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B mccnenoBaHHsX XHMMHYeCKOro cocTtaBa rpynta JIyHel, a B
nepcnekTHBe W IaaHer COJHEYHO CHCTeMbBl 0CO60€ MeCTO 3aHu-
MaeT PEHTTeHOBCKHH H30TOMHBIN GJyopecUeHTHBII MeTON aHaJau3a
(PMO®MA), B 6Gpouitope y9acCTHHKH CO3faHHs annapatryps PHUOMA,
HCNOJb3yeMOl NpH pa6oTe COBETCKHX «JIYyHOXONOB», PAacCKa3blBalOT
©0 (H3HYECKHX OCHOBaX 3TOr0 MeTOHa, a TaKXe IPHBOJAAT De3yJb-
TaThl XHMHYeCKOro aHaju3a JYHHOIO IpPYHTa, MNOMy4YeHHble C TIO-
MOUIbI0 KaK JaHHOTO, TaK H JADYTHX MeTOJOB, INPHMEHsSBIIHXCS,
B YacCTHOCTH, NIPH pa30Te HEKOTOPHIX aMePHKaHCKHX aBTOMaTHue-
CKHX CTaHUHUM.

Bpouwropa paccyHTaHa Ha CTYAEeHTOB M IpenojaBaTejeil By30B,
YuuTeJel CpedHHX IUKOJ, a TaKxXe Ha G6oJee LIHPOKHA KDPYr 9H-
TaTeseld, HHTEPeCYIOLIHXCS COBPeMEeHHHMH JOCTHXEeHHAMH B 06-
J1aCTH KOCMHYECKHX HCCJIeJOBaHHI.
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BBEAEHME

Yto coGoit mpexacrasiaser JlyHa? JToT Bompoc ¢ Apes-
HeHIIMX BpeMeH BOJHOBajJ uejgoBeka. ONHAKO B TeuyeHHe
IJIMTEILHOTO BpeMeHH pSJ HOPHYMH, B TOM 4YHCJAE H pas-
JMYHBlE cyeBepusi, CBsi3aHHBIe ¢ JIyHOH, MeHlajH Hay4yHoO-
My MOAXOAY K ee mu3yyeHuo. Illupokue u pa3HOCTOPOHHHE
HayyHble HccaefoBaHusi JIyHH — Oauxaiillero K HaM He-
0ecHOro TeJa — HayaJuCh CPaBHHUTEJNbHO HejaBHo. Hcrtu-
Ha JaBajach He cpa3y — KaxJ0e OTKPHITHE MOPOXKAAJo
cpa3y e MHOrO HOBBIX BOIIPOCOB.

Urto kacaercss pasMepoB JIyHB, ee Macchl, cpenHeit
MJOTHOCTH M pPsifia APYrHX NapaMeTpOB, TO OHH, KaK OKa-
3a/0ch, AOBOJILHO TOYHO ONpefeasioTcs MeToAaMH Hebec-
HOH MeXaHHKH. MeTOAB pafiHOAaCTPOHOMHH HAIOT BO3MONK-
HOCTb OLIEHUTh TEMJIONPOBOLHOCTh U IJIOTHOCTH IOBEPXHO-
ctHoro caosi JIynel. OpHako XHMHYECKHH COCTaB BelLeCT-
Ba, CJAralollero JYHHYIO MOBEPXHOCTb, YAAJOCh HCCIAENO-
BaTh JHIb B MOCJAELHHE TOJBIL.

CymiectByeT Ueablif psif HenpsMblX (HEKOHTaKTHBIX)
METOJOB HCCJHENOBaHUS XUMHYECKOro COCTaBa HeOeCHBIX
tes. OZHUM H3 HUX SBJSETCS METOJ CIIEKTPaJbHOIO aHa-
Jau3a, LWIHPOKO NpuMeHswoulufics B acTpodusuke. Caer,
uaywuit K HaMm ot CosiHUA W JaJeKHX 3Be3J, HeceT Gora-
TYI0 HHGOOPMAIMIO O COCTaBe IQBEDXHOCTHBIX CJIOEB 3THUX
HeGeCHBIX TeJl M NPOHCXOASUHX B HHX npoueccax. Opxa-
KO 3TOT BecbMa YYBCTBHTEJbHBIH MeTOA acCTPODH3HKH He
MOXeT ObITh HCIOJb30BaH AJs HCCAEJOBaHHUS cocTaBa JyH-
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HOTO TPYHTa, NMOCKOJBKY JIyHa CBETHT JIMUIL OTParxKEeHHBIM
OT Hee COJHEYHHIM cBeTOM. I103TOMy HCC/leZOBaHHA XHMH-
YeCKOT0 COCTaBa JIYHHOTO IPYHTA CTaJH BO3MOXHBIMH TOJIb-
KO B KOCMHYECKYIO 310Xy, KOrZa HayaJoch uayuenue JIy-
Hbl C NMOMOMLIbIO HayYHBIX NMPHOGOPOB, HOCTaBJsSIEMBIX aBTO-
MaTHYECKHMHM U MNHJIOTHPYEMBIMH KOCMHYECKMMHM ammapa-
TaMH KaK Ha JYHHYI0O MOBEPXHOCTb, TaK M Ha OpOGHUTy ee
HCKYCCTBEHHOTO CITyTHHKA.

B nanHoit Opoiurope Gyner pacckazaHo o saepHO-¢GH-
3UYECKHUX MeTOJaX HCCAENOBAHUS XUMHUYECKOrO COCTaBa
JYHHOTO T'DYHTa, HCIOJb3yeMblX NMPH paboTe KOCMHYECKHX
anmaparoB, a TakxXe O pe3yJabTaTax HCCJ/eJoBaHHUS JYHHO-
rO TPYHTa, NMOJYYEeHHBIX KaK C MOMOUIbIO 3THX, TaK H ApY-
rux MeronoB. Ho BHauade BcmoMHHM, yTo 3Hanu o JlyHe
B «JOKOCMHYECKyIO» 310Xy M IO HEIOCPEIACTBEHHBIX H3Me-
pEHHH Ha ee MOBEPXHOCTH.

Bunumasi ¢ 3eMau HeBOODYXEHHBIM TIJa3oM MOBEpX-
HocTh JIyHel yxe B IV B. 10 H. 3. HaBena yueHnix Jlpes-
Heit I'peuuu Ha MBIC/Ib, YTO TaM €CTb IOPBl M DaBHHUHHL
ITepBasgs u3 pomwenmnx g0 Hac HayuHeix paGoT o JlyHe
oTHocuTcd K I B. H. 3. Ho ecrecTBeHHO, 4TO cCBexeHHS
o JlyHe, monyuyeHHble JMIIb MYyTeM ee HaOJIONEHHH HEBO-
Opy KeHHBIM TJ1a30M, MHOTOTO JaTh He MOTJIH.

Hosniit nepuon B usyuenuu Jlyuwl nauajdcs B XVII B.
¢ uzobperenueM Tesaeckona. B 1610 r. Ianuneit, Ha6mio-
nas JIyny B TeJsiecKom, yBHIOEJ Ha ee TOBEPXHOCTH I'OPH H
«Mopsi». «MopsiMH» OH Has3Baj oOHIMpHBle TeMHBIe 06Jja-
CTH, KOTODHIE MOKa3aJuchb €My O6OJbIIHMHM BOJXHBIMH Oac-
ceiftnamu. C Tex mop BoT Yyxke OoJiee Tpex CTOJIETHH Be-
JeTcsl u3yyeHde JIyHBI ¢ MOMOILBIO ONTHYECKUX MHCTPYMeEH-
ToB. CocTaBasiorcsi Bce Gosee u Gosee MoAPOOHBIE KapThl
Jlyunl. B konue XIX B. Gbliu mosydeHb! mepBhble dororpa-
¢uu JlyHb, H Bckope OB BHINMYILEH IepBHIil ee (ororpa-
¢uyeckuilt ariaac.

B nepBo#i mosoBuHe XX B. HayaJoch u3yueHue JIyHBI
acTpopH3UYECKUMH MeTOAaMH, ¢ NMOMOUIBI0 KOTOPBIX OBLIM
BHIMOJIHEHBl OOLIMpHBIE HCCJAENOBaHUS OTHENbHBIX 06paso-
BaHUI JYHHOro pejbeda U APYTHX XapaKTEPUCTHK JYHHOMH
NOBEPXHOCTH. B cepenuHe Haulero cToJeTHst MpHLIe] Yepex
pagroacTPOHOMHYECKHX MeTonoB. K 3aToMy BpeMeHH OBLIH
CO3laHbl MOIIHBIE PaJHOTEJECKONBl HampaBJEHHOrO Hel-
cTBUsA, 06JaJalolliHe BHICOKOH 4YyBCTBUTENbHOCTBIO. Ilep-
Basi panuoJokauus JIyHel Oblia ocymecrtBieHa B 1946 r.,
H C TeX IOp paJHOJOKALMOHHBlE HCCJAeNOBaHHS Hallero
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eCTeCTBEHHOr0 CHYTHHKA IPOBOJAHJHCh HeoAHOKpaTHO. C
HX TOMOIIbI0 Gblja MoJydyeHa leHHas HHpoOpMaluUs O ABH-
xkeHnnu JIyHH H ee pa3Mmepax, yAaJochb ONpeNeNHTb Cpef-
Hee paccTossHHe 10 JIYHBL ¢ TOYHOCTBIO IO HECKOJbKHX
COTEH MeTpPOB, YTOYHHTh €e MacCy M CPERHIOI MJOTHOCTb.

B nccnenoBaHuu JNyHHOH TMOBEPXHOCTH C MOMOUIBIO Ha-
3eMHBIX CPeJCTB OrDOMHOe 3HAaueHHe OTBOAUTCHA paixuodu-
3UYECKHM H3MepeHHsM, 060JbIION LUK KOTOPHIX ObLI OCy-
mectBaen B CCCP mox pykosoactBom B. C. Tpouuxoro.
[TonyuenHsie B pesyJbrate palHOGH3UUYECKHX H3MepeHHH
JaHHble MO3BOJIHJIM CAeJaTb BBHIBOJA, YTO CaMBIi BepXHHH
CJI0M JYHHOTO TPYHTa fIBJASETCS NMOPHCTHIM HJH pachbljied-
HBIM BellleCTBOM C BecbMa HH3KOH TEMJIONPOBOAHOCTLIO.
Brlin cienaHbl OLUEHKH ILIOTHOCTH M TeMHepaTypsl JYH-
HOro TPYHTa, TeNJIOBOrO NMOTOKAa, MAYILero u3 Heap JIyHH
K ee TMOBEPXHOCTH, H Psifia JPYrUX MmapaMeTpoOB.

dnoxa usyueHus JIyHB KOCMHYECKHMH CPeACTBAMH Ha-
yanach 2 sinBaps 1959 r., xorna B CoBerckoM Corose Gbli
mpou3BeleH 3alycK ctaHmuu «JIyHa-1» ¢ maccoit 360 Kr—
NepBOro KOCMHMYECKOro ammapaTa, OTIPaBJeHHOTO B CTO-
pony Jlyuel. C6ausuBmiuce ¢ JIyHoit 4 sHBaps, cTaHUHA
npowJa OT Hee Ha paccrosHuH okoso 6000 kM u craxa
NepBbIM B MHPe HCKycCTBeHHbIM cnyTHHKOM Coanma. C
MOMOUIBbIO HAayyHO#H ammapartypbl OBIIH TOJyYeHB JaHHBIE
0 paZMalMOHHON OGCTaHOBKe M Tra3oBoHi cocTaBJsdwooulei
MEXIJAHETHOrO0 BeLleCTBa B OKOJIONYHHOM INPOCTPAaHCTBe.

HecnenoBanusa, Hauatsle «JIyHoii-1», B 3TOM Xe roxy
OblM TIPOJOJIXKEHHB cTaHUMAMH «JIyHa-2 u -3». Hayunas
amnapatypa «JIyHBI-2» — CTaHLUHWH, BIepBble B MHpE [0-
CTHTlIEeil TIOBEPXHOCTH Apyroro HebecHoro TeJja, — N03-
BOJIMJIA YCTAaHOBHTb, 4TO Ha JIyHe OTCYTCTByeT CKOJIbKO-
HUOYAb 3aMeTHOE MAarHuTHOe MoJie, HeT H paJHallHOHHBIX
nosicoB. C MOMOILbIO anmapartypsl, ycTaHOBJIEHHOH Ha «Jly-
He-3», OblMH TOJYYeHbl TepBble CHUMKH oOpaTHOH CTOpO-
ubl JlyHel, He Buaumoii ¢ 3emau. CuenaHHble Ha paccros-
HuH 60—70 TBIC. KM OT JIYHHOH NOBEPXHOCTH, OHH [AaJH
nepBbie TNpEICTaBJeHUSA O 6oJbiledl YacTH 3TOH CTOPOHBI
JIyHbL

Hayuenne JIyHBl BHocJefCTBHH OBIJIO MNPOAOJKEHO C
fIOMOIIBI0 COBETCKHX aBTOMAaTHYeCKHX CTAHUMH CepHH
«3oHm» ¥ «JIlyHa», a TakKe aMepuKaHCKuX — cepuu «Ilno-
Hep» u «Pelinaxep». B pesyabraTe npoBefleHHBIX Hay4YHBIX
hccaeaoBaHuii Oblja MoJyyeHa LEHHass HayuyHass HHpopma-
1ysl, B YaCTHOCTH, OHA NO3BOJIMJA COBETCKHM YYEHHIM CO-
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CTaBUTh MEPBYIO MOJHYIO KapTy u mepBblii rao6yc JIyHsl
OpHaKo BOTPOCH O NMPHUPOJAE H NMPOYHOCTH JYHHOrO IPYHTa,
0 BO3MOXXHOCTH MSATKOH IOCaJKH Ha ee NMOBEPXHOCTb H DAL
IPYTHX OCTaBaJHCh OTKPBITHIMH.

Caenyromuit atan ucciaenoBanus JIyHn Havascs B eB-
pane 1966 r., korma Oblia pelleHa OXHA H3 BaxKHEHHIHX
npo6seM mNpakKTHYecKOH KOCMOHAaBTHKH — OCYLIeCTBJEHa
MSIrKasi TOcafika Ha ITOBEPXHOCTb ApPYroro HeGecHOro Te-
na. Crannus «JIyHa-9», coBeplIMBIUasi BHepBble B MHpe
MATKYI0 mocalKy Ha JIyHy, mepenana Ha 3eMJII0 YHHKaJb-
Hble TMaHoOpaMbl JYHHOro JaHAmadTa B paHoHe IOCAaJKH,
a TaKxe NpOH3Besa H3MepeHHS HHTEHCHBHOCTH palHalluH,
00ycJoBlIeHHOfi BO3MeHCTBHEM KOCMHYEeCKHX JydeH H H3-
JyuyeHHeM JyHHOro rpyHta. IIpomoJsKuTeNbHOCTb AaKTHB-
HOTO CYyLIECTBOBAHHSI CTAHLUMH Ha MOBepxHOCTH JIyHBI co-
craBusaa 75 u.

B zxexkabpe sroro xke roga mpuMepHo B 400 KM ot
mecta mocaaku <«JIyHbl-9» coBepIiMJa MSATKYIO [OCajAKY
cranuusi «JIyna-13». C momompio anmapatypsl «JIyHbI-13»
6bliM mpoOBeleHbl Hcc/aeloBaHMs  (DU3MKO-MeXaHHYeCKHX
CBOHCTB JyHHOro rpyHra. Kpome TOro, uamepsJcs TemJo-
BOH MOTOK W KOPMYCKy/sIpHOE H3JydeHHe BOJIH3H JYHHOH
MOBEPXHOCTH.

B uione 1966 r. B CIIA 6Gniia 3amymieHa CTaHOHS
«CepBeiiep-1», TakkKe ocylllecTBHBIIAS MSATKYI0 NMOCaAKy Ha
noBepXHOCTh JIYHBI, a 3aTeM H pAX APYrHX CTaHUH# 3TOH
Cepud, NPOAOJIKHUBIUHX H3y4yeHHe JIYHHOH - MIOBEPXHOCTH.
Tpu nocneguux anmapata 31oit cepun («CepBeiiep-5, -6
4 -7») UMeJH B cocTaBe HayyHo#l ammapatypbl npu6op
IJIS onpelesieHUs] CONEePXKAHMA DA XUMHUYECKHX 3JeMeH-
TOB B BelIeCTBE TPYyHTa MOBepXHOCTH JIyHBL. DTUM G6BLIO
MOJIOXKEHO HAya/jJo H3MEePeHHI0 XHMHYECKOro COCTaBa JIyH-
HOTO TPyHTa HelocpeNCTBeHHO Ha moBepxHocTH JIyHe. Ho
npexiae yeM MepedTH K H3JOXKEHHIO MeTOAOB H3MepeHHi
U TOJIyYeHHBIX C HX MOMOUIbIO Pe3y/]bTaTOB, KPATKO OCTa-
HOBHMCSl Ha CyllecTBOBaBLIMX TOTAa THIOTe3ax O CTpoe-
HHH M COCTaBe JIYHHOH MOBEPXHOCTH.

FUMNOTE3bl O6 OGPA3OBAHMM, CTPOEHMM
M COCTABE IYHHOW NMOBEPXHOCTH

SIBisieTca M JyHHAs MOBEPXHOCTh TBePAOH HMJH Mpen-
MeT, MOMelLIeHHBI Ha Hee, OyleT IPOBAJUBaThCs B MHO-
romeTpoBoM cjoe nbiin? CX0oX JH XHMHYECKHH COCTaB Mo-
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BepxHocTH JIyHbl ¢ cocTaBoM 3eMJH, B KOTOPOM npeol-
JaNaloT OKHCJIBI KPeMHHS, aJIOMHHHS, Marius, KaJjusg,
KaJplHs ¥ Keje3za? Kakue BooOlle XMMHYECKHE 3JIE€MEH-
Tl U MX COeIHHEHHS MOTYT BCTpPeTHTbcs Ha JlyHe? DTH u
Ipyrue ype3BblYafHO BOJIHOBABHIME YYEHBIX BONPOCH J0J-
roe BpeMsi He IOJyYaJH ORHO3HAYHHIX OTBeTOB. OnHako
Ha OCHOBe Ha3eMHBIX ONTHUYECKHX, HHpPaKpaCHBIX H paauo-
JIOKAHOHHBIX HM3MepeHHH OBl BBLIABHHYT psiJ THIOTE3 OT-
HOCHTEJIbHO XHMHUYECKOr0 COCTaBa M (PH3HKO-MeXaHHYECKHX
CBOHCTB CJ1aralollero JYHHYIO TOBEPXHOCTh BellleCTBa M AJH-
TeJbHOro mpouecca (GopMHPOBaHHS JYHHOro peJsbeda.

Bousbiioe pacnmpocTpaneHue, HampuMep, NOJYYHJA TH-
noresa, B KOTOpOH y4YHTHIBajcs TOT (akT, uto y JIyHBI
HeT aTtmocdepn, a cJefloBaTeJbHO, Ha HeH OTCYTCTBYIOT
npoueccsl BoiBeTpHBaHMsA. OCHOBHIBasgcb Ha 3TOM, MHOTHE
yueHble (B 9acTHOCTH, coBeTckHe yuenble A. B. XaGakoB
u H. Il. Bapa6amoB) npeanosaranu, uyto Habmaonaemas
HaMH TOBepxHocTb JIYHBI mpencTaBiseT coGoH coBeplleH-
HO CBEXYIO, HHYeM He TOKDHITYI0 M HHYEM He H3MeHeH-
4yI0 NMOBEPXHOCTb TeX MarMaTHYeCKHX IOPOA, M3 KOTOPHIX
o6pa3oBaJiich BepXHHe CJOM JyHHOH Kopel. PasBuBas na-
Jiee 3Ty THIOTe3y, yueHble OCHOBBIBAJHCh HAa JAaHHBIX TIeo-
XMMHH H, B YaCTHOCTH, NPUXOAUJIH K 3aKJIOUEHHIO, YTO
TeMHBlEe YYaCTKH JIYHHOH IOBEPXHOCTH («MOpPSI») CJIOXKEHbI
nopoiamy, OeAHBIMH KpeMHHeM (Hampumep, 6a3ajbTaMH),
a cBeTJble yYacTKH («MaTepHKH») o0pa3oBaHbl IOPORAMH
KHCJIOTO cocTaBa .

Kpome TOro, OTHOCHTENBHO TIJafiKas NOBEPXHOCTb «MO-
pefi» ¥ JHAa HEKOTOPHIX KPYIJBIX KpaTepoB (LHPKOB), HO
MHEHHIO YYeHBIX, AOJKHA INIpeACTaBJATb co0OH H3JUBIIY-
10CS1 HECKOJIbKO NMO3Ke W 3aCTHIBIIYIO JaBy (OCHOBHOTO CO-
craBa). Ilpuuem o6u/ibHOe BHIJAEJNEHHE Ta30B HNPU H3JIHA-
HUH 3TOH JIaBBl MOIVIO NPHAAThb MOPHCTOE CTPOEHHE Terme-
peurHeil (3acTuBlieil) ee moBepxHocTH (MOoZOGHO mMeM3e H
mnaky). B To XKe BpeMsa aHajiorusi ¢ 3eMHOH ByJIKaHHuYe-

! B 3aBHCHMOCTH OT TOTrO, KaKHe XHMHYeCKHE 3JeMEHTH H B Ka-
KOM OTHOCHTeJBHOM KOJIHYeCTBE COAEPKATC B TOPHBHIX 3€MHBIX MOPO-
JAax, NOCJeJHHE COTJIaCHO TeOXHMMHYECKOH TePMHHOJOrHH NOApa3nens-
I0T Ha CJelyloliye THOH (COCTaBHI): YJbTPAOCHOBHHIE (LYHHTH), OC-
HOBHHe (Hanpumep, Ga3anbThl, ra66po), Kucasle (HampHMep, TpaHH-
THI) B OCalOuHble (TVIMHBI, CJaHIB). OKCIePHMEHTaJbHO YCTaHOBJC-
HO, YTO KHCJble NOPOJHI Yalle BCEro SBJAIOTCA CBEeTJbIMH, a OCHOB-
Hble (0COO€HHO YJAbTPAOCHOBHBIE) — TEMHBIMH.



CKOfI JesiTeJbHOCTBIO MPHUBOAHJIA K NPENOJOMXKEHHIO O BO3-
MOXHOM Ha/JH4YHH Ha JIyHe PHIXJIBIX NPOAYKTOB IE€SATEJb-
HOCTH JIYHHBIX BYJIKaHOB, TaKHX, KakK memnes, Tyd.

OpHako mMockoJbKy HabJiofaeMble y4acTKH JYHHOH mo-
BEPXHOCTH B CpefHeM TeMHee BCeX H3BECTHBIX THIIOB 3eM-
HBIX TIOPOJ, TO TMOJHAs aHaJOTHA MEXAY JYHHBIMH H Mar-
MaTHYeCKHMH 3eMHBIMH MOPOJaMH OKa3ajach HeBO3MOX-
Hofi. M1 ans cmaceHuss paccMaTpHBaeMoil THNOTe3bl IOHa-
Jobuicsa psji OOTMOJHUTEJNbHBIX NpeanoJoxeHuil. B gacTtHo-
CTH, OBbIJIO BBIABHHYTO NPEANOJOXKEeHHEe O BO3MOXKHOM H3Me-
HEHHH OKPAaCKH MHHepaJioB NOJ IeHCTBHEeM COMHeyHOH pa-
JHAaluH M KocMuueckux Jyyefi. [IpoBenennsie gnaGopatop-
Hble HCENeNOBaHUS MefCTBUTENBHO IOKAa3aJH, 4TO HEKOTO-
pble 3eMHBle MHHepaJbl TeMHeIOT npu ux obJayuenuu. Ha
OCHOBAHHH 3TOro ObLIO CAeJaHO 3aKJIueHHe: 4TO 4eM TeM-
Hee Ta UJH HHas JeTajab HabaiofaeMoifi JYHHOH NOBepx-
HOCTH, TeM OHa u crapiue. Kpome Toro, oleHKH NOKa3aJH,
4To 3a 1 MJpA. JleT KOCMHYECKOro o0JyueHHsI NOTEMHEeHHe
MOIJIO OXBAaTHTb CJIOH JIYHHOH MOBEPXHOCTH TOJIIHHOH B
HECKOJIbKO CAaHTHMETPOB.

B cBa3u ¢ 3TUM npuBJekso K cebe BHHMaHHe HHTepec-
HOe U ellle MaJIOM3yYeHHOe SIBJIeHHEe «3alIUTHOH KOPKH» Ha
TIOBEPXHOCTSIX OTAEJNBHBIX CKAaJbHBIX MHOPOJ MYCTHIHHBIX
pafionoB 3emsu. OHa npeacraBiaseT coboit TeMHO-Oypyio
(u1M 4yepHYIO) IJIEHKY, COCTOSILLYI0 H3 OKHCeH Maprasua
H XKeJje3a, a TaKxKe M3 KpPeMHHS H 06pasyollyrocs IOj
JelicTBHeM JJuuTesbHoro uaiaydenuss CosHua. YKasaHHoe
ABJIeHHe, 0 MHEHHI0 coBeTckoro yueHoro B. B. Illaposo-
Ba, MOATBEPXKIAeT BO3MOXHOCTb NOTEMHEHHs JYHHBIX IO-
polL B pe3yJbTaTe HX NJIHTEeNbHOH «06pabOTKU» COJHEYHOH
paauauues.

Cnefyer OTMETHTb, YTO HAPYKHBIA NMOKPOB JIyHHOH IO-
BEPXHOCTH HE3aBHCHMO OT ero IPOHCXOXKAEHHS H cocTaBa
JIeHCTBUTENIBHO TOJABepraeTcs IJHTEJLHOMY BO3AeHCTBHIO
pasauyHoro Buaa obaydeHuii. Eciu mepBuyHas ropHas mo-
poxa JIyHnl cojmepixkajia HOCTATOYHOE KOJIHYECTBO YTJepo-
lla, asoTa M KucJaopojaa, TO OOJYy4YeHHBIH MaTepuan JoJ-
XKeH Obl1 06/1aflaTh CHJABHBIM MOTJIOLIEHHeM B BHAMMOH 00-
JacTd chnekTpa. MiMeHHO 3THM 00CTOATENbCTBOM, a TaKkKe
HaJHYHeM OYeHb MOPHCTOH CTPYKTYPHl MOPOJ MOXKHO 00B-
SICHHTb HM3KYI0 OTpa)aTesJbHYIO crnocoGHOCTh (anab6eno)
U MaJyl TelJONPOBOJHOCTb BellleCTBa JYHHOH IOBepX-
HocTH. Kpome Toro, mockoJ/bKy BHeIIHHH TNOKpoB JIyHbl B
CHJIy 3THX OGCTOSAITEJNBCTB JOJIKEH OBITh XHMHUECKH He-
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YCTOHYHB, TO NMPOUCXOJslNe B HEM XHMHYECKHE DeaKLHuH,
MOrJy 6bl, B YaCTHOCTH, GBITH NMPHUHUHOH HCYE3HOBEHHS OC-
TaTKOB aTMocdeprbl, HaJuyHe B OTAAJeHHble BPeMeHa KO-
Topoit (KakK W ruipochepbl) HpeANOJarajocb MHOTHMH
Y4eHBIMH.

BMmecte ¢ Tem paccMarpuBaeMmasi THHoTe3a He MorJa
MOJIHOCTBIO YJOBJIETBODUTH YYEHBIX, IOCKOJbKYy Bce ee
NpPeJHOCHIJIKH OCHOBBLIBAJIMCh HAa YHCTO BHEHIHEH aHAJOTHH
MeXJy 3eMHBIMH H JYHHBIMH mopojamu. Kpome Toro, mpu-
HaJJIeXHOCTh K TOMY HJH HHOMY THNY INODOA ONpeneJs-
Jach 10 HX OKPacke, B TO BpeMs Kak OKpacka MOpPOA CTOJb
YyYBCTBHTEJbHA K BHEIIHUM, BecbMa pas3JuuHbiM Ha Jly-
He u 3emse ¢akTopaM, UTO NyTh NPSAMBIX aHAJOTHH He
MOT NpPHBECTH K HaJeXHHIM pe3yabrataM. [lostomy Ha-
pALY C 3TOH THNOTe30H BBLIABUTAJHChH U APYTHE.

Tak, nanpumep, amepukaHckuéi yuennii P. Kaapkcon
NPEeANOJOXHI, YTO Ha JIyHe mpenMMyllecTBEHHYIO paclpo-
CTPaHEHHOCTb HMEIOT OcCaJouHble MOPOIbl, MOCKOJBKY, MO
ero MHEHHMIO, B HEKOTOpHIi mepuox mnpousoro JIyHE Ha
Hell cyllecTBOBaJIM HacToslHe MOPs U oKeaHBl. B cBA3u ¢
3THUM 06CyKJaasach poJib MOpcKoro npubos B pa3pylieHHH
KpaTepoB, PacloJIOKeHHbIX MO0 OKpanHaM MopeH, a Ha Me-
CTe KPYNHBIX UHDKOB MHpeAnoJarajoch CcylllecTBOBaHHe B
npollioMm o3ep. Bosee TeMHasi okpacka TemepelIHHX JYH-
HBIX «MOpel» W JHa HUPKOB OOBSICHA/NIAcCh B paMKax 3TOH
THIOTE3bl C TMOMOMIBIO CYIIECTBYIOIIHX TaM OCafOYHBIX IIO-
PO THIA TJIHH, NEeCYaHHKOB W cJaHueB. OgHako 60JIbILIKH-
CTBO YUYeHBIX BOCHPHMHAJIUM mnpensnoxenue P. Kaapkcona
KaK CJMUIKOM 3K30THYeCKOe,-TaK KaK HaJHyHe B NPOLIJIOM
BoJH Ha JIyHe ObLIO BecbMa MaJjOBePOSTHBIM.

BoJpiiee pacmpocTpaHeHue mOJy4YHJa THIOTE3a O TOM,
yto HabJiogaemas ¢ 3eMJd NOBepXHOCTb JIYHBI COCTOHT
H3 BellecTB, BO3HHUKUIKNX B pe3yJbTaTe pa3pyllieHHs Mare-
PHUHCKHX KOPEHHBIX TOPHBIX IIOPOX MOJ JeifcTBHEM pas-
JUYHEIX BHEIIHHX (aKTOPOB: THIOTETHYECKOH aTMocdephl,
coJiHeuHoro o0/ayueHus, NMepemajoB TeMmepaTypel H, MoO-
XKeT OblTh, AeficTBHS BoAbl. [lox BausHueM 3THX (akTo-
poB Ha JIyHe HOJIKHBI NPOHCXOAUTb OKHCJAEHHE TOPHHIX
HOPOA H THAPOJIH3 MHHEPAJOB, a TaKXe DSl APYTHX XHMH-
yecKHx InpeBpamieHuit. {as nmpoTekaHuss 3THX IpOLlecCOB
tTpeGyeTca Haanune Ha JIyHe BOABI, CBOGOAHOTO KHCJIOPOAA
H YIJEeKHCJOro rasa, KOTopble MorJaH obpasoBaTbes JHO0
H3 THIOTETHYECKOH ApeBHell JyHHOH aTMmocdeph, JHOO B
pe3yJbTaTe BYJKaHHYECKO# AesiteqbHOCTH. OnsaTh XKe Ha-
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Juyde B HaJieKOM NPOIIJOM BOABI, a Takke aTrMocteps Ha
JlyHe MHOrge yueHbie CYUHUTAIOT OYeHb MaJIOBEPOATHBIM, HO
TeM He MeHee KaK MOJIOXHTEJNbHBIi MOMEHT cJelyeT OT-
METHTb, YTO Nepenafbl TeMmepatyp Ha JlyHe melicTBHTe/b-
HO CYLIECTBYIOT W AOJIXKHBI UIPaTh ONpeJeJeHHYI0 Pojb B
re0XUMHUYECKOH 3BOJIOLHH JIYHHBIX NMOPOIL.

