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1. BseAem1e 

lfaMepeHm1 noKa31,1BaDT, qTo no Mepe yAa.nemu1 oT nosepXHOCTH sr.ny6b 

3eMllH llllOTHOCTb ee sem,ecTBa paCTeT CHaqalla 6ollee 'HllH MeHee MOHOTOHHO, a 

npH nepeXOAe BHYTPb HApa - CKaqKOM. Cym,ecTsyeT PHA MOAellen 3eMllH 11,2], 

OllHCblBaDIIJ,HX 3TOT pOCT, 06'1,HCHHDID,llX npHqHHy pa3AelleHHH MaTepHH BHYTPH 

3eMllH Ha HApO H MaHTHD H onpeAellHDIIJ,HX BellHqHHY CKaqKa llllOTHOCTH Ha HX 

t'paHHUe. 

Oco6HHKOM CTOHT MOAe'llb, 06'1>HCHHDl!l<i$1 npOHCXOlll:AeHHe 3eMHOI'O 

Mat"HeTH3Ma. 3Ta MOAellb 6a3HpyeTC$1 Ha 06111,enpHHHTon B HaCTOHIIJ,ee speMH 

t'HAPOAHHaMHqecKon t'HllOTe3e, pa3pa6oTaHHon B 40-50 I'OAI,[ Ramero CTOlleTHH. 

0CHOBHax 3aAaqa, KOTopyD nYTaeTC$1 peWHTb 3Ta MOAellb, - 3TO nollyqHTb 

OTBeT Ha sonpoc: noqeMy t'llaBHOe ,,i.1at'HHTHOe nolle 3eMllH, HMeeT B6llH3H 

llOllDCOB BellHqHHY nopHAKa OAHOI'O 3pCTeAa? TaKaa ,tiopMyllHpOBKa OCHOBHon 

3aAaqH MOAellH 3eMHO['O MarHeTH3Ma B HaCTOHIIJ,ee speMa npeACTaBll$1eTC$1 

HenpHeMlleMon, TaK KaK HaqaBWHecx s 60-1,(e I'OAI,[ KOCMHqecKHe nolleTI,[ H 

AallbHenmee pa3BHTHe Ha3eMHon acTpOHOMHH ll03B0llHllH K HaCT0$1WeMy speMeHH 

nollyqHTb 'AaHHl,[e O MaI'HHTHl,[X ll0ll$1X Bcex nllaHeT CollHeqHon CHCTeMI,[, 

HeKOTOpl,[X HX cnyTHHKOB H uellOI'O pHAa 3Be3A. IlpH 3ToM' o6HapyIHllC$1 

3aMeqaTellbHl,[n HeH3BeCTHl,[n paHee ~aKT: MarHHTHl,[e MOMeHTI,[ scex KOCMHqeCKHX 

Tell, All$! KOTOp!,[X OHH 61,(JIH H3MepeHI,[, OKa3allHCb nponopUHOHallbHI,[ HX 

co6CTBeHHl,[M MOMeHTaM spam,eHHH, a K03~,tiHUHeHT nponopUHOHallbHOCTH noqTH 

OAHHaKoB H npHMepHo paseH G112/c G-t"paBHTaUHOHHaa· nocToHHHax, c

cKopocTb CBeTa) (pHc.1) 13,41. IlpHqeM llHHettHOCTb 3TOtt 3aBHCHMOCTH 

coxpaHHeTCH B npeAellax ABaAuaTH . ( I ) nopHAKOB H3MeHeHHH caMliX BellHqliH 

MOMeHTOB. 3TOT ,tiaKT 3aCTaBllHeT nepe,tiopMyllHposaTb I'llaBHYD 3aAaqy MOAellli 

3eMH0['0 MarHeTH3Ma - OHa AOlllll:Ha o6'1>HCH$1Tb, so-nepBl,[X, noqeMy Mat"HliTHl,[n 

MOMeHT 3eMllH, KaK H APYI'HX KOCMHqecKHX Tell, nponopuHoHalleH ee MOMeHTY 

spa!IleHH$1 H, BO-BTOpl,[X, noqeMy K03~~HUHeHT nponopuHoHallbHOCTH 6llH30K K 

yKa3aHHOMY OTHomeHHD MHpOBl,[X KOHCTaHT. 

Uellb HaCTOHm,en pa60TI,[ - noKa3aTb, qTo nocTpOeHHe TaKon MOAellH 

B03MOlll:HO MeTOAOM MHHHMH3aUHH llOllHOtt 3Hept'HH. ::ha MOAellb ll03B0llHeT no

HOBOMY B3t'llHHYTb Ha pa3AelleHHe ;3eMllH Ha HAPO H MaHTHD, qTo ll03B0ll$19T 

H3llHTb Te HeAOCTaTKH, KOTOp!,[e CBH3aHI,[ C He3aBHCHMl,[M cy!IleCTBOBaHHeM 

pa3Hl,[X MOAellen, KacaDm,Hxca 3Toro sonpoca. 



