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np04ecc~ C y~acT~eM BOnH pa3H~X T~nOS HMe~T W~pOKOe paCnpOCT
paHeH~e. npOCTeHWHM npHMepoM TaKoro np04ecca ASflAeTCR B3aHMO
AeHCTSHe AflHH HOH BonH~ C naKeTOM KOPOTKHX BonH. M~ paCCMoTp~M 
3TO BaaHMOAeHCTBHe B paMKax npeAno*eHHOH paHee/ l / CHCTeM~ ypas
HeH~H 

. 2 
.9.Y.. + c,..@.. +a..LI¢12~ o. 1ft + tc ft ~ f3U4> +Y~ +81¢ 12¢at Lax ax at gax ax 
rAe U - npQ¢Hflb AnHHHOH BonH~, ~ - KOMnneKCHaR orH6a~aR naKeTa 
KOPOTKHX BOflH, of - ~a30BaR CKOPOCT b AnHHHoH BonH~, 0, - rpynno
BaR CKOPOCTb naKeTa KOPOTKHX BonH. nOCTORHH~e a, ~, y,8 
cnpeAenR~TCA xapaKTepoM pacCMaTpHsaeMoH ~H3H4eeKOH 3aAa4H H RB 
nRDTCR napaMeTpaMH CHCTeM~. Cy~ecTBeHHo, 4TO Bee BenH4HH~ or, 
C • a. ~. y. 8 MoryT npHHHMaTb TonbKO Be~eCTBeHHwe 3Ha4e
HH~. KpoMe Toro, BC~AY B AanbHe HweM M~ 6YAeM npeAnanaraTb, 4TO 
napaMeTp~ a. ~.y OT nH4HW aT HynR . Tor Aa C nOM~bO 3aMeHW 

u = v(x - c,t. t), ¢_",(x - c,t,t) exp[lu(x -rt)l. 

rAe a = (c, - cO/2y. r - (0,+ c2)/2 . paccMaTp~BaeMaR CHCTeMa npH
BOAI.1TCR K S\.oIAY 

a2.1, 2k + aLI'" 12 = 0 if!1!.. -f3 Vf/J +y.::...L.2 +81"'1 '"at ax at ax 

~anee, coaepWHB MaCWTa6Hoe npeo6pa30saHHe 

v = f3-1 y)"2 v ,, '" = y)"2",,, x'=)"x, t'. y),,2t, 

s peaynbTaTe nonY4HM CHCTeMY /WTpHXH ony~eH~/ 

h a 2 .~ a~ 2 2
-+a(3),,-I"' 1 . 0, I- - V,p +-2+<1"' 1.p . ,.yIJ)".at ax at ax 

nOA4HHHM Tenepb swop napaMeTpa'\ ycnosHIO a~>"" 2K, rAe K. = 1, 
ecnH a{3y > 0,101 K. =-1, ecnH a{3y < O. 3THM Tpe60saHHeM M~ 06ecne
4HM coxpaHeHHe opHeHTallHH nnOCKOCTIo1 x, t npH }'KaaaHHOM Bbll'le 
MacwTa6HoM npe06pa30aaHHH . TaKHM o6paaoM, OKCH4a~enbHO nonY4aeM 
cneAY~D e~cTeMY: 

2.l:!.. + 2K.L I'" 12 _ 0, 1.2!k.. Vf/J +ll +<10/1 1 "", -~ . /1/at a. at dX2 a13 2 

• 
i., 

i.t. ..t ' 
; :~ g1 I 



B npOCT paHCTSe peweHH~t y6~9a~HX AocTaTo4 Ho 6~CTPO npH X~±~, 

CHCTeMa /1/ ""MeeT r aMHnbTOHOSY ~OPMY 

EY.. __ ~~ BH ~ __ iBH ~*d i BH /2/ 
at ax 8v ' at . Bop*' at Bop' 

rAe 3se3A04Ka 03Ha4aeT KOMnneKCHoe conpA*eHHe, a raMHllbTOHHaH 

H HMeeT B/o1 A 

H _ r(v lop I 2 _ 1.£<e.12 + _(_ lop 14 )dx. 
- 00 ax 2 

HeTPYAHO y6eAHTbc~, 4TO CHCTeMa /2/ HMeeT 4 eT~pe nepB~X HH Ter 

pan a 

~ ~ 2 ~ 2 ....,.. "".
13 - Ilv + 2iK(op=- _.:2.0/,*)1 dx . 14 _ H.I I I vdx. 12 - I lop I dx. __ ax ax 

-~ -
nOllY4alO~aflCA 1013 /1/ n pH f _ 0 CHCTeMa ypaBHCtlH~ 

av a 2 .a.p a2 0p /3/op 1- v.p-+~- l1 -,0 =- +-
at ax at a. 2 

ofin aAaeT onepaTopH~M n peAC TasneHHeM 

2J. _(1* . d~ - ~ I) + (i - ~I) . (t • 
at 
r Ae onepaTopbI f 101 (j HMelOT COOTBeTCTBeHHO BHA 

ia 2+ iv oa2+ v op 
(1=£

Kop*a - K~* oopo -id ax 
(j. - onepa Top, con p A*eHHbla'I K (j, I:' diag(l , O). a 11 - cneKTpan b

Hbl H napaMeTp. n pH 3TOM CHMBon a 03Ha4aeT , KaK H BCIOAY B AallbHeH
weM, AH~epeH~HpOBaHHe no npOCT~aHCTBeHHO~ nepeMeHHo~~. HeTPYA 
HO SHAeTb, 4TO npH V= v· HMeeM f.,,£· . T.e. onepaTOp f ABllAeTCA 

caMOCOnpA)I(eHH~M, eCJlH ~YHK~HA v npHHHMaeT TOllbKO Bew.eCTseHH~e 
3Ha4eHHA . TeM He "1.eHee, KaK Y)I(e OTMe4allOC b paHee 12/ ,AHCKpeTHbl1:1 

Cnei<Tp onepaTopa f -111 ABllfleTCfl KOMnneKCHbIM . n pHMeHeHHe MeTOAa 
06paTHo~ 3aAa4H n03BOllHno HaM HaHTH MHorOCOnHTQHHoe peweHHe 
CHCTeMbi /3/. Aallee YKa3aH allropHTM AnR nonY4eHHA 6eCKOHe4HOH 

cepHH IlO KallbHblX 3aKOHOB coxpaHeHHfl BHAa 

a'I aXm---'l! + _ _ 0 
m=1,2.3 .... . 

at ax 

2 

rAe T m H X m ABJlRIOTCR nonHHOMaMH OT V. t/J, "'. 101 HX npOH3BOAH~X 
no x cooTBeTcTBy~ero n opflAKa. n pH 3 TOM onpeAelleHH~e C nOMow.blO 

BeJ1H4HH T m neps ble a.t HTerpaJ1bl ~ .,. j'ImdX HaXOAATc fl B HHBOI1IO~a.tH 
OTHOCHTenb HO cKo6Ka.t nyaccoHa 

-~ 

~ BIm a SI. 81m BI. . 81m 81.
[ lm,I.] - r I~---+i- ---1-- --Idx. 

-~ 8v ax Sv Bop Bop • Bop * Bop 

nonYTHO paccMOTpeH~ ABe CHCTeMW ypaBHeHHH, TeCHO CBA3aHH~e 
C CHCTeMOH /3/. HaKoHe~, onpeAeJ1eH~ ycn oBHfl, n pH KOTOp~X 3Hep 

r a.tR AnHHHoH BOJ1H~ B03paCTaeT B pe3YllbTaTe B3aHMoAeHc TBHfl C n aKe
TOM KOPOTKHX BOflH. 

