35. NICCNEQOBAHWA NNAHET W MAJNbIX TEN COMNHEYHOW CWCTEMBbI

3.5.1. IVTAHETHBIE UCCJIEJOBAHUSA
3.5.1.1. OrkpseiTHe aBpopsl Ha Mapce B 3xcnepumente CIIMKAM

C nomomursto crnexktpomerpa SPICAM Ha Gopty crytHuka Mars Express
CBEUECHUSI Ha HOYHOM CTOpOHE IUIaHeThl Mapc BIepBbIE HMCCIEAOBAHBI C OPOUTHI.
OTkpbITa aBpopaibHas aKTUBHOCTh M HOBBIE CBEUEHUS M10JI0C OKHUCIIA a30Ta.

Ha BpicOKkMX mmporax 3emMiu aBpOpajbHbIE CBEUCHHS BO3HUKAIOT B
pe3yJibTaTe BBINAJAECHUS 3apSKEHHBIX YACTHUILl BJOJIb CUJIOBBIX JIMHUI MAarHUTHOTO
moJis M WX B3aUMOJICHCTBHUSI C HEWUTpasbHOW armocdepoil. ABpopanbHas
aKTUBHOCTH HaOmropanach Ha ruianerax-rurantax (KOmutepe, Carypue, Ypane u
Henrtyne), obmamaromux CHIBHBIM MAarHUTHBIM I0JeM. Ha HO4YHOW CTOpOHE
Beneprpl, mnaHeTtsl 6€3 MAarHUTHOTO TOJs, HAOMIOJANIOCh CBEUYCHHE B IOJIOCAX
aToMapHoro kucnopona. [locie oTkpsiTus KocMuueckuM anmnaparom Mars Global
Surveyor ocTaTro4HOW HaMarHWYEHHOCTH MApCHUAHCKOW KOpbI OblIa BBIABUHYTA
TUIIOTE3a, UTO 3apsDKEHHBIE YaCTHUIbI MOTYT CITYCKaThCS BJOJIb CUJIOBBIX JIMHUM
MarHUTHOTO TMOJSl, MAYUIMX OT MOBEPXHOCTH IUIAHEThl K COJHEYHOMY BETPY.
[lepBoe HaOMOAEHUE CHUAHMS BO3HHMKAIOIIETO NPHU BHINAJACHUSX TAaKUX YaCTHUIL
npoBesieHo npu nomormu npudopa SPICAM c¢ poccuiickuM ydacTueM Ha OOpTy
€BPONENCKOro KOCMHUYECKOT0 arrmapara Mars Express.
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Puc. 1. BpemenHast 3aBUCMMOCTb HHTEHCUBHOCTH HOYHOTO cBeYeHUs aTMocdepbl Mapca. OHo
COJIEPKHT IMHCCHUIO Bostoposa Jlaiiman-anbda u cTpykTypupoBanHyto nojocy (190-270 am),
cootBercTByMoNyt0 NO. Ha 535 ¢ HaGmioieHuit HabmogaeTcst MUK MHTEHCUBHOCTH, CIIEKTPbI

KOTOPOTO CYIIECTBEHHO OTJIMYAIOTCS OT OOBIYHOTO criekTpa NO, U coepKat MoJI0CH
CO u nonusosanHoro CO,

Habmomaemas co cnytHuka Mars Express aBpopa cooTBETCTBYeT 0coO0OMYy
TUIly CUSIHUS, paHee He u3BecTHOMY B CosiHeuHOU cucteMe. OHa OTIMYaeTcs OT
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35. NICCNEQOBAHUA MNMNAHET W MAMNbIX TEN CONHEYHOW CUCTEMHBI

AKTUBHOCTU Ha 3emJie W TUIaHeTaX-THTraHTax, HaOMioIaeMoi BONHM3U MarHUTHBIX
MOJIFOCOB, U OT BEHEPUAHCKUX CUSHUH, pa3MBIThIX MO JIMCKY IJIaHEThl. ABpopa Ha
Mapce npexacraBiasier coOOM CHIBHO JIOKaJW30BAHHOE CBEUEHHE, CBSI3aHHOE C
MarHUTHBIMA ~QHOMAJIUSIMU MapCHUAHCKON KOpbI. 3aperucTpUpoOBaH CIEKTP
aBpOPAIBLHOTO CBEYECHMUS B JAana3oHe 118-310 um, COCTOSIIIUN
npeumyiiectBeHHO u3 cBeueHud CO u  wmonuzoBanHoro CO,. ABspopa
HaOmroganack Ha BbicoTe 115-145 kM, pasmep cBeTsmieiics o00JiacTH 1O
ropuzoHTan okoso 30 kM. JIMUTEeNbHOCTh BCHBIIKM — HE MeHee § c.
['eorpaduueckoe TMOJIOKEHUE 3apETUCTPUPOBAHHON BCHBIIIKH COOTBETCTBYET
MakCUMyMy HaMarHM4eHHOCTH KOpbl Mapca B COOTBETCTBHUM C JaHHBIMU
KocMmu4aeckoro ammapara Mars Global Surveyor (puc. 1).

