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Bae.neaHe 

B .llHHBMHqecKoft TeopHH KpHCTannHqecKoft perneTKH pa3pa6oTaH MeTon, 

yqHTbiB810lliHft C8MOCOrnaCOB8HHbiM o6p830M aarapMOHHqeCKHe s<fl!f>eKTbl BbiC

lliHX rropS!.llKOB/11. B aToM MeTo.ne yqeT B38HMoneficTBHSI Me>Kny lf>oaoaaMH 

CBO.llHTCSI K paCCMOTpeHHlO lf>oHOHa B cpe.nHeM none OCT8nbHbiX <floHOHOBo 

B TSKOM rrpH6nH>KeHHH 1 aa3biBaeMoM o6bJqao rrceBnorapMOHHqecKHM, ae yqH

ThiBaeTCSI pacrran aneMeHT8pHblX B036y>K.lleHHHo t{aCTb MHOrO$OHOHHhiX !IpO

UeCCOB MO:l!E!T 6b!Tb yqTeHa 6e3 paCCMOTpeHHSI !IpOUeCCOB pacrrana B SIBHOM 

BHne. 3To .llOCTHraeTCSI !IpHMeHeHHeM .llByXBpeMeHHOro pacuerrneHHSI KOppenSI

UHOHHbiX !f>yHKUHfi/21. OcaoBaoe rrpeHMymecTBO nByxBpeMeaaoro pacuerrneHHSI 

COCTOHT B TOM1 qTo OHO II03BOnSieT Bbi.llenHTb KOppenSIUHOHHbie lf>yHKUHH1 38-

BHCSilliHe OT BpeMeHH B C8MOM ypaBHeHHH .llnSI STHX lf>yHKUHH1 qTo ll03BOnSieT 

orrpe.nenHTb rrocne.naHe caMocornacoBaHHhlM o6pa3oM rro.no6ao ToMy, KaK 

B rrceB.llOrapMOHHqeCKOM !IpH6nH>KeHHH OIIpenenSIIOTCSI O.llHOBpeMeHHbie KOppe

nSIUHOHHbie lf>yHKUHH. 

XapaKTepuofi oco6euuocTbiO TaKoro rronxona RBnReTCSI To, qTo rrony

qaeMbie ypaBHeHHSI .llBH>KeHHSI SIBnSIIOTCSI .llH¢¢epeHUHanbHb!MH ypaBHeHHSIMH 

qeTBepTOrO ~OpS!.llK8o-llBYXBpeMeHHOe pacuerrneHHe IIpHBO.llHT K TOMy1 qTO 

CHnOBbie !IOCTOSIHHble1 rrepeaopMHpOB8HHbie 38 cqeT MHOro<floHOHHbiX rrpo

UeCCOB1 3aBHCSIT oT BpeMeHH. B aToM cnyqae yno6ao Bbi.llenHTb rrceBnorap-

MOHHqecKyiO qaCTb CHnOBbiX IIOCTOSIHHbiX H qaCTb1 38BHCSilliYIO OT BpeMeHH1 

KOTOpylO MO>KHO p8CCM8TpHB8Tb K8K Manoe rrepHO.llHqecKoe B03MymeaHe1 

.neftcTByromee aa CHCTeMy. BnHSIHHe TaKoro B03MymeHHSI aa ycTofiqHBOCTb 
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peweTKH npeanonaraeTcg HccneaoaaTb a oTaenbHoil' pa6oTe. 0TM9THM, qTo 

B n.2 Mbl He orpaHHqHB89MCR paCCMOTpeHH9M TpaHCJIRUHOHHO-HHB8pH8HTHbiX 

CHCTeM, noao6Hblil' noaxoa MO>KeT 6biTb npHMeHeH K paCCMOTpeHHIO BbiCOKO

qacTOTHbiX B036y>Ka9HH:l!: B >KHaKOCTH,• Koraa CMeiUeHHe 8TOMOB H3 nOJIO>Ke

HHR p8BHOB9CHR MO>KHO CqHT8Tb M8Jlb1Me 

YpaBHeHHSI ansr KoppensrUHOHHhiX ¢YHKUHH 

B KOOpJlHHSTHOM npeJlCTaBneHHH 

PaccMoTpHM ancaM6nb 6onbworo qHcna oaHHaKOBbiX qacTHU, aaaHMo

aei!'cTaHe Me>~<ay KOTOpbiMH onHCbiBaeTcR napHbiM noTeHuHanoM. Dpeanono

>KHM, qTo CHCTeMa HSXOaHTCR B paBHOB9CHOM COCTORHHHe faMHJlbTOHHSH 

STOll' CHCT9Mbl MO>K9T 6b!Tb aanHCSH B BHae 

H 

a 

I. 
fa 

Pe > 2 

2M 
+-I. ¢(Rn-R 

2 f;&m L m ) ' (1) 

rae pf - onepaTop HMnynbca aToMa, 
a 

R f - nono>KeHHe f -ro aTo-

Ma. 3aM9THM, qTo paCCMOTp9HHe JlHWb oaHHSKOBbiX qaCTHU H napHOrO no

T9HUH8Jl8 He RBJIR9TCR npHHUHnHaJibHhlM orpaHHqeHH9M H BBOaHTCR TOJlbKO 

anR COKpaiUeHHR aanHCHe 

Dpeanono>KHM, qTo noTeHuHan aaaHMoae:l!:cTBHR MO>KHO npeacTaBHTb 

a BHae npeo6paaoaaHHR ~ypbe 

...... 
¢ ( R) = f i ; ¢ ( ;) e t q R ( 2) 

0nepaTOpbl HMnyJibCa H noJlO>K9HHR HM910T cneayJOIUHe KOMMYT8UHOHHbl9 

COOTHOW9HHR 

[ Pf , P e ] • 0 ; [ R f , R ~ ] • 0 [Rt,Pfl·i8£e· (3) 

4 

~ 

YqHTbiBSR ( 2) H ( 3) t fiOJIY'IHM 

[Rae ,H • i Pa 
""Me 

[Pa ,H] • f daq ~(q} qa ~ e•ii"<~f -R, 
f ~f 

OnpeaenHM KOMMyTaTOpHy!O KOppeJIRUHOHHYIO !JlyHKilHIO one 

>K9HHil' 

Kef ( t - t') .. < [ R f ( t) , R f3 ( t ') ] > 
k 

H ee !Jlypbe-npeo6paaoaaHHe 

Ka{J(w) • f dt Ka{J(t) e 
f k f k 

lwt 

-oo 

3Ty tPYHKUHIO nerKO CBR38Tb C KOppenRUHOHHOi!' ¢YHKUH 

af3 a f3 , 
Ffk ( t- t ') .. < R f ( t) R k ( t ) > • 

"" 
_1_ f 

- 2" _.,. 

-IW(t-t') a{3 (w) 
e K f k 

1 - e""T 
d w • 

Hcnonbayg ypaaHeHHR aaH>KeHHR anH onepaTopoa (4) H Ko 

COOTHOW9HHR ( 3) t HSXO.llHM Bblp8>K9HHe anR KOppeJIRUHOHHOil' 

pocTeil': 

d a {3 a {3 
_d_t_d-t'- < R f (t) Rk (t')> •<Ve (t) Vk 
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onaraeTcH HccneaoBaTb B oTaenbHoft pa6oTe. OTMeTHM, ~To 

rpaHH~HBBeMCSI paCCMOTpeHHeM Tp8HCnSIUHOHHO-HHB8pH8HTHbiX 

blft noaxoa MOJKeT 6b!Tb npHMeHeH K paCCMOTpeHHIO BbiCOK0-

6yJKa9HHi!: B lKHaKOCTH; KOraa CM91I{9HH9 8TOMOB H3 nonoJKe

SI MOlKHO C~HT8Tb ManbiMo 

aBHeHHg nng KOppengUHOHHbiX ¢yHKUHA 

B KOopnHH8THOM rrpencTaBneHHH 

HM aHCaM6nb 6onbliiOro ~Hcna oaHHBKOBbiX ~aCTHU, B38HMO

y KOTOpb!MH OITHCbiB89TCSI napHbiM ITOT9HUH8nOMo Dpeanono

TeMa HBXOaHTCSI B paBHOB9CHOM COCTOSIHHH. faMHnbTOHH8H 

MOJK9T 6b!Tb 38ITHC8H B BHae 

H l 
ea 

Pe) 

2M 

2 

+-l ¢(Rn-R 
2 ~m L m 

) , (1) 

nepaTop HMnynbca aToMa, 
a 

Re - nonOlK9HHe e -ro 8TO-

~TO paCCMOTpeHHe nHlllb OaHH8KOBbiX ~aCTHU H napHOrO ITO

SIBnSieTCSI npHHUHITHanbHbiM orpaHH~9HH9M H BBOaHTCSI TOnbKO 

S1 38ITHCHo 

lKHM, ~TO ITOT9HUH8n B38HMOaeftCTBHSI MOlKHO npenCT8BHTb 

830B8HHSI 4>ypbe 

...... 
-+ 3 -+ -+ I qR 

if> ( R) "' f d q if> ( q) e ( 2) 

nynhCa H nono:JKeHHSI HMeiOT cnenyiOmHe KOMMYT8UHOHHbie 

.. o ; [R f , R~ ] = 0 ; [ Rt , P f ] • i8 £f . ( 3) 

4 

... 

