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B HaCTOHUjee 8peMH 8 lllccneA08aHvWI HeniiiHeiiiHbiX 3BOni04IIIOHHbiX 
ypa8HeHIIIiii C nOMOUjbiO MeTOAa. o6paTHOiii 3aAa'tlll pacceHHIIIH 8blpiiiCOBbl-
8aeTCH H08oe nepcneKTIII8Hoe Hanpa8neHIIIe: pe'!b IIIAeT o npiiiMeHe
HIIIIII 3TOrO .MeTOAa K IIIHTerplllp08aHIIIIO HeniiiHeiiiHbiX 380ni041110HHbiX 
ypa8HeHIIIiii C IIICTO'!HIIIKOM. np111 BeCbMa 60nbWOM pa3H006pa3111111 8 Ae
TanHX IIICnonb308aHIIIe MeTOAa 06paTHOiii 3aAa'tlll pacceHHIIIH AnH IIIH
TerplllpOBaHIIIH pa3niii'!Hb!X HeniiiHeifiHbiX 380ni041110HHbiX ypa8HeHIIIiii C 
IIICTO'!HIIIKOM n0380nHeT 06Hapym111Tb MHOrO 06Ujero KaK 8 CaMOiii cxe
Me IIIHTerplllposaHIIIH, TdK 111 8 AIIIHaMIIIKe nony'taeMbiX peweHIIIili. B AaH
Hoiii pa6oTe 3TIII YT8epmAeHIIIH 6YAYT npOAeMOHCTplllp08aHbl Ha npiiiMepe 
HeniiiHeiiiHoro ypa8HeHIIIH WpeAIIIHrepa c caMocornaco8aHHbiM IIICT04HIII
KOM. 6onee TO'!HO, pe'!b IIIAeT 06 IIIHTerplllp08aHIIIIII cneAy!OUjeifi CIIICTe
Mbl ypa8HeHIIIifi: 

. au 2 I 12 1--+ U. U+ at . 
N 

2i I (</Jp -J:q) 
n= 1 n n n n 

(1) 

a"' OifJ 
--

0
"--+U</J -i~ </J =--

0 -U</J +i~ </J =0, ax n n n ax . n n. n 
n=l, ... ,N, (2) 

ap aq 
--

0
-+Uq -i~ p =--

0
--iip +i~ q =0, D=l, ••• ,N, 

ax n n n ax n n n 
(3) 

rAe 'lepTa 03Ha'taeT KOMnneKCHOe conpHmeHIIIe. np111 3TOM Mbl 6yAeM 
npeAnonaraTb, 'ITO QlYHK4111H U = U (x, t) nplll n1060M t ?_ 0 YA08neT-
80pReT Tpe6o8aHIIIIO 

2 
I 

. r 
a u(x,t) r 1-------1 dx.<~. 

r=O -oo ax r 
(4) 

C y'teToM 3Toro Tpe6o8aHIIIR peweHIIIH ¢ = ¢ (x,t), .p =r/1 (x,t) 
111 p = p

0 
(x;t) , q = q

0 
(x,t) , n = 1," ... ~ N, coon/hcT'BeHHO 

ypa~HeHIIIifi (2) Ill (i) He06XOAIIIMO Bb1611ipaTb TaK, '!T06bl BblpameHIIIe, 
CTORUjee B npa80ifi 'taCTIII ypaBHeHIIIH ( 1), np11 n1060M t > 0 CTpeMI'!
nOCb AOCTaTO'!HO 6biCTpO K Hyn!O, ecn111 X 4 ± ~ • 3TO MOii<HO CAenaTb 
A8YMR cnoco6aMI'!. 
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nepsbliii cnocoo sbloopa peweH~iii ypasHeH~iii (2) ~ (3) TaKas. 
nycTb senW-111Hbl (; , ... , (; ne11<aT s sepxHei.1 nonynnocKoCTI'I KOMn-
neKCHoro napaMeTJa (;, T.e~ Im'(0 > 0, n = 1, ... , N. nycTb, 
Aanee, peweHI'Ie ¢ , ~ ypasHeHI'I~ (2) cTpeMI'ITC~ K Hyn~ npl'l n n 
X~ - ~ , a peweHVIe P0 , q n ypaBHeHVI~ ( 3) CTpeMVITC~ K Hyn~ npVI 
X~~ , T .e. npVI n~OOM t <:, 0 cnpaseAnVIBbl ac~MnTOTVI.KVI 

L¢0 (X, t).l + I~ 
0 

(X, t) I ~ 0 , 

I P Cx. t) I + I q ex, t) I ~ o ,' n n 

ecn~ 

ecnVI 

X-+- oo , . 

(5) 

KaK 5yAeT'nOKa3aHo HVIII<e, s 3TOM cny4ae npasa~ 4aCTb ypasHeH~~ 
( 1) npVI n~ooM t > 0 CTpeMVITC~ AOCTaT04HO ObiCTpo K Hyn~. ecnl'l 
x~ ±~, a caMo peweHI'Ie u=u(x,t) YAOBneTsop~eT ycnosl'l~ (4). 
npVI 3TOM senVI4VIHbl ' .MoryT ObiTb npOV13BOnbHbiMVI Q>yHKLjVI~MI'I spe
MeHI'I t, np~ n~5oM t";::_o YAOBneTsop~IOOJVIM~ ycnos~~ Im(;

0 
> 0, 

n = 1, ... , N. 0Ka3biBaeTc~, 4TO s 3TOM cny4ae Q>yHK4VI~ u = u(x, t) 
Moll<eT onVICbiBaTb P.~A Hetp~sVIanbHbiX npoljeccos, HanpVIMep, pacnaA 
VI Cni'I~H~e·con~TOHOB, 3aXBaT COni'ITOHOB B KOne5aTenbHbliii peii<~M 
AB~II<eHVI~, oopa30BaHI1e CB~3aHHOrO COCTO~HVI~ V13 HeCKOnbKVIX co-
n~TOHOB. , 

BTopoiii .CnOCOO BbiOOpa peweHVIiii ypaBHeHVIiii (2) VI (3) COCTOVIT B 
cneAyiOOjeM. nycTb BenVI4~Hbl (; 1' ... , (;N ~Bn~~TC~ T04KaMI1 AI'ICKpeT
HOrO cneKTpa onepaTopa L BI1Aa 

. a a=--. ax (6) 

0 u 

(7) 
u 0 

~ no-npeii<HeMy ne11<aT s sepxHeiii nonynnocKOCTVI Im,>O KoMnneKcHoro 
napaMeTpa (;,Bc~AY s AanbHeiiiweM, He orosap~sa~ 3TC ocooo,oyAeM 
C411TaTb,4TO see T04KI'I (= ( 0 Al'ICKpeTHOro cneKTpa onepaTopa L ~s
n~~Tc~ npocTbiMI'I, n=1, ... ,N.nyctb,Aanee,peweHI'Ie ¢ 0, ~. ypasHeHI'I~ 
( 2) CTpeMVITC~ K Hyn~ npl'l X~ ±~, T. e. nony4aeTC~ 1'13 HOPMI'IpOBaHHOiii 
Ha eAI'IHI'ILjy, COOCTBeHHOiii QJYHKLjl'l~ onepaTopa L BI'IAa ( 6) , ( 7) , OT
Be4al00jeiii COOCTBeHHOMy 3Ha4eH~~ (; = (; 0 , C nOMOII1b~ YMHOII<eH~~ Ha 
He 3as~C~II1Y~ OT x seni'I41'1Hy, a peweH~e p , q ypasHeH~~ (3), 

5 n n HaO OpOT, CTpeM~TC~ K 5eCKOHe4HOCTI'I np~, X~ ± ~ , T. e. npVI n~-
OOM t ·>· 0 I'IMe~T MeCTo ac~<~MnTOTI'IKI'I 

I'¢ (x,t)l+l~ (x,t)l~o. n n ecnL-1 x ~ ± oo , 

(8) 
IP (x,t)l+lq (x,t)l~~. n n 

ecnL1 x ~ ± oo. 

2, 



KaK 5yAeT noKa3aHo H~~e. a 3TOM cnyYae npasa~ YaCTb ypa8HeH~~ 
( 1) np~ nto5oM t > 0 TaK~e CTpeM~Tc~ AoCTaTOYHO ObiCTpo K Hynto, 
ecn~ x ~±,.,a caM"o peweH~e u ~ u (x, t) YAOBrteT8op~eT ycno8~to 
( 4) . np~ 3TOM 8ert~Y~Hbl (; OKa3biBaiOTC~ "ljlyHKlj~~M~ speMeH~' YAOB-

n 1 

d(; 
n " ----1 w =0_, 

dt n 
n=l, ... ,N, 

rAe 8ert~Y~Hbl Wn onpeAen~toTC~ pa8eHCT80M 

wn ~¢ (x,t) q (x,t) -o/J (x,t) p (x,·t) 
n n n n 

(9) 

(10) 

~ 8 c~ny (2), (3) He 3aB~C~T OT" x. 0TCIOA~ CrteAyeT, YTO 8ert~Y~
Hbl (; a npoljecce 380rttol1~~ MoryT ~3 8epxHe~ nonynnocKOCT~ KOMn-

n 
neKcHoro napaMeTpa (; nonaAaTb Ha 8elljeCTBeHHyto ocb, T. e. MH~-
MaH YaCTb lm (; n 8ert~Y~Hbl (; MO~eT 8 KaKO~-To MOMeHT 8peMeH~ 
t = t' oopaT~TbC~ 8 HYrtb. "3To np~80A~T K TOMY, YTO B npoljecce 
380rtl0lj~~ COOTBeTCT8YIOill~~ 3TOMY COOCT8eH~OMY 3HaYeH~IO COrt~TOH 
~cYe3aeT, T. e. yH~YTO~aeTcH. llanee, ecn~ np~ t > t' sen~Y~Ha 
(; yXOAIIIT C 8elljeCTBeHHO~ OCIII, TO IIICYe3Hy8WIII~ COrt~TOH rtOHBrt~eT
C~n 8H08b", T. e. pO~AaeTC~. TaK~M o6pa30M, 8 3TO~ C~Tyaljl/llll, I<PO
Me ynoM~HYTDIX paHee HeTplll81/1artbHbiX rtpOLjeCCOB, ljlyHKlj~H U = U (l<, t) 
Mo~eT oni!ICDI8aTb ellje ~ npoljeCCbl po~AeHIII~ 111 yH~YTo~eH~H con~TOH08. 

