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� áá¬ âà¨¢ ¥âáï á«¥¤ãîé ï á¨áâ¥¬  ¥áâ æ¨® àëå «¨¥©ëå ãà ¢¥¨© á ¯®á«¥¤¥©áâ¢¨-
¥¬:

dx(t)=dt = A(t)x(t) +B1(t)x(t� �) +B2(t)x(�t); t � t0 > 0;

� = const; � > 0; � = const; 0 < � < 1; x(�) = �(�) : � < t0: (1)

�¤¥áì A(t), B1(t), B2(t) | ¬ âà¨æë à §¬¥à®áâ¨ m�m, à ¢®¬¥à® ®£à ¨ç¥ë¥, kA(t)k � a,
kBi(t)k � bi, a = const, a > 0, bi = const, bi > 0, i = 1; 2, t � 0, ¤®áâ â®ç®¥ ç¨á«® (k + 1) à §
¤¨ää¥à¥æ¨àã¥¬ë¥, x(t) | m-¬¥à ï ¢¥ªâ®à-äãªæ¨ï ¢à¥¬¥¨  à£ã¬¥â  t. �¨áâ¥¬  ¨¬¥¥â ¤¢ 
§ ¯ §¤ë¢ ¨ï: 1 = � ¯®áâ®ï®¥ ¨ 2(t) = (1� �)t «¨¥©®¥.

�®« £ ¥¬, çâ® ¯à®¨§¢®¤ë¥ ¬ âà¨æ A(t), Bj(t), j = 1; 2, ¤®áâ â®ç® ¬ «ë ¯® ®à¬¥, â. ¥. ¯à¨
t � 0 á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 

kA(i)(t)k � �; kB(i)
j (t)k � �; i = 1; 2; j = 1; 2; : : : ; k (2)

(� | ¤®áâ â®ç® ¬ «®¥ ¯®«®¦¨â¥«ì®¥ ç¨á«®, ¢¥«¨ç¨®© ª®â®à®£® à á¯®àï¤¨¬áï ¯®§¤¥¥). �®¤
®à¬®© ¬ âà¨æë D = fdijg ¯®¨¬ ¥âáï ¢ëà ¦¥¨¥

kDk = max
1�i�m

mX
j=1

jdij j:

� àï¤ã á á¨áâ¥¬®© (1) ¡ã¤¥¬ à áá¬ âà¨¢ âì á¨áâ¥¬ã á \§ ¬®à®¦¥ë¬¨" ª®íää¨æ¨¥â ¬¨

dy(t)=dt = A(s)y(t) +B1(s)y(t� �) +B2(s)y(�t); s = const; 0 < s <1; t � t0; t0 > 0;

y(�) = �(�); � � t0; (3)

  â ª¦¥ \ãª®à®ç¥ãî" á¨áâ¥¬ã (3) ¡¥§ ç«¥®¢ á «¨¥©ë¬ § ¯ §¤ë¢ ¨¥¬ ¢ ¯à ¢®© ç áâ¨ ¢¨¤ 

dz(t)=dt = A(s)z(t) +B1(s)z(t� �); t � t0: (4)

�®« £ ¥¬, çâ® ª®à¨ �(s) å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢¥¨ï jA(s)+B1(s)e�����Ej = 0, 0 < s <1,
ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ã

Re�(s) < ��; � = const; � > 0: (5)

�ãáâì Zs(t; r) = Zs(t � �), t0 < r � t, | äã¤ ¬¥â «ì ï ¬ âà¨æ  à¥è¥¨© \ãª®à®ç¥®©"
á¨áâ¥¬ë á \§ ¬®à®¦¥ë¬¨" ª®íää¨æ¨¥â ¬¨. �â¬¥â¨¬ â¥¯¥àì á«¥¤ãîé¨© ä ªâ: ¢¢¨¤ã à ¢-
®¬¥à®© ®£à ¨ç¥®áâ¨ ¬ âà¨æ A(s) ¨ B1(s),   â ª¦¥ ¥à ¢¥áâ¢  (5) ¤«ï ¬ âà¨æë Zs(t; r)
á¯à ¢¥¤«¨¢  ®æ¥ª  ([1], á. 209; [2])

kZs(t; r)k � C1e
��1(t�r); C1 = const; C1 � 1; �1 = � � "; t0 < r � t; (6)

" | ¬ «®¥ ¯®«®¦¨â¥«ì®¥ ç¨á«®, ª®áâ â  C1 ¥ § ¢¨á¨â ®â s.

� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �¨¨áâ¥àáâ¢  ®¡à §®¢ ¨ï �®áá¨©áª®© �¥¤¥à æ¨¨,

£à â òE00-1.0-88.
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�¥¬¬  1. �à¨ ãá«®¢¨ïå, áä®à¬ã«¨à®¢ ëå ¢ëè¥, ¥¢®§¬ãé¥®©, â. ¥. «¨¥©®© ([1],
á. 366) ¡¥§ ¤®áâ â®ç® ¬ «ëå «¨¥©ëå ¢®§¬ãé îé¨å ç«¥®¢, ¤«ï á¨áâ¥¬ë (1) ï¢«ï¥âáï á¨-

áâ¥¬  á \§ ¬®à®¦¥ë¬¨" ª®íää¨æ¨¥â ¬¨ ¢¨¤ 

dby(t)=dt = A(s)by(t) +B1(s)by(t� �) +B2(s)by(�t); t � t0; t0 � s <1: (7)

�®ª § â¥«ìáâ¢®. �¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ ¯®« £ ¥¬ t0  áâ®«ìª® ¡®«ìè¨¬, çâ® t0(1��)>� .
� ¯¨è¥¬ â¥¯¥àì ¨áå®¤ãî á¨áâ¥¬ã (1) ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

dx(t)=dt = A(s)x(t) +B1(s)x(t� �) +B2(s)x(�t) +

+ (A(t) �A(s))x(t) + (B1(t)�B1(s))x(t� �) + (B2(t)�B2(s))x(�t): (8)

� ãî á¨áâ¥¬ã ¬®¦® à áá¬ âà¨¢ âì ª ª \¢®§¬ãé¥ãî" ([1], á. 387; [3]), áç¨â ï \¥¢®§¬ã-
é¥®©" á¨áâ¥¬ã (3). � ¯¨è¥¬ â¥¯¥àì à¥è¥¨¥ á¨áâ¥¬ë (8) ¢ ä®à¬¥ �®è¨ ([4], á. 6), áç¨â ï
®¤®à®¤®© á¨áâ¥¬®© \ãª®à®ç¥ãî" á¨áâ¥¬ã (4):

x(t) = Zs(t; t0)�(t0) +
Z 0

��

Zs(t; t0 + � + �)B1(s)�(t0 + �)d� +
Z t

t0

Zs(t; r)B2(s)x(�r)dr +

+
Z t

t0

Zs(t; r)[(A(r) �A(s))x(r) + (B1(r)�B1(s))x(r � �)]dr +

+
Z t

t0

Zs(t; r)(B2(r)�B2(s))x(�r)dr: (9)

