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Hixkuncbkuit nep:kaBHUil yHIBepcuTeT iMmeni Mukosm ['orons

KPATIOBA 3AJJAYA /171l JIIHIVTHOI BUPO/I?KEHOI CUHI'YJISIPHO
3BYPEHOI CICTEMU IN®EPEHIIIAJILHIX PIBHIHDb JIPYTOT'O
IIOPAIKY

Busuaerbcs MOKIUBICTE MOOYI0BY ACHMIITOTUKY PO3B’A3KY KPaMoBol 3a1adi /uist JiHifiHOT crH-
ry/nApHO 30ypeHoi cucreMu nudepeHIiaabHuX PiBHAHD IPYTOr0 MOPSAKY 3 TOTOXKHO BUPOIKEHOIO
MaTPHUIEIO MPH CTAPIINX IMOXITHUX Yy BUIAAKY, KOJU IPAHUYHA B’s3Ka MATPHUIL MAE JINIIE IPO-
cTi BIAcHi 3HaMeHHs. 3HAXOMATHCT YMOBHU ICHYBaHHS €IMHOTO PO3B’s3KY Ii€l KpaiioBoi 3amati i
mo0y/I0BaHa, HOro aCUMIITOTHKA Y BUIJISIII POIBUHEHB 34 CTEITEHSIMU MAJIOTO aPAMETPA.

We investigated the possibility of construction of the asymptotic solution of the boundary-
value problem for a linear singularly perturbed system of differential equations of second order
with identically degenerated matrix at the derivatives of higher orders in case where the boundary
bundle of matrixes has simple spectrum. We obtain conditions for the existence and uniqueness
of a solution of this boundary-value problem and construct its asymptotic in the form of a power

series with degrees of a small parameter.

ITocranoBka 3amaui

Posriisinemo kpaiioBy 3aja4y BULy

dx

dt

= f(ta 8)7
Mix(0,e) + Nix(T,e) = dy(e), (2
MQCCZZ—::(O,F;)—FNQZ—L:(T,S) :dg(z‘i), (3)
ne x(t, &) — urykauuit n-pumMipuuii BekTop, t €
[0;T]; h € N; e € (0;e9] — maymit aiiicunit
napamerp, A(t), B(t,e¢),C(t,e), M1, Ny — kBa-
JapaTHI MaTpuii n-ro nopaiaky; My, No — Ma-
Tpuri po3miprocti (n— 1) x n; f(t, ), di(e) —
n-BuMipHi BekTOpH, da(€) — (n—1) - BuMipHuii
BEKTOP.
Hexait BUKOHYIOTBCS TaKi YMOBH:
1° marpuni B(t,e),C(t,€) i Bexrop f(t,¢)
nomyckaiorh Ha Biapisky [0;7] piBromiphi
ACMMIITOTUYHI PO3BUHEHHS 33 CTENEeHSIMHU Ma-
JIOTO TIapameTrpa €, TOOTO:

2
52hA(t)d—:B +e"B(t, )

e +C(t,e)r =

B(t,e) ~ Y e Bi(t);

C(te) ~ Y e Ci(t);

f(t7€> ~ ngfk<t)7

2° wmarpuni A(t), Bi(t),Cr(t) i BexkTOpH
fr(t) neckinuenno audepeniiiioBani Ha Biapi3-
xy [0;TT;

3° Bekropu di(€), do(e) 300paxKaTLCS Y
BUIJISITI ACHMITOTHIHAX PO3BUHEHD

di(e) ~ Y et dy(e) ~ Y erd?
k=0 k=0

npu € — 0;
4° det A(t) = 0,Vt € [0;T];
5° det Cy(t) # 0,Vt € [0;T7;

6° KBaJpaTUyHa B'd3Ka MaTPHILb
L(t,\) = Co(t) + ABo(t) + N2 A(t)  (4)

peryasipua |5, ¢.13| npu Beix t € [0;7] i 36e-
pirae Ha MBOMY BiJPI3KYy CTaJTy KPOHEKEPOBY
CTPYKTYPY, TOOTO KpaTHOCTI BCiX i1 BJIaCHUX
3HAYEeHb 1 BIJAIOBIAHUX CKIHUEHHHUX Ta HECKiH-
YEeHHHUX eJIEMEHTapHUX JILHUKIB € CTaJIMMH HA,
3aJI]aHOMY BIJIPI3KY.

