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BBE,[(EHHE 

B HaCTO.fflu;efi pa6oTe paCCMOTpeHO HemmefiHoe ,n;IIcpcpepeHU:IJa.JibHOe ypaB

HeHIIe BTOporo nop.H,!l;Ka HefiTpa.JibHOro TIIIla: 

(r(t)(x(t) + p(t)x(t - r))')' + q(t)f (x(a(t))) = 0, t 2: to. (1) 

Ha npOT.H)KeHIIII BCefi pa60Tbl 6y.n;eM npe.n;nonaraTb BbIIlOJIHeHIIe CJie,!l;yIOII.{IIX 

YCJIOBIIfi: 

(a) T IlOJIO)KIITeJibHa.H IlOCTO.HHHa.H; 

(6) r,p,q E C([to,oo)), a E C1 {[to,oo)); 
(B) r(t) > 0, q(t) > 0, 0:::; p(t) :::; p < l, 
(r) a'(t) > 0, a(t):::; t, lim a(t) = oo; 

t-HXl 

(.n;) f E C(JR) He y6brnaeT, f E C1(JR- {0}) II uf(u) > 0 )];JI.flu=/ 0. 
JI:a.rree o603HaqIIM II npe,n;nOJIO)KIIM 

1t ds 
R(t) = -() --+ oo npII t--+ oo. 

to r s 
(2) 

Ilo.n; pemeHIIeM (1) 6y,n;eM no,n;pa3yMeBaTb HenpephIBHyIO Beiu;ecTBeHHYIO 

cpyHKU:IIIO x(t), onpe,n;eJieHHYIO Ha [Tx, oo) ,n;JI.H HeKOToporo Tx > t0 , TaKyIO, 

qTO Bbipa)KeHIIe r(t)(x(t) + p(t)x(t - r))' onpe.n;eneHo II HenpepbIBHO ,n;IIcpcpe

peHu;IIpyeMo II ypaBHeHIIe (1) cnpaBe,!l;JIIIBO )];JI.fl BCex t 2: Tx. MbI paCCMaTpII

BaeM TOJibKO Te pemeHII.H (1), ,n;JI.H KOTOpbIX sup {lx(t)I; t 2: T} > 0 MR Bcex 

T 2: Tx. Mb1 npe,n;nonaraeM, qTQ )];JI.fl (1) TaKoe pemeHIIe cyiu;ecTByeT. 

By.n;eM roBOPIITb, qTo HeTpIIBIIaTibHOe pemeHIIe ypaBHeHII.H (1) .HBJI.HeTC.H K0-

ne6JIIOII.{IIMC.H, eCJIII ,n;JI.H mo6oro t* > 0 Ha ( t*, oo) cyiu;ecTByeT ero HY Jih, B npo

TIIBHOM cnyqae 6y,n;eM Ha3bIBaTb ero HeKoJie6JIIOII.{IIMC.H. YpaBHeHIIe (1) 6y,n;eM 

Ha3bIBaTb OCU:IIJIJI.Hil;IIOHHhIM, eCJIII BCe ero pemeHII.H KOJie6JIIOII.{IIeC.H. 

3a nocne,n;HIIe rO,!l;bl IlO.HBIIJIOCb MHOrO pa6oT no KOJie6neMOCTII pemeHIIfi 

,n;IIcpcpepeHu;IIa.JibHbIX ypaBHeHIIfi HefiTpa.JihHOro TIIna ( CMOTpII, HanpIIMep, [1-
2] II [4-8]). O.n;HaKO B HeMHOrIIX II3 HIIX paccMaTpIIBaIOTC.H HeJIIIHefiHhie ypaB

HeHII.H II ypaBHeHII.H c nepeMeHHbIMII KOacpcpmi;IIeHTaMII. By,n;IIHqeaIIq [2] .n;o

IlOJIHIIJI HeKOTOpbie II3BeCTHhie pe3yJihTaTbl II ,!1;0Ka3a.JI, qTo ypaBHeHIIe (1) )];JI.fl 

a(t) = t - a, a > 0, .HBJI.HeTC.H OCil;IIJIJI.HUIIOHHhIM, eCJIII Bh!IlOJIHeHO ycJIOBIIe 

/

00 

q(s) ds = oo. 

