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I. M. Janwmiok, P. 1. Illerpuinun

Hepnipeubkuil HalionanbHui ynisepcurer imeni FOpis ®ejprosuua

OLIHKA ITOXVUBKN METOAY YCEPEJIHEHHSA HA TIIBOCI
ITOYATKOBOI 3AOAYI JJ151 BATATOYACTOTHOI KOJIUBHOI
CUCTEMUN BUITIOT'O HABJIMKEHHSI I3 3ANISHEHHIM

Aoseneno Hosi TeopeMn OOIPYHTYBAHHA METOLY YCEPEUHEHHS 38 BCIMA LIBUAKUMM 3MIHHUMK
Ha NBOCH 1104aTKOBOT 33134l it 6araTo4acTOTHOL CHCTEMM BUILOTO HAOJIMIKEHHS i3 3a1113HEHHAM
B OBUIbHUMX | WBHAKUX 3MiHHUX. Beranosneno sikicHi oiHKM Biaxmiens PO38’s3KIB BUXIAHOI Ta

YCEePEIHEHO1 3a/1a4.

We prove new substantiation theorems for the averaging method with respect to all fast vari-
ables on a semi-axle for the initial value problem for multi-frequency system of high approximation

wit, h

delays in slow and fast variables. Qualitative estimations for deviations of solutions of the

given and the averaged problems have been established.

Meroj veepe/Henns onepAKaB pPO3NOBCIO-
KeHHA Ha JudepeHIialpH] PIBHAHHS B PI3HUX
(bYHKIIOHANBHUX [IPOCTOPAX, B TOMY HHCJ i
Ha DIBHAHHA i3 3amizHeHHavu. CyTb merony
OJIATAE B 3aMiHl BUXIIHUX PIBHSAHb HPOCTIIH-
MU, fKI HA3UBAIOTHCA ycepenHeHuMH. [Ipupo-
JHIM B JIAaHOMY BHII3/IKY € IHTAHHS! 1DO OLIHKY
BIAXMJICHHA PO3B A3KIB BUXIJHOI Ta ycepenHe-
nol cucrem. BaxymBuMm Takoxk € mocsigkeH-
HS ICHYBAHHS PO3B’A3KY BUXIAHOI CUCTEMH HA
iBOCI Ta OHIHKa HOTr0 BIAXUIEHHS Bix po3B a3~
Ky ycepeauenoi cucreMu. JlocaiaKyBasocs ue
NUTAHHS J7Ist PI3HUX KJACiB JudeperiaabHIX
piBHsHb 'y npangax [1-4].

Y JaHiil cTaTTl BCTAHOBIECHO JOCTATHI yMO-
BY e(DeKTHBHOIO BUKODHCTAHHSI METOLY ycepe-
JeHHS 32 BCIMA WIBMAKUMH 3MIHHUMH AJId CH-
CTeMU BUILOTO HADNHMMKCHHA 13 34I1I3HEHHSIM B
NOBLILHUX Ta [IBMIAKUX 3MIHHHX Ha NIBOCI.

Posrignemo 0araTodacToTHy cucremy am-
depernianbHEX piBHAHL 13 3ani3HEHHAM BH-
IUISLLY

dx

2—{; :ZE}C(I]‘-(ZC,I'/\,T)“I‘Er+M(x>x/\7997@)\77—7 E)a

k=0

(1)

dp - k-1
e < b €T,T ) +€TB x,l‘ b ) 7T‘€7
- AE:O w(Z,20,7) (z,27,0,00,7.€)

B kit p'=2(7,€) € D C R", p=¢p(1,¢) € R™,

T € [0,400), € € (0,69 — Mammit napaverp,
zx = z(A(7).€), or = p(A(7),€), A = A(7) -
HenepepsHo-audepenniffosra Ha [0, +00) dpyu-
KIlisl, SIKa 38JI0BOJIbHSAE YMOBHU

AlT) <7, AM(0) = —-A <0,

A
0< afl < A7)

