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�áâ ®¢«¥ë  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï ¤«ï ¥®£à ¨ç¥ëå à¥è¥¨©
¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© âà¥âì®£® ¯®àï¤ª ,  á¨¬¯â®â¨ç¥áª¨ ¡«¨§ª¨å ª
ãà ¢¥¨ï¬ â¨¯  �¬¤¥ {� ã«¥à .

1. �®à¬ã«¨à®¢ª  ®á®¢ëå à¥§ã«ìâ â®¢. � ¯®á«¥¤¨¥ ¤¥áïâ¨«¥â¨ï ¢
á¢ï§¨ á ¬®£®ç¨á«¥ë¬¨ § ¯à®á ¬¨ ¯à ªâ¨ª¨ ¨â¥á¨¢®¥ à §¢¨â¨¥ ¯®«ãç¨« 
 á¨¬¯â®â¨ç¥áª ï â¥®à¨ï ¥«¨¥©ëå ¥ ¢â®®¬ëå ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨-
 «ìëå ãà ¢¥¨©. �à¨ íâ®¬  ¨¡®«¥¥ § ª®ç¥ë¥ à¥§ã«ìâ âë ¯®«ãç¥ë (á¬.,
 ¯à¨¬¥à, ¬®®£à ä¨î �. �. �¨£ãà ¤§¥, �. �. � âãà¨ï [6] ¨ à ¡®âë [1{4, 8,
9]) ¤«ï ãà ¢¥¨© á® áâ¥¯¥ë¬¨ ¥«¨¥©®áâï¬¨ ¨, ¢ ç áâ®áâ¨, ¤«ï ãà ¢¥¨©
â¨¯  �¬¤¥ {� ã«¥à 

y(n) = p(t)y1+σ,

£¤¥ σ 6= 0 ,   p { ¥¯à¥àë¢ ï ¨ ®â«¨ç ï ®â ã«ï   ¯à®¬¥¦ãâª¥ [a, ω[ äãªæ¨ï.
�  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ âà¥âì¥£®

¯®àï¤ª 
y′′′ = α0p(t)ϕ(y), (1)

£¤¥ α0 ∈ {−1, 1} , p : [a, ω[→]0, +∞[ (−∞ < a < ω ≤ +∞) { ¥¯à¥àë¢ ï
äãªæ¨ï, ϕ : [y0, +∞[→]0, +∞[ { ¤¢ ¦¤ë ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ ï äãª-
æ¨ï, ã¤®¢«¥â¢®àïîé ï ãá«®¢¨ï¬

lim
y→+∞

ϕ(y) =
{

«¨¡® 0,
«¨¡® +∞,

lim
y→+∞

yϕ′′(y)
ϕ′(y)

= σ = const 6= 0. (2)

� á¨«ã (2)
lim

y→+∞
yϕ′(y)
ϕ(y)

= σ + 1 (3)

¨ ¯®íâ®¬ã ϕ(y) ¤®¯ãáª ¥â ¯à¥¤áâ ¢«¥¨¥ ¢¨¤  ϕ(y) = yσ+1+o(1) ¯à¨ y → +∞ .
�âáî¤  ïá®, çâ®   à¥è¥¨ïå, áâà¥¬ïé¨åáï ª +∞ ¯à¨ t ↑ ω , ãà ¢¥¨¥ (1)
ï¢«ï¥âáï ¢ ¥ª®â®à®¬ á¬ëá«¥ ¡«¨§ª¨¬ ª ãà ¢¥¨î â¨¯  �¬¤¥ {� ã«¥à . �«ï
ãà ¢¥¨© ¢â®à®£® ¯®àï¤ª  ¯®¤®¡ ï á¨âã æ¨ï à áá¬ âà¨¢ « áì ¢ [7].

