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OBIIAA XAPAKTEPHCTHKA PABOTBI

AKTYaaLHOCTE NPOGIeMBL.

“Kocmuyeckas mnoroja” - Kak TepMHH nosBwica B 90-x romax XX Beka, Kak
OIMCHIBAIOIMI Hanboee BaXKHLIE acleKTbl HayKH O CONHEYHO-3EMHBIX CBf3iX. Paspen
HaydHBIX 3HaHui, HaseBaeMbli “CoONHEYHO-3¢MHBIE CBA3H, MOCBAICH H3YYECHUIO
COBOKYITHOCTH BCEX BO3MOXHBIX B3aHMOZEHCTBHI renHo- U reo)M3sHUECcKNX ABIeHHM. DTa
obnactb HCCIIENOBAHHA TEKUT Ha CTBIKE ¢usuxu ConHua, conHeyHol
CHCTEMBI M TeOU3NKH ¥  3aHMMAETCAd M3YYEHHEM BIHAHHA CONHEYHON H3MEHUMBOCTH
H CONHEYHOM aKTMBHOCTH 4Yepes MEXKIUIaHETHYI0 CpeAy Ha 3eMIo, B  YacTHOCTH
Ha MarauTocdepy, HoHocdepy, arMocdiepy 3emin. B mpakTudeckoM CMEICIE K TeMaTHKe
KOCMHYECKOH TMOTOABI  OTHOCATCHA, HANPWMEp, BONPOCHL MPOTHO3a  CONHEYHOMN
¥ TEOMarHHTHOM aKTMBHOCTH, MCCIEZOBaHMSI BO3ZNEHCTBHA CONHEYHHIX (hakTopoB Ha
TEXHHYECKHE CHCTEMBI (PaTHONOMEXH, pATAANHOHHAsS 00CTaHOBKA U TIp.), BO3ICHCTRUS HA
Gronoruyeckre CHCTEMBI U MIOZEH.

PanuauwonHas ofcTaHoBKa B KOCMOCE CO3MaéT HEMallo NpOOJIEM He TOJNBKO
KOCMOHABTaM, HO U KOHCTPYKTOpaM KOCMMYECKHX amnmnaparoB. Emé Ha 3ape KOCMHYECKHX
HOJNETOB CO3TATENH CIIYTHHKOB CTONKHYAHCH C HpoONeMoil KHBYYECTH CONHEUHBIX
6arapeit. Okasanock, 4TO MO JEHCTBHEM MHTEHCHBHBIX [IOTOKOB YACTHL PaJHALMOHHBIX
HOAICOB OHH IOBOJEHO GBICTPO AETPAXHPOBAIH: MX 3JIEKTPHUECKHIL TOK, HEOOXOMUMELA TS
nuTanus GoproBBIX cHCTEM, yMeHbmancsd. Ilpuimmoch WX 3auMIIaTe OT pagHalkd —
NPENOXPAHATE CIOff KPEMHHUS CTEKJIOM, NOTTOLIAONMM GoNbmiyio fomo pajnandd. Tak
HauHHAIach 3pa “6opbObl” ¢ KOCMHIECKOH pauauueii.

Panuauponnas Gyps 3To pe3Koe yBEIHUEHHE NIOTOKA 3aPAKEHHBIX YaCTHLL M Y-KBAHTOB
B OKOJIO3EMHOM IIpPOCTpaHCTBe. BO BpEMs CONHEYHBIX BCIBIMIEK B NPOCTPAHCTBO MOTYT
OBITH BEIGPOINEHB! 3apAXEHHEBIE YaCTHLE! (B OCHOBHOM IIPOTOHBI) SHEPTHH OT HECKONBKHX
M5B no aecarkos I'aB. O1H wacTris! noing 1o 3eMnH, MOTYT HaHECTH CEPBE3HEIH Bpel Kak
OpOHTANbLHEIM CTAHUHAM, TAK H Ha3€MHBIM TEXHOIOTHAM, Tak Kak €ClM M NpHMepa depes
TPaH3UCTOP MpOMAET 3apsiKeHHaA YacTHUA, OHA MOXKET WHIYUHMPOBATH NONONHUTEILHEIE
TOKH, B CIICICTBHH 9E€T0 MOXET MOMEHATHCA IPOTpaMMa OTBETCTBEHHAs 33 OPUEHTALMIO
cnyTHHKa. B ciyuae Korzna 2apsbkeHHble JacTulibl oT CosHila IOX0AAT 10 3eMIH U HMEKOT
NOCTaTOYHYI0 3JHEPrMI0 UL MpEOJONICHUsS MArHUTHOTO IONS 3EMIIM, OHH CO3NAl0T B
atMocepe Kackagbl MHOXECTBEHHBIX BTOPHYHBIX YACTHI, KOTOPHIE IOXOAST IO
nosepxHOCTH (Takoe cobeiTne HasmBaeTca Hasemmoe Ilpemnmmenne — Ground Level
Enhancement - GLE) U Moryr MHAyUMpOBarh AOMOTHUTENLHLIE TOKH B IPOTHKEHHBIX
BBICOKOBOIIETHEIX JMEKTPHUECKHX KaOelsX, IT0 MOXKET BRIBECTH U3 CTPOS TpaHchopMaTops!
Ha DONeKTpUYecKWX TNojcraHuusx. Haubonee W3BEeCTHOH crana asapus, RBeI3BaHHAA
MarHATHO#t Gypeit 13 Mapra 1989 ., B Xone KoTopoit 6 MHMIUIMOHOB YENOBEK W Gonplmas
YacTh MPOMEIILICHHOCTH KaHajackoif npoBuHIpM KBeGek Ha 9 wuacoB ocramuce 6e3
3NIEKTPHYECTBA.

TIpuBeneHHbIE TIPHMEPHI MOKA3bIBAIOT HACKONBKO BAKHO MMEThH XOPOIUIYIO CHCTEMY
OMOBEIIECHNS O HAABMTAIOMUXCA pajHalMOHHBIX Oypsax. B HacTosmee Bpems ToYHEIE
MaTeMaTH4YeCKHE MOJENH, OMMCHIBAIOIIHE IPOLECCH  CONHEYHO-3¢MHOH  (H3HKH,




OTCYTCTBYIOT. Tlo3TOMy B OCHOBY NpOTHO30B TOJIOKEHE (hEHOMEHONOTHYECcKHUe,
BEPOATHOCTHLIE MOJENM, TO €CTh MOJENY, ONMHCHIBAIOLIHE IOCIEIOBATENEHOCTL
(U3MHECKMX SBICHWH, KaXKABI IDar KOTOPOH MOXKET BBINONHATECS C HEKOTOPOH
BEpoATHOCTEIO. CyIEeCTBYIONME CUCTEMEI OMNOBCINEHWS NENATCH Ha CHOYTHHUKOBBIE H
HaszemHble. Llentp IMporaosnpoBanus KocMudeckoit IMorogsi (SWPC — Space Weather
Prediction Center) npeIoCTaBIsIOT YCIIyr¥ TIPOTHO3HPOBAHUS HCIIONB3Ys JAHHBIE O TIOTOKAX
3NIEKTPOHOB, NPOTOHOB W y-kBaHTOB oT cryTHHKOB GOES, ACE, u.T.n. . OmHako BpeMs
TIPOTHO3UPOBaHNA MOXHO YJIYYIIHTH €CNIM HMCTONB30BATh JAHHBIE Ha3eMHBIX JETEKTOPOB
YacTHI, TAK KaK CONHEYHBIE YacTHIBl CaMbIX BBICOKMX 9HEPrHii, KOTOpblE HE
PErHCTPUPYIOTCA CHYTHUKAMH BBHAY MAaloif MHTEHCHBHOCTH, CO3JAFOT KAacCKajibl YaCTHI B
aTMocepe KOoTopsle MOTYT GBITh 3apErMCTPHPOBAHBI HA3EMHBIMH YCTAHOBKAMH.

