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HeAaBHO 6~no noKa3aHo 111, 4TO PRA eamH~x c np~KnaAHOR T04K~ 
speHMR HenMHeAH~X 3BOn~~MOHH~X ypaeHeH~R AOnycKaeT onepaTOpHOe 
npeACTaeneH~e 

~+ [(!, £] =:B·~. 
at 

111 

ecn~ MCnOnb30BaTb onepaTop £ CO cneAY~~eR MaTp~4HOA CTPYKTypoR: 

L --> .. ay vl ... v ~-'1 

£= I ~1 ax. 0 

I !i1~1. ' 
121 

w~-'1 0 ·ax 

' 
r-Ae 

a . a a = -·, a =-
X ax Y ay , 

onepaTop L ~MeeT BMA 

. mo+2 mo . m 
L =ax + ~ uma , 

m=o x 
m

0 
> 0, 131 

I 

I 
I 

<IJYHK~MM u
0

, ••• , Umo, v 1 , ••• , Vlll, W 1 , ••. ,WILl 3aBMCI1T OT ,! 
npocTpaHcTeeHHbiX nepeMeHHbiX x , y ~ epeMeH~ t , .\ - noAXOAI1~~M 
o6pa30M Bbi6MpaeMaR KOHCTaHTa, a (! M :,S - AM<IJ<!JepeH~MaflbHble no 
X, , y onepaTOpbl, T04HbiA BMA KOTOpbiX 6yAeT YKa3aH H~me. 

CooTHoweHMe 111 MomeT 6~Tb nepen~caHo e cneAY~~eM ·e~Ae: 

£.T=T·£, 

rAe 

T=at+ct,T ;\+a. a .. ct-:.s a a =· ............ ·• 
t at 

0Tc~Aa cneAyeT, 4TO onepaTop T nepeBOAMT n~6oe peweHMe ¢ ypaa
HeH~R £¢ = 0 B peweHMe 3TOrO me ypaBHeH~R. 3TOT <IJaKT MMBBT np~H-
4~nMaflbHOe 3Ha4eHMe B np~MeHeHMM MeTOAa OoPaTHO~ '3aAa4M K MC
cneAOBaH~~ HBflMHeRH~X 3BOfl~4~0HH~X ypaeHeHMA, KaK 3TO 6~n0 onep
B~e npoAeMoHcTp~poeaHo e 12~ B noH~MaHM~ np~POA~ 3Toro ReneHMI1 
eamHy~ ponb c~rpanM pa6oT~ 13 • 41 . 3a npoweAwee nocne ony6n~KOBaHMR 
3TMX pa6oT epeMR PRAOM aeTopoe 6bmo nony4eHo cy~ecTBeHHoe npoA-
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I 

' I 
• 

BMmeH~e B pa3B~T~~ MeTOAa o6paTHOA 3aAa4~ ~ B ero np~MeHeH~M 
K MccneAoeaH~~ pasn~4H~x Hen~HeAH~x saAa4. B 4aCTHOCTM, c no
MO~biO MeTOAa o6paTHOH 3aAa4M 6bin nony4eH PRA BamHbiX pesynbTa'i"OB 
B MCCnBAOBaH~M HBflMHeHH~X CMCTeM, 3aBMCR~~X OT ABYX ~ 6onee 
npOCTpaHCTBeHHbiX nepeMeHHbiX /5,6/. 

8 HaCTOR~eR pa6oTe C noMO~b~ COOTHOWBH~R 11/ HaRAeH~ 4eT~pe 
HOB~e HBfl~HeHH~e 3BOfl~~~OHH~e C~CTeM~, on~C~Ba~~Me B3a~MOAeA
CTB~e BOnH Ha nnocKOCT~ X,y. BonH~ C TaKOrO POAa B3aMMOAeRcT
B~eM BCTpe4aiOTCR B rMAPOA~HaMMKe ~ B <IJM3~Ke nna3Mbl. B AeHCTB~
TenbHOCT~ npMBeAeHH~R 3AeCb cnMCOK Hen~HeHH~X 3BOfliO~MOHH~X CMCTeM~ 
MHTerp~pyeM~X C noMO~biO MeTOAa o6paTHOR 3aAa4M AflR onepaTopa 
~ B~Aa /2/, MOmeT 6~Tb cy~eCTBeHHO nononHeH nyTeM paCCMOTpeHMR 

