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MycTb M3yyaeTcsa cuctema U3 N CUHrynspHO—BO3MYLLEHHbIX 0BbIKHOBEHHbIX AuddepeHunanbHbIX
ypaBHEHWI

Ley(t, e)=ey'(t, &)= A(t)y(t, e)=h(t), (1)

C KpaeBbIM YCroOBMEM

Gy={y1(0, &), .-, ¥n0(0, €), Yno:1(1 &), --r, Yn(1 )}=y° (2)

npn ¢—>+0, rae ng=[n/2], [.] — uenas 4yacTeb.

CuHrynspHo Bo3myLleHHble anddepeHumanbHble ypaBHEHUS C KpaTHbIM CNEKTPOM MpeaeribHOro
onepartopa usdyvanuce A.[l. TamapkuHbim [1], rae Gb1n0 yCTAaHOBMNEHO, YTO aCMMMTOTUYECKOE pasno-
XXEHue peLLeHnsa ogHOpPOoaHOM NIMHENHON AnddepeHumanbHON CUCTEMBI BTOPOro Nopsiaka COAEpXKUT
Opo6GHble cTeneHn manoro napametpa. [Ana guddepeHumanbHbiX YpaBHEHUIA N—TO MOpsigka Takon
pesynbTaT Oblnn nony4eHsl TpoxkmMHCkuM [2] n TepputnHbiM [3]. Cuctema x'(t, €)=A(T, €)X, roe T=é&l,
B cnydae, korga ypaBHeHune det[LAE—A(T, 0)]=0 umeeT KpaTHble KOPHM U MaTpuua 3KBMBASIEHTHA
XOpOaHOBOW KreTke, ndydanuce B padote H.W. WWknns [4]. PerynapnsoBaHHas acMMNTOTMKA peLleHns
3aga4dn Kowm ana cuctembl C KpaTHbIM CeKTpoM AuddepeHumanbHbiX YpaBHEHUI B criyyae npe-
JernbHOro oneparopa xopaaHosoun cTpykTypbl nonyyeHa C.A. JlomosbiM [5] n A.l. EnuceesbiM [6, 7].
Kpaesble 3agaum (1),(2) B cnyyae npegenbHOro onepartopa »XopaaHOBOW CTPYKTYpbl BMEPBLIE U3y4e-
Hbl B [8]—{[18].

B HacTosiwen pabote usyyaeTcs kpaeasi 3agaya (1), (2), korga matpuua A(t) nmeet ToxagecT-
BEHHO KpaTHbIA CNeKTp 1 pa3pabaTtbiBaeTcsl anropuTM acMMNTOTUYECKOrO UHTErpupoOBaHUSA KpaeBow
3aga4yv B criyyae HecTabunbHOCTU CnekTpa.

Ona n3yveHus 3agaum (1), (2) npyM QOCTAaTOMHO ManbiX & NOTPEOYeM BbIMNOMHEHWE CneayoLwmxX
YCIOBUNA:

. A(t)eC* ([o, 1, C"’X”), h(t)eC*® ([0,1], C”);

II. CnekTp {kk(t)}Z:1 maTpuubl A(t) npu kaxxgom te[0, 1] yaooneTBopseT TpeboBaHUAM:
1) X (B)=A(t), k=1, ..., n;
2) Re A(t)=0;
lll. MaTpuua nmeeT XopAaHOBY LIENOYKY BEKTOPOB AMNWHBI N, T. €.
vtel[0,1]; A(t)e1(t)=0; A(t)oi(t)=0i4(t); i=2, ..., n.
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IV. KaHoHunueckasa ctpyktypa matpuubl A(t), T. e. A(t)=Mt)E+T(t), rae T(t) — coBCTBEHHbIN
HUINbLNOTEHT MaTpuupbl A(t), He MeHsieTca Ha oTtpeske [0, 1];
[MpousBoaHble OT COBCTBEHHOrO W MNPUCOEAMHEHHbLIX BEKTOPOB pasnoxum no 6asucy

(p1(t)! ] (Pn(t)

