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Po~AeH~e ~ yH~YTo~eH~e con~TOHOB B.Hen~He~H~x ~Hrerp~pye
MbiX c~creMax RBnRertR, nomariy~, . tia~oonee Heo~~AaHHhiM !flaKTOM · 
B Teop~~ 3T~X C~CTeM, ~ 'faK AOCTaTOYHO 6oraTO~ pa3HbiM~I HeO~~
AaHHOCTRM~. XorR po~AeH~e •~ yH~YTo~eH~e con~roHos·RBnReTCR oA
H~M ~~ Ha~oonee p~cnpocrpaHeHH~~ npo4~ccos·.B np~~OAe,'Ao ·caMo
ro HeAaBHero speMeH~ KaJanocb ~ YTO B Hen~He~HbiX ~Hrerp~pyeMbiX 
c~creMax o6Hapym~Tb ~To RBneH~e BPRA n~ YAacrcR, r. e •. Hen~He~- · 
Hble ~Hrerp~pyeMble c~creMbl He Moryr on~CbiBaTb TaK~e npo4eccb1. 
Ce~YaC CTano. RCHO, YTO 3TO .He TaK, ~ Hen~He~Hble ~HTerp~pyeMble 
c~creMbl npeKpacHo noAXOA5lT AnR 3TO~ Lien~. , ·· · , 

B HaCTORll.le~ paoore. Mbl pacCMOTp~M aTO 'RBneH~e' Ha np~Mepe 
ABYX· Hen~He~HbiX ~HTerp~pyeMbiX C~CTeM. nepBO~ ~3 . .H~X nocn,Y>K~T 
MOA~tP~4~posiuiH'oe · ypasH.eHl-1e·: Kbpl-esera · -: Ae Bp~ca' c caMocorna..;. ;.· 
cosaHHbiM ~cro~..tH~KoM. ToYt-iee, peYb 6yAer ~AT~ o cne·AYIOll.lein :c~;.. 
CreMe ypasHe_H't.i~ :· , . . . ' . .. .. , . . 

l 

au :: ~a~.>'Mu ·' N, '" .. - ·< ,.·· ·:· 1,-- ·, 

~- + Su -'+ '-..:__;·,;,:2 I.'(¢ ·p +c/J p'';;.t/1. q. -:-t/1. q')~' at -ax· ax3 \'' '-1' n,..n,;· .n n n n•, ,.n·<,n ' .. 
: ~- ~ " ,- _ .• ·~· '! {>· ', ':; !( 

·a¢n'' . .. ·.· \ al/1_':'\. ,_.; ·:·': .· •' ,··.,·!.J .. 
~-+Ut/J -:-1(¢. 7 -~.:-u¢ =O,_n=h.~;,N,"·; ax n .... , .... n .. n ... :. ax ·,_ .. , n .r:. .\ .:"'· •. ,., 

L<(2) 

~- ' \ 

·~ 

' ' ._,}")' aP. . , · as . · ·" .. "" . 
-~ + uq .:.i'('p. ,;,'~1 -:- up '+i(q' ~o. ··n=l,·.;.,N. : · : (3) ax •' n 'n.n•· ~ax-':,:';· n,,' .. n.n_., .' , ..... 

i'; 

3AeCb,;. ·KaK ~ ·sciOAY · 8 Aan'b.He~we'M,. '-lepra· oaH·a·'-iaer ··KoMnneKCHoe 
coripR~eH~e. ~np~ a_roM H~c 6yAer ·~HTepecosarb cny~..taVI; . Ko·rAa pe.: 
weH~e ;u = u (x ~ t)'' .~an~~icR' 8e11.1eCfseHHO~, ·: jJ,ociaroYHo 6btcrpo-·y6bt
Ba10ll.le~ QJYHK4~e~ x, a ~MeHHO np~ ·nio6oM · t ~ 0 QJYHK4~R ·u = u(x, t) 
YAOBnersopReT ycnoB~IO: · .,; · :. ' ' ·,, · 

,, .~ .. ···~·; :·· ~-.~ .'f ,!. :.q~..: ;. . 

. r . . . 
3;:oo au(x,t) . 
I ·r 1-.---1 dx.<oo. 

r 
r=O -co. ax. 

f ~'•,• '_(4) 

•I 

B cooTBeTCTB~~ c 3T~M -ycnos~eM Mbl. norpT6yeM, YTO~~~ peweH~e ¢n = 
= ¢ (x, t) , t/J = t/J (x, t) C~CTeMbl (2) npWniOOOM t> 0 "CTpeM~-n n n · -
nocb K Hyn10, ecn~ x .... ±co • tlanee, Mbl 6yAeM C'-t~TaTb; YTO pewe-
H~e pn= Pn(x,t), q.n =qn(x,t) c~cTeMbl (3) npllin1060M t~·o 

hi"tilil1e~ra;;il 'HH:nrrrf 
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CTpeML'ITCSI K 6eCKOHe\.!HOCTII1, ecn111 X-+ ±co ', T. e •. Mbl npeAnOnOH<VIM, 
. \.ITO np111 n!OOOM t -~ 0 SblnonHSIIOTCSI YCflOSII1SI 

I<P (x, t) 1 + Jt/1 cx,t) I .... o, 
n . n 

ecnl'l x .... ±co, 
(5) 

IPn(x, .t)l + lqn(x,t)l ... oc, ecnl'l x .... ·±co. 

0TCIOAa cneAyeT, "'TO TO"'KL'I ' = 'n SISnSIIOTCSI. TO\.!KaML'I AL'IC:KpeTHOro 
cneKTpa onepaTopa L SI!IAa 

L=Aa+u. a a ·c 6 > .... ,:;, -, 
ax 

rAe 

0 .. u 
(7) A = diag ( 1, - 1), U = 

u 0 

9lieSL'IAHO ,. "'TO TOliKL'I_ ' = 'n He MOryT nelKaTb H~. Bell\eCTS~HHOVi OCII1; 
'r. e. Im 'n: I 0, n. ::: 1, .... , N.; .. . . . . ' ~ . . .. 
. Xopowo 1113SecTHO, liTO ecnl'l TOliKa ' = 'Q SISnSieTCSI_, TOliKOVi AL'ICK
peTHO ro cneKTpa onepaTopa L SL'!Aa ( 6) , ( 7) , TO To"'i<a · ,. = '(o TaK
lKe SISnSieTCSI TO"'KOVi .A111CKpeTHOrO cneKTpa 3TOrO onepaTopa. 6onee 
Toro, ecn111 TOliKa ( .=.3o ~SnReTCSI TO"'KOVi AL'ICKp_e.THOro:_c!JeKTpa 

·onepaTopa L 111 ' 0+ 'o· I o,: TO TO"'KVI '= -'0 L'1. (=/- 'o TaKlKe 
SISnSIIOTCSI TQ"!KaMII1 AIIICKpeTHoro cneKTpa. B AeVicTSL'!TenbHOCTL'I see 
"!eTblpe TO_liKII1, ' 0 '· . ( 0, -{0 L'I _,0 ~ cny_liae ' 0 _+ [ 0 I q_ L'l .. o,oe Tcili-
KII1 '0 L'1 ' 0 , ecn111 'o + 'o = 0, S HeKOTOpOM CMbiCne• onpeAenSIIOT OA-
HO 111 TO lKe COOCTSeHHOe 3Ha"'eHL'Ie, L'IOO see COOCTSeHHble ~YHK~L'IL'I, 
oTselial011\111e 3TL'IM co6cTseHHbiM 3HalieHL'!SIM, npocTo. SblpalKaiOTCSI APYr 
"!epe3 Apyra, np~"!eM Ta·K, liTO npasaSI "!aCTb .ypasHeHL'IH, ( i)' npl'l 
3TOM He MeHSieTCSI. no3TOMY AnSI onpeAeneHHOCTL'I Mbl 6yAeM SCIOAY 
S AanbHeViweM Cliii1TaTb,,_liTO see TO\.!KL'I,,l, ••• ,,,N pa3Hble L'1 npl'!HaA
nelKaT npasoMy sepXHeMy KSaApaHTY .KOMnneKCHOVi nnocKOCT·L'I ' , T. e. 
Re'n~o. Im,n>O,,n_~_1,.~~·~· npl'13TOM oKa3blsaeTCSI, \.!TO.T0\.1~ 
KL'I ' = 'n AL'ICKpeTHoro cneKTpa onepaTopa L SL'!Aa ( 6), . ( 7). SISnSI_- . 
IOTCSI ~YHK~L'ISIML'I speMeHL'I, YAOSneTBOPSIIOU\111MII1 ypasHeHII110 d' - . . . 
r -2 - i ( W + ·Y W ) = 0 , n = 1 , ... , N , '·· . ( 8) 
n dt n n n 

rAe rn - KpaTHOCTb COOCTSeHHoro _3Ha4eHII1SI ' = 'n, 
·Yn { 

0, ecn111 'n +'n~.({ 
. 1, ecnl'! 'n +'n=O, 

.~· ~ ~ ,,. " " ~ "t 

:1 ~ _; 

..._\ 

2 

. • (9) 

'l .. 

j, 

-

1' 

a Sellii14111Hbl Wn onpeAenSI,IOTCSI paseHCTSOM 
/. 

W =¢ (x, t) q (x, t) --t/1 (x; t)p (x, t) n n .n n . · n (10) 

111 s c111ny yp~sHeHII1Vi · ( 2), ( 3) He 3aSII1CSIT OT x • 3AeCb Heo6xoA111MO 
OTMeTII1Tb cneAYIOU\ee. t-'13 ypasHeHII1SI ( 8) cneAyeT, "'T<) ecn111 TO\.!Ka 
t;' = 'n 's Kai<oVi-To MOMeHT · speMeHII1 t' = ·t' · HaXOA111nacb Ha MHII1MOVi 

0 
OCII1, TO 111 SO SCe OCTanbHble MOMeHTbl speMeHII1 3Ta TO\.!Ka MOlKeT np111 
HaAnelKaTb MHII1MOVi OCII1. B'To lKe speMSI HeTPYAHO nOHSITb, "'TO S npo 
~ecce 8S0n104111111 Sell\eCTSeHHaSI 4aCTb KaKOrO-HVlOY~b-1113 KOMnneKCH~X 
coociseHHbiX 3Ha4eHII1Vi, Hanpii1Mep 'n