§1. ~YHK~HH AOCTA, ~apo PE30nbBEHT~ 


H HEnHHEAH~E 3BOnlO~HOliH~E YPABHEHH~ 


B03bMeM onepaTOp f BH.Qa 

a2+ u v
£ /1.1 / 

w a 

101 paCCMOTp a.tM ypasHeHHe (f - 111»( "" o.nonara~ )(". (t. g) . nonY4aeM 
CHCTeMY ypaBHeHHH 

r"+ur+vg_ ~r. g'+wr.o. /1.2/ 

npeAnOflO~HM Tenepb, 4TO ~YHK ~HH U, v, w a6cor.~T HO HHTe r pHpye 
M~ Ha OCH x. T . e . 
~ 

r <I u(x) I + I v(.) I + Iw(x) I) dx < ~ . /1 . 3/ -
nYCTb ~ _,2. TorAa npH no6OM ~ < 0 CHCTeMa/1 .2/ HMeeT ~YH

AaMeHTa l1 bHYJO ca.tcTeMY peweHHi:1 (t a' ga)' a = 1,2,3, YAOBJ1eTBOpfl~
~~ clleAyow.HM ycnoBa.tflM: 

1 arl(Z,() exp(-{x)_ l , 11m r I (x , () exp (-{ x) lim 11m gl(x, () _ 0, 
..... _00 x .... -oo -, ....-- ax 

exp('x) __ ..1. 11m ar2(X, ()11m r2 (x, ') exp((x) ~l, Urn g2(x,') - 0, 
..... _00 'x~-oo as ~ ... -oo 

_a-.:rs~(_x:..:''=-.) _ 0,Um rs(x,,) Um Urn g3(x,,)-1 /1.4/ 
..... -00 :1 .... -00 ax x-+-oo 
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npVl 3TOM peWeHVle (t I' g 1) AOnYCKaeT aHallHTI-!4 eCKOe npOAOll)f(eHllle no" 
B nonynnocKoCT b Re'> 0, a peWeHl-!e (t 2.g ) AonYCKaeT a HallHTl-!4e 2 
CKoe npOAOll>KeHVle no' B nOllynnocKoc Tb Ret; < O. KpOMe Toro, npJ.1 
11-+ -00. T. e . KorAa' CTpeMHTCR K 6ecKoHe4Hoc TH BAonb MHHMOI1 OCH, 

AJ1 .A rno60ro x <; (--oo,Ool) cnpaBeAIlHBbI COOT HOWe HH.A 

lim f l ( x,C} exp{--(x} lim ..! afl ( s,C} exp{--(x} = 1, lim gl(x ,() - 0, 
{ ....±ioo , -+±ioo , ax '-+±ioo 

~ _ lim.!.. af! (x, ()
lim f 2 (x, C) axpeex) 11m g2{x, 0-0 , e~±;~C ax exp{Cx) =1, r +.' -+±ioo ,~ -.~ /1. 5/ 

arB (x, () 
lim f3 (x, C) lim - 0, lim g3(x, 0 = 1. 

ax(-+±ioo '-+±ioo (-+±i.,., 

BMeCTe C C VlCTeMO~ /1.2/ paCCMOTpHM TeCHO C Heo CBR3aHHY~ CVlC
TeMY 

t', + U f + wg = "f~ g' vt=O. /1.6/ 

B n peAnOIl0)f(eHVlJ.1, 4TO nO-npe>KHeMY B~nOJ1HeHO HepaBeHcTpo Ll. 3/ , 
onpeAeJ1V1M np Vl 7] < 0 41YHAaMeHTanbHYIO CHCTeMY peweHH~ (f • g ), a = a a 
= 1 , 2 , 3, YAoBlleTBopR~Y~ CJ1eAylO~IIIM yc nOBIII.AM : 

arl (x. C) 1C lim f I(x, C) axpeex) _ - lim , exp{ex} lim gl(x,(} = 0, 
2

'1: -+-00 '1:-+-00 ax '1:-+ - 00 

ar2 (x, C) exp (--( x) 1 . " Clim r2 ( x, C) elp(--(x) lim --2,hm g2(x,O = 0, 

'1:-+-00 x-+-oo ax 'I: -+-00 


" ars( x, (} • i l .7/lim f 3 (x. C) l im = 0 , lim g 3(x, C) - l. 
x-+-oo x-+-oo ax X-+-oo 

np Vl 3 TOM pewe Hllle aI, gl) AonYCKaeT a~aJl~TVl4eCKoe npoAo~eHllle no ( 
B nonynnocKoC Tb Re t: < 0, a peweHHe (f

2
, g2) AonYCKaeT a HanHTH4 e

CKoe npOAOI1>KeHl-1e no , B nony nnocKoC Tb Ret;> O. KpOMe TOr O,npl-1 
7]-+-00, T.e. KorAa" CTpeMIo<1 TCR K 6ecKoHe4HocTH BAOJlb MHVlMO~1 
OCH, AIlR Il106oro x t; (--00, 00) c n paBeAnHB~ COOTHoweH IIIR 

_ 11m arl(x,C}
lim d l (x, C) expeex) = C~±;~ ax expeex)-1... lim gI(x, " O. 

2' -+ ± ioo '-+i 100 

4, 

lim CI2(x,C)expf.C.) = lim aC2(x, C) 1 •
C~±;~ ax exp{--(x) =-2 ' lim g.j.x, C)~O,, -+± ioo 

C-+±I oo 

/1.8/all(X,c) =0,lim 73 (x, C) lim lim g3 (x, () = 1 . axC-+±ioo C-+ ± ioo {-+± ioo 

OnpeAel1HM Tenepb MaTpIo<1Lt~ BpoHcKoro W H W CHCTeM /1.2/ 

H / 1 .6/ cooTBeTcTseHHo, nOI1O*H B 


. .fl f2 f3 fl C2 Is 

W = I C' C' C' 
 w.I 2 3 r' t' 2 C' ,. /1.9/I 3 


gl g2 g3 
 g I g2 g3 

HeT.pYAHO B~AeTb, 4TO cornaCHO /1.4/ ~ /1.7/ ~MeeM deIWc_2(, 
detW = -1/ 2( . Ilallee, C nOMOIilbKl / 1.2/ ~ /1.6/ nOIlY4aeM, .4TO AIl~ 
1lKl60ro peweH~~ (C, g) C~CTeMbi /1. 2/ ~ IlKl60ro peweHH~ (C, g) c~c
TeMbi /1.6/ cnpa9~I1~BO paaeHCTBO 

a •ac ar • 
-(C- -~c+ gg) = 0. 
ax ax ax 

Ha OC HOBaHIII VI 3Toro paBeHCTBa HaXo~HMt 4TO ecnH 8 onpeAeneHH~X 

noc"pe,q,cTaOM /1.9/ Ma Tp~4ax W ~ W HcnOllb30BaTb peweH~~ (fa' Sa) 

101 (fa ' g B)' a , {3 = 1 J 2, 3 , YAoBl1eTBopRIOtJtHe COOTserCTBeHHO ~ ~J10
B~~M / f .4/ H /1.7/ , TO 

-f i f l g l C'
I -c I gl 


W-I ~ I -(2 
 i-I ...C2 g2 f'2 ,.-c2 g2 /1.10/. 
- r3 r S g3 C'3 - C3 gs 

B03bMeM Tenepb MaTplo1Lty F BHAa 

F=WCW-I , 
/1. 11/ 

I
rAe MaTpH4b1 W ~ W- onpeAelleHbI nocpeAcTBOM /1 . 9/ ~ /1.10 
a C ~ mag(el • c2, c s ) , npJ.14eM eeIllll41.1HbI c ' C 2 ' c 3 He 3aOHCRT 
OT x VI napaMeTpa q. Ha OCHOBaHHVI /1.2J MaTplIILta F YAoBneTBoPReT 
ypasHeHvllO 

.e.r. + [U• . F] = [r ,F] , 
ax / 1 .1 2/ 
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rAe 

