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ÄÎ ÐIÂÍßÍÜ ÒÈÏÓ ÅÌÄÅÍÀ-ÔÀÓËÅÐÀ
Äîñëiäæó¹òüñÿ ïèòàííÿ ïðî àñèìïòîòèêó íåîáìåæåíèõ ðîçâ'ÿçêiâ äèôåðåíöiàëüíèõ ðiâ-

íÿíü âèäó y′′ = α0p(t)ϕ(y), äå α0 ∈ {−1, 1}, p : [a, ω[→]0,+∞[ (−∞ < a < ω ≤ +∞) �
íåïåðåðâíà ôóíêöiÿ, à ϕ : [y0,+∞[→]0, +∞[�- äâi÷i íåïåðåðâíî äèôåðåíöiéîâíà ôóíêöiÿ, ó
äåÿêîìó ñåíñi áëèçüêà äî ñòåïåíåâî¨.

A di�erential equation y′′ = α0p(t)ϕ(y), where α0 ∈ {−1, 1}, p : [a, ω[→]0,+∞[ (−∞ < a <
ω ≤ +∞) is a continuous function, ϕ : [y0,+∞[→]0, +∞[ is a twice continuously di�erentiable
function that in a certain sence close to power function, is under consideration. The question on
asymptotics of unbounded solutions of the equation is studied.

Ðîçãëÿäà¹òüñÿ äèôåðåíöiàëüíå ðiâíÿííÿ
y′′ = α0p(t)ϕ(y), (1)

äå α0 ∈ {−1, 1}, p : [a, ω[→]0, +∞[ (−∞ <
a < ω ≤ +∞) -íåïåðåðâíà ôóíêöiÿ, ϕ :
[y0, +∞[→]0, +∞[- äâi÷i íåïåðåðâíî äèôå-
ðåíöiéîâíà ôóíêöiÿ, ùî çàäîâîëüíÿ¹ óìîâè

lim
y→+∞

ϕ(y) =

{
àáî 0,
àáî +∞,

ϕ′(y) 6= 0,

lim
y→+∞

yϕ′′(y)

ϕ′(y)
= σ /∈ {0,±∞}. (2)

Íà ïiäñòàâi óìîâ (2)

lim
y→+∞

yϕ′(y)

ϕ(y)
= σ + 1. (3)

Ç (2) i (3) âèïëèâà¹, ùî ôóíêöiþ ϕ(y) ìîæíà
ïîäàòè ó âèãëÿäi

ϕ(y) = yσ+1L(y), (4)

äå L : [y0, +∞[→]0, +∞[� äâi÷i íåïåðåðâíî
äèôôåðåíöiéîâíà ôóíêöiÿ ÿêà çàäîâîëüíÿ¹
óìîâó

lim
y→+∞

yL′(y)

L(y)
= 0. (5)

Ç óìîâè (5) âèïëèâà¹, ùî ôóíêöiÿ L ïî-
âiëüíî çìiíþ¹òüñÿ ïðè y → +∞ (äèâ. ìîíî-
ãðàôiþ [1,ðîçä.I,ñ.9]), òîáòî äëÿ íå¨

lim
y→+∞

L(λy)

L(y)
= 1

ïðè áóäü-ÿêîìó λ > 0.
Ïðèêëàäàìè ôóíêöié, ùî ïîâiëüíî çìi-

íþþòüñÿ íà +∞, ¹ íåïåðåðâíi äîäàòíi ôóí-
êöi¨, ÿêi ìàþòü äîäàòíþ ãðàíèöþ ïðè y →
+∞, ôóíêöi¨ logβ y, logβ logγ y (β, γ ∈ R) i
áàãàòî iíøèõ.

Âàæëèâèì ÷àñòèííèì âèïàäêîì ðiâíÿííÿ
(1) ¹ óçàãàëüíåíå ðiâíÿííÿ Åìäåíà-Ôàóëåðà

y′′ = α0p(t)yσ+1,

ÿêå çóñòði÷à¹òüñÿ ó áàãàòüîõ ãàëóçÿõ ïðè-
ðîäîçíàâñòâà i äåòàëüíî äîñëiäæåíî â [2�
7] (äèâ. òàêîæ ìîíîãðàôiþ [8,ðîçä.V,ñ.326�
401]).

