
99-'4-G 

E.B.BacHJibeB 

rP ABHT AUHOHHO-HHJlYUHPOBAHHMI 

3JIEKTPifqECKMI TIOJ151PH3AU:IDI 

P17-99-76 

TIJI 0TH OH 3JIEKTPOHH 0-51.IlEPHOH TIJIA3Mhl, 

PAccq:HTAHHMI 

B TIPHEJIH)KEHHH TOMACA-<I>EPMH 



\ 

BarnmeB E.B. 
fpaBHTaUHOHHO-HHAYllHPOBaHHrul 3neKTpnqecKruI 
nnoTHOll 3neKTpOHHO-HAepHoii nna3Mbl, 
paccqnrnHHruI B npn6nmKeHnn ToMaca - <l>epMn 

P17-99-76 
nonHpmau~ 

B npn6muKeHnn ToMaca - <l>epMn onpeAeneH 3apHA, npnxoAHmniicH 
Ha gqeiiKy Bnrnepa - 3eiiTua nnoTHoii 3neKTpoHHO-HAepHoii nna3MbI. IloKa3aHO, 
qTo a rpaBHTaUHOHHOM none TaKruI gqeiiKa a paBHOBecnn npno6peTaeT Manblll 
3neKTpnqecKnii 3apHA, no nopHAKY aennqnHbI paBHbiii 10-17 e. Ilonnrui: 3neKTpo
HeiiTpanbHOCTb Ten npn 3TOM BbIIlOnHHeTCH nYTeM BblTMKHBaHHH qacTH 3neKTpO
HOB Ha noaepXHOCTb Tena. CymecTBOBaHne TaKOll 3neKTpH3aUHH nnoTHOll 3neK
TpOHHO-MepHoii. nna3Mbl BeAeT K PMY acTpO<pHJHqeCKHX 3<p<peKTOB. 

Pa6orn BbIIlOnHeHa B na6oparnpnn ueiiTpOHHOll q>H3HKH HM. 11.M.<l>paH
Ka Ollill1. 
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IlepeBOA aarnpa 

Vasiliev B.V. 
Thomas - Fermi Calculation 
of Gravity-Induced Electrical Polarization 
in Dense Electron-Nuclear Plasma 

P17-99-76 

In Thomas - Fermi approximation the electric charge for a Wigner - Seitz 
cell of dense electron-nuclear plasma is calculated. It is shown that in a gravita
tional field each cell of plasma gets a small electric charge. On the order of magni
tude this charge equals to 10-11e. To conserve the total electroneutrality 
of the body a part of electrons is pushed out on the body surface. The existence 
of such electrization ·of dense electron-nuclear plasma leads to a lot of astrophysi
cal effects. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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noA A6111CTBlll6M caepXBblCOKoro AaBI16Hlllfl ace ae1..4ecraa npeapa1..4a10TCfl B 

flA6PH0-3116KTpOHHYIO n11a3MY [1]. 3TO npOIIICXOAIIIT, KOrAa nOA B03A6111CTBlll6M BH6WHero 

AaBI16Hlllfl nilOTHOCTb ae1..4ecraa YB8111114111Ba8TCfl B H8CKOilbKO pa3 [2-4], T.e. KOrAa 

BH8WH88 AaBI18Hlll8 p AOCT111raeT B8111114111Hbl MOAYilfl BC8CTOpOHHero OKaTlllfl ae1..4ecraa B: 
P""B. (1) 

B TaKOIII n11a3M8 3118KTp0Hbl IIICnblTblBalOT Ill np111TroK8Hlll8 co CTOpOHbl IIIOHOB, Ill 

orraI1KIIIBaH111e co CTOpOHbl APYrlllX 3118KTpOHOB. B nepaoM np1116m1)K8HIIIIII 3TIII 