1 
, MolKeT o6paTII1TbCSI s Hynb, 

T. e. CaMO 'n MOlKeT S MOMeHT speMeHII1 t = t' nonaCTb Ha MHII1MYIO 
' . 1 . . . .; '. . . . . 

OCb,_a np111 t>.t' CHOSa ee.nOKII1HYTb. TaKII1M·oopa30M, Mbl S111A111M, 
_4TO o6pa111eH111e _s _Hynb · senli1"11!1Hbl Re 'n s MOMeHT 'speMeHI/1 t · = t' ell\e 
He pewaeT OAH03Ha4HO sonpoc o TOM, no KaKoMy nyTII1 ssoni0~1110HII1PO 
sana COOCTBeHHOe 3Ha4eHi-1e ' = 'n np111 . t < t' . 111. KaK OHO OYAeT. 
9SOni0~1110HII1pOSaTb np111 t>t' ~ 3TO 3Ha41!1T, 4T6 HeOO~OAL'!MO Ka
KOe..:TO AOnOnHI!1TenbHOe ripasl!1no·, n03SOnSIIOU\ee S Kpli1TII14eCKII1e MO:... 
MeHTbl; speMeHI/1 pewaTb sonpoc o nynx ason10~11111.Toro 111n111 .111Horo 
cooc+seHHoro,3Ha4eHII1SI. TaK~Mnpas111noM MOlKeT SISI!1TbcSI Tpe6osaHII1e 
HenpepbiSHOCTI/1 ~aKOrO-TO \.!li1Cna npOII13SOAHbiX no speMeHI/1 ~YHK~IIili1 'n = ' 0(t) . Cyli!eCTSYJOT 111 APYrli1e npas111na SbiOOpa, 0 KOTOpbiX 6y
AeT cKa3aHo Hli1lKe. HaKoHe~, 3aMeT~, 4To ccirnacHo (8) s npci~ec
ce 9~0n104111111'MH1!1MaSI "'aCTb KaKoro~Hii10YAb 1!13 COOCTSeHHblX 3Ha4e
Hii1Vi ;· cKalKeM ' , , TaKlKe MOlKeT oopaniTbCSI s Hynb, T. e. caMo ( , · · n · . . . .n 
s npo4ecce ason104111111 MOlKeT nonacTb Ha sell\eCTseHHY~ otb; 3To npl'l 
SOA111T K TOMY, 4TO cooTBeTCTSYIOU\Ii1Vi. BTOMY co6cTseHHOMY 3Ha"!eH11110 
conli1TOH.II1C4e3aeT~ 6onee Taro, ecn111 s·AanbHeViweM senii141!1Ha ', 

. . . • . . . ·, . : , . . . . - . , ': ' ' . ·. n 
nOKII1HeT Sell\eCTSeHHYIOOCI::i,_ TO li1C4e3HYSWI!1111 Ha speMSI conii1TOH no-
SISI!1TCSI SHOSb, T~e. OH KaK Obi pOlKAaeTCSI'3aHOSO. 04~S111AHO; "'TO , 
no~sneHI!1~'Hcisoro ~OOCTSeHHO~O ~Ha"'eHI!1SI L'1 ~OlKAeHII1e ~OOTSeTCT~ 
SYIOlllerO eMy COnli1TOHa' MOI!<eT npoii1CXOAI!1Tb li1~0e3 npeAsapii1TenbHOro 
111X L'IC4e3HOSeHI!1SI~:. . . _ 

B Ka4eCTSe STOporo npii1Mepa Mbl'paccMOTpli1M ypasHeHII1e sine
Gordon c caMOC<?rnacosaHHbiM li1CT04HII1KOM, 'T. e. paCCMOTpii1M. CL'ICTe.:. 
MY ypaSHeHII1Vi Sli1Aa 

\ 

. · 2 'N 

·· _E__! + sin 8 = 4 :£ ( ¢ P + ¢ P - 1/!n q n - ;;; n ~ ) . ' a tax nd:l . n n n n .. . . '' 
(11) 

a <Pn .. 1 ; ao . a t/1. 1 a fJ . . .. , . 
~.+ -. - 1/J .. - i ' · ¢ = __ n - - -¢. · + i( t/1. = 0, · n = 1 , ••• , N, ( 12) 
ax . 2 ax n• . · n. D'. ax 2 ax n · · .. · D n 

3 



I 

a Pn 1 ao . ;- aqn 1 · ae . · . . . ~ : ( 
- +--q -ls p - ·r ' . ax 2 ax n n n -a;-- 2 ax pn + 1 "'n qn = 0 • n = 1, ••• , N. 

(13) 

Hac 6yAeT ~HTepecosaTb cny4a~. KOrAa peweH~e () = O(x, t) np~ 
x _. ±oo CTpeM~TCR K H·eKOTOpbiM KpaTHbiM' 2 rr sen~4~HaM HaCTOnbKO 
6biCTp0, 4TO np~ n1060M. t ~· 0 BblnOnHsteTCR HepaBeHCTBO 

oo aocx.. t> · 
f { lsinO(x, t) I+ 1---· -lldx<oe. 

-oo . . ax . ' . 
(14) 

'..I 

KpoMe Taro, ·Mbl 6yAeM npeAnonaraTb, 4TO pewet:~~R ¢n = ¢n(x, t), 
1/Jn = 1/Jn(~, t) W P = Pn(x., t) ,, qn = qn(x, t) COOTBeTCTBeHHO 
ypaBHeH~~ (12) ~ r13) np~ ni060M. t ~ 0 YAOBneTBOpRIOT ycnoB~RM 
( 5), ~, cneAOBaTenbHO, T04K~ ( = (n RBnRIOTCR T04KaM~ A~CKpeT-
HO ro · cneKTpa onepaTopa X - i (A B~Aa · ·' ' · 

' .. \,'' 

X-i(A =a+V-i(J\, .. 
( 15) . 

rAe A = d i ag ( 1,' -1) , a ivlai"p~u,a .v nony4aeTCR ~3 ~onpeAeneHHO~ 

. CO rnacHO ( 7) MaTp~LJ,bl J\ U; ecn~ B He£1 n~nOIK~Tb U = ..!_ Ef!, T. e. 
,2 ax ·,r·· 

ao 
:
0 ax 

1 I . 
V- = -2 ao . 0 

-a; 
(16) 

np~ aToM .T04K~ ( = (n A~CKpeTHoro cneKTpa onepaTopa X - i(A 
B~Aa (15), (16) TaKIKe 3aB~CRT. OT'BpeMeH~~ 3Ta 3aB~C~MOCT~ onpe
AensteTCR paBeH~TBaM~ (8)~(10). ~AHaKO Ha aioT pa3 B.3T~X pa~ . 
seHCTBax AOniKH~ 6~T~ ~cnonb30~a~~ peweH~R ypas8eH~£1~(12) ~ ~13~ 

KaK 6yAeT.noKa3aHci H~ll<e, ~HTepecyJO~ee Hac peweH~e c~cT~M~ 
(1)-(3) MOIKeT 6~Tb nony4eHci·c n6~o~bl0 MeTOAa o6p~TH0£1 3aAa4~~ 
paccestH~R I 'AnR onepaTopa L B~Aa ( 6)' ( 7); a YAOBneTBOpstio~ee. yc:. 
nos~stM ( 14) peweH~e c~cTeMbl ( 11).:.. ( 13) HaxoA~Tcst. c' noMO~biO Me
TOAa o6paTHO~ 3aAa4~ pacceRH~R Ami onepaTopa X:: i(A B~Aa (15), 
( 16). tlOCT~raeTCR 3TO cneAYIO~~M o6pa30M.· .. 

1. OnPEllEnHIOIU~E COOTHOWEH~H 
tJ.nH C~CTEMbl ( 1);, (3) 

2 
KaK. y11<e yKa3biBanocb paHee 111 , · np~ Pn = En ¢n, qn ~ En .P n ; 

f. n = 1' n = 1' • : • ' N ' c~cTeMa .< 1)- ( 3 r AOnycKaeT ~ccneAOBaH~e 
c noMo~biO MeTOAa .o6paTHo£1 3aAa4~ paccestH~R Anst onepaTopa L s~~ 

4 

I 
I· 
:· 
J 

I 

l 
J 

.. I 

' 

Aa (6),· (7). np~MeHeH~e 3TOrO MeTOAa B AaHHOM C~y4ae OCHOBaHo 
Ha ~3naraeMbiX H~ll<e coo6pall<eH~stx, ilsnst~~xcst AanbHe£1w~M pa3s~- · 
T~eM pe3ynbTaTOB ynoMRHYTO~ BblWe pa60Tb1 111 . . 

lttTaK, paccMo:rp~M n~He£1HYIO c~c.TeMy ypasHeH~£1 

. . acn - ' ·'. 
(L-1() f0 =0, -. ='I' f0 , D=1, ••• ,4N, (17) ' '' ax n. ' ' 

. ..t . . '·. • .. 7 . • ·~ ·" . ·• ' j ' ; 'i -1 

OTHOC~TenbHO He~3BeCTHbiX Ben~4~H fo , .!1 , ••• , : f 4N. 3AeCb, .KaK 
~ BCIOAY B AanbHe£1weM, 3HaK T~nbAa 11

-
11 03Ha4aeT TpaHcnoH~po

B~H~e. T.e., B 4aCTHOCT~i nep~XOA OT BeKTOpa-CTOn6u,a K BeKTO~ 
py..:cTpOKe. np~ 3TOM Mbl 6yAeM c"i~TaTb:,' 4TO fo HBnHeTCH KBatJ.paT-

. H0£1 MaTp~u,e£1 BTOP?rO nopstAKa, 'I' l• .• •• ,, .~4N HBnHIOTCH BeKTOpa
M~-CTOn6U,aMlt1 C ABYMR KOMnOHeHTaMlt1 Kaii<Abli-1 ~, cneAOBaTenbHO, ·f1 .,. 

•• :, f4N. RBnRIOTCH BeKTOpaMlt1-CTpOKaM~ C,ABYMR KOMnOHeH~aMlt1 Kaii<
Abl£1. C noMO~biO peweH~R f 0 , f 1 , ••• , fAN:: c~cTeMbl ( 17) onpeAenlt1M 
Benlt14~H~ g 0 , g

1
i .~., g4N nocpeACTBOM pa~eHCT~ , ! 

. i .~. ; ~ >I 

J J: ·t 1 ' 

ar
0 

4N 
g

0
.=-- +-Af

0 
+, ~ q> f-·., ·, at . . ... n n 

· · n= 1 

gn = 'l'n J\ r o- i( (- (n) f~, n ;= ~ • ••• ~ 4N' 
'.. . . i ' 
rAe onepaTop A lt1MeeT. s1t1a'21 

': ' 
... ,; '! 

