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MeToa perynspusauumu Ansa HeNMHeNHbIX MHTerpoauddepeHumnanbHbIX
ypPaBHEHU ¢ HyNeBbIM onepaTopom audgcepeHUnanbHOM YacTm
N HECKONbKUMU ObICTPO U3MEHSIIOLMMUCA ApaMu

A.A. bo6omxkanos, M.A. bo6omxanosa, B.®. Cadonos

PaccmotpeHo HenrHelHOe nHTErpoudGepeHITMABHOE YpaBHEHNE C HYJIEBBIM OIepaTopoM auddepeHINnatbHO| YacT! M HECKOIBKUMHE ObI-
CTPO U3MCHSIONINMHUCS sApamMu. PaboTa sSBIseTcst IPOJOIDKEHIEM HCCIIeI0BaHuM), TIPOBEICHHBIX PaHee IS OTHOTO OBICTPO M3MEHSIOIIETOCS
stpa. OCHOBHBIE HI€H JAHHOTO 0OOOIICHHUSI ¥ TOHKOCTH, BO3HHUKAIOIINE MPH Pa3pabOTKe COOTBETCTBYIOMIETO AITOPUTMA METO/IA PETyIIsipH3a-
11N, TIOJTHOCTBIO TPOCMATPUBAIOTCS B CIy4ae ABYX ObICTPO M3MEHSIONIMXCA SIAEp, TOITOMY Pajd COKPAIEHHS BBIKIAJO0K B3SIT UIMEHHO 3TOT
ciydaiil. AHaJIOruyuHas 3a1a4a ¢ OJHAM CHEKTPaIbHBIM 3HAYSHUEM s/Ipa HHTErPAILHOTO Olleparopa IMpoaHaIn3upoBaHa B OJHOM U3 paboT aB-
TOPOB. B 3TOM ciTydae CHHTYIISIPHOCTH B PELIICHNH 331a9H OIMCBHIBAIOTCS TOJIBKO CHEKTPaIbHBIM 3HaYeHUEM siyipa. OJIHAKO BIMSHUE HYJIEBOTO
orneparopa audhepeHInanbHON YacTH CKa3bIBAeTCs HA TOM, YTO B IIEPBOM MPUOIIKESHIN aCHMIITOTHKA PEIIIEHNS] PACCMaTPHBAEeMO 3a1aun
He OymeT comepkaTh (ByHKIMH IMOTPAHUTIHOTO CIJIOS, @ CaM MPEeAeTbHbIA ONepaTop CTAaHET BBIPOXKICHHBIM (HO HE HYIEBBIM). YCIOBHS pas-
PELIMMOCTH COOTBETCTBYIOIMX MTEPALMOHHBIX 3a/1a4, KaK M B JIMHEHHOM cityyae, OyayT UMeTh BUA He JuddepeHianbHbIX (Kak 3To ObLIo
B 33/1a4ax C HEHYJIEBBIM OIepartopoM JudhepeHIaIbHON YacTh), a HHTerpo-audGepeHIMaIbHBIX yPaBHEHUH, TpryeM Ha (opMHpOBaHUE
yKa3aHHBIX YPaBHEHUH CYIIECTBEHHYIO POJIb OKa3bIBAaeT HeIMHEHHOCT. OTMETHM, YTO B OTIMYHME OT JIMHEHHOTO Ciydas B IPAaBOIl 4acTH
M3ydaeMoH 3a7aul OTCYTCTBYET HEOTHOPOAHOCTh COOTBETCTBYIOMIEH JIMHEHHOM 3amaun. Kak ObLIo 1moka3aHo paHee, HAJIMYHE €€ B 3aade
TIOBJIEKJIO OBbI MOSIBICHHE B ACHMIITOTHIECKOM PEIICHUN YWICHOB C OTPUIATEILHBIMU CTETICHSIMH MAJIOTO MapaMeTpa, MpUIeM B HEMMHEHHOM
Cllyyae TaKUX CTeNeHeH oKka3anoch Obl 6eCUHCICHHOE MHOXKECTBO, @ COOTBETCTBYOIIEe (JOPMaTbHOE ACUMITOTHYECKOE PELICHHE UMEIIO Obl
Buj psiaa Jlopana. D1o caenano Obl CO3MaHHE aNTOPUTMA ACHMITOTHYCCKUX PEIICHUI MPOOIeMAaTHYHbIM, TOTOMY B HACTOSIICH padoTe,
JKeJlast OCTaBaThCsl B paMKaxX aCHMIITOTHUECKUX pelIeHni Tuma psiyioB Teiiopa, HCKIII0OUeHa HEOTHOPOAHOCTE. Kpome Toro, B HelMHEHHOM
CITyJae MOTYT BO3HHKHYTh TaK Ha3bIBAEMbIE PE30HAHCHI, KOTOPBIE 3HAYUTEIIBHO YCIOKHSIOT Pa3pabOTKy COOTBETCTBYIOIIETO alrOpUTMa Me-
TOZa peryisipu3aluy. B HacTosmel myOmMKaIiy pacCMaTprBaeTCsl HEPE3OHAHCHBIN ciydail. [Ipenmonaraercs, 4to ucciuenoBanue aasTepHa-
TUBHOTO BapuaHTa (0oee ClI0KHON pe30HaHCHOH 3a1aun) OyAeT MPOBEICHO B aJIbHEHILIEM.
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A Regularization Method for Nonlinear Integro-differential Equations
with a Zero Operator of the Differential Part and with Several Rapidly
Varying Kernels

