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1. CBOHCTBa WHpoKOrO Knacca KBa3HOAHOMepHWX CHCTeM KBaHTO
BOH CTaTHCTH4eCKOH MeXaHHKH YAaeTCR 4aCTO AOCTaT04HO YAOBneT
BOpHTenbHO onHcaTb c noM~b~ MOAenbHoro raMHnbTOHHaHa BKAa 

/1/ 

p , ,. , q - 11ypoaeHb 11 3HeprHH, HHTerpanbl nepeKpbiBaHHR, napa
MeTpbl B3aHMOAeHCTBHR MeJKAy 11nOACHCTeMaMH11 H T.n. ak, KaK npa
BHnO, onepaTopw •epMH a npeAcTaaneHHH reH3eH6epra, cyMMHpoaa
HHe BeAeTCR no 6nHMaHwHM ysnaM OAHOMepHOH nePHOAH4eCKOH peweT
KH C nepHOAOM 3o. 00CKOnbKy BaKyyMHOe COCTORHHe 10>, onpeAenRe
MOe cneAY~HM o6pa30M: 

an (0)1 0> = 0, 
+ 

&n(t) I 0> =V &n (O)v IO> .. o, 121 

rAe V(t) - onepaTop 3BOn~~HH, RBnReTCR C06CTBeHHbiM COCTORHH
eM H,To onpeAenReM npo6Hy~ OAH04aCTH4HY~ wpeAHHrepoacKy~ aon
HOBY~ .YHK~H~ CHCTeMbl: 

+ 
I s/1 (t)> = v(t) I s/1(0)> = l: r/J

0 
(t)a I 0>. n n 

/3/ 

~OCnOnb30BaBWHCb reH3eH6eprOBCKHMH ypaBHeHHRMH ABHMeHHR AnR 
&n (t), cnpoeKTHpoaaa ero Ha I.P(O)>H !O>, c~pMynHpoaaa HeKo
Topy~ npo~eAYPY pac~enneHHR AnR 11TPOHHbiX11 no ~(t) cnaraeMbiX 
H nepeXOAR K KOHTHHyanbHOMY npeAeny r/J

0
(t) _.¢(X, t ), HMeeM AnR 

r/J(X,t) ypaBHeHHe 
• 2 

i'fl<f.,(x,t)ca¢(x,t)-b¢:u:(x,t)-cl¢1 r!J(x,t). 1~1 

3To xopowo H3BecTHOe HenHHeHHoe 83 ypaaHeHHe
11

'
21

; 

a =P +2p.+2q, b=-p.~ , c .2q. 

3aMeTHM, 4TO cny4aH b>O , C> 0 H b>O 0 c<O lanbTepHaTHBHO 
b < 0 , c < 0, b < 0 , c > 0 I OTBe4a~T 11TononorH4eCKH 11 pa3nH4HbiM 
OAHoconHTOHHbiM peweHHRM. llnR b> 0 ,c> 0 I b<O , c<O I OAHOco
nHTOHHOe peWeHHe ~~~ HMeeT BHA 
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1/l(x-vt) • t/Joexp i(kx-cut+Oo) 

k .. ~ 
2b • 

cosh [ ¢o(c ~ Jf b) (x-vt + x 0 ) 

i'icu -a +bk2- C.¢~ 2 • 

/51 

rAe t/J0 H V - aMnnHTYAa H CKOpOCTb OrH6aCJqeH yeAHHeHHOH aonHbl, 
a xo H Oo - Ha~.tanbHoe nonoiKeHHe 11 cj)asa cyTb 11cao60AHble 11 napa-
MeTpbl COnHTOHa. BonHa /5/ noKanHsoaaHa a o6nacTH 

1 2b ~ 
L-,.(--) , onpeAenReMo.:i · ,P0 H napaMeTpaMH raMHnbTOHHaHa. 

fPOC 

KOHTHHyanbHOe npH6nHIICeHHe 3KBH&aneHTHO Tpe6oaaHH~ 

L»ao; 1 b ~ 1 l~tl . ~ 
-- (2-) »a0 , -{~-) » 1 
¢o c ¢olQI 

/6/ 

... 

f, 
L 
ijl''l 

.. rr,,· 
rl·" 

::l; 
H orpaHH4HBaeT o6naCTb aMnnHTYA t/Jo npH cj)HKCHpoBaHHbiX napaMeT- •,1 
pax H, AnR KOTOPbiX CyJqeCTByeT peweHHe BHAa /5/. (I( 

HHIICe Mbl 6yAeM HCnOnbSOBaTb /5/ KaK aMnnHTYAY aepoRTHOCTH 1.:b 
114acnu~bl11 

/conHTOHa/. EcTecT&eHHo, npH aos6yiiCAeHHH conHTOHoa ·:~· 
.a peanbHbiX CHCTeMax HanHL40 Ha6op 114aCTH1,411 c pacnpeAeneHHeM ':$ .. 
no t/Jo· Ho a nepaoM npH6nHIKeHHH 6yAeM C4HTaTb, 4TO Mbl HMeeM ·~· 
ras H B036YlKAeHHe noKanHSOBaHO 8 HeKOTOPOH o6naCTH ... L. 3To no- \:,(, 
saonReT, HOPMH.poaaa 151, ablpasHTb ,p0 1.1epes napaMeTpbl H. Jlej:i- ',:r\\' 

dx 2 a ~ 11~ W 
CTBHTenbHO, H3 ( -8 -J.PI •1 HMeeM t/J

0 
• .J!(-<L) = ~-«!...). JlnR ·~~ 

o 2 2b 2 l~tl II 
o6nacTH noKanHSai.4HH L HMeeM 

4b l~tl L--=2•o-aoc lql 171 

f· 
,), 

'>'.1 
I ift.t 
': .. f·: 
·II·· 

H ycnOBHe npHMeHHMOCTH KOHTHHyanbHOrO npH6nHIICeHHR BblrnRAHT 
Tenepb TaK: 

,'1.~, 

\jlj 

L»a0 ; 2l~tl»lql. 

0THOPMHPOBaHHOe peweHHe /4/ sanHWeTCR B cneAYOJqeM BHAe: 

2 

• 

¢(x-vt) .. (~)~ 
2L 

1iv 11~--' 
k = 2b 3! 2~l~tl 

expUkx-icut+iOo) 

h ~vt+q 
~ L 

tt2v2 _a0c " 
h cu = a + 4b- - 4L 

2 tt2 v2 
q +-2--· .,. p +2~t+ 2q - ~ 4 a

0 
!~tl 

!8/ 
)·· .. 1.·· :: t.· 
tl < 

I ' 

:\ : 
f' ·~ , 

<~:t.· 

191 ,, 

' 
' 

' ' . 
. ..-.,;.. 

CllopMynbl 171-/9/ H BblpaiiCa~T HOpMHPOBaHHOe peweHHe C COOTBeT 
ay~M saKOHOM AHCnepcHH AnR ~cu 1.1epes napaMeTpbl ypaaHeHHR 
I a , b ,c I, anbTepHaTHBHO, raMHnbTOHHaHa /1/, (p, IL ,q ). 

C nOMOJqb~ /9/ HecnOIICHO paCC4HTaTb BCe OCHOBHble xapaKTep 
CTHKH conHTOHa. TaK, a l.laCTHOCTH, 3HeprHR conHTOHa AaeTcR 
My no.:! 

l~tl&2 
E .. < 1/1 (t) I H II/I (t) > = p + 2 /1. + q + _J!._ + 

L 

b 
2 2 + k • Eo m8 v 

S + --2 • 
fl2 

m s = 21)' 

I 

8 /10/ m MOIICHO TpaKTOBaTb KaK Macey COnHTOHa, a l.laCTb cna 
8 

MbiX B E~ - KaK ero 3HeprH~ CBR3H. 
JlnR cny~.taR b> 0 , c <0 OAHOconHTOHHoe peweHHe I 41 AaeTCR, 

npHMep, $QpMyno.:i 

lei ~ 1/l(x-vt) = ¢ 0 tanh [t/J 0( 2b)- (x-vt+Xo )l x 

x exp[i(kx-cut +00 )] , 
tv 2 2 

k= 2'b'"' fi(IJ •&+bk -c!/>0 , 

TO eCTb HanHI.IO TaK>Ke 4eTblpe 11CBOOOAHbiX11 napaMeTpa: !/> 0 , V 
x 0 ,OQ. 00CKOnbKy B AaHHOM cny1.1ae aCHMnTOTHKH 0r116a~eH 
¢(~) (c!'=X-vt+Xo) npH ~ .. -"" H ~ .. +oo HMe~T CKa40K .-\ .. 2<ho 

I 

IAnR 191!:!.=0 I, To, onHCbiBaR c noMOII4b~ 111/ 4aCTHI.IenoAo6H 
aos6yiiCAeHHR /"KHHKH''/, Heo6xOAHMO HOPMHpoaaTb /11 I OTHOCHT 

HO 11BaKyyMa 11
: f~(q,02-JI/IJ

2 )•1. 3TO npHBOAHT K TaKOH IKe 3 
•o 

BHCHMOCTH ¢ H L OT C H b, 4TO H BbiWe, H HOpMHPOBaHHOe pew 
3AeCb BblrnRAHT cneAY~II4~ o6pa30M: 

8 0 ~ X-Vt+X ¢(x-vt) =(-)·tanh 0 exp i(kx-cut+0
0

), 
L L 

L=~ 
llo lc I 

"h2 2 I 
ti,,l =& + _v_ + ~~ 

4b 4L 

I 

JlpyroH WHPOKHH Knacc cj)H3H4eCKH COAepiiCaTenbHbiX 3aAa4 OnHCbiB 
CR raMHnbTOHHaHOM BHAa 

2 
1 · 2 c0 2 2 

H=Aa0 I [-cllk + 2 (cllk-$k+t ) +cu0 V(cllk)] I 
k 2 2a

0 
/eM., HanpHMep/31 I, 3Aecb clli(t) - OAHOKOMnoHeHTHoe peanbHoe 
6espasMepHoe none a ysne 1 a MOMeHT t, nepaoe cnaraeMoe - K 
HeTH4eCKaR 3HeprH.R, BTOpoe - 11rpaAHeHTHOe 11 B3aHMOAeHCTBHe, 



¢ 0exp i(kx-Cdt+8o) ¢(x-vt) ... _...;... ____ _..;: ___ _ 

-Po c % 
cosh \fr<r> (x-vt + x0 ) /51 

2 cq,2 
ii(d .a +bk - ~. 

2 
k=~ 

2b • 

rAe ¢ 0 H V - aMnllHTYAa H CKOpOCTb OrH6a~eH ye~HHeHHOH aOilHW, 
a x0 H 8o - Ha4anbHoe nonollleHHe H Clla3a cyTb 11cao60AHwe" napa
MeTpw conHToHa. BonHa /51 noKanH3oaaHa a o6nacTH 

L- ..!..(~2..)% , onpeAen.ReMOH · ¢ 0 H napaMeTpaMH raMHilbTOHHaHa. ¢o c 
KOHTHHyallbHOe npH6nHIIIeHHe 3KaHaaneHTHO Tpe6oaaHHO 

1 b % 1 '"''. % -- (2-) »a0 , -G--) » 1 
¢o c ¢o l .ql 

L»ao ; 
/6/ 

.,, 
I~ 

lri 
!~ 

"' orpaHH4HaaeT o6nacTb aMnnHTYA ¢ 0 npH CllHKCHpoaaHHbiX napaMeT- .::' 
pax H,Ail.R KOTOpbiX cy~eCTayeT peweHHe aHAa /5/. 

HHII!e Mbl 6yAeM HCnOilb30aaTb /5/ KaK aMnllHTYAY aepo.RTHOCTH 
11

4aCTH~.tw" /conHTOHa/. EcTecTaeHHo, npH ao36YII!AeHHH conHTOHoa 
.a peanbHbiX CHCTeMax HanH~to Ha6op 114aCTH4 11 c pacnpeAeneHHeM 
no~· Ho a nepaoM npH611HIIIeHHH 6yAeM C4HTaTb, 4TO MW HMeeM 
ra3 H ao36YII!AeHHe 110KallH30aaHO a HeKOTOPOH o6naCTH~L. 3TO no-
3aOil.ReT, HOPMHpoaaa 151, awpa3HTb ¢

0 
4epe3 napaMeTpw H.AeA-

cTaHTenbHo, H3 r C::-lr/>12 
= 1 HMeeM ¢0 .. a0 (-<L.)% .. .J..<L«!L)~ AnR 

0 2 2b 2 '"'' o6nacTH noKanH3a~tHH L HMeeM 

4b llll L=-=2a0 -
llo0 lql 171 

H yenOBHe npHMeHHMOCTH KOHTHHyallbHOrO npH611HIIIeHH.R ablrll.RAHT 
Tenepb TaK: 

L»a0 ; 21"'1 »lql. 
/8/ 

THOpMHPOBaHHOe peweHHe /4/ 3anHWeTC.R a ClleAY~eM BHAe: 

¢(x-vt)=(~)% exp(ikx-i(dt +i8o) 
2L 

cosh x-vt +Xo 
L 

'tlv 11~-- • h(d =a 
k = 2b"' 2~1"'1 

tt2v2 aoc +--- -- = 
4b 4L 

191 

q2 tt2v2 
"'P +211+ 2q- - + -:r-· 

4111 ~ 4a0 l11l 

.. 

';,\. 
"i 

\ ... ·,I ~··,1,1 

':lr/:. 
1111~ . 

'. 

. 
:! 

I ... i·~···.··· '· I 
I 

jV : 

cJlopMyllbl /7/-/9/ H BWpall!aOT HOpMHpOBaHHOe peWeHHe C COOTaeTCT
ayO~HM aaKOHOM AHCnepcHH All.R ~(d 4epe3 napaMeTpw ypaaHeHH.R 
/a ,b ,C /, allbTepHaTHBHO, raMHilbTOHHaHa /1/, (p,ll,q), 

C nOMO~bO /9/ HeellOIIIHO paCC4HTaTb Bee OCHOBHble xapaKTepH
CTHKH COilHTOHa. TaK, 8 4aeTHOCTH, 3HeprH.R COilHTOHa AaeTe.R cJlop
MYilOH 

lllla2 
E .. < "'(t) I H I "'(t) > = p + 2 It + q + + + 

2 2 
/10/ 

+bit • Eo + m8 v 
s 2 • 

fl2 
m =-. s 2b 

8 /10/ m8 MOIIIHO TpaKTOaaTb KaK Macey eOilHTOHa, a 4aeTb enarae
MbiX a E~ - KaK ero 3HeprHO ea.R3H. 

