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ÀÑÈÌÏÒÎÒÈ×ÍI ÂËÀÑÒÈÂÎÑÒI ÐÎÇÂ'ßÇÊIÂ ÑÈÍÃÓËßÐÍÎ
ÇÁÓÐÅÍÈÕ ÑÈÑÒÅÌ ÄÈÔÅÐÅÍÖIÀËÜÍÈÕ ÐIÂÍßÍÜ Ç

ÂÈÐÎÄÆÅÍÍßÌ
Âèêîðèñòîâóþ÷è ìåòîä ïðèìåæîâèõ ôóíêöié, ó ñòàòòi ïîáóäîâàíî ðîçâ'ÿçîê çàäà÷i Êîøi

ñèíãóëÿðíî çáóðåíî¨ ñèñòåìè äèôåðåíöiàëüíèõ ðiâíÿíü ç âèðîäæåííÿì.

Using the method of boundary functions, the solution of the initial-value problem of the
singularly perturbed systems of di�erential equations with degeneration is constructed.

Àñèìïòîòè÷íi âëàñòèâîñòi ðîçâ'ÿçêiâ ñèí-
ãóëÿðíî çáóðåíèõ ñèñòåì ëiíiéíèõ äèôåðåí-
öiàëüíèõ ðiâíÿíü

εB(t, ε)
dx

dt
= A(t, ε)x, t ∈ [0; T ], (1)

äå A(t, ε), B(t, ε) � êâàäðàòíi ìàòðèöi n-ãî
ïîðÿäêó, ïðè÷îìó

A(t, ε) =
∞∑

s=0

εsAs(t), B(t, ε) =
∞∑

s=0

εsBs(t),

x � íåâiäîìà âåêòîð-ôóíêöiÿ ðîçìiðíîñòi n,
ε ∈ (0; ε0] � ìàëèé ïàðàìåòð, t ∈ [0; T ],
äîñëiäæóâàëèñü ó ïðàöÿõ À.Ì.Ñàìîéëåíêà,
Ì.I.Øêiëÿ, I.I.Ñòàðóíà, Â.Ï.ßêîâöÿ òà ¨õ
ó÷íiâ [1 � 3]. Çîêðåìà, çà óìîâè ñòàëî¨ êðîíå-
êåðîâî¨ ñòðóêòóðè ãðàíè÷íî¨ â'ÿçêè ìàòðèöü
A0(t)− λB0(t), ïîáóäîâàíî ôîðìàëüíó ôóí-
äàìåíòàëüíó ìàòðèöþ ñèñòåìè (1) i äîâåäå-
íî ¨¨ àñèìïòîòè÷íèé õàðàêòåð.

Íåëiíiéíi ñèíãóëÿðíî çáóðåíi ñèñòåìè ç
âèðîäæåíîþ ìàòðèöåþ ïðè ïîõiäíèõ

εB(t)
dx

dt
= A(t, ε) x + εf(x, t, ε), t ∈ [0; T ]

(2)
ðîçãëÿäàëèñü Â.Ï.ßêîâöåì [4]. À ñàìå, âèêî-
ðèñòîâóþ÷è ìåòîä ïðèìåæîâèõ ôóíêöié [5],
ó ïðàöi [4] ïîáóäîâàíî ðîçâ'ÿçîê x(t, ε) ñè-
ñòåìè (2), äëÿ ÿêîãî âèêîíó¹òüñÿ ïî÷àòêîâà
óìîâà

x(0, ε) = x0. (3)

Ïðè öüîìó ðîçãëÿäàâñÿ âèïàäîê ïðîñòèõ
åëåìåíòàðíèõ äiëüíèêiâ â'ÿçêè A0(t)−λB(t).

Çàçíà÷èìî, ùî â íàâåäåíèõ âèùå äîñëi-
äæåííÿõ íåîáõiäíîþ óìîâîþ ¹ ñòàëiñòü ðàí-
ãó ìàòðèöi áiëÿ ïîõiäíèõ íà âñüîìó ðîçãëÿ-
äóâàíîìó ïðîìiæêó.

