
COOtilllBHMR 
OtihBAMHBHHOfO 

MHCTMTYTB 
RABPHbiX 

MCCIBAOBBHMM 

AYtiHa 

I J/ JJ _ /1 c 

P2 - 12946 

B .M.Bap6arnos , B .B .HecTepeHKO , A .M .'lepB~KOB 

K TEOPJ1J1 MJ1POBhiX OOBEPXHOCTEH 

OOCTOHHHOH CPE~HEH KPJ1BJ13Hhl 

1979 



npeAnomeHa MOAenb OAHOMepHo-npOTRmeHHOrO penRT~B~CTCKOrO 
o6beKTa, A~HaM~Ka KOToporo onpeAenReTcR Tpe6oeaH~eM, 4T06~ 

noKp~eaeMaR ~M noeepMHOCTb e npocTpaHcTee M~HKOBcKoro ~Mena 
nOCTORHHY~ cpeAH~~ Kp~B~3Hy h no KamAOMy HOpManbHOMY Hanpae
neH~~. 4aCTH~M cny4aeM TaK~X noeepXHOCTe~ RBnReTCR M~pQBaR 
noeepxHOCTb penRT~B~cTcKo~ CTPYH~ /M~H~ManbHaH no~epxHOCTb 
C h=O/. C nOMO~b~ MeTOAOB A~~~epeH4~anbHO~ reOMeTp~~ ~ccne
AY~TCR Ha~6onee ~HTepeCHble cny4a~ pa3MepHOCT~ o6beMn~~ero 

nceBAOeBKn~AOBa npocTpaHcTea-epeMeH~ 0=3,4. B cny4ae D=3 
npeAnomeHHaR MOAenb on~c~eaeTcR OAH~M Hen~He~H~M ypaeHeH~eM: 
o ¢ = h sh¢. B 4eTblpexMepHOM npocTpaHCTBe-epeMeH~ p11HaM~Ka 
MOAen~ onpeAenReTCR C~CTeMo~ ABYX ypaeHeH~~: 

1 ¢ -¢ 1 -¢ 
o¢=-h(e -e cos6), oO = -h e -sine. 

2 2 

B paMKax reoMeTp~4ecKoro noAXOAa nony4eHo npeACTaeneH~e 
naKCa AnR 3TO~ C~CTeM~, KpaTKO o6cymAaeTCR np~MeHeH~e Me
TOAa o6paTHO~ 3aAa4~ pacceRH~R. 

l.BBEAEHHE 

B nocneAHee epeMR e Teop~~ 3neMeHTapHbiX 4aCT~4 B03H~K 
~HTepec K OAHOMepHO-npOTRmeHH~M penRT~B~CTCK~M 06beKTaM -
cTpyHaM 11· 21 • B npo4ecce ceoero AB~meH~R TaK~e o6beKT~ no
Kp~ea~T ABYMepHy~ noeepXHOCTb e npocTpaHCTBe M~HKOBCKoro. 
3T~ noeepXHOCT~ MOmHO ~3y4aTb MeTOAaM~ A~~~epeH4~anbHO~ 
reoMeTp~~ / 3-5/ , KOrAa B Ka4eCTBe A~HaM~4eCK~X nepeMeHH~X / 
B~6~pa~TCR K03$$~4~eHT~ OCHOBH~X KBaApaT~4H~X ~OpM M~POBO~ 

noeepxHOCT~ cTpyHbl, a He ee paA~YC - eeKTOp. Ko3~~~4~eHT~ 

3T~X ~OpM, KaK ~yHK4~H KOOPAHHaT Ha noeepXHOCTH, YAOBneT
BOPR~T ypaeHeHHRM raycca-neTepcoHa-KOAa44H-PH44H, KOTOp~e 

MOmHO paCCMaTpHBaTb KaK HOB~e ypaeHeHHR ABHmeHHR, cy~eCTBeH

HO OTnH4H~e OT ypaeHeHHH 3Hnepa-narpaHma B o6~4HOM nOAXOAe. 
KoHKpeTH~H BHA 3TOH CHCTeMbl ypaBHeHH~ onpeAenReTCR KanH6-
pOBKOH, a TaKme Tpe6oeaHHeM, 4T06~ MHpOBaR noeepXHOCTb 
CTPYH~ 6~na MHHHManbHOH, KOTOpoe C reoMeTpH4eCKO~ T04KH 
3peHHR 03Ha4aeT paeeHCTBO Hyn~ ee cpeAHeH KPHBH3H~. 

0CHOBWBaf!Cb Ha reoMeTpH4eCKO~ ¢opMynHpOBKe ~aHHO~ 3aAa-
4H, npeACTaBnfleTCR ecTeCTBeHH~M B Ka4eCTBe o6o6~eHHR MOAenH 
penf!THBHCTCKOH CTPYH~ paccMOTpeTb 6onee WHPOKHH Knacc MH
poe~x noaepXHOCTeH C nOCTOf!HHOH cpeAHeH KPHBH3HOH. 
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2. PEnHTHBHCTCKAH CTPYHA 

HanOMHHM KpaTKO OCHOBH~e nono~eHHR o6~~HOH TeOpHH penR
THBHCTCKOH CTPYH~ 111 • ~YHK~HR AeHCTBHR B 3TOH MOAenH 6e
peTCR B cneAy~eM BHAe: 

.,2 •2,2 2 --
S = - y fdrfda y (XX) -x x = - yff d u y -g(u), Ill 

rAe 

"Jl Jl 'Jl ll x =ax (r,a) l ar, x =ax (r,a)laa , g = detg ij, 

g . . = (axil I au i )(ax I au j) - MeTpH~eCKHH TeH30P Ha MHPOBOH 
IJ Jl 1 2 

noeepxHOCTH cTpyH~ xll (r,a), u =r, u =a, i,j = 1,2. nocTORHHaR y, 
HMe~aR pa3MepHOCTb 06paTHOrO KBaApaTa AnHH~, BBeAeHa B 111 
AnR npaeHnbHOH pa3MepHOCTH. B TeopHH CTPYH~ npeAnonaraeTcR, 

• 2 , 2 
~To g < 0 1-1 g 11 = x > 0, g22 = x < 0. Bap1o1a4HOHHbiH npHH~Hn 

AnR $yHKJ.4HOHana 111 npHBOAHT K 3aAa~e 0 HaXO~AeHHH MHHH
ManbHOH noeepxHOCTH, noKp~eaeMOH CTPYHOH e npocTpaHCTBe 
MHHKOBCKOrO. 

