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KOCMUYECKWUA ®AKTOP "W3BbITOYHOINO" TEMJIOBLIAENEHUSA
B HEOPAX 3EMJIU U TJIAHET

Crarbsi 3. O61Me ang nnaHeT KOCMUYecKUe NMPUYUHbI "U3GbITOYHOro™ BblaeNleHna Tensna

( PekomeHpoBaHo akazn. HAH Ykpaunsi B. M. LllecTonanossim)

Kpim pagioreHHoi eHeprii Hagpa 3emMni Ta NNaHeT MaloTb "AoAaTKOBE" MKepeno eHeprii KOCMIYHOIO MOXOMXEHHS, aKe
MOAYMOETHCA MOSMIOXKEHHAM Ta HanpsMkoM pyxy CoHsiYHOI cnucTtemm B ManakTuui. 3anexHicTb Moro Big HanpsaMKy pyxy
NPU3BOANTL 10 TOT O, O MakcUMallbHe BUAINMEHHS eHeprii BiaOyBaeTbCs, KONM NPoekLIs BekTopa wenakocTi 3emni B [a-
NaKTUL 3HAaXOAUTLCH Ha 3€eMHOMY €KBaTopi, HACNiAKOM YOro € iCHyBaHHSA ekBaTopiaslbHOro rapsyoro nosicy B Haapax
3Bemni. Taki x camo ekBaTopiasibHi MOACK BHYTPILLHBbOI aKTUBHOCTI CMOCTEPIraloTbCa TakoX | Ha GaraTboX IHLIMX NiaHeTax
CoHa4YHoi cucteMin. Takox iCHYeE cnifibHa AN NNaHeT 3aNeXHICTb "HaAMLLKOBOro™ TEMNOBUBINIbHEHHS Big X Macu. Lle e
03HaKolo TOro, WO "HaAMLWKOBE ™ BUBINIbHEHHSA Tennay HaZpax nnaHeT Mae eAuHy KOCMIYHY npupoay. MoXJnBo, Lo 4yT-
JINBICTb NNAHETHUX HAAP A0 30BHILLUHBLOIO BMAIMBY 3aNI€XUTb Bifl X XiIMIYHOrO cknaaly, — BoAeHb Ta 3a/1i30 MOXYTb 6yTK
BinbL YYTANBUMM.

Besides radiogenic energy, the "supplementary” energy source occurs in the Earth interior. This source is of cosmic ori-
gin and modulated by position and direction of the solar system motion in the Galaxy. Therefore, the maximal heat ge-
neration occurs when projection of the Earth motion in the Galaxy achieves the Earth equator. This results in existence of
hot equatorial belt in the Earth interior. Similar equatorial belts of endogenous activity are also observed on many other
planets of the solar system. Moreover, common for the planets is dependence of "excess" heat generation on planet
mass. This suggests that "excess" heat in the interior of planets is of common cosmic nature. It is possible that sensitivi-
ty of planetary interior to external influence also depends on its chemical composition — hydrogen and iron may have hig-

her sensitivity.

B ctatbsix 1 1 2 paHHol paGoThl [1, 2] 6b110 BbicKa-
3aHO MpPeAnofioXeHWe, YTO ranakTnieckoe okpyxe-
HWe BAMSIET Ha 3eMHble OBONIOYKN MOCPEeACTBOM
OelcTByOLEro B Hegpax U NOAYMHSIOLLErocst Koc-
MWYECKMM pUTMaM UCTOYHWKA SHEPTrUn Hen3BecT-
HOW NpUpoabl — "KOCMNYECKON Neyvkn”™.

bbino yctaHoBneHo Takke, 4TO CTeMneHb BO3-
nelcTeMa Ha 3eMiltlo CO CTOPOHbI OKpYXKaloLLen ra-
NTaKTU4eCKOW cpefibl 3aBUCUT OT HanpaBfeHust ABM1-
xeHnss 3emnu B [anaktuke. B 4acTHocTy,
MaKCUMalbHbIM HarpeB 3eMHbIX Heip CTAHOBUTCS B
Te 3Mnoxu, Korga Npoekuus Bektopa ckopocTn 3em-
nu B [anakTvke nonagaeT Ha akBaTtop. Beneacteue
3TOro 30HblI U3BLITOYHOrO (He PaflMOreHHOro) Ten-
NIOBbIAENEHNS NPUYPOYEHbl K HU3KUM LWIMpOTaM,
dopMnpys B 3eMHbIX Hefipax "aKBaTopuasibHbIA FO-
psYni nosic” pa3orpeToro BellecTsa.

BHelHss (ranaktmnyeckas) npupoaa n3bbiTou-
HOrO HarpeBa 3eMHbIX Hep NpeAnonaraet Hanuymne
aHaNIOrMYHbIX MCTOYHNKOB TakkKe U B Hefpax Apyrmux
KOCMMYECKMX TeN, OT KOTOPbIX Halla MfaHeTa Mano
YyeM oTnnyaeTcs.

M36bIToyHOEe TennoBblgeneHne 6biN0 obHapy-
XeHO B HeApax MfaHeT-rMraHToB. lennoBoe u3ny-
YyeHMe MNaHeT-FMraHToB CYLLEeCTBEHHO MpeBbillaeT
NOTOK 3Heprun, NonyvyaeMbln STUMK NNaHeTamMu ot
CornHua, a npegnonaraemMblX BHYTPEHHUX UCTOYHU-
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KOB HefoCTaToYHO ANns ero obbscHeHus. [MoMumMo
CcOBCTBEHHO NMlaHeT-rMraHToB aHasornyHas nposG-
nemMa BbISIBfleHa Takke Y HEKOTOPbIX U3 UX CMYTHU-
KOB, a TakKe B psfe APpYrux clyyaes.

HacToslwas ctaTbs nocBsilleHa conocTashe-
HUIO M3GLITOYHOTO TENNOBbLIOENEHNs B Heapax 3eMm-
N ¢ aHaNorMYHLIMU NpoLeccaMuy B Heapax Apyrnx
KocMUYeckux Tesnl. 3afada — onpeaenuTb cTeneHb
OBLHOCTM B NPOUCXOASLEM U3GLITOYHOM Tenso-
BblAeNleHUW, a Takke pacrnpocTpaHeHHOCTb 3TOro
npouecca B NpUpoae.

Us6bITouHOE TennoebigeneHue
B HepApax nnaHet, cpaBHeHUe C 3eMHbIM

EnnHaga 3aBUCUMOCTb M36bITOYHOI O Ternaosbige-
JIGHUS1 OT Macchl IU1aHeTbl — c/leAcTBue oOLUNX
npunynH. Kak n3BecTHO, Hanbonee sHaunTeNbLHOE U3-
OblITO4YHOE TennoBblaeneHne O6bIN0 OBHAPYXEHO B
HeApax nnaHeT rpynnsl OnuTepa [4, 22], 4To No3BO-
nsieT Npegnonaratb 3aBUCUMMOCTb €ro OT Macchl Nna-
HeTbl. MccnepoBaHme aToro Bonpoca nokasano, YTo
ang nNaty KpynHenwnx nnaHetT CONHEYHON CUCTEMBI
(FOnutep, CatypH, HenTtyH, YpaH, 3emns) cyllecTBy-
eT cnefyollasl 3aBUCUMOCTb CYMMAapPHOIro MoToka
M36bITOYHOrO Tenna, WUCMYCKaeMoro niaHeTon, oT
maccbl nnaHeTbl [30]: L/Lggym = (M/Mgguna) 1, 7. Bene-
pa nexuT 6IM3KO K 3TON 3aBUCUMOCTU, HO ee Tenso-
BOM MOTOK W3BECTEH C Maniol TOYHOCTbIO. MeHee
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MaccueHble Mapc, Mepkypuin u JlyHa, cornacHo [30],
[aHHOW 3aBMCUMOCTU He MoAYMHSATCS. BnonHe ove-
BUOHO, YTO FIOCKOJIbKY U3ObITOYHOE TeryioBblgesne-
Hue rnofquHsieTcs: obujemMy 3akoHy, TO OHO umeeT
efINHYI0 [/IS 110 KpaliHelr Mepe Mty KPYNHenxX
rinader npupofdy. Takke SICHO, YTO Bblaensiemasi B
Hefpax aTUX NaHeT TenoTa UMeeT He paUoOreHHYIo
npupoay, NOCKONbKy NokasaTelb CTeNeHW Bbille
e[IMHULbI, a OTHOCUTENIbHOe COoAepXaHne pagnoak-
TMBHbIX 3IEMEHTOB B Hejpax MMaHeT-rMraHToB 3aBe-
OOMO MeHblle 3eMHoOro. Takum obpasoMm, ecau y
3emn "nonoHUTENbHBINA" NCTOYHUK SHEPprin cBsi-
3aH ¢ BHELUHUM 110 oTHoLueHuo K COHeYHou cucte-
Me akTopomM, To U y faaHeT-ruraHTos Toxe. [lpu-
YyeM cCylLlecTBYeT HekoTopasl KpuTudeckass mMacca
(3Ha4YeHNe ee HeCKOJIbKO MEHbLLE 3eMHOM), HUXe KO-
TOPOI CTAHOBATCS CYLLECTBEHHbIMU Kakue-To Apy-
rme dakrtopbl. OTMe4eHHas Ana Hanbdonee KpymnHbIX
nnaHeT 3aBMCUMOCTb 3HEProBblAeNeHnst OT Macchl
nnaHeTbl MOXET CBUAETENLCTBOBATL O TOM, 4TO 60-
fiee KpynHbIMU U3 HUX TeMNOBbIAENSAWMNA dakTop
nornouaeTcs 6Gonee NOJHO.

