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ÍÅËIÍIÉÍÎÑÒßÌÈ

Âñòàíîâëþþòüñÿ óìîâè iñíóâàííÿ äåÿêèõ òèïiâ ðîçâ'ÿçêiâ ñòåïåíåâîãî âèäó ó äâî÷ëåííîãî
íåàâòîíîìíîãî çâè÷àéíîãî äèôåðåíöiàëüíîãî ðiâíÿííÿ ç ïðàâèëüíî çìiííèìè íåëiíiéíîñòÿìè.

The conditions of existence of some types of power-mode solutions of a binomial non-
autonomous ordinary di�erential equation with regularly varying nonlinearities are established.

1. Ïîñòàíîâêà çàäà÷i
Ðîçãëÿäà¹òüñÿ äèôåðåíöiàëüíå ðiâíÿííÿ

y(n) = αp(t)
n−1∏
j=0

φj(y
(j)), (1.1)

äå n ≥ 3, α ∈ {−1, 1}, p : [a,+∞[→]0,+∞[
� íåïåðåðâíà ôóíêöiÿ, φj : ∆Yj →]0; +∞[ �
íåïåðåâíà òà ïðàâèëüíî çìiííà ïðè y(j) → Yj
ôóíêöiÿ ïîðÿäêó σj, j = 0, n− 1, ∆Yj � äå-
ÿêèé îäíîñòîðîííié îêië òî÷êè Yj, Yj äîðiâ-
íþ¹ àáî 0, àáî ±∞1.

Ôóíêöi¨ φj (j = 0, n− 1) (ñì.[1], ãë.I, �1,
c.10) ìîæóòü áóòè çîáðàæåíi ó âèãëÿäi

φj(y
(j)) = |y(j)|σjLj(y(j)) (j = 0, n− 1), (1.2)

äå Lj : ∆Yj →]0,+∞[ (j = 0, n− 1) � ïî-
âiëüíî çìiííi ïðè y(j) → Yj ôóíêöi¨. Çãiäíî ç
îçíà÷åííÿì òà âëàñòèâîñòÿìè ïîâiëüíî çìií-
íèõ ôóíêöié äëÿ áóäü-ÿêîãî λ > 0

lim
y(j)→Yj

y(j)∈∆Yj

Lj(λy
(j))

Lj(y(j))
= 1 (j = 0, n− 1), (1.3)

ïðè÷îìó äàíi ãðàíè÷íi ñïiââiäíîøåííÿ âè-
êîíóþòüñÿ ðiâíîìiðíî ïî λ íà áóäü-ÿêîìó
âiäðiçêó [c, d] ∈]0,+∞[.

Ó öié ðîáîòi ââàæàþ÷è, ùî äëÿ äåÿêîãî
k ∈ {3, . . . , n}{

lim
y(i)→Yi

φi(y
(i)) = φ0

i ∈ R \ {0},

i = n− k + 1, n− 2,
(1.4)

1Ïðè Yj = ±∞ òóò i äàëi áóäåìî ââàæàòè, ùî óñi ÷èñëà ç

îêîëó ∆Yj îäíîãî çíàêó.

âñòàíîâëþþòüñÿ óìîâè iñíóâàííÿ ó ðiâíÿí-
íÿ (1.1) ðîçâ'ÿçêiâ, äëÿ ÿêèõ

lim
t→+∞

y(n−k)(t) = c (c ̸= 0), (1.5)

à òàêîæ àñèïòîòè÷íi ïðè t → +∞ çîáðàæå-
ííÿ òàêèõ ðîçâ'ÿçêiâ òà ¨õ ïîõiäíèõ äî ïî-
ðÿäêó n− 1 âêëþ÷íî.

