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�§ãç ¥âáï áå®¤¨¬®áâì ¬¥â®¤  ãá«®¢®£® £à ¤¨¥â  ( ¯à., [1]{[4]) ¢ § ¤ ç¥ ¯à¨¡«¨¦¥®£®
 å®¦¤¥¨ï â®ç¥ª ¬¨¨¬ã¬  äãªæ¨® «®¢, ®¯à¥¤¥«¥ëå   ®£à ¨ç¥ëå § ¬ªãâëå ¯®¤-
¬®¦¥áâ¢ å à¥ä«¥ªá¨¢®£® ¯à®áâà áâ¢ . �áâ  ¢«¨¢ îâáï ¤®áâ â®çë¥ ãá«®¢¨ï áå®¤¨¬®áâ¨,
¯à¨¬¥¨¬ë¥, ¢ ç áâ®áâ¨, ª ¥¢ë¯ãª«ë¬ äãªæ¨® « ¬. �à¨¢®¤ïâáï ¯à¨«®¦¥¨ï ª § ¤ ç ¬
®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï.

�¢¥¤¥¬ á«¥¤ãîé¨¥ ®á®¢ë¥ ®¡®§ ç¥¨ï: X ¨ X� | ¤¥©áâ¢¨â¥«ì®¥ ¡  å®¢® ¯à®áâà áâ¢®
¨ á®¯àï¦¥®¥ ª ¥¬ã á®®â¢¥âáâ¢¥®, hx; x�i | § ç¥¨¥ äãªæ¨® «  x� ¨§ X�   í«¥¬¥â¥ x
¨§ X; Cv(X) | á®¢®ªã¯®áâì ¢á¥å ¥¯ãáâëå ¢ë¯ãª«ëå § ¬ªãâëå ¯®¤¬®¦¥áâ¢ ¯à®áâà áâ¢ 
X. �â®¡à ¦¥¨¥ F : M1 ! M2 (M1, M2 | ¯®¤¬®¦¥áâ¢  ¡  å®¢ëå ¯à®áâà áâ¢ X1, X2 á®®â-
¢¥âáâ¢¥®) ¨¬¥ã¥¬ ®£à ¨ç¥ë¬, ¥á«¨ ¤«ï ª ¦¤®£® ®£à ¨ç¥®£® ¢ X1 ¬®¦¥áâ¢  M �M1

®¡« áâì § ç¥¨© F (M) ¥áâì ®£à ¨ç¥®¥ ¯®¤¬®¦¥áâ¢® X2.
�á¯®«ì§ã¥¬ë¥ ¨¦¥ äãªæ¨® «ë ¯à¥¤¯®« £ îâáï ¤¥©áâ¢¨â¥«ìë¬¨. �á«¨ f : M ! R |

äãªæ¨® «   ¬®¦¥áâ¢¥ M , â® argmin
M

f | ¬®¦¥áâ¢® â®ç¥ª £«®¡ «ì®£® ¬¨¨¬ã¬  f  

M : ¢ª«îç¥¨¥ x� 2 argmin
M

f à ¢®á¨«ì® ¥à ¢¥áâ¢ã f(x�) � f(x) 8x 2 M . �â ¤ àâë¬

®¡à §®¬ ([1], á. 18{19) ®¯à¥¤¥«ï¥âáï ¯à®¨§¢®¤ ï f 0(x0) äãªæ¨® «  f , § ¤ ®£®   ¥ª®â®à®©
®ªà¥áâ®áâ¨ O(x0) â®çª¨ x0 ¡  å®¢  ¯à®áâà áâ¢  X. �¥à¥§ C1(U) ®¡®§ ç ¥âáï á®¢®ªã¯®áâì
¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬ëå   ¬®¦¥áâ¢¥ U � X äãªæ¨® «®¢, C1;�(U) (0 < � � 1) |
ç áâì C1(U), á®áâ®ïé ï ¨§ äãªæ¨® «®¢ f , ¯à®¨§¢®¤ë¥ ª®â®àëå ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ã
kf 0(u)� f 0(v)kX� � Kku� vk�X , ¯®áâ®ï ï K ¥ § ¢¨á¨â ®â u, v ¨§ U .