PaceMoTpuM Tenepb psil THIOTE3, KOTOPble OCHOBBIBA-
JHCh HAa TNPeNNOJIOXKEHHH O HaJHYHH Ha JIyHe mbLieBOro
cnos. CorsiacHO OfHOM H3 HHX, MPeNJIOXKEHHOH aMepHKaH-
ckuM yuennlM T. Tosgom, Ha JlyHe JosKeH CyliecTBOBaTb
3HAUUTENbHBIH INblJIEBOH MOKPOB, BO3HHKIIMH 3a cyeT pas-
pyLUEHHS TODHBIX TMOPOA NOA AeHCTBHEM COJIHEYHOrO H3Jy-
yeHHs (u3-3a pa3pylleHHsl KPHCTAJJIHYECKOH pelleTKH MH-
HepaJoB) ¥ GomMOapAHPOBKH METEOPDHTOB (M3-32 H3MeJb-
YeHHs] KOPeHHbX mopoA). B cBA3W ¢ 3THUM JyHHas NbIb
[0 CBOEMY XHMHYECKOMY COCTaBy #AOJKHa OBITb B OCHOB-
HOM aHaJIOTHYHOH TOPHBIM NOpoJaM, NIPH pa3pylUeHHH KO-
TOPBIX OHa 06pa3oBbIBajach, HO, KOHEYHO, C y4eTOM Me-
TEOPHTHOT'O BellecTBa.

[IpennosoxeHne o TOM, UYTO TOBEPXHOCTh JIyHH IIO-
KpbiTa INBLIBIO, MO3:XKe NOATBepAusaocb. OIHAKO OTHOCH-
TeqbHO posu CoJIHIA M METeOPHTOB B 00pa3OBaHHH IbLJIe-
BOTO CJIOSl HAa JIYHHOH NOBEPXHOCTH O CHX IOp MOKa HeT
efAvHoro MHeHus. MHTepecHO B CBSI3H C 3THM OTMETHTb
cxeMy 0o0pa30BaHUS METEOPHTHO-NIBIIEBOTO CJOs, HpenJo-
KeHHyI0 amepukaHckuM yueHbiM [, IOpu. Ilo ero wmHue-
Huto, Jlyna o6pasoBajach H3 XOJOJHOTO METEOPUTHOIMO-
noGHOro MaTtepuana M HHUKOrJa He Oblla NOJHOCTBIO pac-
niaBJeHHBIM TesoM. OTPOMHYIO POJIb B HCTOPHH JIyHBL ChIT-
panu, kak cuutaa . IOpu, ee cToNKHOBeHUA B JajieKOM
OPOUIJIOM C THIOTETHYECKHMH IIJIAaHETOMONOOGHBIMHU TeJa-
MH — MJaHeTO3UMaJsMH, B Pe3yJbTaTe Yero JOJ/KHO Obl-
J10 o6pas3oBaThcs 60JbIIOE KOJIHYECTBO HbIJEBOrO MaTepHa-
Jla, a TakKxke BOJBl W Ta3oB (mpHYeM MNpoOLEecCchl pacmias-
JeHuss HOCHJIM JIOKaJbHBIH Xapakrep). Ha c¢opmupoBanue
NIOBEPXHOCTHBIX CJI0OEB 3HAuMTe/JbHOE BJHSIHHE, IO MHEHHIO-
aMEPHKAaHCKOI'0 YYeHOTro, OKa3blBaJ{ MeETEODHTH, NaleHHe
KOTOphiX Ha JIyHy B mepHoj ee mosfHeillell HCTOPHU CO-
MPOBOXK/JAJ0Ch B3DBIBHBIMH SBJIEHHSIMH U TepellJaBJeHHeM
BeutectBa. B wacrtHoctu, I'. IOpu mosaran, 4To KpyrJasle
JyHHBIE «MOpsi» oGpas3oBajuch B pe3y/abTaTe CTOJKHOBe-
HUH ¢ IJ1aHETO3UMAJSIMH, H MO3TOMY IOBEPXHOCTb «MO-
peii» IOJ:KHA COCTOSITb M3 IepepaGOTaHHOrO BelllecTBa
KPYIHBIX METEOPHTHBIX TeJ, TOrja KakK «MaTepDHKH» H Ba-
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Jbl KpaTepoB — H3 TOPHBIX MOPOX, IO COCTaBy OJH3KHX
K 6a3aJbTy.

DKcnepuMeHTaJbHble HCCJAENOBAHHS XHMHYECKOTO COCTa-
Ba JYHHOH MOBEpXHOCTH, NMpPOBeIEHHBle B HacTOsllee Bpe-
Ms, He noAatBepauau runoredy I'. IOpu — Ha Jlyne He
o6HapyXeHbl NMOPOJBI, CXOJAHBIE IO CBOEMY COCTaBy € Me-
teopuTaMu. OfHAaKO BO3MOXKHAsi POJIb METEOPHTOB B ¢op-
MHDOBaHHH peJsbeda JYHHOH IIOBEPXHOCTH ceifuac moiapoo-
HO o6cyxpnaercd. B wacTHoCTH, moJyYuaa H3BECTHOCTD
«METEOPUTHO-LIJAKOBAsi» THIOTe3a CTPOEHHS M IPOHUCXOXK-
IeHUust nokpoBa JIyHBI, mpensoxeHHas H NOoApoOHO paspa-
6otaHHas coBerckum actpoHomoM H. H. CwituCcKO#.

Kak wu3BecTHO, NpH KaXJOM NaJeHHH MeTEeOpHTa Ha
noBepxHocTb JIyHB BO3HHKaeT cBoeoGpasHbiil B3phiB. Ecin
CKOPOCTb MeTeopHTa (B MOMEHT CTOJIKHOBEHMS) COCTaBJfi-
€T HEeCKOJIbKO JIeCSATKOB KHJOMETPOB B CeKYHIY, TO BhlJe-
JseMoe NMpPH 3TOM TEIJIO MOJHOCTbIO obpaillaeT B map He
TOJIKO CaM METEODHT, HO H 4acTh BelllecTBa JYHHOrO IpyH-
Ta, HaxopuBuierocss BOJM3W mMajeHUs (mpHueM Macca Hc-
MapHBIIErocsl JYHHOrO BellleCTBA MOXET B HECKOJBbKO Thl-
csiY pa3 NpeBOCXOAMTb Maccy MeTeoputa). Ilo MHeHHIO
H. H. CuoiTHHCKOH, KOHAeHCalusi HcmapuBlierocs Mare-
praja AOJXKHA NPOHCXOAMTb TakKuM o6pasoM, YTO Ha Me-
CTe majeHus MeTeopuTa, ob6pasyeTcsd He HblJb, a HEYTO IO-
X0Xee Ha IPaHyJibl MOPHCTOH Macehl — HO3ApeBaTHe, CJAHI-
muecs H Clekuwuecss o6pasoBaHus TemHoro usera. [To cBo-
eMy BHeUIHeMYy BHAY OHM JOJIKHBI HallOMHHATh IIJAaKH, BO-
3HMKAIOUIHE Ha MOBEPXHOCTH JIaBbl NPH €e H3BepKEeHHH U3
3eMHBIX BYJKaHOB (OTCIOZ2a M Ha3BaHHe JAaHHOH THUMOTe-
3B1).

Htak, MBl paccMOTpesd HeCKOJbKO rumore3 o6 obpa-
30BaHHM, CTPOEHHM H cocTaBe JyHHoro rpyHra. Coraacho
UM [OBepXHOCThb JIYHBI MOMKET COCTOSITb U3 CAMBIX Pa3HoO-
00pasHBIX TOPHBIX NMOPOJ — OT OCHOBHBIX IO KHCJBIX H
ocallouHBIX (H maxKe MmeTeopuTHonomobubix). Takum ob6pa-
30M, Ompefes]eHHOTO OTBeTa Ha BONPOC, KaKHEe XHMHYeCKHe
3JIEMEHTHl H B COCTaBe KaKHX NOpOA (B 3eMHBIX aHaJo-
rax) MOryT BcrpeTutbesi Ha JIyHe, cylllecTBOBaBILHE TOT-
Ia HaHHble HAOJIONEHMHA M OCHOBAHHbIE HAa HHX THIOTE3bl
JlaTh He CMOIJIH. XHMHUYECKHUH COCTaB JYHHOrO I'PYHTa TakK
M IPOJAOJIKAJ OCTaBaTbCs 3arafgkofl AJs YUeHHIX, pellleHHe
KOTOPOH CTaJI0O BO3MOXKHBIM JHIIb IlOCJAE IKCIePHMEHTaJb-
HBIX HCCJeIOBaHHM, NPOBELEHHBIX C IOMOIUBIO paKeTHO-
KOCMHYECKOH TeXHHKH.
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METOALI U3MEPEHMA
XMMHYECKOTO COCTABA BELLECTBA

IIporpecc pakeTHO-KOCMHYECKOH TEXHHKH NMO3BOJIHJ OCY-
[IECTBUTh XKEJaHHS MHOTMX Y4YEHbIX MPOBECTH HEINOCPEeACT-
BEHHbIE HCCJAEI0BaHUS XHMHYECKOTO0 COCTaBa BellecTBa JyH-
HOH MOBEpPXHOCTH — «mo4BBl» JIyHul. IIpu aToM cTaju BO3-
MOXKHBI TPH BHAA HccaemoBaHuii: 1) uccnegoBanue 06-
LIHX, TJ00aNbHBIX XapaKTePHCTHK [OBEPXHOCTH C MOMOILBIO
npubOpPOB, PACHOJNOXKEHHBIX Ha HCKYCCTBEHHBIX CHYTHHKax
JIyHbl; 2) HemocpeAcTBeHHOe H3yueHue coctaBa JIyHBI ¢
noMOIIbI0 TNpHOGOPOB, HOCTABJEHHHIX Ha ee IIOBEPXHOCTD;
3) anaau3 06pa3uoB JYHHOTO TPYHTa, NOCTaBJEHHBX Ha
3emuio.

UTo :Ke KOHKDPETHO HpPeNCTOAN0 H3Yy4uTh? Bo-mepBhIX,
HYXXHO OBIJIO ONpEeNeNHTh XHMHYECKHH COCTaB BelllecTBa
JYHHOH HOBEPXHOCTH H CPaBHHUTb €ro C COCTAaBOM 3eMJIH,
meteopuToB M CouaHua. Bo-BTOpbIX, mpencTosio HCCIeHO-
BaThb POJib BHYTPEHHMX (M3JIHsSHHe JIaBbl, IBHXKEHHE KODBHI)
M BHEIWHHX (yZapel METEOPHTOB, COJHeuyHoe oObJydeHue)
TPOLECCOB B CO3JaHHH COBPEMEHHOro peJbeda JyHHOH IIO-
BEPXHOCTH, H, KOHEUHO e, YUeHBIX Npexkle BCero MHTepe-
COBaJIo, NMOXOXHU JIK 10 CBOEMY COCTAaBYy JYHHBIE H 3eMHbIe
TI0POJIHI.

Knaccudukauyus THIOB 3eMHBIX MOPOJ, YIOMSHYTasi BbI-
me (CM. CHOCKY Ha CTP. 7), HCXOZHT M3 DasJ/JHYHOrO CO-
JepxaHusi B 3THX NOpPORax HauboJiee pacIpPOCTPAHEHHBIX
XHMHYECKHX 3JEeMEHTOB — KHCJOpOJa, HaTpus, MarHug,
AMIIOMUHHS, KPEMHHUS, Cepbl, KaJdHus, KaJblHd, THTAaHA H XKe-
Jie3a, KOTOpble Ha3bIBAIOTCH OCHOBHBIMH MNOPOA006pasyio-
LIIMMH 3JeMeHTaMH (HX CyMMapHOe cofepXKaHHe B JI0ObIX
3eMHBIX mopojax mocturaer 99%).

OmnpesgesneHre KOHUEHTPAalUHH OCHOBHEIX HOPOR0O0Opasy-
IOLIHX 3JIEMEHTOB I03BOJIIET OJHO3HAYHO OTHecTH 06pasen
K THIy KaMeHHbIX METEOPHTOB MJM K KakoMy-au60 THIY
3eMHBIX TOpPHBIX mopoi. OmHako 0053aTeJbHO JH IJSl 3TO-
ro U3MepsiTh KOHLUEHTPAalUHH BCEX AECATH IE€PEeYHCHEHHbIX
3/ieMeHTOB? Beap mpou3BecTH XUMHUECKHH aHaJIM3 HO-
BEDXHOCTH JpPYyroro HeGecHOro TeJa —— OYeHb CJIOXKHas
HayyHO-TexHHyeckas 3ajauya. Hesabss aum ynpocTuts ee u
CBECTH YHCJIO H3MepseMbIX 3JeMEHTOB K MHHHMaJbHO He-
o6xonuMomy?

Hns storo Hamo OBJIO BHISICHHTb, KaKHe e XHMHYe-
CKHe 3JIeMeHTHl SBJAIOTCS HauboJee «IPelCTaBHUTeJbHbI-
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MH» B TOM HJH HHOM THne mopoisl. Kak okasasoce, B pd-
e clyyaeB CYLIeCTBEHHYI0O HHGOPMAUHIO MOXKeT HaTb OT-
HOLIEeHHEe KOHLEHTPaUHuH pa3/JHYHbIX 3JIEMEHTOB, CPeAHu Ko-
TOpbIX HauboJiee «HPelcTaBUTEIbHBIMUY SBJSIOTCS MarHuf,
aJIOMHMHHHA, KaJauil, KaabUuii W xKeqe3o. Jpyrue sneMeHTH!
OpeACTaBJeHbl B JYHHBIX MOPOAaX B 3HAYHTEJbHO MEHb-
IIHX KOJIHYECTBaX.

HMeHHO conmepaHHe STHX 3JM€MEHTOB B JyHHOM TDYH-
Te H NPEACTOSJIO H3MEDPHTh B NepBYI0 ouepedb. EcrecrBen-
HO, 4TO BHIOOp MeTola u3MepeHHil ompedensJscs TpebGoBa-
HUAMH, JHKTYeMbIMH OCOGEHHOCTSIMH COBDEMEHHOID JIYH-
HOro KocMuyeckoro skcmepuMeHta. Ha paccmarpuBaemoMm
3Talle TaKOH MeTOA HOJKeH Obll obecrnedyuTh ObICTPOE H
MHOTOKpaTHOe MoJydyeHHe HH(OPMalUUH NpPU IOJHOH aBTO-
MaTH3allMH Bcex NPOLECCOB aHa/ju3a, NpuyeM B TAKHX yc-
JIOBHAX, KOTJa aHaJH3upyemas HOBEPXHOCTh siBjsercs ab-
COJIIOTHO HENOJTrOTOBJIEHHOH.

Ha 3emne o6biyHO mnpouenypa XHMHUYECKOrO aHaJaU3a
COCTOMT M3 HECKOJbKHX 3TanoB. CaMblil HayaJbHBIH — MO~
roToBKa 00pasua, KOTOpHl B 3aBUCHMOCTH OT METOAa aHa-
au3a Ju60 B3BEMIMBAIOT U M3MEJNbYaIOT, JUGO NpeccyloT B
tabJeTKy, a uHoOrja OIMH(YIOT WM JAeNaloT TOHKHE cpe-
3bl. MIIeHTHYHOCTh IOATOTOBKH Bcex o0pasuoB obecreyu-
BaeT BO3MOXKHOCTb JOCTHXKEHHSI BBICOKOH TOYHOCTH aHaJH-
30B U sBJsieTcs 00s3aTeJbHBIM yCJOBHEM aHa/Ju3a B 3eM-
HbIX Jabopatopusx. CoBcem npyroe meno — aHa/Ju3 TPyH-
Ta HemocpeiAcTBeHHO Ha JIyHe: TPYHT HepoBHBiH, Ha IO-
BEDXHOCTH BHAHBI KOMKH CJHIIUHXCS YacTHL, TO H JeJo
MONaJaloTCsl KAMHH CaMBIX PasHbBIX pa3MepoB (TeOJIOTH Ha-
3BIBAIOT 3TO KAK «DPYHT B eCTeCTBeHHOM 3aJseranuu»). Ilo-
3TOMy Hajgo OBlJIO HCKaTh MeTOA, He TPeOyIOWHUE noaro-
TOBKH 00pa3loB, H Ha ero OCHOBEe CO3JaTb HAaNEXHYI0 H

JEerKylo anmapaTtypy ¢ MHHUMAaJbHBIM 3HepromotpeGJe-
HHEM.

TpeboBaHust K 3TOii anmapartype ObIIM OYeHb KECTKH-
mH. OHa jfonXHa OblJa NMEepPEeHOCHTh Bech KOMILIEKc BHOpa-
UHOHHBIX M YAAQpHBIX Harpy3oK B IepHOJ CTapTa paKeThl
¢ 3eMM © B MOMEHT [OCTaBKH NpHOOpa Ha IOBEPXHOCTb
JIyHBI, a TakxXe [NoJXKHA paboTaTh B YCJOBHSIX HMHIEHCHB-
HOTro KOCMHYecKoro o6syueHus, rjiy60Koro Bakyyma H pes-
KHX TeMmmepaTypHbix nepenagoB (ot —150°C B Teuenue
nByX})leu;eJ]bHoﬁ ayuHoii Houm no +130°C B mHeBHOH me-
puon).
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VuurtoiBasi Bce 3TH Tpe6OBaHUs, PAaCCMOTPUM TENepb Cy-
IEeCTBYIOLIME METOABl XHMMHUYECKOTO aHajau3a H OOCyAUM
BONMPOC O NMPHMEHHMOCTH TOrO MJH HHOIO MeTONa IIpPH KOcC-
MHYeCKHX 3SKCHEeDHMEHTAaX HEeNOCPeINCTBEHHO Ha INOBEpXHO-
ctir JIyHnl.

K knaccuueckKHM, «MOKPBIM», XHMHYECKHM MeETOLaM
OTHOCAAT Te, B KOTOPBIX HCIOJB3YIOTCH CIeLHaJbHBIEe aHa-
JINTHYECKHEe peaKUMH: 1o pe3yabTaTaM 3THX peakuUuil cy-
AT O HAJMYHH (B TOM YHCJe H KOJHYECTBe) MJH OTCYTCT-
BUH HCKOMOro XHMMHYeckoro ajementa. Muorpa (mpu Tak
Ha3HBaeMOM BecOBOM aHaJ/u3e) ompejensieMblii 3JeMeHT
ocax/aercs B BHIe IPAKTHYECKH HEPacTBOPHMOIrO COelH-
HeHUs1 (MM NPOCTOrO BellleCTBa), OTHEJsIETCS OT pPacTBO-
pa (¢dbuabTpoBaHHEeM, NMPOMBIBKOH, CYIIKO#i) H B3BeLIHBa-
eTcsd, a 3aTeM IO Becy ocafika PacCUMTHIBAeTCH KOJIHUECTBO
HCKOMOro 3JeMeHTa. Kpome TOro, MOXKHO HCIOJb30BaTh
3JeKTPOJIM3, KOrja onpenesisieMblii 3J€MEeHT NOJ BO3JAeHCT-
BHeM TOCTOSSHHOIO 3JIEKTPHYECKOIO0 TOKA BBIAEJNSIOT IIPH
ompejleJieHHBIX YCJOBHAX Ha 3Jektpofe. O6wemublil (TH-
TPOMETPHUECKHil) aHa/JM3 OCHOBAaH Ha NPHUMEHEHUH BOJ-
HOrO pacTBOpa C TOYHO H3BEeCTHOH KOHLEHTpaLHeidl pacTBo-
pUMBIX peaKTuBOB. [IpuMeHSIOTCA TaKXe (H3UKO-XUMHUUe-
CKHe CTocoOBl aHaJn3a: KOJOPDUMeTpPHS (M3MeHeHHe HHTeH-
CHBHOCTH OKDAaCKH LBETHOTO COEJHHEHHsI, MOJYy4YaeMOro Io
aHaJUTHYECKOH peakuuu), TypOyAHMeTpUsA, HedesoMeTpuUs
(M3MeHeHHe MHTEHCHBHOCTH CBeTa, NPOXOAALIEro uepes
CYCIEeH3HI0 OCafiKa, INOJYUeHHOro B pe3yJbTaTe aHaJdUTH-
yecKOH peaKLuH, HJH PacCesHHOTO HM), moJasporpaduuye-
cKHe U aficopOLHOHHBIE METO/bI.

OueBupHO, YTO AN NMPOBeldeHHsS aHa/IH3a TPYHTa 3TH-
MH KJIaCCHYeCKHMH METOJaMH HeNocpeJCTBEHHO Ha NOBepXx-
Hoctd JIyHBl mpuilyioch OBl JOCTaBHTb TyAa Leayw Jaabo-
paTopHi0 C XPYNKHMH npobupkamu, KosnbGaMu, MeH3ypKa-
MH, CIHPTOBKaMH, BecaMu u T. 1. Ha 3emse xaxaweiii ana-
JH3 MPOBOAUT KBaJU(DUUHPOBAHHBIH XHMHK-aHAJHTHK B Te-
yeHHe HeCKOJbKHX yacoB, Ha JIyHe Bce omepalH HOJKeH
lleslaTh aBTOMAaT, a OHH C TPYAOM NOAARAIOTCA aBTOMaTH3a-
uuu. IlosaToMy Kiaccyyeckue MeTOABI C CAMOro HauaJia OKa-
3aJ1MCh HENPHIOJHBIMH IJIsl JIYHHBIX HCCJefOBaHHM.

Iupokoe pacnpocTpaHeHHe KaK MeETOJ KauyeCTBEHHOro
H KOJIHUeCTBEHHOTO aHaJju3a cocTaBa BelllecTBa B 3eMHBIX
na6opaToOpUsAX MOJYYHJ CIEKTpaJbHBIH ONTHUECKHH aHa-
au3. DTOT METON mojpasfefseTcs Ha fABa BuUAa (B 3aBH-
CHUMOCTH OT XapakKTepa HCHOJb3yeMbIX chnektpoB). [Has
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aHa/Ju3a CHeKTPa/JbHbIX JHHHUA H3Jy4YeHHs, Ha3blBaeMbIX
HHOI'Ia 3MHCCHOHHBIMH, XapaKTepHBI cJjefyloliue olepa-
uun: 1) moarotoBka obpasua K aHa U3y, 2) BBefeHHE ero
B NJlaMsi WJIM BO3JeficTBHE Ha HEro 3JeKTPHUeCKHM pasps-
IOM (HJis mepeBoja B rasoo6pasHoe COCTOSIHHE M BO36yK-
JEeHHUS CBeYeHHS C MOSBJEHUEM HeOOXOAUMBIX AJs aHaJH-
3a CNeKTPaJbHBIX JUHHI), 3) ompeiejeHHe clneKTpa H pac-
muQpoBKa COOTBeTCTBYIOIHUX JaHHHHA. IIpm stom o06bIUHO
NPUMEHSIOT Tas3oBoe IJaMsi, Jawllee TeMmMmepaTtypy XAo
3000°C. dns ppyroro BHAa CHEKTPaJbHOTO aHa/lu3a —
MO0 JIHHUSAM MOIJIOIIEHHsT — IOJBb3YIOTCS cleKTporpadamu
CO CHelUaJbHBIMH OCBETHTEJbHBIMH CHCTEeMaMH M NpHeM-
HUKaMH, npuueM oGBEKTOM HEMOCPeICTBEHHOro HCCJAeNoBa-
HUSI CJIy»KaT PacTBOPHI.

YiKe H3 Nepeuynuc]eHHOro sCHO, YyTo oba 3TH BHAA He
yIOBJIETBOPAIOT TPeOOBAHUAM K KOCMHYECKHM 3KCIepHMeH-
TaM, Tak Kak TpeGyIOT 3HAYHTEJIbHOTO SHEPromnoTpedbseHHs
U He NMOAJNAIOTCA aBTOMaTH3auud. KpoMe Toro, omTHyeckue
CMeKTPbl BecbMa CJOXKHBI NpH pacilingpoBKe, a HX mepe-
Jauya HeNOCpeNCTBEHHO Ha 3eMJI0 HJIM XpaHeHHe Ha 0op-
Ty KOCMHUYECKOrO anmapata BecbMa 3aTPYIHHUTEJbHBHIL.

Hcnonb3yercas Ha 3emie m MeTOX Macc-CEKTPOMETpH-
YeCKOro aHa/u3a, B pe3yJbTaTe KOTOPOrO H3MepSIIOT Mac-
Cbl HOHH3UPOBAHHBIX aTOMOB H MOJIEKYJ IOCPeINCTBOM pa3s-
JneJeHuss HOHOB (C pasHBIM OTHOUIEHHEM Macchl K 3aps-
Iy) B JE€KTPDHYECKOM M MAarHHTHOM moJasx. Macc-cmekTpo-
MEeTPHYEeCKHH MeToj fABJseTcs HauboJee IMOJHBIM H TOUY-
HbIM. K TOMy e OoH mpemcraBjser coboif camblil mpsMo#
METOA XHMHYECKOro aHa/ju3a BeliecTBa. B cayuae mpHeM-
JieMOoro pelleHuss IpoGJeMbl NepeBofa aTOMOB TPyHTa B
HOHU30BAHHOE COCTOSHHE H CO3MAaHHS HOCTATOYHO KOMIAKT-
HOl ammapaTypbl NPHMEHeHHe Macc-CIeKTPOMeTPHYECKOro
aHasu3a Oblj0 Obl BecbMa MepCHeKTHBHBIM IPH HCC/AefOBa-
HUH TpyHTa Ha mnoBepxHocTH JIyHbl. [lo-Buaumomy, umeH-
HO MeTOoJ Macc-CIIeKTPOMEeTPHYeCKOro aHa/ausa Oymer uc-
[0J1b30BaThCcsl HA MOCJEAYIOIIHX 3Tamax ocBoeHHs JIyHHI,
KOrZla CTaHeT BO3MOXKHBIM, C OJHOH CTOPOHBI, IIOCHLIATh
npubopel Gosbliero Beca, moTpebisiouine OGO/bLIYIO MOLI-
HOCTb, C Apyrod — OymeT HOCTHTHYT CyLEeCTBEHHBIH INpoO-
rpecc B CO3/aHHH TOYHBIX Macc-CIeKTPOMETPOB.

Hcnoabn3oBanue pajHOaKTHBHOCTH IOJIOXKEHO B OCHOBY
METOJla XHMHYECKOr0o aHaJ/hi3a, Ha3blBAeMOTO aKTHBALHOH-
HoiM. TIpH 3TOM HCHOJB3YIOTCS SepHBIe peaklud, B pe-
3y/nbTaTe KOTOPBIX aTOMBI HCCJefyeMoro o6pasua cTaHo-
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BATCS pPaJHOAKTHBHBIMH, H IO XapakKTepHCTHKaM HX pac-
nana (mepHox moJypacnajfa, THI PafAHOAaKTHBHOTO H3J/yue-
HHSL U €ro CIeKTP) OCYLIECTBJSETCS HIAeHTH(PHKaUHs 3Je-
MEHTOB, NPHCYTCTBYIOLIHX B o6pasue. B kauecTBe mepBHY-
HBIX YaCTHI, BBI3BIBAIOLIHNX HEOOXOAHMMYIO PEeaKUHuio, ynoT-
peGasiloTcst HEHTPOHBI, a Takxke (HHOTAA) raMMa-H3Jjyde-

| |
@@é)@@ :

Puc. 1. Ilpunnun paGoThl npu6opa, OCHOBAaHHOrO Ha MeTOLE peHTre-

HOBCKOTO ()JIyOpecHeHTHOro aHanu3a: | — MaHeNH .C pajHOAKTHBHBIMH

HCTOYHHKaMH; 2 — HcclenyeMbifi rpyHT; 3 — G6J0K JeTeKTopoB ¢uiyo-
PECLEHTHOTO H3JNYYeHHs

HHEe W 3apsiKeHHble YaCTHLBl (Takue, KaK NMPOTOHBI M AeHT-
poHbl). B KauecTBe MCTOYHHKOB HEHTDOHOB NpPHMEHSIOTCS
peakTophbl, YCKOPHUTENH pa3/JUYHBIX TUIOB U DPaZHOAKTHB-
Hble UCTOYHHMKM (IOCJelHHe, OTHAKO, AAIOT He6OJBLUIOH IIO-
TOK HedATpoHOB). JleTeKTOpaMH B 3TOM MeTOJe XHMHue-
CKOTO aHa/H3a CJYXKAaT CUETUYHKH 3apsKEHHBIX WYacTHIL.
XoTs aKTHBAUMOHHBII aHAJH3 3apeKoMeHJoBaJ cebsi Kak
TOYHBI W GBICTPHIH MeTOJ XHMHYECKOro aHaJjJH3a B Ipo-
MBILIJIEHHBIX M Ja6opaTOPHBIX YCJOBHSIX, €r0 IpHMEHEeHHe
B KOCMHUYECKHX 3KCIIepHMeHTax TpebGyeT pelleHHs mpoOb.e-
MBI cO3JaHHSI HajdexkHo paboraroilero HeHTPOHHOIO HCTOY-
HMKa OOJIbIIOH HHTEHCUBHOCTH, a TaKXe MPeOLOJeHHs
TpyIHOCTell npu mnepejaue U o6paboOTKe CHOKHBIX CHEKT-
pOB siepPHBIX H3Jy4YeHHH.

IlepeiineM Temeppr K MeTOLy PEHTIeHOBCKOTO CIEKTpPO-
METPHYECKOr0 aHa/Ju3a XHMHYECKOTO cocTaBa H PaccMoT-
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PHM OJIHO M3 MEePCIEeKTHBHBIX €ro HampaBJeHH# — TakK Ha-
3bIBaeMBIil «PaJHOH3OTONHHE (JIyOopecUeHTHBIH aHaJU3».

