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Y.UK.539.I24. I6:539.2I 
HaY'Uloe coo6U1eHse E<PH-70(74) 

11.11.I'OJlhJ!lolAJI, il . C.OBHAHHH 

BKJiA,l.l ll:.JM1MO.ztElilCTBl1H JJlEKTPOHOB C PE1iB1'KOi1 

B Jili':Prll!O Cl1JlbHO CUTOro BEIUECTBA 

llpolle.11ea pacqeT aJieKTpoH-li1lt:!JHOro l3KJ1a.11a ll aaepr111> MB pe­

weToK, COCTOll!llllX 113 )lllyx TllUOB Hl(ep . PeayJil>TaT ,llallCOHa, llCl!OJil>-

30l38BWero 11p116JI11ll[eH11e To1.1aca-4>ep1.1,; , iIOJiy•iaeTCH 11a Haii.11ettttoro 

aa.u11 :s rrepllOM rrp116Jillll!eH1111 rro rrapaMeTj:y 2 - I/3 11 T04Hocn 

ero COCTSllJIHeT OKOJIO 50%. 3a.KJHO'lemie 00 JCTOA4MBOCTll pewe~·ox 

T1111a Na. C£ , c)leJiaHaoe 11cxo.1111 11a pac4e'rn 'l'011&Ko KyJioHoBoll 

'ISCTI! 3Hepr1rn OCTaeTCH l3 Cl!Jie ll rrpll y'leTe O!iu~ - V.ll :JJJeKTpOH 

11.11epaoro ll3av.1.10.11ellcTnv.s. 

EpenaacK11ll ~11311qecx11ll llHCTllTYT 

EpeBaH !974. 
Scientific Report mil1-70( ', 4) 

I . I.GOL~AN, P.S. OVNANIAN 

THE CONTRIBUTION OF ELECTRON-LATTICE 

INTERACTION TO THE ENERGY OF STRONGLY 

COMPRESSED MATTER 

Electron-nuclei contribution to tLe ground state energy is 

calculated for the lattice composed of two types of nuclei. One 

can obtain Dayson•s result (Tomas-Fermi approximation) as the 

first term of our formula , which is correct to all orders of 
l 

z-3 . The error of Tomes-Fermi approximation is about 50% He-Fe 

... mixture. 

The conclusion on the stability of NaCl-type lattice based 

on the consideration of Coulomb energy is valid also when the 

electron-nuclear interaction contrlbution is t aken into account. 

Yerevan Physics Institute 

Yerevan, 1974 
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I. BBEZ!EHl1E 

Cl'!JibHO elKa1·oe nell(eCTBO rrpl'! lIJJOTHOC1'HX p > I03r/eM3 OJrn-

3J:rnaeTef! IIOJil!OCTblO l'lOHl'l31'lpOBaHHl.lM. 3JICKT["'l'icl c ··"'"'Bf!TCH peJIH­

Tl'!Bl1eTCKJ/1141'l np111 p > I06r/eu3 • Via-sa ;11e-it.: • . '.J',, Mace "E:ep lI.O 

IIJIOTHOCTelt ra7 
r/cM

3 
nemeeTBO B oeHQBHOM coeTo?.:u:; ,1 C•JCTOllT H3 

H,11ep Fe , 06paay10ll\l'lX Ol.\K liIIDI rl.\K peweTKl'l. Ilp111 C,0;1ee · BhleoK111x 

IlJIOTHOeTHX, BIIJIOTb ,110 .P ,,.,., rnIIr/eM3 6onee BhlrO;l\iihlM eTaHOBHTefi 

o6paaoBattl'!e 6oJiee TH~eJiblX H,!\ep [IJ • 

KaK 6blJIO IIOKa3aHO B pa6oTax [2], [3], HeKOTOphl~ Bblli'lrpuw 

JJ.OCTHraeTeli ,l\JIH H,llep lf.BYX eopTOB Fe 111 He , KOTOpbiP. o6paayKJT 

yeTolt<rnBhle peweTKJll Tl'lrra Na. ce I'! ( s ( e . BBH,lJ.y !.!aJIOM pa3Hlil-

!.\hi Me:m:;izy <lHeprnmrn eMewaHHOlt H ONJOPO;l\HOH iflaabl, .JV[H OTBeTa 1!8. 