APYrMX BapiAaHTOB Bbl6opa onepaTOPOB (! M :B, BXOAR~~X B COOTHowe
HMe 111. 0TMeT~M, 4TO MCnOflb30BaHH~R B HaCTOR~eR pa6oTe MeTOA 
nony4eHHR onepaTopoe <t M !:8 ocHoBaH Ha ony6nMKOBaHHbiX paHee pe
synbTaTax aeTopa 17-91 • PaccMoTpeHIAIO npiAKnaAHbiX acneKTOB cTaTbM 
6yAeT noceR~eHa OTAenbHaR pa6oTa. 

YKameM Tenepb RBHbiR B~A onepaTOpOB (t 1t1 :B, BXOAR~HX B COoT
HOWeHMe 111, 1t1 RBH~R B~A nony4aeM~X C ~X nOMO~b~ Hefl~HeHH~X 
3BOn~~MOHH~X ypaeHeHMH AnR pasnM4H~x onepaTopoe L BMAa 131, T.e. 
AflR pasnlt14H~x 3Ha4eH~H m

0
• HaMM 6YAYT paccMoTpeH~ cny4a~ m0 =0 M 

m
0 

=1. 
I. Ra4HeM c npocTeAwero cny4aR. nycTb 

(! = cA, C1 = c.A. 
A 

rAe c - KOHCTaHTa, a onepaTopbl A ~ A ~Me~T cneAYIO~YIO MaTp~4Hy~ 

CTpyKTypy: 

A 

p 

ql 

ql-'1 

0 

A 

p p1 pl-'1 A 

A = 

0 

nonaraR ~ = (!- (1 ~ noAcTaenRR e I 1 I, nony4aeM cneAYIO~YIO CJ.1CTeMy 
ypaBHeHHH : 

~-'1 

~ +C(P, L] +c.\~+ c ~ (pll.wll-vllqll) 
at ay ~-t= 1 

0. 

VI-' + c(P. v ll +PI-' ax ) 0, wf.l"" c(w~ p +ex. qll). 

ll = 1, .... ~-'1 ' 

rAe T04KOH, KaK M BCIOAY B AanbHeHWeM, o603Ha4eHa np0~3BOAHaR 

no t. nycTb, Aanee, P -
1 
n~O'l'Tb~ii.HJ>ill~f~fl~~ahb HbiH no x 

onepaTop B~Aa Q :::.:::.._,,1 ~- !-!:"··'-· , "~~ .. ,. l 
I \<4,,;;-:•Hhi¥ :tr·,,·_;.l·~.- I 

- .... ,.. .,.,t.JO.I'~.,.I'.:""\.1"' A 

!41 
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1\ 

/ 

. no +2 no . n 
P=ax +I. Pnax, n0 ?: 0 • !51 

n=o 

OnpeAe.mtM onepaTOpbl p 1 , ••• , p J.L 
1 

11 q 1, ••• , ql! 
1 

11CXOAR 113 ycno
BI1'R, LIT06bl onepaTOPbl 

P, =·P. v + P a , q = w P +a . q • 
r J.L J.L X J.L Jl X Jl 

Jl =·1, ····ll'l ! 

