Jocaidocenns 6 mamemamuyi i mexanwiyi. — 2018. — T. 23, sun. 2(32). — C. 7-19

VIIK 517.925

T. A. I'ep>xamoBcKasi
Opnecckuit marmonaabubiil yansepcurer numenu 1. 1. Meanukosa

NCCJIEJOBAHNE HEKOTOPBIX KJIACCOB OCOBHBIX
PEIITEHUU CYIITIECTBEHHO HEJIMHEMHBIX
ANOPOEPEHIINMAJIBHBIX YPABHEHNIN BTOPOT O ITOPAJKA

utst cytecTBeHHO HEMMHENHBIX AudHEPEHITNATBHBIX YPABHEHNN BTOPOTO MOPSIIKA, C HEJIN-
HEWHOCTSIMA B HEKOTOPOM CMBIC/IE OJIM3KUMU K MPABUJIBHO MEHSIOIIMMCS PACCMATPUBAETCST
JIOCTATOYHO IMIUPOKUI KJIACC MEJJIEHHO MEHSIONMXCs IPU CTPEMJIEHUU apryMeHTa K 0Co0Oi
TOUKe perenuii. B pabore moJiyueHbl HeOOXOUMBbIE U JIOCTATOYHBIE YCJIOBUSI CYIIECTBOBAHUS
pellleHnii 13 BBEJIEHHOIO Kjacca. Kpome Toro, HaiieHbl aCUMITOTHYECKUE IPEICTABIICHUS
P CTPEMJIEHUH apryMeHTa K 0CODOIT TOUKe JIJIsi TAKUX PEIeHU U UX TPOU3BOIHBIX ITEPBO-
ro mopsijika. Pe3ymbrarsl paboThl IPUMEHUMBI KaK HCCJIEOBAHUS PENTEHNN TTPU CTPEMJICHUN
apryMeHTa K OECKOHEYHOCTH, TaK W JIJIsI CHHTYJISIPHBIX DEIIeHmiA.
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BBEAEHUE. PaccmarpuBaercs auddepeHma buoe ypaBHeHne

y" = aop(t)eo(y)e1(y') exp(R(|In [yy'[])), (1)

rae ap € {—1,1}, p : [a,w[—]0, + o[ (=0 < @ < w < +00) — ABaAKIBI HEIPEPHIBHO
muddepennupyemas bysxms, @; @ Ay, —]0, + o[ — nHenpepbiBEbIe byHKINMT, R :
10; +00[—]0; +00] — HenpepbiBHO UM dEpeHIUpyeMasi ¢ MOHOTOHHOMN IIPOM3BOIHON,
IPABUJILHO MeHsoIasicst (CM., Hanpumep, [1]) za GeckonednocTu dbyHKIUs IOpsiaKa
w0 < pu < 1,Y € {0, £ o0}, Ay, — npomexxyrox mbo [y9; Y;[,* mmbo |Y;;4?] (i =
0,1). Kpome Toro, upezmosiaraercst, 4ro Kaxkias u3 GyHkuuii ¢;(z), (i=0,1) asiusercs
NPaBUIIbHO MeHstfomelicst dyukimedi (em. [1], rmasa 1, §1.1, ctp. 9) mpu z —» Y; (z €
Ay,) nopsizika 0;, 09 + 01 # 1, 01 # 1.

Ounpenenenne 1. Pewenue y ypasnenus (1) 6ydem nasweamo P, (Yo,Y1,X0)-
pewenuem, ecau ono 3adano Ha [to,w| u

/ 2
lmy®() =Y, (i=01), lim-2E

o om0 @

Jlannblil Kjacce pellleHnii 0XBaTblBaeT KaK IIPABUILHO, TaK U OLICTPO, U MeJlJIeH-
HO MeHSIOIuecs pemenus. Boicrpo MeHsomuecs (cM., Haupumep, [2]) u upaBuibHO
MEHSIIONIMECST PEIeHNs] HEHYJIEBOTO TIOPsiZika ObLIN UCCIIEIOBAHBI paHee (CM., HATIPH-
Mmep, [3]). B mamnoit pabore paccmarpusaercst ocobbiit knace P, (Yp,Y1,0)-pemenuit
ypasuenns (1). Takue penieHnst SBIAIOTCA MeJIJIEHHO MEHSIOMUMUCS (DYHKITHSIMHA TTPU

*Tpu Y; = +00(Y; = —o0) cuuraem y9 > 0 (y! < 0) coorBercTBemHIO.