AnR eny4a.R b>O, c<O OAHOCOilHTOHHoe peweHHe /41 AaeTe.R, Ha
npHMep, cJlopMyllOH 

lei ~ ¢(x-vt) = ¢ 0 tanh [¢ 0 ( 2b) (x-vt+Xo )1 x 

I 11/ 
x exp[ i(kx -(d t +0

0 
)] , tlv 2 2 

k= 2i)• fl(t) -a+bk -c!/1
0

, 

TO eeTb HanH~tO TaKII!e 4eTwpe "eao6oAHbiX11 napaMeTpa: 1/1 0 , v , 
Xo ,OQ. noeKOilbKy B AaHHOM eny4ae aeHMnTOTHKH OrH6a~eH 
¢(~) (?;=X-vt+Xo) npH ~ .. _.., H ~ .. +.., HMeOT eKa40K /i= 2<f>o 
IAilR 191 6, .. 0 I, To, on~otewaa.R e noMO~bO 1111 4aCTH~tenoA06Hwe 
ao36YIIIAeHH.R / 11 KHHKH 111, He06XOAHMO HOPMHpoaaTb /111 OTHOCHTellb-

HO 11BaKyyMa 11
: (~(1/102-1¢12 )=1. 3TO npHBOAHT K TaKOH llle 3a-

ao 
aHeHMOeTH ¢ H L OT C H b, 4TO H awwe, H HOpMHpOaaHHOe peweHHe 
3Aeeb Bblrll.RAHT eneAyO~HM o6pa30M: 

a0 % x -vt+xo ... 
¢(x-vt) = (-) tanh exp i(kx-(dt't0

0
), 

L L 

1i2v2 llo lei 
112/ 

L=~ 
llo lc I 

ti ,,) =a+-- + --
4b 4L 

ApyroH WHPOKHH Knaee CllH3H4eCKH COAeplllaTellbHWX 3aAa4 onHcwaaeT-
CR raMHilbTOHHaHOM BHAa 

2 
1 . 2 co 2 2 

H=Aao I [-cl>k + 2(cl>k-1Jlk+t ) +CdoV(IJik)] 
k 2 2a

0 
/13/ 

/eM., HanpHMep/ 31 I, 3Aeeb 1111(t) - OAHOKOMnoHeHTHOe peanbHOe 
6e3pa3MepHoe none a y3ne i a MOMeHT t, nepaoe enaraeMoe - KH;.. 
HeTH4eeKa.R 3HeprH.R, BTOpoe - "rpaAHeHTHOe11 B3aHMOAeHCTBHe, 

3 



""""''"--

noc~eAHee - ~oKa~bHW~ 

c~eAY~~e noTeH~Ha~w: 

noTeH~Ha~. HaH6o~ee wHpoKo Hcno~b3Y~TCR 

V{SG) .. t- cos4> 

2 2 
V(4>4) = (4> -1) 

8 

- noTeH~Ha~ sin- Gordon, 

- noTeH~Ha~ 4> 4 , 113'1 

V(DQ) • Q!.l_-1)2 
2 

- noTeH~Ha~, KBaApaTH~HW~ no MOAY~~; 

ao - MelKaTOMHoe paccTORHHe, c 0 H w 0 - xapaKTepHwe napaMeTpw 
pa3MepHOCTH CKOpOCTH H ~aCTOTW COOTBeTCTBeHHO, onpeAe~ReMwe 
$H3H~eCKO~ cne~H$HKO~ H3y~aeMO~ CHCTeMW, A- KOHCTaHTa pa3Mep
HOCTH I3HeprHRI X ~~HHal- 1 X lapeMRI-2,3aAa~~aR 3HepreTH~e
CKH~ MaCWTa6. XapaKTepHCTH~eCKHM napaMeTpOM B 1121 RB~ReTCR 
d =<i/Wo . EC~H d»a0 , TO He~H~O Ma~aR BapHa~HR 4>i (t) npH H3-
MeHeHHH i H MOlKHO nepe~TH K KOHTHHyanbHOMy npeAe~y A~R H, ~TO 

HeMeA~eHHO npHBOAHT K C~eAY~~eMy AH$$epeH~Ha~bHOMy ypaBHeHH~ 
~R 

.• 2 2~ 
4>(x,t)-co 4> u(x,t)= -wo d 4> 1141 

Hac HHlKe 6YAYT HHTepecoaaTb ~HWb peweHHR C Hy~eBO~ aCHMnTOTH
KO~ Ha 6eCKOHe~HOCTH - OHH no~y~H~H HaHMeHOBaHHe 11KHHKOB 11 • 

3TH peweHHR Aa~TCR $OpMy~o~ 

-~ -~ 
d(2y2 ) fiV(4>)1 d4>=±(s-s 0 ), 1151 

KOHKpeTHW~ BHA peweHH~ onpeAe~ReTCR aw6opoM V (4>) no I 13' I. TaK, 
B ~aCTHOCTH, ~R V(SG) HMeeM 

2 X-Vt+Xo 
COSc/>(X,t)=1-2sech ( • ), 

• v2 
1 

y=(l- -)-~ 
c2 • 

0 

1161 
-1 

OHO ~OKa~H30BaHO B 06~aCTH •y d: npH yee~H~eHHH CKOpOCTH 
o6~acTb ~oKa~Hsa~HH co~HTOHa cylKaeTCR. CaMo peweHHe saBHCHT 
~HWb OT s = x -vt. Pe~RTHBHCTCKaR saeHCHMOCTb ero oT 11cKopocTH 11 

v IMbl 6yAeM o6osHa~aTb 3TO HHAeKCOM "v": 4>;(s) I onpeAe~ReTCR 
BHAOM HCXOAHOro ypaBHeHHR 1141. Bo ecex c~y~aRx, eC~H BOCnO~b-
30BaTbCR I 151 H KOHKpeTHbiM ewpalKeHHeM A~R 4>k' (s), Hec~OlKHO 
pacC~HTaTb 3HeprH~ 11 KHHKOB 11 H HMny~bC. 0HH Aa~TCR $opMy~aMH 
''pe~RTHBHCTCKOr011 BHAa 13•41 : 

Ek (V)=yEk =[E~2+ p2ifoJY! P=Mkvr. 

Be~H~HHbl 

1 

2 
Ek = Mk co • 

-4> 
Av2 2 ~ 

Mk=(J- ( lVI d4> 
4>1 

= Av'2- f V(cll: (x))dx 
- d _,., 

1171 

118/ ' 
.! 
I'• 

;:~~ 

ecTeCTBeHHO OTOlKAeCTBHTb C 3HeprHe~ H MaCCO~ OOKOR KHHKa; 
4>

1 
H 4>

2 
CyTb 3Ha4eHHR peWeHH~ B MHHHMyMaX noKa~bHOrO noTe~ 

~Ha~a. 3HaKH 1+1 8 1151 ecTeCT8eHHWM o6pasoM nos8onROT pac~ 

CHCIIH~Hpo8aTb ;eweHMR Ha KHHKH <:: )0 > 0 H aHTHKHHKH (~:) 
H 88eCTH TOnO~OrH4eCKHH sapRA N •N+-N- I4HCnD KHHKOB - 4HC 
8HTHKHHK081. HHlKe, OAHaKO, HHTepnpeTHPYR peweHHR 114/ K8K' 
THI4W c MaccoH H 3HeprHei:1 /17/, /18/, 6yAeM C4HTaTit N+•N_. 
3TO He 06R3aTe~bHO, HO npH80AHT K npocTOMy 8apHaHTY TepMOA• 
MHKH H CTaTHCTH4eCKOH MeXaHHKH OAHOMepHOrO peweT04HOrO rasi 

2. Hw H3nOlKHM ceH4ac npocTo~ aapHaHT cTaTHCTH4eCKOH Mex; 
HHKH T8KO~ CHCTeMbl, KOTOPWH 6aSHpyeTCR H8 88eAeHHH H8KOTO~ 
3$CileKTH8Horo raMH~bTOHHaHa. OpH H38eCTHO~ cMenocTM 3TO nos1 
nReT paCCMOTpeTb H B38HMOAeHCT8He MelKAY KHHKaMH H 8HTHKHHKi 
OpH 3TOM onHcaHHe no8eAeHHR CHCTeMw npo&OAHTCR, KaK o6w4HO 
8 $aso8oM npocTpaHCTBe HMnyn~aco8 H KOOPAHHaT (p1 ,q1 ) c o6w• 
npeAnOnolKeHHeM, 4TO 06DeM 8 3TOM npOCTpaHCTBe, OT8e48~H 
eAHHCT8eHHOMY KB8HT080MeXaHH4eCKOMY COCTORHHQ CHCTeMW HI N 
TOlKAeCT8eHHWX H Hepas~H4HMWX 4acnt~, ecTta N 8 I h N8 , N 8 -N11 
HHTerpJotp08aHHe no q 1 aeAeTCR 8 o6nacTH 0 +L, no p- OT -• 
~-Hw 6yAeM paCCM8TpH88Tia ypa8HeHHe 80 HnH4>4 .Cny4a~ 83 T 
8HaneH a 11HyneaoM11 npH6nHlKeHHH /eM. HHlKe, a TaKliCe pasAen 4 

Paso6beM OAHOMepHWH 1106DeM11 H8 R4eHKM paSMepOM d(V). 4HCn 
a 

T8KHX R4eeK N8 -L/d;a N( d0 ), rAe N- 4Hcno ysnoa HCXOAHOH 
MepHOH CHCTeMw. 6yAeM C4HT8Tb, 4TO KaliCA8R R4eHK8 nH6o SaHR 
4aCTH~e~ M8CCW MK, HMe!OiqeH CKOpoCTb V , nH6o nycTa. 8 TaKOM 
cny4ae MW MOliCeM OnHCWB8Tb 3TY CHTya~MQ Ha R3WKe onepaTOpoB 
C06CTBeHHWMH 3Ha4eHHRMH 1 H 0. 

EcnH C4HTaTb, 4TO 4HCno 48CTMI4, peanbHO npHcyTcTay~x 
CHCTeMe lo6osHa4HM ero tla I, MHoro MeHbWe 4Hcna R4eeK Na' 
TO MW npHXOAHM K MOAenH OAHOKOMnOHeHTHOrO HAeanbHOrO peweT 
Hero rasa 1&1. EcTeCTBeHHO, 4MC~o pea~bHO o6pasy~HXCR KHHKO 
M aHTHKHHKOB BCe~eno onpeAenReTCR BHewHMMH YC~OBHRMH 8036y 
HHR H TeMnepaTypOHL HO DPH onpeAeneHHOM COOTHOWeHHH MelKAY 
cMpoBaHH!IM 4HcnoM N k .. N k a K8HOHH4eCKOM aHcaM6ne "' cpe 
4MCnOM N8 B 6o~bWOM KaHOHH4eCKOM aHC8M6ne MOlKHO nonb30B8 
n~ot6o TeM, nH6o APYrHM. Ha R3WKe 3Cil$eKTHBHoro raMHnbTOHHaHa 
AenaeTCR aaTOMaTH4ecKH. 

8 o~eM cny4ae, KOrAa 3HeprHR 48CTH14 onpeAenReTCR 117/ 
/18/, 3CilCileKTHBHW~ raMH~bTOHH8H AaeTCR npocToH CIIOPMYnDH- c 
MHPOBaHHe BeAeTCR no BCeM R4eHK8M: 

H, ~ ~A 
0 =11 ""nr, v=-8ln(--)+V=-vo + V c h 

E0 /3 ° .,--2 I 
V=E~-8a_.8ln/3hw 0 , q .. ~ (e E (l-vl+y >dy, 

0 



cneAHee - noKanbH~H noTeH~~an. Ha~6onee w~poKo ~cnonb3YOTCA 

eAY~~e noTeH~~an~: 

V(SG) .. t- cos4> - noTeH~Han sin- Gordon , 

(4>2 -1)2 
V(4>4) = 

8 
- noTeH~Han 4> 4 , /13'/ 

v (DQ) ... .Q!.L-1> 2 2-- - noTeH~~an, KBaApaTH4H~H no MOAyno; 

- MelKa TOM Hoe paccTORHHe, c 0 ~ Ctlo - xapaKTepH~e napaMeTp~ 

3MepHOCT~ CKOpOCT~ ~ 4aCTOT~ COOTBeTCTBeHHO, onpeAenReM~e 

3~4eCKOH cne~~~~KOH ~3y4aeMOH C~CTeM~, A- KOHCTaHTa pa3Mep
CTI1 /3Hepr11R/ X /An11Ha/-1 X /BpeMR/-2,3aAaO~aR 3HepreT~4e-
11H MacwTa6. XapaKTepHCTH~.tecKHM napaMeTpoM a /12/ RBnReTCR 
caleuo. Ecn~ d»ao. TO Henl1~0 ManaR aapl1a~HR ~j(t) np~ JA3-
eH1111 i 11 MOIKHO nepeHTI1 K KOHT11HyanbHOMy npeAeny AnR H, 4TO 
eAneHHO npi1BOA11T K cneAYO~eMy A11~~epeH~I1anbHOMy ypaaHeHI10 

2 dV 
• • 

2
"' (x t)- - Ctl --~(x,t)-co"'xx , - o d~ /14/ 

HI11Ke 6YAYT 11HTepecoaaTb ni1Wb peweHI1R C HyneBOH ac~MnTOTI1-
u Ha 6eCKOHe4HOCT~ - OHI1 nony411nl1 Ha11MeHOBaHI1e 11K11HKOB 11 • 

peweH11R AaOTCR ~opMynoi1 

-\4 -~ 
d(2y2 ) -fiV(4>)1 d~= ±(s-s 0 ), /15/ 

KpeTHbiH B11A peweHI1H onpeAenReTcR a~6opoM V (~) no I 13' I. TaK, 
acTHOCTI1, AnA V(SG) 11MeeM 

2 X-Vt+Xo 
cos ¢(x,t) = 1-2 sech [ ) , 

y-ld 

v2 
y=(l- -)-~ 

c2 ' 
0 

/16/ 
-1 

noKani130BaHO B o6naCTI1 •y d: np~ yaenl14eH~~ CKOpOCTI1 
acTb noKan11aa~1111 con~ToHa cylKaeTCR. CaMo peweH~e aaa~CI1T 
b OT s = x -vt. PenRT~BI1CTCKaR aaBI1C~MOCTb ero oT 11cKopocT~ 11 

/M~ 6yAeM o6oaHa~.taTb 3TO ~HAeKCOM "v": ~:(s) I onpeAenReTCR 
OM 11CXOAHoro ypaaHeH11R /14/. Bo acex cny~.taAx, ecn11 aocnonb
aTbCR I 15/ 11 KOHKpeTH~M a~palKeHI1eM AnR 4>k' (s), HecnolKHO 
C411TaTb 3Heprl110 11 K~HKOB 11 11 11MnynbC. 0HI1 AaiOTCR ~OpMynaMI1 
nRTI1B11CTCKOr011 BI1Aa 13•41 : 

Ek (V)=yEk =[Ek2+ p2ifoJ\4 P=Mkvr. 

2 
Ek = Mk co 

-~2 I ~- "' A-v'2 ~ Av2 v 
Mk=-d ( lVI dct> =- IV(ct>k(x))dx 

cJ> d -oc 
1 

... , 

/17/ 

/18/ 

\"'K~ 

'ilfl' t,l' 

'· .. r'~ 

ecTeCTBeHHO OTOlKAeCTaHTb C 3HeprHe~ 11 MaCCOH nOKOR KHHKa; 
~t 11 ~ CYTb 3Ha4eHHA peweHHH a MHHHMyMaX noKanbHOrO noTeH
~Hana. §HaKH /+/ a /15/ ecTecTaeHHWM o6paaoM noaaonROT pacKnac-

CHCIIH~HpoaaTb ;eweHI1R Ha KHHKH (:~ )0 > 0 H aHTHKHHKH (~:)O <0 

H aaeCTH TOnonorH4eCKHH aapRA N •N+-N_. /4HCOO KHHKOB - 4HCilo 
aHT11KHHKOa/. H111Ke, OAHaKO, HHTepnpeTI1PYR peweHHR /14/ KaK ~.tac
TI114bl c Maccoi1 11 3HeprHei'i /17/, /18/, 6yAeM C411TaTb N+•N_. 
3TO He 06R3aTenbHO, HO npi180AHT K npocTOMy aapHaHTY TepM0AHHa
MHKI1 11 CTaTHCTH4eCKOH MeXaHHKH OAHOMepHoro peweT04HOrO rasa. 