>, 

Y~HTbiBaSI (2) H (3), nony~HM 

[Rae ,H 
i a 

.. M Pe 

[ pa H ] - f d 3 ... ct> ( ... , a ~ I q> ( ~ e e ' q q q ~l 

... 
-Rn) 

(4) 

OnpenenHM KOMMyTaTopHyiO KOppenSIUHOHHYIO ~YHKUHIO onepaTOpOB nono

JKeHHft 

Kf~ ( t - t') .. < [ R f ( t) , R fJ (t ') ] > 
k 

( 5) 

H ee ~yp&e-npeo6paaoBaHHe 

KafJ(w) • f dt KafJ(t) e 
e k e k 

IWt ( 6) 

-oo 

3Ty ~yHKUHIO nerKO CBSI38Tb C KOppenSIUHOHHOft ¢yHKUHei!: nono:JKeHHft 

afJ a fJ 
Ff k ( t- t ') .. < R f ( t) R k ( t') > .. 

"" 
- _1_ f 

-IW(t-t') afJ 
e Kek (w) 

( 7) 

d (LI • 

2rr -oo 1 - e T 

Hcnon&aySI ypaBHeHHSI aBHJKeHHSI nnH onepaTopoB ( 4) H KOMMyTaUHOHHbie 

COOTHOllleHHSI ( 3) t H8XOnHM Bb!palKeHHe anSI KOppenSIUHOHHOft ¢yHKUHH CKO

pocTei!:: 

d a fJ a fJ 
_d_t_d_t,- < R e (t) R k (t ') > -<Ve < t) vk (t ') > 

, 
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rae 
a 1 a 

vf (t) -MPf(t) 

Ha ypasaeaHA aBH~eHHR ang raAaea6eproBCKHX onepaTopoB cneay~T 

ypaBH9HHR ang KOMMyTaTOpHb!X KOppenRUHOHHb!X (jlyHKUHA. floCKOnbKY B aanb

HeAweM Mbl npHM9HHM MeToa aByXBpeMeHHOrO pacuenneHHR ang BbiaeneHHR 

KOppenRUHOHHbiX (jlyHKUHi!:1 38BHCRlllHX OT BpeMeHH 1 ypaBHeHHR 

'IHM nyTeM asoAaoro aH«jl¢epeHUHposaHHR K~~ (t - t ') 

aBH~eHHR nony-

no t H t' 

4 
i 

d 2 K a~ ( t) 
f k 

dt 2 dt' 2 

1 a ~ 
·- -n < [ [P f ,H] , [P H ]] > . 

M• k 

(9) 

ITpoHaseaeM pacuenneHHe KOMMyTaTopHbiX xoppenRUHOHHbiX (jlyHKUHA 

1 a ~ 
-<([PH] [P H ]]>"' 

t12 f k 

.... 
1 8-+ 3 -+ -+ -+ '{3 lq ( R f .. - ff d q d q ' ¢ ( q) ¢( q 1 q a q I <[ e 
M2 n~f 

m,l k 

.. 
- Rn) 

,e 

( 10) 

... , .... .... 
lq (Rk -RJ 

] > . 

OrpaHH'IHMCR y'I~TOM TonbKO napHbiX KOMMyTaTopHbiX xoppenRUHOHHhiX 

(jlyaxuHA. ITony'la~mHecg B npouecce pacuenneHHR TpoAHbie H BbiCWHe x.x.(jl. 

oT6pachiBaeM. ITony'IHM: .. .. .. 
lq ( Rf - R n) 

<[ e ,e 
.:·cf:k-; .J 

] > -

= ~ ~ _!_ __!. 
s p s! p! 

.... .... .... p 

,liq'(Rk -Rm_)! ] 
( 11) 

<[ liq .. (R ... f -Rn) >a 

.... .. 
lq(Re (t)-R (t)) 

< e n 

... ... ... 
lq'(Rk(t') -R m (t ')) 

e > X 

X~ qY q-S<[IRY(t)-RY (t)!, IR 8 (tJ-R 8 (t') !]> 
y.S f n k m 

6 

.-

ne 

YpaBHeHHe llM KOMMyTaTopaoa xoppenRUHOHHolt 4JyHKUI 

d4 Kee "(t-t ') = ~ Xa{38y 

dt~ dt' 2 nm fknm 
(t-t')l 6fk K By (1 

nm 
y8 

xaf38y (t-t')=-·-Jfd3qd3q'¢~v.¢ (q')qa q't 
fk nm M2 

.. .. .. 
lq (Rf (t)-Rn (t) ) 

x < e 

.......... , ..... , 
lq R k (t ) - R m ( t ) ) 

e > I 

rae anR KpaTxocTH nono~M 

~ h K By • K 8 y + K 8 y _ K 8 y 
nm fk n m fm 

- K8) 
nl 

B ypaBHeHHH ( 12) cyMMHposaaHe no n, m MOlKHO paCn] 

aaa"!eHHR n - f . , m • k , nocxonbxy B aToM cny'lae 

o6pamaeTcR B aynb. KoppenRUHOHHaR 4JyHKUHR1 BXOllRlllaR B c 

RBnReTCR KOppenRUHOHHOA 4JyHKUHeA THna nnOTHOCTb-nnoTHC 

Bbi'IHcneaHe sToA (jlyHKUHH MOJKHo npoHasecTH, Hcnonb~ 

paanoJKeHHe/8,4/. 

EcnH x H y onepaTopbi 1 Torna 

00 

<ex eY> • e:xp { 0 I ...:_ Mn 
xy n•l n! 

rne 0 x Y - onepaTop, pacnonaraJOmHA Bee onepaTopbl x 

TOpOB y 
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a 1 a 
ve (t) .. M"Pe(t) 

a asu~eHHH anH raAaeHoeproscKHX onepaTopoB cneay~T 

MyTaTOpHbiX KOppenHUHOHHbiX <jlyHKUHA. TiocKOn:bKY B ll8n:b

HHM MeToa asyxspeMeHHoro pacuenneHHH ang BbtaeneHHH 

HKUHfi
1 

38BHCHIUHX OT Bp9M9HH 1 ypaBHSHHQ llBH~SHHH nony-

ro au<jl<jlepeHuuposaHHH K~~ ( t t ') no H t' 

1 a ~ d 2 K a/3 ( t) e k 

dt 2 dt'
2 

=- -2 < [ [ p e 'H1 ' [ p H 11 > . 
M k 

(9) 

pacuenneHHS KOMMyTaTopHbiX KOppenHUHOHHbiX <jlyHKUHft 

< [ [ Pa H 1 [ P {3 H ] ] > = e k 

( 10) 

... ...... 
8-> 8 ... -> -> tQ lq (R f 

f d q d q ' cp ( q) ¢( q ') q a ql-' ~ <[ e 
- R ) n 

.... , ... _. 
lq (Rk -RJ 

1 >. ,e 
n" f m" k 

g y'I~TOM TOnbKO napHbiX KOMMyTaTOpHbiX KOppenHUHOHHbiX 

IUHSCH B npouecce pacuenneHHQ TpOftHbiS H BbiCIUHS K.K.<jl. 

Y'IHM: 

[ e t; < ie 
... 

- R n) 
,e 

... ... ... 
lq '( R k - R rJ 

] > 3 

~ ~ ..!__ _..!.. 
• p s! p! 

_,. ..... _,. p 

,liq'(Rk-Rm_)l] < [ I i q ... ( R ... e - R n ) 

...... ... 
lq ( Rn ( t)- R (t)) 

e [ n 

... ... ... 
lq'(Rk(t') -R m (t ')) 

e > X 

qY q ,8< [I Rp ( t) - RY ( t) l , I R 8 ( tJ - R 8 ( t) I ] > 
n k m 

6 

..-

( 11) 
> .. 

YpaBHSHHe llnH KOMMyT&TOpHOft KOppenHUHOHHOft <jlyHKUHH aanHmeM B BH-

ll9 

d
4 Kee "(t-t ') a{Hy 

----:::------- = ~ )( 
dt 2 dt'2 nm fknm 

y8 

fk [)y 
(t-t)l ~ K (t -t') I 

nm 

afj[)y 
)( 

1 3 ... 3 ... :\ _. a fj y {j 
(t-t')=-Jfd qd q'cp~qJ¢ (q)q q' q q' 

fk nm M2 

x < e 

... ... ... 
lq (Rf (t)-R

8 
(t) ) ,;;-Jt k (t ') - R m ( t ') ) 

e > 

rlle llnH Kp8TKOCTH nonO~HM 

~h K 8y .Klly+Klly_Klly 
fk nm fm 

- Klly. 
nk nm 

(] 2) 

(IS) 

( 14) 

B ypassesuu (12) cyMMHpoB&HHe no n, m MO*HO pacnpocTpaHHT:b H Ha 

3H8'19HHSI D • f . 1 m • k 1 nOCKOn:bKY B STOM cny"'ae Bblpa*9HH9 ( 14) 

o6pamaeTCH B Hyn:t:.. KoppenHUHOHHaH <!JyHKUHH1 BXOllHIUaH B onpelleneHue X , 

HBnHeTCSI KOppenSIUHOHHOA <jlyHKUHeA THna nnOTHOCT:b-nnOTHOCT:b. 

Bbi"'HcneHHe sToA <jlyHKUHH MOlKHO npouasecTH, ucnon:t:.ays KyMynHHTHoe 

paano*eHue/8,4/. 

Ecnu x H y onepaTopbi 1 TOrlla 

00 

<ex eY> ~ ., exp I 0 x Y n•l n! Mn I ( 15) 

rlle Ox Y - onepaTop, pacnonara~mHA see onepaTOpbi x cneBB OT onepa-

TOpOB y 
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M 1 ~ <x > + < y > 

M -<x 2 > -<x >2 + <y 2 > -<y >
2
+2<xy>. 

