOJYJIATOp HA Heroara KoHIeHTpanus [232]. MexaHH3MBT Ha
BB3/ICHCTBUE CE OCBHILECTBSIBA Ype3 BapHAlMUTE HAa TCOMArHUTHHS IMpar Ha KOCMUYECKUTE YaCTHIIU
[245-247].

e JlaneHo e HOBO oOsicHeHHE (Bb3 OCHOBA Ha €KCIIEPUMEHTAIIHU JIaHHU OT MPO(UINTE HA 030HA)
3a MOBMILIABAHETO HA IUIbTHOCTTA Ha O3 Mpe3 3uMara NpU MUHUMAJIHA CIBHYEBA AKTUBHOCT, KOraTo
HMHTEH3MTETa HA KOCMUYECKHTE JIbUM ¢ MakcumaieH [362].

e VYcranoseH e nupekteH edekt Ha CKJI or MaxkopauTe mpotoHHU epyniuu oT 20 sayapu 2005,
14 romu 2000, 19 oxkromBpu 1989 u 22 HoemBpu 1977 BbpXy TOTAIHOTO Chabpkanue Ha o30Ha (TCO)
u HeroBoTo paznpenenenue. TCO ps3ko HapacTBa B HYJIEBHS JE€H, KOETO c€ 0OSICHSIBA C HAPaCTBAHETO
Ha TemneparypaTta Haja 15 kM. OOpaTHO € MOBEACHHETO Ha JPYTH JIBE €KOJOTUYHO 3HAUMMH MaJIKU
CbCTAaBKH: XJIOPOBOAOPOA U (propoBomopoa (cBbp3aH ¢ (PEOHUTE) - TEXHUTE KOHIICHTpAIUU
HaMaJsBaT BeieacTue Bu3aeiicteuero Ha CKIJI [246, 247].

e Uzyueno e moBenenuero Ha TCO mpe3 Bpeme Ha MarHuTOCc(hEpHU OypH: B HYJIECBHSA JIEH €
HabmonaBaHo HapactBaHe Ha TCO, mocnenBaHo OT 3HAYUTEIHO CIIAJaHe BCIEACTBUE HA W3CUIIBAHETO
Ha YaCTHULM ¥ YaCTUYHOTO pa3pylIaBaHe Ha 030HA.

e Hamepenu ca HenuHeWHM KopenalMoHHM oTHoueHuss Mexay TCO u TteMmmeparypara U
BETPOBETE B cpeaHara arMocdepa mpe3 BpeMe Ha crparocepHH 3aroruisiHus Haja FOromsrouna
EBpona.

e [locpenctBoM NBY-(pakTOpeH AMCIEPCHOHEH aHAIM3 € M3CJIeBaHA 3aBUCHMOCTTA Ha 030HA OT
MOTOKA MPOTOHH M T€OMarHWTHAaTa aKTUBHOCT NpU (UKCHUpaHU (AKTOPH: BUCOUMHUTE HA M3MEPBAHE
HAa O30HAa U AU(EpPEHIUATHUTE EHEPreTUYHH CHEKTpH. BBB BCHUKM EHEPrUiiHU HHTEPBAIH CE
Ha0JIt0/1aBa HAMaJIIBaHEe Ha e()eKTa Ha BH3JCHCTBHEC BHPXY O30HA C HapacTBaHe Ha BucounHata [303,
305]. Haii-ronemusar edext e mexay 15 u 18 kM mpu MakcuMmanHa carbHUEBa akTUBHOCT. [Ipu cibHUEB
MUHHMYM pEaKIusITa Ha 030HA € MPEHEOPeKIMA.

e OtkpuTu ca KBa3u 24-4acOBM OCHMJIAIIMKA HA TIOTOLUTE CIBHYEBH MPOTOHU B EHEPTUHHUS
untepBan E=0.6-4.2 MeV u Ha ctpatocdepHust 030H MPHU CIIOKOWHU U MarHUTHO CMYTEHH MEPHOAM
[303, 303Db].

e Bw53 ocHOBa Ha pa3paboTEH YMCIIEH MOJIEN ca MOCTPOEHU MPOPUINTE Ha CKOPOCTTa HAa O30HHA
IPOAYKLHUS BCIEJCTBUE MPOHUKBAHETO HA MOTOK CI'bHUEBH KOCMHUYECKH JIbUU MIPE3 BpeME Ha €THO OT
Hal-rojieMuTe MPOoTOHHU chOuTHs - 14 o 2000 rox. Jlokaspa ce, ye U3SMEHEHUETO HAa TeMIIepaTrypara
Ha aTMocdepaTta Ha CTpaToc(epHU BHCOUYMHU 3aKbCHSBA U CE€ sBSIBA CJIEACTBUE HAa M3MEHEHHMETO Ha
KOHIICHTpanusATa Ha 030Ha [289].

