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OO0masi xapakTepucTuKa padoThl

AKTyaJIbHOCTH TeMbl HcciaenoBaHusi. VccienoBanuss CoJHEUYHON CHUCTEMBI C IOMOILBIO
ABTOMATUYECKUX CTAHLMN MTO3BOJISIFOT NOJYYUTh YHUKAJIBHBIE 3HAHUS O IUIaHETaX. B nepByro ouepens
TaKue MCCIIEJOBAHUS MPOBOAATCA AJI IOHUMAaHUS HaudyaJbHBIX YCIOBUI 00pa3oBaHMs U JalbHEHIIEH
SBOJIIOLIMM IIJIAHET O HMX COBPEMEHHOIO COCTOSHUA. VIMEHHO Ha 5TO HaIpaBJICHBl COBPEMCHHBIE
uccinenoanus JlyHsl, muaHer ¥ ManbiX Tedl CONHEYHOM CHCTEMBI NPU IMOMOIIM KOCMHUYECKHX
anmaparoB, paboTaroIuX Kak Ha OpOMTe, TaKk M Ha IMOBEPXHOCTH. B YaCTHOCTH, HCCIIEIOBaHUS,
HalpaBJIeHHbIE HA U3yYCHHE PaclpOCTPaHEHHOCTH BOABI Ha 00bekTax COJIHEYHON CHUCTEMBI, Ba)KHBI

JUJ1s1 IOHUMAaHUs OCHOBHBIX 3TAllOB BOSHUKHOBEHHUS M BOJIFOLIMH TUIAHET 3eMHOM rpynibl [1-11].

CoBpemMeHHbIE KOCMUYECKHE MCCIIEA0BaHUs TUIaHeThl Mapc mokasaiu, 4to B mpouuioM Mapc
OBbUT TaKKUM e BJIQXKHBIM M TEIUIBIM, Kak paHHss 3emis [13, 14]. B To Bpems 3TH 1Be TUIAaHETH UMENTU
CXO)KH€ MPUPOJIHBIE YCIOBUS: TUIOTHYIO aTMOC(Epy, CUIBHOE MAarHUTHOE T10JI€ U BOJIHBIE pe3epBYyaphl
Ha MOBEpXHOCTH. Eciu mnpupojHble ycioBUS Ha 3eMie HNPUHLUINAIBHO HE WM3MEHWINCh, TO
(dopmupoBanne Mapca nouuto ApyruM nyreM. CoryiacHO COBPEMEHHBIM INPE/ICTaBIECHUSAM, OCHOBHAs
Macca paHHelH MapcuaHCKoW atMocepsl paccesyiach B KOCMHUECKOE MPOCTPAHCTBO, a OOJIbIIAs 4acTh

€ro HCXOHHOﬁ BOJbBI UCTIapHJIACh.

Opnako Ha coBpeMeHHOM Mapce Boja MO-NIPEKHEMY OCTAETCA Ba)KHOM COCTaBJIAIOIIEH
npupoaHoi cpeapl. Kocmudeckue ammaparbl, padoTaronie Ha OpOMTE M Ha MOBEPXHOCTH Mapca,
NOJTBEPAKAIOT €€ HAaIMYKE B BELIECTBE IJIaHEThl. Boja B peronuTe miaHeTsl NPUCYTCTBYET B (hopMme
a/1cOpOMPOBAHHBIX MOJIEKYJI 3aIIOJTHSS CBOOOTHBIN 00BeM MeX Ay yacTuliamu peronuTta [ 1]. Boga takke
COJICPKHUTCS B COCTaBE T'MAPATUPOBAHHBIX MHUHEpaioB [14]. OHu Morim oOpa3zoBaTbCsi B OOIIMPHBIX
BOJIOEMaxX Mos10A0ro Mapca, KOTopble BIIOJIHE MOIUIN Obl OBITh CPEA0H BOSHUKHOBEHUS TPUMUTHBHOMN

JKHM3HHU Ha ((KpaCHOﬁ IJIAHETC), KaK 3TO CIIYUUJIIOCHh B aHAJIOTHYHBIX BOJOEMAX paHHeﬁ 3emin.

Ha nosepxHoctu Mapca Boja TakkKe NPUCYTCTBYET B BHUJAE CIOMUCTBIX OTJIOKEHHUM JIbJa B
NOJISIPHBIX IIANKax U B cocTaBe peroiuta [7]. OTHOCUTENbHO HEJaBHO ObUIM 0OHAPY)KEHBI JIOKAJIbHBIE
JeTHUKU B TIyOOKMX KaHbOHaX Ha yMmepeHHbIX mmporax [9, 12]. CoBcem HeOoOnbIIOe HATHMUME
BOJISTHOTO Tapa Takke HaOmromaercss B armocdepe [13]. B menom, pacripenenenne BoIbl B BEIIECTBE
COBPEMEHHOr0 Mapca XxapakTepu3yeT OCOOCHHOCTU T'MIPOJIOTMYECKON 3BOIOLMHU IUIAHETHI, a TaKKe

COBpPEMEHHBIE MTPOLIECCHI B3aUMOJICHCTBUS JIUTOCHEPHI U aTMOC(EPHI.

Takum oOpa3om, aucceprainusi, CBsi3aHHas C THAPOJIOTMYECKOW pa3Beakod Ha Mapce,

COOTBCTCTBYCT AKTYAJIbHBIM CTPAaTCTUYCCKUM LCJIISIM KOCMUUYCCKHUX I/ICCJ'IGI[OBaHI/Iﬁ IIJTaHCTHI.



UccnenoBatenbckue 3amaun Mmuccuu  Mapcoxona HACA  «Kropuocutw»  HampaBieHbl Ha
NOJTBEPKICHUE HATUYMsI HAa paHHEM Mapce NpUpOIHBIX YCIOBHMA, HEOOXOIUMBIX Ul BOSHUKHOBEHUS
Y TIOJJep>KaHus MPUMUTUBHOM >ku3HU [15, 18]. YuuThiBasg, yTo Boga SBISIETCS OAHUM U3 KIIFOYEBBIX
TaKuX YCJIOBUI, Ha 60pTy Mapcoxo/a yctaHoBjeH npubop Junamuueckoe Anboeno Helitponos (IAH)
[16], KOTOpBIi sBIIIETCS MEPBBIM KOCMUYECKHM IMPHOOPOM, HCIIOJIB3YIOIIMM METOABl HEUTPOHHOTO

KapoTaka JIJIsl OLICHKH pacipeiesieHUs BOJIBI B COCTaBe BellecTBa Ha Mapce.

IIpeameToM ucciIen0BaHMsl JTaHHON pabOTHI SBISETCA pa3pabOTKa W peaau3anus MEeToaa
OIICHKHM COJIep>KaHUsl BOJbI B IMPHUIIOBEPXHOCTHOM CJIO€ BeIecTBA Mapca Ha OCHOBE H3MEPEHHI
Hay4yHbIM Tpubopom JIAH. DTOT MeTon NMPUMEHSIOTCS Ui OLEHKH PaclpOCTPAaHEHHOCTH BOJBI B
peronute Mapca Ha nHe kpatepa ['eiin Baosb Tpaccsl apuxenus Mmapcoxona HACA «Kropuocutu» Ha
OCHOBE aHaNIM3a JAaHHBIX HM3MEPEHUH NpuOopa B PEKUME MOHHTOPHUHTA HEHUTPOHHOTO HW3JIYYCHHS
noBepxHoctu Mapca [27]. 3HadueHust MacCOBOM J0JIM BOJIbI B PETOJIMTE MPEICTABICHBI B BUIE KaTauora,
B KOTOpOM JJI BHGMGHTapHBIX y‘IaCTKOB HOBerHOCTI/I BAOJIb BCCﬁ Tpaccm ABUXXCHUA Mapcoxozna

MOKa3aHbl OIIEHKHW MAacCOBOM J0JIM BOJIBI B UX BelIecTBe [28].

HccnenoBanus B paMKax AUCCEPTAIIMOHHON pabOThI OBLTH MpoBeACHBI TT0 TeMe «OcBoeHme» (No
122042500014-1) B oTaene «Snepuoit maneTosorun» MHCTUTYTAa KOCMUYECKUX rccienoBannii PAH.
HCCH@I[OB&HI/IH no TeMC OucCCpTalliy OCHOBAHBI HA TAKHUX PAHCC IOJNYUYCHHBIX PC3YyJIbTaTaX, KakK
opOUTaNbHBIE MCCIIEOBAHUS COOCTBEHHOTO HEHTPOHHOTO H3JIyuyeHHss Mapca B SKCIIEpUMEHTax C
npuoopamu XEHJI u ®PEH]JI, B KOTOpBIX ObUIM TOJIYYE€HBI SKCIMEPUMEHTAIbHBIC TOKA3aTeIbCTBA

HaJIM4Msl 3HAYUTEIIbHOM MacChl BOAbI B BEPXHHUX CJIOSIX perojura coBpeMeHHoro Mapca [5, 8].

YcioBusi mnpoBefeHHs] W NPEANOCHUIKH HAy4YHOro mHcciaeaoBaHusA. /i HaydHbIX
uccnenoBanuii ¢ 6opra Mapcoxona «KopruocuTi», MapcuaHcKas HaydHasi OOIECTBEHHOCTh BhIOpasa
IIPUAKBATOPHANIBHBIA KpaTep 1'eis1, MOBEpXHOCTh KOTOPOIO, 10 MHEHMIO IIJIAHETOJIOIOB, B MPOLIJIOM
SBJISUTaCh THOM MapcuaHckoro o3zepa [19]. Poccuiickmit mpu6Gop JAH Obu1 BKIIOUEH B COCTaB
KOMIUIEKCa Hay4yHOM anmnaparypbl Mapcoxo/a JUlsl U3MEPEHUSI MACCOBOM JOJIU BOABL. AHAIU3 JaHHBIX
U3MEPEHUH 3TOro Mprudopa Mo3BoJISIET ONPEACTUTh YYaCTKH BIOJIb TPACCHI IBUKEHHUS, € COJepKaHNE
BOJABl B PErOJUTE JOCTHIaeT MAaKCHUMAaJbHBIX 3HAUYE€HUH. OTH YYacCTKU CTAHOBATCSA INPEAMETOM

JeTATBHBIX UCCIIEIOBaHMI BceMU TTpubopamu Ha 6opTy «Kropuocutny» [20, 21].