! '' 

. i !!_ ··~ .. l ·: 

' '' 

(18) 

':1 

. 3 2 . au' ' . . 2 au . 
A=4a +3(,(U +A-.. )~+,a.(U +A-)], l (19) 
. . . ax: ' • ax. ,, ' : ' 

a· 'senlt1411Hbl4> 1 , ~ •• , 14> 4N. HBn~fo,TCR .s·eKTopaML(-cTon6~aMlt1 ~'c ABYMH 
KOMnOHeHTaMlt1 Kaii<Abl£1. ~·OiCtoAa cneAyeT, '-ITO s'enw~~Ha g0 HBnsteTCH 
KBaApaTH0£1 Ma_Tp~u,eL-1 s~oporo nopstAKa,. a sen~4~Hbl. g 1, •• :. , ·g4N 
HBnHIOTCR seKTopaMlt1-cTpoKaMlt1 c ABYMR KOMnoHeHTaM~ KalKA~~- B~stc
Hlt1M Tenepb, KaKlt1M ;rpe6os'a~:~~·HM AOniKH~I YAOBneTBOpHTb •MaTp~u,a U 

, ~ Be.KTOpbl- CTOn6U,bl 4> l, .;:.·.:. , ·cp '\~ ; 'I' f ; ' : .. ; 'I' ~N. ~4nR TO ro, 4T06bl 
onpeAeneHHble nocpeACT~OM ( 18 J .~ ( 19) s~~~4~Hbl g 0 , .. g 1, •• :, . ~4N 
YAOBneTBOpHnlt1 ycnoB~HM · · · · ··· · · · · 

' ' ..... 
. , •' . \ 

. . . .4N . , , .. . a gn . . . 
. (L-:i()g0 =·~··c;Il g, -··=o. n,.;1, ••• ,4N. 

' n=l n' n ax ' 
(20) 

~.{ / ~; ';_: (1 

C noMO~biO H~CnOIKHbiX; Bb14lt1CneHlt1£1 ner'Ko HaXOA~M, .. 4TO AnH•CnpaBeA
.. nii1BOCT~ ycnos~L-1 (20}; Heo6XOA~MO ~ · AOCTaTO'"IHO 'BblnOnHeH~e· pa-· : • 

BeHCTB . . ' . . . ... 

a L ' , ·: . < . (, ':• .4N '. ' - , 
-. . +[A, L] = ·~···LA; 4>.'1' ], 
at n=l n n 

t ~. 

5.• 

r~. 

~ -·. •. \ 
() ~~ • .r 

~:- "'· ~ . 



I-

(L-i,)ell'=(L-i()\1' =0, n=L, ••• ;4N, '· . . .. n n _ _ n -. n . (22) 

nte 

-L -A a + u. {23) 

npep,nonOIIU.1M Tenepb,. 4TO Ben1!14111Hbl (1' . :. , (
4
N BbJ6paHbl C C0-

6n~P,eHII1eM ycnos111~ - · · · 

(N+n=-(n; (2N+n=~·(~, (3N-~n =(n'·n~l, ••• ,,N'., 
. ' ' 1' ' ' ' ,..J ' ' 

(24) 

Jlanee, nycTb np111 ri = 1, ;·;., N, peweHII1e ypasHeHII1~ (22) 111MeeT 
B111A 

¢n 
ell 

n 

"' n 

'1'-=' n 
pn 

;'• 

(25) 

111 B COOTBeTCTBII1111 ~ paseHCTBaMII1 (24) 111 (25) non0~111M'npll1 n-= 1~ 
••• ' N I ¢. '«l> 

= 4ln = ~n j 'i 
'I' ='I' Nt-n N+n n 

ell =E~ 2N+n · · n · 

·q:, 
3N+n 

rp,e 

=E~ 
n 

- I 0 11 'E=-_- -1 0. 

1/Jn 

-if/·j' ·' · '~'2N+n 
-: n ' ' 

l
·lfr ,. n . ~ ·" '• . ' ' 'I' ' -¢ ' ' 3N+n -= E 'I'= 

n - n 
J ' I ~ 

qc 
n 

..:.qn ' 

Pnl _ 
:...: ' -qn 

'. '. ~ 

~ 

(26) 

(27) 

·> 

(28) 

(29) 

B c111ny ( 6) 111 ( 7) y6e~p,aeMCR, 4To ecn111 seKTOpbJ-CTon64bl <~~n 111 '~'n Bll1-
p,a (25) np111 n =1, •• ·.,-N•-YAOBneTBOpSl~T paBeHCTBaM (22), TO 111X 
KoMnoHeHTbr ¢It, t/Jn L<1 :Pn, qri'· yp,osneTsops:JJOT; coo.!BeT<:'rseH!::!o CII1CTe
MaM {2) 111 (3). Jlanee, Ha OCHOBe paBeHCTB EAE= -A, EUE= -U -
nony4aeM, 4To ELE= -L. 0Tc~p,a, cornacHo (23) 111 (24); cnep,yeT, 
4TO ecn111 BeKTOpbl Ibn 111 'l'n BII1P,a (25) yp,osneTBOpSlK>T paseHCTBaM· 

6 

) 
1 
r 

I 

I 
l 

I 
I 
I 

I 

1, 

I . 
· ( 22) np111 ( = (n, _ 1"6- onpep,eneHHble nocpep,cTBOM -( 27) ·_. seKTOPbl 

'ell 2N+~ 111 'P 2N ~ yp,osneTBOpR~T paBeHCT,BaM ( 22) np111 ( = ( 2N~n = 
.= -:-( n,- n = l, . :. , N-~ HaKOHeLh c, y4eTOM Bell.leCTBeHHOCTII1 tPYHKL..\111111 

, U = u(x, t) HaXOP,IIIM, .4TO B paccMaTpii1BaeMO~ CII1TYal\111111 BeKTOpbl 
<ll~+_n_' 'I'N+~ 111 <ll3N+n~ 'PsN+n BII1P,a {26) 111 {28) yp,osneTBOpR~T paBeH

CTBaM ( 22) COOTBeTCTBeHHO- np111 ( = (N+n = -( n 111 ( = (3N+n = ( n , 
n = 1, ... N. TaKI!IM o6pa30M, c noMOll.lb~ paseHCTB (25):-{28) y6e~
p,aeMCR, 4TO 

4N _ 

-~ [/\,ell 'P] 
n .n 

· n= 1 

0 R 

R 0 I' 
" 

{30) 

rp,e 

N - - -'-
R=2-~ (¢ p +¢ p·-1/J q -,1/J q ). 

,·. nn.nn-- nn nn 
n=1 -

{31) 

B TO ~e speMR, B COOTBeTCTBII1111 C paBeHCTBaMII1 ( 6),' {7 )'-111 ( 19 ), 
' ' . 

_ nony4aeM-, 4TO· 
; ' l r '2 

[ _ .. J a - 3 a u . _ 
A, L = -. - ( 2U + -:--2 ) , · 

ax -ax 
T.e. 

[A; L] = l: :r '.-

rp,e 
' - ', -.. , 2' -

a 3 a u -. 
Q=..,.-(2u +-.-); ax . ' ax2 

· 0Tc~p,a cneAyel-, .~To coonioweHII1e ( 21) np111 yKa3aHHOM Bbtwe Bbl6o'pe 
\ seKTopos elln 111 '~'n , . n = 1, ••• , 4 N, 3KBII1BaneHTHO ypasHeHII1~ ( 1), 

a paBeHCTBa '(22) 3KBII1BaneHTH~ ypaBHeHII1RM (2)- 111 (3). 3TO 3Ha4111T, 
4TO B pacCMaTpii1BaeMO~ HaMII1 CII1TYal\111111 COOTHOWeHII1Sl {20) 3KBII1Ba
neHTHbl• CII1CTeMe ypaBHeHII1~ ( 1)- ( 3) • 3aMe4aTenbHO~ oco6eHHOCTb~ 
cooTHoweHII1~ (20) ~Bns:JeTcs:J TO o6cTOs:JTenbcTso, 4TO c 111x noMOll.lb~ 
-YAaeTCR onpep,enii1Tb 3son~4111~ so speMeHII1 scex p,aHH~x pacceRHII1R 
AnR · onepaTopa L BII1Aa {6), (7) c noTeH4111anoM u = u(x, t) , YAOB
neTsopR~l11111M CII1CTeMe (1)..:.(3).-3To noisonReT HaM Ha3BaTb cooT
HoweHII1R ( 20) onpeAenR~l11111Mit1' cooTHoweH.II1RMII1. 
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'' 

2. 3BOfliOl.lli10HHOE YPABHEH!JlE tlfl51 S~MATP~llbl· 
B CflYl!AE ClilCTEMbl ( 1)- ( 3) . 

'· 
Bo3bMeM on~paTop L B~Aa (6); (7) ~ paccMoTp~M ypasHeH~e . 

(L - iq r0 = o. (32) . 

- + . . 
nycTb fo ~ fo - peweH~s:! ypaBHeH~s:! ( 32) , np~ niOOOM ( {; (- oo, oo) 
~5naAaiO~~e ac~MnToT~KaM~ 

r;; '- exp(i( Ax), ecn~ · x ... - oc, 

.f r
0

- exp(i(Ax), ecn~ x-.oo, 

.,J 

TorAa np~ niOOOM '{; ( -oo' oo)cnpaBeAn~BO paseHCTBO . . 
+ -

f
0
(x, () =f

0
(x,()8((), 

. (33) 

. (34) 

rAe 3neMeHTbl fb,9{() MaTp~L\bl 8( () He .·3aB~Cs:!T OT x, a, {3 = 1, 2. 
KaK ~3BeCTHO, nepBbiL1 CTOnOeL\ MaTpii1L\bi f0 111· nocneAHII1L1 CTOnOeL\ 
MaTpii1L\bl f~ AOnycKaiOT aHanii1TII1l.leCKOe npOAOn)KeHII1e no ( B HII1)KHIOIO 
nonynnocKOCTb Im ( < 0, .a _nocneAH111L1 cTon5eL\ MaTpii1L\bl r0 111 nep
BbiL1 CTOn5eLf MaTpii1L\bl f"tj AOnycKaiOT aHanii1TII1l.leCKOe npOAOn)KeHII1e . 
no ( s sepXHIOIO nonynnocKOCTb Im ( > 0. nono)KII1M · 

r = 
0 

¢; ¢; 
t/1~ t/1; 

f~ = 

+ + 
¢1 ¢2 

t/1+ t/1.+ 
1 2 

(35) 

C yl.leTOM CKaJaHHOro BbiWe 1113 cpasHeHII1s:! aCII1MnTOTII1K ( 33) cneAyeT; 
l.ITO B HII1)KHeL1 nonynnOCKOCTII1 lm ( < 0 BblnOnHs:IIOTCs:l COOTHOWeHII1s:l 

¢;(x, Z) =-;
1
-(x, () •. t/J;(x, () =¢~(x,

1

b, Im(< 0, (36) 

a s sepxHeL1 nonynnocKoCTII1 Im ( > 0 111Me10T MecTo aHanor111l.!Hble co-. 
OTHOWeHII1s:l • - ·' :• · /. 

- . -+ . . . ·.t - ;_+ . . \ ' 
¢~ (X , () = - t/J 

1 
(x , (), t/12 ( x , . () = ¢ 1 ( x ; (L Im ( > 0 •. 