Y JmaHiif cTaTTl PO3T/ITHEMO BHTAJIOK, KON
B’s13Ka MaTpuib (4) Mae Jiuie mpocTi eJeMeH-
TapHi IUILHUKH, a caMe: OJUH HeCKiHYeHHUN
Ta 2n — 1 cKiHYeHHHUX, IO BiIIOBiIa0Th KOpe-
aam A;(t), i = 1,2n — 1, XapakTepucTHIHOTO
PIBHSIHHS
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det L(t, \) = 0.

KpaiioBa 3amaua i JHIKHOI CHCTEMH M-
depeHIiaTbHAX PIBHAHD TEPIIOr0 MOPSIKY J10-
caijpKyBasacst apropom B poborax |1-4|. Tlpu
bOMY OyJI0O BUKOPHUCTAHO METOJ, aCHUMIITOTHU-
YHOI'O iHTErpyBaHHSA BHPOZKEHUX CHHIYJISIPHO
30ypeHuX JiHIiiHIX cucrem, po3pobienuii B [5].
VY nmaniit cTaTTi MPOMOHYETHCs CMIOCIO MOOY10BH
ACHMITOTUKH PO3B’sI3Ky KpaitoBol 3amaui (1)-
(3) mas timiitHOT cucremu audepeHIiaIbHIX
PIBHAHD JIPYTOTO MOPAIKY. ¥ Takiil MOCTAHOBIT
aHa 337a49a PO3T/ISIAE€THCS BIIEpPIIIe,

AcumniToTuKa 3araJbHOTO PO3B’A3KY
JiHiiiHOT omHOPpiAHOI cucTeMu

3riguo 3 |5, ¢.181], y JanoMy BUIAIKY OJHO-
pifHA cucTeMa

dx

2
52"A(t)d—x +e"B(t,¢) o

e +C(t,e)x =0, (5)

mae Ha Biapisky [0; 7] 2n — 1 niniiino He3ase-
JKHUX PO3B’S3KIB BULJISILY

24(t2) = u(t, £) exp <gh /0 M g)dT> |

s=1,2n—1, (6)

sKi YyTBOPIOIOTH 11 3arajibHuif po3B’S30K, Jie
us(t,e) — m-BumipHi BekTOpH, A (f,€) — CcKa-
JisipHi (DYHKIIT, 110 300pazKaoThes hopMaib-
HUMH DO3BUHEHHSIMMU

ug(t, ) = f: e ul (1), Ay(t,€) = f: A ().
k=0 k=0 (7)

Cainytoun [5], Buememo pekypenTHi hop-
MYJIH JIJisi BU3HAUYEHHHA KOeMDIIieHTIiB pPO3BH-
wenb (7). IlizcraBuBmu Bupas (6) y cucremy
(5) i mpupiBIIM BUpA3K P OJHAKOBUX EKCIIO-
HEHTaX, Ma€MO

M A(t)ull (L, e) + e"[2X,(t, €) A(t)ul(t, €)+
+AL(t, e)A(t)us(t,e) + B(t, e)ul(t, )]+
+(Ns(t, €)2 At us(t, e)+

+As(t,e)B(t, e)us(t,e) + C(t, e)us(t,e) = 0.

[TiyicraBuBiin B 110 PiBHICTH PO3BUHEHHS
(7) i IpUpIBHSABIIN BUPA3U IPH OHAKOBUX CTe-
MEeHsX €, JTICTAaHEMO DIBHAHHS

L(t, Al = 0, (8)

LA () =0 (1), k= 1,2, ..., (9)
Je
. . OL(t, \) .
b (1) = =N (1) - =5 (t) + 7 (),
k
g () ==Y Ciltyue—i(t)—
=1
k—1
SN B ()~
j=1
k—1 k—1
= M) B,
i=1 j=0
k—2 k—1—1
_ )\ES))\(S)A(t)u]((,‘sf)’ij_
i=1 j=1
k—1 k—1

k—h k—h
N B, =S (YA, ~
i=0 1=0
k—h
—23 ATAW) () — A (u,)"
1=0
E=1,2,....