OcHoBHas umes ¢usuyeckoro skcrnepuMenta JIAH cocTtout B HMCMOIB30BaHWHM aKTUBHOU
METOJIMKH UMITYJIbCHOTO HEUTPOHHOTO KapoTaka sl U3y4EHHUs CBOMCTB MapCUAHCKOTo peroyuTa [16].
DTO JOCTUTaeTcss MyTeM PETUCTpallid HEHUTPOHHOI'O IOCIECBEYEHHS, KOTOPOE BO3HUKAET IOCIE
00JIyd4eHUs] TMOBEPXHOCTU KOPOTKUMH HMITYJIbCAMH HEHTPOHOB BBICOKOW sHepruu. [lomumo 3ToroO,

npubop JIAH Taxke T1O03BOJSET OIEHHWBATh ITOBEPXHOCTHOE HEUTPOHHOE W3JIydeHue 0e3



UCIIOJIb30BaHUs TreHepaTopa. Takoe H3TydyeHHE BO3HUKAET I0J BO3ACHCTBUEM TaIAKTUYECKUX
kocmuueckux  Jgyder (I'KJI) w  HEHTpOHOB, KOTOpBIE HCIYCKAIOTCS  PaJIMOU30TOIMHBIM

TepModJiekTpuueckuM reaeparopoM (PUTIIY) mapcoxona [22-24].

Pesynpratel u3Mepenuit npubopa JAH ¢ wucnonb3oBaHMeM HEHTPOHHOTO TeHEparopa
HOATBEPAMIN BBICOKYIO 3(p(EeKTHUBHOCTh MeTOJa A M3YyYEHHs] COCTaBa MPHUIIOBEPXHOCTHOIO CIIOS
maHeTsl [17]. B pe3ynbpTaTe aHanmm3a JaHHBIX HEHTPOHHOTO 30HIWPOBAHUS OBUIH MOITYYEHBI MIPSMBIE
OLICHKH COJEp KaHMs BOABI M 3JEMEHTOB C OOJIbLIIMM CEYEHHEM IOTJIOLIECHUS HEUTPOHOB (TJIaBHBIM
o0pa3om, XJIopa U jkeje3a) B BepXHeM cioe Mapca, a Taxoke OblTH 00HapYKEHbI y4aCTKH MOBEPXHOCTH,

/i€ coJiepsKaHue BOJBI HEOJHOPOIHO 1Mo TiyouHe [20, 21].

Onnako ns mpubopa JIAH cymecTByeT nmpaBuiio MpoeKTa, 3amnpenaroiiee padoTy reneparopa
BO BpeMs JBIIKEHHUS MapcoXoja, YTOOBbl HCKIIOYUTH cOOM B OJIOKE YIpaBJIEHHUS Mapcoxoja IoJ
BO3JEHCTBUEM MHTEHCUBHOIO MOTOKAa HEUTPOHOB. [103TOMY M3MEpeHHUs] C HEUTPOHHBIM T€HEPATOPOM
MIPOU3BOIATCS TOJIBKO HA OCTAHOBKAaX Mapcoxoja, KOTOpble MOTYT pacmojiararbCsi Apyr OT Apyra Ha
HECKOJIBKO COTeH MeTpoB. J[nameTp 30HaIupoBanus nmosepxHoctu npudopom [IAH cocrasmsier okoo 3
METpPOB, YTO MPHUBOJUT K TOMY, UYTO CyMMapHas IOJs HCCIEAYeMOM MOBEPXHOCTU BIOJb TPACCHI

Mapcoxo/ia COCTABJISIET BCEro 0KoJio 9 % oT ee monHoM momaau [21].

ey u 3agaun uccaegoBanus. OCHOBHOM 1eNbI0 TAaHHOM AUCCEPTAIIMOHHON PaOOTHI SIBIISETCS
pazpaboTka BBICOKOI(PEKTUBHOTO MeToma 0O0pabOTKM JaHHBIX MOHHTOPHHTA IMACCHUBHOTO
HEHUTPOHHOTO HM3JIyueHHs] MOBEPXHOCTH Mapca, 6e3 MCIoab30BaHUs reHeparopa. DTOT MeToja Oyner
IPUMEHATBCS ISl OLEHKH CoJiepXaHus BoAbl B perosute. Kpome TOoro, B pamkax paOoThl
pa3paboTaHHBI METOJ] ObUI YCHEIIHO MCIIOJIb30BaH I aHalIM3a JAaHHBIX W3MEPEHUH U BbIAEICHUSA
o0nacTeil ¢ aHOMaJIbHBIM COJIEp)KaHHEM BOJbI BIOJb Tpacchl Mapcoxoga HACA «Kropuocutn» 3a

JICBSITH JIET PaOOTHI.

JInst  MOCTMIKEHWs YKa3aHHBIX IIeJied B paMKaxX MPEJCTaBIEHHOTO JIUCCEPTAIIMOHHOTO

MCCJICIOBAHMS OBUIH PEIICHBI CICAYIONINE HAYYHbIe 3a]a4u:

3AJAYA 1: IlpoBenenune HazeMHOW (u3mdeckon kanmuOpoBku mnpuodopa JIAH c memnsio
M3MEPEHHUS TEMIIOB CUETa B €r0 JIETEKTOpax OT HEHTPOHHOTO M3IY4EHHs PaJHON30TOITHOTO HCTOYHUKA
PUTOI na 6opty mapcoxona «Kropuocutu». IlpoBenenne o6paboTKi U MPOCTPAHCTBEHHOW MPUBSI3KU

HaYYHBIX JaHHBIX npuoopa JJAH.

3AIAYA 2: AHanu3 npeyIoKEHHOTO paHee METo/Ia U pa3paboTKa HOBOTO, 00JIee TOYHOTO H
HaJSKHOTO, METO/Ia aHalIn3a JaHHbIX pruoopa JJAH B pexxume MOHUTOPUHTa HEHTPOHHOTO U3ITYICHHS

Mapca JJIs1 OLICHKH MaccoBOM AO0JIK BOABI B pEroJIMTC BAOJIb ITYTU ABUKCHUA MapCOX0Ja ((KIOpI/IOCI/ITI/I».



3AJAYA 3: Iloctpoenune mpoduiasi NPOCTPAHCTBEHHOM TEPEMEHHOCTH HEUTPOHHOTO
U3ITy4EHHUS! B TEIJIOBOM M JMUTEIJIOBOM SHEPreTHYECKUX JHara3oHaX OT MapCHaHCKOTO PErojiuTa ¢

MIPOCTPAHCTBEHHBIM pa3pelieHrneM 3 MeTpa BJIOJIb TPAcChl IBUKEHUSI MapCcoXo/a.

3AJTAYA 4: U3yuyenue oOMMX CBOHCTB pacrpelesieHUs] BOABI B PEroJIMTE BIOIb TPACCHI
Mapcoxoza. [Touck u 0ToXKIecTBIIeHHE pallOHOB ¢ HEOOBIYHBIM COJIEpP’KaHUEM BOJBI B kparepe ['eii.
[Toctpoenune Karanora u 001mmenocTymHon 6a3bl JaHHBIX JJIT MACCOBOM JIOJIM BOJBI B PETOJIMTE BIIOJIh

TPACCHI.

Hayynas ¥ nmpakTuyeckasi 3HA4YUMOCThb. [IpefcTaBieHHOE UCCIIEIOBAHUE SIBIISIETCS YaCThIO
IIPOrpaMMbl MEXIYHApOIHOTO coTpyaHudecTBa ['ocynapcTBenHoi kopriopanuu «Pockocmoc» ¢ HACA

B pamkax PenepanbHON KOCMUUYECKOU IIPOTPaMMBI.

[TonydyeHHble B AMCCEPTAIIMOHHON paboTe pe3ynbTaThl MMEIOT 3HAUYUTEIbHYIO HAYYHYIO U

IMPAKTUYCCKYIO 3HAYMMOCTh!:

Bo-niepBbIX, OLEHKH COACP)KaHHWS BOJBI B PETOJIMTE BOJNb TPACCHl JABHMKCHUS Mapcoxoja,
TIOJTyYCHHBIE B XOJI€ MCCIIECAOBaHNSA, JOCTYITHBI B OTKPBITOM JIOCTYIIEe HAa OQHUIMATBFHOM caiiTe oTaena
«nepHoit  mmaHeronorum»  (np.cosmos.ru/) uW B HayyHoM apxuBe «Zenodo» (DOL:

10.5281/zenodo.6974535). 1o mo3BoiseT 1000My 3aMHTEPECOBAHHOMY YYaCTHUKY KOCMHYECKUX

HCCJIEIOBAaHNM UCIIOJIb30BaTh OTH JaHHBIE IS JaIbHEHIIIETO aHAIN34a.

Bo-BTOpBIX, YCHEHIHBI ONBIT TONYYCHHS U OOpaOOTKM OSKCIIEPUMEHTAIBHBIX JaHHBIX
MOHHUTOPHHTA HEHTPOHHOTO M3IIyueHHs moBepxHoctu Mapca npubopom JJAH Oyzner cioco6cTBOBaTH
pa3paboTKe KOHIIETIMU MEePCIEKTUBHBIX SIepHO-PU3NUECKUX IKCIIEPUMEHTOB Ha OOPTY MOOMIBHBIX

HCCIIEIOBATEIhCKUX allapaToB Ha MOBEPXHOCTH Mapca.

ABTOp JHCCEpPTAIMOHHOW pabOTHI SBISIETCS YICHOM HAy4YHOW TPYyNIbl KOCMHUYECKOTO
skcnepumerTa JIAH na Oopry ammapara HACA «Kropuocutn» M ydacTByeT B OIEPATHBHOM
YIOPaBICHUU NPOBEIEHUEM 3TOTO AKCIEPUMEHTA, HCIOJIb3Yys IPENJIOKEHHBIM METOJ IO OLEHKE
CoOJIep>KaHusl BOJIBI JUTsI TUTAHUPOBAHUS pabOT Mapcoxo/1a Ha MoBepXHOCTH Mapca. ABTOPOM perysipHO
MIPOBOMTCS OLIEHKA COJEP>KaHUSI BOJBI B BEPXHEM CJIOE€ MTOBEPXHOCTH Mapca BII0JIb HOBBIX y4acTKOB
Tpacchl MapcoXoJia Ha OCHOBE aHaJIM3a JaHHBIX Hay4YHBIX u3MepeHui npudopa JJAH, a Taxke aBTOp
3aHHMMAaeTcs MOJArOTOBKOM HAyUHBIX JaHHBIX dKkcriepuMenTa it apxuBa HACA (NASA PDS) ¢ uensio

UX IOCTYITHOCTHU MCCIIEA0BATEIHCKOMY COOOIIECTRY.

Hayunasi HoBu3Ha. Bce Hayunbie 3AJIAYN 1 - 4 nuccepTalilmOHHOTO UCCIIETOBAHUS SIBJISIFOTCS

HOBBIMH, TIOJTy4YEHHBIE B HUX PE3YJbTAThl ONPEEIIAIOT COBPEMEHHBII YPOBEHb Pa3BUTHSI KOCMUYECKON


https://np.cosmos.ru/
https://doi.org/10.5281/zenodo.6974535

HayKl B o00macTu sjaepHOM miiaHeTosorud. KOHKpeTHble 3JeMEHThl HAayYHOH  HOBH3HBI

MMPEACTABIICHHOI'O JUCCCPTALIMOHHOI'O UCCIICAOBAHUA COCTOAT B CIICAYIOIICM:

1) BriepBbie mosiy4eHbl OLEHKH MOTOKAa COOCTBEHHOTO HEUTPOHHOTO M3JIyYEHHUS MOBEPXHOCTU

Mapca Ha nHe kpatepa 'eitn non Bo3aeiictsuem ['KJI u ot PUTOI" mapcoxona.

