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B HaCTO~Uje~ pa5oTe pe4b ~AeT o B3a~MOAeiilcTB~~ yeA~HeHHbiX 
BOnH B C~CTeMe, on~CbiBaeMO~ ypaBHeH~~M~ /l- 4/ 

2 2 a u a au a 2 a u 2 
3-ay2 ___ ax-[-a~+-ax-(3u +-.;;;2+8KI¢1 lJ~o. 

2 a¢ a ¢ 
i--~u¢+-2-. ay ax 

(1) 

3Ta CIIICTeMa B03HI/IKaeT npl/l 1113y4eHI/IIII B3ai/IMOAeiiiCTB~~ AniiiHHbiX Ill 
KOPOTK~X BOnH B pa3n~4HbiX 4>~3~4eCK~X npOL\eCcax ~, COOTBeTCT
seHHO, 3AeCb U- aMnni!ITyAa An~HHOiil BOnHbl, ¢ - KOMnneKCHa~ Or~
~~~a:2~a~~Ta KOPOTK~x sonH, a napaMeTp K YAOBneTsop~eT ycno-

KaK ~3BeCTHO, c~cTeMa ( 1) o5naAaeT OAHocon~TOHHbtM peweH~eM 
BillA a 

2fl.2 u ~ _2 ___________ _ 
ch [f1.(x+2vy- rt) + 8] 

exp[ivx-i(f/.2 -v2 )Y+ iut] 
<h ~ a---------------------

ch[f1.(X+2vy-rt)+8l 

(2) 

rAe selljeCTBeHHbte napaMeTpbt fl., v, r 111 KoMnneKcHa~ sen~4111Ha a 
YAOBneTsop~~T eAIIIHCTBeHHOMY ycnos~~ 

(3) 

a sen~4111Hbt 8 ~ u np~HIIIMa~T n~5bte selljeCTBeHHbte 3Ha4eH~~ .1-13 aTo
ro COOTHOWeHI/I~ cneAyeT, 4TO An~ cylljeCTBOBaH~~ COni!ITOHOB (2) 
napaMeTpbt fl. , v Ill r AOn~H~ YAOBneTBOP~Tb HepaseHCTBY 

(4) 

napaMeTpbt 8 111 e ~ arga XaRaKTef1113Y~T nono~eHI!Ie con~TOHa (2) 
Ha nnOCKOCT~ X , y ~ nplll f/. 2 + v > 0 nocpeACTBOM 3aMeHbl X~ 
~ x + x 0 , y ~ y + y 0 MoryT 5btTb npeo5pa3osaHbt B n~5bte HanepeA 
3aAaHH~e seniii4~Hbt, Hanp~Mep - paBHbte Hyn~. C noMOUjb~ 4eTbtpex 
selljeCTBeHHbtX napaMeTpos fl. , v , u , r o5pa3yeM ABe KoMnneKCHbte 
seni!I4111Hbt "' ~ pa B~Aa 
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. 3 -3 1 ( . ) w = ll + 1 v, p = -<.U + -~r ll r + 1a .• ( 5) 

~rpa~~e samHy~ ponb np~ ~3y4eH~~ B3a~MOAe~cTs~~ con~TOHOB 
(2). 3AeCb ~ BC~AY B AanbHe~WeM 4epTa 03Ha4aeT KOMnneKCHOe 
conp~meH~e. 

113 COOTHOWeH~~ (3) cneAyeT, 4TO np~ r~4(~2 -3v 2 ) con~
TOH (2) BblpOmAaeTC~ B XOPOWO ~3BeCTHbl~ con~TOH 151 

2~2 
·;:-2----- 2 2 • 

ch [~(X+2vy)-4~(~ -3v )1+8] 
(6) 

ypasHeH~~ KaAOM4eBa - neTB~aws~n~ 161 • B COOTBeTCTB~~ c (5) 
napaMeTp p3 B 3TOM cny4ae MOmeT np~H~MaTb TOnbKO 4~CTO MH~Mble 
3Ha4eH~~- llanee, nonara~ a~r~O. cornacHo (5) HaXOA~M, 4TO 
p3 ~ - c;, 3 . B aToM cny4ae con~TOH ( 2) np~HII!MaeT B~A 

exp[ivx-i(l-v 2 )y] 
¢~a---------------- • ( 7) 

ch[~(x+2vY)+8] 

TO ecTb ~sn~eTc~ cTa4~0HapHbiM peweH~eM c~cTeMbl ( 1). CneAosa
TenbHO, con~TOH (7) YAOBneTBOp~eT CIIICTeMe ypasHeH~~ 

a 2u a2 2 a2u 2 
3--2 ---(3u +--2 +BKI¢1 )=0, 

ay ax2 ax 
2 . aq, a ¢ 

1---~u¢+--. 
ay ax2 

nony4a~e~c~ ~3 c~cTeMbl ( 1) nocne Bb16pacbiBaH~~ 4neHa ~i
s nepsoM ypasHeH~III. HaKoHe4, oTMeT~M, 4TO N> 1 con~TOHOB 
C OA~HaKOBbiM~ senii!411!HaMIII "'m., HO C pa3niii4HbiM~ 
m = 1, ... , N , o6pa3y~T yeA~HeHHY~ sonHy B~Aa 

2~2 
U=---- ·---

ch2 [~(x+2vy -f)] 

exp[ivx-i(~2 -v2)y] 
¢~A--------------- • 

ch[~(x+2vy-f}] 

( 8) 

(9) 

rAe seniii4~Hbl f ~ A He 3aB~CHT OT KOOPAIIIHaT x ~ y . 0AHaKO 3T~ 
seniii4~Hbl, soo6~e rosop~, 3as~c~T oT speMeHIII t ~ YAOBneTsop~~T 

COOTHOWeH~~ 

df 2 2 2 2 
-~4(~ -3v )+4K~- IAI 
dt 

(10) 
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d 2 f 
~3 :nora COOTHOWeHL<1~ cneAyeT, YTO --~ /, 0, ecn1<1 B 3TOT MOMeHT 

dt2 

BpeMeHL<1 BbtnonH~eTc~ HepaBeHcTBO -~~~1 -Jo. TaKL<1M o6pa30M, 1<13-

MeHeHL<1e KBaApaTa aMnni<1TYAbl <f>-BOnHbl npi<1BOAL<1T K CL<1HXPOHHOMY yc

KOpeHL<110 u-BOnHbl 1<1, HaOOOPOT, YCKOpeH!<1e u-BOnHbl npi<1BOAL<1T K CL<1H

XpOHHOMY 1<13MeHeHL<110 KBaApaTa aMnni<1TYAbl </>-BonHbl. 