2 

0pOH3BOl1R ITOl1CT8HOBKY 

H orrycKaR qneHbi 

..-

-+ -+ 
x =iq(Re(t) Rn(t}) 

y ~ i (j· < ii < t 1 - ii < t , > > k m 

M c n > 2 , rrony'lHM 
n 

a{3ylJ 
xhnm 

(t - t ') 

1 3 ..... 3 .... .... .-Jo 

=- IJd qd q'cf>(q) cf>(q') 
M2 

a {3 y a 
q q' q q' X 

.. -+ -+ 
I q(<Rf >-<R n > ) 1J (<;k >-<R-+ > ) 

e ; m 
xe 

11[-+it .. ]2 -+it ,.. 2 -2 < q( f -Rn) > -<q ( f-Rn)> 
x e 

1 _,. ..... ..... 2 
- 2 1<[q'(Rk-R.,J] > 

.... .... _,. 2 
-<q '(Rk -Rm>> 

x e 

xexpi-I 
fill 

qfl q' 11
[ ~fk Ffl 11 (t-t')l I , 

nm 

8 

( 16) 

( 17) 

( 18) 
.-\ 

.\ 

f k 
rne CHMBOII /). HM99T TaKOA: :MC9 CMbiCII1 KSK B !jlopMyne ( J• nm 
HH9 X CBOllHTCR, TSKHM o6pa30M1 K Bbl'lHCileHHJO rrapHbiX KOJ: 

!jlyHKUHA:. B 9TOM rrpH61IH:MeeHHH rrpeHe6pe:MeeHHe '11leHaMH BbiCIII 

9KBHBSileHTHO pa31IO:MeeHHIO ITO M81lbiM OTK1IOHeHHSIM aTOMOB H. 

paBHOBeCHSio 

B cnyqae :M{H.tlKOCTH sTo .tlorrycTHMO .tl1IR apeMeH MeHbWHX 

rrepeMetUeHHR STOMa HS OllHO Me:M{llyaTOMHOe paCCTORHHe. Y CpenJ 

cnyqae ITpOH3BO.tlHTCSI ITO rrepHOllY apeMeHH 1 38 KOTOpbiA: STOMI 

waJOTCR H3 ITOIIO:MeeHHA: paBHOBeCHRo 

Paano:MCHM rrocne.tlHJOJO sKcrroHeHTY a Bbipa:MeeHHH ( 18) a pSI 

raR, 'ITO ITOKa38T91Ib CTeiTeHH Man 

cllyHKUHJO 

rLie 

exp 1- I q fl q' II [ ~ fk F fiJI ( t - t' ) 
fill nm 

.. 
"' I •• o 

-I 
fill 

q fl q 'II [ A fk F fiJI ( t - t ') ] I 
s! 

X ( 18) 38ITHWeM B BH/le 

af3yli 
X fknm 

(O) a {3yli 
X fknm 

<4'{3y8 
X f knm 

( t -t' ) .. I 
s! 

.. 
.!. ay 

M2 'I' f D 

; {35 
km 

I ., 
(t-t ') •-- I cf> ayf1 

M2 flll fn 

nm 

(a) 

a{3yo 
xfknm 

cf>.,.{3lJ II 

km 

( t -t ' ) 

[~fk F 
nm 

. . . . . . . . . . .... 
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> + < y > 

2> -<x >2+ <y2> -<y >2+ 2 <xy>. 

_. 
( R f ( t) 

_. 
Rn(t}} 

<ii <t~-ii (t'>> k m 

c n > 2 , rrony'IHM 

(t - t ') 

3_.3_. _. -• a {3 y 8 
qd q' cp ( q) cp( q ') q q' q q' X 

,J <<;k >-<R_. m>) 
_. _. 
Rf >-<R n >) 

e 

ll[_.it ,. ]2 _,it ,.. 2 2 < q( f -Rn) > -<q ( f-Rn)> 

...... .. ....,. ...... 2 .... .... ... 2 
I < [ q ( R k - R .J ] > -< q ' ( R k - R m » 

-~ qiL q'"[ 1'1fk FIL" (t-t')] I , 
IL" 

J. 

( 16) 

( 17) 

( 18) 

e k 
I'lle CHMB01l !1 HMeeT T8KOA >Ke CMbiC111 K8K B ljlopMyne ( 14) • Bbi'IHC1le-

nm 
HHe )( CBOilHTCSI

1 
T8KHM o6pa30M1 K Bbl'IHC1leHHIO rrapHbiX KOppenRIIHOHHbiX 

ljlyHKIIHA. B 9TOM rrpH61lH>KeHHH rrpeHe6pe>KeHHe qneHaMH BblCWHX rropRilKOB 

9KBHB81leHTHO p831lO>KeHHIO IIO M81lb!M OTK1lOHeHHSIM aTOMOB H3 II01lO>KeHHA 

paBHOBeCHSio 

B cnyqae >KHilKOCTH sTo llOrrycTHMO llllSI apeMeH MeHbWHX1 qeM apeM sr 

rrepeMemeHHR aToMa Ha OllHO Me>KilyaTOMHoe paccTosrHHe. YcpellHBHHe a sTOM 

Clly'lae IIpOH3BOilHTCSI IIO rrepHOilY apeM9HH 1 38 KOTOpblft 8TOMbl M8110 CMe

W810TCSI H3 II0110>KBHHA paBHOBBCHHo 

Paano>KHM rrocnellHIOIO sKcrroHeHTY a Bbipa>KeHHH ( 18) a pS11l1 rrpellrrona-

I'8SI 1 'ITO IIOK838T91lb CTeiiBHH M81l 

<llyHKUHJO 

rae 

exp I -I. q IL q'" [ 1'1 fk F IL" ( t - t ' ) 
I'" nm 

.. 
I. -I. q I' q '" [ 1'1 fk F IL" ( t - t ') ] I " . 
•• o s! "" 

nm 

X ( 18) 38IIHWeM B BHllB 

af3yo 
X f knm 

( t -t' ) .. I. 
<•> 
af3yo 

s! xfknm 

(0) a f3yo 
X fknm 

<a>f3yo 
X f knm 

.. 
.1. ay 

M2 "'f" 
; {38 

km 

1 .. 
(t-t') •-- I. q,aYI' 

M2 1'" fn 
c/> .. {3 0 " 

k m 

( 20) 
( t -t' ) 

( 21) 

[ 1'1 f k F I'" ( t -t' ) ] 
nm 

. . . . . . . . . . . . . . . . . 

~ 
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X (8>a[:3y8 
fk nm 

( t-t ') 

x [~h Fp.lvl(t-t') 
n m 

( -1 ) s 

--~ 
M2 1'-t••·/ls 

~ 
v l •.. vs 

¢ayp.., ... p..s 
fn 

"' [ ~ fk F P..sV"(t- t') ), 
n m 

q,~f38v 1 ... v
8 

( 22) 

.. af:3/L .. ·/l 
3necb cp I e SIBJ'ISIIOTCSI 8HI'8pMOHH'IeCKHMH CHJ'IOBbiMH IlOCTOSIHHbiMH 

fn 
S -oil: CTelleHH llJ'IH 118pbl 8TOMOB f 11 n 

:;_ayp..r .. P.. ... Jd3-.,._(::t a y P..t P... lq(<R'r>-<;n> > 
'!' r n q '!' q, q q q ... q e 

( 23) 

x e 

l [ -o -o ... ]2 ...... - 2 !< q(Rf-Rn) >-<q(Rf 
2 

> > I. -o 
-R 

HeTpynHo rroKa3aTb 1 'ITO CHJ'IOBbte rrocTOSIHHhte CBH3biBatoTCSI ycnoBHeM 

~ 
£ 

~p., ... /l 
¢ fn P = O 

( 24) 

KOTOpoe BbiTeKaeT 113 HHB8pH8HTHOCTH CHCT9Mbl OTHOCHT9J'IbHO ee CllBHI'8 

B uenoM. 

0KOH'I8TeJ'IbHO ypaBH9HH9 (12) 3811HllieM B BHll9 

4 a{:3 
d K Pk - ~ 
dt

4 
),'8 

~ 

~ 

¢ a )' 
e n 

;{38 K y8 
k m nm 

10 

. 

'1··'';;),: ,'1-1: : 

' 

41') r •\ ' 

',' .. 
h 

't,~ ~ 
'1;tli)~ 

:;·:. 

;. 

• I 
nm 

y8fL 1/ 

¢ a YfL 
fn 

¢ f3 8v 
km 

11fk F/lv ~fkK y~ 
nm nm 

3TO CHCT9M8 OllHOPOllHblX llHcjlcjlepeHUH8J'IbHbiX ypaBH9HII 

c KoacjlcjlHuHeHTaMH, aaBHCSIIUHMH oT BpeMeHH. BpeMeHHaSI 3a 

KoacjlcjlHuHeHTOB onpenenS!eTcSI cjlyHKUHSIMH KoppenS!uHA F(t) , 

0'19p9llb1 orrpeneJISIIOTCSI C IlOMOillb!O K.K.cjl., 'ITO Tpe6yeT C 

HOI'O pemeHHSI CHCTeMblo npeHe6pe>KeHHe 'IJ'IeH8MH B rrpaBoft , 

( 25) COOTBeTCTByeT IlC9BllOrapMOHH'IeCKOMy llpH6J'IH>K9HHIO, 

ypaBHeHHSI ( 25) OllHCbiB89T BKJ18ll KOJ1968HHA p83J'IH'IHblX '18C 

BHneTh1 npoH3BOllSI npeo6pa3oBaHHe ~yphe. B aToM cny11ae 

BOAlleT CBepTKa ~yphe-o6p830B KOppeJ'ISIUHOHHblX cjlyHKUHA1 KO'i 

rapMOHH'l9CKOM I1pH6J'IH>K9HHH HM910T BHll CyMMbl l) -$¥J 
B I1CeBllOI'8pMOHH'I9CKOM llpH6J'IH>KeHHH llOJ'Iy'I9HH8SI CHCT9MI 