< 01 = const,

(2)

A1) =0, 15 € (0, +00),

A = const > 0, D - Bigkpura obMerkeHa
obnacte; aificai GyHkuil ay, by, k = 0,7, A, B
Ta IX YaCTHMHHI IOXIJHI 10 T, Ty, @, Py, T Helle-
pepBHI Ta OoOMeXKeHI CTaJoI 0] HAa MHOKHHI
G =D? x R*™ x R, x (0,g0]; A, B nanexarn
KJ1acy Madizke NeploJMIHuX 110 @, @) GVHKIIT,
r > 1.
3agamo pis (1) nouaTkoBy yMoBY

z(r,€) = f(7),

1 A
@(T,E):g(T,e)Jrg/Q(t)dt, Te[-A0], (3)

ne f,g,Q0 — wnemepepsno-gudepennifiosni no
7 € [-A, 0] dyukuii, npugomy
”dg(ﬂ £)

g 1o (1.e) € [=A,01x(0, 8] (4)
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3acrocyemo o (1), (3) Meron ycepenuenus
32 BCIMA WIBHAKHMY 3vinnumu [1, 3], Yeepen-
HEeHa 32 . Py 3a1a4a Habyne BULIsLy

(6)

(Ao(T,25,7
T T

:Tlim TAQm/ /C(’L’ I)\, (I) T, E)d@l dq)gm
0 0

! C(i’,;i’,\,q),T,é‘) =
= (A(.f, Ty, Cb, T, 6), B(i_’, Ty, (I), T, €))
[Tobynosana sazasa (5),(6) e npocrimoro
st poss’sizannst, mixk (1),(3), ockineku sona
PO31IAJA€ThCS HA JIBI 3a0aui.
Posraanemo momomixkuy 3agaqy

((55 (5 6/\a )7 T > 07
! (7)
§(r) = f(r), rel-4,0],

B kil £y = E(A\(7)).

Hocnigumo Bigxunennsa posp’ssky & = &(7)
sazadl (7) Bix poss’asky T = Z(T, €) samaui (5)
npu 7 > 0.

Teopema 1. Hexardi

1) ichye pose azon § = &(7) novwamxosoi
3adavi (7), axul euswavenut daa eciz T €
[=A,+00) @ seacumsv 6 D pasom 3 desxum
C80IM pr-0K0AOM, Py > (]

. aaO(y7 T)
2) ———
dy
Mipno nenepepera no y € D?, y = (z,1,);
3) nopmanvra Pyndamenmanvra mampuys
Z(7.t) Ainiiinoi cucmemu

d¢(r)
dr

odrocmatino no T € R, pisno-

= M(1)((r), T > t, (8)

Huayxosuti sichux Yepniseuvxozo yHisepcumemy. 2008.

de M(r) = &IL%?Q, & = E(N(1)), 3ado-

BONBHAE OUIHKY

1Z(r, 1)} < Kyem 9 (9)

das sciz T >t >0 31 cmaiumuy Ki>1,v >0,
a

dag(€, &»,
Kyt sup —aw =a<1. (10)
TERJr é‘/\

Todi npu documv maromy g > 0 das eciz
7€ [0,00) i g€ (0,e0] cnpasedausa oyirnka

1z(7,€) (11)

31 CMAAOIO Cy, HEZAALHCHOIO 610 €.
Losenenns. [Tosnaunvo ¢ = 7 — ¢ Toni 3
(5), (7) mng 7 > 0 maewvo, mo
d¢

E - M(T)€+F(T75)>

—&T)l < cre

e

1
Flr,e)= (a%(é“c’&j)

8a0(§,&aT)
B¢ — )dl ¢+

9¢

0

1
Oao(&,6,+1¢,,7)
*/ < ok

0

aaO(‘E?é\?T)
06, >dl Cat

+Y_Far(CHE G 6T+
k=1

aa0<§75\77—)
o

Ockinbku BUKOHYETHCA yMOBa 3) Teopemu,
TO ,zmﬂ ,ILOBIJIbHOFO qucsa fy >0 icHyoTh unc-
Ja Mz '>0i [ >0 Taxl, Ho

