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YepuiBenbKuii Hamionaapauii yaiBepcuteT iMeni FOpiga @enpkoBuua

IHTEI'PAJIbBHI MHOI'OBU AN I IITPVUHIINII SBBEJIEHHA 1J14
JANPEPEHIIIAJIbHO-®YHKIIIOHAJIbBHIX PIBHAHb HENTPAJIbBHOT'O
TUITY

JlOBeIeHO MPWHIWMT 3BEIEHHS I JOCTIIKEHHST CTIMKOCTI HYJBOBOTO PO3B’SI3KY HENIHIMHOTO

nudepeHIliaJbHOrO PIBHSHHS HEHTPAIBHOTO TUMY B KPUTHIHOMY BUMIAJIKY. 3a7a49a 3BOIUTHCS 0
JOCTIiI2KEeHHS HYIbOBOTO PO3B 3Ky CHCTEMH 3BUYARHUX AUQEPEHIaNTbHAX PiBHIHD, MOOYI0BAHOI

3a JOTIOMOT'OI0 METO/Iy iHTerpaJlbHUX MHOTOBHIIB.

We prove the reduction principle for investigating the stability of the zero solution of a nonlinear
differential equation of neutral type in the critical case. The problem is reduced to the investigation
of the zero solution of an ordinary differential equation constructed by the method of integral

manifolds.

Jng 3Buvaiinunx audepeHIiaabHuX — piB-
HAHb THUTAHHS ICHYBaHHSA 1 CTIHKOCTI iHTe-
rPaJTbHUX MHOTOBHJIIB PO3IJISIAINACI, 30Kpe-
ma, B upausx |1, 2|, a must gudepenniaibHo-
dyuknionanbuux piBasiab — B [3 — 5. Ilpun-
LIUII 3BeJeHHS JJIsI JOCJI2KEHHS CTIKOCTI aB-
TOHOMHHUX cHcTeM Oysio posBuHyTO B [4 — 11],
MPUYIOMY JIOBEJEHHST HOTO TPUHITUIY JIJIST aB-
TOHOMHHUX DIBHSIHb HeHTpaJbHOTO TUIY B |5,
11| 6a3yerbes Ha BUBUEHH] iHTErpabHAX MHO-
TOBHJIB. Y il CTATTI JOCTIIXKYETbCSA CTiii-
KiCTh TPHUBIAJTBHOIO PO3B’dI3Ky HEABTOHOMHOI
CUCTEMU DPIBHIHb HEHTPAJIBHOIO THUIY B KPH-
TuaHOMY Bunajaky. Ha Bimminy Big crarri [3]
TyT ymosa Jlinmmuig st oneparopa F' 3anu-
cyeThes B iHMIH hpopmi.

1. IlepeTrBOpenns BuxigHol 3amayui. He-
xait R" — n-BumipHuuii mpocrip 3 Hopmomw |x| =
Vi + ...+ 122, C=C[-A,0] - upocrip nemne-
peperux Ha [—A, 0] dyHKmiii i3 3HAYeHHIME B
R™ i mopmoto |p| = sup |p(0)].

A<H<0

Pozringnemo nudepeHIiaIbHO-
dyHKIIOHATbHE — PIBHAHHS  HEHTpPaIbHOTO
THILY

d

E [D<xt) - G(tu xt)] = L<It) + F(ta xt)7 (1)
ne xy — enement npocropy C, 3amannii pyHKIII-
€0 24(0) = x(t+0), —~A <0 <0; D:C— R"
L:C — R™ Di L — niniiini HemepepsBHi omepa-
ropu; G : RxC — R™; F': RxC — R"; onepa-

topu G i F' menepepsui Bignocuo t. Oneparop
G(t, ) uenepepsHO audepeHIiioBHI BiIHO-
cHO t i (. 3rixHo 3 Teopemoro Picca oneparopu
D(p) i L(p) mozkna 300pa3uTy 3a J0I0MOIOI0
inrerpasia Crisrbeca:

D(g) = ¢(0) - / du(8)] 0(0),

0

L) = [ [an(®)] ),

A

e u(0), n(f) — marpuni-byHKIEi 06MeKeHOT
Bapiarrii.

