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TUTIAM DIBHSHb.

OCHOBHI PE3VJIBTATHU

Posrnanaersea mudpepentiianbie piBHAHHST

y" = aop(t) f(t,y,y), (1)

ne ag € {—1,1},p : [a,w[—]0,+00[(—0 < a < w < +00) — HenepepsHA
dbyurmis i f : [a,w[xAy, X Ay, —]0, +00[ € HemepepBHO ANdEPEHIHHOBHO,
Y; € {0, +o00}, Ay, mae Bug abo [y, Yi[* abo |Y;,y?].
TToktamemo
t, TO W = 400,
Tw(t) =

t—w, TOw < +00.

Beaxkaemo, mo dyukiisa fy (1) 3a10B0abHIE YMOBH

. ﬂ'w(t) : 887‘5:(2577}077)].)
lim
ttw f(t,'l)(),'l)l)

=~ piBHOMIpHO 110 (vg,v1) € Ay, X Ay, (2)
ta juis koxkuoro k € {0,1}

)
U - %(t,vo,vl)

im
q};kez%?k f(t7 0, vl)

= 0}, piBHOMIpHO 110 ¢ € [a, w[ Ta piBHOMIpHO MO  (3)

vj € Ay;,j # k, 0; € R, npuiomy oo + o1 # 1.

Oyuxuii f, mo 3a10BONbHSIOTH yMOBH (2) Ta (3) € 6/M3bKUMHU 10 TPABUIBHO
aMimaux QYHKIH M0 KOXKHIA 31 3minaumx. [IpmkmagoM MOXKYTH CAYTYBATH
sokpeMa ymkmil Buay |m,(t)|7]y|7y'[7t exp (In |7y (H)yy'[[*), 0 < p < 1.
BaziuBoro ocobuBicTiO TakuX (DyHKINH € HEMOXKIUBICTE 1X HABITH ACUMIITOTHIHO
300pas3uT y BUMIAA]l T0OYyTKY (PYHKINI, KOXKHA 3 IKAX 3aAJEKUTH TIIHKA BifT
OOHI€l 3MIHHOI.

B cuny (2) Ta (3), f(t,y,vy') mae Burmsn

f(t; UO;UI) - ’Ww<t>‘,y ’y‘Uo ‘y/“’l : @<t7y7y/>7 (4)

ne yHKIisgs © 3370BOJIbHAE YMOBY

. Ww(t) : %(t,’l}o,’l)l)
lim
tw O(t,vo, v1)

= 0 piBHOMIpHO 1O (vg,v1) € Ay, X Ay,, (D)
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a Takox aist koxkuoro k € {0,1}

Uk - (0,00, v1)

im = 0 piBHOMipHO O t € |a, w| Ta PIBHOMIPHO 110 6
o e o) p p [a, w[Ta p p (6)
v EAY}
v € ij,j #+ k.

Posp’szok y pisusinas (1) 6ymemo wasusaru P, (Yo, Y1, \g)-po3s’sizkom,

AKIMO Bin 3amamuit Ha [to, w[C [a,w| Ta gus koxuoro i € {0,1}

) = V. lim () _
ltTw y (t) - le ltTw y”(t)y(t) N )\O. (7)

Beegemo HeoOXigHI mO3HAUEHHS

p(r)dr, A2 =

t a, skwo [ p(r)dr =400,
L(t) = ao/ ‘L
A2 w, sxmo [°p(T)dT < 400,

1
t o b, axmo [ |I(7)|70dr = +o0,

Ja(t) _/ |Io(7)|0dr, B2 = m fbw| 2( )’L
& w, axmo [,° [I>(7)[70dr < +oo.