�ãáâì â¥¯¥àì ¢ à ¢¥áâ¢¥ (9) s = t. �®ª ¦¥¬, çâ® \¢®§¬ãé îé¨¥" ç«¥ë ¤®áâ â®ç® ¬ «ë.
�«ï  ¯¥à¥¤ § ¤ ëå ¬ «®£® ç¨á«  " > 0 ¨ ¤®áâ â®ç® ¡®«ìè®£® ç¨á«  T > 0 : jt � rj < T
¬®¦® ¢á¥£¤  ãª § âì ¢ ¥à ¢¥áâ¢¥ (2) ¤®áâ â®ç® ¬ «®¥ � > 0, çâ® ¯à¨ jt�rj < T á¯à ¢¥¤«¨¢ë
¥à ¢¥áâ¢ 

kA(r)�A(t)k < "; kBi(r)�Bi(t)k < "; i = 1; 2; (10)

e��1T < ": (11)

�ãáâì t > t0 + T . � áá¬®âà¨¬,  ¯à¨¬¥à, ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (9).
�à¥¤áâ ¢¨¬ ¥£® ¢ á«¥¤ãîé¥¬ ¢¨¤¥:Z t

t0

Zt(t; r)(B2(r)�B2(t))x(�r)dr =
Z t�T

t0

Zt(t; r)(B2(r)�B2(t))x(�r)dr +

+
Z t

t�T

Zt(t; r)(B2(r)�B2(t))x(�r)dr: (12)

�á«¥¤áâ¢¨¥ á®®â®è¥¨ï (6) ¤«ï ¯¥à¢®£® ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (12) ¨¬¥¥¬ ®æ¥ªã
Z t�T

t0

Zt(t; r)(B2(r)�B2(t))x(�r)dr
 � 2b2C1

�1
e��1T sup

r

kx(�r)k; t0 � r � t� T:

�«ï ¢â®à®£® ¦¥ ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (12) ¢á«¥¤áâ¢¨¥ á®®â®è¥¨© (6), (10) ¯®-
«ãç ¥¬ ®æ¥ªã

Z t

t�T

Zt(t; r)(B2(r)�B2(t))x(�r)dr
 � "

�1
C1 sup

r

kx(�r)k; t� T � r � t: (13)

�¢¨¤ã ¥à ¢¥áâ¢  (11) ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (9) ¥áâì ¢¥«¨ç¨ 
O(") sup

r

kx(�r)k. � «¥¥, ¯à¨ t < t0 + T ¤«ï ¤ ®£® ¨â¥£à «  á¯à ¢¥¤«¨¢  ®æ¥ª  (13), â. ¥.

á®¢  ¯®«ãç ¥¬ ¤®áâ â®çãî ¬ «®áâì. �®áª®«ìªã ¤«ï ®áâ «ìëå ¢®§¬ãé îé¨å ç«¥®¢ ¢ ¯à -
¢®© ç áâ¨ à ¢¥áâ¢  (9) ¬®¦® â ª¨¬ ¦¥ ®¡à §®¬ ¯®«ãç¨âì  á¨¬¯â®â¨ç¥áª¨¥ ®æ¥ª¨ ¢¨¤ 

O(") sup
r

kx(r)k; O(") sup
r

kx(r � �)k : t0 � r � t;
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®ª®ç â¥«ì® ¯®ª §ë¢ ¥¬, çâ® à¥è¥¨¥ ¨â¥£à «ì®£® ãà ¢¥¨ï

by(t) = Zt(t; t0)�(t0) +
Z 0

��

Zt(t; t0 + � + �)B1(t)�(t0 + �)d� +
Z t

t0

Zt(t; r)B2(t)by(�r)dr
ï¢«ï¥âáï à¥è¥¨¥¬ ¨â¥£à «ì®£® á®®â®è¥¨ï (9) ¡¥§ \¢®§¬ãé¥ëå" ç«¥®¢.

�®¤®¡ë¬ ®¡à §®¬ ¬®¦® ¯®ª § âì, çâ® ¯¥à¢ë¬ ¯à¨¡«¨¦¥¨¥¬ äã¤ ¬¥â «ì®© ¬ âà¨æë
Z(t; r) \ãª®à®ç¥®©" á¨áâ¥¬ë ¢¨¤ 

dz(t)=dt = A(t)z(t) +B1(t)z(t� �)

ï¢«ï¥âáï ¬ âà¨æ  Zt(t � r) : t0 � r � t (¯®¤®¡ë© à¥§ã«ìâ â ¤àã£¨¬ ¬¥â®¤®¬ ¤®ª § ,  ¯à., ¢
[2]).

�«ï â®£® çâ®¡ë íää¥ªâ¨¢® ¨§ãç¨âì  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ á¨áâ¥¬ë (1), ¨áá«¥¤ã¥¬
â ª¦¥ ¯®¢¥¤¥¨¥ ¯à®¨§¢®¤ëå à¥è¥¨ï x(j)(t), j = 1; 2; : : : ; k. �§¢¥áâ® ([1], á. 63), çâ® ¯à¨ ¤®-
áâ â®ç® ¡®«ìè¨å t � �h : h = const, h > 0, ¯à®¨§¢®¤ë¥ ¤ ®£® ¯®àï¤ª  áãé¥áâ¢ãîâ ¨
¥¯à¥àë¢ë. �¨ää¥à¥æ¨àã¥¬ ®¡¥ ç áâ¨ á¨áâ¥¬ë (1) ¯® t. �¬¥¥¬

x00(t) = x(2)(t) = A(t)x0(t) +B1(t)x0(t� �) + �B2(t)x0(�t) +

+A0(t)x(t) +B0
1(t)x(t� �) +B0

2(t)x(�t); t � h: (14)

� áá¬®âà¨¬ ¯®«ãç¥ãî á¨áâ¥¬ã (14). �®á«¥¤¨¥ âà¨ ç«¥  ¢ ¯à ¢®© ç áâ¨ ¬®¦® à áá¬ âà¨-
¢ âì ª ª «¨¥©ë¥ \¢®§¬ãé¥¨ï", ¨¬¥îé¨¥  á¨¬¯â®â¨ç¥áª¨¥ ®æ¥ª¨ O(")kx(t)k, O(")kx(t� �)k,
O(")kx(�t)k. � ª ª ª ®¤®à®¤ ï á¨áâ¥¬ 

x(2)(t) = A(t)x0(t) +B1(t)x
0(t� �) + �B2(t)x

0(�t) (15)

¨¬¥¥â  á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢ ,   «®£¨çë¥ ¨áå®¤®© á¨áâ¥¬¥ (1), â®, ¨á¯®«ì§ãï ®æ¥ª¨ (2),
¬¥â®¤ ¬¨,   «®£¨çë¬¨ ¯à¨¬¥¥ë¬ ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 1, ¬®¦¥¬ ¯®ª § âì, çâ® ¥-
¢®§¬ãé¥®© á¨áâ¥¬®© ¤«ï (14) ï¢«ï¥âáï á¨áâ¥¬  (15), ¨¬¥®, á¨áâ¥¬  (14) ¡¥§ \¢®§¬ãé î-
é¨å" ç«¥®¢. �®§¬ãé¥ë¥ ç«¥ë ¨¬¥îâ  á¨¬¯â®â¨ç¥áª¨¥ ®æ¥ª¨ O(")kx(t)k, O(")kx(t � �)k,
O(")kx(�t)k ¨ O(")kx0(t)k, O(")kx0(t� �)k, O(")kx0(�t)k.