2.YpaBHeHHe COCTOfillH.!i 

llepBott 3a,D;atten nocTpOeHH.!i 1,1O,D;eJIH 3eMJIH HBJIHeTC.!i HaXOll,D;eHHe 

3aBHCHMOCTH IlJIOTHOCTH BemecTBa BHYTPH Hee '( ( r) • JlJIH HaXOll,D;eHH.!i . 3TOtt 

3aBHCHMOCTH Heo6XO,!J;Hl,IO onpe,D;ellHTb ypaBHeHHe paBHOBeCH.!i CHJI, npHl!OlleHHhlX 

K BemeCTBY, H ypaBHeHHe COCTOHHH.!i BemecTBa, T.e. 3aBHCHMOCTb ero 

IlJIOTHOCTH OT ,D;aBJieHH.!i. By,D;eM HCXO,!l;HTb H3 Toro, ttTO npH MallblX ,D;aBJieHHHX 

3aBHCHMOCTb IlJIOTHOCTH BemecTBa OT ,D;aBJieHH.!i OilHCblBaeTC.!i 3aKOHOM fyKa 

r=r ( 1 ) • 11 > 
o 1-p/B 

T.e. npH MaJiblX ,D;aBJieHHHX ypaBHeHHe COCTOHHHH ecTb 

p = B (1 - ro/r) . I 2 l 
3,D;eCb ro - IlJIOTHOCTb BemeCTBa npH HyJieBOM ,D;aBJieHHH; 

B - 1,1O,D;yJib ynpyroro cllaTHH BemecTBa. 

llpH BhlCOKHX ,D;aBJieHHHX MO,D;Yllb ynpyroro CllaTH.!i caM HattHHaeT 3aBHCeTb 

OT IlJIOTHOCTH. 3Ty 3aBHCHMOCTb MOllHO onHCaTb noJIHTpOnHott WYHKUHett 

B = a rl+l/k (3) 

r,D;e a: - KOHCTaHTa; 

k - noKa3aTeJib noJIHTponhl, xapaKTepH3YD!IIHtt ynpyrHe cBottCTBa BemecTBa 

( k=O COOTBeTCTByeT HeCllHMaeMOMY BemecTByl. 

llo3TOMY ypaBHeHHe COCTOHHH.!i MOllHO 3anncaTb B BH,D;e 

p = a: r 1+l/k (1 - ro/r) • <4> 

KOTopoe npH MaJiblX ,D;aBJieHHHX nepeXO,!l;HT B 3aKOH fyKa, a npH 60JibllIHX 

,D;aBJieHHHX npno6peTaeT CTaH,D;apTHhltt BH,!I; IlOJIHTponhl 
p = a: 11+1/k !5l 

3 . .11,D;po H MaHTH.!i 

ilpe,D;nOJIOllHM, ttTO paCCMaTpHBaeMOe cwepHtteCKOe TeJIO pa3,D;eJieHO Ha ,!!;Be 

o6JiaCTH - BHyTpeHHee .!i,!!;pO H HapyllHYD MaHTHD. llpH 3TOM 6y,D;eM CttHTaTb, 'ITO 

MaHTH.!i nocTpOeHa H3 TBep,D;oro KaMH.!i ( THna 6a3aJibTa) H xapaKTepH3yeTC5i, 

KaK 3TO O6hlttHO npHHHMaeTC.!i, IlOJIHTponHW HH,D;eKCOJ,1 k=l [51, a .!i,!!;pO 

MeTaJIJIH3OBaHo no,D; ,D;ettCTBHeM CBepXBhlCOKHX ,D;aBJieHHtt H B CB.!i3H C 3THM 

2 

~ 

xapaKTepH3yeTC5i nOJIHTponHW HH,D;eKCOM k=3/2. 
C,D;eJiaeM eme O,!l;HO BallHOe ,D;OnymeHHe - 6y,D;eM CttHTaTb, ttTO BHYTPH .!i,D;pa 

BemecTBO MOlleT 6ITTb 3JieKTpHtteCKH nOJI.!ipH3OBaHO. O6hlt!HO 3Ta B03MOllHOCTb 

COBCeM He npHHHMaeTC.!i BO BHHMaHHe Ha TOM OCHOBaHHH, ttTO B03HHKHOBeHHe 

::rneKTpHtteCKOtt noll.!ipH3aUHH CBH3aHO C noHBJleHHeM ,!l;OilOJIHHTeJibHOtt 

3JieKTpHtteCKOtt 3HeprHH, a 3HattHT 3HepreTHtteCKH HeBhlrO,!l;HO. llpH 3TOM 

COBepmeHHO Bhlna,D;aeT H3 BHHMaHH.!i TOT WaKT, ttTO B03HHKHOBeHHe 

3JleKTPHtteCKOtt nOll.!ipH3aUHH H3MeHHeT H MOlleT yMeHbllIHTb ,D;pyrHe BH,!l;hl 3HeprHH 

- rpaBHTaUHOHHyD H BHYTPeHHDD. 
llpe,D;nOJIOllHB, ttTO BHyTpH nJiaHeThl pacnonolleHO 3JleKTpHtteCKH 

nOJI.!ipH3OBaHHOe .!i,D;po pa,D;Hyca RN' a BO BHeWHeM CJIOe - MaHTHH - BemecTBO 

HenonHpH3OBaHo, Mhl 6y,D;eM HMeTb ueJibD pemeHHH Hamett 3a,D;attH onpe,D;eneHHe 

pa,D;nyca sJieKTpHttecKH nonHpH3OBaHHoro H,D;pa RN ,D;JIH KoHwnrypaunn c 

Ha»MeHbmett IlOJIHOtt 3Heprnett. EcJIH MHHHMaJibHOtt 3HeprHett 6y,D;eT o6Jia,D;aTb 