~ ~ . ' ~ ' . 
(37) 

Ha OCHOBe (34) 111 (35) HaXOA111M, "''TO np111 Be~eCTBeHHbiX 3Hal.leHL-ls:!X 
napaMeTpa ( A111aroHanbHble 3neMeHTbl MaTpii1U,bl 8(() 111Me10T .BII1A · 

. + .. - . ; +. •: -. . 
811(0 =¢1(x •. ()t/J2 (x,() -t/J1(x, 0 ¢ 2(x,(), 

82l(> = ¢~(x, () t/J~(x', () - t/J~(x, () ¢~(x, 0 · 
(38) 

'., 

I 
-1 

·I 

1 

.j 

I 
f 
r .. 
I. 
I 

0TC10Aa cneAyeT, l.!To 3neMeHT ~ 1 (() AOnyc~aet 1 aHa~~TII1l.lecKoe ~po
AOn)KeHII1e no ( s sepxHIOIO nonynnocKOCTb Im ( > 0, a 3neMeHT 
822( (~ . Aonyc:Ka~T a~anii1TII1':1eCK?e npOAOn)KeH~e ·no C:.s. HII1>KHIOIO nony-.· 
nf!OCKOCTb. Im (. < 0 ;. B coo.rseTCTB1!11.-1 co CKa3aHHbiM paHee c no- ·. • . 
MO~biO aCII1MnTOTII1K (33)' HaXOAII1M, l.ITO np111 rliOOOM (, npii1HaAne>Ka~eM 
sepxHeL1 nonynnocKOCTII1 Im ( > 0, peweHII1e ¢:, .Pt 3KcnoHeHU,It1anbHO 
y5biBaeT, ecn111 x ... oo., -a peweH111e ¢2, : t/J'i 3KcnoHeHu,ll1anbHo · y5b1Ba- ..-.. 
eT, ecn111 · x ... - oo, AHanorll1l.!HbiM o5pa3oM nonyl.laeM, "''To np~ n106oM 
(, npii1HaAne)Ka~eM t:f111)KHeL1 nonynnocKOCT1f1 Im ( .< 0, ¢1, ·t/Jl- 3Kc:no-.• 
HeHu,111anbHO y5b1Baer; · ecnl-1 x -> ..: oo~ a: "¢;,; .t/1; 3KcnoHeHu,ll1anbHO. y5bl
saeT; ecn111 x .:.. oo • 0TCIOAa cneAyer, · "''TO Hyns:~M ( = Cn <f>YHKU,111~ . 
8u ( () s sepxHeL1 nonynnocKoCTII1 .···Im ('> 0 · co·oTB.eTcl-"syiOT. TO"''KII1 '·· 
A111CKpeTHoro cneKTpaonepal'opa L, nocKonbKY s·c111ny (38) np111 ( = 
= Cn BblnonHReTcs:~ paseHcTso · · · · ·· 

' + . .... · .. + ; ; . . - .... ',.• 
¢1 (X' ( n) = B n ¢2 (X ' ( D_) ' t/J1 (X ' ( n) · = B n t/J 2 (X ' 'n) ' (39) 

rAe senll1l.III1Ha Bn· .He.., 3aB~CII1T ~T x. AHanorll1l.!Hb1Wo6pa3oM y5e>KAaeM
cs:~, "''TO Hyns:~M, ( = 'n <f>y~_KL\111111. 822(() _s.·HII1>KHe~ nonynnocKdcT~ .· 
Im(<O TaK>Ke COOTBeTCTBYIOT .TO"''KII1 A111CKpeTHoro·cneKTpa onepaTopa 
L, TaK KaK nplf1 ( = t: cornaCHO. ( 38) lt1MeeT MeCTO paBeHCTBO 

. . n . . . . '" . . ··" . . . 
+ - ,..• ec

0
°'•:-, '"'~+>'~, ... :: ,..• , .. ·, ,..;1•.:, 

· ¢ 2(x, ' ). = Bn ¢~(x ,· (~), ;t/1 2 (~, 'ri>. 7:Bn t/J~~~.' ~~~ , ' ; ·.< ( 40) 
',, ,.·~J.·.·· .. : ,·;,·~~- -~: .<:,.-~<': :;·,,····\·;.· ... ··. ' 

rtte senii1"'1111Ha· ~~ ,He 3aBII1CII1T ·or x, C y"''eToM :l?aseticr~ . ( 36 >~ ( 38) 
HeTPYAHO y6eA~TbCs:!, . "''TO B sepxHe~ nonynnOCKOCTII1 Im ,.>0 Mei!<AY ... 
3neMeHTaMVJ s (,). ~ 8 ·(() ··111Mee'i-cs:~: E8's:~3b ;;i: , · · · · 1 :'· · ' ·· 

· · · 11 , 22 ·'\;;·,. /·,•,Co: '',>·C·'·' ., ,, . .,, •· 

82lC> = 811(() , Im(> o .' (41) 
\I, . j /. ·;.1 ·: .J>:i: .'\f• :~· ,'··.; ;.,;. , :, ··.c.,:<.;. .~~,! :·:•.t 

0TC10Aa cneAyeT, "''TO Ka>KAOMY HYniO ,. = ( n cjJyHKU,I!tll1' 822( () , <ne)Ka-
~eMy 8 H111)KHeL1 nonynnOCKOCT~ , lm ( .< 0, COOTBeTCTByeT. ne)Ka~ll1~ 
B .sepXHeL1 rlO.[lynnOCKOCTII1 Im' -~· 0 HYJlb-(=.,~n·,cjJyHKU,111111- ~tl('~~ ,;, .. 
TaKoL1, "''To Cn = (n. 6onee Toro, Me>KA·y· seri0,~111i-faM1f:B~ "lii'Bn ·t-ta·oc-
Hose (39) "111,. (49J ,sblno.n~s:~e:r-c.s:~ -~?()1H?Wett'~e.rJ3n. =:. -Bn. 1 . ' .. ( ,

1
,_. ,, ; 

B COOTBeTCTBII1111 CO CKa3aHHbiM . BbiWe nonO>KII1M Tenepb np~ n =;,)., . 
· · • • N .. , ,_ .... ·1: ":.;".;~,, ,,, ·,yh ·, .·: • ,·, .... , 

"I-, 

'~'n. = · "! •·• .. , '·}= 0 n!: .. . n ' , . ' -~-,/;,'( ;(42) 
. P (x) .. 

n . 
t/1 (x) 

n 

... + .. ' 
¢1 (x, 'n) 

·1 qn(x) j··.· /·¢ =·I· ~n. _(x) I 
r::~:;:,_:f/?.y· . \. 

rAe senlt1"'1111Hbl en He 3aBII1CfiT OT x, a peweHII1e ¢ (x) , 1/J. (x) ypas-
( ) n n . . HeHII1L1 2 YAOBneTsops:~eT ycnos~10 , .· · .,.. , .. ,. ··· 

. I!·\' . '"''. • •· • ' ~ ~ ... 

!. ~ I ' 



¢n(x) t/J~(x, (n) - t/Jn(x) ¢r(.x, (n) = 1; n = 1, ••. ; N. 
! • ' ' . - ' 

. ( 43) 

C noMOlltbiO (33) 1t1 (39) HeTPYAHO y6eAit1TbCs:l, 4To,onpeAeneHHoe Ta
Kit1M o6pa30M peweHit1e '¢n(x) ; • t/Jn(x) ypaBHeHit1~ .. (2) o6na·AaeT aclt1M-
nToTit1KaMit1 · ··· . .. 

,/.. '< ~) exp ci'; X) ~ 0 ~ •1• c'· X) exp (i ' ~) ..; .::.1 • 't'n · ·· "'n . 'f'n · n 

,_,.: ... ;; ,..· 

X~ oo, 
; ecn111 

Bn ¢n(x) exp(-i~nxr~ 1, t/Jn(x) e:iq)f-t'i~x)..:. o', ecn111 x ... T""· 
'. '- ) ~. . l • ; .. ' -;_ . • t . . ·. • 

(44) 

..J ... 

llanee ,· c .Y4eTOM paseHcTB ( 26) :- ( 29 ), rionom111M. np111 n =: 1,; .. , N 

'<b -ell -"N+n ;- n -

'ell =E¢ = 2N+n n 

~~(x) I ' 
t/Jn (x) . 

~::r~;J 

'PN+ - 'P -en ' 
·· · ·_:- __ · ~rc~. en>~-

n n --~y 

. \ i ¢ 1 \X ' ( n) 

: ~--¢+(x, (') ·jr .... 1 n · 'P '=Ell'- ,;e- . . . ' 
2N+n, •. n .. ~ ...:1/l+(x_ ;'() 
·-". . 1 . n 

. ! ·~ • ; - : ~ ~ • ' . . . -- I -- + . , -- . - t/J (X) , _ ::_ . . cp ( X , ( ) · ·. 

SN+n n: · - ·( ·)· ·· · .SN+n . n . n . -+( _,. ) 
, , -¢ X . . ·· .. .. -t/J X,<:. , . ' . :. i .:<~ . , . ll .. . . . ·-· : . . . - , , n n . . 

·ell =Efll = n . - r'P · ·. =E'F. =CI"_ 1
_ -·· n -~ 

CornacHb\42) ·111 (45)'\m'pett~nei-IH~~-no_cpe'AcnioM (30),111· (31) 
nlt141t1Ha R B AaHHOM cny4ae lt1MeeT Blt1A . . . . . 

N 
) 

.. + . + 
R = 2 ~ {( ¢n(x) ¢ 1(x, (n)- tPn (x) t/1

1 
(x, (n)] en + 

n= 1 · . ·. . ·· - - . - · .. 

- ' • -,- ':_ ': l .:_~:-~ • • ' - - - ••• ' 

+[¢~(x)"¢;(x~ (n>:.-:-t/l~(xtt/11 (i_,(n) ]en!~'" ' .. : 
' ·~- •'-, •- - ,'l•' ''•' • o 0°'• ' 

(45), 

' .,J• 

se:-

B Clt1ny ( 33 ), ( 39) -1!1 ( 4'4) ;: O~CIOAa cneAyeT, 4TO . R (i) -+ 0 ,nplt1 
_x~±oo. ·. · --·-··'-"' -.. . .. · ·" · · · · ... 

nonomlt1M Tenepb np111 n = 1~ ••• , _4N 

. % .:>~oo 
-- - +•-- +--
rn =·f'~'n<z> r 0(z,()dz 1 r~=- I 'Pn(z)r

0
(z,()dz. 

-oo X -

llanee, nonom1:1M 
• ar-·. . '·4N 

- -0 -go=....,..._+ Afo+ :£ 
at . n,;,1 

¢ r-, 
n n 

i" ... : 

10 

~ :. 

.. , 

~ I 

- ( 46) 

~ i' ,_. 
J '' 

~ 
} 
'1' 
-~ 
~ 

J 

-!~·-·· ' \ 

! 

