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ÐIÂÍßÍÜ ÄÐÓÃÎÃÎ ÏÎÐßÄÊÓ Ç ÍÅËIÍIÉÍÎÑÒßÌÈ Ó ÄÅßÊÎÌÓ

ÑÅÍÑI ÁËÈÇÜÊÈÌÈ ÄÎ ÑÒÅÏÅÍÅÂÈÕ
Äëÿ ðiâíÿíü äðóãîãî ïîðÿäêó, ùî ìiñòÿòü ó ïðàâié ÷àñòèíi íåëiíiéíîñòi ó äåÿêîìó ñåíñi

áëèçüêi äî ñòåïåíåâèõ, âñòàíîâëåíî íåîáõiäíi i äîñòàòíi óìîâè iñíóâàííÿ îäíîãî êëàñó íåêî-
ëèâíèõ ðîçâ'ÿçêiâ i îäåðæàíî äëÿ öèõ ðîçâ'ÿçêiâ àñèìïòîòè÷íi çîáðàæåííÿ ïðè t ↑ ω (ω ≤
+∞).

Necessary and su�cient conditions for the existence of a class of non-oscillating solutions
were stated for the equations of the second order with non-linearities which, to some extend, are
close to the power ones, and asymptotic representations under t ↑ ω (ω ≤ +∞) were obtained for
these solutions.

Ðîçãëÿäà¹òüñÿ íåëiíiéíå äèôåðåíöiàëüíå
ðiâíÿííÿ

y′′ = α0p(t)ϕ0(y)ϕ1(y
′), (1)

ó ÿêîìó α0 ∈ {−1, 1}, p : [a, ω[→]0, +∞[
(−∞ < a < ω ≤ +∞) -íåïåðåðâíà ôóí-
êöiÿ, ϕi : ∆Yi

→]0, +∞[ ( i = 0, 1)- ñòðîãî
ìîíîòîííi, äâi÷i íåïåðåðâíî äèôåðåíöiéîâíi
ôóíêöi¨, ÿêi çàäîâîëüíÿþòü óìîâè

lim
z→Yi

z∈∆Yi

zϕ′i(z)
ϕi(z)

= σi,

lim sup
z→Yi

z∈∆Yi

∣∣∣∣
zϕ′′i (z)
ϕ′i(z)

∣∣∣∣ < +∞,
(i = 0, 1) (2)

Yi =

{
àáî 0,
àáî ±∞,

∆Yi
− äåÿêèé îäíîái÷íèé îêië Yi,

(3)

σi ∈ R, ïðè÷îìó σ0 + σ1 6= 1.

Âíàñëiäîê ïåðøî¨ ç óìîâ (2) êîæíà ç ôóí-
êöié ϕi (i ∈ {0, 1}) ¹ ó äåÿêîìó ñåíñi áëèçü-
êîþ äî ñòåïåíåâî¨, à ñàìå ìà¹ âèãëÿä ϕi(z) =
|z|σiθi(z), äå θi : ∆Yi

→]0, +∞[ òàêà, ùî

lim
z→Yi

z∈∆Yi

zθ′i(z)

θi(z)
= 0. (4)

Ó âèïàäêó, êîëè ôóíêöi¨ ϕi (i=0,1) ¹ ñòå-
ïåíåâèìè, àñèìïòîòè÷íó ïîâåäiíêó ðîçâ'ÿç-
êiâ ðiâíÿííÿ (1) áóëî äåòàëüíî äîñëiäæåíî ó

ðîáîòàõ [1-8]. Îêðåìi âèïàäêè öüîãî ðiâíÿí-
íÿ âèíèêàþòü â àñòðîôiçèöi, ÿäåðíié ôiçèöi,
ãàçîâié äèíàìiöi, ìåõàíiöi ðiäèíè, à òàêîæ
ïðè âèâ÷åííi ðîçïîäiëó åëåêòðîñòàòè÷íîãî
ïîòåíöiàëó ó ñôåðè÷íî-ñèìåòðè÷íîìó îá'¹-
ìi ïëàçìè ïðîäóêòiâ çãîðÿííÿ.

Ó ðîáîòàõ [9-14] áóëî ðîçðîáëåíî ïiä-
õiä, ùî äîçâîëÿ¹ äîñëiäæóâàòè ïîâåäiíêó
ðîçâ'ÿçêiâ ðiâíÿííÿ

y′′ = α0p(t)ϕ0(y), (5)

äå ôóíêöiÿ ϕ0 âiäìiííà âiä ñòåïåíåâî¨. Ó äà-
íié ðîáîòi äà¹òüñÿ ðîçïîâñþäæåííÿ ìåòîäè-
êè âñòàíîâëåííÿ àñèìïòîòèêè ìîíîòîííèõ
ðîçâ'ÿçêiâ öüîãî äèôåðåíöiàëüíîãî ðiâíÿííÿ
íà ðiâíÿííÿ âèäó (1).

Ðîçâ'ÿçîê y ðiâíÿííÿ (1) áóäåìî íàçèâàòè
Pω(Y0, Y1, λ0)- ðîçâ'ÿçêîì, ÿêùî
y(i) : [t0, ω[−→ ∆Yi

, lim
t↑ω

y(i)(t) = Yi (i = 0, 1),

(6)

lim
t↑ω

(y′(t))2

y′′(t)y(t)
= λ0.

Íàéáiëüø ñêëàäíèìè äëÿ âèâ÷åííÿ ¹ òi ç
íèõ, äëÿ ÿêèõ λ0 = 0, 1,∞. Äàíó ðîáîòó ïðè-
ñâÿ÷åíî Pω(Y0, Y1, 0)- ðîçâ'ÿçêàì.

Âíàñëiäîê âèãëÿäó ðiâíÿííÿ (1) êî-
æíèé éîãî Pω(Y0, Y1, 0)- ðîçâ'ÿçîê ¹ ñòðîãî
ìîíîòîííèì ðàçîì çi ñâî¹þ ïåðøîþ ïîõi-
äíîþ. Òîìó ïîçíà÷åííÿ ç (3) ìîæóòü áóòè
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êîíêðåòèçîâàíi íàñòóïíèì ÷èíîì

∆Yi
=

{
àáî [y0

i , Yi[,
1

àáî ]Yi, y
0
i ].

(7)

Êðiì òîãî, î÷åâèäíî, ùî ïðè âèâ÷åííi òàêèõ
ðîçâ'ÿçêiâ íåîáõiäíî ââàæàòè, ùî

y0
1 > 0 ÿêùî ∆Y0 = [y0

0, Y0[,
y0

1 < 0 ÿêùî ∆Y0 =]Y0, y
0
0].