BOITpoc 06 YCT0'1'lHBOeT111, He06XO,ZU'IMO Bhl'UICJIJllTI> :rneprHJO B'J (\\LH' i "- ~­

eTBHfl sneKTpOHOB e li;11paMM [ 2 J • B HepeJIHTHBHCTeKOM cJiyqae :::·r , 

3Hepr.1u1 BO BTOpOM nopa,lllte TeOpHH B03MylJ1eHJillt 6W!a Bhl'll!CJieJ-; ~ I! 

pa6oTe [4] , r,!\e 6hlJIO TaK~e rroRaaaHo, qTo nepeceqeH:111e nonepx-

HOeT:ll ~epMH e rpaHJill.\aMH 30H Epl/IJIJIJ03Ha I/I OTKJIOHea11e ~epMlll 

nonepxaoeTJll OT ciflep11qHoeTH IIplllBOlI.f!T K MaJiblM norrpaBKBJ.I. Bee 3TO 

oeTaeTeH BepHhlM I/I B eJiyqae peJiliTJllBJllCTeKHX SJieKTPOHOB. IlapaweT­

pOM TeOpllll/I B03MJII!eHJlllt B 3TOM CJJJqae HBJif!eTeH B6JIJll'll!HaZ 2/3;13~ 

r;11e 2 - aapf!;ll H;llpa (,!IJIH iteJieaa STOT rrapaMeTp eoeTaBJili'lT"'0,06) • 

B HepeJif!TJllBHCTCKOK eJIYqae, KOr,!\8. rrapaweTpOM pa3JIOJteHJ/lfl 

aBeprn:Jll e:JllJibHO eimroro BemeeTBa flBJifl.eTef! BeJillqHHa 'Zs= 'Zo /a. 
0 

(r;zi;e z..- 3 
- ITJIOTHOeTb ql'leJia f!,!\ep, a.

0 
=-11.a/rne a - 6opoB­

eKHlt pa,l!Hye) B03MOEeH waao:a~ nepexo;11 H3 I'I4K B 01.\K [s] . B pe­

JlflTHBHeTeKOH 06JiaeTJll Bee rJiaBHhle qJieHhl onpe;11eJIHEIIUl6 3Hep!'Hm 
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11MeJOT 0,ll,L'!H 11 TOT lll:e rropll;'.\OK (I/ "ls ) 11 ljla30B!:ill nepeXO;'.\ OTCJTCTByeT. 

B 3TO~ pa6oT~ Mbl paccuaTpH:BaeM BemecTBO COCTOH1Uee 113 H;llep 

Fe ll He 11 Bhl'll'ICJIHeJJ 3HeprnJO B3aHMO;lletlcTn11a 3JieKTpoHOB c pemeT­

KOtl MR cTpyKTYP 1·11rra Na.Ce H Csce , co;llePJKalllliX paBHoe 'lHcJio 

H;llep Fe ii He • 

2. 9HEPn!H B3Al1Mu~~CTBVIH PEJifiTl1BLiCTCKl'IX 

9JJEKTPOHOB C PElilETKAMl1 

Bo BTOPOM rropa.zu<e Teop1111 B03uymettlli~ 3Heprl1JO B3al1MO;llel.i.cTBHH 

3JI8KTpOHOB c pemeTKOtl, B pactieTe Ha O;llHH 3JICKTPOH, MORHO rrpe;ll­

CTaBHT:O B Bl'IA8! (B aTOMHblX eMH11Uax rtt. = e:: n.,,. 1) 

- - i.. 2.'l"!J L. ('JI&) E.i11-pe~ l!~z 1~7 - v%"?JY~~4/3(1+x)% 6 =1 0 <J·f pF , (I) 

rAe P,:=(3i'rn2;'htJ-'/:;(f+x)'/J 

~ - aapffA a,npa o,ZJ;Horo copTa, v - o6:&eM :Bb16paHHolt aqet!KH, 

v - 1rnc;n:o llAe p o,ZJ;Horo Tl'!rra B tttieliKe, x - OTHomeHlrn 3apllAOB 

H;llep (X < I), 29ifi - :BeKTOp o6paTHOl.i. pemeTKK, a rlJyHKl.\l'IH f 
B OTJ111'!11e OT c;n:yqaH aepeJillTl'IBl1CfCKi!X SJieKTpOHOB [4] ' B pa3HblX 

o6JiaCTllX rrpe;llCTaBJIHeTCll pa3Hb1MH aHaJIHTKqecKKMH Bblpalll:eHHHMH! 

{ 

_1_ ( 1 - ~ y'") 
~4 9 

j W) ::: i , { u 7 ~ Y~- i e I Y-1 / 
6~4\ 2 + .J + 3 y ~ ':J 11. 'j 

> 1KT Op 1 'AJ!H CTpyKTlfp: ~rnna .Na. ( f 11 Cs Ce 

+· 

u < j_ 
.) - 2 

1 
~~2 

(2) 

HMeeT BH'A [3] 

~ 

~llc..ce 4(1+x'1)[1 +c~25T( e~m +n.J+cos2:1T(e~n.+ m) +cos25r( lt.~m. + e)] + 

+8 i[cose$T( f+m.+ ~ )+ cos2:ff(f+n+ f J + cos(m +ti.+ f j+·cos21T(e+~+rt)} 
(3) 

11 

gcsee =- f +.Xz+ 2x CO!; 2ff( e+;+n.) (4) 

0TM8Tl1M 1 'ITO naACOH [2] Blil'll'ICJ1HJ1 Ty Ee BeJ!l'l'll1HJ, T.e. 