Ecau B3AThb panHMOAKTHBHBIL HCTOUHHK M C €ro Io-
Momipio 06JyuuTh Kakoe-1uGo BemecTBo (puc. 1), To mox
BO3JeficTBHEM BHELIHEero M3Jy4YeHHs MNpoOH3o#IeT mepe-
cTpoiika BHemIHHX obosouek atomoB. CHauasna aTOMHI me-
peiayT B BO30yXKJeHHOe COCTOSIHHe, XapaKTepH3ylolleecs
H30BITKOM HMX SHEPTHH, HO IIOCKOJbKY TaKO€ COCTOSIHHE He-
yCTOHYHMBO, TO uepe3 JOJH CEKyHAB aTOMBl OCBOGOASATCSH
OT H3OBLITOYHOH 3HEPTHH, HCIYCTHB KBAHTH PeHTIeHOBCKO-
ro u3jaydeHus. DTO sBJeHHe Ha3bBaeTcs (JyopecueHiueil.

IIpuMeuaTesbHO, YTO 3HEPrHs KBaHTa OJS TAaHHOIO BH-
Ja aTOMOB CTPOTO NOCTOSIHHA: Pa3JiMYHble aTOMBI HCIycKa-
IOT PEHTreHOBCKHEe KBAHTHl pa3HOH, HO XapaKTepHOH HJs
HUX 3Heprud. Hampumep, sHeprus 3THX PpEHTIeHOBCKHX
KBaHTOB MIJIs1 aJIOMHHHA okosao 1,5 k3B, kpemuuss —
1,7 k3B, kamuga — 3,3 k3B, kaapuusa — 3,7 k3B, xene-
3a — 6,4 k3B. Takum o6pasom, onpenenrB 3HEPrui0 KBaH-
TOB, MOXHO y3HaTb, KaKue aTOMbl cOjepxkaTcsd B H3ydae-
MOM BellleCTBe, a II0 HHTEHCHBHOCTH H3JyUeHHsS JaHHOH
SHeprHH — Ha#TH KOJHYeCTBO aTOMOB B JaHHOM Belle-
CTBe.

Jna noacuera pPeHTreHOBCKHX KBAHTOB H OJHOBPEeMEH-
HO H3MEPeHHS! MX SHEPTHH HCIOJBb3YIOTCA CIelHaJsbHble Je-
TEeKTOPbl — TIPONOPLIMOHAJbHEIE CcYeTYHKH. [lomaBumiuii B
TaKOH JeTeKTOp DPEHTIreHOBCKHH KBAaHT BLI3bIBAaeT HMOHH3a-
U0 Ta3a, KOTOPHIM HAaNOJHEeH CYeTYHK, H MoJ JAeHCTBHEM
BLICOKOIO HamNpsxeHHs, NPUJIOKEHHOro K CYeTUHKy, B HeM
BO3HHKAeT 3JeKTPHYeCKHH uMOyJbc. Ecanm mpaBu/ibHO IIO-
no6paTh BeJHYHHY BBICOKOTO HAampsiKeHHs, a TaKxke [aB-
JIeHHe W COpT rasa, pasMephl [JeTeKTopa, TO aMILIHTYAa
5JIEKTPHYECKQro UMIyJbca OyZeT NPONMOPIHOHAJIbHA 3HEp-
THH DEHTreHOBCKOro KBaHTa (OTCIOla W Ha3BaHHe 3TOro
IleTeRTOpa).

COBOKYNTHOCTb 3JIEKTPHYECKHX HMIYJIbCOB I03BOJSET
NOJYYUTh CHEKTP H3JYyYeHHss Hcc/elyeMoro BelllecTBa
(puc. 2). Ha stoM pHcyHKe MBI BHAMM HECKOJBKO «rop-
60B» — 3TO M €CTb CIIEKTPaJibHblE «JIHHHU» H3JIyYeHHs.
CnekTpasbHble JHHHH TEOPETHYECKH JOJ/KHB OBITh OYeHb
Y3KHMH, HO H3-3a CIeLH(UYHOCTH HAaHHBIX JAETEKTOPOB OHH
CTAHOBSATCH «Pa3MBITHIMH», XOTsS IIOJIOXKeHHEe MaKCHMYyMOB
JIHHHH He MeHsieTCs H COOTBETCTBYeT TEOPeTHUeCKHM 3Ha-
YEHUSAM.

«Pa3MbiTHe» JUHUI 3aTPyAHSAET UX aHAJH3: C OMOLIBIO
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NPONOPUHOHAJBHHX CYETYHKOB HeNb3sl ONpele/]HTb B OT-
NeJBbHOCTH MHTEHCHBHOCTb ABYX OJH3KHX 1O 3HEPrusaM JH-
HHIi, TOCKOJIbKY OHH CJHBAlOTCA B OAHY. AJIIOMHHHH H
KPeMHHl (a TaKXe MarHuii) AaioT OJHYIO OOLLYIO «JIHHHIO»
B CHEKTpPe TOPHOH MOpOAb, KaJjuil BMecTe ¢ KaJbuueM oG-
Pa3yioT APYrylo «JIHHHIO». TpeTbd «JHHHA» HAa 3TOM DHCYH-
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Puc. 2. TlpuMep cnekTpa (JIyOpPECUEHTHOTO H3JyYeHHs, MHOJYYEHHOTO
npu JaGopaTOPHHIX HCC/IeJOBAHHAX B BaKyyMHOf KaMepe

Ke MpHHALJIEXHT KeJe3dy. PasHuina (B 3Heprusix Mexay
3THMH TpeMfl <«JIHHHSMH» AOCTAaTOYHO BeJHKa, TaK YTO
OHH IOBOJIbHO JIerKo pasauyalorcsa. TakuM o6pa3oM, moay-
YeHHBIH CNMEKTP JaeT BO3MOXKHOCTb IOJYYHTb ONpeleseH-
Hyl0 HH}OpMAalUMIO NPH HCIOJb30BAHHH PeHTreHo-GJayopec-
LHEHTHOTO MeTOfa.

Kakum xe o6pa3oM omnpegneJseTcss HHTEHCHBHOCTb pe-
aJIbHBIX CIIEKTPaJIbHbIX JIMHHA OTHEJbHBIX 3JIeMEeHTOB?
3xech Ha NOMOILb MPHXOAHT TaK Ha3BBaeMHH «MeTOJ
¢uabTpoB». [eso B TOM, 4TO MOIJOLIEHHE PEHTIeHOBCKOTO
H3JIyYyeHHs] B KaKoM-JAHOO BellecTBe 3aBHCHT OT 3HEPTHH
3TOrO0 H3JyueHHs] BecbMa CJOXKHBIM 0o0pa3oM: HapsaLy C
IJIaBHO 3aBHCHMOCTBIO CYLIECTBYIOT M pe3KHe Nepelnagbl—
ckauku. CieoBaTenbHO, B3aHMOJAEHCTBHE pPEHTreHOBCKHX
KBaHTOB, He3HAYHTEJNbHO OT/IHYAIOUINXCS MO SHEPTHH, ¢ Ka-
KUM-JIH00 BellecTBOM MOMKET BecbMa pasjuHyaThCcs JJd
Ka)KZoro M3 3THX KBAHTOB. A 3To NPHBOAUT K TOMY, 4TO
CHJIBHO OTJIMYAeTCsd M BePOSITHOCTb IMPOXOXKAEHHS ITHX
KBaHTOB CKBO3b BelllecTBo. Hampumep, eciu Ha NMyTH peHT-
FEHOBCKHX KBaHTOB, COOTBETCTBYIOIUHX (J1yopecueHTHOMY
H3JIyYCHHIO AJIOMHHHA H KPEMHHS, NOCTaBHTb aJIlOMHHHe-
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Bylo osbry tonumuHoi 10 MKM, TO OHa NPONMYCTHT 44%
H3JyYeHHs QJNIOMHHHS H JIHIIb 0,0089% wu3JayueHHS KpeM-
uug. TakuMm o6Gpa3oM, mpomyckas JIHHHIO aJIOMHHHS B
5500 pa3 Jiyullle, yeM JHHHIO KpeMHHS, Takas ($oJbra 6y-
feT «OTQMABTPOBHIBATH» PEHTTeHOBCKoe u3Jayuenue. Cxe-
MaTHYeCKH 3To H300paxeHO Ha DHC. 3.
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Puc. 3. Ilpusuun aeii-
CTBHS ~ XapaKTepHUCTH-
yeckoro (QuabTpa, mpu-
MeHSeMOoro JJs pasje-
JIEHUsl JIHHUH 3JIeMeH-
TOB, HMeIOIHX O6JH3-
KHe 110 3HaYeHHIO 3Hep-

rud  QayopecueHTHOrO
V V H3JTy4eHHs

MoxHo momo6paTh GUABTPH AJS Nap pa3JHUHBIX 3Je-
MEHTOB: AaJIOMHHHI-+KpPeMHHH, Kaaui+KajapUuii U T. I
TTockonbKy npu NMORO6GHOH «(PHABTpPANUU» HHTEHCHBHOCTH
ONHON M3 JHHHHA 3HAUHUTEJbHO ocjabjeHa (mpHueM 3apa-
Hee HM3BECTHA CTeleHb ocJalbJieHHs), TO CPaBHEHHE CIIeKT-
POB H3Jy4YeHHs HccjenyeMoro o6pasna, MNOJYYeHHBIX C
¢duabtpaMu u 6e3 GUABTPOB, MO3BOJIET B OTIEJBHOCTH
ONpENeNUTh HHTEHCHBHOCTH BCeX HepasjejeHHBIX JHHHMH.

BaxHO OTMeTHTb, YTO Ha OCHOBE PEHTI'€HOBCKOrO H30-
TOMHOro (hJIyOpecHeHTHOTO MeTOLa MOXKHO CO3[aTh JOBOJb-
HO MNPOCTYIO amnmapaTypy AJsf INPOBeNeHHS XHMHYECKOTO
aHaJu3a BellecTBa B KOCMHYECKHX YCJOBHAX, YIOBJETBO-
PAIOILYIO BCeM IOCTaBJEHHHIM Bhlllle TpeGoBaHusM. Pamuo-
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aKTHBHBIe HCTOYHHKH, HeOOXOAHMBle AJs1 OOJyyeHHs TpyH-
Ta, ab6COJNIOTHO HaJeXHBl B paboTe, OHH He TPeOYIOT Ha-
CTPOWKH, HAJAAKH H He HYXKAaIOTCA B 3JEKTPHUYECKOH 3Hep-
rud. IIponopuuoHa/ibHble CUETYHKH, PETHCTPHPYIOUINE PEHT-
reHOBCKOE H3JlyueHHe IPYHTa, KOMIAKTHB H Jerku. HMH-
¢hopMauHuIo JIerko nepeBecTH B 3JEKTPHYECKHE BEJHIMHBI —
aMIUIUTYbl MMIYJbCOB, YTO OYEHb YAOOHO AJs Nepempayn
N0 JIHHUSIM KocMuuecKoll paauocBsasd. Hakoweu, nccienye-
Mbl¢ DEHTreHOBCKHE CHEeKTPHl MOBOJBHO TMPOCTH (B HHUX
BCEr0 HECKOJbKO JIMHH{I) IO CPaBHEHHIO C ONTHYECKHMH.

K HacTosilieMy BpeMeHH B HCCAeJOBaHHAX XHMHYeCKO-
ro cocraBa IPYHTa, NMPOBEJEHHBIX HEMOCPEeNCTBEHHO Ha IIO-
BepXHOCTH JIyHBI, NPHMEHSIJIHCh TOJIbKO JBa H3 Iepeyuc-
JIeHHBIX MeTONOB. PeHTreHOBCKHII (JyOpeCUeHTHHH MeTOx
aHasu3a, NpelJoXKeHHbIH KOMJIEKTHBOM COBETCKHX YUEHHIX,
c ycmexoMm OBl nMpuMeHeH NpH paboTe aBTOMaTHYECKHX
CaMOXOJAHbIX amnapaTtoB «JlyHoxon-1 um -2». AMepuKaH-
CKHe yueHble Ha cTaHuusAx «CepBeiiep-5, -6 u -7» HcmoJb-
30BaJIl MeTOJ «00OpaTHO pacCesiHHBIX anabda-yacTHUy (MOA-
pobHOe omHcaHWe KOTOPOFo OydeT NaHO HHXKe), HO BIO-
CIENCTBHU yXe Ha MapCHaHCKUX cTaHUUsAX «Bukunr-1 ‘m
-2» OHH TOXe TMPHMEHHJH PEHTTreHOBCKHH (uyopecueHTHHIH
METOJ.

M3MEPEHUS] C OPBMTHI
MCKYCCTBEHHBIX CNYTHUKOB JIYHbI

HccnenoBanusi XMMHYECKOrO COCTaBa JIYHHOTO TPYHTa
6bliii HayaThl ¢ OPOMTHL HCKYCCTBEHHBIX CHYTHHKOB JIyHEHIL
OTH CNyTHHKH NMO3BOJIHJIH H3yYHThb XapaKTePHCTHKH OKOJIO-
JIYHHOTO TNpPOCTPAaHCTBAa, MAarHUTHOIO H T'PaBHUTaIHOHHOTO
noJeit JIyHo, a Takxe, 4To OCO6EHHO BaXKHO HJs Hac, IO-
JY4YuTb obLiye CBelleHHs I'eOXHMHYECKOro xapakrtepa, Ecrte-
CTBEHHO, YTO TaKue HCCJAeJOBAHUS SBJAIOTCA IJ100ajbHbI-
MH, T. €. HX pe3yJbTaThl NOJYYalOTcid YyCPeIHEHHHIMH IO
3HaYUTeNbHBIM NJOIIAASAM JYHHOH MOBEPXHOCTH.

N3MepeHus, npoBefeHHble C IOMOLIbIO TaMMa-CIEeKTPO-
MeTpa, YCTaHOBJIEHHOTO Ha NEepBOM MCKYCCTBEHHOM CHYT-
Huke Jlyuol — craHuuu «JlyHa-10», mo3BOJIH/IM TOJYYHTH
JaHHble O raMMa-u3jaydeHud GoJblInx obJacTell JyHHOM
NOBepPXHOCTH. HacTh 3TOro H3JyuyeHHs, Kak IoJaraimor, BO3-
HUKaeT 3a cueT B3aHMOJEHCTBHUA KOCMHYECKHX Jyuell C
NOBEPXHOCTbIO, a Ipyras cBsi3aHa ¢ cOOCTBeHHO# pajHoak-
THBHOCTBIO JYHHBIX mopof. [Tocsie cpaBHeHHS HHTEHCHBHO-
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CTH TaMMa-H3Jy4YeHHs OT pacmajfa B JYHHOM IDYHTe ecTe-
CTBEHHBIX PaflMOAaKTHBHBLIX 3J1eMeHTOB (kaaus-40, H3otomnoB
ypaHa M TODHSI) C HHTEHCHBHOCTBbIO H3JIyYeHHs 3THX 3Je-
MEHTOB, COAEPXallHXCA B 3eMHBIX TOPHBIX NOPOJAX, yue-
Hble MPHIUJH K BBIBOAY, YTO JIYHHBIE HOPOIBI COAEpPXKAaT pa-
JHOAKTHBHBIE 3JIeMEHTHI, KOHIEHTPALHUs KOTOPHIX COOTBET-
CTByeT 3eMHBIM INOPOJaM OCHOBHOro cocraBa (Tuma G6a-
3aaptoB). Takum o6GpasoM, moJydyeHHBIE [aHHBIE yKa3blBa-
JUd Ha OTCyTcTBHe (B paiffoHax JYHHOH IOBEPXHOCTH, TIe
NPOBONH/IMCH H3MepeHUs) MOpOoJ C TaKHM XKe cojepxka-
HUeM paJHOAKTHBHBIX 3JeMEHTOB, KaK B 3€MHHBIX KHCJBIX
noponax (rpanuTax). Bmecte ¢ TeM Heab3s 6blIO Ha oOc-
HOBAHHU JHIIb OPOHTAJNbBHBIX HCCJENOBAHHI MOJHOETHIO
HCKJIOUHTb BO3MOXHOCTb CYyILECTBOBAHHUS YJIbTPAOCHOBHO-
ro HJIH METEOPHUTHOrO BellleCTBa B 3THX paifioHax.

HccnenoBanus JIyHBl ¢ OpOGHT HCKYCCTBEHHBIX CIYTHH-
KOB OBblIM MPOJOJKEHBl COBETCKHMH CTaHUHAMH «JIyHa-11,
-12, -14 u -15» (1966—1969 rr.) u OSATHIO aMepHKaHCKH-
MU annapaTtaMmu cepuu «Jlymap op6urep» (1966—1967 rr.).
OTH CTaHUHH AaJd BO3MOXKHOCTh IOJNYYHTb JeTajbHble
CHUMKHM GOJIBINMX IJIOIajell BUAMMOH H HeBUAUMOH ¢ 3eM-
J# cTOpoH JIyHHI, onmpejenuTb aHOMaJHH ee I'DaBUTALHOH-
HOTO NO0JIfl, U3YYHTb METEOPHUTHYIO H PaJHalUOHHYIO oOcra-
HOBKY B okKpecTHocTsiXx JIyHbl. IlosiyueHHBle pe3yJbTaTh
HO3BOJIMJIM CIeJaTh BEIBOJ O PeasibHOCTH OCYIIeCTBJIEHHS
NOJIETOB THJOTHPYEMBIX KocMHYeCKHX Kopabueii. Haua-
Jach Takxke oTpaboTka BO3MOXKHOCTH MSATKOH NMOCAAKH KOC-
MHYECKOH cTaHUuM B pa3Hblx paionax JIyHmel, T. e. mpo-
BeJeHHe Pa3jIMUHBIX MaHeBPOB C H3MeHeHHeM CeJIeHOLEHT-
puueckoit op6uthl («JIyHa-15»).

HccnenoBanne JIyHB H OKOJIOJNYHHOTO NMPOCTPAHCTBA C
OpO6HTH HCKYCCTBEHHBIX CNYTHUKOB JIYHEI 0Ka3alochb BecCb-
Ma IepCNeKTHBHHM, NMOSTOMY OHH NPOXOJKAIOTCH H B Ha-
crosimee Bpemsa («JIyuna-19» B 1971 r., «Jlyna-22» B
1973 r., «Jlyna-23» B 1974 r.).

AMepukaHcKkass mporpaMma HccJeqoBaHHst JIYHH ¢ op-
OUTHI ee HCKYCCTBEHHBIX CIYTHHKOB IIOCJeE II0JIeTOB ammna-
paToB «JIlynap opburep» oCyLIeCTBJs/Iach C NOMOUIbIO KO-
MaHAHBIX MoAyJeii Kopabieli «AmoJsoH», a TakKke He-
GOJIbIIMX CNYTHHKOB, 3amylIeHHBIX 3KHIaxKaMH <«ATnoJJo-
Ha-15 u -16». Ha Gopty «Amnonaona-15 u -16» Haxogu/inch
npuGOpH, NO3BOJSBIIHE C MOMOLIBIO MeTOA3 pPEeHTreHOB-
CcKOoro ¢Q1yopecueHTHOro aHajau3a (MPHMEHEHHOro AJsS HC-
C/leloBaHHs JYHHOTO TPyHTa BlepBhie Ha «JIyHoxone-1» B
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1970 r.) u3MepsATh COAepPIKaHHE PAjJa 3JEeMEHTOB B MOBepx-
HOCTHOM CJIO€ JIYHHOTO I'DYHTA.

OnHako cJjeiyeT OTMETHTb, 4To Ha «JIyHoxomax» Oblia
peanH3oBaHa MOJHAsi CXeMa PEHTIeHOBCKOro (JyopecUeHT-
HOr0 aHa/JH3a: TaM HMEJHCh KaK paJHOaKTHBHbIE HCTOYHH-
KH [Js BO30YXKIEeHHs DPEHTreHOBCKOTO H3JIyueHUS TPYHTa,
TaK M JETeKTOPHl IJsi ero perucTpauud. AMepHKaHCKHe
e KOCMOHaBTHI HMeJH Ha OOpTy JHIIb NETeKTOPH, a B
KayeCTBe HCTOYHMKA JIJs1 BO30yXKAeHHs ¢JyopecueHlHH
JYHHOTO T'PYHTAa <HCIOJb30BaJOCh» 'COJNHEYHOE PEHTIeHOB-
cKoe H3jyueHHe (puc. 4), SHepPrus KOTOpPOro AOCTATOYHA

Ay
N

lllnlma.

7

Puc. 4. IlpuHuun H3MepeHHs] YCDEJHEHHOTO COJEpPXKAHHA XHMHYECKHX

3/IEMEHTOB Ha GOJbIIHX YYaCTKax JIYHHOH INOBEPXHOCTH, HCUOJb3YIO-

wuiics npH nosere Kopabaeit «AmosoH-15 u -16» (@af o6aydenus
FPYHTA <HCIOJIb30BAJIOCh» PEHTreHOBCKOoe H3ayuenue Cousnua)

s Bo30YKIeHHS JIUIIb HanOoJlee JIeTKUX 3JeMeHTOB—Mar-
HHS, aJIOMHHHA, KpemMHuA. KpoMe Toro, HHTEHCHBHOCTH
peHTreHoBcKoro wuasnydyeHnsi CosiHIA BecbMa HeIOCTOSIHHA,
B CHJY 4ero HeBO3MOXHO OBLJIO NPOBOLHTH abCOJIOTHBIE
H3MepeHHs] KOHIeHTPpalui.

B amepHkaHCKOM 3KcepHMEHTE HCIIOJNb30BAJHCh TPH
IleTeKTopa ¢ OKHaMH, H3TOTOBJEHHBIMH H3 TOHKOH OepHJi-
J0Bo# ¢osbru. BBHAY TOro 4TO KpeMHHi, MarHU# H aJio-
MHHHH HMEIOT oO4eHb OJIH3KOe IO 3HEPrHH (JyOpecIeHT-
HOE H3Jy4eHHe, IJs onpelejeHHS HHTEHCHBHOCTH JIHHHH
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3THX 3JIeMEHTOB INPHMEHAJHCh aJIOMHHHEBHH H MarHHe-
Buili puabTpel. C NOMOLIBLIO CTEUHAJbHOrQ HCTOYHHKA Ie-
PHOAHYECKH NPOBOAHNAch KaaubpoBKa aeTeKTopoB. [as
KOHTPOJIS 32 HHTEHCUBHOCTbIO PEHTT€HOBCKOTO H3JYYeHHs
CosHna 6Bl yCTaHOBJIEH COJIHEUHEIH MOHHTOP, paboTaB-
WHA B JAHana3oHe 3HeprHii or 1 mo 3 k3B. aa moayye-
HHSl 3HEPTeTHYECKHX CHEKTPOB (IyopecleHTHOTO peHTre-
HOBCKOT'0 M3JIyueHHs HCII0JIb30BaJICd BOCbMHKAaHAJbHBH aM-
IJIMTYJHKIA aHaJu3aTop.

Hamepennss ¢ op6UTH NMPOBOAMJHCH B TeUeHHe HAecsT-
KOB 4acCOB H OXBaTHJH OKoso 20% JyHHOH NOBEPXHOCTH.
B rTex Mectax, rie usmepeHus OblJIH INpOBeleHH Kak
«AnonnoHoM-15», Tak M «AnonnoHoM-16», oHH daau GJaH3-
KHe pe3yJbTaThl, COBNajamlixe ¢ TouHocTbio 1o 10%. B
pe3yJbTaTe 3THX HCCIefoBaHHil OLIJIO H3MEPEHO OTHOCH-
TeJIbHOE COflepXaHHe MarHus, aJIOMHHHSE H KDeMHHS B OT-
JeJbHHX, HO OOIWHPHBIX pafioHax JIynn. H3-3a Goaboii
CKOPOCTH H 3HaYHTeJbHOH BBHICOTH OPOGHTAaNbHOrO MOJETa
KaxJlasg «TOYKa» 3THX H3MepeHHH COOTBETCTBOBaJia yuya-
CTKY NMOBepXHOCTH pa3mepoM mpuMepHo 100X 150 xm.

Op6uranbHEEe H3MepeHHs MOATBEPAHJIH TOT (akT, 4TO
«MODCKHE» H «MaTepHKOBHIe» paiioHbl JIyHH 3aMeTHO pas-
JHYAIOTCA MO COAEPKAHHIO B HHX ajioMuHus. OTHolleHue
KOHUEHTPaUHH «aJIOMHHHN/KPEMHHUI» COCTaBHJIO AJS «MOP-
ckux» pa#ioHoB ot 0,29 no 0,38, A1 «MaTePHKOBHIX» —
ot 0,42 no 0,69, uTo xopouio corJacyercsi ¢ pe3yJbTaTaMH
Ipyrux skcmepuMmenToB. HaGaiomanach Take onpejefieH-
Hasl KoppeJsiUHsl MEXJy COofepKaHUeM aJllOMHHHMA H OTpa-
JKamlled cnocoOGHOCTbIO COOTBETCTBYIOLIET0 ydacTKa JyH-
HOH mnoBepxHOCTH. DTOT (aKT OB BCKOpE NOATBEPKIEH
COOTBETCTBYIOLIUMH HCCJIEeOBaHHSIMH, BHIIOJHEHHBHIMH Ha
«Jlynoxone-2».

JI10GOMBITHO OTMETHTb, YTO COAEpXKaHHe aNIOMHHHA B
«MODPCKHX» palioHax OblJI0O BHILIEe B KpaeBbIX YaCTAX «MO-
pei», rpaHHYallUX C «MaTepHKaMH». Aror pesyJabTaTt MO-
JKeT, Boo6Guie ToBOpS, NOATBEPKAaTh (HaKT ropH30OHTAJIbHO-
ro mepeHoca BellecTBa Ha JYHHOl TOBepXHOCTH ¢ GoJee
BHICOKMX «MaTepPHKOBHIX» palioHOB B 06oJiee HH3KHE «MOp-
ckuey, OHAKO He HCKJIOYEHO, UYTO 3TO BHI3BAHO Heu3Oex-
HBIM A/ JAAHHOTO 3KCIIePHMEHTa YCpeTHEHHeM IO CPaBHH-
TeJbHO G6OJIbLIOH IJIOMIAfM: TPH H3MEPeHHH KpaeBHX 00-
JacTed «Mopeii» B moJie 3peHHss npubopa MOIJH MONmanarth
YaCTH «MaTepPHKOBHIX» PpaioHOB. B To e BpeMsa o6GHapy-
XKeHHoe «J/IyHOX0AOM-2» 1moOCTeneHHOe H3MEeHeHHe XHMH-

23



YecKOro COCTaBa BellecTBA B 30HE KOHTAKTa «MOPCKOH» H
«MaTepHKOBOii» o6jacTell CBHAETENbCTBYET B IOJb3y Ha-
JIMYHA IiepeMellleHHs] BellleCTBa ‘Ha JYHHOH ITOBEpXHOCTH.

O HaJuyuM HepeHoca BellecTBa CBHIAETEJbCTBYIOT TaK-
J)Ke H MaTepHasJbl M3y4YeHHsI HeKOTOPBHIX oOcoBGeHHOCTel
CTPYKTYpPH JyHHOHl moBepxHOcTH. Tak, Hampumep, Haxo-
Jsligecss Ha JOBOJIbHO CIJ1a)KeHHOH NOBEPXHOCTH KaMHH
NorpyxeHsol B [PYHT TaK, YTO MMeeTcCsl pe3Kasl JUHHA Pas-
IeJsa, TIpHYeM BepXHHe [OBEPXHOCTH KaMHeH 4acTo COBCeM
He TOKPHITH NHIBIO. KpoMe TOro, OTCyTCTBYIOT Hapylle-
HHMS CTPYKTYPHl TDYHTa, KOTOpble NOJIXKHBI OblaH OBl BO3-
HHKHYTb IIDH TaJeHHH ITHX KaMHel, SIBJASIOMUXCA BHIOpO-
caMu 1Ipu KpaTepooGpa3oBaHuH. s OGBACHEHUS ITUX
¢akToB Tpebyercs N0cTaTOYHO 3¢ (HeKTUBHBA H OBICTPHIH
MeXaHH3M, KOTODHIl JOoJuKeH OBl CrIaiuTh I'PYHT H IIPH
5TOM He MOKPHITh CJOEM NbWIH Bepx KaMHe#l u He obpa-
30BaTh Bajla BOKPYT Ka)IOro KaMHS.

XapakTep 30H pasiesa MexXIy ropaMH H OKPYKalolllH-
MH paHOHaMH CBHIETEJHCTBYeT B MOJb3y MepeHoca Mare-
puaJjia BO3BBILIEHHOCTeH BHH3 MO CKJIOHaM. KaMHH 4dacTo
KOHIEHTPUPYIOTCA BJAOJbL PasjOMOB M INHKOB, YTO, IO-BH+
IUMOMY, BBI3BAHO NEPEHOCOM MeJIKHX YacTHIl BHH3, INIpH-
BOAAIIUM K OOHaXeHHIO paHee morpeOeHHBIX KaMHeill. B
TOPHBIX pafioHax Ha JI000H HMIHPOTEe MEeCTHhle HH3MEHHOCTH
SIBJASIIOTCS -OTHOCHTEJBHO IJIOCKHMH. OTO TaKke MOXHO
paccMaTpuBaTh Kak pes3yJbTaT IlepeHoca BelllecTBA C C€O-
CeTHUX CKJOHOB BHHS3.

[To-BunuMoMmy, cefiuac Mbl HabJaOfaeM 3amneyaTJeHHBIE
Ha TOBEPXHOCTH pe3yJbTaThl INepeMelleHHH MeJKHX ua-
CTHIl TPYHTa, ITPOHCXONHBIIHX B TeueHHe MHJIJIHOHOB JIeT
0 «KOCMHUYecko#l 3pmi». Imerorcsi sxcmepumeHTasbHBIE
IaHHble, CBHAETEJbCTBYIOIIHE O HAJHYHH TBIJIH B OKOJO-
JIVHHOM mnpocTpaHcTBe. Tak, Hampumep, elle npubopamu
«CepBeiiepoB» GBLIO 3apeTHCTPHPOBAHO CBEYEHHE JYHHOTO
TrOpPH30HTa, MpojoJKaBimeecs B Teuenne 90 MuH mocJae 3a-
xona Cosanua. C momoubio «CepBefiepa-7», B 4acCTHOCTH,
OBIJIO 33aperucTPUPOBAHO CBeYeHHe TOPH30HTA, PaclpocT-
paHusiBuieecs Ha 2—3° B KaXKJIyI CTOPOHY OT JHHHH 3aXO-
na ConHua M TpuUmoAHsToe mo BepTuraaw Ha 3—30 cMm
Hax JIMHHe#l TOPH30HTAa, NpHYeM HHTEHCUBHOCTb CBEUEHHS
MOHOTOHHO YMeHbLIaJiach CO BpeMeHEeM.

buio mpensioxkeHo chaefyiouee o6bsiCHEeHHE 3TOMY SB-
JieHuio. BOaH3H TOBepXHOCTH, BHAHMO, HMeJoch 00JIaKo
B3BeIeHHBIX YaCTHLl JYHHOro TPyHTa, KOTOpHE H pacceH-
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BaJiM COJIHEYHBIH CBeT B IOJIHOCTBIO 3aTeMHeHHYI0 00/acThb,
rie CTOAJ KOCMHYecKHH anmapaT. Pacuer paccesHus cse-
Ta Ha NBUIEBHIX YACTHIAX TO3BOJIHJ OLEHHTb HX Pafuyc —
5—6 MKM.

