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IL\ bi 

8Jl6KTpOHHli6 \i830L~e n~~eXO'Abl c ~3M6H6HH6M ~aJl6H'l'HOC'l'H 

pe)J,K036M6Jll>HlilX coe,nHH6HHHX pacCMOTp6Hbl B L!O,r.enH dH'A6PC012..lTCK 

pellleTKH. YqTeHo KynoHOBCKOe BaaHL!O'Aei!cTBHe f - aneKTpOHOB 

3Jl6KTPOHaMH npOBO'AHMOC'l'H, a TaKl!re BSaHMO'A6~CTBHe c O;IUIOPO'AfiO~ 
I 

'A6\IJOpMawwi! pelll6TKH. ilpH npOH3llOJl:bH!ilX 3Ha•rnHHf!?C KOHC'l'aH'l' CBH3 

IlOJlOllteHHH f .}' pOBHll H 'l'6M116pa'l'ypbl HCCJl6'AOBaHbl iJ)a30lJb16 ( p ' 

~1arpaMw1i1 H Ha~'AeHbl ycJlOBHH cyutecTBOll!UIHR nepexO'AOB I po'Aa. 

K83!UIO, qTO pOCT 3KCHTOHHblX s(j)(peKTOB npH IlOHK~CHH" TewnepaTyp 

~o :e :zlll HlKHHX KJ)HTHqecK Toqex 
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UeHTpaJlbHhlii Hay'IHO-HCCJteAosaTe.nbcKHii ttHCTHTyT HHcjlopMa1tH11 
H TCXHHK0-3KOHOMH'leCKHX HCCJICAOBaHHH no aTOMHOii HayKe 
'I TeXHHKe (UHHHaTOMHHcj>OpM) 198(.; r. 

nnaBHNe 11 CKaqKoo6pa3HNe sneKTPOHHNe ~a30BNe nepeXO,ll,W (8~Il, 

B COCTOHHHH c npoMelKyTOqHOH BaneHTHOCTb~ (CITE) Ha6n~,ll,&~TCH B 

uenOM pH,ll,e coe~HeHHH pe,ll,KHX 3eMenb (PS). 8KcnepHM6HTanbHO 

Ha6n~,ll,a8MN8 oco6eHHOCTH B Il0B6A8HHH TennoeMKOCTH, CHl1M86MOCTH, 

HaMarHHqeHHOCTl1 11 T.,ll,. np11 H3M8H6Hl111 BH8lliHl1X ycnOBHH (TeMnepa­

Typw, ,zJ,aBneHHH, COCTaBa coe,ll,HH8H11H) yKa3wBa~T Ha xapaKTep 3Tl1X 

nepexOAOB. ~asonwe ~arpaMMN HeKoTopwx PS coe~HeH11tl co,zJ,epl!taT 

,ll,Be Kpn11qecKHe TOqK11 no TeMnepaType' Bblllle KOTOPHX rpa-

30BWH nepexO,ll, OKasWBaeTCH nnaBHblM (IT POAa) [I] • 

B pa6oTe [2] JA8R0Cb 06'.bHCHl1Tb HanHq;ie KPHTHqecKotl TOqK11 }I 

HaKnoH nHHHH ~aaoBoro paBHOBeCHH l(-c( nepexo,zJ,a B Ce • B 

AaRbH8Hill8M 3Ta MO,ll,enb 6wna pa3Bl1Ta B pa60Te [3) • r,ll,e ,lJ,OilORHH· 

T8RbHO yq11TNBanOCb B3dHMO,ll,8HCTBHe aneKTpOHOB c O,lJ,HOpO,ll,HOtl ,ll,e­

~OpMau11eH perueTKl1. 0,zJ,HaKO npH TaKOM pacCMOTpeH~H HBB03MO~HO 

6wno on11caTb CilB np11 HH3KHX TeMnepaTypax, a TaKJKe aHOManbHO 

6onbillY~ TennoeMKOCTb H K03~~11UHBHT TeMnepaTypHoro paCillHPBHHH 

B cX. - ~ase Ce • KpoMe Toro, KalKeTcH COMHHTenbHblM npe.l(nonolKeH11e 

aBTOpOB [3] 06 H3MBHBHl111 3HaKa a~rI>eKTHBHOH KOHCTaHTN B3a -

HMO,zJ,eMCTBHH ~(tr)+ f 1 • HaH6onee BepoHTHblM ~aKTopoM,npH-
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D 01\llUlllM li1Jtllll111 CllH, llllJIHOTCH r116pH;l(l13al.(l1H 11 KYJIOHOB -