AkBaTopunanbHblie ropsiine nosdca naaHer
KaK npu3HaK HaJIn4nsg KOCMUYeCcKoro n3obiToy-
HOro TeruioBbife/IeHUs B ux Heapax. [lonbitaem-
Ccfl OTBETUTb Ternepb Ha BOMPOC: MPOUCXOOUT NN
aHaNiorMyHoe 3eMHOMY N36bITOYHOE (He pagnoreH-
HOe, KOCMWYECKOW Mpupodbl) BblAeneHne Tenna B
Hefpax OPYrnx, MeHee MaCCUBHbIX MAaHeT, KOTO-
pble n3 obueh ans Hanbonee KpPyMHbIX NNaHeT 3a-
BUCMMOCTM BbiNnagatoT?

BocnonbayemMcsl TaKMMUM XOpOLLIO onpeaefMbl-
MW MOBEPXHOCTHLIMWU WMHAUKATOpPaMW BbiOeneHus
Tenna B HeApax NnaHeT, Kak NPOosiBNeHUs BYJIKAaHN3-
Ma. B cTatbe 2 gaHHol paboThl [2] ObiNo ycTaHOBNEe-
HO, 4TO M3BbITOYHAs KOCMUYECKas SHEePrnst 3eMHbIX
Heap BbiAeNseTcs NPeMMYLLEeCTBEHHO B HU3KUX LUN-
poTax, GopmMUpyst SKBATOPUANbHLIN FOPAYUA NOSAC
AKTUBHOCTMU, B TOM YMCie BYJIKAHNYeCKON. BaxHen-
lWel 0CcoBGeHHOCTbIO 3KBATOPUANbHOIMO Fopsiyero
nosica fIBASIeTCS HanMyne B HEM ABYX aHTuUnopasnb-
HbIX BOCXOASILLUMX KOHBEKTUBHbIX MOTOKOB (cynep-
NIOMOB), BO3HWKAIOLLMX BCAeACTBUE HapylUeHUs
paBHOBecKs NpU NepepacnpeneneHnn Macc B Xoae
MaHTUIAHON KOHBEKLUUN U BbI3BAHHLIX 3TUM CMelLle-
HWUIA MaHTUK OTHOCUTENbHO sapa. Hannyne nono6-
HOrO LUMPOTHO-AONIOTHOIO pacnpeneneHns aHao-
reHHON akTMBHOCTWM Ha ApYyrux nnaHetax O6yaer
SABMSATECA MPU3HAKOM TOFO, YTO U3BbITOYHAss KOCMU-
Yyeckasi 9Heprus BblAeNsAeTCcs U B X Heapax.

[Tpuypo4yeHHOCTE BHYTpPEeHHEN akTUBHOCTM K
HU3KMM LUMpOTaM AeACTBUTENLHO NpOoCcnexXnBaeTcs
He TONbKo Ha 3eMrie, HO 1 AN19 APYruX NaHeT TakkKe
[11]. PaccmoTpumMm npumepbl reorpadmn4eckoro
pacnpefeneHust BHyTpeHHel akTUBHOCTU Ha HeKo-
TOPbIX N3 MIaHeT.

Benepa. llposiBneHns1 ByfnkaHusma Ha BeHepe
Yypes3Bbl4aiHO Pa3BUTbl — Ha €e MOBEPXHOCTUN OBHa-
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pyxeHo 6onee 1600 KpynHbIX BYJIKAHOB N HECKOJb-
KO COT ThbICSI4 MENKMX BYNIKAHMYECKUX XONMOB. Ha
puc. 1, a nokasaHa o606L1eHHas KapTa pacnonoxe-
HUSA KPYMHENLLINX BEHEPMaHCKUX BYNKAHOB, a Ha
puc. 1, 6 — onpeaeneHHON X Pa3HOBUOHOCTW (COB-
MelleHNne KOpPOH W HoB). BeposiTHO, 4TO Takue
CTPYKTYpbl 06pasyloTcs B YCNOBUSX 0cobol neper-
PETOCTN MaHTUN U B CBA3M C 3TUM NOKa3bIBalOT Ha-
nBoNbLUYIO KOHLEHTpaLUuio K akBaTopy. Ha puc. 2, a
nokasaHbl LLIMPOTHbIE pacnpedeneHnss pasfnNyHbIX
BWOOB BYNKaHNYECKOM aKTMBHOCTU. BugHa yeTkast
NPUYPOYEHHOCTb NPOSIBIEHUA BYIKaHNU3Ma K SKBa-
TopunanbHbIM LUNPOTaM, MOYTU BCE LIEHTPbl aKTUB-
HOCTW COCPEAOTOYEHbI B NpeAenax nosica, orpaHun-
yeHHoro 60-65° wupotbl nNo o06e CTOPOHbLI
akBaTopa. A B npefenax +350 WKMpoOTbI NAOTHOCTb
MX pacnpefenenuns Ha eanHuLy nnowagn B 1,81 pa-
3a 60Mblle, Y4eM Ha OCTaslbHON NoBepxHOCTM BeHe-
pbl, TO XXe COOTHOLLIeHNe HabnaaeTcs U Ha 3eMne
[11].

Ha puc. 2, 6 nokazaHo AONroTHOe pacnpeaene-
HWEe NPOSIBNEHNIA BEHEPUAHCKOrO ByfkaHM3Ma. OT-
4eTNMBO BMAOHO, 4TO, KaK W B cnydae ¢ 3emnen [2], B
npeaenax aKkBaTopuanbHOro ropsiyero nosica Bene-
pbl HabngalTCs ABE aHTUNOAASIbHO PaCMONOXEH-
Hble 30Hbl MOBbLILLEHHOIO BYfIKaHU3Ma, 06pa3oBaH-
Hble, OYEBWMOHO, [OBYMSI Xe cynepnjioMamun
(rnof6anbHbiIMK BOCXOASALLMMU KOHBEKTUBHbLIMMK MO-
TOKaMu MaHTUK). AHanorusa ¢ 3emnei — npeaensbHO
yeTkas.

Mapc. Ha puc. 3 nokasaHbl NpOsIBNEHNS BYSKa-
HM3Ma Ha Mapce. BugHbl gBe rnobanbHblie obnacTtu.
O6e oHWM aHTUNOAAJNIbHO PACMONOXEHbI HA 3KBATO-
pe. OcobeHHO BblgensieTcss nogHatue Papcuaa
(Tapcuc, Tharsis) — orpomMHoOe ByJIKaHMYeCKOe Ha-
ropbe, siBAsiloLleecss MeCTOM COCpPeAoTOYeHus
KpynHehwnx BynkaHoB B CoNIHEYHOW cUCTeMe.
PacnpocTpaHeHHaa Toyka 3peHust: aTu obnactu
oTobpaxaloT BOCXOASILLINE KOHBEKTUBHbIE MOTOKU
MaHTUW, YTO NOATBEPXAAEeTCH WU HaNlMYMEM B 30He
nogHsATMa Mapcuia kpynHenweh pudpToBON cucTe-
Mbl — oonnH MapuHepa (Valles Marineris), koTopast
ABNAETCSH WMHOMKATOPOM OBCTAaHOBKU PacTSXeHUs,
rocrnoACTBOBaBLUEN KaK B palioHe MOAHATUS, TaKk U B
aKBaTopuanbHOM 30He BoobGule. [loMMMO A0NUH
MapuHepa, KoTopble paccekaloT kynona Tapcuc B
BOCTOYHOW €ro YacTW, NPOTSIHYBLUUCL BAOSb SKBa-
Topa Ha YeTBepPTb OKPYKHOCTU NNaHeThbl, lapcuc nc-
Ce4yeHO CUCTEMOWN MIraHTCKMX PasfioOMORB, BAOSb He-
KOTOpPbIX W3 HWUX pas3BUNacb BYyNKaHWYecKas
aKTMBHOCTb, W KOTOpble Takke ykasblBaloT Ha 0O6-
Lyto 06CTaHOBKY pacTsXXeHUs Ha 3TOM MOAHSATUMN.

