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McxoAR K8 o61,el !&OpHH npoxo~eHBs •s~e&R! qepel se•ectso, 
-.d 

DONlOI,8HB8 8JI8K!po118rBJl!BHX BOJIB IIODO ODJIC&!lo cpas:!Opoll e t 

r)le e - 'fOUBB8 DOI'Jl0.8J)I8,8l'O C.JIOBt a ol - KO~II-

UH8H! DOrJIOI,8BKH. B 061,811 CJiyq&e ol HBJIH8!CH ~yBK~el qac!o-

!H W Jl BODOBOI'O B8K!Op8 1' D8Jl81)1,8l BO.IBH. Ma yp8BB8BJII 

llaKCB8JlJ18 ,M:H BBO!poDBOlt Cp8Jlli CJI8Jl18!, UO 

at= 411" 

c. ff 
Rt CJ, (I) 

l'Jl8 Co - CKOpOC!lo CB8!r8 B DyCTO!e t (5' - KOIIDJI8KCB8H 8Jl8K!po-

DpoBO;zuiOC!lo CJIC!8MH 1 8 £ - 1UJ8Jl8K!pHqecK8H Dp0Bli~88MOC!lo cpe­

Jllie BapazeDe (I) noJiyqaeros B npeJlliOJIOI:eBIUI, q'fo qactom 

yJlOBJI8'fBOpB8! B8p8B8HC!By ()J >> ¥ ~(5' • 

B Jl&BBolt pa6ote dyJleM paccll&!pHBB!lo npoctpaactseasoOJlHOPOJl--soe 3Jl6K!pHqeCKOe DO.JII ( ~ -= 0 ). DOl'JIOJl8J)1,61 OJI0!81101t HBJIH8!CH 

1'88 OB060)lBHX BOOH!8.J18lt 88pHA8 B Do.JiyDpOBOJlBHKBX. TOI'A8 £ 
B61,8C!B8BH8H qac!lo ~3Jl8K!pBqecKOlt DpOBIIU88110C!JI peme!KJI 1 KO!Opym 

6yA611 CqH!B!lo Dp8K!HqecKH DOC!OHBBOI. DpeJlDOJI8l'88!0H 81.8 1 q!O to 

Dpe:BHm86! DJI88118HBYJI qaO!O!y rasa. CBOdO;JUUiX BOOH!6JI6lt 88pM8e 

B !aKOlt DOOT8HOBK6 38AQqa 0 H8XO~eHBH K08~HUH6H!8 ODTHqeo­
/I-3/ 

KOrO DOrJI01.8HHH B DOJiyfipOBO;zuiHKBX p8CCII8TpHBBJI8Clo B pa60T8X • 

B 3THX pa6otaX )lJUl ByqHCJI8HHH U DpHM6HH8!CH T6XBHK8 

~YHKUKI rpHBa H ~opgyna Kydo (CIIe / 2 
t 

4/. PacceaBHe CBOdOJlHHX 

BOCH!eJiel 8BPHA8 DpOHCXOAHT HB ~OHOHBX. B /I t 
2/ HCDOJI:Eo8yeTCH 

DpH6JIHiaBH8 BHCOKHX qaO'fOTe B /3/ OA6JIBH8 DODH!KB CHHTlo 8!0 orpa­

HHqeHHe OD8UH8JiloHO AJIH onyqas p8CC8HHHH H8 OD!HqeCKHX ~OBOHSX. 
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Tau ze paccuaTpHBaeTOH pacoesHHe Ha npHuecHX H auanHaHpyeTOH 

B~HHHHe paanHqHJ:iX M6X8HH3MOB p80C8HHHH H8 nor~OII(8HHe OB060)J;HI:i­

MH HOCHTe~HUH aapH~S. B/S/ BJ:iqHC~H~SC:& ~068BK8 K K03~UH6HTY 
onTHqecKoro nor~oll(eHMH, nonyqamll(aHCH Bc~eACTBHe pacceHHHH woHo­

HOB BS HSOTODHqeCKHX ~6W6KT8X pemeTKH. 

B HSOTOHII(en pa6oTeoL(uu) BJ:iqHC~HeTCH B C~yqae pacceHHHH 

Ha aKycTHqecKHx wouoaax c yqeTou HaueHeHHH a~eKTpou-woHoHHoro 

B38HMO~O~CTBHH HS-38 HanHqHH npHU8CHI:iX ~8W6KTOB 

TaTe 3aMell(eHHR aTOMOB. 

§ I. TiocTaHoBKa aa8aqM 

Ey~eu paccuaTpHBaT:& KpHCTa~~ Ha aTouoB A 
npOCTYJO Ky6HqeCKYJO pemeTKy. HeKOTOpi:ie H3 STOMOB 

pemeTRM B pesynb-

, oc>paaymntHx 

A 38M611(6HI:i 

aTOMBMH B • TaKHM o6paaou B KpHcTa~~e ooa~aHu npHuecHue ~e­

weKTN. rauH.1I:&TOHH8H CHCT8MI:i "a~eKTpOHN H WOHOHI:i 11 B TSKOM KpHo­

Ta~~e no~yqeH B / 6/. 0H HMeeT BH~: 

1-1 = z; £lpht\p)O.(P) + ~ Wll<) ~\~) t\~)+ 

+ L B ( p1 ,fl.' K) a+ {~J Ct(p,.) [tlKJ + rt-~)J 
1 .. t.t 1 

(2) 

- ~ I r~e p ·~ l p, 5) ; S - ODHHOBSH nepeueHHSH. Ey~eu HCD0~:&30B8T:& 

npH6nHZ8HHe H30TpoDHO~ a~eKTHBHOA MSCCN: 

·fl. p1 
E.(PJ = ·- -p.. 

.lm. 

XHMMqeCKM£:1 DOT6HUH8~ f OTCtJHTHBaeTCR OT ,B;Ha 30H:bl npOBO~-

MOCTHa 

BtP'1.P',.,K) ·= A(~<J~(~--~-K)+ 

+ 'D t ~, R. ·K) c (~ -K- K') !:l ( s1- ~~) 

4 

(3) 

I ·,:i 

• I 

8,1;eo~» /). -e.11.KHHU8H USTJlHtta, C (K) - ¢Y1 

TYBitBH KOHJt8HTp8ItBH ,lJ;elfleKTOB B /71. B uo; 

(npHdXHieHHe !8CTKIX HOHOB /8/) 

'II" [ AlK): 'l.pYwlKl K l1-C)'ttAlr.J+ 

~ -) -> K.r,-Pz.) ~ 
-9(:t~ 

q)lp,,pz.,l<)= pVwll K ['Molr.)_ 

r,1;e J' - D~OTHOC!l» KpHCTB~a, v - lflp; 

- Ko~enpaitBH ,J;elfleKTOB B • c • 

Na N'a 
C= .... -

X' A ... !'( 8 N 
N'f\ t NB - COOTB8TC~8HHO qxcBa 8TOUOB 

8)1;801» 1A lrj t 1A8 (r) - DOT8HJtH8Jll»H8H : 

OTBeTOTBeHHO B none yana c at.ro11ou A B B 1 

V". - pa,li,Kyc aneuenapaol ftllefitKH; ~ , ~ 

B8.1IHqBHJ:i DOpH~K8 8,1U!HHiti:io 

AlK) H 'D(i~.~~~) 11ouo aanHcau B :BB~e: 

1 _!L_ A (K) = rv A Yw\K) 

~ -> ... ) 

0\(-' f .K) ~ _L Q\ K.(P,- P:~. _ 
tJ p, ' " I 'fV IJ K ¥ w ( K) 

r)J;e A H q) - nooo.rosHHNe. A erpaeo.r pol 

CTBHH aneKTpoHOB c woaoHHHK none11. Ha / 4/, 

'[)2. = A2. _j 2. 

( ~tC'lj..)2. 

'\4 6 ( r.)- 'M, 
"1 : ~~~lf. 
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SCCUSTpMBaeTCR pacceRHMe HS ITpMMeCRX H 8H8RH3HpyeTCR 

paanuqHHX uexaHHSMOB pacceRHHR Ha nor~o~eHHe c:aoOOAHH­

'enHUH aapR~S. B/5/ BHQHCRRR8C:& ~00aBK8 K KOS~UHeHTy 
oro norno~eHHR, nonyqam~aRCR :acneACTBHe pacceRHHH woHo­

aoTonHqecKHX ~ewexTax pemeTKH. 

CTOH~e~ paOOTeal(uv) BHQHCRH6TCH B cnyqae pacceRHHH 

qecxHx woHoHax c yqeToM waueaeHHH aneKTpoH-WOHOHHoro 

CTBHH H3-38 H8RHQMH npMUeCHHX ~6W6KTOB pemeTKH B peay~J.­

e~eHHR aTOMOB. 