B H30MeTpH~eCKOH CHCTeMe KOOPAHHaT Ha MHpOBOH noeepXHOC

TH CTPYH~ 

A= g =X 2 =-g =-i 2 1l 22 • g12 =x~ =0 121 

ypaeHeHHe 3Hnepa-5JarpaH~a oy-g/ox Jl = 0 CBOAHTCR K ypaBHe-
HI-110 A • AnaM6epa AnR paAHyc- eeKTopa x Jl (r, a) : 

;;ll(r, a) -'~Jl(r, a)= 0. 131 

CornacHo ocHOBHOH TeopeMe H3 AH$$epeHJ.4HanbHOH reoMeTpHH / 6/ 
HCKOMyiO noeepXHOCTb MO~HO OnHCaTb He TOnbKO ee paAHYC-BeK
TOpOM xll (r, a ) , HO H OCHOBH~MH KBaApaTH~H~MI-1 llJOpMaMH no

eepXHOCTH. no3TOMY K03$$H~HeHTbl 3TH X $OpM g ij H b alij 
a=1,2, MO~HO paCCMaTpHBaTb KaK AHHaMH~eCKHe nepeMeHHble AnR 

penRTHBHCTCKOH cTpyHbl. B TepMHHax 3THX nepeMeHHbiX 1-13 ypae
HeHHH ABH~eHHR 131, C y~eTOM 121, cneAyeT, 4TO cpeAHRR Kplo1-
BH3Ha MHHHManbHOH noeepXHOCTH B Ka~AOM HOpManbHOM Hanpaene

HHH pasHa HyniO: 

h 
1 ij = - g b I = 0, a = 1,2 . 
2 a ij 

141 
a 

2 

• 

KOH$QpMHaR HHBapHaHTHOCTb ypaeHeHHH 121, 141 n03BOnReT Ha
nO~HTb Ha ba \ij ABa AOnOnHHTenbH~X ycnOBHR TaK, 4T06bl OKOH
~aTenbHO 3a$HKCHPOBaTb KOOPAHHaTHYIO CeTb Ha AaHHOH noeepx
HOCTH. B Ka4ecTee TaKHX ycnoBHH YA06Ho B3RTb penRTHBHCTCKH
H~BapHaHTHYIO KanH6pOBKy / 4 ,5/ , B KOTOpOH 

2 
I. (b ± b )2 - 2 

a= 1 a \11 a\12 - q ± · 151 

6 TaKOM nOAXOAe K TeOpHH penRTHBHCTCKOH CTPYHbl B TpeXMep
HOM npOCTpaHCTBe-epeMeHH ypaeHeHHR ABH~eHHR 131 H HenHHeH
Hble AOnOnHHTenbHble ycnOBHR 121 H 151 06beAHHRIOTCR B OAHO 
HenHHeHHOe ypaeHeHHe Ha HOBYIO AHHaMH4eCKYIO nepeMeHHYIO 
u(r , a) = -ln.\ / 4 ,5/ : 

u - u = R expu. rr aa 161 

PenRTHBHCTCKaR CTpyHa B 4eTblpexMepHOM npOCTpaHCTBe MHHKOBCKO
ro B KanH6pOBKe 151 TaK~e OnHCbiBaeTCR ypaBHeHHeM nHyBHnnR 
161, HOB OTnH4He OT TpexMepHOrO Cny4aR- y~e Ha KOMnneKCH0-
3Ha~HYIO $yHKJ.4HIO u(r, a) 151 . YpaeHeHHe 161 HMeeT conHTOHH~e 
peweHHR, KOTOp~e B KBa3HKnaCCH~eCKOM npH6nH~eHHH npHBOART 
K HOBOMy cneKTpy Mace no cpaBHeHHIO C 06bi4HbiM nOAXOAOM K Teo
PHH AYanbHOA CTPYHb1 151 . 

3. 0606mEHHE CTPYHHO~ MOnEnH. TPEXMEPHOE 
nPOCTPAHCTBO-BPEMH 

B paMKax reoMeTpH4ecKoro nOAXOAa ecTeCTBeHHbiM o6o6~eHHeM 
MOAenH penRTHBHCTCKOH CTPYHbl RBnReTCR paCCMOTpeHHe 6onee 
o6~ero Knacca MHPOB~X noeepXHOCTeH C nOCTORHHOH cpeAHeH KpH
BH3HOH h = const. H1o1~e 6yAeT H3no~eH reoMeTpH~ecKHH noA
XOA K TeOpHH OAHOMepHO-npOTR~eHHOrO penRTHBHCTCKOrO 06oeKTa 
C MHPOBOH noeepXHOCTbiO nOCTORHHOH cpeAHeH KpHBH3H~ B Tpex-
H ~eTblpeXMepHOM npOCTpaHCTBe-epeMeHH. 

6 H30TepMH4eCKOH CHCTeMe KOOPAHHaT 121 Ha npOH3BOnbHOH 
noeepXHOCTH xll(u 1 ,u 2 ) , eno~eHHOH B TpexMepHOe nceBAOeBKnH
AOBO npOCTpaHCTBO, nepBaR H BTOpaR KBaApaTH~Hble $OpMbl HMeiOT 
BHA 

2 + -cp 1 = ds = .\ d u d u , 1-71 

¢
2

=hds2 +.!...\[Q (du+) 2 +Q (du-) 2 ], 
2 + 181 
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rAe Q = _!_(b 
1 

- b 2 + 2b 1 ) ± 2 1 2- 2 H BBeAeHW KOHyCHWe nepeMeHHWe 

+ 1 2 
u - = u ± u Ko3¢¢H~HeHTW 3!Hx ll>oPM A= g 11> b ij 

i, j = 1 , 2, KaK l!IYHK~HH KOOPAHHaT U 1 , 3aAaHHWX Ha noaepXHOC
TH, AOn*HW YAOBneTBOp~Tb AH¢¢epeH~HanbHWM ypaaHeHH~M rayc
ca H neTepcOHa-KoAa~~H / 6 / . 