Ó äàíié ïðàöi íàâåäåíî àëãîðèòì ïîáóäî-
âè ðîçâ'ÿçêó çàäà÷i Êîøi (2), (3) ó âèïàäêó
êîëè ìàòðèöÿ B(t) íà âiäðiçêó [0; T ] çìiíþ¹
ñâié ðàíã. Îòæå, íåõàé ó ñèñòåìi (2) A(t, ε),
B(t), x � òàêi æ, ÿê i â ñèñòåìi (1), ïðè÷îìó

A(t, ε) = A0(t) + εA1(t),

f(x, t, ε) � âåêòîð-ôóíêöiÿ ðîçìiðíîñòi n.
Ïðèïóñòèìî, ùî:

1) åëåìåíòè ìàòðèöü A0(t), A1(t), B(t) íå-
ñêií÷åííî äèôåðåíöiéîâíi íà âiäðiçêó [0; T ];
2) âåêòîð-ôóíêöiÿ f(x, t, ε) ìà¹ íåñêií÷åí-
íó êiëüêiñòü íåïåðåðâíèõ ïîõiäíèõ çà âñiìà
çìiííèìè íà ìíîæèíi ||x|| ≤ a, 0 ≤ t ≤ T ,
ε ∈ [0; ε0], ||x0|| < a;
3) â'ÿçêà ìàòðèöü A0(t)− λB(0) íà âiäðiçêó
[0; T ] ðåãóëÿðíà, ìà¹ îäèí "ñêií÷åííèé" åëå-
ìåíòàðíèé äiëüíèê êðàòíîñòi p, p ≥ 2 i îäèí
"íåñêií÷åííèé" � êðàòíîñòi n− p;
4) Reλ0(t) 6= 0, 0 ≤ t ≤ T , äå λ0(t) � âëàñíå
çíà÷åííÿ ìàòðèöi A0(t) âiäíîñíî B(0).

Òîäi iñíóþòü íåîñîáëèâi ìàòðèöi P (t) òà
Q(t) òàêi, ùî

P (t)A0(t)Q(t) = Ω(t), P (t)B(0)Q(t) = H,

äå

Ω(t) =

(
E1 0
0 W (t)

)
, H =

(
J1 0
0 E2

)
,
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W (t) = λ0(t)E2 + J2, E1, E2 � îäèíè÷íi ìà-
òðèöi (n− p)-ãî òà p-ãî ïîðÿäêó âiäïîâiäíî,

Ji = ||γij||ri
1 , γij =

{
1, j = i + 1,
0, j 6= i + 1,

r1 = n− p, r2 = p [1, ñ. 32].
Çðîáèìî â ñèñòåìi (2) çàìiíó x = Q(t)y i

ïîìíîæèìî ¨¨ çëiâà íà P (t). Äiñòàíåìî

εD(t)
dy

dt
= C(t, ε) y + εg(y, t, ε), (4)

äå

C(t, ε) = Ω(t) + ε(P (t)A1(t)Q(t)−
−HQ−1(t)Q′(t)) ≡ C0(t) + εC1(t),

D(t) = P (t)B(t)Q(t),

g(y, t, ε) = P (t)f(Q(t)y, t, ε).

Óìîâà (3) ïðè öüîìó íàáóäå âèãëÿäó

y(0, ε) = Q−1(0)x0 ≡ y0. (5)

Ðîçâ'ÿçîê çàäà÷i (4), (5) øóêàòèìåìî ó
âèãëÿäi

y(t, ε) = y(t, ε) + Πy(τ, ε), (6)

äå y(t, ε) =
∞∑
i=0

εiyi(t) � ðåãóëÿðíèé ðÿä, à

Πy(τ, ε) =
∞∑
i=0

εiΠiy(τ) � ïðèìåæîâèé ðÿä, ó

ÿêîìó τ =
t

ε
, [5].

Ó òàêîìó æ âèãëÿäi çàïèøåìî âåêòîð
g(y, t, ε):

g(y, t, ε) = g(t, ε) + Πg(τ, ε),

äå
g(t, ε) = g(y(t, ε), t, ε),

Πg(τ, ε) = g(y(ετ, ε) + Πy(τ, ε), ετ, ε)−
−g(y(ετ, ε), ετ, ε).