Honyuena 23.09.2018 © T'eprkanosckag I'. A., 2018



8 TI'epoicanosckan I'. A.

t 1 w, HO3TOMY UX HccjlefloBaHHe TpebyeT CyIeCTBeHHBLIX M3MEHEHHH B MeTOJIUKe.
Kpome Toro, npuxouTcs HaKJaadblBaTh JONOJHUTE]bLHbIE YCJIOBHs Ha IIPaBYIO YacThb
ypastenus (1). B pabore [5] rakxe ucnenosamucs P, (Yy,Y1,0)-pemenust, ojHako cefi-
Yac yJaJ0Ch MOy IUTh Pe3yJIbTATHI JJIsT CJIydast, KOTAa He Oy/IyT BBIIOJHATCS YCIOBUS
u3 reopemsl 1 u3 [5].

OCHOBHBIE PE3VJIbTATHI. BBenem momoaHuTesbHbIe 0003HAUEHUS U OIIPeIe-
JICHWsI, HEOOXOINMBIE J1ajIee.

Ounpepenenune 2. I[Tyems ¢ : Ay —]0, + 0] — npasusvho menaowacs Pymx-
yusa npu z > Y (2 € Ay) (Y € {0,00}, Ay — nexomopas 0dnocmoponnasn oxpecm-
nocmov Y nopadka o. Bydem 2060pumnv, wmo @ ydosaemsopsaem ycaosuio S, ecau 0Af
060t Henpepwero Judpeperyupyemots dynryuu L : Ay —]0; +00[ maxot, wmo

2L (2)

=0,

UMEEM MECTNO COOMHOWEHUE
O(zL(z)) = ©(2)(1 + o(1)) npu z —Y, (z€Ay),
20e O(2) = p(2)]z]7°.

TTonoxum
)t npu w = +00, ‘ o oy -
RO ={|_, MR ) = wlk T (=00
U B cJIy4ae, KOrja % =Y,
¢ a,ecin [ p(r)dr = +w,
I(t) = ap /p(T)dT, A, = a,

A w,ecmn [ p(7)dr < 400,
a

1
T—o;

(1= onI(®)|(1 - o) IO ()
') R (| In |y, (8)]])

N(t) =

(0]
upu t € [bwl, rae b € [a,w[ BoOUpaercst Tak, ITOOHL M?JW e Ay.

w

Teopema 1. ITycmo 6 ypasnernuu (1) ¢1 ydosaemeopaem ycaosuio S u 6vinos-
HAECMCA YCAOBUE

N
o NG ®)

Tozda, das cywecmsosanus y ypasuenus (1) P(Yy,Y1,0)—pewenutd, das xomopwx cy-

. " . t)y" (¢
uecmeyem KonewHull ual beckoneunviti npedes lim 7@V 1) yeo6zodumo u docma-
ttw

y'(t)
MOYHO GHINOAHENUA YCA0GUTL

o

. 11 )
fim o (exp(R(| In e ()])) =77 = Yo, lim 55

—ag
= Y17

ERGIL0

S -1
e I(t) 71
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U Hepasencme
agyimu(t) <0, I(t)(1 - o0 — o)y R (| In|me(t)]]) > 0. ()

Boaee mozo, 0asa kascdozo makxozo pewerus cnpasediuss, aCuMNMOMUIECKUE NPed-
cmasaernus npu t T w

y(t) _1—0’0—0’1N
— = (B)[1+o(1)],
lpo(y(t)) exp (R(| [y (¢)y'(¢]])) [T 1-o ©)
y(t) I'(OR(|In|m@)l]) o
) " T—oo—on—ani! oMk
HokasaresbcrBo. Heobrodumocms Ilycrs y @ [to.w[— Ay, — P, (Yp,Y1,0)-

perienne ypaprenus (1). 13 ycnosuit Ha GyHKImo R, ¢ yaeToM npemioxkenns 9 us [2]
(pasmen 5, nyskr 1, cTp. 116) caeayer, uro

2R(z) _ w, lim R'(z) =0. (7

Z—0 R(z) Z—0

N3 onpenenennst P, (Yp,Y1,0)—pemennit [EBTYXOB|, tak Kak cymiecrByer Ko-

o 6 " Ii 7w (®)y" (1)
HEYHbIN UJIN OECKOHEYHBIU IIpe/Ie/I le y’(t) , CJIeAyeT, 9To
tTw

