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~1,. ~ .  KYP~FEYlAH~3E 

(Flpe~cTaBneHo : P. Gomb• - -  FIOCTyn~ao: 23 ~eKa‰ 1957 r.) 

O6~eu~oe B3aH~0aefiCTBHe coce~mnx MeTann~qecKnx aTOMOB onncaao qbeao~eHono- 
rHqecKa ypaBnem~eM T. O. ~.  B Ba~e : A~ = a(~�89 + ~o) ~ + ;tz. 3~tecb a, 7o ~ 2~ asnatoTca 
c~o£ napa.~empa.~u, nomop~e .uo~ym 6blrnb I]O,~0‰ K c~e~y~o~H~ CB0¡ Me- 
Tanna : KOHCTaHTa petueTKH, pa6oTa BblXORa HJIH MHHHMaJ'IbHblkl I10TeHI~HaJl OepMn r~ cpe~lHan 
HJltl FpaHHqHafl IIJIOTHOCTb 3.rleKTp0HOB Hp0B0~IHMOCTH. BBIIIIeHaIIHCaHH0e ypaBHeHHe o‰ 
,/laeT HepH0~IHqecKHMH pemeHHflMH, CB0~CTBa KOT0pbIx B CTaTbe 0‰ Cs HaT- 
pHH, KaK IIOKa3aTe.qbHBI~ HpH~ep, Tpa~<TyeTcfl B II0~p0‰ 

CornacHo 3YleKTpOHHOfi Te0pnH MeTaJI/IOB ypaBHeHne ( T ~ ~ )  c COOTBeT- 
CTBytOI/~HMI4 FpaHHqHbIMn yCYlOBH~IMH - -  npHMeHHMO r~ K MeTaJ~~y [1]. ECaH 

cnyqae n30anp0BaHH0rO n0Ha rpaHnqHble ycaoBnn nMe~T Bn~: 

l im r S (r) = Z,  q (ro) = ~o (1) 
r~0 

r~te o f ( r ) -  petueHne ypaBHe}II~~ (TdP~), 
Z - -  3ap~2~ tlOHa, 

q ~ o -  IIOTeHRHaJI ri0HH3aRI4H, 

TO B cnyqae MeTa~na ycJ10Bri~ (I) cneAyeT ;10n0nHriTb e~e Tpe£ nepn0- 
~HqH0CT14 petueHH~ C 3aRaHHblM nepHoaoM .(2. 

H0~o6Ha~, HO aByxMepHa~ 3aaaua, t<oraa HenHHe~noe ypaBHeHHe (Tr 
Bblp0n<aaeTc~ B nnHe~Hoe ypaBaem~e, 6bina c ycnexoM petueHa ./TenapOo~-- 
~:nconco~ [2]. O~HaKO, ecnn B c~yqae nnHe~Hbix ypaBneHrl~Ÿ rpaHnqHbie yC~O- 
Br~~ y~IaeTc~ y)IOBJIeTBOpHTb npH n0M0tRH HaJIo>t<eHH~ pa3Jll4qHblX pemeHH~ 

ypaBHeng~, "ro B c~yqae HeJIHHeflHblX ypaBt~eHl4~, 13Btl)Iy OTCyTCTBHfl rlpt1HUHHa- 

cyneprio3HRm L pettleHl~e FpaHl4qHO~ 3aRaqI4 CTaHOBIITC~t BeCbMa 3aTpy)Ÿ 

TeJIbHblM. 

YKa3aHHoe 0‰ 3aCTaB.rl2ieT 0TKa3aTbC~I 0T 0RHOFO U3 rpaH~q- 

HblX yCYIOBH~ B cJ~yqae npHMeHeH~~ ypaBHeHn~ (Tqb~) ~ MeTaJlYly. Ta~< Hanpr~- 
~ep :  O£ MeTa~:I paccMaTpHBaeTcY~ KaK COBOKynHOCTb ~30~HpOBaHHbIX 

I40HOB, a rlepI40]IHqHOCTb BB0~HTCH I4cKyCCTBeHHbIM nyTeM, KaK npocToe ~e xa -  

HHqecKoe nOBTopeHae ~apTnH~~ [1], 13], [41. Ho ~0>~HO cneaaTb ynapemle n Ha 
BTOpy~o ~pa~HOCTi, : pem~Tb rpaHaqHyro 3a;Iaqy c Tpe60BaHHe~ nepno~~qHOCTa 
n OTKa3aTbCY[ OT pemeHgy~ ypaBHeHI4~ B Haqane K00pRHHaT. 