YpaeHeHH~ neTepcoHa-KoAa~~H e HaweM cny4ae aanHcwea~Tc~ 
cneAY~HM o6paaoM: 

ah a(AQ_) 
--A-1 __ _ 
au- au+ = 0, 

ah _ 1 aCAQ > 
--A + 
au+ --au-

= 0. /9/ 

Y4HTbiBa~ Tenepb, 4TO An~ . paccMOTpeHHOH noeepxHOCTH h = const, 
nony4aeM 

+ 
AQ ± = q ± ( u- ) ' /10/ 

rAe q+ (u±) - npoH3eonbHble (jlyHKLIHH. OcTaBWHHC~ nocne HanolKe
HHfl YCllOBHH /2/ npOH3BOn B Bb16ope KOOPAHHaTHOH ceTKH Ha AaH
HOH noeepXHOCTH MOlKHO HCnOnb30BaTb, 4T06W 3a¢HKCHpOBaTb 
KOOPAHHaTHyiO CeTb B nHHHflX KpHBH3Hbl / 7.' : 

b 12 = 0 . /11/ 

~CnOnb3yfl HHBapHaHTHOCTb ypaBHeHHH /2/ H /4/ OTHOCHTenbHO 
- + -1 -2 + KOH(j)OpMHbiX npeo6pa30BaHHH KOOPAHHaT U- = U ± U = f + (u - ) , 

nerKO noKa3aTb, 4TO COOTBeTCTByiO~HM BW60p0M (jlyHKLIHH
ycnOBHIO /11/ ecerAa MOlKHO YAOBneTBOPHTb. AeHCTBHTenbHO, 
ecnH nona>KHT b 

.. + I +_ , c + u - = 2 du - v q+ u - ) , /12/ 

TO nepBafl H BTOpafl KBaApaTH4HWe (j)OpM~ /7/-/8/ npeo6pa3yiOTCfl 
cneAy~HM o6pa3oM: 

4 

6 1' 
, 

ds - = _A_[<ctii1> 2 -cctti2>2J. 

4v q+ q _ 

I 1 h A - 1 2 1 h A -· 2 2 
u. = -(1 + ---)(du ) + -(1- ---)(du ) 

2 .f yqq 4 yqq 
+ - + -

/13/ 

/14/ 

• 

B HOB~X nepeMeHH~X /12/ ypaeHeHHe raycca HMeeT BHA 

o lnA = __!_ ( h
2
A 

2 ---
\ 1 q q 

+ -

\ ~q- ). 
,.\ 

a2 () 2 

0 . ---- - --2 2 

cJ(u ) 
-· 1 2 

J (u ) ~ 
/15/ 

EcnH cpeAHflfl KPHBH3Ha noeepXHOCTH h = 0 , TO BBOAfl 0603H3-
4eHHe ,.\ = l/4 y ~q_. expu, H3 /15/ nony4aeM ypaBHeHHe nHy-

BHnnfl /6/. B paccMaTpHeaeMoM cny4ae (h ~ const) c nOMP~biO 3a
MeHbl ,.\ = \ q +q_exp c,'> 'h /15/ CBOAHTCfl K HenHHeHHOMy ypaBHe
HHIO Ha (jlyHKl.IHIO o (u 1,u 2): 

o ~'> = h sh o. /16/ 

C y4eTOM 3TOH 3aMeH~ nepBafl H BTOpafl KBaAPaTH4H~e (j)OpM~ 
/13/-/14/ np~HHMaiOT BHA 

o = exp ¢ [(du1)2 -(du2)2l, 
1 4h /17/ 

¢ = ..!._(1 + exp ¢ ) (du 1) 2 + _!_(1_ exp ·¢)(du 2) 2 
2 4 4 /18/ 

TaKHM o6pa30M, a TpexMepHOM npocTpaHcTee-epeMeHH TeopHfl 
OAHOMepHo-npOTfllKeHHOrO penflTHBHCTCKOrO 06beKTa C MHpOBOH 
noeepXHOCTbiO nOCTOflHHOH cpeAHeH KPHBH3HW CBOAHTCfl K OAHOMY 
HenHHeHHOMy ypaBHeHHIO /16/. 

noKalKeM Tenepb, KaKHM 06pa30M paCCMaTpHBaeMafl MOAenb 
MOlKeT 6b1Tb H3nOlKeHa B 06bi4HOM nOAXOAe, KOrAa B Ka4eCTBe 
AHHaMH4eCKHX nepeMeHHbiX B~6HpaiOTCfl KOOPAHHaTbl xll(u l.u 2 ) paAH
yc-BeKTOpa MHpoeoH noeepxHOCTH. YpaeHeHHe /16/ no ceoeMy 
nOCTpOeHHIO ~BnfleTCfl ycnOBHeM COBMeCTHOCTH AepHBal.IHOHH~X 

¢opMyn raycca-BeHHrapTeHa / 6 / . AepHBal.IHOHH~e ¢opMynw raycca 
Anfl AaHHOH noeepxHOCTH 3anHCbl eaiOTCfl cneAY~HM o6pa30M: 

.... 1 -1 • ~ ... ... 
X =-A (A X +A' X') - b n , 

2 11 

.=.., 1 -1 , -+ ..... , -+ 
x = -A (A x +Ax ) - b n , 

2 12 
/19/ 

~ 1,-1(~_.; ,, ... ,)b ... 
X = -1\ 1\X + 1\ X - n 

2 22 • 
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rAe n = [ it X x') /y"jg\ - eAHHH4HbiH npOCTpaHCT8eHHOnOA06HbiH 
8eKTOp. B~4HTaR 8 /19/ H3 nep8oro ypa8HeHHR TpeTbe H y4H-

4 v ' 8 1 T~8aR I /, nony4aeM xopowo H38eCTH~H 8 TeopHH no8epxHocTeH 
pe3ynbTaT 

ox .... + 2h r i x ; ·1 = o . /20/ 

cnpaBeAnHBbiH AnR n106oro perynRpHoro oTo6pameHHR xl"\u 1,u 2 ). 
B H30TepMH4eCKOH CHCTeMe KOOPAHHaT /2/ Ha paCCMaTpH8aeMOH 
no8epxHOCTH xll(u 1.u 2 ) ypaBHeHHR ABHmeHHH /20/ eCTb ypaBHe
HHR 3Hnepa AnR ¢yHK~HOHana 

2 - 2h .... ~ ' ~ 
S = -K 1/ d Ul\1-g ~ -(XI X X X ))l. 

3 
/21/ 

3AeCb cneAyeT OTMeTHTb CXOACTBO paCCMaTpHBaeMOH MOAenH C 
TeOpHeH penHT~BHCTCKOH CTPYHbl, B3a~MOAeHCTBYIOU1eH cne4~anb

H~M o6pa30M C BHeWHHM CKanRpH~M noneM / 3! , 

YcnoBI1R Kan~6poBK~ AnR xll(u 1 • u 2 ), no3BonRIOlJ1~e 3a¢HKc~po
BaTb KOOPA~HaTHyiO CeTb 8 nHH~RX KpHB~3Hbl /11/, MOmHO nony-
4~Tb, ~cnonb3YR KOH¢0pMHYIO HH8apHaHTHOCTb ypaBHeH~H AB~meH~R 
/20/ H AOnonH~TenbH~x ycnoBHH./2/. AnR 3Toro, KaK o6~4Ho, 
nepeAAeM K HOB~M nepeMeHH~M ~ 1 (ul) no ¢opMyne /12/, B KO-
TOpOA cneAyeT nonom~Tb 