HeTpyAHO yfieAL<1TbC~, YTO COOTHOWeHL<1e (10) ~Bn~eTC~ He06xo

AL<1MbiM 1<1 AOCTaTOYHbiM ycnOBL<1eM An~ Taro, YTOObl onpeAeneHHbte 

nocpeACTBOM (9) ¢YHK~L<11<1 U 1<1 </> YAOBneTBop~nl<1 CL<1CTeMe (1). 5onee 

Taro, KaK fiyAeT noKa3aHo HL<1~e, Knacc nap ¢YHK~L<1~ r, A, YAOB

neTBOP~IOWL<1X COOTHOWeHL<110 (10), Cy~eCTBeHHO WL<1pe TOro, KOTOp~~ 

MO~HO nonyYL<1Tb 1<13 paCCMOTpeHL<1~ N -coni<1TOHHOrO peweHL<1~ CL<1CTeMbl 

( 1) np1<1 yKa3aHHOM Bbtwe Bbt6ope napaMeTpoB "'m ., p~, rn = 1, ... , 

N. TaK1<1M o6pa3oM, BonHbt BL<1Aa (9) AaneKo He BcerAa MoryT fibtTb 

nonyYeHbt 1<13 MHoroconi<1TOHHoro peweHL<1~ C!<1cTeMbt (1). TeM He Me

Hee B3ai<1MOAe~CTBL<1e N > 1 BOnH BL<1Aa (9) BCerAa Oni<1Cb!BaeTC~ ¢op

MynaML<1,0YeHb CXOAHb!ML<1 no CTPYKType C ¢opMynaML<1 N-coni<1TOHHOrO 

peweHL<1~ ci<1CTeMbt ( 1). H1<1~e aTL<1 ¢opMyn~ fiYAYT nonyYeHbt ., c 1<1X 

nOMO~biO 5yAeT 1<1CCneAOBaHO B3ai<1MOAei1CTBL<1e yeAL<1HeHHbiX BOnH (9). 

B YaCTHOCTL<1, 5yAeT noKa3aHo, YTo np1<1 onpeAeneHHbtX ycnoB.,~X 

ABe 1<1n1<1 5onee BOnH (9) MoryT HaXOAL<1TbC~ B CB~3aHHOM COCTO~HL<11<1, 

TO eCTb B TeYeH!<1e nony5eCKOHeYHOrO npOMe~yTKa BpeMeHL<1 t < 0 

3TL<1 BOnHbl HaXOA~TC~ Ha KOHeYHOM paCCTO~H.,L<1 Apyr OT Apyra, 

a 3aTeM npOL<1CXOAL<1T pacnaA CB~3aHHOrO COCTO~HL<1~, 1<1 np1<1 t>O 

aTL<1 BonHbt HeorpaHL<1YeHHO YAan~toTc~ APYr oT APyra. llanee, ecn1<1 

B 3TL<1X peweHL<1~X 3aMeHL<1Tb t Ha-t, a X 3aMeHL<1Tb Ha -X, TO no

nyYeHHble HOBble peweHL<1~ CL<1cTeMbt ( 1) 5YAYT onl<1cbtBaTb npo~ecc 

o5pa30BaHL<1~ CB~3aHHOrO COCTO~HL<1~, TO eCTb npo~ecc, B KOTOpOM 

ABe 1<1n1<1 6onee yeAL<1HeHHbte BonHbt ( 9) , HaxoA~~L<1ec~ np1<1 t < 0 

HeorpaH!<1YeHHo AaneKo APYr oT APyra, np1<1 Bcex t>O 5YAYT Haxo-

AL<1TbC~ Ha KOHeYHOM paccTO~HL<11<1 Apyr oT APYra. 3AeCb Heo5XOAL<1MO 

3aMeT.,Tb, YTO B OTni<1YL<1e OT pacnaAa 1<1 Cni<1~HL<1~ coni<1TOHOB, 1<1Meto

~1<1X, KaK 1<13BeCTHO, pe3oHaHCHbt~ xapaKTep, pacnaA ., o5pa3oBaH!<1e 

CB~3aHHOrO COCTO~HL<1~ BOnH (9) npOL<1CXOAL<1T np., BbtnonHeHL<11<1 ycno

BL<1~, 3aAaBaeMbiX HepaBeHCTBaML<1, TO eCTb B CL<1Tyal\.,1<1 OO~ero no

no~eHL<1~. 

1. N-BOnHOBOE PEWEHI-lE Cl-ICTEMbl ( 1) 

lln~ Taro YT05bt nonyYI<1Tb ¢opMynbt, on.,cbtBaiQW.,e B3a!<1MOAe~CT

BL<1e N > 1 BOnH ( 9) , B03bMeM BeKTop-CTOn6e4 A C N KOMnOHeHTaML<1 

,\ m BL<1Aa 
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( 1.1) 

rAe "'m- KoMnneKCHbJe napaMeTpbl. Bo3bMeM, Aanee, KBaApaTHYJO 

MaTpVILzy P nopHAKa N C 3neMeHTaMVI Pm, n BVIAa 

p 
m,n ~---_-. m,n=l, ... ,N. ( 1. 2) 

{i.)m + wn 

nycTb, HaKOHel.\, q- BeKTOp-cTOnOel.\ C N KOMnOHeHTaMVJ q
1

, ... ,qN' 

a Q- 3PMVITOBa MaTPVJI.\a no pH AKa N c 3neMeHTaMVI Qm,n , m, n = 1, 
... , N, TaK~MVI, '-ITO BblnonHsteTcfl paseHcTao 

dQ --
--+ 4;:;;3 Q + 4Q<U 3 + 4KQQ ~ 0, 

dt 

rAe 

<U ~ diag (<U l , ... , wN) , 

( 1. 3) 

( 1. 4) 

a 3HaK 11
-

11 03HaYaeT TpaHcnOHV!pOBaHVIe, TO eCTb, 8 4aCTHOCTVI, 

nepexoA OT seKTOpa-cTon61.\a K seKTopy-cTpoKe. TaKVIM o5pa3oM, 

BbipaH<eHVIe q-ij onpeAenHeT 3pMVITOBY MaTpVItzy nopHAKa N C 3neMeH

TaMVI qmqn• m, n = 1, ... , N. npeAnOnOH<VIM Tenepb, YTO KOMnoHeH

Tbl 'l,n BeKTOpa q VI 3neMeHTbl Qm,n MaTpVII.\bl Q He 3aBVICHT OT Koop

AVIHaT X VI Y • nonOH<VIM 

I -Q 

D ~ det <!> ~ det 

p I 

0 

0 

t. 

0 

p 

-
q 

- Q 
I 

rAe I - eAVIHVIYHaH MaTpVII.\a nopHAKa N. TorAa $yHKI.\VIVI 

l u~2---lnD, 

ax2 

<!> 
¢~

D 

YAOBneTBOpHIOT CVICTeMe ( 1) BCIOAY, rAe D ,/ 0. 

( 1. 5) 

( 1. 6) 

C yYeTOM (1.6) nerKO HaXOAVIM, YTO AnH TOrO, YTOObl AOKa3aTb 

3TO YTBePH<AeHVIe, HaM AOCTaTOYHO y6eAVITbCH B cnpaseAnVIBOCTVI 

COOTHOWeHVIiii 

a2 n ~ 2 n a4 n a2
D 2 an 2 

(3----------)D-3[(----) +(--) ]+ 

al atax ax4 ax2 ay 

an a3 n an 2 
+(--+4--)----4K\<!>\ '"0, 

at ax3 ax 

( 1. 7) 
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a<1> a2
<1> aD a2

D aD a<1> 
( i --- ---) D = (i ---+-----)<I>- 2 --- --. 

dY <Jx2 dY ax2 ax ax 
(1.8) 

CnpaBeAn~BOCTb 3T~X COOTHOWeH~i1, KaK 5yAeT noKa3aHO H~l!le, Bbi
TeKaeT ~3 cneAyKllllei1 anre5pa~YecKoi1 neMMbl. 