YKa3aHHDie BDIWe pe3yrtbTaTDI nonyYatoTCH c noMOI!lbiO MeTOAa o6paT
HO~ 3aAaYI/I pacte~H~H ArtH onepaTopa L 8~Aa (6), (7). noYT~ AO
Crt08HbiM rtOBTQpeH~eM CKa3aHHOrO H~~e aHartor~YHble pe3yrtbTaTbl MO
ryT 6DITb nonyYeHDI ArtH MOA~Ijlllll1111PoBaHHoro ypasHeH~H KopTesera -
Ae BpMCa c caMocornaco8aHHDIM ~CTOYH~KoM, a nocne He6onbworo 
1113MeH!'!H~H HeKOTOpbiX AeTartelii 3TO~ pa60TDI CXOAHble pe3yrtbTaTDI MO
ryT ObiTb nonyYeHbl Art~ ypa8HeHIII~ n~ys~nnH ~ sin-Gordon c caMo
cornacosaHHDIMIII IIICTOYHI/IKaMI!I. 

§1. OnPEilEn~~~E COOTHOWEH~~ 

np~MeHeH~e MeTOAa oopaTHOiii 3aAaY~ pacceHH~~ ArtH IIIHTerp~posa
H~H C~CTe~ (1)-{3) OCHOBDIBaeTCH Ha crteAytolljeM. B03bMeM onepaTop 
L BIIIAa {6), {7). nycTb, Aanee, onepaTop A.~MeeT B~A/l/: 

" { 11) 

HeTPYAHO y6eAIIITbCH a cnpa8eArt~80CTIII paseHCTBa 
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T.e. 

0 /j 

[ A,L] = -
/j 0 

'2 
2 a u 

!J= -i(2[u[ u+--) 
ax 2 

PaccMoTp~M Tenepb c~cTeMy ypaaHeH~~ 

ac _ 
~='P t 0 , n=1, ... ,2N, ax n 

(12) 

(13) 

(14) 

OTHOt~TenbHO He~3BeCTH~X ~en~~~H (
0

, t
1

, ••• , t
2
N. 3AeCb ~ 

BC~AY a AanbHe~weM 3HaK "-" 03Ha~aeT TpaHcnoH~posaH~e, T.e., 
B ~aCTHOCT~, nepeXOA OT BeKTOpa-CTOn04a K BeKTOpy-cTpOKe. 
np~·3TOM M~ OyAeM C~~TaTb, ~TO t 0 - KBaApaTHa~ MaTp~4a BTOporo 
nop~AKa, 'I'! , ... , 'P 2N - BeKTOpbl-cTon64bl c ABYM~ KOMnoHeHTaM~ 
KaH<Abl~ ~,. cneAOBaTenbHO, t 1 , ••• , f 

2
N ~BnH~TC~ ABYXKOMnoHeHT

HbiM~ BeKTOpaM~-CTpOKaM~. C nOMOWb~ peweH~~ f O , f I , • ,. • , ( 
2
N 

c~cTeMbl ( 14) onpeAen~M sen~Y~Hbl g
0

, g , ... , g nocpeACTBOM 
paBeHCTB 

2N 

:s ~.r •. 
n= I 

l 2N 

gn = qi n Af 0 - i ( <> ( n) t n , n. = 1, ... , 2N, 
(15) 

rAe ·~ 1 , .•• , ~ 
2
N - BeKTOpbi-CTOn04bl C AB~M~ KOMno~eHTaM~ KaH<Abl~ 

~, cneAOBaTenbHO, ·g
0 

HBnH.eTCH KBaApaTHO~ MaTp~4e~ BTOporo no
P~AKa, a gl, ... , g 2NHBnH~TC~ ABYXKOMnOHeHTHbiM~ BeKTOpaM~
CTpOKaM~. tsbi~CH~M, Aanee, KaK~M ycnoB~HM AOnH<Hbt YAOBneTsop~Tb 
MaTp~4a U ~ BeKTOPbl ·~ 1 , ••• , '¢ 2N, 'P

1
, ... , 'P 2N An~ _Toro, ~TO

Obi onpeAeneHHble BbiWe sen~~~Hbl g
0

, g 
1

, •.• , g 2N YAOBneTsopHn~ 
COOTHOWeH~~M ' 

a g. 
---:::.0, n=1, ... ,2N. ax (16) 
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.• 

C noMOU1biO HeCnOIKHbiX Bbi4111CneHIIIIi1 HeTPYAHO y5eAIIITbC~, 4TO All~ 

cnpa8eA1111180CTIII 3TIIIX COOTHOWeHIIIIi1 He05XOAIIIMO Ill AOCTaT04HO 8blnon

HeHI/Ie YCI1081111i1 

aL 2N -
-+[A,L]~ l [A,·~ 'I']. at n= 1 n n 

(L-i') ~ =(L-i') 'I' =0, n=1, •• .,2N, 
n n n n 

( 17) . 

Bo3bMeM Tenepb MaTpiii~Y u 8111Aa 

0 1 
u= 

1 0 

HeTPYAHO y5eAIIITbC~, 4TO 8 ClllllY (7) 
s-A, u U u = U , T. e. C Y4eTOM ( 6) Ill 

u Lu=L ·. 0TCIOAa cneAyeT, 4TO ecn111 
neT8op~eT ypa8HeHIIIIO 

(L-iO ~=0 

(18) 

(19) 

8blnonHRIOTCR pa8eHCT8a u Au= 
(18) nonyYaeM paeeHCT80 
8eKTOp-CTon5e~ ·~ = ·~ YA08-

. 0 

(20) 

np111 .: =.: 
0 

, TO 8eKTop-cTon5e~ 'I'= u ~0 YA081leTeopReT ypa8HeHIIIIO 

(21) 

np111 TOM H<e caMoM 3HaYeHIIIIII napaMeTpa .: =.: 0 • A~nee, nycT.? E;:: Au. 
CornacHO (7) Ill (19) cnpaBeA!liiiBbl paBeHCT8a EAE=-A, EUE=-U= 
=-U, T.e. 8 COOTBeT,CT8111111 C (6)111 (18) HaXOAIIIM, YTO ELE=-L ,. 
ELE=-L*, rAe L=Ao+U, L*=-A;1+U. TaKI!IMo5pa3oM, nony

yaeM, YTO. ecn111 8eKTop-cTon5e~ ·~=·~0 YAO~neTaopReT ypaaHeHIIIIO 

(20) nplll '= 'O , TO BeKTo_p-CTon5e~ ·~=E'~o YA08neTBO,PReT 3TOMY 

H<e ypaeHeHIIIIO, HO np111 <:= .:0 • 5onee Taro, ecn111 aeKTop-cTon5e~ 

'l'='l'o YA08ne,IBOpReT ypaeHeHI/IIO (21) nplll '='o, TO BeKTOp

CTOn_!ie~ 'I'= E'l'o TaKH<e. YAOB!leTBOPReT ypaBHeHI/IIO (21), HO nplll 

.: = .:
0 

• C yYeToM cKa3aHHoro Bblwe nonoH<IIIM np111 n = 1, ... , N 

·~ = 
n 

n=l, ... ,N. 

5 
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npeAnOflQ.IKVIM, HaKOHe4, '"ITO npl-1 n = 1, •.• , N BblnOflH~eTC~ YCflOBVIe 
(; N +'n = (; 0 , _1-1 B COOTBeTCTBI-11-1 C 3TVIM YCflOBVIeM nOJlOIKVIM 

.. 
-¢ 

D 

N 

PD. 
'FN+n = 

-q 
n 

0. ·Y I - .. 
·Y 0 

·Y= ::E (¢ p -t/; q ) • 
n= 1 n n n n 

n=l, ... ,N. (23) 

(24) 

(25) 

TaK~M o5pa30M, ecnVI seKTOpbi-CTOfl54bl '4/0 1-1 '1'0 BVIAa (22) YAOBneT
sop~IOT COOTBeTCTBeHHO ypaBHeHVI~M (20) ~ (21) npVI (= (;

0 
, TO VIX 

KOMnOHeHTbl ¢
0

, t/;
0 

VI p
0

, q 
0 

YAOBJleTBOp~IOT COOTBeTCTBeHHO ypas
HeHVI~M ( 2) 1-1 ( 3) , n = 1, ... , N. llanee, onpeAeneHHble nocpeA
CTBOM ( 23) BeKTOpbi-CTOJ154bl '4/N + 0 VI 'I'N + 0 co maCHO CKa3aHHOMY pa
Hee YAOBJleTBOp~IOT COOTBeTCTBeHHO ypaBHeHVI~M (20) VI (21) npVI 

fi3 f ~ 1~4) {~ ( 25 l ~;ps~~. ypa~~e~::o~:~~e~ c(~~) ( ~~~VI~~~~H~~~) ' 
ypasHeHVIIO ( 1) • :3To 3Ha'"IVIT, '"ITO COOTHOWeHI-1~ ( 16) npVI yKa3aHHOM 
BbiWe Bbl5ope BeKTOP.OB ·41)! VI '1'0 , n = 1, ••• , 2N, 3KBVIBaneHTHbl CVI
CTeMe ypaBHeHVI~ (1) - \3). 

3aMeYaTeflbHO~ OC05eHHOCTbiO C'OOTHOWeHVI~ ( 16) ~BJl~eTC~ TO, '"ITO 
c VIX noMOIJ1biO yAaeTc~ nonyYVITb 3BOfli04VIOHHble ypasHeHVI~ Afl~ scex 
AaHHbiX pacce~HVI~ onepaTopa L BVIAB ( 6), ( 7) C noTeH4VIBJ10M 
U = U (x, t) , YAOBJleTBOP~IOWVIM CVICTeMe ( 1) - ( 3) • 3TO n03BOJ1HeT 
HB3BBTb COOTHOWeHVI~ (16) onpeAefl~IOWVIMVI COOTHOWeHVI~MVI~ 0TMeTVIM, 
'"ITO MeTOA onpeAefl~IOWVIX COOTHOWeHVI~ BnepBble 6blfl VICnOflb30BBH B 
pa6oTe/2/ AO~ VIHTerpV~posaHVI~ ypaBHeHI-1~ KopTesera - Ae BpV~ca 
C CaMOCOrnaCOBBHHbiM VICTO'"IHVIKOM, a HeCKOJlbKO n031Ke 6blfl0 noKa-
3aHo/3/ ; YTO 3TOT MeTOA npV~MeHVIM K VIHTerpMpOBBHVI~ MHOrVIX APY-

. rVIX HeflVIHe~HbiX 3BOfli04VIOHHbiX ypasHeHI-1~ C CaMOCOrflaCOBBHHbiM VIC
TO'"IHVIKOM, B-YaCTHOCTVI, VI Afl~ VIHTerpV!pOBaHVI~ Hefli'!He~HOrO ypas
HeHVI~ WpeAV~Hrepa C CaMOCOrna'coBaHHbiM VICTOYHVIKOM. 

