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B craTbe npeacTaBieHbl pe3y/IbTaThl aHAJIM3a HEUTPOHHOM KOMITIOHEHTHI pagrualiMoHHOro (poHa Ha Mapce
B KpaTepe [eiin, roe mpoBoaut cBou ucciaenoBanus Mapcoxon NASA Curiosity. YucaeHHBIE OLIEHKY IT0Ka-
3aJid, YTO MPU MaKCUMyMe MOTOKA raJIaKTUYEeCKUX KOCMUYECKUX JTy4eil MOIITHOCTb 3((MDEKTUBHOI 1O3bI TTO
HEeUTpOHAM MeHSIETCS BIOJb TPACChl ABMXKeHUsT Mapcoxona Ha 20% B muamnazoHe 92—108 Mx3B/aeHb. Oc-
HOBHBIM (DAKTOPOM TaKOTO U3MEHEHMUSI SIBJISIETCSI TIEPEMEHHOE CoiepXXaHUe MOAMOBEPXHOCTHOM BOJIbI, KO-
Topoe Bapbupyetcs ot 0.5 no 5% 1mo MaccoBoii goJie BA0Jb Tpacchl Mapcoxona. I[TosrydeHHbIE OLIEHKH CO-
MOCTaBUMBI C U3MEPEHUSIMU pagualMoHHoro go3uMeTpa RAD. CpaBHeHue ¢ 103aMU OT 3apsIKeHHBIX ya-
CTHII TTOKA3bIBaET, YTO BKJIAI HEMTPOHHON KOMIIOHEHTHI HA MIOBEPXHOCTH Mapca B CyMMapHYyIo 103y 6e3
HCTIOIb30BaHUS CPENCTB PaaUallMOHHOM 3aIuThI cocTaBisieT 10%, 4To HEOOXOMMMO YUYUTHIBATh MPU IIa-

HUPOBAHUM MUJIOTUPYEMBIX MUCCHM K Mapcy.
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BBEAJEHUWE

Mapc sBisieTcs UICTOYHUKOM HEUTPOHHOTO U3JTy-
YeHUsI, KOTOPOE€ BO3HUKAECT B IPUIIOBEPXHOCTHOM
cJIoe IIIAaHETHl IIOJ BO3AEHCTBUEM TaJlaKTUYECKUX
kocmuueckux Jydeit (I'KJI). 3apskeHHBIE 4aCTUIIBI
I'KJI BEICOKMX 3HEPTUii B3aMMOACICTBYIOT C siApaMu
BemecTBa Mapca M pacKaJIbIBalOT UX ¢ 00Opa30oBaHM-
eM OoJjiee JIETKUX sIIEp U CBOOOMHBLIX HEUTPOHOB C
SHEPIUSIMHU 10 HECKOJIBbKUX necsaTKoB I5B (cm. Drake
u ap., 1988; Masarik, Reedy, 1996). TommuHa ciiost
B3aMMOJCUCTBUSI COCTaBIISIET OKouo 1—2 M. JlnmHa
CBOOOIHOTO Mpobera HEUTPOHOB B 3TOM CJIOE ropas3-
JIO MEHbIIIE 3TOI TOJIIMHBI, TIO3TOMY HEMTPOHBI HC-
MBITHIBAIOT MHOTOKPATHBIE CTOJIKHOBEHUSI C SIApaMu
IMOpPOA000OPa3yIOLINX JIEMEHTOB IO TOrO, KaK OHM
BBUIETSIT M3-TIOJ, MIOBEPXHOCTU WJIU YHUOYyT B Gonee
IITyOOKME CJIOM TPYHTA C MOCJEIYIOLIUMM PaclagoM.
IIpu CTONKHOBEHHUSIX C SIAPAMU OCHOBHBIX MOPOIO-
oOpa3yonx 3JIEMEHTOB ¢ MaccamMu M, KOTopbie
3HAYUTEJILHO IIPEBHIIIAIOT MacCy m HEWTpPOHA WU
MMPOTOHA, MOTEPU IHEPIUM HEUTPOHA COCTABJISIIOT
BeJIMUMHY mopsinka m/M. B MHOTOKpaTHBIX CTOJIK-
HOBEHUSIX HEMTPOHBI 3aMEIIJISIOTCS IO HaATEIIJIOBBIX
WJIW JaXe 00 TEIJIOBbIX SHEPTUM, [TIOTOMY SHEPTeTH -
YECKUI CIIEKTP HEUTPOHHOTrO U3IydeHuss Mapca 1mo-
KpBIBaeT IIUPOKUI TUANa30H OT HaYaIbHBIX 3Have-
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HUI 10 TEeIUIOBBIX 3Hepruil (cMm. Drake u np., 1988;
Masarik, Reedy, 1996).

OCHOBHBIM (PaKTOpOM, KOTOPHIM BIMSIET Ha
CIIEKTp HEUTPOHHOIO M3iaydyeHus Mapca, SIBIsgeTcs
MaccoBasl J0Js BoAopojaa B BellecTBe. fAmpa 3Toro
3JIEMEHTA, IPOTOHBI, UMEIOT PaBHYIO MAacCy C Heii-
TPOHAMHU, IMO3TOMY IIPYM CTOJNKHOBEHMSIX C HUMU
HEUTPOHBI MOTYT MOTEPSTb 3HAYUTEIBLHYIO OJIIO
cBoeii sHeprun. Bogopon B BellleCTBe MapCHaHCKOM
IMOBEPXHOCTH IJIABHBIM 00pa30M CBsI3aH B MOJIEKYJIaX
BOJIbI, TIORTOMY BEJIMYMHA CIIEKTPATbHOM MJIOTHOCTHU
IIOTOKA HEUTPOHHOTO M3JIyYeHUSI IIOBEPXHOCTU
Mapca HarpsIMyI0 3aBUCUT OT MAaCCOBOM JOJIM BOObI
B BEpXHEM CJIo€ MapcHMaHCKoro rpyHTa. CieayeT oT-
METHUTh, UTO KpoMe 3((PEKTUBHOCTU TEPMaJIN3alINN,
IMOTOK HEUTPOHOB TaK:Ke 3aBUCUT OT KO3 PUIIMEHTA
X MOMJIOIIEHUS B BelllecTBe. BKilam B momionieHue
BHOCSIT sIIpa BOOOPO/Ia, XJIopa, XeJjie3a U ApyTux dJIe-
MEHTOB C OONBIINMM CEYSHUSIMU TOIIOIICHMSI, Ta-
KMX, KaK, HalIpuMep, FaaoJduHUA.

3aBUCHUMOCTh MapCUAaHCKOIO HEMTPOHHOIO U3JTY-
YeHUsI OT NPUCYTCTBUS SACP BOIOpPOAA IIO3BOJISICT
OompeleNsiTh CoIepXKaHue BOIbI B MapCHAHCKOM
TPYHTE HAa OCHOBE aHaJIM3a JaHHbIX UBMEPEHUI HEM -
TPOHHOIO IIOTOKAa MpuUOOpaMu Ha OpOUTE BOKPYT
IUIaHETHI (METOH NACCUBHO20 OPOUMANBHO20 30HOUPO-
éanus). Ilpun 3ToM HeoOXOAMMO 3HATh KOHIIEHTpa-
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LIMIO JIEMEHTOB C OOJIBIIMMU CEUYEHUSIMU TTOTIO0IIe-
HUSI HEUTPOHOB. DTU JTaHHbIC MOTYT OBITH TTOJYYEHBI
Ha OCHOBE COIMYTCTBYIOILIMX OPOUTAIBHBIX U3MEPEHUI
raMma-us3JjiydyeHuss B XapaKTepUCTUUECKUX CIEeK-
TPAIbHBIX JUHUSIX ITUX DJIEMEHTOB (CM., HAIPUMED,
Boynton u ap., 2007; Keller u ap., 2006) miu 1o maH-
HbIM M3MEPEHUI cocTaBa BelllecTBa MpubopamMu Ha
MoBepXHOCTH, HarpuMmep 1npudopoMm APXS (Gellert
u ap., 2015).

