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:·1-.: BBeAeliHe 

I.J;errbHacTo.Kl.l.\en pa6oThl - rroKal3aTb neo6xoµ;IIMOCTI> y"<I~Ta .· 
u\ - .: 

. µ;en:CTBII.H arreKTpII"IeCKIIX CHIT IIpII IICCrre;o;oBaHIIII paBHOBeCII.H Be-
- . ... ' ,,--·, . 

11.\eCTBa BHYTPII KOCMII"<IeCKIIX ~err .. B ir'ocB.Hl.l.\eHHon ·aToMy 2Ke Bo:-

rrpocy IIpep;hlp;y~eII r'a6oT.e [1] HaMII. 6imo'.paCCM~Tpe,HO KOCMII-
• . ' .I ~ ,, . • • , • ,. ,·, • • - ' , • ' 

_'9:CCKoe Teno, KOTopoe noµ;· )J;CIICTBIIeM co 6CTBCHHOro · rpaBIITan;n-

OHHoro ~o~ rrp~o6peTa~T •CIIOHTaHHyro rrollilpIIo~n;IIro no BceM 

. CBOeM O frbeMe. 8TII pac"<IeThl IlOKaoarrn, "ITO )J;IT.K paCCMOTpeHHOro 
,• r ' ' ~ • • ' 0 

CITJ"IaH OHepreTII"IeCKII BhlrOp;Ha IIOllilpII13aD;II.H, '9:aCTII."IHO KOMIIeH-
. . . 

· cnpyror.o:~ cIIrry T.KroTeHHJI. O;o;Haxo pern~eMa.s: B aToM crry"<Iae ·· 

.· CHCTeMa _ypaBHeHIIII oKa13arracb HaCT01IbKO .crro2KHOII, "<ITO Morna 

6hlTb ·· perneHa Torr1,xo Ha KOMIIbIOT~pe, .. B. pe13JITbTaTe, xaK · IiaM 
. . .. -. / - ~ . ~ 

I(a)KeTc.K, 6hlrra Y:rep.HIIa iiarrr.s:p;HOCTb pac"<IeTa II CB.Hl3aH~a.H c Hen 

p;o~al3aTeITbHOC~b BhlB~)];OB. HeKoTopoe II:JMCHCHHe IICXO)];H0H M0-

p;errH, OIIHCaHHOe HII2Ke, rro::monmmnpoBeCTII BCe paC"<ICTbI aHarrII-
, - < ' ', - ,.· 

TII'9:eCKII·IIIICil01Ib0ODaTb KOMilbIOTep T0ITbK0 Ha 0Tane.nocTpoe-

HII.H rpacpII~crn II aHarrIIoa peoy~1,TaTon. XoT.a: npimeµ;eH~oe HII2Ke 
' ' . . . 

.. '; 

:,.- ~ 

perneHHe B CBOIIX rITaBHhlX BhlBoµ;ax COBiraµ;aeT C OIIIICaHHhlM pa

nee [1], ero OTHOCIITeJibHaH IIpOCTOTa II Harllilµ;HOCTb HaM rrpeµ;-

.. j cTaBllilIOTC.H Ba)KHhlMII µ;oCTOIIHCTBaMII. 
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KaK II B rrpeµ;I>Iµ;yl.l.\elI pa6oTe, 6yµ;eM paccMaTpIIBaTb KOCMII-

"<IecKoe Teno, BHYTPII KoToporo ;r;i;e:ii:cTBIIe co6cTBenno:ii: rpaBIITa

D;IIII M02KeT Bhll3BaTb BOl3HHKHOBeHIIe arreKTpII"ICCKOII IIOllilpima:.. 

D;IIII. IlpII OTOM 6yµ;eM rrpeµ;rrorraraTb, "ITO µ;IIIIOITbHhllI MOMeHT 

eµ;IIHHD;hl ofrbeMa i5 6yµ;eT rrporropn;IIonarreH ycKopeHIIIO cIIrrhl T.K-

2KeCTII g 
➔ 13· ➔ 'P= g. (1) 

TaKHM o6pa130M, pearrbHaH BeITII"IIIHa IIOJI.HPII13aD;IIII 6yµ;eT orrpe

µ;ellilTbCj[ OTITII"IHhlM OT HYllil Koacpcp11n;HeHTOM /3, ecrrII IIOllilpII-

13aD;II.H 0HepreTII"IeCKII Bhlroµ;Ha, "ITO II )];OIT2KHO 6hlTb BbI.HCHeHO B 

pe13yrr1,TaTe pac"<IeTa. 

Y;o;o6Hee BeCTII pacCMOTpeHIIe He B TepMIIHax IIOllilpII13aD;lIII Be-

11.\eCTBa, a B TepMIIHax "cB.Hl3aHHhlX" 13ap.s:µ;0B, "ITO, ecTeCTBeHHO, 

COBeprneHHO OKBIIBarreHTHO, ecrrII orrpeµ;errIITb Harrp.s:2KeHH0CTb IIO

llil "cB.Hl3aHHhlX" 13ap.K)];OB E H IIX IIITOTHOCTb p KaK 

E 
p 

-41r'P, 

-divi5. (2) 

renepan;IIK BHJTPII KOCMn"<IecKoro Terra o6'beMHoro "cB.s:13aHHoro" 

13ap.s:p;a C IIITOTHOCTbIO p 6yµ;eT COIIpOB02K)];aTbC.K BOl3HHK

HOBeHIIeM "cB.Kl3aHHOro" II0BepXH0CTH0ro 13ap11;o;a µ;pyroro 13HaKa 

fcti,F.:;,,:~a.at 1,:.:rnry1 
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C IIrrOTHOCTbIO 

R1 

a= -Q/41rR~ ; Q = j p41rr2dr. 
0 

8TOT 0KBlIBarreHTHbIII IIOBepXHOCTHbIII 3ap.s:µ; 6yµ;eT rrp11cyT

CT~OBaTb Ha IIOBepXHOCTlI IIOll.HplI30BaHHOro 06'1,eMa, paµ;11yc KO

Toporo Mhl 060:JHa"'!lirrlI R1, TaK KaK Mhl rrpeµ;rrorraraeM B03HlIKHO,

BeHIIe B 0TOM o6'beMe 0rreKTpII"<IecKoii rroJI.Hp11::1a~ rrpH coxpaHe

HHH ero rrorrHoii 0rreKTpH"'IeCKOH HeiiTparrbHOCTH. 