1. �áî¤ã ¤ «¥¥ X | á¥¯ à ¡¥«ì®¥ à¥ä«¥ªá¨¢®¥ ¡  å®¢® ¯à®áâà áâ¢®, k � k ¨ k � k�
| ®à¬ë ¢ X ¨ X� á®®â¢¥âáâ¢¥®, á¨¬¢®«ë * ¨ ! ®§ ç îâ á« ¡ãî ¨ á¨«ìãî áå®¤¨-
¬®áâ¨ á®®â¢¥âáâ¢¥®, Q 2 Cv(X). �¡®§ ç¨¬ ç¥à¥§ S(Q) ª« áá ®£à ¨ç¥ëå ®â®¡à ¦¥¨©
F : Q ! X�, ã¤®¢«¥â¢®àïîé¨å á«¥¤ãîé¥¬ã ãá«®¢¨î: ¤«ï ¯à®¨§¢®«ì®© ¯®á«¥¤®¢ â¥«ì®áâ¨
xn 2 X, ®¡« ¤ îé¥© á¢®©áâ¢ ¬¨

xn * x; F (xn)* x�; lim
n!1

hxn; F (xn)i � hx; x�i;

¨¬¥îâ ¬¥áâ® á®®â®è¥¨ï xn ! x, x� = F (x). �«¨§ª¨¥ ª S(Q) ª« ááë ®¯¥à â®à®¢ ¨§ãç «¨áì
¬®£¨¬¨  ¢â®à ¬¨ (á¬.,  ¯à., [5], [6] ¨ ¯à¨¢¥¤¥ãî â ¬ «¨â¥à âãàã). �â¬¥â¨¬, çâ® áã¦¥¨¥
®¯¥à â®à  F ª« áá  S(X)   ¬®¦¥áâ¢® Q ¯à¨ ¤«¥¦¨â ª« ááã S(Q).

�«¥¬¥â x 2 Q  §®¢¥¬ ®á®¡®© â®çª®© ®â®¡à ¦¥¨ï F : Q! X�, ¥á«¨ hv�x; F (x)i�0 8v2Q.
�á«¨ ¥ ®£®¢®à¥® ¯à®â¨¢®¥, ¨¦¥ ¯à¥¤¯®« £ ¥âáï, çâ® Q | ®£à ¨ç¥®¥ ¯®¤¬®¦¥áâ¢® X.
� íâ®¬ á«ãç ¥ ¬®¦¥áâ¢® K(F ) ¢á¥å ®á®¡ëå â®ç¥ª ®â®¡à ¦¥¨ï F ª« áá  S(Q) ¥áâì ª®¬¯ ªâ
[6], [7]. �à¨ «î¡®¬ x ¨§ Q «¨¥©ë© äãªæ¨® « z ! hz; F (x)i ¤®áâ¨£ ¥â á¢®¥£® ¬¨¨¬ã¬   
¬®¦¥áâ¢¥ Q; ¨¬¥¥â á¬ëá« äãªæ¨ï �(x) = minfhz � x; F (x)i, z 2 Qg. �ç¥¢¨¤®, �(x) � 0
8x 2 Q, ¯à¨ íâ®¬ fx 2 Q; �(x) = 0g = K(F ).

�®á«¥¤®¢ â¥«ì®áâì Qn (n = 0; 1; : : : ) ¬®¦¥áâ¢ ª« áá  Cv(X)  §®¢¥¬ ¨áç¥à¯ë¢ îé¥© ¬®-
¦¥áâ¢® Q, ¥á«¨ Qn � Qn+1 (n = 0; 1; : : : ) ¨ ®¡ê¥¤¨¥¨¥ ¢á¥å ¬®¦¥áâ¢ Qn ¢áî¤ã ¯«®â® ¢
¬®¦¥áâ¢¥ Q. �®«®¦¨¬ �n(x) = minfhz � x; F (x)i; z 2 Qn+1g (n = 0; 1; : : : , x 2 Qn).
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�¥¬¬  1. �ãáâì F 2 S(Q). �®£¤  ¢áïª ï ¯®á«¥¤®¢ â¥«ì®áâì xn 2 Qn (n = 0; 1; : : : ), ¤«ï
ª®â®à®© �n(xn) ! 0 ¯à¨ n ! 1, á®¤¥à¦¨â ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, áå®¤ïéãîáï ª í«¥¬¥âã

¨§ K(F ).

