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MNMpepenbHbIN Nepexon B MHTerpo-audcepeHumnanbHbIX ypaBHEHUAX
C HyneBbIM onepaTtopom aucdepeHUManbLHON YaCTU U HECKONTbKUMU
ObICTPO U3MEHsALWUMNCA aapamm

M.A. bo6omxkanosa, B.®. Cadonos, O./]. Tyiunes

PaccMoTpeHo HHTEerpo-udGepeHIHaIbHOE yPaBHEHHE C HYJICBBIM ONEpaTopoM AU(GepeHIHaIbHOM YaCTH i HECKOIBKUMHU OBICTPO H3MEHSI-
IOIUMUCS SPaMu. VI3ydueH npeaesbHbIA Hepexos] ero pereHus pH CTPEMIICHIN MAJIoro TapamMeTpa K HyIlo. AHaJIOrHYHAas 3a/1a4a aHaJI3HU-
poBatach paHee JUIsi OTHOTO OBICTPO M3MEHSIOIIErocs siipa. B cirydae HeCKOIBKHUX OBICTPO N3MEHSIOIIMXCS sIep UCCISI0BAHNE CONPSDKEHO C
JIOBOJILHO TOHKHM aHAJIN30M PEryJIspH30BAHHOTO aCUMIITOTHYECKOTO PELICHHS, aJITOPUTM ITOCTPOCHHUSI KOTOPOTO paHee He pa3padaThiBajICs.
Henocpeacreennoe o0o0meHne uaeil padboTsl ¢ OMHUM OBICTPO U3MEHSIOIUMCS AAPOM Manod(P(eKTHBHO, TaK KaK HaJTHMYHe HECKOIbKUX
CIEKTPAIBHBIX 3HAYCHHH spa MHTErPAJIBHOTO OIepaTopa CyLIeCTBEHHO U3MEHSET alropuT™ Metoza peryiasipuzanun C.A. Jlomosa, nenast
ero MeHee 0003pUMBbIM. VI3BECTHO, YTO MPH HCCISAO0BAHNH TIPE/IEIBHOTO Mepexo/ia MPH CTPEMIICHHH MaJIoro rapamMeTpa K HyIIIO0 B CHHIY-
JISIPHO BO3MYILCHHBIX 3a/1a4aX OOBIYHO CTPOUTCS IVIABHBIH YICH aCUMIITOTHUKH, JUIs BBIYMCIICHHS KOTOPOTO B Cllyyae MHTerpo-auddepen-
LMAJIbHBIX YPaBHEHHH C HYJIEBBIM orepaTtopoM audepeHIManbHOi YacT Hal0 PEIINTb IepBbIe JIBE HTEPALOHHBIE 3a1auH, BOSHUKAIO-
Iye B IPOIecce MOCTPOCHHS aCUMIITOTUKH, TIPH HAJIMIUU H3BECTHOMH IIPaBOil YaCTH TPeThel HTepallmoOHHON CUCTEMEL. B cirydae oxHOro
OBICTPO U3MEHSIOLIETOCs S/Ipa MOCTPOCHHUE TAKOTO PEILICHUS HE COCTABIIET 0COOO0T0 TPY/a, TOCKOJIbKY SKBUBAIICHTHASI HHTErpo-1udde-
peHIHralibHasA CUCTEMA UMEET MOPAIOK, paBHblﬁ JABYM. B Cl1y4a€ HECKOJIBKUX AE€P OTOT IHOPSAL0K 0oJIbIIIE JBYX, 4TO 3aMETHO YCJIOXHAECT
TIOCTPOEHHE PEIICHUH COOTBETCTBYIONINX HTEPAOHHBIX 33/1a4. OCHOBHBIE I ITPOBOJMMOr0 0000IIEHHST M TOHKOCTH, BOSHUKAIOIINE
IIpH pa3pabOTKe COOTBETCTBYIOLIETO AJITOPUTMA METO/IA PETyIISIPH3ALNH, OJHOCTHIO IPOCMATPHBAIOTCS B CIIydae IBYX OBICTPO H3MCHSIO-
IIUXCS Si/IeP, TTI0ITOMY B paboTe MPEACTaBICH UMEHHO 3TOT CIIy4dai.