TV _ o Ty
me Y Wy b

(8)

OTKYyZIa CJIejlyeT BBIIOJHEHuEe Broporo u3 ycsosuil (4) u nepsoro us ycsosuii (5). U3
NepBOro u3 CcooTHOMmeHni (8) momyanm, aro y(t) sBIIsieTCs] MeJIEHHO MEHSIOIeHcst
dyukimedt npu ¢t T w. [osromy, B crry BTOpOro u3 coorHomenuit (8) dyaxmuio y(t)
MOKHO npecrasuTh B Buge y(t) = L(y'(t)), rae L - MeijieHo Mensiomasicst (pyHKIus
IIpU CTpEeMJIEHUH apryMenTa K Y;. [Tosromy ypasaenne (1) MOXKHO mepenucaTh B BUIE

y"(t)
wo(L(y'(1))e1(y' (1) exp(R(|In | L(y'())y' (D)]]))

Orciofia, ¢ yIeTOM CBOMCTB MPABUJIBLHO U MEJJIEHO MEHSIOMUXCs (DYHKIUH Oy IuM
npu t | w

= app(t). (9)

y'(t) (-0 o
WO 7 ) ep R LG @ @) L~ IO+l (10

Ncnonbayst (9) u (10) noxyunm

y//(t) _ P(t) [1 + 0(1)] mpu t | w. (11)

y'(t)  (1—o)I(t)
Orcona, B Cuily BTOPOTO U3 COOTHOUIEHMUIA (8) CJIe/yeT BBIIOJTHEHNE TPETHErO U3 YCI0-
Buit (4).
Iepenurem (10) B Buge upu t T w

v (1) . o
OO exp@ @y @) OO O+ (12)
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Kpome Toro, Tak Kaxk (1 yJIoBJeTBopsieT yciaoBuio S, u3 (8) cienyer, 4ro

signyd
0.(y'(1) = 0, <i(i’)0|) [1+ o(1)] mpu ¢ 1 w. (13)

C yuerom (7), (8) u cpoiicre dyukiun R umeem mpu t T w

R(|Iny()y' (1)) = R(|In |m (N[ + o(1)],
R(|Iny(t)y'@)I]) = B'(|In[r @) DL + o(1)].

Paccvorpum dyukmio

~ [T exp(R(| I |y(n)y' (T)|D)y" (T)N (1) R'(| In |y, (7)]]) .
W) _/a e ir.  (15)

ITokaxkem, aTo

. W (t)
lim = 1. 16
W2 Sp(RIm yOy ON G 1o
Ucnonbsys upasuio Jlonurasns u (14), mosydnm
W(t) : W)

2 ROy Oy ODING — 12 (R [y @y ONIN @)

N(t) exp(B(|In ly(®)y"(®)|D)y” () R (|In |7 ()] ])
y' () exp(£([In [y(D)y’ (D)]]))

= lim =

1 (0 + MO )y 1)+ 1))
)

. (|1 | ()] _
w YON'(@) | R(In]y@®)y @)
ot VONT | R WOOD (1(1)y (1) + (' (1))?)
/
1
. R/(|1n | (9] .

’ Tw ’ y' 2
o SO+ R @y 0D (1 + %52

Ucnounpsys (11) nepenumem (12) B Buge upu ¢ T w

y@) YO0 -a)I®)1 - 01)01 (y/) I (£)| 777 exp (w) o
po(y)| =7 YOI [1+0(1)].
(17)
U3 nannoro coornomenus, ¢ yaerom (13) u (15) mosyaum
: Y (ONOR([In e (1)) exp ( L2 lD
|0 ?ygtzl - y' (1) ( )[1 +o(1)] mpm ¢ Tw. (18)
0 o1

U3 (18), ¢ yuerom Buza dyukuuun W u cBOWCTB NPaBUILHO MEHAIOIIUXC (DYHKINUIA,
[TOJTY IUM

y(t) 71—0'0—0'1
T =

== e O 19)
0 1
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B cuiy (16), coornorenne (19) MOXKHO IepenucaTh B BUJIE

W _ Lo o o (ROl

B 1—0'1

1

—— N#)[1+ o(1)] upu ¢ 1 w,
lpo(y(8)) = 1= )