Mag MicIie HACTYITHa TeopeMa.
Teopema. Hexati y pisnanni (1) oy = 1. Todi, dan icnysanna y pisnanna (1)
P, (Yy, Y1, 1)-poss’askic neobriono, a axuo
O'QIQ(t) < 0, (8)

mo ¢ JOCmammbo UKOHAHHA Yymoes
Yoo >0, ooy la(t) <0 nput € [a,], (9)

. _ : _ - Ja()I5(1)
limyd|Ja(t)| "' =Yy, lLmyd|u@®)] =Y, limS-227 =
e y0| 4( )| 0 e yl‘ 4( )’ 1 1w Ji(t)[g(t)

Kpim mozo, 0aa 5£001CcH020 MaKk020 PO36 A3KY MAOMH MICUE HACTNYNHT AGCUMNIMOMUNHE

(10)

306pancenna npu t T w

! = T(®)lool7 1+ o(1)], (11)
y'(t) - (Ot y(t),y'(t))) o
) i)y ay) (12)

y' (1) Ji(t)
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Hosenennsi.  Heo6zionwicme. Hexait y @ [to,w[— R e P,(Yo, Y1, o) -
— pose’si3koM piBHsHHA (1), m1s stroro A9 € R\{0, 1}. Ilincrasasoun B (1)

300pazKeHHst (4) OTPUMYEMO DIBHICTH

y" = aop(t) [ ()] [yl '] - Ot v, 1) (13)

Posrngnemo piBaicTs

( y'(t) >’ 140
ly(®)]7ely (IO, y(t),y'(t)) ly(@®)]7ely’ ()0, y(t),y'(t))
@y PO g2 y(r) - 2O )
<_ Oy -y ey, ®)  v'0) w0y, y{)
G I k)
ey ) 1

IIpu t 1T w nonepenHio PiBHICTL MOYXKHA, 3AIUCATH TAK:

y'(t) o '
<ly<t)\f’0!y(t>'e(t,y@),yf(t))) = aop(t)signy! (=o0)[1 +o(1)]  (15)

3Bijgcu MaEMO

1
y(6)]70 - Ot y(6), 5 (1))

3Bigcu Bunmsae apyra 3 ymos (4). [lepenmmemo (11) y suai, npu ¢ T w

—oola2(t)[1 + o(1)]. (16)

y(t) = (Ot (1), 4/ (£)) 70 |1a(t)| 70 lool 70 [1 + o(1)}. (17)

[lixcrasumo (12) y Tpetio 3 ymos (7) i orpumaemo mpu t T w

(W ()2 = 5" (1) (0L, y(), ¥/ (1)) "7 ()| 7 |oo| 7 [1+0(1)].  (18)
3sigcu orpumaemo upu t T w

y”(t)
(W' (£)? - (Ot y(t), ¥/ (1)) 7

Topi 3 BukopucTanusiM TBepKenb 1 1 2 3 [7] orpumaemo npu t T w

— L)ool [1+o(1)].  (19)

! = Ju(®)lool (1 + (1)), (20)
y' () - (O(t,y(t),y'(t)))
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To6T0 nepriue 3 306paxens (6).

3 (11) i (15) orpumaemo npu t T w

y(t) _ Ja(t)
MG RAG

3BLICH Mae Micre apyre 3 3o6paxkend (6). Kpim roro, 3 ypaxysamusm (6)

1+ o(1)], (21)

BUKOHYIOTHCS TIepIa Ta Apyra ymosu 3 (5).

Honinuemmu (14) ma (15) orpumaemo npu ¢ T w

y'(t) It
y(t)  —oola(t)

BBijcu, 3 ypaxysauusm (16) 1 (7) orpumaemo tpetio 3 ymos (5).

[1+0(1)].

Jocmamuicmsy. Hexait A9 € R\{0,1} rta Bukonytorscs ymosu (3)—(5).

[Tokamemo
! = —Ji(B)oo| T [1+ 21(x)],

y'(8) - (Ot y(1), ¥/ (1)) 0 (22)

y'(t) Ji(t)

y(t) — J4(t) [1 + 29 (1’)],
e

1 gxmo lim Jy(t) = 400,
r=Fm| L), B= o (23)
—1 sikimo 1t1TIL1 Ju(t) = 0.