§2. BCnOMOrATEnbHbiE YTBEP>KtJ,EH~fl 

B 3TOM naparpa$e coAepH<BTi:~ scnoMoraTeflbHble yTsepH<AeHV~~ o 
CBO~CTBBX peWeHVI~ ypaBHeHVI~ (20), C$OpMyflV~pOBaHHble B YA06HOM 
Afl~ VICnOflb30BBHVI~ B HBCTO~we~ CTBTbe BV~Ae. 
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' 

VlTaK, nyCTb f~ ~ f; - MaTP~"tHble peweH~~ ypaBHeH~~ 

(26) 

r~- exp (i <: Jl x) , ecn~ x., - ~, 
(27) 

- + 
KaK HeTPYAHO y5eA~TbC~, MaTp~l..\bl f O ~ f 0 np~ n1050M t;t;; ( -~,~) 
YAOBneTaop~IOT ~HTerpanbHbiM ypaaHeH~~M 

X 

r; ~exp(i t;Jix)- J exp[! t;JI(x-z )] Jl U( z)~ f ~(z, t;) dz, 

+ ~ + 
r 0 ~exp(it;Jix)+ J exp[it;JI(x-z)]JIU(z)f.

0 
(z,t;)dz. 

X 

nonoH<~M 

¢-. ¢2 
. r~~. 1 

tf; r 
1 2 

"'+ 
r+~ 1 

0 .p+ 
1 

¢; \ 
.p+ 

2 

(£8) 

( 29) 

noACTaBn~~ 3T~ BblpaH<eH~~ B paBeHCTBa (28), nerKO HaXOA~M, 'ITO 

MeH<AY </J - ~ tf;- ~MeeTC~ CB~3b B~Aa 
1 1 

X 

¢- ~ exp (i t;x) - f exp ( j' (X - Z)) U ( Z) tf;- ( Z, <:) dz , 
1 -- 1 

X 

.p- ~ r exp[ -it;(x-z)]ii(z) "'-cz;o dz 
1 .. 1 

-~ 

~ aHanori14Ha~ cB~3b MeH<AY ¢- ~ tf;-: 
2 2 

X 

¢- ~- r exp[!t;(x-z)] u(z)'tf;-(z, t;)dZ, 
. 2 . . 2 

X 

.p-~exp(-it;x) + J exp[-it;(x-z)]ii(z) ¢"'"(z,O dz. 
2 2 

-~ 

KpoMe Toro, MeH<AY ¢ + ~ tf; + BblnonHsteTc~ c8~3b B11Aa 
1 1 

7 
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(31) 



¢; =exp(i(x) + r exp[ i((x-z)] u(z) .;,~(z, 0 dz, 
X 

(32) + 00 - + .;,, =- r exp[-i((x-z)]u(z) ¢,(z,o dz 
X 

~ 

+ . + ¢ = ( exp ( 1' (X - Z )] U ( Z) if, ( Z , 0 dz , 2 X 2 
(33) + 00 . - + r/1 =exp(-i(x)- f exp[ -i((x-z)] u(z) ¢ (z,() dz. 2 . X 2 

np~ n1060M ,;- E- ( -~, ~) Anll peweH~ll ypasHeH~iii ( 30) - ( 33) np~Me
H~M MeTOA nocneAOBaTenbHbJX np~5n~H<eH~iii. nonyYaeMble TaK~M o5-
pa3oM· peweHVJll ypasHeH~R ( 26) o5naAaiOT Pli·AOM 3aMeYaTenbHbJX 
CBOiiiCTB. ,llnli . .On~CaH~ll 3T~X CBOiiiCTB nonoH<~M 

<$
1
-(x,0=¢

1
-(x,O exp(i(x), .;,-(x,O=~-(x,() exp(i(x), 

1 1 ( 34) + ...... + + ""+ ¢ (x,O=¢ (x,Oexp(-i(x), r/1 (x,O=r/1 (x,Oexp(-i(x)·, 2 2 . ' 2 2 

noACTasnliR 3T~ BblpaH<eH~ll a paseHcTsa (30) "' (33), nonyyaeM cne
AY/001llle ~HTerpanbHbJe ypaBHeH~ll: 

•- X •- ' ¢ (x,,;-)=1- r u(z)·I/J (z,()dz, 1 . 1 
-~ 

,..: X , "" 
rP- (x, 0 = r exp [ -2i((x-z)] ii (z) ¢ -(z, 0 dz. l. _

00 1 

- ~ -¢2+cx. () = r exp[ 2i<:(x-z)] u(z) rP2+(z.o dz. 
X 

(35) 

""+ oo_ .... + r/1 (x,,;-)=1-fu(z)¢ (z,()dz. 
2 X 2 

Vl3 3TVJX ypaBHeH~iii cneAyeT, 'iTO Jj>yHKl\~~ ;;, -; ~-VI ; + ~ + AOnyc!(a
IOT aHan/1/T~YeCKOe npOijOnH<eH~e no ( B H\lH<Hi.Jk> nOnynnol::KoETb lm (.< 0, 
KpoMe Toro, a 3aMKHYTOiii nonynnocKOCT/11 Im ,;- ·=' o cnpaseAn/1/Bb/ ac~Mn
TOT/1/K~ ; 

-¢,-cx,,;-)~1. 1/J;cx.o~o. eel/~ x~-~. 
""+ ... + ¢

2 (x,O ~o, $
2 

(x,O ~1. ecn~ x~~. 
(36) 
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B c~ny ( 34) 3TO 3HaLI~T, LITO B 3aMKHyTo~ nonynnocKocT~ Im ( ::: 0 
~Me~T MeCTO paBeHCTBa 

lim. [,.6~(x,() exp(-i(x)]= lim [.p
2
+(x,() exp(i(x)]=l, 

x~oo (37) 

TaK~M o5pa30M, np~ n~5oM G np~HaAne~a~eM H~~He~ nonynnocKo
CT~ 1m<:.< 0, peweH~e ¢;, of;~ 3KcnoHeHlj~anbHO y5blsaeT np~ x~-oo , 
a peweH~e ¢;, of;; aKcnoHeHlj~anbHO y5biBaeT np~ x ~ oo. llanee, 
nono~~M 

,P;(x,() = ¢~(x,() exp(-i(x), of;;(x,()=tfo2-(x,()exp(-i(x), 

+ A+ A . (38) 
¢ 1 (x,()=¢ 1(x,()exp(i(x), .Pt(x,O =•tr/(x,O exp(i(x)·. 

nocne nOACTaHOBK~ 3T~X Bblpa~eH~~ B paBeHCTBa (31)_ ~ (32) nony
LIVIM cneAY~~e ~HTerpanbHble ypaBHeHVIR: 

A, I X ,.. 

¢ -(x,() = -( exp [ 2i((x- z)] u(z) ¢ -(z, 0 dz, 
2 ' 2 -oo 

A X A 

of;-(x,O =1+ f ii(z) ¢-(z,()dz, 
2 2 -oo 

(39) 

¢+(x,0=1~ fu(z) .f\z,()ilz, 
1 X - 1 

~:(x.O =- t exp[-2i((x-z)]ii(z) ¢
1
+(z,() dz. 

X . 

1!13 3T~X ypaBHeH~~ cneAyeT, LITO <jlyHKlj~~ ~-, ; 
2
- VI ¢ "'; ; + AOnyc

Ka~T aHanviTw-tecKoe npot~on~eHVIe no ( B sepxH~ non}hnotKOCTb 
lm ( > 0. 6onee TOrO, B 3aMKHYTO~ nonynnoCKOCTVI 1m ( ·2: 0 VIMe~T 

MeCTO aCVIMnTOTVIK~ 

(40) 
~+ I ""+ 
¢ 1 (x,()~l, of; 1 (x,()~O,ecn~ x~oo. 

C yLieTOM (38) 3TO 3HaLI~T, LITO B 3aMKRYTO~ nonynnocKOCT~ 

1m(:::_ 0 cnpaset~ni1Bbl paseHcTsa 

9 



litn [ ¢~(x,() exp(i(x)] = lim [ .p+(x,O exp(-i(;x)] =0, 
X4-~ X 4~ 1 (41) 

litn [ <P. - ( x, 0 exp ( i (x)] = litn [ ¢ + ( x, 0 exp ( -i (x)] = 1. 
x-+-oo 2 

x-+ oo 1 

TaK~M o6):>a30M, np!A mo6oM .; , npJAHaAfleiKalljeM 8epxHe~ nonynnocKo
CT~ Im ( > 0, peweH~e ¢;. ,P2- 3KCnoHeHL\~anbHO yObl8aeT np~ X4 -~ , 

a peweH~e <~>t, ¢ t 3KcnoHeH4~anbHO y6biBaeT np~ x 4 ~. 
np~ niOOOM ( <;; ( -~,~) 8blnonHHeTCH paseHCT80 

(42) 

rAe 3neMeHTbl Sci{3( 0 MaTP~l.\bl 8(0 He 3a8~CHT OT x, a ,(3= 1,2. 
C nOMOiljb~ (27), {29) ~ (42) nerKO HaXOAIAM, YTO np!A n~OOM 
(<;;(-~,~) ~Me~T MeCTO pa8eHCT8a 

·8 11(() = ¢;(x,O .P;(x.O -1/J;(x.o ¢
2
-(x,(). 