2) BrepBble MOCTPOEH MPOCTPAHCTBEHHBIN MpoduiIb colepkaHHus BOJABI B BellecTBe Mapca

BJI0JIb TPACCHI JBMKEHHSI MAPCOX0/1a IPOTSKEHHOCTBIO 27 KM.
OcHOBHBIE pe3y/IbTaThl, BLIHOCHMbIEC HA 3a1IUTY:

(P1) Tlonydensl 3HaueHUs A1 TOTOKA HEUTPOHOB OT MOBEPXHOCTH Mapca 1moj1 Bo3AeiCTBHEM
rajJjakTH4eCKUX KOCMUYECKUX Jydel U U3Ty4eHUs paAMOU30TOIHOIO reHepaTopa Ha 00pTy Mapcoxoaa
C HCHOJb30BAHMEM JAHHBIX Ha3eMHBIX Qu3nueckux KanmubpoBok mnpubopa JJAH [CHI1]. beua
npoBezieHa 00paboTKa M MPOCTPAHCTBEHHAs! NMPUBA3KA HAYYHBIX JAHHBIX, HOJYYEHHBIX C IOMOIIBIO
npubopa JIAH. Beim mocTpoeH MpocTpaHCTBEHHBIH NPOQHIb MEPEMEHHOCTH MOTOKA HEUTPOHHOTO

M3JIyYEHHS C pa3peuieHueM 3 MeTpa BI0JIb BCEe TpaeKTOpuu ABkeHus Mapcoxoaa [CHS].

(P2) bputa skcnieprMeHTaNbHO JT0Ka3aHa BO3MOXKHOCTh MCIOJIb30BAaHUS TaHHBIX MOHUTOPHHTA
MOoTOKa HEHUTpoHOB OT Mapca npubopom JIAH nns orieHOk MaccoBoil monu Boabl B peronmrte [CH2],
[CH3], [CH4]. [IpennosxeH HOBbIN Hanbosiee Y3PGEKTUBHBII METO OIICHKH MAacCOBOM JIOJIM BOJABI HA
OCHOBE JJaHHBIX MOHUTOPHHIAa HEUTPOHHOTO M3IYYEHHS MOBEPXHOCTU C YUETOM JAHHBIX aKTHBHOIO
HEUTPOHHOTO 30HAMpPOBaHUA BemecTBa mnoBepxHocT [CHS]. JlaHHBIH MeETOH HCIOIB3YETCS B

HACTOSALLIEE BpeMs Ul aHAIN3a JaHHbIX U3MepeHui akcniepumenTa JJAH.

(P3) Ha ocHOBe mpuMeHEHMs NMPEACTABIEHHOIO METOAA IOJIYYEHbl OLIEHKH MAacCOBOM J10JIn
BOJ/IbI B MAPCUAHCKOM PETOJIUTE BIOJb TPACCHI MapcOX0/a C IPOCTPAHCTBEHHBIM pa3pelIeHUEM OKOJIO0

3 metpoB [CHS].

(P4) TlokazaHo, 4TO CpeaHee 3HAYCHHE MACCOBOW IO BOJIBI BAOJL ITOTO Y4acTKa TPACChHI
cocrasysieT (2,6 £ 0,7) %. O6Hapy:keHbI JTOKaIbHbIE pallOHBI Ha JIHE KpaTepa | e, rie maccoBast 10Js
BOJIbI B BEPXHEM CJIO€ TOBEPXHOCTHU OJIM3Ka K HYJIIIO, a TAK)KE JIOKAIbHBIE PAalOHBI C BBICOKOW MacCOBOM
nonei Bonel, gocturatomeit 6 % [CHS]. [Toarotosnen u omy6nukoBan Karanor naHHBIX W3MEpeHUi
MaccoBOM JOJHM BOJBI M XJIOpa B pailoHAX OCTAHOBOK M BAOJb TPACChl ABMKEHHS Mapcoxoja

npoTsiKeHHOCThIo 27 kM [CH6].

Bce ykaszaHHble pe3ynbTaThl ONMyOIMKOBaHBL. J[JIs KaKJ0ro M3 yKa3aHHBIX BBIIIE PE3YJIbTAaTOB

(P1) — (P4) nuuHBIi BKIaI aBTOpA SBJSIETCS MIPEOOTaIAl0NIUM:



ABTOp OIIEHUJT KOMIIOHEHTY ()OHOBOTO HEWUTPOHHOTO HM3Jy4eHHs Ha MOBEPXHOCTH Mapca ot
PUTOI' Ha ocHOBe MaHHBIX KaJTMOPOBOYHBIX H3MEPEHHH, BBIMOJHEHHBIX Ha Tepputopuu CIIA

COBMECTHO C aMepUKaHCKUMU yuacTHUKamu skcriepumenta JIAH (3AJJAYA 1, [CH1])).

ABTOp MpUHUMAJI Y4acTHe B pa3pabOoTKe METoJa AJIsi OLICHKH MAacCOBOM JI0OJIM BOJbI HA OCHOBE
JTAHHBIX MOHUTOPWHTA HEUTPOHHOTO U3Ty4EHHs TOBEPXHOCTH, IpeiokeHHoro B (3AJAYA 2, [CH2]-
[CH4]). Ha ocHOBe mpoOBEIEHHOTO KPUTHYECKOTO aHajIu3a MPEIJI0KEHHOTO0 METO0JIa, aBTOPOM OBLI
pazpabotan 6ornee 3PGEKTUBHBIN M TOCTOBEPHBIA CIIOCOO OIEHKH MAacCOBOW JOJIM BOJbI, KOTOPBIN

ceituac ucnonbdyercs B sxcriepumente JIAH (BAJJAYA 2, [CHS)).

ABTOp TmpoBen 00pabOTKY AAHHBIX MOHMTOPHUHIa COOCTBEHHOTO HEHTPOHHOTO H3IIydeHUs
Mapca npubopom JIAH, BEINOIHMI TPUBSA3KY U3MEPEHHN K KOOPMHATAM Ha MOBEPXHOCTH M TIOCTPOUIT
MIPOCTPAHCTBEHHBIA MPOHUIL MEPEMEHHOCTH TIOTOKA C Pa3pelIieHHeM 3 MeTpa BIIOJb BCEU TPACCHI

newkeHust mapcoxona (3AJJAYA 3, [CHS)).

ABTOp IOJIy4nJI OLIEHKU COAEPXkaHMS BOAbI B BEILECTBE MPUIIOBEPXHOCTHOIO CJIOS IUIAHETHI
BJI0JIb BCEM Tpacchl JABM)KEHHS MapCcOXOJa C pa3pelieHHeM 3 METpa OT MecTa MOCAaIKH A0 OTMETKU
paccrostausa 27 kM. VM ObUIM OOHApY»eHbl YYacTKH Ha Tpacce ¢ MUHUMAJIbHBIM U MaKCHMallbHBIM

conepxanueM Bojsl B perosute (3AJJAYA 4, [CH5], [CH6)).

ABTOD SIBJISIETCSI OCHOBHBIM cocTaBuTeeM KaTtanora naHHBIX H3MEPEHHI MaCCOBOM JI0IU BOJIbI
B palloHaX OCTAHOBOK W BJOJIb TPACChI JBIKCHHsI Mapcoxojia MpoTskeHHOCThIo 27 kM (BAZIAYA 4,

[CH6]).

JloCTOBEPHOCTH MOJIyYEeHHBIX Pe3yJIbTATOB. B paMkax mpeCcTaBICHHOTO UCCIIEIOBAHUS ObLIH
MOJIyYEHBl PE3yNbTaThl OLIEHKH MacCOBOW JTOJM BOJBI AJIsl YYaCTKOB MOBEpXHOCTH Mapca Ha OCHOBE
JAaHHBIX U3MEPEHU HEHTPOHHOTO ankOeno nmpubopom JIAH. JlanHbIe pe3yabTaThl OBUIH COTIOCTABIICHBI
C QHAJIOTMYHBIMH OLIEHKAMH, HE3aBHCHMO IOJIYYEHHBIMH JJIs 3THUX K€ Y4aCTKOB Ha OCHOBE JIaHHBIX
AKTHUBHOTI'O HGfITpOHHOFO 30HAUPOBAHUA C UCIIOJIB30BAHUCM HUMITYJILCHOT'O HGﬁTpOHHOI‘O reaeparopa.
Taxoke, Oblma OOHApyXKeHa CBS3b MEXIY IOBBIIICHHBIM COJIEPKAaHHMEM BOJbl HAa IIOBEPXHOCTH
MapCHaHCKOro Kparepa mo JaHHeIM mnpubopa JIAH, u mnpucyrctBueM MNONMUTHAPATUPOBAHHBIX
cynbdaToB, OoOHapyKeHHBIX B opoOutambHOM sKkcrnepumeHnte CRISM [26]. CpaBHeHme moka3ajo
XOpOIllee COrJIacue MEXIy OSTUMU OIEHKAMH, 4YTO TMOATBEPXKIAaeT BBICOKYIO JOCTOBEPHOCTH

IIOJIyYEHHBIX PE3YJILTATOB.

Anpofanusi MOJy4YeHHbIX pe3yJabTaToB. Pe3ynbTarhl, NpeAcTaBleHHBIE B AMCCEpTAlHH,

MPOLUIN JOCTAaTOYHO JETAIbHYIO ampoOanuio. ITU pe3yibTaThl JOKIAIbIBAIUCH JIMYHO aBTOPOM Ha



cemuHapax otaena SnepHoii mraneronoruun UKW PAH, JIaboparopuu HeirponHoit ¢puszuku OUSU, a
TaK)Ke Ha CIEAYIOUIMX POCCUUCKUX M MEKIYHAPOIHBIX KOHPEPEHIUAX U CUMIIO3UYyMaX:

- Lunar and Planetary Science Conference, USA (2015 — 2023);

- European Geosciences Union General Assembly, Vienna, Austria (2016 — 2021);

- Kongepenmus Mononsix Yuensix, UKW PAH, Mocksa, Poccust (2013 — 2023);

- Moscow Solar System Symposium, UK PAH, Mocksa, Poccus (2016 — 2022);

- COSPAR Scientific Assembly (2014, 2018, 2022).

Hy6ankanun. [{uccepranus NoAroToBieHa Ha ocHoBaHUU 6 Hayunbix cratei [CHI] — [CH6],
KOTOpBIE OBLITH OMyOIMKOBAHBI B peheprpyeMbIX MEKIYHAPOIHBIX )KypHaaxX ypoBHS Q1 U BKITIOYCHBI
B MeXAyHapoaHble 0a3bl maHHbIX Web of Science m/umm Scopus. Bee pesynbrarbl, BRBIHOCUMBIE Ha

3alIUTY, ObUIH MOJIyYEHbI TUYHO aBTOPOM JUCCEPTAIUH.