A.A. Bobodzhanov, M.A. Bobodzhanova, V.F. Safonov

A nonlinear integro-differential equation with a zero operator in the differential part and with several rapidly varying kernels is considered.
The article is a continuation of the research carried out previously for one rapidly varying kernel. The main ideas of this generalization
and subtleties encountered in elaborating an appropriate regularization method algorithm are fully seen in the case of two rapidly varying
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kernels; therefore, to reduce the amount of calculations, exactly this case is considered. A similar problem with one spectral value of the
integral operator kernel was considered in one of our papers. In this case, the singularities in the solution of the problem are only described
by the kernel spectral value. However, the effect of a zero differential operator manifests itself in the fact that in a first approximation, the
asymptotic behavior of the solution of the problem will not include the boundary layer functions, and the limit operator itself will become
degenerated (but not zero). The solvability conditions of the corresponding iterative problems, as in the linear case, will not be in the form
of differential (as was in the problems with a nonzero operator of the differential part), but in the form of integro-differential equations, with
the nonlinearity playing an essential role in the derivation of these equations. It should be noted that in contrast to the linear case, the right
side of the problem under study does not contain heterogeneity of the corresponding linear problem. As was shown earlier, its presence
in the problem would lead to the occurrence of terms with negative powers of a small parameter in the asymptotic solution, and in the
nonlinear case there would be an infinite number of such powers, and the corresponding formal asymptotic solution would have the form
of the Laurent series. This would make the development of an algorithm for asymptotic solutions quite problematic; therefore, wishing
to remain within the framework of asymptotic solutions such as Taylor series, we excluded inhomogeneity in this study. In addition, in
the nonlinear case, so-called resonances may arise, which significantly complicate the development of the corresponding algorithm of the
regularization method. In this article, the non-resonance case is considered. Supposedly, an alternative option (a more complex resonance
problem) will be the subject of the future studies.
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JKBHUBaJIeHTHasA HHTerpoauddepeHnanbHas 1,(5). B ommumne or MMHEHHOTO Clydas B IPaBOM 4acTH
CHCTEMA H ee peryasipu3anus 3agaun (1) OTCYTCTBYeT HEOJHOPOAHOCTH /(f) COOTBET-
CTByIOIIEH IMHEWHOHW 3amaun. Kak OBLTO yIMOMSHYTO B
[5, 7], nanmnuue ee B 3aaave MOBIEKIO OBl TOSBICHHE B
ACHMITOTHYECKOM PCIICHUU WICHOB C OTPHUIATEIbHBIMU
1 CTETICHSAMH TIapaMeTpa €, MpUYeM B HEJIMHEHHOM cliydae
dy_& 7 EJ hy O TAaKUX CTENEeHEH OKa3aJoch Obl OECUMCICHHOE MHOXKe-
S_ZZIG s K (1,5)y(s,e)ds + &f (y.1),
di ‘=4 ) CTBO, @ COOTBETCTBYIOIIIEe (POPMATEHOE ACUMIITOTHYECKOE
penienue umeno Obl BUX psga Jlopana. Dt1o crenano Obl
¥(0,8)=y", t€[0,T] pa3paboTKy ajJropuTMa aCUMITOTHYECKHX PELICHHH Mpo-
OJIEeMaTHYHOM, TOITOMY B HACTOSIIIICH paboTe, JKeas ocTa-
BaThCA B paMKaX aCUMIITOTHUECKUX PEIICHUH THUIa paIoB
Teiinopa, UCKJIFOUEHA HEOIHOPOIHOCTb.
[Tepeiinem Kk paspaborke anroputma. Benem sBe HO-

PaccMoTpuM HENMHEHHYIO CHHTYISPHO BO3MYILEHHYIO
uHTerpoaudQepeHHaIbHYIO0 3a1a9y

1 pazpaboTaeM ajJrOpUTM ITOCTPOCHHUS €€ PETYISIPU30BaH-
HOTO aCHMIITOTHYECKOro pemenus [1 — 3] mpu crexyto-
IMUX YCJIIOBUAX:

iy (t)ecoo ([O,T],(C), K, (1,5) eC* (0<s<t<T,C), j=1,2; BbIC HCH3BECTHBIC (DYHKIIUN
2) (1) # py (1) Ve €[0,7]; ¢ éjpj(e)de
3)p, (1) #0,Rep; (1)<0Vre[0,T],j =12 z=[e K (t,5)y(s,e)ds, j=1,2.