812 (0 = ct;<x.() w;<x.O -¢;(x,O ¢ 2-(x.O. 
(43) 

B cooT8eTcTBIAIA co cKa3aHHblM 8blWe IA3 3T~X pa8eHCT8 cneAyeT, 
YTO ~YHKL\IAH 8 11 (() AOnycKaeT aHan!ATIAYeCKOe npOAOniKeHIAe no ( 
8 8epxH~ nonynnocKOCTb Im <:: ·> 0, a ~YHKL\IAH 8 22 (.;) AOnycKaeT 
aHaniATIAYeCKOe npOAOniKeH!Ae no ( 8 HIAIKH~ nonynnocKOCTb Im ( < 0. 
HynHM <:: = .; n ~YHKL\IAIA 8 11 ( 0 8 8epxHe~ nonynnocKOCTIA Im.;: > 0 
COOTBeTCT8~T TOYKIA AIACKpeTHOro cneKTpa onepaTopa L, TaK KaK 
cor nacHo ( 43) np!A <:: = .; n cnpaseAn~A8bl paseHcTsa 

+ - + -¢1 (x,(n) =Bn ¢2 (x,(n), .;,n (x,(n)= B"¢2 (x,(n) • {44) 

, rAe 'len!AYIAHbl Bn He 3a81ACHT OT x. AHanor!AYHbiM o6pa3oM HynHM 
( = ( 0 ~YHKL\IAIA 822 ( 0 8 HIAIKHe~ nonynnOCKOCT~ Im ( .< 0 TaKIKe 
COOT8eTCT8~T TOYKIA AIACKpeTHOrO cneKTpa onepaTopa L, nOCKOnb
KY Ha OCHOBe ( 43) np~ ( = (n 8blnOnHH~TC~ pa8eHCTBa 

+"' .... _ ... +" .... _ ... 
. ¢2 (x•(n) = Bn¢1 (x,(n) • ¢2 (x,(n)·=Bn.pl (x,(n) • (45) 

rAe 8en!AYIAHbl Bn TaKIKe He 3aBIACHT· en x. 
B C!Any ( 26) , ( 27) lA ( 29) np!A n~OOM BelljeCT8eHHOM (; IAMe~T 

MeCTO pa8eHCTBa 

¢
2
- (x, 0 =- ;;;

1
-(x,,;), .;,

2
-(x, () = ¢

1
-(x, 0, 
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+ -+ + - + ¢
2 

(x,.:J =-if't (x,.:J, J,b
2

(x,.:J =¢
1

(x,.:J. 

C yYeTOM ( 43) OTCIOAa cneA,YeT, YTO nplll niOOOM BelljeCTBeHHOM (; 

cnpaseAni!IBbl paseHcTsa 

Sa ( 0 = ¢t (x, 0 ¢1-(x .0 + .P7 (x .0 i 1-(x, 0, 

- -
s22(0 = ¢i<x.(_) ¢[(x,O +.P,t(x.o .p;-(x,(). 

s12 (0 = ;;l+(x. ,·) i;;<x. 0- i7<x. 0 ;;,-<x. 0. 

s21 ( o--¢t(x. 0 "'r.-(x. 0 + .Pt<x. '~ ¢1-(x. 0. 

T. e. nplll niOOOM BelljeCTBeHHOM (;. BblnOnHHIOTCH COOTHOWeHI!IH 

(46) 

TaKI!IM o6pa3oM, cornacHo (27).1/1 (42) np111 n1060M selljeCTBeHHOM ,; 

I/IMeeT MeCTO paseHCTBO 

llanee, np111 n106oM ,;, npi!IHaAneiKalljeM sepxHei:i nonynnoCKOCTIII Im,; > 0, 
s c111ny (26), (27) 111 (29) cnpaseAnllls~ paseHcTsa 

- - - -
¢-(x.O=-.P-(x,O. r<x.O=¢-(x.O. 

2 1 2 !. 

- - + + - -+ 
¢+(x,0=-J,b (x,O, J,b (x,O=¢ (x,,;). 

2 1 2 . 1 

Ha OCHOBe 3TIIIX paBeHCTB C yYeTOM (43) nonyyaeM, YTO 

Su ( 0 = <l\- (x, [) .p~ (x, [) - J,b 1-(x, [) ¢;(x, [). 

CpaB~I!IBa~ 3TO paBeHCTBO C B~TeKa~M 1113 (43) paBeHCTBOM 

s 22(Z) =¢1(x,[) .p~(x,[) -J,b~(x,[) ¢~(x,[), 
\ . 

(47) 

y5eiKAaeMCH, .YTO np111 n1060M ,;, npi!IHaAn·eiKalljeM sepxHei:i nonynnocKo

CTI!I lm (; > 0, B~nonHHeTCH COOTHOWeHI/Ie 

- -
s 11 ( 0 = s 

22 
( 0 , Im (> o. (48) 

0TC10Aa, B YaCTHOCTIII, cneAyeT, YTO KaiKAOMY HYniO (; = (; i!IYHK4111111 

Sa ( (;), neiKalljeMy s sepxHei:i'· nonynnocKOG.TIII Im (; > 0, c'boTBeTcT

ayeT neiKalljl!li:i s HIIIIKHei:i nonynnocKOCTI!I Im (; .< 0 Hynb (;= [ i!IYHK-· 
n 
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411111 822 ((), TaKa~, YTo (.= [ •. l(anee, 8 cooT8eTCT8Vfll1 c pa8e!:!-· 
CT8aMII1 (44), ('1,.5) 111_ (47) HaXOA111M, '"ITO MeH<AY 8enii1YII1HaMII1 8 0 111 B0 111MeeTCR C8R3b: B 0•-B n • 

C nOMOI!IbiO 111HTe rpanbHbiX ypa8HeHII1~ ( 35) nerKO yfieH<AaeMCR, '"ITO 
np111 ntofioM (, npii1HaAn.eH<al!leM HII1H<He~ nonynnocKOCTII1 Im ( .< 0, 111MetoT 
MeCTO aCII1MnTOT111Kii1 

r/ln-(x,() ~ 0, ecn111 x~~. 

¢;<x.O ~ 0, ecn~<~ x~-~. 

B Cli1ny (34), (36) 111 (43) OTCtoAa cneAyeT, '"ITO np111'nto60M (, npii1-
HaAneH<al!leM HII1H<He~ nonynnocKOCTII1 Im ( .< 0, cnpa8eAn1118bl aci!IMnTo
TIIIK111 

¢;(x,O ~8 22(0, ecn111 x~~. 
-+ 
r/1 

2 
( x, () ~ 8 22 ( 0 , ecn111 x ~ - ~. 

TaKI!1M o6pa30M, Ha ocHo8e (34) nonyYaeM, YTO np111 nto60M (, npii1-
HaAneH<al!leM HI'IH<He~ nonynnOCKOCTII1 Im ( .< 0, 8blnOnHRIOTCR pa8eHCT8a 

lim [ ¢n-<x.Oexp(-i(x)J = lim l w;<x.()exp(i(x)J =8
22

<0. 
X -+ oo X -+-oo 

' (49) 
- . + 

lim [¢
1 

(x.Oexp(-i(x)]= lim [ ¢
2
(x,Oexp(i(x)]=0. 

J:-+oo X-+-oo 

AHanor~<~YHbiM o6pa3oM c noMOI!Ibto 111HTerpanbHbiX ypa8HeHII1~ (39) no
nyYaeM, YTO np111 ntofioM (, npii1HaAneH<allleM 8epxHe~ nonynnocKOCTII1 
Im ( >0, ~<~MetoT MecTo acii1MnTOTII1K111 

-¢;(x,() ~0, ecn~<~ x~~. 

~ t (x, 0 ~o, ecn111 x ~ - ~ • 

C yYeTOM ( 3B) , ( 40) 111 ( 43) OTCtoAa cneAyeT, YTO np111 ntoOOM (, 
npii1HaAneH<allleM 8epxHe~ · nonynnocKOCTII1 Im (·> 0, cnpa8eAnll18bl aci!1Mn
TOTII1KII1 

~; ( x, () ~ 8 11 ( 0 , ecn111 x ~ ~ , 
-+ 
¢

1 
(x,O ~8 11 (0 , ecn111 x~ -~. 

TaKiiiM o6pa30M, 8 COOT8eTCT8111111-C (3B) HaXOAII1M, YTO np111 nto60M (, 
np1!1~aAneH<allleM 8epxHe~ nonynnocKOCTII1 Im ( > 0, 8blnonHRtoTCR pa
aeHCTaa 
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lim [¢;(x,()exp(i(x)]= lim [;l+(x,()exp(-i.;x)]=O, 
x ~oo ' x~-oo 1 

(50) 

lim [;1 2-(x,()exp(i(x)]= lim [¢+(x,()exp(-i(x)l=S ((). 
x~oo x-+-oo 1 :11.1 

§ 3. 3BOniOL\WOHHOE YPABHEHWE llnH s -MATPVll\bl 
B cnY4AE WCT04HV1KA, YllOBnETBOPH~QWErO 

YCnOBVlHM (5) 
Tenepb Mbl B COCTO~H~~ np~CTyn~Tb K nony4eH~IO 3BOniOI.\~OHHbiX 

ypaBHeH~Vi· An~ AaHHbiX pacce~H~~ onepaTopa L B~Aa (6), (7) c no
TeHI.\~anoM u=u(x,t), YAOBneTBO"p~IOIIj~M C~CTeMe (1)-(3). 0AHa
KO, 4T06bl ~36eH<aTb np~ :JTOM ~3n~wHe rpoM03AK~X !PopMyn, Haxo~~<

AeH~e 3T~X ypaBHeH~Vi ocyweCTB~M OTAenbHO CHa4ana An~ cny4a~ 
~CT04H~Ka, YAOBneTBOp~IOIIjero ycnos~~M (5), a 3aTeM B cny4ae 
~CT04H~Ka, YAOBneTBop~IOIIjero ycnos~~M (8). 

WTaK, B03bMeM npo~3BOnbHbiM o6pa30M N To4eK (= .;., 11'=1, ••. ,N, 

ne~~<aw~x B sepxHeVi nonynnocKocT~ Im (>0, ~ B cooTBeTCTB~~ c pa
BeHCTBaM~ ( 22) nonoH<~M np~ n = 1, ... , N 

+ 
<l>~(x:(n)l 
;11 (x, (.) 

(51) 
,~2-(x, (n) 

<t>;(x, (n) 

, + l <~>:(x) 
~.= + 

;In (x) 

<t>;(x, (n) 

.p;(x,(n) (52) 

w: =I :~~::! 
I/l;(x,(

0
) I • , <~>:(x,.; n) 

- 13+ - n 

rAe B~n~4~Hbl a~ , 13~ ~ a~, 13~ He 3aBI!IC~T OT x. llanee, c yye
TOM ( 23) ~ ( 4 7) nonOH<~M np~ n = 1 , ... , N 

I/1 -(x) -+ + -

~;+.= 
n - I/11 (x,(n) 

=- ;;-1 
¢>2(x,(n) 

=a~. '. - ¢.-(x) _;j+(x,( ) 
n + -

I/12(x,(n) 1 n 
(53) 

p
0
-:(x) 

=tr 
¢2(X,(

0
) 

=-r 
l/11-(x,(i,l 

' = N+n -q;(x) n 
-;.P2-(x,(n) 

n 
<t>;(x,(n) 
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·¢+ 
,; : (x) - I </!2-(x,t;n) 

=;;+I 
¢~ (x,t;n) 

N+n= =a+ 
-¢-+(x) . n 1-i;cx.t;n) 

n 
</!