e HampaBeH e cTaTUCTUYECKH aHAIM3 M CIIE/I TOBA, B3 OCHOBA Ha TEOPETHUYEH MOJIEIN € OIIEHEHO
M3MEHEHHMETO B KOHIIEHTPALUATAa HA 030HA 10 HErOBUS MPO(UII 3a CHILUAT TO3U MepHo. TeopeTHdHo e
M3UHUCIIeHa MpoayKuuara Ha o30Ha oT (h)- npodpunure B paznuunute eranu Ha CKJL. OugepraBa ce
HapacTBaHe Ha 030Ha B nHTepBana 15.5 no 18.5 km u HamansBanero my Ha 24.5-35 km [347].

e JlokazaHO € pa3aM4HOTO BIMsIHHME Ha 1oToka cibH4YeBH NpoToHU (CKJI ot 19 oxromBpu 1989)
BBpXY mnpoduia Ha o30HA: oA 19,5 kM uMa HapacTBaHe Ha MapLUUATHOTO HalAraHe HAa 030HA, a HaJ
24,5 kM ce HabOmoJaBa HamansBaHe. B nonHara oOmact (kpaeto e makcumyma Ha Ildotuep) e
onpenensamio Bausareto Ha CKJI, a B ropHara 06yact - JOMUHHpPA T€OMarHUTHATa aKTUBHOCT.

e Anamusupanu ca mpanaute (CKJI ot 20 smyapm 2005) ot mHcTpymeHnta MLS Ha cmbTHHKA
UARS 3a 030Ha Ha cieauute Bucounnu 15, 19, 25, 31, 37, 43 u 46 km. Usnomsanure nanuu ca ot 50°
CEeBEpHA IMIMpPHHA U OT 0° 10 40° w3TOuHA ABIDKMHA. YCTAaHOBSBA Ce, Ue Kpoc Kopenammonnure
Koepuuentn (KKK) B pasnuynure eHepreTMYHM HMHTEPBAJM W BHCOYMHU MPOSABSIBAT IOAOOHO
MOBEJICHHNE, KaKTO MPH MPEIUIITHATE HA U3CIICIBaHMS: T€ ca MaKCHMaTHA B MakcumyMa Ha [IdoTtmep, a
Ha BucounHa 46 kM KKK ca orpunarensu no 3Hak cbC 3aKbCHEHHE OT HSAKOJIKO JHU 32 MPOTOHUTE C
ereprun E=156-500 MeV [355, 356].
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10. KocMu4ecko BpeMe U KJIMMAT - BJIUsIHME HA CIbHYEBATA AKTHBHOCT
BBbpPXY (PH3HYECKUTE U OMOJIOTHYEeCKH MpouecH

24 nyonukauuu: 60, 61, 63, 64, 65, 69, 70, 72, 76, 78, 86, 87, 99, 101, 102, 106, 160, 161, 462, 466,
469, 470, 471, 474

e Hanpasenu ca npuHOCH KbM XuIore3ara Ha [[pyKMHHH - XaMsHOBa 3a Bb3JCHCTBHETO HA
cirpHYeBata akTUBHOCT (CA), KaTo TS € 3HAUUTENHO pa3lIMpeHa U 3a IPYrd reoPpu3nyecKd MpOoIecH:
KJI, mosiBa Ha KoMeTH, HOHOC]Eepa, MOJISIPHU CHSHUSA, TEOMarHUTHA aKTUBHOCT, OMOJIOTHYHU TPOLIECH U
ap. [60, 61, 65].

e Ortkpura e NPOCTPAHCTBEHA 3aBUCUMOCT Ha YECTOTUTE Ha ChOTBETHUTE MPOIIECU: B 00IaCTUTE
1o-61130 10 CITbHIIETO HAapacTBa Y€CTOTaTa Ha CIIbHUEBO 00YCIOBEHUTE mpeaomu [61].

e HamepeHnu ca 3aBUCUMOCTUTE HE CaMO MEXKIY MOJUIIHUTE, HO U MEKIYy MECEUYHUTE U THEBHUTE
X0JIOBE Ha CITbHUEBATA aKTUBHOCT U reodu3nynuTe nporecu [61, 101].

e Bxitoyenu ca v peauua JONBIHUTEIHU eleMeHTH B xoaa Ha CA: 3aapbxKku [64], KOJEKTUBHU
edextu [69], ekcrpemymu [72] u ap. Ch3naneH € MaTpUUeH aHAIHM3 32 W3CIEABAHETO HA CIHHYEBO-
3eMHUTE BPB3KHU [76] U € 1aJleHO HErOBOTO MPUJIOKEHUE B CIIyYaWTe Ha MPOCT, CIOKEH U aOCOITIOTEH
aHajn3, KOWTO BKJIIOYBA BCHUKH enemeHTd Ha CA [78].

e UscnenBano e nedasdpaHeTo MEXAYy XOJOBETe Ha CIbHYEBaTa aKTUBHOCT W Ha
reousnueckute mnpouecu [87], karo ca u3BeneHU (HOpMyNIH 3a TEXHUTE BapHallUd IMpe3 BpeMe Ha
U3rPEBHO-3aJIE3HUTE MEPUO/IN, KOTaTO U3MEHEHUSITA Ca MaKCUMaJIHU [63].

