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2.2. PE3YJIbTATBI TEKYIIUX JIETHBIX HAYYHbBIX
IHPOI'PAMM UCCIIEJOBAHUU U HABJIOJAEHUHN

2.2.1. AHCTUTYT KOCMUYECKHUX UCCJIEJOBAHUU PAH

2.2.1.1. I Inanemmnote uccineooeanus

1. MAPC

Pe3yabTatsl ucciaegopanuii Mapca ¢ opoOUTAIBHOTO0 KOCMUY€CKOT0O
annapara «Mapc-Ikcnpecce» npudopaMu ¢ pOCCHICKHM y4acTHEM

1.1. Ce30HHOe pacnpejaeieHHe 030HA M CBeYeHHs] KHCJIOpoja.
I'1o0anbHas KIMMATOJIOTUSA 030HA MO JaHHBIM 3KcnepuMenTa CIIMKAM

Cnekrpomerp CIIMKAM na 60pty KA «Mapc-Dkcnpecc» pabotaer Ha
opbute Mapca ¢ saBapst 2004 roga. DKCIIEpUMEHT MO3BOJISET PEeaTi30BaTh Cpasy
HECKOJIbKO METOJI0OB HaOJI0JICHUs 030HAa. B HamupHOM pexuMe HaOJIOAeHUN
MPOBOJASTCS OJHOBPEMEHHBIC H3MEPEHHUs O30Ha HECKOJbKUMHU MeTojamu. Bo-
MEPBbIX, COJEpKaHUE O30HA u3MepsieTcss 1o mnojoce Xapmm (260 HM) B
ynbTpaduoneroBom kanaine (118-320 um, paspemenue ~0,51 am). Bo-BTOpBIX,
CBEUYCHHUE CHUHIJIETHOTO KHCJIOPOJa (OzlAg), Habmogaemoe B MK-nmanazone mo
nosioce 1,27 MM, sBAsieTCss  pe3yiabTaToM  (OTOIUCCOIMAIMM  O030HA U
YYBCTBUTEIBHO K COJIEPXKAHUIO O30Ha Ha BbicoTax Oonee 20 kM. B pexume
COJIHEYHBIX W 3BE3HBIX 3aTMEHUU TPHOOpP MO3BOJSET MPOBOIUTH H3MEPEHUS
BEPTUKAJILHOTO MpOo@uiIsi 030HA 10 nosioce XapTiu B Yd-kaHaie Ha BBICOTaX OT
20 no 70 kM. 3a mepBbI MapcuaHCKUil roa HaOmoaeHus ¢ suBapsa 2004 mo mapt
2006 r. BoepBble OBUIM  MOJYYEHbl CE30HHBIE KAPThl  pacHpeneseHus
WHTETPATTLHOTO COEPKAHUS 030HA B CTOJI0E aTMOC(HEPHI M CBEYCHUS CUHTIICTHOTO
KHUCJIOpO/Jia (OzlAg).
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2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

OCHOBHBIE pE3yJIbTaThI:

® 3HAYUTEJIbHOE YBEJIMUYEHHUE COJEpaHHUs 030HAa HAa BBICOKHMX IIHPOTax B
KOHIIE 3UMBI U Hayajie BECHbI B 000MX MOJIyIIAPHsIX, KOTOPOE MOJHOCThIO HCUE3AET
B JIETHU NIEPUON;

® 3HAYUTENIbHbIE M3MEHEHUS B COJIEP)KaHUU O30HAa BECHOM B CEBEPHOM
MOJTyIIAPUH, OTHOCSIIIHECS K KOJICOAHHUSIM TOJISIPHOTO BUXPS;

® HH3KOE COJIep’KaHHe 030HA B 3KBAaTOPUAIbHOI 00JaCTH.

Kpome Ttoro, Ha Hu3kux mmupotax (3°S-31°N) HaGmromaeTcsi MakCUMyM
CE30HHOTO pacmpezenenuss smuccun O, B paiioHe adenusi, 4TO MOXKET ObITh
CBSI3aHO C BapualMsIMU BBICOTHl HACBIIICHHWS BOJSHOTO Tapa, KOTOPBIM B
3HAUYUTETLHON MEpe KOHTPOJIIMPYET paciipesiesieHne 030Ha B atmocdepe Mapca.

1.2. O6napy:xenne odaakoB CO, abaa B Mme3ochepe Mapca no JaHHBIM
3Be3HbIX NpocBeynBanmii B 3kcnepumente CIIMKAM

CymectBoBanue obOmakoB u3 CO, nmpma B BepxHed atmocdepe Mapca
IPEAnojaarajoch Ha OCHOBAaHWM HECKOJIBKUX HW3MEPEHHBIX TEMIIEpaTypHBIX
npodureit. Tem He Menee, 1o m3mepennit Ha KA «Mapc-Dkcnpece» mogo0HbIe
o0jaka HHUKOTJa HE HAOMIOJANINCh HANPAMYIO. YIbTPapUOIETOBBIA KaHAI
criektpomeTpa CITMKAM Ha 6opty KA «Mapc-Dxkenpece» BrepBble 00OHAPYKUII
camble BbICOKHME oOOsaka Ha Mapce. MeTogoM 3BE3IHOTO TPOCBEUMBAHUSA
Ha0JII0JaI0Ch HECKOJIBKO ME30C(EPHBIX CIIOEB a3p030J1s Ha BbicoTe 0K0i10 100 kM
3UMOM B CYOTpPONMYECKMX IMIMPOTaxX HKHOrO mnoiymapus. OJHOBpEMEHHBIE
U3MEpPEHUs] TEMIEepaTyphbl YKa3blBalOT, YTO YIJIEKUCIBIA Ta3 MNEPEHACBIEH U
JOJDKEH KOHIEHCHpPOBAThCSl HAa ATHX BbicOoTax. OLEHKH pa3MEpOB YacTUI[ IO
MaHHBIM HaOmomeHuil okaszainuch Mmenbie 100 am. Takme oO0adHBIE CIIOM Ha
Mapce 0am3ku K cepeOpuCcThIM 00J1akaM, HaOJII0JaeMbIM B TIOJISIPHON Me3ocdepe
3emuu.

1.3. BeprukajabHbie npoduian a’3po3oJis U o0Hapy:KeHue
CyOMMKpPOHHBIX uYacTull B armocdepe Mapca 1no JaHHBIM 3Be3JHBIX
npocseyuBanuii B Y®-o0s1actu

[IpoBenena oOpaboTka M aHAIM3 PE3YyJIbTATOB JTUMOOBBIX HAOIIOJECHUN U
3BE3/IHBIX MpocBeunBaHuili armochepsl B Y D-1uamna3zoHe 3a nepBbie TpU YETBEPTH
MapcuaHckoro roja HaOmonenuit cnekrpomerpa CIIMKAM na KA «Mapce-
Dkcnpecc». BoisiBiaeHa paznuyHas Mopdosiorus npoduiei, MoIy4eHHBIX OKOJIO
HKBAaTOpa M Ha CPEIHMX IIMpPOTaX. BBICOTHOE pacnpeneneHne MapCHaHCKOW
JOBIMKH HCTBITHIBAET 3HAYUTEIBHBIE CE30HHbIC Bapuauuu. M3-3a KOHBEKIUU H
M3MEHEHHUS YPOBHS THAPOIAY3bl B XOJIOJHBIX 00JIACTSIX BBICOTA PACIPOCTPAHEHUS
JIBIMKHA MEHbINIE, 4YeM B TeruibiXx. OOHapyKeHa KOppENsaIus pa3Mepa YacTHIl C
HEMPO3PAaYHOCTHIO aTMOC(Ephl: YBETUYCHHE Pa3Mepa COBMAIACT C YBEIUYCHHEM
OKCTHHKIIMH, YTO MOXET YKa3blBaTh Ha (OPMHPOBAHHWE OOJAYHBIX CIIOCB.
OnTrdeckasi TONMKHA CI0s1 007aKoB Ha BbicoTax okoio 40 kM coctasmsietr 0,01-
0,1 B Bummmoit obOmactu. Pasmep 0oO0mauHBIX YaCTWIl, KaK MPABHIIO, HE MEHEe
0,3 MKM, XOTs TI0 HEKOTOPBIM Tpoduisim pazmep nopsiaka 0,1-0,2 mxm. HecmoTps
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Ha Pa3Iniusl BEPTUKATBHBIX TPO(IIICH adp0o30Jis1, OHU YKa3bIBAIOT HA OTHOPOIHBIC
CBOWCTBAa 4YaCTHI[ Ha BBICOTaX OKOJIO 60 KM, 4YTO TOBOPUT O HPHUCYTCTBUU
MOCTOSIHHON (Dpakiy CYOMUKPOHHBIX YaCTHI] HA 9TUX BBICOTAX.

HabGnrogenust 10kHOW MOJISIPHOM HOYBIO YKA3bIBAIOT HA YUCTYIO OT MBUIH
atMocdepy ¢ 1<0,l, a’po30iib CKOHIIEHTPUPOBAH Ha HEOONIBIIMX BBICOTAX,
pa3mep vactull nopsaka 0,1 Mm.

Kpome TOro, mnpoBOAMINCH OLEHKKM pa3Mepa 4YacTUll 10 aHalu3y
OTPAXKEHHOTO COJIHEYHOTO M3JydeHuss Ha Jumbe B Yd-obmactu. Ha BeicoTax
oosiee 20 kM noayudeHsl 3HaUeHUs paauycoB oT 10 7o 100 um.

1.4. Conepxxanmne BoasiHOro mapa B armMocdepe Mapca no AaHHBIM
skcnepumenTa CIIMKAM, 1Ba MapcHaHCKHMX roAa Ha0Jr0AeHUuil

CIIMKAM WK — akyCTOONTHYECKHW CIIEKTPOMETp, padoTaroummii B
nuarnazone 1-1,7 mxm ¢ pazpemiennem ~2000. OCHOBHOW Hay4yHOM 3amadei
CIIUKAM sBnsieTcss u3MepeHue BOJSHOrO mapa B armocepe Mapca, maioit
COCTAaBJIAIONIEH, WIPAONIEd BAXKHYIO pOJb B KIMMaTe IUIaHEThl. M3mepeHus
WHTETPAJIbHOTO COJAEpKaHHWs BOASHOTO Tapa Ha Mapce NpOBOIUIUCH
OJHOBPEMEHHO Tpemsi skcrnepuMeHTamMu Ha KA «Mapc-Okcnpece». CIIMKAM
MOKa3aJl HU3KOE COJAEPKAHHME MO CPABHEHUIO C OCTAIBHBIMH JKCIIEPUMEHTAMH.
B pesynbTaTte BO3HUKIA HEOOXOJUMOCTh TPOBECTH HA3eMHbIE KaJTHOPOBKHU
nabopaTopHO#l Bepcum TpuOopa, kotopsie mpouutk B uroHe 2007 1. B Cimyx0Oe
Asponomuu, Bepbep-na-beuccon u HMHcTuTyTre cnekrpockonuu B Peiimce.
[TomyuenHbie KaaTMOPOBKM OBLTH MCIIOJIB30BAHBI ISl TOBTOPHOTO BOCCTAHOBJICHUS
COJIep’KaHusl BOJSHOTO Tapa, a Takke 0OpaOOTKH HOBBIX JAaHHBIX, MOCTYMUBIINX
3a 2007r. Ilpm BOCCTAaHOBIECHHM MCHOJIB30BAJIACH IOCIEIOHSAS  BEPCHUS
cnektpockonuueckor 0as3pl nanHeix HITRAN2004. B pabore mnpeactaBieHbI
KapThl CE30HHOIO PaCIpeleeHUs BOJASHOrO IMapa 3a JBa MAPCHAHCKHUX TOJla B
nepuon stHBaps 2004 (Ls =330°, MY26) no aBryct 2007 (Lg=287°, MY28).
CpaBHEHHME MAaKCMMYMOB BOJISIHOTO Mapa JIETOM B I0KHOM mnonymapun (Lg = 260-
300) yka3plBaeT Ha 3HAYUTENbHBIE pacxoxkiaeHus. Makcumym 2007 roma meHee
BbIpaXkeH 1o cpaBHeHuto ¢ 2005 r. u coaepkanue pe3ko crnanaet nocie Lg = 270.
[Tono6Has kapTuHa Habmoganack B skcnepumente MAWD na KA «Bukunr-1» u
-2 B 1977 r., koraa ABe riobanbHbIE MbIIEBbIE Oypy Ha Mapce, HauaBiuecs Ha Ls
205 u 275, npuBena K BUAMMOMY YMEHBUIEHUIO COAEPKaHUS BOASHOIO Mapa U3-3a
3HAYUTEIBHOIO BKJIaJa paccesiHusl cBeTa B IiyOMHY mojockl nornonieHuss H,O
1,38 mxm. [logoOnas nbeuieBast Oypsi, HayaBmascs B uroie 2007 roma (Lg= 275,
MY28), 0ObSICHSIET yMEHBIIEHUE COAEPHKAHUS BOJSHOIO Iapa MO CPABHEHUIO C
npeasiaymM rogom (2005, MY27).

1.5. UccaenoBanue BoasiHOro mapa B armocdepe Mapca B
skcnepuMenTax OMEI'A u II®C na KA «Mapc Ixenpece»

BonsHon map sBisercs caMOW NEPEMEHHOM MaJloM  COCTaBJISIIOIIEH
atMochepsl Mapca. Bapuaruu copepkanust OnpeaesitoTcs TeM, 4To atMochepHas
BOJla y4acTByeT B OOMEHE C JAPYrMMH pe3epByapamMu, TaKUMH KaK IOJISIPHBIC
HIANKWA, PEroJIuT, MOANOBEPXHOCTHBIM jed. OaHa W3 OCHOBHBIX I€JI€H MHCCUU
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Mapc Dxcmpecc COCTOMT B MCCIEIOBAaHWM IMKJIa BOASHOTO TMapa B aTMmocdepe.
Orta paboTa 3aKkioYajach B aHaJIM3€ JIaHHBIX HaOJIOJEHUNA CHEKTPOMETPOB
OMET' A u II®C. OcHOBHBIMH pE3YyIbTaTaMH SABJISIOTCS JE€TATbHOE UCCIEAOBAHUE
CE30HHOI0 LHMKJIa BOJSHOIO Iapa, a TAKKE€ €ro aHOMAaJbHOI'O IOBEICHUS HAJ
Mapcuanckumu Bysikanamu ooiactu Tapcuc.

Ce30HHbIL YUK 600AHO020 napa. Jns BOCCTAHOBJICHHS COJEPKAHUS
atmoceproro H,O ucnonp3oBanuch crnekTpsl BbICOKOTO pasperienus [IOC B
obmactu mojockl mornomieHuss 2,56 Mkm. OOpaboTaHHBIH 00BEM JAHHBIX
BKiovyaer nepuon ¢ sHBaps 2004 mo amnpens 2005 r., 4TO COOTBETCTBYET
MapcuanckoMy BpeMeHu ¢ 3uMbl (Lg=331°) MY26 no nero (Ls=196°) MY26.
Ha puc. 1 nmoka3an ce3oHHBIA muKI atMocdepHoil Boabl. CpenHee coaep)kaHue
BOJIBI B CTOJIOC B 3UMHHI ¥ BECEHHUH (CEBEPHOE IMOITYIIApHE) TIEPHO]] COCTABIISCT
OKOJO & pr.um (OCa)KI€HHBIX MHKPOH BOJbI). MaKcCUMaJbHOE COJEpKaHUE
HaOmomaetcst B Hauase jeta (Lg ~ 110) BOau3u kpas Taroiiei cCeBepHOM MOISPHON
manku (75°N) u cocraBiser 65 pr.um. Bo BTopoli mnonoBuHE Jjerta (mociie
Ls=130°) makcumyM atMocepHOi BOJbI OBICTPO HMcue3aeT B TeueHue S0 gHei.
Ha puc. 1 BuaHO, Kak MaKCUMYM COJIEPKaHUS BOJASHOIO Mapa pacpOCTPAHSIETCS B
CTOPOHY HHU3KHX IIMPOT B TEUEHHE JIETa, YTO YKa3bIBa€T Ha POJIb IEpPEHOCa
BOJSTHOTO Tapa atMocdepHoi nupkyisuuen. ConepkaHue BOASHOTO IMapa UMeeT
OTYETJIMBbIE MAKCUMYMBI HaJ obsacTsimu Arabia u Tharsis, 4TO BEpOSATHO BBI3BAHO
B3aMMOJICUCTBHEM C TIOBEPXHOCTHIO W/WIM OCOOCHHOCTAMH aTMOCHhEpHOU
HUAPKYJISLIHAHN.
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Boosmas aumomanus wnao eyakawamu obaracmu Tharsis. IloBeneHue
aTMocpepHOM BOIBI HaJ ByJdkaHamu obsactu  Tharsis  ucciaen0BanoCh
uH(ppakpacHbIM KapTupyronmm crnekrpomerpom OMEGA, HabmoieHrs KOToporo
JIOCTATOYHO PAaBHOMEPHO MOKPBIBAIOT MOJHBIM MapcHaHCKU roJl B pa3HOE BpeMs
cyTok. Habmonennst oOHapy KU aHOMaJIbHO BBICOKYIO KOHIIEHTPAITHIO BOJISTHOTO
napa (mo 2000-3000 ppMm (yacTtel Ha MUJUIMOH)) HaJ BEPIIMHAMHU BCEX YETBHIPEX
BYJIKAHOB B CPaBHEHUH C OKPYKAIOIIUM INIOCKOropbeM (puc. 2). Takoe noseneHne
HAONFOMAJIOCh B TEYEHUE BCETO TojJa W JEMOHCTPHPOBAJIO YETKHA CE30HHBIN
TPEH]I.

133



2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

EL
i
3l
]
z

wET IiI 04T WIT BIZ ¥IT ZEZT OLT

IFL
ez FEE

iz
BN

KapTb!l KoHIIEHTpaIK aTMOC(HEPHON BOJIBI
HaJ| ByJikaHaMu obJsactu Tharsis 1o JaHHbIM
HaOmoaeHui cnekrpomerpa OMEGA

[Tono6HOE TTOBEICHUE CBUETEIBCTBYET B MOJB3Yy TOTO, YTO BOJSIHOM Iap B
00JIacCTH  BYJIKAHOB HEPABHOMEPHO pACHpPENENICH IO BBICOTE U  CHIIBHO
KOHIICHTPHUPYETCS Y TOBEPXHOCTH, YTO YKa3bIBaeT Ha pojb peronuTa. [IpuauHb
oborareHnss arMocdepsl HaJl ByJIKaHAMU CKOpPEe BCETro KPOITCS B OCOOCHHOCTSX
Me30-MaCIITa0HOW HUPKYJSLIHH. DKCTPEMaJIbHBIM Tepernaj; BhICOT M TEIUIOBOM
WHEPIIUU Ha BYJKaHaX BBI3BIBAET CKIIOHOBBIC BETPHI, KOTOPHIC MEPEHOCIT BOSHON
map W3 JOJWH K BEpIIMHAM, TJI¢ B 00JIACTH TMOHKEHHON TeMIlepaTyphbl OH JHOO
OCaKIaeTcs B BHJAEC WHESA, JUOO aacopOMpyeTcss PEeroauToM. AHAJIOTHIHBIC
WCCJICIOBAHMSI BEAYTCS HAJl IPYTUMHU 00JIACTAMHU ¢ OOJIBITUMU TIepenagaMu BhICOT,
takuMH Kak Hellas Basin and Valles Marineris.

1.6. Coaneunnie 3aTMenusi B 3kcnepumente CIIMKAM na 6opty KA
«Mapc-Jkcenpece»: BepTHKAJIbHbIE MPO(UIN BOASIHOIO apa U a3P030Jisi

Cnextpomerp CITMKAM na 60opty KA «Mapc-Dkenpecc» Hadan padoTy Ha
opbutre Mapca B ssHBape 2004 r. 3a ABa MapCHaHCKHUX TOJla MCCIIeIOBaHUN OBLIO
BBITIOJIHEHO OKOJI0 350 HaOdoJeHUNH B peXUME COJHEUHBIX 3aTMEHUH,
MO3BOJISIONIUX TPOBECTH BEPTHUKAIBLHOE MPOCBEUYMBAHUE aTMOCGEphl TJIaHETHI.
Cnexrpanpubiii quana3zoH CIIMKAM mno3BonseT NpoBOAUTH OJHOBPEMEHHBIE
HaOMoAeHUsT aTMOC(HEPHO TIIOTHOCTH M COJIEP KaHUS BOASHOTO Tapa Mo ra30BbIM
10JIOCaM TOTJIOIIEHUS, @ TaKK€ BOCCTaHABJIMBATh CBOWMCTBA W pacHpeiesieHus
a’po30Jieil ¢ BeIcOTON. B paboTe ObuT IpoBeneH aHamn3 24 opOUT, MOTYYSCHHBIX B
HosiOpe—nekabpe 2007 r. (Ls = 130-160, xoHen yera B CEBEPHOM MOIyLIApUU
Mapca). HecMmoTpst Ha HEOO0IBIION 00BeM 00pabOTaHHBIX TaHHBIX, OBIJIO HAWICHO
0O0JIbIlIee OTHOCUTENIBHOE COJIEpKaHUE BOJIbI, IO CPABHEHUIO C MpEICKa3aHUSIMU
Mojenel o0mel upKyIsaauu Mapca, 9To TOBOPHUT O 00Jiee TEIUTBIX YCIOBHSIX Ha

134



2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

5-10 K Ha BbicoTax oT 20 no 45 kM, 4eM mpelcKa3blBaeT MOJAEIb. JTO MNEpPBbIE
BEpPTUKAJIbHBIE TPO(HIIM BOJSHOTO Iapa, MoJiydeHHble B atMocepe Mapca, nocie
pe3ynbraroB 3kcriepuMerTa Ortoct Ha KA «Doboc-2» (1989).

Kpome Ttoro, Obutn oOHapykeHbl oOiaka Ha BbicoTax 50-60 kM B y3KOM
nuarazone mupot ot 320 o 50° B.1. Ha Mapce, 4To CBUIIETENIbCTBYET O BOJIHOBOM
aKTUBHOCTU B CBOOOJHOM armocdepe. OnTuueckue TOJNIMHBI TaKUX 00JIaKOB HE
npessbimaiot 0,001 Ha 1 MKM, a yKclieHHasd IIOTHOCTh Jocturaet 10 yactull B oM.
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1.7. UccaenoBanusi o30Ha Ha Mapce no nanusim CIIMKAM

IIpomoiKeHsl HCCiIeIOBAHUS PACIIPEAEICHUS U CE30HHBIX U3MEHEHUN 030HA
Ha Mapce no ganHeiM crnektpomerpa CIIMKAM. IlonydeHsl ce30HHBIE U
LIMPOTHBIE BapHUALlMH, BEPTUKAIBHBIC PACIPENCIICHUs, NPOBEACHO CPAaBHEHHE C
pa3nuyHbIMM  (OTOXMMUYECKUMH MOJENSIMH, B paMKax MOJEIU OOIIei
mupkysiun arMmocdepsl Mapca LMD. TlokazaHo, uTo (HOTOXHMHUYECKHE MOJEIH,
HE BKJIIOYAIOIIME TETEPOreHHONM XUMHUU Ha o0Jakax BOJASHOTO JIbJa, IJIOXO
ANMPOKCUMUPYIOT HAOIIOICHUSI.
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1.8. Cezonnass aunamuka gabaa H,O B paiioHe ceBepHOMl NOJSIPHOI
Hanku nmo 1anHbiM npudopa OMEI'A KA «Mapc-Jkcnpecc»

Hanubsie mpuoopa OMEI'A (KA «Mapc-Dkcrpece») aatoT O0JIbIIOH 00beM
uHdopMaIuu, B TOM YHCIE O JMHAMUKE TOJSAPHBIX JIEAOBBIX IIAMOK. OTY
JTUHAMHUKY YJI00HO OTCJICKHBATh MO MIHUPOKKUM Tojocam Jbaa H,O (okomo 1,2; 1,5
u 2,0 mxm). JlJig 3TOTO CHEKTPHI, MOJyYEHHBbIE MPUOOPOM, OBUIM OYMILEHBI OT
Bo3nericTBUsl atMocdepsl. [ aTMocepHON KOPPEKIMH CIEKTPOB B KaXI0U
Touke HaOmoAeHus wucnoibzoBamch Moaenb GCM (European Mars Climate
Database — Forget et al., 1999), tomorpaduss MOLA, yuuthBanach mIKaia
BBICOTBI BOJSTHOTO Tapa (30HAJIbHO-yCpeIHEHHbIe 3HaueHuss — Smith et al, 2004;
pacripeneneHue Ha kaxaoi mupore — no moaenu GFDL MGCM — Pooun u nip.,
2006).

CrexTpbl BOASHOTO JbJa YyBCTBUTENIBHBI K pa3MepaM YacTHII, CJararoiux
noBepxHocTh(Langevin et al., 2005; Green et al., 2007; u np). Msl paccunrtanu
HECKOJIBKO MOJICNIbHBIX CIEKTPOB JJisi Pa3iu4HbIX APQGEKTUBHBIX PaJIUYCOB
YaCcTHI], UCIIOJB3Ys] MOJENb ISl pacueTa KOIP(UIMEHTOB OTPaXKEHUs IUIOCKOU
MOBEPXHOCTH, CIIOKEHHOU cpeprueckumu yactutiamu (Mishchenko et al., 1999).