[Toka3aHo, 4TO MpeieNbHOE PElIeHHEe CYIIECTBEHHO 3aBUCUT OT YMCIA CIIEKTPAJIbHBIX 3HAYEHHH HMHTETPabHOIO OIEepaTropa, U TOYHOE
pelIeHHe UCXOHOM 3a1a41 CTPEMHUTCS K IPEICIbHOMY Ha BCEM PACCMaTPUBAEMOM OTPE3KE BPEMEHH, YTO MOATBepikaaeT AhhekT orcyT-
CTBUSL B 33/1a4€ MOrPAHUYHOTO CJIOSL.
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The Limiting Transition in Integro-Differential Equations Containing
a Null Operator in the Differential Part and Several Rapidly Varying Kernels

M.A. Bobodzhanova, V.F. Safonov, O.D. Tuychiev

An integro-differential equation with a null operator in the differential part and several rapidly varying kernels is considered. The limiting transition
of its solution with the small parameter tending to zero is studied. Earlier, a similar problem was considered for one rapidly varying kernel. In the
case of several rapidly varying kernels, the investigation of this problem involves a rather subtle analysis of a regularized asymptotic solution, an
algorithm for construction of which was previously developed.
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An attempt to directly generalize the ideas of the study that dealt with one rapidly changing kernel is inefficient, because the presence of several
spectral values of the integral operator’s kernels involves the need to essentially change Lomov’s regularization method algorithm, which becomes
less observable. It is known that in studying the limit transition with a small parameter tending to zero in singularly perturbed problems, the
asymptotics main term is usually constructed. For calculating this term in the case of integro-differential equations with a null operator in the
differential part, it is necessary to solve the first two iteration problems arising in constructing the asymptotics, provided that there is a knowm
right-hand side of the third iteration system. In the case of a single rapidly changing kernel, construction of such solution is quite straightforward,
because the equivalent integro-differential system is of the second order. If there are several kernels, this order is greater than two, a circumstance
that adds noticeably more difficulty to construction of solutions for the corresponding iterative problems. The basic ideas of the generalization and
subtleties that arise in developing the corresponding regularization method algorithm are fully seen in the case of two rapidly varying kernels; this
is why it is exactly this case that is presented in the article.

It is shown that the limit solution depends essentially on the number of integral operator spectral values, and that the exact solution of the initial
problem tends to the limit solution on the entire considered time interval, a result that confirms the boundary layer lacking effect in the problem.
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Beenenue K, (t,5) eC”(0<s<t<T,C), j =1,2;

PaccmotpuM  mHTErpoauGpepeHIHaIbHOE YPABHEHIE 2. (1) =, (1)vVee[0,T];

- Ju (0)do
Zj K, (t,5)y(s,e)ds +

Jj=lo

+h(1), (0,8)=y", 1t €[0,T],

C HYJIEBBIM OIepaTopoM TudGepeHInaIbHON YacTH U He-
CKOJIBKUMH OBICTPO M3MEHSIOLMIMMHUCS SIpaMUd U M3y4UM
TIpeJIeNIbHBIN TIepexo]l ero pemieHus y = (¢, €) npu € — +0.
AHanoruvHas 3ajnada paccMoTrpeHa B [1, 2] mis omHO-
ro OBICTPO M3MEHSIOIIETOCS spa. B ciydae HECKOIBKUX
OBICTPO M3MEHSIIOLIHUXCS SIIEP AITOPUTM TIOCTPOCHUS pe-
TYJISPU30BAaHHBIX ACHMIOTOTHYECKUX pemeHud [3, 4] mo
HACTOSIIIETO BpEeMEHM He OblT pa3BuT. HemocpencTBenHOE
0006menue uaei [1] Ha s10T Cityyait ManoaddexTuBHO,
TaK KaK HaJIMYKUE€ HECKOJbKUX CICKTPAJIbHBIX 3HAYCHUHN
pj(t) siipa MHTETPaJIbHOTO OIeparopa CyLIECTBEHHO YyC-
JIOXKHSIET anroput™M Metona perymsipusanuu C.A. Jlomosa.
B cimydae omHOTO OBICTPO M3MEHSIOMIETOCS Spa MOCTPO-
€HHE PEryJIsipPU30BaHHOTO aCHMIITOTHYECKOTO PEIICHNUS He
COCTaBISIET 0COOOTO TPyZa, MOCKOJIbKY 3KBHBAJCHTHAS
nHTerpoandepeHraIbHas CUCTEMa HMMEET IOpPSIJIOK,
paBHBIH 1ByM. B cirydae 3amaun (1) ¢ 7 > 2 3TOT NOpSI0K
yBEJIMYHUBAETCs 110 7 + 1, 4TO 3aMETHO YCIIOKHSET OCTPO-
€HHE PEIICHUII COOTBETCTBYIOIINX MTEPAIIMOHHBIX 3a7ad,
a 3HAYMT, ¥ CaMOTO aCHMIITOTHYECKOro pemeHnsi. OcHOB-
HbIE HJien 0000IIeHNs Ha cityyail 7> 2 TIOJIHOCTBIO TPOCMa-
TPUBAIOTCA B CIydae JBYyX OBICTPO M3MEHSIOLIUXCS sIep,
TI03TOMY B HACTOSIIIEH paboTe pa/ii COKpAIeHHs BBIKIAI0K
cuutaem, uto B (1) » = 2. 3ametum, yTo 3amaya (1) He pac-
cMarpuBajiaCb ¢ TOYKH 3PEHUA JPYIrUX METOAOB aCHUMIITO-
TUYECKOTO MHTETPUPOBAHMUS (HampuMep, MeToIoB [5 — 7].