� «¥¥, ¤¨ää¥à¥æ¨àãï á¨áâ¥¬ã (14) ¯® t ¨ ¤¥©áâ¢ãï ¬¥â®¤ ¬¨,   «®£¨çë¬¨ ¯à¨¢¥¤¥ë¬
¢ëè¥, ¯®«ãç¨¬, çâ® ¥¢®§¬ãé¥®© á¨áâ¥¬®© ¡ã¤¥â á®®â®è¥¨¥ ¢¨¤ 

x(3)(t) = A(t)x(2)(t) +B1(t)x(2)(t� �) + �2B2(t)x(2)(�t):

(�®§¬ãé¥¨ï¬¨ â¥¯¥àì ¡ã¤ãâ ¢¥«¨ç¨ë O(")kxj(t)k, O(")kxj(t��)k, O(")kxj(�t)k, £¤¥ j = 0; 1; 2.)
�à®¤®«¦ ï à ááã¦¤ âì ¯®¤®¡ë¬ ®¡à §®¬, ç¥à¥§ ª®¥ç®¥ ç¨á«® è £®¢ ¯®«ãç¨¬, çâ® ¥¢®§¬ã-
é¥®© á¨áâ¥¬®©, ®¯à¥¤¥«ïîé¥© ¯®¢¥¤¥¨¥ ¢¥«¨ç¨ë x(k)(t), ï¢«ï¥âáï á®®â®è¥¨¥

x(k+1)(t) = A(t)x(k)(t) +B1(t)x(k)(t� �) + �kB2(t)x(k)(�t); t � h: (16)

(�¤¥áì ¦¥ ¢®§¬ãé¥¨ï ¨¬¥îâ á«¥¤ãîéãî  á¨¬¯â®â¨ç¥áªãî ®æ¥ªã: O(")kxj(t)k, O(")kxj(t��)k,
O(")kxj(�t)k, j = 0; 1; : : : ; k.)

� áá¬®âà¨¬  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ¤ ®© á¨áâ¥¬ë. �á«¥¤áâ¢¨¥ ¥à ¢¥áâ¢ (6), (10)
\ãª®à®ç¥ ï" á¨áâ¥¬  dbz(t)=dt = A(t)bz(t) + B1(t)bz(t � �), t � h, íªá¯®¥æ¨ «ì® ãáâ®©ç¨¢ 
[2], á«¥¤®¢ â¥«ì®, á¯à ¢¥¤«¨¢  ®æ¥ª  kbz(t)k � C2e

��2(t�h) sup
h���s�h

kbz(s)k, C2 = const, C2 � 1,

�2 = const, �2 > 0. �à¨ ¤®áâ â®ç® ¡®«ìè®¬ k

C2�
kb2(�2)�1 � p < 1; (17)

¨§ à¥§ã«ìâ â®¢ à ¡®âë [3] á«¥¤ã¥â, çâ® ¥¢®§¬ãé¥ ï á¨áâ¥¬  (16)  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ .
�«ï ¥¥ à¥è¥¨ï á¯à ¢¥¤«¨¢  ®æ¥ª 

kx(k)(t)k � C3

�
t

h

���3
max

�h�t�h
kx(k)(t)k; C3 = const; C3 � 1; (18)
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¯à¨ íâ®¬ ª®áâ â  �3 > 0 ¢ë¡¨à ¥âáï â ª¨¬ ®¡à §®¬, çâ®¡ë ¡ë«® á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®
[3] p�2 � �2�

��3 � �3t�
��3 < 0, t � h (¤ ë© ¢ë¡®à ¢®§¬®¦¥, â. ª. ¯à¨ �3 = 0 ¨¬¥¥¬ ¥à ¢¥-

áâ¢®,   «®£¨ç®¥ ¥à ¢¥áâ¢ã (17)). � áá¬®âà¨¬ â¥¯¥àì ¥¢®§¬ãé¥ãî á¨áâ¥¬ã, ®¯à¥¤¥«ïî-
éãî  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ ¢¥«¨ç¨ë x(k�1)(t):

x(k)(t) = A(t)x(k�1)(t) +B1(t)x(k�1)(t� �) + �k�1B2(t)x(k�1)(�t); t � h: (19)

�ã¤¥¬ ¨áá«¥¤®¢ âì ¯®¢¥¤¥¨¥ á¨áâ¥¬ë (19)   ¯®«ã¨â¥à¢ « å ln = (hn�1; hn] : h��n = hn,
n = 0; 1; 2; : : : �ç¨âë¢ ï «¥¬¬ã 1, § ¯¨è¥¬ à¥è¥¨¥ (¥¢®§¬ãé¥®©) á¨áâ¥¬ë (19) ¢ ä®à¬¥
�®è¨

x(k�1)(t) = Zt(t� hn�1)x
(k�1)(hn�1) +

Z 0

��

Zt(t� hn�1 � � � �)B1(t)�

� x(k�1)(hn�1 + �)d� +
Z t

hn�1

Zt(t� r)�(k�1)B2(t)x(k�1)(�r)dr; t 2 ln: (20)

� ¬¥â¨¬, çâ® ¯à¨ B2(t) � 0 ¯¥à¢ë¥ ¤¢  ç«¥  ¢ ¯à ¢®© ç áâ¨ ¤ ®£® à ¢¥áâ¢  ï¢«ïîâáï
à¥è¥¨¥¬ á¨áâ¥¬ë, ¥ á®¤¥à¦ é¥© «¨¥©®¥ § ¯ §¤ë¢ ¨¥ (¨ ¢¢¨¤ã ®æ¥ª¨ (6) ã¡ë¢ îâ ¯®
íªá¯®¥â¥ ¯à¨ t!1). � áá¬®âà¨¬ ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (20)Z t

hn�1

Zt(t� r)�(k�1)B2(t)x(k�1)(�r)dr: (21)

�¥â®¤ë ¯®áâà®¥¨ï ¢¥ªâ®à-äãªæ¨© Zs(t; r) = Zs(t � r) : t0 < r � t å®à®è® à §à ¡®â ë (á¬.,
 ¯à., [1], á. 206). �¢¥¤¥¬ ¢¥ªâ®à-äãªæ¨¨

Ws(t; hn�1) =
Z t

hn�1

Zs(t� r)dr; Z 0s(t) = Zs(t); t 2 ln;

