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BBEOAEHUE

Hessio HacToAmEN paboThl ABJIACTCA yCTAHOBIICHHE HEKOTOPbIX HOBLIX KpH-

TEPHEB OCLM/UTAUMOHHOCTH AN1A AuddepeHIHANbHbIX YPaBHeHH BTOPOro mo-
pPANKA HEWTPAJILHOrO THMA BHIAA

() + izt = 1) + paz(t + 7)) = @ @®2(1 1) + wOz(02t), (1)

IIPpHYEM NIPEANOJIATaTCA BBINOJIHEHHBIMHA cJlefyroimue yCJIOBUA: ‘

(a) pi,7i, i = 1,2 nNONOXKUTENBHBIE NOCTOAHHDIE;

(6) q; € C([t0700)$R+): 1= 1y2s

() 0; € C([to, 00), Rt) Takme, 410 01(t) < t, 03(t) > t n tl_i+m o1(t) = oo.
oC

Hon pemenuem ypapuenus (1) 6ynem monpasymesats HEIIPEPBIBHYIO Benie-
CTBEHHYIO (pyHKUHMIO Z(t), onpeneneHHyio Ha [Tz, 00) nns swexoroporo T, > to,
TaKyi0, 4TO Belpaxkenue z(t) + p1z(t — 1) + pox(t + ™) ABAACTCA NBASKIBI
HENMpepsIBHO Au(depenumpyemeiM, u ypasuenue (1) cnpaseanuso npu t > Ty

Bynem rosopuTh, YTO HETPHBHANIBHOE PEllIeHHE YDABHEHUA (1) aBnserca Ko-
nebsonmmes, ecu A moboro t* > 0 na (t*, 00) CYIIECTBYET €r0 HyJb, B IIPO-
THBHOM CJIy4ae OyZieM Ha3bIBATB ero HeKonebmomuMca. YpaBHeHHe (1) 6ynem
Ha3bIBATb OCUMJIAIMOHHBIM, €CJIH BCE €r0 PEIIeHUA KOJebomuecs.

3a mocnenHue ronbl HEKOTOPblE ABTOPhI (CMOTPH, HANpHMED, (1], [4]), [6])
NOJTY HAJTM JOCTATOYHBIE YCJOBUA AJIA TOrO, YTOOBI BCe OrpaHUYeHHBIe (Heorpa-
HHYEHHbIE) PEIleHHA ypaBHEHHH HeHTPaJIbHOrO THNA BUIA

() + P2t £ 7)) = a)a(o(t) 2)

6bitn Korebmomuecs. Mbr paccmaTpusaem 6osiee obmee nuddepenmmannroe
ypaBHeHHe HeHATpaabHoro Tuna (1) U NIPUBOIUM KPUTEPHH OCHMJUIAMOHHOCTH
ana (1), npuMeHAMbIe TakyKe A1A ypaBHeHHA (2).

Heneo nacroamett paboTs! ABiAeTcs 060CHOBAHHE HEKOTOPDIX, JETKO IPO-
BEPAEMEBIX yCJIOBHH, NOCTATOYHBIX I/ OCHM/UIALMOHHOCTH (1) 1 06061maomux
HEKOTODbIE U3BECTHBIE KPUTEPUH.

Hna Bcex PyHKHMOHAIBHBIX HEPABEHCTB, KOTODBIE UCIOJB3YIOTCA B JAJlb-
HefilieM, NPeANoaraeTcsA UX BBHINOJHEHHE 1A BCEX JOCTATOYHO GOJbIIMX 3HA-
YEeHHUM £.

(OCHOBHEIE PE3YJIbTATHI

B cnenyromeit Teopeme YCTaHOBHMM [JOCTATOYHBIE YCJIOBH A, IPH KOTODAIX BCE
pelnleHuA ypabueuns (1) ABNsHOTCA KOnebaomumMucs.



Teopema 1. Ilpeanonosxum, 4to o2(t) > t+ 15 v oy (t) <t — 7. Hycrs

oa{t)—T12

lim sup / (Ug(t) -~ Ty — s) ga(s)ds > 1+ p; + po (3)
t— oo

t

"

t

tl_lglo sup / (s — oy (t) — 'r])qf (s)ds > 1+ p; + pa, (4)
a1(t)+m,

rze ¢f (t) = min{qi(t — 7;),q:(t), qi(t + i)}, i = 1,2. Torna ypasnennue (1) —
OCLMJIIALHUOHHOE.

