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 V�W$X$Y$Z�[  \ ] ^  _�` ]�Y$a b$c  V�W$a d$Y$a [ ` d$Y$c  e f,Y$d$Y ghb$f b , ` ZMV�Y$b$Z�` ^  ghW$Z�[ ghW$Z�b$i,[ ` f W ^
ghY$\$[ ]�j  e f Y$d$Y ghb$i,[ ` f Y$c  \$b$d$W ghb,f,b  a  a b$\$[  Y$X$k�f,d$Y$a [ d$d$Y$l Y  \$b$m�mn[ V�[ d$o$b$W ]�j d$Y$l Y
_ V�W$a d$[ d$b ^ . pqY$` ZMV�Y$[ d$d$W ^  ghW$Z�[ ghW$Z�b$i,[ ` f,W ^  ghY$\$[ ]�j  Y$` d$Y$a k�a W$[ Zr` ^   d$W  f Y$d$o$[ s$o$b$b
W$f ` [ ]�[ V�W$o$b$b  t�W g�_�e ]�j ` Y$d$W  – u+b$f,` W . U  s V�[ \ ]�Y$vw[ d,d$Y$c  V�W$X$Y$Z�[  m�W$f Z�Y V  W$f ` [ ]�[ V�W$o$b$b
` i,b$Z�W$[ Z�` ^  mM_�d$f o$b$[ c  a V�[ gh[ d$b , W  mM_�d$f o$b ^  s$Y$ZMV�[ X ]�[ d$b ^  x'W$\�W$[ Z�` ^  a  a b$\$[  b$d$Z�[ l V�W ]�W
`  s$[ V�[ gh[ d$d$k�g  a [ V$y�d$b g  s V�[ \$[ ]�Y g , xMW$a b$` ^{z+b g  Y$Z  a ` [ c  s V�[ \$k�` Z�Y V�b$b
s V�Y$b x'a Y$\$` Z�a [ d$d$Y$l Y  o$b$f ]�W .| X$Y$X$z+[ d$d$W ^  ghY$\�[ ]�j , a  i,W$` Z�d$k�y  ` ] _�i,W ^ y , s V�b  ` Y$Y$Z�a [ Zr` Z�a _�}nz+[ g  a k�X$Y V�[
m'_�d$f,o$b$b  W$f ` [ ]�[ V�W$o$b$b  b  mM_�d$f o$b$b  s$Y$ZMV�[ X ]�[ d$b ^ , \$W$[ Z  ghY$\$[ ]�j  t�W g�_�e ]�j ` Y$d$W  – u+b$f,` W ,
ghY$\$[ ]�j  ~�W$Z�j [ , ghY$\�[ ]	j  �h}nmnm�b$d$l W  b .Z .\ . t�Z�W$a b$Z�` ^  x'W$\�W$i,W  a k�V�W$X$Y$Z�f b
Y$s$Z�b ghW ]�j d$Y$c  b$d$a [ ` Z�b$o$b$Y$d$d$Y$c  s$Y ]�b$Z�b$f b .
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 � ��N$� P : mM_�d$f o$b ^  s$Y$ZMV�[ X ]�[ d$b ^ , m'_�d$f,o$b ^  W$f,` [ ]�[ V�W$o$b$b , b$d$Z�[ l V�Y  –
\$b$m�mn[ V�[ d$o$b$W ]�j d$Y$[  _ V�W$a d$[ d$b$[  e f Y$d$Y ghb$i,[ ` f Y$c  \$b$d$W ghb$f b
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� ��('� ��* # 4 � � �  �,"$# * %'4 %'('4 �

"$# *,% � * 4 � ('�
Y(t) = C(t) + I(t) ,                                                                                                   (1)

& 2$4
        C(t) - ���,% �$� ('�  � � � "$4 1�-$4 %�('� ,
        I(t) - ('%'*,4 � � ( � ( � %�%'# �  � � -$(�� ( � # .

Y(t) - �'"$4 2$� � # *,-$� 4 �  � � 1 �$�  � � * �$� �,�'%'� �  � �'" � � , 
�,� � � "$� �  �'"$(  "$# * % � *,4 � % �$�  � �$� % �$� ( � 4

� � *,�'# 2$# 4 �  �  �'"$4 2�- �$� 4 %'('4 �  X(t). ! � � � �$� � , ( � 4 4 �  �,"$# * %'4 %'('4  2$-$�  
� 1$� 4 � #  �'" � ('3 * � 2$� � *,#

 X(t) = C(t) + I(t) .                                                                                                  (2)� �,% �$� ('�  � � � "$4 1�-$4 %'('�  3 # �'('� ��* # 4 �  *  *,('2$4
C(t) = [ ]

0

( ),  ,
t

F X dτ τ τ�                                                                                          (3)