3.5.1.2. HaOroneHnst HOYHOTO CBeYeHHsI B BepxHeil atmocgepe Mapca:
NO nmosocsl B UV cnekrpe no pesyiabraTtam 3xkcnepumenta CIIMKAM

B ynbTpaduoneroBom crekTtpe HOYHOrOo HebGa Mapca OTKpBITHI HOBBIC
cBeueHus nosoc okucia azora NO (190-270 nm). Takoe cBeueHHe HAOII0IAIOCH
panee Ha BeHepe, HO HuUKoOrjga He HaOmOJaIoch Ha Mapce. ATOMBI a30Ta |
KHCJIOPO/Ia, MPU PEKOMOWHAIIMM KOTOPHIX BO3HUKAET CBEUEHHE, O0pa3yroTcs B
pesynbrare (oromuccormanuu mojiekyn O,, CO, u N, Ha JAHEBHOW CTOPOHE
IUTAHEeTHl, W TIOMAJAal0T HAa HOYHYIO CTOPOHY B pe3yJbTaTe armocdepoi
mupkyssiui. Hanbonee spkoe cBedenne NO nHaOmrogaeTcss BO BpeMsl MOISPHON
HOYM B FOKHOM TOJYIIAPUHU, YTO OOBSCHACTCS HMHTCHCHUBHBIM MEPEHOCOM
CO,-atmMocdeppl, KOHJACHCUPYIOIICHCS Ha MOBEPXHOCTH B 3TO BpeMs roga. ITo
NpPEAOCTABISIET  HOBYIO  BO3MOXHOCTh  JUCTAHIIMOHHOTO  HCCJIEI0OBaHUS
arMoc¢epHoi upKysun Ha Mapce (puc. 2).
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Puc. 2. Cniektp HOuHOTO cBeueHmsi Mapca usmepeHHsiin nmpuoopom SPICAM na 6opty KA
Mars Express. I[lomumo nunum Lot Ha 121,6 HM, OTKPBITEI HOBBIE II0JIOCHI, COOTBETCTBYIOILIUE
OCHOBHBIM KoJieOaTembHbIM nepexoiamMm NO
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OkcniepumenT SPICAM (Spectroscopy for the Investigation of the
Characteristics of the Atmosphere of Mars) Ha kKocmMu4eckoMm ammapare Mars
Express coCTOMT W3 JBYX CHEKTPOMETPOB YJIbTPa(pUOJIETOBOIO U OJUKHETO
uH(ppakpacHoro auana3zoHoB. [Ipubop nocTpoeH ycuiausiMu Tpex opraHU3aluid BO
Opannuu, B benbrun u B UHctuTyTe KOocmumyeckux uccienoBanuii (MKN) B
Mockse.

3.5.1.3. I'paBuTtannonubie BOJHbI 1 CO,-00/1aKa B OJIAPHON 00/1aCTH
B KOHIIe 3uMbl (10 usmepennsim OMEGA and PFS Mars Express)

Hanbomnbieli HHTEHCUBHOCTH 3MHUCCHHU JIOCTUTAIOT B CEBEPHOM MOJISAPHOU
00JacTH B KOHIIE NOJIsIpHOM 3uMbl. M300pakenns OMEI'A Ha opbute 68 B nonoce
u3nydyeHust 1,27 MKM HMEIOT BOJIHOBYIO CTPYKTYpPY, IOJOOHBIE € BOJIHBI
HaOII0AI0TCS ¥ B M300pakeHUsIx 001akoB u3 BoAsHOro apaa u CO,. 310 MOryT
ObITh I'paBUTAIIMOHHBIE BOJIHBI, KOTOpble HaOmrojaroTcs B atMochepe Mapca B
ceBepHOU mossipHoi obsactu B smuccuu O, Brnepsble. CuibHas TeMIiepaTypHas
uHBepcus Ha BbicoTe 10-20 kM, KoTOpas HaOMoAanach Ha opoure 68 mpudopom
[IOC, HMKE KOTOpPOM MOXKET mpoucxoautb KouaeHcauus CO,, co3maer
OJIaroNnpusATHBIE YCIOBUS JUISl T€HEpallUd TPABUTALIMOHHBIX BOJIH. XOTS YMHUCCHH
O, HabMIOAAIOTCS BO MHOTHX CIIEKTpax, HO BOJIHOBBIE CTPYKTYpPbI HAOIIOJATHChH
TOJIBKO B JIBYX C€aHcax BOJW3HM ceBepHOTro monroca (68 u 588). [Imanupyrorcs B
nanpHelmeM mnpoBecTd coBMecTHble HaOmoaeHus [IOC u OMEI'A BOIM3m
TEPMHUHATOpPa HaJ 3UMHHUM IOJIOCOM, II€ U JOJKHBI HAOJIOJAThCS BOJIHOBBIE