[Tpunycrumo, mo dbyukiis (4(0) He MicTUTD
CUHTYJISPHOI KOMIIOHEHTH 1 IIOBHA Bapiallis
VOlu] — 0 upu s — 0. Hexait icuye crana
v > 0 Taka, 110

G(t,0) =0, F(t,0) =0, |G(t,p)—

—G(t, ¢ )| <vip—¢|, |[F(t,p) — F(t,¢')| <
t+70

(2)

<pt)|le — ¢, sup p(T)dr < v,
te
t

neto>0,teR, peC, ¢ eC.
[Topsix 3 (1) posrusinemo JiniiiHe pPiBHSHHS

ip(@) = L(7,),

o (3)
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MO3HAYNMO Uepe3 Ty () Horo po3B’ 30K 3 moua-
TKOBOIO (bynKiiew ¢ € C. Busnauumo onepa-
TOD 3CYBY 3a DO3B’si3kaMu piBHsHHS (3) ciiB-
signomennsm T (t)p = T:(p). Cim’a {T(t),t >
0} yTBOpIOE CHIBHO HenepepBHy MIBIPYILY.
TBipHW@it otepaTop MBTPYNHN € OMTEPATOPOM JTH-
depentioBanus Ap(fd) = $(0), —A <0 <0,
i3 0bJTacTIO BU3HAYEHHS

D(A):{ngC:gbeC,ap(O):

- / [dp(0)]p(0) + / [dn(9)]<ﬁ(9)}-

—A —-A

XapakTepucTuine PiBHSIHHS JIJIT PIBHSAHHS
(3) mabepe BUIIISI LY

det A(A) =0, A(\) = A

- { ewdme)] —{ N dn(6).

F—

(4)

[Tozmaunmo
b = sup {Re)\ :
0
det | E — / eMdu(9) | = 0}.
-A

Hexait b < 0. Toxi B miBmiomunai Re\ >
—a = b/2 MiCTUTBCS CKIHYEHHA KITbKICTH KO-
peniB piBusnusg (4). [IpunycTumo, Mo piBHSIH-
uy (4) mae | KopeHiB Ha ysiBHiil oci (i3 BpaxyBa-
HHSIM IX KPATHOCTI), a perrra KOPeHiB JIezKarh
y miBmionmai Rel < —a — [y, 1e 0 < [ < a.
[Tozuaummo gepes P racuwuit mignpocrip B C,
MOPOJIZKeHWH pO3B’si3kamu piBHsHHS (3), 110
BIZIMTOBIIAIOTH KOpeHdaM Ha yaBHIN oci. Hexait
O = P(0) = (p1(0), ..., p1(0)) — nx 1 —maTpuns,
CTOBOIII IKOI € JTIHIHHO He3aIe;KHUME PO3B’s3-
KaMu piBHSHHA (3), M0 HastexaTh P.

Cupsizkene 110 (3) piBHsIHHSI HAOEPE BUTJISLY

d [v(s) — /U(S—G)d,u(e)] =

ds
-A

= —/v(s—@)dn(@). (5)
—A

Hexait ¢ € C[-A,0], v € C[0,A], ¢ €

C[0, Al

Posrignemo Gininiiiauii dbyukionan [4, 5|

0 6
(4, ¢) = $(0)D() + / / (e — 0)[du(6)] x
—A 0
p(©)de — [ [ (e — 0)dn(6)p(e)de.
1/