2. Hw 11anolK11M cei1~.tac npocToi1 aap~aHT cTaTI1CTH~.tecKoi1 Mexa
HHKH TaKOH CHCTeMbl, KOTOpbiH 6a3HpyeTCR Ha aaeAeHI111 HeKOTOporo 
3~eKT11aHoro raMI1nbTOHHaHa. np11 HaaeCTHO~ CMenOCTI1 3TO noaao
nReT paCCMOTpeTb 11 aaai1MOAeHCTBI1e MelKAY K11HKaMI1 11 aHTHKHHKaMH. 
np11 3TOM Oni1CaHHe noaeAeHI1R CHCTeMbl npOBOA11TCR, KaK 06b14HO, 
a e~~aaoaoM npocTpaHcTae HMnynbcoa 11 KOOPAHHaT (p1,q1) c o6w~.tHWM 
npeAnonolKeHI1eM, 4TO 06DeM a 3TOM npOCTpaHCTae, OTae~.ta~H 
eAHHCTaeHHOMY KaaHTOaOMeXaHI14eCKOMy COCTORHHO CHCTeMbl 113 N8 
TO*AeCTBeHHwx 11 Hepaamt411MbiX ~.tacTI114, ecTb N 8 I h Ns , N 8 -Nt+Nr • 
HHTerpJApoaaHI1e no Qi aeAeTCR a o6naCTI1 0 +L, no p - OT -oo AO 
~.Hw 6yAeM paccMaTpl1aaTb ypaaHeHI1e so HnH ~4 • Cny~.tai1 sa TPI1-
aHaneH a 11HyneaoM11 np116n111KeH1111 /eM. HH)Ke, a TaKIKe paaAen 4/. 

Paao6beM OAHOMepHwi1 11o6DeM11 Ha R~.tei1KH paaMepoM A(\'). "111cno 
a 

TaK11X R~.teeK N8 -L/L\5 N<-f>. rAe N- 411cno yanoa HCXOAHOH OAHO-
MepHoi1 CI1CTeM~. 6yAeM CWHTaTb, 4TO KaiiCAaR R4ei1Ka n116o 3aHRTa 
4aCTH14eH MaCCbl MK, 11MeJOU4eH CKOpoCTb V , nH6o nycTa. 8 TaKOM 
cny~.tae Mbl MOIICeM OnHCbiBaTb 3TY CHTYai4HO Ha R3b1Ke onepaTOpoB C 
Co6CTaeHHbiMH 3Ha4eHHRMH 1 11 0. 

EcnH C4HTaTb, 4TO l.fHcno ~.taCTHI4, peanbHO npHcyTcTaYJOU4HX a 
CHCTeMe /o6oaHa4HM ero Ns I, MHoro MeHbWe ~.tHcna A~.teeK N8«N8, 
TO Mbl npHXOAHM K MOAenH OAHOKOMnOHeHTHOf"~ HAeanbHOrO peweTOI.f
HOrO raaalti/. EcTeCTaeHHO, 4HCnO peanbHO 06pa3YJOU411XCA KHHKOa 
11 aHTHKHHKOa ace14eno onpeAenAeTCR BHewHHMH ycnoaHRMI1 a036yiiCAe
HHR 11 TeMnepaTypoi1L HO DPH onpeAeneHHOM COOTHOWeHHH MeiKAY CIIHK
CI1poaaHH.!!1M ~.tHcnoM N k ... N i a KaHOHH~.teCKOM aHcaM6ne 11 CPeAHHM 
4HCnOM N8 a 6onbWOM KaHOHI14eCKOM aHCaM6ne MOIKHO nonb30aaTbCR 
n116o TeM, n116o APYri1M. Ha R3b1Ke 3CII<IIeKTI1&Horo raMHnbTOHI1aHa 3TO 
AenaeTCR aaTOMaTH~.tecKH. 

B o~eM cny~.tae, KOrAa 3HeprHR ~.tacTHI4 onpeAenReTCR /17/ 11n11 
/18/, 3CII<IIeKTHaHwi1 raMI1nbTOH11aH AaeTCR npocToH CIIOPMYOOH- cyM
MHpoeaHI1e aeAeTCR no seeM R~.tei1KaM: 

H, ~ ~& 
0 =v., Dr, v =-tHn(--)+V=-vo + V 

r h 

V = Ek"')fJu -'fJln~h(.t)o• q- Ek ( e~Eo (t-v'l+y2)dy, 
, co 

/19/ 

5 



~ II 

onepaTop N8 - In r , nr =0,1, Cl.f~-tTaeT" nonHoe l.fHcno conHTOHoa 
B CHCTeMe. f 

Bwpa*eHHe /19/ ecTeCTBeHHWM o6paaoM ~pManHayeT HAeo OAHO
MepHoro HAeanbHOI"O peweTOI.fHOI"O raaa COnHTOHOB /KHHKOB H aHTH
KHHKOB/. npH HanHCaHHH /19/ MW cy~eCTBeHHO HCnOnb30BanH pe-
3ynbTaTw, KOTOpWe nonyl.faDTCR AnR CB060AHO~ 3HeprHH B MeTOAe 
transfer-matrix 13•4•81 • 

V onHCW8aeT l.faCTb~3HeprHH, He aa&HCR~yo OT HMnynbca, a 
nepaoe cnaraeMoe vN 8 - 3HeprHo, CBR3aHHyo c 11 KHHeTHI.feCKo~ 11 
3HeprHeH. nocKOnbKy, KaK 6wno OTMel.feHO B /8,4/, HMeHHO 11aaxaaT 11 

ronACTOYH08CKo.:i MOAW H N b-t MOA c liJb,n H o6ycnaanHaaeT ABH-
*eHHe KHHKa H OC~HnnR~HH ero ~PMW, TO B /19/ v YMHO*aeTCR Ha 
onepaTop N11 • fnr. 

HHTerpan no y a /19/ awpa*aeTcR 1.1epea ~YHK~HD HaKAOHanbAa 
K 1(z), H MW HMeeM AnR q . 

Eo ~Ek 
q •2 ...!.e K1(tJE'k>· /20/ 

Co 
BocnonbaoaaawHcb HaaecTHO~ acHMnTOTHI.fecKo.:i ~OpMyno~ AnR 

~(z), Z»l, 

rr ~ -z 1 -6 
K1 (z)-(-

2 
) e U+- +O(z )]. 

z, 2z /20 'I 
HMeeM npH 1JE0 » 1 

~ 1 0~ ~~ Q:(2"Mk0) [1+"2(tJEk) + ••• ]. v
0
aOln[TJ. 

HHO*HTenb b.2 AnR MOAenH SO H b.t AnR cJ> 4 OTpa*aeT TO o6-
CTORTenbCTBO, l.fTO B nocneAHeM cny1.1ae MW HMeeM ynOpRAOI.feHHYD 
nocneAoBaTenbHOCTb KHHKoa H aHTHKHHKoa /~-tnH Hao6opoT I; a SO 
3TO Hecy~eCTBeHHO HS-aa 6eCKOHel.fHOKpaTHOH BWPO*AeHHOCTH OCHOB
HOI"O COCTORHHR •. 

ECnH MW npeHe6peraeM COnHTOH-~HOHHWM B3aHMOAeHCTBHeM, TO 
3~eKTHBHWH l"aMHnbTOHHaH ecTeCTBeHHWM 06pa30M 3anHWeTCR B BHAe 

H0--v0 N8 + Ek In r, 
r 

b ~ 
v 0 -Oln [ h(2 11M 0) ~]. /21/ 

TO eCTb TOnbKO 3HeprHR nOKOR COnHTOHa CBR3WBaeTCR C BKnaAOM 
8 ero peweTOI.fHyo l.faCTb. B nocneAHeM cny1.1ae HMeeM AnR cTaTcyM
MW, OT8el.faD~e~ COnHTOHaM, 8Wpa*eH~-te 

-IJH~ v0N8 -IJEk N8 
Z.Sp(f)e -e [l+e ] . 

C8o6oAHaR 3HeprHR D 
0 - -,_,Ek 

F8 •-Oln Z•-6v0 N8-0N8ln[ 1 +e ] :: -6N
8 

, 

6 

• 

·.·1 .. '. '} I 

' 

·~i.l 
<1;;1 

. -~ ) 

' ,jx 
,/~: 

.. ~ ',t~ 
!i~J~ ., 

I?,(. 
)I'· 
·~. 

· .. 't·i· .. ~ .. ~ ' '1· 

·::' •. '}!'. 
\\ 

lf 
'I~; 

•\,'' ,, 

·~~~. 

',1, 
~{~ 
r: ,,¥ 
'•I\ 

i~ 
:fll· __:..-

I"Ae MW HCnOnb308anH 

-tJH9 
Ns • Sp(Inr e 

0
) 

z 

TOT ~aKT, l.fTO 

• Nse-IJE'k. 

nnoTHOCTb C8060AHOH 3Hepi"HH npH 3TOM AaeTCR ~pMyno.:i 

F8 N8 0 -~Ek -
rs .. lim - --o - ·-·-e --en 

L-+oo L L ~ 8 

/22 

3TOT peaynbTaT nonHOCTbD co8naAaeT c peaynbTaTaMH KpyMxa 
na H WpH~epa17 1. 

B o6~eM cny1.1ae /19/ ~-tMeeM AnR nnoTHOCTH C8060AHO.:i 3HeprH 
COnHTOH08 

~ 

- - <N8> beu ~ - .BEk 
f8 .. -On 8 , n8-- .. =-<tJE\) e , 

N8 ~ '1/217 d 
/23 

l.fTO, ecTecTaeHHO, co8naAaeT c peaynbTaToM 18 • 4~ 1 

noACTa8nRR b-2 ' ualn2 AnR so H h=l ' u -ln2v3 AnR ell 
/eM. /8,4,6/ I, Mbl npHXOAHM K 8wpa*eHHO AnR ii

8 
, a KOTopoM y 

TeHbl 3~eKTW COnHTOH-~HOHHOI"O 83aHMOAe~CT8HR. 
On~-tcaHHaR 8wwe MOAenb HAeanbHoro peweTOI.fHoro raaa c 3~e 

TH8Hb1MH raMHnbTOHHaHaMH /19/, /21/ n0380nReT He TOnbKO ynpo 
CTHTb 8WKnaAKH, HO H AOnycKaeT HeKOTOpwe, Ha HaW 831"nRA, HH 
peCHWe o6o~eHHR. 
_ B o6~eM cny1.1ae HanH~o cMecb H3 Tpex KOMnoHeHT08 N~ KHHK 
N K. aHTHKHHK08 H No 11f11CT!o!.X MeCT 11

• np~-t 3TOM N8 =NK +NK+No 
To o6cTORTenbCT80, l.fTO NK-! Nj{ , MO*HO npocTo yl.feCTb, 880 
XHMHI.feCKHe noTeH~Hanw IlK. 1-1 K H Hcnonb3YR ycno8HR paBH08 
CHR. EcnH ~ = ~ , TO ilK =1-1R , Jlanee, yl.fHTW8aR, l.fTO KHHK-KHHK 
BOe H aHTHKHHK-aHTHKHHKotoe B3aHMOAeHCT8HR CYTb OTTanKH8aHH 
a KHHK-aHTHKHHKO~oe - npHTR.!:!,<eHHe t KK = ( KK > 0 , ( K- < 0 
H yl.fHTbiBaR, l.fTo N K<< N 0 , N x << N 0 , Hcnonb3YR AnR H A ~PM 
THna /19/, MO*HO nonpo6o8aTb HanHCaTb 3~eKTHBHW~ raMHnbTOH 
TaKOH TpeXKOMnOHeHTHO~ CHCTeMW; cnaraeMble C 1-!Kf IlK np 
3TOM nepeHOpMHPYDT v .•.. H a 3Cilel>eKTH8Hbl.:i raMHnbTOHHaH 80.:iAeT 
KOTOpOe C -l.fHCnO. 3TO CAenaTb MO*HO nHWb np~-t6nHIKeHHO. 0AHaK1 
8ocnonb308a8WHCb peaynbTaTaMH npHMecHo~ aaAal.f~-t a MOAenH HaH 
ra 18•91 , o6o6~eHHWMH Ha A8yxnpHMeCHbl~ cny1.1a.:i 110~ B03MOIKHO. B 1 

re MW npHAeM K HeKOTopoMy 8ap~-taHTy MOAenH peweTOI.fHoro raaa 1 
aaaHMOAe~cT8HeM 6n~-tiKa.:iwHx coce?e.:i ( ij ( t KK, tKK , t KK ), 
6wcTpo cnaAa~HM c paccTORHHeM 11( naeaMeTpbl raMHnbTOHHaHa A• 
cR KOM6~-tHaLIHRMH 1-1 K , ll K , (IJ , i,j = K,K • 

8 COOT8eTCTBHH C 3THM Mbl MO*eM C~OpMynHp08aTb npocTe~wee 
o6o6~eH~-te MOAen~-t HAeanbHoro peweTOI.fHoro raaa. 



onepaTop N8 - f n r , nr =0,1, 11
C411TaeT" nonHoe 411CJ10 COJ111TOHOB 

B CI1CTeMe. 

B~pa*eH11e /19/ ecTeCTBeHH~M o6pasoM $0pMan11syeT 11Aeo OAHo
MepHoro 11AeanbHOrO peweT04HOro rasa COJ111TOHOB /K11HKOB 11 aHT11-
K11HKOB/. np11 Han11caH1111 /19/ ~ Cy~eCTBeHHO 11CnOJ1bSOBaJ111 pe
SYJlbTaT~, KOTOp~e nony4aOTCR AJ1R CB060AHO~ 3Heprl111 B MeTOAe 
transfer-matrix 18•4•81 • 

V Oni1C~BaeT 4aCTbA3Heprl111, He SaBI1CR~yO OT 11MnyJ1bCa, a 
nepaoe cnaraeMoe v N 8 - 3Heprl110, CBRsaHHyo c 11 K11HeTI14eeKo~ 11 
3Heprl1e~. noeKOJlbKy, Ka~ 6~.(10 OTMe4eHO B / 8•4/, 11MeHHO 11saxaaT 11 

ronAeToyHoaeKo~ MO~ 11 N b-t MOA c wb,n 11 o6yenaan11aaeT ABI1-
*eH11e K11HKa 11 Oe~I1J1J1R~I111 era $QpM~, TO B /19/ v YMHO*aeTeR Ha 
onepaTop N8 • fnr • 

HHTerpan no y a /19/ a~pa*aeTeR 1.1epes $yHK~110 MaKAOHaJlbAa 
K 1(z), 11 M~ 11MeeM AJlR q · 

Ek tJEJ: 
q •2 -e K1 (~Et>· /20/ 

Co 

Boenonbso8aawl1eb 11S8eeTHo~ aci1MnTOTI14ecKo~ $OpMyno~ AJlR 
~(z), z»1, 

rr ~ -z 1 -6 
K 1 (z)•(-) e U+- +O(z )]. 

2z, 2z /20 'I 
11MeeM np11 ~E0 » 1 

~ 1 0 -~ bqA. 
Q= (2rrMkO) [1+'2(~Ek) + ••• ]. v

0
•0ln[TJ. 