Ó âèïàäêó, êîëè ôóíêöiÿ ϕ âiäðiçíÿ¹òüñÿ
âiä ñòåïåíåâî¨ i â äåÿêîìó ñåíñi áëèçüêà äî
ôóíêöi¨, ùî ïðàâèëüíî çìiíþ¹òüñÿ íà íå-
ñêií÷åííîñòi (äèâ. [1,ðîçä.I,ñ.9]) äëÿ ðiâíÿí-
íÿ (1) îòðèìàíî â [9] ëèøå îêðåìi ðåçóëüòàòè
ïðî àñèìïòîòè÷íå ïîâîäæåííÿ íåîáìåæåíèõ
ðîçâ'ÿçêiâ.

Ðîçâ'ÿçîê y ðiâíÿííÿ (1), ÿêèé çàäàíèé
íà ïðîìiæêó [ty, ω[⊂ [a, ω[, áóäåìî íàçèâà-
òè Pω(λ0)- ðîçâ'ÿçêîì, ÿêùî âií çàäîâîëüíÿ¹
íàñòóïíi óìîâè:

lim
t↑ω

y(t) = +∞, lim
t↑ω

y′(t) =

{
àáî 0,
àáî +∞,

(6)

lim
t↑ω

(y′(t))2

y′′(t)y(t)
= λ0.
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Ïèòàííÿ ïðî àñèìïòîòèêó Pω(λ0)-
ðîçâ'ÿçêiâ ðiâíÿííÿ (1) ïðè λ0 /∈ {0, 1,±∞}
äîñëiäæåíå â [10]. Íàéáiëüø âàæêèìè äëÿ
âèâ÷åííÿ ¹ Pω(λ0)-ðîçâ'ÿçêè, äëÿ ÿêèõ
λ0 = 0, 1,±∞. Äàíà ñòàòòÿ ïðèñâÿ÷åíà
îäíîìó ç òàêèõ òèïiâ ðîçâ'ÿçêiâ.

Ïîêëàäåìî ïðè ω = +∞

I(t) =

t∫

A

p(τ)ϕ(τ) dτ, (7)

äå

A =





a, ÿêùî
∫ +∞

a
p(τ)ϕ(τ) dτ = +∞,

+∞, ÿêùî
∫ +∞

a
p(τ)ϕ(τ) dτ < +∞.

Òåîðåìà 1. Ïðè ω < +∞ ðiâíÿííÿ (1)
íå ìà¹ Pω(±∞)-ðîçâ'ÿçêiâ.

Äîâåäåííÿ. Ïðèïóñòèìî ñóïðîòèâíå.
Íåõàé ω < +∞ i ðiâíÿííÿ (1) ìà¹ Pω(±∞)-
ðîçâ'ÿçîê y : [ty, ω[→ R. Òîäi çãiäíî äî ëå-
ìè (10.4) ç [11] äëÿ öüîãî ðîçâ'ÿçó ìà¹ ìiñöå
ñïiââiäíîøåííÿ

y(t) ∼ (t− ω)y′(t) ïðè t ↑ ω.

Àëå îñêiëüêè t − ω < 0, à íà ïiäñòàâi (1)
i (6) y(t) > 0, y′(t) > 0 â äåÿêîìó ëiâîìó
îêîëó ω, òî ìè äiñòàëè ïðîòèði÷÷ÿ. Òåîðåìó
(1) äîâåäåíî.

Òåîðåìà 2. Íåõàé ôóíêöiÿ L òàêà, ùî
äëÿ áóäü-ÿêî¨ ôóíêöi¨ l : [y0, +∞[→]0, +∞[,
ÿêà íåïåðåðâíà i ïîâiëüíî çìiíþ¹òüñÿ â íå-
ñêií÷åííîñòi

lim
t→+∞

L(t · l(t))
L(t)

= 1. (8)

Òîäi äëÿ iñíóâàííÿ ó ðiâíÿííÿ (1)
P+∞(±∞)-ðîçâ'ÿçêiâ íåîáõiäíèì i äî-
ñòàòíiì ¹ âèêîíàííÿ óìîâ

α0σI(t) < 0 ïðè t > a, (9)

+∞∫

a

|σI(t)|−1/σ dt = +∞, (10)

lim
t→+∞

tI ′(t)
I(t)

= 0. (11)

