
ÀÑÈÌÏÒÎÒÈÊÀ ÐÎÇÂ'ßÇÊIÂ . . . 67

ÓÄÊ 517.925

À. Â. Äðîææèíà (Îäåñüêèé íàö. óí-ò iìåíi. I.I. Ìå÷íèêîâà)

ÀÑÈÌÏÒÎÒÈÊÀ ÐÎÇÂ'ßÇÊIÂ ÍÅËIÍIÉÍÈÕ
ÄÈÔÅÐÅÍÖIÀËÜÍÈÕ ÐIÂÍßÍÜ n-ãî ÏÎÐßÄÊÓ, ÙÎ �
ÀÑÈÌÏÒÎÒÈ×ÍÎ ÁËÈÇÜÊÈÌÈ ÄÎ ÐIÂÍßÍÜ Ç ÏÐÀÂÈËÜÍÎ
ÇÌIÍÍÈÌÈ ÍÅËIÍIÉÍÎÑÒßÌÈ

The conditions of the existence and asymptotic representations of Pω(Y0, Y1, . . . , Yn−1,±∞)– so-
lutions of the differential equations n - th order that are asymptotically close in a certain sense to
the equations with regularly varying nonlinearities are established.

Âñòàíîâëþþòüñÿ óìîâè iñíóâàííÿ òà àñèìïòîòè÷íi çîáðàæåííÿ Pω(Y0, Y1, . . . , Yn−1,±∞)�
ðîçâ'ÿçêiâ äèôåðåíöiàëüíèõ ðiâíÿíü n- ãî ïîðÿäêó, ùî ó äåÿêîìó ñåíñi ¹ àñèìïòîòè÷íî áëèçü-
êèìè äî ðiâíÿíü ç ïðàâèëüíî çìiííèìè íåëiíiéíîñòÿìè.

1. Âñòóï. Ðîçãëÿäà¹òüñÿ äèôåðåíöiàëüíå ðiâíÿííÿ

y(n) = f(t, y, y′, ..., y(n−1)), (1)

äå n ≥ 2, f : [a, ω[×∆Y0 × ∆Y1 × · · · × ∆Yn−1 −→ R � íåïåðåðâíà ôóíêöiÿ,
−∞ < a < ω ≤ +∞, Yj äîðiâíþ¹ àáî íóëþ, àáî±∞,∆Yj � äåÿêèé îäíîñòîðîííié
îêië Yj, j = 0, 1, . . . , n− 1.

Îçíà÷åííÿ 1. Ðîçâ'ÿçîê y äèôåðåíöiàëüíîãî ðiâíÿííÿ (1) íàçèâà¹òüñÿ
Pω(Y0, Y1, . . . , Yn−1, λ0)- ðîçâ'ÿçêîì, äå −∞ ≤ λ0 ≤ +∞, ÿêùî âií âèçíà÷åíèé
íà ïðîìiæêó [t0, ω[⊂ [a, ω[ i çàäîâîëüíÿ¹ íàñòóïíi óìîâè

y(j)(t) ∈ ∆Yj ïðè t ∈ [t0, ω[, lim
t↑ω

y(j)(t) = Yj (j = 0, n− 1), (2)

lim
t↑ω

[y(n−1)(t)]
2

y(n−2)(t)y(n)(t)
= λ0.

Âèïàäîê, êîëè λ0 = ±∞ ¹ îñîáëèâèì ïðè âèâ÷åííi òàêèõ ðîçâ'ÿçêiâ i ïîòðå-
áó¹ îêðåìîãî ðîçãëÿäó. Êîæíèé Pω(Y0, Y1, . . . , Yn−1,±∞)- ðîçâ'ÿçîê ïðè t ↑ ω
âîëîäi¹ (äèâ. [1], Ðîçäië 3, �10) íàñòóïíèìè àïðiîðíèìè àñèìïòîòè÷íèìè âëà-
ñòèâîñòÿìè:

y(k−1)(t) ∼ [πω(t)]
n−k

(n− k)!
y(n−1)(t) (k = 1, n− 1), y(n)(t) = o

(
y(n−1)(t)

πω(t)

)
, (3)

äå

πω(t) =

{
t, ÿêùî ω = +∞,

t− ω, ÿêùî ω < +∞.

Àñèìïòîòè÷íà ïîâåäiíêà òàêèõ ðîçâ'ÿçêiâ â ðîáîòàõ Â.Ì. �âòóõîâà, À.Ì. Ñà-
ìîéëåíêî [2] òà Â.Ì. �âòóõîâà, À.Ì. Êëîïîòà [3] äîñëiäæóâàëàñü äëÿ íåàâòî-
íîìíèõ äèôåðåíöiàëüíèõ ðiâíÿíü n- ãî ïîðÿäêó, ùî ìiñòÿòü ó ïðàâié ÷àñòèíi
îäèí àáî äåêiëüêà äîäàíêiâ ç ïðàâèëüíî çìiííèìè íåëiíiéíîñòÿìè, i â ðîáîòi
Ë.È. Êóñiê [4] äëÿ ðiâíÿííÿ (1) çàãàëüíîãî âèäó ïðè n = 2, òîáòî ó âèïàäêó
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äèôåðåíöiàëüíîãî ðiâíÿííÿ äðóãîãî ïîðÿäêó. Ïðè öüîìó â [4] ïðèïóñêàëîñÿ, ùî
ðiâíÿííÿ (1) ¹ ó äåÿêîìó ñåíñi àñèìïòîòè÷íî áëèçüêèì äî ðiâíÿííÿ âèäó

y′′ = α0p(t)φ0(y)φ1(y
′),

äå α0 ∈ {−1; 1}, p : [a, ω[−→]0,+∞[ � íåïåðåðâíà ôóíêöiÿ, −∞ < a < ω ≤ +∞,
φj : ∆Yj −→]0,+∞[ � íåïåðåðâíà i ïðàâèëüíî çìiííà ïðè y(j) −→ Yj ôóíêöiÿ
ïîðÿäêó σj, Yj äîðiâíþ¹ àáî íóëþ, àáî ±∞, ∆Yj � äåÿêèé îäíîñòîðîííié îêië
Yj, j = 0, 1.