Ha ocHoBe uzMepeHuit cOOCTBEHHOTO HEUTPOH-
HOro u3jay4yeHus Mapca ¢ opOUThHI MOXET OBITh I10-
CTpO€Ha KapTa paclpoOCTPaHEHHOCTU BOJbI B MO-
BEPXHOCTHOM CJIo€ IUIaHEeThl. Takue HM3MepeHMUs
BIIEpBbIEe ObUIM BhINOJHEHBI IMpubopamu HEND wu
MONS Ha 0opty MapcuaHckoro crnyTHuka NASA
Mars Odyssey (Boynton u np., 2002; Feldman u ap.,
2002; Mitrofanov u ap., 2002; MutpogaHoB u 1p.,
2003; 2004). bru1o o6HapyXeHO, YTO BEpXHUI CIIOM
MoBepxXHOCTU Mapca collep>KUT JOBOJLHO MHOTO BO-
IIbl, a ee pacrnpeesieHue BIOoJb TOBEPXHOCTHU I€MOH-
CTPUPYET CUJIbHYIO PETMOHAJIbHYIO MEePEMEHHOCTD.
Tak, MUHUMAJIbHBIE 3HAYEHUSI MAacCOBOIi JOJU BO-
bl HaOMopaloTes B “cyxoit” oonactu Ilmaro ConH-
1ma (oKoJ10 3% MaccoBoOit 1OIM B CpemHEM I1o 06JIa-
ctu, Boynton u np., 2007). Ha ymMmepeHHBIX IIUpOTaX
<60° c.11./10.111. MAKCUMAJIbHASI KOHLEHTPALKsI BO-
bl opsinka 10% 6bl1a oGHapykeHa B obiactu Apa-
ouu (MutpodaHos u ap., 2004; Boynton u ap., 2007;
Maurice u gp., 2011). Oka3anoch, YTO Ha BBICOKUX
LIMPOTAX Kak Ha ceBepe, TaK U Ha 1ore, MOBEPXHOCT-
HbII cioii Mapca siBiisieTcsl “BEYHOU MEp3JoTOi” ¢
BBICOKHUM COJIep>KaHMEM BOJbI MOPSIIKA HECKOJIbKUX
JIECSITKOB MpPO1EeHTOB 110 Macce (Boynton u np., 2002;
Feldman u ap., 2002; Mitrofanov u ap., 2002) B ¢pop-
Me BoastHoro Jibaa (Mellon u ap., 2009).

HeittpoHHbIE M3MEPEHUS HAa TTOBEPXHOCTU TaKKe
MMO3BOJIIOT OLIEHUTH MAaCCOBYIO JOJIIO BOIBI B TOYKE
PAaCIIOIOKEHUSI TTOCAIOYHOrO armnapara. AHAJTOTMYHO
OpOUTAILHBIM U3MEPEHUSAM, B 3TOM CJIydae TaKkKe
HEOOXOIMMO 3HAThb MAacCOBBIE IOJU BJIEMEHTOB C
OOJIBIIMMU CEYEHUSIMU HEUTPOHHOTO TOIIOIIEHUSI.
CnenyeT OTMETUTh, UYTO B Cllyyae M3MEPEHUI Ha II0-
BEPXHOCTH, JOTIOJTHUTEITBHO K M3MEPEHUSIM COOCTBEH-
HOIO0 HEWTPOHHOIO W3JIyYeHMsl Mod BO3ACUCTBUEM
I'KJI (Memo0 naccusnoeo HelimpoHHO20 30HOUPOBAHUSL),
JUIST OLIEHKM MAacCCOBOI IOJIM BOIBI LIEJIECOOOPAa3HO
MMPUMEHUTh aKTUBHBINA Memoo HellmpoHHO20 Kapoma-
aca. B 5TOM ciiydae B cOCTaB HEMTPOHHOIO IETEKTOPA
JIOJKEH BXOIMTH HEMTPOHHBIN reHepaTop, KOTOPBINA
00JIy4aeT MOBEPXHOCTh UMITYJIbCAMU HENTPOHOB BbI-
COKUX 3Hepruii. Perucrpalivist BpeMeHHOTO MPOdUIIS
MOCJIe UMITYJIbCHOTO HEUTPOHHOTO M3IYYEHUS T103-
BOJISIET HE TOJIBKO OMPENEUTH MaCCOBYIO TOJTIO BOIBI
B TPYHTE, HO TaKXXe HE3aBUCHUMO OLICHUTh KOJIMYe-
CTBO 3JIEMEHTOB C OOJIBIINMI CEYEHUSIMHU TTOTJIOLIE-
HUs HEHTpOoHOB. Kpome 3TOr0, aHaan3 BpeMeHHOTO
MpOodUIIA TOC]IE UMIYJIbCHOTO HENTPOHHOTO U3Iy-
YeHUs TTO3BOJISIET OIPENAETUTh CTEIIEHh HEOTHOPOI -
HOCTH KOHILIEHTPALIMK BOIHI TT0 TITyOUHE.
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MUTPODPAHOB wu np.

Briepeie Kocmmueckuii mpunoop DAN s Heit-
TPOHHOTO KapoTaxka BellecTBa Mapca ObLT yCTaHOB-
J1eH Ha 6opry mapcoxoma NASA Curiosity (Litvak
u ap., 2008; Mitrofanov u ap., 2012). JIns usydyeHus
MepeMEeHHOCTH MaCCOBOIi JOJIM BOJBI BIOJb TPACCHI
IBDKEHMSI MapcoXoda B 9KCIIEPUMEHTE ¢ IIpUOOPOM
DAN mipuMeHSIOTCS KaK aKTUBHBIN, TaK M ITACCUB-
HBII1 METOIbI HEUTPOHHOTO 30HAMpoBaHus. 3a 10 neT
HaOJIIOAEeHW OBLIM ITOJIy4YeHbl JaHHBIE O MacCOBOM
JIOJIE BOABI M DJIEMEHTOB C OOJIBIIMMU CEYEHUSIMU
TOIJIOIIEHUsI HEUTpoHOB B 6osiee yem 700 jmokaiab-
HBIX pailoHaX OCTaHOBOK Mapcoxona (Mitrofanov
n np., 2014; Litvak u np., 2014; Mitrofanov u nap.,
2022). C yyeToM IIOJy4eHHBIX OLICHOK JJISI KOHIIEH-
TpalluX ITOTVIOLIAIOIINX 3JIEMEHTOB, METOIOM IIac-
CHUBHOI'O HEMTPOHHOTO 30HIMPOBAHUS OBLIM MOJY-
YeHbI OLIEHKM MAacCOBOIl IIOJM BOAbI BAOJbL BCeil
MIPOMASHHOM TpacChl Mapcoxoaa MPOTSKEHHOCTBIO
okoJio 20 kM (Nikiforov u np., 2020).