�®ª § â¥«ìáâ¢®. �ã¤¥¬ áç¨â âì, çâ® xn * x, F (xn) * x�. �¨ªá¨àã¥¬ z ¨§ QN (N =
1; 2; : : : ). �§ ®¯à¥¤¥«¥¨ï �n(xn) ¢ëâ¥ª ¥â ¥à ¢¥áâ¢®

�n(xn) + hxn; F (xn)i � hz; F (xn)i (n > N);

¢«¥ªãé¥¥ §  á®¡®© ®æ¥ªã
lim
n!1

hxn; F (xn)i � hz; x�i:

� ª ª ª ®¡ê¥¤¨¥¨¥ ¬®¦¥áâ¢ QN (N = 1; 2; : : : ) ¢áî¤ã ¯«®â® ¢ Q, â® ¯®á«¥¤ïï ®æ¥ª 
¢¥à  ¤«ï z = x. �§ ãáâ ®¢«¥ëå á¢®©áâ¢ ¯®á«¥¤®¢ â¥«ì®áâ¨ xn ¨ ¢ª«îç¥¨ï F 2 S(Q)
¢ëâ¥ª ¥â áå®¤¨¬®áâì xn ! x, à ¢¥áâ¢® x� = F (x) ¨ ¥à ¢¥áâ¢® hx; F (x)i � hz; F (x)i 8z 2 Q.
� ç áâ®áâ¨, x 2 K(F ).

� «¥¥ ®á®¢®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï £à ¤¨¥âë¬ ®â®¡à ¦¥¨ï¬. �ãáâì f | ¤¨ää¥à¥æ¨àã-
¥¬ë© ¢ ª ¦¤®© â®çª¥ ¬®¦¥áâ¢  Q äãªæ¨® «. �«¥¬¥â x ¨§ Q  §®¢¥¬ áâ æ¨® à®© â®çª®©
äãªæ¨® «  f , ¥á«¨ hv � x; f 0(x)i � 0 8v 2 Q. �®¦¥áâ¢® áâ æ¨® àëå â®ç¥ª f ®¡®§ ç¨¬
á¨¬¢®«®¬ Kf . �¯à ¢¥¤«¨¢® ¢ª«îç¥¨¥ argmin

Q
f � Kf . �«¥¬¥âë ¬®¦¥áâ¢  Q n Kf  §®¢¥¬

à¥£ã«ïàë¬¨ â®çª ¬¨ äãªæ¨® «  f . �®«®¦¨¬ �(x) = minfhv � x; f 0(x)i; v 2 Qg. �ëç¨á«¥-
¨¥ äãªæ¨¨ � ¢ â®çª¥ x á¢®¤¨âáï ª à¥è¥¨î íªáâà¥¬ «ì®© § ¤ ç¨ hz; f 0(x)i ! min, z 2 Q.
�ãé¥áâ¢®¢ ¨¥ à¥è¥¨ï z(x) íâ®© § ¤ ç¨ ®ç¥¢¨¤®, à¥è¥¨¥ ¬®¦¥â ¡ëâì ¥¥¤¨áâ¢¥ë¬.

