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Moucku Boasl Ha Mapce

N.I' MurpodaHos

3ydyenue Mapca — OJHO u3

CaMBIX NIPUOPUTETHBIX

HAINPaBACHUM B HCCIEN0-
BaHUU I1aHeT COJHEYHOU CUCTE-
MblL. IlepBbl€ TONBITKU 3aMYCKOB
KOCMMYECKUX aIllIdpaToB K Mapcy
6pmn npeanpunATe C.I1.Kopoie-
BeiM 10 1 14 oxrsabps 1960 1. —
K COXaJIEHUIO, 064 IyCKa OKa3a-
JUCh HeypauyHbMU. ITorpe6oBa-
J0Cch eme 6oaee 10 sner Hanps-
JKEHHOU paboTel U 11 3amyCKOB,
uyTOOBl, HAKOHEL, 2 [eKabps
1971 1. COBETCKHMIT KOCMUYECKUN
anmapar «Mapc-3» JOCTUT LeJIU U
COBEPIIUII IEPBYIO MATKYIO ITOCA[-
Ky Ha IIOBEPXHOCTb KpacHou 11a-
HETBl B OKPECTHOCTU Kparepa
[Tromomen. 12 ¢peppana 1974 r.
COBETCKMM MEXKIUIAHCTHBIM aIlma-
par «Mapc-5» BBIINIET HA OKOJIO-
MapCHUAHCKYI0O OPOUTY U BBINOJI-
HUJI CbEMKy IOBepxHOCTH. Ha
3eMJII0 IMOCTYNUIUA KaPThl pPeJibe-
(pa, HA KOTOPBHIX XOPOIIO PA3JIHU-
YAJIUCh CYXUE PYC/Id TOTOKOB. DTO
MO3BOJIMIO YYEHBIM IIPEANOJIO-
JKUTb, 4TO Mapc, KOTOPBIA B HAC-
TOALIEE BPEMA UMEET XOJOJHYIO U
CYXYIO IOBEPXHOCTb, B IIPOLIOM
OBLI TETJIBIM U BIAKHBIM.

[To cOBpeMEHHBIM IIPEACTAB-
JieHuaM, Mapc u 3emida Ha paHHen
CTAJUU 3BOJIOLUU PA3ZBUBAIUCH
10 CXOAHBIM CLICHHAPUAM. 34TEM,
BO3MOJXKHO, B PE3YJILTATE IT106Ab-
HOM KAaTACTPOMBI, TEMJIBIA 1 BIAXK-
HBIM KJIMMAT PaHHETO Mapca cme-
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HUWJICA HAd COBPEMEHHBIM CYXOH U
XOJNOAHBIN. [Ipr 3TOM MOTJIAa OBITH
yTpadeHa O6O0ibmasg 4acTh aTMOC-
¢geprl. Bonpocel 0 npuuyuHax Ta-
KOTO KaTaKJINU3Ma, O TOM, Ky/a jie-
J1ACh BOJIA C IOBEPXHOCTHU U O TOM,
yCcoena U Ha MOJOJOM BIAKHOM
Mapce 3apOJUTHCA MPUMUTUBHAA
KU3Hb, — OTHOCATCA K Hauboiee
AKTYaJbHBIM IIpOGJEMaAM COBpE-
MEHHBIX UCCAEI0OBAHUN Mapca.
3azgaya MOMCKA BOJBI IOA CY-
XOU MOBEPXHOCTBIO Mapca 6bl1a
VCIEMHO pENmEHA NPU NOMOIHU
KOCMHUYECKOTO HAYYHOTO NpPUbHO-
pa HEND (High Energy Neutron
Detector), co3paHHoro B Poccuu
no mnporpamme PefepasbHOTO
KOCMHUYECKOTI'O ar€HTCTBA U yCTa-
HOBJEHHOTO Ha aMEPUKAHCKOM
KOCMHYECKOM ammapare «Mars
Odissey» (puc.1). B atom akcnepu-
MEHTE BIIEDPBBIEC B MPAKTHUKE KOC-
MUYECKUX UCCIEOBAHUH TpUMeE-

i)
N

Hzopw I'eopzuesuu Mumpoghanoa, 0oKmop
PUSUKO-MAMEMAMUUECKUX HAYK, 3d6€0)10-
wuil nabopamopueti KOCMUMECKOU 2amMma-
cnexkmpocxonuu HKH PAH. Obaacms Hayu-
HOLX UMnmepecos — acmpoPuura 6b.COKUX
anepeuil u A0epran NAamnemoious.

HAETCA METOJ HEUTPOHHOU CIIEKT-
POCKOIIMM I OLUCHKH COJEepKa-
HHUSA BOABI B IIPUIIOBEPXHOCTHOM
cioe Mapca. Kaprorpaguposanue
npu6opom HEND 65110 HaYaTO 18
despana 2002 1. ¥ YCIEMHO MPO-
JOJIKAETCA JJO CUX IOP.

BopgHas cpepa
Ha Mapce

3a 35 ner usydeHusa Mapca
MEXIUIAHETHBIMU KOCMHYECKUMU
ANNapaTaMyu IOJNYYEHO OOJbIIOE
KOJIMYECTBO JAHHBIX, CBUJETEND-
CTBYIOIIUX O TOM, 4YTO IOBEPX-
HOCTb U aTMoc(pepa KpacHoit mia-
HETbl CPOPMUPOBAIUCH B PE3YJIb-
TATE€ JOJION M CIOKHON 3BOMIIO-
uuu. ITOBEPXHOCTb HM3MEHANACDH
K4dK B PE3YIBTATE CTOIKHOBEHMII C
METEOPUTAMHU, TAK U IO/ JEUCTBU-
€M BYJIKAHUYECKUX, TEKTOHUYEC-
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KHUX U 3PO3UOHHBIX IPOIECCOB.
Cenyac yCTAHOBJIEHO, YTO BAKHYIO
posb B (DOPMUPOBAHUHU peENbeEda
MOBEPXHOCTHU TAKXKE UTPAIN T'HJ-
posoruueckue mnporuecco. CoOB-
pEMEHHBIE KIUMATUYECKUE YCIIO-
BUS — HU3KOE JABJICHUE U OTPU-
L[ATEJIbHBIE TEMIIEPATYPBl — HCK-
JIIOYAIOT CYMECTBOBAHUE HA IOBE-
pxHOCTH Mapca BOJABI B KHUJAKOHU
(paze. OjHAKO OBLIO U3BECTHO, YTO
OHAa TPUCYTCTBYET B BUJEC JbJA
MOCTOSIHHBIX TOJIAPHBIX MIANOK U
napa B arMoc(epe MmIaHEeTHI.
BoaaHon jex B IOJAPHBIX
mankax. /[aBleHue u TEMIEPary-
pa Ha yMEPEHHBIX muporax Map-
€4 TAaKOBBI, YTO JIETOM BOJSAHOU
Jes cyOnuMUpYeET B aTMOCheEpPy U
BOJSIHBIE NIAPBl B HEW MEPEHOCAT-
€A Ha TONIOCA, AEUCTBYIOMMNE KAK
XOJIOJAHBIE JOBYIKHM. B HUX map
MOJKET OCaXAaThCAd Ha IOBEPX-
HOCTb, (POPMUPYS MOCTOSHHBIC
noJisipHeple Mmanku. Heo6xoammo
TAKXKE YYUTBIBATH TIJOOAIBHYIO
LUPKYIAINI0 ATMOCPEPHOI yriie-
KMCIOTBL MEX/Y IONIOCAMH, TIPHU-
BOJAIMYIO K CE30HHBIM (OCEHb U
3MMa) BBINAJAHUAM «CYXOTI'O CHe-
ra» u3 CO, Ha IOBEPXHOCTU. Bax-
HYIO pOJlb B (DOPMHUPOBAHUU I1O-
JIAPHBIX MIATIOK TAKKE UTPAIOT IIbI-
JeBble 6ypH, KOTOPBIE MEPEHOCAT
OIpPOMHBIE O6JIAKA IBUIM BJOJIb
MOBEPXHOCTHU BCEI MIAHETHL
HabnogeHus Ha AMEPUKAHC-
KUX HCCJIEJOBATENbCKUX CTAHIIU-
ax «Viking» moxasanu, 4To ceBep-
HaA NOJApHAA manka Mapca ne-
JINKOM COCTOUT U3 BOJISHOTO JIbJA.
B 10)kHOM MOJYIIAPUU JIETO TEII-
JIee, HO IPU 3TOM TOPA3R0 KOPO-
4ye, 4yeM Ha CEBEPHOM. B TeueHue
IOKHOTO JIETA YITIEKUCIOTHBIN
CHET HE yCIEBAET PACTAATh, U BO-
JAAHaAA HOI[HpHHH ImarnKa Ha 0re
KPYIJIBIH TOJ MOKPBITA CIOEM 3a-
MEp3UIeN YIJIEKACIOTHI.
[Honapuele manku Mapca —
JJOBOJILHO MOJIOJIBIE OOPA30BAHNUA,
OTHOCAIMECH K TO3HEMY AMa30-
HUMCKOMY nepuojy. Ha ocHose
AHAJIM32 KOJMYECTBA yJaPHBIX
KpaTepOB, MOKPHIBAIOIMINX I0XKHBIE
HNOJIAPHBIE PalOHBI, OBIIO YCTa-
HOBJIEHO, YTO BO3PACT I0KHOI I10-
JIIPHOM IIAIIKK COCTaBiasgeT 7—15
MIH jeT. CeBepHad ManKa ropas-
JJO MOJIOXKE, €€ BO3PACT OILlCHUBA-