9i(t)=)_ CK(t)pk(t).
k=1

N3 KoahhMLMEHTOB pa3noXeHUst COCTaBUM «CTPYKTYPHYHO» MaTpuLy

clity cly .. clt)
B C2(t) C3(t) .. C2(t)
Cp(t) Cht) ... Ch(t)

n 6ygem TpebosaTb, 4TOOLI AN C1”(t) BbimonHsnocb ycnosue Vie[0, 1]; Re",/—Cf(t)E_f‘<0;

k=1, ..., ng; Re"./—Cf(t)§k>0; k=ng+1,...,n, rae & — nepBoOOpPaA3HbLIN KOPEHb N—OW CTEMEeHU U3
eouHULbI.
V. CobcTtBeHHOE 3HauveHue A(t) npu kaxagom te[0, 1] yooneTBopsaeT TpeboBaHmio:

r

Mty=a®] [(t-t;) at)=0.
=0

Paanoxum npasyto Yactb h(t) no 6asucy ¢q(t), ..., en(t): h(t):th(t)(pk(t).
k=1

. h-S
VI. hy(0)=0, lim -4 (—1)kM=o, s=1 .., n-1 j=0,..,r;i=0, .., kj-1.
= AK(t)

V||.G0(p1(0)¢0, G1(p1(1)¢0.
Mpeanonoxum, 4to BekTopbl ok (1)=(91, k(t), ... @n, k(1)); k=1, ...n, Takue, ut0 @; k(t)=0;
i<k; k=1,...,n. 3apgayda (1),(2) npu BbINONHEHNN ycnoBust V ABNSAETCH CUHIYNAPHOW BO3MYLLEHHOW

3aga4en ¢ HeCcTabuIbHbIM CMEKTPOM.
Mpy NOCTpoEeHUN acMMNTOTUYECKNX peLleHnin 3agad Tyuna (1), (2) ¢ HecTabunbHLIM CNEKTPOM, UC-
KMOYNUTENBHO BaXkHYK PONib UrparoT Tak HasbiBaeMble NonvHombl JlarpaHxa—CunbBectpa, NocTpo-

€HHble Nno y3nam (tj; f(s)(tj )) dyHKuMn f(t) 1 ee NponsBoaHbIX 4O ONpeaeneHHoro nopsiaka B ToYKax

tj HecTtabunbHOCTK cnekTpa MaTpuubl A(t).
,
MycTb gaHbl dyHkumna f(t)eC™ [0, 11 n mMHorouneH P(t)zH(t—tj )k/ . MHorouneH r(t)=r(t; f) Ha-
j=0
3blBaeTCcsa nonnHomom Jlarpanxxa—CunbBecTtpa yHKkumn f(tf) oTHOCUTENBHO MHOrovneHa P(t), ecnu
cTeneHb MHorousneHa r(t) MeHbLUe CTeneHn MHorovneHa P(t) n umeroTca nTepaunoHHble paBeHCTBa

r®)(t))=f)(t;); j=0, ...,r; s=0, ..., kj—1.

CnpaBeanuea cnegytollasi nemma.
Jlemma 1. Myctb r(t) —nonuHom Jlarparxa—CunbeecTtpa dyHKUuKM f(t) OTHOCUTENBbHO MHOrO-

yneHa P(t). Torpa cywecTByeT eaMHCTBEHHaA pyHKumaA a(t) Takas, uto f(t)—r(t)=a(t)P(t).
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Ansi noctpoeHusa nonmHomoB Jlarparxa—CunbBecTpa NCnonb3yeTcs cneaywasa neMmmva.
Nemma 2. Ona dyHkuumn f(t) cywecTByeT eOuHCTBEHHbIN nonvHoM Jlarpanxa—CunbBecTtpa

r(t) oTHocuTenbHO MHorouneHa P(t) B Buae

r k r A(/) Aj
ri)=TT (t-t)7 D ,t_1t. ,
j=0, j=i j=0 (t- tj J
roe
(i) (kj-1)
AT gy 4] () a1 | f
ki aj(ty) izl it a(t) T (k- o)
t=t; t=t;
aj(t)=—"0 oo, i=0, ., -1
(t-t;)”

BasncHon cuctemon nonuHomoB Jlarpanxa—CunbBecTpa OTHOCUTENBHO MHorouneHa P(t) Ha-

3bIBAETCSI CUCTEMA MOSIMHOMOB {Kj,-(t)} (i=0, o 1 j=0, ., kj —1), €CInn CTeneHb CUCTEMbI MOMMHO-

MOB {Kj,-(t)} MeHblle CcTeneHn MHorodneHa P(t) n ana dyHKumm ee nonuHom JlarpaHxa—
CvnbBecTpa npeacraBnaeTcs B BUAE
r k/—1

r(t)=z Z FO(E)Ki(t).

