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1. BeeAeHMe 

npMHRTO AYMaTb, YTO 3neKTpMYBCKaR nonRpM3atzytR 3Be3J!HOrO Bel.L1eCTBa 

M 3n9KTpMYBCKOe B3aMMOAe~CTBMe BOo6l.L1e He MrpatoT npaKTMYeCKM HMKaKO~ 

pOnM B aCTp0cpM3MKe M aneKTpMYeCKMe CMnbl npM paCCMOTpeHMM paBHOBeCMR 

Bel.L1eCTea nnaHeT M 3Be3J1 HMKOrAa He npMHMMatoTCR BO BHMMaHMe. 3TO MOlKHO 

CYMTaTb cneACTBMeM npOYHO yCTaHOBMBLUerOCR MHeHMR, YTO JaMeTHaR 

JneKTpMYeCKaR nonRpMaatzytR e MeTannax .., APYrVIX «06biYHbiX» (Hecen...eTO- VlnVI 

nVIp03neKTpVIYeCKVIX) Bel.L1eCTBax HM npM KaKVIX ycnOBVIRX cnoHTaHHO B03HMKHYTb 

HB MOlKBT. 3TO, KOHeYHO, cnpaBBAnMBO AnR BBU1eCTB, HaJ<OARU1MXCR nOA 

ABHCTBMBM ManbiX AaeneHVI~. Ho npM 3TOM ynycKaeTCR M3 BMAY TO, YTO nOA 

,Aei.1CTBIA8M CBBpXBbiCOKOrO A8Bfl8HHs=l nplo1 nepeXOA8 B COCTORHIA9 nfl83Mbl 

ceoiiCTea eel.L1eCTea PaAMKanbHO VIJMeHRtoTCR. B ceepxnnoTHO~ nnaaMe 

C03Aa~TCR ycnoaHR AflR B03HHKHOBBHHR 3HaYHT8flbHO~ aneKTpH4BCKO~ 

nOnRpM3al.IVIM nOA AeHCTBMeM Aall<e OTHOCMTBnbHO cna6oro TRrDTeHVIR 8 
60nbWOM KOCMH48CKOM Tene, . COCTORLl.\BM H3 CeepxnnOTHO~ nna3Mbl, 3T8 

apaauma4uOHHO - uHiJy4upoaaHHaR 3neKmpu4eCKaR nonRpu3a4u" (r>13n) 
MOll<eT 6b1Tb AOCTaTOYHO eenVIKa, YT06bl l'lrpaTb onpeAenRtol.L1YIO ponb B 

cpOpMVIpOBaHMVI PRAa oco6eHHOCTeH CTpOBHMR KOCMVIYeCKoro Tena M era 

ceoiiCTe. B nepeyto oyepeAb 3TO OTHOCMTCR K TpeM npo6neMaM, noCTaHOBKa "' 

peweHI'Ie KOTOpbiX M3MeHRIOTCR KOpeHHbiM o6pa30M. 3m : 

a) pacnpeAeneHI'Ie AaeneHMR "' nnOTHOCTI< BBU1BCTBa BHYTPM KOCMI<YeCKoro 

Te.na; 
6) r8HBPB41'1R MBnYMTHOrO nonR KOCMMYeCKMMM TBnBMI<; 

B) cpopMVIpoBBHI<e cneKTpa MBCC KOCMMYeCKMX Ten. 

KaK cneACTBMe, 3TM oco6eHHOCT~< CTpOBHMR MOCYT npORBI<TbCR e aeontol.IMM 

3Be3Jl. 

2. rpaBMTB4MOHH0-MHAY4MPOBBHHaJI 3J18KTpM'IBCKaJI 

noiUipM3B4MR ee~qecma 

2.1. rlll3n B MBT81111e 

3nBKfPVIYeCKBR nonRpM3Btzy!R, MHAY4MpyeMaR TRrOTeHI<BM B MBTanne, 

HeQAHOKpaTHO 1<3yYanaCb paHBB (2-7]. 0CHOBHOii peaynbTaT 3TMX 

~<ccneAOBaHI<~ CBOAMTCR K YTBep)KAeHMIO, YTO BHYTP"' MeTanna nQA AeHCTBMBM 

TRrOTeHVIR AOnli<HO B03HMKHYTb 3neKTpM4eCKOe none C HanpRll<eHHOCTbiO 

E A1- mii 
e 

3ABCb m, - Macca MOHa, 

g - yet<opBHMB TRrDTeHMR, 

e -aapRA JneKTpoHa. 

(1) 

3TO no.ne CTOflb ManO, YTO B 38MHblX yCilOBH:RX ere HBB03MO>KHO ilt3MBp~ 

3KcnepMMBHTanbHO. ManoCTb eenM4MHbl aneKTpMYBCKoro nonR, VIHAY41'1PYBMOro 

TRrOTBHMBM B MeTanne, RBilReTCR npRMbiM CflQACTBIABM HanHYIIIR B MBTan.ne 

VIOHHOii peWBTKM, KOTOpBR CYl.L1BCTBYeT Ja CYeT npRMOro BJaMMOAB~CTBMR 
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M9JK.AY HOHBML-1. noA ,Q8.:1CTBH9M TflroT9HI.1fl 3T8 peweTKa A9¢0pMYIPY9TCfl 111 

38T9M nBrKI'I~ aneKTpOHHbl~ raa nOACTP81'188BTCR nOA 3TY AB¢opM8l.II'IIO B Mepy 

ceoe~ ynpyrocrl'l. 
2.2. n13n e ceepxnnoTHoii J!ABpHo-aneOCTpOHHOii nnaaMe 

noA AB~CTB.,BM AOCTaTCJYHO BbiCOKOro A8BnBH.,R BCB BBU1BCTBa TepRIOT 

CBOIO I'IHAI'IB"'AYanbHOCTb 1'1 nepeXOART B COCTORH119 caepxnnOTHO~ RAepHO· 

aneKTpOHHOi< nna3Mbl (Ne-nna3Mb1). 3TO np011CXOAI'IT, KOrAa 06b9M, 

npi'IXOARU11'1i<CR HB OAI'IH 8TOM, CT8HOBI'ITCR M9HbW9 06bi~HbiX 8TOMHbiX 

paaMepoe. Ecnl'l I'ICXOAHbiM BeU1BCTBOM 6btn MeTann, TO era nepeXOA B 

cocroRHI'IB Ne-nnaaMbl YAo6Ho npol'lnnoocrp.,poeaTb, l'lcnonbaoeae A"" amra 

TeopeMy Bl'lpl'lana [1]. CamacHo 3Too:\ TeopeMe nonHaR aHepri'IR MeTanna, 

Ae¢opM.,poB8HHOro BHBWH.,M A8Bn9HI'I9M, MOll<eT 6btTb aani'ICBHB B BI'IAe [8] 

E, =-~N,E~H:J' -(:Jl (2) 

3AeCb 

N, - ~"cno I'IOHoe; 

n, - nnOTHOCTb I'IOHOB B Ae¢opM .. pOB8HHOM M9Tanne (1'10Hbl Mbl CYI'ITaeM 

O,QHOB8Il9HTHbiM~); 

n,. H £::) - OilOTHOCTb HOHOB 1.1 3Hepr1.1s:l ¢lepMLo1 npH OTcyTCTBL-11.1 ABBn9HLo1fl. 

noKa ABBneHI'IR HBBBni'IK>I 1'1 nnOTHOCTb n, "'11
0 

, COrnaCHO (2), nOnHaR 3Hepri'IR 

MBTanna OTPI'Il.I8TBnbHa. np ... 3TOM I'IOHbl c aneKTpOHaM .. CYU19CTBYIOT BHYTP" 

o6111eo:\ caMocornacoeaHHOo:i noTeHLII'IanbHOo:i RMbl, cy111ecreoeaHI'IB Kompoi< 

CBR3aHO C Hanl'l~l'leM "OHHOi< peWBTKI'I. 