3Hepmll B3al1MO;lleiicTBl1H 3JieKTp0HOB c pemeTKOl.i. THna N"QC e B 

np116J111lll:8Hl1K Touaca~epMH. 9TO COOTBeTCTByeT BBe;l(eHl1lO B Te OpHJO 

;llonoxHwren:oHoro :napaMeTpa 2 -r;3; KOTOpbll.i. 'AJIH llteJie 3a pa:BeH 

,...., 0,35 11 nep:Bi:tit·rropH;llOK pa3JIOlll:eHl1H no HeMy ;llaeT He;llOCTaToqHyio 

TOqHOCT:O. 

Pe3yJIDT&Tbl J(aiicoHa MOlKHO IlOJIJ'lHT:b 113 rlJOPMYJI (I)-(4), . ecJ111 

ITOJIOl!WTD f('3) ::::. " .: . .; ' T.e. B3HT:O nepB!:ill qJieH B (2) AJIH 

c;n:yqaa ~ ~ + H pacnpocTpaHHTl> CJMMHpOBaHl16 B 06JiaCT:OY ~+· 

Ham pe3ynI>TaT )!J\11. _Na.Ce HBJIHeTCH TO'lHbIM no napaMeTpy. 

~ -I/3 11 rrp111ie_piip: aa 50% npe:Bbl!UaeT pe3ynI>TaT :nancoHa~_ ; TaK, 
Harrp11Mep, ecJ111 ¥,H .. ~~T6Jl!i 01 B rlJOptlyJie (2.13) [2] ' B~·OWUIUlii 
B BblpallteH11e ;llJIH -3H.e.prHH pa:BeH: 

Q\·= 0,009088" • ( '{ + i. ) 2/3 (5) 

-:o y Hae 

Qt·.~· o,~i~39. c~ +y) 2/3 ·lf'C 2 ; y), (6) 

r;lle 'f ( :;?. ; y .).~ !i~~6fopaH cJ>yHK!.UiH BeJIHqHH 3apa;llOB H)lep. TaKaH 

'lTO lf ( 26; . 2) =· i~."Ji11cJieHHble pesyJI:oTaTbl <AJIH pemeTOK Na.Ce 

11 Cs ce c 38.pa,ilaMH a.nep 26 ( Fe ) 11 2 (He) 'Aa.JIH AIDi: ::>H:eprHH 

-~ 

·.,: 



BSaHKOAOICTBHH 3JJeKTpOHOB c pemoTKOI, B pacqeTe Ha O;l!l4H snex­

! poa, cne;u.y~l!Uie sHaqeHl'!H: 

E "'°"'e = c-2, 9484 + ro-4) _r_ 
:i1t1- pe..., - 0-'l".5 

(7) 

£c4 ce = (-I,92IO + ro-4) _r_ 
311-pett.1 - (.}" '/ !J 

(8) 

qT06H BHHCHHT», ffllJIHDTCH Jlll 3TH CTPYKTYPH ycTol qHHIBUI, cpaBHHM 

3TH 3HaqeHHH c aaeprHel ;ltllyx qHcTmc BemeCTB, a HM6HHO ,llByx OUK 

pemeTOK, COCTOHII!HX KaE,llaH HS aapH,llOB i? H y npH Tex ~e ,llaBne: 

HHHX. 

06osttaqHK, cne;u.yH naacoay, qepea R OTHOllleHHe aaeprH~ 

CTPYKTYP Nace H C.sce K sHepr1rn .llBYX ouK pemeToK. TorAa 

,llJJll cnyqaff Fe H He aa.xo.zuu.1 

RNa.ce = I,003064 (9) 

Rc,.ce = 0,994!08 (IO) 

TaxH~ o6paaoM, MH BH.llHM, qTo CTPYKTypa Nace npH nnoTHOCTflX 

-&· ~ ::.- f.c.,.> .irfrr(c'iia ·~~~lleTCH HaI160JJee ycTolqHBOI, a CTPYKTypa Csce 
..... ~ ' .. - ~ . . .. 
ae§cTO~~Ba uo OTHOmeHHD K pas,lleJJeHHD Ha qHCTlie B8U(8CTBa. 

• ,.f - ... . 

of;.; -~ - ~-· .• 
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