1
-cx.Zn> n (54) 

+ -~ p;(x) I = {J-n+ ~tc~.t;n)l 
. = ~n+l if,;(lf,Cn) 

'PN+n-· _ 
¢~(x,(0 ) -q +ex) -.;,;cx.t;

0
) n 

CornacHo (25) "' (51)-(54) sen1<1~!<1Hbl 

N - ~ ( - - ,,,- -) •, ·Y= ¢npn-'+'oqn • 
0=1 

MoryT 6b1Tb npeACTasneHbl B cneAY1<J14eM B!<lAe: 

N 
.y+= n::,t[ c~¢{(x,t;n) ¢2(x,t;n) +C~¢z(x,[n) ¢~(x,[n)l, 

rAe c;=a;fJ; 1<1 c~=a;{J;, n = 1, ... , N. B Cl<lny (37), (41), 
(49) "' (50) OTCIOAa cneAyeT, ~To J.y-(x).!+Jy+(x)j ~ 0 np1<1 x~±~. 
KpoMe Toro, ecn1<1 ci= c ~ = c 0 np"' n= 1, ... , N, TO !<lMeeM TolK
AeCTBeHHO ·Y -(x) = ·Y (x) • 3TO 3Ha~!<1T, ~TO !<lMeiOIJl!<leC~ Y HaC 
B AaHHbl~ MOMeHT ABe B03MOlKHOCTI<l An~ nony~eHI<l~ onpeAen~IOOll<lX 
COOTHOWeH"'~ An~ C!<lCTeMbl ( 1)- ( 3) B !<lTOre np!<lBeAyT K! OAHOMy 
1<1 TOMY lKe pe3ynbTaTy, ecn1<1 Mbl BCIOAY B AanbHe~weM He 6yAeM Ha
.pywaTb ycnos1<1e c;; = c~ = c 0 , n = 1, ... , N. C y~eToM ;noro 3a
Me~aH!<l~ nonolK!<lM np"' n = 1, ... , 2 N 

X 

r;= J '9
0
-(z)r;cz,t;)dz, 

(55) 

113 3T"'X' paBeHCTB cneAyeT, ~TO f; "' f~ np!<l D = 1, ... , 2N ~Bn~IOT
C~ BeKTOpaM!<l-CTpOKaMI<l COOTBeTCTBeHHO C ABYM~ KOMnoHeHTaM"' 
t;,~ , f ;_2 1<1 f :.l , f :. 2 KalKAbl~, O~eB"'AHO, ~TO B c"'ny ( 37) 
"' (41) KOMnOHe~ctTbl r;; 1 "' rt 2 AonycKaiOT aHanl<lT"'~ecKoe npoAon

. lKeHI<le no t; B Hl<liKHIOIO nonynnOCKOCTb .lm t; .< 0, a KOMnoHeHTbl f - 2 ~. n. 
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~ f :.r AonycKaKJT aHan~T~YecKoe npoAOnH<eH~e no ,; 8 8epXHKlKl no

nynnocKOXTb Im,; > 0, n= 1, ... , 2N. 
HaKoHe~, 8 cooTaeTCT8~~ c pa8eHcT8aM~ (15) nonoH<~M 

ar- 2N 
- 0 - - -

g0 ~ --+ Af 0 + :l: ·cJ) f , (56) 
at n=l n n 

(57) 

+ ... + + . + 
gn ~ lp n II f 0 - 1 (,;- ,; n) f n ' n~l, .... 2N. 

np~ 3TOM Mbl, KOHeYHO, nOApa3yMe8aeM, YTO np~ n = 1, ... , N 8bl-

nonH~eTC~ COOTHOWeH~e ( N + = {n. Ha OCH08e ( 37) , ( 41) ~ (55) ' 
HeTpyAHO y5eA~TbC~, YTO nepBbl~ CTOnoe~ MaTp~~bl g~ ~ nocneAH~ii 
CTon5e~ MaTp~~bl gi; AonycKaer aHamn~YecKoe npoAOnH<eH~e no ,; 

B H~H<HKlKl nonynnOCKOCTb 1m,( <0, a nocneAH~ii CTOnoe~ MaTp~~bl g ~ 

~ nepBblii CTon5e~ MaTp~~bl g ci AonycKaKJT aHani!ITII!YecKoe npoAon~«e

HIIIe no ( a aepxHKlKl nonynnocKOCTb 1m ( > 0. KpoMe Taro, HeTpyA

Ho 81/!AeTb, YTO g~ Ill g+ np111 n= 1, ... , 2N ~Bn~KJTC~ BeKTOpaMI!I-
, n - -

CT~OKaMI/I COOTBeTCT8eHHO C A8YM~ KOMnOHeHTaMI/I gn,l, gn, 2 
111. g~,l , g:.2 Kai«Ablii. nplll 3TOM cornaCHO (37), (41) Ill (55) KQM

noHeHTbl g~ I Ill g ~ 2 AOnycKaKJT aHani/ITI/IYeCKOe npOAOnH<eHI!Ie no ( 

8 HIIIH<HKlKl nonynnOCKOCTb lm(<O, a KOMnOHeHTbl. g~. 2 Ill g~,l AOnyc

KaKJT aHani!ITII!YecKoe npoAonH<eHI!Ie no ( 8 8epXHKlKl nonynnocKoCTb 

Im( >0, n = 1, ... , 2N. Ha OCH08e pa8eHCTB (41) Ill (51)-(54) 
np111 n = 1, .•. , 2 N IIIMeKJT MecTo acii!MnToTIIIKIII 

II'P:(x}II~O, ecn111 x~-~. 

II'P;(x)l.l ~o, ecn111 x~~. 

0TCKJAa 8 Clllny (55)- (57) cneAyeT, "'TO nplll nKJ60M ( <;; ( -~, ~) 

111 n = 1, .•• , 2 N cnpa8eAnlll8bl acii!MnTOTIIIKIII 

fl r; < x. 0 II + tl g: < x. () n ~ o. 
II r:cx,OI! +II g+(x,OII ~ o, 

n 

eCnVI X-+-oo, 

ecnvt x .... oo. 

ag- ag+ 
n n 

TaKIIIM o6pa30M, c yYeTOM TOH<AeCT8 --~---sO, n= 1, ... ,2N, 
' ' ax ax 

nonyYaeM, "'TO nplll X, ( <;; ( -~, ~) 8blnOnH~IOTC~ TOH<AeCT8a 
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(58) 

3TO 3HaY~T, YTO 8 COOT8eTCT8~~ C COOTHOWeH~~M~ (16) MaTp~4blg 0 ~ g(j np~ n1060M 8elljeCT8eHHOM <: YA08neT8op~IOT ypa8HeH~~M 

( L - i 0 g ~.= ( L - i 0 g ~ = Q. (59) 

CornaCHO (4), (11) ~ (51)-(57) OTCIOAa cneAyiOT pa8eHCT8a 

- - . 2 -g 0 (x,<;) =f 0(x,\;)(2I\; "+C0 ), 

N 8 11( \;0 ) + 
- l: _..;;____;;:__ " n ) • 

n= 1, i ( <;- <; n) 

G 0 =g~(x, 0 -g~(x, 0 S(O. 

Ha OCH08e (42) ~ (60) nonyyaeM, YTO 

( 60) 

(61) 

( 62) 

(63) 

C APYrO~ CTOpOHbl, 8 c~ny (42), (56) ~ (57) 8blnonHReTC~ pa8eH-
CT80 

N 

as ( o 
at + 

+ + - --+ l: [ ·~.<xl r.cx.o -·~.(x) r.cx.o S(\:Jl. 
n=l 

C nOMOUjbiO pa8eHCTB (37), (41), (42), (50), (51), 
HeTPYAHO y6eA~TbC~, 4TO np~ niOOOM \: .;;(-~,~), n= 
~ X 4 ~ cnpaBeAn~8bl ac~MnTOTIIIK~ 

16 

(64) 

(53) ~ (55) 
1, ... , N 



-
s22( '·) 

<!)- (x)C- (x,OSCO-Qc- exp(-!(x) 
N+n N+n ° i((-[n) ' 

rAe P = diag(1, O) 111 Q= diag(O, ·1). l\anee, c y~eTOM paeeHCTB 
· (37), (41), (42), (50), (52), (54) 111 (55) y6e!KAaeMc~, ~To np111 
n1o6oM <: ~ ( -~. ~) , n = 1, •.• , N ~ x ~ ~ 111MetoT MeeT a acii1MnTOTII1K111 

+ + + sue<:.) 
<J)n (x) t 0 (x,() - Qc 0 ---- exp (-i(x), 

i((-(n) -

+ + -+ s22((n) 
'<J)N+n(x)CN+n(x,O-Pc0 _ exp(.i(x). 

i((- '·) 

CornaCHO (59), (.61) 111 (64) OTCtoAa cneAyeT paBeHCTBO 

2N 
l: [4i~(x) r;cx.o -<J);(x) r;cx.oscol~ 

n=1 , 

~a OCHOBe 3TOrO paBeHCTBa COOTHOWeHille (64) npiiiHiiiMaeT BillA 
' . 

+ )" - - . aS(() + 
g 0 (x,d ~g 0 (x.O 8(0 +f

0
(x.O[ +8(0(C

0
-c

0
-)]. 

at 
0TCtoAa cneAyeT, ~To onpeAeneHHa~ nocpeACTBOM ( 62) eenill~iiiHa 0 0 
AOnycKaeT npeAcTaeneHille 

. - asco + -. 
0 0 ~t 0 (x,()[ +S(O (0 0 -0 0 )]. 

at 

• 

CpaBHiiiBa~ 3TO paeeHCTBo c paeeHCTBOM {63), HeMeAneHHO nony~aeM; 
~T0.3BOni041110HHOe ypaBHeHII1e An~ S-MaTpi114~ iiiMeeT BillA 

..:.a.:.s .:..:C.::.:) 2 - . 
+ [ 2 i <: i\ + c0 • s ( 0 l = o. 

· at 
T •. e. 

as 11(0 · as22<0 
---.---=0, 

at 
N 

+{4i( 2 -i :£ ( 
n=l 

/ 

as 21 < o 
at 

N S,(() 8 ([)_ 
- (4i,; 2- i l; ( u n c ~ + 22 n c ;) I 8 21. ( 0 ~ 0. 

n~l · (-(0 <:-[. 
17 . 