4 MHO*I1TeJ1b ba2 AJ1R MOAeJ111 8G 11 b.t AJ1R <J> OTpa*aeT TO o6-
CTORTeJ1beT80, 4TO 8 noeneAHeM eny1.1ae M~ 11MeeM ynopRA04eHHyiO 
nOCJ1eAOBaTeJ1bHOeTb K11HKOB 11 aHT11K11HKOB /111111 Hao6opoT/; B Sa 
3TO Heey~eeTBeHHO 113-sa 6eeKOHe4HOKpaTHO~ B~PO*AeHHOeTI1 OeH08-
HOrO eOeTORH11R •. 

Een11 M~ npeHe6peraeM eoni1TOH-$0HOHH~M asai1MOAe~eTBI1eM, To 
3$$eKT11BH~~ raMI1J1bTOH11aH eeTecTBeHH~M o6pasoM san11weTeR 8 B11Ae 

H0--v0 N8 + Ek I nr, 
r 

b ~ 
v 0 - 0 In [ li (2 rr M 0) - ~]. /21/ 

TO eeTb TOJlbKO 3Hepri1R nOKOR eOJ111TOHa CBRS~8aeTeR e BKJlaAOM 
a era peweT04Hy10 4aeTb. B noeneAHeM eny1.1ae 11MeeM A11R eTaTeyM
M~, OT8e4aO~e~ eOJ111TOHaM, B~pa*eH11e 

-~H~ v0N8 -~Ek N8 
Z.Sp(f)e -e [l+e ] . 