B CHCTeMy anre6p8H'I9CKHX ypaBH9HHft1 llJ'ISI pemeHHSI KOTOJ 

llpOH3B9CTH llH8I'OH8J'IH38UHIO H9 TOJ'IbKO llO HHll9KC8M y3no: 

llHCKp9THbiM 3H8'19HHSIM BOJ'IHOJiiOI'O B9KTOp8 k 

YpaBHeHHSI .r:tBH)KeHHSI .r:tnSI KoppenSIUHOHHbiX ciJyHKI 

B HMnynhCHOM npencTaBneHHH 

B nan&aelmeM orpaHH'IHMCB paccMoTpeaHeM cacTeM c 

HoA cHMMeTpHeA. B aToM cny11ae yno6Ho nonb3oBaT&cs npenc 

pH'IHOI'O KB&HTOBBRHSI anB onepaTopoB R f ( t) H P f ( t 

a 
t:l 

e A .. (t) 
k 

R f (t) .. I 
k y'2NM w'k 

Pa(t)--1 Iy' f . .. 
I k 

Mw 
2N 

11 

W~et'kf"B .. (t) 
k k 
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f3y8 ( t-t ') 
( -1 ) s 

--~ 
M2 p.,. .• p. ~ 

~ 
v

1 
••• vo:'l 

¢,aYJ1r··lls 
En 

h F l't "t( t - t.) ] ... [ 1'. f k F P.. v "( t- t •) ] • 
nm nm 

¢"" f38v 1 ••• v 
5 

(22) 

t" • • fL ~ S!Bnll!OTCSI aarapMOHH'leCKHMH CHnOBbiMH ITOCTOSIHHhiMH 

H I:WH 118pbl 8TOMOB f H R 

llt•·•lls Jd3-.-l.(:t a Y p. 1 p. lo(<R-.n>-<; > "' q 'I' q1 q q q ... q s e t n 

(23) 

I ( _,. -• _,. ]2 _. _, _,. --1 < q (R n - R ) > -<q (Rn -R 
2 l n r 

> 2 I . 

110K838Tb1 'ITO CHnOBbie ITOCTOSIHHh!e CBSI3b!B8IOTCS'I ycnOBHeM 

~ e 
~p., ... J1 

¢en p = 0 ( 24) 

BeT H3 HHB8pH8HTHOCTH CHCTeMbl OTHOCHTenbHO ee CaBHra 

bHO ypaBHeHHe (12) 38ITHllieM B BHae 

4 af3 
d K £k 

dt
4 - ~ 

nm 
yB 

~ 

"" ¢ a )' 
e n 

¢f3B K y8 
k m nm 

10 

• I 
nm 

ylJp II 

rp a YP 
fn 

rp {HJ II 

km nm 
1\fk Fp11 1\ fkK y ~ ( 25) 

nm 

3TO CHCTeMa oaaopoaHhiX aH$PepeHUH8nhHbiX yp8BH9HHA: 4-ro ITOpSiaKa 

C Koa4J<IJHUH9HT8MH 1 38BHCSIIUHMH OT BpeMeHHo BpeMeHH8SI 38BHCHMOCTb STHX 

KOS<PcPHUH9HTOB OrrpeaenSieTCS'I <IJyHKUHs:!MH KOppens:rUHA F ( t ) 
1 

KOTOpb!9
1 

B CBOIO 

o'lepeah, orrpeaenSIIOTcs:r c rroMOIUhiO K.K.<IJ., 'ITO Tpe6yeT caMocornacosaa

Horo perneHHSI CHCT9Mblo npeHe6pe>KeHHe 'ln9H8MH B rrpaBOA '18CTH yp8BH9HHH 

(25) COOTB9TCTByeT rrcesaorapMOHH'I9CKOMy ITpH6nH>K9HHIOo npaBaSI '18CTh 

ypaBH9HHs:! ( 25) OITHCb!B8eT BKnaa KOne6aHHA paanH'IHhiX '18CTOT
1 

'ITO nerKO 

BHaeTh1 rrpoHasoag rrpeo6paaosaaHe ~yphe. B sToM cnyqae B rrpasy10 '18CTh 

BOAQeT CB9pTK8 ~yphe-o6p830B KOppens:rUHOHHbiX <IJyHKUHA1 KOTOpble B rrceBao

rapMOHH'I9CKOM ITpH6nH>KeHHH HM9IOT BHQ CYMMbl 8 -«ltYHKUHAo ,nosToMy 

B ncesaorapMOHH'I9CKOM npH6nH>K9HHH rrony'I9HH8SI CHCT9M8 npeBp8IU89TCSI 

B CHCTeMy anre6p8H'I9CKHX ypaBH9HHA1 anSI perneHHSI KOTOpoA He06XOaHMO 

rrpOH3B9CTH aHaroaanH38UHIO He TOnhKO no HHaeKC8M yanoB
1 

HO T8K>Ke no 

aHCKpeTHb!M 3H8'19HHSIM BOnHo~oro B9KTOpa k 

YpasaeHHSI .UBH*eHHSI .unSI KoppenSIUHOHHhiX fjlyHKUH:l!: 

B HMnynbCHOM npencTaBneHHH 

B nanhaeAmeM orpaHH'IHMca paccMoTpeaueM c&cTeM c Tpaacnauuoa

HoA cHMMeTpueA. B aToM cnyqae yao6ao rron~>aosaThCH npeacTasneaueM BTo-

pH'IHoro KBaHTOsaBBa ana onepaTopos R f ( t) H P f ( t) 

a 
R e (t) • I 

t 

p; (t) -

, 

...... 
lkf 

e A .. (t) ~-=---- k 

y'2N M w; 

I v' Mw 
2N 

W~ e t'kf" B .. (t) .. 
k 

11 

k k 

(26) 

( 27) 



r!le 
a 

wk' H w k - BeKTOpbl H 'l8CTOTbl HOpManbHblX Kone6aHHii 1 COOT-

BeTCTBYIOlllHX BonHOBOMy BeKTOpy k 
OrrepaTOpbi A J: H 8 ; IIOLl'IHHHIOTCSI cnenyiOlliHM KOMMyTaUHOHHbiM 

COOTHOIIIeHHSIM 

+ 
[ B k' A l1' 1 = 28 k't, , [ A l1 , A l1' 1 = 0 ; [ B t, B k_., 1 0 ( 28) 

+ 
A ii = A -k B -•= -B+ -• k - k • 

( 29) 

CosepiiiaSI rrpeo6pa3oBaHHe ( 26), ( 27), rrony'IHM raMHnbTOHHaH ( 1) s BHLle 

H = Ho + H 
(30) 

H =- :£ 
+ + 

wit( A_, A->+ B .. B_, 
0 4 t k k k k 

-+ 

H_ = :£ • :£ V (k .•. k )A ..... A-o 
n=t.a n! -+ -+ n I n k 

1 
k 

k 1 ••• k n n 

( 31) 

-+ -+ 

Vn(k 1 ••• kn)"':£ 
f I" •• f 

1 k f 
e 

1 1 
( 32) n t a!""" a:n 11 

cf>f. .. fn J•l y'2Mwl1; I 

a 1 ••• an 
rae cp 

0 0 
- CHnOBbJe IIOCTOSIHHbie. 113 38KOH8 COXpaHeHHSI KB83H-

L 1 • • • L n __.. _, -+ 

HMrrynbca cnenyeT, 'ITO V = 0 , ecnH k 1 + k 2 + · · · k n ~ 0 . 3aMeTHM 1 

'ITO B npellCTSBneHHH BTOpH'lHOrO KB8HTOB8HHSI orpaHH'leHHe paCCMOTpeHHSI 

rrapHbiM IIOTeHUHanOM He HBl!SieTCSI IIpHHUHIIH811bHbiM1 H MO~HO ero He BBO-

llHTbo 

12 

,. 

\~~·_, 
.,··:·.~j_(, (t_, . ,,j. 
rl':~. f)f.· 

~·; ... ,:~:~·~) 

j. 

·•'' 
I ).i 

BseneM KOMMyTaTOpHbie KOppenSIUHOHHbie <!JyHKUHH 

K tt , ( t - t ' ) = < [A t ( t) , A t, ( t ') ] > 

KOTOpbie CBSI38Hbl C KOppenSIUHOHHbiMH <jJyHKUHSIMH 

COOTHOIIIeHHeM 

F ...... ,( t- t ') 
k k 

F_,_,~w) .. 
k k 

<A-o(t) A-o,(t') > 
k k 

K "k k'' ( w) 
w 

1-e-T-

K k "k{ w } H Fk "k' ( w orrpeneneHhi rrpeo6pa3osaHHeM <l>yp 

00 

K "kk~ w) f dtK (t) iWt "kk" e 

Fkk(w) f dt Fk'k''(t) e iwt 

-oo 

llnH IlpOCTp8HCTBeHHO O.UHOpO.UHblX CHCTeM <jJyHKUHH (33) 

roHanbHbi no HH.UeKcaM k H k ' I 51. 

YpasHeHHSI .UBH~eHHSI nnH reA3eH6eproscKHfi orrepaTopos 

B k ( t) c raMHnbTOHHaHoM ( 30} HMeiOT BH.U 

. d 
I---- A-+ dt k = w J:8 i:; 

d 

dt 

+ + 
A k • -w k 8 k 

13 
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w k' - BeKTOpbl H '18CTOTbl HOpM8nbHbiX KOne6aHHA 1 COOT-

nHOBOMy BeKTOpy k 
A ... 

k H B ; rroa'IHHHJOTCH cneayJOIUHM KOMMyTaUHOHHbiM 

+ 
k" A 11 ,J =2ok'k' , [A k" ,A 11,J20;[Bt,B k ... ,] 

k = A+ ..... 
-k n -·= - n + • k - k • 

0 ( 28) 

( 29) 

830B8HHe (26), (27), rrony'IHM raMHnbTOHH8H (1) B BHJle 

H = Ho + H (30) 

l + + 
Ho =-~ wrt(A ... A ... +B ... B ... 