N 0
4) fy, ) — muorounen no y, .. f(y,t)= Y. f,, (t)y"
m=0

¢ ko3 HIHEHTAMS JuddepeHunpys ux 1o ¢, HOIy4uM

lt
~[u;(0)do
SS ‘

Jon (t) eC” ([O’T],(C), m= O,_N, N <o dz W @ K (t,9)y(s,e)ds+
€

t
J
—=K '(t,t)y+—J.e
a7/ 0
(pyukwst f{y, {) B3sTa B BUJC MHOTOWICHA pajJd yIIPOIIe- ,

1
HUSI BBIKJIQJIOK, MOYKHO CUUTATh, YTO OHA SIBJISIETCS aHAIH- ‘ ;juj(e)de 0K (1,9 dz,
THYECKOH T10 y, T. €. N = 0); + Ie s 6—y(s,s)ds<:> 87=},lj (Hz;+
t t
5) creKTpaIbHbIC 3HAYCHHS {u/.(t)} SITpa HHTETPAIEHOTO 0
oreparopa TakoBbI, YTO TpH Bcex ¢ € [0, 7] BRIMONHAIOTCS 1

t
_ _ o fup®d0 ppe (g
HepaBeHCTBa (m = (m,, m,) — MyIBTHHHIEKC, 1L = (1, 1,)) +eK (L) y+e J.egf ja (¢,5)
t

0

y(s,e)ds, j=12.

(m,u(t))zmlul (t)+m2u2 (t)(t)¢0,|m|2 2; p
— ' : i [m(©d0
(m,H(f)) m (l‘)+m2M2 (f)(l) U, (t),|m >2,j€l,2 g%:A(i)W+8A1(f)W+8J.e 5 G, (t,s)w(s,g)ds+

(T. €. paccMaTpuBaeTCss HEPE30HAHCHBIH CITydaii). 0

2
AHanoru4Has 3ajada ¢ OJHHM CIEKTPaJbHBIM 3Haye- , ljuz (0)do yO (2)
HHEM L, (f) A/ipa MHTErPaIbHOTO ONEPaTopa paccMaTpuBa- te J‘ e’ G, (1,5)w(s,e)ds +&F (w,t), w(0,e)=]0 |,
nach B [4 — 7]. B aToM ciy9ae CHHTYASPHOCTH B PEUICHUN 0 0

3aa4u ONUCBIBAIOTCS TOJIBKO CHEKTPAJbHBIM 3HAYCHUEM
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rne W:{yazI:ZZ}v F(Wal):{f(y
A, 4,(2), Gj(t, S) UIMEIOT BUJT

,t),0,0}, a Marpuupl

0 1 1 0 0 0
AD=10 p(r) 0 |; 4(=| K@) 0 0
0 0 () Ky(t,r) 0 0
0 00
0
oK, (1,5)
G(t,)=| —=""L 0 0[; Gy(t,s)=| 0 0
oK, (¢
0 00 K, (1,5) 0 0
ot

IMockosbky crektp o(A(r)={0,u, (r), L, ()} MaTpuiibl
A(t) mmeeT IBa HEHYIIEBBIX COOCTBEHHBIX 3HAYCHUS p/.(t),
TO pErylsSpH3alMIo 3afa4d (2) BBHIIOJIHHM C IIOMOLIBIO
NIepEeMEHHBIX

—j (0)d0 = Wf() =12 3)

s paCLHI/IpeHI/IH w={ y(t,r,s), 7 (t,1,8), z,(t,1,8)}
MOIYYUM CIEAYIOUIYI0 CUCTEMY

2 ()2 +u2(t)——A(t)w .4, (1)
2

I‘
j 1, (0)do

2t
SZJAQEV
0

J=1

G, (1,5) s, V) g - @
€

= gF (1), (0,0,6)= {yO,O,O},

(T:(TI’TZ)’ w(t)=(w (1), (’)))

Opnaxo 3ama4y (4) Helb3sl CYUTATh MOJHOCTHIO PEry-
JIIPU30BaHHOM, TaK Kak B HEM HE MPOBEJEHA peryispusa-
[IUST HHTETPATFHOTO OTeparopa