Uenb HaCTO.Hiu;efi pa6oTbI - nOKa3aTb, qTo ecnII Ha cpyHKUIIIO f ( u) Ha.JIO)KIITh 

HeKOTOpbie ,!l;OilOJIHIITeJibHbie YCJIOBII.H, TO Mb! MO)KeM nonyqIITb npII3HaKII oc

UIIJIJI.Hil;IIOHHOCTII ypaBHeHII.H (1) ,n;a)Ke )];JI.fl cnyqa.H 

/

00 

q(s) ds < oo .• 

2 

JI:a.rree, MR BCex cpyHKUIIOHa.JibHbIX HepaBeHCTB HaCTO.Hiu;efi pa6oTbl 6y

,n;eM npe.n.nonaraTb, qTO OHII IIMeIOT MeCTO )];JI.fl Bcex .n;ocTaTOqHO 60JiblIIIIX 

3HaqeHIIfi t. 

OCH0BHhIE PE3YJihTAThl 

JI:a.rree ycTaHOBIIM 0Cil;IIJIJI.HUIIOHHOCTb ypaBHeHII.H (1) )];JI.fl pa3JIIIqHbIX Bll,!l;OB 

cpyHKUIIfi f ( U). 

TeopeMa 1. IIpe,n.uoJio)KHM, qTo cymecTByeT TaKoe c > 0, qTo 

j 1(u) 2: C1 ,l{JIH U =p 0 (3) 

H 
00 

[ a'(t) ] dt = oo. j R(a(t))q(t) - 4c(l - p)R(a(t))r(a(t)) 
(4) 

Tor,l(a ypaBHeHHe (1) - OCI(HJIJIHI(HOHHOe. 

,l(o11:a3ame.AT>Cmeo. JI:onyCTIIM np0TIIBHOe. Ilpe,!l;IIOJIO)KIIM, qTO x(t) .HBJI.HeTC.H 

HeKOJie6JIIOII.{IIMC.H pemeHIIeM ypaBHeHII.H (1). He orpamfqHBa.H o6II.{HOCTH, Mb! 

M0)KeM npe.n.noJIO)KIITb, qTQ x(t) > 0. (Cnyqafi x(t) < 0 MO)KHO ,!l;OKa3aTb TeM 

)Ke cnoco6oM.) IloJIO)KIIM 

z(t) = x(t) + p(t)x(t - r) > 0. 

Tor.n;a z(t) > x(t) II II3 (1) CJie.n;yeT, qTO 

(r(t)z' (t))' < 0. 

IIoaTOMY r(t)z'(t) y6bmaeT II JIH6o z'(t) > 0, JIII6o z'(t) < 0. Ho yCJIOBIIe 

r(t)z'(t) < 0 BMeCTe c (2) BJieqeT 3a co6ofi lim z(t) = -'-oo, qTo HeB03MO)KHO. 
t-+oo 

IIoaToMy z'(t) > 0. Cne,n;oBaTe.JihHo, 

x(t) = z(t) - p(t)x(t - r) > z(t) - p(t)z(t - r) > 
> z(t)(l - p(t)) > p*z(t), 

r.n;e p* = 1 - p > 0. Ha 0CHOBe MOHOTOHHOCTH f(u) nonyqHM f (x(a(t))) 2: 

f(p*z(a(t))) H TaK*e . 

(r(t)z'(t))' +q(t)f(p*z(a(t))) :::;o. 

I 0ou,::11:'i.i.~l\ f:,:TI:iryY I 
une~sux uccJ1e1:n.au1ra · 

6HSITl-tOT~KA ·. ---- _,, 

(5) 



Onpe.n,ennM IIOJIO:>KHTeJibHYIO cpyHKUHIO 

Tor.n;a 

r(t)z'(t) . 
w(t) = R(a(t)) f (p•z(a(t))) 

w'(t) = a'(t) r(t)z'(t) + R(a(t)) (r(t)z'(t))' 
r(a(t)) J(p•z(a(t))) f (p•z(a(t))) 

(6). 