R(s) = lim
r!1

Ws(r; hn�1): (22)

� ¢¥áâ¢® (22) â ª¦¥ á¯à ¢¥¤«¨¢® ¯à¨ «î¡®¬ s, ¢ ç áâ®áâ¨, ¯à¨ s = t. � «¥¥, ¢á«¥¤áâ¢¨¥ ®æ¥®ª
(2), (5) á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

kZs(t� r)k � C2e
��1(t�r); C2 = const; C2 � 1: (23)

�à®¨§¢¥¤¥¬ ¨â¥£à¨à®¢ ¨¥ ¯® ç áâï¬. �ç¨âë¢ ï á®®â®è¥¨¥ (22), ¯®«ãç¨¬ à ¢¥áâ¢®Z t

hn�1

Zt(t� r)�k�1B2(t)x(k�1)(�r)dr = �k�1R(t)B2(t)x(k�1)(�t)�

� �k�1Zt(t� hn�1)B2(t)x
k�1(�hn�1) + �k

Z t

hn�1

Zt(t� r)B2(t)x
(k)(�r)dr (24)

(§¤¥áì R(t) ®¯à¥¤¥«¥® ¯à¥¤¥«ìë¬ à ¢¥áâ¢®¬ (22)). �¢¨¤ã á®®â®è¥¨© (18), (22) ¯®á«¥¤¥¥
á« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (24) ¤®¯ãáª ¥â ®æ¥ªã


Z t

hn�1

Zt(t� r)B2(t)x
(k)(�r)dr

 � C2C3b2
�1

�
�hn�1
h

���3
max

�h�t�h
kx(k)(t)k:

� ª ª ª hn�1 !1 ¯à¨ n!1, limx(k)(hh�1) = 0 (n!1), ¤  ï ¨â¥£à «ì ï ¢¥ªâ®à-äãªæ¨ï
áâà¥¬¨âáï ª ã«î ¯à¨ n ! 1 ([5], á. 108). � «¥¥, à áá¬®âà¨¬ ¢â®à®¥, â ª¦¥ ¨â¥£à «ì®¥ á« -
£ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (20). �â®ç¨¬ ¥£®  á¨¬¯â®â¨ªã: § ¯¨è¥¬ ¤«ï ¢¥ªâ®à-äãªæ¨¨
x(k�1)(hn�1 + �) á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥¨¥ ([6], á. 281):

x(k�1)(hn�1 + �) = x(k�1)(hn�1) + �x(k)(hn�1 + #�); 0 < # < 1: (25)
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� «¥¥ ¢¢¨¤ã ®æ¥ª¨ (2) ¬¥â®¤ ¬¨,   «®£¨çë¬¨ ¨á¯®«ì§®¢ ë¬ ¯à¨ ¯®«ãç¥¨¨  á¨¬¯â®â¨ç¥-
áª®£® à ¢¥áâ¢  (24), ¤®ª §ë¢ ¥¬, çâ® ¤ ë© ¨â¥£à « à ¢¥ ¢ëà ¦¥¨î

� Zt(t� hn�1 � �)B1(t)x(k�1)(hn�1) + Zt(t� hn�1)B1(t)x(k�1)(hn�1)�

�
Z 0

��

Zt(t� hn�1 � � � �)B1(t)x(k)(hn�1 + #�)� d�: (26)

�à¨ íâ®¬ ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (26) ï¢«ï¥âáï (¯à¨ n ! 1) ¨áç¥§ îé¥© ¢¥ªâ®à-
äãªæ¨¥© ¨ ¤®¯ãáª ¥â ®æ¥ªã ¯® ®à¬¥:

Z 0

��

Zt(t� hn�1 � � � �)B1(t)x(k)(hn�1 + #�)� d�
 � C2C3b1(�1qk)�1� �

� e��1(t�hn�1)[e�1� � 1](qk)n�1 max
�h�t�h

kx(k)(t)k; �3 = � log� qk; 0 < qk < 1: (27)

�ãáâì â¥¯¥àì  àï¤ã á ãá«®¢¨ï¬¨ «¥¬¬ë 1 á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®

sup
t2ln


n�1Y
i=0

R(�n�1+it)B2(�
n�1+it)

 � Lqn�1;

L = const; L > 1; q = const; 0 < q < 1 (28)

(£¤¥ ¢¥ªâ®à-äãªæ¨ï R(t) ®¯à¥¤¥«¥  á®®â®è¥¨ï¬¨ (21) ¨ (22)).

�¥¬¬  2. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© «¥¬¬ë 1 ¨ ¥à ¢¥áâ¢  (28) x(k�1)(t), t 2 ln, | à¥è¥¨¥

áç¥â®© á¨áâ¥¬ë ¢¨¤ 

x(k�1)(t) = Zt(t� hn�1)x(k�1)(hn�1) +
Z 0

��

Zt(t� hn�1 � � � �)B1(t)�

� x(k�1)(hn�1 + �)d� + �k�1R(t)B2(t)x
(k�1)(�t)� �k�1Zt(t� hn�1)�

�B2(t)x
(k�1)(�hn�1) + �k

Z t

hn�1

Zt(t� r)B2(t)x
(k)(r)dr; t 2 ln; n = 1; 2; : : : ; (29)

®¯à¥¤¥«¥®¥   ®âà¥§ª¥ �h � � � h  ç «ì®© ¢¥ªâ®à-äãªæ¨¥© xk�1(�),  á¨¬¯â®â¨ç¥áª¨
ãáâ®©ç¨¢®; ¯à¨ íâ®¬ ¢¥ªâ®à-äãªæ¨ï x(k�1)(t) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¥© ®æ¥ª¥:

sup
t2ln

kx(k�1)(t)k �Mk�1(qk�1)
n�1[ max

�h�t�h
kx(k�1)(t)k+ max

�h�t�h
kx(k)(t)k];

Mk�1 = const; Mk�1 � 1; qk�1 = const; 0 < qk�1 < 1; t 2 ln: (30)

�®ª § â¥«ìáâ¢®. �ç¨âë¢ ï «¥¬¬ã 1, à áá¬®âà¨¬    ç «ì®¬ íâ ¯¥ ¯®¢¥¤¥¨¥ ¥¢®§¬ã-
é¥®© á¨áâ¥¬ë (29) ¢ ¯à ¢ëå £à ¨çëå â®çª å ¯®«ã¨â¥à¢ «®¢ li (¯à¨ ¤®áâ â®ç® ¡®«ìè¨å i).
�à¨¨¬ ï ¢® ¢¨¬ ¨¥ á®®â®è¥¨ï (22){(28), ¨¬¥¥¬

x(k�1)(hi+1) =
�
�k�1R(hi+1)B2(hi+1) + "i(hi+1)

�
x(k�1)(hi)�

� �k�1Zhi+1(hi+1 � hi)B2(hi+1)x(k�1)(hi�1)�K(hi+1): (31)