Î÷åâèäíî, ùî â ñèëó (1.5) äëÿ òàêèõ
ðîçâ'ÿçêiâ ìàþòü ìiñöå íàñòóïíi àñèìïòîòè-
÷íi ïðè t→ +∞ çîáðàæåííÿ

y(j−1)(t)=
ctn−k−j+1

(n−k−j+1)!
[1+o(1)] (l = 1, n−k)

(1.6)
i c ∈ ∆Yn−k.

Ç âèãëÿäó ðiâíÿííÿ (1.1) òàêîæ çðîçóìi-
ëî, ùî y(n)(t) çáåðiãà¹ çíàê â äåÿêîìó îêîëi
+∞. Òîäi y(n−l)(t) (l = 1, k − 1) ¹ ñòðîãî ìî-
íîòîííèìè ôóíêöiÿìè â îêîëi +∞ i, â ñèëó
(1.5), ìîæóòü ïðÿìóâàòè ëèøå äî íóëÿ ïðè
t→ +∞. Òîìó äëÿ iñíóâàííÿ òàêèõ ðîçâ'ÿç-
êiâ íàñàìïåðåä íåîáõiäíî, ùîá

Yj−1 = 0 ïðè j = n− k + 2, n. (1.7)

Äëÿ âèçíà÷åííÿ çíàêiâ ÷èñåë ç îêîëiâ
∆Yj (j = 0, n− 1) áóäåìî ââàæàòè, ùî

µj =


1, ÿêùî Yj = 0 òà ∆Yj −

ïðàâèé îêië 0 àáî Yj = +∞,
−1, ÿêùî Yj = 0 òà ∆Yj −

ëiâèé îêië 0 àáî Yj = −∞

i òîäi ç (1.6) âèïëèâà¹, ùî ïðè j = 1, n− k

Yj−1 =

{
+∞, ÿêùî µn−k > 0,
−∞, ÿêùî µn−k < 0,

(1.8)
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Öi óìîâè ÿâëÿþòüñÿ íåîáõiäíèìè äëÿ
iñíóâàííÿ ó ðiâíÿííÿ (1.1) ðîçâ'ÿçêiâ, äëÿ
ÿêèõ ìà¹ ìiñöå (1.5).

Îòðèìàíi òóò ðåçóëüòàòè äîïîâíþþòü íà-
ñëiäîê 8.2 [2, Ãë. II, �8, ñòð. 207] i òåîðåìó
16.9 [2, Ãë. IV, �16, ñòð. 321] ç ìîíîãðàôi¨
I.Êiãóðàäçå i Ò.×àíòóðiÿ äëÿ äèôåðåíöiàëü-
íèõ ðiâíÿíü n�ãî ïîðÿäêó çàãàëüíîãî âèãëÿ-
äó.

2. Îñíîâíi ðåçóëüòàòè

Äëÿ âèçíà÷åííîñòi áóäåìî ââàæàòè, ùî

∆Yn−1 =


[y0n−1, Yn−1[, ÿêùî ∆Yn−1 −

ëiâèé îêië Yn−1;
]Yn−1, y

0
n−1], ÿêùî ∆Yn−1 −

ïðàâèé îêië Yn−1,

i ââåäåìî ôóíêöiþ Φ(y) íàñòóïíèì ÷èíîì

Φ(y) =

y∫
B

ds

φn−1(s)
,

B =


Yn−1, ÿêùî

Yn−1∫
y0n−1

ds
φn−1(s)

< +∞;

y0n−1, ÿêùî
Yn−1∫
y0n−1

ds
φn−1(s)

= ±∞.

Îñêiëüêè Φ′(y) > 0 ïðè y ∈ ∆Yn−1, òî
Φ : ∆Yn−1 → ∆Zn−1, äå

∆Zn−1 =

=

{
[z0n−1, Zn−1[, ÿêùî ∆Yn−1 = [y0n−1, Yn−1[;
]Zn−1, z

0
n−1], ÿêùî ∆Yn−1 =]Yn−1, y

0
n−1],

Zn−1 = lim
y→Yn−1

Φ(y), z0n−1 = Φ(y0n−1), i äëÿ

íå¨ iñíó¹ çâîðîòíÿ ôóíêöiÿ Φ−1 : ∆Zn−1 →
∆Yn−1.