Ðîçêëàäàþ÷è âåêòîð-ôóíêöi¨ g(t, ε) òà
Πg(τ, ε) ó ôîðìàëüíi ðÿäè çà ñòåïåíÿìè ε,
äiñòà¹ìî

g(t, ε) =
∞∑
i=0

εigi(t), Πg(τ, ε) =
∞∑
i=0

εiΠig(τ).

Àíàëîãi÷íèì ÷èíîì çàïèøåìî ìàòðèöi
C(t, ε) òà D(t):

ΠC(τ, ε) = C(ετ, ε) =
∞∑

s=0

εs

s∑
i=0

1

i!

diCs−i(0)

dti
τ i,

ΠD(τ, ε) = D(ετ) =
∞∑

s=0

εs 1

s!

dsD(0)

dts
τ s.

Ïiäñòàâèìî ðÿä (6) ó ñèñòåìó (4) i ðîç-
ãëÿíåìî îêðåìî âèðàçè, ùî çàëåæàòü âiä t i
τ :

εD(t)
dy

dt
= C(t, ε)y + εg(t, ε), (7)

D(ετ)
dΠy

dτ
= C(ετ, ε)Πy + εΠg(τ, ε). (8)

Ìîæíà ïîêàçàòè, ùî ïðèðiâíþþ÷è êîå-
ôiöi¹íòè áiëÿ îäíàêîâèõ ñòåïåíiâ ε, ñèñòåìè
(7), (8) âiäíîñíî y0(t), Π0y(τ), y1(t), Π1y(τ),
... ðîçâ'ÿçíi [5, ñ. 57; 6, ñ. 348], ïðè÷îìó

Πiy(τ) → 0, τ →∞, i = 1, 2, ...

Çàóâàæèìî, ùî äëÿ âèêîíàííÿ óìîâè (5) äî-
ñòàòíüî, ùîá

y0(0) + Π0y(0) = y0, (90)

yi(0) + Πiy(0) = 0, i = 1, 2, ... (9i)

Ïîêàæåìî, ùî ïîáóäîâàíèé ôîðìàëü-
íèé ðîçâ'ÿçîê ¹ ðiâíîìiðíèì àñèìïòîòè÷íèì
ðîçâèíåííÿì òî÷íîãî ðîçâ'ÿçêó çàäà÷i (4),
(5) íà âiäðiçêó [0; t0], t0 ≤ T çà ïàðàìåòðîì
ε.

Äëÿ öüîãî ñèñòåìó (4) çàïèøåìî òàê:

εH
dy

dt
= C(t, ε)y+ε(H−D(t))

dy

dt
+εg(y, t, ε).

ßê âiäîìî, ìàòðèöÿ Ω(t) ìà¹ H-æîðäàíiâ
ëàíöþæîê âåêòîðiâ äîâæèíè p, ùî ñêëàäà-
¹òüñÿ ç âëàñíîãî âåêòîðà ϕ(t), ÿêèé âiäïî-
âiäà¹ âëàñíîìó çíà÷åííþ λ0(t) òà p − 1 H-
ïðè¹äíàíèõ âåêòîðiâ ϕ1(t), ..., ϕp−1(t) [1, ñ.
32].

Ìàòðèöÿ H ìà¹ Ω-æîðäàíiâ ëàíöþæîê
âåêòîðiâ äîâæèíè n − p, ùî ñêëàäà¹òüñÿ ç
âëàñíîãî âåêòîðà ϕ̃(t), ÿêèé âiäïîâiäà¹ íó-
ëüîâîìó âëàñíîìó çíà÷åííþ òà n− p− 1 Ω-
ïðè¹äíàíèõ âåêòîðiâ ϕ̃1(t), ..., ϕ̃p−1(t).
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Íåõàé ψ(t) òà ψ̃(t) � åëåìåíòè íóëü-
ïðîñòîðó ìàòðèöü (Ω(t)−λ0(t)H)∗ òà H∗ âiä-
ïîâiäíî.

