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nangpoa & onaoMepRoil Monena Xoncrenaa R M~Ton KaaosuqecKoro 
. npeo6p830B8HHH 

C llOMOWbID yBRT8pHoro npeo6p830B8RBB nonnpoanoro raMHnbTOHH8R8 
H nocnenyromeA 38M0HbI onepaTOpOB no.nsrpoHHbIX CMemeRHA c-~rncnOBblMH 

cj,yRKllHHMR nonyqeno R8l1RHeliR09 ypaBH8HHe WpenaRrepa, HM810!llee COltHTOH

H0e pemenee.llllH no:tHp0RRhlX BOIIH0BhlX cj,yRKUHA B IIJIHHHOBOIIHOBOM npe611e

>KeRRR •. BL!Beneaa 3aBRCHMOCTh cneKTpam,ebIX xapaKTep11CTBK COJIRTOH8 OT 

TeMneparyphl. Q6cy~naeTCH CBH3b ll8HR0r0 paCCM0TpeRHH C anHa6aTR'!9CKHM 

npa6na>KeaneM. 

Pn6ora BhlD011Resa B na6oparopaa reopern'!ec,coll cj,H3HKR OIH!H. 

Coo6mBRR8 O6h8llHH8HR0r0 HHCTHTYT8 MepHhlX HCC118ll0B8RHII. ny6sa 1979 

P17 - 12155 
Fedyanin v.K., Yushanhai v.Yu. 

Polaron in One-Dimensional Holstein Model and the 
Canonical Transfortretion Method 

By the method of unitary transfornetion of a polaron Hamilto
lnian and subsequent change of operators of polaron displacements 

~

with c-numerical functions the Schroedinger nonlinear equation has 
been obtained which has a soliton solution for polarons wave functi

ns in the long wave approximation. The dependence of soliton 
pectral characteristics on temperature is derived. The connection 
f this consideration with the adiabatic approximation is discussed. 

The investigation has been performed at the Laboratory 

of Theoretical Physics, JINR. 
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I. B pa6oTe/I/ Ha OCHOBe MO,ll;eJill XOJICTefum B a,1oia6aT1:tqecROM 
rrp1:t6JIIDKemm nOJIY'IeHa BOJIHOBa/I @'HRLW/I SJieRTpOHa, OITliCllBa.JO!Ua/I ero 
JIOK8Jlllsa,umo B o6JiacTli L >> C:i.. ( '" - nocTOJIHHM pemeTRH) KPliC
TaJIJia sa cqeT B3aliMO.D;eHCTBIDI C onT~eC.ItIDm ROJie6amIBMH pemeTRli, 
l1OKa3aHO, qTo SJieRTPOH ll BH3BaHHall liM paBHoBeCHa/I .D;eqJOPl.l8.IlM pe
meTRli MOryT caMocorJiacoBaHHo ,D;B1:traTbCJI no ~enoqRe, a HHeprnroHHue 
cBoncTBa TaROI'O BO36yJK,IJ;eHltll B STOM IIpH6JrroKeHllll nOJIHOCTbID orrpe~e
JL!IXYrCJI HHepruroHHIIMll'. cBoncTBaMR aJieRTpoHa, 

Ilo.u;xo,D; )laBll.D;OBa li lmCJiyxi/?/, ROTOPllli .fiBJtlieTCJI no cyrnecT-
BY HeROTOPllM o6o6meimeM a,I01a6aTHqecROI'O np1:t6JIIDKeHltli ,JJ,lUl paccMaTplt
BaeMOli MO,D;eJlll, nosBOJiliJI Ha.il:Tll ,D;06aBey R Macce BO36yJK,IJ;eHltli sa cqeT 
HHeprni:oHHllX CBOliCTB CM3aHHOli C SJieRTPOHOM ,D;e<popM8.UID! pemeTRH, 
T,e. B HeROTopoR, HO irnnOJIHOH, Mepe yqeCTb nOJI.fiPOHHllli sqxpeRT B 
,D;aHHo:li rrpo6JieMe, 

BMecTe c TeM B Teoplili nOJL11poHa MBJioro pa..n;HYca xopomo paspa-
6oTaH MeTO,D; RaHOHllqecROro rrpeo6pasoBaJ:mJI, nO3BOJI.llB'.XUHli nOJIYlfilTb, 
BO-nepBl:lX: rJiaBHlle sqxpeRTll nepeHopr.mpOBKH MaCCll.SJieRTPOHa sa cqeT 
CMbHOI'O B3al!MO.D;eHCTBIDI c ROJie6aHRIIMll pemeTitu; BO-BTOPllX: Bli~ 
ra.MifJ.lhTOHllaHa MO.I(ll:qllUOipOBaHHOI'O, "ocTaTOtrnoro" B3anMO,D;e:licTBIDI 
nOJI.fipoHa c ROJie68.HllilMll: pemeTKII. 

