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1. �®áâ ®¢ª  § ¤ ç¨

� áá¬ âà¨¢ ¥âáï ãà ¢¥¨¥

F (x) = 0; x 2 X; (1.1)

£¤¥ F : X ! X | ¥«¨¥©ë© ®¯¥à â®à, ¤¥©áâ¢ãîé¨© ¢ ¡  å®¢®¬ ¯à®áâà áâ¢¥ X. �à¥¤-
¯®« £ ¥âáï, çâ® ¯à®áâà áâ¢® X à¥ä«¥ªá¨¢® ¨ ®¡« ¤ ¥â ¤¨ää¥à¥æ¨àã¥¬®© ¯® � â® ®à¬®©.
�à®áâ¥©è¨¬¨ ¯à¨¬¥à ¬¨ â ª¨å ¯à®áâà áâ¢ ï¢«ïîâáï lp, Lp ¯à¨ 1 < p < 1,   â ª¦¥ £¨«ì-
¡¥àâ®¢ë ¯à®áâà áâ¢  ([1], c. 35{37). �¡®§ ç¨¬ ç¥à¥§ x� à¥è¥¨¥ ãà ¢¥¨ï (1.1) ¨ ¯®«®¦¨¬

R(x) = fz 2 X : kz � xk < Rg. �à¥¤¯®« £ ¥âáï, çâ® ®¯¥à â®à F ¤¨ää¥à¥æ¨àã¥¬ ¯® �à¥è¥,
¯à¨ç¥¬

kF 0(x1)� F 0(x2)k � Lkx1 � x2k 8x1; x2 2 
R(x�): (1.2)

�¤¥áì ¨ ¤ «¥¥ á¨¬¢®« k � k ¨á¯®«ì§ã¥âáï ¤«ï ®¡®§ ç¥¨ï ®à¬ à §«¨çëå ¯à®áâà áâ¢. �â ¯à®-
¨§¢®¤®© F 0(x) ¥ âà¥¡ã¥âáï ®£à ¨ç¥ ï ®¡à â¨¬®áâì, ¯®íâ®¬ã ¨áå®¤ ï § ¤ ç  (1.1) ï¢«ï¥âáï
¢ ®¡é¥¬ á«ãç ¥ ¥ª®àà¥ªâ®©, ¨ ãáâ®©ç¨¢ ï  ¯¯à®ªá¨¬ æ¨ï ¥¥ à¥è¥¨ï ¢ ãá«®¢¨ïå ¯®£à¥è®-
áâ¥© ¢ § ¤ ¨¨ F (x) âà¥¡ã¥â ¯à¨¢«¥ç¥¨ï ¬¥â®¤®¢ à¥£ã«ïà¨§ æ¨¨ (á¬.,  ¯à., [2], á. 126{128; [3],
á. 9{11; [4], á. 15{18). �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢¬¥áâ® â®ç®£® ®¯¥à â®à  F ¢ (1.1) ¤®áâã¯® «¨èì
¥£® ¯à¨¡«¨¦¥¨¥ eF : X ! X, ¤¨ää¥à¥æ¨àã¥¬®¥ ¯® �à¥è¥ ¨ ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã
(1.2) á â®© ¦¥ ª®áâ â®© L ¨ ãá«®¢¨ï¬

k eF (x�)k � �; k eF 0(x)� F 0(x)k � � 8x 2 
R(x�): (1.3)

�«®¤®â¢®àë© ¨ è¨à®ª® ¨á¯®«ì§ã¥¬ë© ¢ ¢ëç¨á«¨â¥«ì®© ¯à ªâ¨ª¥ ¯®¤å®¤ [5] ª ¯®áâà®¥¨î
¬¥â®¤®¢  ¯¯à®ªá¨¬ æ¨¨ à¥è¥¨ï x� § ª«îç ¥âáï ¢ ª®áâàã¨à®¢ ¨¨ ¤¨áªà¥â®© «¨¡® ¥¯à¥-
àë¢®© ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë, ¤«ï ª®â®à®© x� ï¢«ï¥âáï â®çª®© ¯à¨âï¦¥¨ï. � ¥¯à¥àë¢®¬
á«ãç ¥ ¤«ï à¥ «¨§ æ¨¨ íâ®© ¨¤¥¨ âà¥¡ã¥âáï   ä §®¢®¬ ¯à®áâà áâ¢¥ X ¯®áâà®¨âì ¤¨ ¬¨ç¥-
áªãî á¨áâ¥¬ã

_x = �(x); x = x(t); t � 0 (� : X ! X); (1.4)

¤«ï ª®â®à®© x� ¡ë«  ¡ë  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®© â®çª®© ¯®ª®ï, â. ¥.

�(x�) = 0; lim
t!+1

kx(t)� x�k = 0

� ¡®â  ¢ë¯®«¥  ¯à¨ ç áâ¨ç®© ä¨ á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥-

¤®¢ ¨©, £à â ò 06-01-00282a.
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¯® ªà ©¥© ¬¥à¥ ¤«ï  ç «ìëå § ç¥¨© x(0) = x0 ¨§ ä¨ªá¨à®¢ ®© ®ªà¥áâ®áâ¨ x�. � à¥-
£ã«ïà®¬ á«ãç ¥, ª®£¤  ®¯¥à â®à F 0(x) «¨¡® F 0�(x)F 0(x) ¥¯à¥àë¢® ®¡à â¨¬, ¢ ª ç¥áâ¢¥ (1.4)
¬®£ãâ ¢ëáâã¯ âì,  ¯à¨¬¥à, á¨áâ¥¬ë

_x = �F 0�(x)F (x); _x = �F 0(x)�1F (x);
_x = �(F 0�(x)F 0(x))�1F 0�(x)F (x); (1.5)

ï¢«ïîé¨¥áï ¥¯à¥àë¢ë¬¨   «®£ ¬¨ ª« áá¨ç¥áª®£® ¨â¥à æ¨®®£® ¬¥â®¤  £à ¤¨¥â®£® á¯ãá-
ª , ¬¥â®¤®¢ �ìîâ® {� â®à®¢¨ç  ¨ � ãáá {�ìîâ® . �â®à ï ¨§ íâ¨å á¨áâ¥¬ ®¯à¥¤¥«¥  ¢ ¯à®-
¨§¢®«ì®¬ ¡  å®¢®¬ ¯à®áâà áâ¢¥, ¤¢¥ ¤àã£¨¥ ¨á¯®«ì§ãîâáï ¢ £¨«ì¡¥àâ®¢ëå ¯à®áâà áâ¢ å
¨ ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ®¡®¡é îâáï   ãà ¢¥¨ï (1.1) á ®¯¥à â®à®¬ F : X ! Y , ¤¥©áâ¢ã-
îé¨¬ ¢ ¯à®¨§¢®«ìëå £¨«ì¡¥àâ®¢ëå ¯à®áâà áâ¢ å X, Y . � ¥à¥£ã«ïà®© á¨âã æ¨¨ ãà ¢¥-
¨ï ¢¨¤  (1.5) ¥ ¯®à®¦¤ îâ âà ¥ªâ®à¨¨ x = x(t),  ¯¯à®ªá¨¬¨àãîé¨¥ x�. �®«¥¥ â®£®, ¯à®æ¥á-
áë, ¯®¤®¡ë¥ ¤¢ã¬ ¯®á«¥¤¨¬ áå¥¬ ¬ ¢ (1.5), ¢ ¥à¥£ã«ïà®¬ á«ãç ¥ ¥ ï¢«ïîâáï ¤ ¦¥ ä®à-
¬ «ì® à¥ «¨§ã¥¬ë¬¨, ¯®áª®«ìªã ¥ £ à â¨àã¥âáï ¢ë¯®«¥¨¥ ¢ª«îç¥¨© F (x) 2 R(F 0(x)),
F 0�(x)F (x) 2 R(F 0�(x)F 0(x)). �¤¥áì R(A) ¥áâì ®¡à § ®¯¥à â®à  A 2 L(X), L(X) | ¡  å®¢® ¯à®-
áâà áâ¢® ¢á¥å «¨¥©ëå ¥¯à¥àë¢ëå ®¯¥à â®à®¢ A : X ! X. �®¯®«¨â¥«ìë¬ ®¡áâ®ïâ¥«ì-
áâ¢®¬, ®á«®¦ïîé¨¬ ª®áâàã¨à®¢ ¨¥ ¨ ¨áá«¥¤®¢ ¨¥ ¨áª®¬ëå ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ¢ ¡  -
å®¢ëå ¯à®áâà áâ¢ å, ï¢«ï¥âáï ®âáãâáâ¢¨¥ ¢ â ª¨å ¯à®áâà áâ¢ å ¯àï¬ëå   «®£®¢ ¨áç¨á«¥¨ï
á ¬®á®¯àï¦¥ëå ®¯¥à â®à®¢ £¨«ì¡¥àâ®¢  ¯à®áâà áâ¢ . �â®ç¨¬ ¢ íâ®© á¢ï§¨ âà¥¡®¢ ¨ï ª
®¯¥à â®àã F , ®¯à¥¤¥«ïîé¥¬ã ãà ¢¥¨¥ (1.1).