+e A(CHE G+, T E) +

Jag(§ +16,6x,7)  Dag(€,6x,7) <y
¢ ¢ =
mpu  sup  fIC(r,e)l) < pd i
[0,T}x(0,e0]
9ao(&,6x + 100, 7)  dag(€,6x,7) <y
B¢ o, | ="
mpu |CA(T), ) € sup  |¢(re)ll < p?
[0,7)%x(0,e0]
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Bpaxyemo, mo ((r,e) = 0 npu 7 €
[=A.0], e € (O,e0] i sup  [IC(A(7),e)]] <
[0,7) % (0,20]
sup  ||C(7 e)ll. Tomi ana
0,7) % (0.¢0]
((r,€) = /Z(T,t)F(t,z-:)dt
0
MaEeMO
sup  |C(7. )l < (2K +
0.7 (0,¢0]
+a) sup ¢ e)l + Ky (r 4+ D)o
[(),T)X(O,E()]

[Moxmanevmo p; = (IZK . Toni onepxkyemo

ouinky (11) 3i cranow ¢; = ZKl(r+ Loy /((1—
a)y).
Bubepemo £ = min {

p2 = min {ué s

HOM &g 3abe3Ieuye HAJEXKHICTb PO3B 43Ky T =
Z(r,e) spr-oxomy € = &(7) mpu Beix (1) €
[O*f‘OO) X (0,60].

Teopemy noBejieHo.

Hexail BUKOHYIOTBLCS HACTYIHI YMOBH:

1) (mn + m) — sBumipsa sekTop-byHKUIf
Cly, @, 7,6)=(Ay, ®,7,¢), Bly,®,7,¢)) nane-
JKUTh KJacy Mafizke nepionmyHux 1o ¢ ¢bynk-
Iift, Kt PO3KAAJAI0THCH B piBHOMIpHO mo
36t 8 G psg Dyple

ZC Y, T, E)e @)

ne y=(x,x,)€D? ®=(p,p)) ER™, i=+/~1
- yasaa opuuuid, (ks, ®) - cxansapuuit goby-
Tox B R*™. ko =0, ky # 0 ipu s > 1.
[IpunyeTuvo, 110 NpU KOXKHOMY € € (0,80]
dbyuxuis C(y,P,7,¢) ta 11 wacTtunai moxi-
JHI NepuIoro Mopsaxky no y, P, 7 venepepsHi i
obmexeni crasnow o, B obaacti G i BUKOHYE-
ThCH HEPIBHICTH
oo
>\

s=1

{l=ajus . ml-a)p
2(r+1)Kyo1 " 4(r+1)K 01 [

}. Bubpane rakuMm 4u-

Cly,d.7,¢

)Gl +

1
T <sup (12)
[N e

0Cs(y, T, €)
Oy

0Cs(y, 7,¢)

or

ae G =D? x [0, +o0) x
2) Q1) € Cﬂa,op

ao(y,
bo(y,7) € C? (D* x [0, +00),01) .
M7) € CPPH(]0, +00), 01) .

Tyt p > 2m, a uepes C' (D? x [0, +00),0,)
NHO3HAYEHO MHOKUHY BeKTOD-DYHKINHN, sIKi Ma-
10T HenepepsHi 1 o6mexeni 8 D? x [0, +00) cTa-
JIOIO 0 YACTUHHI IOXiJHI 10 Y, T A0 MOpsAAKY [
BKJIIOYHO.