Kak n B cnyyae 3emnu n BeHepsbl, KOHBeKUMWS B
MapCMaHCKON MaHTUM TOoXe AByxbsidencrtas n oba
BOCXOASLLMX MOTOKa pPacCMnofiOXeHbl Ha 3KBaTope.
OpmH noTok 6onee CKOHLUEHTPUPOBAH, APYroi Bbir-
naamT cnabee, HO 3aHMMaeT Gonee OBLLMPHYIO Tep-
puTopuio. [lockonbky ByNIKaHUYECKUE SIBNEHUS B
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aTUX 06nacTsax NPOMCXoaMn B TOM UMM UHON Mepe
Ha MPOTSXKEHUN BCcel nnn 6oMblLEN YaCcTN NCTOPUN
Mapca, HanpumMep ON1s TOW Xe BYJNIKaHNYeCKON Npo-
BUHUMM Papcnaa U3BECTHLI MPOSIBNEHUS BYSIKaHMW-
4eCKOW akKTUBHOCTM B BO3PAaCTHOM MPOMEXYTKe OT
3,5 Mnpa net Ao MUNIMOHOB fieT Hasag, [14], MOXHO
yTBepXOaTb C ONpefeflIeHHOM AoNein yBepeHHOCTH,
4yTO reorpadundeckoe pacrnofioKeHne BOCXOASLLMX

KOHBEKTUBHbIX MOTOKOB MapCUaHCKON MaHTUKM ocTa-
BasIOCb BCE 3TO BpeMsl MpakTUieck HEM3MEHHbIM.
Ha puc. 4, a n 4, 6 nokasaHbl pacnpegeneHus
MapCUaHCKMX BYIKAHOB MO LUMpPOTaM W AOAroTaMm.
OueBuaHa NPUYPOYEHHOCTE MApPCUAHCKUX BYIKa-
HOB K HU3KUM LUMpoTaM. Takke B ONFOTHOM pach-
pefeneHnn HabnwgaloTcs, B LeNOoM, ABe aHTUMo-
[anbHO pacnofliOXeHHble 30Hbl MOBbILIEHHOIO

[onrota
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6) YacTHbIli cnydail NMOBEPXHOCTHOrO pacrnpefefieHns onpeaeneHHon pasHOBMAHOCTU BYNKAHUYECKUX CTPYKTYP,

coBMellarlnX Tak Ha3blBaeMble€ KOPOHbLI 1 HOBbI [8]

Puc. 1. PacnpocTpaHeHHOCTb 04aroB ByNKaHuaMa Ha NoBepxHOCTN BeHepbl
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BYJIKaHM3Ma, o6pasoBaHHble, O4eBUOHO, OBYMS Xe
cynepniomMamMu (rmobanbHbIMU BOCXOASALLIMMM KOH-
BEKTUBHbLIMUW MOTOKAMW MaHTUN).

Ha puc. 3 nokasaHbl TakKke npegnofiaraeMble
HanpaBneHNs UCTUHHbIX 6y>XAaHWn nonocoB Map-
ca. Kopnaop cMelleHns MapCUaHCKMX NOIOCOB Ha-
XoauTcs B 061aCcTM HUCXOAALMX KOHBEKTUBHbBIX
TeyeHU Mexay ABYMS TMraHTCKUMMK 3KBaTopUalb-
HbIMKW cynepnnioMamun. bbino BbickazaHo npenno-
JIOXEHMe, YTO 3TO SIBMIeHME BbI3BaHO CMELLLEHUAMU
MapCUaHCKON KaMeHHOM OBONMOYKN OTHOCUTENBbHO
OCW BpalleHuUsl NinaHeTbl B XoA4e nepepacnpenene-

HWUst Macc Npy o6pasoBaHUN KPYMHENLLIMX BYIKaHU-
YyecKnx NpoBuHUMA [17]. O4eBNAHO, 4TO Takme No-
BOPOTbl 0BONIOYKN OTHOCUTENIBHO OCWU BpalleHUus
NPMBOAUAN K "pasMblBaHNIO” SKBATOPUaSIbHOro ro-
psiyero nosica B kopuaopax CMelleHUsi MapCuUaHc-
Knx nonocoB. B Tex xe MecTax, rae o60no4ka noc-
TOSIHHO NpebbiBana Ha aKBaTope, B ropsiyeM Nnosice,
Harpes 6bl1 0CO6EHHO BEINK U TaM PasBUJIUCH BOC-
XOAsILLME KOHBEKTUBHbIE MOTOKU. TOT Xe npouecc
npouncxoaun Ha 3emne n Benepe.

HepaBHWe nccnefoBaHusi KOCMUYECKMMU anna-
paTamu crekTpanbHbIX CBOMCTB FOPHbIX MOPOL, MOo-
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TEKTOHUYECKUX CTPYKTYP Ha BeHepe (B % K CyMMapHOMY

Puc. 2. PacnpeneneHnune BynkaHuama Ha BeHepe no wmpotam n gonrotam
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Puc. 3. O6nactn passutng BynkaHnama Ha Mapce. Toukm — kpynHeimne Bynkarbl. CTpenkamMm nokasaHbl Npearionarae-

Mble HanpaBneHns aperida ocu BpatleHnsa no [17]

Kasanu 3Ha4YNTENbHYIO LUIMPOTHYID HEOOHOPOAHOCTL
cocTaBa Kopbl Mapca, 4To MOXeT ObITb CBA3aHO C
ero TepmalsibHol aBonounen. Ecnm Ha akBaTope Ko-
pa B uenoM 6asanbToBas MM 6asanbToBO-aHOe3M-
TOBasl, TO B BbICOKOLLIMPOTHbIX 06/1acTsAX 060UX NONy-
Liapuii oHa NpenMyLLIecTBEHHO aHAaesuToBas [33].
B npnakeatopumanbHbIx ByNKaHUYECKMUX NPOBUHLMAX
aHOE3NTOBLIA COCTAaB WU3BEpPXeHHble NopoAabl Npu-
obpeTaloT IMLLb Ha 3aKIoYMTENbHbLIX CTaaMaX Byil-
KaHu3ma. [1o-BMANMOMY, YXKe Ha caMbiX paHHUX cTa-
ansax dopMuMpoBaHMa Kopbl Mapca MapcuaHckas
MaHTUSl B 3KBaTOPMUalibHbIX LLUMPOTax Haxoamnach B
6oflee BbLICOKOW CTEMEHM 4YaCTUYHOrO NNaBfeHus,
4TO K 06YCNOBMIO MadUnYeCcKnin n ynsTpamadpundec-
K11 6a3aNbTOBbINA COCTaB BbiNaBASEMON U3 Hee KO-
pbl, KOTOPLIA MO Mepe OCTbIBAHWUSI MaHTUM SBOJIIOLIM-
OHMpOBan B CTOpoHYy 6onee &enb3n4eckoro
aHOoesunToBOro. MsHavanbHoO e Gonee xonopaHas
MaHTUS NMONISAPHbIX LWMPOT NOCTaBNSANAA NWLIb aHae-
31TOBbIE BbINNaBkW. Taknm oGpasom, ropsiumnii sKkea-
TopualbHbIA MOSIC CYLUECTBOBAN Ha MPOTSXEHUU
BCeN MapCuaHCKOM NCTOPUN.

[To nmetlowmmes aaHHbIM [ 7], nocnegHue Kpyn-
Hble SMOXM BYNIKaHMYECKOW aKTMBHOCTW Ha Mapce
naTupytotcs Bospactamu okono 200 MAH NeT 1 Npm-
MepHo 400 mnH net. B xone HepaBHWMX nccnenoea-
Hun Mapca ¢ nomousio KA Mars Global Surveyor n
Mars Odyssey HeoxmaaHHO Takke OblNA NOMyYeEHbI
MHOIFOYMUCNIEHHblIE CBUAETENbCTBA COBPEMEHHON
(okono 40-0 mnH neT Hasaf) ByNKaHN4YECKOW aKTUB-
HocTu [5, 13, 14, 21] Ha aTolh NnaHeTe. DTK BCNbILL-
KM BySIKaHM3Ma GIN3KM NO BPEMEHW aHaNIOMMYHbLIM
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3eMHbIM. Taknm obpasoM, U Ha Mapce, kak n Ha
3emne, BHYTPEHHSIT akTUBHOCTb, [O-BUAUMOMY,
umeet 200-MUINMOHHOETHIO repuoanyHocTs [1].
A B pabote [32] npusHaHa Hanbosiee BEPOSITHOM
100-munnuoHHONETHSS NePUOANYHOCTE MarMaTu3-
Ma MapcuaHckux ByskaHoB. COOTBETCTBYIOLLMMN
PUTM SIBNSIETCS BXXHENLIMM U B NPOSIBAIEHUAX Mar-
MaTu3ma Ha Halwlel nnaHeTe [1], 4TO Takoke ABNSAET-
csl CBUAETENbCTBOM OBLHOCTU MPUYUH NMPOUCXOAs-
LWero n3bbLITOYHOrO TenyoBbiAeNeHns Ha 3emMne U
Mapce 1 ero BHellHeln, KOCMUYECKON NpUpoapl.

Mepkypuii. OgHa U3 cambix 60MbLLINX 0COBEH-
HocTell noBepxHocTu Mepkypusa — 6acceliH Kano-
puc (Mope Xapbl) — paBHUHHas genpeccus yoapHo-
ro npoucxoxaeHmsa gunametpom 1300 km. 3T0
npakTnieckn eAMHCTBEHHOE NaBoBoe Mope Mepky-
pus. OHo pacnonoxeHo B 30° K ceBepy OT ero sKea-
Topa. Ha npoTMBOMNONOXHON CTOpPOHe NnaHeTbl Ha-
xoauTca oblunpHas o6nacTb, NOKpbITas Thica4aMn
MblI6006pasHbIX XONMOB ANaMeTpoM A0 2 KM U ne-
pecevyeHHast HECKONbKUMU KPYMHBIMU NPSIMOSIMHEN -
HBIMW A0NMHaMK, 06pa30BaHHbLIMU MO INHUSIM pas-
JIOMOB KOpbl NnaHeTbl. [lo-BMAUMOMY, OHMU
SBASIIOTCS CTPYKTYpPaMu pacTsikeHus, obpa3oBaH-
HbIMW BCNeACTBUE MNoAgbeMa ropsiiero BellecTBa
MaHTUWN.