186 ~. O. KYP~2FEs 

q qTO I~epBh~~ H0,aXOR MO)-I-(eT RaTb OTBeT TOJIbKO Ha Te CBO~CTBa Me- 

Ta.rt.aa, KOTOpMe onpe.Rer 80CH08HOM r162 HOHa I4 He np~MeauM 
~,:~~ pemeI-iHa 3a,aaq CBfl3aHHblX C 3JIeKTpOHaMH npO|3ORrIM0CT~, a BT0pO~ rIO.3,XOR 

- -  Hao£ 
B noc.ne,~HeM c.~yqae, KOTOph~¡ Hac nHTepecyeT, ypasHeHIae (T~,/].)c.~e,ayeT 

ORHaKO O‰211 ~e~o  B TOM, qTO Hpn BblBORe ypaBHeHn~ (T~)X) He yqHTbIBaeTc~l 
CYI0)-KH0e O‰ B3aHMoRe~CTBHe coce,aHrlX aTOMOB MeTa~Jm. :3TO B3aHMO- 

,Re~CTBHe cyla‰ BYlHfleT Ha CBfl3aHHble 3YteI<p0Hbl H BH0CHT cyIRecTBeHHbI~ BK~a~ 

t 
1 
t 
\ 

~: ~ . .up-ue I r r  

\ 
\ 

t .ff~2 I 
t I 

, "  " X  Ÿ 

tt �9 �9 I 

; / ", I 
tt �9 % l 
tt �9 % I 

5'~ 5'~ 7'K 8 K 

.a~u~~ yp-ue /rr Na, le 

�9 .~ , / 

I ,, i 
I s,  l 

I 

I "% i i  

kl( 2K 3AŸ 4K ,~-~~5 ./-~,~5 s~  "-.Zo.~./n~ 

. . . ~ ~ . . .  I -~z 
I 

-a"/l 

lŸ 

, l 
| 

$ I 

�9 / 

z~ ah 7~ 4 K 8K ~21~ 

I 

\ ," l~Sra -/yo Ÿ 
\ ~'/'~~~o-n ,, 

,~ / 

",S ~"~" 

,~ 2~ 3~" 

Puc. 1 

fi-qz ~o ~2Na 
~" �91237 

l 

', I 
I 

�9 V , 

~,o.'�91 

noseneHue 3r rlpOBORHMOCTrI 1 1 ] .  Flp~Mo~ yqeT yKa3aHHoro B3aH- 
M0ae~CTBH~/ 8 ypaBneHH~ (TO32)0‰ nyTeM rtpe~icTaBJa~leTc~t )IOB0~bH0 

Tpy~HbIM H, c.~e)IOBaTe~bHO, HMeeT CMb[Ch HCKaTb r 0£243 

~eHHe ypaBHeH~~. 

I-IpH 3TOM M0>KH0 HCXORHTb ~3 TORO, qT0 yqeT o6MeHH0r0 B3aHM0)Ie~CTBH~ 

,�91162 B ypaBHeHHH (TOril), HpH130~tUT T0nbKO K no~BaeHmo rI0CT0~IHH0rO cYla- 
raeMoro %, npH ~o ~ s npa13o~ CTOp0He ypasHeHH~, a yqeT K0ppe~mtHOHH0~ 
nonpaBKH Fo,~‰ 13 KoHeqHoM cqeTe cBoRrITCJa TOnbK0 K 3aMeHe qHc;IeHHOrO 
3HaqeHn~ s napaMeTpa ypa13Herm~ (Tqb~) - -  % [3]. 

To raa  0£243 ypaBHeH~e ( T ~ ~ ) u e p e 3  BapbHpyeMbIe n0CT0nHHbIe 
K03~~HRHeHTbl B BH~e: 

A q~ = ~ ((f:/2 + ~:o) ~ + 2~ (1) 
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Hpe~IcTaBJ~YteTC~ HaM ~OBOYlbHO 06I/~HM. 

- -  B ypaBneHHn (l). 

a = 2 ,  a*, u  

21, 2z, 2 a = const  

21, 22, 2 a HOBbIe napaMeTpbi, OCTaJ~bHble 0603HaqeH~fl Te >Ke CaMbie, qT0 H B 

cnyqae 06UqH0r0 ypaeHeHnz (Tqb~2) [3]: 

a' = 4 zt ao, a o = 0,0955 (1/e%)a/~ ~ 0,1 (1/eao)a/~ 

~o = 0,254 (e/%)a/2 ~ 1/4 ( e /ao)* /a ,  o o ~ -  t # / m e  ~ 

q~ = V -  Vo + ~o, V =  V~ + Ve 

V 0 ~ IIOCTO~IHHfl~I~ 

Vk~FlOTeHIl, Ha.rl BHeILIHeFO FIOYI~, 

V e - -  IIOTeHI~I..I3.JI 3YleKTpOHHOFO Fa3a, 

V ~ IIO.rlHbIfi noTeH~~aJ~ B RaHHOfi TOqKe, 

(2 

= ;t, a o (~o*/2 -F- ~o) a + ;t a/4 zt (3) 

HJIOTHOCTb 3.rleKTpOHHOFO ra3a, - -  )le~CTBtlTeJIbHO : npn ~a = 2~ = 0 2, = 1 
uMeeM ypaBHeHUe (Tqb~), npu 2 a = 0, ;q = 0,88 2, = 1 ypaB•eHue (Tr H npH 
2 a = 0, ;t~ = 1, 2, = 1, ypaBHen~e (Tr c yueTOM nonpaBKn F o x ~ a m a .  

