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HO-BbIYMCIINTENbHBIX KOMMIIEKCOB
E. H. Komnukoe (a-p hu3.-maT. HayK, Npod.) — Hay4HbIA PYKOBOAMUTENb

ECTECTBEHHbIE CMYTHWUKW NNAHET CONTHEYHOW CUCTEMbI

CnyTHWK npeacTaBnseT coboit 0bbekT, obpallatoLeecs BOKPYr LEHTPanbHOro Tena no onpeaeneH-
HOWN TPAEKTOPMK, TaK YTO LUEHTP MacC CMCTEMbI, COCTOSILLEN U3 3TOT0 06BEKTA M LEHTPANbHOMO Tena, Haxo-
LVMTCA BHYTPU LieHTpanbsHoro Tena. B aaHHoi pabote CyTHWUKM — 3TO NnaHeTouabl MW actepomabl, obpa-
LaoLLMeCs BOKPYT NIaHET COMHEYHOM cucTeMbl. OHW SBMSKOTCA UHTEPECHBIM OOBEKTOM A1 U3YYEHUS.
CnyTHUKM Marbl, HO 3TO OYeHb pasHoOOpasHble W AYHaMWYHble MUpbl. Brivxaniume k ConHuy nnaHeTbl —
Mepkypuin 1 BeHepa He WMEKT eCTeCTBEHHbLIX CMYTHUKOB. 3eMMs UMeeT €AMHCTBEHHbLIN eCTECTBEHHbIN
CNYTHUK — JIyHy.

Bnnxainwwe k ConHuy nnaHeTbl — Mepkypui 1 BeHepa He UMEOT eCTECTBEHHBIX CMyTHUKOB. 3eMIs
MMEET NHCTBEHHbIN €CTECTBEHHbIN CMYTHUK — JTyHY.

JlyHa cambIn uccnenoBaHHbln 06bEKT kocMoca. Ee pasmep B 81 pa3 MeHbLLe 3emnu, a aMameTp pa-
BeH 3476 kM. 4,5 munnuapga net Hasag Teno pasmepomM ¢ Mapc «BblGUIo» M3 3eMn OrpOMHbINA KYCOK
pacnnasfieHHON MaTepuu, KOTOpbIiA No3xe npespatunca B JIyHy. [0BEpXHOCTb MOKPbITa PErosiMToMm —
CMECbI0 TOHKOW MbIAN 1 CKanmucTbix 0610MKOB, 06pa3yoLyXcs B pesynbTaTe CTONKHOBEHWUA METEOPUTOB C
NYHHOW NOBEPXHOCTbIO. JlyHa Bcerga noBepHyTa OAHOWM CTOPOHOW K 3emrie, Tak Kak nepuog obpalleHus
BOKpYr ocu paBeH obopoTy Bokpyr 3emnu. [lepenag Temnepatyp Ha nosepxHocT (o1 -160 °C po
+120 °C), B 3aBMCUMOCTM OT OCBELLEHHOCTM, HO TemnepaTtypa Ha rnybuHe 1 M NOCTOSHHAs M paBHa
-35 °C. 'paBuTaLMOHHbIE Cunbl Mexay 3emMnén v JlyHon BbI3biBatOT 3GhEKT MOPCKUX MPUIMBOB U OTNN-
BOB. [PUHATO CYMTaTb, YTO CMELLMBAHME MUHEPANOB M NUTATENbHbIX BELLECTB MPUMBHLIMU BONHAMU Ha
3emne cnocobeTBOBanNO 3apOXAEHWIO XKU3HMW.

B rpyHTe JlyHbl Gbinu HaliaeHb! cneapl BoAdbl, No3xe 06Hapyxmnock He MeHee 600 MIH. TOHH BoaS-
HbIX IMbI6 Ha JHe NyHHbIX KpaTepOB B PErMOHE CEBEPHOro nostoca. Bekope B NyHHbIX TOHHeNsX byayT co-
30aHbl Xuible 6a3bl.