B3al/lMOA8111CTBlllfl B3al/lMHO KOMn8HCIIIPYIOT APYr Apyra Ill 3118KTpOHHYIO nOACIIICTeMy 
OKa3blBa8TCfl MO)KHO paccMaTplllBaTb KaK 111A8ailbHbllll 3118KTpOHHbllll ra3. 3TO 

CTaHOBIIITCfl T8M 6011ee cnpaB8AI1111B0, 48M Bb1W8 Aaa11eH111e, nilOTHOCTb Ill 3H8Prlllfl 

BblpO)KA8Hlllfl 3118KTpOHHOrO ra3a. 
B TO )K8 ap8Mfl nOI10)KIIIT6IlbHbl8 3apf!Abl, CKOH48HTplllpOBaHHbl8 B flApax, 

pacnp8A8118Hbl HepaBHOM8pHO B o6b8M8. OHIII MOryT o6pa30BaTb BHYTPIII n11a3Mbl 

nilOTHO ynaKOBaHHYIO npoCTpaHCTB8HHYIO peweTKy , :. np111 on111caHIIIIII ee fl46111KY nplllHflTO 

3aMeHf!Tb ccpep1114ecK0111 fl48111KOIII B111rHepa - 3e~T4a [3] . Anfl n11a3Mbl, 111Me101..4ei-'1 

nilOTHOCTb r Ill COCTOfll..48111 1113 f!A8P C aTOMHblM HOM8pOM A Ill 3apf!AOM z, paAIIIYC fl48111KIII 

B111rHepa - 3e111T4a r, onpeA8Ilfl8TCfl paaeHCTBOM 

3AeCb m, = Amp - Macca f!Apa, mp - Macca npoTOHa. 

n110THOCTb 3118KTPOHHOro ra3a 

(2) 

3Z 
n=-. (3) 

4m-: 
Yc11oa111e paBHOB8Clllfl B ae1..4eCTae on111Cb1Ba8TCfl nOCTOflHCTBOM ero XIIIMlll48CKOro 

nornH4111a11a [1]. B03A81/1CTBlll8 TflrOTeHlllfl Ha n11a3MY np111B8A6T K B03HIIIKHOB8HIIIIO BHYTPIII 

Hee H8KOTOp0111 3118KTPlll48CKOIII no11flp1113a4111111 [4]. np111 3TOM npflMblM B03A8111CTBlll8M 

Tflr0T8Hlllfl Ha 3118KTpOHbl MO)KHO npeHe6p84b Ill 3an111caTb paBH0B8Clll8 B 3118KTpOHHOM 

ra3e a B111Ae 

p' (r) 
µ, =Er =-F--eq,(r)=const . (4) 

2m 
3A8Cb q,(r) - nOTeH4111a11 3118KTplll48CKOro nOilfl BHYTPIII fl48111KIII B111rHepa - 3e111T4a. 

B flA8PHOIII nOACIIICT8M8 npflMOe B3al/lMOA8111CTBlll8 Me)KAy flApaMIII OTCYTCTByeT. noaTOMY 

paaHoaec111e B 3TOIII nOACIIICT8M8 (np111 T=O) MO)KHO 3an111caTb B BIIIA8 

µ, =eq,(r)+m,1/f=const. (5) 

3A8Cb "' - noTeH4111a11 A8IIICTBYIOL4ero Ha n11a3MY rpaa111rn41110HHOro nOilfl. 

3TO ypaBH8Hlll8 cpaKT11148CKIII flBilfl6TCfl YCI10B1118M Ailfl onp8A8116Hlllfl nOI10)K8Hlllfl f!Apa 
BHYTPIII fl48111KIII B111rHepa-3e111T4a. 

l,,1HTepecy101..4afl Hae 3118KTp111aa4111fl n11a3Mbl 6yA8T CBf!3aHa C 1113M8H8Hlll8M 
nilOTHOCTIII f!A8PHOIII Ill 3118KTpOHHOIII KOMnOH8HT. np111 3TOM noTeH4111a11 B03HIIIKa101..4ero 
3118KTplll48CKOro nOilfl onpeA8Ilfl8TCfl 3aKOHOM raycca 

V 2q,(r) = ~!!_(r' !!_q,(r)) = -4n(Ze8(r)-en(r)) . (6) 
r dr dr 

Otn.,i~1i:~i.~ii 1;1,;n.ryr I 
tm~~s;ux uccm~,.;:~:umo . 
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3AeCb cpyHK41t1R o(r)on111cb1BaeT pacnpeAeneH111e RAep. 