Áiëüø òîãî, äëÿ êîæíîãî òàêîãî ðîçâ'ÿçêó
ìàþòü ìiñöå ïðè t → +∞ àñèìïòîòè÷íi
çîáðàæåííÿ

y(t) = t · |σI(t)|−1/σ[1 + o(1)], (12)

y′(t) = |σI(t)|−1/σ[1 + o(1)]. (13)

Äîâåäåííÿ. Íåîáõiäíiñòü. Íåõàé
y : [ty, +∞[→ R �äîâiëüíèé P+∞(±∞)-
ðîçâ'ÿçîê ðiâíÿííÿ (1). Òîäi çãiäíî äî ëåìè
(10.4) ç [11]

lim
t↑ω

ty′(t)
y(t)

= 1, lim
t↑ω

ty′′(t)
y′(t)

= 0. (14)

Â íàñëiäîê ïåðøîãî ç öèõ ãðàíè÷íèõ ñïiââiä-
íîøåíü y(t) ïðèïóñêà¹ (äèâ. [1,ðîçä.I,ñ.9�
15]) çîáðàæåííÿ âèäó

y(t) = t · l(t),
äå l : [ty, +∞[→]0, +∞[� äâi÷i íåïåðåðâíî
äèôåðåíöiéîâíà ôóíêöiÿ, ùî ïîâiëüíî çìi-
íþ¹òüñÿ íà +∞. Òîìó çãiäíî (8) ìà¹ìî

L(y(t)) ∼ L(t) ïðè t → +∞. (15)

Iç (1) âðàõîâóþ÷è (15) i ïåðøó ç óìîâ (14)
âèïëèâà¹, ùî ïðè t → +∞

y′′(t) ∼ α0p(t)[ty′(t)]σ+1L(t). (16)

Çâiäñè, âèêîðèñòîâóþ÷è (4), îäåðæèìî
y′′(t)

[y′(t)]σ+1 = α0p(t)ϕ(t)[1 + o(1)]

ïðè t → +∞. Iíòåãðóþ÷è öå àñèìïòîòè÷íå
ñïiââiäíîøåííÿ íà ïðîìiæêó [ty, t], ìà¹ìî

[y′(t)]−σ − [y′(ty)]−σ =

= −σα0

t∫

ty

p(τ)ϕ(τ)[1 + o(1)] dτ.

Îäåðæàíå ñïiââiäíîøåííÿ íå ïðîòèði-
÷èòü ïåðøèì äâîì óìîâàì (6) ëèøå ó âè-
ïàäêó, êîëè

[y′(t)]−σ = −σα0

t∫

A

p(τ)ϕ(τ) dτ [1 + o(1)]
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ïðè t → +∞. Òîìó âèêîíó¹òüñÿ óìîâà (9)
i ìà¹ ìiñöå àñèìïòîòè÷íå çîáðàæåííÿ (13).
Äàëi, iíòåãðóþ÷è ñïiââiäíîøåííÿ (13) íà
ïðîìiæêó [ty, t] i âèêîðèñòîâóþ÷è ïåðøó ç
óìîâ (6), âïåâíþ¹ìîñÿ ó äîñòîâiðíîñòi óìî-
âè (10). Ïðè öüîìó ç (13) i ïåðøî¨ ç óìîâ
(14) äiñòàíåìî àñèìïòîòè÷íó ôîðìóëó (12).

Íà ïiäñòàâi (16) i çîáðàæåííÿ (13) ïðè
t → +∞ ìà¹ìî

ty′′(t)
y′(t)

∼ tα0p(t)tσ+1L(t)

[y′(t)]−σ ∼

∼ −tp(t)tσ+1L(t)

σI(t)
.

Òîìó, ç (4) i (7), ïðè t → +∞ äiñòàíåìî

ty′′(t)
y′(t)

∼ −tI ′(t)
σI(t)

.

Ç óðàõóâàííÿì äðóãî¨ ç óìîâ (14) ëiâà ÷à-
ñòèíà îäåðæàíîãî ñïiââiäíîøåííÿ ïðÿìó¹ äî
íóëÿ ïðè t → +∞. Îñêiëüêè σ 6= 0, äiñòà¹ìî
óìîâó (11).