Òåîðiÿ ïðàâèëüíî çìiííèõ ôóíêöié äîêëàäíî âèêëàäåíà â ìîíîãðàôiÿõ Å. Ñå-
íåòà [5] i N.H. Bingham, C.M. Goldie, J.L. Teugels [6]. Çãiäíî ç öi¹þ òåîði¹þ êî-
æíà ïðàâèëüíî çìiííà ïðè y → Y ôóíêöiÿ φ : ∆Y −→]0,+∞[ ïîðÿäêó σ, äå
Y äîðiâíþ¹ àáî íóëþ, àáî ±∞, ∆Y � äåÿêèé îäíîñòîðîííié îêië Y , äîïóñêà¹
çîáðàæåííÿ âèäó

φ(y) = |y|σL(y), (4)

â ÿêîìó L : ∆Y −→]0,+∞[ � ïîâiëüíî çìiííà ôóíêöiÿ ïðè y → Y , òîáòî òàêà,
ùî

lim
y→Y
y∈∆Y

L(λy)

L(y)
= 1 äëÿ áóäü-ÿêîãî λ > 0. (5)

Ñåðåä âëàñòèâîñòåé ïîâiëüíî çìiííèõ ïðè y → Y ôóíêöié L : ∆Y −→]0,+∞[,
äå Y äîðiâíþ¹ àáî íóëþ, àáî±∞,∆Y � äåÿêèé îäíîñòîðîííié îêië Y , âiäçíà÷èìî
íàñòóïíi.

M1. Ãðàíè÷íå ñïiââiäíîøåííÿ (5) âèêîíó¹òüñÿ ðiâíîìiðíî çà λ íà áóäü-ÿêîìó
âiäðiçêó [c, d] ⊂]0,+∞[.

M2. lim
y→Y
y∈∆Y

lnL(y)

ln |y|
= 0.

M3. Iñíó¹ íåïåðåðâíî äèôåðåíöiéîâíà ôóíêöiÿ L0 : ∆Y −→]0,+∞[, ÿêà íî-
ñèòü íàçâó íîðìàëiçîâàíà ïîâiëüíî çìiííà ôóíêöiÿ ïðè y → Y , òàêà, ùî

lim
y→Y
y∈∆Y

L0(y)

L(y)
= 1, lim

y→Y
y∈∆Y

yL′
0(y)

L0(y)
= 0.

M4. Ïðè γ ̸= 0

y∫
B

|z|γ−1 dz

L(z)
=

ν|y|γ

γL(y)
[1 + o(1)] ïðè y → Y (y ∈ ∆Y ),

äå

ν = sign y, B =


y0, ÿêùî

∣∣∣∣∣ Y∫y0 |z|γ−1 dz
L(z)

∣∣∣∣∣ = +∞,

Y, ÿêùî

∣∣∣∣∣ Y∫y0 |z|γ−1 dz
L(z)

∣∣∣∣∣ < +∞,

y0 ∈ ∆Y .

Êðiì òîãî, ââåäåìî äëÿ ïîâiëüíî çìiííèõ ôóíêöié óìîâó S0.
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Îçíà÷åííÿ 2. Áóäåìî êàçàòè, ùî ïîâiëüíî çìiííà ïðè y → Y ôóíêöiÿ
L : ∆Y −→]0,+∞[, äå Y äîðiâíþ¹ àáî íóëþ, àáî ±∞, è ∆Y - îäíîñòîðîííié îêië
Y , çàäîâîëüíÿ¹ óìîâó S0, ÿêùî

L
(
νe[1+o(1)] ln |y|) = L(y)[1 + o(1)] ïðè y → Y (y ∈ ∆Y ),

äå ν = sign y.

Óìîâó S0 ñâiäîìî çàäîâîëüíÿþòü ôóíêöi¨, ùî ìàþòü âiäìiííó âiä íóëÿ ñêií-
÷åíó ãðàíèöþ ïðè y → Y i ôóíêöi¨ âèäó

| ln |y||γ1 , lnγ2 | ln |y||, γ1, γ2 ∈ R.

Ìåòîþ äàíî¨ ðîáîòè ¹ ïîøèðåííÿ ðåçóëüòàòiâ ç [4] íà âèïàäîê äîâiëüíî-
ãî n ≥ 2, à ñàìå âñòàíîâëåííÿ óìîâ iñíóâàííÿ ó äèôåðåíöiàëüíîãî ðiâíÿííÿ
(1) Pω(Y0, Y1, . . . , Yn−1,±∞)� ðîçâ'ÿçêiâ i àñèìïòîòè÷íèõ çîáðàæåíü äëÿ òàêèõ
ðîçâ'ÿçêiâ òà ¨õ ïîõiäíèõ äî ïîðÿäêó n− 1 âêëþ÷íî. Äëÿ öèõ ðîçâ'ÿçêiâ n− 1-à
ïîõiäíà ¹ ïîâiëüíî çìiííîþ ôóíêöi¹þ ïðè t ↑ ω.
2. Îñíîâíi ðåçóëüòàòè.

Îçíà÷åííÿ 3. Áóäåìî êàçàòè, ùî ôóíêöiÿ f ó äèôåðåíöiàëüíîìó ðiâíÿííi
(1) çàäîâîëüíÿ¹ óìîâó (RN)∞, ÿêùî iñíó¹ ÷èñëî α0 ∈ {−1, 1}, íåïåðåðâíà ôóí-
êöiÿ p : [a, ω[−→]0,+∞[ i íåïåðåðâíi ïðàâèëüíî çìiííi ïðè zj → Yj (j = 0, n− 1)
ôóíêöi¨ φj : ∆Yj −→]0,+∞[ (j = 0, n− 1) ïîðÿäêiâ σj (j = 0, n− 1), òàêi,
ùî äëÿ áóäü-ÿêèõ íåïåðåðâíî äèôåðåíöiéîâíèõ ôóíêöié zj : [a, ω[−→ ∆Yj (j =
0, n− 1), ÿêi çàäîâîëüíÿþòü óìîâè

lim
t↑ω

zj(t) = Yj, lim
t↑ω

πω(t)z
′
j(t)

zj(t)
= n− j − 1 (j = 0, n− 1), (6)

ìà¹ ìiñöå àñèìïòîòè÷íå çîáðàæåííÿ

f(t, z0(t), z1(t), . . . , zn−1(t)) = α0p(t)
n−1∏
j=0

φj(zj(t))[1 + o(1)] ïðè t ↑ ω. (7)

Îñêiëüêè â (7) êîæíà ç ôóíêöié φj ¹ ïðàâèëüíî çìiííîþ ôóíêöi¹þ ïîðÿäêó
σj ïðè zj → Yj, òî çãiäíî ç (4)

φj(zj) = |zj|σjLj(zj) (j = 0, n− 1), (8)

äå êîæíà Lj : ∆Yj −→]0,+∞[ (j = 0, n− 1) � íåïåðåðâíà ïîâiëüíî çìiííà ôóí-
êöiÿ ïðè zj → Yj.