JKBHUBaJIeHTHasl HHTerpoauddepeHuaIbHast
cucTeMa U ee peryJsipu3amnus

HpeZ[HOJIO)KI/IM BBIITOJTHEHHBIMU CJIIEAYIOIIUE YCIOBUA:

L. h(),p, (1)eC”([0,T1,C),
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3.u,(1)#0,Rep, (1) <0,/ =1,2,V1e[0,T].
BBejieM J1Be HOBBIE HEH3BECTHBIE (DYHKITHH:

i
t 7'[u,(e)de

_.[ &
Zj_ (5]
0

Juddepenunpyem nx no ¢

K, (t,5)y(s,e)ds, j=1,2.

dz . —ju,(eme
—L=K (t.0)y +M’()J' x
dt e
*I KO0 K (2,5)
xK;(t,5)y(s, 8)dS+j 6—y(s ,€)ds &
dz,
= 87:;4]. (Dz,+eK (1,0) y+
7'[;1 (8)d6 8K ¢
+8J. %y(s e)ds, j=1,2.

0

Bwmecro (1) momyunm cucremy

dw ‘ —jme)de
e o A(ywre4, (t)w+aje C G (t,s)w(s,e)ds+
dt )
L@
@0 Y
+8Ie‘ G, (1,5 )w(s,e)ds +H (1), w(0,6)=|0 |,
0
0

e w=1{y,z,,z,;, H(t)= {h(1), 0, 0}, a marpunmt A(7), 4 (1),
Gj(t, S) UMCIOT BUJI:

1 1 0 00

AD=[0 p(r) 0 |5 4= K@) 0 0

u, (1) K,(t,t) 0 0
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o 0 o0
00 0
GKl(z,s)
Gs)=lo T2 ol G us=lo 0 0
o 0 0 0 o Kalts)
o

IMockonbky criektp 6(A(f)) = {0, p (1), u,(¥)} MaTpuibI
A(t) IMeeT TONBKO JTBA HCHYJCBBIX COOCTBEHHBIX 3HAYCHUS
pj(t), TO peryaspu3aliuio 3aaa4u (2) mpoBeseM ¢ OMOIIbIO
TIEPEMEHHBIX

(l)

T, _—j L(0)d0 = ,j=12. 3)
Ana pacumpenns w={y(1,1,€), 7 (,7,€), z,(#,7,€)}
MOTYYUM CIIEAYIONLYIO CUCTEMY:
oW

ow ow - -
£ (1) 241, () = A e A (1)
ot ot, or,

Jj=1

H(1), (0,0,8)={)",0,0} x

( 1,7,), y(1) = (Wl( ), \Vl(’)))'

OpHako 3amady (4) HENmb3s CYUTATH IMOJHOCTBIO PEry-
JIIPU30BAaHHOM, TaK Kak B HEM HE MPOBEJEHa peryispusa-
U] HHTETPAIFHOTO OIleparopa

szilej“ v )w[s, vis) ,g]ds.

j=1

Sij.e—ju 1 (0)d0 S)ﬂ;(s,w(s),s)ds _ @)
! €
),
=(

Hnst perynsipuzaumu omneparopa Jw BBEAEM Kiacc

M,=U| ., AaCHMNTOTHYCCKH HHBAPHAHTHBIA OTHO-
0]

€
curenbHo omneparopa J [1, ¢. 62]. IIpu stom B kayectBe U
BO3bMEM IIPOCTPAHCTBO BeKTOP-(PyHKIMI W(Z, T), pecTaB-
JIAEMBIX CYMMaMH BHJla

w(t,T)=w, (£)e" +w, (t)e” +

N )
+w, (), w, (1) € C([0,T],C), j=0,1,2.