3 pisuanna (8) smaiizemo ul’(t) = ou(t),
e ps(t) — Bracuumit BekTop B'si3ku L(t,\),
0 Bianosigae 11 BAACHOMY 3HAYCHHIO )\(()5) (1),
s = 1,2n — 1. Ilpu npomy OyjemMo BBazKaTH,
mo ps(t) € C®[0;T], Mo MOKIUBO 3aBIAKH
ymoBi 2°. PiBusiang (9) cymicui Toxi i Tinbku
TOJI, KOJH BEKTOPH b,(:)(t) OPTOrOHAJLHI Be-
KTopy ©s(t) — eJeMenTy HyJb-IPOCTOPY Ma-
rpuni L*(t, Aés)).
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. S
Ockinpkn )\(() )(t) — IPOCTe BAacHe 3HaYe-
uHst Matpuni L(t,\), TO mpHeaHAHI BEKTOPH
B'SI3KM BIJICYTHI, a, OTXKe,

<8L(t, A

B3 %%(0) #0,Vt € [0;T7].

ToMy, BpaxOBYI0UH CKAJTAPHHUN MHOXKHUK, 3 TO-
YHICTIO JI0 SIKOTO BU3HAYAETHCSI BEKTOP Ys(t),
OCTaHHIN 3HANIEMO TaK, 100

<8L(t, AP

R %%(ﬂ) =1.

Toni i3 ymoBu po3B’si3HOCTI piBHSHB (9)
(b (8), 9a(1)) = 0
BusHadmyo A\ (1):

A () = (g (), a(t), s = T,2n — 1,

(s)
a BEKTOD U,

(10)
(t) 3maiizemo 3a dhopmyJI0H0
() = Hy(0b (1), (11)

ne Hy(t) — namiBobepHeHa MATPHILS 0 MATPH-
mi L(t, )\(()s)), AKY, sIK 1 BEKTOD s(t) BU3HAYNMO
Tak, mob BoHa Oysia HECKIHUEHHO TudepeHili-
iiosuoto ua [0; 77 [5, c.84].

Hagegeni ¢opmysn MaloTh peKypeHTHHI
XapakTep i JIal0Th 3MOT'Y BU3HAYUTU OYJib-Ki
koedinientn possunens (7).

ITo6ynoBa YacTUHHOrO PO3B’A3KY
HEOAHOPIAHOI cucTeMu

flk mokazano B [5|, wacTHHHHUI PO3B’SI30K
HeoHOPiIHOT cucremu (1) MoXKHA HOOYLyBATH
y BHTJISTL
z(t,e) = v(t ),
ne v(t,e) — n-Bumipnuii BeKTOp, sikuii 300pa-
KaeThCa (POPMATLHUM PO3BUHEHHAM

v(t,e) = i P (t).

Jlns BusHaueHHs: KoedilienTiB vg(t) migcraBu-
Mo Tieit psag y cucremy (1) i npupiBHSABIIN BU-
pasHu IpH OJHAKOBHUX CTEICHAX MAJOrO Mapa-
MeTpa, JAICTaHeMO PIBHSIHHS:

Co(t)vo(t) = fo(t);

k—2h

Colt)ou(t) = fiult) = Y Ai(t)vi g~

i=0
k—h k
=3 Bi(t)vh_pi(t) = > Cilt)uei(t),
=0 i=1
k =1,2,..., 3Bigkm, B CHIy YMOBH H°, OIHO-

3HAYHO BH3HAYAIOTLCA BeKTOpH vg(l), vi(t),
k=12 ..:

wo(t) = Cy ' (1) fo(t); (12)
k—2h
uk(t) = Co () [ fi(t) — Z Ai(t)vy_an—i—
k—h 4;
=3 Bty 4(t) = > Cilt)oei(t))],
k=12, (13)

ITo6ynoBa dpopmaabHOTO PO3B’A3KY
KpaiioBoi 3amadi

[Tepeitemo Terep 10 100y I0BU PO3B’SI3KY
Kpaitosoi 3azadi (1),(2). Ipunycrumo, mo Bu-
KOHYETHCST YMOBA

7° o

ReAD(1) < 0,i=T1,1,
RV (1) > 0,5 =1+1,2n — 1.