0 0 0 0 1 0 

U u 0 v r 
~ 0 0 /1 .13/ 

w 0 0 0 0 0 

nOllm l(l.1M 

F 00 FO•I F 0,2 

F ~ ,F 1,0 F 1,1 F I 2 

F 2,O .F 2,1 F 2, 2 

Bem11.l~H bl ' FO .2' H T eC HO CB R3aHbI C RAPOM pe aOllbF O•l F 2. 1 F 2•2 
SeHTb! On epaTOpa f - '11. OCTa.nbHble aneMeHTbI Ma T pH~bI F corn aC HO 
/1. 12/ n paC TO Bblpa*aOTCR 4epe3 HHX. Aanee, nOllO*HM 

a .FO I + F I I a.FO,2 + FI,2F 0,0 + Fo, l a ·/1. 1~/F0, 2 \. A- ' • .
A 

F 2,0 + F 2,1 a F2,2 F 2, 1 F 2,2 

C nO~~b~ / 1 . 1/ , /1 .1 2/ ~ /1 .1 3/ HeTPYAHO y~eA~TbCfl, 4TO o npe 
Ae neHHble nocpeACTBOM / 1.14/ on epaTopbI A H A YAoBlle TBopRIO T one 

paTopHOMY COOTHoweHH~ 

/ 1. 15/(f -~n · A: A.(f - ~ l) , 

nyc Tb Tenep b r a paB HO 3Ha4eHHIO npH 7J - 0 onpeAeneHHOH no
cpeAC TBOM /1 .1 3/ MaTp~4" r , a ["1- ar/a~. c nOM~b" /1.5/ 
H /l .B/ HerpYAHO y6eAI-lTbCR, 4TO n pll1 1]_-00 MaTpH~a F 06naAa e T 

aCHMn T oT "" Ko~ 

C 1+ c 2c 1 - 02 + dlag(C I + c2F _.; r l C 3 ) 
2 22 

OTCIOAa cneAyeT , 4TO MaTpH~a F 06naAaeT aCHMnToTH4ecKHM npH 
'1 -+ - 01> p a 3J10 )t(eHHeM BHAa 

c 1- c2 00 -20'1+ 1 c 1 + c 2 00 -2m C 1 + C2 
F - 2 l: F2 I '; + (C 3 - ) l: F 2 '; + E,

m _ 0 m- 2 m""O m ... 

rAe E - eA~H~4HaA Ma Tp~4a. F -I ~ r l • F 0 = dlag(O, 0, 1) , a np~ 
m> 0 Ma TpHLlbl .F m YAoBneTBopRIOT peKyppeHTHOMY COOTHQWeHHIO 

a / 1.16/
[ r I' .F m1 + [ r o ' F m-~ ~ [ U, F m-2 1+ ax F m- 2 

6 

H Tpe60eaH Io1IO, 4 T06b1 nplo1 U = v = w = 0 HMenH MeCTO paeeHCTea 

.F. = ro ' .F m iii 0 , e cn H m > 1. nplo1 3TOM OKa3b1Bae TCR , 4TO 3THMH Tpe
6 0aaHHRMH Ma TpH~~ Fm onpeAenRIOTcR oAH03Ha4 Ho, a HX 3neMeH T ~ 

RsnRIOTC R non HHOMaMH OT ~YHK~HH U, v , W H HX n poH3BoAHblX no x 
COOTBeTcTBy~ero nopRAKa /3/ . CnpaBeAnHB~ paseHcTBa 

o 1 o o o v 

o 0 v'o -v .F 2 FI+ t 

-w ~ w 0-w o o 

1 1, U
-T vW T U -v'- "2 

.!.(vw' - v'w) _-1 (u 2 + un) - .!..YW + .!. u' _....!.UV- v"F3 = 4 8 2 4 2 

_ ..L uw - w" w' YW 
2 

-YW~ YW u V + V" 

~ + v'"~F 4 = l-v'W' v'w _y 2 W + (uv) 

-vw 2 - (uw) '- w'" ow + w" YW~-V'W 

nYC Tb Tenepb Fm,,, .... -3neMeHT MaTpl"ll04~ Fm . CTORLlIHH Ha nepece4eHHH 
(lJ.+l)-H CTPOKH H (.... +l)-ro c Ton6~a, IJ. , 11 = 0,1,2. OnpeAenHM one
paTopbl 

F Fm,O,O + Fm,O,. a m,O,2
A 

m /1. 17/
F Fm,200 + Fm,2.l a m, 2.2 

a·F m,O.r+ F mol.l a.Fm,002 +F m,1,2 
/1.18/Am 

Fm.2.1 Fm o202 

Cn paSeAnHSbI paeeHCTsa 

A_I = A_I - O. A 0 ~ AO - dlag(O, 1), 

o a·V+ v'
A - 0 A - A- vI I 0" a -VI A2I - -w 0 ' I 0 0' 2- Wa-W' 0 w 0Ia 
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• • 

I

U1a . .!L+...lu'_ ...lvw ·v -v --u~_...lu'_...lvw - '-v1 2 4 2 -<1' 2 •42· 1 
Aa ~I , .A3~ 

w' vww"a-w" - .1. uw vw 
2 

-vw' + vwa uv + y" 
A, 

_vw 2 _ (uw) , _ w'" + (uw + wUla vw'- v"w 

a· (vw) + v'w a.(uv + v") - v 2w + (uv) " + v"" 
A4~ 

uw + w vw'-v'w 

OT£IOAa Ha OCHOBaHI-1H /1.15/ cneAyer J 4TO onepar opbI A 0 ' AO ' Al 
H Al YAoeneTBopRcT ycnoBHRM 

I.A O ~ Ao.I. I.AI _A I .! , /1 .19/ 

a nplo1 m > 1 cnpaeeAJlHBO peKyppeHTHoe COOTHOWeH\I1e 

I . A - f.A 2=A .I-A 2·f. / 1. 20/
m m- In -"'111

nYCTb ~ paSHO )110160 Hyne, nH60 eAHHH~e. nono*HM 

D D-m A D"'"a c:£ A,,+2m~ a c:£ jJ. +2m TJm=D 

TorAa cornaCHO /1.19/ ~ /1.20/ onepaTopHoe COOTHoweH~e 

af • 

m=D 

- +a. ( f -~I) - (f -~1). a _ 0at 
Mo*eT 6b1Tb aanHcaHO B CJleAy~eM BHAe : 

af • 
--c(I.A 2 2- A +2 2·1),at 1'+ n+ jJ. D+ 

OTc~Aa C Y4eTOM /1.17/ ~ /1.18/ SWTeKaeT cn~y~aR C~CTeMa He
JlH HeHHblX ypasHeHHH: 

-Fu 
. 

= c(F IJ.+2n+2.0,O Il+ 2n+2.1, 1 --Fax 
a 

1'+2D + 2,O,1 l ' 

/ 1.21/ 

v=cFjt+2D+2.0,2 w = -cF jJ.+2:a.+2,2.1 

B c~ny / 1.1 6/ cnpaseAn~so paseHCTSO 

..L F F - .F ax 11+20+2,0, 1 tJ. + 2n + 2• 1,l ,.,.+2n+2,O, 0 

8 : 

Ha 3TOM OCHOBa HHH CHCTeMa/1 . 21/ n p HHHMaer BHA 

ti ~ -2c ..L Fax Jt +2n +2.0 ,l .; = c F ,,+ 2.+ 2,0,2 ' W~ - c F,, + 2.+2,2,1 ' / 1 . 22/ 

B 4aC THOM cnY4ae Il c O , n ... 1 CIo1 CTe Ma /1. 22/ Io1Mee T SI-1A 

U=- 2c;X(vw ). v c c(uv+v"'), ';""", - c(uw+ w"'). / 1 . 23/ 

npl-1 C = - 1 3 Ta CIo1C TeMa 06naAaeT Io1 HsapHaHTHbiM MHor oo6 pa 3101 eM u - u*, 
w = i KV· , I( =±1. ,ll slo1)1(eHlo1e Ha 3TOM MHor oo6pa 3 ..., 101 On l-tC blSa eTCA CIo1C 
TeMOi1 ypa8HeHIo1~ 

au a 2 a2 v 
- + 2K-lvl . 0, I~ d uV + - / 1 . 24/
at ax at ax 2 

KOTopaR C T04HOCTb~ AO o603 Ha 4eHH H c oenaAaeT C CI1CTeMOH / 3/ . 