A n r e 5 p a ~ 4 e c K a ~ n e M M a. nycTb B - KBaApaT
Ha~ MaTp~L\a nop~AKa r + 2 , D 0 . nycTb, Aanee, B I' • 1, - KBaA
paTHa~ MaTp~Lia nop~AKa r + 1 , nonyYaKlllja~c~ ~3 MaTp~L\bl B nocne 
8bl4epK~BaH~~ 3neMeHTOB I' -(1 CTpOK~ ~ v -ro CTOn5l.la, a 81' ,v = 
= det BI'L l' ' 11.' v = 1, ... ' r + 2. nycTb, HaKOHeu., Bo- MlilHOP 
r-ro no'p~AKa, cTo~w~i1 a npaeoM H~l!IHeM yrny MaTp~L\bl B. TorAa 
cnpaBeAn~BO paeeHCTBO 

( 1. 9) 

lloKa3aTenbCTBO 3Toi1 neMMbl Tp~el!!anbHO ~ no3TOMY onyweHo 
(eM. , Hanp~Mep, pa5oTy IS/) • 

noKal!leM Tenepb, KaK~M 05pa30M COOTHOWeH~~ (1.7) lit (1.8) 
cneAjiiOT ~3 paeeHCTBa ( 1. 9). C 3TOJ:1 L\enbiO B03bMeM KBaApaTHble 

MaTpli!L\bl F m,n , Gm , U ~ V B~Aa 

0 A *Wn 0 

F m,n 
0 _Q m;:: 0, n::,O. ( 1.10) 

w mi\ p 

0 0 q 

0 _Q m:: 0 , (1.11) 

wm.\ p 

0 0 A*;;, 0 

0 0 !.* 0 

U= 0 0 _Q ( 1.12) 

WA A p 

0 0 0 q 

0 0 !.* 0 

0 0 _Q ( 1.13) 

WA A p 
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3~eCb ~ 8C~~y 8 ~anbHe~WeM 38e3~0YKO~ 0503HaYeHO 3pM~T080 co
np~)!(eH~e, TO ecTb TpaHcnoH~po8aH~e ~ KoMnneKcHoe conp~)!(eH~e, 

8blnOnH~eMOe O~H08peMeHHO. HeTpy~HO 8~~eTb, YTO MaTp~Ljbl F m,n 
~ Om ~Me~T nop~~OK 2N + 1, a MaTp~Ljbl U ~ V ~MetoT nop~~OK, pa8-
Hbl~ 2N +2 . C nOMOUjbiO HecnO)!(HbiX 8biY~CneH~~, 0CH08aHHbiX Ha pa-
8eHCT8aX (1.1), (1.2) ~ (1.5), HeTpy~HO y5e~~TbC~ 8 cnpa8e~
n~80CT~ COOTHOWeH~~ 

aD 
--~- det F ax 0,0 

/D 
---- ~ _ det F 
ax 2 o.1 

-detF 1 ,0 , 

-2 det F 1, 1 - det F 2 ,0 

-3detF 1,2 -3detF2 , 1 -detF3 ,0 +2detU, 

a<t> 
-- ~ detG 1 • ax 

2 a <t> 
-~ ~ detG2 - detV, ax 

aD 
__ ~ _ i det F

0 1 
+ i det F

1
•
0 

• 
ay • 

lD 
-~~ detF0 3 ay< • 

-de(F 1, 2 -detF2 • 1 +detF -2detU, 3,0 

a<t> 
-- ~ - i det G 2 - i det V . 
ay 

. aD iD 
1 __ + --- ~ - 2 det F 

1 0 a Y ax2 . 

a<t> a
2

<t> 
i -- - -- ~ 2 det V . 

a Y ax2 

Bocnonb3yeMc~ Tenepb anre5pa~YeCKo~ neMMo~. nono)!(~M 
Tor~a cornacHo (1.10), (1.11) ~ (1.13) ~MeeM 

B t,t ~ Fo.o B 1,2 ~ F1,0 

aanee, Ha OCH08e (1.13) nonyyaeM pa8eHCT80 
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( 1.14) 

(1.15) 

( 1.16) 

(1.17) 

B = V. 



p l· 
0TC~Aa B c~ny (1.5) cneAyeT, YTO 

det 8 
0 

=D. 

TaK~M o5pa3oM, B 3TO~ c~Tya4~~ paseHCTBo (1.9) np~H~MaeT B~A 

I det F
0 0 

. D det V = det 
det F 1, 0 

det G 0 . 

( 1.18) 

B COOTBeTCTB~~ C paBeHCTBaM~ ( 1. 5) , ( 1. 11) , ( 1.14) , ( 1. 15) 
~ (1.17) nonyYaeM, YTO COOTHOWeH~e (1.18) COBnaAaeT C COOTHO
WeH~eM (1.8). CneAOBaTenbHO, cnpaBeAn~BOCTb COOTHOWeH~~ (1.8) 
AOKa3aHa. 

aD 
BbiY~cn~M Tenepb sen~Y~HY-. C 3To~ 4enb~ B03bMeM A~aro-

HanbH~ MaTp~ey T B~Aa at 

T= exp(4w 3 t), (1.19) 

rAe MaTp~4a w onpeAeneHa nocpeACTBOM paseHCTBa (1.4), ~ nono
lfi~M 

( 1. 20) 
-Ha OCHOBaH~~ (1.3) MaTp~4a Q YAOBneTBOp~eT ycnoB~~ 

dQ ---
--+4KTqqT=0. ( 1. 21) 

dt 

C Apyro~ CTOpOHbl, B c~ny ( 1. 5) ~MeeM 

D = det I 1 _Q 

1· -p 

C yYeTOM (1.1), (1.2), (1.10) ~ (1.19)-(1.21) OTC~Aa cneAyeT 
paBeHCTBO 

aD -a
1
-=4detF0 •2 -4detF1. 1 +4detF2•

0 
-4KdetR, ( 1. 22) 

rAe 
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0 

q 

0 

0 

p 

q 

_Q 

I 

Aanee, cnpaeeAn~eo paeeHCTBo 

lo 
---=4detF +4detF +4detTJ+4KdetW, 
atax 0,3 3,0 

rAe 

W= 

0 

0 
-q 

0 

0 

0 

0 

>.. 

0 

>..* 
I 

p 

q 

0 

_Q 

I 

( 1. 23) 

( 1. 24) 

( 1. 25) 

TaK~M o5pa3oM, cornacHo (1.14), (1.16), (1.22) ~ (1.24) nony
YaeM paeeHcTea 

ii
2

D ii
2D a4 D 

3------ --= -!2detu- 4KdetW 
ay2 ilt ax ax4 

iiD a3D 
--- + 4 --:r- = - 12 det F - 4 K det R , at ax 1,1 

( 1. 26) 

ao 2 
+ ( _ ) = 4 ( det F

0 1 
) ( det F 

1 0 
) • 

ay . . 

Bocnonb3yeMCH CHOBa anre5pa~4eCKO~ neMMO~. nycTb B = u . 