Cao6oAHaR 3Hepri1R 

- -~Ek 
F8 •-Oln Z•-6v0 N8

-0N
8 
In[ 1 +B = -6Ns • 

6 

.. , 

!'I'' ,, 
..... ,l~ll 

ii 
.\;¥· 

,fi 
1:1, 

·.'/'f 
~~~:\.~ 

·.\~'', ,;. ,f 
)I 
:h, 
iji! 

··I"'.!·· 
;:),~' 

1;~ ¥(' 

:?,) 
'!.>{ 

l't n: 
/·' 
K.i~ 

·l; 

:.t.' 
,1/J 

rAe M~ TOT $aKT, "'TO 11CnOJ1bSOBaJ111 . 
-~H8 iil

8 
• Sp(Inr e ) 

z 
• Nae-~E'k. /22/ 

nnoTHOeTb CB060AHO~ 3Heprl111 np11 3TOM AaeTCR $QpMyJ10~ 

. F 8 Ns 0 -~Ek -
rs = hm - --o - ·-·-e --on . 

L-+oo L L li 8 

3ToT pesynbTaT nonHoeTbiO coanaAaeT e pesyJ1bTaTaMI1 KpyMxaHe
na 11 Wp11$$epa171. 

B o6~eM eny1.1ae /19/ 11MeeM AJ1R nnoTHOeTH eao60AHO~ 3Heprl111 
eOJlHTOHOB 

- - <Na> beu ~ - ;8Ek 
f8 .. -{;ln 8 , n8-- .. =--<~~) e , 

Na ~ .,j2rr d 
/23/ 

"'TO, eeTeeTBeHHO, COBnaAaeT e peSyJlbTaTOM 18•4•81 

noAeTaBJlRR b=2 , u•ln2 AJ1R Sa 11 bel , u •ln2ya AJ1R <J> 4 

/eM. /8, 4,8/ I, M~ npi1XOA11M K a~pa*eHI10 AJ1R ii
8 

, a KOTOpOM y4-

TeH~ 3$$eKT~ eOJ1HTOH-$QHOHHOrO B3ai1MOAe~eTBHR. 
OnHeaHHaR a~we MOAeJlb 11AeanbHoro peweT04Horo rasa e 3¢$eK

TI1BH~MH raMI1J1bTOHI1aHaMI1 /19/, /21/ nOSBOJ1ReT He TOJlbKO ynpo
CTI1Tb B~KJlaAKH, HO 11 AOnyeKaeT HeKOTOp~e, Ha HaW BSrJlRA, 11HTe
peCH~e o6o~eH11R. 

_ B o6~eM cny1.1ae Ha1111~0 eMeeb 11s Tpex KOMnoHeHTOB N~ KHHKOB 

Nj{. aHTHK11HKOB 11 No 11 n_l'eTI!X MeeT". npl1 3TOMNa=NK+NK+No. 
To o6cTORTenbcTao, 4TO NK.,; Ni{ , MO*HO npoeTo y1.1eeTb, BBOAR 
X11MH4eeK11e noTeH~I1an~ ILK, ll K 11 HenonbSYR yenOBI1R paaHoae

ei1R. Ee1111 ~=~ , TO "K =iLR , Jlanee, Y411T~BaR, 4TO KI1HK-KI1HKO
aoe 11 aHT11K11HK-aHT11K11HKOBOe B3ai1MOae~eTBHR eyTb OTTaJ1KHBaHI1e, 
a K11HK-aHT11KI1HK0_!3oe - npHTR.!!_<eHI1e ( KK = ( KK > 0 , ( K- < 0, 
11 Y411T~BaR, "'TO N K« N 0 , N x << N 0 , HcnonbSYR AJ1R H A ~PMYJ1~ 
THna /19/, MO*HO nonpo6oaaTb Han11eaTb 3$$eKTI1BH~~ raMI1J1bTOHI1aH 
TaKO~ TpeXKOMnOHeHTHO~ eHeTeM~; enaraeM~e e ILK~ ILK np11 
3TOM nepeHOpMI1PYOT V, , 11 B 3$$eKTI18Hbl~ raMI1J1bTOH11aH BO~AeT He- • 
KOTOpOe C -411CJ10, 3TO eAenaTb MO*HO J111Wb np1161111*eHHO. 0AHaKO, 
BOenOJ1bSOBa8WI1eb peSyJ1bTaTaMI1 npi1MeeHO~ SaAa411 B MOAeJ111 HS11H
ra18•91, o6o6~eHHbiMI1 Ha A8YXnpi1MeeHbl~ eny4a~/lO( BOSMO*HO. 8 11TO

re Mbl npHAeM K HeKOTOpOMy aap11aHTY MOAeJlH peweT04Horo rasa e 

asaHMOAe~cTBI1eM 61111*a~w11x eoee?e~ l iJ ( ( KK. lKK , ( KK ), 
6~eTpo cnaAa~I1M c paceTORH11eM 11(naeaMeTpw raMI1J1bTOHI1aHa AaOT
cR KOM611Ha~I1RMH ll K , ll K , ltJ , i,j =K,K • 

8 COOTBeTCTBI1H C 3THM M~ MO*eM C$0PMYJ111pOBaTb npoeTe~wee 
o6o~~eH11e MOAenH 11AeanbHoro peweT04Horo rasa. 

7 



H3-3a OTTanKHBaHH~ Me*AY OAHHaKoewMH ~acTH4aMH aepo~THee 
11P~AOM11 BCTpeTHTb KHHK-aHTHKHHKOBWe napw. 80 BCeM OCTanbHOM 
MW HMeeM KapTHHy ra3a 110AHHaKOBWX11 no CBOHM MaKpoCKOnH~eCKHM 
npo~aneHH~M ~acTH4. Y~HTwaa~ e3aHMOAeHCTBHe nHWb Me*AY 6nH*aH
WHMH COflHTyHaMH, MW MO*eM COrnaCH0/1l/ C~HTaTb £KK=£KK•8m-~ 
x[E(m) + T-K(m)]. rAe K(m), E(m) - nonHwe 3nmtnTH~eCKHe 
HHTerpanw nepaoro H BToporo POAa, m = 4l (b2 + 4 !>- ~ b .. 41~ '(0); 

np~ot r ... "" £KK ""(i:i •-f KK ... 32exp(-r), npH r ... o £ KK= 
2 2 -

= £ KK ... T • an~ (KK) npH r :t.. fl B03HHKaeT noTeH4HanbHa~ ~Ma, 
rny6HHa KOTOpOH pasHa Macce nOKO~ KHHKOB lccwnKy CM. B /11/1. 
C y~eTOM 3TOrO MO*HO cneAY~HM 06pa30M o6o6~HTb 1191: 

EO 
H = E0 + v :I n r- -!. :I nr n 1241 r 2 r,g g ' 

rAe CYMMHpoaaHHe BeAeTC~ no 6nH*aHWHM ~~eHKaM. 0AHOMepHaR CHC
TeMa C raMHflbTOHHaHOM 1361 pewaeTCR TO~~O. Hap~AY C Z MO*HO 
TO~HO nony~H~b aHanHTH~eCKHe . BWpa*eHH~ An~ BCeX KOppenR4HOH
HWX CIIYHK4HH <nr>, <Dfng> •••• <nrPn >. B ~acTHOCTI-1, nocKonb
Ky Y Hac Clo1CTeMa C npHT~*eHio1eM tEt> 0), HeCOMHeHHWH HHTepec 
npeACTaan~oT KoppenR4HOHHwe CIIYHK4Hio1, A9~He aepo~THOCTb o6pa-
3oeaHHR KnacTepoa 1-13 m KHHKOB 1o1 m aHTHKHHKOB: 

<n n- ;PI W(m,m)=<n.n_ •.. n n->-~1- • 
-, 2 2m-12m <n >m-

r 
1251 

Di 03Ha~aeT, ~TO B i -H R~eHKe HaXOAHTCR Klo1HK Df• B j - aHTH
KHHK. Hcnonb3oaaa TO~Hwe awpa*eHHR AnR <n r > , <ncn g>191 , HMeeM 
npH {3 Ek»l 

1 beU % -{3Eo 
W(m,iil) :. ii 8 =- -=-(f3EI{)" e ~ 1261 

4 v'217d 

CllopMynw 1231, 1241 MoryT 6wTb Hcnonb30eaHw An~ aHan~ot3a 3Kcne
PHMeHTanbHWX AaHHWX no pacce~HHO HeHTPOHOB KBa3HOAHOMepHWMH 
CHCTeMaMH, AHHaMH~eCKHe CBOHCTBa KOTOpWX npH HH3Kio1X TeMnepaTy
pax MO*HO CMOAenHpOBaTb B paMKaX MOAene.:i SG H 41 4 lo ~eM 6yAeT 
cKa3aHo HH*el. 

3. He TaK o6cTOio1T Aeno c AHHaMio1~eCKHMH cao.:icTBaMH noA06Hwx 
CHCTeM. A OHI-1 BeCbMa HHTepeCHW. PRA TOHKHX 4epT HX AHHaMio14e
CKHX CBOHCTB 14eHTpanbHWH n1o1K, OC06eHHOCTH npo4eCCOB nepeHOCa 
H T.n.l MOryT onpeAen~TbCR OTKflHKOM HMeHHO C0fllo1TOHOB Ha BHew
Hee B03AeHCTBHe. 3TO 6yAeT npORBflRTbCR B OC06eHHOCTRX noBeAeHHR 
HHTeHCHBHOCTI-1 pacceRHHR IHeHTPOHOB, CBeTal np1o1 KBa31o1ynpyrOM 
pacceRHHH. npH 3Ha4HTenbHWX nepeAa4aX 3Heprlo11o1 CHCTeMe He HCKn0-
4eHO B03Hio1KHOBeHHe B036Y*AeHHWX COCTORHio1H C0fllo1TOHOB. Becb 3TOT 

a. 

,, 
.~·v· 
\'· 

·:I•' j, 
'tM' 11' ' )' . 

Kpyr eonpocoa MO*eT 6wTb npoaHanH3HpoaaH npH HccneAOBaHHH 
BeAeHH~ ABa*AW AHCII<IIepeH4HanbHoro ce~eHH~ pacce~HHR u 

8 
(q, cu l 

Heo6XOAHM, cneAOBaTenbHO, pe4enT pac~eTa AHHaMH4ecKoro CT~ 
TypHoro CllaKTopa S(q,cu).3TOMy aonpocy H 6yAeT noca~~eH AaHH~ 
pa3Aen. npH 3TOM MW He 6yAeM HCnonb30BaTb HAeO pa60TW Kaa; 
KH/l2<Bnepawe npHMeHHTenbHO K nto6neMe pacce~HH~ HeHTpOHOI 
OHa 6wna npHane~eHa HHKeWKOH118 , a 3aTeM HaMH/14(0AHaKO M~ 
peanH3yeM 3TY HAeo 3Aecb 6onee npocTWM cnoco6oM. 3To npHac 
K o6~eH npocTOH CIIOpMyne ICIIOpMyna 1381 An~ S(q,cu) I H no31 
n~eT H36e*aTb rpOM03AKHX npoMe*YTO~HWX BWKnaAOB. HH*e 3TO 
AeT npOHflflOCTpHpOBaHO Ha npHMepe HeCKOflbKHX MOAeneH. 

B ra3oeoM np~ot6nH*eHHH ce~eHHe pacce~HHR u8(q,cu) npH on~ 
AeneHHOM npeAnono•eHHH cneAy~HM o6pa30M awpa•aeTc~ ~epe3 
S(q,cu): 

2k' 2k'- I' u
8

(q,cu)=l) kS(q,cu)ab kN 8 S1(q,cu), q .. k~k. cu -E'-E; • 

AHHaMH~ecKHH CIIODMCIIaKTop pacce~HH~ Ha OTAenbHOM pacceHaaTes 
ecTb Cllypbe-o6pa3 81 (x,t), b - AflHHa pa·cceRHHR. CornacHo112 
S (x,t) cTpOHTC~ Ha xapaKTepHCTHKax conHTOHa 41(x,t I x 0 , p ) •to.o I :ro ,p) I eM. HH*e/, ycpeAHeHHWX no aceao3MO*HWM ero nos 
*eHH~M :Ito '"(-L,L) H HMnynbCaM P /HaM YAo6Hee 3AeCb 11nOMe~a1 
conHTOHbl a "o6aeM" ( -L, L ) I. 

3aMeTHM, ~To An~ KoppenR4HOHHWX CIIYHK4HH, nocTpoeHHWX He 
6HOHHWX peweHH~X, He06XOAHMO ycpeAHeHHe no Ha~anbHWM 4la3a~ 
YcpeAHeHHe no8o MO*eT OKa3aTbC~ He06XOAHMWM HAn~ onpeAeJ 
HWX KOppen~TOpOB, BW~HCn~eMWX Ha peweHHRX ypaaHeHHR83, HO 
KHHKOB B 3TOM HeT He06XOAHMOCTio1. an~ S 1 (X,t) HMeeM 

L . f3 1 - E(p) 
~(x,t)= z.h ( dXo ( dpf(x,tlx0 p)4I(O,Oix0 p)e , 

r- -L 

Z 1 fL d f d -{3 E(p) 2L f -{3E(p) 
1 .. h Xo p e = h dp e . 

-L 

/2 

CTaTHCTH~ecKa~ cyMMa OTAenbHOro pacceHBaTenR z1 pacc~Hl 
eTC~ B TOH HflH HHOH MOAenH Ha 6a3e COOTBeTCTBy~ero raMHfl~ 
HHaHa C OOMO~bO KOHKpeTHWX COflHTOHHWX peweHHH /CM. HH*e/, 
3TOM 

1 i(qx-cut) 
S1(q,cu) =-2 ffdxdt S1 (x,t)e = 

(217) 
1 L -{3E(pl.. 

=- f dx0 f dp e }; (q,culx0 p), 
Zth -L 

I 

1 i(qx-cut) :I (q, cuI x0 ,p )= - 2 ff dxdt 41(x,t I x0,p) 41(0,0 I x0p) e . 
(217) 



Ha-aa OTTanKHBaHHR Me*AY OAHHaKOBWMH 4aCTH4aMH aepoRTHee 
IIIPRAOM

11 
BCTpeTHTb KHHK-aHTHKHHKOBWe napw. 80 BCeM OCTanbHOM 

W HMeeM KapTHHy raaa 110AHHaKOBWX11 no CBOHM MaKpOCKOnH4eCKHM 
poRaneHHRM 4aCTH4. Y4HTWBaR B3BHMOAeHCTBHe nHWb Me*AY 6nH*aH
HMH COnHTpHaMH, MW MO*eM COrnaCHO/tl/ C4HTaTb EKK= f K-•Sm-~ 
(E(m) + m2- K(m)]. rAe K(m), E(m) - nonHwe 3nnHnTH~eCKHe 
HTerpanw nepaoro H BTOporo POAa, ma4l(b2+4~)-~ b-41>~'(0); 

PH r ... oc £KK =E'Ki ""-f KK .. 32ezp(-r), npH r ... o f KK= 
2 2 -

EKK - +· .llrJR (KK) npH r:t. L\ B03HHKaeT noTeH4HanbHaR RMa, 
ny6HHa KOTOpOH pa&Ha Macce nOKOR KHHKOB /CCWnKy CM. B /11//. 

y4eToM 3Toro MO*HO cneAY~HM o6paaoM o6o6~HTb /19/: 
Eo 

H = E0 + v I n r- -.!. I n1 n , /24/ 
r 2 t,g g 

e CYMMHPOBaHHe BeAeTCR no 6nH*aHwHM R4eHKaM. 0AHOMepHaR CHC
Ma c raMHnbTOHHaHoM /36/ pewaeTcR T04!-!0· HapRAY c Z MO*HO 
4HO nony4H~b BHanHTH4eCKHe . BWpa*eHHR AnR BCeX KOppenR4HOH
X 4>YHK4HH <nr > , <ntng > , ••• <nr p n. >. B 4aCTHOCTH, nocKonb-

Y Hac CHCTeMa C npHTR*eHHeM tE~> 0), HeCOMHeHHWH HHTepec 
eACTaBnR~T KOppenR4HOHHWe 4>YHK4HH, A~~He BepORTHOCTb o6pa
BaHHR KnacTepoa H3 m KHHKOB H m aHTHKHHKOB: 

<n 1 n- ;:PI W(m,m)=<n.n_ ... n n->z 2..::
1

• 
I 2 2m-12m <n >m-

r 
/25/ 

i 03Ha4aeT, 4TO B i -H R4eHKe HaXOAHTCR KHHK n J, B j - aHTH
HK. Hcnonbsoaaa T04Hwe awpa*eHHR AnR <n r > , <nc n >191 , HMeeM 

{3 E0 »1 g k 

W - - 1 beu % -/3EK: /26/ (m,m) :; n 8 =- -=-(/3EJ{) e • 
4 v'277d 

Mynw /23/, /24/ MoryT 6wTb HcnonbsoaaHw AnR aHanHsa 3Kcne
eHTanbHwx ABHHWX no pacceRHH~ HeHTPOHOB KBa3HOAHOMepHWMH 
TeMaMH, AHHaMH4eCKHe CBOHCTBa KOTOpWX npH HH3KHX TeMnepaTy-

MO*HO CMOAenHpOBaTb B paMKax MOAenel:i 80 H cf> 4 /o 4eM 6yAeT 
saHo HH*e/. 

3. He TaK o6cTOHT Aeno c AHHaMH4eCKHMH caol:icTBaMH nOA06Hwx 
TeM. A OHH BeCbMa HHTepeCHW, PRA TOHKHX 4epT HX AHHaMH4e
X CBOHCTB /4eHTpanbHWH nHK, OC06eHHOCTH npo4eCCOB nepeHOCa 
. n./ MoryT OnpeAenRTbCR OTKnHKOM HMeHHO COnHTOHOB Ha BHew-
B03AeHCTBHe. 3To 6yAeT npORBnRTbCR B 0C06eHHOCTRX noBeAeHHR 

eHCHBHOCTH pacceRHHR /HeHTpOHOB, CBeTa/ npH KBa3HynpyroM 
CeRHHH. npH 3Ha4HTenbHWX nepeAa4aX 3HeprHH CHCTeMe He HCKn~

B03HHKHOBeHHe B036y~AeHHWX COCTORHHH COnHTOHOB. Becb 3TOT 

.. 
Or.H: 
!iil: 

II*~ ·'·r:.· ,(\1 
\ji' 

~:·· 

-~ 

Kpyr aonpocos MO*eT 6wTb npoaHanH3HpoaaH npH HccneAOBaHHH no
BeAeHHR AB,a*AW AHCIICIIepeH4HanbHoro ce4eHHR pacceRHHR u 

8 
(q, cu ). 

Heo6XOAHM, cneAOBaTenbHO, pe4enT pac4eTa AHHaMH4ecKoro CTpyK
TypHoro 4>aKTopa S(q,cu).3ToMy aonpocy H 6yAeT nocaR~eH AaHHWH 