Toxi po3s’si30k Kpaitosoi 3amadi (1), (2) mo-
Oy/lyEMO y BHUIJISIII CyMH JIHIHHOT KOMOIHAIT
PO3B’SI3KiB OJIHOPIIHOT CUCTEMHU 1 YaCTUHHOIO
PO3B’gI3KYy HEOJHOPIIHOI CUCTEMU:

x(t,e) = Z wi(t, e)ci(e) x

t
X exp (5_h/ Ai(T, E)dT) +
0

2n—1

+ Z u;(t, €)c;(e) x

j=i+1

T
X exp (—5_h/ (T, S)dT) +
t

+o(t,e), (14)
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ne c¢i(e), i = 1,2n — 1 — cKaagpHi MHOXKHU-
KH, SIKi PO3KJIa/1al0ThCsI B (OpMAIbHI CTeleHe-
Bi paan

ci(e) = ngc,g),i =1,2n—1,
k=0

KoeImEHTH IKUX HiISIral0Th BU3SHAYEHHIO 13
KpaiioBol ymoBH (2).

[TizcraBumo BekTop (14) B KpaiioBy ymoBy
(2). BastBimu 710 yBaru npuiyiieHnst 7°, MOXKHA
CTBEP/IZKyBaTH, MO JOJAHKHU, SIKi MICTITH €KC-
IIOHEHTH, € eKCIIOHEHIIaJbHO MaJuMH. Tomy,
3HEXTYBAaBIIN HUMH, OJIEPKIMO BiIIOBITHO

l 2n—1
MY ui(0,€)cie) + Ny Y uy(Te)ei(e) =
i=1 j=I+1

= di(¢) — Myv(0,e) — Niu(T,e),  (15)

l

"M, Z(ui(O, €)) ci(e)+
+M, Z u;(0,€)ci()Ai(0, €)+

2n—1
+e" N, Z (u;(T,€)) ej(e)+
j=l+1

2n—1

—|—N2 Z Uj(T, 6)Cj(€)>\j(T, 6) =

j=l41
= dy(e) — e"Myv'(0,€) — e"No/ (T, €). (16)

[IpupiBHABIIN BUpa3W IIPU OJHAKOBHUX CTe-
IIeHsIX MaJioro IapaMmerpa, JICTaHeMO BiIIo-
BiJTHO

(17)

= d?, — Myv,_,(0) — Novj_,(T).  (18)

Posranemo pisusgung (17), (18) mpu k = 0 i,
00’eTHABIIN X, IPEJICTABUMO Y BULJISIII CUCTe-
MU

(19)
Jie
Qo = [Mi1(0), ..., M (0),
Nigi1(T), .., Nipan—1(T)],
Up = [Map1(0), ..., Magi(0),
Noi1(T), ..., Noan_1(T)],
Ao = diag{>$(0), ..., AL (0),
AT, AT,
co = col(cél), . c((fn*l));
4" = d — Mywg(0) — Nywo(T);
Y = 0.
Tomi, gKIIO BUKOHYETHCS YMOBA

]°
Qo

det [ UnAg

|40

10 13 piBusans (19) OAHO3HAYHO BH3HAYAETHCS

BEKTOD Co
~1 %1)
P )

e
’ UoAo
Pipuganus (17), (18) mpeacraBumo y BULIAIL
(21)

(20)
QO cCk = g](cl)a
cr = col(c,(:), o c,(f"*l)),

dV = d" — My, (0) — Ny (T)—
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k
-3 >l ), -