HeTPYAHO 811AeTb, 'ITO 8 c11ny 3TI1X ypa8HeHI1~ Al1aroHanbHble 3ne

MeHTbl S-MaTPI1L\bl He 3a811C~T OT 8peMeHI1 t. 3TO 3Ha411T, 'ITO 8 cny-

4ae 11CT04HI1Ka,_yAo8neT8op~~ero ycno811~M (5), T04KI1 A11CKpeTHo

ro cneKTpa onepaTopa L 811Aa (6), (7) TaK}Ke He. 3a811C~T oT 8pe-

MeHI1, ecn11 noTeH411an u= u(x,t) YA08neT8op~eT c11cTeMe (1)-(3). 
llanee, C y4eTOM ( 48) nony4aeM, 'ITO COOTHOW€H11~ ( 46) 5YAYT 8bl

nonH~TbC~ np11 mo5biX <:: c;; ( -~ .~) 11 t ·> 0 , ecn11 OHI1 cnpa8eAn118bl 

np11 mo5oM <;;<;;(-~.~) 11 t= 0. HaKOHel\, ecn11 T04KI1 <:: = <::n ~8n~IOT

c~ T041i.aMI1 AI1CKpeTHoro cneKTpa onepaTopa L, T. e. S 11 ( <:: n) = 
= s22<<::nl = 0, n = 1, ... ' N, TO ypa8HeHI1~ An~ 3neMeHT08 s12co 
VI_ S21 ( <;;) npi1H11MaiOT 811A 

as12 < 0 2 · as 21 < 0 
-- +4i<::" s 12co~ -4i<;; 2 s 21 co~o. at at 
T .e. 8 3TOM cny4ae 380niOL\110HHble ypa8HeHI1~ An~ 3neMeHT08 S-MaT-. 

Pl14bl C08naAaiOT C T€MI1, KOTOPbl€ 11M€10T M€CTO 8 cny4ae Hen11He~

HOrO ypa8H€H11~ WpeAVIHrepa 6e3 11CT04HI1Ka /1/. 

§ 4. 3BOn!OljHOHHbiE YPABHEHHll llnll HOPMHPOBO"'HbiX 
KOHCTAHT B CnYYAE HCTO"'HHKA, YllOBnETBOPll!O!UEIO 
YCnOBHllM (5) 

nycTb a; 11 a;- 8€KTOpbi-CTOn54b', o5pa308aHHbl€ COOT8€TCT8€H

HO 3neM€HTaMI1 r- r6 CTon64a MaTp114 f- 11 f ~ 811Aa ( 29) , r = 1, 2. 
nycTb, Aanee, r; 11 r: - 8eKTOpb1-CTOn8L\bl, o5pa308aHHble COOT8€TCT- · 

8eHHO 3neMeHTaMI1 r - ro CTOn64a MaTPVIL\ g,; 11 g ~ 811Aa (56) 11 (57) , 
r = 1, 2. nycTb, HaKOHel\, <::= Cm- Hynl1 tjlyHKL\1111 SaC<::")' ne}Ka-

1!111e 8 8epxHe~ nonynnocKOCTI1 .Im <:: > 0, m': 1, ... , m 0 . B cooT-

8eTCT81111 C pa8eHCT8aMI1 ( 44) VI ( 45) nonO}KI1M npVI m= 1, ... , m O 

Gm~ ,+n(x, <::')- B r 2-(x, C), 
m m m 

Gm~ r~(x, z~)- Bmr1Cx. Z;,). 
(66) 

CornacHo pa8eHCTBaM {60) 11 (61) 11MeeM 
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+ - -2 N 811(\:nl ~c+) +(x ;, ) , 
'2(x,<;') =-(2i\;' -i ~ __..;:.:___;::_, n <72 ·~m ' 

m m n= 1 !",. ,.. 
~m - ~n 

,-l(x,(;'m) = (2iZ'2-i ~ Su(\:nl -) -( (') 
m n=l ------en al x, rn • 

<:~ :-<:. 
C YYeTOM paeettCTB (44) ~ (45) OTCIOAa cneAyeT, YTO onpeAeneHHble 
nocpeACTBOM (66) een~Y~Hbl cim ~ am MoryT ObiTb 3an~caHbl B cneAyto
UieM BVIAe: 

2 ,N 
Gm=(4i(;~ -'2i ~ 

n= 1 l"' I' 
~m - "n 

(67) 

rAe c0 = c;; = c t, n = 1, ... , N . 
C Apyroiil CTOpOHbl, B CVIny ( 44) VI ( 45) cnpaBeA(lVIBbl paeeHCTBa 

a<7:(x,<;~) 

at 
d<>t (x, [~) 

at 
C nOMO~biO 3TVIX paBeHCTB Ha OCHOBe 
AVIM, YTO 

2N 
r
1
+(x,(;') = B ,-

2
(x,(;')- ~ 

m m m n=l 

a a 
-+--m<72-(x,(;'), at m 

'A 

a a 
m - ( ;, +--al x,~:.m). at 

(44), (45) V1 (55)-(57) Haxo-

CornacHo (51)-(54) npVI m= 1, ... , m
0 

VI n= 1, ... , 2N BblnonH~
toTC~ paseHCTBa 
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i((~ -(
0

) f iii:(z) u 2-(z,(~) dz=-W:(x) Au;(x,(~). 
. X 

-+ - - -
i((~-(0 ) f 'F

0 
(z)u~(z,(~) dZ=-'F:(x) Au 1-(x,(~). 

X 

np;, 3TOM Mbl, KOHeYHO, not~pa3yMeBaeM, 4TO ( N + 0 = ( n, n = 1, ... , N. 
aanee, B COOTBeTCTB>l>l C (43) >1 (51)-(54) np;, n= 1, ... ,N >lMe~T 
MeCTO paBeHCTBa 

- -- + ... + - - ' 
·~N+n(x) 'FN+n(x) -·~N+n(x) 'FN+n(x) =-Cn 8 22((n) A· 

C yYeTOM 3T>1X paBeHCTB COQTHOWeH>l~ (68) np>lH>lMa~T B>lA 
a a 

r + (x, C ) = B m'
2
- (x, C ) + -~ u

2
-(x, C ) + 

1 m rn at m 

N 
+ i l 

n= 1 

N 
+ i l 

n= 1 

OT~~~~a cneAYeT, YTO onpeAeneHHble nocpeACTBOM ( 66) sen>lY>lHbl Gm 
;, Gm AOnycKa~T npeACTasneHI!Ie 
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CpasH~BaR 3T~ paseHCTBa c paseHCTBaM~ (67), HeMeAneHHO nonyya
eMA ,YTO 3BOnto4~0HHble ypasHeH~R AnR HOPM~poBOYHbiX KOHCTaHT Bm 
~. Bm ~MetoT B~A 

a a N 811 (.(n) 822<<::n>- )l · __ m_- {4i('2 - i l ( ' Cn+ _ en Bm=O, at m n= 1 ( - ( (~- (n m n 
(69) aa _ N 8u < <::n) 822 ( '") 

cn)lBm=o. __ m_+ {4i(' 2-i l ( - en+ - -at rn n= 1 
'~- 'n (~ -(n 

CpaBH~saR aT~ ypasHeH~R c ypaBHeH~RM~ (65) AnR aneMeHTOB 
8-MaTP~l.lbl, HeTPYAHO y6eAMTbCR, YTO asontol.I~OHHoe ypasHeH~e AnR 
sen~Y~H Bm nonyYaeTcR ~3 ypasHeH~R AnR 821 '( 0 , ecn~ AB HeM no
noH<~Tb ( = (;,, a asontol.I~OHHoe ypasHeH~e AnR sen~Y~H Bm nq_ny
YaeTCR ~3 ypaBHeH~R AnR 812((), e~n~ B HeM nonoH<~Tb ( = (~, 
m = 1, ... , m0~ ~anee, ~3 ypasHeH~~ {69) cneAyeT, YTOAecn~_se
n~Y~Hbl Bm ~ Bmnp~ t = 0 YAOBneTBOpRtoT coOTHOWeH~to Bm= -Bm, 
TO 3TO COOTHOWeH~e 6yAeT B~nonHRTbCR np~ scex t > 0. HaKOHe4, 
np~ m0'; N 8 ypa8HeH~Rx (69) MOH<HO nonoH<~Tb <::n= (~ + Bn, . 
n = 1, ... , N, ~ nepe~T~ K npeAeny np~ 8n ~ 0. B pe3ynbTaTe 
nonyY~M ypa8HeH~R 

a am - [ 4i(~2+ icm 8 J:1 ( (~ )] Bin= 0, at · 
• A aa _ 

2 
_ 'A 

__ m + [ 4i(' +icm8 2' 2((' )] Bm=O. at . m m 

C~cTeMa ypa8HeH~~ (65) ~ (69) on~cbi8aeT a8onto4~10 80 8peMe
H~ 8cex AaHHbiX pacceRH~R, Heo6xoA~MbiX AnR · peweH~R o6paTHo~ 3a
AaY~ pacceRH~R AnR onepaTopa L 8~Aa (6), (7). TaK~M o6pa3oM, 
8 cnyYae ~CTOYH~Ka, YA08neT80PR~ero ycno8~RM (5), peweH~e 3a
AaY~ Kow~ AnR C~CTeMbl (1)-{3) C8eAeHO K peWeH~IO npRMO~ ~ o6paT
HO~ 3aAaY pacceRH~R AnR onepaTopa L 8~Aa ( 6) , ( 7) . 

§ 5. 3BOn~~~OHHOE YPABHEH~E ~R S-MATP~~~ 
B CnYYAE ~CTOYH~KA, Y~OBnETBOPR~ErO 
YCnOB~RM (8) 

PaccMoTp~M Tenepb Apyro~ cnoco6 8bl6opa peweH~~ n~He~HO~ 
c~cTeMbl (2), (3), o6paay~~x ~cTOYH~K~ npa8o~ YacT~ ypa8He-
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HI.1H ( 1) . nycTb' ( = ( n - Hynv. <!JyHKL.ll-11.1 s 11 ( () , nelHa1J11.1e B sepx-
He~ nonynnoCKOCTI.1 Im ( > 0, n = 1, ... , N. B cooTBeTcTBI11.1 c pa
BeHCTBaMI.1 (22) 1.1 (23) nOnOlHI1M np1.1 n = 1, ... , N 

l 
¢ (x) 

• . n 

<lin = 1/Jn (x) • 
'~'n = 

q (x) 
n 

P (x) 
n 

rAe senw-ti.1Hbl en He 3aBI.1CiiT OT x, a peweHI.1e ¢n(x) , "'" (x) ypas
HeH1.1~ (2) YAOBneTBOpHeT ycnOBI-110 ' 

(71) 

Ha ocHose (41) 1.1 (44) 1.13 aToro paseHCTBa cneAyeT, 4TO peweHI.1e 
¢n(x),¢n(x) ypasHeHI.1~ (2) o5naAaeT aci.1MnToTI.1KaMI.1 

Bn¢n(x)exp(-i( x)~l, ¢ (x)exp(-i( x)~O, ecn1.1 x~.-'~, 
n n n 

( 72) 
¢ (x)exp(i( x)~o. ¢ (x)exp(l( x)~-ll, ecn1.1 x~~. 

n n n n 

CornacHo (70) onpeAeneHHaH nocpeACTBOM (25) seni.141.1Ha ·Y Aonyc-
KaeT npeACTasneHv.e 

N + - - -+ 
·Y= l [en¢ (x) ¢ 1 (x,() -c ¢ (x) ¢ 1 (x,(.)]. 