AnoHckuin 3014 Karys oGHapyxun 0TBEpCTHE ANaMETPOM OKONo 65 MeTpoB, a rmybuHoNn, npeanono-
xuteneHo, 80 MeTpoB. MogobHbIE TOHHENM MOryT MOCMYXUTb ANS KOMOHM3auuu, Gnarogaps 3awmte ot
COMHEYHON pagmauuy 1 3aMKHYTOCTU MPOCTPAHCTBA, B KOTOPOM MPOLLE NOAAEPKMBATb YCIIOBUS XU3HE-
obecneyeHus. B despane 2010 roga HACA npefctaBurio HOBbIV MPOEKT: «aBaTapbl» Ha JlyHe, KOTOpbIi
MOXeT BbiTb peanu3oBaH yxe vepes 1000 gHen. CyTb ero 3aknoyaeTcs B OpraHu3auun akcneguumm Ha
JlyHy ¢ yyactem poboToB-aBaTapoB, YNpaBisieMblX UCTAHLMOHHO 1 NPEeACTaBnsoWmx coboi yCTponcTao
TenenpucytcTans [1].

CnyTHuk Mapca Gbinn oTKpbIThl B 1877r. BO BpEMS BENUKOTO MPOTUBOCTOSHIUS aMEPUKaHCKUM acT-
poHomoMm A. Xonnom. Wx Ha3samm ®oboc (rpey. @oBog «ctpax») u [eimoc (rped. Aeiyog «yxacy), no-
CKOMbKY B @HTMYHbIX MUcbax Bor BOWHbLI BCEraa CONPOBOXAANCA CBOMMM AETbMI CTPAXOM U yxxacom. [lei-
MOC — HaUMEHBLUWIA CMYTHUK HaLlen CONHeYHon cuctembl. Ero auametp Bcero 13 kM. [leiimoc otgansercs
v B Byayulem conaet ¢ opbutbl Mapca.

[nameTp ®oboca 26 kunometpos. Poboc obpatiaeTcs Bokpyr Mapca Ha pacctosiHum 9400 km v ge-
naet oguH obopot 3a 7 4 39 MuH, YTO BbICTpee BpaleHus Mapca Bokpyr ocv [2]. Ype3sBblyalHO HW3Kas
cpeaHas nnotHocTb ®oboca — okono 1,86 r/cm?, ykasbiBaeT Ha MOPUCTYH CTPYKTYPY CMyTHUKA C NycToTa-
MW, cocTasnstoLumu 25 — 45 %.

CnyTHUKM OYeHb ManeHbkue No pasmepam W UMET HenpaBunbHyto opmy. ®oboc, kak 1 [denmoc
NOBEPHYT K MaHeTe O4HOW U TOW e CTOPOHON. Ero opbuta HaxoguTcs BHYTPU npegena Powa u cnyTHUK
He pa3spbIBaeTCs TOMbKO 3a CYET CBOEN NPOoYHOCTM. [NpunmneHOe Bo3aeicTeMe Mapca nocteneHHoO 3amesn-
nset asmkeHne ®oboca v B ByayLlem npuBedET K ero nageHuto Ha Mapc [3].



B 1998 rogy OdopeitH Manepmo u JleH ®nemuHr Ha CHUMKaX nepeaaHHbIx 3oHgom Mars Global
Surveyor, 06Hapyxunu 3arafoyHblil 06BEKT MOXOXMIA Ha MAKTY BbICOTON NPUMEPHO 76 MeTpoB. O6bsICHE-
HWS €ro NosIBNeHNs He cyllecTsyeT [4].

[anee 3a Mapcom cneaytot rasosble ruraHTbl KOnutep n CatypH. Bokpyr FOnutepa obpalyatotcs 63
W3BECTHbIX CMYTHUKA, KOTOPbIE MOXHO Pa3denuTb Ha ABE PynMbl — BHYTPEHHIOO U BHELIHIOW, UK pery-
NSApHbIE U MpPerynsapHble; nepeas rpynna BKYaeT 8 CNyTHUKOB, BTopas — 55. B gaHHOW cTaTbe paccMoT-
PVM TOMbKO HEKOTOPbIE.