(8)

Áóäåìî ãîâîðèòè, ùî ôóíêöiÿ ϕi(z), äå i ∈
{0, 1}, çàäîâîëüíÿ¹ óìîâó Si, ÿêùî äëÿ êî-
æíî¨ íåïåðåðâíî-äèôåðåíöiéîâíî¨ ôóíêöi¨
L : ∆Yi

→]0; +∞[ òàêî¨, ùî

lim
z→Yi

z∈∆Yi

zL′(z)

L(z)
= 0,

ñïðàâåäëèâå ñïiââiäíîøåííÿ

θi(zL(z)) = θi(z)(1 + o(1))

ïðè z → Yi, (z ∈ ∆Yi
)

Óìîâó Si çàäîâîëüíÿþòü ôóíêöi¨ ϕi(z),
äëÿ ÿêèõ θi(z) ìàþòü ñêií÷åííó ãðàíèöþ
ïðè z → Yi, à òàêîæ ôóíêöi¨ âèãëÿäó
|z|σi|ln|z||µi , |z|σi|ln|ln|z|||µi òà áàãàòî iíøèõ.

Ââåäåìî íàñòóïíi ïîçíà÷åííÿ, ïîêëàäà-
þ÷è

πω(t) =

{
t ïðè ω = +∞,
t− ω ïðè ω < +∞,

I(t) =

t∫

Aω

p(τ) dτ,

Aω =





a, ÿêùî
∫ ω

a
p(τ) dτ = +∞,

ω, ÿêùî
∫ ω

a
p(τ) dτ < +∞,

Y
[1]
1 (t) = |I(t)| 1

1−σ1 signy0
1,

òà ó âèïàäêó, êîëè lim
t↑ω

Y
[1]
1 (t) = Y1

J(t) =

t∫

Bω

∣∣∣ϕ1

(
Y

[1]
1 (t)

)∣∣∣
1

1−σ1 |I(t)|
1−2σ1

(1−σ1)2 dτ,

1Ïðè Yi = +∞(Yi = −∞) ââàæà¹ìî y0
i > 0 (y0

i < 0) âiäïî-
âiäíî.

äå Bω = b, ÿêùî
ω∫

b

∣∣∣ϕ1

(
Y

[1]
1 (t)

)∣∣∣
1

1−σ1 |I(t)|
1−2σ1

(1−σ1)2 dt = +∞,

òà Bω = ω ó ïðîòèëåæíîìó âèïàäêó. Ïðè
öüîìó b ∈ (a; ω) âèáðàíî òàê, ùîá Y

[1]
1 (t) ∈

∆Y1 ïðè t ∈ [b; ω).
Òåîðåìà 1. Íåõàé σ1 6= 1, âèêîíó¹òüñÿ

(8) òà ôóíêöiÿ ϕ1 çàäîâîëüíÿ¹ óìîâó S1. Òî-
äi äëÿ iñíóâàííÿ ó ðiâíÿííÿ (1) Pω(Y0, Y1, 0)-
ðîçâ'ÿçêiâ íåîáõiäíî, à ÿêùî iñíó¹ ñêií÷åí-
íà, àáî íåñêií÷åííà ãðàíèöÿ lim

t↑ω
πω(t)p(t)

I(t)
, òî

é äîñòàòíüî, ùîá âèêîíóâàëèñü óìîâè

lim
t↑ω

y0
0|J(t)|

1−σ1
1−σ1−σ0 = Y0, lim

t↑ω
y0

1|I(t)| 1
1−σ1 = Y1,

lim
t↑ω

(J ′(t))2

J ′′(t)J(t)
= 0, α0y

0
1(1− σ1)I(t) > 0,

(9)
y0

0y
0
1(1−σ1)(1−σ0−σ1)J(t) > 0 ïðè t ∈ [b, ω[.

Áiëüø òîãî, äëÿ êîæíîãî òàêîãî ðîçâ'ÿçêó
ìàþòü ìiñöå ïðè t ↑ ω íàñòóïíi àñèìïòî-
òè÷íi çîáðàæåííÿ

y(t)

|ϕ0(y(t))| 1
1−σ1

∼ CJ(t),

y′(t)
y(t)

∼ (1− σ1)J
′(t)

(1− σ1 − σ0)J(t)
,

(10)

äå

C =
|1− σ1|

1
1−σ1 signy0

1

1− σ1

(1− σ0 − σ1).

Äîâåäåííÿ . Íåîáõiäíiñòü. Íåõàé y :
[t0, ω[→ R � Pω(Y0; Y1; 0)-ðîçâ'ÿçîê ðiâíÿííÿ
(1). Òîäi ç ðiâíîñòi

(
y′(t)

ϕ0(y(t))ϕ1(y′(t))

)′
=

y′′(t)
ϕ0(y(t))ϕ1(y′(t))

×

×
(

1− (y′(t))2

y′′(t)y(t)
· y(t)ϕ′0(y(t))

ϕ0(y(t))
−

−y′(t)ϕ′1(y
′(t))

ϕ1(y′(t))

)
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ç óðàõóâàííÿì (1),(2) òà (6), ó âèïàäêó, êîëè
ω∫
a

p(τ) dτ = +∞, âèïëèâà¹, ùî ïðè t ↑ ω

y′(t)
ϕ0(y(t))ϕ1(y′(t))

∼ α0(1− σ1)I(t). (11)

À ó âèïàäêó, êîëè
ω∫
a

p(τ) dτ < +∞, îòðèìà-
¹ìî àáî (11), àáî

lim
t↑ω

y′(t)
ϕ0(y(t))ϕ1(y

′(t))
= c 6= 0. (12)

Ïîêàæåìî, ùî (12) íå ìîæå ìàòè ìiñöå.
Îñêiëüêè σ1 6= 1, òî çãiäíî ç ïåðøîþ ç óìî-
âîþ (6) òà (2) ôóíêöiÿ y′(t)

ϕ1(y
′(t))

ìà¹ àáî íó-
ëüîâó àáî íåñêií÷åííó ãðàíèöþ ïðè t ↑ ω.
Ïðèïóñòèìî, ùî óìîâà (12) âèêîíó¹òüñÿ. Òî-
äi ôóíêöiÿ ϕ0(y(t)) ìà¹ âiäïîâiäíî íóëüîâó
àáî íåñêií÷åííó ãðàíèöþ ïðè t ↑ ω. Òîìó,
âèêîðèñòîâóþ÷è ïðàâèëî Ëîïiòàëÿ, (2) òà
(6) îòðèìà¹ìî

lim
t↑ω

y′(t)
ϕ0(y(t))ϕ1(y

′(t))
= lim

t↑ω

[
1

ϕ0(y(t))

]′

[
ϕ1(y

′(t))
y′(t)

]′ =

= lim
t↑ω

(y′(t))2

y′′(t)y(t)

y′(t)
ϕ0(y(t))ϕ1(y

′(t))
×

×y(t)ϕ′0(y(t))

ϕ0(y(t))

1

1− y′(t)ϕ′1(y
′(t))

ϕ1(y′(t))

= 0,

ùî ñóïåðå÷èòü (12). Òàêèì ÷èíîì, (11) ìà¹
ìiñöå ó îáîõ âèïàäêàõ.

