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»r¸�®oÙ

´¥ÅûÑ�¹hÅ�Á�±
®b±
°
² ã  Ì ��ä °
´¢®b®r¸À®nÖ\°
±
»r¸�Á�®b±
±
Ç�®U¹
®rçÒ®b±
°
® y(t, α, c, λ)
Ä=Ç�¾
¹
®nÖ\®o¯X®b±
±
Ç�®¨±hÅë»b®bÎb´¢®b±�¸�®

[0; ω]
Ä�±
®b¾
¹
®b¹
³4Á�±
Ç�®0±hÅÐ´¢±
ÇdÊË®b»r¸�Á�®

[0; ω]×W (δ)×G(µ)×Λ(δ)
°ëÑyÖ\Ç�Á�¯X®r¸�Á�Ç�¹�¿
Â�ØÒ®b®F±
®b¹hÅ�Á�®b±�Ù

»r¸�Á�Ñ
|y(t, α, c, λ)|≤δ0

Ì
+-,/.1032406510�7/810 9 Q : Q ;=<?>�<?@BAC< t → y(t, α, c, λ) D y(0, α, c, λ) = α E?ACE?F�<HG�IKJMLONQPSRTVUXW <HGY@BZV[�I]\�Z^F`_ ω aMbC<McCACd W ABef<�E?gXA�GhD/<�E�iCAjE UXk <�E?F�\ UXl Fm\^<?gXF�dncCI α∈W (δ0) D c∈G(µ0) D

λ∈Λ(δ0) b^cCAogOdpF�dncCIrqs\�ItbCd�iC@�uC<?F�E�uvcOZw\^<?@CE?F�\^d
y(0, α, c, λ) = y(ω, α, c, λ) = α.

� Ñ�¹
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* ¹
®nÖ\¾
Ç�¯XÇdÊ�°
´4Ähº�¸�Ç	Á�®b·�¸�Ç�¹�Ù�Þ�Ñ�±
·
¼
°
Â
f(t, y + x(t, c), λ)

´¢ÇdÊ�±
ÇG¾
¹
®nÖ\»r¸�Å�Á�°�¸�Ó:Á	Á�°�Ö\®
f(t, y + x(t, c), λ) = f(t, x(t, c), λ) + D(t, x(t, c), λ) · y + Pk(t, x(t, c), λ, y) + o(|y|k),

Î{Ö\®
D(t, x(t, c), λ)

ï Éy±hÅdº
®b±
°
® ´¥Å�¸�¹
°
¼
³ � ·�Ç�Ô�° Á�®b·�¸�Ç�¹�Ù�Þ�Ñ�±
·
¼
°
°
f(t, x, λ)

¾
¹
°
x = x(t, c)

Ä6±
®b¾
¹
®b¹
³4Á�±
Ç�®�¾
Ç ¾
®b¹
®b´¢®b±
±
³4´
t, c, λ

±hÅ ´¢±
ÇdÊË®b»r¸�Á�®
[0; ω]×G(µ0)×Λ(δ0)

í
Pk(t, x(t, c), λ, y)

ï Á�®b·�¸�Ç�¹�Ù�Þ�Ç�¹
´¥Å
k
Ù�ÎbÇÆ¾
Ç�¹�¿�Ö\·�Å Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç ¾
®b¹
®b´¢®b±
±
Ç�²

y
Ä

k > 1
í

lim
y→0

o(|y|k)
|y|k

= 0
Ä

lim
λ→0

D(t, x(t, c), λ) = 0
Äý¹hÅ�Á�±
Ç�´¢®b¹
±
Ç Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç

t, c
±hÅ ´¢±
ÇdÊË®b»r¸�Á�®

[0; ω]×G(µ0)
ÌUè'®b·�¸�Ç�¹�Ù�Þ�Ç�¹
´�Ñ

Pk(t, x(t, c), λ, y)
Á�»b®bÎ{ÖÏÅ ´¢ÇdÊ�±
Ç ¾
¹
®nÖ\»r¸�Å�Á�°�¸�Ó2¹hÅ�Á�®b±
»r¸�Á�Ç�´

