
M O V I E  J i b  A K K Y M Y J I I I I _ [ H H  2 I Y H b I ,  C O B M E C T H M A f l  C 

~ A H H b I M H  O C O C T A B E  H B O 3 P A C T E  7 I Y H H b I X  I I O P O ~  

E..IL P Y C K O f l  

Ilnemumym ~uzutcu 3emszu u~t. O. IO. IiImuOma A H  CCCP, e. Moc~aa, CCCP. 

(IlocTylm~Ia 18 FDo~I, 1972 r.) 

AHHOTaUHH. ~aeTcH KpaTKH~ O630p coBpeMeHH~IX ~aHHbIX O COCTaBe I~ Bo3pacTe JIyHHblX IIOpO~, 
Ha OCHOBe KOTOpI~IX By)IoM, ri jlpyrHMrI 6blJI c~eaan B]blBO~ O HeO6XO~HMOCTri paHHero pa3orpe- 
BaHH~ JIyHbI C IIOBepxHOCTH. ]]blCKa3blBaIOTC~[ KpI~T~I~IecKHe 3aMe~laHH~[ iio IIOBOJIy FriIIOTe3bI By~a 
o IlOBCeMecTI~O~ IIoBepxHocT~O~ MarMaTriqeCKO~ ~Hqbqbepem~aLm~ 5Iyn~I OKOaO 4.5× 10 ° aeT 
naaa~, JIaBme~ Ha MeCTe KOFIT]VIrieHTOB 3aCTblBIIIri~ attopTo3riTOBbI~ "IIYlOT". OTMe~aeTcn rieo6xo- 
~II4MOCTb paaHero pa3orpeBaHria He)Ip flym, i B CB~I3H C TeM, tlMO B~maaB~Iearle MOpCKHX ~a3aJIbTOB 

3noxy oKo~lo 3.5 × 109 ~IeT na3a~ Tpe6yeT ria~am,~o~ TeMriepaTyp~I Yiyri~I OKO~IO 1000K, T.e. ee 
pa3orpeBamari B ~poi~ecce aKKyMy~Imlriri. EcarI 6~I flyHa arKyMyYlnpoBa~acl, TO~bKO ~I3 MeYlKHX TeYl, 
TO ee I~aqaall, aaa  TeMnepaTypa He npeBblmaJia 6I, I 300t(. Ilpe~ylaraeTca ~aylbHeftmee pa3B~Trie 
Mo)Ieari aKKyMyYi~I~H~I fiylmI ri OKOTIO3eMriOM poe KOTOpa~ BK~ItoKaeT I~aK IlepBl~[~ 3TalI o6pa3o- 
Batme C~ICTeMbI I43 I-IeCKOJIbKriX KpyIIHI~IX cIIyTHriKOB 3eM~I~I, KOTOpble BIIOCJI~CTB!ffri c6.rH43riYri/ICb ri 

O6]be~riHri~IriCb ri o~Hy f[yriy. HCXO)Ia H3 3aKOHOB pocTa Te~I B oKpecTHOCTri IlYlaHeTt,I otIeHriBaeTc~l 
MaKcHMaYlbHoe ~II~C~IO CnyTHItKOB C pa3Ylri~ril,~Mri MaCCaM~I. IIpOBO~IHTC~ cpaBrieHrle TeOpeTri~eCKri 
olIeHermoro ~trlc~ia ri pacnnoao~KenHH CIlyTHriKOB 3eMJIri C rla6~IIo~aeMblM~I CrlCTeMaMri cIIyTHHKOB y 
~ipyr~xx iiSlaHeT. OIIeHriBaeTc~ IIpO~IOJIX<HTe~IbHOCTb llpriJIriBHO~ 3BOJIiOI/riri op6riT rpylIH~IX clIyTmI- 
rO~ 3eM:m, roTopaa ~Io:Ix~Ia 6l, iaa 3aBepmriT~ieMca JIo o6pa3oBaririn ~ia6mo~aeMoro ce l i a c  na 
YIyHe pe~I~eqba. 

C y~eTOM ~am~IX o Bo3pacTe 3KCKaBaI~rlH 6acce~Ha riaa6o~iee Kpyrmoro Ha Ylyae KpyrYIoro 
Mopri ~ox~eR (o roao  3.9 × 10~), xoropaa  ~oaxria  6~i~Ia npoa30~Tri ~cae~cr~rie CTOaKrioBeHriH C 
He6o~bmnM cnyrnnrOM 3eMari (pa~riyc oroao 150 rM), MOX~O c~IeaaT~ ~IBO~t, ~ITO nan6oaee 
BepOaTHOe qrlC~IO I~pylIrIb~X crlyTHHKOB 3eM~II~ -- IIpOTOYlyH, 6blYlO He 6oaee 2 na~ 3, a ~x nepBoria- 
~iaiibHi, ie op6riTbI pacr~oaaraaric~ ri npe~eaax 20-25 paRriycoB 3eMari; fix c~ria~rie nporI3omYlo 
6o~ee 4 × 109 ~IeT Ha3a~. Olxei~BaeTca Bbi~e~enrie 3Heprari rlpi~ CTOSlKHOBeHri~I rieCKO~IbKHX KpylIHl~IX 
ClIyTHriKOB. IIOCKOJIt,Ky ria pa3pyme~rie ~ rI3~yqeHHrie B npocTpaHCTBO yxoJIriT cpaBrmTem, Ho ~e- 
6oasman  ~oaz 3TO~ 3rieprriri, a OCHOBI-Ia~[ ee *IaCTb H~eT HHa HarpeBaririe, MOXltO c~HraT~,, qTO 
CTOJIKriOBeriHe ~ByX -- Tpex Kpy~IHMX IIpOTO~IyH, ~a~Ke npH MHHriMa0abHO~ OTHOCHTeJIbHO~I CKOpOCTri, 
ClIOCO6riO pa3orpeT~ rie~pa Jlym, t B cpe~I~eM ~o 1000K, ~ o  ri Tpe6yeTcri R~I~/Ia~II,~Ie~meA TepMri- 
~ecxo~ 3~ocIioI~nri, cor~Iacy~ome~c~ c ~ai~m, iMi~ na6mo~eriri~. 

1. ~[anuble B nO:lb3y paHnero pa30rpenanna 2-Iynbl 

B n a c T o a m e e  BpeMa HaKOIIJIeHO oqeHb MHOFO ~aHHblX 0 XHMrlqeCKOM n MHHepaJIO- 

FHqeCKOM COCTaBe ~I Bo3pacTe  ~yHablX n o p o ~ .  O 6 c y A n M  Te H3 HI/IX, KOTOpble cy- 
uleCTBeHHO 3aBHC$fT OT panHef i  TepMHqecKo~ HCTOpnH f lyHbI  It, cJIe~OBaTeTII~HO, OT 

c n o c o 6 a  ee arxyMyJIat~Ha.  

He6oJil, iuaa IlpiaMeCb IUlarilOKJIa3OBblX qacTH~IeK B TOHKOH qbpaKtm~l JlynHblX 

o6pa3I~OB, c o 6 p a H m ,  IX 3KHnaxeM ' A I I o m l o n a  11' B M o p e  CnOKOfflCTBna, i lpnBe: ia  

K npeTi~ioJio~KerlmO 0 6  aHOpTO3HTOBOM T.e. II0 IlpeHMyI~eCTBy IlYlaFHOK.IIa3OBOM 

CocTaBe IIOBepXHOCTI4 3IyHHI, IX KOHTHHeHTOB [1]. OTCtO)Ia BbITeKa3Io, qTO KOHTHHeH- 

TbI -- 3TO n p o ~ y K T  IIOBCeMeCTHOI~ MaFMaTHqeCKOI~ ~I0pqbepenl/~ial l i~i  J l y n b i  Ha Otlenb 

p a s H e M  3TalIe, IIOCKOYIbKy CqHTaJIOC6, qTO KOHTHI-IeHTbI IlpaKTI4qecKn TaK me  cTap~,I, 

The Moon 6 (1973) 176-189. All Rights Reserved 
Copyright © 1973 by D. Reidel Publishing Company, Dordreeht-Holland 



