
-
r-3:;.6 

P2 - 8287 

B.n.rep,nT, B.A.MemepliKOB 

JIOKAJihHYR Blm 
PElliEHIDI YPABHEHI1R qy -JIOY 



5be~HH9HHOI'O HHCTH1J'Ta B~epHbiX 

HCCJI9~0BaHHlf 

IR 06'be.IJ;HHeHHOrO HHCTHTyTa R.IJ;epHLIX 

10TCR CaMOCTOJ!iTenbHLIMH ny6nHKaUHRMH . 

"BHH co CT. 4 YcTaaa OH.HH. 0TnH'IHe 

aKnJO'IaeTCR B TOM, 'ITO TeKCT npenpHHTa 

!IJBe.IJ;eH B KaKOM·nH60 Hay'IHOM )l(ypHane 

:e. 

_ '74 n'P· 
'! ,13• n~.~. ·nHKal{HH01i.HiiHMe10T 

B D ~ cTaBnRJOIIt)'IO nocne.~~;-

sltO ' -a~s 
-peme r 6LITb npe.~~;cTaaneH 

-l\01• .. 
1974 ----

\rnHHCKOM RJLIKaX. 

t TOnbKO B CTpaHLI· 

\eM, orrpe.~~;enReT 

~Hb TeMaTH'IeCKHX 

HX rrony'laTenRM. 

npaBOM BepxHeM 

t. 

B.n.rep,nT, B.A.MemepsKoa 

JIOKAJibHYA B~ 
PEUIEID1H YPABHEHHA qy -JIOY 

H;mp<~BJJPHo B T.Ul/J 

ncr ... ~>'····~-· ...J~ {::!cnrri11' 
·t;r..-.X L.f":~)lDEi:U , 

61'l Jj UTEKA 

P2 8287 



fepnT B.n., MemepSIKOB B.A. 
P2 - 8287 

floKanbHb!H BHJl peweHHSI ypaBHeHHH "4y-floy 

HccneJlOB8H8 OKpeCTHOCTb Bb!pOlKJleHHOH TO'iKH IIOKOSI ypaBHeHHH "4y-floy, 

nocTpOeHO peweHHe, BXOJlSIIllee B 3TY TO'iKy. nony'ieHHOe peweHHe 38BHCHT 

OT TpeX rrpOH3BOnbHb!X ¢yHKUHH. 

npenpHHT 06beAHHeHHOrO HHCTHTyTa XAep~X HCCAeAOBaHHA. 
,ll,y6Ha, 1974 

Gerdt V.P., Meshcheryakov V.A. 
Local Form of the Chew-Low Equation 

Solution 

P2 - 8287 

The neighbourhood of the degenerated rest point of 
the Chew-Low equations is investigated. 
The solution is constructed that approaches this point. 
The obtained solution depends on three arbitrary functions 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1974 

I. B B e 8 e H M e 

~ aH~sa ypaBHeHRA ~-~oy/!/ B KX ~aMHqecROH ~pMe/2/ 
BeCLMa nno~OTBOpH~MH OKa3aHHCb TIOHffT~, B~pa60TaHH~e B TeOpMM 

06~KHOBeH~X ~~pe~H~X ypaBHeH~, TaRHe,KaR Toqxa TIOROR, 

KHBapHaHTHBa KpHBaa H ~p. Ha TaROM rryTH ~OKasaHo/3/ cymecTBOBaHHe 

AOKaHbHO-KHBapHaHTHOrO MHOr006pa3HR, CO~epmamero B~po~eHHyD TO~<y 

ITOKOR (IT). B ORpeCTHOCTH 3TO~ TOqRH TIOCTpOeHa a6eAeBa O~OrrapaMeT

pHqecKaR rpyrrrra Benpep~BH~ rrpeo6pasoB~, CBR3aHHaa c Hcxo~~MH 

pasHOCTH~MH ypaBBeHHRMH/4/. ITocAe~HH pesyAbTaT rrosBo.~eT rrpHMeHHTb 

~ ~eTaAbHOrO KQAHqecTBeHHOro HsyqeHHR B~po~eHHO~ TQqKH TIOKOR 

rpynrroB~e ~~peHUHRAL~e ypaBHeHHR. 

UeAbD HaCTORmeA pa60T~ RBAReTCR AOKaALHOe TIOCTpOeHHe peweHHR 

ypaBH6HHH qy~oy, BXO~ero B B~po~eHHYD TOqRY TIOKOR. ilOCTpOeHHe 

OCHOBaHO Ha KHTerpHpOBaHKH rpyTITIOB~ ~~epeHUHRAb~X ypaBHeHHH (ill). 

llOKa3aHO (!Y), qTQ pemeHHe saBHCHT OT Tpex rrepHo~qecKHX ~KUHH 

B COOTBeTCTBHH C npOHSBOAOM, ~OTiyCRaeM~M HCXO~~MH pa3HOCT~MH 

ypaBH6HWIMH. 

IT. llocTaHOBKa s@AaqH 

YpaBH6HHH ~y-~oy MOXHO saTIHCaTb B B~e H8AHHe~HO~ KpaeBO~ sa

~a~ B KOMTIA6KCHOA unOCKOCTH 3HeprHH pacceHB~e~CR qacTH~ ~ / 5/. 