Puc.1. Kocmunuecknit annapatr HACA «Mars Odissey» ¢ poccunckum
HelTpoHHbIM cnekTpomeTrpom HEND Ha 6opry.

ercst or 100 TeIC. 1O 10 MJIH JI€ET.
MeHpmHUIA  BO3PACT CEBEPHOU
AKX O3HAYAET, YTO MPOIIECC €€
GOpMUPOBAHUA 3ABEPIIUICA OT-
HOCHUTEJIBHO HEJABHO WM IIPO-
JOJIKAETCA 10 cux nop. U3 aroro
CHIe/yeT, YTO Ha COBPEMEHHOM
Mapce rje-To CymecTBYET JOCTa-
TOUYHO MOIIHBIN MCTOYHHUK BOJS-
HOTO Tapa, KOTOPBIA MEPEHOCUT-
€A B ATMOC(EPE U OCAKAAETCA HA
CEBEPHOM IIOJIOCE.

Ciensl BOJHBIX pe3epBya-
pos. Ha Mapce ¢ mpouuibiX 31mox
COXPAaHUJIUCh XAPAKTEPHBIE OCO-
6eHHOCTU penbeda, chopMupo-
BABINNECA IPU CKOIUIEHUH U MPO-
TEKAHUU OIPDOMHBIX OOBEMOB
JKUJKOCTHU. EIme BO BpeMs MepBBIX
MApPCUAHCKUX MUCCHIT (COBETCKHUE
MEXIIJIAHETHBIEC CTAHIUU «Mapc»
1 aMEPUKAHCKHE amnmaparel «Ma-
puHEDP») OGBUIH MOJTYYEHBI TAHHBIE,
YKA3BIBAIONIME HA CYMIECTBOBAHUE
dopm penbeda, COOTBETCTBYIO-
MUX TUTFAHTCKUM KaHajaaM, pycC-
JIAaM ¥ CUCTeMaM J10JuH. HeraBHue
HAOII0/ICHUS, CAETAHHBIE J1a3€P-
HBIM BeICOTOMEPOM MOLA € 60pTa
opburanpHoro anmnapara HACA
«Mars Global Serveyer», o6napy-
JKWJIM B CEBEPHBIX paioHax Mapca

CTPYKTYPHI penbeda, TOX0XHUE Ha
6eperoBule IMHUU JPEBHETO OKEa-
Ha. OHAa U3 HUX JEHUCTBUTEIbHO
COBIIA/IAET C JIUHUEN MOCTOSIHHOM
BBICOTBI MOBepxHOCTU. Camoe
IIPOCTOE OOBICHEHUE TAKOM OCO-
6EHHOCTH MApPCHUAHCKOI'O pejbe-
a — 3TO paBHOMEPHOE OCaAXK/e-
HHME TPYHT4d B OOJBIIOM OOBEME
BO/Ibl, HAXO/JAMIENHCSA B TUAPOCTA-
TUYECKOM PABHOBECHUM.
CymiecTBOBAHUE OKEAHA HA Ce-
BEPHBIX paBHUHAX Mapca B paH-
HUHI TEPUOJ 3BOJIOIUU 10 CUX
MOP SABJAETCS HIPEAMETOM CIIOPOB
n obcyxaenuit. HauanbHble cra-
auu oo KpacHon mianeTs
CJIMIIKOM IIJIOXO U3YYEHBI U1 OJ-
HO3HAYHOU OIICHKU TEPMO/IMHA-
MUYECKUX YCJIOBUM, OOECIEYnBa-
IOIUX CTAOUIBHOE CYIECTBOBA-
HUE CBOOOJHOU BOJHON NMOBEPX-
HOCTH B TEYEHHE IJIUTEIbHOTO
BpeMeHU. TeM He MEHeE NIPEJCTaB-
JII€TC BIIOJHE BEPOATHBIM, YTO
Mapc Ha BCEM IPOTAKEHUU CBOEH
3BOJIOIUU  UMEJT JJOCTATOYHO
60JbIINE BOJHBIE PECYPCHI, KOTO-
pBIE€ B OJJHU NEPUOJBI 3BOJIOIUHU
0Opa30BBIBAIN PEKU, MOPs U OKE-
aHBI, 4 B JIpyTME — CKPBIBAIUCH
B HEApPAaX IUIAHETHI, BBIPBIBAACDH
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Puc.2. Portorpadumu Bbicokoro paspeLierns, caenaHHbie opOoUTANbHON
kamepoit MOC, ycranosneHHoi Ha annapate «Mars Global Surveyer».
Ha npeacTasneHHbIX CHUMKAX MOKA3AHbI PA3NM4HbIE GOPMbI MPOMOMH,
obpa3oBaBlwKXCs B pe3ynbTaTe BbIGPOCOB NOANOBEPXHOCTHOM BOAbI.

BpeMA OT BPEMEHM HA IMOBEPX-
HOCTb U OCTABJISS TOCHIE Ccebs pyc-
JIa IPOTOKOB M IPOMOMH.
«JIOTOKH BOJABI> HA MMOBEPX-
HOCTH. OueHb OOJBIION UHTEPEC
BBI3BAJIM II€PEJAHHbBIE HA 3E€MIIIO
CHUMKHM MEJIKUX JIETAIEN pebe-
(pa, BBHITOJHEHHBIE OPOUTANIBHON
TEJEBU3UOHHON KaMmepoun MOC,
TAKXE YCTAHOBJIECHHON Ha 60PTY

KOCMHMYECKOIo ammapara «Mars
Global Serveyer». OToT mpu6éop
MO3BOJIAET IOJY4aThb CHUMKHU
OY€Hb BBICOKOT'O KA4€CTBA C Pa3-
pemeHueM OKOJIO HECKOJIbKUX
JECATKOB METPOB. I'TTaBHBIN BBI-
BO/I, C/ICJITAHHBIM HAa OCHOBE aHa-
JI134 U300PAKEHUN IOBEPXHOCTH,
COCTOSI B TOM, 4TO IIPOMOUHBI Ha
CKJIOHAX, CKOpee BcCero, obpaso-

BAJIUCh B PE3YJIBTATE HEAABHUX
KPATKOBPEMEHHBIX BBIOPOCOB
CPABHUTEJIBHO OOIBIIUX OOBEMOB
JKUAKOM BOJBI U3 MOATIOBEPXHOCT-
HBIX BOJAHBIX JIMH3.

B pesynbrare LeneHanpaBicH-
HOT'O H3Y4Y€HUS CHUMKOB OBLIO
BBIOPAHO OKOJIO COTHU TAKUX MECT
Ha NOBEpPXHOCTH Mapca. O6Hapy-
JKEHHBIE IIPOMOUHBI (PUC.2), KaK
NPaBUJIO, HAGMIOAANINCh HA BHYT-
PEHHUX CKJIOHAX YAapPHBIX KpaTe-
poB (TpeThb BCEX HAOIIOLCHUI)
WM HA CTEHKAX INTyOOKNX JIOKOUH
B IO)KHOM IOJAPHOM 30HE (4eT-
BEPTDb HAOMOEHUIT). OKOJIO I10JIO-
BUHBI IIOJJOOHBIX IPOMOUH HaXO-
JIITCA HA I0’KHBIX CKIOHAX, U TOJIb-
KO 20% — Ha CEBEpPHBIX. AHAIU3
penbeda MECTHOCTHU MOKA34aJ, YTO
IO TE€ONOTMYECKUM MEPKAM 3TO
JOBOJIBHO MOJIO/bIE OOPA30BAHUA.
HX BO3pACT COCTaBIAET HE Ooiee
HECKOJBKUX MWJITHOHOB J€eT. Cie-
JOBATEJIBLHO, 3MU30/AUYECKAS TUJ-
pOJIOTUYECKAA dAKTUBHOCTb Ha
KpacHOM I1aHeTe NPOUCXOAUT U
cenygac.