[Tosuauumo uepe3 P* migmpoctip po3s’si3kis
piBusinug  (5), cnpstkennit go P, a uepes
U(@), 0 < 60 < A, - 6azuc B P*. Toni ma-
tpuns (U, ®) HeBupoKena i i1 MoxkHa BHOpa-
i oguanaHO0. Koxkuuit enement x, € C mo-
KHa 300pasutu y Buryisai xp = Pu(t) + wy,
u(t) = (U, 2y), wy = x, — du(t), u(t) € R,
wy € Q. PiBusnug (1) ekBiBaseHTHE cHCTeMi
PiBHSIHB

a

dt

XE(t,x,), w,=T(t —0)|wy — XFG (0, 2,)]+
t

+XOG(t, )+ / T(t—s)XEF(s,2,)ds— (6)

(&

[u(t) — T(0)G(t, 2,)] = Bu(t) + T(0)x

_/tds [T(t— s)X{;?] G(s,xs),

Jie ng — npoexiris Ha mignpoctip Q ¢yukmii
Xo(#) =0, -A<6<0, Xo(0)=FE; B-1x1
— MaTpWHIs, BJIACHI 3HAYEHHS SKOI 30iraloThes
i3 3raJ]aHNMU BUIIE YIBHIMU KOPEHSIMH.
[IpaBusbHi HepiBHOCTI [4, 5, 12]

T (t)p| < Kiexp[—(a+ B)t]|e|, ¢ € Q,
(X2 + / 4Tt - )X < (7)

< Ky exp[—(a+ p1)t],
net>0, Ky >0.
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3riiHO 3 MPUIYIIEHHSIM BiITHOCHO BJIACHHX
3Ha4YeHb MATPUIi B npaBu/ibHa TAKOXK OIIHKA

|exp(Bt)| < Kexpl[(—a+B)t],  (8)

met<0, K>0 0<f8<a.

2. IcuyBaHHY iHTEerpajJbHUX MHOTOBU-
IiB.

Teopema 1. Hezxatl sukonyromvca ymosu
(2). Todi snatidemvcsa maxe vy > 0, wo npu
v < vy icnye dynruia h(t,u) € Q, wo susna-
wena wo R x R, 3adosonvrae ymosu

B(t,0) = 0, [(t, u)=h(t, )] < 0,5lu—u| (9)
i maka, wo MHONMNCUHA

ST =A{t¥):
¢ =h(t,u), ¢ €Q}

€ IHmezparvHuM MHO2068UdoM pieHANHA (1).

Jlaa woocnozo pose’asky xy = Pu(t) +
h(t,u(t)) pisnwanna (1), wo narescumo S—,
NPaABUALHA OUIHKA

teR, o =du+¢, ueck,

|| < 2K(®|u(0)| exp[—alt — )], ¢

Hosenenns. [Topsiz i3 cucremoro (6)
IJISHEMO CHCTEMY IHTerpaJIbHUX PiBHIHD
u(t) = B — U(0)G(0o, 2,)]+

+U(0)G(t, ) —/eB(tS)\If(O)F(s,xs)ds—

t

—B/eB(tS)\II(O)G(s,xS)dS, wy =

t

(11)

t
= XZG(t,z) + / T(t — $)XIF(s,25)ds—

t

- / ds [T(t - s)XOQ] G(s,zs), t <o.

—00

[TomuozkuBiy nepire piBasinns cucremu (11)
Ha ¢ u j0/1a104u i PIBHOCTI, OJE€PKUMO

z; = ®P e — W(0)G (0, 2,)] + XoG(t, z)+

t t

+ / T(t — )X F(s,x)ds — / dy[T(t — s)x

—0o0

x XQG (s, ;) — @ / ePEDW(0)F (s, z,)ds—

t

—<I>B/eB(t_s)\Il(O)G(S,xs)ds.

t

(12)

Hapnakwu, i3 piBHgnus (12) MOKHA OJep:KaTH
cucremy piBusub (11).