. Bo:JHHKHOBeHHe BHYTPH Terra o6'beMHoro 3ap.s:µ;a p II 0rreKTplI

-qecKoro rrorr.s: E, onpep;ell.HeMbIX paBeHcTBaMH (1)-(2), rrpHBe

µ;eT K TOMY, 'ITO Ha ep;HHHey 06'beMa BellJ,eCTBa 6yp;eT ~eHCTBO

BaTb · 0rreKTpH"<IecKas: cHrra p E, KOTopas: 6yµ;eT HanpaBrreHa npo

THB CHrrhl T.H)KeCTH II 6yµ;eT ee "9:aCTH"'IHO HrrH norrHOCTl,IO KOM

rreHCHpOBaTb. Crr~µ;y.s: [1], BBep;eM 6e3pa3MepHoe OTHOllieHHe 0rreK

TpH"'IeCKOII cHrrhl K cHrre T.H2KecTH 

q =I pE/,g I, (3) 

' - rrrrOTHOCTl, Bern,eCTBa, g - ycKopeHHe CHrrhl T.H2KeCTH. 

Byµ;eM paccMaTpHBaT1, KOCMH"<IecKoe Terro paµ;Hyca R0, BHYTPH 

KoToporo B n;eHTparr1>Hoii o6rracTH µ;o paµ;Hyca R1 cyrn,ecTByeT 

0rreKTpH"'IeCKaJI TIOll.HpH3aD;II.H, npH KOTOpo:ii: µ;eiicTBHe T.HroTeHH.H 

Ha Bern,ecTBO norrHOCThIO KOMTieHCII:pYCTC.H µ;eiicTBIIeM 0rreKTpH

"'ICCKHX CHrr, T.e. BHYTPH 0TOro o6'beMa q = l. IlpH 0TOM IIYCTI, 

· B Hapy2KH0:ii o6rracTH OT R1 µ;o Ro 0rreKTpH"<IeCKaJI noll.HpH:JaD;H.H 

norrHOCThIO OTCYTCTByeT, T.e. q = 0. B CB.HOH C 0THM µ;arree BerrH

"9:HHaM, OTHOC.HllJ,lIMC.H K BHyTpeHHe:ii o6rracTH, 6yµ;eT conyTCTBO-
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BaTb lIHp;eKC 1, a OTHOC.HllJ,lIMC.H K BHellIHeli o6rracTH - HHµ;eKC 

0. 
0TMeTHM, "<ITO µ;JI.H norrHoii KoMneHcan;HH rpaBHTaD;HOHHoii cHrrhl 

0rreKTpH"'IeCKOH CHrro:ii ( q = 1) Tpe6yeTC.H 0"9:eHb crra6oe OTHO

CHTerrbHOe OTKrrOHeHIIe OT 0rreKTpoHen:Tparr1,HOCTH - npHMepHO 

10-18 ::1ap.s:µ;a 0rreKTpoHa Ha aTOM Bern,ecTBa. 

IJ;err1,10 Hall1ero pac"<IeTa 6yµ;eT onpeµ;erreHHe BerrH"'IHHhl rrapa

MeTpa x = Ri/ R0, npH KoTopb:ii norrHas: 0HeprH.s: Terra 6yµ;eT 

IIMeTb MlIHIIMyM. EcrrII MIIHIIMallbHaJI 0HeprH.H Terra rrorry"<IHTC.H 

npH X = 0, TO 0TO 6yµ;eT 03Ha"9:aTh, "'ITO 0rreKTpII"'IeCKaJI noll.HpH-

3aD;lI.H Terra HeBhlroµ;Ha. 

IIorrHaJI 0HeprH.H Terra &t 6yµ;eT CKrrap;hlBaThC.H H::3 rpaBHTaD;H-' 

OHHOH, BHyTpeHHen: lI 0rreKTpII"'IeCKOli 0HeprIIH: 

&t =&u1 +&uo+&il +&rn.+&E, (4) 

&91, &go, &iI lI &m - rpaBHTaD;HOHHaJI lI BHyTpeHH.H.H 0HeprHH IIO

ll.HpII30BaHHOro BHyTpeHHero 1I HeTIOll.HpH30BaHHOro Hapy2KHoro 

o6'beMOB COOTBeTCTBeHHOj ·&E - 0rreKTp1I"'IeCKaJI 0HeprH.H BHy

TpeHHero o6'beMa. 