Ilenr pa6oThl- NPOBECTH aHaNN3 MOAYIAUMOHHBIX 3¢dexTos, BIMAIOIMX Ha
WHTEHCHBHOCTH PETHCTPUPYEMBIX INOTOKOB 3IEMEHTapHBIX YacTUIl H CO3/aTh CUCTEMY
ONOBEINEHAS O HajBHraromeiics pagualMoHHO Oype Ha OCHOBE JaHHBIX Aparaikoro
Henrpa KocMugeckoit Toroast (ASEC), B ToM umcre:

. Uccnenosanne MomyasuHOHHBIX 3(ekTOB (CONHEYHOrO M
aTMoc()epHOro MPOUCXOXKAEHHS) BTOPHUHBIX KOCMHUECKHX JIydeil U1 CO3flaius
CHCTEME! OMOBELIEHHS O PagHalHOHHBIX OypaX.

. Ipuvenenne  MERMaHHBIX  ITOPHTMOB  (MUILTPAUMM
BPEMEHHBIX pAnoB aeTekropor ASEC.

. Hccnenopannie NOBBINEHNA TOTOKA YacTHIL BO  BpeMA
TPO30BEIX sABNcHUit nerexTopamu ASEC.

° Hccnenopanne XapakTepHCTHK —CO3JIAHHOTO  QINOPHTMA
ONOBEHIEHMA O HaABUratoweiics paguanvonHoit Gype (3ddexrusnocin u
BEPOSATHOCTE JIOKHOH TPEBOTH).

HEaI(l‘H‘ICCKaﬂ SHAYHMOCTE NOJIVICHHEBIX PEIVILTATOB.

B pamxax paboTsbl co3qaHa cHCTEMa ONOBEIIEHMS O BO3MOKHBIX paliHaliMOHHKIX (ypsix.
OTIOBEIEHAS MOCKUTAIOTCA B BUAE COOOIIEHUIH 3IEKTPOHHOM MOYTON 3aMHTCPCCORMIILIM
opraHuzalisiM u ¢usndeckuM aunaM. CospaHsl aGNOHEL ONIOBELIEHUHA ¢ OGLACHICIIMAMY
Ppa3paboTaHHLIX CTaHHApTOB H THIIOB TPEBOKHBIX curHatos. CucreMa onosemicHns (yJier
HHTerpuposada B epponeiicknit mpoekr COST ES0803.

Beutn  BHeNpEHBI @IrOPHTMBl (MIBTPALMH BPEMEHHBIX DANOB  HHTCHCHRHOCTH
KOCMHHECKHX YacTHL, W3MEPSEMBIX Ha3seMHbIMH JeTekropamu. Co3aaHHas MporpuMma B
HACTOAWEE BpEMS HCIIONB3YETCA JUIA KOPPEKLHM JAaHHBIX Aparagckoro u [lop-
AmGepackoro HelfTPOHHBIX MOHHTOpPOB HalpaBIseMbIX B 0asy JaHHBIX EBpoasMarckoro
Koncopumyma He#rpornsx Monutopor (NMDB — Neutron Monitor Database) s
BCeoOIero AocTyma.

Tlpemnoxena meroxnka perucrpaunu Iupokux Armocdepunix Jlusne#t (LIAJD) c
TIOMOIIBI0 HEUTPOHHEIX MOHHWTOPOB W Kod(huumcinTa MyIKTHINIMKAUHU HEHTPOHOB
(oTHOIDEHHE YKCIa BTOPHUHEIX HENTPOHOB MOMABIIWX B CYCTYHK HEMTPOHHOTO MOHHMTOPA K
YUCITy NEPBUYHEIX).

CTaTHCTHYeCKU aHATH3 NPEBHINEHMI B IAHHEIX Ha3eMHLIX aeTtekTopoB ASEC moxer
OBITH WCTIONBE30BAaH NS JCTATLHOTO M3YHEHMA NpPOLECCOB H3MEHECHMA CHEKTPOB H
FIaBHHHOTO YBETHYECHNA YUCIa BTOPHYHBIX HACTHII B aTMOC(EPHBIX 3JIEKTPHUCCKIX ITONAX.

Havunas HOBH3IHA.
o Co3gana cucTeMa OINMOBEIIEHHA O  HAJBUTAIOLIUXCA

pafHalMOHHEIX GypsX, OCHOBaHHAs HA CITyTHHKOBBIX JAHHBIX O PEHTTEHOBCKHX
BCIBIIIKAX M CTATHCTHMHECKH 3HAYWMBIX MPEBHIIEHHAX MOTOKOB KOCMHYECKOIO
H3ITyueHUs, PETHCTPHPYEMOro Ha3eMHBIMH JETEKTOPaMH YacTHL,

. Co3maHa mnporpaMma i aBTOMarHueckoit ¢uisTpaniu
BPEMEHHEIX DANOB B PEWILHOM BpeMeHH, obecreunBalomas OXHOPOAHOCTH
(yHKIHOHMPOBaHHMsT WM3MEPHTENBHEIX KaHAIOB JETEKTOPOB YacTHI BO BpeMs
MHOTOJIETHHX HCCIIeOBaHHIX.

. Brepeble nmpoBeAeH CTAaTHCTHYECKMi aHANM3 YBENHYEHHIl
HOTOKOB BTOPHYHBIX HAaCTHIl BO BPEMS IPO30ii AKTHBHOCTH.

. IMpoBemeHo ~ u3MepeHMe  cpeaHero  ko3ddunuenra
MYJIbTHIUTHKALAHA HETPOHHOr0 MOHHTOpA NPH PETHCTpauMH COOBITHI pasHoro
THIIA.

OcHoOBHBIE MOJI0KEHUA JANCCEPTALMH, BLIHOCHMBIE HA 3AIUMTY.

o IIporpaMma ONOBEWIEHHS O HAABMIAIOMMKCS PaAJHAIMOHHBIX Oypsx:
pacuerst 3(EeKTHBHOCTH M BEPOATHOCTH JIOKHBIX TPEBOI' CO3AAHHOMN CHCTEMEL.

o AJNTOpPUTMEI QUIBTPAIMK BPEMEHHBIX PS/IOB.

o Pe3ynpTaTsl CTAaTHCTHYECKOTO aHANW3a INPEBBIIEHHE CKOPOCTH CYeTa
nerexkropoB ASEC Bo BpeMs rpo30Boit akTHBHOCTH.

AnpoGanusi__paGorel. OCHOBHBIE pE3yNbTaThl JUcCepTalMoHHOM  paGoThl
JIOKITaNBIBANMCE HA: MEXKAYHapOIHOM cuMriosHyme “ITepBble pe3ynbTaThl MEKAYHAPOAHOTO
renodusmdeckoro roma 2007 (Cosomoms, bonrapus, 2008) , wexayHaponHoM
cumnozuyme “FORGES-2008” (Hop AM6epn, ApMenus, 2010) , Ha pernoHaIEHOH BCTpede

no kocMudeckoii nmoroge (IHY-ISWI Regional Meeting, IlluGenuk, Xopearus, 2009), Ha

MexxayHapoxHoi koHpepenuun “TEPA-2010” (Hop AwmGepn, Apmenms, 2010), Ha
MexayHapoxHoi koHdepenuuu “Aragats-2011” (Hop AMGepa, Apmenus, 2011).

Iy6aukanuu. OCHOBHOM MaTepuan aucceptatuy omyOmukoBad 5 paborax- 3 crareax
H 2 Te3ucax JOokIafoB (CM. CIUCOK B KOHIE aBTopedepara).

T a_W o0hem jMccepTanMOHHOH pabothl. [luccepraups CcOCTOMT U3
BBEJICHWs, 4YETRIpEX TJIaB, 3aKMIOYEHWs M CIHCKa HCIONB30BAHHOM  JIMTEpaTypEI
Juccepraunonnas pabota usnoxena Ha 110 crp. u cogepxut 14 tabmun, 82 pucynka u 56
HauMeHOBaHHIf OHOIMOrpadUIECKUX CCLUIOK.




COJIEP)KAHHUE PABOTHI

Bo BBeIeHHH 060CHOBaHA aKTYaIbHOCTh POGIEMBI, ChPOPMYITHPOBAHEI LIENH M 3ala4l
HCCIIEN0BAHKA, HAaydHas HOBH3HA M TIPaKTHUECKast 3HAIMMOCTh MTOTYyJEHHEIX PE3YNBTATOB.