[Tonoca B ob6nactu 1,2 MkM Hanbosiee 4yBCTBUTENbHA K pa3Mepy YaCTHI] U
MOXXET CIY>KUTh XOPOIIMM HHAMKATOPOM H3MEHEHMs pa3MEpOB YaCTHI] JibJla Ha
noBepXxHOCTH. [loka3zaHbl Takke pe3yjbTaThl KapTUPOBAHUS CEBEPHOM MOJSPHOU
HIanKU JJIsl TPEX JIETHUX CE30HOB MEPBOTO roja HaOIoJIeHui 1o mojocam 1,2 u
1,5 MKM (B KaueCTBO CHEKTPAJIbHOTO MHIECKCAa Opajach OTHOCUTENbHAS TJIONIAIb
BHYTPM IIMPOKOM MOJockl mnorjomeHust). Ilomoca 1,2 MkM B TeyeHue Jiera
CTAaHOBHUTCSI Bce TilyOxke. Takylo KapTMHY Mbl MOXXEM TPAaKTOBATh KaK CE30HHOE
U3MEHEHHE MHKPOCTPYKTYPhl TOBEPXHOCTU CEBEPHOW TOJISIPHOW  IIAIKH,
POUCXOINUT cyOnuManus 0oJiee MEJKUX 3€peH Jbaa. Kpome Toro, Takas KapTuHa

CcyOIMMaIyi OTpakaeT TMOSBJICHHE 30HAJIBHBIX BOJIHOBBIX MOJ-3 U -4 OIIKE K
cepenune neta (Ls ~ 113-115).
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Teopernyeckue CeKTPbl, PACCUNTAHHBIE C TOMOIIBI0O MOJIEIH JIJIsi paCCEUBAIOIIEH TOBEPXHOCTH
(Mishchenko et al., 1999) u kapTupoBaHHE CIEKTPAIbHBIX UHJIEKCOB BOJISTHOTO JIbJIa MO TOJI0CaM
1,25 u 1,5 mxMm qiis ceBepHoro jeta: a — Ls ~ 93-97(opoutst 886-922); 6 — Ls ~ 113115
(opouTtsr 1048-1060); 6 — Ls ~ 127-138 (opouTtsl 1150-1216)
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1.9. Ce3onHble Bapuanum noJisi TeMueparypbl M 00J1aKOB B paiioHe
ByJakaHoB Tharsis

[IOC sBasieTcss yHUKAIBbHBIM TPUOOPOM, TMO3BOJISIONIMM BOCCTAHABIIUBATh
U3 OJIHOTO M TOTO € CIIEKTpa TEMIIEPaTyPHBIM MPOPHIIb U ONTUYECKYIO TOJIIIHHY
a’po30Js, T. 0. BJIOJIb KaXJOW OpOUTHI Mosydas mosie temrneparypbl. Ce30HHbIE
BapualMyi TEMIIEPATypHOTO TOJsi OT BECHBI /IO JieTa B CEBEPHOM TMOJIYIIApUU
MO>XHO BHJIETh Ha TpuMepe opOuT, mpoxojsmmux uepe3d Tharsis. [Tpaktuyecku
BIIOJIb BCEX TpeX OpOUT HAOMIOMAIOTCs O0Jiaka W3 BOASHOTO JIbJa, ONTHYECKas
TOJIIIIAa KOTOPBIX PACTET OT BECHBI K JIETy W TOCJE TOMYIHS (KpacHasl JIMHHS —
omTHYecKash Tojima oOyakoB). OnTUdeckas TOJIA MaKCHMalbHa B pailioOHE
BYJIKaHOB, oHa coctaBiseT oT 0,5 npu Ls = 27°, 10h no 2 npu Ls = 130°, LT = 13h
U JI0 HECKOJNBbKUX emuHul] npu Ls =97°, LT = 16h. Ob6naka u3 BOISHOTO JIbIa
HAOJTFOMAOTCSA B 00JaCTH FOKHOTO TOJIIpHOTO BopoTHHKA (polar hood). B ce3on
Ls =913° CO, MOXKET KOHAEHCUPOBATHCS HA TOBEPXHOCTHU IIpH ¢ > 40° S.

PFS measurements

0357, Ls =27

Altitude (Km)

Ascraeu

\\.4‘, ;"A"‘
s Mons, 10h ™

i 2 3 e~ . Pavonis Mon .
7} 1;;11(825 cm-1) |} - - o e g

- Normalised sutface £ 1 N Lotitude (deg)
; 2 b [
altitude s Y i
-7 -~ g
A/ = . | "
- 3 i !
P A = Z‘f .
R . el
v “[a — . q
Jf/f/‘v ) .
& r’lf H s ! I
r/“'/\ Surface temperature 4 ;‘R;‘;‘ Surface temperature -
i, o . - - "‘f'” ] Surface temperature
Latitude - Latitude

o —%0

1.10. Ob6s1aka Haj ceBePHBIM MOJIOCOM B adeun U IKBATOPUAIBLHBII
Mosic 00JIaK0OB

Orbit 912, comparison with GCM
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Brnepsrie moka3ano, 4to B adeauu BO BpeMsi OYpHOTO TasiHUS TOJISIPHOM
IIaNKA HaJ[ CEeBEPHBIM IOJIIOCOM 00pa3yroTcsi o0jlaka W3 BOJSHOTO Jbaa. OHuU
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dbopMupyroTcs BOIM3M MOBEPXHOCTH, TJE€ TEMMEPaTypHBIM NPOopuiIb OTU3KHIA K
U30TEPMUYECKOMY U UMeET caadyto nHBepcuio. CpaBHEHUE COJIEP)KaHUE BOASIHOTO
JbJ1a B MOJSIPHBIX 007aKkoB ¢ pe3yapraTamu GCM mokazano pa3yMHOE COTJIacHe.
To xe oTHOCHUTCA U K KBaTOpHalbHBIM obOsiakaM. Pesynbrarsl [IOC moryt ObITh
UCIOJIb30BaHbl JUIsl TPOBEPKH MOJEIM B HECTaHAAPTHbIX cuTyauusx. Ilpu
BOCCTAHOBJICHUM TEMIIEPATyPHbIX NpOoQuiel, HUKaKoW alpuopHON MH(pOpMaLnY,
nosyyeHHoH ¢ nomompto GCM He ucnonp3yercs, T. 0. MOJIYYEHHbIE PE3yJIbTaThl
HE3aBHCHUMBI OT MOJIEIH.

1.11. I'paBuTanMoHHbIe BOJHBI B aTmMoc(epe Mapca (o u3amepeHusiMm
OMET A u I1®C)

OOnapy>keHbl TpaBUTAIIMOHHBIE BOJHBI B aTMochepe Mapca Haj ceBepHOI
NOJIIPHOM Tankoil Mapca, cBsi3aHHBIE ¢ 00JacTSIMH, T/I€ CYIIECTBYIOT oOJaKa u3
CO,. Ot BonHBI OOHApYXKMBarOTCs B pacnpeneneHuu smuccun O, 1,27 Mkm,
o0nakoB M3 BoAsHOro jpaa u jpaa CO,. OHuM OOHaApYXMBAKOTCS TOJBKO Ha
IMpOTax, IAe Bo3MokHa KoHaeHcamuss CO, B atmocdepe. OgHOBpEMEHHBIE
HaOmoaenuss ¢ I[IOC no3Bossror otnenuth obnactu, rae CO,-mex JEKUT Ha
NOBEpXHOCTH, T.e€. HaOmonaercs mnossgpHas wmanka u3 Jpga CO,, a rne
cymecTtByoT obmaka u3 CO,;, U OOBACHUTH HAOJIOJAEMYIO0 AHTHKOPPEISLHUIO
asn0B H,O um CO,. MakcumyMm cozaepxaHHsi O30Ha OOHapyXe€H B CEBEpHOMU
NOJIIpHOM 00JacTH Ha MUpOoTE 65°.

02 emission

Depth of band
1.52 pm
H20 ice

Depth of band
1.43 pm
CO2 ice

Apparent
abundance
of 03

Terminator

¢ >70N — condensation of CO2 below
20 km

BepxHuil pucyHoK — pacrpeeneHie SMUCCUH Kuciopoa 1,27 MKM B ceBEpHOI MOISPHOI
00J1acTH B KOHIIE MOJIIPHOM 3UMBI; 2-i CBEpXY — pacnpeielieHue BOJSHBIX 00JaK0B, HOJSPHBIN
BUXpB; 3-i1 cBepxy — pacnpezaenenue ibaa CO, Ha MOBEPXHOCTH U B aTMochepe; HIKHUN —
pacnpeneneHue BUANMOIO COJIEP/KaHUs 030HA
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1.12. lerexrop HeiiTpoHoB Bbicokux 3Hepruii XEH/[ nasa KA HACA
«2001 Mapc Oaucceii»

B nacrosimee Bpemsi mpubop XEHJ[ Gonee 7 neT mpojosiKaeT YCIHEUIHO
paboTaTh Ha OKOJIOMApPCUAHCKON OpOuTE, BCE Y3JIbl GYHKIMOHUPYIOT IITATHO O€3
3ameuanuii. Ha ocHoBe 00pabOTKM NPOCTPAHCTBEHHBIX BapHalMil TOTOKA
HEHUTPOHOB OBLIIM OOHAPYKEHBI OIPOMHBIE PallOHBI BEYHOM MEP3JIOTHl B CEBEPHOM
U K0KHOM noJiymapusx Mapca ¢ coaepxkanueM BoAsiHOro jabaa 10 50 %. I'panuna
STUX PAlOHOB B HAMpaBJICHUM K IKBATOpy NpoxoAuT B paitoHe ot 40 mo 60°
CEeBEepHOW M I0KHOW mHUpoThl (puc 2). Takke Ha OCHOBE OOpPabOTKH JaHHBIX
HEHUTPOHHBIX U3MEpPEHUN ObUTH OOHAPYKEHBI 3HAYUTEILHBIE CE30HHBIC BapHallud
HEUTPOHHOTO TMOTOKAa. KX aHamM3 NO3BOJIMJI 3KCIEPUMEHTAIBHO W3MEPHUTH
CE30HHBIN TTPO(HIIb MACChI CI0SI TBEPAOH YTIECKHUCIOTHI, OCAXKTAIOIICHCS OCCHBIO
¥ 3UMOH Ha TOBEPXHOCTh IUTAHETHI M3 e¢ atMocdephl. JlaHHBIC DKCIIEpUMEHTA
XEH/I 1o3Boauiy CyIIECTBEHHO YTOYHUTH IPEACTABICHUS O MPUPOJHOU Cpere
coBpeMeHHOro Mapca, yTOUYHUTh MOJIEJIb MapCUAHCKOW aTMoc(epbl U TPOBEPUTH
TUIOTE3Yy O TJIOOATBHBIX KIMMATHYECKUX MU3MEpPEHUsX Ha Mapce B COBPEMEHHYIO
smoxy. IIpopomxkenue skcriepumenta XEH]L B 2009-2012 rr. m03BOJMUT NOJIYYUTh
JAHHbIE [JI1 HEUTPOHHOrOo moTtoka OoT Mapca mns nonHoro 1l1-nmeTHero mukia
COJIHEYHOM AaKTUBHOCTU, YTO SIBISIETCS BaXXKHBIM YCJIOBHEM JUIsi oOecreueHust
0e3omacHOCTU Oy IyIIMX MUJIOTUPYEMBIX dKCIIeuIMid Ha Mapc.

T ruron fux

0.1 0.2 0.3

Kapra neiirporHoro usnydenust Mapca 1o JaHHbIM poccuiickoro mpubdopa XEH]]
Ha 6opty anmapara HACA «Mapc Onucceii»

2. BEHEPA

2.1. UccaenoBanue armocepsl u 001a4yHOro cJjosi BeHepsl Ha
cnyTHUKe «Benepa Jkcnpece»

B 2007 r. nmpoaoipKalMCh HWHTEHCHUBHBIE uccienoBanusi Benepst KA
«Benepa Dxkcripecc». B okTs0pe ObUT ycHemHo 3aBEpIIeH MEPBBIM dTan MUCCUU
JUIMHOW B 2 BeHepuaHCKMX JHS M Hauajcs Cleaylomuid sTan (MpojajieHHas
muccus). Pabora mo naHHOMY NpPOEKTY BKJOuYajga B ceOs IUIaHUpPOBaHUE U
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KOOpJIMHAIIUIO HAOJIOEHUN, a TaKKe aHajdu3 JaHHBIX JKCIEPHUMEHTOB Venus
Monitoring Camera (VMC) wu xkaptupyroniero cnekrpomerpa VIRTIS.
OCHOBHBIMH p€3yJIbTaTAMU 3TUX IKCIIEPUMEHTOB SIBJISIIOTCS:

1) HabnrofeHust KpymHOMAacHITabHOM CTPYKTYpbl OO0JIaYHOTO CJIOSL B
HIMPOKOM CIEKTpaIbHOM auana3zone oT Y@ go remiosoro UK;

2) HaOMIOACHUST MEJIKOMACIITAOHBIX CTPYKTYP (KOHBEKTHBHBIX SIYE€EK, BOJIH)
y BEpPXHEW rpaHUIlbl 00JIaKOB;

3) KapTUPOBAHUE BBICOTHI 00JIAYHOTO CJIOS;

4) onpenieneHre MoJisl CKOPOCTEW BETpa y BEpXHEW TpaHUIlbl 00JIAKOB TIO
nBikeHuto YO neraneu;

5) pacueTbl CKOPOCTE TEPMUYECKOTO BeTpa B Me3ocdepe.

[Iporpamma HaOmogenuit Ha KA «Benepa Okcmpecc»  BKITIOYAET
MOHMUTOPHHTI IIJIAHETHl U3 allOLEHTpa U Ha BOCXOJSIIEH BETBU OpPOMTHI, a TAKXKE
HaJMpHBIE, TMMOOBBIE U 3aTMEHHbIE HAOIIOACHMS COJNHIA, 3Be34 U 3eMid. Takas
HaCBILICHHAs] MporpaMma TpeOyeT KOOpAMHALUU IUIAHUPOBAHUS MEXAY CEMbIO
HKCIEPUMEHTAaMHU, KOTOpas BOIUIOLIEHa B pa3paboTaHHbIM JOKyMeHT «lIlman
Hay4HbIX HaOmoaeHui». Kpome atoro, ocoboe Mecto B 3TOi paboTe OTBOAMIOCH
HaOmoaeHusM VMC, nist koTopoit pa3pabaTsiBaiach cTpaTerus HaOI0IeHUH.

2.2. UccnenoBanne mesocpepsl Benepnl B 3xcnepumente CIIMKAB/
CYAP. Onpenesnenue MajibIX COCTABJISIOLIUX

Benepa okyTaHa MJIOTHBIM CIOE€M O0JIAKOB, COCTOSILMM U3 YacTHUI[ CEPHOMU
kucinotel (H,SO,), pacnonoxennubix Ha BeicoTax OT 40 mo 60 kM. DKCIEepUMEHT
CIIMKAB/CY AP, paboTaromuii B pe:KuMe COTHEYHBIX MPOCBEUYNBAHUMN, TPOBOAUT
BEPTUKAJILHOE 30HAMPOBAHHUE 00JIacTH aTMOc(ephl, Ha3bIBaeMOW Me30ChepoH,
pacIoyoKeHHOM HaJa BepxHeW rpaHuiedl o0jakoB Ha BbicoTax oT 60 mgo 100 km.
Me3ocepa pacronokeHa MeEXIy AByMs oO0dacTsIMu oOmeld UPKYJISIUd
aTMocQepbl: 4-THEBHOM cyrneppoTalyeld, BUIMMON Ha BEpXHEH IpaHulle 00JIaKoB
U COJIHEUHON-aHTUCOJHEYHOW IUpKyJsauue B Tepmocdepe (z> 100 km), ¢
BOCXOJISIIIIUM MMOTOKOM Ha COJIHEUHOW CTOPOHE U TPAHCIIOPTOM K HOYHOM CTOPOHE.
B ob6nactu 60-140 kM atMochepHBIil TpaHCHIOPT, XUMUS, TEMIIEPATypa, ad3PO30JIH,
BCE 3TO WIPaeT pOJIb B KOHIIEHTPALMU BOJOPOJOCOAEPKAIIMNX MOJIEKYJ Ha
BBICOTAX, IJIe OHU pa3pylaroTcs noj aerctsueMm Y d-uzinydeHus 1 0CBOOOKAAIOT
aTOMBl BOJIOpOJa HWHTEHCHBHO JHCCUIAPYIONINE W3 BEPXHEH aTMOChEpHI.
B skcnepumente CIIMKAB BnepBbie yganoch 0OHapy UTh NMPOTSKEHHBIN CIOW
teruioro  Bo3ayxa (90-120 kM) Ha  HOYHOM  CTOpPOHE, KOTOpPBIA  ObLI
WHTEPIPETUPOBAH KaK pPe3yibTaT aauadaTHYEeCKOro HarpeBaHus BO3JyXa B
HUCXOJSIIEM TMOTOKE, KOTOPBIM JOJDKEH KOMIIEHCHUPOBATHCS  BOCXOISIIUM
MIOTOKOM Ha JHEBHOW CTOpPOHE, MEPEHOCSIINM MaJIbleé THAPOT€HU3UPOBAHHbBIC
KOMIIOHEHThl HaBepX. B skcnepuMeHTte Takke u3mepeHbl kKoHueHTparuu HCI,
H,0, HDO B me3ochepe. 1o nzmepenusm CITMKAB/CYAP HCI okazaicst menee
obunen ¢ ¢akropom ~4, uyem Obuto mnonyudeHo 40 ner Hazan. M3oromHoe
cootHomenrne HDO/H,0 oka3zanock npuOIM3UTENBHO B 2,5 pa3a BbIIIE, YeM TO Ke
OTHOILIEHWE B HIDKHEW artMmochepe. Kpome TOro, HaiijleHO yMEHbIIICHUE

140



2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

koHueHTpauuu H,O Ha BbicoTax o0k0j0 80-90 kM. DTH HOBBIE PE3YJIBTATHI
JOJKHBI ITOCIY’KUTh OCHOBOM JUIsl JUHAMHUYECKUX U XUMHUUYECKUX MOJACIIEU U I
OLICHKU COBPEMEHHOM CKOPOCTU JUCCUIIAIMU BOJbI HAa Benepe.

HDO and H, O HDDIHED

2

110

——orh 244
——orbh 251

105
a0

[++]
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% a0 % ——orb 251
= = ——orb 262
=4 <

75"

vmr (ppm)

Beprukansasie npodumn HDO, H,O 1 ©30TOMHOTO OTHOIICHHUS

2.3. CBeueHue MOJIEKYJIAPHOro kucjaopoaa B oamxnem UK-cnexkrTpe Ha
HOYHOU cTOpoHe BeHnepnl

CBeueHue MOJIEKYJIIPHOTO KHUCJIOpOJa Ha JAjduHEe BOJHBI 1,27 MKM Ha
HOYHOM CTOpoHe BeHepbl BO3HHMKAaeT B pe3yjabTaTe pPEKOMOMHAIMU aTOMOB
KHCITIOPOJIa, KOTOpBIE 00pa3yroTcs Ha AHEBHOU ctopoHe mpu dotonuze CO, u CO.
ATOMBI KHCIOPOJa 3aHOCATCS Ha HOYHYIO CTOPOHY TJI00AIbHOW IUPKYISIHECH B
BepxHel Me3zocdepe u Tepmochepe Berepsl, 0CHOBHOM XapaKTEpPUCTUKONH KOTOPOU
SBJISIETCSl JIBMDKEHHME Tra3a, IMOJHHUMAIOMIErocs B IIOJICOJIHEYHOM TOYKE, 4Yepes
TEPMHUHATOPbI HA HOYHYIO CTOPOHY M OMYCKArOUIErocs B aHTHUCOJHEYHOM TOYKE
(SS-AS mupkynsauus). Habmonenne qBUKEHUsT KUCTOPOAHBIX 00JIaKOB MO3BOJISIET
U3ydaTh LUPKYJSALUI0 Ha BbicoTe okojo 100 kM, koTopas 10 cUX HOp ciabo
U3y4YeHa.

1. Omuccus O, 1,27 mxm 6 ammocghepe Benepwr nabmonaercs u ¢ 3emiu
(c 1975 r.). Hagupusie Habmogenus ¢ opoutel KA «Benepa Dkcnpecc» uMeroT
BBICOKOE TPOCTPAHCTBEHHOE pasperieHue ains Bcero OkHOro mnomymapus ot
’KBaTopa 10 noniroca. [logydeHHble MOCIEA0BATEIbHO HECKOJIBKO H300pakKeHU
OJIHOM M TOW e 00JIACTH MO3BOJISIOT U3y4YaTh JUHAMUKY KUCIOPOAHBIX OOJAKOB.
Beptukanpapie TpoduIM CBEUEHHS TONY4YalOTCS BIEPBBIE W3 JTUMOOBBIX
HAOIOICHUI.

CBeuyeHue KHCIOPOJAa B BBICOKOW CTemeHM nepemeHHo. Hwxe — naBa
npuMepa HaAUPHBIX M300paKEHUH FOKHOTO Moymapus. THTeHCUBHOCTH JaHa B
Merapenesx, HCKIIOUEHbI TEIJIOBOe U3MydYeHHe HIKHEH atMocdepsl (Tpoleiiee
B oOkHax Mexnay monocamu CO, u paccesHHOe oOJaKkaMH), Ha KOTOPOE
HakJaabBaeTcsi cBeueHue O,, U OTpakKeHHUE SMHUCCHUM KUCJIOpOoJa OT 00JaYHOIO
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cnos. Ha numbe — obnacte, O6muskas Kk skBatopy. He m3oOpaxena smmccus
KHCII0poJ1a, HaOIr0AaeMast BI0JIb BCETO JIMMOA, TaK KaK OHA CHJIBHO OTJIMYAETCs 10
UHTEHCUBHOCTH.

Cgeuenue O, Ha nucke Benepsl

MaxkcuMmanbHasi ”HTEHCUBHOCTh CBEUEHUS HAOMIOAAE€TCA BOIHM3HU MOJTYHOUH.
OTO NMOATBEPKIAAET, YTO OCHOBHOM NMOTOK HHPKysanuu SS — AS. Hucxopsmmi
MOTOK BOJIM3HM TOJIYHOYH MPUBOAUT K YBETUYCHHUIO TJIOTHOCTH U TIOBBIIICHHUIO
TEMIIEPATYPHI.

2. Hupkynayus ammocghepvr Ha evicome oxono 100 km no HaoupHwvim
U300pPAANCEHUSIM.

CpaBHuBas u300pakxeHusi, MOJTYyYECHHBIE C UHTEPBAJIOM B | 4, 10 CMEIIEHUIO
KHUCIIOPOJHBIX JIeTaliel BBIUMCISIETCS CKOPOCTh BeTpa. Ha m3o0pakenuu aJis AByX
OpOUT CTpESIKaMH MOKa3aHbl HAMPABJICHUS IBUXKEHUSI KUCIIOPOIHBIX 00JIAKOB.
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Hmxe 90 kM OCHOBHOW KOMIIOHEHT ULHMPKYJSIIIMM — OTO 30HAJbHAs
cynepporanus. Beime 90 KM UUPKYJALMS HOCUT XapakTep MABUKEHHS OT
IIOJICOJTHEYHONM TOYKM K AaHTHCOJIHEYHOM, M CKOPOCTb MEHSET 3HAK OKOJIO
nonyHoud. Ha pgHeBHOW cTopoHe BOJIM3M MOMYyAHS aTOMBlI KHCIOPOJA,
oOpa3oBaBIIMecs Ha BbICOTE OKOJIO 90 KM, OJTHUMAIOTCSL BBEPX, MEPEHOCATCS Ha
HOYHYIO CTOPOHY Ha BBICOTY OKOJIO 120 KM M ONYyCKarTCS OKOJIO IOJIyHOYH.
Takasi cMUMMETpHUSI MOXKET ObITh HapyllIeHa JEHCTBUEM BOJIH Pa3IMYHON MPUPOIBI.
[TonyueHa 30HalbHAsT KOMIOHEHTa CKOpOCTH B mpenenax oT —50 mo +60 m/c.
MepuanoHanbHass KOMIIOHEHTA, OLEHEHHas Mo ABMWkeHUI0 O,, U3MEHSeTCs B
npenenax —30...4+30 m/c (ommbka ckopoctu +10 m/c). Hanbonee sipkoe cBeueHue
O, uMeeT MECTO Ha IUPOTax, I/ie HAOMIOAAIOTCA CXOASAIIMECS MEPUIUOHAIBHbBIE
MOTOKH, YBEJTMYMBAIOIINE KOHIIEHTPALMIO ATOMAPHOT0 KUCIOPOAA.

Zonal wind Meridional wind

v,()=19.35t+27.40 Y (1)=-18.23t+10.87

50 50

Latitude [deg]

Speed [m/s]

-50

20 . . . . -100 -100
- 2 o 2 6 4 2 0 2 4 6 -4 2 0 2 4

Local time[hrs] Local time [hrs]

Bunumble 1BHKEHUS KUCTOPOIHBIX 30HaNbHBIE U MEPUIUOHATBHBIE CKOPOCTH
JieTae B 3aBUCUMOCTH OT MECTHOTO KHCIIOPOJIHBIX 00JIaKOB B BBICOKOI CTETEHU
BpeMeHU U mupoThl. CKOPOCTH MOJTyYeHbl  mnepeMeHHbl. Ho B cpe/lHeM OCHOBHOM 30HaTbHBIM

no 16 opOutam MOTOK MEHSET 3HaK CKOPOCTHU BOJIM3H MOTYHOUU

3. Obuapysiceno 08a nuKa 3MUCCUU KUCAOPOOQ: TIPH ITOM COXPAHSICTCS
OCHOBHOM TWK Ha BbIcoTe 97+1 kM u mnosBusercs Bropor Ha 104-110 xm.
BepositHO, OHU OOBSCHSIOTCS ACMCTBHEM BOJTHOBBIX MTPOIIECCOB.

0 10 20 30

321 _0?”0-4

323 |06_lat20-30
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4. Bnepevie Habawoanracy smuccus O, 1,58 mxm 6 cnexmpe Opyeotl
niaHemul

2 3 4
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YepHbIit CIEKTp — JTUMOOBBI — TOJIBKO HETETUIOBBIE IMUCCUU O, KpaCHBIM — TOJBKO
TETUIOBOE M3JTydYeHUE HIKHEN aTMOC(ephl, pacCesTHHOM 00JaKaMu, U TeTUIOBOE U3TyYEeHUE
00J1aKOB OKOJ0 4 MKM

BrniepBbie B criekTpe Apyro# mianeTsl Ha0moaanack amuccus O, 1,58 MkwMm, ¢
WHTEHCUBHOCTHIO 1,2 % ot 1,27 MKM B COBIAJAIONINM BEPTUKAITBHBIM TPO(UIIEM.