Tel10 c HyJieBhlM RN - 3TO 6y,ll;eT oiHattaTb, ttTO pa3,D;eJieHHe nJiaHeThl Ha 

3JleKTpHtteCKH noJI.!ipH3OBaHHOe .!i,!!;pO H MaHTHD 3HepreTHtteCKH HeBhlrO,D;HO. 

ilpH 3TOM B nJiaHe MeXaHHtteCKHX ,D;ewopMaUHtt 6y,D;eM CttHTaTb, ttTO BC.!i nJiaHeTa 

COCTOHT H3 BemecTBa O,!J;HOro H Toro Jle XHMHttecKoro COCTaBa, HMeomero npH 

HyJieBOM ,D;aBJieHHH IlJIOTHOCTb ro H MO,D;Yllb ynpyroro CJ:aTH.!i B. BeJIHttHHY 

sJieKTpnttecKott nonHpH3aUHH P BHYTPH H,D;pa 6y,D;eM nonaraTb nponopunoHallbHott 

CHJie THJKeCTH: 
p = G112 g ' (6) 

TaK 'ITO ,D;ettcTBHe rpaBHTaUHH BHYTPH .!i,D;pa 6y,D;eT noJIHOCTbD CKOMneHCHpOBaHO 

3lleKTpHtteCKOtt CHJ!Ott 

rN g + pE = 0 , (7) 

3,D;eCb rN - IlJIOTHOCTb BemecTBa BHYTPH .!i,D;pa; 

g - ycKopeHHe THrOTeHH.!i; 
p = - divP - nJIOTHOCTb 11CB5i3aHHoro" IlOJI.!ipH3aUHett 3ap.!i,D;a; 

E = - 41t'.P - Hanp.!iJ:eHHOCTb 3JleKTpHtteCKOr"O noJIH, o6ycJIOBJieHHa5i 

IlOll.!ipH3aUHett. 

3TO OKa3blBaeTC5i BO3MOJ:HW B 

rpaBHTaUHOHHoro H 3JleKTpHttecKoro IlOJl.!i 

div E = 4 n p 
div g = - 4 n G rN 
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CHJIY TOr"O, ttTO Hanp.!illeHHOCTH 

H3MeHHDTC5i no,D;06HhlM o6pa3OM: 

(8) 



B pe3yJibTaTe TaKoro pacnpe,l(eJieHHH IlOJIHpH3aUHH BHYTPH H,D;pa 6y.D:eT 

CYII\eCTBOBaTb 061,eMHwl ( "cBH3aHHwl"l 3JieKTpH'leCKHlt 3apH,D; O,D;HOro 3HaKa, a 

Ha rpaHHUe H,D;pa - IlOBepXHOCTHwl 3apH,D; .D:pyroro 3HaKa, TaK 'ITO cyMMapHwt 

3JieKTpH'leCKHlt 3apHA H,D;pa 6y.l(eT paBeH HYJID. HeTPYAHO BH,D;eTI'.., 'ITO co 

CKa'IKOM IlOJIHpH3aUHH Ha rpaHnue H,D;pa 6y,D;eT CBH3aH cKa'IOK ,D;aBJieHHH HJIH, 

roBOPH B TepMHHaX "CBH3aHHIJX" 3apH,D;OB, noBepXHOCTHwl 3apH,D; 6y.D:eT 

CTpeMHTbCH cxaTb 3apHll:eHHOe BelI\eCTBO. TaK 'ITO, XOTH B H,D;pe ,D;etlcTBHe 

THrOTeHHH 6y,D;eT CKOMneHcHpOBaHo, HO npH 3TOM Ha BelI\eCTBO B H,D;pe, so

nepBIJX, 6yAeT ,l(eltcTBOBaTb ,D;aBJieHHe BCelt Macey, HaXO,D;HII\eltcH Bblllle Hero: 

PH(RN) = aHr~CRNl (1 - r
0

/rHCRNl) (9) 

(3,D;eCb 3Ha'IOK (RN) OTMe'laeT TO, 'ITO 3Ha'leHHe BeJIH'IHHhl 6epeTCH Ha rpaHHUe 

H.D:pal 

H, BO-BTOphlX, -,D;aBJieHHe noBepXHOCTHoro 3apH,D;a [6] 
P ·= 2rr/9 G r 2 R2 

E N N (10) 

HeTpy,D;HO BH,D;eTb, 'ITO 3TO AOilOJIHHTeJibHOe cxaTHe HMeeT 3Ha'IHTeJibHYD 

BeJIH'IHHY, KOTopolt, KaK MOJl:HO npe,D;noJiaraTb, ,D;OCTaTO'IHO ,D;JIH nepeXO,D;a 

BelI\eCTBa H,D;pa B MeTaJIJIH'leCKOe COCTOHH~e. IlpH TaKon MeTaJIJIH3aUHH 

CTaHOBHTCH onpe,D;eJieHHW 3HaK nongpn3aUHH - IlO,D; ,D;eltCTBHeM ,D;asneHHH 

BelI\eCTBO H,D;pa HOHH3yeTCH H npno6peTeT IlOJIOJl:HTeJibHwl 3apH.D:, a 3JieKTp0Hhl 