�¯à¥¤¥«¥¨¥. �¥è¥¨¥ y ãà ¢¥¨ï (1), ®¯à¥¤¥«¥®¥   [t0, ω[⊂ [a, ω[ ,
¡ã¤¥¬  §ë¢ âì Pω1(λ0) -à¥è¥¨¥¬, ¥á«¨

lim
t↑ω

y(t) = +∞, lim
t↑ω

y(k)(t) =
{

«¨¡® 0,
«¨¡® ±∞,

k = 1, 2, lim
t↑ω

[y′′(t)]2

y′′′(t)y′(t)
= λ0. (4)

�¥«ìî à ¡®âë ï¢«ï¥âáï ãáâ ®¢«¥¨¥  á¨¬¯â®â¨ª¨,   â ª¦¥ ¥®¡å®¤¨¬ëå ¨
¤®áâ â®çëå ãá«®¢¨© áãé¥áâ¢®¢ ¨ï Pω1(λ0) -à¥è¥¨© ãà ¢¥¨ï (1), ¤«ï ª®â®-
àëå λ0 /∈ {

0, 1
2 , 1,±∞}

.
�®«®¦¨¬

πω(t) =
{

t, ¥á«¨ ω = +∞,
t− ω, ¥á«¨ ω < +∞,

I(t) =

t∫

Aω

p(τ)π2
ω(τ) dτ,
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Φ(y) =

y∫

Y0

dz

ϕ(z)
, Y (t, v) = Φ−1

(
α0(λ0 − 1)2

λ0
I(t)[1 + v]

)
,

£¤¥

Aω =





a, ¥á«¨
∫ ω

a
p(τ)π2

ω(τ) dτ = +∞,

ω, ¥á«¨
∫ ω

a
p(τ)π2

ω(τ) dτ < +∞,
Y0 =

{
y0, ¥á«¨ σ < 0,
+∞, ¥á«¨ σ > 0,

Φ−1 { äãªæ¨ï, ®¡à â ï ¤«ï Φ , § ¤  ï   ¯à®¬¥¦ãâª¥ [0,+∞[ , ¥á«¨ σ < 0 ,
¨   ¯à®¬¥¦ãâª¥ [cϕ, 0[ , £¤¥ cϕ = − ∫ +∞

y0

dz
ϕ(z) , ¥á«¨ σ > 0 .

�¥®à¥¬  1. �«ï áãé¥áâ¢®¢ ¨ï ã ãà ¢¥¨ï (1) Pω1(λ0) -à¥è¥¨© â ª¨å,
çâ® λ0 /∈ {

0, 1
2 , 1,±∞}

, ¥®¡å®¤¨¬®,  , ¥á«¨ á®¡«î¤ ¥âáï ®¤® ¨§ ¥à ¢¥áâ¢

2λ2
0 + 2λ0 − 1 ≤ 0, σ(2λ0 − 1) ≥ 0, σ(2λ0 − 1) 6= 3− 6λ0 − 6λ2

0, (5)

â® ¨ ¤®áâ â®ç®, çâ®¡ë

lim
t↑ω

πω(t)I ′(t)
I(t)

=
σ(2λ0 − 1)

1− λ0
, α0λ0 > 0, (λ0 − 1)(2λ0 − 1)πω(t) > 0. (6)

�à¨ íâ®¬ ¤«ï ª ¦¤®£® â ª®£® à¥è¥¨ï ¨¬¥îâ ¬¥áâ® ¯à¨ t ↑ ω  á¨¬¯â®â¨-
ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï

y(t)
ϕ(y(t))

=
α0(λ0 − 1)3

λ0(2λ0 − 1)
p(t)π3

ω(t)[1 + o(1)], (7)

πω(t)y′(t)
y(t)

=
2λ0 − 1
λ0 − 1

+ o(1),
πω(t)y′′(t)

y′(t)
=

λ0

λ0 − 1
+ o(1). (8)

�¥®à¥¬  2. �á«¨

2λ2
0 + 2λ0 − 1 > 0, σ(2λ0 − 1) < 0, σ(2λ0 − 1) = 3− 6λ0 − 6λ2

0, λ0 6= 1, (9)

¨  àï¤ã á (6) á®¡«î¤ îâáï ãá«®¢¨ï

lim
t↑ω

[
πω(t)I ′(t)ϕ(Y (t, 0))

Y (t, 0)
− α0λ0(2λ0 − 1)

(λ0 − 1)3

]
ln2 |πω(t)| = 0,

lim
t↑ω

[
Y (t, 0)ϕ′(Y (t, 0))

ϕ(Y (t, 0))
− σ − 1

]
ln |πω(t)| = 0,

lim
t↑ω

[
πω(t)I ′(t)