O0e smuccun ABISIOTCS PE3yJIbTaTOM OJHOTO M TOTo e mpoiiecca: ~98.8 % Bcex
MOJIEKYJI B COCTOSIHUU alAg nmaroT dmuccuro 1,27 mem u 1,2 % 1,58 MxMm.

2.4. ITosryyeHa qeTajbHasi CTPYKTYPA 0:KHOTO MOJISIPHOTO JIUTIOJIA

Tg at 5.05 pm (K)

210 230 250

Opowura 38. Bpamenne qumnoins (A = 5 MkM). Kpy:Kok — 10XKHBIN TIOJTIOC

144
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1.6 2

& [
Wiwalangth [jurmj

N3o6paxxenus B okHax 1,74 (cieBa) u 2,35 MKM, U3JTy4eHUE HIKHEH aTMOC(EPHI, pacCesTHHOE
00auHbIM croeM. OHO MPaKTUYECKH OTCYTCTBYET A @ > 80° S

[lonyyena neranbHash CTPYKTypa IOKHOTO MOJSPHOrO AUMNONSA (Mpexiae
UCCIeIoBaJCs TONBKO ceBepHbld qumnonb Ha KA «[luonep Benepa» u «Benepa-
15»). OH uMeeT /1Ba LIEHTpa BpalleHUs] B HAIIPaBJICHUU NPOTUB YACOBOW CTPEIKU
(KaK ¥ TOTOK 30HaNbHOM HupKyssiuu). [lepuos BpaieHuss Ha MEPBBHIX OpOUTAX
2,48+0,5 cyr. llonsipHblid AWMNOJIb, KAK M B CEBEPHOM NOJyLIAPUHU, OKPYKEH
MOJISIPHBIM BOPOTHUKOM.

B  nauane  HaOmoneHudt — cocTostHME — aTMocdepbl  HAOMHHAJO
naomopaasmeecss KA «Benepa-15» (1983) B ceBepHOM MOJyIIapUU: HA MIMPOTaX
Bbiie 80° MpakTUYECKH BCS 00JIACTh TOKPHITA IUIOTHBIM OOJAYHBIM CIIOEM C
BepxHel rpanuteit Ha 60—62 kM (M. 0. BbIIIIe HA BETUYUHY OKOJIO 2 KM B FOxHOM
aurione). KpacHbplil CeKTp Ha PUCYHKE NPAKTUYECKH HE CONEPKUT TEILIOBOTO
u3inydeHus B okHax 1,74 u 2,3 MxM. OOsauHbIii CJIOM B I0KHOW TMOJISIPHOM
obOnactu, kak U B ceBepHOi (moka3zaHo KA «Benepa-15») coctouT m3 cepHoi
KHCJIOTBHI.

2.5. Mopdosorusi 4 ajJbTUMETPUS 00JIAYHOTO CJI0S

«Benepa Dxcrpecc» cucTeMaTHdYecKd ToOJydaeT u3o0paxkenus Benepol B
IIMPOKOM JMana3oHe JUIMH BOJIH. PHUCYHOK TIOKa3bIBaeT BHUJ IUIAHETHI C
paccrosgaus okono 30 000 kM, cuHTe3upoBaHHbIM U3 Y@-cHumMka VMC wu
unppakpacnoro VIRTIS.

Mopdomnorust BepxHeill rpaHuibl 00makoB (~70 KM) TEpeXogUT OT
Xa0TUYECKOM € MpeodiiaJaHueM KOHBEKTUBHBIX SYEEK B HU3KUX mupoTax (<40°) k
Oojiee peryysipHOM MOJIOCHYATOM, CBHUIETENBCTBYIOIIEH O KBa3U-JIAMUHAPHOM
TEUYCHUU B CPEAHUX IMUPOTAaX. B MOJAPHBIX IMHPOTaX OOJAYHBIE CTPYKTYPHI
CBHUJIETEJIbCTBYIOT O HAJIMYUH TJIO0ATBLHOTO BUXPSI C PA3MEPOM B HECKOJIBKO THICSY
KWIOMETpoB. BHemnuii Bua aucka Benepel B Y@®-nauana3zoHe AEMOHCTPHUPYET
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2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

CWIBHYIO M3MCHUYMBOCTH Ha IIKajJe BPEMCHHM OKOJIO CYTOK, YTO YKa3bIBacT Ha
OBICTpBIC JTMHAMHYECKHUE W MHKPO(PHU3NYCCKHE MPOLECCHl y BEPXHEH T'paHMIIBI
00J1aKOB.

N3o0pakenne Benepsl B HICKyCCTBEHHBIX 1[BETAX, CHAHTE3UPOBAHHOE U3 Y D
caumka VMC (romny6as yacts, 0,365 mxm, qaeBHas cropoHa) u VIRTIS (kpacHas
4acTh, OKHO MTPO3PAYHOCTH aTMocdepbl Ha 1,7 MKM, HOUHAsI CTOPOHA)

Hab6monenuss B OmmxHem WK-mmanazoHe Ha HOYHON CTOpOHE HECYT
UH(OPMAITUIO O CTPYKTYype W AWHAMHUKE B TIIyOMHE OCHOBHOTO OOJIAYHOTO CIIOS
(~50km). Kak wm B VY®-mmamasoHe 31aech HaOmIogaeTcsd I100aJbHBIN
OKOJIOTIOJIIPHBIN BUXPh, UTO CBUAETEILCTBYET O CYIIECTBOBAHUU 3TOU CTPYKTYPbI
Ha BCEM MPOTHKCHUHM OO0JIAYHOTO CJI0sl. DTOT BUXPh HA HECKOJIBKO TPaayCcoB
IIUPOTHI CMEIIEH MO0 OTHOIICHUIO K TIOJIFOCY, OH BPaIaeTCsi BOKPYT OCH IJIAHETHI C
nepuoaoM okoso 2,5 cyt. Kak y BepXHeW IpaHMIbl, TaK M B TIyOMHE 00JIaKOB
HaOIIOAIMCh  TEPUOJUYECKUE CTPYKTYPhI, YKa3bIBalOIIMEe Ha BOJHOBYIO
aKTUBHOCTb.

Haomonennst VIRTIS B monocax mnormomenus CO, B OmmwkHem MK
JMana3oHe, MpoBeleHHbIE COBMECTHO ¢ VMC, MO3BOJWIN ONPEICIUTh BBICOTY
BEepxHeW rpaHuiibl 001auHoro cinos. OHa MeHsieTcst oT ~70 KM B HU3KHUX U CPETHUX
IUPOTaxX 70 ~64 KM B MOJISIPHBIX 001aCTIX.

2.6. lnnamuka atmocdepnbl Benepsbl

[TocnenoBarenbHOCTE CHUMKOB VMOC 1O3BOJIAET ONPENEINTh HANIPABICHUE
U CKOPOCTH BETpa y BEpXHEH IpaHUIlbl 00JAKOB 0 CIEKEHUIO 32 TepeMeleHIeM
Y®-peranent Ha cHUMKax. Ha pucynke 2 nmokaszansl peIBapUTEIbHBIE PE3YJIbTATHI
WU3MEPEHUN 30HAIBHOTO BeTpa 1o cHuMkaM VMC.
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Cpenusisi 30HaIbHAsE KOMIIOHEHTa CKOPOCTH BETpa y BEpXHEH rpaHuilsl 00makoB (~70 k)
(crutotHas KpUBas) U MEPUOJ IBUKEHUSI KOHTPACTHBIX JIeTaliel (ITYHKTHUP)

CkopocTh 30HANIBHOTO BETpa MPAKTUYECKU MOCTOsIHHA M paBHa 90+10 m/c B
HU3KUX IIUPOTaX W OBICTPO TMajaeT B CPEJHUX U BBICOKMX IIUPOTAX.
MepunroHanbHas KOMIIOHEHTa BeTpa HaxoauTcss B npenenax 10-20 wm/c.
HaGnronenust cBUIETEIBCTBYIOT TAK)KE O 3aBUCUMOCTH 30HAIBHOM CKOPOCTH BETPA
OT BpeMeHH CYTOK. CpaBHEHHME 30HAJIbHBIX CKOPOCTEN BETpa, U3MEPEHHBIX IO
ciexeHnro 3a Y@-geransimu Ha cHuMKax VMC, ¢ TEpMHYECKUM BETPOM,
PACCYMTAaHHBIM IO TIOJIFO TEMIIEPATYPBI, BOCCTAaHOBJICHHOMY 1O AaHHBIM VIRTIS B
NPEINONIOKEHNN [HKIOCTpodudeckoro ©OamaHca, B IEIOM JaeT XOpolee
cornacue. OTnwumsi, HAOTIOJAEMbIE B CpPEAHUX M HHU3KUX IMHAPOTAX, MOTYT
CBHJIETEJILCTBOBATH O HAPYIIIEHUHU 3TOTO OanaHca.

3. MEPKYPUM

3.1. Habmonenus njanetbl Mepkypuii 1 MX MHTepHpeTALNSs

Acmponomuueckue nabarooenus. B snonramusax mas 2007 u HossOps 2007 1.
B obcepBatopun CAO PAH (monoxenue obcepBatopuu 41° 26’ 29"E, 43° 39’
11"N) npoBogwinch HOBbIe HaOMOACHUS MepKypus B TOJOKEHUU IJIAHETHI,
MO3BOJIAIOIIEM  JIOKYMEHTUPOBaTh  paliOHbl, HE  OXBAaYCHHBIE  CHEMKOU
MAPUHEPA-10 B 1974-1975 rr. I13C-kamepa STV Oblna ycTaHOBJIEHAa Ha
teneckorne llenc-1000 (puc. 1, 2). B oCeHHEH »3JOHTAaUWHM MOPEANONaraioch
WCIOJIB30BaTh Oosiee coBepmieHHy0 kamepy CAO. B ornmmume ot HabmromeHui
MPOIILIBIX JIET, UCTOJB30BATIACh HEMPEPHIBHAS MOCJIEI0BATEILHOCTh BUICOKAIPOB
¢ aHanor-mupoBHIM TMPeoOpa30BaHUEM B pEaTbHOM BPEMEHH M 3alHChi0 Ha
JKECTKHM JUCK KOMIIbIOTEpa. Takoll METOJ 3HAUYUTEIbHO  YBEIWYUBAET
NPOAYKTUBHOCTh HaOmiogeHuil. K coxaneHuto, B 00eux ndjoHranusx (ma u
HOSIOpb) CKOJBbKO-HUOYIb ylauHble HAOMIOJEHUS MPOBECTH HE YIAIoCh H3-3a
KpaiiHe HeOIaronpUsITHBIX METEOPOJIOTMUYECKUX YCIOBHIA.
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K skcneprMeHTanbHbIM paboTaM MOXHO TaK)K€ OTHECTH OCBOEHUE HOBBIX
nporpaMM 00OpaOOTKM paHee HaKOIUIEHHOTO HaOMI0AaTeIbHOTO MaTepHana:
nporpammbl ASTROSTACK 3 u nporpammsl RegiStax 2. Ilpennonaraercs, 4to
nepexon ot 8-paspsimHoro bmp-dopmara k 16-paspsauaeiM raw, fits u apyrum
dbopmaTam MOBBICUT pa3periecHue U YeTKOCTh MEJKUX JeTalled N300pakeHnul. ITa
paboTa Moka He 3aBepllIeHa.

VYnapueie kparepbl B cektope 210-285°W. B craree Ksanfomality L.,
Sprague A. New images of Mercury’s surface from 210° to 290°W longitudes with
implications for Mercury’s global asymmetry (ICARUS’2007. 188. P.271-287)
MPUBOMSITCSI HOBBIE PE3YNbTaThl 00paOOTKM MaccuBa H300pakeHHil Mepkypus,
IIOJIy4EHHOTO B BECEHHEH BEYEpHEH DIJIOHTallUH
2002 r. HoBblii mar B TMOBBIIIEHUU pPa3peUICHUS
(puc. 3) MO3BONMMII NEPEUTH K PANOHUPOBAHUIO
Hambonee KPYMHBIX  YAApHBIX  KpaTepoB  Ha
noBepxHOCTH Mepkypus. HekoTopsle U3 HUX MMOXO0KH
Ha KOJIBLIEBBIE CTPYKTYpPhl, HO HE HMMEIOT Jyd4eil.
BmecTte ¢ TeM, kpaTepbl ¢ MPOTSKEHHBIMHU JIydamMu
BUJHBI BO MHOTMX paiiOHaxX IUIAHEThI (Hampumep, y
8°S, 265°W). Bboubiioi kpatep ¢ CHCTEMOU Jyuei
Haxoautess 'y 10°S, 247°W, rme oH okalmisieT C
3amajga BTOpPYHO Haubosee spKylo B JaHHOW (Qasze
obnmacte 93TOro mosymapus Mepkypus (cTaThs
Kcangomanumu JI.B. Pa3zpemienHble n300pakeHuUs
HEU3BECTHOIO  CEKTOpa IOBEPXHOCTH  IIJIAHETHI
Mepkypuii // ITAX. 2005. T. 31. Ne 11. C. 860-880,).
CBeTsible  y4yacTKM O0O0pa3yloT 34ech JAyry WiH,
BO3MO>KHO, KOJIbIIEBOE 00pa3zoBanue auamerpom 600—

Puc. 3. 210-285° W, 700 xm. Ilpu BBHIOOPOYHOM YBETWYEHHH KOHTpAcTa

CTAHOBSITCA 3aMETHbl MHOTOYHMCJIEHHBIE yJlapHbIE
Kkpatepbl. TakoB kparep ¢ auameTpoM 140 KM U KOJBIIOM BBIOPOCOB JUAMETPOM
450-500 kM BOKpYT Hero, ¢ neHTpom y 21°S, 248°W. Bo3MOKHO, MPUMBIKAIOIIINE
K BaJly CHapyXW Y4YaCTKM — 3TO BbIOpochl u3 kparepa. l[logoOHbie Kpatepsl
BCTPEUAIOTCSl MPAKTUYECKH BO Bcex paiioHax cermeHta 210-290°W. Ha puc. 4
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MOKa3aHbl MATh KPYIHBIX YAApHBIX KpaTepoB (BHIOpaHHBIX HA MCXOMHOM pHC. 3),
HECOMHEHHO, YAApHOro Mnpoucxoxnaenus, pazmepamu ot 400 mo 800 kM, KOTOpbIE
BO BpeMs HaOJIOJEHUN HaXOAWJINCh HAa TEPMHUHATOPE W TO0ITOMY Hauboliee
KOHTpacTHbl. CTpEJIKM COEAMHSIOT MCXOAHOE IIOJOKEHHE paloOHOB C MX
YBEIMYECHHBIMU 2:1 KOHTpaCTUPOBaHHBIMU M300pakeHussMu. CTOpOHA KBaJpaToB
Ha puc.4, rae mnokaszaHbel Kparepbl, coctaBisieT 900 kM. Bce kparepbl nMeroT
HIMPOKHE Teppachkl BHIOPOCOB. CTaTUCTUYECKH YIapHbIe Kparepbl Mepkypusi B
1,5 paza MeHbIle JyHHBIX, 4YTO OOBSCHSETCS BABOE OONBIIUM YCKOPEHHEM
cBoOoAHOTO majeHus. Bo Bcex BapuaHTaX CHHTE3MPOBAHHBIX H300paKeHHH Yy
CEBEPHOI0 POra, y camoro IMoJiroca, IPUCYTCTBYET KPYIHBIM yAapHBIA KpaTep (CM.
pucyHKH, omyOirkoBaHHbIe B ctathe B IIAXK) ¢ oOmupHBIM BEeHIIOM BBIOPOCOB
nuamerpoM okosio 6° (280 kM). Ero neHTpasibHas TEMHasi 4acThb UMEET JUAMETP
okoio 2° (90 km). Benen kparepa 3aMETHO CBETJIEE OKPYKAIOWIMUX JETajed U
BbIIeNgeTcs Ha ux (pone. Ha 2—-3° Onmuxke K MOJIOCY, Ha €ro CEBEPHOM CTOpOHE
HaXOJWTCS HECKOJIbKO MEHbIIMK Kparep, mnpuMepHo 60 km. Koopaunatsl
KpynHoro kparepa mo mupore 85°N. B MoMeHT HaOIt0eHni CeBEpHBIM MOJIOC
HAXOJIMJICS. HECKOJIbKO TpagycoB OJIMKe K HaOIIOJATEeNI0, YeM JUMO, MO3TOMY
30Ha MoJitoca OblIa BUHA. M3-3a GIM30CTH K MONIOCY U HEKOTOPOM Pa3sMbITOCTH
aum0Oa, A0JAroTa KpaTepoB B 30HE MoJitoca MepKypusi onpeenseTcss ¢ BEpOsSTHON
omnOkol He myume 5°. Ho mnosnoxeHue KpaTepoB yAajloch COINOCTaBUTh C
HE3aBUCUMBIMHM JaHHBIMHM, TAaK KaK JUIsl paiioHAa CEBEPHOTO IMOJIOCA HMEETCs
noipoOHas paANOIOKAIMOHHAsS KapTa, ¢ TPYNION KPYMHBIX YIapHBIX KPaTepos, C
paspemienrieM a0 1,5 km (Harmon et al., 2001). Ilo-BuaumMomy, UMEHHO 3TH
KpaTepbl BUIHBI HAa CHUHTE3UPOBAHHBIX H300pakeHHsX. FX cpaBHeHHE ¢
paaronokaumoHHo kaptoit (Harmon et al., 2001) noka3biBaer, 4To pa3Mepsl U
nojioxkenue kparepa y 85°N mpakTUUECKH MOJHOCTHIO COBMAJAIOT C KpaTepoM
K paanonokauronHoit kaptel (1ieHTp 85,5°N, 292°W, nuamerp oxojo 80 km).
HHuTepecHo, 4TO BEHEI] BHIOPOCOB HA PagUOJIOKAIIMOHHON KapTe BUIEH TOJIBKO C
ceBepHOil cTopoHbl kparepa K, kak TemMHbIN mosic, 6e3 neraneit, B TO BpeMs, Kak B
ONTHYECKOM JHana3oHe Teppaca BbIOPOCOB OXBATHIBAET KpaTep CO BCEX CTOPOH,
IpUYeM OHA BUJHA KakK cBeTyioe oOpazoBaHMe. BBICOKYIO SPKOCTH BBHIOPOCOB W3
kpatepa K MOXHO COMOCTaBUTH C OCOOEHHOCTSIMU KpaTepoB, MOKa3aHHBIX Ha
panuonokaunonHon cxeme. CornacHo (Harmon et al., 2001) xpatepsl y mnomroca
HEOOBIUHBI TIO CBOEW mpupone. Ha mx aHe moa cimoeMm peroiuTa HaXOISATCs, TMO-
BUJIMMOMY, OOJIbILIME MAacChl JibJa. JIHO MOJISIPHBIX KpaTepoB BCErAa OCTAeTCs B
TEHU CBOMX BAJIOB W MMEET TEMIEPATypy, AOCTATOYHO HHU3KYIO JUISI TOTO, YTOOBI
JIel COXpaHUJICS 3a KOCMOroHH4Yeckoe Bpems. CorimacHo Apyroi rMIoTese, Ha JIHE
KpaTepoB HAXOMSTCS OTIOXKeHus cepol (Sprague et al., 1995), kotopas B
JEUMMETPOBOM JHMANa30HE UMEET CXOAHBIE CO JIBJOM XapaKTEPUCTHKU PACCESHUS.
B namem ciydae BaxXHO Jpyroe — HE HCKIIOYEHO, YTO BBICOKOE alibOeso
BBIOPOCOB CBSI3aHO UMEHHO C TIPUPOAON KPaTEPOB.

Takum 00pazoM, UMEIOITUECS IKCIIEPUMEHTAIbHBIC JaHHBIE ACHCTBUTEIHHO
MOKAa3bIBAIOT, YTO KpaTepbl HAa MepKypuu MOp(OJOTUYECKH 3aMETHO OTIUYAIOTCS
OT JNyHHBIX. J[Jig BTOpOTO Ha puc. 4 Kparepa, Ha JlyHe MOKHO HAaWTH TOJIBKO OJUH
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aHajgor — kparep Baprentun, Ha 3anagHoM aumOe JlyHsl. MHOTHE CrielMaIuCThl
CUUTAIOT €70 MOAHATHEM, 3aII0JIHEHHBIM JIABOM.

Oo6padoTtka mannbix 2006 r. Kak yxe yka3pIBaJoch B OMYyOJIMKOBAaHHBIX
paboTax,  yTpEHHHE  SKCHO3UIMKM  HAMHOTO  YIYYIIAIOT  pa3pelieHue
acTpoHOMHYeCKUX u300paxkeHud. (Kcangomanumu, TIAX, 2005). YmectHO
HallOMHHUTb, YTO XOTS WAES TMOBBIILICHUS Pa3pELICHUs] aCTPOHOMHUYECKHX
M300paKEHUI CYIIECTBOBAJIAa JABHO, HO TOJIbkO ¢ mosiBiaeHueMm [13C-matpuir ¢
BBICOKMM KBAHTOBBIM BBIXOJOM CTaJ0 BO3MOXHBIM IIOJYYEHHUE pPa3peIIeHHBIX
n300pakeHnii MepKypus, myTeM o0pabOTKH AJIEKTPOHHBIX CHUMKOB, CIICTaHHBIX
METOAOM KOPOTKHX OJKCHo3uuuii. HenpeB3oaeHHbIM pe3ynbTaTOM OCTAETCs
n3o0pakeHne cektopa goaror  Mepkypus  270-330°W, puc. 5, yxe
npuBoguBmniics B otduere 2006r. Iloka yaanoch BBIMOJIHUTH  TOJBKO
peABapUTEILHYI0 00paOO0TKY TOJYYCHHBIX JTAaHHBIX. Pe3ynbTaT MpeacTaBieH Ha
puc. 6.

HoBbie wm300pakeHUsT TOBEPXHOCTH IUIAHETHI, PUC.5 W 6, TOKPHIBAIOT
3HAYUTEIBHYI0 4YacTh IOBEPXHOCTH MepKypusi, OCTaBaBIIEWCS HE 3aCHITOU
kamepoit MAPUHEP-10. [ToaTrBepsxaaercs, 4To MpOTSHKEHHBIE JIeTalnu peibeda,
MO-BUJIMMOMY, aCHMMETPUYHO PACIpEEIEHbI 0 MOBEPXHOCTH MepKypusl.
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Mercury
"Skin:

3.2. TeopeTuyeckue u IKCIEPUMEHTAJILHbIE HccIeq0BaHus MepKypusi

Ha ocnoBe Merona paguonokanuu, npegnoxenHoro N.B. Xommasiv (1988,
1992, 1999), pangnonokamnueit Ha uaTeppepomerpe ['onmcroyn — ['punr bank u ap.
(CIIIA) wu3MepsiiCh COCTaBISIONIME MIHOBEHHOTO CIIMH-BEKTOpA IUIAHETHI,
HAaKJIOHEHHWE U aMIunTyja 88-IHEBHbIX JuOpanuii Mepkypus, a Takxke
IPOBEPSIIOCH €ro CcooTBeTcTBUE cocTtosiHuto Kaccunu (Margot et al., 2007).
CymiecTBeHHBIX OTKJIOHEHUH oT coctosiHusi Kaccunn He oOHapyxeHo, a
MOJyYCHHBIC 3HAUYECHUS MJISI HAKJIOHEHUS W aMIUIUTYIbl cocTaBsitoT 2'1+0'1 u
35"8+2" cooTBeTCTBEHHO (BMeCTO MpexxkHUX 60"+6"), HA OCHOBaHMHU YETO ClIEJIaH
BBIBOJI O JHOpanuu OOOJOYKH OTHAEIBHO OT slpa, T.C. HAJIMYHH B IOCICIHEM
xuakon dasel (Margot et al., 2007). U.B. XonuH cuuTaer, 4to MyOJUKaIuUs
Margot et al. (2007) He cBOOOJIHA OT CYIIECTBEHHBIX HEJIOCTATKOB, CPEIN KOTOPHIX
B MEPBYIO OUEpPE/b CICAYET yKa3aTh MCKAXXEHHOE HMCTOPUYECKOE OINHUCAHUE, P
HECOOTBETCTBUH ¢ M3BEeCTHBIMH padoTamu (Green 1968; George 1976; Holin 1988;
1992; 2004) u oTcyTCTBUE TOJKHOTO OOCYKIEHHUS C coaBTopamu. [locTUrHyThIE
TOYHOCTH TIOKa 3aMETHO HHUXE TEOPETHUUECKOTO TIpe/esia, YCTaHOBJIECHHOIO
Xoaunvim (1992). KenarenbHo, yTOOBI pe3yiabTaThl pabOThl OBUIM TIIATEIHHO
BbIBepeHbl. Pabora Margotr et al. (2007) sBisercss NEPBbIM NPAKTUYECKUM
MCNoJIb30BaHueM merona Xoauna (1992), koTopslii, Kak yxke oTMevanock (Xoauw,
1998), MoxkeT CcHocoOCTBOBaTh 3aMETHOMY MpPOrpeccy B  HUCCIEI0BaHUU
ConHeuHoit  cuctembl.  PaccMOTpeHbl ~ BO3MOMKHOCTH,  CBSI3aHHBIE  CO
CTPOUTEIBLCTBOM HOBOrO pajgapa B EBpasuu, rae Onaromaps MHOXKECTBY YKe
UMEIOIITUXCSl  PaIMOTEIECKONOB (0coOeHHO B EBpome) TOYHOCTH 3HAYMTEIIBHO
Bo3pactaroT (Hoolst van et al., 2007). OgHo U3 npeajiaraéMbIX BO3MOMXKHBIX MECT
JUIS pa3MelieHrs MoA00HOr0 MOITHEHIIEro paJuoJIOKAlMOHHOTO KOMILIEKCa —
Ceepnbiil KaBkas.