�«ï ä¨ªá¨à®¢ ëå r � 0, ' 2 [0; �) ®¡®§ ç¨¬

S(r) = f� 2 C : j�j � rg;
K(') = f� 2 C n f0g : j arg �j � 'g [ f0g; K(r; ') = K(') \ S(r):

�¨¦¥ ¯ãáâì �(A) | á¯¥ªâà, R(�;A) = (�E � A)�1 | à¥§®«ì¢¥â  ®¯¥à â®à  A 2 L(X), E |
¥¤¨¨çë© ®¯¥à â®à. �áî¤ã ¢ ¤ «ì¥©è¥¬ ¯à¥¤¯®« £ ¥¬, çâ® ®¯¥à â®à F 0(x�) ã¤®¢«¥â¢®àï¥â
á«¥¤ãîé¥¬ã ãá«®¢¨î á¥ªâ®à¨ «ì®áâ¨.

�á«®¢¨¥ A. �ãé¥áâ¢ã¥â â ª®¥ '0 2 [0; �), çâ® �(F 0(x�)) � K('0) ¨ á ¥ª®â®à®© ¯®áâ®ï®©
C0 > 0 ¢ë¯®«ï¥âáï ®æ¥ª 

kR(�; F 0(x�))k � C0

j�j 8� 2 C nK('0): (1.6)

�¡ ®¯¥à â®à å F 0(x�), ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î A, á¬.,  ¯à¨¬¥à, ¢ ([4], c. 12). � ä¨ª-
á¨àã¥¬ ¯à®¨§¢®«ì® R0 > kF 0(x�)k. �®áª®«ìªã �(F 0(x�)) � K(R0; '0), ã¢¥«¨ç¨¢ ï ¯à¨ ¥®¡-
å®¤¨¬®áâ¨ ª®áâ âã C0, ¬®¦¥¬ áç¨â âì, çâ® ¥à ¢¥áâ¢® (1.6) ¢ë¯®«ï¥âáï â ª¦¥ ¤«ï ¢á¥å
� 2 C nK(R0; '0). �¨¦¥ ¯à¥¤¯®« £ ¥¬, çâ® ¢¥«¨ç¨  C0 ¢ë¡à   ãª § ë¬ ®¡à §®¬. �¤¥áì ¨
¤ «¥¥ C0; C1; : : : | ¯®«®¦¨â¥«ìë¥  ¡á®«îâë¥ ª®áâ âë.

�¨áªà¥â®© ¬®¤¥«ìî ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ¯à¨£®¤ëå ¤«ï  ¯¯à®ªá¨¬ æ¨¨ x� ¢ ¥à¥£ã«ïà-
®¬ á«ãç ¥, ¬®£ãâ á«ã¦¨âì ¨áá«¥¤®¢ ë¥ ¢ ([4], £«. 4) ¨â¥à æ¨®ë¥ ¯à®æ¥ááë

xn+1 = � ��( eF 0(xn); �n)( eF (xn)� eF 0(xn)(xn � �)); x0 2 
R(x�);

0 < �n+1 � �n; lim
n!1

�n = 0;
(1.7)

£¤¥ �(�; �) | ¯®à®¦¤ îé ï äãªæ¨ï, � 2 X | ã¯à ¢«ïîé¨© ¯ à ¬¥âà, �n | ¯ à ¬¥âà à¥£ã-
«ïà¨§ æ¨¨.

�à¨ ¨§ãç¥¨¨ áå®¤¨¬®áâ¨ ¯à®æ¥áá®¢ (1.7) áãé¥áâ¢¥® ¨á¯®«ì§®¢ «®áì

�á«®¢¨¥ B. �¬¥¥â ¬¥áâ® ¯à¥¤áâ ¢«¥¨¥

x� � � = F 0(x�)pv + w; v; w 2 X; (1.8)

£¤¥ p � 1; kwk � �.
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�¥«¨ç¨  � ¢ ãá«®¢¨¨ B ¨¬¥¥â á¬ëá« ¯®£à¥è®áâ¨ ª« áá¨ç¥áª®£® ¨áâ®ª®®¡à §®£® ¯à¥¤áâ -
¢«¥¨ï x� � � 2 R(F 0(x�)p). � ª ¯®ª § ® ¢ ([4], £«. 4, x 3), ¢ ª ç¥áâ¢¥  ¯¯à®ªá¨¬ æ¨¨ à¥è¥¨ï
x�,  ¤¥ª¢ â®© ¯®£à¥è®áâï¬ ¢ § ¤ ¨¨ F (x) ¨ ¢ ¨áâ®ª®®¡à §®¬ ¯à¥¤áâ ¢«¥¨¨ x� � �, ¬®¦¥â
¡ëâì ¢§ïâ  ¨â¥à æ¨® ï â®çª  xn á ¯®¤å®¤ïé¨¬ ®¬¥à®¬ n = n(�;�), ãª §ë¢ îé¨¬ ¬®¬¥â
®áâ ®¢  ¨â¥à æ¨© (1.7).

� ¤ ®© à ¡®â¥ ¨§ãç ¥âáï ¥¯à¥àë¢ë©   «®£ áâ æ¨® à®£® (�n = � > 0, n = 0; 1; : : : )
¢ à¨ â  ¯à®æ¥áá  (1.7), ®¯à¥¤¥«ï¥¬ë© ®¯¥à â®àë¬ ¤¨ää¥à¥æ¨ «ìë¬ ãà ¢¥¨¥¬

_x = � ��( eF 0(x); �)( eF (x)� eF 0(x)(x� �))� x;

x(0) = x0 2 
R(x�):
(1.9)

�¤¥áì x0 |  ç «ì®¥ ¯à¨¡«¨¦¥¨¥ ª x�. �®¤ à¥è¥¨¥¬ § ¤ ç¨ �®è¨ (1.9) ¯®¨¬ ¥âáï X-
§ ç ï äãªæ¨ï x = x(t), ®¯à¥¤¥«¥ ï   ¥ª®â®à®¬ ®âà¥§ª¥ [0; eT ] ( eT > 0), á¨«ì® ¥¯à¥àë¢®
¤¨ää¥à¥æ¨àã¥¬ ï   ¥¬, ®¡à é îé ï ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥ (1.9) ¢ â®¦¤¥áâ¢® ¯à¨
t 2 [0; eT ] ¨ ã¤®¢«¥â¢®àïîé ï  ç «ì®¬ã ãá«®¢¨î ¨§ (1.9) ([6], c. 398). �à¨ § ¬¥¥ ¯à®æ¥áá  (1.7)
§ ¤ ç¥© �®è¨ (1.9) ¢ ª ç¥áâ¢¥  ¯¯à®ªá¨¬ æ¨¨ à¥è¥¨ï x� ¥áâ¥áâ¢¥® ¢ë¡¨à âì í«¥¬¥â x(t)
¯à¨ t! +1.