MeTtop HelTpOHHOM
CNeKTPOCKOMNMUM

AN U3YYEHMs COCTABA
NOBEPXHOCTU NAAHET

OcHOBHOE IPEUMYILIECTBO
NPUMEHEHUS SAJAEPHBIX METOJOB
B U3YYEHUU IUTAHET — IOIYYEHUE
JOCTOBEPHOU MH(POPMAIIUU O XU-
MHUYECKOM COCTABE NPUIOBEPXHO-
CTHBIX (Ha IiyouHe 1—2 M) cnoes
IpyHTa. [AMMa- 1 HEUTPOHHOE U3-
JY4EHUE IUIAHET C TOHKUMH aT-
Mocdepamu (unu 6e3 armocdep)
MOXKET PETUCTPUPOBATHCA T'dAMMa-
CIEKTPOMETPAMU U HEUTPOHHDI-
MU JIETEKTOPAMU HA OPOUTAIBHBIX
KOCMHUYECKUX anmnaparax. B 3asu-
CUMOCTH OT HPOAOJIOKUTENBHOC-
TH MUCCHUHU U OT BBICOTBI OPOUTHI
KOCMHMYECKOTO aNIapara MOXKHO
NOCTPOUTH IJIOOAIbHBIE KaPThI
HENTPOHHOTO W3JIYYEHUA BCEU
IJIAHETHl WJIW HU3MEPUTH MOTOK
HENUTPOHOB OT OTJEAbHBIX y4aCT-
KOB €€ IOBEPXHOCTH.

Anepnasg mmaneTonorusa paspa-
6arbiBasnach AIL.BUHOTpajoBBIM U
10.A.CypkosbiM B CCCP u [Ixx.Ap-
HosubjoM U JIxx.Tpom6kon B CIIA
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B CAMOM Hayajge KOCMHYECKOM
9pBl. BriepBpl€ raMMa-U3Ty4ECHUE
C MOBEPXHOCTHU JIYHBI O6BLIO U3ME-
peno B anperne 1966 1. ¢ 6opra co-
BETCKON  craHuuu  «Jlyna-10»
[1—3]. BnociencTsuu mojoOHbIE
9KCIEPUMEHTHl MPOBOJUINUCH HA
AMEPUKAHCKUX JYHHBIX MUCCHUAX
«Apollo» B 1971 u 1972 rr. Torpa
Obl1 TOJIydeH OONbIION 06bEM
JAHHBIX OO0 31EMEHTHOM COCTABE
nosepxHocTy Jlynwr [4]. Ilpuopu-
TETHBIE U3MEPEHUS JIEMEHTHOT'O
COCTAaBa MIOBEPXHOCTU Mapca Bbl-
MOJIHANUCH € MOMOINBIO I'aMMa-
crnekrpomerpa Ha ocHoBe CsI(TL),
YCTAHOBJIEHHOTO H4 KOCMHMYEC-
KOM OpOUTAJIbHOM ammapare
«Mapc-5», a eme uepes 10 yer un-
(popmanug 0 COCTABE NIPUIOBEPX-
HOCTHBIX C10€B Mapca 6bl1a 1Oo-
JIy4€HA KOCMUYECKUM aNNaPaTOM
«®060C-2» ¢ OpOUTHI HAJL TOBEPX-
HOCTHIO KpacHOM miaHeTs [5, 6].
[Tocie 3TUX MUCCUHU IPOU3OILIO
HECKONBKO HEYJAUHBIX IMONBITOK
noseroB K Mapcy B CHIA u Poc-
CHH, IIPU KOTOPBIX OBLIN MOTEPA-
HBl KOCMHMYECKHE  alIaparhl,
HMEBIINE HA CBOEM OOpPTY ramma-
CIIEKTPOMETPBL U HEUTPOHHBIE
npubopsl. B anpene 2001 1. Ha
AMEPUKAHCKOM MEXKIIAHETHOM
annapare «Mars Odissey» yuyeHble
MOJIYYUJIM BO3MOKHOCTbL BOCII-
POM3BECTH YACTb NPUOOPOB, INO-
TUOMUX B IPEABIAYIIUX MUCCHUSAX.
Ha anmapare «Mars Odissey» 6bL1
YCTAHOBJICH KOMIIJIEKC HAYYHOU
anmapatypel GRS [7], KOTOpBIA
BKJIIOYAE€T TE€PMAHUEBDBIN CIEKT-
pomerp (GS), paspaborTaHHBIN
B YVHUBEPCUTETE MITATA APHU3OHA
(CIIA), HEUTPOHHBIM  CIEKT-
poMerp HuU3KUX 3Heprum (NS),
pa3paboTaHHbd B HagnoHanpHOM
naboparopuu B Jloc-Anmamoce
(CIIA), a TaKKe POCCUNCKUN TIPHU-
60op HEND, cospanublit B MHC-
TUTYTE€ KOCMHUYECKUX HCCIENO-
Banun PAH.

BO3HUKHOBEHHUE BTOPUYHOIO
raMMa-u3Jy4yeHusd U HEUTPOHHO-
ro NOTOKA OT MOBEPXHOCTU Mapca
CBA3AHO C OOJIy4EHHMEM BEIIECTBA
MOTOKOM TaJaKTHYECKUX KOC-
MHUYECKUX Jydei. [ImoTHas arMoc-
¢gepa 3emau MOTHOCTBIO IOINO-
MAET raMMa- U HEUTPOHHOE U3JY-
yenud. Ha Mapce xe cpenuas To-

muHa aTMocdeprl (IOBEPXHOCT-
Has INIOTHOCTb) COCTABJIAET BCETO
OKO0JI0 15 1/CcM? 1 OHA IIpAKTHUYEC-
KM NPO3PAYHA I KOCMHUUYECKUX
Jlydell U BO3HMKAIOWIETO HA I10-
BEPXHOCTH SAJEPHOTO UBIYICHUS.
ITpy B3aNMO/ICUCTBUU BHICOKO-
9HEPIETUUHBIX IPOTOHOB KOCMU-
YECKUX JIydel € BEIECTBOM IIOBE-
pXHOCTHU HA 11y6uHe 1—2 M 06pa-
3YIOTCA BTOPUYHBIE HEMTPOHBI BbI-
COKMX 3Heprun 15—20 M>3B
(puc.3). Boixojsa Ha MOBEPXHOCTD,
OHHU CTAJIKUBAIOTCA C AAPAMU OC-
HOBHBIX IOPOA00OPA3YIONIUX dJI€-
MEHTOB U BO30YX/Jal0T UX. CIEKTP
raMMa-u3JaydeHus: BO30YKIECHHBIX
A/lep XapaKTepU3yeT XUMUYECKUI
COCTAB IIOBEPXHOCTU ILJTAHETHL
HeATpOHHAsA CHEKTPOCKONUSA —
HEOTHEMIIEMAS YACTD ANEPHBIX U3-
MEpEHUI, HEOOXOAUMAA ANA Ofi-
HO3HA4YHOTI'O BOCCTAHOBJIEHUSA
3JIEMEHTHOI'O COCTABA BEIIECTBA
IO JJAHHBIM O MOTOKAX U3JIy4eHUs
B AZIEPHBIX raMMa-InHUAX. Kpome
TOTO, U3MEPEHHUE ITOTOKA HEUT-
POHHOTO M3IYYEHUSA TIIAHETHI
NPEACTABASET COOOU CaMOCTOSI-
TEJIbHYIO HAYYHYIO 33Ja4y, DU pe-
HIEHUU KOTOPOU MOXKHO OIpeje-
JINTh HAJTUYUE B NPUINOBEPXHOCT-
HOM CJIO€ BOJIOPO/IOCOJICPKAIUX
XUMUYECKUX COEUHEHUI.
CHEKTPp BTOPUYHBIX HEUTPO-
HOB B 3aBUCUMOCTH OT UX IHEp-
TUU MOXHO pa3JeJUTh HAa JBE
yacTu. TennoBble HEUTPOHBI C
9HEpTrUAMH MeHble 1 3B mogun-
HAIOTCA PABHOBECHOMY pacIpe-