Pa6ora [CHS5], onmybnukoBanHas B )xypHaie «Icarusy» B 2020 roay, Obuta HarpakJaeHa mpeMuen
«Jlyuymas pa®oTa, BBHINOJHEHHAsh MOJIOABIMHM YYEHBIMH» Ha KOHKypce HayudHbIX pabor MHcTuTyTa

KocMuUeckux ucciaeqoBaunii PAH.

ABTOp auccepTanuu — coaBTop 41 HaydyHOW CTaThbu B PEUEH3UPYEMBIX HAYYHBIX JKypHajax,
BKIIOYas 14 myOnukanuii B BBICOKOPEHTHHTOBOM XKypHase «Science». Ero nnaexkc Xupima, corjaacHoO
JIaHHbIM Scopus, coctasisieT 18. Kpome toro, aBrop nmomyuun tpu rpamotel HACA 3a ycnemrHoe

yuactue B mpoekte «MSL Science and Operation Teamp.

CTpykrypa u 006éM padoThl. OO 00bEM IUCCEPTALINU, COCTOSIIEH U3 BBEACHHSI, BOCMU
[J1aB, 3aKJIIOYCHUS], IEPEUHS IPUHATHIX COKPALICHUHN U CIIHCKA JTUTEPATyphl, cocTaBisieT 219 crpanui,
B TOM YHCJI€ MPUJIOKEHHWE TaONMIIBI HAYYHBIX JAaHHBIX, cocTaBisiouiero 83 crpanunisl. B pabore
comepxutcs 27 wumoctpanuid U 11 Tabmur. CHoucok IUTHUPYEMOH IWTepaTypbl COCTOMT u3 81

O6ubmorpaguUecKix CChUIOK.
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OcHOBHOe coepxaHue TUCCePTALUU

B Bgegenue naHa oOmmas XapaKTEPHCTHKA JTUCCEPTAIMOHHOW paboThl, 0OOCHOBaHa e€¢
aKTyaJIbHOCTbh, OINPENICICH IPeaIMeT MCCIICIOBAHMS, ONMCAaHbI YCIIOBUS €ro MpoBeacHus. [IpuBeacHbI
OCHOBHBIC Pe3yJIbTaThl, BHIHOCHMBIC Ha 3aIIUTY, OMPE/ICIICH JUYHBIN BKJIa]] aBTOPA B TOJy4ECHUE ITHX

PE3YIbTATOB, MOATBCPIKACHA UX NJOCTOBCPHOCTD.

B I'maBe 1 «O030p MeTOI0B M pe3yJIbTATOB MCCJIEJI0BAHUH IUIAHET M He0eCHBIX Tell
MeTOAaMHM siAepHOiIl (PU3MKM» TPEACTABICH 0030p METO/I0B MCCICIOBAHUN TJIAHET U HEOSCHBIX Tell

METOJaMH SACPHON (HU3UKH.

B paznesie 1.1 nuccepraninoHHOM pabOTHI OMUCHIBAIOTCS HAYYHBIE KOCMHUYECKHE SKCIIEPUMEHTHI
M0 U3YYCHUIO BOJbI B PCTOJUTC MCTOdaMU H,Z[GpHOﬁ IIaHCTOJIOTMH, B KOTOPBIX aBTOP AUCCECPTAUU
NpUHUMAN YydacThe. PaccMarpuBaeTcsl aKTyalbHOCTh HCCIEAOBaHUA U (DOPMYIHPYIOTCS o0OIIue
q)HSquCKI/IC MMPUHIUIIBI, UCIIOJIB3YCMbBIC IJIsI HMCCICHOBAHUSA PACHPCACIICHUA BOIbI B BECPXHCM CJIOC

peronuTa.

B pa3nene 1.2 npuBoautcs Gu3nUecKoe ONMMUCAHUE 3aBUCHMOCTH HEHTPOHHOTO M3IYYCHHUS OT

9JICMCHTHOI'0 COCTaBa MOBCPXHOCTHOI'O CJIOA PCrojinTa IJIAHCT.

B pa3nene 1.3 omuceiBaeTcst mpUMEHEHHE METOAOB sinepHoil ¢usuku B mpubopax XEH/I u

@®PEH/I B Muccusix HACA «2001 Mars Odyssey» u EKA «TGO» cooTBETCTBEHHO.

Pa3nen 1.4 nocesmen onucanuto muccnn HACA «Mapcuanckas Hayunas JlaGopatopusi»

(MSL), Bxmrouaromeit Mmapcoxon «Kropuocutu.

B I'maBe 2 «Onucanue Hay4yHOro s3xkcnepumenrta /{unamudeckoe AnbnOeno HeidTpoHoB»
OIKCBIBAETCS IKCIIEPUMEHT Ha MoBepXHOCTH Mapca npu nomonu npudopa IAH, ycranoBieHHbIH Ha

0opTy Mapcoxoaa «Kropuocutm.

Pazgen 2.1 conepuT eTaqbHOE OMMCAHUE YCTPOICTBA U MPUHLIUIIOB paboThl mpubdopa JJAH,
BKJTFOYAIONIETO B ceOst 1Ba Oiioka: OJ0K AeTeKTOpoB U dnekTponuku JJAH-/I3, a Taxke UMITyIbCHBII

HerTpoHHslld reHepartop JAH-UHI, doTtorpadun KoTopsix mpuBEACHBI Ha PUCYHKE 1.
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Pucynox 1. Pacnonoxxenne npubopa JIAH na 6opty mapcoxona «Krwopuocutn». biok JJAH-/1D
(cnepa), 6ok JJAH-UHI (ciipaga).

B pasnene 2.2 omnuceBaercs Onoxk JIAH-MHI, pa3paboTaHHBIi Ha OCHOBE CEpUHHO
BBIITYCKAaEMOTI'0 MTPOMBILIIIEHHOTO npoToTuna reneparopa MHI-101 B uncturyre aBromaruku um. H.JL.

Hyxosa (OI'YII «BHUNA», Mocksa, Poccus).

Pasznen 2.3 copepxut onucanue 6noka JIAH-/ID u ¢popmara mannsix. bimok JID cocrout us
JNETEKTOPOB U IIAT 3JEKTPOHUKH, KOTOPBIE YIPABISAIOT MPUOOPOM U T€HEPATOPOM, U 00ECTIEUUBAIOT
n3mepenue HerWtpoHoB (Pucynok 1). B 6moke JIAH-/ID ucnonb3yroTcsi Ba TEIHMEBBIX IETEKTOpA:
netektop mosHoro ywcna HedTpoHoB (CTN) m gerektop smuremnoBbix HelTpoHoB (CETN). CTN
MOXET PETUCTPUPOBATH HEUTPOHBI B MMpokoM auanazoHe sHepruid, a CETN mokpsIT KagMHEBbIM
KO>KYXOM, KOTOPBIY MOTJIONIAET HEUTPOHBI € SHEPTUAMHU HUKE ~0,4 5B, 4TO MO3BOISIET pETUCTPUPOBATH

HEUTPOHBI TOJILKO C DHEPTUSMH BBIIIE JAHHOTO MOPOTa.

B pasgene 2.4 onucan panee pa3paboTaHHbBII METO/ OLIEHKH paclpeeIeHus Boabl Ha Mapce ¢
WCIOJIB30BAHUEM HEUTPOHHOIO reHeparopa. st 3Toro mpoBOAMTCS aHAINM3 HEUTPOHHBIX MpoduIeit
npudopa JIAH, noiaydeHHbIX mocie o0mydeHust MoBepxXHOCTH [16]. YacTh HEUTPOHOB 3aMeIseTCs 10
SMUTEIUVIOBBIX WJIM TEIUIOBBIX JHEPrHH, M NPOQWIN MOCIEUMITYJbCHOTO H3IIydeHUS HEHTPOHOB
MO3BOJIAIOT ONPENETUTh YPPEKTUBHOCTH MpoIecca 3aMeUIeHU. AHATN3 TaKUX MpoduIeit H3rydeHns
MO3BOJISICT OLIEHUTHh KOHIIGHTPALMIO BOJOPOJA M JIPYTUX HEHTPOHHO-MOTJIOMIAIOMIMX 3JIEMEHTOB B

PETOJIUTE U UCCIIEA0BATE CTEIICHD HCOJHOPOAHOCTH UX PACIIPEACIICHUA 110 FJIY6I/IHC [17]
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B pa3nene 2.5 onuceiBaeTcs MOAXO0 K OIICHKE pacpeiesICHUs BOBI 110 JAHHBIM MOHUTOPHHTA

€CTECTBEHHOT'0 HEUTpoHHOTO hoHAa Ha Mapce.

B pa3nesie 2.6 npencraBieHbl OCHOBHbBIE BBIBOJIBI 110 MOJIYYEHHBIM pE3yJIbTaTaM, U3JI05KEHHBIM

B '1aBe 2.

B I'maBe 3 «Onenka HelTpoHHOro pona Ha Mapce npu u3mepeHusix npudopom JTAH»
ONKCBHIBACTCSl OIIEHKAa (DOHOBBIX HEHUTpOHOB mpu wu3MepeHusx mnpubopom JAH. B rnase
paccMaTpUBaIOTCs pe3yJIbTaThl U3MEPEHUN M OLIEHKH TeMIIa cueTa COOCTBEHHOI0 HEHTPOHHOro (hoHa

oT Mapcoxoja [25].

B pasgene 3.1 npuBoOuTCS ONMCAaHME W IPEACTaBIEHBI MapameTpbl u3nydeHus PUTOI,

KOTOPBIN YCTAHOBJIEH Ha MapCOXOJE.

Pa3nes 3.2 omuchlBaeT IpeIoJeTHbIE MCHBITaHUs Mapcoxona B KocMmuueckom LIEHTpE M.

Kennenu u pezynprarsl kanmubpoBok npudopa JJTAH.

B pa3nesie 3.3 npencraBieHbl OCHOBHBIE BBIBOJIBI 110 MOJIYYEHHBIM PE3yJIbTaTaM, U3JI05KEHHBIM

B I'lmaBe 3.

B I'naBe 4 «O0pa6oTKa JaHHBIX MOHNTOPHHIA HEMTPOHHOTO M3ay4eHust npudopom JTAH»
IIPUBOJIUTCS OMMCAHUE UCTIOIH30BAHMUS TaHHBIX MOHUTOPHHTA HEHTPOHHOTO U3Iy4eHus npudopa JJAH

JUTs1 OLIGHKU CoJiepaHus BOJbsI Ha Mapce.

Pa3nen 4.1 onuceiBaet crioco0 mpuBs3Ku u3MepeHuit npuoopa JJAH k koopauHatam mapcoxoia

Ha Mapce.