TaK KaK B np1116n11DKeH111111 ToMaca - ¢1epM111 nnoTHOCTb aneKTpOHHoro raaa 
81r 3 

n(r)=-Pr(r). 
3h3 

C ~eTOM (4) 1,1 (5) IIIMeeM 

p~(r)=µ. +µ -m.111 
2m I • iT 

3To noaaonReT npeo6paaoBaTb ypaBHeH111e (6) np1,1 r > o B 
A1t1cpcpepeH4111anbHOe ypaaHeH111e 

2 - r 2-q,(r) =-41r-;. [2m(µ,+A-m,rp)f'2. 1 d ( d ) ( s )
3

'

2 

r dr dr 3h 
3TO ypaBHeHllle ynpol.J.laeTCR BBeAeHllleM HOBblX nepeMeHHblX [5]: 

'7 2 u µ 1 +µ,-m,rp=1,e -

1,1 

3,qecb 

1,1 

r 

r=ax. 

a=(~)"3 
128Z "• 

h2 
a 0 =--

2 
=P8AIIIYC 6opa. 

me 
B HOBblX nepeMeHHblX ypaaHeH111e (9) aan111weTCR B BIIIAe [5] 

d2u u312 
c/x2 = X,112 ,"" 

np111 3TOM cpepM1t1eBCKl,11/1 IIIMnynbC aneKTpOHHOrO raaa 

Pr =[2m(z;
2)(~)J'

2 
=:. (1~:~·r\112(~)"

2 

1,1 aneKTpOHHaR nnOTHOCTb 

(7) 

(8) 

Hen111He111Hoe 

(9) 

(10) 

(11) 

(12) 

n =~ 3 = 32Z ~ (13) 2 ( )3/2 
TF Jh3 Pr 9 3 3 

11" ao X 

np111 r ➔ 0 aneKTp1114eCKIIIIII noTeH4111an C03AaeTCR TOnbKO RApaMl,1 q,(r) ➔ Ze . 8 HOBblX 
r 

nepeMeHHblX 3TO 03Ha4aeT u(O) ➔ I [5]. 
B OTCYTCTBllle rpaBIIIT841110HHOro nonR nonHbllll aapRA R4el/lKIII 8111rHepa - 3e111T4a paBeH 
Hymo. B03AeHCTBllle rpaB1t1Ta41110HHOro nonR np1t1BOAITT K TOMY, 4TO aneKTpOHHbllll raa B 
3TOIII R4e111Ke B 04eHb Mano111 CTeneHIII 1113MeHReT CBOIO nnOTHOCTb Ill ere aapRA 
CTaHOBITTCR paBHblM 

2 

.r) 
\, 

I 

) 

,, S ( z 2 )3'2 ,, ( )3/2 
Q,=4nefn(r)r 2dr= ~ 2m-e- 41lll 3 fx 1 ~ dx. 

0 3h a • x 
(14) 

Hcnonb3YR (11 ), nony4aeM 

'• d
1
u '• d ( du ) [ du ] 

Q, = Ze! dx1 xdx = Ze! dx dx x dx -u = Ze x, dxlx, -u(x,)+u(O) (15) 

111n1,1 

Q, =Ze[l-r,2m,Vrp] 
Ze 1 

• 
(16) 

GM 
3AeCb (-Vrp) = g = - -ycKopeHllle TRrOTeHIIIR, 

Rl 
G - rpaa111Ta41110HHaR KOHCTaHTa, 
M Ill R - Macca 1,1 P8AIIIYC KOCMlt14eCKOrO Tena. 
TaK KaK AaBneHllle BHYTPIII KOCMll14eCKOrO Tena p Ill MOAYnb BCeCTopOHHero OKarnR 