BBeAeHI4e Tpex CB060~HbIX napaMeTpoB ~IaeT BO3MO)4(H0Cb COFJIacOBaTh 

C 3KCllepHMeHTOM TpH 0CHOBHble napaMeTpbl MeTaJ~Jm, JI~II~Hy KpHcTaJIJIHqecK0~ 

petueTKH, pa6oTy Bb~xoRa ~nH MHHI4Ma5IbHbI~ nOTeHIJ,14ayl qbepM~, ~ cpe~Hmm 
~nn rpaH~qHym IIYlOTHOCb 3neKTpO~OB IIpOBOAHMOCTH. I-I0cKO~bKy ypaBHeH~e 
(1), Ka~ noKa3biBaeTc~ Hn~<e, nMeeT 3aMKHyTUle nep~o~mqecKge petueunn, yKa- 
3aHHyiO BbIme npoFpaMaay MOM(HO ocy~eCTBHTb MaTeMaT~qecKH CTpOF0. 

ByaeM CqllTaTb MeTaJIJl 6eCKOHeqHblM riO BCeM TpeM Hal-lpaBJIeHHflM H 

6yaeM nC~aTb nepHo~HqecKr~e pemeHH~ ypaBnenr~a (1), yaoBneTBopmomHe 
yc.ao~mo 

q > O ,  e > O  (4) 

Be3]Ie. 

TaK KaK npeRno~araeTc n Hpe~CTaBHTb nepl40/IHqH0CTh KpHcTaJIJII4qecK0fl 
peLUeTKH qepe3 nepnoJIbI pemeHH~ ypaBHeHn~ (1), TO c~eayeT orpaHnqnTbCn 
npOCTO~ F~y6nqecK0fi pemeTF~O¡ 

}(poMa TOFO, llllJ, eTCfl petueHHe dp0pMaJ]bHO cnpaBe~I~nBoe ~~n BCeFO rlpo- 
r HO 110 cyTn ae~a OHO crlpaBe/UJrlBo TOJIbKO B 06J]acTrl 9~eKTp0HOB 
IIpOBORI4MOCTH. l-IoTeHlIlla.q BHyTpH HOHHOFO OCTOBa cJ~e~yeT Haxo~IIITb 06blqHblM 

nyxeM, KaK c~epnqecKn CnMMeTpnqHoe petueHne 06bmHOrO ypaBHeHn~ (Tqb~) 
C COOTBeTCTByr0mHMrl rpaHHqHblraa yczoBnnMn [3]. 
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B CB~I3H C 3THM - -  IJOCKO~IbKy He rt3BeCTHa TOqHa~I rpaHnt~a Me~Ry ~ByM~ 

0‰ - -  BO3HHKaeT 3aTpy}lHeHtle B HopMHpOBKe pemeHH~ ypaBHeHHJq. 

HeBblI~0JIHriMa H 3a~aqa  CltIHBaHH~q ~ByX yKa3aHHbIX pemeHnfi  Ha rpaHHl~e. 

0~HaK0,  TaK KaK 3a~aqa  H0pMHp0BKH B KoHeqHOM cqeTe CB0,/IHTC~I K o n p e ~ e -  
n e t m m  0AH0r0 ~3 CB060~ttblX napaMeTpoB, TO ee M0~H0 peumTb K0CBeHHb~M 

nyTeM. 
PemeHHe ypaBneHn~  (1) yXo£ ncKaTb B Bn~e : 

- ~~ (~ + .~ (o))~ (5) 

F~e a, fl - -~e~CTBHTe~bHbIe  H0CT0flHHble qHcYla. 

e,, i (a) = cn  a + i sn  a (6) 

c na  H Srla - -  3JiJltirlTttqecKHe qbyHKKHH. 
BBH~y TORO, nT0 e , (a )  B HeKoT0p0M CMblCne ~BJImTCn o6o6meHneM rIJI0- 

CKOH BOJIHbl Ha c n y q a ~  3J-IYlHHTHqeCKHX dpyHKI~rl~ H o6~a~aeT B0 MHOFOM CX0~- 