I(t)
− σ(1− 2λ0)

λ0 − 1

]
ln |πω(t)| = 0,

(10)

â® ã ãà ¢¥¨ï (1) áãé¥áâ¢ãîâ Pω1(λ0) -à¥è¥¨ï ¨ ¤«ï ª ¦¤®£® ¨§ ¨å ¨¬¥-
îâ ¬¥áâ® ¯à¨ t ↑ ω  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï

y(t)
ϕ(y(t))

=
α0(λ0 − 1)3

λ0(2λ0 − 1)
p(t)π3

ω(t)
[
1 + o

(
1

ln |πω(t)|
)]

, (11)

πω(t)y′(t)
y(t)

=
2λ0 − 1
λ0 − 1

+o

(
1

ln |πω(t)|
)

,
πω(t)y′′(t)

y′(t)
=

λ0

λ0 − 1
+o

(
1

ln |πω(t)|
)

. (12)
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� ¬¥ç ¨¥. �á«¨ á®¡«î¤ îâáï ãá«®¢¨ï (2) ¨ äãªæ¨ï ψ(u) = u−σ−1ϕ(u)
â ª®¢ , çâ®

ψ

(
|πω(t)| 2λ0−1

λ0−1
+o(1)

)
= [B(λ0) + o(1)]ψ(|πω(t)|) ¯à¨ t ↑ ω,

£¤¥ B(λ0) { ®â«¨ç ï ®â ã«ï ¢¥é¥áâ¢¥ ï ¯®áâ®ï ï, â®  á¨¬¯â®â¨ç¥áª¨¥
¯à¥¤áâ ¢«¥¨ï (7) ¨ (11) ¢ ¯à¨¢¥¤¥ëå ¢ëè¥ â¥®à¥¬ å ¬®£ãâ ¡ëâì § ¯¨á ë ¢
ï¢®¬ ¢¨¤¥

y(t) =
[

(λ0 − 1)3

λ0(2λ0 − 1)
p(t)ψ(|πω(t)|)π3

ω(t)
]− 1

σ

[1 + o(1)] ¯à¨ t ↑ ω,

y(t) =
[

(λ0 − 1)3

λ0(2λ0 − 1)
p(t)ψ(|πω(t)|)π3

ω(t)
]− 1

σ
[
1 + o

(
1

ln |πω(t)|
)]

¯à¨ t ↑ ω.

2. �®ª § â¥«ìáâ¢  â¥®à¥¬. � ® ª   §   â ¥ « ì c â ¢ ® â¥®à¥¬ë 1.
�¥®¡å®¤¨¬®áâì. �ãáâì y : [ty, ω[→ R { Pω1(λ0) -à¥è¥¨¥ ãà ¢¥¨ï (1), ¤«ï
ª®â®à®£® λ0 /∈ {

0, 1
2 , 1,±∞}

. � á¨«ã ãá«®¢¨© (4) íâ® à¥è¥¨¥ á®£« á® á«¥¤áâ¢¨î
10.1 ¨§ [2] ã¤®¢«¥â¢®àï¥â ¯à¨ t ↑ ω  á¨¬¯â®â¨ç¥áª¨¬ á®®â®è¥¨ï¬ (8),  , § ç¨â,
¨  á¨¬¯â®â¨ç¥áª®¬ã á®®â®è¥¨î

πω(t)y′′′(t)
y′′(t)

=
1

λ0 − 1
+ o(1) ¯à¨ t ↑ ω.

�ç¨âë¢ ï ¨å ¨ (1), ¯®«ãç¨¬  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥¨¥ (7) ¨ ¯à¥¤áâ ¢«¥¨¥
¢¨¤ 

y′(t)
ϕ(y(t))

=
α0(λ− 1)2

λ0
p(t)π2

ω(t)[1 + o(1)] ¯à¨ t ↑ ω. (13)

�®áª®«ìªã y(t) −→ +∞ ¯à¨ t ↑ ω ,   y′(t) ¨ ϕ(y(t)) ¯®«®¦¨â¥«ìë ¢ «¥¢®©
®ªà¥áâ®áâ¨ ω , â® ¨§ (7) ¨ (13) ¥¯®áà¥¤áâ¢¥® ¢ëâ¥ª îâ ¢â®à®¥ ¨ âà¥âì¥ ¨§
ãá«®¢¨© (6). �à®¬¥ â®£®, ¨§ (13) á«¥¤ã¥â, çâ®

