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IIEOBXOJ(HMblE H J(OCTAT01JHblE YCJIOBHH
IIA rp AHH"tJIIbIH PEiI{HM, rAP AHTHPYIOID;Hfl: CTABHJIH3A~HIO
PEllIEHH:H l\IOJ(EJIb~OrO YPABIIEIIHH TPETbEro nOPHJ(KA

(flpCaCTaBJieHO aKaaeJ.IUlW.l1HAH YKpauHbl 10. JI. J!aJie/{"uM)

113YlJalOTC5I pellleHH5I u (t, X) KpaeBoll 3a,1l.allH

atu (t, X) = - a~u (t, X), (i, X) EE~+ =,

={(i, x): i> 0, X > oJ,

u (i, X)\t=o= 0, X EIR~= {x: x> oJ,

B W,) u Ix=o= g (i), iE E~ = (t, i> OJ.
r

3.l(ecb B W,) = ~ blta~, r.l(e qk' k = 0, ..., r,-
k=O .

Bern;ecTBeHHble nOCT05lHHble. HaXO.l(HTC5I YCJIOBHe Ha

MHOrOllJIeH B (1..), rapaHTHpYIOrn;ee cTa6HJIH3aII.HIO
orpa-HHlIeHHbIx pellleHHH u(t, x) 3a.l(aliH (1)-(3),
nocTpoeHHbIx no npOH3BOJIbHbIM cTa6HJIH3HPYIO-
rn;HM rpaHHlIHbIM <PY'HKII.H5IM g (i). nepeXO.l(HM K
ero q,OPMYJIHpOBKe.

Ky6HlIecKoeypaBHeHHe

1..3+ p = 0,

r.l(e p = \pi eill' - KOMnJIeKCHblH

TPH pelIIeHH5I

Aj (p) = Ip IJ/3exp{i (<p+ n)/3 + 2n (j- 1)/3},

j=1,2,3. . (4)

Hac HHTepecyeT Ta H3 <PYHKII.HHAj (p), KOTOpa51
npH Bcex p H3 npaBoH nOJIynJIOCKOCTH KOMnJIeKC-

(1)

(2)

(3)

HofI p-nJIOCKO~TH IIMeeT OTpHII.aTeJIbHYIO Bern.eCTBeH-
. HYIO lIaCTb. 113 q,OPMYJIbl (4) HenOCpe.l(CTBeHHo CJIe-

.l(yeT, liTO 9THM CBOHCTBOMo6JIa.l(aeT TOJIbKO q,YHK~

II.H5I 1..2 (p) = Ip IJ/3exp {i (n + <p/3)}, 3IIalleHlBI KOTO~

pOH (npH I<p1< n/2) JIe>KaT B ceKTope arg 1..2(p) E

(
5n 7n

)
.

E .6' 6" . Onpe.l(CJIHMTenepb q,YHKII.HIOF (p)=
r

= B (1..2(p» = ~ bit (1.2 (p»k.
k=O

Y C JI 0 B He a). Bce HYJIH <PYHKII.fm F (p) Jie-
>KaT B JIeBOH nOJIynJIOCKOCTH KOMnJIeKcHoH p-nnoc...
KOCTH. .

YCJIOBHe a) 03HaliaeT, tITO HYJIH MHOrOllJIeHa B (z)
.

(
5n 5n

)
. ~

JIe>KaTB ceKTope - T' 6 KOMnJIeKCHOH z-nJIOC-

KOCTH.

UeHTpaJIbHbIM pe3YJIbTaTbI pa60TbI 5IBJI5IerC5I
TeopeMa 1. ,D,JI5I cTa6HJIH3aII.HH orpaHHlIeHHbIX

pelIIeHHH u(t, x) 3a.l(aliH (1)-(3), nocTpoeHHblx
no npOH3BOJIbHbIM cTa6HJIH3HPYIOll.lHMC5Irpa'HHlI-
HbIM .q,YHK1UI5lMg (t), He06xo.l(HMO' H .l(OCTaTOllllo,
QT06bI BbInOJIH5IJIOCbycnoBHe a).

Cq,opMynHpoBaHHa51 3a.l(alla 6bIJIa nOCTaBneHa
A. H. THXOHOBbIM[1]. OH ee pelllHJI .l(JI5IypaBHe-
HH5I TenJIOnpOBO.l(HOCTH B CJIYllae O.l(HOH npocTpaH-
CTBeHHoi'I KOOp.l(HHaTbI. B 9TOM >Ke cJIYlJae, HO .l(JI5I

MO.l(eJIbHOrO napa60JIHlleCKOro no neTpoBcKOMY
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ypaBHeHHH npOH3BOJIbHOrO 'nOpH.QKa, 3TO C.QC.'IaJI
)1.. B. DpoKa [2J. )].JIH MO.QeJIbHbIXnapa60JIutte-
CKHX ypaBHeHUH H 'CHCTeMypaBIIelIIfJ"1 C JII06blM
qHCJIOM npOCTpaHCTBeHHbIX KOOp.QlIllaT 3a.Qatta pac-
CMaTpHBaJIaCb B pa60Tax 51. C. KYllI.IIII.KOrO H
C. )1.. 3H.QeJIbMaHa ,[3-6]. DO.Qp06Hoe H3Jl0JKe-.
HHe' pa3BHToi'i HMH MeTO.QHKHcO.Qep)KUTcH.B [7,
fJI. 7]. .