[cuyBanust po3s’si3ky piBHsiHHs (12) g0Be-
JIEMO 3a JOMOMOTOI0 METO/LY TIOCJIJOBHUX Ha-
OJIMKEeHb
=0, 2" = e e—W(0)G (o, 28]+

+XoG(t, xtn)) - / ePEDW(0)F (s, 2™)ds—

t

(13)
o t
—CDB/eB(t_s)\I/(O)G(s,xg”))ds—i—/T(t—s)x
t —00
¢
X XZF(s,2M)ds — / ds [T(t - S)X(?] X

xG(s,z™), n€{0,1,2,..}.

Iraykmiero moBeaemo, Mo MpaBuIbHA HEPiB-
HICTB

o™ — 2" Y| < K|<I>r<m>m1|crea<”(>
14

pe v = [PIV0)|K + 1+ |®|[¥(0)|K7o/(1 —
exp(—p0)) + [®[[V(0)[|BIK/S + Kimo/(1
exp(—fi7o)) + K1/ (exp(B1) —1), m € {1,2,. }
t<o.

IIpn m = 1 nepisnicrs (14) Bumnsae i3 (8).

Hexaii wepisuicts (14) BipHa npu m = n.
Toni, Bpaxosytoun (2), (7), (8), omepzxumo

~—

n 1 o- n
" — 2] < [P0 (0)|v] 2t

(n 1|+|(D|/|63(t s)

x| W(0)|(p(s) + v|B)al” — 2"

vl -

~Vlds+
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t
T / (¢ — 5)XQJp(s)|2™ — 2D ds+

t

+ / |dT(t — S)X(?|V|xg") — a:g"_l)| <

< K|9|(v7)"|e] exp[—a(t — o))

Tomy HepiBzicTh (14) npaBusibHa Ipu M = n+
1, oT2ke, BoHA BipHA TPHU BCIX HATYPAJILHUX M.

I3 (14) BunumBae, mo npu vy < 1 nociios-
HicTb PyHKIIH xﬁ”) 30iraeTbest 10 Jesdkol pyH-
Kiii z4(0, ¢), sika € po3B’a3koM pisusiaHg (12).
Bubuparoun B pisusinni (12) samicrs ¢ iHnmy
crany ¢, ojepxKuMo po3B’s30K (o, ). Ana-
goriuno mepisuocti (14) MoxKHA J0OBeCTH, IO
npu vy < 0,5 mpaBUIbHA HEPIBHICTH

2™ (0, ¢) — 2™ (0, ¢)| < 2K|®||c — /| x
x exp[—a(t — o)), me€ {1,2,..}, t <o.
Orxe,
|zi(0,¢) — x4(0, )| < 2K|®||c — | x
x exp[—a(t — o), t < o. (15)
[Tigcrapasoun B (11) ¢t = o, no3HAYNMO
ho,c) = z,(0,¢) — Pe = XZG(0,2,(0,¢))+
+ / T(o — $)XZF(s,2,(0,¢))ds—

—00

g

- / ds [T(a — s)ng] G(s,zs(0,c)).

—0o0

Hosegemo oninky (9):

(W0, ¢) = (o, ¢)| < |XF|V]as(0, )=

_IL“U(O',C,)|—I—/K1€_(a+ﬂl)(a_s)p(8)|ZE5(0',C)_

—x4(0,d)|ds + / d,T (0 — $)X$|v|zs(0, ¢)—

—x5(0, )| <mle—={d|, m = 2V|X§2|K|CI)|+

+2 K K|®|70/(1 — exp(—F170) )+
+2v K K| ®|/(exp(B1) — 1).

[Ipu gocuth Mamomy v maemo v; < 0,5,
3BiKN BurnBae HepiBHicTh (9). Ominka (10)
sumBac i3 (15), axmo migcrasutn ¢ = 0. Te-
opema JI0Be/IeHa.