Φ(y(t)) =
α0(λ0 − 1)2

λ0
I(t)[1 + o(1)] ¯à¨ t ↑ ω. (14)

� «¥¥, ¯à¨¬¥ïï ¯à ¢¨«® �®¯¨â «ï, ¢ á¨«ã (3) ¨ (13)  å®¤¨¬

lim
t↑ω

y(t)
I(t)ϕ(y(t))

= lim
t↑ω

[
y(t)

ϕ(y(t))

]′

I ′(t)
= lim

t↑ω

y′(t)
ϕ(y(t))

[
1− y(t)ϕ′(y(t))

ϕ(y(t))

]

p(t)π2
ω(t)

=−α0σ(λ0 − 1)2

λ0
.

�à ¢¨¢ ï íâ® ¯à¥¤¥«ì®¥ á®®â®è¥¨¥ á (7), ¯®«ãç¨¬ ¯¥à¢®¥ ¨§ ãá«®¢¨© (6).
�®áâ â®ç®áâì. �à ¢¥¨¥ (1) á ¯®¬®éìî ¯à¥®¡à §®¢ ¨ï

Φ(y(t)) =
α0(λ0 − 1)2

λ0
I(t)[1 + v1(x)],

y′(t)
y(t)

=
2λ0 − 1

(λ0 − 1)πω(t)
[1 + v2(x)],

y′′(t)
y′(t)

=
λ0

(λ0 − 1)πω(t)
[1 + v3(x)],

x = β ln |πω(t)|, β =
{

1, ¥á«¨ ω = +∞,
−1, ¥á«¨ ω < +∞,

(15)
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á¢¥¤¥¬ ª á¨áâ¥¬¥ ãà ¢¥¨©

v′1 = β

[
−πω(t)I ′(t)

I(t)
(1 + v1) +

α0λ0(2λ0 − 1)
(λ0 − 1)3

Y (t, v1)
ϕ(Y (t, v1))I(t)

(1 + v2)2
]

,

v′2 = β

[
1− 2λ0

λ0 − 1
v2 +

λ0

λ0 − 1
v3 +

λ0

λ0 − 1
v2v3 − 2λ0 − 1

λ0 − 1
v2
2

]
,

v′3 = β

[
1 + v3 − λ0

λ0 − 1
(1 + v3)2 +

α0(λ0 − 1)2

λ0(2λ0 − 1)
πω(t)I ′(t)ϕ(Y (t, v1))

Y (t, v1)(1 + v2)

]
.

�¥¯¥àì, ¯®« £ ï

h1(t) =
πω(t)I ′(t)

I(t)
, h2(t) =

I(t)ϕ(Y (t, 0))
Y (t, 0)

, h3(t) = 1− Y (t, 0)ϕ′(Y (t, 0))
ϕ(Y (t, 0))

,

¯¥à¥¯¨è¥¬ íâã á¨áâ¥¬ã ¢ ¢¨¤¥

v′i =
β

λ0 − 1

[
fi(x) +

3∑

k=1

cik(x)vk + Vi(x, v1, v2, v3)

]
,

i = 1, 2, 3,

(16)

£¤¥

f1(x) =
α0λ0(2λ0 − 1)
(λ0 − 1)2h2(t)

− (λ0 − 1)h1(t), f2(x) ≡ 0, f3(x) =
α0(λ0 − 1)2h2(t)f1(x)

λ0(1− 2λ0)
,

c11(x) = −(λ0 − 1)h1(t) + (2λ0 − 1)h3(t), c12(x) =
α0λ0(2λ0 − 1)
(λ0 − 1)2h2(t)

,

c13(x) = c21(x) ≡ 0, c22(x) = 1− 2λ0, c23(x) = λ0, c33(x) = −λ0 − 1,

c31(x) = − (λ0 − 1)5h1(t)h2
2(t)h3(t)

λ2
0(2λ0 − 1)

, c32(x) = −α0(λ0 − 1)3h1(t)h2(t)
λ0(2λ0 − 1)