paaAen. OpH 3TOM MW He 6yAeM HcnonbaoaaTb HAe~ pa6oTw Kaaaca
KH112<snepawe npHMeHHTenbHO K nto6neMe pacceRHHR HeHTpOHOB 
OHa 6wna npHBne4eHa MHKeWKOH 118 , a 3aTeM HaMH 114(0AHaKo MW 
peanHayeM 3Ty HAe~ 3Aecb 6onee npocTwM cnoco6oM. 3To npHBOAHT 
K o6~eH npocTOH (jlopMyne /(jlopMyna /38/ AnR S(q,cu) I H nosao
nReT H36e*aTb rpOM03AKHX npoMe*YT04HWX BWKnaAOB. HH*e 3TO 6y
AeT npoHnn~cTpHpoaaHo Ha npHMepe HecKonbKHX MOAeneH. 

B rasoaoM npH6nH*eHHH ce4eHHe pacceRHHR u
8

(Q,cu) npH onpe
AeneHHOM npeAnono•eHHH cneAY~HM o6pasoM awpa•aeTcR 4epes 
S{q,cu): 

2t' 2t'- 1 1 
U 8 (Q,cu) =I> kS(q,cu)sb kN 8 S1(q,cu), q .. t~k. cu ... E'-E; 27 

AHHaMH4eCKHH (j>OPM(jlaKTOp pacCeRHHR Ha OTAenbHOM pacceH&aTene 
ecTb (jlypbe-o6pas 81 (x,t), b - AnHHa pacceRHHR. CornacHo112/ 
St(X,t) CTpOHTCR Ha xapaKTepHCTHKax COnt.tTOHa ci>(X,tix

0 
,p) , 

41>(0,0 I lro ,p) I CM. HH*e/, ycpeAHeHHWX no aceaosMO*HWM ero nono

*eHHRM Xo "(-L,L) H HMnym.caM P /HaM YA06Hee 3AeCb 11nOMe~aTb 11 
conHTOHW a 1106"'beM11 

( -L, L ) I. 
3aMeTHM, 4TO AnR KOppenR4HOHHWX 4>YHK4HH, nOCTpOeHHWX Ha 

6HOHHWX peweHHRX, He06XOAHMO ycpeAHeHHe no Ha4anbHWM (jla3aM 8
0

• 
YcpeAHeHHe no 80 MO*eT OKa3aTbCR He06XOAHMWM H AnR OnpeAeneH
HWX KOppenRTOPOB, BW4HCnReMWX Ha peweHHRX ypaaHeHHR83, HO AnR 
KHHKOB B 3TOM HeT He06XOAHMOCTH. .llrJR 81 (X,t) HMeeM 

L . a 
1 -,_,E(p) 81(x,t)=z-- ( dXo( dpcl>(x,tlx0 p)ci>(O,Oix

0
p)e , 

f. -L " 

1 L -/3 E(p) 2L -/3E(p) z 1 .. h r dxo r dp e = - r dp e • 
-L h 

/28/ 

CTaTHCTH4ecKaR CYMMa OTAenbHOro pacceHBaTenR z1 paCC4HTWBa
eTCR B TOH HnH HHOH MOAenH Ha 6ase COOTBeTCTBy~~ero raMHnbTO
HHBHa C nOMO~b~ KOHKpeTHWX COnHTOHHWX peweHHH /CM, HH*e/, npH 
3TOM 

1 i(qx-cut) S1(Q,cu)=-
2 

((dxdtS 1 (x,t)e .. 
(277) 
1 L -/3E(p)_ 

=- r dxo r dp e l; (q,culxop), 
Z1h -L /29/ 

' 1 i(qJ:-cu t) I (q, (U I Xo ,p )= -2 rr dxdt cl>(x,t I Xo,P) ci>(O,O I XoP) e . 
•· (277) 

9 



8" 12~ a saTeM "" a'18•141• aHa"'ane npoBOAHTC.A HHTerpHpo8aHHe no 
(x0 ,p} H C nOMOIIlbiO /28/ HaXOAHTC.A S 1 (x,t). noTOM BW"'HCil.AeTC.A 
S1(q,cu) no CIIOPMYile /29/ /81121 3Toro He Aenanocb/. YA06Hee no
cTynHTb Hao6opoT: 8Ha"'ane nony"'HTb 8wpallleHHe All.A I ( q ,cui x0 ,p) 
HS /29/, pewH8 saAa"'y pacce.AHH.A Ha conHTOHe, a saTeM npo8e
CTH ycpeAHeHHe no aceM Ha"'allbHbiM ero nonollleHH.AM x 0 "" HMnynb
caM p. 06yCI10811eHO 3TO, KOHe"'HO, cne~HCIIH"'eCKOH SaBHCHMOCTbiO ~ 
OT (X-vt): 

x-vt + x 0 ~(x,t I x0 ,p) ._.( ). /30/ 
ll 

8 /30/ flafl(V), 8006tqe roaop.A, saBHC.AIIIa.A OT CKOpoCTH V WHPHHa 
COilHTOHa /Ail.A MeAileHHbiXV(~O COI1HTOH08 3Ta Sa8HCHMOCTb He
Cyl!leCTBeHHa/. ~ena.A a /30/ saMeHy nepeMeHHbiX (X+x 0>-e· ll , 
vt-r.fl, HMeeM c y"'eToM /30/ 

~~ ll2 -tqz tllcqe-~> 
I(q,culx0.P)•_:.a:_ -e 0 fdedr~(e- r)e v /31/ 

(217 )2 v 

n . e+r 
epexOA.A Aanee 8 /31/ K ecTecTaeHHbiM nepeMeHHbiM R. ----. 

p•e-,, HMeeM 2 
41( :ro) 

ll -iqzo 
I(q,cu!x 0 ,p)---e ffdRdp~(p)x 

(217)2 

[ 'R( • cull qll cull x exp 1 qu--;-)+i p(T + -
2
-)l• 

x ll -iqz0 -~(-2)-e f(q.fl)8(v-v 0 ), 
ll 21Tq 

CU v--o q 

v 8(x-x ) 

/32/ 

Mw 8ocnonbS08an~~tcb HSBecTHOH CIIOpMynoH 8(¢(x)) .. I. 8 

8 I¢'(X 8 )! 
rAe x 8 - KopeHb ypa8HeHH.A ¢(x) -o. H a8enH 

f(A)• ( ~(p)exp(i,\p)dp. /33/ 

HHTerpHpoBaHHe no p(v) H Xo CTaHOBHTCR TpHBHallbHbiM: 

I -tqzo 
(~ <=f>e dx0 -ll(v0 )f(-qll(v

0 
)), 

r -t3E(p} -{JE(v0 ) 
e ap.p'(v

0
)e 

/Mbl Y"'llH, "'TO L .. oo I. Co6~~tpa.A /29/, /32/, /34/, 
TellbHO All.A S1(q,cu) 

10 -
S

1
(q, cu) "'pz'(vo)~(vo)f(-q ll(v 

0
))f(q ll(v o>> e -$E<vo > 

1 h 21Tq 

/34/ 

HMeeM OKOH"'a-

/35/ 

''IJlll\lltf 

·~~~~;' 
,~1:/!, 
.•. ,·,~'-
. ,j ' 

k~ 
i~·~~~~ 
:'.()I( 
;j, 
•J~:It 

11. 

.i'\ :\f 

·~ 
·~ 
\ 

All.A rasa COilHTOHOB 

S(q,cu)•N 8 S1(Q,cu). /31 

IIIHSH"'ecKa.A aenH"'HHa, CIIHrypHpy~a.A a cooT8eTCT8YIOIIIeH aaTOKOJ 
ll.A~HOHHOH CIIYHK~HH 8CeH CHCTeMbl, KaK npaBHilO /CM. HHllle/, Sal 
cwaaeTc.A 8 8HAe 

¢(x,t)-~ 0- ~(x,t! Xo·P). ~ 0 -coost. /3' 

/KoHe"'HO, Ha O"'epeAH H HSy"'eHHe AHHaMH"'eCKHX xapaKTepHCTHK 
B MOAell.AX C y"'eTOM KOppell.A~HH MeliCAy COilHTOHHOH H HeCOilHTOHI 
noACHCTeMaMH, KOrAa ~0 • ~0 (x,t) I. B TaKOM cny"'ae, nocKOilbl 

¢(x,t)¢(O,o)-~~-~0 r~(x,t! x0 p) + 

+ ~(0,0 I x0 p)] + ~(x,tl x 0 p)~(O,O I x 0 pJ, 

Mbl HMeeM All.A AHHaMH"'eCKHX CTpyKTypHOrO CllaKTOpa 

2 -
S(q,cu)=[~0 -2ii

8
c\ .IJI

0 
]8(q)8(,.,)+N

8
S 1(q,,,,). /3l 

TaKHM 06paSOM, y"'eT pacce.AHH.A Ha COilHTOHaX HMeeT CBOHM Cllej 
CTBHeM nepepacnpeAelleHHe HHTeHCH8HOCTH 6p3rr08CKOrO nHKa 8 

Kaas~~tynpyryJO KOMnOHeHTy, AaBaeMyiO CIIOPMYilaMH /35/, /36/. 
0TMeTHM B saKiliO"'eHHe 3TOrO_pa3Aella, "'TO H paBHOBeCHble, I 

AHHaMH"'eCKHe CBOHCTBa rasa COJiHTOHOB Mbl, KaK H B /3,4,6/ 01 
cwaanH a npocTpaHcTae HMnynbcoa "" KOOPAHHaT. B nepaoj;i pa6o· 
nOCB.AIIIeHHOH 3TOMY aonpocy /7/, paCCMaTpHBallC.A 11MaKCBei1110BCKHi 
raS 11 C011HTOH08, LITO npHiioAHilO K HeKOTOpOH HeOnpeAelleHHOCTH 
B HOpMHPOBKe Zt, HO He OTpalllallOCb, anpO"'eM, Ha KOHKpeTHOM I 

Ae AHHaMHI.fecKoro CIIOPMCIIaKTopa. 

4. A. C~~tcTeMw, onHcwaaeMwe ypaaHeHHeM Sin-Goroon. Mw npo1 
nJOcTpHpyeM HcnonbsoaaHHe o61!1Hx CIIOPMYil /29/, /33/, /35/, /3~ 
Ha npHMepe Bbll.fHCneHH.A S(q. w) All.A 11napannellbHoro" OTKilHKa 
CHCTeMw, onHcwaaeMOro Koppen.A~HOHHOH CIIYHK~HeH <cos ¢(x,tJ10 ) 
cos¢(O.Oixo)>. ConHTOHHa.A LtaCTb SAeCb AaeTc.A cornacH< 
/16/ ycpeAHeHHeM npOH3BeAeHH.A 

2 x-vt-z 0 -x0 -1 
4 sech ( ) sech 2 (--), ll (v) = y(v) IL 11 = _!_ 

ll (v) ll (v) ' d • 
~ll.A f(,\) HMeeM H3 /33/ 

... i,\p 
f(,\)=2 r _e_

_.., cosh 2p 
dp- 4,\77 

sinh A"-; 
~2-

~~ ~,_.., .... _.._......-, 



2/ a aaTeM H a
118

•141, BHa4ane npoBOAHTCJ'I HHTerpHpOBaHHe no 
,-i) H C nOMOIIlbiO /28/ HaXOAHTCJ'I 81 (X,t). noTOM Bb14HCnlleTCJ'I 
.~) no ~opMyne /29/ /a1121 3Toro He Aenanocb/. YAo6Hee no
nHTb Hao6opoT: BHa4ane nony4HTb awpalKeHHe Anll I ( q .~I x

0 
,p) 

/29/, pewHB 3aAa4y paccei!HHII Ha conHTOHe, a saTeM npoae-
ycpeAHeHHe no aceM Ha4anbHbiM ero nonolKeHHIIM x

0 
H HMnynb

p. 06ycnoaneHO 3TO, KOHe4HO, cne4H~H4eCKOH 3aBHCHMOCTbiO ~ 
(x-vt): 

~(x,tlxo,P)•4l( x-vt+xo) 
!l . /30/ 

B006~e rOBOpJ'I, 3aBHCJ'I~aJ'I OT CKOpoCTH V WHPHHa 
MeAneHHbiX V<<Co COnHTOHOB 3Ta 3aBHCHMOCTb He
,llenall a /30/ saMeHy nepeMeHHblx (x+x

0
) -e. A , 

r·fl, HMeeM C y4eTOM /30/ 
~~ !l2 -iqJ: i!l(qe--~) 

(q.~lxo,p) .. .-:.A.:.. -e 0 fdedr~(e-- r)e v • 
(2")2 v /31/ 

. e+r nepeXOAII Aanee B /31/ K ecTeCTBeHHbiM nepeMeHHbiM R- -----. 
-r • HMeeM 

JO 
41{'K) -iqs:

0 I (q.~j x 0 ,p) .. -e ffdRdp ~(p)x 
(2")2 

[ A ~fl • Qfl ~ fl 1 x exp iR(qu--;-)+lp("2+2) • 

xo !l -iqzo 
.. ~(-)-e f(q.fl)8(v-v

0
), 

!l 2"q 
~ 

V•-o q 

2 

/32/ 

8(x-x ) ocnonbsoaan~-tcb H3BecTHOH ~pMynoH 8(¢(x)) = I 1 

x8 - KopeHb ypaaHeHHII ¢(x) -o. "' aaenH 
1 l¢'(x 8 >I 

(.\)= r ~(p)exp(i,\p)dp. /33/ 

rpHpOBaHHe no p(V) H Xo CTaHOBHTCJ'I TPHBHanbHbiM! 

& -iqs:0 
~ <=fe dxo a/l(vo )f(-q!l(vo )), 

r -8E(p} -8E(v
0

) 
e dp.p'(v

0
)e 

Y4nH, 4To L ...... I. Co6Hpa11 /29/, /32/, /34/, 
HO Anll 81 (q,~) 

(q, ~) .. f..1vo>8l(v..o)r(-q !l(v )) f(q !l(v . ') e -/3E(vo > 
Z1 h2"q 0 0' 

.-:. 

/34/ 

HMeeM OKOH4a-

/35/ 

'V!I;!, 

/~~-.. 
I ,•~;f~ 
J~f' i*i, 
,-J.I''· :.) . ., . 
(~ 
;~J·il 
l'i 

,r~·\ 
'tf 

:~ 
'I 

l 
I, 

:! 

.lln11 rasa conHTOHOB 

S(q.~)-N8 S 1 (q,~). /36/ 

~H3H4eCKaJ'I BenH4HHa, ~HrypHpy~aJ'I B COOTBeTCTBy~eH aBTOKOppe
nii4HOHHOH ~YHK4HH BCeH CHCTeMbl, KaK npaaHnO /CM. HHIKe/, sanH
CbiBaeTCJ'I B BHAe 

¢(x,t)•4> 0 - ~(x,tiJro.p), ~ 0 •const. 
/37/ 

/KOHe4HO, Ha 04epeAH H H3y4eHHe AHHaMH4eCKHX xapaKTepHCTHK 
B MOAenJ'IX C y4eTOM KOppen114HH MeliCAy COnHTOHHOH H HeconHTOHHOH 
nOACHCTeMaMH, KOrAa ~0 • ~0 (x,t) I. B TaKoM cny4ae, nocKonbKy 

¢(x,t)¢(0,0)-~~-~0 [~(x,ti x
0

p) + 

+ ~(O,Ojx0 p)} + ~(x,tjx 0 p)~(O,Ojx 0
p), 

Mbl HMeeM Anll AHHaMH4eCKHX CTpyKTypHOrO ~aKTOpa 

2 -S(q.~) .. [~o -2iis,\ ·.Po Jt'>(q)8(,,.)+NsS 1(q,,,). 
/38/ 

TaKHM 06pa30M, Y4eT pacceJ'IHHJ'I Ha COnHTOHax HMeeT CBOHM cneA
CTBHeM nepepacnpeAeneHHe HHTeHCHBHOCTH 6p3rrOBCKOro nHKa 8 

KBa3HynpyryiO KOMnOHeHTy, AaBaeMyiO ~pMynaMH /35/, /36/. 
0TMeTHM B 3aKnl04eHHe 3Toro pa3Aena, 4TO H paBHOBeCHble, H 

AHHaMH4eCKHe CBOHCTBa rasa COriHTOHOB Mbl, KaK H a/3,4,8/ OnH
CbiBanH 8 npOCTpaHCTBe HMnynbCOB H KOOPAHHaT. 8 nepBOH pa6oTe, 
noc&ll~eHHOH 3TOMy aonpocy 17'.paccMaTpHaancll 11MaKcaennoacKHH 
ra3

11 
COnHTOHOB, 4TO npHBOAHnO K HeKOTOpOH HeonpeAeneHHOCTH 

B HOpMHpOBKe Z1, HO He OTpalKanOCb, Bnpo4er, Ha KOHKpeTHOM BH
Ae AHHaMH4ecKoro ~OPM~aKTopa. 

4. A. C~-tcTeMbl, onHcblaaeMble ypaaHeHHeM Sin-Gordon. Mbl npo~-tn
niOCTpHpyeM HCnOnb30BaHHe O~HX ~pMyn /29/, /33/, /35/, /36/ 
Ha npHMepe Bb14HcneHHII S(q, w) Anll ••napannenbHoro•• OTKnHKa 
CHCTeMbl, OnHCbiBaeMOro KOppenJ'14HOHHOH ~YHK4HeH <COS ¢(z,tjl

0
) 

cos¢ (0.0 I x0 )>. ConHTOHHaJ'I 4aCTb 3AeCb AaeTcJ'I cornacHo 
/16/ ycpeAHeHHeM npOH3BeAeHHJ'I 

2 x-vt-xo 2 -xo -1 1 
4 sech ( ) sech (-----) , !l (v ) ... y(v) 1-1 1-1 = -

!l (v) !l (v) ' d • 
,llmt f(.\) HMeeM H3 /33/ 

.. i.\p 
f(.\)=2 r e "2 dpa ~ 

_.,. cosh P sinh .\" -r ]•{ 

II 



~ 

4nq rrq -1 w2 -~ 
f(qA(v0))=f(-q~(v0)) .. -[sinh ],. >( v0)=(1-·-). 

p.}(vo) 2p.}(v0 ) q2c~ 
aanee, nOCKOnbKY 

/39/ 

p(v) .. Mkvy(v), E(v).E'ity(v), 
-2 

rAe Ek. 8p. , Mk .. s"c0 , a AaHHOM KOHKpeTHOM cny4ae ypaaHeHHR 
/16/ aenH4HHa A, ~HrypHpy~aR a raMHnbTOHHaHe /1.2/ ecTb 
c02(d .. c0 !w0 ·ll-~ y(v0 ) .. y0 

), TO HMeeM 

E(v0 ) = Ekyo • p'~v0 ) .. ~ y:. /40/ 

HaKoHel.\, Z 1 

2L z1. -·f 
h 

H3 /29/ AaeTCR ~OpMynOH 

-f3E(p) d 4LE'k K (aEo ) 
e P•· 1~-'k• 

ccJ.t 