�¥«ìî à ¡®âë ï¢«ï¥âáï ¨áá«¥¤®¢ ¨¥  á¨¬¯â®â¨ç¥áª¨å á¢®©áâ¢ âà ¥ªâ®à¨© ¤¨ ¬¨ç¥áª®©
á¨áâ¥¬ë (1.9). �â¬¥â¨¬, çâ® x� ¥ ï¢«ï¥âáï ¢ ®¡é¥¬ á«ãç ¥ â®çª®© ¯®ª®ï ¤«ï (1.9). �¥¬ ¥ ¬¥¥¥
¯à¨ ãá«®¢¨¨ ¤®áâ â®ç®© ¡«¨§®áâ¨  ç «ì®£® ¯à¨¡«¨¦¥¨ï x0 ª x� ãáâ  ¢«¨¢ ¥âáï ®æ¥ª 

lim sup
t!1

kx(t)� x�k < r1(�;�; �) = C1

�
�

�
+ kvk�p + kvk� +�

�
: (1.10)

�¥à ¢¥áâ¢® (1.10) ®§ ç ¥â, çâ® è à á æ¥âà®¬ ¢ x� ¨ à ¤¨ãá®¬ r1(�;�; �) ï¢«ï¥âáï ¯à¨âï£¨-
¢ îé¨¬ ¬®¦¥áâ¢®¬ ¤«ï â®ç¥ª x0 ¨§ ¥ª®â®à®© ®ªà¥áâ®áâ¨ x�. �à¨  «®¦¥¨¨   ®¯¥à â®àeF ãá«®¢¨ï ãá¨«¥®© ¥¯à¥àë¢®áâ¨ ãáâ  ¢«¨¢ ¥âáï  «¨ç¨¥ ã ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë (1.9)
á¢ï§®£®, ª®¬¯ ªâ®£® ¨ ¨¢ à¨ â®£® ¬¨¨¬ «ì®£®  ââà ªâ®à . �®á«¥¤¨© ¬®¦® à áá¬ -
âà¨¢ âì ¢ ª ç¥áâ¢¥ ¬®¦¥áâ¢ , £¥¥à¨àã¥¬®£® ¯à®æ¥áá®¬ (1.9) ¢ æ¥«ïå  ¯¯à®ªá¨¬ æ¨¨ x�.

�®£« á® (1.10) å à ªâ¥à ¯®¢¥¤¥¨ï ¯à¨¡«¨¦¥¨© x(t), t ! +1, ®¯à¥¤¥«ï¥¬ëå (1.9), ª -
ç¥áâ¢¥® ¨®©, ç¥¬ ã à ¥¥ ¨§ãç ¢è¨åáï ¢ à¨ â®¢ áå¥¬ë (1.9) á ¯¥à¥¬¥ë¬ ¯ à ¬¥âà®¬
à¥£ã«ïà¨§ æ¨¨ � = �(t)! 0, t! +1 (á¬.,  ¯à., [7]). � ¯®á«¥¤¥¬ á«ãç ¥   «®£¨ç® ¤¨áªà¥â-
®¬ã ¯à®æ¥ááã (1.7) á¡«¨¦¥¨¥ x(t) á à¥è¥¨¥¬ x� ¨¬¥¥â ¬¥áâ® «¨èì   ¥ª®â®à®¬  ç «ì®¬
¨â¥à¢ «¥ ¨§¬¥¥¨ï t ¨, ¢®®¡é¥ £®¢®àï, lim

t!+1
kx(t)k = 1. �®íâ®¬ã íää¥ªâ¨¢®áâì ç¨á«¥-

®© à¥ «¨§ æ¨¨ ¯®¤®¡ëå áå¥¬ áãé¥áâ¢¥® ®¯à¥¤¥«ï¥âáï ¨á¯®«ì§ã¥¬ë¬¨ ªà¨â¥à¨ï¬¨ ®áâ ®¢ 
¯à®æ¥áá    ¯®¤å®¤ïé¥¬ § ç¥¨¨ t = et(�;�). �¢¨¤ã á¢®©áâ¢  áâ ¡¨«¨§ æ¨¨ (1.10) à¥ «¨§ æ¨ï
áå¥¬ë (1.9) á¢®¡®¤  ®â ¯à®¡«¥¬ë ¢ë¡®à  ¬®¬¥â  ®áâ ®¢ .

2. �á¯®¬®£ â¥«ìë¥ ãâ¢¥à¦¤¥¨ï

�®£« á® (1.2) ¤«ï ¥ª®â®à®© ª®áâ âë N ¢ë¯®«ï¥âáï

kF 0(x)k � Nk; eF 0(x)k � N 8x 2 
R(x�):

�¢¥¤¥¬ ®¡®§ ç¥¨¥:K�(R0; '0; d0) = K(R0; '0)[S(d0�), d0 2 (0; 1), ¨ ç¥à¥§ � ®¡®§ ç¨¬ £à ¨æã
¬®¦¥áâ¢  K�(R0; '0; d0).

� «¥¥ ¡ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¯®à®¦¤ îé ï äãªæ¨ï �(�; �) ã¤®¢«¥â¢®àï¥â á«¥¤ãîé¨¬
ãá«®¢¨ï¬.

�á«®¢¨¥ C. �à¨ ª ¦¤®¬ � 2 (0; �0], £¤¥ �0 > 0 ä¨ªá¨à®¢ ®, äãªæ¨ï �(�; �)   «¨â¨ç 
¯® � ¢ ®âªàëâ®© ®¡« áâ¨ D� � K�(R0; '0; d0).

�á«®¢¨¥ D. �ãé¥áâ¢ã¥â â ª®¥ á¥¬¥©áâ¢® § ¬ªãâëå á¯àï¬«ï¥¬ëå ª®âãà®¢ f��g�2(0;�0], çâ®
¯à¨ ª ¦¤®¬ � 2 (0; �0] ¢ë¯®«ï¥âáï �� � D�, ª®âãà �� ¥ á®¤¥à¦¨â ¢ãâà¨ â®çªã � = �d1�

25



á ¥ª®â®àë¬ ä¨ªá¨à®¢ ë¬ d1 2 (d0; 1), ®ªàã¦ ¥â ¬®¦¥áâ¢® intK�(R0; '0; d0) ¨ c ¥ª®â®àë¬
p0 � 1 ¤«ï ¢á¥å p 2 [0; p0] (p 2 [0;1) ¯à¨ p0 =1) ¢ë¯®«ï¥âáï ®æ¥ª Z

��

j1��(�; �)�j j�jp�1jd�j � C2�
p 8� 2 (0; �0]; C2 = C2(p): (2.1)

�à®¬¥ â®£®, ¤«ï ãª § ®£® á¥¬¥©áâ¢  f��g�2(0;�0] á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®Z
��

j�(�; �)j
j�j jd�j � C2

�
8� 2 (0; �0]: (2.2)

�ãáâì ®¯¥à â®à A 2 L(X) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î A á § ¬¥®© F 0(x�)   A ¨ äãªæ¨ï '(�)
  «¨â¨ç  ¢ ®âªàëâ®© ®ªà¥áâ®áâ¨ á¯¥ªâà  �(A). � ¯®¬¨¬, çâ® ¢ á®®â¢¥âáâ¢¨¨ á ¨áç¨á«¥¨¥¬
�¨áá {� ä®à¤  ([8], £«. XI) ®¯¥à â®à '(A) ®¯à¥¤¥«ï¥âáï à ¢¥áâ¢®¬

'(A) =
1
2�i

Z
�
'(�)R(�;A)d�; (2.3)

£¤¥ � | ¯®«®¦¨â¥«ì® ®à¨¥â¨à®¢ ë© § ¬ªãâë© ª®âãà, «¥¦ é¨© ¢ ®¡« áâ¨   «¨â¨ç®áâ¨
'(�) ¨ ®ªàã¦ îé¨© �(A). � á¢ï§¨ á ¯à¥¤áâ ¢«¥¨¥¬ (1.8)  ¯®¬¨¬ â ª¦¥ ®¯à¥¤¥«¥¨¥ ¤à®¡®©
áâ¥¯¥¨ ®¯¥à â®à  A. �«ï � 2 (0; 1) ¯®« £ ¥¬ ([9], c. 156)

A� =
sin��
�

Z 1

0

t��1(tE +A)�1Adt: (2.4)

�«ï ¯à®¨§¢®«ì®£® p > 0 ¨  âãà «ì®£® m â ª®£®, çâ® p 2 [m;m+1), ¯à¨¨¬ ¥¬ Ap = AmAp�m.
�ãªæ¨î ®¯¥à â®à  �( eF 0(x); �) ¢ (1.9) ¡ã¤¥¬ ®¯à¥¤¥«ïâì á®£« á® (2.3). �«¥¤ãîé¥¥ ¯à¥¤«®-
¦¥¨¥, ¯®«ãç¥®¥ ¢ ([4], ác. 117, 123), ãáâ  ¢«¨¢ ¥â ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ ¯à¨¬¥¨¬®áâì
¯à¥¤áâ ¢«¥¨ï (2.3) ª äãªæ¨¨ �(�; �) ¨ ®¯¥à â®àã eF 0(x).

�à¥¤«®¦¥¨¥ 1. �ãáâì ¢ë¯®«ïîâáï á®®â®è¥¨ï (1:2), (1:3), ãá«®¢¨¥ A ¨ ¤«ï ¥ª®â®-

à®£® �0 2 (0; 1) á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢ 

kx� x�k � d0�0�

2C0L
; � <

d0�0�

2C0

; � 2 (0; �0]: (2.5)

�®£¤  ¨¬¥¥â ¬¥áâ® ¢ª«îç¥¨¥ �( eF 0(x)) � intK�(R0; '0; d0).