OnHVMM 13 NocnegHuX BbIOAILLNXCS OOCTUXE-
HUIM B UCCnedoBaHUsIX STOM NiaHeThl AIBUIOChH OTK-
pbiTUe OpeBHUX BYJKAHOB. OTU MepKypuaHckue
BYJIKaHbl CKOHLLEHTPUPOBaHLI MaBHbIM 06pa3oM B
NpuakBaTopuanbHOM paloHe Ha I0XXHOM OKalmMe-
Huu 6accenHa Kanopuc.
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Puc. 4. PacnpeaeneHune BynkaHnama Ha Mapce no wmpotam U Aonrotam:

a) lnpoTHoe pacnpeneneHne ByNKaHWYECKOW akTUBHOCTU Ha Mapce; 6) JonrotHoe pacnpeneneHue ByfKaHUYECKOM

akTUBHOCTK Ha Mapce

B xope HepaBHero nponeta KA "MecceHgxep”
B6NM3n Mepkypus Obinn o6HapyXeHbl FpaBUTaLM-
OHHble aHoManuu, Mo3BofsiolWMe NpegnonaraTb
HanMune MackoHOB (MONOXUTENbHbIX FPaBUTaLNOH-
HbIX aHOManuiA) NoA, ero NOBEPXHOCTbIO B pafioHax
yoapHoln KoTnoBuHbl Kanopuc u cocegHmnx ¢ Hen
yOapHbix 6acceltHoB ToncTol (16° K tory) n Matuce
(45° k ceBepy oT akBaTopa). CumTaeTcs, YTO aTU
aHoManuu 6binn o6pasoBaHbl NOALEMOM HUXesNe-
Xalmx TsKeNblX MaHTUAHBIX Mace.

Takmum o6pasom, 1 B cnydae MepKypus, No-Bu-
OVMMOMY, MPOCREXMBaOTCS XapakTepHble Ang nna-
HeT 3eMHOWN rpynnbl 3aKOHOMEPHOCTU — MPUYpPO-
YEeHHOCTb BHYTPEHHel aKTUBHOCTU K HU3KUM
LWMpoTaM U Hanmune ABYX aHTUnoAansHoO pacnono-
XEeHHbIX Ha 3aKBaTope BOCXOOSILLUMX KOHBEKTUBHbLIX
NMOTOKOB Pa30rpeToro BelecTsa MaHTUM.

JlyHa. Ha puc. 5 nokasaHbl HeKOTopble NposiBie-
HWUSi IyHHOro Mmarmatuama. Ha JlyHe B Lienom Bbigensi-
0T ABa TUNa penbeda NoBEPXHOCTU: MaTEPUKN — BO3-
BblLUEHHbIE HEPOBHble TIYCTO KpaTepUpOBaHHble
CBeT/ble Y4acTKN; Mopsi — 6onee Monoaple U OTHOCU-
TeflbHO POBHbIE 3aNUThle 3acThIBLUEN NTABON TeMHble
Y4aCTKM MOBEPXHOCTU, fieXaluue 3HAYUTENbHO HMKe
YPOBHSI MaTEpPUKOBOM YacTu kopbl (Ha 1-3 kM). Mopc-
kue obnacTu pacnpefeneHbl Mo MOBEPXHOCTU BECbMa
HepaBHOMepPHO, 06pasya Nosic HenpaBUbHON Gop-
Mbl. Mops, pacnonoxeHHble Ha o6paTHON CTOpPOHE
JlyHbI, UMeIOT ropasfo MeHbLUNe pa3Mepbl, YeM Ha
BMAMMON ¢ 3eMnn, Kpome Toro, ux odeHb Masno. Ha
BUOMMOM nonywiapum JlyHbl OHW 3aHMMaIOT OKOJO
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31-40%, a Ha o6paTHoM — 3—10% Bcelh Tepputopun.
[MTosic Mopel Ha oOpaTHOM CTOPOHE MPOAOKaeTCs
TakK HasblBaeMbIMU Taniaccomaamm (MopenoaoGHbIMM
CTPYKTYpaMun) — CBETNILIMU HU3MEHHBIMW pailoHamu,
KOTOpble He 6bInn 3annThbl NaBol. Heckonbko HeGonb-
LUINX MOPEN, HanAgHHbIX Ha 06paTHOW CTOPOHE, pac-
MOJIOXEHbI B LIEHTPax TanacCouaoR..

JIyHHblE MOpPS 3aMNONHAOT KPYNHENLLNE yaapHble
HacceliHbl, cGOpPMNPOBABLLMECS B 3MOXY FMraHTCKOM
MeTeopUTHON 6oMBapaAMPOBKM NN NYHHOIO KaTak-
nu3ma, U No CBOEMY CTPOEHUIO U MHTEHCUMBHOMY Ga-
3a/IbTOBOMY Marmatusmy 6onee BCero HanommHaoT
3eMHble TParnmnoBble MPOBUHLNW. 3anofIHEHWE MOpPE
6azanbToBOW NaBoit npoucxoauno 3,9-3,0 mnpa net
Hasag, W HanpsiMylo He CBA3aHO COOGCTBEHHO C UMMa-
KTHbIMW COBLITUSIMM, Beflb 3TU NPOLIECCHI pasAeneHbl
BPeMEHHbIM UHTepBanoM okono 0,5 mnppg ner. Npu-
HATO cuuTaTtb, YTO yAapHble AENpPeccun okasanuchb
Mb Hanbonee yaobHbIM (YyTOHYeHHas, pas3buTas
CeTblo PasnoMOB Kopa) MeCTOM 1Sl TOro, YTOObI He-
KOTopasi YacTb BellleCTBa MaHTWMK NpopBaach B BU-
[e naBbl Ha NMOBEPXHOCTb W 3arofiHUNIa YacTb 3TolN
henpeccun. [laneko He Bce KpyrMHble yaapHble aen-
peccum sanosiHeHbl TaBOBbLIMU MOpPSIMU. Tak, B pac-
NMONOXEHHOM B MOJISIPHLIX LWIMPOTax KPyNHehLeM 13
n3BecTHbIx B CoNlHeYHOM cucTteMe yaapHblx Gaccel-
HoB — lOxHOM nontoce-AiTkeH — He chopMUpPOBa-
NOCb HUKAKOro 1TaBOBOrO MOPS.

Elwe B xofe cambix NEPBbIX MPONETOB KOCMU-
YeCcKUx annapaTtoB BOAM3N NOBEPXHOCTU JIyHbl 06-
HapyXWUCb 3HAYUTENbHblE HEOAHOPOAHOCTU ee
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KpynHeiiimue MackoHsl [ 18]

Puc. 5. PacnpepeneHve nNposBAEHUA BHYTPEHHEW aKTUBHOCTU Ha JlyHe:

a) 6nmxHASA cTopoHa; 6) fanbHAS CTOpoHa

rpaBUTALMOHHOIO MONS, KOTOpble Cepbe3HbiM 06-
pa3oM CKasblBalIUCb Ha TpaekTopuax noneta aTux
annaparoB (BMAOTb A0 NaAeHUS UX Ha JTYHHYIO MOBe-
PXHOCTb). AHOManuMn Bbl3BaHbl 0COBbLIMW MaCCUB-
HbIMU 0Bpas3oBaHMAMMN B Heapax nnaHeTsbl (o1 10°6
no 104 maccbl JIyHbl), KOTOpble NONYYNSIN HagBaHWe
MacKOHOB (OT mass concentration — KOHUeHTpauus
Macc). Vx npoucxoxaeHne CBA3bIBAKOT ¢ yaapamu
KPYMHbIX KOCMUYECKUX TeN, 06pa3oBaBLUMMUN MUraH-
Tckne genpeccun B penbede. ObpasoBaHUe 3TUX
nenpeccuii 66110 B NOCNEAYIOWEM HaCTUYHO CKOM-
NeHCUPOBAHO N30CTAaTUYECKUM NOOBEMOM HUXKene-
Xauwmx 6onee MAOTHbIX MaHTUWHLIX Macc. Takum
obpa3oM NuH3bl Gonee MAOTHOrO BellecTBa NOA
yOoapHbeiMu 6acceiHaMu NpUBENM K rpaBUTALMOH-
HbIM aHoManusiMm. OfHaKo 3TO BbiNy4yMBaHWeE HUXe-
fiexallux Macc NPoU3oLLo Aaneko He nop BceMu
JenpeccuaMn, a NUlb TaM, IOe peosiornyeckune
CBOWCTBA MaHTUM 1 KOPbl Aenany BO3MOXHbIM 3TOT
npouecc. MackoHbl pacnonoxeHbl nod, 60nbWNMU
KpyroebiMn mopamun — loxaen, O6nakos, AcHocTu,
Kpuauncoe, Hektapa, BnaxHoctn, BocTtouHbim. Tak-
K€ MACKOHbl OOHapYXeHbI B LLIeHTpasibHOM YacTn 06-
paTHOM cTOpOHbI JlyHbl (3aHMMas obnacTb AnamMmeT-
POM 0OKoNo 1 ThIC. KM) U B paioHe Mops KpaeBoro.
Tonbko 30ecb MaHTUIHOE BeLLeCTBO OKas3aNloch
[,0CTaTOYHO NOABMXKHBIM. [1pryemMm, 4To xapakTepHo,
Ha 6AMXKHEN cTOpoHe JIyHbl MACKOHOB HECKOMLKO,
OHW KPYMHbI U YETKO BbIpaXeHbl, Ha JalbHel Xe
CTOPOHE MAaCKOHbI MEMIKW, HO MX MHOIFO 1 3aHUMaloT
OHM [OCTaTOYHO OBLINPHYIO 06NacTh.