Ïðè âèêîíàííi óìîâè (RN)∞ ïîðÿä ç (8) áóäåìî âèêîðèñòîâóâàòè íàñòóïíi
ïîçíà÷åííÿ:

γ = 1−
n−1∑
j=0

σj, µn =
n−2∑
j=0

σj(n− j − 1), Cn =
n−2∏
j=0

∣∣∣∣ 1

(n− j − 1)!

∣∣∣∣σj ;

νj =


1, ÿêùî Yj = +∞, àáî

Yj = 0 i ∆Yj − ïðàâèé îêië íóëÿ,
−1, ÿêùî Yj = −∞, àáî

Yj = 0 i ∆Yj − ëiâèé îêië íóëÿ,

(j = 0, n− 1);
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Jn(t) =

t∫
An

p(s)|πω(s)|µn
n−2∏
j=0

Lj
(
νj|πω(s)|n−j−1

)
ds,

äå

An =


t0, ÿêùî

t∫
t0

p(s)|πω(s)|µn
n−2∏
j=0

Lj (νj|πω(s)|n−j−1) ds = +∞,

ω, ÿêùî
t∫
t0

p(s)|πω(s)|µn
n−2∏
j=0

Lj (νj|πω(s)|n−j−1) ds < +∞,

(t0 ∈ [a, ω[).

Òåîðåìà 1. Íåõàé ôóíêöiÿ f çàäîâîëüíÿ¹ óìîâó (RN)∞, γ ̸= 0 i ïîâiëüíî
çìiííi ôóíêöi¨ Lj (j = 0, n− 2) çàäîâîëüíÿþòü óìîâó S0. Òîäi äëÿ iñíóâàííÿ
ó äèôåðåíöiàëüíîãî ðiâíÿííÿ (1) Pω (Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçêiâ íåîáõiäíî i
äîñòàòíüî, ùîá âèêîíóâàëèñü íåðiâíîñòi

νjνn−1π
n−j−1
ω (t) > 0 (j = 0, n− 2), α0νn−1γJn(t) > 0 (9)

â äåÿêîìó ëiâîìó îêîëi ω i óìîâè

νj lim
t↑ω

|πω(t)|n−j−1 = Yj (j = 0, n− 2), νn−1 lim
t↑ω

|Jn(t)|
1
γ = Yn−1, (10)

lim
t↑ω

πω(t)J
′
n(t)

Jn(t)
= 0. (11)

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

y(j)(t) =
[πω(t)]

n−j−1

(n− j − 1)!
y(n−1)(t)[1 + o(1)] (j = 0, n− 2), (12)

|y(n−1)(t)|γ

Ln−1(y(n−1)(t))
= α0νn−1γCnJn(t)[1 + o(1)], (13)

ïðè÷îìó òàêèõ ðîçâ'ÿçêiâ ó âèïàäêó, êîëè ω = +∞ iñíó¹ n-ïàðàìåòðè÷íà
ñiì'ÿ, ÿêùî α0νn−1γ > 0, i n − 1-ïàðàìåòðè÷íà ñiì'ÿ, ÿêùî α0νn−1γ < 0, à
ó âèïàäêó, êîëè ω < +∞ i α0νn−1γ > 0 iñíó¹ îäíîïàðàìåòðè÷íà ñiì'ÿ òàêèõ
ðîçâ'ÿçêiâ.

Äîâåäåííÿ. Íåîáõiäíiñòü. Íåõàé y : [t0, ω[−→ R� Pω(Y0, . . . , Yn−1,±∞)-
ðîçâ'ÿçîê äèôåðåíöiàëüíîãî ðiâíÿííÿ (1). Òîäi â ñèëó óìîâ (2) îçíà÷åííÿ 1 iñíó¹
t1 ∈ [t0, ω[ òàêå, ùî íà ïðîìiæêó [t1, ω[ öåé ðîçâ'ÿçîê i éîãî ïîõiäíi äî ïîðÿäêó
n − 1 âêëþ÷íî çáåðiãàþòü çíàêè, ïðè÷îìó sign y(j)(t) = νj (j = 0, n− 1) ïðè
t ∈ [t1, ω[. Êðiì òîãî, â ñèëó àïðiîðíèõ âëàñòèâîñòåé Pω(Y0, Y1, . . . , Yn−1,±∞)-
ðîçâ'ÿçêiâ ìàþòü ìiñöå ïðè t ↑ ω àñèìïòîòè÷íi ñïiââiäíîøåííÿ (3), ç ÿêèõ,
çîêðåìà, âèïëèâà¹ ñïðàâåäëèâiñòü âèêîíàííÿ ïåðøèõ ç íåðiâíîñòåé (9) íà ïðî-
ìiæêó [t1, ω[, àñèìïòîòè÷íèõ çîáðàæåíü (12) i ãðàíè÷íèõ ñïiââiäíîøåíü

lim
t↑ω

πω(t)y
(j+1)(t)

y(j)(t)
= n− j − 1 (j = 0, n− 1). (14)
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Ç (14) ÿñíî, ùî äëÿ ôóíêöié zj(t) = y(j)(t) (j = 0, n− 1) âèêîíóþòüñÿ óìîâè (6),
i òîìó çãiäíî ç óìîâîþ (RN)∞ i âèäîì ðiâíÿííÿ (1) îäåðæó¹ìî àñèìïòîòè÷íå
ñïiââiäíîøåííÿ

y(n)(t) = α0p(t)
n−1∏
j=0

φj
(
y(j)(t)

)
[1 + o(1)] ïðè t ↑ ω,

àáî ç óðàõóâàííÿì (8), (3), îçíà÷åíü µn, γ i Cn� àñèìïòîòè÷íå ñïiââiäíîøåííÿ

y(n)(t) = α0Cnp(t)|πω(t)|µn |y(n−1)(t)|1−γ
n−1∏
j=0

Lj
(
y(j)(t)

)
[1+o(1)] ïðè t ↑ ω. (15)

Îñêiëüêè â ñèëó (14)

ln |y(j)(t)| = [n− j − 1 + o(1)] ln |πω(t)| =

= [1 + o(1)] ln |πω(t)|n−j−1 (j = 0, n− 2) ïðè t ↑ ω
i ôóíêöi¨ Lj (j = 0, n− 2) çàäîâîëüíÿþòü óìîâó S0, òî

Lj
(
y(j)(t)

)
= Lj

(
νje

[1+o(1)] ln |πω(t)|n−j−1
)
=

= Lj
(
νj|πω(t)|n−j−1

)
[1 + o(1)] (j = 0, n− 2) ïðè t ↑ ω.

