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KaK ~-t3eecTHO /l-3/, PfiA BS)f(HblX c npHKilS.QHOi:1 T04K~-t 3peH~-tA 
ypaeHeHH~ ,qonycKaeT npe,qcTasneHHe 

.£.'!.. -~ -[u, d]q[A, (lJ~o. /1/ 
at ax 

rAe U=ll(X, t) - KBa,qpaTHS.R MaTpHLJ,a nopR,QKa fQ C paBHblMH Hy­

!110 ,QHaroHaJlbHblMH 3!leMeHTSMYI, A - ,Q~-taroHa!lbHart MaTp1-11..4a c paa-

!114"--HbiMH AHaroHa!lbHbli'-H1 3IleMeHTaM~-t A1 , ••• ,Ar ~ C, a Goc-G(x,t,ry)-
0 0 

KBa,QpSTHSA MSTPYIL43 noprtAK3 r O, 3JleMeHTbl KOTOpOH 33BHCfiT pSLJ,HO-

HSilbHO OT napaMeTpa 1J· CooTHOWeHHe Ill fiB!l.ReTC.R Heo6xo,qHMbiM 

lot ,QOCTaT04HbiM YC!lOBHeM CYU4eCTBOBSHio1ft COBMeCTHOrO peWeHio1ft r:/J 

ypaeHeHH~ 

a~'> 
- +u¢ ~ ryA¢, 
ax 

YAOBJleTBOP.RIOlllero B HeKOTOpO~ TO"-!Ke X= X 0 , t = t 0 YCI10BJ.110 ¢=E. 
nony4aeMble c noMOL4biO cooTHoweHHfl I 1 I ypaaHeHHR o6na,QaiOT pfi­

AOM 3SMe4aTe!lbHbiX CBOi:1CTB. Cpe,QH Hti!X BS)f(HYIO p011b HrpaiOT CJ.1M­

MeTplo11o1 1-1 KSK J.1X CJ1e,QCTBJ.1e - 3aKOHbl COXpaHeHJ.1.A- J.1 HHBSpHaHTHble 

peweHHfl 3T~-tx ypasHeHHi:1. Ha4ano lo13y4eHI410 Clo1MMeTpH~ 3TOro Knac­

ca ypasHeHJ.1~ nono>KeHo pa6oTot.1 :' 4 /, a KOTOpo~ paccMoTpeHa rpynna 

CHMMe.Tp~~ sine-Gordon -ypasHeHI4fl. B nocne,QoaaswHx 3aTeM pa-

6oTax /;,-? 1 ~t~ccne,qosaHbl rpynnbl Clo1MMe_Tp~-t~ ypasHeHHfl K,qB, He!l~-tHe~­
Horo ypas~eHHfl Wpe,QHHrepa "' pR,qa ,Qpyr~t~x • 

.. ...... _)t HaC"T:,ORIJ.Iei:1 pa6oTe Hallr,QeHa 6ecKOHei:4HOMepHaR KOMMyTaTHBHaR 

rpynna·, OTHOCHTe!lbHO KOTOpOIIJ HHBSpHSHTHO Jli060e lo13 ypasHeHHi1 1 

nony~...~aeMbiX c noMOU\biO coOTHOWeHHR I 1 I. ,[lanee noKa3aHo, 4TO Hallr­

,qeHHble paHee 110K3IlbHble 3SK0Hbl COXpaHeHHR /3/ RBilRIOTCR C!le,QCTBH­

eM lo1MeHHO 3TJ.1X CHMMeTp~t~H. HaKoHeu,, paccMoTpeHbl ypaeHeHHR AilR 

HHBap~-taHTHbiX peWeHH~. ,ll11R 3THX ypaBHeHH~ TSK)f(e HSIIJ,QeHa rpynna 

Clo1MMeTplo1~ J.1 nepBble HHTerpa!lbl. 

§1. B~BOA YPABHEH~~ 

s 0 Ps a (s) 

+ :i: :i: p 
s=O p=O ( )Ps p+l 

n 
(j = ~ A TJ n-m 

m=O m 
ry-"1 8 

r,qe MaTplo1LJ,bl Am 14 Q. ~) He aaa1o1CRT OT Tf· Tor.4a 

,QHM, 4TO MaTPHL43- Ao y,qosneTBOpReT ycnoe1o110 

/21 

cornacHo Ill Haxo-

I 



/3/ 

a np1o1 m=l, ..• , n+l CnpaBeAfiHBO paseHCTBO 

[A,A ]-[u,A 
1

]-..iLA 
1 
~o. 

m m- ax m-
13 '/ 

Aanee, B CHJlY /1/ MaTplo1u,a a~) YAOBileTBOpHeT ypasHeHJ.1~ 
aa 'o') 
-- + [ u, a (s)] ~~ [A, a (s) ], /4/ 

ax 0 s 0 

a np~t~ p = 1, .•. , p s cnpaseAJ11-1BO peKyppeHrHoe coorHoweHI-'Ie 

aa (s) 
~+[u a(•)]~~ [A a(•)]+[A a(s)]. /4 '/ ax . p s ' p ' p- 1 

HaKOHeu,, BbtTeKaiO~ee H3 I 1 I He!l~t~HeHHoe 3BOniOU,VIOHHOe ypasHeHJ.1e 

HMeeT BVI,Q 
so 

;tu -[A,An+l]+s~O[A,a~s~ l~O. 

nonaraR 

A0 ~ diag(a 1 , ... , a,
0 

), 

/5/ 

V13 COOTHOWeHVI.A /3 '/ npJ.1 m=l nerKO HSXOAHM, 4TO sem14Y1Hbl ar 
He 3aBHC.AT OT X. Aanee, HeTPYAHO BVIAeTb, 4TO COOTHOWeHJ.1e /3'/ 
onpe.QenRer Alo1.aroHallbHble sneMeHTbl MSTPI-1U.bt A m-l c T04HOCTbiO 

AO He 38BHCRII.IIo1X OT X BeJ'U1'·H1H, a 3JleMeHTbl MSTPI-1U,bt Am , CTORiqVIe 

BHe rnaBHOi1 AJ.IIarOHSJll-1, COOTHOWeH!IIe /3'/ onpeAe!l.AeT 0AH03Ha4HO. 

HaKOHeu,, J.13BeCTHO IS!, 4TO 3JleMeHTbl MaTpHLJ, Am, YAOBJlersQp;:;IO~HX 
COOTHOWeH~.AM /3/ ~ /3'/, np~ n~60M m>O RBn.A~TCA non~HOMaMH OT 

3neMeHTOB MaTp~U,bl U H ee npOH3BOAHb1X nO X AO (m-1) "'"(O -~qpa,q,-·. 

Ka. HcxoAA ~3 3Toro ~aKTa, nono*~M 

m 
A ~ ~ A 

m (J.=O m,p. 
/6/ 

rAe MaTPHU.bl A m,(l onpeAeneHbl TaK, 4T06bl HX 311eMeHTbl 11~60 pae­

H.All~Cb HYll~, 11~60 .ABJ1RJ1~Cb KBa3~0AH0POAHb1MH non~HOMaMH paHra{J. 