JeneHuio Makcsesia, B TO BpeMs
KaK CIIEKTPHl HAJTEILUIOBBIX Yac-
TUL, (3HEPI'US HEUTPOHOB B AUa-
nazone 13B — 100 k3B) u 6pICT-
pPBIX HEHUTPOHOB (IHEPIUA HEWNT-
ponos Bbime 100 k3B) cueayior
CTeneHHomy 3akony (puc.4). Co-
OTHOLIEHUE IMOTOKOB HAATEIIO-
BBIX, OBICTPBIX U TEIUIOBLIX HEWNT-
POHOB 3aBUCHUT OT 3(PPEKTUBHOC-
TH IIPOIECCA 3AMEJJICHUA HEUT-
POHOB, KOTOPBIM, B CBOIO OYe-
peib, ONpeAeNaeTCs OTHOCUTEIIb-
HBIM COJIEPKAHUEM B BEIIECTBE
JIETKUX 3JIEMEHTOB. YeM MeHblue
ATOMHBIN BeC sAzep, TeM 3pdek-
TUBHEN 3aMEUIAIOTCA HEUTPOHBI
IpU CTOJKHOBEHHUAX C HHUMHU.
MakcuManbHBIN 3P PEKT ZOCTUTA-
€TCS IPU CTOJKHOBEHUAX C AJpa-
MM BOJOPOJIa, MacCad KOTOPHIX
paBHa macce HeuTpoHa. Ilpucyr-
CTBHE B IPYHTE JAKE OTHOCUTEIb-
HO HEOOIBIIOIO KOJIUYECTBA ATO-
MOB BOJOPOJA HNPUBOJSUT K CY-
MECTBEHHOMY OCTA0JIEHHUIO TOTO-
K4 HAJTEIUIOBBIX M OBICTPHIX
HEUTPOHOB U COOTBETCTBEHHO
K YBEJIWYEHUIO UX IIOTOKA B TEII-
JIOBOM yacTu crekrpa [8]. Pacue-
THI IIOKA3BIBAIOT, UTO JOOABIEHUE
0.1 9% mMaccoBOHU AOMM BOJOPOAA
B BELIECTBO NPUIIOBEPXHOCTHOTI'O
CJI0A TUIAHETBl JOCTATOYHO, YTO-
O6bl IIOHU3UTbH MOTOK HAATEILIO-
BBIX HEUTPOHOB B [jBd Pa3d, 4 I10-
TOK TEIJIOBBIX HEUTPOHOB YBEJIU-
yuTh B 10 pa3 (puc.4). Ocnabne-
HHE ITOTOKA HAaJTCIUIOBBIX HCUT-
POHOB OT Y4aCTKa IIOBEPXHOCTHU

Puc.3. CxeMa BO3HMKHOBEHMS A0EepPHOro U3ny4yeHna B NPMNOBEPXHOCTHBLIX
cNodax nadaHeTbl noAa BO3p,e;1CTBMeM KOCMHYECKUX nyqeﬁ.

IODIPUPOTA » Ne9 « 2005

37




NJAHETONOINSA

10°

10-2

HOpManu3oBaHHbIW CNekTp
S
-

109 "
108 10-8

S — — —u——— =Y —
104 1072 3Heprua, MaB

Puc.4. CnekTpbl noToka HelTPOHOB € NnoBepxHocTM Mapca. LieeTHol nuHuei
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COOTBETCTBEHHO.

MJIAHETHl SIBJISICTCS CBUJCTEIb-
CTBOM IPHUCYTCTBUS B I'PYHTE BO-
J0opoza.

Poccumckum npubop
Ha BopTy
AMEPUKAHCKOTO
MApPCUMAHCKOTO
annapara

JeTekTop HEUTPOHOB  BbI-
cokux snepruri HEND paspabo-
TAH B J1A0OPATOPUU KOCMUIECKOU
ramma-crnexkrpockonuu MKW PAH.
Juisg peanusaniy 3TOrO 3KCIEPU-
MEHTA OblIa 00pPa30BaHA KOOIIE-
panusd, BKIIOYAONIAA PAZTUIHBIC
HAYYHBIC W MPOU3BOACTBCHHBIC
nenTpsl Poccnu. Kpome MKM PAH,
B Hee Bxoaunu OO6bEJUHEHHBIN
HHCTUTYT SJEPHBIX HCCIEJOBA-
HuH (1.JlyoHa MOCKOBCKOI 0611.) U
CrenuajbHOE KOHCTPYKTOPCKOE
6I0pO KOCMHUYECKOTO MPUOOPOCT-
poenus (r.Tapyca Kanyxckoi
06:1.). Ycranoska npubopa HEND
Ha OOPT AMEPUKAHCKOI'O KOCMHU-
YECKOTO anmapara «Mars Odissey»
ObLIA IPEAYCMOTPEHA MEKIIPABU-
TEJIbCTBEHHBIM M CITOJHUTENbHBIM
cornamenuem mexay HACA u @e-
JI€PATbHBIM KOCMUYECKUM areHT-
crBoM Poccun.

Pusnyeckas KOHLENIUA MIPU-
60pa HEND Bbri6paHa TakuM o6pa-
30M, 4TOOBI B YCIOBHUAX OIDAHHU-
YEHHOIro Beca (OO 4 Kr) <«mepe-
KPBITh> MAaKCUMaJIbHO HIMPOKUN
CIIEKTPAJIbHBII UHTEPBAJI SHEPTUI
PEruCTPUPYEMBIX HEHUTPOHOB OT
0.4 3B 10 15 M3B ¢ MaKCUMaTIbHOM
YYBCTBUTEIBHOCTBIO, JOCTATOY-

HOM Ji/I1 OJJHO3HAYHOMN UHTEPIIPE-
TAalJUU TIOJIyYEHHBIX PE3YIBTATOB.
Tpu jeTexTopa HAATENIOBBIX
Heurponos SD, MD u LD 6buin
CO3/1aHbl HA OCHOBE MPOIOPLUO-
HQJIBHBIX CUETYHUKOB HEHUTPOHOB,
cogepxkamux ‘He. DT CUETUUKY,
OKPY’KEHHBIE PA3HBIMU CJIOSIMU 34-
MEJUINTENA U3 MOJUITUIEHA U IK-
paHamu u3 Kagmus (puc.5), peru-
CTPUPYIOT TEIUIOBBIE HEUTPOHBDI
B pEAaKIUAX 3aXBaTa AAPAMU U30-
Tona renus *He ¢ o6pazoBaHUEM
TPUTHSA U IPOTOHA U C BBIIEJICHU-
em 764 k3B aHeprum. BueurHue
TETUIOBBIE HEUTPOHBI C HEPTUAMU
meHee 0.4 3B moraomamoTcsa Kaj-
MUEM U HE MONAJAI0OT B CYETUUKU.
B 3aBUCUMOCTU OT TOJIIUHBI CIOS
3amennurens JeTekTops SD, MD u
LD uMEIOT MdKCUMYMBI 4YyBCTBHU-
TEAbHOCTU I  HAATEIIOBBIX
HENTPOHOB C PA3HBIMU IHEPTHUA-
mu. Jerekrop LD ¢ caMbIM TOJIC-
TeIM (OKOJO 30 MM) ClIOEM 3a-
MEJUINTEIS HAUOOJIEE UYyBCTBUTE-
JIEH K HEUTPOHAM C 3HEPIUAMU
10 3B — 1 M3B. Jlerexrop MD c 3a-
MEJJIUTEJEM TOJIMUHON 14 MM
JIy4IIe€ BCETO PErUCTPUPYET HEUT-
pounnl ¢ 3Hepruamu 10 3B —
100 x3B. JleTreKkTop € CaMbIM TOH-
KHUM 3AMEJJINTENIEM B 3 MM PETHUCT-
puUpyer B OCHOBHOM HEUTPOHBI
C SHEPIUSIMU OT «Ka/IMUEBOTO I10-

Puc.5. Mpnubop HEND Ha 6opTy kocmuueckoro annapata «Mars Odissey» 3a
20 pHen po crapra.
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pora» 0.4 3B go 1 x3B. Takum 06-
pasoM, HAOOP U3 TPEX JJETEKTOPOB
[IO3BOJIAET «IIEPEKPBITh> MUPOKUI
JUANIA30H 3HEPIUN HEUTPOHOB OT
0.4 3B 10 1 M3B.