Âèêîðèñòîâóþ÷è (1), ïåðåïèøåìî (11) ó
âèäi

y′′(t)
y′(t)

=
p(t)

(1− σ1)I(t)
[1 + o(1)] (13)

ïðè t ↑ ω, çâiäêè îòðèìà¹ìî ÷åòâåðòó ç
óìîâ (9). Iíòåãðóþ÷è (13) çà ïðîìiæêîì
[t0, t] ⊂ [t0, ω[, òà âðàõîâóþ÷è îçíà÷åííÿ
Pω(Y0, Y1, 0)- ðîçâ'ÿçêó, ïðè t ↑ ω îäåðæó¹-
ìî

ln |y′(t)| = 1

1− σ1

ln |I(t)|[1 + o(1)], (14)

çâiäêè ç óðàõóâàííÿì (7) âèïëèâà¹ äðóãà ç
óìîâ (9).

Ïîêëàäåìî

ε(t) =
(1− σ1) ln |y′(t)|

ln |I(t)| − 1,

L(z) = |I(t(z))|
ε(t(z))
1−σ1 ,

äå t(z) � ôóíêöiÿ, îáåðíåíà äî ôóíêöi¨ z =

|I(t)| 1
1−σ1 signy0

1. Òîäi ç óðàõóâàííÿì (14)

lim
t↑ω

ε(t) = 0,

|y′(t)| = |I(t)| 1
1−σ1 L

(
|I(t)| 1

1−σ1 signy0
1

)
.

Âèêîðèñòîâóþ÷è (11) òà (13) áóäåìî ìàòè

lim
z→Y1

z∈∆Y1

zL′(z)

L(z)
= lim

t↑ω
I(t)

I ′(t)
(ε′(t) ln |I(t)|+

+ε(t)
I ′(t)
I(t)

)
= lim

t↑ω
(1− σ1)

(
I(t)y′′(t)
I ′(t)y′(t)

−

− ln |y′(t)|
ln |I(t)| +

ε(t)

1− σ1

)
= 0.

Òîìó â ñèëó óìîâè S1 ñïiââiäíîøåííÿ (11)
ìîæå áóòè ïåðåïèñàíî ó âèäi

y′(t)signy′(t)

|ϕ0(y(t))| 1
1−σ1

∼ |1− σ1|
1

1−σ1 J ′(t) (15)

ïðè t ↑ ω. Âèêîðèñòîâóþ÷è äàíå ñïiââiäíî-
øåííÿ, à òàêîæ (2), (6), óìîâó σ0 + σ1 6= 1 i
ïðàâèëî Ëîïiòàëÿ, çíàõîäèìî

lim
t↑ω

y(t)signy0
1

J(t)|ϕ0(y(t))| 1
1−σ1

=

= lim
t↑ω

[
y(t)signy0

1

|ϕ0(y(t))| 1
1−σ1

]′

J ′(t)
=

= lim
t↑ω

y′(t)signy0
1

|ϕ0(y(t))| 1
1−σ1

[
1− y(t)ϕ′0(y(t))

(1− σ1)ϕ0(y(t))

]

J ′(t)
=

= |1− σ1|
1

1−σ1
1− σ0 − σ1

1− σ1

.
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Çâiäñè âèïëèâàþòü ïåðøà òà ï'ÿòà ç óìîâ
(9), à òàêîæ ïåðøå ç çîáðàæåíü (10). Ç ïåð-
øîãî ç çîáðàæåíü (10) ç óðàõóâàííÿì (15)
îòðèìà¹ìî äðóãå ç çîáðàæåíü (10). Âíàñëi-
äîê äðóãîãî ç çîáðàæåíü (10), òðåòüî¨ ç óìîâ
(6), (13), (2) òà âèäó ôóíêöi¨ J ìà¹ ìiñöå äðó-
ãà ç óìîâ (9).

Äîñòàòíiñòü. Íåõàé âèêîíóþòüñÿ óìîâè
(9). Ðîçãëÿíåìî ôóíêöiþ

Φ(y) =

y∫

Y ∗0

dz

|ϕ0(z)| 1
1−σ1

, äå

Y ∗
0 =





y0
0, ÿêùî

∣∣∣∣∣
Y0∫
y0
0

dz

|ϕ0(z)| 1
1−σ1

∣∣∣∣∣ = +∞,

Y0, ÿêùî
∣∣∣∣∣
Y0∫
y0
0

dz

|ϕ0(z)| 1
1−σ1

∣∣∣∣∣ < +∞.

Îñêiëüêè Φ ñòîðîãî ìîíîòîííà íà ∆Y0 òà

lim
y→Y0

y∈∆Y0

Φ(y) = Φ0 =




±∞, ÿêùî Y ∗

0 = y0
0,

0, ÿêùî Y ∗
0 = Y0,

òî äëÿ íå¨ iñíó¹ îáåðíåíà ôóíêöiÿ Φ−1, çà-
äàíà âíàñëiäîê (2) íà ïðîìiæêó

∆Φ0 =





[Cϕ0 , Φ
0[, ÿêùî Cϕ0 < Φ0,

]Φ0, Cϕ0 ], ÿêùî Cϕ0 > Φ0,

äå

Cϕ0 =

y0
0∫

Y ∗0

dz

|ϕ0(z)| 1
1−σ1

,

ïðè÷îìó
lim

z→Φ0

z∈∆
Φ0

Φ−1(z) = Y0. (16)

Êðiì òîãî, çãiäíî ç ïðàâèëîì Ëîïiòàëÿ

lim
y→Y0

y∈∆Y0

Φ(y)|ϕ0(y)| 1
1−σ1

y
=

1− σ1

1− σ0 − σ1

. (17)

Ðiâíÿííÿ (1) çà äîïîìîãîþ ïåðåòâîðåííÿ

Φ(y(t)) = |1− σ1|
1

1−σ1 (signy0
1)J(t)[1 + z1(x)],

y′(t)
y(t)