+ 
q ± (u - ) I x > ; 'l d ~ x , ± 2x ' ) • 

:.,2 
2x 

TOrAa B 3THX nepeMeHH~X B~nOnHRIOTCR cneAYIOlJ1~e ycn08~R: 

·' . 
; I i X; l = 0. (; +X) I ; y ; l =X 2: 2 . /22/ 

noACTaBnRR pa3nomeHHR /19/ 8 /22/, nony4aeM AnR K03¢¢~4H

eHTOB BTopoA KBaApaTH 4HOA ¢opMbl 8blpameHHR I 14 I. 
TaKHM o6pa30M, 8 TpexMepHOM npocTpaHCT8e-8peMeHH AHHaMHKa 

OAHOMepHO- npOTRmeHHOrO penRTHBHCTCKOrO 06beKTa C MHPOBOA no
BepXHOCTbiO noCTORHHOA cpeAHeA KpHB~3Hbl h 8 06b14HOM nOAXOAe 
nOnHOCTbiO onpeAenReTCR ypaBHeHHHM~ i~8HmeHHR /20/ H AOnon
HHTenbH~MH ycnOBHRMH /2/, /22/. 

6 
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4. 0606mEH~E CTPYHHO~ MOAEn~. 
4ETWPEXMEPHOE nPOCTPAHCTBO-BPEMR 

EcnH npoH380nbHaR no8epxHOCTb c MeTpHKOH /2/ 8nomeHa 
B 4CT~pexMepHOe npOCTpaHCTBO MHHK08CKOro, 8 KamAOH T04Ke 
3TOH no8epxHOCTH MOmHO nocTpOHTb ABe opToroHanbH~e APYr 
APYry npocTpaHCTBeHHOnOA06Hble HOpManH TJ ~' a= 1,2. no3TOMy 
AnR onHcaHHR AaHHOH no8epXHOCTH B reoMeTpH4ecKOM nOAXOAe, 
KPOMe K03¢¢H~HeHTa nepBO~ KBaApaTH 4HOH ¢opMbl g 11 =.\, Tpe-
6yeTCR ABa TeH30pa 8TOpOH KBaApaTH4HOH ¢opMbl b j·. H OAHH 

16 ' a IJ BeKTOp Kpy4eHHR v12 ji (=-.v21 ji ), a,i,j = 1,2 . ' . 3TH 8enH4HHl>l, 
K.JK ¢YHK~HH KOOPAHHaT U 1

, 3aAaHH~X Ha noBepXHOCTH, AOnmHbl 
YAOBneTBOpRTb AH¢¢epeH4HanbHbiM ypaBHeHHRM raycca' neTepco
Ha-KOAa~~H H PH44H. B paccMaTpHBaeMOM cny4ae cHcTeMa 3THx 
ypa8HeHHH 3anHCbl8aeTCR cneAYIOlJ1HM o6pa30M: 

ypaBHeHHe faycca 

olnA=2A-
1 

[,\
2

.H-(.\Q
1
+)(AQ

1
_) -(AQ

2
+)(.\Q

2
_ )), /23/ 

ypa8HeH~e PH44H 

av av -1 
au; - au~ = .\ [ (AQ1+)(.\Q2-) -(.\Qt- )(AQ2+ )), /24/ 

ypa8HeH~R neTepcOHa-KOAa44H 

a(>.Q 1-) a (AQ2_) 
2 =v (AQ2 )-v h 2 A., 2 =-~'+(A.Q 1 )+v h

1
A., 

au+ + - - au+ - -

a(A.Q1+) 
/25/ 

2 
au-

a (AQ2+) 
= v (,\Q2 ) - v h 2 ,\. 2 =- v (,\ Q 1 ) + v h 1,\ • 

- + + au- - + + 

rAe (,\Qa±)= ~ (baj11 +baj22 ±2baj12 ) ' a=1,2' v±=v1±v2' 

v1 =v 12jl, v2 =v12j2 , H=h1+h~, ha- cpeAHHe KpHBH3Hbl B Kam

AOM HOpManbHOM HanpaBneHH~ /eM. ¢opMyny /4//, KOTOpble 
8 AanbHeAweM 6yAeM C4~TaTb KOHCTaHTaMH. 

AnR aHanH3a ypaBHeHHA /23/-/25/ YA06Ho BBeCTH BMecTo v± 
HOBble nepeMeHHble, onpeAenReMble COOTHOWeHHHMH 

q+ aCx+ e) 
v = -- • 

± q au± 
/2n/ 
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C y4eTOM /26/ ypaBHeH~~ neTepCOHa-KOAa44~ /25/ MOmHO npo
~HTerp~pOBaTb OTHOC~TeJlbHO (.\Q a± ) , a = 1 ,2 : 

h (.\ Q ) + h (.\Q ) = q · 
2 2± 1 1± + 

sin X ± 0 
2 ' 

. x+ e 
h (.\Q ) - h (A Q ) = q · cos --- . 

1 2± 2 1± - 2 

1271 

3AeCb q+(h 1,h2)- npo~3BOilbHble KOHCTaHTbl, Il~He~Hble no h 1 
~ h , K6HKpeTHbl~ B~A KOTOPbiX onpeAe!l~M H~me, a $yHK4~~ 
x (u~, u 2 ) ~ O(u1. u 2) ca~3aHbl c K03~~u~eHTOM nepso~ KBaApa
TIA4HO~ $OpMbl g 

11 
= A COOTHOWeH~eM 

2 2 2 2 2 cos0- cosx = 2q (AH) / (q -q ) 
~ ~ - /28/ 

noACTaHOBKa BblpameH~~ /26/ ~ /27/-/28/ B ypaBHeH~~ raycca 
/23/ ~ P~44~ /24/ AaeT 

o ln A = 2A-l 
2 2 

·~IA2 _H_ 
H (q 2 -<) 2 ) - ~ 

- cos Ol , /29/ 

()2 
0 - ---

-1 q:. 
o 0 = 2A -- · siniJ. 