Êðiì òîãî, ç âðàõóâàííÿì (1.4) ïîêëàäåìî

K =

(
φn−k(c)

n−2∏
i=n−k+1

φ0
i×

×
n−k∏
j=1

∣∣∣∣ c

(n− k − j + 1)!

∣∣∣∣σj−1

) 1
1−σn−1

,

i ïðè Yj−1 = ±∞ (j = 1, n− k) ââåäåìî
ôóíêöiþ W0(t) = Φ−1(αI(t)), äå

I(t) =

t∫
A

p(τ)
n−k−1∏
j=0

φj
(
µjτ

n−k−j) dτ,

A=


+∞, ÿêùî

+∞∫
a0

p(τ)
n−k−1∏
j=0

φj
(
µjτ

n−k−j)dτ <+∞;

a0, ÿêùî
+∞∫
a0

p(τ)
n−k−1∏
j=0

φj
(
µjτ

n−k−j)dτ=±∞,

a0 ≥ a òàêå, ùî µj−1t
n−k−j+1 ∈ ∆Yj−1 (j =

1, n− k) ïðè t ≥ a0.

Òåîðåìà. Íåõàé k ∈ {3, . . . , n}, σn−1 ̸= 1
i ñïðàâäæó¹òüñÿ (1.4). Äëÿ iñíóâàííÿ ó ðiâ-
íÿííÿ (1.1) ðîçâ'ÿçêiâ, äëÿ ÿêèõ ìà¹ ìiñöå
(1.5), íåîáõiäíî i äîñòàòíüî, ùîá c ∈ ∆Yn−k
i âèêîíóâàëèñü óìîâè (1.6)− (1.8), à òàêîæ

A = +∞, ÿêùî B = 0,
A = a0, ÿêùî B = y0n−1,

(2.1)

αy0n−1(1−σn−1)I(t) > 0 ïðè t ∈]a0,+∞[ (2.2)

+∞∫
a1

|Wm(τ)|dτ < +∞ (m = 0, k − 2), (2.3)

äå a1 ≥ a0 òàêå, ùî αI(t) ∈ ∆Zn−1 ïðè
t ≥ a1, i Wm(t) âèçíà÷àþòüñÿ ç âðàõóâàí-
íÿì âèãëÿäó W0(t) íàñòóïíèì ÷èíîì

Wm(t) =

t∫
+∞

Wm−1(s)ds (m = 1, k − 2).

Áiëüø òîãî, äëÿ êîæíîãî c ∈ ∆Yn−k ïðè
âèêîíàííi öèõ óìîâ ó âèïàäêó signI(t) = 1
ïðè t > a0 iñíó¹ (n − k + 1)−ïàðàìåòðè÷-
íà, à ó âèïàäêó signI(t) = −1 ïðè t > a0 �
(n−k)−ïàðàìåòðè÷íà ñiì'ÿ òàêèõ ðîçâ'ÿç-
êiâ i äëÿ êîæíîãî ç íèõ îêðiì (1.6) ìàþòü
ìiñöå ïðè t→ +∞ íàñòóïíi àñèìïòîòè÷íi
çîáðàæåííÿ

y(n−k)(t) = c+KWk−1(s)[1 + o(1)],
y(j)(t) = KWn−j−1(t)[1 + o(1)]
(j = n− k + 1, n− 1),

(2.4)

äå Wk−1(t) =
t∫

+∞
Wk−2(s)ds.
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Äîâåäåííÿ òåîðåìè. Íåîáõiäíiñòü. Íå-
õàé ó ðiâíÿííÿ (1.1) iñíó¹ ðîçâ'ÿçîê y, çàäà-
íèé íà [t0,+∞[ òà ÿêèé çàäîâîëüíÿ¹ (1.5).
Òîäi c ∈ ∆Yn−k, ñïðàâäæóþòüñÿ (1.7)-(1.8)
i ìàþòü ìiñöå àñèìïòîòè÷íi ïðè t → +∞
ôîðìóëè (1.6).