CAe~~HH B~~ war COCTOHT B HSyqeHHH MaTp~X 3AeMeHTOB ~ -MaT

PRUH Ha BCeA pKMaHOBOA TIOBepXHOCTH, KOTOpaR orrpe~enReTCR aAre6paH

qecRHMH TO~ BeTBAeHHH Ha rroporax npRMoro H nepexpecTHoro KaHa

AOB npH 1 =!! H AorapH~qeCKO~TOqKOA BeTBA6HHR Ha 6eCKOHeqaoc

TH/6/. TaKas TIOBepXHOCTb TI0~06Ha O~OAHCTHOA H OT06~eTCR Ha Hee 

C TIOMOmbD rrpeo6pa30BaHHR 

'14' .., 1.. o.ie. c;~ ... X: • 
<Jr 
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IIepeMeHHaJ1 'Uf SIBJIR:STCJI YHH!fJopMHSYJllllel nepeMeHHol, a MB.TpHliHI:le 
3JI8M8HTb1 S -MB.TPH!Ui - O.ItHOSHa'IHHM.H ~ B nJIOCKOCT.H 2Af' • 

HeJI.HHeiHaH KpaeBaH s~~a. aKB.HBaJieHTHaJ1 ypaBHeHHSIM qy~oy, CBO

~TCJI K CJie~ OCHOBHblM YCJIOB~?,S/: 

>~ (-.J' J - MepoMoJXIIIHe qiyHRuml: ;, 

s.*cw-) == S.: (..J"*); • 
>~ l~J .S.:(i-W') ~ i; ' 

~. <- w> > = ~ .. ~ . c· ...r> . 
L ~d j:)cl ' 

H .nonoJIH.HTeJ!DHI:lM JIORaJIDHHM yCJIOB.HSIM 
cJ ( 2.1< .. t) 
;:l' ( ,J) = i + 0 (W' .. ¥t.) ; 

(I. I) 

(1.2) 

(1.3) 

(I.4) 

(2.1) 

S · (:"f) HMeJl'l' B eyJie ITOJIIlC nep:soro • 
• ITOpJI.ltR8, fW.. ~~(W'J:(At/"')t5"; (2.2) 

~ 1-w-..v S: (...r> \ 4. .... ; 

1..r1~- , RL"'l'= eo .... ~t. <2.3) 

JioRaJIDHHe yCJioB.Ha (2) o6ecne~.HBall'1' npaBHXDBoe noporo:soe no:se~eHxe, 

H~e 6opHOBCROrO UOJIIlCa .H ITOJIKROMHSJID&ym O~eHHOCT:& qwHKUKA 
;:;·, ( -.3 ) npH onpe~eJieHBOM no.nxo~e R 6ecxoHe'IHo yJtaJieHBol TO'IIRe. 

Or~eHHe (2.3) rapaH.W.HpJeT npoeHJIMOC'l':& cpopMYJIH KoDDI, T.e. nepe

xo.n K HHT8rpaJIDHOit lfJopMe ypaBHeHd T.!y...JJ.o!If. BH8118Jle paCCMO'l'pKM 

yCJioB.HH (I), onpe~~e o6~ BH.n pemeH.Ha HeJI.HHeiHoft xpaeBoft sa

.Ita~H. Hmte 6y,neT noKS.saHo, '1'1'0 JIOKaJI:&HI:lM YCJIOB.HaM ( 2) MOmlO Y.ltOB

~eTBOp.H'l':& sa C~8'l' ITpO.HSBa&a B o6~eM pemeHHH. ~ BHHCH8BBH y&a88H

HOro rrpO.HSBOJla npe~C'l'aBKM JCJIOB.Ha (1.3)-(1.4) B BH.J{8 CHC'l'eMI:l He.D

HeiHI:lx pasHOCTHHX ypaBHeHHI 

s~ c...r+i) = J../ -A-'j sj c..,,, (3) 

s~ (..J) ~. (f.-w) = i. (4) 

4 

YpaBHeHIDI (3)-(4) BMeCTe c yCJIOBIDIMH (I.I)-(I.2) ,nonycK8.IOT saMeHy/9/ 

%;, (-w) - ~ (w') ~~ ( w 'j(W'J) 1 

r.ne 

~(w)~U--wJ::i., !()(......:) = ':21(--w)) ~*(w)=<;()(w·•;, (5) 

jC">Ii) =j(.WH.), jC••) =-j(-"i) ;f*(w) =_j(-..i'*). (6) 

IIpoHcxo~eH.He npoHsBoJia (5) cBSisaHo c JIHHe!HOCT:&D yCJIOBIDI nepexpecT

Hol CRMMeTp~ (1.4), B TO BpeMSI, KaK npO.H3BOJI (6) BblTeKaeT HS aB

TOHOMHOCT.H ypaBHeH~ (3)-(4). Ilp.H aHaJI.H3e KpaeBO~ S~~H (1) 6y,neM 

OTBJieKaT:&CJI OT npOH3BOJIOB (5)-(6). 