j=0 i=0
Mepexoaum Kk n3yyeHuio kpaesoi 3apaun (1), (2). Mycte Kj(t), i=0, ..., r, j=0, ..., kj—1, 6a3uc-
Haga cuctema nonuHomos JlarpaHxxa—CunbeBecTpa OTHOCUTENBHO MHOMOYNeHa

P(t)z%_n(t—tj i

j=0

[lns onvcaHus cyLlecTBEHHO OCODbIX CUMHIYNSIPHOCTEN, coaepalimnxcs B pelieHun 3agaum (1),
(2) ns—3a ycnosus V BBeeM OOMOMHUTENbHbIE HE3ABUCUMbIE NEPEMEHHbIE MO hopMynam

t
=%J- {K(X)+’\7/;g1,k(x)+ +'\’/§n_1gn_1,k(x)}dewk(t, g) k=1, .., n
0

€

t
_ij [X(x)+%g1,k(x)+...+’\7/§n_1gn_1,k(x)}dXEwk(t,s); k=ng+1, ..., n
1

t
ckj,-=e\vk<f’8)je—Wk(f’S)Kj,-(x)deekj,-(t,s); k=1, .., ng; i=0, .., kj—1 j=0,..,r,

0
t

ck,-,-=e\vk<f,8>J'e—Wk(fﬁ)Kj,-(x)deekj,-(t,g); k=ng+1, ..., n; i=0, ..., kj=1 j=0, .., r
1

Beenst  oGOsHaueHMsi  T=(Tq,...,Tp), o(t, €)=(01(t, &), ..., on(t, £)), o={oki}, O(t, £)={04;(t, &)},
BMECTO MCKOMOro pelleHus y(t, ) 3agaum (1),(2) nsyumm «paclumpeHHyro» gyHkumo u(t,T,c,€) ansa
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KOTOpON U(t,T,0,&)|e=y(t,e)=y(t,€). Boinenum Mo =M (0,y(0,€),0(0,¢)), My=My(1y(1€),6(1e)) n ans
o=0(t,e)

onpegeneHvsa paclumpeHHon doyHKuun u(t, T,c,€) nonyvyaem cneayoLuyo 3agady

r

€ +ZZZKJI(t +Z(7\+\/791k+ 4+ _1gn—1kj +chkﬂ 4 |\_Au=h, (3)
k=1 j=0 i=0 j=0 i=0
GoU(M0,8)+G1U(M1,8)=yO (4)

npu ¢—-0.
3agava (3), (4) saBnsieTCs perynsapHon no Manomy napamMeTpy €, 1 ee pelleHne onpegeniv B Bu-
Ae CTeneHHoro psaa

u(t,t,o0,€)= Z\/gus(trc (5)

S=—m

C Ko3ahmumeHTammn n3 NPOCTPaHCTBE BE3PE30HAHCHIX PELLUEHWN
r ki1

=ju(t,t,0):u= Z Umk (D)om(t)e™  + Z Zzumkjl(t)(PmGkﬂ"‘ZUm Jom(t

m k=1 m,k=1j=0 i=0
Umk (1), Umk,j,i(t), Um(t)eC™ ([0,1],0)}

B npocTtpaHcTBe 6e3pe3oHaHcCbiX pewweHn U 3agagmm cregytowme onepaTtopsbl

=A(t)-\(t) Z —+Z Z ohi = |

/0/0

n r
Lmzzgmk a‘ck ZZGK/I

j=0 i=o0

,m=1 ..., n-1, (6)
ijl

n r
Ly=>> Z Kj,(t)ﬁ , Gu=Gou(My,&)+Gu(Mi, )

C yyeTtom (6) 13 3agaunm (3), (4) nepexognm K 3agade
ou 0
Lou= E Ve L u+ -h, Gu=y"~. 7
0 mU+e—- ot y (7)

[na onpegeneHnsa koadduumMeHToB cTeneHHoro psaa (5) nogctasum ero B 3agady (7) v nonyvaem
crnepyloLme ntTepaunoHHble 3agayn

LOU1—n1 =0, GU1—n1 =0, (8)
s—1

LOUs_n = Z LmUs_m_n _831 h, GUS_n 26%}/0, S:2n, (9)
m=1

oug
Lous = Z LmUs—m+

m=1

. Gug=0; s=1,. (10)
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Ona 3agay (8)—(10) paspabotaem Teopuid pPaspeLIMMOCTV U OOHO3HAYHOW pPaspeLunMOoCTH
B npocTpaHcTee U. MycTb npoctpaHcTBo U™, conpsixkeHHoe K npocTpaHcTey U nmeeT Bua

n n r ki1
U*=qv(t,1,0):v= D) Vinkom()e™  + D D" Vink ji(t)omoki+

m, k=1 m,k=1j=0 i=0

+Z Vin()om(t), Vi k(£), Vmk,j,i(t), vin(t)eC* ([0,11,C) .
m=1

rae ¢q(t), ..., on(t) — xopaaHoB Habop BEKTOPOB COMPSKEHHOM MaTpuusl A*(t). BunnHenHoe npons-