§2 . 3AKOH~ COXPAHEHH~ 

npeAn0I10*HM, 4 TO ¢lo1r YPlo1poaaSWHe B npeAWA~eM naparpa¢e ¢YHK -
Lt"' ''' U , v , w 6eCKOHe4HO AIo1$¢epeHLtHPye"u" H paS Hbi TO>K,Q e CT SeHHO 

HYI1~ npH x < X 0 H nplo1 x > x l ' Xo < Xl • PaccMoT pHM ¢YHK LtHOHal1 

'
' I 

. J - (Sp \(r + uU) F i dx, u - dlag (O, 1,0) , 

Corn aCHO / 1 . 12/ ¢YHK4~OHaa J MO)l( HO n peACTa SHT b B c l1eAy~eM BI-1Ae: 

'. 
' I 

J 2~ f FO l dx - F 1, I(x l ) + F I , I (x 0)c ' 

Ha OCHo saHHH / 1 .9/-/ 1.1 1/ OTC~Aa cl1eAyeT , 4 TO npH x o < x < X l 
cnpa e eAI1HSbI pa a eHC T ea 

3 'IIlJ • • Il 
- - = 2J) :£ (c,, - Cy)t,,(x) Vx) J f,,(Z) f V<z) dz - - - FI I (XI ) ' 
Ilu (x) " 1' - 1 , Ilu(x) , 

Xl 5IlJ 3 A A 

--_2~ :£ (c ,,- c)f (x) g (xl (r (z)f (z)dz - --FII(x l ) , 
Ilv (x) I',y - I ,.- v 11 v II. v 5v(x)'X 

3 Xl BIlJ 
=2J) :£ (c - c )g 

A 

(x) fy (x) J f (z) f
A 

)z) dz - --FII(x l ) , 
Ilw (x) lL,v - 1 " y" , " Ilw(x) , 

,llaJ1ee , HeTpYAHO y6 eAHTb CA, 4 TO 

a • •S 
-~·· F (XI) - l: (c - c ) f (x) f (x) f ' (XI ) r (x I l 

Il u (x) 1,1 jl tV'" 1 Ii v 11 v Jl v 
9 



S A 	 A 

- 3-F (XI) = ~ (c-c)l (x)g(x)I'(xl)l(x l ) 	
rAe 

Sv(x)' 1. 1 Il.v -= 1 IJ. ... p.. v p.. v 
aq

00 q elF m+2,O,l , U(q)LF = ~ (-1) ~ S S A . 8u m+2,O,1 	 =-4 
q_O ax q aU(q) 	 q--F = ~ (C - C )g(X)I(X)I'(x l )l(x ) 	 ax

SW(X) 1.1("1) JL ,V _ 1 p.. v p.. II JL II l 

a Ba pHa~HoHHble npoH3BoAHble no v(x) 101 w(x) onpeAenft~TCR aHanorlo14
HaKOHe~, c nOM~bO /1.12/ ~MeeM HbiM 06pa30M. YCTpeH.nAA Tenepb Xo B MIo1HYC 6ecKOI;e 4HOCTb, a x I 

B nnoc 6ecKoHe4HocT b, nonY4aeM, 4TO paseHCTsa /2.2/ c npaeeAI1HBbI 
np" 111060M x <; (__ , _).aFO• I 3 ... It... 1 ... 

- ~ (c - c ) I (xl I (x) I f I (z) I (z) dz + - t'(x 'I (xo)l ; C Y4eTOM paBeHCTB /2.2/ ypaBHeH"H /1 . 22/ MorYT 6~Tb 3an"CaH~Il ,V = 1 p.. v p.. II It IJ. v 2rI II 0' v 1a" o 	 B cneAy~e~ raMHI1bTOHOBO~ ~opMe: 

aFO•2 5 .... x... 1 ... 
~ (c - c ) g (x) I (x) I f I (z) I (z) dz + - I ' (x O)! (x

O
) I. u _2...L 	 SH ,,+ 2. 8H~ + 211 w ".. - 8H~ + 2. 

c 
a~ Il ,v = 1 Il v 11 v .0 p.. v 271 p.. v 	 ,; .. Bw I ax Su 	 Sv 

aF 2. I 3 ... x '" 1 .... 
= ~ . (c,,-"v ) 1 (x) s,,(x) I f I (z)1 (z)dz + -1' (xO)1 (xall.· rAe raMHnbTOHHaH H 2 HMeeT BHAa'l IJ. ,v = 1 ~ p.. .0 p.. v 2rI p.. v 	 ,,+ • 

2c ~ 
H 	 f FTaKHM 06paaoM, OKOH4aTenbHQ nonY4aeM paeeHCTsa 	 ~ + 20 ,.,. + 2D +2 __ 1l+ 2n +.,O , ldx. 

S 	 n0l10)l(lo1M Tenepb T ,..,.!.. F • m>0 H nOCMOTpHM t KaK MeHAIIJTCA1 SJ aFo I m m m+2.0.1 •- -- + • - ~ (c~ - cy )~ (x) I (x) J , 
2'1 8u(x) a'l p..,II.l v It.V 	 co e peMeHeM t senlo14 HHbI Tm' CornacHo /2.2/ HMee M 

S 	 a a 
-1 - SJ -+ aF21• 	 -T=-Y -cZ /2 . 3/ 

- ~ }; _ I (c ~- "v ) e" (x) gy(x) J~,y /2 .1 / at m ax ,.,.+20 + 2.111. ~+2D + 2,m 
2q Sv(x) a'l 

rAe
S_1_ ~ + aFo•2 - ~,}= I (c~ - Cy)g,,(x) Iy(x) J",y2q 6,. (x) a'l 	 aq- r-l ar+ Iy 4c 00 q-l q-r aF m+2,O, 1,,+ 2n+2,m - m ~ ~ (-1) aI r p.+2D+2,O,1

~F 
q_l r_ O ax q- r- l au(q) + l 

rAe 

q- I q-r - r- I r
a q aF 201 a'I 	 _k. - m+ " __ F +~ ~ (-1) 1 . (q) . r ,.,..+2n+2,O,2mJ ,,- f I (z) ! (z) dz + _1_ I I '(xO)! (x ) - r' (x I) !v (x I) I 	 q_ lr .. O ax q-..... a. ax 

,,",O' JJ. II 2n p. 11 o Po 
'0 " 

2c - q-I q-r aq-r-I aF m+ 2,0,1 a
r 


llesble 4aCT"" paaeHCTB /2 . 1/ 06naAalOT aCIo1MnTOTH4eCKHM "PH TJ .. - "'" + -m ~ ~ (-1) -. -F,.,.. + 2tl +2,2,l

q."l r_ O ax q-r_1 aw (q) a% rpaSJ10*e H/o1eM . CneAoaaTenbHo, "paBbie 4aCTH 3TIo1X paaeHcTB TaK*e 

06naAGIOT aCHMnTOTH4eCKHM npH 11 .... - "'" paa11O>t<eHHeM. npH X ,.. 1:0 aZ ~ 2F -F +
Ko3¢¢H~/o1eHTbI aCHMnTOTH4eCKoro paSJ10*eHHA nesblx 4aCTeH paaeHCTB ,.,.+2a+2,m m,O,1 ax ~+20+ 2,0.1 

/2 . 1/ paBHbI Hyno. OTc~Aa B CHIlY B03MO*HOCTIo1 B~/o1paTb npOH3BOllb


+F F -F F
HO KOHCTaHTbI C 1, c 2 , c 3 cneAyeT, 4TO "PH p..,. v aem14101HbI Jill v 	 m,O,2 1'+2D+2,2,1 m,2,1 J,L+20+2,O,2 
06IlaAa~T aClo1MnTOTH4eCKIo1M npH ~~ __ pa3Ilo*eHHeM, npH4eM Bce KO~