M3 Bcero ckazaHHOro MOXHO 3aKMIO4UTb, YTO
obnacTu HarpeBa JyHHbIX HeAp COCPeAOoTOYEeHbI
6onblle YacTbio B HU3KMX LWNPOTax U GOpMUPYIOT
aKBaTOpPUaNbHbLIA FOPSAYMIA NOSIC HarpeBa ¢ OBYMS
aHTUNoAaNbHO PaCMONOXeHHbIMU cynepnaioMamMn
(BOCXOASALLMMUN KOHBEKTUBHBLIMUW MOTOKaMW), aHano-
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obnacts pacnpeiciacHisa MacKOHOB
Ha JanbHei cropoHe JlyHbl

FMYHBIN TEM, KOTOPbIE NPUCYT-
CTBYIOT B Hefpax Apyrux nna-
HeT 3eMHoW rpynnel. B Hawe
BPEMSI MOXHO FOBOPUTH O KOH-
BEKLMWN TOJIbKO B CaMbIX My-
OUHHbIX CNOSIX MaHTUMK, He
NpeBbILLAIOLLNX MOIOBUHBI pa-
aunyca JlyHbl, noaToMy Habno-
haeMoe npeacTaenseT cobon,
ckopee, cnefbl TOro nnaHa
KOHBEKLWN, KOTopbld 6biN
npucyly JlyHe Ha 3ape ee uc-
TOpUK.

EBpona. Ewe ogHa WHTe-
pecHasi B CMbICNe CTPYKTYpbl
KOHBEKTUBHbIX MOTOKOB NiaHe-
Ta. EBpona pacnonoxeHa foc-
TaTo4yHO 6nm3ko K Konutepy 1
noABepraeTcst 3HaYNTENbHOMY
NPUANBHOMY BO3OEWCTBUIO C
€ro CTOpPOHbI. TeM He MeHee,
COMMacHoO NMeOLLINMMCS oLLeHKaM [24], TennoBow no-
ToK U3 Hedp EBponbl MHOrO Bbille NpeAckasbiBae-
MOIro MoAeNIMU NPUIIMBHOIO Harpesa.

Cpeou 3arafioyHbIX 0COHBEHHOCTEeN aTOro cnyT-
HuKa fOnuTepa — ayroo6pasHble y3kue xenobosna-
Hble yrnybneHus (througs), popmMupytolLme ceonMmn
OyramMu Be OrpOMHble HeMoJIHble OKPYXHOCTU ANa-
MeTpoM okono 2500 KM Ha NPOTUBOMNONOXHbIX CTO-
poHax NnaHeTbl ¢ LeHTpaMu, nexaliMMn Ha ee aK-
BaTope (puc. 6). bbinun BbickaszaHbl NpeanonoXeHns
0 CBAI3N Nx o6pasoBaHUs ¢ ApendOoM NONOCOB UK,
TOYyHee, €O CMeLleHUeM MHOFOKMIOMEeTpPOBON Ne-
OsSHOW 0BONOoYKN MAaHeTbl OTHOCUTENBHO ee XUA-
KO BOOSHOW MaHTUKN B XOAe KOHBEKTUBHOIO nepe-
pacnpefeneHns Macc [26]. [lnaHeTa nokpbiTa
cucTeMomn rmobanbHbIX TPELLMH nnn "6oposa”, Bbi3-
BaHHbIX N3MeHeHWNeM PpUrypbl ee BHELLHEN NesAHON
obonoykn npu ee KonebaHUX OTHOCUTENIBHO OCKU
BpallleHns. 3T 6oposdpl o6pasyloT CUMMETPUY-
HbI y30p, pacnonarasicb Nyykamu BAOMb OBYX OK-
PYXXHOCTEMN, KOTOpble NepeceKaloTcs B LeHTpax ay-
roobpasHbix Xxeno6os (puc. 6).

EBpona - cnabo kpaTepupoBaHHas MnaHeTa C
4yacTo OBHOBASABLLENCA MONOAOW (OKOIO HECKOMBbKMX
[eCsATKOB MUMIMOHOB NIET) MOBEPXHOCTLIO. [0 doTor-
paduam, nonydeHHoim KA "Bospxep” un "Tanuneo”,
6blna cosnaHa reonormnyeckas kapta Eeponbl [9] ¢
BblAe/IEeHNEM OCHOBHbLIX BO3PACTHbIX MoAapasfene-
HWIA. o gaHHbIM U3 3TOW KapTbl Ha puc. 6, 6 Nokasa-
Hbl MeCTOMONIOXeHUs1 TeppuTopuil ¢ Haumbonee
MONOAON MOBEPXHOCTLIO. Takcke yKasaHbl Mpeanona-
raeMble o4arn kpuoBynkaHnama no [10] n [16]. Ode-
BMAHA NPUYPOUYEHHOCTb 3TUX MOMOAbIX HefaBHO 06-
HOBJIEHHbIX YYacTKOB K LeHTpaM Ayroo6pasHbix
XenoboB, clofa e CXOAATCS U MHOroYMceHHble 60-
po3apl, B U306UNIMN BCTPEYaIoLLMECS Ha MOBEPXHOCTU
naaHeTbl, 4TO MOXeT ObiTb MHTEpPNPeTUPOBaHO Kak
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HaHﬁﬂﬂee MOJIOABIC YUACTKH ITOBEPXHOCTH
(no xapre u3 pabotsl [9])

KOTOPBIX OHH PacIIONOMKEHE]

ayroodpasHele xenoba u OKPYKHOCTH, BAOE
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Puc. 6. MNoepxHocTe EBponbl Kak MHAVKATOP CTPYKTYPbl KOHBEKTUMBHBLIX MOTOKOB €€ HeAp: a) rnobabHas Mosauka
doTorpaduin; 6) kapTa pasnomos; 8) doTorpadunieckoe nsobpaxerHme ayroodpasHoro xenoda; r) ero pacnofioxeHme

OTHOCUTESNIbHO 3KBaTopa (PUCYHKU B35AThl U3 padoThl [25])

Hanuine B aTUX MecTax BOCXOOSLLMX KOHBEKTUBHBLIX
NOTOKOB BOASIHON MaHTUKM EBponbl U, MOXeT ObiTb,
aHaNornyHbIX NPOLIECCOB B ee NeasHon kope. Bospa-
CTHble NoApasaeneHnst NPoMeXyTo4YHOro Bo3pacTa, B
LeNIOM, KOHLLEHTPUPYIOTCS B OKPECTHOCTSAX 3KBaTopa.
KapTuMHa BeCcbMa MOXoXa Ha To, YTO Mbl BUAENN Ha
Opyrux nnaHetax — ABa MMraHTCKUX cyneprsiioMa Ha
aKBaTope 06pasyioT B3AYTUSI, OTHOCUTENBHO KOTOPbIX
npouncxoasaT konebaHuns BHelLHeN 060104KN, CBA3aH-
Hble ¢ NepepacnpeaeneHnem Macc B Held. Ml agechb To-
Xe cynepnnioMbl ABASIOTCS COCTaBNSIOLLMMU Fopsive-
ro aKBaTOpMasbHOro nosica niaHeTbl.

Lpyrue maneie nnaHetel CONHEYHOM CUCTEMBI.
fIBHble cnefbl COBPEMEHHOro KpWOBYJSIKaHW3Ma
nMeloT cnyTHUKK CaTypHa — TuTaH U OTHOCUTENBLHO
Hebonblon 500-kMnomeTpoBbLIN DHUenan,. Tak, U3
pasnoMOB Ha MOBEPXHOCTU JHLEeNada UCXoOsaT no-
TOKM MapoB BOMbI, a Ha CaMoiA MOBEPXHOCTU 3aMe-
YyeHbl aHOMaJslbHO HarpeTtble y4acTKu; KpomMe Toro,
Ha Heil BUOHbI rMadKne y4acTKU C OTCYTCTBUEM Clle-
[OB Kakol 6bl TO HU 6blNI0 MeTeopUTHON Gombapam-
POBKM, YTO cHMTaeTCcsl CBUAETENbCTBOM HedaBHero
(He 6onee 100 MnH NeT Hasa) NoATanBaHUs NbAoOB,
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cnarapLlmx aTu y4acTku. TennoBon NoTokK U3 Heap
OHuenafa, BO3MOXHO, Ha MOPSIAOK Bbille oXuaae-
MO0 OT TPAANLMOHHbIX TEMSIOBLIX UCTOYHUKOB [28].
OueHku TennoBoro notoka w3 Hegp Pewn, BToporo
no pasmMmepam cnyTtHuMka CaTypHa, Takke nokasanu,
YTO OH HAMHOIO BbllIE OXWMOAEMIO OT U3BECTHbIX
TENOBbIX NCTOYHUKOB [23].

JlegsiHO BYNIKQHWU3M B TOM MNU MHOW Mepe Npu-
cyl, cnyTHMKam YpaHa — O6epoHny, TutaHun, Apna-
no n MupaHge.

[TposaBReHMa COBPEMEHHOIro KpUOBYNKaHU3Ma
oBHapyXeHbl Ha cNyTHUKe HenTyHa TpuToHe.