B pa3znesie 4.2 o0bsicHsieTCs BRIOOP TTapamMeTpa I XapaKTepu3alluu U3MEPEHU HEUTPOHHOTO
anpbeno mpubopom JIAH. Jlns u3ydeHws: coaepikaHUs BOJBI B PErojuTe HAa OCHOBE JaHHBIX
MOHUTOPHUHIOBBIX H3MEPEHHUM IPEAIOYTUTEIILHON H3MEpPSEMON BEIUYMHOW SBIISIETCS OTHOLICHUE

TCMIIOB CUC€Ta TCIIJIOBBIX M 3IIMTCIIIIOBBIX HGfITpOHOB C ITOBCPXHOCTHU:

C
Fpan = CTN/CCETN (1)

rae Cern 1 CceTn COOTBETCTBYIOT BemMunHaM TeMioB cuera getektopoB CTN u CETN.

B pasnene 4.3 npuBoasTcs mpUMepbl HCIIONB30BaHMs mapaMeTpa Fpan B u3Mepenusix npuodopa
JIAH. OHu noka3sIBaOT, 4TO U3MEPEHHUE TOJIBKO OTHOILIEHUSI HEUTPOHHBIX MOTOKOB FpaN HE I03BOJISET
TOYHO OIPEAEIUTh MACCOBBIE JOJM BOJBI M XJopa Ha mnoBepxHocTH Mapca. OpgHako, I ITHX

KOMIIOHEHTOB MMEIOTCSA OIIEHOYHBIE 3HAYEHUSI U3 aKTUBHBIX M3MepeHui B skcnepumente JJAH, uto
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OTKPBIBAET BO3MOXKHOCTb Pa3pabOTKU MeToja OOpabOTKM JaHHBIX MOHHUTOPHHIA, KOTOPBIA OyneT

onucad B I'1aBe 6.

B pa3nesie 4.4 nipesncraBieHbl OCHOBHBIE BBIBOJIBI 110 MOJIYYEHHBIM pE3yJIbTaTaM, U3JI05KEHHBIM

B 'n1aBe 4.

B I'naBe 5 «CpaBHeHHe MeTOI0B OLEHKHM COAEP:KAHUS BOJAbI BJ0Jb TPAacChl JIBHKECHUS
Mapcoxo0/1a» pacCMaTPUBAETCS METO/] OLIEHKHU COJIep KaHMs BOJIbl B MAPCHAHCKOM BEILIECTBE Ha OCHOBE
JAHHBIX MOHHMTOPHUHTOBBIX HW3MEPEHHH HEHUTPOHHOTO alb0e0, MPEITOKEHHBIH aMEepPUKAHCKON
koMannon mpudopa JIAH. IlpoBeneHHoe cpaBHEHHE C aKTUBHBIMU JIAHHBIMHU TTOKA3aJI0, YTO JAHHBII
METOA OTHOCHUTCIBHO HCTOYEH B CBA3M C HCIIOJIB30BAHUEM AaHAJIUTHYCCKHUX METOAOB H

OTPaHUYEHHOCTBIO PE3YJIBTATOB B HEKOTOPBIX JIOKAJIbHBIX paiOHAX U3MEPECHUM.

B paspesie 5.1 onuceiBaroTCsl OCHOBHBIE XapaKTEPUCTUKH METO/A AHAIW3a MOHUTOPHHIOBBIX
W3MEPEHH, KOTOPBIH ObLT pazpaboTaH ameprKaHCKoW koMmaHmoi nmpubopa JIAH B coTpymHudecTBe ¢
POCCHUICKMMH YYaCTHHKAaMH, BKJIIOYas aBTOpa JaHHOW JHUCCEPTAIMOHHOW pPabOThI, KOTOPHIH OBbLI
OTBETCTBEHEH 3a MOJTrOTOBKY JaHHBIX. B paboTe Hajg MeTonOM KIIOYEBYIO poib chirpan Kpucrodep
Teitir. Cam MeTOA OCHOBaH Ha COIIOCTABJICHUU JaHHBIX HM3MEPEHUH HEHTPOHHBIX IIOTOKOB C
pe3yapTaTaMy YUCIEHHOIO MOJIETIMPOBaHUS HEUTPOHHOI O U3ydeHnus Mapca, rie MaccoBas 40715 BOJbI
BBICTYIIAET B KauecTBE napamerpa. s MoaenupoBaHus MPUMEHSETCS IPOrpaMMHBIA NPpoAyKT Monte

Carlo N-Particle Extended (MCNPX) [30].

Pasnen 5.2 conepxut cpaBHEHUE Pe3yJIbTATOB OLICHKA MAaCCOBOM JIOJIA BO/bI, BBIMOJIHEHHBIX O
akTUBHBIM m3MepeHussM npubopa JIAH u mo merony omenku K. Teiita. IIpoBenennslii anamms
CpaBHEHHs OLICHOK IOKa3all 3HAYUTENIbHOE pacxoxaeHue. Ha pucyHke 3 mokazaHo CpaBHEHHE OLIEHOK

MacCOBOM JOJY BOJBI B TOYKAX CTOSHOK:
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Pucynox 3. CpaBHeHHE OILICHOK COJAEp)KaHUsS BOJbI, IMOJYYEHHbIE METOJaMU Ha OCHOBE

AKTUBHBIX JaHHBIX 1 HA OCHOBE IIPAMOTO YHCICHHOI'O MOACIUPOBAaHUA.

B paspene 5.3 aHanu3upyroTcsi BO3MOKHBIE MPUYMHBI PACXOXKICHUS MEXAY pe3ylbTaTaMHu
OIICHOK, TOJIYYCHHBIX IO aKTHBHBIM JaHHBIM, U MeTOAoM, pa3padoTanHbiM K. Teiitom. OcHOBHOI
BBIBOJ JAHHOTO paszjerna 3aKiio4aeTcss B TOM, YTO JaHHBIE METOJIbI OCHOBaHbl Ha pPa3IMYHbBIX
bu3HYECKUX MpoIleccax U3ydeHHUsT BEPXHETO CJI0s MOBEPXHOCTH Mapca, 4To IPUBOJUT K HETOYHOCTSIM
MpY TOBBIIIEHWH KOHIIEHTpalMu BOAbLI B peroiute ¢ npumeHeHnneM merona K. Teiita. AKTUBHBIE
M3MEPEHUS OMUPAIOTCS Ha Pe3yNIbTaThl HEUTPOHHO-AKTUBHBIX MPOLECCOB 30HAUPOBAHNUS TOBEPXHOCTU
IIPY MTOMOIIY UMITYJICOB HEUTPOHOB ¢ 3Hepruer 14 MaB, koTopble MPOHUKAIOT HA TIYyOHHY OK0sI0 50
cMm [21]. C agpyroit CTOpOHBI, METOA OIEHKH, pazpaboraHHbli K. TeliToM, OCHOBaH Ha YHCICHHOM
MOJIEJTMPOBAaHUU M pacCMaTpUBAET HEUTPOHBI, OOpa3yroluecs MpU BO3JIEHCTBUU TaJaKTHYECKHX
KOCMHUUYECKHX Jydyed Ha TinyomHax mopsaka 1 m [27]. Takum oOpa3om, paznuuusi B (HU3NIECKUX
mpoleccax, JeKalliuX B OCHOBE 3TUX METOJIOB, OOBSICHSIOT PACXOXKACHHUE B MOTYYaeMbIX OIEHKAX MpU

BBICOKOM KOHIICHTPAUX BOJAbI B pCTOJIUTE.
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B pasgene 5.4 o0cyxnmaroTcss BO3MOXXHOCTH TPUMEHEHUS METOJa MPSIMOT0 YHCICHHOTO
MOJIETTUPOBAHUS U MPEICTABIEHb OCHOBHBIC BBIBOJIBI 110 MOJYYEHHBIM pe3yJbTaTaM, U3JI0KEHHBIM B

I'nase 5.

B rnaBe 6 «MeToa OmEeHKHM CoOJep:KaHUSI BOAbI HA OCHOBE JAHHBIX MOHUTOPHUHIA
HEHTPOHHOI0 W3JIy4YeHHs] C MCHOJb30BAaHHEM Pe3yJbTATOB AKTHUBHBIX HM3MEpPeHHii» aBTOp
JUCCepTAIllii OIMCHIBACT MPEUIOKEHHBIN METOJ] aHali3a JaHHBIX MOHMTOPHHTa HEHUTPOHHOIO
W3JIyYEHHS, KOTOPBIA OCHOBBIBAETCS HA COIMOCTABJICHUU HEUTPOHHOrO mnapamerpa Fpan M oOleHOK
COACpKaHNA BOJAbI B MApPCHAHCKOM PCroJIMTC, IMOJIYYCHHBIX I10 AKTUBHBIM H3MCPCHHAM. MGTO,Z[,
HpeI[CTaBHGHHBIﬁ ABTOPOM, OCHOBLIBACTCSA HA SMIIMPHUYICCKOM NOAXOAC U HC HCIIOJIB3YCT YHUCICHHOI'O

MOJIETUPOBAHUS HEUTPOHHOIO U3Ty4eHUS, B oTanuue oT merona K. Teiira.

B pa3nene 6.1 ommceiBaeTCsl alroOpuT™M METOAQ, MPEIOKEHHOTO aBTOPOM. bbuin oTOOpaHBI
TOYKH M3MEpPEHHUS] Ha TPacce MapcoXoJila C M3BECTHBHIMHU 3HAUEHHUSMHU BOJBI U XJIOpa, INl€ aKTHUBHBIE
JTAHHbBIE MOYKHO XOPOILIO OMUCBIBAIOTCS OAHOPOAHOM Moaenbio. OToOpaHHbIE JaHHBIE OBLTH pa3/ieIeHbI
Ha 10 rpyImm ¢ pa3nuyHbIM AMANIa30HOM 3HaYeHUN SKBUBAJICHTHOTO XJI0pa (cM. Tabnuna 1). s kaxaoi
rpymnmbel  Obula  TOCTpoeHa (YHKIMS JIMHEWHOW OPTOTOHAIBHOW PETrpecCHH, YUUTHIBAIOIIAS
HEOTpeAEeNIEHHOCTH OLEHKU BOJbI U3 aKTUBHBIX JaHHBIX U MapameTpa Fpan U3 TaHHBIX MOHUTOPHUHTA.
PesynpTupyrommas anmpokcuMalys OLeHKU coepkanust Bojbl (Ew) oT mapamerpa Fpan Oblita 3anucana

KaK:
Ew = A; * Fpan + Bi (2)
rne «i» - uaekc rpynnsl ot 1 1o 10, A; u Bi — mapameTpsl perpeccuu Uist TpYIIIIHI i.