~H~HeHTbI 3Toro paaIlo*eHHA paOHbI HY~. TaKHM 06paaOM, Bce KO~H B03bMeM Tenepb CQOTHoweHHe / 1 . 16/, 3aMeH HH 8 HeM HHAeKC m Ha 

~HeHT~ aCHMnTOTH4eCKoro pa3Ilo*eHHA IleSbiX 4acTeH paBeHCTB /2 . 1/ m + 2 H YMHO)l(HM n011Y4e HHoe CQOTHoweHHe cneaa Ha MaTpH~y F ,.,.+20' 

paBHbI HYI1~ npH J'I06OM x (; (:xo' xl). 3TO 3Ha4HT, 4TO npH I1I06OM ,llane e, 3aMeHHM B COOTHoweH/.1H /1 . 16/ H~eKC m Ha Ii + 2n + 2. 

z C;; (ZO'X 1) cn paaeAIlI-1Bbt cneAylOtqHe paBeHcTsa: 	 YMHomHM cnpaBa Ha Ma T pH~y Fm lit npH6as/.1M K nonY4eHHoMY paHee 


paBeHcTey . B pe3ynbTaTe nony4HM

LF -mF SF m F ,-E.....F • .!!!.F,8u 111.+2,0,1 -"2 M,O,l ' S; m+2,O,l to,2,1 8w m+2,O,l 2 m,O,!:C 2 

lif 	 /2.2/ 11 

http:npH6as/.1M
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• • 

/3.21 

sp([ r I ,F;< + 2n + 2] F m) + Sp(F j.<+ 2n ( r I' F m + 2 ]) ~ axa 
SP (F;<+2n F m ) . 

OTC~Aa c neAyeT, 4 TO 

n + I 

Sp([r l , F;< +2n+2 ]Fm) _.2.... ~ Sp (F;<+2n_2vFm+2v)
ax &-, ... 0 

C APyroM CTOpOH~, HMeeM 

Sp([r l ,Fj.<+2n+2]Fm)-Fj.<+2n+2.,O,I(F m,I, 1 - .Fm,o,o )+ 

+ (F I' + 2n + 2.0,0 - F;< + 2n + 2,I,iJIh"O. 1 + 

+ FIl + 2D + 2.0. 2 Fm,2, l - .F Il + 2D + 2,2. 1 .F m,O.2 

Aanee, Ha OCHQB aH HH /1.16/ c npaSeAJ1Io1BO paseHCT BO 

ZI'+2n+2,m~ axa 
(F m,O,1 F 1'+2n +2,0,1) - sp([r I' .F ;< +2. + 2 ] F m) • 

TaKHM 0 6 pa30M , paseHCTBO / 2.3/ MO*HQ 3anHcaTb B BHAe 3aKOHa 

c oxpaHeHHR 


aT m aX m 
+ - --c O /2. 4/

at ax ' 
r Ae 

n+1 
Xm= cFm.O .lFJ.I.+2n+2.0.r- C II!'=oSP(.F~+2n _ 211 ,F m+ 2v ) -Y",+2n+2.m' 

2 ~ 
CornaC HO /2 .4/ BenH4HH~ 1m"" rn f Fm+2,Q,ldx 6YAYT nepBblMIo1 l.1HTer-
panaMl.1 C~CTeM~ /1 . 22/ . nOBTOPHB n04TH AocnOBHO npHBeAeHH~e B~we 
paCCY*AeHHR, n o nY4aeM, ~TO HHTerpan~ ~ HaxOARTCR 8 HHBO~~~H 
OTHOCHTenbHO CKo6KH nyaccoHa 

81m a 81 n 81m 81n 81m Illn
[ I..,1 ] ~ I 12- ~ - - - + - -I <Ix. 

n 8u ax 8u 8v 8w Ilw Ilv -~ 

§3. conHTOIiHblE PEWEHHR 

AnR Toro 4 TOfibl HaHTH COI1HTOHHble peweHHR CHCTeMbI /1.24/, HaM 
norpe6yeTcR onepa TOp 

x-a + P - 'A , 13.1/ 

12 

rAe' - cneKT paJ1bHbli:1 na paMeYp , 

o p q 


p o q 
 A a dlag(l, -I, 0 ). 


w w o 

p 

EC J1 101 4ly H K .... HIo1 U, v. BXOAflUI,/IIe B /2 . 1/, CBR3a HbI C ¢lY H KI.I. J.1RMIo1 p , 
q J W. 8XOAflLllloiMIo1 B /3.2/, COOTHQWeHHRMH 

u ~ p' - P 2 _ 2qw, V _ 2q' _ 2pq. /3.3/ 

TO OnepaTOp X BIo1Aa /3.1/ 3KBHsaneHTe H on peAelleHHOMY c nOM~blO 
/ 2.1/ onepaTOPY 2 - ~1, ~ -, 2.. Ae~C TBHTenb HO, ecnH ¢ - (¢Io ¢')} ¢a)
p eWeHlo1e ypasHeHVlR Xt/J= 0, TO npH BblnOJ1He HVI)..1 YCI10BY1H /3.3/ lPYHK

4 101 1.1 r .. cP 1 + cP2' g=C'/J 3 YAOBJleTBOpRIOT C HCTeMe /1.2/ . Hao6opOT, eCJH.1 
X ~ (f,g) - peweHHe CHCTeM'" /1.2/, TO ¢-(4)I '¢2'¢3)' r Ae 

4> I ~ ~ (,r + r' + pr + 2qg), ¢ 2 - ~ (,r - [' - pr - 2qg). 4>3 - g, 

YAOBl1eTBOpReT ypasHeHHKl Xf/J = o. 

nonO"'HM Tenepb T = Lat - Ao' 2_ A I ' - A2 , rAe 

o 0 -q 

A O= diag (c,c, 0), Al - c o 0 q 

-w w 0 
I 

-qw qw pq - q~ 

A2 = c qw -qw pq - q'x C .;, O. 

pw + w~ pw + w; 2qw 

TorAa y cnoBllle [T,X] ~~O 3KBIo1BaneHTHO CHC TeMe ypaBHeH/o1~ 

p = - 2c(qw), • q+ c(p2q + 2q 2w + p ' q -q") ~ o ,x x xx 
/3.4/ 

W + c(p'w - p2 w _2qw 2 + w" ) = o. x xx 

HeT PYAHO y6eAHTbCR, 4TO n pH 3aMeHe /3.3/ CHCTeMa /3.4/ npHHHMaeT 
BHA /1.23/ . n03TOMY AI1R nonY4eHHR COI1HTOHHblX peweHH~ CHCTeMbI 
/1.24/ MbI Ha~AeM CHa~ana conHTOHHble peweHHR CHCTeMbI /3.4/. 3aTeM 
c nOM~b~ npe06pa30ea HHR /3.3/ nonY4HM conHTOHHble peweHHR CHCTe
MbI / 1.23/ . HaKOHe4, HanO*HB Ha nony~eHHoe peweHHe Tpe60aaHHR 
u = u* , w = i K v*, K = ±I, MbI nonY4HM COI1HTOHHOe peweHHe CHC TeMbI 

/ 1. 24/ . 
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~nR nOnY4eH~R COn~TOHH~X peWeHH~ C ~C TeM~ / 3 .4/ M~ 8ocnonb

3yeMcR cneAy~eH CHCTeMOH n~ He~ H~X a nr e6paH4ecKHx ypa 8 HeH~H 

• xp [ (Wrn + W n ) x] exp[ (w m - rn )x] ~ 
K + r l: --- - --K + K 1. 0 13 . 5/ O.m III 0 w + W 1.0 (IJ _ r l .n 

mO m 0 

axp [ (Wm+ Wn)X] exp[ (wm- r.,lx]
KI m + rmaxp (wmx) + rm l: I Ko + . 0. 

