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O TOYHOCTHU JOCTATOYHEIX YCJIOBUM YCTOMYMNBOCTU
JANOOEPEHITNAJIBHBIX YPABHEHUN C 3AIIA3BIBAHUEM

JJ1sl TUHENHBIX CKAJIAPHBIX HEABTOHOMHBIX AuddepeHnnaabHbIX YPABHEHHH € 3aI1a3/IbIBAIOIINM apI'yMEHTOM U HEOT-
PpUIATETEHBIM KOI(MDMUITHEHTOM HMCCJIEAYIOTCS yYCIOBHUS YCTONYUBOCTH, MMEIOIINE BUJ, OIEHKU CBEPXY WHTErPajia OT
K03(dduImenTa 10 OTPE3KY OINpeneseHHON AIuHbL. [loKka3aHo, YTO TOYHOI BepXHEH I'PAHBI0 MHOXKECTBa 3HAYEHUN HH-
TerpaJja, rapaHTUPYIONNX YCTOMYNBOCTD IIPU HEKOTOPOH JJIMHE IPOMEXKYTKa HHTEIDUPOBAHUS, ABJISAETCH UHUCJO 2.

AHaJIOTUYHBIN Pe3yJIbTAT HOJIYY€eH JJIs PA3HOCTHOIO YPaBHEHUS.
Karoueswie caosa: ypaBHEHHE C IIOCIEAEHCTBAEM, YCTONINBOCTD, TOYHBIE YCIOBHS.

PaccMoTpuM ypaBHeHHe
(t) + a(t)z(t —r(t)) =0, t>0, (1)

JIUTsl KOTOPOro HuzKe Besze nosaraeM a(t) > 0 u r(t) > 0 st Beex t > 0.

B ciyuae a(t) = «, r(t) = w caenyomuii dhakT JABHO SIBJSETCS MaTeMaTHIeCKUM (DOJIbKIIO-
pom: eciim 0 < aw < 7/2, TO ypaBHEHHE IKCIOHEHIMAIbHO ycToiunso; ecim 0 < aw < 7/2, TO
ycroiiauso 1o JIsimyHoBy; ecin aw > /2, TO HEyCTONUNBO. DTOT pe3ysbrar 06obieH 1] Ha ciyqaii
r(t) = w, a(t) = a(t + w): B yacTHOCTH, HEOOXOMUMBIM ¥ JOCTATOYHBIM YCJIOBHEM ACHMIITOTHIECKO
YCTONTMBOCTH OKA3BIBACTCSA CIIpaBemBocTh nepasencts 0 < [ a(t) dt < m/2.

[Tepebiit 5ddeKTUBHBIN NPU3HAK YCTONYMBOCTH ypPABHEHUsI C [EPEMEHHBIM 3ala3jiblBAHIEM
6bu1 moyuen A.JI. Mpmmkucom [2]: ypasaenue (1) siBjisieTcsi aCUMITOTHYECKH YCTONYMBBIM, €CJII
infi>0a(t) > 0 m sup;»q a(t) sup;or(t) < 3/2. IT0 ycoBue ycTONIMBOCTH, B OTIMIHE OT HPUBe-
JICHHBIX BBIIIE, HE SBJISIETCsI HEOOXOMMMBIM, HO KOHCTaHTa 3/2 sABJISIeTCS MowHol: €CIU YBeJUIUTh
ee Ha JI000e uncyo € > 0, yrBepKaeHne 00 yCTOMINBOCTA CTAHOBUTCS, BOOOIIE TOBOPsSI, HEBEPHBIM.
Pesynbrar MbIKnca MHOOKPATHO HEPEOTKPBIBAJICS, YTOUHSICA 1 0600macs. HeckoabKo 0CHOB-
HBIX JIOCTHKEHHIT TAKOrO POjia pacCMOTPEHbI paboTe [3], aBTOpbI KOTOPOii, KaK M HEKOTOPBIE JIPYTHe
UCCJIEZIOBATEN B TIOCJIEIHIE TOJIbI, PACCMATPUBAIOT KOHCTAHTHI /2 u 3/2 Kak (yHIaMeHTaIbHbIe U
HO/JHIMAIOT BOIIPOCHI O CYIIECTBOBAHUH HACTOJILKO K€ (DYH/IAMEHTAIBHBIX KOHCTAHT JIst HeoOTo0u-
MDHIL YCIOBUNA HEYCTONYUBOCTH.

He orpurias cofepKaTe/IbHOCTH TAKIX BOIIPOCOB, 3aMETHM, YTO H3BECTHBIE HA CEIOAHSIIHAN JeHD
5 deKTUBHbIE TOCTATOYHbIE YCIIOBHUs yCTORIMBOCTH ypaBHeHus! (1), Ha HAIl B3IVIS, I0-IIPEXKHEMY
SIBJISIIOT CODOiT CKopee HABOP CIyYaiHBIX yaad, YeM eUHYI0 KAPTHHY.