11MeJ111 HyJleBOH nOPRAOK, T. e. 6b1Jll1 onepaTopaMI1 YMHO>KeHI1R Ha <J>yHK
~11~. 0LieBHAHO, LITO 3TO BcerAa B03MO>KHO 11 npHTOM eA11HCTBeHH~M 
o6pa30M. Aanee, HeTPYAHO B11AeTb, LITO onpeAeneHH~e TaK onepaTop~ 

Pt• • ·., PJ.L 1 11 q 1, ••• , qJ.L 1 11MeiOT BI1A 

·n+l ·n+1 
pJ.L=-vJ.Laxo +all, qJ.L=·-wJ.Laxo +f3J.L, 

rAe onepaTOpbl a J.L 11 {3J.L 11MeiOT nopRAOK He BbiWe n
0 

,. J.L =z1, •• , J.L 1 • 
0TCIOAa CJleAyeT, LITO nopRAOK onepaTopa 

Ill 

Y = IL:l (pJ.L.wJ.L -vJ.LqJ.L) 

He npesocXOA11T n0 • TaKI1M o6pa3oM, ecn11 m 0 ~p0 .a onepaTop P BHAa 
/5/ B~6paH TaK, LITO nOPRAOK onepaTopa 

o =[P, L] 

He npeBOCXOA11T m 
0

, TO np11 TaKOM onpeAeJleHI111 onepaTOPOB p I 

P h···· p J.L 1 11 ql, ••• , qJ.L 1 paseHCTBa I 4! onpeAellRIOT KOppeKTHbiM 
o6pa30M HeKOTopyiO HeJ111HeHHYIO 3BOJ110~110HHYIO Cl-tCTeMy. 

npo~-tJllliOCTp~-tpyeM CKa3aHHOe Ha HeCKOJlbKI-tX np~-tMepax. 
1. np~-t ID

0
=0 nOllO>KHM 

p = L, p c-a . v - v' 
Jl X Jl J.L' 

qJ.L =-Wp. ax + w'J.L, 1L = 1, ••• ,J.L1 

rAe WTp~-tX, KaK 11 BCIOAY B AallbHeHWeM, 03HaLiaeT npO~-t3B0AHYIO no X. 
B 3TOM cnyLiae cl1cTeM~ /4/ np~-tH~-tMaeT B~-tA 

auo auo 1-'t a 
~ + c.\- = 2c I. ~(v w ) , 
at ay Jl = 1 ax Jl J.L 

!6! 
~ =C(U W +W"), J.L-= 1, ••. ,p.

1 
• 

Jl ' 0 J.L J.L 
v + c(u

0
v + v") = 0, 

J.L J.L J.L 

,np"' c = .\ =-i c~-tcTeMa /6/ 11MeeT 2J.L l 1-tHBap~-taHTHbiX MHOr006pa3~-tfl, 
onpeAellReM~x ycnoBI1RM~-t 

4 

\ 

Uo=Uo=U, WJ.L=iEilVJ.L, lJ.L""' ±1, J.L=1, ••• ,J.Ll 

rAe LlepTOH, KaK 11 BCIOAY B AallbHeHWeM,0603HaLieHO KOMnlleKCHOe 
conpR>KeH~-te. ~B~-t>KeH~-te Ha 3TI-!X MHOroo6pa31-tRX nOA411HReTCR ypaBHe
HI-tRM 

au au J.Lt a 
2 I. £ -lv 12 

J.L=l J.L ax J.L at ay 
. . 2 
av a v 

i--/1 + ~+ uv = 0, J.L= 1, .. ·.;J.L1. 
at ax 2 Jl 

171 

2. np~-t m0 = 1 nOJlO>KI-tM 

p.,a 2 +1..u 1 , p =-a .v -·v', 
X 3 J.L X Jl Jl 

q =-W a + W' 
J.L Jl X J.L 

J.L=1, ... ,J.Ll• 

·s Cl-tllY paseHCTBa 

[P, Ll = r'1ax + r0 , 
rAe 

f1=2uo-ui f = u'- ~u" _ . ..!.. u 2 
0 0 3 1 3 1' 

B~TeKaiOQaR 113 /4/ CHCTeMa ypaBHeH~-tH B AaHHOM CJlyLiae ~-!MeeT BI-IA 

u 1 +cf~=0, 
. . 2 au 1 ll1 a 

UO + cf0 + -o\-- = 2c I, -(V W ) 
3 ay J.L=l ax J.L fl. 

v + c(.!.u
1 

v + v") =0, 
Jl 3 fl. J.L 

noJlO>KI-tM Tenepb 

u = 1...u, 
1 2 . 

