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KaK ~3B8CTHO, O~HO" ~3 WOAeneA KB8HTOBOR Teop~H , B KOTOp~X 

CTpyKTypa ~8C TMU~ npORBnReTCR BCR8~CTBMe ee B38~WOA8ACTBHR C OK

py&a~W nonew, AB1IR8TCA WO~enL 3118KTpOH8 B HOH HOW KpMCT81Inefl/ . 

nonApM38UHA aneKTpoHow poaoHHoro aaxyywa n p~BOAHT K oOpaaoaaHHD 

C1IO&HOII KB83M~8CTMUY - no~RpoHa,oO~anan~ell HeKOtOpoR BHytpeHH8A 

aaeprllell E lr1 NBC COli rm . Oon~>aJell , ~ew Mace a 3JI8KTpoaa . 

~OXHO OXH~8TL, ~TO CtpyKTypa fi01!Ap0H8 HBH~ 00paaou npoRBHTCR 

B ero peaKUHM Ha c~aOoe aaewaee aoawyweHMe, He cnocoO

Hoe paapyiUI1Tb KB83M~8C THUY • B qac THOC TM, OUeHK8 OCHOBHOrO y POB

HA CBH38HHOrO COCTOHHHH fl01!RpoHa B fiOT8HUM81!LHOM none nOK83U

B88T 1 ~TO 3118KtpOH , B38HWO~e ii C TBJD~II C KOne0aHMHiollr1 KpMCT8 111IIr1-

~eCKOII pemeTKM, B8~8T ce0H B C1!800W BH8WH8M none K8K H8KOTOp8H 

KaaaHqactHua c BHytpeaae A aaepr1r1e11 E 1r1 a~weKtHaaoll uaccoA 

~~ /2/. B H8CTOH~ell paOote HCC1!eAJ8TCH 38~8Q8 0 paCC8HHHK no-

11Hp0H8 C1180biW BH8MH MW nonetl H K8y~ae tCH 38B~CMWOCTL 8Wn1IHTy~ 

p8CC8HHHR OT CTpyKTypbi KB83HQ8C THU~. 

reNH1IbTOHir18H , OnHCYB8D~II B38HWOAeACTBHe fi01IHPOH8 C BH8m

HIUI K1!8C CH~8CKIUI flOT8HUir181IOW v ( i) , MMeet Bl!~ 
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T8K 'iTO 

1. "' dv w3P· ~ d.i 
<tl_lthc. l - z.,n;;-z.J 1) 
6 ll.\ t ~ k 

r.zte J... - 6e3p8311epH8R KOHCT8HT8 CBR3H, 8 v- 06~11 CHCTeWhl, 

3a.zt84Y 0 paCC8RHHH nonRpOH8 BHemHHM flO~eM y.zt06HO pem8Th 1 

McnonhayR ~opwaJmaw c rauHoHa p11o~ reopH>l pacceRHHR , OaaH pyklutH~c R , 

KaK HasecrHo, Ha l!Byx oneparopax - ~YHKI.lHH rpMHa cMcrewbl G 11 

oneparope pacceRHHR ~ 1 CBR38HHbiX COOTHOmeHil6 11 

G = Go + GoT Go (2) 

r.zte Qo ecu ~YHKI.llr1R rplr1H8 fl01!RpoHHO~ Clr1C T6llbl Ho . 3awe THw, 

'iTO Go HweeT B o6U~ew cnyqae OTJm'IHble nonoxei!HR nonoca H 3H84e

HHR Bhi'I8T8 flO C p8.BH61!l!D C ~YHK(ll!e~ rpHH8 CB060,llHOI\ '18CTI!l.lhl, B 

Cl!ny tJero Bhlpaxei!He awnnKTYAbl pacceRHHR crpyxryp11oro o6beKra 

(n01!Rp0!18) qepe3 ,Pyi!Kl.li!IO rpH!18 OTJU1'18eTCR OT COOTB6TCTBYXll!l8rO 

Bhlp8ll6RI!R AnR TO'Ie4HOI\ '18CTHI.lhl . 

nepe~.ztew reneph l!enocpe.ztcrseHHO K onpe.zteneHHkl awnnK TyAhl 

pacceRHHR. nyCTh I q>~(~)ecTh flOnHbll\ H86op C06CTB8HHbiX COC TO

RHI!I\ rewHnhTORHaHe Ho : 

HoI 'i'M(?)) = Em ( P)) ~m~r)). 
OTYeTKw, '!TO s c11ny rpaHC1lR~OHHOA HHBaPHaHTHOCTI! ~0 al!epri!R 

nonRpOHHO:,;> coc TORHHR E.,. ( p) ecn ~yHKI.lllR n~1!_H_?ro Mwnynwa 

CHCTeYbl p . 00o3H8'li!B .D.anee IO ) f> E e'f't.l 0)' r .z~e 
I 0) - s aKy yuHoe coc TORHHe , nOJIYtJIIII 113 (2) 