Takum 06pa3oM, B HACTOSIIIEE BPEeMSI B pacIiopsi-
>KEHUU UCclieioBaTelieil UMeIOTCsI TaHHBIE O PacIipo-
CTpaHEHHOCTH BOIbI B TpyHTe Mapca, mojaydeHHEIe
Ha OCHOBE aHaJin3a OpOUTAIbHBIX U3MEPEHUMN cO0-
CTBEHHOI'O HEUTPOHHOTO W3JIydeHMs IIJIaHEThI, a
TakXe JaHHBIE O MAcCOBOil [oJie BOABI B TPYHTE Ha
IHe KpaTepa [eiin, mojydeHHble MeTogaM1 aKTUBHO-
IO U MAaCCUBHOIO HEHTPOHHOIO 30HAVMPOBAHUS He-
MOCPEACTBEHHO Ha IMOBepXHOCTU. [1oaTOMY TTOSIBU-
JIaCh BO3MOXHOCTb OLICHKU BEJIMYUHBI HEATPOHHOIA
KOMITOHEHTBI COOCTBEHHOIO paavalMOHHOIro (poHa
Mapca Ha ITOBEpXHOCTU U Ha OPOUTAX C pa3IMUYHLIMU
BBICOTAMU U HAKJIOHEHUSIMU.

JO3UMETPUA PAINALIMOHHOI'O
®OHA HA MAPCE

IIpoBeneHO HECKOJBKO KOCMHUYECKHUX IKCIEpU-
MEHTOB I10 U3MEPEHUIO paguallMOHHOI JO3BI HA Op-
oute n Ha moBepxHocTy Mapca. C 2012 r. B KpaTepe
I'eiin padboTtaer mapcoxon Curiosity, Ha 0OpTy KOTO-
poro ycraHoBJyieH fo3uMeTp RAD, crtocoOHBII n3Me-
PSITh IIOTOKM 3apsSIKEHHBIX YaCTHUII, TaMMa-KBaHTOB 1
HeiTpoHoB (Hassler u np., 2012). IlepBbie u3Mepe-
HUSI 3TUM IIpUOOpPOM Ha ITOBEpXHOCTHM Mapca B
2012—2013 rr. moKa3ajan, 9TO HEHTpOHHAass KOMIIO-
HeHTa (poHa paBHa 30—60 MK3B/IeHb 1 COCTABIISIET OKO-
710 5—10% OT (hoHa 3apsTKEHHBIX YaCTUII TAJTAKTUIECKIX
kocvmueckux Jydeit (I'KJI), okono ~700 MK3B/meHb
(Kohler u ap., 2014; Guo u ap., 2017; Hassler u np.,
2014).

B 2018 1. Ha KpyroBoii opourte BoKpyr Mapca Ha-
YaJ cBolo padboTy opouranbHblii antmapaT TGO (Trace
Gas Orbiter) mpoekTa ExoMars. Ero kommiekc Hay4-
HOI1 armapartypbl BKJIIOYA€T POCCUMCKUNA KOJJIUMU -
poBaHHBIN HelTpoHHBIT gerekTop FREND, B co-
CTaB KOTOPOI0, B CBOIO OUEPENb, BXOAUT IETEKTOP 3a-
psokenHbrx yactull ['KJI Liulin-MO (cMm. Mitrofanov
u ap., 2018; Semkova u ap., 2018). C momomibo Impu-
oopa Liulin-MO ynanocs u3MepuTh MOILITHOCTb 2K-
Ne 3
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OLEHKA HEUTPOHHOM KOMITIOHEHTHI

BUBAJICHTHOM JO3bI 3apsDKEHHBIX YaCTULL HA OpOUTE.
3a nepuon Mait 2018 r. — nekabpsb 2019 . oHa cocTa-
Buia B cpenHeM 1.60 £ 0.33 u 1.65 = 0.34 m3B/n0eHb
IJIsl IBYX MEePHEHINKYIISIPHBIX HApaBJICHU, BIOJb
oceit Xu Z xocmuueckoro armmmapara TGO (cMm. Sem-
kova u np., 2021).

KpomMe akcriepuMeHTaIbHbIX MCCIIEAOBAHMIA IIPO-
BOIWINCH YMCIIEHHBbIE OLEHKHU pagudallMOHHOII 00-
CTAaHOBKU Ha opbute u 1moBepxHocTu Mapca. Ilo-
CJIEIHUE VCCICIOBAHUS B 3TOM 00JIaCTH MO3BOIMIN
OLEHUTH ITPOGUIN MOIIHOCTH MOJHOM TO3BI U €€
KOMITOHEHTBI (3apsiKeHHbIE 4YacTUILbl, HEUTPOHHI,
ramMMa-u3JIydeHNe) Ha pa3HOi BLICOTE Hal ITOBEPX-
HOCTBIO M Ha pa3HOM IJIyOMHE II0I ITOBEPXHOCTHLIO
(Zhang u np., 2022). B yuciieHHbIX pacyeTax UCHOIb-
30Bajlach TaK Ha3bIBaeMasl “cyxasi” MOJe/Ib MapCrUaH-
CKOTro IrpyHTa, coctostias uz 50% O, 40% Si, 10% Fe
(Zhang u np., 2022; Semkova u ap., 2022). OueHku
OBLIM CHEJIaHBI i1 HECKOJIbKMX TOJIIMH MapcuaH-
CKOIf aTMOC(dephl, KOTOPBIE IIPUMEPHO COOTBETCTBY-
10T BepiiuHe ropbl Onumil, Kpatepy I'eitn u 6acceiiny
DJtanbl). YCTaHOBIIEHO, YTO IIOJIHAS 032 UMEET JI0-
KaJIbHBIII MAKCHMYM IO IIOBEPXHOCTHIO Ha IIyOMTHE
30—40 cM, cBsI3aHHBIN C OOJIBIIIMM BKJIAJIOM Heii-
TPOHHOM KOMIOHEHTHI (6ojee 50% mnoaHOoil J103b1).
Kpome 3Toro, 6110 IPOBEIEHO YNCIEHHOE MOIEI-
poBaHue skcriepumenTa Liulin-MO Ha 6opTty amia-
pata TGO, KoTopoe mokKa3ajio Xopolliee coriacue B
npenenax 20% MeXny YHMCICHHBIMM OLICHKAMU U
9KCNEPUMEHTAJIbHBIMU AaHHbIMU (Semkova m np.,
2022).

B manHOIT cTaThbe mHpencTaBieHBI OLIEHKM HeEi-
TPOHHOM KOMIIOHEHThI paAuallMOHHOro (pOHA Ha JHE
Kkparepa I'eitn Bnoib Tpaccel Mapcoxona Curiosity u Ha
opoute ¢ BeicoToii 400 KM HajJ 3TUM KpaTepoOM.