O6o6meHH~ sToro 'eTo,D;a Ha CJiyqa.il: nOJUipoHa 60Jihmoro pa.D;Hyca 
rrpe,IJ.1IOllteHO B pa60Te/3 • B HaCTO.fiilleM liCCJie.D;?BaHlili Mll ,D;a.D;ll:M ,D;aJibHeR
mee pa3mtTHe MeTO,D;a RaHOIDiqecROI'O rrpeo6pa3OB8llltll, ROTOpoe BO3MO~
HO Maro,D;ap!I anrrpoRcllMamm, cyrneCTBeHHO CBJl3,HOft c a,IJ;Ha6aTHqecIWM 
rrp1:t6.JrnlKeH1:teM, no,IJ;po6Ho paCCMOTpeHHHM B pa6oTe II, 

2. 3a.rmmeM ra.MifJ.lbTOHHaH CllcTeMll 

-yj) --J~/ + . , _ ! (I) 
,Re- . flae,tal! +at Cte .. 1./, 

,'ff! " Yf + Jte ;. 1f. 't L L-....., ., 

.t JI ,.2 
,'Y.J) -r (J.. u, . ii 
'11 L = f 7Jhl ·t l,T) fy J, 

"DJ 1(.f!./'i-,.t '":>'~ ./,/~, 
-.JL · t : l ;:; -' ,;:;_ dJcl., ~ ?- .hvt(c1'- + !! . z., ,v / l c. c.. '/ '/ I t, ., , 

YHllTapHoe rrpeo6pasoBrume rru.!WlbTOHliaHa, ROTopoe no3BOJIJieT Bll
~eJlliTb CTPYRTYPY nOJVIPOHa, T.e. OCHOBHOft sqxpeRT CMbHOI'O B3allMO
,D;eilcTmm aJieRTpoHa c pemeTROH, a TaRJKe "ocTaTotrnoe" B3amllo.D;eilcT
Blle nom1pcma C ROJie6aimlIMH pemeTRli. ROTopoe MOllteT TpaRTOBaTbCJI 
KaK CJia6oe BO311JYmeHlle, OCYllleCTBJI.HeTCJI onepaTOPOM 
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U= e --i.S (2) 

r,ne 

A . ' . . " 'V JJ )~ 1 - 'u 
S ;Z.. S a..,.a S ·=--1 1"'"

1 
--c;-,-:Tiinl19.mt- 11- (3) 

rn m "' .... , m .)) l N JU)J / 't/-2)7 ' 

R1.IH 8KBHB8JI0HTHO ( 

• ◄ " V l/1 I :t . -. . "·J' .. -:... -- ~ + . . J, S:::?. t' ~ ~ r, ) ~ - Pw;f 11 / ,?_ a,., a..,. nl'l(y111'T 'i;). ( 4) 

IlpH STOM ~pMHlBcKHe orrepaTopH rrpeo6pasymCJI Ta.It'. 
A A 

""+ + -1 1- - .-s... "\, -t -z'S: .. 
a ·= Va~. U ::a_e a = "a U =a e C5) ,.._ ... J ,.. Ui ..,, m 

1 

a HOpM8JibH!l0 KOOp,D;llliaTH 3r CJI0.ItYJOIIlKM o6pa3OM! 

"' ··1 ... 0 . 

}"r =U~U =~.~~. (6) 

CJxe,ncTmyr~H.TapHoro rrpeo6pasoBa.mm, OCYJil0CTBJIJieMoro (2), TaK xe, 

Ka.It H ii 1 rrOR:c.lmM Ha rrpmJiepe. IIOJVIpoHa MaJioro pa,rceyca, xopolilmd . 

eyJieBHM rrpH6JrmlteHneM ~ KOToporo HBJIH0TCJI H,CXO,nHHil: raMR1.lbTOHlia.H 

Jfs = Y( ,. :J[i-.,,t. (7) 
Ilo cpa:aHeHmJ C raMR1.lbTOHlia.HOM (I) OIIYJileH 'V!eH, JlPOIIOp]:ijiOH8JibH!li1 

IIOJIYlllHpHHe 8OHH .;)' , KOTOPall "!p08B!l'laiiHO Y3Ka ~ IIOJI/IPOHa 

MaJIOI'O pa,rceyca. Ta.KHM o6pa8OM, BHilaJIH OIIepaTOpH THna a;.,.i a""". 
CBII8HBaI001He COCTOR:HR!I 8JI0KTpOHa Ha pasHHX ysJiax, H HOMep YSJia 

CTa.HOBIATC.fl xopOWHJ.I KBa.HTOBHM ,'tJHCJICM ~ 8JI0KTpoHa. Kalt 
BH,nHO HB ( I) ' ra.MHJII,TOHna.H :ye L ormcHBaeT Ha6op ti II08aBH-

cm.rux OCIUtJJJISITOpoB, IIOSTOMY CTa.u;HOHapHOMY COCTOR:Hml pemeTKH 6es 
aJieKTpOHa COOTB0TCTBY0T O,nHa H8 BOJIHOBHX <pYHKD;llli 

n CfJ., (l-.~ }1a~] 
i hf L I.. -J;_ I r , I x" 

P11 (xJ =-(1 1111.1 s 'iJ .. ~ e - ?l.il txJ, cs) 

I-IN (x)- IIOJIHHOMH 3pMRTa. 