OT 3JleMeHTOB MaTpHU,bl U J.1 ee npOH3BOAHb1X no X COOTBeTCTBYIOUlero 

nopAAKa ~. TorAa HeTPYAHO BHAeTb, 4TO 3neMeHTbl MaTpHu, 

~nonHHOM Q OT 3JleMeHTOB MaTpHU,bl U H ee npOH3BOAHbiX no X Ha-

3blSaeTCA KBa3H0AH0p0AHb1M paHra m, eCJlH np~ nOACTaHOBKe 8 Q ee-

J1J.14HHbl Ak+l BMeCTO 3JleMeHTOB MaTp~U,bl u(k) = a k~ Ka}f(Abl~ 
ax 

OAH04J1eH Qa np~H~MaeT BHA ca,\m, rAe C a- OTJ1H4Ha.A OT HY!lA KOH­

CTaHTa. 

2 



A* ~A 
m m,m 171 

3SBL-1Cf!T J114Hd1Ho oT ,QI4aroHanbHbiX 3neMeHTOB ar MaTpi4LJ,bl A0 , npH­

I...IeM cnpaeeAJ1VtBbl paseHcTea 

ro a A* 
A*~~ a __ m_, 

m !"" 1 r dar 
A =A* 

m m 

m-1 ro 

+ L ~ 
I' =0 r-=1 

a 
m-J.L, r 

!8! 

r,Qe 8€IH141-1Hbl a H€ 3SBI4CRT OT X, 04€8H,QHO, I.{TQ MSTP\IIUbl a A* m-p., r 
A* 1-1 ~ YAOBJleTeop.RIOT paaeHCTBSM /3/ H /3 '/. 

m aar 
nonmKHM Tenepb 

191 

r,qe cj> 
8 

=¢ 
5 

(x) - peweH1-1e ypaeHeHMR 

.P ~ + u.P ~ry ,M, 

y,qoeneTBOpfttow.ee ycnOBIIIIO c/J 5 = E np\11 HeKoTopoM x= x 0 , a MaT-

pva-'a C ~) H€ 3SBI-101T OT X. HeTpy,QHO Blo'I,Q"€Tb, 4TO TSK onpe,QeJleH­

HSR MSTP14US a(g) YAOBJ1€TB0Pfl€T ypaBHeHI-110 /4/ 1.1 yCJ10BI-110 a<a) 
= C 6s) np1-1 x""x 0 • .llanee, nonmtn.1M 13<g) =C <J), a np~-1 p > 0 

onpe,qem1M {j(~) c noMOW.biO paaeHcTsa 

!3~') ~ c~'\ f[.p:' (z)ll¢, (z), 13~\(z}!dz, 
r,qe MSTPL-11..1S C(!~ He 3SBL-1CI-1T OT X. Tor,qa H€TPYAHO y6e,Q111TbCA, 

p 
LITO MSTPI-1l\bl 

YAOBJ1€TBOPRIOT COOTHOWeHI-110 /4 '/ 1-1 YCilOBHIO a(s)=C (s) npH 
p p 

p=l, ... ,ps. 
nycTb Tenepb 

so p + 1 
" ~ II (~-ry ) ' 

s= 0 s 

c 

CBA3aHbl C 

a 

19 'I 

X= X O' 

/10/ 
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noaBOJlfiiOW.HM OAH03Hai.IHO onpeAeJli.Hb MaTpHLJ,bl C ~) no AaHHbiM 
MaTpHLJ,SM C (~) . 803bMeM Tenepb MaTpi-1LJ,Y 

YAOBJleTBOpfiiOll.lee yCJlOBHIO rf>==E npH X=Xo lo1 111060M Tjf:.C, a 
MaTpHu,a c onpeAeneHa cornacHo 1101. nono*HM Tenepb 

~ ( p 
·A = l a s) (~-~ ) 

p=O p s 
/13/ 

MaTpH~a A s CHilY /11/ H /12/ YAOB!leTBOpReT ypaBHeHHIO 

a A - +[u,A]=~[i\, A], 
ax 

/14/ 

0TCIOAa nerKO cneAyeT, '-ITO K03$4H1U,HeHTbl a( g) pa3JlOX<eHHfl I 131 
YAOBJleTeopfiJOT ypaeHeHHfiM I 41 1o1 I 4 'I 1t1 ycnoBHfiM a (s) "" C (s) 

np\.1 X = X Q, p "" 0, 1, ... , p 
8 

, T. e. COBnaAaiOT C PHa~Ae~HbiMYI 
paHee peweHHfiM\.1 191 H 19~1 3THX ypaeHeHH~. 

HcXOAfl H3 paseHcTea 121, nono*HM 
(s) 

a P 

( )Ps-P+ I 
.,-., s 

•o 
l 

s=O 
/15/ 

TorAa cnpaeeAJl~t~Bo paaeHCTBO 

so Ps 

a = l l 
k+t s=O p=Ps,k 

-
____ k_! ___ k+p-ps (s) 

~ a 
(p -p)!(k+p -p )! s p 

s s 

/16/ 

rAe Ps,k = max(O, p 8 -k). ,llanee, c noMOW.biO Ill 14eTPYAHO y6e-
AHTbC.A, '-ITO npltl k > 0 CnpaBeAJlHBO peKyppeHTHOe COOTHOWeHHe 

a 
[i\,ak+l]-[u,ak ]- Txak = 0. /17/ 

HaKOHeu,, c y~.teTOM 1161 ypaeHeHHe 151 MO*eT 6~Tb 3an~t~caHo e BHAe 

au 
.-- = [ i\, A +I J -[A, a I ] , at n 

/18/ 

§2. C~MMETP~~1 

YpaBHeHHe 1181 ~t~HeapHaHTHO OTHOCit1TeJlbHO npeo6pa3oBaHH~ H3 
HeKOTOPO~ 6eCKOHei.IHOMepHOH KOMMyTaTHBHO~ rpynnbl. HMeHHO, Mbl 
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noKa~eM, 4TO np~ aaMeHe 