�¤¥áì "i(hi+1) | á®¢®ªã¯®áâì ¢¥ªâ®à-äãªæ¨©, ã¤®¢«¥â¢®àïîé¨å ®æ¥ª¥

k"i(hi+1)k � C1e
��1(hi+1)�hi(1 + ��11 (b1 + b1e

�1� + Lb2�
k�1)); (32)

K(hi+1) | ¨áç¥§ îé ï (¯à¨ i!1) ¢¥ªâ®à-äãªæ¨ï, ã¤®¢«¥â¢®àïîé ï ¢ á¢®î ®ç¥à¥¤ì ®æ¥ª¥
¢¨¤ 

kK(hi+1)k �M(qk)
i max
�h�t�h

x(k)(t); M = const; M > 1: (33)
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� áá¬®âà¨¬ â¥¯¥àì  á¨¬¯â®â¨ç¥áª®¥ à ¢¥áâ¢® (31). �®« £ ï

yi+1 = xi; xi = x(k�1)(hi); "i = "i(hi+1);

�i = Zhi+1(hi+1 � hi)B2(hi+1); Ri = R(hi+1)B2(hi+1); (34)

¯®¤áâ ¢¨¢ ¤ ë¥ ¯à¥¤áâ ¢«¥¨ï ¢ à ¢¥áâ¢® (31), ¯®«ãç¨¬ à ¢¥áâ¢®

xi+1 = (�k�1Ri + "i)xi � �k�1�iyi�1 +K(hi+1);

®âáî¤  ¤«ï ¢¥ªâ®à  w(�)
i = (yi; xi) (§ ç®ª (�) ®§ ç ¥â âà á¯®¨à®¢ ¨¥) ¯®«ãç¨¬ ¥®¤®à®¤-

ãî à §®áâãî á¨áâ¥¬ã

wi+1 = Aiwi + �iwi + Fi+1; i = 1; 2; : : : (35)

�¤¥áì ¬ âà¨æë Ai, �i ¨ ¢¥ªâ®à Fi+1 ®¯à¥¤¥«¥ë á«¥¤ãîé¨¬ ®¡à §®¬:

Ai =
�
0 E
0 �k�1Ri

�
; �i =

�
0 0

��k�1�i "i

�
; Fi+1 =

�
0

K(hi+1)

�
:

�« £ ¥¬ë¥, ®¡ãá«®¢«¥ë¥ ¬ âà¨æ¥© �i, ¬®¦® à áá¬ âà¨¢ âì ª ª \¢®§¬ãé¥¨ï". � ¯¨áë¢ ï
â¥¯¥àì à¥è¥¨¥ ¥®¤®à®¤®© á¨áâ¥¬ë (35) á ¯®¬®éìî ä®à¬ã«ë ¢ à¨ æ¨¨ ¯®áâ®ïëå ([7], á. 23)
(¯®« £ ï ¯à¨ íâ®¬ ¥®¤®à®¤®áâìî ª ª ¢¥ªâ®à-äãªæ¨î Fi, â ª ¨ \¢®§¬ãé¥¨ï"), ãç¨âë¢ ï
¯à¨ íâ®¬ ®æ¥ªã (28), ¯®«ãç ¥¬ ¥à ¢¥áâ¢® ¤«ï ª®¬¯®¥âë xi ¢¥ªâ®à  wi

kxik � L(�k�1q)i�1kx1k+ L(�k�1q)i�2(k�1k ky1k+ k"1k kx1k+ kK(h2)k) +
+ L(�k�1q)i�3(k�2k ky2k+ k"2k kx2k+ kK(h3)k) + � � � +

+ k�i�1k kyi�1k+ k"i�1k kxi�1k+ kK(hi)k < L(�k�1q)i�1kx1k+

+ L
i�1X
j=1

(�k�1q)i�1�j(k�jk kyjk+ k"jk kxjk+ kK(hj+1)k): (36)

� §¤¥«¨¢ ®¡¥ ç áâ¨ ¤ ®£® á®®â®è¥¨ï   qi, ãç¨âë¢ ï ¯¥à¢®¥ ¨§ á®®â®è¥¨© (34) ¨ ®æ¥ªã
(33), ¯®« £ ï uj = (�k�1q)�jkxjk, ¯®«ãç ¥¬ ¨§ á®®â®è¥¨ï (36) ¥à ¢¥áâ¢®

ui � L�1�k

q

�
�0 max

�h�t�h
kx(k�1)(t)k+ fi +

i�2X
j=1

(k"jk+ k�j+1k)uj
�
;

�0 = 1 +
�k�1�1

q
; fi =

M

q

i�1X
j=1

�j(1�k)qjkq
�j max

�h�t�h
kx(k)(t)k: (37)

�®£¤ , ª ª á«¥¤ã¥â ¨§ á®®â®è¥¨ï (37), á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® ([7], á. 70)

ui � L�1�k

q
[�0 max

�h�t�h
kx(k�1)(t)k + fi]

i�2Y
j=1

�
1 +

L�1�k

q
(k"jk+ k�j+1k)

�
:

�¥à ¢¥áâ¢®
i�2Y
j=1

�
1 +

L�1�k

q
(k"jk+ k�j+1k)

�
< Lk�1

(£¤¥ Lk�1 = const, Lk�1 > 0) á¯à ¢¥¤«¨¢® ¢á«¥¤áâ¢¨¥ áå®¤¨¬®áâ¨ àï¤ 
P k�jk+ k"jk (áå®¤¨¬®áâì

àï¤  ¢ëâ¥ª ¥â ¨§ á®®â®è¥¨© (32) ¨ (34)). � ª¨¬ ®¡à §®¬, ¯®«ãç¨«¨ ®æ¥ªã

kxik � LLk�1[�0 max
�h�t�h

kx(k�1)(t)k+ fi](�
k�1q)i�1: (38)
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�ç¥¢¨¤®, max
�h�t�h

kx(k�1)(t)k(�k�1q)i�1 ! 0 ¯à¨ i ! 1. � áá¬®âà¨¬ á« £ ¥¬®¥ fi(�k�1q)i�1. �á«¨

qk 6= �k�1q, â. ¥. qk = �q�k�1, � = const, � > 0 (¯à¨ç¥¬ � 6= 1), â® ¨¬¥¥¬

fi(�k�1q)i�1 =
Mq�1(�i � 1)(�k�1q)i�1

�� 1
max

�h�t�h
kx(k)(t)k =Mq�2�k�1 (qk)

i � (�k�1q)i

�� 1
max

�h�t�h
kx(k)(t)k:

(39)

� ª á«¥¤ã¥â ¨§ á®®â®è¥¨© (38), (39), lim
i!1

kxik = 0 ¯à¨ � 6= 1. �á«¨ ¦¥ � = 1, â® á¯à ¢¥¤«¨¢®

¥à ¢¥áâ¢® ([7], á. 143)

fi(�
k�1q)i�1 =

M

q

i�1X
j=1

j(qk)
i�1 <

M�i�1+e

q(1� �)
; � =

p
qk; e = �(1� �)�1:

�ç¥¢¨¤®, kxik ! 0 : i!1 ¯à¨ � = 1. � ¢ â®¬, ¨ ¢ ¤àã£®¬ á«ãç ¥  ©¤ãâáï â ª¨¥ ¯®«®¦¨â¥«ì-
ë¥ ¯®áâ®ïë¥ Mk�1; qk�1 : qk�1 < 1, çâ® á¯à ¢¥¤«¨¢  ®æ¥ª 

kxik �Mk�1(qk�1)i[ max
�h�t�h

kx(k)(t)k + max
�h�t�h

kx(k�1)(t)k]: (40)

� áá¬ âà¨¢ ï ¯®¢¥¤¥¨¥ ¢¥ªâ®à-äãªæ¨¨ x(k�1)(t) ¢ãâà¨ ¨â¥à¢ «®¢ ln, ¨§ á®®â®è¥¨© (29),
(31), (40) ¯®«ãç ¥¬ ¥®¤®à®¤ãî à §®áâãî á¨áâ¥¬ã

x(k�1)(t) = �k�1R(t)B2(t)x(k�1)(�t) + f 1;t(hn�1) + f2;t(hn) + f(t; x(k)(t)): (41)

�¤¥áì f1;t(hn�1), f 2;t(hn) | ¨áç¥§ îé¨¥ ¢¥ªâ®à-äãªæ¨¨, ã¤®¢«¥â¢®àïîé¨¥ ®æ¥ª ¬,   «®£¨ç-
ë¬ ®æ¥ª¥ (40), ¢¥ªâ®à-äãªæ¨ï f(t; x(k)(t)) â ª¦¥ ¨áç¥§ îé ï, ã¤®¢«¥â¢®àïîé ï ®æ¥ª¥,   -
«®£¨ç®© ®æ¥ª¥ (18). �áá«¥¤®¢ ¨¥  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï à¥è¥¨ï á¨áâ¥¬ë (41) ¯à®¢®-
¤¨âáï â®ç® â ª¨¬¨ ¦¥ ¬¥â®¤ ¬¨, ª ª ¨ ¨áá«¥¤®¢ ¨¥ ¯®¢¥¤¥¨ï à¥è¥¨ï á¨áâ¥¬ë (35). � ¨â®£¥
¤«ï ¢¥ªâ®à-äãªæ¨¨ x(k�1)(t) ¯®«ãç¨¬ ®æ¥ªã (30).

� ¬¥ç ¨¥. �¥â®¤®¬, ®¯¨á ë¬ ¢ëè¥ ¯à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 2, ¤ «¥¥ ¯®á«¥¤®¢ -
â¥«ì® ¤®ª §ë¢ ¥¬  á¨¬¯â®â¨ç¥áªãî ãáâ®©ç¨¢®áâì ¢¥«¨ç¨ x(k�2)(t); x(k�3)(t); : : : ; x0(t); x(t) (¯à¨
íâ®¬ â ª¦¥ à áá¬ âà¨¢ ¥¬ ¥¢®§¬ãé¥ë¥ á¨áâ¥¬ë). �â¬¥â¨¬, çâ® ¤«ï x(t) ¡ã¤¥â á¯à ¢¥¤«¨¢ 
®æ¥ª 

sup
t2ln

kx(t)k �M0(q0)
n

kX
j=0

max
�h�t�h

kx(j)(t)k:

�à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ 1 ¨ 2 ¡ë«¨ à áá¬®âà¥ë ¥¢®§¬ãé¥ë¥ á¨áâ¥¬ë. �®§¬ãé¥ ï ¦¥
á¨áâ¥¬  ¯à¥¤áâ ¢«ï¥â á®¡®© á«¥¤ãîéãî á®¢®ªã¯®áâì á¨áâ¥¬:

dbyi(t)=dt = A(s)byi(t) +B1(s)byi(t� �) + �iB2(s)byi(�t) +
+

iX
j=0

Rj
i;1(t)byj(t) + iX

j=0

Rj
i;2(t)byj(t� �) +

iX
j=0

Rj
i;3(t)byj(�t)

(i ¯®á«¥¤®¢ â¥«ì® ¯à¨¨¬ ¥â § ç¥¨ï 0; 1; : : : ; k, t � h > t0, t0 � s < 1). �¤¥áì Rj
i;l(t)

(i; j = 0; 1; : : : ; k, l = 1; 2; 3) | «¨¥©ë¥ m-¬¥àë¥ ¢¥ªâ®à-äãªæ¨¨ ¢à¥¬¥¨ t,  «¨ç¨¥ ª®â®-
àëå ¢ ¯à ¢®© ç áâ¨ ¤ ®© á¨áâ¥¬ë ¢ë§ë¢ îâ \¢®§¬ãé¥¨¥" à¥è¥¨ï (¤ ë¥ ¢¥ªâ®à-äãªæ¨¨
Rj

i;l(t) (i; j = 0; 1; : : : ; k, l = 1; 2; 3) ã¤®¢«¥â¢®àïîâ â®¬ã ¨«¨ ¨®¬ã ãá«®¢¨î ¬ «®áâ¨). �â¬¥-
â¨¬, çâ® ¤  ï á¨áâ¥¬  ¨¬¥¥â ¯®àï¤®ª m1 = (2k + 1). �áá«¥¤®¢ ¨¥ ¦¥ ¯®¢¥¤¥¨ï à¥è¥¨ï
¥¢®§¬ãé¥®© á¨áâ¥¬ë ¯à®¢¥¤¥® ¢ëè¥.

�¡®áã¥¬ ¤ «¥¥ § ª®®¬¥à®áâì ¯à¥¥¡à¥¦¥¨ï \¢®§¬ãé¥¨ï¬¨" ¯à¨ ¬ «ëå ¨â¥£à «ìëå
®£à ¨ç¥¨ïå   ®à¬ã \¢®§¬ãé¥¨ï" ([8], á. 259) (ª ª  ¨¡®«¥¥ ®¡é¨å).
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� áá¬®âà¨¬ ¢®§¬ãé¥ãî á¨áâ¥¬ã m1-£® ¯®àï¤ª 

dx(t)=dt = A(t)x(t) +B1(t)x(t� �) +B2(t)x(�t) +R1(t)x(t) +R2(t)x(t� �) +R3(t)x(�t);

t � t0 > 0; x(�) = �1(�) : � � t0; kA(t)k � a; kBi(t)k � bi; i = 1; 2: (42)

�« £ ¥¬ë¥, ®¡ãá«®¢«¥ë¥ ¬ âà¨æ ¬¨ Rj(t), áç¨â ¥¬ ¢®§¬ãé¥¨ï¬¨. �à¨ íâ®¬ ¯®« £ ¥¬, çâ®
¬ âà¨æë Rj(t) (j = 1; 2; 3) ¥¯à¥àë¢ë¥, à §¬¥à®áâ¨ m1�m1, ã¤®¢«¥â¢®àïîé¨¥ (ª ª  ¨¡®«¥¥
®¡é¨¬) ãá«®¢¨ï¬ ¬ «®áâ¨

kRj(t)k � �(t);
Z t

t�1

�(s)ds � �; (43)