Kpowme Toro, B npu6ope HEND
ucnonbsyerca gerexkrop IN/SC Ha
OCHOBE OPrdHUYECKOTO CHIUHTUII-
ATOpA U3 CTUABOEHA (PHUC.5), pe-
IUCTPUPYIOMETO OBICTPBIE HEUT-
poHBI BbICOKUX (60see 0.8 MaB)
SHEPrUH MO BCHBIMIKAM CBETA OT
NPOTOHOB OT/Aa4H, KOTOPBLIE BHI-
6UBAIOTCA SHEPTUYHBIMU HEUTPO-
HAMU M3 KPUCTAJUIMYECKON pe-
METKU OPraHUYECKOTO KPHUCTAJI-
J1a. B yCIIOBUAX KOCMUUYECKON Cpe-
Jbl CTUIBOEH OYIET PErUCTPUPO-
BATb HE TOJIBKO NMPOTOHBI OTJA4U
OT HEUTPOHOB, HO TAKXKE 3apid-
JKEHHBIE YACTULBI KOCMMYECKHUX
JIy4€ U BTOPUYHBIE 3IEKTPOHBI,
NPOU3BEJEHHBIE (POTOHAMU TaM-
Ma-uznydyenus. Ilpobnema aud-
(pepEHITNATBHOIO YIETA UMIIYJIb-
COB OT IPOTOHOB M 3JIEKTPOHOB
6blIA PENIEHA HA OCHOBE aHAJIN34
(popMBl CcUTHANA OT CIUHTHILIA-
IMOHHBIX BCIIBIIMIEK, KOTOPLIE CY-
IMECTBEHHO PAa3lIUYa0TCAd [/
3TUX 4YacTul. BO3MOXHBIN OIIH-
GOYHBII YUET 3JIEKTPOHHOTO CHI-
HaJId B KAYE€CTBE MPOTOHHOI'O CUT-
HaJIa COOTBETCTBYET BEPOATHOCTU
Ha yposHe 5-10°* Pasjgenenue
MPOTOHOB OT/AAYHU OT NMEPBUYHBIX
NPOTOHOB KOCMHYECKUX JIydei
NPOBOAUIOCH METOAOM dHTH-
COBMNA/ATEJbHON 3AIUTH C HC-
MOJb30BAHUEM JJOIOJHHUTEIBLHOTO
«BHEIIHETO» CIUHTUJUIAIIMOHHOTO
gerexkropa OUT/SC us Csl.

Bce ueTplpe JETEKTOpPA HEUT-
ponos npub6opa HEND wmaxcu-
MAJbHO PA3HECEHBI U PA3BEPHYTEHI
JpYyr oTHOCHUTENbHO Apyra. Ilpu
9TOM OHHM MMEIOT HAWIy4YIIHe I0-
JISl 3PEHUA B YCJIIOBUAX TOJIETA KOC-
MHYECKOTO AINapaTa Mo KPyTOBOM
NoJIIpHOU opburte (puc.l, 5).

ParoHbl Mapca
C BbICOKMM
COAepXaHMEM BOAbI

[Tony4eHHbIE KAPTHl HEUTPOH-
HOr'o u3nydeHuss Mapca [9—12]
X4PAKTEPUBYIOT IIPOCTPAHCTBEH-
HBIC BAPUALUU IIOTOKA HEUTPOHOB

HaJ ATMOC(EPOU Ha BEICOTE OPOU-
Thl 0KOJ0 400 KM (puc.6). [leppas
KapTa COOTBETCTBYET 3HEPTETHU-
YEeCKOMY MHTEPBAIY HAJTEIJIOBBIX
HEATPOHOB. Bropas — OBICTPBHIX
HEUTPOHOB C 3Heprusamu 0.85—
2.5 M3B. Atmocdepa Mapca npak-
THYECKHM TNPO3padyHa JId ITUX
HENTPOHOB. YHCJIIEHHBIE PACYETHI
MIOKA3aJ7M, YTO H3MEHCHHUE IO-
BEPXHOCTHOHU MJIOTHOCTU aTMO-
cdepnl 0T 5 10 25 I'/CM* MOXKET U3-
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MCHHUTb MOTOK BBIXOJSAIIUX HEUT-
POHOB He 60Jiee ueM Ha 15% OTHO-
CUTENBHO CPEAHETO 3HAUeHNA. W3-
MEPEHHUS C OPOUTHI YKA3BIBAIOT HA
ropasfo 60JbMINE BApUALUU I10-
TOKd HEHUTPOHOB HAJ| Pa3HBIMU
y4aCTKAMM IOBEPXHOCTU Mapca.
Ciie0BaTeIbHO, OCHOBHOM BKJIAJ,
B IIEPEMEHHOCTD MTOTOKA HENUTPO-
HOB Ha OpOUTE BHOCAT PErUO-
HAJbHBIC BAPUAIIUN [TOTOKA HEUT-
POHOB Ha OBEPXHOCTH.
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Puc.6. Kapta notoka Haatennosbix (BBepxy) u 6uictpeix (0.85—2.5 M3B)
HEWTPOHOB Ha opbuTe KocMuueckoro annapara «Mars Odissey», no gaHHbIM
npubopa HEND. LisetoBas wkana cooTBeTCTBYET OTCYETAM 3a CEKYHAY

B petektope MD. MamepeHus nposoanamnce Ans C€30HHBIX MHTEPBANOB
cl,=100—180° gns wupor >50°c.w., L,=0—180° ans wupot ot 50°0.w.
ao 50°c.w. u L,.=330—20° pns wupor >50°0.ww.
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Js u3ydeHUsAs COCTaBa I'PYHTA
HEOOXOMMO UCIOJIb30BATh TOJb-
KO JAHHBIE, MOJYYEHHBIE B YCJIO-
BUAX MAPCHUAHCKOTO JIET4, KOI/A
Ha MOBEPXHOCTHU IUIAHETHI OTCYT-
CTBYET CE30HHBIN CIOU OCAXKICH-
HOHM YIJIEKUCJIOTHL. Kaprel opb6u-
TAJAbHBIX U3MEPEHNI TOTOKA HAJ-
TETUIOBBIX U OBICTPBIX HEUTPOHOB
(puc. 6) COCTABIEHBI U3 TPEX YaC-
Ten: cesepHad (>50°C.11.) COOTBET-
CTBYET CE30HHOMY UHTEPBALY JI€-
T4 HA CEBEpPE, 3KBATOPHUAIbHAA
(50°10.m. — 50°c.mm.) — BCeMy me-
puoay HAOGMIOAEHUN U I0XKHAA
(>50°10.1m.) — ety Ha 1ore. [IpocT-
pPaHCTBEHHBIE BAPUALMMU HEUT-
POHHOTO IMOTOK4, MPEJCTABICH-
HBIE HA KAPTAX, OTOOPAKAIOT COC-
TaB INPUINOBEPXHOCTHBIX CJIOEB
I'PYHTA.

Ha kaprax HEUTPOHHOI'O U3JY-
yeHus Mapca B paiione Ilmaro
Connua (KOOPAUHATHL €0 LIEHTPA
COOTBETCTBYIOT 205°B.JI. U 25°10.111.)
HA6I1072€TCI A6COTIOTHBIN MAKCH-
MYM IIOTOKA HA/ITEIUIOBLIX U OBICT-
pBIX HEUTPOHOB. BeposTHO, CO-
JIEP’)KAHUE BOJBI B TPYHTE 3/1€Ch
MUHUMaJbHO. HanmpoTus, MUHU-
MaJIbHBIH MTOTOK HEUTPOHOB HAO-
JIOJAETCS B BLICOKOMMUPOTHBIX 00-
JIACTAX KAK HA CEBEPE, TAK U HA IOTE
mwiaHeTsl (puc. 6). JIMHAMUYECKUT
JIMANa30H IEPEMEHHOCTH IOTOKA
B Pa3HBIX PAMOHAX MOBEPXHOCTU
COOTBETCTBYET (PAKTOPAM OKOJIO
10 14 HAATENIOBBIX HEUTPOHOB U
OKOJIO 3 /1151 OBICTPBIX HEUTPOHOB.
Takas 3HAYNTENbHAA PErMOHANb-
Hasg IEPEMEHHOCTb HEUTPOHHOTO
IIOTOKA OT Mapca OKa3ajaach IOJI-
HOU HEOXUJAHHOCTBIO. JlaHHBIC
HENTPOHHBIX HAOMIOAEHUI JIYHEI
[13] cOOTBETCTBOBAIN BEIUYUHE
PETUOHATBLHON  NEPEMEHHOCTU
HEATPOHOB ~20%. Takaa permo-
HaJIbHAS MEPEMEHHOCTb Ha JIyHe
BO3HUKAET BCJIEJCTBUE PA3IUYUA
COCTaBa MOPOJOOOPAIYIOMUX IJIE-
MEHTOB I'DYHT4 U HEOONBINIUX H3-
MEHEHUH B KOHIEHTPALUUH BOJO-
poja (50—100 ppm). M3mepenue
BEJIMYMUHBI MOTOKA HAJTEIIOBLIX
HEUTPOHOB OT Mapca 6ojee ueMm
Ha MOPAJOK TOBOPUT O MNPUHIU-
MUAJILHOM PAa3NIu4uu TPyHTOB Jly-
Hbl 1 Mapca. PacyeTsl HEUTPOHHO-
ro MOTOKA MOKA3BIBAIOT, YTO TPYHT
HEKOTOPBIX PAMOHOB Mapca 10J-

JKEH COZIEP’KATb OYEHb MHOI'O BO-
JOpozaa (10 HECKONbKUX MPOIEH-
TOB II0 MACCE).