Tabmuua 1. Hamnydime mapaMeTpbl SMIMPHUYECKUX COOTHOLICHUH (2) MEXIYy conuep)KaHHeM
BOJIbI, TIOJyYEHHBIM HAa OCHOBE AKTUBHBIX JAHHBIX, U 3HaueHUsIMH napamerpa Fpan mmsg 10 rpynn c

Pa3INYHbIMHA 3HAYCHHUAMU MacCOBOH A0JIK XJ10pa.

HNuTepBa 3HaYeHU Kosgppuument
Ne MacCOBOM 10 KOpPpeJsiuu Mapaerp A; Iapaverp B;
rpynmnsl IKBUBAJIEHTHOI O MexIy EW U
xJjopa [%] napamerpom Fpan

1) (2) 3) “) )
1 0,00 - 0,59 0,86 (1,07 +£0,09) -(1,55+0,27)
2 0,59 - 0,69 0,88 (0,92 £ 0,06) -(0,77 £0,21)
3 0,69 -0,81 0,86 (1,03 +0,07) -(0,94 £ 0,21)
4 0,81 —-0,88 0,84 (0,88 £0,07) - (0,44 £0,22)
5 0,88 — 0,98 0,75 (1,08 £0,09) - (0,92 £ 0,30)
6 0,98 — 1,08 0,85 (1,01 £0,06) - (0,61 +0,19)
7 1,08 — 1,21 0,86 (1,14 £ 0,08) - (0,91 +£0,25)
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HNuTepBa 3HaYeHUI Koy¢ppuument
Ne MAacCCOBOI 10J1H1 KOppeJasaun Mapaverp A; Iapaverp B;
rpynmnsbl IKBMBAJIEHTHOI O MeKny EW u
xjaopa [%] napameTpom Fpan

(0] 2 (©)) 4 )

8 1,21 -1,34 0,93 (1,19 £ 0,05) - (0,90 = 0,15)
9 1,34 - 1,63 0,83 (1,29 £ 0,10) -(0,92 +£0,29)
10 1,63 —2,45 0,87 (1,38 +£0,11) - (0,84 +0,29)

B paspene 6.2 npuBoasTcs pe3yiabTaTbl CPaBHEHUS, [TOJIyYEHHbIE IPEIOKEHHBIM METOOM, C
pe3yabTaTaMy aKTUBHBIX JAHHBIX, AHAIOTUYHO KaK 3TO ObUIO caenaHo npu aHanuse meroaa K. Teiira.
Ha pucynke 4 noka3zaHo CpaBHEHHUE 3THUX OLEHOK JUIsl OTHUX U TEX K€ YYACTKOB U3MEPEHUH, KOTOPbIE

OTpakaroT COTJIACOBAHHOCTH MPOBEACHHBIX OLEHOK ¢ K03 duninenTom koppemsuu B 0,9.
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Pucynok 4. PacueTHble 3HaU€HUS COIEP>KaHUS BOJIbL, TIOJTy4EHHbIE HA OCHOBE JaHHBIX AKTHBHBIX
M3MEPEHUI U U3MEPEHUH 110 OLICHKE JaHHBIX HEUTPOHHOTO MOHUTOPHHTA JJIs OJHUX U TeX ke 464 mecT

U3MEPEHUsT MapcoXo/ia.

B pa3znesie 6.3 onmceiBaeTcs mporecc BpIOOpa 3HAYSHUS XJI0pa BIOJb TPACChl MapCcoXo/a, T.K.
N3 aKTUBHOT'O ME€TOAAa 3TU OLIEHKH N3BECTHBI TOJIBKO B TOUKAX CTOSAHOK. Ho JJIs1 OHCHKHU MacCcoBOH JO0JIN
BOJABI NPCJIOKCHHBIM METOJJOM BJ0OJIb TPACCHI MCKAY CTOIHKaAMU Tp€6y€TC$I CACJIaTh MPCAIIOJJIOKCHHUC

0 TOM, KaK MCHACTCA COACPIKAHUCE XJI0pa BO BPEMA IBUKCHUA.
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B mnepBoMm BapuaHTe cojepxaHHe XJopa B MapCHAaHCKOM TPYHTE BapbHpyeTcs IJIaBHO Ha
NECSITKA METPOB, UYTO XapaKTepHU3yeTcs IIUTEbHONEPUOJAUYHON M3MEHUYMBOCTHIO XJjopa. B Takom
Cllydae PEKOMEHAYETCSl HCIOJIb30BaTh WHTEPIONALMIO 3HAYEHUH MacCOBOW [JOJM XJIOpA MEXAY

TOYKaMH CTOAHOK.

Bropoil BapuaHT mpennonaraer HaJlMuWe Y4YacTKOB C KOPOTKOINEPUOAMYHBIM H3MEHEHHEM
coJiepKaHus XJI0pa, IJie BapHalllK IPOUCXOIAT Ha MaciiTabax mopsaKa HECKOJIbKUX MeTpoB. Ha Takux
ydacTKax HaOJIOAAI0TCs 3HAUMTENbHBIE U3MEHEHUS Jake y OJMU3KUX APYT K APYry TOUEK CTOSHOK. B
TaKOM CIIy4ae, pEKOMEHIYETCS UCII0JIb30BaTh CPEHEE 3HAUEHUE MAaCCOBOM JOJIM XJIOPA, MOJIYyYEHHOE

13 IIOJIHOT'O PACIIpEENICHNUs aKTUBHBIX U3MEPEHUN HA BCEH TPacCe ABUKCHUS.

B Tperpem BapuaHTe MaccoBas A0 XJIOpa MOXKET ObITh ONpejielieHa Ha OCHOBE M3MEpEHH

JIPYTUX SKCIEPUMEHTOB Ha MapCOXO/Ie.

B pa3nene 6.4 mpencraBieHbl OCHOBHBIC BBIBOJBI O NMPUMEHEHWH MPEIJI0KEHHOTO METO/aa

OIICHKH MAacCOBOM JI0JIM BOBI 11O JAHHBIM MOHUTOPHHTA HEUTPOHHOTO M3TyueHus npudopom JIAH.

I'maBa 7 «Pe3yiabTaThl NIPpMMEeHEHHE NMPENJI0KEHHOI0 MeT0a OLEHKH BOABI MO JAHHBIM
npudopa JAH nna u3ydyeHus JIOKAJBbHBIX 0COOeHHOCTeill Bapuanuil Boabl B Kpartepe I'eilun»
MNpEaACTaBJIAICT ONMHCAHUC PE3YJIbTATOB IO OLICHKC MacCOBOM A0JIM BOJAbI Ha OCHOBC IPUMCHCHUA

MPEIOKEHHOTO METO1a 00pabOTKH JaHHBIX MOHUTOpUHTA Iprbdopa JJAH.

B pasgene 7.1 npuBomATcs pe3ynbTaThl COJAEpP)KAHHWS BOAbI B PErOJIUTE MO JTaHHBIM
MOHUTOPHHTA HeﬁTpOHHOFO N3ITYy4YCHUS B 3aBUCUMOCTU OT BCIIMYHMHBI HHTCPBAJIOB IIYTHU 3a JCBATH JICT
HENpepeIBHOW paboThl. Mcxoass W3 MPOBEACHHOTO aHallM3a, COJIEp)KaHWE BOABI B MapCHAHCKOM

peronure BIOJb MyTH ABMKEHUSI MapcoxoJia cocTaniseT okono (2,6 = 0,7) %.

B mnpouecce uccinenoBanus kparepa l'einn komaHaa Mapcoxoga IMPOBOJIUT CIEHHATbHBIE
HCCJIEIOBATENbCKUE KaMITAaHUH B «OCOOBIX» pallOHaX MapuipyTa ¢ 1EIbI0 BBISBJICHHS T€OJOTHICCKUX
ocobernocteit [19, 20]. Hamepenuss npubopa JAH mnoarBepawnm, 4TO CcoxepkaHuWe BOABI B
MapCHaHCKOM TPYHTE MOXKET H3MEHSITHhCS Ha HEOONBIINX pacCTOSIHUSIX. HempepbBHBIA MPOQHIIh
COJIepKaHUsI BOJIBI TO3BOJISIET OOHAPYXXKMUBAaTh TaKWe OCOOCHHOCTH MPU JIBMXKCHHUH Mapcoxoja, Kak

MOKAa3aHO HA PUCYHKE 5.
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Pucynok 5. Ilpodune comepkaHust BOAbI Ha OCHOBE JAHHBIX MOHHMTOPUHIA BJAOJb IIYTH
JBIDKEHUS MapcoXo/a Ha OTpe3Ke oT MecTa mocaaku 10 20 kM. JInHeiiHple MacTadbl pecTaBlIeHbl B
BU/JIE YEPHOU TMHUHU ¢ pa3pemeHueM 300 MeTpoB U cepoil TMHMM ¢ pa3pemenueM 3 Merpa. IlyHkTupHas

JUHUS 0TOOpaXkaeT cpeiHee coIepKaHue BOIBI B PETOJIUTE BIOJb MTYTH ABHKCHHUS MapCcoOXo0/a.

B paznesie 7.2 npuBoasarcs pe3ynbTaThl n3MepeHuid B oonactu Violet Valley paiiona Kimberley,
re ObUIO M3MEPEHO 3aMETHOE CHIDKCHHE 3HAUYCHUS BOJIbI. B TeueHne MapCHaHCKUX CYTOK (COJIOB) 546-
548 conepskanue Boabl yMeHbIIOCh € (3,0 + 0,4) % mo (0,64 + 0,35) %. [Ipoduns onenku BoaAHOM

KOMITOHCHTHI ITOBECPXHOCTHU IMMPCACTABJICH HA PUCYHKC 6.
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Pucynok 6. I3MepeHne pe3koro yMeHbIICHUSI MaCCOBOM JTOJIM BOJIBI JJISl HHTEPBAJa IMMYyTH MEXITY
ormetkamu 5 050 u 5 350 merpoB (conmbl 542-552) (uepHble TOUKH — OLIEHKA MO H3MEPEHUSIM
HEHUTPOHHOTO MOHHUTOPHWHTA, Cepasi 3aJIMBKa — MOTPEIIHOCTh MOHHTOPHHIOBBIX W3MEpPEHUH, Oelbie

3BE€31bI — OILICHKA I10 aKTUBHbBIM PIBMGPGHI/IHM).

