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L: I; =: J ?H ? < ?; =I < � I ? M I <K ; =I < >@?A < ? BDC C <EF =I < 6 I =; M IK F ; F =; =I: : 9; =I < 6 >@?; <9 <I; M M I

:; H I 9 9 K ; = <IH LA <C : E; G IH LA <I L G I = =C ? M ; H 9; =9 K 8 ? >IH B IK J = < I I: : 9 4

R N: I; H IH G; � LA <C : E = L = <I I M ; y′ = f(t,y)

R � J < ?H ? M ; H IH = L = <I I M ; y′ = f(y) �I; K ; ; B J IF = B:; =; ; < <; =I = <; t : = <C �

R �; H I 9 9 K ; H IH 8 9 F ; ?F IK < ?; M ; H IH A ? M ? � IH ; H IH y′ = Ay.
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y′ = f(y).

1 9 <F 9; =JO JH F <; ? ?H 8 IF < ?K ; O JH F <; ? t → y(t) =







y1(t)

y2(t)






.

0 ? ?K G; H 9 9 < <; O JH F <; ?; G IH F J 8 9 9 >9 < 8 ?; G 9 9H B; ; K <C C 9; F 9 <9 = ? ?H 6 >?H F 9 89 9 F 9 R 9 F =I:; H 9

?H 9; F 9 t4 � IF < ?K ; O JH F <; ? t → y(t) 8 ?; G 9 9H < ?; =9 9: <9 B; ; K <C C O 9 9 =; <9 = ? ?H

B 9 K 9 M I <K ; M J ? G ? = =9 9 H H I < < JH 9 F C LK C H C 6F JH B 9 K 9 M I <K ; H 9 ?H t4

� I 8 ?; G 9 9H 9 >9 <I: : 9 M 9 = =9 B; = <I IH K 9 G 9 F =; 6 I:; �
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� � �� <9 = ? = =9 6 >?H F 9
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9 >9 H A I <F I: : C t. � J < ?H ? M ; H IH = L = <I IM ; M M I y′ = f(y)F IK < ? ? =; ; = <9 H � IH <; H =J JH H 9 H

9 H H I < J = =9 B; = < I I = =C y = (y1, y2) 6M ; F C :; y′ = f(y) 6= 0.

2 K ; F ?; =9 =IM 9 = =9 ? 8 9 < =; <IH B; = <I I < y 6 >@?; = =9 f(y) = 0. � C M C ? 89 <� 
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Q ? = c =







a

b







?H � 0 1 � � 6H ; ; H 89 F ; ?O JH F <; ? y(t) =







y1(t) = a

y2(t) = b






.

?H LA <C : EH K 9 <F 9; =J � 89 F ; ?H G IK ; 8 9 9 < <9 ?H 0 6 ?; F I 9 B J ?:; ?H 0 6F ? =F 9 0 1 � �4

�; F 9 <9 = ? = =9 F J 8 9 9 >9 < ? 8 9 < =; <IH =J ?K 9 < y1 = a >9 y2 = b4 � 9 9 =; <9 = ? = =9 <K 9 >IF < ? K ; H 9

?H LF =; B; = <I 6 c = (a, b).

0K ; ; < <; H IH B; = < I y0 ?H

� �� 	� � 
� 6 >@? =: C A I: : I y0 :9 9 < J: I 8 9 < <K 9 >IF < ?K ; < B L = L 8C <: C A I: : C y0 :9 9 6F JH t → ∞ 6
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<K 9 >IF < ? K ; <: C A I = < L 8C < y0 :9 9 6F JH t → ∞.
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y′ = Ay, A(2 × 2).

2 G I: : C I =; < I < <; ; H K 9 <F 9; =J <F J 8; H I IH F 9; F F ; ; H <9 B 9 J F =; ; H 4 0 IK K 9 <9 9H >9 ? <I <9 9 H

M J F 9 9 H = <9 �; ; :; =J J =4

0 L =I I = =C A C H ?H 9 J < ?H ? M ; H IH LA <C : E 4 Q ? = ?: I <9 M M I 6 I < <C A?H F C C H < L 8C 6 =IH 9; H ? 9
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? M ; H 9; =9 K 8 ?; = <9 6 <C M C H : J F J <9; G ?H 8 9 9 G; M M I ? =9 < <9 89 F =; 4
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1 9 <F 9; =J <A 9 H ? 8 9 < 9; H 9 M J ? < ? 9 


y(t) = c1e
λ1tx1 + c2e

λ2tx2, 2 � 1P ? M 4 8 IF <4 x1, x2.