0 ,.n n n n n 

B Cl.1ny {41), {44) 1.1 (72) OTCIOAa cneAyeT, 4TO .y(x) ~0 np1.1 
X-+±oo. 

nonOlHI1M Tenepb np1.1 n = 1, ... , 2N 

X 

r;= f ~n(z) r;cz.O dz, (73) 

llanee, nonolHI.1M 

ar 0 2N 

g(j=--+Af~+ .l ·<!i.r;. at n= 1 
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(74) 

rAe (N+n = <::n , n = 1, ... , N. HeTPYAHO BIIIAeTb, 4TO onpeA:neH
Hble C noMOIJ1b10 paaeHCTB (73) Ill ( 74) aeni!I4111Hbl o6naAaiOT CBOIIICT
BaMI!I, CXOAHbiMIII C TeMI/I, KOTOPble 6blnlll 06Hapy)f{eHbl paHee Y onpe
AeneHHbiX nocpeACTBOM (55)- (57) aeni!I4111H. lle~cTBI!ITenbHO, c y4e
TOM ( 44) 111 ( 70) r\ony4aeM, 4TO np111 n = 1, ... , 2N cnpaaeAni!IBbl 
aCIIIMnTOTIIIKIII 

Ha aTo~ ocHoae cneAyeT, 4TO onpeAeneHHble c noMOIJ1biO ( 74) aeni!I41!1-
Hbl YAOBneTBOp~IOT paaeHCTBaM (58) Ill (59) .. /lanee, 8 Clllny ( 4), 
(11), (59), (70) Ill (72)-(74) nony4aeM, 4TO I!IMeiOT MeCTO paaeHCT

aa 

g~(x,O = r0(x,()(2i( 2A +C-), 
(75) 

N ic
0 

N !c n 
c =diag(- ~ l: ) . 

n, 1 .: - .: D""'l .: - .:: n (76) 
N ic

8 
N len 

c+ = diag ( I - ! ) . 
fi:!!!: 1 .: - { n= 1, .:-.: 

n n 

PaccMOTPIIIM Tenepb MaTPIII4Y 0 0 BI!IAa 

0 0 =g~(x,() -g 0(x,() S(.;:J. (77) 

C y4e'rOM (42) Ill (75) HaXOAIIIM, 4TO 

- 2 - + 
Oo =f 0 (x,.;:J 1-21( [ i\,S(Ol-C S(.;:l +S(O C I. (78) 

C Apyro~ CTOpOHbl, cornacHO (42) Ill (74) cnpaaeAni!IBO paaeHCTBO 

as co 
g~(x.o =g~(x.o sco +f~Cx.o + 

2N at 
+ -

+! ~.(x)(t (x,O-f (x,,;)S(.;:l]. 
n= 1 n n 

{79) 
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C /lOM0!4biO paBeHCTB (42) ~ (73) HeTPYAHO y5eA~TbC~, 4TO np~ lli0-
5oM ( <;; ( -~, ~) ~ D = 1, ... , 2N Bbl/10/lH~eTC~ paBeHCTBO 

~. 

+ - - + f (x,O -! (x,O S(O ~- f 'P (z) f
0
(z,O dz. n n n 

-~ 

B c~ny (70) npasa~ 4aCTb aToro pa8eHCTBa pasHa Hyn10 np~ 111060M 
( <;; (- ~, ~) ~ n = 1, ... , 2N . C y4eTOM 3TO ro cjlaKTa pa8eHCT80 
(79) np~H~MaeT 8~A 

+ · _ - as co 
g

0 
(x, 0 ~ g 0 (x, 0 S ( 0 + f 0 (x, 0 -at'. 

0TC10Aa cneAyeT, 4TO onpeAelle.HHa~ nocpeACTBOM ( 77) senl!t41!1Ha G 0 
AonycKaeT npeAcTa8/leHI!te 

_ asco 
G 0 ~r 0 (x, 0---

at 
CpaBHI!tBa~ 3TO 8blpa>HeHI!te c 8blpa>HeH~eM ( 78) , HeMeAneHHO nony4aeM 
380/liOL\~OHHOe ypa8HeHI!te All~ S-MaTPI!tl\bl 
asc,;) 

at +21(
2
[11,S(0]+C-S(() -S(O c+~o, 

T.e. cornacHo (76) '-1MeeM np~ (<;;{-~.~) 

a5t2<0 as2t<O 
----+41(2 8

12
(0 ~ - 41( 2 8

21
(() ~o. at at 

(80) 

as;
2
c() 

+ i at 

0TC10Aa ClleAyeT, 4TO cjlyHKljlit'-1 S
11

(() ~ S
22

((} AOilYCKaiOT npeA
CTaB/leH;,e 

rAe Be/l'-141'1Hbl 8 1 ( 0 ~ S2 ( 0 He 3a81'1C~T OT speMeHiit, a T04K'-1 ( = 
= (

0 
AlitCKpeTHoro cneKTpa yAo8neTBop~IOT ycno81!tl0 

d(n . 0 
-- + tc 0 ~ , nsl,. .. ,N. (81) 

dt 

B ClitllY (8), (10), (70) ., (71) ypasHeHI!t~ (9) ;, (81) 3K81'18aneHT
Hbl Apyr Apyry. 
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§ 6. 3BOn~~~OHH~E YPABHEH~R AnR HOPM~POBOYH~X 
KOHCTAHT B CnYYAE ~CTOYH~KA, YAOBnETBOPR~ErO 
YCnOB~RM ( 8) 

nycTb u; VI u i - BeKTOpbi-CTOn6l.\bl, 06pa30BaHHble COOTBeTCTBeH
HO aneMeHTaMVI r-ro CTOn64a MaTpV14 t 0VI tt B!.!Aa (29), r = 1, 2. 
nycTb, Aanee, r ,-VI r:- BeKTOpbi-C;T"On6l.\bl, o6pa30~aHHble COOTBeTCT
BeHHO aneMeHTaMVI r-ro CTOn6~ MaTPI<I4 g0 VI gjjBVIAa (74), r =1,2. 
nycTb, HaKoHe4, ( = (m - HynVI cjlyHK4VIVI s 11 ( 0 , neiKaiJlVIe s sepx-
He~ nonynnocKOCTVI rnl ( > 0, m = 1, ... , N. B cooTseTCTBVIVI c pa-
!ieHCTBaMVI ( 44) VI ( 45) nonOIHVI_M npVI m=- 1, ... , N 

G m= rt(x, (m) - B mr2-(x, (m), 
(82) ' ~ r A -

Gm =r~(x,(m) -Bmrj""(x,(m). 

CornaCHO paBeHCTBaM (75) VI (76)· VIMeeM 

, - -2 N Cn. -
,-1 (x,( ) =(2i( -i l: -.:--':..._') u

1
-(x,(m). 

m m D=l ( - ( 
m n 

C y~eTOM paBeHCTB (44) VI (45) OTC~Aa cneAyeT, ~TO onpeAeneHHble 
nocpeACTBOM (82) sen~<~~VIHbl GmVI Om M<lryT 6b1Tb 3anVIcaHbl B cneA~
UjeM BVIAe: 

G_;=4i(!Bmu2(x,(m), 

am=- 4t{! am"i" ex. {m> • 
(83)' 

C APJrb~ CTOpOHbl, B CVIry~ (44), (45) VI (81) cnpaBeAnVIBbl pa-
BeHCTBa 

au: (x, 'm> 

at 
aut (X, {m) 

at 

. -
aam - - - .... .... + -u

1 
(x,() -.ic )( (x), at m m m . 
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rAe 

xm(x) = aal; [u;(x,O -Bma;-(x,OTI;;=/;ro 
(84) 

- a + - -
Xro (x) = a;; [ "2 (x,l;)- Bmal (x,Oll;; =Em. 

C nOMO~b~ 3T~X paBeHCTB Ha OCHOBe (44), (45), (73) ~ (74) Haxo-
A~M, YTO ~Me~T MeCTO COOTHOWeH~H 

a a 
r~(x,( ) =B r;(x,( ) +--mCT

2
-(x,( ) +icmx (x)-

m . m . .m at . m . m 

2N ~ 

- Bm ~ ·~. (x) I W0 (z) u;(z,(m) dz, 
n=ll. -oo 

2N ~ 

n:l ·~. (x) _£ if 0 (z) u~ (z ,[m) dz. 

CornacHo (70) npl'! m = 1, ... , N BblnonHH~TCH paseHCTBa 

~ 

I 90 (z) "e(z,/;ro) dz=O, ecnl'! n,im, 
-~ 

- -I " 0 ( z) u; ( z, I; m) dz = 0, ecnl'l n ,l N + m. 
-~ 

(85) 

• 

KpoMe TOro, B COOTBeTCTBI'I~ C (43) ~ (70) np~ m= 1, ... , N cnpa
BeAn~Bbl paseHCTBa 

f "m(z) u
2
-(z,( ) dz=iC 8'

11
(( ) , . m m m 

-~ 

C yYeTOM 3T~X paseHCTB COOTHOWeHI'!H (85) npi'IH~Ma~T B~A 

+ _ aBm _ 
r
1

(x,( )=B r
2
(x,( )+-u

2
(x,( )+ 

m m m at m 

+icm[x (x)-B 8'
1
,(1; ).~ (x)], m- m ~ m m 
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- A - as -
r;(x,(rn),;,Bmri"(x,( )+-am "t-(x,_(m)-

. m t· 

- icrn [ ~rn (x)- Brn S22<[m) ~N+m(x)]. 
OnpeAeneHHble nocpeACT80M (84) 8em1Y~Hbl x rn(x)1-1 x m(x) 8 c~ny 
(47), (70) ~ (71) AOnycKa~T npeACTa8neH~e 

Xrn(x).~arn~rn(x) +bmu;(x,(rn), 

A A 

rAe 8en~Y~Hbl am, b m ~·am, b m He 3a8~CRT OT x. C noMOIJlb~ ( 47), 
(49), (50), (72) L-1 (84) nerKO HaXQAL-lM, "'TO 

am~ BmSll ((m) • ;m ~ BmS22CZm), 

A 

iJ.. brn ~ bm- npo~380nbHble 8eni-1YL-1Hbl, YA08neT80P~IOU1L-1e ycno8~~ 

bm = b m , m = 1, ... , N. 0TC~Ail cneAyeT, YTO onpeAeneHHble no
cpeACT80M (82) 8eni-1YL-1Hbl Om L-1 Om MoryT 6biTb npeACTa8neHbl 8 8111Ae 

a am 
Om~( -at+ibmcmBm) u;(x,(m), 

• A 

A as A A -

Om~( a~ -ibi,mBm) u~(x,(m). 