HuTtepecnyio uHGOpMauMI0 JalH ONTHUECKHE JKCNEPH-
MEHTHl, TPOBOAMBIIHEcH Ha «JIyHoXxome-2», YcTaHOBJEH-
HBEIl HA HeM acTpO(POTOMETp pPerHCTPHPOBAJ SIPKOCTh JYH-
Horo He6a B ONTHYECKOM M yabTpadHoseToBOM JHAma3so-
HaX cmekrtpa. Dmlna saperumcrpupoBaHa H30bITOYHAs 1o
CpPaBHEHUIO ¢ OXHAAeMOH SIPKOCTh B TeueHHE JYHHOTO IHS
H JYHHOH HOUH, 0coOeHHO CHJbHasi B BHIHMOH o0O6JacTh
cnekTpa. Ee H3MeHeHHe B 3aBHCHMOCTH OT 3€HHTHOI'O pac-
crosinusi CosHua MoxkeT OBITh OOBSICHEHO HaJHYHEeM B OKO-
JIOJIYHHOM TNIPOCTPAHCTBE HEKHX YAacTHIl, pacceHBalOIHX
cBer. IlpHyemM onTHYeCKHe XapaKTePHCTHKM 3THX YaCTHLL
OKa3aJIuChb TaKHMH Ke, KaK y JYHHOH HBIJIH.

HeoGuiunble onthueckne 3¢ deKTs GBLIM 3aMeyeHbl Tak-
JKe NpH Ha6JI0JeHUAX, TPOBeJeHHBIX Ha OKOJIOJYHHOH op-
6ute Bo BpeMs moJeta Kopabuseir «Anoasnons. Komanaup
«Anonnona-17» 10. Cepuan pgenan 3apHCOBKM CBOHX BH-
3yaJbHHIX HabJIOfeHMi, B YAaCTHOCTH OTMedYaJ MNOsBJIEHHE
CBEYEeHMs] HajA JYHHBIM TOPH30HTOM NpH Bocxofe CogHua.
3a 2 muH g0 Bocxona CosHua Ha QoHe cBeueHHs IOSIBH-
JHCb CBOeOOpa3Hble JyyHCThle CTPYKTYPHl — <«CTPHMEpHI»,
HHTEHCHBHOCTb KOTOPBIX GHICTPO yBesauuuBajacb. CKOPOCTb
H3MeHeHHs SPKOCTH «CTPHMEpPOB» M HX YIJIOBHIE Da3Mephi
(6onee 30°) ykasbIBalOT HA TO, YTO OHH NPOU3BOLHJIHCH Ka-
KHM-TO TIPOLIECCOM, AeHCTBYIOUIMM B OKDECTHOCTAX JIYHHL
OGpasoBaHue «CTPHMEPOB» MOXKET OBITh BBHI3BAHO HEKOTO-
PHIMH AeHCTBHTENbHBIMH (H3UYeCKUMH BapHalisIMH B KOH-
HEeHTPAUHH NHJIH. XapaKTepPHO, YTO «CTPHMephHI» He Hal-
JIONANHCh B TeueHHe moJeTa «AmnoJioHa-16» (3a mosarozaa
oo «Amoanona-17»), H, caenoBaTesbHO, 00J1aCTH pacceH-
BAIOIHX YAaCTHL, He MOrYT OBIThb IOCTOSIHHHIMH IO HPHpPO-
e (KOHUEHTpaUus YACTHI, B HHX MOXeT CYILeCTBEHHO H3-
MEHSITbCS CO BpeMeHeM).

BusyanbHele Ha6JI0JeHHS acTPOHABTOB Ha OKOJIOJYH-
HOH opOure MOryT OHITh OOBsICHEHBl paccessHHEM CBeTa
IBIEBOH cpeloi, mpocTHpalollefics 3a INpeaejhl OPOHTHI
Kopabas (120 km). HauGosee BeposiTHBHIE pa3MepH YacTHI
noiin ouenuBaroress B 0,1 MKM. Pe3ynbTaThl  OmHMCaHHBIX
HabJIofeHuit Jal0T XOopollee corjacHe ¢ JaHHHMH «JIyHo-
xoma-2s.

Kakum xxe o6pa3om TiomafaloT yaCTHLH JYHHOTO TPYH-
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Ta Ha TakKue BBICOTHI? KaKoBb MeXaHH3Mbl MOAbEMa M Ie-
peHoca JyHHOro BellecTBa?

OnHO3HAYHOTO OTBeTa Yy4yeHble NMOKa He HamaH. HawuGo-
Jiee BepOSITHBIM CYHTAeTCH TaK Ha3blBaeMBIH 3JIEKTPOCTa-
THYeCKHH MexaHu3M. B OIHOM H3 BapHaHTOB 3TOro Mexa-
HH3Ma Y4YUTbIBaeTcsl TOPH3OHTAJbHBIA NepPeHOC JAYHHOH Tbl-
Ju#, BHIOHTOM ¢ MOBEPXHOCTH yJapaMH MHKPOMETEOPHTOB,
B csab6oM 3JeKTPHYECKOM moJe. To moJie oOpa3yeTcs NpH
HOHH3alHH aTOMOB IPYHTa NOJ BO3JAeHCTBHEM YJbTpadHo-
JetoBoro H3jaydyeHuss COJIHIA, M ero BeJHYMHA JOCTATOYHA
JJs NOANePKAHUA BO B3BelleHHOM COCTOSIHHH HeO6OJIbIIHX
3apsXKeHHbIX MbIHHOK. YJAapbl MHKPOMETEOPHTOB pPaspy-
HIAIOT MaTepHas MOBEDPXHOCTH H BHIOMBAIOT YacTHUBI NBI-
JH — MeJbyaiflllHe H3 HHX YCKODPSAIOTCSA B 3JEKTPHUECKOM
noJie U YCKOJb3aI0T B MeXIJaHeTHOe NPOCTPAaHCTBO, Npe-
ofoneB npursxkenue Jlynbl, HanGoJiee KpPyHmHble YaCTHIBI
MaTepHaJ/Ja ONyCKAalOTC B HENOCPEIACTBEHHOH OKPECTHOCTH
najgeHuss MHKPOMETEOPHTa, H TOJbKO YacTh H3BepIKEHHOro
MaTepHaJjia HMeeT Maccy, IPHUTOJHYI0 IJs TepeHoca CHJja-
MH 3JeKTPHYECKOro MoJif. DTH YacTHUB ABHXKYTCA 3a CUET
FOPH30HTAJBHOH  CcOCTaBJAfAIOLIei HayaJbHOH CKODOCTH,
«IOAMPBHITHBasi» B 3JEKTpPocTaTHyeckoMm mnoJe Jlyunel. Bpe-
M HX KHM3HH B MoJleTe Haj OCBEIleHHOH NJIOCKOH paBHH-
HoO#H oueHuBaercs oT 4 10 300 4.

Jpyroit BapuaHT 3JIEKTPOCTATHYECKOTO MeXaHH3Ma «pa-
GoTaeT» TONILKO B 30He TepMuHatopa? Ilpu mpoxoxne-
HHH NOCJIEJHer0 N0 JiyHHOH NOBEDXHOCTH OTHAeJbHBIE MeJ-
KHe BO3BHIIHEHHOCTH (OYropkH, KaMHM H T. JI.) OCTalOTCs
YACTHYHO OCBelIEHHBIMH [OBOJIbHO MJIHTeJbHOe BpeMs, a
cOceJHHEe Y4YacCTKH Haxoistcsl B TeHu. Ha rpaHuue mexay
OCBeIUEHHOH K COBEpUIEHHO TEeMHOH obsacTiMd HpH B3a-
HMOJIeAICTBHH PEHTIeHOBCKOTO M YJbTPa(HOJeTOBOro H3JYy-
yennit CosiHUA ¢ JIYHHOH MOBEPXHOCTbIO BO3HHKAKOT 3JeK-
TPHYECKHE IOJIf, MpHYeM 3HAUHTeJbHO GoJsiee CHJIbHBIE, YeM
B PacCMOTPEHHOM BBIIIe BapHaHTe. DTH MOJS MOTYT MOJ-
HHMaTh MeJbyalilliie 3apsXKeHHble YaCTHUBl JYHHOrO TPyH-
Ta Ha HeKOTopyio BhicoTy. JasbHefillee cBoe JABHXKeHHE
IBJINHKY COBEPINAIOT yXKe NOA AeHCTBHEM IPaBHTAlMOHHBIX
CHJI, HampuMep, mepeMellasichb BHH3 IO CKJOHAaM H 3acChl-
masi JHO KpaTepoB. B mosp3y paccCMOTPEHHOro MexaHH3Ma

2 TepmuHaTOp — TrpaHHUA AHA M HOYH, OYeHb pe3Kas Ha JlyHe
u3-3a oTcyTctBHsi atMocdepn. IIpu Bpamenun JIyHn TepMHHaTOp me-
peMelnaeTcss MO JIYHHOH NOBEPXHOCTH.
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roBODHT TakoH (akT: Korga HHTEHCHBHOCTb PEHTIeHOBCKO-
ro u3ayyenusi CoJsHua Bo3pacTtasa (a 3TO ZOJKHO TPHBO-
OUTb K YBEJHYEHHIO KOJHYecTBAa NMBIIMHOK Hajl JYHHOH mo-
BEPXHOCTbIO, KOTODHE pPacCeHBAalOT BHAHMBI  COJNHEUHHH
CBET), TO BO3pacTaja M HHTEHCHBHOCTb CBEYEHUS JYHHOro
ropu3onTa, uaMepennoro «CepBeiiepaMu».

Ilo HacTosilero BpeMeHH HENMOOPeACTBEHHasl NpoBepKa
B JYHHBIX YCJOBHSIX IPeNJIOXKEHHBIX 3JeKTpOCTaTHyue-
CKHX MEXaHH3MOB He mpoBoAuJaach. B sna6opaTopHHX yc-
JIOBHSIX Ha 3eMJe BeJOCh 3KCIEePHUMEHTaJbHOE MOJENHPO-
BaHHe HEKOTOPHIX CTOPOH 3TOro Ipolecca, IPHYeM Ha aHa-
Jorax JYHHOrO IDYHTa W Ha HaTypaJbHBIX o06pas3uax JyH-
HOTO BellleCTBA MOATBEpXJeHa BO3MOXHOCTb 3JeKTpOcTa-
THYECKOro nepeHoca. Bo3HHKJH, OXHAKO, NPHHLUUNHAJbHHE
TPYAHOCTH, CBsI3aHHble C HEBO3MOXHOCTbIO ObecneyeHHS B
MOJIEJbHBIX 3KCIEepHMEHTax TeX JKe YCJIOBHH, 4YTO H Ha
JlyHe (B WacTHOCTH, OYeHb BEICOKOI'O BaKyyMa, HeoGXonu-
MOro [Jifl pea/JiM3allHH 3JEKTPOCTAaTHYECKHX 3¢ (deKToB).
ITosToMy npoBemeHHHE K HacTosilleMy BpeMeHH Jabopa-
TOPHBIE HCCJAENOBaHHA He SBJAIOTCA JOCTAaTOYHO IOJIHHI-
MU H He NIPHBEJNHU K ONpeJeJeHHBIM KOJHYeCTBEHHBIM BLIBO-
ZaM. B cBs3u ¢ 3THM mnpeiacraBiasieTcsl Lenecoo6pa3HbBIM
OOCYAHTb pPSIA SKCNEPHMEHTOB, BBHINOJHEHHE KOTOPHIX B
JYHHHIX YCJOBHSIX NO3BOJIHJO OBl OMpEeNeNeHHO CYAHTb 06
3 (EeKTHBHOCTH 3JEKTPOCTATHUECKOTO MexaHH3Ma mepe-
Hoca.

[Ipu mepeHoce BeulecTBa pe3kas IpPaHHIA MeXIy ABY-
MSl COCEJHHMH NOBEDXHOCTSMH JOJIKHA pa3MblBaThCs, a
YacTHUB — MNepeMellnBaThcid.  VI3MeHeHHe  HEKOTOPBIX
CBOHCTB 3THX NOBEPXHOCTel, HapUMep XHMHUYECKOro cO-
CTaBa, PaJlHOAaKTHBHOCTH, ONMTHYECKHX XapaKTePHCTHK, KaK
pa3 H MoxeT GBITb OIpeleJeHO KOJHYeCTBEHHO, B UaCTHO-
CTH [IJAsl JBYX CMEXHBIX €CTECTBEHHHIX Pa3HOPOAHBIX TO-
BEepXHOCTel, KOTOPBIMH SBJSIOTCS JIYHHBIE «MOPS» H «Ma-
TEPHKH» (U3YUEHHIO NMOAJNEXKAaT CBOHCTBAa TUMHYHOTO «MO-
psSi», THOHYHOTO «MaTepHKa» H TePeXONHOH 30HB MeXAy
HHMH).

ITono6uble ncce0BaHUS HayaduCh SKCIIEDHMEHTaMH Ha
«Jlynoxone-2». IIpu 3ToM GBI ycnellHO NPHMEHEH peHTre-
HOBCKHH (JyopecleHTHbIH MeTOJ aHaJH3a IPYHTa, HCIOJb-
30BaHHe KOTOPOro MJsi 3THX LieJell KaxeTcs BecbMa Iep-
CTeKTHBHBIM.

Onnako u3yueHue INDaHUIbl eCTECTBEHHHIX Pa3HOPOIHBIX
NOBepXHOcTeH BecbMa 3aTPyAHHTENbHO H3-32 OTCYTCTBHS
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TOYHBIX JAHHbIX 00 HX IepBOHAYaJbHHIX CBOMCTBAX H O
BpeMeHH HayaJa npollecca NepeHoca. 3HauHTeJbHO GoJsee
HHGOPMATUBHBIMH IPEACTABJSAIOTCH HCCJAENOBAaHHA «pas-
MBITHSI» TPaHHIL, MEXJy Pa3HOPDOAHBIMH MaTepHaJ/aMH.

Boamoxken Takoit xon uccienoBaHusi. Ha ayHHBE rpyHT
IIOMEIAeTCs] HEKOTOpoe «ISITHO» (MM TpPyNma <«msiTeH»)
HCKYCCTBEHHOTO» I'PYHTa C YeTKHMH rDaHUIAMU. 3aTeM ue-
pe3 onpefiesieHHbIe NPOMEXKYTKH BPEeMeHH IIPOU3BOAHTCA
HCCJIelOBaHHE <«DPa3MBITHS» TPaHHUBI JABYX Pa3HODOMHBIX
NOBEPXHOCTEH Ha OCHOBAHHH KOMIJIEKCHOTO H3yYeHHS H3-
MeHeHHH oOJacTu pasfena. KoJauuecTBo u Xxapakrep pac-
npejlesieHUs YacTHL, <«HCKYCCTBEHHOrO» TpDYyHT2 Ha OKpYy-
JKamllell MOBePXHOCTH CJyXKaT Mepoi CKODOCTH IiepeHoca.
Ilpun 3TOM MexaHHYecKHe H 3JIEKTPHYECKHe CBOHCTBAa 3TO-
Tro I'DYHTAa He JOJIKHBl CHJIBHO OTJIHYATBHCH OT <KJYHHBIXY.
BemiecTBo He JOJIKHO M3MEHSITh CBOHX XapaKTEPHCTHK INPH
JAuTeJbHOM NpebhBaHUH Ha JIyHe B ycCJ0BHAX Tay6G0OKOro
BaKyyMa, KOCMHYECKOH paAHalliH, Pe3KHX HepenajoB TeM-
mepaTtypel, a Takxke OTBeyaTb TPeGOBaHUAM, BHITEKAIOIIUM
u3 ocoOeHHOCTell NOCTABKH 3TOro BellecTBa Ha JIyHy, yma-
KOBKH H crioco6a HaHeCeHHs Ha [OBEPXHOCTb.

Hapsany c¢ sT™iMu skcnepHMeHTaMH BaXKHO NPOZOJIKATh
CHCTEMAaTHYECKHEe HCCIeNOBaHUA ONTHYECKHX 3(deKToB B
OKOJIOJYHHOM npocTpaHcTBe. Ilpnuem perucrpauuio cpeue-
HHS JIYHHOTO TOPH30HTAa XKeJaTeJbHO NPOBOJUTb HPH pas-
JIHYHBIX BapHAHTaX pacHOJIOXKEHHS ammaparypbl OTHOCH-
TeJLHO HAeTaJsell penbeda, a BuU3yajbHble HaAOJIOAEHUS Op-
OutanbHeix BocxofoB CoJsHIA HEOOXOAHMO KOHTPOJHPO-
BaTh npubopamu.

Kpome Toro, nabarogeHusi SPKOCTH JYHHOI'O TOPH30H-
Ta uejecooO6pa3HO NPOBOJUTH B TEUEHHE HJHTEJNbHBIX HPO-
MEeXYTKOB BPEMEHH KaK B HOUHBIX, TAK H B JIHEBHHX YyC-
JoBusix. B HouHOe e BpeMsi MOXHO HcCAeoBaTh u 3d-
¢eKTbl B3aHMONEHCTBHS METEOPDHTHHIX TeJ C JIYHHOH mo-
BEPXHOCTbIO, DErHCTPUPYsS BO3HHKAIOUIME INpPU 3TOM OINTH-
yecKue BCIBIIIKH. BO3MOXKHEBI M APyrHe 3KCHEDHMEHTHI, Ha-
InpUMep C HCIOJb30BaHHEM CHCTEMBl [IeTeKTOPOB IJs Of-
pelesieHds] HaAMpaBJeHUS U BeJUYHHBL HMIYJAbCa YaCTHI
JIYHHOTO PeroJiuTa, {IpuBeJeHHbIX B JIBHIKEHHE 3JeKTPOoCTa-
THYECKHM HJIH HHBIM MeXaHH3MOM.

DKcIepHMeHTaJ/lbHble HCCJIeJOBaHHS SBJEHHH mepeHoca
BellecTBa Ha JIYHHOH MOBEPXHOCTH TO3BOJIAT BBISICHHTD
poab ConHua B aBosouuu penabeda JIyHbel, a Takxke moMo-
TYT OTBETHUTb Ha BONpOC, moueMy obpaTHasi cTopoHa JIyHHI,
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CIIOlb TMOKpPBITAast KpaTepaMH W «MAaTePHKOBBIMH» BO3BHI-
LIEHHOCTSIMH, TaK PasuTeJbHO OTJHYAeTCs OT BUAUMOH cTO-
poHBl JIyHBI, 3HAUYMUTEJbHYIO YacTh KOTODOH 3aHHMAIOT
«MOpCKHe» HH3MeHHocTH? Takum obpasom, mpobjema Ine-
peHoca BellecTBa Ha JIYHHOH MOBEPXHOCTH, sBJsOLIASCA
yacTbl0 GoJsee ofuleit npoGiaeMsl — HOpMHPOBaHUS JYHHO-
ro pesbega, — Ge3VCIOBHO, 3afiMeT COOTBETCTBYIOIee Me-
5{0 B NOC/IEIyIOUIUX JKCIEePHMEHTAJbHBIX HCCAEIOBAHHSX
VHBL

U3MEPEHUA C NOMOLLLIO
ANMAPATOB «CEPBEHEP»

3anyckH aMepHKaHCKHX amnmapatoB Tuma «Cepseiieps
AMeJNH LeJbl0 He TOJbKO H3MepeHHe XHMHYEeCKOr0 COCTa-
Ba TPyHTa — IJIAHHPOBAJIOCh M HM3yuYeHHe JIYHHOTO peJbe-
¢a, rpaBuTanmoHHoro mojs JIyHB, a TakKkKe pPa3JHYHBIX
¢dbu3HUeCKHX YCJIOBHI Ha JyHHOH mnoBepxHocTH. OcyuiecTB-
JIeHHe 3Tod mporpaMmsl Hayajock B 1966 r., korma «Cep-
Befiep-1» coBepmiua MArkylo mocanky B Oxeane Bypp u
nepefias Ha 3eMJ0 H300paKeHHSI JYHHOH HOBEPXHOCTH.
C nomoupio mpuiayHuBlierocsi B anpene 1967 r. «Cep-
Beiiepa-3» mMpPoBOAMJIOCH (MOMHMO TEJNEBH3HOHHOH CBhEMKHU
MOBEPXHOCTH) OMpefeseHHe MeXaHUUYEeCKHX CBOHCTB IPYHTa.
3anycku «CepBeifiepa-2 u -4» OKOHUYMJMCh Heymauei.

ITocnennue Tpu anmapata 3toit cepun — «Cepseiiep-5,
-6 u -7», sanymennsie B 1967—1968 rr., nepenanu IBer-
Hoe H300paxKeHHe JIYHHOH MOBEPXHOCTH, ‘HCCJAENOBalH Me-
XaHHYyecKne CBOHCTBa JIYHHOTO TPYHTa, a TaKxke IpOU3Be-
Ju ompejesieHHe B HeM COJepXKaHHS psila 3JeMeHTOB Me-
TOAOM «OOGPATHO paccesHHBIX aJbda-uacTHU».

Cytb 3TOro Merona B caenymouieM. Anbda-qyacTHIBI, HC-
TylleHHble PaJHOAKTUBHBIMH HCTOYHUKAMH, IIPH CTOJKHO-
BeHHSX C SJpaMH aTOMOB HCIBITHIBAIOT paccessHHe, TPH-
4eM 3HEPIus pacCesHHBIX YaCTHI, 3aBUCHT OT cOpTa sifiep
M OT yrJja, Noj KOTOPHIM BBLJeTeJa pacCestHHas YacTHLaA.
Ecan o6nyunts Kakoe-nuGo BelecTBo anb(a-uacTHUAMH
CTPOro onpejeJieHHOHl HePrHH W YCTaHOBHTb (HOX (HKCH-
POBAaHHBIM YTJIOM) CYETYHK pacCesHHBIX YacCTHL, TO OH Gy-
IeT PerHcTPUpoOBaTh aJb(ha-yacTHUH JHIIb OTNPeXeNeHHBIX
SHePTHH, COOTBETCTBYIOIIHX HAJHYMIO B H3y4aeMOM Bellle-
CTBe TeX HJH HHBIX XMMHYECKHX 3JeMeHTOB, T. e. Oyner
NoJIyueH ompeneseHHbIH CIeKTp aJjbda-yactTul. B neiict-
BHTEJBHOCTH Ke, H3-3a 0COGBIX CBOHCTB PaAHOaKTHBHBIX HC-
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TOYHHKOB H CUETYHKOB CHEKTpP OyJeT COCTOATh HE M3 JH-
HHH, a H3 «OGPBHIBOB», COOTBETCTBYIOIMHX MOJOXKEHHIO 3THX
auuuit (puc. ). Ilo mosoxeHHIO «OOPLIBOB» M Ompenes-
10T, KaKHe 3JeMeHTbl MPHCYTCTBYIOT B HCCIeLyeMOM 06-
pasue.

Bo3MOKHOCTD aHaJiH3a CIEKTPOB paccesiHHHX aJbda-
YaCcTHI, B KayecTBe MeTOLAa H3y4YeHHS XHMHUECKOTO COCTa-
Ba Oblla U3BecTHa JaBHO, OJHAKO MeTOJ He NOJYYMJ pac-
NPOCTPaHEHHST B NpaKTHKe JabOpaTOPHBIX M NPOMBILLJIEH-
HBIX MCCJENOBaHHH B CHJY HECKOJbKHX IpHunH. Hampuwmep,
IaHHHH MeToJ II03BOJISIET YBEPEHHO OMpEeNe/HThb B OTHeJb-
HOCTH COJepKaHHe B CJOXHBIX o6pasmax JHLIb Tex 3Je-
MEHTOB, KOTOpHle PAacloJ/IOKeHbh B HauaJje NepHOJHYecKOH
tabauunl MeHgeneeBa. bBoJgee Tsaxkeable 3JeMEHTH 3THM
METOJOM TNPaKTHYeCKH MOTyT OHTh ONpejeJieHH JHIIb B
BUJe IPYNN — <«OT THTaHa 10 UHHKAa» (9 ajeMeHTOB), Bce
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JHepaur anba-yacTaus

3JIeMeHTHl «TsxKeslee LHHKa» W T. A. IlpuueM syume Bcero
MOXHO ONpeNeJHTb 3JEeMEHThl, eClIH NETeKTOp pEerHcTpH-
pyer asbda-yacTHLB, paccesiHHHle Ha o0pasue B o6pat-
HOM HampaBJeHun (Ha3alx). KpoMe toro, Meron mosBoJsieT
NPOBOJAHTb aHAJH3bl TOJBKO B BaKyyMe, NIPH 3TOM TOJbLKO
OJHH aHa/J{3 3aHHMaeT OYeHb MHOTO BPeMeHH — JHeCATKH
vyacoB. BnpoueM, B pamkax nporpaMmul «CepBeiiep» (He-
NOABHXKHBIE CTAaHUUU AJs JOKaJbHBIX HccaemoBauuit Jly-
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Hbl) ToOc/aefHee 06CTOATENbCTBO He Hrpajio oco6oil poOJH.
B To ke BpeMs clellyeT OTMeTHTb, 4TO AAHHBIH METOX Aa-
€T BO3MOXHOCTb ONpeJleJIuTh OGIIyI0 KapTHHY XHMHYeCKo-
ro CoCTaBa BellecTBa H NPH 3TOM cmocobeH yKa3aTb Ha
aHOMAJIbHO BBLICOKOE cOJepKaHHe KaKHX-JIH6O 3JIeMEeHTOB
(uu rpynn snementoB). OfHaKO OH He MO3BOJSET TOJY-
YHTh [eTaJbHble CBeleHHS O KOHLUEHTPAlHMH OTHeJbHBIX
3JIEMEHTOB, SABJSIOUIMXCA «NPeACTaBHTEJIbHHIMH» IJA pas-
HHX THIOB ropHelx mopold. Bce 3to ompegeanso To 06-
CTOSITE/NILCTBO, YTO JAHHBI MeTOJ HCIOJb30BaJCS JHIIb Ha
NepBOM 3Tale H3yueHHs XHMHYECKOrO COCTaBa [PYHTA.
PaspaGoTkoit paccMaTpuBaeMoro MeTofa B LeJSAX ero
NPHMEHeHHs1 HJS KOCMHYeCKHX HCC/IeJOBaHHH 3aHHMaJach
rpynna ydueHsix Mluctutyra um. 3. ®epmu npu Kamudop-
HHACKOM yHuBepcHTeTe (pykoBoautesab pabor A. Typke-
Buy). Co3nanHasi uMu annapatypa cranuuii <«CepBeiiep»
COCTOHT M3 6JI0Ka 3JIeKTPOHUKH H 6JI0Ka, B KOTOPOM pacmo-
JIOKeHbl PaJHOaKTHBHbIE UCTOUHUKY H JeTeKTOpH ajbda-ya-
ctul. CxeMaTHyeckoe u306pakeHne mocaefHero 6JoKa Io-
KasaHo Ha puc. 6. B OJoke, ycraHoBiaeHHom Ha <«Cep-

7

Puc. 6. BuinocHofi 6sok annapata <«CepBefiep» (mpH HCC/ITOBaHHSX

670K onmyckaacs Ha rpyHrt): I — pnerektop aibda-yactHu; 2 — pa-

JHOAKTHBHHI HCTOUHHK (ajbda-u3nydaTeab); 3 — HeTEKTOp NpPOTO-
HOB; 4 — HccaefyeMblf TPYHT
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Beifiepe-5», HCmoab30BaHW 6 afbda-HCTOYHHKOB pajHOak-
THBHOrO KiopHsi-242 (mepuon moaypacmapga 163 nus, sHep-
rus aabda-uyactun 6,11 MsB) o0uieit aKTHBHOCTBIO OKOJIO
100 mK. H3-32 nauTepbHOCTH MpeACTapTOBHIX HCHHITaHHH
H B CBSI3H C OTHOCHTEJBHO KOPOTKHM IIEPHOJOM IHOJypac-
mafia H3oTonma Heo6XoAuMO OHIJIO BCTaBHTh HOBLIH Ha6op
HCTOYHHKOB H IPOBECTH ero KaJHGDOBKY HellOCpelCTBEHHO
nepef caMblM CTapTOM.

Cam 6JI0K npencTaBasyi co60fi MPSIMOYroJbHEIEA Hapas-
JieJeNIuNe], B HUKHeH 4acTH KOTOPOTro HMeJach Kpyriaas
NJIaCTHHA, YCTAHOBJIEHHAs C LEJbI0 CBECTH K MHHHMyMY
norpyxenue G6JOKa B JYHHHA TrpyHT. B HmxHell Xxe ua-
cTH 6JioKa OblJIO KpyTJoe OTBePCTHe, yepe3 KOTOpoe HC-
clelyeMbli T'PYHT paBHOMepHO o0syuaJcsi aJjbda-uacT-
namMu. B6ausu ajbda-HCTOYHHKOB pacmosarajuch ABa IO-
JYNPOBOAHHKOBLIX HEeTeKTOpa, PerHCTPHPOBAaBIUUX aJbda-
YaCTHIbI, paccessiHHble B IIOYTH o6paTHOM (06JyyeHHI0) Ha-
npaBjaeHUH (B HHTepBaje yrioB 174:1°). PaccrosiHus or
IPYHTa A0 HCTOYHHKOB H OT JeTEeKTOPOB 0 IPYHTa OKOJO
7 cm.

Kpome Toro, B 6GJiOKe ObIIH YCTaHOBJIEHBl YeThIpe JHe-
TeKTopa npoToHoB. OHH pPErucTPHPOBANH MPOTOHHI, BO3HH-
Kalolllie NMPH AAEPHBIX peaKLUHAX, B KOTODHIX y4acCTBOBAJH
albda-uyacTHUB M SIApa 3JeMeHTOB JyHHoro rpysra. Ilo-
JyueHHBIe CNeKTPH NPOTOHOB HaBaJH HH(MOPMAUHIO O CO-
nepxaHHM HauboJiee JIETKHX 3JIeMEHTOB H CYIIEeCTBEHHO
JOMOJIHSIJIN Pe3yJIbTaThl HCCAENOBAaHUH, TIPOBOJAUMHEX IO Me-
TOLYy «00paTHO paccesiHHHX aJjbdha-yacTHL».

XapaxkTepHo#i 0COOEHHOCTBIO HCIOJb30BAHHOTO METOAA
M CO3JAHHOTO Ha ero ocHoBe mpufopa sABJAseTCd OYEHb
GosblIasi AJMTEeNbHOCTh aHaJau3a JyHHoro rpysra. Ilpu 3sa-
JaHHOH KOHCTPYKUHell reoMeTpHn mpubopa H HCIOJb30Ba-
HUH HCTOYHHKOB, B KOTOPHIX TpoHcxoauT -10'! pacmagos
pPafMOAaKTHBHHIX Siiep B MHHYTY, 3a 3TO BPeMsl MOXHO Obl-
J0 3adukcupoBaTh HpumepHo 60 anbda-yacTHu H Bcero
5 mporonoB. IlosToMy pmns ROCTAaTOYHO MOJIHOTO aHAJH3a
TpebOBauch llesible CYTKH HeNPepHBHOH pa6GoTel mpuGopa.