Wo — cambiin 6rmskuin k KOnuTtepy cnyTHuk, auametpom 3630 kM, no macce u paguycy Mo noxoxa Ha
TNyHy. Camast ceHcaumoHHas 0cobeHHOCTb Mo 3akniovaeTcs B TOM, YTO OHa BYMKaHUYECKW akTUBHA (puCy-
HOK 1). Ha ee enTo-opaHxeBoi NOBEPXHOCTU «Bosimxepbl» 06HapyXunn 12 LeACTBYIOWMX BYIIKAHOB, 13-
Beprarowmx cyntaHbl Bbicotoit 4o 300 kM. YOapHble KpaTepbl Ha cryTHUKE Mo OTCYTCTBYIOT U3-3a MHTEH-
CMBHOW BYyMKaHU4eCKon nepepaboTki NOBEPXHOCTU. Ha Hel eCTb KaMeHHble MacCyBbl BbICOTON A0 9 KM.
[MOCTOSAHHO Hap nnaHeTon noaHMMaeTcs PoHTaH rasa BbicoTon 300 kM. MOLHBIN NOA3EMHBIN Ty COTpS-
CaeT MoYBY, U3 Xepra BynkaHa C OTPOMHON CKOPOCTLIO (40 1 KM/C) BbifieTaloT BMECTE C ra3oM kamHu. U3
HEKOTOPbIX BYJIKAHUYECKMX BNaAuH BbIMMECKUBAETCS pacniaBieHHas YepHas cepa 1 pacTekaeTcs ropsyu-
MU pekamu [5].

Puc. 1. U3BepxeHue BynkaHa Puc. 2. KOxHas nonsipHas obnacTb TpuToHa

C nomoLwpto Mo Bnepsble Obina n3mMepeHa ckopocTb CBeTa B BakyyMe Aatckum yyeHbiMm O. Pemepom
B 1676 r. OnbIT 3aKn04ancs B M3MEPEHUN BPEMEHM 3aTMeHUs CnyTHWKa KOnuTepom. 310 BpeMs paBHAMNOCH
42 4 28 MnH Ha camom Bnm3koM paccTosiHum 3emnm k KOnutepy. Ha camom ganbHeM paccTosiHAW 3emnu
ot fOnuTtepa 3aTMeHWe 3aBepLuanoch Ha 22 MUHYTLI NO3xe. Takum 06pa3oM, Ha OCHOBAHWW 3HAHWS Nepu-
opa obpateHusi Mo Geina paccuntaHa ckopocTb ceeta pasHast 300.000 kw/c [6].

EBpona — wecroit cnyTHuk tOnutepa, anametpom 3130 kM. OHa nokpbiTa BOASHLIM NbdoMm. [o-
BUOMMOMY, NOJ NeasHoM Kopkon TonwmHoi B 100 KUOMETPOB CyLLECTBYET BOAHbIA OKeaH, KOTOpbIi no-
KpbIBaeT cunnkaTHoe Aapo. MOBEPXHOCTb YCesHa CETbio CBETIbIX M TEMHbBIX JIMHWA: 3TO TPELLMHbI B Neas-
HOW KOpe, BO3HUKLLME B pe3ynbTaTe TEKTOHWYECKMX NPOLLECCOB. VX TOMLMHA MHOTAA NPEBOCXOAMUT COTHIO
KWMOMETPOB, @ ANMHA JOCTUrAeT HECKOSbKUX ThICAY KUIOMETPOB. Ha noBepxHoCcTM EBpONbI NpakTnyeckm
OTCYTCTBYKOT KpaTepbl, 4TO FOBOPUT O MOMOAOCTH NOBEPXHOCTU CMYTHWUKA — COTHW ThbICSY U MUNMNOHI
net. Ha Heit HeT Bo3BbiweHHocTen 6onee 100 M BbICOTON. LLMpuHa pa3noMoB COCTaBNSIET OT HECKOMbKIX
KWMOMETPOB 10 COTEH KMIIOMETPOB, @ NPOTSHIKEHHOCTb AOCTUIAET ThICAY KUNOMeTpoB. OLeHKa TOMLLMHBI KO-
Pbl KONEBMEeTCH OT HECKOMbKIX KUIIOMETPOB [0 AECATKOB KUMOMETPOB. B Heapax EBponbl Takke Bblaensercs
SHEPrus NPUINBHOTO B3aUMOLENCTBNSA, KOTOPas NOAAEPXKMNBAET B XKMAKOM COCTOSIHUM MaHTUIO - NOAnea-
Hblil OKeaH, BO3MOXHO, Aaxe Tennbli. ECTb npegnonoxeHne 0 BO3MOXHOCTMW CyLLECTBOBAHWUS B 3TOM OKe-
aHe NpoCTenLLMX )OpM XM3HMW.



