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BBenenue

Pesynbrarel HaOmomeHUsT 3eMIIM U3 KOCMOCa UMEIOT BXKHOE HAYYHOE M MPAKTUICCKOE
3HaueHue. V3yuenue siBIeHU U IPOIECCOB HAa 36MHOM MTOBEPXHOCTH, BKJIIOYAsi SHEPTOAKTUBHBIC
30HBI, © B OWocepe OKeaHa, BIUSIONIMX HA HM3MCHCHHS OKpY)KAMOIIeH Cpelbl W KiIuMara,
WHTEHCUBHOCTH MPUPOIHBIX KaTacTpod, UMeeT OOJbIIoe 3HAUCHUE AJI HAYKH U YeTOBEUYeCKOU
nesTeIbHOCTH. CITyTHUKOBBIC CHCTEMBI HAOJIOJCHMS Jaf0T BO3MOYKHOCTh HAKOIUICHHSI JTAHHBIX
Uist  pemieHus (yHAAMEHTalIbHBIX HAYYHBIX 3a/lad (U3MKU B3aUMOJCHCTBUS OKeaHa U
atMoc(ephl, COCTOSHUS W JHHAMHUKH DSHEPrOAaKTUBHBIX 30H, a TaKxke IS pa3paboTKu
MPOTHOCTUYECKUX MOJENeH CpeqHe- M JIOJITOCPOYHBIX HW3MEHEHUH KIuMaTa, IOBBIIICHUS
JIOCTOBEPHOCTH IPOTHO30B IOTOJIbI, TCHICHIIUH N3MEHEHUS COCTOSIHHS SHEPTOAKTUBHBIX 30H.

Pa3BuTHE CHYTHUKOBBIX METOIOB OTKPHIBAET HOBBIE BO3MOXHOCTH HEMPEPHIBHOIO
HAOIIO/IEHUS 32 MPOCTPAHCTBEHHO-BPEMEHHBIMU U3MEHEHUSMHU XaPAKTEPUCTUK TOJICTUIIAIOIICH
MOBEPXHOCTH, BKJIIOYas IOBEPXHOCTh OKEaHa M €ro MOBEPXHOCTHBIN CIIOH, a Takke aTMochepsl
HaJl OKeaHOM B PETHOHABHBIX U TTI00aThHBIX MacIITabax.

OrpoMHbITT 00beM HH(pOpMaIU 00 OkeaHe W aTMocepe MaloT CIYTHHUKOBBIE CKaHEPHI
[[BETa, MO J[JAHHBIM KOTOPBIX PACCUMUTHIBAIOTCS TaKHE€ BAXKHBIE XapaKTEPUCTHKH, Kak
KOHIIEHTpalus XJopoduiia U NepBUYHAS TPOAYKIIHS, COAECpKaHUE aTMOC(HEPHOTO a’po30Jisi U
napaMmeTpsl 00JIakoB (00JIAYHOTO MOKPOBA), ONTHYECKUE XAPAKTEPUCTUKH BOJBI, B YACTHOCTH,
MOKa3aTelIu TMOTJIOUICHUS] paccesiHUsl M TOTJIOUICHMsI, ONPEIeNAonue pacnpoCcTpaHeHHe
COJTHEYHOTO M3JTy4YCHHS B BOJHOMW TOJIIE M alb0e0 OKeaHa, XapaKTepU3yIOIIHe COAepPKaHue B
BOJI€ B3BEUICHHBIX YACTHI] M OKPAILIEHHOI'O0 OPraHNYeCKOro BELIECTBA U SIBIISIIOIIMECS YAOOHBIMU
napaMeTrpamMu OMOT€0IKOIOTHYEeCKOro MOHUTOpUHTA. CHYTHUKOBBIE H3MEpPEHUs IBETa BOJ
MO3BOJIAIOT MPOBOJUTH CUCTEMATHUECKUE HAOMIONCHUS TUHAMUKU MPOUCXOIAIINX U3MEHEHUIH,
B YAaCTHOCTU B CTPYKType U (PYHKIMOHUPOBAHUU MPHOPEIKHBIX IKOCHUCTEM, MPEIOCTABISATH
ONEpPaTUBHYIO TMOJIE3HYI0 MH(OpPMALMIO JIJIsI MPOMBIIUIEHHOTO PHIOOJIOBCTBA, KOHTPOJIUPOBATH
KauyeCcTBO BOJ B MPHUOPEKHBIX 30HAX, HAONIOAATH pa3UYHBbIE TUHAMUYECKHE IPOIECCHI
(pacpocTpaHeHHE PEYHBIX CTOKOB, ME30MaclITaOHble BUXpPHU, U3MEHUHMBOCTH (DPOHTAIBHBIX
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30H). CHyTHHUKOBBIE JaTYUKU JAIOT BO3MOXHOCTH OCYLIECTBIISATH  JOJTOBPEMEHHbBIE
KBa3MHENpPEpbIBHbIE HAOIIOIEHUS, OXBAThIBAIOIIME BECh 3¢€MHOH 11ap.
Hayunas anmaparypa

C nenbto oTpabOTKM METOAOB CIyTHUKOBOI'O HAOJIIOJCHHS aKBATOPUHA B ONTHYECKOM
nuanasone crekrpa B @I'YII Poccuiicknii HayqHO-HCCIEN0BATEIBCKUNA HHCTUTYT KOCMAYECKOTO
npubopoctpoenuss (PI'YII PHUMM KII) pa3pabareiBaeTcsi HOBOE MHOI'0O30HAJIBHOE
CKaHUpYIOIllee YCTPOHCTBO (yCOBEpIIEHCTBOBAaHHBIM ckaHep IBeTa okeaHa - HA «Pocc-1»).
Pa3zpabatpiBaemass HayyHas anmaparypa - OCHOBHOM HW3MEpPUTENbHBIH MHCTPYMEHT JUIS
peanuzanuu  kocmuueckoro skcrepumenta (KD) «Pocc-1», KoTopelii HampaBiieH Ha
OMOJIOTNYECKUH U 3KOJIOTMYECKHI MOHUTOPUHI MOPEH M OKEaHOB M HCCIeI0BaHUE (PU3HMUECKUX
IIPOLIECCOB B MIPUIIOBEPXHOCTHOM CJIOE.

K mHacrosmemy BpeMeHM pa3paboTaHO W BBIOYHIEHO 13 M KOHCTPYKTOpPCKas
JOKYMEHTaIsl Ha pa3paboTky u m3rororienne HA «Pocc-1», H3roTOBIIEH TEXHOJIOTHYECKUN
oOpazen; npudopa U MPOBEJICHBI €r0 aBTOHOMHbBIE UCHBITaHUA. B Tekyllem roay riaHupyercs
paszpaboTka u cornmacoBanue T3 Ha amgamranuto u aopadborky HA «Pocc-1» mins ycraHoBkuM Ha
KOCMMYECKUH anmnapar.

Cdopmuposan npoekt HayuHo# mporpammbl KD «Pocc-1». IIporpamma HampaBieHa Ha
pelieHre 3aJad O JajJbHEWIIEeMy pa3BUTHIO METOAOB M CPEJICTB JUCTAHLIMOHHOTO
30HMPOBAHUS 3€MJIM U3 KOCMOCA, MCCIEAOBAHUIO MPUPOAbl MHUPOBOro OKe€aHa U OCHOBHBIX
KIMMaTo-(GopMUpyIOmMUX (AaKTOPOB B 30HE B3aUMOJCHCTBHA OKeaHa U aTMOCQepsl.
[Tnanupyemoe mposenenne KO «Pocc-1» - ¢ 2012 1. YuuteiBas TOT (hakT, 4TO B HACTOAIICE
BpeMs Ha OpOMTe HET OTEYECTBEHHBIX CIEIHATU3UPOBAHHBIX HAYYHBIX  MOJIYJEH,
1es1eco00pa3Ho MCTOIB30BATh /ISl PEHICHUST YITOMSHYTHIX BBINIE 337a4 KOCMUYECKHE CPECTBA
[IEJIEBOT0 HA3HAYEHUs, TaKue, HalIpUMep, KaK KOCMHUYECKUH KOMIUIEKC OINEepaTUBHOIO
THUIPOMETE0POJIOrHueckoro MoHutopunra 3emiau «Meteop-M» Ne 3. Oxwupmaercsa, uto HA
«Pocc-1» Oyzaer ycranoBieHn Ha KA «Meteop-M» Ne 3 (Puc. 1), 3amyck KOTOporo HameueH Ha
2012 r. [IpuHnnuanpHas cxeMa U TeOMETPHUsl CKaHUPOBAHUS IIpecTaBieHa Ha Puc. 2.

Puc. 1. MeTteoponornieckuii cryTHUK
«Meteop-M»

Puc. 2. IlpuHuunuanbHas cxema u
reoMeTpHUs CKAaHUPOBAHUSA




OCHOBHEBIE TAaKTUKO-TCXHHUYCCKUC

XapaKTCPUCTHUKHU

YCOBCPIICHCTBOBAHHOI'O CKaHECpa NBETA OKCAHA ITPUBCACHBI B Ta6JII/ILIC 1.

Tabnurma 1

OcHOBHbIE TAKTHKO-TEXHUYECKHE XApaKTEPUCTUKHA CKaAaHEpPa BETa

CriekTpanbHble KaHANBI* (8 KaHAOB), MKM

0.402-0.422; 0.433-0.453; 0.480-
0.500; 0.500-0.520; 0.545-0.565;
0.660-0.680; 0.725-0.765; 0.845-
0.885

Omnbka ONpeaACIICHUA I'PAaHULBI CIICKTPAJIBHOT'O

Jnrara3zoHa, HM +5

VYron ckaHupoBaHus, rpa. 66 (£ 33)
ITonoca 3axBara (npu cremke ¢ opoutsl 800 KM), KM 6osee 900
YT1I10BO€E pa3pelieHue, Mpaj 0.65+0.05
ITpocTpaHcTBEHHOE pa3pelieHue B Haaupe (Ipu

cbeMke ¢ opouTsl 800 kM), KM 0.5+0.1
Pexum paboTsl CEaHCHBIN
BpeMsI HEMIPEPBIBHON paOOTHI, MHH. He 6onee 30
MHTEPBAJI MEXK/Y CEaHCaMH, MUH. He meHee 20
Ounepromnorpedaenne, Bt <100
Macca, Kr <40

pa3pabaTbIBacMOro

*KonnyecTBO CHEKTPANbHBIX KaHAIOB, OOECIEYMBAIOMIMX YTIIOBYIO CBhEMKYy HE MeHee 3-X (TpaHHUIIbI

CHEKTPAIbHBIX AMANIa30HOB ONPENESATCS B MPOIiecce pa3padoTKH)

B 0OCHOBY KOHCTPYKLMM CO3/1aBa€MOr0 CKaHepa LIBETa MOJI0KEH MOJYJIbHBIA IPHHIIUI
(KaKIOBIH  CHEKTpaJbHBIM KaHal (OpPMUpPYETCS CaMOCTOSTENBHOW — ONTHKO-3JIEKTPOHHOM
cucremoit) [1].

Oco0eHHOCThI0 pa3pabaThIBAEMOr0 CKaHepa I[BeTa SBJISETCS TO, YTO O0BEM IMOJIE3HOU
uHGOpMaIlMU CKJIAJBIBAETCS HE TOJBKO 33 CUET U3MEPEHHM B Pa3HbIX CHEKTPAJbHBIX KaHajax,
HO M 32 CYET M3MEPEHUH SAPKOCTH BOCXOJAILIErO H3JIyYEHHUs IO Pa3HbIMU yIJlaMHM INpU
CKaHHPOBAHUU BJIOJIb TPACCHI MOJETa CIyTHHKA. DTO Ba)KHAs JOMOJHUTENbHAs WHGOpMaLus,
KOTOpasi MO3BOJIUT YIYYIIUTh TOYHOCTh aTMOC(HEPHOH KOPPEKIMH, B YACTHOCTH, YUYHUTHIBATH
BKJIaJ] COJTHEYHBIX OJIMKOB.

[lepBuuHbIE AaHHBIE CIOYTHUKOBBIX HAOMIOJCHUH I[BETa OKEaHa - 3HAYCHHS SPKOCTU
BOCXOJISIILIETO M3JIyYeHUsS Ha BepxXHeW rpanunie atmocdepsl. s momydenus uHopmanuu o
napamMeTpax OKeaHa M3 H3MEPEHHBIX 3HAaYeHWH HEOOXOIMMO W3BIICYb 3HAYEHHUS SPKOCTU
W3JIy4eHMs, BBIMICIUIETO0 W3 BOJHOM TOJIM, YTO COCTAaBJISET 3aJady TaK Ha3bIBaeMOM
«atMoc(hepHOi KOpPEeKLIUU».

B VYupexnenun Poccuiickoii akanemuun Hayk HWHcTuTyTe OKeaHonorun um. ILIL
[Mupmosa PAH (MO PAH) ycnemHo pa3BHBaeTcs HOBBIM MOAXOA K PELIEHUIO 3a7add
aTMoc(epHO KOPPEKLUHU CIIyTHUKOBBIX ONTHYECKHX JaHHBIX. OJTOT IMOJAXOJ OCHOBAaH Ha
OJIHOBPEMEHHOM OIIPEJEICHUHM BKJIaZa a’pOo30JIbHOIO PpACCESsHUS U SPKOCTH H3IIy4EHHS,
BBIILIEJIIET0 W3 BOJHOM TOJIIM, IO JaHHBIM HM3MEPEHUH B BUIUMOM U HHEOpaKpacHOM
nuanazoHax [2]. Jns arMocdepHOW KOPpEKIMM MTaHHBIX HOBOTO CKaHEpa LBETa, MOMUMO
uHboOpMalMy, TOJIy4yaeMOW W3 M3MEpPeHHM B pa3HBIX CIEKTPalIbHBIX KaHauax, OyayT
UCIIOJIb30BaHbl JIaHHbIE M3MEPEHHMM SIPKOCTH BOCXOSIIETO W3IY4YEHMs O] Pa3HbIMM YIJIaMU
Npyl CKaHUPOBAHWM BIOJL Tpaccel mosnera [3]. PaspabarteiBaemasi wMeTomuka Oyner
Bepu(UIIIpOBaHA TIO JaHHBIM OJHOBPEMEHHBIX M3MEPEHUH SPKOCTH BOCXOMASAIIETO W3IYUYCHHUS
Ha BepxHel rpaHuile atMocepbl CIYTHUKOBBIM JATYUKOM M SIPKOCTU BBIXOJSILIEIO U3 BOIbI
U3JTY4YCHUS. M XapaKTEPUCTHK a’3po30Jisi ¢ OopTa CyaHa. Y COBEPIICHCTBOBAaHHE METOAUKH OyJeT



NPOBEICHO HAa OCHOBE BBIMIOJHEHHOW BepU(UKAUN C HWCIOIH30BAHUEM MOJCITY THUKOBBIX
JAHHBIX U JAHHBIX YUCIEHHOTO MOJIETUPOBAHMUS.
3aa4um uccaen0BaHu

C nomormeio HA «Pocc-1» coBMecTHO ¢ paanodusndeckoil HayuHoi anmnapatypoii (CBY
paavoMeTphl, paauoBbicoToMepHas cucrema, CBY ckarrepomerp) OynyT MpOBEIEHBI
UCCIIeIOBaHMs MPUPOAsl MUPOBOTO OKeaHa M OCHOBHBIX KIMMaTO-(GpopMHUpYIOMIHX (AKTOPOB.
Bbyzaer nonydena unpopmanus A1 pelieHus LeJIoro psAaa HaydHbIX U MPaKTUUYECKUX 3a]a4:

® aHaJM3 ONTUYECKUX U OMOJOTMYECKHX XapaKTEPUCTUK BEPXHETO CII0sl OKeaHa,

OLIEHKa OUTIPOAYKTHUBHOCTH BOJI ¥ TIOTOKA YIJIepo/ia B 3BGOTUUYECKOM CIIOE;

® M3Yy4YEHHE 3JIEMEHTOB IUPKYJSALUUU U JUHAMUKU IPUMECEH, B YaCTHOCTH,

pacIpoOCTPaHEHHUs] PEYHBIX BEBIHOCOB M 3arps3HEHUN;
® OIICHKA IPOHMKHOBEHHS CBETOBOT'O U3IYUYEHHS B BOJHYIO TOJIILY, aJb0e/I0 OKeaHa U
00BEMHOTO TOTJIOIIEHHUS B €0 BEPXHEM CJIO€ JUIl yTOUHEHHs TEIUIOBOro OaaHca
OKE€aHa;

e pa3paboTKa KOMIUIEKCHBIX METO/I0B 00pabOTKM U aHaNmu3a JaHHBIX O IIBETE BOJ, B
TOM uucie ¢ npusiedeHreM qaHHbix CBY paanomeTpos;

e pa3BHUTHE METOJOB BepuDHUKAIK pa3pabOTAaHHBIX METOIOB U AJITOPUTMOB 00pabOTKH
CIIyTHUKOBBIX JJaHHBIX.