Bee npe,Ubl,ny~ee paCCMOTpeHHe OTHOCMTCJI K MaTpHUe nepeKpeCTHOH 

cKMMeTpHM A npons:soJI:&Horo no~. HKEe, ~ onpe,neJieHHocTH, orpa

H~:HMCJI .HS~eH.HeM TpeXpSI,nHOH MaTpHUbJ T.!y-Jioy. B 3TOM CJIY~ae 

i-8-ibl ~-it 
:ft = ~ ~~-~ l ~ ' i = ~ -a~ II ' :It ~ fj = - ,( ' e ~ i . 

PemaSI ypa:sHeH.He (1.4), noJIY~.HM 

~(-f) = S,C-'l ~: ~ • s.[~l ~-~ I + ''") II} ' 
St(w)-:: Si(--JJ 1 S.t('<l) = S~(-.S), 'f'(-..1) =-4'(-w'). 

IIepexo~ K nepeMeHHHM 
't'(~) 

~''-~~>"= -- ' l !;1 (w) 

rrp.HBe.l{eM ypaBHeH.Ha (3)-(4) 

~(-..!) = S!l.(-w) 
~t(lol) 

K BH,ny 

.S1 (w)' 

:r'-= J<(::c.,~) 
i <l= -It(~, 1\:) 

'1. 2. ~ 
'X:+~x. -~a- a ' 

- 'l. 2. .. ii(:c,~>- .i+!>:c+~ct-h-3.x:.o- ~ 

:t(w)·=-x(-w), (1Cw)= ~(--.v). 

(?) 

(8) 

S1S~(1.+2d+:c)C-1-'2.<1'-x.')d., st.C"')"'St(-..1), (9) 
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r.ne 
:XO: ;7;:(-w) ) ~-=~( .... ) ' .Si.-= St.('-~)' 

':JC
1 = :t ('w'+i) , ~~= iJ{..S+i) , s~~ s~.c....r-t:t.). 

CHCTeMa ypaBHeHHA (7)-(9), T.e. ,IJ;HHSMH"<IeCKaH qopMa ypa.BHeHiiA liy

noy, HMeeT meCTh pa3~X TO~eK noKOH. Hzze OrpaHHqiJMQH H3~eHHeM 

TO~H noKOH C KOOp.IJ;HHaTaMH 

-:c ~ ~ ~ Q ' S.t = :1.. ' 

KOTOPYD HaSOBOM BHpO~eHHOix). B 3Ty TO~ BCHe,IJ;CTBHe YCHOBHH (2.I) 

BXO.IJ;nT pemeHHH, o6~a~~e npaBHADHUM noporoBHM noBe,neHHeM. Pas

HOCTHHe ypaBHeHHH (7),(9) npH ,neiCTBHTen»HHX SHa~eHHHX oJ y,no6HO 

HS~aTh B ,neiCTBHTeAhHOM ~SOBOM npoCTpaHCTBe ~~~~ s1 • Tor,na 

ypaBHeHHJI (7), (9) MOJIHO HHTepnpeTHpOBa'l'D KaK npeo6pa30BaH.He B ~0-

BOM DpOCTpaHCTBe, npH KOTOpOM TO~ (x,~, S~) nepeXO.II;MT B TO~ 

<.~'.i, .;; ) . B pa6oTef3/ .noxasaHo, ~o MHo:aecTBo To~ex ~soBoro 
npoCTpaHCTBa,HHBap.HaHTHOe OTHOCHTanDHO yxaSaHHOrO npeo6pa30BaHHH, 

o6pasyeT noBepxHOCTh BBAa 

S1 ... Cic:c2., ~). <ro> 
~~ ~ npe.ztCTaB.IIIMa CXO~CH CTeneHHHM PH.JtOM 

X 2. t L 2. l.., 'l. .. 'f 
't (x. J ~>: -i +tx. + 2.<1 - 8x:_.j- ~ ~ +:i&x.<f +~ +-" (II) 

CooTHomeHBa (!0)-(II) nosBOARDT CBeCTB KpaeBy.o 3~~ (I) R CKC

~eMe ypaBHeHBI (7)-(8). AHa4Hs nocne.IJ;Hel npe.nc'l'&BnHeT cauoc'l'OH-
' 'l.'aHhHy.o ~~. paCCMOTpeHHy.o HHZe. 

X) HasB8Hll!e CM3aHO C H8JIK1D!eM Y rpynnOBHX JtlllflllepeBitHa.llb
HHX ypaBHeHBI B OKpeCTHOC'J.'K BTOI TO~_TpaeK'l'OpBI KaR Dapa6onB
'IIecxoro, Tax • l'JUiep60JI:K'Iecxoro una /4/ ~ 

6 

ill. I'pymiOBHe ,l@!fxllepeHtiHaJU,HHe ypaBHeHHJi 

YpaBHeHHH (3) Sa.IJ;allT cnoco6 aHa.nHT~ecxoro npo.noJDKeHWI qJyHK-

umt ~~(-.I') .113 TO~K.H 1J' B TO~ -IS+ i . MO.liHO OOJJY'll!TD aHaJIQ-

rH~e qopMYJIH ,ll,NI npO.IJ;OJI!tSHM B TO~K.II W' ± I'\ / 9/ • .lUlR: 3TOrO 

y.no6Ho BBeCTH He~e~Hyv onepanHD HHBepcHH I, onpe,nanKB ee cne.nyn

IIIHM o6pasou : 