e VYCTaHOBEH € 3HAYHUTENCH e(peKT Ha MaXOPHHUTE CIBHUYEBH NMPOTOHHU EPYNIMU TpPe3 aBryCT
1972 u chOTBETHUTE MarHUTHO-HOHOC(EPHHU CMYIICHHUSI BHPXY OMOIIOTUYHUTE TPOIECH TIPH 3IAPABUTE
xopa [99, 101, 102].

e VYCTaHOBEHO € BB3JCHCTBHE HAa T€OMAarHUTHUS Ap WHACKC BbPXY Pa3MHOKUTEIHHUTE MPOIECH
npu xkuBoTHUTE [159]. OTKpUTH ca O0COOEHOCTUTE HA BIMSIHMATA HAa MOCTOSSHHUTE U MPOMEHJIMBU
MarHMTHU TOJIeTa BbpXY Ononoruunute cucremu [160].

e Hamepenu ca BUCOKM KOoe(UIIMEHTH Ha KOpelamus MeXIy Oposi Ha XOCHUTAIU3UpPAHUTE C
nHpapKT Ha MUOKapaa u: 1) reomarHuTHUSL Ap HHICKC; 2) CITbHYEBHS €PyNTUBEH WHACKC; 3) YHCIOTO
Ha CITbHYEBHTE NeTHA 4) KpUTUYHATA YecToTa Ha HoHocdepaTa u ap. [160].

e Ortkpura e 7-IHEBHA MEPUOIUYHOCT Ha 3a0o0nsaBaHuATa OT UH(APKT HA MUOKapaa B PemyOnuka
boarapus [106]. MUHUMYMBT Ha CIydyauTe € B HENETHUTE JIHU, a B HAYAJIOTO W Kpas Ha paboTHaTa
cenMuIia (IOHEJEHUK U TIETHK) ce Hab01aBaT MAaKCUMYMH.

e HawmepeHo e pasnpezaeneHreTo Ha HHGOPMAIMOHHUTE XapaKTEPUCTUKU Ha PEuIla Ipolecu B
KocMHUecKaTa (U3KKa U CIIbHUEBO-3eMHUTE BpB3KH [70, 86].

e PaspaborBanute HOBU omnepanuoHan moxenu CORIMIA (komOunupan ¢ CORSIKA) u
CORIAEC ca u3non3BaHy U MpujlaraHu 3a KOITUYeCTBEHa OIleHKa Ha Bb3jaelicTBuero Ha ['KJI, CKIIL,
KII u cnpHUEBaTa aKkTUBHOCT BBPXY aTMOC(EPHOTO €JIEKTPUUECTBO, 00J1ak000pa3yBaHETO, BPEMETO U
knmuMaTta Ha 3emsara. [logueprano e 3HaueHueTo Ha MakcumyMma Ha [ldoTiep, xkbaeTo ce Hamupa
MaKCHMaJjHaTa eJIeKTpOHHA MPOAYKIIHs B aTMocdepaTa.

11. KocMuuecko BpemMe U KJIUMAT - Bb3/1elicTBUS BbPXY IJI00ajJHaTa aTMocdepHa eleKTPUYecKa
BepUra B pPe3yJTaT HA MbJHHHU U CHIPAiiTOBE

39 nyomukanuu: 300, 304, 310, 310b, 326, 335, 351, 359, 378, 380, 382, 386, 396, 399, 402, 415, 416,
429, 435, 436, 437, 445, 450, 454, 457, 458, 460, 467, 469, 471, 483, 491, 502, 504, 505, 506, Tonev
and Velinov (2016a,b),

L] OC’I)IIIGCTBGHI/I ca TIoCJICAOBATCIIHU CTallik B TCOPCTUYHOTO MOACIUpPAHEC Ha KBa3u-
enexktpoctarnyaute nonera (KCII), kouto ce Gpopmupar B HoHOochepaTa HaJ IpbMOTEBHYHA Oyps B
pezynTaT Ha MBJIIHUCB p33p5[)1, BbHB Bp1)31<a C KJIFO4YOBaTa pOJ'IH Ha TE3U II0JICTa HpI/I reHepauHs{ Ha
AKTUBHO H3Yy4YaBAHOTO B IIOCICAHOTO MACCCTUIICTHUC SBJICHUC “qepBeH cnpaﬁT” BBB BHCOKATa
aTMocdepa.