& 2$4  3 # * ('� ( ��� � � �   F[X(τ), τ] 
� �'"$4 2�4 -$� 4 � � �  %'#  

� � % � *,4  "$4 & "$4 � � ( � %'% � & �  # %'# -$('3 #  2$# %'%'��� .
 �%'*,4 � � ( � ( � %�%'# �  � � -,('� ( � #  

� � % � * ��* # 4 � � �  %'#  �'"$('% � ('�'4  # � � 4 -$4 "$# � ('(  ��# � �,� -$� � � %'#  –� ( � � # , 
�,� � � "�� �  3 # �'('� ��* # 4 �  *  * ('2�4

I(t) = β(t) X
⋅

(t),                                                                                                        (4)
& 2$4
        β(t) - ��� % �$� ('�  # � � 4 -$4 "$# � ('( .

! � 2�� � # * -$� �  � �$� � % � )+4 %'('�  (3) (  (4) *  �,"$# *,%'4 %'('4  (2), � � -��,�$# 4 �  ('%'� 4 & " �  –
2�('����4 "$4 % � ('# -$� % � 4  �,"$# *,%'4 %'('4  � �,� % �$� ('�$4 � �,�$�  2$('%'# � ( � (
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( ),  
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F X dτ τ τ� +  β(t) X
⋅
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(t) + [ β

⋅
(t) – 1] X

⋅
(t) +F[X(t), t] = 0 .                                                            (6)  � -$(  β(t) = 0 , � � & 2�#  ('3  (4) � � -�� �$# 4 �  I(t) = 0 , �$� �  ('3  (2) 2$# 4 �  X(t) = C(t),
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� .4 . � �$� � * 4 � � � *$�,4 �  � -��,��# �  �'" � � � � & �  * � � �'" � ('3 * � 2$� � *,# .  � -$(  
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2 � �'�,� � # 4 �  �$� �  β(t) ≠  0 (  (�3  (6) � � -��,�$# 4 �  
� 1 � 1��Q4 %'%'�,�  

� 1�� � % � * 4 %'%M� �  
� # � 4 � # � ('�$4 � � �,���� 2$4 -$�  � �$� % �$� ('�$4 � �$�$�  2�(�%'# � ( � (  *  *,('2$4

X
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(t) + 
1β

β
′ −

X
⋅

(t) +
[ ( ), ]

( )

F X t t

tβ
 = 0                                                                       (7)

�
 �,"$# * %'4 %'('�  (7) �'"$('� � 4 2$('%'� 4 �  %'# �$# -$� %'��4  �,� - � * ('�

   X(0) = X 0 ,   X
⋅

(0) = P0 ,                                                                                     (8)

(  � � -$�,�$# 4 �  3 # 2�# ���  
��� )Q(  2�-$�  

� 1 � 1��Q4 %'% �$�  
� 1$� � % � *,4 %'% �$�  

� # � 4 � # � ('�$4 � �,�$�  
�{� 2�4 -$(

� �,� % �$� ('�$4 � �,�$�  2$('%'# � ( � (  (7).
 �%'*,4 � � ( � ( � %�%M� �  � � -$('� ( � �  

� �'"$4 2�4 -$� 4 �  ��� % �$� ('�  # � � 4 -$4 "$# � ('(  β(t) , 
�,� � � "$# �  � *,-$� 4 � � �

�'# "$# � 4 � " �$�  � �M"$# * -$4 %'('� . ��4 -$� �  �,�'"$# * -�4 %'('�  � *,-$� 4 � � �  � � # 1�('-$� % � 4  "$# 3 *,('� ('4  �'" � (�3 * � 2$� � *,#  X(t)
, 1�4 3  "$# 3 "��,)+# ���+('�  � ('� � 4 � �  "$4 3 � %'# %'� %'���  

�$� -$4 1$# %'( � .� -$�  ('3 �,�$4 %'('�  �'"$4 2$- �$� 4 %'% �$�  
� # � 4 � # � ('�$4 � �$�$�  

��� 2$4 -$( , "$# � � ��� � "$( �  %'4 �,� � � "$��4  4 4
�$# � � %'��4  � -��,��# � , �'"$(  "$# 3 -$('�$%'���  ���,% �,� ('� �  � � � "$4 1�-$4 %'('�  (  ���,% �,� ('(  # � � 4 -$4 "$# � ('(  ��# � �,4 -$� � � %'#
– 
� ( � � # :
# ) "$# � � � # � "$('* # 4 �  � -��,��# � , 

�,� & 2$#
    β(t) = 0 , t > 0 ,                                                                                                       (9)
    F[X(t), t] = 2( cos2 ) ( )t t X tω ε+ - 0.9t                                                              (10)
/ � & 2�#  ('3  �,"$# *,%'4 %'('�  (7) � � -$�,�$# 4 �  �$"$# * %'4 %'('4  �q# � � 4
 X