§ I. llocTaHo:axa aa8aqw 

M paccuaTpHBST:& KpHcTann ua aTouo:a A , odpaaYD~X 
yOwqecKYD pemeTKy. HexoTopHe HS aTouo:a A aaue~eHH 

B • TaRHM o6paaoM B KpHcTa~~e coa~aHH npuuecuue ~e­
H~:&TOHHaH cl1cTeMH "aneKTpOHH H WOHOHhl 11 B TBROM xpwc­

yqeH B / 6/. 0H HMeeT BH~: 

. = ~ £tp)c{tp)a.lPJ +~Wtl<) ~\~i~(~)+ 

_r;_ B(~,Pl..i<)a+(~Jet(P .. )[t{K'J+rl-~)J, 
r •. r., t 

(2) 

£) ; S - crrl1Ho:aan nepeueaHaH. Ey~e• ucno~:&ao:aaT:& 

He HSOTpODHO~ 3~8KTHBHO~ MSCCH: 
fl. p2 

E.(pJ: ·- -p.. 
l'tn 

ll,!6CKH.ti ITOT6HUH8~ f OTC\IHTI:lBaeTCS'I OT ,li;Ha 30Hhl npOBO~-

BtP,,P •. KJ ·= Al~<J~(~--~-K)+ 

+<Dt~. P: .. K) c (p; -r: -?.) ~ (s.- S~) 

4 

~ 

(3) 

-.~.-~~ 

-~ 
-~ 

I 
~· 

··I'·· 
\' . 
~ ·. 

' 
~· 

.',.;~; 
-~ : 

\ ; 
~~~ 

i 
• J( 

1
·,. 
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. 
• • 
:::: 

' 

:·hi·.· 
( .. , 

:~E :; 
·., ' 
) 

~ ' 
:~~,, 

SlleC:& ~ -e.ztMHHU8H 118TpM~a, C (K) - ¢yp:De-.KollnOHeH5 ;ny.rc­

fY8~H KOH~eaTpa~H ~eweKTOB B 171. B MOllenx Beraepa-SeiT~a 
(npllOXHieHHe 38CTKIX HOHOB /8/) 

A(K): ~'l.P~:(Kl K [li-C)~A(C:)+Cll6lr.~j (4) 

Cl\l.., ~ ->) = \~ K. l P:-P:l [14 lr.J_- ~ u·.-,J ., Up.,pl.,K ~~ K r, A j, (4•) 

r.J;e f - fi~O!rl~OCT:& KpllCT8JlJIB, Y .. !liYHMII8HTBJ!l>Hd 0071811, 

c - K0~8HTp8~H .Ae!li8KTOB 

Na 
C=-

J{A + t( 8 

B : 
Na 

.... N. 
t{A ·, Na - cooneTCuesso qxcJia atouo:a A • 8 B ocheue V 

S.J;ec:& 'ttA lr) , 'U8 (r) - noTe~anBaH aaeprHH a~enposa co-

OTBeTCT:aeHHO B none ya~a c &Touo• A 
'f'o - P6lll1YC aneuenapHol JNeit.KH; ~ 

H :a no~e ysJia c a~•o• 

, J' - <SeapasuepBHe 
B8JIHtUIHH fiOPMK8 8;ltBHH~o 

AtK) H <i)(p: .P:,K) uo:mo sanacau B BH~e: 
1 __ K 

A (K) = rv A YwtK) (5) 

__ , ·-> ~ 'K. l~-P:l 
CJ}(~.Pl.,K) c: fY Cf) K Y W(K) (5•) 

B ; 

r,lte A H CO - nocToaaaue. A HrpaeT poJI:& KOHCT&BTH :aaano~el• 
CTBHH aneKTpoao:a c WOHOHHHK none•. Ha /4/, /4'/ c~e,AyeT, qTQ 

9)2.:: A2. \2. 2., "' ~B(r.)-'M,dr.) (6) 
( ~+C1j,.) 1, 'tf,df.) 
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BTopoe cxaraeuoe B 131 onMcHBaeT AonoxHMTeXbHOe noxe, Ko­

Topoe A068BXH6TCH K CMHyCOMA8XbHOMY fiOXHpM38~0HHOMy noxm ~OHO-

Ha. 9TO AOfiOXHMT6XbHOe noxe noxyqaeTCH BCXe~CTBMe pa3HOCTM nOTeH~Ha­

XOB '\ll\- 'UA peryXHpHOrO H A6~KTHOro yaJIOBo typb6-KOMfiOH9HTY 

~JIYKTYBUHH KOHU6HTp8~H HecyT HH~OpMSUHD 0 KOHU8HTp8UHH H pac­

fiOJIO~eHHH Ae~eKTOB B . 
~MemTCH B BMAY TOJibKO npOAOXbHYe SKyCTHqeCKHe ~OHOHYo il08-

TOMY H He nHmeTCH HHA6KC B6TBH KOJie6aHHlo 

tlacToTa H TeunepaTypa T BYpall8mTca B aHepremqecKHx 

MHHHUSX. 

]J.JIH of.. l W) 6yAeM HCfiOJID80B8 Tb BYpallteHHe /I/o ~a ~O}IIyJIY 
Ky6o (cu. 121) noxyqaeTca: 

't, ~ 
Q_ G (. 2.li(n \ ;... ·p->p.,'J K~-- -~~• ) (7) 
111. ""P w)"' 3m1 Yw a"P !::7;, • 11'1. ,p,p;p,p ;W · 

P.r 

3A6Cb 
·- , Et 

1/ I s ,-Y\ ~ "" v ~ .• . 1i ..... - ,..., ...... (8) 
lP .. r1.:P,.r.:E)= lidi He K\g.R;P,.f~:t). --

4/yHKUHH rpMHa K {p,}.,p}},;t} onpeAeJIHeTCH paBeBCTBma: 

I 

Kt~.P.;P>,p,)} =iS (t)<[ct(f,.t)L'llf,_.tl; ~+tP}l~l~fl). (9) 

§ 2. YpaBHeHMe AXH WYBKgHM rpMHS 

AH~epeHUMPYH / 9/ H HCfiOJibBYft / 2/, noxyqaeu: 

. ,t K - - ..,, ""'' t) t H { p., , P .. ; p, , P, ; = 

: ~ (t) {:} (~- r:) u([-P,'l [ n(p,)- n(p1)] 1" [ £( PJ-E(P,H K (~.Pl.;~', r:; t)­
-5~ B(p:· P,, KJ [ K, (p: f'~.K. P./, P .. ', t) t- I( t P': ~ ,·;, P, .. , p;, ~ il+ (IO) 

+ ~,. B\P:.ri: ;, [Ki (~ .r~·. r<,r,.-, P:'t) + t<1 (~.P': K r:. r;, t)] I 
6 

I
,, 

~~ ~ 
"· \ 

. ' 

.~ ' 
·~ ~ 

1( 

fli ~~ -f 
' ~· ·~· 

~1 .. '~. \ 

\. ~ 
~ 
·r, > 

'·, . 

~~ f 
~v: 

I
;;·~ 

;· .' 
} ·~ 

~~-~ 
~ 

\~~~ 
-~ ~ • 
~ 

.,f .. '~. 
'·. 11: 
'·} ' 

~~~ .· .. ~.l •. 
" ~ 
~ ' 
~ 

\J 

·-: 

1 . 

' . 

' 

rAe 1\(p) =<~_+(i))c,\(p)> M 

~d~.K.K.~'.P~.t) = i elil(["+IP..t)G\lK;t)tl~. 

Klt~.P:..~.w.P:.tl = i elt)(["+(~.t)c.\lRJJ((~ 

(B atoll naparpawe t •I) 

.ba l<4 11 K
1 

us /II/, /II' I aHaJJor&· 

if = -Htl { ~ ([- P':l(o.·(~)~(w)t'(~)) -a(~· 
+ { ~l p,.)-t.lP1) + Wli<)} K,-

-_t;, Bt p1
• p,, t) ~ ~ lt) < [ a+tr: tJ{ ~(u:tJ + &lu'.t)} 

IC 'p 

+ [ B(p,.,p~w')iQltl<[a+(P,.tJdl(p~tJ{tlil',tJtti 
~, ~~~ 

l(,f 

+ [ Blr~ r: -l) i Glt)( [a+[P,,t)~!K,t) o.+(p',t) ~(I 
,..,, ?ell 
P.r 

1 ~~1 = -~lt)tA(f:-P,')(~tl~)n-it)t\(P:J) -~ 
+ { £(p2.)-£(P1)-W(Il)} Kl-

- [ B[p:~,·;) i a(t)<[CA+lP':t){'lK~il+ft~'.t)l 
~r ~ 

+ ... ~. B(P:.P: K'') .t &lt) ( [L\+(~.tJ tl(p~tl{~tw~tJ +! 
K,P 

+ L B(r:r:-KJi&ltl<[~+(~.t)tA(K~lUI+W.t)o 
'/(/-· y,p 

7 



oe c~araeuoe B 131 onMc~BaeT ~ono~HHTe~bHOe no~e, Ko­

aB~HeTCH K cMHycoM~a~bHOMY no~HpMaa~oHHouy nonm wouo­

,ono~HHTe~bHOe no~e no~yqaeTCH BC~e~CTBHe pa3HOCTH nOTeHUHa-

A pery~HpHoro H AeWSKTHoro yanoB. ~ypbe-KounoHeHT~ 

H KOHUeHTpa~H HecyT HHwopuaUHm o KOHUeHTpaUHH H pac­

~eweKTOB B . 
TCH B BM~Y TO~bKO npo~onbH~e aKyCTMqecKHe wouou~. lloa-

nHmeTCH MH~eKC B6TBM KOne6aHHlo 

OTS H TeMnepaTypa 1r B~pa18DTCH B aHepreTHqeCKHX 

o/.. l W) 6yAeM MCllOJI:b30B8 Tb BhlpaiiteHHe /I/ • ~3 WOp.tynhl 

121) no~yqaeTCH: 
'to~ 

2.1i(n \ ·-·->-,;] K · (7) 
.c.p(w)-=·~m!Yw d,~.ll b. P.P 'In (p,p;f'.P';w). 