BeAeHune anemeHToB uelU Ha anemeHTbl velU™ onpeaenum no dopmyne
r ki1

Z Umk (£) mG )+ Z Zzumkj/(t Wmk,ji( t)"‘zum Wm( ) (11)

m,k=1 m,k=1j=0 i= m=1

C y4detom chopmyrnbl (11) MOXHO MOMNy4YNTb onepaTop L’B, COMNpsKEHHbIN K OCHOBHOMY onepartopy Ly

B BuAe
rkj—1
_A t) + Mt —+ c ,
0+ 10| Ly S oy L
k=1 j=0i=0

¢ 6a3MCHbIMU anemMeHTamMmm v;ﬁ = (pﬁ(t)ckj,-, Jj=0,...,r,i=0, .., k; -, v; = onp(t)e™, k=1,..,n
CnpaBeanuebl criegyolimne Teopembl paspelummocTty 3agad (8)—(10).
Teopema 1. lNycTb B npocTpaHcTBe U faHo ypaBHEHME
Lyu=f(t,1,0), (12)

roe Lo — ocHoBHoOM onepaTtop, feU n BbINoNHeHbl ycnosua |—V. Toraa ana paspewmmMmocT ypaBHe-
HYs (2.2.19) B U HeobxoamMMo 1 4OCTaToYHO, YTOObI

1. (f, KerLy)=0,

2 tim &3 k< "*s>_ 0,8=1,...n, j=0, ..., r, i=0, ..., k;—1.
t—t; dt! I(ZO( K 7\.k J !

Teopema 2. MNycTb B npocTpaHcTBe U gaHa 3agava
Lou1=0, Guq=0. (13)

MycTb BbiNnonHeHb! yerosus |—VII. Torpa:
1) cywecTtByeT obuwee peweHne U cuctembl ypaBHEHUI

s—1 n
ou
Lous= Y LplUs m: S=2,...,n; Lous= Y Lyl m+—0: s=n+1, ..., 2n-1;
0Us n%msm 0Ys ,;msm of

C NPOU3BOSIbHLIMN NOCTOAHHBIMMU;
2) ecnv BbINOSTHEHbI YCNOBUSA

ou "
N g <L"“1+s+ o ’(P">
tILT, dti 4 (_1) 2K (t) =0 m=t

n; j=0,...,r; i=0, ... kj—1; s=0, ..., n+ng—1,

<ZLmu2n_m+ KerL*> 0; Gous(Mg)=0; s=2, ..., ng; Gius(M1)=0; s=2, ..., n1+1,

TO 3agaya (13) MMeeT TONbKO HYNEeBOE peLLEHME.
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Cnpaseanuea criegytoLlas Teopema.
Teopema 3. lNycTb BbINONHeHbI ycriosust I—VII. Torga cyxeHve psaa (5) aBnseTcs acuMnToTu-
yeckum psgom npu £—0 ana pewenunsa y(t, e) 3agaum (1), (2), T. e. onNss OOCTATOYMHO MasblX

ge[o, 80} (¢9 — pocTtaTouHo mano) u C>0 cnpaBeanvBa oLeHKa

N
y(te)- > Ve us(t, wite), el <C¥e -

s=1-n

3akntoyeHue

lNocne naydyeHna HanpaeneHna VIl B [3—7], BnepBble MMeeTCa NofHasa KapTuHa O NoBedeHuu
acuMnToTUYecKoro pelueHns ypasHeHus (1). C nomolubo 1)—6) 1 ¢ y4eTom 7) NOMHOCTLIO UCCneaoBa-
HO ypaBHeHue (1) n BnepBble CHOPMYNMPOBAH KPUTEPUIN JTOKANbHOW YCTOWYMBOCTU aHanmMTUYEeCKOro
pelleHns HavyanbHoOM 3aga4vm ans CUCTEM ABYX SIMHENHBIX CUHIYNSIPHO—BO3MYLLIEHHbLIX ypaBHEHWN [8].
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