HekoTopble NpU3HaKu BHYTPeHHe aKTUBHOCTHU
HabmopaloTes Ha o6bekTax nosica Kolnepa: NnyTo-
He, Opuae, KBaBape [29].

MICTOYHUK BHYTPEHHEN 3HEPrnn 3TUX MAaHeT He
ficeH. Hn pacnap pagnoakTUBHbIX 3NEMEHTOB, HU
Teopusi NPUNNBHOIO B3aUMOAENCTBUS He Npeacka-
3bIBaIOT BCEro TOro Tenna, KoTopoe BbiAensercsa u
BbIOENSNOCh B UX Hefpax.

OB6LUHOCTb CTPYKTYPbI KOHBEKTUBHbBIX TOTOKOB
rnaHeTHbIX Heap npegrionaraet v obLme rnpuynHL!
KoHBekUuy (Harpesa). Hanuuo nopasutenbHoe
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CXOACTBO B CTPYKTYPE KOHBEKTUBHbLIX TEYEHUN MaH-
Tnn n apehide NoNCoB Mexay 3eMnen n apyrumu,
BeCbMa pasfnMyHbIMKW MO CBOMM pasMepam, Macce,
pPacnofioXeHUIO, XMMUYECKOMY COCTaBY, CTPOEHUIO
nnaHetamun. Jaxe Ha TakMx pasHbIX NflaHeTax, kKak
3emns n JlyHa nnm EBpona, BOCXoASILLINMX KOHBEK-
TUBHbIX MOTOKOB UMEHHO ABa.

B 10 Xe BpeMsi, cornacHo TepMognHaMM4eckm
3aKoHaM, TaK ObITb He J0MKHO. BO3MOXHOGTb KOH-
BEKLIUW, ee TUN onpenensitoTcs, Kak N3BeCTHO, YMC-
nom Penesi, koTopoe NpsAMO MPONOPLMUOHANBHO
pasHOCTU TeMnepaTyp Y OCHOBaHWUS U BepXHeii rpa-
HULbI KOHBEKTUPYIOLLEro cnosl, KyGy TONWWHbI 3TO-
ro cnosi, NNOTHOCTU, KO3PDULUEHTY TennoBoro
paclIMpeHmns BelecTBa, YCKOPEHMUIO CUTbl TSXECTH
1 obpaTHO MPOMOPLNOHANBLHO BS3KOCTU W Tenmon-
poBOAHOCTU. BCce 3TW BENUYMHBI Y KaXKA0h nnaHeTbl
GBOW W O4YeHb CUNbHO OTIMYAIOTCS.

C pocTom yncna Penes Bbillle HEKOTOPOW KPUTKU-
YeCKOW ero BeNMYMHbI, O3HaYaloLern, YTO KOHBEKLIMSA
yXKe Havanacb, TUMbl KOHBEKLMW CMEHSIIOT Apyr Apyra
B 3aBUCUMOCTW OT TOrO, BO CKOJIbKO pas NpeBbILLIEHO
KpUTUYeckoe 3HadeHue. B yacTHOCTM, pesynbTathbl
YUCNEHHOro MoaeNMpoBaHms anst MaHTUKM 3emnmn [20]
NnokasbIBaloT: NpU Tex yncnax Penes, koTopble MoOryT
pealnbHO XapakTepu3oBaTb 3eMHYIO MaHTUIO, TUM KOH-
BEKLUWW — NONUIroHanbHbIN. B 61Msknx K rekcaroHarb-
HbIM siYeiikax BellecTBO MOAHUMAEeTCsl B LEeHTpe M
onyckaeTcsl Ha nepudepun. ITOT TUMN KOHBEKTUBHbIX
TeYeHWN XapaKTepusyeTcsl O4eHb BbICOKON CTabuib-
HOCTbIO B LUMPOKOM AnanasoHe BO3MOXHbIX 3Ha4eHUIA
yucna Penes. YncneHHoe MogenvpoBaHue O MaH-
TMM 3eMNN NoKasblBaeT LLIEeCTb KOHBEKTUBHBIX S4el.
Hpyrue nccneposateny — ans MaHtum Mapca — nony-
yanu naTtb A4en. Ho Hukak He aBe. Ecnm 6b1 koHBeKUNSA
Bbi3blBaNiacb paBHOMEpPHbLIM BblogfleHMeM Tenna no
BCceMy 0ObeMy, TO Tak Obl 1 6bINI0, HO OHO HepaBHO-
MepHo. M aTa HepaBHOMEPHOCTb, Ha BCexX MNiaHeTax
OfMHaKoBasi, onpefensieT eduvHbIA ANa Bcex ABYXbsi-
YeUCTbI TUM KOHBEKTUBHLIX TedyeHWUin. [lpuskeaTtopu-
a/IbHOE PaCriOJIOKEHNS HarpPeTbiX BOCXOASALMX MTOTO-
KOB, UX KOJMYECTBO, aHTUMOAa/IbHOCTh SIBJISIIOTCS
CBUAETE/ILCTBOM KOCMUYECKOH 06YCI0B/I@HHOCTH
r/1aHa KOHBEKLIMM BelLLeCcTBa IaHeTHBIX Hep.

Hannuve WNpOTHON 3aBUCUMMOCTU TENNOBbLIAE-
JIEHWS1 Ha MalbIX MlaHeTax MoXeT roBOPUTb TakKe O
TOM, YTO CJIOi BelllecTBa TOJLLMHOM B HECKONbKO
COTEH KUIIOMEeTpOoB TakKe MormnolaeT 3HauYUTeb-
HYIO A0S0 NPOHMKAIOLWEro CKBO3b HEro KOCMUYec-
KOro TennoBblaensouero ¢dakropa, Bbi3blBalOLLEro
BblAeneHue aHepruu, Tak kaKk B MPOTUBHOM clydae
TennoBblaeneHue 6bino 66l paBHOMEPHbLIM Mo BCEMY
o6beMy MnaHeTbl. 1o ecTb Aaxe Takolh Con Belle-
cTBa ob6nafjaeT 3HaAYUTENbHBLIMU 3KPAHUPYIOLLUMN
CNOCOBHOCTSAMMN.

3aBucumocTs N36bITOYHOro TernioBbigesie-
HUS OT cocTaBa r1aHeTsl. [lockonbky nnaHeTsl Con-
HEUYHOI CUCTEMbI 3HAYMTESIbHO pasnuyaloTcs Nno ane-