Âðàõîâóþ÷è çîáðàæåííÿ (1.2) ïðàâèëüíî
çìiííèõ ïðè t → +∞ ôóíêöié φj(y(j)) (j =

0, n− k) i ñïðàâåäëèâiñòü âèêîíàííÿ ñïiââiä-
íîøåíü (1.3) ðiâíîìiðíî ïî λ íà áóäü-ÿêîìó
âiäðiçêó [d1, d2] ⊂]0,+∞[, ïðè t → +∞ ìà¹-
ìî

φj−1

(
ctn−k−j+1

(n− k − j + 1)!
[1 + o(1)]

)
=

=

∣∣∣∣ ctn−k−j+1

(n− k − j + 1)!
[1 + o(1)]

∣∣∣∣σj−1

×

×Lj−1

(
ctn−k−j+1

(n− k − j + 1)!
[1 + o(1)]

)
=

=

∣∣∣∣ c

(n− k − j + 1)!

∣∣∣∣σj−1

×

×tn−k−j+1Lj−1

(
µj−1t

n−k−j+1
)
[1 + o(1)] =

=

∣∣∣∣ c

(n− k − j + 1)!

∣∣∣∣σj−1

×

×φj−1(µj−1t
n−k−j+1)[1+o(1)] (j = 1, n−k+1).

Òîäi, ïiäñòàâèâøè ðîçâ'ÿçîê ðàçîì ç ïî-
õiäíèìè äî ïîðÿäêó n − k âêëþ÷íî â (1.1),
îòðèìà¹ìî

y(n)(t)

φn−1(y(n−1)(t))
= αK1−σn−1p(t)×

×
n−k−1∏
j=0

φj
(
µjτ

n−k−j) [1 + o(1)] ïðè t→ +∞.

Ïðîiíòåãðóâàâøè äàíå ñïiââiäíîøåííÿ íà
[t∗, t], äå t∗ = max{a0, t0}, òà çðîáèâøè â
iíòåãðàëi, ùî ñòî¨òü çëiâà, çàìiíó çìiííî¨
s = y(n−1)(t), ìà¹ìî

yn−1(t)∫
yn−1(t∗)

ds
φn−1(s)

= αK1−σn−1×

×
t∫
t∗

p(τ)
n−k−1∏
j=0

φj
(
µjτ

n−k−j) [1 + o(1)]dτ.

Îñêiëüêè ïðè t→ +∞ y(n−1)(t) → Yn−1 =

0, îòðèìà¹ìî, ùî iíòåãðàëè
0∫

y(n−1)(t∗)

ds
φn−1(s)

òà
+∞∫
t∗

p(τ)
n−k−1∏
j=0

φj
(
µjτ

n−k−j) dτ çáiãàþòüñÿ

òà ðîçáiãàþòüñÿ îäíî÷àñíî. Òîìó ñïðàâäæó-
¹òüñÿ (2.1). Êðiì òîãî, ç âðàõóâàííÿ âèãëÿ-
äó ôóíêöi¨ Φ òà ¨¨ âëàñòèâîñòåé, à òàêîæ
ïðîïîíóâàííÿ 6 ç ìîíîãðàôi¨ [3] (ãë.V, �3,
ñ.293) ïðî àñèìïòîòè÷íå îá÷èñëåííÿ iíòå-
ãðàëiâ, ïðè t→ +∞ ìà¹ìî

Φ(y(n−1)(t)) = αK1−σn−1I(t)[1 + o(1)]. (2.5)

Âèêîðèñòîâóþ÷è ïðîïîíóâàííÿ 2 ç [4]
(Appendix, p.123) òà âðàõîâóþ÷è òå, ùî φn−1

� ïðàâèëüíî çìiííà ïðè y → 0 ôóíêöiÿ
ïîðÿäêó σn−1 ̸= 1, îòðèìà¹ìî, ùî Φ(y) ∼

1
1−σn−1

y
φn−1(y)

ïðè y → 0 i òîäi

lim
y→0

yΦ′(y)

Φ(y)
= lim

y→0

y
φn−1(y)

Φ(y)
= 1− σn−1.