Ïðè öüîìó âåêòîðè ψ(t) òà ψ̃(t) ìîæíà âè-
çíà÷èòè òàê, ùîá
(H((Ω(t)− λ0(t)H)−H)i−1ϕ(t), ψ(t)) = δpi,

i = 1, p,

(Ω(t)((H−Ω(t))i−1ϕ̃(t), ψ̃(t)) = δn−p,i,

i = 1, n− p, δij � ñèìâîë Êðîíåêåðà.
Çàçíà÷èìî, ùî âåêòîðè ϕ(t), ϕ1(t), ...,

ϕp−1(t), ϕ̃(t), ϕ̃1(t), ..., ϕ̃n−p−1(t), ψ(t) òà ψ̃(t)
ìîæíà ïîáóäóâàòè òàê, ùîá âîíè áóëè ëiíié-
íî íåçàëåæíèìè íà âiäðiçêó [0; T ] [2, ñ. 31].

Íàäàëi ïðèïóñêàòèìåìî, ùî:
5) Re p

√
(C1(t)ϕ(t)−Hϕ′(t), ψ(t)) 6= 0,

Re
q−1

√
(C1(t)ϕ̃(t), ψ̃(t)) 6= 0, t ∈ [0; T ].

Òîäi [2, ñ. 81] ñèñòåìà

εH
dy

dt
= C(t, ε)y

ìà¹ p ôîðìàëüíèõ ëiíiéíî íåçàëåæíèõ
ðîçâ'ÿçêiâ âèãëÿäó

yi(t, ε) = ui(t, ε) exp


1

ε

t∫

0

λi(t, ε)dt


 ,

i = 1, p, äå ui(t, ε) � n-âèìiðíi âåêòîðè, à
λi(t, ε) � ñêàëÿðíi ôóíêöi¨, ïðè÷îìó

ui(t, ε) = ϕ(t) +
∞∑

k=1

µku
(i)
k (t), (10)

λi(t, ε) = λ0(t) +
∞∑

k=1

µkλ
(i)
k (t),

i = 1, p òà n − p − 1 ôîðìàëüíèõ ëiíiéíî
íåçàëåæíèõ ðîçâ'ÿçêiâ

ỹj(t, ε) = ũj(t, ε) exp


νp−n

t∫

0

dt

ξj(t, ε)


 ,

j = 1, n− p− 1, äå

ũj(t, ε) = ϕ̃(t) +
∞∑

k=1

νkũ
(j)
k (t), (11)

ξj(t, ε) =
∞∑

k=0

νkξ
(j)
k (t),

j = 1, n− p− 1, µ = p
√

ε, ν = n−p−1
√

ε.
Ñïðÿæåíà ñèñòåìà

ε
dB∗(t)z

dt
= −A∗(t, ε)z

òàêîæ ìà¹ p ôîðìàëüíèõ ëiíiéíî íåçàëåæ-
íèõ ðîçâ'ÿçêiâ âèãëÿäó

zi(t, ε) = vi(t, ε) exp


1

ε

t∫

0

ηi(t, ε)dt


 , i = 1, p

òà n−p−1 ôîðìàëüíèõ ëiíiéíî íåçàëåæíèõ
ðîçâ'ÿçêiâ

z̃j(t, ε) = ṽj(t, ε) exp


νp−n

t∫

0

dt

κj(t, ε)


 ,

j = 1, n− p− 1, äå

vi(t, ε) = ψ(t) +
∞∑

k=1

µkv
(i)
k (t), (12)

ηi(t, ε) = −λ0(t) +
∞∑

k=1

µkη
(i)
k (t),

i = 1, p,

ṽj(t, ε) = ψ̃(t) +
∞∑

k=1

νkṽ
(j)
k (t), (13)

κj(t, ε) =
∞∑

k=0

νkκ
(j)
k (t),

j = 1, n− p− 1.
Çðîáèìî â ñèñòåìi (4) çàìiíó

y(t, ε) = z(t, ε) + ym(t, ε), (14)

äå

ym(t, ε) =
m∑

i=0

εi(yi(t) + Πiy(τ)),

à z(t, ε) � íîâà íåâiäîìà âåêòîð-ôóíêöiÿ. Äi-
ñòàíåìî

εH
dz

dt
= C(t, ε) z + h(z, t, ε), (15)
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h(z, t, ε) = C(t, ε)ym + ε(H −D(t))
dz

dt
−

−εD(t)
dym

dt
+ εg(z + ym, t, ε).