2n—1
—Ni ) Zu(” )i
i=l+1 j=1
UQAO Cr = C,i(z), (22)
e
42 = 2, = Mav_(0) = Navj_, (T)~

i=l4+1 7=0

l k k—j
53 S W00,

i=1 j=1 r=0

O6’enmasmm pisusinust (21) i (22), micramemo

CUCTEMY
(j(l
& )

3Bi,ZLKI/I OJHO3HAYHO BHU3HAYAKTLCA BeEKTOPU

CTAJIUX
-1
o= ] (5
(4)

Busnauennsi crajgux ¢’ 3aBepliye IM00YI0BY
dbopmanbHOro po3s’asky kpaiiosoi 3agadi (1),

(2)-

"
g@

Qo

s ) k=1,2,... (23)

AcumnToTuKa po3B’ga3Ky KpaiioBol
3amadi

[Tokazkemo, 1o nmoOy 0BaHWT TAKUM YHHOM
PO3B’SI30K Ma€ aCHMIITOTHIHUI XapakTep. s
IIOI'0 PO3TJITHEMO M-HAOINZKEeHHsI, 00ipBaBIIH
BIIOBITHI pOpMaJIbHI PAIM HA M-y YJIeHi:

m l k
— Z ek Z Z ugi)(t)cggl

k=0  i=1 j=0

¢
X exp <€h/ A9 (7, E)dT) +
0
m 2n—1 k
2
k=0 I+1 5=

T
X exp (—ah/ A(Z (1,¢ dT) Z&: v (t
t

(24)

(z
u]
=0

1=

Je
AD(t,e) = A1)

)+ Z ek )\

Ba 1mobya0BOIO 1Ie Ha6JII/I}K€HHH 3aJ10BOJILHAE
cucremy (1) i kpaifoBy ymoBy (2) 3 TouHicTIO
g0 O(e™™). Toni, mpejcTaBuBIIE PO3B’A30K
33749l y BUTVISI/IL

x(t,e) = xp(t,e) + Tp(t, ),

JUIsT BEKTOpA HEB'sI3KH T, (t,€) oTpmMaemo
KpaiioBy 3a1a4y

A’z dz,,
2h m h m
e A(t)——— I +&"B(t, ) o +C(t,e)Tm
=™ a(t,e), (25)
M%0n(0,€) + NiZn (T, €) = €™y (), (26)
dwm dl‘m<T, 6) _ _m+1
MQW(O )+ NZT =" y(e),
(27)

ne a(t,e) — n-puMipuuii piBHOMIpHO 0OMezKe-
unii va [0; 7] Bekrop, b;(¢), i = 1,2 — nesxi
obMmezkeni BekTopu. B ojiepzkaniit kpaitosiit 3a-

Jladi BUKOHAEMO 3aMiny [5, ¢.85]
dzy, _
a ey (28)

Tm(t,€)

=Y,
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TakuMm 9uHOM, 3BeJeMO cucremy (25) apyroro
HMOPSAJIKY JI0 €KBIBaJIEHTHOI 1if cucTeMu nepiio-
r'0 TMOPSJIKY:

- d
A

Y~ Blt.eyy+ fi.e),

(29)
e
Alt) = { o AOt) ] ’

0 FE
B(t.e) = { C(t,e) —Bite)

m+1 (t 8))

y = col(y1;ya)-

Bukonasmn 3aminy (28) B KpailoBuX ymMoBax
(26),(27) 3Begemo iX 10 BULIISILY

E

f(t,€) = col(0;

Mlyl (07 8) + lel (T? 5) = 8m+1b1 <€>7 (30)

Mays(0, ) + Noyo (T, €) = ™ by (g). (31)

Busnaunmo yMoBH icHYBaHHS 1 CTPYKTYpY
po3B’sa3Ky Kpaitooi 3amaui (29-31). s 1po-
IO CIEpILy BCTAHOBUMO CTPYKTYPY 3arajibHO-
ro po3p’a3ky cucremn (29). A came, 3HaiigeMo
JKOpaHiB Habip Marpuii g(t) BIIHOCHO Olepa-
Topa

~ d
L(t,e) = B(t,e) — " A(t)—
dt
B YHITAPHOMY 2N-BUMipHOMY MPOCTOPI.
Hexait ¢1(t) — Baacumii BekTOp MmMarTpuii
A(t):

A (1) = 0.