IloMeCTHM Ha YBeJI m.. . H86HTO'llll:lit 8JI0KTPOH. BOJIHOBall <pYHHin!iI 

. 7 fii (/ J/w., ti ~J _a;: ;o)f -r1 I ( Tl/ 7 ·.•. 
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·" 

'I./' 
rrpn STOM He 6y,neT CO6CTB0HHOi1 cpyHKiijieit :Jes , a raMWibTOHila.H 

~ ~ ~f'u N :; t . . .' I)~ I . . .:.. ..: ' . .i , ..: . , ,- I 
- !l:. -=<'o 1a .YI. u o\,. "i. t:.r- ·" ;;.Jt,,1\ ~ ... bl.;-; s;- sm a(Y, .. t "SL. \, "" '-~ ..,, / L..•1,1 t, ;i, ~,. ,v,. f

1
,.,. L. 

1
, 

0 (.;<,.,;t.,1 I ' 

OIIHCHBaeT cucTerzy IV n'ecBJIBaHHI:lX ,npyr c ,npyroM rapMoHWJ:eCKUX 

OCIUtJL1IJITOPOB, Ha KaJK.Jmii 118 KOTOPI:lX .nettcTBY0T CBOSI 11Bmryll{,I(a.JOUia,I 

CHJia". 3Ta CR1.la BHBl:rnaeT lIBMeHeHl'!e PaBHOB0CHOro IIOJIOlK0HUII K~O-

I'O Q -ro OCIUtJL1IJITopa Ha BeJIHtJUHy 

' V " , , o .• ' ,·:,,, ~ . 17/ 
1q(i.•t) :- lJ,,,_,.'J..(,. t/, ,'tnlQ1-1'Zt-f; (9) 

I V i ,g • 
JJ:eilcTBllTeJibIIO' c,nBnr 

I \ 

~ = ~ ·+ t/(;n) (IO) 

.nnaroHaJIHsyeT raMRJibTOHHaH ,Jf SL ' KOTopmi Tenepb OIDICHBaeT rap

MOHntJeCKHe KOJie6amm YBJIOB OTHOCl!TeJibHO CM0l!l0HHI:lX IIOJIOJKeHHit PaBHO

B0ClllI. IloCJie C.nBHra (IO) TO'lllliMll: co6cTBeHHHMH CWHKUIDIMll raMRJibTO
HHana Jt 5 6y,nyr cpyHKJ:iji:H 

... ,,. 7 ,•. ,1 , o 1:J f Jlt"fl 1/ j/1,l.1~ I :t,• . 0 ) : k -- vn ·== a /o -r. . -- · - J-Y/ .¥-m.~t ;1;i~ ~c. J - - '>1 '"'7il 11 ~ a·1 r7c. J,;
1 

crn 

c co6cTBeHHl:lMl,! sHatJeHUIIMil aHepnm , ., 

- I, ') _,, -/ .,J. ;-~ . J,,• l'1, _ _ y.,. 
!- .: '5" hw 'k -,.- t I.:: /-,: -:N-.2 ,1 {/ .. ,~ .)'tt? Lc_Jm-,.L - •?u1, :.1 (12) '- "- J l 7' J, . , - \, I y "'' =,. I -,, ;till• U', , • J ·- ✓ I 
r.ne I.::. - SHeprmr CBlISU IIOJIIIpOHa. 

. "\, • 1. 
C ,npyroii cTopoHH, YHnTapHoe npeo6pasoBaHne Yt'

5
"" UJf~ u-

IZ ·,.,1 '4 "' f , fl' • ,- • ' J, · I ~ 1· -1, 1 Al I • ., ,1.i _f'I! I . ; - I ' • - ? 
Yf, = L - - -. -,. ·-.tlu.' l. - -- '·- :Z.a (j ({.(/ ftn ,,..,~., S:,, ve, e,, ' 

s l J)j zir . .fl l l ,1.,1/,;.tlNl.,,Jt ,., 1K e I! ,, ~, l, (I2a)' 