KorAa Ha MeTann ABi<CTBYBT CTOnb BbiCOKoe AaeneHI'Ie, ~TO era nnOTHOCTb 

B03paCTaeT B BOCBMb "nl'l 6onee pa3, TO cornaCHO (2) era 3Hepn<R CT8HOB.,TCR 

nonoli<"TenbHo.;i. 3m "' oaHaYaBT nepexoA MeTanna e cocroRH"e Ne-nnaaMbl. B 

3TOM COCTO~Hii1111 3Il9KTpOHHbl~ ra3 YA9p>KLo1B89TCs:l CT9HK8MI.1, C03A8tol41.1MH 

,Q8BJ19HH8. 8381-'!MHOe npHTR>K9HI.19 MS>K.QY s:IAPBMII'I ill 3neKTpoHHbiM ra30M 

np .. BOA"T K o6paa0BBHI'IIO 3neKTpOHHOo:\ «Wy6bl» BOKpyr K8)1(AOrO RAP8 11 

B03HI'IKHOB9HI'IIO a¢<jleKT .. BHbiX Cl'ln onanK .. BaH"R Me)l(!1y RApaM... noaTOMy 

np" pacCMoTpeH"" paeHoeec"" e Ne-nnaaMe Heo6xoA"Mo YYI'ITboeaTb, YTO, e 

OTn .. YI'IB OT MeTanna, B He.;! HBT I'IOHHQ.;i peweTK .. , KOTOpaR 6bt CYU1BCTBOBana 

3a CYBT npRMOrO B3ai'IMOAB.;iCTBI'IR Mell<,[ly RApaMI'I. 

8 Ne-nnaaMe aneKTpOHbl "CnbrrboeaooT " npi'ITRll<eH"e co cropoHbl "OHOB, "' 

onanKI'IBaHI'IB co cropoHbt Apyn...x aneKTpOHOB. B nepeoM np1'16nl'lli<BH""' aT., 

eaai'IMOAe~CTBI'IR eaai'IMHO KOMneHcl'lpyooT APYr Apyra "' aneKTpoHHyoo 

nO,QCI.1CT8My , OK83biB89TCs:l J MO>KHO paCCM8TpiAB8Tb KBK vt.Q98nbHbllil 

3Il9KTp0HHbl&i1 ra3. 3TO :lK9 OTHOQITCs:l ill K M9T8lllly, HO ,Qlls:l OI183Mbl 3TO T9M 

6onee cnpaBSAilHBO, nOTOMy 4TO 3Jl9KTpOHHbiL7t r83 no CBOHM CBOi.1CTB8M 

np1'16nlo1ll<aeTCR K "'AeanbHOMy TeM 6nl'lll<e, YeM BbiWe BHeWHee ABBneHio1B, 

aneKTpOHHaR nnOTHOCTb 11 3Hepn...R Bblp0li<,!I9Hio1R 
B TO ll<e epeMR nonOli<I'ITenbHbte aapRAbl, CKOHL.IBHTPI'IpoBaHHbte e RApax, 

pacnpeAeneHbl HepaBHOMepHO B o6beMe. 0HI'I MOtyr, K8K 1'1 B MBTanne, 
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o6paaoeaTb BHYTP"' nna3Mbl nnoTHO ynaKoeaHHyoo npocrpaHCTBeHHyoo peweTKY 

[9]. 88li<HO nOA~epKHYTb, ~o 3Ta ynopRAOYeHHOCTb RASP e03HI'IKaeT aa CYeT I'IX 

B381'1MOAeo:iCTB"R C aneKTpOHHbiM ra30M B npoT .. BOnonoli<HOCTb MeTanny, rAe 

peweTKa o6paayeTCR 38 ~BT eaa .. MOAei<CTB"" I'IOHOB APYr c APYrOM. np .. 

on.,caH"" npocrpaHCTBBHHOo:\ peweTK" RASP e nnaaMe ee RYeo:\Ky npi'IHRTO 

aaMBHRTb c¢ep .. ~ecKoo:\ •~ei1Koo:\ Bl'lrHepa - 3eo:\Tt.~a (9]. An• nnaaMbl, 1'1Meoo111el1 

nnOTHOCTb y VI COCTOR~ei/1 1113 RASP C 8TOMHbiM HOM9poM A 1.1 aaps:IAOM Ze, 

PBA"YC RYB~K"' B"rHepa - 3eo:\Tt.~a r, onpeAenReTcR paeeHCTBOM 

(.!_) ' = 41r r,' = Z . 
m; 3 n 

3AeCb m, =Am, - Macca RAP8, m,- Macca npomHa; 

3Z 
" = --, - nnoTHOCTb aneKTpoHHaro raaa. 

4117, 

(3) 

Ycnoa1.1e paaHoBeCIItR a aeu.tecree onHCbtaaercs:~ nocroRHCTBOM ero 

XI'IMI'IYBCKoro noTBHL.II<ana [1]. TaK KaK e RABPHO.;i nOACI<CTeMe npRMoe 

eaalo1MOAei1CTBio1e Mell<,!ly RAP8Mio1 OTCYTCTeyeT, TO paeHoeec..e e 3TOo:i 

nOACI'ICTeMe (npl'l T=O) MOli<HO aani'ICaTb B B"'AB 

p, = Zeop(r) + m,yt = const. (4) 

3AeCb \V - noTeHt.~l<an Aeo:\creyoo111ero Ha nnaaMy rpaBI'IT8l.II'IOHHoro non•; 

op(r) - nOTeHLI"'an aneKTp,.YecKoro nonA BHYTP"' RYeo:iKio1 Bl>1rHepa- 3e~Tt.~a. 

3To ypaeHeHI<B ¢aKT~<Y9CKI'I RBnReTcR onpeAeneHio1eM nonoll<eH"'" RAPa BHYTP" 

RY9~Kio1 Bl'lrHepa • 3e.;tTt.~a. 

TaK KaK np~MbiM B03JlelilcrBH9M n:jrOT9HI.1~ Ha 3neKTpOHbl, Macca 

KOTOpbiX Mana, MOli<HO npBH96p9Yb, TO p8BHOBeCio1e B aneKTpOHHOM raae MOli<HO 
38nHC8Tb B B1.1A8 

p~(r) 
Jl. = E, =---eop(r)=const. 

2m 
(5) 

i-1HTepecyOOU18R HaC aneKTplo138l.II'IR nn83Mbl 6yAeT CBR38Ha C 1'13MBH9Hio19M 

nnOTHOCTI.1 RASPHOiil 1.1 3Il8KTpOHHOiil KOMnOH9HT. npH 3TOM noTSHU.!Aan 

B03Hio1K810U1ero 3neKTp11Y9CKOrO nOnR Onp9A9nRBTCR 3aKOHOM raycca 

V'op(r) = ..!..~(r' ~op(r)) = -41r(Ze8(r)- en(r)). (6) 
r' dr dr 

3ABCb ¢YHKL1"'" 8(r)on .. CboeaeT pacnpeAeneHio1e RABP. 

TaK KaK e npH6ma<9HHH ToMaca- I:PepMH nnorHOCTb aneKTpOHHoro ra3a 

810' 
n(r) = -, p: (r). (7) 

Jh 
C YYBTOM (4) 1'1 (5) "MeeM 

p' (r) 
-'- = p, + Jl. - m,yt. (8) 

2m 
3To n03BOnReT npeo6pa30BaTb ypaBHBHOIB (6) np11 r > 0 B HBni<He~HOe 
A~<¢¢epeHt.~HanbHOe ypaeHeH~>~e 
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__!, !!__(,' !!_q>(r >) = -4~r( 8~ )"' [2m(p, + p, - m,ll' )f" . 
rdr dr 3h 

3TO ypaBH8HI18 ynpOlJ.l88TCR BB8ABH1>18M HOBbiX nepeMSHHbiX [1 0); 

'u Jl; + ~ .. -m;f/1 = Ze -
r 

H r =ax. 

[ J
'" 9nz til 

3A8Cb a = -- a, 11 a, = --, = PBAHYC 6opa. 
128Z me 

8 HOBbiX nepeMSHHbiX ypaBH8HI18 (9) 3Bn1>1W8TCR B B1>1A8 [10) 
dlll ,lll 

4x1 = x11z · 

npl>1 3TOM q>epMI18BCKI1i:\ 11MnynbC 3n8KTpOHHOro ra3a 

p, =[2m(z:'X~)r = :.(~!:~·r2"'(~f 
1>1 3n8KTp0HHBR flllOTHOCTb 

(9) 

(1 0) 

( 11) 

(12) 

11 . = 8Jr , = 32Z ll_ (13) ' ( )"' 
"' 3h' Pr 9 ' ' 1f u0 X 

n - b 
p11 r--> 0 3IlBKTPI1~eCKI111 noreH411an C03,QaercR ronbKO RJIPBMI1 ll'(r)-->-. 

r 
B HOBbtX nepeMeHHbtX [10] 3TO 03HaYaer u(O)--> I. 