TorAa B COOTBeTCTB~~ C paBeHCTBaM~ (1.10) ~ (1.12) HaXOA~M, 
4TO 

Aanee, Ha OCHOBe ( 1. 5) ~ ( 1. 12) ~Me eM paeeHCTBO det B0 = D . 
TaK~M o5pa3oM, e paccMaTp~eaeMoM HaM~ ce~Yac cnyyae cooTHowe
H~e (1.9) np~H~MaeT B~A 

DdetTJ=det \ 

8 

det Fo,o 

det Fl,O 

detF0 , 1 \ 

det F
1

•
1 

• 
( 1. 27) 



nycTb Tenepb B = W . C yYeTOM pa8eHCT8 ( 1. 5), ( 1.10), ( 1. 23) 
~ (1.25) nonyYaeM, YTO 

det B0 = D . 

Aanee, Ha OCH08e 3PM~T080CT~ MaTp~~ P ~ Q yoe~AaeMc~ 8 cnpa-
8eAn~80CT~ pa8eHCT8a 

-
<I> ~ det 

0 A* 
-q 

0 p 

0 
_Q 

TO ecTb 8 c~ny ( 1. 25) ~MeeM det B 1.2 = <1> • CneA08aTenbHO, Ha 
3TOT pa3 COOTHOWeH~e (1.9) ~MeeT 8~A 

DdetW=det 
det Fo.o 

<I> 
( 1. 28) 

det R 

CornacHo pa8eHCT8aM (1.26) cnpa8eAn~80CTb 'OOTHoweH~~ (1.7) 
8biTeKaeT ~3 COOTHOWeH~i'i (1.27) ~ (1.28). TaK~M OOpa30M, cnpa-
8eAn~80CTb COOTHOWeH~i'i (1.7) ~ (1.8) AOKa3aHa nonHOCTb~. 

3AeCb HeOOXOA~MO OTMeT~Tb, YTO onpeAeneHHa~ nocpeACT80M 
(1.1) ~ (1.2) 3pM~TOBa MaTp~~a P 6yAeT HeOTp~~aTenbHOi'i, ecn~ 
sen~Y~Hbl "'m YA08neT80p~~T ycnO'B~~ 

Rew >0, mo::l, ... ,N. m ( 1. 29) 

HaooopoT, MaTp~~a P 6yAeT Henono~~TenbHoi'i, ecn~ 8blnonH~eTc~ 
ycno8~e 

Rew <0, m.o::l, ... ,N. 
m 

( 1. 30) 

TaK~M oopa30M, BbiO~pa~ 3pM~TOBY MaTp~ey Q HeOTp~~aTenbHO~' 
ecn~ ~MeeT MeCTO ycn08~e (1.29), ~n~, HaOOOpOT, Oep~ ee Henono
~~TenbHOi'i, ecn~ cnpa8eAn~80 ycno8~e ( 1. 30) , Mbl 8 ooo~x cnyYa~x 
C yYeTOM pa8eHCTBa (1.5) yoe~AaeMC~ 8 cnpaBeAn~80CT~ HepaseH
CTBa D?. 1 . 3TO 3HaY~T, YTO onpeAeneHHOe nocpeACT80M ( 1. 6) pe
WeH~e C~CTeMbl (1) B 3TOi'i C~Tya~~~ He ~MeeT OCOOeHHOCTei'i.KpoMe 
TOro, ~3 3PM~TOBOCT~ MaTp~~ P ~ Q CneAyeT, YTO onpeAeneHHa~ 
nocpeACT80M ( 1. 5) ~ ( 1. 6) ~YHK~~~ U np~ n~ObiX 8elljeCTBeHHbiX 
3HaYeH~~X X, y , t np~H~MaeT TOnbKO BelljeCTBeHHble 3HaYeH~~. 

nycTb Tenepb 

qm =am exp [ -4 (w~ + p~) t] , rn = 1, ... , N, 
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m,n==l .... ,N. ( 1. 31) 

rAe am -' 0 , ww 111 P! - KoMnneKCHble napaMeTpbl. C noMOIIjbiO Hecnoii{
HbiX Bbi~IIICneHl/1111 HaXOAIIIM, ~TO B 3TOM cny~ae BeKTOp q Ill 3pMIIITOBa 
MaTp1114a QyAOBneTBOp~IOT paBeHCTBY (1.3). B COOTBeTCTBl/1111 C (5) 
nonoii{I!IM 

. 3 -3 1 ( . ) 1 N 
(l)m =Jim+ lvm • Pm= -(l)m-;- 4 flmTm +lam • m = '···· • 

rAe I'm, vm , "m 111 r - eelljeCTBeHHble napaMeTpbl. HeTPYAHO y5eAIIITb-
c~, ~TO MaTp1114a Q ~yAeT HeOTPIII4aTenbHO~, ecn111 BblnOnHeHO ycno
BIIIe ( 1. 29), a napaMeTpbl ~'m' vm Ill T m YAOBneTBOp~IOT aHanoriii~
HOMY (4) HepaeeHCTBy 

[rm-4(1'~-3v~)]K>0, m~l, .• .,N.· ( 1. 32) 

Hao5opoT, MaTp1114a Q 5yAeT Henonoii{I!ITenbHO~, ecn111 OAHoepeMeHHO 
BblnonHeHbl ycnOBIII~ (1.30) Ill (1.32). CneAOBaTenbHO, nOA~IIIH~~ 
BbiOOp eeni!I~IIIH Wm Ill p: n11100 ycnOBIII~M (1.29) Ill (1.32), n11100 yc
nOBIII~M (1. 30) Ill ( 1. 32) , Mb1 nony~IIIM peweHI/Ie CIIICTeMbl ( 1) , He 
IIIMeiOIIjee OCOOeHHOCTe~ nplll niOObiX BelljeCTBeHHbiX 3Ha~eHIII~X x, y, t. 
nony~eHHOe TaKIIIM OOpa30M peweHIIIe CIIICTeMbl (1) ~Bn~eTC~ yll{e 1113-

"3' eecTHbiM N-coniiiTOHHbiM peweHI!IeM '· 0Ho onlllcbleaeT B3aiiiMOAe~CT-
BI!Ie N coni!ITOHOB BillA a ( 2) . Ecnl!l B 3TOM reweHIIIIII nplll HeKOTOPbiX 
3Ha4eHVHlX ~HAeKca m nonoHU1Tb r m = 4 (p:m - 3 v~ ) + K I am i 2 c m , rAe 
c m > 0 , 111 nepe~TIII K npeAeny np111 am~ 0 , TO nony~eHHoe e pe3ynb
TaTe N-coni!ITOHHOe peweHIIIe CI!ICTeMbl (1) 6yAeT COAepll{aTb HeKOTO
poe ~111cno coni!ITOHOB BIMa ( 6). IJ.anee, nonara~ P! ~ -w! np111 He
KOTOpblx 3Ha~eHI!I~X IIIHAeKCa m, Mbl AOObeMC~ TOro, ~TO HaWe N-co
niiiTOHHOe peWeHI/Ie CIIICTeMbl (1) 6yAeT COAepll{aTb TaKII{e HeKOTOpOe 
~IIICnO COniiiTOHOB BI!IAa (7). HaKOHe4, nonara~ B IIICXOAHOM peweHl/1111 
p3 ~ -w 3 np111 ecex 3Ha~eHI!IHX IIIHAeKca m = 1, ... , N, Mbl nony~IIIM 

m m ( ) N -coni!ITOHHOe peweHI/Ie CIIICTeMbl 8 . 
nonOII{I/IM Tenepb B paeeHCTBaX (1.31) w 1= ... = "'N =I'+ iv 

rAe I' 111 v - eelljeCTBeHHble napaMeTpbl. C noMOIIjbiO Hecnoii{HbiX Bbl~l!lc
neHI!I~ y6eii{AaeMC~ B cnpaBeAOIIIBOCTIII paBeHCTB 

D~1+1{exp[21'(X+2vy)1, 

<1> ~ L exp [I' ( x , 2 v y) 1 exp [ i v x - i (I' 2 - v 2 ) y 1 , 
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N 
L 

a -a r ... ""- ( 1. 33) 
m,n==l pm + pn 

EcnVI see senVI4VIHbl P! B3~Tbl pa3Hb1MVI, TO Vl3 HepaBeHcTsa ( 1. 32) 
cneAyeT, 4TO KBaApaTV14Ha~ ~opMa K nonomV~TenbHO onpeAeneHa. 