~i I ~~~1. 
I II~,_ = :~.f ~ 

s,~. ~. 1 ~l 
Tor,na, KOM6HHHpyH ypaBHeHHJI ( 3) H ( 4) B Ma'l'p.II~OI qopMe, OOJJY'i.IIM 

.., 
~ (W'-t"')-= (l M S (...r>, 

~ (.J'-~) = @ti)"$(-..1). 
(12) 

OnepaTO.I»J IA H AI BsB.HMoo6paTHH, a HX Qano~HMeHHHe cTeneHH onpe

,neARDT 6ecxoae~ a6aneBy rpynny,c o6pas~ A .11 I. BosBpamaHCb 

K ypaBHeHHIIM (7), 6y.neM paccMaTpHBaTb nocne.IJ;HHe xax npeo6pasoBaHHe 

~SOBOl IJJlOCKOC'I.'H ').'!I~ 

c~~~·) : T c:c,.~o. (13) 

Hs cooTHomeHHA ( I2) cne.nyeT saxoH fMHOlleHM npeo6pasoBaHHJJ T , 
a BMeHHO : 

~ .., ~ ~ ~·~ 

TT=TT=T. (I4) 
K' 

Hcnwu.syn ypaBHeHM (7), Mo:aHo npe,ncTaBHTD npeo6pasoBaHHe 'T 
B BK,IJ;e COOTHomeHBI/4/ 

r.ne G ... ,., 

( .. ) ( .. ) .., ., 
:c. -= .:C + L._ Q ""•"' !(: J (:->) ·x (1 ' 

Mo.+ .. "-l. 
(~<) >e D ( ;() .., ~ 

~ : ft) d ~ L 'b ... ,., IC,(:-•) .X: .j ' 

H e, ... ,., 
._..IW\~1 

It 
CyTl> nOJIHHOMH no nepeMeHHHM ~ 

1 
(-t) 

7 
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COOTHOlllBHIDI (15) y,nOBJIBTBOpHIOT 3a.KOHY yMHOlleHIDI (14) H cnpaBe,nJIH

BI:I ,IJ,JI.f:l UBJIHX K' • PaCCMOTpeiDUO HBUeJIHX IC npeiiHTCTByeT HaJIH"UUe B 

~PMYRax (15) Bl:lpaEBHIDI (-l)K, KOTOpoe, B OT~He OT CTeneHeA K, 

He ,norrycKaeT e,nHHCTBBHHOrO aHaRHTH~BCKOro IIpO,D;OREBHIDI (&apyrneHHe 

T80p8Mhl !{apRCOHa). Ilo3TOMY, ecRH orpaH~HTbCR: H3~8HH8M ~eTHHX CTe

neHeif npeo6pa30BaHIDI T, TO ~PMYRH (15) onpe,ne.wwr a6e.neBy O.n;HOIIa

paMeTpH~ecKyv rpynny HenpepHBHI:IX npeo6paso~ G . 3ReMeHT aToA 

rpynn1:1 

g (ol) E: c;. ' 
-i 

~ (ol) ·.: ~ (-ol)' (16) 

( 

(<I) (d) 

,nelaCTBY.R Ha TO~ (x., ~ ), nepeBO.n;HT ee B TO~KY X J ~ ) 

( 
(.() (~) 

S(ot) (x,~) = X ";j ) • (17) 

CB.R3b rpyniiH G- C npeo6pa30BaHH8M (13) ,naeTCR: COOTHOmeH:HeM 

2.K 
~('e.~): If 

' 
¥t-:±~,:!:2.. -··· 

rpyniiOBHB ,D;HcppepeHU:HaRbHH8 ypaBH8HIDI HMBIOT BH,It 

I (oiJ 

~: -= P ( xY"', ~<d>) 1 

J (c<J (.t, (o<) 

-}; "' Q ( ;)(:_ ) J ) . 

<liyHKUHH p H Q paMar8.1l'l'CR: B CT8Il8HHH8 pH.nH 

(18) 

(19) 

0 . ·~ 'l. ·~ l "( '1. '1. 10 'f .. :1. ~ ~-
1 (":.:,4) = -:(: -2~ - t:c. ~- 2.~ + 'fl:. + l'f.t.J --r~- 32x.d +i l.f~<f + b-5 + .. , 

(20) 
Q . . ·~ o. ' 8 J. • "1'~- r c-x:.(J) =-lfx:21 .. 2--c .. .2.ra -l<>x.<r- 3 -x:~ . .,.,x .. ~o""a-li'"'<I +-···, 

CXO.D;RmH8C.R B HBKOTOpO! OKpeCTHOCTH Ha~aRa KOOp,n;HHaT. 