Äîñòàòíiñòü. Íåõàé âèêîíóþòüñÿ óìî-
âè (9)-(11). Ðiâíÿííÿ (1) çà äîïîìîãîþ ïåðå-
òâîðåííÿ

y(t) =
t∫

a

(−α0σI(τ))−1/σ dτ [1 + v1(t)],

y′(t) = (−α0σI(t))−1/σ[1 + v2(t)]

(17)

çâåäåìî äî ñèñòåìè äèôåðåíöiàëüíèõ ðiâ-
íÿíü





v′1 = −Y ′(t)
Y (t)

v1 +
Y ′(t)
Y (t)

v2,

v′2 =
I ′(t)
σI(t)

(1 + v2) + G(t, v1),

(18)

äå

Y (t) =

t∫

a

(−α0σI(τ))−1/σ dτ, (19)

G(t, v1) = P (t)(1 + v1)
σ+1L(Y (t)(1 + v1)),

P (t) =
α0p(t)

Y ′(t)
[Y (t)]σ+1.

Âèáåðåìî òåïåð äîâiëüíå ÷èñëî t0 ∈
]a, +∞[ i çàôiêñó¹ìî äîâiëüíå δ ∈]0, 1[. Ðîç-
ãëÿíåìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü
(18) íà ìíîæèíi

Ω = [t0, +∞[×D,

äå D = {(v1, v2) : |vi| ≤ δ, i = 1, 2}.
Ðîçêëàâøè ïðè êîæíîìó ôiêñîâàíîìó t ∈

[t0, +∞[ ôóíêöiþ L(Y (t)(1 + v1)) çà ôîðìó-
ëîþ Òåéëîðà ç çàëèøêîì ó ôîðìi Ëàãðàíæà
â îêîëi v1 = 0 äî äðóãîãî ïîðÿäêó âêëþ÷íî,
äiñòà¹ìî çîáðàæåííÿ

L(Y (t)(1 + v1)) = L(Y (t)) [1 + M1(t)v1+

+
1

2
M2(t, ξ)v1

2

]
,

â ÿêîìó

M1(t) =
Y (t)L′(Y (t))

L(Y (t))
,

M2(t, ξ) =
[Y (t)]2L′′(Y (t) · (1 + ξ))

L(Y (t))
,

äå ξ = ξ(t, v1) òàêà, ùî |ξ(t, v1)| ≤ |v1|.
Ñèñòåìó (18) ïåðåïèøåìî ó âèãëÿäi





v′1 = a11(t)v1 + a12(t)v2,
(20)

v′2 = f(t) + a21(t)v1 + a22(t)v2 + g(t)r(t, v1),

äå

a11(t) = −Y ′(t)
Y (t)

, a12(t) =
Y ′(t)
Y (t)

,

f(t) = P (t)L(Y (t)) +
I ′(t)
σI(t)

,

a21(t) = P (t)L(Y (t)) [σ + 1 + M1(t)],

a22(t) =
I ′(t)
σI(t)

, g(t) = P (t)L(Y (t)),

r(t, v1) = M1(t) [(1 + v1)
σ+1 − 1]v1+

+[(1 + v1)
σ+1 − 1− (σ + 1)v1]+
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+M2(t, ξ) [(1 + v1)
σ+1 − 1]v2

1.

Çàçíà÷èìî äåÿêi âëàñòèâîñòi ôóíêöié, ùî
âõîäÿòü äî ïðàâî¨ ÷àñòèíè öi¹¨ ñèñòåìè.

Çãiäíî óìîâè (10) lim
t→+∞

Y (t) = +∞. Òîìó,
âðàõîâóþ÷è (5), ìà¹ìî

lim
t→+∞

M1(t) = 0.

Çàñòîñîâóþ÷è ïðàâèëî Ëîïiòàëÿ, äiñòàíåìî

lim
t→+∞

tY ′(t)
Y (t)

= lim
t→+∞

t(−α0σI(t))−1/σ

∫ t

a

(−α0σI(τ))−1/σ dτ

=

= lim
t→+∞

(
1− tI ′(t)

σI(t)

)
= 1. (21)

Çâiäñè íà ïiäñòàâi (8) âèïëèâà¹, ùî

lim
t→+∞

L(Y (t))

L(t)
= 1. (22)

Äàëi, ç óðàõóâàííÿì îñòàííiõ äâîõ ñïiâ-
âiäíîøåíü, à òàêîæ çîáðàæåíü (7) i (19) i
óìîâè (11), äëÿ êîåôiöi¹íòiâ ïðè ëiíiéíié
÷àñòèíi ñèñòåìè (20) âèêîíóþòüñÿ íàñòóïíi
âëàñòèâîñòi

lim
t→+∞

a21(t)

a11(t)
=

= lim
t→+∞

P (t)Y (t)L(Y (t))[σ + 1 + M1(t)]