JA* 
u -t- u + I! [ i\., ~ l, m · 0, r = 1 , ... , r 

0 
, 

rJa r 
/19/ 

ypaBH€H~€ /18/ COXpaHR€T CBO~ B~A C T04HOCTb~ ,QO 4fl€H08 nopR,Q­

Ka € 2. 3TO 03Ha4a€T, 4TO P€W€Hl-1€ ypa8H€H~R 

/20/ 

6yAeT np~ n~6oM r y,QoeneTBOpATb ypasHeH~~ /18/, ecnH 3TO ~Me­

eT MeCTO np~ KaKOM-H~6y.Qb r.., r 0 • TaKHM o6pa30M, ypaeHeH~e/20/ 

np~-t Jli06btX m · 0 1t1 r """1 ..... r 0 onpe,qem'leT O.QHOnapaMeTp~YecKyJO 

rpynny npeo6paaoeaHH~ ypaaHeHHA /18/. KaK 6y,qeT ACHO H3 no­

cne,qy~li.iero, ant rpynnbl KOMMYTI-IPY~T M€)f(AY co6oH Yl, cne,qoaaTenb­

HO, ABflA~TCA O,QHOnapaMeTpH4€CKHM~ nO,QrpynnaMH H€KOTOpOsli 6eCKO­

H€4HOM€PHO~ KOMMyTaT~BHO~ rpynnbl. np1o1 3TOM H€06XO,QVIMO OTMe­

THTb, 4TO aaMeHa /19/ e~e He onpe,qenAeT O.QH03HaYHO npeo6paao­

BaH~e MaTpit!LJ,bl a 1 . BXOAAlL\€~ a npaay10 YaCTb ypaeHeH\tiR /18/. KaK 

6y,qeT noKa3aHo HH)f(e, MaTpit!LJ,Y a 1 Heo6xo,Qit!MO no,qeeprHyTb npe­

o6paaoeaH~!O 

m 
/21/ a .... a + € ~ [a k , 

1 1 k = 1 r'Ja r 

r,qe MaTp~LJ,bl a k 

/1 b/, a MaTp~U,bl 

CBA3aHb1 C MaTpit!LJ,aMit! a~s) paB€HCTBaMH /15/ H 

UA ~~-:_k_ 
CBA3aHbl C MaTpVIu,aMH Am paB€HCTBaMH 

Jar 
/6/-/8/. 

,(lilA ,QOCTit!>K€HI>1A HaM€4€HHO~ U,€IlYI Bb!ACHit!M npe>K,Q€ BCero, KaK 

M€HA!OTC.R CO Bp€M€H€M 3fl€M€HTbl MaTpHLJ, r"IA~/ Jar B CVIflY ypaBHe-

HHA /18/. C 3TO~ U,€Ilbl0 nOflO>Kit!M 

()A ·~m -, P 

Jar m,n, r 
+Q 

m,r /22/ 

r,qe T04Ka 03Ha4aeT AH$¢epeHu,~poaaHYie no apeMeHit!, a MaTp~u,~ 

P H Q cor nacHo /3 'I y,qoaneTaopAJOT cooTHoweH~AM 
m,n,r m,r 

JA* 
~[[A, A 

1
]. -....!!d...],/23/ 

n+ aar 
[A, p 

m,n,r 

a 
]-[u,P ]--P 

m-1, n,r ax m-1, n,r 

[A,Qm,r 1-[u,Qm-l,r 
a l--Q ax . m-l,r 

dAri,_1 =-[ [ •\, a I ], J .. 
aa, 

Ha OCHOBaH~~ /3/ H /3;/ cnpaae,Q!llt!BO paBeHCTBO 

/24/ 
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[[A,·A n+ I], 
3A* 

m-1 

a a, 

n 
J--[A, ~ [A 

s= 0 n-s 

JA* 
--~Jl+ 

aa r 
n 

+[u, ~ [An-s• 
s=O 

aA* ' n 
m+ s-Ill+}_~ [A 

n-s 

aA* 
rn+s-1 ]. 

aar Ox s=O 

TaKHM o6paaoM, a cHny /23/ 
n 

0 ~ p + ~ [A 
m,n,r m,n,r n-s 

M8TPJ.1U.bl 

a A* 
m+s 

a a r 

YAOBJleTBOpR~T peKyppeHTHOMy COOTHOWeHH~ 

[ A o J-[u o J-..Lo ~o. ' m,n,r ' m-l,n,r ax m-l,n.r 

aa r 

/251 

/26/ 

H3 !6!-181' /22/ " /25/ ""AHO, "TO 3JleMeHTbl M8TPH4bl om.n,r 
111160 paBHbl HYJ110, 111160 RBilRIOTCR CYMMO~ KB83HOAHOPOAHbiX nOJ11-1HO­

MOB paHra fl., YAOB!leTBOpRIO~ero HepaaeHcTey m :S p. .S. m + n. C APY­
roi:1 cTopoHbl, a cHny /31 1-1 /3' I np1-1 n1060M n;:. 0 cnpaaeAilYIBO pa­
BeHcTao 

n 

~ [A n-s' 
s=O 

a A* 
--•-] 

aa, 
0. /27/ 

3HB411T, cornacHo /25/, HMeeM 0 =0 np1-1 m=O. TorAa 113 

6 
m,n,r 

/2 I cneAyeT, '-lTD 311eMeHTbt MaTpi-1U,bl 0 m,n,r 111t16o paBHbl Hy!liO, 
111160 RBI1RIOTCR cyMMO~ KBa3HOAHOp0AHbiX nOJlHHOMOB paHra p., YAOB­
JleTBOpfliOl!.lero HepaseHCTBY 0 S 11 ~ m- 1. CneAOBaTellbHO, nplt1 111of>oM 
m> 0 HMeeM Om,n,r = 0, T.e. cnpaBeAJlVIBO paeeHCTBO 

n aA* 
p " ~ [ m+ s , A ] . /28/ 

m,n,r S""O aar n-s 

aanee, B CHJlY /3/, /3' I" /17/ cnpaBeAJlHBO paseHCTBO 

JA*m-k ]] _ 

m-1 
-[u, ~ lak , 

k~l aa, 

aa, 
a m-1 

- ~ [a , ax k=:1 k 

TaKVIM o6paaoM, cornacHo /24/, MaTpHI..(bt 

m JA* m-k 
K "Q + ~ [a k, 

m,r m,r k= 1 aar 

YAOBJ1eTBOPR~T peKyppeHTHOMY COOTHOWeHVI~ 

[A, K . ] - [ u, K I ] - _!!_K ~ 0 . 
m,r m- ,r ax m-1.r 

6 

dA*m-k-1 
-~'-=!...]. 

aa r 

/29/ 

/30/ 



C noMOI!IbiO /22/, /24/ " /29/ HeTPYAHO y6eA"TbCR, 4TO K m,r ~o 
np~-1 m=1.3Ha41-1T, cornacHO /30/ ,np~-1 m>l cnpaee,qm1so paseHcT-
so 

K 
m,r 

ro 

:I. am-,-2,r,, s=l r 

JA* 
-L 

Ja' 
/31/ 

r,qe B€IlVII.lYIHbt am-J.L-2 , r, s H€ 3a8\.1C.RT OT X. 803bM€M Tenepb 6ec-
KOH€4HO-,qH¢¢epeH~HpyeMy~ ¢YHK~Io1~ W= w(X), pSBHy~ HYil~ npl-1 
X < X 0 It! €,QHHI4U,€ npJ.1 X> X 1 > X Q , J.1 nOilO>KVIM ({

1 
= Wa 1 , a npVI 

k>lonpe,Q€J11.1M MSTPVII..Ib1 ~k C nOMO~biO COOTHOW€HY!.R /17/ TSK, 

4T06bl np1o1 X> X1 IIIM€!10 M€CTO paeeHCTBO ak =ak • T0r,Qa cnpaee,q~ 
111-180 pSB€HCTBO 