�ãáâì Qn (n = 0; 1; : : : ) | ¨áç¥à¯ë¢ îé ï ¬®¦¥áâ¢® Q ¯®á«¥¤®¢ â¥«ì®áâì ¬®¦¥áâ¢ ª« á-
á  Cv(X). �¢¥¤¥¬ äãªæ¨¨ �n(x) = minfhz � x; f 0(x)i, z 2 Qn+1g (x 2 Qn) ¨ ®â®¡à ¦¥¨¥
zn : Qn ! Qn+1 (n = 0; 1; : : : ), ®¡« ¤ îé¨¥ á¢®©áâ¢ ¬¨

zn(x) 2 Qn+1; hzn(x); f 0(x)i � hz; f 0(x)i 8z 2 Qn+1:

�ª § ë¬¨ á¢®©áâ¢ ¬¨ ®â®¡à ¦¥¨ï zn : Qn ! Qn+1 (n = 0; 1; : : : ) ®¯à¥¤¥«ïîâáï, ¢®®¡é¥
£®¢®àï, ¥®¤®§ ç®.

�§ãç ¥¬ ï ¢¥àá¨ï ¬¥â®¤  ãá«®¢®£® £à ¤¨¥â  ¤«ï à¥è¥¨ï § ¤ ç¨

f(x)! min; x 2 Q; (1)

á®áâ®¨â ¢ ¯®áâà®¥¨¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ xn 2 Qn (n = 0; 1; : : : ) ¯® á«¥¤ãîé¨¬ ä®à¬ã« ¬:

xn+1 = xn + �n(zn(xn)� xn); �n 2 argmin
[0;1]

fn; (2)

fn(�) = f(xn + �(zn(xn)� xn)) (0 � � � 1):

�«¥¬¥â x0 ¨§ Q0 ¯à¥¤¯®« £ ¥âáï § ¤ ë¬. �  ª ¦¤®¬ è £¥ ¥®¡å®¤¨¬® à¥è âì ¤¢¥ ¢á¯®¬®£ -
â¥«ìë¥ § ¤ ç¨: 1) § ¤ çã ® ¬¨¨¬¨§ æ¨¨ «¨¥©®£® äãªæ¨® «  z ! hz; f 0(x)i   ¬®¦¥áâ¢¥
Qn+1, 2) § ¤ çã ® ¬¨¨¬¨§ æ¨¨ äãªæ¨¨ ®¤®£® ¯¥à¥¬¥®£® fn(�)   ®âà¥§ª¥ [0; 1]. �¡¥ § ¤ ç¨
¨¬¥îâ à¥è¥¨ï. � ¯à¥¤è¥áâ¢ãîé¨å ®¯à¥¤¥«¥¨ïå ¥ ¨áª«îç ¥âáï á«ãç © ¯®áâ®ï®© ¯®á«¥¤®-
¢ â¥«ì®áâ¨ Qn = Q (n = 0; 1; : : : ).

�¥â®¤ ãá«®¢®£® £à ¤¨¥â  ¨§ãç «áï ¢® ¬®£¨å à ¡®â å (á¬.,  ¯à., [1]{[4] ¨ ¯à¨¢¥¤¥ãî
â ¬ «¨â¥à âãàã). � ª ¯à ¢¨«®, à áá¬ âà¨¢ «áï á«ãç © Qn = Q (n = 0; 1; : : : ), f | äãªæ¨® «
ª« áá  C1;1. � «¥¥ íâ¨ ®£à ¨ç¥¨ï áãé¥áâ¢¥ë¬ ®¡à §®¬ ®á« ¡«ïîâáï.

�¥à¥§ �1(Q) ®¡®§ ç ¥âáï á®¢®ªã¯®áâì ¤¨ää¥à¥æ¨àã¥¬ëå   ¬®¦¥áâ¢¥ Q äãªæ¨® -
«®¢ f , ¤«ï ª®â®àëå £à ¤¨¥â®¥ ®â®¡à ¦¥¨¥ F (x) = f 0(x), x 2 Q, ¯à¨ ¤«¥¦¨â ª« ááã S(Q).
�«ï ª®¥ç®¬¥à®£® ¯à®áâà áâ¢  X ª« áá �1(Q) á®¢¯ ¤ ¥â á ª« áá®¬ C1(Q). � ¡¥áª®¥ç®¬¥à-
®¬ á«ãç ¥ íâ® ã¦¥ ¥ â ª, ¯à¨¬¥àë äãªæ¨® «®¢ ª« áá  �1(Q) ¬®¦®  ©â¨ ¢ [5]{[9].