(20)
OTKyJla CcJieJiyeT Bropoe u3 ycsosuii (5) n nepsoe u3 upesncrasienue (6). 13 (18) n

(20) mosryunm

YO _ (L= o)y OR (W ma®ID) oy

Orcrona, ncnonssyst (11), mosyanm

y() _ TOR(|n]m@)]) o(1)] mpi £ 1 w
y(t) a (1—0'0—01)(1_g1)[(t)[1+ (1)] mpn ¢ 1 w,

TO €CThb MMeeT MeCTO BTOpoe U3 IpejcTasiienue (6) n nepsoe n3 yciaosuit (4)
ZLlocmamounocms. Ilycth cyrmmecTByoT 6eckomnedno anddepeHimpyembie GhyHK-
mn Lo : Ay, —]0, + [, L1 : Ay, —]0, + o[ Takue, uro

Li(2) = ©i(z)[1 +o(1)] mpn = — Y (z€ Ay),  lim zli;((g)

zeAYi

=0, i=0,L1.

O6ozHaunM g(vg,v1) = exp(R(|1n|vov1|]))Lo(vo)-
Orciofa, ¢ yaeroMm Buga QyHKIMIA @ u R, nmeem

. Ui%(vo,vl)
im —

vy 9(von)

=0 pasHomepHo 10 v; € Ay;,j # i,1,j = 0,1 (21)

Takum obpasoM, MoxkHa BBIOpaTh Ay, < Ay, (i = 0,1) Tak, 910661

Jg
V; 5= (vg,v
e o) (22)
g('UO,’Ul)
|1—O’0—0’1|

upu (vg,v1) € Ay, X Ay, e 0 < ¢ < , ¢ 1OCTATOYHO MaJIO U

4

- 70.Yi[, ecm Ay, = [¢0.Yi[, 0 < 3° < V;;
AY:{{[% [ vo = WYilo) < G=0.1).

1Y:,57), ecnn Ay, =]Yiy?1,Yi > 37 = 7,
Paccvorpum ymkmmio
[sol '~
Flssn) = | 977 os)

S1

S0
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3aJaHAy10 Ha MEHOKeCTBE Ay, X Ay, . PaccMoTpuM nepByo KOMIIOHEHTY JaHHO# dyHK-
muu. C yuerom (21) umeem

/

1—-90
‘Sl)l 1—0q
S0 1
9171 (s0,51) / g,

lim e =

50—Y0o I-1=07
91791 (s0,81)
og
. 0o 1 Soa(so»sl) 1—09g—01
= lim [1-— - =
s50—>Y0 1—0’1 1—(71 g(80781) 1—0’1
SOEAYO
PaBHOMEDHO 10 $1 € Ay, .
ITosTomy
1
. |30‘ 1-0oy ~
lim : = T paBHOMEDHO TIO $1 € Ay,
50~>Y0

sOEAYD 91701 (80781)

4+, ecm Yy =+4o0on =229 5 0 wm Yy = 0w 1=%=0 <,

1—01 1-01
T — (23)
_ l—op—0o1 _ l—op—0o1
0, eciu Yy =400 u 25 <0, nm Yo=0mu 2=t >0

INokazxkeMm, uTo F' B3auMHO OnHO3HAIHO oTOOpazkaeT Ay, X Ay, Ha MHOXKECTBO

[ o
o |1_1—?71

[?Joﬂll_l‘“l;r> x Ag, ecan \gii
~ ~ g 1)
F(AYO X AY]) = (24)

rie
0; +00), ecmm g9y > 0
Ap = ( ’ ’ 7070 ’ 2
0 { (—00;0), ecmm g7 < 0. (25)
1713721
Paccmorpum nosenenne GpyHKIAN Iso] Ha, IPAMBIX
91771 (s0,81)
S1 = k807 ke R\{O} (26)

so' " o' T
1 = 1

Ha kaxkmoit Takoit mpsiMoit . Kpome Toro, nmeem

9771 (s0,81) g™ 71 (s0,kS0)

|50|17159’1 !