=a* 
k 

k-2 10 
+ :s :s 

K=O ~1 
b 
k-K-2,r 

JA* 
--"-, 
aa, 

/32/ 

f,Q€ 8€Jll.11.B•tHbl bk-K- 2 ,r H€ 3SBJ.1CR-T OT X, a MSTPJ.IIU,bl ak_ paBHbt 

HY1110 npl-1 X< X 0 , nycTb Tenepb 

K ~a 
m,r m,r 

r,qe Qm,r=JA~/aa 1 npltl YC!lOBYtlll, 4TO ~=-(/\,;; 1]. Ha OCHOB€ 

/27/1-1/32/ I-1MeeM Km,r=O npvt x<xo.nocKOJlbKY MSTPHU.b.!._ Km,r 
YAOBJ1€TBOpA10T COOTHOW€HVIIO /30/, TO OTCIOAa C11€AY€T, 1.11_0 Km,r"'" 0 
npH mo6oM x.·OAHaKo, npa-1 x>x 1 nony1.11-1M, '-ITO Km,r ""Km,r' 
r.e. npH x>x 1 cnpaeeAJ1HBO pa8eHCT80 Km,r ""0. 0TC10Aa 8 CH­
ny /31 I cneAyer, '-ITO K m,r ""0 npa-1 n106oM x, T. e. cnpa8eA­
Jli-180 pa8eHCT80 

Q 
m,r 

m dA*m-k 
~:S[ ,a,J. 

k =1 a a r 
1331 

nocMoTpHM renepb, KaK J.13MeHRTCR Marpl-1l.lbl A n+l np~-1 aaMeHe 
/19/. C 3TO~ 1..1€Jlbl0 nOACTa8HM 8 COOTHOWeHJ.1e /3'/ BM€CTO An 
MaTpHLIY An +!F m,n.r a 8M€CTO U MaTPHLIY U+~:(A,dA~/dar). 

TorAa AJlR onpeAeneHHR Marpi-1LJ.bl F m.n,r nony1.11-1M COOTHOW€HI-1e 

[A,F ]-[u,F 
m, n+l,r m,n,r 

a 
]--F ax m,n,r 

JA* 
~[[A,--],A ] 

a a r n 

Ha OCH08aHHI-1 /3/ J.1 /3'/ cnpa8€AJ11-180 paBeHCTBO 

/34/ 
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aA* m aA* 
[[A,-m-l.A1~[A.~[A m-sn 

aa n s=1 n+s aa 
r r 

m dA * a m a A* 
-[u,~[A 'm-sll--~[A , m-s]. 

s= 1 -n+s-1 aar ax 8"" 1 n+ s-1 aar 

Orc~Aa, cornacHo 1341, cneAyer, 4TO MaTp~~~ 

m 
'G . ~ F - ~ [A 1 m,n,r m,n,r s=1 n+s-

OA*m-s] 

a. r 

YAOBneTBOpR~T COOTHOWeHH~ 

[A, G 1-I u,'G 
m,n+ 1, r . m,n,r 

a 1--G ax m,n,r 

/35/ 

/36/ 

HeTPYAHO BHAeTb, 4TO F 0 ""0. Aanee, Ha ocHoee 1341 cne-
dA* m, ,r 

AYeT Fm l ,~-[A 0 ,--m-1. 3Ha4"T, B C"IlY /27/ " /35/ "MeeM 
' ' aar 

'a =0 npl-1 n=l. 0TC~Aa Ha OCHOBaH~YI 1361 CileAyeT, 4TO m,n,r 
3!1eMeHTbl MSTpf..1~bl a m,n,r n1o160 paBHbl HyniO, JlVI60 RBI1R~TCR 
CYMMOI-1 KBa3~0AHOPOAHbiX MHOr04JleHOB paHra !lt YAOBileTBOpRIOW.ero 

HepaaeHCTBy o:::~sn-2. c APYCOi'i CTOPOHbl' Ha OCHOBe /27 I " /35/ 
nony4aeM, 4TO aneMeHTbl MaTpVI~bl ·a m,n, r n~6o paBHbl HYil~, 
111-160 RBilRIOTCR CYMMO~ KBa3~0AHOP0AH~X MHOr04JleHOB paHra ~.YAOB-

JleTBOpRIO~ero HepaeeHCTBy 

m:;: ~ ~m+n-1. /37/ 

0TCIOA8 CileAY6T, 4TO ·a m,n,r = 0 np~ m > n-2. Ho 8 TSKOM cny-

4ae ~3 1361 BVIAHO, 4TO np~ n :2_ m+ 2 3JleMeHTbl MaTp~~bl '0 m,n,r 
11~60 paBHbl HYll~, n~60 RBnR~TCR CYMMO~ KBa3~0AH0P0AH~X MHOro-

4IleHOB paHra ~· YAOBnereop.A~W.ero HepaeeHcrey 0:5: ~ S. n-m-2. Cne­

ADBarenbHO, cor nacHO 137 I, 'a m,n,r = 0 np~ m > n-m- 2, T. e. 

np~ 2m> n-2. noerop~B 3TO paCCY>KAeHI-le k pa3, M~ Ha OCHOBe 

1371 nony4aeM, 4TO G =0 np~ km> n- 2, r.e. np~-1 mo-
m,Ibor 

6~x m>O H n>O. TaK~M oupaaoM, cnpaBeAJli'!BO paaeHCTBO 

~ ~ [A ' aA*.,_.J!.....]. 
s=1 n+s aa 

r 

F 
m,n+1,r /38/ 

H3 paaeHCTB /28/ " /38/ a c"ny /27/ cneAyeT paaeHCTBO 

P -F ~ 0. 
m,n,r m,n+1,r /39/ 

~3 3TOrO paaeHCTBa CileAyeT YIHBSpf..18HTHOCTb ypaBHeHH.A 1181 OTHO­

CHTellbHO 38MeHbl 1201 npH a 1 = 0. 
nocMOTPVIM Tenepb' KaK VI3MeHRIOTCR MaTpVI~bl a k nPVI 38MeHe I 19/. 