CTPYKTYpHI (puc. 3).
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Puc. 3. Pesynbrarel OMEI'A: a — pacnpenenenue smuccun O, 1,27 MkMm;
0 — M300paXkeHNe B MOJIOCE TIOTJIOMICHUS BOASHOTO Jbaa 1,52 MKM; ¢ — H300pakeHue
B I10JI0CE TIOTJIOMICHUS yTIeKUCIoro jpaa 1,43 Mxm; d — pacnpeneneHue 030Ha
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3.5.1.4. BeprukajbHble NPO(PUJIN 030HA
1o JuMO0BbIM u3MepennssM OMEGA

[To abcomtoTHOM MHTEHCUBHOCTU dMuccuu O, 1,27 MKM MOXHO ONpeIeTuTh
coJiep>KaHMe 030HA, TaK Kak npu ¢oToauccouuanuu o3ona 90 % monekyn garot O,
B BO30Y>KJIEHHOM COCTOSIHMH, TIPU U3JyYEHUU C KOTOPOrO M BO3HUKAET AIMHUCCUU
1,27 mxm. Hwmxke HekoToporo ypoBHs (15-20 kM) CTaHOBHUTCS CYIIECTBEHHOMN
JICAKTUBALIMSl CTOJKHOBEHUSAMH M MOJYYEHHOE COJEpKAHUE O30HA HUKE ITHX
YPOBHEH MOKET ObITh 3aHMKEHHBIM. [Ip1 1MMOOBBIX HAOIIOAEHUSIX MOKHO HAaWTH
COJIEp’)KaHME 030HA Ha Jyde 3peHus. MakcuMallbHbIe COAEPKaHUs MOJTYyYEHbl HaJl
obmactamu Argire u Noachis (puc. 4).
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Puc. 4. BeprukanbHelii mpoduib 030Ha Hag Argire Planitia u MakcuManbHOE coepikaHue
o30Ha: @ =—44° N, A =318° E, Ls = 16°, Lt = 10,8h. DToT yTpeHHU# MPOPUIH UMEET TAKKE MUK
npu 40-50 km kak pe3ynbTaT HOUHOTO 030HOBOTO CJIOS

3.5.1.5. Ce30HHbIC BapHalMU TEPMHUYECKO CTPYKTYPbI
Mapcuanckoit atmocpepbl

C nomompto IhmanetHoro ®dypre Crnekrpomerpa (PFS) mMoxxHO mOIyduTh
1oJie TeMIepaTyphl B KOOPAMHATAX BBICOTA-IIUPOTA I Kaxaoil opoutsl. [1OC
MO3BOJISIET TOJIYYUTh TEMIIEpaTypHble TPOPUIM M ONTHUYECKYIO TOJILY s
a’po30Jid ISl €AUHCTBEHHOIO CHEKTpa WM IYTEM YCPEOHEHHS 10 MHOTUM
CIIEKTpaM Ha TOM ke opOuTe (JUIT YBEIIMUCHHS OTHOIICHHS CUTHA/IITyM) (pHc. 5).
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PFS measurements
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Puc. 5. [Ipumeps! TemnepatypHbix nosieit no nasHsM [IDC: a) — Ls = 342° (mo3puss
ceBepHas 3uma); 6 — Ls = 97° (sieTo)

Hexomopuie 6adcrvle 6b16000b1

1. Habmomaemas remneparypHast uaBepcus (Ha BoicoTe 10-20 kM) cBsizaHa
C HUCXOJAIIEH BETBBIO AYEUKU X3MJIM. DTa MHBEPCHUS B IMOJSIPHOM BOPOTHHKE
MCYE3aeT B IEPUO/I PABHOJICHCTBUS, KOTJ]a MEHSIETCS! HUPKYJIISALIMSL.

2. CnekrpanibHoe pazpeuienue [1OC (1,8 CM_I) C aroJn3alren MO3BOJIAECT
MoJIy4aTh TEMIEpaTypHble NPOGUIN CIOKHONH (OpMBI B Ciydae WHBEPCHUHU.
Temneparypasie pouiii aiT HOYHOTO Tepuoa (3MMa) B MOJSPHBIX 00JIACTSX,
HOYHBIE HaOmoneHWS B HU3MEHHBIX obOnacTsax (Hellas) m Ha BwIcOTE (BYyJIKaHBI)
MOJTYYECHBI.

3. Haiinensl OnnM3Kkue K HM30TEPMUYECKUM TeMIeparypHble Npoduiu Ha
CEBEPHOM IIOJIOCE JIETOM JJisi MalblX BBICOT M 00Jlaka W3 BOJSHOIO JibJia B
MPUIIOBEPXHOCTHOM  cioe. Bpime 20 kM TemmnepaTypa yBEJIMYMBACTCA C
YBEIIMYEHUEM IIHPOTHI.