2 1 —[n;(0)d0
:Zje s Gj(t,s)ﬂ/ S,W(S),des.
€
0

Jnst perymsipuzauuu  orepatopa Jw BBeIEM Kiacc
M =U| y(r)» ACHMITOTHYECKH MHBAapUAHTHBII OTHOCH-
="

€
TeapHO omeparopa J [1, c. 62]. Ilpu stom B kadectBe U
BO3bMEM TIPOCTPAHCTBO BEKTOP-QYHKIMH w(t, T), mpen-
CTaBIISIEMBIX CyMMaMH BUa

w(t,0)=wy (1) +wy (1)e™ +w, (1

Ny
e+ ) (t)e(m’r);

m|=2 (5)

w; (1)) (1) e C*([0.T1,C%), |m|=LN,,, j=0,2.

TMoxkaxkem, uTo Kiacc M, aCHMIITOTHYECKH MHBAPUAHTEH
OTHOCUTENBHO omneparopa J. [yt aToro Hago mokasarb, 4To
00pa3 Jw(t, T) Ha GyHKIUSIX Brza (5) IPEACTaBUM B BUIC Psiia
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M, 0=Y 3 w0 ul® 0) , (6)
k=0 \ 1<m<N,,, ‘ w()
v
€
CXOJISIIIIETOCS ACHMITOTHIECKH K Jw (Tipu € — +0) paBHO-
MepHo 110 ¢ € [0, T]. [TogcraBus (5) B Jw(t, T), uMeem

I
1 éjp,(e)de
Jw(t,‘t):.[e s
0

*J.Hl 0)d0
G (1,8)w (s )e 0 ds +

: éju,,-(ewe g 0o
+Ie . G, (t,5)w, (5)e"0 ds +

@

(=]

2 8' | " g(m,u(e))de
+Zje s Z G, (t,s)w™ (s)e™® ds +
0

[Ipumensist onepanuo UHTETPUPOBAHUSI 110 YACTAM K
Ka)JIOMy CJIaTaéMOMOMY 3TOH CyMMBI, TOTyYUM CIIEIYyIO-
IIee pa3oKeHHue:

(i) = PO j’G,(z,s)w,()dHeJO“ 3

ds+z V gV x

X L;Gz (t,s)w2

ffuz

[ (15(Gy (1.5)ws (5))) €™ -

s=t

éjul(e)de
_(11"2 (G1 (,5)w, (s)))S:O e +

N, (]:w' (Gj (Z‘,S)W(m)(s)))‘ e 0 _

mim=2 éjpj(e)de

(10 (6, () () e

s=0

A€ BBEACHBI OIICPATOPHI:
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1102 _ 1 : 11\/2 _ 1 0 Ilvz 1’ pAlKa 1o &. Tenepb1 JICTKO BI)I.Hl/lcaTb Perynsapu3oBaHHYIO
Hy (s)—m (s) By (5) =1y (s) s o (o OTHOIHeHHjOK( ) sy
131 =;; I, =; 0 Ly I Lgv"vz8%+u1(t)@+p2(t)ﬂ—,4(z)ﬂ»—
r(s)=Ra () g (5) o (s) @ o m (14)
e, (1)-&Jiw = eF (,1), #(0,0,6)={",0,0}.
L= 1 I = 1 0 I 1.

(), () o5 ™
1 1 0
; I = —1I%;
—pj(s) jo —uj(s)ﬁs j0
=12 m=23,.,v=12,...

Hetpynno nokasats [2, ¢. 291—293], uto psn crnpasa
B (8) cxomuresa k Jw(t, €) (mpu € — +0) paBHOMEPHO MO

t e [0, 7).

Baenem oneparopsl nopsaka (o ) R :U — U
&[G (1,5)w (s)ds-+¢ [ Gy (1,5) wy (s) ds;
R (1) = (1) {[ (1 (G (15w () e -
—Ilv2 L (2,s)wy (s ))50”}

)

[
)

Row(t,r) =

—

(121 G, (1,5)w s)

(121 G, (1,8)w (s W© (10)

+j:1m\=2 _(IX,J(GJ (t’s)wm)(s)); -0 e’ |
NP0
€

Torna 00pa3 Jw(t, T) BBIISLIUT CIEAYIOMIM 00pa3oM:

Jw(t,t)=Ryw(t,7)+ Z g™ R, W), (11)
m=0
rae T = y(t)/e.
BBINOIHMM paciupenue oneparopa J Ha psaax Bujaa

W(t,r,a):i e w, (1,7) (12)

¢ koouumentamu w, (¢,7) € U, k>0.
Onpenenenune 1. @opManbHEIM pacIIUPEHUEM J ore-
paropa J Ha psaax Buaa (12) HazpIBaeTCs oneparop

def »