P.r 

.. - . Et 
,... ,_, ,... E ) i s It I T 1/ "" ~ ,.., ,,... t) ( 8) .r.:r).P .. ~ =:;.;di ~ e n\P,.R:P}.f~: . --
UHH rpMHa KlP,LLP.;t) onpe~enHeTCH paBeBcTBou: 

,f., P,.r.)) = iS (t)([ct(f..tJatlf...tJ; G\+tP>J~l~U). (9) 
1 

§ 2. YpaBHeHMe ~HH WYHKqHK rp¥H8 

epeHUHPYH / 9/ H HCll0Hb3YH / 2/, nonyqaeu: 
• ,l 1/ - - .... , .... , t) 
t H n t f., . P.. ; P1 . P .. ; = 

p~') u lP.-P,'I [ n(p:.) -niP,)] T [ E,( f .. )- t( P,H K ( ~.P .. ; ~~~ r:; t)­
B (p r;, K) [ K, 1 r: r~.K. r:. r .. ',t) + ~<'z.l r: r,~. ,·;, ~ ... r;. t D+ <ro> 

B \P: .r': ;, [K1 (ft .r'·, i<;P,'. Itt)+ ~ll~.P~: ~ r:. r;. t)] 
,. I 

6 

' 
' 

-~~ 

'_ .. 

r;Jte 1\ (p) : < t'+ (Pl G\ (p)) M 

1/ "'- :-J'"'' -, • llJ([ +- ~ 1 +"' "';-!~II) V\4lPt.Pl.•"'•Pt,Pl,,t) = t Eh G\(p.,t)t\(Pl.;t)olil.t);c.\lP;)ta.(p;!J_/ 

Kltf..K.~.w.[.t) = i elt)(["+(~.i)~~t[.t)t'"(it); ,((p:)~t'P:il)~II') 

(B arou naparpawe t •I) 
Jln11 l<4 u K1 ua /II/, /II' I auaJiornBHM oClpaaou nonyqaeu: 

i -if .. -Htl { 6 ([- P':l(o.~(~JttwJL\(~J) -a(~- R:)(o.·(~'l tll}~~l)} + 

. + { t.l P~.)-tl P1) + wl~tl} l<'t-

-):;, Blpi. f1 , t) i Q lt) ( ( a+IP: t){ ~tit:t) + ~+{-u',tJ}o.lv~.tJ t(il~J i l.'\P':Jal~i)+ 
K,p 

+ I.BlPa.·P~t)igltl< [a+(P,.t}~(p~tl{~lit',t)+~{-u>',t~ ~(~.tl; o.+tr;l"l;~~)t 
i'.P 

+ [ Blr~ P':-l)i Gl~)( [a+lP..tl~tK,t) o.+(p',t) a (p~t); ~+ (p;) ~ Cv~J]_) 
op: ~~~ 

( 12) 

i 1~1 = - ~lt)t A(f,.-P,')( ut( ~)n-it)~ (.t:) > -A(~- P~)<t'l·(~'}!(-~) tA(Pl)>}t 

+ { f(P~.)-£(P,)-W(Il)} KJ.-

-t~' B ( p-: ~ ~"K) i 9 (t) < [ ~+lP':tJ{hK'~tl+rt~',t~ ~(p)Jt+rk.tJ; a+lP:'I L\IP~tl)+ 

+ .. ~. B(P:.P~ K') ~ e tt) ( ["t(~.tJ tt(p:t){ ~(w~t) + ~+(-~tl}t+tu. t); ~t(p]JMf1tl.)+ 
K', p 

+ r B(r:f5:-K}ttHt)<[~+(~,t)tA(K~)Ut+lf,t)~lr~t); L\+(~1 )L\lrDJ_) 
'1(1 -· y,p 
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Blicue WyHKUHH rp~ua, J118CTBYJ)JIIH8 B /12/' ynpoDt&ll!C.H ny!ell 

Cfi8pHB8RH.H onep8!0poB OAHOI'O IIOIIeHf8 Bpeii8HH. HanpHuep: 

i 9lt)4a-+!P1,tJ{ ttu~t) +~\-u1,tl} a(pl.,tJ 6(it.t); G\+(p!J li\ (Pi)].):::: 

(_, ~, ( ''("''7i "'p' '""p' i) e::. A Ll. + U ) V li.) r\ P, r:z.; 11 .t ; , 

(13) 

I'Jl8 V(K): <t+(~) h~> ), 
~ &lt)([~+( ~.t)Mp~,t)Oit(p:t) 11t(p~t); ~ [ P.'J t\ ( f~l]_) ~ (14) 

,... - - II "'I ..., ..... , 7fl t) ,., "'" ... K ... , ,.., ,....p' "ii' .1..) ~D.(f>1-P2.)ntp,)"(p,p; f,,rlo; -~(P,-P )·ntp,) (p,pj.; ,,r.~o;[; + 

+ A {V,.-p'J [vnl~l] K(~,p~ P.'J:;t) + ~lr'-P'J 1llP'J K(i1.t:i,'J:; t) . 
BlitU!CJieBHe cpeMHX <m+(p,)~(~ICI{P'~,)) , <~+(~Jt+(-U}QI[Y).J) 

npoHSBOJlHTC.H T8KHII Be 06p88011, K8K H B / 4/. fiOJiyqaeu: 

<~t(f,,tJttli~tJ"'IP~.tl> .. 
!: [-t-tP,J+f(PJ+ w(k)r4 

B tP:,f: ,-K){ 1l(P,l n (';:~.) + V(~tl('rq[)-11lP~0-n (p,)} 
t p+ (IS) <f]l t p,,t)t (-a.t)l\ rr~..t))"' 

: [-tlP,J+£lPJ-w(uJJ
1 B(pl.},,-~J f-1l[f,J1lfP~-)- V(ll) [ntP,)-11lP~] + ntf'~.)} . 

llpoHaBOA.H ¢yp&e-npeo6paaoBaHHe no BpeueHH /8/, Ha /10/, 

/I2/,/I3/,/I4/,/I5/ nony~aeu JlJI.H K aauKHyToe ypaBHeHHe TB-

na L K • Q • fiBHYit BHA onepaTopa L H WYHKilHH Q BBHAY HX 

rp01108AKOCTH He 6y,llell BlifiHCiiB8T~. 0HH HllellT CJieAYil~Yil C!pyKTypy: 

L ., Lo + L 1 Q c 0. + 01 . 
rAe Lo , Oo co,llepzaT Bee qJieBY, npoHCXOMDtHe Ha nepBoro cna-

raelloro B 131, a L4 , Q
4 

o6'be.llHH.HilT Bee ~JieHY, co,llepli8J11He C(l<) •. 

llpH ycpeAHeHHH no KOHWHrypaqH.HII' Ae~eKTOB cqHTaeTc.a, qfo 

cnaraeuYe L1 H Q1 .HBJI.HilTC.H uaJllii(H nonpaBKaMH. Tor,lla c foq­

Hocum AO JIHHeiiHYX qJieHOB no L4 H Q1 Hueeu: 

(Lo + L) K = Oc + 01 . (16) 

8 

'

!.; .. 

,;;·· .; 
>:; ? 

:. j\:~~- ; 

"; 
. ';}·:~: 

'~·i.: 
:·t·.~; 

A~·~ ·•t,;· 
.'';~~~ It& 
::':,'[~k· 
!·l,., 

' ~:. 

