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OBJIACTU YCTOMYMBOCTU PASHOCTHOI'O YPABHEHUS

Uccnenyercst ycTOMImBOCTD CKAISPHBIX PA3HOCTHBIX YPABHEHUI ¢ OJHUM 3amas3abiBanneM. Ha koadburmentsr u 3a-
a3/1bIBaHMs JUHETHOIO HEABTOHOMHOI'O Y paBHEHUsI OOIIEro BUIA IIOCTEIIEHHO HAKJIabIBAIOTCs orpanndenusi. O ypas-
HEHWsI ¢ MTPOU3BOJIbHBIME KO(DDUIIMEHTAMI U 3AMa3bIBAHIUSIMU MBI IIEPEXOINM K YPABHEHUIO C OTPDAHUIEHHBIMA 3a-
MMa3bIBAHUSAMHI, 3aT€M K YPABHEHHUIO C IIOCTOSHHBIMHU KO3(M@UIMEHTAMH ¥, HAKOHEI], K aBTOHOMHOMY yPaBHEHUIO.

Ilokazamo Kak B mpoItecce TAaKOro MePexo/ia PACHINPSAETCs 00JIaCTh YCTOWIMBOCTH.
Karouesvie caro6a: pa3HOCTHBIE YPABHEHUS, YPABHEHUS C 3aIa3/IbIBAHUEM.

O6osnaunm Ny = NU {0}, Ry = [0, 00). Paccmorpum pasHocTHOE ypaBHEHUe
z(n+1)—z(n) = —a(n)z(n — h(n)), n =0, (1)

e a : Ng — Ry, h: Ny — Np.
Ecimu me menarh JOMOMHATEIBHBIX IPEIIOIOKEHUN O KO3(MUIMEHTaX G U 3alla3IbIBaHuAX h
ypasenus (1), TO yCJIOBUSI aCHMIITOTHYECKON yCTONYUBOCTH 06eciieqnBaeT

Teopewma 1(em [1,2]). Beau lim Y. a(i) <3/2u Y. a(n) = oo, mo ypasnenue (1)
n—oo i=n—nh(n) n=0

acuMnImomuvecru ycmoa%ueo.

Koncranra 3/2 B Teopeme 1 siBisiercst Tounoii. Ecin cTporoe HepaBeHCTBO B YCJIOBHU T€OPEMbI
3aMEHHUTHh HECTPOIMM, TO MOYKHO M0J00paTh Kod(hdUIMeHTh 1 3ana3abiBanus ypasHenus (1) Tak,
9TO ero perieHue He OyJleT CTPEMUTHLCsI K HYJIIO TIpu 1 — 00 [2].

VciioBusI TPUBEIEHHOTO IPU3HAKA B HEABHOM BHJIE YK€ TPEOYIOT OTPAHUIEHHOCTH KO3 UIm-
€HTOB, II09TOMY sIBHOE TPEOOBaHME OIPAHMYECHHOCTU KOI(MPPUIIMEHTOB HE NMPUBEIET K yBEJTMYCHUIO
koHcTaHThl 3/2. HakiajpiBasi Ke OrpaHnveHUs] Ha 3alla3/blBaHusi, KOHCTAHTY, OrPAHUIUBAIOINLYIO
006J1aCTh YCTOMYMBOCTH, MOXKHO yBEJIMIUTD.

Teopewma 2 (em [3]). IHyemv H = sup h(n) < co. Tozda ecau lim > a(i) < 3+

n€Ng =00 i —n—h(n)
o
s u Y. a(n) = oo, mo ypasnenue (1) acumnmomuuecku yemotivueo
2H+2 = o0, yp Y '
n=0
1 .,

Koncranra 3/2 + 3H 3 TaKXKe sBiserca Heyny4maemoil. [Ipuvep npusesen B padore [2].