M3BeCTHO TOJBKO OJJHO XUMH-
YECKOE BEUECTBO, KOTOPOE B Map-
CUAHCKUX YCIOBUAX MOXKET O0b-
SACHUTH TAKOE BBICOKOE COJEpKA-
HHE BOJOPOAA B IPYHTE, — 3TO BO-
na. Hanmume HEOOJBIIOTO KOJIU-
YECTBA BOJAAHOIO IApa B ATMOC-
¢gepe, NPUCYTCTBUE BOJAHOTO
Jbla B MOJAPHBIX MIANKAX, PU3-
H4KU CIOPAAUYECKUX IOTOKOB Ha
MOBEPXHOCTU — BCE 3TO YKA3bIBA-
er Ha H,O Kak Ha eJUHCTBEHHOE
BOJIOPOJICOAEPKAIIEE BEMECTBO,
KOTOPOE MOXKET MPUCYTCTBOBATDH
B JJOCTATOYHO OOJBIIOM KOJIHue-
cTBE B rpynTe Mapca. Oxna Beco-
Basg MaCCa BOJOPOJA COOTBETCTBY-
€T IEBATU BECOBBIM MACCAM BOJIBL
[ToaTOMY BBIBOJA O HAJIUYUU
B I'DYHTE 3—5 MaCC.% BOAOPOAA
PaBHOCHJIEH BBIBOJY O HaJIUYUU
B rpyure 30—50 macc.% BOJBL
B BBICOKOIIMPOTHBIX PAOHAX HA
ceBepe M Ha 1ore Mapca ¢ HU3KUM
IIOTOKOM HEUTPOHOB UMEHHO BO-
JAHOM JieJ, MOXET paccMaTpu-
BATbCS B KAUECTBE OCHOBHOTO IO-
POAOOOPA3YIONETO BEMECTBA.

CocTaB IpyHTa B CEBEPHOMH
00J1aCTH BEYHOH MepP3JI0THI.
Kapra cojaepxanusa BOAAHOTO
Jb/la B CEBEPHOM MOJIYIIAPUU TO-
JIy4€HA HA OCHOBE 0OPAGOTKU JaH-
HBIX u3MepeHurt npubopa HEND
a1 74 OTJENbHBIX YY4CTKOB IIO-
BEpXHOCTU (puc.7). BpicOKOE cO-
Jepskanue Bojpl (6osee 50 macc.%)
Ha6JI0A€TCA BO BCEM IOIIPHOM
cexrope ot 270° go 90°B.j. Takum
o6pasom, fanHble npub6opa HEND
MOATBEPAKJAIOT, UTO CEBEPHAA TIO-
JMApHAdA MIANIKA COCTOUT B OCHOB-
HOM M3 BOJSHOI'O JIb/id. BhICOKOE
COJIEP’)KAHUE BOJSIHOIO JIbJld B
rpynre (>30 Macc.%) Takke ycra-
HOBJICHO /I OGMIUPHBIX TEPPUTO-
pUA TAJNEKO 32 NPEAETAMU MTOCTO-
AHHOW NOJAPHOU IMAanKu. B BOC-
TOYHOM cekrope or 0° 1o 180°B.1.
IPAHUIA COJEPKAHUSA BOJASHOTO
J1b1a HA yposHE 20 MaCC.% IIPOXO-
JUT BAOJb MHUPOTHOTO TOACA
67°c.m. B 3amaHOM CEKTOpe OT
210° mo 240°B.I. 3TOT YPOBEHD
omyckaeTcss o 60°c.am.  Makcu-
MaJIBHOE COJIePKaHUE BOJSHOTO
apia (>35 macc.%) BHE MOCTOSH-

HOH NONAPHOU IIANKU OOHApyXKe-
HO B payoOHE C KOOPAMHATAMU
70°c.mr., 220°B.4. (puc.7).

Takum o06pa3oM, Ha ceBepe
Mapca HaxoguTcs OOMUPHBIN
paioH BEUHOU MEP3JIOTH C OYEHD
BBICOKUM COJICPKAHUEM BOJSTHOTO
Jb1a. CONOCTABJICHUE JAHHBIX JIJIS
HAJTCIJIOBBIX U OBICTPBIX HEUT-
poHoB (puc.6) TOKA3BIBAET, UTO
COJICpKAaHUE JIb/la BEYHOU Mep3-
JIOTHL B IPUIIOBEPXHOCTHOM CJIO€
TOJNMUHOU 1—2 M NPAKTUYECKHU
HE U3MEHAETCA C TIYOUHOI.

CTpyKTypa IpyHTa B IOXK-
HOH 00JIACTH BEYHOM MEP3JI0-
TBI. Ha 1ore Mapca Taxxe Habmo-
JIaeTcd OOMHUPHASA TEPPUTOPUS
C OYE€Hb HU3KUM IIOTOKOM HEWT-
POHOB. 3€Ch HAXOAUTCA IOKHAA
BEYHAsl MEP3J0Td C BBICOKUM CO-
JE€PKaHUEM BOJSHOTO JIbJA, C I'Pa-
HHUIIEH BJONb MUPOTHOIO MOSACA
60°10.1m. OHAKO /I 3TOM TEPpU-
TOPUU MOJIENb I'PYHTA C OJJHOPOJ-
HBIM COJIEPKAHUEM BOJASHOI'O Jib-
Ja IO INIyOMHE HE COITACYETCs
C JJAHHBIMU Hab6mojeHui [9—12].
I8 UHTEPNpPETAIUHU JaHHBIX He-
06X0UMO HCIONb30BATh JIBYX-
CJIOMHYIO MOJI€/Ib: CJION I'PYHTA
C BBICOKHUM COJIEPKAHUEM BOJIBI
(epBbIit CBOOOJHBIN IApaMeTp)
IOKPHIT CBEPXY CJIOEM CYXOr'O
IPYHTA IEPEMEHHON TOJIUHBI
(BTOpPOU CBOOOJHBIM MapaMeTp).
OKa3aJI0Ch, YTO MCIOJB30BAHUEC
JBYXCIOUHON MOJENU TPUBOJUT
K XOpPOIIEMY COIVIACUIO C HAO-
JIIOIATEIbHBIMU JAHHBIMU. BBIIO
IIOK43aHO, 4YTO CYXOM IPYHT HaA
MIOBEPXHOCTH HUMEET IJIOTHOCTH
okosno 16—35r/cM*  (puc.8).
Cpennee copiepKaHUE BOJAHOTO
JIbJ]a B HUJKHEM CJIO€ BBIIIIE MU PO-
Tel 70°10.II. MPAKTUYECKU HE ME-
HSIETCA W CocCTaBasgeT Oojee
40 macc.% (puc.7). Ha mupore
0KO0J10 60°10.111. COfIePIKAHUE BOJS-
HOTO JbJa cocTaBager 20 Macc.%.
[Tony4gaerca, 4TO [0AA BOAAHOTO
JIbJla B TPYHTE BEUHOU MEP3JIOTHI
Ha CEBepE U I0re NPUMEPHO OJU-
HAKOBA. Paznuuue COCTOUT B TOM,
YTO HA IOT€ JIeJl HE BBIXOJUT Ha
MIOBEPXHOCTh, 4 TOKPBIT OTHOCH-
TEJIBbHO TOHKHM CJIOEM CyXOTO
IpyHTa. MOXHO NPEANONOKUTD,
YTO B HACTOAIEE BpeMs Ha Mapce
NPOUCXOAUT TJIO6AIBHOE HU3MeE-

40
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Puc.7. PacnpepeneHne conepxaHus BOASHOro nbaad
(macc. %) Ha Mapce ans cesepHOro pamMoHa «neasHoM
Mep3anoTb» Bbiwe 60°c.w. (cnesa), no aAaHHBIM
OAHOPOJHOM MOJENM, U AN I0OXHOTO PAMOHA, MO

ACHHbLIM IBYXCOMHOM MOJENM.

Puc.8. PacnpepneneHue noBepXHOCTHOM MAOTHOCTH
BEPXHEro CyXOoro cios B 0XXHOM PAiOHe «JiefASHOM
Mep3noTei» HaO Mapce, No AAHHBIM ABYXCNOMHOM

Mopenu.

pEHHE KIUMaTa, NPU KOTOPOM
BOJIHBIE PECYPCHI IIJIAHETHl IEpPE-
pacnpefensoTcs ¢ 10ra Ha CEBEP.