- R(a(t)) r(t)z'(t) f'(p*z(a(t))) p*z'(a(t))a'(t). (7) 

f (p*z(a(t))) f(p•z(a(t))) 

3aMeTHM, 'ITO r(a(t))z'(a(t)) > r(t)z'(t) H, IICIIOJib3YJI (6), (5), (3), npHXO,D;HM 

K 

, a' ( t) ( ( ) ( ) * a' ( t) 2 . ) .. ( 
w (t) ~ R(a(t))r(a(t)) w(t) - R at) qt - cp R(a(t))r(a(t)) w (t . 8) 

TaK KaK nOJIHHOM P(w) = w - cp*w2 ~ 1/(4cp*), TO H3 npe.n,bmyrn_ero ttepa

BeHCTBa CJie.n,yeT 

I a'(0 . 
w (t) ~ 4cp*R(a(t))r(a(t)) - R(a(t))q(t). 

lIHTerpnpyJI HepaBeHCTBO, paCCMOTpeHHOe BbIIDe, OT t1 .n;o t, IlOJIY'IIIM 

it [ a'(s) l 
w(t) ~ w(t1 ) - ti R(a(s))q(s) - 4cp* R(a(s))r(a(s)) ds. 

llpH t ➔ oo, w(t) ➔ -oo, 'ITO npOTIIBOpe'IMT IlOJIO:>KMTeJibHOCTH cpyHKUIIII 

w(t) ➔ ...,..00. 2ho IIpOTIIBOpeq11e 3aBepmaeT ,D;OKa3aTeJibCTBO. 

3a.Me"ta'H:Ue 1. ,nnJI COOTBeTCTBy10mero o6bIKHOBeHHOro .n;11cpcpepeHUHaJibHOro 

ypaBHeHHJI 6e3 HefiTpaJibHOro 'IJieHa, T. e. npH p(t) = 0, f(u) = u, r(t) = 1, 
a(t) = t TeopeMa 1 ycTaHaBJIHBaeT H3BeCTHblfi pe3yJibTaT Knrypa.n;3e H qOH

TYPHH ( CMOTpH [3]). 

3a.Me"tattue 2. TeopeMy 1 MO:>KHO npHMeHIITb K Ha1160Jiee 'IaCTO paCCMaTplI

BaeM0My BII)];y ypaBHeHHJI ( 1) co CJie.n,y10rn_HM acHMilTOTII'IeCKHM IlOBe.n;ettHeM 

J(u): 
J(u) ~ u. 

ECJIM OCJia6HTb YCJIOBMe (3), TO pe3yJibTaT TeopeMbl 1 MO:>KHO IICilOJib30BaTb 

,D;JIJI 6onee llillpOKOro KJiacca .n;11cpcpepeHUHaJibHbIX .ypaBHeHMfi. 

4: 

;'~{ . 

l 

Cne.n.cTBHe 1. IIpeJI.IIOJIO:>KHM, 'ITO cyw.ecTBYIOT c > 0 H t* > 0 TaKne, <iTo 

J'(u)?_c, uE(-oo,-t*)u(t*,oo), (9) 

n BbIIIOJIHeHO YCJIOBHe (4). Tor)I.a ypaBHeHne (1) - OCL(HJIJIHL(HOHHOe. 