)~ 
,)\11_ 

rAe qepTolt o6oaHaqeHY BeJIH~HH~, ycpe.llH• 

AewexToB. Ey,lleu npe,llnonaraT~, qfo HueeTcJ 

,lleJieHH8 A81f}eKTOB no yaJiau pemeTKB (OTCYT• 

,lla (cu. 181): 
-..,--~- C l1-C) ~ 
C ll<ll C l J) = /'{ 6. ( K.-r 

Hcnon~ay.a /17 I, a Taxxe !0, uo C (i 

nyqaeu ypaBHeHBe 
to K(f>,p; P1,f1;LO) = 

= 'L fw~lf,ptt,l.ll)~!r."P:r',f';w)- Wc(P+K',p.w)~ 
"~ l 

+ C~-() ~ { W,(p.~,wj K(p,p, P'. f'; w)- w1 ( ~,P,w) ~ 

+ 1~ 1f {~( p'-p}-A(r·r-~~fo(i, p~;,L-'J+; ~ 
r.lle 

Po (p, P+ t,w) ,.. A\K) x 

X { 1l1Ptil~n ~~- [vlii.l+Un ~Pt~J+ V(~t)'ll IP 

[ W·((PJt£( Pnt)-Wlll.l] · [- £ ( p t l) + t( p) 

'll (ftt1)11(P'J- [V(II.h 1] 11(p)t V(ll) I}) (ptil; 

[ W-£(p)tf. (p\;)tt.J(It)].[-t:tPrw1+ Elf)-

Tl (p J '1\ [ P+ u)- [Vl~<)·t1] 'll IP}+ V(U)'II {';r. 
+--------~~~----~------------

[ CIJ.- f.(f til)+~( p)-W(IlJ}[ -£{p)+t{ptl£)+ 

'n (p J 'b ('pt~)J- [li(tt)t 1] '11 ( ptw )+VM 111 

[ w-£(p\·il) + H~) +W(It)J[-teP)tf( Pt~)}-

9 



c•He lj}yHKfliiH rpHH8, Y1i8C'rBYJIIIIH8 B /I2/, yiipoDt81l!CJi nytell 

HHH onepatopo:a o~oro 11o11eH~a :apelleHH. HanpHMep: 

+ (P',tJ{ t tu~tJ + ~+t..u'',tJ} a (fl.,tJ 8(~,t) ; (A+ri'n t\ (i'l)].) ~ 
~ A(il +u1) V(~t) k' (pi,P._; W, f':; i), 

(I3) 

~<);: < t\uJ h~> ), 
[~+(~,t)t\(f~,tJOt(p:t)~J~lp~t); 01 [p.'JG'!(p~J]_)~ (I

4
) 

P,.l rn l ~J ~~ f'', P1 ~', ~: ;t)- ~(P,-15"1 ·n lP,l KIP~ P'~.;'P;, v:; t )+ 

p') ~-n(~l] K(f,,p~ P.'J:;t) + n(p'-P~}'ll[P1) K(i1.t;9,', P:;t) . 
t1HC1I8BH8 cpe.lUIHX <mt(p,)l(U)t'I(P~.)) , (oi+(~)~\UJUI(p1J) 
~~CJI ~8KHII Be 00p88011, K8K B B / 4/. Do~yqae11: 

<~t(p;,t)ttiiJJcl(p~,tl)"' 

~(PJ+ w(uJr• B (P:,, ~ ,-V:){ 1l(P,l n !T~.) + V(~<l [ n l~J-1liP,U-n (p, )} 
t D+ (IS) 

<QI t P',tJ t (-a.tJC\ rKtJ):: 
£lPJ-W(~tJJ

1 

B (pl.},,-it) f-1l[f,J111f~.J- Y(I(J [n l~)-11!P~] + n(P'~.)} · 
HSBOAJi ¢ypLe-npeo0pa80B8HH8 no Bp8118HH /8/, HS /IO/, 

3/,/I4/,/I5/ nonyqaeu A1IH K aauxsy~oe ypa:aHeHHe ~-
"' Q • fiBHHR BHA onepa~opa L H l})yHKUi!H Q BB~AY HX 

.KOC~H He OyAell BHnHCHB8fDe 0BH HllellT C1leAYJ!DtYil C!PYKTYpy: 

L .. Lo + L 1 Q .. Q. + 01 , 
, ()o coAepzaT :ace t~neHH, npoHCXOAJ~DtHe Ha nep:aoro cna-

ll 131, a L4 , Q
1 

oO'.&e~H.ffllT :aee t~neHH, coAepli8J11He C(l<) •. 

ycpeAH8HHH no KOHI})Hrypa~JIII· Aei})eKTOll cqHf88!CJi 1 q!O 

He L-1 H Q1 JIB11Jill!CH uam~~~H nonpa:aKauH. TorAa c toq­

Ao 1IHHe£iHHX qneBOB no L1 H Q1 H11ee11: 

(Lo + L) K = Oc + 01 , <I6) 

8 

.,a-

II~ II 11111·1·1·-1·--·--IJUIIUWlL~~----------

:~1~> 
~:~ 

~ 
·:-

rAe qep!OK 0608HaqeHH ll81IHtlHHH, ycpelH8HHH8 no KOBij}HrypaUBftll 

Ael}}eKTo:a. EyAeu npeAnonar&!D, qfo HweeTcR pasRosepoRTHOe pacnpe­

AeneHHe Ael}}eKTOB no yaxau pemeTKH (oTCyTCTByMT xoppe~~H). Tor­

AS (ell. /Sf): 
--.... -.---:!- Cl1-C) ~.-,) 
C l Kd C ( ~d = "' a ( K.-t K~ . (I7) 

Hcnon:&ayH /I7 I, a TaKxe TO, no C ( ~) = 0 , AJIH K no-

nYllaeu ypa:aHeHHe 
w K(p,p; P';.r';Lil) = 

= ~ ~ W~ le.rtt,w) Kt;.-p: r',P';wJ· We (pt~,P,w) K Cr+it, pt;; r'.p'; w ~ 
ClH)'{W '"'t" ·lJ,..,,....-, ... ,) W('"'- J."(~'""·""'""'·· )1+ +yL ,(p.~.wJfllp.p;p,r;w- , ~.p,w t\ "V·t·f,p,w J 

~ (IS) 

+ ~ f { 6( p1-p )-A(tp-~Ufo(p, pt;,V')+ frr c~-c) f{ ~(p~p)-6(~~;3f.(p,i~j, 
rAe 

Po (p, P+ i1,w) ,., A\K) x 

{ 
1l(Ptil) lll p )- [vltt)t D 11 {Pt it)t V(k) 'b I p) 

X -
[ W-((PJt£('p\;)-W(~t)J. [ -£ (p t l)t t{p )-tW(K)J 

(I9) 

---+ 
[ W-£(P)+t (p\;)ttJ(ilJ].f-~lPrk}-t W)-£"(uJ] 

'll (Pt~)11(pJ-[V(Iih 1] 11(p)t V(ll) lllpt~) 

Tl (p )'1\ ( P+U} [Vt~t)·H] 'h IPJ+ V(U)'ll (ptW) +---------------------
[ W·- t(ftil) +f(p)-W(UJ}[-£{p)+t(p+u)+W(~t)] 

1l ( PJ 'ft {'Pt~)J- [ll(it)t 1] 'Tl ( ~tW)tV(k) 'll(p) } 

(W-£(p\·il)+~(p)+W(It)J[-t(p)t£(p.-ii•J- W(JL)] 

9 



, I 

I! 

i 

i 
.,1! .,, 

.,. 

R l p, ~ ,w) '= b. (Srr- Sr) r:COl.( r r.~) X 
~ 

. { 'll(~)'rl(p)-[V(k)+tj1\(o;)tV(k)TI(p) 

X [w·~iPJ +tCq;)-w(kl}[-~<cvJ + tCVl twti\l] 

"'I(\ I 'lllPl- [Ylll)t1]11(p)t Vl~<l"n!~J 
----~~~--~~~--~---+ 

[ U)-flPJ1" H~) + W(i<l]. [·~({;)+HPJ - W(il)] 

+ 1ll p')-li({J- [Y(ii.)+ 1] 'II (p)f V(k) 'l\ (~) 

[ W ·· tf~) +t( P)-Wtill}[~£(p) + f(~·) -t W(il)] 

'Yl[P)'ll(~)-(Vl1L)t1]'11{~J+V(il)1l(p) } 

[ W ·- £,(~) t t{f) t W(L<l}[ ~( p) -tt( \f}·-W(IL) J 

\t\'0 (p,'pt~,w) ~ A\u) X 

X ( [ w- t(p J t [( p', i1)] [1.~1'~"~ t W( <) [1 n l P• ~)-t] + 
l [ w-£t PJ • £ i p ~ 1<1] - w'-(K) 

+ ·=-[ w_·_-q,;,:_p\_~:_) +_;tl~f >].u[:..__lV_(u)_t~:::_]-_w_CIL~) [=-:z.'Tl_(;_p+u....!.-')---=:1]} 

[w-£(p\.~>) +£i~)J'- uhul 

\¥1 (f'.~,w) = 6(s,-SpJ L:Cf)~(~.p~~') X 
t 

I 

X { [ W-£(p) + t( otl] [2- Ylll) -ti]+ W(itl [l'll !i'J-1] t 

[W-t.(pJ+ t(otl] 2..- w1") 