Iepsas rrasa cocrout U3 3-x pasgenoB. B mepBoM pasfenie AacTca ONPEACICHHE U
onucanue monathit “Kocmudeckas noroga” u “Pamuaunonnas Gypa”. Llens uccnenosanus
KOCMHYECKO# TIOTOEI - IIPOTHO3HPOBAHAE BO3MOMHBIX BO3JECHCTBHII Ha TEXHONOTHH IIyTEM
HaGJII0eHus, MOHMUTOPHHTA, aHANH3a U MoJenupoBaHud. Hanbonee 3HaunMoe BIUSHHE Ha
KOCMMYECKYIO TIOrOAY B OKOIO-3eMHOM cpene okaspiBacT Comune. ComHIOE BIMseT Ha
OKOJIO3EMHYIO  Cpedy  BeIGpachiBad  3JEKTPOMAarHMTHOE  HM3JIYYCHHE,  IINasMy,
BBICOKODHEPTHYHEIE YACTHLBI ¥ MOHEL. JTH YacTHLEI TOHIA J0 OPOHUTANBLHEIX CITyTHUKOB B
OKOJIO3EMHOM TIPOCTPAHCTBE MOIYT CO3/aTh JONMONHMUTENBLHBIE TOKA B 3JIEKTPOHHKE
CIyTHHUKOB, 4TO MOMET MPHBECTH KaK K W3MEHEHHIO IPOrpaMMHOro 00eCIICUEHHA, Tak ¥ K
BBIXO/Y M3 CTPOS NEMEHTOB 3JEKTPOHHKH. B HacTosinee BpeMs TOUHBIE MATEMATHYECKHE
MOJIENH, ONMCHIBAIONIAE TPOUECCHl CONHEYHO-3eMHBIX CBa3elf, oTcyTcTBYroT. [ToaTomy B
OCHOBY TIPOTHO30B MOJIOKEHE! PeHOMEHOTIOTHIECKIE, BEPOATHOCTHEIE MOJIEITH,

Bropoit pa3aen omuCHIBAET CYIHECTBYIOIIME METOBI H3YUCHHS KOCMHYECKOH MOroast —
CIMYTHHKOBHIE M HazemHble, CITyTHHKH W KOCMHYECKHE KopablH KOCMHYECKHX areHTCTB
CIIIA, Erpomsl, Snmonur © PoccHn ocHamaroTcs AeTEKTOpaMd YacCTHI JUIS PErUCTPaliuM
KOCMHYECKHMX IIy4el. DTH CIyTHUKH KPYTTOCYTOYHO H3MEpAIOT TIOTOKH PEHTTEHOBCKOrO
U3Ny4YEHHs, FaMMa-KBaHTOB, IIPOTOHOB, NIEKTPOHOB, @ TaK XK€ MarHATHOE TI0JIE U MOCHUTAIOT
3TM JaHeele Ha 3eMmio. OnHako C BO3pPACTAHMEM DSHEPTHH KOCMMUECKHX JIyued ux
HHTEHCUBHOCTD PE3KO MajacT U BEPOSATHOCTh HX PETHCTPALMH YMEHbBIIACTCA (BBH/LY MaJIbIX
pa3MepoB IETEKTOPOB KOCMHIECKOTO Ga3supoBaHuA), H AJI1 H3MEPSHHA BHICOKOIHEPIHIHOMR
KOMHOHEHTE KOCMMUECKOTO H3Ty4eHHsT MCMOJB3YIOTCA HaseMHbIE JeTekToprl. [locnennne
PETHCTPUPYIOT BTOPHYHbBIE IIOTOKM 4YaCTHI, POXICHHBIE B PE3YNLTATe B3aMMOJICHCTBHS
TEPBUYHEIX KOCMMYECKMX JIydell ¢ smpamMu atMocdepbl. BTOpWUHBIE IIOTOKM HaCTHIl
MOYTHPYIOTCS KaKk OT akKTHBHOCTH COMHIA, TaK M OT aTMoc(epHHIX sBieHnit, B pabGote
H3y4eHH BO3MOXHBIE MOIYJAUHOHHEIE 3¢(eKThl MUIA CO3MAHMA CHCTEMEI OMOBEIHEHMS
palMaUMOHHEIX GYpPSX ¢ HAMMEHBIEH BEPOSTHOCTBIO OLTHOKH.

Ta6auna 1 IlIxana Panuanuonnnix Byps no NOAA

Kareropusa TToTok woHOB
9HepruH Boie 10 CpenHsas yacTora
lxana OnucaHue MsB
" 5 Menrsme yeM 1 3a
S5 JKCTpeManbHBIH 10 KT
S4 CypoBbiit 10* 3 3a umKn
S3 CHIBHBIN 10° 10 3a uKn
S2 VMepeHusiit 10° 25 3a KN
S1 Jlerkuit 10 50 3a K

Tperuit paszen OmUCHIBACT CYINECTBYIOIHAE METOMBI MPOTHO3HPoBaHUA KocMudeckoit
Toroasr. Ilentp Ilporrosuposanus Kocmuweckoit [Toroxmer (SWPC — Space Weather
Prediction Center) NOAA B pealbHOM BpeMeHH TPEIOCTABISAET IAHHEIE OT JICCATKOB

P

CIYyTHUKOB ¥ kocMuueckux craHmmi (GOES , ACE, u.T.0) B HMHTEpHET, a Takke
TIPEIOCTABNIAET YCIYTH ONOBELIEHMA B CIyd4ac M3MCHEHHS pPa3lHYHBEX KOMIIOHEHT
KOCMMYECKOH ITOrOAbI BO BpEMsl COTTHEYHBIX BCIIBINIEK, B TOM YMCIIE U PaIHalMOHHbIX Oyph,
cM Tabmumy 1.

OnHako CITyTHAKOBBIE JETEKTOPHl PETHCTPHPYIOT B OCHOBHOM MaJ0 SHEPrHUHYIO
KOMIOHEHTY COJIHEUHBIX 3apsKEHHBIX YaCTHLL, M Jal0T CUTHAI OTIOBEMICHHUE [TO3KE YEM ITO
MOTYT JA€NaTe CHCTEMEI [IPOTHO3HPOBAHMA, OCHOBAHHEIE HA JAHHBIX HA3€MHBIX IETEKTOPOB,
TaK KaK ¢ MOMOIIBIO TIOCTIEAHUX HMEETCA BO3MOKHOCTD PETMCTPHPOBATD YACTHIIBI BBICOKHX
aHepruil. KoHeunoil nensio accepTallii SBIAETCA CO3MAHHME CHCTEMBI IPOTHO3MPOBAHMS
PamuaMoHHKX Gyph HCMONB3ya AaHHBE AeTekTtopoB ASEC. J[ns 3Toro 6511M MCClIE0BAHBI
MOXYJANMOHHEIE S(QEKTEl BTOPUYHBIX KOCMMHYECKMX JIyded And [OHMMAaHHsA
CTATUCTHYECKOI0 XapakTepa BPEMEHHBIX PANOB perucTpupyeMex derekropamu ASEC u
Ans  BeIOOpAa NapaMeTpoB &ITOPHTMA CHCTEMEI OMOBEIEHMS Tak, 4ToOkl WMETh
MaKCHManbHy10 Y(pEeKTHBHOCTD H HANMEHBUIYI0 BEPOATHOCTB JIOXHBIX TPEBOT.

Bropas rnasa JuccepTalii COCTOUT M3 ABYX pasfenoB. B mepsBom pasnene omcaHer
HetpoHHsle MOHUTOPEI ASEC, koTopEIie HaxonaTca Ha Beicotax 3200 M 1 2000 M Ha rope
Aparan. HecmoTpa Ha 50 meT HCTOpPHH HCIONB30BAHMA 3THX JAETEKTOPOB, HA3E€MHEIE
HeHTpoHHble MonuTOphl (HM64) (Pucynox 1) ocratorca 10CTaTOYHO HajekHOi
anmaparypoil ATA M3MEPEHMA KOCMMYECKMX JIyuel, H OHH WrpaioT KIIOYEBYIO pollb B
Ka4eCTBE MHCTPYMEHTA HCCIENOBAHMA B 00J1aCTH KOCMIUECKON (PH3NKH, COMHEYHO-3EMHEIX
cBa3cii M HccnenoBaHus kKocMUdeckoii morogsl. OHH YYBCTBUTENBHBI K MOTOKAM YacTHII,
npoHHKaomMM B atMocdepy 3emun ¢ sueprdeit okono 0.5-15 I'B, T.e. B muanazoHe
3HEprui, KOTOPhIE HE MOTYT ORITH H3MEPEHE! JACTEKTOPaMH B KOCMOCE TaKUM € NIPOCTHIM,
HEIOPOTHM, ¥ CTATUCTHIECKH TOUHBIM METOJIOM.