)=-

(0, 50].
f(r)eCl oy

) e CP (D x

+sup H
e

[0,+00),01), (13)

3) Dua 7 € Ry, 7 # 75,7 =0,p— 1, Buxo-
HYETbCA HEPIBHICTH
det(WT(é.’g)\aT)M/(€7£)\77—)) 2 C, (14)

B AKifi TOUKH T; BU3HAYAIOTHCSA 3 Y MOBH

/\(7‘]) Jj— Ll=1p-1,

¢ - poxatHa ctana, £ = £(7), & = (N (1)),

di-1 P, 2m

Wie.6.1)=( a6

dri= Jil=1
WT(E,€,.7) - TPAaHCIOHOBAHA  MATDUIL,
U(§7£/\77—) - (/U1<§v€)\77_)7 '7,U2m(§7§)\:7‘)) -
2m-BuMIipHUN BEKTOD,

(W(€,60,7), AMT)N (7)), 7€(0m),

U(§,§>\7T): (w(é.’é\,’l'), (6’6)\)\’ ( )))\ (T)),

TE (TO7+OO)7T7£T]"
j=1,2..,p—1,

Q) =@, 0m0), wE6,7) = (Wi(£6,7),
wm(&,8,7)=00(£,6,7), E=E(), &=E\(T)),
f,\,\— E(AA(T))).

Teopema 2. Hexali suxonyromvesa npuny-
wenna 1) - 3) i ymosu meopemu 1.

Todi ichyromd maxi dodammni cmaai gy 14
c2, wo npu € € (0,e0] dan dosinvroi nene-
pepsro dugepenuitiosnoi no T € [—A 0] pyn-
wuii g(7,€), axe 300080avHAE HepisHicmY (4),
poss’azox x(7,€),0(T,€) nouwamxosoi 3adawi
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(1),(8) susnauenuti das scix 7 € [0,00), € €
(0,€0] i sUKOHYOMBCA HEPIEHOCTE

la(7.e) — B(r, )| < coe™ ¥ (15)
lo(r.e) = @(r,€) | < ep(l+7)e 5. (16)
Hosenenns. Hexait [0,7),7T = T(e), -

MaKCHMaJIbHUH TiBiHTEPBA, A1 sKOrOo Z(T, €)
- KOMIIOHeHTa po3B’sa3ky 3azadi (1),(3) 3amo-
BOJIbHSIE HEPIBHICTH

lz(r,€) — &(7, )| < €7,

<T + %)

OCKLTbKM BUKOHYIOTBCS YMOBHU TeopeMu 1,
10 icHye po3B'st30k T = I(T
sagadi (3), AKHH BU3HAUEHHMH Ans Beix T €
[=A.00) 1 nexurs B D pasom i3 cBoiM pp -
OKOJIOM.

[Moznaunmo pam z(r,e) = z(7,€)
Toui i3 (1), (3) 3naxomumo, 1o
d.,

d; — Hl(T L) —+ HQ(T,E)Z)\ -+ U(Z,Z/\,T,E) +

€ [0,Ty)

3i crastow 3 = 1

—z(7,¢€).

+5'F“A(z,z,\,7,5), 7€[0,T),
Z(Tv 5) = 05 TE [_A>0]7

_Z kaak 65)\, +E'r+l aAO(gaé‘)\aTvE)

(17)

¢
/caa’k é é)\ T r 18‘40(&1&/\77—75)
A7e) —Z Oéx e Dé ’

= "t (anlz + 3,2, + Ty, 7) —
k=0

Uz, 2, 7.€)

—ax(Z,8r. 7))+ (Ao(z+T, 2+ T, T, ) —
- 40( — Hl(T, 6)2 — HQ(T, 5)2)\,

A(z./ 20, T, E)

Tr T.€))

= A(z+TZ,2) + Tx, 0,0, T, €) —
— Ag(z + T, 2\, + Tx,T,€).