Òîìó ç (15) îòðèìó¹ìî ïðè t ↑ ω àñèìïòîòè÷íå ñïiââiäíîøåííÿ âèäó

y(n)(t)|y(n−1)(t)|γ−1

Ln (y(n−1)(t))
= α0p(t)Cn|πω(t)|µn

n−2∏
j=0

Lj
(
νj|πω(t)|n−j−1

)
[1 + o(1)]. (16)

Êðiì òîãî, ç âèùåâèêëàäåíîãî i (2) ÿñíî, ùî âèêîíóþòüñÿ ïåðøi ç óìîâ (10) i
ôóíêöi¨ Lj (νj|πω(t)|n−j−1) (j = 0, n− 2) âèçíà÷åííi íà äåÿêîìó ïðîìiæêó [t2, ω[,
äå t2 ∈ [t1, ω[.

Iíòåãðóþ÷è òåïåð (16) íà ïðîìiæêó âiä t2 äî t, îäåðæèìî

y(n−1)(t)∫
y0

|z|γ−1 dz

Ln−1(z)
= α0Cn

t∫
t2

p(τ)|πω(τ)|µn
n−2∏
j=0

Lj
(
νj|πω(τ)|n−j−1

)
[1 + o(1)] dτ,

äå y0 = y(n−1)(t2).
Îñêiëüêè òóò y(n−1)(t) −→ Yn−1 ïðè t ↑ ω, òî íåâëàñíi iíòåãðàëè

Yn−1∫
y0

|z|γ−1 dz

Ln−1(z)
i

ω∫
t2

p(τ)|πω(τ)|µn
n−2∏
j=0

Lj
(
νj|πω(τ)|n−j−1

)
dτ

àáî îäíî÷àñíî çáiãàþòüñÿ, àáî ðîçáiãàþòüñÿ. Ó âèïàäêó, êîëè âîíè ðîçáiãàþòüñÿ
ç âèêîðèñòàííÿì âëàñòèâîñòi M4 ïîâiëüíî çìiííèõ ôóíêöié îòðèìó¹ìî ñïiââiä-
íîøåííÿ âèäó

νn−1|y(n−1)(t)|γ

γLn (y(n−1)(t))
[1 + o(1)] = α0CnJn(t)[1 + o(1)] ïðè t ↑ ω,
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äå â Jn ãðàíèöÿ iíòåãðóâàííÿ An äîðiâíþ¹ t2, à ó âèïàäêó, êîëè âîíè çáiãàþòüñÿ
� ñïiââiäíîøåííÿ

C01+

y(n−1)(t)∫
Yn−1

|z|γ−1

Ln(z)
= C02+α0Cn

t∫
ω

p(τ)|πω(τ)|µn
n−2∏
j=0

Lj
(
νj|πω(τ)|n−j−1

)
[1+o(1)] dτ,

äå C01, C02 � äåÿêi ñòàëi, ç ÿêîãî âèïëèâà¹, ùî C01 = C02, i òîìó ç âèêîðèñòàííÿì
M4 îäåðæó¹ìî àñèìïòîòè÷íå ñïiââiäíîøåííÿ

νn−1|y(n−1)(t)|γ

γLn (y(n−1)(t))
[1 + o(1)] = α0CnJn(t)[1 + o(1)] ïðè t ↑ ω,

äå â Jn ãðàíèöÿ iíòåãðóâàííÿ An äîðiâíþ¹ ω.
Ç îòðèìàíèõ äâîõ ñïiââiäíîøåíü ÿñíî, ùî ìà¹ ìiñöå ïðè t ↑ ω àñèìïòîòè÷íå

çîáðàæåííÿ (13).
Â ñâîþ ÷åðãó ç (13) âèïëèâà¹ âèêîíàííÿ äðóãî¨ ç íåðiâíîñòåé (9) i äðóãî¨ ç

óìîâ (10).
Êðiì òîãî, ç (13) i (16) ìà¹ìî, ùî

y(n)(t)

y(n−1)(t)
=

J ′
n(t)

γJn(t)
[1 + o(1)] ïðè t ↑ ω. (17)

Çâiäñè ç óðàõóâàííÿì äðóãîãî àñèìïòîòè÷íîãî ñïiââiäíîøåííÿ (3) îäåðæó¹ìî
óìîâó (13).

Äîñòàòíiñòü. Íåõàé âèêîíóþòüñÿ óìîâè (9)-(11). Äîâåäåìî, ùî ó öüîìó âè-
ïàäêó äèôåðåíöiàëüíå ðiâíÿííÿ (1) ìà¹ Pω(Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçîê, ÿêèé
äîïóñêà¹ ïðè t ↑ ω àñèìïòîòè÷íi çîáðàæåííÿ (12), (13), à òàêîæ ç'ÿñó¹ìî ïèòà-
ííÿ ïðî êiëüêiñòü ðîçâ'ÿçêiâ ç òàêèìè àñèìïòîòè÷íèìè çîáðàæåííÿìè.