Jw(t,t.e) = Zs Z R, w,(t,7). (13)
Hecmotpst Ha T0, 4TO pacuipenue J oneparopa.J onpe-

JCJIICHO (bopMaano, MM BITIOJTHE MOXHO IOJIB30BAThHCA IPHU
NOCTPOCHUN aCUMIITOTUYCCKOTO PEIICHUA KOHECYHOTO I10-
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[MoxncraBus psin (12) B (14) u npupaBHsiB kod(duim-
EHTBHI IIPU O/IMHAKOBBIX CTEMEHSX €, HOIYYHM CIIEIyOLIHe
UTEPALMOHHBIE 33/1a9H:

ow, ow,
Lywy(t,7) = Hl(t)_o""liz(t)_o_
on, ot,

(15,)
—A(t)wy = 0,w,(0,0) = w’;
ow,
Low (t,0)=——+A4 (D) wy +
ot (15)
+F(w0,t) + Ry wy,w,(0,0)=0;
Lyw, (t,71)=— k=l +A4,(Ow,_+ P, (wo,...,wk,l,t)+
15
+Ry Wi+ R Wy +o R w_, W, (0,0)=0,k22, (13)
rne P, (wo,wl,...,wk_1 ,t) — HEKOTOpBbI MHOIOWIEH OT
W ey W

[epeiinst k GopMyITHPOBKE TEOPEM O HOPMAIBHOW U
OJTHO3HAYHOM PaspeIMMOCTH UTEPAMOHHBIX 3a1a4 (15),
BBIYHMCITUM COOCTBEHHBIE BEKTOPBI (p/(t) u Xj(t) matpuil A(7)
u A’(t), coorBeTcTBeHHO. HeTpynHO mpoBepuTh, 4TO OHU
HUMEIOT BUJ

Lo (f) =1 ——1,0;
(PO(Z):{LO’O}’ (pl(l‘)_{”’1 (1)7170}:

1 1 1
ty=<——,0,1;; H=3l,——,——+; (16)
000 {w) } %ol { 0 u2<r>}
1 (0={0,1,0}; %,(6)={0,0,1},

npuaeM @ (¢), @,(f), @,(f) COOTBETCTBYIOT COOCTBEHHBIM
sHadenuam A (f) = 0, A,(¢) = p,(9), A (1) = p(f) marpu-
sl A(f), a (1), x,(1), %, (1) — cOOCTBEHHBIM 3HAYECHUAM

(0 =0,1,(5) =1, (£), L,(f) = [L,(f) MaTPHUILBI, COOTBETCTBEHHO.

Kaxnas u3 nrepanmonnsix cucteM (15,) umeer Buj

Lyw(t,0)= ul(r) o +u2<r>7 Aw=P(t0), (17)

2

Tae
Np

P(t,0)= By (1) + B(t)e" + By(Ne™ + 3. P (1)el™™) .
|m|=2

Teopema 1. Ilycmb gvinonnenst ycnosus 1) — 5) u
P(t, ) € U. [Ina moeo, umobwer cucmema (17) umena peuse-
Hue ¢ U, neobxooumo u docmamouro, 4modwl

(P;(0),x;(1)=0,,;=0,1,2,Vt €[0,T], (18)

MATEMATUVKA



ONOOEPEHUMATIbHBIE YPABHEHUA,
ANHAMWYECKWME CUCTEMBbI N ONTUMAIBHOE YTMPABIEHUE 125

30eco u danee uepes (,) 0003HAUEHO CKANAPHOE NPOU3-
sedenue 6 komnnexchom npocmpancmee C3.

HoxazarenbcTBo. Haiinem pemenue cucremsl (17) B
Buae cymmel (5). Iloncrasus (5) B (17) u mpupaBHAB OT-
JIeTbHO KOA(D(DHUIHUEHTHI TPU OAWHAKOBBIX ™ ¥ 1 cBOOOA-
HBIE YWICHBI, TIOJIyYHM

[, (O =4@) [w,()=P, (1) (j =1,2),
—A(t)w, (1)=Fy (1), (19)
[(mu(@)1-A0) ] (0)=P") (1), 2 m|< N,

ITockonbKy BBINOJHEHBI YCIOBUSA 5) OTCYTCTBHS PE30-
HaHca, MOCIEeIHIs CUCTeMa MMEeT €JUHCTBEHHOE pellle-
Hue Ipu Kaxaom m(2 < [m| <N ):

W™ @)= (m,u)1-ADO] " P @), 2<mi<N,,. (20)