Bel.J.leCTBa B no nopRAKY Benlt141,1Hbl 
GM' · 3 e 1 

p=--
4
-; B=-nEF ,.,, , 

R 5 r, 
(17) 

TO C y4eTOM aapRAa RApa nonHbllll aapRA R4el/lKl,1 

2 V ( )"
1 

oq = r, m; If' ,.,G"1m, f (18) 

3neKTpOHHO-RAepHaR nna3Ma Cyl.J.leCTayeT np1,1 p ,., B' no3TOMy 

oq = G 111 m 1 • (19) 

TaKIIIM o6pa30M, B none niroTeHIIIR K8)t<AaR R4el/lKa nnoTHOIII aneKTpOHHO 
RAepHOIII nna3Mbl np111o6perneT aneKTP1t14eCKIIIIII aapRA, KOTOpbllll no nopRAKY aen1t141,1Hbl 
paBeH 10-17 Ze .. 3TO np1t1BOAIIIT K TOMy, 4TO B eA1t1H1t14e 06beMa aneKTpOHHO - RAepHOIII 
nna3Mbl B03Hlt1KaeT 3neKTp1t14eCKl,11/1 aapRA, nponop41110HanbHbllll ee nnOTHOCT1t1: 

p = G"1r . (20) 

HMeR B BIIIAY TO, 4TO 3neKTp1114ecKaR nonRp1,13a4111R B03HIIIKHeT BHYTPIII KOCMl,14eCKOro Tena 
TaM, rAe Bel.J.leCTBO nOABeprHyTO Ael/lCTBIIIIO CBepXBblCOKOrO AaBneHIIIR, HeTPYAHO np111111rn 
K BblBOAY, 4TO BHYTPIII Tena AOJDKHO 803HIIIKHYTb aneKTpll148CKl,1 aaproKeHHOe RAPO C 
06beMHOIII nnOTHOCTblO nonmK1t1TenbHOro 3apRAa, onpeAenReMOIII paBeHCTBOM (20). 
CooTB8TCTBYIOIJ.IIIIIII OTp1114aTenbHbllll noBepXHOCTHbllll aapRA Ha rpaH1114e RApa 6yAeT 
06ecne41,1aaTb aneKTplt14eCKYIO He111TpanbHOCTb Tena KaK 4enoro [6,7]. 

B CBR3111 C TeM, 4TO Ae111CTBYI01.J.1ee AaBneHllle AOJDKHO 6b1Tb CTOnb 6onbWIIIM, 4T0-
6bl yaenlt141,1Tb nnOTHOCTb Bel.J.leCTBa np111MepHO B BOC8Mb pa3 [2], Ha6n10AaTb 3TOT 
3cpcpeKT B aeMHblX ycnOBIIIRX He npeACTaBnReTCR B03MO)l(Hb1M. Ho OH RpKO npORBnReT 
ce6R B 4enoM PRAe aCTpOcp1t1311148CKIIIX cneACTBIIIIII. Ha ere OCHQBe MO)l(HQ 06bRCH1,1Tb 
reHepa411110 MarHIIITHblX none111 KOCM1114eCKIIIMl,1 TenaM111 [6,7], Cy1.J.1eCTBOBaH111e AIIICKpeTHoro 
cneKTpa Mace nnaHeT, aae3A 1,1 nynbcapoa [8], paaAeneH111e 3eMn111 Ha RAPO 1,1 MaHT11110 [9]. 
803MO)l(H0, 3Ta nonRp1,13a4111R MO)l(8T 06bRCH1,1Tb TaK)l(e MeXaHll13M B03HIIIKHOBeHIIIR 
CBepX)l(eCTKOro KOCM1,148CKOro 1,13ny4eH1t1R Ill PRA APY™X RBneHIIII/I. 
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