CICOll lltl[IHM f - aneKTPOHOB c aJieKTpo-

HlllHI ().I • 
11tf1 11 p11 1<011011111:o1X re1meparypax yqer r116p11· 

B3al1MO;l(6HCTDl1l1, a TaKllCe 

061,f!Mll 11 p11 if~IJODOM nepexo;l(e B MO;l(6Jll1 aH -

J(Ujll)UllU[lllt(IJIA pou1o·rl(11 110:1JtOJlllll'I' lljJall11JlhllO 0Tpa3l1Th TeMnepaTyp­

llUU 110111111011110 p11;1n 1[11-1::rn•.ucK1-1x llOJrn111111 np11 qiasoBblX nepexo;l(ax. 

H llprllotllllllOtl MOJ\tJJUI Allll lPYHKl.(l10HaJia CB060,!J.HOtl atteprl1l1 IlOJiyqaeM 

lillpili«llllllU (t:M. !lJl1'1JIOllCtJl-11'18) 

.Q 
1 r t E - Eo ( 1'")- 9115 ar ia-icc 3 r ·f(E-p)dE + 

-<>o (I) 

_, oo 3nf 2 

_y(E-p)f(E-,u)dE + -~(E-p)dE ~f(E-)()d)( + ~t.2 + 
8
2" 

0 

r;z\e r=.np(V(t.r)+~ll)2 - awweKTl1BHaH w11p11Ha f - ypOBHH. IToc -

ne,!J.Hee cJiaraeMoe B (I) - attepr11a ;l(e~opMal.(1111 pemerx11. 

B npocTe~weM np116JI11lKeH1111 npette6pe~eM aKCl1TOHHh!Ml1 cpe;z\Hl1Ml1 

fj, ( qro COOTBeTCTByeT 06!i4HOMY np116J!l1lKeHl1!0 Xaprp11-¢0Ra)' a 

TaKllte aaBl1Cl1MOCTI>IO OT odbeMa BeJil14l1Hb! V(tJ) , KOTopan yqTeHa 

B padore [6] • 

llpl1 l1Cl";JI6;l(OBaHlrn t1Ja30BblX ,lJ.l1arpaMM H600XO,LU1MO TaKlKe yqeCTh 

TO 06CTOHT6JlhCTBO, llTO 11pl1 8!IlI1 M8Hfl6TCH MYJ!hTl1IlJl8THOCT:b l10HOB 

(Kax,wrnpHMep, B Ce J = 5/2 B 0 - qiaae 11 :J' = 0 B ci -qia­

::ie) 11 B ra~rnJI1ToH~1aHe nOHBJI.HeTcH qJJeH aHTpon11iittoro xapaKTepa: 
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2j+1 
nfTen 2j'+f .8TO npHBO;zulT K nepeHOpMHPOBK6 B KOHe~HblX pe-

3YJ!hTaTax 3HeprHH CBHSH f - ypOBHH 

,..., 2'.J + 1 
Eo ==5> Ea - ~tJ -Ten 2:1'+1 

YpaBH6HBe COCTOHHHH CHCT6Mli, nony~aewoe H3 ycHOBHH 

i>=-ari./a& , 11weeT BHA: 

P = - Btr+ ~nf, 

(2) 

(3) 

r):{e nf HaxO;ztl1TCH aa MHHHMH38~HH (I) IlJlH 3a;l(8HHOM nDH-

HOM qzcJie 3ll6K!pOHOB Ha 8TOM n0 = nf + ns H IlOCTOHHHOit IlJIOT­

HOCTH COCTOHHHlt ~ AnH 6ecKoae~HOlt 30Hli: 

.... 
1 r r dx 

nf = 9f) ra+xz e~·+1 . (4) 
-oo 

3)'.{eCh BB6):{6Hli o6osHaqeHHH: 

(: 1J - ¥P X - E + n c - - - 2an1 + -o- 0 °a 9 d B 
Ti'.:"'. _g_~~ 

Z:J'+1 ' 

rAe ~ = 9 + ~2/26 - 1j2j> 

~HTerpaJI (4) JierKO 6epeTCH 

n.t = .!.. - ..!... j If.I f _1_-' + 
• 2 2fim \2. 