BhlTOJIKHYTCH Ha nosepXHOCTb H,D;pa. B CHJiy Toro, 'ITO rpaBHTaUHOHHhle CHJihl 

cna6hl no cpaBHeHHD C 3JieKTpH'leCKHMH, oueHKa noKa3blBaeT, 'ITO 

npno6peTeHHhllt Ka?i,D;W HOHOM 3apH,D; COCTaBHT B cpe,D;HeM scero OKOJIO 10-17 

3apH,D;a 3JieKTpoHa. B CHJIY Toro, 'ITO Cll:HMaeMOCTb MeTaJIJIOB onpe,D;enHeTCH 

Cll:HMaeMOCTbD ~epMn-ra3a, llOJIHTpOilHhllt Hij,D;eKC TaKoro BelI\eCTBa 6y,D;eT paseH 

3/2 

ITpn TaKOM IlO,D;XO,D;e .l(aBJieHHe BHYTPH $1,D;pa n ero IlJIOTHOCTb 6y,D;yT 

llOCTOHHHhlMH: 

5/3 2 
PN= aNrN (1 - 0

0
/rN) = ·«HrHCRN) (1 - r

0
/rHCRN)) + 2rr/9 G r! R~ (11) 

B pe3yJibTaTe BHYTpH $1,D;pa nJIOTHOCTb nony'IHTCH Bhlme TOil, KOTOpaH 

cyII1eCTBOBana 6hl BHYTPH nnaHeThl B OTCYTCTBHe nonHpH3aUHH. 

4 

.. 

COTOHHHe BelI\eCTBa PaBHOBeCHoe 

paBeHCTBOM 
dp/dr = - Gr<rl MCrl/r

2 

Be!IleCTBa, nexa1I1ero HHxe pa.D:nyca r, 

r 
3,D;eCb Macca 

M<rl = f r<rl 4rr r
2

dr 

0 

MaHTHH 

Ilo3TOMY ,D;JIH semeCTBa MaHTHH H3 paB~HCTBa (12) HMeeM 

R r 
r! (1-r /r ~ = At¥ r H dx/x

2 
(r N/3 R~ + Sr Hx

2
dx) 

2 2 2 8N 

OllHCblBaeTCH 

(12) 

(13) 

(14) 

3,D;eCb AH= 4rr G Roro/B = 4rr G Ro/aH 
Ro - pa.D:Hyc nnaHeThl B cnyqae, ecnn oHa cocTasneHa H3 HecxnMaeMoro 

BelI\eCTBa C IlJIOTHOCTbD ao. 
IlpH ,D;e~opMaUHH Il(!JIHaH Ma C ca BelI\eCTBa nnaHeThl, ecTeCTBeHHO, 

coxpaHHeTCH R 3 

oN 4rr/3 R~ + f oH 4rr r
2
dr = 4rr/3 0o Ro 

8N 
(15) 

PemaH COBMeCTHO ypaBHeHHH C 11 l, C 14 l n C 15 l , MOJl:eM Hat!TH r N, r H H 

OTHomeHHe R/Ro KaK ~YHKUHH R~ 

4.3HeprHH nnaHeThl 

Tenepb OCTaeTCH OTBeTHTb Ha rnaBHhltl BOnpoc: HBJIHeTCH Jill 

cylI\eCTBOBaHHe 3JleKTpH'leCKH nonHpH30BaHHoro H,D;pa 3HepreTH'leCKH BhlrO,D;HhlM? 

fpasnTaUHOHHaH 3HeprHH c~epH'lecKoro Tena no onpe,D;eneHHD ecTb 

R 
Erp= - G f MCrl/r dMCrl 

0 

(16) 

0Ha MOJ'ieT 6hlTb Halt,D;eHa npH H3BeCTHOM pacnpe,D;eJieHHH IlJIOTHOCTH BHYTPH 

nnaHeThl rCrl. 
nanee, HCXO,D;H H3 TepMO,D;HHaMH'leCKOrO paBeHCTBa ,D;JIH XHMH'leCKOrO 

noTeHunana 
dµ = dp m' Ir 

(3,D;eCb m' - Macca HOHOB) 

(17) 
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H ypaBHeHHR COCTORHHR (4),nonyqHM ,D;JIR XHMaqecKoro noTeHuaana 

µ= o:m'(Ck+l> r11k - 1/k - k2r ) r 1-k (18) 

H COOTBeTCTByoinee 

3HeprHH x,u;pa 

BblpaieHHe ,D;JIR IlJIOTHOCTH BHyTpeHHett ynpyron 

c = µ rim' - P = a.__ (3/2 r 513+ 3r213 - 9/2r ) 1N N N N N . (19) 

Ilpose,u;R aHanaraqHbltt pacqeT ,u;nx MaHTHH, nonyqaM 

c 1M = ¾ (r~(rl/ro2 + rM(rl/ro - rH(rl1ro ln(rH(rl/rol -2) . (20) 

3neKTpaqecKax 3HeprHR 6y,u;eT cymecTBOBaTb TOJibKO BHYTPH x,u;pa. Ee 

IlJIOTHOCTb 
2 

ECrl 
-- = 2rr/9 G r 2 r 2 (21) 

Brr N 

TaK KaK Tennoson 3Hepraen Mb! npeHe6peraeM, TO ,D;JIR Toro, qTo6bl nonyqaTb 

nonHyD 3HeprHD nnaHeTbl Heo6XO,ll;HMO npOHHTerpHpoBaTb ·no o6'beMy nnaHeTbl 

BblpaieHHR C 19 l, C 20 l H C 21) H npocyMMHposaTb BMeCTe c C 16 l. ,llnx Toro, 

qTo6bl npoBeCTH 3TH B~HCJieHHR 'onpe,D;eJIHM :3HaqeHHR KOHCTaHT, BXO,D;RtnHX B 

3TH ypasHeHHR. 