METO/1 OUEHKU HEUTPOHHOTI'O IMMTOTOKA
COBCTBEHHOI'O U3JIVHEHUA MAPCA
HA ITOBEPXHOCTH
N HA PASHBIX BBICOTAX

Kak yxe oTMedanoch, COOCTBEHHOE HEUTPOHHOE
n3nyyeHue Mapca BO3HMKAEeT B BEIIECTBE IJIAHETHI
nop Bo3aeicTBrueM 3apskeHHBIX yactul ['KJI. DTo
MPUBOJIUT K POXIECHUIO OBICTPHIX HEUTPOHOB, KakK B
arMoc(epe, TaK U B BEPXHEM CJIO€ ITOBEPXHOCTHU.
CnekrtpajbHasl IUIOTHOCTh ITOTOKAa HEMTPOHOB Ha
MOBEPXHOCTHU, B aTMOc(depe U Ha OpOUTE 3aBUCUT OT
SANEPHBIX PEaKUUN B3aUMOAEUCTBUA HEUTPOHOB C
sapaMu. DTO peaklMy YIIPYroro U HEyIpyroro pac-
CesTHUSI, OMIOIIEHUS W pacraiaa HEMTpoHOB. Benen-
CTBUE peakluii pacCessHUsT HEUTPOHBI U3MEHSIOT
CBOIO DHEPIruIO M HarpaBjieHue ABUKeHUs. MOXHO
CXeMaTUYHO MPEICTABUTH ITOJIE MApCUAHCKOTO Hel-
TPOHHOTO U3JIYyYE€HHUSI KaK COBOKYITHOCTh KOMITOHEHT
YaCTUIL C Pa3]IMIHON COOCTBEHHOM MCTOpPUEH B3am-
MOJAEUCTBUSI C MPUMMOBEPXHOCTHBIM CJIOEM BEIIECTBA
U C BEILIECTBOM aTMOCQEpPHI 10 TOT0 MOMEHTa, KaK
YaCTUIIbl MOKMHYT OKPECTHOCTH TUIAHETHI, BBIMAS 3a
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Mpeaeabl ee aTMocdepbl, WIIN YHIYT B TIIyOOKUE CION
BelllecTBa 0€3 11aHCOB BEPHYThCS M3-3a MOTJIOLIEHUS
WIM pacraja.

Kaxxnast koMnoHeHTa HEMTPOHHOTO M3IyYeHUS
MOXET XapaKTepU30BaTbCsl ONpPEIeIEHHLIM YKCIIOM
IepeceUYeHnil MOBEPXHOCTU IIAHETHI OT MOMEHTA
poXneHus A0 “3aBepiieHus1 ucropun” (cm. puc. 1).
Taxk, yacTubl KOMIIOHEHTBI N¢ 1 T1ocjie poXAeHUS
10l IOBEPXHOCTHIO BELJIECTAIOT B KOCMMYECKOE MPO-
CTPaHCTBO 0€3 B3aMMOIEICTBUS ¢ aTMOC(hepoii, Win
MOITIOIIAIOTCS B arMocdepe, WM pacliamaloTcs.
B 3Ty KOMIIOHEHTY TakxKe BXOAST HEMTPOHBI, KOTO-
pbIe pOOMJIMCH B aTMOCdepe, IMPOIILIN Yepe3 MOBEPX-
HOCTb 1 YIIJIU B INIyOOKME CJION TUIAHETHI.

HeiiTpoHBI KOMITOHEHTBI N2 2 MOTJIA POIHUTHCS B
BEIIECTBE IO TMTOBEPXHOCTHIO, OTPAa3UThCS B aTMO-
cdepe ¥ TOBTOPHO Mepeceyb MOBEPXHOCTD C YXOI0M
B IITy6OKMe ciion. VImn HeATpOHBI 3TOI KOMITOHEHTHI
MOTJIM POIUTHCS B aTMocdepe, OTPa3UThCS B BEpX-
HEM CJIoe TIOBEPXHOCTHU 1 BBIITU 3a TIPEAesibl aTMO-
cepsl WK TIOTIOTUTHCA B Helt. OmmcaHre 3TOTo psina
KOMITOHEHT MOXHO COOTBETCTBEHHO IPOHOJIKUT,
orpeaeaB HOMep KOMIOHEHTHI N KakK YKCJI0 Tepe-
CeUeHU HEMTpOHAMM MTOBEPXHOCTHU TTAHETHI.

O4eBUAHO, YTO ITOTHBIN IMTOTOK HEUTPOHOB B KaK-
JIOM TOUKe T10/] TOBEPXHOCTHIO, HAJl TOBEPXHOCTHIO U
Ha opOuTe paBeH CyMMe BKJIAIOB BCEX KOMITOHEHT.
Ero BenuumHa ompenensieTcsl MpOM3BOACTBOM Heii-
TPOHOB IO/ TOBEPXHOCTHIO, B aTMochepe, a TakKe
“oTpaxaTeJlbHOI” CIIOCOOHOCTBIO CJIOEB BeIIeCTBa
HIUXE W BBINIE TOBepxHOCTU. [loaTOoMy BenmymHa
MOJIHOTO MOTOKA 3aBUCUT KaK OT COCTaBa BEIllECTBA
(MaccoBast HoJIsI BOIBI U MOTJTIOTUTE et HEUTPOHOB),

TaK U OT TOJILIMHBI aTMOC(HEPHI.

st paitoHa kpatepa I'eiin ObLIO BBITTIOJTHEHO YHC-
JIEHHOE€ MOJEINPOBaHMe IJISI OLEHKH ITaplaIbHBIX
MOTOKOB HEMTPOHOB [IJIsI BCEX KOMIIOHEHT HEMTPOH-
HOTO U3JTyYEHMS U IJIs1 ONPeNeIeHUS TIOJTHOTO MOTOKa
HEUTPOHOB Ha IMTOBEPXHOCTU U Ha OPOUTE C BEICOTOM
400 kM. Ucnonp3oBanica naketr Geant4 toolkit (ver-
sion: geant4-10-07-patch-01). B pacueTsl 3akanbiBa-
JINCh HE TOJILKO COCTaB MapCHMAaHCKOM IOBEPXHOCTH,
COCTaB U TOJIIMHA aTMOCGhEpPhl, HO 1 OIlpeAcIeHHas
CeKTpayibHasI TNIOTHOCTD ToToka yacTtuil ['KJL.

g MonenmpoBaHUs OBUTN MCITOJTb30BaHbBI OIICH-
KW cOocTaBa MapCUaHCKOTO I'pyHTa B Kpartepe Ieitn,
MOJIyYeHHbIE HA OCHOBE yCPENHEHUs] JTaHHbBIX U3Me-
peHuii mpudopa APXS B aTom paitone (Gellert u ap.,
2015). CocTaB 271€MEHTOB C OOJIBIINM CeYEeHHUEM ObLI
3aJaH Ha OCHOBE NAaHHBIX aKTUBHBIX W3MEpeHUIt
npubopa DAN (Mitrofanov u ap., 2022). MaccoBas
JIOJIsI BOABI B TPYHTE CYMUTAIACh paBHOM olieHKe 2.8%
B CpeaHeM 151 Bceli TpacChl Mapcoxoia, MoJTyYeHHO
Ha OCHOBE pe3yJIbTaTOB M3MepeHuii mpubdopa DAN
(Mitrofanov u ap., 2022). PacueTbl ObLJIM BBINIOJHE-
HbI JJ1s pa3JIMYHBIX CE30HOB MAapCUAHCKOTO Troja c
Y9eTOM M3MEHEHUS TOJIIIMHBI MapCHaHCKOM aTMO-
cheprl comtacHo KimMaTuuyeckoit monenu Mars Cli-
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KonnuectBo HepCCC‘-ICHI/Iﬁ ITOBEPXHOCTU

Puc. 1. PacnipeneneHrie HEUTPOHOB MO KOJIMYECTBY NlepeceYeHU M HOBC%XHOCTI/I kpatepa ['eitn (Bce cTONIOLIBI HOPMUPOBAHBI HA

KOJIMYECTBO HEMTPOHOB MEPBOIo MepeceyeHMs IOBEPXHOCTH, 7.2 X 10

mate Database (MCD) (cMm. Forget n np., 1999; Mil-
lour u ap., 2018). CexTpajiibHasl IJIOTHOCTh ITOTOKA
yactull I'KJI 6p1a Ha3HaYeHa B COOTBETCTBUU C MU~
HUMYMOM COJIHEYHOIO IIUKJIA (TO €CTh MAKCUMYMOM
notoka I'KJI), uTto cooTBeTcTBYET (paze COTHEYHOTIO
LIMKJIA C TTapaMeTpOM COJHe4YHoit Monyasuuu @ =
= 398 MB no monenu I'KJI (Usoskin u ap., 2017).