1 ( 1 + 2sr j m 't1 T + 
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r- LXo _) 

23tT~ J 

r+ LXo 

231:T9 ) ' 

(5) 

(6) 



I'M "P(x) =den r(x)/dx - ;ItllraMua-(flyHKIUIH. 

B BSKO!Opol 06Jl8C!B aaaqeHJI" p ~YHKIUIH (6) BBJIH8!CH Tpex­

asaqaol. Ha paBeHC!Ba rx66cOBCKBX aaepl'Jll Ga F+ ptr .zuis 

'IJ:JJ1X lf)aa DOIYqaeu ypaBaeHJ1e JIJIHBK qiaaoBoro paBHOBecHa: 

B ( t .., 2:7 + f ) P1<=y -E0 -no(~-p)-9-t-Ten 2:1'+i • 
(7) 

HanpHMep, ).UIH uHauia Ce ee HBKJIOB aa lf)asoBol p, T ;1U1ar-

pS11J1e OK881D88!CK IIOllOD!ellBYll. 

OCSmcu. ue!ac!BCSu:r.aocu sa !O'f :e ;!Ularpaue, orpauqeHBaa 

CDBBOMJIJUUI, onpe;A8IDl8!CH K8 yCllOBKfi d7"/dp = "'° • KO!Opoe 

CBO;IUl!CH K BHp8:18HBn: 

00 -1 r 2~T = ~ r 2 +xi 
dx 

(8) ch2. X-t-Xo 
~ -oo 

CoBuec!HOe pemesae (7) a (8) )Ule! asaqesae xpx!aqecxol !euue­

pa!ypa nepexoNl T 9 : 

1 r- LXo )I 
!IT· = - ..L2 :Jm '+'~o ( T + ?:JrT~ Xo• 0 2~ 

t ( f r+ tXo) I 
1- Tjm 'Pico T + 25l'T9 Xo=O, 

rrpa T~ » r HS (9) HaxO;ABM 

9 
T~ =2 -o,ar. 

6 

(9) 

(IO) 

Ida (IO) BHAHO. qro Ha.n.nae I'BCSpH;IUl3aIOtH DPHBO;IUI! K DOHH:l8-

HHn KpH!Hqecxon !euuepa!ypw, He H3M8HHfi HaKJlOHa JIBHBB paBHO -

Bacus. C pocrou rH6PH:ABBaitHB Ta yuea:r.11aerca, a xorAQ BlilDOll­

aae!cH ycJIOBBe T~ « r .Ba paHO:l8Hli (9), uo;ayqaeu 

Ti = 1(2!L-1) ~ ~ ~ lir 2219 • 
(II) 

O!COAE\ Jl8I'KO 3aKJlllUU., q!O DPlll 2ff < ~ r JIJIHHH qiElaOBOI'O 

PallHOB8Clll!I Hcqeaaeor . Ill DOB8MH1118 n H tr O! p OK83blB88!CH 

Ben.icy llJISBH!iDI. 

Ha aHaJIHsa (3) H (6) MOllHO IlOJIYtUtTl> 38BHCHYOC!:r. nf"' n(T) 

npH 3QASHHOM aaaqeBHB A8BJl8HHH, KOTOpaH cxeuaTHqeCKH npe;AC!all­

JIOHa ua pac.I. 

COCTOHBHfl c nf < ~ COO!B8!CTByn! ol - qiElae Ce • a COCT0-
1 

fiHHH n.(•2 -~ - ~aae. Ids pHc.I BH,JtHO, 11!0 AQlle npz T=O 

nf f 0 B 0(, - ipase. BCJl8,llCTBHe !OI'O, uo B ci. - ipaae dn/dT > 0 

n1 

.!IP1I< 
i 

~ 
T 

Pac.I 3aBHczuoct:r. nf O! !eMI1eparypw 
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KOS!MHUH6HT TennoBoro paCUIHp6Hl!H K = t1-
1dtt/dT = 1J'-

1
(atJ/aT + ~B- 1an/al) 

BoapacTaeT. 3TOT a!l><J)eKT <I!HaHqecKH noHH!eH, TaK KaK !eWiepa!yp-

11 1i1e BOa6yllt](6HHH,HaIIp1n1ep, B d. - waae Ce npHBOJ(li! K yB6Jllfq6Hl!ll 

pa](Hyca HOHOB Ha-aa 3aIIOJIH6HHH f - o6onoqKH.BlilpaJteHHH (6),(8). 