Çâiäñè âèïëèâà¹, ùî signΦ(y) = sign(y0n−1(1−
σn−1)) ïðè y ∈ ∆Yn−1 òà ç âðàõóâàííÿì
(2.5) ìà¹ìî ñïðàâåäëèâiñòü çíàêîâî¨ óìîâè
(2.2). Êðiì òîãî, îòðèìàëè, ùî Φ(y) � ïðà-
âèëüíî çìiííà ïðè y → 0 ôóíêöiÿ ïîðÿäêó
1 − σn−1 i, â ñèëó âëàñòèâîñòåé ïðàâèëüíî
çìiííèõ ôóíêöié òà óìîâè σn−1 ̸= 1, çâîðî-
òíÿ äî íå¨ ôóíêöiÿ Φ−1(z)� ïðàâèëüíî çìií-
íà ïðè z → Zn−1 = lim

y→0
Φ(y) ôóíêöiÿ ïîðÿä-

êó 1
1−σn−1

. Òîäi, ç âðàõóâàííÿì òåîðåìè ïðî
ðiâíîìiðíó çáiæíiñòü (äèâ.[1], ãë.I, �1, c.10),
ç (2.5) âèïëèâà¹, ùî ïðè t→ +∞

y(n−1)(t) = Φ−1(αK1−σn−1I(t)[1 + o(1)]) =

= Φ−1(αK1−σn−1I(t))[1 + o(1)] =

= KΦ−1(αI(t))[1 + o(1)],

òîáòî ìà¹ ìiñöå îñòàíí¹ çîáðàæåííÿ ç (2.4).
Ïðîiíòåãðóâàâøè éîãî íà [t∗, t], äå t∗ =
max{a1, t0}, îòðèìà¹ìî

y(n−2)(t)=y(n−2)(t∗)+K

t∫
t∗

Φ−1(αI(τ))[1+o(1)]dτ.

Îñêiëüêè ïðè t → +∞ y(n−2) → Yn−2 = 0,
òî iíòåãðàë, ùî ñòî¨òü çïðàâà, ïðè t → +∞
ìà¹ ñêií÷åííó ãðàíèöþ i òîäi äëÿ (n − 2)�¨
ïîõiäíî¨ ðîçâ'ÿçêó ìà¹ ìiñöå çîáðàæåííÿ ç
(2.4) i ñïðàâäæó¹òüñÿ (2.3) ïðè m = 0.

ISSN 2309-4001.Áóêîâèíñüêèé ìàòåìàòè÷íèé æóðíàë. 2016. � Ò. 4, � 3�4. 77



Ïðîäîâæóþ÷è ìiðêóâàííÿ àíàëîãi÷íèì
÷èíîì, âñòàíîâëþ¹ìî ñïðàâåäëèâiñòü âñiõ
îñòàííiõ k − 1 çîáðàæåíü ç (2.4) òà çái-
æíiñòü iíòåãðàëiâ (2.3) ïðè âñiõm = 0, k − 3.
Ïðîiíòåãðóâàâøè îòðèìàíå ñïiââiäíîøåííÿ
äëÿ (n − k + 1)�¨ ïîõiäíî¨ íà [t∗, t], äå t∗ =
max{a0, t0}, ìà¹ìî

y(n−k)(t) = y(n−k)(t∗)+

+K
t∫
t∗

tk−2∫
+∞

. . .
t1∫

+∞
Φ−1(αI(τ))[1+o(1)]dt1 . . . dtk−2dτ.