112

MEHTHOMY N XMMMWUYECKOMY COCTaBaM, MHTepecHO
NpoBEeCTU CpaBHEHNE UHTEHCUBHOCTU TeNNoBbIAeNe-
HWUA B HeApax niaHeT B 3aBUCUMOCTU OT MX COCTaBa.
Ha puc. 7 yaensHoe TennoBblaeneHne nnaHeT Ha eam-
HULLY MacCbl COMOCTaBMIEHO C UX MAOTHOCTBIO, KOTO-
pas NpuHATa 34eCh Kak 060BLLEHHBIN NoKasaTesb Xu-
Muyeckoro coctaBa. [lpu pacyeTe yaenbHOro
TennoBbiAeneHnst 66NN UCMOMb30BaHb! CreayloLine
OLEeHKM TenMoBbIX MOTOKOB MAaHeT: Afsl NiaHeT-ru-
raHToB — no pa6ote [34] (NpeononaraeTcs, 4TO UX
TennoBble NOTOKM MHOFOKPATHO MPeBbILLAOT TENOo-
Bble MOTOKW, MPOU3BOANMbIE pacnagoM PaamnoakTmB-
HbIX 3IEMEHTOB U OPYrnX "TPaauUMOHHbIX™ UCTOYHMU-
KoB 3Heprumn). [Ana 3emnn nsbbITOYHOE, BHELLHEN
npupombl, TeNNoBblAeNeHNe NPUHATO paBHbIM 20 TBT
(T. €. NONOBMHE CYMMapPHOIo TEMIOBOro nNotoka). s
Mapca ncnonb3oBaHbl AaHHble U3 nyGnaunkaumn [15].
CyMMapHbI TENNTOBOW NOTOK U3 3TOM NnaHeTbl 61u-
30K K OXXMAaeMOMy AJ18 TENSIOBOro NoToka oT pagno-
aKkTuBHOro pacnapa. Hns JlyHbl NCNonb30BaHbl AaH-
Hble paboTsl [12], ans Mepkypust — ns [35]. B cnyyae
nefsiHbIX CMYTHUKOB OblIM MCMOMb30BaHbl AaHHble
[24] — ansa Eeponbl, [27] — ana laHMMepa, [23] — ons
Pen, [28] - ana OHuenaga. [1ns Bcex nnaHeT 3eMHOMN
rpynnel 6bina caenaHa MonpaBka Ha pagMoreHHoe
TennosbiAeneHne (3Ha4yeHna yaenbHOro TennoBblae-
JIeHWs OT pacnaja paanoakTUBHBIX M30TOMOB COCTaB-
nsaoT nopsagka (3,6...5,0)-10-2 B1/kr ona sellecTsa
KamMeHHbIX o6onoyek). B cnydae Mepkypus 6bina cae-
flaHa Takcke nonpaBka Ha BO3AeNCTBME NPUIMBOB CO
cTtopoHbl CofiHua, 4YTo cocTaBnseT npumMmepHo 1/6 ot
CYMMAapHOro TemfioBOro notoka AJif 3TOM NnaHeThbl
[6]. Ans negsiHbIx CNYTHUKOB MOMPaBOK Ha pagnoreH-
HOe TennoBblAeNeHne He Aenanocb, MOCKOMbKY CO-
JepXaHne paguoakTUBHbBIX 3eMEeHTOB B WX Hedpax
MeHbLLIE 3€MHOI0, a yAeNlbHOe TenoBblAeNeHne 3Ha-
YUTeNbHO NpeBbILLaeT 3eMHoe. B cnyyae EBponbl Mo-
XeT 6bITb BeMK BKNad, NPUIMBHON 3HEPrnn, OOHaKo
ero 3HayeHne TOYHO Heu3BecTHO. lakke AN Bcex
naaHeT 3eMHON rpynnbl GbiIM NCNONB30BaHbl 3HaYe-
HWS X HEHarPY>XXeHHbIX MAOTHOCTEN (T. €. MofelbHble
NAOTHOCTU, MPUBEAEHHbIE K HOPMaSIbBHOMY AABAEHMIO
Npw OTCYTCTBUU MPaBUTALIMOHHOIO CXKaTWS MaHeT).
Ha puc. 7 BUOHO, YTO MHTEHCUBHOCTL Bbigene-
HUS1 Tenna paBHON MacCol BellecTBa CUNBHO pas-
MyaeTcs OT MNaHeThl K NnaHeTte. [ns nnaHeT-ru-
raHTOB yAefNbHOe TennoBbiaeneHne 6bICTPO NagaeT
no NMMHENHOMY 3aKOHY — NMPU YBENTNYEHUN NIOTHOC-
™M B 1,5-2 pasa BblAeNeHNe SHEPTUM YMEHbLLIAeTCs
NpuUMepHO Ha nopsifoK. [1naHeTbl 3eMHOI rpynnbl
BbINaAaloT N3 3TON 3aBUCUMOCTU, UMes 3HaUUTEb-
HO Bofee HU3Koe YAeNbHOE 3HeproBulAeneHne, Ko-
Topoe, MO-BUAMMOMY, K TOMY X€& HEeCKONbKO BO3-
pacTaeT ¢ yBefMYyeHWeM MAOTHocTU. Maneble
nnaHeThbl, COCTOSILLUNE B 3HAYNTENbHOW Mepe U3
BOAHOIO NbAa, NokasblBaloT 60/bLION pa3zdpoc 3Ha-
YEHUN, YTO MOXET OblTb BbI3BAHO HEBbLICOKOW TOY-
HOCTbIO OnpefeneHnss UX TenoBbIX NOTOKOB. TeMm
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He MeHee MPOCNeXMBalTCs HEKOTOPbIE 3aKOHO-
MePHOCTWU. YaenbHoe 3HeproBblAeNeHne Ha eaum-
HULY Macchbl B HAX B cpefHeM onpeneneHHo Bbl-
e, 4eM Yy Xeneso-KaMeHHbIX nnaHeT rpynnbl
3eMnu 1 gaxe y nnaHeT-ruraHToB. B uenom xe
HabnoJaeTcs aHalorMyHoe nnaHetTaM-rmraHtam
nageHne yaenbHOro aHeproBblAeNeHust C POCTOM
NAOTHOCTU MO NIMHENHMY 3aKOHY.

CospaeTca Bre4yaTneHue, 4YTo BbleseHUe
SHeprum B Heapax ra3oBbiX M1aHeT CBA3aHO C Ha-
JINYUEeM 3JIEMEHTOB Hayasa nepuoaniyecko cuc-
TeMbl — npexiae Bcero Bogopoaa, Tak kak Fonutep
n CaTypH MMeIoT cocTai, 6IM3KNIA K CONTHEYHOMY,
1 copepxat Bogopopaa okono 70-75% no macce,
Torga Kak YpaH u HenTyH cogepxaT noytu Ha no-
pPAOOK MeHbllee KONMMYeCTBO 3TOro afeMeHTa
(10-15%), a nnaHeTbl 3eMHOW TPyMMbl COCTOST
rmaBHbIM 06pasoM W3 aTOMOB Xere3sa, KUC/TopOo-
0a, KpeMHUsl, MarHusi U aJIloMUHKUS, U COaepXa-
HWe BoOopoAa B HAX NpeHebpexmmMo Maio.

Bblcokasi MHTEHCUBHOCTb BblagNeHUst SHeprum
B Hefpax NnefdsiHbIX NMjaHeT B CpaBHEHUW C MiaHe-
TaMu rpynnbl 3eMnv MOXeT CNYXXUTb NoATBePXAe-
HMEM MOBbILIEHHOW YYBCTBMTENLHOCTU BOOOPOAA K
BO3MOEMACTBUIO raNlaKTMYeCKOro TemnnonponsBoasLie-
ro ¢aktopa, Beb cogepXaHlne BOOOpOoAa B HMUX Tak-
e AOBOMbHO BENNKO 1 cocTaBnsieT okono 1-6%.

MOoXHO OTMETUTb TakKe, H4TO NP HeCKONbKO 60o-
flee BbICOKOM coiepXaHWMM BoAopoaa B Heapax Ypa-
Ha 1 HenTyHa oHM yCcTynaloT fedsiHbiM CNyTHUKaM B
WHTEHCUBHOCTU NU36GbITOYHOIO BblAeNeHWsl SHepPrun.
370 Morno 6bl 6bITb BbI3BAHO Kak MPUCYTCTBMEM B
psoe cnyyaeB OONONHUTENbHbLIX TPAANLMOHHBIX UC-
TOYHMKOB Tenna (pacnag pagnoakTMBHbIX U3OTOMOB,
auccunauust NpUanMBHOM SHepPruKn B Hegpax CryTHU-
KOB, B YacTHOCTMK EBponbI), Tak N 3aBUCMMOCTbIO U3-
ObITOYHOIO (rafakTUYeckoro NPoOUCXoXaeHUs) Ter-
NoBblAeNeHns oT pasMepoB NiaHeTbl. Hanuuue
LUMPOTHLIX 3aBMCUMOCTEN B pasorpeBe Hedp nfaHeT
cBuaeTenbcTByeT 06 SKpaHUPYIOWEM BAUAHUN
BHELLIHMX UX C/IOEB Ha cTeneHb BO3OeNCTBUA ranak-
TMYecKoro TennoBblaensiollero ¢gakropa. B cambie
rny6okne Hefpa 6os1ee KPYHbIX MaHeT TeruyioBbi-
Aeasomil pakTop nocTyrnaeTr B 0c/1ab/IeHHOM COC-
TOSIHUU, U, CAe0BATE/IbHO, MIaHEThl MEeHBLLINX pas-
MepoB, HO ¢ OAHOTUMHBIM XUMUYECKUM COCTABOM,
OyayT noaseprarscsi 6obLLIeMY BO3AeICTBUIO,

[Mockonbky peyb MaeT o0 HekoM dbyHOaMeHTab-
HOM Mpolecce, NOMUMO PasHULIbl B 31€MEHTHOM
cocTaBe, cleflyeT OTMeTUTb ellle OAHO, MOXeT BbITb
BaXkHOE, pasfivine Ha ypoBHE 3IeMeHTapHbIX Yac-
Tnu. Ecnn Takme nnaHeTbl, kak CaTypH u Onutep,
COCTOAT MMaBHbIM 06pasoM U3 cBOGOOHbLIX MPOTO-
HOB, TO MAaHeTbl FPYNMbl 3eMIU COCTOAT U3 NPOTO-
HOB NWLLUb HaMoOJIOBUHY, NMPUYEM OHW HaxoaaTcsl B
siApax B CBA3aHHOM COCTOSIHUM.

Kak MOoXHO BMAETL Ha pUC. 7, B Hefpax Xefnes30-
KaMeHHbIX MfaHeT 3eMHOW TIpynnbl U3BbLITOYHOE
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Puc. 7. CooTHolweHMe BblAENEHUS SHEeprnn Ha eaunHuLy
Macchbl B Heapax nnaHeT no OTHOLWEHUIO K 3emMne B
3aBNCUMOCTUN OT X MNIOTHOCTU