• 0 "'m + w o ,0 Wm -Tn 
KO•n 1

13. 6/ Mn MnK + h l: 1= 0,O.m m /3 . 7/n Tm-Un T m + u Q 

M. Mn 
Klm - hml: 1= 0 . /3.8/

• • r +u r m - 0' nm n 

axp [(um+W.) x ] exp[(um - r.)x]
Mm+ gmexp(omx) + gm ~ KOn + 1- 0.KO•n 

D urn + CiJ D • am -T D 
/3 . 9/ 

.xp [ (um+ Wn )x ] asp! (u - rn ) x] 
Mm + gm~ Kl,o + 

m KI, 0 I - 0 . 13 . 10/ 
n om + wo O' m - Tn 

axp[ (W + Wn )x] asp [ (wm-rn)x]m
Nm + r m l: 1 N + N0 1 = o. /3 . 11/n n wm + wn ""m- Tn 

R. R. Nm + h m + h m I I ... o. 13. 12/ 
n r m -un rm + on 

.xp[(u + Ol. )x ] .xp[ (um-r. )x ] • mR + g l: I N + Nn l - O . 13 .1 3/m m n n 
(1 m + ""0 am - r n 

3Ae Cb KO•m' K 1,m' KO• m ' i I •m, Mm. Mmt N m• Nm, R m - Io1C
KOMbi e (JIY HK4HIo1, c n OMOUlblO KOTOPblX nOT eH4101al1b1 p, Q , W 8b1pa>Ka-

DTCR cneAY~HM 06pa 3 0 M: 

p - - 2l: I KI m(x) .xp(wmX) + 1<:1 m ( x)axp(-r rn x)1
m ' • 

q . l: 1M (x) - M (x) l, /3 . 14/m m m 

w - - l: I N (x) exp(w x ) + N (x) exp ( ..... mx )1 
m m m m 

t m ' g m , h m' "" m' om ' r m - n a p aMeT pbI C lo1 CT8MbI . npYl 3TOM e e 
I1H4 HHbI g m H h aa BHC RT OT BpeMeHIo1 t COr l1a CHO ypasHe HHRM
m 

agm _c u 2 g = 0 . ah m c r 2 h . 0 -- + m m /3 . 15/ m mat at 

a B em1~ Io1HbI f m' w m , om' Tm OT 8peMeHH He aa8I11CRT . KpOMe 

T orO t Bce napaMe Tpbl t m ' g m' h m' W m' am' T m YAOBl1eTB OpRDT 
HeKOTopblM COOTHoweHIo1RM, 0 KOTOP~X 6YAeT CKa aaHO HH*e • 

C~ecTByeT ABa THna COllHTOHHblX peweHHH. PeweHHR n epaoro THna 

n onY'"IaIOTCR, eCl1H a CYlCTeMe /3.5/-/3.13/ ace ael11014HHbI gmH h m 
nonO*~Tb pa.H~MH Hyn~ . TorAa cornaCHO /3 . 7/-/3 . 10/, /3.12/ 
H 13 . 13/ nOnY4aeM, 4TO Ko = KI = M = M =N = R . 0 . , m .m m m m m 
Aanee, • cHny /3 . 11/ HMeeM Nm a O. HaKOHe4, ypaBHeHHR 13 .5/ 
H /3.6/ B 3TOM Cl1Y4ae npHHHMalOT BHA 

exp[ (w + Wn )x]
Ko .m + rm l: 

m
--..:::....--.::- K 1 ~ 0 • 

<'.1 + tLl o • D• m 

.Xp [ (W + wn)x]m
K I m + t m exp(tLI mX) + t m I - --"--':""" Ko . - O. 

• • <'.1 + tLl • m n 

Pe waR 3TY C~CTeMY ypaBHeHH~, C Y4eTOM paaeHCTa /3.1 4/ n onY4a eM 

P z:: 2z(J -a 2)-l z , q _ w 11 0. 3AeCb 1 - eA Io1 HIo14HaR MarpH4a, a 

(r r )\I 
Ka a A paT HaR MaTpHlI.a C 3neMeHTaMYI a m 0 exp[ (w +6.1 )x] . 

m,o tLlm+ w m n n 

Z - a eK Top-C T OOOell. C KOMnOHeHTaMH z m = t:: exp (wmx)p Z - aeKTOp

CTpOKa C TeM'" *e c aM~MH KQMnOHe HTaMH . QTclOAa Ha OCHosaHlo1H / 3.3/ 
c l1e Aye T pa e eHCTBO 

-, 2 - I - , 2 - I (aa aa ) ( , 2 )-1u ... 2z"" ( - a) Z + 2z ( - a ) a~ + _. - a - a Z + 
ux ax 

+ 2.(1 _a 2 )-1 w, _4.(1 _a 2 )-1 z'(I -a 2 ) - 1 Z . 

r Ae w - A lo1aroHal1bHaR MaTpH4a C AHarOHal1bHWMIo1 311eMeHTaMH wm · 
C nOM0U4.blO paeeHCTsa Bblpa)l(eHHe AI1R U MO)l(eT 6b1Tb aaaa / al - ZZ 

n",caHO B cneAYIO~eM BYlAe : 

u _ 2.",( 1 _ a 2 )-1, _ 2.( 1 + a)-I zz (I _ a 2 ) -1 z 

_ 2z(l_a 2)-1 zz(1 +a)-I , + 2z(l _ a 2 ) - 1 wz. 

r pynnlo1pYR B "paBoH 4aCTH 3To ro paaeHCTsa n epBoe cnaraeMoe co 

BTOPWM, a TpeTbe - C 4eTBepT~M, C Y4 e rOM COOT HoweHHR zz - ~ +wa 
nOI1Y'"laeM 

- -I - I
U · 4< (I + a) Ol(' + a) z. /3 . 16/ 

He TPYAHO alo<1AeT b , "I TO eCl1H BCe BenH41-1HbI tm 101 ""m Bbl6paT b nOl1o

)tU1Tel1bHblMH, TO det(' + a) (a 0 nplo1 111060M x ~ (- 00 too ) . Cl1eAOaarel1b

14 15 
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HO, onp~eneHHaR nocpeACTBOM /3.16/ $YHK~HR U He HMeer no~coB 
Ha Bce~ Be~eCTBeHHOH OCH x H C TpeMHTCR K HYlllO npH X .. ±oo. 

BTOPOH THn conHTOHH~X peweHHH nonY4a e TCR, ecn H 8 CHCTeMe 

/3. 5/-/3.13/ nonO~HTb paBH~MH Hy~ Bce BenH4HH~ 1m' To r Aa Ha 
OCHOBaHHH 13.5/, 13.6/ H /3 . 11/ nonY4aeM, 4TO Ko.rn= K l.m= Nm ,, 0. 
C y~ eTOM 3Toro ~aKTa OCTallbH~e ypaBHeHHR CHCTeM~ /3.5/-/3 . 13/ 
npKHHMalOT BHA 

M.Ka,m + b m ::£ I~ 1 - 0. 13 .17/,• In - an T m + an 

M. M.K h", }; , I,m =0, /3.18/, + a , -a• rn • '" . 
exp[(a"-'n1 x]

Mm + gm6Xp (umx) + gm I KO.D ~ 0 , 13 . 19/
• am -tIl 

exp[(a,,-,.lx] KI -0,
Mm + gm I , n 13 .20/ 

am -T II• 
R. R.N" + h" + hrn }; I 1- 0, . 13.21/

• Tm -an Tm +0 D. 

exp [ (arn-,.lx]
Rm + gm I N

n 
.,. (). /3.22/ 

am - Tn• 

CKnaA~BaR /3.17/ H,/3.1~, a 3aTeM /3 . 19/ H /3.20/, nonY4aeM 
4TO aellH4HHbI Pm = KO.m+ K1,m H Qm "'" Mm+ Mm YAOBn eTsopRIOT CHCTeMe 
ypasHe HHH 

Q. Q n 
P + b };m m I - 0 , 13 .23/ 

, m -an• Tm +O'n 

exp[(am-'n1x ] 
Q m + gmexp(am x) + gm~ p. = o. 

am -'n 

(gmh.) ~ 
nYC Tb r H S - KBa,qpaTHbie MaTpH~~ C 3neMeHTaMH r ..m,.