Äîâåäåìî iñíóâàííÿ ðîçâ'ÿçêó ñèñòåìè
(15) òàêîãî, ùî

z(0, ε) = 0.

Íåõàé

Q1(t, ε) = [Um(t, ε), ϕ̃(t)],

P1(t, ε) = [Vm(t, ε), ψ̃(t)]∗,

äå Um(t, ε) òà Vm(t, ε) � ïðÿìîêóòíi n×(n−1)-
ìàòðèöi, ñêëàäåíi ç âèðàçiâ (10), (11) òà (12),
(13) âiäïîâiäíî, øëÿõîì ¨õ îáðèâàííÿ íà m-
ìó ÷ëåíi:

Um(t, ε) = [u
(m)
1 (t, ε), ..., u(m)

p (t, ε),

ũ
(m)
1 (t, ε), ..., ũ

(m)
n−p−1(t, ε)],

Vm(t, ε) = [v
(m)
1 (t, ε), ..., v(m)

p (t, ε),

ṽ
(m)
1 (t, ε), ..., ṽ

(m)
n−p−1(t, ε)].

Âèêîíàâøè â ñèñòåìi (15) çàìiíó

z(t, ε) = Q1(t, ε) v(t, ε)

òà ïîìíîæèâøè îáèäâi ¨¨ ÷àñòèíè çëiâà íà
P1(t, ε), ìàòèìåìî

εP1 H Q1
dv

dt
= P1 LQ1 v + P1 h(Q1v, t, ε),

äå
L(t, ε) = C(t, ε)− εH

d

dt
.

Òîáòî

ε

(
V ∗

mHUm 0
0 0

)
dv

dt
=

(
V ∗

mLUm V ∗
mLϕ̃

ψ̃ ∗LUm (Lϕ̃, ψ̃)

)
v+

+P1h(Q1v, t, ε). (16)

Çàçíà÷èìî, ùî

L(t, ε) Um(t, ε) = H Um(t, ε) Sm(t, ε)+

+ε
m+1

p(n−p−1) C1(t, ε),

äå

Sm(t, ε) = diag{Λm(t, ε), Ψm(t, ε)} ≡
≡ diag{sm1(t, ε), ..., sm,n−1(t, ε)},

Λm(t, ε) = diag{λ(m)
1 (t, ε), ..., λ(m)

p (t, ε)},
Ψm(t, ε) =

= diag{(νξ
(m)
1 (t, ε))−1, ..., (νξ

(m)
n−p−1(t, ε))

−1},
à C1(t, ε) � n× (n− 1)-âèìiðíà ìàòðèöÿ, ðiâ-
íîìiðíî îáìåæåíà íà [0; T ].

Òîäi ñèñòåìà (16) íàáóäå âèãëÿäó

εR(t, ε)
dv

dt
= F (t, ε)v + l(v, t, ε), (17),

äå
R(t, ε) = R0(t, ε) + R1(t, ε),

R0(t, ε) =

(
V ∗

mHUm 0

0 (Dϕ̃, ψ̃)

)
,

R1(t, ε) =

(−V ∗
m(H −D)Um V ∗

mDϕ̃

ψ̃∗DUm 0

)
,

F (t, ε) = F0(t, ε) + F1(t, ε),

F0(t, ε) =

(
V ∗HUmSm 0

0 (Lϕ̃, ψ̃)

)
,

F1(t, ε) =

=

(
ε

m+1
p(n−p−1) V ∗

mC1 + εV ∗
m(H−D)U ′

m V ∗
mLϕ̃

ε
m+1

p(n−p−1) ψ̃∗C1 + εψ̃∗(H−D)U ′
m 0

)
,

l(v, t, ε) =

= P1

(
Cym − εD

dym

dt
+ εg(Q1v + ym, t, ε)

)
.