Teopema 2. Hexatll sukonyromvcs ymosu
(2). Todi snatidemvca maxe v1 > 0, wo npu
v < vy ienye dynruia r(t,¢) € R, wo eusna-
wena na R X Q, sadosoavrae ymosu

r(t,¢) = r(t.¢")] < 0,5|¢ = (|
i MaKa, w0 MHONCUNG

St={(t,p):teR, p=du+(, (e€qQ
u=r(tC), ueR}

€ THMe2parvHum MHO208UudoM DieHAHHA (1).
Jlas woorcnozo pose’asky xp = Pr(t,wy) + wy
pienanna (1), wo nasescums ST, npasuavna
OUIHKES

r(t,0) =0,

|z < 2K; exp|—a(t — o)]|w,|, t>o.

Teopema 2 10BOIUTHCS aHAJIOTTIHO TEOPEMi
1.

3. Ilpunmun 3BemenHd. llepeiizemo 10
BCTAHOBJICHHS TTPUHITUTY 3BEJICHHS TS JTihe-
peHniaabHo — GyHKIioHANIbHOTO piBHsiHHS (1).
J1st mporo, anasoridno 2|, BuUKOpucTaEMo mo-
Oy/a0oBaHi iHTerpaJjbHi MHOTOBHJIN 1 JIOBEIEMO,
o crifikicts piBustams (1) piBHOCKHIBHA CTii-
KOCT1 JesIKOl CKIHYeHHOBUMIPHOI CHCTEMH 3BH-
JailHuX audepeHniajlbHIX PiBHIHbD.

Hexait t = o — jgedke 4ucjio (moYaTKO-
Buii MomeHT). Byaemo posriasgaatu Tenep iH-
TerpaJibHuil MHOroBuJ S~ upu t > 0 i 1O0Ka-
KeMo, 1m0 S~ crifikuit B TOMy pO3yMiHHI, 110
BiH nputdrye J0 cede BCi OJIM3bKi PO3B SI3KHU Ty
(t > 0) 3a eKCHOHEHIIATHPHIM 3aKOHOM.

[Toreinka po3p’si3kiB pisHsHHs (1) Ha iH-
TerpajbHOMY MHOTOBH/II S~ ONHCYETHCA PiB-
HIHHAM

by~ W0)C( By + h(ty)] = By+

FU(0)F(t, Dy + h(t,y)). (16)
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Teopema 3. Hexail suxonyromvca ymosu
(2), de v < min(vy,v1). Txwo z; = du(t) +
wy (t > o) — dosiavhull po3e’sa3ok PiHANHA
(1) 3 nowamkosoio Ppynruyicio x, npu t = o,
mo ichye poss’asok & = Py(t) + h(t,y(t)), wo
nanescumo ST 1 makul, wo NPasuAbHG OUTH-
Ka

|2 —&| < 2K:|ws — h(o, y(0))| exp[—a(t—o)],
t>o0.

Teopema 3 10BOANTHCS aHAJIOITIHO TEOpPeMi
3 crarri [3].

Teopema 4. Hexati sukxouyromvcs ymo-
eu (2), de v < min(vy,v1). Axwo nyavosud
po36’a30k pienanna (16) cmitkud, acumnmo-
muyHo cmitixud abo Hecmitikud, mo i HYAbO-
euli po3e’a3ok pienanna (1) 6idnosiono cmii-
Kul, acumnmomuyno cmitikuld abo wecmit-
Kud.

Teopema 4 10BOANTHCS aHAJIOTTIHO TEOpPeMi
4 crarri [3].

4. IlobynoBa iHTerpajJJbHUX MHOTOBU-
OiB 1 mocCJIia»KeHHS CTIMKOCTI po3B’d3KiB
Yy KPUTUYHOMY BHUNOAAKy. B Gararbox Bu-
HaJiKax Jjisi 3aCTOCYBaHHS TeopemMu 4 JIOCUTDH
pusHauntn Qyskuio h(o, c) nabauxeno. He-
Xa#, HAIPUKJIA/L,

hn(0,¢) = 20V (5,¢) — ®c, n € {0,1,2,...},

+1
e " )(a, ) 3HAXOUTHCSI 34 JOTIOMOTOI Pe-

KyperTroi dbopmynu (13). B gacrkoBomy Bu-
IaJKy, HyJbOBE 1 Iepire HaGIMKeHHS MAIOTh
BULJIA]