~ am -Tn(gmh.)
H S = --:--::_ COOTBeTCTBeHHO. n YCTb, Aanee, a J.1 , - AHaro -m.D am + Tn 

'iallbHble Ma T pH4b1 C AHarOHanbHblM/.1 3.neMeHTaMH am 11 T m ' nOnQ)I(HM 


r = exp(ux) r exp(-TS). nYC T b, HaKOHe4. PH Q - aeKTop~-CTO.n64b1 

C KOMnOHeHTaMH Pmh~% /.1 Qmg; 1,i COOTBeTCTseHHO, a f3 - aeKTOp

CToooe4 C KOMnOHeHTaMH glh: exp(unl x), C Y4eTOH 3THX 060....3Ha4e

HH" CHCTeMa 13 .23/ npHHHM"!.eT BHA P - (f+ 5) Q = 0 , Q + rP + fJ =0, 
rAe 3HaK II _ 11 03Ha4aeT TpaHcnoHHpoaaHHe . OT clOAa cIleAyeT, 4TO 

16 

P = -[1 .(f',8),}-1 ('+5)fJ. Q _ _ [ I +'(f+ s) ] -I /l . /3.24/ 

B~4TeM Tcncp b /3.18/ Hl /3,17/, ~ /3.20/ ,H3 / 3 . 12/ . B pe3yn bTa Te 
nonY4J.1M, '-I TO aCllH4HHbI - KO,m - K l.m J.1 Qm= Mm- Mm YAoa n e TBopRIO TPnl 
CHCTeMe ypaD HeHHH 

Qn Q.
[>m+h,n:1: + 1- 0, 

T m -an• ' m+ an 

/ 3. 25/ exp[ (a rn-'n)x]Q" + gmexp(a x) + g }; p
n = O . m m. Urn - Tn 

.... A. .... ~.4 .... _~ 

nYCTb p J.1 Q - BeKTOPbl- CTOn6~bI C KOM n OHe HTaM H Pmhm H Qmg m 
cooTqeTcTBeHHO. B 3T HX q603~24eHHR X CHCTeMa / 3 .25/ npHHHMaeT 

81-\A P - (f - s) Q 0" Q + rP + f3 ... O. Cne AoeaTenbHO, c n p a ae.q 

Il/.1BbI paaeHC T Ba 

[> - - [1 + (r-s) ; ] - I(r -s)fJ, Q -- [I +;(r _ s )]-I/l. /3 .26/ 

Ha KOHell , n YC T b N H R - a eK T OPbt- CTOn6Ltbi C KOMnOHe HTaMIo1 Nmh;% 
J.1 R mg ;% COO T seTC T seH HO, a y - aeKT o p-cTon6e4 C KOMnOHe HT a MH 

h ~ exp(- T m x) . C nOMO~bllJ 3T/.1X 0603 Ha 4eHHH ypaBHeHI-1R / 3 . 21/ 
H /3. 22/ Mo r YT 6~T b 3anHcaHbI B cneAyo~eM BHAe: 

N - (r' + S 1 R + exp (rx ) y = 0 , R + ;N = o . 

OTC~Aa Henoc pe.qCTBeH HO nonY4a e M 

.... __ .... -1 

N = - [I + (r + 8) r ] exp (, x) y . /3 . 27/ 


C Y4eT OM pa BeHC TB / 3. 24/, /3 . 26/ H / 3.27/ CQOTHQWe HHR / 3 . 14 / 
npH H I-1Mall)T BI-1A 

p = yl(r + 5) [I + r(t' + 8)]-1 - (r- s) [ I +fer- _n- I l/l , 
_ , _ _ - I _ _ _, -1 /3. 28/ 

q - - fJexp(-ux)[ 1 +f(r - s )] fJ, w - y [ 1 + (r+ 8)r] exp (, x) y . 

at ........ 

Aanee , s CHIlY paa e HCTs a ~ =a r - rr = fJ y H3 COOTHoweHHj:1 /3 . 3/ 
H /3 . 28/ cneAyeT, 4TO 

_ ,_ _ - I ' - _ , - - -I 
v = - 2/3 exp (-aX) [I + r(r - 5)] [ r,( r + a) + a][r + r (r + a )] fJ. 

OTCIOAa Ha OCHoaa HHH p a seHC Taa , rr + s) (r - s) (J BbiTeKaeT CO

OT HoweHHe 

- , - - I 
v = -2/l exp(- ax) a[ l + r(r + a )] - /l . /3 . 29/ 
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CornaCHO /3.28/ H /3.29/ Bblpa)l(e HH.R AnA Y H W MorYT 6WTb 3anHca
HbI B CJ1e.QYlI'lIQeM BHAe 

Y "" -;AIl. W Elv Bv. 13 .30/ 

rAe 

A [exp(-a x) + a ~ r exp ( ...-x) (, + 8)a-li ]-1 , 

_I ~ 13 31/B ~ [exp(rx) + (r+ ii) e.p(ox) r ] ,~ _ (20) exp(-<rx)/3, v = exp(rx)y.· 

n p~n0J10)l(Io1M Tenepb, 4 TO SeJ1H4HHbl gm' h , 17 , Tm YAOBneT BopAm m 
lOT yc noBHRM 


2Cmom "'" -lKh~, 0': = - Tm . 13.32/ 


B 3TOM CnY4ae, KaK HeTPYAHO y6eAIo1TbcR, MaTpH4b1 A, B lit BeK-

TOPbI Il. V YAOBJ1eTBOpRIOT COOTHoweHHRM A = B*, ji _ (-tK) I,{ v·. 

OTCIOAa Ha OC HOBaHHH /3.30/ CJ1eAyeT paaeHCTBO w ... by·. 3aMeTHM, 

4TO np. e = ± I ycnOB.fl /3.32/ cornaCYKlTC" C ypae HeH""M" /3.15/ . 

'I (r-'InOnO>K"M Ten epb a + - [ I +r\r ± 8)]- • &+.[ 1 + r±s)r]- . 
O~eBIo1AHo " ~!O (f± i)-o,± = &±(f'± s) . .lIa Ilee, c-y~eTOM paaeHCTBa 
ar/ax =ar - rr = /3'1 Ha OCHoeaH"" /3.28/ "MeeM 

p;--lj+12+IS-I.-11+13 ' P 2 
3 J I -12 +J 3 -1. 


2qw = -2Ya+exp(rx) yj3 esp(-cx) a_/3. 


rAe 


II ~ id,+ ii) a+ /3 - i & + [I + (,+ S) il d,+ 8) a + /3 


12 =Y&/'+8)0/3=y&+(r+8)o[I +;(r-+s)]a+/3, 


Is = Yr('-8)a.../3 - ya+[1 + (,+ 8);] r('-8)a_/3 • 


I. = i"_('- 8) 0/3 - i"_('- s ) o[ 1 + ;(r-+ 8)] a+ /3. 


J I = Y&+('+8)(0;-;r ) (f+ 8)a+/3, J2 -ya+('+8)(a;-;r)(r-8)a_/3, 


J s -y!1_('-8)(a;-;r)('-8)a_ /3, J. - Y&_('-8)(0;-;'.)('+8)a+/3. 