3.5.1.6. IIbi1b ¥ 00J1aKa U3 BOASIHOTO Jibaa 1o u3mepenusaM PEFS Mars Express

1. Kak 6bu10 ycraHoBieHO, penbed BaKeH MpH HAOIIOJCHUSX a’dpo30Jisi B
atmocdepe. Halineno, 4to B mepuoja MO3MHErO IOKHOTO JieTa BIOJIb OPOUTHI
OpOXOJsIIeld uepe3 HU3MEHHble 00jacT (UKCHPOBAIach TOJBKO IbUIb,
BEPTUKAIIBHOE PACIpPEICIICHUE KOTOPOW ONpeAesseTcss IKAIOW BBICOT 11 km
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(B cpeanem Bnoab opout ot 70° S o 40° N). Baosnb opOuThl npoxoasiieil yepe3
BYJIKAHBI HAOMIOJAINCHh U 00JlaKa BOASHOTO JIbJa, U TbLIb, C TPEUMYIIIECTBEHHBIM
npeobJiajaHieM BOASHBIX 00JIaKOB HaJl BYJIKaHAMHU.

2. Ha ocnoBanuu HabmoaeHuit [IOC MOXKXHO BBIIEIUTh HECKOJIBKO THIIOB
00J1aKOB BOJISIHOT'O JIbJA.

Oporpaduyeckue odsaka. Ob6naka Haja ByJKaHAMU HAOJIOJAINCh BO BCE
ce3onbl. Oporpaduueckue obOiaka U3 BOASHOTO Jibjla MIACHTU(UUIHUPOBAHBI HAJl
BYJIKAHAMHU B KOHIIE IOKHOTO JIeTa U KX TOJIIA BO3pacTaeT ¢ MPUOIMKEHHEM K
adenuro. Onumn (opoburta 37) u Ascraeus MoHc (opOurta 68) HaAOIIOJATUCH OKOJIO
nonyaHs B ce3oH Ls=337° m 342° coorBeTcTBeHHO. DG(PEKTUBHBIN paamyc
YacTUIl OLIEHEH, paBHbIM 1-3 MKM: OH M3MEHSETCS BJOJb CKJIOHA.
CooTBeTcTBYIOIIAsl BU3yalbHas ontuueckas toima pasHa 0,2-0,4 nag Onumna u
0,1-0,6 nan Ascraeus Monc. B cmydyae Ascracus MoHc o0iaka U3 BOJSIHOTO JIbJa
HaAOJIIOAINCh HA FOKHOM CKJIOHE C MAKCUMAaJILHOW OITHYECKOW TOJIIMHON Hal
BEPILMHON ByJKaHa C I0KHOU cTOpoHBI. B cmyuae Onumn obnaka ObLIN HalEHBI
1o 006e cTopoHbI BepiuHbl. M300paxkenne Ascracus MoHC, TOTYy4Y€HHOE BUIUMBIM
ka"HasioM OMEI'A onnoBpemenHo ¢ PFS, moaTBepxkaaeT npucyTcTBue 00JIaKoB U3
BOJIsIHOTO JibAa. [lokazana acummMerpusi 00J1akoB HaJ ByJkaHamu Tharsis: Bo Bce
Ce30HbI HanOoJIee UHTEHCUBHBIEC 00J1aka HAOIIOJAI0TCS HA F05KHOM CKIIOHE.

Op6uta 913 (Ls=97) npoxonut depe3 Pavonis Monc. Ecin Ha 10XKHOM
CKJIOHE ONTHYECKas TOJIIa O00JIAKOB W3 BOJSHOTO JIbJla JOCTUTAeT HECKOJIbKHX
CIWHMI[, TO Ha CEBEPHOM CKIOHE oHa MuHuUMyManbHa (<1). HaGmogeHus
uaumoro kaHaima OMEI'A moka3pIBaroT OIITMYECKM TOJICTBIE OOJIaka Hal
BynkaHamMu B adenmuu. Ha mmporax 1oxkHee 50°S HA MOBEPXHOCTH
kougeHcupyercsa nen CO,. FOxHbI TOMApHBIN BOPOTHUK (00JIaka M3 BOJISHOTO
JpAa) HaOmroaacs rxuaee 47° S ipu Ls = 97 © BOmu3m adenus.

Boasinbie o0/1aka B adesimu. DKBaTOPUATBHBIN MOSIC 001aKOB HabIIOgAIICS
Ha mmpote 20° S, 40° N 1 uMen onTHYecKyro TommuHy Ha 825 cM ' ot 0,1 10 0,5.
D¢ dexTuBHbIM pazmep dvacTull coctaBisul 1-3 MxM. Hag ceBepHbIM MOIHOCOM
oOHapy>KeHbl o0Jlaka W3 BOJSHOTO JibjJa BOJM3M MOBEPXHOCTU HAJ Tarouien
noJispHo# mwankoi. O0aka coCTOSAT U3 YacTHl] pazmMepoM 1—1,5 MM, onTudeckas
ToMImA Ha 825 CM ' IOCTHTaeT eMHHIIBL.