Ha puc. 1 mokazaHo pacnpeneieHre KoJnyecTBa
HEUTPOHOB JIJIs1 KOMIIOHEHT C Pa3HbIM YMCJIOM Tepe-
CeYeHMI MOBEPXHOCTH KpaTepa I'ei i TOMIIMHEI
atMocdepsl, ycpeaHeHHO# 3a MapcuaHckuii roxa. I1o
ocu X OTJIOXKEHO KOJIMYECTBO MepecevyeHuii, a o ocu
Y — oTHOCUTENBbHOE KOJIMYECTBO HEUTPOHOB, UCTIbI-
TaBIIMUX TaKO€ KOJIMYECTBO HepCCC‘{CHMﬁ.

M3 pacueToB cieayeT, 4To JOJI0 OKOjJIo 99% B
MOJIHYIO BEJIMYMHY TOTOKA HEUTPOHOB Ha ITOBEPXHO-
ctu Kpatepa ['eitsn BHOCSIT KOMITOHeHThI oT Ne 1 1o 12.
ITpu 5TOM yCTaHOBJIEHO, YTO TTOJTHAS BEJIMUMHA HEl-
TPOHHOIO MoTOKa Ha opoute 400 KM Haa Kparepom
I'eiin mouT Ha MOPSAIOK MEHBIIIE, YeM Ha ITOBEPXHO-
CTU. DTO oO3HayaeT, 4To 3(deKTh “oTpaxeHus”
HEWTPOHOB OT IMTOBEPXHOCTU U B MAPCUAHCKOM aTMO-
cdepe BeIMKA U UX HY>KHO YUYUTBIBAT.

OLLEHKMW HEMTPOHHOM KOMIIOHEHTHI
PAIIMALIMOHHOM O03bI
HA TTOBEPXHOCTHW KPATEPA T'EWJI
U HA OPBUTE HAJI DTUM KPATEPOM

BenuyuHa HEMTPOHHON KOMIIOHEHTHI paaualy-
OHHOM J03bl PACCYUTHIBAETCSI Ha OCHOBE CBEPTKM
CIIEKTPpaJIbHOM MJIOTHOCTU MOTOKA HEUTPOHHOTO U3-
JydyeHUs ¢ QYHKIUEN, YIUTHIBAIOIIEH TTopaxarolniee
BO3MIECUCTBUE HA YEJIOBEUYECKUU OpPraHu3M HEUTpPO-
HOB C pa3JIMYHbIMU SHEPTUSIMMU:

ACTPOHOMMWYECKHWM BECTHUK
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e ((11—]; (E) — criekTpajbHasi INIOTHOCTb OTOKA Heil-

TPOHOB, g (E) — hyHKIMS, ONKChIBaOLIast 3aBUCU-
MOCTh TlOpaxarollero BO3IEHWCTBUSI OT 3HEPruu
(cM. puc. 2), (E|, E,) — sHepreTuueckuit nuarasoH,
B KOTOPOM OIlpeessieTcs: 1o3a. B kauecTBe npenenon
WHTETPUPOBaAHUS pacCMaTpUBaJIMCh AUara3oHbl (0—
15 M»B) n (0—1000 M»3B). IlepBbiii mMana3oH COOT-
BETCTBYET CIIEKTPaJbHOI YyBCTBUTEILHOCTU 10 BHEP-
TUSIM HETPOHHBIX IETEKTOPOB, paboTaIoIIX HAa OpOU-
te Mapca HEND/Mars Odyssey 1 FREND/TGO
(Mutpodanos u ap., 2003; Mitrofanov u ap., 2018),
BTOPOIi T1Mana3oH onpeaessieT MOAHYI0 HEUTPOHHYIO
no3y. Dynkuus g (E) onpenesnsieTcst Ha OCHOBE 00JIy-
YeHUsI CTAaHIAPTU3UPOBAHHOIO aHTPOIIOMOP(HOro
¢anToma Ha O6optry MKC (Petoussi-Henss u np.,
2010). Ha puc. 2 BUIHO, UTO Mopaxarolasi Criocoo-
HOCTb HEUTPOHOB BBICOKMX SHEPruii Ha IIOPSIIKA
MIPEBOCXOIMUT ITOPAKAIOIIYI0 CIIOCOOHOCTh HEUTPO-
HOB HU3KUX DHEPTUIA.

B Tabn. 1 mpencrtaBiieHbl pe3yabTaTbl pacyeTra
MOIITHOCTH 3(P(PEKTUBHOI 1O3BI HEUTPOHOB IIJIST pas3-
JIMYHBIX 00JIacTei BIOJb Tpacchl Mapcoxoaa Curiosi-
ty BHyTpHU KpaTepa Ieiin. beuini BeIOpaHbl paifoHBI C
MUHUMaITBHBIM (0.5%) n MakcumanbHBIM (5%) co-
JIep>KaHUEeM BOJIbI, MOTYyYEeHHbBIE MO JAHHBIM U3Mepe-
Huii poccuiickoro npudopa DAN (Mitrofanov u np.,
2022). Kpome aToro, ripencraBieHa OlleHKa MOIITHO-
cti 3¢ GEKTUBHOMN 103bl HEUTPOHOB B CPEAHEM LIS
BCeil Tpacchl Mapcoxona (CpeaHsisl BeJIMUMHa Macco-
Boii monu Boabl 2.8%) u Ha opObUTe Hal KpaTepom
Ne 3
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Puc. 2. DddexTuBHas 103a Ha eAMHUYHbBII HEUTPOHHBII (DIIOSHC I/ U30TPOIMHOro 00JydyeHUs B cOOTBeTCcTBUU C (Petoussi-

Henss u ap., 2010).

I'eiin. Pacuersl cnenaHbl 41T CPEIHETOAOBOI TOJIIIM -
HBI aTMOocdephl Had KpatepoM [eiin. JomoaHuTeNb-
HBI yJeT Ce30HHOM ITePEMEHHOCTH TOJIIMHBI aTMO-
chepsl TTOKA3BIBAET, UYTO NPUBEICHHBIE B Tadim. 1
OLICHKU MOTYT MCITBITHIBATh CE30HHBIC UBMEHEHUS B
npenenax 1%.