MO~E2IB AKKYMYJISII~HH 2-IYHbI 177 

i(ar n caMa Y[yna, HMetonlaa Bo3pacT 4.5 X 109 .rIeT [2], [3]. FrmoTe3a 06 arlopTo3~iTax 

Ka3aaacb coraacymme~ca  co MrlOrrtMri qbaI(TaMH. B caMOM ~e:~e, altopTo3rIT 6o~ee 

CBeTJIb~, qeM 6a3astbTI, i Mope~; 6o~ee ~erKHfi (n~OTHOCTS 2.7 r CM-a nO cpaBHeH~ItO 

C 3.3 r CM-3 )l~n Mopcrnx 6a3aaSTOB); nan6o~ee  HI, I3KOrlYIaBKH~ I430 Bcex qbpaKum~ 

6a3aJmTa; npeo6Jta)Iarom~fi B rIeM ns[arrioryta3 B xo)Ie )lnqbqbepeHIInall~II~ o6orama-  

eTC~[ eBponHeM, qTO MO~eT O6~JtCHHTB OTHOCHTeJ-tbHOe 06eAneHHe 3TI~IM 9.rleMeHTOM 

MopcKrIX 6a3aJIbTOB. F~tnoTe3a o6 aHOpTO3HTaX I~e npoTr~aopeqnJ~a H3MepeHrirO 

3¢IeMeHTHOrO COCTaBa BeniecTBa npoAectanr~oro Ha CTaHI~HI~ 'CepBe_~op 7' B oKpecT- 

HOCTU KpaTepa  T n x o ;  ee MOX~nO 6~[~O 6 ~  c o r ~ a c o B a T s  TaK~e C c y m e c T B o B a a n e ~  

MacKonoB n a  Mop~x  [4]. 

Bt,IBOE o TOM, qTO noBepXHOCTb Bcex rOHTHHeHTOB npeJIcTaB~J~a n e r o r ~ a  pac- 

rIJIaBJ~enHM~ aHOpTO3HTOBb[~ 'I~JIOT' TOJtttlr[HO~ O[(OJ~O 10 rM, IIJ~aBa}oglr~ Ha TOM 

~re caoe r~3 6oaee TyroIIJ~aBKHX KOMIIOHeHTOB 6a3aJtbTa, rIpI~BO2IHJr I( cBoe6pa3nol~ 

TepMHqecxo~[ rICTOp~rt fIyHbI, COCTaBJIeHHO~ H3 ~ByX IIHK3OB pa3orpeBaHnfl ~ OeTM- 

Banns. O63op CM. B [5]. B CaMOM uaqa~e noayqaJ~ca pa3orpeB noBepxnocrn  ~o 

1300K c pacnaaBJ]enr[eM Ao rJ]y6nm~i B ~ecaTKr[ ~HnOMeTpoB, 3aTeM ee 6SICTpOe 

oxJtamJIenge: roHTrtHe~TaJibHaa r o p a  B OTBepAeBmeM COCTO~tH~H AOJ~Ha 6buIa yc- 

neT~ npe )xe~uo  rycTo noI~pNT~CS rpaTepaMr[ eme ~o nacTyn~enn~ BTOporo Ten~o- 

Boro tmr~ia. BTopofi i m r ~  ~o~]~ren 6] ,~ pa3orpeT~, ~o naaBJtermz I~eApa JIym, i npn-  

MepHo qepe3 I09 JIeT nocJIe ee o6pa3oBaHrl~[ H I]pHBeCTrI I~ I/I3JIIcII;IHIIJIM MopcKHX 

6a3aasTOB (ux ao3pacTs[ ~pncTa~za3atmn:  3.6-3.7 x 109 a-leT B Mope CnOrO~CTBUS 

B pa~oHe rpaTepa Ca6nH; 3.4 x 109 aeT B Mope  I 4 3 o 6 n m ~  ~ 3.2-3.3 x 109 ~eT 
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CBO~Ka ~aItHBIX O Bo3pacTaX YlyHHBIX 6a3aJII, TOB, oiipe~e~eHHBiX R b - S r  MeTO~OM, 
cornacrIo [6-7,25]. 
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OKeane I3ypL Bo3ne xpaTepa JIaHc6epr, TaI(OB x<e Bo3paCT ~aB~i M o p s  ]Iox)Ie~ B 

pafioHe AneHHtIH (Pnc. 1) [6, 7, 25]. Pal lneropacnnaBner lns  rle)Ip 2-IyHbI Tpe6yeT TaKme 

npe)lrIonoxellne o cyt[[eCTBOBaHrlH B IlpomnoM y Ylyrl~,I MaFHgTHOFO nons ,  CBS3aH- 

Horo c KOHBeKII~Ie~ B XrlRKOM MeTann11~ieCKOM ~Rpe (BrlyTpe11Hee ;IliHaMO). K 3TOMy 

nnpeAnnono~Kennnro c Heogxo~11MOCTt, tO Ilpl~IBO~IT ;IanHsIe 06 OCTaTO~IrlO HHaMarllrl- 

~eH~SIX ny1111SIX 06pa3~oB. K COBpeMeItnOMy MOMeHTy Heztpa ~On~K11~I 6~Inn OCTSI- 

ttyTb rio i(pa~lle~ Mepe ~o TeMnepaTypbI 800K, qTO6J, I COOTBeTCTBOBaTb KapTuae, 

~laBaeMo~ 3neKTpOMarH11TllblMrl tt3MepelllISM11 [8]. 

) Ins  o6~sc l leans  pallHero pa3orpeBaHn~ rloBepxnocT~I JlyllbI 11p~IBneKanHcb rH- 

11OTe3~I O MOn1110~ ~ ~nnTen~Ho~ conrle~Ho~ BCrlSlm~e [9], o ~pa~He 6SlCTpO~ ar-  

KyMynat~rm JlyHbI tI3 i~e6onbm~x qaCTllI~, KorAa rlx 11oTerltI~anbHa~ 9neprrls ~e 

ycneBaeT ilepe113ny~aTbc~ B IIpOCTparlCTBO ~I ~aeT 3HaqllTenbllbI~ pa3orpeB noBepx- 

~tOCTrI [1], O rlaJirI~rlrI OllTri,ec~ri rinoTnofi itep~n~ino~ aTMOCqbep~,I 11a JIyne rI o 

17prlnrlBHOM pa3orpeBe IIoBepXHOCTHblX qacTe~ .llyHbI B 3IIOXy ee TeCHO~ 6JIri3OCTII 

C 3eMne~ [10]. HeyztrmrlTenbItO, ~ITO Bce 3T11 rrlrlOTe3l~I Bl~iCKa3am, i TOnI, KO B ~a~IecT- 

BeHHOH qbopMe: KonHqeCTBeHHaS olIeriKa IlprlBena 6I~i I~ SBHt~IM ilpeyBenrt~ieHg~tM 

~eficT~oBamUrlX qba~Topo~. 

Ho~e~m~ie ~IartH~,ie o 5IyHe, 11OBrl~11MOMy, I~e IIO/ITBepx~IalOT rrI11OTe3~i o noBce- 

MeCTHOfI i~pllcTanno-x<rI/lKo~ )111qbqbepelllIrlaa,rI ny11HO_~ noBepxHOCT11. IIo2po611oe 

rlCCJIe~oBanrle KycKa nnarr loxna3a 15415, )XocTaBnelllloro 'AIIonnOHOM 15' 1t3 ilpe~- 

ropnfi  AneH11rtH, nprlBO)111T K COMrleH11~IM B TaKo~ ~11qbqbepellI~rlaullrI, a Tal(~e B TOM, 

~TO nnarHoI¢na3 yMeCTHHO HHa3slBaT~, "nopo;~o~ COTBOpelinS" ('genesis rock')  [11]. 