Íàäàëi ïðèïóñêàòèìåìî âèêîíàííÿ óìîâ:
6)

dn−p,1(t) = kt, k ∈ R,

|dn−p,i(t)|+ |dj1(t)| = O(tα), α > 1,

i = 2, n; j = 1, 2, ..., n− p− 1, n− p + 1, ..., n,

||D−1(t)
(
C1(t)ym(t) + C1(0)Πmy(t/ε)+

+tC ′
1(0)(Πm−1y(t/ε) + εΠmy(t/ε))−

−εtD′(0)Π′
my(t/ε) + rm(ym(t, ε), t, ε)+

+rm(Πmy(t, ε), t, ε)
)
− y ′m(t)|| = O(t),
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t ∈ [0; ε4], äå dij(t) � êîìïîíåíòè ìàòðèöi
D(t), rm(ym(t, ε), t, ε) òà rm(Πmy(t, ε), t, ε) �
äîäàòêîâi ÷ëåíè ôîðìóë Òåéëîðà çà ñòåïå-
íÿìè ε äëÿ ôóíêöié

g(ym(t, ε), t, ε)

òà
g(ym(ετ, ε) + Πmy(τ, ε), ετ, ε)−

−g(ym(ετ, ε), ετ, ε);

7) iñíó¹ íåïåðåðâíà ôóíêöiÿ

η(t, ε), 0 ≤ t ≤ T, 0 ≤ ε ≤ ε0

òàêà, ùî

||f(z, t, ε)− f(z, t, ε)|| ≤ η(t, ε) ||z − z||,
ïðè÷îìó

η(t, ε)

tε5+γ
= O(1)

äëÿ âñiõ ||z|| ≤ a, ||z|| ≤ a (÷èñëî γ áóäå
âèçíà÷åíå ïiçíiøå);
8) Re

an−p,1(0)

kλ0(0)
< 0.

Íåõàé S � ìíîæèíà âñiõ íåïåðåðâíèõ n-
âèìiðíèõ âåêòîð-ôóíêöié v(t, ε) ç íîðìîþ

ν(v) = sup
t∈[0;T ]

||v(t, ε)||.

Ðîçãëÿíåìî êëàñ ôóíêöié

S0 = {v(t, ε) ∈ S : ||v(t, ε)|| = O(εm−3t2),

0 ≤ t ≤ ε4, 0 < ε ≤ ε0}.
Âèçíà÷èìî îïåðàòîð A çà ôîðìóëîþ

Av =





1

ε

t∫

0

V (t)V −1(s)k(s, ε)ds, t 6= 0,

0, t = 0,
(18)

äå
k(s, ε) =

= R−1(s, ε)
(−εR1(s, ε)V

′(s)V −1(s)v(s, ε)+

+F1(s, ε)v(s, ε) + l(v(s, ε), s, ε)) ,

à V (t) � ôóíäàìåíòàëüíà ìàòðèöÿ ñèñòåìè

εR0(t, ε)
dv

dt
= F0(t, ε)v,

òîáòî
V (t) =

=




exp


1

ε

t∫

0

Sm(τ, ε)dτ


 0

0 p(t)t
an−p,1(0)

kλ0(0)


,

p(0) = 1, [7, ñ. 39].
Íåõàé òàêîæ:

9) ñòàëi N1 òà N2 òàêi, ùî
∣∣∣∣
p(t)

p(s)

∣∣∣∣ ≤ N1, 0 ≤ s ≤ t ≤ ε4,

|k(1)
n (t, ε)| ≤ N2

t
, |k(2)

nn (t, ε)| ≤ N2

t
,

|k(3)
nn (t, ε)| ≤ N2

t
, t ∈ (0; ε4]

k
(1)
n , k

(2)
nn , k

(3)
nn âiäïîâiäíi åëåìåíòè âåêòîðà

k(1) = [Um, ϕ̃]−1D−1Lϕ̃

òà ìàòðèöü
K(2) =

= [Um, ϕ̃]−1D−1([Vm, ψ̃]∗)−1

(
0 0

0 (Lϕ̃, ψ̃)

)
,

K(3) = [Um, ϕ̃]−1D−1([Vm, ψ̃]∗)−1×

×
(−V ∗

m(H −D)Um V ∗
mDϕ̃

ψ̃∗DUm 0

)
V ′V −1,

ïðè÷îìó
∣∣∣∣N1N2

kλ0(0)

an−p,1(0)

∣∣∣∣ ≤ d < 1.