Ilokasxem, 4To Kjacc M, aCHMITOTHYECKH MHBApHAH-
TEH OTHOCHTEJBHO omiepartopa J. J{jist 3Toro Haio 10Ka3arh,
4T0 00pa3 Jw(f, T) Ha QyHKIUMIX BUuaa (5) mpencTaBuM B
BHUjIE pAja

Jw(t,r):isk(wfk)(t)e“+w1k)(t)e +w(()0)(t))\ viy> (6)

€
CXOJISIIIIETOCS] ACUMITTOTUYECKU K Jw (ripu € — +0) paBHO-
mepHo 10 t € [0, T]. ITogcraBum (5) B Jw(t, 1):

1ju, (0)d 2

Jw(t,t)= zzjea*

j=1

y
~[m @0

ZG/' (t,8)w, (s)e™ ds +
k=1

1ju (e)de ™)

+ ‘([e £, )y (s )ds:

J
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[IpuMeHsisi OTIEPAINIO HHTETPUPOBAHHS 110 YACTSIM, 10~
JIYHHM CIIE/YIOIIEE PA3TIOKEHHUE:
1pr
i (0)a0 or
Jw(t,'c):eJ" l J.OGl(l,s)wl (s)ds+

+egf“z J.;Gz (¢,8)w, (s)ds+

@ — ” Ej.uz(e)de
+2 (1)e (15(G (6s)m (5))) e -
m=0
%(Hl(e)de
~(15(Gy (5)wy () _ e *
gp,(e)de (®)
H(1E (G (o) (5) e -
g}lz(e)de
(B (G (bs)m () e |+
2 (If”:) (GJ (Z’S)WO (S)))s:t -
+]Z:1: *J.H (0)do
_<IJ”E) (Gj (t,s)wo (S)))yzo ¢
TJIC BBEICHEI OTICPATOPBI:
1 1 0
I = I = =
P () () () (s) s
1 1 0
]0 _ , [m _ _[mfl,
. Hl(S)_P-z(s) ! “l(s)_MZ( )8s ’ ©)
1 1 0
19 = s 1y = — 100
jo _P-/ (S) Jjo _H,' (S) as Jjo

j=1,2,m=1,2,3,..

Herpyano nmokazars [4], uTo psa crpasa B (8) CXOmUTCS K
Jw(t, €) (mpu € — +0) paBHOMepHO 110 ¢ € [0, 7).
Beenem oneparoper mopsaka (mo ) R : U — U:

Torma odpa3s Jw(t, T) MOXKHO 3amucarh B BHJIC:
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Jw(t,D)=Ryw(t,0)+ Y €""' R, w(t,0), (11)
m=0
j9i (5] ‘E:M.
€

IIpoBenem pacmmpenue oneparopa J Ha psjiax BUja:

W(t,t,e)= i e w, (1,7) (12)

k=1

¢ ko3pduuuentamu w(t, 1) € U, k> 1.
Onpenenenue 1. DopManbHEIM pacIIUpeHHEM J OIIe-
paropa J Ha psgax Buaa (12) Ha3eIBaeTcs onepaTop

def ® v

Jitre)=Y e > R_w(to.  (13)

v=—1 s=—1,v—5s>0

HecmoTps Ha T0, 4T0 pacimpentue J oneparopa.J ompe-
JieTIeHo (hOpMaIbHO, UM BIIOJIHE MOYKHO TTOJIB30BATHCS MIPU
MIOCTPOEHUHU aCUMIITOTHYECKOTO PEIIEHUs] KOHEYHOTO I0-
psaaxa mo €. Teneps JIerko BBIMUCATH PETYISPU30BAHHYIO
(o orHomrenwuio K (1)) 3amaqy:

oW oW i
i (), ()2 — At Wo—e A, (1) -
& ul()(3T1 Hz()arz (Nw—ed4 ()W 14)

—eJiv = H (1), (0,0,€)= {°.0, 0}.

Pa3pemmMocTh HTEpallMOHHBIX 32124
U ACHMIITOTHYECKAs CXOAUMOCTh
(hopManbHBIX pemieHnii K TOUHOMY

[oncrasus psax (12) B (14) u mpupaBHsIB k03 durieH-
TBI TIPH OAMHAKOBBIX CTENEHSX €, MOJYYHUM CIIEAYIOLIHe
UTEpaLMOHHbIC 33/1auu:

2, (1) 2 s (1) A5 A (1)~
8 Tl 8’52 (1571)
—eJiv = H(t), "(0,0,e)= { »°,0,0}.