~anee ,  Ce~cMnqec~nfi pa3pe3 BepxHero cnoa JIyHbI )XO rny611m, i 80 KM B pa~orle (bpa 

Maypo IIOKa3blBaeT CXO)~CTBO cKopocTe~ ceflCMHHqecI~11X BOJIH CO cKopocTbtO B arlop- 

TO3rlTaX nl lmb Xns rny6rm OT 25 XM ~ 11nxe, )Xo 65 KM. Bepxrlnfi cno~ OT 2 ~O 25 I<M 

MO>KnO cKopee yrlOXO6~Tl, MOpCKrlM 6a3an~,TaM, a CaMbII~ Bepxlln~ - 1-2 XM -- cnom 

pa3xpo6neHHHOfi nopo~sL [12]. I/Irlrepecao OTMeTrlTb, qTO ollpe~enaeM~,~fi py6a~rleBo- 

CTpOI-II~tIeBblM MeTO)IOM Bo3pacT 6pexq11~ 113 pa~oHa (bpa Maypo,  o6pa3oBaHll~IX 

170 BCefI OqeBIIjII-IOCTI4 nprI y~IapHo~ 3t~ci¢a~attn~ 6acce~Ha M o p s  )Iox~Ie~, oKaaancs 

Men,  me ox11RaeMoro Arts XOHTIIHe~TOB, a nMe~rlo, 3.85-3.95 x 109 neT [6]. :3TO o3- 

Ha~iaeT, UTO 6OM6ap~.poB~a JIyH~I l(pynm, iM11 TenaM11 )/nrlnacl, no xpa~rle Mepe 

0.7 × 109 neT nocne ee aK~yMyn~tt~rl. IlprI y~Iapax me cxon~ I¢pyrlH~IX Tea, I~am ilna- 

11eTe3HManb M o p s  ~o~KAe~ (ee pa)xHyc, riOB~I):~nMOMy, npeB~,Iman 150 I~M), Mornr l  

Co3~aBaTbCJt BeCbMa o6mrlprlMe MeCTHble otlarH iinaBneHHS, OTBeTCTBeHHbIe 3a He- 

~oTopy~o ~aeT~ npot~eccoB )x~dp~epemtHattllrl nopo~.  ~TO cornacyeTcs c TeM qba~- 

TOM, ~ITO 6a3an-bTbi, B3STIbIe r13 pa311bIX TOHeK, He MOFyT 6I,ITb H3Bep)KeH11SM~I ~I3 

KaI(OFO-TO e~!/IHOFO o~ara. Bo:iee TOrO, r13-3a CnO)KHOCT11 HHa6n~o;~aeMo~ Ha IIOBepx- 

rlOCTrl KapTtIHt,I no~a eme IIeBO3MO~K110 BOCCO3~aTb nnpoo6pa3 nya110ro BemecTaa, 

RaBmero Bce HHa6nro;~aeMbie pa3HHoBrl;~nOCTr~ 6a3an~,TOB. E~rmCTBeliHHO~ (nno~a) 

o6ule~ Oco6e11HOCTbB3 Bcex 6a3anbTOB ~IBnSeTCS rlX o6e~HeHl6e neTyqi, IM11 11 HtI3- 

Kor l~aa~r l~  rr o6oramerlrle TyrOrlnaBI~rlMrI 3JIeMellTaMI~, OTKpbITOe BriepBbIe y llO- 

poR C M o p s  CrIO~O~CTBna [13]. 

HoBe~mrle ~a11Hble, nonyaeHll~,Ie H3 arlan~3OB BellleCTBa, ROCTaBneHHOrO 'JlyHo~ 
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20 ' ,  no~ a3b i~ a r oT ,  ~xo  6 o n e e  CBeT30e I<OHT~rtenTa:IbHoe B e m e c x s o  ~e~CTSlITe3brIO 

6 o r a T o  n a a T o s a a z o M  [14]. T e M  n e  ~ e n e e  B c s e x e  a a r m s ~ x  [11-12]  ~OXHO yCO~Hr~T~,CS 

B cylI~eCTBOBaHHH ;KH)~KOFO aHOpTO3HTOBO£O 'IIYIOYS', I/JIaBRBIIIeFO Ha BGeH IlepBHq- 

HOff[ ~yHHO~ ~ o B e p x H o c T H . *  I/I Bce ~ e  HeO~XO~HMOCTb 3HaqHT~ZIbHOFO paHHerO p a 3 o -  

T, Tf 
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P~c. 2. TepMI~ecKa~ !4CTOp~I 5/yH~I C rm3Ko~ (23010 na~a~mHO~ TeMnepaTypo~, Hpn coBpe- 
MeHrIOM coAepxaHrm U = 2 x 10-st  r-Z; Th = 8 × 10-8r r - l ;  K = 8 x 10-4r r -1, cor~acHo [15]. 
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PrlC. 3. TepM~ecI~aa HCTOpH,'t flyHbl C BblCOKO~ Ha~Ia~J, no-~ TeMnepaTypo~ HeAp (085K) H TeMIIe- 
paTypo~I Ha HOBepXHOCTH 230K npH Tex ~xe o6nJIm~X pa~rlOaKTrlBHlolX 33IeMeHTOB, KaK Ha PHC. 2, 

cor~IacHo C. B. MaeBo~. 

*CM p. 188. 
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rpeBarms JIyH~,i (XOXa ~ He 06/t3aTeJlbHO ~O pacnaaBnerma) ocTaexc~. ~TO CBIt3aHO 

CO cpO~OM BTOpOI?O TerIJIOBOFO IIHKYIa -- pa3orpeBaH~fl JIyHHt,IX HeAp, KOTOpt,IfI He- 

O~XO~!/IM )I Jilt BblnJIaBJIeH~I~ MopcKI~IX ~a3aJlbTOB !4 )IJllt o6ecneqeHHg paHHero MarHHT- 

HOrO nOJIfl JIyHbL Ett~e /Io np~Moro OCBOenna JIyHbI 6bIan npoBe~leHs~ JIeTaJ~bI~b~e 

pac,~eTI~i TepMHqecKo~ HCTOp~IH ASI~t ee MojIeJle_~, coAep~atunx 6an3rne  ~ XOH~Ipn- 

TO~SIM o6~nn~ ) lo~ro~nBymux pa~l~IoaI~T~an~x 3JIeMeHTOB U, Th  K *° [15]. 1/I3 9TrrX 

pacqeTOB BbITeKaJ~o, qTO ecJIH iipeHe6peq~ BI~IaAOM rpaBrITat~OHHO~ 3HeprI~IH npr~ 

aKI(yMyJ~aIII~n JIym,~ I~ COOTBeTCTBenao nprIHI~MaTb SrI3~yto ( <  500K) TeMnepaTypy 

He)lp JIyH~I, a MOMeHT o6pa3oaanHa, TO pacnxaaaenr ie  ae~Ip IlpoHcxo~IIT TOJIbKO 

2--2.5 X 109 ~IeT cnycTa. ~JIa n:taB~eHun qepe3 1 x 109 JleT IIOCJIe o6pa3o~amia,  Hy~rna 

HauaJ~snas TeMnepaTypa oKoslo 1000K (Prm. 2, 3). ~a~iHaa ot~en~a eABa a~  cn¢~brto 

I/I3MeHI4TCIt, ecJIII yqeCTb OTK~IOHeHHe peaJtbHt,IX 0 6 H J I ~  p-a. 3YleMeHTOB B f][yHe OT 

XOH~IpItTOBO~ MojIeJIH, T.K. HecKoJIbKO nOBb~meHHoe coJxepmaI~rte ypaua r~ TOpkIfl 

ci(oMnei-ici~pyerc~ no~:~ean~,iM co~iep~aHrieM ~ann~. 