OBCYXIEHMUME ITOJJYYEHHbIX
PE3VJIbTATOB

OxumaeMoe pacrpeaejieHue 3HauYeHU 0361 st
pa3IMYHBLIX YYACTKOB BHOJb TPACChl, MPOMAeHHO
Mmapcoxogom Curiosity B kpatepe I'eitn, mpencrasiie-
HO Ha pHC. 3 IJIsI CPEOIHEroA0BOM CpeaHeil TOIIINHBI
atMocdepsl B KpaTepe [eilst u yclioBuii MakcUMaib-

Horo noroka I'KJI. CpegHee 3HaueHUE O0O3BI BIOJIb
Tpacchl cocTapisieT 51.8 MK3B/meHb IJis AMarna3oHa
sHepruit (0—15 MaB) u 98.2 Mk3B/aeHb 1151 1uana-
3oHa sHepruii (0—1000 M»B) (cm. Tabn. 1), nucnep-
CUM pacrpencjieHUiA COOTBETCTBEHHO PaBHHI 2.4 M
2.6 Mk3B/neHb. TakuM 06pa3oM, IepeMeHHOE CO-
JIiep>KaHue BOAbl BHOCHUT CYILIECTBEHHBINM BKJIAI B U3-
MEHEHNEe MOIIHOCTH 3((EKTUBHON O3Bl IO HEM-
TpoHaM. Ilepexom OT cyxux paiioHOB K Haubojee
BJIQXKHBIM IPUBOIUT K U3MEHEHUIO MOITHOCTU Hei-
TPOHHOM 1031 B Iipeneiax 20% (tadur. 1).

INpencraBiaeHHBIE OLIGHKW HEUTPOHHON O3B
clenyeT CpaBHUTb C aHAJOTMYHBIMU 3HAYEHUSIMU,
MOJIyYEHHBIMU IO AAaHHBIM U3MepeHuil mnpudopa
RAD B xkanenngapHbiii nepuoq ¢ 15 Hostopst 2015 1. mo

Taommna 1. OueHky BeTMYUHBI 3 GEKTUBHOM 103bI HEUTPOHHON KOMIIOHEHTHI paIuallMOHHOro (poHa 11 paifoHa Kpa-

Tepa [eitn

O06nacTb IPOCTPAHCTBA, IJIsI KOTOPOTO ITOJIydeHa OlLleHKa

BennunHa cpenHeronoBoit MOIITHOCTH
3(hGeKTUBHOI 103bl HEUTPOHOB IJISI Iepruoaa
COJTHEYHOM aKTUBHOCTU, COOTBETCTBYIOIIIETO
MakcuMalibHoMy noToky I'KJI* B imanasoHax
sHeprui (0—15) u (0—1000) MaB (BeauuuHa
npuBeaeHa B CKOOKax),

MK3B/IeHb
IMoBepxHOCTb KpaTepa ['eitn B1ojb Tpacchl IBUXKXEHUSI MapcoXo/a, 51.8 (98.2)
CpeIHsIsT BEIMYMHA MaccoBoit mosu Boael 2.8% (Com Ne 11 — 3592,
npoiaeHo 28.9 kM)
O6nacTb, LIsI KOTOPOI MoTydeHa MUHUMAaIbHAs OLIEHKA MaCCOBOM A0 61.6 (108.3)
Boabl 0.5% (Con Ne 950, mipoiinero 10.0 km)
O6nacTb, 111 KOTOPO# IToJlydeHa MaKCUMaJlbHasl OlleHKa MacCOBOM 46.1 (92.3)
o Boawl 5% (Coa Ne 2956, poiiaeHo 23.8 kM)
Op6uta Hax OKpPeCTHOCThIO Kpatepa Ieitn ¢ BeicoToit 400 Km 12.6 (24.6)

* @ = 398 MB, Usoskin u ap., 2017.

ACTPOHOMUWYECKMM BECTHUK Tom 57 Ne 3
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Puc. 3. (a) Pacnpenenenne MourHoCTH 3(pdeKTUBHOI
HEUTPOHHOM H03bl B Auara3zoHe sHepruii (0—15 MaB) B
kpatepe [eitn 1151 pa3IMyHOro cofepKaHusl BOIIbI, U3Me-
peHHoro npudopom DAN BnoJib Tpacchl ABUKEHUST Map-
coxona Curiosity. (0) Pacnipenenenue mourHocT 3¢ hek-
TUBHOW HEUTPOHHOI N03bl B Auarna3zoHe sHepruit (0—
1000 MaB) B kpatepe it wist pa3mIMIHOTO ConepKaHUsI
BOJBI, U3MepeHHOro MmpruodopomM DAN BIoJIb Tpacchl ABU-
>keHns Mmapcoxonaa Curiosity.

15 ssaBaps 2016 r. (cM. Guo u ap., 2017). J1ast Takoro
COITTOCTaBJICHUS MBI YUIN (YHKIIMIO pacIIpeneieHus
3HAYCHWI CpeTHEero coiaep>kKaHus BOABI Ha YJacTKe,
KOTOPBII MPeo0JIe]l MapCcoXol 3a epuos ¢ 15 Hos10-
pst 2015 r. mo 15 suBaps 2016 1. (cpenHee 3HAYeHUE
2.6% c nucnepcueii 0.7%) ¥ CpemHIO TOMIIUHY aT-
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mocdepnl Ham KapTepoM [eill 3a 3TOT Xe MepHuon
(mpumepHO 213 Kr/M?).

s cpaBHEHUMS YUCIIEHHBIX OLIEHOK ¢ Habroae-
HUSIMUA TakKXe HEeOOXOAMMO YYeCTh CIIEKTPaJbHYIO
mioTHOCTh IToToka I'KJI B yka3aHHBINM KajleHOapHbIA
nepuon. s 3Toro ObUIM BBIITOJHEHBI YMCIIEHHBIE
pacyeThl, MO3BOJISIONINE ONPEaeIUTh KOAMDPUILIMEHT
MIEPEMEHHOCTH MOIIHOCTU 3(P(PEeKTUBHOI HEUTPOH-
HOI 103kl B Kpatepe [eiis1 B 3aBUCMMOCTH OT mHapa-
METpa COTHEYHOU Monyasiuuu @ (cM. puc. 4).

Usoskin u ap. (2017) ony6aukoBaau TabauILly 13-
MEHEHUI mapamMeTpa COTHEUHON MOAYJISILIUU, HAYr-
Hag ¢ 1 guBaps 1951 . o 1 ssuBaps 2017 r. s nepu-
ona c 15 Hos1opst 2015 1. 1o 15 auBapst 2016 1. cpenHmii na-
paMeTp COJIHEYHOM MonyJsiumu cocTapisier ~600 MB.
Takum 06pa3zoM, MCIIOIB3YsI 3HAYEHUSI KO3 PUIIM-
€HTa IepeMeHHOCTU (CM. puc. 4), MOXHO IIepeolie-
HUTb MOILIHOCTb 3(h(EKTUBHOM J03bI MO HEATPOHAM
B Kparepe ['eitn njis1 mepuoma padbotsl mpubdopa RAD.
Bra BeJIMYMHAa COCTaBJIsIET 0K0JIO (.78 OTHOCUTEIBHO
3HAUYEHU, MPeNCcTaBIeHHBIX B Ta0a. 1 mis riepuoaa
COJTHEYHOTO MMHHMMYMa, KOLJAa IapaMeTp COJIHeU-
Hoit Monmyisiumu paBHsicsT 400 1 motok I'KJI mmen
MaKCUMYM.

ITpumMeHsist Bce BblllIeyKa3aHHbIC KOPPEKIIUY, Mbl
OLIEHUJIX MOLIIHOCTb 3(P(MEKTUBHOM T03bI HEUTPOHOB
CornacHoO BeIpaxkeHU1o (1) B aHEpreTuuyeckoM auamna-
30He (7—740 M»53B). OTOoT AUana3oH COOTBETCTBYET
n3MepeHusM npudopa RAD. ComocrasieHne noiy-
YeHHOM OLIeHKU U n3MepeHniit RAD npencraBieHo B
TabI. 2.