Pozrnstnemo pani stiniliHY cucremy

dz

= = Hy(1,€)z(1,¢),

(18)

dr

,€) ycepenHeHol

AKY IIOAAMO V BUIVIAOL

dz

=Mmz(r,e)+(Hi(r,e)—-M(1)z(7,¢), (19)

Brarkarouu, o (19) — niniiina geoguopijgna
cucrema gudepeHuiagbHUX PIBHAHL, [/ 3Ha-
XOJIZKEHHS HOPMAaJIbHO! (DyHAAMEHTAILHOI Ma-
tpuni Q(7,t &) aiHIKHOT OAHOPIAHOI cHCTeMHU
(18) omepkumo 33124y

9 Ot e+

dr
Q(t7 t’ 6) = E’

3BifKHM i3 Bpaxysamusm owiuku (9) mns HOp-
MaabHOI dyHIZAMEHTAJLHOI MaTtpuui Z(T,t)
cucrevu (8) oTpuMaeMo

(Hl (T’ 5) _-M(T»Q(Tv ¢ 5)’

Q|| < Kye (8 +€/ Kie™ g || QlldE,
t
abo
1Q(7,t, &)l < Kpe (70 (20)
mpn 7>t>01¢e € (0,eM], el <y /(2K roy),
ne Ko=Ky, o =m — eV Ko
Bukonauusa ymosu (10) xae 3mory scrano-
BUTH HEPIBHICTh
Kyyylo® < 1 (21)
B AKiit

o = sup | Ha(T, ).
TER . e€(0,e0]

Ockinbku Q(7,t,€) ~ HOpmasabHa dyHIa-
MEHTaJIbHa MATPUIA JIHINHOT OLHOPIAHOI CHC-
temu gudepeHiiansuux piBHaAHb (18), TO pos-
B's130K 3aja4i (17) MOXKHa 3anucaTu y BULIAI]

2(r,€) = /Q(T,t.s) (Hz(t,e)zA +

+ U(z(t, &), z(/\(t) e),t,e)+
+e™ A(2(t,€), 2(A\(t), €), L, €) )dt

(22)

Ouinnmo ||z(7,€)||. I3 oninox (20), (21) i

T

/e"”“”dt <, ' mpuT>0,
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Ma€MO HepPIBHICTD
/(2(7',t,E)HQ(t,E)Z()\(t),E)dt <
0

<o'Kyy, ' osup ||z(r, )]

[0,T) % (0,£0]
Topamo U(Z, T,

1
T\E):/<da0(gézlz,7) 3

0

€) y Buragni

e Oag(y,T

ae z = (( g). (A
dao(y.7)
dy

. . D2 T
HOMIPHO HerlepepBHA 10 Yy Ha muoxKuHi D, To-
My JUid JoBinpHOrO uyucnaa py > 0 icuye 4ucjo
o >0 Taxe, 110

7),6)),9 = (I(r.€), Z(7),€)).

+ eU(z,7,6),
(
) ofHOCTailHo o 7 € R, pis-

Pyukuig ——-

Oag(y + 12, T Oao(iy, T
O(J., i ) _ 900(3.7) <
0y oy
npu [ 2(7, €)l| < pa. Orxe,
Uz 7o)l < (m+
+30y(r+ 1))  sup |z(7, &)
[0,T)x(0,e0]

I3 ocrannbol HepiBHoOCTI 1 HepiBHOCTI (20) mi-
CTaHeMo, 110

/Q(T.i,E)U(Z(t,E),Z()\(t),zf),t,é)dt <
0
<SKyyy (i 4301 (r 4+ 1)e) sup  [lz(r, )],
[0,Tyx(0,e0]

I3 3obparkenns z(T, €), 3anucanoro GpoOpMyJIO0
(22), 3HAX0UMO

sup  lz(7,e) || < Koy (u +
{O,T)X(O,EQ]

130y (r + De + o9)

z(r e)ll+ (23)

sup
[0,7)% (0,£0]

2(M(t),€), 1, €)dt

"ﬁwl/qﬁhamaa@
0

Ouninnmo mani HOpMy iHTErpasa B OCTaHHIM
HepiBHOCTI. ¥ Toukax 7 = 75,7 = 0,p— 1,
po3B’a30k £ = £(7) 3ana4i (7) moxke He MaTum
p HemepepsBHux noxigaux [6,7]. Tomy nozavo
iHTerpas y BUIJISAL CyMu