A ,D;OKa3aHH Me.IJ.YDIIHe CBOIC'l'Ba 3'l'HX ~ : 

PCx,~) = PC-:c,~)) 

Qcx,~) = -Q(-x,~), 

8 

B ITpuoaeHD -

(21) 

\ 

JIBJIJIDIIHBCR: CJle.n;cTBHeM yCJIOBIIUl nepexpecTHoA cHMMeTpHH. Hcno,m,ay.R 

8,1UtHTliiBHyll cB.RaL napaueorpa o< rpynnH G c nepeMeHHoA tJ' , BHTe

KaDIIYD H3 yMOB.I'IH (18) H aB'l'OHOMHOCTH ypaBHeHIDi (19), np~ 

noMe.ItHHM BH.It 

d:c. p 
T...r = (xi~)' 

J.~ 
N-~ Qcx.:n 

(19•) 

AHaRHa ypaBHeH:d (19) Ha'IHeM c Ha~eH.I'IH HHTerpa,m,HHX KpHBHx 

( TpaeK'l'Opd) , onpe,ne.JlfleMHX ypaBHeHHeM 

J.~ J:J 
- -:::: --. (22) 
Pc:c.,;o Qc~,:~> 

Cpe.n;H pemeH:d ypaBHeHBll (22) HB.H6oRee BalliiWMH smJliDl'l'CR: pemeHIDI, 

BXO~e B Ha~ano KOOp,n;HHa'l' (eM. paa,ne.n IT). CymeCTByeT TpH HanpaB-

ReH.I'IH (HCKJlll'DITe.n:&HHe HanpaBJieHIDI, pHc. I), 

pHH MOryT BXO.n;HTL B Ha~e.no KOOp,n;HHa./ 4/ 

B,IJ;OJil> KO'l'OpHX Tpa8K'l'O-

f"\. ·t= 0 ) t=±v2.~· (23) 

Ha~eiDie STHX HanpaBJiemd y,no6HO npOBO.n;HTL C TIOMOIIU>Il IIO,D;C'l'aHOBKH 

~ ~ 
-x.. = (jt+ Bz)), 

~= ce:t+~l2)1" 
l~ A=\ e:ts{\io, (24) 

KOTOpa.A: npHBO.n;HT ypaBHeHHe (22) K H3BeCTH~ ypaBHeHHil EpHO H 

EYKefiO/: 

J"l. ... ~ 
~ 1) ~ P~ .. ~.o,. + L.. 'f,.- ... , .. 1- z. 

""·"'~l. 

(25) 

lUul BcMe.n;oB8.11U Tpaexropd, :axo~ B 'l'O'IKJ noxO.R B.n;OJil> HanpaB

ReH:d (23), y,~to6Ho Bi16paTL napBMe'l'.Pfl no.n;cftHOBRH (24) TaR, ~o6H 

COO'rB8'1'C'l'BYJIIPI8 IEpJIBil8 B ne~ 'lj.~ ~ BXO.IIIJDI B Ha'I&KO BOO~ 
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,D;IDiaT ""')-"' l ""' 0 , llpOCTeiimml: Ba.pHa.HT Ta.ROH llO,D;CTa.HOBKH .n;Jm HanpaB

JiemtR: d =0 sa,n;aeTCJI COOTHOWeH.HHMH 
:X':...,.. ' 
~-='1.,)' 

H npHBO.n;HT ypaBHeHHe (22) K ypaBHeHHIJ (25) CJie.IlYIJlllero BH,D;a : 

Jz '!. .. ~ a:} 

1-- ~ ~z-21--2~1- ~%"z-brt-"t +··· (26) 
J1' .. 

0TCYTCTBHe B rrpaBOH qacTH (26) ~eHOB qeTHOH CTeneHH TIO ~-2 CBH-

3a.HO CO CBOHCTBOM nepeKpeCTHOI CHMMeTpHH. Ko9~HnHeHT TipH Z 
B ypaBHeHHH (26) eCTb QeJIOe TIOJIOZHTeJibHOe qHCJIO. 0TC~ CJie,n;ye~!O( 
qTo o6mee pemeHHe, BXO~mee B TO~ .lf. = 'Z -= 0 , ,n;aeTC.fl CXO,D;HIIIHMCJI 

p.II.I(OM 
:ti.-.1. 

t :: L J:•L 1- • 
">:,o 

llepB&H KOa~eHT STOrO p.II.I(a O,D;HHa.ROB .n;Jm BCeX pemeHHI ~i"'~), 

BTOpol - TipOH3BOJibHOe (KOHe'IHOe) 'IHCJlO (_f:t: ~) , a BCe OCTaJib-

H&e Koa~HeHT& O.n;HosHat~Ho B&pa&aDTCJI qepes c. Ta.RHM o6pasoM, o6mee 

pemeHHe ypaBHeHH.fl (26), BXO,n;nmee B HaqaJio KOOp,D;HHaT, HMeeT B~ 

l 2t'I':L. 

t_"';. +e-.., + L._ J~•L (e)"J. 
... ~2.. 

(27) 

llOJlHHOM& J ~ ( <! ) HS:XO,ll,li'l'CJI TIO.D;CTaHOBKOJ.l (27) B (26), HallpHMep, 

y,. = o , _jJ. =- ~ e~. 
Bo3Bpama.IICb K HCXO.D;H&M nepeMeHH&M ~-~ , DOJIY'IHM 06l!IHA B~ TpaeK-

TopHH napa6onut~ecKoro THna 

~ r t< 
~-=::c + e:c + L j: Ce>~. 

~ ~'!. 