HelTpoHHEI  MOHHTOP  COCTOMT M3  Ta30OHANONHEHHEIX MPOMOPLUHMOHATBHEIX
CYETYHKOB OKPYXEHHEIX 3aMEINTENAMH, CBHHUOBOTO PasMHOXHTENS M OTpaXaTeild.
Peructpupyemsie angpoHs! (TIPOTOHEI M HEWTPOHEI) BTOPHYHEIX MOTOKOB KOCMHYECKMX
Jy4el BEISEIBAIOT ANEPHBIE PEaKUMH B CBHHIIE M POXIECHHE MHOXECTBA HEWTPOHOB HHU3KHX
SHEPrui. ITH HERTPOHEI C SHEPIUAMHM HopAaKa MaB 3aMeanA0TCA IO TEMTOBOM SHEPIUH U
PETHCTPHPYIOTCA MPONOPLMOHANEHEIMHA cUeTYHKamMH. [IponopuHOHANBHBIN CUETYHK B
HEHTPOHHOM MOHMTOPE PETHCTPHPYET TEIUIOBBIE HEWTPOHBI, KMHETHYECKas 3JHEpPrHs
KOTOPEIX Okoio 0,025 3B. Cueruwk 3amonmHeH razoM - Tpudropuzom Gopa (BF;),
oBoraueHHEM 10 96% wuzotomnom '°B npu masnennu B 0,27 6apa. PerucTpauss TemnoBsx
HEHTPOHOB B CUETHOH TpyOke NPOMCXOIMT TPH MX B3auMozelcTBHM C sapoM 10B B
9K30TEPMHUECKON peaKiiu:

"B, + n—"Li,+"He,

B memax noBbNNEHHS BEPOATHOCTH SACPHOM pEakiMM HEWTPOHBI, Kak yke
YINOMHHAIOCH BHIIE, AOMKHBI OBITE 3aMelleHbl. PYHKIHA 3aMENTHTENd 3aKI04acTea B
YMCHBIICHHH SHEPrUM HEHTPOHOB KakK MOXHO GITHXe K TelnoBoif sHepruu (~1/40 3B). 3o
OCYHIECTBASETCA IIyTEM CTAIKMBAHMA HEHTpOHOB C JApyrmMH sAnpamMH. O6MeH
KMHETHUECKOH 3HEpruel NpouCXOQuT MydIne, 4eM ONikKe Macchl sApa K Macce camoro
HefiTpoHa. MaTepuaie! ¢ HH3KOM aTOMHOM Maccolf, KOTOpble, Kak NMpaBUIO, COLEPHKAT
BOJIOPOJI, HATIPUMED, TIONTUATHIIEH, HCTIONB3YIoTcad B NM64 B kadecTBe 3aMenUTE N,




3ameLTHTENh OKpYXEH CBHHILOBEIM YMHOXMTeneM. CBHHEI| BEIONHAET nBe (QYHKLMH B
HEWTPOHHOM MOHMTODE:
1. HeifTpoHsl HH3KMX >HeEpruii 00pasyloTcs B #[EpHBIX PEAKUMAX aIPOHOB CO
CBHHLIOM.
2. CpenHee 4MCIIO BEUIETEBLIMX HEWTPOHOB Ha KAXKIbIA NaNalolUi HyKIIOH,
~ 15, ¥ TakuM 06pa3oM CBHHEL[ IPHBOJNT K YBENHUIEHHIO OOMIEH BEPOATHOCTH
PperucTpalyH.
CBUHELl MMEET CPABHUTENLHO MAOE CEYEHHE NOTIOMEHHS IS TEMNOBHX HEHTPOHOB.
Orpaxarels Takke SKpaHHPYeT W TIOTIOMAeT HEHTPOHBI HU3KOH SHEPrHM, KOTODBIC
HPOM3BOJATCA B OKPYKAOIMEM BEIIECTBE 34 IIPe/IeiaMi HEHTPOHHOTO MOHMTOPA.
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Pucynox 1 Aparauckuii Helirponusiit Monurop

Jletextopst ASEC paGoTaroT KpYTJOCYTOYHO, ©XEMHHYTHO W3MEpAs IIOTOKH
BTOPHYHBIX YacTHL, W PErMCTPHPYS MOZXYIALMOHHEIE 3(eKrsl 3THX IOTOKOB W3- 32
CONHeYHOl akTHBHOCTH. OCHOBHBIE MOLYISIIHOHHBIE 3¢ EKTH KOCMHUECKAX JTy4eH MOKHO
pa36uts Ha 3 Tuna: @oplyImOBCKHME NOHWKEHMS, TeOMArHWTHBIE GYpH U HAa3eMHEIC
npessimenus. Kpome CONHEHUHBIX MOMYJIALUMOHHBIX 3()(EKTOB BTOPHYHEIC KOCMHYCCKHE
JAydM Tak k€ MOXYIHpPYHOTCAd OT Bo3felcTeus armocdeprl. HsMeHeHus HaBleHMH,
TEMIIEPATYphl, 3NEKTPHIECKOTO M MAarHMTHOIO MMOJs BIMACT HA IOTOKH BTOPHYHBIX
kocMHdeckux nyyeil. B TaGmuue 2 mpHBeNcHBI KOPPENAUMH CYMMHUDOBAaHHBIX BPEMEHHBIX
psinoB HelTporusrx MOHUTOPoB ASEC. CpaBHMBAIOTCA KOPPEISLUMH NEPBHYHEIX JAHHBIX
Aparaukoro ¥ Hop- AMGepackoro HEHTPOHHEIX MOHMTOPOB C JaHHBIMH NONPABICHHEIMH Ha
JAaBJIEHHE U Ha JHEBHYIO BONHY W C MOJEIHPOBAHHEIMH 110 T'aYCCOBCKOMY PacmpefcICHHIO
BpPEMEHHEBIMH PAJIaMH.

Kak BHIHO W3 TaGNMIIBI HIOCHE CEPHM IIONPABOK CPENHsA KOPPENAUUs MpHOImKacTCa K
HOJY4EHHOH 0[O MOIETMPOBAHHEIM HE3aBHCHMEIM CITy4YaifHBIM BPEMCHHBIM DAZaM, a
JaHHbIe G¢3 MOMPABOK HE ABIAIOTCS MACATHHO HE3aBHCHMBIMH, HTO JIONKHO OBITE YITEHO
TIPH CO37IaHHH CHCTEMb] OTIOBEILIEHHS paTHalMOHHBIX Oype.

Ta6auua 2 Koppensuyu BpeMeHHBLIX PAA0B HeiiTpoHHbIX MoHHTOpPOB ASEC npu
pa3sHbIX MONpaBKax

JlauHbie
Mo,ucrmpOBaHH Havansupie Jannsie TMONpPaBJICHHEIC HA
Bl JIaHHEIE J—— MIOTIPABJICHHBIC HA T@ABIEHHUE C
JIaBJICHHC BEIYETOM
JHEBHOMN BOJIHBI
Cpennee
3HaUYCHHE 0.13115+0.197 | 0.0344982+0.0718 | 0.027816+0.0685
. =X
— 0.001+0.009 722 742 Ty
Ui

Bo BTOpPOM pasjgene ONWCaHbl @ITOPHTMBI (HIGTPALAM BPEMEHHRIX  PSIIOB,
paspaGoTaHHble NS KOPPEKTMPOBKH JAHHBIX MHOTOKAHANBHBIX AETEKTOPOB KOCMHYECKHX
nydel. HaseMHble neTekTopsl BTOpMYHBIX kocMmueckux nydeli ASEC kpyrmocyrodHo
PETHCTPUPYFOT 3apskeHHble W HeliTpaneHeie mnotokm wacrull. Jletexroper ASEC
pacIoNokeHsl Ha JIByX BBHICOKOTODHBIX CTaHLMAX, Ha KOTOPBIX 4YacTo GBIBAIOT CypOBEIE
TIOTOZHEIE YCNOBHSA, KOTOPBIE MOTYT NPHBECTH K CKAauKaM B HANMpMKEHHH M K BRIXOAY H3
CTpOs JJEKTPOHMKH JIEeTekTopoB. M3 3a 3TOr0 Mbl MOXEM HMETh KPaTKOBPEMEHHBIE W
JIONTOBpeMEHHEIE OIHOKA BO BPEMEHHBIX pAAaX HAIAX JeTekTopoB. IlosTomy
HeoOXoauMo ObUTO pa3paboTaTe AITOPHTMBI (IAIBTPALMH BPEMEHHBIX PSAIOB, KOTODEHIE
cMorE GBI HalfTH NedekTHhIE TaHHEIE, BOCCTAHOBHTE NPOMYIIEHHEIE YYACTKH, TIDH 3TOM HE
BIIAsis HA 3aPETHCTPUPOBAHHEIC CHTHANBI (MOAYNISIHOHHBIE 3 dEKTHI).
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Pucynok 2 Tuns! oImr0OYHEIX TaHHEIX BO BPEMEHHEIX psJax.