T0

/Q (,t,6) A(2(t,e), 2(\(1).€),8,)dt / (7,1, &)di+

0

+Z/TST,1,Edt+/ (7.t €)dt +

Tp—1
g2—1 v41 T
+Z/ (,t,¢ dt+/ (.t e)dt,  (24)
v=q1 v g2

t

drte=firt et [k oi6 el b

0

fS(T’t’E):Q(Tvtvg)A ( (f 5) ( ( ) ) £, 8)
x exp {i(ks, U(t,¢))} x
« expli ksé/(&(a:,a:A,l)—cD(:i*,:Y:,\,l))dl X

T0
t
1
< expli kmg/&a(f,zAJ>-a<é,5Mz>>dz

g1 — OLIa HaCTHHA Ty—i, (2 — Ii7a YacTUHA T,

wmazﬁm@wwg)

~

t

Blte)= plte) -2 [ a6 e,

vlte) = p(N(B.2) - 2 [wig et
M&g») = W(E0.E001), wle.bt) =

QA ) MN(

mpu ¢t € [0,79] 1 ff(f-,f/\et) =

(At
w(€(A @) AO)N(E) mpr t >

2m- BI/I\/IlpHI/II/I BeKTOP W(&, &), ) BUSHAYAETHCA
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pisnicTIO W(E,&),1) = (@(faf/\7t)7{)(f~,§,\’t)),

ks i

k, — m-BuMipHI BeKTODU. 2m-BUMIDHI BEKTODH

ky, = (A‘S,A;,.) ~ 2m-BUMIpHU# BEKTOP,

~

w(r,zx,t), w(T,Zx,t) BUBHAUAIOTHCS AHAJIOTI-
uno W(€, &y, t), mame samicrs Gynkuin {£, €}
BUKOPUCTOBYIOTbCS {2, 2} 1 {Z, 5} Bigmosia-
HO.

Buxonanna ymos (13) i (14) rapanryiors
[1.c.23] RiBHOMIPHY HemepepPBHICTH HA TPOMIXK-
kax (0, T())._(To, T1)s oo (Tpe2, Tpo1), (Tp—1, 00),

dymuifi —0(§,6,7),¢ = 0.5~ 1, i pisso-

MipHY 0OMeKeHICTD

\lUV”T(f’g*’T)Wp(@g/\’T))_1WPT(§,5A,T)ch*,

*

c* = const. A ToMy CIPaBeJIUBOIO € OIiHKA
ocuuAuifinoro inrerpana [1, c.18]

FaT* t
[ Fered L [thnate b <
7 t
1 1
< o0t (1 +—-) sup |F(r)] +
Hk’sH TE (T, T+7*]
dF(r)
+ —_ 25
[ &5l TE[F, T4 dr (25)

ana seix kg # 0,6 € (0,60], 7" € (0,8*],6" =
max{1, 7y, T — To, ..., Tp_1 — Tp2}, TER, TER,
IPH JIOCUTh MAJIOMy €y 31 CTAI0K 0p, HE 3a-
JIeXCHOIO BIXL kg, €, F, 7, a BekTop-yukuii F(¢)
dF(t)
a
noxiaHi.

Ockiapkn Marpuns Q(7,t,€) 3a o3naden-
HSAM € PO3B'SI3KOM [10YaTKOBOI 33144l

dQ(T,t,€)
dr

MAaloTh KYCKOBO-HETIePEPBH] Ha [T, 7-+7*]

= Hy(7,6)Q(r,t,e), T>t,

Qt.t.e) =E, (26)

1 BOJTO1I€ BIACTHBICTIO 3TOPTKH, TO JIENKO OJeP-
»KATH PiBHICTH

dQ(r,t.€)

dt = —Q(Tvtvg)Hl(t7€)a

3BiKM

dQ(r,t,¢€)
|5

<(r+2)o Kye 000, (27)