't. [W-t.(({;)-t-t(pJ][2V(k)+1]-w(u)[2.1\(~)-1] f 
[W-(('v)t£(p)]'"'·-cJiu) j · 

BBe.lleM oooaHaqeHHH 1l\0 (p,w} 1-1 'ln~('p,w): 

P IJYlo ( p, W) : ·- 'i it We (p, pt «,w) 

(" (f"" . C(1-C.) -<;""(""' "")W("'r" ) p'm1 p,wJ '::; w ~ p-fit , p.~;w 
'f 

IO 

(20) 

(2I) 

(22) 

(23) 

I 
I 

·..;-',;·I 
''~\ ,<l;v.;, 
-.~' '~ 

·::.~ :·' \ 

:~,i.,·,;~: 
''('.._ 1 

;,~'''j, 

"''i :'1 
\I 

;~ 

! 
1 
~ 

'. ~ I 

I 
r 

I 

f 
_i, 

*a /IS/ HMeeM (eM. 191): 
~ll [ W-'mo(p,wi-1114lf),wU K ( p, p; p;, f 

= I. (a{~;·-P')-oW-r-u,D P,(pJt;,!.:i + c~-c) 'i [alP''.:r 
~ t 

8TOT peaynhT8T nonyqeH K8K CBe,llCTBHe ~ 

I). PacuenneHHe ~YHKUHH rpHH8 /I3/,/I~ 
OTHOmeHHm r81olHBhTOHH8H8 3B6KTpoH-wOHOHHOrO 

MeHseTcs Teopas BOSM~eHHl c yqe!Oiol onara~ 

/2/,/3/,/5/, /6/). 

2). fipH nonyqeHHH ypaBH6HHH /!6/ 148~ 

BemtuHa ~"" c~. llpe.llllonaraeTos, 'llTO g.c:<.. j 
TOBhKO qneBY, nponopUHOB8BhHYe HyneBOI H nE 

Ha OCHOBSHBH 8THX npHOmJJKeHHJt B BYp8liE 

coxpaHHT~ Ton~Ko cnaraeMHe, nponopuuoHanhHb 

HS /24/ o yqeTOiol /I9/,/20/,/2If, /22/,/23/ 

[k K ( p, P; f~. 'f'; w) == 

_ ~ J;: [ 6(P'·-p)-o(p'-p-u}) e'tp,ft u,w) 
- 'l'l{ [ N ... M ... ,ll [ - .... w- ,(p,w)- ,(p,w)J t ~.(p,w)t~ 1 (p 

+~ C(1-c) f[A(p'-p)-6(P~~J]P:('p,~,W) 

xrr N [w·- Mdp,W)- M.(1.wl]2.1' [t.lp,w)q, 
r.lle 

Mo-=-~w~ 

M,= R.£'M4 

~z: Jm 'IYl. 

~,: :1t '}Y\1 

II 

f. 

p 



R I pI 1. w) -= ll ( Srr- Sr) L; en\ f. f, a) X 
" 

{ 
Tl(~ )'rl(PJ- [V(kJ+1] 1\(~J t V(kJ'll(PJ 

X [ w ·t(pJ t ~(q;)-W(kl]{-t(~J + tW +W(k)] 

'n(\11\!Pl- [Vl~£l+1]1l(p}t Vl~<l1lii;J 
----~~~--~~----~---+ 
[ w -ft PJ 1" t(~) + W(Kt]. [--~(~·)+HPJ - U)(il) J 

'Yl[P)-1l(4'J-[V11()+1]lliPH V(k}'lll{i) 
+----~~~~~~--~~---

[ W··~t~)+tlP)-W{il)]{-f(p) +f.('-')-tW(it)] 

ll["p) '11(~)- [VliL)t 1] '1\{~) t V(il} 1l(p) } 

[ w ·- £,(~) t Hf) t W(i{lJ[ ~( p }-tU \f}--W(U)] 

\1\'o(P,ft~,w) = A'"{u>x 

X ( [ w -£( p J' fi p, i!J] [1~1•~+ 1~ t W(<l[l. n I p, ~J-1] + 
l [ w-~:tPJ .. £ t p. t.J] - w~(k) 

t [ W··qp'tu'} + E(p >] [2V(u)+1]- W(IL) [l.'lltptti')-1]} 
[ W-£(ft~>l + E.tv>]:~.- wl(u) 

\Vi (f'.~.w) = D.(S~-Sp) ~<f)~(~.p~u) X 
" x{JW-£(p) +E.(~J][lVlll)-t1] + W(llJ (i.'li(~J-1] t 

[CV-£(p)t Hcvl] 2..- W11L) 

"t _[W-t{l{i)1"t(p~][2V(k)t2-W(L!)(2.1\(tJ-1] } 

[W-£(4;}tf(PJ] ·-cJtu) · 

BBe.Aeu oooaHaqeHHff 'TY\0 (p,w) ~ 'ln~('p,w): 

P1no(p, W) "'·- ~ ·K> Wc(p, pt«,w) 

I" (""' . C(1-C.) ~(!-' ...,) w (" rJ ) 
PllY\1 p,wJ-:: N s- r-ev , P·t;w 

' IO .,., 

(20) 

(21) 

(22) 

(23) 

·.1f..· 
.• .. 1!• 
:~r. 

'.! 

1) 

~ 
!i. ,I 

I 
~ 

' r 
I; 

~8 /IS/ HKeeu (cu. 191): 

~ll [ W-'IYio{p,IAli-'IYI4lfl,WJ] K ( p, p; p1
, p'; W) = 

= I ( ~(~ 1·-p)-a(p;-p_i(,D P,(p,f't-t,~.:) + c~·cl 'i [6lP'.:p)""£l(p'-~~ P-. (p.~,w). <24) 
~ t 

3TOT pesyn~T8T nonyqeH K8K cne,ACTBHe .AByx rrpM6nH~HH~: 

I). PacuenneHHe ~YHKUHH rpHHa /13/,/14/ oaHaqaeT, liTo no 

OTHOm6HHm raKHnDTOHHSHa aneKTpoH-~OHOHHOrO B38HKO.Ae~CTBJ4ff DpH­

M6Hft8TCft TeopaH BOSK~eHMI c yqeTOM cnaraeuwx nopH~Ka A2 jou. 
/2/,131,/5/, /61). 

2). ilpa nonyqeHHH ypaBBeBHff /16/ KanHK napaueTpoY HBnHeTCff 

BeJIJ41UIH8 ~""" cyt; • ilpe;zmonaraeTCff, qfo s~<.. i H (16) CO,Aep:!HT 

TORDKO llR8HY, DpODOPUHOH8RDHYe HyneBO~ J4 nepBO~ CTeneHH g • 
Ha ocHoBaHBH STHX npaOJIJ4lKeHJ4~ B BYpaJKeBHH .Anff K 6y.AeK 

coxpaHHTD TOnDKO cnara611ue, nponopUHoHanDHYe If 1II A,~ o Tor,Aa 
148 /24/ c yqeTOM /!9/ /20/ /21/ /22/ /23/ 

' ' ' ' nonyqaeu 

~ K (p, p; f~. p';w) = 
_ ~ ?; [ 6lf''·-p)-~(p'-p-u)] PciP', Pt u,w) . 
- 2:rr [ t ' ·r (25) 

w-N~(p,w)-1'1t(p,wl] + [ ~.[p,w)t~,(f',wU2 

. w C(1-c) T[A(pi_j>)-6(p~~)JP:(p,~,wJ 
t"- - -~-¥--'"------.;...;.::,.....:....;;.;__:....:.._...:. 

~rr N [w-M,:(p,WJ-M.(1.wJ]it[t.lp,w)q,(p,wJ] 2 ~ 
r~e 

Mo.:. Re 'I'll!} ~z: ~ 'IYl • ~; .. Jm Pc (26) 

M,""'R.e'Mf ~,"" :1, 'tl11 p~; ~ P, 

II 
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lila nepBOrO DpH6.11BaBH.Ir1H T8Kllte CJie)tyeT, q~ ;IUUI 11. ( p) II 

Ylit) KO:IHO HcnonaoBa!:& cooTBeTC!BYIIDtJie BYpazens np11 O!f-

cyrcTBHH SJI6KTpoH-WOHOBHOrO :S88HJIO~elC!BHH 

1 
1t lP'l .. --vP! 

e. -;:;T -:r +! 

! 
\lli()::o . Wlll.) i 
v e·,.-- (27) 

§ 3. Ilp!6JIHa8BHY6 BYpUeHlUI lUIS K08di!I!!W18H!8 norn0!18BJI8 

AanDBebHe :syqJioneBH.a npoBOMTC.Ii lUI.Ii onyq8H 11anol nno!soo­
~o~o 

TH a.JeK!pOHHOrO rasa, KOr~a e T ~.(.. i H, OOOD6TOTB6BHO, IIOEIIO 

npHlleH.aT:& xnaooHqecxym cTaTHOTHKy. TorM 118 /27/ nonyqae11: 

. 2. 1. 'lit pl 
.... 1l. (2-1Th)"--. 'n(PJ =- -- e 2.111'1" 

1 'IY\'r 

Ue 'Yt - UOJIO 8JI6KTpOHOB B 6AIHH1l6 odt.eMa. 