·~ I 

g~='P~Ar~-i(C-cu>r~. n=t, ••• ,4N,-
,·,1 

- + 4N 
+ ar0 + -· + 

g 0-= -- + A r0 + -I. ¢ r , 
· n n at n=1 

(47) 

- + ' . + 
g ~ = 'P n A f 0 :... i ( (- ( n) _r~, n = 1, ... , 4N. ·. 

nplt1 ~!OM M~, KOHe4HO, .nOApa3yMeBaeM, 4TO Benlt141t1~~ (i•··:• ( 4N 
YAOBJieTBOps:!IOT ycnOBit1s:IM ( 24) • ~3 paBeHCTB ( 46) cne·AYeT, 4TO . fi; 
1t1 f~ nplt1 n = 1, •.• , 4N s:IBns:IIOTCs:l BeKTOpaMit1-CTpOKaMit1 COOTBeTCT· 

. - -- + + -BeHHO C ABYMs:l KOMnOHeHTaMit1 f n, 1 , fn,2 1t1 f n, 1 ," f n,2 KamAbllt1. 
04eBit1AHO, 4TO · KOMnOHeHTbl · r;; 1 1t1 ~ 2 AOnyCKaiOT aHanlt1Tit14eCKOe 
npOAOnmeHit1e no ( B Hlt1mHiOKJ. nonynnOCKOCTb lm ( < 0, a'' KOMnOHeHTbl 
f; 1 1t1 · r;; 2 'AonycKaKiT. aH~lnlt1Tit14eCKoe.:··npoA6nmel-il!ie': no·(' B' BepXHIOI< 
nohynnoc~OCTb Im~ >·0. ltane~~ HeTPYAHO y6eA~t~Cs:l; ~TO nepB~~ 
cl-on6e4 MaTPit14bl g 0 111 nocneAHit1~ CTon6e4 MaTPit14bl g~ AonycKaiOT 
aHanlt1Tit14e~~oe npoAonmeHit1e ~o ( B Hlt1H<H~ nonynnocK~_cTb. , Im ~< 0, 
a nocneAHit11t1 cTon6e4 MaTPit14bl.,g0 111 nepBbllll ·cTon6e4·MaTplt14bl go AO
nycKaiOT aHanlt1T.III4eCKOe npOAOnmeHit1e no ( B BepXHIOIO nonynnOCKOCTI:: 
lm ( > 0. HaKOHe4, B COOTBeTCTBit11t1 C paBeHCTBaMit1 (4 7) Benlt141t1H~
g- 111 g+ np111 n = 1, · ••• , 4N' s:~8ns:~10i-'cs:~ B'eKi"opaMIII..:dpot<aMit1 cool-..; n- n .. . - _ + + 
BeTCTBeHHO C • ABYMs:l KOMnOHeHTaMit1 g _p. 1 , g n;2 lt1 g n, 1 , g n,2,. Kam-
Abl~. nplt1 3TOM .. KOMnOHeHTbl g~.1 Ill gn,2 . A'onycKaiOl' aHanlt1Tit14eCKOe: 
npoAonmeHit1e no ( B Hlt1mHIOIO nonynnocKOCTb. Im( < 0, a KOMnoHeHTb 
g; 1 111 g ~ 2 AonycKaiOT aHanlt1Tii14eckoe" ripoA61imeHit1e ·rio 1 

(' B' 8epxHIOI< 
nonynnocKOCTb, lm( >0; Ha OCHOBe paBeHCTB ( 33); ( 39), ( 42) .. 
1t1 · ( 45 )- nplt1 n = 1, . ; ;_ , ··. 4N ':: cnpaBeArilt1Bbi aclt1MnTOT1t1Kiii; r -: · ) ' ' 

II'Pn(x)ll .... .x,, ·.·ec'nlt1 x :..:'±.;,;,.• · ' :;,j 

0TC10Aa, corna·cHo ( 46) 1t1 ( 4 7); cneAyeT, 4TO. np111 n1060M ( f ( -oo,"" 
1t1 n = 1, .••• , _4N lt11V!eiOT MeCTO aCit1MnTOTIIIKVi. . ' ·. : ' '·,.·: ' i · 1 ·,_ •. 

ii\ 

11r:(x, () 11 + llg:(x, () 11·~ o.·. ecn111 x ~- oo, . ; 'J, '! / .,,., • 

! ·-+ + dl fn(x, ()II + II gn(x, ()II .... 0, ecn111 x~ oo • 

uag-:- \: ag+:... -· . ·:,.•' '·' ,"• 
n. . n . 

TaKit1M o6pa3oM, cy4eToM TomM!cTB ·ax_ = -ax- = 0, n =· 1', .-. ~·,4N, 
nony4aeM, 4TO nplt1 X, ( ~ ( -oo, oo) B~nonHs:IIOTCs:l TOmAeCTBa 

g-(X,()=g+(x,()=O, D=;1; ••• ,4N.-'.: . 
n n · . 

u·.: 



/ 

3TO 3HaYI!IT i YTO B COOTBeTCTBIIIIII' C, COOTHOWeHI!ISIMI!I ( 20) MaTPL14bl 
g0 Ill g~ nplll mo6oM ( {;;. (-oo, oo) YAOBneTBOPSIIOT ypaBHeHI!ISIM 

( L - i 0 g ~ = ( L - i 0 g; = 0. 

B Clllny (4), (19}, (42} Ill (44}-(47) OTCIOAa cneAYIOT paseHC~Ba. 

- - . ·3 -'" g 0(x, 0 = r0 (x, () (-4i( A + c ) ; 

+ . . . + ... · .. · ·. 3 ·. + 
.. go(x, () =f0 (x, () (..:.,4i( A +C),: 

. .• . . .. . • •. ; ' . ..:,.J 
(48). 

rae 

•N .e 
~· , , · n , 1 · 

C = diag { ~ i I. (-.. -.-- + -...,-.-
. · · n=1 /i:'.(n · · .. 

N . c . e '': 
· · n n · . ·· 

I ( --. + :--~-:-=-.:..) I, 
. n=t(+(n .. ' ' ':_ 'n 

\'.,< ~ . ', 

+; .. ' ,N_,,, en.::· : .en ·. .. .. N,, en · .. · en<· .. ,.:. 
c = diag{i I·(-·-:- +. ) ,; -i .I. ( -.--:- +.;-:-:-:-----) I. 

... .. 'n;,1 ;- .'1-· .· .. · J- _·-;· ·• "~n=('j-:_ J- ···· .,+ [. •· ' 
· ····· ··· .. ····"s+sn ,,. \:. "'n .' ·· .. •'·'··"' •·"'n. .. n·.-

. P,a~cM~TP:III~ n'n~pb MaTPiill!Y. ~.G0 : BL:lAa 
,.._ . 

~ i . 

· G~~g~(x,(t.:..g~(x',:()_S((). . 
,. 

··.,·.:(50) 

C y~_eTOM · ( 34 L 111 (48) Haxoa~·M, . YTO 
·• I 

.. _ \ .·' . 3'· : - . . . j' + . 
G

0 
= f

0
(x, () {4i( [ A,·S(()]-C; S(() t S(().G .1 •. : .• '(51) 

C apyro~ cTopoH~, cornacHo (34) 111 (47) I!IMeeT~MecTo.ripeacTasne~ 
' ~ •. > i 

Hille 
· + • _ ,, >. . . . ; .. _ · • , .as<() , ; : 
g0 (x, () = g

0
(x, () S(() + f0 (x, () ~ t, 

. ~t .. 1. 

4N + . _ . . . . 
·+I ¢ (x) [ f (x, () -fn(x, ()S(()]. 

n n n=1 

(52) 

t { . 

C. nOMO~biO·!flopMyn ,(34) Ill (46),HeTPYAHO y6eAIIITbCSI, "'TO np111 n1060M 
( {;;.(--oc, oo) Ill n = 1, .: • • , 4N~B~nonHSleTCSI ·paBeHCTBO . . . ' .. ' . . . ·..- . 

~.~ l: 

00 . 

r:(x, ()-(ex, ()'S(() = -J ~n (z) ~~(z ... () dz~. 
-oo 

12 ~·. 

:I 
l 

l 

.j 
I~ 
·~ 

B c111ny (42) 111 (45) npasaSI YaCTb 3Toro paseHCTBa pasHa HyniO 
nplll n1060M ( {;;. (-oo, oo) Ill n = 1, ••• , 4N.: C yYeTOM 3TOro !flaKTa !flop-
Myna (52) npi!IHIIIMaeT BillA . 

1 
·... . • .. . .. 

+ . . _ · . ....: as(() 
g

0 
( x , () = g

0 
( x , () s ( () + r0 ( x , () at: . 

0TC10Aa cneayeT, YTo · onpeaeneHHaSI 'nocpe·acTBOM (50) sen~YIIIHa G0· 
.aonycKaeT np~ACTasneHI!Ie 1 · 

G = r-:-(x··:?) iJS(() 
0 0 • ., . • 

• . .. at. .· 
I., . ._~: 

47f 

CpaBHI!IBaSI 3TO s~pa~eHI!Ie c.s~pa~eHI!IeM (51), HeMeaneHHO nonyyaeM 
3BOfliOL\I!IOHHoe ypasHeHI!Ie AnSI s -MaTpllll\bl 

as(() 3 - · · · · ·· + 
~-- = 4i( [A, S(()]- C S{() + S(()C , .. at - . . · · · · · · 1 •. ' • .. . · , . • ... 

T. e. ; cor~acHo ( 49 }, IIIMee·M rip~· ( i;; ( -'"" ~ 'oo) 

N en . en . as
11

(() 

. at 
- 2i( I(-.. ---+ .. -. --) s (() =0; 
.. n=l "'2,:(2 .. :(2-[2, 11 :: ... _.··. ·.~; 

. •:. ~ . ,. .. ··~. n. : . . .. n .. I . • ., .. 

as12(() 3 ash(() 3 

8 i ., s ( '() =(;' ' + 8 i"' s ( () = 0 \ 
(,~2 · .. at.... 21 • .at.· 

\ . ' . _,, 
)" " <'"' < 'j • ., ·., .••. ,.., '·t 

a~2 (.,) '; ,__:, >'N · Cn' ·'··.ex{ . " ' '· ·' 

, ·~ 

', 

---:---- + 2 i }" I ( ;..;,;.._;;;_· . .:.. :+· _.:.._·: -·-.) s · {() = o : . : j t , 
.·. . ., - .. 2 2 . 2 -2 22 

at. n-:1· ..... }". _,}" ' }" - J" .. ' ...... • . .. ."., _,·; ~:,· . '='n r:-~:-· .'=' .,:· ':son , I: , . .-. 