,

V1(x, v1, v2, v3) =
α0λ0(2λ0 − 1)

(λ0 − 1)2

[
Y (t, v1)(1 + v2)
I(t)ϕ(Y (t, v1))

− 1 + v2

h2(t)

]
− (2λ0 − 1)h3(t)v1,

V2(x, v1, v2, v3) = λ0v2v3 − (2λ0 − 1)v2
2 , V3(x, v1, v2, v3) = −λ0v

2
3+

+
α0(λ− 1)3h1(t)

λ0(2λ0 − 1)

[
I(t)ϕ(Y (t, v1))
Y (t, v1)(1 + v2)

− h2(t)(1− v2) +
α0(λ0 − 1)2h2

2(t)h3(t)
λ0

v1

]

¨ t = t(x) { äãªæ¨ï, ®¡à â ï ¤«ï x = β ln |πω(t)| ( t ∈ [a, ω[ 1).
�®áª®«ìªã ¢ á¨«ã ãá«®¢¨© (3) ¨ (6)

lim
t↑ω

h1(t) = −σ(2λ0 − 1)
λ0 − 1

, lim
t↑ω

h2(t) = − α0λ0

σ(λ0 − 1)2
, lim

t↑ω
h3(t) = −σ,

â®

lim
x→+∞

fk(x) = 0 (k = 1, 2, 3), lim
x→+∞

c11(x) = 0, lim
x→+∞

c12(x) = −σ(2λ0 − 1),

lim
x→+∞

c31(x) = −1, lim
x→+∞

c32(x) = −1.

1�à¨ ω = +∞ áç¨â ¥¬,çâ® a > 0 .
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�à¨¨¬ ï ¢® ¢¨¬ ¨¥ íâ¨ ¯à¥¤¥«ìë¥ á®®â®è¥¨ï ¨ ãá«®¢¨¥ (2), «¥£ª® â ª¦¥
ã¡¥¦¤ ¥¬áï ¢ â®¬, çâ®

Vk(x, v1, v2, v3)
|v1|+ |v2|+ |v3| −→ 0, k = 1, 2, 3, ¯à¨ |v1|+ |v2|+ |v3| −→ 0

à ¢®¬¥à® ¯® x ∈ [x0, +∞[ ¤«ï «î¡®£® x0 > β ln |πω(a)| .
� ª¨¬ ®¡à §®¬, á¨áâ¥¬  ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (16) ¯à¥¤áâ ¢«ï¥â

á®¡®© ª¢ §¨«¨¥©ãî á¨áâ¥¬ã á ¯®çâ¨ ¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨. � à ªâ¥-
à¨áâ¨ç¥áª®¥ ãà ¢¥¨¥ det(C − λE) = 0 ¯à¥¤¥«ì®© ¬ âà¨æë ª®íää¨æ¨¥â®¢
«¨¥©®© ç áâ¨ íâ®© á¨áâ¥¬ë ¯à¨¨¬ ¥â ¯à¨ λ = β

λ0−1ρ á«¥¤ãîé¨© ¢¨¤:

ρ3 + 3λ0ρ
2 + (2λ2

0 + 2λ0 − 1)ρ− σλ0(2λ0 − 1) = 0. (17)

�â®  «£¥¡à ¨ç¥áª®¥ ãà ¢¥¨¥ ¯à¨ λ0 /∈ {
0, 1

2 , 1,±∞}
¨ ¢ë¯®«¥¨¨ «î¡®£® ¨§

¥à ¢¥áâ¢ (5) ¥ ¨¬¥¥â ª®à¥© á ã«¥¢®© ¤¥©áâ¢¨â¥«ì®© ç áâìî. �®íâ®¬ã  
®á®¢ ¨¨ â¥®à¥¬ë 2.1 ¨§ à ¡®âë [5] á¨áâ¥¬  ãà ¢¥¨© (16) ¨¬¥¥â å®âï ¡ë ®¤®
¨áç¥§ îé¥¥ ¢ ¡¥áª®¥ç®áâ¨ à¥è¥¨¥ (vk)3k=1 : [x1,+∞[−→ R3, x1 ≥ x0 . �â®¬ã
à¥è¥¨î ¢ á¨«ã § ¬¥ (15) á®®â¢¥âáâ¢ã¥â à¥è¥¨¥ y ãà ¢¥¨ï (1), ¤®¯ãáª îé¥¥
¯à¨ t ↑ ω  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï (7) ¨ (8). �¥âàã¤® ã¡¥¤¨âìáï ¢ â®¬,
çâ® ¤ ®¥ à¥è¥¨¥ ï¢«ï¥âáï Pω1(λ0) -à¥è¥¨¥¬. ♦