L] Te31/1 N3CJICABAHUS Ca HpI/IJ'[O)KeHI/I HpI/I I_HI/IPOKO BL3HpI/IeTI/I$[ 3acera MEXaHNU3bM Ha BB36y>K)IaHe
Ha cnpaﬁT qpe3 CICKTPOHHO HarpsABaHC W KOHBCHIIMOHAJICH AHUCJICKTPUYCH HpO6I/IB pu TCpMaJIHU
CHCprunu Ha CICKTPOHUTC. HOCJ’IGJIOBaTeJ'IHO € pa3pa60TeH AHAJIUTUYEH MOJACJI Ha KBa3u-
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€JIEKTPOCTATUYHUTE TOJIETa F€HEPUPAHH CIIeJ MBJIHHUSA C IOCTENIEHHO YTOYHSBAaHE Ha BB3IPUETHUTE
JOonycKaHus. MoenbT € OCHOBAaH Ha CHCTeMara ypaBHEHHs HAa MakcBell IpU KBa3HUCTaTHYHHU YCIIOBUS,
KaTo yuciaeHuTe pesynrartu ca Banuanu 3a KCII, He npeBuiaBaimy HHTEH3UTETa HAa TPOOUB.

e l3cnenBaHo € BIMSAHMETO Ha aTMocepHaTa HPOBOJUMOCT W HEHHUS HpoQUI BBPXY
U3y4aBaHUTE KBa3U-e€JIEKTpocTaTUYHU 1noneta. IlokazaHo e, ye npoOMB ce peanuszupa OKOJIO
BHCOYMHATA HA M3PaBHSABAaHE HAa BPEMETO Ha pejlakcalus ¢ BpeMeTo Ha paspsa [324, 356]. [Ipu HomHu
YCIIOBHS CIIPANT C€ pealn3upa MHOTO MO-JIECHO (IIPU CPABHUTEITHO MO-CIa0u MBIHHEBH pa3psan) U Ha
3HAYUTEIHO NO-TOJIIMAa BUCOYMHA, OTKOJKOTO IPU JHEBHM YCIIOBHUS, KOTaTO TOW MOXE Jla Bb3HUKHE
caMo B pe3yJITaT Ha U3KJIFOUYUTEITHO MOIIHA MOJI0KUTEIIHA MBJIHUS.

e Hawmepenu ca ycrnoBusTa, Ipd KOUTO HAJIIMYUETO HA “KOJIAHO” B Mpoduiaa Ha MPOBOIUMOCT B
HHUCKaTa HoHoc(epa Biausie BbpXy 00pa3yBaHETO Ha ropHara (au¢y3Ha) yact Ha crpaiita. [lokasaHo e,
4e eNEKTPUYECKOTO TOJIe C€ MHTEH3U(UIMPA OKOJIO “KOJSHOTO”, KOETO MPaBU Bb3HUKBAHE HA CIIPAMT
[I0-BEPOSTHO. V3BeieHU ca yCIIOBHATA 32 JOCTUTAHE HA €IEKTPUYECKOTO I0JIe Ha NpOoOUB B HUCKATA
fioHOC(]epa, CBbP3aHU C MapaMeTPUTE Ha pa3psiaa U Ha aTMOC(epHaTa MPOBOJAUMOCT.

e TeopernyHo e wu3cieABaHO BB3MOYKHOTO BIMSHHE Ha NPEANOIaraéMuTE ABITONEPUOANYHU
BapHUalluy Ha MPOBOJUMOCTTA B cTpaToc(epara W BHCOKaTa Tporocdepa B CIbHUYEBHS LUKBI BBPXY
YyecToTaTa Ha Bb3HMKBaHE Ha uepBeH crnpaidT. [loka3aHo e, ye B pe3yiTaT Ha TakuBa BapHalUU IpU
HHUCKa CITbHYEBA aKTUBHOCT CIIPaT Moe J1a Ob/ie O-4ECTO sIBJICHHUE.

e V3uucneHu ca pasnpefeseHUATa Ha eNeKTPUYECKHs MOTEHLHA Ha KBa3U-€JIeKTPOCTaTUYHUTE
nojieTa B HHUCKaTa HWOHOC(epa B pe3yiTaT Ha MBJIHHMS HAa €KBATOPHAIHU IIMPUHH C OTYUTAHE HA
aHM30TPONUATA Ha MPOBOJUMOCT HaJ 70 KM M OpHUEHTALMATa HAa CUJIOBUTE JIMHUM Ha F€OMarHUTHOTO
ToJIe.

e JlokazaHo e, ye Ha BucounHu 80-95 km maxcumymbT Ha KCII e ormecTeH B HampaBieHuE
3anaa-u3Tok. Ha mo-rosisiMo XOPHU3OHTAJIHO Pa3CTOSHHUE I10 HANpaBiIeHHWE Ha CUJIOBUTE JMHUU Ha
T€OMarHUTHOTO TI0JI€ BEPTUKATHUAT TpaaneHT Ha noTennuana Ha KCII oOpbiia 3Haka cu.

e llI3Benenu ca HOBU GopMyiu 3a oOuus (MakcBenoB) TOK U TOKBT Ha IPOBOAUMOCT B 00yacTTa
MEXJy I'pbMOTEBHYHA Oypsl M HOHOC(epaTa, ChbCTaBAIIM YaCT OT IJ100aHaTa eIeKTpUYecKa Bepura.