CnaraeKYX THna 'Y\l~) '1\ (P:~.) He CSy~ell yqHTYBau. 

(28) 

lll8 /25/ :S.Ir1~B0 1 qTO npa6nHXSHH6 BYOOKBX qac~O! OO~eCTBJlft­
e~c.a, xor~a 

W >"> Mo 'M~ 1 ~ .. , ~1. 
I ·2. 

lll8-88 HaJIHqH.a JI8JIOrO nap8li6Tpa C~ 

noa~o11y ~ocTaToqHo, qTo6Y W >> Me, ~~. 
~8 /26/,/23/,/2!/ nonyqae~o.a, q~ Me 

BH'l':& B BH~e: 

(29) 

:senHqHHY M1 , ~1 <<- Mo,~Q .. 

H ~o MODO npe~CT8-

Mo-=r ;~ t, ~0 = 1T)) ;~ L I 

12 

r~e IM, I~ - 6eapaa11epHYe HBTerpaJIY nopR~l 
a 

·rrli t A'J., 
f3"" 16 ff 0\6 m i: i { 

C~eoTBeHHas o6naoT:& HHTerpHpo:saHHR B 1 

CJie~o:saTeJI:&Ho, ~H BYcoxoqacTOTHoro npH6.1IB~~ 

w>>_?,. 
AnH oueHKH nop~Ka nonoEHII, HanpH11ep: ~ 

1l=1no1 r~e m., - 11aooa cBo6o~soro aneKTposa. 

!-300° K. TorM nOJIY118611 .P"' 7 .I o-Il apr. 

Jlan:DIIe 6y~ell pa60T8T:& B npH6.11BaBH11H BYC 

Tor~a H8 125/,/7/ nonyqaeK 

ol (W) : ol.,. lwJ + ol1 (W) 

2. ~~ 
I l !.ill' e n ~ ) r. .... , "" - ~ 11 

Q(,oWI= ~c .. ff>ml.V w2. !-;::_, l~t~·-p)-ll(pl-·p-u~ 
p,p,l( 

.,t1(w)~ li1Te2.~~ C(H) -~ L r o,(~L-J-o(~ 3c~ ff 'Ill~. v N w1. ..... ~, N L P P P 
p.p.~ 

lila /28/, /26/, /19~ /20/ nerKo nonyqaeTC 

) 

o' ... ~ _, 1T'Il r. 2-'ii~ r~ A. 2. 
~(p,p+u,wl =- ·u; \ 1n'l' J (IL) > 

rl ~ fli'!!t]r~ (. ~'l.r \l-• ~L xl(Yl~t)(1."1-lV{II)t1)( u.T L~ \w-1~ + i~ I -wtl 

t]t.w't irJ [ ..,1.,1. "1.11 ut t~(k)( l,T -(VlilJH)t-t;T b(W·t~- ')..~u -WI 

I:3 



.Ills nepBOrO npH6JIHZ8HHH T8Kllt8 OJI8,1{y8T, U'O ~H 1t ( p) Jr1 

lii:') IIOliHO BCflOJI:D80B8T:& COO'.rB8TOTBYJIDtlr18 B.&lpallt8BBH npil 0!1'-

TCTBHH SJI8KTpOH-WOHOHHOrO B88HKO~elC!BHH 

1 
'n lP)"' VP1 -~ 

e. r;;iT T + 1 

! 
\llli):a . Wlil) A 
v e·r-;L (27) 

§ 3. llp!6JIHZ8HH.&I8 B.&lp8lK8HBH JWH KOSdidiBW!eH!ra nornom8HII.R 

.llan:&HebHe BHII:tiOJieBHH npo:ao~HTCH MH cnyqaH MB.Ioll nnouoc­
~ 

SJI8KTpOBHOrO rasa, KOr~a e T .l..~ i H.,. OOODe!C'.rB8BHO, MOlltBO 

,HKeHHT:& ICJiaccHucKym c'l'aTHcTHKy. TorM xa /27 I no.nyqaey: 

. 2. 1. itp'l. 
. ..., n (l:nli )1, --. '11(PJ = "T -;;;r- e l.'I!I'T' 

.e '11. - IIHCJIO SJI8K'l'poHOB B 8~HH~e Odfi8M8e 

Cnarae•~a Tlma '11(~) '1\ (p2.) He CSy~e11 yqB'ftiBS'l':&. 

(28) 

Ills /
2
5/ BH~HO, liTO nped.nHX8HH8 B.&ICOKHX 1:180TOT 00,..8C!B.IH­

CH, Kor~a 

W > > Mo • M ~ 1 ~ • , ~ 1 • (29) 

Ills-sa HBJIHIIHH •anoro napaueTpa C tL1 
:aeJIHllHHH M1, ~~ ..:::<. Mo, ~~ .. 

OSTOMy ~OCT8TOIIHO, ll!l'Oc5.&1 W >> Me 1 ·~~~. 

Ills /26/,f23/,f2I/ noJIY11ae!l'cH, uo M. H ~o MOlltHO npe~cTa­
:& B BH~e: 

Mo~f ;~ I.,' ~~ = lf ~ ;~ I l I 

12 

... 

r~e IM , I¥ - CSeapasuepHHe HHTerpaJIH nopH.zuca eAHHHUH, xl: ·n
2 

p2. , 
2'111 'T' . 

a 
·rrli t A"' 

~ = 1b fr 0\6 m i: i { (30) 

C~eOTB8HH8H Oc511BCT:& HHT8rpHpoB8HHH B /?/ - HHTepB8JI X~!, 
CJie~OB8TeJI:&HO, MH BYCOK01:18CTOTHOrO npHc5nH~8HHH HeOc5XO~O, IITOc5Y 

W > > fo. (3I) 

.lLJIH OI.t8HKH nOpJLlKa fiOJIOliMK, H8UpHMep: ~~lr.) •5.!0-II apr, 

1l=mo, r~e m., - uacca c:aoCSo~aoro aneKTpoaa, Cl •3.!0-8 eM, 

T-300° K. TorM no.1IY1laeu p"" ? .ro-II apr. 

~JI~8 CSy~eK pa60T8T:& B npH6.1IJr1BeHHH BYCOKHX 1:18C'l'OT /29/. 
Tor~a HS 125/,/?/ noxyqaeu 

ol (W) = c/...,lt..VJ + ol1 (W) 

h1f t14-l j L. ~ ·-/"" ( I - ~~-~-"'I P.' ,., n,. . ·-·_,. ~'"'J->· 
clolWI = 'l .r:: 2.V w2. Cl(f·-p)-6 p-p-~J P. p c (P,PtU,W) 

.,c~ •£ m ~ ,..,_, 
p,p,l( (32) 

ol..~(w)= li1Tet~~ C(Hl ~ L L~(pLpJ-aCii'-~J]f.f'~'(p,~,w). 
JCoff'MLV N W p,'p 1,~ (33) 

Ma /28/, /26/, /!9~ /20/ nerKo noJiyqaeTCH 

1 ( 1'- '- 72 II ... ... _, lTTl ""11 n :.. · .. 
£(p,ptll,W)=-·u:; 'ln'I' ALil)X 

(34) 

l'[ -~ _ME[Jkt. l.'l.n!. \1.~> L ) ({, 'fiLl. ,.1,.,.. M 
X l Y(l<)t ""

1-lvtll)t1) f nT Lo \w- ~~· + i~al -wt.k) - c \W+;; -~ tWili)D+ 

_ !..11!!ll. lr 1 :t-1 :tl. . .., 1 

t ~(k) ( 1"T- (Vl11Jt1) t-1"1] [ b( W·t f!- \ J:ilt -W(Ii~-b (w--fft ~il) .. li."{ll))] 
.&.'t.':f .... t .).... li 

I3 



I, ! 