B orcyrCTBI'Ie rpaBI1TB4110HHoro nonR nonHbt~ 3apRA RYeiiKI1 B"'rHepa - 3eiir4a 

paeeH Hynoo. 803A8HCTBI18 rpaBI1TB4110HHOrO nOilR npi1BOA11T K TOMy, YTO 

3neKTpOHHbl~ ra3 B 3TOH HY9YIKe B 048Hb M8I10YI CTeneHIII lo13M9HH8T CBOIO 

nilOTHOCTb 11 ero 3BpR,Q CT8HOBI1TCR paBHbiM 

'· 8ne [ Ze' )"' '• ( u )"' Q. = 4nef n(r)r'dr = --, 2m-- 41!U 3 J x' - dx. 
~ 3h a 0 x 

(14) 

L1cnonb3YR (11 ), nonyyaeM 

'• d'u '• d ( du ) [ du ] 
Q, =Zefdx' xdx=Ze[dx dx x dx -u =Ze x, dxl •. -u(x,)+u(O) (15) 

11n11 

[ 
r'm.VIf'] 

Q, = Ze I + ' z> = Ze + 8q . (16) 

mg 
3ABCb "'- = --- · 

V'f E, , 

g = -V If' - rpaBI1TB41>10HH08 yCKOp8H1>18; 

E, = -[.!__Ji_ -seKTop ycpeAHBHHO~ HanpR>KeHHOCTI>1 3neKTp..,YeCKoro 
r,l g 

nons:~. 
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TBKI1M 06ps30M, 3BpRA 3neKTpOHHO~ «Wy6bt» OKB3biBBBTCR HBCKOnbKO 

M8HbWHM 38pRJ\8 IIIOH8 H CyMM8pHbllil 38p!o1.Q. s:l'-l9YIKIII OTIWI'-188TCH OT HYils:l. 

2.3. Yro .. HeHI>1e yCilOBI>1R paaHoaeCMR 

3TO 06CTOSH9IlbCTBO 38CT8BI1H9T YY8CTb OTKJ10H9HH8 OT 

3neKTpOH8i:\TpsnbHOCTI>1 B "'CXOAHOM ypaBHBHI1" paBHOBBC..R " BMBCTO (5) 
Jam1caTb: 

3A8Cb I~ « I. 

p, = E, = p~ (r)- (e +8q)q>(r) = const. 2m 

3TO np11B8ABT K 1>13M8HBHI110 ypaBHBH"R (8) 

(5') 

p~(r) "'" (8') -- = J.l; + Pt -m;~-V<ffP, 2m 
ypsBHBH"R ( 9) 

1 d l d 81t /'], ' ( ) ( )'" -;> dr r dr ll'(r) = -47t 3h' [2m{p, + p, -m,\fl' -iiqq>)f (9) 

1>1 ypaBH8HI>1R ( 1 0) 

p, + p,- m,lf'- Oqq> = Ze' "-. (10'). 
r 

B pe3ynbrare, YY"TbtBaR, YTO HanpR>KeHHOCTb 3IlBKTP"YeCKoro nonR E = -Vq>, 
"3 (15), KBK" paHee, nonyyaeM 

Q, = Ze+liq, (17) 

HO 3,!18Cb 

mg 
liq=-E,+E (18) 

2.4. 3neKTp11'18CKaJI nonllpll381.\llll B 1.\BHTpBnbHO·CIIMMBTpii'IHOM 

rpaBIIT81.\IIOHHOM none 

B rnny roro, YTO e 4BHTpBI1bHO-C..MMerp11YHOM rpaBI>1TB41>10HHOM none 

KOCM.,YeCKOrO rena ycKOp8HI1e CB060AHOro nSABH"R OnpeAenRBTCR 

paBSHCTBOM 

div g = -4nGr , 
KOTOpoe nOA06HO ypaBHeHI>110 3Il8KTpOCT8TIIKI1 

divE= 4~rp, 
np1>1 E >> E, <13 (18) nony-.aeM BBI11141>1HY cyMMspHoro aapR,Qa RYetioK" 

Oq = G''2mi. 

11 BBil"Y"HY nnOTHOCTII 38pR,Qa 

P = G'"r 

(19) 

(20) 

(21) 

(22) 
T BK"M o6ps30M, B rp8BI1TB4110HHOM none KBJI(JI8R R48tioKB 3Il8KTpOHHO·RABPHO~ 
nna3Mbt np11o6peraer 3BPRJI. KOTOpbt~ no nopR.QKY eenM'II>1Hbt 

COCTBBnRBT 10-" 38pR,Qa 3ll8KTpOH8. np11 3TOM nonHBR 3neKTpOHeiirpanbHOCTb 
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KOCMIII'-49CKOf0 Tena BblnOnHSl8TCR 38 C46T H6KOTOpOrO Manoro 4111CJ18 

3Il8KTpOHOB, KOTOpb19 BbiTanKa.1BatoTCSl H8 noeepXHOCTb KOCMIIIYSCKOfO Tena. 

np., 3TOM BH)'TP"' KOCMYI4BCKOrO Tena cylljBCTBYBT aneKTpYI4BCKOB none C 

HanpSUK9HHOCTbt0 

E=--G'"i (23) 

Ta""'M o6pa30M, TRroTeHY~e np.,ee,ABT K OYBHb ManoMy OTK!lOHBHYIIO OT 

aneKTpoHei1TpanbHOCT"' Ka>K,AOro aToMa. Ho cyMMapHa" HanpR>KBHHOCTb nonR, 

COOTBBTCTByiOUjaR paBeHCTBy (23}, MO>KBT 6b1Tb 04eHb 6onbWOI1 Yl3·38 TOro, 4TO 

aen.,KYl pa3MBpbl KOCMINBCKOrO Tena. 803H.,KHOBBH"'e !lOA AB,;;CTB.,eM 

TRroTeHIIIfl e Ne-nna3Me 311SKTpHYecKo~ nons:tplll384111111 c nnoTHOCTbtO aapSlA8. 

0!1.,Cbi88BMOI1 paBBHCTBOM (22), Mbl H83biB8BM 3<P<PBKTOM rlil3n. 

3. PacnpeAeneHMe nnon<oCTM aellleCTBa " AaaneHMA BHYTP" 

KOCMM\.IeCKOfO T911a 

Ha noeepxHoCT"' KOCM.,YecKoro Tena ,AaeneH"'e paeHo Hyn10, no3TOMY e6n"'J"' 

Hee BCBrAa cylljeCTeyeT o6naCTb, rAe HBT ycnoe.,,;; A11" B03H.,KHOBeH"'" 

a<P<PeKTa rlil3n. An• 6onbW"'X 3BeJA pa3Mepbl 3TOI1 o6naCT"' MO>KHO C4.,T8Tb 

npeHe6pe-Mo ManbiM.,. Ho A11R He6onbwo,;; nnaHeTbl paJMepbl 

noeepXHOCTHOI1 o6naCT"' MOr)'T COCTaen•Tb 3H84YlTenbHYIO 48CTb, TaK 4TO 

nonRp.,aoaaHHbiM 6yAeT JWIWb BHYTPBHH"" o6naCTb nnaHeTbl - ftApo. Ha 

nosepXHOCTIII S\flP8 Hanps:nKSHHOCTb 3Jl6KTp11146CKOfO nonR CK8YKOM o6pa~aeTCR 

e Hynb, YTO conpoeo>K,AaeTcR CKa4KOM ,AaeneH"'" fl.p [11, 12]. 