� ® ª   §   â ¥ « ì á â ¢ ® â¥®à¥¬ë 2. �à ¢¥¨¥ (1) á ¯®¬®éìî ¯à¥®¡à §®¢ ¨ï
(15) á¢¥¤¥¬ ª ª¢ §¨«¨¥©®© á¨áâ¥¬¥ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (16) á ¯®çâ¨
¯®áâ®ïë¬¨ ª®íää¨æ¨¥â ¬¨. � á¨«ã ãá«®¢¨© (9) å à ªâ¥à¨áâ¨ç¥áª®¥ ®â®á¨-
â¥«ì® λ = β

λ0−1ρ ãà ¢¥¨¥ (17) ¯à¥¤¥«ì®© ¬ âà¨æë ª®íää¨æ¨¥â®¢ «¨¥©®©
ç áâ¨ íâ®© á¨áâ¥¬ë ¨¬¥¥â ¤¢  ç¨áâ® ¬¨¬ëå ª®àï ρ = ±i

√
2λ2

0 + 2λ0 − 1 . �à®-
¬¥ â®£®, ¢¢¨¤ã ãá«®¢¨© (6) ¨ (10)

lim
x→+∞

fk(x)x2 = 0, k = 1, 2, 3, lim
x→+∞

|cik(x)− c0
ik|x = 0, i, k = 1, 2, 3,

£¤¥ c0
ik, i, k = 1, 2, 3, { ¢ëç¨á«¥ë¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1 ª®¥çë¥

¯à¥¤¥«ë ¯à¨ x → +∞ á®®â¢¥âáâ¢ãîé¨å äãªæ¨© cik(x), i, k = 1, 2, 3 . �ç¨âë¢ ï
íâ¨ ¯à¥¤¥«ìë¥ á®®â®è¥¨ï ¨ ãá«®¢¨ï (2), (3), ¥âàã¤® â ª¦¥ ã¡¥¤¨âìáï ¢ â®¬,
çâ®

x2Vk

(
x, z1

x , z2
x , z3

x

)

|z1|+ |z2|+ |z3| −→ 0, k = 1, 2, 3, ¯à¨ |z1|+ |z2|+ |z3| −→ 0

à ¢®¬¥à® ¯® x ∈ [x0, +∞[ , £¤¥ x0 { ¥ª®â®à®¥ ¤®áâ â®ç® ¡®«ìè®¥ ç¨á«®.
�¥¬ á ¬ë¬ ¯®ª § ®, çâ® ¤«ï á¨áâ¥¬ë ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© (16)

¢ë¯®«¥ë ¢á¥ ãá«®¢¨ï â¥®à¥¬ë 2.2 ¨§ à ¡®âë [5]. �®£« á® íâ®© â¥®à¥¬¥ á¨áâ¥¬ 
(16) ¨¬¥¥â ¯® ªà ©¥© ¬¥à¥ ®¤® à¥è¥¨¥ ¢¨¤  vk(x) = o

(
1
x

)
, k = 1, 2, 3, ¯à¨

x → +∞ . �â®¬ã à¥è¥¨î á¨áâ¥¬ë (16) ¢ á¨«ã § ¬¥ (15) á®®â¢¥âáâ¢ã¥â à¥è¥¨¥
¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï (1), ¤®¯ãáª îé¥¥ ¯à¨ t ↑ ω  á¨¬¯â®â¨ç¥áª¨¥
¯à¥¤áâ ¢«¥¨ï (11) ¨ (12). �¥®à¥¬  ¯®«®áâìî ¤®ª §  . ♦