[

ho(o,¢) =0, hy(o,c) = /T(a — 5)XIx

—00

x F(s, ®ePE=)c)ds+
Q d B(s—0)
+ [ T(oc—s)X; EG(S, e c)ds.
Teopema 5. Hezad
ymosu (2), mpuwomy vy < 1, v =
DIVOIE + 1+ |BW(0)[Kr/(1
exp(—Pm0)) + [2|[V(0)[[B|K/S + Kimo/(1 —
exp(—f170)) + K1/ (exp(f1) — 1).

BUKOHYNOTNBCA

Todi sukonyemvea HepieHicms

K |®]Jc|
_ < 7
h(o.€) = hulo.c)| < T2

ne{0,1,2,..}.

Teopema 5 10BOJUTHCS aHAJIOITIHO TEOPEMi
5 crari [3].

dxmo dyukuii F(t, Py), G(t, Py) anaxitu-
YHI BIJTHOCHO Y B JIeIKOMY OKOJIi TOYKH Yy = ()
1 KBazinmepioAw9Hi BITHOCHO t, TO V JeIKUX BU-
nagkax GbyHKIio hi(0,c) MOXKHA SIBHO MOOY-
nysatu [3].

Teopema 6. Hexati eaacHi 3Ha%EHHA M-
mpuyt B marome npocmi esemenmapni 0iab-
nuru. Hpunycmumo, wo npu |u| < p eukony-
omoea ymosu (2), a makostc ymosu

(vy)™

B, Qu)| < p()]ul™,  |G(t, @u)| < Mlu|™,

t+710
p(T)dr < My,

m > 2, sup

teR
t

deto>0,teR, uecR )
Todi snatidemwvesa cmana M > 0 maxa, wo
BUKOHYEMBCA HEPIBHICTD

[h(o,c)] < Mlc™, |e| < p.

HoBenenns. OcKiJbKI BIacCHI 3HAYEHHS
Marpuni B MaoTbh HPOCTi ejleMeHTapHi JIijib-
HUKH, TO HepiBHICTH (8) MOKHA mepenucaT y
suras | exp(Bt)| < K, t<0.

Bukopucrosytoun (13), 0/epKIUMO OIiHKY
[0 — V| < (@] U(0)| M K|e|™ + ME™ ||+

+K|®||T(0)| ME™|c|me* D7, /(1—  (17)

—exp(—an)) + K|®||B||¥(0)|MK™|c|™x

x e Jo 4+ K MEK™|¢|™70/(1 — exp(—(a+
+51)7'0)) + KlMKm‘C|m/(€a+Bl — 1) S
S Mllc‘mea(aft),
Jie
My = |2|[T(0)| MK + ||| (0)[ ME™ "/ (1~

—exp(—amy)) + ||| B|[¥(0)| M K™ /a+

+MEK™ 4+ K MK™/(e*™ — 1)+
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+K1MKmT0/<1 — exp(—(a -+ ﬁl)Tg)).
[nmyxmieo moBegeMo HEPiBHICTH

k—1)

ke{23,.}), t<o (18)

[Ipu k = 2 uepiBuicts (18) Bumiusae i3 (17).
Hexaii nepiBrictb (18) BuKOHYyeTHCS mpu
k = n. Toxi, Bpaxosytoun (2), (7), o1epxKuIMO

A B

|IL‘E | < M122—klc|mea(a—t)’

" — M| < DKW (0)|v]al

. ”|+r¢>r/

X [W(0)][2) — 2 V|ds + / K el

+V]xt” — )+ v|B|)K

(n) _

xp(s)|xg xg"_1)|ds + / |dsT(t — S)X(?|V><

x|z — 2D <y My My 227 e,
e
My = ||K[W(0)] + 1+ [@[K[¥(0)[70/(1-
—exp(—am)) + |®[[B|K[¥(0)|/a+
+K1/(exp(p1) — 1) + K170/ (1 — exp(—f170)).-

[Ipu mocuTh MaJIOMy ¥V BUKOHYETBHCS OIIHKA
vMy < 0,5, Tomy HepiBHicTh (18) mpaBuibHA
npu k = n + 1, oTKe, BOHA BUKOHYETHCS TIPH
ke{23,..}.