Ðîçãëÿíåìî ñïî÷àòêó ñïiââiäíîøåííÿ

|Y |γ

L0n−1(Y )
= α0νn−1γCnJn(t)[1 + vn], (18)

äå L0n−1 : ∆Yn−1 −→]0,+∞[ � íåïåðåðâíî äèôåðåíöiéîâíà ïîâiëüíî çìiííà ôóí-
êöiÿ ïðè Y → Yn−1, ùî iñíó¹ çãiäíî ç âëàñòèâiñòþM3 ïîâiëüíî çìiííèõ ôóíêöié,
ÿêà çàäîâîëüíÿ¹ óìîâè

lim
Y →Yn−1
Y ∈∆Yn−1

Ln−1(Y )

L0n−1(Y )
= 1, lim

Y →Yn−1
Y ∈∆Yn−1

Y L′
0n−1(Y )

L0n−1(Y )
= 0. (19)

Àíàëîãi÷íî òîìó, ÿê ïðè äîâåäåííi òåîðåìè 2.1 ó ðîáîòi [3], âñòàíîâëþ¹ìî ç âè-
êîðèñòàííÿì óìîâ (9)- (11) i ïðèíöèïó ñòèñëèõ âiäîáðàæåíü, ùî ñïiââiäíîøåííÿ
(18) îäíîçíà÷íî âèçíà÷à¹ íåïåðåðâíî äèôåðåíöiéîâíó íà ìíîæèíi [t0, ω[×{vn ∈
R : |vn| ≤ 1

2
}, äå t0 � äåÿêå ÷èñëî ç ïðîìiæêó [a, ω[, íåÿâíó ôóíêöiþ Y (t, vn) ç

íàñòóïíèìè âëàñòèâîñòÿìè

Y (t, vn) ∈ ∆Yn−1 ïðè t ∈ [t0, ω[, vn ∈
[
−1

2
,
1

2

]
, (20)
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lim
t↑ω

Y (t, vn) = Yn−1, lim
t↑ω

Jn(t)(Y (t, vn))
′
t

J ′
n(t)Y (t, vn)

=
1

γ
ðiâíîìiðíî çà vn ∈

[
−1

2
,
1

2

]
. (21)

Òåïåð ðiâíÿííÿ (1) çà äîïîìîãîþ çàìií

y(j−1)(t)

y(n−1)(t)
=

[πω(t)]
n−j

(n− j)!
[1 + vj] (j = 1, n− 1), (22)

|y(n−1)(t)|γ

L0n−1(y(n−1)(t)
= α0νn−1γCnJn(t)[1 + vn], (23)

i óðàõóâàííÿì òîãî, ùî òóò y(n−1)(t) = Y (t, vn), çâåäåìî äî ñèñòåìè äèôåðåíöi-
àëüíèõ ðiâíÿíü âèäó

v′j =
1

πω(t)
[(n− j)vj+1 − (n− j)vj − (1 + vj)G(t, v1, . . . , vn)] ,

j = 0, 1, . . . , n− 2,

v′n−1 =
1

πω(t)
[−vn−1 − (1 + vn−1)G(t, v1, . . . , vn)] ,

v′n = 1+vn
πω(t)

[
G(t, v1, . . . , vn)

(
γ − Y (t,vn)(L0n−1(Y (t,vn))′t

L0n−1(Y (t,vn))

)
− πω(t)J ′

n(t)
Jn(t)

]
,

(24)

äå

G(t, v1, . . . , vn) =
πω(t)

Y (t, vn)
f (t, Y0(t, vn)(1 + v1), . . . , Yn−2(t, vn)(1 + vn−1), Y (t, vn)) ,

Yj(t, vn) =
[πω(t)]

n−j−1

(n− j − 1)!
Y (t, vn) (j = 0, n− 2).

Îñêiëüêè äëÿ ôóíêöié

zj(t, vn, vj+1) = Yj(t, vn)(1 + vj+1) (j = 0, n− 2), zn−1(t, vn) = Y (t, vn)

â ñèëó (21) i (11) âèêîíóþòüñÿ ãðàíè÷íi ñïiââiäíîøåííÿ

lim
t↑ω

πω(t) (zj(t, vn, vj+1)
′
t

zj(t, vn, vj+1)
= n− j − 1 (j = 0, n− 2), lim

t↑ω

πω(t) (zn−1(t, vn))
′
t

zn−1(t, vn)
= 0

ðiâíîìiðíî çà (v1, . . . , vn) ∈ Rn
1
2

, äå Rn
1
2

=
{
(v1, . . . , vn) ∈ Rn : |vi| ≤ 1

2
, i = 1, n

}
,

òî çãiäíî ç óìîâîþ (RN)∞, ÿêó çàäîâîëüíÿ¹ ôóíêöiÿ f , îäåðæó¹ìî àñèìïòîòè-
÷íå ñïiââiäíîøåííÿ

f (t, Y0(t, vn)(1 + v1), . . . , Yn−2(t, vn)(1 + vn−1), Y (t, vn)) =

= α0p(t)φn−1(Y (t, vn))
n−2∏
j=0

φj

(
[πω(t)]

n−j−1

(n− j − 1)!
Y (t, vn)(1 + vj+1)

)
[1+r1(t, v1, . . . , vn)],

äå
lim
t↑ω

r1(t, v1, . . . , vn) = 0 ðiâíîìiðíî çà (v1, . . . , vn) ∈ Rn
1
2
.
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Çâiäñè ç óðàõóâàííÿì òîãî, ùî ìàþòü ìiñöå çîáðàæåííÿ (8), âèêîíóþòüñÿ óìîâè
(21), (20), (11) i ôóíêöi¨ Lj (j = 0, n− 2) çàäîâîëüíÿþòü óìîâó S0, à Ln−1 �
ïåðøó ç óìîâ (19), îòðèìó¹ìî

f (t, Y0(t, vn)(1 + v1), . . . , Yn−2(t, vn)(1 + vn−1), Y (t, vn)) = α0Cnp(t)|πω(t)|µn×

×|Y (t, vn)|1−γLn−1 (Y (t, vn))
n−2∏
j=0

|1 + vj+1|σjLj (Yj(t, vn)(1 + vj+1))×

×[1 + r1(t, v1, . . . , vn)] = α0Cnp(t)|πω(t)|µn |Y (t, vn)|1−γL0n−1 (Y (t, vn))×

×
n−2∏
j=0

Lj
(
νj|πω(t)|n−j−1

)
|1 + vj+1|σj [1 + r2(t, v1, . . . , vn)] =

= α0Cn|Y (t, vn)|1−γL0n−1(Y (t, vn))J
′
n(t)[1 + r2(t, v1, . . . , vn)]

n−2∏
j=0

|1 + vj+1|σj ,

äå
lim
t↑ω

r2(t, v1, . . . , vn) = 0 ðiâíîìiðíî çà (v1, . . . , vn) ∈ Rn
1
2
.

