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YpasHeHae Tuna ¢oKKepa-nnaHKa anSI Manofi noncucTeMbl 

B KpHCT8JIJle 

PaccMarpusaeTC5l asomoUH5l onuoqacTH.'-IHOll noncucTeMbl, cna6o B38HMD

.aeltCTBYKHllef1 C KpHCT8JlJIOM. DonyqeHO ypaaHeHHe }lJlSI OJlHO'-IaCTH'-IHOfi 4JyHK

UHH pacnpeneneHH5l. YpaBHeHue THITH'-IHO 4JOKKep-nnaHKOBCKOrO THIT8 C BH8lli~ 
HHM noneM, HO He M8pKOBCKOe. YpasHeHHe nerKO peruaeTCSI MeTOJlOM rrpeo6-

pa30B8HHSI nannaca no t a ¢ypbe-npeo6pa3osaHHSI no R . 
Pa6oTa sbmonHeHa a J1a6oparopHH TeopeTH'-IeCKOH ¢a3HKB OM.fiYI. 

Coo6meHae 06beUHH9HHoro HfiCTaTYTa 5mepHbiX accnenosaHHii. lly6Ha 1978 

Gavrilenko G,M., Fedyanin V,K, 
Pl7 - 12009 

Fokker-Plank Type Equation for a Small Subsystem 

in a Crystal 

The evolution of one-particle subsystem weakly interacting 
with a crystal is considered. As a result, an equation for one-par
ticle distribution function is obtained. The equation is a typical 
Fok'<er-Plank type with an external field, but not Markovian. It can 
easily be solved using Fourier transformation for :R and Laplace 

transformation for t • 

The investigation has been performed at 

of Theoretical Physics, J!NR. 

the Laboratory 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 
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111m' JJ' '" ., 2.L -i_s;;~'.t-- W. (&, ?....l.mt) 
" ...1('?- r.:J~) = ff. e " .. .., 

,,~ .J " 
lll~>r'.ii' 

• o( ~ _, 

-z~,m-m'J.,~.J' -UJJB,Po.,A.fl11-m;J<J..) I llJ'=m'f .. e e. = ' = 111-1» = h1 

z: t? o( __, _... .( 2 "' [~ <.~{ ~ '" ~~- ~(6J Po~~Jtj =~1('7'- ~ 
0TCJ),It8 BB,ItHO, 'iTO eCJIB yqeCTJ>, 'iTO Q ::: ~ , TO 1f.I8BH B 

RKK 1 It) , ~1<' /o), "nponop~oHan:&BHe" JU5J11 Ll-CWH~, 
He .ItW"f BMa,Jta B ROp~omme BHpa&elDI.Il yp8BH8HIUI (3), TaR K8R 
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BeS,Ite CTOJIT KO~BH~ THIIa: /f.. Jt)- ...!... If f1 
Xk ;1(2 ;cp co ' 

HoraK, ~ < li;,.j ..>.r BMeeM 
1 

• c>(~-# 

= L .,.., "' ~ 1/. <>< ) z 7b 8 no< < ~"'t /E ..Q t-n ~ 0. z:/t fa ..?,~ e " 
z 'd._,~ W.( "') ~ - Z ~ 17.,_ ..1 - v' t9, ~ /lol I ~ 

• L___, ~ c= - '!..__ . 
./"I P1o ')tr > 

• _,~ /I • _,/:; 
' ) ) 'Z .t: 17 >! ,,_ <: .<: lj ...v ..... .,.. 11 ~ ~ .i? v(K) rJ(x'J e e o e A K 1 £/7 d,e~~ 

Y .K.KJ r [~· 
• ~~~· 111 -zx~~ # -ii?<z~ v"'' 

..-.;, -z.c ~.f-o/> - <L.2 e >.i <z;:: e ~fl~- r;; ?J ~ e /.2:: ""'I z: el"'l z:. tr+--
"'"'' t% '?tr, 