Pk(t, x(t, c), λ, y) = Q(t, x(t, c), λ, y)·y
ÄKÎ{Ö\®

Q(t, x(t, c), λ, y)
´¥Å�¸�¹
°
¼hÅ�Ä�±
®b¾
¹
®b¹
³4Á�±hÅ�¿ ¾
Ç

¾
®b¹
®b´¢®b±
±
³4´
t, c, λ, y

±hÅÚ´¢±
ÇdÊË®b»r¸�Á�®
[0; ω]×G(µ0)×Λ(δ0)×D(δ0)

°
lim
λ→0

Q(t, x(t, c), λ, y) = 0¹hÅ�Á�±
Ç�´¢®b¹
±
ÇGÇ�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç
t, c, λ

±hÅG´¢±
ÇdÊË®b»r¸�Á�®
[0; ω]×G(µ0)×Λ(δ0)

Ì
Í'°
»r¸�®b´¥ÅGÑ�¹hÅ�Á�±
®b±
°
² ã  Ì ��ä ¾
¹
°
´¢®r¸�Á�°�Ö

ẏ = Ay + f(t, x(t, c), λ) + D(t, x(t, c), λ) · y + Pk(t, x(t, c), λ, y) + o(|y|k). ã  Ì ��ä
× Ö\±
Ç�Á�¹
®b´¢®b±
±
Ç	» ã  Ì ��ä ¹hÅ�»b»b´¢Ç�¸�¹
°
´ »b°
»r¸�®b´�Ñ

ż = Az + f(t, x(t, c), λ) + D(t, x(t, c), λ) · y(t, α, c, λ)+

+Pk

(

t, x(t, c), λ, y(t, α, c, λ)
)

+ o(|y(t, α, c, λ)|k). ã  Ì  ä
Í'¾
¹hÅ�Á�®nÖh¯X°
Á�ÅG»o¯X®nÖXÑ�Â�ØËÅ�¿
P 0 Y .10 � Z 9 Q : Q ;=<?>�<?@BAC< t → y(t, α, c, λ) D y(0, α, c, λ) = α E?ACE?F�<HG�I JMLON � R uC\�ifuBa

<?F�E�usc�<?>�<?@BAC<HG E?ACE?F�<HG�I JMLON L?RwN � @BZwd T dnc�dpF D c�<?>�<?@BAC< E?ACE?F�<HG�I JMLON L?R t → z(t) D z(0) = α

uC\�ifuC<?F�E�u c�<?>�<?@BAC<HG E?ACE?F�<HG�I JMLON � RpD A W ifuji l T d � d t ∈ [0; ω] E?b^cOZw\^< W iCAC\^d cOZw\^<?@CE?F�\^d
z(t) = y(t, α, c, λ) N

Í'°
»r¸�®b´¥Å Ñ�¹hÅ�Á�±
®b±
°
² ã  Ì  ä µr¸�Ç ¯X°
±
®b²
±hÅ�¿ ±
®bÇbÖ\±
Ç�¹
ÇbÖ\±hÅ�¿ü»b°
»r¸�®b´¥Å�Ì * Ñ�»r¸�Ó X(t)
Ä

X(0) = E
Þ�Ñ�±�ÖÏÅ�´¢®b±�¸�Å�¯XÓ�±hÅ�¿Ý´¥Å�¸�¹
°
¼hÅÒ»b°
»r¸�®b´¢³

ż = Az
Ä�¸�Ç�Î{ÖÏÅÒ±hÅ-Ç�»b±
Ç�Á�Å�±
°
°�¸�®bÇ�¹
®b´¢³ ã  Ì � Ì äÔ�ÑyÖ\®r¸

y(t, α, c, λ) = X(t)·α + X(t)·

t
∫

0

X−1(ξ)·
[

f(ξ, x(ξ, c), λ) + D(ξ, x(ξ, c), λ) · y(ξ, α, c, λ)+

+Pk(ξ, x(ξ, c), λ, y(ξ, α, c, λ)) + o(|y(ξ, α, c, λ)|k)
]

dξ.