CAeilaB 8 COOTHOWeHI'IVI 117/ 3aMeHy 
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JA* 
u..,. U+t:[A, __ m_], 

Jar 
nony4~M paeeHcTeo 

a k .... a + (() 
k k,m,r 

a cJA' 
[ i\, o I - [ u, a l - - a = [ [ A, -"-' l, a k I . 

k+l,m,r k,m,r ax k m,r aa 
B CHny /3/, /3'/ H /17/ cnpaBeAnHBO paBeHCTBO < 

JA i: m-1 
[ [ i\, __ m l. a ] + [ i\, :£ [ 

dark s=O 

JA*m-s-1, a ]] -
Jar k+s+l 

m-1 
-[u, :£ [ 

JA* 1 m-s-1 a rn-
JA* 

m- s-1 

s=:O 
_::;__c'--"- , a ll - - :£ [ 

da k+s Jx s==O 
( 

{:3 k,m,r = O k,m,r 

iJA* m-s-1] 

aa r 

YAOBJleTBOp~~T peKyppeHTHOMY COOTHOWeH~~ 

a a, 

a [i\,IJ ]-[u,/J 1--IJ =O,k>O. 
k+l, m, r k,m,r ax k,m,r 

,ak 1 = 0. +s 

/40/ 

/41/ 

CoOTHoweH!-1e I 41 I He onpeAen.ReT eAI-1HCTBeHHbiM 

f3k,m,r . noKa}f{~M, 4~0, Tpe6oeaH~tte ,8k,m,r =0 
C ypaBHeHiti.RMI-1 /~/, ~~ /, TaK H C ypasHeHI-1eM 
coeepwi-1M e ypaeHeHI-11-1 /12/ 3SMeHy 

o6paaoM MaTpY1"'bl 
cornacyeTcA Kax 

/14/. C 3TOH ~enb~ 

JA* 
u .... U+l[i\, __ m_], 

Ja • B peaynbTaTe nony4HM 
J¢ 

___:_<.!!,.!.... = - ¢ -1 [ i\' 
Jx 

<fA* 
__ m_J¢. 
aa r 

aanee, B CI-1J1Y /3/, /3'/, H /12/ CnpaBeAnl-180 paSeHCTBO 

i.JA* J m-1 
¢-1[1\,-m-1¢=-'-1¢-1 :£ 

Jar ax /l""' 0 

CneAOBaTeJlbHO, cnpaeeAilHBO paseHCTBO 

m-1 a A* 
¢ = C - ¢-1 :£ m-~- 1 1 ~ ¢, 

m,r m,r /1""0 aar 

rAe MaTpltlL.J,a Cm,r He 3,JBI.IICI-1T OT X. TaKltlM o6pa30M, peweHI-1€ ¢ 
803MYll.\eHHOrO ypaeHeHltlFI /12/ VIMeeT BltlA 

m-1 a A* 
f=¢ +<¢Cm • _, :£ m-f-1 ry~¢ + ... 

• /1""0 aar 

CAenaeM Tenepb e ypaaHeHI.-11-1 /14/ ~aMeHy 
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aA* 
U4 U+£[A,--m-], 

aai 
A....,A+t:6.m,r 

B pe3ynbTare nony4~M paseHcreo 

j}_A +[u,A ]-ry[11,A ax m,r m,r m,r 

a A* 
l=-[[11, --m-1, A]. 

aai 
CornacHo /3/, /3'1 H /14/, HMeeM 

OA* m-1 iJA* 
[[1l,-m-],A]+ry[1l, ~ [ m-e-1 ,A]ry~] _ 

dar p.=O dar 
m-1 aA* 1 a m-1 aA*m-,-1 fl -[ u, ~ [ m--fL- , A]ry ~]-- ~ [ r ,A]ry =0. 
f.1=0 aar Ox fl=O Oar 

A* =A m,r m,r 

a A* 
_ _;:;m_-..cMc..-_;1:...] ry M 

aa I 

/42/ 

YAOsnersopReT ypaeHeHH~ 

j}_A* +[u,A* ]-ry[11,1'\* ]=0. ax m,r m,r m,r 

PeweHio'le f"1 ~ r =0 3TOrO ypaBHeH1.1.R COOT,€TX!,B,¥€T Bbl6o_py peweHHR 
·A soaMyll.leH'Horo ypaeHeHio1R /14/ BJ.1Aa A =¢0¢-f rAe C = C + £0 ;;;,r, 
npHl.leM MaTp1o1u,a C onpeAeneHa c noMOil.lbiO /10/, a c~.r=[C,CmJ· 

nonmtH1M renepb 

A "= ~ 8 (s) ( - ) P 
m,r p= 0 m,r,p Tf TJ s 

,llanee, nonO>Kio1M 
saPs 8(s) 
~ ~ m,I, p = ~ 8 -k 

S=Op=O ( )p p+l k=l k,m,r7J • ry-ry, s 

0TCIOA8,, COr!l8CHO paeeHCTBY /42/ np11 A* =0 m,I 

8 k+1,m,r 
A k+e 

-''-"----dry, 
p + 1 (ry-ry ) s 

s 

aA• m-Jl-1], 
a a I 

rAe HHTerpHpOB8HH€ BeAeTCR no 38MKHYTOMY KOHTYPY r, orpaHH4H­
B8101qeMy o6naCTb, COAep>Kall\YIO TOI..IKI-1 TJ =0 J.1 77=TJ

8
, S = 0, .. ,, SO. 

8 CHny paBeHCTB /13/ H /16/ HMeeM 

1 ' 0 An k+~ 
a =- ~ ji ~·t__•..,-.,..,- dry 

k+p.+l 277"is=Or Ps+l • 
(ry-ry ) 

s 
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3Ha4~T, cnpaBeAnHBO paBeHCTBO 
rn-1 OA*ro-s-l 

ak ~ ~ [ak , l, • m,r s= 0 + s a a, 
4TO COOTBeTCTByeT 
cneAY~T paaeHCTBO 

fl k,m,r ~ 0 B paBeHCTBe /40/. 0TCIDAa 

m 
a1 ~~ [ak, ,m, r k= 1 

aA~-k L 
a a r 

4TO HaXOAHTCR 8 nOJlHOM COOTB€TCTBHH C /21/. 
H3 paeeHCTB /33/ H /43/ cneAyeT, 4TO 

Q +a 1 ~o. m,r ,m, r 

/43/ 

/44/ 

PaeeHCTBa /39/ H /44/ 03Ha4aiDT, 4To npH 3aMeHe /19/, /21/ 
ypaBHeHHe /18/ COXpaHR€T CBO~ BHA C T04HOCTb~ AO 4neHOB no­
PRAK8 £2. OTC~Aa cneAyeT, 4TO ypaeHeHHe /20/ BMeCTe c ypaeHe­
HI-'leM 

aa k m- 1 
-- ~ ~ [a ar s=O k+s 

aA*m-s-1], 

a a, 
k > 0, /45/ 

onpeAenR~T OAHOnapaMeTpi-14€CKY~ rpynny, OTHOCHT€JlbHO KOTOpO~ 
HHB8pH8HTHO ypaBHeHHe /18/. nocKOJlbKy ypaBH8HH€ /20/ RBJ1R€TCR 
48CTHbiM CJ1y4aeM ypaaHeHJ.IIR /18/, TO H3 H3JlO>KeHHOrO BbiW€ C!l8AY­

eT, 4TO npeo6paaoeaHHR, nopom~aeMble ypaeHeHHeM /20/ c pa3Hb!MH 
Ha6opaMH HHA€KCOB m H r, KOMMYTHpy~T M€>KAY co6o~. 