(?3) 

'' .:. ·:;I •, ·: : ._.·.- ' .. r ·;: :- _i c·;·e, • ,i ~,· • .• ,f '";! 

npeanono~IIIM Tenepb, ,.YTO TOYKa,(,'f (n AIIICKpeTHOfO cneKTpa 
onep~~op'a·L -~.Mee~.' l<paTHoc_Tb:r~);· T._e>~;~P11 n ~-.ln.~~·:··, N Bbln<)n~-
He~bl ycnoBIIISI···.···. ·:i , .. ·.:. ·.·'· :,_ ··· '.:.·. '· 

' -~ • '! • 

. ··.irn-;~ ,;;·':ii ... ··... r: ,.. '" .·.-.. '': '· · 'r 
a s

11
(() 

· s < ( > = ••• = · I··. .. =··o 
. . 11 n . • ua' rn- 1 c ' (=(n .. ' 

,·,: 

\ . rn 
a s11<0. . . ;i, : •. !-:----.· 

(~5) 
" • • t -~: • 

. I ',;,. o, 
a(n (={n 

D=l; ••• ,N. 
·., 
,,·, ·, •J' 

\' 

Ill Hill OAHa l-13 TOYeK (n He ne~IIIT Ha MHIIIMOi-1 CCIII,. T. e. (n + ( n ,f. 0 
n = 1, ... , N . Tor A a 1113 ypaBHeHl'ti-1 (54). cneayeT, .. "'TO QJYHK4111W 
s

11 
(~) • l1 s

22
(() aonycKaiOT npeilcTasneHI!Ie ·· r · ,, ·· • · 

13' .. ' 



-

'' N. ((i_ (J(('_j. zs,r:_. 
s 1(() =81('.) ·nl[ (.(+( )(,~(n)] ,-
1 n= . n r 

~2(~) ~~2(q,}{ [(( + (n) ((- (n) r .. 
n~·f · ·' · .-._--.. -. .] n 
- .. (( -(n j' ((;''() '. ' .· 

n 

"· 

{56) 

'',,_, .i' 

rAe sen~~~Hbl 8I{() ~ 82(() 
( = '.n A~CKpeTHoro cneKTpa 
MeH~ cornacHo ypaBHeH~~ , 

He 3aB~CHT OT BpeMeH~ t~: a ~0~~~ 
onepaTopa L 3BOn~4~0H~py~T BO Bpe

~ 

d(. ' . .. . . . . . '. 

r --n+iC =0, D=l, ••• ,N. 
'I "'i ',.. ,-'; k,_ 

._, ~' ' 

'I 

(57) 
n dt n 

np~ ~ToM sen~~~Hbl 81 (() . ~ S2 (~}: ; s c~ny ( 4 h ·9 \3epxHe~ nony- :. 
nnotKOCT~ Im '. > 0 YAOBneTBopH~T ycnos~~- ·. • : 

\ , .. •\ . . . ·'·' . '' ' .,. ' ' . 

8
2 

( 0 = S 1( 0 . Im '.> 0. ,' ··, J 
~ ·, .> ••• '. 

1.13 paBeHCTBa (56)'' cneAyeT, , ~TO ecn~ B K·aKO~:_TO. MOMeHT BpeMe
H~ t = t' TO~Ka '. = '.no nonaAeT ,.H-a MH~My!O' 'ocb; TO B 3TOT Mo-

MeHT BpeMeH~ Hynb ( := '.no. Q>yHK4~W S11~(>} 6yAeT ~MeTb nopHAOK_,·: 

paBHbi~ 2rn
0 

• 0AHaKo.: B: cnyl.fae. o6utero.' nonoH<eH~H_ B cooTBeTCTBVi~ : 
C ypaBHeH~eM (57) TOl.fKa ( = '.n

0 
np~ 't> t' noK~HeT MI:I~My~ OCb 

Lt1, cneAOBaTenbHO,. np~ t > t~ . TOQKa ( = (no CHOBa 6yAeT HyneM_ ' 

!j>yHK4~~ Sit('.) KpaTHO.CTL"! ;rno·;:· TaK~M o6pa30M, Mbl B~A~M, l.fTO 

ecn~ B np04ecce· 3BOn~4~i, TO~~a ( := (~0 ,, B ·KaKo~·~TO MOMeHT Bpe

MeH~ nonaAaeT Ha MH~MY~ OCb,,TO B 3TOT MOMeHT_BpeMeH~ !j>yHK4VIH 
811('.r He YAo8neT86psi~T ysnos~~: (55): 3.-r.o . 3Ha.4~T, lf':·o ·e~n~ .it>YHK
U.~H 8 11(() · YAOBneTBOpHeT ycnoB~~ (55). W cpeA~ TOl.feK ( 1,;. :_,' (N ·. 
~Me eTCH XOTH 6bl OAHa TOl.fKa ( = (00 . ; Ta,KaH, l.fTO (no+~ no· ' a 0, -

To B 3TOM cnyl.fae __ B paBeHCTBax (56) o6H3aTenbHo HYH<Ho ·Bbl6poc~Tb 
• . '. + ( r . '· .. . •) . > , . . . 

COMHOH<~Tenb (--_no ) nO B BblpaiKeH~~. AnH !j>yHK4~~ ·5··· (()'·VI. CO.:: .. r: -
r_r _ . ·.·.-,J •. -._,_11 
"'- «:.no ..... 

· '.- (n r 
MHOH<~Tenb ( ----::2..) no B, BblpaH<eH~~ .~nH !j>¥HK~VI~, '822('.) 

'. + '.n . , . ·• '" ... · . . . '· , .-· .. 0 -

KpoMe. 

TOro, 3BOn~4~0HHOe ypaBHeH~e AnH C06CTBeHHOro 3Hal.feH~H ( = ( 
B 3TOM .cnyl.fae,cornacHo (54). o6H3aHo VIMeTb BVIA no 

d'-n ' - ' . 
\ d~o + ~i(c~o'+ e~~)' ;;}o:: ... ",';_;'·,.:·.:.--.:~:. . .... 

....... ,; l') ; ~ /• • >; :. ·:_;. (~--

' (58); 
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06beA~HH~ ypaBHeH~e (57):cjp~BHeH~eM (5~), M~ B~A~M, l.fTO o6a 
3T~ ypaBHeH~H· HBnH~TCH ~aCTHbiM~ cny~aHM~ ypaBHeH~H 

d( ' -
r __ n + i ( e + Y. e ) = 0, n = 1 •••• , N. (59) 
n dt n n n . , _ 1 .• · · 

rAe . sen~~~Ha · y onpeAeneHa c noMOiltb~ paBeHC.TBa ( 9) •• B c~ny. ( 5) , 
( lO), ( 42) . ~ . (~3) _ypaBH~HmH ( 8) L-1 (59) 3KB~BaneHTHbl 'Apyr Apyry: .. 

3. 3BOfl~UI.10HH~E YPABHEHI.1R ~nR·H~PMI.1POBO~H~X 
KOHCTAHT B CflY~AE CI.1CTEMbl (1) - {3) 

- + . . . 
nycTb ar . ~- a r. - BeKTOpbi:·CTOn6U,bl,. o6pa30BaHHble ;. COOTBeTCTBeH-

HO, 3neMeHTaM~ r - ro cTon64a MaTpill4 r0 ~ r~ B~Aa ( 35) , r = 1, 2. 
nycTb, Aanee, r- ~ ri - BeKTOpbi-CTOn64bl, o6pa30BaHHble, COOTBeT7 
CTBeHHO, 3neMeHtaM~ r-ro CTOn64a MaTp~4 g0 VI g~ B~Aa (47), r ~ 
= 1 '2 .. nycTb' HjiKOHe4' ' = '-m . - HYilVI Q>yHK4~~ 811((), neH<aut~e . 
B npasoM· sepxHe~ KBaApaHTe Re '. ~ 0, Im '. > 0 KoMnneKcHo£1 nnoc
KOCT~ (, m = 1,.,,, N. B COOTBeTCTB~~ C paBeHCTBaM~ {39) ~ (40) 
nonoH<~M np~ m =! 1, ... , N · · 

. + . . .· - , . . 
0 = r.1 (X , ( ·) - D r.

2 
(X , '_ ')', m m' m .m 

. 
}.'. ');·< 

(60) 
,... + . ~· -. ,~··A . _ ~ . -t • 

Gm= 72 (x, '(m).:.. Bnh (x, '.III)~; 

CornacHo paBeHCTBaM {48) ~ (49) _~MeeM-
• . ~ t 1 

3 N en . 
+ (X j. ) = { - 4 i '-m + i ~ (-;--; 
rl • "'m . n=t «:.m+ ."'n 

en 
+- ) l + '. -( a 1(x,(), 

m ... n m 

r2(x • (m) 
3 N en - en -

{ 4i(m+ i I (--- + ..:----) la2 (x, (~), 
n=l '.m :'-n · ·(m-·'-n · · ' 

-3 N en 
+( ;) = {4i( - i I (:-::-.. r 

r 2 X •. "'m . . . m n= 1 ( m- «:.n 

-
en 

+ ) l + -{ + -; , .· .a 2 ( x. • '. ) • 
m ':.n . m 'I •; • :~ ~ .' ' 

. - .. _ N e 
r~(x, '.J = { -4i(:- i I;,( _ n_ + 

. . n=l ( _ '. 
m n 

e 
__ n...,.......) lu-{x, '. ) • 

1 ·.m· - -
'-m+'-n · 

15'" 



' & yl.leTOM !flopMyn ( 39} 111 ( 40} OTCIOAa· cneAyeT, . \.ITO .onpeAeneHHbJe 
nocpeACTBOM"(60} seni!1\.11!1H~ a -~~a· Moryi 6~T~.~a~111caH~ a erie~ 
AYIO~eM Bl!lAe: 

.::· , .m .. ; . m. ~:.. . . · . ·· · 

•,, ,• 3 . ~ -3A .-
am =-8it;;'mBmo'2(x, t::'m). Gm= Sit;;'mBma!(x,t;;'m)• (61.}· 

c Apyro~ cTopoH~J, a c~ny (39}~ (40} 111 (5~} cnpaseAn~BbJ pa~imc;r-
. . . ,., . . _:,' . ' ' ' -

sa 

au+ (x, ' ) au; (x,t;;'m) asm ""< /') . i ( . . -rJ ( ) ~.:....!.l!L.- = B ----- ·+· -:---u2 x,.,; + ---:- c + y c · xm· x , m ·a' ··at ·- m •·r-- -m .. m.. - ·' at t . ' m ' .. ..,. . 

au;(x, t;;'m). 

at 
. - - a~ - i- -~ ~ aal(x,t;m>- ~ -cx·~')'---(c +y•c >xm(x), - B· _..; _____ , +- ul '"'m m. m m ... 