HbIMH C HHMH CBOHCTBaMH, TO HeKOT0pbIe H3 3THX CBOHCTB MbI 3~eCb yKax~eM : 

en (a) en (a) = 1 

c n a =  en (a) -4- en* (a) )  , s n a =  e n(a)-e*n(a)  

e n (u + v) = e~) (u, v) e~) (v, u); e~) (u ,  v) - -  cn  u -4- i sn  u dn  v 
1/F-~-k 12 sn  2 u sn2 v 

d en (co x) __ (i co) e n (o9 x) dn  (co x) 
d u  

d 2 X) en - -  (i 09)2 {(1 - -  k~/2) en (to x) + k~q e~ (w x)} 
dx 2 

( d en (~o x)j 2 = (i ~o)2 {k~14 + (1 - k~14) e2n (o~ x) + k~14 e~n (o~ x)} 
dx 

rae  k 1 - -  r~aBHbl¡ MO~y~b 3~yirlnTrtqeci<Hx d~ym<ttrt¡ 
FIpH npeaenbHoM n e p e x o a e  I~MeeM: 

co~>o,  l > k ~ ~ O  e . ( a ) ~ e  'o 

1 + s in a 
~ ~ > o  l > k ~ > o  e.(~)_,  

ch  a 

(7) 

(8) 

l-lo~cTal3~I~l~I Bblpa~eHrle (5) B (3), ~YI~I HJIOTH0CTH 3aeKTpOHHOrO ra3a  HaXO~ItIM : 
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rae 
4 zc~ = a a 3 (~ -}- en 2 (~r))3 %- 23 (9)  

(10) 

lqocne rI0~CTaHOBKrl 13 (1) Bblpa)KeHrlrl (5) H (9), n0~yq14M ypa13HeHHe OTHOCH- 
TeJqbHO en(a) B Bl4,~e : 

" " ' 2 '3 a (s  ~3 72 e3ne"q-fle'~e'~+3e'~ e2n+f le"  + 4  -}-3 e 2 + 3 ? e n 4 q - e ~ ) = 0  (11) 

FRe 

d 
e n ~ e  n ( a ) ,  e n ~ d ~  en(a) '  (12) 

a = --  ~t ala~2 

HOBbiH napaMeTp s C13~3aH C 2 a C00TH0tUeH14eM : 

23 = (s - -  1) ~ (a  ~,)3 - -  
s - - 1  

$ 

s - -  1 

[s  h (a  ~)3]  _ s - -  1 [4  z~ ~min] : 

s (13) 

[4 .  e~l ~1 ~~ 

Hcrl0Ylb3y~l Terlepb CBOHCTBO 

ti, k~, w 2 rloJIyqrlM 
~aeT l 

e~(cr) no (7) ~~~ napaMeTpoB petuen149 a, 
CHCTeMy a~re£ ypa13Hen14¡ pemeH14e KOT0pblx 

a - -  eo _ ~o , / ~ = 5 s 9 , 3  
7 - - [ 3  ~ ( 1 - - 5 s ~ 3 )  

k l = a / 5 ,  co 3 =  - - a ' d / a  

a = [0,1 + 3/16 (1--s  73) VI-1 

~,2 = ~ l s ,  q = xts 

s = x  + O , l x  3 -  1--x2 
2 

(14) 

(15) 

,~.ll~l TOF0 qTO‰ BbI~ICHI/ITb xapaKTep pemeHH~ paccMoTp14M cnyqa~ O‰ 

H0rO ypaBnenn~ ( T ~ ~ ) .  TorRa, KaK y ~ e  £ cKa3aHo 13bitue, ~MeeM: 21 = 
= 2  3 =  1, 2 a = 0  (s = 1) 14 HaXO~rlM: 

y =  ~-0,731,  q  :]:1,950, a =  T 0 , 8 2 r  o 

= (6,0851 =/1 ,221  ~o2 Ÿ 0,04 / 1 
a [28,00], k 2 (5,6 ] '  --t --0,009] c~ 

(16) 
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BBH;ly ;q pemeH~~ a~Fe6paHqecKofi CHCTeMbI ypaBHeHn~~ 
)I~a napaMeTpoB, )I~~ pemeHH~ (1) no~lyq~M ;lsa He3aBHcn~ble nepHo;lvlqecKne 
pelneHnm O;q H3 HHX KOMH.YleKCH0e H ‰ 0c0‰ a BT0poe ;le~CTBHTeYlb- 

H0e H C Oc0‰ 

FIepBoe pemeHHe KOMrUIeKCH0e VI 6e3 0c0‰ ,~aeTCYl qepe3 : 

q~~ (a) ----- 0,67 ~~ {1,95 + e~n (a)} ~ 

0~ (a) = 0,55 (% %~) {0,73 + e~n (a)} a (17) 

c nepHo;lom 

r;le Tenepb 
----- 4 K (/~~) ---- 9,20 

e~ (a) = d n a + i ( ~ ~ s n a  

a = t o r + c ,  a i~=0 ,051/%~,  kx ~ = 0 , 8 2  

08) 