Hoxasameavcmeo. [lonyckas NpOTHBHOE, NPEINONOXKHM, YTO ypPaBHEHHE (1)
MMEET MOJIOXKHUTEJbHOe pemenue T(t). DTo 3HA4UMT, 4TO cymecTByeT to > 0
Takoe, 4To z(t) > 0 npu t > £o. [Tonoxxkum

z(t) = z(t) + prz(t — 1) + p2x(t + 72) (5)

y(t) = z(t) + pr2(t — 1) + p2z(t + 72). (6)
Torma z(t) > 0, y(t) > 0 u Takxe
2'(t) = au(D)z(o1(t)) + g2(t)z(02(2)) >0, t>t1 > 1.
Tloaromy 2'(t) coxpauser 3HaK Ha [tp,00). Torma
y"(t) = a1(t)z(o1(t) + @2(t)z(02(2)) +
+piqi(t — 1)z (01(8) — 1) + p2qa(t + 1)z (02(t) — 1) +

+pqi(t + 72)z (o1 (t) + 72)p2ga (B + T2)z(02(t) + 1) >
> g (t)z(01(t) + g5 (t)z{o2()) > 0. (7)

Hanee pacCMOTPHM Ba CJIEAYIOMMX CIIydas.
Caywaii 1. Ilycrs 2'(t) > 0 mpu ¢t > ¢, Torma y'(t) > 0 u na ocHosanuu (7)

y'(t+12) > g3 (t + 12)z(02(t) + 72).
Hcnonb3ysa MOAOTOHHOCTh 2, IIOJY4aeM

y(o2(t)) = z(02(t)) + prz(02(t) — 71) + p2z(02(t) + 72) <
< z(02(t) + 72) (1 + p1 + p2).



Kombunupysa nocnennue nsa HEPABEHCTBA, MPUXONUM K

>(t
y(t 4+ 1) > BEET)

ot 1+p1+P2y(02(t)),

T. €. Y(1) ABAAECTCA MONOXKNTEIBHBLIM BO3PACTAIOLIMM pewennem auddepennu-
aJILHOTO HEPABEHCTBA

> my(ﬂz(l‘) - 7). (8)

C mpyro#t cTOpOHBI, COrJTACHO pe3ysbTaTy Hantypuu u Konnaranse {2] (cmo-
Tpu takxke [Dxypuna (3]), ycnosue (3) npoTuBopeunT CyliecTBOBAHMIO nOJIO-
AKUTEJHHOTO BO3PACTAIOIIETO PEIIeHHA HepaBeHcTsa (8).

Caynat 2. Myets 2'(t) < 0, Torna y'(t) < 0 u (7) Bnever 3a coboft

y'(t-71) 2> ¢t —m)z(o1(t) — 7).
Torpa
y(a;(t)) = Z(O‘l(t)) +p12(01(t) - Tl) +p22(0'1(t) +T2) <
<z(o1(t) = 1) (1 + p1 +p2),

NpUveM Mbl HCNONIb30BaNIM GakT, 4TO z(t) yObIBaer. Cnenosarenso,

qi(t —7)
"t—-m)> L 2 aq (t
y'( 1) > 1+p1+pzy( 1(1))

1 y(¢) nonoxkurennHoe ybbiBaioliee peurenne anddbepeHIHATLHOrO HepaBeH-

CTBa "
1+ p1 +p2
C npyroit croponsl, kak noxkaszaso Yanrypue#t n Konnaranze [2] (nnu cmoTpn

[3]), ycnoBue (4) obecneunBaer To, uTO (9) He UMEET MOOKHUTEILHBIX YOLIBA-
ouux pemexduil. 910 nporusopeune. Teopema nokasana.

y(o1(t) + ). (9)

Chnenyomuit Kpurepnit OCUMAJALMOHHOCTH HOMOJHSAET npeapiaymul pe-
3yJIbTAT.