IonsspHBIM BOPOTHUK (MOJAPHBbIM KAmOIIOH). CeBEpHbIN TMOJISPHBIN
BOPOTHUK HaOmopaics HauuHas ¢ opoutel 10, Ls=331° (B KkoHIIE 3UMBI B
CeBepHOM Tmonymapuu). ['panunia Haxoaunack Ha mupore 40°, ¢ TeueHUEM
BpPEMEHU I'paHuIla OBICTPO JBIKETCA Ha ceBep U npu Ls = 13° oHa yke Ha mupore
58°. TlonspHBIN KaIIOIIOH UCYE3AET JIETOM U IMOSBIISIETCS OCEHBIO.

Hwuxe ypoBust 1 MO oOHapy»eHa WHBEpPCUS B TEMIIEPATYPHBIX MPOPUIIAX C
TEMIEPaTypHbIM MakKCUMYMOM B paiione ypoBHs 0.6 MO. DTa MHBepCUs TUITUYHA
JUIS 3MMHETO CE€30HAa U HaOII0JIaeTCsl KaK B CEBEPHOM, TAK M FOXKHOM MOJISIPHOM
parioHe. OHa CBs3aHa C HArpEBOM B HUCXOJALIECH sueine X3yIu. JTa WHBEPCHUS
ucye3aeT, BOJM3M PABHOACHCTBUS, KOTJa H3MEHSETCS XapakTep IJ1o0aabHOU
HUPKYJSLIUU. JTa UHBEPCHUSI HE CTOJb SIPKO BbIpAXKEHA B FOXKHOM TOJIYLIAPUU B
3UMHUU MEPUO/I, TaK KaK B 3TO BpeMsi Mapc HaxoauTcst B adeuu, U BCe MPOLIECChI
MEHEE BBIPAYKEHBI B 3TOT NEPUOI.
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HaGmtonenue yrpenneit 16iMku B goanHe Mapunepo. OnnoBpemenno PFS
u OMEI'A nHaGmionany yTpeHHIOIO IBIMKY B AoiauHe Mapunepa Ha opOute 448
npu LT =9h u Ls = 38° — oceHb B 10’)KHOM MOJTYIIAPHUH.

[To cnekrpam IIPC mokazaHo, 4TO JbIMKAa COCTOMT M3 BOJASHOIO JIbJA C
3¢ PEeKTUBHBIM pa3MepoM YacTull 2—3 MKM U ontudeckod TtomuumHon 0,42 Ha
BONHOBOM umcie 825 cm . Temmeparypa MOBEPXHOCTH H aTMocdepbl BHYTPH
noyHbBl HUke npubausutenbHo Ha 10 K, yem BHe nonuHbl. OJHOBPEMEHHO
pou3BOAMINCH n3MepeHus cnekrpomerpoM OMEI'A u crepeo kamepamu HSRC.
OpaHo U3 M300paKEHUN, CUHTE3UPOBAHHBIX MO HAOIIOJEHUSM B BUIUMOM KaHaje
OMETI'A, noka3aHoO Ha pUCYHKE.

DKBaTOpUATLHBIN TOSIC 00JAaKOB HA ATOW OpOUTE HAOMIOIAICS HA MIMPOTaX
0-30° N, onruueckas tomma u3mensiaacek 0,05 no 0,4 na 825 e ! (ycpenneHnHas
1o nouxto 3penus [1OC).

3.5.1.7. UccnenoBanus coBpeMeHHOro kiaumara Mapca
¢ IOMOIIBI0 MOJeJIH 001ell HUPKYJISALHN aTMOCchepbl

[IpoBenena moiepHU3alMs MOJIETIN OOLIEH UPKYIISIIMU aTMocdepbl Mapca,
MOCTPOEHHOW Ha ocHOBe Mojenu JlabopaTopuu reodu3nueckoi THIPOJIUHAMUKI
CLIA. Mogenp mnepeBefieHa Ha CETKy € 0oJjieeé BBICOKUM IPOCTPAHCTBEHHBIM
paszpemenuem (2x2,4°).  VYcoBeprieHCTBOBaHA (U3MYECKas IMapaMeTpU3alus
MPOLIECCOB KOAryJISIHMU a3po30Jiel M HMX ONTHUYECKUX CBOMCTB. B mopenb
BKJIFOUEHA CYOMUKpOHHas (pakiuusi a’po30JIbHBIX YACTHI[, YTO YIIYYIIHIO
corjacue ¢ HaONIOJCHUSIMH TEMIIEpAaTypHBIX TMpodmwie u  oOecrneymio
MOCTOSTHHOE HAIMYHUE B aTMOC(epe CBOOOIHBIX siIep KOHICHCAITHH.