�à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (2.5) ¨¬¥¥â ¬¥áâ® ¯à¥¤áâ ¢«¥¨¥

�( eF 0(x); �) = 1
2�i

Z
��

�(�; �)R(�; eF 0(x))d�: (2.6)

�¤¥áì ¢ á¨«ã ãá«®¢¨ï C ¢ ª ç¥áâ¢¥ �� ¬®¦¥â ¡ëâì ¢ë¡à ,  ¯à¨¬¥à, ª®âãà �.
�¡®§ ç¨¬ e�(x) = � ��( eF 0(x); �)( eF (x)� eF 0(x)(x� �))� x;

â®£¤  § ¤ ç  �®è¨ (1.9) ¯à¨¨¬ ¥â ¢¨¤

_x = e�(x); x(0) = x0 2 
R(x
�):

�á¯®«ì§ãï (1.2), (1.3), ¯à¥¤áâ ¢«¥¨¥ (2.6) ¨ ãá«®¢¨ï A, C, D, ¡¥§ âàã¤  ã¡¥¦¤ ¥¬áï, çâ® ¤«ï
«î¡®© â®çª¨ z0 ¨§ ¬ «®© ®ªà¥áâ®áâ¨ x0  ©¤¥âáï â ª®¥ "0 > 0, çâ® á ¥ª®â®àë¬¨ ª®áâ â ¬¨
M1;M2, § ¢¨áïé¨¬¨, ¢®®¡é¥ £®¢®àï, ®â z0; "0, ¢ë¯®«ïîâáï ¥à ¢¥áâ¢ 

ke�(x)k �M1; ke�(x1)� e�(x2)k �M2kx1 � x2k 8x; x1; x2 2 
"0(z0): (2.7)

�®£« á® ([6], á. 397) ®âáî¤  á«¥¤ã¥â

�à¥¤«®¦¥¨¥ 2. �ãáâì ¢ë¯®«ïîâáï á®®â®è¥¨ï (1:2), (1:3), (2:5) ¨ ãá«®¢¨ï A, C, D.

�®£¤   ©¤¥âáï â ª®¥ eT > 0, çâ® à¥è¥¨¥ x = x(t) § ¤ ç¨ �®è¨ (1:9) áãé¥áâ¢ã¥â ¨ ¥¤¨-

áâ¢¥® ¯à¨ t 2 [0; eT ] ¨, ªà®¬¥ â®£®, x(t) 2 
R(x�) ¤«ï ¢á¥å t 2 [0; eT ].
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�®áª®«ìªã ¯® ¯à¥¤¯®«®¦¥¨î äãªæ¨® « x ! kxk ¤¨ää¥à¥æ¨àã¥¬ ¯® � â® ¯à¨ x 6= 0,
äãªæ¨® « g(x) = 1=2kxk2 â ª¦¥ ®¡« ¤ ¥â ¯à®¨§¢®¤®© � â® U : X ! X�, ¯à¨ç¥¬ ([1], á. 66)

U(x) � grad g(x) = kxk grad kxk; x 6= 0; U(0) = 0: (2.8)

�¤¥áì X� | á®¯àï¦¥®¥ ª X ¡  å®¢® ¯à®áâà áâ¢®. �¯à¥¤¥«ï¥¬ë© à ¢¥áâ¢®¬ (2.8) ®¯¥à â®à
U  §ë¢ ¥âáï ®à¬ «¨§®¢ ë¬ ¤ã «ìë¬ ®â®¡à ¦¥¨¥¬ ¨§ X ¢ X� ([1], c. 312). �¥à¥§ hf; zi
¡ã¤¥¬ ®¡®§ ç âì § ç¥¨¥ «¨¥©®£® äãªæ¨® «  f 2 X�   í«¥¬¥â¥ z 2 X, ç¥à¥§ kfk� |
®à¬ã í«¥¬¥â  f . �¬¥¥â ¬¥áâ®

�à¥¤«®¦¥¨¥ 3 ([1], á. 311). �«ï ¢á¥å x 2 X á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

hU(x); xi = kxk2; kU(x)k� = kxk: (2.9)

�¡à â¨¬áï ª ¨áá«¥¤®¢ ¨î á¢®©áâ¢ à¥è¥¨ï x = x(t) § ¤ ç¨ (1.9).

3. �à®¬¥¦ãâ®çë¥ ®æ¥ª¨

�®£« á® (2.8) ¤«ï äãªæ¨¨ x = x(t), 0 � t � eT , ®¯à¥¤¥«ï¥¬®© § ¤ ç¥© (1.9), ¢ë¯®«ï¥âáï
d

dt

�
1
2
kx� x�k2

�
= hU(x� x�); _xi =

= hU(x� x�); � � x��( eF 0(x); �) eF (x) + �( eF 0(x); �) eF 0(x)(x� �)i: (3.1)

�à¥®¡à §ã¥¬ ¯®á«¥¤¥¥ ¢ëà ¦¥¨¥ ¢ (3.1) á ¨á¯®«ì§®¢ ¨¥¬ ¯à¥¤áâ ¢«¥¨ï ([6], c. 376)

eF (x) = eF (x�) + eF 0(x)(x � x�) + eG(x); k eG(x)k � 1
2
Lkx� x�k2; (3.2)

á¯à ¢¥¤«¨¢®£® ¢ á¨«ã (1.2) ¤«ï ¢á¥å x 2 
R(x�). �®«ãç ¥¬

d

dt

�
1
2
kx� x�k2

�
= �hU(x� x�); x� x�i �

� hU(x� x�);�( eF 0(x); �) eF (x�) + �( eF 0(x); �) eG(x) + [E ��( eF 0(x); �) eF 0(x)](x� � �)i:
� á¨«ã (2.9) ¨ ®æ¥ª¨ jhf; zij � kfk�kzk ®âáî¤  á«¥¤ã¥â

d

dt

�
1
2
kx� x�k2

�
� �kx� x�k2 +

�
k�( eF 0(x); �) eF (x�)k+ k�( eF 0(x); �) eG(x)k+

+ k[E ��( eF 0(x); �) eF 0(x)](x� � �)k
�
kx� x�k; 0 � t � eT : (3.3)

�«ï ®â¤¥«ìëå á« £ ¥¬ëå ¢ ¯à ¢®© ç áâ¨ ¥à ¢¥áâ¢  (3.3) á ¨á¯®«ì§®¢ ¨¥¬ (1.3), (1.6), (2.2),
(2.6), (3.2) ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ®æ¥ª¨ (á¬. ¯®¤à®¡¥¥ ¢ [4], c. 44):

k�( eF 0(x); �) eF (x�)k � C3�

�
; (3.4)

k�( eF 0(x); �) eG(x)k � C3Lkx� x�k2
�

: (3.5)

�«ï ¯®á«¥¤¥© ®à¬ë ¢ áª®¡ª å ¢ ¯à ¢®© ç áâ¨ (3.3) ¨¬¥¥¬ ®æ¥ªã

k[E ��( eF 0(x); �) eF 0(x)](x� � �)k � k[E ��(F 0(x�); �)F 0(x�)](x� � �)k+
+ k[�( eF 0(x); �) eF 0(x)��(F 0(x�); �)F 0(x�)](x� � �)k: (3.6)

� ãç¥â®¬ (1.6), (1.8), (2.1), ª ª ¨ ¢ ([4], c. 120), ¯®«ãç ¥¬

k[E ��(F 0(x�); �)F 0(x�)](x� � �)k � k[E ��(F 0(x�); �)F 0(x�)]F 0(x�)pvk+
+ k[E ��(F 0(x�); �)F 0(x�)]wk � C4(kvk�p +�): (3.7)
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�«ï ¢â®à®£® á« £ ¥¬®£® ¢ ¯à ¢®© ç áâ¨ (3.6) á ¨á¯®«ì§®¢ ¨¥¬ (2.4)   «®£¨ç® ([4], c. 45{46)
 å®¤¨¬

k[�( eF 0(x); �) eF 0(x)��(F 0(x�); �)F 0(x�)](x� � �)k �
� k[�( eF 0(x); �) eF 0(x)��(F 0(x�); �)F 0(x�)]F 0(x�)pvk+