Teopema 2. ITycrs o;(t) >t + 12 no1(t) < t — 7. Ipeamonoxum, 4o npH
t = 1,2 cymecTByior Takne QyHKUNH:

a,-(t) € Cl(to,OO), a,-(t) > 0, (—l)iai(t) S 0; (10;‘)
Bi(t) € C'(to,0),  (=1)!8:(t) > (-1)'t, Bi(t) >0; (11,)



9T0

(=D (os(t) = (-1)'r) 2 (~1)iBu(Bi(1)); (12;)
g; () > (1 + p1 + p2)ai(t)a: (B:(1)) Bi. (13:)

Ecnn audppepeHnnanbHOe HEPaBEHCTBO NEPBOro MOPAIKA
v'(t) + (1) a: (8:(0) Bi(t)v(B:(2)) > 0 (14;)

HE HMEET NPH i = 1 OTpHUATEeNBHOrO pemenna (MpH JOCTATOYHO 601bIIHX ¢ ) u
NpH 1 = 2 He HMeeT NOJIOXKHTENbHOTO pellieHAA, TO ypaprenne (1) — ocummns-
LHOHHOE.

Hoxasameavcmeo. Ipeanonoxnm, yro z(t) > 0 pewenue (1). yctb 2(t) u
y(t) onpenenenst cornacuo (5) u (6) coorsercTBenHo. Torma, nocrynas kak u
Npy OOKa3aTeNbCTBE TeopeMs! 1, npuxomum K (7).

Cayvet 1. Iycre 2'(t) > 0. Toraa Tak ke, kak ¥ B ciyyae 1 TEOpPEMBI 1,
HAXOMMM, 4TO Y(f) MOJIOXKUTE/ILHOE BO3PACTAIONIEE PELIeHHE HEPABEHCTBA (8).

BOBbMeM
ba(t) = y'(t) + aa2(t)y (Ba(t)).
Torna b2 (t) > 0 u, ucnonbays (102)-(13,), nonyuaem

a3(t)

b(t) ~ 22

ba(t) — az(t) B (£)b2 (B2(t)) =

= 4(0) = 23V ) — aalt)oa (5:0) (0 (B2(82(0)) >

2 y"(t) - a2(t)az (B:(0)) B3y (B2 (B2(1)) ) >

“ﬂ"—y(az(t) ~ T2),

> ”t_
>y"(t) P

oTKynaa BmecTe c (8) BbITekaer

B5(8) = Z230n(t) = aalt)B4(00a (Ba(0) > 0
[Tonoxus by(t) = az(t)v(t), 3akmouaem, uTo v(t) MONOKUTENBLHOE pelIEHHE
(142). 910 nporusBopeune.
Cayvat 2. Tonyctum, uro z'(t) < 0. Torma y'(t) < 0. Cnenya Bcem maram
ciny4yan 2 reopemMbl 1, HaxonauM, 4To y(t) monoXKuTENBHOE YOBIBAIOIIES PEIIEHHEe
HepabeHcTBa (9). Bosbmem

bi(t) = y'(t) — a1 ()y (Ba(2)).




Torna b;(t) <0 u (9) Bmecre ¢ (101)~(13;) Brexyr 3a coboit

(1) — 00 ) 4 a1 (0, (Bi(2)) =

ar(t)
=10 = 280 - a0 (101 0 (51 (5 ®)) >

290 - a0 (B,0) 8] (0w (6. (6:(1))) >

g1 ()

>”t‘_
2y'(t) P

y(o2(t) + B1) > 0.

Ionoxus
bi(t) = a1 (t)u(t),

BHAUM, 4TO v(t) oTpHLEaTENLHOE pemeHue (14;). 910 NPOTHBOPEYHE 3aBepIIaeT
JOKa3aTesbCTBO.

Cnencreue 1. Iycrs o2(t) > t+ 1 u o t) <t-mn. Hpeanonoxxum, yro
(10:)~(13;) mmeror mecto npu i = 1,2. Ecan somosnueno

t
imint | o1 (81(5)) 31 (s)ds > © (15)

Bi(t)

H

Ba(t)

lim /ag(ﬂg(s))ﬂé(s)ds>l, (16)
t—oo e
t

TO Bce pewenna ypaswenua (1) apasiorca Kostebuomumuca.