Byµ;eM C"'IHTaTh, "<ITO nrroTHOCTh Bern,ecTBa BHYTPH Terra, H:J

MeH.HeTc.s: B COOTBeTCTBHH C naKOHOM fyKa: 

, = ,oo (1 + P / K) , (5) 

'Yoo - nrroTHOCTl, BellJ,eCTBa npn OTCYTCTBHH p;aBrreHII.Hj p - µ;a

BrreHHe BHYTPH Terra; J{ - Mo;r,;yrr1, BCeCTOpOHHero C2KaTH.H Be

rn,eCTBa. Byµ;eM C"'IIITaTh TeMrrepaTypy Terra paBHOli Hyrrro, rrpH 

5 
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:)TOM IIITOTHOCTI, BHyTpeHHerr 0Hepr1rn 6yµ;eT orrpep;elliITI,Cj[ 0Hep

rn:err yrrpyrorr p;eq>OpMaD;HH Terra: 

Ci= P 2/2K. (6) 

Byµ;eM rrpep;rrorraraTI> TaK)Ke, "<ITO TQITll.\HHa Hapy)KHOro crro.s:r He 

O"9:eHI, Berrn:Ka Il p;aBrreHn:e B HeM He MO)KeT CHITI,HO rrpeBI>UllaTI, 

MOp;yrr1, BCeCTOpOHHero C)KaTn:.s:r Bell.\eCTBa. B CB1I3Il C :)TUM p;orry

ll.\eHn:eM MO)KHO C"'IHTaTb IIITOTHOCTI, Bell.\eCTBa B Hapy)KHOM crroe 

IIOCTOKHHOH: 

'Yo = 'Yoo = const . (7) 

Cyll.\eCTBOBaHIIe CKa"9:Ka HaIIp.lI)KeHHOCTH :lITCKTpn:"9:eCKoro IIOlliI 

Ha IIOBepXHOCTH R1 Bep;eT K B03HHKHOBeHHIO CKa"9:Ka p;aBrreHn:.s:r_ Ha 

0Torr rpaHn:n;e [1]: 

P(q) = E(R1)2 
81r . (8) 

TI00TOMY ecmI Ha Hil)KHerr rpaHn:n;e BHeurnero crro.s:r p;aBrreHn:e Po(R1) 

orrpep;err.s:reTc.n T.nroTeHn:eM Bell.\eCTBa 0Toro crro.s:r, TO "<IYTI> rrry6)Ke 

Ha BHeurnerr ·rpaHn:n;e BHyTpeHHero ofrI>eMa p;aBrreHn:e 

P1(R1) = Po(R1) + P(q). (9) 

B CB1I3Il C TeM, "'ITO BO BHyTpeHHeM o6'beMe T.s:rroTeHn:e IIOITHO

CTI,IO CKOMIIeHCHpOBaHO p;eITCTBHeM :lITeKTpn:seCKOH CHITI>I, BO BCeM 

:lTOM o6'beMe Bell.\eCTBO Haxop;n:Tc.s:r npn: IIOCTOKHHOM p;aBITCHHH 

Pi(R1) = const, (10) 

B CB1I3Il C "9:eM 3p;CCI, IIITOTHOCTI, BCll.\eCTBa IIOCTOKHHa 

( P1R1) · ,1 = 'Yo l + -r = const, 
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KaK IIOCTO.lIHHa Il IIITOTHOCTb 01ICKTpII"9:eCKOrO 3ap.s:rp;a 

TaK KaK 

P = const. 

divE = .41rp, 

divg = -41rG,1 , 

G - rpaBIITaD;IIOHHaJI KOHCTaHTa, n:MeeM 

P = c11211 . 

(11) 

(12) 

,IJ;rur 0rreKTpocTaTII"<IecKoro noTeHD;n:arra </>e cnpaBep;mrno paBeH-

CTBO 

~</>e(r) = \ f (r2 f </>e) = -41rp • r ur- ur 
TI00T0My BO BHyTpeHHeH o6rracTII 

</>e(r) 

E(r) 

P(q) 

21r (R2 2) - 3P 1 -r ' 

Dq>e 47r ➔ 
- 8r =3pr, 

- E2(R1)/81r = 2; p2 Rt. 

2. I):>aBBTaD;BOHHruI oaeprBJI TeJia 

. (13) 

(14) 

,II;rur rpaBHTaD;IIOHHOro IIOTCHD;Harra <l>u1 BO BHYTPCHHCH o6rracTH 

cnpaBep;rrn:Bo paBeHcTBO 

-V</>
0
1(r) = 91(r) = -G112 E(r) = 

4
;G 11r, (15) 

IIO:lTOMY 

<l>u1(r) = <t>i + 2;G ,1r2. (16) 
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KoH,CTaJITa ¢>g ;o;orr:arna 6J.>1Tb orrpeµ;erreHa H:J ycrroB:wr 

</>g1(R1) = </>go(R1). (17) 

Bo BHeIIIHeM crroe 

47rr2go(r) = -4pG{Vi,1 + 4; ,o(r3 
- R¥)}, 

. . 471" 
-'v</>go(r) = 9o(r) = -G{(,1 - ,0)Vi/r2 + ,o3 r}, 

Vi = 471" /3Ri . (18) 

II00T0My rpaBIITa~OHHbIII rroTeH~arr BO BHelirneM crroe 

</>go(r) = {-Vi( ,1 - ,o)/r + ,o ~7!" r 2
} + C. (19) 

KoHCTaJITa C orrpeµ;eIDieTcH H:J ycrroB:wr 

<J>u(r) = -47rGM/r II g(r) = -GM2/r2 rrpn r >Ro, (20) 

M - Macca Terra. 0KOH'laTem,HO p;IDI rpaBHTaD;HOHHOrO IIOTeH

n;n:arra BO BHenrneM crroe HMeeM 

</>go(r) = -GM/ Ro - GVi/ R1( ,1 - ,o)(Ro/r - 1) -
27rG (R2 2) -3-,0 o-r . (21) 