+ k[�( eF 0(x); �) eF 0(x)��(F 0(x�); �)F 0(x�)]wk �
� C5kvk(� + Lkx� x�k) + C6�; 0 � t � eT : (3.8)

�§ (3.3){(3.8) á«¥¤ã¥â ®æ¥ª 

d

dt

�
1
2
kx� x�k2

�
� �(1� C5Lkvk)kx � x�k2 + C3Lkx� x�k3

�
+

+
�
C3�

�
+ C4kvk�p + C5kvk� +C7�

�
kx� x�k; 0 � t � eT ; (3.9)

£¤¥ C7 = C4 + C6. � ¨á¯®«ì§®¢ ¨¥¬ ¥à ¢¥áâ¢ 

ab � "

2
a2 +

1
2"
b2; " > 0;

¤ «¥¥ ¯®«ãç ¥¬ �
C3�

�
+ C4kvk�p + C5kvk� + C7�

�
kx� x�k �

� 1
8
kx� x�k2 + 2

�
C3�

�
+ C4kvk�p + C5kvk� + C7�

�2

; (3.10)

C3Lkx� x�k3
�

= C3L

��
1
�
kx� x�k

�
kx� x�k2

�
�

� 1
8
kx� x�k2 + 2(C3L)2

�2
kx� x�k4: (3.11)

�¤¥áì ¯à¨ ¢ë¢®¤¥ (3.10) ¢ë¡¨à «®áì " = 1=4, ¯à¨ ¯®«ãç¥¨¨ (3.11) ¡ë«® ¢§ïâ® " = (4C3L)�1�2.
� ¤ «ì¥©è¥¬ ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«¥ë¬ ãá«®¢¨¥

kvk � 1
4C5L

: (3.12)

�®®â®è¥¨ï (3.9){(3.12) ¤ îâ

d

dt

�
1
2
kx� x�k2

�
� �1

2
kx� x�k2 + C8

4�2
kx� x�k4 +

+ C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
; x = x(t); 0 � t � eT : (3.13)

�¯à¥¤¥«¨¬ äãªæ¨î u(t) = 1=2kx(t) � x�k2. �¥¯®áà¥¤áâ¢¥® ¨§ (3.13) ¢ëâ¥ª ¥â á«¥¤ãîé¨©
¯à®¬¥¦ãâ®çë© à¥§ã«ìâ â.

�¥®à¥¬  1. �ãáâì ¢ë¯®«ïîâáï á®®â®è¥¨ï (1:2), (1:3), (2:5), (3:12) ¨ ãá«®¢¨ï A{D. �®-
£¤  ¨¬¥¥â ¬¥áâ® ®æ¥ª 

_u(t) � �u(t) + C8

�2
u2(t) + C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
; 0 � t � eT ; (3.14)

£¤¥ ¢¥«¨ç¨  eT ®¯à¥¤¥«¥  ¢ ¯à¥¤«®¦¥¨¨ 2.
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4. �¢®©áâ¢® ¯à¨âï¦¥¨ï

� íâ®¬ ¯ à £à ä¥ ¯à®  «¨§¨àã¥¬ å à ªâ¥à  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï à¥è¥¨© x = x(t)
§ ¤ ç¨ (1.9),  ç¨ îé¨åáï ¯à¨ t = 0 ¢ â®çª¥ x0 ¨§ ®ªà¥áâ®áâ¨ à¥è¥¨ï x� ãà ¢¥¨ï (1.1).
�à¥¦¤¥ ¢á¥£®  ¤«¥¦¨â ãáâ ®¢¨âì áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì à¥è¥¨ï x(t) ¯à¨ ¢á¥å t � 0.
� íâ®© æ¥«ìî à áá¬®âà¨¬ ¬ ¦®à¨àãîé¥¥ ¯® ®â®è¥¨î ª ¥à ¢¥áâ¢ã (3.14) ãà ¢¥¨¥

_y(t) = �y(t) + C8

�2
y2(t) + C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
; t � 0 (4.1)

á  ç «ìë¬ ãá«®¢¨¥¬

y(0) = u(0): (4.2)

�®£« á® «¥¬¬¥ ® ¤¨ää¥à¥æ¨ «ìëå ¥à ¢¥áâ¢ å ([10], c. 32),

u(t) � y(t); 0 � t � eT : (4.3)

�¥¯®áà¥¤áâ¢¥® ¯à®¢¥àï¥âáï, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï

�2

�4
+ kvk2�2p�2 +

(kvk� +�)2

�2
<

1
4C8C9

(4.4)

ãà ¢¥¨¥

�y + C8

�2
y2 + C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
= 0

¨¬¥¥â ª®à¨ 0 < y1 < y2, ¯à¨ç¥¬

y1 < 2C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
; (4.5)

y2 >
�2

2C8

: (4.6)

�¥á«®¦ë©   «¨§ ãà ¢¥¨ï (4.1) ¯®ª §ë¢ ¥â, çâ® «î¡®¥ ¥£® à¥è¥¨¥ y = y(t) â ª®¥, çâ®
y1 < y(0) < y2, ¬®®â®® ã¡ë¢ ¥â ¯à¨ t � 0 ¨

lim
t!+1

y(t) = y1: (4.7)

� ¤àã£®© áâ®à®ë, à¥è¥¨ï,  ç¨ îé¨¥áï ¯à¨ t = 0 ¢ â®çª¥ y(0), 0 � y(0) � y1, ï¢«ïîâáï
¥ã¡ë¢ îé¨¬¨ ¨ â ª¦¥ ã¤®¢«¥â¢®àïîâ (4.7). �¥¬ á ¬ë¬ (4.7) ¨¬¥¥â ¬¥áâ® ¤«ï «î¡®£® à¥è¥¨ï
y(t) á 0 � y(0) < y2. �§ (4.2), (4.3), (4.6) â¥¯¥àì á«¥¤ã¥â, çâ® ¥á«¨ ¢ë¯®«ïîâáï ãá«®¢¨ï

kx0 � x�k � �p
C8

; � <
p
C8R; (4.8)

â® ¢ á«ãç ¥ y1 < u(0) = 1=2kx0 � x�k2 ¨¬¥¥¬

kx(t)� x�k =
q
2u(t) �

q
2y(t) �

q
2y(0) = kx0 � x�k; 0 � t � eT :

�á«¨ ¦¥ 0 � u(0) � y1, â® ¢®¢ì

kx(t)� x�k �
q
2y(t); 0 � t � eT :

�®áª®«ìªã ¢ íâ®¬ á«ãç ¥ äãªæ¨ï y(t) ¥ã¡ë¢ îé ï, ¢ë¯®«ï¥âáï

y(t) � lim
t!+1

y(t) = y1 < 2C9

�
�2

�2
+ kvk2�2p + (kvk� +�)2

�
<

�2

2C8

;

kx(t)� x�k < �p
C8

; 0 � t � eT :
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�¢¥«¨ç¨¢ ï ¯à¨ ¥®¡å®¤¨¬®áâ¨ ª®áâ âã C8, ¡¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ ¬®¦¥¬ áç¨â âì, çâ®
1=
p
C8 � d0�0=(2C0L); ¢ íâ®¬ á«ãç ¥ ¯¥à¢®¥ ¥à ¢¥áâ¢® ¢ (2.5) ¨¬¥¥â ¬¥áâ® ¤«ï ¢á¥å x = x(t),

0 � t � eT . �«¥¤®¢ â¥«ì®, à¥è¥¨¥ § ¤ ç¨ �®è¨ (1.9),  ç¨ îé¥¥áï ¢ § ¬ªãâ®¬ è à¥

�=

p
C8
(x�) � 
R(x�), ¥ ¯®ª¨¤ ¥â íâ®â è à ¯à¨ 0 � t � eT . �¡®§ ç¨¬ ç¥à¥§ T � = T �(x0) � eT

¯®«®¥ ¢à¥¬ï áãé¥áâ¢®¢ ¨ï à¥è¥¨ï § ¤ ç¨ (1.9), â ª çâ® à¥è¥¨¥ x = x(t) ®¯à¥¤¥«¥® ¯à¨
t 2 [0; T �) ¨ ¥ ¤®¯ãáª ¥â ®¤®§ ç®£® ¯à®¤®«¦¥¨ï ¢¯¥à¥¤ ¯® ¢à¥¬¥¨ ç¥à¥§ t = T �. �ã¤¥¬
áç¨â âì ¢ë¯®«¥ë¬¨ ãá«®¢¨ï (4.4), (4.8). �à¥¤¯®«®¦¨¬, çâ® T � <1, â®£¤  ¢ á¨«ã áª § ®£®
¢ëè¥ supfkx(t)� x�k : t 2 [0; T �)g < R, ¨ ¨§ (1.9) á ãç¥â®¬ (1.2), (2.1), (2.2) á«¥¤ã¥â

supfk _x(t)k : t 2 [0; T �)g <1: (4.9)