Hoxazameavemeo. Uspecrro (cMoTpH, HanpHMep, [8]), uro ycnosue ( 15) apns-
€TCH NOCTATOHBIM JUIA TOrO, uTo6bl (14;) He mMeno OTPHMLATENBbHOrO (Npyu Oo-
CTaTOYHO Gonbmux t) pemenusn. C ApYroi# CTOpoHsl, yciosre (16) gocrarousno
AJIA TOTO, 4TOBBI (142) He UMENO MOOKUTEILHONO DElleHn.

CJIE,IICTBHH, 3AMEYAHUA U PACHIUPEHUS

Mb! nosywunn pasmuunbe KPUTEPUY OCUH/UIALMOHHOCTH YPABHEHMA (1).
Hanee npusenem HEKOTOpBI® CNENCTBUA NPENbIIYIIUX Pe3ybTaToB.

Cnencrsue 2. Ilyctb 0y > 1y > 0,00>1>0mH

J(t) > @2+e)° (14 p1 +py) A HeKoToporoe >0, i=1,2
q; —.(Ui_'r;‘)232 ¥4 P2 AL D N = 1,4,




Torna Bce pelwleHHs yYPDaBHEHHA

(:c(t) +prz(t — 1) + paz(t — Tg))" - )zt —01) — @)zt +02) =0

ABJAIOTCA KOJEOJIONIHMHCA.

Hoxaszameavcmeo. B cnenctsun 1 10CTaTOMHO MOJIOKATH
a;(t) = (2+¢)/(o; — )2 u Bi(t) =t +(-1)*(oi —m)/2,1=1,2.

ChnencrBue 3. IIycrb 0y > 11 > 0,00 >12>0H

q; > 2(1+p1+p2), t=1,2.

(0’,’ — n)2e

Torna ypaBHenune

(s + matt —n) + st + 1)) — @3t =) ~ qalt +o2) =0 (17

OCLHJIIAITHOHHOE.

oxasameavcmeo. Jlerko Bumers, uto g;(t) = g;. Ilycrs 3nauenue € > 0
Takoe, uro g; > [(2 + €)/{e(oi - 'r,-))]z(l + py + p2). na gokasarenscTsa
CIIEICTBHA JOCTATOMHO MOJOXKHTE a;(t) = (2 + €)/(e(o; — 7)) u Bi(t) = t+
+(~1¥o; — 1:)/2,1=1,2 B cnencreun 1.

Samevanue. Ina ypapuennsa (17) Mbpl yCTAHOBWIM TOT XK€ pPe3yJbTaT, YTO U
I'pefic B [5]. Ham nonxon, oTiuyalomu#cs oT Texuuky ['pefica, Moxer ObiTh
UCIIOIB30BaH TAK¥XKe B cllydae ypaBHenud (1), KoTopoe sBIAETCA ypaBHEHNEM
C HENOCTOAHHBIMM K03 PUIMEeHTaAMH.

CoBMenias pe3yabTarbl Teopembl 1 u crencrsua 1, monydaeM crenyromue
TpU KPHTEpHMA OCUMLIALMORHOCTH ypasHenus (1).

Teopema 4. IIpeanonoxus, 40 01(t) <t — 71, 02(t) > ¢ + T2, CIpaBERTHBO
ycrosue (4) u umeror Mecro ycrosua (102)—(13z). Econ BplONHEHO ycroBHE
(16), To ypasrenne (1) — OCUH/LIALHOHHOE.

Teopema 5. Ilpeanonoxum, yro g1(t) <t - T1, 02 (t) > t + T2, copaBeOJIHBO
yenosue (3) u umeror Mecro ycropua (101)-(13,). Ecim BbiTonHeHO ycioBHe
(15), To ypaBuenne (1) — OCHH/IIALHOHHOE.

Cnencraue 4. Iyctb 01{t) < t — 1 # 02(t) > t + 72. [Hasee npeanoaoxaM,
4TO

1+p+p2

? A2 > 81/2’ Q;(t) > )

H/\f—Zln)\1—2>0.