()2 
/30/ 

H a(ul ) 2 .J( u 2 ) 2 

Ecn~ nose p XHOCTb xl1 
tu

1 
,u

2
) norpymeHa B TpexMepHoe nceBAOes-

Kil~AOBO npOCTpaHCTBO, TO BeKTOp " t 2 j i ~ TeH30p b 2 jij , 
i,j = 1,2 , paBHbl HYiliO ~ COOTHOWeH~A /28/ HeT. no3TOMy h2 ={) , 

0 = 0, cosx/ 2 = 0, sinx/2 = 1. BBOAA o6o3Ha4eH~A A = y' q.:-q ~ -exp ¢/h 2 , 

h1 = h ~ Bbl6~paA COOTBeTCTBYIOlJI~M o6pa30M' KOHCTaHTbl q+(h,O) , 
~3 /29/-/30/ nony4aeM Hen~He~Hoe ypasHeH~e /16/. Ecn~- *e 
cpeAHAA Kp~B~3Ha AaHHO~ nosepXHOCT~ B KamAOM HOpMa!lbHOM 

HanpasneH~~ pasHa HYiliO, ha =0, a =1,2 , TO nOACTaHOBKa A = 
=2g :. / H.Rexp¢ CBOA~T C~CTeMy ypaBHeH~ ~ /29/-/30/ K He!l~He~HO
MY ypaBHeH~IO Jl~yB~IlilA /6/ Ha KOMnJleKCH03Ha4HyiO $YHK411Kl U=¢+i0. 
B ~ailbHe~weM AilA ynpolJieH~A BbiKilaAOK 6yAeM C4~TaTb, 4TO 
h 1 = h2 = h , a np0~ 3 BOil bHble KOHCT aHTbl q + Bbl6epeM B B~Ae 

q ~ = 2q ~ , q + =h/ 8. TorAa c noMOlJibiO 3aMeHw A = exp ¢ / 16h 
/29/-/30/ CBOA~TC~ K C~CTeMe ABYX Heil~He~HbiX ypaBHeH~~ Ha 

c!JyHK4~~ cp(u 1, u 2 ) ~ 0(u 1 , u 2 ) : 

o¢ = .!:.ce ¢ - e- ¢ . cosO) o 0 = _E_e --<P • sin 0 . /31 I 
2 ' 2 
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C y4eTOM 3TO~ 3aMeHbl K03~~4~eHTbl BTOpbiX KBaApaT~4HbiX 

$0PM b H.. , a, i, j = 1,2 , Ha paccMaTp~saeMo~ nosepXHOCT~ np~
a lJ 

H~MaiOT B~ 

1 ¢ 1 1 ../.. 
b 

1 
=-[f Cx.m+e 1, b 

1 
= -g Cx.m. b 

1 
=..:..rr <x. o>-e '~' l. 

1 11 16 - 1 12 16 + 1 22 16 -

b2111 = ~6 [ f + <x. e) + e ¢ ], b2l12= :6 g_ <x. (}), b2 l22 = 1~ [r + <x. e}-e ¢ ] , 

rAe BBeAeHbl 0603Ha4eH~A f ± (x, (}) =(sin; ± y2cos ; ) COS { , g ± (x ,(}) = 

=(cos X± v'2 sinX)sin.f. TaKI-IM o6pa3oM, a 4eTblpexMepHOM npocT-
2 2 2 

paHcTBe MI-IHKOBCKoro Teop~~ OAHOMepHo-npoT~meHHoro peilAT~
BI-ICTcKoro 06oeKTa C M~POBOH nosepXHOCTbiO nOCTO~HHO~ cpeAHe~ 
Kpi-1BI-13Hbl B KamAOM HOpMaJlbHOM HanpaBJleHI-11-1, B OTill-14!-le OT Tpex
MepHOrO Cily4a~, CBOA~TC~ K CI-ICTeMe ABYX Heili-IHe~HbiX ypaBHe

HI-IH /31/. 

5. nPEACTABJlEHHE JlAKCA 
H METOA 05PATHO~ 3AAAYH PACCE~HH~ 

C~CTeMa ypaBHeHI-1~ /31/ no CBOeMy nOCTpOeH~IO ABJlAeTCA yc
IlOB!-IeM COBMeCTHOCTI-1 Aep~Ba41-10HHbiX $0PMYI1 raycca-Be~HrapTe-

Ha 16 1, npeAcTasn~IOII\I-IX co6o~ Al-1!fl¢lepeH4~anbHble orepaTOpbl nepao
ro nOPAAKa. no3TOMY npeACTaBJlAeTCA ecTeCTBeHHbiM paCCMaTpi-IBaTb 
3TI-1 onepaTopbl B Ka4eCTBe napbl onepaTopos JlaKca, KOTOpble He
o6XOA1-1Mbl AilA peweHI-IA CI-ICTeMbl Hen~He~HbiX ypaBHeHI-1~ /31/ MeTO
AOM o6paTHO~ 3aAa4!-1 PClCCeAH~A 19-11 / . 

B~eAeM B paccMOTpeH!-Ie eA1-1H~4Hbl~ opToroHa!lbHbl~ 6a31-1c 

11 '11 / v'-1--1 /1 ·'11 / v'_l __ l 11 . /1 11 . 11 
e 1 = X gll 'e 2 =-IX g22 'e a =-17]1 ,e 4 = -17] 2 ' /34/ 

rAe ~11 1-1 x11 - KaCaTe!lbHble BeKTOpbl B AaHHO~ T04Ke nosepx-
HOCTI-1, a 1]11 , a= 1,2 - ABa OpTOrOHa!lbHbiX APYr APYrY npocTpaH-

a '11 '11 CTBeHHOnOA06HbiX OpTa, KOTOpble OpTorOHa!lbHbl e111e 1-1 K X H X , 
npl-1 ABH~eHHH no nOBepXHOCTH C MeTpHKO~ /2/ H3MeHeHHe 3TOrO 
6a3HCa CBOAHTCA K BpalJieHHIO B 4eTblpexMepHOM eBKilHAOBOM npo
CTpaHCTBe R 4 .AepHBa4HOHHble $OPMYilbl B 6a3~Ce /34/ 3anHCb1BaiOTC~ 
CileAYIOlJIHM o6pa30M: 

ae11 · ..~-. ~ iyh - 2 p_ i y'h - 2 2 -+ = -1-'~'-e~- --[ e 2r_ <x. e)+e 2 ]e~ ---[e 2 f +(x,O) +e 2 Jef, 
au 2 4 4 
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¢ 
11 . , ..jh - 2 11 

ae 2 - - £ e 11 - --g <x' e )e e 3 -- - 1 4 + 
au 1 2 

_ ..J hg <x.O)e 
4 

- _1!. t_ - _i_ 

¢ 
-2 ell, 

4 

11 ··'h 2 ae3 _l_v_[ e f 
-- = 4 
llu 1 

2 11 ..jh 2 11 1 . , 
Cx. O)+e ] e + -g <x.me .e + -(x-li)ell/35/ 

1 4 ~ 2 ...;8 4' 

a ell . - - 1!... .1:... ...; - - :/:.. 1 . , 
_4=I..jh [e 2r Cx.e)+e2 ]ell+~g <x.O)e 2ell--=-<x-O)ell 