J 
. ~.0__., 

I ~ . Z)fl/ ~;? i;;'''= 
=- S2VC 47+;!!..~""1ll..., I< i"H) Jr11'} E e o c::: ~ 

.t:~t'h7h)l () 0\ 
J I I - • -'> _,. • ~1"71 I 

__,1 ~ 211..; -z 11.; - W.(&.f1)- W1d&11J 
x J3H ~ e e "" , __. , x 

c1.1[ ~ -/ld.{K}t' (I?) 
~b C (Ke/)(1?1~~) C:a/~J c= s Brk~- ;;;<><h7-;'Jx 
v~HH s ~'7 I 

J'.l ~ ;} 1 z'l/sO;Jt- /,~ t} _ .. s* .... l.oS') 
X fl(9/(!n'+tjd.-,J<j-/' Ais2(~ s ·flrt:-t?ii}j x(!~)f~5J' 
~ 9(fo,.{fW•t),~-;cj}(tJ-+ -t;~v). 
3aMe'fl'!M, '1'1'0 Cnpa.Be~BO pa.B9HCTBO: 

....... ~ .t4o Zl< /j 
e e 

. _,_., . ....,._, 
zKif- I K 1/ '£ ~ 4o 

=e. c= . 
(I8) 

~ 

IIepexo,JtB: B ( I?) oor cyuJGJ:pO:aamm no If. x BH'ferpllpOBamm ,~«>m~o 

nepeiiHcaT:& ypaBHeHJie ( 9) B :mr.u;e 

"L /(a:! .t) = -771......, ~'{X:'t- 1 + _j_ "')Fa~/?_~ )/a~ } zf:'IJ;l{ 
~z- , 'l R r- , , / ..Q ~ 'o c.< li( ,, 11.; e 

z -ziJoJ..~ <~- /,-, .,~. .J n L_ ~ J fo - ~ c Cf 7; 17'/' I __., 
( J·=; M., :u- l'rz;-c)-

12 

z' ..,----7 s ) ) z'j!d-~ ~ . --. -r'/ 
-(o21!):f2 ~ /£~ ?r/(K)r/(f/'17,;-lf) e:::=_

0 IJ...'%~ ;;.ef.7-7J 
.1./' 

. ""n' -:'? 
- z ~ 11o<j (- " ) W. / <J. -'" • ) B 

y. C:: exp- ~~ B)K - .I., d), llfo -If/.~ >< 
v l'f.l'f.t 

;,/ " L fci?eJJtE'+ IJ7o")·~ C: (K) + ~:. ~] _!__.::? /rx t'J 
. 'I /_ \ S /ll0 r,JI/ '/ 

.1.1 
t-

+ {~"sc z;;_ ~}, 5/;, frz.,lr,.,;Jro~t.~-1' 
0 . 

• .,_..., --7 ~ -'I> • ~{. ~ --"'} 
-zfo 17;./j - z' ~.;.12. 1/ T ~/ -z ~ .I-.;/ 

~E o"' ~-~ e x 

(I9) 

E_z'~"'i$J-1e_ -~·fB:,~ ;- ~~fB,fo,.{/l.J-If} 
>( 

I 4 T~· ~ (.__, _.,s}/ --¥.,: -~> ~.s) * I 
" r:::--:-: ~ ~ ~~01l n .. ~ -.t:, ~/' -2- l( 

..; "!,·ft·; s=/ 4/s rlf) 

-z'/Js(K)T 
e + ~.c.} (f,~IJ; -K}(~r ~~:) /rx1,· 

T= L -r. 

,nwr:&Heilmlle ynpomeHllll ypaBHeHJill ( I9) dy,IteM npoliSBO,ItliT:& ~ CJIY'IWI 

npocorol pemeor101 Bpa.Ba xydlil'lecxol C:BlOieTpn. B aToM CJIY'iae 

~(&,.c) ~ tv(~~)= W(~-lj; cJ~ 0; ~ =~~ = N. 
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..., s 
BeKTop nOJIHp:H38UHR ~· CTaHOBHTCII ;u;eiCTBHT8JibHHM, ~ = fiT 

u& HOC:HT 'IHCTO a:RYCTH'leCKHI xapaRTep, S=s2,3 , T.e. 