< 0 > p \ G I o; 9'> :: G ( p, q) = 

2 

=L_ (o;p~~~(p~)(<tl11 (p')!Gcl <P"' (f))<. ~"' (f)\Oj ~) + 
p',4i ~ ·· "" 

+ L <o,rlt? ... (f))(q,~~(r')\ ~orr~.\~ ... lf))(~~t~~\oi\3~ = 
P')l\j r"" 

-=- ~ ( o·,pl4' ... li5'))< tt' ... (p'>lo; ~> 

bl~l'- E~lp') - E 
s-M. ,~ o-r: r + 

+L_ -· _, p,M-) V~"'"' 

< 0 I pI cp,.(p'))( ~ ... (ji'l I T I ~ ... (q'l'>< q>,..lfl\ Oj '\> 
( £.~([>')- E) ( E__, (~') - E) 

LI8TJll!l.l8 pacceRHKR < <J> ... (p) I rr \q> ... \~)Ha 3HepreTt!tJeCKO~ nosepx

r"-•"' HOCTH H3B8CTHblll o6p830N CBR38H8 C 8llflnHTY.llOI\ p8CC6RHHR J ( p,;)! 

r~'(pl 'l == - \ ir. )~ m ( ~- l~) \I( tp t io) \ <pM l ~)), (4) 

Ep ... E~ I 

B A8nbHe~mew Wbl 6y.zteM HHTepeCOB8TbCR nepexO,llOII OCHOBHOro COCTOR-

HHR flOJIRPOHHO~ CIICTeKbl OflRTb Ke B OCHOBHOe , T,e, 113YtJ8Th ~YHKUMD 

£ O,O(f, i) . ~a BblpSl!teHH£1 (3) I! (4) BhiTeK86T 1 '!TO 

;c, \~~~) = l~ (~c (r)-E)( tol~)- EJ 
E- t:.\.f>): E,l~) 

1M ~ 

3-;r I 'X~~\l (5) 

n;.._t ) . ~ ( p, 1 , 
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r.ll6 Gc '•t ~ ~ _ ~0 , M Y'lT6HO, 4TO B C1.111y Tp8HCJIRUMOH

HO~ 11HBapMaHTHocTM rauii;IhTOHMaHa Ho (o,p \ ~olfl}:: bp(X(trt), 
r.lle $yHKUMR 'X~p1) onpe,nenRe TCR , K8K 3TO C11e,llyeT 113 (3) , COOTHO

W6HII611 

~p ij \1-(p)\t., t.,. lEolp) - t.J Go (f ... \) · (6) 
l 0 I E,-. E~lp) 

.li1IR ~YHKUHH rpHH8 CHCT811bl G (r,~) loiOl!tHO nony411Th C116JlYil

mee npe.D.CT8B118HHe q epea ~YHKUHOH811hHbiA 11HTerpanf2f: 

G\?,\l: ~ il1:~'(o\ ~(\,,')\o) ~;p'i:- i~i' = (?) 

J
I>O st"'~ [ rr ·- - - ~E ox. · •1 

=)J.ste•'t(p-q) cite'_ Cl14Jtq_,;.P -~~x•'+~rx(t) -
0 Xlo/= o 

~ cr ~~ 

- ~ ~~ V( ~ + x(~)) + t~';, J J.5 ~ ~~, ~ al t,_ e_ w(s,- s.) x 
o I o 0 

; K. [ Xl~•) - X:(r,.)] } 
x e 

' 
( H - E) q (if, i') = £"( i- i). 
~3 (?) Hloi86M .ll1IR ilJyHKU1111 PpHH8 flOJIRpOHHO::l CI1CTellbl 

Go(p,,) = ~(p1 ,)V=o) : 
~o(f,,l : 

::: ~pq T~~ ~~(fr-E)_J ~t 
G ~o\-::.0 

( 

t~rl- ~ ~ ~l. . (8) 

+ 
J-.vS\l. ) J.K r~ jl~ -l~,-t,)( W T ¥ ) t t i(, [~(1~. ~(s~} 

- l. !, llL e. I } t,Jtk f\L ((. 
I 0 o 

4 

~ 

J 

~Cn01Jh3JR p83BI1TLI~ B pa6oref2f B8pl18l.UIOHHbll! nO,lO(O,ll .ll1IR 

OU6HKI1 OCHOBHOro ypOBHR 3Hepr1.111 nOJIHpoHa, annpOKCHIIIIpyew ~YHKUI.I-

0118JihH!:il! 11HTerp8.JI B (8) .l16~CTBI18!.1 _ 

1 ) J-:'(_;. p}Z C f' -W/f,-i~f S (xi p "' - t x -4- R- - v- Js, ritz. e x 
' ' , 