B ckopom 6yaywem k EBpone oTnpaBuTcsa kocMudeckuin annapart Jupiter Icy Moons Orbiter, koTto-
PbIii NOAPOBHO M3YUMT 3TOT CYTHUK 1 OTKPOET €ro TanHbl [7].

Bokpyr CaTypHa BpaLlarTcs 4eCATKM CMYTHUKOB. B HacTosiLee BpeMs U3BECTHO 62 CryTHMKA.

TuTtaH — kpynHenwmin cnyTHUk CaTypHa, OTKpbIThIA B 1665 rogy XpuctnaHom loireHcom. uametp —
5152 kM, Ha 50 % 6onbLue JlyHbl 1 Ha 80% Gornblue no mMacce, NPeBOCXOANUT pa3mepamu nnaHety Mepky-
pui. Cuna TSKECTW CocTaBnsieT OfHy cedbMyto 3eMHoil. Macca TutaHa cocTasnsieT 95 % macchl BCex
cnyTHukoB CatypHa. [oBepxHOCTb TTaHa B OCHOBHOM COCTOWT U3 BOASHOTO NbAa ¥ 0CALOYHbIX OpraHu-
YeCKWX BeLLeCTB, reonornyeckn monopas. MnotHas atmocdepa, okpyxatowas TutaH, Jonroe Bpems He
no3Bonana yBuaeTb NOBEPXHOCTb CMYTHMKA BNNOTb A0 NpubbITMs annapata «Kaccuhn — MonreHey B 2005
rogy. ATMocchepa nNpenMyLLECTBEHHO COCTOUT 13 a30Ta, TaKkke UMeeTCs HeBOMbLLOE KONNYECTBO MEeTaHa u
9TaHa, KoTopble obpasyloT obnaka, SBNAOWMECH UCTOYHUKOM XWUOKMX ocagkoB. 30HA oWreHc nokasan,
YTO Ha MOBEPXHOCTU UMEKTCA METaH — 3TaHOBble 03épa W peku. [laBneHue y noBEPXHOCTH NPUMEPHO B
1,5 pa3a npeBbILAET JaBneHne 3eMHoM atMocdepbl. TemnepaTypa y nosepxHoctn — muHyc 170 — 180 °C.

HecMoTps Ha HK3KyKo TeMnepatypy, TUTaH CONocTaBnseTcs ¢ 3EMNEN Ha PaHHUX CTaausX Pa3BUTKS,
W HENb34 UCKNKYaTh, YTO Ha CMYTHUKE BO3MOXHO CYLLECTBOBAHWE NPOCTENLWNX (DOPM XKIU3HW, B YACTHOCTH,
B N0A3eMHbIX BOBOEMAX, rae YCroBus MoryT BbITb ropa3fo KOMOPTHEE, YEM Ha NMOBEPXHOCTM!.

B oyeHb ganékom Oyaywem ycrnosust Ha TUTaHe MOTYT 3HAYMTENbHO M3MEHUTLCS. Yepes 6 Mnpa.
net ConHue CTaHeT KpacHbIM rMraHToM, TemnepaTypa Ha NoBEpXHOCTU cnyTHUKa ysennuutcs o -70 °C,
[0CTaTO4HO BbICOKOW ANS CyLLEeCTBOBAHWS XMAKOrO OKeaHa 13 cMecw BOAbl M ammmaka. MogobHele ycno-
BMS NPOCYLLECTBYIOT HECKOSTbKO COTEH MUSIIIMOHOB MNET, 3TOTO BMOSHE AOCTATOMHO ANS PasBUTUS OTHOCH-
TENbHO CIOXHbIX (DOPM XM3HM [8].