<9; >@? = ?H 8 9; H LF =; � 1P ? M ; H 9; = 8 IF < ?K ; 6H ; ; H

y(t) = c1e
λtx + c2e

λt(tx + u),

M ; = =C x?H λ :9 9 H :; ; < < L 8C ? M ; H 9; = 8 IF < ?K ; >9 u L: I; = <I < < L ? M ; H 9; = 8 IF < ?K ; 4

Q ? = ?H F ? M B: IF =; H IH ? M ; H 9; =9 K 8 ? λ = α + iβ 6 >@?: : ?; H F L =I ?H 9; H 9 I G I: :; =I = <C

<9 B 9 J F =I = <9 6 8 ?; G 9 9H K 9 <F 9; =J <F ; K >@?; < <9 9 K I 9 9:; =IH M J ? < ? ?H 


y(t) = eαt[u v]







cos (β t) sin (β t)

− sin (β t) cos (β t)













c1

c2







� C; = <C 8 ?; G 9 9H BDC C <I: : C 9; H ? 9H 0 1 � 
H O :H = <9 �; ; :; =J J =F C L < E =A I <; 
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H F 9 J < <9 6: C A I = < L 8C < → ∞4

� � � λ1 < 0, λ2 < 0 �; I: JH ? ? G; 6 89 A 8 9 = <; = <9 �; ; :; 4 0 9; F F ; <K 9 >IF < ?K ; < 6 >@? <F 9 I; 8C <

F J: >I 	 
H F 9 J < <9 : C A I = < L 8C < → ∞4

��� � λ1 λ2 < 0 �IK ; M IK F F ; =I < � � 9 < J: 9 6 I BDC = <9 �; ; :; 4 0 9; F F ; <K 9 >IF < ?K ; < 6 B 9; < =; H I 6

>@? <F 9 F J: F I 8 9 <H I � 9 <; ; 8; = <9 ? M ; H 9; =9 K 8 ? 9 8 9 = <9 9 89H ? M ; H 9; = 8 IF < ?K ; H B; = <I IH

� <9; 	 
H �F 9 J < <9 6: C A I = < L 8C < → ∞. �2 BDC = <9 �; ; :; = J J <I IH K ; ; < <C C 6 I < <C ?H

LF =; F ; H <K 9 >IF < ? K ; 6 >@?F 9 F J: F I I M ; I:; 8 9: <9; =IH : C A I: <C 	 
9 >9 : C A I = < L LC C K I < EH <C 6F JH t → ∞4 � I: B ?; H I =; M IK F F ; 
 B ? =; <; ; 8; = <9 ? M ; H 9; =9 K 8 ? 9

8 9 = <9 9 89 ? M ; H 9; = =J ?K 9 4 �

� 4 1 I 9 9:; H IH F 9 F =; H F IK <9; H IH ? M ; H 9; =9 K 8 ? λ 6 
 � 1P ? M ; H 9; = 8 IF < ?K ;

�9 � λ > 0 � I � IH IK ?; < JH J <: C A G IH ? ? G; 4 0 9; F F ; <K 9 >IF < ?K ; < � B 9; < =; 	 � → ∞,F JH

t → ∞4 2 B C = <9 �; ; :; 4

� � � λ < 0 � I � IH IK ?; < JH J <H ; I: JH ? ? G; 4 0 9; F F ; <K 9 >IF < ?K ; < � >@? B 9 	 � → 0,F JH

t → ∞4 � 9 A 8 9 = <; = <9 �; ; :; 4

� J ? M 
K 9 >9 R 9 K 8 ?F C L <EF =IH M J ? < ? 9 t eλt ?: I 8 9 = =9 <IK M ; = =C M C C K C C

IF = B ?H IH < <; O JH F <; ? 6 B ?: LH ? M ; <IF ; >C � <C = =C t � ?H �A L < < L =IH =J K ; H 9 9 � =IH K ; H H 9 : : 9 4

34 0 ? M B: IF =; =I < ? M ; H 9; =9 K 8 ? < 6 λ = α ± iβ
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�9 � α > 0 � C A G I = B; K 9 9:; 6 I BDC = <9 �; ; :; 6

� � � α < 0 �; I: J = B; K 9 9:; 6 89 A 8 9 = <; = <9 �; ; :;

�� � α = 0 0 I =F J = 6 = <9 �; ; :; 4

�� � � � � 0 I =F J F =IH 9 8 J: : 9 ?H A I: B B ? =I:; < <C C L: I; H IH = <9 �; ; :; =J J =F C =; <I

<9 K F IM M ; H 4 Q ? = 8 9:; <9 9 H �M ; I:; 89: <9; =IH B; IH ; � O :H ε− =C <I; H IH LM B C K ; = < E 6H ; ; H ?H

?: I M 9 = =9 =I: : 9; H IH δ− =C < I; H IH LM BDC K ; = <E 6 I < <C >@?F 9; H IH δ− LM BDC K ; = <E EH >@?: : 9; H

9 >9 H A I <F I: : C < JH F I J < J 8 9 <K 9 >IF < ?K ; B L = L L; F J; =I = <; < J ? = =9 IH H 9: <9 9 H H I < J = =9

ε− =C < I; =I = =C LM BDC K ; = <E = =C 4

P C = =C <9 B 9 J F =I = =9 6F JH ?H 9 H H I < < J ε−F ; IF F ? 6 8 9:; <9 9 H I: :; B =; H ; = ? 9 F =I:; F ?K F I; H <9 9H