IIOJIHOCTbID paB,neJI.!IeT SJieKTpOHH!le H pemeTOtJHHe nep!l,_MeHHl:le, IIOSTOfzy 

co6cTBeHHmm BOJIHOBw.m CWHKinISIMU raMRJIMoHHana Yc'.s SIB111ImC1I 

cpyHKiijiH I 

n. ,. . 71"!) j/Jlu,1 I ~ J 
¥- ( 111; lj{}~ a.:;o) f Y1 f { T~' 7 (I3) 
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c co6cTBeH!illMl:l sHaqeHH/IMII sHepnm (12). 
TaKHM o6pa80M, CTar(n:OHapHoe COCTomme pemeTKI'! C SJieKTpoHOM 

Ha yMe in. OimCllBaeTCJI .mI60 O,w!Oii li8 \PYH.KIUlll (13) B npe,D;CTaB

JieHllll npeo6pasoBaHHoro raMHJII,TOHllaHa if 5 , .mI6o o.wioit :us cpyHK
~it (II) B npe,IJ;CTaBJ.IeHllll HCXO,wioro raMHJil,TOHHaHa ~s , Or O,w!O

ro Ha6opa 1,..,_ (pyH~it (13) MOJKHo nepeitTH K Ha6opy ·'lj .,,,_ (pyH~it 

(II) nyTeM odpaTHOro npeoOpa30BaHHR 

·s"' 7 L L, ?! 
,Tm,. ·=. e :t:,.,,. = e 2

•
5a: ;o > !l<P. F/./iu.'r' ~ 7 J tl7Ll 'Fi/ f71 

"" 
f ·s 

·- I - 1, - a,.. ;O)e_ ,.._ ,1 <p ( / '.Ii 1;.'c l ~ ~ ·= 
0 Alo L l /; l✓- r.1,.,/ 
I , 

I ( 
r.. r,, 1"', , J! 

· = a:, /o) ,'7 Y;;_ · /.1_,.Q.h ""{ r, ·-T/ {~)-, 
(> / L ( 11 I/ J l '/_; ' 

1 
I " . (·,(I-.), l {% J 

,UeitcTBHe onepaTopa Qxf"(~i S,..,_) Ha (!lyHKUIDO f tfJA,17 L ( 1;i) 1, 
8aKnroqaeTCJI B CMemeHllll paBHOBeCHIDC llOJIOXeHHii OCUWJJlllTOpOB TaKHM 

o6pa80M, qTo6ll npH llOMemeHHH SJieKTpOHa Ha Y3M ,t'1- llOJIY'lltlIOCI, 
CTar(n:OHapHoe COCTOlllllle. I!OSTOMY onepaTop a:._ e, -i .s,.... C ToqKH spe

Hllll Henpeo6pasoBaHHoro raMHJI1,ToHHaHa :1f!s SIBJmeTca. onepaTopoM 

poJK,IJ;eHIDI llOJISipOHa Ha yMe m. (po~emrn MeKT~OHa BMecTe C 

paBHoBecHoit ,IJ;eqiopMarcn:eit (9)), a onepaTop a e i ,., - onepaTopoM 
"" ~TOllteHIDI llOJISipOHa Ha yMe m.. . C TOq.Kl'! speHIDI npeo6pa80BaH-

HOro raMHJII,TOHllaHa jes onepaTopoM polK,Il;eHIDI (~TOllteHIDI) llOJISI

poHa Ha yMe l'Y\. SIMSieTCJI onepaTop a:, (.a...,) 
Kalt _Bll'.,Il;HO. R8 (I2)-(I2at ,IJ;eqiopMar(n:SI pemeTIGI, yqHTllBaeMall 

YHHTapHHM npeo6pasoBaHReM U, He TOJII,KO nomutaeT :=meprmo nOJISipo

Ha Ha BeJillllllllY E / , HO n npnBo,IJ;HT K KoppeJIJIIUIJIM B nOJioxemm no

Mpoua Ha pasHHX yMax:, ~o otmcllBaeTCSI onepaTopru.m B noCJie,IJ;

Heit cyr.,;Me C m 7' e_ • ,ll1tll CWll,HO JIOKa/IH30BaHHOro nOJISipoHa Ma.1IOI'O 

pa,IJ;Hyca 8TH KOPP~ He HrPaIDT 60Jil,filOit POJIR, HO CKa8llBamCJI 

npH HaJIH'Ilm mnpoKOit Hcxo.wioit MeKTpoHHoii soHll v . B STOM CJIY
'lae MeKTpOH "pasMasaH" no KJ)HCTa,my, a Kopp~ nposmJISllOTCJI 