Pacemorpum ypaBuenme

x(n+1) —z(n)+b(n)x(n —h(n)) =0, n=0,1,2,..., (2)

SIBJISTIOITIEECsT JUCKPEeTHBIM aHasioroM ypasaenus (1). Sgecs b(n) > 0, h(n) € NU {0}. K ceromusm-
HEMY JIHIO [TOJTy9€HO HECKOJILKO TOYHBIX JOCTATOUHBIX YCIOBUI YyCTONYMBOCTH ypaBHEeHus (2) B BUE
OIIEHOK CBEpXY CyMMbI K03 durmenTos b(n) Ha MpOMeXKyTKe OLPE/IeIeHHO IJIMHbI (BO3MOXKHO, 3a-
Bucsneil or n). B KadecrBe BepXHUX I'DAHUI] OOIACTH yCTORYIMBOCTH BBICTYIAIOT KaK KOHCTAHTDI
m/2u 3/2, Tak u apyrue unciaa. Obparum BHUMaHUE Ha ciepyroruit pesyabrar [4]. [Tycrs h(n) = p.
Torna ypapaenue (2) aCHMITOTHIECKH yCTORIMBO, ecan Y oo o b(n) = oo u limy,—0o Y orr_ ,b(k) <2.

DTOT pe3yJbTaT COOTHECEM CO CJIEAYIOMUM [5] NMPU3HAKOM yCTORYMBOCTH JIJIs TIEPUOUIECKOIO
ypasuenns Buja (1). Ilycrs 7(t) = w n a(t) = a(t+2w). Ypasnenne (1) acHMITOTHYIECKH yCTORYNBO,
ecm 0 < f02w a(t)dt < 2.

Herpy/Ho nokasarh, 410 06a MOCIeJIHIX IPU3HAKA YCTONYMBOCTH SABJISIIOTCs TOUHbIMU. Hanpu-
Mep, B IIEPBOM CJIy4ae IIOJIOKUM

2 o n=k2p+ 1), k(2p+1) +p,

b(n) =
() 0, n=kQ2p+1)+p+1,....(k+1)(2p+1)—1.
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Unmeem: 3207 5 b(n) = oo, limp oo Y3, _, b(k) = 2 + €, pemmenns HeOrpaHIIEHHO PACTYT.
CoBnajienne KOHCTAHT 2 He cjydvaiino. Pesynbrar HacTogimeil paboThl cocTouT B 0600IIEHUN
HOCJIe/JHAX JIBYX TeopeM Ha obmuue ciydan ypasHeruii (1) u (2) ¢ orpaHMYeHHBIM 3alla3/(bIBAHIEM.

Teopewma 1. Vpasuenue (1) yemotinuso no Jlanynosy, ecau sup;sq ftt—zw a(s)ds < 2; axc-

NONEHUUANDHO YCTNOTUNUBO, ECAU fooo a(t)dt = oo u limy_, ftt—2w a(s)ds < 2.

3aMeaneano, 9T0 KOHCTaHTa 2 TOYHA B 00Jiee CUJIBHOM CMBICJI€, Y€M HCIIOJIB30BaJICA BLIIIIE: €e
HEJIb34d YBEJIMYIUTH C COXPpaHECHHUEM yCTOfI‘{I/IBOCTI/I, JazxKe YBeJINYUB IJINHY 3alla3JbIBaHUW.

Teopewma 2. Jaa amobor Q > 2w ue > 0 natidemes neycmotiuusoe ypasnenue (1), das
Komopoeo Timy—,o [ o a(s)ds < 2 + .

Anajioramu TeopeM 1 1 2 SIBJISIFOTCSI CJI€LYIOIIHTE.

Teopewna 3. Ypasuenue (2) yemotuuco no Jlanynosy, ecau supy, > p_, o, a(k) < 2; onc-
NOMEHYUAALHO YCMOTMUGO, ecau D 3 a(n) = 00 u Sup, Y _r_, o,a(k) < 2.

Teopewma 4 Jas wmobvx Q = 2p+1 ue > 0 natidemes neycmotivusoe ypasnenue (2),
Ons Komopoeo limy, oo > p_ o a(k) <2 +e.

OrMeTnM HEKOTODBIN HEJIOCTATOK HPHUBEIEHHBIX TeopeM. Jljist 9Toro mpuseieM HamboJIee CHIIb-
Hy1o U3 TeopeM o 3/2 ms ypasuenus (1) [6]: nepasencrso lim ftt_T(t) a(s)ds < 3/2 Bnedér oOreHKY
dyuknun Komm (mo apyroit Tepmunosornu, GyHIaMeHTaIbHOTO pelnenusi) ypasaenus (1) B Bue
uepasencrsa |C(t,s)| < Nexp {—a f; a(T) dT}, rae N,a > 0. 3aBHCHMOCTD JIIMHBI [IPOMEZKYTKA
UHTEIPUPOBAHUS OT ¢, B YaCTHOCTHU, [IO3BOJIsIET PACCMATPUBATL YPABHEHHsI ¢ HEOIDAHUYEHHBIM 3a-
nazapiBanneM. JyinHa mpoMekyTKa B TeopeMe 1 IIOCTOSIHHA, XOTsI ee JJ0Ka3aTeIbCTBO IOKA3bIBACT,
YTO ITO YCJIOBHE MOYXKHO CHSATH. BOIpOC B TOM, Kak CIeaTh 3TO ONTUMAJILHBIM 00PA30M.

Teopembr 1-4 ecTrecTBeHHBIM 00pa30oM 0000IIAIOTCS HA CJIyYIail YpaBHEHHS ¢ HECKOJBKUME 3aIa3-
JIBIBAHUSIMU.
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K. M. Chudinov
On sharpness of sufficient conditions of stability for differential equations with delay
For stability of nonautonomous linear scalar equations with retarded argument and nonnegative coefficient, we consider
conditions that have the form of an upper estimate for the integral of the coefficient over a certain interval. It is
demonstrated that 2 is the least upper bound for the set of values of the integral that guarantee stability for some
lenth of the interval of integration. The analogous result is obtained for a difference equation.
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