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The differential equation

is considered. Here n > 2, f : [a,w[ XAy, X Ay, X --- X Ay, _, — R is some continuous function,
—00 < a < w < 400, ¥j equals to zero, or to 0o, Ay, is some one-sided neighborhood of Y,
ji=0,1,...,n—1.

The asymptotic estimations for singular, quickly varying, and Kneser solutions of equation (1)
are described in the monograph by I. T. Kiguradze, T. A. Chanturia [4].

Definition 1. The solution y of equation (1), defined on the interval [tg,w][C [a,w[, is called
P,(Yo,Y1,...,Y,_1, Ag)-solution, where —oo < A\g < 400, if the next conditions take place

y(j)(t)eij as t € [to,w], ltiTmy(j)(t):Y} (j=0,1,...,n—1),

N Ui )
IOl
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The asymptotic behavior of such solutions earlier has been investigated in the works by V. M. Ev-
tukhov and A. M. Klopot [1-3,5] for the differential equation

m n—1
y = Z aipi(t) H i (y),
i=1 =0

where n > 2, a; € {—1;1}, p; : [a,w][—]0, +00[ is a continuous function, i =1,...,m, —o0 < a <
w < 400, ij : Ay, —]0,+00[ is a continuous regularly varying as y) — Y; function of order oy,
j=0,1,....n—1(i=1,...,m).

The aim of the paper is in establishing the necessary and sufficient conditions of the existence
of P,(Yo,Y1,...,Yn_1,1)-solutions of equation (1) and in finding the asymptotic representations of
such solutions and their derivatives to the order n — 1 including.

Every P, (Yo,Y1,...,Yn_1,1)-solution of the differential equation (1) has (see, for example, [1])
the next a priori asymptotic properties

/ " (n) /
vy oy oy 1w, ltiTmmS)y(t):ioo’

y(t) Yt y(=1(t)

t if w=

where

t—w if w< +oo.



58 International Workshop QUALITDE — 2019, December 7 — 9, 2019, Tbilisi, Georgia

Definition 2. The function f in the differential equation (1) is called a function, that satisfies
the condition (RN)i, if there exist a number oy € {—1,1}, a continuous function p : [a,w][—
]0, +oo[ and continuous regularly varying as z — Y; (j = 0,n — 1) functions ¢; : Ay, —]0, +oo[
(j = 0,n—1) of orders o; (j = 0,n — 1), such that for all continuously differentiable functions
zj : [a,w[— Ay, (j = 0,n — 1), satisfying the conditions

| Ny 1 T (t)25(t) N . _ D :
#BZJ()_ s tlTrvIJlW_ oo (j=0,n-1),

251 ()z(1)

im————=1 (j=1,n—-1),
tho 2j_1(8)2](¢) Y )
the next representation takes place
[t 20(t),21(2), .-, 2n—1(t)) = cop(t HSOJ zj(t))[1 +o(1)] as t T w.

Furthermore, we will use the following notations.

n—1 n—2
y=1=> 05, = oj(n—j—1)
=0 =0

1 if Y; =400, or ¥; =0 and Ay, is the right neigbourhood of zero, (G =0n=T)
| — =u,n— 5
! =1 if ¥j =—o00, or Y; =0 and Ay; is the left neigbourhood of zero J
t t
Jo(t) = /p(s) ds, Joo(t) = / Jo(s) ds,
Ao Aogo
where
a if /p(s) ds = 400, a if /\Jo(s)\ds = +o00,
Ao = Ago = w
w o if /p(s) ds < 400, w if /\Jo(s)\ds < +00.

Theorem 1. Let the function f satisfy the condition (RN)y and v # 0. Then for the existence of

P,(Yo,...,Y,_1,1)-solutions of equation (1) the next conditions are necessary:
pt) Dot T (t)p(t)
~ as tTw, lim———= = 400,
Jo(t) Joo(t) ttw Jo(t)

1

vilim [o()F =Y; (=0 —T),
tTw
and, fort €la,w|, the next inequalities take place
aovn-17Jo(t) > 0, vivn 1 (7o) 7T >0 (j=0,n—2).

As the algebraic of p equation

(1+p)" ZUJ +p)’ (2)
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has no roots with zero real part, the conditions also are sufficient for the existence of such solutions
of equation (1). Moreover, for any such solution the next asymptotic representations

T 0N —
0= (M) Y0 (G =0m-2), (3)
(n—1) "
_ @ Zaol/nﬂJO(t)PjS?X) " ()], n
I

take place as t T w. Here Lj(y")) = |yD|=%p,;(yU)t) (j = 0,n — 1). There ewists m-parametric
family of such solutions, if among the roots of equation (2) there exist m roots (taking into account
multiply roots), the real parts of which have the sign that is among opposite to the sign covp—1.

The asymptotic representation of the (n — 1)-th derivative of B, (Yp,...,Y,_1,1)-solution of
equation (1) is given in the implicit form. We will indicate the conditions by implementation of
which the asymptotic representations (3), (4) can be written in the explicit form.

Definition 3. The slowly varying as y — Y function L : Ay — 10, +00[, where Y equals either
zero, or +00, Ay is a one-sided neighborhood of Y, is called satisfying the condition Sy if the next
condition takes place:

L(vel oWl — L)1+ 0(1)] as y =V (y € Ay),
where v = sign y.

Theorem 2. Let the conditions of Theorem 1 be satisfied and regularly varying functions L;
(j = 0,n — 1) satisfy the condition Sy. Then for any P, (Yo, ..., Yn—1,1)-solution of equation (1)
the next asymptotic representations

Dy (Y
0= ()

=

n—1

" 2 (il do()))

j=0

"M+o(1)] (j=0,n—1)

vJo(t) ’ ’Y;EJt()t)

take place as t 1T w.
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