(2.6)
Â ñèëó ïðèïóùåííÿ (1.5)

lim
t→+∞

t∫
t∗

tk−2∫
+∞

. . .

t1∫
+∞

Φ−1(αI(τ))[1+o(1)]dt1 . . . dtk−2dτ

= const

òà çà îçíàêîþ ïîðiâíÿííÿ ñïðàâäæó¹òüñÿ
(2.3) ïðè m = k − 2, à ñïiââiäíîøåííÿ (2.6)
ìîæå áóòè ïåðåïèñàíî ó âèãëÿäi 1−ãî çîáðà-
æåííÿ ç (2.4).

Äîñòàòíiñòü. Ïðèïóñòèâøè, ùî ñïðàâ-
äæóþòüñÿ óìîâè (1.7) − (1.8), (2.1) − (2.3),
âèáåðåìî äîâiëüíèì ÷èíîì ÷èñëî c ∈ ∆Yn−k.

Çàñòîñîâóþ÷è äî ðiâíÿííÿ (1.1) ïåðåòâî-
ðåííÿ

y(j−1)(t) = ctn−k−j+1

(n−k−j+1)!
[1 + vj(t)] (j = 1, n−k),

y(n−k)(t) = c+KWk−1(t)[1 + vn−k+1(t)],
y(j)(t) = KWn−j−1(t)[1 + vj+1(t)] (j =
= n− k + 1, n− 1),

(2.7)
îòðèìà¹ìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâ-
íÿíü

v′j =
n−k−j+1

t
[−vj + vj+1] (j = 1, n− k − 1),

v′n−k = −1
t
vn−k +

KWk−1(t)

tc
vn−k+1 +

KWk−1(t)

tc
,

v′j=
Wn−j−1(t)

Wn−j(t)
[−vj+vj+1] (j=n−k+1, n−1),

v′n = 1
W0(t)

[−W ′
0(t)[1 + vn]+

+ α
K
p(t)

n−k−1∏
j=0

φj

(
ctn−k−j

(n−k−j)! [1 + vj+1]
)
×

×φn−k(c+KWk−1(t)[1 + vn−k+1])×

×
n−1∏

j=n−k+1

φj (KWn−j−1(t)[1 + vj+1])]

(2.8)

Ðîçãëÿíåìî ¨¨ íà ìíîæèíi Ωn =
[t0,+∞[×Rn

1
2

, äå Rn
1
2

= {(v1, . . . , vn) ∈
Rn : |vj| ≤ 1

2
, j = 1, n} i t0 ≥ a1 âèáðàíå ç

âðàõóâàííÿì (2.3) òàêèì ÷èíîì, ùîá ïðè
t > t0 i (v1, . . . , vn) ∈ Rn

1
2

âèêîíóâàëèñü
óìîâè:

ctn−k−j

(n−k−j)! [1 + vj+1] ∈ ∆Yj (j = 0, n−k−1),

c+KWk−1(t)[1 + vn−k+1] ∈ ∆Yn−k,
KWn−j−1(t)[1+vj+1]∈∆Yj (j=n−k+1,n−1).

Îñêiëüêè ôóíêöi¨ φj(y
(j)) (j =

0, n− k − 1) ìîæóòü áóòè ïðåäñòàâëåíi
ó âèãëÿäi (1.2), ñïiââiäíîøåííÿ (1.3) âè-
êîíóþòüñÿ ðiâíîìiðíî ïî λ íà áóäü-ÿêîìó
âiäðiçêó [d1, d2] ⊂]0,+∞[ i ñïðàâäæó¹òüñÿ
(1.4), à òàêîæ â ñèëó íåïåðåðâíîñòi ôóíêöi¨
φn−k(y

(n−k)) íà ∆Yn−k i (2.3), ìà¹ìî

φj

(
ctn−k−j

(n−k−j)! [1 + vj+1]
)
=
∣∣∣ c
(n−k−j)!