B TOM, qTo aJieKTpolilialI IDIOTHOCTI,, a BMecTe C Heit lil'. COOTBeTCTBYJO

mWI ,IJ;eqJOpMar(n:SI pemeTIGI. BOo6me roBops; SaBlil'.CJIT OT 3JieRTpOHHOit 

IDIOTHOCTlil'. Ha Bcex OCTaJil,HllX y~ax:. , 

3. Ta.MWil,TOHllaH :ft= Jf.L +Jee ,-J(..,i. OllliCllBaioonrli 8JieKTpOH 

c mnpoKOii soHoit :/ noCJie YHHTapHoro npeo6pasoBaHRSI 

6 

i) 
,f 

l 
( 

~ 
:J{ ➔ Jl = lj J! u-J. npe,IJ;CTaBlil'.M B BR,IJ;e Cyr,,Mll TPeX CJiaraeMllX: ra.MWII,-

TOHllaHa YeL_ 'Olllil'.CllBaJrlllero rapMoliJil'.qeCKHe KOJie6ruma YMOB pe

meTIGI OTHOCHTjtJII,HO CMemelilillX nOJIOllteJ;Ylli PaBHOBeCRSI, llOJISipOHHOI'O ra

MWII,TOHHaHa yep H raMMI,TOHHaHa ;ff 1,'ttc "ocTaTO'!HOro" BSaHMO,IJ;eii

CTBRSI llOJISipOHa c KOJie6aHllSIMll'. ,IJ;eqiopMRPOBaHHOii pemeTKH 
. rv ~ "" ~ .Je = J(. -; J{p -; fl i'.i I:: 

(14) 

,_;; -l f,.1. 'c>l Jlw,.t. :.1j ,Jl, -= ? Z - J,.ll 7ir,~ + Y/ 1 
~ l ! ,. ,. " 
~ = -:YZ /<e ;cs ... -s,,..,1. 1) a+ ;. +J. c•_/,. 

...., ;;, ,.,+L - . • 

(

.:.;· ~~ , ~,c ,,ii. .ti 4 :l 

-1-V N f·a.:ct-Ztr ~n(j-~f)<! ~1r, 0
, 

(15) 

(16) 

.._i A " Ai . 
Mi? t AfT{i(E i(S,..-S,..,,:) ,"(S..,-~H ;·.;. 1(17) ..n · = -d .c.. e - <e -, :n () .. 1 c c. 

l~ .-s,,c.. /c, ~ .. L ..,, • J • 
8,IJ;ec1, ,1 •.• \ osHa'laeT 1-cpe,w1eHHe no paBHoBeCHOMY pacnpe,D;eJieHHID 

/o - -. ,.,,,, 
c raMWII,Tom;,oM :Je

0 
:: 3'[1.. + J't~ • IlpoHsBo,Il,ll ycpe.wteHHe TaK . 

xe , KaK H -E1 , Haxo,IJ;HM 

<ei(s:-.s...,,.,)) =e-Se 
0 • J 

s0: t;~ (f; )zZ ;,.ftnfJM•V·Stutf{kJ+lf v1/ ~~a J;). (18) 

Kalt noKaSaHO n13~ £OJISipoHHllii raMHJII,TOHHaH Jep ( B TepMH-

Hax aTOMHllX OTRJIOHeHHii .-Ue. ) B BH,IJ;e ( 16) MOllteT 6HTI, nOJIY'leH Ha 

ocHOBaHlil'.lil'. Bapnarcn:oHHoro np~a Eo:ro.mo6oBa. 
TaMWII,TOHliaH :Je p, Olllil'.CllBaeT ,Il;Blil'.XeHHe llOJISipOHa, IIPH KO-

TOpoM ycneooeT llOJIHOCTl,ID IIPOHSOttTH nepecTpottKa. KOJie6aHRtt pemeT-

KH OTHOCHTMl,HO HOBmc nOJIOllteHllit paBHOBecRSI; T.e. -qacTima Kalt 

6u TantHT sa co6oil: "rpys aTOMHHX CMemeHHii". 8TO eCTI, llOJISIPOHHwi 

acp:pep, npHBo,ll;lllllHit K nepeHOPMHPOBKe MaCCll SJieRTpoHa. raMWII,TOHH

aH :;e •· .. ~ Olllil'.CllBaeT ,IJ;BDeHHe nOJISipOHa C RSMeHeHHeM 1lll:CJia (!JOHOHOB' 

npoxcxo,nmnee Hs-sa Toro, qTo nepecTpoiiKa KOJie6aHRit pemeTIGI oTHOCH

TMI,HO HOBIDC llOJIOllteHHit paBHOB_$c_clil'.SI He ycneBa,eT npol'ISOttTH IlOJIHOCTI,ID, 

Ilpon;ecc TpeHIDI, Olllil'.C!IBaeMHii :Je.:.1: '-IIPHBO,ll;lllllHit K llOTepe nOJISipo
HOM aHeprlilil'. li K·ero 8aMe,w.Iemm, B 8TOit pa6oTe l'ICCJie,IJ;oBaTI,CJI He 