. ' 
! 
I 
l' 

I· 

. I' 

I i I 
" I' 

' '~ 
ill! 
i1 i ~ ~ h ..-

P,'('p.~,w) ~- ~: (~"; )i A(SfSri ¥Cfr(lp.~')x 
r I[ -£r:_ . -~] [(- if• r .~ t l ~ I (

35 )~ X l Vl~t)t 1. ... r-~vt11H)t 1'"r o(w·-·~..111 + ·-r;: -w(it))-b(Wi"~-~ 4-.W(~<l)j+ 
~1 ~f rl 

+[Vl•J (!f_ \ Vl~••)f k][ ~ ( W•~- tf -£L'll<l)-b ( w- [!;'.!!- •wM)] J. 
nan~e npH BHqHCX8BHH HBTerpanOB Ciy~eu npe~nonaraT:&, q!O 

aosa liPHJlJIIISBa ~H ;ososos ec11:r:. c~pa c pa.1U1yco11 K'll1 , l<111= ! . 
Tor~a BB 1321,1341 H / 5/ ~H clo nonyqaeTCH: 

- i.iCi 11. e11nt A" 1 Ji"' ~ oL t =- - . '2 
o( ) ;,fii Cd.t ~It 1' ~ E3" ,h .U.l2:) X (36) 

f _jE-nt~ldt[ . [-Jt(tJl !E• ... 1BH'I
1

[ -£-.llll~ 
X r(E-n.(~Jd)t ~~t V(cJ-(Vl~r1)e j-(tl:.ll.{~-l'I.)C 'Ill V(lJ-("l)t1)t f 

(£-.lll)-'i-)
1 

[ -E-rJU~) lE• ... 'ltlHL/
1 J1 

+ ( [ '-'!»>')( '~ \Ill)! - ( K>~t J]+ [ [ '-'twl' )( "' [ )l(>)t"-"'!_[11') •l~ 
r~e sse~eHH CieapaallepsHe nepelleBHHe 

~'L=- Jh,?., :;zt;:: ~'tu; l E ... ~, 
2'111 rr ""' 2.1n rr · 'r 

PaCCIIOTpHII cnyqaK, KOrAa 

.O.(r)= w[ul-.l] (37) 

1"' 

w >>cu.,.,, (38) 
r~e w"'ll - qaCTOTa neCiaH. Hlle~ B BHAJ t qTO w'lll "'10 1~101~ rit, H8 

/30/ H /31/ BHlHII, qTo / 3B/ BYnOBHH8TOH xopomo. 0It6HK8 AnH 

T \l.lll 
YfiOIIHHJTHX 8BaqeBHI t 'IYl, t ~111 ~SeT T8KZ8, UO W > · 2.. ~ • 

Tor~a, npalleHHH lleTOA acHIInToTHqecKHx OQeBoK Hannaca, HS /36/ H 

1381 nonyqae11: 

oL., (w J ::; m nt 'J\ e1 A _L d~ (..!&) fr sh ~~ w ~ ( ~~; !' , 
" ?J c~ 1£ fi ~· We :Z.'T w'l \J..T / (39) 

14 

• 

'Tft fi '-
r~e ~ ""· l'Yll. ~,. , a We-= W(IA ... ), 

llnH d 1 HS 1331, 135~ 151,161 nonyqae11: 
~ 2. '1. 

oL (E)'"' 8 'l1f · 'll.e.~m•A 'l'l~c(1-c) x 
1 s c.£q,14'1'·t ·~; 

X sh 2. s- A~.~1 > l·E-ll.le));K~ (f~Sl(e))+(E-tn E l { 

e .n..(~) s b .£lli. 
0 2. 

r~e ~ ;:; ~111 , E 11 .U.(r) onpe~ensmTCH s l 
HaqaeT WYHKllHD YaK~oHanD~a TpeTDero nopH~ (ell 

CHOBS Ciy~ell HCfiOX:&SOBST:& npHCiXR&eBHe /38/• 

XRHelsoa annpoKCHIIBllHH ~H W(l(.) 

W(ll)=i.SK, 

rAe b - CKOpOCTD SByKa, H3 / 40/ nonyqae11: 

'l ~ sw,. 
cl (E): l'''Gli 'n e~m! A2. 'Yl?.. c (1-C) T ·;; sh I. :!.'!'. 

~ ~ c.£l:~'~w.; l o 

.Una: HH3KHX TellnepaTyp w'lll .> > T H8 / 4: 

u c 'l ~ i A2o r· 
J., lw): ~ 1te 'In~ l. c (4-c) -. 

1 5 c.E.f t\J; "L w· 

.UJI$1 BHCOKHX TellnepaTyp Wilt. <.41' COOTS~ 

r.= 1. 'ln. f A2. ' <A oL (w)-= _1~;_,:~._11 -r.e '~~" c (H) T .1: sh-
1 ~ c.£1 i'~~ ·~ l~ 

Kor~ ocy~ecTBXHDTCH o6a sepaseacna 00 111~~ 

1431 nonyqaeu: 
1 ! 2. ml 

oL1lw):&G:n nerr:"'A 'll'-C(1·-c)-~ 
S C:ot.tl\..,W..!' 1- w·t 

15 



l 

P.'('~ "" "). ~ _ ~ (. :J;n ~ )r A (C.-c ) 1: Cfr(i~ .. p_, w') X 
t p,'\,w 2w 'lilT 1 ~ it ' ' 

- ft . -f!: [ . fh• r ,l j'l l f, I p5 >~ e t,.,._lVl14)1'1)t 2'"r] b(w-·1'111 t·-;f-w(it))-b(w1'f;;-~fW(Ill)j+ 

~ !tJ[ ~ ~ 1 
(· ~"lt11 · 11l 

( l .. T_ (vlkJd)f l .. T ~lw~-Ii-~ -w(ul) -o l w·-~ t·~ tWl"J)JJ 

~anJ.me npH :a~qHcneBHH HBTerpano:a 6y~eu npe~nonara!J. 1 q!o 

BpHJIJJilaBa ~nH l),iouoso:a ec!J. c<.Pepa c pa.uycoK K'WI 1 1(.
111

:= ! . 
B8 /32/,134/ H /5/ Mfl d.o DOJIY1186TCH: 

- i.tr£ 1l. e11nt A'L 1 Ji"' :\ 
olo(~) = ;,fiT (.,f.t ~If '1' {- E~" ,(c .~2:) X (36) 

jb111d)L[ . [-Jt(tJl !E•_.illH')1[ [·Jlhl 
i) ( 11 ~t V(c)- tV(2:)1-1) e J- (ft..~(~-l~) t- ut V(2:J-(~llt•)t f 

{£-Jtll)-t-}t [ -Et.lt(~) (E•~'ll}/t-lljl ;11 
( '~ \1{1)! - ( ~>}tt il + [ f.JI{ijCt v "1 

[ Jl(>)t"': [Mli•t~ 
IBe~eH~ 6eapasKeps~e nepeKeuu~e 

""i.1.=.iitul, :;lt"'\\<.!, E=~, 
2"lll rr ~ 1'WI rr · 'T' il!r)= w[ut•l] (37) 

lf 

w > > cvlrl. (38) 
I . 

. 1l ~~ - qac!OT8 ~e6a.11. fiKeH B BH;Ity 1 11!0 W
111 

"'10 -10 rxt
1 

B8 

/3!/ BH,ItHJI, liTO /38/ BHJIOnHJI8!C.Ii XOpoiiOo OxteBKa Mfl 

T \1.111 asaqesHI , 1YI. 1 'K 111 ~ae! T8Klle, q!o W > · 
1 
~ • 

llpHK6B.Ii.li KeTO~ 8CHKllTO!HqecKHX 0Jt6BOK !annaca, HS /36/ H 

1m n1 'Tl e . 4 . _& r'J' W - - , 1 ;r.: · J w\ f' 
) '=. ?J c. I£ (i ~· A Wr cH L.'l') w'.) sh C.r e '1i'T' (39) 

14 .,. 

ir1 fi1 
. r~e ~ "'· 1 'Ytl. ~z. 1 a We-= W(l(..,) , 

~H do~ HS /33/, /35~ /5/,16/ nony-qaeK: 

1 IE) &G:i 1l.e1 m~A~ 1L2. ( ·)x o<. \ :-- • C 1-C 
~ g C, £_t li~< 'fl 

X sh ~ sl- A~. ~1 {·l. E-..O.le)/K (t-.O.(e))t (E+.o.tl;J)3 ~ (E+llli)~O) 
E :-~ o .n.trJ s h n.£~~ :; 2. .;(T_J / 

r~e ~ ; ~"' , E 11 .D.(~) onpe~en.lillTCH :a 137 I 1 a K.) (t~) o6os-

HaqaeT WYBKJtHm Max~oHan~a TpeTJ.ero nop.11~ (cu. /!0/). 

CHo:aa 6y~eK HcnonJ.ao:aaTJ. npH6xaaeHHe /381. Tor~a B cny-qae 

XHHelBOlt annpoKCHK8JtHH Mfl W(ll) 

W(l()=i.SK, 

r~e 5 - cxopocn aByxa, Ha / 40/ nonyqaeK: 
w,. 

cl (E): 2"GTi ne~mfA1 
'lj_tc(1-c) l{sh ~J"T tftx.x 

~ ~ c. P K' w~ o sh x (4!) 