£¤¥ � | ¤®áâ â®ç® ¬ «®¥ ¯®«®¦¨â¥«ì®¥ ç¨á«®. �®« £ ¥¬, çâ® à¥è¥¨¥ x(t) ¥¢®§¬ãé¥®©
á¨áâ¥¬ë  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¨ ã¤®¢«¥â¢®àï¥â ®æ¥ª¥

kx(t)k � C0

�
t

t0

���0
sup

�t0���t0

k�(�)k; C0 = const; C0 � 1; �0 = const; �0 > 0: (44)

�¥â®¤ë ¯®«ãç¥¨ï ¯®¤®¡ëå ®æ¥®ª ¨§«®¦¥ë ¢ «¥¬¬¥ 2. �à®¬¥ â®£®, áç¨â ¥¬, çâ® \ãª®à®ç¥-
 ï" ¥¢®§¬ãé¥ ï á¨áâ¥¬ 

dy(t)=dt = A(t)y(t) +B1(t)y(t� �); t � t0; (45)

íªá¯®¥æ¨ «ì® ãáâ®©ç¨¢ , â. ¥. ¤«ï äã¤ ¬¥â «ì®© ¬ âà¨æë à¥è¥¨© Y (t; s) á¯à ¢¥¤«¨¢ 
®æ¥ª 

kY (t; s)k � Ce��(t�s); t0 < s � t; C = const; C � 1; � = const; � > 0: (46)

�¥®à¥¬ . �ãáâì à¥è¥¨¥ x(t) ¥¢®§¬ãé¥®© á¨áâ¥¬ë

dx(t)=dt = A(t)x(t) +B1(t)x(t� �) +B2(t)x(�t); t � t0 > 0;

x(�) = �(�) : � � t0;

 á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯à¨ íâ®¬ ¤«ï ¤ ®£® à¥è¥¨ï á¯à ¢¥¤«¨¢  ®æ¥ª  (44),   à¥è¥-
¨¥ ¥¢®§¬ãé¥®© \ãª®à®ç¥®©" á¨áâ¥¬ë (45) íªá¯®¥æ¨ «ì® ãáâ®©ç¨¢® (¯à¨ íâ®¬ á¯à -

¢¥¤«¨¢  ®æ¥ª  (46)). �®£¤  ¤«ï ¤®áâ â®ç® ¬ «®£® � à¥è¥¨¥ ¨áå®¤®© á¨áâ¥¬ë (42) â ª¦¥

 á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®.

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ ¢®§¬ãé¥ãî \ãª®à®ç¥ãî" á¨áâ¥¬ã (á¨áâ¥¬ã á ¯®áâ®ï-
ë¬ § ¯ §¤ë¢ ¨¥¬)

dy(t)=dt = (A(t) +R1(t))y(t) + (B1(t) +R2(t))y(t� �); t � t0: (47)

�§¢¥áâ® [9], çâ® ¯à¨ ¢ë¯®«¥¨¨ ¥à ¢¥áâ¢ 

2�C

�
< 1 (48)

à¥è¥¨¥ ¢®§¬ãé¥®© \ãª®à®ç¥®©" á¨áâ¥¬ë (47) íªá¯®¥æ¨ «ì® ãáâ®©ç¨¢®. �«¥¤®¢ â¥«ì®,
äã¤ ¬¥â «ì ï ¬ âà¨æ  à¥è¥¨© Y1(t; s) á¨áâ¥¬ë (47) ¤®¯ãáª ¥â ®æ¥ªã ¯® ®à¬¥

kY1(t; s)k � C4e
��4(t�s); C4 = const; C4 � 1; �4 = const; �4 > 0; t0 < s � t: (49)
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�ç¨â ï t0 ¤®áâ â®ç® ¡®«ìè¨¬ ((1 � �)t0 > 1, (1 � �)t0 > �), § ¯¨è¥¬ à¥è¥¨¥ á¨áâ¥¬ë (42) ¢
ä®à¬¥ �®è¨, ¯®« £ ï ¥®¤®à®¤®áâìî ç«¥ë á «¨¥©ë¬ § ¯ §¤ë¢ ¨¥¬. �®«ãç ¥¬ á®®â®-
è¥¨¥

x(t) = Y1(t; t0)�1(t0) +
Z 0

��

Y1(t; t0 + � + �)(B1(t0 + � + �) +

+R2(t0 + � + �))�1(t0 + �)d� +
Z t

t0

Y1(t; r)(B2(r) +R3(r))x(�r)dr: (50)

�ç¥¢¨¤®, «î¡®© ¯®«ã¨â¥à¢ « ln = (t0�1�n, t0��n], n = 0; 1; 2; : : : , ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥
ln : (tn�1 = t0�

1�n, tn�1+ rn+ �n), £¤¥ rn | æ¥«®¥ ¯®«®¦¨â¥«ì®¥ ç¨á«®, lim
n!1

rn =1; �n = const,

0 < �n < 1. �®£¤  ¯à¨ t 2 l1 ¢á«¥¤áâ¢¨¥ ®æ¥ª¨ (49) ¨§ á®®â®è¥¨ï (50) ¨¬¥¥¬ á«¥¤ãîé¥¥
¥à ¢¥áâ¢®:

kx(t)k � C4e
��4(t�t0) sup

t2l0

k�1(t)k+
Z t

t0

C4b2e
��4(t�r)b2dr sup

t2l0

k�1(t)k+

+
Z t

t0

C4e
��4(t�r)kR3(r)kdr sup

t2l0

k�1(t)k: (51)

� áá¬®âà¨¬ ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  (51). �ç¨âë¢ ï ®æ¥ªã (43), ¨¬¥¥¬
á®®â®è¥¨¥

Z t

t0

e��4(t�r)kR3(r)kdr �
r1X
j=0

Z t0+1+j

t0+j

e�4(r�t)�(r)dr +
Z t

t��1

e��4(t�r)�(r)dr: (52)

� «¥¥, ¤«ï ¯¥à¢®£® ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  (52) ¯®«ãç ¥¬ ®æ¥ªã

Z t0+1+j

t0+j

e�4(r�t)�(r)dr � e��4(r1�j�1)
Z t0+j+1

t0+j

�(r)dr � �e��4(r1�j�1):

�â®à®© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ á®®â®è¥¨ï (52) ®æ¥¨¬ á«¥¤ãîé¨¬ ®¡à §®¬:

Z t

t��1

e��4(t�r)�(r)dr �
Z t

t�1
e��4(t�r)�(r)dr � �:

�® â®£¤  ¯®«ãç ¥¬, çâ® ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  (51) ¥ ¯à¥¢®áå®¤¨â
¢¥«¨ç¨ë