3 , . 
u = -u + 1p. 

0 4 

( 2 , ) w = c -u w + w . 
J.L 3 1 fl. J.L ' 

Jl = 1, •••• fl. 1 • 

J 

!8! 

/9/ 

B pe3ynbTaTe 3TOH saMeH~ ne~s~e ABa ypasHeH~-tR c~-tcTeM~ /8/ np~-tMYT 
BI-!A 

4' 
u + - 1-cp' = 0, 

3 
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llt 
'. i c (3u 2 ") , i-' au 2 "<' a ( ) 0 P +- + U -· '-"'·-·+ ic "- - VIJ.VIIl = • 

4 ay p.= 1 ax 
HcKn~4~B OTC~Aa p, nony4~M ypasHeH~e 

••. c 2 4c 2 a' 2u 
'(3u2 ")" \ U + - + U · -· --n-- + 

3 3 axay 

8 llt a2 
+ -c2 I ~(viJ.wP.) = 0. 

3 IJ.=l ax2 

TaK~M o6pa3oM, nocne 3aMeHbl /9/ c~cTeMa /8/ np~Hflna B~A 

2 4 2 a· 2 c(3 2 ")" c, u 
U + - U + U - --n ..---,..-· + 

3 . 3 axay 

~ 2 P.1 a2 
+ -c l: - (viJ. wiJ.) = 0 , 

3 /).0 1 ax 2 

vll + c(uviJ. + v~') = 0, ~IJ. = c(uVIIJ. +VI~'), 
/10/ 

p. = 1, . .. ,IJ. 1 • 

npl-1 C = -i, ,\ o _.!._C~CTeMa /10/ HMeeT 2/J.l ~HBapHaHTHbiX MHOroo6pa-
4 

3~fl, onpeAenfleMwx paseHCTBaM~ 

U=U, VI =l V·, l =±1, IJ.=l, ••• ,IL
1

· 
IJ. p. IL IJ. 

As~~eH~e Ha 3T~X MHOroo6pa3HfiX OnHCWBaeTCfl ypaBHeH~fiMI-1 

a 2u a au au a 3u 
3....--·-·-(- + 6u- + -. -) 

at 2 ax ay ax ax 3 

l-It . 2 a e 
= 8 I l -. -lviJ. I ' 

IJ.-1 IJ. ax 2 

av a2 vp. 
i-ll- + ---+ u v ~ 0, IJ. = 1 •••. ·ll 1 . at ax 2 IJ. 

3aMeH~M Tenepb s c~cTeMe /11 I t Ha y, a y Ha t. B pe3ynbTaTe 
nony4~M cneAY~~Y~ samHy~ c~cTeMy: 

3a2u _,.l_(l~-+ e)u + asu) 
ay 2 ax at ax ax 3 

6 

/11/ 

) 
'I 

} 
\ ~ 

llt ' 2 a 2 .... 8 ,-I € ~·lv I 
IJ."'l p. ax 2 IJ. 

' '2 
OVp. a VIJ. 

1--,+·--·+ uv =0, IJ. = 1, ... ,1J.1· 
/12/ 

ay ax2 IJ. 

3. Boaspall\afiCb K cny4a~ m 
0 

= 1 , nonom~M 

p • L, ::,2 a , , p = -v • .v -- • v -·v -·u 1v p. X 1L X 1J. 1J. 1J. • 

a·e ·a , 1 q --,w + w -w - u1 w , p.= , ••• ,IJ. 1 IJ. p. X IJ. X IJ. IJ. 

B 3TOM cny4ae c~cTeMa /4/ MomeT 6wTb 3an~caHa s cneAY~~eM BHAe: 

au au Ill a 
-.-1.-+ c.\~-,., -3c I -(v w ), 
at iJy 1L = 1 ox p. IJ. 

auo 
.....___ + at 

auo -
c.A-- = 3c ay 

ILl . av 
I .1_ (---':!.. w ) , 

IL= 1 ax ax IJ. 