rAe K1 ~) - yme ynoMHHaawaRCR a~we ~YHKL\HR MaKAOHanbAa. 
paR /J9/-/41/, HMeeM AnR S1(q,w) /35/ B~pameHHe 

S1(q,w) .. ~ 
L~t2co" q 

[ 
-!9..... -f3roE~ 
2~tYo , 12 ...;e __ _ 

0 h nq K1 (f3Ek) sm ...-
2 

, 
llYo anR S(q,w) HMeeM no /36/ 

-· ...,!!.L. -f3roE'k 
S( ) 16n8 Yo { 2~tYo .12 e . 

Q.w "' ~ ., 
1'

2 0 o"q sinh -.!!... K1(f3Ek) 

/41/ 

Co6H-

/42/ 

/43/ 

2~tYo 
rAe ns AaeTCJII ~OpMynOH /23/. B 11 HepenJiTHBHCTCKOM11 npeAene 
Yo .::1 + w 2 /2q2 c~ ; H, npeAnonaraR, 4TO f3 Ek» 1, Mbl Mo-
meM aocnonb30BaTbCR acHMnTOTHKOH K;(z) /eM. /20 //; ~OPMyna 
/43/ nepexOAHT a pe3ynbTaT HHKewKH 13!TaK me HecnomHo pacc4H
T~BaiOTCR H APYrHe ~yHKL\HH OTKnHKa. i 

3aMeTHM, 4TO npH npaKTH4eCKOM HCnOnb30BaHHH ~pMyn THna /43/ 
AnR aHanH3a 3KcnepHMeHTanbHblx AaHHbiX Heo6XOAHMO 4eTKO ~HKCHpo
saTb B~6op CHCTeM~ eAHHHL\. 3TO MOmeT H3MeHHTb 4HCneHH~H K03~
~HL\HeHT a /43/ /eM., HanpHMep, 1151 /. HaM npeACTaBnReTcR, 4TO 
HapRAY C yme 3KCnepHMeHTanbHO HCCneAOBaHH~MH CHCTeMaMH CsNiF 3 
H (TMMC) (CH3) 4 NMnC13 , rAe c 6onbWOH aepoRTHOCTbiO BbiAeneH 
BKnaA COnHTOHHOH MOA~ B HHTeHCHBHOCTb KBa3Hynpyroro pacceRHHR, 
K nOA06HOrO POAa KBa3HOAHOMepHbiM CHCTeMaM MOmHO OTHeCTH H KpH
CTann RbFeC13 /ero napaMeTp~ J , A npHBeAeHbl a 1161 I. 

6. Ksa3HOAHOMepHbiH H30TponHbiH reH3eH6eproscKHH MarHeTHK 117~ 
MomHo noKa3aTb, 4TO wpeAHHreposcKaR aMnnHTYAa H30TponHoro reH-
3eH6eproscKoro MarHeTHKa c S~l YAOBneTsopReT ypaaHeHHIO /4/. 
Bblwe 6blno nony4eHo ypasHeHHe /33/ AnR wpeAHHreposcKHX aMnnHTYA 
¢(x,t) H noKa3aHo, 4TO a xopoweM npH6nHmeHHH 3HeprHR conHTOHa 

12 

• 

AaeTC.A 11Hepen.ATHBHCTCKOH 11 ~PMYnOH 
p2 m v2 

E .. ( + -·• ( + -=t.;_., 8 2m8 2 

8ocnonb30BaBWHCb B~pa*eHHeM /9/ An.l'l 80nH080H ~YHKL\HH CHCTE 
HMeeM AnR K8aHTOBOMeXaHH48CKOrO CP8AHero npOeKL\HH CnHHa 8 
ne J Ha ocb z 8~pa•eHHe 

<fb(t)IS~ lfb(t)> =-B-I¢J(t)l 2 
.. S-·l¢(x,t)1 2 • 

• S -.£2 ~cosh2 ( x -vt - xo, H -.1 

~ 

I 

3aMeTHM, 4TO K 11 HepenRTH8HCTCKOH 11 ~pMyne An.l'l E H 3a8HCHM 
CTH TOH HnH HHOH xapaKTepHCTHKH CHCTeM~ 8HAa /4~/ M~ npHXO 
80 MHOrHX MOAen.AX, C80AHM~X 8 KOHTHHyanbHOM npeAene K ypa8 
HHIO (83). 3Aecb, K co•aneHHIO, He pa3pa6oTaH 80npoc ~eHoMeH 
rH4eCKOrO y4eTa nepeHOpMHp08KH f 3~eKTaMH 83aHMOAeHCT8H.I'I 
c ~HOHaMH. MeTOA TpaHc~ep-MaTPHL\~ 3AeCb He pa6oTaeT. no 3 
npH4HHe 6onee HnH MeHee onpaBAaHH~M RBn.AeTCJ'I HCnOnb30BaHH8 
B 

11
HyneBOM

11 
npH6nH*8HHH C 3~eKTHBHbiM raMHnbTOHHaHOM /21/, 

Ho cnoco6 pac4eTa ~(q,w), H3no•eHHbiH 8 pa3Aene, anonHe np 
HHM. 8 AaHHOM KOHKpeTHOM cny4ae HaC HHTepecyeT aBTOKOppenR 
1..\HOHHaJ'I ~YHKL\H.I'I 

rAe 

<l¢(x,t)1 2 14>(0,0)1
2
>, 

2 x-vt -x 0 -1 
«<l(x,t!x 0 ).[2~ch -,.r--·1 

1 
ycpeAHeHHe no ~a3e 80 (:~ f;'I d80 < ... > •l) , nocKonbKy 

ypaBHeHH.I'I BXOAJ'IT no MOAYniO . no /33/ HMeeM AnR f(~ 
·>. 

1 e
1 

P 1 >. 
f(A)•- ( -·dA- ~.--!-.; 

2~ ch2p ~ sh ~. 

f(q~)•f(-q~)= rrq 
nq~ 

sinh-

aanee, 
2 

2 

ms w 2 
E(v0 ) .. E + -(-), p'(v0 )=m

8
, 

2 q 

z1 3A8Cb AaeTCR npOCTO~ ~OpMynoH: 
p2 

Z 2L ( - f3(E+~m> d 2L (2 n )~ -{3£ 
1 '"' - e s p • - rrm 8 u e • 

h h 

peweHH.I'I 

JL 

/4 

/4 



477Q . ITQ -1 w2 -~ 
f(q~v0))=f(-q6.(v0))= -[smh ],. }'( v

0
)=(1-·-). 

~L><vo> 2~o~}'(v0 ) q2c~ 
Aanee, nocKonbKY 

1391 

p(v) .. Mkvy(v), E(v).E'ity(v), 
-2 

rAe Ek-81L , Mk .. s1Lc0 , a AaHHOM KOHKpeTHOM cny4ae ypaaHeHHR 
1161 aenH4HHa A, ~HrypHpy~aR a raMHnbTOHHaHe 11.21 eCTb 
c02 (d= c0 /w 0 -IL-~ y(v0 ) .. y

0 
), To HMeeM 

E(v0 ) = Ekyo , p'~v0 ) .. ~ y:. 1401 

HaKoHel.l, Z 1 

2L z1. -·r 
h 

H3 1291 AaeTCR ~opMynoH 

e -~E(p) dp = !!-.!l_K
1 
(~Ek ), 

cfP 
rAe K1 (k) - yme ynoMHHaawaRCR a~we ~YHKLIHR MaKAOHanbAa. 
paR lj9l-1411, HMeeM AnR S1(q,w) 1351 B~pameHHe 

S 1(q,w)=~ Lll2co" q 

_a_. -~yoEk 
21lYo 12 _e ___ _ 

[ 

sinh 
2

77Q . 
llYo AnR S(q,w) HMeeM no 1361 

K1 (~Ek) 

...!!L_. _i:lyoEok 
1 -· 2 2 ,., 

S(q,w)= :n8 Yo [ ILYo ] _,e __ _ 

ll co"q sinh-.!!.. K1(~Ek) 

1411 

Co6H-

1421 

1431 
21LYo 

rAe ii 8 AaeTCR ~opMynoH 1231. B 11Hepen.FiTHBHCTCKOM11 npeAene 
y0 ::1 + w 2 I 2q2 c~ ; H, npeAnonaraR, 4To ~ Ek» 1, Mbl MO-

meM socnonbsosaTbCR acHMnTOTHKOH K1(z) lcM. 120 II; ~opMyna 
1431 nepexOAHT a pesynbTaT MHKeWKH 113!TaK me HecnomHo pacc4H
Twsa~TCR H APYrHe ~YHKI.IHH OTKnHKa. 

3aMeTHM, 4TO np11 npaKTH4eCKOM HCnOnb30BaHHH ~pMyn THna 1431 
AnR aHan113a aKcnepHMeHTanbH~x AaHHbiX Heo6xOAHMO 4eTKO ~HKCHpo
BaTb Bb160p CHCTeMbl eAHHHI.I. 3TO MOmeT H3MeHHTb 4HCneHHbiH K03~
~HI.IHeHT s 1431 lcM., HanpHMep, 11511. HaM npeACTaBnReTcR, 4TO 
HapRAY C yme 3KCnepHMeHTanbHO HCCneAOBaHH~MH CHCTeMaMH CsNiF 3 
11 (TMMC) (CH3) 4 NMnC13 , rAe c 6onbWOH aepoRTHOCTb~ B~AeneH 
BKnaA COnHTOHHOH MOA~ B HHTeHCHBHOCTb KBa3Hynpyroro pacCeRHHR, 
K nOA06Horo POAa KBa3HOAHOMepHbiM CHCTeMaM MOmHO OTHeCTH H KpH
CTann RbFeC1 3 lero napaMeTpw J , A npHBeAeHbl a 1161 I. 

6. Ksa3HOAHOMepHwH H30TponHbiH reH3eH6eproacKHH MarHeTHK 117\ 
MomHo noKa3aTb, 4To wpeAHHreposcKaR aMnnHTYAa H30TponHoro reH-
3eH6eproscKoro MarHeTHKa c S~l YAOBneTaopReT ypaBHeHH~ 141. 
Bwwe 6wno nony4eHo ypaBHeHHe 1331 AnR wpeAHHrepoBCKHX aMnnHTYA 
¢(x,t) 11 noKasaHo, 4TO B xopoweM npH6nHmeHHH 3HeprHR conHTOHa 

12 

•· 

AaeTCR 11 HepenRTHBHCTCKOH11 ~PMynoH 
· p2 m v2 

E 8 • t + -·• t + ..=t.:... .• 
2m1 2 

8ocnonb30BaBWHCb BWpameHHeM 191 AnR BOnHOBOH ~YHKI.IHH CHCTeMbl, 
HMeeM AnR KBaHTOBOMeXaHH48CKOrO cpeAHero npOeKI.IHH CnHHa B ys
ne j Ha OCb Z B~paNeHHe 

<.P(t)IS~ I.P(t)> .. S-Icf>J(t)l 2 ... 8-·lcf>(x,t)1 2 • 

·S-.[2L\cosh2 ( x-vt-xo, H-.1 
L\ 

1441 

3aMeTHM, 4To K 11HepenRTHBHCTCKOH11 ~pMyne AnR E H saaHCHMo
CTH TOH HnH HHOH xap~KTepHCTHKH CHCTeM~ BHAa 14~1 MW npHXOAHM 
BO MHOrHX MOAenRX, CBOAHM~X B KOHTHHyanbHOM npeAene K ypaaHe
HHO (83). 3AeCb, K CONaneHHO, He pa3pa6oTaH aonpoc ~HOMeHono
rH4eCKOrO y4eTa nepeHOPMHPOBKH E 3~eKTaMH B3aHMOAeHCTBHR 
c ~HOHaMH. MeTOA TpaHc~ep-MaTPHLI~ 3AeCb He pa6oTaeT. no 3TOH 
npH4HHe 6onee HnH MeHee onpa&AaHH~M RBnReTCR HCnOnb30BaHHe ii~ 
B 

11
HyneBOM11 npH6nHmeHHH C 3~eKTHBHWM raMHnbTOHHaHOM 1211. 

Ho cnoco6 pac4eTa ~(q,w), H3noNeHHbiH a pasAene, enonHe npHMe
HHM. 8 AaHHOM KOHKpeTHOM cny4ae HaC HHTepecyeT a&TOKOppenR
I.IHOHHaR ~YHKI.IHR 

rAe 

<lcf>(x,t) 12 1 c/>(0,0)1
2

> , 

2 x-vt-x 0 -1 
~(x,tlx 0 ).[2 L\ch -;-----· 1 

1 • 
ycpeAHeHHe no ~ase 00 (lll 2;J d00 < ••• > •l) , nocKonbKy peweHHR 

ypaBHeHHR BXOART no MOAYnO • no 1331 HMeeM AnR f(~ 
.A 

1 e
1 

P 1 A t(A).- r --d,\- ~.--!-.; 
26. ch2p 6. sh ~. 

2 
f(q6.).f(-q6.)= rrq 

. h 77Q6. 
sm -· 

1451 

Aanee, 
2 

ms w 2 
E(v0 ). E + ~(-), p'(v

0
).m

8
, 

2 q 1461 

zl ~3AeCb AaeTCR npocTO~ ~OpMynoH: 
p2 

Z 2t. r -~<E+2m> d 2L (2 o>~ -~( 
1 =- e s p ... - 77111

8 
e . 

h h 1471 

13 



Bb1paiKeHio1R /45/-/47/ AaiOT AllR S
1

(q,())) 

~. -~..!1.(~)2 
ms -2 2 e 2 q 

S1(q,()))=-( ) '• 
"q sinh~. L(2171118)~ 

2 

/48/ 

a S(q,())) no /36/ lo1MeeT a1o1A 
ms ()) 2 17Qd -~-(-) 

- - 2ms 2 2 e 2 q 
S(q,()))•NsSt(q,()))•Da-( ) ~ 

"q . h "qd (217m 8) 
BID 2' 8 

/49/ 

aeCbMa HanOMio1Ha~lo1H 

W1o1p1o1Ha Kaa31o1ynpyro.:1 

88 ~ ~:,q(m-) 

11
HepeJ1RTio1alo1CTCKio1H 11 npeAell <I>OPMYllbl /43/. 

KOMnOHeHTbl 3AeCb, KaK lo1 a 80, no 3Heprlo11o1 

8 
np1o1 aOJlHOBbiX BeKTOpax q,.S: 4/!7d. 3HepreTio14ecKaR 

Wlo1Pio1Ha Kaa31o1ynpyro.:1 KOMnOHeHTbl, TaKio1M 06pa30M,-J8, lo1HTerpaJ1b
HaR lo1HTeHCio1aHOCTb 8 1(q) • f8 1(q, ()) )d()) 3KCnOHeHL41o1aJlbHO 3aalo1-
Cio1T OT T 1o1 MarHio1THOrO nOJlR 8 /3TO CaR3aHO C 11HyJ1eao.:1 11 an
npOKCio1Mal41o1eH AllR ns; Halo16onee lo1HTeHCio1aHoe pacceRHio1e npOio1CXo
Aio1T np1o1 MallbiX nepeAa4ax lo1Mnynbca/. 

CornacHo
1

1
6

/ cy~ecTayeT OAHOMepHaR $eppoMarHio1THaR CTPYKTypa, 
aAeKaaTHO Onlo1CblaaeMa~ raMio1JlbTOHio1aHOM re.:13eH6epra c S-1: Kplo1-
CTaJ1J1 ((CH3 ) 4N] (NiCI3 ] a lo1HTepaane TeMnepaTyp 1 ,6 K <T<79K/!/. 
"noArOH04HbiM

11 
napaMeTpOM a lo1HTepnpeTal4"""" 3Kcneplo1MeHTQ/ no pac

ceRHI-110 HeHTPOHOa RaJlReTCR Helo13aeCTHbiH napaMeTp J 1 =- j~1 a > 0; 

ace ocTaJlbHble napaMeTpbl np1o1aeAeHbl a /16/ X o 

B. 0AHOMepHbiH aHio130TponHbiH $eppoMarHeTio1K T1o1na "nerKaR ocb". 
06CYAI-1M Alo1HaMio1KY OAHOMepHbiX MarHeTio1KOB C aHio130TpOnlo1eH Tlo1na 
11
nerKaR 0Cb

11
, CBOHCTBa KOTOpbiX M0Aelllo1PYIOTCR CJ1eAYIO~Io1M ypaBHe

Hio1eM: 

~ ... ~ ...... 
hSt .. J[S xS (( ]+ A[S xit ] ·(S.n), 

/50/ 

n - eAio1Hio14HbiH BeKTOp BAOJlb OCI-1, J - 06MeHHbiH lo1HTerpaJ1 (J > 0), 
A - KOHCTaHTa aHio130TpOnlo11o1 (A>O). Mbl He Y41o1Tb1BaeM B3alo1MOAeHCT

Bio1e C KOJ1e6aHio1RMio1 peweTKI-1 /XOTR 3TO lo1 MOIKHO CAeJlaTb/, 8 3TOM 
CMbiCJle 4aCTio1l4enOA06Hble B036YIKAeHio1R, Onlo1Cb1BaeMble COJ11o1TOHHb1Mio1 
peweHio1RMio1 ypaBHeHio1R /50/, RBJlRIOTCR 11 41o1CTO MarHio1THb1Mio1 11 COJ11o1TO
HaMio1, PaCC41o1TaeM lo1X BKJlaA B AI-1HaMio14eCKio1H CTpyKTYPHbiH $aKTOp 
$eppoMarHeTio1Ka. 

8bl61o1paR 3a OCb Oz OCb aHio130Tf,Onlo11o1 n, MOIKHO 3anlo1CaTb 0AHO
COJ11o1TOHHOe peweHio1e /50/ a Blo1Ae 11 1: 

z sinh 2 !!....,+ sin 2~ 
S ce-,t) .S[ 1-2 2~vt-xo·-=l&"---2-n-]. 

cosh +Sinh -
& no 

/51/ 

14 
• 

111•-H[-··-··-~-

3AeCb lo1HTerpanbl ABio11KeHio1R n lo1 p TpaKTYIOTCR KaK 41o1CJ10 MarH• 
CBR3aHHbiX B COJ11o1TOHHOH BOJ1He (n>l), 1o1 Kaa31o11o1MnyJ1bC 3TOH 
Hbl COOTBeTCTBeHHO, 

p • 
0 

2"fiS _._,..._:, 
ao 

J 
n0 • 48 v' :\" 

- Bin2 77P. 
-1 -1 A n 2PO 

h = a0 v'-- tan h-.[1 + --L 
n J no . 2 n 

smh --· 
no 

a 0 - nocTORHHaR peweTKI-1, p 0 - npeAellbHbiH 1-1Mnynbc 
3HeprHR BOJ1Hbl /51/ AaeTCR <I>OPMYllOH 

2 sin2~ 
4JS a 0 -· n 2 2po 

E (p,n) .. • 4 v' AJ tanh [-S (1 + - )] .. 
A 0

0 sinh2!l... 
no 

2 -· 
en • 48 v' AJ tanh n/n 