ε :H =J J K J; =IF =; 4P C : : E; H 8 ?; G 9 9H 8 9:; <9 δ B; F F J 9 F =I:; H = J J K J; =IF =; � <9;

B; IH I M M C F =; � 6 >@?: : ?; H >@?F 9; H IH δ−F ; IF F ? ?H < JH F I J < J 8 9 <K 9 >IF < ?K ; B L = L LF ?F ?H 9; =J J G I = =9 9H ; F J; =I = <; ε− LM B C K ; = < EH =; =C : : C 4
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P C M C ?H < ?F ; =9: :; < < J 9 6M ; F =I; >? B 9 = J ? =; < I: <9 89 9 F ; H 6 >? = =I : 9 =F J >9 : LA IH <C C 4 � J < <9 6=I ?H 8 9; H 9 B J F I; H ? 6 >@?: : 9 B C C = <C C H F C =; F =; ? M ; H 9; =9 K 8 ? >IH F C L < <C L < LM ; =I IH 4

P ?; =; H 9 9H ? M ; H 9; =9 K 8 ? >IH : 9 =F I M ; H IH <9; >@?A < ? B C C <E = <IH <IF ? =J ? K 9 9H � 4 9 = < I IH

LA <C : EH K 9 <F 9; =J F 9 9 89 = <9 =9 9 < <9 9 ?: : 9 >@? B 9 : LA L I M B; F ; H <9 B 9 4
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A =







a11 a12

a21 a22







G I < (A − λI) = (−1)2(λ − λ1)(λ − λ2) = λ2 − (λ1 + λ2) + λ1λ2.

P ?; =9 9: <9
G I < (A − λI) = (a11 − λ)(a22 − λ) − a21a12 = λ2 − (a11 + a22)λ + G I < (A)

P C = <C H C A GC C H 6 I < <C λ1 + λ2 = a11 + a22 = <K (A) >9 λ1λ2 = G I < (A).P 9 K 8; <9 9H

<; I < L = <; M L E = G; =F K ; M ; H 9 H < <; ∆.

� 9 9 =; <9 = ? < L L B B; IH M J J < < J M ; H IH F ? ?K G; H 9 9 <; = < ? = =9 6 >@?H F 9 9 F =I: I; H 9 ? 8 9 < <K (A) >9G I < � A � ?H A ; IH ? 6A 9 J =F 9 >9 8; ; A G L < <C 8C F J 8 9 >9 I =; < L = 9 =; 9 = <9 6F < =4 0 12 RF ; K >9 4

2 M M I F J; < IH F 9 9 H <C : : C F IK <9 9 B 9 H I J G J =; ; A IH : C A I M M ; H 4
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� J < ?H ? M ; H IH � N � 4 � IK F ; <C C H 8 9; A <I IF =; y1 = x, y2 = y, >H I 4
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





x′ = f(x, y)

y′ = g(x, y).

	: F ? ?H (a, b)F K ; ; < <; H IH B; = <I � 0 1 � � 6 < =4 f(a, b) = g(a, b) = 0.
�; = < I I = =C (a, b):; H I 9 K ; = ?; < J = L = <I I M ; <9 K F ?; < <9 9 = L = <I I M ; C







u′

v′






= A







u

v






,M ; = =C u = x − a, v = y − b >9 A?H Q 9 � ? �; H M 9 <K ; ; =; 


A = JF (a, b) =







∂
∂x

f (x, y) ∂
∂y

f (x, y)

∂
∂x

g (x, y) ∂
∂y

g (x, y)







x=a,y=b

P C M C <9 K F ?; < <9 9 8 IF < ?K ; O JH F <; ?H (x, y) →







f (x, y)

g (x, y)







9 B BK ?F =; M ?; H <; 9 
4 9 = <I IH P 9 L: ?K ; H B ?: LH ? M ; : : 9 4 � 9 M 9: : 9 = J ?K ; <I <9 9H 0 1 � 
H =; ; K < ?

?K ; � ? ?H 4
�; H I 9 K ; = ?; < J = L = <I IM ; F J 8 9 9 9: F J B IK C; = <C = L = <I I M ; C =; <C B 9 K I M M ; H 6M ; <C B; IH I M B; C

? 89 < |u| >9 |v|4
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� ?; G 9 9 H ? = ?; < <9 9 6 I < <C L: I IH =C ?H 6M J < <9 F 9 F =; B ?; F F I J = <9 



4 � 
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