. 1+p1+p2
%) > L )]



Toraa ypaBrenue

(z() +prz(t+n )+p22:(t——7'2))"—q1 B2(\t) ~ga(t)z(A2t) =0, Ay < 1, Ay > 1

OCUHITTALIHOHHOE.

Hoxazameancmeo. octatouno nonoxuts az(t) = 1/t, Bz(t) = Aot — T2/2 B
TeopeMe 4,

B nacrosmelt pabors mbr Oy IMIN HEKOTODbIE HOBbIE KPUTEPMA OCLHJI-
JALHOHHOCTH ypabHeHus (1). Pesynbratsl, ycTanosienube g pabote, ocnoBa-
HbI Ha HCIOJIb30BAHMM HOBBIX YCJIOBMH M MOAXOMOB OCUM/JIAIIHOHHOR Teopuy.
Hawm pesynbrarsi npumenumer taxxe AnA nugepeHUManbHbIX ypaBHeHui
C NOCTOAHHBIMU KO3 DHUNEHTAMH, PHYEM U3BECTHLIE KPUTEpHH 0BOCHOBAHD!
HOBBLIM CIIOCOOOM.

Ecnun nu6o ycnosue (3) Teopembl 1 Hapywaercs, 1u60 ycsiopus (102)-(145)
TEOPEMBb! 2 He BBINOJIHAITCA, TO TOLUA ITH TEOPEMBI NPENCTABIIAIOT KPHTEPHUH
OTpaHHy4eHHON ocumLAAuMonHOCTH (1), Korma Kasxioe ero OrPaHUYEHHOE pelle-
Hue Apnaerca konedbmomumesa. C apyro#t cTopomsl, ecin HAPYWAeTCs yCIOBHE
(4) Teopembr 1 umu He BRIMOMHAIOTCS ycnosus (10;)-(14;) Teopemst 2, 10 311
TEOPEMbI 06ECTIeYHBAIOT HEOTPAHMYEHHYIO OCUMNIALMOHHOCTE (1), npu koro-
POl KaXK/10€ er0 HEOrpPAHMYEHHOE PElIeHHE ABIACTCS Konebmomumes. Takoit
7K€ BBIBOM NIPABOMEPEH [J1A OCTAJIBHBIX TEOPEM M CIENCTBUMH,
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Hxypuna H., Bywa 5., Aiipsu D.A. P5-99.254
Kputepun ocunwnnsumonnoctu ans pudgepeHumanbHptx YpaBHEHHIH
BTOPOIo NMOpsiKa HEHTPabHOIO THIIA CO CMEIIAHHbIMH apryMeHTamH

B pabote ykazano, yto audepenHansHoe YPaBHCHHE HEHTPANLHOTO THIIa
i
(x(®+ pyx(t - 1)+ Px(t + 1)) = @ (Dx(c(D) + (0 x (0,(1))
C 3aMa3AbIBAOLIMM H OMEPEXAIOIHM apryMeHTaMH OyaeT OCUWUIALMOHHBIM npu

OIPEACIIEHHDbIX YCIIOBHAX Ha KOahhHLIMEHTD! 1 ApryMeHThl. OCHOBHBIM CpefcTBOM
ABLICTCA NMONXOAd1IAas TEOpeMa CPaBHEHHS.

Pa6ora Beimonnena s HaGopaTopuu BbINHCTTUTEIEHOH TEXHUKH M aBTOMATH3a-
uuu OUSAH.

INpenpunt O6veannennoro HHCTHTYTa ARepHLIX MCCrenoBanmii. Jlybna, 1999

[lepeson arTOpOR

Dzurina J., Busa J., Ayrjan E.A. P5-99-254
Oscillation Criteria for Second Order Neutral Differential Equations
with Mixed Arguments

It has been shown that neutral differential equation
1
(xO+ pxt-1)+ prx(t + 1)) = () x(o(0) + 7:(1) x (o,(1))
with delayed and advanced arguments oscillates under certain conditions on coef-
ficients and arguments. The main tool 1s suitable comparison theorem.

The investigation has been performed at the Laboratory of Computing Tech-
niques and Automation, JINR.
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