K(kl) ~ IlOYlHbIfi 3.qYII4IITvIqecI<rlfi nHTeFpaYl 1-ro po;la. 
BTopoe flepno;lnqeo<oe pemeHHe, ;leHCTBHTeJIbHOe H 

;laeTc~ qepe3 : 
9~ (a) ---- 0,67 ~~ ( - -  1,95 + e2n (a)) ~ 

0~ (a) = 0,55 (% %a) ( _  0,73 + e2n (~))a 
c nepHo;loM 

r;le Tenepb 
.(2 = 4 K (k 0 = 9,20 

C Oco‰ 

(19) 

1 -4- c na  
en (ff) = - -  

+ ~~ (20) a = a ~ r ,  =0,051/a~o,  k ~ = 0 , 8 2  

Bb~pa>~eHne e,,(a) np.Be;q Bb~rue no~yYenO na ncxo;lnoro e.(O qepea 
r npeo6paaoBaHn~ a~ZHnTHqecKnx ~yHKun~. Oa3a pemenn~ no~o6- 
paHa TaK, riTO Oco‰ HaxoxHTC~I B Haqa:~e KoopxHHaT. 

HHY,(e paCCMOTpHM B OCHOBHOM TOflbKO BTopoe pemeHHe. 
~ ~ ~  rpaqbnqecKoro upe;lcTaBneHn~ qbyHKIil4H 0 9 )  nX :tyqme nepen~caTb 

B BH;le : 

9/9o----~~,  ~ - - - - - - 1 , 9 5 + e Z n ( a ) ,  q~o=0,67%2 

Q/0o = ~3 ,  q) = ~ + 1,22 ~o ---- 0,55 (% ~~) (21) 

I-(aK BI42IHM, o£  pemeHH~ HMeIOT O,~HH PI Te )Ke r k 1 II, cJIexOBaTeJIbHO, 

O~IHn n Te ~ e  nepno~bl .O H ~I~HHa KpncTaaarlqecKo~ pemeTKH, KOTOpag B ;laHHOM 
cayqae onpe)ienmTCS no qbopMyze: 

t2 
L x = L y  =- L z V~~ ~ , ~  24 a o (22) 
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~Jl~ II0CJIe~0BaTeJ'IbHOF0 petueHn~ Bonpoca o pa£ B~~xona cne~oBano 
6~I petunTb ypaBHeHUe IllpeOuneepa c na~neHHbm Bbittte noTemtuaaoM. OnHa~O 
BBI4~Iy Tpy~IHOCTH nonyqennn TaKoro pemeHnn MO)KH0 0FpaHnqHTbC~t npH£ 
~ennbIM npe~ICTaB~IeHI~eM pa60TbI Bb~XOaa no ~opMy~e [5] W ~ %peO n~n, qTO 
yao£ ~ aanHOM c~yqae, n KpoMe Toro £ re xe¡ [1] B Br~ae :* 

W ~ qmi~ (23) 

TOF~Ia yqrlTbIBafl e~ (O')/mitt = 0 Haxo~rlM : 

W~~__ ~0mi= = 0,67 ~~ (1,95) ~ r 1,13 eV (24) 

H3 rpar No 1, rae npeacTaB~ertbi qbyHI<Urnl (21), BnarIM, qT0 ycJmBne 
> 0 He BblnoJmneTcn se3ae. ATOMb~ ~a~ 6b~ ~S~~mTCn n30~npoBanHb~~rl apyr 

OT apyra .  YKa3aHHoe O‰162 FI noxcKa3biBaeT Hr211162 ]~OIIOYl- 

HeHH~I rIJIOTHOCTH IIOr qJIr o£ Tpe6oBaHne : ~ > 0 
Be3~e. 

PaccMoTp~~ Tenep~ cJ~yqa~ 2z ~ :  0 (s :~  1), Tor~a, orpaHnqn~a~cb 3Ha- 
qeH~n~ri ;t~ > 0, 2~ > 0, ycnoBne em~, > 0 ~aeT : 