4 __, k k k k k 

"" 
H =~ ' ~ V (k ... k )A ...... A ... a n! ... ... n 1 n k l k n=1,3 k t ••. k n n 

( 31) 

... ... 
a j I k f 

a a n w ... e j cp t••• n I] kj ,(32) 
rf .. fn l•l , 

... ... 
Vn(k 1 ••• kn)=~ 

r ~" .. r 
y2M w 11

1 

- CHnOBbie IIOCTOSIHHbie. Yfa 38KOHa COXpaHeHHSl KB83H-
-> -> --> 

T, 'ITO V = 0 1 ecnH k 1 + k 2 + · • • k n ~ 0 · 3aMeTHM
1 

HHH BTOpH'IHOrO KB8HTOB8HHSI orpaHH'IeHHe p8CCMOTpeHHSl 

nOM He HBnSieTCSl IIpHHUHIIHanbHbiM1 H MO~HO ero He BBO-

12 

.,. 

&r :al, 

il 
'J 

'il"'l.l, '..1 

·,,,, :j 
;:t) 
~~,1 

,;ii:'j !{1,,, 
::;.1:: 

ij· 

f 

BseaeM KOMMyTaTopHb!El KOppenSIUHOHHbie «fJyHKUHH 

K tt, ( t - t' ) = < [A t( t) , A t, ( t ') ] > ( 33) 

KOTOpb!e CBSI38Hbl C KOppenSIUHOHHbiMH cjJyHKUHSIMH 

F ..... ,( t - t ') , <A .. ( t) A .. , ( t ') > 
k k k k ( 34) 

COOTHOIUeHHeM 

Fk'Jt,(w) .. 
K "k 17' ( w) 

( 35) 
w 

1-e-T-

K k k.{ w ) H Fk "k' ( w orrpeaeneHbi rrpeo6paaosaHHeM 4>ypbe 

K itt~ w) I dt K,..,_, (t) e iWt 
kk 

-OQ 

(36) 

F"k"k( w) I dt Fkk'(t) e iwt 
....00 

nnSI !IpOCTp8HCTBeHHO OJlHOPOJlHbiX CHCTeM «fJyHKUHH (33) H (34) JlH8-

roaanbHbl ITO HHJleKC8M k H k ' I 51
0 

YpaBHeHHSI JlBH~eHHSI anSI reA:aea6eproBCKHti: orrepaTopoB A k ( t ) H 

B k ( t) c raMHnbTOHHaHoM ( 30) HMeJOT BHJl 

. d 
I A .. dt k • w .. B .. · k k ' 

• 

d 

dt 

+ + 
A t - -w t B k' 

13 

(37) 



. d I I .... -+ 
•--Bt•wtA.t+2I ---

1 
,..Vn(-kk2 ... kn)A.t··· A~t 

dt ..,.!,3 (n-1). ~2 ... kn 2 n 

(38) 
d 00 1 -+-+ -+ 

i --B}a-wkA+:-2 I --I V (k k 2 ... k ) A~t ... A it. 
dt .,.,t,a(n-1)!.;>2" .. "kn n n 2 n 

KaK H paHee, ypaaHeHHSI nanJKeHHSI nna ¢yHKUHH K'kk''(t- t ') rrony'IHM, 

nn<l>¢epeHUHpyS! ee naaJKnbi ITO , t H t ' t BOCITOnb30B8BWHCb ( 38) H ( 37) 

H COOTHOW9HHSIMH (29) 

_,. 

d
4 
Kltlt(t-t' ) 

= wtK k't (t-t ') + 
dt 

2 
dt' 

2 

+ 2w 3 I 
Jt (n-1) 

.... .... .... ' + + 
I IV (k-k ... -k )<[A-..(t),A-.. (t) ... A-+ (t)1> 

,..,. -+ n 2 n k k k 
·k 2 ••• k

0 
2 n 

(39) 

....... ..... + 
+ V n ( -k k 2 ... k n ) < [ A k

2 
( t) ... A k n ( t ) , A k ( t ') 1 > f + 

+4w:;. I 
k n..S 

I 
m..S 

1 

(n-1)! 
I 

(n-1)! it2 ... kn 
.I 

-+ -+ 
q 2'"" q n 

V n( -kk 2 ... k )V Jk_q2 ... -q-+Jx 

x<At(t) .. A.:(t), A+-+(t') ... A+-+ (t') 1 >· 
2 n q2 qm 

14 

KoppenauHoHHhie KOMMyTaTopHbie ¢yHKUHH <1 At (t), A +k" ( t 
2 

B 3TOM Bblp8JK9HHH npencTaBHM B Bnne paanoJKeHHSI ITO <j>yH~ 

rropHnKa/1/, rrpeHe6peraa nayx¢oHOHHbiMH rrpoueccaMn n rronb .... ... ... 
pneif <j>yHKUHH V n ( k 1 k 2".. k n) OTHOCHT9nbHO nepecTaH 

~ -+ 
lt2" .. kn 

-+ -+ -+ 
vn (k -k2 ... -k) < [ A ·• ( t ) , A -.. ( t ') . . . A -.. ( t ' 

k k 2 k n 

..... .... + + 
I I Vn(k-p-k 3 ••• -k")(n-1)<AJ7 ... At ><[A.ti 
I: k3 ••• Jtn 3 n 

Dpn caeneHHH ¢yHKUHif <[AJ7(t) ... AJ7(t),A+,;>( t') ... A:--
2 n 2 m 

UHSIM HHawero rropanKa aocnonbayeMcsr nByXBpeMeHHbiM pac 

I I V (-kk ... k )V (k-q ..... q ... )<[A->(t) .. .A -+(t),A+ -o(t) .. 
-+ -+-+ -+ n 2 n rn 2 m k

2 
k Q

2 k2 ••• k n q 2 ••• q m n 

.. I I I V (-kpk ... k) V (k-p-q ... 
3 

••• -q ... )(n-1) (m-
it't3 ... kn~3 ••• ;:n n 3 n m , m 

x < A t ( t ) ... A k ( t) , A + _, ( t ') . . . A :_ ( t ') > < A _, ( t ) , A _, ( t ' ) 
3 n qa q m P P 

YpaBHeHne (32) npHHHMaeT Bnn: 

4 -+-> 
d K k k ( t- t ') 

dt
2 

dt' 
2 

2 00 

+ 4w,.. I 
k n•l 

00 

I-
m•l n! 

4 3 ........ 

=[wt +4wi:P(-k,k)]K.;>k( 

I I 
m .! JtJ ••• kn q~ ••• ;m 
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p 

v ( -o-
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1 I .... ... .... 
Bt ~ wtA Jt+2 ~ ---, .... _. Vn (-k k2oookn)A Jiooo A k' 

~1,3 (n-1) 0 k 2 o .. kn 2 n 

( 38) 

B-1:.=-w-.A +_. -2 I - 1- ~ V 
k k k n=l.3 (n-1)! k"2"""~n n 

( k k 2 0 .. k n ) A t .. o A t . 
2 n 

dt 

aHee, ypasHeHHSI .llBH)I{eHHSI .llJISI cpyHKUHH K k k"' ( t- t ') nony'IHM, 

S1 ee .llB8)1{,llbl no t H t ' 1 BOCnOJib30BaBlliHCb ( 38) H ( 37) 

SIMH ( 29) 

Ku(t-t') 
wtK lit (t -t ') + 

dt' 

~ ~ IV (k-k 2 ... -k )<[A-.(t),A+_. (t) .. oA-:_ (t)1> 
! i: 2""" tin n n k k 2 k n (n-1) 

(39) 

.... + 
-kk 2 o .. k " ) < [ A k'

2 
( t) .. o A 11" ( t ) , A t ( t ') 1 > t + 

~ ~ 
1 

n..:l m=Ll (n -1)! 
~ 

(n-1)! k'2"'k*n 
~ ... ... 

q 2'"" q n 
V n( -kk 'io .k n) V Jk_q:i ... -q-+Jx 

"k ( t) o o A Ji( t) , A+-+( t ') .. 0 A+_. ( t ') 1 > o 
2 - q2 qm 

14 

.,., 

KoppeJISIUHOHHbie KOMMyTaTopHbie cpyHKUHH <[ Aok(t), A +11 ( t ') .. o A~-- ( t ') ] > 
2 n 

B 9TOM Bb!pa)l{eHHH npe,llCT8BHM B BH,lle p83JIO)I{eHHS1 no <jlyHKUHSIM HH3lllero 

nopSI,llKa/1/, npeHe6peraSI .llByXcpOHOHHbiMH npoUeCCaMH H nOJib3YSICb CHMMeT-
-. .... .... 

pHelf cpy?KUHH V n ( k 1 k 2' o. k n ) OTHOCHTeJibHO nepeCTBHOBKH HH,lleKCOB 

~ v (k -k 000 -k) 
....., _. n 2 n 
K 2'" k n 

< [ A .. ( t ) , A ... ( t ') o 0 o A .... ( t ' ) 1 
k k 2 k n > "' 

(40) 

... ... --.,. ..... + + + 
~ ]. .. V n ( k -p- k a o o o -k ") ( n - I ) < A J1 0 0 0 A t ><[A k•( t), A ; ( t ') 1 > . 
P k 3 ••• k n 3 n 

+ + 
IT pH cBe.lleHHH ljJyHKUHfi <[ Ak ( t) 0 .. A k ( t), A .... ( t ') 0 .. A -+ (t ')] > K cpyHK-

2 n q2 qm 

UHSIM HH3lllero nopSI.llK8 BOCnOJib3yeMCS1 .llByXBpeMeHHb!M pacuenneHHeM/2/ 

........ ... .... ... ... + + 
:E :E V ( -k k .. o k ) V ( k- q .. o q ) <[ A -+ ( t) .. .A -+ ( t ), A -+ ( t) .. o A -+ ( t) 1 > -+ -+-+ .... n 2 n m 2 m k

2 
k q

2 
q 

k2 ••• k n q 2"""q m n m 

.. :E :E ~ V (-kPk ... k) V (k-p-q-+
3

000-q-+ )(n-1) (m- 1) x 
if Jt:-\"""kn~a•·• ;;n n 3 n m . m 

(41) 

x <A,.. ( t) o o o A k* (t), A+-+ ( t ') o o o A~ ( t ') > < A .. ( t) , A _.( t ') > o 
~ 3 n q3 q - P P 

YpaBHeHHe (32) npHHHMaeT BH.ll: 

4 -+-+ 
d K k k ( t- t ') 4 3 ........ 