HaUI H'HTepec K ypaBHeliHIO (3) Bbl3BaH ero
«cpH3HttHOCTbIO», ::rro JiHHeapH30BaHHoe ypaBHeHHe
KopTeBera -'-)J.e <I>pH3a. (CM., HanpnMep, [8],
fJI. 1), H TeM, liTO rpaHHttHble 3a,AallU ,AJIH TaKHX
ypaBHeHH,H (KoppeKTHbIX no DeTpoBcKOMY) npH-
IIa,AJIe>KaT K IIHCJIY MaJIO HCCJIe.QOBaHHbIX.

npH .QOKa3aTeJIbCTBe TeopeMbI 1 MbI c.'Ie.QOBaJIH
cxeMe, n3JIO>KeHHoJ"1 B [7]. OJl.HaKO YJKe 'Ha nep-
BOM UIary nCCJIe.QOB8HHH Y Hac, BMeCTO 06bltt'HOH,
3KcnOHeHTbI, nOHBHJIaCb CPYHKIUIH 3i1pn H CBOHCT-
Ba ~OH CPYHKII.HH CYllI.eCTBeHHO onpe.ll.eJInJIH II Te
MO,AHcpHKaII.HH B MeTO,AaX, KOTopbIe Ha~f nOTpe6o-
BaJIHCb.

1. Depexo.QHM K onHcaHHIO HaUIHX paccpI\,!J.e-
HHH H nOJIyqeHIIoi'i .QonOJIHHTeJIb'HoI"I nHcpopMaII.HH
o peUIeHHHx 3a.Qa lIH (I) - (3). 3,AeCb II .n:aJIbllle lIe-
pe3 C H C 6Y,AeM 0603HattaTb (Bo06ll1.e rOBopH,
pa3JIUII'HbIe) nOJIO)«HTeJIbHble nOCTOH.HHble. Orpa-
HHttelllIbIe. peUIeIIHH u (/, x) 3a,Aa ttn (1) - (3) npe,A-
CTaBUMW cpoPMYJIoi'i .

f

u (t, X) = \O(t--r,x)g('t) d.,
, 0

r,Ae 0(1, x) - H)J.POnyaccoHa 3TOH3a.!l.attH.<I>YHK-
IJ.nH 0 (I, x) onpe,AeJIHeTCHpaBeHcTBo~1

1 'l+ico dp

O(t,x)= 2ni S exp{pt+A.2(P)X} B(A.2(P))'

" ~co ~
'V - ,AOCTaTOIIHO

. HHHaH.

. B HaUIHX
pOJIb HrpaeT

60JIbUIaH nOJIO>KHTeJIbHaH noCTO-

,AaJIbHeHUIHX' nocTpoeHHHx OC06yIO
H,Apa DyaccoHa 3a,AallH .lI.HpHXJIe

: I' 1 y+ico

, Go(t, x) = 2ni S 'exp{pt + 1.2(p) x} dp.
. 'V-ico

CnpaBe.QJIIIBO TaKoe Ba>l{HOe YTBep>K.J.eHHe.
TeopeMa 2. 5I.Qpo nyaccoHa 00(/, x) 3a.QattH

)J.HpHXJIe )J.JIH ypaBHeHHR (1) Onpe.LJ:o'ISleTCHcpop-
MYJIOH

00 (t, x)'= 3 ~ Ai (x (3t)-1/3),
. (3t)

f,Ae Ai(z) -CPYHKII.HH 3HpH (CM. [9], c. 265,
cpopMYJIa 10.4.2).

B ,AaJIbHeHUIeM HCnOJIb3YIOTCH cBoikTBa 3TOH
CPYHKIJ.HH,B lIacTHocTH, ttTO OHa 3KCnOHeHIJ.HaJIbHO
y6wBaeT npH x~+oo.