Ha Pucynke 2 u3oGpakeHs! 4 OCHOBHEIX BHJOB OMIMOOK KOTOPBIE BCTPEYAOTCA BO
BPEMEHHBIX psAfax HAeTeKTOpoB. Paspa6oTaHel M TECTHpOBaHEI 2 aITOpPHTMa JUIs
KOPPEKTHPOBKM 3THX BHAOB ommubox. IlepBhiif anropurM sto Menmamneii QuisTp,
KOTODEIH TI03BONSET MCIPABATH KPATKOBPEMEHHEIE (HECKONBKO MMHYT) OLIMOKH, a BTOpOi
anroput™ (OTHocHTenbHBI Menuanneii @OUIBTP) MO3BONAET CKODPEKTHPOBATE M




BOCCTAaHOBHTE JOJITOBPEMECHHBIC IPOMCKYTKH HMCIOPYCHHBIX NAaHHEIX HCNOJB3YA JTaHHBIC
HECHCTIOPYCHHBIX KAHAJIOB TOr'0 XK€ ACTCKTOPA.

[ CRIntensity Measured by NANM,1997-2007 |
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Pucynox 3 J{auusie Hop-Am6Gepackoro HeiitponHoro Monuropa 3a 23-uii ConneyHsrit
Tuxn

CR Intensity Modulation During 23rd Solar Cycle |
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Pucynok 4 CkoppextpoBanHsle fanHbsie Hop-AM6epackoro HERTpOHHOTO MOHHTOpPA B
CpaBHEHHH C JaHHBIME MOCKOBCKOrO HEHTPOHHOTO MOHHTOpA 32 23-~Hif LMK

10

|
|
|
|

Bl
=
H
-~

N
N
N
1
=1

Fﬁr hancemant assoctat > “_"j

10" : g’

Data filterad with algorithm 3

Count Rate per Minute (Arbitrary Units]
H g
T —
i}-
Count Rate per Minute (Arbitrary Units)
g
T

Ja——

g
T

g
e e

00}~ [
il Lo 4o 004 Logie o o0}~

11:00 17:00 2300 05:00 1100 17:00 23:00 05:00
Time (UT]

) ittt ettt bata st L
1700 17:08 4790 478 1720 1725 11:30

Time [UT]

Pucynok 5 BiusHue nporpaMMs! GuisTparuy Ha MOTYISIHOHHEIE 3¢pekTh arMoctepsr
(mpeBBILIEHNs CKOPOCTH CUETa BO BpeMA Ipo3)

Ha Pucyske 3 usobpaxenst nanasie Hop-AMmGepackoro Helitpornoro Moruropa 3a
23-uii Conneynniit ITuxn (12 nmer). Ha Pucynke 4 n306paxeHBI Te e JaHHBIE IOCHE
¢uIbTpaIUKM B CpaBHEHHH C JJaHHBIMH MOCKOBCKOTO HEHTPOHHOTO MOHHMTOPA, HA KOTOPOM
yXKe BHAHO, 4YTO MOIYIAMUOHHEIM sddexr conHeuHoro 1ukna (YMEHBINEHUE
HHTEHCHBHOCTH B CEpellMHE LMKIA M BO3PacTaHWE B KOHIIE), 3aperucrpupoBanHsii Hop-
AMOepACKUM ~ HEHTPOHHBIM MOHHTODOM, CpPaBHHM ¢ MOCKOBCKUM — HEHTPOHHBIM
MOHHTOPOM.

Kak BHIHO M3 TMOK23aHHBIX PHCYHKOB, MporpaMMa (WIBTpalMH JOBONEHO XOpPOIIO
KOPPEKTHPYET OITHGOYHEIE JAHHEIE JETEKTOPOB TIOKA3aHHHIE Ha PUCYHKE 2.

PaspaboTanHad mporpamma cefiuac paboTacT B PeXHMME PEATBHOTO BPEMEHHM I 060HX
meitpondsix MouwropoB ASEC. Opmako, Tawke BaXHO YTOOBI peanbHBe (u3MYecKue
CUrHANBI HE M3MEH/IMCh M3-32 mporpaMmbl GumsTpanm. MoXHO HCNONB3OBATh pasHbIE
TapaMeTphl AITOPUTMOB RIS MONYYEHHS PasHOro ypoBHs (uinTpoBaHus. B auccepraumu
HOApOGHO OIMCAHEI CBOWCTBA NPOrpaMMBI NPH PasHBIX NapaMeTpaxX IrOPUTMOB H
HCIOAL3YS 3TH pe3yNbTarhl MONB30BATENh MOXKET caM BRIOpaTh A cebA ypoBeHb
¢uneTpamu. Eciy Mcmons3oBath TONBKO BTOPOH airoput™ (MIBTpalMHM - 3TO BCEraa
COXpaHHT MOZYNALMOHHEIE YGPEKTE, OINHako He YOepeT KpaTKOBPEMEHHBIE NHKH OT
HABOJIOK, €CITM HABOJKM JEHCTBYIOT Ha BCE CUETUHKH JAHHOro jgerekropa. Ha Pucynke 5
TOKa3aHO Kak BIMAET nporpamMma ¢unsTpanyu (HMXHHE KPHBBIE, IIPaBBLIA PUCYHOK
TIOKa3kIBAET B YKPYNHEHHOM BPEMEHHOM MaciuTabe NpaBbilf MUK HA JEBOM PUCYHKE) Ha
¢usMuecKre CHIHANEI, 3aperHCTPUPOBAHHBIE JIETEKTOPaMH. B faHHOM cllydae HapaMeTpEl
BEIOpaHb! TaK, YTOOB! MAKCHMANBHO HE MOJABUIINCH (PU3HUECKHE CHTHATEI U KaK BUIHO M3
pucyHka (UMK cnpaBa - TOTOK Y-KBaHTOB OT TIpo3oBoro ofnaka) —ocTancs
HeOT(HILTPOBAHHBIM, OJHAKO BO BPEMCHHOM PAJIE OCTAICA TAKXE MUK OT HABOIOK (BHH3Y
CIIEBA).