BJaok nerekTopoB OBl coefiuHeH KabejeM C 3JeKTPOH-
HbBIM G6JIOKOM, KOTODHIH Haxomuscsd BHYTPH craHuun «Cep-
Beiiep». Ha moBepxHocTh rpyHTa O6JOK HETEKTOPOB OIy-
CKaJicsl ¢ TIOMOIIbI0 3y6UaToro MexaHu3Ma Ha HeHJOHOBOI
uutH. O6uast macca anmapatyps 11 kr.

BnepBrle onucaHHbH npu6op OB YCTaHOBJEH Ha al-
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napate «Cepsefiep-5», coBeplIMBIIEM MSATKYIO NOCAAKy B
10XHOA vactu Mops CmokoiictBusi 11 centaGpss 1967 r.
Yepes 2 uy mocse mocaaku npubop Obl BKJIOYEH, H Ha-
gaJjiachb RKaJHOpOBKa C IOMOILLbIO 3TaJoHHOro o6pasua. Ilo-
JYYEHHBIH CHEKTp cOBHafaJ ¢ TeM, KOTOPHH OblI NmOJyYeH
Ha 3eMJie elle JO 3amyckKa.

ITocsne oxkoHuaHHsT KaJHOPOBKH OJIOK IETEKTOPOB Gbla
OnylleH Ha HEHJOHOBOH HHUTH A0 BHICOTH OKoJio 0,5 M oT
TPyHTa, H B TeyeHHe 3 4 NPOBOJHUJIHCH H3MepeHHsT (oHa
KOCMHYECKHX Jyuel. 3aTeM NPHGOD MOJHOCTbIO OBLT Omy-
LleH Ha TPYHT, H TeJIeBH3HOHHHEe H300pa*KeHHs MOLTBEpIH-
JH, YTO NpHOOp 3aHA] NIpaBHJIbHOe mogoxenue. C aToro
MOMEHTa COOCTBEHHO H HayaJjcsi 3KcnepuMeHT. Ero npojon-
JKHTeJbHOCTh COCTaBJs1JIa 0K0JIo 17 u.

13 cenrs6ps 1967 r. «CepBeiiep-5» coBepIIHI  «IOA-~
CKOK» IOCJle CIIelHaJbHOTO BKJIOUEHHS! PEaKTHBHHIX JBH-
rateneii. IIpy 3ToM OH HeMHOro cHnoJ3 BHH3 IO CKJOHY
KpaTepa M 3aHsJ HeCKOJbKO APYroe IOJOXKEHHe Ha I'PYHTE.
AHa/M3 HOBOTO yuacTKa mpojoJikaJjcs eie 66 u.

ITepBass 06paboTKa NOJYYEHHBIX CHEKTPOB C IOMOLIbIO:
I9BM nmnosBosuia OnpefesuTh NPOLEHTHOE COdepXKaHHEe B
JYHHOM rpyHTe kuciaopona (58+3%), amomunus
(6,5+2%) u rpynnn u3 16 saemeHtoB «oT ¢ochopa o
munkay (13+3%). Cpenanbl GHIIM TaKXKe OLEHKH HaJH-
yus yraepoga (MeHee 3%), HaTpus (Menee 2%), rpynmbt
«XeJje30, KoOaabT, HUKeJb» (6onee 3%) u rpymmsl «Td-
Kesee unHka» (menee 0,5%).

Takum o6pasoM, B pe3yJbTaTe aHa/JH3a NOBEPXHOCT~
HOT'O CJIOSI JYHHOro rpyHra (ray6uHoii oxoso 20 MKM)
BIepBhle YJaJ0Ch YCTAaHOBHTb OOLIHOCTb XapakTepa pac-
NPOCTPaHEHHOCTH MOPOAO0COpa3yOLINX 3JeMEeHTOB — KHC-
JOpoja, KPeMHHSI H aJIOMHHHS — Ha 3eMJe H Ha uccle-
JOBaHHOM yyacTKe JIYHHOH TIOBePXHOCTH IJIOLIAjAbl0O B He~
CKOJIbKO KBaZPaTHHX caHTHMeTpPoB. OZHAKO HACKOJBKO TH-~
NMYeH TaKoH cocTaB rpyHTa JAJs Bcell MOBepPXHOCTH JIYHHI
OBLIO HESICHO, IOCKOJIbKY HCCJENOBAHUS MPOBOLHJMCH NPaK-
THYEeCKH B «TouyKe». Heo6xomuMo OBIJIO NMPOLOJIMKHTH HC-
cJleJ0BaHusl B ApYyrux padoHax JIyHhl.

«CepBeiiep-6» (Hosi6pp 1967 r.), cOBepIUHBINHH MSTKYIO
nocagky B llentpaiabHoM 3anuBe, n «CepBeiiep-7» (sH-
Bapb 1968 r.), mpuayHHBIIHHCSH Ha CKJIOHe KPYNHOro Kpa-
Tepa Tuxo, Obl/IH OCHAHUIEHB! TOH Xe aNmapaTypoH, UCNOJb-
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syromesi MeroJ, «o06paTHO paccesHHBX aJjabda-yacTHL».
TIpuGop, ycraHoBJeHHHA Ha «CepBefiepe-6», mpoBes aHa-
JIH3 TOJBKO OLHOTO y4acTKa MOBEPXHOCTH: MOCJE <«NOACKO-
Ka» JIyHHOH CTaHIMH BBISICHHJOCH, UTO GJIOK ZATYHKOB IPH-
60opa JJs1 Hcc/elJoOBaHHA XHMHYECKOro COCTaBa IPyHTa Ha-
XOJHJ/ICSL B NEPeBEPHYTOM MNOJIOXKEHHH H He MOr BeCTH aHa-
JNH3 noBepxHOCTH. A paGora mpuGopa Ha «CepBefiepe-7»
3acTaBuJ/ia H3PSIIHO NOBOJHOBAThCSl ero cosjareteit. [eno
B TOM, YTO NPOH3OILJO «3aeJaHHe» B MeXaHH3Me ONmycKa-
HHA GJoKa JaTyHKoB Ha rpyHr. [locie momaum KoMaHAH
Ha onyckaHuye ‘0JI0K TaK U OCTaJICSl BUCETb B [OJyMeTpe Haj,
JyHHOH noBepxHocTbio. CHayasa nObTaJHCh HEMHOTO
BCTPAXHYTh OJIOK (AJISI 3TOrO CTaJH BKJIOYATh 3JEKTPO-
MOTODHl aHTEHHBl H COJHeYyHOH 6aTapeH), HaJaedch, YTO HX
BpallleHHe CcO03/aCT KaKHe-TO BHOpAlMH KOpmyca CTaHUHH
«Cepseiiep-7». Ho 3Toro He nmpousouo.

Yepes HecKoNbKO AHeil GBJIO NPHUHATO pelleHHe Ha
PHCKOBaHHYIO Olepal{i0 — CTajdd AaBHTb Ha OJOK KOB-
LI0M MaveHbKOro «3KCKaBaTOpa» — 3JeKTPHYECKOH Jomnar-
KH, CJAYXKHUBIIEH JJISi H3yYeHHS MeXaHHYECKHX CBOHCTB IpYH-
ta. Iloc/ie HEeCKOJbKHX HEeyNAayHBIX MOMBITOK 3acTPABIIYIO
HEHJIOHOBYI0 HHTb YZAAJOChb, HaKOHell, BHITAHYTb H OIY-
CTHTb Ha TIPYHT. B mnociepyoliue IHH 3THM Xe KOBLIOM
mepecTaBU/IH GJOK JeTEeKTOPOB Ha fABa JAPYIHX Yy4acTka
moBepxHocTH. TakuM o6pa3oM, yAajoch CAeJaTh aHAJH3BI
TpeX y4YacTKOB TPYHTa B IpefejaXx MeTPOBOH MJIOLIaNKH.

[TonyyeHHble pe3ysibTaThl B CHJy OrpaHHYEHHH CaMoOro
MeToga moTpeGOBasud NPOBeNEeHHS NOMOJHHTEJIbHBIX Jabo-
PaTOPHEIX SKCMEPUMEHTOB, MOAEJNHPYIOIHX KOHKPETHHIE yC-
qoBusi paboTte mpu6GopoB Ha Jlyne. dTo O6BLIO CBA3aHO C
YTOYHEHHEM II0JI0KeHHS O6J0Ka AeTeKTOpPOB Ha MOBEpPXHO-
CTH, ¢ HeOOXOUMOCTBIO yueTa BJHSIHHS H3MEHEHHs TeMile-
paTypsl cueTYukoB u T. A. O6paboTKa CHEKTPOB C Y4eToM
pesyJbTaTOB JOMOJHHTEJIbHBIX MOJEJbHHX ONbITOB NO3BO-
JHJa aMEePHKAHCKUM YYeHBIM CAesaTb OKOHYaTeJNbHbie BhI-
BOJbI OTHOCHTEJIBHO MPOBEIEeHHBIX aHaJ/JH30B KOHLEHTpaluH
B JYHHOM TIDyHTe KHCJIOpOJa, MarHuf, aJIOMHHHSA; KpeM-
HHA, KaJblus, THTaHa ¥ xKeJje3a. [Ipy 3TOoM pe3yibTaTH
aHaNH30B B «MOPCKHX» pailonax (Mope Cnoko#ictBusi u
Llentpanbubiii 3ajuB) OKa3ajuch OJH3KH MexXAy coGoil.
B «maTtepukoBoM» ke pafioHe (kpatep Tuxo) H3MepeHus
fI0Ka3a/Jy COCTaB, OTJAHYAIOHAcHd OT paHee H3yUeHHHIX
paiionoB (cM. pasee Taba. 1 u 2).
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PEHTTEHOBCKMH ®YOPECLLEHTHBIA METOA:
«IYHOXOR-1»

HccnenoBanus, BunoJHeHHue annapataMu «CepBeiiep»,
TaK 7Ke KaK H OCylleCTBJeHHBH no3lHee aHaau3 ob6pas-
II0B TPYHTAa, JNOCTaBJEHHHX HAa 3eMJIO H3 «MOPCKHX» paHo-
HOB JIyHHI, MOKa3aJj{, 4TO XOTs JYyHHble NMOPOJABI U OTHO-
cATCA K OJHOMY M TOMY e Tuny (6a3ajbTOBHIX), OXHAKO
HMEIOTC HeKOTOpble OTJHYHs B HX cocraBe. Takum obpa-
30M, 0Ka3aJjioch, 4TO psAx npobJjeM ctpoeHuss JIYyHH H npo-
HcxoxaeHuss ¢opM JyHHOro penaneda oueHb TPYAHO pas-
pelluTh NyTeM aHaJH3a XHMHUYECKOro cOCcTaBa JIHIIb OT-
JeJIbHBIX YYaCTKOB JIYHHOH NOBepXHOCTH. -K Takum mnpoG-
JeMaM CEJEHOJIOTH OTHOCAT, B YACTHOCTH, BONIPOCH O CTe-
IIeHH OJIHOPOJHOCTH COCTaBa IIOBEPXHOCTH H O CBA3U peJbe-
¢a ¢ XUMHYECKHM COCTaBOM.

Hns Toro utob6H chesaTh KakHe-JuOO ompefiesleHHHE
BBIBOJB Ha ceif cueT, HeOOXOAMMO ‘GbIIO NMPOBECTH CPaBHH-
TeJIbHBIe HCCAeNOBaHHA Ha OOJbLIMX MNJOWIAASAX, H3YYHTh
COCTaB NOBEPXHOCTHOTO H TIOATIOBEPXHOCTHOTO CJIOER JYH-
HOTO TPYHTa B TIpefe/aXx XapaKTepPHbIX PaHoOHOB, I'le WHPO-
KO TIpeJICTaBJIeHH pa3HooOpasHble THNBL JYHHBIX oOpa3oBa-
HHH: KpaTepsl pasHBIX pa3MepoB H (HOPM, TP, PA3JOMHI,
KaMHH M CKaJbHble 0GJOMKH. EnHHCTBeHHAast BO3MOXKHOCTb
IJIs IIpoBeleHHs] NMOJOOHBIX HCCJeNOBAaHHH — HCIOJAb30Ba-
HHe CaMOXOJHBIX almapaToB, OCYILECTBJASIOINUX IiepeMelle-
HHe 10 JYyHHOH moBepxHocTH. M3yueHue cocraBa noBepXHO-
CTH B Ipefleslax 3THX ONpeJieJIeHHHIX PaHOHOB KpoMe CaMo-
CTOSITEJILHOTO HHTEpeca CnocoOCTBYeT OCYLIecTBJEHHIO pas-
HooOpa3Hoii pabGoTe mo «pusuueckoMy» Kaprorpaduposa-
IO JIyHBHI.

Camoxoanble JIyHHBIE aBTOMAaThl, HCcJenyss o6paslsl B
MecTax MX eCTeCTBEHHOTO 3aJIeraHus, MOT'YT OCYLIeCTBJSTb
XHMHYEeCKHe W MHHepaJloTMYecKue aHaJu3bl JYHHBIX NOPOA,
onpenessith HX (PU3HKO-MeXaHHUeCcKHe CBOMCTBa MO Mapul-
pYTy cJeloBaHMs, nepefaBas Ha 3eMJi0 COOpaHHYIO HH-
tdopmanuo. C noMompio NMOAOOHHIX annmapaToB MOXHO 06-
cJIeloBaTh OOGIIWPHHIE TEPPUTOPHH H IOJYYHTh GOJbIUONH
o6beM nHhOpPMAUKUH O CTPOEHHH JYHHOH NMOBEPXHOCTH, OCY-
LIeCTBHTh Iepeflauyy Ha 3eMJI0 TeJeBU3HMOHHHIX H306pa-
JKeHHH OKpyXamwulero Janamadra.

C yueroM Bcex 3THX TpeOOBaHMH COBeTCKasi MpoOrpam-
Ma KOCMHYECKMX wucciaefoBaHuil JIyHB npenycMatpuBaja
co3JaHHe MOOMJBHBIX aBTOMAaTHUYeCKHX JabopaTopuii, cho-
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COGHBIX NMepelABUraThbcA 1O MNOBepXHOCTH JIyHBI H UPOHU3-
BOJUTb KOMILJIEKCHBIe HayuHble HCCJIeJOBaHHUS JIyHBI BIOJb
cBoero nyTH. Ilpu 3TOoM npHILIOCH pellUTh UeJHH psk
NMPHHUHMIOHAJbHO HOBBIX 3alay. Benap, Hampumep, maxe moc-
Jie CepMH MATKHX NOCaJOK Ha INOBepXHOCTh JIyHH W Iie-
JIOTO psAfia NOCJeAYIOMIUX HCCAeJOBaHHH OCTaBaJjCs HEBHI-
SICHEeHHBIM BOINIPOC O TOM, KaKUM 06pa3oM OCYILeCTBJATh
TepelBHXeHHe anmnapaTta MO0 NOKDPLITOH CJ0eM MBIJIH JIYH-
HOH MOBEPXHOCTH TIPH HAJWYHH KpaTepoB H KaMHeH pas-
JIUYHBIX Da3MepoB, B YCJOBHSX KOCMHYECKOro BaKyyMa H
CHJIBl TAXKECTH, COCTaBJsfOUIefi JHIIL OAHY LIECTYI0 3eM-
HOH.

B cBsism ¢ 3THM HeoO6XOJHMO CKa3aTh HECKOJBKO CJIOB
O JIYHHOH HBUIH. B 3eMHBIX YC/JOBHSIX MBI NPHBBIKJIH, YTQ
MbLJIb — 3TO MeJKO H3MeJIbUeHHBIH MaTepuaJ, KOTOPHIH Be-
et ce6si MOYTH KaK KUAKOCTb. IIblib (Mecok) TeyeT Tak
)e, KaK BOJa; ee MOBEPXHOCTb TaK e, KaK H Yy XHIAKO-
CTH, HaXofslleHcsl B paBHOBeCHH, — IJIOCKash M pOBHas.
ST CBOMCTBA NBIIH OOBACHAIOTCH TEM, YTO B NBUIHHKAX H
Ha ee NMOBEPXHOCTH HAXOAHMTCA BO3AYX, KOTOPMIH BMecTe C
BO3JyXOM, COAepKAaIUHMCS MeXAy IbIJIHHKaMH, «CMa3blBa-
eT» YacTHUIB],, U OHH JETKO CKOJb3SIT OTHOCHTENBHO ADYT
Apyra.

JIyHHasi IIOBepXHOCTb HAaXOIHTCA B YCJIOBHSX, KOpDEH-
HbIM 00pa3oM OT/IHYHBIX OT 3€MHBIX: NMOCTOSIHHOe 00Jyuye-
HHe COJIHeUHBIM BeTPOM (T. €. 4aCTHLaMH, HCIycKaeMbIMH
ConHueM) H MeTeOpHTHasi GoMGapAHPOBKa, BO3JIeHCTBHE
yAbTPa(HOJETOBOrO HM3JAYYeHHS H TJIYyOOKHMH KOCMHUYecKHH
BakyyM. JlauTenbHoe ee mpeGbiBaHHe B BaKyyMe NPHBEJO
K TOMY, YTO Ha Hell mpoH3ollJo obe3rakuBaHue He TOJIb-
KO NMPOCTPAaHCTBA MEXAY YacTHUAMH, HO M CaMHX YacCTHUL.
B pesyabTaTe mblJieBble YAaCTHLBI JYHHOTO T'PYHTa IPHUMBI-
KalT HeNOCPeACTBEHHO ONHA K JAPYroil HJIH K HHXKeJexa-
1leli MOBEPXHOCTH, «CKJAEHBAascCh» B elUHOe IleJIoe MJH Ha-
Junasi Ha TOBEpPXHOCTb JPYTHX TeJ INPH CONMPHUKOCHOBE-
HuYM. DTH KOHTaKTHHle CHJB (TaK Ha3blBaeMble CHJH Ban-
nep-Baanbca) o6paTHO NpOMOPUHOHAJNBHEI CEIbMOH cTeme-
HH PAacCTOSIHHSI MeXJy 4YacTHIaMH, W, TOCKOJbKY 3T0 pac-
CTOSIHHE TOpSiKa pa3MepoB aTOMOB, KOHTAKTHble  CHJIBI
6oJiee 3HAUHTEJbHBI, YeM 'PaBUTAIHOHHbIE.

YacTuubl JyHHOH MBI COEJHHSIOTCS B OIHO ILeJoe,
IPYTHMH CJOBaMH, — MblIE€Bble YaCTHUB CKJIEHBAIOTCH
Apyr c¢ apyroM, o6pasyst Jerkuil, HO TBepAbH HEOXHOPOJ-
HElfi Matepuan. Caummuecss TakuM nyTeM o0pa3oBaHus
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IIPH MEXaHHYeCKOM BO3JEHCTBHH DPaCCHIMAIOTCH Ha Mel-
KHe 4acCTH, a NOA JeHCTBUEeM Tra3oBbiX CTPYH TOPMO3HBIX
ABHrartesieil NMPpH NMOCafike KOCMHYECKHX allapaToB Ha IO-
BepxHOCTh JIyHBI WBLIb JIETKO NOJHHMaeTcsi KBepxy. Bce
3TO Hago OBIJIO YYHTHIBATH COBETCKHM KOHCTPYKTOpaM.

B pesysbTate TIIATEJbHBIX PacueTOB H MHOTOYHCJEH-
HBIX Ha3eMHbIX UCHBITAaHUH MMH OBLIO CO30aHO CaMOXO[-
HOoe IIacCCH Ha BOCbMH KoJecaXx axXypHOH KOHCTPYKUHH C
TPYHTO3aleNaMH, C He3aBHCHMOH IOJBECKOH H NPHBOAOM
KoJiec. BrepBhie Gnlla CKOHCTpyHpoBaHa MamuHa — «JIy-
HOXOA-1», cnoco6Hasi mepeaBHraThbcsl B CJOXKHEHIIHX ycJO-
BHSIX JIYHHON NMOBEPXHOCTH H OCHAalleHHast KOMIJIEKCOM all-
mapaTyphl JJ Hay4yHBIX HCCJIEfOBAaHHA yxkKe He B OIHOH
TOYKE, a B LeJOM paloHe JIYHHOH MOBEPXHOCTH.

Bri6panubiit paiion s pa6otnl «JIyHoxoza-1» — Mo-
pe Hoxneit — sBJAseTcS OJHHM H3 KPYMHEHIUMX JYHHBIX
«MOpEH» C YeTKO BBIPaXKeHHOH KOJbIEBOil CTPYKTYpOH,
OKaiMJ/IeHHBI/ GeperoBLIMH FOPHBIMH MaccHBaMH. JIumpb Ha
wro-3anage Mope Hoxpne# He uMeeT ropHoro oGpaMm.e-
HHSl, H ero MoBepPXHOCTb cMblKaeTcss TaM ¢ OkeaHoM Bypb.
PaBHUHBI JYHHBIX «MOpeii» mpefcTaBAsiOT co6oil oGmup-
Hble H3MHAHMA 0a3asabToBHIX JaB. KopeHHble CKaJbHBIE TO-
POl TIEPEKPBITH ¢ MOBEPXHOCTH CJI0EM MeJKOpa3xpo6JeH-
HBEIX MOPOA, TaK Ha3biBaeMbIM pEroJIMTOM, HMEIOIIUM He-
3HauuTeabHyI0 TonmuHy (Menee 10 m). IToBepxnocts Mo-
pa Hoxnpelt Gosnee uaum MeHee paBHOMEPHO IOKPHIBAIOT
KpaTepsl AMAaMeTPOM JO HEeCKOJbKHX KuJjoMmerpoB. Ilnor-
HOCTb HMX paclpefeseHHs NPUMEPHO Takas Xe, Kak M B
«MOPSX» SKBATOPHAJbHON 30HE BHIMMOTO C 3eMJH IoO-
Jywapus Jlynsl. MlHoraa BbIIeNsiOTCA YYAaCTKH NPOTSXKeH-
HOCTBIO B JIeCAATKH KHJIOMETPOB, B KOTOPHIX MJOTHOCTb pac-
npefiesleHHs] MeJIKHX KpaTepoB Ha NMOPSAAOK BHIIe CPefHew.

B paiione Mopsi Joxnelt oTMeueHa ofHa H3 HauboJjee
KPYNHBIX TPaBHTAUMOHHBIX aHoMaauil JIyHel (Tak Ha3b-
BaeMblX MAaCKOHOB), BbI3BaHHasi, NMO-BHAMMOMY, H30BITOU-
HBIMH KOHLUEHTpaUHsIMH Macc BOGJH3H JYHHOH MOBEPXHOCTH
(n36urTok Maccel B Mope Hoxzeit oluenuBaeTcs NPHMEPHO
B 5-10 7). dakT o6HApyXKeHHs TaKUX aHOMAJHii B Me-
CTax OyeHb JpEeBHUX JYHHBIX 00pa30BaHHH CBHIETeJbCT-
syeT o JlyHe Kak o 6oJjiee TBepAOM Teje H ¢ 6oJjee HH3-
KHMH TeMIepaTypaMHu IO CpaBHeHHIO ¢ 3eMJe.

3anyck cranuuu «JIyna-17» ¢ «JIyHoxoaom-1» Ha Gop-
Ty cocrosiicsa 10 Hosi6pst 1970 r. C op6HTH HCKycCTBEHHO-
ro CNyTHHKAa 3eMJH CTaHUHA cTaproBana K JlyHe, m moc-
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Jie yCNEIIHOro MNpoBefeHHSs Heo6XOMHMBIX MaHEBPOB OHa
MArko onyctuaach 17 Hoabps B 3amafHoil npuGpexHOMH
gacth Mopsa Hoxneit B 40 xM K iory ot Muca lepakaun
B TOYKE C CEJEHOIEHTPHYECKMMH KoopauHataMu 38°17 c. .
u 35°00" 3. &.

OCHOBHEIM Ha3HayeHHeM aBTOMaTHUeCKoil cTaHuuu «JIy-
Ha-17» sBAsNach HOCTaBKa Ha JIYHHYIO NMOBEPXHOCTb dBTO-
MaTHYeCKOro CaMoXOJHOro amnmapata — <«JIyHoxoxa» H
obecrleueHHe TeM caMbIM paGoTHl NepBOH B MHpe NMOABHXK-
HOi aBTOMaTHuecKoll Jaboparopuu Ha Jlyne. C nomoumpbio
«JlyHoxoma-1» mpexnmoJgarajioch pewlinTh OOGLIHMPHBIN KOMII-
JIeKC HHIKEHePHO-TeXHHYeCKHX 3ajay, IIPOBECTH Da3HOCTO-
POHHHE HayuHBIe HCCJeJOBaHHUS.

K HHM oTHOCH.IMCB: H3ydyeHHe TomorpadHYecKHxX M reo-
JIOroMop(oIoTHYeCKHX OCOGeHHOCTEH MECTHOCTH; olpeje-
JIeHHe XHMHYeCKOro cocTaBa H  (H3HKO-MeXaHHYeCKHX
CBOMCTB JIYHHOI'O T'DYHTa; HCCJIeNOBaHHe paJHalIOHHOH 00-
CTaHOBKM Ha Tpacce mosera K JIyHe, B OKOJIOJTyHHOM
IpOCTPaHCTBE H Ha 1noBepxHocTH JIyHB; HcclefOBaHHe
PEHTTeHOBCKOI'0 KOCMHYECKOTO H3JY4YeHHs; SKCIepHMEHTH
no JasepHoil Jokauuu JIYHEI ¢ HOMOLIbIO YrOJKOBOTO CBe-
TOOTPaXKaTeJssi, YCTAaHOBJEHHOro Ha «JIyHoxone-1».

3anyckoM craHuun «JIyHa-17» mpeaycMaTpuBaJoCch
TaKXe pellHTb DSl KOHCTPYKTOPCKHX H HHXKeHePHO-TeXHH-
YeCKHX 3ajay, NPOJOJIKHUTL OTPABOTKY NOCamZOYHOH cTyme-
HH H crmocoba MATKON TOCaiKd Ha IoBepxHocThb JIyHHI.
Kpome Toro, mpeamosarajnoch IpoBecTH OTPaboOTKy MeTo-
OB JHCTAHIHOHHOTO YHpPaBJEeHHS C HCMOJb30BaHHEM Ile-
pedaBaeMoro Ha 3eMJI0 TeJeBH3HOHHOrO H306pakeHus
JIYHHOH NOBEPXHOCTH, NMPHOODPECTH 3KHMaXKeM ONHT MO yI-
paBjieHHIO JBUKeHHeM «JIYHOXOoma», MPOBEPHTH €ro CHCTe-
My TepMOperyJupoBaHHS NpPH paboTe B NMepHONBI JYHHHIX
IHeH M HOueH, IIOJYUYUThb TEJEBH3UOHHYI HHGOPMALHIO C
JYHHOH MOBEPXHOCTH MO Mapuipyty nepenBuxeHus. Cie-
AyeT OTMETHTb, YTO YCNellHas AoCTaBKa Ha JIyHy aBTOMa-
THYECKOro ammapara «JIyHoxon-1» mosBoJusia mepeiTH OT
HCCJIeIOBAaHUS JIYHHOH INOBEPXHOCTH B OTAEJBbHHX TOYKaX,
IPOBOJAMMBIX CNyCKaeMBIMH aBTOMAaTaMH, K 06cje0OBaHHIO
3HAYHTEJbHBIX N0 MPOTSXKEHHOCTH ee PaHOHOB.

ABToMaTtHuecKasi mepejBuxKHas Jabopatopus — «Jly-
HOXOA-1» M ckJaAbiBalolluecss Tpambl AJS €ro CXoAa Ha
NOBEPXHOCTh JIYHE ObLIM YCTaHOBJIEHB Ha YHHGHIHPOBaH-
HOH mocafoyHOH cTymeHH craHuuu «Jlyna-17». Cam camo-
XOJAHHIH amnapaT COCTOSI M3 JABYX OCHOBHHIX YacTeil: NMpH-
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GopHOro oTceKka M KoJjecHoro maccH. Macca «JIyHoxo-
na-1» — 756 kr.

FepmeTnueckuii NpuCGOPHBIA OTCEK, H3TOTOBJEHHBI H3
JIETKHX H MPOYHBIX CNJABOB, HMeJ ()OPMY YCEUeHHOro KO-
Hyca, BepXHfsi 4acTb KOTOPOro HCIOJb30BaJjJach KakK pa-
JHATOP-OXJaJUTeb B CHCTeMe TepMoperyJjupoBaHus «JIy-
HOXoJa-1» H 3aKpbiBaJach CHeLHaJbHOH KpHILUKOH. 3Ta
KpPBIIUKA BBHIIOJHAJNA ABOHHYI0 (QYHKUHIO: B NEPHOA JYHHOH
HOYH OHa 3aKpblBaja pafuaTOpP H MPENATCTBOBaJa H3Jy-
YeHHIO TelJa M3 OTCeKa, a B TeyeHHe JYHHOTO JHM KpHILI-
Ka OblJla OTKpPBITA, M 3JIEMEHTH COJIHeYyHoi GartapeH, pac-
TOJIOXKEHHble Ha ee BHYTpeHHeH CTOpOHe, ofecnmeuHBaju
NoA3apAAKY aKKyMyJSTOPOB, SIBJAIOIIHUXCA HCTOYHHKOM IH-
TaHUsA GOPTOBOH ammapaTypsl.

B npu6oproMm orceke «JIyHoxoma-1» pa3memaJnch me-
pelaOliHe ¥ NpHEMHble yCTPOHCTBA paXHOKOMIJIeKca, NpH-
60pbl cHCTeMBl  AHCTAHLHOHHOTO yNpaBJEHHS, CHCTEMBI
3JIeKTPONUTAHHSA, OJOKH KOMMYTAalUHH H aBTOMAaTHKH, NpH-
GOpH CHCTEMBl O0ecreueHHs TEMJOBOI'0 peXxXHMa, 3JeKTPOH-
Ho-nmpeo0Opa3oBaTeJbHbHE YCTPOHCTBA HayuyHOH ammapa-
TYpHI.

BoproBoit paguokommiekc obGecneyHBasJ MPHEM KOMAaHN
H3 UeHTpa ynpasJeHHs «J/IyHoxomom» W mepenady uHGOp-
Mauuu ¢ 6opra camMoxoLHOro ammapata Ha 3emiio. TeJe-
BH3HOHHAf CHCTeMa, ABe KaMepHl KOTOPOH pacroJarajuch
B IepefHelt yacTH Kopmyca, Obljia mpefHa3HayeHa AJSA Ie-
penayd Ha 3eMJII0 TeJeBH3HOHHBIX H300paxkeHHH MecTHO-
CTH, HEOOXONHMBIX «IKHIAXy», YOpaBjsiolleMy ¢ 3eMJH
aBuxeHueM <«JIyHoxona». Kpome Toro, cmeunanapHbie Ka-
Mepbl obecnedyuBaJH CbEeMKY MaHOpaMbl OKpyXKaiwlleHd Me-
CTHOCTH BO BpeMs CTOSHKH «JIyHOxomda».