Bpaxosytoun (5), obepemo tg € [a,w| rak, mob npu t € [ty, w| Maaa Micie

HEPIBHICTH
() - %C?(t, Vo, V1) - 1
@(t, Vo, 1)1) 4
Bpaxosytoun (6), obepemo mis xoxuoro i € {0,1} smavenns y! € Ay, Tax,
1106
Vi - g—g(t, Vo, Ul) < ]_ (24)
G(ta Vo, 1)1) 4
ne v; € A%/i

[y}, Yi[, mpu Ay, = [y, Y]

Vi yil, mpum Ay, =Y, 7).
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[Tokamenmo
1
D:{(21,22)6R22 |Zi|<2,i:1,2}.

Pozrngremo dyukItio

—1

F(t,y’,zl,zz) = 1 1 — 1.
—y'J —_ -~
v (1) (0 (b iy ) )0 Ja(Dloof s (1 + 2
Ocxkinbru
/.90 —y'Jat) —y'Ja(t) 090 —y'Jat)
B Y Buo (t’ J;l(t)[1+z2]vy) QIR (tv le(t)[1+22py)
—y'Ja(t) —y'Ja(t)
OF o (1 itz v) o (1 st v)
@(t7y7 2172’2) = 1
Aoy[l+2z g0 L
(@ (t,y, %) ) Ja(t)|oo|70 [1 + 1]

T0 3a paxyHoK (24) ma muoxumi A = [to,w[x Ay X Ay, 3a Teopemoo mpo

HesdBHY (DYHKIIO PiBHICTS

F(tayazlaZZ) =0
sazae dyuknio y = Yy(t, 21, 22). Tokaagemo Yi(t, 21, 22) = %

Toai 3 (5) BunmBae, mo ans i = 1,2 maemo
tlim Yi(t,z1,22) =Y; pisaomipno no (z1,292) € D. (25)
—w

3a jgonomorowo (22) 3egemo Ha MHOKuHI A piBHstHHS (1) 10 cucremn

;

2 = B[l + 2] <G3<t<x>> a1z jo(m 21, 2) - Calt(2))—

—Ki(x, 21, 22)[1 + 22] + Ka(x, 21, 22) - G3(t(x)) - [L + z1]77° - [1 + 22]_"0> + 1);

2 = Bl + 2 <G3(t($))[1 + 21] 77Ol + 22] 770 + [1 + 22]>>

(26)
" Ja(t)I5(t) Ja(t)
_ Y4 2 o 4
@0 =none MY monm
Koo, 2. 72) = mo(t(2)) 22 (H(x), Yo(t(x), 21, 22), Vi (£(x), 21, 22))

O (t(z), Yo(t(x), 21, 22), Y1(t(x), 21, 22)) ’
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Yo(t(x), 21, zg)g—g (t(x), Yo(t(z), 21, 22), Y1(t(x), 21, 22))

e, 21, 22) = 6 (1(). Yo t(@). 21, 72), Vi (1(a), 72, 22)) !
Ko, 21, 22) Yi(t(@), 21, 22) G (H(), Yo(t(2), 21, 22), Y (H(2), 21, 22))))
Ahshmle O (t(x), Yo(t(x), 21, 22), Yi(t(x), 21, 22)) '
B cuny (5)
lim Gy (t) = 1, 1im Ga(t) = 0. (27)

3 ypaxysanruaMm (25),(5) ta (6) maemo musa xkoxHOro ¢ € {0,1,2}

lim K;(z,21,22) =0 pisromipro no (21, 22) € D. (28)
T—>+00

[Tepenumemo cucremy (26) y Burisi

Zi = Ay121 + A1929 + Rl(ﬂf, 21, 22) + Rz(x, 21, 22),
2y = Ag121 + Aozo + R3(x, 21, 22) + Ra(x, 21, 22),

e

Ay (z) = Bog, Aia(x) = Bog, Az(r) = —poo,
Ago(x) = B(—00 + 1),

Rl(l‘, 21, Zg) = ,BGg(t(.%')) + JIBO<K0(.%', 21, ZQ) . G4(t(.7}))—

—K1(w, 21, 22)[1 + 22] + Ka(w, 21, 22) - Ga(t(x)) - [1 + 2177 - [1 + 22]—0()) + 8,