Òîäi ìîæíà ïîêàçàòè iñíóâàííÿ ñòàëî¨
ε1 ≤ ε0, òàêî¨, ùî äëÿ âñiõ 0 < ε ≤ ε1 îïå-
ðàòîð A âiäîáðàæà¹ çàìêíåíó ìíîæèíó S0

â S0 i ¹ îïåðàòîðîì ñòèñêàííÿ [8, ñ. 44]. À
òîìó iñíó¹ ¹äèíà ôóíêöiÿ v(t, ε) ∈ S0, òàêà,
ùî Av = v, ïðè÷îìó v(0, ε) = 0 i v′(0, ε) = 0.

Îñêiëüêè ñèñòåìà iíòåãðàëüíèõ ðiâíÿíü

v =





1

ε

t∫

0

V (t)V −1(s)k(s, ε)ds, t 6= 0,

0, t = 0
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åêâiâàëåíòíà ñèñòåìi äèôåðåíöiàëüíèõ ðiâ-
íÿíü (17), òî íà âiäðiçêó [0; ε4] iñíó¹ ¹äèíèé
ðîçâ'ÿçîê v(t, ε) ñèñòåìè (17), òàêèé, ùî

v(0, ε) = 0

i
||v(t, ε)|| = O(εm−3t2).

Ðîçãëÿíåìî òåïåð çàäà÷ó Êîøi

εD(t)
dz

dt
= C(t, ε)z + h(z, t, ε), (19)

z(ε4, ε) = Q1(ε
4, ε)v(ε4, ε), (20)

äå

h(z, t, ε) = C(t, ε)ym − εD(t)
dym

dt
+

+εg(z + ym, t, ε)

íà âiäðiçêó [ε4; t0].
×èñëî t0 ââàæàòèìåìî òàêèì, ùî:

10) 1

detD(t)
= O(ε−4), t ∈ [ε4; t0].

Íåõàé Z(t, ε) � ôóíäàìåíòàëüíà ìàòðèöÿ
ñèñòåìè

εD(t)
dz

dt
= C(t, ε)z

äëÿ ÿêî¨

||Z(t, ε)Z−1(s, ε)|| = O(ε−γ), γ ≥ 0, (21)

ε4 ≤ s ≤ t ≤ t0.
Òîäi iñíóâàòèìå ñòàëà ε2 ≤ ε1, òàêà, ùî

îïåðàòîð

Bz = Q1(ε
4, ε)v(ε4, ε)+

+
1

ε

t∫

ε4

Z(t, ε)Z−1(s, ε)D−1(s)h(z, s, ε)ds

âiäîáðàæà¹ çàìêíåíó ìíîæèíó

S1 = {z(t, ε) ∈ S : ||z(t, ε)|| = O(εm−5−γ),

ε4 ≤ t ≤ t0, 0 < ε ≤ ε2}
â S1 i ¹ îïåðàòîðîì ñòèñêàííÿ.

Òîìó íà âiäðiçêó [ε4; t0] iñíó¹ ¹äèíèé
ðîçâ'ÿçîê çàäà÷i (19), (20), òàêèé, ùî

||z(t, ε)|| = O(εm−5−γ).

Òàêèì ÷èíîì ïðàâèëüíà òåîðåìà.
Òåîðåìà. Íåõàé âèêîíóþòüñÿ óìîâè 1)�

10), (9i), i = 0, 1, 2, ...,m, (21). Òîäi äëÿ
m + 1

p(n− p− 1)
− 1 > 0

i âñiõ 0 < ε ≤ ε2 íà âiäðiçêó [0; t0] iñíó¹ ¹äè-
íèé ðîçâ'ÿçîê x(t, ε) çàäà÷i (2), (3) òàêèé, ùî

||x(t, ε)− xm(t, ε)|| = O
(
εm−5−γt2

)
,

äå xm(t, ε) = Q(t)ym(t, ε).
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