=
(1− σ1)J

′(t)
(1− σ0 − σ1)J(t)

[1 + z2(x)], (18)

äå

x = β ln |I(t)|, β = sign(α0y
0
1(1− σ1)) (19)

çâåäåìî, âðàõîâóþ÷è òðåòþ ç óìîâ (9), äî
ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü

z′i = βψi(x, z1, z2) (i = 1, 2) (20)

ó ÿêié
ψ1(x, z1, z2) =

= G(x)

[
−1− z1 +

F (x, z1)(1 + z2)

C

]
,

ψ2(x, z1, z2) = (1+z2)
[|BF (x, z1)(1 + z2)|σ1−1×

×K(x, z1, z2)sign(1− σ1)−
−BG(x)(z2 + 1) + M(x)] ,

äå

G(x) =
I(t(x))J ′(t(x))

p(t(x))J(t(x))
,

F (x, z1) =
Y (t(x), z1)

J(t(x))|ϕ0(Y (t(x), z1))|
1

1−σ1

,

Y (t, z1) = Φ−1(BCJ(t)(1 + z1)),

B =
1− σ1

1− σ1 − σ0

,

K(x, z1, z2) =
θ1(Y

[1](t(x), z1, z2))

θ1

(
Y

[1]
1 (t(x))

) ,

Y [1](t, z1, z2) =
Y (t, z1)J

′(t)
BJ(t)

(1 + z2),

M(x) = G(x)−

− 1

1− σ1


1 +

Y
[1]
1 (t(x))θ′1

(
Y

[1]
1 (t(x))

)

(1− σ1)θ1

(
Y

[1]
1 (t(x))

)

 .

Ç îçíà÷åííÿ ôóíêöi¨ J âèïëèâà¹, ùî

lim
t↑ω

p(t)J ′(t)
J ′′(t)I(t)

= 1− σ1 (21)
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Âíàñëiäîê (16), (8), à òàêîæ ïåðøî¨ òà ï'ÿòî¨
ç óìîâ (9), lim

t↑ω
Y (t, ξ) = Y0 ïðè |ξ| ≤ 1

2
. Âè-

êîðèñòîâóþ÷è ïðàâèëî Ëîïiòàëÿ òà (2), äëÿ
êîæíîãî òàêîãî ξ çíàõîäèìî

lim
t↑ω

Y (t, ξ)

J(t)|ϕ0(Y (t, ξ))| 1
1−σ1

=

= lim
t↑ω

[
Y (t, ξ)

|ϕ0(Y (t, ξ))| 1
1−σ1

]′

J ′(t)
=

(22)

= lim
t↑ω

C(1 + ξ)

B

[
1− Y (t, ξ)ϕ′0(Y (t, ξ))

(1− σ1)ϕ0(Y (t, ξ))

]
=

= C(1 + ξ).

Òîäi, ç óðàõóâàííÿì (4), òðåòüî¨ ç óìîâ (9)
òà (21), áóäåìî ìàòè

I(t)
(
Y [1](t, ξ, 0)

)′
I ′(t)Y [1](t, ξ, 0)

=

= BC(1 + ξ)G(x(t))
J(t)|ϕ0(Y (t, ξ))| 1

1−σ1

Y (t, ξ)
−

−M(x(t)) ∼ 1

1− σ1

ïðè t ↑ ω. (23)

Öå îçíà÷à¹, ùî |Y [1](t, ξ, 0)| = |I(t)|
1+o(1)
1−σ1 ïðè

t ↑ ω. Â ñèëó ìîíîòîííîñòi ôóíêöi¨ Φ−1 ïðè
|zi| ≤ 1

2
, ìà¹ ìiñöå àáî íåðiâíiñòü

1

2
Y [1]

(
t,

1

2
, 0

)
< Y [1](t, z1, z2) <

3

2
Y [1]

(
t,

3

2
, 0

)
,

àáî
1

2
Y [1]

(
t,

3

2
, 0

)
< Y [1](t, z1, z2) <

3

2
Y [1]

(
t,

1

2
, 0

)
.

Òîìó, âðàõîâóþ÷è ïåðøó ç óìîâ (9), ìîæ-
íà îáðàòè ÷èñëî t0 ∈ [a, ω[ òàê, ùîá
Y (t(x), z1) ∈ ∆Y0 , Y [1](t, z1, z2) ∈ ∆Y1 ,
|I(t)| 1

1−σ1 signy0
1 ∈ ∆Y1 ïðè t ∈ [t0, ω[ òà |zi| ≤

1
2

(i = 1, 2).
Òåïåð ðîçãëÿíåìî ñèñòåìó äèôåðåíöiàëü-

íèõ ðiâíÿíü (20) íà ìíîæèíi

Ω = [x0, +∞[×D, äå x0 = β ln |I(t0)|,

D =

{
(z1, z2) : |zi| ≤ 1

2
, i = 1, 2

}
.

Íà öié ìíîæèíi ïðàâi ÷àñòèíè öi¹¨ ñèñòå-
ìè ¹ íåïåðåðâíèìè ôóíêöiÿìè çà çìiííîþ
x òà äâi÷è íåïåðåðâíî äèôåðåíöiéîâíèìè çà
çìiííèìè z1, z2, ïðè÷îìó

F ′
z1

(x, z1) =

= BC

(
1− Y (t(x), z1)ϕ

′
0(Y (t(x), z1))

(1− σ1)ϕ0(Y (t(x), z1))

)
,

F ′′
z2
1
(x, z1) =

=
|1− σ1|

2
1−σ1 Y (t(x), z1)ϕ

′
0(Y (t(x), z1))

(σ1 − 1)ϕ0(Y (t(x), z1))F (x, z1)
×

×
[
1− Y (t(x), z1)ϕ

′
0(Y (t(x), z1))

ϕ0(Y (t(x), z1))
+

+
Y (t(x), z1)ϕ

′′
0(Y (t(x), z1))

ϕ′0(Y (t(x), z1))

]
,

K ′
z1

(x, z1, z2) =

=
BC

F (x, z1)

Y [1](t(x), z1, z2)θ
′
1

(
Y [1](t(x), z1, z2)

)

θ1

(
|I(t)| 1

1−σ1 signy0
1

) ,

K ′
z2

(x, z1, z2) =

=
Y [1](t(x), z1, z2)θ

′
1(Y

[1](t(x), z1, z2))

(1 + z2)θ1

(
|I(t)| 1

1−σ1 signy0
1

) ,

K ′′
z2
1
(x, z1, z2) = K ′

z1
(x, z1, z2)

BC

F (x, z1)
×

×
[

Y [1](t(x), z1, z2)θ
′′
1

(
Y [1](t(x), z1, z2)

)

θ′1(Y [1](t(x), z1, z2))
−

−F ′
z1

(x, z1)

BC
+ 1

]
,

K ′′
z2
2
(x, z1, z2) = K ′

z2
(x, z1, z2)×

×Y [1](t(x), z1, z2)θ
′′
1(Y

[1](t(x), z1, z2))

(1 + z2)θ′1(Y [1](t(x), z1, z2))
,

K ′′
z1,z2

(x, z1, z2) =
K ′

z1
(x, z1, z2)

1 + z2

×
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×
[
Y [1](t(x), z1, z2)θ

′′
1(Y

[1](t(x), z1, z2))

θ′1(Y [1](t(x), z1, z2))
+ 1

]
.