§3. 3AKOHbl COXPAHEHHR 

CneACTe~eM HaHAeHH~x e~we CHMMeTpHH RBnR~TCR npHBOAHM~e 
HH~e 3SKOH~ COXpaHeHHR, nono~HM 

T rn,r 

a A* 
Sp(i\ m+ 1 ), m > 0. r ~ l,. .. ,r 0 . 

aa, 
TOrAa HS OCHOBe /22/ HMeeM 

.i._T ~Sp(i\P 
1 

)+Sp(i\Q + 1 ). at m,r m+ ,n,r m ,r 

8 CHny paBeHCTB /27/ H /28/ HMeeM 
m+1 aA* 

m-s+1 ) , Sp(i\P + 1 ) ~ ~ Sp([A,A n+s m ,n,r s=l a a 
Aanee, cornacHo /3/ " /3' I npH m-s > 0 

/46/ 

/47/, 

/48/ 

11 



aA• 
Sp([A,A ] m-'+ 1 

n+ s a a, 

a m-s 
) ~- -Sp( :£ A 

CJx a==O n+s+a 

DA* 
m-s-a ). 

a a 
' 

0TC~Aa Ha OCHOBe /48/ nony4aeM pa88HCTBO 

a m dA~ 
Sp(AP m+ 1 ) ~---Sp( :£ ~A -~), 

,n,r ax p.=t n+t"L Oar 
/49/ 

C Apyrot:i cropOHbl, e Clt111Y paseHcrsa /33/ HMeeM 

m+ 1 8A * 
S (AQ ) "Sp([A, m-k+1 
P m+1,' ~ "' 

k=l Jar 
/50/ 

Cor nacHo 131, 13 'I np" m- k 2: 0 "Me eM 

aA* a m-k aA* 
Sp([A, m-k+ 1 ]a ) ~ -Sp( :£ m-k-' 

aar k cJx s=O CJar 

0TC~Aa HS OCHOBSHHI-1 /50/ CJl8AYeT paseHCTBO 

Sp(AQm+ 1,, /51/ 

TaK1-1M o6pa30M, B CIIIIlY /47/, /49/ lt1 /51/ HM88T M8CTO JlOKSJlbHbiVI 

3SKOH COXPSH8HJ.1R 

_ii_T + _i!_x ~o. /52/ 
cJt m,r ax m,n, r 

rAe senV14HHa Tm,r onpeAeneHa c noMOll.lbiO paBeHcrsa /46/, a 

m 
X ~Sp( :£ 

rn,n,r /L=l p.An+{l. 
aA*m-~)-Sp( ~ k-a_A_*_m_-_kak) 

dar k=l aar 
/53/ 

B TOM CJly4ae, KOrAa B ypaBH8Hlt11-1 /18/ a 1 ::=Q, CBR3b M8>KAY 

1-lHBapHSHTHOCTbiO :nero ypaBHeHI-1R OTHOCio1T8JlbHO 38M8Hbl /19/ lt1 38-

KOHaM!-1 coxpaHeHI-lR /52/ Momer 6b1Tb npocnemeHa c noMOUJ.biO o6biY­

Horo narpaH>Kesa noAXOAa. B coorseTCTB~~ c !6!-!81 nono~HM 

a A* 
a ~. 

n-f.l, r a 
nycTb, Aailee, 

n 'O 

A' 2~-1-N': 2 + :£ :£ 
n+ D+ 1 n+ f.l=l r=l 

a, 

1 -a 
f.l A-f.t, r 

/54/ 

/55/ 

rAe nocTORHHble an-f.l, r Te >Ke caMble, 4TO \II s paseHCTBe /54/. 
PaCcMOTp\IIM Tenepb ~YHK~~~ narpaH>Ka ~ B\IIAa 

"' 1 ' "- ~ -Sp(u v) + Sp(AA' ), 
2 n+2 

/56/ 



u~[A,vl. /57/ 

CAenaeM Tenepb 8 /56/ aaMeHy 

U4U+!J.u, V-+V+f'1V, !'!u=[A,tl.v]. 

TOrAa npHpa~eHHe jj.f ~YHK4HH narpaH~a f MOmHO aanHCaTb B BH-

1 . . n aSp (A A 'n + 2 ) ( ) 
tl.I'~-Sp(utlv+vi'lu)+ :i: Spl----=-c-=..-tlu k }. 

2 •~o au <•> 
nonO>KHM Tenepb A.flR k == 1, ... ,n 

n-k K a K asp(AA'n+2) 
p ~ s (-1) --

k K=0 ax K au (k+K) 

H3 3Toro paeeHcTaa cneAyeT, ~To 

aSp(AA'n+2) 8Sp(AA~+2 ) ap 1 
------ + __,_ ' 

~ 8u ax 
rAe 

8Sp(AA~+2 ) i_ (-d a• aSp(AA~+2 ) 
k ~o ax k au (k) au 

np1o1 0 < k < n HMeeM 

asp(AA_'n+ 2 l 
= Pk' + au <• > 

' a 
asp(AA~+ 2 l 

a ii (n) 

Aanee, cor nacHo /57 I 'cnpaaeAm-tao paaeHcTao 

-
8
-Sp(AA' ) ~[A, - 8

-Sp(AA' )] • 
OV n+2 Oil n+2 

p . 
n 

0TC~Aa Ha OCHOBaHHH pe3ynbT8T08 pa60Tbi/S/ 8 CHny /54/ H /55/ 
cneAyeT paaeHCTBO 

~ Sp (A A' + 2 ) ~ [A, A + 1 ]. av n ' n 
C y4eTOM 3THX paBeHCTB Bblpa>KeHJIIe AJIR !'1f npHHI'!MaeT BHA 

I'll'~ Spl(u-[A, A 1Jll'lvl- .1... _aa Sp(ut'lv) + 
- n+ 2 t 

a n . (k 1) 
+-Spl S pki'lu - l. ax k~1 

noJ10>KHM Tenepb B paaeHCTBe /58/ B COOT8eTCTBHH C /19/ 
aA* 

tlu ~,[A, __ m_], 
aa, 

a A* 
f1V=t:--m-. 

aa, 

/58/ 
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B peaynbTaTe Bblpa>KeHV1e All.fl 1\J npV1MeT BV1A 
iJA* a rJA ~ 

I'S'~<Sp[(u-IA,A _ ))-,---!!'-1- '- -Sp(u-:-"L)-
n-+ 1 rlar 2 rlt Jar 

J n 
-<-'-1 :£ 

iJx k == 1 

'Jk-1 dA* 
Sp([A,pk]: ~)I 

dxk-1 dar 

Cor nacHo peaynbTaTaM pa6oTbl ·' 3 ' cnpaBeA11V1BO paBeHCTBO 

ii 
--Sp(A 

dA * dA* 
m+l )o=:m[A,--m-], 

a;; 

d 
-Sp(A 
at 

m-11-1 

aa r rlar 

fJA* J m-1 
) ..,mSp(U--"-') + -'- Sp! ~ 

dar rlx JL=1 

·W-1) I 
" u ~ 

:£ 1-J/' 
l-'= 0 -

av I d riA~ 
-7:--:-,.-c- Sp(A-- )I, 

iJx 1' rJU (fH !J) r'Ja r 
f1.==1 •.•• ,m-1, 

/59/ 

/60/ 

npV~l.leM npV~ m:= 1 nocneAHee cnaraeMoe e npaeo!li l.lacTV~ paeeHcrea 
/60/, ol.leBV~AHO, orcyTcTsyer. Aanee, cornacHO /3/ V1 /3;/ cnpa­
BeA11V1BO paBeHCTBO 

IIA* ;· m <iA* 
Sp([A,A +1 ]--"-1 )=- -'-Sp("' A m-Jl). 

n r1ar fix ,t;_t n+fl aar 
/61/ 

TaKV1M o6paaoM, B CV111Y /60/ V1 /61/ paseHCTBO /59/ npV1HV1MaeT BV1A 

. iJA* 
Al:' ~ -..C.. ~ Sp (u-2!!) 