.
J

nepeXO)J.HM K H3ytteHHIO CBOHCTBH.Qep nyacco-
1/a 0 (i, x). l-13 3THX CBOHCTBnOttTH HenOCpe.ll.CTBeH-
HO CJle.u.yeT, ttTO YCJIOBHe a) rapaHTHpyeT cTa6H-
JlH3aII.IIIO orpaHHtteHHbIX peUIeHIIH u (t, x) H3ytta-
eM01"13a,AattH, nOCTpoeHHbIX no npOH3BOJIblibIM CTa-
6HJIH3HPYIOllI.HMCH rpaHHttHbIM CPYHKII.HHMg (i).
CBOHCTBa 0 (i, x) onHcaHbl B CJIe)J.YIOllI.eMnpe.!i-
JlO>KeHHH. ' '

TeopeMa 3. nYCTb BbInOJIHeHOa). Tor)J.a H,ApO
nyaccoHa 0 (i, x) 3a.QattH (1)-(3) 06JIa,AaeT
CBoHcTBaMH:

1) npH te(O; 1] CnpaBe,AJIHBaOII.eHKa

10 (t, x) I~ Ct (r-I)/3exp{- C (x (t)-1/3)3/~};

2) HMeeT MeCTOnpe.u.cTaBJIeHHe ,
,
I. !

j

o (t, x) = B (0)-100 (t, x) + 01 (t, x),

r.u.e .lI.JIH CPYHKII.HH0 (i, x) npn t~ 1 CnpaBe,AJIHBa
OII.eHKa i

{'
I~

(5)

co

3) mlTerpaJI. S I0 (t, x) Idt paBHoMepHo no x,
o

x E(0; 00), orpailHlleH.
DpH )J.OKa3aTeJIbCTBe TeopeMbl 3 HCnOJIb30BaJIaCb

MeTO.QIIKa [7].
O.ll:HaKO Bce 3Tanbl .lI.OKa3aTeJIbCTBa nOTpe60Ba-

JlH .BHeCeHnH He06xo,AHMb1X KoppeKTHB B pacCY)K-
,AeIlH.H H BblttHCJIeHHH.

DepeXO,AHM K H3JIO>KeHHlOTeopeMbl 0 cTa6HJIn-
3aII.HH.

o n p e,Ae JIe HHe. HenpepbIBHaH Ha [0; 00)
CPYHKII.IIHHa3b1BaeTCH cTa6HJIH3upYIOllI.eHCH, eCJIH
cYllI.eCTByeT KOHettHblH npe,AeJI gO CPYHKII.HHg (t)
npH /-+00.

TeopeMa 4. npe.QnOJIaraeTCH BbInOJIHeHblM YCJIO-
BHe a). Tor.Qa pellleHHe u(i, x) 3a,AallH (1)-(3)',
npe,ACTaBHMoe CPOPMYJIOH(4) H nOCTpOeH'HOe no
JII060H CTa6HJIH3HpYIOllI.eHCHrpaHHIIHoH CPYHKII.HH,
cTa6HJIH3HpyeTcH H cnpaBe)J.JIHBO paBeHcTBo

m
co

3lim u (t, x) = gO\ 0 (t, x) dt.
t-+co 0

.~

TeopeMa 4 HenOCpe,ACTBeHHo CJIe)J.yeT H3 Teope-
~fbl 3 H ynep>K,AeHHH H3 [I, c. 50-51]. TaKHM 06-
pa30M, .QOKa3aHa ,AOCTaTOttHOCTbB TeopeMe 1.

2. OnHUIeM, KaK YCTaHaBJIHBaeTCHTOT cpaKT, ttTO
eCJIH pellleHHH u(i, x) 3a.QattH (1)-(3), npe,ACTa-
BHMble CPOPMYJIOlf(4), cTa6HJIH3HPYIOTCSlnpH JIIO-
60H CTa6HJIH3HpYIOllI.eHCHrpaHHIIHoH CPYHKIJ.HH,TO
BbmOJIHeHOYCJIOBHea). TaK )Ke, KaK B [2], c. 152-
163, [7] c. 304-309, BHallaJIe YCTaHaBJIHBaeTCH,
liTO 'HYJIH CPYHKUHHF (p) He MorYT HaXO.QHTCHB
nOJlynJIOCKOCTH Rep>O. 3aTeM nOCJIe,AOBaTeJlbHO
onpOBepraeTCH B03MO>KHOCTb nOHBJleHHSl ttHCTO
M'HHMbIX HYJIeH, OTJIHttHbIX OT p=O H, HaKOHeu,

6 /SSN 0868-8044 p'o!lo8iai Hau,ioHaAbHoia"aaeMii Hag" Y"paiHu, 1995, M lq

I



p=o. npC)J.ITOJlara51 Ha.lIlltJHC TaKHX HYJICii, BC51KHH
pa3 npe)J.'b51BJl51erC51 cTa6HJIH3HpYIOr.na51 rpaHHtJna51
QJYHKUH51,)J.Jl51 KOTOpoii COOTBeTCTBYIOll.{ee pernCHHe
He cTa6HJlH3HPyeTC51. 3THM 3aBeprnaeTC51 )J.OKa3a-

, TCJlbCTBO TeopeMbl 1. .