Tperss r1aBa IUCCEPTAllHM COCTOMT M3 JBYX pasfieloB. B nepsom pasjene
TPUBENEHBI Pe3yIBTaThl CTATHCTHYECKOrO aHANH3a INPEBBIIICHWH B HaHHBIX JETEKTOPOB
ASEC cBs3aHHBIX ¢ rpo3oBoif akrmBHOCTBIO. C 2007 roja 1o CEromHAINKEro IHS
nerektopst ASEC saperucrpupoBamu Gonee 200 coOmITHiA CBA3aHHBIX C TIpoO30BOM
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aKTMBHOCTBIO. B03MOXHOCTb YCKOpEHHS SNIEKTPOHOB B aTMOC(EPHBIX 3IEKTPHYECKHMX
nonsx Opla BriepBele paccMoTpena adrnuiickuMm ¢usukoM BunscoHoM B 1924 roxy.
OxHako, B T€ rOAEI MOUCKH I'PO30BBIX YACTHI] HE YBEHYAIHCH YCIIEXOM H3-33 OIPaHMYEHHBIX
BO3MOJKHOCTEH SKCIIEpUMEHTANBHBIX yCTaHOBOK. HecMoTps Ha JaBHIOIO HCTOPHIO,
MEXaHH3MEI YCKOPEHHMA YaCTHI B IEKTPOCTATHUECKHMX MONAX FPO3OBBIX OGJIAKOB ele 10
KoHUAa He ACHEL B 1992 romy A.I'ypeBHY M €ro Kolner# cCo3Jald TEOPHIO YCKOPEHHS
37EKTPOHOB B IPO30OBEIX JNEKTPHYECKHX NONAX. Takue SIEKTPOHEI Ha3BanM “TaBHHAMH
penatuBHcTCkux  yOerarommux 3nektpoHoB (RREA-Relativistic Runaway Electron
Avalanche)”. MUHAMYM HOHM3AIMOHHBIX MOTEPE IEKTPOHOB B BO3[yXe HabmromaeTca npu
sneprusx 100 KoB + 3-4 MsB. Tlpu zmocTaTousHo GONBIINX TONAX 3NEKTPOHE! OymayT
noay4ars GonblIe SHEPrHH, HeM TEPAIOT HA MOHM3AIMIO, TO €cTh OYXyT YCKOpATBCS.
Onnako, KpoMe 1o/ia HeoGXOMME! €IIe M NEKTPOHE! ¢ HAYIBHEIMM SHEPrHAMH OKoMo 1
Mb>B. Takue 371eKTPOHEI IIPACYTCTBYIOT B COCTABE BTOPHMYHBEIX KOCMHUYECKHX JTydeii.
Co6bITHA 3aperucTpupoBaHHble B aerekropax ASEC MoxHO pasfensaTs Ha 3 Tuna:

® CoOBITHA € OJHHAM ITHKOM,

. COOBITHA C HECKOJBLKUMH ITHKAMH W JUIMTEIIGHOCTHIO HE
6onee 30 MunyT,

. CoOBbITHE ¢ MHOXXECTBEHHBEIMM MHKAMH M JUIMTETBHOCTHIO
(6onee 35 MuHYT).

CJ'[E)Iy}OHIHC ApPryYMCHTEI JOKA3BIBAXOT YTO 3apPECTHCTPUPOBAHHBIC IIPCBRIMICHWA HE ABJIAIOTCA
HaBOJKAMH HIIH COOSMH 3JIEKTPOHHKH OT Ipo3:
e TloMexu WMeEIOT XapakTepHyl0 (OpMy W CBA3aHBI C IDO3OBHIMH pa3spsiaMH,
JTISAIMAMECA MUILUTHCEKYHIEL, a AeTekTopsl ASEC perdcTpHpyloT HENpephIBHbIE
npepsimenus B 10 1 6onee MUHYT.

e Jlerekroppt AMMM u MAKET wumeronme pasHylo DJEKTPOHHKY U
pacrnonoxeHHbIe Ha paccTosHUA 400M IpyT OT Xpyra PETHCTPUPYIOT OXMHAKOBEIE
MHKH.

e  TonbKo 9acTHIEI C MATEIM SHEproBEIcneHHeM B fetekrope ASNT nokassisaror
NPEBBIIEHU BO BpeMs IPO30BOi aKTHBHOCTH.
CrarncTHdecknii anamms co6brmuit RREA nokasan ciemyroiiie pesynbTaTh:

o MMocne PaccMOTPEHNAA BO3MOXHBIX HCTOYHHKOB IMOMEX OBLIO  TOKa3aHo
CYHICCTBOBAHHUEC MOTOKOB 4YaCTHL OT I'PO30BEIX 006J1aKoB.

e DBrmo nokaszaHo cymecTBoBaHHe HeliTpoHoB B moToke RREA wacrum.
HpoucxoxaeHue HEHTPOHOB MOXHO OOBACHUTH (OTOAJNEPHBIMH PEAKIHAMH
raMMa-KBaHTOB TOPMO3HOTrO H3NMYydEHHS C aApaMu aTMOcdepsL.

e bouo mokaszano, uro nHBHA RREA npoctipatorcs kak MuHUMYM Ha 400M u

6onee, Tax kaxk AMMM u MAKET B GonsmMHCTBE CTy4aeB perHCTPHPOBANH
TIPEBHIMIEHUA OHHAKOBOH aMINTHTYHI.
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Bo BropoM pasmene DpHBENEHE pe3yNbTaThl  HCCICAOBAaHWA  H3MECHEHWi

ko3dduumenra cpenHeli MHOXecTBeHHocTH npd perucrpaund ITnpoxux Armocdeprsrx
Jlusreit (IHAJL. Ko>pduimeHT MHOXKECTBEHHOCTH HEHTPOHOB 3TO YHCHO, KOTOPOE
TIOKa36IBAET OTHOUIEHHE YHCIIA BTOPHYHEIX HEHTPOHOB POXKACHHBIX B CBUHIE HEUTPOHHOTO
JeTeKTopa K YHCTy MNEpBUYHEIX aTMocepHEIX HEHTPOHOB, MONMABIIHX Ha AETEKTOD.
OnexTpoHUKa HeHTpOHHEIX MOHHTOPoB ASEC no3BonseT perncTpHpoBaTh HEHTPOHBI C
pasiHYHBIMEH MepTBeiME BpeMeHamu (0.4Mkc, 250Mkc, 1250mkc). Korna meprsoe BpeMs
paBHO 1250MKkc, TOraa JU1a K&XIOTO NEPBAYHOrO HEHTPOHA PErHCTPHPYETCA OOUH CHUTHAT, &
s 0.4MKC pErHCTPUpYIOTCA BCe Bropwunsie HeMTpoHel TakuM oOpasoM orHoINeHHE
ckopoct cuera a1 0.4Mkc Ha ckopocte cdera 1250Mkc M ectb ko3dduumeHT
MHOXecTBeHHOCTH. HccneioBanne BpeMEHHBIX PAIOB HEHTPOHHBIX MOHUTOPOB IPHUBENH K
o6HapykeHHIO COOBITHI, BO BpeMs KOTOPHIX OBLIH IPEBBIMIEHWA TOJIEKO BO BPEMEHHOM
pAle coorBeTcTBYIOmeMy 0.4MKC MEpTBOTO BpemenH (PHCYROK 6).
OTH ONHOMHMHYTHEIE NUKH MOXKHO OGbicuuts peructpanueii IIIAJL. Bo Bpems Takoro
COOBITHA TEMIOBBIE HEHTPOHBI, OOpa3OBaHHEIC MHOXECCTBECHHBIMM HEHTPOHAMH M
nporonamu IITAJl MoryT momacte B MOHHTOD 3a Bpems MeHbe deM 0.4MKC W He
pETHCTpHpOBaTsCs IpH MepTBEIX BpemeHax 250Mkc W 1250Mkc. JTo ykasbiBaeT
BO3MOKHOCTB perucrpaiiui u uccienopanus 1ITAJI ¢ moMomero HEWTPOHHEIX MOHHTOPOB.

Data of Aragats Neutron Monitar, 07/11/2010 |
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Pucynok 6 Janusie Aparanckoro Hefirponnoro Monutopa: B ~3 yaca UT IITAJI nagaeT Ha

MOHHTOD.

B cpememM 4 pa3sa 33 CYTKH pErHCTPHDYIOTCS TIMKOBEIE IPEBBICHHS
MHOXECTBEHHOCTH Gonpme 46 BO BpemeHHOM pane kodddunmentor cpenmeit
MHOXECTBEHHOCTH HEMTPOHOB. BHIIO ITOKa3aHO HUTO 3TAa MHTEHCHBHOCTH COOTBETCTBYET
unrencusroctH IIIAJL ¢ sueprueii Bene 4 x 1038,

B ueTBepToii I1aBe OmMcaHa cucreMa ONOBEIEHWS HAa3eMHBIX MPEBHIIICHHIA,
co3panHad B pamkax Aucceprauui. CHcTeMa OMOBEIECHH HIET Ha3seMHbIE MPEBBIEHHA 0T
BBICOKODHEPTHYHBIX YaCTHIl, KOTOPHE 00pa3oBaIUCh BO BpeMs CONHEYHBIX BCHEIEK, H B
arMocthepe 3eMIH CO37aH TOTONHHTENLHEIE KaCKaJbl BTOPMYHEIX YacTuil. Bo spemsa 23-ro
Conneunoro [{ukna npousounto 11 HazeMHBIX MpeBHIIEHNUH, U3 KOTOPBIX AerekTopsl ASEC
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3aPErHCTPUPOBAIH TONBKO 3, Tak Kak BENMYMHA FEOMArHHTHOro o0pesanus Ans Hameit
CTaHII{K JoBOIEHA Beicoka (7.1 I'B).
AJNTOpUTM MOKMCKA HA3EMHBIX [PEBHIICHAN BEITAAUT CAEAYIOUMM 06pasoM:

1. B pexume peanbHOro BpeMEHH CKaHMpPYHOTCA AaHHbIE cyTHHka GOES
Ha HaNMIMH PEHTTCHOBCKOH BCIBMNKH Ha ConHIe Gombile MOIIHOCTH
M4 (nns nramedt cranmmu 6onee cnabrle BCOBITKH He JAalOT Ha3eMHBIX
TIpeBBIIEHMUIA).