I/ITa~, Ha;lo ~C~aTb MO~e¢[~ a~yMy.r~tIn~ J lyn~ ,  ~OTOpa~ I~pnso~uJIa 6~,~ I~ na- 

uaS~SHO~ TeMr~epaxype oI(oJIo 1000K y 6oJIsme~ uacTn ~emecT~a ee Heap. ~TO ~aCT 

H y ~ m , ~  Bo3pacT MOpCKI, IM 6a3am, Ta~t ~ ~OCTaTOUHO TOaC~yIO, ~ 500 KM xo~Io~mym 

o6onoqKy K HaCTon~eMy BpeMeHH. C yqeTOM NOHBeKTI4BHOFO Ox~Ia)K~eHI/I~I Te~a, 

06OJIOqKa Mo)KeT ~bITb FI TOJIII~e. qTO ~ e  xacaeTcs npnpo~s~ KOHTHHeHTaJIbHO~ 

KopbI, TO rloKa otta TOZIbKO HaqI4HaeT IICcJIe)IoBaTbc~l IIpltMBIMrI MeTO)IaM~, II MO)I(HO 

JII4lllb BbICKa3I,IBaTb O tte.q rlpeRrloJIo~eHIta. Bepo~ITHO, cTpoeHI~e KOH~I4HeHTOB HaM- 

HOFO COIO:~Hee, qeM 3aCTbIBIIII4~ altOpTO314TOBbI~ 'IIJIOT'. 

HaM npe~IcTaB~aeTca, qTO npeRno:~omea~e o nepBnqnOM IInKJ~e pacnaaB~en~s 
Bce~ ~Iynaofi rloBepxHocTH BOO6g/e flBJI~eTCa cHopHBIM. H p a  Ha~nqn~ TeMHepaTypbI 

1000 K Ha cpa~HnTe~HO ~ e 6 o a s m o ~  r~y6nHe ~o)l noaepxHocTsrO, MO~rHO nonyqnT~ 

~o~a~bn~ie pacnaaaJIeH~a noscm~y  na rOHTn~euTax, r;Ie na nosepxnocT~ nona;laroT 

~pynabm rpaTepoo6pa3ymmne  Te~a [16]. IIo3TOMy M~ 6yRer~ UCXO~InT~ n3 o) /uoro 

ttr~Jm paao rpeaaana  J I y ~ ,  a ~Iyxe p a 6 o T ~  [15], nO C ycaoB~eM )XOCTaTOaHO asmo- 

xo~ n a a a ~ o ~  TeMnepaTyp~L 

2. PanHee pa3orpeBanHe JIynb] nprt ee aKKyMyaguUU B 

0KOJIO3CMHOM CHyTHHKOBOM poe 

Ecsm rtpItftaTb, qTO (a) Ha~am,~a~ xeMnepaTypa HeAp JIyHbi 6bi~a 6a~3Ka K 1000K 

ri (6) JIyi~a o6pa3oBaJiacb B OKOJIO3eMItOM CnyTHrIKOBOM poe, KOTOpI~I~ IIOrlOJISltJIClt 

BeIIIeCTBOM 13 TeqeHne Bcero BpeMeitrl aKTHBHOrO pocTa 3eMnI/t, T.e. 10 a JIeT [17], MSI 

TeM CaMbIM Ha0IO~HM ycJIOBI~t Ha cnoco6 ee aKgyMyJ~a~/HH. ECTeCTBeHHee Bcero 

IICKaTb rIprtqI4Hy paHrtero HarpeBa Y[yHbI B BbICBO60)KjIeIfHH FpaBI/ITal/IIOHHO~ 9i/ep- 

rnH cJmraBmHx ee qacTe~. IIOTeHttHaJI~Ha~ 9Heprri~t OjIHOpO)IHOH cdoep~qecKo~ f[yHbI 

paBHa -- {(GI~Ur(). EcarI 61,I Bca 3HeprHs MrHoBerlno m, ulesmJIacJ, nprl aKKyMyJ~aImH, 

TO npH TenJ1OeMI~OCTH BeIIIeCTBa JIyHJ, I OKOaO 103 AX xr - t  rpa)1-1, BCa JIyHa B 

cpeJIrteM Harpe~acb 651 Zto 1700K. Ho  TaK ~aK o6pa3oBarme JIyHb~ ~n~OC~ npo- 

)IOJDKI~ITeJIt, HOe BpeM~t, TO 'rpaBHTaIIrIOHHl,Ifi' HarpeB AOJIXeH 6bITt, MeHLme 3a CqeT 
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H33Iyqei/ig~ 9HeprrlrI c IIOBepXHOCTH ee p a c T y ~ e r o  3apoAb.ma. qbopMy~I~I )I~I~ IIO~Cqe- 

Ta Haqa3/bHO~ TeMIIepaTypbI l]3IaHeT, pacTyI~HX 3a CqeT Bbma~IeHH~t Ha HHX qaCTHI~ 

'C 6ecKoHeqHOCTU' BnepBbIe BbtBe~IeHSI B [18]. ) ~ S  oIIeHKH x e  Ha~a:I~O~ TeMnepa- 

TypbI ~yiHbI, pacTylILe~ KaI~ e~Haoe Te~IO, MO~KHO BOCIIO3Ib3OBaTbC~I aHa3IOFHqHO~, HO 

6o:Iee IlpOCTO~ qbopMy~IO~ rI3 pa6oT~,I [19]: 

G# (r) d r  
- ~ ( T  ~ (1 )  - -  - 

r dt  

3Aecb ~o - IIJIOTHOGTb rtJiaaeTJ, i,/~ ( r ) H r - ee Terymue Macca H pa~myc, T -  TeMnepa- 

Typa noaepxHocTH, pa30rpeaaeMo~ yAapaM~, TpaBHOB -- TeMnepaTypa qepuoro  Teaa 

Ha op6HTe nJIarIeT~i. EcJIH npOHHTerpHpOBaTb aTO COOTnOmeHge, CqHTafl IIpaByIO 

qaCTb He 3aBHCnII~e~ OT BpeMeHH, TO MO~I~O y6e;IHrbC~, qTO npH xapaKTepHoM Bpe- 

MeUg pOCTa Y[yHLI 10 s J~eY, oiipe£(e~neMOM TeMIIOM BbIqepngIBaHH~ Ben/ecTBa B 30He 

nl~TarlHJt 3eMYlH, TeMnepaTypa T npaKTHqeCKH He IIO)IHHMaeTc~ BblIIIe TpaBHoB, 

KOTOpyrO c:IeAyeT 6paw~, npnMep~o pasno_~ 270K. ) ~  TOrO, UT06~ T cocwas:ru~o 

cpe)IneM 1000K, BpeMn pocTa 2~Oa~O 61~IT~ 2 X 103 :leT, UTO K p a ~ e  Mayro Bepoa~nO 

rI3-3a KpaTKOCTI~ 3TOFO rlpoMe~KyTKa rio cpaBHeHmO C BpeMerleM 108 YleT. CYle)ioBa- 

r e , s i l o ,  pOCT YIym, I B OKO~IO3eMHOM poe ~3 e2lnrlcxBenHoro 3apoAbli/a (IIpOWO~IyHbI) 

ae ~aex ~pe6ye~o~  B~ICO~O~ Haaaa~,no~ Te~nepaTyp~,i, r~yHrT~ (a) ~ (6) B 3~OM 

cxyqae HeCOBMeCTHMBI. 

1-IyItrTl~I (a) n (6) MOXUO corJIacoBaTI,, eca~ npeaIIoJIo)r~ITl, cymeCTBOI~aHHe ~e 

o~ofi, a nec~oJ~brnx I~pyl~H~X IIpOTOYIytt. ~aBHO y x e  OTMe~a3oc~ TO 06CTOItTeJIbCT- 

BO, qTO C~CTeMa 3eM:Ifl-Y[yHa I~pe)ICTaBJI~eT aHOMaJIg~O cpeAn ~pyrnx nJIaHeT. Ka~ 

I~paBHJIO, n~aHeTb~ HMetOT 110 tteCKOJIbKO crIyTttHKOB, oglIIa~t Macca KOTOp~IX He 

npem, imaeT ~tecKo:IbK~X ~eCJtTI~ITt,IC~tqHbIX OT MaCCbI rI~aHeTbL B C~ICTeMe 3eMYl~l- 

3-[ytta caMoe BblCOKOe OTHOIIIeH~e [.t/M, Harl6o~Iee 3HaqHTeYlbHOe rlplelyli~BHoe B3aI4MO- 

JIe~CTBHe ~I rmr~6o~bmee (cpe)~H MaccI4BHBIX crlyTH~IKOB) paccToaH~e cI~yTHHKa rio 

OTHOLIIeHI~IO K pa~nycy IUIaHeTbI. 