0
, 

ss2h2 2 P" 
.. c + ---·sin --, 

n a2m* 2po 0 n 

n...m* 2n 
m* = -II.:::.IL sin h - , 

n 2 no 
1'12 

m* = 
o 2SJa~ 

( -P0 .5 P 5 

/: 

Halllo1L40 cy~ecTaeHHO Helllo1He.:1HaR CBR3b E "" p. Clo1cTeMa, onlo1Cb1E 
MaR raMHJ1bTOHio1aHOM /50/, RBJlReTCR nOJlHOCTbiO lo1HTerplo1pyeMOH, 
"" pa3AeneHio1e Ha 

11
Kio1HeTio14ecKyl011 

"" "noTeHL41o1aJ1bHY10 11 3Heprlo110 s 
MOIKHO B nepeMeHHbiX AeHCTBio1e-yron. 

np1o1 MaJlbiX P ( !P~ «p o ) 

m* v 
E (p,n) ,. c + -...!!!._ , 

n 2 4)o:m~v. 15 

lo1 ffi~ MOIKHO TpaKTOBaTb KaK Macey CBR3aHHOrO COCTOAH1o1R 0 M. 
HOHOB C MaCCOH m0 ,.fl 2 /2JSa~ . 3aMeTio1M, 4TO, aHaJllo13!:!_PYR I 

aeAeHio1e /51/, MOIKHO 3aKnl041o1Tb, 4To np1o1 n»n
0 

hn .. aov--- J n 
_ - A n

0 a np1o1 n..s: n0 An =An , rAe A n - 111-1CTio1HHaR" Wlo1Pio1Ha MarHio1TH< 
COJ11o1TOHa. 811

9
/ 6biJ1 paCC41o1TaH S(q,())) nplo1 IPI«Po . noAXOA, npE 

IKeHHbiH BbiWe, n03BOJ1ReT CHRTb 3TO orpaHio14eHio1e. 
B AaHHOM cny4ae 

1.\p d 
r-~-..... e __ _ 

sinh2 !.+ cosh 2p 
" no 

f(>.) = 2S(sin W!!.. + sin2 !!2..) 
no 2po 

/55 
. 2 n . 2 "P Bffillt;72 >. 2n ] = 4S[smh -+Bm 2-l--r--·sin[

2
arcch-·, 0

o Po sinh nino 0 o 



BblpalKeHHR /45/-/47/ AaiOT AllR S1(q,I'U) 
~. -{3.!!!.J..(()) ,2 

m --y- 2 e 2 q 
Sl(q,I'U)=...-!.( ) ., 

17 q sinh~. L(277m 0)~ 
2 

a S(Q,I'U) no /36/ HMeeT BHA ms I'U 2 
77Q~ -{3-(-) 

- _ 2m 8 2 2 e 2 q 
S(q,I'U)•N 8 S 1(q,I'U) .. fis-( tl) ~ 

17 q sinh~ (277ms 0) 2 . 

/48/ 

/49/ 

aeCbMa HanOMHHaiO\IIHH 11 HepeJ1RTHBHCTCKHH 11 npeAeJl <llopMyJlbl /43/. 
WHPHHa KBa3Hynpyroi1 KOMnOHeHTbl 3AeCb 0 KaK H B SQ, no 3HeprHH 

~:,Q(~)~ np11 BOJlHOBbiX BeKTOpax Q.$4/77~• 3HepreTH4eCKaR 
8 -· HPHHa KBa3Hynpyroi1 KOMnOHeHTbl, TaKHM 06pa30M,-J0, HHTerpaJlb-

aR HHTeHCHBHOCTb S1(Q)• (S 1(q,()))d()) 3KcnoHeH~HaJ1bHO 3aai1-
HT oT T 11 MarHHTHoro nonR B /3TO CBR3aHo c 11Hyneaoi1 11 an
poKCHMa~Hei1 AllR n8 ; HaH6onee HHTeHCHBHoe pacceRHHe npol1cxo
HT np11 MallbiX nepeAa4ax HMnynbca/. 

CornaCH0/16/ CyllleCTByeT OAHOMepHaR $eppoMarHHTHaR CTPYKTypa, 
AeKBaTHO OnHCbiBaeMaR raMHJlbTOHHaHOM rei13eH6epra C S.t: Kpi1-
TaJ1J1 [(CH3 ) 4 N][NiCI3 ]a HHTepaane TeMnepaTyp 1,6 K<T<79K/!/. 

•noArOH04HbiM 11 napaMeTpoM a HHTepnpeTa~HH 3Kcnepi1MeHTQf no pac
eRHHIO HeHTPOHOB RBJ1ReTCR HeH3BeCTHbiH napaMeTp J 1 =- 2:,._., a > 0; 

1161 ax 0 

ce ocTaJlbHble napaMeTpbl npHBeAeHbl a 

B. 0AHOMepHbli1 aH1130TponHbli1 e~>eppoMarHeTHK THna "nerKaR ocb". 
6CYAHM AHHaMHKY OAHOMepHbiX MarHeTHKOB C aHH30TpOnHeH THna 

erKaR 0Cb 11
, CBOHCTBa KOTOpbiX MOAellHPYIOTCR CJleAYIOUIHM ypaaHe

eM: 
... ... ... .......... 

hSt .. J[SxSU ]+ A[Sxit ].(S·n), /50/ 

- eAHHH4HbiH BeKTOP BAOilb OCH, J - 06MeHHbiH HHTerpaJl (J > 0), 
- KOHCTaHTa aHH30TpOnHH (A>O). Mbl He Y4HTbiBaeM B3aHMOAeHCT-

e c Kone6aHHRMH peweTKH /XOTR 3TO H MOlKHO CAenaTb/. B 3TOM 
biCJle 4aCTH~enOA06Hble B036YIKAeHHR, OnHCbiBaeMble COJlHTOHHbiMH 
WeHHRMH ypaBHeHHR /50/, RB11RIOTCR 114HCTO MarHHTHbiMH 11 COJlHTO
MH. PaCC4HTaeM HX BKJlaA B A11HaMI14eCKHH CTpyKTypHbiH $aKTOp 
ppoMarHeTHKa. 

Bb16HpaR 3a OCb Oz OCb aHH30Tf,OnHH n, MOlKHO 3ani1CaTb OAHO
JlHTOHHOe peweHHe /50/ B BHAe11 1: 

z sinh 2 !!...,+ sin 2i'en 
s <e.t>-srt-2 ~.o....--~--1. 

cosh2!-,vt-xo +Binh22:_ 
lln n0 

~ 

/51/ 

3AeCb HHTerpaJlbl ABHlKeHHR n H p TpaKTYIOTCR KaK 4HCJ10 MarHOHOB, 
CBR3aHH~X B COJ111TOHHOH BOJ1He (n>l), H KBa3HHMnyllbC 3TOH BOJl
Hbl COOTBeTCTBeHHO, 

277118 Po • _.._....._:, 
ao 

no·4Syl.. A' 

-1 -1 A n [ 
~ =a J-.. tanh-, 1 + n o J n

0 

sin
2 it;· 

--·-;..;P-.J. 
sinh2 _n_, 

no 

/52/ 

a 0 - noCTORHHaR peweTKH, Po - npeAellbHbiH HMnyJlbC ( -p
0

$ P .SP 
0

). 
3HeprHR BOJ1Hbl /51/ AaeTCR <lloPMYilOH 

sin2 !R. 
4Js2ao -· n 2 2po 

E (p,n) = • 4 v' AJ tanh [-S (1 + - )} • 
~ no 

sinh2 .!!... 
no 

sffh2 . 2 P" 
= E + ----·SID --... 

n a2m* 2p 0 

2 -· 
c n • 48 v AJ tan h n/n 0 • 

0 n 

n...m* 2n 
m* = -ll.::<l. sin h - • 

n 2 no 

1'12 

m*o= 2SJ a~ 

/53/ 

Ha1111~o CYllleCTBeHHo He11HHei1HaR CBR3b E H p. CHcTeMa, onHCblaae
MaR raMHJlbTOHHaHOM /50/, RBJ1ReTCR nOJlHOCTb~ HHTerpl1pyeMOH

0 

H pa3AeJ1eHHe Ha 11 KHHeTI14eCKyl011 H 11nOTeH~HaJ1bHYI011 3HeprHIO 803-
MOIKHO B nepeMeHHbiX Aei1CTBI1e-yron. 

npH MaJlbiX P ( !P~ «p O ) 

m* v 
E (p,n) = c + -.....!!!...- ·, 

n 2 p .. m~v. /54/ 

H mt MOlKHO TpaKTOBaTb KaK Macey CBR3aHHOrO COCTORHHR D Mar
HOHOB C MaCCOH mo= fi 2 /2JSa~ . 3aMeTHM, 4TO, aHaJ1113HPYR no

- r n BeAeHHe /51/, MOlKHO 3aKJ1104HTb 0 4TO np11 n»n 0 .1
0
:raoJ--, 

_ - A n
0 

a np11 n.$n 0 .10 :r~n, rAe ~ n- 11 HCTHHHaR 11 WHPHHa MarHHTHOrO 
COJlHTOHa. e/19/ 6biJ1 paCC4HTaH S(q,())) npH IP I«P 0 • noAXOA. npeAJlo
lKeHHbiH BbiWe, n038011ReT CHRTb 3TO orpaHH4eHHe. 

B AaHHOM cny4ae 

f(A) = 2S{sinh
2 .!. + sin2!E..) 

no 2Po 

i,\p d 
r--2-~ 

Bin h2 ,!.+ COB h2p 

" no 
2 n . 277P] iiiiht;72 . A 2n ] = 4S(Isinll -+sm -· --·sm[2 arcch-·, 

' no 2Po sinh 2ntn0 no 

/55/ 

IS 



.., 

npHI.IeM E H 11 AaiOTCJI /52/, /54/: 

2 m* f(q/l(v0))•f(-qll(v
0

)) •·hS(sinll .!..,+ s1n2 77 n "' ); 
. no 2poq 

....... s1n2 ( 77mp cu , ) 
A-1 _1 A -1 n [ 2J;0q 1 • 
un<vo)•vy•otanbn 1+- ~· p(vo)•m:: 

0 sinh2 !. 
no /56/ 

2 m* 77cu 
sin R , , • 

. ...e or. n 2poq 
E(v0)-~ Vl'W (tanh-·+2 ] • 

Do sinh2 .!!... 
no 

ss\2 2 77mricu 
•£ +-sin-8 ~m~ 2poq 

B AaHHOM cny1.1ae Z1 BWI.IHCnReTCR TOI.IHO: Ael1cTBHTenbHO 
ss~2 77 

Q. Po -/3 ~ siJ !U!. • 
Z 1 .~-e-,... 8 ( e 11\i&D 2POdp, 

b 
-Po 

1571 

111, nOCKOnbKY 
Po -a stJ.!!l?. 4Po 77/2 -astn2x - t a 
f e 2P0 dp• - ( e ilx .2p0e 10(2), 

77 0 -Po 
MMeeM Anll Z1 cneAy~ee awpameHHe: 

L - 112 ...2 41Jtrb2 

z1 • L~0exp[-4fJ(v AJth!.+ =::r):s ]10( --;;-:r-)-
h no mriao mnao 

!58! 

Co6HpaR /56/ H /58/, MMeeM nocne HeKoTopwx npeo6pasoaaHMH AnR 
St(q, cu ): 

-1 J 
S1(Q,cu)•A v

A 

2n . 
~ a2 sinh -0 2 !:2.:.2.,_( _ _..!!.Q._) X 

4 77Lq · . q ll(vQ) 
smb · 

77mh cu 
exp [ -a silt! -,ppQ 

x--
a a 

exp(-·'2) Io<y> 

) 
2 

SfJ s~2 
a •. ,-~-, 

m~a 0 

H AJlA 

S(q,w) 

16 

• 

-a sl~ .!.~n~ 
-~;;;JL-- 2 e 2p cfl 

) -
e-a/21 --;

o (2) 

/59/ 

• /60/ 

3AeCb Q~ AaeTCR HyneBWM npH6nHmeHHeM /MW C CaMoro Hal.lana 
HCKniOI.IHnH ~HOHHYIO noACHCTeMy/. EcnH npeAnono*HTb, I.ITO 
77CU mri «2p0q H &» 1, MW npHXOAHM K HHTeHCHBHOCTH KBa3H; 

s2..;TJ pyrOH KOMnOHeHTW raycCOBCKOrO THna. nocKOnbKy &•8{3-----,: 
sb.!!.. . . no 03Hal.laeT, I.ITO n,S: n0 , H AnA 11MaCCHBHWX11 COnHTOHOB 3TOrO AE 

Henb3A: HanH~O CHTya~HA, BeCbMa ,OTnHI.IHaA OT paso6paHHOH a' 

fli1TEPATYPA 

1. Scott A.C., Chu E.Y.F., Mclanghlon D.W. Proc. CEEE, 
vol.61, p.1443-1483. 

2. Makhankov V.G. Phys.Rep., 1978, vol.35, 1, p.1-128. 
3. Bishop A.R., Krumhansl L.A., Trullinger S.E. Physica, 

1980, 01, p.1-44. 
4. Currie I.F. et al. Phys.Rev.B, 1980, vol.22, No.2, 

p.477-496. 
5. XHnn T. CTaTHCTHI.IecKaR MexaHHKa. 11n, H., 1960. 
6. Schneider T., Stoll E. Phys.Rev., 1980, B22, No.11, 

p.5317-5338. 
7. Krumhansl I.A., Schrieffer I.R. Phys.Rev.B, 1975, 11, 

p.3535. 
8. TR6nHKoa C.B., ~eAAHHH B.K. ~MM, 1967, T.23, ~2. 
9. ~eARHHH B.K. B c6.: CTaTHCTHI.IecKaR ~H3HKa H KBaHToaaR 

TeopHA nonA. ~H3MaTrH3, H., 1973, c.241-260. 
10. To&6HH IO.K., ~eARHHH B.K. ~TT, 1980, T.22, 66, c.1599 
11. Gupta N., Sutherland B. Phys.Rev., 1976, A15, p.1790. 
12. Kawasaki K. Progr.Theor.Phys., 1976, 55, p.2029. 
13. Mikeska A. I. J.Phys., 1978, C11, p.L29. 
14. ~eARHHH B.K., ~aHx~ B.~. 011RI1, P17-12896, Ay6Ha, 19; 
15. Timonen J., Bulough R •. Phys.Lett., 1981, voi.82A, 4, 

p.183. 
16. Steiner H., Villain J., Windsor C.C. Adv.Phys., 1976, 

vol.25, No.2, p.87-209. 
17. ~eARHHH B.K, ~aHxal1 B.~. Phys.Lett, 1981, voi.85A, 

p.100. 
18. Koce&HI.I A.M.~ 11aaHoa B.A., Koaanea A.C. & KH.: HenHHei1H 

aonHbl. 11HayKa'', H., 1979, c.45-61. 
19. ~eARHHH B.K., ~waHxal1 B.~. ~HT, 1981, T.7, ~2, c.176. 

PyKOnHcb nocTynHna 
8 anpenR 

B H3AaTenbCKHH OTAen 
1982 roAa. 



npH4eM E H A AaiOTC.R /52/, /54/: 

f(qA(v
0
))-f(-qA(v

0
)) •·4rrS(sinh2 .!!..,+ sin2 ITmp w ); 

. no ~ q 
* 0 _ sin2( rrm1 w,) 

-1 A -1 n 2P q 
An (v0 )• v7 a 0 tanh"ii [1 + -P L p'(v0)·m~; 

0 sinh2 .!!.. 
no 

2 m* IT{!) 
sin .11--• 

. ..2 -n n 2PoQ 
E(v0)-~ ytW [tanh-·+2 1. 

no sinh 2 .!!.... 
no 

ss\2 . 2 rr~w 
•E +-Bln-

n ~m~ 2poq 

8 AaHHOM Cfly4ae Zl B~4HCfl.ReTCR T04HO: AeHCTBHTeflbHO 
ss2tt2 

IT 
t:J. Po -/3 ~'siJ .!,R., 

Z 2L -,_..n ( Db an 2Po dp 
1 ---e e , 

h 
-Po 

H, nOCKOflbKY 
Po -a stn2.!!l?.. 4Po rr/2 -astn2x - t a 
( e 2Po dp• - ( e iix .2p0e 10(2), 

IT 0 -Po 

HMeeM AflR Z1 cneAy~ee a~pa*eHHe: 

L - 112 ..2 4/3~h 2 
Z 1 • !.~p0 exp[ -4tJ(v AJ th.!!..+ ::;::r)~::~· 1 10( --;;"':!'-). 

h no m~a 0 mnao 

/56/ 

/57/ 

!58! 

Co6Hpa.R /56/ H /58/, HMeeM nocne HeKoTop~x npeo6pa3o&aHHH AflR 
S1(Q,w): 

_ 1 J ~ a2 sinh~, 2 S1(Q,w) .. A J- -!J2..:2-(- ) x 
A 41TLq . q A(vQ) 

smh , 
ITm* w 

exp [ -a sirf! --$pc, 
x--· • 

a a 
exp (- 2)1o( y) 

StJ s\2 
a---~-, 

m~a 0 

-) 

H Al1R 

S(q,w) 

16 

2n a2 sh 0 -1 J 1\) 0 <-- A(Q) 
= ns A v A "2;q- sb L.!2... 

2 

• 

!> ITm*w 
-asilr-~ 

2P<f1 
2 e 

) -----
e-a/210 ( ; ) 

/59/ 

• /60/ 

3AeCb ii~ 
HCKfl104HflH 

AaeTCR Hynes~M npH6nH*eHHeM /M~ c caMoro Ha4ana 
~HOHHYIO nOACHCTeMy/. EcnH npeAnono*HTb, 4TO 

ITw m~ «2p0q H &>>1, M~ npHXOAHM K HHTeHCHBHOCTH KBa3Hyn-

82.JAJ pyrOH KOMnOHeHT~ rayccOBCKOrO THna. nocKOflbKY &•StJ----, 3TO 
sb.!!.. · no 03Ha4aeT, 4TO nsn0 , H Afl.R 11MaCCHBHbiX11 COflHTOHOB 3TOrO AenaTb 

Heflb3R: HanH~O CHTYa4HR, BeCbMa ,0TflH4Ha.R OT pa3o6paHHOH a 1 19~ 
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