Z :: 3 , IlpH T8KOI npoCTOI CliMMe'fpJ[H IqlJICTaJLI.la WJ&HO JierKO 
S g I <:' 

ycpe;D;HHTl> no nOJIHpHS~ qJQHOHHHX B036YJ~,neHHI H e . C: = -:;- Cl.. , 
J . _, 'J 

TaR 'ITO cnpaBe~H BiipaJKeHml THna (ESE') ( e ~j! J:::. f ( £_ KJ, 
O'i'KY;D;a ,IJ,1I11 W (&> .J::j 6y;a;eT BHIIOJIHSiTl>Cll CJie,nyD~~ee CBOICTBO 

W(O,K_ 1= G·i?2
· !3 ~ . B - KOHCTaHTa, 

onpe;u;eJiaeMaH xapaRT8PHCTHK8MH KpHCTaJLI.la. 

11TaR, B STOM CJIY'lae. J ·if/ff 7{ 
- ...:L ~ (/.;. .;.. 1/-:. .,1. ) " "" < 11;.,1 .>z:: - .Q ~ ~ ( ~ 11,.. e . 

2 I -tr.c~ -n t.IY/~ ?c);;:;:;:tr . c2o) 
I!) 2 2 2. 

HanoMHHM, 'ITo 17 - MYJil>THRH.IleKc n"' {!7~, 17.J, ~j H 17 ""flx
2

"'/J.y ,.!?_. 
PaccMOTPHM TpeT:De CJiaraeMOe ypaBHeHl!f.ll (19). IlycTl> J}(IC) = V(-IC) , 
T.e. noTe~aJI BSaHMO;D;eiCTBHH opepH'leCKH CHMYe'fPH'IBH. Tor;u;a 

nOJIY'laeM, 'ITO ORO paBHO . _. ~ --P lr= ) ) 7 I;~ If 
~~.t'J) 3 z;;: jc/E' it r(l£) P(/1/llo~-IC) e 

e.- W(~ f:"'ll,..-1£)- W(&,l£~ ~(_~. ~-p;-:i'JJ_::; (21) 

3 JV/ Ssf 4152(~) IV., ?t/' 

r;u;e SHalt IDTpHX y CYMMif OSHa'laeT , 'CITO Ra.IlO B CYJ8IHPOB8HHH no 

MYJil>THRH.IlB Key fl onycTH'l'l> CJiaraeMOe iJ = 0 , T • e • ~ '"17;- =-~ = 0 • 

3TO BHT8Kae'l' HS TOI'O, 'ITO npH n = 0 , no;u; KHTerp&IIOII CTOHT -aH'fliClllllle'l'PH'IH8ll BO X:. ~, KO'l'OpaR: KHTBrpHPYBTCII B ClDI-

MeTpH'IHHX npe;u;e.11ax. llJJ:eHH BH;D;a (20), (2I) ypaBHeHl!fJl ( 19) MO.mo 

HR'l'BpnpeTHPOBaTD KaR BiipaaeHl!fJl, CBII38HHH8 C OIIIlCaHHBM ;u;eiO'l'Bllll 

HeKOero BBemHero(xpBCTSXXH'CieCKOI'O) nOJIH Ha uaxyD nO;D;CHCTBM:y. 

0CTa.n.HHe onepaTOpHHe CTpylt'l'ypH, O'l'OJDitlle cnpaBa B (19), KH'.rep-

npeTJIPYD'fCII KaR "HHTerp&ll CTOI:KHOBeHHI". BHJtHo, 'ITO OH DHBBH 

no / (~ -t} H HeMapKOBCKoro 'fllna. Hcno.nsyg ooBepmeHHo as:uorJA-

14 

HHe ooo6paaeHliUt, "HHT8rpa.7I OTOJIKHOBeHHI" y;u;o6HO npHBeC'l'H R BH.IIY: 
"' _... 5 f j2 -2 W!B.IC} $ ~2 T(·) = - _!__ L-:!._ 4 cl~ ~ V(K} c::: -~ /"' (/=) 

.J I (_ .l.TI j3 .J2 1'1o ~ //' 
0 

:J/'1 ~ ~ltK} 
....,...., T~ --*/,- B -; cos r.~srr) 7. ccs r tiT e x. r 11 + - 2- + 

~ H.. ?I/'. 