e [loka3zaHo e, ue HaJl IPBMOTEBUYHA Oyps HoleM ce (opMupa 06aacT Ha MPEXOAHO ENEKTPOHHO
HarpsiBaHe M Mojau(uKalus Ha MpoBOAMMOCTTa. M3BelneHa e camochIjlacyBaHa OLIEHKAa Ha Ta3H
Moau(UKaMsA 32 CPEJHU IIUPUHU U € MOKa3aHo, Y€ TS € MO-rojisiMa MpH MO-CTPbMEH Mpouil Ha
IIPOBOAMMOCTTA.

e OnpeneneHo € XOpU30HTATHOTO CEYEeHUE Ha Ta3u 00J1acT, KOETO € € ChC 3HAUUTEJIHO MO-TOJISIM
pa3Mep B HaIIPEUHO, OTKOJIKOTO B HA/UTHKHO HaIlpaBlIeHHE, 0COOEHO Ha €KBAaTOPHAIHU IIUPUHH.

e Paspaboten e uncnen moaen CORIAEC (COsmic Radiation Influence on Atmospheric Electric
Circuit - BiusiHue Ha KOCMUUYECKaTa paJnanus BppXy aTMoc(epHaTa eeKTprIecKa Bepura), 3a OleHKa
Ha BapUallMUTE Ha EJIEKTPUUYECKUTE TOKOBE U ChOTBETHUTE UM EJIEKTPUUECKU I0JieTa B aTMOC(HEpHUTE
obmactu moa 100 km Ha BUCOKM HIMPUHM, MTOPOJEHU OT BB3JCHCTBUETO HA CIIbHUEBUS BATHP BBPXY
maruuTocepara u Honocdepara [435, 436, 445, 454, 457, 458, 460, 464, 472].

12. HoBu Moae/in HAa MHAYIUPAHATA HOHU3AIHUsI OT KocMuveckuTe abuu CRII
(Cosmic Ray Induced lonization) u mpuoXKeHUETO UM B KOCMHUECKaTa huzuka

[TonacTosiieM Hali-MOIEPHOTO BHB (pr3MKaTa Ha KOCMUYECKHUTE JTbYH U B3aMMOICHCTBHETO MM
C BELIECTBOTO Ha aTMoc¢epara € M3IO0JI3BAaHETO Ha aJApoHHUTEe reHeparopu Ha Monrte Kapio. Hue
U3M0J3BaMe eIHa OT Hai-chBpeMeHHuTe mnporpamu Ha Mounte Kapno: CORSIKA (COsmic Ray
SImulations for KAskade). CORSIKA e ¢u3uuecku KOMIIOTBpEH COPTyep 3a CHMYJUpaHE Ha
uHAyIMpaHata wonusamus ot kocmudeckure nbun CRII (Cosmic Ray Induced lonization) - KJT ¢
BUCOKA CHEPIHs, T.€. IPOTOHU M aTOMHH 5/1pa, KaKTO M TaMa-Tb4u ((POTOHM), IEKTPOHH U HEYTPUHO.

W3nonseame u koHkypupamiata mporpama GEANT4 (GEometry ANd Tracking), kosto e
wathopMa 3a CHUMyJalMsg Ha NpPEMHHAaBaHE HAa YacTHLM Ipe3 BEHIECTBOTO Ha arMocdepara,
n3non3Baimia ceijo Mmeroautre Monrte Kapio. [Iporpamara e cb3manena ot koinadopanusara GEANT4S Ha
LIEPH (EBponeiickata opranusanus 3a sapenu nzciensanust CERN), XKenesa.

B texymara Bepcus nporpamutre CORSIKA 1 GEANT4 usnon3sar apoHeH MO/IET Ha B3aUMO-
netricreue QGSJET, koiito ce 6a3upa Ha Teopusra Ha ['puboB-Pemke, n Ha Mozaena minijet 3a BUCOKH
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eHeprun. AJPOHHUTE B3aUMOJCHCTBHUS TPU TMO-HUCKU EHEepruM ca ommcaHu oT moxayia FLUKA.
EnexTpomMarHuTHUTE B3aMMOJACUCTBHS C€ TPETUPAT OT ajamTupaHa Bepcus Ha koma EGS4, mepcona-
TM3upaH upe3 BKIouBaHe Ha Edekra Ha Jlanmay — [Tomepanuyk — Murman, moaxosil Py MO-BHCOKU
CHCPI'UH. Tes3n KOMITIOTBPHHU MpOTrpaMu U KOAOBC MW TCXHUTC IIOCICAHHW BCPCHU Ca OIIHMCAHU II0-
MOJIPOOHO B ChOTBETHHUTE ITyOJIUKAIIH.