3. �ë¢®¤ë. � [1, 2, 4] ¤«ï ¥«¨¥©ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© n -
£® ¯®àï¤ª  â¨¯  �¬¤¥ {� ã«¥à  ¡ë« ¢ë¤¥«¥  ¨¡®«¥¥ á«®¦ë© ¤«ï ¨§ãç¥¨ï
ª« áá â ª  §ë¢ ¥¬ëå Pω -à¥è¥¨©. �áá«¥¤®¢ ¨¥  ¯à¨®àëå  á¨¬¯â®â¨ç¥áª¨å
á¢®©áâ¢ â ª¨å à¥è¥¨© ¯®§¢®«¨«® á ãç¥â®¬ áâàãªâãàë ãà ¢¥¨ï �¬¤¥ {� ã«¥-
à  ¯®«ãç¨âì  á¨¬¯â®â¨ªã,   â ª¦¥ ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï áãé¥áâ¢®-
¢ ¨ï ª ¦¤®£® ¨§ (n+2) -å ¢®§¬®¦ëå â¨¯®¢ Pω -à¥è¥¨©. �  áâ®ïé¥© § ¬¥âª¥
¢¯¥à¢ë¥ ¤«ï ãà ¢¥¨© âà¥âì¥£® ¯®àï¤ª  ¢¨¤  (1), ®â«¨çëå, ¢®®¡é¥ £®¢®àï, ®â
ãà ¢¥¨© â¨¯  �¬¤¥ {� ã«¥à , ¯®«ãç¥ë â®çë¥  á¨¬¯â®â¨ç¥áª¨¥ ä®à¬ã«ë
¯à¨ t ↑ ω ¤«ï ¥®£à ¨ç¥ëå Pω -à¥è¥¨© â ª¨å, çâ® λ0 /∈ {

0, 1
2 , 1,±∞}

, ¨ ¨å
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¯à®¨§¢®¤ëå ¤® ¢â®à®£® ¯®àï¤ª  ¢ª«îç¨â¥«ì®. �áâ ®¢«¥ë¥ §¤¥áì  á¨¬¯â®â¨-
ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï (7) ¨ (11) ¢¢¨¤ã áâàãªâãàë ãà ¢¥¨ï ®¯à¥¤¥«ïîâ à¥è¥¨¥
ª ª ¥ï¢ãî äãªæ¨î ®â t . �¤ ª® ¢ àï¤¥ á«ãç ¥¢ (á¬. § ¬¥ç ¨¥ 2),  ¯à¨¬¥à,
ª®£¤  ϕ(y) = yσ+1 lnγ1 y , ϕ(y) = yσ+1 lnγ1 y lnγ2(ln y) , ϕ(y) = Pn(y)

Qn(y)y
σ+1 lnγ y ,

£¤¥ γ1, γ2 ∈ R, Pn, Qn { ¬®£®ç«¥ë n -© áâ¥¯¥¨, ¨ ¢® ¬®£¨å ¤àã£¨å, íâ¨
¯à¥¤áâ ¢«¥¨ï ¯®§¢®«ïîâ «¥£ª® ¯®«ãç¨âì  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥¨ï ¤«ï
y ¢ ï¢®¬ ¢¨¤¥. �«¥¤ã¥â â ª¦¥ ®¡à â¨âì ¢¨¬ ¨¥   â®, çâ® â¥®à¥¬ë 1 ¨ 2
¢¢¨¤ã ¯à®¨§¢®«ì®áâ¨ ω ≤ +∞ ¬®£ãâ ¨á¯®«ì§®¢ âìáï ¥ â®«ìª® ¤«ï ãáâ ®¢«¥-
¨ï  á¨¬¯â®â¨ª¨ ¯à ¢¨«ìëå ¥ª®«¥¡«îé¨åáï à¥è¥¨©, ® ¨ ¤«ï  á¨¬¯â®â¨ª¨
à §«¨çëå â¨¯®¢ á¨£ã«ïàëå à¥è¥¨© ¢â®à®£® à®¤ .
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ASYMPTOTIC REPRESENTATIONS OF UNBOUNDED SOLUTIONS FOR
NON-LINEAR DIFFERENTIAL EQUATIONS OF THE THIRD ORDER

The asymptotic representations for unbounded solutions of the third order di�erential equa-
tions, close to the Emden{Fowler equations type, are established.
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