Ba>KHbiM aCTpo<PYIJ.,4BCK"'M cne,ACTB.,BM a<P<PeKTa rlil3n RB1l.eTCR 

nepepacnpe,AeneH"'e nnOTHOCT"' eelljeCTea BHYTP"' KOCM.,4BCKoro Tena. Ecn"' e 

KOCMI149CKOM T911B, COCTO.UjBM 113 BBUjBCTBa C 8TOMHOI1 CTpyKTypo11, !1110THOCTb 

"' A8BnBH"'e MOHOTOHHO paCT)'T !10 Mepe np;,6ni1>KBHYlR K ~BHTpy, TO B 

KOCMV14BCKOM Tene, COCTORUjBM Vl3 Ne-nna3Mbl, 3<P<PeKT rlil3n np.,BO.Q11T K 

TOMy, 4TO B COOTBBTCTBYI"' C paeeHCTB8MI1 (22} Yl (23} C11na TRfOTBHYlR 

OK83biB89TCs:l nOilHOCTbiO CKOMnSHCIIIp083HHOii1 KyilOHOBCKOiil CIIIIlOVi: 

rg+pE=O, (24} 

"' rpa.QYlBHT ,AaeneHY~R BHYTP"' nonRp.,3oBaHHOI1 o6naCT"' OTC)'TCTeyeT. noaToMy 

B ftApe cylljeCTeyeT BSUjeCTBO C I10CTORHHOI1 nnOTHOCTbiO. np"' 3TOM HBTPYAHO 

!10,AC4MT8Tb TO ,A8BJ1BHI1e, np11 KOTOpDM H8XO,AMTCR BBUjBCTBO BH)'Tpl1 f1Apa, T.K. 

OHO paBHO CK84KY A8BneHYlR Ha ere noeepXHOCTYl: 

p = l'!.p(R) = E(R)' = l1r Gy' R'. (25) 
811' 9 

3,AeCb y - !lJlOTHOCTb BBUjBCTB8 B ftApe; 

R - P8AI1YC f1Apa. 

Mo>KHO roaop~t~Tb, 4TO JTOT CK8YOK A8Bil9HH~ o6~3aH cyll\eCTaoaaHIIIto cKa4Ka 

!1011RP"'38~11"', KOTOpaR BHyTpYl fiAP8 B Ka>K,AOH T04K8 HanpasneHa no pa,A"ycy 

TaKaR ¢opMa nonRp1-138LJ,HL-1 3KBIIIsaneHTHa cyll.l,eCTaoeaHHtO nonmt<vtTenbHoro 

«CBR38HHOrO» 06bBMHOrO 38pf1A8 C !lOCTO~HHO>i nnOTHOCTbiO (22) " 

OTP"~TenbHoro noeepxHOCTHoro aapfiAa, KOTOPbl>i o6paayeTCR aa CYeT 

BbiTanKHBaHHR nen<~ 3neKTpoHoa Ha noaepXHOCTb ~pa "' AenaeT nonHbiVI 

6 

aapfiA Tena paeHbiM HyniO CKaYKY ,AaeneHY~R /l.p(R) MO>KHO ,AaTb 

3KBIIIBaneHTHoe o6bSlCHeHa.1e KaK AaBneHvtto aroro noeepxHOCTHOro 3apRAa. 

np .. Mep pacnpe,AeneH"'" ,AaBnBHYI" "' nnOTHOCT"' BBUjBCTBa BHYTP"' nnaHBTbl, 

"'MeiOUje'i aneKTp.,YeCKVl nonRp.,aoeaHHOe RAPO, no•aaaH Ha p;,c.1. 

4. BH)'TpeHHee CTpOBHMe 3eomM 

8a>KHbiM, CKOpee reo<P"'3<14eCKYlM, 4eM aCTpO<P.,3Yl48CK"'M, CnB,ACTB.,BM 

a<P<PeKTa r111::m •enReTc• noCTpoeH"'e Ha ere ocHoee BH)'TpeHHe 

caMocornacoeaHHO>i TBOP"'"' 3eMnYl (12]. Mo,Aen"' 3eMn.,, nocTpoeHHbiB paHee, 

npeAnonaram-1 cyll\eCTaoeaHa.1e MOHOTOHHot:i 38BIIICII1MOCTIII AaeneHIIIR BHYTPIII 

3SMJ1vt, 3 p83A8118HH9 39Milvt Ha RAPO 111 M8HTHIO 06bRCHs:!IlOCb TSM 

06CTORT9nbCTBOM, YTO nplil B03HIIIKHOB8HIIIIII 3eMillll Ha ee AOiliO Bblnano 

onpeAeneHHOe KOflL-14eCTeo >t<eneaa 111 APYrlllx TSl>KenbiX Merannoa, 1.13 KOTOpbiX 

c<PopMYlpOBanocb •APO, Yl HY>KH8R M8CC8 K8MHR, KOTOpaR !lOCTpO.,na M8HT.,IO. 8 

3T"'X MO,Aen•x CnBAOBano T8K !10,A06paTb napaMeTpbl, 4T06bl nonyY.,Tb HY>KHbiB 

3H84BH"'R nnOTHOCT"' •AP8 "' M8HT"'"'· a TaK>Ke "X paJMepbl. np., nocTpOeH"'"' 

P11c.1. 
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PBAvtSilbHaR 38BHOIIMOCTb AaeneHIIIf1 H nnOTHOCTH eell.l,eCTea BHYTPIII 3eMillll 

[12]. 

CnnowHaR 1111HYlR - paCYeTHaR 3ae;,c.,MOCTb nnoTHOCTYI BBUjecTea, 

!10JlyYBHH8R no TeOp";, 3eMnYl, !10CTpoeHHOI1 MBTOAOM M"HYlM1138~"" nOnHoi'l 

3Heprn;, c Y4BTOM ABI1CTBYlR rlr13n. 

nyHKTI1p - !l!lOTHOCTb 3eMnl1, nonyYBHH8R "'3 "3MepeHI1" CKOpDCTI1 

pacnpocrpaHeH&.o1Sl ceVicMH~ectMX aonH. 

WTpHxnyHKTHP - nony4eHHaR c Y46TOM AetiiCTBIIIR rnsn pacYeTHa~ 

3BBHCMMOCTb ABBil9HH~ BHyrpH 39MJlH, OTH9ceHHOrO K MOAYiliO ynpyroro 

C>K8TYl~ BelljBCT88 M8HTYll1 ( 1,3 ·10" tlu11/ eM'} 

7 



TeOpl'll'l 38Mll"', OCHOB8HHO~ H8 J<jl<jleKTe lli13n, HBT HS06XOA"'MOCT"' BB0A"'Tb 
CB060AHbl8 napaMSTpbl. npeAnOllarao, 4TO 3BMllll nocTpOeHa "'3 OAHOpOAHOro 
M8T8pvtana, p83J\9l19HH8 HS fiApD H M8HTio110 B H9Lil nony488TC;t 38 C48T CK84K8 

AaBllBH"'ll (25) H8 rpaH"'Lie 3ll8KTP"'~eCKI'I nOllllP"'30eaHHO~ L\SHTpallbHOVi 
o6nacnt. 0CHOBHbl8 peaynbTBTbl p8CY9T8 CBOARTCR K Bbi\.I~GnBHHI'O 48Tblp8X 

eenw·IHH: 
a) P8A"'Yca OAPa; 
6) nllOTHOCT"' BSIJ.jSCTBa B llApe; 

B) CKa~Ka nllOTHOCTI'I Ha rpaHI'Il.\8 OApa C MaHTI'teO\; 

r) CP8AH80\ M8CCbl I'IOHa, npi-1XOAllu.jBO\Cll Ha OAI'IH 3ll8KTpOH B llApe. 

Bee JTI'I eell"'~~'~Hbl nally4aiOTCo nYTeM MI'IHI'IMM38l.l"'"' nollHOVi aHepr"'"' 
Illl8HBTbl 1'1 nOACT8HOBKI'I B COOTBBTCTBYIOIJ.ji'IS ypaeHBHI'Ill ~BTblpex napaMSTpOB, 
xapaKTep1'13YIOLili'IX 3SMlliO: 

a) MaCCbl 3eMlll'l M ; 
6) P8A~'~YC8 3SMlll'l R; 
B) nllOTHOCTI'I BBL4BCTB8 Ha IlOBSpXHOCTI'I 3SMlll'l; 

r) MOAYll" ynpyroro Cll<aTMll eeu.jeCTea Ha noeepxHoCTI'I 3eMlll'l 
(npl'l 1'13BeCTHO~ rpaB"'Tal\"'OHHOVi KOHCT8HTe) 