Peskue TteMmnepaTypHbie mepemajibl NPU CMeHe JIHA 'H
HOYM Ha moBepxHOocTH JIyHB, a Takxe OoJjibllasi pa3HHuA
TeMmepaTyp MexAy dacTamu «JIyHoxona-1», HaxomsIHUMHU-
C Ha COJHUEe ¥ B TeHH, 0OyCJOBHJIH HeOOXOAHMOCTb pas-
pabOTKH IJS HEro CreuudaJbHOH CHCTEMBI TE€PMODeryJaHpo-
BaHus. [logmepxkanune HeoGXOAMMOro AJs HOPMaJIbHOH pa-
6oThl anmapaTypsl Tem1oBoro pexxuma «JIyHoxona-1» obec-
IIeYrBaJOCh KaK MacCCHBHBIMH, TaK H aKTUBHBIMH MeTOJa-
Mu. K maccHBHBIM OTHOCHJIOCH YMeHbIIEHHe TemJaooOMeHa
MeXIy OTHEJbHBIMH 3JE€MEHTaMH KOHCTPYKUHH <JlyHOoXO-
a» H OKPYXKalOL[MM NPOCTPAHCTBOM IMOCPEACTBOM MNpHMe-
HeHHs] 3KPaHHO-BaKYyMHOH TeNJIOH3OJISIHH H CHeLHaJbHBIX
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BHEIIHHX MOKPHTHHA. TemnsoBo#t pexum obopyroBanus, pac-
[OJIOXKEHHOTO BHYTPH NPHOOPHOTrO oTceka, obecrneynBascs
AKTHBHBIMH MeETOJAAaMH, T. €. MyTeM NpHHYAHUTeJbHOH cIle-
LHaJbHOH HHPKYJSLHH ra3a BHYTPH CaMOXOJHOTO anmapa-
ta. Ilpn aToM AJA mojorpeBa rasa CJAYKHJA H3OTONHHI
HCTOYHMK TeNJOBOH 3HEPrHH, pAacHoOJIOXeHHBIH B 3aiHel
4acTH Kopmyca.

ITpuGopueiit orcek «JIyHoxona-1» GBI ycTaHOBJEH Ha
BOCbMHKOJIECHOM IlacCH, CO3JaHHe KOTOPOro pa3pellHJo
NPHHUHIHAJBHO BaXHYI0O 3afayy KOCMOHAaBTHKH — BO3-
MOXHOCTb IlepeJBH:KeHHSI aBTOMaTHUeCKOH JabopaTopHi
no noBepxHocTH JIyHel. CamoxomHoe IaccH GHJIO CKOHCT-
PYHPOBaHO Tak, YTOOB rapaHTHPOBaThb BHICOKYIO NPOXOAU-
MocTh «JIyHOXola» HO JIYHHOH IOBEPXHOCTH H HaNEXHYIO
paboTy B TedeHHe MAJHTENbHOIO BpeMEHH IPH MHHHMAJb-
HOM cOOCTBEHHOM Bece H NOTpeOsseMOil 3JeKTPOdHEePruH.
Hlaccu obecneunBano nepenBuxKeHHe «JIynoxona-l» Bme-
pel W Ha3aj, a Takke ero NOBOPOTH (Ha MecTe H B IBH-
JKEeHHH).

J1s n3MepeHust comepxaHus B JYHHOM TPYHTE OCHOB-
HBIX 110POJ000pa3yolIuX BJeMeHTOB Ha «JIyHoxome-1» GuI-
Jla yCTaHOBJIeHa CIeKTpOMeTpHuecKasi anmapatypa PUOMA
(PentrenoBckuit  HMsoronumii  ®uayopecueHTHhli  MeTog
Ananusa). Cnektpomerp PHM®MA (Tak Xe Kak H ero
MoJepHH3HPOBaHHHIH Bapuaut — PHPMA-M, ycraHoBJeH-
Hblii Ha «JlyHoxome-2») Gua paspaGoTaH H cos3faH B Pn-
3UKO-TexHHuYeckoM uHCTHTYyTe uM. A. ®. Hodde (pykoBo-
autenas pabor I'. E. Kouapos).

Insa o6nyyeHHst JYHHOTO TPYHTa HCIIOJNB30BaJHCh Ia-
HeJIH ¢ PaJHOAKTHBHHIMH HCTOUHHKaMH, (JyopecueHTHOe
H3JyYyeHHe TPYHTa PeruCTPHPOBAJIOCH MPONOPUHOHAMBHBIMHA
cueTdyHKaMu (pHc. 7). CUeTyHK, MeTa/JJHYECKHH UHIHHAP
nuaMeTpoM okKojio 16 MM m aauHO# okoso 80 MM, ObLI Ha-
NOJNIHEH CMecbi0 aproHa u MeraHa. «OKHa» OJs BXoxne-
HHUA H3JYyYeHUs H3TOTOBJSJIUCh H3 TOHKHX (IOpsiKa Je-
csiTKa MHKDOMETPOB) MaTepuaJyoB (aJIOMHHHH, CHHTeTHUYe-
CKHMe NJIeHKH). DJIeKTPHUeCKHH HMIYJbC, BO3HHKAaBIUHA B
CYETYHKe NpPH NPOXOKIEHHH uepe3 Hero (JayopecUEHTHOTC:
PEHTreHOBCKOTO H3JIyueHHsI TPYHTa, YCHJIHBAJCS B 3JeK-
TPOHHOM INpeo0pa3oBaTese W NO pajHOKaHaNy nepeiaBali-
ca Ha 3emJio. [ns npeo6pa3oBaHHsl 3J€KTPHUECKOTO CHT-
Hajma Ha Gopty «JIlyHoxonma-l1» Haxommiacs 64-KaHaJbHEIE
aHaauzaTop — OJOK aMIJIHTYZHO-UHGpoBoro mnpeobpaso-
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Puc. 7. BHewHnuit
BHJ, MpONOpIHO-
HaJIbHBIX CUeTYH-
KOB MSITKOT'O PpEHT-
FEeHOBCKOTO  H3Jy-
4YeHHs, NPHMEHSB-
LWIHXCA B 3KCHEpH-

0 1 2 3 4 5 6 7 8 9 1011 12 13 MeHTaX Ha «/IyHo-
gl il m il xoze-1 u -2»

BaHHsl (mepefaya CMrHaJIOB Besach B JBOHYHOM Koje C JO-
6aBeHHeM HECKOJbKHX CJYKeOGHBIX HMIYJbCOB).
BeiHocHO# 6JI0K ammapaTypel, B KOTOPOM pasMellajHCh
paaHOaKTHBHble HCTOYHHKH, MHETEeKTOPBI H  YCHJHTEJ]b
(puc. 8), pacnonaragcs BHe «JIyHOxoZa» MexXAy ero Ie-
pelHHMH KosecaMu (cM. H3o0paKeHne Ha O0OJOXKKe).

Puc. 8. BHemwnu#i BuJ BbIHOCHOrO 6noka amnapatypst PUOMA-M. B
fledTpe — OGJIOK JeTeKTOpOB, B IepefHed BepXHeH YaCTH KOTOPOToO
PAacroyioXeH CUETYHK AJS PETHCTpaliHH PEHTreHOBCKOTO H3JY4YeHHS Koc-
mudeckoro mnpoucxoxaeHus. ITo o6e cTopoHH OT G6JOKa [eTeKTOpoB
HaxXONATCA MaHeJH C PajHOAKTHBHBIMH HCTOYHHKaMH
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OcrajbHbHe 3JeKTPOHHHE YCTPOHCTBAa HaXOAHJHCb BHYTPH
«Jlynoxoma» (puc. 9).

Ilocne mocaaku Ha JIyHy, npoBepkH (YHKIHOHHPOBa-
HUs GOPTOBHIX CHCTEM H OCMOTPa JYHHOH NMOBEPXHOCTH Ca-
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Puc. 9. Baok-cxema a) GopToBOoro H 6) Ha3eMHOro KOMILIEKCOB PEHT-
reHOBCKOH CNEKTPOMETPHUECKOH annapaTypu «JIyHOXoRoB» {meTeKkTop
IJIS PETHCTPAlHH DPEHTreHOBCKOTO H3JyY€HHSi KOCMHYECKOTO NpPOHCXOXK-
JeHHs ObLJ yCTaHOBJIEH TOMBKO Ha «JIyHoxome-2»): 1 — BHIHOCHOH
6/10K; 2 — 3JeKTPOHHHI O6NOK; 3 — aMIJHTYAHO-UHPOBOA npeos-
pasoBaTesb; 4 — mnepenawollee YCTPOHCTBO; § — naHenH ¢ paaHOax-
THBHBIMH HCTOYHHKaMH; 6 — npHeMHOe YCTPOHCTBO; 7 — 3J€KTPOHHbIE
YCTPOACTBa CHCTEMH 3anHCH HHGpopManuH; 8 — 3anmHcb HHPOpPMalHH
Ha MarHHTHYI0 JIeHTy; 9 — cHcTeMa 06paGOTKH HaHHBIX C BEIBOLOM
nHpOpMalKH Ha JEHTY LHponeyaTalomero ycTpoHCTBa

MOXOMAHHIH anmmapar «J/IyHoXox-1» mo cmennaJpHOMY Tpamy
colllesl ¢ MOCafAoyHOH cTynmeHH Ha moBepxHocTb JIynn. M3y-
YHB PaHOH NOCaJKH M OCMOTpPeB MOCANOYHYIO CTyIeHb,
yueHHle NPHHAJNH pelleHHe O ABHXeHHH «JIyHoxona-l» B
10XkHCM HanpaBjeiun. OcHOBHas 3afaya NepPBOro JYHHOTrO
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IHA 3akKJ/oyaJjach B NpoBepKe B HefCTBHH BCEX CHCTEM
«JIyHOxoza-1», mpexe Bcero arperaToB CaMOXOJHOTO IIAc-
CH, CHCTEMBbI yNpaBJeHUS H TeJeBH3HOHHOro HaOJIOXEeHHS.
IlpoBeneHHbII KOMIJIEKC HCIBITAHHA MOKasaJd XOpPOUIYIO
MaHEBPEHHOCTb H YNpaBJsieMOCTh «JIyHoxoma», a Takxe
BBICOKYIO HaJleXKHOCTh BCeX ero y3JOB.

He MeHee cepbe3HBIM HCIBITaHHEM HAJs KOHCTPYKTOPOB
H YYeHBIX fBHJIACh NepBasi «HoueBKa» <«JIyHoxoma-1». B
Te4eHHe JOJrod JyHHOH HOYH, NpOAoJIKalolledcd OKOJO
14 3eMHBIX CYTOK, TeMIepaTypa MOBEPXHOCTH OBICTPO OIY-
cKaercs A0 Temmepartyp okojo —150°C. Ceanchl cBA3u C
«JlyHoxomoMm-1», mpoBoguMBle B TeueHHe HOYH, JaJH BO3-
MOXKHOCTb MOJIyYHTh HAHHBIE O COCTOSIHHH €ro CHCTEM H
IOKa3aJjH, YTo TeMIepatypa H JaBJieHHe ra3a B npubop-
HOM OTceKe HaxoAATcs B mpedenax HopMbl. [Ipu stom TeM-
mepaTypa BHEIUHHX 4YacTed KOHCTPYKUMH <JIyHoxoma-1»
(xoneca, aHTeHHH) omyckaiaach o —90 — —125°C.

TenemeTpHueckne HDaHHBIE, MOJy4YeHHbIE B XOJ€ IEPBBIX
CeaHCOB MOC/e OKOHYAaHHS JYHHOH HOYH, CBHJETeJbCTBO-
BaJH O HOpMaJbHO# pabore GOPTOBBIX cHCTeM <«JIyHOXO-
Ha-1», ¥ ero ABHXeHHe Ha IOT MOCJE 3TOTO NPOAOJKH-
Jock. B Teuenne syHHoro aus, ¢ 10 mo 20 pekabps 1970 r.,
«JIyHOXOZ» TIpeojosies] MHOXKECTBO KpaTepoB Pa3HOro AMa-
MeTpa U TJyOuUHBI, KAMEHHBIX DOCCHIIEH M K KOHILy 3TOro
IHA «3aHOYeBa/J» Ha pacCTOAHHH (Mo mpsMo#) 1,5 kM ot
MecCTa MOCaAKH.

Ha caenyiomee «yrpo», 9 suBaps 1971 r., «JIyHoxom»
HanpaBHJCA B IIPOTHBOINOJIOXKHYIO CTOPOHY — (Ha ceBepo-
3amaj) 4 APYTHM NyTeM BepHYJCS K MecTy mocaikd. Tak
OblJl ycNellHO 3aBeplIeH BaXKHBIH 3Tam MepBOro B MHpe
HaBHTaLHOHHOTO 3KCNePHMEHTa MO BOX/IEHHIO CaMOXOZHO-
ro amnnapata 1O NMOBEDXHOCTH ApPyroro HeGecHoro TeJa.
ITpeonosieB Ha cBoeM NMyTH MHOTOYHCJEHHBIE MPENATCTBHS,
«JIynoxoa-1» okasascs B pacueTHodl Touke Ha JIyHe.

B nocaenywomue gayHubie AHH «JIyHoxox-1» mpoBozma
HCCJIe[IOBAaHUA B palioHe, PacCloJOXEeHHOM ceBepHee TOYKH
MOCAaAKH.

Bo BpeMst cBoero ABHXKEHHS [0 NMOBEPXHOCTH <JIyHo-
xoA-1» mpoxoausn BO/JH3M KpaTepoB pPa3HbIX JHAMETPOB,
npeojosieBaJ 30HbBI KpaTepHBIX BBHIOPOCOB BellecTBa €O
3HAYHTEJIbHBIX [VyGHH, KaMeHHble pocchini. Ha HekoTopHIX
H3 3THX YYaCTKOB MOBEPXHOCTH MPOH3BOAHJOCH BKJIOYEHHE
cnektpomerpa PUPMA, BpeMss paGoThl KOTOpOro AJs H3-
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MepeHHsi XHMHYECKOro cocTaBa TpPyHTa (B JaHHOM MecCTe)
COCTAaBJIAJIO OKOJIO Yaca.

Hapsiny ¢ 3THM IpPOBOAMJOCH KOMIIJIEKCHOE H3yuYeHHe
psila y4acTKOB JYHHOH MOBEDXHOCTH: Ha OJHOM H TOM Xe
yyacTKe C TIOMOILbIO IeHeTpoMeTpad M IIaccH ompeness-
JHCh (PH3UKO-MeXaHHYecKHe CBoficTBa rpyHTa, a C IO-
moupio annapatypsl PUOMA — ero xumuueckuit cocras.
OcyulecTBJASIIACh TaKXKe SKCHEPHMEHTH HayyHO-TeXHHYe-
CKOTO ¥ METOJHYEeCKOro xapakrepa.

PesyapraTel HcclefoBaHus NOKa3aJH, YTO COCTaB pe-
roaura B uccienyeMoMm paitone Mopsa oxneit 6.1u30K K
COCTaBY peroJuTa B JAPYTHX, -yXKe paHee 0O6CJeIOBAaHHBIX
paifioHax «Mopckoro» thma. OcoGeHHOe CXOACTBO B COCTa-
Bax Habuoznanocsk ¢ peronutoM Oxeana Byps u Mops H3o-
6unusa (cm. taba. 1).

Ta6auna 1

CocraB BemecTBa JYHHOI MOBEPXHOCTH B «MOPCKHX» pafioHax
(B mpouenrax)

Mope
Oxkean Bypn| Mope Mso- |[Mope ox-
dneMeHT S::K&Fg:'_ («Anoa-  (6unns («Jly-|neir («JlyHo-
Beﬁep15»§) JI0H-12») Ha-16») xon-1»)

AmoMunui 8 7 8 7
Kpemuuit 21 20 20 20
Kaauit — 0,3 0,08 <1
Kanpuui 10 7 9 8
JKeneso 9 13 13 12

CpaBHeHHe pe3yJIbTaTOB aHAJ/JIHM30B XHMHYECKOTO COCTa-
Ba perosuta Mops [oxzaell B pasHBIX TOYKax IOKa3aJo,
YTO BapHAllMH COCTaBa HaXoNSATCA B Ipelejax TOJHOCTH
aHaau3a. DTO O3HayaeT, YTO B HCCJAeJOBAaHHOM paiioHe Ha
ray6unax or 2—3 go 30—40 M cyllecTBeHHHX H3MeHe-
HUH B XHMHYeCKOM cOCTaBe, Mmo-BHAHMOMY, HeT. OTCyTCT-
BUe 3aMeTHBIX BapHallWii XHMHYECKOro cocTaBa TPYHTa, Be-
POSITHO, SIBJSiETCS OTpaKeHHeM oOLIero OJHOPOJZHOrO H OT-
HOCHTEJIbHO CIOKOHHOro xapakTepa pesabeda HccaenyeMo-
ro yyacTka, KOTOpPHIH HpelcTaBJsieT coGOH THNHYHBIA IpH-

3 TlenerpoMerp — npuHGOp 1/ ONpeleJeHHs INPOYHOCTHHIX Xa-
pakTepHeTHK rpyHra. CrelyajbHbIH IITaMI, PacloJOXEHHBIH Ha IUTaH-
re, BABWrajcsd B TpPYHT H NoBopayMBaJjcsi. MexaHuueckne CBOACTBa
IPYHTa ONpeAeNANUCh MO BO3HHUKIIEMY COMPOTHBJIEHHIO NepeMelleHHs
HmiTaMna.
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Mep YyacCTKOB «Mopei», CBOGOJHEIX OT HAJIOXKEHHBIX Ha
«MOPCKYIO®» IIOBEDXHOCTb KPYNHEIX 06pa30BaHHA.

Takum o6Gpa3oM, pe3yJsbTaThH MapLIPyTHOrO HCCJeNOBa-
HHS XHMHMYECKOro COCTaBa JIYyHHOH NOBEPXHOCTH B paMoHe
paboTnl «JIyHoxoma-1» mOKa3aJu, 4TO PeroJHT TaM Ipel-
craBasier co6oii mepepaboTaHHbII MaTepuaJs 6a3ajJbTOBOTO
cocTaBa. DTH JaHHble MOATBepAHaH, uTo Mope Hoxne#,
TaK Ke KaK M ApYrHe JyHHblEe «MOpS», 3aMOJHEHBl H3JHSA-
HHsIMH 6a3a/JbTOBOMH JaBHI.

B xone mpoBemeHust 3KCIepUMEHTOB Hapsny ¢ ¢usuue-
CKHMH pe3yJibTaTaMH (OTpejeJieHHe THIAa NOPOX, XHMHUYe-
CKOTo COCTaBa BellleCTBa NOBEPXHOCTH BOJb MaplupyTa)
OblIM IOJyYeHbl OGIIHPHBIE MaTepHa/Jhl HPHUKJIAAHOrO H
TeXHHYECKOro xapakTepa, OTHOCSIIMeCH K PasHHIM CTOPO-
HaM ¢yHKUHOHMpoBaHHs cnekTpomMerpa PHU®MA B cocra-
Be 6OopToBOH amnmapartypbl. B 3kcmepuMmeHrax. Ha «JIyHo-
Xole-1» pDeHTreHOBCKHH CHEKTPOXMMHUYECKMH aHaJH3 Obl
BIepBLIe NPHMEHeH MJs H3yueHHsl cocTaBa jpyroro Hebec-
HOTO TeJla HemoCcPeACTBEHHO Ha ero IoBepXHOCTH. Pe3yib-
tTaThl paborel cnekrpomMerpa PH®MA BrnepBhie noKa3auu
BO3MOXHOCTb INpOBeJeHHS] NJHTENbHHX CIEeKTpOMeTpHue-
CKHX H3MepeHHUll B CTOJNb HeOOHUHBIX YCJIOBHSX.

Pa6ora «JlyHoxoma-1» Ha JyHHOH NOBEPXHOCTH MpO-
nomkanace 318 cyrok. 3a arto BpeMs UM OBl NPOHAEH
nyte B 10,5 KM, YTO MO3BOJIHJIO HCCJIENOBAThH ILIOLIALL IO-
psaaka 80000 M2, OUEHHTb TreOJIOTHYECKHE XapaKTepHCTH+
KH MEeCTHOCTH, H3y4YuTb (H3HKO-MeXaHUYeCKHe CBOHCTBa
TPYHTa H ero XHUMHUYecKHH coctaB. MaTepHaJel Hccieno-
BaHHil NOKa3ajH, 4TO JaxKe Ha OTHOCHTEJbHO HeGOoJIbLIOM
y4yacTKe JIYHHOH NOBepXHOCTH ¢ Gosiee HJIH MeHee OJHO-
POJIHEIM XUMHYECKHM COCTABOM ee CBOHCTBAa 3HAUHTEJBHO
H3MEHSAITCS. DTH BapHalUHH NpPOsIBAsAIOTCS B (popMax, He-
3aMeTHHIX NPH HAOJMIONEHHSIX C HCKYGCTBEHHBIX CIyTHH-
KoB JIyHHI, a TaKXe C HENMOJBHXKHBIX NOCAAOYHBLIX CTAHLHH.
Takum ob6pasom, ycnemnas pabora «JIyHoxoxa-l» yGean-
TeJIbHO NPOJEMOHCTPHpOBaJia JOCTOHMHCTBA NPUMEHEHHS
CaMOXOJHBIX afinapaToB IPH HcciaeloBaHUsAX JIyHH H mpa-
BHJIBHOCTb MPHHSATHIX IIPH 3TOM KOHCTPYKTHBHBHIX pelUCHHH.

PEHTTEHOBCKMW ®JIYOPECLIEHTHbIAH METOA:
«JIYHOXOA-2»

Hccnenosanus JIyHH ¢ NOMOIUBIO CaMOXOAHBIX aBTO--
MaTHYeCKHX anmnapaToB, HayaTele «JIyHoxomoM-1», Oblin
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npoxo/KeHbl BO BpeMsi paboTnl «JIyHoxona-2». InaBHOM
3azayeit HayyHoit mnporpaMMmbl «JIyHoXona-2»  SIBJSLIOCH
KOMIIEKCHOE HCCJefOBaHHe JYHHOH MOBEPXHOCTH B mepe-
XONHOH 30HE «MOpe—MaTepHK», cBoeoOpasHOfi rpaHHLe
Mexnay «MmopeM» H «MaTepHkoM». C momouibio «JIyHOoXo-
Ia-2» MpeaCTOsi0 H3YYHTb H3MeHeHHe CBOHCTB MOBEpX-
HOCTH H BBIIBHTb BapHAllMH DPa3JHYHBIX XapaKTEPHCTHK
penbeda M rpyHTa B 3TOH 00JaCTH.

Jna pewleHus noctaBieHHOH 3amauyu «JIyHOXoé» Obla
ocHallleH 060pyIOBaHHEM, BKJ/IOYAIOWIUM YJYUYIIEHHYIO CH-
CTeMy TeJeBH3HOHHBIX H (OTOTeIeBH3HOHHBIX KaMmep (C
YCTPOHCTBOM MAJISi KOJHYECTBEHHBIX HCCJIE€NOBAHH{I OmTHYe-
CKHX XapaKTepHCTHK IOBEpXHOCTH), MarHHTOMeTp, IpH-
cnocobieHne AJs  ompejesneHHs (HH3HKO-MeXaHHYECKHX
CBOHCTB IPYHTa H PEHTreHOBCKHil cnekTpoMeTp PUOMA-M.
B coBokynHOCTH 3TH HNpHOOpHI AEHCTBHTEIBHO IO3BOJIHIIH
BBISSBUTH MHOTHe OCOGEHHOCTH CTPOEHHS BepXHero MmOKpo-
s8a JIyHbl B rpaHHYHOH 30He MeXAYy «MOpEM» H «MaTepH-
KOM>».

Texnnueckne BO3MOXHOCTH «JIyHOXOHa-2» MO3BOJNHIH
YCTaHOBHTb Ha ero 6OpTy Hapsay C NMepeyHCHeHHBIMH NpH-
6opaMH TaKxe H JApYryl0 ammapatypy: actpodoromeTp
JJIS H3MepEeHHsi CBETHMOCTH JIyHHOro HeGa, paxHoMmetp, ¢o-
TONPHEeMHHK «PyOuH-1» (mias mpoBeleHHs 3KCIepHMEHTOB
N0 J1la3epHOM TeJIeHralHH), a TaKkKe JIa3epHBIi yroJKOBBIi
OTpaxKareJb.

8 sauBaps 1973 r. cranuus «JIyna-21» ¢ «JIyHoxomom-2» .
Ha Gopty craproBaja ¢ 3eMmaH, a 16 siHBaps coBepluusaa
MATKYI0 NMOCanKy B I0XKHOH dacTH KpaTepa JleMoHbe, Ha-
xo4silerocs Ha BOCTOYHOH oKpanHe Mopsi fIcHocTH, B TOuY-
Ke C CeJeHOLEHTPHYECKHMH KoopauHaTaMu 25°51” c. m. u
30°27’ B. n.

Mope SIcHocTu (BTOpOe mo BesuuuHe mocsae Mopsa Jox-
fiefl) OTHOCHTCS K TIOACy KPYTOBBIX JYHHBIX «Mopeii». Ero
yauma sBJSeTCs OAHHM H3 BecbMa JpeBHHX 00pa3oBaHUM
JyHHOro peabeda. 3aTomeHHe ee $6a3aJbTOBHIMH JIaBaMH,
BHAHMO, MNPOH3OLLIO HAa CPAaBHHTEJBHO NO3JHEM 3Tamne
ucropun JIynol. Takum o6GpazoM, Mope SICHOCTH MOXHO
CYHTATb OJHHM H3 CPaBHHTEJbHO MOJIOJABIX <«MOpei» Ha
JIyHHOH moBepxHOCTH. B npouecce o6pa3oBaHus 3TOro «Mo-
pfi» Ha ero OKpaMHe Obl YAacTHYHO pa3pylleH BaJ H 3a-
TomJeHo 6a3ajbTOBBIMH JIaBaMH [HHIE OJHOTO H3 paHee
CylLIecTBOBABIIHX Ha MaTepHKe KpaTepoB pa3MepoM 55 KM
B NIOMEepeyHHKe.
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B HemocpexncTBeHHO# GaH30CTH OT MeCTa .MOCajAKH OH-
Jla PACNOJIOXKEeHa NPUNOIHATAas XOoJMHcTas 06JacTh, K BO-
CTOKY M IOry nepexoisuiasi B «MaTe€PHKOBYIO» MECTHOCThH
M Hajee B ropHble MaccuBn Tasp. Boablo# untepec npea-
CTaBJsAJ H KPYNHHH TEKTOHHYECKHH pas3jioM NOBEpXHOCTH
JAHHOH OKoJo 16 KM, KOTOpHIi TakXKe HaxXOOWJICS B 30He
nocsiraeMocTH «JIyHoxonxa-2» (puc. 10).
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Puc. 10. Mapuwpyr asuxenns «Jlynoxona-2» B KpaTepe Jlemombe.

IOro-3anaanas yacTb MapupyTta npoJeraja B XOJMHCTOH YaCTH mpe-

ropufi, ocTajJbHas 4acTb — NO RHHIY Kpartepa. B. yacTHocTH, Bo-

CTOYHasl YaCTb MapIIPyTa NPOXOAHJAAa BOJH3H TEKTOHHYECKOro pas3ioMa:

(Bopospa Tlpsmas). Lluppamn oGo3HayeHH TOYKH, TAe NPOBOAMICA
aHaJIH3 XHMHYeCKOro COCTaBa

ITocne npoBepkH GYHKUHOHHPOBAHHSI GOPTOBHIX CHCTEM,.
OCMOTpa MecTa NOCaJKH H KaJHOPOBKH CIEKTpPOMETpa
PUDOPMA-M Havaxuca cnyck «JIyHoxoma-2» ¢ nocanouHoii
naatdopMul «JIyHe-21». JeTansHo o6cieoBaB ¢ IOMOLIBIO:
«JlyHoxozxa-2» MOCaZOYHYI0 CTyHeHb H YCJOBHS IOCanKH,
yueHble NPHCTYNHJH K BHIIOJHEHHIO OGIIHPHOH Hporpam-
MB HayYHHX 3KCIIEpHMEHTOB Ha JYHHOH NOBepXHOCTH. 3a
BpeMsi paboTh «JIyHOXoAa-2» Ha JYHHOH NOBEPXHOCTH C
sHBapsa mo Maii 1973 r. um Gua mpoiinen nyTtb Goiee
37 KM, BKJIOYAaBIIMH YYacTKH C BecbMa CJOXHHIM peJibe-
(oM, CHITyYUM I'DYHTOM H KaMEHHBIMH POCCHINSAMH.

DoraTelii nmpakTHueCKU# ONBIT, HaKOMJIEHHBIX B Xone
pa6othl, «JIyHoxona-1», mo3BOJHJ BHECTH B CHCTeMy «JIy-
HOXOZAa-2» psA yCOBepLIEHCTBOBAaHHH, KOTOpHE 3HAYHTEJb-
HO DACIIHpPHJH ero BO3MOXHOCTH IO MaHEBPEHHOCTH, CKO-
POCTH H [aJbHOCTH INepeMelieHHA. IDTO OOGCTOSTENbCTBO:
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[03BOJIHJIO TIOCTaBHUTh mepel «JIyRoxomom-2» ropasgo 6o-
Jee pa3HooGpasHbie M CJOXKHBIE 3afauyd. B wacTHocTH, mpH
HCCJIeJOBAHHH TepeXOoAHONH 30HBl TpelycMaTpPHBaJOCh TPO-
CJIeNUThb, HACKOJNBKO PE3KO MEHSIOTCS Ie0Jsoro-Mop¢oJori«
YyeCKHe XapaKTEePUCTHKH MOBEPXHOCTH M XHMHYECKHMH CO-
CTaB IPyHTa IPH Nepexoje OT «MOpS» K «MaTepHKy», Kak
H HAaCKOJIbKO Pe3KO MEeHSeTCS THUI NMOPOJ, CJAaralllux I0+
BEePXHOCTb B 3TOM paHoHe.