CnenaeM B TIEPBBIX TPEX CHUCTEMaxX 3aMCHBI IEpe-
MEHHBIX w, (1)=@(1)E;, wy (=P (), j =1,2, T1e D)) =
= (9,(1), 9,(9), 9,(f)) — MmarpuLa U3 COOCTBEHHBIX BEKTOPOB
orieparopa A(f). YMHOXXHUB TONTy4YeHHBIE CHCTEMbl CieBa Ha

@ '(7) n yunreBas, uto (P(#))" = x(0) = (4, (1), %, (1), %,(1)) —
MaTpuIa U3 COOCTBEHHBIX BEKTOPOB COIPSIKEHHOIO OIle-
paropa A'(f), monyuum

[0, 1-A@® g, 0=
=[P, 000 ®): (B, 000). (P, 0720)} /= 1,2
~An@O={(B©O:200) (RO10), (B ©)1:0))}-

e (,) — OOBIYHOE CKAISIPHOE PON3BEICHNE B KOMILICKC-
HOM TpexMepHoM npoctpanctee C;

A()=diag(u (), (£).15 (1))=diag (0,1 ().102 (7).

3anuimeM JaHHBIE CHCTEMBI Ooiee MmoapoOHO (apry-
MEHT { Be3JIe OIlyCKaeM 1 0003HaulM

aj:{alja‘:iﬂai’}’ T]Z{ﬂl,nz’n}})i

iy 0 0 &) (PJ"XO)
0 w-w 0 [[&|=|(Pu)|i=12 @0)

o0 wem)g) ((p)
0 0 0] ((Bx)
0 - 0 | |=|(Ru) | 1)
0 0 —u)iyy (Rosx2)

Ortcioma ciemyer, 9To BTopas CTPOKa MaTPHITB CHCTEMBI
(20,) (G = 1) — HymeBas, MO3TOMY VISl Pa3PEIIMMOCTH 3TOK
CHCTEMBI HEOOXOIMMO M JIOCTATOYHO, 9T00HI (P (1), %,(1)) =0,
TIPH 5TOM 2‘512 (t) =q, (t) eC” ([O,T],(Cl ) — NPOU3BOJIbHAS
ckaysipHast QyHKIHS. AHAJIOTUYHO, TPEThSI CTPOKA MaTpH-
upl cucteMsl (20) (j = 2) — Hynesas, mo3TOMYy Ui pas-
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PEIIMMOCTH CHCTEMbI HEOOXOAMMO U JOCTATOYHO, YTOOBI

(P,(0), 7,(1)) =0, ipu s10M & (1) = 01, (1) € C” ([O,T],(C1 )—
Npou3BOJIbHAs cKaysipHast (yHkiwst. [Tockonbky B cucteme
(21) mepBast crpoka HyseBasi, TO JUIs pa3pelIMOCTH CHCTe-
MBI HEOOXOZMMO M JIOCTATO4HO, UTOOBI (P (1), %,(#)) = 0, mpn
stom 0 (1)=ay (1) e C” ([O,T],(C' ) —  NPOM3BONBHAS
ckaysipHast QyHKIMA. TakuMm 00pazoM, IS pa3peIiiuMOCTH
cucteMm (19) (a 3nauunT, u (17)) HEOOXOAMMO U AOCTATOTHO
BhInosnHeHus ycaosuit (18). Teopema qokasaHa.

3ameuanue 1. Ecim BemmonneHs! yciosust (18), To,
Kak 310 cuemyeT u3 (20), (20/.) u (21) (c yueTom TOTO, YTO
wj(t) =O(NE,, wy(H) = D(t)n,j = 1, 2), cucrema (17) umeer
cliestyroliee peleHne B mpocTpancTee U:

(Pl (t)’XO (t)) 0 (t)+

H (t) 7
€

o (7)o (1)+

+(1"0(1)»62(0) " 22)

<

o, (Do, () S pe()en (1) +

Jj=l1 k=0,k#j

+aty (1)@ (’)+§P0k (1) o (1) +

N,, ~
+ [(mum)i-40 ] P,

Im|=2
e o (t) eC” ([O,T],(Cl ) — MPOU3BOIBHBIC (PYHKITHH;

Pa (t) = (PJ (t)’Xk (t))
! wy (1) =1 (2)
O6o3Haunm depe3 moampocTpancteo UY mpoctpan-

cTtBO U OJHOPOIHBIX MHOTOUYICHOB CTCIICHU k OTHOCH-
TEHABHO 1, €11, e%2:

2(tu)= 3 2" ()™,
‘m‘:k

2 (t) eC” ([O,T],(C3 ),

, .k =0,1,2.

m=k=0,1,2,..
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C TIPUCOEIMHEHHBIM K HUM 3JIeMEHTOM () = Z‘ | kOe(m’T)
.