1
g1—01 (50’]4;50) so

|50‘1—1321

5094, (s0,k50)  kS0Gys, (80,k50)
= T 1— ogp— 01 — —
(]. — 0'1)30gﬁ (80,]{)80) 9(807k80) 9(807k50)
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D10 03HAYAET, YTO ¢ ydeToM (22)

Y O oy
sign | —/——— = sign(yg (1 — o9 — 01)(1 — 01)).
9771 (s0,ks0)

50

1— 20

‘8()| 71 o o

IosTomy dyHKIMST —F———— €TPOro MOHOTOHHA Ha JI00OI psiMoil Buxa (26).
9771 (s0,ks0)

Honyctum, aTo oTobparkenune F' He SBIAETCA B3aUMHO OHO3HATHBIM. Torma

3(]907]31)7((]076]1) € AYO X AYU

(p07p1) 7 (Qanl) : F(p07p1) = F(QOan)-
C ydaeTroMm onpenesaeHnsi MHO2KECTB AY[),AYI mocjie/;inee paBeHCTBO O3Ha4Yae€T, 9YTO
70

1—-20 1—
Do| 't qo| T Po Qo

‘ 1‘ = | 1 5 *:*:CER\{O}- (27)
971 (po,p1) 9771 (qo,q1) roq

IMokaxkem, uro Touku (po,p1) u (go,q1) JIe’KaTh Ha oxHOM npsmoiil Buma (26). Ho

-
1—o
Torja (27) He MOXKET UMETh MeCTa, Tak Kak (DyHKIHsI \s?l CTPOTr0 MOHOTOHHA

91771 (s0,¢50)
Ha 3roft npamoit. Takum obpazom, cymectsyer obparnas F~1 : F(Ay, x Ay,) —
Ay, x Ay,. YunreiBas Buj QyHKIUN, IMEEM

FyH(wo,wr) FyH (wo,w)
F~Hwo,w), = = ,
FT (wo,wr) w1 Fy ! (wo,w)

e (wo,wy) € F(Ay, x Ay,). Tlockonbky sKoGHamH

-1 502 (s0,51)
T—c ey 03sq __%0
[sol 1 (1 g0—01 9(s0.50) ) lso| 0T 22 (s0,51)
I R
JF(sg,51) = (1—01)s0g '~ 71 (s0,51) (1—o1)g 1771 (s0,51) | =
_s1 1
s2 S0
1— -1 Jg dg
[so| ~ =1 507 (50,51)  s155(80,51)
= T l—00—01— - # 0,
(1—0153)g™71 (s0,51) 9(s0,51) 9(50,51)

upu (80,81) € Ayo X A~y1, dbyuxnua F~! apisgercsa HenpepbIBHO AuddepeHIIpyeMoit
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na F(Ay, x Ay, ). Kpome toro, mst (wo,w1) € F(Ay, x Ay,) ClpaBe/THBBI PABEHCTRA

4

1l -2
T ‘ 0 (w()’wl)' : = Wo,

g7 (Fy Hwowr) By (wo,w )

Ffl(wo,wl) =1 [olh) _ %
aFfl B 1— 01 1-— o1
wo 81;0 (wo,w1) (28)
_ og —1 -1
2 Fk—1(w07w1)T(Fo (wo,w1),Fy (wo,w1))
X 2 —1vk =1 (i=0,1),
k=1 g(FO (w()awl)vFl (w()awl))
F(;l(woawl) _l—0—o Q(F(;l(woyw1)7Ffl(wo,w1)) +
OF ! I—o01 -1 09 , 1 -1
wq (wo,w1) w1k (wg,wl)a—(FO (wo,wy),Fi~ (wo,w1))
ow Vo
-1 9 , 1 —1
) Fy (wo’wl)aTo(FO (wo,w1),F7 " (wo,w1)) :
+ +
1—0 0 ’
HunFy ! (wo,n) 3 - (Fy (o) Fi (o 0n)
(29)
oF ! oFy
w1 = (wo,w1) - w1 50— (wo,w1) (30)
FiH (wo,wy) Fy Hwoywy)
ITonaras
t
o) (1= 00— )N + 5 ()],
leo(y(t)) exp(R(| In[y )y’ (#)[]))[*= 31)
y'(y) I'(t)R' (| In |7y, (1)]])
= 1+ 29(2)],
0~ (=op—o—ani@ ! 2
rie
_ _ 1 mpum w = 400,
@ = fln|m,(#)], 'B_{ —1 mpnw < 0,
cBegeM ypasrenue (1) K cucreme
o1—1
2 = BCGI @)1+ 21][1+ 2] (1= Kalw,21,22) = Ku(w,2,20) )
(32)

2= T2 Go(@)[1 + 2] (]}1

o1
+ K3(x,21,22) — 1)

rie
Uo(x,21,22) =
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I'(t(2)) R (|In |7, (¢(2))]])
(1—00—01)(1=01)I(t(zx))