XoTs JAJs1 NpoOBeleHHs XHMHYECKMX HCCAefOBaHUN Ha
«JIyHOXO[€e-2» OB HCIONB3OBAaH TOT K€ NPUHLUHUN, 4TO H
Ha «JlyHoxozme-1», B yCTPOHCTBO CHEKTPOMeTpa, OJIHAKO,
Obl BHeCeH DA CYIIeCTBEHHBIX H3MeHeHHH, BBI3BaHHBIX
KaK IIOCTAaHOBKOH HOBHIX (M3HYeCKHX 3ajay, Tak U yJyy-
IIeHHeM TeXHHYeCKHX XapaKTepHCTHK camoro npubopa. B
cBA3K ¢ TeM, 4yTo «JIyHOXOmy-2» MpPeACTOANO HCCIEL0BATh
[IePEeXONHYI0O 30HY <«MOpe—MAaTepPHK» H BBISCHHTb XapakK-
Tep U3MeHeHHs] XHMHYECKOro COCTaBa TPyHTa B 3TOH 30He,
TpeboBajioch HAHTH aHaJHTHUYECKHH IpPH3HAK, LOCTATOYHO
4eTKO XapaKTepH3YIOUIHA [Ba CYIIECTBEHHO PpasJMYHBIX
THIIA NOBEPXHOCTH — <«MOPCKOH» H «MaTepHKoOBOi». Pac-
CMOTDEHHe HMMEeBIIHXCA NAHHBIX IO XHMHYECKOMY COCTaBY
BellleCTBA JIYHHOH IMOBEpPXHOCTH IIOKa3aJso, 4To Haubosee
YeTKHM NPU3HAKOM C 3TOH TOYKH 3pEHHs SBJASETCS COmep-
JKaHHe JKeJje3a, cocTaBjswoilee B «Mopsix» 10—15%, a B
«MaTepHKOBHIX» paifioHax — Bcero 3—b5%.

Ha ocHoBaHuu 3TOro GoJsbliioe BHUMaHuE NMPH paspaboT-
ke nmpuGopa PUDPMA-M 6blio  o6palleHO MOBBILIEHHIO
€ro YyBCTBHTEeJNBHOCTH H TOYHOCTH H3MEpeHHs coJepiKa-
HHSl MMEHHO 3TOro 3jeMeHTa. DHJIM H3MeHEHBl KOHCTPYK-
UHSl 1 KOMIOOHOBKA BBIHOCHOrO G6J/10Ka, THI HCIOJb3YEMBIX
PaJHOaKTHBHBIX HCTOUHHKOB H HX pAacHoJIOXeHHe II0 OT-
HOUIEHHIO K OJIOKYy JeTeKTOpOB, yJaydlleHa KOHCTPYKIHS
NeTEeKTOPOB, a TaKMXe YCTaHOBJIEH CIeLHaJbHBIA [NeTEKTOp
IJsi perHCTPALHH peHTreHoBcKoro uanydeHus CoJuHua.

Heno B ToM, 4TO MOBepXHOCTh JIYHBI, JMIIEHHAsT aTMO-
cdeprl, npexncraBasieT co6oil HAeadpHYIO MIaT)OpMy AJS
PEHTTeHOBCKHX HCCJIeNOBAaHHH, KOTOpbl€ HEBO3MOXKHO IHPO-
BOAHTb, HAXOASCh HA IIOBEPXHOCTH 3eMJIH: BCE PEHTTeHOB-
CKoe H3JydyeHHe, HAylllee K HaM H3 KOCMOCA, INOJHOCTHIO
gorjomiaercs 3eMHolt atmoctepoir. IlostoMy Ha ocHOBe
crektpoMerpa PUOMA-M Gbut 3aiyMaH HONOJHUTENbHBIN
acTpopH3MUYECKHH SKCMEPHUMEHT MO DErHcTpau{H peHTre-
HOBCKOTO H3JIyueHHSI KOCMHYECKOTrOo NpoucxoxpaeHus. [e-
TEKTOp ObLI pacnoJiOXeH B BePXHEH 4acTH BHIHOCHOro 6J10-
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Ka, BO3MOXKHOCTb HOCTOSSHHOrO KOHTpOJsi ero paGorocno-
coOHOCTH ofecneunBasach HaJHYHEM B HeM KaJau6poBou-
HOro HCTOYHHKA. [To NoJOXKEeHHI0O JIMHHM 3TOro HCTOYHHKA
B CIIeKTpe JeTeKTopa, ee LIMPHHE U aMILIUTYAe MOXKHO OBl-
JIO CYAMTb O CTaOHJIBHOCTH ero napaMerpoB (yCHJeHHS,
3¢ }eKTHBHOCTH, pa3pelialouiell CIOCOOHOCTH).

OcranbHble JeTeKTOpbl, NpefHa3HaueHHBle AJs1 perucr-
pauun (GayopecueHTHOro H3Jy4YeHHsl JIYHHOrO TpyHTa, pac-
nosarajuch, kKak u B annaparype PUPMA («JlyHoxon-1»),
B HHMXKHeH yacTH BBIHOCHOro O.i0Ka. Psixm neTekTopoB ObLI
cHaOXeH XapaKTepHCTHYECKMMH (UJIbTpaMu HIJjs pasfe-
JIeHHS] CHEeKTPaJbHBIX JHHHHA, OGJU3KMX IO 3Hepruu ¢ayo-
PECIIEHTHOr0 H3JIyueHHs 3JIeMeHTOB. Dhlna npelpycMoTpeHa
BO3MOXHOCTb KaJHOpDOBKH BceX IeTeKTOPOB KaK Ha Tpac-
ce mepenera 3emas—JIyHa, Tak H mocje MNOCaAKH Ha
JIYHHYIO MOBEPXHOCTD.

It mpoBepkH paboTOCIOCOGHOCTH BCcero npu6opa OdHH
H3 JeTeKTOPOB BHINMOJHSJA KOHTPOJbHYIO ¢yHKuHio. OH He
HMeJl BXOIAHBIX OKOH JJiff TMOMAaJaHHs B Hero H3JyyYeHHsd,
B TO BpeMs KaK BHYTPH Hero GBI IIOMelleH paJHOaKTHB-
HBI HCTOYHHMK M o0pasen 3eMHOro rpyHTa HM3BECTHOrO XH-
MHYECKOro COCTaBa, MOCTOSIHHO 06Jy4YaBIUHHCS 3THM HCTOY-
HUKOM. Takum o6pa3om, cHeKTp, HaBaeMBblil ‘3THM JHeTeK-
TOpoM, OBl 3apaHee H3BeCTEH M HOCTOSIHHO KOHTDOJHPO-
BaJjcs. B pesyapraTe MoXHO OBIJIO JenaTb BHIBOAH O pa-
60TOCITIOCOGHOCTH BCEil CHCTEeMBl [IETeKTOPOB B LeJNOM, &
Takxke 00 HCIPaBHOCTH pajHOTpakTa (mpH pabore 6J0Ka
JEeTeKTOpH BKJIOYAJHCh B pabOTy MOOYEPENHO).

¥YcraHoBKe BHIHOCHOTO 06JoKa Ha «JIyHoxone-2» mnpen-
IIeCTBOBa/JH OOIHPHBIE JabopaTopHele HccaenoBanus. C
MOMOILbIO JIETHOT'O 3K3eMIJsSipa BBIHOCHOTO 6s0Ka  OblIH
U3yYEeHBl CIEKTPHl (JIYOpeCUeHTHOro M3Jy4eHHs OOJIbIIOro
YHCcIa 3€eMHBIX MHHEpPaJoB H3BECTHOTO XHMHUYeCKOro Cco-
craBa. M3mepeHus npoBoauauch B OONbLIOH BaKyyMHOH
Kamepe (puc. 11) B ycioBHsIX peajbHOH TEOMETPHH KoOC-
MHYeCKOrQ 3KchmepumeHtra. HMccaenosasach 3aBHCHMOCTb
NOJYYEHHBIX Pe3yJbTaTOB OT CTENeHH H3MeJbUYeHHs TPYH-
Ta, NMJIOTHOCTH €ro HachlaHHs, pacCTOsiHHA OJoKa Hal
MOBEPXHOCTBIO TPYHTAa H T. 4. B pesyabraTte ObLIO TOMY-
4eHO 6OJIbIIOE YHCJIO CIEKTPOB I'PYHTOB H3BECTHOTO COCTa-
Ba (CM. pHC. 2), 3HaHHe KOTOPBIX ObLJIO HEOOXOAMMO IpH
o6paboTKe pe3yJbTaTOB, MOJYYEHHBIX BO BpeMs paboThl
«JIyHoxonma-2», ¢ ueapl0 ompernejeHHs abCOMIOTHBHIX KOH-
LeHTpaluil 371eMeHTOB B JIYHHOM TpYHTe.
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H3MepeHHs XHMHYECKOro COCTaBa rpyHTa OBIIM Haya-
Thl Ha HeGOJbIIOM YHAaJeHHH OT MOCafouyHOH MaaTopMEI,
Ha Baay kparepa adamerpom 40 m. CocraB rpyHra 3zech
0Ka3aJicsl CJeAYIOUIHM: KpeMHHH — 24+4%, kanabuuii —
8+1%, xenezo — 6,0+0,6%, amomunuit — 94-1% (na-
TIOMHHM, 4YTO H3MepeHus <«JIyHoxoma-l» B Mope Hoxneit
nann 10—129% xenesa). Ilpn nBukeHHH «JIyHOXoma-2»
Ha 10T HCCJIe[OBAaHHIO MOABeprcs Kpatep AHamerpoM 13 M,
ylajleHHbI# OT MecTa nocaiku mpuMepHo Ha 1,5 kM. I'pyHT
B 3TOM paliOHe OKa3ajCsg CXOXHUM MO COCTaBy C FPYHTOM
paHee HccleLyeMoro ydyacTtka. TakHm o06pa3oM, CyAsl IO
XHMHYECKOMY COCTaBY, JIYHHble NMOPOAbl B pafioHe MOCAaIKH
CTAHUHH He MOFryT ObITb OTHECEHBI K THIHYHO «MOPCKHM>.

Puc. 11. BuiHOCHOM  G6GJOK  anmapaTypul
PUOPMA-M B GosbuIOf BaKyyMHOHl KaMmepe
NPH MPOBEeJEeHHH MOJeNbHbIX  JKClepHMeH-
TOB — T[OJIyYeHHH CIIeKTpPOB (ayopecieHT-
HOro H3/y4YeHHS TPYHTa H3BECTHOTO XHMHUYe-
CKoro cocrasa. BJoK 3akpemisics Ha IITaH-
re, H €ro IOJOXXeHHe OTHOCHTEJbHO TPYHTa
MOTJIO H3MEHAThCS

[To mepe npoaBuxkeHnus: «JIyHoxona-2» K XoamaM, pac-
110J102KEHHBIM B I0XKHOM HAalpaBJIeHHH, COIepIKaHHe KeJe-
3a cTajo majath M cocraBuao 4,9+0,4% npu ymaneHun
0T MecTa mocaaku Ha 4,5 kM. B ceance, mpoBeleHHOM B
TOYKe HaHOOJBIIEr0 NMPOABHKEHHS B CTOPOHY «MaTepHKay,
3aperHCTPHPOBAHO CaMOe HH3KOe cojep:KaHHe Kejge3a —
4,0+0,4%, nmpuueM OJHOBPEMEHHO COJepKaHHEe AJIOMHHHS
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Bospocio no 11,6%+1,0% (310 ompeneneHne XHMHYECKOro
cocTaBa NPOBOAMJIOCH BOJH3H KpaTepa AHMaMeTpOM 2 KM).
K sromy BpeMeHn «JIyHOXom-2» npomesn yxe HECKOJbKO
KujgoMeTpoB (okoso 10) u Haxomusacs B mnpejenax XoJs
MHCTOH NMPHNOJHATOH DaBHHHH, PacHoJIOKEHHOH K 1oro-a-
nany or kpatepa JleMoHbe (coOCTBeHHO, yXe BHe Kpare-
pa). ITo Tuny pesbeda 3Ta MeCTHOCTb fABJ/SETCS NepPeXon-
Ho#it ot Mopsa $lcHoctu kK maccuBy rop Tasp. Cinenyer or-
MeTHTb, YTO NO CPaBHEHHIO C H3MepeHHHIM B paloHe IO-
cajJKH OTHOLIEHHe KOHLEHTpauHuil KpeMHHUS K 3Kejae3y Ha
yyacTke Haubosbllero NpOJABHXKEHHS B IyOb «MaTepHKO-
BOH» 30HBI Bo3pocso B 1,5 pasa, a oTHOWIeHHe AJIOMHHHS
K XKese3y — mnpubausuTesbHo B 2 pasa. Takoil cocraB Ha-
IOMHHAeT 3eMHble TOpHble HOPOABl AHOPTO3HTOBOTO THIIA,
N0-BHAUMOMY, IHHPOKO pacHpoCTpaHeHHBle Ha JYHHBIX Ma-
TepHKaXx.

IIpn manbueiitieM aBUXKeHUH «JIyHOXOA-2» TOKHHY
30HY XOJIMOB H BO3BpAaTHJICS Ha NOBEPXHOCTb KpaTepa Jle-
moHnbe. ITpoBeJeHHbIe 3[ech M3MePeHHsI JaJH COCTaB TPyH-
T4, CXOJHBI C COCTaBOM NOBEPXHOCTH B MeCTe IOCAaIKH.
IIpuMepsl cHekTpoB, MOJMyYyeHHBIX NpH paboTe ammapary-
pot PUOMA-M Ha «JlyHoxome-2», mnpeacTaBleHbH Ha
pHc. 12.
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Puc. 12. IlpuMep crnekTpoB (JyopecueHTHOrO H3JyYeHHs JYHHOTO TpyH-
Ta, TMOJIy4eHHRIX C TOMOIIbI0 «JIyHOXOma-2»
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[pu nanpHeiimeM ABHXKeHHH «JIYHOXOH-2» HcCaeNOBaJ
Boposay Ipsimyio — TeKTOHHUYECKHII Pa3jioM NMOBEPXHOCTH,
HAXOMALIHIACSA K IOr0-BOCTOKY OT MecTa mocanku. Pesyub-
TaTel aHaJU30B, NPOU3BeJEHHBIX Ha 3amaJgHOM M BOCTOY-
HOM CKJOHAax 3TOro oOpa3oBaHusl, B Ipexenax TOYHOCTH
3KcnepHMeHTa coBnafaloT. ComepxaHHe KaJbLUHS COCTaB-
Jser okoso 8%, comepxaHue Xesne3a Ha 3aMagHOM CKJIO-
He — 7,5%+0,9, Ha BocTouHoM — 8,0+1,0%. ITO Heckob-
KO TpeBBILAeT KOHIEHTPALHIO Keje3a B DABHHHHOH ua-
CTH HCCJeIOBAaHHOro paHoHa H, NO-BHAMMOMY, CBSI3aHO ¢
MOpGhOJOTHYECKUMH OCOGEHHOCTSIMH HaHHOro ydacTka Io-
BEPXHOCTH.

ITo cocraBy moBepXHOCTH B HcCiaeldOBaHHOH «JIyHOXO-
JoM-2» wacTH Kparepa JleMoHbe MOryr OBITb BBLAEJICHH
TpH paioHa.

PesynbraThl aHaJH30B, BHINOJHEHHBIX B DaBHHHHOH ua-
CTH aHHLIA KpaTepa JleMoHbe, HAlOT OCHOBaHHE CUHTATh,
YTO MOPOAB B paloHe MOCaAKH H BO BCeH [0XKHOH 30He 3TO-
TO KpaTrepa, MO-BHIAHMOMY, He SIBJISIOTCS THHHYHO «MOp-
ckuMu». M3MepeHnHoe comepxkaHHe Xesne3a TaM OKa3asochb
paBHEIM 6%, YTO CYLIECTBEHHO HH}KE THIHYHHEIX IJS «MOp-
CKHX» paioHoB 3HaueHuit (10—12%). Mexny Tem mno
penbedy H  MOp(hOJOrHYECKHM XapaKTepHCTHKaM 3TOT
palioH BecbMa IIOXOXK Ha «MOPCKOH» (cM. TabJa. 2).

TaGnuma 2
CocTtaB BeuecTBa JYHHOH NMOBEPXHOCTH
B «MaTePHKOBBbIX» paiiOHaX M B MePEeXONHOiH 30He (B MPOUEHTAX)

ITepexonnas 3ona
(Kpartep Jlemonbe)
Kparep Timo| 5, PE0Ch
Sremet («Cepaei- C («Jly- MOpCKast MaTepuKo-
ep-7»)
Ha-20») 4acTb Bast 4acTb
Mapwpyta | Mapumpyra
AnmomMuHHi 11 11,4 8,8 11,6
KpeMunit 21 21,4 24 22
Kanui — 0,08 <l <i
Kaabuuit 13 10,6 8,0 9,1
JKeneso 4 5,5 6,1 4,0

Pajion B loro-sanagHoii 4acTH MapuIpyTa 3HAUHTEJHHO
ornuyaercss ot nepsoro. Ilo cBersioMy TOHY moBepxHOCTH,
OOMJIMIO XOJNMHCTHIX IDsJl, MajJOMy KOJHYECTBY KaMHe
€ro MOXKHO CYHTaThb PA3HOBHAHOCTBIO «MAaTEPHKOBOH» IIO-
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BepxHocTH. HcciemoBanusi XHMHYECKOro COCTaBa HOBepX-
HOCTH B CeBEpPHOH YacTH 3TOro JyHHOro o6pa3oBaHHs MO-
Ka3aJii, 4YTo Mo KpailHeH Mepe caMbIii BepXHHi cJjoii pero-
JIATAa 31eChb COCTOMT M3 NMOPOABl C BecbMa MaJgbiM (OKOJIO
4%) comepxaHueM KeJe3a M NOBBLILEHHOH (IO CpaBHEHHIO
¢ «MOpCKMMH» (a3ajbTaMH) KOHLEHTpaluHed aJlOMHHHS.

Pajion TekToHHuecKoro passioma (bBoposma Ilpsmas),
obuiasg NpoTsXKEeHHOCTb KOTOPOro cocTaBjsieT 16 kM, a mH-
puHa (MecTaMH) — J0 HeCKOJbKHX COTeH MeTpOB, Xapak-
TEpPeH TeM, YTO €ero CKJOHBI MOKDPHITHI KaMeHHBIMH DPOCCHI-
NAMH, BKJIIOYAIOIUMH B ce6sl KpynHble (MeTpOBble) KaMHH.
HecMoTpst Ha CJIOXKHOCTb HepelBHKEHHS B 30He KPYNHBIX
KaMHell, «JIyHOXon-2» Bce Xe NPOABHHYJCS -K Kpaio pas-
JOMa ¥ NpPOH3BeJ aHaJau3 cocraBa noBepxHocTH. Cpenn
pe3yJIbTaTOB B NEPBYIO ouepelp CJaelyeT OTMETUTb fIBHOe
TIOBBILIEHHE CONEPKAaHHs Kese3a Ha CKJIOHAX pasjoma.

TakuMm obGpasoM, B pe3y/jbTaTe NPOBENEHHBLIX HCCJENO-
BaHHUI NOJyYyeHH AaHHBIE, CBHIETEJbCTBYIOIHE 06 O6Hapy-
JKeHHH IOCTeNeHHBIX H3MeHeHHl XHMHYEeCKOro cocTaBa rpyH-
Ta B IIePeXOJHOH 30HE «MOpe—MAaTEepHK»: IPH ABHAKEHHH
«JIyHoxona-2» mo moBepxHocTH KpaTepa JleMoHbe K «MaTe-
PHKY», IDH HaXOXKIEHHH CaMOXOJAHOro amnapata B «Mmare-
PHUKOBOM» paioHe ¥ NpH JaJbHeHlleM [IBHXKEHHH IO JIHY
KpaTtepa B BOCTOYHOM HampaBJseHuH. [ToBepxHOcTb B mepe-
XOJHOH 30He IBHO 00J/1afaeT NPOMEKYTOUHBIMH CBOHCTBAMH.
OTCyTCTBHE PE3KOH TPaHUIBI MEXAY «MODCKHM» H «Mare-
PHKOBBIM» BellleCTBOM TOBOPHT O B3aMMHOM BJHSHHH 3THX
Pa3HOPOIHBIX MOBEPXHOCTEH.

Hnsi ob6bsicHeHus1 o6HapyKeHHoro «JIyHoxoaom-2» sB-
JIEHHSI MOXKHO NpeACTaBUTb cebe cienryooulyro kapTuhy. Ya-
CTHIIBI «MAaTEPUKOBOIO» BeIIECTBA, MepeABHrasich MO CKJO-
HaM BHH3, IOCTeNeHHO 06pPa3oBHIBAJH NOJOCY «MaTePHKO-
BOTO» TPYHTa Ha «MODCKOH» paBHHHe (BO3MOXKHBIE MeXa-
HU3MBbl Te€peMellleHUsi BeliecTBa ObLJIH OMHCAHBl  BHILE).
IlepeMeminBanHe c 4acTHLAMH «MODCKOTO» BeILeCT3a CO3-
JaBajio B 3TOH MmoJioce OCOOBIH T'PYHT, IO COCTaBy NpoMe-
JKYTOUHBIH MEXIY «MaTepUKOBBIMH» (QHOPTO3HTHI) H
«MOPCKHMH» (6a3a/bThl) MOPOLAMH.

TakoBa obmas cxema. Jletasu 3TOro sABJEHHS, MeXa-
HH3MBbl [BHXKEHHS YaCTHIl TPYHTa, 3(P¢eKT nepeMellHBaHHUS
BelllecTBa — BCe 3TO TpebyeT AaJjibHEHINEro H3y4eHHS.

Pa6ora «JIyHoxoma-2» sBisi1ach NepBHIM HCCJeNOBa-
HHEM, NPOBeJeHHHIM B MepeXOoAHOH 30He «MaTepHK—Mope»
f MO3BOJNHBLIMM ONpeJeIuTh XapaKTePUCTHKH 3Toil ob.ja-

53



cru. Tlocpexctsom npu6opa PUDPMA-M ymanoce oGHapy-
JKHTh BapHalUH XHMHYECKOro COCTaBa BellleCTBa JYHHOMH
NOBEPXHOCTH B 3TOM palioHe, KOppeJHpYyloLlHe C Ieosoro-
mopdosornueckuMH ocobeHHOcTAMH peabeda. IIpomexy-
TOYHBIE CBOMCTBA TIPAaHHYHOH 30HBI MOrYT OBITb OOBsICHe-
HBEl AeHCTBHeM MeXaHH3Ma TOPH30HTAJbHOTO INepeHoca Be-
LIeCTBA Ha JIYHHOM NOBEPXHOCTH, NMPHYEM HIMPHHA MOJIOCH
CMEIINBaHUS COCTaBJsieT, NO-BHAHMOMY, HECKOJNBKO KHJIO-
MeTpOB.

MCCNEAOBAHMUE AOCTABREHHBIX HA 3EMJIIO OBPA3LIOB

OcymecTBieHHe 3ajauyd aBTOMaTHYeCKHX H NHJOTHpYye-
MBIX NOJIeTOB K JIyHe ¢ Bo3BpalleHHeM Ha 3eMJi0 HOTpe-
6oBajio peleHHs LeJoro psjAa NPHHIHIHAJBLHO HOBHIX 3a-
Iady, TaKUX, Kak, HalnpuMmep, mocajka Ha 3eMJIO ammnapara,
BXOJsiulero B ee aTMocdepy €O BTOPOH KOCMHYECKOH CKO-
pocteio (okoso 11 km/c). Pesyabratom paspaGoTOK 3THX
KOCMHUUECKHX allapaToB SBHJIOCH co3flaHHe B CoBETCKOM
Corose cranuuit «30HA-5 H -6». YcnemHo BO3BpaTHBILHCH
Ha 3eMJiI0, OHH JOCTaBHJIM He TOJbKO OoJbiuoii o6beM Ha-
yuHO# UH(dOpMalHH, HO U HeoOXOAUMBle NaHHbIE NI NaJb-
Helilmel oTpaGoTku mnoJseToB K JIyHe Gosiee CIOXKHBIX BO3-
BpallaeMbiX amnnapaTos.

BaxHyi posib B H3yueHHH JIyHBI CHIrpaJH NHJIOTHpYe-
Mble moJieTsl K JIyHe Mo aMepHKaHCKOH nporpaMme «AmoJ-
JIOH», KOTOPbIM NpeXlIeCTBOBaJ LeJblil pSX NMHIOTHPYeMbIX
3aIyCKOB Ha OPOHTBI MCKYCCTBEHHBIX CHYTHHKOB 3eMJIH H
JIyubl a1 oTpaboOTKH BCeX HEOOXOLMMBIX IJs1 BBHINOJIHe-
HHUS 3TOH 3aJayd MaHEBPOB.

16 uionst 1969 r. cocrosics 3amyck «Amossona-11»,
npeJlHa3HaYeHHOro 1Js1 NepBOH BbicaKu uesnoBeka Ha Jly-
Hy. 20 uroans 1969 r. JayHHBII OTCEK C AaCTpPOHAaBTaMHu
H. Apmcrporrom u 3. OJIpPHHOM ONYCTHJICA HA JYHHYIO
nosepxHocTb B Mope CnoxoiictBua. Ilocangka kopabast
NoKa3ajga CHpaBelJMBOCTb BBIBOJOB, CHEJaHHHIX Ha OCHO-
Be MNpeNBIAYLNIUX IOJETOB AaBTOMATHYECKHX CTAHUHH, —
TPYHT OKasaJjcsi JOCTAaTOYHO TBEPHBIM Kak IJs MOCalJKu Ha
Hero NUJOTHPYEMOIO ammapara, Tak H AJs NepefiBHKeHHs
10 HeMy veJsiOBeKa.

IToMumo cGopa 06pasuoB JYHHBIX NMOPOA HJs JOCTaB-
KH HMX Ha 3eMJI0, acTPOHABTH YCTAaHOBHJIH Ha MOBEpX-
HocTH JIyHH maccuBHBIH ceficMoMeTp, nmpubop IJist ompene-
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JIeHHsl COCTaBa COJIHEYHOTO BeTpa M JIa3epHblil oOTpamxa-
TeJIb.

BrocjienctBun OBIIO MPOBEAEHO elle NATb MHJIOTHpPYe-
MBbIX noJeToB KopabJueit «Anossion» Ha JIyny. Tpum u3 Hux
ONMyCKaJHCh Ha <«MODCKYIO» IOBEepXHOCTb, a JBa IMOCJeAs
HHX NPHJYHHJIHCh B «MaTepHKOBYIO» objactb. B pesyinb-
TaTe yCHeWHHIX MOJIETOB MO Nmporpamme <«AnoJioH» ObLIH
JIOCTaBJeHbl HAa 3eMJII0 MHOTOYHCJEeHHBle 00pasubl JIYHHO-
ro rpyHra M mpousBeleH O6osblUOH 00BEM Hay4YHBIX HC-
cnenoBaHuii JIyHHL.

ITomumo nusoTHpyeMmeix noseroB Ha JIyHy, orpomHoe
3HaueHHe MpPeACTaBJASNH cOOOH MoJeTh K HalleMy ecTecT-
BCHHOMY CNYTHHKY TaKUX aBTOMAaTHYECKHX CTaHIHi, Kak
«Jlyna-16, -20 u -24», TakXe J[OCTAaBUBIIHX Ha 3eMJI0
00pasubl JYHHOro I'PYHTAa. DTH CTAHUHH COCTOSIJIH H3 ABYX
6JIOKOB — IMOCAaNOYHOH CTyNmeHH C T'PYHTO3a6OPHBIM YCT-
poiicTBOM H pakeThl «JIyHa—3eMJs» C BO3BpalllaeMbiM
anmapaTom.

Crnenyer OTMeTHTb, YTO TIPYHTO3a0OpHOE YCTPOMCTBO,
BIepBble MPHMEHeHHOe Ha cTaHuuu «JIyHa-16», siBuIOCH
NPUHUMIIHAMBHO HOBBIM arperaToM KOCMHYeCKOro ammapa-
ta. B ero 3amaun Bxoauam u OypeHHe JYHHOTO TpYyHTa
Pa3IHUHON TJIOTHOCTH B YCJOBHAX BaKyyMa, H TpaHCIOp-
THPOBKa 00pa3LoB B KOHTeliHep BO3BpalllaeMoro anmapa-
Ta, W HOCJeAyloulass repMeTH3alHsi 3TOF0 KOHTeHHepa.

Cranuus «Jlyna-16» npunaynunace 20 cenrsabpsa 1970 r.
8 paitone Mopsa Mso6unnsa. [To komanae ¢ 3emau TpyHTO-
3a60pHOe YCTPOHCTBO B350 06pasubl IPYHTA € TIyGHHH
go 350 MM H 3arepMeTH3HpOBAaJO HX B KOHTeiiHepe BO3-
Bpamaemoro annapara. OgHoBpeMeHHO ¢ 3a6opom rpyHTa
onpejensiach NJIOTHOCTb HCCIeLyeMOll MOPOIbI.

Ha caenyromue cyTku Obln ocyllecTBJIeH CTapT € JyH-
HON MOBepXHOCTH, 24 ceHTsOpsi Bo3BpallaeMblii anmapar
npusemsuica Ha Ttepputopun CoBerckoro Coro3a, H KOH-
TefiHep ¢ oOpasumaMH JYHHOro rpyHTa Obl mepejaH s
uccnenoBanusi B Akanemuio Hayk CCCP. Bnepsbie B HCTO-
pPHH KOCMOHABTHKH C MOMOLIBbIO aBTOMaTHYECKOro ammapa-
Ta yJAaJoch He TOJBKO JOCTHYbL MOBepXHOCTH JIYHBI M IIpo-
H3BeCTH Ha Heil HeoOXxoauMble paboOTHl, HO, CTapTOBAB OT-
TyZAa, yCHelIHO BO3BPATHTbCA Ha 3eMJIO.

14 ¢espans 1972 r. cranuus «JIyna-20», aHanoruyHas
N0 KOHCTPYKIHMH CTaHUuM «JIyHa-16», Takke OCyLleCTBHJIA
MATKYIO Nocaaky Ha JIyHy — B TropHCTOii 00JacTH B
120 kM k ceBepy oT Mecta mocaiAku <«JIyHBI-16», a 3aTem
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BIepBbie JOCTaBHJIAa Ha 3eMJIO TPYHT H3 <«MaTepHKOBOIl»
ob6sactd. OGpasel perojuTa, aBTOMaTHYeCKH JOCTaBJIeH-
HBl craHuued «JIyHa-20» u B3ATHI BHepBhle U3 TPYLHO-
JOCTYMHOro ropucroro paiona JIyHBI, NMO3BOJHJI 3KCHEpH-
MEHTaJbHO BCKPHITb CYIECTBEHHOe pa3/iMyHe COCTaBOB
JYHHBIX «MOpeil» H «MaTepHKOB». «MaTepHKOBoe» BelMe-
CTBO 0Ka3aJOCb DPBIXJBIM pa3HO3EPHHCTHIM MaTepHaJIOM
CBETJIO-CePOro 1BeTa C BHICOKMM coOjJep:KaHHeM dparmeH-
TOB, OTHOCHIIIMXCS K INOPOAAaM AaHOPTO3HTOBOIO THIIA.