OHuenag — LWwecTon no pasmepam cnyTHuK CatypHa, anametpom 500 kM. Bein oTkpbIT B 1789 rogy B
xoge HabmogeHun Yunbama epwens. MoBepxHOCTb SHUeNaaa oTpaxaeT NoYTW BECb NadaloLnii Ha Heé
COMHeYHbI cBeT. ABToMaTn4yeckast ctaHums «Kaccuhmy, pocturiwas B 2004 r. cuctembl CaTypHa, 3aperu-
cTpupoBan nepasHble rensepbl, Boicoton B 300 kunomeTpos, obpasyiowme ogHo M3 koney CatypHa.
9 oktabpsa 2008 roga KaccuHu BO Bpems nonéta CkBO3b CTPyW BbIBPOCOB remsepoB JHuenaga cobpan
[aHHble, YKa3bIBalOLLME HA HanMuue XUOKOro OKeaHa nog neasHon KOpKOM.

B mtone 2009 roga ot KaccuHm nonyyeHsl v onybinkoBaHbl AeTann3npoBaHHbIE JaHHbIE XMMUYECKO-
ro cocTaBa BOAsHbIX BbIOPOCOB JHLENaaa, NoaTBepXatoLLme Teopuio 0 xuakom okeaHe. NASA nnaHupy-
eT 0TNpaBuTb K OHUenady annapaT Ans obHapyxeHust «BroMapkepoB» (BELLECTBA, YKa3blBalOLME Ha Cy-
LLIeCTBOBAHME XMBbIX OpraHW3MoB). Ho Bpemsi Muccumn yxoaut. PasorHaTb annapat ¢ NOMOLLbH MpUTshKe-
Hus KOnuTepa moxHo Byaet B 2015 — 2017 rogax [9].

HenTyH — BocbMas 1 nocnegHss «Hactoswasy nnaHeta ConHeYHON CUCTEMbI. Ha OaHHbI MOMEHT y
HenTyHa n3BecTHO 13 cnyTHUKOB. CnyTHUKM HenTyHa MOXHO pasgenuTb Ha TpU SIBHO BbIPaXEHHbIX rpyn-
nbl. NepBas — 310 BHYTPeHHWe cnyTHUkU: Haspa, Tanacca, [ecnuuHa, Manates, Jlapucca, MpoTeyc, BTO-
pas — TputoH n Hepempaa, n TpeTbst — 5 BHeLWHMX cnyTHukoB S/2002 N1, S/2002 N2, S/2002 N3, S/2002
N4, S/2003 N1. Bce BHyTpeHHMe cnyTHUKM HenTyHa — TeMHble (anbbepo meHee 10%) rmbibbl Henpasunb-
Hom chopmbl pazmepom 100 — 200 kM, BpaLLaroLwmecs B NpsMOM HanpaBneHun no KpyroBeIM opbutam npak-
TUYECKM B NNOCKOCTW 3kBaTopa HenTyHa. anates u [JecnuHa HaxogsaTcs B 061actu konew 1, BO3MOXHO,
SBNSOTCA UCTOYHUKOM MaTtepmana, nonosHsoLWero konbua. Kaxasii u3 BHYTPEHHNUX CrYTHWUKOB obrneTaet
NnnaHeTy BCEro 3a HeCKObKO YacoB, U TOMbKO Camblid KPYMHbIN U3 BHYTPEHHUX CMYTHWKOB, [NpoTeyc, fena-
eT oauH 06opoT 3a 1,12 cyToK.

CambIM CTpaHHbIM CMYTHUKOM COSTHEYHOM CUCTEMBI, CO CBOEN aHOMarlbHON TPAeKTOpUeEN, ABNSeTCS
nyHa HentyHa — TpuTOH.

TputoH — anameTtpom 2700 kM, Bbin OTKpLIT BCkope nocne HentyHa B 1846 rogy. Y Hero o4eHb
CTPaHHas TPaeKTopus ABWKEHUS. JTO EAWHCTBEHHbIN CNYTHUK, OBWXKYLIMACS B NPOTUBOMOMOXHOM
HarnpasfieHnn OT BpaLleHWs nnaHeTbl. MpegnonaraeTcs, YTO CNyTHUK TPUTOH Hekoraa Bbin ogHOW U3 ca-
MOCTOSITENbHbIX MAHET NPUTSAHYTOW HENTYHWAHCKOW rpaBuTaumei. Jled Ha ero noBepXHOCTU HECKOMbKUX



OTTeHKOB. OT CMHE-3eNeHOro — Tam, rae 3ameps YUCTbI a30T A0 KpacHOBAaToro, B Mectax, rae npucyT-
CTBYIOT NPUMECH Xeresa.