�®«ì§ãïáì (4.9), ¯à¥¤áâ ¢«¥¨¥¬ x(t) = x0 +
tR
0

_x(�)d� , t 2 [0; T �), ¨ ªà¨â¥à¨¥¬ �®è¨, ¥âàã¤®

¯®ª § âì, çâ® áãé¥áâ¢ã¥â ¯à¥¤¥« lim
t!T��0

kx(t)� exk = 0, ex 2 X. �®áª®«ìªã ex 2 
R(x�), ¯à¨ z0 = ex
¨ ¯®¤å®¤ïé¥¬ "0 > 0 á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï (2.7), ¨§ ª®â®àëå á«¥¤ã¥â ¢®§¬®¦®áâì ¯à®¤®«-
¦¨âì à¥è¥¨¥ x(t) ¢¯¥à¥¤ ¯® ¢à¥¬¥¨ §  § ç¥¨¥ t = T �. �®á«¥¤¥¥ ¯à®â¨¢®à¥ç¨â ®¯à¥¤¥«¥¨î
¢¥«¨ç¨ë T � ¨, § ç¨â, T � =1. �¥¬ á ¬ë¬ ¤®ª §  

�¥®à¥¬  2. �ãáâì ¢ë¯®«ïîâáï ãá«®¢¨ï A{D, á®®â®è¥¨ï (1:2), (1:3), (3:12), (4:4), (4:8)
¨

� <
d0�0�

2C0

: (4.10)

�®£¤  à¥è¥¨¥ § ¤ ç¨ �®è¨ (1:9) ®¤®§ ç® ®¯à¥¤¥«¥® ¤«ï ¢á¥å t � 0.

�à®  «¨§¨àã¥¬ â¥¯¥àì å à ªâ¥à ¯®¢¥¤¥¨ï x(t), ª®£¤  t ! +1. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨©
â¥®à¥¬ë 2 ¥à ¢¥áâ¢® (4.3) ¨¬¥¥â ¬¥áâ® ¤«ï ¢á¥å t � 0. �®íâ®¬ã

kx(t)� x�k =
q
2u(t) �

q
2y(t); t � 0: (4.11)

�®áª®«ìªã ¢ ãá«®¢¨ïå â¥®à¥¬ë
lim

t!+1
y(t) = y1;

¨§ (4.5), (4.11) á«¥¤ã¥â

lim sup
t!+1

kx(t)� x�k < C10

�
�

�
+ kvk�p + kvk� +�

�
; C10 = 2

p
C9: (4.12)

�¤¥áì ¯à¨ ¢ë¢®¤¥ ¨á¯®«ì§®¢ «®áì í«¥¬¥â à®¥ ¥à ¢¥áâ¢®
p
a1 + � � �+ am � p

a1 + � � �+p
am; a1; : : : ; am � 0:

�à®¬¥ â®£®, ¢ á¨«ã áª § ®£® ¢ëè¥

kx(t) � x�k � �p
C8

; t � 0: (4.13)

�®¤ëâ®¦¨¬ ¯®«ãç¥ë¥ à¥§ã«ìâ âë.

�¥®à¥¬  3. �ãáâì ¢ë¯®«ïîâáï ãá«®¢¨ï A{D ¨ á®®â®è¥¨ï (1:2), (1:3), (3:12), (4:4), (4:8),
(4:10). �®£¤  ¤«ï à¥è¥¨ï § ¤ ç¨ �®è¨ (1:9) á¯à ¢¥¤«¨¢ë ¥à ¢¥áâ¢  (4:12), (4:13).

�®«®¦¨¬

r1(�;�; �) = C10

�
�

�
+ kvk�p + kvk� +�

�
; r2(�) =

�p
C8

: (4.14)

�¥®à¥¬  3 ãâ¢¥à¦¤ ¥â, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© (4.4), (4.8) è à 
r1(�;�;�)(x
�) ï¢«ï¥âáï

¯à¨âï£¨¢ îé¨¬ ¬®¦¥áâ¢®¬ (á¬. ®¯à¥¤¥«¥¨¥ ¢ à §¤¥«¥ 5) ¤«ï «î¡®© â®çª¨ è à  
r2(�)(x
�)

¯® ®â®è¥¨î ª ¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ (1.9). �â¬¥â¨¬, çâ® ãá«®¢¨ï â¨¯  (4.8), ®¯à¥¤¥«ïîé¨¥
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¥®¡å®¤¨¬ãî ¬¥àã ¡«¨§®áâ¨  ç «ì®£® ¯à¨¡«¨¦¥¨ï ª à¥è¥¨î, å à ªâ¥àë ¤«ï â¥®à¥¬ áå®-
¤¨¬®áâ¨ ¤¨áªà¥âëå ¨ ¥¯à¥àë¢ëå ¬¥â®¤®¢ à¥è¥¨ï ¥«¨¥©ëå ãà ¢¥¨© ®¡é¥£® ¢¨¤  ª ª
¢ à¥£ã«ïà®¬, â ª ¨ ¢ ¥à¥£ã«ïà®¬ á«ãç ¥. �ª § ®¥ ®â®á¨âáï ¢ â®¬ ç¨á«¥ ¨ ª áå¥¬ ¬ (1.5)
¨ ¨å ¤¨áªà¥âë¬   «®£ ¬.

�á«¨ ¯à¨ íâ®¬ ¢¬¥áâ® (4.4) ¢ë¯®«ï¥âáï ¥áª®«ìª® ¡®«¥¥ ¦¥áâª®¥ ãá«®¢¨¥

�2

�4
+ kvk2�2p�2 +

(kvk� +�)2

�2
<

1
12C8C9

; (4.15)

â® ¨§ (4.14) á«¥¤ã¥â áâà®£®¥ ¢ª«îç¥¨¥ 
r1(�;�;�)(x
�) � 
r2(�)(x

�). �â¬¥â¨¬, çâ® ¢ á«ãç ¥ ä¨ª-
á¨à®¢ ®£® � 2 (0; 1) ¨ ¢¥«¨ç¨ë p, § ç¨â¥«ì® ¯à¥¢ëè îé¥© ¥¤¨¨æã,   â ª¦¥ ¬ «ëå ¯®
áà ¢¥¨î á � ¯®£à¥è®áâ¥© �, �, ãá«®¢¨¥ (4.15) ¢ë¯®«ï¥âáï,   à ¤¨ãá r1(�;�; �)  ¬®£®
¬¥ìè¥ r2(�). �§ (4.12) á«¥¤ã¥â, çâ® ¤«ï «î¡®© â®çª¨ x0 2 
r2(�)  ©¤¥âáï â ª®© ¬®¬¥â �t(x0),
çâ® x(t) 2 
r1(�;�;�) ¯à¨ t � �t(x0). �ª § ®¥ ®§ ç ¥â, çâ® ¯à¨ íâ¨å ãá«®¢¨ïå â®çª  x(t) ¯à¨
¤®áâ â®ç® ¡®«ìè®¬ t ¬®¦¥â à áá¬ âà¨¢ âìáï ¢ ª ç¥áâ¢¥ ¯à¨¡«¨¦¥¨ï ª x�,  ¤¥ª¢ â®£® ¨¬¥î-
é¨¬áï ¯®£à¥è®áâï¬ �, �. �à¥¤áâ ¢«ï¥â ¨â¥à¥á ¨áá«¥¤®¢ ¨¥ ¯®¢¥¤¥¨ï âà ¥ªâ®à¨¨ x(t) ¯®á«¥
¯®¯ ¤ ¨ï ¢ è à 
r1(�;�;�) (¯à¨ t! +1) ¢ § ¢¨á¨¬®áâ¨ ®â ¢ë¡®à   ç «ì®© â®çª¨ x0. � áá¬®-
âà¨¬ íâ®â ¢®¯à®á ¯®¤à®¡¥¥.