6y,IJ;eT. Ilpo6JieMa COCTORT B TOM, qTo6ll HaitTl'I nOJISipOHHYID BOJIHOBYJO 

c.pyHKIJlllO / 1 ( t) ) B BR,IJ;e 
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/ /; ! ) -; _' : '} f ' y 7 ; , J ' .,;'. I 
.<--,t:1 =~ c,L -1:0 ,o . ~ o,,tt T- (19) ' I k. t ,~ ff. / ,- I I I l 

y~oBJieTBopmrneyio YPa.BHemrro Illpe,riimrepa .,., 
•f 'u I; · ) -YI' /.t.i. (t)) 

'2 /1 ~t I 'f {t) = •7Lp T • (20) 

q,yHruum /i; {t}) rr5HocTr,ro orrpe~eJIJieTCH IIOJI.fIPOHHm,m: aMIIJmTy~ru.m 

6~ (t) . B pa6oTe 31 6wra pa3BHTa rrponema IIOJiyqemm ypaBHe-

mm ,Il;)I.lI iL (t:) Ha OCHOB8 (20). IlitpaTne 3Ta rrponema COCTOHT 

B TOM, TITO YPaBIIeirn:e ,Il;)I.lI reiiseH6eproBC.KIIX orrepaTOPOB a,,_ {t) = 
-..e~p(k:RJ)a,.ei,p(-~,i,;t:) rrpoeKTupoBarrocr, Ha HeKoTopue BeKropu 
IIOJIJipommx COCTOJllill;I, a ,Il;)I.lI ITOJiyq8HHUX TaKJIIM o6pa30M MaTpli'1HUX 

9JI8M8HTOB' BKJIIOTiaIOIItUX ey6nTieCKHe ITO qiepMH-orrepaTopru.t <le l ~) 
'1JI8HU, ITOCTYJIHPOBaJIOCI, CIT8nllaJII,HOe "pac[(eITJieirn:e". IlpH6JIIDKeirn:e, 

3aKJIIOTI8HHoe B TaKOM " pac[(eITJiemm'; cpopMaJII,HO MOJKeT 6UTI, BBe~e-

HO HHaTie, Ha .n,pyroM YPOBHe, TITO H 6y~eT ITOKa3aHO HIDJte B CJie~ 

meM rryHKTe. 3To IIO3BOJIHT HaM I!pMCirn:TI, qlll3HTI8CKYJO CTopouy TaKO
ro rrpu6JIIDKemm. 

~ ~, 
4. r8.MWII,TOirn:aH '.fer aITI!pOKCHMHpyeM rB.MWII,TOHllaHOM 'jtf' , 

KoTopuii ITOJIYllllM CJie~ o6paaoM: oITepaTopu pemeToTIHoii ~eipopMa
nnn 

·" v \,' 
t ,. - ,,, . 
5 , - J(w:l 

I 1 

,, 
, " 1, 
•-~ ";" -t. ,, r :i) 
\ f-./ ..:_ Q..., (l Wt. •l Vl. . q WI 't j"7 

- \,i , / 

BU3BaHHOli li36UTOTIHOii 3JI8KTpoP.HOli ITJIOTHOCTI,JO, 3aM8HllM Ha 0 -Tilic
JIOBHe cpyHKnnH < f; ·1 , r~e 

A , A · ~ 4 
<c- o. . \ ~ o · . V r1 \ -,;:- • · I , ...,-) (21) < ~ >·=<Ll-1-\:) \U..lt_))·::-·-.. ;\-1,, '\{/ (t_),¥1rtC&m-.-

'\ 1'- l ,\. ~Ul.i)f /.JJ';:;_I\M" l lj '1, 

a ITOJIJipOHHHe BOJIHOBUe cpy!IKnnH I 

!'f\t)):: ~f .. lt)a:10), ~lf"(t)l~"i (22) 

Y~OBJI8TBOplIIOT YPaBHemrro 
,.,._I. 

.~ Q__ i't Lt))= "-1t lu. l't) > 
t n I'":) t:, 1 

. t"' l ' (23) 

lIOJiyqaeM CJie,Izy1(lIIHii BH.D; arrrrpoKCHMllpYJOOtero ITOJI.!IpOHHOro rB.MWII,TO
Irn:aHa, 

8 

,..., ,' -s (c + .;. ) 
.JfP ·= - :Je O ~ a..,.J a .... .,, a..., a .... ~,L -

+ v,;l /.I! .' . .., , ;.P. • ,.. .t: ,. . -. , i , - Z. a ..... a ..... I,, ,:J., ::-; _ 1 ,.J} ttJ Jt..i. 10,,,,.,. ;;)Jw of,-;;- ., 
- ,, .,..,.,._~ ~ IV I t. i l , ~ (' /. 