5. Pacnpe,D;eJieHHe IlJIOTHOCTH BHYTPH rinaHeTbl 

Macca 3eMJIH M H ee pa,D;HYC R HaM H3BeCTHbl. Il03TOMY HaM H3BeCTHa 

cpe,D;HRR IllIOTHOCTb 3eMJIH ~ = 5, 5 r/cM3. lfoXO,ll;R H3 reoipH3HqecKHX ,D;aHHblX 

6y,D;eM cqaTaTb, qTo MaHTHR CJIOJ:eHa H3 6a3aJibTOB H Ha nosepXHOCTH HMeeT 

xapaKTepHyD ,D;JIR 6a3aJibTOB IlJIOTHOCTb ro=3,2 r/cM3 H MO,D;Yllb BCeCTOpOHHero 

CJ:aTHR B=l,3 1012,u;aH/cM2 [21. UcXO,ll;R H3 3Toro ~oieM onpe,D;eJIHTb BeJIHqHHY 

Ro H ¾· BenaqaHa napaMeTpa ¾ MOieT 6b1Tb Hatt,D;eHa H3 cne,D;yDtnHX 

coo6paieHHtt. TaK KaK BeJIHqHHbl ro H ~ HaM H3BeCTHbl, Hatt,D;eM OTHOWeHHe 

R/Ro = ( ro/ f) 113 = 0, 835 (22) 

H Tenepb cpe,D;H B03MOIHblX pemeHHtt 6y,D;eM 

YAOBJieTBOpReT 3TOMY ycJIOBHD. 3Ta npoue,D;ypa 

6 

Bb16HpaTb TO, KOTopoe 

ipaKTHqecKH eCTb Bbl6op 

\ 
J 

;\ 
\/ 

I 

napaMeTpa m' - Maccbl HOHa, npHXO,D;Rtnettcx B cpe,u;HeM Ha O,D;HH 3JieKTpOH B 
MeTaJIJIH30BaHHOM aemecTBe x,u;pa. rpaipHKH IlOJIHOtt 3HeprHH, OTHeceHHOtt K 

(GM2/Ro), npH pa3JIHqHblX 3HaqeHHRX napaMeTpa m' npHBe,D;eHbl Ha pHC. 2. U3 
3TOro pHCYHKa BH,ll;HO, qTO cyinecTBOBaHHe 3JieKTpaqeCKH nonRpH30BaHHoro x,u;pa 

npH Bb16paHHblX 3HaqeHHRX napaMeTpOB 3HepreTaqecKH BblrO,ll;HO, ecnH ero 

pa,D;Hyc RN HMeeT BenaqaHy OKOJIO 0, 65 R. IlpH 3TOM OKa3blBaeTCR, qTO . 3Ta 

onnIMaJibHaR BeJIHqHHa x,u;pa noqTH He 3aBHCHT OT napaMeTpa m'. 

3aBHCHMOCTb BHeWHero pa,D;Hyca rrnaHeTbl R, OTHeCeHHOro K Ro, OT 

pa3Mepoa x,u;pa ,D;JIR pa3nHqHblX aenaqaH m' noKa3aHa Ha pac. 3. lb 3Toro 

pHCYHKa BH,ll;HO, qTo H3 acero CeMettcTBa KpHBblX paBeHCTBY (22) 

npH RN=0,65R YAOBJieTBOpReT KPHBaR, nonyqeHHaR npH ycnOBHH, qTo Ha 0,ll;HH 

3JieKTpOH B x,u;pe npHXO,D;HTCR B cpe,D;HeM npHMepHO 22 HYKJIOHa. 

OKoHqaTeJibHO, 3HaR m' H RN/R MOJ:eM HattTH pacnpe,D;eneHHe IlJIOTHOCTH 

semecTBa BHYTPH nnaHeTbl. 3Ta 3aBHCHMOCTb npH m' = 22mp - H RN/R= 0, 65 

noKa3aHa Ha pac.4. 