∣∣∣σj ×
×φj(µjtn−k−j)(1 + vj+1)

σj(1 +Rj(t, vj+1))
(j = 0, n− k − 1),
φj(KWn−j−1(t)[1 + vj+1]) =
= φ0

j(1 +Rj(t, vj+1)) (j = n− k + 1, n− 2),
φn−1(KW0(t)[1 + vn]) = Kσn−1φn−1(W0(t))×
×(1 + vn)

σn−1(1 +Rn−1(t, vn)),
φn−k(c+KWk−1(t))[1 + vn−k+1] =
= φn−k(c)(1 +Rn−k(t, vn−k+1)),

äå ôóíêöi¨ Rj(t, vj+1) (j = 0, n− 1) ïðÿìó-
þòü äî íóëÿ ïðè t → +∞ ðiâíîìiðíî ïî
vj+1 ∈

[
−1

2
, 1
2

]
. Êðiì òîãî,

W ′
0(t) = φn−1(W0(t))αKI

′(t).

Â ñèëó öèõ çîáðàæåíü ñèñòåìó ðiâíÿíü
(2.8) ïåðåïèøåìî ó âèãëÿäi

v′j=
n−k−j+1

t
[−vj + vj+1] (j = 1, n− k − 1),

v′n−k=−1
t
vn−k +

KWk−1(t)

tc
vn−k+1 +

KWk−1(t)

tc
,

v′j=
Wn−j−1(t)

Wn−j(t)
[−vj+vj+1] (j=n−k+1, n−1),

v′n=
W ′

0(t)

W0(t)

[
n−k∑
j=1

σj−1vj + (σn−1 − 1)vn+

+
2∑

k=1

Ynk(t, v1, . . . , vn)

]
,

(2.9)
äå Yn1(t, v1, ..., vn) =

= R(t, v1, ..., vn)(1 + vn)
σn−1

n−k∏
j=1

(1 + vj)
σj−1 ,
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R(t, v1, ..., vn)=(1+R0(t, v1))...(1+Rn−1(t, vn))−
− 1 ïðè t→ +∞ ïðÿìó¹ äî íóëÿ ðiâíîìiðíî
ïî vi ∈

[
−1

2
, 1
2

]
(i = 1, n),

Yn2(t, v1, ..., vn) = (1+vn)
σn−1

n−k∏
j=1

(1+vj)
σj−1−

− σn−1vn
n−k∏
j=1

σj−1vj − 1.

Óâàæàþ÷è â íå¨

vj = δzj (j = 1, n− k),
vj = zj (j = n− k + 1, n),

(2.10)

äå δ > 0 âèáðàíî òàê, ùîá ñïðàâäæóâàëàñü

íåðiâíiñòü 0 < δ
n−k−1∑
j=0

|σj| < |σn−1 − 1|, îòðè-

ìà¹ìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü

z′j=
n−k−j+1

t
[−zj + zj+1] (j=1, n−k−1),

z′n−k=−1
t
zn−k +

KWk−1(t)

δtc
zn−k+1 +

KWk−1(t)

δtc
,

z′n−k+1=
Wk−2(t)

Wk−1(t)
[−zn−k+1 + δzn−k],

z′j=
Wn−j−1(t)

Wn−j(t)
[−zj + zj+1] (j=n−k+2, n−1),

z′n=
W ′

0(t)

W0(t)

[
δ
n−k∑
j=1

σj−1zj + (σn−1 − 1)zn+

+
2∑

k=1

Znk(t, z1, . . . , zn)

]
(2.11)