L, wo(t,r)=—%+4 (O +

(15,)
+R,w_ +H (1),w, (O,O)ZWO;
ow,
Low (£,0)=——>+A4 (H)w, +
oW (1,7) Py L (Dw, 15)
+R0 WO +R1 W71 9W1 (090)209
ow,_,
Lyw, (t,7)=— 2 +4, (W, +R,w,_ +
(15)

+R W, ,+. AR w,w,(0,0)=0,k>1.

[epexons x GopMyIHpPOBKE TEOPEM O HOPMAIBHOW H
OJIHO3HAYHOM Pa3pelMMOCTAX HTEPAMOHHBIX 3a1a4 (15,),
BBIYHCIIUM COOCTBEHHBIC BEKTOPBI (pj(t) u Xj(t) mMatpuil A(f)
u A'(¢). OHU BBITIIA/IAT KaK:
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m ()"
<p2<r>={f(t),o,1}; xo(t)={ ,—%(z) 0 )} (16,

%.(0={0,1,0}; 7,()={0,0,1},

9, (1) =1{1,0,0}; (Pl(t)={# 1 0};

npudeM @ (), @,(f), @,(t) COOTBETCTBYIOT COOCTBEH-
HbIM 3HaYeHUAM A (1) = A (¢) = p,(6), (1) = p(f) marpu-
el A(7) a y,(2), x,(?), x,(f) — COOCTBEHHBIM 3HAYECHHUAM

Ao ()= 04, () =1, (¢), A, (1) =, (¢) Marpuusr A°(2).
Kasx/as 3 nrepanioHHbIX cucteM (15,) umeeT BUL:

Lyw(t,1)= ul(t) +u2(t) Y A(yw=P(1,7), (16)

1 2
e P(t)=F (t)e" + P (H)e™ +F (1) e U.
Teopema 1. Ilycmov gvinoamnenvt yciogus I — 3 u

P(t,7) € U. /Ina mozo, umobwi cucmema (16) umena pewenue
6 npocmparcmae U, Heobxo0umo u 0ocmamouHo, umoowl

(P,(0),1,(1) =0,/=0,1,2, Y1 €[0,T]. (17)

JlokasarenbCTBO MPOBOAUTCS 110 TOW )K€ CXEMe, YTO U
JIOKA3aTeNbCTBO aHAJOrW4HOro yTBepkaeHus B [1]. Ilpu
9TOM IPH BBIITOIHEHUHN YCIIOBUH OpTOTOHAIBHOCTH (17) cu-
cteMa (16) nmeer ciemyromee permeHne B mpocTpancTae U:

(B0 (0)

) (t)+
w(t,T)= H (t) e
P

T

+

(18)

Ei o, (), (1)+ 22: p.fk(’)(Pk(’)}r”

j=0 k=0,k=j

=
[¢]
R
—
~
~
m
aQ

w([O,T],(Cl) — TIPOM3BOJIBHBIEC (DYHKIIHH;

) (1)1 (1))
) “k()

sHaunM T, = 0; uepes (,) 0603HAIEHO CKANAPHOE TIPOM3-
BeJICHHE B KOMIUIEKCHOM npocTpanctee C°.

Paccmorpum cuctemy (17) mpu 1ONOTHATEIBHBIX yC-
JIOBUSIX

, j,k=0,1,2 paau ynobersa 060-

o
B
—_
~
~—
Il
|
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w(0,0)=w';
aW T
< —5+Al (Ow+R,w+0(t,1),x (1)’ >=0,
J=12,vt€[0,T]; (19)
< —%+Al O)w+R, w+0(1,7),
10(1)>=0 Vi €[0,T],
e O(t,7)=0, ()" + O,(¢)e™ +0,(¢) — u3BecTHAA PyHK-
st kmacca U; w' € C — NOoCTOSHHBIN BEKTOP; Uepes <,>

o0o03Ha"eHo ckajsipHOoe (Tipu KakaoM ¢ € [0, 71) mpousse-
JieHue B mpocrpanctee U

2 2
<w(t,u),v(t,u) >=< Zw/ (H)e" +w, (t),z v, (t)e" +
j=1 =1

+v, (1) > difZ(wk (0),v,(1)).

Hmeet MecTo clieyroniee yrBepxaeHue (JIoka3areib-
CTBO BBIIIOJHEHO 110 cxeMme padoTsl [1]).