B mpoctpanctee UP BBemeM ckaisipHoe (MPU KaKIOM
t € [0, T]) mpoussencHue

< w® (1), 20 (1,0 >=< z W (,)e(m,r),z<k>(,)e(m,r) >

Imi=k
EDNURIERIOED WUl ORI}
|m|=k Imi~k

e (,) — O0OBIYHOE CKATISIPHOE TIPOU3BEIACHHIE B KOMILIEKC-
Hom mpoctpanctee C3. Eciu w(t, T) — anemenr (5) mpo-
crpanctia U, To gepes z(¢, u) 0603Ha4MM CyMMYy €ro ciia-
raeMbIX, IPUHAIISKANLYIO IpocTpancTBy U®.

Paccmorpum cucremy (17) npu TOTOTHUTEIBHBIX yC-
JIOBUSIX

w(0,0)=w';

0

<- t+A1(t)w(1)+R0w(1)+

+o" 0.0, (e >=0,j=1,2,Vre[0,T];  (23)

(0)
awt +4,(7) i) +R, w4

+0 (2,7), 7,0 (1)>=0 V1 €[0,T1,

e

Np
o(t,v)=0, ()e" +0, (1)e™ +0, (1) + Z Q(m) (t)e(m,r) cU

|m|=2

— u3BectHas GpyHknus knacca U; w' € C* — u3BecTHBIIM
MIOCTOSIHHBIN BEKTOP.
HetpynHo foka3arh cieayioliee yTBepKIeHHE.
Teopema 2. [lycmb gvinonnenst ycnosus 1) — 5), u
sexmop-ghynxyua P(t, 1) € U yooeremeopsem ycinogusim
(18). Toecoa cucmema (17) npu OonoIHUMENLHBIX YCLOBUSX
(23) oonosnauno paspewuma ¢ U.

IMocTpoeHue penieHUil HTEPALMOHHBIX 3a1a4

Paccmorpum mepByro mrepaunuonnyio samady (15).
IMockonbky B Hell npaBast uacts P = PO (, t) = 0, To ycio-
BUS OPTOTOHANBHOCTH (18) BBIMOIHEHBI aBTOMATHYECCKHU, U
3anada (15)) umeet crenyromee pemenne (cm. (22):

(0 +al (1) 0g (). (24)

Venosus (18) paspemmmoctn 3amaun (15,) B mpo-
ctpancTtBe U MPUBOIAT K CICAYIONIMM YPABHCHHUSIM OTHO-

CHUTEJIFHO (PyHKIUH oc( )( )( j=0,1 2)

&l (1) = (4 (1) 00 (1) 20 (1)) ol () + go ) (1).0):
(4 (D)o (=01 () ())e” ()+  (©25)

L
=}
~
—~
~
~
Il
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]G 1.9)01(5) 10 ()l (s g, 1)
. (20) (1)= (A1 ()02 ()=, (1) %2 (t))a(zo) (1)+

(G )0 (512 ()l (544020
-3 (00 1)+
o (=) ;
+ZP(()(1)c 0 (1):2%0 (1)

o ()= 3 ()60

a()=+ 3 A4 000 ,
© 3 TA G () s)aon (1)
0l (-3 P (1) 1)+

1l

+
’*c/-\
==
—

~
S—"
=
—~
S—"
S
=
—~
S—"

9 (t)

+ZIP2k

k=00

$)Gy (1.5) @y (s)ds,x2 (1)

V4yuTeiBasi, 4T0 BCE ps.g)(t)z()(j,k :O,I,Z) U IIpH
TOM

el 0.0 =00 -
= O (y (1:9).0)= (o) () (1) ):

%(Z)EQl(O)(’):
oF ocgo) o (7).t
) ( (at:/(P d )@()’XI() ) (0);

nepenuineM cuctemy (25) B Buae
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o (2) = (4 ()90 (1) %0 (1))l (1) +
+F(ag°>(t)%(t),t);
dgo) (1)= (A1 (D)o (2).%, (1) - (t))o‘go) (1)+

1

+[(Gi (t.5) 01 (5). 1 (1))a” (s)ds +

o (1)1 (1) |l (1) (26)

c'x(zo) (1)= (A1 (1) s (1) = (2) %2 (t))a(zo) (1)+
+.[(G2 (t,5) 9, (5) %2 (t))ag°)(s)ds+

oF (af) (1) oy (1).1)

' ow 92 (1) (1) [ (1).