,l(oica3amem,cmeo. llycTb x(t) > 0 pemett11e (1). Tor.n;a TaK )Ke, KaK 11 B .n;oKa-

3aTeJibCTBe TeopeMbl 1, IlOJIY'IIIM paBeHCTBO (7) . .Il:oK~eM, 'ITO lim z(t) = 00. 
t-+oo 

,n.nJI :=noro npe.n;noJIO)KHM, 'ITO z(t) ➔ 2k np11 t ➔ oo II 0 < k < oo. Tor.n;a II3 

MOHOTOHHOCTII z(t) CJie.n;yeT, 'ITO z(a(t)) ?. k )];JIH Bcex .n;ocTaTO'IHO 6oJibIDIIX 

3Ha'IeHHfi t. l-IHTerpIIpyJI ttepaBeHCTBO (5) OT t .n;o oo, nonyqaeM 

r(t)z'(t)?. 100 
q(s)f(p*z(a(s))) ds?. J(p*k) 100 

q(s)ds. 

littTerpIIpoBaHIIe npe.n;b1.n;ymero nepaaencTBa, .n;enettttoro .Ha r(t), OT t1 ,no oo 
BJie'IeT 3a co6ofi 

1
00 

1 1.00 2k?. z(t1) + f(p*k) -() q(s) dsdu = 
. ti r u u 

= z(t1) + 100 
(R(s) - R(t1))q(s)ds, 

ti 

OTKy.n;a CJie.n;yeT /

00 

R(s)q(s) ds < oo. OTO npoTMBope'IIIT (4). Cne.n;oBaTeJib

no, lim z(t) = oo. llo3TOMY p*z(a(t)) > t* )];JIH acex .n;ocTaTO'IHO 6oJibIDIIx t, 
f-+oo 

n Mbl IIOJiy'IMM nepaBeHCTBO (8) . .Il:anee ,D;OKa3aTeJibCTBO IIOBTOpJieT Bee mam 

,D;OKa3aTeJibCTBa TeopeMbl l n MO)KeT 6bITb onymetto. 

IlpHMep 1. PaccMOTPIIM CJ1e.n;y10mee .n;11cpcpepettu11anbttoe ypaBnen11e nefi

TpaJibttoro TIIna: 

( 
')' x

2
(a(t)) 

r(t)(x(t) + px(t - r)) + q(t) 1 + lx(a(t)) I sgnx(a(t)) = 0. 

llpocToe BbI'IMCJien11e noKMbmaeT, 'ITO ,nnn f(u) = u2 /(1 + lul)sgnu HMeeM 

f' ( u) ?. 1 - .X, r.n;e .X > 0 .n;ocTaTO'IHO MaJieHbKan nocTOHHHaJI. Tor.n;a 113 

CJie,D;CTBIIJI 1 BbITeKaeT OCUHJIJIJIUIIOHHOCTb paccMaTpIIBaeMoro ypaBHeHIIJI npII 

yCJIOBHII 

/

00 

[ a'(t) , l 
R(a(t))q(t) - 4(1 - .X)(l - p)R(a(t))r(a(t)) dt = 00 

)];JIJI neKOToporo noJIO)KIITeJibHOro A E (0, 1). 

3a.Me1ta11.ue 3. Cne,nCTBIIe 1 MO)KHO np11MeHIITb K ypaBHeHHIO (1) qaCTO pac

CMaTpHBaeMoro BII,D;a, C aCIIMilTOTH'leCKHM noae,neHHeM 

f(u) ~ lul 0 sgn u, a ?. 1. 

5 



CJie,z:i;cTBHe 2. IIycTb a > 1 H yCJIOBHe (4) cnpaBe,n;JIHBO ,a.JIH HeKoToporo 
c > 0. Tor.a.a ypanHeHHe 

(r(t}(x(t)+p(t)x(t-r))')
1 

+q(t)lx(a(t))l
0

sgnx(a(t)) =0 (10) 

OCL{HJlJIHL{HOHHOe. 

,l(o,ca3ameJLbCmeo. IlyCTb C > 0 TaKoe, 9TO BblllOJIH.HeTC.H (4). JierKO npoBe

pHTb, 9TO YCJIOBHe (9) BblllOJIH.HeTC.H ,IVI.H BCex .Ll.OCTaTO9HO 60JibllIHX t H OCIJ;HJI

JI.HIJ;HOHHOCTb (10) BbITeKaeT H3 CJie,LI.CTBH.H 1. 