1 4 + 1 4 - 2 ..)8 3 
au ¢ ¢ 
a J.L • - -- - --

~ =.2:/:.._e11 - ~g (x,O)e 2 
efl.-~g <x.O)e 2 efl., 

2 22 4 + 3 4- 4 au 1361 
fl. • __ .1!_ 1:... ;--:!:. . ¢ 

ae2=_.!.1:..._eJ.L_..jh[e 2 f Cx.m-e2 ]ell_..'L.!:[e 2r <x.m-e2Jef1., 
2 2 1 4 - 3 4 + 4 au 

a~ i..Jh - p_ ...;"h - :£. 
-=-g (x,O)e 2ef1.+-[e 2 f 

.1!. 1 . 
<x.O)-e 2 Jefl.+-(x'-O)efl., 

au 2 4 + 1 4 2 ...;8 4 

fl. -. ¢ - ¢ ¢ 
ae 4 hj h - 2 fl. ...; h - 2 2 fl. 1 , • fl. 
-=--g_(x,e)e e 1 +-[e f+(x,e)-e le

2 
--=-<x -e)e

3 au2 4 4 ..)8 

Kococ~MMeTp~YecK~e MaTp~~~ 8 npa8~X 4aCTRX 3T~x ypaBHeH~AR8-
nR~TCR MaTp~~aM~ 6eCKOHe4HO Man~x 8pa~eH~A B 4eT~pexMePHOM 
e8Kn~A080M npocTpaHCT8e R 4 .Y4~Tbl8aR, 4TO noKanbHO rpynna 0(4) 
npeACTa8!.1Ma KaK SU(2) ~ SU(2), epa1J1eH!.1e 6a3~ca /35/, /36/ 
MO>KHO on~caTb 8 TepM~Hax cn~Hopoe ljJ (u 1 ,u 2) ~ ljJ (u1 ,u2) 

+ -
ai/J . _, . ._. ai/J . _, . ._. 
__ + =..!_(wJ·a )1/J , __:. =..!..(w J ·a)ljJ , j = 1,2, /37/ 
aui 2 + + aui 2 - -

-> ->j 
rAe a - MaTp~~~ nayn~, a W ± Aa~TCR B~pa>KeH~RM~ 
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1 
(t)+ 

-1 

+..jh[( _<£ i. - 4 f+ ± ig) e 2 + e2 ] , 

(t) 1 = ..jh [ ( f . - 1!.. !1:. 
±2 4 +- 1g ) e 2 + e 2 ] , 

1 i ( "A.' 1 (;I' 1 . ) w =-- l'f' ± -= - -=-X ; 
±3 2 ..)2 + ..)2 

• 

w 2 - i ..jh - 1!. 1!. 
± 1 - -4- [ (f + i g ) e 2 - e2 ] ' 

(1)2 -- i ..jh _ 1!_ :£. 
±

2 
- + -- [ (f ± i g ) e 2 2 ] 4 + + -e , 

2 i c· ;_ 1 8• 1 ') 
w = -- l 'f' ±--=- +-=-X · 

±3 2 ..)2 ..)2 

C reoMeTp~4ecKoA T04KI-1 3peH~R cn~Hopbl V'±(u 1,u2) R8nR~TCR 
4~CTO ecnoMoraTenbHbiM~ een!.14~HaM~. TeM He MeHee ycnoe1.1e 
COBMeCTHOCT~ Cn!.1HOpH~X ypa8HeH~ A /37/, TaK >Ke KaK ~ ycnOBI-1e 
C08MeCTHOCTI-1 /35/-/36/, AaeT ypa8HeH~R raycca ~ P~44~ /31/ 
AnR KBaApaTI-14HbiX ¢opM /2/, /32/-/33/. 6onee Taro, 8 paccMaT
PI-18aeMoM cny4ae C~CTeMa Heni-1HeAH~X ypaBHeHHA /31/ nopO>KAaeT
CR ycnoe~eM COBMeCTHOCT~ AnR Ka>KAOrO 1.13 CnHHOPH~X ypaBHeH~A 
/37/. no3TOMY 8 AanbHeAweM 6yAeM paccMaTp~BaTb TOnbKO nep80e 
~3 3T~x ypaeHeHHA. Ben~4~Hbl ~~ 8 /37/ aaBHCRT TOnbKO OT 
¢YHK~~A ¢(u 1,J!) H 0(u1,u2), 8 TO 8peMR KaK AnR MeTOAa o6paTHOA 
3aAa4H pacceRH~R He06XOAHMO 8BeCT~ B ~ j+ e111e ~ cneKTpanb-
HbiA napaMeTp y. AnR 3Toro eocnonbayeMCR ~Heap~aHTHOCTb~ cHc
TeM~ ypa8HeH~A /31/ np~ nopeH~e8cK~x npeo6paao8aH~Rx 8 A8y-

1 2. -1 -2 ( 1 2 ,) -1 -2 -1 ( 1 2 ) MepHOM npOCTpaHCT8e U , U : U + U = y U + U , U -U =y • II -tr . 

Ypa8HeHHR /37/ He ~H8apHaHTH~ OTHOC~TenbHO TaKOA 3aMeHbl ~ 
np~H~Ma~T 8~A: 

' 

()!/; + _J....~i ("' 0 y );.ljJ 'j =1,2 . 
-- - ..l.L + 'P' ' + au i 2 

/38/ 

3AeCb 

¢ ¢ 
1 . -- h -

11+1 = ..!..[ie 2 Cyt-.(O-x)- -A<e+x ))-A.+ e 2 l, 
4 2y 

,...1 1 c· , 1 0 , 1 . ) 
"+2 = - - 1¢ + --:::: - -=:-X • 

2 ..)2 ..)2 

¢ ¢ 
1 . -- h -

11+3 = - ..!_[ e 2 (yAW- x ) + -AW+x ))- iA. e 2]; 
4 2y -
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2 1 _1:. h 
n = -[e 

2 
(yt\W-x>+- 1\(0 + xll+ i>.. 