Cnenyer OTMETUTb, 4YTO HA
KapTe COAEepsKaHUI BOJABI IIOJ I10-
BEPXHOCTBIO Mapca HUKAK HE BbI-
nenseTcss 06JaCTb I0KHOM IOCTO-
SIHHON IIOJSPHOM IIAIIKH, JIEXKA-
masi B cexkrope 270—360°B.21. BBI-
me 80°1o0.m1. Eciu 10kHAs IIamnka
COCTOMUT M3 3aMEP3IEH YIJICKUC-
JOTBHI, OHA [JOJKHA BBIACAATHCA
APKUM MATHOM HEUTPOHHOI'O M3-
JIy4E€HUS, TAK KAK B CYXOM BEIIECT-
BE C MaJIBIM CO/IEPKAHHUEM BOJO-

10 20 30 40

macc. %

50 60 70 80 90 100

poza 3(PPEKTUBHO TEHEPUPYIOTCS
HEUTPOHBI HAJATEIUIOBBIX 3HEP-
I'uil. JJaHHble U3BMEPEHUN I 3UM-
HETO Ce30Ha MOKA3BIBAIOT, YTO /id-
JKE€ METPOBBIM CJION 3aMep3len
YIJIIEKUCIOTH Ha TOBEPXHOCTHU
NPUBOJUT K YBEJUUYEHUIO ITOTOKA
HENTPOHOB IPUMEPHO B 5 pa3s
[14]. HanpoTus, €CI¥ OCHOBHYIO
MACCy IOCTOAHHOM TOAAPHOMN
AIKA COCTABJISAET BOAAHOWN JIEH,
TO HAJ I0KHBIM IIOTIOCOM JOJIKHO
HA0JII0/1AThCSI 3aMETHOE ocabie-
HUE HEUTPOHHOI'O MOTOKA. Hu TO-
ro, HA JPyroro HE IMPOUCXOAUT.

CnenoBaTeNbHO, I0KHAS OJIIPHAS
MIANKa COJEPXKUT IOJ TOHKUM
CJIOEM 3AMEP3MEN YITEKUCIOTHI
NPUMEPHO TAKOE K€ KOJUYECTBO
BOAAHOIO JIb/Id, YTO M OKPYKAIO-
AN €€ TPYHT BEYHOU MEP3IOTHL.

DKBATOpPHAJAbHBIE PAHOHBI
C BBICOKHM COJAEP>KAaHHEM BO-
Abl. Kpome CeBEpHON U I0XKHOU
o6nacTel BEUHON MEP3JNOTHI, Ha
Kapre (puc.6) BO6IM3M 3KBATOPA
XOPOIIO 3AMETHBI JJBA OONIMPHBIX
parioHa ¢ HU3KUM IIOTOKOM HaJ-
TETUIOBOTO HEUTPOHHOI'O U3JyYe-
Hud. IlepBpll palOH HAXOJUTCH
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Puc.9. NMotok HapTennoebix HEUTPOHOB B paioHe Apasuu

C NPOCTPAHCTBEHHbIM paspelienrem 2°. LisetHas wkana cooTsercTyer
otcyetam 3a | ¢ B getektope MD. Ob6nacTb ¢ MUHMMANBHBIM NOTOKOM
HOATENNOBbLIX HEMTPOHOB (M, COOTBETCTBEHHO, C CAMbBIM BbICOKMM
cofepXxaHuem BOoAbl B rpyHTe) umeeT koopauHaTel okono 30°s.a. 1 10°c.w.

B nposuHnuu Apasus (50—
350°B.4.). Bropon patton — bBo-
po3abl Me1y3bl — PACIOIOKEH AU~
AMETPATBHO NPOTUBOMIOJOKHO
(180—210°8.5.). M3BecTHO, 4YTO
B 3TUX [BYX palioHaX IOBEPX-
HOCTb IIOKPBITA OYE€Hb DPBIXJIBIMU
OTJIOXKEHUAMHU. DTOT (PAKT B COUE-
TAHUN C UX AHTUIOAAIBHOCTBIO
MO3BOJMMII  NPEJNONOXKUTh, YTO
B IAJIEKOM T€0JIOTMYECKOM IPONI-
JIOM B HUX HAXO/JUJIUCH reorpadu-
YEeCKHUe TMOJI0CA TaHeTH [15—16].

ITOTOK HA/JTEIUIOBBIX HEUTPO-
HOB B palionax Apasuu u bopo3sj
Meny3bl CHMXKAETCS MOYTH B TpU
pasza mo cpasHeHuIO ¢ I[lmato
Conuna (puc.6). Ecniu mpuHsITH
COJIEPKAHUE BOABI B IPYHTE OJJHO-
POJHBIM 11O ITYOUHE, TO €€ MACCO-
Bag joJa gocruraer 10% (npu yc-
JIOBUH, UTO B CYyXMX parionax Ilna-
1O CONHIIA COAEPKAHUE BOJBI
B CPEJJHEM COCTABJIET OKOJIO 2%).
DTa Ol€HKA OIM3KA K MAKCUMaJlb-
HO JONYCTUMOMY COJEPKAHUIO

XMMHUYECKH  CBA3AHHOU  BOJBI
B IpyHTe Mapca, u mo3ToMy eCTb
OCHOBAHHME TPEJINONATaTh, YTO
IPYHT B 3TUX PAMOHAX B TEUYCHUE
MPOJOJIKUTENBHOTO T'€OIOTHYEC-
KOTO BPEMEHM HAXOAWICA B Np-
MOM KOHT4KTe C BOJAOH. Hampo-
TUB, HA KapTe OBICTPBIX HEUTPO-
HOB BUJUMBIX OCJA0JEHUN IOTO-
K4 B IPUIKBATOPUANIBHON 30HE HE
Habmogaercs (puc.6). BeposTHO,
3TO CBA3aHO C TEM, YTO OBICTPHIE
HEUTPOHBI 0OPA3YIOTCS B CAMOM
BepxHeM (0KOoJa0 20 €M) cioe Mo-
BEPXHOCTH, B KOTOPOM COJEpPXKa-
HHE BOJBI 'OPA3J0 MEHBIIE, YEM
H4 TTyOUHE.

OLeHKa CO/lEPKAHUSA BOJIBL SIB-
JIIETCA CPEIHEN BEIUYMHON, TO-
JY4EHHOM C MOBEPXHOCTHU pA3ME-
poMm 0kosio 600 KM. DTO O3HAYAET,
YTO H4 HEKOTOPBIX Y4dCTKaAX
parionos Apasuu u boposg Mepy-
3Bl CONEP)KAHMUE BOJABI B I'DYHTE
MOXET OBITh ropasfo Bbime. Ha
puc.9 npejcrasacHa Kapra HEUT-

POHHOI'O U3/IYYEHU pAlioHa Apa-
BUU C MPOCTPAHCTBEHHBIM pa3pe-
meHueM 2°. AGCOMIOTHBI MWHH-
MyM IIOTOKd HEUTPOHOB HA 3KBA-
TOpE HAOIIOAETCS B paliOHE C KO-
opauHaramu 30°s.zg., 10°c.m1. B OK-
PECTHOCTH KpaTepa Aparo npu-
MEPHO MOCEPESUHE MEXIY KPYII-
HBIMUA KpaTepaMu AHpHU U Tuxo-
HpaBoBa. CoOMEpKAHUE BOLBI B
3TOM paKroOHe, COTJNACHO [BYX-
CIOMHOU MOJIC/IH, COCTaBJISIECT
0K0JIO 16 Macc.% B HUKHEM CIIOE
MO CYXUM TPYHTOM TOJIIUHOU
BCETO OKOJO 18 cM. DTa BEIMYMHA
6/1M3Ka K MaKCUMAJIbHO JOIIYCTU-
MOM OIIEHKE COJEPKAHUA XUMHU-
YECKU CBA3AHHOU BOJIBI B BEIECT-
B€ IPYHTA U JJOIIYCKAET IPEATIONO-
JKEHUE O HUIMYUU B HUKHEM CI0€
I'PYHTA BOAAHOTO JIbJA.