Yucaenu itonusanuonuu moaean minoassamm CORSIKA u GEANT4
3a BCHYKHU BHCOYMHH — OT iloHOcdepaTa 10 NOBbPXHOCTTA HA 3eMATA

[y6mukanuu: 360, 365, 366, 367, 369, 371, 372, 374, 379, 387, 389, 390, 391,392, 398, 403, 406, 411,
412, 419, 422, 423, 426, 428, 440, 441, 442, 443, 447, 461, 462, 463, 477, 478, 482, 490, 495, 496,
498-500, 503, Mishev and Velinov (2015a,b,c; 2016a,b; 2017, 2018a,b; 2019, 2020a,b), Velinov and
Mishev (2020, 2021), Velinov and Mateev (2014, 2016, 2018, 2019), Dorman, Velinov et al. (2019;
2021a,b),

e C(Cp3/1aJleH € HOB YMCIIEH MOJIEI 3a B3auMojencTBuero Ha ['anakrnueckure Kocmuuecku JIbun
(FKJI) ¢ atmocdepara ¢ oTYnTaHe HA AJAPOHHHUTE B3aUMOJCUCTBUS. MOJEIBT € BaIHMJICH 332 BCHYKH
BHCOUMHH Ha TIaHETHUTE aTMocdepH - 32 3eMaTa oT BucoKaTa iioHochepa (0 I/cM?) 10 MOBBPXHOCTTA,
KBJIETO IBI00UMHATA Ha aTMocdepaTa e 1033 1/cm?.

e Moaenupana € HoOHM3aLMATa HAa KOCMHUYECKUTE JbYM B aTrMocdepaTa KaTo € H3IO0JI3BaH
MozepHHUs craTucTuuecku wmetron Monrte Kapnmo. B wu3cienBaneTo ce H3MON3BAT MPOTpPaMUTE
CORSIKA u GEANT4, xouto ca mpemHa3sHaueHH 3a CHMYJHUpPaHE Ha SIPEHO-EIEKTPOMArHUTHH
KacKaJHU TpoIlecH B 3eMHaTa atMocdepa, MOPOAEHH OT KOCMHYHOTO NbueHue. [Iporpamute ce
0asupar Ha TOCICIHUTE TEOPETUYHH W EKCIEPUMEHTAJIHH pe3yiaTaTh 3a aJApPOH-aJAPOHHUTE
B3UMO/JICHCTBHUS M J1aBaT MoJpoOHa MHQOpMAIM 32 Pa3BUTHETO HA LIMPOKUTE aTMOC(hEepHH MOpPOH,
KaTo KOOPAMHATH, EHEPIUs U BpeMe Ha MPUCTHTAaHE HA BTOPUYHHUTE YACTHULIU U T.H.

e [lonyyenu ca HoHM3anMOHHUTE NMPOodMIN B aTMochepara 3a pa3nuyHu reorpadcku MUpUHU U
npu paznuuHu (a3 Ha CIbHYEBATa AKTUBHOCT, HW3IMOI3BAaWKM CTENEHHHUS BHJ Ha CHEKThpa Ha
II'BPBUYHOTO KOCMHUYHO JIb4eHHE. ToBa pa3kpuBa MIMPOTHATA 3aBUCUMOCT Ha IUIaHETapHaTa HOHU3AIUs
ot I'KJI. CpaBHeHHU ca HOHM3aLIMOHHUTE NPO(UIM 32 CIIbHUEB MUHUMYM U CI'IbHUEB MAKCUMYM.

e Karto MoJien Ha BUCOKOCHEPTUHHUTE aJipOHHU (SIIPEHN) B3aUMOECHCTBUS € U3MOI3BaH MOJAETBT
QGSJET (Quark Gluon String model with JETS), koiiTo onrcBa 100pe sIIPEHUTE B3aUMOICHCTBHS U
BKJIFOYBA MHHHU-KETH (MHUHU-CTPYH), 32 JIa MPECTABU CHIIHUTE B3aUMOJICHCTBHS, KOUTO Ca BAKHU MPH
Hall-BUCOKUTE EHEPIUMU.

e 3uncneHa € otraeneHata €HEpPrus OT OCHOBHHUTE KOMIIOHEHTH Ha BTOPUYHOTO KOCMHYHO
ThUEHHE, KaTO ca B3eTH MOJENUTe Ha aApoH-aapoHHU B3aumopeictBus QGSJET (3a Bucokute
eHeprun) u FLUKA (3a nuckute eneprun) [371, 372, 379]. N3uncnen e HOHU3aLMOHHUAT €pEKT OT
IIPOTOHM, XEJINEBH, BBIVIEPOJHH, KUCIOPOAHH U JKEJIE3HU siApa ¢ KUHeTH4YHH eHepruu 1, 10, 100 I'eB u
1 TeB. HampaBeHno e cpaBHeHHE MeXy MOpakJaluTe HoHU3auus (yHKIUU 32 PA3IMYHU €HEPTUU U
BUJIOBE Ha I'bPBUYHUTE YACTHMIIM, KAaTO MOAPOOHO ca AMCKYTHPAaHHM M OOSICHEHH HaOJI0JaBaHHUTE
paznuku. OLEeHeHU ca MPUHOCUTE Ha OTAETHUTE KOMIIOHEHTH U siipa B pa3IMYHHUTE CJIOEBE Ha
BHCOKaTa, Cpe/iHa M HUCKa aTMocdepa.