0TcIDµ;a Haiiµ;eM BerrH'lUHY KOHCTaJIThl ¢>g H, rroµ;cTaBHB ee B pa

BeHCTBO (16), Bhl'lHCrrHM rpaBHTaD;HOHHbIII IIOTeHD;Harr BO BHy

TpeHHeM :Jap.iDKeHHOM 5Ip;pe ¢gl. 

lpaBHTaD;HOHHaH 0HeprH5I Terra 6y;o;eT CKrraµ;r,rnaTbC5I H:J ;ll;BYX 

crraraeMhlX: 

{Ro 
&go = lni l/2,o</>go(r)47rr2dr, 

[Rt 
&g1 = Jo l/2,1</>g1(r)47rr2dr. (22) 

8 
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,I(rr5I rrepexo;o;a K 6e3p'a3MepHhlM BeJUI'lHHaM 060:JHa'lHM 

GM2 
&oo=-R; Voo=47r/3R5o=M/,o; x=Ri/Ro; 

00 

Pi)fd = b. 

B 0TIIX o6o:JHa'leHII5IX rrorry'IHM; 

&go = _
314 

{(1- x3) + x3b(l - x2
) - (1 - x5)/5} 

£00 (x3b + 1)5/3 ' 

&g1 _ _ 
314 

(1 + b){(l + x2b)x3 - (1 + b)x5/5} 
£00 - ( x3b + l )5/3 · 

3. BnyTpean.1u1 0neprm1 TeJia 

B Hapy)KHOM crroe B COOTBeTCTBHlI c (18) 

(23) 

(23a) 

(24) 

(25) 

'vPo(r) = ,o9o(r)=-G,o{~(,1-,o)+ 
4
;

10
r}, 

Po(r) = G,o{Vi(,1 - ,o)(l/r -1/ R~) - 27r/3,o(r
2 

- R5)}. 

(26) 

BHyTpeHH5I5I 0HeprrrK Henap5I)KeHHoro crroK: 

. _ Ro P(f ( r) . 2 
£10 - j 2!( 47rr dr. 

R1 

B 6e:Jpa:JMepHOM BHµ;e: 

&w 
£00 { 

6b2 (1 2 x
3

) x 3 -x+x - 3 + 

3 ( 7 x2 x3 x4 x5) 
+x b 60 - 2 + 3 + 4 - 5 + 

+¼ (1~5 -;3 + 2t -x;)} X 

9 
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;•1 .. , 
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l: 

n 

x 3b(b + 1)2 
. • 

2 { x2b(l ...:. x) + (l:{2
) + (b + 1 )21f} ( x3b + 1 )5/3 

(28) 

IIcnom,3yK µ;mi: onpeµ;erremra µ;anrremra B 3ap.H2KeHHoii: o6rracTII 

paneHCTDO ( 23a), norry"IaeM: 

- I<b2v;, £il -y 1, 

IIrrII B 6e3pa3MepHbIX eµ;IIHim;ax: 

£ii _ bx3{x2b(l-x) + (1 ~ x2)/2 + (b+ 1)2x2/6} 
£00 - 2( x3b + 1 )5/3 - .. - - - - - -

4. 8JieKTpHqecKae: 3BeprH.H 

(29) 

(30) 

8rreKTpII"IeCKaJI :mepru cyrn.ecTByeT TOrrbKO BO DHyTpeHHeM o6'b

eMe: 
l R1 

£E = Brr j E(r)24rrr2dr. 
0 

(31) 

BerrII"IIIHa E ( r) onpeµ;emreTC.H n COOTBeTCTBIIII c paDeHCTBOM (14). 

B 6e3pa3MepHbIX eµ;IIHIIn;ax 

£E - (b+l)2x5 
£00 - 10(x3b+ 1)5/3 · (32) 

5. Ilonuae: :JBeprH.H 

IIorrHaJI 0Hepru Terra D 6enpa3MepHbIX eµ;IIHim;ax onpeµ,emreTc.H 

cyMMoii: Dbipa2KeHII:ii (24), (25), (28), (30) II (32). Ee rpaq>IIK 

IIOKa3aH Ha pIIc.l KaK q>YHKD;IIK OTHOCIITerrbHOro paµ;IIyca 3ap.H-

2KeHHOH o6rracTII X npII pa3rrII"IHbIX BerrII"IIIHaX napaMeri::pa b. If3 

0Toro rpaq>IIKa DIIµ;Ho, '9:TO µ;ITK HeC2KIIMaeMOH cpeµ;bl (b = 0) IlO

KBrreHIIe IIOm£PII30BaHHOH o6rraCTII 0HepreTII"!eCKII HeBblroµ;Ho. 

10 
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({ 

-0.40 

Et 

-0.45 

-0.50 

b=Q.2 

I " "-~""~I 

-0.60 I:-,·;;,,,,, I,,,,,,,,, I,,;:;::;:;:;::,, I, 11,,,,,, I, 11 11, 11, I 
0.00 0.20 0.40 0.60 0.80 1.00 

X 

PIIc.l 3aBIICIIMOCTb norrHoii: :meprIIII KOCMII"IeCKOro Terra OT OT-

HOIIIeHII.H x = Ri/ Ro npII pa::mII"IHbIX nerrII"IIIHax napaMeTpa b. 

BIIµ;Ho, 'ITO npII b > 0.2 D03HIIKHOBeHIIe 0rreKTpII"!ecKoii: nomrpII-

3an;IIII CTaHOBIITC.H 0HepreTII"IeCKII Bblroµ;Ho 

A( b,Xo ) 
8.00 ~---~------~---~ 

6.00 -t-----t----l----+-;1-:.__--1 

4.00 -+-----;----~1----------~-1 

2.00. "i :----J'----r---J----t----

0.00 1,, , , , , , , I,,,,,,,,, I, , , , , I 
0.00 0.50 1.00 

PIIc.2 
11 

1.50 2.00 

b 



Oµ;HaKO rrpII b 2:: 0.2 Ha naBIICIIMOCT.lIX ft(X) IIO.lIBJt.JieTC.lI MIIHII

MyM. 