Uy (2,21,22) =

_ gt I'(t(2)) R/ (| In |, ((2))]])
=F ((1 — 09 —o1)N(t(x))[1 + zl(a:)],(l =0 — o )1 — o) I(t(x))

R/(| In |\Ij0(t($)721vZQ)q/l(t(x)azl722‘|)

= F(;l ((1 — 09— o1)N(t(x))[1 + z1(2)], 1+ zg(x)]) ,

[1+ z2<x>]) |

Ki(x,21,22) = R'(|In|m, (t(2))]]) ’
N ()7 (1) (1 — o) sign(I(t(x)))G1 (t(x))
KQ(l‘,ZhZz) = _m - Kl(-’)?,Zl;ZQ) - y(l)GQ(t(fE)) : a

. \I’O (I,Zl,ZQ)Li)(\IIO (I,Zl,Zg))
CLo(Vo(2,21,22)) ’

K3($,Zl,22) = (1 —0'1) —Gl(t)[l + 2’2] +

T (ON'()  ydsign(I(t)) L (hrf?t)\
N(t) (1 —o1)mo(t) L1< W0

(@) (@) R (| In (1)) (i)
L e TR Y175 ) B U 17775 B
C— 1 —]-Oj) — 01

Ob6ozHaunM
m(t,z1) = (1 —o09—o1)N@)[L + z1(2)],
I'(t) R/ (| In [, (£)[])
(1 — 0o — O’l)(l — Ol)I(t)
Tax ke, Kax MpH JIOKazaTebeTBe Teopembl 1 u3 [3], ¢ yaerom (28)-(30) momy=m,

YTO NP HOCTPOEHNH MHOXKeCTB Ay, , Ay, ducio { MOXkKeT ObITh BLIOPAHO HACTOJIBKO
MaJIbIM, 9TOOBI CYIIEeCTBOBAJIN TaKu KOHCTAHTHI (1,(2 € R, 9TO

N () (Yo (1) &1.62))t 1 L
N/(t)\I/O(:c(t),ghgz) < <2, V(fl,fg) € ]2’2[ X :|2’2|:

u sign(; = sign(s = signlja_o‘jja1 . IlosTomy

[1+ 22(z)].

na2(t,z2) =

G <

1
lim Wo(z,21,22) =Yy paBHOMEpHO IO 21,27 : |2;] < §7j =1,2.
Tr— 00

_Amagioruano, ¢ yuerom sujia dbynkimun Wi mmeeM, 9To Ipu HOCTPOCHUN MHOKECTB
Ay, , Ay, uncio ¢ MoxkeT OyTb BLIODAHO HACTOJIBKO MAaJIbIM, ITOOBI CYIIECTBOBAJIN
Takue KOHCTAHTHI (3,04 € R, 910

7 () (V1 (2(2),€1,62))'
\Ill (m(t)a§17€2)

CS < < <4a
sign(s = sign(y = —1. IToaTomy

1
lim Wy (z,21,22) =Y1 paBHOMEpHO IO 21,27 : |2;] < §7j =12.
Tr— 00
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Orcioza, ¢ yyeroM yciaoBus (3), I0JIydum

lim Ww(t)(\lfo(x(t),é-th)\Ifl(.’E(t),£17f2))/t - 1 (33)

e Wo(2(t),61,82) W1 (2(t),61,62)

11
2,2 2,2

pwmmwmnm@h@wﬂ[4[Jmew¢wmmmwaaw@gaWﬂmw@@a

SIBJISIETCSI IIPABUJIBHO MeHsolelics dyHnkiumeii nopsiaka (—1) upu ¢t T w.
C yuerom Buga pyukiuit Vo, ¥ nmeem

{ 0, ecyau Yp = o0,

lim Wo(w,21,22)W1(z,21,20) =y (7 0 Y, =0

r—+00
PABHOMEPHO 110 21,22 : |21| < 3, 22| < 3.

