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eylhjZ�� ijb\h^ys_]h� kbg]meyjgh� \hafms_gguc� h[t_dl� \�fZemx� hdj_klghklv� aZ�

^Zggh]h�iheh`_gby��>hdZaZgh��qlh�koh^bfhklv�ljZ_dlhjbb�h[t_dlZ�d�ljZ_dlhjbb�

lhqgh]h�ijb\_^_gby�ijb�g_h]jZgbq_gghf�m\_ebq_gbb�dhwnnbpb_glZ�rljZnZ� y\�

ey_lky�jZ\ghf_jghc�ih�kbg]meyjghfm�iZjZf_ljm� 
 

HilbfZevguc�j_]meylhj�^ey�ijb\_^_gby�h[t_dlZ�\�fZemx�hdj_�

klghklv�aZ^Zggh]h�iheh`_gby�ihkljh_g�\�jZ[hlZo�>���@�[_a�mq_lZ�\ha�

fh`gh]h�\ebygby�kbg]meyjguo�\hafms_gbc�gZ�^\b`_gb_�h[t_dlZ��LZ�

db_�\hafms_gby��ij_^klZ\e_ggu_�\�mjZ\g_gbyo�h[t_dlZ�fZeuf�iZjZ�

f_ljhf� ijb� klZjrbo� ijhba\h^guo��fh]ml� bkdZablv� ^\b`_gb_� b� k^_�

eZlv�hrb[dm�gZ\_^_gby�[hevrhc��Ihwlhfm�\hagbdZ_l�\hijhk�h�jZ\gh�

f_jghc�fZehklb�hrb[db�ih�fZehfm�iZjZf_ljm�gZ�ijhf_`mld_�mijZ\�

e_gby� 
Wlhl� \hijhk�j_rZ_lky� \�^Zgghc� klZlv_�^ey�h[t_dlh\��hibku\Z_�

fuo� ebg_cgufb� ^bnn_j_gpbZevgufb � mjZ\g_gbyfb� k� i_j_f_ggufb�

dhwnnbpb_glZfb�\b^Z 
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λ
                  (1)  

]^_��λ > 0  -�fZeuc�kbg]meyjgh�\hafmsZxsbc�iZjZf_lj�� 
MjZ\g_gby� ���� aZ^Zgu� gZ�nbdkbjh\Zgghf� hlj_ad_� \j_f_gb� � ≤ ≤W 7 .  
MijZ\e_gb_� �u(t)� �\u[bjZ_lky�lZd��qlh[u�fbgbfbabjh\Zlv�d\Z^jZlbq�
guc�nmgdpbhgZe 
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]^_�λ I > 0   –��^jm]hc�fZeuc�iZjZf_lj� 

<�\ujZ`_gbyo����������� � \ ( ] (Q P∈ ∈� ;  [ ] O(]\FRO[ ∈= �  ( PQO += ) – 

\_dlhj� khklhygby�� � X ( U∈  -� \_dlhj� mijZ\e_gby�� ijbq_f� mijZ\e_gb_�
hkms_kl\ey_lky�lhevdh�ih�i_j_f_gghc� � ] � �� �fZljbpu� $ WL� � , ���=L  b  
% W]� �   g_ij_ju\gu�gZ� hlj_ad_� � � ≤ ≤W 7 ;  +  -�ihklhyggZy�fZljbpZ��
T O× , T O≤ �\b^Z��+ + \= > � @0 ��]^_�+ \  -�fZljbpZ�� T Q×  ; )  -�ihklhyg�
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gZy� iheh`bl_evgh� hij_^_e_ggZy� fZljbpZ� � T T× ;  4 W� �  -� g_hljbpZ�
l_evgh��Z��5 W� �  -�iheh`bl_evgh�hij_^_e_ggu_�g_ij_ju\gu_�fZljbpu��

4 W� �  �bf__l�[ehqguc�\b^���4
4 4

4 4
= ′







� �

� �

 ,  ]^_�[ehdb�bf_xl�jZaf_j�

ghklb��Q1 - n×n ,  Q3 - m×m ;  Q3(t)≡0���rljbo�h[hagZqZ_l�ljZgkihgbjh�

\Zgb_� 
H[jZlgZy� \_ebqbgZ� fZeh]h� iZjZf_ljZ� 1 � λ I � � \� l_jfbgZevghf�

qe_g_�nmgdpbhgZeZ�����hij_^_ey_l�dhwnnbpb_gl�rljZnZ��gZdeZ^u\Z_�

fh]h� gZ� dZq_kl\h� j_]mebjh\Zgby� aZ� g_lhqgh_� ijb\_^_gb_� h[t_dlZ� \�

gme_\h_�iheh`_gb_�ih�dhhj^bgZl_� ξ = + [ �ijb�� W 7= ���Qlh[u�ba[_�

`Zlv�[hevrhc�\_ebqbgu�rljZnghc�nmgdpbb�� � �1 λ ξ ξI W 7
′ = , �j_]m�

eylhj�[m^_l�klj_fblvky�k\_klb�\_ebqbgm��ξ� �7 ��d�fZehfm��[ebadhfm�d�

gmex�agZq_gbx� � ξ� �7 ≈ 0 � �_keb� �λf  ^hklZlhqgh�fZeh���<�wlhf�b�kh�
klhbl� kfuke�f_lh^Z�rljZnguo�nmgdpbc� b� kljh]h� h[hkgh\u\Zxsbo�

_]h�l_hj_f�ba��>���@� 
H^gZdh�ijb�gZebqbb�kbg]meyjguo�\hafms_gbc�\�kljmdlmj_�h[t�

_dlZ��ij_^klZ\e_gguo�^jm]bf�fZeuf�iZjZf_ljhf� �λ��wlhl�f_lh^�gm`�
^Z_lky�\�^hihegbl_evghf�h[hkgh\Zgbb��lZd�dZd�ijb�klj_fe_gbb� �λ� �d�
gmex�hrb[dZ�gZ\_^_gby�ih�iheh`_gbx�� ξ� �7 = 0  m`_�g_�h[yaZl_ev�
gh� ^he`gZ� [ulv� [_kdhg_qgh�fZehc� ijb�fZehf� agZq_gbb�rljZngh]h�

iZjZf_ljZ λf���<�wlhc�klZlv_�b�^hdZau\Z_lky�fZehklv�wlhc�hrb[db�ijb�

hij_^_e_gguo�ij_^iheh`_gbyo� 
<\_^_f�[ehqgu_�fZljbpu 
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?keb�kbkl_fZ�����mijZ\ey_fZ��hilbfZevgh_�mijZ\e_gb_�\�kfuke_�

djbl_jby�����kms_kl\m_l�b�hij_^_ey_lky�\ujZ`_gb_f�>�@� 
 

X 5 % .[= − ′−�  ,                                                 (3) 
 

]^_� .  -� fZljbpZ� O O× � �� � m^h\e_l\hjyxsZy� fZljbqghfm� mjZ\g_gbx�

JbddZlb 
 

G.

GW
.$ $ . .6. 4= − − ′ + − �      � ≤ ≤W 7 ,    )++

W
.

7

′== λ
�
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Kh]eZkgh�>�@�fZljbpm�K�fh`gh�ij_^klZ\blv�\�\b^_� 
 

. 3 : 0 ) :I= + ′ + − −� �λ � � ,                                       (4) 
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]^_�fZljbpu�3 , : ��b�0 ���kmlv�j_r_gby�mjZ\g_gbc� 
 

G3

GW
3$ $ 3 363 4 3 W 7= − − ′ + − ==� � , 

 

G:

GW
: $ 63 : +W 7= − − ==� �� , 

 

G0

GW
:6: 0 W 7= − ′ ==� � . 

 

J_]meylhj����������ijb\h^bl�h[t_dl�\�fZemx�hdj_klghklv�gme_\h]h�

iheh`_gby� ih� h[h[s_gghc� dhhj^bgZl_� � ξ� � � �7 + [ 7= = 0  � � ijb��
λ I → �   [2-�@��Lhqguc�j_]meylhj��ijb\h^ysbc�h[t_dl�kljh]h�\�gme_�

\h_�iheh`_gb_��ξ� � � �7 + [ 7= = 0 �ijb�fbgbfmf_�nmgdpbhgZeZ 
    

, X W> � � @ = ( )
�

7

[ W 4 W [ W X W 5 W X W GW∫ ′ + ′> � � � � � � � � � � @ ,                   (5) 