Pac4eT no3BOllReT nOllY~"'Tb "' APYrl'te A8HHble, Hanpi'!Mep pacnpeAelleHI'te 
A8BllBHI'Ill BHYTP~'~ 3eMnl'l. OcHOBHbiB pe3yllbTaTbl 3TOro pac4eTa np"'BBABHbl Ha 
pl'tc.1 . Ha JTOM P~'~CYHKe T810f(B noKa3aHa 3aBI'!CMMOCTb nnOTHOCWI BBIJ.jBCTBa 
BHYTP~'~ 3eMnl'l, onpeABllBHHaR 1'13 1'13MepeHI'IVi CKOpOCTI'I pacnpoCTpaHeHI'!R 
ceLilcMvt4BCKHX sonH. l-13 3Toro pHcyHKa BH.QHO, 4TO npVI onpeAeneHHOM 
pa3JlHYHH paC48THOLil Ill 1113M9peHHOLil 388Lo1Cio1MOCT9Lit nnOTHOCH1 OHH COBna,Q,aiOT 

B rnaeHoM - o6e oTpaJI(aiOT CYil4SCTeoeaHI'te np,.MepHo OA"HaKOBbiX cKa4KOB 
nllOTHOCT" Ha rpaHI'I4B llApa "' MaHT"'" e paOioHe nonoBI'!Hbl P8A~'~Yca nllaHBTbL 

li1cxoAR 1'13 noll~BHHbiX AaHHbiX o pacnpeAeneHI'tl'l nllOTHOCTI'I, MOlKHO 

Bbi41'1CI11'1Tb MOMeHT I'IHSPL\1'11'1 3SMlll'l, KOTOpblii nolly488TCll paBHbiM 0,339MR', 

4TO HBilllOXO cornacyeTCR C 1'13MepeHHbiM 3Ha4SH"'BM 0,331MR' . 
no-BI'!AI'IMOMy, 1'1CnOllb3YR COOTBBTCTBYIOU41'18 A8HHbiB 0 Macce, pa3Mepe 1'1 

caoOiCTeax BBU4BCTBa Ha noeepxHocrn APYrl'lx nnaHeT, MOlKHO nocTpOI'!Tb 
MOABlliot 3THX ni18HBT, BCilll 3TI'I nll8H8Tbl HMSIOT "APO, ~TO MOlKBT 6b1Tb 
onpBABilSHO no TOMy, 00ll8A810T OHI'I MarHI'ITHbiM nOllSM l'llll'l HST. 
5. nocTORHCTBO rMpouarHHTHOrO 0THOW9HMR KOCMM'"I8CKHX Tell 

.Qpyroe aCTpO<jl1'131't~ecKOB CilBACTBI'te a<jl<jleKTa 11!13n CBR3aHO C epaU4BHI'IBM 
KOCMI'I~BCKOrO T8ll8 BOKpyr CBOei\ OCI'I. 3TO BP81!48HI'te B 4Bll0M 
3llBKTpOHBViTp8llbHOrO TBlla BSABT K nOllBllBHI'IIO y Hero MarHI'ITHOro MOMBHTa 38 
~eT Toro, 4TO nOllOlK,.TellbHblii o6beMHbiOi 3apOA, cocpeAOT04eHHbiO\ BHYTP" 
OApa, " OTPI'I48TSllbHbiOi noeepXHOCTHbiOi, pacnonol!<eHHbiOi Ha ero noeepxHOCTI'I, 
ABI'IlKYTCll np~o~ epaU4BHI'II'I no pa3HbiM P8AIIYC8M. 3TO npi'IBOAI'IT K ToMy, 4TO ece 
KOCM1'14BCK"e T8ll8, rAe ASOiCTByeT a<jl<jleKT lli13n, npMo6peTaiOT MarHI'ITHbiB 
MOMBHTbl Jl , OTHOWBH"e KOTOpbiX K MOMSHTaM Bp8U4BH"ll TBll L (T04H88, K 

MOMSHT8M BP8L4BH"'ll "'X "ABP) BblpaJI(aeTCll 4epe3 OTHOWBHI'IB 

B 

l 

) 

¢IYHAaMBHT8llbHbiX KOHCT8HT [11, 12): 

.!:!...= G''2 
L 3c 

(26) 

3Ha~eHI'tll p(/_) Allll BCBX KOCMI'I~SCKI'IX TBll, Aflll KOTOpbiX OH" "JBeCTHbl 

CerDAHll, nOKa38Hbl Ha P"C.2 [13), rAe CnllOWHOii lli'IHI'IBO\ noKa38HO OTHOWeH"B 
(26). a WTpl'lxnyHKTI'IpHall lli'IHI'Ill nony4eHa MeTOAOM H8,.M8HbW"X KB8ApaTOB 1'13 
Ha6ll10AaeMbiX A8HHbiX. .QaHHbiB, l'tcnollb3osaHHble np"' noCTpoeHI'tl'l aToro 
P~'~CYHKa, B3ffibl 1'13 cnpae04HMKOB, o63opoe "' OT4BTOB o6 3KCI1BA"4"'"x 
KOCMI'I48CKI'IX annapaTOB . .[\8HHbl8 Allll nllaHBT lot 1'1X CI1YTHI'IKOB npi'IBBABHbl B 
pa6oTe [14], A8HHble Allll 3BB3A- e pa6oTe [15], a M8rHI'ITHbiB nollR nynbcapoe -
B MOHOrpa<jli'!H [16). 

KaK BHAHO H3 :nora pLo<tcyHKa, c norapH¢MH'-19CKoLil T04HOCTbi-O rnpoMarHHTHble 

OTHoweHH~. 6JWI3KHe K YHHBepcanbHOH aenw-lHHe G 112 /3c, Aea:1CTBHT9JlbHO, 
HM810T BCe KOCMI'I48CKI'I8 T6lla: 1'1 nnaHBTbl, 1'1 3BB3Abl, 1'1 nyllbC8pbl. 3aMBTHO 
Bbln8AaBT TOllbKO nyHa, pa3M6pbl KOTOpOii Cili'IWKOM M8llbl lot, COOTBBTCTBeHHO, 
BHYTP6HHee AaeneH~e Mallo Allll o6paaoeaHI'!R nollRpi'I30BaHHOro llAPa . .[\llR 

3eMlll'l p8C46T no TB0p1'11'1, On~caHHOVi BbiWB, Aa6T Jl ~ 4 ·10" rc ·eM', 4TO 

45~----------,-----------.-----------~ 
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PHC.2. Ha6ll10Aa8Mbl8 3H848H'1ll M8rHI'ITHbiX MOMSHTOB KOCM1'148CK~X Tell B 
38BHCHMOCTH OT HX yrnOBbiX MOMBHTOB. 

no OCH OPAHH8T - llOrap~<jlM MarHI'ITHOrO MOMBHTa, OTHBCBHHOro K rc / CM' , 
no OCH a6Cl.I"'CC - llOrap~<jlM ymOBOrO MOMeHTa BP8U46Hiotll, OTHSCBHHOrO K 
>pz/c 9 



COCT8Bil:tl9T nOYT~ TO'-IHO nOnOBHHY OT H86mO.Q89MOrO 3H8Y9H~R 

"~ 8,05 ·10" rc. c ... '. 
ToT ¢aKT, "--TO AilA HeKOTOpbiX nnaHeT sen~YHHbl MarHVITHbiX MOM9HTOB 

B00IlH8 COrnacytOTC~ C paBeHCTBOM (26), HO ~M9t0T .Qpyro~ 3H8K, nO-BVIAVIMOMy, 

rDBOpKr 0 TOM, 410 M8X8HVI3M r~pOA~HaMO vtrpaeT CBOto pOilb 

naneOM8rHIIITHbl8 A8HHbl8 H8 3eMI19 T810K8 K8K 6yATO yKa3biB810T H8 TO, "--TO 

3H8K M8rH~THOrO nOils:l MO>t<8T M8HffibCfl CO Bp8M8H9M. no-Ba.1AHMOMy, MO>KHO 

CY..,TaTb, YTO 3cpcj>eKT rVI::ln C03Jia9T OCHOBHOe MarH ... THOe none KOCM"'YeCKOrO 

Tena. AeTanbHa~ ero crpyKTypa, epeMeHHa~ 3aB"'C...MOCTb "' HanpaeneHHOCTb 

Ha6ntoAa9MOrO non~ MOryT 6b1Tb 06b~CH9Hbl A9CiCTB..,eM A"'HaMO, An~ KOTOporo 

OCHOBH09 none "'rpaeT ponb 3aTpaBOYHOrO. 