2. Tocne obHapykeHUs BCIBILKA BKIIOYacTCs NporpamMma Iovcka NiKa B
merektopax ASEC. Cuuraercs, uTO HalileHO NpEBEIIEHME, €CIH
HHTEHCHUBHOCTE N TOCIENOBATENbHBIX TOYEK BPEMEHHOIO PARA BHIIIE
noporosoro 3xaucHus T.

3. B chmygae oOHapyxeHHMS INpEeBBINIEHHS cCpasy BO BceX MAETEKTOpax,
KOTOpEIE YHaCTBYIOT B CHCTEME OIOBEIIEHNS, IOCHUIACTCA COOOLIEHHE ¢
MOMOIIBIO TEKTPOHHOMK MOYTH! (HIDKE NMPHBEACH NMpUMEp COOOLIEHHA
3MEeKTPOHHO# MOYTHI B cirydae obHapyxenus GLE).

GLE Alert

Notification Date: 2012-01-27 07:58:07

GLE Alert System of Cosmic Ray Division
X-Ray Flare Md4.3 detected on 2012-01-27 19:29:00
GLE Detection:

Detector: arnm

GLE Alert detected at 2012-01-27 19:55:00
35 minutes after flare:

Mean Count Rate: 38307

Root Mean Square: 304

Maximal Deviation: 2.6 sigma

Pre-alert points: 3

Tak xe MoxHO cueawTs 3a mpoueccoM moucka GLE Ha  caifte

http://crd.yerphi.am/alert/index.php .

T'naBHBIMH TapaMeTpaMH KayecTBAa ANrOPUTMa ABIAIOTCA 3(eKTHBHOCTS H
BEPOSTHOCTh JIOKHO# TpeBord. Ilocme nonpoGHOro m3ydeHHWs Ha3eMHBIX IPEBBILICHHMI
3aperucTprpoBatHbix nerekropaMe ASEC Bo Bpems 23-ro HHKNA COTHEYHON aKTHBHOCTH
OBLIH BEIGpAHEB! TTaApaMeTPHI MOKMCKA IUIA MOJTyYEHA MaKCHMATLHOH dddekTHBHOCTH.

Tpennonaras, 4YTo BpeMEHHbIE DA MHTEHCHBHOCTEHM 4YacTHI[ HE3aBHCHMBI,
HMEIOT TayCCOBCKOE paclpemeleHHe, IONYyYaeM, 49I0 BEPOATHOCTH BCTPETHTE N
TOCIIeI0BATENEHEIX MHTEHCHBHOCTeH BEIme nopora T Gyner PN, rae P — aTo BeposTHOCTE
TIOJTyYeHAS HHTEHCHBHOCTH BhIte T.

JIns npoBepkH 31O THMOTE3RI MBI B3sTH BpeMeHHbIE paapl 13 100,000 MuaHyT H
COCHWTAIIH 9YHMCNO NPEBHIUCHHH UL pasHbIX MAapaMETPOB AITOPHTMA. JTH Pe3ylbTaTh
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nokaszansl B Tabnune 3. Kak BupHO pealbHEBIe umcla MPEBBIMEHUH HaMHOTO OONBINE yeM
OXHIANOCh B CIyJae OTCYTCTBHs aBTOKOPpENsimid. IT0 0OBACHACTCA TEM, YTO CKOPOCTH
CYeTa B JaHHYI0 MHHYTY M B CIEAYIOULYIO HE SBIAIOTCA BETHYMHAMM HE3ABHCHMBIMM, TaK
Kak Ha MOTOKHM BTOPHIHEBIX JTyuell BIMAET COCTOSHIE aTMOC(hepbl — IaBIIEHHE, TEMIIEPATYA,
SNMEKTPHYECKHE M MarHuTHele mods. B Tabnune BHAHO TTO MOCHE KOPPSKIMH Ha
arMocepHOe JaBNEHHE MOXHO YMEHBIINTh 4YHCIO JIOXKHBIX TpeBor. Hcrnomssys
XapaKTEpPUCTUKH HAa3¢MHEBIX TPEBBIMIEHUN 3aperdcTpHpoBaHHEIX JeTekTopaMu ASEC MEr
NpHINTH K BBIBOAY, YTo mapameTpsl N=3 u T=1c nator Haubonbiryro >ddexrusHocTs,
OIHOBPEMEHHO OOcCreynHBas MHHHAMYM JIOKHBIX TpeBor. J[lnd STUX IapamMeTpoB
BEPOATHOCTh OINMOKKA MOXKHO COCUMTATE W3 NauHbX Tadmuus! 3. Kax BUAHO M3 TIOCTEXHEH,
ang Aparaukoro (ArNM) m Hop-Am6epackoro (NANM) HeHTpOHHBIX MOHHTOpDOB 3a
100,000 muryt 6bI1O0 B cpeadeM 500 TOXHBIX TPEBOT, OTCIOAA BEPOATHOCTE OLIHMOKH
nonyvaerca pasroit 0,005. Ectn ucnons3oBars 2 gerekropa (2 HEHTPOHHBIX MOHHMTOpA B
HaleM ciyyae), TO BEPOATHOCTL Oyner 0,005%=0,000025. OnHako >TO TaK, €CIM ONSTH
TIPEANIONOKATE, 4YTO PANBl JBYX JETEKTOPOB CTATHCTHYECKH HeE3aBHCHMEL Ilocie
CKaHMPOBAHHS JaHHBIX 000WX HEHTPOHHEIX MoHHTOpoB B Teuenue 2011 roma mporpamma
Hamla mpuMepHo 100 OMIMOOYHEIX TPEBBINEHWH, XOTA INIPH TEOPETHYECKOM pacyere
JOKHBIX TPEBOr JOMKHO Obuto GBITH 13. OTO ONATH MOKAa3KBAeT YTO HENB3S CUMTATH
JIaHHBIE PAa3HBIX NETEKTOPOB CTATHCTHYECKH HE3aBHCHMBIMH. OMIMpHUECKas BEPOSTHOCTH
JI0KHOM TPEBOTH € IByMs AeTekTopaMu pasHa 0,0002.

Tabnanua 3 Paccuer BepOSTHOCTH JIOKHEIX TPEROT

NANM ArNM
q Yueno MIEPBHIHEIC
HCJI0 TOYeK MEPBUYHBIE
1lopor OKHAAEMbIX JaHHBIE
o JIaHHEIE /JaHHBIE
[a] JIOXHBIX . /naHHBIE €
ONIOBEIIEHHS ¢ MonpaBKoil Ha ’
TpeBor nonpapxoii Ha
ZIaBJIeHHE
JaBjieHHe
3 1 399 752/513 687/474
3 1.5 29 130/72 116/67
3 2 1 19/11 14/9
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Tak kak ME cKaHUMpYeM BPEMEHHON psll TONbko 2 4aca HOCNEe PeHTTEHOBCKOM
Beneiuky Ha ColnHIe, a BenbImIky Beiie M4 6biBatoT B cpeaneM 10 pas B roxy MakcuMyMa
COJHEYHON AKTHBHOCTH, TO 4dacroTa ommbki Gyzer 0,0002*1200=0,24 B roxy, To ecTb 1
oumbka 3a 4 roga. Eciu mcnonb3oBaTs CHCTEMY ONOBEMEHHS C TPEMs NETEKTOPaMH, TO
ommtKa yxe OyeT He3HAUMTENBHA. '

B 3ak.Tio4eHHe IPUBEIEM OCHOBHEIE Pe3YJIETATHl PaGOTHI:

. PeanuzoBanst AITOPHTMEI tunsTpaun JaHHBIX
MHOroKaHanbHbIX IETEKTOPOB B PEXHMME peallkHOTO BpeMeHH [3].
. IMpoBenien  cTaTHCTHUECKMEE  aHaMW3  TPEBBINEHMI,

CBA3aHHBIX ¢ TpouneccaMu RREA. TIpuBeneH®l [0Ka3aTelsCTBA
perucTpamHy NpoLeccoB IPO3OBLIX NpeBbIlIcHUI [2,4].