(9) CHJll.HO ynpOll!aJOTCH npH v = 0 H J = o. TaK, ypaBHeHHe CllH­

HOJ(a.JIB !enepD npHHHMaeT BHJ(: 

T = 29 nf ( f - nf) (12) 

l!Jllll 

Eo=±nn[~ (1+J1-~')2]- ~ /1-~~ '. (13) 

!HHHH ipaaoBoro paBHOB6CHH TenepD BepTHKaJlDHa H OKaHqHBaeTCH 

B KpHTH'll6CKOI TO'llK6 T9 = ~I 2 

B1i1paa:eHHe J(nli !6llJ106MKOCTH HMeeT BHJ(: 
2 

:;r2 n-1 ( f - n~) Xo 
C=-pT+ ,.., , 

3 · (T - nf(f-nf)2a ) T 
d (14) 

T = - 29 ( nf - f) /en ( 1 ~~~) • 

BTopoit 'll_JieH B (14) HB.1lfleTCH paap!ilBHOI <I!YHK~el B TOqKe T = T9 
(B TOI lite TO'llK6 J(OCTHraeTCH MaKCHMYM) H O!JIH'llHa O! HYJIH npH 

T < T~ • Ha pHc.2 npne](eHa aaBHCl!Mocn C O! !eMnepaTyp1i1. 

IlyBKTHp COO!B6TC!BY6! CJIYqall V =/= 0 • IlpH V + 0 I! 

Eof" ~ r = !llpV2 J(nB J(06aBKH K T6llJ106MKOC!H IlPH MaJI!ilX T 
5i Tr . 

noJiyqaeu B1i1paa:eHHe oc = T ~ . B nonaou corJiaci.H c peaym.-
1" !If T 

T8TOM pa60T!il (7] • B J(pyrou npe](eJie ·Eo,.. « r HM66M Sc .= T r . 
Moa:HO npoaaanHaHpOBa!D BHA q>aaoBOI ~arpaMM!il CHC!6Mlil, y1D1-

TlilBaill!lel B38HMOJ(elCTBHe 5 H f - a.lleKTpOHOB B 0606111eHHOM 

8 

c 

' 
T 

PHc.2 3aBHCHMOCTD TennoeuKOCTH OT 

T6Mil6paTyp1i1 Ha JlHHHH <lla30BOrO paBHOB6CHH 

npH6nHa:eHHH caMocornacoBaHHoro nona. 3a](aqa e111e 6onee ynpo111a­

e TcH npH paCCMOTpeHHH OTJ(6JlDH0M pe](K036M6JlDHOI (P3) npHMeCH 

B ueTanne npH · v = o. B 3TOM cnyqae K3M6H6HH6M XHMH'lleCKOro 

IlOT6HUHaJia npH J(BH~6HHK f - ypOBHH MOlltHO npeHe6peqD. ~a (1) 

nonyqaeu COOTB6TCTBYlll!l66 ypaBH6HHe cornacoBaHKH J(JIH .iC1 c na­

paMeTpou o6peaaHHH ~o 

t x . 
fl= - ~~-t xt+roi 

dx 
(IS) 

1+ expe;x; 

r](e ro = ~.P92.iC12 . 

lia aaa"llHaa (IS) H (4) MOSHO onpe](eJIHTD o6naCTD 3Ha'lleHHI Tc 

14 e:,.. t r](e aqxpeKTHBHaH lllHPHHa f - YPOBHH ro 06pa111aeTCH B 

HYJID. 