e [IpemioxkeHa e mapaMeTpu3anus Ha Mopax/jailata HoOHW3alMoHHA (PyHKIMS B atMocdepara oT
KOCMHUYECKH MMPOTOHU. 3a Ta3W IeJ ca B3eTH JaHHWTE, oiydeHu ¢ mporpamata CORSIKA 6.52 kato
ca u3non3anu FLUKA n QGSJET 3a nopaxnamara ilonu3anuonHa (yHKIMS U yCbBBPIIEHCTBaHATA
Bepcuss Ha REGN xoma-AFXY (analyse fx=y) 3a pemraBane Ha oOpaTHM HEJIMHEHHH 3a1ayu.
M3non3BaH € ChbBpeMEHEH MOJX0A 3a (puTupaHe KaTo pellaBaHe Ha HEJIMHEHHa oOpaTHa 3ajaya Bb3
OCHOBa Ha aBToperyisipuzauus. [lonydenu ca npennsHu GUTHPAHUS 332 IIMPOK KJIAC OT pa3IpeeieHHs
C HEJIMHEWHH (PYHKITUH.

e l3BeneHu ca yJoOHM almpoKCHUMAalMU 32 Mopaxjamara HoHuzaunonHa ¢yHkuus. [lomydenara
napaMeTpu3anus € TouHa U J1o0pe onmucBa Makcumyma Ha [ldotuep, pa3noyokeH BbB BUCOUYMHHUS
uHTepBan 12-18 kM, Kbaero ce HaOdr0faBa Hal-WHTEH3MBHATa €NEKTPOHHA MPOAYKLHUS U
030HOOOpa3yBaHe OT KOCMUYECKHUTe JIb4M. PesynTaTute ca cpaBHEHH C €KCIIEPUMEHTAIHH JaHHHU, KaTo
€ TMoylyueHo A00po chriacue. IlpeauMcTBOTO Ha mMpeoXeHaTa MapaMeTpHu3alus €, 4ye ce U3IO0JI3Ba
enHa QYHKIUS 3a BCUUKU pasnpejaeneHus. ToBa Mo3BOJIABAa NMPELM3HA OLIEHKA Ha BB3JIEHCTBUETO Ha
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KOCMHYHOTO JTbYCHHE BBpPXY 3€MHATa arMocdepa B MPOU3BOIHM pPAHOHM W YCIOBUS H JaBa
BB3MOXKHOCT Jla C€ OIEHH C TrojisiMa TOYHOCT Ch3JaJeHaTa OT KOCMHUYECKH NMPOTOHM MOHU3ALUS B
aTMocdepara.

e [lonyyeHute pe3ynraTd ca OT OCOOCHO BaXHO 3HAYCHHE 3a MPEUU3HO HM3YUCIIBaHE HA
HoHn3anmoHHuTe Npodmin B atMmocdepara. Te3u nmpobiiemu ca ChIIECTBEHH 32 aHAIN3a U U3yYaBaHETO
Ha mpoOyieMu CBbp3aHu ¢ Bb3zAelicTBUeTO Ha ['KJI BbpXy OKOI03eMHOTO MPOCTPAHCTBO, HA O30HOBHUS
CIION W JPYruTe MajKku cheTaBkH B arMmocdepara (Hamp. CO, CO2 u ap.), KaKTO U ¢ KOCMHUYECKOTO
BpeMe M KOCMHUYECKHs KiIMMar. Te ca BaXHM CBHIIO 3a OLEHKA Ha pAaJUallMOHHUS PUCK Ha
KOCMHUYECKHUTE U JICTATCITHUTE SKUITAXKU.

Hosu MOJACPHMU MOAXO0IHN U peaIM3allui Mpe3 noCJeAHUTE TOAUHA

e [Ipe3 mocnenHuTE rOJMHUA MPOOIEMBT 32 BB3ACHCTBHETO HA KOCMUYECKUTE CHEPTUIHHHI YaCTULIU
BbPXY OKOJIO3€MHOTO MPOCTPAHCTBO CE€ OKa3a MHOIO aKTyaleH, IMOpagud KOETO HSIKOJIKO EeKHIla
pa3paboTuxa no-yChbBbPIICHCTBAHU MOJICINH, 32 /1a OLEHSAT Bb3MO)KHO Hal-pPETMCTHYHO Bh3HUKHAINUTE
epextr. Hammsar momen — UKUT [473, 474, 479-481; Asenovski, Velinov, Mateev (2014, 2016);
Velinov (2015a,b; 2016a,b; 2017a,b,c; 2019), Dorman, Velinov, Mishev (2021a,b)] 3aeano ¢ ekunute
Ha YuuBepcurera B Oyny — YO (Gunnannusa) u na USMHUPAH-Mocksa / M3paencku KOCMUYECKU
ueHTbp—1en ABUB € cpeJ] BOJIEIIMUTE B CBETA B Ta3u 00J1acT.