Cne,z:i;cTBHe 3. IIycTb a> 1. IIpe,n;nOJIO)KHM, 'ITO 

. . R2 (a(t))r(a(t))q(t) 
hmmf '() > 0. 
t➔oo a t (11) 

Tor.a.a ypaBHeHHe (10) - OCL{HJIJIHL{HOHHOe. 

,l(o,ca3ame1&bcmeo. Ifa (11) CJie.n.yeT cyrn:ecTBoBaHHe .n.ocTaTO9HO 6oJibIIIOro 

C > 0 TaKOro, 9TO HepaBeHCTBO 

_R.....;
2 

(:....a..:...:( t ):..:..) r--'('-a_( t )-'-) q_(_t) > _1_ + ! 
a'(t) 4cp* c 

(12) 

cnpaBe,IVIHBO ,IVI.H BCex ,LI.OCTaTO9HO 60JibllIHX t. 3aMe9a.H, 9TO H3 (12) CJie.n.yeT 

(4), 3aBepIIIaeM .D;OKa3aTeJibCTBO. 

TeopeMa 2. IIycTb f'(u) He y6bwaeT Ha (-oo, -t*) H He BO3pacraeT Ha 
( t*, oo), t* ~ 0. IIpe,n;noJIO)KHM, 'ITO 

/

00 

q(t)J( M R(a(t))) dt = oo ,a.JIH ncex M > 0, (13) 

1
00 1 

liminf R(a(t))f'(K R(a(t))) q(s) ds > -
1 

-
t➔oo t - P 

,a.JIH HeKOToporo K > 0. 
(14) 

Tor.a.a ypaBHeHHe (1) - OCL{HJIJIHL{HOHHOe. 

,l(o,ca3ame1&bcmeo. Ilpe.n;noJiara.a npOTHBHoe, .n;onycTHM, 9TO x(t) .HBJI.HeTCR no

JIO)KHTeJibHbIM peIIIeHHeM (1). qT06bI IlOJIY9HTb (7), MO)KHO IlOCTYilHTb, KaK 

H npH ,n;OKa3aTeJibCTBe TeopeMbI 1. IlyCTb K > 0 TaKoe, 9TO BbinOJIHeHO {14). 
Ilpe)K.D;e Bcero 3aMeTHM, 9TO H3 (r) H H3 npe.n;nOJIO)KeHHt1 TeopeMbI BbITeKa

eT cyrn:ecTBoBaHHe TaKoro L > 0, 9TO f'(u) ~ L/2 MH Bcex u > t*. Tor.n;a 

f(u) ~ Lu H H3 {13) BbITeKaeT 

/

00 

R(a(t))q(t) dt = oo. (15) 

6 

:)' .. 

·,. 

I 

Ilo9TOMY, TO9HO TaK )Ke KaK H B ,n;OKa3aTeJibCTBe CJie,LI.CTBHR 1, MO)KHO no

Ka3aTb, 9TO z(t) ➔ 00 npH t ➔ oo. 1IcnOJib3Y.H MOHOTOHHOCTb r(t)z'(t) H 

HHTerpttpyR (5) OT t .n;o oo, noJiyqaeM 

r(a(t))z'(a(t)) ~ r(t)z'(t) ~ [~(s)J(p*z(a(s))) ds ~ 

~ J(p*z(a(t))) [~(s) ds = f (p*z(a(t)) )Q(t). {16) 

ConocTaBHB IlOCJie,n;HHe HepaBeHCTBa c paBeHCTBOM (7), HaxO.D;HM 

w' (t) :5 a'(t)?t)z' (t) ) [ I -p• R(a(t)) J' (v• z(a(t))) Q(t)] .:_ R(a(t)) q(t). 
r(a(t))f p•z(a(t)) · 