EcJIH npeHe6peqD aaBHCHuocn11 OT nf B B1i1pa1:eHHH MH Xo , 

9 



orpaHHqaemHCl> y11eTOM TOJibKO 3KCHTOHH!i1X a!MJeKTOB' TO ypaBH8HH8 

(IS) MOJ[HO HCCJieAOBaT:& aHaJil4TH'l8CKH. TaK JIHHHH paBHOBeCHH 

( r., = O),paaAena1>uiaa CITB q>aay OT HopuaJll>HO~ q>aa~, c ueJI011Hc­

JieHHO~ BaJieHTHOCTl>I) IIPH E:t' = So exp {- ( f~ r' } OKasblBaeTCH 

KBaApaTHllHO~ no T8MIIepaType. 

f---2s 0 
-Eop 

T 

r9 > T: 

0 

f"I' 

PHc.3 SSIDTPHXOBaHHaH 06JiaCTl> COOTB8TCTByeT 

CIIB q>aae ( f0 =/= 0 ) 

EC - 0 5r' 
of' - Ea}' + -6-

- Tc2 

E:,, 

EC -o I - 0 02)-1/2 a II PH OJ-I ~ 0 H T- I~ = 3. 56 ro 3I ( ro = E..,. l 1 - E 01' 

E"f 

a<w.>eKTl4BHaa lllHPHHa : - ypoe1ta npH T = 0), E~J' Ha»eHaeTcff 

c TeunepaTypoH ~cpttee• o6paaou: 

IO 

Tc= Teo ( i - 0,21 · ( E;I' )2/Tc~). 
(16) 

JierKO y6eA14UCH Tai! 1;e, no paaJIOll8HHe TepuOA14HaMH'18CKOro 

IIOTeH~HaJia IIpH Eat' ;;;- 0 II T- T: llpHBOAHT K H3B8CTHOMY 

~YHKUHOHaJIY 1.'HHaCiypra-~aHAay: 

- (E~ )z) r2 
6n=-; (T\T 1(1-0,42 T! + 8Tc ch'(~rc) 1.£7) . 

KaK 06lit1Ho, npH (f>aaOBlilX nepexoAaX I poAa KOslMJHuHeHT npH 

f-A2 
B6JIH3H T~ npoXOAHT qepea Hyni.. MO•HO TBJ(lJ[8 IIOKa -

aaT:&, 'ITO npH T = 0 TepMOAHHaMH'leCKHH IIOTBHUHaJI no nepeuea -

HOH Eot' HM66T CXOAH08 paaJIOJ[8HH8, rAe K08lMJHUH8HT npH 'IJI8H8 

A2 
npOXO,JUI!' qepea aym. IIplil E°t' = ro (on.= r(Eo,.· e;v.11'e;. + r/6'll(E.;.fJ 

B oCixacTH aaat1eHilH E~ « Tc--o H T- Tc. r zueeT npocTy1> aa-

BHCHKocn : 

r=: (Tc.-T)(1-0,42(~)2 ) ch
2

( E!,..) Tc 2Tc ' 
(18) 

11p11 T- Tc°, A , Bal;iteHH'M as 3paBBe1Dtff cornacoBaHHff (15) , 

1MeeT TY a au11cHuocu OT T , 'ITO 11 aHOK!Ull>Hoe cpeAttee, nony-

1eaaoe IIPB pemeHHH npOCiJI8KH KOHAO B nr1CiJIBlJ[6HllH HaraOKH (8) • 

Ilpll aaaqeHJIHX Eo~ ~ ro H MaJIHX !eMIIepaTypax B03K0lJ[8H 

qi&aoei.dt nepexoA •a aopuani.aol qi&au B qi&ay CIIB np11 noBlilllBWIH 

T811IIOpa!'ypH. tM88'18CICI 8!'0! jleaym.Ta! BDOJIHe IIOHHT8H: !'BJ( KaK . 
CIIB xapane111ayHOll CiO.IHOlt IUIO!ROCU.J> COC!'OllHMH. BCiJlH311 JA 

!'0 B 4.>ePMll-D)UtOC!BOM npll6JI¥ll8IUll npOMSOl;iteT nepeXOA (npH no -

BW116HBB !'8MII8pa!'ypy) 18 BOpKlUl~BOI waaY C U8~01 BaJI8H!'HOCTl>~ 
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:e cI>asy CIIB c 6oJI:&lllu" sHeprHel s - T • Ta.Koe paccyKABHHe 

cnpa:ee;zt;IIHBO, KOHeqao, ecJIH B O,lUIOl HS rpaHHqaOUIX qias HBT Ka­

KOrC-JIH60 Apyro~o THna ynopHAOqeHHH {MarHHTHoro, c:eepxnpo:eo­

AHutero HT.A.). 