Bcee Bolme paccMoTpeHHbIE ypaBHEHHs ObLLIM HEABTOHOMHLI. ECTECTBEHHO BO3HHMKAET BOIPOC,
MOXKHO JIM, HaKJaIblBasl JIOMOJHHUTEIbHbIE OIPaHUYEHUs] Ha KO(MQUIMEHTH WIN 3ala3 IbIBaHIs
yPaBHEHUsI, ellle yBeJUIUTh 00JacTh ycroiiunsoctu. B pabore [4] nmokazano, 4ro mombITKa cieiaTh
3aIa3ablBaHNsT IOCTOSHHBIMH, OCTABUB IEPEMEHHBIMU KO3(M@UIMEHTHI, He IMO3BOJISIET YBEJIUIUTD
KOHCTaHTy 3/2 + ﬁ Opnako, ecin B ypasHennu (1) moctossHHBI KO3(MUIUEHTHI, TO 00/1aCcTh
YCTORUNBOCTU yBEIUINBACTCSL.

Pacemorpum ypaBaenme

z(n+1) —z(n) = —ax(n — h(n)), n =0, (2)
riae a > 0, h: Ng — Ng, npuuem h(n) < H, n € Ny.

n

Bamernm, uro a(H +1) > >  a.

i=n—h(n)

Beenem byHKIMIO w 0 IpaBIILY:
12(H+1) _ )
saTarvomt e wen H =0 (mod 3);

3(H+1
w(H) = S wpn H=1 (mod3);

12(H+1) _

sHTeTvemEmaT P H =2 (mod3).
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Teopewma 3(em [5]). Hyemo 0 < (H + 1)a < w(H). Tozda ypasnenue (2) acumnmomu-
wecku yemotiuueo.

Herpyano y6emurnsest, uro w(H) > 3/2+ ﬁ, npudaem w(H) = 3/2+ ﬁ ToabKo npn H = 0.
OGparuM BHEMaHHE Ha TO, KAK PA3HOCTHOE ypDaBHEHHE NPOSIBIISIET CBOIO JUCKPETHYIO HPHPOILY.
Anasiorom ypasaenus (1) siBisiercs dyHKIMOHAIBHO- UM dOEPEHIMATBHOE yDaBHEHIE

§(t) = —p()alt — r(t)), teRy, (3)
rae p: Ry — Ry sokanbHO cymmupyema, a 1 : Ry — R4 — usmepuma o Jlebery na R . 3Becren

CJIEJIYIONNM TPU3HAK YCTOUYMBOCTH.

o t 00

Teopewma 4 (cm [6]). Ecau tlim [ p(s)ds < 3/2 u [p(n) = oo, mo ypasnenue (3)
T—r(t) 0

ACUMNMOTNUMECKY, YCTROTHUBO.

SaMeTuM, 9TO HU OrPAHUYEHHOCTD 3alla3IbIBAHMSI, HU IOCTOSHCTBO KO3(MPUIMEHTa HE TO3BOJISI-
0T YBEJIMIUTH KOHCTAHTY 3/2 B (hOPMYJIMPOBKE ITOrO IPU3HAKA.
Haxowner, paccMOTpuM aBTOHOMHOE ypaBHEHUE

z(n+1)—z(n) = —ax(n—H), n>=0, (4)
rae a, H > 0. Jlns Hero JaBHO M3BECTEH NPU3HAK ACHMIITOTHYECKOH yCTORINBOCTI

Teopewma 5(em [7]). Hyemv 0 < (H + 1)a < 2(H + 1) cos 21’_}{{_1, Tozda ypasnenue (4)
ACUMNIMOMUYECKY, YCTOTHUGO.

Kaxk u cireoBanio oxxkuyarsb, koucranta 2(H + 1) cos 21’_}7_1 — camas OOJIbITNast U3 BCEX IPUBEIEH-

HbIX HaMH.
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Ilocrymuna B pemakmuio 14.02.2012
A. Yu. Kulikov
Regions of stability for a difference equation
Stability of scalar difference equations with one delay is investigated. Restrictions are layed consequently on coefficients
and delays of the linear nonautonomous equation of general form. First we consider the equation with arbitrary
coefficients and delays, then the equation with limited delays, the one with constant coefficients, and, at last, the
autonomous equation. It is demonstrated how the region of stability is expanded.
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