FIpeAno~IO~HM, ~ITO ~ npe21e~ax CoBpeMeHHO~ ~yHHO~ op6HTI~I B npomaoM o6pa30- 

Ba~HC~, r~ecro~b~o (OT 2 ~O 4) CnyTrm~OB C MaccaM~/~, ~ CyMMapnofi Macco~ npr~- 

63IH3HTeSIbHO paBtlO~ p(, ~OTOpble OTO)IBI, IFa~Ict, H3-3a IIpH3IHBHOFO TpeHl~l, C3rI~IHCb 

B O~Hy 5Iy~y. Car~z~r~e CTOm, rpynHs~x Tear npe~cTas:~e~ y2~ap co 3Ha~nTe:~sHo_~ 

CI(OpOCTblO, o n p e ~ e ~ e M o ~  fix FpaBHTal/HOHrtblM B3aHMojIe~CTBrIeM. CyMMa 3Hepr~r~ 

yAapa E, H 3Heprrm n e p e c r p o ~ r ~  E~ ;~ayx Macc, #~ ~ /~2, ~OTOpaa ~ OCHOBHOM nepe- 

XO)~HT B TelI3IO, MO)t(eT ~blTb ot~eueHa H3 c~eAyromr~x co06paxeHrr~. Flomta~ 

3HepFH~I ClgCTeMBI H3 J~ByX OJIHOpO2IHblX cqbepu~ec~x Macc JZ~ H 122, Itaxo)I~III~HXC~I 

BHaqa~ie Ha ~eCKOHeqHO 603II~IIIOM paccTo~turm, B IIOKOe no OTHOILIeHHtO Apyr 

£tpyry, paBHa YlHIIIb CyMMe HX noTenlIHa3IbHblX 9HeprH~ KaK mapoB: 

3 3 

El2 = Ui0 + U2o - (2) 
5 r 1 5 r 2 

IIpH coy~ape~u~,  pa3pymeHHH ~ CJI~I~Hgg B O ~ n  OAHOpO2IRLI~ map  c Macco.~ 
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fl~A-fl2 I;HHeTHI~IecKa~ 9HeprH~ OTHOCHTeaBHOFO )~BH)KeHHII II n e p e c T p o ~ r H  MaCC 

TpaTrITC~ Ha pa3pyiiieHHe, HarpeBaHHe rI H3nyqenHe c HoBepXHOCTH. 1-IoJIHa~ 3HepFHH 

BHOBB 06pa3oBaHHOrO m a p a  paBHa 

3 G (#~ + / A 2 )  2 

E - 5 r (3) 

Pa3HOCTb E 12 H E H rIpe~cTaBa~eT HCrOMyIO CyMMy 3 n e p r n H  E i + Er: 

3 + l (4) 
Ei + E ,=  ~ r 1 --£2 J" 

C I o a a  a o n : ~ r l a  eule  n p r I 6 a s n a T ~ C a  r r l H e T n q e c r a s  3Heprrm OTrlOCrtTenM~oro aBH- 

~ e n n a  Ten 'Ha 6 e c r o n e u n o c T a ' ,  e c n n  o n a  me p a s h a  Hyaro.  C o y a a p e r m e  Ten c MaccaMn 
1 1 o r o n o  g - g  MaCCbI JIyHM rIpOHCXO~IHT CO c r o p o c T b m  o r o n o  2 r M  c e r  -~ ,  TOrAa r a t  

a n g  p a 3 p y m e H n ~  KaMeHI~ICTbIX Ten aOCTaTO~IHO y ~ a p a  co  c ropocTMO H o p ~ a r a  

0 .2  r M  c e r -  ~. 1-IoTep~ aHeprnH Ha H3nyqeHi~e n p ~  CTOaKHOBeHHH )IByX ayI~OHOAO6- 

HMX Macc HeBea~KH, T a r  ~aK BpeMg y 2 a p a  n cxaor~MBaH~ia MeHee ~aca .  M M  M o d e m  

IIpHHgTb, qTO CyMMa E i -1-E r B OCHOBHOM TpaTHTC~I Ha HarpeBaHne  Bce~ MaceM. 

H p H  # 1 = P 2 = p ( / 2 ,  E ~ + E ~ = 0 . 3 7  [E[. COOTBeTCTByromee n o z ~ m e H H e  TeMnepa-  

TypM COCTaBn~eT o r o a o  600 °. B cnyqae ,  r o r a a  rlpOHCXO~II4T CHaqana c n n , H n e  MaccM 

#~ = p ( / 3  C p a ~ H o ~  e~ M a c c o ~  #2, a 3aTeM r HI4M HIpHcoe~HH~eTC~ Macca  P3, T a ~ e  

paBHag/~(/3,  H Terino He yCHeBaeT y~TH, noBMmeHHe TeMIIepaTypN COCTaBn~eT o r o n o  

900 °. EcaH I~pI~H~Tb 3a naqasmHyro  TeMHepaT~py Ten ee paBHOBeCHOe 3HaqeHHe 

o r o a o  3 0 0 K ,  TO B p e a y m ,  TaTe CaHinnrm rpynHMX npoxonyr~  MO~HO B npnHHUnne 

HIOny~HTb TeMHepaTypy HeAp 3-lynsI 9 0 0 K  rr Bz~me. B 3TOM c a y ~ a e  nyrirTs~ (a) H (6)  

co rnacy roTc~ .  

I I e p e ~ e M  T e n e p s  r or~eH~e BO3MO~ttOFO qHcna  rpynH~IX rrpoToayH, o 6 p a n y m -  

u l n x c ~  t~o3ne pacTymef i  3 e M n m  

3. MaKeHMaAbHOe H HaH6o~ee BepOHTHOe qHC~O KpynHbIX 

cnyTHHROB y pacTymefi 3eMAH 

Marcr~Man~,noe  q n c n o  KpynnbIX cIIyTHI/IKOB 3eMnH MO~HO oI~eHHTB, 3Ha~[ mHpHHy 

Tex KO3H, I~eB],IX 3OH po~I, r a e  3TH CHyTHnrH ; IOMHnnpoBaaH n a ~  OcTanBHt,IMH TenaMH, 

B npe~nono~ermH, HTO op6HT•I CaMHX CnyTHHKOB 6Mal l  KpyFOBMMH. H o  a H a n o r n H  

c TeM raK 3TO HpHHHManOCb CaqbpoHOB~M a a ~  3OH n H T a H ~  pacTymHx n a a n e T  [20], 

MBI Mo)KeM CqHTaTb, qTO mHpHHa 3OI-IBI n p o n o p u H o H a n b H a  cpeaHeMy 3KcIIeHTpHCHTe- 

Ty op6rIT HHTaIOU~HX '~aCTHK: 

d I = 2e" l ,  (5)  

r a e  l - pa~Hyc  r p y r o B o ~  op6l lTbI  CnyTHHra. H p n  HanrrqHH 3rc~eHTpHCHTeTa op6nTt , I  

CnyTHnra,  3 o n a  n n T a I m g  aonmi . ia  ~BITB taupe. 
~KClIeHTpHCHTeTt,I, Kar  H H a r a o ~ s ~  Op~HT nnTarOtt~nx qaCTIIlI CBSI3aHBI C BO3MyIKe- 
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HIIItMH OT ClIyTHHKa MaccBI fl II paAHyca  a:  

r ~ e  

OTCIO~a 

V 
e ~ i ~ - - ,  

Vc 

v =  , v c V 1 

A l = 2 ~ a . 1 3 / 2 .  (6)  

H a  PrIc. 4 n o I ( a 3 a n a  3aBHCrlMOCTb A 10T l ~ 4 cay~IaeB CrlCTeM CnyTHUKOB C OlXHHa- 

XPO r~ ~/~(, npr~ 0 = 3, B npocTpanCTBe,  o r p a r m ~ e r m o r i  

CoBpeMeHHO~ ~y~HO~ op6nTO~.  M ~  Bn2nM,  ~TO C yga51eHHeM OT 3eM~H m n p n n a  3 o n  

ni~TaHnz 6L~CTpO paCTeT. 