IlpH AaJl:&He.llmeM Il0Bbllll6HHH TeMIJepaTypH CHOBa npOHCXOAHT nepe­

XOA, HO y11.e HS qnaH CITB B HOpMaJI:&HyIO. 9TO CBHSaHO c Teu, q'fO 

;llOilOJIHHT6Jll>HOe 11 3KCHTOHH06 11 ynopH;llOqeHHe, xapaKT6pHSYlllll66CH 

napaMeTpou nopHAKa /}.. , yueH:&waeTCH c pocTOM TeMIJepaTypH, 

B TO l!t6 :epeMH npH T > ro :meKTpOHHaH 3HTpOilHH TSKSe He Hrpa-

6T oco6o.ll pOJIH H Il03TOMY HaKJIOH JIHHHH paBH0B6CHH CBRSaH CKOpee 

co BKJlaAOM CilHHOB0.11 {napawarHHTHaH qiasa c JIOKaJIHso:eaHHHMH MO­

MBHTaMH) H peweTOqHO" (cI>asa c 60Jil>lllHM YABJll>HHM o6~eMOM) SHTpO­

IlHH HJIH BKJlaAOM B Hee BOS6YSA6HHHX MYJI:&THllJlBTHhlX COCTOHHHl 

HOHOB [9) • 

B qeJIOM BHHCH6HHe OTHOCHT6Jll>HO~ pOJIH 3THX ~T~po:e RBJIH6T­

CH AOCTaTOqHo TPYAHOl saAaqeR. 9KcnepHM6HTaJll>HH6 ,llliHHbl6 YKSSH­

BaIOT Ha ":eos:epaTHHl" xapaKTep \[laSOBliOt A14arpaMM B IlJIOCKOCTH 

X , T KaK ;zt;IIH Sm1.j( GdicS, Sm,_ic Y,. 5 , TaK H ;zt;IIH 11 llHCTO-

ro" coeAHHeHHH SmS B nJIOCKOCTH p, T [ I,IO], qTO, IlO-BH-

AHMOMy; MOSHO o6~HCHHTl> pOCTOM SKCHTOHHhlX KOppeJIH!Ull B CilB 

cI>aae, y:eeJIHqHBaIOUIHX 3HTpOilHIO STO~ <llaSH npH MaJiblX TeMllepaTypax. 

~aSOBHe AHarpaMMH 3THX C06AHH6HHl OTJIHllallTCff e111e O,lUI0.11 oco -

6eHHOCT:&IO: eapRAY c BHCOKOT6MIJepaTypaoR KPHTHqecK0.11 'fOqKoi· B 

HHX 6wio 06HapyaeHO CYllt6CTBOBaHHe e111e O,lUIOR KPHTHqeCKO~·TOllKH 

THna XHAKOCT:&-nap npH HHSKHX TeMIJe~arypax [IO] • XOTH B 06111eu 

cnyqae npo:eecTH aaaJU1s ypa:eHeHHR corJiaco:eaaHH saTpy,lUIHTBJll>HO, 

O,lUlaKO KaqecThuHHO MOSHO npeAc!aBH!l> c1Tya1U1101 KOrM B BBKO­

TOpOR o6naCTH 'fBMllepaTyp CYUIBCTBye'f CK81UC006paaaH« qiaao:eHR ne-

I2 

pexOA, a A Mana. EcJW npH yweB:&W6HHH TeMnepaTypH A 6yAeT 

paCTH AOCTaTOqHo 6HCTpo, TO, KaK BH,lUIO HS (IO),(II), CKaqOK 

MOX6T HcqesHy'f:& yse npH KOHbqHhlX 'feMJieparypax. 9THM, IlO-BHAH­

MOMy, MOllHO o6~HCHH'fl> CYllt6CTBOBaHHe HH71.H6l KPHTHqeCKOR TOqKH 

Ha <PaaOBhlX AHarpaMMax C06AHH6Hlrdt Sm1-lc v_ 5 I 51-x Gdic 5 

IlpH O,lUIOBpeMeHHOM yqeTe aKCHTOHHHX aqxj?eKTOB ( fl I= O) .H 

KYJIOHOBCKoro OTTaJIKH:eaHHH THna llJIOTHocu-nJioTaocu ( 9n5 nf ) · 
BO BSalfMOA6~CTBHH s II f SJieKTPOHOB nonyqaeu, qTo B HHSKO -