5. �ãé¥áâ¢®¢ ¨¥ ¬¨¨¬ «ì®£®  ââà ªâ®à 

� íâ®¬ ¯ à £à ä¥ ¯à¥¤¯®« £ îâáï ¢ë¯®«¥ë¬¨ ãá«®¢¨ï â¥®à¥¬ë 3 á § ¬¥®© (4.4) ¥à -
¢¥áâ¢®¬ (4.15). �¯à¥¤¥«¨¬ ¬¥âà¨ç¥áª®¥ ¯à®áâà áâ¢® Z = 
r2(�)(x

�) á ¬¥âà¨ª®© ®à¬ëX ¨ ®¡®-
§ ç¨¬ ç¥à¥§ Vt : Z ! Z, t � 0 ¥«¨¥©ãî ¯®«ã£àã¯¯ã, á¢ï§ ãî á § ¤ ç¥© (1.9): Vt(x0) = x(t),
£¤¥ x = x(t) ¥áâì à¥è¥¨¥ (1.9). �¥âàã¤® ¢¨¤¥âì, çâ® ¯®«ã£àã¯¯  Vt ¥¯à¥àë¢ , â. ¥. ®â®¡à -
¦¥¨¥ (t; y) ! Vt(y) ¥¯à¥àë¢® ¯® (t; y) 2 ft : t � 0g � Z. �«¥¤ãï [11], £®¢®à¨¬, çâ® ¬®¦¥áâ¢®
B0 � Z ¯à¨âï£¨¢ ¥â ¬®¦¥áâ¢® B � Z, ¥á«¨ ¯® «î¡®¬ã § ¤ ®¬ã " > 0  ©¤¥âáï â ª®© ¬®¬¥â
t1(";B), çâ® ¬®¦¥áâ¢® Vt(B) � fz 2 Z : z = Vt(y), y 2 Bg ¯à¨ ¢á¥å t � t1(";B) «¥¦¨â ¢ [

y2B0


"(y),

â. ¥. ¢ "-®ªà¥áâ®áâ¨ B0. �¨¨¬ «ìë¬  ââà ªâ®à®¬ M ¯®«ã£àã¯¯ë Vt   ¯à®áâà áâ¢¥ Z  §ë-
¢ ¥âáï  ¨¬¥ìè¥¥ ¯® ¢ª«îç¥¨î ¥¯ãáâ®¥ § ¬ªãâ®¥ ¬®¦¥áâ¢®, ª®â®à®¥ ¯à¨âï£¨¢ ¥â «î¡®¥
B � Z. �à®¨§¢®«ì ï ¯®«ã£àã¯¯  Vt  §ë¢ ¥âáï â®ç¥ç® ¤¨áá¨¯ â¨¢®©, ¥á«¨ áãé¥áâ¢ã¥â ¬®-
¦¥áâ¢® B0 � Z, ¯à¨âï£¨¢ îé¥¥ «î¡ãî â®çªã ¨§ Z. �§ â¥®à¥¬ë 3 á«¥¤ã¥â, çâ® ¯®«ã£àã¯¯ ,
¯®à®¦¤¥ ï § ¤ ç¥© (1.9), ï¢«ï¥âáï â®ç¥ç® ¤¨áá¨¯ â¨¢®©, ¯à¨ç¥¬ ¢ ª ç¥áâ¢¥ ¬®¦¥áâ¢  B0

¬®¦¥â ¡ëâì ¢§ïâ è à 
r1(�;�;�)(x
�).

�¥«ì ¯®á«¥¤ãîé¨å à ááã¦¤¥¨© § ª«îç ¥âáï ¢ ®¡®á®¢ ¨¨  «¨ç¨ï ã á¨áâ¥¬ë (1.9) ¨ ®â¢¥-
ç îé¥© ¥© ¯®«ã£àã¯¯ë Vt ¬¨¨¬ «ì®£®  ââà ªâ®à  ¢ á¬ëá«¥ ¢ëè¥¯à¨¢¥¤¥®£® ®¯à¥¤¥«¥¨ï.

�¨¦¥ ¡ã¤¥â ¨á¯®«ì§®¢ âìáï ¨§¢¥áâë© ªà¨â¥à¨©  «¨ç¨ï ¬¨¨¬ «ì®£®  ââà ªâ®à  ã ¯®-
«ã£àã¯¯ £¨¯¥à¡®«¨ç¥áª®£® â¨¯  ([11], â¥®à¥¬  3.1, ¯à¥¤«®¦¥¨¥ 3.6). �à¨¢¥¤¥¬ á®®â¢¥âáâ¢ã-
îé¨© à¥§ã«ìâ â ¢ ¢¨¤¥,  ¤ ¯â¨à®¢ ®¬ ª ¨â¥à¥áãîé¥¬ã  á á«ãç î ¥¯à¥àë¢®© â®ç¥ç®
¤¨áá¨¯ â¨¢®© ¯®«ã£àã¯¯ë Vt ¢ ¬¥âà¨ç¥áª®¬ ¯à®áâà áâ¢¥ Z, á®¢¯ ¤ îé¥¬ á ª®¥çë¬ è à®¬

r2(�)(x

�) � X.

�à¥¤«®¦¥¨¥ 4. �ãáâì ¯®«ã£àã¯¯  Vt ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥ Vt = Wt + Ut, t � 0, £¤¥ á¥¬¥©-
áâ¢® ®¯¥à â®à®¢ Wt ®¡« ¤ ¥â á¢®©áâ¢®¬

sup
y2Z

kWt(y)k � �(t); t � 0; lim
t!+1

�(t) = 0; (5.1)

  ®¯¥à â®àë Ut : Z ! X, t � 0 ®â®¡à ¦ îâ ¯®¤¬®¦¥áâ¢  Z ¢ ª®¬¯ ªâë¥ ¬®¦¥áâ¢ .

�®£¤  ¯®«ã£àã¯¯  Vt ¨¬¥¥â ¬¨¨¬ «ìë©  ââà ªâ®à M, ª®â®àë© ï¢«ï¥âáï á¢ï§ë¬, ª®¬-

¯ ªâë¬ ¨ ¨¢ à¨ âë¬ ®â®á¨â¥«ì® Vt ¯®¤¬®¦¥áâ¢®¬ Z.

�¢ à¨ â®áâì  ââà ªâ®à  M ®§ ç ¥â, çâ® Vt(M) = M 8t � 0. �¡¥¤¨¬áï, çâ® ¯à¨  «®-
¦¥¨¨   eF ¥ª®â®àëå ¤®¯®«¨â¥«ìëå ®£à ¨ç¥¨© ®¯à¥¤¥«ï¥¬ ï (1.9) ¯®«ã£àã¯¯  Vt ã¤®¢«¥-
â¢®àï¥â ãá«®¢¨ï¬ ¯à¥¤«®¦¥¨ï 4.
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�®¯®«¨â¥«ì® ª á¤¥« ë¬ ¢ëè¥ ¤®¯ãé¥¨ï¬ ¡ã¤¥¬ ¯à¥¤¯®« £ âì ¢ë¯®«¥ë¬

�á«®¢¨¥ E. �¯¥à â®à eF ãá¨«¥® ¥¯à¥àë¢¥ ([1], á. 85)   ¥ª®â®à®¬ è à¥ 
�(x�), � > r2(�).

� ¬¥â¨¬, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï E ¯à®¨§¢®¤ ï eF 0(x) ª ª í«¥¬¥â L(X) ï¢«ï¥âáï
«¨¥©ë¬ ¢¯®«¥ ¥¯à¥àë¢ë¬ ®¯¥à â®à®¬ ¯à¨ ª ¦¤®¬ x 2 
r2(�)(x

�) ([1], c. 93). �à®¬¥ â®£®,
íâ  ¯à®¨§¢®¤ ï ãá¨«¥® ¥¯à¥àë¢  ª ª ®â®¡à ¦¥¨¥ ¨§ 
r2(�)(x

�) ¢ L(X) ([1], c. 91).

�¥¬¬ . �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«ï¥âáï ãá«®¢¨¥ E. �®£¤  ®¯¥à â®à e	, e	(x) = e�(x) + x,
ï¢«ï¥âáï ¢¯®«¥ ¥¯à¥àë¢ë¬   
r2(�)(x

�).