OJJHAKO NIPUCYTCTBUE BOJSHO-
ro J1bJia B IPYHTE BOJIU3HU IKBATO-
pa TpyAHO OOBACHUTDH. Jleno B
TOM, UTO Ha 3KBATOPE BOJAAHON
JieJl HA HEOOIBIION INYOUHE J10JI-
KEH OBICTPO CYOIMMHPOBATH
B armocdepy. OOBACHUTH €I0
CYIIECTBOBAHMUE 3/IECh MOXKHO
O4YE€Hb HHU3ZKON TEIJIONPOBOJ-
HOCTBIO I'PYHTA, KOTJA CYTOYHBIN
NPOrpeB QOCTUTAET COBCEM He-
60mpmoN rayounsl. HU3Kyio rerm-
JIOBYIO MHEPIUIO OOBIYHO UMEIOT
[JIMHUCTBIE OCA/[OYHBIE MOPOJIHL.
IleficTBUTEAbHO, OOJIACTU C HHU3-
KOU TEIJIOBOU MHEPIUEN ITEpeECe-
KAI0TCA C BJAAXKHBIMU PaMOHAMU
Apasuu u boposjg Meayssl, ogHa-
KO MX I'DAHUIIBI HE BIIOJIHE COBIIA-
jJaoT. Bo-nmepBelx, o6aacTu C
HU3KOU TEIVIOBOM MHEPLUEH I'O-
pa3go 6OJbIIe BIAXKHBIX pano-
HOB. DTO TOBOPUT O TOM, 4YTO
HHU3KasA TEILUIOBAA MHEPIUA — He-
06X0aMMOE YCIOBUE CYIECTBO-
BAHUSA BOJSHOTO JIbJla, HO HEJJOC-
TaTOYHOE. BO-BTOPHIX, B HEKOTO-
PBIX YYACTKaX BIQXKHBIE PAMOHBI
JIeKAT 34 IpefenomM obnacTen
IPYHTA C HU3KOM TEIIOBOM UHEP-
HHUEN. DTO O3HAYAET, UTO YYACTKHU
C BBICOKOM BJIAXHOCTBIO MOTYT
UMETb PA3JIMYHBIA COCTAB. B
OJHUX Y4YaCTKAX TOBBLIMIEHHAA
BJIAXKHOCTb MOXKET OBITb CBA3aHA
C BBICOKHM COJIEPKAHUEM XUMHU-
YECKM CBA3AHHON BOABI, 4 B JIPY-
IUX — C HAUIMYUEM B IPYHTE CBO-
OOJHOT'O BOJSIHOTO JIb/IA.
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NJAAHETONOINSA

MobunbHas
ruapopaseenka
nosepxHoctu Mapca

BrimonHeHHblE  POCCUACKUM
npu6opom HEND rno6anbHble
HAOJIOICHUA TTOTOKA HEUTPOHOB
OT MOBEPXHOCTU Mapca no3BoJu-
JIA HAJIEXKHO YCTAHOBUTD HAJIMYME
60MBIINX KOJIUYECTB BOJBLI B I'PYH-
T€ IUIAHETHl B OOMIMPHBIX 006s14C-
TAX CEBEPHON M IOKHON BEYHON
MEP3JAOTH U B JABYX aHTHUIIO/AAJIb-
HBIX PAaMOHaX BOJIM3U 3IKBATOPA.
O6HapyxeHHe BOJBI B I'PYHTE 32
npejeslaMu TOMIOCOB CYIECTBEH-
HO M3MEHWJIO HAIIU IPELCTABIIE-
HUA O NPUPOAHOM cpene Mapca.
CoBpeMeHHBIN Mapc — X0JI0AHAs,
HO HE CyXad IUIAHETA. DTOT BHIBOJ
CYMIECTBEHHO TOBIUAET HA OYAY-
MHUE MPOIPAMMBI UCCIEJOBAHUA U
OCBOEHHUSA IIJTAHETHL

Bo-nepBeIX, NOAy4YUIa HAOIIO-
JATENILHOE MOATBEPXKACHUE TUIIO-
TE3d O CYIHIECTBOBAHMU IOJ3CM-
HBIX JIEJJHUKOBBIX IUIACTOB Ha
Mapce [17]. Byaymum ucciaesoBa-
TENAM INPESCTOUT OLUEHUTDL IOJ-
HYIO MACCy BOJSHON KPHOJMUTO-
ceprr Mapca, HO PakT ee cyle-
CTBOBAHMSA MOXKHO CYUTATH YCTa-
HOBJIEHHBIM. BO-BTOPBIX, HATUYHE
BOJBI B TPYHTE CTABUT BOIPOC
O BO3MOXXHOCTU 3APOXKACHUA U
COXPAHEHUA NIPUMHUTUBHBIX (POPM
KU3HU. [lanuele npu6opa HEND
MOKA3a/Id, 4TO IIOJ CIYCKACMBIM

Jluteparypa

O N ANk

annaparom HACA «Viking-2» Ha
ri1yObuHE BCETO HECKONBKO CAHTHU-
METPOB HAXOJUTCA BOJSAHON JEJ.
OueBU/IHO, UYTO IOUCKU INPHU3HA-
KOB OHOJIOTMYECKON AKTUBHOCTHU
Ha Mapce OyJyT OCHOBLIBATHCSH Ha
JJAHHBIX OPOUTAILHON I'MAPOPA3-
BEIKM U OPHUEHTUPOBATHCA HA
U3Y4EHHUE TPYHTA MOJ MOBEPX-
HOCTBIO IUIAHETHL. B-TpeThUX, BO-
J1a — BAXHCHINNUKI IPUPOJHBIN pe-
CypC JJ1d ITOJIETOB JII0/iei Ha Mapc.
Byaymue 6a3el Ha Mapce JOJIKHBI
CO3/1aBATbCA C YYETOM JAHHBIX
O COJEPXAHUU JOCTYIIHON BO/JIbI
B I'PYHTE, IPAUYEM OCOOEHHBIN UH-
TEPEC NPEJCTABIAIOT OOIAThIE BO-
JJON padionsl Apasuu u boposa
Meny3bl HA YMEPEHHBIX MUPOTAX
MJIAHETBL

PaspaboTrka u ycmemHas pea-
ANU3aUUA 3KCIEPUMEHTA C POC-
curickum npud6opom HEND cospa-
JIW NPEANOCHIKH /IS paclupe-
HUS HAYYHBIX UCCAEAOBAHUN IIA-
HET HA OCHOBE MEPEJOBBIX A/€EP-
HBIX TexHoJaorui. Creayromun
POCCUHUCKUINT HEUTPOHHBIA IIPU-
6op DAN (Detector of Albedo
Neutrons) OTHpPaBUTCA HAa MOBEPX-
HOCTb Mapca B 2009 1. OroT npu-
60p NpPEHA3HAYEH /11 MAPCOXO-
na  «Mars Science Laboratory»
(MSL) HACA. B »3kcnepuMeHTE
BIIEPBBIC B MPAKTHUKE IJIAHETHBIX
HUCCAEJOBAHUHU OYAET NPUMEHEH
METOJ] HENTPOHHOTO AKTUBAIIMOH-
HOTO aHAJIN3a TPYHTA JId U3yde-

HuA ero cocrasa. DAN copepxur
AMIYJIbCHBIN T'€HEPATOP HEUTPO-
HOB 14 M3B, KOTOPBHIN MCIIYCKAET
107 gactun, B uMmnysabce. [TonHbIi
pecypc reaeparopa oxkono 107 um-
nyabcoB. leneparop npubopa DAN
6yner paspaboraH BO Bcepoc-
CUHCKOM HHCTUTYTE aBTOMATHUKU
nM.H.JLJlyxoBa, a OJIOK 3JIEKTPO-
HHUKU U JETEKTOPHI 1A PETUCTPA-
LIMYA BTOPUYHBIX AIbOEJHBIX HEUT-
POHOB OT moBepXHOCTH — B KU
PAH. MSL — [OJTOXUBYIIUI Map-
COXOZ C OOJBIIUM PAJUYCOM
pencTsusg okoso 30 kM. Poccuric-
KHH 3KCIEPUMEHT C Npubopom
DAN 103BOIUT pa3BejaTh COAEP-
JKaHUE BOAOPOJA B I'PYHTE BJOJb
TPACCHl ABUKCHUS MAPCOXO0/IA, 06-
HAPYKUTb OOTaThl€ BOJON Y4aCTKU
MMOBEPXHOCTU C MPOCTPAHCTBEH-
HBIM pa3pemIeHueM OKOoao0 1 M,
cob6partb 06pA3LBlI I'PYHTA C BBICO-
KUM COJIEP:KAHUEM BOJIbl U BBIIIOJ-
HUTb UX UCCACTOBAHUS i1 SitlL.

Hayunas ¢ 50-X rogos mnpori-
noro Beka, B CCCP Obl1 HAKOIUIEH
YHUKAJIBHBIA HAY4YHO-UCCIEJOBA-
TEIbCKUH TOTEHIINAJ, OObEIUHS-
0NN JOCTUKEHUSA KOCMUYECKOU
TEXHUKU U AJNEPHBIX TEXHOJOTUM.
Ceituac, 6;1aroj1apsi TOMy HACIE/-
CTBY, B HAlIE€N CTPAHE CO3[AETCA
anmaparypa, KOTOpas CMOXKET
CBII'PATh KJIIOYEBYIO POJb B Oyay-
MUX HCCAEJOBAHUAX Mapca u
apyrux mnaHeT COJTHEYHOM CHUC-
TEMBL B
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