[ligcrasasoun B HepiBaocti (18) ¢t = o i
CYMYIOYH 0JIepKaHi HEPIBHOCTI BiIHOCHO K Bi
2 J10 p, ONEPKUMO OIIHKY

2 — 2] < 20|

[lepexonsguu B ocTaHHil HEPIBHOCTI 10 I'pa-
HUIIL IIPA P — 0O, 3HAXOTUMO

|h(o,c)| = |xs(o,¢) — De| < 2My|e|™.

Teopema goBeieHA.

Teopema 7. Hexati eracHi 3nauernms ma-
mpuyt B maroms npocmi eaemenmaphi diao-
nuku. Ipunycmumo, wo npu |u| < p sukony-
omoea ymosu (2), a marostc ymosu

F(t,a?) = P(t,a))] < p(t)] e,

t+T10

sup | p(r)dr < Mo, |G(t, =)= (19)

teR
t

~G(t, M) < M|e)*™ Y, m>2, |¢| < p,

detp>0,teR. -
Todi snatidemves cmanra M > 0 mara, wo
BUKOHYEMBCA OUIHKG

|h(o, c)

Hosenenns. Bpaxosytoun (19), ogepkumo
HepPiBHICTh

- h1(07 C)| S M|C|2m_17 ’C‘ S p-

D < |0 K|W(0)]|G(o, 2P)—

1
M+

23"

~G(o, )| +|G(t, 2P) — Gt

+af [ KIWO1F(s,a) — Fs, ) ds+
HBYIE] [ KIV(0)16(s.2) - Gls.ad)ds-+

—i—/Kle(O‘Jrﬁl)(ts)\F(s,xg2))—F(s,xgl))|ds+

/|dT

e

(20)

)XFIG(s,2P) = G(s,2V)] <

< ‘]\41|C|2m—1€cy(cr—t)7
= [Q|K|W(0)|M + |[K[W(0)[MTo/(1-
—exp(—amn)) + |®[K[¥(0)|M[B|/a+ M+
+K 1 M7y/(1 — exp(—(a + 51)710))+
+K M/ (exp(a+ p1) — 1).

Bukonyerbcst nepiBHiCTh

|x§ _:L,tk 1)| < M, 23 k| |2m 1 a(a t)
ke{3.4,.} t<o. (21)
[lpu k = 3 wmepiBuicts (21) BUMIHBaAE i3

(20). AmanoriuHo MOKHA MEPEKOHATHUCS, IO
HepiBuicTs (21) BukoHyeThCH HpH Beix k.

ISSN 2309-4001. Byxosuncokut momemamuunul ocyprans. 2016. — T. 4, N 1-2. 75



dxmo B (21) migcrasutu ¢ = o i npocymy-
BaTH 110 k Big 3 10 p, TO OAEPXKUMO OILIHKY

@) — 2P| < 2My[ef .

[Iepexonsaun B 1iif HEPIBHOCTI A0 I'PaHHUIl IIPU
P — 00, 3HAXOIUMO

[h(o,¢) = (0, 0)| = |, (0,0) — 2| <
S 2M1|C|2m_1.

Teopema noBejieHA.

Teopemu 5 — 7 mMO3BOJIAIOTH OOTPYHTYBATH
AJITOPUTM JOCTIIZKeHHS CTIKOCTI HYJTHOBOTO
PO3B’3Ky piBHAHHS (1) y KDUTHUIHOMY BHUIIA/I-

KY.
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