. I ' • • 
v:.. · ·• 1 r i . ii 1 ,:J, + '"'5 --. I-==- , , ., 1, 1/J (-tJ/ J'u, 1c•,J,t,1 ~ ;: ) 

;;;_:,;,,.:l.lftl;'•'-J"" l' 7 9 ,:x_,A;t t,/,r l ,.... I _, • 

I 

(24) 

CpaBHHBall (21) c BeJiliTiliHOR pemeTOTIHOli ~ecpop~. BH3B,HOli 

aJnta6aTHTiecKH ,D;BWfnIMCH sJeKTpoHoM (cpopMYJia (?),._ pa6oT~. 11,, a 

(24) C BupaJKeHHer.?p'a60TU/I ' B~, TITO 3aMeHa -~1"·.:?} ~t> 
ITO3BOJIWla HaM IIOJIY'IlITI, ITOJIJIPOIIIIlIB raMlIJII,TOHllaH -;:R;:,, bOBIT~aro

lltliil ITO BH.D;Y C 3JI8KTpOIDIUM ra.MHJII,TOHllaHOM ;Je -:ul.{ ffyJJ, Bli1B8.J4el1Hlil~ 

B a,I(Ha6aTHTiecKOM rrpu6Jrnlltemm. Ilo~o6HO IIOCJie~ef.\Y, raMWII,TOHHaII :}tr 
OIIHCUBaeT 6HcTpoe Tpa.H~OHHOe ,ll;BIDKeirn:e ITOJIJipOHa B ·HeKOTOPOM 

cpe~eM IIOJie corJiaCOBaHHOii C HIDJI paBHOBeCHOii .neqiopManHH < ft) . 
1ITo6u 3To rrpn6JrnllteHHe 6wro crrpaBe.wrimo, ITepeHopMupOBKa illHPHHH 

aoHH, cna:aaHHM c MHOlKlITeJieM exp l-56~ a c Hett H KOHCTaHTa _ 

cna:an V , He . .nOJilltHl,I 6UTI, oTieHr, 60Jibriim.m:. ~eiicTBnTeJir,Ho, B CJIY-
Tiae 60Jir,IIIllX ROHCTaHT cna:an V , KaK BH.D;HO 1m (IS)eJ1.p(-S6 )<< i , 
IIO3TOMY B HYJI8BOM rrpn6JrnllteHHH MOJKHO rrpeHe6peTII, CJiaraeM!lMli,I!pOITOp-

!'i , ~, 
. nllOHaJII,HI:lMJI°tJexp(·Se)li co6cTB8HHUMli COCTOJIHrull,fil ra.MltlII,TOHHaHa jt i' 
CTaHOBJITCH CMi.Ho? JI.OK8Jlll3OBaHHHe COCTO/IHRll ( 13) C 3HepI.WIMH ( 12) ' 
TITO COOTB8TC1:BY8T ITOJIJIPOHY Ma.lIOro pa.nnyca. Mll ll[8 CTaBHM 3~a,zy HC

CJie,noBaTI, COCTOlIHRfl (22) "KOHTHeyaJII,HOro" ITOJI.!IpOHa. 

McxoM ua (22)-(24), TaK JKe, KaK H B pa6oTe/I( B KOHTHeyarrr,

HOM" rrpe~eJietj,Ji:)-) tf (x,-l:) IIOJIY'D'IM CJie;nyl001ee ypaBHeirn:e ,Il;)I.lI IIOJIJI

poHHoil a.MIJJIHTY~: 

~t f (lllt)-= (~-J.je-50 )f(r-,t)-~e -<;eo..a.fo (xi l) -

vi ( wt ) l \i -.MU)t i-u;r.~ lf(x,-l:) ~(x,¼:). }25) 
YpaBHeHHe (25) MOllteT 6HTI, ITOJIY'18HO H3 ypaBHeirn:JI (I2) pa6oT/I 

3aMeHoil d .. ()I, , \:) -"> 'f l ":)-\: ) , ~ -') ~ ~i< p (:- Se) • IloaTOf.\Y cpaay lite ImIIIeM 

COJIHTOHHOe pemeHHe ypaBHeirn:JI ( 25) . . 

f(){, t) ·= 1 /7°' 
V iL 

e 
{(kx-~t+t•) 

~ j_ (x -u-l:- ){c) 
L, ·. . 

9 

(26) 
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(27) 
Vi tl 41 -Su 

c, L=-o .. 1 ,. e. 
_V_r~-~\ 

. J..(v.,; ,- u.;::, ). 
3Hep:rn.R: TaROI'O COJIHTOHHOI'O BO36Yllf,neHHF.I PaBHa 

~ ::: 6..ll u.'/ 

·- '5l r...1 ,::, '::.e,.. e .11'°'1 -'i.(:; 'j .. :::,\9 l'l.1. 
l.:.=-~ilt1~'- ... \c.,-o1.Je •-se. L.i 

a Macca 

rn. :: <;. 

vJ.. 
J.M u.':.t 

~ 

t 1 

J_ll ~ ;j 

2. 