( , "') 0 VIL + C u0 viL + u 1viL + Vp. = , 

W + c(-U VI +(U W )'+VI'") ..,0, p.=l, ••• ,lll· 
IL OIL liJ. 1L 

/13/ 

npl-1 C=A =1 C~CTeMa /13/ ~MeeT 21!1 ~HBaptlaHTHbiX MHOroo6pa31-1fl, 
onpeAeJlfleMbiX ycnoBHfiM~ u 1 = 2u, u 0 ~ u', w ll = £1-LV Jl, c IJ. = ± 1, 
IL•l, ... ,p. 1• As1-1meH~e Ha .3TI-1X MHoroo6pa31-1fiX 3aAaeTcfl ypasHeHI-1fiMI-1 

au au Ill av 
..--+-=3 k l/J.V ~ 
at ay 1.1- 1 P. ax 

'3 
av~.~ au aviJ., a v ll 
-+ -v + 2u-- + -.-- = 0, IL = l, ... ,IJ. 1. at ax IJ. ax ax 3 

/14/ 

II. C1-1cTeMa /4/ np~rOAHa Anfl nony4eH~fl Heni-1He~Hwx 3Bon~~~OHHWX 
ypaBHeH~~ 1-1 s cny4ae m 0 < n0 , T,e. s cny4ae, KorAa nOPfiAOK onepa
Topa P BHAa /5/ 6onbwe, nopfiAKa onepaTopa L B~Aa /3/. He BAaBaflcb 
B 3TOM cny4ae B nOAP06Hoe on1-1caH1-1e anrop~TMa Anfl HaxomAeHI-1fl onepa-
Topos P, P1 , ••• , Pp. 1-1 q 1 , ... , qll , npi-1BeAeM OAI-1H npi-1Mep, OTHo-

~ 1 n 1 Cfi~I-11-1Cfl K cny4a~ m 
0 

= 0. -YCTb 
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. 3 3 . 3 3 
u = uo • p"' a + -ua + -u' -·-a +f. 

X 2 X 4 2 

~2 a , , 3 p = -o •V - •V -·V -·--UV 
IL X IL X IL IL• 2 IL 

a.2 'a· , 3 . 1 
q =-W +W -·W --UW 11 , IL= •••••ILl' 

1L IL X IL X IL 2 .-

rAe f - Hei13BeCTHaR noKa [JlyHKL\11R, a 

~-'1 

a =· ~ V w 
IL= 1 1L IL 

nonaraR 

~-'1 
p = ~ (vw' -·v'w ), 

1L=l IL IL IL IL 

1151 

noily4aeM, 4TO B paCCMaTpi1BaeMOM Cily4ae BbiTeKa~~aR 113 141 CI1CTeMa 
ypaBHeHI1H 11MeeT BI1A 

~ + ...2. i._(3u 2 + a. 2
u ) + ~ . .Ee._._.1.Q...\-~·+ c.\!11_ = 0, 

at 4 ax ax 2 2 ax 2 ay ay 

v +C(v'"+.!.uv' +1..u'v -·.!.av +fV) 
IL 1L 2 1L 4 1L 2 IL IL 

0, 

( ,, 3 , 3 , 3 f ) 0 w, + c w + -uw + -u w + -aw - w = , 
,.. ·IL 2 IL 4 IL 2 IL IL 

ecm1 Bbt6op QJYHKL\1111 f 

au -·=-·a;· ar 3.\ 

ax 4 

IL =·1, ... ,1L 1 ' 

B paBeHCTBe 1151 nOA411HI1Tb YCilOBI1~ 

1161 

1171 

npl1 c=4, A =i, f=~P CI1CTeMa ypasHeHI-:lH 1161, 1171 11MeeT 21-' 1 
4 

11H-

sap11aHTHWX MHOroo6pa311R 0 onpeAeilReMWX paseHCTBaMI1 

u = ~ ' p = p . w IL = if IL VIL , •( IL = ± 1, IL = 1 ..... IL 1 • 

As11meH11e Ha 3TI1X MHoroo6pa311RX YAOBileTBOpReT ypaBHeHI1RM 

8 

I 

/1· \ ·, 
~ 
' , 

I 

:l 
.~. 