⋅⋅
(t) + 2( cos2 ) ( )t X tω ε+  = 0.9 ,                                                                     (11)

!�"$('� � 4 2�('%'� 4 �  %'# �$# -$� %'��4  �,� - � *,('�
X(0) = 1 , X

⋅
(0) = 1.                                                                                            (12)

!�"$(  ω = 0.5 (  ε = 0.2 , %'#  
� � % � * 4  MATHCAD 2001 Professional � � -��,�$# 4 �  "$4 )Q4 %'('4  2�-$�� 1���4 � #  �'" � ('3 * � 2�� � * #  S 1 =X(t), S 0 = t,  (Fig. 1.) (  � �$� � *,4 � � � *,�,���h�,�  

� # "$� ('%'�  %'#  ��# 3 � * �$�

�'- � � �$� � � (  (X(t) , X
⋅

(t)) ,& 2�4  S 1 =X(t) (  S 2 = X
⋅

(t), (Fig. 2.);
1 ) "$# � � � # � "$('* # 4 �  � -��,�$# � , 

�$� & 2�#
β(t) = 

1ptpe

p

−
,               p = const,                                                                      (13)

F[X(t), t] = β(t)[ 3( ) ( ) cos 0.3X t X t A tω− − − ]   ,                                                (14)
& 2$4
      ω = const,   A = const.                                                                                    (15)
/ � & 2�#  ('3  �,"$# *,%'4 %'('�  (7) � � -$�,�$# 4 �  �$"$# * %'4 %'('4  

� �r����('%'& #    

X
⋅⋅

(t) + p X
⋅

(t) + 3( ) ( ) cos 0.3X t X t A tω− − − = 0 .                                             (16)
!�"$('� � 4 2�('%'� 4 �  %'# �$# -$� %'��4  �,� - � *,('�
X(0) = 1 , X

⋅
(0) = 1                                                                                              (17)

!�"$(  p = 0.2 , A = 0.25 (  ω = 1, %'#  
� � % � * 4  MATHCAD 2001 Professional, � � -$�,��# 4 �  "$4 )Q4 %'('4

2�-$�  
� 1���4 � #  �'" � ('3 * � 2�� � * #  S 1 =X(t), S 0 = t,  (Fig. 3.) (  � �$� � *,4 � � � *,�,���h�,�  

� # "$� ('%M�  %'#  ��# 3 � * �$�

�'- � � �$� � � (  (X(t) , X
⋅

(t)) , & 2$4  S 1 =X(t) (
S 2 = X

⋅
(t), (Fig. 4.);

* ) 4 � -$(  "$# � � �{� � "$4 � �  � -��,�$# � , 
�$� & 2�#

β(t) = const,                                                                                                                  (18)

X
⋅

(t) ≈ 
( ) ( 2 )X t h X t h

h

− − −
,    h = 1,                                                                         (19)
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F[X(t), t] = α X
⋅

(t-h) ,                          αX(-h) =A,                                                      (20)
& 2$4
  A = (�'" �$� ('� � �$%'� �  

� ('%�( � � � ) x (�$('� - �  
� ('� 4 -$4 � ) ,                                                (21)

� � & 2$#  ('3  � "$# * %'4 %'('�  (5) � � -��,�$# 4 �  "$4 � �,"$4 %'� %'�,�  
��� 2$4 -$�  ��# � �,� -$� � � %'#  – 

� ( � � # .
X(t) = (α + β)X(t-1) - βX(t-2) +A.
/{# � ( �  

� 1�"$# 3 �$� , 
� �  � � -$�,�$('-$(  

� 1 � 1��+4 %'%M� �  
� 1�� � % � * 4 %'%M�,�  

� # � 4 � # � ('�$4 � � �,�  
�{� 2�4 -$�

� �,� % �$� ('�$4 � �,�$�  2$('%'# � ( � ( , 
�$� � � "$# �  *  �$# � � %'���  � -$�,�$# � �  

���$� 4 �  3 # 2$# *,# � �  -  
�{� 2�4 -$�  ��# � �,� -$� � � %'#

– 
� ( � � # , �,"$# *,%'4 %'('4  � # � � 4 , �,"$# * %'4 %'('4  

� �r����('%'& #  ( .� .2 . 
�

, �$� �  � # �{� 4  & -$# *,% � 4 , 2�# 4 �
* � 3 �{�$� % � � � �  *  � -��,�$# 4  %'# � �$� 2$4 %'('�  � �$� � * 4 � � � *,�,���+4 �  ���,% �,� ('(  � � � "$4 1�-$4 %'('�  (  ���,% �,� ('(
# � � 4 -$4 "$# � ('( , * ��"$# 1 � � # � �  

� �'� ( � # -$� %M� �  ('%'*,4 � � ( � ( � %'%M� �  � � -$('� ( � � .
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