yOenbHOe SHEpProBblaefieHne Ha eaWHWULYY Macchbl, B
LenoMm, BospacTaeT C MMAOTHOCTbIO. [1NOTHOCTL aTUX
nnaHeT onpefensieTcs MaBHbIM 0OpPa3OM MPOLEHT-
HbIM cofdepXaHneM XeNesHon dpakumm, KoTopoe
pasfnMYHO OT MNfaHeTbl K nnaHeTe. [loaTomy
ecTecTBeHHO OyaeT npednofioXuTb GonblUyio
YYBCTBUTENBHOCTb A@aHHOMO XMMNYECKOrO 3fIeMeHTa K
BO3AeMCTBUIO CO CTOPOHbI FA/TaKTU4ECKOro TENNOMNPO-
naBogsulero dakropa. O6paTumM BHUMaHKE, YTO M-
HWUS1 3aBUCUMOCTM YAENBHOIO N3BbITOYHOrO TENOBbI-
OeneHMsa B Hegpax MfaHeT 3eMHOM  rpynnbl
npnéMXaeTcsl K HYNEBbIM 3HAYeHUIM N3OLITOYHOIO
TENOBbIAENEHNSI BOBCE He MPU HYNEBbIX 3HAYEHUSIX
NNoTHOCTK, a npu nnotHoctax 3,1-3,3 r/cmd. 31n
NAOTHOCTU BGAN3KK (HO BCE Xe HECKOSIbKO HUXKE) MIoT-
HOCTSIM 00e3XeNe3eHHbIX KOHEYHbIX YIEHOB N30MO-
pPHbLIX PAOOB ONMBMHA U MUPOKCEHA, T. €. MIOTHOCTU
CUNMKaTHbIX 06010YeK NaHET NPU YCNOBUM MONHOMO
OTCYTCTBUSI B UX cocTaBe xenesa. CrneaoBaTefbHO,
YYBCTBUTE/ILHOCTb K BO3ACHCTBUIO aakTU4ecKoro
TErI0BLIACSIOLIErO PakTopa OCTa/IbHbLIX S/IEMEHTOB
cunukatHelix obonoyek (O, Si, Mg, Al) B pasbi Hinke
4YBCTBUTE/IbHOCTY Xeseaa. [ IpUxodmm K BaXKHOMY Bbl-
BOMY: HE TOJIbKO fApa MIaHET, HO U UX MaHTUM 110/-
BepraioTcst U30bITONHOMY, BHELLIHEN Mpupoasbl, pasor-
PeBy MPEUMYLLIECTBEHHO 0 PUHUHE IPUCYTCTBUS
Tam atoMoB Xxesiesa. O4eBMOHO Takke, YTO B Hefpax
nnaHeTbl, LLEIMKOM COCTOSILLIEN U3 Xenesa, U3BbITo4-
Hoe yAefnbHOe BblAefieHne Tenna NpUMMepHO B MSATb
pa3 NpeBocxoanno 6bl 3eMHOE, COCTaBNAS MPUMEPHO
1,8-10""" B1/kr. 3Ta oLeHka MOXeT GbiTb BaXHOMN Mpu
nocTaHoBKe 6yayLLNX GUINYECKNX SKCNEPUMEHTOB.
MOXHO OTMeTUTb, 4To Mepkypuin, ABNASICL Hau-
6onee XenesHon N3 NnaHeT 3eMHON rpynnbl, obna-
[aeT AOBOMIbHO 3HAYUTESIbHLIM MarHUTHLIM MOJEM,
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Hannyne KOToporo TPyAHO OGBbACHUMO, NMOCKOJIbKY
UMEIOLLIMECH MOLENN BHYTPEHHErO CTPOEHUS 3TON
BeCbMa MaJsloil Mo CBOUM pasmepaMm MiaHeThbl U ee
TEMNNOBOro pexnma He NpeanonaralT BO3MOXHOC-
TW CYLLLECTBOBaAHMWS TaM XMUIKOro sapa u MexaHusma
MarHuTHoro auvHamo 6e3 BBeAeHMs psaa 9K30Tu-
4YECKUX YCNOBUIA. DTOT BOMPOC AOCTATOYHO aKTUBHO
anckytupyetes [3, 31].

Mpyn TOM, YTO B XMMWU4YECKU OHOPOAHOW cpefe
WHTEHCUBHOCTb BO3AENCTBUS ranakTu4eckoro Ter-
noBblaensowero daktopa Ha Heapa nnaHeT nagaet
no Mepe NPoxXoXAeHNS Yepes BeLLLECTBO, B cTaTbe [2]
6bINO YCTAHOBJEHO, 4TO yAeNbHOE N3BbITOYHOE Ten-
NOBbIAENEHNe Ha eAUHULY Maccbl B 3eMHOM sifipe
NPUMEpPHO B iBa pa3a NpeBbIlLaeT TakoBOE B KAMEH-
HoWM o6onoyke 3eMnn. ITOT PakT Takke ABCTBEHHO U
O[IHO3HAYHO CBUAETENbCTBYET B NOJIL3Y 6osiee BbiCo-
KOW YYBCTBUTENILHOCTU Xenesa. MOXHO 3amMeTuTb
TaKke, 4TO cofgpXaHue Xefesa B 3eMHOM siipe B
6-7 pa3 6osbllie ero coaepXaHusi B MaHTUN, a He B
ABa pasa. 10 ecTb MaHTUS 3eMnn noapepraetcs 6o-
nee MHTEHCUBHOMY BO3AENCTBUIO CO CTOPOHbI ranak-
TWUYECKOIro TEMMOBLIAENSIOLLErO pakTopa, YeM ee af-
po, A0 KOTOPOTO ranakTU4eCcKWiA TENOBbIAENSOLWNIA
dakTop noxoauT B ocnabneHHOM COCTOSIHUW.

ConHue

OnutensHoe BpeMst HEMOHATHLIMU OCTaBaIMCh UCTOM-
HUKN CONHeYHon sHeprum. OpHako B 2001 . ¢ no-
MOLLbIO SKCMEPUMEHTOB MO PErncTpaLmMm CONHEYHbIX
HEATPUHO BbINIO OKOHYaTENbHO A0Ka3aHo, YTO SHeprus
ConHua npakTUiecKm NONHOCTLIO NPOU3BOAUTCSA C MNO-
MOLLBIO TEpPMOSAEPHbIX peakLUMii, Kak 3To AoNroe Bpe-
M M npednonaranocb. lakMMm obpasoM, B Hedpax
CornHua ocTaeTcs Mano MecTa KakuM-nmbo JOnosHU-
TeJIbHbIM UCTOYHUKAM 3Heprin. MoXHO OLIeHWUTL Posb
KOCMMWYECKOIro MUCTOYHMKa aHeprnn B Hegpax ConHua,
aHasIorMyHoro ToMy, KOTopbliA NpeanaraeTcst HaMn st
nnaHeTHbIX Heap. Ecnu npuBedeHHas Bbllle 3aBUCK-
MOCTb U3BbITOYHOIO SHEProBblAeNeHUs GoNbLUMX Mna-
HeT OT MacChbl KOCMWYECKOro Tena cnpaseyivea v ans
OunanasoHa CoJIHeYHbIX Macc (KOTOpbIM Ha 3 nopsaka
Bbille), 3Hasl napameTpbl ConHua, MOXHO BbIMUCIUTL
MOLLHOCTb KOCMMUYECKOM NeYkn CoNHeYHbIX Heap. OHa
cocTaBnseT npumMepHo 1-10-4 cyMmMapHO MOLLIHOCTK
€ro BHYTPEHHUX MCTOYHMKOB 3HEpruu, T. €. BKNaf, "Koc-
Mudeckoln nedkn” B Heapax ConHua HeBenuK, 4TO
NnoATBepXaaeTcsl U AaHHLIMW MO MOTOKY HEATPUHO.

BbiBOAbI

[MoObITOXNBAA M3NOXEHHOE, MOXHO 3aKMo4uThb
cnepyoulee.

1. MNpoaeneHns "n3bbITOMHOrO™ TennoBblAgne-
HUSI B Hepax KOCMUYECKUX TeN — fBfleHne, Xapak-
TepHoe ans CONHEYHOW CUCTEMBI.

2. MowwHocTb "KocMuMYeckux nevyek” 60MbLUMX
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nnaHeT (3eMNs U NNaHeTbl-rMraHTbl) CBA3aHa cTe-
NEHHON 3aBUCMMOCTbBIO C MAaCCOM NNaHeThl (Mokasa-
TeNb cTeneHn paeeH 1,7).

3. VIHTEHCUBHOCTbL, C KOTOPOM KOCMWYeCKWUi
Tennonpouseoasinin dakTop B3aUMOAENCTBYET C
BELLEeCTBOM MMAHETHbIX HEAP, NO-BUOMMOMY, 3aBU-
CUT OT XMMMYecKoro cocTaBa (Npennonoxurenb-
HO — coflepXaHusa BOAOPOA U Xenesa).

4. B Hepgpax nnaHeT COMIHEYHON CUCTEMbI Cy-
LecTBYeT eAnHas CTPYKTypa KOHBEKTUBHbIX MOTO-
KoB, dopMunpyeMas BHELLIHUM BIIUSIHUEM KOCMUYEC-
Koro TennoBblgenswuwero d¢akropa, rMnaBHON
0COBEHHOCTBLIO KOTOPON SIBASIIOTCA 3KBaTopualb-
Hble ropsiyne nosica ¢ AByMS BXOOSILLIMMU B HUX W aH-
TUMNOAANLHO PACMONOXEHHBIMUN BOCXOAALLUMMN KOH-
BEKTMBHLIMW NOTOKaMU (CynepnlioMamm).

5. Hannyne wmpoTHOWM 3aBUCUMOCTM TENNOBbI-
JeNeHna Ha MasibliXx NnaHeTax MOXeT FoBOPUTb O
TOM, 4YTO [aXe Clol BellecTBa TOMLUUHON B Hec-
KOMNbKO COTEH KUIOMETPOB MOrfoLlaeT 3Ha4uTeb-
HYIO OO0 MPOHUKAIOLWLEr0 CKBO3b HEFr0 KOCMUYEC-
Koro dakTopa, BbI3blBaOLLErO BbiAENIEHNE SHEPTUN.

ABTOp BbIpaXaeT CBOIO NPU3HATENbLHOCTb akas.
HAH YkpauHbl B. M. LLlecTtonanoBy 1 kaHg. reon.-
MuHepan. Hayk C. . OnblTbiHCKOMY (MHCTUTYT reo-
nornyeckmx Hayk HAH YkpauHbl) 3a nonesHble 3ame-
YaHWS U AeTanbHbIN aHaIM3 PYKONUCK 3TON cTaTby.
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