6. Cnei<Tp MBCC KOCMI1'18CK"'X Ten 
BaJKHbiM acrpocj>M3..,49C1<11M cneACTB..,eM acj>cjleKTa IVI3n ~en~eTc~ 

cjlOpM ... pOBaH"'e A"'CKp9THOrO cneKTpa Mace KOCM..,Y9CK"'X Ten, CB~3aHHOra C 
B03MO>KHOCTbtO cyll\8CTBOB8HHSI Ne-nna3Mbl 8 p83Ill-14HbiX COCTORHVIs:IX. 8 
a6ll\9M B"'A9 ypaBH9H"'e CaCTO~H"'~ BBll\eCTBa, naABeprHyrara A9i1CTB"'to 
BbiCOKoro AaeneH.,R, npMH~O npeACTaen~b KaK nanmpany [1] 

!+.!. 
P ~ cr •. 

3A9Cb C - pa3MBpH8~ KaHCTaHTa; 

k - "'HA9KC nonMTpOnbl. 

(27) 

CamacHo [ 1] np"' eo3pacraH""' AaeneH"'~ eell\eCTeo MolKeT 

nocneAOBaTenbHO HaXOA"'TbC~ B COCTO~H"'"' Hepen~T"'B"'CTCKO~, 

penfiTHBlo1CTCKm1 "' ynbrpapenmL!lBVICTCKo~ Ne-nnaaMbl, a ra101<e 

HepenRT~BHCTCKOrO lot pe.nATHBt.tCTCKOfO HeKfpOHHOrO cJ>epMVI-f838. 

6.1. Hepen~me..,CTCKa>l Ne-nna3ua 
CornacHo [1] np"' np .. nOlKeH"'"' BbiCOKoro .qaeneH"'~ eell\eCTeo c aTOMHO~ 

crpyrrypo~ nepexoA"'T CHaYana B coCTORH"e Hepen~T"'B"'CTCKa~ Ne-nna3Mbl, 
KaTopaR xapaKTep..,3yeTcR non..,TponHbiM "'HABKCOM k=3/2. Ee ypaeHeH"'e 

COCTOfiHVIfl Lo1M98T BVIA 

(3K' f'J h2l/3 

Ppll) Sm,(P-m, )srJ · 

3A9Cb m. - M8CGa 3Il8KTpOH8; 

f3m P - Macca B9ll\9CTBa, np..,XOARll\BrOCR Ha OA"'H aneKTpOH cjlepM ... -raJa; 

m, - Macca HYKnOHa (npoToHa). 

(28) 

VlcxaA~ "'3 TOro, YTO .qaeneH"'e BHYTP"' RAPa KOCM"'YeCKoro Tena 
coJ.qaeTc~ 3cj>cj>eKTOM IVI3n "' onpeAen~eTc~ paeeHCTBOM (25), "'3 (28) .qn~ 
cnyya~ Hepen~TI'IB .. CTCKOrD cjlepM ... -ra3a 3neKTpOHOB, COOTBBTCTBYIOll\ero 

ycnoe,~M. CYll\9CTBYtolli"M BHYTP"' nnaHeT, nonyyaeM An~ Maccbl ~Apa 

nnaH9Tbl 

10 

101 

1()1 

1 o• 

P"'c.3. 

"'· f, 
< 
' ---

1 
c 
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log M 

3aeHC~MOCTb MBCCbl RAPB nnaHeT oT napaMeTpa p "" 3H848Hvtfl Mace nnaHeT 

ConHeYHO~ c"'CTeMbl 

n' 
M,,, ~ ''"" { (i. m, · m, 

541f ( 1f )'" 3A9Cb KOHCTaHTa ''"" = -- - "19. 
5 10 

J
"' r112 

mP.P~t1 
(29) 

B paeeHCTBe (29) een"'""'Ha ~ AanlKHa COOTBeTCTBOB8Tb CP8AHe,;i Macce "'aHa, 

np,XOA~llleroc~ Ha OA"'H 3fl9KTpOH cj>epM ... -ra3a. na3TOMy caMyto 60nbwyto 

Macey, OKOnO I O" l , AOnlKHa HM9Tb nnaHeTa, COCTO~ll\a~ "'3 Y"'CToro BOAOPOAa. 

Ha P"'c. 3 noKaJaHa Jae"'c"'MOCTb (29) "' np,ee.qeHbl MacCbl nnaHeT ConHeYHO~ 
c"'CTeMbl. K yKa3aHHOMy npe.qeny 6n..,3Ka Macca tOn,Tepa, pasHa~ 1,9. 10" z. 

3TO 3HaYeH"'e cornacyeTC~ C paeeHCTBOM (29) np"' p "' 2, YTO fl0ATB8p)!(AaeTC~ 
AaHHbiM"' o Ae~ep,eeo-ren,eeaM cocraee 6onbw"'x nnaHeT [17] Y 

H860flbWYIX nnaHST noaepXHOCTH8fl M8HTt.tR H8 Mana no Cp8BH8HVItO C VlX 

pa3M8p8MYI, VI 3TO 06CTOfiT8IlbCTBO AS.naeT paeeHCTBO (29) CilVIWKOM 

aaebiWeHHOH 04eHKm'1. TaK, Allfl 3eM.m"', RAPD KOTopoH IIIMeer Macey oKono 

2 .Jo" z, np"' nnOTHOCT"' RAPa !Oz/ <>~', cornaCHo (29) cpe.qH~~ Macca "'aHa 

nonyYaeTCR np..,MepHO B ABa pa3a Bb1W9, Y8M AaeT 6onee TaYHbl~ pac-.er (12]. 
3TO fiB.flRSTCR CI18,QCTBVI8M TOrO, "'TO Mbl y"''.mt ,Q8BI19HH9 Ha R,QpO TOnbKO 

3neKTp,YeCK"'x c...n. KpoMe H"'X npHMepHa TaKoe lKe AaeneH"'e Ha RAPO 3eMn"' 

aKa3bleaeT B8ll\9CTBO MaHT"'"'· YYeT 3Toro AaeneH"'~ yMeHbwaeT JHaYeH"'e p "' 
np,BOA<~r K xopoweMy cornac...to c [ 12]. An~ 6onee MaCC...eHbiX nnaHeT 

AaeneHHe MaHTvtLI1 MO>KHO He Y4HTbiB8Tb, Ho Anfl 6onee nen<HX 3TOT acp¢eKT 

6yAeT "'rpaTb Bll\9 60nbWYIO panb. 
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6.2. PenMma~~tcTcKafl Ne-nnaJMa 
Ecm-1 ,l\8BI18HVI8 H8 B8Ll.\8CTBO yS811VI"·tLI'I888TCR, TO OHO nepeXOAIIIT B COCTOflH\118 
pensnHBII'ICTCKOL71 Ne-n.naJMbl, nonVITponHbiL71 IIIH.QBKC KoTopoVI paeeH 3 .. 
YpaeH8H~8 coCTo~H~~ T8KO;;, nna3Mbl 8CTb (1] 

_ {J.1r2 Y'l fzcy" 11 

Pm - .... 4m;'"'P'm 
(30) 

PaBHOB8CHa~ Macca 3883/lbl, coCTO~LJ.1e;;, ~3 pen~T~B~CTCKoii Ne-nna3Mbl, 
B03H~Kwe;;, nOA ASiiCTB~eM 3cpcpeKTa n·13n, nony~a8TC~ ~3 (25) ~ (30) paeHO" 

M r AJ'z mP 
(J) =., (J) "'"fjl" 

3A8Cb 683p83M8pHbl8 KOHCT8HTbl 

A = ( he, ) = 1,54 · I O" 
Gm, 

( ' \"' ~ 1;1,, = 1.5 · rr 1 "' 4,9. 

(31) 

(32) 

np~ 3TOM ~3-38 3118KTpOHS.;iTpai1bHOCT~ B8LJ.18CTBa Ha OA~H 3118KTp0H cpepM~
ra3a e Ne-nna3MS AOnJK8H np~xoA~TbC~ OA~H npoTOH. An~ B8LJ.18CTBa, 
COCTO~LJ.18f0 ~3 Jl8fK~X 8TOMHbiX ~8p, xapaKTSpHO H8Il~~~e OAHOro H8i1TpOH8 
HB npOTOH, B T~SilbiX ~Apax np~XOA~TCR np~MepHO 1,8 HSi1TpOH8 H8 O.Q~H 
npOTOH. noaTOMy CI18AY8T O>KIIIA8Tb, YTO AI1fl pensHIIIBVICTCKOL7! nl183Mbl BHyTpVI 
p811s:ITII1BII'ICTCKII'IX 3883.Q, AOIUKHO 6b1Tb xapaKTepHO 3H8Y8HIII8 napaMerpa 
2'5.fi'5.2,8. 