Teopema 2. Ilycms gvinonnensvt ycnogus 1 — 3 u ex-
mop-pynxyus P(t, t) € U ydoeremeopsiem ycinosusm (17).
Tozoa cucmema (16) npu oonornumenvhwix yciosusix (19)
00Ho3HauHo paspewuma ¢ U. Ilpu smom @ynxkyuu a(t)
6 pewenuu (18) saoau (16), (19) naxoosmes uz pacnadaio-
weticsi cucmemul YyPAaGHeHUil:

( )+‘I0(t >
1 (1))ou (1) +

X2 (0)as ()+ - (GO0)

eoe:

1= 2.0-F 00 <t>+§p0k 04,0000
q E [Ql kzz;, lplk +k_022;, lplk (t)Al (t)(Pk (t)"'
+k ~ l_[plk (£5) @y (5)ds,, (1)

2[00 2 (06, (04 T ()4 000, )+
+Z;[p2k (5)G, (t,8) @, (s)ds,x, (t)j

1
k=0

MATEMATUVKA

Tax xe, kak u B [2, ¢.70 — 75], MOXKHO J10Ka3aTh cje-
IYIOIIYI0 TEOpeMy 00 aCHMIITOTHYCCKOH CXOTUMOCTH
(hopMasTbHBIX PCIICHHIA K TOUHBIM.

Teopema 3. Ilycms 01 cucmemul (2) 6blnonneHvl yc-
nosus | — 3, mozoa npu € = (0, €] (¢ > 0 docmamou-
HO Mano) y cucmemvl (2) ecmv eOUHCMBEHHOE pelieHue
w(t,e) € C'([0,T],C"), u umeem mecmo oyenxa:

(| w(z,€)—w,y (2) ||c[o r1SCNE ML N=-1,0,1,...,

ede w, () — cyocenue (npu T:w) N-oti wacmuunou

cymmul psioa (12) (¢ Koad)d)uuueymaiwu w(t, 1) € U, yoos-
NIeMBOPATOWUMY UMepayuoHHbim 3adavam (15,)); nocmo-
annas c,,> 0 ne sasucum om & npu € € (0, g ).

[ockonbky pemenne )(¢, €) ucxomHo 3amgaun (1) sBis-
€TCs IePBOM KOMITOHEHTOH BEKTOP-PyHKINH W(Z, €), TO I
Hero (Tpy ycnoBusx 1 — 3) Takke cripaBeinBa OIIeHKa

N+1 .
H y(tﬁg)_ygN (Z) HC[O,T]SCN8 * 3N=_ 130319'"9
¢, > 0 ne 3apucur ot e ipH € € (0, €)).
IpenenbHblii nepexona B 3aga4e (1)

CortacHo Teopeme 3
w(t,e)=¢"'w, (1,7)+w, (1,7)+¢F (1,€);

(t=w(r)/e),

<¢, (Vee(0,g,])

1)

e ”E (t’g)"c[o 7]

CrenoBarenbHO, A7l U3y4EHHS TPENETIbHOTO Mepexoia
B (2) cnenyeT Haitm perenns w (f, T), w,(t, T) HTepamy-
onnplx 3a1a4 (15 ) m (15,). Caenaem 510, HCToNb3ys Gop-
Mmyisl (18), (20).

ITockonbky B TIEpBOH WTepanmonHOH 3amade (15 )
Gyukum p (Z) = pﬁl) (t) = O(j =1,2,k= 0,1,2), TO ee
pemienue B mpoctpanctse U (cm. (18)) nmeer Bux:

w., (t,7) = affl) (1), (t)e" +
+0L(271) (1), (t)e” + agfl) (1), (7).

e (x(]fl) (l)e c” [O,T ] — IIOKa HEU3BECTHBIC CKAIISPHEIC

(hyHKIHN.
[omuunsasa (22) mavansHOMYy ycnosuro w (0, 0) = 0
HOJ‘Iy‘II/IM'

za ]

Hpu 3TOM Cleaylolas uTepanuonnas 3amada (15))
MMPUMET BUA!