(·i - LI: 1 \ ({ . 
..__ •• ~- I -

w; ) L ' 

'::,(:', ');,,,, '::,G 

e. ~ me, i ' e 
.!. i .,YY·. J:._ 

me. - c!ai .J . 

(28) 

(29) 

B OTJIIttrue OT pe3y~nTaTa, IlOJIY'ie,oro Ha ocHoBe ~a6aTnqecRoro 
npn~IDKemm (g)OPMY~a (I8) pa6oTU I/), MU rro~tJMI nepeHopMnpoBaH
noe snaqe1rne .TI,7IJI Maccu COJIHTOHa, 3aBHc,rniee OT TeMIIepaTypu 0 

JHITEPATYPA 

I. B.K. <l?e)WIHH, n.Kl. !Onamcail. IIpenpIIHT OIBil1 PI7-11996 
,lJy6Ha, ( I978) • 

2. A.C. ,llaB~OB, H.11. KnCJiyXa. EST<li, 7I, I090 (I976). 
3. B.I{. <l?e,n/IHHH, B.10. !Onamcaii. TM<li, 35, 240 (I978). 
4. 06sop JO.A. ~COBa B c6OpHIIRe: "IIOJ!IIpoHU", "HayRa", I975. 

PyKonncb nocrynnna B H3~arenbCKHU or~en 
3 HHBapa 1979 ro~a 

10 

_:;.i, 

HeT JIM npo6eJIOB B E 
Bbl MoJKeTe noJiy'IHTh no no'!Te 

eCJIH OHH He 6blJIH 3 

Pl,2·7642 

,Al,2·84O5 

Pl,2·8529 

,n6-8846 

,A13·9164 

,Al,2·9224 

,Al3·9287 

,n7-9734 

,nl-9788 

,n-992O 

,A9·1O5OO 

,nl-1O533 

,Al3• ll l82 

Tpy,11;1,1 MellCJl)'ll&POJUIOil: mxc 
,llWX }"IBBWX DO p3n:e BWCC 
ndi. roueni,, 1973. 

Tpy,11;1,1 JV MellCJlYB&poJU1oro. 
ua DO 4,B3n:e BWCOICBX 3Bep 
MeBT&pBWX 'IACTB~. Bapaa, 

Tpy,11;1,1 MellCJlYJl&POJUIOil: mx, 
Rap& MODO,ll;l,IX }"IBBWX. Al 
upo6neuw ~B3BJCB 3neueBT~ =· Co'IB, 1974. 

XIV coaeDULBBB DO a.11epaol 
CJCODBB B TBOpaB a)lp&. ,Ay, 

MeS,llYB&poJUIOe coaeJQaBBe 
JU(JCe Dp0BODO'IBWX icauep.,ll 

IV MellCJlYB&pOJUIWil: ceMBBl 
6neuau 4,B3BJCB awcoux 3Be 
Ba, 1975. 

Tpy,11;1,1 VIII MellCJlYB&po,1t11c 
3ayua DO a)lepacil: 3D• 
,Ay6aa, 1975. 

MellCJlYJl&po.llB&ll mxona-c, 
B3&BMO)leil:CTBBIO TJlllCBDWX 
p&MB B CBBTe3y BOBWX 
/,Ay6aa, 1975/. 

Henoicam.swe, aenBBeil:awe 
MBpyeuwe yeopBB DODJI 
1976/. 

Tpy,11;1,1 MellCJlYB&POJUIOil: JC 
DO B36paBBWM BCDp0C&M 
ll.JIP&. ,Ay6aa, 1976. 

Tpy,11;1,1 II CBMD03BYM& DO 
BWM MBTO)l&M ycicopeBBJl.,ll 

Tpy,11;1,1 X MellCJlYBapo.111 
MODO,ll;l,IX }"leBWX DO ~B3B 
3aeprail:. liaicy, 1976. 

Tpy.llW IX MellCJlyaapoJU1• 
3ayya DO •.11epaoil: 3DBJCTPC 
aa, 1977. 

,n1O,11 • 11264 Tpy)IW CoaeJQaBBJI DO DP, 
B&BBIO B uaTeM&Tll'IBCJCB'. 
pemeBBJI ~B3Jl'leCICBX 3&J 
1977. 

,Al7•1149O Tpy,11;1,1 MellCJlYB&po.11BOro 
DO a36p&BBWM Dpo6neu&J< 
'leciccil: uexaBBJCB. ,Ay6aa, 