,I.(ruI Toro 'IT06hl orrpeµ;errIITb HeII3BeCTHhlll IIOKa rrapaMeTp b, 

BOCIIOJib:JyeMCJI paBeHCTBaMII (9), (14) II (26). 06onHa'fIIM 

GM2 
KVoRo = A(b, Xo) ; Vo = 41r /3R~. (33) 

Ilpn: 0TOM crreµ;yeT y'feCTb, 'ITO B paBHOBeClIII KOCMlI'feCKOe Terro 

rrpII µ;aHHOM b 6yµ;eT HMeTh rrapaMeTp x, COOTBeTCTBYIOI.IJ.IIll MH

HIIMYMY 0HeprIIII. 060::ma'IRM 0To nHa'feHn:e X 0 II B penyrrLTaTe 

rroµ;cTaHODKII rrorry'IRM: 

_ b(l + bX9)2 

A(b,Xo) - XJb(l - ~o) + (l -XJ)/2 + XJ(l + b)2/6. 
(34) 

IpaqmK 0TOil q>yHKD;HH IIOKanaH Ha pn:c.2. 

Berrn:'fHHhl M, Ro · n: K HaM • n:nnecTHhl KaK Ha'farrLHbie ycrroBH.JI 

3ap;a'IH. IIoµ;cTaBIT.lI.lI n:x 3Ha'feHH.JI B (33) n: n:crrorrh3Y.JI pn:c.2, M0-

2KeM orrpeµ;errHTb 3Ha'feHn:e b, cooTBeTCTBYIOI.IJ.ee paccMaTp1rnae- , 

MOMY KOCMH'feCKOMY Terry, H H3 KpIIBhlX Ha pn:c.1 HaHTH 3Ha'feHHe 

X 0 = Ri/ Ro B MHHHMyMe Kpn:noii rrorrHoii 0Hepr1m ft, 

HepaBeHCTBO b 2:'. 0.2 0::3Ha'faeT, 'ITO IIOll.lipR3a:a;mI B03HHKaeT, 

ecrrn: Macca Terra µ;ocTaTO'fHO nerrn:Ka. Y'fIITbIBaJI, 'ITO nHa'feHlIIO 

b = 0.2 cooTBeTCTByeT Xo = 0.55, lI3 (34) norry'faeM Amin= 0.48 

nrrn 

( )

3/2 
M. - AminK 

mm - G,ci/3( 47r /3)1/3 
(35) 

,I.(ruI KOCMH'feCKHX Terr C MeHhllleli Maccoll IIplI µ;aHHOll IIJIOTHOCTll 

lI yIIpyrocTll DeI.I..J,eCTBa cyrn.ecTBOBaHlle arreKTpII'IeCKOII IIOll.liplI-

3a:a;IIn 0HepreTH'feCKII HeBLiroµ;Ho. 
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Ba2KH0, 'ITO HHKaKoro orpaHII'feHH.JI cnepxy Ha Macey µ;ruI cyrn.e

CTBOBaHH.JI ycTOil'fllBOro COCTO.lIHH.lI B 0TOll Moµ;emI, IIO-BIIl];IIMOMY, 

HeT. CorrracHO eii, l];ll.lI KOCMII'feCKoro T~rra CKOJib yroµ;:s:o 6orrb

lll0ll Macchl npII Hyrrenoii TeMrrepaType cyrn.ecTnyeT ycToH'fHBoe 

COCTO.lIHlie C KOHe'fHhlM paµ;rrycoM. T.e. c:a;eHaprrii BhlHy2Kµ;eHHOro 

KOJIJiarrca rrprr BhlropaHIIII ropIO'Iero BHYTPlI µ;ocTaTO'fHO 60Jib

lllHX KOCMll'feCKlIX Terr µ;aHHaJI Moµ;errb IICKJIIO'faeT. 