ßêùî, êðiì òîãî, âðàõóâàòè, ùî ôóíêöiÿ Y = Y (t, vn) çàäîâîëüíÿ¹ ðiâíiñòü (18)
i óìîâó (20), òî îäåðæèìî äëÿ ôóíêöi¨ G ïðåäñòàâëåííÿ

G(t, v1, . . . , vn) =
πω(t)J

′
n(t)

Jn(t)

n−2∏
j=0

|1 + vj+1|σj

γ(1 + vn)
[1 + r2(t, v1, . . . , vn)].

Â ñèëó öüîãî âèäó ôóíêöi¨ G, óìîâè (11), âëàñòèâîñòåé (20), (21) ôóíêöi¨ Y , à
òàêîæ äðóãî¨ ç âëàñòèâîñòåé M3 ïîâiëüíî çìiííèõ ôóíêöié, ñèñòåìà äèôôåðåí-
öiàëüíèõ ðiâíÿíü (24) ìà¹ íàñòóïíèé âèä

v′j =
1

πω(t)
[Fj(t, v1, . . . , vn) + (n− j)vj+1 − (n− j)vj] ,

j = 0, 1, . . . , n− 2,

v′n−1 =
1

πω(t)
[Fn−1(t, v1, . . . , vn)− vn−1] ,

v′n = J ′
n(t)
Jn(t)

[
Fn(t, v1, . . . , vn)− vn +

n−2∑
j=0

σj+1vj + V (v1, . . . , vn−1)

]
,

(25)

äå ôóíêöi¨ Fj (j = 1, n) íåïåðåðâíi íà ìíîæèíi [t0, ω[×Rn
1
2

i òàêi, ùî

lim
t↑ω

Fj(t, v1, . . . , vn) = 0 (j = 1, n) ðiâíîìiðíî çà (v1, . . . , vn) ∈ Rn
1
2
,

à V - ôóíêöiÿ âèäó

V (v1, . . . , vn−1) =
n−2∏
j=0

|1 + vj+1|σj − 1−
n−2∑
j=0

σjvj+1,
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ùî çàäîâîëüíÿ¹ óìîâè

V (0, . . . , 0) = 0,
∂V (0, . . . , 0)

∂vj
= 0 (j = 1, n− 1).

Òàêèì ÷èíîì, ñèñòåìà (25) ¹ ñèñòåìîþ äèôôåðåíöiàëüíèõ ðiâíÿíü òàêîãî æ
òèïó, ÿêi ðîçãëÿäàëèñü ó ðîáîòi Â.Ì. �âòóõîâà, À.Ì. Ñàìîéëåíêî [7]. Öÿ ñèñòåìà
çà äîïîìîãîþ äîäàòêîâîãî ïåðåòâîðåííÿ

vj(t) = δyj(t) (j = 1, n− 1), vn(t) = yn(t), (26)

äå ñòàëà δ > 0 îáðàíà òàê, ùîá âèêîíóâàëàñü íåðiâíiñòü

0 ≤ δ
n−2∑
j=0

|σj| < 1,

çâîäèòüñÿ äî ñèñòåìè äèôôåðåíöiàëüíèõ ðiâíÿíü

y′j =
1

πω(t)

[
1
δ
Fj(t, δy1, . . . , δyn−1, yn) + (n− j)yj+1 − (n− j)yj

]
,

j = 0, 1, . . . , n− 2,

y′n−1 =
1

πω(t)

[
1
δ
Fn−1(t, δy1, . . . , δyn−1, yn)− yn−1

]
,

y′n = J ′
n(t)
Jn(t)

[
Fn(t, δy1, . . . , δyn−1, yn)− yn + δ

n−2∑
j=0

σj+1yj + V (δy1, . . . , δyn−1)

]
,

(27)
ÿêà çàäîâîëüíÿ¹ âñi óìîâè òåîðåìè 2.1 ç ðîáîòè [7]. Çãiäíî ç öi¹¨ òåîðåìîþ ñèñòå-
ìà (27) ìà¹ õî÷à á îäèí ðîçâ'ÿçîê (yj)

n
j=1 : [t1, ω[−→ R (t1 ∈ [t0, ω[), ùî ïðÿìó¹

äî íóëÿ ïðè t ↑ ω. Áiëüø òîãî, ç äàíî¨ òåîðåìè âèïëèâà¹, ùî ïðè ω = +∞ iñíó¹
n-ïàðàìåòðè÷íà ñiì'ÿ òàêèõ ðîçâ'ÿçêiâ ó âèïàäêó êîëè Jn(t) > 0 ïðè t ∈]t0, ω[,
òîáòî ç óðàõóâàííÿì äðóãî¨ ç óìîâ (9), êîëè âèêîíó¹òüñÿ íåðiâíiñòü α0νn−1γ > 0,
i n − 1- ïàðàìåòðè÷íà ñiì'ÿ - ó âèïàäêó, êîëè α0νn−1γ < 0, à ïðè ω < +∞
iñíó¹ îäíîïàðàìåòðè÷íà ñiì'ÿ çíèêàþ÷èõ â òî÷öi ω ðîçâ'ÿçêiâ ó âèïàäêó, êîëè
α0νn−1γ > 0. Êîæíîìó òàêîìó ðîçâ'ÿçêó ñèñòåìè äèôôåðåíöiàëüíèõ ðiâíÿíü
(27) â ñèëó çàìií (22), (23) i (26) âiäïîâiäà¹ Pω(Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçîê
y : [t1, ω[−→ R äèôåðåíöiàëüíîãî ðiâíÿííÿ (1), äëÿ ÿêîãî ìàþòü ìiñöå àñèìïòî-
òè÷íi çîáðàæåííÿ (12) i

|y(n−1)(t)|γ

L0n−1(y(n−1)(t))
= α0νn−1γCnJn(t)[1 + o(1)] ïðè t ↑ ω.

Âðàõîâóþ÷è ïåðøó ç óìîâ (19), ïîìi÷à¹ìî, ùî îñòàííÿ ç àñèìïòîòè÷íèõ ôîðìóë
ìîæå áóòè çàïèñàíà ó âèãëÿäi (13). Òåîðåìó ïîâíiñòþ äîâåäåíî.