B pa3nene 7.3 npuBoaarcs pe3yiabTaThl U3MepeHui B obmactu xpedTa Vera Rubin, rae 6pu10
3aperucTPUPOBAHO MAaKCUMallbHOE 3HadeHue BoJwl (6,34 + 0,68) % (Pucynok 7). /lanHble 3HaueHUs
Habmoanuch Ha otMeTke yTu 18 417 M B cone 1985. CornacHo JaHHBIM OPOUTATBLHBIX HAOTIOACHHUIA,
B OTOW OOJIACTH HUMEIOTCA YYAaCTKU C CIEKTPAIbHOM XapaKTePUCTUKON MOJUTUAPATHPOBAHHBIX
cynp(}aToOB Ha MOBEPXHOCTH. DTH YYAaCTKH PACIOJIOKEHBI OJM3KO K 00JIacTsM C MaKCHMalbHBIM

coJiep)aHueM BOIbl, 0OHapykeHHbIMH Tipubopom JIAH [26].
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Pucynok 7. W3MmepeHHs MakCHUMajIbHOI'O 3HAU€HHUs BOABI JUIsl MHTEpBAJIAa IYTH MEXIy
ormetkamu 18 350 m 18 525 M (combr 1950-1989) (uepHble TOUKHM — OLEHKAa MO HM3MEPEHUSIM
HEHUTPOHHOTO MOHHMTOpPHHTIA, Cepas 3ajlUBKa — MOTPEHIHOCTh MOHUTOPUHIOBBIX HM3MEpEHUH, Oelbie

3BE€31bI — OLICHKA I10 aKTUBHbBIM PIBMGPGHI/IHM).

Pa3nen 7.4 omuchiBaeT OCHOBHBIE BBIBOJBI O pesyibTaTax npubopa JIAH, xortopsie Obutn

MOJTy4EHBI 3a 0oJiee 4eM JeBATH JIET HENPepPBhIBHON pabOTHI Ha MOBepXHOCTH Mapca.

B rnasa 8 «Karanorusanusi nanubix 3xcnepumenta IAH no onenke cogepxaHusi BOAbI U
XJI0pa B/10JIb YTH cje0BaHusi Mmapcoxona «Kwopunocutm» B kpartepe I'eit» npuseneHo onvcanue
METOAMKH COCTABJICHUSl KaTajiora pe3yiabTaToB u3MepeHuid mnpubdbopa JAH, koropsie Obutu

IIPEJICTaBJICHBI B BUJIE MTUKCENEH perysipHOro pa3mepa BAOJb MYTH ABHXKEHUS MapcoOXo/a.

B pasnedie 8.1 mpuBoasTCs onucanue npeacTaBieHus nanHbiX mpudopa JIAH B Buae oTieIbHBIX
nukcenei. Takoit mpuHIUIT 00pabOTKM AAaHHBIX TpeJiaraeTcs s aHanuza u3mepennit JIAH Bmonn

TPAaCChl ABUKCHUA MapCOX0/da, KOTOpast BKJIIOYACT B ce0s CII0KHBIC MEPCCCKAIOIHECA TPACKTOPHUU.

Pazmep nukcenst 6bU1 BBIOpaH Kak 3X3 M B COOTBETCTBUHU C MPOCTPAHCTBEHHBIM pa3pelieHueM
AKTUBHBIX H3MepeHuir, uMmeromux auamerp 3 merpa [21]. Takue nmkcenu HaszbiBaroTcs «I1AI»
(ITukcenb ¢ aKTUBHBIMU JTAHHBIMHU) U COCTABISAIOT 7% OT o01mero 10 ThicsSd muKcemnei, MOKPhIBAIOIITUX

Tpaccy B 27 kM. OctanbHbie 93% nukceneit, Ha3zpiBaeMble «lIIT1J1» (Ilnukcens ¢ macCUBHBIMU JAaHHBIMHU),
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HCIOJIB3YIOTCA [JI1 OUCHKH YYAaCTKOB IMMOBCPXHOCTHU, KOTOPBIC ObLTH HN3YUYCHBI MCTOJI0OM HGﬁTpOHHOI‘O

MOHUTOPHHTA.

B pa3nene 8.2 omuceiBaeTCs aJirOpUTM COTMOCTABJICHHUSI MUKCENICH ¢ pe3ylbTaTraMu mpubdopa

JIAH u npuBs3KM T€0JIOTHYECKUX paliOHOB KpaTepa ['eiin.

Mapcoxonq ~ HABMXKETCST ~ 4Yepe3  pas3liMuHble  TEO0JIOTMYECKHE  PErvuoHbl  Kparepa,
UACHTU(UIIMPOBAHHBIE TEOJIOTHUECKON KomaHmoi mpoekra MSL. Habmromaemas reonorust
UCIIOJNIb3YETCS Ui CO3/IaHusl CTpaTUrpapuueckoi KOJIOHKHU MPOEKTa, pa3JesieHHON Ha HedopMasbHbIe
rpynmbl, dopmaruun u ¢aruu [29]. Kaxnerii mukcens pesynbraroB npudopa JJAH otHOcuTcs k

OIIPEIETICHHON T'€0JIOTUYECKON CAUHULIE.

OOuwmii pe3ynbTaT MPOAHATU3UPOBAHHBIX JAaHHBIX — KapTa OLIEHKH MacCOBOW JOJIH BOJBI C
IOMOILIBIO  JTAHHBIX HEWTpoHHOro MoHuTopuHra mnpubopa JAH. Ha pucynke 8 mokazaHo
pacmpelelieHue COICp)KaHus BOJBI Ha IOBEPXHOCTHM Mapca BAOIb Mapumipyra Mapcoxoza
«Kropuocutu». Mecto nocaaku 0003Ha4eHO 3BE3/I0M, TaKkKe pa3Mep IJIEMEHTOB ObLI yBEIMUYEH IS
HarsiiHocTu. Kapra oToOpakaeT MaccoBbIe 10JIU COJIEp KaHUs BOJIBI JUIs KaXKIOTO y4acTKa MapuipyTa
Mapcoxojia ¢ IpaJalusiMu CHHETO IBETa, MO3BOJISS BHISIBUTh YYACTKU C HAMOOJBIIUM U HAUMEHBIITUM

COJIEpKAaHUEM BOJIBI.

Kapra, co3mannas Ha ocHOBe aHanu3a JaHHbIX mpubopa JIAH, mo3BoisieT OTClIeKuBaTh
U3MEHEHHUS COJEpXKaHUs BOJAbI MPHU JIBHKEHHH MapCOXOJa M BBIABIATH y4acTKU C HauOonblied u
HauUMEHbIIIEH KOHLEHTpanuen Boabl. [Ipoxoas BBepX MO KpaTepy, COACPKAHUE BOABI YBEIIMUUBACTCS,
YTO CBUJETENBCTBYET O NPUCYTCTBUM TUAPATUPOBAHHBIX OCAJOUYHBIX MOpPOA. OTHU pPE3YyJIbTaThl

YKa3bIBAIOT HAa BO3MOKHOE CO/IepKaHKNE BOAHBIX CTPYKTYP B HICTOPUU KpaTepa.
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Pucynok 8. Kapra pacnpenenenus 3HaueHUI coiepKaHusl BOABI, TOJyYEHHbIE C IPUMEHEHUEM
METO/Ia aBTOpa JUCCEPTALIMOHHOMN paboThl 1151 00pabOTKH JaHHBIX HEUTPOHHOI'O MOHUTOPHUHIA
npubopa JAH. I'paganusiMu CMHEro yka3aHo coJep KaHUe BOJbL. 3BE3/10i 0003HaYEHO MECTO

nocCaakKu.
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B pa3nene 8.3 onmceiBaercs TabnmuHbIl GopMar maHHBIX KaTanora npuoopa JJAH. Ilomnas

TabnuIa HAyYHBIX JaHHBIX MpejacTaBieHa B [Ipmnoxennn 1 kK auccepTanimoHHON padoTe.

Tabmuma 2 comepkuT cienytomme cronoupl: (1) - TOpsakoBwId HOMep mwHKcens, (2) -

obo3Hadenwue ero tuma, 1160 «ITAJ]», mubo «I1I11d», (3) - nonroTa u (4) - MHUPOTAa KOOPIAUHAT IIEHTPA

nukcens, (5) - accolMMpPOBaHHAs TEOJOTHMYECKash eIWHUIAa CTpaTurpapuuecKkoil KoJoHKH, (6) -

pacueTHble 3HaueHus Boabl (%) u (7) - 3HaueHus 3kBUBajIeHTHOTO XJiopa as «ITA]» (%).

Tabmuma 2. Tabnuma pesynbTaToB m3MepeHuid mpubopa JAH ams oTmenbHBIX TNHKCENeH

MTOBEPXHOCTH.
AcconuMpoBaHHas
HopsiakoBbIi T Hoarora | IIupora reoJiornueckKasi 3HaueHHne 3HaueHne
U1
HOMeEp (meHTp (ueHTp eIMHHIIA BOJABI JKBHBAJEHTHOI'O
MHUKCes
MUAKCeJIA NMUKCeJIsA) | MUKCceJs) | cTpaTurpaguyeckoi (%) xJjopa (%)
KOJIOHKH
6106 T | 13736097 | 471608 | Murray / Sutton 6.10,7 ;
Island
8704.1 AT 137.39154 | -4.73010 | Carolyn Shoemaker /|y ¢34 55 | 1 674014

Knockfarrill Hill

Paznen 8.4 onuceiBaeT ocHOBHBIE BBIBOBI B I'1aBe 8 0 pesynbrarax mpubopa JJAH, koTopsie

ObUIM TIOJTYYEHBI 3a 00JIee YeM JIEBSTH JIET HeNpephIBHOI paboThl Ha MOBEPXHOCTU Mapca.

B 3akaw4yennu nuccepTallmoOHHOW pabOTHI MPUBEICHBI OCHOBHBIC BBIBOJBI MIPEICTABICHHOTO

JUCcCepTalMOHHOro uccienoBaHus. CPopmMyaupoBaHbl OCHOBHBIE 3a7jaud M UX pPEUICHHs, KOTOpbIe

MO3BOJIMJIM TPOAHANN3UPOBATh HayuHbIE JaHHbIe ipubopa JJTAH.