I; I ' 
I> 

au au a3 u aR as ap - + 6u- + -·+ 6-·+ s.-:-:;.. -·3- =·0, 
at ax ax 3 ax ay ay 

. . 3 
av au av IL a v IL 
.::..1 + 3-viL + 6u-·+ 4---- '6iSv - ·3ipv IL • 

IL 

rAe 

at ax ax axs 

ap au 
--·=-· 
ax ay ' 

~-'1 2 
S= ~ <IL\vl-'1 • 

IL= 1 
R "' i 

IL = ·1, ····IL 1 ' 

IL . -
1 av av -
~ E (v :.:.J!:._.- _:.:...J!; v ) • 

1L= 1 IL IL ax ax IL 

HCKI1~411B OTC~Aa p, nOilY411M CileAY~~y~ CI1CTeMy: 

a 2u a au au a 3 u - a 2'R a 2 S 
3-.--·-·-(- + 6u-·+......---) =·6....---·+ 6__.__·, 
1 (}y2 ax at dX ax 3 ax 2 axay 

X . 

v, +3u'v +6uv' +4v"'=6iSv -·3iv f~·dx', 
,.. 1L IL IL IL IL ay 

Xo 

IL = 1, ... ,/L 1 • 

1181 

B aaKil~4yHI1e OTMeTI1M, 4TO np11 v1 = ... = viL1 = 0 c11cTeMbl 1121 
11 1181 CBOARTCR K OAHOMY XOPOWO 113BeCTHOMY ypaBHeH11~ KaAOML\eBa
neTBI1aWB11Ill1/10/. napa naKca AilR 3TOro ypasHeHI1R Bnepswe 6wna 
HaHAeHa B pa6oTe !111. Aanee, He aas11cR~11e oT y peweHI1R cl1cTeMw 
17 I np11 ILl= 1 YAOBileTBOPR~T HaHAeHHOH paHee c11cTeMe 112

1, a He 
aaBI1CR~I-1e oT y peweHI1R cl1cTeMbl I 1'41 np11 ILl= 1 YAOBileTBOPR~T cl-1-
cTeMe, no)ly4eHHOH He3aBI-1CI1MO B pa6oTax /8, 3/. HaKoHell, He 
aas11cR~1-1e oT y peweHI1R CI1CTeMbl 111 I np1-1' ILl= 1 YAOBileTBOPR~T 
CI-1CTeMe, npi-1BeAeHHOH B pa6oTe /8/ 
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MenbHHKOB B.K. P2-82-684 

06 ypaBHeHHRX, OnHC~Ba~~I-1X B3aHMOAeHCTBHe BOilH 

HaHAeHO HeCKOilbKO HOBWX He!lHHeHH~X 3BOI1~L\HOHHWX ypaBHeHHH, 
onHCWBa~~HX B3aHMOAeHCTBHe BOilH Ha n!lOCKOCTH X, y. noKa3aHO, 
4TO AilR HCCileAOBaHHR 3THX ypasHeHHH npHMeHHM MeTOA o6paTHOH 
3aAa4H. 

Pa6oTa B~nOJlHeHa B na6opaTOPHH TeopeTH4eCKOH $H3HKH OH~H. 

npenpHHT 06beAHHeHHOro HHCTHTyTa RAePHbiX HCCfleAOBaHHH • .l\y6Ha 1982 

Mel 1 nikov V.K. P2-82-684 

On Equations for the Wave Interactions 

A number of new nonlinear evolution equations for the 
interaction of waves on the x, y- plane is found. It is shown 
that these equations may be investigated by the inverse scat
tering method. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA aBTopa. 