Rg(x,zl,zQ) =p (—[1 + 21]700[1 + 22]700 + 1+ 09z + 0'022) ,

Ra(w,21,20) = A1 + 2] (Gs(t<x>> i 1),

Ry(w,21,22) = B (—[1+ 21] 7 [1 + 2] 7" + 1 + 0921 — (1 — 00)22 + 23) .
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B cuay (27) 1a (28) ays ¢ € {1, 3}

lim R;(x,21,22) =0 piBHOMIpHO 3a 21,29 : (21,22) € D. (29)
T—+00

Kpim Toro, maemo ajist i € {2,4}

R‘ ’ ) . .
im Rz, 21, 20) =0, piBHOMIpHO 32 T € [z, +00]. (30)
|1l +z2l—0 [21] + |22

BayBakuMo, M0 XapPaKTEPUCTUIHE PIBHIHHS MaATPUI

Boo Bog

—Boog B(—oo+1)
Ma€ BT

p> = Bu+o5 =0 (31)

V 1Ib0T0 PIBHSHHS HEMAE KOPEHIB 3 HYJIbOBOIO MifiCHOI0 YacTuHOK. OTpuMyemMo,
IO Y TUX BUTIAJIKAX JIJIst CUCcTeMu nuepeniiabanx piBHsiHb (26) BUKOHAHO BCi
yMoBH Teopemu 3 [2]|. Biamosizno 10 1iel Teopemu cuctema (26) Mae po3B’s3kn
{z:}2, : [x1, +oo[— R? (21 > m0), axi npsAMyIOTH 10 Hy/s npu & — +00. Llum
posB’azkam y cuiy 3amin (22), (23) signosizators poss’ssku y piBHaHHA (1),
110 JIOIyCKaoTh npu t T w acumnrornani 306pazkents (6), (7).

Teopemy moBeJIeHO.

BuCcHOBKUI

st mudepeHItiaabHUX PIBHSIHB APYTOTO MOPLAJKY 3 HETIHITHOCTSIMY 3arajibHOTO
BUIJISITY, 0 € OJM3bKUME J0 MPABUJIBHO 3MiHHUX, OyJI0 OTpUMaHO HeobXiaHi
Ta JIOCTATHI YMOBM ICHYBaHHH JIOCTATHLO IMTUPOKOTO KJIACY TTBUIKO3IMIHHUX
posB’azkiB. Kpim Toro, 3uaiigerno acuMnTroTuyHi QOPMYyIn A/ X PO3B’A3KIB

Ta IX TOXiTHUX TEPIIOro MOPIIKY.
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Vorobiova A. V.

ASYMPTOTIC PROPERTIES OF RAPIDLY-VARYING SOLUTIONS TO SECOND-
ORDER DIFFERENTIAL EQUATIONS WITH NONLINEARITIES CLOSE TO REG-
ULARLY VARYING

Summary

For second-order differential equations with general nonlinearities that are
close to regularly varying, we have for the first time obtained necessary and
sufficient conditions for the existence of a sufficiently wide class of rapidly-
varying solutions. This work expands upon and generalizes the classical results
obtained for Emden-Fowler equations, allowing for the application of
asymptotic methods to more complex models. Furthermore, we have obtained
precise asymptotic formulas for these solutions and their first-order
derivatives. These formulas are an important tool for analyzing the qualitative
behavior of solutions de-pending on the properties of the equation’s
coefficients. The results obtained allow for the prediction of the behavior of
solutions in the vicinity of a singular point, which is of great importance for
applied problems in physics, chemistry, and other sciences.

Keywords: differential equations, asymptotic, rapidly-varying solutions, regu-

larly varying nonlinearities.
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