TaKHM o6pa3oM, pacqeTbl noKa3blBaDT, qTo ,ll;JIR MO,D;eJIH 3eMJIH 

3HepreTaqeCKH BblrO,D;HO HMeTb ueHTpanbHOe x,u;po C 3JieKTpaqecKH 

nonRpH30BaHHblM MeTaJIJIH30BaHHblM aeinecTBOM. Pap;ayc 3TOro R,D;pa 

RN~ 4. 15 Tb!C.KM H IlJIOTHOCTb seinecTBa n HeM rN ~ 10 r/cM3• IlpH nepexop;e 

K MaHTHH IlJIOTHOCTb cKaqKOM na,u;aeT ,u;o 5 r/cM3 H ,u;anee c pocT_OM pa,u;ayca 

yMeHbmaeTCR noqTH JIHHettHO. Ha pHc.3 noKa3aHa TaKie 3aBHCHMOCTb nJIOTHOCTH 

aemecTBa BHYTPH 3eMJIH,onpe,u;enxeMaR H3 H3MepeHHtt CKOpOCTH pacnpocTpaHeHHR 

cettCMHqecKHX BOJIH [21. IlpH onpe,u;eneHHOM pa3JIHqHH pacqeTHOtt H H3MepeHHOtt 

3aBHCHMOCTett OHH COBna,D;aDT B rnaBHOM - o6e OHH OTpaitaDT cymecTBOBaHHe 

npHMepHO O,ll;HHaKOBblX CKaqKoB IllIOTHOCTH Ha rpaHHUe R,D;pa H MaHTHH B pattoHe 

IlOJIOBHHbl pa,u;ayca nnaHeTbl. 

6. MoMeHT HHepUHH H MarHHTHbltt MoMeHT 

3HaR pacnpe,D;eJieHHe nnOTHOCTH BemecTBa MeI,u;y R,D;pOM H MclHTHett H HX 

pa3Mepb1, MOJKHO B~HCJIHTb MOMeHT HHepUHH I Hamett MO,D;eJIH. ,llnx 

mapa C pa,u;HaJibHblM pacnpe,u;eneHHeM nJIOTHOCTH HMeeM 

I= 2/3 f r<rl 4rr r 4dr. (23) 
0 
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nnH Hamero cnyqag BenHqHHa 
I/MR2 = 0,339 (24) 

qTo xopomo cornacyeTCH c H3MepeHHMM 3HaqeaHeM 0,331. 
Ilo-BH,!l;HMOMY, HaH6onee HpKHM H Balll'.HMM pe3yJibTaTOM MO,D;eJIH HBJIHeTCH 

MexaHH3M reHepaUHH 3eMHOro MarHHTHOro llOJIH. OH pa6oTaeT npocTO: BpameHHe 

3JieKTpHqecKH llOJIHpH30BaHHOrO H,D;pa (BMeCTe co Been nnaHeTOlll BOKpyr cBoen 

OCH C qacTOTOll a ,D;aeT MarHHTH~ MOMeHT 

1/2 

/J. 
= 2 G O 7 4n Rs 

lOC N-:r N 

Ilo,D;cTaHOBKa COOTBeTCTBYDIIl,HX 3HaqeHHll 

COCTaBJIHeT noqTH TOqHO noJIOBHHY OT 

l025fc/cM3. 

(25) 

,D;aeT /J. ~ 4 l025fc/cM
3, 

Ha6nn,D;aeMoro 3HaqeHHH 

qTO 

8, 05>< 

7. 3aKJIDqeHHe 

TaK KaK nonyqeHHoe 3HaqeHHe pa,D;Hyca 

coBna,D;aeT co 3HaqeHHeM BHemaero pa,D;Hyca, 

OTHOWeHHe 

H,D;pa no nopH,D;KY BeJIHqHHhl 

npH6JIHJll'.eHHO rHpOMarHHTHOe 

~µ.IL 

(L-MeXaHHqecKHll MOMeHT BpameHHH nnaHeTM B uenoMl 

HJIH 

(26) 

Gl/2 1 ,o ~ -:Jc = 2. 88 .10- 5 (cM/rl 112 (27) 
qTO no3BOnHeT o6'bHCHHTb Ha6JID,D;aDmyDCH 3aBHCHMOCTb MarHHTHblX MOMeHTOB 

KOCMHqecKHX TeJI cymecTBOBaHHeM y HHX 3JieKTpHqecKH nonHpH30BaHHblX H,D;ep. 

Ilo,D;qepKHeM, qTO rJiaBHMM OTJIHqHeM nocTpOeHHOll MO,D;enH OT 

pa3pa60TaHHMX paHee [1,21 HBJIHeTCH ee BHyTpeHHHH caMocornacoBaHHOCTb. B 

6onee paHHHX MO,D;eJIHX [1,21 noBe,D;eHne ,D;aBneHHH BHYTPH nnaHeTM cqHTanocb 

MOHOTOHHMM, a cKaqoK nJIOTHOCTH Ha rpaHHUe H,D;pa o6MqHO o6'bHCHHJICH 

rpaBHTaUHOHHoll AHWwepeHuHauHell XHMHqecKoro cocTaBa - H,D;po nonaranocb 

COCTOHIIl,HM H3 MeTaJIJIHqeCKOro xeJie3a, a MaHTHH - H3 HYlll'.HOrO KOJIHqeCTBa 

KaMHH. B pa3pa60TaHHOll MO,D;eJIH BCH nJiaHeTa COCTOHT H3 BemecTBa e,D;HHOrO 

XHMHqecKoro cocTaBa (THna 6a3aJibTal, a cKaqoK ,D;aBneHHH Ha rpaHHUe H,D;pa, 

o6ycJIOB.neHHMll HaJIHqHeM 3neKTpHqecKoll noJIHpH3aUHH Bhl3MBaeT cKaqoK 

8 

nnOTHOCTH, KOTOp~ll,B CBOD oqepe,D;b,,D;enaeTMeT~nnH3auHD H nonHpH3aUHD H,D;pa 

3HepreTHqeCKH BhlrO,!l;HOll. 
Cne,D;yeT OTMeTHTb, qTo nonyqeHHaH MO,D;enb MOJll'.eT 6MTb npHMeHHMa K 