C4�

�
1 +

1
1� e��4

�
sup
t2l0

k�1(t)k: (53)

�âáî¤  ¯®«ãç ¥¬ ®ª®ç â¥«ì®¥ ¥à ¢¥áâ¢® ¢¨¤ 

sup
t2l1

kx(t)k �M sup
t2l0

kx(t)k; M = C4

�
1 +

b1
�4

+ 1 + �

�
1 +

1
1� e��4

��
: (54)

�®áâ â  M ¥ § ¢¨á¨â ®â  ç «ì®£® ¬®¬¥â  t0, ¯®¤®¡ ï ¦¥ ®æ¥ª  á¯à ¢¥¤«¨¢  ¨ ¤«ï
«î¡®£® ¨â¥à¢ «  ln (¢ íâ®¬ á«ãç ¥  à£ã¬¥â ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  ¡ã¤¥â ¯à¨ ¤«¥¦ âì
¨â¥à¢ «ã ln�1). �  ï ®æ¥ª  ï¢«ï¥âáï ¢¥áì¬  £àã¡®©. �áâ ®¢¨¬ â¥¯¥àì ¡®«¥¥ â®çãî ®æ¥-
ªã ¢¥«¨ç¨ë �, ¯à¨ ª®â®à®© ¨§  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ à¥è¥¨ï x(t) ¥¢®§¬ãé¥®©
á¨áâ¥¬ë á«¥¤ã¥â  á¨¬¯â®â¨ç¥áª ï ãáâ®©ç¨¢®áâì à¥è¥¨ï x(t) ¢®§¬ãé¥®© á¨áâ¥¬ë (42). �ãáâì
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t 2 ln. � ¯¨è¥¬ à¥è¥¨¥ ¢®§¬ãé¥®© á¨áâ¥¬ë (42) ¢ ä®à¬¥ �®è¨, áç¨â ï ¥®¤®à®¤®áâìî
\¢®§¬ãé¥ë¥" ç«¥ë ¨ ¥¢®§¬ãé¥ë© ç«¥, á®¤¥à¦ é¨© «¨¥©®¥ § ¯ §¤ë¢ ¨¥. �¬¥¥¬

x(t) = Y (t; tn�1)x(tn�1) +
Z 0

��

Y (t; tn�1 + � + �)B1(tn�1 + � + �)x(tn�1 + �)d� +

+
Z t

tn�1

Y (t; s)B2(s)x(�s)ds+
Z t

tn�1

Y (t; s)R1(s)x(s)ds+

+
Z t

tn�1

Y (t; s)R2(s)x(s� �)ds+
Z t

tn�1

Y (t; s)R3(s)x(�s)ds: (55)

�¥à¢ë¥ âà¨ á« £ ¥¬ëå ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (55) ¯à¥¤áâ ¢«ïîâ ¥¢®§¬ãé¥®¥ à¥è¥¨¥
x(t), ®¯à¥¤¥«¥®¥ ¢ ¬®¬¥â ¢à¥¬¥¨ tn�1 ¢¥ªâ®à-äãªæ¨¥© x(s) : s 2 ln�1. � áá¬®âà¨¬ ¯¥à¢®¥ ¨§
¨â¥£à «ìëå \¢®§¬ãé¥ëå" á« £ ¥¬ëå ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (55). �¥â®¤ ¬¨,   «®£¨ç-
ë¬¨ ¨á¯®«ì§®¢ ë¬ ¯à¨ ¯®«ãç¥¨¨ ®æ¥ª¨ (53), ãç¨âë¢ ï ®æ¥ªã (54), ¯®«ãç ¥¬ ¥à ¢¥áâ¢®

Z t

tn�1

Y (t; s)R1(s)x(s)ds
 �M C�

�
1 +

1

1� e��

�
sup

s2ln�1

kx(s)k:

�®á«¥¤¨© ¨â¥£à « ¯® ®à¬¥ ¥ ¯à¥¢®áå®¤¨â ¢¥«¨ç¨ë

C�

�
1 +

1

1� e��

�
sup

s2ln�1

kx(s)k:

� ª®¥æ, à áá¬®âà¨¬ ¢â®à®© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (55). �¢¨¤ã â®£®, çâ® t � �
¯à¨ ¤«¥¦¨â ª ª ¯®«ã¨â¥à¢ «ã ln�1 : t � hn�1 � � , â ª ¨ ¯®«ã¨â¥à¢ «ã ln, íâ®â ¨â¥£à « ¯®
®à¬¥ ¥ ¯à¥¢®áå®¤¨â ¢¥«¨ç¨ë

C�(1 +M)
�
1 +

1

1� e��

�
sup

s2ln�1

kx(s)k: (56)

� ª¨¬ ®¡à §®¬, á®¢®ªã¯®áâì \¢®§¬ãé¥ëå" á« £ ¥¬ëå ¯® ®à¬¥ ¥ ¯à¥¢®áå®¤¨â ã¤¢®¥®©
®æ¥ª¨ (56). �¥è¥¨¥ ¥¢®§¬ãé¥®© á¨áâ¥¬ë x(t) ã¤®¢«¥â¢®àï¥â ®æ¥ª¥ (44). �®£¤ , ª ª ¯®ª -
§ ® ¢ [10], ¯à¨ ¢ë¯®«¥¨¨ ¥à ¢¥áâ¢ 

2C0C�(1 +M)
�
1 +

1

1� e��

�
< ��0 � �2�0 ;

  â ª¦¥ á®®â®è¥¨ï (48), ª®â®à®¥ ¤®áâ¨£ ¥âáï ¯à¨ ¤®áâ â®ç® ¬ «®¬ � > 0, à¥è¥¨¥ x(t) ¢®§-
¬ãé¥®© á¨áâ¥¬ë (42) â ª¦¥  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯à¨ç¥¬ ¤«ï ¤ ®£® à¥è¥¨ï á¯à -
¢¥¤«¨¢  ®æ¥ª ,   «®£¨ç ï ®æ¥ª¥ (44).

� ¬¥ç ¨¥. �à¨ ¤®ª § â¥«ìáâ¢¥ «¥¬¬ë 2 ¨ â¥®à¥¬ë  ç «ìë¥ ¬®¬¥âë h > 0, t0 > 0
¯à¥¤¯®« £ «¨áì ¤®áâ â®ç® ¡®«ìè¨¬¨. �¥¬ ¥ ¬¥¥¥, à¥§ã«ìâ âë ¤ ëå ãâ¢¥à¦¤¥¨© ¢¥àë
¨ ¢ á«ãç ¥, ª®£¤   ç «ìë© ¬®¬¥â t0 > 0 ¥ ï¢«ï¥âáï ¡®«ìè¨¬, ¯®áª®«ìªã ¢á¥£¤  ¢®§¬®¦¥
¯¥à¥®á  ç «ì®© â®çª¨ ¢ áâ®à®ã ¢®§à áâ îé¨å § ç¥¨©  à£ã¬¥â  ([11], á. 36).
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