HavanbHble ycIoBUs AJIsI IAHHOM CUCTEMbI BO3bMEM U3
paBeHCTBa

VuureiBas, 4to MHTErpoAu(PepeHIHAIbHbIE ypaBHE-
uust (26) st GyHkimit a(jo) (z)( j= 1,2) — OJIHOPOJIHBIE,
YCTaHOBUM, UTO (x(jo) (1)=0(/j =1,2). s pynxrmm OLE)O) (1)
TOJTyYMM HENMHEHHY0 3a1ady Ko (¢ yaerom Buma A4 (7)
u @, (n=1{1,0,0})

O e TR

=)
wf (o (oo (1).1). o (0) =",

Pa3penImMocTh, B IIesIoM, KOTOopoit Ha otpeske [0, 7] mpo-
OrieMaruyHa.

HccnenoBanne 3TOro BONpOca — CAMOCTOSTEIbHAS
1 BechbMa HETpHMBHAJIbHAS 3a/1ada, ITO3TOMY BBEIEM €lle
OJTHO YCJIOBHE:

6) 3amada (27) pazpemmma Ha otpeske [0, 7.

B atom cityuae ciyuae penrenue (27) mepBoii ureparm-
oHHOH 3anauu (15)) Gyner Haiineno B npoctpanctse U B

27

BujIE W, (1,7) = ago) ()@ (¢). Omo He conepxut dynKHii
[IOrPaHUYHOTO cIost. UTO JKE KAacaeTcs CIEAYIONIUX HTe-
PALMOHHBIX 3a/1a4, TO I HUX ypaBHeHUs Wi (yHKImiA
oc_(/k) (t) (k =1,2,3,..,j= 0,1,2) OyayT JTUHCHHBIMU, U TIO-
3TOMY MX Pa3pemuMoCTh B 1eoM Ha otpeske [0, 7] ode-
BHJIHA.
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3ameuanue 2. B nelictButensHoM ciaydae 3agaqun (1)
ycioBre 6) Oyaer BoimoHeHO [8, ¢. 412—413], eciu no-
TpeOoBaTh, YTOOBI CyNISCTBOBANA IOCTOSHHAS Y, Takas,
uro npu Beex (¢,y) €[0,T]x R' MeeT MecTo HepaBeHCTBO

=R Oy

OTO HEPABEHCTBO BBIMOHSCTCS, HAPUMED, IS 3a/1a491

s—t

t -
ng-([e ¢ K\ (t,5)y(s,€)ds+

t \/E(Sft)

+fe = Ky(t,9)y(s.e)ds—2y°,y(0,6) =",
0

Hepagenctgo (28) B JaHHOM cilyuae UMEET BU:

K, (t,t)+LK2 (1,1)-6y* <y < —6)” <

N
< y—(Kl (t,t)-i—%[(z (t,t)).

Ono BBITIOJIHSIETCS, €CJIM B3Th MMOCTOSIHHYIO Y > 0 Tak,

4TO0BI ¥ > trer[l(?:)T(]‘Kl (t,t)+%K2 (t,t)‘, ITpu >TOM 3a1aua

(27) Gynmet uMeTh crenyomiee peleHue:

. I;[ejzm<s>dv]2 s | [ 0)
()~

. 2
4 J.;(ej"m(s)ds] ds |yg +1

1
rac = e .
nem(t) =K, (t,1)+ ﬁKz(z,t)

[Tpu ycnoBusix 1) — 6) noctpoum psifa (12) ¢ xkoad-
¢Gunmentamu w (7, T) € U, Takke Kak U B [7], mokaxem
CIIE/TYFOIIHN PE3yIIbTaT.

Teopema 3. IIycmo onst cucmemvi (2) gvinoamenst yc-
nosus 1) — 6). Toeoa npu € < (0, ] (g,> 0 — docma-
mouno mano) cucmema (2) umeem eounHcmeerHoe peweHue
w(t,e) € C1([0,T1,C>), u umeem mecmo oyenxa

N+l
| w(t,&)=Wey () llcro.ry<eye” > N=0,1,2,...,

20e w_(t) — cyxcenue (npu 1 = y(t)/e) N-1i uacmuunoil
cymmbl psoa (12) (¢ koagppuyuenmamu w (t, ) € U, yoos-
nemeopsaowumu. umepayuonnsim 3aoavam (16,)), a no-
cmoannas ¢, > 0 ne sagucum om € npu € € (0, €].
[Mockonbky pemreHue y(¢, €) ucxonHoit 3agauu (1) sBis-
eTcsl IepBOit KOMITIOHEHTOH BeKTOp-(QyHKIMHU w(Z, €), TO st
Hero (mpu ycnoBusix 1) — 6)) Takxke crpaBeanBa OIleHKa

1 7(8)=Yon O llego,ry<ene™ ™ N=0,1,2,...

¢, > 0 me 3aBucur ot e mpu € € (0, g ].
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