P 0 Y .10 � Z 9 Q � Q ;=<?>�<?@BAC< E?ACE?F�<HG�I JMLON � R t → y(t, α, c, λ) D y(0, α, c, λ) = α G d � @Cd
b^c�< W E?F`Zw\�ABF`_ \v\�A W <

y(t, α, c, λ) = X(t)·α + o(|γ|), ã  Ì � ä
� W < γ = (α, λ) � \^<?gXF�dncsA |γ| = max{|α|, |λ|} N
î Ç�·	Å)É�Å)¸�®=¯�Ó�»4¸�Á�Ç
Ì �

)
* Ç�·�Å�ÊË®b´4Ä�º�¸�Ç�Á�®o¯X°
º
°
±hÅ y(t,α,c,λ)

|γ|

Ç�Îb¹hÅ�±
°
º
®b±hÅ�±hÅ�´¢±
ÇdÊË®b»r¸�Á�®
[0; ω]×W (δ)×G(µ)×Λ(δ)

¾
¹
°
γ 6= 0

Ì
á�Å�· ·�Å�·�Ä=Á�®b·�¸�Ç�¹�Ù�Þ�Ñ�±
·
¼
°�¿

t → y(t, α, c, λ)
¹
®rçÒ®b±
°
® ã  Ì ��ä Ä¥¸�Ç¨Öh¯h¿Ã¯XÂRÔ�Ç�ÎbÇ t ∈ [0; ω]Ô�ÑyÖ\®r¸	Á�³4¾
Ç�¯X±
®b±
Ç�¹hÅ�Á�®b±
»r¸�Á�Ç

ẏ(t, α, c, λ) = A · y(t, α, c, λ) + f(t, x(t, c), λ) + D(t, x(t, c), λ) · y(t, α, c, λ)+

� Ñ�¹
±hÅ�¯ÐÍ=è4â × Ì � ����� Ì�á'Ì ��� Ä  �
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+Pk

(

t, x(t, c), λ, y(t, α, c, λ)
)

+ o(|y(t, α, c, λ)|k).
× ¸�·�ÑyÖÏÅG¾
Ç�¯hÑ�º
°
´

|y(t, α, c, λ)|≤|α| +

t
∫

0

∣

∣

∣
f(ξ, x(ξ, c), λ)

∣

∣

∣
dξ +

t
∫

0

∥

∥

∥
A + D(ξ, x(ξ, c), λ)+

+Q
(

ξ, x(ξ, c), λ, y(ξ, α, c, λ)
)

+
o(|y(ξ, α, c, λ)|k)

|y(ξ, α, c, λ)|

∥

∥

∥
·|y(ξ, α, c, λ)|dξ.

* Ñ�»r¸�Ó
M = sup

[0;ω]×G(µ)×Λ(δ)

∥

∥

∥
A + D(t, x(t, c), λ) + Q

(

t, x(t, c), λ, y(t, α, c, λ)
)

+ o(|y(t,α,c,λ)|k)
|y(t,α,c,λ)|

∥

∥

∥

Ì
áTÇ�Î{ÖÏÅ

|y(t, α, c, λ)|≤|α| +
t
∫

0

|f(ξ, x(ξ, c), λ)|dξ +
t
∫

0

M ·|y(ξ, α, c, λ)|dξ
Ì * Ç@¯X®b´¢´¢® � ¹
Ç�±�Ñ�Ç�¯
¯\Å�Ù

� ®o¯
¯X´¥Å�±hÅ�Ä'Öh¯h¿¶¯XÂRÔ�Ç�ÎbÇ
t ∈ [0; ω]