â ÿêié Znk(t, z1, . . . , zn) =
Ynk(t,

1
δ
v1, . . . ,

1
δ
vn−k, vn−k+1, . . . , vn) (k = 1, 2)

i òàêi, ùî lim
t→+∞

Zn1(t, z1, . . . , zn)=0 ðiâíîìið-

íî ïî (z1, . . . , zn) ∈ Rn
l = {(z1, . . . , zn) ∈ Rn :

|zj| ≤ l, j = 1, n}, l = min
{

1
2δ
, 1
2

}
,

lim
|z1|+...+|zn|→0

∂Zn2(t,z1,...,zn)
∂zk

= 0 (k = 1, n)

ðiâíîìiðíî ïî t∈ [t0,+∞[.
Â ñèëó âèãëÿäóWj(t) (j = 1, k − 1) é (2.3)

lim
t→+∞

Wj(t) = 0,

+∞∫
t0

Wn−j−1(t)dt

Wn−j(t)
= ±∞ (j = n− k + 1, n− 1),

+∞∫
t0

W ′
0(t)dt

W0(t)
= ±∞

òà ïðè t > t0

Wn−j−1(t)

Wn−j(t)
< 0 (j = n− k + 1, n− 1),

W ′
0(t)

W0(t)
(σn−1 − 1) < 0, ÿêùî signI(t) = 1,

W ′
0(t)

W0(t)
(σn−1 − 1) > 0, ÿêùî signI(t) = −1.

Ïðè çàçíà÷åíîìó âèáîði ÷èñëà δ â ñèëó îïè-
ñàíèõ âèùå óìîâ äëÿ ñèñòåìè (2.11) âèêî-
íàíi âñi óìîâè òåîðåìè 1.2 ç ðîáîòè [5]. Òî-
äi â íå¨ iñíó¹ q−ïàðàìåòðè÷íà ñiì'ÿ ïðÿ-
ìóþ÷èõ äî íóëÿ ïðè t → +∞ ðîçâ'ÿçêiâ
(zj)

n
j=1 : [t1,+∞[−→ Rn

l (t1 ≥ t0), äå

q =

{
n− k + 1, ÿêùî signI(t) = 1,
n− k, ÿêùî signI(t) = −1,

êîæíîìó ç ÿêèõ â ñèëó ïåðåòâîðåíü (2.7) i
(2.10) âiäïîâiäà¹ ðîçâ'ÿçîê âèãëÿäó (1.5) äè-
ôåðåíöiàëüíîãî ðiâíÿííÿ (1.1), ùî äîïóñêà¹
àñèìïòîòè÷íi çîáðàæåííÿ (2.4). Òåîðåìà äî-
âåäåíà.

3. Âèñíîâêè

Ó äàíié ðîáîòi äëÿ äâî÷ëåííîãî íåàâòî-
íîìíîãî çâè÷àéíîãî äèôåðåíöiàëüíîãî ðiâ-
íÿííÿ n-ãî ïîðÿäêó ç ïðàâèëüíî çìiííèìè
íåëiíiéíñòÿìè (1.1) ó âèïàäêó, êîëè ãðàíèöi
φi(y

(i)) (i = n− k + 1, n− 2) ïðè y(i) → Yi
äîðiâíþþòü äîäàòíèì ñòàëèì, îòðèìàíi íå-
îáõiäíi òà äîñòàòíi óìîâè iñíóâàííÿ ðîçâ'ÿç-
êiâ, äëÿ ÿêèõ (n − k)−à ïîõiäíà ïðÿìó¹ äî
âiäìiííî¨ âiä íóëÿ ñòàëî¨ ïðè t→ +∞.

Ïðè öüîìó áóëè âñòàíîâëåíi àñèìïòîòè-
÷íi ïðè t → +∞ ôîðìóëè äëÿ ïîõiäíèõ
òàêèõ òèïiâ ðîçâ'ÿçêiâ äî ïîðÿäêó n − 1
âêëþ÷íî òà ç'ÿñîâàíå ïèòàííÿ ïðî êiëüêiñòü
ðîçâ'ÿçêiâ çi çíàéäåíèìè çîáðàæåííÿìè.
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