CeMeHCTBO (28) co,n;epzzT, B qacTHOCTH, HSBeCTHYD KpHBynlll,l2/ 
. ?. 
:1-=:c. 

' 
COOTBeTCTByonyD 3Ha'leHHIJ e =' 0, CJie,D;OBaTeJibHO p 

y:(c):Q (~7;-l.) • 

10 

(28) 

J 

' 

, 
I 

Tenepb paccMoTpHM HanpaBJieHHH 

~=~:c b:±R . (29) 

~ HsyqeHHH TpaeKTOpzl, BXO.D;ffl!IKX B HaqaJIO KOOp.D;IDiaT B,D;OJlb STHX 

HanpaBJieHHI, KOHKpeTH3HpyeM B~ TIO,D;CTaHOBKH (24) CJie.D;y~ o6pa-

30M: 
•:1: =...,. 
~= l~+-z. )'r' 

nocJie qero HS ypaBHeHHH (22) no~ ypaBHeHze (25) c p=-3/2. Ta

KOe 3Hat~eHHe KOa~eHTa f npHBO.D;HT/!0/ K CY!IIeCTBOBaHlm e.D;HHCT

BeHHOCTH H rOJlOMOpqHOCTH pemeHH.fl ypaBHeHHH (25), BXO,Il;Hlllero B Ha'la

JlO Koop.D;HHaT. B nepeMeHHYX ::c, d aTH cBoicTBa nepeHOCJITCJI Ha 

TpaeKTOpHH, BXO,Il;HliiHe B TO~ nOKO.fl B,D;OJlb HanpaBJieHHI (29), Dll'IHCJie

HH.fl npHBo~T K CJie.IlYIJllleMY BH.IJ:Y YKaSaHHYX TpaeKTOpHH ( pHc. I) : 

\ ~ .,. 'ItS · ~ "'K' Y fl' 
~.,~x-~-c+u2.A-x.--gx ~-·, ~-=-±va.. (3J) 

BepHeMCJI K ypaBHeHHHM (!9). llocKOJibKy TpaeKTOpHH (30) He 

COrJlBCfDTCJI C COOTHOmeHHHMH (8), B .D;aJibHeJ.lmeM orpa.HH'IHMCJI peweHHH

MH, COOTBeTCTB~ TpaeKTOpHHM napa6oJIH'IeCKOro THna. llo,n;cTaBJI.fl.fl 

B nepBoe ypaBHeHHe CHCTeM& (!9•) BMeCTO ~KUHH ~ pa3JlOXeHHe 

(28) 1 nOJIY'IHII ypaBHeHHe 

J.x. ~ 1~ 
- : - :x: + 2._ ({. (C) x. 
J...s . ' ' ... ~~ 

(3!) 

B KOTOpoM KOS~eHTH r~ CYTb noJliDIOM& no C. PemeHHe ypaBHeHH.fl 

(3!), BXO,n;nmee (aCHMDTOTHqeCKH, T.e. npH .r~ ~ ) B HaqaJio KOOp.D;H

HaT, npe,D;CTaBHMO P.fi,D;OM 

-:x:(-w) = L_ 
~~0 

:X.: ( C:') 

w-z.d. 

cxo.n;nmHMCJI npH ,n;ocTaToqHO 60JibWOM I W' I (eM. llpwroJKeHHe B). 

II 

(32) 
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IY. IlocTpoe~rne peweHIDI yoaBHeaml tiy-Jloy 

BHme 6HAO HCCA9~0B8HO MHOZ9CTBO ~CKpeTHHX pemeHHa CHCT9MH 

H9AHH9~X paSHOCTHHX ypaBH9HHa (?), (9). 0co6oe BHHMaHRe y~e~

AOC~ pemeHRHM, BXO~ B TOqxy (O,D,!) ¢8aoBoro rrpocTpaHCTBa. 

0KaSaHOC~, ~TO BCe TaKRe pemeHKa paCITOAO&eHH Ha HHBapRaHTHO~ ITO

BepXHOCTH (!0). C ITOMOW~D o~orrapaMeTpR~9CKO~ rpyrriTH HerrpepHBHHX 

rrpeo6paaoBaHd G Ha rroBepXHOCTH (IO) BBe~eHa cRcTeMa HHBapHaHT

HHX KpRBHX, S~HHX ({lopMYJiaMH (28), (32). Ilo~ ~etiCTBHeM rrpeo6paao

BaHHH T Toqxa ¢aaoBoro rrpocTpaHCTBa ~HaeTca, rrepecKaKRBaH c o~o~ 

HHBapRaHTHO! KpRBOH Ha lJ.Pyryr/ 4/. COOTHOUJeHKa (!0), (28) H (32) 

~ o6md B~ ~cKpeTHoro peweHHH (rrapa6oAR~ecKoro THrra) ypaBHe

HRH (?), (9),Ha OCHOBe KOTOporo M03HO ITOCTpoHTL HenpepHBHHe 

pemeHHff BTRX ypaBHeH~. 