P a c n o ~ o ~ e H H e  cIIyTHHKOB B CBOHX 3OHaX 3aBHCHT OT KOHIIeHTpa~I~ BeuxeCTBa K 

r~eHTpy p o a .  E r o  MOX~HO oI~eHHTb )XYlSI cIIyTHHKOB, y KOTOp~,~X B npo r t ecce  p o c T a  

IIp~YI~BHOe B3aHMo~e~CTBrle C I~eHTpa:IbHbIM Te31OM HecyHIeCTBeHHO. BBe~IeM, ~a~ 

D 2o Jo go 

Prec. 4. 3aB~ICrrMOCTb llIttp!,IHbI 3OH nt4Tarm~ crIyTHItKOB OT //IX paccToarI~ OT 3eMaH; (a) /t = ½/t(; 
1 . _ _ 1  , (b) ,tt = x/t 0 (c)/x -- ~/t(, (d) B = x~/Z(. 
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paHee [21] Heryro ~qbqberrI~Bnyro noBepxHOCTHyIO IIJIOTHOCTb poz  a, rOTOpaa 
~BJ/~teTC~I HI-ITerpaJ~OM riO ~peMeHri OT qba~THqecro~ I~oBepxtIOCTHO~ rlJIOTHOCTt'I pof l  

Ha )IaHHOM paccTOflHrIH. I-IycTb t7 pacnpeAeJ~aeTca B poe 1io 3aKoHy: 

a ~ l -~ (7) 

Tor~a Macca Be/llecTBa, 3aI(J~IoqertHOrO B KOJIbt~eBO~ 3OHe C rpaHnt/aMa la n l 2 6y/IeT: 

12 

f const  #~ = 27ral d l  = - -  (12-~ - l ~ - ~ ) ,  
2 - q  

a CyMMapHBI~ reoIleI-ITpri~iecKri~ MOMeHT BeIIleCTBa 30HbI: 

12 

K~ = x/ G m  -[ ~/1 d# = const ~ / G m ,  (l~/Z_ ~ _ 1~/2_~). 

3 ~ - - q  
It 

IlocJ~eAHn~ onpe~eJ~eT paccTo~m~e l~ ogpa30BaBmeroc~ B 3OHe CnyTHrIKa: 

K u =  #~ x / G ~ m l ~ =  K~,  

r~e #s - Macca cI~yTHHKa. OTC~OJIa 

~ / ~  = (2 -- q)(152/z-~ -- l 5 /2-~)  
: qS nr, i, 

t I  

In(12/I1)  rIp~ q = 2; 

q ¢ 2  rt q ¢ 2 . 5  (8) 

x / ~  = l n ( l z / l l )  npn  q = 2.5. 

2 1 1 

( ~  ~ l z )  (8a) 

IIpi~ q <  2 ria pe3ym, Tripymiiiee paccwonHrle l s 6ore, me BarI~teT BHertlnrI~ Kpafi 3OHbL 
I-Ipn q > 2 - B~yTpertHrIfi Kpa~. I lpri  q = 2 MbI rIonyqaeM l~, 6nrIaroe r reoMeTpri,~ecro~ 
cepeRr~He 3onr~i. B [21] OTMe~ierio, qTO yj~OBJIeT~OpHTeJIbHOe corJIacrie c coBpeMeSm, M 
MOMeHTOM C!,ICTeMt,I 3eMnn-JIyHa rtoayqaeTcn, ecnrt IIpI/IttllTb, qTO rlOBepXItOCTHa~I 

IIJIOTHOCTb TOJIbKO qTO 3axBaqeItHOFO BeIIIeCTBa y)lOBJIeTBOplteT COOTHOIIIeHIIIO: 

~r o ~ 1 -b  , (9) 

r~Ie 1 < b < 2 . 5 .  Hepexo~I 3axBaneHm,ix 'mcTrm ria rpyroB~,ie op6rITt,I C rtp~MI, IM 
HanpaBsteHneM )IBI'DKeHHJt 03HaqaeT yMenbttleHrte cpe~nero paCCTO~HHfl ~aCTrIt~bI 
C I0, Ha KOTOpOM oHa HatiriHaeT 06paltIaTbc~ BoKpyr 3eMJIrt, )I0 paccTo~Hrt~ /, rio 
qbopMy~e 

OTKy)/a I = c o n s t . l o  4. IIp~I TaKo~ 'nepecTpo~re '  po~t ero IIaOTHOCT~, ~eriaeTca no  
3aKoHy: 

 o(l< 
°--4kt]" 
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17ORCTaB~n~ cro~a l o n3 (10), riMeeM: 

0" ~ 0"0/-3/2  ~ 1 - b - 3 / 2  , q = b + 3 .  (11) 

OTMeTHM,  qTO CTJtFIIBaI-IHe pogl,  KOTOpOe BbI3blBaeTc~ n p ~ p o C T O M  Macc~,~ 3eMJI;I, ~ e  

MeH~IeT CTeneHH KOH~eHTpa~IHH, T.K. npn  3TOM Bce paCCTO~HH~/qacTmI  coKpama~oTca 

o~no ~ TO x e  uHc~o pa3. I/I3 (9) rI (11) c~e~lyer: 

2.5 < q < 4.  (12) 

IIprI TaI(HX 3HaqeHH~X q n o s ~ o x e H H e  CnyTHHKa B CBOefi 30He  6JIrI3KO K BHyTpeHHe~  

r p a H H t I e  l~. ~ T O  0 3 H a q a e T ,  qTO CaMa~ 6JIH3Ka~ K 3eMJ~e rIpOTOJ~yHa MorJ~a H a x o -  

A.T~C~ B Henocpe~lcTBeHrm~ 6:m3OCTrI OT npe~eaa P o m a  (2.89 R ~aa  XH~KOrO 

CnyT.nKa n O~OaO 2.8 ~:IZ T~ep)loro c paAHyCOM ~>103 KM). O~pyraza,  Mo:~eM 

IIOJIO3KtlTb paCCTO~HHe npOTOJIyHbI Jg_o 1 paBHbIM 3 R. ~aaee ,  noJIb3yl lCb COOTHO- 

IIIeH/SeM (6)  ~lJI~I I/JI4pI~IHt,I 3OH nHTaHH~ n p o T o J I y H ,  MO)KHO HafiTlI r lOCJie~oBaTeJib- 

nOCT~ p a c c T o z n ~  cae)iyroumx npOTOay~, ~Meroumx conpn~acammHecz 3OH~I n~Ta- 

HH~. B npeAeaax cqbepB~ 2eficT~nn 3eMa~ MOXHO nOMeCTnT~ He 6oaee 7 rrpoToayn c 
1 MaccaM;I ½p(, Ha~ 9 c MaccaM, ½/z( r~sm ~e 6oJ~ee 10 c MaccaMH 3-P(, I~an He 6oJree 

11 c MaccaM~ @~-/q. B npeAeJIax coBpeMeano~ aynHo~ o p 6 ~ r ~  MOXaO nOMeCTa~ 

COOTBeTCTBeHHO 6, 7, 8 H 9 n p o T o J I y H  C BbI6paHHblMrI  MaccaM~I.  LIHc:Io TaKrlX n p o -  

ToJIyH c~IeAyeT CqIITaTB MaKCHMaJIbHBIM IIO )IByM IIpHqHH&M: MbI n p e H e 6 p e r a n H  

3KClIeHTpHCHTeTaMH o p ~ H T  ClIyTHHKOB II HX IIpHJIHBHblM OTOJIBIIFaHHeM B npo~tecce 

pOCTa. 

CpaBHIIM 9TII qbopMaJIbHBIe CI~ICTeMbI C peaJIbHb~MH KpaTHt,IMH CHCTeMaMH He- 

6eCHBIX TeJI. ~IJIa 3TOFO MO)KHO BOClIOJ!b3OBaTbClt ) I~IarpaMMO~,  COCTaBJIeHHO~ 

Prec. 5. 