6. HeKOTOphle BhIBOp;hl 
• 

IIorry'feHHOe pellleHIIe IIOKa3bIBaeT, 'ITO /];JI.JI KOCMll'feCKIIX Terr µ;o

CTaTO'fHO 6oJiblllOil MaCChl 0HepreTlI'feCKlI Bhlroµ;Ho IIepeiiTll B 

COCTO.lIHIIe, nprr KOTOpoM :a;eHTpaJibHaJI o6rraCTb Terra rrprro6pe

TeT paµ;rraJibHO HarrpanrreHHYIO arreKTplI'IeCKYIO IIOll.liplma:a;lIIO Ta

KOH nerrrr'fRHhl, 'ITO ee µ;~iicTBIIe norrHoC~hIO KOMIIeHcrrpyeT µ;eH

CTBIIe T.lirOTeHH.JI B 0TOH o6rraCTII. XoT.lI Heo6xoµ;rrMaJI l];ll.lI 0TOro 

IIJIOTHOCTb 3ap.JIµ;a Hll'fT02KHa, ll3-3a orpOMHhlX panMepoB caMOlI 

o6rraCTll HaIIp.lI2KeHHOCTb IIOJI.lI OKOJIO ee rpaHIID;hl M02KeT OKa-

3aTbC.K rrop.aµ;Ka BHyTpIIaTOMHOH. CaMo cyrn.ecTBOBaHlie TaKoii 
u 

orpoMHOII HaIIp.lI2KeHHOCTll arreKTpII'IeCKOro IIOrr.-!1 B MaKpOCKOIIll:-

'feCKOM o6'beMe, Ha nepBhlli B3rJIKµ;, Ka2KeTC.K conepllleHHO He

B03M02KHhlM II3-3a 6oJiblll01I 0rreKTporrpOBOl];HOCTH BeI.I.I,eCTBa KO

CMII'feCKIIX Terr ll 60JiblllOro npeMeHlI RX cyrn.ecTBOBaHH.JI. 3µ;ecb 

Ba)KHO ern.e pa3 noµ;'IepKHYTh, 'ITO arreKTpII'IeCKII IIOllilplI30BaH

HOMY COCTOJIHIIIO COOTBeTCTByeT MlIHlIMYM 0HeprniI. 8To ~3Ha

'faeT, 'ITO arreKTpII'IeCKlle HOCIITeJIII B BeI.I.I,eCTBe HaXOl];.lITC.K B pa-
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BHOBeCIIII II Ha HIIX )];eHCTByeT KpoMe :meKTPII~eCKOil ern.e CIIrra, 

CB.113aHHaJI C rpa)];IIeHTOM XHMII~eCKOrO II0TeHIJ;Harra. B pe3yITb

TaTe OHII He MOryT "3aKopoTIITb" cyrn.ecTBYIOllf.YIO pa3HOCTb IIO

TeHD;IIarroB. IlpII 3T0M OHII )];Orr)KHbl 6b1ITII 6bl BblBeCTII CIICTeMy 

II3 MIIHIIMyMa aHeprIIII. IloaTOMY rrpIICYTCTBIIe HOCIITerren He MO

)KeT IIOMernaTb B03HIIKH0BeHIIIO IIOlI.lipII30BaHHOro COCTOHHIUI II 

)];OrrroBpeMeHHOMY ero cyrn.ecTB0BaHIIIO. 

B COOTBeTCTBIIII C rrorry~eHHblM perneHIIeM 3a 6a30BOe COCTO

HHIIe KOCMII~ecKoro Terra )];0rr)KHa 6b1Tb rrpIIHHTa MO)];em,, npII 

KOTOpOH BHyTpeHHHH o6rraCTb Terra arreKTpII~eCKII 3apmKeHa II 

IIMeeT IIOCTOHHHYIO rrrrOTHOCTb B HeCKOrrbKO pa3 6orrblIIYIO, ~eM 

IIOBepXHOCTHaJI o6rracTb KOCMII~ecKoro Terra. 

KoHe~Ho, TaKaJI CTpyKTypa o~eHb cxeMaTII~a. OHa COBep

rneHHO He Y~IITbIBaeT H3MeHeHIIe TeMnepaTypbl II XIIMII~ecKoro 

COCTaBa B)];Orrb pa)];IIyca, a 3Ha~IIT, OHa l]THOpIIpyeT CBH3aHHOe 

C HIIMII II3MeHeHIIe rrrrOTH0CTII II ynpyroCTII. 8Ta MO)];errb MO

)KeT 6b1Tb npIIHHTa rrIIlIIb KaK rpy6oe, HyrreBoe npII6m1)KeHHe )];lI.lI . 
pearrbHoro onIIcamrn KOCMII~ecKIIX Terr. TeM He MeHee IIHTepe-

CHO cpaBHIITb, HaCKOrrbKO )];aBaeMaJI OTOH MO)];errbIO cxeMa corrra

cyeTCH C BHyTpeHHIDvf CTpoeHIIeM 3eMrrII, K0TOpoe xoporno II3Y

~eHO. Ba)KHO, ~TO npir 3TOM MO)];errb q>aKTII~eCKII He IIMeeT CB0-

6o)];HbIX IIO)];rOHO~HbIX rrapaMeTpOB. ,I(e:e:cTBIITerrbHO, Macca H pa

)];IIYC 3eMrrII orrpe)];erreHbI O)];H03Ha~Ho. Onpe)];erreHHblll rrpoII3BOIT 

cyrn.ecTnyeT TOrrbKO B Bb16ope MO)];YlI.lI BCeCTOpOHHero C)KaTHH Be

rn.ecTna, II B 3TOM CMbICrre OH HBlI.lieTCK e)];IIHCTBeHHblM He CTporo 

q>JIKCIIpOBaHHbIM rrapaMeTp0M. B COOTBeTCTBIIII C pe3yITbTaTaMH 
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reoq>II3II~ecKIIX II3MepeHIIH [2] 6Y)];eM c~IITaTb K = 6.5 . 1011 

)];IIH/cM2• 8To II03BOlI.lieT,II3 (33) II IIO rpaq>IIKaM Ha pHc.l Il pIIc.2 

orrpe)];eITIITb rrapaMeTpbl peIIIemra: A= ·5.3, b = L5, X 0 = 0.86 n, 

TaKIIM o6pa3oM, HaHTII l?a)];HYC R1, rrrrOTHOCTII ,o II ,1, MOMeHT 

IIHepIJ;HH Terra II ero MarHIITHblll MOMeHT. Ilo)];CTaHOBKa ~IIcrreH-. . 
HbIX 3Ha~eHIIIl )];aeT KapTIIHY, corrraCHO KOTOpon: BHYTPII 3eMrrII B 

o6rracTn, rrpocTnparorn.e:e:cH OT IJ;eHTpa rrpnMepHo µ;o 5.5 TbIC.KM, 

rrrroTHOCTb nern.ecTBa ,1 ~ 7 r / CM, µ;arree CKa~KOM IIlIOTHOCTb yrra

µ;eT n 2.5 pa3a µ;o 2.8 r / cM3• 8To rrocrreµ;Hee 3Ha~eHne Haxoµ;~TCK 

B norrHOM corrracnn: C µ;aHHblMII reoq>H3H~eCKIIX H3MepeHHil. Co

rrracHO reoq>H3H~eCKIIM µ;aHHblM CKa~OK IIITOTHOCTH rrpnMepHO B 

2 pa3a BHYTPH 3eMrrH Ha6rrroµ;aeTCH Ha rpaHHIJ;e Me)Kµ;y Kµ;poM Il 

MaHTnen:, T .e. npnMepHO Ha rrorr0BIIHe paµ;nyca 3eMrrH. 