�ãªæ¨® « f ª« áá  �1(Q) á« ¡® ¯®«ã¥¯à¥àë¢¥ [5], [7]. � ¤ ç  (1) ª®àà¥ªâ  ¢ á«¥¤ãî-
é¥¬ á¬ëá«¥: 1) ¬®¦¥áâ¢® Mf = argmin

Q
f ¥¯ãáâ®; 2) «î¡ ï ¬¨¨¬¨§¨àãîé ï äãªæ¨® « f
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¯®á«¥¤®¢ â¥«ì®áâì xn áå®¤¨âáï ª ¬®¦¥áâ¢ã Mf , â. ¥., ¥á«¨ xn 2 Q ¨ f(xn) ! a = min
Q

f , â®

dX(xn;Mf ) ! 0 ¯à¨ n ! 1 [8]; §¤¥áì ¨ ¤ «¥¥ dX(z;M) = inffkz � yk; y 2 Mg | à ááâ®ï¨¥ ®â
â®çª¨ z ¤® ¬®¦¥áâ¢  M ¢ ¬¥âà¨ª¥ ¯à®áâà áâ¢  Q.

�¥®à¥¬  1. �ãáâì f 2 �1(Q) ¨ á¯à ¢¥¤«¨¢ë ®æ¥ª¨

f(x+ h)� f(x) � hh; f 0(x)i + !(khk); (3)

£¤¥ x; x + h 2 Q, äãªæ¨ï ! : R+ ! R ¥ § ¢¨á¨â ®â x ¨§ Q ¨ !(s) = o(s) ¯à¨ s ! 0. �ãáâì
xn 2 Qn (n = 0; 1; : : : ) | ¯®á«¥¤®¢ â¥«ì®áâì í«¥¬¥â®¢, ®¯à¥¤¥«ï¥¬ ï ¨§ á®®â®è¥¨© (2),
¯à¨ç¥¬ �n(xn) < 0.

�®£¤  f(xn+1) < f(xn) ¨ �n(xn) < 0, ¯®á«¥¤®¢ â¥«ì®áâì xn ª®¬¯ ªâ , ¢áïª ï ¯à¥¤¥«ì ï

â®çª  íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨ ¯à¨ ¤«¥¦¨â ¬®¦¥áâ¢ã Kf .

�®ª § â¥«ìáâ¢®. �®« £ ï ¢ (3) x = xn, h = �(zn(xn)� xn) (0 � � � 1), ¯®«ãç ¥¬ ¥à ¢¥-
áâ¢®

f(xn + �(zn(xn)� xn))� f(xn) � ��n(xn) + !(�kzn(xn)� xnk): (4)

� ª ª ª !(s) = o(s), â® ¤«ï «î¡®£® � > 0  ©¤¥âáï â ª®¥ ç¨á«® � > 0, çâ® j!(�kzn(xn)�xnk)j < ��
2

(0 � � � �), ç¨á«® � ¥ § ¢¨á¨â ®â ¢ë¡®à   ç «ì®£® ¯à¨¡«¨¦¥¨ï x0 ¨ ç¨á«  n.
�¨ªá¨àã¥¬ � > 0 ¨ á®®â¢¥âáâ¢ãîé¥¥ ¥¬ã ç¨á«® � > 0. �¡®§ ç¨¬ ç¥à¥§ N(�) á®¢®ªã¯®áâì

â ª¨å  âãà «ìëå ç¨á¥« n, çâ® �n(xn) < ��. �á«¨ n 2 N(�), â® ¨§ (4) ¢ëâ¥ª ¥â ®æ¥ª 

f(xn + �(zn(xn)� xn))� f(xn) � �
��

2
(0 � � � �);

¢ ç áâ®áâ¨, f(xn+1) � f(xn) < � ��
2
. �ãªæ¨® « f ®£à ¨ç¥ á¨§ã, ¯®íâ®¬ã ¬®¦¥áâ¢® N(�)

ª®¥ç® ¯à¨ «î¡®¬ � > 0. �¥à ¢¥áâ¢® f(xn+1) < f(xn) ¨ áå®¤¨¬®áâì �n(xn) ! 0 ¤®ª § ë,
®áâ «ìë¥ ãâ¢¥à¦¤¥¨ï ¢ëâ¥ª îâ ¨§ «¥¬¬ë 1.