nn6on nnaHeTe, ecnH 3Ta nnaHeTa HMeeT ,D;OCTaToqHo 6onbmyD Macey. KaK 6Mno 

noKa3aHO paHee [6, 71, waKTHqecKH ycnoBHe B03HHKHOBeHHH nonHpH3aUHH MOJll'.eT 

6MTb CBe,D;eHO K HanHqHD y nnaHeTM ,!l;OCTaToqHO 6onbmon MaCCM npH 

onpe,D;eneHHMX ynpyrHX KOHCTaHTax. IlpH xapaKTepHMX ,D;nH 3eMHMX ycnoBHll 

napaMeTpax BemecTBa - nnoTHOCTH H MO,D;yne ynpyroro Clll'.aTHH - MHHHMaJibHaH 

Macca nnaHeTM nonyqaeTCH npHMepH~ paBHa 1026r. T.e. cymecTBOBaHHe 

nonHpH3aUHH 3HepreTHqeCKH HeBMrO,D;HO B ManMX T.enax, HanpHMep, TaKHX KaK 

flyHa H 'acTepOH,!l;M. 
Cne,D;yeT OTMeTHTb, qTo paCCMOTpeHHaH MO,D;enb He OTMeHHeT MO,D;enH 

,!l;HHaMO nonHOCTbD, a TOnbKO ,D;ononHHeT ee MeXaHH3MOM B03HHKHOBeHHH 

"3aTpaBoqHoro" nonH. Ilo-BH,!l;HMOMY, B nonb3Y 3TOrO rOBOpHT TOT WaKT, qTo 

pacqeTHMit MarHHTHMll MOMel!T 3eMJIH oKa3ancR B,!l;BOe MeHbllle H3MepeHHOro, a 

TaKJll'.e TO, qTo MarHHTHMe MOMeHTM pH,!!;a ,!!;pyrHX nnaHeT no nopH,!!;KY BenHqHHM 

cornacyDTCH C paBeHCTBOM (26), HO HMeDT ,!!;pyron 3HaK. 

B 3aKnnqeHHe cne,D;yeT no.D;qepKHYTb, 'ITO pacCMOTpeHHaR MO,!l;enb 3eMJIH 

WaKTH'leCKH He HMeeT CB060,!J;HMX napaMeTpOB. nnH HaXOJll'.,!l;eHHH OCHOBHMX 

xapaKTepHCTHK BHyTpeHHero CTpoeHHH nnaHeTM HaM noTpe6oBanHCb 'IHCneHHMe 

3HaqeHHH MaccM H pa,!l;Hyca 3eMJIH, KOTOpMe H3BeCTHM O,!l;H03Ha'IHO, a TaKJll'.e' 

3HaqeHHe cpe.D;Hell nnoTHOCTH BemecTBa B MaHTHH H ero Mo.D;ynb ynpyroro 

CJll'.aTHH, BM6op KOTOpMX TaKJll'.e notITH JIHmeH npOH3BOna. B cBeTe 3TOro 

nonyqeHHOe cornacHe OCHOBHMX pe3ynbTaTOB pacqeTa C ,!l;aHHblMH H3MepeHHll 

npe.D;cTaBJIHeTCH 06ecneqHBaDI11,HM npotIHYD 6a3y .D;nH nocTpoeHHH 6onee cnolll'.HbIX 

Mo.D;enen. 
ABTOP BMpalll'.aeT HCKpeHHDD 6naro.D;apHOCTb n.A.MaKCHMOBY, B.n.nv6ollIHUY 

H B. E. IlpHe3JKeBy 3a MHOrO'IHcneHHble o6cylll'..D;eHHH, npHBe,!l;llJHe K yToqHeHHD 

onHcanHoit MO,!l;enH H pacqeTOB. 
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Pnc. 1 

~ ~,.....,....,-,-,--,-,--,-,-..--.-,--,--,--,-.,....,-,-.,...-r"'T""-r-T"""T""~ 

IO 
('J 

::t 
C) 
...I 

IO 
C\I 

50 60 40 Lg L 
Ha6nDAaeM~e 3HaqeHHH MarHHTHblX MOMeHTOB KOCMHqecKHX Ten 

B 3aBHCHMOCTl1 OT HX yrnoBblX MOMeHTOB. 
,llaHH~e npnBeAeH~ B norapH\'f>MHqecKOM Macll!Ta6e. Ilo OCH OpAHHaT -

norapH\T>M MarHHTHoro MOMeHTa, OTHeceHHOrO . K re• cM
3
; no OCH a6cu11cc -

norap11\'f>M yrnoBoro MOMeHTa BpameHHH, oTHeceHHoro K 3pr·c. 
lliTpHxnyHKTHpHaH nHHHH - pe3ynbTaT pacqeTa no \'f>opMyne G

112
/3c, 

cnnomHaH nHHHH - pe3ynbTaT \T>HTllpoBaHHH no Ha6nD~aeM~M 3HaqeHHHM 

E tot -o. 65 ...-__,.--,---r--~-..,-_,--,--.,..---,---, 

GM2 /R0 

-0.61 I ~ I I I // I 

I I ~ I VIII \ -0.69"- 11111' 