Ðîçêëàâøè ïðè êîæíîìó ôiêñîâàíî-
ìó x ∈ [x0, +∞[ ôóíêöi¨ F (x, z1) òà
|F (x, z1)|σ1−1 çà ôîðìóëîþ Òåéëîðà ç çà-
ëèøêîì ó ôîðìi Ëàãðàíæà ó îêîëi z1 =
0 äî äðóãîãî ïîðÿäêó âêëþ÷íî, ôóíêöiþ
K(x, z1, z2) � ó îêîëi òî÷êè (z1, z2) = (0, 0), à
ôóíêöiþ |1 + z2|σ1−1 � ó îêîëi òî÷êè z2 = 0,
ïåðåïèøåìî ñèñòåìó (20) ó âèãëÿäi




z′1 = F1(x) +
2∑

i=1

A1i(x)zi + R1(x, z1, z2),

(24)

z′2 = F2(x) +
2∑

i=1

A2i(x)zi + R2(x, z1, z2),

äå
F1(x) = βG(x)

[
1

C
F (x, 0)− 1

]
,

F2(x) = β
[|BF (x, 0)|σ1−1 K(x, 0, 0)×

×sign(1− σ1)−BG(x) + M(x)] ,

A11(x) = βG(x)

[
1

C
F ′

z1
(x, 0)− 1

]
,

A12(x) =
β

C
G(x)F (x, 0),

A21(x) = β
[
B(signy0

1)(σ1 − 1)×
× |BF (x, 0)|σ1−2 F ′

z1
(x, 0)K(x, 0, 0)+

+ |BF (x, 0)|σ1−1 K ′
z1

(x, 0, 0)
]
sign(1− σ1),

A22(x) = βF2(x)− βBG(x)+

+β |BF (x, 0)|σ1−1 [(σ1 − 1)K(x, 0, 0)+

+K ′
z2

(x, 0, 0)
]
sign(1− σ1),

R1(x, z1, z2) = βG(x)
1

C
[F ′(x, 0)z1z2+

+
1

2
F ′′(x, ξ1)z

2
1(1 + z2)

]
,

R2(x, z1, z2) = β[A21(x)z1z2 + A22(x)z2
2+

+(1 + z2)sign(1− σ1)|B|σ1−1((1 + z2)
σ1−1×

×K(x, z1, z2)(σ1 − 1)|F (x, ξ2)|σ1−3((σ1 − 2)×

×(F ′
z1

(x, ξ2))
2 + F (x, ξ2)F

′′
z2
1
(x, ξ2))

z2
1

2
+

+(σ1− 1)|F (x, 0)|σ1−2F ′
z1

(x, 0)z1(K(x, z1, z2)×
×((1+z2)

σ1−1−1)+K(x, z1, z2)−K(x, 0, 0))+

+|F (x, 0)|σ1−1(K(x, z1, z2)(σ1 − 1)(σ1 − 2)×

×(1 + ξ5)
σ1−3 z2

2

2
+

+(1 + (σ1 − 1)z2)
1

2

2∑
i,j=1

K ′′
zi,zj

(x, ξ3, ξ4)zizj))],

äå
|ξi| < |zi| ≤ 1

2
(i = 1, ..., 5).

Âðàõîâóþ÷è (23) é òå, ùî ôóíêöiÿ ϕ1(z)
çàäîâîëüíÿ¹ óìîâó S1, ìà¹ìî

θ1

(
Y [1](t(x), 0, 0)

) ∼ θ1

(
Y

[1]
1 (t(x))

)

ïðè x → +∞
Çâiäñè lim

x→+∞
K(x, 0, 0) = 1 òà çãiäíî (2)

lim
x→+∞

K ′
zi
(x, 0, 0) = 0 (i ∈ {1, 2}). Òîìó, â ñè-

ëó (22), óìîâ (9) òà (21), îòðèìà¹ìî, ùî

lim
x→+∞

Fi(x) = 0 (i = 1, 2),

ãðàíè÷íà ìàòðèöÿ êîåôiöi¹íòiâ ëiíiéíî¨ ÷à-
ñòèíè ñèñòåìè (24) ìà¹ âèä

A = lim
x→+∞




A11(x) A12(x)

A21(x) A22(x)


 =

=




0 0

−β −β




òà

lim
|z1|+|z2|→0

Ri(x, z1, z2)

|z1|+ |z2| = 0 (i = 1, 2)

ðiâíîìiðíî ïî x ∈ [x0, +∞[.

Çàñòîñó¹ìî òåïåð äî ñèñòåìè (24) ïåðåòâîðå-
ííÿ

z2 = v1, z1 = v2 + Ch(x)v1, (25)

Íàóêîâèé âiñíèê ×åðíiâåöüêîãî óíiâåðñèòåòó. 2008. Âèïóñê 374. Ìàòåìàòèêà. 39



äå v1, v2� íîâi íåâiäîìi ôóíêöi¨,

C =
1

1− σ1

, h(x) =
πω(t(x))J ′(t(x))

J(t(x))
. (26)

Îñêiëüêè iñíó¹ ñêií÷åííà, àáî íåñêií÷åííà
ãðàíèöÿ lim

t↑ω
πω(t)p(t)

I(t)
, òî âíàñëiäîê ëåìè 10.6

ç [15] òà âèäó ôóíêöi¨ J , òðåòÿ ç óìîâ (9)
îçíà÷à¹, ùî

lim
t↑ω

πω(t)J ′(t)
J(t)

= 0, lim
t↑ω

πω(t)J ′′(t)
J ′(t)

= −1.