[IpescraBumo ioro y BUrJIsi/I

. @
g1(t) = col(g1: 5",
)
Ae g§ )7 gé )
Bytoun cTpykrypy marpuii A(t), maemo

(i) - ()
n | = :
9" 0
3Biacu micramemo g( ) =0, gél) = (1), me ¢(t)

— BaacHuii BekTop Marpumi A(t), mo Bimmo-
Bijta€ 11 HysibBOMY BIacHOMY 3HadeHHIO. OTKe,

— n-suMipHi BekTopu. Toi, Bpaxo-

0 Ay

g1(t) = col(0; p(t)). Cupobyemo 3HANTH TPUET-
HaHi BekTopu. [lepimuii 3 HUX HO3HAYNMO Yepes
g2(t) 1 npegcraBumMo y Burasi

g2(t) = col(g1?; g8).

Tomi _ _
" A(t)ga(t) = L(t,£)g1 (1),
abo B PO3TOPHYTOMY BUTJISTI
ch [ E 0 } gi) _
0 A(t) g%

™
W[ E0 do;
—e at,

0 A(t) |\ 4’ J°
dt
3BiJIKM, BpaxoBywoun, mo gi(t) = col(0;

JicTaHeMo

o(t)),

g =ee(t),
d
M A(t) (gf) df) + Lip =0, (32)

ae Li(t,e) = B(t,e) + 2" A(t) 4

Hexait 1(t) — esleMeHT HYJIb-IIPOCTOPY Ma-
rpuni A*(t). Tomi piBusinust (32) Hepo3B’s-
3HE BiJIHOCHO BEKTOPA (952) — Ccll—f), OCKLIbKH
(L1, 1) # 0 3a nodbymosoto Teopii. Tomy npu-
€JHaHI BEKTOPH BIJICYTHI 1 MaTpuIisa g(t) Mage
BIIHOCHO OIIepaTopa Z(t, €) KOpJIAHIB JIAHITIO-
JKOK 3aBJOBXKKH OJIMH, KU CKJIAJAETHCS 13
ozHoro Bexktopa gi(t) = col(0; ¢(t)) — Bracwo-
IO BEKTOPa MaTpPUI A( ), 0 Bignosigae 11 my-
JIbOBOMY BJIaCHOMY 3Hadeniio. Crpsixena Ma-
Tpuig A*(t) TaKOK Ma€ KOP/JIAHIB JIAHIFOKOK
3aBJIOBXKKH 1 BIIHOCHO omepartopa Z*(t,a) =
B*(t,e) + Eh%g*(t), AKUI MICTUTD JIUIIE OJUH
siacuuii Bekrop ¢1(t) = col(0;1(t)) marpuni
A*(1).

Toni 3rigro 3 Teopemoro 2.2 |5, ¢.62|, 3a-
raJibHUl PO3B’SA30K JIHIWHOI He3aJeKHOI CH-
cremu (29) mae BUIIs

y(t,e) = Yo, 1 (t,€)c(e

ne Yo, 1(t,e) — 2n x (2n — 1)-marpunst, cTOB-
OOIMH g9KOl € 2n — 1 JiHIfiHO He3aJIe:KHUX

+y(t,e),
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PO3B’SI3KIB BIIIOBIIHOI OZHOPIIHOI CHCTEMH,
c(e) — noBiabumii crammit (2n — 1)-BumipHuii
BekTOp, Y(t,&) — meaxuii dacTUHHUN DPO3B’d-
30K HEOJIHOPIIHOT CUCTEMU.