{ $1/3 }3 
~~~m~~=~s(a~,)~=a~g 1--~-  ,~ > 0  (25) 

3HaqeHrle s < 00Trla/taeT (T. I<. 7 ~ >  0) 14, yqrlTblBa~l (15), HaxoRrlM : 

O < s ~ 0 ,  60 (26) 

3Haqenti~ napaMeTpoB pememln ypaBHeHn~ (1) COOTBeTCTBylOmrIX H3Me- 
HeHI4lO S B nHTepBayle (26) nprIBe~eHbl 13 Ta5~ntte No 1. 

KaK BU~HO na Ta£ pemennfl HMerOT TOT }Ke BId2I, qTO PI B cg~yqae ;t a = 0' 
2 z = 2~ = 1 HO ~~~ )Ipyrnx 3naqenn~ napaMeTpoB k~, co, a, fl 

0co6o cJ~e~Iye'r yKa3aTb Ha TO 06CTOflTeJIbCTBO, qTO CBO60,~Hble IlapaMeTpbI 

�93 ~'2 BX0)I$IT T0.rlbKO B MacmTa£ 2tJI~ Lx, cfl, Q i4, CJle)IOBaTeJIbH0, npOCTUM n3Me- 

HeHrleM MacmTa£ Mo~eM C0FJIacoBaTb HX 3HaqeHH~a C 3KcneprIMeHTOM. 
~e~CTBIJTeJIbH0, 3aBrlCHM0CTb Lx, cfl, 9 0 T  Ÿ 2~ HMeeT Bn~I : 

1 
L ~ = L * v 2 ~ 2 ,  ~o q*2~,  q = e * s - 2 ~ 2 z . Ÿ  (27) 

r~Ie Tenepb Lx, ~*, ~* y ~ e  He co~ep~aT 2~, ;t2, s. Ec~~ 3a~IaHbl 3KcnepnMeHTa~b- 
DCKH OKCH ~KCH Hble 3HaqeHll~l Lx , q~ Qmin TO '~1~ �93 S MO)4(eM onpeae~I4Tb H3 ypaBHeHnn - 

* YKa3aHHoe npn£ 0TH0CnTC~ K npH‰241 3a~aHn~O 3KcnepHMeHTaJ]h- 
HOFO 3HaqeHrl~ ~min, a He MaTeMaTnqecKy~o CT0pOHy Bonpoca. 
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1 * ~ ~xc. (27) 
- -  ~ ( P  rr l  i t i  

Omin "$ " 2122 " 222 : Omin~~C= (28) 

j],e~CTBIITe.rlbHO, I4CK.rltoqa~t Ÿ 22 143 IlepBbIX ~IByX ypaBHeH14fi (28) HaxoRI4M 

~Pmin }a~cn LI q)min ] JTa6nmL 
(29) 

Ypal3HeHHe (29) onpe~ien~eT 3Haqen14e s (cM. Ta6Jmtty .No 1) i~, cJle~.0- 
BaTeab~O, L~,, ~~~., q~~.. ~ a a e e ,  Hcnoab3yn no~yqeHHble 3uaqerm~ L~, 5o.~i. 
H3 nepBb~x aByX ypaB~eHn¡ (28), ~axoaHM ;t~, 2~ 

B ~aqecTse n p n ~ e p a  pacc~• naTpH~ N a  ~ ~a~n¡  K.  
Kar( I43BeCTH0 N a  14 K 14MetOT rpanetieHTpnpoBaHub~e Ky6nqec~14e petueT~n, 14 
OHH 6 J m ~ e  Bcex ~ npocT0¡ Ky614qecK0¡ pemeT~e (TaX ~ e  Kax ~ apyr14e nleJ~oq- 
Hble MeTa~I.rlbl). 

I/I~eeM B cnyqae** Na  

9 K C l l  ~ 9 K c n  ~KCrT ---- 8,36 a o , ~min ~ W = 1,80 eV , Qmin ~~ ~0 cpea = 2,4 �9 10 ~~*) (30) L~X c. 

Tor~a  

( L~ t~mi,] = 0 , 9 4 .  102` (31) 
~0min ]~Kcnep 

H3 Ta6J114II, bI .No 1 Haxo,aI4M : 

�88  ypaBneH14~ 

nonyqaeM : 

x -= 0 ,55 ,  Lx* ---= 7,184 %,  ~O*min = 2,53 eV 
, s ---- 0,41 t~~ ---- s ~m!. = 4,56 �9 102~ 

1 
8,36 = 7,184 1/2"-~~2--' 1,80 = 2 , 5 3 . 2 ~  

2 ~ = 0 , 9 5 ,  2 2 = 0 , 8 5  

(32 

(33) 

(34) 

2 a H 9" onpeaenntOTCn na ynpaBne•na  (13) 

2 a = ~ ' [ ( s -  1) r ~ 2 ~ ( a ' 7 )  al - - s  - -  1 
s 

21 2~ a 4 ~ .  ~~ = - -  3,96 (a'  %)a (35) 

* 3aaaHHe aKcn 0min 3~BHBa~eHTH0 H0pMHp0BKe HCKOM0fi dpyHKtlnrl. B /IaHHOM cJ~yqae 

Qmina~<crt ~ Q at<Cncpea paBH0CIIJIbH0 IIpH‰162 HOpMHp0BKe pemeHH~. 
** tlHcJ1eHHble ,~aHHble B3IITbl H3 [ | ] ;  0HII pacx0/I~TC~ C 60J1ee FI03/IHHMH ~aHHblMH. 

FI03ToMy IIpHMepbl H0C~IT T0.rlbKO IIJInlOCTpaTHBHbTn xapaKTep. 