+ 1 4 2y 

n2 
+2 

1 . 1 . 1 
= --(i ¢+ -:=-0 --=x'l, 

2 v'2 y2 

.1:. 
e 2 l , 

2 
n+3 

1 -/; h .£ 
= -[ ie (yt\W-x>- -t\(0+ x}) + >.. e 2 l 

4 2y ' + 

H BBeAeH~ 0603Ha4eHHH 

1\(z) = v2cos~ +isin~. >..+ , _!_( y ± _E_). 
2 2 - 4 2y 

AnA YA06CTBa B $OpMyne /38/ cosepweH nosopoT B cnHHOpHOM 
npocTpaHCTBe r/J+(u 1 ,u2 ):ai .... u ai u-~TaKo.:i, 4TO u(a·a 3 -f-la 2 ) u- 1=~a 3 • 
KaK H paHbWe, ycnOBHe COBMeCTHOCTH /38/ AaeT /31/. npH u ->0 
/38/ npeAcTaBnAeT co6o.:i napy onepaTopos naKca AnA HenHHe.:i
HOro ypaBHeHHA /16/: 

dip 1 h ¢ , h ¢ 
-- = -1-i(y- -)ch-a +¢ a +(y + -) sh-a lr/1, 
d ii 1 2 2y 2 3 2 2y 2 1 

drjJ 1 h ¢ . h ¢ 
--=-li(y+-)ch-a +¢a -(y--)sh-a lr/1. 
d ii 2 2 2y 2 3 2 2y 2 1 
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06CYAHM KpaTKO MeTOA o6paTHOH 3aAa4H pacceHHHA /M03P/ 
AnA CHCTeM~ HenHHeHH~X ypaBHeHHH /31/. CornaCHO /38/ nHHe.:i
HaA CneKTpanbHaA 3aAa4a B AaHHOM cny4ae CBOAHTCA K ypaBHe
HH~ 

drjl . ,/, iy ('f f )· '· ih (' )· '· 0 -d- + lp a2 '+' + - 1 a 1 + a
3 

'+' + - Ig a 
1
+ g a '+' = , 

X 4 - + ' By + - 3 /40/ 

rAe 

- 1:. 1:. - 1:. .1:. 
f±(x,t) : [il'l(O-x)e 2 ± e2 ] / 2,g±(x,t) : [il'l((:l+x)e 2±e2 )/ 2, 

) 1 . 1 . 1 " -2 - 1 
p(x,t = 4(i¢ + y

2 
(:1- V

2 
X 1, X=U , t=u , 

a $yHK~HH ¢(x, t) H O(x,t) YAOBneTBOPA~T rpaHH4HbiM ycnoBHHM 

¢ ( x, t) .... o , e (x, t) .... o npH lx I .... oo. /41/ 

12 
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npH Be~eCTBeHHOM y ~ 0 onpeAenHM, KaK o6~4HO, peweHHH AocTa 
~+(X, 0 CHCTeM~ ypaBHeHHH /40/ 3aAaHHeM HX aCHMnTOTHK npH 
X-...,± oo COOTBeTCTBeHHO 

~ (x,y)-~(x,y), X->+oo; ~ (x,y) -~(x, y), x ... - oo, /42/ 
+ -

rAe MaTpH~a ~(x, y)= expi>..+a 3 x 
HI-1A 

HBnHeTCA peWeHHeM ypaBHe-

~ =iA a ~, 
dx + 3 

B KOTOpOe nepeXOAHT ypaBHeHI-1e /40/ npH jx j ..., oo . C nOMO~b~ 
HHTerpanbH~x ypasHeHH.:i AnA peweHHH AocTa /42/ MOmHo noKa-
3aTb, 4TO nepB~H CTOn6e4 f; MaTpH~~ ~ + H BTOpOH CTOn6e~ 
r; MaTPH4bl ~- AOnycKa~T aHani-1TH4eCKOe npOAOnmeHI-1e B nony-
nnOCKOCTb lm>..+( y) " 0 KOMnneKCHOH nepeMeHHOH y: 

! r1 · • \
1 ~ , Im y -. 0 ; 

h I Y! < \ ' - , Im y < 0 . 
2 

/43/ 

AHanon14HbiM o6pa30M BTOPOH CTon6e4 f; MaTpH~bl 111 + 1-1 nepBbiH 
cTon6e4 f~ MaTPI-14~ ~ aHani-1TI-14eCKH npoAonma~TCR B nonynnoc-
KOCTb Im,\ (y) ·- 0 : 

h •}"; ~ \ 2' lm ) 0; h 
) ' ' \ -, 
' 2 

Im r ·' 0 . /44/ 

i 2 
nocKOflbKY (d dx)(det 11'± ) -- 2 Sp0kuk~± = 0 TO det 111 ± • det 11' - 1 

1-1, TaKio1M o6pa30M, np~-1 Be~eCTBeHHOM y " O peweHio1H f;locTa 11'+ 
ABnA~TCR $YHAaMeHTaflbH~Mio1 MaTp1o14aM1o1 ypaBHeHio1R /40/: -

11' (t.X.)· l = 'li (t,x,y)S(y,t}. 
I - /45/ 

3AeCb S(y, t) - MaTp1o14a nepeXOAa, 3neMeHT~ KOTOpOH Aa~TCR co
OTHOWeHI-1RMio1 

f- -
s 11 (yl = det (f 1 . f ~ ) , s22(y) ~ sll<-rl, s 12(y) I f -) ' 

det(f 2 , 2 /46/ 

82L(y) ~ -s 12 (-y), detS( yl ~ 1. 

~3 /46/ cneAyeT, 4TO s11(y) TaKme AOnycKaeT aHani-1Tio14eCKoe 
npOAOnmeHI-1e /44/ no KOMnneKCHOH nepeMeHHOH ~ 
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CornacHo Bblpa>KeHI-110 /38/ c j = l MaTpl-1~a nepexoAa S( y, t) 
YAOBJleTBOpHeT cneAYIO~eMy 3BOJ110~1-10HHOMY ypasHeHI-110: 

idS (y t) =A [S( y ,t) ,a ], 
dt + 3 

8 COOTBeTCTBI-11-1 C KOTOp~M 3aBI-1Ci-1MOCTb OT BpeMeHI-1 3JleMeHTOB 
MaTpi-1~~ nepeXOAa I-1MeeT Bi-1A 

2 iA • t 
s 11 (y, t) = s

11 
(y, 0) , s 

12
(y, t) = s

12
(y, 0) e - /47/ 

,ll,anbHe~wee 1-1cnonbsosaH1-1e M03P /eM. / 131 I A11H ypasHeHI-1H /40/ 
Tpe6yeT AOKa3aTeJlbCTBa TaK Ha3~BaeM~X TpeyrOJlbH~X npeACTaB
JleH!-1~ AJlH MaTPI-14H~x peweHI-1~ ~ocTa W+. OcHOBHaH TPYAHOCTb 
3Ae~b COCTOI-1T B i-1CCJleAOBaHI-11-1 aCI-1MnTOT!-14eCKOro noBeAeHI-1H W+ (0 
1-1 s ij (y) , i. j = 1,2 np~-1 IY 1 .... "" B KOMnneKcHo~ nnocKOCTI-1 y . -
0TMeTI-1M, 4TO aHanori-14HaH cneKTpanbHaH saAa4a AJlH onepaTopa 
,ll,1-1paKa paccMaTPI-1Banacb B pa6oTax 1141.0AHaKo pa3Bi-1T~e TaM MeTo
Abl npHMo nepeHecTI-1 Ha ypasHeHI-1e /40/ He YAaeTcH. 