0 

-2 

/ / 
/ / 

/ 

. i1 / ,,~ 

-6 / / 
/ / /  

, (  
/ / / /  

/ /  / 
/ /  / 
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/ 

p e ~ H  e c~cmepou~6: 
1 p / p 

-.~2 -~.o - 8  

I I I t t I ~ ~ r ,A r vrr7777.,~ 

(3aKO. ~o3e~ ~ ~I 'I 
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M 
, , ~ e r --*~@ 

- a  -• - e  

3aBI, ICltMOCTb Macca-paccTo~r ie  ~lJIa na6Jno~aeMLix KpaTttbIX CHCTeM, 110 Ke~nepy  [22]; 
a, b, c, d - xpaTnble CllCTeMbI cnyTI-/HKOB 3eMnH C MaccaM~, yKa3aHHbIMH Ha Pnc.  4. 
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K e ~ n e p o M  a 1949r. ~ljia acex  Ha6jiro)laeMbiX ~paTm, ix crIczeM [22]. H a  Prlc. 5, 

3arlMCTBOBaHHOM I43 9TO~ pa6oTbI,  OTYIOXeHbI 3Ha~ieHna MaccI~I (/~) npOTHB Ky6a 

paCCTO~HHa (A 3) B JmraprIqbMn~iecKofi mKa:ie, rAe # - cpe~lna~ Macca ~Byx coce)IHI4X 

CrlyTHIIKOB fl 1 H/22, B~IpaXeHHa~ B eRI~Hmlax MaccsI tIeHTpajibHOrO TeJIa; A - paccToa-  

Hne MemjIy fix Iler~TpaMH B ejIgHHt~ax cpe~IHero paCCTOnHHZ )I0 njiaHeTb: 

12 - 11 
A -  1(12 + tl) 

EcjiH nOCTpOI.ITS e)lHHym (o~eHb rpy6y to )  3aBHCHMOCT~ Rjig Bcex Teji C o a H e ~ o ~  

CHCXeMbI, HaunHag OT He6oj ibmHx acrepoH)lOB H Koauag 6oabmnMH njiaHeTaM~, TO 

Ha rpaqbHKe K e ~ n e p a  o n a  rIao6pa3HTCg Hp~MO~, COOT~eTcT~yrome~ 

#/A 3 = 10 - 4 .  

H o  ecJ~H HCI(JIIOqHT~, a c T e p o ~ I ~  H Heperyj igpHNe cIIyTHI~IKI4 tOnr iTepa,  TO oKaX(eTC~, 

qTO 6OJ~bma~ qacTb HJ~aHeT H ClIyTHHKOB y~IOBjieTBopfleT COOTHOIIIeHHIO 

1og/~ = 2.5 l o g A  a -- A ,  

r~le A = 1.8 )I Jig nj ianeT (CHyTHH~OB) cpa~ .aMOfi  Macc~I ~ 3.6 ) lag n:Ia~eT (CHyTHH~O,) 

CHJIbHO pa3ji~qaroKiHXCZ Macc. 1-[oJIoca )Ijig COOTBeTCTBylOI/IeFo HHTepBaJ~a 3Ha- 

UeHHI~ A o6pa3yeT Ha AHarpaMMe HOCJ~eROBaTejibHOCTb, Ha npo~o~z<enHe KOTOpO.~ 

B I~paBOM BepXHeM yr j iy  nonaAatoT T a ~ x e  KpaTHble 3Be3~M. 

3a~oHy Bo~le I~a )IHaFpaMMe Kef inepa  COOTBeTCTByeT roprI3OHTaalbHag rlp~Maz 

JIHr~Hg, KOTOpa~ 3HaqHTejibHO x y x e  i~3o6paxaeT Ha6jiro~IaeMMe paccTogHH~. M o -  

AejiH CItCTeM npOTO:~yH C c o n p . ~ a c a r o m H M . C g  3OHaMH IIHTaHH~I He nogaAaroT Ha 

nprIBeReHHytO nOCjie~IOBaTeabltOCTb, npHueM Aaj ibme BceFo OT Hee oKa3bIBatOTCg 

CaMbIe 6JIH~HHe HpOTOJIyH~,I. ~J~g CXO~ICTBa C peajibHNM~I CrICTeMaMH noTpe6oBa-  

JmC~ 6 ~  JIH60 oqem,  cynleCTBeHHoe yMeHbmeHr~e Macc CHyTI~HI<O~ (Ha 3 nop~jlI(a) 

~H60 cpaB~nXe~HO H e 6 o J ~ m o e  ( ,  2 -3  pa3a)  yBejiH~eHue paCCTOaHH~ MeX<~ly H~Mm 

I-[OaTOMy ecjiII B3~ITb IlpOTOJIyHM " u e p e 3 0 J l H y " ,  TO HX CHCTeMbI BIIJIOTHyIO n p r ~ s H -  

HyTCfl ~ OCHOBHO~ HIOCae~IOBaTejibHOCTrI Ha )lrIarpaMMe Ke_~nepa ~a~ pa3 B TO~ ee 

qaCTH (HH~He~), ~ o x o p a g  OTHOCI4TCg K CHCTeMaM cIIyTHHKOB cpaBHHMO~ MaccM 

(PHc. 5). T a ~ M  nyTeM M ~  Mor~H 6 ~  noj iy ,HTS C~CTeMy H3 4 npOTOjiy .  C MaccaMH 

no  }p( H paCCTO~HHMH 3; 6; 14,5; 50 R HI~U ~ e  4 npOTO~ym, I C MaccaMrI no  ½p( H C 

paCCTO~Hr~eM, 3, 5.5, 11.5, 31 R HJIH ~ e  5 npOTOjiy.  C MaccaMH nO }/~( H paCCTOg- 

HHeMH 3, 5, 9, 22, H 60 R HJIH 6 npOTO:IyH C MacCaMH nO 15- /~( Ha op6r~Tax c pa~lHy- 

CaM~I 3, 4.5, 7, 12, 25 H r~eMHOrHM 6oj iee  60 R. Mb~ B;IAHM, ,TO ecxs  MHoro BOaMO>X- 

HOCTe.~ nOCTpOHTb CHCTeMy cI~yTHrII~OB 3eMJIH, I(OTOpa~t pacnoJmraeTcg  BHyTpH 

CoBpeMeHHo~ JiyHHOft op6HT~,I, C CyMMapHo~ Maccofi,  6nr~3~ofi ~ Macce JIyHb~, H B 

JIHNaMIIqecKoM OTHomeHHH nO;~O6HO-~ peaJH, H~IM cIIyTHHKOBBIM CHCTeMaM. 

rloi(axceM Tenep~,, ~To npg3H~Hoe B3aHMo)leflCTBHe cIIyTI-IHKOB -- HpOTOJIyH C 

3eMJIe~ MOrjio 3a KOpOTKOe BpeM~ nprmecTH ~ Hx B3aHMrtOMy c6J~H~eHr~m r~, no  

BCe~ o~IeBIIAHOCTtI, o 6 ~ , e A ~ e H m o .  

I/I3BeCTHO, qTO )MIg ~ a ~ o r o  n3 r~ec~oj i~Hx CHyTHIIKOB, Bt,I3t,IBaIOIKI4X n p ~ B ~  
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Ha ny~aHeTe, HMeeT 3HaqeHHe TOYIBKO e r o  B3a~Mo~xe~CTBHe C HpHY[HBHMMH rop6aMH, 

BbI3BaHHblMH I?IM CaMHM, a nepe rpecTHoe  Hp~HBHOe BAIH~IH!~Ie cIIyTHHKOB ~ p y r  

Ha ~ p y r a  Ma3IO. l-I03IOMy MOmHO pacCMaTpHBaTb Hpn~nBHym 9BOarO~nrO op6HT 

CHyTHHKOB HO OTJIeY~bHOCTH. ~JI~ CHyTHHKa C Macco~ # Ha KpyFoBO~ op6r~Te, ~ e x a -  

n~e.~ B H~OCKOCTH 9KBaTOpa HI~anexbL BpeM~ rIp~HBHOFO OTO~BI/IFaHH,~I C paccyo~-  

n ~  l 1 Ha l 2 rlpoIIopI~HOHaJIbHO (/~/6)(113212--113112), r~le 6 - y r o x  3alIa3~blBaHH~I 

HpHX~Ba OT CnyTHHKa Ha nxaHeTe [23, 24]. B Ta6~Hue I npnse~leHn~ cpOKH HpH~HB- 

HOFO OTO2IBHraH~n C l~ Ha l 2 cnyTHHKOB 3eMsIn c MaccaMH ½p( I~/~( A:~a CoBpeMeHHOrO 

3Ha~esna  b = 2. ° 1 6 [24]. 