Cpa8H~8a~ 3TL-1 pa8eHCT8a c pa8eHCT8aML-1 
n~4L-10HHble ypa8HeHIII~ ·An~ HOPML-1po80YHbiX 

' B~A 

aam 2 ! 

-- - i ( 4 <::: - b c ) Bm ~ 0, at m m m 

aa -
2 

.... _ .... · 
-+iC4<::" -b c ) B ~o. at m m m m 

(83), nonyyaeM~ YTO aso
KOHCTaHT B m L-1 B m IIIMe~T 

(86) 

Ha ocHose pa8eHCTBa b m = b m Ac~cT~Ma ypasHeH~i'i ( 86) o6naAaE!T 
_1-lHBapl-laHTHbiM -MHOroo6pa3L-1eM S.,•-Bm • . 

TaKL-lM o6pa30M, 8 .cnyYae IIICT04HL-1Ka, YA08neT80P~IOU1ero ycno-
81-l~M ( 8) , C~CTeMa ypaSHeH~i'i ( 80) L-1 ( 86) on~CbiSaeT 3BOn~4111~ 
80 8peMeHL-1 scex AaHHbiX pacce~HL-1~ An~ onepaTopa L B~Aa (6),(7) 
C noTeH41-1anoM U = u(x,t) , YAOBneTBOP~IOIJ1L-1M CL-lCTeMe (1)-(3). 
3To 3HaY~T, YTO An~ peweHIII~ JaAaYIII Kowlll An~ CIIICTeMbl (1)-(3) 
Mbl MOIKeM ~ 8 ~TOM cnyYae BOCnOAb30BaTbC~ MeTOAOM 06paTHOi1 Ja
AaYL-1 pacce~HL-1~ An~ onepaTopa L B~Aa (6), (7). 

8 3aKn~YeHL-1e OTMeTIIIM, "'TO 8 cnyYae IIICTOYHIIIKa, YAOBneTSOp~~
lljero ycnOBIII~M (5), C~CTeMa (1)-(3) IIIMeeT OAHOCOniiiTOHHOe pewe
HL-le_ BIIIAa 
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exp [ 2i(0 (x- f)] 
u =a-----------

1+ exp [4~t(x-f)) 

i ¢ =--a(3 
n 2 n 

exp [ -i ( ( n - 2 ( 0 )( x - r )) 

1 + exp [ 4, (x- f)) 

"' = n 

l+an exp[41L(x-f)] 

1 + exp [ 4, (x- f )l 
exp [ -i(n (x- f)). 

an +8Xp [4,(x-f)] 
Pn =en------------ exp [ i( (x- f)]. 

1+exp[4,(x-f)] n 

i _ exp[i((n-2( 0 )(x-f)] q = -- a fJ c ______ , _ __;:.,_. __ _ 
n 2 n n 1 + exp [ 4, (;-f)] 

(87) 

rAe C 0 ~ (n- npo~3BOnbHble KOMnneKCH03HaYHble tjlyHKI.\~~.BpeMeH~, 
YAOBneTBOP~IOUl~e eA~HCTBeHHOMY ycnos~10 Im (n > 0, n = 1, .. , N, 
Ben~Y~Ha ( 0 He 3aB~C~T OT BpeMeH~ ~ ~MeeT B~A ( 0 = il' + v, 
" > 0, v ~;:; ( -~, ~), a s·en~Y~Hbl an ~ fln onpeAen~IOTC~ paseHCTBaM~ 

(n- (0 
an=---=.-. D==l, ..• ,N. 

(n- (0 

np~ 3TOM. sen~Y~Hbl a ~ r ~Bn~IOTC~ ti>YHKI.\~~M~ BpeMeH~' YAOBneTBO
P~IOUl~M~ ypasHeH~~M 

i da 2 2 v ---+4(1' +v )=F+-0, 
a dt " 

(88) 

rAe F ~ 0 paBHbl COOTBeTCTBeHHO Be!UeCTBeHHO~ ~ MH~MO~ YaCT~M 
Ben~Y~Hbl H B~Aa 

N 

H= 2 (anflncn+llncn). 
n=l 

KpoMe Taro, sen~Y~Ha a YAOBneTsop~eT ycnoB~IO lal = 4 11 , KOTopoe, 
oYeB~AHO, He npoT~BopeY~T ypaBHeH~~M (88). H~TPYAHO B~AeTb, 
'-ITO, Bbl6~pa~ COOTBeTCTBY~M 06pa30M Ben~Y~Hbl Cn ~ '(n, D = 1, 
... , N , Mbl MOH<eM A06~TbC~, YT06bl AB~H<eH~e con~TOHa ( 87) HOC~no 
n106o~ HanepeA JaAaHHbl~ xapaKTep. 0AHaKo a5coniOTHa~ sen~Y~Ha 
aMnn~TYAbl a np~ aToM 6yAeT coxpaH~TbC~ so speMeH~. KaK noKa3bl
saeT AeTanbHbl~ aHan~3, B aToM cnyYae .MHorocon~TOHHoe peweH~e 
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C~CTeMbl (1)-(3), On~C~Ba~ee B3a~MOAe~CTB~e HeCKOnbK~X con~TO
HOB B~Aa (87), MomeT ~MeTb HeTp~s~anbHY~ A~HaM~Ky. B YaCTHOCT~, 
OHO MomeT on~c~BaTb npo4ecc01 pacnaAa ~ cn~~H~~ con~TOHOB, 3a
xsaT con~TOHOB B Kone5aTenbHbl~ pem~M AB~meH~~, o5pa3osaH~e 
CB~3aHHOrO COCTO~H~~-~3 HeCKOnbK~X con~TOHOB. 

aanee, B cnyYae ~CTOYH~Ka, YAOBneTBOP~~ero ycnos~~M (8), 
OAHOCOn~TOHHO: peweH~e C~CTeM~ ( 1) -( 3) .~MeeT B~A 

exp [ 2i((x- f)] 
u=a 

1 +exp[ 4,(x-C)] 

¢=2i,W. 
exp[ 4,(x- f)] 

l+ exp [ 4, (x- !)] 

exp[ -i((x-f)] 
"'= c -----·---

1 + exp [·41' (x- C)] 

• 

exp [ i((x- f)], 

i 1 exp[!((x-r)] 
P=-H--2(x-t)]¢+iW ! 

c 21' 1+exp[4,(x-C)] ' 

q=-.!,1[.2.-+ 2 (x-t)].P+-c- exp[4,(x-f)] 
c 2, 2, 1+exp[4,(x-f)] 

(89) 

exp[ -i((x-t)] !, 

rAe W- npo~3BOnbHa~ KOMnneKCH03HaYHa~ ~YHKL\~~ BpeMeH~, sen~

Y~Ha ( ~·MeeT B~A . ( = il' + v ; I' ·~ 0, ·v " ( -~, ~), a sen~Y~Ha c on
peAen~eTc~ ~3 COOTHOWeH~~ iac = 81'2 W . np~ 3TOM sen~Y~H~ (, f 
~ a YAOBneTsop~~T ypasHeH~~M 

d( df 
--=iW, --=4v, 
dt dt (90) 
da 1 -
--=[ 4i(, 2 +v 2 ) +--(W+W)] a. 
dt . 21' . 

!{poMe Taro, sen~Y~Ha a YAOBneTsop~eT ycnoBVI~ .1 a 1 = 4, , KOTopoe, 
KaK HeTPYAHO y5eAVITbC~, He npoT~BOpeY~T ypasHeH~~M (90). B C~
nY paseHCTBa v = Re ( np~ nOAXOARIJleM B~5ope ~YHKL\~~ W ~ MomeM 
A05~TbC~, YT05~ AB~meH~e con~TOHa (89}.V1Meno n~5o~ HanepeA 
3aAaHH~~ xapaKTep. 0AHaKO, ecnVI B MOMeHT BpeMeH~ t = t' TOYKa 
( nonaAaeT Ha seiJleCTBeHHyl().· ocb, T. e. senVI'i~Ha " o5paiJlaeTc~ 
a Hynb, TO sen~YVIHa a TaKme o5paiJlaeTc~ s Hynb .· TaK~M o5pa3oM, 
nonyyaeM, YTO U (X, t') = 0, T. e. B MOMeHT BpeMeHVI t = t' nony
YeHHbl~ HaM~ COnVITOH ~c'ie3aeT. B TOM cnyYae, KOrAa np~ '> t' 
sen~'i~Ha ( noK~AaeT BeiJleCTBeHHY~ ocb, paccMaTpVIsaeM~~ HaMVI co
n~TOH no~Bn~eTC~ BHOBb. nonyyaeMoe C nOMOI!lb~ MeTOAa 05p~THO~ 
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3aAa4~ pacceHH~H MHorocon~TOHHoe peweH~e c~cTeMbl (1)-(3) 
8 3TOM cnyYae on~C~8aeT 83a~MOAe~CT8~e HeCKOnbK~X COn~TOH08 
8~Aa (89). 0Ho ~MeeT 8eCbMa 5oraTyiO A~HaM~Ky. llnH Toro, 4T05bl 
~ccneAo8aTb 83a~MOAe~cT8~e APYr c ApyroM con~TOH08 8~Aa (87) 
~ (89), He05XOA~MO 8 ypa8HeH~~ (1) 83HTb ~CT04H~K, 06pa308aH
Hbl~ p'eweH~HM~ C~CTeMbl (2), (3), 4aCTb ~3 KOTOpbiX YA08neT80pH
eT ycno8~HM (5), a OCTanbH~e YA08neT80PHIOT ycno8~HM (8). np~ 

3TOM HaAo ~MeTb 8 8~AY, 4TO aAA~T~8HOMY XapaKTepy KOMno3~4~~ 
~CT04H~Ka COOT8eTCT8yeT MynbT~nn~KaT~8Hbl~ XapaKTep KOMn03~4~VI 

AaHHbiX pacceHH~H. 
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