3To 3Ha4VIT, 4TO K > o npVI n1060M Bel4eCTBeHHOM 3Ha4eHVIVI speMeHVI 
t . TaKVIM o6pa30M, B cVIny (1.6) paccMaTpVIsaeMoe HaMVI peweHVIe 
CVICTeMbl (1) B AaHHOM cnyyae Ae~CTBVITenbHO VIMeeT BVIA (9), ecnVI 
nonomVITb 

f~- -
1
-JnK 

2~ • (1.34) 

C yYeTOM ( 1. 31) nony4aeM, 4To onpeAeneHHble Bbllle senVI4VIHbl K 
VI L YAOBneTBOp~IOT COOTHOWeHVIIO 

dl{ 2 2 2 2 ~~+8(~ -3v )~ K+2K ILl =0. 

0TC10Aa B~TeKaeT, 4TO onpeAeneHH~e nocpeACTBOM (1.33) VI (1.34) 
BenVI4V1Hbl f VI A YAOBneTBOp~IOT COOTHOWeHVIIO (10). l(anee, cnpaBeA
nVIBO paBeHCTBO 

2 
d f K d 2 2 dK 
-- = -- (K -- I L I -I L I -· ) . dt2 ~2K2 dt dt 

CornacHo J1.33) Vl3 3Toro paBeHCTBa cneAyeT, 4TO ecnVI cpeAVI 
senVIYVIH Pm VIMeeTc~ no Kpa~He~ Mepe ABe pa3Hble, To cnpaBeAnVIso 

d
2 

f 
HepaseHCTBO --::y ./; 0, TO ecTb ~a30Ba~ CKOpOCTb BOnHbl ( 9) B 3TOM dt 

cnyYae He ~sn~eTc~ nocTo~HHo~ so speMeHVI. 
PaccMoTpeHHa~ Bblwe yeAV~HeHHa~ sonHa He VlcYepnbiBaeT scex 

B03MOmHbiX 3AeCb cnyYaeB. YT05bl y5eAVITbC~ B 3TOM, nonomVIM 

~ 

qm ~ L am r exp [ -4 (w::n + i>! , ) t ], rn = 1, .•• , N, r== 0 ' ' 

Qm n = C exp[-4 (w 3 + "'n
3 ) t l + (1.35·) , m,n m 

~ a a . m,r n,s [ c-s 3 3 -a ------------- exp -4 cu +cun + Pm,r + Pn.s ) t] a -a m 
Pm,r + Pn,s 

+ K L 
r,s= 0 

m,n==l, ... ,N, 
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rAe am,r, Cm,n ,cum ~ p~,r - KOMnneKCHble napaMeTpbl. HeTPYAHO 

B~AeTb, 'ITO TaK onpeAeneHHble BeKTOp q ~ MaTp~4a Q YAOBneTeo

p~IOT COOTHOWeH~IO (1.3). KpoMe TOro, MaTp~4a Q 5yAeT, oye

B~AHO, 3pM~TOBO~, ecn~ een~Y~Hbl Cm,n o5pa3yiOT 3pM~TOBy MaTp~

l.\Y. llanee, HeTPYAHO y5eAVITbC~, YTO ecn~ C m,n = 0 npVI m,n = 1, 

••. , N, a cpeA~ een~Y~H aro,r ~MeeTC~ TOnbKO KOHeYHOe Y~CnO 

OTnVIYHbiX OT Hyn~, TO nonyYaeMoe 8 3TOM cnyyae C noMOUjbiO ( 1. 35) 
peWeH~e CVICTeMbl ( 1) onVICbiBaeT B3aVIMOAei>iCTBVIe N yeAVIHeHHbiX 

BOnH BVIAa (9), KaiKAa~ V13 KOTOPbiX MOIKeT 5b1Tb nonyYeHa V13 MHOro

COnVITOHHOro peweHVI~ CVICTeMbl ( 1) yKa3aHHbiM BbiWe cnoco50M, VI, 

cneAoeaTenbHO, caMo peweHVIe MOIKeT 5bJTb nonyYeHo ~3 MHorocon~

TOHHoro peweHVI~ C~CTeMbl ( 1). 0AHaKO 8 cnyyae, KOrAa cpeAVI ee

nVIYVIH am,r VIMeeTC~ 5eCKOHeYHO MHOrO OTn~YHbiX OT Hyn~, nonyYae

MOe C nOMOUjbiO (1.35) peWeH~e CVICTeMbl (1), OYeBVIAHO, HeB03MOIK

HO nonyYVITb V13 MHoroconVITOHHoro peweHVI~ 3TOi>i c~cTeMbl. CywecT

eyiOT VI APYrVIe B03MOIKHOCTI.-1 An~ BbJ5opa eeKTopa q ~ MaTpVIL\bl Q, 

KOTOpbJe YAOBneTeop~IOT COOTHOWeHVIIO ( 1. 3) ~ n03BOn~IOT nonyYVITb 

ApyrVIe TVInbl yeA~HeHHbiX BOnH BVIAa (9), OTn~YHbiX OT MHorocon~

TOHHbiX. 3acnyiKVIBaiOT OC05oro ynoMVIHaHVI~ yeA~HeHHble BOnHbl BVIAa 

(9) C orpaH~YeHHblM~ np~ BCeX t,(-oo,oo) ¢YHKL\VI~MVI fm, TaK~M~, 

df 
YTO _m_ i o. TaKoro TVIna yeAVIHeHHble eonHbl coeepwa10T ¢VIH~THble 

dt 
AB~IKeH~~, TO eCTb KaiKAa~ ~3 HVIX see epeM~ ABVIIKeTC~ 

e KOHeYHbiX npeAenax. B TOM cnyyae, KOrAa napaMeTpbl v ecex 

yYaCTBYIOW~X 80 B3aVIMOAe~CTB~~ BOnH BVIAa ( 9) COenaAai0-1", m = 1, 

••• , N, 3TVI eonHbl o5pa3YIOT OAHY yeA~HeHHYIO eonHy, cnoco5Hyl0 

pacnaAaTbC~ Ha HecKonbKO yeAVIHeHHbiX eonH BVIAa ( 9) • B cneAyiO

weM pa3Aene 3TO ~BneHVIe 5yAeT paCCMOTpeHO AeTanbHO. 