24

CIIMCOK ITYBJIMKALIMHU ABTOPA 110 TEME JUCCEPTALIUHN

[CH1] Jun, I, Mitrofanov, 1. G., Litvak, M. L., Nikiforov, S. Y., [et al.]. Neutron
background environment measured by the Mars Science Laboratory’s Dynamic Albedo
of Neutrons instrument during the first 100 sols //JGR: Planets —2013 —118(11) —2400—
2412. DOI: 10.1002/2013JE004510

[CH2] Tate, C. G., Moersch, J., Jun, 1., Nikiforov, S. Y., [et al.]. Water equivalent
hydrogen estimates from the first 200 sols of Curiosity’s traverse (Bradbury Landing to
Yellowknife Bay): Results from the Dynamic Albedo of Neutrons (DAN) passive mode
experiment // Icarus — 2015 — 262 — 102—123. DOI: 10.1016/j.icarus.2015.09.002

[CH3] Tate, C. G., Moersch, J., Mitrofanov, 1. G., Nikiforov, S. Y., [et al.]. Results from
the dynamic albedo of neutrons (DAN) passive mode experiment: Yellowknife Bay to
Amargosa Valley (Sols 201-753) // Icarus — 2018 — 299 — 513-537. DOL:
10.1016/j.icarus.2017.08.022

[CH4] Tate, C. G., Moersch, J., Mitrofanov, I. G., Nikiforov, 8. Y., [et al.]. Mars Science
Laboratory Dynamic Albedo of Neutrons passive mode data and results from sols 753 to
1292: Pahrump Hills to Naukluft Plateau // Icarus — 2019 — 330 — 75-90. DOI:
10.1016/j.icarus.2019.04.029

[CHS] Nikiforov, S. Y., [et al.]. Assessment of water content in martian subsurface along
the traverse of the Curiosity rover based on passive measurements of the DAN instrument
/ Icarus — 2020 — 346 — 113818. DOI: 10.1016/j.icarus.2020.113818

[CH6]  Mitrofanov, I. G., Nikiforov, S. Y., [et al]. Water and chlorine in the Martian
subsurface along the traverse of NASA's Curiosity rover: 1. DAN measurement profiles
along the traverse / JGR: Planets — 2022 — 127 — ¢e2022JE007327. DOI:
10.1029/2022JE007327



https://doi.org/10.1002/2013JE004510
https://doi.org/10.1016/j.icarus.2015.09.002
https://doi.org/10.1016/j.icarus.2017.08.022
https://doi.org/10.1016/j.icarus.2017.08.022
https://doi.org/10.1016/j.icarus.2019.04.029
https://doi.org/10.1016/j.icarus.2019.04.029
https://doi.org/10.1016/j.icarus.2020.113818
https://doi.org/10.1029/2022JE007327
https://doi.org/10.1029/2022JE007327

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

25

CIIMCOK HUTUPYEMBIX PABOT

Boynton, W. V., [et al.]. Distribution of hydrogen in the near surface of Mars: Evidence for
subsurface ice deposits // Science — 2002 — 297(5578) — 81-85. DOI: 10.1126/science.1073722
Boynton, W. V., [et al.]. The Mars Odyssey Gamma-Ray Spectrometer instrument suite // Space
Sci. Rev. —2004 — 110(1/2) — 37-83. DOI: 10.1023/B:SPAC.0000021007.76126.15

Feldman, W. C., [et al.]. Global Distribution of Neutrons from Mars: Results from Mars Odyssey
/I Science — 2002 — 297(5578) — 75—78. DOI: 10.1126/science.1073541

Feldman, W. C., [et al.]. Mars Odyssey neutron data: 2. Search for buried excess water ice
deposits at nonpolar latitudes on Mars // JGR — 2011 — 116(E11) — E11009. DOI:
10.1029/2011JE003806

Mitrofanov, 1. G., [et al.]. Soil Water Content on Mars as Estimated from Neutron Measurements
by the HEND Instrument Onboard the 2001 Mars Odyssey Spacecraft // Solar System Research —
2004 — 38(4) — 253-257. DOI: 10.1023/B:SOLS.0000037461.70809.45

Mitrofanov, 1. G., [et al.]. CO2snow depth and subsurface water-ice abundance in the northern
hemisphere of Mars // Science — 2003 — 300(5628) — 2081-2084. DOI: 10.1126/science.1084350
Mitrofanov, 1. G., [et al.]. Maps of subsurface hydrogen from the High Energy Neutron Detector,
Mars Odyssey // Science — 2002 —297(5578) — 78-81. DOI: 10.1126/science.1073616
Mitrofanov, I. G., [et al.]. Fine Resolution Epithermal Neutron Detector (FREND) Onboard the
ExoMars Trace Gas Orbiter // Space Sci. Rev. —2018 —214(5) — 86. DOI: 10.1007/s11214-018-
0522-5

Mitrofanov, I. G., [et al.]. The evidence for unusually high hydrogen abundances in the central
part of Valles Marineris on Mars // Icarus —2022 — 374 — 114805. DOL:
10.1016/j.icarus.2021.114805

Maurice, S., [et al.]. Mars Odyssey neutron data: 1. Data processing and models of water-
equivalent-hydrogen distribution // JGR — 2011 — 116(E11) — E11008. DOI:
10.1029/2011JE003810

Sanin, A. B., [et al.]. Hydrogen distribution in the lunar polar regions // Icarus — 2017 — 283 — 20—
30. DOI: 10.1016/.icarus.2016.06.002

Malakhov, A. V., [et al.]. Ice Permafrost “Oases” Close to Martian Equator: Planet Neutron
Mapping Based on Data of FREND Instrument Onboard TGO Orbiter of Russian-European
ExoMars Mission // Astron. Lett. — 2020 — 46(6) —407—421. DOI: 10.1134/S1063773720060079
Abramov, O., Kring, D. A. Impact-induced hydrothermal activity on early Mars // JGR: Planets —
2005 -110(12) — 1-19. DOI: 10.1029/2005JE002453

Bibring, J.-P., [et al.]. Global Mineralogical and Aqueous Mars History Derived from
OMEGA/Mars Express Data // Science — 2006 — 312 (5772) — 400-404. DOI:
10.1126/science.1122659

Grotzinger, J. P., [et al.]. Mars Science Laboratory Mission and Science Investigation // Space
Sci. Rev. —2012 - 170(1-4) — 5-56. DOI: 10.1007/s11214-012-9892-2

Mitrofanov, 1. G., [et al.]. Dynamic Albedo of Neutrons (DAN) experiment onboard NASA’s
Mars Science Laboratory // Space Sci. Rev. —2012 — 170(1-4) — 559-582. DOI: 10.1007/s11214-
012-9924-y

Lisov, D. I, [et al.]. Data processing results for the active neutron measurements by the DAN
instrument on the curiosity Mars rover // Astron. Lett — 2018 — 44 (7) — 482—489. DOIL:
10.1134/S1063773718070034

Golombek, M., [et al.]. Selection of the Mars science laboratory landing site // Space Sci. Rev. —
2012 - 170 (1-4) — 641-737. DOI: 10.1007/s11214-012-9916-y

Litvak, M. L., [et al.]. Local variations of bulk hydrogen and chlorine-equivalent neutron
absorption content measured at the contact between the Sheepbed and Gillespie Lake units in



https://doi.org/10.1126/science.1073722
https://doi.org/10.1023/B:SPAC.0000021007.76126.15
https://doi.org/10.1126/science.1073541
https://doi.org/10.1029/2011JE003806
https://doi.org/10.1029/2011JE003806
https://doi.org/10.1023/B:SOLS.0000037461.70809.45
https://doi.org/10.1126/science.1084350
https://doi.org/10.1007/s11214-018-0522-5
https://doi.org/10.1007/s11214-018-0522-5
https://doi.org/10.1016/j.icarus.2021.114805
https://doi.org/10.1016/j.icarus.2021.114805
https://doi.org/10.1029/2011JE003810
https://doi.org/10.1029/2011JE003810
https://doi.org/10.1016/j.icarus.2016.06.002
https://doi.org/10.1134/S1063773720060079
https://doi.org/10.1029/2005JE002453
https://doi.org/10.1126/science.1122659
https://doi.org/10.1126/science.1122659
https://doi.org/10.1007/s11214-012-9892-2
https://doi.org/10.1007/s11214-012-9924-y
https://doi.org/10.1007/s11214-012-9924-y
https://doi.org/10.1134/S1063773718070034
https://doi.org/10.1134/S1063773718070034
https://doi.org/10.1007/s11214-012-9916-y

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

26

Yellowknife Bay, Gale Crater, using the DAN instrument onboard curiosity // JGR: Planets —
2014 - 119 (6) — 1259-1275. DOI: 10.1002/2013JE004556

Litvak, M. L., [et al.]. Hydrogen and chlorine abundances in the Kimberley formation of Gale
crater measured by the DAN instrument on board the Mars Science Laboratory Curiosity rover //
JGR: Planets —2016 — 121 (5) — 838-845. DOI: 10.1002/2015JE004960

Sanin, A. B., [et al.]. Data processing of the active neutron experiment DAN for a Martian regolith
investigation // Nucl. Instrum. Methods Phys. Res. A: Accel. Spectrom. Detect. Assoc. Equip. —
2015 —-789 — 114-127. DOI: 10.1016/j.nima.2015.03.085

Press Kit, “Mars Science Laboratory Landing” [OnexktponHsiii pecypc] // National Aeronautics
and Space Administration — July 2012.
https://www.jpl.nasa.gov/news/press_kits/MSLLanding.pdf

Arnold, J. R., [et al.]. Gamma rays in space, Ranger 3 // JGR — 1962 — 67(12) — 4878—4880. DOI:
10.1029/J70671012p04878

Drake, D. M., [et al.]. Martian neutron leakage spectra // JGR — 1988 — 93(B6) — 6353. DOI:
10.1029/J1B093iB06p06353

(CH1) Jun, L, [et al.]. Neutron background environment measured by the Mars Science
Laboratory’s Dynamic Albedo of Neutrons instrument during the first 100 sols // JGR: Planets —
2013 - 118(11) — 2400-2412. DOI: 10.1002/2013JE004510

Djachkova, M. V., [et al.]. Testing Correspondence between Areas with Hydrated Minerals, as
Observed by CRISM/MRO, and Spots of Enhanced Subsurface Water Content, as Found by DAN
along the Traverse of Curiosity // Advances in Astronomy — 2022 — 1-10. DOI:
10.1155/2022/6672456

(CHS) Nikiforov, S. Y., [et al.]. Assessment of water content in martian subsurface along the
traverse of the Curiosity rover based on passive measurements of the DAN instrument // Icarus —
2020 — 346 — 113818. DOI: 10.1016/.icarus.2020.113818

(CH6) Mitrofanov, I. G., [et al.]. Water and chlorine in the Martian subsurface along the traverse
of NASA's Curiosity rover: 1. DAN measurement profiles along the traverse // JGR: Planets —
2022 — 127 —e2022JE007327. DOI: 10.1029/2022JE007327

Rampe, E. B., [et al.]. Mineralogy and geochemistry of sedimentary rocks and eolian sediments in
Gale crater, Mars: A review after six Earth years of exploration with Curiosity // Geochemistry —
2020 — 80(2) — 125605. DOI: 10.1016/j.chemer.2020.125605

McKinney, G. W., [et al.]. MCNPX benchmark for cosmic ray interactions with the Moon // JGR —
2006 — 111(E6) — E06004. DOI: 10.1029/2005JE002551



https://doi.org/10.1002/2013JE004556
https://doi.org/10.1002/2015JE004960
https://doi.org/10.1016/j.nima.2015.03.085
https://www.jpl.nasa.gov/news/press_kits/MSLLanding.pdf
https://doi.org/10.1029/JZ067i012p04878
https://doi.org/10.1029/JZ067i012p04878
https://doi.org/10.1029/JB093iB06p06353
https://doi.org/10.1029/JB093iB06p06353
https://doi.org/10.1002/2013JE004510
https://doi.org/10.1155/2022/6672456
https://doi.org/10.1155/2022/6672456
https://doi.org/10.1016/j.icarus.2020.113818
https://doi.org/10.1029/2022JE007327
https://doi.org/10.1016/j.chemer.2020.125605
https://doi.org/10.1029/2005JE002551