Ä4°½¯XÂRÔ�³'È Á�®b·�¸�Ç�¹
Ç�Á
α∈W (δ)

Ä
c∈G(µ)

Ä
λ∈Λ(δ)

°
´¢®b®b´
|y(t, α, c, λ)|≤

(

|α| +
ω
∫

0

|f(t, x(t, c), λ)|dt
)

·exp(Mω)
Ì Í¥¯X®nÖ\Ç�Á�Å�¸�®o¯XÓ�±
Ç
Ä

lim
γ→0

y(t, α, c, λ) = 0¹hÅ�Á�±
Ç�´¢®b¹
±
Ç	¾
Ç
t ∈ [0; ω]

°
c∈G(µ)

ÄhÅË¸�Å�·0ÊË®

|y(t, α, c, λ)|

|γ|
≤

(

|α| +
ω
∫

0

|f(t, x(t, c), λ)|dt
)

·exp(Mω)

|γ|
=

=
( |α|

|γ|
+

1

|λ|
·

ω
∫

0

|f(t, x(t, c), λ)|dt·
|λ|

|γ|

)

·exp(Mω)

áTÇË®b»r¸�Ó
ÄXÁ�®o¯X°
º
°
±hÅ y(t,α,c,λ)
|γ|

Ç�Îb¹hÅ�±
°
º
®b±hÅG±hÅË´¢±
ÇdÊË®b»r¸�Á�®
[0; ω]×W (δ)×G(µ)×Λ(δ)

¾
¹
°
γ 6= 0

Ì
��ä � Ô�®nÖ\°
´¢»�¿�ÄXº�¸�Ç

X(t)·

t
∫

0

X−1(ξ)·
[

f(ξ, x(ξ, c), λ) + D(ξ, x(ξ, c), λ) · y(ξ, α, c, λ)+

+Pk(ξ, x(ξ, c), λ, y(ξ, α, c, λ)) + o(|y(ξ, α, c, λ)|k)
]

dξ = o(|γ|),ÅËµr¸�Ç	Éy±hÅdº
°�¸�Ä

lim
γ→0

(

1

|γ|
·X(t)·

t
∫

0

X−1(ξ)·
[

f(ξ, x(ξ, c), λ) + D(ξ, x(ξ, c), λ) · y(ξ, α, c, λ)+

+Pk(ξ, x(ξ, c), λ, y(ξ, α, c, λ)) + o(|y(ξ, α, c, λ)|k)
]

dξ

)

= 0

¹hÅ�Á�±
Ç�´¢®b¹
±
Ç	Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç
t ∈ [0; ω]

°
c∈G(µ)

Ì
îÒ®b²
»r¸�Á�°�¸�®o¯XÓ�±
Ç
Ä

lim
γ→0

f(t,x(t,c),λ)
|γ|

= lim
γ→0

f(t,x(t,c),λ)
|λ|

· |λ|
|γ|

= 0
¹hÅ�Á�±
Ç�´¢®b¹
±
Ç Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç

t ∈ [0; ω]
°

c∈G(µ)
Ä

lim
γ→0

D(t,x(t,c),λ)·y(t,α,c,λ)
|γ|

= lim
γ→0

(

D(t, x(t, c), λ) · y(t,α,c,λ)
|γ|

)

= 0
¹hÅ�Á�±
Ç�´¢®b¹
±
Ç

Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç
t ∈ [0; ω]

°
c∈G(µ)

ÄXÅÒ¸�Å�·0ÊË®

lim
γ→0

Pk(t, x(t, c), λ, y(t, α, c, λ))

|γ|
= lim

γ→0

(

Q(t, x(t, c), λ, y(t, α, C, λ))·
y(t, α, c, λ)

|γ|

)