 

bf__l�\b^�>�@� 
 

X 5 % .[= − ′−�  ,                                              (6) 
 

. 3 : 0 := + ′ −� .                                            (7)  
 

KijZ\_^eb\Z�ke_^mxsZy�l_hj_fZ��hl\_qZxsZy�gZ�\hijhk�h�fZeh�

klb�hrb[db�gZ\_^_gby�j_]meylhjZ����������ijb�gZebqbb�^jm]h]h�fZeh]h�

iZjZf_ljZ�λ. 
L_hj_fZ��Imklv�kbkl_fZ� ����\iheg_�mijZ\ey_fZ��\k_�kh[kl\_ggu_�

qbkeZ� fZljbpu� $ W4� � � e_`Zl� \� e_\hc� ihemiehkdhklb� b�

UDQN % W $ W % W $ W % W P
P

> � � � � � � � ����� � � � � @2 4 2 4
1

2
− = � � � ^ey� \k_o� � � ≤ ≤W 7 . 

H[hagZqbf�� \ \ W
I

= � � � �λ λ , ] ] W
I

= � � � �λ λ , X X W
I

= � � � �λ λ  –�ljZ_dlhjby�b�

mijZ\e_gb_� ^ey� ihqlb� lhqgh]h� j_]meylhjZ� ����� ����� Z� \ \ W= � � �λ , 
] ] W= � � �λ , X X W= � � �λ  -�ZgZeh]bqgu_�oZjZdl_jbklbdb�^ey�lhqgh]h�j_�
]meylhjZ�����������Lh]^Z���_keb�4 W3 0� � ≡ ���lh�ijb��λ I → �   

 

                            \ W \ W FRQVWI I� � � � � � �λ λ λ λ− ≤ ⋅  , 

] W ] W FRQVWI I� � � � � � �λ λ λ λ− ≤ ⋅  ,                                (8) 

                            X W X W FRQVWI I� � � � � � �λ λ λ λ− ≤ ⋅  , 
 

Z�_keb��4 W3 0� � ≠ �lh`^_kl\_ggh���lh�ijb��λ I → �  
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                 \ W \ W FRQVW
I I

� � � � � � �λ λ λ λ− ≤ ⋅  , 

] W ] W
W 7

&
FRQVWI I� � � � � � � � H[S� � �λ λ λ λ

λ λ
− ≤ ⋅ + − ⋅�

�
 ,           (9) 

                 X W X W
W 7

&
FRQVWI I� � � � � � � � H[S� � �λ λ λ λ

λ λ
− ≤ ⋅ + − ⋅�

�
 , 

 

]^_� \ujZ`_gby� \b^Z� � • � � h[hagZqZxl� ghjfm� \_dlhjZ� beb�fZljbpu���

const� � g_� aZ\bkbl� hl� � t, λ� � b� � λf� � ^ey� \k_o� � � ≤ ≤W 7 ,  � < ≤λ ∆ , 
� < ≤λ I ∆  ,  ∆ > �  -�ex[h_�nbdkbjh\Zggh_�qbkeh�� �>&  –�g_dhlhjh_�

qbkeh� 
L_hj_fZ�ml\_j`^Z_l��qlh�ijb� �4 W3 0� � ≡ � �ljZ_dlhjbb�b�mijZ\e_�

gby��nhjfbjm_fu_�lhqguf�b�ijb[eb`_gguf�j_]meylhjZfb��khl\_lkl�

\_ggh� jZ\ghf_jgh� [ebadb� gZ� h[eZklb� � � ≤ ≤W 7 ,  � < ≤λ ∆ � � ijb��

λ I → � ���Wlh�hagZqZ_l��\�qZklghklb��qlh�ijb[eb`_gguc�j_]meylhj������

���� ijb\h^bl� h[t_dl� \� fZemx� hdj_klghklv� aZ^Zggh]h� iheh`_gby��

ξ = ==+[ W 7 � ��ijb��λ I → � ��g_aZ\bkbfh�hl�agZq_gby�fZeh]h�iZjZf_ljZ��

λ∈(0, ∆@��<�lh�`_�\j_fy��_keb�4 W�� � �g_�jZ\gh�gmex�lh`^_kl\_ggh��lh�

\aZbfgZy�[ebahklv�³[ukljuo´�i_j_f_gguo�z�b� ] �b�mijZ\e_gbc�u�b� X  
g_� ]ZjZglbjm_lky�� Z�bf__l�f_klh� lhevdh� �\g_�fZehc�hdj_klghklb�fh�

f_glZ��t=T.  
>hdZaZl_evkl\h��FZljbpu�3  b : �aZ^Z^bf�\�[ehqghc�nhjf_� 
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λ
λ λ