2.2.1.2. Pabomut, évtnonnsaemovle o RPOEKMAM KOCMUUECKUX UCC/1e008AHULL

JerexkTop HeHTPOHOB BbIcOKMX dHepruii XEH/I
niasa KA HACA «2001 Mapc Oaucceii»
Herexrop ObicTpbix HellTpoHoB XEH/I[ (High Energy Neutron Detector)
SBIJISIETCSI POCCUMCKUM 3KCIEPUMEHTOM B COCTAaBE I'aMMa CHEKTPOMETPUYECKOIO
komruiekca GRS kocmumueckoro ammapata HACA «Mapce Opucceit» (puc. 1).
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Hayunasa nenp skcniepumenta XEH/[ — uccnenoBanne HEUTPOHHOTO W3ITYYEHUS
Mapca s moucka BOJBI U JUISI U3MEPEHUS DJIEMEHTHOIO COCTaBa XUMHUYECKUX
3JIEMEHTOB B BellecTBe Mapca (Ha OCHOBE COBMECTHOM 0OpaOOTKM C JTaHHBIMU
u3MepeHuil ramma-nydeir npubopom GRS). Takke Ha OCHOBE JaHHBIX
HEUTPOHHBIX U3MEPEHHM JOJDKHA ObITh TIOCTpOEHA KapTa HEWTPOHHOMU
KOMITOHEHTHI paguaimoHHoro ¢oHa Mapca ycClIOBHSX CIIOKOWHOTO U aKTUBHOTO
Comnna. ITpubop XEH]JI Ob11 co3nan B MHCTUTYTE KOCMHYECKHUX HMCCIEAOBAHUMN
PAH no 3akazy ®enepambHOro KOCMHUYECKOIO AareHTCTBa (PyKOBOJIWTEID
JKCIIepUMeHTa A-p. pu3.-mart. Hayk W.I'. MuTtpodanos).

Puc. 1. Kocmuuecknii annapat HACA «Mapc Onucceit»
¢ poccutickum ipudopom XEH/I Ha 6opTy

Boprosoii Teseckon HeiitponoB BTH-M1
Ha Poccuiickom cermente MKC

[Tocne ycnemnoro Hayana kocMuueckoro skcrnepumenta XEHJI Ha Gopty
anmapara HACA «Mapc Onucceii» ObUTO MPUHATO pelIeHre 00 MCIMOJIb30BAaHUU
3allacHOTO JIETHOro mHpubopa 3TOTr0 MPOEKTa Jis HPOBEACHMS IMEPBOro ATara
skcniepumenta  «bTH-Heditpon» Ha  Gopty  Poccumiickoro  CermeHra
Mexnynaponnoii Kocmnueckoit Crannpu. Ha OCHOBE HMCHOJIB30BaHUS 3TOTO
npubopa Obuia co3naHa anmaparypa bTH-M1 s perucrtpanumu motoka
HEHUTPOHOB B OKOJO3€MHOM KOCMHMYECKOM IIPOCTPAHCTBE. OTH HEWUTPOHBI
BO3HHUKAIOT I10J] BO3JECUCTBUEM KOCMHUYECKHUX JIy4€l B BEPXHUX CJOSIX 3E€MHOU
atMoc(epsl U B BelIeCTBE KocMHuueckoil cranuuu. Ammapatypa BTH-MI1 Ttakxke
IIO3BOJIAT 3apPETHUCTPUPOBATH MPSIMOE HEUTPOHHOE H3IYYEHHE OT MOIIHBIX
COJIHEYHBIX MPOTOHHBIX COOBITHI, KOTOPBIE COIPOBOKIAIOTCA YCKOPEHUEM
TSDKEJBIX SAEp B aKTUBHBIX 00ytacTsax Ha CouHIle.
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Ammaparypa BTH-M1 6pma cozmana B MHCTUTYyTE KOCMHYECKHX
uccnenoBannii PAH mo 3aka3zy PakeTHO-KICMHUYECKON KOpHOpaluu «HEPTHS»
(pyKOBOAMTEINb dKCIIEpUMEHTa JI-p. Pu3.-maT. Hayk W.I'. Mutpodanos). B oktsiOpe
2006 r. sra ammaparypa Obuta goctaBieHa Ha PC MKC na TI'K «IIporpecc
M-358». KocmonaBT M.B. Tiopun (3xcneauniuss MKC-14) npousBen ycTaHOBKY U
noakioyeHue 6ioka BTH-MD k 6optoBsiM cuctemam PC MKC B Hos10pe 2006 r.
bruta Takxke mpousBeneHa noarotoBka 0jgoka BTH-MJ] k BbIHOCY B OTKpBITHIN
KocMoc. OH ObLT YCTAHOBJIEH HA IITaTHOE MECTO Ha BHewHel noBepxHocTH MKC
BO BpEMs JBYX BBIXOJOB B OTKPBITHIM KOCMOC KocMoHaBTa Poccnn M. Tropuna n
actponaBta CIIA M. Jlonec-Anerpusi 23 Hosiopst 2006 r. u 22 deBpans 2007 r.
(puc. 3). 26 gespans 2007 r. anmapatypa BTH-M1 Obuta BkirodueHa B pEXUM
Hay4YHBIX U3MEPEHUN.

Puc. 3. Kocmonast Poccuu M.Tropun u actponast CIIA M. Jlonec-Anerpua
BBINOJHWIN ycTaHOBKY anmnapatypsl BTH-M1 na 6opty MKC

3a Bech mepuoa pabotel B (depame 2007 r. ammapatrypa bTH-MI
(GYHKIIMOHMpYET INTaTHO Oe3 3aMeuaHuii, BCE TMapaMmMeTphl HaxOIsITCsS B
JOMyCTUMBIX Tipenenax. Co3ana MeXIUTaHeTHAs! cUCTeMa MOHUTOPHUHTA (POHOBOM
paaualMOHHOW OOCTAaHOBKM CHHXPOHHO Ha OKOJOMapcuaHckou («Mapce
Onucceii») u okonozemHoit opobutax (MKC), kotopas mo3BoJUT mpeacka3aTh
pagualMOHHBIE YCIIOBHS Ha BCEM Tpacce MEXIUIAHETHOrO Iiepenera 3eMis —
Mapc — 3emuis. Ha ocHoBe panHbix uaMepenuit anmaparypoi BTH-M1 Obuia
MOCTPOEHA KapTa CKOPOCTH HAapacTaHUs paJuallMOHHOW 103kl OT IOTOKa
HEHUTpPOHOB B pasHbix Toukax nojera MKC (puc. 4). OcoOeHHOCTBIO ATOW KapThl
SBJIIETCSI palOH 3aMETHOTO IMOBBIIICHHUS] CKOPOCTH HapacTaHWs J03bl B 00JIacTH
HOxHO-ATHaHTHYECKOW MarHUTHOW aHOManuu. B mepuoj npoBeneHusl u3MepeHuit
B 2007-2008 rr. 3Ta OCOOCHHOCTH pPAJAMANMOHHOTO (OHA B OKOJO3EMHOM
KOCMHUYECKOM TPOCTPAHCTBE OblIa HamOoJiee SAPKOW, TaK KakK 3TOT MEpPUOJ
IPUILEIICS HA MUHUMYM COJIHEYHON aKTUBHOCTH.
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Puc. 4. Kapra Temna HapacTaHus paJualliOHHON T03bl OT TOTOKA HEUTPOHOB B OKOJIO3EMHOM
KOCMHUYECKOM MPOCTPAHCTBE MO JaHHBIM U3MepeHuit anmaparypoit BTH-M1 na 6opty MKC
B 2007 T.

JKCnepuMeHThl Ha 00PTY KOCMHYECKOro anmnapara
EKA «Mapc Jkcnpecce»

Poccus, B pamkax dDenepalbHOM KOCMHUYECKOW NIPOTpaMMBbl, ITOCTAaBHIIA
BaXHBIE JJIEMEHTHI TPEX HAY4YHBIX MNPUOOPOB cHyTHHKa «Mapc-DKkcmpeccs,
paboraromiero Ha opoute Mapca ¢ 25 mexabps 2003 r. B MKW PAH wu3rorosneHs
BXOJIHAsl ONTHKA U CKaHep Kaprtupyromiero crnekrpomerpa OMEI'A, nerektopsl u
KanubpoBouHoe obopynoBanue A Oypoe-criekrpomerpa [1OC u nndpakpacHbiii
kaHan yHuBepcasibHoro crnekrpomerpa CIIMKAM. Vmpasnenue npubGopamu ¢
poccuiickuM ydactueM (punHaHcupyercsi Pockocmocom. Bce Tpu mpubopa c
POCCUHCKMM Yy4acTHEeM pabOTal0T HOMMHAJIBHO; C MX IOMOUIbIO MOJIyYEH psiA
NPUOPUTETHBIX HAy4HBIX pe3ynbTaToB. 3a 2007-2008 rr.  poccuicKuMuU
y4yacTHUKaMU MpoekTa omyOiukoBaHo Oosee 10 crateil B peneH3upyeMbIX
Hay4dHbIX KypHanax. Pabora KA «Mapc-Okcnpecc» 3amiaHupoBaHa 10 Mas
2009 r.

JKCIePUMEHTHI HA 00OPTY KOCMHY€eCKOro anmnapara
EKA «Benepa Jxcnpecc»

Poccus, B pamkax dDenepambHOM KOCMHUYECKOW NIPOTpaMMBbl, ITOCTAaBHWIIA
sanemMeHThl AByX npubopoB KA «Benepa Dkcmpecc», paboTaromiero Ha opOute
BOKpyr minaHetsl ¢ ampensi 2006 r. B MKMW PAH wu3rotoBiieHbl ACTEKTOPHI U
KanubpoBoyHOe obopynoBanue s Dypoe-criexkrpomerpa [IOC u undpaxpacHbit
kaHas yauBepcaibHoro cnekrpometpa CITMKAB. Ilpubops! sSBIsSIOTCS aHajIoraMu
npu6opoB [1OC u CITMKAM na KA «Mapc Dkcnpecc», afanTUPOBAHHBIMU JIJIsI
uccienoanusi Benepol. B gomonmHenue k coBmectHomy mnpubopy CIIMKAB
(Poccus, @panuus, benbrus) no npeaiokKeHN0 POCCUIUCKUX YUEHBIX YCTAHOBIIEH
U YCIEUTHO TOCTpoeH B koomepauuu ¢ benbrueir m ®dpaniueit HOBBIN MpUOOp
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SOIR — »menne-cnekTpoMeTp Bbicokoro pazpemtenus. [Ipudop SPICAV-SOIR
paboTaeT HOMHHaJIbHO, HabmoAeHus Benepsl npubdopom [1OC He npoBoaaTcs us-
3a HEUCIIPaBHOCTH ckaHepa. YacTh HayuyHbIX 3amaud npudopa [1DPC BeimomHseTCs
kaptupyomuMm  cnekrpometpom  BUPTUC. 29 HosiOpss 2007 r.  BbIIIen
CIIEHMAJIbHBIM BBIMYCK XKypHana Nature ¢ pe3yJbTaTaMd HOMUHAJIBHOW MUCCHUU.
Poccuiickumu yyacTHUKaMU MPOEKTa OMyOJIMKOBAHO 9 cTarell B peleH3UpYyeMbIX
Hay4HbBIX XKypHasax, u3 Hux 5 — B Nature.

IxkcnepuMeHT MéccOayIpoBCKHUi CIEKTPOMETP
Ha 0opty MapcoxoaoB HACA «Cnupur» n «OnnoprslOHUTH»

MunnatiopusupoBanusiii MéccOayspoBckuii criekrpomerp (MIMOS) Obin
npeioxkeH B Havane 1990-x rr. poccniickumu yaensiMu u3 UKW st poceniickon
muccuu «Mapc-96». [Ipubop 6b11 pazpaboTan B yHuBepcutTeTax r. Japminranra u
r. Maninna, I'epmanus, B coTpyaHudectBe ¢ HMHCTUTYTOM KOCMHYECKHUX
vccieaoBaHnil Poccriickom akajieMuu HayK.

MéccbayspoBckasi CHEKTPOCKOINHMS SIBISIETCS MOIIHBIM CPEICTBOM  JIIsI
VICCJIEIOBAHNSI MUHEPAJIOTUH JKEJIE30COAepKAIMX MaTepranoB. B yacTHocTH, OHa
NPEICTaBISIET KOJUYECTBEHHYI0 HH(GOpPMALMIO O paclpeleieHuH >Kene3a II0
CTEIEHSIM OKHUCJICHHS U O €r0 OTHOCUTEIBHOM COJEPKAHUM B JKEIIE30COACPKALINX
dazax. Jla MeéccOayIpoBCKUX CHEKTPOMETpA BXOIAIT B COCTaB HAyYHOUH
annapatypsl AByX MapcoxonoB HACA (Spirit u Opportunity), COBEpIIMBIINX
nocaaky Ha mnoBepxHoctu Mapca B sHBape 2004 r. IlepBoHavanbHas
3alJIaHUPOBAHHAS MPOJOKUTEIFHOCTh MUCCHHM COCTaBIsIa 3 Mec, ogHako o0a
mapcoxomga u ob6a MeEccOayrpOoBCKUX CIIEKTpOMETpa YCIENIHO pPadoTaroT Ha
noBepxHocTH Mapca yxe Ooznee udetwipex et (Oosnee yem 1500 mapcuanckux
JTHEHN) ¥ MPOAOJHKAIOT AaBaTh IIEHHYIO HAyYHYIO HH(OpMAIHUIO.

Ha paBHuHHOM yuacTke kpartepa ['yceBa (mapcoxona Spirit) ¢ TOMOIIBIO
MécchayspoBCKOro CHEKTpoMeTpa ObLIO OOHApYKEHO BBICOKOE COJEp>KaHUe
OJIMBHHA, YTO CBHUJETEIHCTBYET O (PU3UYECKOM, & HE XMMHYECKOM MEXaHHU3ME
BBIBETPHUBAHUS HA TEKYIIM MOMEHT. JalbpHeme ucciaeaoBaHus Mpoa0IKUINUCH
B cTpaturpadudecku 0ozee crapbix KomymoOuiickux xonmax. Tam B KaMHAX ObUIH
UJCHTU(UIIMPOBAHBI TEMATUT U TETUT, HATMYUE KOTOPBIX CBUIETEIBCTBYET O TOM,
YTO B IPOLUIOM BOJA UTpajia BAXXHYIO POJIb B 00pa30BaHUU M U3MEHEHUU KaMHEU
u ouB B KosymMOuiickux xoamax.

MéccOayspoBckuil CHEKTpOMETp Ha BTOpoM Mapcoxonae (Opportunity,
[lonyaennass paBHMHA) WAEHTU(GUUHUPOBAI B OOHAKEHHOM IMOpOJE MUHEpa
sapo3uT (cymbdar xkeme3a). Takxke ObIT OOHAPY)XKEH HMCTOYHHUK TEMAaTHTA,
OOHApy)XEHHOTO C OpOuTbl — 3T0 HebonpImme chepuiueckrue KOHKpPEUu
(InameTpoM  HECKOJNIbKO  MuWutMMeTpoB).  Jlanueie =~ Mé&ccOayrpoBCcKOro
CIIEKTPOMETpPA ChITPAJIM PEHIAIoNIyI0 POJib B HUACHTUUKAIMK KaMmHS Bounce
rock— OH OKa3aJlici CXOXHUM C 0a3aJlbTOBBIMU MIEPrOTTUTAMH (Tpymrma
METEOPUTOB, HAXOAUMBIX Ha 3emMile, U HMEKIINX, MPEINOI0KUTENBHO,
MapCUaHCKOe MpoucxoxiaeHue). Takxke ObuM WACHTU(GUIIMPOBAHBI >KEJIE3HBIN
(Heat Shield Rock) u xameHHblid (Barbeton) MeT€OpPUTHI.
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HaoOuronenus Ha MexxaAyHApPOAHOH o0cepBaTopuu ramma-iay4deit EKA
HNHTEI'PAJI

Mexnaynaponnast ooceparopusi ramma-ityueit MHTEI'PAJI Gbuia BeiBeaeHa
Ha BbICOKoOamnoreiHyro opouty B 2002 T. pOCCHUUCKOW paKeToH-HOCHUTENIEeM
«[IpoTton». B oOMeH Ha 3amyck KOCMHYECKOIO armapata POCCHUMCKHE Yy4YEHbIE
MOJYYUIIM TIPaBO Ha ~25 % Hay4yHbIX JAHHBIX MHUCCHH, JIOCTYHMHOCTb KOTOPBIX
obecrieunBaer Poccuiickuii  1uentp Hayunblx JaHHbix (PIUHJ]) mnpoexra
NHTET'PAJI, opranmsoBanubii B HMucturyre Kocmmueckux HccnenoBanuid.
C momenTta co3ganuss PLHHH/[ ero coTpyaHuku BemyT akTHBHYIO paboTy IO
amanTaiuy  CYIIECTBYIOIIETO W pa3pabOTKe HOBOTO  MaTeMaTHYECKOTO
o0Oecrie4eHnss MHCCHHM, 3aHUMAIOTCS paclpOCTpaHEHHEM HHPOpPMAIMH O
MPEACTOSIIEM MTPOEKTE CPEIU POCCUNCKOM HAYYHOU OOIIIECTBEHHOCTH.

B Tedenune maTH jer paboTel Ha OpOMTE KOCMHUYeckas oOcepBaTopus
MHTETPAJI nakonmwia OTpOMHBIM MacCHB HAOMIOJATEIbHBIX JaHHBIX, YTO
MO3BOJIMIIO MPUCTYNUTh K PEHICHUIO 3a/1ad, TPEOYIOMUX OOJBIINX KCIMO3UIUH.
Ha niepBbIit Tu1aH BBIXOAT 3a/1a4M, CBSI3aHHBIE C MACCUPOBAHHON 00pabOTKOM BCex
JIOCTYIIHBIX JAaHHBIX 00CEpBATOPHUH, TaKue, Kak MpOBEJEHUE TITyOOKHUX 0030pOB
Bcero Heba, MOMUCK TMOMYJSALUMA ClIa0bIX MCTOYHUKOB [ ajmakThyeckod u
BHETAJIAKTUYECKOW MPHUPOJBI, NETAIBHOE HCCICAOBAHUE H3IYyUYECHHUS B SACPHBIX
auHusX U T. 1. IloctenmenHoe 3amonHeHue apxuBa PIIH] waGmromaTensHbIMU
JaHHBIMH 00CEpBATOPUU W PE3KH POCT HMX MAaCCHUPOBAaHHOM 00pabOTKU
NOTpeOOBaIM CYIIECTBEHHOTO YBEIMYEHHS BBIYUCIUTEIBHBIX MOIHOCTEM.

brnarogaps ¢punancoBoil nmoaaepkke, noaydeHHo ot Poccuiickoro donna
dynnameHTanbHbIX MccnenoBanui, a Takxke cpeacrsaM MHCTUTyTa KOCMUYECKHUX
UCCIIEIOBaHU, ObUIO TMPHOOPETEHO HOBOE OOOpPYIOBAaHUE [UIsI XpaHEHUS U
obpabotku manHbIXx oOcepBaTopun MHTEI'PAJL. B cnenmanbHOM mOMeeHUN
onepanronHoro 1eHtpa HMucruryra Kocmuueckux HccnaemoBanuii  Obul
YCTaHOBJICH COBPEMEHHBIH HMH(POPMALMOHHBIM KOMIUJIEKC, COCTOSIIMN U3
obopynoBanus koprnopauuu Sun Microsystems <http://ru.sun.com/>. XpaHeHue
JAHHBIX C BHICOKOM CTEMEHbIO HAJCKHOCTU U JOCTYITHOCTH OYJIE€T MPOBOUTHCS HA
cepeepe  SunFire X4500 http://ru.sun.com/products/servers/entry/fireX4500/
index.html ¢ oOGbemom nuckoBoro mnpocTpanctBa Ooznee 20 TOaiit, 4ytO, B
COBOKYITHOCTH C YK€ MMEIOIIMMCS 000pyA0BaHUEM, MMO3BOJIMIIO JOBECTU OOIIMN
o0wvem apxuBa moutu a0 30 TOaiit. [lomumo GyHKIMI XpaHEHHS TaHHBIX HOBBIN
cepBep 0O0JagaeT TakK€ BBICOKMMH BBIYMCIUTEIBHBIMU XapaKTEPUCTHKAMU,
Omaronmapss JBYM BCTPOCHHBIM JBYsAEpHbIM IMporeccopam AMD  Opteron.
JloTIOTHUTEIbHBIE BBIYUCIUTENBHBIE MOIIHOCTH WH()OPMAIMOHHOTO KOMILIEKCa
obecreunBaercst cepBepom SunFire X2200 http://ru.sun.com/products/servers/
entry/fireX2200/index.html nHa 06a3ze aByx ABysAIEpHBIX mporeccopoB AMD
Opteron.
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222. AHCTUTYT PAIMOTEXHUKHU U JJEKTPOHUKHU
M. B.A. KOTEJIbBHUKOBA PAH

2.2.2.1. Ungpopmayuonnan cucmema onepamugeuvix oannvix HI] OM3
(o6padomka oannwvix npuoopa MODIS kocmuueckozo annapama TERRA)

PaccmaTpuBaroTCsl OCHOBHBIE 3JE€MEHTHl HMH()POPMAIMOHHOM  CHUCTEMBI
KocMuuecknx maHHbIX J133, paspabareiBaemoii n coszmaBaemoir B HI[ OM3 mpu
yuactuu ®UPD PAH. PaccmoTpena pabota moacucteM XpaHeHHs] HHGOPMAIUU U
J0CTyNa K JaHHBIM Ha mpumepe mHpopMmanuu mnpudopa MODIS kocmugeckoro
anmaparta TERRA.

BBenenne

bonbimine o0beMbl HHQOpMAIMM, I[OIy4YaeMbleé B HACTOSIIEE BpeMs C
IIOMOILBIO CPEACTB AMCTAHIIMOHHOIO 30HaupoBaHus 3emum ([133) m3 kocmoca,
JUKTYIOT HEOOXOJIMMOCTh CO3JaHMsl aJeKBaTHBIX MH(MOPMAIIMOHHBIX CUCTEM MJIs
0o0pa0OTKH, KaTajJoru3allid M apXuBallMu [OCTynawoued uHPopMaluu u
pe3ysbTaToB 00pabOTKU IKCIEPUMEHTAIbHBIX JaHHBIX. JlaHHbIE, HAKaIIMBaeMble
B MH(OPMALMOHHOM CHUCTEME, MOTYT HCIIOJIb30BaThCsl [UIsl PEUICHUs] Kak
ONEpaTHBHBIX, TaK U  (QYHOAMEHTAJIbHbIX HAYYHBIX M  MPHUKIAJHBIX
HApOJHOXO3SMCTBEHHBIX 3aAa4 [1-3].

OgHuMU U3 OCHOBHBIX 3JIeMEHTOB HH(popmanuoHHoi cucremsl (MC)
naHHbIX [[33 ABISIIOTCS MOACHCTEMBI XpaHEHUs WHGMOpMalMUM W J0CTyna K
JaHHBIM. OTH TOJACHUCTEMBI JOJDKHBI O0ecTeuynBaTh HEOOXOAMMBINH YPOBEHb
HAJC)KHOCTH XpaHEHHUS NaHHBIX M 3(()EKTHBHOCTH AOCTyIa TMOJb30BaTENEH K
COOTBETCTBYIOIIMM  JaHHBIM. Kak mpaBuino, HWHPOPMAIIMOHHBIE CHCTEMBI
OPUEHTHPYIOTCSI Ha KOHEUHOro mojb3oBaTend. [loatomy wuHOpmanroHHas
cUcTeMa JOJDKHAa 00yafaTb MPOCThIM, YAOOHBIM, JIETKO OCBAaWBAEMbIM
uHTep(ericom, KOTOphIM oOecreynBaeT IMOJIb30BATEII0 BBIIIOJIHEHUE BCEX
HEOOXOOUMBIX JJii €ro padoThl (PYHKIMH, U B TO K€ BpeMs, HCKIIOYAET
BO3MO>KHOCTb BBITIOJTHEHUS MOJIb30BaTENEM KaKUX-JIMOO HECAHKIIMOHWPOBAHHBIX
JEVCTBUM.

WNupopmanus, noayyaemas ¢ KocMudeckux cpencts /33, HakarauBaeTcs U
XPaHUTCS B LEHTpax 0O0pabOTKMU M XpaHEHUS KOCMUYECKON MH(pOpMAalnU, B TOM
YHCIIe U B CICIUAIN3UPOBAHHBIX (TEMAaTUYECKUX ) IIEHTPaX 00pabOTKH 1 XpaHEHHUs
KOCMUYecKor uH(popmanuu. B HacTrosimiee BpeMsi CYHIECTBYIOT OT€UYECTBEHHbBIE

CreUAIM3UpOBaHHbIe TEHTphl: http://smis.iki.rssi.ru/archive/ — WKW PAH,;
http://ire.rssi.ru/cpssi — [HOXKHA NP> PAH, r. Opsi3uHO;
http://sputnik.infospace.ru/catalog_rus.html — HUI] «IInanera»;

http://ckm.iszf.irk.ru/satdata — peruonansubeii nentp MC3® PAH r. HUpkyTtck
u Ap., uHPoOpManus B KOTOPbIX HMEET, KakK MpaBUJIO, TEMATUYECKYIO
HaIPaBJICHHOCTb.

HeoTbemiieMbIM 3JIEMEHTOM IHIEHTPOB 00PaOOTKU M XpaHEHUS KOCMUYECKOM
uHdopMaIuu SBIseTCS WHPOpPMAIMOHHAS CHUCTEMa, BKIIIOYAIONIAsl COBPEMEHHbBIC
KOMIIBIOTEPHBIE W MPOTPAMMHBIE CpPEICTBA MJI HAJEKHOIO JIITUTEIBHOIO
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XpaHCHUS JTaHHBIX, a TakK)Ke COOTBETCTBYIOIIHUE TpapuiecKkue HWHTEPQEHCHI,
MO3BOJISIONIME OCYIIECTBUTH 3alpoOC U MOJIydeHHUE HeoOXoauMou HHQOpMauu
[2, 4].