= 0
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°
lim
γ→0

o(|y(t,α,c,λ)|k)
|γ|

= lim
γ→0

o(|y(t,α,c,λ)|k)
|y(t,α,c,λ)|

· |y(t,α,c,λ)|
|γ|

= 0
¹hÅ�Á�±
Ç�´¢®b¹
±
Ç Ç�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç

t ∈ [0; ω]
°

c∈G(µ)
Ì

� ¸�Å�·ê¾
Ç�¯hÑ�º
°
´4Ä�Öh¯h¿U¯XÂRÔ�Ç�ÎbÇ
ε > 0

»rÑ�ØÒ®b»r¸�Á�Ñ�®r¸
δ1 ∈ (0; δ0]

Äà¸�Å�·�Ç�®0º�¸�Ç
Ä�Öh¯h¿û¯XÂRÔ�Ç�ÎbÇ
Á�®b·�¸�Ç�¹hÅ

γ
Ä
|γ| < δ1

Á�³4¾
Ç�¯X±�¿
®r¸�»�¿H±
®b¹hÅ�Á�®b±
»r¸�Á�Ç
∣

∣

∣

∣

1

|γ|
·
[

f(t, x(t, c), λ) + D(t, x(t, c), λ)·y(t, α, c, λ) + Pk(t, x(t, c), λ, y(t, α, c, λ))+

+o(|y(t, α, c, λ)|k)
]

∣

∣

∣

∣

< ε

¾
¹
°Ý¯XÂRÔ�³'È
t ∈ [0; ω]

°
c∈G(µ)

Ì � ¸�Ç	°0¸�¹
®bÔ�Ç�Á�Å�¯XÇ�»bÓÒÖ\Ç�·�Å�ÉdÅ�¸�Ó
Ì
î�ÇG·HÅÒÉ-ÅÒ¸�®)¯HÓG»�¸�ÁGÇ É-ÅË·0Ç	±0ºF®�±FÇ
Ì

�Å Ç�»b±
Ç�Á�Å�±
°
°#Ç�¾
¹
®nÖ\®o¯X®b±
°�¿ ã  Ì � Ì ä °
´¢®b®b´4Äû¹
®rçÒ®b±
°
® t → y(t, α, c, λ)
Ô�ÑyÖ\®r¸

ω
Ù

¾
®b¹
°
ÇbÖ\°
º
®b»b·
°
´ß¸�Ç�Î{ÖÏÅF°¨¸�Ç�¯XÓ�·�ÇF¸�Ç�Î{ÖÏÅ�Äà·�Ç�Î{ÖÏÅF»rÑ�ØÒ®b»r¸�Á�Ñ�Â�¸ÚÁ�®b·�¸�Ç�¹
³
α∗ ∈ W (δ)

Ä
c∗ ∈ G(µ)

Ä
λ∗ ∈ Λ(δ)

ÑyÖ\Ç�Á�¯X®r¸�Á�Ç�¹�¿
Â�ØÒ°
®-¹hÅ�Á�®b±
»r¸�Á�Ñ

[X(ω) − E]·α + X(ω)·

ω
∫

0

X−1(t)·
[

f(t, x(t, c), λ) + D(t, x(t, c), λ) · y(t, α, c, λ)+

+Pk(t, x(t, c), λ, y(t, α, c, λ)) + o(|y(t, α, c, λ)|k)
]

dt = 0. ã  Ì � ä
Í'Ç�Î�¯\Å�»r¸�±
Ç ã  Ì � ä Ä
»b°
»r¸�®b´�Ñ0Ñ�¹hÅ�Á�±
®b±
°
² ã  Ì � ä ´¢ÇdÊ�±
ÇG¾
¹
®nÖ\»r¸�Å�Á�°�¸�Ó:ÁGÁ�°�Ö\®