.[JUI HH3KHX TeKnepaTyp wl!l >> T HS / 4!/ nony-qaeu: 

l l 1 . 1b {i·n~ 1te~ 1n.1: A 1. . T 
J.."lw): ~ c £! t" '~ "L c(4-c) t. (42) • w,... w 

.UJul :a~coKHx TeunepaTyp W
111

<< 1' cooTBeTcT:aeuuo HKeeu: 

oL (w)-= _H -';;.." 11.e 1n. 2. 'Ill. c (-1-c) T ·1: sh- K ~ (43 > r= :z.. 1 A1 ' w ( ' 
1 

S Co£1: i'~W: 'L l'l' ~ J}l'} · 

KorM ocyDtecTBn.lillTCH o6a uepaBeHcTBa W
111

..::.:C:: T <.::: W, Ha 

1431 nony-qaeK: 

1. ~ 1 rn 
1 [ .. ,)· 8G:tr ne '~'~'·A 1 (. ) I 
~4 "' :.:- . 'II C 1·-C -l 

5 C: 0 E. t Ji'~w .. ~ 1.. UP· (44) 
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BliH)cy' HSJIH'IIHH 6on:Dmoro napaYeTpa 4 rv iO~ ( 'i' ...... ~00° K) 
HS /39/ CJI8.1cy'8T 1 '11'1'0 d.o ( W) npaKTHqecKH p8BHO HyJII). CJI8,AOB8-

T6JI:DHO, fiOI'JIO~eHHe B p8CCU8TpHB88UOI UO,AeJIH npoHCXO~T TOJI:DKO 

BCJI8,ACTBHe HSU8H8HHH oJI8KTpOH-~OHOHHOI'O B88HUO.A8IC~HH HS-88 

npzMeCHiiX ,JtetjieKTOB. I\o:$flHQHeHT nornomeBHH ror,Aa onpe-

.AeJIHeTCH COOTB8TCTB8HHO Blip836HHHUH / 41/,/42/,/43/,/44/• Ero HS­

uepeHHe ,lt88T BOSUOJIIBOCT:D 0~6HHT:D napaueTp 'Yt 1 onpeAeJI.HIIJJtBit 

noTeH~aJI:DHfD paaaocT:D npzuecaoro H Ae~eKTHoro yanoB. 

AJIH 0~8HKH fi0PHAK8 ~(W) BOCfiOJI:DSyeUCH CJI6Aym~UH SHaqe­

HMHUH: IJl, •Iol7 cu-3 
t €. •16' w~ •2CXP K. 'rt =• O,I' c •O,I' 

W=Ioi8 r~. Tor.Aa za / 44/ nonyqaeu oLtw)"-' a.Io-6 c11-I •. 

0~eHKH 1 C.1{6JI8HH1i8 Ha OCHOB8HHH Blip836HHI 1 fipMBO~XCH B 
13/ -~5-1 , noKaaliBamT, uo npH pacce.IIHHH aa npMuecHX ol.(w) ..., ;,.10 .:.rt, 

aHa onTzqecxzx tjioHOHax ~(w)- 3.ro-7 c:~~-1 • 3TH BenzqzHii 

npeHeOpeSHMO UaJIIi no cpaBHeHHD C yxasaHHiiM 3HaqeHHeM 

AJIH ~(w). OA&aKo cne,JtyeT saueTHTL, qTo paccuoTpeBHoe 

HSUeHeHHe aJieKTpOH~OHOHHOI'O B88HUOAeiCTBHH~B08UOliiB~ A86T BKJISA 

B Koa~~eHT norno~eHHH B TOM cnyqae,xor,Jta pacceHHHe snexTpOHOB 

npOMCXO~T Ha OfiTHqeCKHX ~OHOH8Xo 0~8HK8 81'0 1 0.1{H8K0 1 COCT8BJIH8T 

oco6ym aa,Aaqy. 

I6 

•I 

JiHTepaTypa 

I. B.JI. rypeBMq, VI.r. JiaHr, IO.A. illHpCOB. ' 

2. ·.:.L. Bonch-Bruevich, Fundamentals of Sc 

Froo. International School "Enrico Ferr 

3. lil.a. KocTaAMHoB, H.r. TipoMKoBa. BecTHH: 

CHTeTa, cep. ~Ha., acTpou., ~ 2, 6I, I~ 

4. ~.H. 8y6apeB, Y~H, 11, 7I, 1960. 

5. B.n. KapazBaHoB, BecTHHK MocKoBcKoro y1 

acTpoH., ~ 6, 78, !968. 

6. M.A. li1BaHoB, M.A. KpHBornaa. ~TT, 2, 21 

7. M.A. KpHBornaa. TeopMH pacceHHHH peHTrl 

JIOB~X HeiTpOHOB peaJI:DHHMH KpHCT8JIJI8MH, 

8. J .1.1. l:iiman, Electrons and Phonons, Oxfc 

Press, 1966. 

9. H.M. llJiaKH,Aa. nAH CCCP, li11 1067, 196' 

IO.lii.C. rpa.l{mTe«H, lii.M. PYIHK. Ta6JIM~ HH~ 

H npoHSBeAeHHI. MocKBa, rVI~JI, I962. 

PyKOnHCb nocrynHna B H3At 

26 OKT.116pR 197( 
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A ~ ( 1!'1 OK) BBH~ HannMH 6on:&moro napaueTpa if" ,...., 10 I ........ :;oo 
cne,nyeT, liTO ,l.o ( w) npaKTnecKH paBHO aym~. CJie,AoBa­

paccuaTpHBaeuo~ KO,AeJIH npoHOXO~T TOJI:&KO 

M8UeH8HH!i aneKTpOH~OHOHHOrO B88HKOA8IOTBHH Ha-aa 

HHX ~ecjieKTOB. l{03<ji<pHUHeHT norJIOill8BHH TOrAa onpe-

H COOTBeTCTBeHHO B!ipaEeBMHKH / 4!/,/42/,/43/,/44/• Ero H8-

A88T B08MOXHOCT:& 0U8HHT:& napaueTp ~ t onpeAeJIHD~~ 

paauocT:& npuuecHoro H Ae~eKTHoro yanoB. 

AJIH OU6HKH nopHAK8 ~(W) BOCfiOJI:&SyeKCH CJI8AJm~KH SHaqe-

: 'fl. =Iol7 cu-3, t •16, W'lll. •200° K, 'lL "• O,I, C •O,I, 
8 ru. TorAa Ha / 44/ noJIYllaeu oLl w)"" a.ro-6 c~~:-1 • 

0U8HKJ4 1 CA8JI8HH!i6 Ha OCHOB8HHJ4 BHp83eHHI, fipHBO~XOH B 
-\5 4 

noxaaHBBIIT, qTo npH pacce.IIHHH Ha npHuecHX ol.(w) ..... ;,.10 .:.,-, 

OITTHqeCKHX c)iOHOHaX ~(w)~ 3.10-? CU-I. 3TH BenHqHHii 

eopexHuo uanH no cpaBHeHKD c yxa3aHHHM suaqeHHeu 

cne.AyeT saueTHT», qTo paocuoTpeHHoe 

e aJieKTpoH-wOHOHHOrO B88HKOA6~CTBHH~B081101H~ A86T BKJI8A 

eHT norJIOill9HHH B Tou cnyqae,xor.Aa pacce.IIHHe anexTpOHOB 

OfiTJ4li9CKJ4X ~OHOH8Xo OueHKa ero, OAH8K0 1 COCT8BJI!i8T 

I6 

... 

JiHTepaTypa 

I. B.!. rypeBMq, ~.r. !aHr, D.A. ~MpcoB. ~TT, ~~ !252, !962. 

2. -.I.L. Bonch-Bruevich, Fundamentals of Solid State Optics, 

Froo. Internutional School 11Bnrico Fermi", Bolop,na, 1966. 

3. H.a. KocTBAHHOB, H.r. Tipo~KoBa. BecTHHR UocKoBcKoro yHHBep­

CMTeTa, cep, ~H8, 1 8CTpOH. 1 ~ 2, 6!, !967. 

4. ~.H. 8y6apeB, Y~H, 11 1 ?I, !960. 

5. B.~. KapaHBaHoB, BecTHHK MocROBCKoro yHHBepcHTeTa, cep. ~a., 

8CTpOH., ~ 6, 78, !968, 

6, M.A. llBaHoB, M.A. KpHBornaa. ~TT, 2, 200, !964. 

7. M.A. KpMBornaa. TeopHH pacceHHHH peHTreHOBCKHX nyqe~ H Ten­

JIOBbiX He~TpOHOB peaJI:&BhiMJd KpHCT8JIJI8MH, MOCKB8 1 "HayKa11
, !967, 

B. J.Ll. Ziman, Electrons and Phonons, Oxford at the Clarendon 

Press, 1966. 

9. H.M. TinaKHAa. ~H CCCP, 147, !067, !962. 

IO.H.C. rpaAIDTe~H, H,M. FHIHK. Ta6nH~ MHTerpaJIOB, cyuu, PHAOB 

H npoHaBeAeHH~. MocKBa, rll~!, !962. 

PyKonHCh nocTynHna B H3~aTenhCKH~ oT~en 

26 OKT.IIOp.ll 1970 ro~a. 
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