Bpaxosyroun  3aminy  (28), wmarpuig
Yon_1(t,€) BU3HAYAETHCA HACTYIIHUM YHHOM

Vaaltoe) = ool (e, ),

ne X (t,e) —n x (2n — 1)-sumipua dyHmaMen-
TaJIbHA MATPHIE OJHOPLIHOL CHCTeMN

2

d°x
2h h
e A(t) i +e"B(t,¢)

dx

7 + C(t,e)xz =0,

BUTJISILY
X(t,e) = [UR(te) + O™ 172"

U (t,€) + O(e™ 2]

t
xdiag{exp(e™" / AW (7. e)dr);
0

T
exp(—e_h/ AQ(T, e)dr)}, (33)
¢
B gKii
At ) = diag{ A} (t,e), ... AD(t,e)},
AP (t, ) = diag{\“TV(t,€), .., A2 V(¢ &)},
,(,p(t,e) — n X [-MaTpuIs, CTOBNISEMH SKOI

€ BeKTOpH u%)(t,a), i=1,1, Ug)(t,e) —n X

(2n — | — 1)-marpunst, CTOBHIAMEU KO € Be-

KTOpH u%)(t,a), j=1l+1,2n—1, ge

uld(t,e) = ngu,(j)(t),i =1,2n—-1.
k=0

Takum uusOM, BpaxoBywuu (33), dyHma-
MEHTAJIbHY MaTPUIO Yo, 1(t, ) MOXKHA 1O/~
TH Y BUTJISIL

g

+

)/Qn—l(t> 5) -

U (t, ) + O(em+1-2h) 0
8hdl(fi§) n UT(,%)A%) + O(em 12y
0 Uy(,?)(t, £) 4+ O(em+1-2h)

0 6}‘—%’;’?) + UPAD L O(gmt1-2h) 8

t
xdiag {exp (e_h/ AW (7, e)dr) ;
0
T
exp (—8h/ AP (7, 5)d7'> } .
t

Anajioriuny crpykTypy Mae i dyHmamMeH-
TaJIbHA MATPUIS CIPAXKEHOI CUCTEMHU

d ~>k ~*
E(A (t)z) = —=B*(t,e)z :
%n,1<t,€) =
B U (t,e) + O(e%) 0 N
ehdln’ _ TOAW) +0() 0
0 UP(t,e) + O(e?)

_|_

> X
< diag {exp <_5—h / AWy, e)dT) ;
e (< [y megar) |

a=m+1—nh.
Beeemo no3naueHHs

0 5h—d€l’§”‘2) — (75?(1\&?)* + 0(g%)

t
Y(t, ) = diag{exp(c™" / AD (r,2)d7); 0},
0

T
YO(t, ) = diag{0; exp(—e" / AD (7, )},

t

JIe HyJIbOBI 0JIOKM MatOTh po3mipuocTi (2n—[—
1) x (2n — 1 —1) ra | x [ Bignosiguo. Toxi

Yanl(t? 5) = Yl(t7 8) + YQ(t? 5)7

Yi(te) =

U (t,€) + O(em+1-2h) 0
ch dzéi) 4 US)A%) + O(€m+1—2h> 0

)

0 Wt )+ O(em+i=2h)
0 gh—d%}? + UPAD + O(em+i-2hy

xY(t e),i=1,2.
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Tozi 3arampuumii po3s’s30k cucremn (29) mo-
JKHA HOJATH Y BHIVISI/I

y(t,e) = Yo _1(t, €)c(e)+
+ [T (e~

—/‘%@£ﬁ§1ﬁﬁﬁhﬁmT—ﬂ@@
t (34)
e
(t,€) = col (0 (1) (" Lp(t) 0" () (2, £)).

[TizcraBuBmmm BekTop (34) y Kpaitosi ymoBu
(30), (31) micranemo piBHSHHSI

(MYan_1(0,€) + NYan_1(T,2))ec(e) =

=™t p(e)+

T
+M/’mm¢n;1@@ﬂz@m—
0

. T
—N/‘mawwalv@vv@mF%
0

+ME(0,€) + NE(T, €), (35)
e

M= dmg{Ml,MQ}aN = diag{N1, N2},

b(e) = col(by(g); ba(€)).
[Ipoananisysasun CTPYKTYPY MaTPHIL
MY, 1(0,e) + NY5, 1(T,€) i 3uexryByBuIM
B HIill €KCIOHEHIIaJIbHO MAaJIMMH JIOJIAHKAMU,
MpeCTaBUMO 11 Y BUTJIS/IL