,  [ ]: : :\ ]= λ ���]^_�3 Q Q1 − × , 3 P P3 − × , 

: T Q\ − × , : T P] − × ��fZljbpu���Ihke_�ih^klZgh\db�\ujZ`_gbc�^ey�

hilbfZevguo�j_]meylhjh\����������b����������\�kbkl_fm�����b�ihqe_ggh]h�

\uqblZgby�mjZ\g_gbc�ihemqbf�mjZ\g_gby�^ey�hldehg_gbc��∆\ \ \= − � 
∆] ] ]= − : 

�����
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RW]]SS
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         (10) 

 
]^_�� 
 

$ $ 6 3S ]� � �= − ′ ;  $ $ 6 3S ]� � �= − ′ ; 
 

I 0 ) : \ : ]I \ ]= + ⋅ + ⋅− −� � � �λ λ� � ;  I 0 : \ : ]\ ]= ⋅ + ⋅−�� �λ . 
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G_ljm^gh�m[_^blvky��qlh�
GI

GW

GI

GW
≡ ≡� �� ��b��ke_^h\Zl_evgh�� 

 
I I 0 ) : \ : ]I \ ] W= = + ⋅ + ⋅− −

=�
� � � �

�� � � �λ λ , 
 

 I I 0 : \ : ]\ ] W= = ⋅ + ⋅−
=�

� � �
�� �λ . 

 
IjhZgZebabjm_f�kbkl_fm�mjZ\g_gbc��������Imklv��' W� � � �ϑ λ  -�__�

\_kh\Zy�fZljbpZ��'
' '

' '
= 





� �

� �

��m^h\e_l\hjyxsZy��dZd�nmgdpby�i_j�

\h]h�Zj]mf_glZ��mjZ\g_gbx� 
 

G'

GW
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$ $
'

S S

=












⋅
� �

� �

� �

λ λ
 ,      ' W= =ϑ (

O
 ,                   (11) 

 
� ≤ ≤ ≤ϑ W 7  , ( O  –�_^bgbqgZy�fZljbpZ� O O× . 
Lh]^Z�j_r_gb_������fh`gh�aZibkZlv�dZd 
 

∫

∫

−′=∆

−′=∆

W

]]I

W

]]I

GII:6W'W]

GII:6W'W\

�

���

�

���

�����������
�

����
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�

����

ϑλϑϑλϑ
λ

λλ

ϑλϑϑλϑ
λ

λλ
          (12) 

 
<�k\hx�hq_j_^v��kbkl_fm������fh`gh�i_j_ibkZlv�\�\b^_ 

G'

GW

$ $

$ $
'

2 2
'

S S

=












⋅ + 







 ⋅

� �

� � � �

� �
� �

λ λ
a a

,   ' W= =ϑ (
O
,   � ≤ ≤ ≤ϑ W 7 , 

]^_��� $ $ 6 3S ]� � �a
a= − ′ ,  $ $ 6 3S ]� � �a

a= − ′ ���Z�� a3� , a3� ��b�� �
2 , 2� ����khhl�

\_lkl\_ggh�]eZ\gu_�b�hklZlhqgu_�qe_gu�Zkbfilhlbq_kdbo�jZaeh`_gbc�

\_ebqbg� 3� , 3� � ijb� � λ → �  [3]:  3 W 3 W 2 WL L L� � �
a
� � � � � �λ λ λ λ= + , i=3,4; 

2 W FRQVW
L
� � �λ < ��ijb��λ → � �b�� ≤ ≤W 7 .  

Ihwlhfm�[ehdb��'3 �b��'4 �fh`gh�ij_^klZ\blv�dZd 

( ) GVV-V'V2VW
W

WW' @����������>�����������
�����

λϑλϑλλ
ϑ

λϑλϑ +Γ∫+Γ= ,

GVV-V'V2VW
W

WW' �@�����������>�����������
�����

λϑλϑλλ
ϑ

λϑλϑ +Γ∫+Γ= , 
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( ) ���������
��

λϑλλϑ V'V2V- =  

]^_��Γ3 ��b��Γ4  -��[ehdb�\_kh\hc�fZljbpu��Γ Γ Γ
Γ Γ= 





1 3

2 4
���m^h\e_l\h�

jyxs_c�ZgZeh]bqghfm�d������fZljbqghfm�mjZ\g_gbx��\�dhlhjhf�\f_�

klh�\_ebqbg��$
LS
��klhyl�� $LSa  , i=3,4.  