P~c.4. 

~----~--,-------~------,--------, 

.. r--------;------

"'r---------

,)-----

o"--
' ~., 

'>g MIM' 

PacnpejlSilBH~~ no Macce 3B83A ~ IlYilbC8pOB, BXOARLJ.1~ B .QBOHHbiS CI<CTSMbl. 
Kp~8aR - JaB~CI<MDCTb (26). 
n 0 CCI< a6CI.j~CC - IlOfa~cpM MBCCbl, OTHSC8HH0'1 K M8CCB COilH~B 

12 

C ,O,OCT8TOYHO BbiCOKOVI TOYHOCTbto M8CCbl 3B83A MOryT 6biTb VI3M8P8Hbl, eCnVI 
3BS3.Qbl o6pa3yiOT A80i1HYIO e~<CTeMy. CyLJ.1eCT8yeT np~MSPHO 200 A80i1Hb1X 
3883/l, M8CCbl KOTOpbiX, K8K C~~88TCR, onpejlSilBHbl AOBOilbHO T04HO (1 8]. 
CpeA~ H~x ~MSIOTCR ~ r~raHTbl, "' 6enble KaPil"'""'· ~ 3BSJAbl rna8H0'1 
nocneAOBBTSilbHOCT~. Pacnpejlen8H~e 3T~x 3BS3A no Macce on.,CbleaeTCR 
paBSHCT80M 

< M • >= (1,36 ± 0,05) M0 (M0 - Macca COI1H48). (33) 
l..leHTp 3TOfO pacnpe.QSI18H"R (p ... c.4) COOT88TCTBYST paBSHCTBY (33) np" 
p "'2,6. 

6-3 YnbTpapenHT"'B"'CTCKaH Ne-nnuMa 
AanbHeiiwee y8en.,48H~e AaeneH"'R np~BOA~T K TOMy, ~To B nnaJMe 
TSPMOA"'HaM~4eCK" BblrO.QHbiM~ CTaHOBRTCR ~epHbiB peaK~"~ JaxeaTa 
3Il8KTpOHOB ~paM"' (C j,tCJ1yCKaH~BM HBiiTP"HO). 3HepreT.,4BCK8R BblfOAHOCTb 
TBKOrO I1PD4BCCa o6ycnOBI1BH8 yMBHbWSH"BM 3H8Pr>1" 3IlBKTpOHHOrO raJa 38 
C48T YMBHbWBH"R 4"CI18 3118KTpOHOB. 3TO np.,BDA>IT K TOMy, ~TO B TaKOH 
ynbTpapenRT>~B.,CTCKo;;, nnaJMe yCTaHaen;,eaeTcR paeHD8eCHoe AaeneH.,e, He 
3881-!CRUj88 OT J1110THOCT>I 48CTI-!4. Ypa8H8HI-!8 COCTORH>IR TBKOH I11183Mbl, 8 
KDTOpoi'i npO.,CXOA"T np048CC H8;;,TpOH.,38~>!" B8Uj8CTB8, cpopM8IlbHO 
xapaKT8p~3Y8TCR nDil"TPOilHbiM "Hil8KCOM k= -1 "381l~CbiB88TCR 8 8~8 (1] 

A' 
P,_,~ -12·1rz·{1i·cf (34) 

3ASCb A"' 10' >B - pa3H"4a 8 3H8pr.,., "CXOAHDro ~ AD~8pHero ~8p, 
non~"BW>IXCR 8 p83YilbT8T8 38X88T8 3118KTP0Ha. 
B cny4a8 YilbTpapenRT.,B>!CTCKoi'i nna3Mbl "'3 (25) "'(34) nony488M 

M,_,, = ;;,_,, {(lie)'" A~"' . r' l (35) 

I ( 3 )'" 3A9Cb KOHCT8HTa (c-1) := --, • - ~ 6·10-J .. 
4tr 2tr 

CornaCHo .Q8HHbiM aCTpocp..a~KOB, Hei'iTpoHI-!38~"" B9Uj8CTBa npo.,cxo.Qm np"' 
nnOTHOCT>I 88LJ.18CT8a r "' 10' z I eM' . np ... 3TOM pa88HCTBO (35) A89T 

M 1_" "'8 ·10" z "'0,4 M0 (36) 
KDH84HO, K 3TOMY 3H848H"IO He06XOjli1MO OTHOC~bCR TOilbKO KBK K rpy6Dii 
048HK8 no I10p~<y 88111-!~~Hbl, KOTDpaR 811011H8 cornacy8TCR C >13M8p8H11RM" 
aCTpOHOMOB MBCCbl 68Ilb1X K8pll.,K08, BXOARlll"X B jl80HHbl8 3B93.Qbl (18]. 

6.4- HeJ)eJUITMB11CTCKOe HAePHOe ae111eCTBO 
np~ 8Uj8 601199 8biCOKOM A8BI1BH"" BBUj8CTBO I18p8XO.Q~ B COCTORH"8, 
KOTOpoe MOJKHO paCCM8TP"88Tb K8K H8p811RTI18"CTCK09 ~8pH08 B8Uj8CTBO, 
COCTORLJ.188 "3 H8i'iTpoHoe c np~M8Cbl0 npoTOH08., 3118KTpOHDB [1]. YpaeHeHI18 
COCTORH~R T8KOrD B8LJ.19CTB8 6y.Q8T coBnSABTb C pa88HCTBOM (29) npi>1 38MBH8 
m~HamP: 
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(11) - (3:n-1 Y/J nlr~'l 
P(3/2)- sm:'J p~"J (37) 

npl< 3TOM paBHOB9CH8R Macca nony'<a9TCH paBHO~ 

11 3 r111 

M< .. ><3n) -t; ·--·---
- (l/2) Glll • P"' m ,. 

(38) 

npl< nnOTHOCTH r ~ 4-IO"zi<M' ~ p = 2,6 3Ta Macca np.,MepHO pasHa 

o,osM0 . 

TaKH9 KOCM~'<9CK>19 06b9KTbl aCTpoHOMaMH H9 06Hap)llK9Hbl. 

6.5. PenRTHBHCTCKoe HABpHoe BBLIIBCTBO 

np.. AanbHB~WeM yeen .. '<BHH~ AaeneH~H HABPH09 BBlljBCTBO 

CTaHOBI<TCR penRTHB.,CTCK.,M, yp8BH9H>1e COCTORH"R KOTOporo nOA06HO 

ypaBH9H>110 COCTORH~R penRT.,BHCTCKOrO aneKTpOHHOrO cj>epM~-raaa (31 ): 
( lyll 4/J 
3-TC ·h·<·r 

p llJ .. -
(39) 

4·m; .. "P41J 

TaK >t<e, K8K MaCCbl pem::rr~e~CTCKHX 3Be:la, MBCCbl penRTHBHCTCKIItX nynbcapoe 

He 38B>1CRT OT "X nnOTHOCT" " MOryT 6b1Tb npRMO Bblpa>KBHbl '<Bpe3 M>1p0Bble 

KOHCTBHTbl: 

J/l mP Mi;/ = t;,,, . A. . 7f' . (40) 

Macca He~TPOHHO~ aeeaAbl MO>KBT 6b1Tb "aMepeHa c AOCTaTO'<HO~ TO'<HOCTbiO, 

ecn11 OHa BXOAHT 8 COCTaB ABO,;;Holii CHCTeMbl. ACTpOHOMbl 06Hap)llKHn~< B 

ABOiiiHbiX CHCTBMax 16 P8AI10nynbcapoe [19] "'7 peHTreHOBCK"X nynbcapoe [16). 
l/lx MaCCbl onHCbiBaiOTCR O'<eHb yaK"M pacnpeAeneH.,eM (p11c.4): 

<M,. >=(1,38±0,03) M0 . (41) 

l.leHTp 3TOro pacnpeABn9HI1R COOTBBTCTBYBT paeeHCTBY ( 40) np~< p '= 2,6 , 

TO'<HO TaK lK9, KaK H AnR pemiT .. BI<CTCK~X 3BB3A. 3TO n03BOnRBT paccMaTp .. aaTb 

nynbcapbl He npOCTO COCT0Rllji1MI1 >13 He~pOHOB C npo~JBOnbHOiii np .. MeCbiO 

npoTOHOB "' aneKTpoHoe, a KaK Ne-nnaaMy RAepHoiii nnoTHoCT", HMeiOlljYIO 

«CTBHAaPTHbllh RABPHbl,;; COCTBB. 