e B nociesHUTE rOJMHU Ce YCTAaHOBU TPAHO ChTPYJHHYECTBO MEXIY Te3u Tpu ekuma [Dorman,
Velinov, Mishev (2018, 2019, 2021a,b)]. Hammusr mozen OT4dTa pEalMCTHYHO BCHYKH SIIPEHO-
€JIEKTPOMArHUTHHU-JICTITOHHU TPOIIECH TIPY B3aWMOJCHCTBUATA HA KOCMHUYECKUTE JIBUU C PA3THYHHUTE
atMochepHu obnactu (ctparocdepa, Tponocdepa, makcumym Ha Perenep-Ildortuep u ap.), kakto u
NPOAYKIHUATA HA TOJSAMO KOJIMYECTBO BTOPHYHU YACTHIM, OTAABAIld EHEPrHsATa CH TJIABHO Ype3
HNOHU3ALM.

e B monenure CORSIKA u GEANT4 non3Bame Haii-akTyallHaTa BEpCHs 32 BUCOKUTE €HEPruu
QGSJET-11-04, xosiTO OTYMTA CHIIO ¥ HEMHEHHHUTE €PEKTH HA B3aUMOICHCTBHE.

e Karo HuCKO eHeprueH Mojel 3a aJJpOHHUTE B3auMoJIeicTBUS Hue usnoisBame mojaena FLUKA
(FLUKktuierende KAskade or Fluctuating Cascade), koiiTo e maker OoT HpOLEIypH 3a IPOCIe/IsiBaHe Ha
€HEePTUHM YaCTUIIM TIPE3 BEIIeCTBOTO Ha arMocdepaTa mo Meroaa Ha MonTte Kaprio. B komOunanust ¢
CORSIKA u GEANT4 ce u3noisBa caMO OHa3W 4acT, KOATO OMHMCBAa HUCKO-EHEPTUHHHUTE aJpOHHU
B3anmozeiicteus moxa 200 GeV. IMocnennara Bepcust FLUKA 2020.0.10 ce n3mon3Ba B paMKuTE Ha
CORSIKA u GEANT4 3a u3umcnsgBaHe Ha €IaCTUYHUTE AJPOHHU CEUYEHHUS C KOMIIOHEHTUTE Ha
BB3/lyXa U 3a OIpEJIeNIsTHE Ha BTOPUYHATA MPOAYKIIMS Ha YACTHITH.

FLUKA e HambJIHO MHTErpUpaH cUMyJaliMoHeH nakeT oT Monte Kapio 3a B3aumoaeiicrsue u
TPAHCIIOPT HA YACTHIIH U siipa B aTMocdepaTa Ha 3emsTa.

e U nakpas, 3a na ce onenu peanHo CRII, ce Hykmaem OT HaaeXTHH M aKTyalHH CIIEKTPH Ha
I'KJI u CKIJI. Cnextpure usnonssanu ot exunute Ha UKUT u YO, ce ocHOBaBaT Ha Hali-HOBUTE NIPEKU
n3mepBanus Ha AMS 02 Voyager (Apromarnuna MexayruranetHa Ctanims Bospksp 2, B MOMEHTa
ABromatnuHa Mexay3se3siHa Cranius). CrieKTpu ca W3BJI€UEHHU Ype3 KaauOpHupaH METOJl ¢ JUPEKTHH
u3MepBaHus ¢ kocmuueckara conna PAMELA. B 3akmouenne exkunure Ha UKUT u YO, paboremu no
ouenka Ha CRII, ca B yenHuTe peauuM Ha TakuBa MPOYYBAHMSA, M3IMOI3BANKK Hali-peaMCTUYHHUTE,
MOJIEPHU ¥ MTPEIN3HN MOAETH U METO/IH.

e MmHoro npoaykTtuBeH € moaxona komomaupany aaponaute monenun CORSIKA u GEANT4 ¢
enexkrpomarauTaus Mosen CORIMIA. Tosa Geriie ochiiecTBeHO B cepust Hamu padotu [360, 384, 387,
403, 404, 419, 438, 441, 442, 462, 468, 474 u np.]. CORSIKA u GEANT4 uzuucnasar CRII B Tpormo-
cdepata u Huckara crpatocdepa, 1okato CORIMIA — BbB Bucokara crpatocdepa u ioHochepara.

e [lo TO3M Ha4MH y HAcC € Ch3]1a/ICHO HOBO HAYYHO HANpPaBJIEHHUE U METOJIOJIOTHUS 3a MOJeIUpaHe
u cumynanus Ha HonuzauonHute (CRII), enekrpudeckn u XMMHUYECKH MPOIECH B aTMocdepHaTa u
KocMHMUecKaTa (PU3MKa ¢ MPUIOKEHHE B IPAKTHKATa Ha MPOTHO3UpaHeTo Ha KocMuyeckoTo Bpeme.
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http://www.fluka.org/fluka.php?id=secured_intro
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