TABYIHI~A I 

CpoKH OTO)~BHFaHHg crlyTHHKOB ~eMYIH c paCCTO~IHHg 1i 
Ha paCCTOgHHe 12 BCYIe~CTBHH IIpHYIHBHOFO TpeHH~[ C 

IIOCTO~[HHBIM yrYlOM 3alIa3~blBaHH~I IlpM.rIHBOB 

h I~ At(/t ~/1(/3) At(~t --/t  O 

5 R 10 R 4.5 × 104 ~eT 1.5 × 104 aeT 
10 20 4 × 10 ~ 1.3 × 10 ~ 
20 40 3 × 10 s 1 × 10 s 
40 60 4.5 × 10 ~ 1.5 × 10 ~ 

Bcepo: 4.8 × 10 ~ ~eT 1.6 × 10 ~ ~ev 

BH~HO, qTO IIpH CoBpeMeHHOM 3HaqeHHH ~ rlpo~o3I~HTeJIbHOCTb OTOABHFaHHg 

6ym3Knx npOTO~yH (I~< 30 R)  Ma:m no  cpaBHeHHm C BpeMeHeM aI<XyMy~StmH 3eM~H 

I40KOYlO3eMHOFO po~I (108 JIeT). F[O3TOMy rHrioTe3a o HecKoYIbKHX npoTo:IyHax r~ He 

M0xeT  ~aTI, Toro  y ~ m I e H H S  npH~HBHOfi mKa~bI BpeMeHH B HtecKozIsKO pa3, XOTOpOe 

Tpe6yeTcz  H3-3a ~pezMepHofi  KpaTKocTI~ ( < 2  × 109 JIeT) IIpHYlHBHOFO OTOXBHraHr~a 

O~HOfi ue~of i  YiynbI (CM. Hoc~e~HHfi CXO~6et~ Ta6~. I). B p a 6 o T e  M a r  )2oHtanzta [24] 

BblXO~ H3 IIpOTHBOpeqH~ C KpaTKO~ mKa~o~  Hpe~Ho~ara:~ca HMeHHO B cyH~eCTBO- 

BaHHH B IIpom:IOM y 3eMJIrt CHCTeMbI 3 ~  npOTO~yS. O~IHaKO paHee HaMrt [23] 6bI~a 

n p e ) I ~ o x e H a  HHaa rgHoTe3a,  l~O3BO~toIl/a~ H36erHyTb Tpy)~HOCTH, a HMeHHO ~OCTe- 

neHHbIfi pOCT CO BpeMeHeM y r ~ a  3aHa3AbIBagH~ )~f l  3eM~H, KOTOpbIfi HO3BO~Ser 

nOCTpOHTb npnaHanyro  ~BOamgmo CgCTeMbI 3e~zta  - 5IyHa 3a BpeMa 4.5 × 109 neT. 

HpH 0-TOM ~YIfl paHHHX 3TaHOB cy~eCTBOBaHH~ 3eM~/g c~e~yeT HpHHHMaTB 3HaqeHH~[ 

¢5 o B I-IeCKOYlbKO ~IeCflTKOB pa3 MeHbmHe, qeM c] COBp. COOTBeTCTBytOIIIHe 3HRtIeHH~I 

At : ~  6JI~I3KPIX paccTo~IIHHfI (I~<30 R)  ~Io:~x<m,~ COOTBeTCTBeHHO yBeJIHqHTbC5t B 

~e(3~ITKH pa3, HO II IIpH 3TOM OHII OCTaIOTC~[ He ~osIee HHeCKO3][bKHX COTeH MH.rI3IIIOHOB 

~eT. BBH)Iy KpaTKOCTH npHaI~BHO~ 3BO~rO~H Op6HT CaMb~X 6~r~3KHX HpoTo~y~,  

BepostTHO, c~e/IyeT yMeHbmaTb I~X npe~Ino~araeMoe qHc~o no  KpafiHefi Mepe Ha I 

B Ka}K)~OM H3 npHMepOB a, 6, B, r. 

~ a m ,  Hefimee oFpaHHqeHHe Ha BO3MO)KHO¢ KOYlHqeCTBO npoTo~yH Bb[TeKaeT I~3 

TOrO O6CTO~Te~bCTBa, ~TO Hoc~e~lHee C~HSHHe KpynHbtX Macc ~OXHO 6~,~:IO npoH- 

30~TH )~O o6pa3oBaHH~ Ha6:~ro~aeMoro cefi~ac Ha YlyHe pe~beqba. CaMb~M ~pynHbtM 

nO MacmTa6y  06pa3osaHHeM, HeCoMHeHHO, y2lapHoro npoHcxom~eHHn, ~IBYI~IeTC,q Ha 
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YIytte M o p e  )Iox~Ie~.  E r o  cxpoe~IHe yKa3blBaeT Ha TO, 'tWO y a a p n B m e e  Ylyny TeJIO, rI- 

Meao paaHyc  rIopaaKa 150 I~Mrinpnm~o c OKOJIO3eMHO~ op6rlTt,I. ECSlH IIpHHHMaT~,, aTO 

Bo3pacT BIIaAHItI, I M o p ~  ) ~ o x a e ~  3.9 x 109 :IeT [6], TO IIOJIb3yac~, pac~IeTaMii ilpriJi~it3- 

Horo  OTOaB~raItI~n JIyHsI [23] aJin M e n a t o m e r o c n  no  BpeMeHn 3naueHri~ 6, MOXrm 

ot~eHnT~,, ~TO JIyt~a B MOMeHT 3.9 X 109 JIeT Ha3aA 6s lna  Ha paccToanrlH ne  6oJIee 30 R 

OT 3eMJII~. OTc~oaa cJIeayeT, qTO Ha p a c c r o n H n ~ x  o ~ o a o  30 R n a a a e e  OT 3eMJm MOrn~ 

cyKIeCTBOBaTb JIrlmb H e 6 o ~ t u H e  ClIyTHHKH T~I~a acTepo~/IOB, a o p 6 n T a  n o c ~ e a n e ~  

~pyHHO~ npOTOJIyH~I ao~x~rm 6l, i~a  ~exaT~, B n p e a e n a x  20-25  R. 3TO orpaHH~n~aer  
1 1 BO3MO)KHOe qHCJIO I(pynH~,IX npOTOJIyH C MaccaMH ~--)-/~( Bcero : tomb a o  3 H~H a a x e  

a o  2. B pa3ae~e  2 MI, I IIO~a3aan, ~To ~pH cJiri~Hni~ 2-3  Hoao6HbIX Ten o6ecneurI-  

BaeTcfl HeogxoarlMafl  r laqaabHaa Bt,ICOKafl weMpepaTyna Heap 5IynN. ~ n H a M n q e c r a ~  

rlCTOpH~ CHCTeMbI npOTOJIyH Hy)K2~aeTc~ B aOHOJIHHTeJIBHOM HCcJIeAOBaH~H. 

]I06aBJIeHHe npI~ KoppeKxype. B HaCTOaI~ee BpeMa He nOATBep~aaeTca n p e a n o l o -  

)KeHHe O Bo3pacTe KOHTHHeHTOB 4.5 X 109 JIeM, TaK I~a~ onpeaeJIeI~rie Bo3pacTa KycKa 

i i J IarHoI~a3a  c Mecra  Hoca~li~ri ' A n o n : t u n a - 1 6 '  a a a o  Bo3pacT 3.84 X 109 :leT [25]. 
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