ITosTomy

lim In|Uo(x,21,22) 01 (2,21,22)] = 0.
r— +00

Takum obpaszom, Tak Kak R — NpaBMJIbHO MEHSIIOMAsACsS (PYHKIUS [PUA CTPEMJICHUN
apryMeHTa K o0 IOpdA/IKa [, TO

lim Kj(x,21,22) = 1. (34)

T—+00

Tak kaKk R — HpaBUJIbHO MEHSIONMAACH (PYHKIINS MOPsIKA IPU CTPEMJIEHUU apry-
MeHTa K 00 mopsaika 0 < p < 1, To R’ — COOTBETCTBEHHO IPABUIBHO MEHSIOMIASICT
dyukims nopsinka —1 < p— 1 < 0. Torga, ¢ yuerom (33) u Buna byukuuii Lo, Ly,
yeaoBus (3) u Tperbero u3 ycsosuit (4) nosydum

lim K;(z,z1,22) =0, i=2,3.

*r—~+00
ITosromy MOXKHO BBIGpATh t( € [a,w| Tak, 9TOOLI
(I1=09—01)N@®)[1+ z1()],
I'(OR'(|In . (1)) € Flfix x An)
(1 — 0o — 0'1)(1 - O'1)I(t)

[1+ 22(z)],

upu t € [to,w], |z < %,i € {1,2}. Teneps paccmorpum cucremy uddepeHnaIbHbIX

ypasHeHnit (32) Ha MHOXKeCTBE
Q = [zo, + 0[x D, tae ¢ = Sln|tyl,

1.
D = {(21,22) : |zi| £ 5i€ {1,2}}.

IMepenmmenm cucremy (32) B BUZIE

le = Gl(I)(AHZl + Aioz9 + Rl(I,Zl,ZQ) + R2(2'1722)),
2y = Ao121 + Asazo + R3(x,21,22) + Ra(21,22),

e
g1

A1 =pC(1—01), Aix=pCo1, Au=p, Ax=_

17(71’
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|1 —|—Z1|(71 >

1+ 2ol

b

Ry(x,21,20) = —BC <K2(967Z1,22)(1 + 21)(1 + 22) + (K1 (2,21,22) — 1)

RQ(Zl,ZQ) = ﬁC (2122 — (|1 + Z1|01|1 + 22|1_01 —1—0121 — (1 — 0'1)22)) ;

R
R3(x,21,29) = o (14 22) (Go(z) — 01 + 1) (’ T z; -1+ Kg(x,zl,ZQ)> ;
B ‘1_,'_2,1‘1—0'1
R4(2’1,22): 1_0_1 ‘1+22‘01 —1—(1—0’1)21—0’122 .

B cwn yeaosust (3) u Tperbero us ycsosuii (4) ciemyer, 9o

lim Gy(z) =0, lim Ga(z)=01—1.

r—00 Tr—00

C yuerom Buja dpyHknuu (G SICHO, 9TO

[ee]
/ G1(x)dx = oo upu x € [zg,00[.

0

Takum o6pazom, ¢ yaerom (32) nveem

. 11 1 11 .
wh_r)rolo R;(z,21,22) = 0 paBHOMEDHO 10 (21,%2) € [—2; 2] X [—2; 2] ,i€{1,3},
Ri(21,22)

im = (0 paBHOMEpPHO II0 X € |xg, + 0|, 7 € {2,4}.
|z1]4+]2z2|—0 |21| +|22| P p [ 0 ]7 { ’ }

Torna, coriacHo Teopeme 2.8 u3 [4], n cucrema (35) nMmeer XoTst GBI OIHO PeleHre
{2:}2_, : [x1, + o[— R*(z; = 2), cTpemsimeecs: K Hymo mpu & — +w. Emy coor-
BETCTBYeT peleHne y ypasHerust (1), momyckatomniee pu ¢ T w aCAMITOTHYIECKUE [IPEJI-
crasiienus (6). B cuity atux npezacrasaenuii u (1), y siasiercs P, (Yp,Y1,0)—perennem.

3AKJIFOUEHUE. B janHOil cTaThe OBLIN [10JIyYeHHBI HEOOXOMMbIE U JIOCTATOY-
uble yeaosus cymecrsosanuga P, (Yy,Y1,0)—peruennii i 0CTA9HO IIMPOKOTO KJIACCa
CYIIECTBEHHO HEJMHEHHBIX aud depeHimaibubix ypasuenuii suga (1), a rakxke acumi-
TOTUYIECKUE TIPEICTABICHUS TAKUX PEIIeHN W UX TPOM3BOIHBIX ITEPBOTO MOPSIIKA.

1. Seneta E. Regularly Varying Functions. — Lecture notes in Mathematics 508.
SpringerVerlag, Berlin Heidelberg New York. — 1976. — 113 p.