�«¥¤áâ¢¨¥. �á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 1 áâ æ¨® à ï â®çª  x� äãªæ¨® «  f ¥¤¨áâ¢¥ ,
â® xn ! x� ¨ x� 2Mf .

�ª®à®áâì áå®¤¨¬®áâ¨ xn ª x ¬®¦¥â § ¢¨á¥âì ¨ ®â á¢®©áâ¢ äãªæ¨® «  f , ¨ ®â áª®à®áâ¨
¯à¨¡«¨¦¥¨ï ¬®¦¥áâ¢  Q ¯®á«¥¤®¢ â¥«ì®áâìî ¬®¦¥áâ¢ Qn. �«ï ¢ë¯®«¥¨ï ®æ¥ª¨ (3)
¤®áâ â®ç®, çâ®¡ë ®â®¡à ¦¥¨¥ F = f 0 : Q ! X� ¡ë«® à ¢®¬¥à® ¥¯à¥àë¢ë¬. � â¥®à¥¬¥ 1
¨áª«îç ¥âáï á«ãç © �n(xn) = 0 ¯à¨ ¥ª®â®à®¬ n. � íâ®¬ á«ãç ¥ ¬¥â®¤ ãá«®¢®£® £à ¤¨¥â 
ª®¥ç¥, â. ¥. ®áâ  ¢«¨¢ ¥âáï ¯®á«¥ ª®¥ç®£® ç¨á«  è £®¢. �¡áã¦¤¥¨¥ ¤ ®£® ¢®¯à®á  ¬®¦®
 ©â¨ ¢ ([3], á. 189{190).

2. � íâ®¬ à §¤¥«¥ ¬¥â®¤ ãá«®¢®£® £à ¤¨¥â  ¯à¨¬¥ï¥âáï ª ¤¨ää¥à¥æ¨àã¥¬ë¬ ¨ ¢ë¯ã-
ª«ë¬   ¬®¦¥áâ¢¥ Q äãªæ¨® « ¬, ¯à®¨§¢®¤ë¥ ª®â®àëå ®£à ¨ç¥ë   Q � X. �ãªæ¨-
® «ë íâ®£® ª« áá  ã¤®¢«¥â¢®àïîâ ãá«®¢¨î �¨¯è¨æ  ¨ á« ¡® ¯®«ã¥¯à¥àë¢ë á¨§ã, ¬®-
¦¥áâ¢  â®ç¥ª ¬¨¨¬ã¬  ¨ áâ æ¨® àëå â®ç¥ª á®¢¯ ¤ îâ. � ª ¨ ¢ ¯à¥¤è¥áâ¢ãîé¥¬ à §¤¥«¥,
�(x) = minfhv � x; f 0(x)i; v 2 Qg, a = min

Q
f , ¢ë¯ãª«®áâì f ¢«¥ç¥â ®æ¥ªã ([2], á. 89; [4], á. 205)

��(x) � f(x)� a 8x 2 Q:

�«ï   «¨§  áå®¤¨¬®áâ¨ ¬¥â®¤  ãá«®¢®£® £à ¤¨¥â  ¨á¯®«ì§ã¥âáï

�à¥¤«®¦¥¨¥ 1 ([3], á. 52). �ãáâì wn > 0 ¨

wn+1 � wn � cw1+�
n (c > 0; � > 0; n = 0; 1; : : : ): (5)

�®£¤ 

wn � w0(1 + nc�w
�
0 )
�1=�: (6)
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�¡®§ ç¨¬ ç¥à¥§ �(Q) (1 <  � 2) á®¢®ªã¯®áâì ¢ë¯ãª«ëå ¨ ¤¨ää¥à¥æ¨àã¥¬ëå   ¬®-
¦¥áâ¢¥ Q äãªæ¨® «®¢, ã¤®¢«¥â¢®àïîé¨å ®æ¥ª ¬

kf 0(x)k� � K1; f(x+ h)� f(x) � hh; f 0(x)i+K2khk
 (7)

á ¥ª®â®àë¬¨ ¯®áâ®ïë¬¨ K1, K2, ¥ § ¢¨áïé¨¬¨ ®â x ¨ x+ h ¨§ Q. �æ¥ª¨ (7) ¨¬¥îâ ¬¥áâ®
¤«ï äãªæ¨® «®¢ f ª« áá  C1;�(Q) (� �  � 1).