)( [ x(r,)- i-(s.) 1" : (r,- 1._) 1 z) (9) 

IIO,ll6JIHpyDmHU K8pTHHy p8BHOU6pHOrO ,llBHa6HHR CTpyKTypHOI! 48CTI1UJ:i , 

B peaynbTSTe n011J411wl21: 

~o ( p,1) : rr\. R.('f') 

EolP) - E 

r.ne Eo (?)- aHeprHR nonRpOHHoro cocTORHHR c 111o1nynDCow 

E 0 l p) ~ E c + F ll tn 

(IO) 

... 
F : 
(II) 

a BHYTP6HHRR aHeprnR nonHpoHa Eo =: Eo l p: 0) 11 ero a!MeK-

TI1BHBR U8CC8 ~ p8BHbl COOTB6TCTBeHHO 

Eo:: .ilv-w):~. _ J.w* J rl£ j;6 e_~w- /~l ~(()) 
~ v lo/fj TT ~ K.z. • I ) (12) 

[ 

~,.. tX> z 
m -: f + _1_ J. w .J.Z -t.J~ L - /(v' F(r} r 3r iVfi f'-J J dfi(?_ 6 e r J (13) 

I c ) 

3.ll8Ch F lo)==w'J.~t 2. z.( -V()) t 2. 4c v-w i-e V=w+ -v I w 
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Onpe.Jte.lUIB WHHHYJ'lol Eo no uapaYerpaw V H W H no.ncTaBIIB aKc-

rpeYanbR~e aHaqeHHR napaYerpoB B n~pa•eHIIe .nnR nt , nonyq11w 

oueHKY .nnR aHeprKH nonRpoHa E.lp) . 
V.cxo.ztR Ka (IO) H (6) , onpe.nenRew [ ~lp) ( : 

l ·?:~f)\>- ~ R~lpl) ~ ur1- !4- 3f).)L 1 ' 
d..l.O 8'-K. 

r.ne .,1'1. ~ 1 _ 

)• "' ~$f ""' 7-

- K.'2 1\ 
e. 
_o_tk. 

_1. ~ w"'lt r 
f f J. :2-m.-l-.Ji):-,-Ji,. J cl~ Kf 

-'(,l" 

e 
Jl" 

2. 
(k.p), 

lC 

JlK. : W + Kf2.m) 1\: Zw ~ ( f - 1'/m) . 
V.cxO.ltfl 118 TOro, qro pacceRHKe nonRpoHa K8K e.ltiiHOrO CTpyKTypHO

ro o6pa8oB8HKR Hweer cw~cn paccwarpKBBTb nMwb B cna6~x BHemHKX 

nonRX, He cnoco6H~ paapymMTb nonRpoHHoe coCTORHKe, 6y.new crpo

Hn at.rnmtTy.Jty pacceRHMR f00
( p, f) B nepBOII 6opHOBCKO!( npH6.1UI

KeHKK: 

\ o o ) n . ( ) ( -) m i~~ f J 6 (p, ~ = tu": Eqlr)-E Ec(~l-t 2i/:tlt (l r; (14) 

. E-. t,(pl= Ec(~) . 
~~-t 

r.ne ,llJII! l..:f b 118 (?) 11 (8) nonyqaew npe.llCT8BJieHMe 

Q i~t ( p1 ~) : -1 Jt J 6 ~~ p [- t ( *- E) - ~ ( ~- £) ] X 
o r r 

r 1 i ~lr- ~l ~ o~ f r·J. 
x j a~ e. V l ~t) J (Mt ll..f l - It J x lit + 

(lo\:.o • 

6 

"'/t. .LW 
+ 4iff f1 

..., 
~ f g{;: s J· cJ - W/S,-f, J -t ,'iC..{i(t,). 'i.(t.)} 

J --'! f, JL e 
I( ·5 )( 

s, 

- i~ S i( tJ rlr j 
x e JJ.. 

_.. - ""'> 
u..(tl-: pe(\l + ~9l-~). 