Q 

2. 06PA30BAH~E ~ PACnAil 

CB~3AHHOIO COCTO~H~~ B C~CTEME (1) 

Bo3bMeM KOMnoHeHTbl qm eeKTopa q ~ aneMeHTbl Qm,n MaTPVIL\bl 

e cneAyiOWeM B~Ae: 

Q rn,n 

- K-

am bn 

w~ -p! +iyn 

-3 3 l 
exp [ - 4 ( w + p - i y ) t -m 10 n 
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an bm 3 
- K ---------- exp [ -4 ( w 

-s -a . n 
cu -p-ly 

m n - m (2.1) 
bm bn 

-K------
-3 3 
Wm +wn -i (ym -yn ) 

exp [ -4 i ( y - y ) t 1 
m n 

m,n=l, ..• ,N, 

3 rtJ,e am•o , bm /; 0 , cum Lll Pm- KOMnneKCHble napaMeTpbl, a Ym-
Be1J1eCTBeHHble napaMeTpbl. HeTPYAHO y6eA~Tbc~, YTO TaK~M o6pa30M 
onpeAeneHHble BeKTOP q ~ MaTP~4a Q YAOBneTBOP~IOT COOTHOWeH~IO 
( 1. 3) . llanee, nonmK~M np~ m = 1, ... , N 

(2.2) 

rAe ~m, "m, 'm 111 v - Be1J1eCTBeHHble napaMeTpbl, YAOBneTBOP~IOIJl~e 
HepaBeHCTBaM 

2 2 Kjlm<O, llm'rm<O, (J.Lm-3v )J.Lm>O, ffi=l, ... ,N. (2.3) 

B 3TO~ CIIITYa4~111 onpeAeneHHble nocpeACTBOM paseHCTB (2.1) 3ne
MeHTbl Qm,n MaTp~l.lbl Q AOnycKaiOT npeACTaBneH~e 

-3 3 
Qm,n = -4K exp [-4 ( wm + wn) t 1 x 

0TC10Aa cneAyeT, YTO 3PM~ToBa MaTp~4a KQ 6yAeT Henono~I!ITenb
HO~. D.anee, Lll3 ycnoBLIIfl KIJ.m < 0 , m = 1, ... , N, cnettyeT, YTO 
onpeAeneHHa~ nocpeACTBOM (1.1) 111 (1.2) 3pMIIITOBa MaTp~4a KP 
TaK~e 6yAeT Henono~~TenbHO~. CneAOBaTenbHO, B c111ny (1.5) np~ 
nl06biX Be1J1eCTBeHHbiX X, Y , t cnpaBeAni!IBO HepaBeHCTBO D :;, 1 
TaK~M o6pa3oM, onpeAeneHHoe c noMOIJ1biO Bblpa~eH~~ (2.1) peweHI!Ie 
cl!lcTeMbl (1) cornacHo (1.6) He ~MeeT oco6eHHOcTe~ np111 nl06blx 
Be1J1eCTBeHHbiX 3HaYeH~~X X, Y, t • 

Bbi~CHIIIM Tenepb, KaKoBa A~HaMI!IKa 3Toro peweH~~. C 3To~ 
4enb10 B03bMeM MaTPIII4Y G c 3neMeHTaM~ Gm,n B~Aa 

bmbn . 
G = ------------ exp [-4l(ym - Yn )t]. m,n = 1,. •• , N. 

m.n -3 3 . ( ) 
cum +wn -l ym -yn 

-3 3 . -EcnLII senLIIYLIIHbl (Vm =cum + 1 y see pa3Hble, m - 1, ... , N , TO 3PMLII-
TOBa MaTp~4a G Ha OCHOBe {2.2) ~ (2.3) 6yAeT nono~~TenbHO 
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onpeAeneHHo~. llanee, e y4eToM (2.1)-(2.3) ~MeeM Qm.n+ "Gm.n ·• 0 
npV1 t _..,. - oo , m , n = 1, ... , N . OTCK>Aa cneayeT, YTO HaiiiAeTC5l KoH
cTaHTa c0 > 0 111 MOMeHT epeMeHV1 t 0 , TaKV'Ie, YTO npVl ecex t :: t 

0 
enpaseAn~so HepaseHeTso (-·K)N detQ ;c c0 . HaKoHel\, een~ sen~4~Hbl 
~m see pa3Hble, m = 1, ... , N, TO eornaeHo (1.1) ~ (1.2) ~MeeM 
det pI 0. nonoii<~M Tenepb z = (x + 2 vY) K • TorAa np~ z 4 00 8 eo-
OTSeTeTs~~ e ( 1. 1) , ( 1. 2) ~ ( 2. 3) nony4aeM, 4TO D 4 1 , <t> 4 0 

pasHOMepHO no t<;(-oo,t 0), TO eeTb U 4 0 ~ ¢40 np~ Z4oo 

pasHOMepHO no t <; (- oo , t 0 ) • C Apyro~ eTOpOHbl, e nOMOIJ1biO ( 2. 3) 
y5eii<AaeMe~, 4TO pasHOMepHo no t <; (-oo, t0 l np~ z 4 -oo enpa-
8eAn~Sbl eOOTHOWeH~~ 

-N -1 
Dexp(-2K~OZ)42 wodetQ, <t>D 40, 

llm • UJo = 

N 
11 -1 

~m 
m=l 

0Te10Aa eneAyeT, 4TO np~ Z 4 - oo pasHOMepHO no t <; (-oo, t 0) 
~Me eM u 4 0 ~ ¢4 0. TaK~M o5pa30M, np~ t <; (-oo, t 0 l paeeMaT
p~saeMoe HaM~ peweH~e e~eTeMbl ( 1) Ae~eT8~TenbHO on~eblsaeT 
yeA~HeHHYIO SOnHy, eosepWaiOIJ1YIO ~~H~THOe AS~II<eH~e, TO eeTb np~ 
8eex t <; ( -oo, t 0 ) HaXOA~IJ1YIOe~ 8 HeKoTopo~ nonoee s~Aa I x + 2vY IS 
~C0 , rAe C0>0. 