Òàêèì ÷èíîì, ç óðàõóâàííÿì (21) áóäåìî
ìàòè

lim
x→+∞

h(x) = 0, lim
x→+∞

h(x)

G(x)
= σ1 − 1,

lim
x→+∞

h′(x)

G(x)
= (27)

= lim
x→+∞

β

(
1 +

πω(t)J ′′(t)
J ′(t)

− πω(t)J ′(t)
J(t)

)

)
= 0.

Çà ðåçóëüòàòîì ïåðåòâîðåííÿ (25), âðàõîâó-
þ÷è (26) òà (27), îòðèìà¹ìî ñèñòåìó ðiâíÿíü




v′1 = F2(x) +
2∑

i=1

B1i(x)vi + N1(x, v1, v2),

(28)

v′2 = H(x) +
2∑

i=1

B2i(x)vi + N2(x, v1, v2),

äå
H(x) = F1(x)− Ch(x)F2(x),

B11(x) = A22(x) + Ch(x)A21(x),

B12(x) = A21(x),

B21(x) = −Ch′(x) + A12(x)

+Ch(x)(A11(x)− A22(x))− A21(x)(Ch(x))2,

B22(x) = A11(x)− Ch(x)A21(x),

N1(x, v1, v2) = R2(x, v2 + Ch(x)v1, v1),

N2(x, v1, v2) = R1(x, v2 + Ch(x)v1, v1)−
−Ch(x)R2(x, v2 + Ch(x)v1, v1)).

Ç âèäó ôóíêöié I òà J òà îçíà÷åííÿ ôóíêöi¨
G âèïëèâà¹, ùî

∫ +∞

x0

|G(x)|dx = +∞,

Âèêîðèñòîâóþ÷è öå ñïiââiäíîøåííÿ, âëàñòè-
âîñòi êîåôiöi¹íòiâ ñèñòåìè (24), (26) òà (27),
ìà¹ìî

lim
x→+∞

F2(x)

B11(x)
= 0, lim

x→+∞
H(x)

B22(x)
= 0,

lim
x→+∞

1

B11(x)
= −β, lim

x→+∞
G(x)

B22(x)
= −β,

lim
x→+∞

A21(x)

B11(x)
= 1, lim

x→+∞
B21(x)

B22(x)
= 0,

∫ +∞

x0

|Bii(x)|dx = +∞, (i = 1, 2)

lim
|v1|+|v2|→0

Ni(x, v1, v2)

|v1|+ |v2| = 0 (i = 1, 2)

ðiâíîìiðíî ïî x ∈ [x0, +∞[.

Òîäi, çãiäíî ç òåîðåìîþ 1.3 òà çàóâàæåí-
íÿì 1.4 ç [16] ñèñòåìà (28) ìà¹ õî÷à á îäèí
ðîçâ'ÿçîê {vi}2

i=1 : [x1, +∞[−→ R2 (x1 ≥ x0),
ùî ïðÿìó¹ äî íóëÿ ïðè x → +∞. Éîìó, âíà-
ñëiäîê çàìií (18), (19) òà ïåðåòâîðåííÿ (25),
âiäïîâiäà¹ ðîçâ'ÿçîê y ðiâíÿííÿ (1), ùî äî-
ïóñêà¹ ïðè t ↑ ω àñèìïòîòè÷íi çîáðàæåííÿ

Φ(y(t)) ∼ |1− σ1|
1

1−σ1 J(t)signy0
1,

y′(t)
y(t)

∼ (1− σ1)J
′(t)

(1− σ1 − σ0)J(t)
.

Âðàõîâóþ÷è (17), ïåðøå ç íèõ ïåðåïèøåìî
ó âèäi

y(t)

|ϕ0(y(t))| 1
1−σ1

∼ CJ(t) ïðè t ↑ ω.

Òàêèì ÷èíîì, y ¹ çðîñòàþ÷èì Pω(Y0, Y1, 0)-
ðîçâ'ÿçêîì ðiâíÿííÿ (1). Òåîðåìó 1 ïîâíiñòþ
äîâåäåíî.

Òåîðåìà 2. Íåõàé σ1 6= 1, âèêîíó¹òüñÿ
(8) òà ïðè êîæíîìó çíà÷åííi i ∈ {0, 1}
ôóíêöiÿ ϕi(z) çàäîâîëüíÿ¹ óìîâó Si. Òîäi
äëÿ êîæíîãî Pω(Y0, Y1, 0)-ðîçâ'ÿçêó ìàþòü
ìiñöå ïðè t ↑ ω íàñòóïíi àñèìïòîòè÷íi çî-
áðàæåííÿ

y(t) ∼ signy0
0


C1

θ0

(
|J(t)|

1−σ1
1−σ0−σ1 signy0

0

)

|J(t)|σ1−1




ϑ

,
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y′(t) ∼ |J ′(t)|signy0
1× (29)

×
(
C2|J(t)|σ0θ0

(
|J(t)|

1−σ1
1−σ0−σ1 signy0

0

))ϑ

,

äå
ϑ =

1

1− σ0 − σ1

C1 = |1− σ1|σ1|1− σ1 − σ0|1−σ1 ,

C2 = |1− σ1|1−σ0|1− σ1 − σ0|σ0 .

Äîâåäåííÿ. Ç òåîðåìè 1 âèïëèâà¹, ùî
ïðè âèêîíàííi óìîâ (8) òà (9) êîæíèé
Pω(Y0, Y1, 0)-ðîçâ'ÿçîê y : [ty, ω[→ R, äîïó-
ñêà¹ ïðè t ↑ ω àñèìïòîòè÷íi çîáðàæåííÿ
(10). Iíòåãðóþ÷è äðóãå ç íèõ íà ïðîìiæêó
[ty, t] ⊂ [ty, ω[ îòðèìà¹ìî

y(t) = |J(t)|ϑ(1−σ1)+ε(t)signy0
0, (30)

äå lim
t↑ω

ε(t) = 0.
Ïîêëàäåìî L(z) = |J(t(z))|ε(t(z)), äå t(z)

� ôóíêöiÿ, îáåðíåíà äëÿ ôóíêöi¨ z =
|J(t)|ϑ(1−σ1). Ç óðàõóâàííÿì (30) òà äðóãîãî
iç ñïiââiäíîøåíü (10) áóäåìî ìàòè

lim
z→Y0

z∈∆Y0

zL′(z)

L(z)
= lim

t↑ω
J(t)

ϑ(1− σ1)J ′(t)
×

×
(

ε′(t) ln |J(t)|+ ε(t)J ′(t)
J(t)

)
=

=
1

ϑ(1− σ1)
lim
t↑ω

(
J(t)y′(t)

ϑ(1− σ1)J ′(t)y(t)
− 1

)
= 0.