2 ~z;.~ ~h y};~ cJr~:JJ(~""~-!e) • 
t'b .. n; it- i~don ilr -W(B,I()- W(B n"'o-<-,~:1 7k .... VT(22) 

7# ~ I J II #1- ..::=a .> ~ ;/ e ~ ~ 

3 T/l 
1_, -"...., ...,)1 y--"" cos tJ(~e} T o ~"' ,~- ~)' f _, B Q' ) 
l ~' 9U n;.-.c ~ w 2(xl e ( 17 fo- ~ l t1 +1'1. <1~/ • 

S=-t .s "/ D 

... 
B (22) 6HJia HOIIOJil>SOBaHa OHIIIIe'fl)liJI nO;u;HHTerpaJJ:l>HOI ®'H~ no K: 

~ nepBOII ~&811011. ~0, ~TO e~ ~ IsTep.ane CTOJIKHO~eHHI 

y-qHTHBaTl> 'IIIBHH - "~2J, To oHH OJ:t~DYTCII - B , so , TaR Kait B aero 

BXO;D;IIT I<OHOT~ una ex,c- () /3 , ODIJI6KJII npH 60Jil>IIIIIX B 

6y;u;yT 3KOnOH6~8Jll>HO M8Jill, IlpH~e,JI.ell 9BOJIIl~OHHOe ypaBHeHJie ,M:Jl 

I r~. i:) B CJJY11ae pe118'l'KJII Bpa:sa • nOJIY'leHHoe B o6oys,JteHHOM IIPH6-

.11DeHHH: .,.,... ..., /j_.,. 
- . 1 z~~ 

::~ ,t'r:x;t) = -"P:fllrx,t) + ~ 'L1 ~""tf71(n,.~1 e r1 • 
n 

-n2 W(B,If) I ;j' P i .,----115 ~-"-" ) );. 
e n .. -W-'~-'f::c,t) -f.1.1!P.R~ 4" t:. r:/(K)v'(h'}/-~ - ,., 

?.. r.:'·if' n I j. 3 _, ...,....., ....,) 

e "" eat:a -W(Bitj-W(B,tJJ.r,/-IC}. _g_ )l'(.t:,~~-.c 
I • D 3 flf L /.1 2."'.~::) 

S"t ""S'' 
'I; 

~D;; /rcr:t) - 3(2J/)~I'frt..f2 -::; s~~ SJ~:-.... ~J~) . 
() 

-2. W(GI,JC} ...., ;5 '22 Tt?o -e ctJs 'KII T L... 2 tDs Ws(") r e ;:. . 
S=t W,s (IC) 
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- I - e7 7 I' 2 L .,...---, [V+ --j y.(X~) -r 3(.!11J_)3/1!'f,Q ?1/ L-... 0 

"'" 7J(/ ....., ....., n -=" "' ~ __.. 
t f ) ) i£1/ T of'/

07:,""17-:. !j- ~ ~ (/ T 51.1 IK. ... ~r/(;eJ v!(?;-'-~J.. -~) e " 
~ 3 

- W(~K) - W(~ ~<4~-;c)(- at""' 1 ~. e::: E. t., ~ %7;- .c L__. 
S'o/ 

cos cJS(K) r 1. r( ~ ""'"' ~A~~ e ~-) jl /'. ~ (23) e n~-1( 1/-r-- 'f'rZi!; 
41s 2.(K) "' " M,?t/. 

3 ~ 
...... 2 s ,_, - @.C Of}; 0 W(~lf)- '3M z;;; o 41s2(.c) • T=z-i! 