BbI~ncrreHne MOMeHTa HHepIJ;IIII 3eMrrn µ;aeT nerrn~ney, rrpeBbl

rnarorn.yro Ha6rrroµ;aeMoe 3Ha~eHne rrpHMepHo n 1.05 pa3a. 

O;ri;irnKo caMoe Ba)KHoe, Ha Halli B3rlI.lIµ;, To, ~To cyrn.ecTBOBaHne 

BHYTPH 3eMrr:ri: arreKTp~eCKII ~OlI.lipH30BaHHOil o6rraCTH Beµ;eT K 

B03HIIKHOBeHHIO y Hee MarHIITH0ro MOMeHTa M. TaK KaK yrrroBrur 

CKOpOCTb Bparn.eHIIH 3eMrrH n ~ 7. 10-5 c-1' norry~aeM 

Gl/2 . 
· 2 n41rR5(b )X5~ 26n/ 3 M = 7:5c,ou3 o + 1 o = 1.23 • 10 c CM , (36) 

~TO COCTaBlI.lieT rrprrMepHO 3/2 OT Ha6rrroµ;aeMOH Berr~HHbl, K0-

TOprur eCTb 8.05-1025 I'c/cM3. 

3Ha~eHHe· MHHHMaITbHOil MaCCbI im (35) rrprr BbIQpaHHOM M0-

µ;yrre yrrpyrocTII COCTaBIIT 

Mmin . 6.2 · 1026 r. (37) 
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,Il;pyroe oaMe"<JaTem,Hoe crre;a;cTBirn paccMoTpeHHOH Mo;a;errH -

B03MO)KHOCTL o6ocHOBaTL rrHHe:ii:Hyro 3aBHCHMOCTL MarHHTHhlX 

MoMeHTOB KOCMH"<JeCKHX Terr oT HX MoMeHTOB Bpa~eHIIJI. TaKrur 

u 

rrHHeHHrur. 3aBHCIIMOCTI,)HrrH, ;a;pyrHMII crroBaMH, IIOCTO.HHCTBO rH-

poMarHHTHOro OTHOIIIeHH.H, pearrLHO Ha6mo;a;aeTC.H ;a;rr.H Bcex KOC

MlI"'IeCKIIX Terr, ;a;ITK KOTOphlX cero;a;H.H lI3BeCTHhl MarHHTHI,Ie MO

MeHThl II MOMeHThl Bpa~emu.i (pHc.3), II OHa He IIMeeT HlIKaKoro 

o6'L.HCS:eHH.H B paMKax rH;a;po;a;HHaMII"<JeCKOH Mo;a;errH, o6hl"<JHO lIC

rrorrL3yeMOH ;a;rr.H OIIHCaHH.H MarHHTHhlX rrorre:ii: KOCMII"<JeCKIIX Terr. 

IIocTO.HHCTBO rn:poMarHIITHOro OTHOIIIeHH.H xapaKTepH3yeT KaK 

rrrraHeThl II IIX crryTHHKH, TaK II 3Beo;a;hl II ;a;a)Ke rryrr1,caphl. "Bhlrra;a;aeT" 

TOrrLKO JlyHa, "'ITO B CBeTe HaIIIe:ii: Mo;a;eITH BIIOrrHe ecTeCTBeHHO, 

T.K. ee Macca MeHLIIIe Mmin• · 

B COOTBeTCTBlIII C Bhlllle rrpoBe;a;eHHhlMII pac"<JeTaMH, rn:poMa

rHIITHOe OTHOIIIeHHe 

Ql/2 { 1- x8 } 
19 = 3c 1 - 1 + bXB (38) 

;a;orr)KHO 6hlTI, HeCKOrrLKO pa3rrlI"'!HhlM ;a;ITK Ka)K;a;qro Terra, HO IIO IIO

p.H;a;Ky BerrlI"'IIIHhl Bhlpa)KeHHe B CK06Kax B 0TOH cpopMyrre 6rr1I3KO 

K 1. II00T0My rrp1I6rrH)KeHHO 

Ql/2 . 
rj ~ 3c ~ 2.88- 10-15

(cM/r)
112, 

lg?? ~ -14.54. (39) 

Ha pHc.3 0Ta 3aBIICIIMOCTI, IIOKa3aHa IIITplIXIIJHKTIIpHOH rr1IH1Ie:ii:. 

Ha 0TOM )Ke plICYHKe rrpHBe;a;eHhl Ha6mo;a;aeMhle 3Ha"<JeHH.H Ma

rHIITHhlX MOMeHTOB B 3aBIICIIMOCTII OT MOMeHTOB Bpa~eHH.H ;a;ITK 

Bcex KOCMII"<JeCKIIX 06'1,eKTOB, ;a;ITK KOTOphlX OHII II3BeCTHhl. 
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PIIc.3 Ha6mo;a;aeMhle 3Ha"<JeHH.H 11:arHHTHhlX MOMeHTOB KOCMII"'Ie-

CKIIX Terr B 3aBIICIIMOCTII OT IIX yrrrOBhlX MOMeHTOB. 