Çâiäñè, îñêiëüêè ôóíêöiÿ ϕ0 çàäîâîëüíÿ¹
óìîâó S0, îòðèìà¹ìî

θ0(y(t)) = θ0

(|J(t)|ϑ(1−σ1)L
(|J(t)|ϑ(1−σ1)

))
=

= θ0

(|J(t)|ϑ(1−σ1)
)
(1 + o(1)) ïðè t ↑ ω.

Íà ïiäñòàâói öüîãî ñïiââiäíîøåííÿ ïåðøå ç
çîáðàæåíü (10) ìîæå áóòè ïåðåïèñàíî ó âè-
ãëÿäi

|y(t)| 1ϑ ∼ |1− σ1|σ1|1
ϑ

J(t)|1−σ1×

×θ0

(|J(t)|ϑ(1−σ1)signy0
0

)
ïðè t ↑ ω.

Çâiäñè, ç óðàõóâàííÿì çíàêó y, ñëiäó¹ ïåðøå
ç çîáðàæåíü (29). Ïiñëÿ ïiäñòàíîâêè éîãî äî
äðóãîãî ç çîáðàæåíü (10), îòðèìà¹ìî äðóãå
ç çîáðàæåíü (29). Òåîðåìó 2 ïîâíiñòþ äîâå-
äåíî.

Ïðîiëþñòðó¹ìî îòðèìàíi ðåçóëüòàòè íà
ïðèêëàäi äèôåðåíöiàëüíîãî ðiâíÿííÿ

y′′ = Atγϕ0(y)ϕ1(y
′), (31)

äå A ∈ R \ {0}, γ ∈ R, ϕi(z) = |z|σi|ln|z||µi ,
σi, µi,∈ R, (i=0,1), σ0 + σ1 6= 1, σ1 6= 1. Âíà-
ñëiäîê ñòðóêòóðè ôóíêöié ϕi (i = 0, 1), ðiâ-
íÿííÿ (31) äîïóñêà¹ çàñòîñóâàííÿ òåîðåìè 2.
Ïðè öüîìó ìè âðàõîâó¹ìî, ùî öå ðiâíÿííÿ ¹
ðiâíÿííÿì (1), ó ÿêîìó α0 = signA, p(t) =
|A|tγ. Íàì áóäóòü ïîòðiáíi íàñòóïíi äîïîìi-
æíi ïîçíà÷åííÿ:

K1 = −A

(
|A|σ0+σ1

∣∣∣∣
1− σ1 − σ0

µ1 + 1− σ1

∣∣∣∣
σ0−µ0

)ϑ

,

K2 = −A

(
|A|σ0+σ1

∣∣∣∣
µ1 + σ0

µ1

∣∣∣∣
σ0−µ0

)ϑ

,

K3 = A

(
|ω|γ |A|σ0+2

∣∣∣∣
1 + σ0

1− µ1

∣∣∣∣
σ0−µ0

)ϑ

,

K4 = A
(|ω|γ |A|σ0+2 |1 + σ0|σ0−µ0

)ϑ
.

Ñïî÷àòêó äîñëiäèìî ïèòàííÿ ïðî íàÿâíiñòü
òà àñèìïòîòèêó P+∞(Y0, Y1, 0)-ðîçâ'ÿçêiâ.
Ïðè öüîìó ìîæåìî ââàæàòè, ùî a = 2.

Ó äàíîìó âèïàäêó

I(t) = |A|
t∫

A+∞

τ γdτ, J(t) =

=

∣∣∣∣
1

1− σ1

∣∣∣∣
µ1

1−σ1

t∫

B+∞

|I(τ)| 1
1−σ1 ln

µ1
1−σ1 |I(τ)| dτ.

Òîìó, ç óðàõóâàííÿì âèáîðó ãðàíèöü iíòå-
ãðóâàííÿ A+∞ òà B+∞, îòðèìà¹ìî ïðè t →
+∞ çîáðàæåííÿ

I(t) ∼




|A|
γ+1

tγ+1, ÿêùî γ 6= −1,

|A| ln t, ÿêùî γ = −1.

(32)
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Ó âèïàäêó γ 6= −1 ìà¹ìî ïðè t → +∞

J(t) ∼ 1− σ1

γ + 2− σ1

∣∣∣∣
A|γ + 1|µ1−1

|1− σ1|µ1

lnµ1 t

tσ1−γ−2

∣∣∣∣
1

1−σ1

,

(33)
ÿêùî σ1 − γ 6= 2,

J(t) ∼ 1− σ1

µ1 + 1− σ1

∣∣∣∣
A

γ + 1

∣∣∣∣
1

1−σ1

(ln t)
µ1+1−σ1

1−σ1 ,

(34)
ÿêùî σ1 − γ = 2, µ1 − γ 6= 1,

J(t) ∼
∣∣∣∣

A

γ + 1

∣∣∣∣
1

1−σ1

ln ln t, (35)

ÿêùî σ1 − γ = 2, µ1 − γ = 1. ßêùî γ = −1,
òî ïðè t → +∞ ìà¹ ìiñöå çîáðàæåííÿ

J(t) ∼ ∣∣A|1− σ1|−µ1
∣∣ 1

1−σ1 t(ln t)
1

1−σ1 (ln ln t)
µ1

1−σ1 .
(36)

Êðiì òîãî,

lim
t→+∞

(J ′(t))2

J ′′(t)J(t)
=





γ+2−σ1

γ+1
, ÿêùî γ 6= −1,

(37)
∞, ÿêùî γ = −1.

Òîäi âíàñëiäîê (32) � (36) òà (37) ç òåîðåìè
2 îòðèìà¹ìî, ùî äëÿ iñíóâàííÿ ó ðiâíÿííÿ
(31) P+∞(Y0, Y1, 0)- ðîçâ'ÿçêiâ íåîáõiäíî i äî-
ñòàòíüî âèêîíàííÿ óìîâ γ−σ1 = −2, γ 6= −1.
Áiëüø òîãî, ïðè µ1 6= σ1 − 1 äëÿ êîæíîãî
òàêîãî P+∞(Y0, Y1, 0)-ðîçâ'ÿçêó ìàþòü ìiñöå
ïðè t → +∞ àñèìïòîòè÷íi çîáðàæåííÿ

y(t) ∼ K1| ln t|ϑ(µ1+1−σ1)

ϑ(µ1 + 1− σ1)
(ln | ln t|)ϑµ0 ,

y′(t) ∼ K1
t | ln t|ϑ(µ1+σ0)(ln | ln t|)ϑµ0 ,

(38)

à ïðè µ1 = σ1 − 1 � çîáðàæåííÿ âèäó

y(t) ∼ K2(ln | ln t|)ϑ(1−σ1)

ϑ(1− σ1)(ln ln | ln t|)−ϑµ0
,

y′(t) ∼ K2(ln | ln t|)ϑσ0

t ln t
(ln ln | ln t|)ϑµ0 .