OngHuM W3 1EHTPOB OOpaOOTKM M XpaHEHUS KOCMHYECKOW HH(pOpMAINH
SBIIIETCSl LIEHTp TpHema, oO0paOOTKU, XpaHEHWUs] W pacHpelesieHUs TaHHBIX B
Hayuynom uentpe onepatuBHoro monutopunra 3emiu (HLI OM3) Ilentpa
KocMuueckux  HaOmomenui  Pockocmoca. CosmaBaemas B HI[ OM3
uHGOpMAIlMOHHAS CHCTEMa HampaBlieHa Ha oOO0ecrleueHue pemeHus psaa
0OIIIECUCTEMHBIX 3a7lad, OTHOCAIINXCS K KoMmeTeHmun DeaepaqbHOTO IMEHTpa
133, u, B yactHOCTH, BeaeHUE ['ocynapcTBeHHoro ¢houaa (apxuBa) manabix /33 u
NpeAOCTaBICHNE  MOTPEOUTENIIM  BO3MOKHOCTH  TOMCKAa W MOJY4YEHUs
HeoOxomumon napopmarmu [5].

B HacTosmem coo01eHnn OCHOBHOE BHIMAHHE Y/ISJICHO OMMMCAHUIO PAOOTHI
undopmarmonHoir cuctempl HI[ OM3 mno o0paboTke, Karamoruzanuua u
apXWBallMM B ONEPATUBHOM pexuMe JaHHbiX mpubdbopa MODIS, ycranoBieHHOTO
Ha amepukaHckoM kocmuueckoM anmnapate TERRA. Kocmuueckwmii anmapar
TERRA — 3T0 nonsipHO-0pOUTaIBHBIN CIYTHUK C TEPUOJOM OOpaIeHusi OKOJI0
100 muH, koTopbiii ObuLT 3amymieH 18 mekabps 1999 r. Ilpubop MODIS —
CKaHUPYIOUIUN  CIEKTPOPAJUOMETP  CPEOHEro  pa3pelieHus,  HUMEIOLIUN
36 cieKkTpaJibHBIX KaHAJOB B jAuamna3zoHe iMH BojdH ot 04 1o 14,4 Mxm
(http://modis.gsfc.nasa.gov/).

Kpartkoe onucanne nuapopmanmnonnoi cucrems HII OM3

Nudopmanmonnas cucrema HI[ OM3 Bkirouaer B ce0s cheayroliue
(yHKIHOHATIBHBIE TOACUCTEMBI:

® [IpUEM CHYTHUKOBBIX JAaHHBIX, HMX AapPXMBHUPOBAHUE B OINEPATUBHOM
apXUBe;

e 06pabOTKy NaHHBIX 0 ypoBHS 1B '(BoccTaHOBIIGHHBIE JaHHBIE IPHOOPOB
C PpPaIdOMETPHYECKOW KOppEKIHer u TeorpaduyecKOdl MPUBSI3KOMW, ITOTHBIM
paspelnieHueM, HaJIMYMeM METOK BPEMEHM M aHHOTAlMeW, BCIOMOIraTeNIbHOU
uHbopMmaruei);

e KaTajorm3anuio uHGOpManuu B pa3dpaboTaHHON s 3THX Ienei baze
nansbix (bJ1);

® CO3J1aHHE JOJIOBPEMEHHOIO apXUBa HA MarHUTHBIX JIeHTax tuna DLT;

® CO37aHME CUCTEMBbl OOMEHa JaHHBIMU uepe3 HTepHerT.

Nudpactpykrypa HMC cOCTOMT M3 COBOKYNHOCTH KAaTaJIOTOB apXHBOB
KOCMHYECKOH HH(pOpMamMu ¥ TPOrpaMMHO-ANIapaTHBIX CPeACTB OoOMeHa
KaTaJIO)KHOW M commyTcTByromieit nadopmarmeii. Uadpacrpykrypa MC mospomser

1
I[J'IH OnpcCAcCICHUS YpPOBHA IPCACTABICHHA JaHHBIX HCIIOJIb30BdHA CHUCTCMaA

0003HaYCHH, MPEIJIOKEHHAs B paMKax MporpamMmbl co3gaHus MHGOpMalMOHHONW CHCTEMBI
naHHbIx mo HabmoaeHusM 3emun (EOSDIS) u moanepkanHas pexomeHaanusmMu Komurera 1o
cnyrHukam Juist Habmoaerus 3emiid (CEOS) (http://wgiss.ceos.org//ceos.htm).
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B paMKax €JIUHOW CHUCTEMbI MPOBOAUTHL OONIMI U JNETAIbHBIA MOUCK JAHHBIX, a
Takke 0(hOpMIIATH 3aKa3bl HA UX MOJyUYEHHUE.

B nacrosmee Bpemsa B HL OM3 umeroTcsl apXuB U 3JEKTPOHHBINA KaTajor
JAHHBIX, TOJYYEHHBIX U TOJY4YaEMBbIX C OTEUYECTBEHHBIX U 3apyOeiKHBIX
kocMuueckux cucreMm /I33. MMeercs BO3MOXKHOCTh YNAJNE€HHOTO JOCTyIa K
KaTaJory 10 KaHajlaM CBs3W M 4epe3 HHTepHeT. 3aBepuiaeTcss Cco3daHue
KOMILJIEKCA MPOrpaMMHO-AIIapaTHRIX CPEJCTB MHPPACTPYKTYPHI MO MOAACPKKE
apXuBa JOJTOBPEMEHHOTO XPAaHEHUS JaHHBIX U AJIEKTPOHHOTO KaTajora.

Nudpopmanusa ¢ xocmuueckoro ammapata «TERRA» mpunmmaercs B HIJ
OM3 B pexxnme HENOCPEACTBEHHOW NEpeaauyv M apXUBUPYETCS B ONEPATUBHOM
apxuBe. DKCIIEPUMEHTAIbHbIC JaHHBIC MPENCTaBISAIOT co00il Qaitnbl B (opmare
*pds (product data set). Jlns o00pabOTKM d3THX JaHHBIX HCIIOJIB3YETCS
nporpammublii makeT IMAPP (International MODIS/AIRS Processing Package),
pa3pabotanHbli B BUCKOHCHMHCKOM yHHBepcuTeTe mnpu mnoauepxke NASA u
MPEACTABIAIONINN cOO0M BapHaHT MPOTPAMMHOTO OOECHEUECHUsI, TPUMEHSIEMOTO
uist 00paboTku maHHbIX npubopa MODIS. On ocymiectBiser mpeoOpazoBaHue
JMaHHBIX U3 ¢ainoB popmara ypoBHs 0 (MCXOAHBIC JaHHBIC) B CTAaHAAPTU30BAHHbBIC
B pamkax nporpammbl EOS (Earth Observation System) npoykTsl ypoBHE# 1A u
1b. D10 mpeobOpazoBaHue BKIIOYAET B ceOsl omepanuu no nepehopMaTupoBaHUIO
JAHHBIX, UX reorpaduyecKor MPUBS3KE U KaTMOPOBKE.

IIporpammHbie KOMIIOHeHTHI HHGopManuoHHOK cuctembl HIT OM3

s ympasnenus bazoit manubsix mHbopmannoHHoW cuctemsl HI[ OM3
ucnosb3yercss CYB]] Oracle.

B paspaborannoii bJI Bwimenensl aBa pasmena. llepBeiii  pasmen
UCTIONB3YETCSl JUIsl XpaHEHUs OMUCAHUM HA0OpOB JaHHBIX  (KOJUICKIIUIA)
KOCMHUYECKHX HAOJIOICHUH, BTOPOH pa3zen - JUisl XpaHEHUs! AeTaJbHbIX OMMCAHUN
OTZEJBHBIX €UHUIL XPAaHECHHUS JAHHBIX (IPaHyJI).

s 00paboTKM, KaTajJoru3aluyd W apXMBalUU JaHHBIX B ONEPAaTUBHOM U
aBTOMAaTU3UPOBAHHOM peXHUME ObUIO pa3paboTaHO CcIelUaIbHOE MPOTrPaMMHOE
ob6ecrieuenue (I10), Bkimrouaroree B ceos:

1. ITO oOMeHa TaHHBIMU:

e {tpx — makeTHas nepeKadyka JaHHBIX C CepBEpa ONEPATUBHOIO apXHBa B
Oydbepa cucrempl O0OpabOTKM JAaHHBIX © WX TOJATOTOBKH K
apXWBHPOBAHUIO;

e ftpput — makeTHas mepekayka JaHHBIX U3 CUCTEMbl OOPaOOTKH JaHHBIX
Ha CEpBEP ONEPATUBHOTO apXMBa.

2. IIO peructpanuy CIYTHUKOBBIX JAHHBIX, NOCTYNAKIIUX B CHCTEMY

00paboTKH.

3. II0 xarajmorums3anuy CHOYTHUKOBBIX  JAHHBIX, IIOCTYMAIOUIMX B
JOJITCOBPEMEHHBIN apXHB.

4. 110 moaroToBKM apXMBHBIX KONUN HAOOPOB JAaHHBIX U MEPEHOCAa MX Ha
MarHuTHbIe HocuTenau (tuna DLT).

[IporpammHoe obOecnieuenne 2—4, a TakKe MPOrpaMMHOE OOecreueHHe
IMAPP o6benunaeHb! 01HON yripaBisromiei mporpammoit MODIS_OMZ.pl.
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[IporpammHBbIe cpencTBa, obecrneunBaroniue (yHKIHMOHUPOBAHUE CUCTEMBI
3anpoca ga"Hbix (C3]J[), ycranoBiaensl Ha Web cepsepe HI[ OM3
(http://sun.ntsomz.ru/data_new) W SIBIISIFOTCSI HEOTHEMJIEMON COCTABHOM YaCTBIO
nHpopmarmorHout cuctembl HII OM3 (http:/www.ntsomz.ru).

Cucrema 3anpoca naHHbixX B uHGopmaunonHou cucreme HII OM3

[IpuopuretHeiM  TpeOOBaHMEM TMOJb30BaTelel K  HMHPOPMAIMOHHBIM
CHUCTEMaM SIBJISIETCS CHW)KEHHME BPEMEHHBIX 3aTpaT HA TOUCK M IOJy4YEHUE
1ie’eBoil mHpopmaruu (JaHHBIX). HeoOXoauMBbIM yCITOBHEM BBITIOJTHEHUS 3TOTO
TpeOOBaHUSI TMPUMEHUTENIIBHO K CHCTEME KOCMHYECKUX JaHHBIX SIBISIETCS
OpraHM3alysl MOMCKA JAHHBIX OJHOBPEMEHHO IO BCEM KOJUIEKUUSAM JaHHBIX,
BKJIIOYEHHBIM B cHcTeMy. JlJIsi 3TOro B CHCTEME 3ampoca AaHHBIX CO3/IaHbI
CTeIMANIbHBIE TIOJB30BaTENIbCKHE MHTep(denchl (IITI03bI JOCTyMNa) K OMUCAHUSIM
XpaHUMBIX B apXWBaxX CHCTeMbl JNaHHBIX. [IpeumyiecTBoMm 3Tux UHTEpPHEHCOB
ABJISIETCSA TO, YTO OHH MO3BOJISIFOT OPraHW30BaTh MPOLECC MMOUCKA, O3HAKOMIIEHUS C
ONMMUCAHUSMU M TpadUUYECKUMH TNPUMUTHBAMH JIaHHBIX, a Takke OQopMIICHUE
3aKa3a Ha Iepefady JaHHBIX B paMKax €IWHOTro Tpaduueckoro uHTEpdeiica.
CymectBeHHbIM npenmyiiectBoM C3]] B 1eloM SIBISIETCS TO, YTO MOJIb30BATEIb
yepe3 CUCTEMHBIN HHTepdeiic mofydaeT akTyaabHyI0 HH(POPMAIKIO O XpAaHUMBIX B
apxuBe JaHHBIX. B obOecrnedeHune sToro mnosb3oBarenbekue uHTEpdeiicel C3]]
OPTraHM3YyIOT JOCTYIl HEMOCPEACTBEHHO K KaTajJoraMm apxuBa KOCMHUYECKHX
JAHHBIX, COJEPKaHHE KOTOPBIX CHHXPOHU30BAHO C COCTAaBOM OIMCBHIBAEMBIX
apxuBoB. Kpome Toro, cuctema novcka uagopmarmu B C3/] oprannzoBaHa Takum
oOpa3om, 4TO emle Ha dTane (GOPMUPOBAHUS 3aMpPOcCa MCKIIOYEHAa BO3MOXKHOCTH
CO3JIaHNsI MPOTUBOPEYMBOIO 3aIpoca.

Jl1is feTanbHOTo MOUCKa HEOOXOAMMO 331aTh CIEAYIOIIUE aTPUOYTHI:

e ['eorpapuueckuii palioH —  KOOPAMHATBI TPaHUI]  y4acTKa,
OMMUCBHIBAEMbIE TNPSIMOYTOJIBHUKOM C 3aJaHHBIMH 3alaJHOM W BOCTOYHOM
nonroramu (+180°) m ceBepHol M roxkHOW MmMpoTamu (+90°), B KOTOpOM
MPOBOAMIINCH U3MEPECHMUSI.

e HMuTepBajsl BpeMeHM — HAYAJIBHBIE W KOHEYHBIE JaTra WU BpeEMS,
ONPENEIAIOIINE UHTEPBA TPOBEICHUS U3MEPEHUM.

e [IpoekT — mMs npoekTa (HaydHOU ITPOTPAaMMbl WJIM MHUCCHUH), B PAMKAX
KOTOPOW MpPOBEACHBI MU3MEPEHHUs], PE3yJIbTaThl KOTOPBIX PAa3MEILICHbI B TpaHyJie
(3HayeHus1 aTpuOyTa BBHIOMPAIOTCS MOJB30BATENIEM C IMOMOIIBIO POP-UP MEHIO M3
MPEAIaraéMoro CUCTEMOM OrPAaHUYEHHOTO CIIHCKA).

e [IpuGop — ums npubopa (HAy4YHOTO UHCTPYMEHTA), JaHHBIE U3MEPEHUN
KOTOPOTO  TOMEIIEHBl B TpaHyily (3HaueHus arpulOyTra  BBIOMpAOTCA
IIOJIB30BATENIEM C IOMOLIBIO pPOp-UP MEHIO U3 MPEMIaraéMoro CHUCTEMOU
OTPAaHUYEHHOTO CIIUCKA).

B pe3ynbrate moucka moJyib30BarTeib, B MEPBYIO OYEPEb, MOJIYyYAET CIUCOK
HAa0OpOB JaHHBIX (KOJUIEKLMII), TpaHydbl KOTOPBIX YJOBJIETBOPSAIOT 3aJaHHBIX
KPUTEPHUSIM TTOUCKA.

Kaxxnas u3 rpanys noJiydeHHOro MpHU JIETaJIbHOM MOMCKE CIHCKa CHAa0XeHa,
TaK Ha3bIBAEMbIM, MPOCMOTPOBLIM H300pakeHuem (browse images (NASA), wiu
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quicklook (ESA)). OHo npenHa3zHau€HO, MPEkKIE BCEro, JJisi BU3YaTbHOW OLICHKU
KayecTBa apXUBHOM HMH(OpMAIMM Kak IO YCJIOBHUSAM HaOMOAEHUI (Hampumep,
OCBEILIEHHOCTH W HAJIWYUI0 OOJauYHOCTH), TaK M IO HAINYUIO AEPEKTOB U
UCKaXCHHUM, BO3HUKAIOIIMX NpU mnpueme u oOpaboTke naHHbIX. HHTepdetic
nosb3oBarenst C3/1 obecneunBaeT BO3MOKHOCTh IPOCMOTpPA ITUX U300pakeHUN U
JIOTIOJIHUTEIBHON CEJIEKIUHU CIHCKA I'paHyJl MO pe3yibTaTaM BU3yaJbHOW OLIEHKU
UX KauecTBa.

Hapsny ¢ moumckom W NpeaBapuUTENbHOW BU3YAJIIBHOW OLIEHKOM KadecTBa
naHHbIX, naTepdeiicel C31 mo3BoasioT 0POPMUTH 3aKka3 Ha BHIOPAHHBIE JAaHHBIE,
pa3MelIeHHbIe B apXvWBe WH(OPMALMOHHOW CHUCTEMBI, HEMOCPEACTBEHHO IOCTE
3aBEpIICHNS TOWCKAa B paMKax OJHON W TOM ke cecCHH paldoThl ¢ MHTepdeiicoM
C3/1.

Odopmienne 3akasza BKIIIOUAET B ce0s BE MPOIEAYPHI:

1) Be1OOp (hOpMBI TIepeaun JaHHBIX,

2) perucTpaluno KOHTaKTHOM HH(OPMALIUY O 3aKa3YUKe.

IIpu BBIOOpEe (OpMBI TMepenadnd JaHHBIX I0JIL30BATENb JIOJDKEH HMETh
BO3MOXXHOCTh BBIOpATh TUI HOCHUTEJIS, HA KOTOPOM TEPEIArOTCs JJaHHbIC, a TaKKe
yKa3aTh TPEANOYTUTEIIbHBIM (opMar, UCHONB3yeMbId TPH 3allUCH JAaHHBIX Ha
BbIOpaHHbIe Hocutenud. OdopMIIECHHBIN 3aKa3 TEPEChUIACTCS B apXUB JaHHBIX.
OIHOBPEMEHHO TOJIL30BATENIO MO AIEKTPOHHOMN MOYTE MEPEChUIaeTCs 3ampoc Ha
MOATBEPKACHUE 3aka3a. Kak mpaBuio, 3aKka3 HAUMHAET MUCIOJHSITHCS apXUBOM
TOJBKO TIOCJE TOJYYEHUS] TOATBEPKACHUS HEMOCPEACTBEHHO OT 3aKa3yuKa
JTAHHBIX.

3 FeHepaabHEIM KaTanor HL, OM3 - Microsoft Internet Explorer

& 1,
@ain Opaexa Bug  KesbpaqHoe Cepeic  Cripaeka "
Qtman - @ - [¥] [@ @ Prowek Slpbitparoe € (2~ o - L33

»
AﬂpecL|§I http: /fsun.ntsomz.ru/data_new/ v | Mepexon  Conlik @ -
¢/ FeHepanbHbIA kaTanor HL| OM3
FeHepanbHbld katanor | Movck Habopoe AaHHbIX | [leTanbHbIA NOWCK W 3aKa3s AaHHbIX | CnpaeodyHasn
WHhopmauna
[eHepaneHed katanor HL OM3 — MHHOESUHOHHEIR NPOAYKT MHTETREALMKM W
NPEACTAENEHWA HHBopualul o HaBopax gannex 133, xpanawuxca e
TEPRUTORHANEHD [JEIEI'I[JE,D,EJ'IEHHUI';‘ CETH KATaNoroe, 1 UpMEHTHpUBaHHbIﬁ Ha
NpeACcTaEneHue on-line yenyr no otBopy W aKazy 4aHHeX
[eHepaneHel katanor HU OM3 cogepsut 0fbegMHEHHY K HHDOPMaLKIO O
Hafiopax AaHHex J33, HaxonAwmxca B apxuee HU O3 w apxueax apyrix
OpraHHzaLpi, 3aperMCTRHE0BaHHEIY B TeHEpanEHOM KATanore.
® Bol MoxeTe 0ToBpaTe ASHHbIE W3 apxrea HL OM3,
BOCNONbI0EAEWHCE DYHKUHMER AETankHOrD NOMCKE, W 33KasaTo ]
OTOAPEHHBIE KaAPb [FRaHYNBY Y THHKOBLX faHHbBIX © NOMOW s (S
dyHKL MK 2aKkaza.
® AnA Toro utofsl 0ToSpaTe AaHHLE, COASPHALMECH B apKHEaY
ApYrE OpraHvsaumi, eocnonesyATeck hyHKLHER noMcKa
HabopoE AaHHbIR.
L] p}l’KDBD,’J‘L‘.TED nao pEﬁDTE [ rE!HE!paJ'It\Ht\IM KaTanorom Bel MoxeTe
HaATK B pasgene crnpagoqHoi MHhopmaumm,
HL| OM3, 2006
&) ® VHTepHeT
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Cucrema moucka W 3ampoca JaHHBIX pa3paboTaHa C HCIOJIb30BAHUEM
CBOOOJTHO PacCIpOCTPaHsAEMbIX MTPOrpamMM U OMOJIMOTEK JJI ONEPAIMOHHOMN Cpebl
Solaris. OcHOBY cucTeMBbl NMOMCKA M 3alpoca JIaHHBIX COCTaBIIIET web-cepBep
Apache ¢ monynem PHP. Moayns PHP mnozBonsier ruOko dhopmupoBath hopmbl
3anpocoB, GOPMbI TPEACTABICHUS PE3YJIBTATOB U COJIEPKUT BCTPOCHHBIE CPEJICTBA
nocryna k 0Oaze ganHbix Oracle. Kpome Toro, oH mMo3BOJISIET HCIOIb30BAThH
rpaduyueckyro OMONMOTEKY JUIsi JUHAMUYECKOM TeHepaluu HW300paKeHuH,
HAHECEHUSI HAa HHUX 3aJlaHHBIX KOHTYPOB (MHOTOYTOJIbHUK, JJIJIUIIC U JIp.) U
TEKCTOBOM MHGpOpMANHH. YKa3aHHBIC MPOTPaMMBbI U OMONTHOTEKH CYIIECTBYIOT U
st npyrux toiatopm, takux kak Windows u Linux. [lpu mHeobxommmoctn
pa3paboTaHHBIE TIPOTPAMMBI MOTYT OBITh TMEPEHECEHBI Ha APYTHE MIAT(HOPMBI C
MUHUMAJIbHBIMU 3aTpaTaMH, CBS3aHHBIMH, B OCHOBHOM, C KOH()HUTYpHpPOBaHHUEM
COOTBETCTBYIOIIHNX MPOTPAMM.

OOt BU CTpaHUIIBI IOCTYTA K HHTEpdeicy MpeIcTaBIeH Ha PUCYHKE.
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2.2.3. AHCTUTYT TEOXUMHUU U AHAJJUTUYECKON XUMUU
M. B.U. BEPHAJ/ICKOI'O PAH

Mapc I'modan Cepseiiop u Mapc Onucceii: IIpoexkrsl CIITA

2.1. Illpooondxcen ananu3 OAHHLIX HEUMPOHHOU CHEMKU POCCUNUCKUM
npubopom XIHJ] ¢ b6opma kocmuueckoeo annapama «Mapc Oducceti» u 0anHvlx
mennogo2o kapmupoganusi Mapca mepmo-smmucuonnvim cnekmpomempom TEC ¢
bopma  xocmuueckozco annapama  «Mapc-Inooan-Cepsetiop». IlpoBeneno
U3YYEHUE CE30HHBIX M3MEHEHUI MapaMmeTpa TEIJIOBOW WMHEPLUU MapCHaHCKOTO
IPYHTa CTATUCTUYECKUM METOJOM U METOJIOM KapTUPOBAHUS 3TOTO MapaMeTpa s
pa3HbIX ce30HOB. [lapamnenbHO Mbl BBIICHSIM TEHACHLHMH JIOJITOBPEMEHHBIX
BapUALIMil COJIEpPXaHUS BOABI B BEPXHEM CIIO€ MAapCUAHCKOTO PErojmra u
KapTHPOBAJIA HOPMAJIM30BAHHBIE 3HAYEHUS IOTOKOB HEUTPOHOB BBICOKUX YPOBHEMN
sHepruu (3oHaupoBanue Ha rayouny 20-30 cM), MOJIydeHHBIE 3a JIBa TOJHBIX
MapCHaHCKUX roja (4eTbipe 3eMHBIX rojaa). Pazpaboran meTon omnpeiesneHus u
KapTHUPOBAHUS BEJIMYMHBI 3UMHETO YBEJIIMYEHUS JIbJa BOAbI B TOBEPXHOCTHOM CJIOE
Mapca Ha cpegHUX U BBICOKHMX IIMPOTaxX IUIAHETHI IO JAHHBIM CE30HHBIX
BapUalMil mapaMeTrpa TEIUIOBOM HHepuuu. [loka3aHo, 4TO MPOCTPaHCTBEHHBIE
BapuallMy TapamMeTpa TEIUIOBOM HWHEPIIMU BbI3BaHBI B OCHOBHOM BapHalUsIMU
K03 UIIMEHTa TETUIONPOBOJIHOCTH, a OHU OMPENEISIOTCS W3MEHEHUSMH 10NN
JbAa BOJbI B TOBEPXHOCTHOM CJIO€ TpPyHTa 3KBHUBAJIEHTHOM CYTOYHOMY
TEPMHUYECKOMY CKHH-CIOK0 (3—10 cM). bpum 3akapTUpOBaHbl BEIUYMHBI 3UMHETO
IIPUPOCTA JIbJA B TPYHTE I TpeX CEKTOpoB IuiaHeTtsl (70° mo monrore) B
npenenax MUpoTHOro mosica +50°, rae Her 3uUMHHUX NOKpoBoB cHera CO..
Y CTaHOBIIEHO, YTO MPUPOCT JbJA B MOBEPXHOCTHOM I'PYHTE IIJIAHETHI HA IIAPOTAX
40-50° oboux momymapuii cocrabiser 4-10 % no oobemy, a Ha OoJee HU3KHUX
mupotax — MeHee 2 % (puc.5). Pesynbrarel paboThl mpeacTaBieHbl Ha 7-U
MexnayHaponHoit koHdepeHun 1o uccienoBanuio Mapca B utone 2007 1. B
r. [Tacanuna, Kamudopuus, CILIA, na 46-Mm MexayHapoJHOM MUKPOCHUMITO3MYME
no tutaderojorun B okTsOpe 2007r. B 'EOXU PAH, r.MockBa u Ha
MexnynaponHoi  koHdepenuun «EBpomelickas MapcuaHckas ~Hayka W
uccienoBanue: ,,Mapc-Okcnpecc u ,,Jx3omapc’ B HosiOpe 2007 r. B 1. HopaBuk,
Hunepnanapr.