[IpoBeneHO MOAENIMPOBAHUE THUAPOJIOTMYECKOro HuKiIa Mapca C Lelbro
JocTkeHus coriacus ¢ HaOmoneHusiMmu KA «Mapce-Okenpece». Ha nacrosimumii
MOMEHT MOJIEJIb 1a€T B HECKOJIBKO (2-3) pa3 OoJibliiee cojiepKaHnue BOASTHOTO Mapa
B Tponuueckoi armocgepe, uem Habmogaercs npudbopom CIIMKAM. upotHoe
pacnpeneneHue BOASHOTO Mapa M €ro CE30HHBIM XOJ] KayeCTBEHHO COBMAAAET C
HAO0JII01aeMbIM, OJHAKO I JOCTHXKCHMsI COBMIAJCHHS TpeOyeTcsl MpPHUBIIEKATh
JOTIOJIHUTENIbHBIM MCTOYHUK TBUIM HA TMOJIOCAX [Js CHHXKEHUS IIHPOTHOIO
TEMIIEPATYPHOTO KOHTpAacTa M KakK CIEICTBUE — HMHTEHCUBHOCTH IUPKYISLUA
auevikn  Xomu. HccienoBaH BKJIaJ CTAllMOHAPHBIX M KBa3HUCTAlMOHAPHBIX
IUTAHETAPHBIX BOJH B MEPHUAMOHAIBHBIM MEPEHOC BOJIBI, MOKAa3aHO, YTO 00JIacTH
MOBBIIIEHHOTO coJiep kaHus Bojopoaa B Apasun 1 k FO3 ot Onumna MOryT OBITh
pe3yiabTaTOM YCKOPEHHOTO HAKOIUIGHUS aTMOC(EpHOM BIIard B YKa3aHHBIX
00JaCTAX 3a CUET CTAMOHAPHOW BOJIHBI C 30HAJIBHBIM YHCIIOM 2.

3.5.1.8. Mukpodpusnuyeckasi MoaeJ b a3P030JbHOM AbIMKH TuTana

H@J’IBIO MOJCINPOBAHUC OBLT IIOUCK corjiacus C JaHHBIMH
MNOJLIPUMCTPHUYCCKUX U (I)OTOMGTpI/I"IGCKI/IX Hﬁ6f[I-0I[€HPIﬁ CIIyCKacMOro ariiapara
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«['tolireHc», KOTOpBIE TMPEANoaraloT BEPTHKAIBHO OJHOPOAHYIO CTPYKTYpPY
a’po30JbHOTO closi B auana3zoHe HaOmoaenuit (0—160 kM), mpuyem paszmep
MoHoMepa nopsaka 0,05 MKM, a TUIIMYHBIA pa3Mep KiIacTepa — OKOJIO | MKM.
bruta moctpoeHa moapoOHas ogHOMEpHas MOJENb (OTOXUMUYECKOTO a’po307ls,
CaMOCOTJIaCOBAHHO YYWTHIBAIOMIAS TPOIECCHl KOATYJSIUU, 3apsSAKd YacTHIl 3a
cyeT ororddexra U CTOIKHOBEHUM, TypOyneHTHYIO auddy3uto U ocelaHue B
IpPaBUTAIIMOHHOM Tiojie. YpaBHeHHE CMOJIYXOBCKOTO i  (HPOTOXMMHUYECKHUX
YAaCTHI[ pPElIaeTCcsi MpU IMOMOIIM HEsIBHOW cxeMbl SIkoOcoHa, obecneduBaroiei
BBICOKYIO TOYHOCTb. [loka3zaHno, 4To OMu3Kui K HaOII0gaeMOMy pa3Mep MOHOMEpa
r m~ 0,05 MKM JgoCTHraercsi, €ciM OrpaHHYUTh CTENEHb HOHU3ALWU YaCTHUIIbI
€IMHUYHBIM 3aps/I0M.

3.5.1.9. Poccuiickuii 3xcnepument XEHJ{
Ha 0opTy kocmuueckoro annapara HACA «Mapc Oaucceii»

B Hacrosimee Bpemsi Ha OopTy kocmuueckoro ammapata HACA «Mapc
Opucceit» ycnemno padoraer poccuiickuii mpudop XEH/I (High Energy Neutron
Detector, HEND), KOoTOpBIif perucTpupyeT HEUTPOHHOE M3JIYyYEHHE ¢ TIOBEPXHOCTU
Mapca. «Mapc Opnucceii» ObUT 3amyllieH ¢ KocMoJipoma Ha Mbice KanaBepan B
anpene 2001 roga u B okTsi0pe TOro ke roja BhIIENT HA OpOUTYy BOKpYr Mapca
(puc. 1). C Tex mop npubdop XEH]] coBMecTHO ¢ ApyruMH HayYHBIMUA TIPHOOpaMH
3TOr0 MPOEKTa MPOBOAUT HEMpepbiBHbIE U3MepeHuss Mapca ¢ opoutsl. [lpubop
XEH]I pa3spaboran B UHcTtuTyTe KOocMmuueckux uccienoBanuii PAH mo 3akasy
denepalbHOr0 KOCMUYECKOT0 areHTCTBA.