noeMOTP~M Tenepb, 4TO np0~30~AeT e HaW~M peweH~eM np~ l4oo, 

C 3TO~ ljenbiO npeAnOnOII<~M, 4TO SXOA~1J1~e S ( 2. 2) sen~4~Hbl r m 

see pa3Hble, m = 1, ... , N, a ~x HyMepal\~~ TaKosa, 4TO np~ n106biX 
mIn SblnonH~eTe~ HepaseHeTso 

(r -r )~ >0, m n m 
ecn111 m < n. (2.4) 

M=exp(-~rt), (2.5) 

rAe r - se111eeTseHHbllii napaMeTp, a ~ - A~aroHanbHaH MaTp~lja 

C 3JleMeHTaMVI p. m Ha rnaBHOill AVIarOHallVI, m = 1, ... , N , TO eCTb 

(2.6) 

B e~ny ( 1. 5) enpaseAn~8bl paseHeTsa 
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_Q 0 0 ~ 

D ~ det <!> ~ det 0 _Q (2. 7) 
p 1 ' 

p 

rAe 

P~MPM, Q~M-1QM-1 • \:~ MA, 
-1 

~ ~ M q. (2.8) 

Ha OCHOBaH~~ ( 1. 1) , ( 1. 2) , ( 2. 5) ~ ( 2. 8) aneMeHTbl P m,n MaTP~l.\bl 
P ~MetOT B~A 

\:m\:n 
m,n=:l, ..• ,N, (2.9) 

rAe \: 1 , •.. , \:N- KOMnoHeHTbl BeKTopa-CTono(.\a \: ~ MA • B cooTBeT
CTB~~ C (1.1), (2.2), (2.5) ~ (2.6) cnpaBeAn~BO paBeHCTBO 

(2.10) 

rAe z~x+2vY-rt. HaKoHe(.\, c y'teToM (2.1), (2.2), (2.5), 
(2.6) ~ (2.8)_~ony'taeM, 'ITO ~OMnOHeHTbl ~ 1~ •.. , ~N BeKTOpa
CTOnO(.\a ~ ~ M q ~ aneMeHTbl Qm,n MaTp~(.\bl Q MoryT ObiTb Jan~caHbl 
B cneAy~eM B~Ae: 

~ ~ exp [ ~ ( r- r ) t] ! a exp (ia t) + m m m m m 

+ bm exp [ (~m r m + 4 i Ym) t Jl , m ~ 1, •••, N, 

x!K 
3--n-3 -exp[-i(am -an)t]

Pm + Pn 
(2.11) 

&mbn 
- K ------------- exp [ ~ r t- i (a -4 y ) t]-3 3. nn m n 

U>n -pm + 1 Yn 

an bm 
- K ---------- exp [~ r t + i (a - 4y,m) t]--3 -3 . m m n 

Wm- Pn - 1 Ym 

bmbn 
- K ---------- exp [ (~ r + ~ r ) t -.4i(y - y, )t]!. 3 3 mm nn m n 

(;jm+wn-i(ym-yn) m,n=l, ••. ,N. 
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npeAnOnO~~M Tenepb, 4TO 8XOA~~~~ 8 pa8eHCT8a (2.5) ~ (2.11) 

napaMeTp r ~ (- ~, ~) 8bl5paH TaK, 4TO np~ n1060M m= 1, ... , N 

8blnOnH~eTC~ Hepa8eHCT80 

TorAa cornacHo (2.3) ~ (2.11) nonyYaeM, 4TO np~ t 4 ~ cnpa8eA

n~8bl COOTHOWeH~~ 

11 .... 0, 
m 

m=l, ... ,N, Q .... o, m,n=l, ... ,N. 
m,n 

0TC10Aa 8 C~ny ( 2. 7) , ( 2. 9) ~ ( 2. 10) 8biTeKaeT, 4TO np~ n1060M 

!jl~Kc~po8aHHOM z ~ x + 2 v y - rt ~ t 4 ~ ~Me eM D 4 1 , <!> 4 o , 

TO eCTb Ha OCH08e ( 1. 6) np~ n1060M !jl~KC~po8aHHOM Z ~ t 4 ~ no

ny4aeM, 4TO U 4 0 ~ ¢ 4 0 . 3TO 3Ha4~T, 4TO ~HTepecy~ee HaC 

peweH~e np~ t 4 ~ He COAep~~T 5ery~~X 80nH C !jla3080ioi CKOpOCTbiO 

r, YA08neT80p~~e~ ycn08~10 (2.12). C Apyroi>i CTOpOH~, npeAno

no~~M, 4TO napaMeTp r~(-~.~) 8~5paH TaK, 4TO np~ n1060M m= 

= 1, ... , N cnpa8eAn~80 Hepa8eHCT80 

(r-r )~ >0, m~1, ... ,N. 
. m m 

(2.13) 

C y4eToM ( 2. 3) ~ ( 2. 11) nonyYaeM, 4TO 8 3TOM cnyYae np~ t 4 ~ 

cnpa8eAn~8~ ac~MnTOT~K~ 

rym exp [~m (rm- r) t ]-am exp (ium t), m ~ 1, ••• , N, 

am an 
----exp[-i(u -a )t]. m,n~1, ... ,N. 

3 -3 m n 
p + p 

m n 

B COOT8eTCT8~~ C (2.7), (2.9) ~ (2.10) OTCIOAa cneAyeT, 4TO 

np~ n1060M !jl~KC~p08aHHOM Z ~ t 4 ~ 8blnOnH~IOTC~ COOTHOWeH~~ 

D exp [ -2 

of> exp [ -2 

16 
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aman . 
R '" K --------- exp [ -1 (a -a ) t]. m,n 3 -3 m n 

m,n == 1, ... , N. 
p + p 
m n 

B TOM cnyYae, KOrAa aenli1Yii1Hbl p~ ace pa3Hble, m= 1, ... , N, oye
B>lAHO, YTO det R ,i 0 . B 3TO~ CL-lTyaljL-1>1 c noMOtJ1bKl ( 1. 6) nerKo 
nonyyaeM, YTO npL-1 nKl50M {jl>lKC>lpOBaHHOM Z L-1 t 4 oo >lMeKlT MeCTO 
aC'-lMnTOTL-lK'-1 U 4 0 '-1 ¢ 4 0 , TO eCTb paCCMaTP'-lBaeMOe HaM'-1 pewe
H'-le C>lCTeMbl ( 1) npl-1 t 4 oo TaKlt<e He COAep»<>lT 5ery(J1'-1X BOnH C {jla-
3080~ CKOpOCTbKl ' , YAOBneTBOP~Kltl1e~ ycnOB'-lKl ( 2.13). 

PaccMoTp>lM, 11anee , cnyya~, KOrAa napaMeTp '<; ( -oo, oo) Bbl5-
paH TaK, YTO npl-1 HeKOTOpOM ljenOM r, YAOBneTBOP~KJU1eM ycnOB'-lKl 
1 :; r < N , BblnonH$110TC$1 HepaseHCTBa 

(2.14) 

CornacHo (2.4) oTCKlAa cneAyeT cnpaBeAn'-lsocTb HepaBeHCTB 

ecn111 m d., ... , r , 
(2.15) 

ecn111 m """' r + 1 , ..• , N. 

8 C,ny (2.3), (2.11) '-1 (2.15) HaXOA>lM, YTO B AaHHO~ CL-lTyalj'-1'-1 
np'-1 t 4 oo cnpaBeAn>lBbl aCL-lMnTOTL-lK'-1 

ecn111 m == 1, ••. , r, 

~ exp [I' (c -c) t]- a exp (ia t), ecn'-1 m ~ r + 1, .... N, m m m m m 

Qm,n --l' 0, ecn111 m,n = 1, ... , r, 

Qm,n exp[!ln(rn -r)t]..,.Q, ecn111 m==l, ..• ,r,a n=r+1, .•. ,N, 

~m.n exp[J.Lm(rm-r)t]-JoO, ecnli1 ID=f+1, ... ,N, a n=1, ... ,r, 

am an 
- K --

3
--:3 -exp[-i (am -an) t], -ecn'-1 m,n~ t+ 1, ... , N. 