MogenbHble M YUCIIEHHBIE pacdeThl, 00pabOTKa 3KCIEPHUMEHTAIBHBIX JAHHBIX OYyIyT
MPOBOJUTCS Ha 0asze mporpaMmMHo-anmapaTHbix cpeacts MO PAH, a takxke Lleratpa 06paboTku u
XpaHeHHs KocMmuyeckod wuHpopmanuu WMHCTUTYTa paaMOTeXHMKH U 3JiekTpoHuku PAH,
OCHAIIIEHHOT'O BBICOKOTPOM3BOAUTEIBHBIMU cepBepaMu. DPGEeKTUBHOCTh aHAIN3a Pe3yIbTaTOB
u3MepeHuii Oyzaer obecmedeHa CpeiCTBaMU AaKTUBHOIO apxXxuBa HaHHbIX LleHTpa, pa3smepom
okomo 1 Tbhaiit m kartamorom, dynkuuonupyrommum mnoxa ynpasiaeanem CYBJ] ORACLE.
CpenctBa LleHTpa MMEIOT omepanuoHHYI0 coBMecTUMOCTh ¢ cuctemoir NASA EOSDIS u
o0ecreyeHbl BBICOKOIMPOU3BOAUTENbHBIM KaHAJIOM JJIsi BbIXOJa B IIOOANbHBIE ceTH OOMEHa
KocMHYecKor nH(popmMarueit mo kanainam MHTepHeT.
3aKIro4YeHne

B pesynbrare peanuzanuu KOCMHUYECKOro sKkcnepuMeHTta «Pocc-1» ¢ ucnonb3oBaHuEM
HAay4YHOHW armapaTypbl KOCMUYecKoro ammaparta «Meteop-M» Ne3 OynyT pa3paboTaHbl HOBBIE
MeTOAbl 00paOOTKHM CITyTHHKOBBIX JAQHHBIX O IIBETE€ BOJ, B YAaCTHOCTU C HCIIOJIb30BaHHEM
JTaHHBIX, MMOJIy4aeMbIX OT IPYruX MpuOOpOB, a TaKKe AaHbl PEKOMEHIAINH 10 MPAKTUYECKOMY
IPUMEHEHUIO U JAJIbHENIIEMY COBEPIIEHCTBOBAHUIO ITUX METOJIOB.

BynyTt nony4yensl HOBble JaHHBIE 00 ONTUYECKUX, OMOIOTMYECKUX U OMOT€OXUMUYECKUX
XapaKTepUCTHKaX MOped M OKeaHa W (PHU3MUECKUX MpoIeccaXx B BEPXHEM CJIO€ BOJHOM
MTOBEPXHOCTH.

PesynbraTel uccienoBaHMl OyAyT HCIOJNIB30BaHBl B HMHTEpPECaX KOCMHUYECKOTO
npuOOPOCTPOCHHUSI, PA3BUTHSI METOJOB CITyTHUKOBOW OKEaHOJOTHMH, a TakKe IMpU PelICHUU
KOHKPETHBIX OKEaHOJIOTMYECKUX 3aJad, CBA3aHHBIX ¢ Ouomorme M (U3MKOH OKeaHa,
B3aMMOJICCTBHEM OKeaHa U aTMOCHEphI, YKOJIOTHIECKUM MOHUTOPHHTOM Moper Poccun.

C mnoMoIIpI0 YCOBEpIIEHCTBOBAHHOIO CKaHepa IIBeTa OKeaHa OyayT MOJy4YeHbI
KAUE€CTBEHHO HOBBIE PE3YyJbTATHI, IMPEBOCXOJAIINE HBIHCIIHUNA YPOBEHb OTECYECTBEHHBIX U
3apyOeKHBIX HCCIeoBaHUI. Pe3ynbTaThl HCIONB30BaHMA CKaHEpa B M3YYCHHH BOJIHBIX
MIPOCTPAHCTB MO3BOJIAT CYIIECTBEHHO YJIYUYIIMTh aTMOC(HEPHYI0 KOPPEKLHI0 U OHOONTHUYECKHE
anroput™Mel. IlodydeHHsle pe3ynbTaThl OyayT MCHONB30BaHBl B 33jJayax MPOTHO3a W3MEHEHHUH
OKpPY’KaroIlleH cpepl U KIIMMATA.

ABTOpHI BBIpaXKaroT OnarogapHocTh corpyanukam ®I'YIT PHUU KIT u MO PAH 3a
IIOMOILb U MOAJEPHKKY IIPU MOATOTOBKE MAaTEPUAIIOB CTAaThU.

Jluteparypa
[1] H.IT.Akumos, FO.M.I'ekTrH. Y CTPOMCTBO AJIsi TUCTAHIIMOHHOTO MOTYYCHHS U300paKEHUI B
MPOKOM yriie 0030pa. [larenTt Ha nzobpererune No2298214, bron. Nel2, 2007.



[2] O.V. Kopelevich, V.I. Burenkov, S.V. Ershova, S.V. Sheberstov, M.A. Evdoshenko.
Assessment of optical characteristics of atmosphere and ocean by data from satellite ocean color
sensors//SPIE Proceedings V.4678. Eight International Symposium on Atmospheric and Ocean
Optics: Atmospheric Physics, 2002, pp.332-343.

[3] C.B. llle6epcros, C.B. Basztons, O.B. KoneneBuu. AnroputM HCmoiib30BaHus HHPpOpMaIum,
NOJTy9aeMoil NIpU CKaHUPOBAHUH BJOJb TPACCHI MOJETa, IS aTMOC(HEPHON KOPPEKINU JaHHBIX
CIIyTHUKOBOTO CKaHepa 1Bera//Co. Hay4H. ctatel, BoI.6, M., OO0 «A30yka-2000», 2009.

2.2.3. MockOBCKHM HHKEHEPHO-PU3NIECKUI HHCTUTYT
NuceTuTyT KOCMOPU3UKH

2.2.3.1. Mexaynapoanbiii Poccuiicko-Utanbsanckuii llpoext «PUM-
IMAMEJIA»

BLICOKOZ)HepI‘I/I‘IH])Ie JIEKTPOHDbI M1 MTIO3UTPOHbBI B KOCMUYECKOM U3JTYIYCHUHU U
TEMHAast MaTepus

HammonanwsHbIi BiccienoBaTeabCkuit siuepHblil yauBepceuter « MUDN» (Poccust)
Ousnueckuii UHCTUTYT akajeMuu Hayk uM. JleGenera (Poccust)
®Ousnko-Texunuecknit uHCTHTYT UM.Nodde, (Poccus)
I'ocynapcTBeHHBINM HAYyYHO-IIPOU3BOICTBEHHBIN PAKETHO-KOCMUYECKUN LICHTP
"ILICKBbB-IIporpecc", Poccus
Hayunblii nenTp oneparusHoro mouutopunra 3emuu (HL OM3), Poccus
INFN, Structure of Naples and Physics Department of University of Naples Federico II, Italy
INFN, Structure of Bari and Physics Department of University of Bari, Italy
INFN, Structure of Florence and Physics Department of University of Florence, Italy
INFN, Structure of Trieste, Italy
INFN, Structure of Rome Tor Vergata and Physics Department of University of Rome Tor
Vergata, Italy
KTH, Department of Physics, Sweden
IFAC,I-50019 Sesto Fiorentino, Italy
Physics Department of Universitat Siegen, Germany
INFN, Laboratori Nazionali di Frascati, Via Enrico Fermi Italy

I. BBenenue

15 urons 2006 r. ¢ kocmoapoma baiikonyp Ob11 ocymiecTBieH 3amyck KA «Pecypc-JIK1»
Ha OKOJIO3EMHYIO JUIMIITHUECKYI0 opouty ¢ mapamerpamu 600 km u 350 km, aroreii u nepure
OpOUTHI COOTBETCTBEHHO, W HakioHeHHeM opOutel 70,4° (Puc.l). Ycranosnennas na HC3
OCHOBHasl ammaparypa mpeaHa3Havanach s MpoBeaeHus (ororpadupoBaHUsi MOBEPXHOCTH
3emnu. B kauecTtBe mOmoaHUTENbHOW HaydyHOU Harpy3ku Ha MC3 ycTaHOBiIEH MpeIru3MOHHBIN
marHuTHbI cnexktpomerp ITAMEJIA. DOkcnepument ITAMEJIA ocymecTBisieTcs B paMKax
poccuiicko-utanbsgHckoro Ilpoekta «PUM-ITAMEJIA» ¢ ywyacThuem MIBEACKMX W HEMEIKUX
YYCHBIX.



Puc.1: 3anyck kocmuueckoro annapata «Pecype-AK1»

C camoro wHavanma peammzanuu IIpoekra «PUM-ITAMEJIA» Obun  ompeeneHbl
OCHOBHBIE HAaITPaBJICHUS UCCIIEIOBAaHUM U KOHKPETHBIEC HAYYHbIE 3a/JauH:

1. IIpobnema GapuoHHO# acummeTpuu BceneHHOW — MOUCK aHTUMarepuu (T.€. saAep
AQHTUACUTEPHs U aHTUTEIIHUS) B IOTOKaX MEPBUYHOTO KOCMHUYECKOT0 U3TyUYECHHUS;

2. IIpoGnema mpuUpOasI TEMHOW MATEpPUH, THIIOTETHYECKHE YacTH KOTOPOH MOTYT
QHHUTUIMPOBATh, B UYACTHOCTH, HA AaHTUIOPOTOHBI U TO3UTPOHBI — HCCIEIOBaHUE
JHEPTeTUYECKHUX CIIEKTPOB AHTUIPOTOHOB M MO3UTPOHOB B SHEPTreTUUYECKOM AMana3oHe Oolee
10 I3B;

3. PaccmoTpenne MexaHM3MOB TE€HEpAlMM W PACIPOCTPAHEHHUS MEPBUYHBIX YACTHUIl B
lanakTke — MpeUHU3HOHHBIE W3MEPEHUs! CHEKTPOB TaJIaAKTUYECKUX MPOTOHOB M JIETKUX SJIEp,
3JIEKTPOHOB U MO3UTPOHOB C SHEPTUEH 10 HECKOJIbKHUX COTeH [ 3B Ha HyKIIOH;

4. W3yueHne MEXaHU3MOB TEHEpAllMM BBICOKOSHEPTUYHBIX YACTHI[ B COJHEYHBIX
BCTBILIKAX — HCCIIEIOBAHNE MTOTOKOB BHICOKOIHEPTUUHBIX YACTHUIl OT COJTHEYHBIX BCIIBIIICK;

5. TlpuxmamHoit acmekT (yHIaMEHTaIbHBIX HCCIEIOBAaHUNH — W3YyYeHHE IIOTOKOB
BBICOKOAHEPTUYHBIX 3aPSKEHHBIX YaCTUIl B OKOJIO3EMHOM KOCMHUYECKOM IMPOCTPAHCTBE, B TOM
YHCJIe U B paJUaIlIOHHBIX TOSICaxX 3eMJIH.

II. Hayynas annmaparypa

C menplo pemnieHus MOCTaBJICHHBIX 3a/lad ObLI pa3paboTaH M CO3/aH MPEIU3UOHHBIN
MarauTHbIi cniektpomerp [TAMEJIA. ®usnueckas cxema npubdopa [IAMEJIA npencrasiena Ha
puc.2.
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Puc.2: ®usnueckas cxema HA «ITAMEJIA»

1, 3, 7- CHUHTHJUISIIMOHHAS] BPEMSITPOJIETHAS CUCTEMA; 2, 4 - CUMHTWUIALIMOHHASA OXpaHHast
CHUCTEMA; 5 - MOJYNPOBOAHUKOBASI CTPUIIOBAsI KOOPJAUHATHASL CUCTEMA (ILIECTh ABOMHBIX CIIOEB);
6 - MarHuTHasg cuctema (MITh CEKIUi); 8 - MOJyNPOBOJHUKOBBIA CTPUIIOBBIN MO3UITMOHHO-
YYBCTBUTEJbHBIA KAJIOPUMETP; 9 - CUMHTWUISILIMOHHBIA JTUBHEBOU AeTekTOp; 10 - HENTpOHHBIN
nerekTop; 11 — repMokoHTENHED.

OCHOBHBIMU JIETEKTUPYIOUIMMH 3JIEMEHTaMM MNpHOOpa SBISAIOTCS: TPUITEpHas CHUCTEMa U3
CUMHTUUIUOHHBIX CYETYMKOB, MO3BOJIAIOIIAS H3MEPATHh HANPABICHHE U CKOPOCTh YACTHIL,
MarHuTHas TPEKOBas CHUCTEMA, IIO3BOJIAIONIAS M3MEPATh HUMIYJIbC (KECTKOCTb) YaCTHIL,
MO3ULIMOHHO  YYBCTBUTEJIBHBIM  KAJIOPUMETP,  IO3BOJSIOIIMA  U3MEpPATH  DHEPIHUIO,
BBIICIISIONIYIOCS. IIPH B3aMMOJACUCTBUM YacCTHUI] B KaJIOPHUMETPE, a TaKXKE IPOCTPAHCTBEHHYIO
KapTUHY Pa3BUTHUS JIUBHS, JMBHEBBIM CIUHTWUISIHMOHHBINA NETEKTOpP, (GOPMUPYIOLINHA TpUTTEP
JUIsL PETUCTPALIX JIMBHEW, CO3/1aBA€MBIX 4YaCTULAMH, MPOXOIALIMMH 4Yepe3 KaJIOPUMETP BHE
anmaparypbsl npudopa, HEUTPOHHBIH JETEKTOp, PETUCTPUPYIOIIMKA HEHTPOHBI, BO3HUKAIOIINE
OpY  B3aMMOJCHCTBMAX  4YacTULl B  KaJOPUMETpPE;, CHCTEMa  AaHTHUCOBIAJACHHHA U3
CHMHTWUISLIMOHHBIX JETEKTOPOB, MO3BOJISAIOMIAS HCKIIIOYUTh YaCTHUIIBI, MPOXOISIIUe MprOop
BHE allepTyPBbl, NI BBI3IBAIOIINE B3aUMOACUCTBHSA [0 MONANaHUSA B KaJIOPUMETD.

e MarnurtHnbiii cnekrpomerp (MC)

YCTpolCTBO: MarHUTHBIA CIEKTPOMETP COCTOUT W3 MarHuTa, CO3/Ial0IIEro MOCTOSHHOE
MarHMuTHOEe TIoJie HampspkeHHocThio 1.3 T, u Tpekepa, MpeacTaBisomero coboi 6
JNETEKTUPYIOUINX IUIOCKOCTEH, pa3felIeHHbIX CEKUMSMU MarHura; Kaxaas Takas IJIOCKOCTh
COCTOMUT U3 6 MUKPOCTPUIIOBBIX KPEMHHUEBBIX AeTEKTOpOB ToaMHON 300 MkM. Kaxnapiil u3 Hux
COCTOUT U3 CTPHUIIOB TOJIIIMHONW HECKOJIHKO MHUKPOMETPOB, DPACIOJIOKEHHBIX B 2- B3aHUMHO



nepneHANKYSIpHBIX HanpaBieHusx. Pazmepst MC 132x162%445, uTo co3aaeT reoMeTpUIeCcKuit
axrop mpubopa ~ 20.5 cmcp.

Hasznauenne: MC mo3BOJISIET M3MEpATh HMOHU3AIMOHHBIC IMOTEPH YACTHUIIBI B KaXIOU
CTPUIIOBOM TJIIOCKOCTH, OTMPEENATh KOOPAUHATHI MEPECcCeueHus: TpeKa C MIOCKOCTAMHU U M0 HUM
BOCCTaHABIIMBATh JKECTKOCTh YacTull. Koop/iMHaTHOE pa3pelieHne COCTABIAET 3 MKM.

e Kajgopumerp

YCTpONCTBO: KOOPAMHATHO-YYBCTBUTEIBHBIA KAIOPUMETP COCTOMUT U3 44 OJIHOCTOPOHHUX
KPEMHUEBBIX JIETEKTOPOB, pPAa3JCICHHBIX CIIOSMHU MOTJIOTUTENsT W3 Bosb(Ppama. Kaxkmas
IJIOCKOCTh MMeeT TOoNMHYy 380 MKM M pa3ferneHa Ha CerMEHThl 1o 2.6 MM, B KaXJOM M3
KOTOPBIX HM3MEPSIETCS MOJIHOE YHEPTOBBIJICTICHUE. DTO TO3BOJISET MOJTHOCTHIO BOCCTAHABIMBATH
MPOCTPAHCTBEHHYIO KApTUHY OJJIEKTPOMAarHUTHOTO WM  agpoOHHOro JuBHs. TonmuHa
KasopuMmeTpa coctanisieT 16.3 paguanmoHHbIX JUH U 0.6 1epHBIX.

Hasnauenue: kanopumerp CIyX HUT i1 UACHTU(UKAIMY THIIA YaCTULIBI TTO PA3BUTHUIO JINBHA
(110 KaCKaHBIM KPHBBIM), PEKEKIIHS aAPOHOB OT JENTOHOB MOXeT gocturars 10,

e Bpems-npojernas cucrema

VYerpoilcTBO:  cOCTOMT U3 6 IUIOCKOCTEM CHMHTWJUISIIUOHHBIX JI€TEKTOPOB, IMOMApHO
pacnonoxxeHHbIX Hay cuctemoir AC, Ham MC u mox MC. Kaxnas mapa miockocTeit pa3oura Ha
MOJIOCKU, TaK, YTO TOJIOCKM TEpBOM W BTOPOW IUIOCKOCTH OPUEHTHPOBAHBI B3aMMHO
NePIEHANKYISIPHO.

Ha3nauenue: cuctemMa CUMHTWUIALIMOHHBIX CUYETYMKOB OOECIEUHBAET TPUITEP, MO3BOJISIET
BBIJICTISITh AINIPETYPHBIC COOBITHS, ONPEISIISATh HANpaBlICHUE MPWIETa W U3MEPSATh CKOPOCTh
YaCTHII, U3MEPATh HOHU3ALMOHHBIE TIOTEPH.

e Cucrema aHTHCOBNAJEHUH

VYerpoiictBo: cuctema AC cocToMT U3 4-X OOKOBBIX JIETEKTOPOB, 3aKPBIBAIOIINX
MarHUTHBIM CIEKTPOMETP € KaXKJ0W M3 CTOPOH M OJIHOTO BEPXHEro JETEKTOpa, BCE JAETEKTOPbI
cleNaHbl U3 TUIACTUKOBOTO CUUHTWILIATOPA; 3(PPEKTUBHOCTH oOINpeiesieHa M0 KOCMHUYECKUM
MIOOHaM U cocTaBisieT 99.9% st kKaxa0ro 1eTeKTopa.

Hasnauenme: cucrema mnpeaHasHaueHa J[UId MCKIIOUEHHUS U3 aHalu3a COOBITHIA,
MPUILIEANINX BHE allepTypbl Ipudopa.

e HuxHUII CHUHTWIISIHMOHHBIN 1€TEKTOP U HEMTPOHHBIN 1eTEKTOP
YcTpoicTBO, MPUMEHEHHE: IJIACTHUKOBBIA CHUHTHILUISATOP PACIONIOKEH MO/ KaJIOPUMETPOM U
pPETHCTPUPYET YaCTHIIBI, BBUICTAIOIINE U3 Hero. Vcmonb3yercs Ui BHIpaOOTKH TPUTTEpA MPH
BBICOKUX 2Heprusix (> 100 I'»B). HeliTpoHHBIN JETEKTOP 3aM0JIHEH He’, CITY>KUT JJIS pa3feieHus
nenToHoB 1 aaporos 10 10" — 10" 5B,

Puc.3: «ITAMEJIA» - netuad MoIeiab



Mosxno npenctaButh npudop [TAMEJIA kak MHOTOCIONHBINA JETEKTOpP, MO3BOJSIOMIUI
perucTpupoBaTh NPOXOJSIIME YEpe3 HEro 3apsKEHHbIE KOCMUYECKHE YaCTHUIbl, U3MEPATh UX
TPAaeKTOPUU U HHEepreTudeckue norepu. Bes sta nnpopmanus, oobemMoM nopsiaka 5 kB Ha oHO
COOBITHE, MO3BOJSET U3MEPATh 3HAK 3apsia U 3apsijl, CKOPOCTb, UMITYJIbC, SHEPTHIO0 M MaccCy
YaCTHUIIBL.

OcHOBHBIE (PM3UKO-TEXHUYECKHE XapaKTEPUCTHKH, TOTydeHbl pacyeraMmu MonTe-Kapio,
KaTMOpOBKOM cucteM mnpubopa Ha DSICKTPOHHBIX, MO3UTPOHHBIX M MPOTOHHBIX ITydKax
yckoputenst CERN. Bcee xapakrepuctuku npubopa MpoBEpsIOTCs MOCTOSHHON KaauOpOBKOM B
HoJIeTe.

['eomerpuueckuii pakro 21 cm'cp

OHepreTUyYecKe qUana3oHbl U3MepeHHi
[IpoTOHBI M AHTUIIPOTOHBI
OnexTpoHsl U no3uTpoHsl | 0.08 — 180 I'>B
Anpa u antusanpa | 0.05 - 150 I[-B
0.1 —200 I'B/ayk.

Pa3mepsl 90 x 90 x 120 cm”
Macca 450 kr
[ToTpebnsiemMast MOIITHOCTh 350 Bt

I11. IIpoBenenue u3mepeHui
Kaxnprii nenr B mentp npuema uHpopmanmu ¢ KA «PECYPC-IK1» ¢ mpubopa
ITAMEJIA mnoctynaer ~ 15 I'GaiiT, u Kk HacTosleMy BpEeMEHHU HaKOMIeHO okoio 15 Toaiit

ceipoii madopmarun. [Tocne npeasaputensHOro ot6opa Beaeneno ~1 0% coGbiTuii, B 0CHOBHOM

3TO MPOTOHBI, B 3Heprernyeckom nuanasone 0,1 +~ 1000 I'3B.

Maruautsbiii  cnektpomerp [TAMEJIA mnponmomkaer (QYHKIIMOHUPOBATH U MPHU
IIPOXOXKJICHUH PAJUALMOHHOTO I05ICA, ITO3TOMY 3HAYMTENbHAs 4YacTh 3apErMCTPUPOBAHHBIX
YaCTHUL] OTHOCUTCS K OKOJIO3€EMHOMY KOCMHUYECKOMY IIPOCTPAaHCTBY, B TOM 4YHCIE H K
paauanmoOHHOMY TOSICY 3€MIIH.

f

Doyunlo @oy —

| (811*S12) (Hz) |

Puc.4: Opourst KA «Pecypc JIK-1»




IV. Hayunsle pe3yabrartsl 3kcniepumenta [IAMEJIA
Pe3ynbraThl Kacarolyecs HM3MEpPEHUH IMOTOKOB AHTUYACTUI[ — AHTUTENUs,, aHTUIPOTOHOB H
MO3UTPOHOB, T.6. MyHKTbl 1 u 2 ocHoBHOW mnporpammsl I[Ipoexkra «PUM-ITAMEJIAY,
3aKJII0YAIOTCS B CIICAYIOLIEM:

4.1. Ilonck siiep aHTUT eJINS

MakcumanbHbI TIpeiesl OoTHOIIeHUs He/ He TamakKTHYECKUX TOTOKOB AHTHTEIHUS K
T'CJIINIO I[OCTI/IFHyT B aBpOCTaTHLIX aHTapKTquCKHX I/I3MepeHI/I$IX HAa MAarHuTHOM CHCKTpOMeTpe

BESS cocrapmser ~31077 B sHepretudeckoM auanaszone 0,1 + 10 I»B. M3mepenus

crnekrpomerpom «ITAMEJIA» na konen 2009 roga cOCTaBIsAIOT ~ 1110° , OIHAKO B Ooiee
BaXKHOM HHepreruueckoM muarnaszone (0,1+ 100) [B. Otmerum, 4To mpu B3auMOACHCTBUU
KOCMHUYECKHX Jy4yeil CBEpXBBICOKON JIHEPIHMH C MEX3BE3JHBIM Ta30M MOTYT BO3HHKATh T.H.
BTOpPHYHBbIE aHTHsApPA. [[OTOK BTOPUYHBIX aHTUIIPOTOHOB K MPOTOHAM JIOJDKEH B ATOM CIIydae

COCTaBISITh p/p ~ 10°, a st He/ He ~ 1072, Eciiu B raakTHYeCKOM W3JIyYEHUH OTHOLIEHUS

OKaXXyTCA Oosbllle — 3TO 6y,HeT O3Ha4YaTb CYHMICCTBOBAHUC JOIIOJIHUTCIIBHOTO MCXAaHU3Ma
TeHCpalu aHTUYAaCTUL, HAITPUMCP aHHUTWJIALIUHA WA paciiaaa 4acTUuIll TEMHOM MaTCpvui U T.A.;

4.2. U3MepeHne MOTOKOB AHTUIIPOTOHOB, IO3UTPOHOB M 3JIEKTPOHOB
Pesynbratsl usmepenus B skcriepumente [TAMEJIA oTHOWIEHUS aHTUIIPOTOHOB K IPOTOHAaM B
3aBUCHUMOCTH OT PHEPIHM YacTHULl MpEeACTaBlIeHbl Ha puc.4. Ha 3ToM ke pucyHKe npeacTaBieHbl
pacueTbl 3TOro OTHOIIEHUs Ha ocHoBe Moaenu GALPROP. M3 pucynka cruenyer, 4To
DKCIIEPUMEHTAIIBHBIE JTAaHHBIE M pPAacyeTbl II0 MOJEISAM BTOPUYHOTO IPOUCXOKIACHUS
AQHTUIIPOTOHOB HAXOIATCS B XOPOLIEM COTJIACUU.
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Puc.5:0THOMIEHHE TOTOKOB aHTUIIPOTOHOB M MPOTOHOB M3MEpEHHOE criekTpomerpom [TAMEJIA

PGSYJ'IBTaTI)I OKCIICPUMCHTAJIBHBIX MOJCIIBHBIX Pacdy€TOB MOXHO HMHTCPIPECTUPOBATH KaK
MNOATBCPXKACHUC TOI0, YTO OCHOBHBIM HCTOYHHUKOM TaAJTAKTHUYCCKUX AHTHUIIPOTOHOB SABJIACTCA
MEXaHU3M BO3HHMKHOBCHHUSA HX BO BSaHMOHCﬁCTBHH C MCXK3BE3AHBIM T'a30M MU OTCYTCTBUEC
AOMOJHUTCIBHOI'O UCTOYHUKA aHTUIIPOTOHOB B IMOTOKE TAJIAKTUYCCKHUX KOCMHUYCCKUX nyqeﬁ.

4.3. U3MepeHHe MOTOKOB MO3UTPOHOB

Heo0xoaumMo OTMETHUTD, YTO TO3UTPOHBI PETUCTPUPYIOTCS HA YPOBHE MOTOKA MPOTOHOB
Ha TPU-YCTHIPC MOPAAKA MPCBLIMAIOMIMICM ITOTOK MO3UTPOHOB. HOBTOMy BBIJCJIICHHUC ITO3UTPOHOB
NPEJCTaBIsIeT CIEUUalIbHYI0, CIOXKHYIO TMpOrpaMMy MpPOBEICHHUS HSTHUX HCCIEAOBAHUM.
IIporpaMma BKIIOYAET CJIEYIOLINE ITAIbI BBIICICHU:

10



e lcnonb3yroTcs 4acTuisl ¢ 3 OJIM3KOM eAMHUIIE;

e [IpoBoauTCsl cCpaBHEHUE UMITYJIbCA U3MEPEHHOTO B MATHUTHOM I0JI€ CIIEKTPOMETPa U
BBIJICTICHHOW SHEPTrUU B KAJIOPUMETpE (3HAYCHUE STUX BEIWYUH JOJDKHBI OBITH OJIM3KU JPYT K
JPYTY);

e lcnonp3yroTcss COOBITHS, B KOTOPBIX SJICKTPOHHO-TO3UTPOHHBIA JIMBEHb Hayal
pa3BUBATHCA B BEPXHUX CIIOSX KAIOPUMETPA;

e lcnons3yercs MHpoOpMaALUs B MPEIEIbHOM U MONEPEYHOM Pa3BUTHU SJIEKTPOHHO-
MO3UTPOHHOTO JIMBHA, B YaCTHOCTH 3JEKTPOHHO-TIO3UTPOHHBIM JIMBEHb HMEET BBIJICICHHYIO
HEHTPaIbHYI0 YacTh, TJ€ U COCPEJOTOYCHO OCHOBHOE JEJIEHHWE JHEPruu («MOJIBEPOBCKHID»
paauyc JIMBHA);

e lcnonb3yroTcs TMOKa3aHHWsS HEUTPOHHOTO JETeKTOpa, IO3BOJISAIOIINE OTIUYHUTH
aJPOHHBIN U 3JIEKTPOMArHUTHBIN TMBHU IO YUCITy COBIAJAIONINX JIMBEHb HEUTPOHOB;

e lcnonb3yroTcss pe3ynbTaThl KaJuOpOBKHU KaJOpUMETpa B MOHOXPOMATHYECKUX
My4YKax 3JEKTPOHOB, MO3UTPOHOB, MPOTOHOB, yckopuTtensi CERN.

Bce mnepeuncneHHble METOIBI MO3BOJISIIOT TMOJIYYUTh PEXKEKLUUIO IPOTOHOB IPHU
M3MepeHnHy o3uTpoHoB Ha yposHe ~ 1077 | Ho maxke u B 3TOM citydae pacter ¢ sHeprueit 1oms
3arpsi3HeHus IpoToHaMu, HO He Oosiee 10%.

Ha puc.5 npencraBieHo OTHOLIEHHE efTe_ usMepenHoe B s3kcnepumente [ITAMEJIA u
ATO K€ OTHOIIEeHHE, paccuntanHoe no mporpamme GALPROP. HabGmomaercs 3HaunTtenbHOE
OTJINYME 3KCIEPUMEHTAIBHOTO 3HAUEHHUs OT pacuera B auanaszone sHepruii 10+100 I'3B. [lpu

HU3KUX SHEPIrusix B HECKONbKO 9B paznuune cBszano ¢ ConHEYHONW MOIYISIUMEH B TEUECHUU
[epruoaa U3MEPEHUN.

(e) / (b(e”)+ de))

0.1

Positron fraction

e
o
[~

® PAMELA

I Lol I Lol
0'011 10 100

Energy (GeV)

Puc.6: OTHOIIEHNE % n3MepeHHoe cnexkrpomerpom ITAMEJIA

e +e

4.4 Taxkum o00pa3oM, OCHOBHbIe¢ pe3yabTatbl 3KcnepumerTa I[MTAMEJIA mno
H3MEpPEeHHUI0 MOTOKOB AHTHYACTHI (AHTUIIPOTOHOB M MO3UTPOHOB) CJIeAYIOIIHE:

1. UW3mepeHHOe OTHOIIEHHWE TIOTOKOB p/p, KaKk M DHEPreTUYECKUH CHEKTP
AHTUIPOTOHOB, COOTBETCTBYET pacyeTaM 1o nporpamme GALPROP.

11



e
2. VI3MepeHHOe OTHOIIEHHE ————  NPOTHBOPEYUT pacyeTaM II0 MPOrpaMMme
e +e

GALPROP, uyro tpeOyer Haiuuus HEM3BECTHOTO paHHEE JOMOJHUTEIBHOTO HCTOYHHKA
MO3UTPOHOB.

3. U3MepeHne sHepreTUuecKux CIEeKTPOB MO3UTPOHOB M JIEKTPOHOB HE MPOTHBOPEUYMT
IPEIOJIOKEHUIO O JOTIOJIHUTEIHbHOM HCTOYHUKE, CO3/Al0IIEM B paBHON Mepe TOMOTHUTEIbHBIN
IIOTOK 3JIEKTPOHOB U TMO3UTPOHOB. T.€. 3TOT MCTOYHHUK I'€HEPUPYET IJIEKTPOHHO-IIO3UTPOHHBIE
napsbl.

V. O6cyxaenust

5.1. U3MepeHne CyMMapHOI0 rajaKTU4eCKOr0 MOTOKA 3J1€KTPOHOB U NMO3UTPOHOB
a0 sHepruu ~ TaB B 3xcniepumente ATIC, Fermi/LAT, H.E.S.S.
Cosmecthblii ananu3 pezynbratoB ATIC, Fermi/LAT u HESS nokasbsiBaer

- HaOJro1aeTCsl YIUIOMIEHHUE CIIeKTpa, HauYuHas ¢ COTHH [ 1B,

- HaOmroaercs mupokuit «6amm» ot ~300 I'3B 1o 600+800 3B,

-TI0KAa3aTelIb YPHEPTETUUECKOTO CIIEKTPa AIEKTPOHHO-TTO3UTPOHHON KOMIOHEHTHI PaBEH ~

-3,05, 4TO 3HAUYMTENBHO OTIMYAETCA OT MPHUHATBIX paHee IoKas3aTelei, paBHbIX ~ 3,2
(manpumep, B pacuetax no nporpamme GALPROP)
- HakoHel, B pailoHe ~ 1 [2B HaOmromaercs pes3koe majgeHHe HMHTEHCUBHOCTHU

3IEKTPOHHO-MIO3UTPOHHONW KOMIOHEHTHI FaIaKTHUECKOT0 KOCMUYECKOI0 U3ITyUEHHUSI.

OpHako ocTaércsi OJHO BaKHOE 3aMEYaHME: HE CBS3aHO JIM TMOSBJICHUE «OaMIIOB» H
CTOJb JKECTKO DHEPreTUYECKOTO CIIEKTpa  AJIEKTPOHHO-TIO3UTPOHHOM  KOMIIOHEHTBI C
HEJI0CTATOYHOCTHIO KOd(hHIMEeHTa pexeKiuy, paBHoro 107+10™ 1ms BeIIenenns moTokoB
JJIEKTPOHOB W TMO3UTPOHOB Ha (hOHE 3HAYMUTENHHO MPEBOCXOJSIIMX IMOTOKOB MPOTOHOB. A
UMEHHO Takoi ko3(dduuument umeercs y teneckona LAT u , BO3MOXKHO, Takoi ke y npubdopa
ATIC, obnajmarommx OJHMM W OJMHAKOBBIM KaJOPUMETPUYECKHUM CIIOCOOOM pEeXEeKLIUU
(OHOBBIX ITOTOKOB.

5.2. Unrtepnperanusi pe3yiabraToB m3Mmepenus npudopamm ITAMEJIA, ATIC u
Fermi/LAT BbICOKOHEPIUYHOM 3JI€KTPOHHO-NIO3UTPOHHOH KOMIIOHEHTbI TaJIaKTHYeCKHX
KOCMMYECKHX JIy4Yen.

OrtoT pazmen — 0030p HMHTEpPIpETAlMM Pe3yJbTaTOB, MOJYYEHHBIX B JKCIIEPHUMEHTaX
I[TAMEJIA, ATIC u Fermi/LAT mmpokuM Kpyrom HaydHBIX TPYIII, paboTaromux B 00JacTh
(U3MKH KOCMHUYECKUX JIyded, acTpoU3UKH, U T.H. HOBOM (M3UKH, B TOM 4YHCIEe M (UIMKU
TEMHOW Marepuu. VHTEpeCHO OTMETHTb, YTO KaXJas Hay4yHas Tpynmna MPOBOAUT IOMCK
OOBSICHEHUI B CBOEH 00JIACTH SHEPTHid, YTO M OTpa)kaeTcsi B pe3yjbTaTax OIyOJUKOBAHHBIX
uccienoBanuil. [Ipu 3ToM Kaxaplid pa3 MpeanonaraeTcs, 4YTo JAOMOJHUTEIbHBIN UCTOYHUK, €CIIN
OH €CTb, TEHEPUPYET OAHOBPEMEHHO JIEKTPOHHO-TIO3UTPOHHYIO ITapy.

a) PaccMoTpeHHe BONIPOCOB reHepaliii H pacnpocTpaHeHUs KOCMUYEeCKHUX JIy4eil.

OueBHUIHO TaKXKe, YTO MOXXHO M HEOOXOJUMO MPOJOKUTH MOUCK JOMOJIHUTEIBHOTO
HMCTOYHHMKA DJIEKTPOHOB M IIO3UTPOHOB, pPAacCMaTpuBas HWCTOYHHUKH, B KOTOPBIX MOKET
MIPOUCXOJIUTh OJHOBPEMEHHOE YCKOPEHHE M JJIEKTPOHOB M TO3UTPOHOB, WIM OCOOECHHOCTH
MEXaHNU3MOB pacrpocTpaHeHus yactull. OgHako, BCeraa HaJo UMETh B BUJY BTOPOW PE3yJbTaT

skcriepumenTta [TAMEJIA — oTcyTcTBHE JONOJHUTENBHOIO IIOTOKA AHTUIIPOTOHOB, 4YTO
MPUBOJAUT K JONOJIHUTEIBHOMY OIPaHMYEHHIO HAa BBIOOP MEXAHMU3MOB YCKOPEHHs AJIEKTPOHOB U
IIO3UTPOHOB.

0) I'eHepanys 3JIeKTPOHHO-NIO3UTPOHHBIX AP B MATHUTOC(epax MyJIbCapoB.

Bo BpamaroniemMcsi MarHUTHOM I0JI€ ITyJIbCapa MPOUCXOAUT YCKOPEHUE YacTHILl, B TOM
YHUCIIe U 3JIeKTPOHOB. Kpome TOro B CMIIBHOM MAarHUTHOM IIOJIE ITyJIbCAp M BBICOKODHEPTUYHBIE
raMma- KBaHTBl MOTYT HENOCPEJICTBEHHO POXAATh 3JIEKTPOHHO-NO3UTPOHHBbIE mapbsl. T.e.
HOSIBJIAETCA €IE€ OJUH IPOLIECC OJHOBPEMEHHOTO POXKACHHS IEKTPOHHO-TIO3UTPOHHOM IApBHI.
Co BpeMeHEM CKOPOCTb BpallleHUs IyJbCapa U MHTEHCHUBHOCTb €r0 MarHUTHOIO IOJIS MaJaroT.
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MosxHO 1omo0paTh Takue YCJIOBUSA, Koria OyIyT OJHOBPEMEHHO M OTHOCHUTEIBHO OOJIbIIOE
MarHuTHOE I0JI€ M JOCTATOYHO OOJIbIIas BEPOSTHOCTh YAacTUIAM 3JIEKTPOHHO-NO3UTPOHHOU
Hapsl BBIMTH B MEX3BE3JHOE ITPOCTPAHCTBO, UMES IIPH 3TOM SHEPIHI0 B COTHM MWJIIMApAOB 3B.
3aTeM OHHU pacHpOCTPAHSAIOTCS B MPOCTPAHCTBE KAK U YACTHUIBI OT TPAAULIMOHHBIX HCTOUYHUKOB.
Janee MoxHO mON00paTh 3HAUEHUS PACHPOCTPAHEHHOCTH IYJIbCAPOB B OKOJIOCOJHEYHOM
OpocTpaHcTBe ¢ pacctosHueM He Oonee Kwomapceka (¢ paccrosHus OGonee 1 Klle
BBICOKOOHEPTUYHbIE AJIEKTPOHBI U MO3UTPOHBI He AoWAYyT 1o ConHeuHol cucremsl). [loTepu
SHEpPruy OYEHb BEJIMKH), IPU TOM, YTO U3 CEMHU M3BECTHBIX raMMa - IIyJIbCAPOB JHIIb TOJBKO
TPU HAxOJATCS Ha paccTosHusAX MeHee Kuiomapceka, uro Obl B KOHIIE KOHIIOB OOBSICHUTH
«anomanbHbiil 3¢ dexkr [TAMEJIbl» u Bo3pacTaHus 3IE€KTPOHHO-NO3UTPOHHOI'O MOTOKA U €ro
sHepreTryeckoro cnekrpa B usmepeHusix ATIC u Fermi/LAT.

OueBUIHO TaKXKe, YTO MOXXHO M HEOOXOAMMO TMPOJOJKUTH 3TO paccMoTpeHue. B
YaCTHOCTH TONBITaThCA U3BJIEYb JIOMOJIHUTEIbHYI0 HHQOPMALMIO M3 IPOCTPAHCTBEHHBIX
M3MEPEHUH 3aperucTpUPOBAHHBIX MMO3UTPOHOB, JIEKTPOHOB, UM 3JIEKTPOHOB- MO3UTPOHOB 0e3
paszeneHus o 3apsuy.

B) AHHUTWISIIMS ¥ pacnaj 4acTull TEMHOM MaTepuu ¢ 00pa3oBaHUEM JIEKTPOHHO-
NMO3MTPOHHBIX Map.

Cerogus  HauOonbIIMi  BO3OYXKAAIOLUIMM  MHTEpeC  NpeACTaBIsieT  OObSCHEHHUE
«anomanbHOro 3¢ dexkra [TAMEJIbl» u Bo3pacTaHuii MOTOKOB 3JEKTPOHOB M TIO3UTPOHOB B
skcnepumentax — ATIC u  Fermi/LAT, AHHUTWALMER M paclajoM  TSKEIbIX
c1a00B3aMMO/IEHCTBYIOIIMX YacTULl BUMIIOB, MOKAa THIOTETUYECKMX YacTHIl, KaHIUAATOB Ha
POJIb TEMHON MaTEPHUN.

Ha py6exe 20 u 21 BekoB 1mocie MPEHU3UOHHBIX M3MEPEHUN aHU30TPOIUHU
KOCMHMYECKOT0 MHMKpPOBOJHOBOro ¢oHa B oOcepBatopun WMAP, cTano siCHO, 4TO OCHOBHas
Macca Bceenennoit ~ 25% cocpenoToueHa B BHUJ€ TEMHON MaTepHH, a MU3BECTHOE BEIIECTBO —
0apHOHHOE, cocTaBisieT cerofgHs He Ooinee 5%, octanbHble 70% NPUXOAATCA HA TEMHYIO
sHepruto. Ecinm cuurtaTh, 4TO TEMHas MaTepusl 3TO YacCTHUIbl, TO OHM MOTYT OBbITh JIMOO
TSKEJIbIMU — BUMIIAMHU, JMOO OYEHb JISTKMMU — AKCMOHAMHU. BUMIBI MOINIM BO3HUKHYTh Ha
paHHEH cTaauu HBOJIONMHM BceleHHON, Korjga Temreparypa BO30YXIEHUS Cpelbl Oblia
Ype3BbIYalfHO BBICOKOW, M MOIVIM BBINOJHATHCA YCJIOBUS BEJIMKOTO OOBEAMHEHMS WM Jaxe
CyIeprpaBUTAIMH, U CETOAHS COCTABIISIOT PEITUKTOBBIA (DOH.

Tak B ['amakTrke cpenHssl INIOTHOCTh TEMHOM MaTEpUH COCTAaBJISET ~0,3

FHB/ cM>. Cy1iecTByeT He OJIHa MOJIETb WIIM TUIIOTE3a, IPEANOararoas BapuaHT YacTHIIbI —

BUMMa. MHe TmpeacTaBisieTcs JBE W3 HUX Haubosjee pa3pabOTaHHBIMU. OTO MOJEIb
CYILIECTBOBaHMsSI CHMMETPHUH, M Jajee CyleprpaBUTAIMH, B KOTOPOH HMEIOTCS YacCTHIIBI T.H.
HEUTpanuHO () ¥ MOJEIh MHOXXECTBEHHOTO MPOCTPAHCTBA, B KOTOPOW MOSBISIOTCS Y3JbI HA
KOOPJMHATHBIX OCAX — T.H. MOeT aHHUTWiInpoBaTh Kanymna—KnsaitnoBckue 0030HbI By. U Te 1
JpyTHE YacTHIBI MOTYT aHHHTHIIMPOBAaTh, 00pa3ys 3JEKTPOHHO-NIO3UTPOHHBIE Mapbl. OgHAKO
JUTst 0030HOB ATOT MyTh Oosiee mpeanoututeneH. C Apyroil CTOPOHBI, B IOCTIEAHEE BPEMSI CTalIN
paccMatpuBath nporecc pacnaga. M omsate s 6030Ha By mpsiMoilt nenToHHBIN pacnaj 6osee
MPEINOYTUTENCH, T.K. OH UMEET CIUH eIuHUIly. Pacman HelTpalnHO MOJaBIsSeTCs 3aMpeToM Mo
R-uétHoctn. Kazamoce Obl, ecTh BCE OCHOBAaHHWS MpEAIOiaraTb, YTO AHHUTWIISALUS BUMIIOB
MOXeT 00bsACHUTH «aHoManbHbIN 3P ekt [TAMEJIbD», nanusie usmepenuit ATIC u Fermi/LAT.
OpHako, eCcTh OJHO CEephE3HOE OTPAHMYCHHUE, CBSI3aHHOE C MAJIBIM CEYCHHWEM AHHUTHIISIHA
BUMINOB. [leficTBUTENBHO, 11 TOrO YTOOBI OOECIEUUTH CYILECTBYIOLIYIO IUIOTHOCTH TEMHOU
MaTepuH, HEOOXOAUMO TIPEATIONIOKUTh, YTO CEUCHUE aHHUTHISINH, YMHO)KEHHOE Ha CKOPOCTh
YACTHIL, JOIDKHO PABHATBCS <Oy V> = 1072° cM’/c. A eciy paccMaTpHBaTh pacia, TO CPEIHee
BpeMs JKU3HU JOJIKHO OBITh ~107° ¢. OnHako, W OOBICHEHHS HAGIIOIAEMBIX pe3yJIbTaToOB
HEOOXOJUMO HUMETh <Oy V>, KaK MHUHHMYM Ha TpHU TMOpsaKa OoJblie (10'23 CM3/C). T.e.
HEOOXOIMMO CYIIECTBOBAaHME MEXaHHM3Ma, YBEIMUYUBAIOIIETO 5TO NpOM3BeACHUE. Takoi
MeXaHM3M Ha3BaH «0ycT» ¢pakropom (boost factor).
[IpemnoskeHsl ¥ paCCMOTPEHBI IBa MEXaHU3Ma.
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Hepseiii. [lnoTHOCTH TEMHON MaTepuu (n) B ['amaktuke HepaBHOMepHa. B uacTHOCTH,
OHa MOXET BO3pacTaTh K IUIOCKOCTHU JMCKa, K LEHTPY ['alakTHMKW, MOTYT CYLIECTBOBATh
yrroTHeHus i B ['a0. B 3TOM cilyuae 9rcio aKTOB aHHUTHIISIEH, MPOTOPIHOHATEHOE n°, GyeT
CYyIIECTBEHHO BO3PacTaTh.

Bropoii. Dddexr 3ommepdensaa, mpu oueHb CIAOBIX CKOPOCTAX AHHUTHIUPYIOIINX
YaCTHIl CEYEHHUE OHIIEKTPOCIA00ro B3aUMOJCHCTBUS MOXKET 3HAUYUTEIBHO BO3pacTaTh. ITOT
3pQeKT HamoMUHAEeT pocT cedeHHWs bpaiita-BurHepa M Takke MOXET HaBaTh YBEIHUYCHHE
CEYEHUS B COTHU U THICAYU Pa3.

BeiBOABI

3HauuTeNnbHAas YacTh pabOT MOCBAIEHA BO3MOXKHOCTH TEHEpAIMM YacTHUI[ TEMHOM
MaTEepUU U METOJaM MOUCKa (CUTHATYpe) U BbIACIEHUS 3TUX YaCTHLl.

[Tpu sTOM mpeanonaraeTcs, YTo cTaHAapTHas Mojaenb (SM) Ha OCHOBE 3JEKTPOCIa00ro
B3aUMOJICUCTBUSA, @ TAK)KE€ CWIBHOE B3aMMOJCHCTBHE NPU HEUTPOHHOM YBEIMYECHHHM SHEPTUU
B3anMozeicTByomux 4dactul (1o 7 T2B B c.1.M.)03BOMSIET MPaBUIBHO OILEHUTH CEUYCHHUE
TreHepaluy U Macchl YaCTHUI] TEMHOW MaTe€pHH, KOTOPbIE AOKHBI ObITH MEXAy ABymsicTamu 1 'HB
1 HecKobkumu THB.

Ecnu pelicTBUTENBHO pacnaj U aHHUTWIALMS YaCTUIl TEMHOM MaTE€pUU JArOT 3aMETHBIN
BKJIaJl B TIOTOKM BBICOKOPHEPTUYHBIX 3JEKTPOHOB M MO3UTPOHOB C IHEPrUEH 10 HECKOIbKHUX
T3B, T0o nomwKHO HabIrOAaTECS POHOBOE CHHXpPOHHOE M3MydeHne. C 3THM, BO3MOXHO, CBSI3aHO
Habmonenue nuHud 0,5 MbdB ot unentpa [lamakTwku, TAe TPOUCXOAMT AHHUTHIISALIUA,
OCTaHAaBJIMBAIOLIUXCS [TO3UTPOHOB, a TaK e M30bITOK MUKPOBOJIHOBOTO M3iydeHus. Ha psany c
ANEKTPOHHO-MO3UTPOHHBIMHU pacmaiaMu, MOTYT ObITh pacnajbl Ha HEUTPUHO, TaMMa- KBaHTHI. B
TOM CJIy4yae MOYKHO HAONIOAATh MOTOKH BBICOKOAHEPIMUHBIX HEHUTPHUHO, BBICOKOIHEPIMUHBIX
ramMmMma- KBaHTOB. COJIHIIE TAKKE MOKET HAKAIUIMBATh YACTUIbl TEMHOW MATEPUU U OKA3bIBAIOTCSA
HMCTOYHMKOM MOHOXPOMATHYECKUX BBICOKOOHEPTHUYHBIX HEUTPUHO.

[TAMEJIA oTkpbUIa HOBYIO BO3MOKHOCTh MOUCKA U U3YYEHHS YACTHUI] TEMHON MaTepuu
10 MCCJIEIOBAHUIO FaJJaKTUYECKUX ITOTOKOB 3JIEKTPOHOB U IIO3UTPOHOB.

B mo6om ciyuae HalayT TeMHYIO MaTtepuro B dkcriepuMenTax Ha LHC unum HeT, oHa ecThb
BO BceneHHOM, B OKpY:KarollleM HAC MUPE U UCCIECIOBAHUN COCTaBa KOCMUYECKOTO U3JIyUYEHHUS
npoaoikatTcsa. Ilpogomxkaercss noner cnekrpomerpa I[TAMEJIA u ramma - Teneckomna
Fermi/LAT, noaroraBnuBaioTcsi HoBble dKcniepuMeHTHl AMS-2, TAMMA-400 u np.

2.2.4. HammoHaJIbHBIN UCCJIET0BATEILCKUI sI/IEPHbIN YHUBEPCUTET
«MHUDN>

I'eopusuuecue ucciaeg0BaHusA
2.2.4.1. CnyTHuKkoBbIe 3KkcniepuMeHTbl «KAPUHA» n «BCIIVIECK» no usy4yenuro
reopusnyecknx 3p@PpekToB B NOTOKAX BLICOKOIHEPTHYHBIX YACTUI B Maruutocgepe 3emiin

1. YcnoBus npoBeneHMs SKCIIEPUMEHTOB.

Pazpaboranusie B MUDU cumaTUmsiimonHsie ciekrpoMeTpbl «KAPMTHA» u « BCITJIECK»
NpeHa3HAYeHbIl Uil M3YUYCHUS SHEPreTHMYECKHX CIIEKTPOB M BPEMEHHBIX MpOoQuieil BCIIECKOB
HOTOKOB BBICOKOHEPTUYHBIX IPOTOHOB M 3IEKTPOHOB.

OkcniepumeHT «APMHA» ocymectBisieTcs Ha HH3KOOPOMTAIBHOM — KOCMHYECKOM
anmapate «Pecypc-JIK» Nel ¢ mapamerpamu opOuthl: BbicoTOM B mpenenax 350-600 kM u
HaknoHeHueM 70°. Ha puc.l mpuBeneHa cxema pa3MeIIEHUS OCHOBHBIX Y3JIOB Ha OoOpTy
kocmuueckoro  anmapara.  Cnektpomerp  «APMHA»  ycraHoBieH B NpuOOpPHOM
repMOKOHTEHHEpE.
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batapes conHe4YHan

lepHokoHTedHEp C©
HA "TIAMENA"

ArperaTHbii 0TCEK

MpudopHBIR 0TCEK
HA "APHHA" _—

0Tcexk uenesoi
annapatypbl

MpudopHBIR
TEPHOKOHTEAHED

ONTHKO-3INEKTPOHHAA
annapatypa “Teoton-J11"

Puc.1. Cxematnyeckoe nzobpaxkenne kocmuaeckoro anmnapara «Pecypc-JIK» Nel.

Tonmma BemecTsa B MOJE 3PEHHs CHEKTPOMETpa cocTaBiser okono 0.5 r/cm’. OCHOBHOlM
OpHUEHTAallel CIyTHUKA sBJsieTcsl opOuTanbHas. B aToM cimydae ock cniekrpomerpa «APUHA»
NEepHEHIUKYJIIPHA TIOCKOCTH OpOUTBHI KOCMHUYECKOr0 amrmapara, U pealu3yroTcs ONTHMAaJIbHbIE
YCIIOBUS AJIl PETUCTPALIUU O] paJUallMIOHHBIM ITOSICOM BBICBHINTAIOIINXCS YACTHII.

[TpooIKUTENBHOCTh HKCHEPUMEHTA, KaK U CPOK (DYHKIHMOHUPOBAHUS KOCMHUYECKOTO
anmapara Ha opOute, OyIeT coCTaBisATh He MeHee 3-X JeT. M3MepeHusi MOTOKOB YacTHI]
MPOBOAATCS HEMPEPBIBHO € MtoJig 2006 r. 0 HACTOSAIIEE BPEMSI.

OxcnepumeHT «BCIIJIECK» ocymectBiasercss Ha MexXIyHapoIHOM KOCMHUYECKOMN
craniuu ¢ aBrycra 2008 roma (mapamerpsl OpOUTHI: BhICOTa 0KOJ0 350 kKM, HakiIOoHEHHE 52°).
[Tpubop «BCIUJIECK» ycrtanoBnen Ha BHemHeil moepxHoctu MKC, pabGoraer B ycnoBusix
KOCMHUYECKOI'0 BaKyyMa, OPMEHTHPOBAH MEPIEHIUKYISIPHO 1m1ockoct opoutsl MKC.

2. KpaTkoe onucanue Hay4HOH anmapaTyphl.

CnennanusupoBaHHas anmaparypa Uil PErHCTpalMM BCIJIECKOB BBICOKO3HEPIMUYHBIX
ANEKTPOHOB H TpoToHOB (crekrpometrpel «APMHA» u «BCIIJIECK») Obuta pa3paborana
MUOMU [1]. [Ipubopsl MOTHOCTHIO HIEHTHUYHBI MO (PU3MUYECKON CcXeMe, UMEIOT OMHAKOBBIC
¢usndeckue mapamerpsl (reoMpaKTop, YHEPreTHUECKOE Pa3pelIeHNe U Jp.), PETUCTPUPYIOT U
uaeHTuUIUpyoT 31ekTpoHsb! (3-30 MaB) u npotonst (30-100 MaB), u3MepstoT UX YHEPrUH U
MO3BOJISIFOT M3y4YaTh JHEPreTHYECKHE CIEKTPhl W BPEMEHHBIC NPO(UIM TOTOKOB YaCTHII..
TexHnuecku M KOHCTpYyKTUBHO crnekrpoMerpsl «APMHA» u «BCIIJIECK» He sBusiorcs
WJICHTHYHBIMHU, MOCKOJBKY Tpubop «APMHA» ycraHoBieH B mpuOOpHOM Te€pMOKOHTEHHEpe
KocMuyeckoro annapata, npudop «BCIIJIECK» na - BHemnelt nosepxHoctd MKC (B ycnoBusix
KOCMHUYECKOro BakyyMa). Kpome Toro, B CHEKTpOMETpax HCIONb3YIOTCS pPa3InyHbIC
JJIEKTpUUYECKUE HHTEepQEichl Uil BHYTPEHHEro M BHEIIHEro obMeHa uHpopMmauued u Juis
1oIay KOMaH/1 yrpasienus padoroit HIT.

dusnueckas cxema MpuOOPOB MpHBeieHa Ha puc.2. MHOTOCIOMHBIM CHUHTHIUISILIMOHHBIH
nerekrop (Cl1, C2,..., C10) sBnsiercs TIaBHON YacThio proopa.
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T'eomeTpuueckuii paxrop 10 cM2cp

Aneptypa +40°
IIPOTOHBI (30-100) MsB

DHepreTHYECKUe ANana3oHbl
JNEKTPOHBI (3-30) MaB

OHepreTUyecKoe paspelieHne | MPOTOHBI 10 %
JIIEKTPOHBI 15%
BpemenHoe pazperieHue 100 HC
Macca 8.6 kT
IToTpebisiemast MOITHOCTH 13.5Br

Puc. 2. ®usznyeckas cxema u xapaktepucTtuku criektpomeTpoB «APMHA» n « BCIIECK».

3apsKeHHbIE YacTHUIIBI (3JIEKTPOHBI, MPOTOHBI), IBHXKYIIUECS B IMPSMOM HalpaBlIeHUU
(«cBepXy BHHU3») U TMOMNAJAIOIIME B amepTypy Npubopa, MPOXOAST IMOCIENOBATEIbHO dYepe3
netektopsl C1, C2 C3 u T.1., TEPAIOT YHEPTHUIO U MOTJIONIAIOTCS B pubope. YacTuilsl 00paTHOTO
HaNpaBJIeHUs M 4YacTUIBl MPOIIEAIINE uepe3 Bech Npubop oTcekarorcs aerekropom C10,
BKJIIOUEHHBIM B aHTUCOBMaJeHHEe. TakuM 00pa3oM, OCTAaHOBUBILIHMECS B BelIeCTBE Mpudopa
YaCTHULIBI — 3JIEKTPOHBI ¢ sHeprusiMu 3-30 MaB u npotons! ¢ sHeprusmu 30-100 MaB. YacTtuis
UICHTU(UIUPYIOTCA TI0 UX DHEPTOBBIICICHUIO (aMILIUTY/IC CUTHAIOB C (DOTOYMHOXKHUTENCH) B
KaXJIOM JETEKTOpe U Mpobery B mpubope. DHeprus 3JIeKTPOHOB U MPOTOHOB U3MEPSIETCS 10 UX
npobery B jAerekropax mpubopa. CHEeKTpOMETphl MO3BOJSIOT MPOBOAUTH HU3MEpPEHUs
HHEPTeTUUECKUX CIIEKTPOB YACTHIl M HUX D3BOJIOLHUIO, OMNPEAETATh BPEMEHHbIE MpOopuIn
BCIUIECKOB  YaCTUI[ C BBICOKMM BPEMEHHBIM pa3pelieHueM, MOoryT paboTtatb B
BBICOKOMHTEHCHUBHBIX MOTOKax yacTull. CBerocuia mpuOOpOB, omperensiemMas KOHPHUryparpen
nerexktopoB (C1, C2 u C3), cocraBiser Benuuuny nopsaka 10 CMZCp, YTO B HECKOJIBKO JIECSITKOB
pa3 BBIllE, YeM CBETOCWJA ammapaTypbl, C MOMOIIbIO KOTOPOW OBUIM MOJYYEHBI OCHOBHBIC
pe3yIbTaThl MO HAOMIOACHUIO CeCMUUeCKHX d(PPEKTOB B MOTOKAX YACTHII.

Ipumep pecucmpayuu 00H020 U3 6CNIECKOE YACMUY 8 OKOJIO3EMHOM KOCMUYECKOM
npocmpancmee nokasau Ha puc. 3.

13.11.2006

BCIIIIECK

TEMII CYCTA 4YaCTHL, C

T T T T
15600 15700 15800 15900 16000

BpeMs, C.

Puc.3. Peructpanus Bcruiecka BBICOKOIHEPTHUHBIX 31eKTpoHOB (L=2.2).
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3. H3yuenue 603myuieHuii paouayuoHHo20 nosca.

B psne pa6ot [2, 3 ¥ CChUIKM B HUX |, BBIMIOJTHEHHBIX B TIOCIEAHNUE TOMIbI, Kak B Poccun, Tak u 3a
pyOexomM ObUIO MOKa3aHO, YTO BCIUIECKH BBICOKOAHEPTHMUYHBIX 3apsKEHHBIX YACTHI[ CBSA3AHBI C
JIOKaJIbHBIMU BO3MYILIEHUSMH PAJUALMOHHOTO MOACA M MOTYT UMETh DPA3IUYHYIO TPHUPOAY:
MarHuTOC(EpHYIO, CECMUUYECKYI0, TPO30BYIO U Jip. B KakoM sKcrieprMeHTe ObUIH BBISIBJICHBI
BCIUIECKHM YacTUIl (Ha YPOBHE 5 CTaHAAPTHBIX OTKJIOHEHUW U BBIIIE) MPOJIOJKUTEIBHOCTBIO OT
HECKOJIBKMX CEKYH/I 10 HECKOJIbKUX JIECSITKOB CEKYH: B akcniepuMenTe «APMHA» - okosio 90 u
B skcniepumente « BCIIJIECK» - 23. Bun neTanbHO U3ydeHbl reorpaduyeckue pacripeeiaeHus
YacTOThl TOSBIIEHUS BCIUIECKOB YAaCTHI] B paccMaTpUBaeMbIX OHKCIepuMeHTax, [IpoBeneHo
CpPaBHEHHE C AaHAJIOTUYHBIMHU pacTpeelIieHUsIMHU, TTOyYeHHBIMHA B PaHEEe BBIMTOJIHEHHBIX paboTax
(mannple akcriepuMeHTOB «MAPUA-2», PET/SAMPEX w 1p.), W BBISIBICHBI HOBBIC
OCOOCHHOCTH B pacHpellelCHHsIX, MOKA3hIBAIONIUE, YTO 3HAUUTENbHAS IO BCIUIECKOB YaCTHUI
CBs3aHA C TPO30BOM aKTUBHOCTHIO. [IpoBesieH KOppesILMOHHBIA aHalu3 MPOCTPAHCTBEHHBIX U
BPEMEHHBIX XapaKTEPUCTUK 3apETUCTPUPOBAHHBIX BCIUIECKOB YacCTUI[ M JAHHBIX IO
CEHCMHUYECKHM COOBITUSIM, TOATBEPAUBIIMMA Ha JOCTATOYHOM craructuke (115 Bcreckos
YacTHUI) BBIBOJ O TOM, 4TO ~20% BCIUIECKOB YacCTHI] UMEIOT ceiicMuueckyto npupoay. [Ipu stom
OHM TIPEIISCTBYIOT 32 HECKOJIBKO YacOB 3eMJIETPIICEHUSIM ¢ MarHuTy10i (M) 6omee 4 6aiioB u
MOTYT paccMaTpUBaThHCS B KaueCTBE MPEABECTHUKOB 3€MIICTPSICEHUN. AHAIU3 pacupeeeHui
CEHCMHYECKHUX BCIJIECKOB YAaCTHUIl U 3€MIIETPSICEHHM MO MarHUTyZe MO3BOJWI MOJXYYUTh IS
CIIyTHUKOBBIX HW3MEpPEHHH OIEeHKY dS()PEKTUBHOCTH pPETUCTpAllMK BCIUIECKA YaCTHI —
MPEIBECTHUKA 3EMIIETPSICEHUSI B 3aBHUCHUMOCTH OT CHJIbl 3emuerpsiceHus. IlokazaHo, d4TO
BEPOSTHOCTh PETHCTPALINU CEHCMHMUYECKOTro Beriecka yactul] ommska k 100% npu M>7 u pesko
yOBIBaCT MOYTH Ha JIBa MOpsaKa nmpu M~4.

Cnucok numepamypbi.
1. bakanmua A.B., barumes A.I'., BoponoB C.A." u np. «CHyTHHKOBBI DSKCIIEPUMEHT
«APUHA» mo m3ydenuto cericMuuecknx 3((eKToB B MOTOKAX BBHICOKOIHEPTHYHBIX YACTHI] B
marautocdepe 3emnny». Kocmuu. uccnen. 2007 ., 1.45, Ne5, c. 471.
2. Voronov S.A., Galper A.M., Kirillov-Ugryumov V.G. et al. Registration of sporadic increase
of high energy particle flux near Brasilia magnetic anomaly region // Proceedings 20th
International Cosmic Rays Conference. 1987. V. 4. P. 451.
3. C.YO. Anekcannpus, A.B. bakanaun, A.M. Tl'anenep, C.B. Konnamos u np. «Habmtonenue
COJTHEYHO-MAarHUTOC(EPHBIX U reopu3ndeckux 3(P(HEeKToB B MOTOKAX AIIEKTPOHOB M MPOTOHOB B
cnyTHHKoBOM skcnepumente «APUHA». U3B. PAH Cepus ¢usuueckas, 2009, tom 73, Ne 3,
ctp. 379.

2.2.5. ®usuko-rexunyeckuit UHCTUTYT UM. A.D. Hopde PAH

2.2.5.1. UccinenoBanus KOCMHUUYECKUX TaMMa-BCIUIECKOB U MATKHUX raMMa-
penutepoB B s3kcniepuMentax KOHYC-BUH/I u KOHYC-PO®

E.Il.Ma3zen, P.JI.Antekaps, C.B.I'oneneuxuii, B.H.Unbunckuit, ®.I1. Onelinuk, B.J[.ITanbumuH,
I.C. CBunkun, M.B. Ynanos, JI./].®penepukc

VYupexnenne Poccniickoi akagemun HayK OU3HKO-TEXHUYECKUM HHCTUTYT
um.A.®.Modpde PAH, r. Cankr-IletepOypr

AHHOTaus
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[Tpobnema mpupoabl KOCMHYECKUX MAMMa-BCIUIECKOB U MEXaHM3Ma I'€HEPaLuU SKCTPEMabHbIX
MOTOKOB 3JIEKTPOMAarHUTHOTO HU3JIY4YEHUS B MX MCTOYHMKAaX SBISETCS OJHOM U3 caMbIX
aKTyaJIbHBIX  3aJa4 (byHIaMEHTaJIBHBIX ~ KOCMHYECKHUX  HcciefoBaHuil. Poccuiicko-
AMEPUKAHCKUN HKCIIEPUMEHT I10 HMCCJIEJIOBAHMI0 KOCMHYECKMX TIaMMa-BCIUIECKOB M TaMMa-
penurepos KOHYC-BUH/I ycnemHo npoBoauTCs Ha aMEPUKaHCKOM KOCMUYECKOM ammnapare
«BuHm» ¢ nmomomipio poccuiickoi HayuHou anmapatypel KOHYC ¢ HosiO6ps 1994r. bnaronaps
BBICOKOW UYBCTBUTEJIIBHOCTH, HCKIIOUUTENBHO ONaronpusTHOMY MeCTy HaOIoAeHud B
MEXIUJIAHETHOM TPOCTPAaHCTBE M ONTHMAJIbHOW MporpaMme HaOMIOAEHUM HSKCHEPUMEHT
KOHYC-BUH/]] sBnsercs yHUKaJbHbIM HCTOYHHMKOM HHpOpMAlMM O  BPEMEHHBIX U
CHEKTPAJIbHBIX XapaKTEPUCTUKAaX raMMa-BCILUIECKOB B LIMPOKOM HHTepBaje sHepruil ot 20 k3B
1o 10 M»bB. Ortu naHHBIE COCTaBISIOT HEOTHEMIIEMYHK) YacThb COBPEMEHHBIX BCEBOJIHOBBIX
WCCJIE0BAHNM MCTOYHMKOB TIaMMa-BCIUIECKOB Ha KOCMHUYECKHMX amnmaparax U CETH Ha3eMHBIX
ONTUYECKUX M PAAMOTENECKONOB U IHUPOKO BocTpeboBaHbl. DkcrnepuMeHT KOHYC-PD Ha
okoso3eMHoi conHeuHoi obOcepBatopun  KOPOHAC-®OTOH »¢dextuBHO JIOTIOJTHSLT
CHUHXPOHHBIMH HabmoaeHusamu s3xkciepumenT KOHYC-BUH/L B 2009r.

1. Meroanka HMCCIEOOBAHUNA.

Poccuiicko-amepukanckuii sxcriepumenT KOHYC-BUH]] mo wuccienoBaHnio KOCMHYECKHX
ramMma-BCIIECKOB  IIPOBOJAUTCS C BBICOKOM HAyYHOW OTIadeil Ha aMepUKaHCKOM KOCMHYECKOM
annapare «Bung» c¢ Hos0ps 1994r. ¢ nmomoupio HayuHol ammaparypsl KOHYC ®wusuko-
texanueckoro mHctutyta uM.A.®.Modhde PAH. Ammaparypa HaxoIWUTCS B HCKIIOUUTEIHHO
ONaroMpUATHBIX YCIOBUS IJIs1 HAOMIOJCHUS raMMa-BCIUIeCKOB. OpOUTa KOCMUYECKOTO amrmapara
pacrmoioxeHa BHEe MarHutocdepbl 3eminn, obecredynBas TeM CaMbIM BO3MOXHOCTh
HETIPEPhIBHBIX HAOMIOJeHUN Bcell HeOecHOM cdepbl, CTaOWIbHBIM paauaMoHHBIA  (OH,
OTCYTCTBHE€ TOMEX OT paJualMOHHBIX TMOSICOB MW 3aTeHeHus 3emuiedl. JlBa gerekTopa
amnmaparypbl, TMpEACTaBIAIONIME COOOW  BBICOKOUYBCTBHUTEIBHBIE T'aMMa-CIIEKTPOMETPHI,
MOCTOSTHHO OCMaTpHBAaIOT HeOecHylo cdepy oOecnednBas BO3MOXKHOCTH — PETHCTPUPOBATH
ramMMa-BCIUIECKH, IPUXOJISIINE C JIFOOBIX HAPaBICHUH.

Hayunas anmmapatypa skcnepumenta «KKOHYC-P®» npezacraisiia co00i CHMHTHIUIALIMOHHBIN
raMMa-CIeKTpOMEeTp, COCTOSAIIMA M3 JBYX HWAEGHTHUYHBIX JE€TEKTOPOB TIaMMa-KBaHTOB M
3IIEKTPOHHOTO OJIOKA IS PETUCTPAIMU U TpeABapUTEIbHON 00pabOTKH CHUTHAJIOB JETEKTOPOB.
Kaxnprii netekTop coaepan CHeKTPOMETPUYSCKHA CHMHTHILIIAIMOHHBIN  kpuctamn Nal(TI)
nuamerpom 130 MM u BbICOTOM 75 MM, NHOMEIIEHHBIH B TOHKOCTEHHBIA aATIOMHUHHUEBBIN
KOHTEHHEp C OEpMJIJIMEBBIM BXOJIHBIM OKHOM U BBIXOJAHBIM OKHOM M3 CBHMHIIOBOIO CTEKJa
BBICOKOW TPO3PavyHOCTH Ui 3alIMTHl OT ()OHa KOCMHMYECKOIO ammapara B MSTKoOM obiactu
criekTpa. Takoil 1eTeKTop, aHAJIOTMUHBIN 110 KOHCTPYKIIMU U pa3MepaM AETEeKTOpaM armnapaTrypsl
KOHYC-BUH/I, obecneunBaeT HU3KUI SHEPreTHUECKUI TOPOT pEerucTpalu u3iaydeHus ot 10
k3B, nuana3on peructpanuu raMmma-kBaHToB 10 10 M»3B ¢ sHepreTuueckum paspemieHuem 8,5 —
9,0 % na muuaum 660 k3B Cs137 u 4yBCTBUTENBPHOCTH OOHAPY’KEHUs BCIUIECKOB Ha ypoBHe 10{-
7} apr cm{-2}.

OxcnepumeHT «KOHYC-P®» mpoBomuics Ha  COJHEYHOWM KOCMHYECKOW o0OCepBaTOpUU
«KOPOHAC-®OTOH» c¢ stuBapst 1o aekadpb 2009r. Ha 0K0JI03eMHOI OpOHTE ¢ HAKJIOHECHHEM
82,5 rpamycoB u ypameHuem oOT 3emiau 547-592 xMm. Kocmuueckwit ammapatr ObLT
CTaOWJIN3UPOBAaH OTHOCUTENBHO OCH, HampaBieHHOM Ha CojHIe, C TOYHOCTHIO HECKOJIBKO
yrioBbix MUHYT. [letektropel KOHYC-P® Obimu pa3merieHsl Ha KOCMUYECKOM anmapare TaKuM
00pa3oM, 4TO OCh IOJIA 3pEHHs] OJHOTO U3 AETeKTOpoB Oblia HampasieHa Ha CoiHue. Bropoit
JNETeKTOp OCMaTpUBall AHTUCOJIHEYHYI0 HeOecHyio mnoiychepy. OpranHuzanusi H3MEpeHUN
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XapaKTepUCTHK ramma-BeiieckoB B 3kciepuMenTe KOHYC-P® sBnsiercs pa3BuTHEM NMOAXO00B
U MeTonoB, ucnoiap3oBaHHbIX B 3kcnepuMeHte KOHYC-BHMHJI. Ona xapakrepusyercs
3HAUUTENBbHO OOJbIIed HMHPOPMATUBHOCTHIO OJarojapsi HCHOJb30BaHUIO B ammaparype
COBPEMEHHOM 3JIEeMEHTHOM 0a3pl Ha OCHOBE CHTHAJBHBIX LU(QPOBBIX MPOLECCOPOB,
IPELHU3HUOHHBIX aHAJIOro-IU(POBLIX MpeoOdpa3oBaTencii ¢ MajlblM «MEPTBBIM» BPEMEHEM U
MHUKPOCXEM OINEepaTUBHOM maMsATH Ooibinoil emkoctu. B pexxume ®OH B kaxaoMm JeTekrope
IIPOBOJIMJINCh W3MEPEHHsST HMHTEHCHUBHOCTH KOCMMYECKOIO TaMMa-W3JIy4YeHUs B JBEHAJLATH
JHEPreTUYECKUX MHTEpBaslax B auana3oHe 3Heprui 10 kaB — 1 M»B ¢ BpemeHneMm HakoruieHus 1
CeK M B JECSATH DHEPreTMUECKUX HHTepBajax B auana3zoHe sHepruil 280 k3B — 10 M»sB ¢
BpeMeHeM HakorieHus 4 cek. OgHoBpeMeHHO B pexume @OH ocylecTBiArOTCS neTanbHbIE
W3MEPEHHs CIIEKTPOB M3JIYYEHUS B JIBYX SHeprernueckux auamazoHax 10 kaB — 1 MaB u 280
B — 10 M»sB, xotopele pa3butel Ha 112 u 154 kBasunorapudmuueckux KaHama
COOTBETCTBEHHO. Bpemsi HakoruieHus crnekrpoB B pexxuMe ®OH cocraBnsno 1 munyty. B
pexxuMme BCIIJIECK HMHTEHCHBHOCTb M3IY4YEHHMS HU3MEpsUIach B TEX JK€ DHEPreTHYECKHX
MHTEPBAJIaX C BPEMEHHBIM pa3pelieHueM OT 2-X MceK 10 64-X Mcek. MHOTOKaHaIbHbIE CIIEKTPBI
B pexxnMe BCITJIECK m3Mepsmch B TeX K€ SHEPreTMYECKHMX IUAala3oHax, Kak U B PEKHUME
®OH, Ho ¢ BpeMeHHBIM pa3zpeieHueM ot 100 mMcek 10 2-X cek.

Oxcnepument KOHYC-BUH/] sBnsiercs B HacTosiiiee BpeMsl  YHUKAJIbHBIM  HCTOYHUKOM
HauOoJiee MOJHBIX JIAHHBIX O BPEMEHHBIX, CIIEKTPAJIbHBIX U SHEPreTHYECKUX XapaKTEepUCTHKaX
KOCMHUYECKHX F'aMMa-BCIJIECKOB B IIMPOKON o0iactu sHepruii ot 20 k3B g0 10 MaB.

2. OxkcunepuMeHT KOHYC-BUH/I kak HeoThEMIEMAas 4YacTh BCEBOJHOBBIX HMCCJIEIOBaHUMN
KOCMHUYECKHUX TaMMa-BCIUIECKOB.

brnarogapst mmpokoMy 3HEPreTHYECKOMY IMarna3oHy, ONTHUMAIbLHOW MporpaMMe perucTpaiuu
OCHOBHBIX TapaMETPOB TaMMa-BCIUIECKOB M BO3MOXHOCTH 0030pa Bced HeOeCHOW cdepsl B
YCIIOBUSAX MEXIUIaHETHOro mnpocrpaHcrBa 3kcnepuMeHT KOHYC-BUH/I ctan HeoTheMuemon
COCTaBHOM YacThbl0O BCEBOJHOBBIX MCCIEAOBAHUNH KOCMHUYECKMX TramMMa-BCIUIECKOB, KOTOpBIE
MPOBOSITCS HA MIMPOKON CETH HA3€MHBIX U KOCMUYECKHX TEJIECKOIOB IO JaHHBIM ONEePaTHBHON
Y TOYHOH JIOKAJIU3allM1 UCTOYHUKOB BeIuieckoB Teneckonom BAT muccu HACA CBUODT.

GRBO080721. MHTEHCHMBHBIII MHOTOMMIYJIbCHBIM BCIUIECK HCCIEIOBAJICS B CHHXPOHHBIX
Habmonenusx teneckona bAT (CBU®DT) u KOHYC-BUH/I. 3T0 m0O3BOIWIO MOMYyYUTh JaHHBIE
O CIEKTPAJIbHBIX XapaKTEPUCTUKAX M3IYyUYECHHUS B IIMPOKOM Juara3zoHe 3Hepruit ot 15 k3B g0 7
Mb5B. Kpussie sipkoCTH, MTOTy4YCHHBIE B CHHXPOHHBIX HAOIIOICHUSX, PUBEeHBI Ha puc. 1. Ha
puc. 2 TOKa3aHbI pe3yJbTaThl COBMECTHOW OOpabOTKH  CHEKTPAIbHBIX  HM3MEPECHHI.
Hannsle ramma-cnexktpoMerpa KOHYC-BUHJI  sBnsuince  OCHOBHBIMM  JUISL  aHAlU3a
coOCTBEHHOM (a3l TaMMa-BCIUIECKA — OINpeAeTeHUs] JIHEPreTMYECKUX U CHEKTPabHBIX
xapaktepuctuk. CoBmectHoe QurupoBanue cnekrpanbHblx naHHbIX KOHYC-BUH/] u BAT-
CBUDT obecneunno HaASKHBIC OICHKA TOTOKA M3ITYYEHHUS B IMTUPOKOM JHAIA30HE SHEPTHM.
NHTeHcuBHBIC HAOMIOIEHUS TIOCIECBEUYCHUSI TaMMa-BCIIJIECKA CEThIO Ha3eMHBIX U KOCMUYECKHX
TEJIECKOIIOB MPOJIOJDKATUCE 36 mHEH mociie OOHapyXeHHsl MCTOYHHMKA BCIIECKA HA KPACHOM
CMEIIEHNHU Z =2,6 U1 MO3BOJIMJIM YCTAHOBUTHh HUKHUU MPEJEN HA YroJl KOJUTUMALUU U3TyUeHuUs,
paBHbIl 7,3 rTpamyca. B codeTtaHWM C WHTErpajbHbIM MOTOKOM HHEPrUU TraMMa-BCIUIECKA,
onpeaeneHHelM 1o gaHHbiM KOHVYC-BUH/] u BAT-CBU®T, 370 no3BOAMIO yCTaHOBUTH
HIDKHUW TIpelle]l Ha TOJIHOE DHEProBBIJICJICHUE BCIUIECKa B Tramma-mydax =9.9x10"{51} »spr.
Takoe >HEProBBIICTCHUS SBISETCS OJHUM U3 CaMbIX BBICOKHX KOTA-TMOO WM3MEPEHHBIX s
ramma-BCIIECKOB.
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GRBO050717. Pe3ynpTaThl COBMECTHBIX HAOJIIOAEHMH CHEKTPAJIbHBIX XapaKTEPUCTUK 3TOTrO
JUIMHHOTO TraMMa-Bciuiecka — TeneckonoM BAT muccun CBU®T u  anmaparypoir KOHYC-
BUH/ npuBenens! Ha puc. 3. DTOT BCIUIECK BBI3BAJ OCOOBI MHTEPEC WCCIEIOBaTENeH M3-3a
pekopaHoi nukoBoi s3Heprun Ep= 2400k>3B.

GRBO080319B. VYcunusamu OOJBIIOTO  MEXAYHApPOJHOTO KOJUIEKTHBA HaOmromateneid  ObLl
MOJTy4eH HamOoJiee MOAPOOHBIM MOPTPET raMMa-BCIUIECKAa 32 BCE BPEMS C MOMEHTa OTKPBITHS
3TOr0 HEOOBIYHOTO acTpodu3myeckoro sBieHus. Mcrounuk Beriecka 19 mapra aeransbHO
WCCJIEIOBAJICA HA CETU Ha3€MHBIX U KOCMHUYECKUX TEJIECKOMOB, MPUYEM HAOIOIEHUS OXBATUIIN
11,5 mopsAKOB BETUYMH MO AJTUHAM BOJH OT PaJUOM3IyYeHUS A0 raMMa-KBaHTOB. [1o BpemeHun
OHM Havdayuch 3a 30 MUHYT 10 Hayaja BCIUIECKA M TPOJOJDKUIUCH B TECYCHHE HECKOJIbKHX
HEJelNb, YTO MO3BOJMIO MPOCIEAUT 32 BCEMH CTaIUSIMHU €T0 MOCIECBEYCHHS U COMOCTABUTh MX
C PSIZIOM MOJICJIBHBIX TIPEICTABICHUM.

l'amma-Bemieck ObLT OmMEpaTWBHO W TOYHO Jokanmu3oBaH TeieckonoM BAT muccunm HACA
CBUOT u ero koopuHATHI B PeKUME PeaIbHOTO BpeMeHU OblIH nepenansl Ha 3emmo. Ocobo
OylaronpusTHasl CUTyal|sl CJI0KUIIACH IS 2-X MATPYJIbHBIX ONTUYECKUX TEJIECKONOB C HTMPOKUM
HoJieM 3peHus, ycTaHoBieHHbIX B Ywin. 3a 30 MUHYT 0 HOBOIO COOBITHSI OHU Hayaiu
U3y4eHue npenpiaymero ramma-sermiecka GRBO80319A. Hooe coObiTHe OKa3anoch
pAcIONIOKEHHBIM BCEro Ha paccTOstHUM 10 yrioBBIX I'paJyCcoB M €ro HCCIIEOBAaHHE HAYalloCh
HemeieHHo. [lepBbIM ero 3apeructpupoBai noiasckuii Temeckon «Pi of the Sky». Ero nannsie
IOKa3aly, 4yTo 3a 15 cekyHa SpKOCTh BCIUIECKA JOCTUIJIA 3HAUEeHUs 5,5 3Be3/1HOM BeanuuHbl. Ha
HOYHOM HeOe Takoe COOBITHE IOCTYIHO ISl HAaONIONEHHS HEBOOPYKEHHBIM YEIOBEYECKUM
rna3oM. Takoil SpKOCTH B ONTHYECKOM JMAaNa30HE HCTOYHHUK raMMa-BCIUIECKa HaOroaascs
BriepBbie. Bropoii reneckon « TOPTOPA» CnenmansHoit actpodusndeckoit oocepBatoprn PAH
3apEeruCTPUPOBAl KPUBYIO SIPKOCTH 3TOTO BCIJIECKA C HEJOCTH)KUMBIM — paHee BpPEMEHHBIM
paspemienneM 100 Mcek, 4TO MO3BOJIWIIO BIEPBBIE POBECTH JI€TAIBHOE CPABHEHNE ONTHUYECKOU
CBETHMMOCTH UCTOYHHUKA BCIUIECKA C €0 TaMMa-HU3JTy4YeHHEM.

Poccuiickuii  ramma-cnekrpomerp  KOHYC-BUH] MIO3BOJIMJI  OIPENEIIUTH
SHEProOBBIJICIIEHUE B UCTOYHUKE U MOIYUUTh JETAIbHYIO0 KAPTUHY F'AMMa-U3JIy4eHHs BCIUIECKA B
IIMPOKOHM O0JIACTH SHEPTHi, KOTOpasi BBIABUIA CIOXKHYIO, 3aBUCSIILYIO OT SHEPIHU CTPYKTYPY
CHEKTPAIIbHOM MEPEMEHHOCTH U3IYUYEeHHMs, AJIUBILErocs NpuMepHO MUHYTY (puc.5). CpaBHeHUe
nauHbx dkcrepumenTa KOHYC-BUH] u nabmonenuit Teneckonom TOPTOPA moka3siBaer,
YTO OCHOBHAas (pa3a ONTHYECKOW AKTMBHOCTH W HHTEHCHUBHOIO raMMa-M3JIy4deHHs BCIUIECKA
HAUMHAIOTCA W 3aKaHYMBAIOTCS TIPUMEPHO B OJIHO M TOXKE BpeMs, MPEAOCTaBIAA yOeaUTeIbHOE
JIOKA3aTelIbCTBO, YTO 00€ KOMITIOHEHTHI TPOUCXOMAT W3 OJHOM (U3MYECKON 001acTH.
PesynbraTsl HccnenoBanuii ObUTH OMyOIMKOBaHBI B sKypHaie Nature.

3. HccaegoBanus MATKMX TaMMa-pPEIIUTEPOB.

Baxubiii a5 GU3MKH raMMa-penuTepoB pe3ysbTaT CBSI3aH C WCCIECIOBAHHEM BCIIBIIICYHON
AKTUBHOCTH HOBOT'O MCTOYHHMKA MSTKMX MOBTOPHBIX BcruieckoB SGR 0501+4516, oTkpeITOro B
aBrycte 2008r. teneckonom BAT(CBU®DT). IIaTh MHTEHCUBBIX BCIIECKOB OT HOBOTO raMma-
penurepa ObUTH 3aperucTpupoBanbl raMmma-criekrpomerpom KOHYC-BUHJ (puc.6). U3zyuenue
BPEMEHHBIX UCTOPUI U pe3yJIbTaTOB MHOTOKaHAJIBHOTO CHEKTPAJIBHOTO aHAJIW3a MOKa3alu, 4TO
UCTOYHUK BeJET ce0sl KaK TUIMMYHBIN ramMmma-penutep. JuTeIbHOCTh BCIVIECKOB HE TPEBbINIaa
0,75 ¢ 1 ux cnexTpsl IpHu 3HEprusix Boiile 20 k3B X0poI10 ONKUCHIBAIUCH MOAEIBIO TOPMO3HOI'O
W3ITyYCHHUS] ONTHYECKH TOHKOW masmbl ¢ kT ~20-40 x3B. BaxHoil 0COOEHHOCTHIO HOBOTO
peniutepa, 3apeructpupoBaHHoil B akcnepumente KOHYC-BUHJI, sBuiace cuiibHas
CHEKTpaJibHasl IEPEMEHHOCTh U3NTydeHus BeiieckoB (puc.7). [logoOHas Koppemsius KecTKOCTH
U3IyYeHUs] TIOBTOPHBIX BCIUIECKOB M WX WHTCHCHBHOCTH paHEe HAOIIOAaNach TOJIBKO s
ramma-penutepa SGR1627-41 Ttaxxke B skcnepumentre KOHYC-BUH/[ B 1998r, uro moxer
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CBUJICTENILCTBOBAaTh O CXOJHBIX OCOOEHHOCTAX ATHX [JBYX MCTOYHHUKOB. Bennuunsl
MaKCHUMaJIbHBIX MOTOKOB SHEPrHM JAJs BCeX MATH HaOmonaBiuxcs B skcnepumente KOHYC-
BUHJI noBTOpHBIX BCIUIECKOB (pHC. 8) HAMHOTO BBIIIE, YEM TaKWE K€ BEJIMYUHBI IS
OOJIBIIMHCTBA TIOBTOPHBIX BCIIJIECKOB OT JAPYTUX M3BECTHBIX IaJJAKTUUECKUX IaMMa-pernuTepoB,
YTO CBUJETEIBCTBYET 00 OTHOCUTEIBHO HEOOIIBILIOM PACCTOSHUU 10 UCTOYHHKA ~ 1,5 KIIK.

Eme omnum mnpumepoM 3(()EKTUBHOCTH MOIXOAOB, HCHOJb3YEMBIX B 3KCIEPUMEHTaX
KOHYC, Moxer ciyXHUTb OTKpBITHE HOBOro MArkoro ramma-penurepa SGRJ0418+5729,
KOTOpO€ ObUIO HMHHMLMUPOBAHO JETaJbHBIMH BPEMEHHBIMH HPOPHISAMH, IMOIYYEHHBIMH B
skcniepumente KOHYC-P®. 5 wutons 2009 roma perekropst GBM obGcepBaTtopun depwmu,
nerekrop KOHYC-P® o6cepsatopunn KOPOHAC-®OTOH (puc. 9 u 10) u teneckon BAT
obcepBatopunn CBU®DT 3apeructpupoBanmu ciabblii KOPOTKANW MATKHAN BCIDIECK, TOXOKUH Ha
BCIUIECK MATKOro ramma-penurepa. Jlokanuszanus Bciecka, BblloJHEeHHas npubopom GBM,
OImMOOYHO MPHUITHCAJIa 3TOT BCIUIECK n3BecTHOMY ramma-penurepy SGR J0501+4516. U Tonmbko
JIOKaJM3alMs BCIUIECKA MOCPEACTBOM TpPUAHTYJISALUH, BbloJHEHHas o JaHHbIM KOHYC-PO,
®epmu-GBM u CBudt-BAT, nmo3Bonuia ycTaHOBHUTH, YTO MOJIOKEHUE UCTOYHHUKA BCIUIECKA HE
COOTBETCTBYET HU OJHOMY M3 6 M3BECTHBIX raMMa-peruTepOB, U HAWTH MPU HA3€MHOM aHaJIu3e
NMaHHBIX Teneckona BAT HOBBIN MCTOYHHMK B TPHAHTYJISIIMOHHOM OOKCE OMIMOOK, TEM CaMbIM
YCTaHOBMB €ro TouyHble KoopauHatbl (puc.ll). Mctounuk momyumn ums SGR J0418+5729.
[Tocnenyromee oOHapyKeHHUE PEHTICHOBCKUX MyJibcanuii ¢ mepuogoMm 9,08 cex Teneckomnom
RXTE noarBepauio MpUpOAYy HOBOIO MCTOYHHMKA KAaK MSTKOro ramma-penurepa. OTKpbITHE
HOBOTO, 7-TO TIO CYETy, TaMMa-pernuTepa IMpH IMOPOTOBOM JETEKTUPOBAHHE TAKOTO CIIadoro
BCIUIECKA JaeT OCHOBaHMs NpeAroJiarath, 4TO CYILIECTBYeT OoJiblllee YHMCIO TaKUX CIaObIX
raMMa-penuTepoB (HEAETEKTUPYEMBIX €CIIH TOJIBKO OHM HE HAXOJSATCS OTHOCHTEIBHO OJIM3KO K
3emiie) ¥ UX YUCIIO BO3MOKHO MPEBBIIIACT MOMYJIALUIO IPKUX FraMMa-pernuTepoB.

5. 3akIroyeHne

B 3akmiouenue crnenyer moguepkHyth, uto B OTU um. A.®. Nodde coznana HamexHas U
aJieKBaTHAs 3aJlady€ HCCIEIOBaHUS KOCMHMYECKHX TaMMa-BcIuieckoB anmapatypa KOHVYC.
Poccuiicko-amepukanckuii sxcniepumenT KOHYC-BUH/I no BaXHOCTH, Ka4eCTBY U IIOJHOTE
nojlyyaeMoil HMH@OpPMAIMM BBIABUHYJICS Ha TEpEeJOBbIe MO3UIUU B  HCCIECJOBAHMSIX
DKCTPEMAJIbHBIX B3PBIBHBIX SIBICHUHN BO BCeaeHHOM.
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Puc. 2. Pe3ynbraTsl COBMECTHOTO (PUTHPOBAHUS JaHHBIX CIIEKTPAIIbHBIX U3MEPEHHH raMmMa-
u3nyuenus Beriecka GRB080721 npubopamu BAT (CBUDT) B untepsane 15-350
k3B 1 KOHYC-BHUH/I B nntepBaine 21 k3B — 7 MaB.
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Puc. 3. CosmectHslil ciektpanbhbiil aHain3 GRB050717 no nanueim skcniepumenta BAT
(CBUDT) B nnamazone 15 — 350 koB u KOHYC-BUH/] B nuanazone 21 k3B — 1300
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Puc.4. CpaBHeHUE KpUBOU SIPKOCTH ONTHYECKOTO M3aydeHus: raMma-Beriecka GRB050820A,
nony4yeHHoi TeneckonioM RAPTOR Jloc-Anamocckoii mabopatopuu (BBEpXy) U KpUBOH
SIPKOCTH TaMMa-Hu31y4eHus 1o gaHubM skcnepumenta KOHYC-BUH/I.
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Puc. 5. KpuBas 6iecka B ramma-nydax (3kciepumenT KOHYC-BUH/I) u B Buaumoit o61actu
cnekrpa (teneckornsl TORTORA (CAO PAH) u « Pi of the Sky») nns ramma-Bermecka
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Puc. 6. KpuBbie spkoCTH OBTOPHBIX BCIUIECKOB OT HOBOro ramma-penurepa SGR0501+4516

no nanHbeIM 3kcnepuMenta KOHYC-BUH/L 23 — 25 aBrycra 2008r.

24



T T L T T W T T T T
400 - G1 _
L m (18-70 ke\)
]
S | \\ h _
(=] | 3
E i A A_j 1 p iy | - 1 T | el
% § G2 7
S W00 (70-300 keV)]
o L _
3 ”‘H\N :
B i g 1rl"'l...;.- i b |
. —| 045
> *r u
E F “ —{ 030 =
-~ 40 ; = 8
w” L wl i ——1 a5
0 = L1 |+++| ! pig | +I.+ 1‘i-_l._ L] T_|_| T I N | 1
-0 0.0 0.1 oz ] 0.4
T—TD, s

Puc. 7. Jlanuble 0 Bapualusax )ECTKOCTH B X0Ji¢ HanboJiee MHTEHCUBHOTO MIOBTOPHOTO
BCIUlecka HoBoro ramma-penutepa SGR0501+4516 no HabmogeHUAM B SKCIIEPUMEHTE
KOHYC-BUH/
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Puc. 8. /lannbie 00 sHepreTuke HoBoro ramma-penutepa SGR0501+4516 B cpaBHeHuu ¢
pe3yipTaTaMu HaOIoIeHUH Apyrux penutepos B skcnepumente KOHYC-BUH/I.
Bce BenmmunaEe!l B nuanas3one 20 — 200 k3B ¥ nuKoBEIE TOTOKHU HA IIIKAJIE 2 MC.
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Puc.9. OtkpsiTie HoBoro ramma-penurepa SGR0418+5729 B cMHXpOHHBIX HAOIIOIEHUSX

skcniepumenTa KOHYC-P® («KKOPOHAC-®OTOH») u o6cepparopuii @epmu (GBM)

u CBUDT (BAT).
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Puc. 10. JleTanbHblil BpeMeHHOM npoduiib BeIuiecka HOBoro raMmma-penurepa SGR0418+5729
no nauHbM skcniepuMenTa KOHYC-P® («KKOPOHAC-©OTOH»).
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Puc. 11. IPN nokanu3zanus HoBoro ramma-penutepa SGR0418+5729

2.2.6. UHCTHUTYT 3¢€MHOI0 MAarHeTHU3MAa, HOHOC(EepPbl U PAaCHPOCTPAHEHHUS
paauosoJiH um. H.B.Ilymkosa PAH

2.2.6.1. DxcniepuMeHTHI HA Poccuiickom cermenTe MexayHAPOAHON KOCMUYECKO
crannun (PC MKC)

B pamkax JloirocpodHoil mporpamMMbl  HAayYHO—TIPHUKJIAIHBIX  HMCCIEAOBAaHUUA U
AKCTIEpUMEHTOB Ha PoccuiickoM cermenTe MexayHapoaHoit kocmuueckoit cranuuu (PC MKC)
MPOJODKAETCA pealin3alys KOCMHUYECKOro H3KcrhepuMeHTa «Yparan» («IKcrepuMeHTalbHas
0TpaboTKa HA3eMHO-KOCMHUYECKON CHCTEMBbl MOHUTOPUHTA U MPOTHO3a Pa3BUTHUS MPHUPOJHBIX U
TEXHOTEHHBIX KaTacTpod»). B koomepammu ¢ Uucturyrom reorpadum PAH u HMucTHTyTOM
NPUKIAJHBIX pU3nUecKkux npodiem benrocyHusepcurer pa3padboTana HoBas (pOTOCHEKTpaIbHas
cucreMa (puc.l) nns 3aMeHbl JACHCTBYIOIEH, KoTopas Oymer Bo 2-m kBapraie 2010 .
ycTaHoBiIeHa Ha wuntoMuHartop CiyxedbHom Moayine PC MKC st usmepeHuil CHekTpoB
OTPaXXEHHOT'O M3ITy4YEHUs MOJACTHIAIOIIMX IMOBEPXHOCTEW B IWamna3zoHe MJWH BOJIH OT 350 1o
1050 aM u poTonzoOpakeHUH B BUANMOM JHAra30He JJIWH BOJIH.
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Pucl. MoHOGII0K OTOCTIEKTPATIBLHON CUCTEMBI AJIS1 SKCIIEPUMEHTA «Y parany».