Pabora Beimonnena coBmectHo ¢ MKW PAH u YnHuBepcuteTrom mraTa
ApwuzoHna, CIIIA.

Mapc Ikcnpecc: [Ipoext EKA

2.2. 3asepuien ¢homoeeonocuueckuii u monozpaguuecKuli aHaiu3 patoHa
Honunvt Peynn na Mapce ¢ moOMOIIBbIO M300pa)KEHUM, TOJYYEHHBIX KaMepou
Bbicokoro paspemienusi HRSC na Gopry KA «Mapc Okcnpece» U J1a3epHOTO
BeicoToMepa MOLA 6opty KA «Mapc I'no6an Cepsetiop». Pe3ynbrarsl n3ydeHus
ATOTO pPErvoHa IMOKa3bIBalOT, 4TO (QuitoBUalibHAA cucTemMa Peymn cocTouT wus
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YEThIPEX 4YacTe C pasHOM TreoJiorudyeckod ucropued. Hwmwxaun Peymn
(B cCOBOKYNMHOCTH ¢ JnonuHOW TeBuor) — Haumbosnee ApeBHss (IroBUATbHAS
cucteMa, cHOpPMHUPOBIIASICS U3 HEU3BECTHOTO TOKAa HMCTOYHUKA U CIIYXKUBIIAs
MPUEMHUKOM BOJIHBIX MOTOKOB, KOTOPbIE 00pa30Baik APYTHUE, TUIICOMETPUUYECKU
Oonee Bbicokue yactu Peynna. Bepxuuit Peymn 3apoauicst B mpezienax JaBOBOTO
mwiato ['ecriepusi U3 KMCTOYHHMKA, MOTPEOEHHOTO MOJ MOKpOoBaMHU JiaB. BopgHbie
MOTOKHM, oOpa3oBaBiliie BepxHUU Peysmi, ckamiuMBaduCh B IOKHOM YacTu
['ecniepuiickoro miato u 00pa3oBaJii TaM OTrpoMHOE 03epo (OacceitH Mopdes,
TpPeTbsi dYacTh (DIIOBUATIBLHOW CHCTEMBI), TPOPBIBBI KOTOPOTO TMPHUBEIH K
dbopmupoBanuto cpeaHero Peymma (puc. 6). PesynbraTsl paboThl 0myOIUKOBaHBI B
xypHazue Journal Geophysical Research.

PabGoTta BbINOJIHEHA COBMECTHO C COTpYIHMKamMHu YHuBepcutera r. Oyimy,
Ounnauans.

2.3 Buinonnen gpomoeeonocuveckull AHaiu3 pecuoH08 KpYnHeuux 6YJaKaHo8
Mapca Ilamepa Anvba u I'opa Onumn ¢ yenvio pacuu@posku ux 2eoni02udeckol
ucmopuu U BbulAGleHUs C8A3U BYJIKAHUYECKOU U BOOHOU AKMUBHOCMU 8 JMUX
PpecuoHax.

[IpoBeneH GoToreosornyecKuii aHajau3 CTPOCHUSI MOBEPXHOCTU OHOTO U3
KpynHermux BynkaHoB Mapca, natepsl Anbba (D = 1100 km). YcTaHoBI€HO, YTO
BYJIKAH HMEET JUJIUTENIbHYI0O HCTOPUIO Pa3BUTHUSA, CBSI3aHHYIO, B OCHOBHOM, C
U3TUSHUSAMU KUAKUX, TTO-BUANMOMY, 06a3abTOBBIX J1aB. CeBepHBI CKIIOH MaTephl
u3pe3aH y3KHMMH pyCIaMH, CBHUACTEIbCTBYIOIIMMH O BOJHOM 3pO3MHM B
ITO3/THETECIIEPUIICKOE — pPAHHEaMa30HUMCKOe Bpems. B mnpennmaraemMon Hamu
MOJICTIH 3BOJIOIMM O3TOTO ByJKaHa (OPMUPOBAHHUE PYCENT CBS3BIBACTCS C
OCXKICHHUEM JIbJia U3 aTMocdepbl, GOpMUPOBAHKEM JICTHUKA HA CEBEPHOM CKIIOHE
ByJKaHA M TasHHEM €ro TMOJOUIBbI, BBI3BAHHBIM, BEPOATHO, IOBBIIIEHHBIM
INOTOKOM TeIlJla B 3TOW BYJIKAHMYECKOH 00JlacTU. AHAajIU3 JaHHBIX HEHUTPOHHOIO
cnekrpomerpa XOH/[ mokaspiBaeT, 4TO B IPUIOBEPXHOCTHOM CJIOE€ B pailoHE
natepbl Ajb0a OTCYTCTBYIOT CKOIUIEHHS BOAOpojconaepkaumx ¢a3 (Boaa, Jen,
BOJIOCOJIEpIKAlllI€ MHUHEpajbl). IJTO O3HadaeT, 4ro AT (a3pl, €clIu u
IPUCYTCTBYIOT, TO OTpeOeHbl IIIy0ke, YeM IiyOuHa onpoOOBaHUS HEHTPOHHBIM
CIIEKTPOMETPOM (IIEPBBIE METPHI).

[IpoBeneH (HOTOreoNOTHYECKH aHAINU3 CTPOSHHs] BOCTOYHOTO (priaHTa eie
olHOTO KpymnHoro Byikana Mapca, ['opet Onumn (D =600 km). Y nogHoxust
CKJIOHa BYJKaHa BBISBICH KOMIUIEKC (DIIOBHANBHBIX pycel THIA JIOJHH
KaTacTpo(UIeCKOro MpophiBa MOA3EMHBIX BOJA Ha TMOBEPXHOCTH (puc. 7). Pycna
HapymieHsl jaepopManusiMu CKaTUS M TEPECEYCHbl IIeTOYKAMU  MEJKHX
BYJIKAHUYECKUX KymnoJioB. I[lo KonMuecTBy yIapHbIX KpaTepoB Ha E€IWHULE
IJIOIIAIM TOBEPXHOCTH [IHHUIL 3THUX PYCENl YyIalOCh OLIEHUTh MX Bo3pacT. OH
Kazajcs oueHb MostofbiM: 30—40 miH siet. Takum 06pa3zom, Ha BOCTOUHOM iaHre
BYJIKaHA BBISIBIICH KOMILUIEKC OYE€Hb MOJIOJBIX MPOLECCOB C YYAaCTHEM KUIKOU
BOJbI, BYJKAHWYECKUX M3BEP)KEHUW W TEKTOHUYECKUX naedopMainuid, dYTO
npeanosjaraeT TUAPOTEPMAlIbHYI0O aKTMBHOCT, Ha riyoOune. Ilocnennee
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MPECTaBISIET OCOOBI WHTEpEC Il MOWCKAa PallOHOB, B KOTOPHIX Ha TiIyOWHE
MOTYT OBITh YCIIOBHUS JIJIsl CYIIIECTBOBAHUS IPUMUTHUBHBIX (HOPM >KU3HHU.

Pabota BbImosHeHa coBMecTHO co CBOOOJHBIM YHUBEPCUTETOM T. bepiuH,
I'epmanus, YwauBepcurerom T. Oyny, @uunsHaus U YHuBepcuteroM bpayHa,
r. [IpoBunennc, CIIA.
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2.2.4. HUM AAEPHOM ®U3UKHU UM. JI.B. CKOBEJIBIIBIHA
MOCKOBCKOI'O 'OCYJAPCTBEHHOI'O YHUBEPCUTETA
MMEHMU M.B. TIOMOHOCOBA

2.24.1. IIpoekm «IJTIOHACC»

B 2007 r. 6wsuto ocymectBieHo 2 ycnemHbix 3amycka WC3  cepun
['JIOHACC c¢ 6 kommiekramu Annapatypoir Koutpons Buemnein Cpenpl,
paspabotanHoit u co3manHor B HUUAD MI'Y. beina momydeHa 1ieHHas
IKCIIEpUMEHTaIbHAs KOocMO(pr3ndecKas nHpopManus.

PesynbraTel wu3mepenuit anmapatypoil HUMA®D® na cnytHuke (MC3)
['JIOHACC, 3anymienHoM Ha KpyroByio opouty Ha BbicoTe 20000 kM ¢
HakJIoHeHueM ~65° u reocranmonapuoM WMC3 «Dkcnpecc-A3» 1O3BONIHIN
NOJyYUTh YHUKaJbHYIO HH(GOpPMAaLMI0O O JAWHAMUKE DPAJUMAlMOHHOIO TMosica U

TpaHUI] TPOHUKHOBEHHUS COJHEYHBIX IMPOTOHOB BO BPEMS CHIIBHON MarHWTHOU
oypu 14 nexabps 2006 T.

20 ' ' ' '
-20 . . . .
ok 1

0 s R . . e

Bz, nT

Dst.nT

103 F Express A3

< 102 e 0 Mg T
o 101} :
100_Ee=0.3-1.2MeVl\ww
104e‘|_cI>N;e\sls”H“”H|
IW
\-102 Mlm P ‘( ‘\ |\|\|'Il
o lll"||'L||u “I (|||| \‘\Il'”l {
100 |L,..J o

Ee=0. BMeV

December 2006

Puc. 8. BpemenHnoit xo motokoB 31ekTpoHOB ¢ E, = 0,8—1,2 MaB («Dxkcmpecc-A3»),
3IIEKTPOHOB ¢ £, > 0,8 MsB u nporonos ¢ £, = 3—10 MsB (INIOHACC) B nepuon
13-17 nexabps 2006 r. BepxHsis yacTh puUCYHKa: B,-KOMIIOHEHTA MEXIJIAaHETHOTO

MarauTHOro nonst (MMII), Dst-Bapuanusi, AL-uHAEKC
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Cepusi MOIIIHBIX COJIHEUHBIX BCIbIIIEK B aekadpe 2006 r. BbI3Baia CUIIbHBIC
BO3MYIICHUSI B MEXIUJIAHETHOM cpele W B TreoMarHuTHoM mofe. 14 nekaOps
pa3BWIach CUJIbHAsg MarHuTHas Oyps (Dst = —146 uTm).

[ToToku »1exkTpoHOB (CM. puc. §) Ha mnepudepuu pagualMOHHOrO Tosica
(E,=0,8-1,2 MaB, wu3mepennbie Ha HNC3 «Dkcnpecc-A3») ymaau BO BpeMs
riaBHOU (pa3el Oypu Ha ~2 mopsiaka oT npendypeBor BenuuuHbl. [locne Oypu Ha
ATOM OpOUTE OHM JIMIIb BOCCTAHOBIIIMCH 0 MpeadypeBoro yposHs. Hampotus, Ha
NC3 TJIOHACC, op6uta KOTOpPOTO IOCTHTAaeT 000J04ku L ~4, TOTOKH
NEKTpOHOB ¢ E, > 0,8 MaB Bo3pociu mocne Oypu Ha HOPSAIOK BEIUYMHBI OT
npendypeBoro ypoBHs. Ilepen Oypeit mMakcumyM (Ly.x) Tosica JJIGKTPOHOB C
E.>0,8 MaB naxomuncs ma L=4,6. B pesyaprate Oypu MakcuMyM Tiosica
cMmectuica B oonacth L <4 (L =4 — MUHMMaJIbHOE 3Ha4YeHue L, mocTUraemMoe
op6utoit 'JIOHACC).

[Toroxku mpotoHOB (cM. puc.9) paamanuonHHoro mosca ¢ £, =3-10 MaB
YMEHBIIWINCH BO BpeMsi TIJaBHOW ¢a3pl Oypu M 3aTe€M IMOYTH JIOCTHUTIIU
npendypeBoro ypoBHs K KOHIY ¢a3bl BOCCTAHOBJICHHS.

GLOMASS

Ee=0% MeV

Ep=2-10 Mey/

14 “IIS 1;3 17
December 2005

Puc. 9. IIpoctpancTBeHHOE pacipeiesieHle MOTOKOB 3JIeKTpoHOB ¢ E, > 0,8 MaB
U poToHOB ¢ E, = 3—10 M»aB nepen Oypeii (kpusast /), Bo Bpems Il1aBHOM (a3bl Oypu
(xpuBas 2) u ocie 0ypu (kpuBas 3)
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Bo Bpems rmaBHOM (a3bl Oypu conHeuHble IPOTOHHI ¢ E, =3-10 M»1B,
IpaHUIla TIPOHMKHOBEHHUS KOTOPHIX B HOYHON MarHutocdepe rmepen Oypei
Haxoawiach Ha L ~6,2, 3anmomawnm Bcro opobuty [JIOHACC, Bmiote a0
MUHHMaIbHOTO L ~ 4. BriepBbie ncclieIoBaHbl Bapyallui BOJIM3U IKBATOPUATIbLHON
MJIOCKOCTH TPaHMI] MPOHUKHOBEHMS COJHEYHBIX MPOTOHOB B MarHuTochepy BO
BpeMs crienrduyecko cyoOypu, pa3BUBIICHCS B MOMEHT BHE3aITHOTO Hadalia

Oypu.
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2.2.5. MOCKOBCKHU UH)KEHEPHO-®U3NYECKUHA UHCTUTYT
HHCTUTYT KOCMO®U3UKHN

2.2.5.1. MestcoynapoOuslit poccuiicKo-umaibAHCKUil nPoeKm
«PUM-ITAMEJIA» ¢ yuacmuem ui8e0CKuUXx u HemMeyKux y4eHplx —
ucciedosanue nomoK08 AHMUYACMUY, 8 2a1aKMUYECKUX KOCMUYECKUX TyUax

15 urorss 2006 T. ¢ xocmoapoma balkoHyp OBUT OCYIIECTBIEH 3aITyCK
kocmuueckoro amnmapara «Pecype JIIK1» Ne 1, nmpennaznaueHHOTro 1151 MPOBEACHUA
dboTorpadupoBaHus TMOBEPXHOCTH 3€MJIM C BBICOKHUM NPOCTPAHCTBEHHBIM
paspemerreM (puc. 1). CyTHUK BBIBEJICH HA AJUIUNITUYECKYI0 OPOUTY C BBICOTOU
nepures 350 kM u amores 600 kM cooTBeTCTBEHHO. HakiloOHEHHE TMIOCKOCTH
opoutsl cocraBusier 70,4°. [lnanupyemoe Bpems mosieta Tpu roma. Ha stom ke
KOCMHYECKOM allllapaTe YCTAaHOBJEH B KayeCTBE JIOMOJIHUTEIBLHON HAyYHOU
Harpy3Ku IPEUU3UOHHBIN MarHUTHBIN CIIEKTPOMETP «ITAMEJIA»,
NpEAHA3HAYEHHBIN JIsI PETUCTPALMM TMOTOKOB TaJaKTHYECKUX KOCMHYECKHX
AHTUYACTULl (AHTUIPOTOHOB, MO3UTPOHOB, AHTHUSAEP), BJIECKTPOHOB M H30TOIOB
JIETKUX fAlIep B LIUPOKOM 3HeprernyeckoM uHTepBaiie oT 100 MsB/Hykion no

200...300 I'>B/nykiion (B ciyyae TIIOJHOTO CIEKTpa BCEX YaCTUL MO
1000 I'sB/nykiion).

LN

-—

T e s

Puc. 1. 3anyck kocmuueckoro anmnapara «Pecypc JIK1» Ne 1

Ilockoneky ontuyeckas cucreMa HMC3 OCHOBHYIO 4acTb BpPEMEHH
HalpaBJICHA B IIOACIHYTHUKOBYKO TOYKY (B Haaup), a OCb MAarHUTHOIO
CIIEKTPOMETPA, Pa3MEIIEHHOTO B TE€PMETHYECKOM KOHTEHWHEpPE, HaIpaBJiCHA B
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MECTHBIA 3€HUT (pHC. 2), MOSBIAETCS BO3MOXKHOCTh OCYIIECTBIISITH NPAKTHUECKU
HEIIPEPBIBHYIO  PErUCTpPaALdI0  IIOTOKOB
OcobeHHo BaxkeH TOT (haKT,
aTMocQephl,

IICPBUYHBIX KOCMHUYCCKHUX nyf{eﬁ.
4dTO HU3MCPCHHUA IIPOBOIATCA 3a IIPCACIIaMH

B KOTOpOﬁ, KaK HM3BCCTHO, BO3HHUKAIOT BTOPUYHBLIC YAaCTHUILI,
HMUTHPYIOIIHUC ITOTOKH IICPBUYIHOI'O I'AJIAKTHYCCKOI'O U3JIYyYCHUA.

KomnnekcHan AHTEHHZ KOM3HAHO-
OEWTETENLHIR YLTAHOEKE MIMEQHTENLHOA CHCTEM LI

EaTtaper conHe4YHzR
AHTEHHZ GOpTOEOTD

CHHXPOHAINPYHIWErD
KOO PAMKETHD -EPEMEHHO MO
yeTpoRCTES

ArperaTHel oTCER

TepMOKOHTERHED
cHA "MAMENA”

MNpaGopHLIA OTCEK CREuMankLHeIA

MpuBopHe oroek
FepmokoHTEARER,
aAPHHAR Pagwatop-
0XNAAMTENE

Enok CNpeneneHnA
KOOPAWMHAT 2ZBE2Q

OMTMEC-3NEKTROHAERA
annapaTypa
AHTEHHOE YCTPORCTED
ELICOKOCKOPOCTHOA
PAAMCIHHAK HHEpaKkpacHelA

NOCTROWTENE MECTHOR
- EEpTAEANA
HMIMEPHTENEHDOHW CHCTEMBI P

AHTEHHE KOMEHAHO-

Puc. 2. Cxema pazmenienns HA «[TAMEJIA» na KA «Pecypc JIK1» Nel

T o, Y o
RS o dh () Lﬁa e
HrtaaHa: \,_C.‘_jl"i ] gﬁ;g @ —ﬁ ) tﬂi IFAC

bapH gpopenmus

DpacKaTH Heano,jblq';:;I TI}I-;ECT CNE. drnopeHmHa

Poccug:

M

Mockea

Symusceni

i="
e
Mockea
= lotte
. ] 3 Ircstitute
Tepmanns: (@ == I IBerTms: @m C Tletepdypr
Cerex

KTH. CTOKIoasM

Puc. 3. Kommmabopamust «PUM-TTAMEJIA »
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Nudopmarus 00 HWHTCHCHBHOCTSX W DHEPreTHYCCKUX  CIEKTpax
PErUCTPUPYEMBIX YACTUIl HEOOXOUMA JJIs PEIICHUS] MHOTUX MPOo0JieM, TaKUX Kak:

e mpuyrHa Hab01aeMoi OaproHHOM acummeTpun Beenennoi

e [pupoja TEMHOW maTepuu, (U3UUECKUE YCIOBHS TeHEpaluu U
pacpoCTpAHEHUS] KOCMUYECKUX JTydel B ['amakTuke

e 0COOCHHOCTM COJHEYHOM MOIYJSILUM TEPBUYHOIO KOCMHUYECKOTO
V3JIyYEHUS Pa3HOIO 3HAKA 3apsija

® TreHEepalus U30TOMOB JIETKUX SIAEP B COJHEUHBIX BCIBIIIKAX

e 1poOseMbl (U3UKKA OKOJO3EMHOTO IMPOCTPAHCTBA M, TMPEXKAE BCEro,
BIIUSIHUSI COJTHEYHOM aKTUBHOCTH HA paJIMAllMOHHBIN TOSIC 3€MIIH.

Jns peanuzanuy OporpaMmbl U3MEPEHHUM HTATBIHCKUMH, POCCHMCKUMU,
MIBEJACKUMH ¥ HEMEIKUMHU yueHbIMH (puc.3) Obul pa3paboTaH U CO3/4aH
MarHuTHbIN criekTpomeTp ITAMEJIA.

Odusnueckas cxema npubopa BKIOYaeT (puUC.4): MarHUTHYIO CXeMy,
MO3BOJIAIOUIYI0 M3MEPSTh 3HAK 3apsa M HMMIYJbC YacTHUIbl; CUCTEMY BPEMEHU
MPOJIETA, MO3BOJISIONIIYIO ONPEAEISATh CKOPOCTh M HAIPABICHUE MTPUJIETA YACTHULIBL;
KAIOPUMETP, TMO3BOJIAIOIIMI  M3MEPSTh  BBIACICHHYIO YacTULEH DHEPIHUI0
(M3MEpSTh PHEPTHI0 YaCTHUIIbl); JUBHEBOM AETEKTOP, MO3BOJSIONIUN H3MEPSATH
DHEPIUI0  YaCTHIl, NOKHUJAIONIMX  KAJIOPUMETP; HEUTPOHHBIA  JIETEKTOD,
MO3BOJIAIOUIMN BBIAEHATh AJEKTPOHBI M MO3UTPOHBI; CUCTEMY aHTHCOBIAJCHUM,
MO3BOJISIIOLIYIO MCKJIIO-4aTh YaCTHULIbI, IPULIEAIINE BHE allepTyphbl CIIEKTPOMETPA;
AIIEKTPOHHYIO CUCTEMY yMPABICHUS TEIECKONIOM U COOCTBEHHYIO maMaTh Ha 4 0.

Puc. 4. Maruuthasiii cniekrpometp «[TAMEJIA»: 1, 3, 7 — CUMHTHIISAIIMOHHAS
BpPEMSIIPOJIETHAS CUCTEMA; 2, 4 — CIUHTUJUISIIIMOHHAS OXpaHHas cucTema; 5 —
MTOJTYITPOBOTHUKOBAST CTPHUIIOBAs KOOpIMHATHAS cucTeMa (6 TBOWHBIX CIIOEB); 6 — MarHUTHAs
cucrema (5 cexkuuii); 8 — MoJynpoBOIHUKOBBIN CTPUIOBBIN MO3UIIMOHHO-YyBCTBUTEIbHBIN
KaJIOpUMETDP; 9 — CHUHTWIIALMOHHBIN JIMBHEBOU N€TEKTOP; /() — HEUTPOHHBIN JETEKTOD;
1] — repMOKOHTEIHED
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KOHCTpYKTUBHO MarHuTHas CHCT€Ma COCTOMT U3 IIECTH JIBOMHBIX
KPEMHHUEBBIX CTPUIIOBBIX JETEKTOPOB (TpEKEp), IMOMEIIEHHBIX B  MOJIE
MATHUCEKIIMOHHOTO TTOCTOSIHHOTO MAarHUTA.

Ucnonb3yemasi cTpurmoBasi CUCTEMa TMO3BOJSET H3MEPATh CMEUICHUE
YaCTULBl TPU TMPOXOXKIECHWH B MArHUTHOM IIOJI€ JO HECKOJbKUX MUKPOH
(~3,5 MkM). BennunHa NOCTOSIHHOTO MarHUTHOTO TMOJS B IIEHTPE MArHUTHOMU
CUCTEMBI, TJ€ pacClOJO0XKEHbl AETEKTOphI, coctaBisier ~0,48 Ti; BHyTpeHHUE
pa3mepbl MarHuTHOro moJisi cocTaBisaloT  160x140x450 mm.  Tlpu  Takux
napaMeTpax MarHUTHOW CHCTEMBI MOXXHO H3MEpPATh HUMITYJIbC YacCTHUIBI O
700 MaB/c. Tounocte wu3MmepeHuss umnyibca B auamnazone 0,1...300 ['>B
COCTAaBJISIET OKOJIO 5 %.

BpewmsinponietHass ~ cuctema = COCTOMT M3 TpeX  JBYXCIOMHBIX
CUMHTWIUIANMOHHBIX cueTuyukoB (Cl, C2, C3), Kaxaplil U3 KOTOPBIX COCTOUT U3
OTHIENBHBIX  TOJIOC, MPOCMATPUBAEMBIX C KOHIIOB  (POTOYMHOKUTEISIMHU.
BpemsimponeTHas cHCTeMa HMeeT BpeMeHHoe paspemrenne 0,4-107° ¢, uro
o0ecreunBaeT HaJEKHOE HW3MEPEHHE CKOPOCTH U HANpaBlEHUS JBUKEHUS
YaCTHULBI.

Kanopumerp cocrout u3 22 BoabGpamMOBBIX IIACTUH, TomuHou 0,74
paauvalMOHHOW JUIMHBI, KaXJas M3 KOTOPbIX TOMENIEHA MEXAY JBYMs
KPEMHUEBBIMA HAIPABICHHBIMA TEPHNEHIUKYJISAPHO JPYyTr APYry CTPUIOBBIMU
JIETEeKTOpaMu ¢  mupuHOW  cTtpuma 2,2 MM. [lomoOHBI  MTO3UIIMOHHO-
YYBCTBUTEJIBHBIN KaJOPUMETP TO3BOJISIET PETHUCTPUPOBATH MPOCTPAHCTBEHHOE
pa3BUTHUE JIMBHS, BO3HUKAIONIETO MPU B3aUMOJICUCTBUU MPOXOISAIIUX YACTHI] C
BEILIECTBOM KaJOPUMETPA, U3MEPATH SHEPTUIO YACTUI] B JIUBHE, OTJIMYATH JIUBHH,
BBI3BIBAEMBIE AJICKTPOHAMHU U MO3UTPOHAMHU OT JIMBHEU, CO3/IaBA€MbIX MPOTOHAMU
U siIpaMu.

JIuBHEBOM CUMHTHJUIALIMOHHBIN JIETEKTOP (C4) PACIIOJIOKEH
HEMOCPEACTBEHHO MOJ KanopuMeTrpoM. Paszmepbl C4 mnepekpbIBaloT pa3mepbl
HIDKHEW  IUIOCKOCTH  Kanmopumerpa. IloaTtomy — mmeercs  BO3MOXHOCTh
PErUCTpUPOBATh YaCTULbI, BBIXOJAIIME W3 HWKHEH YacTH KallOpUMETpa, H
U3MEPATh YHOCUMYIO UMHU 4acTh sHepruu. Kpome Ttoro, C4 MoxeT ObITh BKIIIOUCH
B COCTaB TPHUITEPA, YTO IO3BOJSET PETUCTPUPOBATH COOBITUS C OOJBIIUM
BBIJICJIEHUEM SHEPTUU B KaJJOPUMETPE.