BcenenctBue Tonkoi atmochepsl Mapca KocMHUYeCKHE€ JIy4d CBOOOIHO
IIPOHUKAIOT HA €ro MOBEPXHOCTb M CO3JAIOT BTOPUYHOE SIEPHOE H3IIyYEHUE
HEHUTPOHOB M TraMma-iydeld. M3MepeHus 3TOro M3iaydyeHus ¢ OpOHUTHI MO3BOJISIIOT
OLICHUTh KOHIEHTPALMK OCHOBHBIX IMOPOJ000Pa3yIONIUX 3JIEMEHTOB B TIPYHTE
Mapca. HeiitponHoe u3iayuyeHHe OCOOEHHO YYBCTBUTEIBHO K MPHUCYTCTBUIO TOJ
IIOBEPXHOCTBIO Mapca BoaopoAa, Tak Kak BOJOPOJ CYLIECTBEHHO BIMSET Ha
3G (HEKTUBHOCTh TepMaIU3allud HEUTPOHOB B Ipoliecce uX AU(y3HOro BhIXOAa C
MTOBEPXHOCTH.

OCHOBHBIM BOAOPOAOCOJIEPKAIIUM BEIIECTBOM B rpyHTe Mapca sABisieTcCs
BOJIa, MIOATOMY PETUCTpAIUsi HEUTPOHOB C KPYTOBOM MOJSPHONU OpOUTHI ammapara
«Mapc Opuccein» N03BOJISIET TOCTPOUTH KapTy PACIPOCTPAHEHHOCTH BOJBI (MU
BOJISIHOTO JIbJIa) B TPYHTE KPacHOU IU1aHeTHI (puc. 6).

Ha ocnoBe manubix poccuiickoro npudopa XEH]] O6b110 ycTaHoBI€HO, UTO
CoJIep>KaHue BOJASHOTIO Jibjla B TpyHTe Mapca Ha mupoTtax Beiiie 60° cocTaBiser
6omee 30-50 % mo macce, TO €cTh BOASHOM Jiea (DAKTUUECKH SIBISETCS OCHOBHBIM
nopoA000pa3yroMM  BemecTBOM. Kpome 3TOro okaszaiaoch, 4YTO BBICOKOE
coaepkanue Bojbl j0 10 % mo Macce Takxke HaOMIOJAeTCs B TPYHTE 3eMid
ApaBuu U B paiioHe 1oro-3amaay ot ropbl OJUMII, KOTOPBIE PACIIONIOKEHBI BOIU3U
skBaTopa Mapca (puc. 7). Pesynbrarel skcnepumenta XEHJI uMeroT BakHOE
3HaYeHWe [UIsl BBIICHEHHUS MPOLIECCOB TJ00anbHOM 3BOJIOIMU Mapca. Otu
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35. NICCNEQOBAHWA NNAHET W MAJNbIX TEN COMNHEYHOW CWCTEMBbI

pe3ynbTaThl  OyAyT TakKe WCIONB30BATHCA TMPU  TMOATOTOBKE  OyAyIIUX
MCCIIEIOBATENBCKUX IKCIIeaUIMi Ha Mapc.

Puc. 6. Kocmuuecknii annapatr HACA «Mapc Onuccein»
¢ poccuiickum npudopom XEH/I na 6opty