�®ª § â¥«ìáâ¢®. � á¨«ã ¥¯à¥àë¢®áâ¨ e� ¤®áâ â®ç® ãáâ ®¢¨âì, çâ® ¢áïª ï ¯®á«¥¤®¢ -
â¥«ì®áâì fxng � 
r2(�)(x

�) ¨¬¥¥â ¯®¤¯®á«¥¤®¢ â¥«ì®áâì fxnkg, ¢¤®«ì ª®â®à®© fe	(xnk)g áå®¤¨â-
áï ¢ ®à¬¥ X. �ãáâì fxnkg| á« ¡® áå®¤ïé ïáï ª ex ¯®¤¯®á«¥¤®¢ â¥«ì®áâì fxng. �ãé¥áâ¢®¢ ¨¥
â ª®© ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨ £ à â¨àã¥âáï à¥ä«¥ªá¨¢®áâìî ¯à®áâà áâ¢  X. � ãç¥â®¬ ãá«®-
¢¨ï E ¨ ¯à¥¤è¥áâ¢ãîé¨å «¥¬¬¥ § ¬¥ç ¨© f eF (xnk)g á¨«ì® áå®¤¨âáï ª ¥ª®â®à®¬ã í«¥¬¥âãef 2 X,   ¯®á«¥¤®¢ â¥«ì®áâì «¨¥©ëå ¢¯®«¥ ¥¯à¥àë¢ëå ®¯¥à â®à®¢ f eF 0(xnk)g áå®¤¨âáï ¢
®à¬¥ L(X) ª ¥ª®â®à®¬ã ¢¯®«¥ ¥¯à¥àë¢®¬ã ®¯¥à â®àã eA. �âáî¤  á«¥¤ã¥â, çâ® ¯®á«¥¤®¢ -
â¥«ì®áâì f eF (xnk) � eF 0(xnk)(xnk � �)g áå®¤¨âáï ¢ X ª í«¥¬¥âã ef � eA(ex � �). �«ï § ¢¥àè¥¨ï
¤®ª § â¥«ìáâ¢  ¤®áâ â®ç® § ¬¥â¨âì, çâ® ¯®á«¥¤®¢ â¥«ì®áâì ®¯¥à â®à®¢ f�( eF 0(xnk); �)g áå®-
¤¨âáï ¢ L(X) ª �( eA;�). �â® á«¥¤ã¥â ¨§ ¯à¥¤áâ ¢«¥¨ï (2.6) á ãç¥â®¬ à ¢®¬¥à®© ¯® � 2 ��
áå®¤¨¬®áâ¨ R(�; eF 0(xnk))! R(�; eA), k !1 ¢ L(X).

�¡à â¨¬áï â¥¯¥àì ª ¨áá«¥¤®¢ ¨î ¯®«ã£àã¯¯ë Vt, ¯®à®¦¤ ¥¬®© § ¤ ç¥© (1.9), ¯à¨ ¢ë¯®«¥-
¨¨ ãá«®¢¨ï E. � áá¬®âà¨¬ ¯®«ã£àã¯¯ã «¨¥©ëå ®¯¥à â®à®¢ Wt, Wt(x) = exp(�t)x, t � 0, ¯®-
à®¦¤ ¥¬ãî ãà ¢¥¨¥¬ _x = �x. � ¤ ®¬ á«ãç ¥ ãá«®¢¨¥ (5.1) ¢ë¯®«ï¥âáï, ¯à¨ç¥¬ ¢ ª ç¥áâ¢¥
�(t) ¬®¦® ¢§ïâì �(t) = (kx�k+ r2(�)) exp(�t). �áâ ®¢«¥ ï ¢ «¥¬¬¥ 1 ¯®« ï ¥¯à¥àë¢®áâì
®¯¥à â®à  e	 á ãç¥â®¬ áª § ®£® ¢ ([12], c. 298{299) ®§ ç ¥â, çâ® ®¯¥à â®à Ut = Vt�Wt ï¢«ï¥âáï
¢¯®«¥ ¥¯à¥àë¢ë¬ ¯à¨ ª ¦¤®¬ t � 0. �¥¯®áà¥¤áâ¢¥ë¬ á«¥¤áâ¢¨¥¬ ¯à¥¤«®¦¥¨ï 4 ¨ «¥¬¬ë
ï¢«ï¥âáï á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥.

�¥®à¥¬  4. �ãáâì ¢ë¯®«ïîâáï ãá«®¢¨ï A{E ¨ á®®â®è¥¨ï (1:2), (1:3), (3:12), (4:8),
(4:10), (4:15). �®£¤  ¤¨ ¬¨ç¥áª ï á¨áâ¥¬  (1:9) ¨¬¥¥â   è à¥ 
r2(�)(x

�) ¬¨¨¬ «ìë©  â-

âà ªâ®à M � 
r1(�;�;�)(x
�), ª®â®àë© ï¢«ï¥âáï á¢ï§ë¬, ª®¬¯ ªâë¬ ¨ ¨¢ à¨ âë¬ ¬®-

¦¥áâ¢®¬.

�ââà ªâ®à, áãé¥áâ¢®¢ ¨¥ ª®â®à®£® £ à â¨àã¥âáï â¥®à¥¬®© 4, ¬®¦® à áá¬ âà¨¢ âì ¢ ª -
ç¥áâ¢¥  ¯¯à®ªá¨¬¨àãîé¥£® x� ¬®¦¥áâ¢ , ª®áâàãªæ¨ï ª®â®à®£® ¢ ®â«¨ç¨¥ ®â ¨¤¨¢¨¤ã «ì®©
âà ¥ªâ®à¨¨ x = x(t) ¥ § ¢¨á¨â ®â ¢ë¡®à   ç «ì®© â®çª¨ x0.

�á«®¢¨¥ E ¨§ â¥®à¥¬ë 4 ¢ë¯®«ï¥âáï,  ¯à¨¬¥à, ¤«ï ®¯¥à â®à  [F (x)](t) =
bR
a
K(t; s)x2(s)ds�

g(t), t 2 [a; b], ¤¥©áâ¢ãîé¥£® ¢ ¯à®áâà áâ¢¥ X =W 1
p (a; b), p 2 (1;1). �¤¥áì K 2 C1([a; b]� [a; b]),

g 2 W 1
p (a; b). �á«®¢¨¥ B, ¢å®¤ïé¥¥ ¢ â¥®à¥¬ë 1{4, ¢¬¥áâ¥ á ¯à¥¤¯®«®¦¥¨¥¬ ® ¬ «®áâ¨ ¢¥-

«¨ç¨ë � ¨§ â¥®à¥¬ 2{4 á¢®¤¨âáï ª âà¥¡®¢ ¨î ¡«¨§®áâ¨ í«¥¬¥â  x� � � ª í««¨¯á®¨¤ã
fF 0(x�)pv : kvk � dg, £¤¥ d = (4C5L)�1. � â¨¯¨ç®© ¤«ï ¯à¨«®¦¥¨© á¨âã æ¨¨ ¢¯®«¥ ¥¯à¥-
àë¢®£® ®¯¥à â®à  F 0(x�) ¨ äãªæ¨® «ì®£® ¯à®áâà áâ¢  X ãª § ë© í««¨¯á®¨¤ ®¡à §®-
¢  äãªæ¨ï¬¨, ®¡« ¤ îé¨¬¨ ¯®¢ëè¥®© £« ¤ª®áâìî ¯® áà ¢¥¨î á í«¥¬¥â ¬¨ X. �á«¨
à¥è¥¨¥ x� ®¡« ¤ ¥â ãª § ®© £« ¤ª®áâìî, â® ¢ë¡®à � = 0 ç áâ® ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«¥¨¥
ãá«®¢¨ï B.

�á¥¬ ¢ëè¥¯à¨¢¥¤¥ë¬ ãá«®¢¨ï¬   �(�; �) ã¤®¢«¥â¢®àï¥â äãªæ¨ï

�(�; �) = ��1[1� (1� �0�)1=�]; � 6= 0;
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¤®®¯à¥¤¥«¥ ï ¯® ¥¯à¥àë¢®áâ¨ § ç¥¨¥¬ ��1�0 ¯à¨ � = 0, ¥á«¨ ��1 2 f1; 2; : : : g ¨ ¢¥«¨ç¨ 
0 < �0 < N�1. �à¨ íâ®¬ ¢ ãá«®¢¨¨ D ¬®¦® ¯®«®¦¨âì p0 = 1. �¯¥à â®à e� ¢ ¤ ®¬ á«ãç ¥
¨¬¥¥â ¢¨¤ e�(x) = x(n);

£¤¥ n = ��1, x(0) = � ¨

x(k+1) = (E � �0 eF 0(x))x(k) + �0( eF 0(x)x� eF (x)); k = 0; 1; : : : ; n� 1:

� «ì¥©è¨¥ ¯à¨¬¥àë äãªæ¨© �(�; �), ã¤®¢«¥â¢®àïîé¨å ¢¢¥¤¥ë¬ ¢ëè¥ ãá«®¢¨ï¬, á¬. ¢
([4], á. 26{28).
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