TeunepaTypHO~ o6JiaCTH npH BHllOJlHeHHH ycJIOBKH 2~ > f I BOS­

MOlltHH A:Ba nocneAOBaTeJI:&HhlX nepexoAa I POM c qiasol CIIB (.t. + 0) 
MelltAY HHMH. IlpHqeM, JIHHHH pa:eao:eecHH cI>asOBhlX nepexOAOB I poM ' 

(CHMMeTpHqH!ie no E of ) OKaHtrHBalOTCR Ha KpHB0.11 ipaso:eoro nepe­

XOAa Il POAa. ITO Mepe pOCTa TeMnepaTypH npOHCXOAHT nepexOA B 

qiasy CilB c ~ =I= 0 • 

C pOCTOM KOHCTaHTH ~ ,ltJIR CHJll>HOl CBRSH j>~ > f (B 06 -

JiacTH CHJI:&Horo nepeKpHTHH 'll:B'YX qiaso:ewc nepexOAOB I po,ita) nony­

qaeM HS (9") npH T = 0 YCJIOBH6 BOSHHKHOB6HHll OAHOro ~o:eoro 

nepexOM HS COCTORHHH c "f = I B COCTOHHHB c n; = o. 

2~ - f 1 > :irro. 

C pocrou TeMnepaTypH :e6JIHSH T< T9 cKaqoK :eosuoaea npH 

yCJIOBHll f(T)< 1,8 (T9-T) , rAe r(T) BSXOAH.TCH HS yCJIOBHB 

(IS). IIoaTOMY B cny11ae Ts < Tc: H t .. 0 B OCIJiaCTH CHJ!l>HOR 

cl!aaH Tc = T9 + 0,22f1 
npH IlOHHllBHMil TeMneparypH npoBCXOAHT 

nepexoA I poA& <> KPHTHqecxoa TeutrnpaTypoa T9 < S/2 ; t.e. ytre'I 

SKCH'fOHHlilX awweKTOB IlpHBO,lUI! !OJ!l>KO K yuea:&meHKE KPKTH116CKOR 

TeunepaTYPH nepexoAa, HO npx STOY coxpaaaeTca npxHI.tHDH&Jll>Hafl 

B03MOllHOC!l> Il?JiyqeHHH B MOA611H llpHM6CHOi pemeTJW AHAepcOHa 

I3 



CKaqK006pa3HOro nepexo,JJ,a I po,JJ,a 'AS~e B OTCYTCTBHe B3aHMO-

'A6ICTBK!l. SJI6KTpOHOB c pemeTKOI { ~ = 0) . • 
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IIPWIOIEffiiE 

PaccuoTpKM MO'A6JID AHAepcoHa, yqKT!illamDtY~ KYJIOHOBCKoe 

B3aHMO'A6ICTBKe 

H= L.eKa;<r a.K<r+ Eor=f;.fur + u2 ~ nicrni.-cr 
K ~ •<I' 

+ ~ (ViKa.:3lf:a- + 3.c.) + ~"' 9KK' a:craK'a-fi~, fur 1 • 

•K <TCT' 

(II. I) 

3AeCD nep:eble TPK CJIB 11l6Mb1X ecT:& COOTB6TCTB6HHO KKH6TKqecKIUI 

saeprHH SJieKTPOHOB npOB l'J ,L(HMOCTK' 3H~prHH CB!l.3K f ypOBHP. K 

KyJIOHOBCKOe OTTaJIKKBaRHe f SJI6KTPOHOB Ha ueaTpe. qeTBepToe 

cJiaraewoe - s-f rH6pK,iurnaUHH H nnToe - KYJIOHOBCKoe onaJIKP.­

BaHKe S H f SJieKTpOHOB. B 11IlPKM6CHOl 11 MO'A6JIH Vil<= V 

a = a> o • IIo Teopewe I'eJIDMaHa~elHwaaa ualAeu 4JYHKUHO-a K1<' a 
HaJI CB060'Aff0~ SHeprHK 

( d.A 
5.n. = ~ T< H•nt (J.) >. {II .2) 

0 

06blqH!ilM o6pa30M IlOJiyqaew COOTB6TCTBY~DUl8 iPYHKUHH I'pHHa 

i 

I + I VK )-1 «ft<r fi.<r~=i'(E -EoA<r- ~ E- €1<A (II .3) 

