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Consider the differential equation
y” - f(tayvy/)7 (1)
where f : [a,w[ XAy, X Ay, — R is continuous function, —0co < a < w < 400, Ay; (i € {0,1}) is a
one-side neighborhood of Y; and Y; (i € {0,1}) is either 0 or 00. We assume that the numbers p;
(¢ =0,1) given by the formula

)1 if either Y; = 400, or Y¥; =0 and Ay, is right neighborhood of the point 0,
Hi —1 if either Y; = —o0, or ¥; =0 and Ay, is left neighborhood of the point 0,

satisfy the relations
wopt > 0 for Yop =400 and pouy < 0 for Yy = 0. (2)

Conditions (2) are necessary for the existence of solutions of Eq. (1) defined in a left neighborhood
of w and satisfying the conditions

yD(t) € Ay, for t € [to,w], 1tiTmy<i)(t) =Y (i=0,1).

In monograph [1] definitions of singular solutions of first and second kinds are introduced. Here
we study Eq. (1) on class singular P, (Yp, Y1, Ao)-solutions, that are defined as follows.

Definition 1. Let ¢, < w. A solution y of Eq. (1) on interval [to, %[ C [a,w][ is called singular
P, (Yo, Y1, Ag)-solution, where —oo < A\g < 400, if it satisfies the conditions

Q my () =Y, (i = yor _
y\(t) € Ay, for t € [to,t], zltlTrtr*ly t)=Y; (1=0,1), lim Oy (0~
Note that the singular P, (Yp, Y1, Ao)-solution of Eq. (1) is noncontinuable to the right solution.
Depending on the values of g the set of all such solutions of Eq.(1) is disconnected into 4 disjoint
subsets respective to the values of A\g: A\g € R\ {0,1}, \g = 0, Ao = 1, \p = *oo. Here we'll
formulate the properties of singular P, (Yo, Y1, Ag)-solutions that correspond to the value \g = +oo.
With this aim, we impose a restriction on the function f.

Definition 2. We say that a function f satisfies condition (RN)Z if there exists a number ag €
{—1,1}, a positive number A, and continuous functions ¢; : Ay, —1]0,+o00[ (i = 0,1) of orders o;
(i = 0,1) regular varying ' as 2 — Y; (i = 0,1) such that for arbitrary continuously differentiable
functions z; : [a,w[ Ay, (i =0, 1) satisfying the conditions

limz(t) =Y; (i=0,1),

1ty
t—ty)z(t t—ti)zy(t
b B2t )R
. 2(t) . z1(t)

'Definition of regular varying function see in [2].
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one has representation

f(t,20(t), 21(2)) = o Awpo(20(t))p1(21(8))[1 + o(1)] as ¢ 1 t..

For each singular P, (Yo, Y1, Ag)-solution assuming that the function f satisfies condition (RN)%,
with condition (2) we have

appy >0 for Y7 = +o00 and agui <0 for Y7 =0. (3)

Definition 3. We say that a slowly varying as z — Y; (2 € Ay;) (i € {0,1}) function L : Ay, —
]0; +00[ satisfies the condition S if for any continuous differentiable function [ : Ay, —]0;+o00[,

such that y
lim 222 g,
z2=Y; lz)
zeAyi

the following condition takes place
L(zl(z)) = L(z)(14+0(1)) as z—=Y; (z € Ay;).

We introduce an auxiliary function I, by the formula

To(t) = / (s — 1) Lo(uo(ts — 7)) dr,
Aso

where the integration limit Ao € {aoo;ts} (a0 > a) is chosen so as the integrals I, tends either
to zero or to oo as t T t., Lo(z) = po(2)|z| 7.

Theorem 1. ! Let the function f satisfy condition (RN),,, the function o satisfy condition S.
Moreover, let the orders o; (i = 0,1) of the functions ¢; (i = 0,1) regularly varying as y© — Y;
(i = 0,1) satisfy the condition oo + o1 # 1. Then, for the existence of singular Py, (Yy, Y1, \o)-
solutions of the differential equation (1), it is necessary and sufficient that together with conditions
(2), (3) the conditions

I
oo=-1, o1 #2, Yy=0, Yi=m glgl|foo(t)!2“’1,
pop1 <0, app1(2 — 01)Iso(t) >0 as t €]ace, t]

hold. Moreover, each solution of this kind admits the asymptotic representations

/ 2 / 0
S = awn(2 - ) ATl +on], L =LA ws t1

and such solutions form a one-parameter family if appi(2 —o1) > 0.

Theorem 2. Let the function f satisfy condition (RN)y,, the functions o, p1 satisfy condition S,
oo+o1 # 1. Then each singular Py, (Yo, Y1, Ao)-solutions (in case of the existence) of the differential
equation (1) admits the asymptotic representations

1

() = pio(te — 1)(12 = 1| AL T (O L (s Al T (0)]75) ) 77 (1 + 0(1)),

(1) = 1 (12 = o1 AT (O] L1 (11 Al [T (0] 77) ) 77 (1 0(1)) as £ ..

'Theorem 1, Theorem 2 are obtained as corollaries from theorems of [3].
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To illustrate Theorem 1, we give the result of Eq. (1) of special form

arAskoro(y)er1(y')
y// — k=1 , (4)

m-+n
> arAaoro(y)er (YY)
k=m+1

where o, € {—1,1} (k=1,...,m+n), Axp = const >0 (k=1,...,m+n) and pg; : Ay, — |0, +00]
(k=1,...,n4+m;i=0,1) are regular varying as z — Y; continuous functions of oy;-th orders.

Theorem 3. Let for any i € {1,...,m}, j € {m+1,...,m+ n} inequalities

Uio—Ujo—l-Jil—Ujl#l, oi0 — ko < 0 for k‘E{l,...,m}\{i},
ojo— 0k <0 for ke {m+1,....m+n}\{j}

hold and function £2 satisfy condition S. Then, for the existence of singular Py, (Yo, Y1, \o)-soluti-
P50
ons of the differential equation (4), it is necessary and sufficient that together with conditions (2),

(3) the conditions

popr <0, o (2 — 01 — 1) Ieij(t) > 0 as t €ace, ta[,

1
oo —ojo=—1, on—op#2, Yo=0, Yi=m %ién\fooij(t)\%”“*“ﬂ,

where .
_1 Loi(po(ts — 7)) .
Iooi~t:/t*—7' ! dr, Lopz = 2)|z|7% k=1,7,

Aso

hold. Moreover, each solution of this kind admits the asymptotic representations

y/(gjj;l/ég)(t)) = aja (2 — o4 + 041) ﬁ@(ﬂ[l +o(1)], Vi) = 1+ ol)) as ttw

Ay y(t) (t —t)
and such solutions form a one-parameter family if c;oip1 (2 — o1 + 041) > 0.
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