2 ()t aa 
' 

. iJA * 
+ ~ ~ Sp (i\ __ nl.±..l_) 

m rlt aa 
r 

fJA ~l 
--)1 + 

rJA* m-1 a m __ m:::_-,~;l'c_) i! " s ( . (!' -1) ) 
+<-Sp( :!: A +

1
,- -c-"' p rr u . 

!)x JL=1 n aar (}xJL=d fl 

/62/ 

CpaBHV1Ba.fl paeeHCTBa /59/ V1 /62/, c yl.leToM ypasHeHV1.fl /18/ npV1 
a

1 
= 0 nony1.1aeM, cor nacHO /46/, aaKOH coxpaHeHV1.fl B BV~Ae 

a a m JA * 
( "" m-IL ) -T +m-Sp "'A + 1,--"'=-~ + 

Ot m,r dx F=l n rJa 

a m-1 afl-1 A r 
[ J ___ n'7+_1_)1 - 0 , +-1 :£ Sp( A,rr - -

ax ~-1 l' Jxl' 1 

/63/ 
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np~t~4eM npH rn=l nocneAHee cnaraeMoe a neao~ 4aCTH 3Toro pa­

seHCTBa, o4eBHAHO, oTcyTCTayeT. PaeeHCTBO /63/ coenaAaeT c 
/52/ OAHaKO, cornaCHO /53/, HMeeT HeKOTOpoe OT11H4H€ 8 $OpMe 
aan~t~cH. 

8 CHny TOro, 4TO 8 ypaBHeHHe /18/ npvt a 1=0 ~BHO He BXO­

A~T X H t, OHO OKa3b1BaeTC~ HHBapHaHTHbiM OTHOCHTenbHO CABHrOB 
no X Y1 t, T.e. OTHOCHTellbHO npeo6pa30BaHvt~ U-+U+fli H U-+ U+!U'. 

X 
0AHaKo, KaK H€TPYAH0 y6eAHTbCR, 3TH npeo6pa30BaHHR RBJlR~TCR 
KOM6~t~Ha~He~ npeo6paaoaaHH~ /19/. 

§4. HHBAPHAHTHbiE PEWEHHH 

B 3TOM naparpa$e 6YAYT nony4eHbl ycnoaHR, npH BblnonHeHHH 
KOTOpbiX ypaBHeHHe /18/ HMeeT peWeHHR, HHBap~t~aHTHble OTHOCI-1-

TenbHO npeo6pa30BSHH~ H3 Ha~AeHHO~ HSMH 6eCKOHe4HOMepH0~ KQM­
MyTaTHBHO~ rpynnbl. C 3TO~ ~ellb~ paCCMOTp~M ypaBH€Hio1e 

~ 0, /64/ 

nonmKHM Tenepb 

m ro 
l S a 

fl""O r=t m'"'"""fl,r 
ecnH 0 < rn < m , 

- - 0 

A 
m m r 0 

s s 
/1'''"m-m

0 
r:=l 

a A* 
a .....£., 

m ""il• r a a 
r 

/65/ 
ecm-1 rn> m 0 • 

HeTPYAHO BHA€Tb, 4TO onpeAeneHHble cor nacHo /65/ MaTpH~bl Am 
YAOBneTBOpR~T COOTHOWeH"RM /3/ " /3'/. ~anee ypaBHeH"e /64/ 
MomHo Tenepb aan~t~caTb a BHAe 

[A, A I l ~ 0 . 
mo + 

Ha paseHCTs /65/ " !66! cneAyeT, 4TO MaTP"4a 
mo .... .... mo-m 

A ~ S Am~ 
m=O 

/66/ 

!671 

RBnReTCR 3aBHCR~Io1M nOJ11o1HOMio1anbHO OT napaMeTpa ~ peweHHeM ypaa­

HeH"R /14/. ~anee, 8 C"ny /66/ "3 COOTHOWeH"R /3'/ C~eAyeT, 
4TO AL-1aroHa11bHble aneMeHTbl A + 

1 MaTpH~bl A m +1 mo ,r,r 0 
npi4HI4MSIOT nOCTORHHble 3Ha4eHI4R Ha TpaeKTOpi4RX CI4CTeMbl /66/, T, e • 

RBnRIOTCR ee nepBbiMI4 14HTerpanaMI4, 
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Cor nacHo /65/ np111 Jli06oM rn ?. 0 cnpaseAJlVIBO paseHcTBO 

/68/ 

C APyro~ CTOpOHbl, s c~t~ny !66!, 1-13 coorHoweHI-1fl I 3 "I cneAyeT 

paBeHCTBO 

m 'O 

~ ~ ~ I 
f.L=O r-1 f.L,r 

m :: 0, /69/ 

r,Qe eeni-141>1Hbl Ill r np~t~HHMaiOT nocTORHHble 3Ha4eHVIfl Ha rpaeK-

TOPIIIfiX CI-1CTeMbl /66/, T. e. fiBJlfliOTCfl nepBbiMVI VIHTerpaJlaMI-1 3TO~ 
CI-1CTeMbl. ,Qanee, 1-13 paeeHCTB /52/ VI /53/ CJle,QyeT, 4TO BeJll-14\tiHbl 

a A* 
m=H__I 

i};r ' /701 

raK>Ke fiBJl.RIOTCfl nepsbJMI-1 IIIHTerpanaM~t~ CI-1CTeMbl /66/. Cor nacHo /69/, 
I-1MeeM 

'o m m-v dA* dA* 
J " ~ ~ I, .. ,,-Spl ~ (jL+U+i)~ ___!E._:~\. /71/ 

m,, 
r '=1 v=O ~~o da .. rJa r 

' c noMOI14biO 131 H 13'1 HeTPYAHO y6e,QHTbCfl, 4TO np" Jli060M m 0 
cnpaee,QnHBbl paseHcraa 

m iJA* dA* 
Sp ( ~ __J;_ m-g) 