. (17) 
,[(aJiee .D;OKa)KeM, 9TO lim r(t)z'(t) = 0. ,nettcTBHTeJibHO, eCJIH 6bI r(t)z'(t) ➔ 

t➔oo 

2£ nptt t ➔ oo, 0 < L < oo, TO r(t)z'(t) ~ 2L ,IVIH Bcex 60JibIIIHX t. lIHTerpH-

py.a nocJie.n;Hee HepaBeHCTBO OT t1 .n;o t, noJiyqaeM 

z(t) ~ z(ti) + 2L(R(t) - R(t1)) ~ LR(t). 

llcnOJib3YR 9TY oa;eHKY H HHTerpttpy.a (5) OT t1 .n;o oo, noJiy9aeM 

r(t1)z1(ti) ~ f
00 

q(s)f (p*z(a(s))) ds ~ f
00 

q(s)f (p• LR(a(s))) ds. 
lt1 lt1 

3TO npOTHBOpe9HT ycJIOBHIO (13), H Mbl 3aKJII09aeM, 9TO r(t)z'(t) ➔ 0 npH 

t ➔ oo. lITaK, ,IVIH Bcex >. > 0 cyrn:ecTByeT t1 TaKoe, 9TO MR JII06oro t ~ t1 

cnpaBe,IVIHBO r(t)z'(t) ~ >./2. Tor.n;a .D;JI.H JII06oro >. > 0 oqeBH,n;Ho 

z(a(t)) ~ z(ti) + ~ ( R(a(t)) - R(t1)) ~ >.R(a(t)). 

IloJIO)KHB >. = K / p*, KOM6HHHPYR noCJie.n.Hee HepaBeHCTBO c HepaBeHCTBOM 

(17), IlpHXO.D;HM K 

w' (t) :5 a'(t)tz'(t) ) [ 1-p• R(a(t)) /' ( K R(a(t)) )Q(t) ]-R(a(t) )q(t), 
r(a(t))f p•z(a(t)) 

OTKy.n;a, COrJiaCHO (14), 
w'(t) ~ -R(a(t))q(t). 

llcnoJib3YR (15) H HHTerpttpy11 {18) OT t1 .n;o t, noJiyqaeM 

w(t) ~ w(t1) -lt R(a(s))q(s) ds ➔ -oo npH t ➔ oo. 
t1 

3To npOTHBOpe9He ,n;OKa3bIBaeT TeopeMy. 

7 
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Cne;:r.cTBHe 4. IIycTb 0 < {3 < I. IIycTb ,.qa.rree 

liminf R13 (a(t)) 100 

q(s) ds > 0. 
t-+oo t 

(19) 

Tor,.qa ,.qmpq,epeHUHaJJbHOe ypaBHeHue 

(r(t)(x(t) + p(t)x(t - r))')' + q(t)lx(a(t)) 1
13 sgnx(a(t)) = 0 (20) 

OCUHJIJIJIUHOHHOe. 

,l(o'11:a3ameJl'bCffl60. -Y6e.n,ttMC.H, qTO H3 ycJIOBH.H (19) CJie,rr,yIOT yCJIOBH.H (13) H 

(14). lfa (19) BbITeKaeT cymecTBOBaHHe >. > 0 TaKoro, qTO 

R13 (a(t)) 1
00 

q(s)ds ~ >. 

,II.JI.H ncex 60JihlllHX t. IIycTh K > 0 TaKoe, qTo Kl-/3 < >.p* {3. Tor,D,a 

{00 1 
Rt3(a(t))f3Kf3-l lt q(s)ds > p*' 

T. e. (14) Bblil0JIHeHO )],JI.H ypanHeHH.H (20). 
IloKruKeM, qTo (19) nJieqeT 3a co6ott (13). EcJIH ,D,JI.H HeK0Toporo M > 0 

TO 

/

00 

q(s)Mf3Rf3(a(s)) ds < oo, 

lim f
00 

q(s)Mf3Rf3(a(s)) ds = 0. 
t➔oo}t 

licnoJih3Y.H CJie,rr,yrorn;yro ou.eHKY: 

0<Rf3(a(t))Mf31
00 

q(s)ds $1
00 

q(s)Mf3Rf3(a(s)) ds, 

BH)],HM 1 qTO 

lim RfJ (a(t)) 100 

q(s) ds = 0. 
t-+oo t 

9TO npOTHBOpeqne ycTaHaBJIHBaeT cnpane)],JIHBOCTb (13) )],JI.H ypanHeHH.H (20). 