6. 3AKni04EHHE 

npeAJlO>KeHHOe o6o6~eH!-1e MOA€111-1 peJ1HTI-1BI-1CTCKO~ CTPYHbl cy
~eCTBeHHO OTJ11-14aeTCH OT npeA~AY~I-1X pa60T no 3TOMY BOnpo
cy 1151 T€M, 4TO 8 T€0pi-11-1 COXpaHH€TCH 1-1HBapi-1aHTHOCTb OTHOC!-1-
T€JlbHO Bbl6opa KOOPAI-1HaT U 1 1-1 u2 Ha MI-1POBO~ nosepXHOCTI-1 CTpy
Hbl. l-1M€HHO 3TO 06CTOHTeJlbCTBO 1-1 n03BOJ1H€T 8 KOHe4HOM C4eTe 
Oni-1CaTb AHHaMI-1KY MOAeJlH HeJ1!-1He~H~MI-1 ypaBHeH!-1HMH /31/ 1-1111-1 /16/. 

B Hawe~ pa6oTe cosepweHHO He 3aTparl-1sanacb npo6neMa rpa
Hi-14HbiX YCJlOBI-1~, TO eCTb OAHOMepHO npOTH>KeHHbt~ peJ1HTI-1BHCT
CKH~ o6"beKT I CTpyHa/ paccMaTpi-1 saneR KaK 6ecKOHe4Hbl~. ,ll,nH 
~i-131-14eCKI-1X npHJlO>KeHH~ I-1HTepeCHO HCCJ1€AOBaTb 8 paMKax AaHHO~ 
MOAeJlH rpaHI-14H~e yCJ1081-1H AJlH CTPYH~ CO CB060AH~MI-1 KOH~aMI-1 

1-1111-1 >Ke noMeCTI-1Tb Ha KOH~bt T04e4Hbte Maccbt. B nocneAHeM cny4ae 
MO>KHO nocTaBI-1Tb saAa4y s AYXe pa6oT / 16/ o noTeH~!-1ane, K Ko
TOpoMy npi-1BOAI-1T CBH3b ABYX .Y04e4H~X Mace CTPYHO~ B paccMaT
PHBaeMOH HaMI-1 o6o6~eHHO~ MOAeJll-1. 

C T04Ki-1 3peHHH TeOpi-11-1 nosepXHOCTe~ C nOCTOHHHO~ cpeAHe~ 
KPI-1BI-13HO~ HBJlHeTCH HHTepeCHbtM BOnpoc, MOlKHO Jll-1 1-1 8 CJ1y4ae 
4eTbtpeXMepHOrO npOCTpaHCTBa-epeMeHI-1 nOA06paTb ~YHK~HOHaJl 
Ae~CTBI-1H AJ1H npeAJlO>KeHHO~ MOAeJli-1 s nepeMeHH~x xll(u 1,u2 ),aHa
norH 4H~~ /21 I. 

ABTOpbt C4HTaiOT CBOHM npHHTH~M AOJlrOM no6narOAapHTb 3a 
HHTepec K pa6oTe H.A.4epHHKoea, H.C.WaeoxHHy, B.K.MenbHI-1Ko
sa 1-1 A.n.KowKapoea. 

14 

• 

nHTEPATYPA 

1. Rebbi C. Phys.Rev., 1974, 12C, p.3; Scherk J. Rev.Mod. 
Phys., 1975, 47, p.123; 
oap6awos o.M., HecTepeHKO B.B. 34AR, 1978, T.9, B~n.5, 
c.709. 

2. Nambu Y. Phys.Lett., 1979, 80B, p.372; Gervais J., 
Neveu A. Phys.Lett., 1979, 80B, p.255; Polyakov A.M. 
Phys . Lett., 1979, 82B, p.247; Durand L., Mendel E. Phys. 
Lett., 1979, 85B, p.241. 

3. Lund F., Regge T. Phys.Rev., 1976, D14, p.1524. 
4. Omnes R. Nucl.Phys., 1979, B149, p.269; 

oap6awos o.M., KowKapos A.n. TM~, 1979, 39, c.27. 
5. oap6awos o.M., HecTepeHKO B.B. B KH.: TpyAbt v Me>KAY

HapOAHOro COBe~aHI-1H no HeJlOKaJlbH~M TeOpHHM nOJlH 
/AnywTa, 1979/. OHRH, P2-12462, ,ll,y6Ha, 1979, c.300; 
oap6awos o.M., HecTepeHKO B.B.' 4epBHKOB A.M. TM~. 
1979, 40, c.15; Journ.of Phys., 1979,A12,N 12. 

6. 3H3eHxapT n.n. P1-1MaHosa reoMeTpi-1H. Hn., M., 1948. 
7. BeKya H.H. OcHOBbt TeHsopHoro aHan1-1sa 1-1 TeopHH Koeap!-1aH

TOB. 11 HayKa11
, M., 1978. 

8. OccepMaH P. B c6. nepeBOAOB 11MaTeMaTH Ka 11
, 15, N'2, c. 104, 

II Ml-1 p II ' M . ' 19 71. 
9. Lax P.D. Comm. Pure Appl., 1968, 21, p.467. 

10. TaxTaA>KHH n.A., ~aAAeeB n.,ll,. TM~. 1974, 21' c. 160. 
11. Ablowitz M.J. et al. Stud. in Appl.Math., 1974, 53, 

p.249. 
12. Neveu A., Papanucolau N. Comm.Math.Phys., 1978, 58, p.31; 

Lund F. Phys.Rev., 1977, D15, p.1540. 

13. 

14. 

15. 

16. 

Ablowitz M.J. Stud. in Appl.Math., 1978, 58, p.17; 
3axapos B.E. B KH.: H.A.KyHHH. TeopHH ynpyrHx cpeA 
c MHKpoCTPYKTypo~. 11HayKa 11

, M., 1975, rn. 5. 
Kaup D.J. Progr.Theor.Phys., 1975, 54, p.396; Stud. 
in Appl.Math., 1975, 54, p.165. 
Takabayashi T. Progr.Theor.Phys., 1974, 51, 262, 
p. 571. 
4epHI-1KOB H.A., WaeoxHHa H.C. OHRH, P2-10375, ,ll,y6Ha, 
1977; OHRH, P2-11295, ,ll,y6Ha, 1978; B KH.: TPYA~ V Me>KAY
HaPOAHoro COBe~aHHH no HeJlOKaJlbH~M TeOpHH nOJlH. 11 npo6JleM~ 
KBaHTOBoi1 TeOpHI-1 11 • OHRH, P2-12462, ,ll,y6Ha, 1979, c.340. 

PyKonHCb nocTynHna B H3AaTeJlbCKHi1 OTAen 
23 HOH6pH 1979 rOAa. 

15 