·- m at .at ... ·• · .. ·· . rm,. ' ,, ' 
\ 

rAe 1 ( Lf<: ( .' :· L ( 

X (x) 
m 

j~[a+_(~.t;;') - B 6.-
2
· (x,· t;;')]!~'=~' at; ' 1 . . ' .. m' . . '' ':> ':> m • ' 

. • . ·:! ' (62} 
; '' . ~ 

., 

xi.{x) = ~-[u2+ ex~. ~T- Bm''u1'""(x, t::'>lli-_7 
m at; . ' . ';,- "'m. ; ; ~!; 

C nOMO~biO 3TII1X 
1
paBeHc:rs Ha .OCHOBe (39}, (40}, ,(46} 1!1; ~47} Ha-: 

XOA111M, \.ITO 1!1MeiOT MeCTO COOTHOWeHI!lH . 
. . . . . ' 

,_.. . as . i -
r+(x,t;;' )=B r:-(x,t;;' )+-::J!Lu-(x,t;;' )+ --(c +Y c·)x (x)-
1 ,m m 2 m .. at. 2. _m. rm .. ,m .. m.m m. 

4N 

-B I. 
·mn=·l 

00 -·:.: ·.:;:•' : ":'·:_'.' ' ; 

1J~(x) r 'Pn(z)a2(z,(m)dz, 
-oo . 

' 
'>,t'. 

(63}_ 
,· as · - · · ·· + - ,.. - ' . . ' - . i - ,.. - •' 

r2(x,t;;') =B r~(x,t;;'m)+ -a· tmu;(x,t;;'m)-...:.-(cm:+ymcm)xm(x) -. 
m m. . . , , . . rm . ,· 

, 4N. · :: <>o ......... ·•• ·• -

- B~ I <I>n(x), f ~ 0'(z)~!(z •. (~)dz. 
n=l -~ · 

CornacHo ( 42} ~. ( 45 f npw n~fibJX m = ·1, •.. , N' 111. rl' =: 1/ ... , 4N•8bi..:.· 
• ' ·' •I ' '" -• 

nonHSJIOTCH COOTHOWeHI!lH •; 

~- ~ . 

L 'Pn(z)a;(z,t;;'~).dz =·o_> 1 ecnw·(n..:.m)(n.:;;llJ_:N) I= 0, 

""-l 'Pn(z) al (z, (m) dz = 0, ecn111 (n-m- 2N) (n -m- 3N) I= o. 
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. ,• 

l 

'KpoMe TOro, B COOT8eTCTBII1111 C (38}, (42} ~ (45).np1!1 nto60M m ~' 
= l, ... ~N cnpaseAnl!ls~ pa8eHCTBa · 

00 

f '!' (z)u-2 (z;t;;' ) dz = icmS1 1(,m)• m m . 
·-oo ' 

.. ,;, 
r 

00 -

.f 'PN+m(z)u; (z' t;;' m) dz = i·ym cmSll (t;;'m)' 
-oo . . 

__ ( ,· 

~ 

.f ~2-N (z)u-
1 

(z, Z ) dz = -i y c 8'22. ( Z ), 
+m · m m m . m 

-oo 

\00 . 

. J 'ii
3

N .. (z)u-1 (z.Z'')dz.=-i~ s
2
'c;({ ), 

+m · m .· m . ,. · m· 
-oo 

rAe 8eni!1"11!1Ha. ·Y m onpeAeneHa paHee nocpeAcTso'M ( 9} • C 'y'l.leToM 
3TII1X paBeHCTB COOTHOWeHI!lH '(63} np1!1HI!1Ma10T BillA 

aB · · . · · 
r~(x,t;;') = B f2Cx,t;;') + --~u2(x,(~) + 

m m. . . m • ' at . 
. +._!_(em +:~m c~)[ ~~(x) ~ Bm S11 (t;;' nl ¢m(x)l. 

rm . . . , 
- A_.. - · as _ - .·· 

r+(x;t;;'·)= B r
1
-(x,t;) +-m-<T1 (x,t;;' t-

2 ' m m m at m. 
'~ ' ' . 

""' ~-<c +·r· <: )Lx <~J - i --~~2 <Z . ) ~2N+m<-~)J ~· 
r . · m · m m -.. m -.. m ... m m ..... , . . . .. . .• ,.. . 

. OnpeAerieHHble riocpeP,cTBOM, ( 62 }i senii14111Hbl x~(x) 111_ X m(x) 8 Cl!lny 
.( 42) , (43} 111 ( 45) AOnycKatoT npeACTasneHI!le · · 

. . 

x (x) =a <f. (x) + r b a+
1 

(x, .. t::' ). 
m -mm 1mm. m. .\. '"; 

(64} 

x (x) =a <i;
2
N· (x) + r b.a+2 (x,().. m m +m m m m · 

rAe 8eni!1\.11!1Hbl am, bm' ~ am, bm He 3aBI!1CHT OTX. C nOMO~biO (38}, 
(44} 111 (62} ner~o HaXOA~M, \.ITO 

-
am = BmS~l(t;;'m), am= BmS22 (t;;'m), 

a 8eni!1"11!1Hbl b.m 111 bm YA08neTsopHIOT yc~o>sl/110 bm = b~, m = · 1, ... , N. 
OTctoAa cneAyeT, "'TO onpeAeneHHbJe nocpeACT80M ( 60) 8eni!1"11!1Hbl am: 
~am MOryT 6bJTb npeACTa8neHbl 8 Bl!lAe 
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··<,-

't 

_r': . aa ' ., ' - . -
G = [ :::, m, + i ( c + y . c ) b B ]a 

2
. ( x , ( ), ··· 

m ut · · m m m m m . m 

~ ai3m ' - .... ~ - -
G = [--- i(cm+ ·Y c )b B ]a 1 (x,( ). m at m m m m . m 

CpaBHiilsast 3TIII pa~eHcTsa c cjJopMyno~ (61) , nonyyaeM, ~"'TO 3Bomo
~IIIOHHble ypaBHeHIIISI AnSI HOPMIIIpOBOI..!HbiX KOHCTaHT B m Ill Bm IIIMeiOT. BillA 

a~l!! + [Si(3 + i ( c + ·Y c ) b .] B . = . 0, . at m m m m . m m 
. ~.I . . ,.; aa -s - . ~ .. ~ . 
_!!! - [Si(m+ i(Cm+ YmC )bm]Bm,; 0. at . m 

{65) 

Ha OCHOBe paBeHCTBa b m = bm .f111CT~Ma ypasHeHIII~ { 65) o5naiJ,a~T· 
IIIHBaplllaHTHbiM MHOroo5pa31/1eM Bm = -B m. 6on~e, Toro,' 1113. paBeHCTB 
{ 62) 111 { 64) cneAyeT, "'TO B cny1..1ae ( m + ( m =. 0 sen1111..1111Ha hm~ 
AOn>KHa ObiTb I..IIIICTO MHIIIMO~, Ill', TaKIIIM o5pa3oM, seniiii..IIIIHbl B~ 111 Bm 
8 npo~ecce· 3BOniO~IIIIII OCTaiOTC~ , BellleCn~eHHbiMJ/1. 3AeCb HeOOXOAIIIMO 
OTMeTIIITb, '"'TO ecn111 B. np'o~e·cc'e 3BOlliO~IIIIII KaKoe:-!'fiiiOYAb' COOCTBeH
HOe 3Hal..leHVIe, · HanpiiiMep (n , B kaKo~-To. MOMeHT speMeHIII. t ~· t' 

·. 0 ' .' 
nepece'-teT MHIIIMYIO OCb, TO AnSI .. 3TOfO MOMeHTa BpeMeHIII cnpaBeAniii-
BOCTb. ypaBHeHIII~' { 65) nplll . tn ~ n

0 
HaMill, 'CTporo 1 fOBOpst; He AOKa-

3aHa. 0AHaKO IIIX HeTPYAHO nony'-IIIITb no HenpepbiBHOCTIII 1113 ypaBHe-
HIII~ { 65) nplll m = n

0 
Ill t. I= . t' , ·'-ITO C HeOOXOAIIIMOCTbiO npiiiBOAIIIT " 

K paBeHCTBY ·Yn = 0 nplll t =,. t' ·~ . · . . · · . 
. 0 . ' . ' 

TaKIIIM o5pa30M, CIIICTeMa ypaBHeHIII~ {53), '{59). Ill { 65) oniiiCbiBa-
eT 3BOniO~IIIIO so speMeHIII scex AaHH~x pacceSIHIIISI AnSI onepaTopa L 
BIIIAa {6), {7) C noTeH4111anoM U =:· u(x, t), YAOBneTBOpSIIOLliiiiM CIIICTe
Me {1)-{3).· 3To 3.Ha'-IIIIT, '-ITO s cny'-tae clllcTeMbl {1)-{3) Mbl MO}f{eM 
Anst peweHIIIst 3aAa'-tlll Kow111 socnonb30BaTbCst npstMbiM 111 o5paTHbiM Me- · 
TOAOM pacceSIHIIIst .Anst onepai'opa,'LBIIIAa {6), {7). · · 

4. OnPEllEflfiiOIUVlE COOTHOWEHVlW,llflfl. CVlCTEMbl { 11)- {13) 
) 

OnpeAenstiOLllllle COOTHOWeHI/ISI. AnSI CIIICTeMbl { 11)-{ 13) nony'-taiOTCSI 'c 

aHanorlll'-tHo To My, KaK 3To 6b1no CAenaHo paHee AnSI, clllcTeMbl { 1)
{3). 0AHaKO' IIIMeiOTCSI Ill HeKOTOpble !OTnlll'-tiiiSI. ,CyTb 1.1x COCTOIIIT B cne-
AYIOLlleM.. . . . 

. PaCCMOTpiiiM nlll~e~HY~ CIIICTeMy ypaBHeHIII~ 
. . ar 
(X- i(A)f

0 
= 0, _,.JL = IJl f , n = 1,.;., 4N, {66) ax ·. n 0 

'•,:· 
/ ~ :?. 
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OTHOCIIITenbHO Heiii3BeCTHbiX sen111''-IIIIH ! 0 , ( 1 , ••• , t 4k. C nOMOLllb!O 
peweHIIIst r 0 , r 1 , ~ ••. , r4N clllcTeMbl ( 66) onpeAeniiiM senlll'-tiiiHbl g

0
, 

\ g1 , •• ·,, g 4N . ~OCpeACTBOM paBeHCTB . 

arc) i .4N 
g = -- --Ff0 + l: ¢ r 

0 at }' n n' 
., n= 1 

{67) 
g = 'P Af0 - i((- ( )f , n = 1, ••• , 4N, n n · n . n · . . 

rAe M'aTplll~a· F lll~eeT. BIIIA/3/ : 

1 ~OS 0 sin 0. I .. 