Lwo t 1: 122: ( t)) +
(04 ()9, (1) +

Hown }

+(—a£;“(t)%(r>) A (e (1) +H (1)

(22)

=0 al(0)=0,j=0,1,2. (23)

24
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[To Teopeme 1 3Ta cucrema paspeluma B IPOCTPaH-
ctBe U Tora U TOJBKO TOT/A, KOT/Ia BBIOIHSIOTCS YCIIO-
BHA OpTOTOHANBHOCTH (cM. (17)):

((‘“571) ()0, (1)) +a (1) 4 (1), (1) +
+G(15)al (), (1) s, (z)] 0,i=1,2;

(e e (0] 6 ()4 (e ()+ (0.1, 1)

ITonpoOHee 3ammiieM 3Ty CHUCTEMY, YYUTHIBas, YTO
H(#)= {h(1), 0,0}, nBux (16,) cOGCTBEHHBIX BEKTOPOB X,-(t)
u (pj(t):

0.

7 (1) = (A (1), ()=, (1), () o (0)+
(@) (5)1 ()l (s
G50 ()= (A 1)1 ()= (1) s () 1)+
(6, (05)04 (5).1 (1)) o (5},
G50 (1) = (4 ()0, ()1 ()s (1) 40,

[Mockonbky HauanbHBIC YCIOBUS (23) IS JaHHOW CH-
CTEMBI HYJEBEIE, TO

=>w, (t,r = ocgfl) (t)(p0 (z) = (25)

YTounum Bua cuctemsl (24):

(e (o (1)) +
4, (0o (o () + ()= RO (1) @24)
W, (0,0) =’

3ameTHM, 9TO B CHITy TOTO, YTO BCE aj(*‘)(O) =0(G=0,1,2)
umeeT Mecto paBeHcTBO P(0) = 0. [lelicTBUTENBHO,

B (0) =66 (1) @y (1) + o (6) o (1)) o +
+4,(0)a™" (0), (0)+H (0) =

== (0)0, (0)+ H (0) =

== [ (4 ()@ (1) =4 (1) 2 (1))l (1) + (1) |
0<o>+H<0)=—h<) 0 (0)+H (0)=
+—{h(0),0,0}+{#(0),0,0} =0

Lw, (t,r) =

0
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B cuny BbInonHEHUS yCioBUi opToroHanbHoCcTH (17),
cuctema (24) umeer cienyroniee pemenue (cMm. (18)):

wy (6,7) =al” (1) g, (1)e" +
+0L(20) (t)(p2 (t)eTZ + ago) (t)(po (t) +
+40 (1) 9, (1) + g9 (1), Py (1)
(B (1) (1)
=—— k=12
—Hy (t)
Havanbnoe ycinosue w (0, 0) = w’ (¢ yueTom TOTO, 4TO
P{(0) = 0) npuBOAUT K CUCTEME

ol? (0)¢, (0)+ ol (0)e,(0)+ ol (0)¢, (0)=n",

U3 KOTOPOU HAXOIUM 3HAYCHUS a.(o)(O):

(26)

al?(0)=(n".x;(0)).j=0.1.2 =
a§° )=({»".0,0}.{0,1,0}) =0; on
ol (y 0,0}, 001)

({ 0,0}.{1,-1/1, (0 1/n2(0)})=y°.

OKOHYATENbHOE BBIUMCICHUE CKAISIPHBIX (YHKINIH
ocjﬁ‘”(t) OCYIIECTBIIACTCS Ha CJICAYIOUIEM IIare Mpu MOAYH-
HEHHUHU NPABOH YaCTH CUCTEMBI

Lw, (t,7) = _%‘“‘11 (1) wo + Rywy + Rw., (15))

yCIoBHsAM opToronansHocTH (17). Buj oneparopa R BbI-
ncaH B repBoM BeipaxkeHuu (10). TpeOyercst ssBHBII BUI
oneparopa R,. Ilomaras m = 0, BO BTOPOM BBIPAKECHUH
(10), 6ymem mMeTs:

Rw., (t,7)= [[—Gl (r.5)wt " (S)J _

1, (s)

-1, (s) 0 1, (s) -
(1,5) (

)(S)J . .
_[Gz t,s wol)(s)j et |- [Gl z‘,s)wg_l) s)} "
_uz(s) -0 HZ(S)—LH(S) o
[G( ) (s >] AL
Hz( ) ”l( ) o
EEEO S BECE
“1(5)_H2(S) - Hl(s)_P-Z(S) o ’

ockombky w_, (1,7) = af{l) (1)@, (t), TO
wi () =al ) (1) @y (1), w7 (1) =iV (1) =0,

TI03TOMY B NPaBOH YacTH BRIpaKeHHs 1711 R, w (£, T) BbIpa-
JKeHUE B (PUTYPHOH CKOOKE MCUe3aeT, U Mojtydaercs: 0ojee
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NPOCTOE BBIPAKEHUE 1711 R w (Z, T) C y4ETOM TOTO, 4TO
a/.(*”(O) =0:

R, (1,7) = G, (t,l)agfl) (1), (7) . G, (f,l)ocg’l) ()0, (t)

1 (t) —H, (t)

Cucrema (15,) npumer Bu:

Dy 1.5) =3[ (o (), ()] +a ()4 (1), 1)+

j=1

[ (el 51 () -

(0‘ 0) (P (t)+p01 ( ) ( )"'P(()z)(Pz( ))
4, (1)@ ()0 (1) + 28 (1), (1) + 0, (1)) +

)
LG (6o (100 (1) | Ga (1) (1)0y (1)
(1) —#,(7)

[TogunHUB ee MpaByIo YacTh YCIOBUSIM OPTOTOHAIBHO-
ctu (17), mpuaeM K clIeayroiM ypaBHEHHSIM:

(o (1), (1)) +a (1) 4 (1), (1) +
6, (1) (s)e, ()ds =0, =1,2, 8)

~(al? (1)0, (1)) + ol (1) 4 (1), () + £, (1) =

e

fi(1)= ((Pfff) (), (t)). +(p(()g) (7)o, (1))' +
w4 (L) (1)@, (1) + o) (1) @s (1)1+
G, (1,1)a (,0)al) (1)g, (1)

0_1) (D)oo (1) G
—H (t) —H, (Z)

+
IMockonbky (cM. (27)) (1/.(0)(0) =0,/=1,2;0,0)=0=y,
TO cucTeMa (28) UMEET CIEMYIOIIEE PENICHHE (¢, (t) =0):

+

>Xo (Z))

o (1)=0,j=1,2;

J
t

ago>(t>=expu<4 ()0, (6).1,
(e))dejjo (s)ds.

Takum oOpazom, B paBeHCTBE (21) MOJIHOCTHIO Halije-
HBL W, (1, T), w(Z, T):

(1= (0=
{’ [(A(9)‘p~(9)’x°(e))deh(s)dsJ‘P0 (t);

(e))de] »o+

(29)

+':|;exp( [(4,(0)20 (0).,

s
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(f t)=a"(1)e ()e +
oaf (1), (1)e™ +af” (1) o, (1) + (30)
+p01 ( )(Pl (t)+p02 (Pz( )

(PO (1), (1))

rae T = y(t)/s; p(O,) Hfse——7+—7",
o (1) (1)

= (" (1) (1)) + 4 (il (1) (1) 1 ().

k=12 B (1)=

SIcHO, YTO JUIS CYIIECTBOBAHUS KOHEYHOTO Mpeesa
lim w(t,g) HE00X0IUMO, YTOOBI

e>+0

DTO TOXKIECTBO BBIMOJIHIETCS TOIJIA U TOJIBKO TOIYIA,
xorna A(t) = 0. B atom ciydae

;" (1)=0; 1Y (1)=0: o (1) =0(k =1.2)

j[£00, x00),
y() EyOe 0{ P-l(e) Hz(e) J ;

[ Ki(00) K:(0.0)) o
W, (t,‘c):yoe !,.( 1 (0)  1y(0) ] ?, (t)

N

U3 (21) BeITEKACT ClieayIolee yTBEPKICHHUE.
Teopema 4. Ilycmv evinoanenst yciosus 1, 2, mozoa
07151 MO20, YMoOblL UMEL MeCIO Npeoevbiblil nepexoo,

v
&
=
2

j'[K'(ee’e + é ]de
y(t,e)—| e M) 1 (0) — 0 (g > +0),
clo.7]

1eo6x00umo udocmamouno, umotwL h(t) = 0 (Vt € [O,T]),
3aMeTuM, 4To €ClIu h(t) # 0 Ha orpeske [0, 7], To yka-
3aHHBIN IIPEJEIIBHBII [1epexo]] HEBO3MOKEH. B aToM ciry-
Yae Clie/lyeT 10Ka3arh, YTO CYIECTBYET PAaBHOMEPHBIN MO
t € [0, T] acHMNTOTHYECKUH TMPEACTbHBIA PEKUM TPH
e — 10 [8, c. 528]. OT™MeTHM, 9TO paBHOMEPHEIH MTEPEXO,
YKa3aHHBII B TeopeMme 4, CIpaBe/UIMB HAa BCEM OTpPE3Ke
[0, T]. D10 03Hauaer, uto B 3amadax Tumna (1) orcyTcTByeT
MIOTPaHUYHBIN IO B OKPECTHOCTH TOUKH ¢ = 0.
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