3. npOHJlJIIOCTpHPyeM H3JIO:tKeHHble Bblwe pe-
3YJIbTaTbI HeKoTopblMH ITpHMepaMH.

n pH Me p 1 (3a)J.atJa .lJ,HpHXJIe)..BI(8x) = 1 :
: BI (z) = 1, TaKHM 06pa30M BblITOJlHeHOYCJIOBHe
a). PerneHHe 3a)J.atJH .lJ,HpHXJIeUI(t, x), ITOCTpO-
.eHHoe ITa JII060H cTa6HJIH3HpYIOr.neik51rpaHHtJHoH
QJYHKU,HHgl (t), cTa6HJIH3li'pyeTC51H [9, QJopr.ry-
JIa 10.4.82]

co co

:IIim Ut (t, x) = g7 S Go (i, x) di=gIf.3 \Ai (z) dz=g?
~co 0 6

. r r

DpHMep 2. B2(8x) = ~bha~.:B2(z)= ~bhZk
. 11.-1 11.-1

liMeeT HYJlb Z = 0, YCJIOBHea.) He BbIITOJIHeHO.3T
3HatJHT, qro eCTb cTa6HJIH3HpYIOr.nneC5I rpaHH1JHbI

'QJYHKUHHg2 (t), )J.JI5I KOTOpblX perneHH51 udt, x),
ITpe)J.CTaBHMbleQJopMYJIoii (4), He cTa6HJIH3HpYIOT-
C5I. B03HHKaeT 3a)J.atJa a HaXO:tK)J.CHHH)J.onOJIHII-

TeJlbHblX YCJlOBHHHa g2 (t), BblITOJIHeHHeKoropbIX
rapaIlTHpyeT cTa6HJIH3aUHIO COOTBeTCTBYIOr.nHX11M
.1l2(t, x).

n pHMep 3. B3(ax)= bifx + b18x + bo, bo =1=
=1=0: B3(z) = B2z2 + bIz + bo' )J,JI51 BbIITOJI-
'HeHII51YCJIOBH5Ia) He06xO)J.HMOH )J.OCTaTotJHO,tITO-
6bI IIYJlH MHOr01JJIeHa B3 (z) JIe:tKaJIH B ceKTope

5n 5n

(-6' "6) KOMITJIeKCHOH:Z-ITJIOCKOCTH.B tJaCTHOC-

TIf, ITPH b2=0 31'0 3HallHT, tITO b(bo<O. ECJIH :tKe
hi =0, TO ITplf JlI06blX b2 If bo, b2bo<0 YCJIOBlle
(1) lie BbIfTOJIIICHO. .
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KneB

The following problem is studied:

atu=-a~u, ult-o=O, B(a)ulx=o=g(t). (I)

Nccessary and sufficient conditions on the polynomial
B (J.), which guarantees stabilization of bounded solutions
of (I), .are found. The solutions are constructed on arbi-,
trary stabilizing functions g(t). Examples, which ilIustra.
te the general results, are presented.

A.H. ~OPOrOB~EB, T.A.llETPOBA

,Qrp AHHqEHHblE II nEPIIO,IJ;lIqECKIiE PEillEHIIH
OllEPATOPHOrO Y~ABHEHIIH PJiIKKATII C HEOfPAHlIqEHHbIM OIIEPATOPOJf

(flpeaCTatMeliO aKaaeMuKo,1I HAH YKpaUlibt 10. A. MUTponoAbCKU,!t)

B HaCT05Ir.neH pa60Te HCCJIe)J.yeTC5I 3a)J.atIa cyr.ne-
'CTBOBaHH5I orpaHHlleHHblx H ITepHo)J.HtIeCKIIX perne-
HHH OITepaTOpHoro ypaBHeHHH PlfKKaTlI C K03QJ-
QJHUlfeHToM - HeOrpaHHtIeHHbIM oITepaTopoM. I13Y-
treHlflO MaTpHtIHOrO ypaBHeHH5I PHKKaTIf ITOCB5Ir.ne-

110 3HatJlfTeJIbHOe tIHCJIO pa60T, pH)J. CCblJIOK cO)J.ep-

:tKHTCHB [1]. 0 CB5I3HXonepaTopHoro ypaBHeH1IH
PlfKKaTIf C TeOpHeH: YITpaBJleHH5I, QJlfJIbTpaUHIf H
.n.pyrHMIf cOBpeMeHHbIM ITplfJIQjKelIH5IMH CM. pa60ry
[2]. .lJ,JI5I ypaBHeHH5I PHKKaTH C K03QJQJHuHeHTa-
MH - OrpaHHtIeHHbIMIf OITepaTOpaMH B [I] )J.OKa3a-
HO cyr.necTBoBaHHe orpaHlflleHHbIx If ITepHo)J.Hlle-
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