C nOMotIlbKl paeeHCTS (r-+ 8)a-r('-8)_ 2exp(rx)y/3exp(-01) , 

r (r+ a,> .. (;- s) 17 HeTPYAHO y6eAJ.1TbCA B cnpaeeAJ1HBOCTH cIleAyoqHx 
CooTHoweHH~: 

-lj+12-JI=2Y&+iiaa+/3. I S+J2-2qw - 12 , IrJ.-I I • 
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OTCIOAa Hil OC II(JIJ,lI llo1H 13.31 OblTCKaCT paaeHCTOO 

u"" 4ya+80o,l O. /3.33/ 

nOnY4 CHilOC l1b1paMCCIlHe AIlR U MO)f(HO aana.1CaTb B clleAYIO~eM BIo1Ae: 
u _ 2ii B 8'(20) I,{ A", rAe MaTpH llbi A, B H BeKTopbl J.I. , v onpeAe
neH~ nocpCACTeOM /3 . 31/ . np. e~nonHeH•• ycnoe"~ /3.32/ nonY4aeM 
u _ 2.\"A·CAA, rAe A - BeKTop-c Toooe4 C KOMn OHeHTaMH Am"", (h· ) 'h: 

• . (h h ,)~m 
a C - KBaApaTHaR MaTplo14a C 3J1eMe HTaMH om n - 1K m D0:2 

• Tm -T: 
O~ eBIIIAHO, 4TO C* - C 101, CJ1eAOaaTenbHO , U* = U. nOnO)l(HM Tenepb 

e pa eeHC Tse /3.33/ 

2iKtm w m 
gm --f hrn '""t ! m' 

4w2 _ IKf ,2
m m 

1m 1m 2 _ IK _ _ ( 2 
17 wm Tm ... -w - i K --,mm 4wm 4wm 

H YCTpe MHM ( K HYIl~ . B npe Aene nOllY~HM Bblpa*eHH e Anfl u, COBna
Aa~ee C 13 .16/. TaKHM 06pa30M, COIlHTOH~ nepBoro THna MorYT 
6b1Tb nonY4 eH~ ~3 COIl~TOHoa BToporo THna B pe 3YJ1 bTa Te YKa 3a HHo r o 
Bblwe npeAeIl bHoro nepeXOAa. 

B 3a KIl104eHHe He06xOAHMO OTMeT~Tb. 4TO HCXOAHafl CHC Te Ma ypae
HeHH~ Mo*eT 6~T b 3a nHcaHa B r aMHllbTOHOBOH ~opMe 

au a 8H a'" " 8H ~ = Ie- = - "C.- .....,.. -""'- _- le.J< - .§. 8H 
at ,ax ou ' at 'a 84>" at fa 84>' 

rAe r aMHIlbTOHHaH H HMeeT BHA 

~ 2 . .. 2
H= LIT + ~ [- t 1*12 + 1 ~(4)¥x-'- ~4>') +4-14>1. + ul4>1 11dx 

H cOAep*HT TpH r pynn~ ~neHOBt onpeAeJ1R~HX COOTBeTCTseHHO 3 Hep
r H~ AJ1HHHO~ BOIlH~, 3HeprHIO naKeTa KOPOTKHX BonH H 3HeprH~ B3a HMO
Ae~cTeHR AJ1HH HO~ BO~H~ C naKeTOM KOpOTKHX BOIl H. npeAn0J10)l(HM Te
ne pb , ~TO M~ J.1MeeM AnHHHY~ BOllHY u f BHAa 

y>.2 :a,. ~ ur =-
/3 eb2[.\~o (x - ett)] 

rAe A ... ..!....elgn(a,By),a IlO !:-O. nYC Tb , Aan ee, npH t - O KOMnlleKC
a/3

Ha fl orH6a~afl naKeTa KOPOTKHX eonH HMeeT BHA cP - tw(x) . rAe ( 
Mall~~ napaMeTp. B pe3ynbTaTe B3aHMoAeHCTBHR 06 pa3yeTcR conHTOH 

Us BHAa 
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u y,l. 2 2/< 2 
s- - 

fJ ch 2[A~(X - cst + !i)l 


r Ae aem141r1HbI ~ 1"'1 C onpeAesUnOTCR cneAYKxlV-lM 06pa30M . nYC Tbs 

c g - C£
1 = _ 1_ w(.!..) exp(-ia...!. ), a 

fo(x) cb~o x) '" (x) y,l. 2 >. ,I. 2y 

n OllO>KI-1M. 

~ x 
1= r 10 (x) "'(x) r lo(z) ","(z) dzdx . 

-~ -
TorAa cnpaaeAJ1"'Bbl paeeHcTBa 

KII ylo 2
""0 (2 + . . ., C =Co+-- f + •..~=~0+-4- S l. a{3~ 

rAe 10 = ReI, 11 = 1m ! , K - Bign(a/3y). a TQ4KaMIo1 0603HayeHbI '-l11e

Hbi 60nee B~COKoro nopAAKa no t . OnpeAenlr1M Tenepb COOTseTCTs e H

HO 3Hepn 1l0 E f AI1Ir1HHOH B OJ1 HbI uf 1"'1 3HepntlO Es COmnQHa us' 

nOllO)f(HB 

1 ~ 2 1 ~ 2E= -r udx.E!= 2J~"t dx . 8 2 __ a 

C nOM~b~ HeCnO}l(HbiX BblKn8AO K nony4aeM pa e e HCT80 

y2 • 2 2 
E. - Er 2--1>'1 ~o K 11 + "' ,

fJ2 

rAe T04KaM.\I1 0603Ha4eHbI 4neHbI 6011ee BbiCOKoro nopRAKa no E. B 3a

BI-'ICYlt<40CTJ.1 OT 3HaK8 een&.14HHbI K l} Mbi 6YAeM HMeTb J1H60 Es-E t >O, 

ecnlo1 K I 1 > 0, 1110160 E • - E t < 0, eC/H1 K I 1 < O. 

ASTOP Bbl pa>KaeT GnaroAapHocTb aKaAeMIo1KY fl .H.CeAoBY 3a nnOAO

TBopHoe 06cY*AeHHe H3no*eHH~X B~we pe3ynbTaToB. 
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Menbllll~ClIl 1\.1\. P2-84- 5J 1 
B3 aJ H-111}lt' lil ;TIII II' H'IIIIIIII 'I! /IlIJIIII,j C 11 .:.1 1\ c 'rUt>1 KOPOTKltx uonn 

I' ,W I ' ~'II I 1'(- II, I l ' lll _1 \''''. 1 ypau lIC l ll tii, () I1I I CLIBalO~an B 3ClHMO,ll,efiC T 

Dill! }tJllllllllljl HIfJII U,\ c' 11,IK t 'T(lM KOpOTh:HX ponH . lIaiiAellO MlIoro coJU'f

l 'UIIIIIII' PI'IlJI'I II II ' TI'OIl ClIl:I'i.'t>lhl . YK<19BH anpopHTM Anti HaXOJI\.Ae HHR 
,fllI)( , ll1"III,I ~·. '1.lf\UllIlJI CnXI)il ll ~II1IR Ii I1QKa3aHO , 4 1'0 nepBble HHTer p anbi 
IltlXI)J4)ITt~n u 1II IIJ UJ Ilf)I..t1ll1 OTII OC UTenbHO CKo 6KH ITyaccoHa , nopO;JKAae

Moii l ' aMJlnbTO ItOHOii CTP YKTypoii HCXO,ll. HOi-i CHC Te MbI ypaBHeHHf,. 

Pa60T<1 Bbin onHeHa B n a60paTo pHH Te opeTH4eCKon WH3HKH OHHH. 

DpenPHHT O&beAHHeHHOrO HHCTHTYTa RnepHWX Hccn~oBaHKA . nYeH8 1984 

ITepeeoA r.r.CaHAYKoBcKOH 

tlel'nikov V.K. P2-84-53I 
Interaction of a Long Wave with a Packet of Short Waves 

A system of equations is considered which describes the 
interaction of a long wave with a packet of short waves. 
A multi-soliton solution of this system is found. An algo
rithm is determined for finding the local consevation laws. 
It is shown that the first integrals are found in the involu
tion with respect to the Poisson bracket generated by the 
Hamiltonian structure of the initial system of equations. 

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