-YcTaHOBHM eIII.e 0)],HH npH3HaK OCU.HJIJI.HIJ.HOHHOCTH ypanHeHH.H (1). 
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TeopeMa 3. IIycTb f'(u) He B03pacTaeT Ha (-oo, -t*) H He y6blnaeT Ha 
(t*, oo), t* ~ 0. Tor,.qa ecJIH 

li~~f R(a(t)) 1
00 

q(s) ds > (l _ p~f'(E) ,l{JIJI HeKoToporo E > t*, (21) 

TO ypanHeHHe ( 1) - OCUHJIJIJIUHOHHOe. 

,l(o'll:a3ame.11'bcmao. IIycTh x(t) > 0 .HBirneTC.H peweHHeM (1). Tor,D,a HMeeT 

MeCTO (7). 3aMeTHM, qTO H3 (21) CJie,rr,yeT (15). KaK H Bblllle, Mbl MO:lKeM 

y6e,D,HTbC.H n TOM, qTo lim i(t) = oo If, CJie,D,OBaTeJibHO, )],JI.H JII06oro E > 0 
t-+oo 

HMeeM p*z(a(t)) ~ E. Ilo,D,CTaBIIB 3TO HepaBeHCTBO B (17), llOJiyqlfM 

w'(t) < a'(t)r(t)z'(t) [' . 
- r(a(t))f(p*z(a(t))) l - p* R(a(t))J'(E)Q(t)] -R(a(t))q(t). 

licnOJib3Y.H (21), npIIXO)],HM K (18). OCTaBlllMC.H qaCTb )],0Ka.3aTeJibCTBa aHa

JIOrHqHa )],0Ka.3aTeJibCTBY TeopeMbl 2 If ll03TOMY MO:lKeT 6hITb onymeHa. 

Cne;:r.cTBHe 5. IIycTb o: > 1 H 

liminf R(a(t)) 100 

q(s) ds > 0. 
t-+oo t 

(22} 

Tor,.qa ypaBHeHHe (10) - OCUHJIJIJIUHOHHOe. 

3a.Me"tattue 4. B HaCTO.HIU.efi pa6oTe Mbl ycTaHOBlfJIH HeKOTOpbie HOBbie npH-

3HaKH KOJie6JieMOCTlf Bcex peweHHfi ypanHeHH.H (1). Mbl YCHJilfJIH TeopeMbl 1 
H 2 pa6oTbl (2] If TeopeMy 1 pa60Tbl [7]. C ,D,pyrott CTOpOHbI, pe3yJibTaTbl Ha

CTO.Hrn;ett pa60Tbl MO:lKHO HCllOJib30BaTb He TOJibKO )],JI.H ypaBHeHHfi THlla (10) H 

(20), HO TaK:lKe )],Jl.H ,D,pymx KJiaCCOB ,D,HcpcpepeHU.lfaJibHblX ypaBHeHHtt. 

IlpHMep 2. PaccMOTpHM ,D,HcpcpepeHIJ.HaJihHOe ypanHeHHe 

(r(t)(x(t) + p(t)x(t - r))')' + q(t) In ( 1 + x2 (a(t)) )x(a(t)) = 0, 

C K03q>q>HU.HeHTaMH, y,D,OBJieTBOp.HlOlll;HMH (a)-(r). JlerKO y6e.n,ttTbC.H B cnpa

Be,D,JIHBOCTH (,D,). Tor,D,a, n CHJIY TeopeMbl 3, paccMaTpIIBaeMoe ypaBHeHIIe oc

IJ.HJIJI.HIJ.HOHHOe npH BblilOJIHeHHH YCJIOBH.H (22). 
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