7. 3aKI1to'18HitB 
KopOTKO ynoMRHeM Bllje 0 HeCKOnbKHX 8CTpOcj>"3H4eCK"X RBneH .. RX, B 

B03HI<KHOBeH>1>1 KOTOpbiX ponb rlll3n Tpe6yBT AOnonH~<TenbHOro OOAYMbiBaHI<R. 

7.1. rlll3n "reHepa~HR caeplOICeCTKoro KOCMH'IecKoro Hany'IBHHR 

no-BI<AI<MOMy, nyllbC8pbl MOryT 6b1Tb TeMI-1 11CTO'IH .. KaM>1, KOTOpble reHep .. pyiOT 

Ha6ntoAaeMOe CBBpXlKBCTKOe KOCMH'IeCKOB "3ny'leH"B C 3HBprHe~ 'laCT>14 

10" + 10" >B. CornaCHo paaeHCTBY (23) y nynbcapa noA noeepxHOCTbiO AOJllKHO 

cylljeCTeoaaTb aneKTp~<'leCKoe none c HanpRlKBHHOCTbiO nopRAKa I 0" B I c.o• . 
3To none np" ccj>ep.,..ecKolii cj>opMe nynbcapa He 6yAeT BbiXOAI<Tb HapflKY " 

AnR BHewHero Ha6n10AaTenR 6yAeT He o6HBPYl"""'o. Ho epallj8H11e nynbcapa 

Bbi30BeT OTKnOHeH>19 OT ccj>epH'IHOCTH, "' aneKTp .. 'leCKOe none onpeAeneHHOiii 

14 

KOHcj> .. rypa4>1>1, nponOP4"'0HanbHOe CTeneH"' 3TO~ Heccj>ep.,4HOCT"', 6yAeT 

CylljeCTeoeaTb CHap)llK~< >1, KaK KaJKeTcR, cnoco6Ho YCKOP.,Tb 'laCT"'4bl AO 
BbiCOKLIIX 3H9pn.1H. 

7.2. r1113n It KOnnanc 3BB3A 

CTa6.,nbHble JHa'leH"R MaCCbl aeeJA ~< nynbcapoe, cornacyiOlljHBCR c AaHHbiM~< 
Ha6n10AeH .. Iii, nony'laiOTCR B peaynbTaTe paCCMOTpBHI<R paBHOBBCHR cj>epMI<

raaa aneKTpOHoe. TeMneparypa ~<OHHOiii KOMnOHBHTbl He "'"'eeT np~< aTOM 

JHa'leH~<R. noaToMy BblropaH~<e RAepHoro ropiO'Iero BHYTP"' aeeJA He AOnlKHO 

CK83biBaTbCR Ha COXpaHeHHH YCTOiii'IHBOCTH paCCMOTpeHHbiX KOCM~'IeCK"'X 

o6beKToe. CylljeCTBYIOlll~<B aeeJAbl, cornacHo npoeeAeHHoMy paccMoTpeH.,IO, 

AOnlKHbl OCTaBaTbCR yCTO~'I .. BbiMH np"' n1060~ "' AalKe Hyneeo~ TeMnepaType. 

noaTOMY np04BCC Konnanca BHYTP" )'lKe CylljeCTBYIOlll"X 3Be3A, 

CT86Hn>13"'POBaHHbiX 3cj>cj>eKTOM rl/l3n, nO-B.,AHMOMy, OCylljeCTB.,TbCR He 
MOlKeT. 

7 .3. nepeXOA BelljeCTaa B COCTORH"e Ne-nnaJMbl Tpe6yeT CTOnb 

BbiCOKOrO AaBneHHR, 4TO Ha6niOAaTb RBneH"B rl/l3n B na6opaTOpHbiX 

YCilOBLIIRX He YA89TCR no-BH.QVIMOMy, HMeHHO 3TO 06CTosrrenbCTBO RBLIIIlOCb 

np~<'IHHOiii Taro, 4TO 3TO RBneHHe He 6bmo ~<Jy4eHo paHee. Ho npoReneH"'R 

3cj>cj>eKTa r1113n B acTpOcjl>13~4eCK"'X ycnoa .. RX He OCTaBnRBT COMHeH~R B ere 

cylljeCTeoeaHH~<. Oco6eHHOCT" BHYTpeHHero CTpoeH"R nnaHeT ~ 3B8JA, ~<X 

MarH8T.,3M >1 cneKTp Mace ABMOHCTp~<pyiOT Ty 3HB'II<TBnbHYIO ponb, KOTOpyiO 

3TOT 3cj>cj>eKT "'rpaeT B cj>OpMI1pOBaH">1 KOCMH'IeCKI<X Ten. 
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Bacruu.eo I>.B. 
Acrpo<l!HlH4ecKHe ~KTbl, CBJilliHHble c •neKrpH4ecKoii 
rroJlllpH33UIIeii BelllecTBa 

Pl7-99-129 

B rrpH6JJHXeHHH ToMaca - <llepMH orrpeJleneu 1apll.ll, rrpHXOAAIIIHikH ua 
B':leHKy Burnepa - 3eiiTu;a IUIOTHo:H 3JieK1pOHHo-auepuoii ruul3MLI. lloKaJaHo, 
liTO B rpaBHT3UHOHHOM llOJIC TaKIDI JlqeH.Ka B paBHOBecHH npHo6peTaeT MaJILiii 
3lleKrpH4ecKHH lapll,ll, !IO !IOPliJlKY BenH4HHhl paoHbiH J0-18e. IJonHaJI 3!IeKrpoHeii-
1pariLHOCTL Ten npH 3TOM BbillOJIH5UITCX nyreM BhiT3JIKHBaHIDI qacTH 3JieKTpOHOB 
H3 llOBepXHOCTb TeJI3. CYilleCTBOBaHHe TaKOii 3JICK1pH33UHif IDIOTHOii 311eK1'pOH
HO-JI.ll.CpHOit nnaJMLI Be.lleT K pll.lly acTPO¢n.t3H'-IecKHX 34xPe:Kros: B03HHKHOBeHHIO 
ManfHTHbiX nOJiei{ KOCMHqecKHX TeJI, o6pa30BaHHJO 3THMH TemlMH .ll,HCKpeTHOI'O 
ClleKrpa Mace H pal)leneHHIO 3eMnH Ha ll.llpO H MaHTHIO. 3-rHM ~4leKTOM, Bepo~T
HO, MO:XCHO o6uCHHTb 803HHKHOBeHHe CBepXXeCTKOI'O KOCMHqeCKOfO H3JI}'lleHIDI. 
H yCTOHqHBOCTb KOCMH'IeCKHX TeJI DO OTHOWeHHJO K KOJUiaiiCy. 

Pa6ora BblllOnHeHa s Jia6oparopuH ueiirpoHHoii ¢u3HKH HM. 11.M.<llpauKa 
Ol-UIH H HHCTHfYTe <i'H3HKO-TCXHH4eCKHX rrpo6neM. 

C006WeHHe Ofu.eJ.{HHeHHOro HHCTHTyra JlllepHblX HCCJle.DOBaJ-JHH. )ly6Ha, 1999 

nepeBOJl aBTOpa 

Vasiliev B.V. Pl7-99-129 
Astrophysical Effects Related to Electric Polarisation of Matter 

The gravity-induced electrization in electron-nuclear plasma is considered in 
Thomas - Fermi approximation. In a gravitational field each cell of this plasma 
gets a small electric charge. On the order of magnitude this charge equals to w-1'e. 
To conserve the total electroneutrality of a celestial body a small number of elec
trons is pushed out on the body surface. This effect explains the number of astro
physical effects: the occurrence of magnetic fields of celestial bodies, the exis
tence of a discrete spectrum of masses of planets, stars and pulsars and the separa
tion of the Earth on core and mantle. Probably this effect carr explain the 
occurrence of the high-energy cosmic radiation arrd the stability of the stars rela
tively to the black holes creation. 

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