T a l . . N o  1. 

,,~Ÿ ~~ = _ 

54,583 

4,399 
1,928 

0,980 

0,677 

O,511 
0,414 

O,335 

0,309 
0,266 

0,241 
0,222 

0,187 

0,165 

0,147 
0,134 

0,123 

a~ ~ a~ 

3,909 
O,31O 

0,136 

0,070 

O,O49 
0,037 

0,031 

0,025 

0,022 
0,021 

0,018 
0,0164 

0,0150 

0,0134 
O,0123 

0,0115 

0,0108 

~~,~~. = (a" t~) * 
x 1,7 eV [ Wmin } T a l  

0,4761 

1,167 
2,545 ~ 

3,590 
4,273 

4,933 

5,442 

6,065] 

6,38 
6,85 

7,18 

7,47 

8,13 
8,80 
9,25 

9,70 

10 

53650,46 

3218,97 
576,2O3 

134,045 
55,8O76 

27,404 

15,402 

9,027 
5,450 

3,751 

2,530 
1,802 

0,770 

0,311 
0,106 

0,00187 

0 

X(10 ~~ era- -z)  

52372,187 
4346,608 

544,389 

167,414 

66,506 
32,725 

17,585 

10,965 

6,8183 
4,565 
3,243 

1,518 
0,755 

0,354 

0,130 

0 

2,16 

(a' 7)~ 

1782178188,9 

88180,541 
4,96 

5,23 
5,44 

5,92 
6,24 

7,04 
7,60 

8,53 

9,36 
10,08 

13,04 
18,80 

28,48 
66,4 

7436,583 

958,6 

304,3 
125,20 

64,05 
35,14 
23,25 

15,44 

10,94 

8,37 
4,65 
2,93 

1,956 

1,37 

1 

1 

1,98 

0,95 
0,90 

0,85 
0,80 

0,75 

0,70 
0,65 

0,60 
0,55 

0,50 
0,40 

0,30 
0,20 
0,10 

0,01 

0 

a = ~ O a ' ,  ro 2=1/4(e /ao)~-1 ,7eV,  q~=Q,n in(21=~2=l )  

�9 0pMyab~ r~peo6pa30BaH~. 

1) co 2 = o j ] > 0 ,  k 2 = k ~ > l  en (coz, k2)~- -cn(w2 ,  k2) A-isn(coz, k2)=dn(W2, k-2)-4- ik~sn (~%, k~) ~2=k2~~ ~ = l / k . ,  

2)r k ~ = k ~ > l  

en (a) I , k l)  = cn (a)2, kl) + i sn (a)2, k,) = cn (i a)Ÿ kl) -~ i sn (i o~Ÿ k~) = (in (i ~oŸ k l ,  1/kl) -[- i lq  sn (i r237 kl, lŸ = 

d(k lco  Ÿ , V~~lq237 -4- i ( l q  sn(klo~~,. Vi  __ lq __ dn (~1, kl ) __ kl-7 sn (652, k~) 
, ~ 1  = -5 =-  k~ ~ ~ ,  ~ = Y I  - -  1/k~ , k~ = 1 / k l ,  ~1 ,  = ~~Ÿ 

dn (a A- K) - - k Ÿ  sn (a ~- K) _ kŸ Xq a - -  k-~ en a/dn a 1 - -  cn a 
en (a -4- C)/c=K + en (a + K )  = 

el1 (~ + K) - -  ~ sn a/dn (r dn cr 
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e '  = 23/4 ~ = - -  3,96 (cro~ ro 3) ~ - -  3 ,96-  102z 

06o6memtoe  ypasHe~~e ( T ~ ~ )  npuMeT B~a" 

A ~v = a '  {0,95 [~~q + 0J35 r]3 - -  3,96 r ~ 

a Hep~o~~qecKoe petueHHe /taHrt0FO ypaBHeH~~ 6y/teT: 

r~e 

q ~ = a 2 ( f i §  1 3 ' 5 5 r ~ [ 0 ' 2 ' 8 3 + (  l-+-cna]2]2sna , j  

O/Qo = (~, + ,~ (o))~ + (~ - 1) ~,~ = (0 ,51  + q (~))~ - o , o 8  

eo = (%ro  3) 212~" a '~ = 49,8 .10~~ 

(36) 

(37) 

= oJ r ,  ~2 = 0 . 2 6 . 0 , 8 0 8 . 1 / ,  2 = 0,021 - -  (38) 

k~ = 0,066 

PemeHne nMeeT nepno~ .Q = 4 K  = 6,40 ~~nna  nepnoRa L~ = 8,3ao MUHnMa~b- 

Hblfi noTeHRr~an ~epMH n MHHHMa;qbHa~ H J / O T H O C T b  ~jgmi n ~ 1 , 8  eV, Q m i n  ~ -  

= 2 , 4 . 1 0  z2 COOTBeTCTBeHH0. 

AHanorHnHo B cnyuae  K maeeM 

~Kc. ~.~ W = 1,60 eV ~~c~ = 1,3 �9 1023 (39) L~ ~e" = 10,3 % ,  qmi~ - -  , emi, 