=[ Wj(' +4w 11 P (-k,k }J K JtJt<t-t ') + 
dt 

2 
dt' 2 

"" 2 "" + 4 w,.. :E 
k n=-1 

:E ~ ~ ~ I 
m•l n! m! Ji1 •.. it0 q~···~ 

~ ... 
p 

V 
2 
(-k,pk

1 
... k ) X 

n+ n 

, 
15 



... .... ... .. + + 
v +2(k-p-q •.•. -q )<A~(t) ..• A .. (t)A .. (t') •.. A .. (t') >X 

m m •t k n ql qm 

(42) 

X < [ A it( t) ' A~ ( t ') ] > ' 

rne 

.... 
P (-kp)•I -· 

......... .. 
' J. ~ vn+ll ( -kpk t· •. kD ) < A k ... A k > 

n. " •... n l n 

(43) 

• PacaenneHHe cPYHKUHH <A~(t) ... A i! (t)A+ .. (t) ... A+ .. (t')> npouaso-
' n q I qm 

JlHM
1 

COXp8HSISI nHWb napHbl9 KOppenSIUHOHHbl9 lPYHKUHH1 38BHCSIWH9 OT speMe-

HH 

m 
n 

< o A~ < t) o 
l•l I J•l 

A.t(t') > • <0 Aft(t) ><0 Ak_.(t')>+ 
j ... l J•l j 

n 

+I 
.-2 

m n m 
I <A;(t)A.,. (t') >8; .,.<0 A;(t) > < 0 A .,.(t') 
~ s q r s q r lflls I J/a r q j 

( 44) 

> + ••• 

PacCM8TpHB89M8SI CHCT9M8 S1BnSI9TCSI paBHOB9CHOit1 fi03TOMY KOppenSI-

UHOHHbi9 KOMMYT8TOpHbl9 cPYHKUHH K kk H KoppenSIUHOHHbi9 cPYHKUHH 

H t' · Mcnonb3YSI (44), nony-
38BHCSIT nHWb OT pa3HOCTH speMeH 

quM ypaBH9HH9 

d4 K.7".,. (t) 4 
0 ~ K rt4.t) • I xk .. ~t) K .... (t), ... p p p 

(45) 

d t 4 p 

16 

~ 

~ 

rne 

2 2 
n .... w .. 

k k 

.... 
+ 2w P ( -k k ) 

k 

.... _.... -+ 2 
Q (-kps

1 
••• s ) \ F.,. _.F.,. X ltif(t) • I 

-I 
I 

n+2 n s
1
s

1
s: 8 ••• s 

I n 

-t++ _. ooli V 
Q 2 (-Kps 1 ••• S

0
)=I -,-.,. ,. m+n+2 

n+ m=> m. "l··"m 

X< A .. 
"t 

A 1: > 
m 

( -kps.,.
1 
.•• 

3necb BBeAeHa nceBnorapMoHuqecKaR qacToTa cPoHoHa ~ 

cornacosaHHOM none ocTanbHbtX cPOHOHOB.Ma· onpeneneHHSI Q n 

cnenyeT oqeBH)lHOe CBOitCTBO 

+ ~.... .... .... 
Qn+2(k-p-s 1 ••. -S

0
) ,. 

........ ... .... 
Q n+2 ( -k p S I • • • S n ) 

KOTOPbiM Mbl BOCIIOnb30B8nHCb II pH IIOnyqeHHH ypaBH9HHSI ( 41: .... ... .... ~ 

qTo Mbl OIIyCTHnH qneH p ( -k , p ) C p ,j. k 1 BOCIIOnb30B8BI 

coxpaHeHHSI KB83HHMIIynbC8o 

0onyqeHH8SI CHCTeMa ypaBH9HHit ( 45) SIBnSieTCSI CHCTeMOJ 

AHq,q,epeHUHanbH~X ypaBH9HHit qeTBepToro IIOpSIAK8 C 38BHCSIWHM 

Kosq,q,uuueHTaMH. BpeMeHHa~ aaBHCHMOCTb Kosq,q,uuueHTOB orrpel 

penHUHOHHbtMH cPYHKIIHSIMH ( 34). CnenyeT o6paTHTb BHHMaHue 

KaqecTBe HyneBoro rrpu6nnlKeHHH Mbi rrpHHSinu· rrceBnorapMOHl 

6nHlK9HH9o UpaBSSI qaCTb ypaBH9HHit ( 45) OIIHCbiB89T BKna)l 

17 



.. + + 
-q, ... -q )<Ait(t) .•. Ait(t)A .. (t') ••. A .. (t') >X 

m 1 n q I qm 

(42) 

A~(t')1>, 

I. -· 
............. .. 

1 
~ Vn+' ( -kpk 1 ••• kn ) <A:, .•. A : > 

n. k
1 
••• i"

0 
n 

(43) 

tllyHKUHH <A~( t) ... A : ( t) A+ .. (t ') ... A+ .. (t')> npoHaBO-
' n q I qm 

napHbte KOppenSIUHOHHbie tllyHKUHH 1 38BHCSIWHe OT speMe-

A~ ( t) n 
I J~l 

n m 

A~t(t') > • <ll A~(t) >< n A k .. (t')>+ 
l t-1 I J•l l 

( 44) 

m n m 
I. <A-+(t)A-+ (t') >li-+ -+<0 A;"(t) > < U A -+(t') > + ••• 
r-2 ks qr ksqr"'s I J/ar qj ·, 

BaeMaSI CHCTeMa Sl&nSieTCSI paBHOBeCHOA1 fi09TOMY KOppenSI-

TOpHbte tllyHKUHH K kk H KoppenHUHOHHbie tllyHKUHH 

oT paaHoCTH speMeH t H t' . Hcnonh3yH ( 44), nony-

d 4 KJik .. (t) 4 
0 It K ~ t ) • ;. X 17~ t ) K P-+p> ( t ) , 

(45) 

d t 4 p 

16 
_.: 

r.ae 

2 2 
n .... w .. 

k k 

.... 
+ 2w P (-k k ) 

k 
( 46) 

I. 
...... .......... .... 2 

\ Q (-kp8 ... 8 ) \ F .... F ........ F .... (47) X ltit( t) • I. ,..., 
B ••• s n+2 1 n s .s s e s s 

I I 2 2 n n I n 

~ .... 00 1 ........... """'"t .... 
Q +2 (-kp8 1 ... 8 )~I. - I. V + ,q (-kp8 1 ... 8 K 1 ... k )x 

n n m 1 """' ..,. m n.- n m 
m..O • k 1 •• km 

X< A ... 
kl 

A ... > 
km 

( 48) 

3,aeCb BBe.UeHa ncee.aorapMOHH'I9CK8St 'ISCTOTS tl!OHOHS {l k B CSMO-

cornaCOBSHHOM none ocTan&HbiX tPoa:oa:os. Ha onpe.aenea:HSI Q ( p ... p ) 
n I n 

cne.ayeT 0'19BH.UH09 CBOACTBO 

+ .... .... .... .... 
Qn+2(k-p-s 1 ••. -8

0
) .. 