CpaBHeHMeE MOKAa3ajl0, YTO U3MEPEHHAas BeJIUYN-
Ha HEUTPOHHOM KOMITOHEHTHI PaqUallMOHHOM 103bl
W YUCJIEHHBIE OLIEHKM COIIOCTABUMBbI APYT C IPYTrOM
(uncieHHas1 OlieHKa IIpUMepHO B 1.5 pa3a OoJiblile,
yeM nsMepeHus rnpudopa RAD).

C y4eTOM OLICHOK, MPENCTaBIeHHBIX B Ta0JI. 1, MOX-
HO CKa3aTh, YTO B CPEIHEM BKJIAJl HEMTPOHOB Ha MOBEPX-

400 600 800

1000 1200 1400

[MapameTp comHeuHO#t Monynsitiuu @, MB

Puc. 4. KoadummeHT nepeMeHHOCTU MOTITHOCTH 3(P(PeKTUBHOI TO3BI IO HEUTPOHAM OT MapaMeTpa COTHEUHON MOIYIISTIINN

(B cootBetrcTBUM ¢ Moneibio 'KJI (Usoskin u ap., 2017)).

ACTPOHOMMWYECKHWM BECTHUK
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Tabomuna 2. CpaBHeHUe ¢ pe3yIbTaTaMu udMepeHuii npubopa RAD

WN3mepenuss RAD Ha moBepxHOCTHU KpaTepa Ieiin
3a niepuon 15 Hosops 2015 r.—15 gauaps 2016 1.
B Iuamna3oHe 3Hepruit 7—740 M>B*

YucneHHas olleHKa, OJydeHHasl 3a epuo
15 Hos16pst 2015 1.—15 guBaps 2016 1.
B IMana3oHe sHepruit 7—740 MaB**

25.3 + 3.3 Mx3B/ncHb

39.1 £ 0.5 Mx3B/neHb

* Guo u ap., 2017. ** YyutsiBaet motok I'KJI 3a mepuion 15 Host6pst 2015 r.—15 ssaBapst 2016 T., cpeqHIO TOMIIMHY aTMocdhepbl Hal
KpaTtepoMm Ieils1 u cpenHee conepxkaHue Boabl, udaMepeHHoe mpuodopomM DAN 3a 3TOT Xe mepuo.

HocTu Kpatepa Ieiin B monHyto mo3y (~900 Mk3B/neHb
st makcumyMa I'KJI (Guo u ap., 2021)) cocraBisieT
okoio 10%, a Ha opbute — okoio 2—3%. Texyue
KOHIENUUN TTUIOTUPYEMBIX SKCIIeIULIMI K Mapcy
otBoaaT 500 gHE Ha 3Tall Imepejera Tyaa 1 o0paTHO
u 500 nHe¥ npeObIBaHMS Ha IOBEPXHOCTHU (TaK Ha3bI-
BaecMblii Hohmann transfer). 3a Bce myrtelecTBue
cyMMapHasi HaKOIUUICHHAs [03a MOXET COCTaBUTh
0KoJio 1 3B, YTO SBJISIETCS MpPENeIbHO MOIyCTUMOM
BEJIMYMHOM axe JIsI KOCMOHABTOB (KaK MO pOCCUi-
CKUM CTaHAapTaM, Tak U 1o cTraHgapraM NASA
(eMm. TOCT 25645.215-85; Cucinotta u gp. 2021)).
ITpuMepHO OT YEeTBEPTHU 1O TPETU OT CyMMapHOM 10~
3bI KOCMOHABT MOJIYYUT, IIpeObIBasl Ha IIOBEPXHOCTU
Mapca (Ha OTKpPBITOI MOBEPXHOCTU O€3 KaKoii-I1100
3amuThl (cM. Zeitlin u ap., 2013; Hassler u ap., 2014;
Guo u np., 2021)). Hago noHnMaTh, YTO BKJIaI Heii-
TPOHHOII KOMIIOHEHTHI Ha IIOBEpXHOCTU Mapca cra-
HOBUTCSI OLLYTMMBLIM. Ero yder NmpuUBOIUT K TOMY,
YTO JOMYCTUMOE BpeMsI MpeObIBaHUSI Ha OBEPXHO-
CTH MOXKET COKPaTUTHCS Ha ABa Mecsaua (MCXons U3
MOJIHOTO 3arjaHUPOBAHHOTO Tepuoaa MpeObIBaHUSI
B 500 nHei1).

3AKJIIOYEHHME

IMonyyeHHBIE pe3yabTaThl AJIsI OLIEHOK HEUTPOH-
HOIi KOMITOHEHTbI paJuvallMOHHOI 103bl B KpaTepe
T'eitn nyist pa3saIMYHBIX y4aCTKOB ITOBEPXHOCTHU C pas3-
HBIM COJep>XaHMEM BOMBI IOKAa3ajM, YTO Y4YeT Heli-
TPOHHOM KOMITOHEHTHI pagrualiioHHOro ¢oHa HeoO-
XOOUM IJIsd TNTAaHUPOBAHUSA IMUJIOTUPYEMBIX OKCIIC A -
it K Mapcy. MoxXHO 3aKJII0YUTh CIIeIyIolIee.

1. MomHocTh 3(pPeKTUBHON HEUTPOHHOMN T03bI
Ha OTKpPBITOII MOBEpXHOCTU Mapca Ha JHEe Kparepa
T'eiin (6e3 BCsiKOI 3alLIMTHI) B 1MaMa30He SHEPTUIL 10
1000 M5B cocrabisieT okono 100 Mk3B/meHb. O1ieH-
KM cliesiaHbl 11t Makcumyma rmotoka I'KJI v ojist Tosi-
IIUHBI aTMOc(hEpPbI, YCPEIHEHHON 32 MapCUaHCKUM
rof. Dra BeIMYMHA COCTAaBIsIET 0KOJIO 10% OT MOTHOI
JI03bl, YYWTHIBAIOWIEH BKJIAA 3apsDKEHHBIX YacTHII.
DTO0 03HAYaeT, YTO YYET HEUTPOHHOI KOMITOHEHTHI Ha
10% cokpaiiaeT JOMYyCTUMBINM CPOK MPEOLIBAHUSI KOC-
MOHABTOB Ha OTKPBITOM IMTOBEPXHOCTU. 1 cTaHmapT-
Horo cueHapus (500 gHeit Ha moBepxHOCTH Mapca)
9TO COKpallleHME COCTaBUT OKOJIO 2 MECSILIEB.

2. MomHocTh 3¢ (PEeKTUBHOM HEUTPOHHOI 10356l B
kparepe I'eits1 MOXKeT MEHSITbCS CE30HHO 3a CUeT ce-
ACTPOHOMMWYECKHNU BECTHUK
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30HHOI MepeMeHHOCTH aTMocdephl. DTa mepeMeH-
HOCTh HEOOJIbIIIASL K MOXET COCTaBUTh OKOJIO 1%.

3. ITotok I'KJI MonynupyeTcsl COMHEYHOI aKTHUB-
HOCTBIO ¢ nepuonaoM B 11 net. IToaTomMy B Xome coi-
HEYHOIO IIMKJIa BapbUPYIOTCS U IMTOTOKHA BTOPUYIHBIX
YacTUll, TPOU3BEICHHBIX B aTMOC(hepe U BEIIECTBE
rpyHTa Mapca 3apskeHHBIMU YacTunamu I'KJL. Oc-
HOBBIBasSICh HAa YMCJICHHBIX pacueTax U IJIUTEIbHOM
MOHUTOPUHIE€ HEUTPOHHOrO IMOTOKAa Ha OpOuTe
Mapca (mpuoop HEND/Mars Odyssey), MOXHO CKa-
3aTb, YTO MNEPEMEHHOCTb MOTOKAa JOCTUTaeT OKOJIO
2 pa3 MeXIy COJTHEYHBIM MUHUMYMOM W MaKCUMY-
MoM. Takast Xe nmepeMeHHOCTh HabJItogaeTcsi U B Be-
JIMYUHE HEATPOHHOM NO3bI.