−Y ′(t)
=

=
1

σ
lim

t→+∞
tI ′(t)
I(t)

[σ + 1 + M1(t)] = 0, (23)

lim
t→+∞

a22(t)

a11(t)
=

= − 1

σ
lim

t→+∞

tI ′(t)
I(t)

tY ′(t)
Y (t)

= 0, (24)

lim
t→+∞

a21(t)

a22(t)
= −σ − 1. (25)

Äîâåäåìî òåïåð ñèñòåìó (20) äî ìàéæå
òðèêóòíîãî âèãëÿäó, âèêîðèñòîâóþ÷è ïåðå-
òâîðåííÿ

v1(t) = z1(t),
v2(t) = h(t)z1(t) + z2(t).

(26)

Ïðè öüîìó çà ôóíêöiþ h : [t1, +∞[→ R,
t1 ≥ t0 âiçüìåìî ðîçâ'ÿçîê íàñòóïíîãî äè-
ôåðåíöiàëüíîãî ðiâíÿííÿ

h′ = a21(t)+[a22(t)−a11(t)]h−a12(t)h
2, (27)

ÿêèé ïðÿìó¹ äî íóëÿ ïðè t → +∞. Îñêiëüêè,
çãiäíî äî (23)�(25),

lim
t→+∞

a21(t)

a22(t)− a11(t)
= lim

t→+∞

a21(t)

a11(t)

a22(t)

a11(t)
− 1

= 0,

lim
t→+∞

−a12(t)

a22(t)− a11(t)
= lim

t→+∞

−a12(t)

a11(t)

a22(t)

a11(t)
− 1

= −1,

òî òàêèé ðîçâ'ÿçîê iñíó¹ íà ïiäñòàâi òåîðåìè
1.3 i çàóâàæåííÿ (1.4) ç [12]. Êðiì òîãî, iç
(27) âèïëèâà¹, ùî äëÿ öüîãî ðîçâ'ÿçêó ìà¹
ìiñöå ñïiââiäíîøåííÿ

−a12(t)h(t) + a22(t) =
a21(t) + a22(t)

1− h(t)
+

+
(1− h(t))′

1− h(t)
.

Îáðàâøè ÿê çàçíà÷åíî ðàíiøå ôóíêöiþ h
i çàñòîñîâóþ÷è äëÿ (20) ïåðåòâîðåííÿ (26),
äiñòà¹ìî ñèñòåìó äèôåðåíöiàëüíèõ ðiâíÿíü




z′1 = [a11(t) + a12(t)h(t)]z1 + a12(t)z2,
(28)

z′2 = f(t) + [c1(t) + c2(t)] z2 + g(t)r(t, z1),

äå
c1(t) =

a21(t) + a22(t)

1− h(t)
,

c2(t) =
(1− h(t))′

1− h(t)
.

Òóò çãiäíî äî (7), (19) i âñòàíîâëåíèõ ðà-
íiøå âëàñòèâîñòåé (23)�(25),

lim
t→+∞

a12(t)

a11(t) + a12(t)h(t)
=

= lim
t→+∞

1

a11(t)

a12(t)
+ h(t)

= −1,
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lim
t→+∞

f(t)

c1(t)
=

= lim
t→+∞

f(t)

a22(t)
(1− h(t))

a21(t)

a22(t)
+ 1

= 0,

lim
t→+∞

g(t)

c1(t)
=

= lim
t→+∞

1− h(t)

a21(t)

g(t)
+

a22(t)

g(t)

=
1

σ
,

lim
t→+∞

∫ t

t1

c2(τ) dτ = lim
t→+∞

∫ t

t1

(h(τ)− 1)′

h(τ)− 1
dτ =

= lim
t→+∞

ln

∣∣∣∣
h(t)− 1

h(t1)− 1

∣∣∣∣ = 0.

Êðiì òîãî, äëÿ M2(t, ξ) ìà¹ ìiñöå çîáðà-
æåííÿ

M2(t, ξ) =
(Y (t)(1 + ξ))L′(Y (t)(1 + ξ))

L(Y (t)(1 + ξ))
×

×(Y (t)(1 + ξ))L′′(Y (t)(1 + ξ))

L′(Y (t)(1 + ξ))
×

× L(Y (t)(1 + ξ))

L(Y (t)) (1 + ξ)2 .