{ Lx2 = 0,85 �9 1024 Qmin 
--U~~ ~¡ r 

(p . DKcrl 

H3 Ta6YlHRbI .No_ 1 HaXO.~HM.: 

x = 0 , 6 0 ,  s = 0 , 4 4 ,  L l x = 6 , 8 5 % ,  qomi n = 3 , 7 5 e V  (40) 

Q~ = s Q m i n  = 6,82 �9 1 0  23 c m  - a  

H3 ypaBHe~~5~ 
6,85 

10,30 - -  V2~_ ~ , 1,6o ~- 3 ,75 .2~  (41) 

noJlyqaeM : 
2 1 = 0 , 6 5  2 2 = 0 , 6 5  (42) 

C~e~oBaTe~bHo 
- -  S - -  

2 3 1 ),1 223 4 z~. Q~ = - -  1,49 (a '  Zo 3) 
s (43) 

p = 2 zq x = - -  1,49 (% %3) = __ 1,49 �9 102Zcm - z  

a O‰211 ypaBHeHHe npHMeT BI4JI" 

A q  = a '  {0,65 [~12 _J_ 0,65 % ] a  1,49 %3} (44) 

H rlepHojil~qecKoe petueHHe JlaHHOFO ypaBHeHl4~ £ : 
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~v : 9 ,79  z~ {0,31 + [ l ~ + f n a ] 2 I z  
s n a  ) ~  

O/Oo = (0,52 + 4 (~))~ - 0,07 

~o : 1 9 , 4 -  102z 

~-~ o> ~ 0 ,124 .  a/a~, k2  = 0,07 G = ( D r ~  

L x ~~- 10,3 a o,  %~in ~ 1,6 e V ,  Qmin --~ 1,3 �9 102~ c m  -~  

,(2 = 6 ,40 

(45)  

(46 )  

~],OCT0eH BHaMaHrtfl H TOT He Tp}iBaaJlbHbIfi pe3yJlbTaT, qT0 c o r a a c H o  Ta‰ 

YlalAbl -N "o 1 u p a  y B e ~ a q e H n a  ~ ~ n a b t  K p r i c a a ~ u q e c K o U  petueTKU pa6oTa BblXOaa 

(ToqHee q~min) yMeabtuaeTc~.  Y K a 3 a a H a ~  3aKOHOMepHOCTb ,2e~CTBaTeJlbl40 na6:~}o- 

~aeTc~ y t t tey|oqabIx MeTa~n0B. 

TOT 0par<T, qT0 y p a s H e H n e  ( T ~ ~ )  } :~ee l  ~ s a  He3anncn~'ub|x n e p n o ~ a q e c K n x  

p e t u e H n a  n p n  o j t a n x  n Tex ~ e  3HaqeHH~X napaMeTpoB,  o ~ a n  H3 KOT0pbIX C OC0- 

‰ a BTOp0e £ 0co‰ Ha Hato B3FJI~t~ 3ac~y>KaBaeT ocO‰ 

BHaMaHHfl. ' 

~ : ~ a  6 o n b m e ¡  Har~n~H0CTn x a p a K T e p a  no~yqeaHb~x  pe tueHa¡  M o c H o  

aCIl0Ylb3OBaTb MaJIOCTb r a a B H o r o  MoAynn 3JIYlUI1TaqecKHX qbyamta~Ÿ k~ = 0 ,07  

n B p e m e H n a x  3aMeHHTb 3JI~/H.rITHqeckae ~yHKRHH TpHFOHOMeTpHqecKaMa, up~t 

3TOM no rpe tuHocTn  5yayT  n o p ~ 2 K a  k~ a cneRonaTenbno ,  MaYlbl. 
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PHENOMENOLOGICAL G E N E R A L I Z A T I O N  OF T H E  THOMAS-FERMI-DIRAC 
T FD) EQISATION IN CASE OF T H E  T H E O R Y  OF METALS AND ITS P E R I O D I C  

SOLUTIONS 

By 

D. F. KURDGELAIDZE 

S u m m a r y  

The exchange interaction between metal  atoms is taken into account phenomenologieally 
by writing the TFD equation in the form:A~0 = c~ (~V2q-~0)aq - 2 3 . Here a~~~ and 2 a are 
treated as free parameters to be adjusted to the following properties of the metal : lattice 
constant, work function or minimal Fermi-potential  and average or boundary density of 
conducting electrons. The equation possesses periodic solutions and the properties of the 
iatter ate discussed. As an i l lustrative example, the case of sodium is investigated in detail .  