HeWTpoHHBII NETEKTOP COCTOMT M3 JBYX CJOEB Ta30BbIX HEUTPOHHBIX

CUCTUYHUKOB, 3allOJIHCHHBIX HM30TOIIaMH SHC H TPCX CJIOCB ITOJIIMITHICHOBOI'O

3amenTens. B3aumonencTBUE 3JIEKTPOHOB M IO3UTPOHOB B  KAJIOPUMETPE
OTIIMYAIOTCST Kak (QOopMONM JIMBHA, Tak M OOJIBIIUM YHCIOM HEUTPOHOB,
BO3HMKAIOIIMX B aJPOHOM JIMBHE. 3aTEM HEHUTPOHBI 3aMEUISIIOTCS B ITOJIUITHIICHE
710 TEIJIOBOM SHEPTUU U PETUCTPUPYIOTCS F€IUEBBIMU CUETUMKAMHU. JTO €lle OJINH
croco0 BbIJEJIEHUS IOTOKOB 3JIEKTPOHOB U MIO3UTPOHOB Ha (POHE MPOTOHOB.
HakoHen, cucremMa CHOUHTWJUILIMOHHBIX  CUETYMKOB, OKpPYXKarOLIUX
BPEMSIPOJIETHYIO CHCTEMY, PETUCTPUPYET MPOXOXKICHHE Yepe3 JETEKTOPbI
OOKOBBIX YaCTULl BO BPEMS MOSIBICHHUS TPUITEPHOIO CUTHasA. JTa UH(pOpMaIus
OyZeT UCI0JIb30BaHA B AAJBHEHIIIEM IIPH AHATIN3€ 3aPETUCTPUPOBAHHOIO COOBITHS.
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[IpakTueckn Bce IETEKTOPbl MPUOOpa IMO3BOJSIOT HM3MEPATh SHEPTHIO,
TEPAEMYK0  YaCTHUIEl TpU  NPOXOXKACHUU  4Yepe3  JETEKTOpbl.  3HaHHE
HHEPreTUUECKUX MOTEPh JAeT JOMOJHUTENIbHYI0 HHQOpMALUi 00 3HEPruu U
BEJINYMHE JIEKTPUUECKOTO 3apsiia YaCTHUIIBI.

DIIEKTPOHHBIE CUCTEMBbI MarHUTHOTO cnekrpoMerpa «IIAMEJIA» oTBeuarotT
TEXHUYECKUM U (U3MUECKUM TpeOOBaHUSM, TPEIBIBIAEMbIM K Hay4HOU
anmnaparype, ycranaBiauaemoil Ha U3C.

[IpyHuun  paboOTbl  MAarHUTHOTO  CIIEKTPOMETpa  CIEAYIOIIMA:  IpH
MPOXO0XKJICHUN KOCMHYECKON YacTHIIBI uepe3 mpuoop, T.e. uepe3 cuetunku Cl, C2
u C3, BbIpabaTbIBae€TCAd TPUITEPHBIA CHUTHAJ, MO KOTOPOMY OCYHIECTBISETCS
CUMTHIBAaHUE HMH(POPMAIIMM CO BCEX JETEKTOPOB CIIEKTPOMETpa: CO CTPHIIOB
TPEKEepa, CO CTPUMNOB KaJOPUMETpPA, C JUBHEBOro cuerdynka C4, ¢ HEUTPOHHOIO
JNETEKTOpa, CO CYETYMKOB AHTUCOBOAAEHWH. 3areM 3Ta uHpOpManus
3aMuChIBaeTCsl B COOCTBEHHYIO TNaMsATh crekTpomerpa. Ha Bpemsi cunThIBaHUS
uH(OpMAIIMU U 3allUCU €€ B MaMsATh IpuOopa TpUrrepHas cucreMa OJIOKUpPYETCs.
Cpeanuit o0beM 3amuchiBaeMOM WH(OOpPMAIMU B OTAEIBHOM PETUCTPUPYEMOM
cobBITHE cocTaBisieT ~5°10° Gaiit, a MepTBOE Bpems cocraBmsier oT 2 g0 10 Mc.
Hcnone3ys npu o06paboTke Ha 3emile MOJyYEHHYI0 MH(OPMALMIO C pa3IMYHbIX
JETEKTOPHBIX CHUCTEM, ONPEACIAIOTCA XapaKTepUCTHKUA 3apEeruCTPUPOBAHHOU
YaCTHULIBI: 3HaK U BEJIMUYMHA 3apsiJia, Macca, CKOPOCTb, UMITYJIbC, SHEPTHUA.

B mpomecce pa3paboTkm u coO37aHUS anmapaTtypbl OBUTM  CO3AHBI
rabapuTHO-MAacCOBBIM, TEIMJIOBOM, TEXHOJOTMYECKUII W JIETHBIA SK3EMILISIP
annapatypbl. BT TpoOBENEH MOJHBIM IIMKJI ABTOHOMHBIX U  KOMIUIEKCHBIX
UCIIBITAaHUII B COCTaBE KOCMHYECKOIO ammapara, BKJIOYas TaKKe aBTOHOMHbBIE
UCIIBITAHUSI CUCTEM Mpubopa Ha Myykax yckoputenei. OCHOBHbIE (PUHUKO-
TEXHUYECKUE XapaKTEPUCTUKHU NPUOOpA MPUBEIEHBI HIKE.

I'eomerpuueckuii pakTop 21 CMZCp
DHepreTU4ecKuil 1nana3oH:
MPOTOHBI, AHTUITPOTOHBI 0,08-200 I'>B
AJIEKTPOHBI, TO3UTPOHBI 0,05-300 I'>B
sa/pa, aHTUsIApa 0,1-200 I'>B/nykn
I"aGaputsr 90x90x120 cm
Macca 470 kr
DHepronoTpebdiieHne 355 Bt

OTmeTHM, 4TO Hay4dHas anmnaparypa, ojJ00Hasi MArHUTHOMY CHEKTPOMETPY
«ITAMEJIA» 10 BO3MOXHOCTH PETUCTPALMU PA3JIUYHOTO THUIIA YACTHUI[ CO CTOJIb
BBICOKMM 3HEPIreTUYECKUM pa3pelIeHHeM B IMana3oHe SHepruil 0osiee Tpex AeKan,
Ha KOCMHUYECKOM aIllapaTe UCIOJb3yeTcs BIIEpBbIE (pHC. 5).

3a nepBble 6 Mec, MPOLIEIIMX C MOMEHTA 3aIlyCKa KOCMHYECKOI0 anmnapara
«Pecypc IK1» ompepenwics ciaenyromuid NOPSIOK IPOBEACHUS HW3MEPEHUN
ITOTOKOB KOCMHUYECKHX JIy4eW C MOMOIIBI) MarHUTHOTO CIIEKTPOMETPA:

* U3MEPEHMS ITPOBOAATCS HENPEPHIBHO;

* pa3 B TPU Yaca OCYILECTBIIAETCS Nepeaaya HAKOIIEHHOW HH(OpMaIK U3
aMsITH CIIEKTPOMETpa B OOPTOBYIO MaMSITh;
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* Tpu-ueThipe paza B cyTku wuHpopmamms ¢ KA «Pecypc HKl1»
cOpacbiBaeTCs Ha Ha3eMHBIM NTYHKT npueMa wuHpopManuu HayuHoro meHtpa
onepatuBHoro Mmonutopunra 3emiu (HL[ OM3) B OtpagnoMm (r. Mocksa) (puc. 6);

* B HI[ OM3 undopmarus ¢ HA «ITAMEJIA» Bbigensercs u3 oOIIero
notoka u nepenaerca B Hazemuwiii Komreke «IIAMEJIA», pacnoyioxeHHbINH B
HII{ OM3 (puc. 7);

* B teueHue 30—40 muH mocne ouepenHoro ceanca cesazu ¢ MC3, B HK
«[TAMEJIA» mnpoBomuTCS S3KCHpecc-aHalu3 MOCTYNHUBIIECH WHGOpMAIUH, II0
pe3ynbTaTamMm KOTOPOTO MPUHUMAETCS PEIICHHE O IPOJOJIKEHUN U3MEPEHUI, UITU O
HeoOxomumoctu mepenaunn Ha MC3 komanm o0 W3MEHEHWHM peXuMa padOThI
CIIEKTPOMETPA;

* MapayieNbHO MPOBEACHUIO SKCIPECC-aHalN3a «ChIpas» HHPOpMAIUI
nepenaerca B MU®U (I'onoBHas opraHmsanus ¢ POCCUMCKOW CTOPOHBI), TIE
bopmupyercs 6aHK «ChIPOit» HHPpOpPMAITUH;

* 13 MUDU nayuynas undpopmanus no mupoBod HayuHou cetu GRID
nepenaerca B Poccuiickue uHCTUTYTBI OUAH n @TU (yyacTHHKM NpOEKTa) U
nentp HayuHodt wuHpopmanuu INFN (CNAF, r.bosnonss), rae obecnedeH
CBOOOJIHBIN JOCTYN K ATOM HMHQPOpPMAlUU [JIi BCEX WHOCTPAHHBIX YYACTHHUKOB
kosutabopanuu «[TAMEJIA»;

* kaxabld JeHb padothl crniektpomerpa [TAMEJIA npunocut oxono 14,6
I'b «coipoit» undopmarmu. [lomHblii 00beM «ChIpoit» uWHpOpManmu Ha 1 Mas
2008r. coctasnser ~9 T6;

* (msmueckass oOpaGoTKa W  aHajgM3 TMOJYYCHHBIX  PE3yJIbTAaTOB
OCYIIECTBIISIETCS] COBMECTHO BceMH wieHaMu Kosutabopammu [TAMEJIA.

Puc. 5. ®ororpadus nerHoit moaenu Puc. 6. [Ipuemnas anteHHa
HA «[TAMEJIA» HIT OM3
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PaboTa ¢ gaHHbimKn NMAMETbLI

MpHen nHEOOPMFLIM Co CyTHING T T - — ———  — _FIKHQAEHA_ -l -

MpoReaeHue skcnpece- MOAFOTORKE UCXOAHBIX

ananusa AaHHLIX ANs PaBouei

paGoTuinpuGopa B MporpamMmel cnyTHUKka
uenom B uacT NAMENbI

1
1
1

|
i
! |
1 -
! |
: |
i
: |

Buinenenue
nHcpopmaLm HA
NAMENA

I AHanus kavectaa
I npuema uHopMaLmA

uyn

On-line
Bkenpece- obpabomya

|3Kcnpecec- OuazHocmuKa
demexkmopos
INFN-Bologna MUDU
(CNAF) GRID
+ $
Wranua, MepmaHnsa, " MUDH, PUAH,
Weewns FMonnas obpabomia cobbimul DBUSTEX

Puc. 7. Cxema pacrpocTpaHeHus HHPOPMALUU MeXk/y yJaCTHUKAMM KOJLTabopaIuu
«PUM-TTAMEJIA»

duznyeckue yCIIOBUS MPOBEICHUS U3MEpPEHUI MO>KHO
MPOJAEMOHCTPUPOBATh CIEAYIOMMMUA pucyHkamu. Ha puc. 8 mpuBegeH Temi
MOSIBJICHUSI TPUITEPHBIX CUTHAJIOB (TeMn cdeTa nmpubopa). BumHo, B yacTHOCTH,
YTO MPH MPOXOXKJICHUU palioHa bpa3uibCKOoWl MAarHUTHOM aHOMAJIMM TEMIT CUeTa
JIOCTUTAET MaKCUMaJIbHO BO3MOXKHOW BeanunHbBl ~100 I'm. OgHako U B 2TOM
Clydyae MMEETCSl BO3MOXKHOCTh MCCJEAOBATh HE TOJIbKO YacCTHUIIbI, 3aXBaYCHHBIC B
pagualliOHHOM MO0SCE, HO Y TAJIaKTUYECKUE YaCTHUIIbI.

(511*$12) (Hz) $11*512) [hititime]
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60 60
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40 40 i
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-60
-80 ‘
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Puc. 8. a — Temm cuera npubopa BAoab 0pOUTH KA
6 — oOmras paguanroHHas o0CTaHOBKa Ha BeicoTe KA

[TockonbpKy opOuTa CIyTHUKA UMEET OOJBIIIOE HAKIOHEHUE, TO MOSBIISIETCS
BO3MOXXHOCTh H3MEPEHHUSI Ha BBICOKHMX TIeorpaUyecKux MHUPOTax IMOTOKOB
raJaKTUYECKUX KOCMUYECKUX YACTUIl C MUHUMAJIbHOW SHEPTUH, JOCTATOYHOU IS
npoxoxaeHua vacturerd Ttpex cuetdukoB Cl, C2 u C3, curnanael ¢ KOTOPBIX
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dbopmupytoT TpuUrrep. UWCIo 3aperuCTPUPOBAHHBIX YACTHII C MaKCUMAaJbHOMN
SHEPTUEH ONpeesieTCs] CBETOCUIION Mpudopa U BpeMeHeM Habionenus. PeanbHo
uH(dOopMaIUs MO0 aHTUYACTHUIIAM HA CETOJHSAIIHUMN JIeHb uMeeTcs B auamna3zoHe 100
M>5B 10 100 ['5B 1 o oObIYHBIM YacTUIIAM - AJIEKTPOHAM, MPOTOHAM U M30TOIaM
aerkux siaep ¢ aHeprusima 100 MaB no 350 ['3B.

Flightdata: 32.3 GeVic
positron

Flight data: 36 GV
interacting proton

calorimeter self-trigger
(m.p. proton)

147GV
Interacting nucleus
(Z-8)

Puc. 9. BocipousseaeHHOE MPOXOKICHUE
YacTul] yepe3 Npubop: a — MO3UTPOH;

0 — aHTUIIPOTOH; 8 — TPOTOH; & — PO
KHCII0poaa; 0 — O0okoBoe cobbITHe. LBer
HIDKHETO HEUTPOHHOTO JIETEKTOPa OTpaXKaeT
KOJINYECTBO 3apETUCTPUPOBAHHBIX HEUTPOHOB
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Ha pwuc.9 npencraBieHsl BOCIHPOU3BEACHHBIE KapTHHBI IPOXOXKICHUS
Pa3IMYHBIX YaCTHI] Yepe3 MpUOOp — MO3UTPOHA, AaHTUIIPOTOHA, MPOTOHA U AIpa
KHCJIOPOJA.

[TokazaH Tax)xe mpuMep perucTpauuu coObITHsI, BOSHUKIIETO BHE arepTypbl
npubopa. Takue OTHOCUTENIBHO PEAKUE COOBITHS, HO C OOJBLIMM BBIJCICHUEM
SHEPIUU B KAJIOPUMETPE, TAKIKE PETUCTPUPYIOTCS TPUOOPOM.

PeanbHble BO3MOXXHOCTH  DPa3feNeHMs ~ 4YacTull [0 3apsjam
IPOJEMOHCTpUPOBaHbl Ha puc. 10a, 6, HA KOTOPBIX MPECTABIEHbI 3aBUCHMOCTb
SHEPreTUYECKUX IMOTEPh YACTHUIL MPHU MPOXOXKICHHH TPEKEpa OT MX KECTKOCTH.
JlocTaToOYHO HAJEKHO BBIAEISAIOTCS AaHTUIIPOTOHBI, H30TOIIBI JIETKUX SIIEP.

25
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Puc. 10. /lnarpammbl: 3aBUCUMOCTb SHEPIE€TUYECKUX MTOTEPh YACTHUIL
MIPU IPOXO0KJICHUU TPEKEpa OT UX UMITYJIbCA (KECTKOCTH)
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Kinetic Eagrgy (GeV/nucl)
Puc. 11. DHepreTudeckue CrieKTpbl YacTull mpoToHa(Z = 1) u siaep renus (Z = 2)

Huxe npuBOASATCS HEKOTOpBIE MpeBapUTEIbHbIE (PU3NUYECKHE PE3YIIbTaThl
W3MEPEHUM.

IIpexne Bcero: MU3MEpPEHHUE SHEPreTUUECKUX CIIEKTPOB IIPOTOHOB U sAEP
renuss. Ha pwuc. 11 mpencraBieHbl JHEPreTUYECKHE CHEKTPBl ITUX YACTHLIL.
CrHeKTpbl MOCTPOEHBI IO HECKOJIBKUM MWJIJIMOHAM MPOTOHOB U AJI€p TeJIHs U AAOT
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HanOoJIee TOYHBIC HA CETOAHSIIHUNA JeHb 3HAYCHUS TIOKa3aTeIe SHePreTHISCKIX
CIIEKTPOB C TOYHOCTBIO JIO CTATUCTHYECKHX OIIMMOOK 3TH CHEKTPhI MOJOOHBI U
v =2,7340,01 17151 MPOTOHOB U sAzIep Teiusl. DTH JaHHBIC OYIyT UCIIOIB30BAHBI IS
YTOYHEHMSI MEXaHU3MOB YCKOPEHHUsI U pacrpocTpaHeHusa yactuil B ['anaktuke. B
YaCTHOCTH, OTHU PE3yJIbTaThl IO3BOJIAIOT OO0Jee HAJIEKHO PacCUUTATh ITOTOKU
BTOPUYHBIX AHTUIIPOTOHOB, Ha (POHE KOTOPBIX MPUXOAUTCS PETUCTPUPOBATH
AHTUIPOTOHBI OT AHHUTUJISALIMU YACTUL] TEMHOW MaTepuH.

2102
=3

Bergsirim & Ullio 1999

------- Malnar & Simon 2001 {(6=550)

[

10°

=
o
]

A
il

BESS 2000
BESS 1003
BESS 1995-97
BESS 1000
BESS-polar 2004
CAPRICE 1894
CAPRICE 1998
HEAT-phar 2000
InAX 1992
MASS 1981

T T 1T

10°®

PAMELA (praliminary}

| I | L L L | L L
10 102
kinetic energy (GeV)

F#xdaO00dr B8

Puc. 12. OTHO1IEHNE TOTOKOB aHTUIIPOTOHOB K MPOTOHAM B 3aBUCUMOCTH OT dHEPTUU

Ha puc. 12 npencraBieHO OTHOIIEHUSI TOTOKOB aHTHUIPOTOHOB K IMPOTOHAM
B 3aBUCUMOCTH OT 3HEPTUH YacTUll. FIMEHHO NpU U3y4EHUU 3TOTO OTHOIIEHUS MPU
BBICOKMX DOJHEPrUsiX MOXKET ObITh OOHapy»eH BKJAJ aHTUIPOTOHOB OT
AHHUTWJISILAM ~ YacTULl TEMHOM MaTepuu. OKCIHEPUMEHTAJIbHBIE JIaHHBIE,
noiyueHHbie B dkcnepuMente  «[IAMEJIA», cratuctudecku HauOosee
obecrieueHbl W TIONYYECHBI TIPU DHEPTUAX, HE JOCTIKUMBIX B APYTHX
AKCIIEPUMEHTANIbHBIX paborax. [Ipm 3TOM, OHM COINIAacylOTCS C pacueTHBIMU
3HAQYEHUSIMH, COOTBETCTBYIOIIMMH BTOPUYHOW MPUPOJIE MOTOKOB AHTHUIIPOTOHOB.
N tem He MeHee, yXe€ OTH pe3yjibTaTbl KpailHEe BaXKHbI JJI MOCTPOEHUS
TEOPETHUYECKUX MOJENEH, OOBSACHSAIOMMX NPOUCXOKIECHUE U CBOMCTBA YaCTHUIL
TEMHON MATEPUHU.

OTMeTHM, YTO OTHOUIEHWE MOTOKOB MO3UTPOHOB M 3JEKTPOHOB BBICOKOU
DHEPIUM, TAKXKE SBIAETCS UYYBCTBUTEIBHBIM JJEMEHTOM JUISl HM3Yy4ECHUs
AHHUTWJISIIMM 4YacTUL] TEMHOW wmaTepuu. B Hacrosimee Bpemsi MNPOBOIUTCS
JETaJbHbId aHAJIW3 JTOT0 OTHOWIEHUS [0 HSKCIEPUMEHTAIbHBIM JIaHHBIM
MaraHuTHoro criektpomeTrpa «IIAMEJIA». B Gmmkaiiiee Bpemsi pe3yJbTaThl 1O
OTHOLIEHHIO €'/e’+e s pasHbIX dHepruit Bruoth 10 100 I'5B GyayT HanpasieHbl
B HAYYHYIO [1€4YaTh.

B xonme 2006 r. B skcnepumente «[IAMEJIA» Obuto 3aperucTpupoBaHO
HECKOJBKO  COJIHEYHBIX BCIHbIMeK. lIpenn3noHHble W3MEpEHHs MOTOKOB
3apSHKEHHBIX YaCTULl COJHEYHOIO MPOMCXOXKACHUS MO3BOJIWIM MOJYYUTh
DHEPIETUYECKHUE CIIEKTPBI — dJIEKTPOHOB, IIPOTOHOB, siep renus (puc. 13).
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Puc. 13. Pacnipenenenue moTOKOB COMTHEYHBIX KOCMHUECKUX JIydel MO SHEPTUU:
a — TPOTOHBI; 6 — TN

[Toner UC3 «Pecypc HK» Nel Oyner mpopoiikeH mo KpaiHed Mmepe o

koH1a 2009 r. CooTBETCTBEHHO OYIyT MPOAOIKEHBI K U3MEPEHUSI HA YHUKAIBHOM
npubdope [IAMEJIA.
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2.2.6. DU3UKO-TEXHUUYECKUA UHCTUTYT
NUMEHU A.®. UODPDPE PAH

2.2.6.1. Hccneoosanus Kocmuuyeckux 2amma-6CniaecKko8 U MazKux
2amma-penumepos 6 ykcnepumenmax KOHYC-BUH/T u KOHYC-A

[Ipupoga KOCMHMYECKMX TI'aMMa-BCIUIECKOB W MEXaHHW3M T'€HEpalHH
TUTAHTCKUX TOTOKOB 3JIEKTPOMAarHUTHOIO HW3JIy4eHHS] B HMX HMCTOYHHKAX
OPOJOJDKAIOT ~ OCTaBaThCAd  OJAHMMHM M3  CaMbIX  aKTyaJbHbIX  3ajad
(yHIaMEHTAIbHBIX KOCMHUYECKHUX HCCIEeNOBaHUM. B poccuiicko-aMepuKaHCKOM
skciepumMente  KOHYC-BUMHJI, koTopblii  yCHEMIHO  OPOBOJUTCA  Ha
aMEpPUKAaHCKOM KOCMHUYECKOM ammnapare «BuHa» ¢ MNOMOIIBIO pOCCUMCKON
Hayuyno anmaparypsl KOHYC c nHos6ps 1994 r., nmonydeH uenblid psii HOBBIX
JAHHBIX O MPUPOJIE KOCMUYECKUX FaMMa-BCIJIECKOB U MATKHUX I'aMMa-pEIUTEPOB.

Oxcnepument KOHYC-BUHJ| 6naromaps BBICOKOW YyBCTBUTEIBHOCTH,
UCKJIIOYUTENIBHO OJIaronpusiTHOMY MECTy HaOJIOACHMH B  MEXKIUIAHETHOM
IPOCTPAHCTBE U ONTHUMAJIBHOM Mporpamme HaOJMIOJCHUM SIBISIETCS YHUKaJIbHBIM
UCTOYHUKOM HH(OpPMALlMM O BPEMEHHBIX M CIEKTPAIbHBIX XapaKTEPUCTHKAaX
raMma-BCIUIECKOB B HMHTepBasie sHeprui oT 20 k3B g0 10 MsB. Ot naHHbIe
COCTaBJISIIOT HEOTHEMIIEMYIO YacTh COBPEMEHHBIX BCEBOJIHOBBIX MCCIEIOBAaHUI
MCTOYHUKOB TaMMa-BCIJIECKOB Ha KOCMHMYECKHMX amnmaparax M CeTH Ha3eMHBIX
ONTHUYECKUX U PAJUOTENIECKOIIOB M IIUPOKO BOCTPEOOBaHbBI. DKCIEPUMEHT
KOHYC-A c¢ pgerexktopamu ¢ OOJBIION UYYyBCTBUTEIBHONW MOBEPXHOCTHIO Ha
OKOJIO3eMHOM KocMmuueckoMm ammapare «Kocmoc-2421» sddexkTnBHO TOTOTHSIT
skcniepuMenT KOHYC-BUH/I B nepuon 2006—2008 rr.

1. MeToaunka uccjaea10BaHui

Pocculicko-aMepuKaHCKUI DKCIIEPUMEHT KOHYC-BHUH/]] 1o
UCCIIEIOBAHUI0 KOCMHUYECKUX TaMMa-BCIUIECKOB YCIEIIHO MPOBOJIUTCS Ha
aMEPUKaHCKOM KOCMHUYECKOM ammapare «Buam» ¢ Hos0ps 1994 1. ¢ moMoIIbo
HayyHoil anmapatypel KOHYC  O®Ou3nko-TEXHHYECKOTO HHCTUTYTA WM.
A.®. Nodpdpe PAH. Anmaparypa HaXOaWTCS B HMCKIIOYUTEIHLHO OJIArOMPHUSATHBIX
yCIoBUSl A7si HAOMIOACHHs] ramma-BCcIuieckoB. OpOuTa KOCMHUYECKOTO armapara
pacmnoJio)keHa BHEe MarHuToc(hepsl 3emin, o0ecrednBas TeM CaMbIM CTaOMITHHBIN
paguanuoHHbId (OH, OTCYTCTBHE MOMEX OT PAJUAIMOHHBIX TMOSICOB U 3aTECHEHUS
3emsieit 1 BO3MOXKHOCTh HEMIPEPHIBHBIX HAOIIOICHUH.