PaCCMOTpHM ~Be TpaeKTOpRH HS ceMeHCTBa (28), KOTOpHe S~~

CJI ypaBH eHHHMH ~" t t ( 3: 'l.) H ~ = ~ 1 ( :>1:?) C ITOCTOJlliHHMR (: L H C 2 

COOTB9TCTBeHHO. IlyC'l'L BTM TpaeKTOpRH nepeXO,IUIT lJ.Pyr B ]J,pyra ITO~ 

~9HCTBH9M npeo6pa30BaHHff T, ~TO BHpa&a9TCH COOTHOUJeHHHMH 

t [ r(:e, ~i (7.>~9] =- ~ ( -!LC=lJ, ~), 

1 i [ ~\l:, ·h t~~J)] :- F Ct c~~>J :c). <33> 

IIo~cTaHOBKa B ypaBHeHHH (33) paMoaeHd (28) ,Wle'l' 

e4. ..... - ~2 • 

0TCIJ,Wl CAe,lcy'e'l', ~'1'0 paMO&eHHe (28) HHBapH8.H'l'HO OTHOCHTeJILHO 

rrpeo6paaoBaHKa T, eCAR c~Ta'l'L C qJyHKf(Hei lJ' , 'l'aKOI, ~TO 

e ( ..J' + ~.) =- e c...r ;. (34) 

)Janee, COO'l'HOW9HHH (8) rrpHBO,IUI'l' K ~9'l'HOC'l'H ~ f!_ (w) 

e (w) : e (- w). (35) 

13 



Hal<oHeU, HS YCJIOBWI (I .2) HMeeM 

e;"(-..J) = e c...r"). (36) 

PH.Jt (32) C ~ei <!=~('IIJ), o6~ei CBOitCTBaMH (34)-(36), 

HBnHeTcs HerrpepHBHsM pemeHHeM pasHOCTHHx ypaBHeHHI (7). B aToM 

MOZHO y6e~TLC8 Henocpe~CTBeHHOH nO~CTaHOBROI (28) H (32) B (7). 

CJie~OBaTeJILHO, npHHHMaR: BO BHHMaifHe j -H ~ - DpOHSBOJI, HS ( I0), 

(II), (28) H (32) no~ HerrpepRBHOe pemeHHe CHCTeMS ypaBHeHHI 

(7)-(9) B BH,Ile: 

X._[C(...J'J] 
':((w)::.L 

.:~o l"W+j{"'>]2i·d' 

~(w) = L Jll.~ [ C('•n] 

~~.. [ w1 c..s>]"' .. t 
d.· [ C('-'>J 

S,(w) ~ ~(w) 'L_ _ .. __ 
~~.. (w"'Jlw>J~. 

(37) 

Koa<I$U:tzeHTH ).~.I.!~ H (o.:. B paSJIO.eHHHX (37) HBJlllllTCH nOJIHHOMB.

MH no tll.VI!ltllHH C (w) • llpHBe~eM HBHHi BH.Il 8THX K094$mHeHTOB ,11,JU1 

~ =O,I,2 : 

A., = Jlo = ~ .. ·: 1 , 
A.-i = 0' .fi. = ~(1.:)' ~i = 2.} 

l 1 =2..C(-w), _/,.:0, ~.,-=3. 
(38) 

TSRHM o6paSOM no~aeM pemeHHe ypaBHeHHI ~~oy, BXO~ee B BHpoz

~eHHYD TO~ nOROH B BH,Ile CXO~CH ~OB (37). CJie~eT OTMeTHTL, 

~TO SaBBCHMOCTL pemeHHR (37) OT Tpex DpOHSBOJILHHX ~ HC~ep-

14 

' 

1 
' 

ITHBaeT ~OHaJILHHH ITpOH3BOJI, ~onycKaeMSi ypaBHeHWIMH (7), (9), 

RaR CHCTeMOit Tpex paSHOCTHHX ypaBHeHHfi nepBoro no~~). 

Y. 3 a R Jl D ~ e H H e 

06mee pemeHHe ypaBHeHHi ~-]oy Hai~eHo HaMH B BH.Ile cxo~

mHXCH PH.JtOB. 0HO nOSBOJIHeT, B rrpHHUHITe, ITOCTpOHTL pemeHHe C 6op-

HOBCKHM ITO~OM H Tpe6yeMHM noporOBSM CBOHCTBOM. IToporOBOMy yc-

JIOBHD (2.I} JierKO Y~OBJieTBOpHTb, eCJIH HaJIOJDITL Ha qJyHKUHJ1 :0(-vf) 

H J(,s) CJie.D;YIIllHe orpaau~eHWI: ~ 

':t> (...J) = d. + 0 ( lw-Y~)), 

}'c(-.J) 

_}(-w> = (w-1,}' ~ J~(.,J) 1 -=~: o. 
\J'~ .r~ 

HaJI:HtJHe y pemeHHR: ClopHOBCROro nOJIDCa (2. 2) rrpH.BO~T K TOMy, ~TO 

OTHOW6HHH i{lyH1tnHit ~' ('\J) B HYJI6 HM6DT orrpe~eJieHHoe SHatJeHHe, He 

SaBHCHmee OT BeJIH'lBHS KOHCTaHTH CBHSH. To~a C KOOp~aTaMH 

s-~. ' = 4. , s 1 \ = _ 2. 
~1. lof::o ~2. 'lof:o 

B pesyJILTaTe HecROJILKHX HTepanHI no tllopMYJiaM {3) nonanaeT B napa6o-

~ecRHI CeKTOp H npH6JIH3BeT K Ha~aJiy KOOp~aT ITJIOCKOCTH X'd" 
0TCJ:Wl HCHO, ~0 CIOpHOBCKHit nOJIIlC tl>HRCHpyeT SHatJeHWI <IJyHKrr;mt e (:-.S) 