[X(ω) − E]·α + Fp(γ, c) + o(|γ|p) = 0, ã  Ì � ä
Î{Ö\®

p > 1
Ä

Fp(γ, c)
ï Á�®b·�¸�Ç�¹�Ù�Þ�Ç�¹
´¥Å:¾
Ç�¹�¿�Ö\·�Å

p
ÄÏÇ�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç

γ
Ì\á�Å�·6·�Å�·

X(t)
ï Þ�Ñ�±�ÖÏÅ�Ù

´¢®b±�¸�Å�¯XÓ�±hÅ�¿F´¥Å�¸�¹
°
¼hÅ	°0¹
®rçÒ®b±
°
®
x(t, c)

ï
ω
Ù�¾
®b¹
°
ÇbÖ\°
º
®b»b·�Ç�®�ÄX¸�Ç

det [X(ω) − E] = 0
Ì

* Ñ�»r¸�ÓÒ´¥Å�¸�¹
°
¼hÅ
R = X(ω) − E

Ä
rangR = r

Ä
0 ≤ r < n

Ì�è'³4¾
Ç�¯X±
°
´UÉdÅ�´¢®b±�ÑG¾
®b¹
®b´¢®b±�Ù
±
³'È

α = Hβ
Ä�Á�®b·�¸�Ç�¹

β
ï Þ�Ñ�±�ÖÏÅ�´¢®b±�¸�Å�¯XÓ�±hÅ�¿Ã»b°
»r¸�®b´¥ÅÚ¹
®rçÒ®b±
°
²ÀÑ�¹hÅ�Á�±
®b±
°�¿

R · α = 0
Ä�®bÎbÇ

¹hÅ�Éy´¢®b¹
±
Ç�»r¸�Ó
(n − r)

Ì
Í'°
»r¸�®b´¥Å ã  Ì � ä ¾
¹
°
´¢®r¸�Á�°�Ö

Fp(v, c) + o(|v|p) = 0, ã  Ì � ä
Î{Ö\®

v = (β, λ)
Ì× Ô�Ç�Éy±hÅdº
°
´

v = ρ·e
Ä

ρ > 0
Ä\Á�®b·�¸�Ç�¹

e = (eβ , eλ)
ÄX¸�Ç�Î{ÖÏÅ�Ñ�¹hÅ�Á�±
®b±
°
® ã  Ì � ä ´¢ÇdÊË®r¸ÝÔ�³=¸�ÓÉdÅ�¾
°
»yÅ�±
ÇG¸�Å�·

Fp(e, c) + O(ρ, |e|) = 0,Î{Ö\®
lim
ρ→0

O(ρ, |e|) = 0
¹hÅ�Á�±
Ç�´¢®b¹
±
ÇGÇ�¸�±
Ç�»b°�¸�®o¯XÓ�±
Ç

e
Ä
|e| ≤ ∆

°
c ∈ G(µ)

Ä
∆ > 1

ï ±
®b·�Ç�¸�Ç�¹
Ç�®
º
°
»o¯XÇ
Ì
P 0 Y .10 � Z 9 Q 9 Q � E�iCA W ifu i l T Irq \^<?gXF�dnc�dV\ e D |e| = 1 A c ∈ G(µ) D Fp(e, c) 6= 0 D

F�d`E UXk <�E?F�\ U <?F dpg�c�<�E?F`@CdVE?F`_ F�dpe�gXA v = 0 D=\�gOdpF�dnc�d � @C<?F c�<?>�<?@BA�u U cOZw\�@C<?@BA�u JMLON � R dpF`a
iCABe�@Cd � d�dpF @ U ifu�N
îéÇÒ·0Å+É�Å+¸Ë®�¯0ÓÒ»R¸ËÁÒÇ
Ì * Ç-Ñ�»o¯XÇ�Á�°
°
Â

Fp(e, c) 6= 0
¾
¹
°	¯XÂRÔ�³'È

e
Ä
|e| = 1

°
c ∈ G(µ)
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