U IMokasaHa BO3MOXKHOCTb HCIONB30BaHHA KoddduimeHTa
MHOXECTBEHHOCTH HEWUTPOHHOTO MOHHTOPA AN aHANH3A PErHCTPALMK
IJAJI r HElTpOHOB B mpoIecce MPO30BHIX MpeBEmIcHMH [1].

. Paspaborana cucTemMa OMOBCLICHWA O HaABHIANOINEHCA
paguanuoHHoO# 6ype [5].

OcHoBHBIE Pe3yJILbTaThl AHCCEPTALMH OTPAXEHBI B CITYIOIIHX NyGIHcanmax:

1. Hovhannisyan A., Calculation of Mean Multiplicity Coefficients for ASEC
Neutron Monitors, Proceedings of International Symposium FORGES, Nor-
Amberd, Armenia, pp. 127-131, 2008.

2. A Chilingarian, A. Daryan, A. Hovhannisyan, Ground-based observations of
thunderstorm-correlated fluxes of high-energy electrons, gamma rays, and

. neutrons, Physical Review D 82, 043009, 2010.

3. A. Hovhannisyan, A. Chilingarian, Median Filtering algorithms for
multichannel detectors, Advances in Space Research, Volume 47, Issue
9, Pages 1544-1557, 2011.

4. A. Chilingarian,. G. Hovsepyan, and A. Hovhannisyan; Particle bursts from
thunderclouds: Natural particle accelerators above our heads, Physical
review d 83, 062001, 2011.

5. Hovhannisyan A., Development of GLE alert algorithm based on ASEC
particle detectors, Proceedings of Second International Cosmic Ray
Workshop “Aragats 20117, Nor-Amberd, Armenia, pp. 165-169, 2012.
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Abstract

The aim of the dissertation is to examine the modulation effects that occur with
secondary cosmic ray fluxes and the development of automatic alert system for ASEC
particle detectors in case of high energy radiation. Cosmic raysare energetic
charged subatomic particles, originating inouter space. They may produce secondary
particles that penetrate the Earth's atmosphere and surface. The term ray is historical, as
cosmic rays were thought to be electromagnetic radiation. Primary cosmic rays (those that
enter the atmosphere from deep space) are composed of familiar stable subatomic particles
that normally occur on Earth, such as protons, atomic nuclei, or electrons. However, very
small fraction of the flux consists of stable particles of antimatter, such
as positrons or antiprotons, and the precise nature of this remaining fraction is an area of
active researches.

Cosmic rays were discovered in 1912 by Victor Hess, when he found that an
electroscope discharged more rapidly as he ascended in a balloon. He attributed this to a
source of radiation entering the atmosphere from above, and in 1936 was awarded the Nobel
Prize for his discovery. For some time it was believed that the radiation was electromagnetic
in nature (hence the name cosmic "rays"), and some textbooks still incorrectly include
cosmic rays as part of the electromagnetic spectrum. However, during the 1930's it was
found that cosmic rays must be electrically charged, because they are affected by the Earth's
magnetic field.

From the 1930s to the 1950s, before man-made particle accelerators reached very
high energies, cosmic rays served as a source of particles for high energy physics
investigations, and led to the discovery of subatomic particles that included the positron and
muon. Although these applications continue, since the dawn of the space age the main focus
of cosmic ray research has been directed towards astrophysical investigations of where
cosmic rays originate, how they get accelerated to such high velocities, what role they play
in the dynamics of the Galaxy, and what their composition tells us about matter from outside
the solar system. To measure cosmic rays directly, before they have been slowed down and
broken up by the atmosphere, research is carried out by instruments carried on spacecraft
and high altitude balloons, using particle detectors similar to those, used in nuclear and high
energy physics experiments.

Just as cosmic rays are deflected by the magnetic fields in interstellar space, they
are also affected by the interplanetary magnetic field embedded in the solar wind (the
plasma of ions and electrons blowing from the solar corona at about 400 km/sec), and
therefore have difficulty reaching the inner solar system. Spacecraft venturing out towards
the boundary of the solar system they have found that the intensity of galactic cosmic rays
increases with distance from the Sun. As solar activity varies over the 11 year solar cycle the
intensity of cosmic rays at Earth also varies, in anti-cotrelation with the sunspot number.
Cosmic rays and the Sun with its magnetic field and solar wind are main components of the
Space Weather. Today in century of space flights and space investigation, also the
developing space technologies (GPS satellites, etc...) it is of upmost importance to now cast
and forecast the conditions in near Earth environments. Chapter 1 of this thesis is covering
in more details the definition of Space Weather, the importance of its investigation and
forecasting, also the satellite and ground based methods of its investigation.




The Sun is also a sporadic source of cosmic ray nuclei and electrons that are
accelerated by shock waves traveling through the corona, and by magnetic energy released
in solar flares. During such occurrences the intensity of energetic particles in space can
increase by a factor of 10% to 108 for hours and days. Such solar particle events are much
more frequent during the active phase of the solar cycle. The maximum energy reached in
solar particle events is typically 10 to 100 MeV, occasionally reaching 1 GeV (roughly once
a year) to 10 GeV (roughly once a decade). Solar energetic particles can be used to measure
the elemental and isotopic composition of the Sun, thereby complementing spectroscopic
studies of solar material. The modulation effects caused by the Sun are divided into 3 types:
Forbush Decreases, Geomagnetic Storms and Ground Level Enhancements. These effects
can be seen in time series of ground based detectors that register the secondary flux of
cosmic ray particles. These modulation effects, Aragats Space Environmental Center's
ground based detectors that register them and also techniques developed within this
dissertation for time series filtering and monitoring the quality of time series data are
described in chapter 2 of this thesis.

Secondary flux of cosmic ray particles may be affected both with influence of the
Sun and the variations of Earth’s atmospheric conditions. As a cosmic ray enters the Earth’s
atmosphere, it encounters an increasing number of atoms and molecules, especially nitrogen
and oxygen. Sooner or later the cosmic ray will collide with one of them, It can interact both
with the electronic cloud (which has a diameter of 10° m for an atom) and with the much
smaller nucleus (with diameter of 10" m). Because of the different sizes and the range of
the interactions, the most frequent collisions involve the electronic cloud. Electrons are torn
off by the electric field of the cosmic ray, and the atom or molecule gets ionized. Since
electromagnetic forces act over large distances, jonization is frequent, but the energy loss of
the incoming proton is minor in an individual interaction, and plays no role in the high
atmosphere. The variation of atmospheric conditions (pressure, temperature) also can cause
the variation of the flux of secondary particles. Besides that, as observed by our and many
other high altitude groups, electric fields in the upper atmosphere during thunderstorms can
cause changes in the amount and the energy spectra of the secondary particle flux. The
description of enhancements in the cosmic ray data due to thunderstorm activity, the proof
that there are no inducing signals during these enhancements in electronics of ASEC
detectors are given in chapter 3 of this thesis. Besides that, the notion of neutron multiplicity
of neutron monitors introduced several decades ago is described in this chapter as a feature
for investigation of high energy EAS and thunderstorm neutrons.

After investigation of solar and atmospheric modulation effects in cosmic ray time
series GLE alert algorithm for ASEC detectors, has been developed and realized within this
dissertation. Chapter 4 covers the description of ASEC GLE alert system, its efficiency and
false alarm probability.

20

@ IMUSH

Swwagpywé k «LPUNEG» UNC-h inywpwbnud:
Swwpwlwl 50:



