2.3. Uudgopmanus o npoekrax PenepajbHON KOCMHUYECKON
nporpamMmbl Poccuu, HAXoASIUXCS B CTAAUM Pa3padoTKu

2.3.1. MacTuTyT KOCMHYecKuX ucciaenopannii PAH

IMPOEKT 3KCIHEAULHNU K ®OBOCY

HAVYYHBIE 3AJJAYUU ITPOEKTA ®OBOC-I'PYHT

OcHoBHO# 11ebI0 MpoekTa @oboc-I' pyHT ABISETCS JOCTaBKA Ha 3eMITI0 00pa3IoB BEIIEeCTBA

¢ ®oboca A1 uX MOCIEAYIOIMINUX BCE CTOPOHHUX MCCIETOBAHUM B 36MHBIX TAOOPaTOPHSIX.
Ha mocamoynom ammapaTe, MOMHMO IpeIHa3HAUYEHHBIX IS 3a00pa TPyHTa MaHHITYJSATOPOB,
YCTaHOBJIEH KOMILIEKC Hay4HBIX MPUOOPOB, MpeIHA3ZHAYCHHBIX IS IPAMBIX (in Situ) U3MEpEeHUi
(U3UKO-XMMHUYECKIX CBOWCTB IOBEPXHOCTH B MeCT€ TOCAaJKH amnmapara. Hapsgy c aTwum,
MpenoiararoTcsl UCCIeOBaHUS cUCTeMbl Mapca, BKITIOYAIOIIel caMy TUIaHeTy, €r0 CITyTHUKU U
OKOJIOMapCHUAaHCKOE MPOCTPAHCTBO, MMyTEM TUCTAHIMOHHBIX U3MEPEHUM.

Takum 00pazoM, OCHOBHBIE Hay4yHbIE 33/1aud MPOEKTa HAIeJICHbl HAa PEIICHHE IIHUPOKOTrO
CIIeKTpa MpooOJieM, CBSI3aHHBIX, B TIEPBYIO 04epeib, ¢ rene3rncoM CoHeuHol cucteMbl. Pemenne
9TOW TJIaBHOW 3aJayu JOJKHO OBITH OOECTeueHO MyTeM HCCIeNOBaHUS (PU3MKO-XUMUUECKUX
CBOMCTB PEMKTOBOTO BemiecTBa ¢ Pobdoca. J[pyrre HaydHbIe 3a1a4i BKIIOYAIOT B CE0s:

— wuccienoBaHus (U3UKO-XUMHYECKUX XapakTepucTuk Pdoboca kak HEOECHOTO Teja, 4To
MO3BOJIUTIPHUOIN3UTECS K TOHUMAHUIO TMPOUCXOKICHUS MApCHAHCKHX CIyTHHKOB W,
BO3MOJXXHO, IPOUCXOXKACHUSA CITYTHUKOBBIX CUCTEM y APYTHUX ILIAHCT,

— oOlpeneieHHe JACTaJbHBIX MapaMeTpoB OpPOUTAIBHOTO M COOCTBEHHOTO BpallleHUs
@®oboca, YyTO BaXKHO ISl M3YUYCHUS BHYTPEHHEIO CTPOCHHUS 3TOTO MAajoro Teila |
SBOJIIOLIUU €T0 OPOUTHI;

— wuccnefoBaHus (U3MUYECKUX YCIOBHHM cpelnbl BOMM3M Mapca — JJIEKTpUYECKUX U
MardimuTHBIX HOHeﬁ, XapaKTCPUCTHUK BSaHMOﬂeﬁCTBHH COJIHCYHOI'O BCTpa € IJIa3MCHHBIM
OKpY>XKeHHeM Mapca, B TOM YHCle peructpamnus “yberaromux’” u3 atMochepbl Mapca
HOHOB KHCJIIOPOJa, YTO IIO3BOJUT paCIUPUTHL MPCACTABJICHUA 06 HUCTOpUH BOJbI Ha
Mapce;

— HCCle0BaHUs BapHalllii XapakTepucTHk atMmochepsl Mapca.

KOCMHWYECKHWH AIIIAPAT ®OBOC-TPYHT

Kocmuyeckuit ammapat ans dKcneaunuu  paspabotaH B HaydHO-IpOM3BOJCTBEHHOM
oobenmuuennn uM. C.A. JlaBoukWHA, TOJOBHOW OpraHM3AIlMM OTEYECTBEHHONW KOCMHUYECKOU
MPOMBIIUICHHOCTH, CHEUUATU3UPYIOUICHCS Ha CO3JIaHMM aBTOMATHUYECKHMX KOCMHUYECKHX
armaparoB, CO3JABIIEH BCE COBETCKHE JIYHHbIE M MeEXIUIaHeTHble ammaparhel. Coszmanne KA
OCYILIECTBIISIETCS O] PYKOBOJCTBOM ['€HEepasbHOTO KOHCTpYKTOpa U ['eHepanbHOTO AUpPEKTOpa
sroil oprammzanuu .M. Tlomumryka. Kocmuueckwmii ammapat ®oboc-I'pyHT coctout wu3s
[epeIeTHO-OPOUTAIBHOTO ~ MOJYJI, MapIIeBOM  JBUTaTelIbHON  YCTaHOBKH, TOPMO3HOMU
JIBUTATEIFHOW YCTAaHOBKM M BO3BpaIlacMOTO ammapara, HEeCyIIero CIycKaeMbld (Ha 3eMiTro)
anmnapar.

Puc. OO0mui BUJ
KOCMHUYECKOr0 ammapara
(pa3paborka HIIO wum.
C.A. JlaBoukuHa).




B cocTaB KocMHUuyecKOro KOMILIEKCa BKJIFOYEH TaKKe KUTallCKuid Maibld cnyTHUK Mapca YH-1.
Orot ammapat Oyaer 3amymieH coBMecTHO ¢ KA ®@oboc-I'pyHT U JOCTaBIIeH Ha AIUTHNTHYECKYIO
opbuty Mapca, mocie udero OyAeT OTAEIEH OT OCHOBHOI'O amnmapaTa W HayHET BBIMOJIHATh
IporpaMMy Hay4HbIX HCCleIoBaHMM Mapca U OKOJO-MapCHaHCKOIO IPOCTPAHCTBA,
pa3paboTaHHYI0 KHTAHCKUMU YUEHBIMH.

BaxxHoe 3HaYeHHE MU CO3JaHUH MEXIUIAHETHBIX KOCMHUYECKUX aIllapaToB MMeeT oOecrieueHune
tpeboBanuit COSPAR no nmnanerHoit 3amute u ap., 2002). IIpu coznanun KA doboc-I'pyHt
3TOMY BOIIPOCY OBUIO YAEIEHO 0CO000€ BHHMAHHE, TaK KaK ITOT MPOEKT, B COOTBETCTBUU C
tpeboBanusiMu COSPAR, oTHOCHTCS OJHOBPEMEHHO K JIBYM KaTErOpUsM MEXIUIAHETHBIX
AKCHEAUIMI: KOCMMUYECKUH ammapar Ha opOute Mapca M MHccHS C JIOCTaBKOM Ha 3eMIIto
00pa310B BHE3EMHOI'O BEILIECTBA.

CLIEHAPHI DKCIIEJULIN

Bannuctuko-HaBuranuonHoe obecriedeHne mnpoekra Dobdoc-I'pyHT OBUIO pa3paboTaHO B
HIIO nMm. C.A. JlaBoukuHa u MHCTUTYTE NpUKIaAHON MaTeMaTUKU Poccuiickoi akaieMHUH HayK
noja pykoBojictBoM wi.-kopp. PAH 3.J1. Akuma 2002). CrieHapuil SKCIIEAUIIMN MOXHO pa30UTh
Ha HecKoIbKo 3TamoB. [lepBeiii sTam — 3amyck KA, BBIBOJ €ro Ha OKOJO3EMHYIO OpOUTY U
MonupuKanyss 3TOW OpOUTHI JUIsl ONTHUMM3ALUM paboThl OOPTOBBIX CHCTEM U YCJIOBUU
BbIBeieHHs KA Ha oTlieTHyr0 TpaekTopuio kK Mapcy. [lnanupyercs, 4To 3ammycK MpOoU3BOIUTCS C
KocMmosipoMa baiikoHnyp paxetoii-Hocutenem 3eHuT B koHue 2011 r. Ilepener 3emns—Mapc
HauYMHaeTcs nocie BeiBojga KA Ha OTIETHYI0 TPaeKTOPHUIO U 3aBepIIaeTcs MmoaaeToM k Mapcy Ha
MUHUMAaJIbHOE PAaCCTOSIHUE.

JnmurensHocts »Toro stama 10.0-11.5 wmecsues. Ilommer x Mapcy npoucxoguT mo
NPOJIETHON MapaboIMYecKoil TPaeKTOpUH ¢ BBICOTOH mepuiieHTpa okosno 700 kM. TopmozHou
umnynsc npu noiere KA no nponetHoil napabonnueckoit TpaekTopuu kK Mapcy BeiBoauT KA
Ha TEPBYIO DJUIMITHYECKYI0 OpOUTY BOKpYr Mapca. Ilapamerpbl 3Toi OpOWTHI: BBICOTA
nepurieHTpa ~700 kM, anonerTpa okono 77000 km, mepuos oOpamieHus — 3 CyT.

Crenyromuii 3tan sxkcneauuuu — GopmupoBanue opoutsl KA mis conmmxenus ¢ @obdocom.
DTOT JTalm ¢ TOMOIIBI0 TPEXUMITYJIBCHOM CXEeMBbl ObUI YK€ OTpaboTaH B NpeIbIAyIIeH
skcnenuin kK @®obocy. B cooTBeTcTBHM € 3TOH CXeMOil BTOpO HUMITYyJIbC, KOTOPBIN
BBITMIOJIHSIETCSl B amoleHTpe, YyBenuuuBaeT mepuueHTp KA 10 BBICOTBI, HECKOJBKO
NPEBBIMIAIONIYI0 BBICOTY opOuthl @Poboca. Tperuit ummyiabc B mepuueHTpe (OpMHUpPYET
KPyTOBYIO OpOHTY ¢ paauycoM npuoim3utenbHo 9900 kM (Ha ~500 kM BbItie opoutsl dobdoca) B
iockoctu opouTs dobdoca.

[Tepuona o6pamennst KA Ha 3T0# kpyroBoi opoute 8.3 4. Haxomsics Ha »Toit opoute, KA pa3
B 4 cyrOyner cOommxkarbes ¢ @ob6ocoM Ha paccTOSIHUA B HECKOJBKO COT KMJIOMETpoB. PaboTa Ha
9TOM Tak Ha3plBaeMON oOpOWTE HAOMIOJAEHUS HEoOXoauMa Il TIPOBEICHHS TOYHBIX
HaBUTAI[MOHHBIX M3MepeHHid B3auMHoOro aBmkeHns KA u ®oboca, uyto Tpebdyercs A nepexonaa
Ha enie Oosee 6mm3ky0 kK Dobocy “KBa3MCHHXPOHHYIO opOuTy. ITa opouta KA mmeer paBHBIN
¢ opburoit d@oboca mepuoj oOpaimieHUsi, HO OTIWYAETCS OT HEE IO BHICOTE HA HECKOIBKO
JECSTKOB KMJIOMETPOB B MEHBIIYIO U B OOJIBIIIYIO CTOPOHBI B PAa3HBIX YaCTSAX OpOUTHI. J[BHUrasch
no takoit opoure, KA Oyner moctosHHO HaxonuThes BOMM3uM Poboca Ha paccrostHun 50-130
kM. bonee Toro, ocoOEHHOCTh “KBa3MCHHXPOHHOW OpPOUTHI COCTOMT B TOM, YTO B CHUCTEME
koopauHaT Po0oca KOCMHUYECKUH ammapar coBeplIaeT 000pOT BOKPYT 3TOr0 CIyTHHKa Mapca
3a 7.36 4 (opOutanmpHbIii mepuoj). Pabora Ha 3TON opOuTe HEoOXoaMMa HJisi yTOYHEHUS
B3aMMHOTO TIOJIOKEHHUS ABYX TEJI U U3yYSHHs MECTa MOCaAKH Ha oBepxHocTH Doboca.

[Tocanka mnmaHupyercss B SKBaTOpHalibHOW obOsactu Poboca, C KOTOPOH HEBO3MOXKHO
HaOmronate 3a Mapcom. Takoe pelieHHe HNPUHATO MO COOOpaXKeHUsIM TpeOyeMOl SHEepreTUKu
s paborel KA Ha moBepxHocT Poboca — mocagka Ha crtopoHy Doboca, MOCTOSHHO
oOpamieHHyo kK Mapcy, Kak 3TO IUIaHUPOBAJIOCHh paHee, MPUBOAUT K OIrpPaHHYCHHIO SHEPreTUKU
KOCMHYECKOTO amnmapar u3-3a co3Ianus TeHeil or Mapca. MecTo mocajky BIOUPAETCs C yUeTOM



JAHHBIX CBEMOK TMOBepXHOCTH @Do0oca C BBICOKAM TPOCTPAHCTBEHHBIM pPa3peHICHUEM,
BbINOJIHEHHBIX KA Mars Express.

[IpensapurensHo Mecto mocanku KA BeiOpaHo B paiioHe skBaTtopa Mexmy 214°W u 233°W.
HoBeie Oomee peranmpHble uU300paxeHuss moBepxHocTH Doboca TMO3BOIAT YTOYHUTH
IpeIIojiaraeMoe MECTO OCAIKH.

ITocne mocanku KA wu mnpenBaputenbHbBIX uccienoBaHuii rpyHta Poboca HayyHOM
anmaparypoi, Haxosmieiics Ha 6opty KA, Oyner nmpousseneH 3abopoopasios rpynra. C aTo
1enbio Ha OopTy OyJeT HaXOIUThCS TPYHTO03a00pPHOE YCTPOHCTBO, KOTOPOE MO3BOJUT B3STh
00pa3Ilbl perojnTa U KOHCOJMIUPOBAHHBIC 00pa3ibl (Kamemku ~1 cm) obmum oosemom ~100
cm3. OOpa3inpl TpyHTa YKIAAbIBAIOTCS B KOHTEHHEp CIIyCKaeMOro ammapara, KOTOPBIH
repMeTudecku 3akpeiBaerca. Ilocne 3Toro Bo3BpaiiaeMslii anmnapar rotoB K ctapty ¢ @odoca.

Bpems nmocankun KA Ha moBepxHocTh Doboca u Bpems cTapTa BO3BpAIIaeMOro armapara ¢
®doboca ompenensieTcss MHOXKECTBOM (DaKTOpPOB, BKJIIOYAsl YCIOBHS OCBeIIeHHOCTH KA,
PaZMOCBS3M C HA3eMHBIX MYHKTOB YMPABICHHS W MOMTYYCHHs TEIeMETPUUeCKOW HH(OpMAIIIH.

[Tocne mpuHATHA pemIeHus O cTapTe BO3BPAILIAEMOTO armapara cpadaThIBAlOT MEXaHUUECKUE
TONIKaTeNH, OOECIeYuBaIoIie OTACNICHHE BO3BpAIllaeMOro ammapara OT IepeJeTHO-
opOutampHOrO MOAYJds (ocraromierocss Ha TmoBepxHocth Poboca) u  cooOmraromye
BO3BpalllaeMOMy amnmapaTy OTHOCHTENbHYI0 cKopocTh mopsiaka 1 m/c. Ilocme yxona
BO3Bpallla€MOro anmnapara Ha 0€30IacHOE PacCTOSTHUE BKJIKOYAETCS €ro JBUTaTeIbHasl yCTaHOBKA
¥ BO3BpalllaeMblii ammapar BBIXOJIUT Ha OpOUTY BOKpYT Mapca ¢ BBICOTOM, HECKOJIBKO MEHbBIIIEH
BBICOTHI 0pOuTHl Doboca. Jlanee, mosie KOPPEKTUPOBKH OPOUTHI, YIOOHOM Il cTapTa K 3emie,
BBITIOJHSIOTCS. ONEpallid 1O TEpPEeBOAY BO3BpAILAEMOro ammapaTa Ha MEXKIUIAaHETHYIO
TpaekToputo Mapc—3emiis. DTOT nepeBoj MPOBOAUTCS MO TPEXUMITYJICHOM cXeme, MoA00HOoH
TOM, KOTOpasi UCIOJIb30Banachk st mepeBoga KA ¢ MeXIUIaHETHON TPaeKTOPUH Ha KPYTOBYIO
opOuTy BOKpyr Mapca, HO B 00paTHOM MocienoBaTenbHOCTH. Bpems mepenera Mapc—3emis
coctasiszeT 10.5-11.5 mecsries.

HocraBkoit o0OpasnoB rpyHta ¢ @®oboca Ha 3eMII0 OSKCHEIUIUS HE 3aKaHYHUBACTCSH.
[TepeneTHO-0pOUTATIBLHBIN MOIYJIb, C KOTOPOT'O CTAPTOBAJ BO3BpPAIlaeMbI aImapar, OCTaeTCs Ha
noBepxHoctu Poboca ISl TPOJOKEHUS BBITIOTHEHUS HAYYHOW MPOTPAMMBI JIKCIEAHIINH.
[Tnanupyercs, 9To MccaeaoBaHus Ha moBepxHOCTH Poboca ¢ MOMOIIBI KOMIUIEKCA HAYYHOU
anmapartypbl OyIyT MPOBOIUTHLCS B TCUECHUE TO/IA.

MMPOT'PAMMA UCCJIEJJOBAHUM JIYHBI 2010-2020




[Iporpamma uccnenosanust Jlynst Ha 2010-2020 rr. BIItOYaeT:
IIpoexTt JIyna — I'nmo6 2013

- OpOuTanpHbIi annapar
- [locapounslii anmapat

[Ipoekr Jlyna — Pecypc (coBmectHo ¢ ISRO) 2013
- [locapounslii anmapat

[Ipoext Jlyna — Pecypc ~2018
- Jlynoxon 1 JocTaBKa 00pa3LioB peroyimTa Ha 3eMITio

Hay4ynble 3axa4yu npoexkra «Jlyna-I'noo»

HccnenoBanus BemecTsa noBepxHOCTH JIyHbI, IPOneccoB HA MOBEPXHOCTH, CTPOCHHUS
NPHUIIOBEPXHOCTHBIX CJIOEB

[lepeHoc 1 HAKOIUIEHUE JIETYYHX JIEMEHTOB U COSAMHEHHUH B IPUTIOSIPHBIX 00JIACTSIX
[Touck BompopomocoaepKalx NOpoA (BOASHOTO JIbJIa) HAa TOBEPXHOCTH, IPUPOA
IPEAINOIaraéMbIX X OTI0KEHHH, 3aTEHEHHBIE 001aCTH («XOJIOIHBIC JIOBYIIIKIY ).
XVMHYECKHE CBOWCTBA U MUHEPAJIOTMYECKHUM COCTAaB IIOBEPXHOCTHOI'O CJIOSL PETOJIUTA.
CrtpyKTypa NOoANOBEPXHOCTHBIX MTOPOJ.

[Ipupona 1 npouCXoXkAEHNE MarHUTHBIX aHOMAJIUH.

[Ipupoa 1 NPOUCX0KICHHUE TEIIJIOBBIX aHOMAJIHIA.

HccnenoBanue BHyTpeHHero crpoeHus JIyHbl

[TapameTpsl 1yHHOTO spa.

HUccnenoBanus OKOJIOJIYHHOTO IIPOCTPAHCTBA

[Ipupona sx3o0chepsr JlyHsr

B3aumoneiictBue hakTopoB MeXIIaHETHOM cpeabl ¢ JIyHoii kak 6e3aTMOoChepHbIM
HEOECHBIM TEJIOM ¥ MarHUTHBIMHU aHOMAJIUSMHU Ha €€ MIOBEPXHOCTH

MOHMTOPHHT 3JIEKTPOMAarHUTHBIX U3JIy4ECHHH.

MOHUTOPHHT HOHU3UPYIOIIUX U3TydeHUH BOIU3U JIyHBI.

HccaenoBanus B HHTEpecax (pyHIAMEHTAIbHOH (PU3MKH.

HccnenoBanne KOCMUYECKUX JTydell CBEPXBBICOKMX dHepruil (JIyHa ucnomib3yercs Kak

MUIIEHB TSl PETUCTPAIIMH YaCTHII).

HccenoBanme Mex3BE3JHOTO raza U renmochepHoro uHTepdetica.

Kocmudeckuil anmnapar B TpaHCIIOPTHOM
KOH(UTYpaIiu
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YHudummpoBaHHbIN MOCa0YHBIN ammapar
mutst ipoekToB Jlyna-I'mo6 u Jlyna-Pecypce

®enepanbHasg kocmudeckas nporpamma Ha 2010-2020 roasl BKIIIOUAET TaKKe EPCIIEKTUBHBIE
MIPOEKTHI MO uccienoBanuio Mapca, Benepsl, ciiytauka FOnutepa — EBporibl



2.3.2. UHCTUTYT 3¢eMHOI0 MarHeTH3Ma, HOHOCGepbI
U pacnpocrpaHeHus paauosoJH um. H.B.Ilymkosa PAH

2.3.2.1. IIpoext UHTEpPre/IMo30H

B 2008-2009 rr. mpomomxkanachk pa3paboTka mpoekra «MHTepreamo3oHa», B paMKax
KOTOPOTO IS WCCAeAOBaHWM BHYTpeHHUU Tenuochepsl W ConHma ¢ OJM3KHUX PacCTOSHUHN
npeiaraeTcsl MCTIOib30BaTh Kocmuueckuii ammapar (KA) Ha remmoneHTprueckoit opowure,
dbopMupyeMOil 3a CuUe€T MHOTOKpPATHBIX TPABUTAIIMOHHBIX MaHEBpoB y Benepsl. Takas
OamucTUYecKass CXeMa IMO3BOJIMT MPH SKOHOMHH PaKETHOTO TOIUIMBA W BPEMEHH IepelieTa
BoiBecTH KA Ha Ommskue k ConHily paOoune OpOUTHI U BIEPBbIE BBINOJIHUTH CEPHUIO
YHUKaTbHBIX HaOmroaeHni ComHIla ¢ OJU3KUX PACcCTOSHUN U IPOBECTH JIOKAJIbHBIC U3MEPEHUS B
ommkaimux okpectHocTsax Comnna. HaOmiomenus comHedHoW aTMocdepbl € BBICOKUM
MPOCTPAHCTBEHHBIM PA3pPEIICHUEM B COYETAHHM C JOKAJIbHBIMHM IUIA3MEHHBIMU HU3MEPEHUSIMU
BOmm3n CoslHLA TMO3BOJISIT CYIIECTBEHHO NPOABUHYTHCS B pEUICHHHM MpoOjIeM Harpena
COJTHEYHON KOPOHBI, YCKOPEHHUsS COJHEYHOTO BETpa, MPOUCXOXKICHHS HamOoJiee MOIIHBIX
MPOSIBJICHUI COJIHEYHOW AaKTUBHOCTU - COJHEYHBIX BCIBIIIEK U BBIOPOCOB KOPOHAIBHOIO
BelecTBa. Ha 3akiounTenbHON CTaiuM MUCCUM T'PaBUTAIMOHHBbIE MaHEBpHl y BeHepsl Moryt
ObITh HWCIOJB30BaHbl JJIS HAKJIOHA IUIOCKOCTH opouthl KA K TMJIOCKOCTH SKIWUNTHKUA U
MPOBEJICHUS TEPBBIX BHEIKIUNTHUECKUX HaOmoneHuit ConHIIA — ero MOJSpHBIX o0iacted u
SKJIMNTUYECKON KOPOHBI.

[Tocrenenno mnpubmmwkasce kK CoOJHIly TO CKPYYHMBAIOIIEHCS TeIHOLEHTPHYECKON
crimpanu (puc.l) KA «MHTeprenno3zonmy OyaeT 3aHMMaTh pa3HbIe TOJIOKEHUS 110 OTHOIIEHUIO K
muHun  «ConHile-3eMiisi»  BBINOJHSAS —~ MHOTONO3UIIMOHHBIE — JIOKAJIbHBIE HM3MEpPEHUs B
OKOJIOCOJTHEYHOM MpocTpaHCcTBe M HaOmromass CoyHIE C pa3HbIX, B TOM 4YHCIE HEBUAUMBIX C
3emnu, ctopoH. B obmactu renmoneHTpudeckux pacctossHuii KA Oyner uMeTh mepuoibl
KopoTauu ¢ BpauieHrueM CoJHIa, YTO MO3BOJIMT BBIOJHUTH BBICOKOTOYHBIE HAOJIOJIEHUS €r0
MOBEPXHOCTU M YCTAHOBUTH KOPPEJAINH MEXKIY SBICHUSIMH Ha MOBEPXHOCTHU B renuocdepe.

Opbura KA «HTEprenno30Ha» MO3BOJIUT BBHIMOJHUTH LEIYI0 CEPHI0 OPUTHHATBHBIX
HAOIOICHUI U U3MEepEeHUil:

Hab6monenus comHaednoi atMocdepsl ¢ BRICOKUM pa3pelieHueM ¢ OJIM3KUX PACCTOSTHUM.

Koporarmonnsie HAOIIOACHUS U U3MEPEHUSI.

JlokanbHble u3mepenus Bomu3u ConHIa.

BresknunTuueckre HaOMIOACHUS U U3MEPEHHUS.
Crepeonabmonenust ConHila (COBMECTHO ¢ OKOJIO3eMHBIME KA).
Ha6mronenus neBuaumoi ¢ 3emau ctoporsl CoHIIA.

Bresxnmuntuaeckue yyactkn opout KA mo3BOJST BriepBble HAONIONATH MOJISIPHBIE 30HBI
ConHnla ¥ Mosic CTpPUMEPOB B IUIOCKOCTH 3KBATOPA, ONPENEIUTh AOITOTHYIO MPOTSKEHHOCTh
BBIOPOCOB «KOPOHAIBHOI» MacChl W KOHTPOJHMPOBATH MX PACIPOCTPAHEHHWE BO BHYTpPEHHEU
renuocdepe.

MHorono3unronHsie monoxxeHus: KA «/HTeprenmo30H1» M0 OTHOMICHUIO K TUIOCKOCTH
SKJIMNTHKY TIO3BOJIST JETAIBHO MCCIIE0BATh MPOTSHKEHHBIE «KOPOHAIBHBIE» CTPUMEPHI, a TAKKE
CBSI3aHHOE C TIOSICOM CTPHUMEPOB YCKOPEHHE MEUIEHHOTO COJIHEYHOTO BeTpa. byayT Takke
OCYIIECTBIATHCS PETYJISPHbIE HAOMI0JeHNsT OBICTPOTO COJHEYHOTro BeTpa mpu mponere KA Hapg
NPUTIONISIPHBIMA O0JTACTSIMH Ha CTAJMH HAKJIOHEHHUS OPOUTHI K IIIOCKOCTH SKIIUIITHKH.



Puc.l.bannuctuueckas cxema « MTHTEprenno3oHmay.

B 2008 r. 3aBepmieHa crtagus A TpoOeKTa, B paMKax KOTOpo pa3paboTaHa
OajuMCTHYECKash CXeMa MHCCHM, Hay4yHas @porpaMMa M COCTaB HAay4yHBIX MpPUOOpPOB,
BKJTIOYAIOIUI TIPUOOPHI TUCTAaHIIMOHHBIX HaOmoaeHnit CoiHma (PEeHTICHOBCKUH TEIECKOT-
cnektporpad, kopoHorpad, Mmaraurorpad, GoromMeTp) U MPUOOPHI JTOKAIBHBIX TelTHOC(EePHBIX
U3MEpPEHUI (MarHUTOMETpP, aHAJIU3aTOp IEKTPOHOB COJIHEUHOTO BETPA, aHAIM3ATOP IUIA3MBL,
aHaIU3aTOP COJIHEYHBIX HEWTPOHOB, AETEKTOp 3apsDKEHHBIX YacTHUI], raMMa-CIEKTPOMETD,
paauoCTIEKTPOMETP M BOJHOBOM komruiekc). Ha nauaBmieiics B 2009 r. cragum B mpoekta
BeZIeTCS pa3paboTKa TEXHHUUECKUX MPEUIOKEHUS U TOArOTOBKA MAaTepHaiOB B 3CKU3HbII MPOEKT
MUCCHH.

2.3.2.2. llpoexT «IlonsipHO-3KIMNTHYCCKHI ATPYJab» (IIIII)

B 2009 r. nauata craagus A mnpoekta «llomspHo-Oxmuntuueckuid Ilatpyney» (II9I1)
(“Polar Ecliptic Patrol - PEP”) ans uzy4enust rino6aibHON KapTUHBI COJTHEUHON aKTUBHOCTHU U €€
NPOSIBIICHUI B Tearocdepe M OKOJIO3eMHOM KOCMHYECKOM IPOCTpaHCTBE. B pamkax sToro
NpOeKTa JBa MajJbIX KOCMHYECKHX armapara [OMEMIAIOTCS Ha HAKJIOHCHHBIE K IUIOCKOCTH
SKJIATITUKA TEIHOICHTPHUYECKHE OpOMTHI Ha paccrossHuM mnpumepHo 0.5 a.e., Tak 4To HX
TUIOCKOCTH OpPOUT pacrojararoTcs oA YIIoM JIpyT K Apyry (cM. puc.2), a Ha opOUTax ammaparsl
pa3HeceHbl Ha YeTBepTh nepuoja (nepuos okosio 130 nHeit).



polar Ecliptic Patrgy

Puc.2.bannuctuueckas cxema «IloapHO-IKIMOITHYECKOTO TATPYJIS».

[Ipu Takoii OpOWTAIBHONW CXEME€ C OJHOTO W3 BHEKIKIUITUYECKHX KOCMHYECKUX
anrmapaToB Henpepvleno OOecTeunBaeTCss KOHTpOdb JHMHUK «ConHna-3emis», a B TEUCHHE
JUIUTEIHHOTO BPEMEHHU ¢ 000MX KOCMHUYECKUX ammaparoB. Korja onuH kKocMudeckuil ammapar
HaXOAMTCS B INIOCKOCTU 3KJIMIITUKH, IPYrod pacroyiaraetcs HajJ oJHUM U3 noirocoB ConHua, a
koraa oauH u3 KA ymansercss oT miIoCKOCTH SKIMNTHKU, APYrod nmpuommkaercs K Hell. Takum
00pa3oM, 00HO8peMeHHbI MOHUMOPUHS OCYIECTBISICTCS KaK B MPUIKIUNMUYECKUX, TaK U B
NPUNOJIAPHBLIX 00JACTIX. DTO JaeT BO3MOKHOCTH HEMPEPHIBHOTO M3YUYEHUS KaK HU3KO- TaK U
BBICOKOCKOPOCTHOTO COJIHEYHOTO BETPa, 00bEMHON KapTHHBI COJIHEYHON KOPOHBI U COJTHEYHBIX
BbIOpocoB. HabmioieHus COJTHEUHbIX BEIOPOCOB € ABYX MPOCTPAHCTBEHHO pa3HeceHHBIX KA u u3
BHEOKJIUNITHUECKOTO TIOJIOKEHUSI TO3BOJUT HamOOJee TOYHO OMNpEeNsATh HalpaBICHUE HUX
pacnpocTpaHeHusi MO OTHOIIEHHI0O K JuHUM «ConHue-3eMis», W UX TeIUOLIUPOTHYIO H
TeJTUOJI0NTOTHYIO MPOTSKEHHOCTh, YTO HEOOXOAUMO Ui Oojee TOYHOTO MpeAcKa3aHus Hadaia
B3aMMOJICUCTBUSL BBIOPOCOB ¢ MarHuTocdepoir 3emmn. B oraenbnpie mepuoast oauH u3z KA
Oyzer pacroyaratbCsi MO OTHOIICHWIO K JuHUHM «ConHie-3emis» B Apyrou, dem 3emiis
nosrycdepe, u, Takum obpazom, 3Tor KA Oyner Habmonate obpammuyro HEBUAUMYIO C 3eMIIU
cropony Connma. Takum obOpaszom, B pamkax mpoekra [IDI1 obecneunBaercsi nmenpepwvisHublii
MOHHMTOPHUHT COJHEYHOM aKTHMBHOCTU M COJIHEYHOTO BETpa, MIYIIMX B HANpaBICHUHU 3eMIIU
COJIHEYHBIX BBIOPOCOB U TreIMOC(EpHBIX BO3MYILEHHUH, a Takke HAOMIOACHUS 3a NOJAPHLIMU
obnactsamu u o6pamroti cropoHoit CoJHIIa.

Habmronenust ConHIIa M OKOJIOCOTHEYHOT'O MPOCTPAHCTBA C JABYX NMPOCTPAHCTBEHHO
pa3HECEHHBIX alapaToB [MO3BOJIUT BHIMOIHUTH CTEPEOHAOIIOICHNUS, TIOTYYUTh TPEXMEPHBIE
n300pakeHus IIa3MEHHBIX 00pa30BaHU B COJIHEYHOH aTMoc(hepe U TPEXMEPHYIO KapTHHY

COJIHEYHOUN KOPOHBI U BBIOPOCOB MACCHI.

Bo3moskHocTh HabmoaeHuss CoHIIa U3 BHEAKIMIITHYECKUX MOJIOKEHUH U OCOOEHHO €ro
MOJIIPHBIX 30H U aKTUBHBIX SIBJICHUI, KOHUEHTPUPYIOIIUXCS MPEUMYIIECTBEHHO K IIOCKOCTU
SKJIMIITUKH, TO3BOJHUT CYIIECTBEHHO MPOABUHYTHCS B TOHMMAHMU TIPUPOJABI COJHEUHOU
AKTUBHOCTH U B PEILICHUU 3a7a4 HENPEPHIBHOIO KOHTPOJIS U MPOrHO3a KOCMUYECKOW MOTO/IbI.

OcCHOBHbBIC HAyYHBIE LIEJIM TPOCKTA HAPABJICHBI HA
- [lonmydyenue r100abHON CTPYKTYpbl U DBOJIOUMU KOPOHBI U COJHEYHOTO BETpa,
TPEXMEPHONH NPOCTPAHCTBEHHO-BPEMEHHOW KApTHUHBI BO3HUKHOBEHUS M PACHpPOCTpaHEHUs
BBIOPOCOB KOPOHAJIBHOI'O BELIECTBA.



- YcraHOBIEHUE CTPYKTYpbl MAarHUTHOTO TIOJISI M KOHBEKIIMM B TOJISIPHBIX OOJACTSAX
Connna. M3yueHue B3aMMOJCHCTBHS BpallleHUs, MAarHUTHOTO TOJS W KOHBEKIUH BHYTpPU
Comnna. Onpenenenne CKOPOCTH MOTEPH yIIoBoro MoMeHnTa CoJHIa.
- YcTaHOBIEHHE MPOCTPAHCTBEHHO-BPEMEHHOM KapTHHBI PAcpPOCTPAHEHHS] YHEPTHUYHBIX
YaCTHII, yCKOPSIEMBIX aKTUBHBIMH siBIICHUSIMU Ha COITHIIE.
- [Ipenckazanue M perucTpauus TNOMaJaHUS Ha 3eMIII0 BBIOPOCOB KOPOHAIBHOIO
BEIIECTBA, YJAPHBIX BOJH M JAPYTHX renuochepHbx Bo3MyineHuid. [Ipeackazanue u KOHTPOIb
renrocepHoit (KOCMUYECKOM ) TTOToIbl HAa OpOUTE 3EMITH.
- UccnenoBanne MCTUHHOM MEPEMEHHOCTH B cBeTUMOCTU COJIHIIA HA OCHOBE U3MEPEHUI
MOTOKOB U3JIy4Y€HUs B pa3HbIX HarpaBieHusax ot ConHia.

Ha mnocnemyrommx »stamax craaun A Oyayr Oojee JeTambHO MpopadaThiBaThCsA
OaJUTMCTUYECKUE  XAapaKTePUCTUKM MMCCHUM, HayyHble 3aJaud U COCTaB IpHUOOpPOB,
MpeBAPUTEIbHBIN 00JMK KOCMUYECKOTO arapara.

2.3.2.3. IIpoekT Pe3onanc

B wmarnutochepnom mpoekte “Pezonanc” (rojoBhas opranmzauus WKW PAH)
N3MHWPAH B koomepanuu ¢ llertpom ¢usnueckoro mpubdbopoctpoeHusi MucTtuTyTa 00mIeh
¢m3uku  um. A.M.IIpoxopoBa PAH Beaer mNOArOTOBKY MAarHUTHOIO AKCIEPUMEHTA
(marauToMerp ®M-7P) u B xoomnepanuu ¢ UKW BAH snexrpudeckoro skcriiepumerTa (ipudop
NDCII-3P). Ilo »tum mpubopam pa3paboTaHbl U HM3TOTOBJIEHBI J1AOOPAaTOPHO-OTPAOOTOUHBIE
MaKeThl, pabodas KOHCTPYKTOPCKas JIOKYMEHTAlHWs, BKJIIOYAOMas MPOTPaMMBI Ha3eMHOU
9KCHEPUMEHTATbHOM 0TPabOTKU NMPUOOPOB U MPOEKTH TeXHUUYECKUX YCIOBUH.

2.3.2.4. IIpoext <MOHOCAT»

Jlna uccnenoBanusi HOHOCQeEpbl KaK UHAUKATOPA COTHEYHO-3€MHBIX U JIUTOCHEPHO-
aTMOC(EepHBIX B3aUMOICUCTBUI MIPEIOIaraeTcs UCIOIb30BaTh CITyTHUKOBBIC U3MEPECHHS Ha
BbicoTax 400-500 kM, KOTOpBIE ABIAIOTCA () (HEKTUBHBIM METOJIOM U3YUYEHHS 3TUX MPOILIECCOB U
ux B3aumocBs3u. Cranus A npoekrta «Monocar» Havyata B 2009 1. Perymnspasie noHocpepHbIe
u3MepeHus Ha cryTHHKe «loHOCcaT» mpernoaraeTcs BHIOIHATH B COCTaBEe KIacTepa U3 Tpex
MaJIbIX KOCMUYECKHX aIllapaToB B KOOMEPAIMH C YKPAUHOU U IPYTUMHU yYaCTHUKAMU MTPOEKTA.
[TnaHupyemblie CITyTHUKOBBIE U3MEPEHUS TO3BOJISAT U3YyUUTh HOHOC(EPHBIE 3D PEeKTh COTHEUHON
AKTUBHOCTH — BCIIBIIICK U BCIUIECKOB M3ITydeHUs; 3P (eKThl MarHuTochepHo-noHOCHEepHBIX
SIBIICHUH - TOKOBBIX CHCTEM, MAarHUTHBIX Oypb U CyOO0Yyph, BBICHITAHUS YacTHIL;, () PeKThI
aTMOC(EpHBIX SBIICHUMN - TPO3, Tal(PyHOB, CIPANTOB, aKyCTUKO-TPAaBUTAIIMOHHBIX BOJIH;
3¢ (eKThl TUTOCHEPHBIX MPOLIECCOB - 3eMJIETPSCEHUS, U3BEPIKEHHUS BYJIKAHOB; () (PeKThI
AHTPOTIOTCHHOM JIEATENTLHOCTH - 3aITyCKU PaKeT, B3PHIBHI, MPOMBIILICHHAS JIEATEIbHOCTD,
BelaTeNbHbIC CTAHINH, HATPEBHBIE CTEH/IBI.

CunoHas uzMeHYU80CMb 0K0J103eMHO20 KOCMUYECKO20 NPOCHPAHCINGA ABIACMCA
00HUM U3 hynoameHmanvHulx e2o ceoiicme. Honocghepa naxooumcs nod akmueHvim
6030elicmeuem CONHeYHOl AKMUGHOCHU U UOYWUX CHU3Y 603MYU,€HUTL NPUPOOHO20 U

MEXHO2eHH020 XapaKmepa (2p0306as AKMUEHOCHb, CHPAIIMbL, 8YIKAHUYECKAA U
celicMu4ecKas aKmueHoCHb, JJ1eKMPOMAZHUMHOE 8030eliCHeUe O HAZPEBHBIX CHEHO08 U
m.o.). OonapyscenHnvle N0 CHYMHUKOBHIM UBMEPEHUAX UOHOCHepHble Ihdhekmbl npoueccos

n0020MO6KU CUIbHBIX 3eMIIEMPACEHUI 8bI3bI6AION NOGLIUIEHHBLII UHIMEDPEC 8 C8A3U C
HOUCKOM 803MOIHCHBIX NPEOBECMHUKOG 3eMIeMPACEHUIL U IPPHeKmusHvIX Memoooe
npeoynpescoenus o 20mosauiemca semiaempacenuu. Bee smo cmasum npunyunuansvholii
80NPOC 0 803MONHCHOCHIU PA30EICHUA UOHOCPEPHBIX IPPeKmos om pazIuUHBIX UCHOYHUKOS,
UX OMOXHCOECMEIIEHUU C UeIbI0 UCNONb308AHUA 8 HAYYHOIU U NPAKMUYECKOU 0esame1bHOCHIU.
Pewenue makozo pooa 3a0au 603M0HCHO MOILKO HA OCHOBE PEYNAPHBIX UOHOCPEPHBIX



u3MepeHnuil, Komopuvie MOZym 0blmb 6bINOTHEHbL KIACMEPOM MATbIX KOCMUYECKUX
annapamoe.
[Ipennonaraemas GayumucTHUEcKas cxema kiactepa Maibix cnyTHUKoB « MIOHOCAT»
n300pakeHa Ha puc.3.

Puc.3 . banmuctnueckas cxema «MOHOCATY.

Ha cranum A mpoekrta mpeamnosnaraercss pa3paboTaTh METOIOJIOTHIO HEMPEPHIBHBIX U
CUHXPOHHBIX M3MEPEHMI KJIACTepOM CIYTHHUKOB (U3NYECKUX XaAPAKTEPUCTUK HOHOC(HEpHI -
napaMeTpoB HEUTpanbHONH KOMIIOHEHTBI, MATHUTHBIX, 3JIEKTPUUYECKUX U BOJHOBBIX MPOIIECCOB,
MOTOKOB 3apsKEHHBIX U HEUTPAIbHBIX YACTHUIl, 030HA M MAJIbIX Ta30BBIX COCTABIIAIONINX. ByayT
Takke MpopaboTaHbl MNPUOOPHBIH COCTaB CHYTHUKOB, M  ONTHMAajlbHbIE BapUAHTHI
OAJUTMCTHYECKUX CXEM KIaCTEPHOM CUCTEMBI.

2.3.2.5. IIpoekTsl «Jlyna-I'1oo» u «JIyna-Pecype»

B pamkax mnporpammel uccienosanuii Jlynst MU3MHWPAH npunHumaer ydactue B
noAroToBke mpoekta «JIyna-I'moo» (OpbOurtanshbrii anmapart) u «JIyna Pecypce» (JlyHoxon) u B
koomneparun ¢ LlenTtpom ¢usmueckoro npubopoctpoeHuss Muctutyta 00mIeH (QHU3UKH HM.
A.M.IIpoxopoBa PAH pa3zpabareiBaer marautomerp ®OM-JII' Ha JIyHHBIE NEHETPATOPHI H
maraHutomMerp OM-JIP Ha usyHoxox. Pabora wnHawamace B 2009 romy. Paspaborana
KOHCTPYKTOpPCKasl JIOKyMEHTallMs, BKIIouaromas TexHUYecKoe 3aJaHue Ha MarHUTOMETPHI U
KOHTPOJIbHO-HCIIBITATENIbHYIO anmaparypy,  KOMIUIEKT KOHCTPYKTOPCKOH M TEXHHYECKOU
JOKYMEHTALUH I U3TOTOBJICHHS U UCTIBITAHUI MarHUTOMETPOB U UX MaKeTOB.
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2.3.3. UHCTUTYT reOXMMHUM U AaHAJIMTHYCCKOH XUMUM
um. B.U. Bepnanckoro PAH

2.3.3.1. IIpoexT «@oboc-I'pyHT»

OcHoBHoli 11enpio0 npoekTa «Poboc-I'pyHT» sBisieTcst 3a00p U JOCTaBKa Ha 3eMIIIO
o0pa3ioB rpynra ®oboca. J{ns arrecranuu mecta mocaaku KA «®oboc-I'pyHT» Ha

nosepxHocTu ®oboca B 'EOXU PAH coBmecTHO ¢ opranuzanusmu-coucnonaurensmu (UM

PAH, N®3 PAH) 6611 pa3paboTaH 1 U3rOTOBJICH KOMILIEKC HAYYHOU aIaparyphl:
e ramma-criekrpomerp @OI'C
e macc-criekrpomerp MAJI-1D
e tepmozaerekrop TEPMO®DOb
e ceiicmomerp CEMICMO-1

Kpowme toro, 0611 U3roToBieH neTekTop kocmudeckoi meutt METEOP-® i uzydenus

METEOPHBIX YaCTHIl Ha Tpacce MoJieTa U B OKpecTHOCTsIX Mapca u doboca.
C moMOIIbI0 YKa3aHHBIX BhIIIE TPUOOPOB OYAYT pelIeHBI CICAYIOINE HAyUYHbIC 3a/1a4H:
e l3yueHune copeprkaHuss OCHOBHBIX MTOPOJ000PA3yIONINX JIEMEHTOB OT BOJIOPO/A 10
JKeJIe3a U €CTECTBEHHBIX PaIMOaKTUBHBIX 3JIEMEHTOB KaJlMsl, TOPHS, ypaHa.
e lccnenoBanue coctaBa ra3000pa3Hoil KOMITOHEHTHI Topo ikl doboca.
e OnpeneneHne TEIIOQU3NIECKUX CBONCTB TPYHTA.
e l3yuenue BHyTpeHHero cTpoenus doboca.

I'amma-cnexkTpomerp ®OI'C npenHa3HaveH 1S ONPEASTICHIUS KOHIIEHTPAIIH
€CTECTBEHHBIX PaJIMOAKTUBHBIX U OCHOBHBIX MOPO000Pa3yIONIUX 3JIEMEHTOB: BOJAOPOA,
yriepona, KUciopoaa, Mardusi, alllOMAHUS, KPEMHUS, Kalus, Kaablys, TUTAHA, MapTraHLa,
JKenesa, TOpUsS U ypaHa B CJI0€ MOPOAbI TOMIMUHON 10 2M. [Ipubop cocTout u3 AByX OIOKOB:
6.]'[01(3 )IeTeKTI/IpOBaHI/IH, B COCTaB KOTOpOFO BXOOUT CI.[HHTI/IJ'IJ'ISIHHOHHBIﬁ I[eTeKTOp Ha OCHOBC

Kpucrajljia Cslu HOJIynpOBOI[HHKOBBIﬁ ACTCKTOP MJISI U3YUCHUSA ITOTOKA TCIIJIOBBIX HeﬁTPOHOB u

MHOTOKaHAJIBHBI aMITUTYIHBINA aHATHU3aTOP UMITYJICOB (puc.1).

Puc.1 I'amma-cniekrpomerp ©OI'C

Meroanka SKCIIEpUMEHTa OCHOBaHA HA PETUCTPAIIUU TaMMa-U3TyUYeHUs €CTECTBEHHBIX
PaIMOHYKIIUIOB Kalus, TOPUS, ypaHa U TaMMa-U3IydeHus, 00yCIOBICHHOTO sIIEPHBIMU
B3aMMOJICHCTBHSIMI KOCMHYECKUX JTydel ¢ 3JIEMEHTaMH, BXOISAIIUMHE B cocTaB riopo ®oboca.

TexHUUeCKne XapaKTePUCTUKU NpuBeAeHbI B Tab. 1
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Tao0muma 1

W3mepsieMblii mapamMetrp | DHeprus raMMa-KBaHTOB,
'amMma-cniekTpomMeTp MOTOK TEIUIOBBIX HEHTPOHOB
DOrC Jnamna3oH u3MepeHuit I'amma-kBanTel: oT 0,3 MaB 10 9,0 M»B,
Heiitpons! 1o 0,4 3B
To4yHOCTH M3MEpEHUI 1-2 Bec.% 17151 OCHOBHBIX
0p0o1000pa3yIONIUX JIEMEHTOB
Macca npubopa 4,5 xr
OHepromnorpebieHue 8 Bt
WudopmaTuBHOCTH 2052,5 6aiita/30 MuH.

B cooTBetcTBUM ¢ IUKIOTpaMMOil paboThI HAy4HON anmaparypsl npudop Oyaer
paboTtath Ha Tpacce MmoJieTa 1Mo 4acy B MECAI sl u3MepeHust (hoHa, 00yCIOBICHHOTO SCPHBIMU
B3aUMOJICHCTBUAMHU KOCMUYECKHX JIyueil ¢ KOHCTPYKTUBHBIMU 3JIeMeHTaMu rprbopa u KA.

Macc-cnektpomerp MAJI-1 nmpenHa3zHayeH A1 UCCAEA0OBaHUS COCTaBa Ira3000pa3Hoit
KOMITOHEeHTHI TopoibL.IIpr6op MAJI-1D BXOAUT B COCTaB XpPOMATO-MACC-CIIEKTPOMETPHUECKOTO
komiuiekca XMC (MK PAH u TEOXU PAH).

[Tpubop mpencTaBisieT OO0 MOHOIIOJIBHBINA MaCC-CIIEKTPOMETP MPOJIETHOTO THUIIA,
COCTOSAIINI U3 MOHHOTO UCTOYHUKA, SJIEKTPOJIHOM CUCTEMBI aHAJIN3aTOpa U OJIOKA SIEKTPOHUKU

(puc.2).

Puc.2

Meroauka pabotsl mpudopa MAJI-1dD ocHOBaHA HA PETUCTPAIIMU CIIEKTPa MacC JIETYyUnX
KOMITOHEHT TIOPOJIbI, MOoCcTynaromux u3 xpomatorpadga MK PAH.

TexHNuecKue XapaKTepUCTUKHU NpUBeaAeHbI B Tabm.2.

Tab6muma 2

Nsmepsembiil napamerp | Macca MOHOB Ta30BOM KOMITOHEHTHI,
Macc-cniekTpomMeTp BBIIeNIEHHOM 13 rpyHTa Doboca.
MAJI-1 JlnanaszoH nu3mMepeHuit Ot 1 10 200 a.e.m.

TO4HOCTE U3MEPEHUI Jlyume 1 a.e.m.

Macca mpubopa 4,5 kr

DHepronotpebdiieHue 40 Bt

HHpopmMaTuBHOCTH <300 kOaliT
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B cooTBercTBHM ¢ IMKJIOrpaMMOM MpUOOp BKITFOYAETCS OJTHOKpaTHO Ha 40 MUH TocIie
MOCTYIUICHHS TIPOOBI TPYyHTA B XpoMmaTorpad.

TepmoaerekTop TEPMO®OB npenHazHaveH 115 TEI0PU3NIECKUX U3MEPEHHI B

MIPUITOBEPXHOCTHOM cJjioe TpyHTa Poboca.

KoHCTpyKTHBHO ITPUOOP COCTOUT U3 TPEX TEPMOJATUUKOB, PACTIOI0KEHHBIX Ha PAa3HBIX
oropax MocaJoYHOro yCTpoicTBa anmnapara 1 0J10Ka 3JeKTPOHUKH (puc.3).

Puc. 3

MeTo OCHOBaH Ha aKTMBHOM TEPMOMETPHUH C IPUMEHEHHEM KOHTAaKTHOT'O Harpena

TpyHTa U peruCcTpanmuun 06paTHLIX TCIIJIOBBIX ITIOTOKOB.

TexHnueckue XxapakTepUCTUKN pUOopa npuBeaeHb! B Tab:.3.

Tabmuna 3

TepmoaerexkTop
TEPMO®OBb

W3mepsieMblii mapameTp

Temnepatypa rpyHTa

Junana3oH u3mepeHui 100 - 380 K
TouHOCTh N3MepeHuit 0,25K
Macca mpubopa 0,955 kr
DHepronotpebdieHue 2,5 Bt
NudopmaTtuBHOCTH 367 xbauT

B cootBercTBHE ¢ mMKIOrpaMMoil mpoBoautcs 10 ceancoB uzmepenuii mo 50 MuH.

Ceiicmomerp CEMICMO-1 nipesiHa3zHayeH [ist M3yYeHHs! BHYTPEHHEH CTPYKTYpBI

®o6oca. KoHCTpYKTHBHO IPHOOP COCTOUT U3 TPEX OJIOKOB: Y3KOIOJIOCHOTO CEHCMOMETpa,

IIMPOKOIOJIOCHOTO celicMOMeTpa U 0J0Ka AIIEKTPOHUKH (puc.4).

Puc.4
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MeTo/1 OCHOBaH Ha PETHCTPAIMH CEHCMOKOJICOaH A, BOZHUKAIOIINX IO ICHCTBUEM
yAapOB METEOPUTOB O MOBepxHOCTH Poboca..

TexHuueckue XxapakTepuCcTUKU Mpudopa npuBeaeHsl B Ta01.4.

Tabnumna 4
N3mepsiemblii mapamerp | BenuunHa cMeleHus rpyHTa
CeﬁfMOMeTp Jnana3oH nu3mepeHuit 107+10"% M
CEUCMO-1 To4HOCTH H3MEPEHUI 10%
Macca npubopa 0,955 xr
DHepronotpebdiieHue 0,5 Bt
HudopmMaTuBHOCTH ~ 200 xbaiir1ac

[Tpubop BrimOUaeTcs Ha moBepxHOCcTH Poboca 1 paboTaeT HEMPEPHIBHO B TEUEHUE BCEH
MHCCHH.

JerexTop kocmuyeckoii nbliu METEOP-® npeanasHaueH 11 onpeesieHus
IUIOTHOCTH TOTOKA METEOPHBIX YacTHIl BOJIIM3KM Mapca, moiy4eHus JaHHBIX O (PU3UKO-
JMHAMUYECKHX ITapaMeTpax METEOPHBIX YaCTHIl, MPUHAIISKAIINX MBUIEBOM 00omouke Mapca, a
TaK)Ke JJIs1 OLIEHKH METEOPHOM ONIaCHOCTH IOJIETOB KOCMUYECKHUX allaparos.

KoHcTpykTBHO prOOp BBHIMIOTHEH B BUIEC MOHOOJIOKA, BKITFOYAIOIIETO B CEOS
noJyc(hepuyecKyto MUIIEHb, OTKPBITYIO B KOCMUYECKOE MPOCTPAHCTBO, KOJUIEKTOP HOHOB U
y3€J1 JJIEKTPOHUKHU (pHC.S)

>

Puc.5
[TpuHIMI MeTO1a OCHOBAH Ha SIBJICHUU UCTIAPEHUS U MIOHU3AIUKA METEOPHBIX YaCTHI] MPU
BBICOKOCKOPOCTHOM yJIape YacTHUI] O MUIIICHb.

TexHUuUecKne XapaKTepUCTUKU PUOOpa mpuBeaeHbl B Tabmn.5
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Ta0muua 5

W3mepsiemsblii napameTp | Macca, CKOpPOCTh METEOPHBIX YaCTHIL

JleTeKTop KOCMHYeCKOH | lyanason u3MepeHuii Ckopocts ot 3 110 35 km/c
neiin METEOP-®@ Macca - ot 10" 10 10° ¢
To4yHOCTH U3MEpPEHUI Macca —30%
CKopocCTh:

10% - B guanasone 3-10 km/c
30% - B muanaszone 11-35 xkm/c

Macca mpubopa 3,5 xr
DHepronotpediieHue 4,5 Bt
NudopMaTuBHOCTH 4 xOaltTa/cOpoc

[Tpubop paboTaer HenpeprIBHO 10 MOMeHTa nocanku KA Ha nmoBepxHocts Poboca.

Peanuzainus yka3aHHbBIX BBIIIE SKCIIEPUMEHTOB ITO3BOJIUT BIIEPBHIE ONPEIEIUTh
3JIEMEHTHBIN cocTaB nopoa Pobdoca, HaATMYNE U COCTAB JIETYUUX, TOTYYUTh JaHHBIE O
TEIUIONPOBOAHOCTH MOPOJIbI, O BHYTpeHHEM cTpoeHnn Pobdoca, MPOSICHUTH BOIPOC O
CYILIECTBOBaHHH IbUIEBBIX KOJEIl B OKpECTHOCTAX Mapca.

Pazpaborannas ManorabapuTHasi, HOPTaTUBHAS HAay4HAs anraparypa MO>KEeT HaUTH
IPUMEHEHNE B 00JIaCTSIX HAPOJHOTO XO35HCTBA, HE CBA3AHHBIX C KOCMHUYECKON JE€STENbHOCTHIO,
B YaCTHOCTH: B T€OJIOTUYECKHUX M re0(U3NIECKUX paboTax, MOHUTOPUHIE PUPOIHBIX U
TEXHOTE€HHBIX KaTacTpo( B TPYAHOIOCTYMHBIX palloHaX 3eMJIH.

Haunbonee BaxxabiM pesynbraTtoM padoT B 2008-2009 r.r. mo mpoekty «Doboc-I' pyHT»
SBIISIETCS CIIEAyIOLIEe:

1) IlpoBeneHbl KOMILJIEKCHBIC UCIIBITAHUS TEXHOJOTHUECKUX 00pa3IoB MpuOOpOB Macc-
cnektpomerpa MAJI-1®, ceiicmomerpa CEICMO-1, ramma-criexrpomerpa ®OIC,
tepmoerekropa TEPMO®OB, nerexkropa kocmudeckoi i METEOP-® B coctase
KHA (xomrutekca HayyHO# anmapatypsl) npoekra «Poboc-I'pynr» 8 UK PAH;

2) U3BroToBieHBI KOHCTPYKTOPCKO-T0BO0YHBIE 00pa3itsl (KJI) aTux mpubopos

3) Co3znana KOHTpOJIbHO-U3MepHUTenbHas annapatypa (KHMA) ams kaxaoro u3z npubopos;

4) IIpoBeneHbI B MOJTHOM 00BEME C TTOJIOKHUTEIBHBIM pe3yibTaToM KU u pecypcHbie
UCTIBITAHUSI.

5) Wsrotosnensl netHbie obOpasibl (JIO) mpubopoB macc-cnekrpomerpa MAJI-1D,
ceitcmomerpa CEMCMO-1, ramma-ciekrpomerpa ®OI'C, TepmozeTekTopa
TEPMO®OBb, nerekropa kocmuueckoit meuii METEOP-®, ocymiecTBieHa ux nocraBka
B HITIO um. C.A.JlaBoukuHa;

6) IlpoBeneHbl KOMILJIEKCHBIC UCITBITAHUS JICTHBIX 00pa31ioB MpuoopoB B coctae KHA;

7) Co3znaHbl IpOrpaMMHO-aNIapaTHbie CPEACTBa HA3EMHOT0 HAYYHOTO KOMIUIEKCA JIJIst
JaHHBIX MPUOOPOB U MPOTPAMMHO-METOINYECKas JOKYMEHTAILUS 110 YIIPABICHUIO
npubopamu B mosieTe U Ha noBepxHocTH Poboca.
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2.3.4. ®uznuyeckuid uHcTUTYT M. IL.H. JlebeneBa PAH

ACTPOKOCMHUYECKHUH LEHTP
2.3.4.1. MexnyHapoaHbii IpoekT «PagnoacTtpon»

MexayHapoaHbin lNpoekT «PagnoACTpoH» —
HaszemHo-Kocmunyeckum UHTepdepomeTp ¢ 6azon ao 350 000 km

Mpoekt «PagnoAcTpoH» paspaboTaH B AcTpokocmuyeckoMm LleHTpe
dusnyeckoro mHcTutyTa M. T1.H. Jlebenesa Poccuiickon Akagemum
Hayk un B HMO wum. C.A. NlaBoukmHa Pockocmoca, B koonepauuun c
PSOOM POCCUMCKUX U MEXOYHAPOAHbLIX OpraHn3aumin.
lMpeannonaraemoe BpeMs 3anycka — koHel, 2010 roga.

3apayen npoekTa SBMSIETCA NPOBEAEHVME MCCNEAOBaHUMA PasfUyHbIX
TMNOB 00bekToB BceneHHoW C pekopOHO  BbICOKMM  YIOBbIM
paspeLleHNEM B CaHTMMETPOBOM M AELMMETPOBOM Avanas3oHax OvH
BONH. Takoe paspelueHne [OCTUraeTcssi C MOMOLLBbI0O KOCMWUYECKOro
paamoTeneckona gnametpom 10 M Ha BGoOpTy KOCMU4YecKOro annapara
CnekTtp-P, paboTaiolero COBMECTHO C KPYMHEMWUMU Ha3eMHbIMU
paguoTeneckonamu B pexume nHTepdepoMeTpa.

MapameTpbl OpOUTDI
OCHOBHble napaMeprI MUccun Mepuop (nepeMeHHbINR) 7-10 aH.

Bonbwas nonyocb 189 000 km.

Duanazone! yacTor [T 0,327 | 1,665 4,83 18-25 - : HauanbHoe HaknoHeHne 51.6°.

LunpwuHa nonockl, i '. i . X WU3meHeHUpe BbICOThLI Nnepures 10 000 +

Au | 2l 2 22 o : ¥ s W + [ aBonIOUMA OP6UTLI MO 70 000 Kkm.
LnpuHa nenecTka Ha i . . g - ¥ BNUSHNEM NPUTSHKEHNA JTyHbI]

6a3ze 350.000 km

[Mukpocek] S 2 . 8 . MCC”eHOBaHMﬂ C
YyBCTBUTENBHOCT 1-0 ; B ! ' s £l HasemHo-KocMmuueckum
ﬂ * . .
(5L UHTepdepomeTpom

(GBT, HakonneHue 300 c)

PeKOp[J,HO BbICOKOE YrnoBoe Mony4yeHune n3obpaxkeHN pasnUYHbIX
MCTOYHWUKOB C YMEPEeHHbIM U CBEPXBbli-

paspelieHue BNoThb A0 1 MKCek Ayrn p . L /. COKWUM YrNOBbIM pa3pelleHneM BO BCEM
> | : AnanasoHe npoekuumn 6as3 (ans
HenpepLIBHOTO U NIMHEYATOro CMEKTPOB C
U3MepeHueM nonspusaumm).

BbICOKOTOUHOE M3MepeHue KoopanHaT
MCTOYHUKOB, UX COGCTBEHHbIX ABWKEHU
M CTPKTYPHBIX Bapuaumii.

BbicokoTo4yHOe onpeaeneHne napameTpoB
op6utel PagnoAcTpoHa.

C6opka U ucnbiTaHus
- KOCMUYECKOro paguoreneckona

Hay4Has nporpamma
O6cepBaTopun «PaguoACTpPOHY:

* Sigpa ranakTuK, CBEpPXMacCUBHbIE YePHbIe AbIPbl, FOPUIOHT COBLITUN, R
YCKOpEeHMe YacTul, npeAaernbHbie APKOCTHbIE TeMnepaTypbl, €l %ﬂi'ﬁ’lﬂ’m”f‘
®dapageeBCKOe BpalleHMe, MarHUTHbIE NOssl, KOCMUYECKMe Nyyu, - ] H: RN W
CBEpPXCBETOBOE ABUXEHUE. -
Kocmonoruyeckue adppekTbl; 3aBUCUMOCTb pa3nuyHbIX husnyeckmx

napameTpoB Afep ranakTuk oT KPaCHOro CMeLleHUsA 06'bEKTOB;
3¢ peKTbl TEMHON MaTePUN U TEMHON IHEPrUun.

tron.ru

R [\

10as

/[Iwww.rad

O6nacTtu chopmMrMpoBaHUA 3BE3A U NITAHETHLIX CUCTEM, Ma3epbl U
Meramasepbl.

http

‘-Ieprle Ablpbl 3B€34HbIX Macc n HeﬁTpOHHble 3Be3abl.
Mex3Be3aHas U MeXnnaHeTHas Mmatepus.

dyHAaMeHTanbHas acTpoOMeTpuUs U onpeaeneHue napameTpoB
BbICOKOTOYHOW CUCTEMbI HEGECHbIX KOOPAMWHAT.

OnpepeneHne napaMmeTpoB BbICOKOTOYHON MoAenu rpaBUTalMOHHOTO
nons 3emnu.

Actpokocmuyeckuii Lientp ®usunyeckoro MHctutyTa um. MN.H. llebepera, Poccuiickas Akagemusi Hayk
yn. MpodcotosHas, A. 84/32, Mockea 117997, Poccus
Ten: +7 495 333-23-78, http://www.radioastron.ru




2.3.4.2. MexayHapoIHblid MPOEKT « MUILJITUMETPOH)

MexayHapoaHbin NMpoekt «MnnnmumeTpoH» —
Kocmuueckasa O6cepBaTopusi ¢ 12 M TenilecKoOnom (guanasoH AfH BoJH 20 MM + 20 MKM)

Mpoekt «MwnnumeTpoH» pa3pabaTbiBaeTcs B ACTPOKOCMUYECKOM
Llentpe ®usmyeckoro WHctutyta wmm. [.H. JlebepgeBa Poccuiickon
Akagemun Hayk, HIMO um. C.A. NlaBoykmHa 1 OAO «MHdDopmaLmnoHHbIe
CMyTHMKOBblE cucTeMbl» wumiwo M.®. PewetHéBa Pockocmoca, B
Koonepauuu ¢ psiAoM POCCUACKMX Y MeXOyHapOOHbIX OpraHU3aLmii.

MnaHnpymoe Bpems 3anycka: 2016 roga.

Ha3HauyeHne npoekTa — NpoBeAeHNe UCCNeaoBaHUA PasnuYHbIX TUMNOB
06beKTOB BceneHHoM Co CBEPXBLICOKON YyBCTBUTENBHOCTLIO (B pexXuMe
OAMHOYHOrO Tereckona) U PekopAHO BbICOKMM YITIOBbIM paspeLleHneM
(B pexume HazeMHO-KOCMUYECKOTO MHTepdepoMeTpa) B MUMSIMMETPO-
BOM U MH(ppaKkpacHOM AunanasoHax ANMH BOJH.

[MapameTpbl o6cepBaTopun JOCTUralOTCA MpY NOMoLWM 12-M KpUOreH-
Horo (4.5K) Teneckona, paboTalrolero COBMECTHO C Gonbwmmu
Ha3eMHbIMU TerecKkonamm B pexunume nHTephepomeTpa.

OCHOBHbIe napamMmeTpbl MUCCUU «MVIHHVIMeTOH»

Pexum OONHOYHOIO Tesieckona

MaTtpuuHbii hoTomeTp/cnekTpomeTp/nonsipumeTp: Haquaﬂ nporpamMmma
YactoTbl 0.1-0.2, 0.2-0.3, 0.3-0.45, 0.72-0.76, 1 -15 TI'y, O6unue monekyn u cousnyeckme ycrioBusi B
CnekTpanbHoe pa3spelueHne R=31nR=1000+ 3000 aTMocdepax nnaHeT U Ux CnyTHUKOB.
Paamep mMaTpuue! (1kc) 16 -1600 W3yyeHue NbieBoV COCTaBASAIOWEN
BornomeTpuieckas YyBcTBUTENbHOCTL  ~10719 BT/Ty0-5 MeXMNIaHeTHOM Cpeabl, a Takke 06 HLEKTOB B

MNMosice BaH AnneHa u B O6nake OoprTa.

CneKTPOMeTp BbICOKOrO paspeLueHus:
HAvanasoH yactot: 0.5+4.5 Tl'y LLlymoBasi Temnepartypa = [KB. npeaen]x5
CnekTparnbHoe paspelueHue: R=106 LLinpuHa nonockl MY 8 My

CneKTpononspumeTpusi, kaprorpacgmposaHue u
n3yyeHne NepeMeHHOCTU Pa3NUYHbIX TUNOB
3Be3/, a TaKKe HEUTPOHHBIX N BO3MOXHbIX
KBapKoBbIx 3Be3 B ManakTuke.

Pexum HasemHo-Kocmunyeckoro UHTepdepomeTpa

3K3onnaHeThI: AETEKTUPOBAHUE U UCCTE0BaHMUe
Monocbl yacToT (I'u): o6nacren hopmMupoBanus 3ee3n. Mouck

18-26, 31-45, 84-116, 211-275, 602-720, 787-950 L R L L 1 [ e

N3yyeHune cyGMUNNMMeTpoBbIX Ma3epoB.

YyBcTBUTENBHOCTL MHTEpPPepomeTpa: |JlenecTok: PacnpepeneHue TemHoi MaTepuy B Mne4Hom

4.0 MSTH (Ha 950 rrLl,, muy T =200 K); n la110°¢ ayrm gym n B MecTtHOoM CucTeMe ranakTuk. )
_ TPOeHWe, AMHAMMKA W SBOMIOLUSA ra3o-NbineBon

0.5 mAH (Ha 275 T, wym T=50 K) AN Makc. 6asbl cocTaBnsoLWen B ranakTukax U kBasapax;

[npu nonoce 1 Ty, HakonneHun 300 ¢ ~1,500,000 km, BCNbIWKY 3B€38006pa3oBaHus; MeramMasepebl.

n ALMA B KayecTBe Ha3zeMHOro nneqa]. ANnHbI BOMHBI OB6HapyxeHune nepBbIx ranakTmk Bo BceneHHou u
0.3 mMm. U3yyeHue Ux 3BONIOLNN.

Op6uTa BOKPYr aHTUCONHEYHON ToYkM JlarpaHxa L2 Mouck npusHakos ngﬁ;«ﬂoﬁé acTpo-nHxeHep-
~ HOW AeATENbLHOCTU BO BceneHHoW.
nepwo.q KonebaHui okono Toukm L2: ?00'8 AH. o N3yyeHune cBepXxHOBbLIX B Aarnekux ranakTukax v
.D,VIaﬂa30H U3MEeHEeHUA IKNMMNTUN4eCKOU WNPOThI: b = #55°, onpeperneHne KOCMOJNOrMYEeCKMUX NapameTpoB
. BceneHHow.

MsyquMe XMMUYECKOW 3BOJTIOLMM FranakTukK.

U3yuyeHue guarpammbl Xa66na B cy6-munnumet-
POBOM AuanasoHe BOJH.

OnpepenexHue yrnoBbix nyKTyauun penmkro-
Boro ¢oHa B Cy6-MMnnumeTpoBOM AnanasoHe
BOJTH.

W3yyeHue paHHux ctagum aBonouun BeceneHHon
OT 3MOX PeKOMOBUHALMKN U pe-UoHU3aLUN,
NosIBNEeHUs NepBbIX 3Be34 U ranakTuK, a Takxe
NepBUYHbIX YePHbIX AbIP U KPOTOBbLIX HOP.

U3yyeHue cmsnyeckmx npoueccoB B sapax
aKTUBHBbIX ranakTuK B 0651acT ropusoHTa
COObITUI CBEPXMAaCCUBHbLIX YePHbIX AbIP.

Actpokocmuyeckuii LieHTp ®usmnyeckoro MHctutyTa um. MN.H. llebepesa, Poccuiickas Akagemusi Hayk
yn. MpodcotosHas, A. 84/32, Mocksa 117997, Poccusi
Ten: +7 495 333-23-78

http://lwww.asc.rssi.ru/millimetron/
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2.3.5. UHCTUTYT PaIHOTEXHUKHU U JJIEKTPOHUKH
uM. B.A. Koreasnukosa PAH

2.3.5.1. CBY paauomerpuyeckue cucreMbl L nuanmasona aist
HCccae0BaHUs 3eMJIM U3 KOCMOCa

! Tumenko F0.T.", Cvupros M.T.", A6msz08 B.C.%, Xammun A.A.°

! ®pssuncruii punuan Yupeocoenus Poccuiickoti akademuu nayk Mnemumyma paouomexnuxu u sneKmpoHuKy um.
B.A. Komenvnuxoea PAH,
141190 Mockosckas o6bx., 2. @psasuno, ni. akad. Beedenckoeo, 1
e-mail: tishchen@jire.rssi.ru
> @Iyl CKB Hucmumyma paduomexuuxu u 21ekmponuxu PAH
141190 Mockosckas o6bx., 2. @pasuno, ni. akad. Beedenckoeo, 1
e-mail: ahaldin@sdb.ire.rssi.ru

BBenenue

CBU panunomerpuyeckue mpuOOpsl, HECMOTPSI HA OTHOCUTENIEHO HEBBICOKYIO Pa3pelIaiolyto
CHOCOOHOCTh, ITMPOKO UCIIONIB3YIOTCS B TUCTAHIIMOHHBIX KOCMUYECKUX UCCIIEOBAHUSIX
OKpYKarollel cpesibl. DTO CBSA3aHO C TeM, UTo ¢ nomouisio CBY paguoMeTpuu MOXHO NOJTYyYUTh
TaKue JJaHHbIE, KOTOPbIE HEBO3MOKHO WJIM OYEHb TPYAHO MOJIyYUTh ApyruMu Mmeronamu. K
TaKUM JIaHHBIM MO>KHO OTHECTH YCPEIHEHHYIO 110 MTOBEPXHOCTH U IITyOHHE
TEPMOJIMHAMHUYECKYIO TEMIIEPATypy HCCIELyEMOro 00BEKTa, €ro MHTErpajlbHbIe PACCEUBAIOLIUE
CBOWCTBa ¥ HH(POPMALIHIO O KOMIUIEKCHOM JMAIEKTPUUECKOM MpoHuIaeMoctu. [Ipuuem 3tu u
JpyTHUe JaHHbIE MOTYT OBITh MOJIyYEHBI B JII000€ BpeMs CYTOK M IPAKTUYECKH HE 3aBUCST OT
NOTO/IHBIX ycioBuil. Beixoausle curnanel CBY pangnomeTpoB nponopioHaibHbI
U3JTy4aTelbHOM CIOCOOHOCTHU MCCIEyEMbIX 0OBEKTOB, KOTOpasl 3aBUCUT OT XapaKTEePHU3YIOLINX
COCTOSIHUE OOBEKTOB 3JIEKTPOPU3MUECKUX MAPAMETPOB, a TAKIKE OT YCIOBUI HAOIIOCHUS
(BBICOTA, YTOJI HAOIIOICHHS, TIOJISIPU3AIUS TPUHUMAEMOT'0 CUTHAIA | T.10.).

B 70 u 80-x rogax B PO PAH u psae npyrux opranuzaiuii B CCCP u 3a py6esxom ObuIH
MIPOBEICHBI NTUPOKOMACIITA0OHBIE TEOPETHUECKUE UCCIeT0BaHMs Bo3MOoxHOcTer CBYU
paavoOMETPpUH TOUYBOTPYHTOB, PACTUTEILHOCTH U BOAHBIX IOBEPXHOCTEN B AUANA30HE JUINH
BOJIH 110 30 cM, a TaKkKe 3KCIEePUMEHTAIbHbIE UCCIIEI0BaHUS IPU U3MEPEHUIX ¢ OopTa
camoJieToB. MccnenoBanus nokasajid BO3MOKHOCTb OLIEHKH, B YaCTHOCTH, BJIa)KHOCTH I10YB U
OMOMacChl PaCTUTEIBHOCTH, a Tak)Ke coyieHoCcTH akBaTopuid CBY pagnomMeTpruuecKuM METOIOM.
B 10 %€ Bpems, SKCIIEpUMEHTANIBHBIX JAHHBIX 110 UCIIOJIb30BAHUIO IELUMETPOBOTO HAIa30Ha
JUIMH BOJIH Ul Pa3paOb0TKHU MPAKTUUECKUX METOA0B OLIEHKH BJIAXKHOCTHU IOYB ¥ OMOMACChI
PacTUTENILHOCTH, COJICHOCTH MOPEH M3 KOCMOCa HEIOCTaTOYHO JJISl TOTO, YTOOBI CIIENIaTh BHIBOJ
0 BO3MOKHOCTH nipuMeHeHus CBY paanoMeTpuyecknx KOCMUYECKUX ONIEPaTUBHBIX
HaOJII0IEHUI COCTOSTHHS [TOYB U PACTUTEIIBHOCTH, AKBATOPUN B PETMOHATIBHBIX U TI100aTBHBIX
MmaciTadax.

B Hacrosiiiee Bpems 17151 AUCTaHIIMOHHOTO 30HIMPOBAHUS BJIAXKHOCTH TIOYB M COJIEHOCTH OKEaHa
pa3pabaThIBaeTCs psijl CITyTHUKOBBIX IIpoekToB ¢ CBY pamnomerpudeckumu cucreMamu L
nuarnazoHa. OCHOBHBIM puOopomM eBporerickoro mpoekra SMOS [1] saBnsieTcst oueHb CIOXKHBIN
unrephepomerpuuecknii CBY panuomerp ¢ cuare3om aneprypsl MIRAS. PaspaGaTeiBaecmblii B
CIIIA npoext SMAP [2] npeamnonaracT COBMECTHOE UCIIOJIb30BaHue ckaHupyromero CBY
paauometpa L nuanazoHa ¢ aHTeHHOM [uamMeTpoM 6 M M CKaTTepOMETpa TOT0 K€ Juana3oHa.
3amyck npudopa SMAP 3amanupoBan Ha 2013 r. B Poccun pa3pabatsiBatorcst 6osiee mpocThie
CBUY paguomerpuueckue cuctemsl L nuanazona [3].

Hayunas anmapatypa

C 1enbio pa3BUTHUS U COBEPIICHCTBOBAHUS METOA0B HabmoneHus 3emiu u3 kocmoca CBY
paTuoOMeTpUIECKUMHU CPEACTBaMU B JICIIMMETPOBOM JHara3oHe JUIMH BOJH B HACTOSIIEE BPEMs B
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OI'VII CKb PO PAH pa3zpabateiBatoTcsi HOBbIE Hay4Hble puOopsl L nuanazona (JuinHa
BOJIHBI OKOJIO 21 cM):
e naHopaMHbli CBY paguomerp [ YCTAaHOBKM €ro Ha MaJlopa3MEpHBIN
kocmuueckuil annapar « MKA-®KWN» Nel paspabotku OI'VII «HITO um. C.A.
JlaBoukuHa», coctosmuid u3 2-x kaHanpHoro CBY paamomerpuyeckoro
MPUEMHHUKA U 2-X Ty4eBOM aHTEHHOW CUCTEMBI (TTaHUPYyeMBbIii 3amyck - 2010 r.);
e ma”opamubiii CBY paaromMeTp 111 yCTaHOBKH €ro Ha poccuiickuii cermeHT (PC)
MKC, cocrosimumii n3 8-mu ka"anpHOoro CBY pagroMeTpuueckoro npueMHUKa U
cOoopHO#l (pa3bopHOif) 8-Mu JIydeBOW aHTEHHON CHUCTEMBI (IUIAHUpYyeMas
yctaHoBka - 2010 1.).
B tabnune 1 mpuBeaeHbl OCHOBHBIE TAKTUKO-TEXHUUECKHE XapaKTEPUCTUKHU pa3padaThiBaeMbIX
pPagroOMETPOB.

Tabnuna 1
OCHOBHbBIE TAKTHKO-TEXHHYECKHE XaPAKTePUCTHKHU
PaaMoMeTPOB 1eIMMeTPOBOI0 IMaNa30Ha

Kocmuueckast miaardopma «MKA-®KI» Nel PC MKC
Cpennsist yactora, MI'ng 1410 1410
ITonoca npuHumaeMbIx yactor, MI'il 20 20
@yKTyallMOHHAs1 YyBCTBUTEIBHOCTh, K 0,3 0,2
Jnana3oH n3mMepsemMbix curiaios, K 10 - 320 10 - 320
[Tonspusanus JIMHENHAs JIMHEHHas
KonnuectBo nyuei 2 8
ITonoca 0630pa, kM 700 400
[IpocTpaHCTBEHHOE pa3pelieHue, KM 350 50
[Torpebnsiemast MOITHOCTH, BA <60 <120
Macca, kr <13 <35
Pazmepsl, MM

aHTEHHa 800x510x40 1200x1920x50

Pagnomerp 350x300x70 670x250x210

[Ipubops! 6aU3KM 110 CBOEH OpraHU3aIlK, HO UMEIOT Pa3INyuHble BO3MOXHOCTHU 0 0030py
npocTpaHcTBa. [IepBblil U3 3TUX TPUOOPOB UMEET AaHTEHHY MEHBILET0 pa3Mepa U
COOTBETCTBEHHO 00JIee HU3KOE MPOCTPAHCTBEHHOE paspemieHue. [lanopamHblit 0030p
IpOCTpPaHCTBA 00ECTIEYNBAIOTCS ITyTEM OAHOBpeMeHHoro uzmepenust CBY usnydeHus ¢ pasHbIx
Y4aCTKOB 36MHOI MOBEPXHOCTH C IMTOMOLIBIO 2-X JIy4€BOM aHTEHHBI U 2-X KaHAJIbHOIO
panuomerpudeckoro npuemMuuka Ha « MKA-OKW» Nel 1, COOTBETCTBEHHO, 8-MU JIy4eBOH
AHTEHHBI ¥ 8-MU KaHaJIbHOTO npueMHuka Ha PC MKC.

Ha puc. 1 mokazana cxema moyieTHOM KoH(pUTyparuu kocMudeckoro ammapata « MKA-OKW»
Nel u CBY paguomerpa enuMeTpoBOro auanazoHa Ha HeM. Ha puc. 2. npezacrasiiena
aHAJIOTMYHAs CXeMa I IUIaHUPYeMBbIX dkcriepuMmenToB Ha PC MKC.

K nacrosmemy Bpemenu st K MKA-OKW» Nel u3rotoBieHsl TEXHOIOTHUECKHE 00pa3IIbl
aHTeHHo# cuctemsl 1 CBY pagnomerpudeckoro npueMuuka (Puc. 3), moarorosieHo
TEXHUYECKOE 33JJaHNE HA KOCMHUYECKUN SKCIIEpUMEHT, copMupoBana Hayunas nmporpamMma
KOCMHUYECKHMX IKCIIEPUMEHTOB B X0z¢€ peanu3anuu npoekra «MKA-ITH1».

Jst PC MKC u3roToBjeHbI TEXHOJIOTHYECKUE 00pasiibl COOPHOI (pacKiiaIbIBAIOIICHCS )
aHTeHHOM cucteMbl 1 CBY pagnomMeTpuyeckoro npueMHUKa, IIOATOTOBIEHO TEXHUYECKOE
3a/laHue Ha KOCMUYECKUH 3KCIIEpUMEHT, cpopmupoBaHa HayuHast mporpaMma KOCMUYECKUX
skcriepuMeHToB Ha PC MKC. OHoii u3 ocoOeHHOCTeH KOHCTPYKIIUHU TaHHOM
PaaoOMETPUUYECKON CUCTEMBI SIBJIIETCS HEOOXOJUMOCTh N3TOTOBJIEHMSI pacKyIaAbIBAIOLIEICs
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AQHTEHHBI JJIs1 IOCTaBKH HA OPOUTY U MOCIIEAYIOIEero MoHTaxa cHapy»ku moxayiss PC MKC. Ha
puc. 4 npeacrasieHa KoHcTpykuus CBY pagumomeTpudeckoil cucteMbl B COOpaHHOM COCTOSIHUU.

Puc. 1. [ToneTHas kKoHpUryparyst MaIoro KOCMHYECKOT0 armnapara U paguoMeTpa
JELUMETPOBOrO AUaNa3oHa

Puc. 2. Ilonetnas kondurypamus paauoMerpa aenumeTpoBoro auanazona Ha PC MKC
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Puc. 3. CBY pagunomerpudeckuii komruieke 15t PC MKC B c10:k€HHOM COCTOSTHUM

Hayunsle nporpaMMbl SKCIIEPUMEHTOB

Hayunsie nporpammsl 3xciepuMeHToB KocMuueckoro npoekra «MKA-ITH1» n ansg PC MKC
HAIpaBJICHBI HA PEIICHHUE 33]1a4 10 Pa3paboTKe paaroPU3NIESCKUX METOI0B AUCTAHIIMOHHOTO
3ouaupoBanus 3emin (/133) U3 kocMoca B IEpCHEKTUBHOM JICLIUMETPOBOM JIHATNa30HE
AIIEKTPOMATrHUTHBIX BOJH JUTS N3Y4YEHUS (PU3UUECKUX SBJICHUN M MPOIECCOB B CHCTEME
atMocdepa - 3eMHast IOBEPXHOCTD; 10 UCCIEAOBAHUIO BIUSHUS BHEITHUX (AaKTOPOB
(ramaxtuueckuii GoH, noHocdepa u JIp.) Ha U3MEPSIEMbIE XapaKTEPUCTUKH HCCIIETyEMBbIX
00BEKTOB; IO U3YUYEHHIO IOMEXO0BOI 0OCTAHOBKH MPU MPOBEACHUN UCCIIETOBAHUI; 110 pa3BUTHIO
METOZI0B COBMECTHOH 00pabOTKH TaHHBIX C Pa3HBIM MPOCTPAHCTBEHHBIM Pa3pEIICHUEM.
Peanuzanus HaydHbIx mporpaMm mo3BoJuT oieHUTh 3¢ dekTuBHOCTE CBY paamomerpruyeckoro
METO/a OTIPEICICHNUS BIaXXHOCTH ITOYB M OMOMACCHI PaCTUTEIBHOCTH, COJICHOCTH MOpEi u3
KOCMOca (TOYHOCTh OLIEHKH BJIXXHOCTU M OMOMACChI, COJIEHOCTH, TPOCTPAHCTBEHHBIE U
BPEMEHHBIE BapHaLlMU IaPaMETPOB [10YB U PACTUTEIBHOCTH). OXKUAAEMOE YNCIO BO3MOKHBIX
rpajanuii B 1uana3oHe U3MEHEHHUH XapaKTepHBIX BEJIMYUH BIAXKHOCTU U OMOMAcCCHI - 10 5 amst
«MKA-®KHN» Nel u no 7 nist PC MKC, conenoctu — 10 3 mist «K MKA-OKW» Nel u 1o 5 ns
PC MKC. ByayT pa3Butbl He0OOX0IMMbIE MOJICIIA U aJITOPUTMBI, OTpaboTaHa METOIUKA
IPOBEICHUS] COOTBETCTBYIOIINX KOCMUYECKUX U3MEPEHUH, KATMOPOBKH U BaIHUJAIIUN
9KCIIEPUMEHTAJIbHBIX JaHHBIX. ByyT Moy4YeHbl JaHHbIE JIJIsl pEIICHUs LIEeJI0r0 Psiia HAyYHbIX U
IPAKTUYECKUX 3a]a4:
® KapTUPOBAaHHE BJIAXKHOCTH IMOYB (B T.4. HOJ JIECHBIM IOJOIOM) IO TEPPUTOPHUIM
PETHOHANBHOTO U II100aJIbHOTO MacIITaboB,
® U3yuYEHHUE COJICHOCTH BOJHBIX aKBaTOPUH,
® HCCJIEI0BAaHUE IIISLUAIBHBIX U MEP3JIOTHBIX 30H,
® u3ydYeHHE PHEProoOMEHa CHUCTEMbI OKeaH-Cylla-aTMocdepa (COBMECTHO C JaHHBIMH
JIPYTUX TaTYUKOB),
® pa3BHUTHE METOJOB COBMECTHOW 0OpabOTKM JaHHBIX C Pa3HBIM MPOCTPAHCTBEHHBIM
paspelieHueM.
Peanuzanus Hay4yHbIx mporpamMm mo3BojiuT pa3zpadoTars paanopu3nyecKue METO b
JUCTAHIIMOHHOTO 30HUPOBAaHUS 3€MJIU B IEPCIEKTUBHOM JIMANIa30HE 3JIEKTPOMArHUTHBIX BOJIH
JUTSL U3y4YeHHs] PU3NYECKUX SBJICHUI U MPOLIECCOB B cCTEMe aTMoc(epa-3eMHasi HOBEPXHOCTh,
Pa3BUTh METO/IbI UCIIOJIB30BAHMSI IEIUMETPOBOrO 1MAIla30Ha BOJIH JJIsl OLIEHKH BJIAXKHOCTH MOYB
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¥ OMOMAaCCHI PACTUTEIIBHOCTH, COJICHOCTH MOPEH U3 KOCMOCA B PETHOHAIBHBIX U TII00aTbHBIX
MaciTadax, OllEeHUTh BO3MOYKHOCTh MPAKTHUECKOTO UCTIOIb30BaHUs pa3paO0TaHHBIX METOJIOB B
HAaYYHBIX W NPUKIIAJHBIX HCIIAX.
B xoze peanuzanuu HayqHbIx mporpamMM 3KCIIEPUMEHTOB JIOJKCH OBITh PEIICH MTUPOKHIA KPYT
Hay4HBIX 3a14a4, COCTAaBHOMU YaCThIO KOTOPBIX SBJIACTCA MPOBCACHUC COITYTCTBYIOIIUX
HIOJICITY THHKOBBIX (KaJIMOPOBOYHBIX ) M3MepeHui. Takue n3mepeHust HeOOXOAMMBI IS
e KaguOpoBKM  MNPHOOPOB  JWUCTAHLIMOHHOTO  30HIUPOBAHMSA,  KOHTPONS  UX
paboTocrmoco0HOCTH B TEpHOj (YHKIIMOHUPOBAHUS, OICHKH HH()DOPMATHBHOCTH
AKCIICPUMEHTAIBHBIX JaHHBIX;
® pa3pabOTKH HOBBIX, YCOBEPIICHCTBOBAHUS W MPOBEPKHU CYIIECTBYIOUIMX METOIMK
BOCCTaHOBJICHHS T€O(U3NICCKUX ITapaMETPOB;
e OoTpabOTKM METOJMK COBMECTHOM HHTEpHpETallid KOCMHYECKHX JIaHHBIX,
MOJIYUCHHBIX B PAa3JIMYHBIX CIICKTPAJIbHBIX MHTCPBAJIAX, U PC3YyJIbTAaTOB CUHXPOHHBIX
MOJICITY THUKOBBIX U3MEPEHUIA,
® BaJIHMJAIMHA KOCMHYECKUX JAHHBIX;
® KOMIUICKCHOTO  WM3Y4YCHHS TPUPOJHBIX  OOBEKTOB IMyTEM  KCIOJIb30BaHHS
nHpOpMaLKH, TOTYYaeMO C pa3IMYHBIX YPOBHEH U C Pa3HbIM MPOCTPAHCTBEHHBIM
paspenicHueM.

3aKIro4YeHue

[Tnanupyemoe ucnons3oBanue paspadarsiBaeMbix CBY pagnoMeTpoB CBsI3aHO C pelieHHEeM
3ajiad 1o pa3paboTke paanoPpU3NUECKUX METOAO0B AUCTAHIIMOHHOTO 30HAUPOBAHUSA 3EMIIH U3
KOCMOCa B IIEPCIIEKTUBHOM JELIMMETPOBOM JHANa30HE AEKTPOMArHUTHBIX BOJIH AJIS U3y4YEHHUS
(u3nUecKuX SABJICHUN U MPOLIECCOB B CHCTEME aTMoc(hepa-3eMHas IOBEPXHOCTb; BIUSHHIO
BHEIIHUX (haKTOpOB (TajakTuyeckuii poH, noHochepa u Ap.) Ha U3MEPSEMbIE XapaKTEPUCTHUKU
00BEKTOB; M3YUCHHUIO TOMEXOBOM 0OCTAHOBKH; 110 Pa3BUTHUIO METOJIOB COBMECTHON 00pabOTKH
JAHHBIX C Pa3HBIM NIPOCTPAHCTBEHHBIM Pa3pELICHUEM.

HayuHnyro nporpaMmmy KOCMUYECKHX SKCIIEPUMEHTOB B XOJ€ pealn3aliii KOCMUYECKOTO
npoekTta «MKA-ITH1» nenecoo6pa3Ho CKOOpAMHUPOBATH ¢ OJOOHBIMHU HCCIIEIOBAHUSIMH B
paMKax CyLIECTBYIOIIUX U IUNIAHUPYEMBIX K pealn3aluu B Onuxkaiieil nepcrekTuse
OTEUYECTBEHHBIX U 3apPyOEHKHBIX KOCMHUYECKUX MIPOCKTOB.

JIureparypa

[1] Hubert M. J. P. Barré, Berthyl Duesmann, and Yann H. Kerr, “SMOS: The Mission and the
System,” IEEE Transactions on Geoscience and Remote Sensing, 2008, Vol. 46, n.3, pp 587-
593.

[2] http://smap.jpl.nasa.gov

[3] Apmann H.A., M.T. Cmupsos, 10.I". Tumenko. AnnaparypHoe oOecriedeHrne HayqyHo-
NPUKJIAHBIX UCCIEIOBAHUI Ha OOPTY POCCUIICKOTO CerMEHTa MEXTyHAPOIHOM
KOCMHUYECKON CTaHIIMH B HAIIPABJICHUAX U3yUEHUS IPUPOTHBIX PECYPCOB 3€MJIH U

IKOJIOTHYECKOTO MOHUTOpUHTA// KocMoHaBTHKa U paketocTpoenue, 2007, Ne 4 (49), ctp. 91-
94
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2.3.6. HUU sinepuoii puzuxku umenu /I.B. CkolenbubiHa
MOCKOBCKOIr0 rocy1apcTBEHHOIr0 YHUBEPCUTETA UMEHHU
M.B.JIomoHocoBa

2.3.6.1. UccaenoBanust YD usiaydeHusi BepxHeid atMmocdepsbl

B 2009 r. 6pu11 3aKOHUEHBI PAOOTHI 10 CO3AHUIO0 HOBOH anmapartypsl Ui UCCIEI0BAHHS
V® uznydeHus Ha CIyTHUKE «YHHUBEPCUTETCKUU-TaThsiHA-2», COCTOAIIECH U3 NETEKTOPOB YD
(300-400 um), kpacHoro uzinyueHus (600-700 HM) U neTeKkTopa 3JIEKTPOHOB ¢ Iiomaapio 400
cM”2, moporoBoid sHepruer 1 M»nB. JleTeKTop 3IEKTPOHOB BMEPBBIE AACT BO3MOKHOCTH
U3MEPATh «BCIBIIIKM» TIOTOKOB 3JEKTPOHOB CHHXPOHHO CO BCIHBIIIKAMH aTMOC(HEPHOTO
m3nydeHus. B cenrsOpe 2009 r. cnyTHHK «YHHBEPCUTETCKUU-TaThsHa-2» BBIBEICH Ha
COJTHEYHO-CHHXPOHHYIO OpOUTY ¢ BhicoTol 820 kM 1 HakioHeHHeM 98,8 rpan. JlaHHBIE HOBOTO
CIyTHUKA II03BOJIAT BBIACHUTH BOIPOCHI, IOCTABJIEHHBIE PAaHEE B M3MEPEHUSX Ha CIIyTHHKE
«YHUBEpPCUTETCKUN-TaTbsaHA»:

1. KaKoii MOTOK 3JEKTPOHOB BHIXOAUT B MarHUTOC(hEpy MpH IEKTPUUECKUX pa3psaiaX B BEpXHEH
aTMocdepe, CyIECTBYIOT JIU «BCIIBIIIKNY BBICHITIAIOIINXCS U3 MATHUTOC(EPHI FIEKTPOHOB.

2. KaK pacrpeeieHbl Ha KapTe 3eMJIu pa3psabl pa3InuyHOro THIIA.

3. cymecTByeT JHM KOpPpeNsIHs MEXIy BapualUsMH IIOTOKOB 3JEKTPOHOB Ha opOuTe U
BapHallMsAMH CBEYCHHS aTMOC(ephl BOJIU3U dKBATOPA.

4. xakoBa npupo/a cBs3u Y D Bembllek ¢ Gpa3oi JTyHbI.

lonosphere

f Gigantic
’I“ Jet
Blue Jet TLE (Transient Luminous Events)

Columniform

'.Ill Sprite
I—wjt'-ltus?here : \ h— —+—-—,ﬁ5—,-mﬁ —

Lightning to Earth

Carrot Sprite

-

T e i

Puc.1. Cxema skcriepumenta MTEL niist u3ydenust yapTpagproieToBbIX
TPaH3UEHTOB Ha CIyTHUKE «YHUBEpCUTETCKUI-TaTbsHa-2»
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2.3.6.2. UcciienoBaHusl M0 KOCMHUYECKOM J03MMeTPUM

Poccuiickuit KA «Jlamnac»: nocanka Ha cmytHuk fOnutepa - EBpolly, moMck IpH3HaKoB

)Ku3HU. B paMkax mnporpaMmbl MO MOJATNOTOBKE POCCHUHUCKOM KOCMHYECKOM ASKCHEIULINU
«Jlammmac» x FOnutepy u ero cnyTHUKy EBporie mpoBeAeHbI CAEAYIOIIHNE UCCIEOBAHUS:

paccMOTpEeHBI OOIIME METONbI OLICHKH pPaTuaIlMOHHOW OOCTaHOBKH, CBEACHHS O Tpaccax
MoJI€Ta U MOHU3UPYIOUINX M3ITYUYEHHUSIX KOCMHUYECKOT0 MPOCTPAHCTBA, BO3AEUCTBUS KOTOPBIX
oxunaercs npu nonére KA muccun «Jlamnacy;

000011IeHBI UMEIOIINECS IKCIIEPUMEHTAIBHBIC JaHHBIC M0 M3MEPEHHUSM MArHUTHOTO TOJISA U
MOTOKOB 3apsKEHHBIX YaCTHIl B OKOJIOIUIAHETHOM TpocTpaHcTse OnuTepa;

NPOBEAEH CPaBHUTEIbHBIN aHAINW3 MoOJeNel TJIaBHOIO MAarHUTHOTO MOJS M PaJuallMOHHBIX
nosicoB Onurepa;

BBIMIOJIHEHBl  NPEABAPUTENbHBIE PacuéThl pPaJUAllMOHHBIX YCJIOBUH Ha TPAEKTOPUAX
rpaBUTalMOHHBIX MaHEBpoB KA wmuccun «Jlammac» B OKOJIOIJIAHETHOM ITPOCTPAHCTBE
IOnurepa;

paccunTaHbl MOTOKH 3apsSOKEHHBIX YacTULl M /103 pajualuu B pailoHe opOuTel EBpombl,
onpeneneHbl (akTOpbl, BIMSIONME Ha SKpaHUpoBaHHE EBpoONoil MOTOKOB 3apsyKEHHBIX
YacCTUIl B CBOEH OKPECTHOCTH, U MPOBEJECHBI IIPEABAPUTEIIBHBIE PACUETHI IPOCTPAHCTBEHHOTO
pacrpeneseHus IOTOKOB PEJIATUBUCTCKUX JIEKTPOHOB Ha ITOBEPXHOCTU EBpOIIBL;

JlaHbl TIPEIBApPUTEIbHBIE OLIEHKM pPaJMallMOHHBIX ycioBUil noséra KA Ha MexXmiaHeTHON
YaCTU TPACKTOPHH.

Monenb pacnpeACICHUA ITOTOKOB 3JICKTPOHOB HA ITOBEPXHOCTU EBpOHBI
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Puc.2. Bnusinue EBponbl Ha yMEHbIIEHHE TOTOKOB AIEKTPOHOB PaJiMalliOHHOIO Mosica
IOnurepa c sneprusimu 5 u 50 M»B Ha e€ noBepxHOCTH.

- C 1enpl0 OLEHKM paJAMallMOHHON ONACHOCTH IPU OCBOEHMM JIyHBI COBMECTHO C

corpyaaukamu SN PAH pa3pabotana pacueTHas METOAMKA MPOTHO3UPOBAHUS PaTUAIIMOHHBIX
ycnoBuid Ha JIyHe, yuuThIBaromass OoMOapIuMpOBKY JIYHHOH IOBEpPXHOCTH MOTOKaMH
KOCMHMYECKHX JIydyed (TaJJakTU4eCKUX U COJHEYHBIX) M BO3HUKHOBEHHE B JIYyHHOM TIpYyHTE
IIOTOKOB BTOPUYHBIX IIPOTOHOB M HEUTPOHOB. Ha ocHOBE pazpaboTaHHON METOAUKH PaCCUUTAHBI
3HAYCHUS] CPEIHETKAHEBOM JO03bl HA JIyHHOW IOBEPXHOCTM U B JIyHHOM TIPYHTE B TOZBI
MUHUMYMa 1 MaKCHUMyMa COJTHEUHOW aKTUBHOCTH.
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Puc.3. Tlornomennas (a) u skBuBanieHTHas (b) cpemHerogoBasi 103a HAa KOXE YEIIOBEKa OT
poTOHOB (p) W HEUTpoHOB (n), cozmaHHbiXx motokamu yactull ['KJI mimu CKJI B ayHHOM
TpyHTE, B 3aBUCHMOCTH OT TJyOMHBI JTYHHOTO TpyHTa. TakKe MoKa3aH BKJIAJ B JI03y OT
MIPOTOHOB U HEUTPOHOB, CO3TAHHBIX TOJIBKO MOTOKOM NpoToHOB ['KJI.

2.3.6.3. Ill1anupyembie IKCIIEPUMEHTbI

I/ICCJ'IGIIOBaHI/ISI COJIHCYHBIX OSHCPTUYHBIX YaCTHII, MaFHI/ITOC(l)epBI U paarualiuOHHBIX
IIOsACOB 3CMJ'II/I, a TAaKXXC KOCMHUYCCKHX queﬁ BBICOKHX 3Hepr1/1171 OCTArOTCA MPUOPUTCTHBIMU
HaIlrpaBJICHUAMHA KOCMHUYECKON TeMaTHUKHU HWHCTUTYyTA. Hixe IMPUBCACHBI ITPOCKTHI CITYTHUKOBBIX
OKCIICPUMCHTOB, HAXOAAIIUCCA B CTaJUU pa3pa60TKH

IxkcnepumeHnT PIJIEK Ha 6opTy poccmiickoro Majaoro cnyTHuKa

I'maBHo#t nenpto npoekta POJIEK (pensiTUBUCTCKUE AIIEKTPOHBI) SIBISIETCS H3yUEHUE
BIMSHUS DPEISITUBUCTCKUX 3JIEKTPOHOB HA BEPXHIO aTMocdepy, U3yueHHE TpPaH3MEHTHBIX
MOJHHEBBIX 3(dekToB B BepxHel arMmocdepe, H3yUCHHE BBICHIIAHUHA PEISTUBUCTCKUX
3JIEKTPOHOB U JPONAyTOB SHEPTHUYHBIX JIEKTPOHOB B IpOLECCEe pPaauaabHOM IUGPy3un u
B3aMMOJIEMCTBUHU C JIEKTPOMArHUTHBIMU BOJIHAMU B JUHAMHYHOM MarHuTochepe.

JIONOJTHUTENBHBIMU LETSIMU TIPOEKTa SBJSIIOTCA M3YYCHHE B3aUMOJICHUCTBUS JUTOCHEPHI C

noHocgepoit (mpobiema 3eMIIeTPICeHMIA), CBsA3el aTMochepsl ¢ noHOChepoi (mpobiaema rpo3),
JO3UMETpUs U Ipo0sieMa OJMHOYHBIX COOEB, MPUHUMAsi BO BHUMaHUE HEUTPOHHYIO KOMIIOHEHTY
paavaluy.

I'maBHBIMU OCOOCHHOCTSAMHU MPOEKTA SBISAIOTCS:
- OJIHOBPEMEHHbIE M3MEPEHUsS TOTOKOB PEISTUBUCTCKUX DSJIEKTPOHOB B OKOJO3EMHOM
IPOCTPAHCTBE U UIMPOKOIOJOCHBIE MOHUTOpHBIE HaOmrofeHus BepxHeil arMocdepsl (YO,
PEHTI€HOBCKHUE, TaMMa),
- U3MEpPEHUs PENATHUBUCTCKUX 3JIEKTPOHOB B LIMPOKOM Juana3oHe sHepruil (mo 10 M»sB) ¢
BpeMEHHbIM pa3peuienreM ~100 mc,
- BO3MOKHOCTb U3MEPEHHsI CIIEKTPOB M NMUTY-YTJIOBBIX paclpeieleHuit
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- W3MEpPEeHHs HU3KHX T[IOTOKOB PEISATUBUCTCKUX DIIEKTPOHOB Onaromapsi  OoJbIIOMY
reoMerpuueckomy axktopy aerextoposn. (2010 r.)

I'VIOHACC, «JaekTpo», «Meteop-M»

[Iponomxkaetcs mporpamma skcnepuMmeHToB Ha reoctanuonapubix MC3 I'NIOHACC u
«2nektpoy, a Takxke nossgpHom MC3 «Meteop-M», HO Ha OCHOBE pa3pabOTaHHBIX M CO3JJaHHBIX
B HUUA® MI'Y ciekTpoMeTpoB HOBOTO MOKOJEHUS JUIsl OOHAPYKEHUs 3apsKEHHBIX YacTHIl B
IIMPOKOM 3HEPreTUYECKOM JAuamna3oHe (OT IecsaTKoB k3B 1o MaB).

«UnTepreanoc» (2014-2015)

[ens sxcriepuMeHTa - UCCIIEIOBAaHUE HEUTPATbHON KOMIIOHEHTHI U3TyUYEHUS COJTHEUHBIX
BCIIBIIICK (HEUTPOHBI, PEHTI€HOBCKOE U Yy-u3nydyeHwe) BOmu3u ConHna (1o 25 paamycoB
ComnHita).

Ikcnepument «HYKJIOH»

OxcnepuMeHT «Hykinon» HampaBieH Ha HCCIEIOBaHHME MEPBHUYHOTO KOCMHYECKOTO
u3nydeHus. OCHOBHasi HaydHas 3aJada IPOEKTAa COCTOUT B HU3MEPEHHUH IO3JIEMEHTHBIX
SHEPreTUUECKUX CIEKTPOB M XMMHUYECKOTO COCTaBa TaJIAKTUYECKUX KOCMUYECKUX Jydel B
AKCTPEMAJIBHO IIUPOKOM DHEPreTUYECKOM JIHAIa30He 10'%-10" 5B ¢ memblo momcka u
UCCJIEIOBaHMUsSI OCHOBHBIX MCTOYHHUKOB Kocmuueckux jiydeit (KJI), ompeneneHus MmexaHu3MOB
yckopenust KJI 1 mosrydeHus: KOTUYECTBEHHBIX XapaKTEPUCTUK PACTIPOCTPAHEHUS] KOCMUUECKHUX
Jy4eil BBICOKMX dHEprui B ['anakTuke.

TFAMMACKOII

Kocmuueckuii  3KCHEpUMEHT ¢ [IMPOKOANEPTYPHBIM TaMMa-TEJIECKOIIOM HOBOTO
nokonerns «['aMmackon». B aTom mpubope BriepBbIe JOIKHO OBITH PEATM30BAHO MOCTPOCHUE
n300pakeHnii B raMma-iuanazoHe Oonpmnx obnacteid HebOa (BIUIOTH /0 IMOJIOBHHBI HeOeCHOU
cdepsl) [UIT U3yYeHHUs BPEMEHHBIX aCTPOMU3NUECKHUX SBICHUN U PETYJISPHBIX J0JITOBPEMEHHBIX
HaOII0IeHNT acTPO(YU3NIECKIX HCTOYHUKOB.

Puc.4. 'ammackor.

Ilpozpamma nayuno-odpazoeamenbHvlX CHymMHUKOG:

Poccuiicko-unauiickuii cnyTHuk YouthSat

OcHOBHOM  1enbt0  TIpoekTa  YouthSat  sBmsieTcs  peanu3anus  KOCMHYECKOTO
SKCIICPpUMCHTA o HCCIICAOBAHUIO COJIHEYHOU BCIIBIIIIEYHOU AKTUBHOCTHU Ha 60pTy
MUKpPOCIIyTHHKA. VIcronb3oBaHHE MHUKpPOCIyTHHKAa O3HAuyaeT MPUBJICYEHHE MOJIOJBIX
HCCHGHOB&TGHeﬁ, T.C. CTYACHTOB M aCIIMPAaHTOB Ha BCCX CTAAUAX IMOATOTOBKU M pCaiM3allun
KOCMHUYECKOro 3KcrepuMeHTa. Takum o0pa3om, MPOEKT MMEET HaydyHble M 00pa3oBaTebHbIC
LEJIH.

['maBHasi HaydHas IIeJIb MPOEKTa COCTOMT B H3YYEHHHM COJHEYHON aKTUBHOCTH MIpH
KOMILJIEKCHOM MOHHUTOPHHI€ MPOLECCOB BblAeNeHHs 3Heprun Ha CoJiHIe B IIMPOKOM MOJIOCe
JJIEKTPOMArHUTHBIX HW3JyYEHUH W 3apsHKEHHBIX dYacTulax. Takue H3MepeHHus MOryT OBITh
WCIIOJIb30BAaHbl  JUJIi  KPaTKOCPOYHOTO MpeJCKa3aHWs TMOSBJIEHUS MOTOKOB 4YacTUIl B
MEXIUITAaHETHOW Cpelle M OKOJIO 3eMJIM, KOTOphle MOTYT OBITh OMAaCHBI Il OOMTaeMbIX U
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ABTOMATHYECKUX KOCMHUYECKUX moneroB. HayuHoe oOopynoBanue Bkitodaer mpubop ConPa.
Bynet n3mepsaThCcs BpeMEHHOM MPOQHIb COTHEYHOM BCITBIIIKH B KECTKHX PEHTTCHOBCKHX JTydax
(10-100 x3B), a mmpoxononocHbli crektp (0.02-10.0 MaB) Oyner u3mepsTbcs Kak 4YacTh
pexunmMa paboTel mpudopa. [pyras gyacts npubopa npeaHa3zHaueHa sl U3MEPEHHS DIICKTPOHOB U
npoTOHOB B Auana3one sHepruit 0.3-3.0 MaB u 3-100 MaB cootsercrBenno. (2010 r.)

HayuHno-o0pa3oBaTteabHblii Mabiii cnyTHUK MI'Y «Muxaiiiao JlomoHocoB»

Ha O6opty yHuBepcurerckoro cmnyTHHKa «Muxaitno JlomMoHOCcOB» OyzneT mpoBeAeH
skcniepuMeHT «TYC». Ilpoekt TYC (TpekoBas ycTaHOBKa) MpeaycMaTpUBAET HU3yUEHHUE
SHEPreTHYECKOr0 CMEKTpa KOCMHYECKHX iyduel mpu sHeprusx Bemre 10" 5B ¢ momouts
ONTUYECKOTO JIETEKTOPA, Pa3MEIICHHOT0 Ha O0OPTY KOCMUYECKHX anmnaparoB. J{is skcnepuMeHTa
TYC pa3paboran MexaHHU3M pa3BepThIBaHUS 3epKaja B kocmoce. (2011 ron)

2.3.7. HaunmoHaJbHBIN HCCIEN0BATEIbCKUN SIICPHBIN YHUBEPCUTET
«MHUDPN»

2.3.7.1. ITpoexkt «I’”AMMA-400: uccjienoBanne BHICOKOOHEPrUIHOT0 raMMa-
U3JIyYeHHne

Ousnueckuit uHCTUTYT WM. I[1.H. JlebeneBa (Poccus), HanmonanbHbI HcCIeq0BaTENbCKUAN
anepubiil yHuBepcuteT «MUDN» (Poccust), MuctutyT dusuku Beicokux sHepruil (IIpoTBuHO,
Poccus), Mnctutyt kocmuueckux uccienosanuii (Poccust), ®usnuko-TeXxHUUECKUH HHCTUTYT UM
A.®. Uopde (Canxt-Ilerepdypr, Poccus), HIIO um C.A.JlaBoukuna (Poccus), Istituto
Nazionale di Fisica Nucleare, Sezione di Trieste (Tpuect, Utamus); Istituto Nazionale di Fisica
Nucleare, Sezione di Roma 2, and Physics Department of University of Rome “Tor Vergata,
(Pum, Wramms); Istituto Nazionale di Fisica Nucleare, Sezione di Firenze, and Physics
Department of University of Florence (®nopennus, Utamus)

lNamma-teneckon «I"’AMMA-400» npenHasHayeH Uil HMCCIEIOBAHUA KOCMHUYECKOTO
ramma-u3iydeHus B nuanasone sHepruii 0,1-3000 3B, perucrpanun 31€KTpOHOB U O3UTPOHOB

KOCMHUUYecKUX Jyued c¢ sHeprueil Boimie 0,1 3B, moucka u uccieqoBaHus ramma-BCIIECKOB

CBepXBBICOKOM sHepruu (Oosiee 1 ['9B), cOMHEUHBIX BCTIBIIIEK.

Hayunsie 3anaun uccnegoanus «I”AMMA-400»:

e [louck HOBBIX M HU3yUYEHHE M3BECTHBIX T'AJIAKTUYECKUX U BHETATAKTUUYECKUX JTUCKPETHBIX
WCTOYHUKOB TaMMa-U3Jy4eHHUS CBEPXBBICOKOW JHEPrHH, KOTOPBIMH MOTYT OBITh, B
YaCTHOCTH, OCTAaTKU CBEPXHOBBIX, MyJbCapbl, aKKPEIUPYIOUINE OOBEKTHI, MUKPOKBA3APHI,
TaJakTUKU C aKTUBHBIMHU sApaMH, Oya3zapbl, KBa3apbl; U3MEPEHHE WX SHEPreTUUYECKUX
CIIEKTPOB M CBETUMOCTH.

e  OroxaecTBICHUE AUCKPETHBIX TAMMAa-UCTOYHUKOB C M3BECTHBIMH UCTOYHUKAMU B JPYTUX
JUara3oHax SHEPrud, B TOM YHCIE, W C AUCKPETHBIMH HMCTOYHHKAMHU C DSHEpruei
u3ny4eHus oonee 102 5B, 3aperucCTpUPOBAHHBIMU Ha3€MHBIMU FaMMa-TEJIECKOIIaMHU.

e  MOHUTOPUHT CBETUMOCTH M SHEPreTUYECKOr0 CIIEKTpa TaMMa-UCTOYHUKOB CBEPXBBICOKOM
SHEPIruM JJI1 U3yYEHUS] TPUPOJIbI UX IEPEMEHHOCTH.

e [louck u uccien0BaHNe FaMMa-BCIUIECKOB CBEPXBBICOKOM sHepruu (6osee 1 [9B).

e lI3MepeHuss SHEPreTUYECKUX  CHEKTPOB  TajJakTHUYECKOTO0 U BHEraJlakTHUYECKOro
muddys3Horo ramma-uznydenus. [louck crnekrpanbHbix anomanuil. [Touck «ramma-nmuHUID
B JMCKPETHBIX raMMa-HUCTOYHUKAX, B AUPPY3HOM ramma-u3iayuyeHUH, BOSHUKAIOUIUX MPU
QHHUTWISIUU U pacrajie KOMIIOHEHTOB TEMHOM MaTepuH.
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e Perucrpanus NOTOKOB 3JIEKTPOHOB M IO3UTPOHOB C 3Hepruel Bbime 1 3B, uzmepenue
SHEPreTUYECKUX CHEKTPOB ATUX YACTHUL, BBIJCICHNE OCOOCHHOCTEN UX CHEKTPOB, KOTOPHIE
MOTJIM Obl OBITH CBSI3aHBI C MPOLIECCAMM AHHUTWIISILIMK M pacliaja KOMIOHEHTOB TEMHOM
MAaTEpHH.

e Perucrpanyss BBICOKODHEPTETUYECKOTO TaMMa-U3Iy4Y€HUS W IIOTOKOB DJJIEKTPOHOB U
IIO3UTPOHOB OT COJIHEYHBIX BCIIBILIEK.

®uznueckas cxema «['AMMA-400» npencraBieHa Ha pUCyHKe.4.

l'amma-teneckon «I'’AMMA-400»  sBasieTcss  CAEAYIOMIMUM  TOKOJEHHEM TraMma-
TEJIECKOIOB C PAaCHIMPEHHBIM AMANa30HOM SHEPIHil, yIy4YIIeHHbIM YTJIOBBIM U YHEPTreTUYECKUM
pazpemienueM. CpaBHeHue xapaktepuctuk «I'’AMMA-400» u FERMI-LAT npuseneHo B
Tabymue 1.

TAMMA-400

AC - aHTHCOBTANATENEHEE
OETEKTOREH

KonBepTop : YIeRTPOHBI
K1-K6 - 6 cnoes W raMM‘]'I‘BIaHI“ 1200  TIOIHTPOHBI
no 0,14 pen. KOHEEPTOP !

KEO1-EL6 - 6 8z, )
CTPHIOBLIX KOOPT.
neTexTopol ¢ marom 0,1 mm

KEIO7-KO8 - 51 (%, ¥) cTPHIOELE

'. 1000 [

EoOpS. BeTekTopt o maron 0,1 mu
C1, C2 - cyuurunnaropu BIIC RLBHS
JITH - peTerTopt NepexoHore HHIVIeHEL
K¥1 - xoopgunaruuit xanopumetp (10 p.en) e .
10 enoee: BGO + 31 (%, ¥) CTpHIOBHE |t AIH
KOORT,. DeTekToptl ¢ maron 0,1
KK2 - xoopaunataui kanopumetp (21,5 pem)
H3 kpHcTannos B GO
C3, C4 - cHHHTHIIATORE
H]I - uefitpouufl  geTexTop EIg COETIC)
EE1
£
Kz
—\ -
HO
I 800
Puc. 4. ®uznueckas cxema teneckona TAMMA-400
Taobmuua 1
TAMMA-400 FERMI-LAT
OpOwurat 500-300000 km 560 xm

J{narna3on >Hepruit

100 M5B - 3000 I'>B

100 M»3B - 100 1B

UyBcTBUTEIBHAS 2 2
LIOLIAb 0,64 m 1,6 m
KoopauHnarabie . .

P Si crpunsbi ¢ marom 0,1 mm Si crpunsi ¢ marom 0,22 mm
NIETEKTOPbI

YriioBoe pasperieHue

(Ey > 100 T5B) ~0,01 ~0,05
Kanopumetp BGO + Si crpunbi Csl
- TOJIIIMHA, P.€.1. 31,5 8,5
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DHEPreTUIeCcKoe
paspelieHue ~1% ~10%
(Ey > 10 I'B)

PexeK1ys NpoToHOB 106 104
UyBCTBUTENBHOCTS,

2 -9 -9
dboToH/cM ¢ ~5x10 ~5x10
(Ey> 100 MaB)

i GAMMA-400
E
I
I

- — - — — - — masmes e s - s el —

Puc.2. TAMMA-400 na 6opty KA «HaBuratop»

2.3.7.2. xcnepumenT <KMOHUKA»: uccieqoBanne HOHHOTO COCTaBa B
COJTHEYHBIX BCHBIIIKAX

HanumonaneHslii nccnenoBaTenbckuil aaepHbiil yauepcuretr «MUDN» (Poccus)
Ouznyeckuit unctUTyT UM. [1.H. JleGenena (Poccus)
OO0benuHEHHBIN UHCTUTYT SIAEPHBIX HccnenaoBanuil (Poccus)
HITO um C.A. JlaBoukuna (Poccus)

Lensto sxcnepumenta «MOHUKA» sABisseTcs M3ydyeHUE MEXaHU3MOB I€HEpALUU
KOCMHYECKMX JIydell B akTUBHBIX mporeccax Ha ComHime u B remmocdepe, MOHHTOPUHT
AIEPHOT0, U30TOITHOTO ¥ MOHHOT'O COCTaBa KOCMUYECKHX JIy4Yeil B OKOJIO3EMHOM IIPOCTPAHCTBE.

Hayunbvu 3agauamu KO «MOHUKA» sBnstoTcs:
° N3mepenne nonnoro cocraBa nmotokoB CKJI B muamaszone snepruii 10-300 MaB/H mis
OTJENIbHBIX COJHEYHBIX COOBITHH M M3ydYEHHUE €ro BOJIOLUM BO BpeMs pa3BUTUS coObITus. s
U3y4YEHHsS MOHHOI'O COCTaBa MPEAINOaraeTcsl B KaUeCTBE cernaparopa UCIOJIb30BaTh MarHUTHOE
noJie 3eMJIu.
. N3mepenue saepHOro M M30TONHOIO coOCTaBa, 3Heprermueckux crnekrpos CKJI B
nuarnasone sHepruid 10-300 MsB/H B mepro] pa3BuTHs aKTUBHBIX TporieccoB Ha CoJHIIe.
. Nzyuenne mponumkHoBeHuss CKJI B maraumrochepy 3emMim B YCIOBUAX €€ CHIIBHBIX
BO3MYIICHUN BO BPeMsI COTHEUHO-MarHUTOC(HEPHBIX COOBITHIA.
. Nsmepenne wonHoro cocraBa AKJl ¢ sueprusmu Oomee 10 MaB/H, wusmepenue
sHepreTuyeckux crnektpoB AKJL.
. N3mepenne wMopynsuun mnotokoB ['KJI m AKJI ¢ wenpto u3ydeHus ycCiOBHiA
pacnpocTpaHeHHs YyacTull B renuocdepe.
. W3mepenue MOTOKOB siiep B paJMallMOHHOM MOsce 3eMJIM, a TaKKe IOTOKOB SEp
ans0eno.
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JIJ1s1 BBITIOJTHEHYSI TTIOCTABJICHHOM LIEJIHN U
3amaq MpeAnoaaraeTcs MIPOBECTH
HETIPEPHIBHBIC H3MEPEHMsI TOTOKOB sJEp OT
BOJOpOAA [0 HHKEIS B DHEPreTUYECKOM
muanasone ot 10 mo 300 M»>B Ha HyKJIOH.

HA «MOHUKA» wumeer cnenyrommuii
COCTaB: JETEKTOPHAas CHUCTEMa, JJIEKTPOHUKA
JETEKTOPOB, TPUTTEpHAas cuctema, 00K cOopa
Hay4YHOH HH(pOpMaIum.

JletexktopHas cucrema (puc.3) COCTOMUT

Puc. 3 U3 CIIEKTPOMETpa M IPOTOHHOIO MOHHUTOPA.

CrnexTpoMeTp NpeACTaBIsieT COOOH 4YeTbIpe

OTJIENIbHBIX TEJECKOIa, KaXJblil U3 KOTOPBIX BKJIIOYAET IOJYINPOBOAHUKOBBINA CIEKTPOMETP-

TEJECKOIl, CUUHTWIISALUOHHBIN KaJOpPUMETP M CHUCTEMY aHTHUCOBHAAECHHH. CHEKTpOMETp

IpeIHa3HayeH i1 perucTpanuu oTAeNbHbIX siaep ¢ 3Hepruamu 10+300 M»>B Ha HyKIIOH,

BXOJSIIUX B amepTypy npubopa, ux HUIACHTU(UKALMH, U3MEPEHUs SHEPTUi M yIJOB IMpUIIEeTa

gacTull. [IpOTOHHBI MOHUTOP COCTOHUT KAJIOPUMETPA W CUCTEMbI AHTHCOBHAACHWM. MOHUTOD

IpeJHa3HayeH M perucrpauund notokoB npotoHoB CKJI ¢ »HeprusiMu B Tpex y3KHX
nuarnasoHax sHepruid B unrepsaie ot 20 1o 120 M»B.

Xapakrepuctuku HA «MOHHUKA»

Onepreruueckue aquanazon: 10-300 M»B Ha HyknoH 11 saep.
YrnoBoe pa3pemienue — nopsiakal rpamyc.

DHepreTudeckoe paspeunrenne — nopsaka 1 %.

Csetocuiia — okoso 100 CMch.

To4HOCTH BpEMEHHOM MPUBSI3KU — MOPSIIKA 107%c.

Amneprypa — 90 rpagycos (+45 rpagycos).

Macca — He 6osee 50 xr.

Iabaputsr — 650x650%300 MMm.

Duepronorpebdiienue — He 6osee 80 Br.

Cob6ctBennoe 3Y, oowemMom 1 I'Gaiit, obGecreunBaroiiee HakKoIieHHe MHGOPMAIMK B TEUEHUE
CYTOK.

Ycaosus npoBenenusi 3xcnepumenta MOHUKA

[Tpubop YCTaHABJIUBAETCS Ha MaJIOpa3MEPHBIi KOCMUYECKHI arnrmapar,
paspabareiBaembiii HITO um. C.A. JlaBoukuHa.

Opbura KA kpyrosas, Beicota opoutsl 600 - 700 kM. HaknmoHeHue opOMTHI HE MEHee
80°. Ha pabounx BUTKax BepTHKalbHas och «+Z» npubopa « MOHMKA» HamnpaBieHa B 3¢HUT €
TOYHOCTBIO HE Xyke 0.5°, ocb «+X» JEKHUT B IUIOCKOCTH OpPOMTHI M HANpaBICHA B Ty XKe
CTOpOHY, 4TO W BekTOp ckopocth KA. Ocu «X» m «Y» MOryT MEHSATh OpPHUEHTAIMIO B
MPOCTPAHCTBE, MPU 3TOM M3BECTHO MX MOJIOKEHHE B IPOCTPAHCTBE B KaXK/IbI MOMEHT BPEMEHU
¢ TOYHOCTHIO He Xyke 0.5°. ToyHOCTh 3HaHMS TTOJIOKEHHUS IIEHTPa Macc mpuodopa He Xyxke 1 KM.
Cpok akTuBHOTO cymiecTBoBaHusi KA He MeHee Tpex JeT.

[Ipu mpoBeeHMs SKCIIEPUMEHTA 0KUIAETCS 3aPETUCTPUPOBATH

B CJIy4ae MOIIIHOTO COJTHEYHOTO COOBITHUS:

uonos O - 10*-10%;

noHos Fe - 103—104;
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anomanbHBIX KJI B rog (MuUHUMYM
COJIHEUHOHN aKTUBHOCTH):

nonoB O - 10*-10;

noHoB Ne - 103—104;

TI'anaktnuecknx KJI B rox
(MUHHMYM COJTHEYHON aKTUBHOCTH):

simep Fe - 10°.

Puc. 4

2.3.8. MuctutyTt actrponomuu PAH

2.3.8.1. BcemupHas kocMu4eckas od0cepBaTopust
- Yabtpadmuoer (mpoekt «CIIEKTP-Y ®»)

Bcemupnas KOCMUYECKas
obcepBaTopust —  YabTpaduoier
(BKO-YO, «CriexTp-Y ®»)
MPECTABISET coboit MPOEKT
KpYTHOM KOCMHUYECKOM

oOcepBaropuu  1JIsi  pabOTHl B
HEJIOCTYITHOM JUIsi HAOJIOJCHHN ¢

36MHOU MIOBEPXHOCTHU
ybTpaduoIeTOBOM y4YacTKe CHEKTpa
(110-300 HM). OcHoBHOM
WHCTPYMEHT obcepBaropuu -

KPYIIHBII KOCMMYECKUH  TEJIECKOII
JIMAMETPOM TJIABHOTO 3epKana 1.7 m -
Oyzer ocHameH cnekTporpadamu
BBICOKOTO W HHM3KOTO pa3peIieHus u
KaMcpaMu JJISL MOCTPOCHUA
BBICOKOKQUECTBCHHBIX H300paKCHUI
B Y® u ONTHUYECKOM JHAIa30HE.
Takoli Habop Hay4HBIX HPHUOOPOB
MO3BOJISIET  OOECIEUUTh  pElICHHE
IIMPOKOTO KJlacca HaOII0aTeIbHBIX
3agady. BKO-Y® Oyner paboraTh Kak
MHOTOLIEJIeBast KOCMHYECKast
oOcepBatopusi 1O  CIEAYIOIIUM
nporpaMmaM: 0a3oBasi IMporpamma,
HallMOHAJIbHBIC IIPOrPAMMBI CTpaH —
YYaCTHHIl TPOEKTa H Mporpamma,
OTKpBITast JJIS BCEr0 MEXAYHApOJHOTO ACTPOHOMHYECKOro coobmiecTBa. (OCHOBHBIMU
HaIpaBJCHUSIMU 0a30BOM U POCCHICKOMN HAITMOHAIBHON MTPOTPaMM SIBJITFOTCS: a) hH3MKa paHHEH
Bcenennoii; 0) 3Be3mooOpa3oBaHue, XWMUYECKash JBOJIOLHUS TallaKTUK; B) aKKPEIHOHHBIC
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mpoliecchl B acTpoU3UKe; T') MEXK3Be3/IHAsA cpea (TUIOTHBIE MEK3BE3IHbIE O0JaKa, IeUTepuil B
JIOKAJIbHOM MEX3Be3HOW cpene, HoHu3anuoHHas cTpyktypa M3C); 1) ¢usuka 3Be3IHBIX
atMocep, MmoTeps Macchl, XpoMocdepHas aKTUBHOCTh;, €) (U3MKAa W XHUMHUS ITUTAHETHBIX
aTMocdep U KOMET, BKITIOYast IUTAHEThI BOKPYT APYTHX 3BE3I.

[To Bo3MoxHOcTsAM mnpoekT BKO--Y® anajoruueH, a mo HEKOTOPHIM XapaKTepHCTHUKAM
npeBocxoauT amepukanckuit Kocmnuecknii Teneckomn um. Xa66ma (KTX).

O6cepBatopuss BKO-Y® Oyner pabotaTh Ha TeOCMHXPOHHOW OpOMTE C HakiIoHeHueM 51.4
rpaxycoB. BeIOOp reocHHXpOHHOI OpOUTHI OBLI CETIaH UCXOS U3 CIEYIONINX KPUTESPHEB:

a) MUHIMH3AIYsl HAXOXKACHHUS armapara B paJAHaldOHHBIX MMOscax 3eMIIH;

0) BOBMOYKHOCTH paKEeThI-HOCUTEIIS;

B) oOecrieueHue 30H JITUTEIbHON BUIUMOCTH OOBEKTOB;

I') MUHMMaJIbHOE BpeMs HaX0X/I€HHUs B TEHH 3eMJIH;

1) CTaOMJIBHOCTH OPOUTHI;

€) IOCTYIHOE TEXHHUYECKOe OOOpYAOBAaHME KOCMHYECKOTO M HA3eMHOTO CErMEHTOB JUIS
pazroCBsI3H.

Jlis 3amycka KOCMHYECKOro ammapara Obuia BbIOpaHa pakera-Hocutenb "3eHut-2CB" ¢
pa3roHHbIM O10koM "®perart".

PaGoter mo mpoekty Bemytcsi Poccueit coBmectHo ¢ Mcmanueidr um ['epmanueit mpu ydactuu
VYkpaunsl u Kazaxcrana.

[Inanupyemslii rox 3amycka — 2014.

2.3.9. ®uzuko-rexnuyeckniit MHCTUTYT UM. A.D. Uopde PAH

2.3.9.1. Okcnepument KOHYC-Y® no uccnenoBaHui0 KOCMUYECKUX raMMa-
BCIUIECKOB U MATKUX ramma-penutepoB Ha KA «Crektp-Y ®»

Hayunslii pykoBogutens — wieH-kopp. PAH E.I1. Mazeng

[IpoBenenue sxcnepumenta KOHYC-Y® mno wuccieqoBaHHMI0O KOCMHUYECKHMX TaMMa-
BCIUIECKOB M MSATKMX raMMa-peluTepoB IUIAHUpYeTcs B cocTaBe mnpoekra «Cnektp-Yd» B
nepuol BpeMenu HaunHas ¢ 2014r. Ero 3amaueit siBnsieTcs HMCClieOBaHUE KOCMHUUYECKUX raMMa-
BCIUIECKOB M PEIKOTO UX Kjacca - HCTOYHUKOB MATKUX ITOBTOPHBIX BCIUIECKOB, OTKPBITHIX PaHEe
B 3KkcriepuMenTax OTH u nonmyuyuBIIMX Ha3BaHUE TraMMa-peruTepsl. Bee 3TH  sBICHUS CBSA3aHbI
C JKCTpEeMaJbHbIM B3PbIBHBIM JHEPrOBBIICICHUEM 3JIEKTPOMATHUTHOIO H3IY4YEHHs, MPUpPOAa
KOTOPOTO SIBJISICTCSI OHOM M3 Ba)KHEHIIMX HEpEIICHHBIX mpobieM actpodusuku. HanexHnas u
aZiekBaTHas 3anade HaydHas anmaparypa KOHYC 6wma pazpaborana ®TU PAH u 6onee 15
JeT HEeNpepblBHO (YHKIMOHUPYET Ha aMEPUKAHCKOM KOCMHUYECKOM ammapare «BuHm.
CoBMecTHBIH  poccuiicko-amepukaHckuil  skcriepumenT KOHYC-BUH]|  obGecneunBaer
NOJy4YeHHe KpUBBIX OJieCKa, DJHEPreTMYECKUX CIEKTPOB U  OBICTPOH  CHeKTpabHOU
NEPEMEHHOCTH TaMMa-BCIUIECKOB, KOTOpbIE UIIMPOKO BOCTPEOOBAHBI B  KOMILIEKCHBIX
BCEBOJIHOBBIX MCCJIEIOBAHUAX OTOr0 SIBIEHUS B paMKax OOLIMPHONH MEeXIyHapoJHOU
KOOMEpalMi Ha HA3eMHbIX UM KOCMHMYECKMX Tejneckonmax. /Jlius Takux HaOmroneHui
UCKITIOUUTENIFHO OJIaronpusTHA CWIIBHO BBHITSHYTas opoura «Bunga» c amoreem 0,5 — 1,5 miH.
KM, oOecriednBaroiiasi 0030p Bceil HeOecHOM cephl 0€3 CYIIECTBEHHBIX MOTEPh BO3MOKHOCTH
HaOJII0IeHUI NIpU MTPOXOXKJICHUM Yepe3 paHalMOHHbIE Mosica B paiioHe mepures. Y lajeHHasi oT
3emin opouta KA «Criektp-Y®» Taxke SBIsSeTcs ONTHMATBHOM ISl TOAOOHBIX UCCIICAOBAHMM.
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Poccuiicko-amepukanckuii sxcnepuMeHT KOHYC-BUH/[ no BaxHOCTH, KauyecTBYy H
MOJTHOTE TONydyaeMo HMH(OpPMAlUK BBIIBUHYJCS Ha TEPEOBbIE MO3HMIIMU B HUCCIEJOBAHMSIX
HanboJiee MOIIHBIX B3PBIBHBIX SBJICHUN BO BcenenHoi. 3agadeil HOBOro 3KCIIEPUMEHTA
ABIISIETCSL MPOAOJDKEHUE HSTHX HCCIENOBAHMM TIOCIE 3aBEpLICHUS JIETHOM MPOrpaMMBbl
skcniepumenta KOHYC-BUH/I.

Hcxona u3 Bo3moxkHocTell KA «Cnexktp-Y®» 11 peainzanuu 3KclepUMeHTa  Obuia
npeaiokeHa cuctemMa U3 IByX HeTeKTOpHBIX O07okoB «KOHYC-Y®-/I» ¢ momem 3penus 2w
CTepa/iiaH OTHOCUTEIBLHO OCH CUMMETPUU JETEKTOPOB U oHOr0 6s0Ka 3nekrponuku «KOHYC-
Y®-BD». Pa3zmenienne neTeKTOPHBIX OJIOKOB Ha MEPEXOAHOH (epMe MexTy 0a30BBIM MOIYJIEM
HABUI'ATOP un kommiekcom Hay4yHo anmnapatrypbl KA «Cnektp-Y®» teneckonom T170
oOecrieurBaeT HEOOXOAUMYIO JIJIsl IPOBEACHUS FKCIIEPUMEHTA BO3MOXHOCTh 0030pa KaKJIbIM U3
JIETEKTOPHBIX OJIOKOB MOJIOBUHBI HEOECHOM MoTycdephl.

Hayunast ammaparypa SKCIEpUMEHTa MPEICTAaBISIET COOOW CHMHTHIUIALMOHHBIA TamMma-
CIEKTPOMETP, COCTOSIIIMKA U3 ABYX HMJIEHTHUYHBIX IETEKTOPOB raMMa-KBAaHTOB U 3JIEKTPOHHOTO
OJIoKka JUIsi perucTpanuy W TPEIBAPUTEIHLHOW O0paOOTKM CHUTHAJIOB JETEKTOpOB. Kaxkmblit
JIETEKTOpP COJCPXKUT  BBICOKOTEXHOJIOTUYHBIA  crekTpoMerpuueckuid  kpuctamn  Nal(Tl)
nuamerpoMm 130 MM u BBICOTOM 75 MM, TOMEIICHHBIH B TOHKOCTCHHBIA aATIOMHUHHUEBBINA
KOHTEHHEep C OepMIIJIMEBBIM BXOJIHBIM OKHOM U BBIXOJAHBIM OKHOM M3 CBHMHIIOBOTO CTEKJa
BBICOKOM MPO3pavyHOCTH JUISl 3aIIMTHI OT (POHAa KOCMHUYECKOro ammapara B MATKOM oOnactu
cnektpa. Takoit gerekTop oOecneunBaeT HHU3KUH HHEPreTUYECKUM MOpOor perucTpanuu
uznyuyenus ot 10 k3B, nquanaszon peructpauuu ramma-kBaHToB 10 10 MaB ¢ sHepreTuueckum
paspemienuemM 8,5 — 9,0 % na nuHMM 660 k3B Cs137 M 4yBCTBUTENBHOCTh OOHAPY>KEHMS
BcIuieckoB Ha ypoBHe 10{-7} spr cm{-2}. Jlerekrops! anmaparypsi KOHYC-Y® ne umeror
AQHAJIOTOB B MUPOBOM MPAKTUKE PETUCTPALIMM KOCMUYECKUX FaMMa-BCILUIECKOB.

Opranuzanus U3MEpeHU XapaKTepUCTUK ramma-sciieckoB B 3kcnepumente KOHYC-Y®
ABIJISIETCS] PA3BUTHEM IMOAXOJ0B U METOJIOB, UCNOIB30BaHHBIX B skcniepuMente KOHYC-BUH/I.
Ona xapakTepusyeTcs 3HaUMTEIbHO OOoJbIIel MHPOPMATUBHOCTHIO OJaronaps MCHOIb30BAHUIO
B anmapaTrype COBPEMEHHOM 3JIeMeHTHOI 0a3bl Ha OCHOBE CUTHAJIBHBIX LU(POBBIX MPOIIECCOPOB,
NPEU3NOHHBIX aHAJOro-IM(poBLIX HpeolOpa3oBaTesneil C MajbIM «MEPTBBIM» BPEMEHEM U
MHUKPOCXEM OIIEpaTUBHOW MaMsaTH Ooybinol emkocTd. B pexxume @OH B kKaxIoMm aeTekTope
IPOBOAATCS H3MEPEHUS HHTEHCHUBHOCTM KOCMHMYECKOIO TIaMMa-HU3JIydeHUs B JBEHAALATH
SHEPreTUYECKUX UHTEpBajiax B Auamnasone sHeprui 10 kaB — 1 MaB ¢ BpemeneMm HakorieHus 1
CEeK M B JECATH DHEPreTHMUECKHUX MHTEpBajax B auana3zoHe sHepruil 280 k3B — 10 M»sB ¢
BpeMeHeM HakorieHus 4 cek. OgHoBpeMeHHO B pexxume POH ocyiiecTBiIsIOTCS I€TaIbHBIC
M3MEPEHMS CIIEKTPOB M3JIy4eHUs B JIByX 3Heprermdeckux auanaszoHax 10 k3B — 1 M»aB u 280
kB — 10 M»5B, kotopeie pa3zoutei Ha 112 wm 154 xBa3unorapudpMuUecKux KaHala
COOTBETCTBEHHO. Bpemsi HakoruieHus cnektpoB B pexume ®OH — 1 munyrta. B pexume
BCIIVIECK HMHTEHCHMBHOCTh W3JIYYEHHS] HU3MEPSETCS B TE€X K€ DHEPreTHUECKUX HMHTEpBaIax C
BPEMEHHBIM pa3pEIIEHUEM OT 2-X MCeK A0 64-X MceKk. MHOrokaHalbHbBIE CIIEKTPHl B PEKUME
BCIUIECK Takxe U3MepsitoTcsl B TEX K€ SHEPreTUYECKUX auana3oHax, kak u B pexume OOH,
HO ¢ BpeMeHHbIM paspemeHueM ot 100 mcek no 2-x cek. B HA npenycmorpen cnennanbHbIi
«UHTETpaJbHBIN» KaHall, OPUCHTUPOBAHHBIA Ha HWCCIEIOBAHMS YPE3BBIYAHHO PEAKUX KpanHe
MHTEHCUBHBIX T'MTAaHTCKHUX BCIIBIIIEK T'AMMa-peNUTEpoB. AImapaTypa 00ecreunBaeT IMIMPOKUE
BO3MOXXHOCTH PETYJUPOBKH KOI(PGUIMEHTOB YCUJICHHS JIMHEHHBIX TPAKTOB C MOMOIIbIO
cucreMbl 1upoBeix KoMmanza. Amnmnapatypa KOHYC-Y® umeer Bec 25 kr, morpebisemas
MOIIIHOCTH He nipeBbimaer 10-12 BT, cyrounas uadopmaTuBHOCTE cocTaBisieT S0 MO.

OkcniepumeHT KOHYC-YO sBnsieTcss HEOOXOAUMBIM IIarOM B MOATOTOBKE MPOJIOJLKEHUS
BBICOKOX(()EKTUBHBIX OTEUECTBCHHBIX HCCIEAOBAaHUN B OTOM aKTyaJbHOM HaIlpaBJICHUU
BHEATMOC(EpPHON aCTPOHOMMHU.
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