F = -1 
4 sinO .;..cosO {68) 

B~stCHIIIM Tenepb, KaKIIIM Tpe5oBaHIIIstM AOn}f{H~ YAOBneTBOPSITb MaTplll~a 
V BIIIAa { 16) 111. BXOAS!Lllllle B paBeHCTBa { 66), { 67) BeKTOpbi-CTOnO~bl 

· ·¢l' .. · ·, ¢ 4:tj, 
1
P1' ..•. , 'P 4N AnSI Toro, '-ITO Obi onpeAerieH·H· ble nocpeA

CTBOM { 66)- ~ 68); Benlll'-tiiiHbl gt'l' g 1 , ••• , g 4N YAOBneTBOpstnlll Tpe5o-
BaHIIISIM' . ' . . 

4N 

(X - i ( .t\}g
0 A I ¢ g , 

n=l n.n 
a gn = o, · n = 1 , ••• , 4N • ax {69) 

C y'L!eToM' paseHcTBa [X', F] ·,;,· ~: .j.'{V,_F]~ O.HeTPYAHO y5eAIIITbCst, 

'-ITO AnSI ~npaBeAniiiBOCTIII COOTHO~eHIIIA {69) HeOOXOAIIIM~ Ill AOCTaT0'-1~ 
HO B~nOnHeHI/Ie ycnOBIII~ 

. 4N. · _ 

[A, F ] = A I [A , ¢n 'Pn ], 
· n = 1 

ax 
-- + at 

f. l 

. (70)' 

(X ..: 'i(n A ) ~ n =: (X' :- i' A) 'Pn ~ 'o'; n = 1 • no ; 4N ~ . . . ~ . . ... n . . . . .. ; .·; '(71) . 
l 

rAe - . _x =-a.+ v. {72) 
npeAnono}f{IIIM Tenepb, '-ITo senlll'-tiiiHbl ( n Bbl5paHbl, c: co5niOAeHIIIeM 

Tpe5osaHIII~ {24). B 3TOM cny'-tae YAOBneTBOPSIIOLllllle ycnoBIIIstM {71) 
· BeKTOpbl-cTon5~bl ¢ 111 :·tp np111 · n = 1, ... , 4N MoryT 5~Tb- onpeAEme-... . . . . . n n . .. .. . . 
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Hbl C noMO!llbiO QJOpMyn ( 25}- ( 29) C TC)~ TOflbKO: pa3HII1U,e~, '-ITO, 
Ha 3TOT. pa3~B,.COOTBeTCTBII1111 C ~a~eHC~BaMII1 (15), (16) 111 172),. 
senli1'-11!1Hbl rPn• i./In ill Pn' q~ YA68rieTBOP,SliOT, cooi:seT~TBeHHO, ypasHe
HII1SlM (12) 111 (13), n= 1, ... ,N. B c111ny paseHCTB (30) 111 (31) 
OTCIOAa cneAyeT, '-ITO COOTHOWeHII1e (70) 3KBII1BaneHTHO ypaBHeHII110 
( 11). TaKII1M o6pa30M, · COOTHOWeHII1Sl ( 69) Ae~CTBII1TenbHO ;_3KBII1BaneHT-
H~ CII1CTeMe ypaBHeHII1~ (11)-(13). . 

CpaBHII1BaSl paseHCTBa (66)-(69) c paseHCTBaMII1 (17)-(20), M~ 
B111~111M, '-ITO OCHOBHOe 111X 0Tflll14111e COCTOII1T B TOM, '-ITO onepaTop .A 
B111Aa ( 19) 3aMeHeH Ha onpeAeneHHY~· C: noMO!llbiO. ( 68) M~l.TP111U,Y ?" 'F •. 

B c111ny cAenaHHbiX paHee npeAnono}KeHII1~, .'-ITO np111 x ... ±oo peweHII1e 
(} = (J(x,t) ypasHeHII1Sl (11) 'cTpeMII1TCSl K HeKOTOPbiM KpaTHbiM 211 ae...:: 
nii14111HaM, y6e}KAaeMCSl a cnpaseAn111BOCTII1 acii1MnTOTII1K111- F ·- (1/4)1\, ·ec
nli1 X-+~"" • 3TO 3Ha4111T, .'-ITO B COOTBeTCTBII1111 c'(33) B~nonH~IOTCSl 
aCII1MnTOTII1KII1 .· . ,. 

1 . 
Ff{; - -Aexp(i(Ax), ecn111 

4 •.. · ·; . 
X ~ -oo,, . .,, . .,: 

+ 'l,, ·. l•' ','·:. ,·: i ,; I, '• I 

F r0 - ·-4 A,exp,q(A~~·p·~cnll1 .x ~ "" •.. : ..• 

c APYr.o~ C:{opoHbi,· cornacH9 '(19r 'Lii. (33)111Me!Ol- ~e2To ·acL1MriTbTII1KII1 

Ar0- -4i(3 Aexp(i(Ax), ecn111 x ... -oo, 

Ar0+--4i(3 Aexp(i(Ax), ecn111 x ... ""· 

0TC10Aa · cneAye-:r, .~T.O a 1 paccMa:rp111aaeMOM 
norii14Hble · ( 48) _¢opMyn:bi 111MeiOT B111A · • 

<; i 

.. : .·.·. i ' 
g~(x,() = r0(x,()(-4/;A+C~). 

g~(~. () 
.' 

r
0
+ < x , ( )( - i_ A + c+ ) , 

4( 

HaM111.i:e~~ac,cny4ae aHa-

(73) 

rAe MaTpii1L.J,bl C..: 111 C + onpeAeneHbl C nOMOlllbiO paseHCTB ( 49) • 3TO 
3Ha4111T, '-ITO. 3BOfliOU,1110HHOe 'ypaaHeHII1e. AflSl S-M~Tp111U,~ 8 cny4ae CII1-
CTeMbl ( 11)- ( 13) nony4aeTCSl 1113 ypa8HeHII1Sl c( 53 )• ·a -pe'3ynbTaTe ·3a.:. 
MeHbl B nepBOM cnaraeMOM B npaBO~ 4aCTII1 3TOfO paBeHCTBa COMHO~ 

}KII1Te.nSl 4 ( 3 Ha 
4
1( ~ _TaKII1M o6pa30M, · nony4aeM · ypasHeHII1e 

as(() i .· .· .. ·. + ( 74 ) 
- == -[A,S(()].- C'"':' s{l;).+S(()C,. . . . ·,: : 

lj 

at .. 4(. ···' .· .. ,.,,.. ······-~ :;.•·•:.: . · .· .. 
0TC10Aa cneAye:r, · '-ITO A111ar.oHafl_bHble .. 3neMeHTbl s.-MaTpii1L.J,bl· .s paccMaT- . 
Pll1~aeMoM HaM~ ce~4ac cny4ae 3BOniOU,II10HII1PYIOT cornacHo ypasHeHII1-
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'; 

'i. 

SlM '(54), a .3BOniOU,1110HH~e ypaBHeHII1Sl AflR BHeA111aroHaflbH~X 3neMeH
TOB 'S -MaTpii1L.J,bl 111Me10T B111A 

as12 <0 i · as21 (() i . . · 
----- - - 8 12 (() = . + --821 (() = 0 • at 2( . at . 2( · 

TaKII1M o6pa3o~, non~4aeM, '-ITO s cny4ae cll1cTeM~ (11)..:(13) coxpa-
. HSleT Cll1ny ypaBHeHII1e (59) C TeMII1 YT04HeHII1SlMII1, KOTOpble y}Ke npii1BO-

A111flii1Cb paHee np111 paccMoTpeH111111 cny4aSl cll1cTeMbl ( 1)- ( 3). HaKoHeu,, 
nOBTOpii1B no4TII1 AOCflOBHO paccy}KAeHII1Sl npeAbiAYUiero pa3Aena, nerKO 
y6e}KAaeMCSl, '-ITO' B Cll1ny ( 73) . 3BOfliOU,II10HHble ypaBHeHII1Sl AflSl HOpMII1-
~0804HbiX KOHCTaHT Bm 111 Bm 111Me10T BillA 

aBm . i . . ·.. -
-- + [ -~ + 1 ( c + ·Y. c ) b ] B = 0, at 2(m . m . m m m m . (75} 
aam ' i . - ~ ,.. 
~- - [-- + 1(c + y c )b ]B = 0. at 2z . m m m m . m 

. m . . 
Cll1cTeMa ypasHeHII1~ (59), (74) 111 (75) onll1c~saeT.3BOniOU,11110 

BO speMeH111 BCeX AaHHbiX pacceSlHI!1Sl AflSl onepaTopa X - i (A ·· BI!1Aa 
(15), (16) C noTeHU,II1anoM (} = (J(x, t), YAOBneTBOPSl10111111M CII1CTeMe 
( 11)- ( 13). 3To 3Hao..ii!1T, '-ITO .s cny4ae Cli1CTeMbl ( 11)- ( 13) Mbl MOlKeM 
AnSl peweHI!1Sl 3aAa41!1 Kow111 socnonb30BaTbCSl npSlMbiM 111 o6paTHbiM MeTo-

·AOM pacce5~Hii1Sl AnSl ·onepaTopa X- i(A Bli1Aa (15}, (16). · · 
. B 3aKn104eHII1e Heo6xoA111MO oTMeTII1Tb, '4TO s ·To speMSl, KaK s cl!1-

cTeMe (1)-(3} He3~Bii1CII1M~e nepeMeHH~~·x 111 t 111MeiOT cM~cn,cooT
seTcTBeHH~ npocTpaHCTBeHHO~ 111 sp~MeHHo~ KOOPAII1HaT, s cl!1cTeMe 
( 11)- ( 13} nepeMeHHble x ,t SlBflSliOTCSl TaK Ha3blsaeMbiMII1 11 KOHYCHbiMII1 11 

( 111flli1' xapaKTepii1CTII14eCKII1MVl} KOOPAI!1HaTaMvl. lJ.nSl TOfO, 4T00bl C no
MOUibiO onpeAen5~Kl!11111X cooTHOW~HII1~ nony4111T.b ypasHeHII1e sine-Gordon 
c caMocornacosaHHbiM 111CT04HII1KOM s 11 Ql~31114eCKII1X 11 nepeMeHHbiX x ,t, 
np111AeTCSl :· CYllleCTBeHHO 1113MElH111Tb B111A onpeAen5~101111!1X COOTHOWeHII1~. 
3TII1 1113MeHeHII1Sl oKa3biBaiOTCSl _6onee paA111KanbHbiMII1 no cpasHeHI/110 c Te-

MII1 _1113MeHeH111SlMII1,· KOTopbiM n6AsepraiOTCSl onepaTopbl x -i(A 111 T = 

= -;!t-- iF np111 nepexoAe .oT. 11 KOHYCHbiX 11 nepeMeHHbiX K · ~1 Qlll131114eCKII1M 11 

nepeMe~b!M. lleTanbHOMY paccMoTpeHII1io 3Toro sonpoca 6yAeT nocs5~-
11.1eHa OTAeribHaSl pa6oTa~ · 
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