[MaBHbIM Ctopnpu3oM TpUTOHa OKa3arnacb ero COBPEMEHHast reofiornyeckas akTBHOCTb, KOTOPYH
[o noneta «Bosmkepa» HUKTO W He npegnonaran. Ha cHUMKax 0BHapyXeHbl ra3oBble ren3epbl — TEMHbIE
cTonbbl a30Ta, MAyLME CTPOro BEPTUKANBHO A0 BbICOTbI 8 KM, F4e OHU HAYMHAKT CTENUTLCA NapannenbHo
NOBEPXHOCTM TPUTOHA W BLITAMMBATLCA B «XBOCTbI» AnMHOM 40 150 kM. OBHapyXeHO AecATb AENCTBYHOLLMX
reiiaepoB. Bce OHM «AbIMAT» B KOXXHOW NONsSipHOM 06nacTu, Hag kotopoit ConHue B 3TOT NEpUOS HaXoAW-
nocob B 3eHUTE. MPUYMHON aKTUBHOCTM ra3oBbiX ren3epoB CuMTatoT HarpeB ConHUeM, NPUBOASLLMIA K NnaB-
NEHN0 a30THOTO NbJa Ha HEKOTOPOW rybuHe, rae UMEKTCA Takxke BOAHbIN flef U METAHOBbIE COeNHEHMS
TEMHOro LBeTa. [laBneHne ra3oBo CMeCH, BO3HUKatoLee B rMyOMHHOM Crioe Npu ero Harpese BCEro Ha
4°C, xoTta 1 HebONbLUOE, HO BrOMHE OCTAaTOMHOE, YTODbI BbIBPOCUTL ra3oBblii POHTAH BLICOKO B pa3spe-
XEHHYI0 aTMocdepy TpuToHa.

tOxHas nonspHas Wwanka nokpbiTa MHEEM, BO3MOXHO 13 3aMep3LLero asota, KOTOpblid NOCTENEHHO
ucnapsietcs. (bnarogapsi 0cobeHHOCTAM XapakTepucTuk opout HentyHa u TputoHa aTa obnacTb K Mo-
MeHTY HabntoaeHus Obina HenpepbiBHO ocselleHa ConHuem noytn 100 net). B aton obnactu HeT yaap-
HbIX kpaTepoB. Ha n3obpaxeHusx TpUTOHA MOXHO pas3rnsfeTb OYeHb HEMHOTO KpaTepoB, ero nosepx-
HOCTb CPaBHUTENBHO Moroda (PUCYHOK 2). Moyt BCe KHOe nornyLiapue MOoKpbITO «edsHbIM Konna-
KOM» 3aMOPOXEHHOro a3oTa u MeTaHa [10].

Bonpoc, 3aTparvBaioLnin M3y4eHne CMCTeM CMyTHWUKOB, HEBEPOSITHO BaXKEH, MOCKOSbKY OH SBMSET-
CSl OQHUM M3 KMKYEBbIX BOMNPOCOB COBPEMEHHBIX NpedcTaBneHnit 06 yctponctee kocmoca. OCHOBHBIM
NPeUMyLLEeCTBOM B U3YYEHUM CMYTHUKOB SBASIETCA MX LOCAraeMOCTb U BO3MOXHOCTb MOTEHLMANbHOro
KOHTaKTa C HAMK, B OTNNYME OT ApYrix HebecCHbIX Ten. CyTHUKM O4YEHb BaxHas YacTb KOCMUYECKOTO Me-
XaHu3ma. Bo3amoxHo, 6e3 Hawen JlyHbl He 3apogunach Obl Xu3Hb Ha 3emne. M ecnu ygactcs Hautu
KU3Hb Ha CMyTHUKaX, TO 9TO M3MEHUT B3rMNSA BCEro YEroBEeYeCTBa Ha YCTPONCTBO BCENEHHOM U MUpa B
LenioMm.
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