(39)

Îáåðåìî òåïåð çà ω áóäü ÿêå ÷èñëî ç
ïðîìiæêó (0, +∞) òà äîñëiäèìî ïèòàííÿ
ïðî íàÿâíiñòü òà àñèìïòîòèêó ïðè t ↑

ω Pω(Y0, Y1, 0)-ðîçâ'ÿçêiâ ðiâíÿííÿ (31). Ó
öüîìó âèïàäêó ç òåîðåìè 2 âèïëèâà¹, ùî
äëÿ iñíóâàííÿ ó ðiâíÿííÿ (31) Pω(Y0, Y1, 0)-
ðîçâ'ÿçêiâ íåîáõiäíî òà äîñòàòíüî âèêîíàííÿ
óìîâè σ1 = 2. Áiëüø òîãî, ïðè µ1 6= 1 äëÿ êî-
æíîãî òàêîãî Pω(Y0, Y1, 0)-ðîçâ'ÿçêó ìàþòü
ìiñöå ïðè t ↑ ω àñèìïòîòè÷íi çîáðàæåííÿ

y(t) ∼ K3
(1 + σ0)| ln |ω − t||

1−µ1
1+σ0

(1− µ1)(ln | ln |ω − t||)
µ0

1+σ0

,

y′(t) ∼ K3| ln |ω − t||
−σ0−µ1

1+σ0

(t− ω)(ln | ln |ω − t||)
µ0

1+σ0

,

(40)

à ïðè µ1 = 1 � çîáðàæåííÿ âèäó

y(t) ∼ K4
(1 + σ0)(ln | ln |ω − t||) 1

1+σ0

(ln ln | ln |ω − t||)
µ0

1+σ0

,

y′(t) ∼ K4| ln |ω − t||
−σ0
1+σ0

(t− ω)(ln ln | ln |ω − t||)
µ0

1+σ0

.

(41)

Ïèòàííÿ ïðî iñíóâàííÿ òà àñèìïòîòèêó
ïðè t ↓ ω (0 ≤ ω < +∞) ðîçâ'ÿçêiâ, ùî âè-
çíà÷åíi ó ïðàâîìó îêîëi ω âèðiøó¹òüñÿ øëÿ-
õîì çàìiíè ω − τ = t − ω. Îòðèìàíå ïi-
ñëÿ òàêî¨ çàìiíè ðiâíÿííÿ ñëiä âæå äîñëi-
äæóâàòè ïðè τ ↑ ω çà äîïîìîãîþ òåîðå-
ìè 2. Ðîçâ'ÿçîê ðiâíÿííÿ (31), ùî âiäïîâiäà¹
ïðè öüîìó Pω(Y0, Y1, 0)-ðîçâ'ÿçêó, áóäåìî íà-
çèâàòè Pω+(Y0, Y1, 0)-ðîçâ'ÿçêîì. Òàêèì ÷è-
íîì îòðèìà¹ìî, ùî äëÿ iñíóâàííÿ ó ðiâíÿí-
íÿ (31) Pω+(Y0, Y1, 0)- ðîçâ'ÿçêiâ íåîáõiäíî é
äîñèòü óìîâè σ1 = 2. Áiëüø òîãî, ïðè µ1 6= 1
äëÿ êîæíîãî òàêîãî Pω+(Y0, Y1, 0)-ðîçâ'ÿçêó
ìàþòü ìiñöå ïðè t ↓ ω àñèìïòîòè÷íi çîáðà-
æåííÿ (40), à ïðè µ1 = 1 � çîáðàæåííÿ
(41). Ïðè ω = 0 àíàëîãi÷íî îòðèìà¹ìî, ùî
äëÿ iñíóâàííÿ ó ðiâíÿííÿ (31) P0+(Y0, Y1, 0)-
ðîçâ'ÿçêiâ íåîáõiäíî i äîñòàòíüî âèêîíàííÿ
óìîâ γ − σ1 = −2, γ 6= −1. Áiëüø òîãî, ïðè
µ1 6= σ1 − 1 äëÿ êîæíîãî òàêîãî ðîçâ'ÿçêó
ìàþòü ìiñöå ïðè t ↓ 0 àñèìïòîòè÷íi çîáðà-
æåííÿ (38), à ïðè µ1 = σ1− 1 � çîáðàæåííÿ
(39).

Âèñíîâêè. Äëÿ íåëiíiéíèõ äèôåðåíöi-
àëüíèõ ðiâíÿíü âèãëÿäó (1) âïåðøå îòðè-
ìàíî àñèìïòîòè÷íi ôîðìóëè ðîçâ'ÿçêiâ, ùî
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âiäìiííi âiä ðîçâ'ÿçêiâ âèãëÿäó y ∼ C òà
y ∼ Cπω(t) ïðè t ↑ ω, äå C ∈ R \ {0}. Öüîãî
âäàëîñÿ äîìîãòèñÿ çàâäÿêè ðîçðîáöi ìåòî-
äó äîñëiäæåííÿ àñèìïòîòè÷íîãî ïîâîäæåí-
íÿ äîñòàòíüî øèðîêîãî êëàñó Pω(Y0, Y1, λ0)-
ðîçâ'ÿçêiâ. Ó äàíié ðîáîòi îòðèìàíî íåîá-
õiäíi òà äîñòàòíi óìîâè iñíóâàííÿ òàêèõ
ðîçâ'ÿçêiâ, à òàêîæ ¨õ àñèìïòîòè÷íi çîáðà-
æåííÿ â îñîáëèâîìó âèïàäêó, êîëè λ0 = 0.

Âñòàíîâëåíi ðåçóëüòàòè äîçâîëÿþòü îäåð-
æóâàòè àñèìïòîòè÷íi çîáðàæåííÿ íå òiëü-
êè äëÿ ïðàâèëüíèõ [1], àëå é äëÿ ðiçíèõ òè-
ïiâ ñèíãóëÿðíèõ ðîçâ'ÿçêiâ ðiâíÿííÿ (1). Ðå-
çóëüòàòè ðîáîòè ïðîiëþñòðîâàíî íà ïðèêëà-
äi ðiâíÿííÿ (31), ÷àñòèííèìè âèïàäêîì ÿêî-
ãî ¹ ðiâíÿííÿ òèïó Åìäåíà-Ôàóëåðà.
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