2. Maric V. Regular variation and differential equations. — Lecture notes in Mathematics
1726. SpringerVerlag, Berlin Heidelberg New York. — 2000. — 128 p.

3. BesnozepoBa M. A., I'ep>kanoBckas I'. A. Acumnrorudeckue mpe/CTaBIeHNs Pellie-
unit tuddepeHnraIbHbIX YPABHEHUI BTOPOrO HOPSIIKA C HEJIMHEHHOCTSIMA, B HEKOTOPOM
cMbIcse GJIM3KUME K OpaBuibHO MeHsomumcesa // Mar. Cryail. — 2015, — T.44, Ne2. — C.
204-214.

4. EBtyxoB B. M., Camoiiinenko A. M. YcjoBus CynieCTBOBAHUS NCIE3AIONTUX B 0COOOI
TOYKE PEIIEHUI Y BEleCTBEHHBIX HEABTOHOMHBIX CUCTEM KBA3UIMHEHHBIX auddepeHiy-
anbHbIX ypasuenuit // Ykp. Mar. 2K. — 2010. — T. 62, Nel. — C. 52-80.
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5. TI'ep>kanoBcbKa I'. A. BractuBocTi moBisibHO 3MiHHUX PO3B’S3KiB icTOTHO HemiHITHHX
JudepeHIianbHIX PIBHSAHB JAPYIroro NopsaKy // BykoBuHCbKuil MaTeMaTnvIHuUil Ky pHaJL.

2017. — T. 5, Ne3-4. — C. 39-46.

TI'epotcaroscvra I A.
JIOCNIXKEHHS IESKUX KJIACIB OCOBJIMBUX PO3B’SI3KIB ICTOTHO HEJIIHIMHUX [U®E-
PEHIIIAJIbHUX PIBHSIHHBb JIPYTOT'O TTOPSIIKY

Pesrome

Iutst icToTHO HeMiHIMHMX AudEpeHIiaIbHIX PIBHIHL JPYrOTro MOPSIKY 3 HEJIHIWHOCTSIMU,
10 € ¥ JESIKOMY CEeHCi OJIM3bKUMHU JI0 IPABUJILHO 3MIHHUX, PO3IVISIHYTO NOCTATHBO MINPOKU
KJIAC MOBIILHO 3MIHHUX IPH NMPSIMYBAHHI apryMEHTY [0 OCOOJIMBOI TOYKM PO3B’SI3KiB. ¥ pO-
60Ti oTprMaHO HEOOXigHI Ta KOocTATHI yMOBH iCHyBaHHS PO3B’S3KiB 3 BBeIeHOro Kiacy. Kpim
TOr0, 3HANIEHO ACUMIITOTAYHI 300parkeHHsI IIPU IPSIMYBaHHI apr'yMeHTY 0 OCOOIHNBOI TOYKHU
JUIsT TAKAX PO3B’SI3KIB Ta IX MOXIJHUX IEPINOro MOpsKy. Pe3yiapraru poboTH MOXKHA 3aCTO-
CyBaTH SIK MIPU JOCJIIIKEHHI PO3B’I3KiB TpU TPSMYBAaHHI apTyMeHTY /10 HECKIHI€HHOCTI, TaK
i JUIsT CUHTYJISIPHUX PO3B’sI3KiB.

Kar0m08i cro6a: acumnmomudti 300pacicerts Po36°A3Ki6, NOGIALHO 3MIHHT PO36°A3KU, NPA-
6UALHO 3MinHT neainitinocmi, P, (Yo,Y1,0)-pose’asku .

Gerzhanovskaya G. A.
INVESTIGATION OF SOME CLASSES OF SPECIAL SOLUTIONS OF ESSENTIALLY NONLINEAR SEC-
OND ORDER DIFFERENTIAL EQUATIONS

Summary

The sufficiently wide class of slowly varying solutions as the argument tends to the special
point for essentially nonlinear second order differential equations is considered. The neces-
sary and sufficient conditions of the existence of solutions of considered class are obtained.
The asymptotic representations as the argument tends to a special point of such solutions
and their first derivatives are found also. The results of the work can be used by the inves-
tigation of solutions on infinity and for singular solutions.

Key words: asymptotic representations of solutions, slowly varying solutions, reqularly vary-
ing nonlinearities, P, (Yo,Y1,0)-solutions.
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