[Ipomomxanuck paboOTHI MO MOATOTOBKE YETHIPEX KOCMHUYECKUX JKcrepuMeHToB Ha PC
MKC. Ilo xocmuueckomy skcrnepumeHTy «MomHus-rammay («MccnemoBanue armochepHbIX
BCIIBIIIICK T'aMMa U OINITUYCCKOI'O U3JIYUCHUS B YCIOBUAX FpO3OBOI‘/1 aKTI/IBHOCTI/I») B KOOIICpaluun
¢ ®munyeckum wuHctuTyToOM PAH w HHCTHTYTOM mnpuKIamHbiX (U3HYECKUX MpobIeM
BenrocynmBepcuTeTa 3aBepiiaiiach Ha3eMHas OTpa0oTka ammapaTypel. Hawano meTHbIX
ucnbiTannii Ha PC MKC mnanupyercst B 4-m kBaptane 2010 r. Ha puc.2 nokaszaH rugpomaket
MOHOOJIOKA BHEIIHUX JATYMKOB (3 ONTHYECKUX U 3 raMMa JJaTuuKa) JJIs TPEHUPOBOK SKUIIAKa B
ruapoodacceitte.
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Puc.2. 'mapomakeT MOHOOIOKA BHEITHUX JTATYMKOB (3 ONTUYECKHUX W 3 raMMa JaTYMKa) JJIs
TPEHUPOBOK IKHUIMAKa B THAPOOACCEIHE.

[To xocmmueckomy skcrepuMeHTy «CelcMOomporos» («OKcnepuMeHTalbHas OTpadoTKa
METOJIOB MOHMTOPHUHIA JJIEKTPOMATHUTHBIX M IUIA3MEHHBIX MPEIBECTHUKOB 3€MJICTPSICEHUH,
Ype3BbIUYAHHBIX CUTYallMid M TEXHOTEHHBIX KaTacTpod») MpOooDKaeTcsl HazeMHas oTpadoTKa
anmaparypsl. Hagano nernsix ucneitannii Ha PC MKC mnanupyercs B 2011 1.

[To xocmmueckomy skcrepuMeHTy «l uapokcmny («Ontudeckue HAOTIOACHHS COCTOSHHUS
BepxHEel arMocdephl JUisi MPOTHO3UPOBAHUSA TEeO(DHU3UYECKUX KaTacTpod») B KOOMEpamuu ¢
WuctutyroM mnpukiagHbX  (u3MdYeckux mpoOieM  benrocyHuBepcuTeTa  MPOJOIKACTCA
Ha3eMHas OTpaboTKa CHEKTPO(YOTOMETPHUUECKOr0 KOMILIEKCA ammaparypbl. OKCHEPUMEHT
BKJIIOUEH B CTAPTOBBIH COCTAB MHOTOIIENIEBOTO JiabopaTopHOro Moayist Poccuiickoro cermenra
MKC (opuentupoBouno Ha 2012 r.).

Kommexcusle s3xcniepumenTsl «Cypa» - PC MKC no HarpeBy nonocgepnbl

Haxonsmuiicst Ha 6opty PC MKC ontrueckuii komrieke «Puanka» ObLIT UCIOIb30BaH
Ui u3ydeHust 3((PEeKTOB HarpeBa MOHOC(EPHl B KOMIUICKCHBIX HKCHEPUMEHTAX C HArpeBHBIM
creHaoM «Cypa», paclolokKeHHbIM Ha CpeJHUX MHUpoTax. bbula mpoBeneHa cepust
sKcnepuMeHToB 2 okTa6ps 2007 r., 16 mapra 2009 r., 20 anmpenst 2009 r., 9-10 nos16pst 2009 r.

Oco0eHHOCThIO CPEHEIINPOTHOTO HarpeBHOro creHaa «Cypa» sBISeTCS BO3MOXHOCTh
IMPOBOAUTD I/IOHOC(I)epHBIG INIa3MEHHBIC HCCIICA0BAHUA BHEC BBICOKOAKTUBHOU H I[HHaMH‘IHOﬁ
aBpopalibHOM 00siacTu. Bo Bcex skcnepuMenTax ObLTa UCIoJib30BaHa padbouas yactoTa 4.3 Mt
¢ mousspu3anueil 0OBIKHOBEHHOW BOJHBI, KOTOpasi BCETJa MPEBHIIIANia KPUTHYECKYIO YacTOTY
noHocdepnoro ciost F2. B aTom ciryyae MOIIHBIM paion3IyuYeHUEM CTEH/Ia 3aCBEUUBAIICS BECh
O6’beM II0 BBICOTC HOHOC(bepI:I B IMpeaciax AuarpaMmbl HaAMPABJICHHOCTHU AHTCHHBLI, KOTOpad
UMeeT HOXEBYIO (opMmy ¢ yriaoMm packpeiTuu 36° B IJIOCKOCTH MepuauaHa. Takue yCIoBUS
HAarp€BHOI0 SKCIICpUMCHTA NPCAIIOJIararoT, 4TO B pC3yJIbTaTeC BSaHMOHeﬁCTBHSI PAaAOU3ITydCHUSA
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C MOHOC(EpHON MIa3Moil JOJKHBI MOSBUTHCS SHEPTUYHBIE 3JIEKTPOHBI B Tropa3fo OoblleM
MOTIEPEYHOM CEUYEeHUU 00beMa MarHUTHOW CHUJIOBOW TpYyOKH, ONHUpArolieiics Ha pailoH Harpesa,
YeM IpU KJIAaCCUYECKOM HArpeBe, TI€ ATOT pa3Mep OrpaHuYeH mnepBoil 30HoW Ppenens (y3kuid
CJIOH 1O BBICOTE) B 00JIACTH OTPaKEHHUS BOJIHBI HarpeBa.

B skcniepumente 2 oktsopst 2007 1. creHa paboTan B pekuMe MepHOTUIECKOTO HarpeBa.
Yacrora moaynsauuu Oblla ONMM3Ka K 4YacTOTaM COOCTBEHHBIX allb(DBEHOBCKHX KoJeOaHUM
TUTa3Mbl MATHATHOW CHIJIOBOHM TPyOKH, OommMparomnieiicsi Ha MATHO HarpeBa B noHochepe. C Gopra
MKC 65110 noydeno 6osnee 1000 n3zobOpaxeHnuit SpKOro JOKaIbHOTO CBEUYEHUS, OSBUBIIETOCS
B TI0JIE€ 3pEHUsI KaMephl MpH TMposieTe B okpecTHocTu creHaa «Cypa». ObmacTh cBeYEHUS
nosiBIIIach ceBepo-BocToyHee creHaa (150-200 kM) u mepemenianach Ha BOCTOK CO CKOPOCTBIO
4-5 KM/CeK B TUIOCKOCTH HM300pakeHUs. SIPKOCTh CBEUCHUS JOCTUTANIA JIECATKOB KHIIOPIJICH.
AHanu3 renuoreoPu3nUeckor 0OCTAaHOBKM MOKAa3ajdl OTCYTCTBHE 3HAYUTENBHBIX aHOMAlUd B
nepuo nposeaeHus skcriepuMenta. [lo nanasiM cetu INTERMAGNET mumanerapHbiii uHACKC
MarHUTHOM aKTUBHOCTH HE TpEeBbIIaN 3, HAOMIOJACHHS TMOKa3bIBAIM CIIOKOMHBINA aBpOpaibHBIN
OBaJI, OTCYTCTBHE BapuallMii COJHEYHOTO BETpa W MEXKIUIAHETHOIO MAarHUTHOro mnois (1o
nanHbM ciiyTHUKOB GOES, SOHO wu np.). Ilo nannsim cnytHuka DEMETER, nponerasmiero
400 xm 3amagHee cteHna «Cypa», IpH HarpeBe 3aperucTpUpOBaHO, MO KpaWHeW Mmepe, nBa
ANEKTPOMArHuTHIX OTKIMKa B OHY-amnanazone (anekTtpuyeckas kommoHeHta, 0.1-18 x['1) Ha
UMIYJbChl HarpeBa (ansi BToporo u mstoro). Ilpoueccel ux renepauuu passble. Tak, ans
BTOPOTO UMIYJIbCA JUAMa30H PErHCTPUPYEMBIX YacTOT OBLI B JOCTATOYHO HIMPOKOH MOjoce
(mopsinka 5 kI'm), meHTpupoBaHHOW Ha 7 KI'1 (HIDKHETHOpWAHAS YacToTa Ui MOHOC(EpHOTro
cnos F2), a nns maroro umiynbca (CIyTHUK HAaXOMWJICS BONM3M CTEHAA - Mexay MOCKBOH u
«Cypoil») 310 yke uyacToTbl okosio 12.5 k'l ¥, OTAENbHO, BO3MYLIEHHE B HW)XXHEHW 4YacTu
cnektpa (0-1.5 k['m). Bo Bpemst 5-ro ummyinbca 3aperucTpUpOBaHO TaKKe SIPKOE CBEUCHHE Ha
6opty MKC wu, ecnu 3neKTpOMarHUTHOE M3JIy4YeHUE Ha YacToTax B paioHe 12.5 k[ moxer
OBITh PE3YNBTaTOM pPACKAUYKH HUKHETUOPUIHBIX KOJeOaHWN B 30HE MpEAeNbHBIX TOKOB
anb(BEHOBCKOW BONHBI (BbicoTa Bhime 1000 KM HaI 30HOW aKTUBHOTO HArpeBa AJIEKTPOHHON
KOMIIOHEHTHI HOHOC(hepHO# mnazmel cteHaoM «Cypa»), TO HU3KOYaCTOTHAs 4acThb MOXKET OBITh
OTBETCTBEHHA 3a B3aMMOJCHCTBHE BTOPraloOLIErocs My4Ka, BbI3BABIIETO TAKOE SIPKOE CBEUYCHHUE.
Ha ocHoBe aHanu3a Bcero KOMITJIEKCA MOTYYEHHBIX JAHHBIX MOKHO MPEINOJI0KUTh, YTO MOTJIO
UMETh MECTO TPUITEPUPOBAHUE MCKYCCTBEHHOM aBpOpHI 32 CUET MOAYJIHMPOBAHHOI'O Harpesa C
nepruoioM OJU3KUM COOCTBEHHBIM KOJEOAHUSAM aib()BEHOBCKOM MOBI IUTa3Mbl MAarHUTHOMN
CHJIOBOM TpyOKH, OIUparouieiics Ha MSATHO MOJU(PHIMPOBAHHOW HMOHOC(HEPHON IIa3MBL.
Opnako, Takoe TMPEANONIOKEHHE HEeNIb3s CUUTATh B JIOCTATOYHOW MeEpe JOCTOBEPHBIM, U
HEOOXOIMMBI JalIbHEHIINE IKCIEPUMEHTHI JUIsl OoJsiee AETaTbHOTO HM3YyUYCHHsS BO3HMKAIOLIUX
3¢ dexTos.

B skcnepumente 16 mapta 2009 r. Bo BpeMsl IpOBEACHUS UMITYJIbCHBIX BO3JIEHCTBUI Ha
c1a00-BO3MYIIEHHOM (DOHE 3aperuCTPUPOBaHbl OTKIMKM B TOPU3OHTAJIHHOM KOMIIOHEHTE
MarHMTHOTO IOJIsI Ha KaXAbId HArpeBHBbIM MMIIYJIbC, HO CaMble 3HauMTeNbHbIE A1 3, 4, 5-r0
UMIYJbCOB. AHAIN3 MATHUTHONW 00CTaHOBKH B IJ100abHOM MaciiTade mokasai, YTo aMILTUTY1a
3TUX BCIUIECKOB, 3apErMCTPUPOBAHHBIX B PallOHE MPOBEACHUS SKCIIEPUMEHTA, B HECKOJIBKO pa3
npeBbllalia aMIUIMTYAYy B JApyrux peruoHax. Tak, s cranuuu bakcan (IlpusnnOpychbe)
3apEerUCTPUPOBAHO YMEHBIICHUE aMIUIUTYAbl COOTBETCTBYIOIIMX BCIUIECKOB Oojiee ueM B 7-8
pa3. HarpeB paauounsinydyeHHeM NOpOUCXOIWJ B mpenenax 12° nuarpaMmbl HampaBieHHOCTH
AHTEHHBI CTEHA Npu paboTe Tpex MeperaTuukoB, odecneunBaromux 10 80 MBT ¢ dexTuBHOM
MOIIIHOCTH M31y4YeHus. JJoCTHKeHne MaKCUMalIbHBIX aMIUIATY [ OTKIMKOB TOJBKO Ui 3, 4, 5-r0
UMITYJIbCOB, TIO-BUANMOMY, CBS3aHO C 3((EKTOM CHHXPOHM3ALUHU MEPUOJAUYHOCTH HArpeBa ¢
COOCTBEHHBIMH KOJIEOAHUSIMU TUIa3Mbl COOTBETCTBYIOLIEH MAarHUTHOW CHIIOBOM TpyOKH.
MakcumMyM aMIUTUTYAbl OTpakaeT pe30HaHCHBIH 3(pdexr, To ecTh coBmaaeHue mo Qase
UMIYJBCOB HArpeBHOrO0 CTE€HJAa C COOCTBEHHBIMU KOJIEOAHUSIMU YK€ BO30YKICHHOMN
MarHuTOC(EpHO-NOHOCHEPHON CHCTEMBI B paiflOHE CTEH/IA.
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B skcnepumente 20 anpenst 2009 r. mpoBoamcs ananu3 3¢ pekToB HarpeBa B MarHUTHO-
comnpspkeHHOM obnactu npu nposiete MKC B rokHoM mnomymapuu. Peructpanus s¢dexron
IIPOBOAMJIACH ONTHUYECKUMHU CpeJICTBaMU KoMmiulekca «®Puanka». B ceBepHOoM mnomymapuu B
OKpecTHOCTSIX cTeHaa «Cypa» IpoBeIeHbl KOMIUIEKCHbIE HAOII0A€HUS! COCTOSHUS HOHOC(EPHI U
MarHuTHOTO moutst cpenactBamu U3MUPAH. 3apeructpupoBano ciaboe cBeUeHHUE, MOJIOKCHUE
KOTOPOTO COOTBETCTBYET pacueTHOi (1o mogenu IGRF 2010) marHuTHO-conpsiKeHHON 06iacTu
st crena «Cypa». OOHapy)XeHHOE CBEUEHHE MOJKHO TPAaKTOBaTh KaK HCKYCCTBEHHOE
HOJISIPHOE CHUSIHME, BBI3BAHHOE DPAa0OTON CTEHJa, TaKk Kak 0 U TOC/e 3KCIEPUMEHTa OHO
OTCYTCTBOBAJIO.

B skcnepumentax 9 m 10 HOa6ps 2009 r. HaOIIOANOCH COBEPIICHHO CIIOKOHHOE
COCTOSIHME MarHUTOC(epHO-HOHOCHEPHOH CHCTEMBI. 3aperuCTPUPOBAHBI JIOKATBHBIE aHOMAIHN
B BapHalusAX reoMarHuTHoro nois (naHuele myHkta M3MUPAH B Kapnoropax), xotopsie
MOTYT OBITh CBSI3aHBI C HarpeBoM HOHOChepbl cTeHaoM «Cypa». OHH 3aperucTpUpOBaHBI 9
HOAOPS, 110 OKOHYaHMIO NIepBOro ceanca Harpesa (mpumepHo B 16 UT), u 10 Hos0ps1, Bo BpeMs
nocneanero ceanca B paiione 21 UT. B Tom u npyrom ciyuae, cpa3y nocie BbIKJIIOUEHHS CTEHIa
HaOJr0/1a1MCh BO3MYIIEHNSI B MAarHUTHOM I10JIe, KOTOpbIE, Cy/s M0 aMIUIUTyJe (B CPaBHEHHUHU C
naHHbIMH ceTH «IHTepmarneT»), ObUTH JIOKAIU30BaHbl B 3TOM peruone. CoOsitue 10 HOSOps 1m0
BCEM IpHU3HAKaM MOXKHO KJIACCH(QHUUUPOBATh KaK MHUKPOCyOOypro mnuTenbHocThio 1-1.5 yaca
(aHaOTUYHOE SBJICHHUE HAOIII01a]I0Ch B TIEPBOM dKCIiepuMeHTe 2 okTsaops 2007 T.).

Takum 00pa3oM, MOJy4YEHHbIE SKCIIEPUMEHTAJbHBIC JaHHBIE CBUAETEIBCTBYIOT O TOM,
YTO MOIIHOE H3JIyYeHHE CPEIHEUIMPOTHOTO CTEHIA, Ja)Xe NpU MHUHUMaIbHOU 3(deKkTuBHOM
mouHocTH 10 MBT 1 npu ucnonb30BaHUM MIKMPOKOH AMarpaMmbl HApaBICHHOCTH, CIIOCOOHO
3 PEKTHBHO BO3ACHCTBOBATH HA MPHUPOIHBIE TPOIECCH B HOHOc(hepe u MarauTochepe. OmbiT
IPOBE/ICHHBIX SKCIIEPUMEHTOB Oy/IeT NCIO0Ib30BAH MPU IUIAHUPOBAHUU Oy IyLIUX MCCIeI0BaHUN
B 3TOH 00JIacTH.
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