(15) 

r.ne 

(16) 

V.!.leR B BH,lly, qTO seKTOp '0..\\) npK t- ±cr.> nepeXO.ltiiT B l!llOYRbC 

KOHeqHoro HnK HaqanbHOrO 8CKWOTOTMqecKM CB060.JtH~ COCTOf!HHR, 

llO.ltllifJKU11pyeW annpoKCKWUpyllll(86 ]teACTBI!e (9) 1 3alleHHB B HeW Hll

nynbC nonRpoHa p HB seKTOp iil'l) 1 r . e . sse.new swecTO (9) an

npoKCHilHpyn~ee .JteACTBI!e 
'L l. s \ l j ~) = - }[ J J J ( l + * Q (f) ) -

-6 

t( s t c. j'l. r -w I ~I-t~ I [ I r'... ] - -r j ~ ~, cl v,_ e x(~.)- ;:: lra.) -t ~ J Q(~) ;_ 
2 -6 '~ l 

(17) 

r.ne no-npeJKHeMy M C.. H 'v..J- sapl18UHOHHble napauerpb1 1 on-

pe.neJIHelolhle M3 MI!HHMyua 3HeprHH 8CHUOTOTHqecKH CB060,llHOrO fiOR!I

pOHHOrO COCTORHHfl (COOTHOmeHIIR (11)-(13)). 

AnnpoKCHMHPYR ~YHKUHOHanbHbiA IIHTerpan B (IS) .neACTBHeu 

S'( ij i) 1 nony'll!ll 1lllR awnJIMTY.Ilbl pacceHHIIH B nepBow 6op-

HOBCKOW flpl!6JIKJ;eHHI! ~ _ 2. 

roo ( - - ) .m r .1-. -v-c~) e ,·i(p-o) - f! (p ·?) 
j b \. f 1 ~ ~ - f~ j ~ 't '( I e 2 ) 

J~ ~ 3r/' r.;; r ( 3/.t,- 3/.t 2 nt.{J 1\) -= (18) 
N t.J 11 111. ) 
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= [ 

J., 

:uw;-v 
1. 

iWm. ) 

rJ., <.< 1. 

C(. )) 1.. 

11a (18) cne.llyeT, 'ITO pacceliHHe nonRpoHa na cna6oM noTe liUHane 

3rtxl>6KTMBHO CBO.l\MTCR K paCC6RHI110 '18CTI11..1bl MUCCbl tn, 1!8 CrJI8J:6HHOII 

nOTeHUM8116 : 
.1. 

(t- :t~J J (19) 
2f.t . v.!f(i). (':f.) •i• J tlf, v{?.) ur[. 

0 'N6TI11i , 'ITO Cr118m!B8HM6 nOT6HUM8118 v {t) npMBO.IIMT K 1!6-

KOTOpowy noB~>~meHJU> aHeprMM CBRSH '18CTHI..Ibl B none VeH (t) 
no cpaBHeHMJO c aHeprHe~ CBR3H '18CTMI..Ibl B none \T{t) , B qacrHoc-

V(i) = -r/t 
Veo = - f/t. CfJ(ir;;;) · 

TM, 6C1!11 - KYJIOHOBCKH~ noTeHUH811 , TO 

r.ne <t>( J(.) -<flYHKUMR Omii00K, M OCHOB-

HO~ ypoB6H:b 31!6priiH fq8CTIII..Ibl J.I8CCbl -yn, nO,liHIIM86TCR B nOT6HUH8116 

V e.fl ( i') no c paBH6HHJO c KynoHOBCKHM noTeHUH8now - f/y, H8 Be-

1111'111RY L1 E = '-tmp~J. + o( p,."'~') ' r.lle Y'IT6HO, 'ITO fo~. <<1., 
B 38KJia>lleRHe aBTop 6n8ro.napHT C . n . KynewoBa, B .A .IAaTBeeB8 , 

M,A,CuoH.ZlbiP6B8 11 A.H . TaBxenH.nae 38 noneaHJXe o6cy~AeHHR , 

JIMT6p8TYpa 

I. H. Prohlich , H.Pelzer , S.Ziemau, Properties o1' Slow Electrons 

in Polar Materials, Ph11 , Mag., 41, pp, 221-242, 1950 

C.H.neKap. Hccne.noBaHHR no aneKTPOHHo~ TeopMM KpHcTBnnoB, 
rocrtXX3Aar, 1951. 

2. E. A.KO'I6TOB, c . n.KynemoB, M.A. CMOHAblpeB . nonApoH K8K wo.nen:b 

OpofR:UHBOI 'laCrJUij,l, B KH,: "X lleK,llyHapo .. HM lllltO.Ia IIOJIO,.ua 

Y'I8BWX no ~H3XK8 BYCOJtHX 3HeprHR" , mUIM, .112-10;)33, 
JlYOHa, !977, crp, 489- 525. 

Pyxonxc~> nocrynx.ra B HS.llaren~>CKMR orAe.r 
21 anpena 1980 ro.21a. 

a 