Ananus BemecTBa, JocTaBieHHOro «JIyHoii-20», mosso-
JIMJI OTBEPrHYTb HIAEI0, YTO COCTaB JYHHBIX «MaTePHKOB»
TOXJECTBEH COCTaBy NepBHYHOro, HeAHddepeHuHpOBaHHO-
ro BellleCTBa, KAKUM OHO OblIO HENOCPeJCTBEHHO mnocje
obpasoBanua JIyHol M3 mporomsnaHeTHoro o6saaka. bBosee
TOTO, NPHCYTCTBHE AHOPTO3HTOB HAa MOBEPXHOCTH JIYHHBIX
«MaTePHKOB», NIO-BHAHMOMY, CBHJAETEJbCTBYET O 3HAUHTENb-
HOi nupdepeHuHauun nepBHyHOH JIyHBI yXe Ha OuYeHb
paHHell cTalHH ee CyIeCTBOBAaHHS.

HocraBka Ha 3eMui0 06pasloB JYHHOrO TPyHTa Jaja
BO3MOXXHOCTb [eTaJbHO H3YUHTb KaK HX XHMHYECKHH co-
CTaB, TaK H JPYyrie XapaKTePHCTHKH — CTPYKTYpy, CTe-
MeHb OMCIEPCHOCTH, (PHU3HKO-MeXaHHYEeCKHe CBOMCTBa H
T. A. Oxa3ajoch BO3MOXKHBIM HCCJIEROBaTb B JaGopaTop-
HBIX YCJOBHSIX XHMHYECKHH cOCTaB pasJHYyHBIX oOpasoBa-
HUH IOBEpXHOCTHOTO CJIOSI JIYHHOrO TPYHTa, B TOM YHCJe
OTJeNbHbHX KaMHeil H (parMeHTOB MHKDOHHOrO pasMepa;
M3yyaTb KDHCTAJJIbl PA3JHYHBIX MHHEPAJOB, CJaralolux
JyHHHe nopoabl. OTAeJbHO yAanoch NMPOaHaJH3HPOBATh H
oOHapy:KeHHble B JIYHHOM TpPYHTe CTeKJ1000pa3Hble IIapH-
KH, MO-BHAHMOMY, oOpa3oBaBLINecs IPH YacCTHYHOM pac-
IJIaBJeHHH TPYHTa B MOMEHT ylJapa MHKDOMETEOPHTOB.

Pasymeercs, Takue TOHKHE M CKpYNyJie3Hble HCCJIENO-
BaHHs C NOMOIIbI0O HOBEHIIMX 3JIEKTPOHHBIX MHKPOCKOTOB
H IPYrux NpHOGOPOB, COCTABJSIOUIMX apCceHaJ COBpeMEeHHOMH
HayKH, MOXHO NPOBOAHTb JHIIb Ha 3eMJjie B cHelHasib-
HBIX JaboparopHaX. ToabKO B 3THX YCJIOBHSIX BO3MOXKHO
IenaTh aHa/JHM3Bl € O6OJbLIOH TOYHOCTbIO H ONpenensTb B
HccaeayeMblXx ofpas3lax XHMHYECKHe 3JeMEeHTH, KOHLEHT-
palHsl KOTOPHIX COCTABJISIET MaJble JOJH NPOLEHTA.

PesynbraTel 1abopaTOpHBIX aHAJAH30B 06pa3LOB JIYH-
HOTO TpYHTa, IOCTaBJEHHHX Ha 3eMJI0, I[OKasaJ/H, 4To,
Oynyun HOCTaBJIeHHBIMH JaxKe M3 OAHOro paiioHa JIyHH,
OHM HMMEIOT 3aMeTHBle pa3jHuusi B cBoeM coctaBe. OmHaKO
HeCMOTpPS Ha 3TO, a TakKxke Ha 0ojiee 3HAYHTEJbHOE OTJIH-
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yHe B COCTaBe OTHEJbHBIX ()parMeHTOB OJHOTO H TOTO Ke
o0pa3ua, MOXKHO BBIAEJNHTb psA HaHOO/Jee XapaKTePHBIX
IJIfi JaHHOrO paioHa o6pa3loB, HMEIIIHX BeCbMa CXOMHbIH
XAMHYECKHH COCTaB, K KOTOpoMy OJH30K cOCTaB H 6OJib-
IIHHCTBAa APYrux o6pa3moB JaHHOrO y4acTKa.

Ta6numa 3

XHMHYeCKH#t cocTaB (B MPOLEHTax) o06pa3unoB JYHHOTO FPYHTa,
JOCTABJEHHBIX Ha 3eMJI0

«Mopckue» paiioubl «MarepHKOBEIe» paiffOHBI
Drenen «Jlyna-20»
I . ; ]
ol (oKuc- | «JTyHa{l6» Jfgff;g» (J:x‘:;;mMggggﬂ «Anonnon-17»
JIB1) (Mope Hgo- (Mope Hox-| Hsobunust u (Tasp-JTur-
GuaHn) nef) Mopenm Kpu- pos)
3HCOB)
SiOqy 42,95 45,0 44,2 48,5
TiOy 5,6 2,64 0,32 0,95
AlOs 13,88 8,9 19,1 17,2
FeO 20,17 22,21 6,91 11,4
MgO 6,05 9,08 13,37 8,94
CaO 10,8 10,27 13,3 11,6
Na,O 0.23 0,28 0,48 0,40
KO 0,16 0.03 0,47 0,25
Cymma 99,74 98,31 98,15 99,24

Hcxoxss u3 3TOro, Mbl IOMeCTHIH B TabJ. 3 JdaHHbIE
M0 XUMHYECKOMY COCTaBy HECKOJBbKHX THIIMYHBLIX 006pasuoB
rPyHTa, NOCTaBJEHHBIX Ha 3eMJI0 Mo ImporpamMmaMm «AmoJ-
noH» ¥ «JIyHa» U3 «MOPCKHX» M «MaTEPHKOBBIX» PaHOHOB.
B rtabiuue mpuBeZeHO COOTBETCTBYyKOLlee COAep:KaHHe B
HHX OKHCJIOB OCHOBHBIX NOpPOX00Opa3yioOLINX 3JEMEHTOB.

CyMMapHOe colep:KaHHe B TPYHTe 3JleMEeHTOB, NpHBe-
neHHBIX B Tabuuue (a Takxke docdopa, cepsl H Xpoma),
00biuHO coctaBiaser ~99%. B koauuectBe or 0,1 no 0,02%
HNPUCYTCTBYIOT TaKKe LUMPKOHME, Oapuii, HUKeJb, HTTPHH
H CTPOHUHI. B eite MeHbIIMX KOJHYeCTBaX OOHapYXKeHBI
BaHaIuil, HHOOH, K0GaJbT, Meab, pyOHAUi, yIaepox H ApY-
rue XHMHYecKHe 3JeMEeHTHI.

K HacrosiuiemMy BpeMeHH Ha 3eMJie HMeOTCH 00pasibl
rpyHuTta, jgocraBieHHbie 3 9 paiioHoB Jlyns. Kpome Toro,
HEMOCPeNCTBEHHO Ha TmoBepxHocTH JIyHBI omnpenesneH co-
craB rpyHta eme B 5 paiioHax. ITockoabKy paioHBI, rie
IPOBOJU/INCh aBTOMAaTHYeCKHe aHaJH3bl, H MeCTa, OTKyJa
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o6pa3usl AOCTABJIAJIHCh Ha 3eMJI0, HaXO#ATCA Ha 3HauH-
TeJbHBIX PacCTOSIHHAX IPYr OT ApYra, TPYAHO ObLIO OXMH-
IaTh NPOCTOrO COBOaleHUs pe3yabTatoB. OJHAKO pe3yJb-
TaThl JabopaTOPHBIX HCCJeNOBaHHH 00pas3lnoB H aBTOMAaTH-
YeCKHX H3MepeHMH XHMHUYECKOro COCTaBa JYHHOH IOBepX-
HOCTH XOpOIIO COrJNacyloTCsi W B3aHNMHO HONOJHSIOT HAPYr
apyra. PaccMoTpeHHe Bceil COBOKYHNHOCTH aHaJH30B IIO3-
BOJIMJIO ONpefesuTh obliie 3aKOHOMEPHOCTH CTPOeHHsI BCel
JYHHOH MOBEPXHOCTH: YETKOe OTJIHYHE «MODCKHX» H «Ma-
TEPHKOBHIX» MOBEPXHOCTeH, a TaKXKe CXONHHBIH XapakTep
06pa30BaHus H 3BOJIOUHH Pa3HBIX «MOpeiH» He3aBHCHMO OT
MEeCTONOJOXEHHS] TOTO HJIH HHOTO HCCJAeNOBaHHOro paioHa.

JloruueckuM nponoaKeHHEM H3y4YeHHs JYHHOH NoBepx-
HOCTH C NOMOILIbIO aBTOMATHYECKHX CTAHUHH $SIBHJICA 3a-
nyck k JlyHe 9 aBrycra 1976 r. cranuum «JIyHa-24», Ko-
topas 18 aBrycra 1976 r. coBepmusna mocaiky B Mope
Kpusuco. Ha Heit 6bIIO0  yCTaHOBJIEHO TpyHTO3abopHOE
YCTPOHCTBO HOBOI'O THIIA, CYIIECTBEHHO OTJIMYawolieecs OT
HCIOb30BAHHBIX Ha «JIyHe-16 u -20». Ilpu GypeHuu rpyHT
noctynaj B ru6Kylo Tpy6Ky — TIpYHTOHOC, a CHELHaJsb-
HBIl MeXaHHM3M INOAXBaThIBaJ TIPYHT U YIepKHBaJ €ro B
Bule cToa6HMKa (B pe3yJbTaTe COBepLIEHHO He Hapyuia-
Jacb CTpPyKTypa o6pasua, COXpaHSJIHCh Bce OCOOEHHOCTH
ero caoucroctu). O6mas raybuHa OypeHHS cOCTaBJsIa
225 M.

Kaxk xe nmoctaBHTh Ha 3eMJII0O TaKOH IJIHHHBIH KepH —
sta npobseMa noayuusa Ha craHuun «JIyHa-24» uHTepec-
Hoe pewmeHne. Hemapom rpyHTOoHOC OHI cHelaH B BHIE
rH6Koii TPyGKH — TOcJe OKOHYAaHHS OYpeHHs TI'DPYHTOHOC
6bl1 HamMoTaH Ha OapabaH, KaK HHTKA Ha KaTyIIKy, Tak
YTO TNOJNYYHJICS KOMIAKTHBIH Tpy3, JIETKO NOMECTHBLIHHCS
B BO3BpalllaeMBbIi anmapaT, KOTOPHIE uYepe3 HECKOJBKO
IHeii O6ma1 OsaaromoJyuyHo JoctaBjeH Ha 3emJaio. Ceiiuac
3TH 00pasubl JYHHOTO TpPyHTa NOAPOOHO H3Y4aIOTCH.

B sakaiouenne storo pasmena ormerum, uto B CCCP
nccjaefoBaHneM o6Gpas3uoB JYHHOTO TPYHTa 3aHHMAKOTCH
MHOTHe HayuyHble yupexaenus. Ilo mocneaHero BpeMeHH
3THMH pabOTaMH PYKOBOJIHWJ BHIJAIOUINHCS COBETCKHH yue-
noli akagemuk A. Il. BusorpamoB (1895—1975), B Teue-
HMe MHOTHX JleT BO3IJIaBJsiBIIHA MHCTHTYT TeOXHMHH H
anaauTHueckoit xumuu uM. B. U. Bepuasackoro.

JlabGopaTopHble HcclleloBaHHsT 00pasloB JYHHOTO TPyH-
Ta TNPEeACTaBJAIOT coO60H 3aMeyaTeNbHBIH NPUMep MEXAY-
HapoJIHOTO COTPYAHHUeCTBa yueHBIX. Tak, AkaleMHs HayK
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CCCP u HauuonanpHoe ynpaBjieHHE MO a3pPOHABTHKE H
kocmuyeckuM HccnenoBanusm CHIA (HACA) He TosbkO
OCYILeCTBHJIH B3aUMHBI oOMeH o0pa3uaMH JYHHOTO I'pPYH-
Ta, HO WU NPeJOCTAaBHJIH HX AJA H3yYeHHS YYEHbIM MHOTHX
CTpaH.

3AKNIOYEHME

Hrtak, xuMHYecKHil COCTAaB MOBEPXHOCTHOrO CJOS JYH-
HOTO TPYHTa HCCJ/eJ0BaJici KaK aBTOMaTaMH HemocpejcT-
BeHHo Ha JIyHe, Tak M B 3eMHBIX Jabopartopusix. Ho Benp
Jlyna HaxogWTCcs OT HAac CPaBHHTE/NbHO «OJH3KO» — Ha
paccrosinuu Bcero auiib 380000 kM. A KaKOBBI mepchek-
THBBI NMOAOGHBIX HCCJaeJOBaHHi Apyrux miaaHer ConHeyHOH
CHCTEeMBbl, B NEePBYIO ouepelb OJMKaAHIIHX K HAaM — Map-
ca, Benepsl, Mepkypus?

3Iech BO3HHKAIOT 3HAYHTEJbHBlE TPYAHOCTH, U [HeJO,
K COXaJ/IeHHIO, He TOMBKO B OTPOMHBIX paccTosiHusix. Pac-
cMaTpuBasg Te ABa MeTOAA, KOTOPHe ObIIH INPHMEHEHH
U HCC/leOBaHUs XMMHYECKOro cocTaBa TpyHTa Ha Iio-
BepXHOCTH JIYHBI, MOXXHO OTMETHTb, YTO MeTOJ, «06paTHO
paccessHHBHIX ajb(a-yacTHU» MOXKeT ObITb HCHOJb30BaH
TOJIbKO npH pabore B BakyyMme. Kpome Toro, Hayimuue ja-
JKe paspexeHHOH arMochepnl OrpaHUYHBaeT HCHOJAb30OBa-
HHe H PEHTreHOBCKOTO (JyopecleHTHOro MeTO4a, MOCKOJb-
Ky He MO3BOJIAeT PerucTPHPOBaTh MArKoe (hjayopecueHT-
HOe H3JyueHHe JIeTKHX 3JeMeHTOB (MarHus, aJIIOMHHHS,
KpeMHHS).

Takum o6pasom, HccaefoBaHHE XHMHYECKOrO COCTaBa
TOPHBIX MOPOJ B HX eCTeCTBEHHOM 3aJleraHHH C MOMOIUIBLIO
3THX METONOB BO3MOKHO JIHIUb Ha HeGecHOM TeJie, JIMILIEH-
HOoM aTtMoctephl. B mpoTtuBHOM Xe cayuae TpebyioTcd cre-
uHaJbHBle Mephl IO MOJArOTOBKe o6pasua mepel NpoBefe-
HueM uaMepenus. Cepbe3Hyi0 TPYAHOCTb NPH HCCIeNOBaHHU
Benepel u MepKkypus TakxkKe NpefcTaBJseT BLICOKasg TeM-
neparypa MOBEPXHOCTH 3THX ILJIaHET.

Béabmasa nmo cpaBHenuio c¢ JIyHOH ydaneHHOCTb MJaHeT
OT HAaC CO3[aeT, KOHEYHO, M 3HAuHTe/bHble TPYIHOCTH B
obecneyeHHH HafeXXHOH CBS3H C aNlapaToM, HaXONSLIUMCSH
na niaHete. OQHaKo B HacTosillee BpeMs OCYLIECTBJSAETCH
NanbHss CBSI3b B KOCMOCe Ha 3HAYUTeJbHO GOJbliHe pac-
CTOSIHHMSI, H OCHOBHBIE TPYNHOCTH, CBSI3aHHBIE C PaCCTOSIHH-
€M, BO3HHKAIOT NpPH XeJaHHH HCCAefoBaTh MJAaHeTy ¢ IO-
MOLIBIO anmapaToB, NMepeABUrAIOLIHXCA MO ee IIOBEPXHOCTH.
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Bpemsi, HeoGxoauMoe HJs MOJyueHHs Ha 3emJe Imepe-
JaHHOro ¢ JIyHBl TeJeBU3HOHHOrO H306paxKeHHS OKpyKa-
IOllled MECTHOCTH, COCTaBJseT HeMHoruM GoJee 1 ¢. CtoJb-
KO e BpeMeHH TpeOyercs AJsi TOro, 4To6bl KOMaHIa C
3eman GblJa NPHUHSATA CaMOXOJHBIM ammapaToM. Takue
BpeMEHHbEIe HHTEpBaJbl IO3BOJISIOT BIOJIHE OIEPaTHBHO
cl1eluTh 32 OOCTAaHOBKOH Ha MECTHOCTH H BOBpeMs Moja-
BaTh KOMaHAy Ha OCTAHOBKY HJM HOBOPOT ammaparta. B
ciayuyae Mapca naxe mpu ero HaubGoJablieM CcOJHKEHHH C
3emiaeldl 3TO BpeMsi COCTaBJsIeT yXe OKOJO 3 MuH (Mg
NPOXOXJAEHHS CHTHaJa B OJHY CTOPOHY), UTO 3HaYHTEJb-
HO YCJOXHseT npolJieMy ynpaBJieHUs CaMOXOAHHIM anma-
patoM ¢ 3eMJH, He FOBOPS O IPYrHX BO3HUKAIOWIKX IIPH
3TOM npobJeMax.

IMpu uccnenoBanuu naaner CosHeuHOH cHcTeMBbl ellle
J0JIroe BpeMsi MePBEHCTBYOILas posb OyAeT nmpuHalaekaTb
aBToMataM. K HacrosiuieMy BpeMeHH COBETCKHE U aMepH-
KaHCKHE aBTOMAaTHYECKHe CTaHLMH, JOCTUTIIHe O/MKailux
K HaMm naHeTr — Benepnl m Mapca, nmo3BoJuaH MOJYYUTh
MHOrO HOBBIX JaHHBIX 00 3THX NJaHertax. B paMkax Ma-
TepHaJa JaHHOH OpOWIIOPHI cjaeldyeT KPaTKO OCTaHOBUThCH
JUIIb HAa OJIHOM 3KCNEPHMEHTe, KOTOpHIf siBJasercsd mps-
MBIM TNPONOJIXKEHHEM HCCJIeJOBaHMi XHMHYECKOrO COCTaBa
rPYHTa, HaYaThIX COBETCKHMH yuYeHBIMH Ha <«JlyHoxogme-1 m
-2»,

B aBrycre—centa6pe 1975 r. 8 CIIA B cropony Map-
ca ObliM 3amylleHbl OJHH 3a JPYrdM JBa KOCMHYECKHX
annapata — «Bukunr-1 u -2». JocTurHyB mpumepHo ue-
pe3 11 MecsineB Mapca, oHH BHIIIM Ha OPGHTY HCKyCCT-
BEHHBIX cOYTHHKOB. C opO6uUTaJbHBIX MOAYJEil KopabJei
Ha noBepXHOCTb Mapca B pasHble TOYKH e€ro IOBEPXHOCTH,
yraJjeHHble APYr OT ApPyra Ha paccTosHHe OKoJo 6500 kM,
ObLIH JOCTaBJEHBl CIycKaeMble annaparsl.

Cpenu psiza 3KCIepHMEHTOB, MPOBOAMMBIX 3THMH amma-
pataMu (BK/IHYaBLIMX B cebd TaKXKe M IKCIEPHMEHT HO
o6HapyXeHHIO OpraHHUYecKod XHU3HH Ha Mapce, He nas-
muil MOKa, K COXAaJIeHHI0, OJHO3HAYHO HHTEPNpPEeTHPYEMBIX
pe3yJbTaToB), OB U SKCIEPHMEHT MO ONpeAeseHHIO XHMH-
YecKOro cocTaBa MOBEPXHOCTHOTO cJosi rpyHTta Mapca wme-
TOOM peHTreHOBCKOro (ayopecueHTHOro anaJausa, [lpu-
6op I/ MpOBeZEeHHS 3TOro SKCIePHMEHTa SBJSAJICH [aJjb-
HeAIIMM pa3BHTHEM PEHTIeHOBCKOH CIEeKTPOMEeTPHUYECKOH
anmapaTtypsl, IpeIHa3HAUEHHOH /51 KOCMHUYECKHX 3KcIe-
PHMEHTOB.
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MapcuaHCKUH TPYHT ¢ NMOMOIUBIO JONATKH MHHHATIOP-
HOrO 3KCKaBaTopa Hachlmajcs B CHeUHaJbHYI0 KaMmepy
(puc. 13) o6bemom HeMHorum Gosee 4 cm3. JIBa moMelleH-
HBIX DPSOM paXHOAKTHBHBIX HCTOYHHMKA OO6JIyYaJH TPYHT
yepes OKHa KaMephl; yepe3 3TH 2Ke OKHa IPOXOJIUJO OTBET-
HOe (JIyopecleHTHOe H3JyyeHHe I'PYHTa, KOTOpOe perHcTpH-
poBaJjioch ueThipbMsi AeTeKTopaMu. Jluia onpenenenys BKjaa-
a 3JeMEeHTOB, UMeKIUX GJH3KYI0 N0 3HAYEHHIO SHEPTHIc
U3JyueHusi, TIPHMeHSAIHCh QHABTPBl (KaK H B JKCIepHMEH-
Tax, ONHCAHHBIX BhbILIE).
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Puc. 13. CxeMa npoBeleHHS 3KCIEDHMEHTa IO HCCIEeLOBaHHIO
XHMHYECKOTO COCTaBa NOBePXHOCTH Mapca ¢ noMoumpblo anma-
patoB «BukuHr»: I — KaMepa, B KOTOPYlO 3achinaics o6pa-
sen, rpyHra; 2 — o6pasen rpyHra; 8 — MPONOPUHOHAJbHBI
cuetynk; 4 — paAHOAKTHBHHIA HCTOYHHK (Kaamuit-109); & —
KOJMTAMATOp HCTOYHHKA M 3alUUTHHIA 3KpaH; 6 — TOHKOe mJje-
HOYHOE OKHO B KaMmepe, yepe3 KOTOpPOe BeJsCs aHaJIH3
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Bbls1 Mpou3BeeH aHaJ/J U3 HeCKOJbKHX 00pasloB IpyHTa,
B3STHIX B pasHBIX TOYKax BOJH3H IOCafOYHBIX OJIOKOB
craHuui (mpo6bl IPyHTa MOTLJIH GBITH B3SITHI C TVIYOHHBL 10
6 cM OT NOBEPXHOCTH). DTOT aHa/JIM3 MO3BOJHJ Olpefe-
JIUTh COJIepIKaHWe B MOBEPXHOCTHOM cJjoe Mapca OCHOBHBHIX
noponoo6pasywlHX 3JeMEeHTOB — MarHus, aJIOMHHHA,
KPEeMHHs, cepbl, XJOpa, KaJjus, KaJabLusd, THTaHa, xKeJje-
33, — a TaKXe OLEHHTb KOHUEHTPALHIO TAKUX 3JEeMEeHTOB,
KaK, Haupumep, PyOWUAMMH, CTPOHUMH, MUTTPUH M LUUPKOHHH.

ITonyyeHHble pe3ysnbTaThl OKa3aJHCh BecbMa JIOGOMBIT-
uboiMH. CpaBHeHHE C XHMHYECKHM -COCTABOM 3eMHBIX H JYH-
#bIX IIOPOJ II0KA3aJo, YTO CHEKTP MAapCHAHCKOTO TIpPYHTa
{puc. 14) He coBmajaer HH ¢ OAHHM H3 CIIEKTPOB, MNOJYy-
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Puc. 14. CnekTp (ayopecueHTHOro H3Jy4eHHs
noBepxHocTH Mapca B MecTe NOCaJKH CITyCKa-
emMoro amnaparta «Bukunra-l». [as cpaBHeHHs
npHuBelJeH (CIVIOWIHOM JuHMel) HauGoJee Gau3-
KHIl 1O XapaKkTepy CIeKTP, NMOJYYeHHBIf IpH Ha-
3eMHBIX HCNbITaHHAX. Bpocaercs B riasa 3Ha-
YuTE/IbHOE COAEPXKAHHE Ceprl B MapCHAaHCKOM
rpyHTe

YeHHbIX B HAa3eMHBIX 3KCIepHMeHTaX. Tak, HampuMep, mMap-
CHAHCKHI TDYHT COJAEPXKHT MaJo aJIOMHHHSA, Kajdud H TH-
TaHa, HO 3aTO CPaBHHUTEJbHO OoraT KeJje3oM H OueHb 0o-
rat cepoil (cM. Taba. 4).

HackosbKo mosyyeHHble pe3yJbTaThl OTpPaxaloT OO6LLYIO
KapTHHY COLEPXKAaHHS 3JEMEHTOB B IMOBEPXHOCTHOM cJo€
Mapca, ckasaTh MOKa TPYAHO, MOCKOJbKY aHAJH3 IIPOU3-
BOAMJICA JHIUb B JBYX TOYKAX MOBEPXHOCTH mJaaHeThl. On-
HaKo IepBoe, yTo Opocaercs B IJia3a IPH CPaBHEHHH XH-
MHYECKOro cocTaBa 000HX DPaHOHOB NMOCAaJKH CIyCKaeMbIX
anmapatoB «BHKHHTOB», 3TO TO, 4TO cOCTaB Bcex wHccJe-
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Ta6bauma 4
XuMRUYECKHI cocTaB (B NPOLEHTaX) MapCHAHCKOrO FPYHTa

PafioH nocagk#H CnyCcKaeMblX annapaTos
Snement «BuKuHr-1» «Bukuur-2»
Maruni 5,0 —
AnmoMunni 3,0 —
KpemHuni 20,9 20,0
Cepa 3,1 2,6
Xanop 0,7 0,6
Kaani 0,25 0,25
Kanbuuit 4,0 3,6
Tutan 0,5 0,6
JKeaneso 12,7 14,2

nyeMHX 06pasnoB TPYHTa oOKasaJjcsi NpakTHYECKH OJHHA-
KOBBIM, XOTSI TPYHT AJsi aHaau3a Opajcsi B BecbMa yla-
JEeHHBIX IPYr OT Apyra TOYKax, ¢ pa3HOH TAyOHHH H B
BHJle 3epeH Pa3HOro pa3Mepa.

CpaBHHTEJIbHO BBICOKOE COepiKaHHe xKese3a Ha Mapce
NOATBepPXKAaeT CylLlecTBylollee MHEHHe, UTO KPacHBIH LBeT
TIOBEPXHOCTH 3TOH NJaHeTH 065f3aH CBOMM INPOHCXOXKJEHH-
€M Ha/JMYHIO TaM OKHCJIOB Kese3a. He uck/aoueHo, 4To OHH
MOTYT NOKPHIBATH CHApyXH 3epHa IPYrHX MHHepaJoB, HO
3TO MOKPBITHE JOJXKHO ObITh TOHKHM HJIH NPEPBIBUCTHIM.

Bce pexopan noGusa cepa: ee cojepxaHHe B TpyHTe
Mapca okasajocb Ha OIHMH-IBa NopsAAKa GoJblle, yeM B
3eMHBIX H JYHHBIX nopozax. [IpuuuHa Takolt aHOMaJHH
MOKa HENMOHSITHA, KaK HesCHO, HampuMmep, U TO, B BHJE
KaKHX COelMHEHHH MOXKeT BXOAHUTb cepa B MHHepaJhl, caa-
ralouue nosepxHocts Mapca.

XapakTepHEIM SBJSIeTCH H HH3KOE COJeplKaHHe KaJus
B Mapcuanckom rpyute. OHo, no xpailimeit mepe, B 5—8
pa3 MeHbllle, yeM B 3eMHOil Kope. OTHOlIeHHe KOHUEHTpa-
Uil KaJbLUsi K KaJuIo, COCTaBJIsiOliee BeJHYHHY NOPAAKa
10 (a, BO3MOXHO, W BbIllle), yKa3plBaeT Ha TO, YTO IIO-
BepxHOocTh Mapca csaraloT He rpaHHTH (Kak 3TO Xxapak-
TEPHO I 3eMJH).

B moBepxHOCTHOM cJjioe Mapca oGHapyKeHBl CTPOHUME,
ATTPHA W uupKoHHH (okosao 0,01% nans Kaxaoro sjeMeH-
ta). Mx kosnyecTBa OKa3aJoch MeHblle, YyeM B 3€MHBIX
BYJKaHHYECKHX NOPOJaX.

HUccnenoBanus Mapca, Kak 3To oOHUYHO ObiBaeT, naJjn
onpejeseHHble Pe3yJbTaThl, HO M NIOCTaBHJAH MHOTO HOBBIX
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BonpocoB. MHorue (akThl, KacalollHecsi KaK XMMHYeCKOTro
COCTaBa MOBEPXHOCTH, TaK H peabeda H CYIECTBEHHOIO
Pa3JHYUsl BO BHeIIHeM BHJe NOBEPXHOCTH B pa3HBIX paHo-
HaX, OCTalOTCS NoKa 3arafoyHbiMu. OJHAKO SCHO OZHO —
3TH MCCJIeJOBaHHS MOMOTYT MOJYYHTh LIEHHYI0 HHGOpMaLHIO
O TPOHMCXOXAEHHH M 3BoJiouun iaaHer CoJjHeyHOH cH-
CTEMBI.

Takum o6pa3oM, MeTOA PEHTreHOBCKOTO (JIyopecieHT-
HOTO aHaJ/H3a, BHepBble IPUMEHEHHbIH NJs KOCMHYECKOro
SKCIepHMEHTa Ha CaMOXOAHOM anmaparte «JIyHoxox-1»,
OKasaJjcs BecbMa MepCIeKTHBHBIM MEeTOJOM HCCJeNOBAHHS
XHMHYECKOr0 COCTaBa BellleCTBA ILIaHETHBIX TeJ aBTOMAaTH-
yeckuMH cpeacTBaMu. MccaenoBanue Mopst Hoxneir «Jly-
HOXOAOM-1», u3yyeHHe mepexomHO# 30HBI «MOpe—MaTePHK»
JIyHHOH MOBepXHOCTH «JIyHOX0H0M-2», HCcileJOoBaHHE OTHO-
CHTEJIbHBIX KOHIEHTPAUHH JIErKHX 3JeMeHTOB ¢ OpOHTalb-
HBIX MOAyJaeir «Amoanona-15 u -16» u, HakoHen, pabota
Ha noBepxHocTH Mapca amnapatoB «BHKHHr» — BOT NyTb,
KOTOPHI/l Tpolies 3TOT MeTOA K HAacToslleMy BpeMeHH.
BruiBox, cpesaHHBIE Ha OCHOBAaHHM aHaJH3a pPe3yJbTaTOB
paboThl coBeTcKuX <«JIYHOXONOB», O TOM, YTO DEHTIeHOB-
CKas CIeKTpoMeTpHuecKasl ammapaTypa IIPHrOJHA Kak JJs
NpPOBeJeHUs] NJHTEIbHBIX 3KCIIEDHMEHTOB B YCJOBHSAX JYH-
HOH NOBEePXHOCTH, TaK WM IJs HCCJAeNOBaHUS APYTrHX ImJja-
HeTHBIX TeJ, 0Ka3aJcs COBEPLIEHHO CHPaBeIJUBHIM.
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