Êîðèñòóþ÷èñü òåîðåìîþ ïðî ðiâíîìiðíó çái-
æíiñòü äëÿ ôóíêöié ùî ïîâiëüíî çìiíþþ-
òüñÿ (äèâ. [1,ðîçä.I,ñ.10�14]), à òàêîæ (2)
i (5), äiñòàíåìî, ùî ôóíêöiÿ M2(t, ξ) îáìå-
æåíà ïðè t ∈ [t1, +∞[, |ξ| ≤ δ. Òîìó

lim
|z1|+|z2|

r(t, z1)
|z1|+ |z2| = 0 ðiâíîìiðíî çà t ∈

[t1, +∞[.
Òàêèì ÷èíîì, iç çàóâàæåííÿ (1.4) ðîáîòè

[12] âèïëèâà¹, ùî íà äåÿêié ìíîæèíi

Ω0 = [t1, +∞[×D0,

äå D0 = {(v1, v2) : |vi| ≤ δ0 ≤ δ, i = 1, 2}.
äëÿ ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü (28)
âèêîíóþòüñÿ âñi óìîâè òåîðåìè 1.3 iç [12].
Òîìó âîíà ìà¹ ÿê íàéìåíøå îäèí äiéñíèé
ðîçâ'ÿçîê z = (zi)

2
i=1, ÿêèé ïðÿìó¹ äî íóëÿ

ïðè t → +∞. Öüîìó ðîçâ'ÿçêó íà ïiäñòàâi

çàìií (26) i (17) âiäïîâiäà¹ ðîçâ'ÿçîê y ðiâíÿ-
ííÿ (1), äëÿ ÿêîãî ìàþòü ìiñöå ïðè t → +∞
àñèìïòîòè÷íi çîáðàæåííÿ

y(t) =

t∫

a

(−α0σI(τ))−1/σ dτ [1 + o(1)],

y′(t) = (−α0σI(t))−1/σ[1 + o(1)].

Çâiäñè, âðàõîâóþ÷è (9) i (21), ìà¹ìî äëÿ y i
y′ àñèìïòîòè÷íi çîáðàæåííÿ (12) i (13) âiä-
ïîâiäíî. Âèêîðèñòîâóþ÷è öi çîáðàæåííÿ i
óìîâè (9)-(11), äiñòàíåìî, ùî äàíèé ðîçâ'ÿ-
çîê y ðiâíÿííÿ (1) ¹ P+∞(±∞)-ðîçâ'ÿçêîì.

Âèñíîâêè. Â [13] äëÿ íåëiíiéíèõ äè-
ôåðåíöiàëüíèõ ðiâíÿíü çi ñòåïåíåâèìè íåëi-
íiéíîñòÿìè áóâ âèëó÷åíèé êëàñ òàê çâàíèõ
Pω(λ0)-ðîçâ'ÿçêiâ, ÿêèé ïðèïóñêà¹ âñòàíîâ-
ëåííÿ òî÷íèõ àñèìïòîòè÷íèõ ôîðìóë äëÿ
âñiõ ìîæëèâèõ çíà÷åíü λ0. Ó äàíié ñòàòòi
äëÿ íåëiíiéíîãî äèôåðåíöiàëüíîãî ðiâíÿí-
íÿ (1) ç íåëiíiéíiñòþ áiëüø çàãàëüíîãî âè-
ãëÿäó çàïðîïîíîâàíà ìåòîäèêà âñòàíîâëåí-
íÿ òî÷íèõ àñèìïòîòè÷íèõ ôîðìóë äëÿ íå-
îáìåæåíèõ Pω(λ0)-ðîçâ'ÿçêiâ â îñîáëèâîìó
âèïàäêó, êîëè λ0 = ±∞. Òàêîæ çäîáóòi íå-
îáõiäíi i äîñòàòíi óìîâè iñíóâàííÿ òàêîãî òè-
ïó Pω(λ0)-ðîçâ'ÿçêiâ.

Ó ÷àñòèííîìó âèïàäêó, êîëè ðiâíÿííÿ (1)
¹ ðiâíÿííÿì òèïó Åìäåíà-Ôàóëåðà, òîáòî
ϕ(y) = yσ+1, âñòàíîâëåíi ðåçóëüòàòè çáiãà-
þòüñÿ ç ðåçóëüòàòàìè ðîáiò [2�8].
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