Bpaxosyrouu oninku

=

dt < 2(7"’*"1)0'1,

dfs(r,t,€)
|

< Kesup ) (al ((r+2)+

+2(r+1)Hl€si|)sup\|As|l+sup' S
G g Il or
+oi(r +2) | su 04, + 4, +
o (r S - o Sup || —-=

! Gp Oz ! Gp Oz,

+2one”hsupllA (suplr, ) +exc ) ).
IF(rots)l < Kasup Qi sup |4
tel, G

a Takoxk (12), (20), (25) i

p—1
e~ (1 + Z e 4
v=0

q2
Z 672”) S

v=q1

< 1/.e"’2(7_t)dt < i
0 RCUR
0

>0 0= min{l,'z’O,'r]-»TO,...
g+1

UL = {07} [0, 7). .., [Tp—2:Tp1],
j=1

y Tp—-l - 7})——2}5

I =

[Tp—la al, g, gt gL, @), [q2, T]} — MHO-
JKUHA MPOMIKKIB IHTEIDYBaHHS iHTerpanis y
(24), ouirnMo HOpMY iHTerpaja y HepiBHOCTI
(23) BeMuuHOIWO

1 1
o367 +200K5(67) oler T supz(r. )],
{0,T) % (0,£0)

ne o3 = 0o K207y o (57 + 8 + ).
rel
Bubepevo 7 =3(r+1)o1g0 + 2005“10f50+",
£ < go, g9 < min{eél),a((f)}, eém < (1 -
Koy ' 00) /(2K (3(r + 1oy + 2006 102)).
Ilpn BUGpaHuX 3HAUEHHAX Ly 1 € BUpa3

1- KQV{I (/Jl +3(r + 1)o1e + ao) —
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9 pil
*20’()]§2(5*172 IUfEH_P =S

JodatHuit. Toni 3 nepiBrOCTI (23) omepxxuMo
OTIHKY

(1)l < 3_1035”%.

sup
T€[0.T).2€(0.0]

(28)

3eiacu sunnusae, mo npu ¢ € (0,g0], g <

e = min {c(() el (25710)Y T w)}, BUKO-
HYETHCA HeplBHlC'I‘b
1
sup [la(r. <)~ #(r. )] < Le?.

T€[0,7)

Bpaxosyroun o3nauenns umcaa 1T', maemo,
mo 1" = oo s seix € € (0, &).

I3 nepisnocti (28) omepxkyemo ouinky (15)
3l cranowo ¢; = s 'y aaa Beix T € {0, +00),

. N\ /(r+1)
5(()4) = min {E(()d), (5’%) !

Hosenemo nani ouinky (16). 3 inTerpasb-
HOTO 300paskenna @ =p(7,€) 1 @ = @(1,¢) i3
cucrem (1),(6) BunnBae HepiBHICTD

€<

lp(r.e) = (1, e)]| <

[l

+e' ((B(

+(B0(I, T, T,E)

IA

s oanT) ~ b(T, 2y, 7))+

(T, T\, 0,0, T,€) — Bo(z, 25, 7, 8))+

Bo(Z, 25, 7,€))) |dT||,
3 AKOI JiCTAHEeMO, THO
—p(re)l <

+e||J (7 o)l
0103(7“ + 2), a

lo(7.€)

<o +7)e !

(1

upu o’ = 257!

J(T,E):/(B(z N800 T,€)—Bo(x,25,7,€)) dT.

[lo ananorii 3 pisuictio (24) nogavo J(7,¢)
¥ BUIVIALAl CYMHM IHTerpaJiB 0 TAKUX CaMUX
BI/[PI3KAX Ta, BUKOPUCTOBYIOUH OUiHKM (23) i
(28), oaepREMO HEPIBHICTH

2 1
1(ro)ll < o (1 + 7)er

36

3i crano o =2000y1+01 +oyr+1) 45 oy +

¢1). Mosnauyuvo o4 = max {oi) Uf }, cp =
max{o4, s lo3}. Toni
lp(r,€) = @(r, &)l < a1 4 7)™

Teopemy moBexeHO.
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