........ .... .... 
Q n+2 ( -k p 8 I • • • 8 n ) 

( 49) 

KOTOpb!M Mbl BOCIIOnb30BanHCb npH rrony'leHHH ypaBHeHHSI ( 45) o 0TM9THM 1 

.... _. -+ ~ 

'ITO Mbl OIIyCTHnH 'lneH p ( -k , p ) C p f. k 1 BOCIIOnb30B8BlllHCb 38KOHOM 

coxpaHeHHSI KB83HHMIIynbC8o 

Oony'leHHSSI CHCTeMa ypaBH9HHA ( 45) SIBnSieTCS! CHCTeMOA O.UHOpO.UHbiX 

.UHtPtllepeHUHSnbH~X ypaBH9HHA '19TB9pToro IIOpSI.UKS C 38BHCSIWHMH OT BpeMeHH 

Ko3tPtllHuHeHTaMH. BpeMeHHa~ aaBHCHMOCTb KoatlltPHuHeHTOB orrpe.aenHeTCSI Kop

penHUHOHHbtMH tllyHKUHSIMH ( 34) o CiJe.ayeT o6paTHTb BHHMaHHe Ha T0 1 'ITO B 

KaqecTBe Hynesoro npH6nH)K9HHSI Mbt npHHSinH· nces.aorapMOHH'IeCKoe rrpH-

6nH)I{ea:He. OpaBaSI 'laCTb ypasa:ea:HA ( 45) onHCbiBaeT BKna.a uenoro pg.aa 

• 17 



MHOrocfloHOHHbiX I1pOU9CCOB1 HC Y"'HTb!BaeMbiX B IICeBaorapMOHH"!eCKOM 

IlpH6llH)I(eHHHo 

J13 KOMMYTBUHOHHbiX COOTHOilleHHA ( 28) H ypaBHeHHA llBH)I(eHHH llllH 

orrepaTopoB a raA3eH6eproBCKOM rrpeacTaBneHHH cneayiOT · Ha"!anbH&Ie ycno

BHH llllH KOMMyTBTOpHbiX KOppellHUHOHHbiX tPYHKUHA H ee IlpOH3BOllHblX 

Kt10).0 K k"k"(O) --2iwk"; Kk"k<O) .. o; Kti:<O) --2iwt0t~50) 

CHCTeMa ypaBHeHHft qeTBepToro IlOpSillK8 MQ)I(eT 5biTb CBelleHa K CHC

TeMe ypaBHeHHA BTOporo I10pS1llK8 IlOllCTBHOBKOA 

2 
ult( t) ... 0 It K JtJt ( t) + 

2 
d K;~ (t) 

d t 2 

(51) 

2 
vlt(t) .. Ot K k"k'< t) -

d~K k-+k(t) 

dt2 

YpaBHeHHH llllH cflyHKUHH u k ( t) v k ( t) HMeiOT BHll 

1 
2 (t)-- ~ - 0; u k 2 ~ ----,....- X ~ t) ( u -+( t) + v -+ ( t) ) 

0~ kp p p 

(52a) 

p 

2 
d v Jt(t) 

dt 2 

2 1 
-0-+v-+(t)-- -~ 

k k 2 ; 

1 
"'"'{i'2 X t;{ t)( u ;<t)+v; (t) ) • ( 52s) 

-+ p 

HaqanbH&Ie ycnoBHH: 

uk(O) .o; ut(O). 0 
2 

vt(O) .o ; v~0).4i 0 k" w k"· (53) 

18 

..-
. ).~:- -· ·-.·~-- .. -

,.. l 

KoMMyTaTopHaSI KoppenHUHOHHaH cflyHKUHH Bbipa)l(aeTcH qepe3 

cneayiOIIJHM o6paaoM: 

K .... (t). -
1

- ( u .. (t) + v .. (t)) • 
k k k k 

(l2 
"t 

B cnyqae u k( t) = 0 rrepaoe ypaBHeHHe CHCTeMbi (51) cc 

rrceaaorapMOHH"'eCKOMy IlpH5llH)I(9HHIOo cl>yHKUHSI V -o( t) B 9TOI\I 
k 

HHH C TO"'HOCTbiO llO MHO)I(HTenH p8BH8 KOMMyTaTOpHOA KOppenHUE 

uHH K "k "k( t) . CHcTeMa ypasHeHHA (52) HBnHeTcH caMocornacc 

TeMOil 1 T8K K8K KOppenHUHOHHbie cflyHKUHH 1 OilpenenHIOIUHe KC 

9TOrO ypaBH9HHH 1 Bbip8)1(8IOTCSI qepe3 ero pellleHHH C IlOMOIUbiO ~ 

(36), (35) H (54). 

PellleHHe CHCTeMbi ypaaHeHHA (52) rrpencTaBnHeT aHa"'HTeJ 

HOCTHo Do9TOMy llllH HlllliOCTp8UHH CBOftCTB pellleHHA 9TOA CHCTE 

HeCKOllbKO yrrpowaiOIUHX rrpearrono)l(eHHA. OrpaHH"'HM Hallie pa 

cnyqaeM HH3KHX TeMrrepaTyp1 rlle aHrapMOHH"'CCKHe IlOilpaBKH HeE 

HHMaeM U-o ( t) • 0 ; 9TO paBeHCTBO SIBllSieTCSI TO"'HbiM B I1C9l 
.k. 

qecKoM rrpH6nH)I(eHHH. DpeHe6peraH HeaHaroHanbHbiMH aneMeHTa 

X --~ t) , rrpoHaBeaeM aanbHeAillee yrrpoweHHe CHCTeM&I. B s 
k p 

aarapMOHH"!eCKHe qneHbi TpeTbero rropHllKa He y"'HTbiBaiOTCH ( Q 

l.fneHbl BbiiiJe "19TBepTOrO I10pS!llK8 OT6paCbiBaeM. 3TO IlpH5llH)I(eH: 

eT IlOBeaeHHe cfloHOH8 B cpeaHeM IlOlle B38HMOlleACTBYIOIUHX M 

~oHoHoB. BpeMeHHYIO 3a~HCHMOCTb ~yHKUHH x (t) orrpenenH~ 
kk 

KOppenHUHOHHbiX cflyHKUHA 1 Bbl"'HCll9HHbiX B IlC9BllOrapMOHH"!eCH 

)l(eHHH 

F:;'( t) - h [ ii,.. .... " 
8 

tO :t 
e 
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npoueccoB, He y'IHTbiBaeMbiX B nceBJlorapMOHH'IecKoM 

MMyTBUHOHHbiX COOTHOlll9HHil: ( 28) H ypaBH9HHil: JlBH>KeHHSI JlnSI 

B raAaeH6eproBCKOM npeacTaBneHHH cneJlyiOT · Ha'lanbHbie ycno

MMyTaTopHbiX KOppenHUHOHHblX !jlyHKUHil: H ee !IpOH3BOJlHbiX 

) a 0 
... (50) 

K 1111(0) .. -2iw:; K::(O) .. o; Ktj,'{O) --2iwt0t· 

ypaBH9HHil: '19TBepTOI'O !IOpSIJlK8 MO>KeT 6biTb CBe)leHa K CHC

BTOporo IIOpSIJlK8 IIO)lCT8HOBKOi!: 

2 
d K~~ (t) 2 

OTtKJtJt(t) + 
dt 2 

(51) 

t< t) 
2 

OkKkk(t)-
:& 

d K k .... 'J.t) 

dt 2 

Jlnsl iflyHKUHH U k ( t) V k ( t) HM9IOT BHJl 

2 1 
- n .... u-+(t)•- I 

k k 2 ~ 
X ~t) ( u -+(t) +V -+(t)) 

{}~ kp p p 

(52a) 

p 

1 
(t) n!v-+(t).-

2
-; I k- - .. k k P 

1 
-2 X .... k~ t)( u ~t)+V-+ (t) ) . ( 52B) 

{} p p p 
.... 
p 

ycnoBHsr: 

O).O;u~O) .. O 
2 

vt(O) .o; v~0) • ..,4i 0 k w Ii· (53) 
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KoMMyTaTopHaH KoppenSIUHOHHaH iflyHKUHH Bbipa>KaeTcsr 'lepea u k H vk 

cnenyiOIUHM o6paaoM: 

. K ........ (t) .. - 1-( u .... (t) + v .... (t)). 
k k k k 

{}2 

(54) 

't 

B Cnyqae U k( t) oa 0 nepBoe ypaBH9HHe CHCT9Mbl ( 5]) COOTBeTCTByeT 

!IC9BJlOI'8pMOHH'IeCKOMy 1IpH6nH>K9HHIOo 4>yHKUHSI V -+( t) B 9TOM !IpH6nH>Ke-
k 

HHH C TO'IHOCTbiO JlO MHO>KHTenSI paBHa KOMMyTaTOpHOi!: KOppenSIUHOHHOi!: iflyHK-

UHH K 't t ( t) . CHcTeMa ypaBHeHHi!: (52) SIBnSieTCSI caMocornacoBaHHoi!: cnc

TeMoi!:, T8K K8K KOppenSIUHOHHbie iflyHKUHH 0 onpenenHIOIUHe Ko91jlifJHUHeHTbl 

9TOI'O ypaBHeHHSI 0 Bblp8>K810TCSI qepe3 ero peweHHSI C IIOMOlllbiO iflopMyn ( 4 7) 0 

(36), (35) H (54). 

PeweHHe cHcTeMbi ypaBHeHHi!: (52) npencTaBnSieT aHa'IHTenbHbie Tpyn

HOCTH. D09TOMY UnSI HnniOCTp8UHH CBOl!:CTB peweHHl!: 9TOi!: CHCTeM bl IIpHMeM 

HeCKOnbKO ynpomaiOIUHX npennono>KeHHA. OrpaHH'IHM Hallie paccMoTpeHHe 

cnyqaeM HH3KHX TeMnepaTYPt rne aHrapMOHH'IeCKHe nonpaBKH HeBenHKH. Dpn

HHMaeM U-+ ( t) • 0 ; 9TO paBeHCTBO HBnSieTCSI TO'IHbiM B IIC9BJlOI'8pMOHH-
}(. 

qecKoM npH6nH>KeHHH. DpeHe6perasr HenHaroHanbHbiMH aneMeHTBMH MaTpHUbi 

x -+::'( t) , npoHaBeneM nanbHei!:ll!ee ynpomeHHe cHcTeMbi. B aToM cny'lae 
k p 

~.~~ 

aHrapMOHHt.JeCKHe t.JneHbi TpeTbero nopS!JlKa He yt.JHTbiBaiOTCSI ( Q 8 ( -k k 's) -0). 

'tJneHbl Bb!lll9 'leTBepTOI'O 1IOpS1JlK8 OT6paCbiBaeM. 3To !IpH6nH>K9HHe OIIHCbiBa

eT noBeneHHe ifloHoHa B cpenHeM none BaaHMonei!:cTBYIOIUHX Me>Kny co6oA 

cpoHoHoB. BpeMeHHYIO aaBHCHMOCTb QJyHKUHH x ( t ) onpenenHM c rroMOWbiO 
kk 

KOppenSIUHOHHbiX iflyHKUHi!:, Bbi'IHCneHHbiX B !ICeBJlOI'8pMOHH'IeCKOM 1IpH6nH-

>KeHHH 

F:;'(t) .. 