Puc. 7. Kapra notoka snUTENIOBbIX HEUTPOHOB € MOBEPXHOCTH Mapca 1Mo JaHHBIM U3MEPEHUit
poccuiickoro pubopa XEH]I ¢ 6opra kocmudeckoro ammapara HACA «Mapce Oxauccein».
Paznuunble 11BeTa 0TOOpaXkaroT TMHAMUYECKHH Jana3oH TeMia cyeTa HeMTpoHoB (0TCY./C) B
nerekrope MD, kpacHbIii U PHOIETOBBII [IBETA MPEACTABISAIOT MAKCUMYM U MUHUMYM,
COOTBETCTBEHHO. /111 BRICOKMX MIMPOT ceBepHOro nonymapus >50 °C naHHble U3MEpeHUN
IIOJIy4€HBI B C€30H ceBepHOro jera Ls = 0-180°, a1 BBICOKHUX IHPOT I0YKHOTO MOJTyIapus
>50° IOI nanHbIE COOTBETCTBYIOT C€30HY FOXKHOTO Jieta Ls = 330-20°
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Ocaxnenue atMoc(epHOl YIIIEKUCIOThl Ha MOBEPXHOCTH Mapca 3uMoi
M3MEHSET DJIEMEHTHBIA COCTAB B CJI0€, KOTOPBIM U3JIy4acT HE HEUTPOHHI,
no3TOMY JlaHHble HaOmoaeHuil mprudbopom XEH/I mo3BOJIAIOT BBIIOJIHUTE OILICHKY
TOJIIMHBI CJOSl «CYXOro JIbAa» W3 YIIEKUCIOTHl B PA3JIMYHBIX yYacTKax
noBepxHocTH Mapca. Ha ocHoBe 00paOOTKM TaHHBIX HENPEPHIBHBIX HEUTPOHHBIX
u3Mmepenuit npudopa XEHJ/I yaanock mocToOputh CE30HHBIM MPOGUIbL U3MEHEHUS
MAacCChl OCAXKJACHHOW YIJIEKUCIIOTBI B CEBEPHOM U FOKHOM IOJYLIAPUAX ILIAHETHI
(puc. 8, 9).
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Puc. 8. Uzmepenus maccol ocaxaeHHOro CO, B ceBEpHOM IOJIyLIAPUU B 3aBUCUMOCTH OT
BPEMEHM MapCUaHCKOro rojaa. Ha BepxHeM pucyHKe: TOHKAasi KpUBasi COOTBETCTBYET U3MEPEHUIO
MaccChl OCaKIEHHON yTIIEKNUCIOTH B MpoTHOM nosice 60—70° CLII, Toncras kpusas
COOTBETCTBYET U3MEPEHHUIO MACChl OCAKICHHON YIIIEKUCIOTHI B IIMPOTHOM mosce 65—75° CIII,
TOYEYHAasi KpUBasi COOTBETCTBYET U3MEPEHHIO MACCHI OCAXkIEHHOM YIJIEKHCIOTHI B IIUPOTHOM
nosice 70—80° CILI, myHKTHpHAsI KpUBasi COOTBETCTBYET M3MEPEHUIO MACChl OCAXKICHHOU
YIJIEKUCIOTHI B IMPOTHOM Tosice 75—85° CIII, u mTpux-nmyHKTUpHAs KpUBasi COOTBETCTBYET
MU3MEPEHHUIO MACChI OCAKIECHHOM YrieKucaoTsl B mupotHoM nosice 80-90° CIL. Ha Huxuem
PHUCYHKE: CIUIOIIHAs KpUBas MOKa3bIBACT U3MEPEHUE NIOJHOW OCAKACHHONW MACCHhI IO TaHHBIM
HEUTPOHHBIX U3MEPEHUH, ITyHKTHUPHAs KPUBasi COOTBETCTBYET MPEACKA3aHUAM aTMOC(EepHOU
mozenu Mapca GCM
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Puc. 9. Uzmepenns maccol ocaxkaeHHOro CO, B 10)KHOM MOJIyIIAPUHU B 3aBUCUMOCTH OT BPEMEHU
MapcuaHckoro roja. Ha BepxHeM pUCyHKe: TOHKasi KpUBasi COOTBETCTBYET U3MEPEHHUIO MacChl
OCaXJEHHOM YIJIEKUCIOTHI B IUpOoTHOM Ttosice 60—70° FOILI, ToncTas KpruBasi COOTBETCTBYET
M3MEPEHHUIO MACCHI OCAKIEHHOM YTIEKUCIOTH B IIUPOTHOM Tosice 65—75° FOILI, Toueunas
KpHBasi COOTBETCTBYET U3MEPEHHUIO MACChl OCAKIECHHOM YIJIIEKUCIOTHI B IIMPOTHOM MOSICE
70—-80° IO, myHKTHpHAas KpuBasi COOTBETCTBYET U3MEPEHUIO MACChl OCAKIEHHON YTIIEKUCIIOTHI
B IIUPOTHOM mosice 75—85° KO, u mTpux-myHKTUPHAsE KpUBas COOTBETCTBYET U3MEPEHHIO
MaccChl OCAKJIECHHON yTIeKUCI0Thl B MpoTHOM nosice 80—90° FOII. Ha HuxHeM pucyHke:
CIUIOILIHAsI KpHUBas OKAa3bIBAET U3MEPEHHE MOJHOM OCaKIEHHOM MacChl 110 JAHHBIM
HEUTPOHHBIX U3MEPEHUH, TyHKTHUPHAs KPUBasi COOTBETCTBYET MPEACKA3aHUAM aTMOC(EepHON
mozenu Mapca GCM

[Iponomxenne skcnepumenta XEHJI Ha xocmuueckoMm anmapare «Mapce
Omucceii» B 20072009 rT. 03BOJIUT MOJYYUTh TIOCTATOYHBIN 00BEM JTAHHBIX TS
MPOBEPKU THUIIOTE3bl O CJIOUCTOM XAapaKTEepe BOJOCOJEPIKAIIETO TPYyHTA BO
BJIQXHBIM pailoHax Mapca BOJM3M DKBaTOpa. OTH JaHHBIE TaKXE ITO3BOJISAT
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BBISICHUTH, B Kakoil hopme (acopOMpOBaHHNS, XUMHYCCKH CBSI3aHHASI, CBOOOTHBIN
JIET) BOJIa MIPUCYTCTBYET B IPYHTE HA HU3KUX mupoTax. biaroas tomy, uyto «Mapc
Opucceit» Oyner HaxoOIUTCd Ha OKOJIOMAapCHAaHCKOM OpOUTE HECKOJIBKO
MapCUaHCKUX JIET, MOKHO OYJIeT BBIMOJHUTH CPAaBHEHHE CE30HHBIX Bapualluil B
CEBEPHOM U FOKHOM TOJIYIIAPUSX M CJAEJIaTh BBIBOJABI O CTAOWJIBHOCTH KJIMMara
Mapca.
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