pm + pn 

Ha OCHOBaHL-1'-1 ( 2. 7) , ( 2. 9) '-1 ( 2.10) OTCKlAa cneAyeT, YTO np'-1 nKJ-
50M {jl>lKC>lpOBaHHOM Z L-1 t 4 oo >lMeKlT MeCTO COOTHOWeH'-1~ 

N 
D exp [ -2 ~ 

m= r+l 
I'm (' - 'm) t ] 4 ( det P, ) ( det R, ) , 
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N 
<I> exp [-2 :£ 

m = r.;.-1 
~ (r-r )t]~O, 

m m 
(2.16) 

rt~e P, 111 it,- KBat~paTHble MaTplilljbl nop~t~Ka N-r COOTBeTCTBeHHO 

c 3neMeHTaMI!1 P 111 R Bli!Aa 
r,m,n r,m,n 

~ ---------' m,n=l, ... ,N-r, 

(2.17) 

a a 
R 

r+ m r+ n 
~, --------- exp [ -i (a -a ) t ], m,n=l, ... ,N-r. 

r,m,n 3 -3 r+ m 

rr+m +pr+n 

r+ n 

C y4eTOM paBeHCTB (1.6) 1!1 COOTHOWeHI!I~ (2.16) nerKO HaXOAI!IM, 

4TO np111 nto50M (jli!IKCI!IpoBaHHOM Z 1!1 t ~ oo BblnOnH~IOTC~ aCI!1MnTOTI!1Kii1 

u ~ 0 111 ¢ ~ o , TO ecTb Hawe peweHI!Ie np111 t ~ oo He cot~ep}I(I!IT 5e

ry1J11!1X sonH c (jla3oso~ CKOPOCTbiO r , YAosneTsop~IOIJ1e~ ycnoBI!IIO 

( 2. 14) . TaKI!IM o5pa30M, pe310Mii1PY~ CKaJaHHOe BbiWe, Mbl nony4aeM, 

4TO s c111ny ( 2.12)- ( 2.14) 1!1HTepecy101J1ee Hac peweHI!Ie cl!lcTeMbl ( 1) 

np111 t ~ ~ He COt~ep}I(I!IT 5ery\l11!1X BOnH C (jla30BOii1 CKOpOCTbiO r .f 'm , 
m = 1, ... , N. PaccMoTpvtM, HaKoHeu., cnyyaJ/1, KOrAa r= rr , r = 

= 1, ... , N. 8 COOTBeTCTBI!11!1 C ( 2. 3) , ( 2. 4) , ( 2. ll) 1!1 paBeHCTBOM 

r = r r nonyYaeM, YTO B 3TOM cnyyae npvt t -+ oo cnpaaell,m...,Bbl acVIMn-

TOTii1KI!1 

TJ __. 0 ecn111 m = 1 , ... , r - 1 , 
m , 

ry exp[~ (r -r )t]-a exp(ia t), ecn111 
m m m r m m 

m = r, .•. , N, 

Qm,n ..... Q, ecnvt rn,n=l, ... ,r-1, 

Q m,n exp [ 1-Ln ( r
0 

- 'r ) t 1 .... 0, ecnV1 m = 1, ... , r- 1, a n = r, ••• , N, 

Qm,n exp [" ( r - r ) t] ~ 0, ecn111 m ~ r, ... , N, a n ~ 1, ... , r- 1, 
r m m r 

a man 
- K --------- exp [ - i (a - a ) t ], e cn111 m , n ~ r , ... , N. 

3 -3 m n 
Pm + pn 
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CornacHo (2.7), (2.9) ~ (2.10) OTC~~a cne~yeT, YTO np~ n~5oM 
<jJ~KC~p08aHHOM Z ~X+ 2 vY- r, t ~ t ~ ~ cnpa8e~n~8bl COOTHowe-
H~~ 

D exp [ -2 
N 
L 

m=r 
"(r -r)t]~ rm r m 

~ ( det P, _ 1 ) ( det ~ , _ 1 ) + ( det P, ) ( det R, ) , (2.18) 

<!> exp [-2 
N 
L 

-~ " 
, ( r - r ) t J ~ - ( det P 1 ) ( det R 1 ) , rm r m r- r- r=l, •.. ,N. 

3~eCb MaTp~Ljbl P, ~ R r np~ r = 0, 1, ... , N- 1 ~8n~~TC~ K8a~paT
HbiM~ MaTp~4aM~ nop~~Ka N- r c 3neMeHTaM~ P r,m.n ~ R r,m,n , 
onpe~en~eMbiM~ 8blpaH<eH~~M~ ( 2 .17), a np~ r ~ N HYH<HO nonoH<~Tb, 
no onpe~eneH~~, det PN ~ det RN ~ 1 • llanee, MaTp~Lja P, nonyyaeT
c~ ~3 MaTp~l\bl P, 8 pe3ynbTaTe 3aMeHbl 3neMeHT08 nep8oro cTon5lja 
3Toi'i MaTJ?.~l\bl Ha 8en~Y~Hbl (,+ 1, ... , (N, r = 0,1, ... , N -1, a 
MaTp~Lja R, nonyYaeTc~ ~3 MaTP~l\bl ~' nocne 3aMeHbl 3neMeHT08 
nep8oi'i CTpoK~ 3TOi'i MaTp~Ljbl Ha 8en~Y~Hbl a<+ 1 exp (ia,+ 1 t), .•• , 
aNexp(iaN \), r= 0,1, ... , N-1. C yYeTOM (2.9), (2.10) ~ 
( 2. 17) ~3 COOTHOWeH~~ ( 2.18) cne~yeT, YTO np~ t ~ ~ 8 HaWeM 
peweH~~ CO~epH<~TC~ N ye~~HeHHbiX 80nH 8~~a 

2 2 
~, 

u = ----------------2 • 
ch [, (X+2vY-r t)+f ] rr r r 

¢ ~ A, --------------------

(2.19) 

r~e r, ~ A,- orpaH~YeHHble <jJyHKL\~~ t<;(-~.~l . TaK~M o5pa30M, 
Hawe peweH~e ~ei'iCT8~TenbHO on~cbl8aeT pacna~ o~Hoi'i ye~~HeHHOi'i 
80nHbl Ha N ye~~HeHHbiX 80nH 8~~a ( 2.19). 

Hen~wHe OTMeT~Tb, YTO paccMoTpeHHoe 8b~e peweH~e coxpaH~eT 
C80~ ~~HaM~Ky np~ 3aMeHe 8eKTOpa Q C KOMnOHeHTaM~ Q 8~~a 
(2.1) Ha 8eKTOp Q' C KOMnoHeHTaM~ Q~ ~ Qm +<gm , r~~ <- Manbli'i 
napaMeTp, a gm- npo~380nbHble orpaH~YeHHble <!JYHK4~~ t.; ( -~ .~) 
np~ 3TOM, KOHeYHO, HYH<HO 3aMeH~Tb onpe~eneHH~e nocpe~CT80M 
( 2.1) 3neMeHTbl Qm,n MaTp~Ljbl Q Ha 8en~Y~Hbl Q :O,n 8~~a 
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- 3 3 
Q:r..n ~ -4K exp[-4 Cwm+ "'n ) t] x 

t 

x f q' ( t') q' ( t') exp [ 4 ( ;:, 3 + w 3 ) t' ] d t' . 
m n m n 

B 3aKnt04eHI>le Heo5XOA111MO OTMeTiolTb, 4TO on1o1caHHbl~ BbiWe npo4ecc 
pacnaAa OAHO~ yeAiolHeHHO~ BOnHbl Ha npOII13BOnbHOe 4111CnO yeAI>lHeH
HbiX BOnH He lo1C4epnbiBaeT BCeX B03MO)!{HOCTe~ Ha~AeHHOrO Knacca 
peweHiol~ ClolCTeMbl ( 1) . 
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