• 

w .... 
8 [ -

n8" 
10 :t 

e 
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r.ne 
w ... s 

Rgs 1/(eT - 1 ) . 

flpH6nH)I(eHHOe peweHHe yrrpoiUeHHOti CHCTeMbl HMeeT BH,[I 

r.ne 

20 ... w... _,ott-<e~.-ct>-ef,> I o~<<Ptt>-<Pt<o>> (56) 
V ;-<( t) a k k I e - e I , 

k I+ Rt 

...... ...... 2 

e ... (t) -~ I Q. (-kk -ss) I 
k ... • 

s 

+ 

-2 
n .. • 

e 
21 o ... t . 

0 -;+ 0 ~ 
+ 

w2 
;! 

so: 0 3 
... 

k s 

<8..,..1) 2 . e 

o ... -
s 

2 

[2i n_.(n _. t1 

-21 0 .. t 
s 

0 ~ 

0 .... 

0 ... 
k 

t + 

...... .. .. 2 w ... 
cpk(t) ,. ~ I Q 4 (-k k -s s) I SO 2 .. 0 a .. 

8 k • 

0,: t + - I) -~ 
[2i n ( n + 0: (57) 

2 2 I 0 -•t 
n: e 8 

+ + 

-0_, + 0 i! 

....... ...... 2 

R .... ~ 
k .. 

Q 4 (-k k- ss) I . 

( ii ;:+- I ) 2 e -2 ' 0 ;:t 

- 0 ... -. 
2 w .. 

2 2 
4 0 t 0 .. 

0 ~ 

n..(n_..t-1) 

0! 
k 

,:) - 2 
n ... +( n ...t-1) . . ). 

0 
2 
... - 0 ! 

+ 

k 

$yHKUHH (56) Y.QOBneTBOpHeT ypaBHeHH~ (52s) H Ha'lanbHbiM ycno

.QBol-iaoro nH~~epea-BHHM (53), ecnH oT6pocHM rrony'la~mHecH B rrpouecce 
• 2 'f. 2 

UHpOB8HHH ypaBHeHHH 'l:neHbl rp ~ H <; ,_., 
" k 

H e t . 3To .QOIIyCTHMO ' IIOCKOnbKY I rp tl « 1 

M8nbie OTHOCHTenbHO ¥ k 

H I e itl « 1 . nony'leHHOe 

peweaHe yCTOI-i'IHBO .QnH BCeX TeMrrepaTyp. 113 rrony'leHHblX COOTHOWeHHit 
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..,. 
,.; l 

(56), (57) cneayeT, 'ITO 'lacToTa M aMnnHTyaa Kone6aHHI-i B pa 

cnyqae IIepHO.QH'IeCKH 38BHCHT OT BpeMeHHo 

C IIOMOlUbiD MeTo.cta ycpe.ctHeHHR/6/ MO)I(HO IIOK838Tb
1 

'ITO 

2 
'IHBO H B TOM cnyqae, ecnH He rrpeae6peraTb qneaaMH ~ ... 

k 
MeTHM, 'ITO aaecb He rrpoBeaeao npouecca caMocornacosaHHl 

3aKnJO"l:eHHe 

MeToa .nsyxBpeMeaaoro pacuerrneHHR KoppenRUHOHHbiX ~: 

saeTCR yao6Hb1M IIpH H3y'leHHH aHrapMOHH'IeCKHX 3~~eKTOB B I 

3BOnRR y'leCTb BpeMeHHYID 38BHCHMOCTb CHnOBblX IlOCTOHHHbiX1 

MHoro~OHOHHbiMH rrpoueccaMH, B o6nacTH BbiCOKHX ::IHeprHit 

nnaBneHHR 3TOT ~~eKT MO)I(eT OK83biB8Tb CyiUeCTBeHHOe BnHR 

'IHBOCTb peWeTKH, flpH6nH)I(eHHR 1 IIpHHRTble IlpH IIOny'leHHH peweJ 

RBnRIDTCR BeCbM8 rpy6biMH H Il03BOnR~T C.ctenaTb nHWb Ka'leC, 

noseaeHHR KoppenRUHOHHbiX ~yHKUHit • AMrrnHTyJla H qacToTa K 

penHUHOHHbiX ~YHKUHI-i IlpH 3TOM 38BHCHT OT BpeMeHH rrepHO.ctH'I 

cne!IOB8HHH yCTOti'IHBOCTH peweTKH peweHHe JlOn)I(HO 6biTb IIC 

cornacosaHHhlM o6paaoM. 

ABTOpbl 6naroaapHbl n.H.3y6apesy H H.M.flnaKH!le 38 UE 

H MH0£'0'1HCneHHbie o6Cy)l(£leHHRo 

nHTepaTypa 

l, H.M.JlnaKHJlB, T,lllHKnom. Acta Phys. Acad, Scien. 1 

1.7 (1.968). 

2. C.H.Kyoapes, B.B.JloHoMapes. D.AH 170, (4) 815 ( n 
3. M.G.Kendal, A.Stuart. The Advanced Theory of Stat 

London ( 1. 958). 

4. A.A.Maradudih, A.E.F'ein. Phys. Rev. 1.28, 25c 

5. G.B. THonHKoB. MeT0/1bi KBBHTosoil TeopHH MarHeTH.3Ma, H1 

1865. 
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/ ( e 0 - 1 ) . 

perneHHe yrrporneHHOlf CHCT9Mbl HM99T BHLI 

20;w; 

1 + Rlt 

-10 tt-C~ j.><t>- etp> > I {} ~+C</>ft>-rp it(O)) (56) 
I e -e I , 

_,...,. 2 w~ 

Q• (-kk -ss) I so: na ... 
k 

21 n ... , 
<n-o~-1) 2 . e e 

+ . 

[2in_.(n_.tl 

-21 0 .... 
8 

0 ... 
ft 

0 ... 
k 

t + 

->+ 0 -· n ... - 0 it • k 

...... 2 

l I Q 
4 
(-k k -s s) I 

2 21 0 .• , 
: e ~'~ 

+ 
~ + 0 k. 

.... ... ........ 2 

Q 4 (-k k- ss) I 

. 
2 _ n: 

___ w.....a._.:--- [2i ii ( n +I) -- t + 
2 0 3 0... ) sn 11 -: k (57 

( ii ;:.- 1 ) 2 e -2 1 tl :• 

- 0 ... -. 
2 w ... 

2 2 
4 0 t 0 ... 

0 ~ 

ii ...( ri' ~ 1 ) n..J! ... +( ri' ~ 1) 
2 

8 § + 8 s ]. 

0 ! 0 
2 
... - 0 ~ 

k k 

(56) YLIOBneTaopHeT ypasaeau~ (52s) u aaqanbHbiM ycno

oT6pocnM rronyqa~muecH a rrpouecce asonaoro nu~~epea-
• 2 •t2 •• 
rp J: If c; Jt, M8nbl9 OTHOCHTenbHO rp k 

• fiOCKOnbKY I rp tl « l H I~ tl « l . nonyqeaaoe 

LtnH BCex TeMrrepaTyp. 113 nonyqeHHbiX COOTHOW9HHlf 

20 

.,. 
" 

(56), (57) cneayeT, '1TO '1acToTa H aMrrnnTyaa Kone6aauii a paccMaTpHBaeMoM 

cnyqae rrepHOLIH'19CKH 38BHCHT OT Bp9M9HH
0 

C fiOMOUib~ M9TOLI8 yCp9LtH9HHH/6/ MO>KHO ITOK838Tb, '1TO 

2 
'1HBO H B.TOM cnyqae, ecnu He npeae6peraTb '1neHaMH ~ ... 

k 

perneHHe ycToii
.2 

H ~ .... OT
k 

MeTHM, '1TO 3LI9Cb He nposeaeeo rrpouecca caMocornacoaaHHH peweHHH. 

3aKnJOtJeane 

MeToLt aayxapeMeHHoro pacuenneHHH KoppenHUHOHHbiX ~YHKUH!l: OK83bi

aaeTcH yao6HhlM rrpH H3Y'19HHH 8HrapMOHH'1eCKHX 9~~9KTOB B KpHCTanne, rro-

3BOnHH y'1eCTb BpeMeHHy~ 38BHCHMOCTb CHnOBbiX fiOCTOHHHbiX, o6ycnoaneHHy~ 

MHoro~OHOHHbiMH npoueccaMH. B o6nacTH BbiCOKHX aeeprHlf a6.rtH3H T0'1KH 

rrnaaneHHH 9TOT ~~eKT MO>KeT OK83b!B8Tb CyW9CTB9HHOe BnHHHHe H8 ycTolf

'1HBOCTb perneTKH. DpH6nH>KeHHH, rrpHHHThie rrpH rrony'1eHHH perneHHH (56), (57), 

HBnH~TCH B9CbM8 rpy6h!MH H fi03BOnH~T CLtenaTb nHUib K8'19CTB9HHbl9 OU9HKH 

rroseaeHHH KoppenHUHOHHhiX ~YHKUHlf • AMrrnHTyLta H qacToTa Kone6aHHlf Kop

penHUHOHHhiX ~YHKUHH npH aToM 38BHCHT OT apeMeHH rrepHOLIH'1eCKH. DpH Hc

cneaoaaHHH yCTOlf'1HBOCTH peweTKH peweHHe LIOn>KHO 6h!Tb nonyqeHo C8MO

cornaCOB8HHbiM o6pa3oM. 
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