4. Mapc uMmeeT TOHKYI0 atMocdepy (Ha aBa I10-
psiika TOHbIIIE, YeM Ha 3emMJie), HO €€ TOJLIMHbI 10-
CTaTOYHO, YTOOBI ITPOU3BOAUTH HEUTPOHBI U 3D DeK-
TUBHO OTpaxkaThb HEUTPOHBI, POAMBIIMECS B BEPXHUX
CJIOSIX TPYHTA U BBILIEAIINE HAa TOBEPXHOCTD. 3a CUeT
MHOTOKPATHBIX OTpaKeHWUil YyBEJIWYUBAECTCS IMOTOK
HENUTPOHOB Uepe3 MOBEPXHOCTh U COOTBETCTBEHHO BO3-
pacTaeT BeJInuMHa HEMTPOHHOM 103bl1. Tak, eciiu 103a Ha
nIHe Kpatepa I'eiin cocrapisier okosio 100 MK3B/neHb, TO
Jlo3a Ha opouTe (6e3 yueTa BKJiaaa 103kl OT KOCMUYe-
CKOTroO amnrapara, KotTopas J0JXHa YYUTbIBATbCsl OT-
JIeNbHO) Haa kparepoM leitn — Bcero 25 MK3B/IeHb
(cm. Tabm. 1).

5. OcHOBHOI BKJan B 3(PGhEKTUBHYIO A03Y MO
HEUTpOHAM BHOCSAT HEWTPOHBI OYEHb OOJBIINX
BHEPruii 3a CUET CBOEM BBICOKOM Mopaxkalrollei crno-
cobHocTU. TeM He MeHee BKJIal HEMTPOHOB B [Marna-
30He Huxe 10—15 Mb»B 3Hauutenen (6onee 50%).
B aTOM nmmamna3zoHe MOTOK HEHTPOHOB CHMJIBHO 3aBU-
CUT OT cofepXaHusl BoAbl B rpyHTe Mapca. [Toatomy
MOIIHOCTh 3((PEKTUBHOI HO3bI 10 HEUTPOHAM Cy-
IIECTBEHHO MEHSIETCS IIPU IIepPeXojie OT MECT C HU3-
KUM COAep>KaHHWEM BOJIbI K 0oJiee BAaXHbIM. [laxke B
TaKOM OTHOCHUTEIBHO CyXOM pailioHe, KaK KpaTep
I'eiin, Habmonenus nmpudopa DAN Ha 6opTy Mapco-
xoga Curiosity 0OHapyXWJIM, 4TO COAepKaHUEe BOObI
MEHsIETCSI B IMMPOKOM MHTepBaie oT 0.5 1o 5%. Coor-
BETCTBYIOIIIME YHCIIEHHBIE OLIEHKM TIOKa3aaud, 4TO
MOIITHOCTh 3((PEKTUBHOM T03bI IO HEUTPOHAM B 3TOM
ciyyae MeHsieTcs B mipeneiax 92—108 Mk3B/neHb, TO
eCcTb puoIM3uTeabHo Ha 20%.

6. Beinma mpoBedeHa BepuUUKALMS YUCITECHHBIX
olieHOK. CpaBHEHUE C U3MEPEHUSIMU HEUTPOHHOI
KOMIIOHEHTHI J103bl, BBITIOJJHEHHBIMH HO3UMETPOM
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RAD B coctaBe mapcoxoma Curiosity, ITokasajo, 4To
YUCJIEHHBIE pacyeThl JAIOT COMOCTaBUMBIC BEIUYM-
HBI MOIIHOCTHU 1036l (1.2—1.5 pa3a BhILIE, YeM U3Me-
peHUsI, CM. Tao. 2).

B 3akmioueHMe MOXHO cKa3aThb, YTO Ha IIpUMeEpe
Kpatepa Ieit1 oueBUIHO, YTO IpeOBIBAHME KOCMO-
HaBTOB Ha MOBEPXHOCTU Mapca 6e3 creluaibHON
3alIUTBI OT paguallii HeceT B ceO¢ 3HAUYMTEJIbHBIN
PUCK IJISI X 3IOPOBbS. YUeT HEHTPOHHOI KOMIIO-
HEHTBI paarallMOHHOTO (POHA TOIBKO YCYTYOJISIET 3Ty
cutyanuio. [Toatomy mist IpoeKTUPOBAHUS OYIYIINX
obuTtaeMbIx (opriocToB Ha Mapce TpeOyercs HcC-
MOJIb30BAHUE 3JEMEHTOB pPaJaWMallMOHHON 3allUThl
WIN €CTECTBEHHBIX YKPBHITUI (JIaBOBBIE MEIICPHI),
PaCHOJIOXEHHBIX B paiioHaX ¢ BLICOKMM COAEPKaHM-
eMm Bonpbl. IlocienHee ycioBUe HE TOJIBKO JAaeT BO3-
MOXHOCTbB JOCTyIIa K TAKOMY Ba>KHOMY Pecypcy Kak
BOZIa, HO 1 TOHMXaeT IOTOK OBICTPHIX HEMTPOHOB, a
C HAUM U HEHTPOHHYIO KOMIIOHEHTY paJuallMOHHON
JIO3bI.

YuciaeHHbIe pacyeThl HEUTPOHHOU KOMITOHEHThI
pagralOHHO T03bI BEIIOJIHEHBI B paMKax paOOTHI,
KoTopasi Obula TomaepxkaHa Poccuiickum doHmom
dyHaameHTanbHbIX MucchaenoBaHuit (PODOU), cos-
MECTHBIIA POCCUIICKO-00ATApPCKUIT TIPOEKT, TpPaHT
Ne 19-52-18009. B yactn 06pabOTKM JAaHHBIX, MOTY-
yeHHBIX ¢ DAN (oueHKa comep>kaHusl BOIbI BIOJb
Tpacchl Mapcoxona Curiosity), pabora O0bu1a ITomIep-
XaHa MUHUCTEpCTBOM HAayKM U BBICIIIETO 0Opa3oBa-
Hus PO, rpant AAAA-A18-118012290370-6.

B craTthe Takke MCIIOJIB3YIOTCSI OOIIENOCTYITHBIE
JaHHbIE U3MEpPeHMId OOJITapCKUX TO3MMETPOB TUIIA
Liulin (cMm. http://esa-pro.space.bas.bg/database),
MOATOTOBJIEHHBIE TIpu momaepxke ESA, KOHTpakT
Ne 4000117692/16/NL/NDe (dpunancupyercs Ilpa-
BUTEIILCTBOM bonrapuu B pamkax KoHTpakTa ESA 1o
nmporpamme PECS). O6paboTka 1 aHaIu3 3TUX JaH-
HEBIX Takske nomaepxkanbl CornamenneM mexny PAH
1 BAH “®yHpamMeHTabHble KOCMUYECKHE UCCIEN0-
BaHUs1” U bonrapckuM HaydyHbIM (bOHAOM (TpaHT
KII-06-Poccusa 24, mpoext No 129, 1ByCTOpOHHMIA
npoekT bonrapus-Poccus 2018—2019).
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