Â òåîðåìi 1 àñèìïòîòè÷íà ôîðìóëà (13) íåÿâíî âèçíà÷à¹ àñèìïòîòèêó n −
1- ¨ ïîõiäíî¨ Pω(Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçêó äèôåðåíöiàëüíîãî ðiâíÿííÿ (1).
Íàñòóïíà òåîðåìà âêàçó¹ óìîâè ïðè ÿêèõ àñèìïòîòèêè Pω(Y0, . . . , Yn−0,±∞)-
ðîçâ'ÿçêó òà âñiõ éîãî ïîõiäíèõ äî ïîðÿäêó n−1 âêëþ÷íî çàïèñóþòüñÿ ó ÿâíîìó
âèãëÿäi.
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Òåîðåìà 2. Íåõàé âèêîíóþòüñÿ óìîâè òåîðåìè 1 i ôóíêöiÿ Ln−1 çàäîâîëü-
íÿ¹ óìîâó S0. Òîäi äëÿ êîæíîãî Pω(Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçêó äèôåðåíöiàëü-
íîãî ðiâíÿííÿ (1) (ó âèïàäêó ¨õ iñíóâàííÿ) ìàþòü ìiñöå ïðè t ↑ ω àñèìïòîòè-
÷íi ñïiââiäíîøåííÿ

y(j)(t) ∼ νn−1[πω(t)]
n−j−1

(n− j − 1)!

∣∣∣γCnJn(t)Ln−1

(
νn−1|Jn(t)|

1
γ

)∣∣∣ 1γ (j = 0, n− 1). (28)

Äîâåäåííÿ. Íåõàé äèôåðåíöiàëüíå ðiâíÿííÿ (1) ìà¹ Pω(Y0, . . . , Yn−1,±∞)-
ðîçâ'ÿçîê y : [t0, ω[−→ R. Òîäi çãiäíî ç òåîðåìîþ 1 âèêîíóþòüñÿ óìîâè (9) � (11)
i äëÿ öüîãî ðîçâ'ÿçêó ìàþòü ìiñöå àñèìïòîòè÷íi ñïiââiäíîøåííÿ (12), (13). Êðiì
òîãî, ÿê áóëî äîâåäåíî â ïåðøié ÷àñòèíi öi¹¨ òåîðåìè, äëÿ äàíîãî ðîçâ'ÿçêó ìà¹
ìiñöå òàêîæ àñèìïòîòè÷íå ñïiââiäíîøåííÿ (17), ç ÿêîãî âèïëèâà¹, ùî

ln |y(n−1)(t)| = [1 + o(1)] ln |Jn(t)|
1
γ ïðè t ↑ ω.

Òîäi, âðàõîâóþ÷è, ùî ôóíêöiÿ Ln−1 çàäîâîëüíÿ¹ óìîâó S0, áóäåìî ìàòè

Ln−1(y
(n−1)(t)) = Ln−1

(
νn−1e

ln |y(n−1)|
)
= Ln−1

(
νn−1e

[1+o(1)] ln |Jn(t)|
1
γ

)
=

= Ln−1

(
νn−1|Jn(t)|

1
γ

)
[1 + o(1)] ïðè t ↑ ω.

Âèêîðèñòîâóþ÷è öå àñèìïòîòè÷íå ñïiââiäíîøåííÿ ïåðåïèøåìî (13) ó âèãëÿäi

|y(n−1)(t)|γ = α0νn−1γCnJn(t)Ln−1

(
νn−1|Jn(t)|

1
γ

)
[1 + o(1)] ïðè t ↑ ω,

çâiäêè âèïëèâà¹, ùî

y(n−1)(t) = νn−1

∣∣∣γCnJn(t)Ln−1

(
νn−1|Jn(t)|

1
γ

)∣∣∣ 1γ [1 + o(1)] ïðè t ↑ ω.

Òîìó ç (12) i (13) îòðèìó¹ìî ÿâíi àñèìïòîòè÷íi ñïiââiäíîøåííÿ (28). Òåîðåìó
äîâåäåíî.
3. Ïðèêëàä îäíîãî êëàñó äèôåðåíöiàëüíèõ ðiâíÿíü.

Ðîçãëÿíåìî êëàñ iñòîòíî íåëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü âèäó

y(n) =

l∑
k=1

αkpk(t)
n−1∏
j=0

φkj(y
(j))

m∑
k=l+1

αkpk(t)
n−1∏
j=0

φkj(y(j))

, (29)

äå αk ∈ {−1, 1}, pk : [a, ω[−→]0,+∞[ � íåïåðåðâíà ôóíêöiÿ, −∞ < a < ω ≤ +∞,
φkj : ∆Yj −→]0,+∞[ � íåïåðåðâíà òà ïðàâèëüíî çìiííà ïðè y(j) → Yj ôóíêöiÿ
ïîðÿäêó σkj, Yj äîðiâíþ¹ àáî íóëþ, àáî ±∞, ∆Yj� îäíîñòîðîííié îêië Yj, k =
1,m, j = 0, n− 1.

Ïðèïóñòèìî, ùî äëÿ äåÿêèõ s ∈ {1, . . . , l} i r ∈ {l + 1, . . . ,m} âèêîíóþòüñÿ
íåðiâíîñòi

lim sup
t↑ω

ln pk(t)− ln ps(t)

β ln |πω(t)|
< β

n−1∑
j=0

(n−j−1)(σsj−σkj) ïðè k ∈ {1, . . . , l}\{s}, (30)
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lim sup
t↑ω

ln pk(t)− ln pr(t)

β ln |πω(t)|
< β

n−1∑
j=0

(n− j− 1)(σrj −σkj) ïðè k ∈ {l+1, . . . ,m} \ {r},

(31)
äå

β = sign πω(t) =

{
1, ÿêùî ω = +∞,
−1, ÿêùî ω < +∞,

i ïîêàæåìî, ùî ó äàíîìó âèïàäêó ïðàâà ÷àñòèíà ðiâíÿííÿ (29) çàäîâîëüíÿ¹
óìîâó (RN)∞.

Íåõàé zj : [a, ω[−→ ∆Yj (j = 0, n− 1) � äîâiëüíi ôóíêöi¨, ùî çàäîâîëüíÿþòü
óìîâè (6). Â ñèëó äðóãî¨ ç öèõ óìîâ

ln |zj(t)| = [n− j − 1 + o(1)] ln |πω(t)| (j = 0, n− 1) ïðè t ↑ ω.