3a.MeorD, qoro B nQ1lY'IeHHOM ypa:BHeHJD[ B CIJfl Macc:ll'lecxoro no,JtXo,n:a 

ae Y"D!'rHBam'CJI s<PfleR'fH, CBilsaHHHe c HYJieBHMII xon:e6BHHIIMII pemeorKH 

.KplrtCTaJJJia. 3TH 9<PfleXTH nponop~OHaJILHH 1i • 3aMe'l'JDI, qoro 

WH~ Blrt,n:a r7X? - W(~ B) · e-xp - W(.A::- ~"'n, {;j 
6HCTpo y6HB8.171' C pOCTOM n , 9XCTIOHe~aJILHO 6HC'l'po, TI09'rOyY 

B (23) lillDO C XOpomel C'l'eneHLil 'l'O'DIOC'l'H OrpaBK"'Il'l'l>CJI Hec

XOilLXIIDOI nepBHIIII 'IJieHBMJI "p83.lio:.emm" no Jq"JILTHHH.n;excy n . 
Ilpll e 60JILIIIHX 9'l'H :Ke l)ax'ropH 'l'OU y6Yl1811'1' 9XCTIOH8~Ul>HO H 

2 ' 
yqe'l' "'JJ6HOB -O(LJ Be,n:e'l' 'l'aDe X 9XCnOHe~aJILHO M8JDDI O~HXaM. 
Ilpe,n:cT8.BJllle'l'CJI pesoHHHII, 11'1'0 y:.e CJie).ll'DIIee ypaBHeHHe 6y,n:e'l' 

xopomo onxcHBaTL CflKs:ll'lecKYJ) CftYaitDI npx BHCOXIIX 'l'eiiJiepaoeypax 

(HO 'l'a:KHX, 11'1'0 JDI66'1' CI&ICJI l'OBOpH'l'L 0 rapuoH:Il'leCXOII npx6.1ueHHH) 

:? tr~ t) = - i! -2 .fr::c, t) - 2 7! _I_ Jti;) _- wr~ ro) 
-,-t 1711 f) 52Mf) ''" '-- · 

[ Sin ~ ~ 2.. ~ 'Sin~ a! '2- + S;" f:ji'LJ /f~ t) -
D ?~ IJ '}~ ~~ ' 

16 

t-
2 ...., s f )2 -2W(Bt:j , !.v /~ IK. ... ~rlr.c) e ~osEilT 

D 0 

3 
• ~ cosc.'J5(.c)T T4 _.(t- () ?~) p 

.c__,., ~ £ 1/ + -- t-rxe} 
(24) 

s=, w5
2(r} 1'1o ~(/ 

Hs ypaBHemm (24) Bli,ItHO, 'ITO BBOJIIliVI.fl /(.x r) onpe,n:eJllleTCJI HeKo

TOPHJI s<PfleXTliBinul nOJiell peme'l'Kil (AIDI TpaH~OHHo-BHBB.plrtaHTHOi 

ClrtC'l'eMH a ToT '11!eH o6paTlrtTCS: B ayn) JI "lDiorerpa.noM cTon:KHoBeHlli" 

'flrtnHqHO toDep-ll.IUUiKOBCKOrO BH,n:B.. Ha MaKCBeJLIOBCXOI ~ 

pacnpe,n:eJiemm oH o6paDtae'l'CJI B HYJIL. Tax 'ITO y,n:o6Ho nplrt pemeHllll 

(24) pasBBBaTL TeOpllll BOS~eHJII no ~ O'lKIOHemmM OT HeXO'rQ

poro JIOita.IILHoro 118.RCBeJIJIOBcxoro pacnpe,n:eJieH!Ill. HeTpy.n;Ho Blrt,n:eT:o , 

qoro (24) xopomo pemae'l'CJI IIPll noJIOIIIIII llcnOJILso:ea.mm npeo6pasoBamlll 

.D:aiLllaca no t ll npeo6pasoBamlll ~Le no if nepeMeHHHM. 
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