<�jZ[hl_�>�@�ihdZaZgh��qlh�^ey�\_kh\hc�fZljbpu��=��bf_xl�f_klh�

Zkbfilhlbq_kdb_�hp_gdb�ijb�λ → � : 

Γ3� � � �W FRQVWϑ λ λ≤ ⋅  ,  Γ4� � � � � �W FRQVW H

W

&ϑ λ λ
ϑ
λ≤ +

−

 ,  

]^_��FRQVW ��g_�aZ\bkbl�hl��λ, t��b�ϑ ��ijb��� < ≤λ ∆  , � ≤ ≤ ≤ϑ W 7 . 
Ijbf_gyy�f_lh^�ihke_^h\Zl_evguo�ijb[eb`_gbc� 

'L L
� = Γ �   ' 2 ' 2 ' GVL

Q
L L

Q Q
W

= + +− −∫Γ Γ � �3 3
1

4 4
1

ϑ

 , i = 3, 4;  n = 1, 2, ... , 

fh`gh�^hdZaZlv��qlh�'3 �b�'4 ��m^h\e_l\hjyxl�ke_^mxsbf�Zkbfilhlb�

q_kdbf�hp_gdZf�ijb��λ → � , 0 ≤ ≤ ≤ϑ W 7  : 

' W FRQVW3� � � �ϑ λ λ≤ ⋅ , ' W FRQVW H H

W

&

W 7

&
4� � � � � �ϑ λ λ

ϑ
λ λ≤ ⋅ + +

− −

,  

const��g_�aZ\bkbl�hl��t, ϑ , λ��gZ�mdZaZgguo�ijhf_`mldZo��� 
A^_kv�fu�iheZ]Zeb��qlh��4 W�� � ≡0����?keb�`_��4 W�� � g_�jZ\gh�lh`�

^_kl\_ggh�0,�lh�hp_gdZ�^ey��'� ��om`_����

' W FRQVW H H

W

&

W 7

&
�� � � � � �ϑ λ λ

ϑ
λ λ≤ ⋅ + +

− −

. 

K�mq_lhf�hq_\b^guo�g_jZ\_gkl\�� I I FRQVWI� �− ≤ ⋅λ , 6 FRQVW] ≤ , 

: FRQVW] ≤ ��gZc^_f��gZdhg_p��k�ihfhsvx�bgl_]jZevguo�jZ\_gkl\������
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_keb�� ��
�
W4 ≠ 0 ,  lh 

∫ ⋅≤⋅≤∆
W

II FRQVWGVFRQVW\
�

� λλλ
λ

 

∆] FRQVW H H GV FRQVW H

V W

&

W 7

&
I I

W 7

&

W

≤ ⋅ + + ≤ ⋅ ⋅ +
− − −

∫
�

�
�

� λ
λ λ λ

λ
λ λ λ� � � � , 

_keb��4 W�� � ≡0����lh�� ∆\ FRQVWI≤ ⋅λ  ,  ∆] FRQVWI≤ ⋅λ  

jZ\ghf_jgh�gZ�h[eZklb�� ≤ ≤W 7 , � < ≤λ ∆  , � < ≤λ
I

∆  . 

Bkihevamy�\ujZ`_gby���������������b������fh`gh�ihemqblv�hp_gdb�

����b�����b�^ey�� ∆X ��L_hj_fZ�^hdZaZgZ� 

AZf_lbf��qlh�mkeh\b_��4 W�� � ≡0���nb]mjbjmxs__�\�l_hj_f_��fh`�

gh�aZf_gblv�gZ�mkeh\b_��4 T� �= λ ����]^_��T T W� �= � � ��g_�aZ\bkbl�hl�λ��Lh�
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