',IJ;aHHhle IIpHBe;a;eHhl B rrorapHcpMH"'IeCKOM MaCIIITa6e. Ilo OCH op

µ;IIHaT - rrorap1IcpM MarHIITHoro MOMeHTa, OTHeceHHOro K rc-cM3; 

.rro OCH a6cn;1Icc - rrorapncpM yrrroBoro MOMeHTa Bpa~eHH.H, OT

HeceHHoro K 0pr • c. 

illTPfIXIIYHKTIIpHaH rrHHII.H - penyrrLTaT pac"<JeTa IIO cpopMyrre 

(39), crrrrOIIIHaH lllIHII.H - penyrrLTaT <PIITIIpOBaHII.H IIO Ha6mo;a;a

eMhlM 3Ha"<JeHHJIM 
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<PlITIIpOBaHlie Ha6moµ;aeMhlX µ;aHHhlX no MeToµ;y HalIMeHI:,IlllIX 

KBaµ;paTOB µ;aeT 

lg{)= -(14.82 ± 0.87), (40) 

"ITO yµ;onrreTBOpn:TeJibHO corrracyeTC.S: c (39). CnrrolllHaJI JilIHlIK 

Ha pn:c.3 COOTBeTCTByeT paneHCTBY ( 40). 

Crreµ;yeT OTMeTlITb, "ITO corrraCHO nponeµ;eHHOMY paccMOTpe

HlIIO MlIHRMYMY norrHoII :rneprlilI Terra MO)KeT cooTBeTcTnonaTb 

rr1060:ii: 3HaK :meKTplI'leCKo:ii: nom1pn:3an;n:n: ne11.1;ecTna. 8To conna

µ;aeT C Ha6moµ;eHRKMlI B TOM CMhlCJie, "ITO y pa3JilI"IHhlX KOCMlI

"!eCKlIX o6'beKTOB Ha6moµ;aroTC.K MarHHTHhle MOMeHThl pa3HhlX 

3HaKOB, lI 3aKOHOMepHOCTH B 3TOM He H3BeCTHO. C µ;pyroII CTO

pOHhl, 3HaK MarHlITHOro MOMeHTa MO)KeT lI3MeH.KTbC.K 3a C"IeT 

µ;eIICTBIIK MexaHR3Ma µ;n:HaMO, KOTOphlII paCCMOTpeHHhlII Mexa

HlI3M He OTMeH.KeT. MexaHlI3M norr.s:pn:3an;n:n: ;IJ;OJI)KeH HeCTlI OT

BeTCTBeHHOCTb 3a B03HlIKHOBeHn:e OCHOBHOro MarHHTHoro norr.s: 

KOCMlI"IeCKlIX o6'beKTOB. ,[I;eTaJibHaJI CTPYKTypa lI npeMeHHaJI 3a

BlIClIMOCTb MarHlITHhlX norren MoryT 6bITb O 6'b.KCHeHhl, µ;eIICTBlieM 

µ;n:HaMo, µ;rr.s: KOToporo OCHOBHOe none CJIY)KHT 3aTpaBO"IHhlM. 

AnTop Bhlpa)KaeT rrry6oKyro 6rraroµ;apHOCTb JI.A.MaKCHMony 

3a norre3Hhle o6cy)Kµ;eHn:.s: II YTO"'!HeHn:e onn:caHHOII Moµ;errn: lI pac.:. 

"IeTOB. 

JluTepaTypa 

[1] Vasiliev B. V., Nuovo Cimento, v.110, N12, .(1995), 1381-1389. 

[2] B.H.)KapKoB, "BHyTpeHHee cTpoeHn:e 3eMrrlI n: nrraaeT", Moc

KBa, HayKa,1983. 

PyKonHCh nocTynuna B m.a;aTeJibCKHH oT.a;en 

26 mom1 1996 ro.a;a. 

18 

i 

J 

. Bac11.nheB E.B .. 
TTO'lt:My BllyrpH KOCMll'leCKHX TeJJ MO)KeT BO311HKll)'Tb 
cno11Tam1rui 3JJeKTpH'lecKrui nom1p1naum1? 

Pl 7-96-279 

TToKaJaHo, ·'ITO KOCMll'lecKoMy Te11y; noJl BOJJleHCTBlleM co6crne11imro rpaBH- · 
TaUHOIIHOro nom1: ~11epreTH'leCKII B_blfOJlHO np1106pecn1 .3Jle!<TPH'leCKYIO riom1-
pmau1110, ecim Macca .3TOro Tena' JlOCTaTO'lllO BeJJHKa. 3TOT 3q:>q:>eKi o6bl!CHlleT 
BOJHl!KHOBe1me Marn11THblX · noneA .y KOCMH'leCKHX o6beKTOB H 11x JaBHCIIMOCTb 
OT MOMeHTOB_ Bpamemrn. 

Pa6orn Bhmom1e11a B l111cnnyre q:>11J11Ko~Tex11114ecK11x npo6neM, .LJ.y611a. 
. '• - " , . ' . 

npenpHIIT O61,e)lllllCIIIIOro HIICTHlyra ll/lepllhlX ll~CJICll0Ba1111ii. lly6n:i. 1996 

• nepeBOJl aBTOpa·· 

Vasiliev B.V. 

Why Can Spontaneous Electric Polarization Arise 
inside Cosmic Bodies? 

Pl7-96-279 

-It has been shown that for a co~mic body under the effect of its own gr~vit~tiimal 
field it is ene~getically efficient· to obtain an electric polarization if .the mass 
of th~ body is large enough. This effect explains the appearence of magnetic 
moments o_f cosmic b·odies and their dependence on the angular momenta. ' 

The investigation has been performed _at the Institute iri Physical-Technical 
Problems, Dubna . 
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