IL"'"O dar" dar 

iJA* dA't: 
~ __ ll!...::£:) =0. 
aa , (Ja 

' ' 
0TC~,Qa Ha OCHOBe /71/ CJle,QyeT paeeHCTBO 

J ~(m+l)l 
m.r m.r 

/72/ 

BblflCHHM renepb, KaK 6y,QeT eecrH ce6fl peweHI-1e ypaaHeHI-1fl 

/18/, eCJlH B Ka4€CTBe Ha4ailbHbiX ,QaHHbiX 83RTO peW€HI-1e ypaBHe­

HIIIfl /66/. C 3TO~ L.leJlbiO pacCMOTpi-1M onepaTOpbl 

a • a • T~-+U, T=-+A, 
at " ar 

rAe MaTpl-14bl (i VI A onpeAeJleHbl C00TB€TCTBeHHO C nOMOil.lbiO paseHCTB 

/2/" /67/. TorAa cnpaseAnHBO paseHCTBO 

/73/ 

Ae~CTBIIITenbHO, a CHI1Y /15/ cnpaBeAJ11>1BO paeeHCTBO 

a'A aa a • !h---+[ ,A]~ 
at a, 
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np111 0 ~ m::: min(m0 , n) HMeeM 

m A 

!'. = :£ [Am~•' A" L /74/ 
m fl=O r r 

npVI 0 < m < min(m , 0) HMeeT MeCTO paBeHCTBO - 0 

_a_A_,nc.-"m"- + 

m-k-m]' 
0 

np1-1 0 < m ,:=;: m 0 - n , ecnVI m 0 > n, HMeeM 

aA n 
!'. =--m+:£ 

m+n at f.J.=O 

A ffi A 

[A ,A+"]+:£ [a ,A k], n-p. m r k= 1 k m-

ecnH me m
0

<n, TO npH 0< m,:=;:n-m 0 cneAyeT 

aA mo 
--m+:£[A ,A ], a. f1 =0 m+JL mo -!1 

1751 

176! 

1771 

CornacHo paseHCTBY /45/ np~r~ k>O HMeeM Yk =0. Aanee, a c~r~ny 
/27/ " /65/ "3 paaeHCTBa /74/ CileAyeT, 4TO f'.m =0 np" O_sm;S 
_::: min(m(Yn). Ha ocHoaaH""/22/ ,/28/,/33/ " /65/ cnpeAJl"B~ pa­
seHCTBa 

/78/ 
mo 

=:£[A ,A J, 
s=O n-m+s m0 -s /79/ 

Ha 3TVIX paeeHCTB a CHllY /27 I "' /75/ cneAyeT, 4TO npH 0 <m < 
<min(mQ'n)lr!MeeM 6.mQ+n -m = 0. 3aMeHI-1B B paBeHCTBe /787 ffio-m 

Ham,cornacHo /76/, nonyt..~aeM, 4TO ~m+n=O npH O<msm 0-n,m0>n. 
HaKoHe~, aaMeHVIB a paeeHcTae /79/n-m Ha m,s CH!lY 1771 nony-
4aeM, 4TO 6-mo+m =0 npVI O<m,:=;:n-rn 0 , m0< n. TaKVIM o6pa30M, 

paseHCTBO /73/ 'A0Ka3aHO. 
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~3 paB€HCTBa /73/ CI1€AY€T, 4TO AB~meH~e no TpaeKTOpHRM 

CHCT€Mbl /18/ KOMMyT~pyeT C AB~>K€H~€M no TpaeKTOpHRM C~CT€Mbl 

au ~lA, A 1], 
()r mo4 

/80/ 

T .e. pe3yJlbTST He 3aB~C~T OT TOro, 6yA€M Jl~ Mb1 CHa4ana AB~­

raTbCR nO TpaeKTOPH.RM CHCT€Mbl /18/, a 3ST€M no TpaeKTOpH.RM 

CHCT€Mbl /80/, ~JlH, HS060pOT, CHS4ana GyAeM ABHraTbC.R no Tpa­

€KTOpHRM c~cTeMbl /80/, a 3aTeM no TpaeKTOP~.RM CHCT€Mb1 I 18/. 
803bM€M Tenepb B KS4€CTB€ HS4SJlbHbiX ASHHbiX Ail.R peW€HI-1.R ypaa-

H€HH.R /18/ MaTPHL\Y llo= Uo (X), YAOBJ1€TBOpJHO~YIO CHCT€M€ /66/. 
0ony4€HHO€ TaKHM 06pa30M peW€ Hit!€ U "'"""U(X, t) ypaBH€HitiR /18/ 
6yAeT np~tt moGoM t. YAOBJleTaopRTb cHcTeMe /66/. Aei1cTBI-1T€IlbHO, 

8 npOTHBHOM CJ1y4ae Mbl MOr Jll-1 6bl C nOMOU\biO peW€HH.R U =- U (X. t) 
nony41-1Tb peweHHe 71,..: ti'(x.t, r) CHCT€Mbl /80/, AilR KOToporo 

r~~ ~~ 0, no KpaHHei'i Mepe a OAHOi'i T04Ke. A c APyroi'i cTopOHbl, 
dr iJ ~ 

H3-38 nepeCTSHOB04HOCTVI paCCM8TPHBa€MbiX ABI-1>K€HHi'i I-1M€€M ---0. 

"' 0ony4€HHO€ npOTHBOp€4ltl€ 03Ha4a€T, 4TO ¢a30BO€ npOCTpSHCTBO 

CHCT€Mbl /66/ I-1HBap~t~8HTHO OTHOCHT€JlbHO ABH>K€HVIL':1 8 CI-1J1Y ypae­

H€HH" I 18!. 
C nOMOU\biO paaeHCTBa /33/ H€TPYAH0 y6eAVITbCR, 4TO 8 p€3YJlb­

TaTe 3aM€Hbl /19/ ypaBH€Hll1€ /66/ C T04HOCTbiO AD 4Jl€HOB nop.RAK8 

t 
2 

npi-1M€T BillA 

iJA t 

---''""=..!''-. II - o . 
dar 

0AHSKO, BCJ1€ACTBI-1€ /27/ Ill /69/, cnpa8€AJ111180 paaeHCTBO 

()A.,._ 
m-s J -O. 

dar 

0TCIOA8 CJ1€AY€T, 4TO ypaBH€Hll1€ /66/ VIHBSpHaHTHO OTHOCVIT€JlbHO 

npeo6pa3oBaHHL:1 /20/. Aanee, c nOMOU\biO narpaH>Keaa noAXOAa He­

TPYAHO y6eAV1TbCR, 4TO nepBbl€ VIHTerpaJlbl /]0/ .RBJl.RIOTCFI CI1€ACT­

BH€M ltiM€HHO 3TOi'i ltiHBSpVISHTHOCTH. 

B 3SKI1104€HHe Heo6XOAV1MO OTMeTHTb, 4TO CYU\€CTByeT TecHaR 

CB.R3b M€}!{AY IIIHB8pH8HTHbiMV1 peweHHFIMV!, paCCMOTp€HHbiMV1 B HaCTO.R­

lll€i1 pa60T€, 1-1 KOH€4H030HHbiMH nOT€HL\I-18J18MI-1, 1-13Y48BWI-1MV1CR B pa-
60T8X /S,gi 
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