-0.71 

0 73 I I I \ \ "µ:v 1 
" I -. \~· 711 

RN/R 

-0.75 ~ 
0.0 0.2 0.4 0.6 0.8 1.0 

Pnc.2 
3aBHCHMOCTb nonHott 3HeprHH nnaHeT~ (OTHeceHHOtt K GM

2
/Rol 

Ben11q11H~ nonHpH30BaHHOrO HApa, COCTOHmero 113 MeTanna C pa3n11qHott 
ycpeAHeHHOtt Maccott HOHOB m', npHXOAHlllHXCH Ha OAllH 3neKTpOH npOBOAHMOCTH 

OT 
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Pnc.3 
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o.9ol ~ I I ~«----~--
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0 7
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. ...J I- --·-- ':, "- I ' ' "-::::_ m=24mP 

rn'= 25 mp 

0.70 RN/R 

0.0 .0 . .3 0.6 0.9 

'~';; 

0.85 ;'.R /--s:R~0-------.;:,-~-r::::-~-i--~7 

0.84 ~, ", "t 

I "' t "' I" ~ ~ 0.83 '\'\_ '\ '"" 

0. 82 t-------t 

0.81 

f\N/R 
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0.55 0.60 0.65 0.70 0.7:'J 

al 3aBHCHMOCTb BHemHero paAHyca 
pa3MepoB BHyTpeHHero HApa RN/R. 

nnaHeT~ R, OTHeceHHoro K Ro, 

6) Ta Ie 3aBHCHMOCTb B ysennqeHHOM MacWTa6e 
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P11c.4 
Pan11anbHaH 3aBHCHM0CTb nasneHHH H nnoTH0CTH semecTBa BHYTPH 3eMnH. 
cnnomHaH nHHHH - pacqeTHaH 3aBHCHM0CTb nnoTH0CTH semecTsa, 

nonyqeaaaH nnH MonenH 3eMnH npH m' = 22mp H RN/R = 0,65; 
nyHKTHp - nnoTH0CTb 3eMnH, nonyqeaHaH H3 H3MepeHHtt 

CK0p0CTH pacnpocTpaHeHHH cettcMHqecKHX sonH [2]. 
mTpHxnyHKTHP -paccqHTaHHaH npH m'= 22mp H RN/R 

nasneHHH BHYTPH 3eMnH, 0THeceHH0ro K Monynn 

Bo=l,3 l012nHH/cM2 

= 0,65 3aBHCHM0CTb 
ynpyroro cxaTHH 
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BacttJiheB E.B. 
Mo.ueJih 3eMJm, II0CTpoeHHaH MeT0.[I0M l\fHHHMH3aurm 
IIOJIHOtt :mepnm 

Pl7-97-405 

PacCMOTpeH BOIIpoc: MO:lKeT JIH 6bJTh 3HepreTHqeCKH BhirO.[IHhlM B03HHKH0BeHHe 
3JieKTpHqeCKOH nom1pmaum1 BHyrpH .H,!lpa IIJiaHeTb!? fIOKaJaHO, qTQ .[IJI.H 3eMJIH 
B03HHKHOBeHHe 3JieKTpHqecKOH IIOJI.Hptt3aUHH 3HepreTwqecKH BhlfO.[IHO, eCJIH CB.H3a
HO C MeTaJIJIH3aUHett .H,!lpa II COIIp0B0)KJlaeTC.H CKaqKOM IIJIOTHOCTH Ha rpaHm~e 
.H.UpO - MaHnrn. PaccqIITaHHaH BeJIIIqIIHa CKaqKa cornacyeTC.H C ero BeJillqlJHOH, 
IIOJiyqa10meii:c.H H3 cettCMHqecKIIX ll3MepeHHH. Bh!qHcJieHHhie B paMKax M0.[leJIII 
MOMeHT HHepuHH tt MarnIITHhlll M0MeHT 3eMJill Y.!I0BJieTBOpHTeJihH0 cornaCYIOTC.H c 
pe3yJihTaTaMll ll3Mepem1ii:. 

Pa6oTa BbIIIOJIHeHa B Jia6opaTOpHH HettTpOHHOH qJll3llKH HM. 11.M.<I>paHKa 
0115111 ll l1acrnTyre cpmHKO•TexuwqecKIIX npo6JieM, lly6aa. 

Coo6me1rne O6-ben1111e1111oro 1111CT11-ryra l!JlepHblX 11cCJienoea1111ii. lly611a, 1997 

ITepeBO.!I aBTopa 

Vasiliev B.V. 
A Model of the Earth Created by the Method 
of Full Energy Minimization 

· Pl7-97-405 

A problem was considered of whether the appearance of electric polarization 
inside the core of a planet can be energetically efficient. It was shown that for the 
Earth the appearance of electric polarization is energetically efficient if it is connected 
with core metallization and is accompanied by density jump on the core-mantle 
border. The calculated value of the jump agrees with its value obtained by seismic 
measurements. The moment of inertia and magnetic moment of the Earth, evaluated 
within the frame of the model, are in a good agreement with the measurement results. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR and at the Institute for Physical Technical Problems. 

Gommunication of the Joint Institute for Nuclear Research. Dubna, 1997 