Ç âèêîðèñòàííÿì öèõ àñèìïòîòè÷íèõ ñïiââiäíîøåíü, ïåðøî¨ ç óìîâ (6), çîáðà-
æåíü

φkj(zj) = |zj|σkjLkj(zj) (j = 0, n− 1, k = 1,m),

äå Lkj : ∆Yj −→]0,+∞[ � ïîâiëüíî çìiííi ôóíêöi¨ ïðè zj → Yj, à òàêîæ âëàñòè-
âîñòi M2 ïîâiëüíî çìiííèõ ôóíêöié, äëÿ k ∈ {1, . . . , l} çíàõîäèìî

ln

pk(t)
n−1∏
j=0

φkj(zj(t))

ps(t)
n−1∏
j=0

φsj(zj(t))

= ln pk(t)− ln ps(t)+

+
n−1∑
j=0

[(σkj − σsj) ln |zj(t)|+ lnLkj(zj(t))− lnLsj(zj(t))] =

= ln pk(t)− ln ps(t) +
n−1∑
j=0

ln |zj(t)|
(
σkj − σsj +

LnLkj(zj(t))

ln |zj(t)|
− lnLsj(zj(t))

ln |zj(t)|

)
=

= ln pk(t)− ln ps(t) +
n−1∑
j=0

ln |zj(t)| (σkj − σsj + o(1)) =

= ln pk(t)− ln ps(t) + ln |πω(t)|
n−1∑
j=0

[(n− j − 1)(σkj − σsj) + o(1)] =

= β ln |πω(t)|

(
pk(t)− ps(t)

β ln |πω(t)|
+ β

n−1∑
j=0

(n− j − 1)(σkj − σsj + o(1)

)
ïðè t ↑ ω.

Òóò çãiäíî ç íåðiâíiñòþ (30) ïðàâà ÷àñòèíà ïðÿìó¹ äî −∞ ïðè t ↑ ω i òîìó

lim
t↑ω

pk(t)
n−1∏
j=0

φkj(zj(t))

ps(t)
n−1∏
j=0

φsj(zj(t))

= 0 ïðè k ∈ {1, . . . , l} \ {s}.

Íàóê. âiñíèê Óæãîðîä óí-òó, 2018, âèï. �1 (32)



78 À. Â. ÄÐÎÆÆÈÍÀ

Àíàëîãi÷íèì ÷èíîì ç âèêîðèñòàííÿì íåðiâíîñòåé (31) âñòàíîâëþ¹ìî, ùî

lim
t↑ω

pk(t)
n−1∏
j=0

φkj(zj(t))

pr(t)
n−1∏
j=0

φrj(zj(t))

= 0 ïðè k ∈ {l + 1, . . . ,m} \ {r}.

Â ñèëó öèõ ãðàíè÷íèõ ñïiââiäíîøåíü îäåðæó¹ìî çîáðàæåííÿ

l∑
k=1

αkpk(t)
n−1∏
j=0

φkj(zj(t))

m∑
k=l+1

αkpk(t)
n−1∏
j=0

φkj(zj(t))

=

αsps(t)
n−1∏
j=0

φsj(zj(t))

αrpr(t)
n−1∏
j=0

φrj(zj(t))

[1 + o(1)] ïðè t ↑ ω,

òîáòî ìà¹ ìiñöå àñèìïòîòè÷íå çîáðàæåííÿ (7), â ÿêîìó

α0 =
αs
αr
, p(t) =

ps(t)

pr(t)
, φj(zj(t)) =

φsj(zj(t))

φrj(zj(t))
(j = 0, n− 1). (32)

Òóò φj(zj) çãiäíî ç âëàñòèâîñòÿìè ïðàâèëüíî çìiííèõ ôóíêöié ¹ ïðàâèëüíî çìií-
íîþ ôóíêöi¹þ ïîðÿäêó

σj = σsj − σrj (j = 0, n− 1) (33)

ïðè zj → Yj, ïðè÷îìó ¨¨ ïîâiëüíî çìiííà ñêëàäîâà ¹ ôóíêöi¹þ âèäó

Lj(zj) =
Lsj(zj)

Lrj(zj)
(j = 0, n− 1). (34)

Òàêèì ÷èíîì, ïðàâà ÷àñòèíà ðiâíÿííÿ (29) çàäîâîëüíÿ¹ óìîâó (RN)∞.
Òîìó ó âèïàäêó, êîëè äëÿ äåÿêèõ s ∈ {1, . . . , l} i r ∈ {l+ 1, . . . ,m} âèêîíóþ-

òüñÿ íåðiâíîñòi (30), (31) i ïðè öüîìó ñòàëà γ = 1−
∑n−1

j=0 (σsj − σrj) íå äîðiâíþ¹
íóëþ, äëÿ ðiâíÿííÿ (29) ñïðàâåäëèâi òâåðäæåííÿ òåîðåì 1 i 2, ó ÿêèõ çàìiñòü α0,
σj (j = 0, n− 1), p i Lj (j = 0, n− 1) òðåáà îáðàòè ¨õ âèðàçè ç ôîðìóë (32)�(34).

Âèñíîâêè. Ó äàíié ñòàòòi äëÿ äèôåðåíöiàëüíîãî ðiâíÿííÿ çàãàëüíîãî âè-
äó n- ãî ïîðÿäêó, ÿêå ó äåÿêîìó ñåíñi ¹ àñèìïòîòè÷íî áëèçüêèì äî äâî÷ëåíîãî
ðiâíÿííÿ ç ïðàâèëüíî çìiííèìè íåëiíiéíîñòÿìè, âïåðøå îòðèìàíî ðåçóëüòàòè
ïðî óìîâè iñíóâàííÿ Pω(Y0, . . . , Yn−1,±∞)- ðîçâ'ÿçêiâ, ùî ¹ îñîáëèâèì òèïîì ó
êëàñi, òàê çâàíèõ, Pω(Y0, . . . , Yn−1, λ0)- ðîçâ'ÿçêiâ. Êðiì òîãî, îäåðæàíî àñèìïòî-
òè÷íi çîáðàæåííÿ äëÿ òàêèõ ðîçâ'ÿçêiâ òà ¨õ ïîõiäíèõ äî ïîðÿäêó n−1 âêëþ÷íî,
òà ç'ÿñîâàíî ïèòàííÿ ïðî êiëüêiñòü ðîçâ'ÿçêiâ ç äàíèìè àñèìïòîòè÷íèìè çîáðà-
æåííÿìè. Âñòàíîâëåííi ðåçóëüòàòè ïðîiëþñòðîâàíî íà ïðèêëàäi îäíîãî êëàñó
iñòîòíî íåëiíiéíèõ äèôåðåíöiàëüíèõ ðiâíÿíü n- ãî ïîðÿäêó.
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