(MYan-1(0,€) + Nz, 1(T€)) =
Qo

- { Us/o

Ba npunymenaam 8°, s MaTPHIS € HEBUPO-
JIZKEHOIO TIPU JI0CUTH MaJjuX €. Toai BekTop c(&)
OJIHO3HAYHO BH3HAYAETHCS 13 piBHsIHHSA (35):

ofe) = ([

} + O(em 3,

Qo

-1
m+1-3h
UsAg ] +O0(e )) X

x (e™b(e)+

o~ T o~ o~
~Hw/ Yy(0,e) V5, (7. 6) (r,)dr—
0

- T
fN/ Yi(T, &)V, (r,2) (. £)dr+
0

+ME(0,2) + NE(T, €)).

[TigcraBuBImm ojepKauuii BekTOp c(£) B
(34), posp’sazok kpaiioBol 3ajaui (29)-(31)
HPEJICTAaBUMO Y BUIJISI

y(ta 5) =
= Yon_1(t,€) ({ o ]1 + O(em“_Sh)) X

UopAg
xe™h(e) + (Gf)(t, €), (36)

e (Gf)(t,g) — oneparop I'pina KpaiioBoi 3a-
nadi (29)-(31), axumii y TaHOMY BHIAJIKY MAa€
BULIS]]

(Gt e) = /0 Golt, 7. 8) (7. e)dr+

+Yan_1(t,€) ([ r + 0(gm+1—3h)) X

x(Mg(0,e) + NE(T' €)) — £(¢,€),
ne Go(t,7,e) — marpung [pina BigmosigHol
OJ/IHOPIZIHOT KpailoBOl 3ajiadl, fKa Ma€ HACTY-
TTHAN BUTJIST;

Qo
Uo/o

GD(ta T, 6) =

p ~

Yl(t, 5)}/2)‘;1,1@', 5) + Km(t7 T, 8)7

garmo 0<7<t<T,

—Yo(t, &)Yy, 1 (7 6) + Kin(t, 7€),

grmo 0<t<7<T,

e

= Yon-1(t,€) ({

K (t,1,e) =

Q 17"
0 m+1—3h
UnAg ] +O(e )) X
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X MY5(0,) Yy, 1 (1,€)—

Qo

—1
m+1-3h
UsAg } +O(e )| x

_}/én—l(77 5) |:
< NYA(T,2)V5,, (7,2).

[Tepeiimosmmu B piHOCTi (36) 70 OMIHOK 32
HOPMOIO 1 B3SIBIIIK JI0 YBarm yMOBY 7° Ta oOMe-
JKEHICTh BCIX MaTPUYHUX 1 BEKTOPHUX (DyH-
KIIii, SIK1 MICTAThCS B NpaBiit YacTuHi 11i€l piB-
HOCTI, JTICTAaHEMO OIIHKY

lym(t, )l < €™ e,

Jie ¢ — JlesiKa craJia, 110 He 3a/1exKuTh Bij . [To-
BEPTAIOYUCDH J0 3aMinu (28), gicTaneMo OmiHKY

|Zm (t, €)]| < ™30,

Y pesy/ibrari HpoBeJIeHUX MIpKYBaHb IIPU-
XOJIMMO JI0 HACTYIHOT'O TBEP/KEHHSI.

Teopema

Hxwo keadpamuuna  6°A3Ka  MAMPUUD
L(t,\) wmae mna seidpisky [0;T] npocmud
cnexkmp, a ceme: 00uH HeCKIHYeHHUl ma

2n — 1 CKIHYeHHUT eAeMEeHMAPHUL OlAbHU-
Ki68 1 SuKOHyombvea ymosu 1° — 8°, mo npu
documv  Masux £ icHye edunull Po36 A30K
kpatiosol 3adawi (1),(2), wo eupascaemoces
ACUMNMOMUYHON POPMYA0I0

z(t,€) = Ty (t,e) + O™ 3,

6 skl 6ekmop Ty (t,€) eusnauatomoca 3a onu-
CAHUM AAZOPUMMOM.
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