B TO'IKSX 14.) =0,;ti,;!;2 •••• HaROHeU, KOHKpeTHSe SHa~eHWI BH~eTOB 

<}lyHKnloll ~.: (w) B FfYJie orrpe~eJIHDTcs ~el :b (w). TeM caMSM no

KaSSHo cymecuoBaHBe pemeHHR ypaBHeHHI '!ly~oy c rrpaBHJILHHM noporo

BHM noBe~eHieM H 60pHOBCKHM UOJIDCOM (eM. TaKEe pa60TH/I4/-/IG/). 

~TnecRoe nocTJ)OeHHe aTOro pemeHWI rrpe~cTaBJIHeT OT~eJILHyD sa.zta~, 

KOTOpaH ~ ~~Oit MaTp~ nepeKpeCTHOft CHMM6TpHH 6HAa peweHa 

B pa6oTefi3/ H BaCJIYZHBaeT OT~6JILHOrO paCCMOTpeHHH, 

x) B ~ae JUIYX~OI MB.TPHUY nepeRpecTHol cHMMeTpHH peme
HHe CO~eput' ~e DpOHSBOJILHHe ~ :b(w) H j(..J) /I3/, 

15 



II p H ~ o x e H R e A 

noKBXeM crrpaBe~BOCTb COOTHOW8HH~ (21), KoM6KHHpYR ypaBHe
. ..,.,- :1 

(7)-(8), Hall,neM c~e.ICfi!lllUill BHll: rrpeo6pasoBaHIDI '/ : HID! 
·-i 

x.,. F (~~:j'J 

. r:~-i ' ' :j-=-r (~,...:) 

~ .\, +2 -i :x: -2x. -xrr ri .. 
' F" (X,J) =. i-3.,;: T3.d-2.)_l.r)~ -2.~ 

BBO,nfi IIpeo6pa30BaHH8 KHBepCKH OTljOCHTeJibHO OCR '<( 
- -i 

I~ (x,d)-= ( -:.c,j) , 1::1 = TJ) 

(A. I) 

R cpaBHHBaR o6paTHOe rrpeo6pa30BaHRe (A.1) C rrpRM&M (?), II~RM 

COOTHO!IIe:rme 

-i -i. 

121 T I.d = T • (A.2} 

1'!3 (A.2) K (16) BbiTeKaeT CJie.n.,ynnee CBO~CTBO rpyiillbl G- : 
--1. 

I ~~Col) Id = ~ c-a~.). (A.3) 

.liJlfi Ma.JruX cA .n;eiCTBRe ~ (ot.) Ha TO'!KY (:c, ~) COrJia.CHO (17) H (19) 

CBOll;RTCR K npeo6pa30BaHHD 

~(al)(:x:,d) = (-:c.+ot.P(:c,iJ, ;j +a~.Qtx,;p). (A.4) 

ilOSTOMY H3 paBeHCTB (A.3)-(A.4) IIOJIY'IRM ,II,lJH MBJWX 0\ 

(x-o~.P(-x,:~), ~+d.Q(-x,~~ = (x.-o~P(:c,:j), 'ii-o~.Q(:r.,~J), 
OTKY~ H BbiT8KaDT COOTHOmeHIDI (21), 

16 

llpiii.noaeHIIIe B 

llpKBe.n;eu ~~peHUKanbHOe ypaBHeHIIIe (28) K B~ 

J~ 1i .. ~ d 
1,(-i+L._o(~;c )= 'IJ'. 
~ ~~Q 

(B. I) 

HH'l'erp:apy.a: (B.1) III onyc:tta.a: npOR3BD.nbHYJl ITOC'l'O.a:HHYJl , H~eu 

-i. <:(' 'i .... i 
-+-"L-·~ =,s 
';(.. . 2\.+:i • 

-~-a 

,ne.JJ8JI B ypaBH8HHIII (B.2) S8M8HY 

t ':: -d.j..J', 
ITOJIY'IHM 

o{' 1\+1 
t (-i + 2_ ~:X: ) -:: ::e • 

-~0 ~~+i 

(B.2) 

(B.3) 

Cor.uaeHo III3BeCTHOI Teopeue o He.a:Bsol !PYHK.QJUI pemeHIIIe ~ ... :;c L*'J 
ypaBH8Hllll (B. 3), npoxo.wmtee 11epe3 TO'!XY ~ .. t: 0 , 8.1n!HC'l'B8HHO 

III ,Jta8TCR CXO,JgDtHMCR p!IJI;OII 

\ ~i+:f. 
-:c.Lt)-~ Aj_ { 

~1:.-o I 

KOTOpsl noe.ne B03Bp8lll8BBII K nepeueHHOI ,J' COBiri1Jl$8'r C paa.noaeo
elll (32). 
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