JIBa JeTEKTOpa anmnaparypsl, MPENCTABIISIIOLINE co0oit
BBICOKOUYBCTBUTEIBHBIE TaMMa-CIEKTPOMETPhI, MOCTOSIHHO OCMAaTPHUBAIOT BCIO
HeOecHyI0 cdepy oOecrednBasi BO3MOKHOCTb PErHMCTPUPOBATh TaMMa-BCILJIECKH,
npuxozsnye ¢ ao0six Hanpapienuid. JxcrepumenT KOHYC-BUH/] saBnsiercs B
HACTOSIILIEE BpPEMsI YHUKAJIbHBIM HMCTOYHMKOM JAaHHBIX O BpPEMEHHBIX U
CHEKTPaJIbHBIX XapaKTePUCTUKAX M3ITYyYEHUS BCIUIECKOB B IIHUPOKON 00sacTu
sHepruit ot 20 k3B 1o 10 M»sB.

Ha POCCHUIICKOM KOCMHUYECKOM arnmapare Kocmoc-2421,
(GYHKIIMOHMPOBABIIEM Ha OKOJ03eMHON opbOute c¢ wuroHs 2006 r. mo QeBpanb
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2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

2008 r. B KayecTBe JOMOJHUTEIBHOW TOJIE3HOM Harpy3ku ObLI YCTaHOBJICH
komIuiekc HayuHou amnmaparypel KOHYC-A nmnga uccinenoBaHWii KOCMUYECKHX
ramMmMma-BcruieckoB. B 3amaun skcnepumenta KOHYC-A Bxoauino BcecTOpoHHEe
U3YUYECHHE XapaKTEPUCTUK KOCMUYECKHX TIaMMa-BCILUIECKOB B CHHXPOHHBIX
HAOMIONICHUSIX C poccHuiicko-amepukanckuMm skcrnepumentom KOHYC-BUH/I.
OpHOBpeMEHHbIE  HAOJIOJEHUST  raMMa-BCIUIECKOB  CHEKTPOMETPUYECKUMHU
JETEKTOPaMH, HaXOJSAIIUMHCS B PA3HBIX TOUYKAX KOCMHYECKOTO MPOCTPAHCTBA H
UMEIOIIMMH COTJIAaCOBAHHBIE PEKUMBI M3MEPEHUH, CYIIECTBEHHO YBEIMYHUBAIOT
HAJEKHOCTh M JIOCTOBEPHOCTh PErUCTpallid TOHKHX JeTajieil BO BPEMEHHBIX
MCTOPUAX U DHEPTETUYECKUX CIIEKTPaxX BCIUIECKOB. B cocTaB KoMILIEKca HAy4YHOU
annaparypsl KOHYC-A BX0IuI0 TpH CHEKTPOMETPUYECKUX JETEKTOpa ramma-
BCIUIECKOB C OOJBIION UYYBCTBUTEIBHON TMOBEPXHOCTHIO M C PEKOPAHOW IO
NETANhbHOCTH ¥ WH(GOPMATHBHOCTH PETUCTpAIlMeii BpPEMEHHBIX HCTOpUH U
HPHEPreTUYECKUX CIHEKTPOB TaMMa-BCIUIECKOB B IIMPOKOW 00JIaCTH HHEPrui
PEHTT€HOBCKOTO U raMMa-u3inydenus ot 10 k3B go 10 M»aB.

OxcnepuMentel KOHYC-BUHJI u KOHVYC-A sBisitorcsi BaKHEUIIINM
MCTOYHUKOM HauOoJiee TIOJNHBIX JIaHHBIX O BPEMEHHBIX, CIEKTPAJIbHBIX U
DHEPreTUYECKUX XAPAKTEPUCTUKAX KOCMHYECKHUX raMma-BCILIECKOB. DTH JTaHHbIC
HIMPOKO BOCTPEOOBAHBI BO BCEBOIHOBBIX MCCIIEIOBAHUSX UCTOYHUKOB BCILJIECKOB,
KOTOpBIE MPOBOJATCS HA MHOTMX KOCMHUYECKHUX amlapaTax U Ha3€MHBIX PAaJHo- U
ONTHYECKUX TeJecKkonmax Onarojaps ONEpPAaTUBHOM W TOYHOM JIOKaIU3aluu
UCTOYHHUKOB Tamma-BcruieckoB muccuei HACA CBUOT. JlerekTopsl ramma-
BCIJIECKOB OCYIIECTBIISIFOT TAaKXE BBICOKOUYBCTBHUTENbHBIA 0030p HEOECHOU
cdepsl C IEeNbl0 MOUCKAa HEOOBIUYHBIX TPAH3UEHTHBIX SBICHUN B KOCMHYECKOM
PEHTI€HOBCKOM M raMMa-U3JIy4eHHH.

2. OkcnepuMenthl KOHYC-BUH/I 1 KOHYC-A kak cymiecTBeHHasi
COCTABHASA YACTh BCEBOJHOBBIX MCCJICI0OBAHUI KOCMHYECKHX TraMMa-
BCILIECKOB

brmarogapss UPOKOMY SHEPreTUYECKOMY JIHANa30Hy, ONTUMAJIbHOU
NporpaMMe  PErucTpallid  OCHOBHBIX  MapamMeTpoB  raMMa-BCIUIECKOB U
BO3MOXKHOCTH 0030pa Bceil HeOecHOMl cdepbl B YCIOBUSAX MEXIUIAHETHOTO
npoctpancTBa skcnepuMeHT KOHYC-BUH]] cran HeoThemIeMOl COCTaBHOM
YaCThIO BCEBOJIHOBBIX MCCJIEJOBAHMN KOCMHUYECKHX TaMMa-BCIUIECKOB, KOTOPBIE
MPOBOJIATCS HA HIMPOKON CETH HA3€MHBIX U KOCMUYECKUX TEJIECKOIOB MO JaHHBIM
ONEpPAaTUBHOM W TOYHOW JIOKAIM3AIMM WCTOYHUKOB BCIUIECKOB TEJIECKOIIOM
CBUDT-BAT muccu HACA CBUDT. Xots aerektopsl annapatypsl KOHYC-A
UMEIOT YyBCTBUTENIbHYIO MOBEPXHOCTH OOJIBIIIOTO pa3Mepa M 3aMETHO OOJIBIIYIO
WH()OPMATUBHOCTH, KX BO3MOYKHOCTH OTPAHIMYCHBI HU3KOW OKOJI03EMHON OPOUTOM.
TeMm He MeHee, s psiia raMMa-BCIUIECKOB MX JIAHHBIX OKa3bIBAKOTCS KIIFOYEBBIMU
B YaCTH XapaKTEPUCTUK raMMa-U3IIy4eHHs] COOBITHA.

GRBO061121. [Ins 5TOro sSpKOro TraMMa-BCIUIeCKa OBUIA BBITOJHEHBI
JeTabHbIC UCCIIEIOBAHUS CIIEKTPAIHHOM IBOJIIOIMH KaK «OBICTPOIl» KOMITOHEHTHI
BCILJIECKA, TaK M €ro mocyiecBeueHus omarogaps Tomy, uro teneckon bBAT-CBUDT
3apETUCTPUPOBAT «IPEABECTHUK» BCIJIECKA W K MOMEHTY OCHOBHOW (ha3bl
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2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

COOBITUS PEHTTCHOBCKHUI M onTHueckuil Teneckornsl Muccuu CBUODT yxe Obun
HaBEJIEHbl HAa MCTOYHUK BCIUIECKA. bbpUTM MOapOOHO HCCeNnOBaHbI MapaMeTphbl
u3llydyeHus ucTouHnka oT 13B nmo 1 M»B. Ha ocHOBaHMM COBMECTHBIX
HaOmoxaenuit anmapatypsl CBU®T u KOHYC-BUH]I 6bina monydeHa oOIeHKA
M30TPOITHOTO MOTOKA PHEPrHH OT MCTO4HHKA 2,8-10° 3pr B [uamas’oHe SHEpruil
1 k3B — 10 M»B B cucreMe mnokost uctouHuka Bcriecka. Ha puc. 1 mpuBeneHsl
pe3ynbTaThl CUHXPOHHBIX HAOMIOACHUN KPUBOHM SIPKOCTH MCTOYHHMKA MO JAHHBIM
npubopos CBUDT u KOHVYC-BUH/I, Bkmtouass nanueie B pexume DOOH
annaparypel KOHYC-BUH/I, koTopble [anu HE3aBUCUMOE MOATBEPKICHUE
perucTpanuu OpeaniecTBEeHHUKa ramma-Beriecka. Ha puc. 2a, 6 cpaBHUBarOTCA
JAHHBIE O BPEMEHHBIX MPOQUIISAX 3TOTO BCIUIECKA, MOJYYEHHBIE B SKCIEPUMEHTAX
n KOHYC-A u KOHYC-BUH/I. Ilo cnekTpanbHBIM [IaHHBIM SKCIEPUMEHTA
KOHYC-BUH/I 6p11 omipeiesieHbl THKOBasi YHEPTUS U (popmMa IHEPreTHIECKOTO
CIeKTpa JJI pa3InyHbIX (a3 BCIUIeCKa.

arbitrary countrate

21-83 keV

I J J J J | J
E T ' !
= 83-360 keV
E— | |
= f f f f i
3 360-1360 keV
Attt 3
211360 kaY ]
{watting mode) E
1 1 1 1 1 I 1 1 1 1 1 1 1 1 I
0 50 100 180

time since BAT trigger (s)

Puc. 1. Kpussie sspkoctu ramma-Beriecka GRB061121 o jaHHBIM CHHXPOHHBIX HAOTIOIEHUI
npubopamu UVOT, XRT u BAT muccun CBU®T u annaparypoit KOHYC-BUH/{

182



2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

Konug-A (Cosmos 2421) GRB 061121 KOMNUS-WIND GRB 061121
T= 5935019 s UT (19:22:30.159) T,= 95412445 5 UT (15:23:32.445)
51

L B L B e e o S B e | 600 L e e B e B L s s W s
L 16-1570 ke F 21-1360 ke
1000 - i - |

counts f0.064 =
courtsf 0.064 =

200 — —

— T T ——— 7
200 21-83 ke _|

200 WWW% 100 ;MWMM b
o g Ml Ty MOttt

[ I R R R SR B o [t 1 1 1 1

o0 |- 33-360 k eV _|

100 _

counts f0.064 =

courts /0064 =

Puc. 2. a — xpuBble sipkocTu ramma-Beriecka GRB061121 mo qaHHBIM SKCIeprMEHTa
KOHVYC-A; 6 — KPUBBIE sipkoctu ramma-semiecka GRB061121 no qaHHBIM 3KCIIEpUMEHTa
KOHYC-BUH/]

GRBO050713A. CoBmectHbie Habmonenuss muccun CBUDT, anmapaTypsl
KOHYC-BUH/I, pentreHoBckoro Teneckona XMM-Hpl0oTOH u Ha3zeMHOro
teneckona MAGIC, perucTpupyromero BCHOBIIIKA YEPEHKOBCKOTO HM3Iy4YEHUS B
atMocepe OT raMma-iIydeld CBEPXBBICOKHUX SHEPTUil, IMO3BOJHIN TOCTPOUTH
KApTUHY M3JIyYEHHs 3TOr0 BCIUIECKa B MIHUPOKOM obsactu 3Hepruil ot 0,002 k3B
no 500 I'»B. Ha puc. 3 npuBeneHsl BpeMEeHHbIE MPOPUIN COOBITHS IO JaHHBIM
KOHYC-BUH/I u BAT-CBU®T, a Ha puc.4 pe3yapTarbl COBMECTHOIO
(buUTHPOBaHUS PHEPTETUUECKUX CIIEKTPOB U3TYyUEHHUS STOTO TaMMa-BCIUIECKa.

GRBO51127 u GRB060429. CuHxpoHHBIE HAOJIOJICHUS OTHUX JBYX
KOPOTKHX TaMMa-BCIUIECKOB Obutn BhIMoJHEHBl mpubopamu KOHYC-BUH] u
Suzaku-WAM. CoBMECTHBI CIHEKTpPaJbHBIM aHAJIU3 TO3BOJIMJI HCCJIEAOBATH
CIEKTpaJbHbIE CBOMCTBA BCIUIECKOB B IIMPOKOM 3HEPrETHUYECKOM HHTEpPBAIIEC U C
BBICOKOW TOYHOCTHIO. bBbUIO HalileHo, 4To 00a BCIUIECKAa HUMEIU BBICOKYIO
MaKCUMaJIbHYIO dHepruto Ep okono 1 MsB u uX CHEKTpel ONHMCHIBAIUCH
CTEMCHHBIM 3aKOHOM, YTO SIBJSIETCS TUIHUYHBIM JJIsl JIMHHBIX BCIUIECKOB. Ha
puc.5 u 6 mpuBENEHbl KPUBbBIE APKOCTU M1 OOOMX COOBITUH M pe3yibTaThl
COBMECTHOTO (PUTUPOBAHMUS.
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I:I?- [ T T T T T T T T T T T T T T T T | T T T T
a6 [ 15-150 keV

0s |
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counts ! secf det
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IR

0ok

00— 18-1160 ke¥
gon |

ann |

countsl sec

200

100 -50 0 50 100 150
T-T (=)

Puc. 3. Kpusslie sipkoctu ramma-seriecka GRB0O50713A no jaHHBIM Teseckona
BAT-CBUDT (BBepxy) u KOHYC-BUH/ (BHU3Y)

1000 T T T T T 17T T T T T T T 17T

100
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10 ] oy
10 100 1000

Energy {keV)

Puc. 4. JlanHbIe COBMECTHOTO CIIeKTpasibHOro aHanu3a n3nyueHuss GRB0O50713A no naHHbIM
teneckona BAT-CBUDT (xkpectuxkn) 1 KOHYC-BUH/I (TpeyroabHUKH)
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2.2. PE3YJIbTATbl TEKYWWX NETHbIX HAYYHbBIX MPOTPAMM WCCNELOBAHWUW N HABNIOOAEHUN

GRB 051127
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Puc. 5. Kpussle sipkoctu 1Byx kKopoTkux BeraeckoB GRB051127 u GRB060429 no
HaOmoneHusM B skcniepumentax KOHYC-BUH/L u Suzaku-WAM
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GRB 051127 GRB 060317
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Puc. 6. CoBMecTHBIN CIEKTpalIbHBIN aHaIH3 ABYX KOpOTKUX BemieckoB GRB051127 u
GRB060429 no nabmtonenusm B sxcriepumentax KOHYC-BUH/I u Suzaku-WAM

3. UccnenoBanust MATKUX raMMa-penuTepoB

B 2007 r. 6bUI10 TOJIy4EHO €IIe OJHO yOeIUTEIbHOE CBUICTEILCTBO TOTO,
YTO YacTh HAONIOJACMBIX KOPOTKHX BCIUIECKOB C JKECTKHM DHEPTETHYCCKUM
CIIEKTPOM MOTYT MPEACTABIATh COOOM TMTAaHTCKHUE BCIUIECKU OT raMMa-pErUTEepOB
B Onu3Nexanux rajakThkax. [lepBoe Takoe CBHIETEILCTBO OBUIO MONYYCHO IS
GRBO051103 xak ruranTCKOro BCIUIECKa B OJHM3KOM TpyIe B3auMOACHCTBYIOIINX
raiaktuk  M81. 1 ¢eBpans 2007 r. ammaparypoi KOHYC-BUHJI Obin
3apETUCTPUPOBAH UCKIIFOUUTEIBHO MHTEHCUBHBIN KOPOTKHUW BCIUIECK C YKECTKUM
DHEPreTUYecKuM crnekTpoMm (puc. 7). McToyHuK Bcruiecka ObUT JIOKaIM30BaH
TPUAHTYJALMOHHBIM MeTofoM 1o aaHHbiM KOHYC-BUH/, UHTEI'PAJI (SPI-
ACS) u nerexkropa HeWTpoHOB U ramma-inyuyeir muccun HACA MECCEH]JIDXEP.
[lentp OOKca JIOKamu3alMK pacroyiarajics Ha paccTosHUU | yriLrpaa OoT IIEHTpa
onu3Kko# ranakTuku TymanHocTh AHapomensl (M31) (puc. 8). B npenmnonoxenuu,
YTO MCTOYHUK BCIIECKa HaxoauTcsd B ranaktuke M31 Ha paccrosaum 0,78 Mpc,
U3MEPEHHBIE TOTOK W MaKCHUMajlbHas CBETUMOCTh COCTABWJIM BEJIMYUHBI
1,5><1045 3pr u 1,2><1047 3pr-c_1. DT JaHHbIE HAXOJSTCS B XOPOIIEM COIJIACHU C
aHAJIOTUYHBIMU XapaKTePUCTUKAMHU HAOJIOAABIIUXCS TUTAHTCKUX BCIJIECKOB OT
JIPYTUX TaMMa-penuTepoB.

HoBoe mposinenne axtuBHOCTH TamMa-penurepa SGR1806-20 Obwio
uccienoBano B urose-aprycte 2006 r. B CHHXpOHHBIX HAOMIOJICHUAX JI€TEKTOpaMu
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KOHYC-BUH]/I m KOHYC-A. Bcero O0buio 3aperHuCTpUpOBaHO W JCTAITBHO
uccinenoBaHo 20 TMOBTOPHBIX BCIUIECKOB. IIpeMMyniecTBOM HaxoAsIIerocs B
MexruiaHeTHoM mpoctpaHcTBe npubdopa KOHYC-BUH]L siBnsimack BO3MOXKHOCTH
HEMPEPHIBHOTO HAOJIO/ICHUS MCTOYHUKA. TpH CHEKTPOMETPUUYECKHX JETEKTOpa
anmmapatypel KOHYC-A o006nanaioT cymiecTBeHHO OoJiblliel 4YyBCTBUTEIBHOMN
MOBEPXHOCTHIO M O0ECHEYMBAIOT  PEKOPJHYIO IO  JETalbHOCTH U
WH()OPMATUBHOCTH PETUCTPAIMIO BPEMEHHBIX M CHEKTPAIbHBIX XapaKTEPUCTHK
BcIUieckoB. Hanbosiee MHTEpPECHBIM MO CBOEU CTPYKTYpE OKa3aloch COObITHE O
asrycta 2006 r. Ono mnpencraBiasieT coOOM cBoero pojaa kimactep u3 6-Tu
OT/ICJIbHBIX TOBTOPHBIX BCIUIECKOB, B TMOCIEIHEM W3 KOTOPBIX MPOSBISETCS
nepUoANYEcKas CTPYKTypa, MmoaoOHas HaOJIIOAABIIEHCS B XBOCTE€ THUTAHTCKOTO
BCIUIECKA 3TOr0 rammMa-pernutepa 27 nexkadpst 2004 r. Ananor cobbitust 6 aBrycra
panee Obu1 3apeructpupoBan ammnapatypoir KOHYC-BUHJ[ 3 mexabps 2005 r.
Bpemennsie mnpodumin 3TUX coObITHMIl mpuBeaeHsl Ha puc.9. Eme oaHO
NposiBICHHE aKkTUBHOCTH TamMma-penutepa SGR1806-20 wuccnemoBaiock B
cuHxpoHHbIX HaOmogeHusix npudopos KOHYC-BUHJ], KOHVYC-A, BAT-
CBUDT, Super-AGILE, IBIS u SPI-ACS (MHTEI'PAJI) u Suzaku-WAM B
centsiope 2007 r. IHTEHCUBHBIN BCIJIECK OT ATOrO penurepa ObuT 3aUKCUPOBaH
anmmaparypoir KOHYC-BUHJ[ 7 centsi6pss 2007 r. (puc. 10). Bcero ¢ 14 mo
23 centsa6ps 2007 r. ObUIO 3apETUCTPUPOBAHO 18 TOBTOPHBIX BCILJIECKOB.
[Tony4yeHHbIE JaHHBIE BA)KHBI JJII MOCTPOEHUS MOJENEH 3TOro Kiacca peaKo
TIPOSIBIISIFOIIIX CBOKO aKTUBHOCTH PEIIATUBUCTCKUX KOCMUYECKHUX OOBEKTOB.
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Puc. 7. Kpusas sipkoctu ramma-Bcriecka GRB070201 B sHeprerrndeckom
unTepBane 17-1130 k»B
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Puc. 9. Kpusie sipkocTi MITKUX MOBTOPHBIX BerwieckoB oT SGR1806-20 6 aBrycra 2006 .

(BBepxy) u 3 nexadbps 2005 r. (BHU3Y)
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KONUS-WIND SGR burst 070807
T, = 60387 314 s UT (15:48:27.314)
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Puc. 10. Kpuas sspkocTu moropHoro ramma-scriecka ot SGR1806-20 7 centsopst 2007 T.

4. HaOa1oneHusi HeOOBIYHBIX TPAH3UEHTHBIX SIBJIEHUH B KOCMHYECKOM
PEHTTeHOBCKOM U raMMa-u3J1y4YeHUun

BrICOKOUYBCTBUTENIBHBIE TaMMa-CIIEKTPOMETPbI, TPOBOMSIINE ITUTEIbHBIN
HETMPEPHIBHBI MOHUTOPUHT KOCMHYECKUX TI'aMMa-BCIUIECKOB, MO3BOJISIOT TaK»Ke
UCCIIEI0OBATh HEOOBIYHBIE TPAH3UEHTHBIE SBJICHUSI B KOCMUYECKOM PEHTT€HOBCKOM
Y raMMa-u3J1y4eHUU, KOTOPhIE€ OKA3bIBAIOTCSI BHE MOJISI 3pEHUS Y3KOHAITPABJICHHBIX
TeneckonoB. OHUM U3 TPUMEPOB 3PGHEKTUBHOCTH TaKUX HAOIIOJCHUN SBUIINCH
HCCIIeIOBaHUSI HEOOBIYHON BCHBIIICUHON aKTHBHOCTH U3BECTHOT'O PEHTTEHOBCKOTO
ucrounuka Jlebenp X-1 B amanmazone osHepruii 20-200 k3B ¢  momoribio
anmmapatypsl KOHYC-BUH]I u npubopos ceru IPN (Interplanetary Network) B
19962002 rr. HoBas wuHTeHcuBHas Bcenblmka wuctouyHnka JleOenpr X-1 Obuia
3apeructpupoBana 7—-8 asrycra 2007 r. perexkropamu anmnapatypel KOHYC-
BUH]I u Suzaku-WAM. Ona sBHi1ach HanOoJIe€ MOIIHBIM BCIUIECKOM OT 3TOTO
MCTOUHMKA C MHTErPalbHBIM MoToKoM 8,0x107* spr-cM . BpemeHHO# Hpoduib
3TOro cooniTus no AaHHbIM 3kcnepumenta KOHY C-BUH/] nokazan Ha puc. 11.
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Puc. 11. Benpinika raMma-uzinyderust ot ucrounuka Jleobenp X-1,
3apeructpupoBanHas B axcniepumenTe KOHYC-BUH/JL 28 centsiops 2006 T.

[TogoGHas1, HO ¢ Oosiee MATKUM CIIEKTPOM, TaK Ha3bIBaeMasl CyIep-BCIIbIIIKa,
obL1a 3adukcuponana anmnapatypoit KOHYC-BUH/I u teneckonamu BAT u XRT
muccud CBU®DT ot 3Be3asl EV Lac 25 anpensa 2008 r. BenblmeyHnas akTUBHOCTD
B OOJIACTH >KECTKOIO0 PEHTI€HOBCKOTO M3IYYEHHUSI OT 3TOr0 3BE3JHOTO OOBEKTa
perucTpupoBajach M paHee, HO HOBas BCIBIIIKA CYHIECTBEHHO IPEBOCXOIUT
NpeAblIylMe IO HWHTEHCUBHOCTH. HOBBIE [MaHHBIE TO3BOJAT MCCIEAOBATH
SHEPTETUUYECKUIA CIEKTP BCHBIMIKK OT 3Be3MHOTO 00BhekTa EV Lac B mmpokom
uaTepBaie ’Hepruit ot 0,8 mo 70 k9B. Ha puc. 12 nmokaszan BpemeHHOUW TIpoduib
3TOM cymnep-BenblIKA MO AaHHbIM 3kcnepumeHToB BAT-CBUDT u KOHYC-
BUHJ/I. PucyHoxk HarisiiHO JAEMOHCTPUPYET NPEUMYILIECTBA JETEKTOPOB
annaparypsl KOHYC-BHUH/I, koTopble TOCTOSHHO OCMAaTPUBAIOT BCIO HEOECHYIO
cepy B YCIOBHUAX MEXKIUIAHETHOTO TPOCTPAHCTBA.
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Puc. 12. BpemenHnoii npoduiib cynep-Bensiuiky ot 38e31b6l EV Lac 25 anpens 2008 r.

5. 3akoueHue

B skcnepumente KOHYC-BMH/I ¥ CHHXpOHHOM C HUM JKCHEPHUMEHTE
KOHVYC-A nony4deHbl HOBblE NPUOPUTETHBIX JTaHHBIE O MPHUPOAE KOCMHYECKHX
raMMa-BCIUIECKOB M 0CO0OTO PEIKOTO Kiacca TMOBTOPSIOMIUXCS MATKUX IO
CIEKTPYy  BCIUIECKOB OT Tramma-penutepoB. llomyueHsl  yOeauTenbHbIE
CBUJCTENBCTBA TOTO, YacTh HAOJIOIAEMBIX KOPOTKUX BCIJIECKOB C JKECTKHUM
SHEPreTUYECKUM CHEKTPOM MOTYT MPEACTABIATh COOOM TMIAaHTCKUE BCILUIECKH OT
raMMa-penuTepoB B OJM3NeXallux  rajakTukax. brarogapss — BBICOKOU
YyBCTBUTENIBHOCTH JeTekTopoB anmnapatypbl KOHYC-BUH]] B mmpoxkoit obiactu
PHEPIrUM TraMMa-KBAaHTOB W ONTUMAJbHBIM BO3MOXHOCTSIM HAOJNIOACHUN B
MEXIUIAHETHOM TMPOCTPAHCTBE JaHHBIE SKCIEPUMEHTa IIMPOKO BOCTPEOOBAaHHBI B
COBPEMEHHBIX BCEBOJIHOBBIX HCCIIEIOBAHMSIX HCTOYHMKOB KOCMHYECKHX TraMMa-
BCILJIECKOB.
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