. , + V>.. I . 
«QM' f i<I' :> = E- gKA << f i<r .1 fi.~ ~ {II .4) 

+ _, z -2 v; _, 
«OKcrlaKcr»=(E-eKA) +V~(E-El<A) (E-EoM"-~ E-EKA) (II. 5 ~ 

I + V>.. I + « aK<I' a1<'cr ~ = E - e:K'A « OKcr fur ~ } K ft<' (II.6) 

3AeC~ BB6,lll'Hbl 0603HaqeHHH 
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E0 "0" = E0 + 9n5 >. +- UA.nf-11" = E0 + E 11.a-

eKA "' eK + ~nf A. = cK + eA (Il.7) 

V>.. = AU + J.9A 

H 

-i + - t + 
A =N ~(QKq-ficr> ; nf=N ~<fi.crf.q- > ' n s+n1=no (Il.8) 

H - qHCJlO aTOMOB, a no- qHCJlO s H f - 3Jl6KTpOHOB Ha 0,1UiOM 

ato11e. 

Iloc.ue cy11AU1poBaHHf! no K 111ee11 

< H. t (.l\)> == - Jm Ef (E)dE{(E~cr + L 2 VJ..
2 
(£ - eK r ' [ E - EoJ.cr -

~ 11" K 

(Il.9) 

- .LV,.2 (E-elCAY'( . + L.ff( E)dEA9 n.ff'(E-..\anf) -
K f:E.Ha' er d 

-A.~nfns + f.A.~A2 - ~ f.AUnfa-rtf -<r, 

E-p 

rAe f - l))ep1111'eBCKafl l))yHK~Hfl pacnpeAeJieHHfl f(E)=(f+ e Tr~ 
nna CB060AHOI aHeprHH llOJlyqaeu 

~ - ~ 
Q.=L. ~ r f(E)azccto E-Eo-9ns-Un1-:- dE + L (f(E)dE f f'(E-x)dx 

<r ••} d ~j>(E-9nf)V er J J (Il.IO) 
-~ -~ 0 

-
+.L(f(E)(E-JA)~(E)dE + .L9A2 -~n5 nf-~ L.nfa-nf-a--21' 
~ } ~ a' --

I6 

IlpH IlOCTOflHHOI IlJlO!'HOCTH COC!'OflHJdl j>( E)"" S' = con st JIHTer­

paJIY B (Il.IO) JierKo 6epyTca. PeayJU.!a! ;iuia 6eccn1H0Boro cnyqaa 

npHB6A6H B !6KC!e. 

llHHHIUI3HPYfl 3!0!' l))yHKIUIOHQJl no TpeM nepe11eHHYM n& ' "t H 

A nonyqae11 cootBeTc!BYDDtHe ypa»aea11a cornao0Baa11a ea a!H 

B6JlHqHHY. ECJIH KyJlOHOBCKOe B3aHMOAelC!BH6 f 3Jl6K!pOHOB (U·) 

B6JIHKO, ero He06X0,1UtMO paccMOTpe!~ B ll.PH6JIHS6HHB Xa66apAa. 

B npeAeJie U - oo Bee OTJIHqJle OT (Il.IO) CBO,lUt!Cfl K llOflB-

Jl6HllD llHOJEHT6Jlli 1 - nf-a' B nepB011 cnaraeuo11. 

JlJIH C!poro nep110,lUtqeCKOI llOAeJIH aHQJlOI'HqHYI pacqe! AJlft 

l))yHK~llOHaJia,aaepI'HH A86! BY~aJEeHHe 

- 9nf-{V+SA)i(E-Eo-snsr1 

.Q.= ~dE \ f(E)SJ ( E - x)c:tx -9nsnf + 9ti
2 

(Il. II ) 
-CIO -00 

COO!B6TCTBYDDUl6 ypaBH6HHfl corJiaCOBaBllfl Hll6DT BHA 

00 

n = E- n - dE ~ 
f(E)( V + 9A)2. ( V + 9A) 2. 

1 (E-E0-~n5)2. S' ( ~ f E - Eo - ~ns) (Il.I2) 

--
.... 

A=~ V+9A (V+9A)
2 

• 
--=--- ~ (e - an, - ) dE 
E-Eo-~ns d 7 E-Eo-9ns · --

(Il.I3) 
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