�®¯®áâ ¢¨¬ à¥£ã«ïà®© â®çª¥ x ¨§ Q í«¥¬¥â z(x) ¨§ argmin
Q

f 0(x). � ª¨¬ ®¡à §®¬, �(x) =

hz(x)� x; f 0(x)i < 0. �®« £ ï ¢ (7) h = �(z(x) � x), ¯à¨å®¤¨¬ ª á®®â®è¥¨î

f(x+ �(z(x) � x))� f(x) � ��(x) +K2�
kz(x) � xk � ��(x) +K2D

� ;

£¤¥ D | ¤¨ ¬¥âà ¬®¦¥áâ¢  Q. �§ íâ®£® á®®â®è¥¨ï á«¥¤ã¥â ®æ¥ª 

min
0���1

[f(x+ �(z(x) � x))� f(x)] � min
0���1

(��(x) +K2D
�) � �c1j�(x)j=(�1); (8)

¯®áâ®ï ï c1 > 0 ¥ § ¢¨á¨â ®â ¢ë¡®à  à¥£ã«ïà®© â®çª¨ x ¨§ Q.

�¥®à¥¬  2. �ãáâì f 2 �(Q), x0 2 Q, xn (n = 1; 2; : : : ) | ¯®á«¥¤®¢ â¥«ì®áâì í«¥¬¥-

â®¢, ®¯à¥¤¥«ï¥¬ ï ¨§ á®®â®è¥¨© (2), ¯à¨ç¥¬ Qn = Q, �(xn) < 0 (n = 0; 1; : : : ). �®£¤  ¤«ï

¯®á«¥¤®¢ â¥«ì®áâ¨ wn = f(xn)� a ¢¥à  ®æ¥ª  (6), £¤¥ �( � 1) = 1, c = c1 ¨§ ®æ¥ª¨ (8).

�®ª § â¥«ìáâ¢®. �§ ®æ¥ª¨ (8) á«¥¤ã¥â ¥à ¢¥áâ¢®

f(xn+1)� f(xn) � �c1j�(xn)j
�:

� ãç¥â®¬ (5) ¯®«ãç ¥¬, çâ® ¯®á«¥¤®¢ â¥«ì®áâì wn = f(xn) � a ã¤®¢«¥â¢®àï¥â ®æ¥ª¥ (6) á
� = ( � 1)�1, c = c1. �¥¯¥àì ¤®ª §ë¢ ¥¬®¥ ãâ¢¥à¦¤¥¨¥ ¢ëâ¥ª ¥â ¨§ ¯à¥¤«®¦¥¨ï 1.

�«ï ¡®«¥¥ ã§ª®£® ª« áá  ¢ë¯ãª«ëå ¬®¦¥áâ¢ Q ¨ ¢ë¯ãª«ëå äãªæ¨® «®¢ f â¥®à¥¬  2
¤®¯ãáª ¥â ¥ª®â®à®¥ ãá¨«¥¨¥. �®¦¥áâ¢® Q � X  §®¢¥¬ r-¢ë¯ãª«ë¬ (2 � r < 1), ¥á«¨
áãé¥áâ¢ã¥â â ª®¥ � > 0, çâ® ¤«ï «î¡ëå x, y ¨§ Q ¨ z ¨§ X (kzk � �jjx � ykr) â®çª  x+y

2
+ z

¯à¨ ¤«¥¦¨â ¬®¦¥áâ¢ã Q. � ¯à¨¬¥à, ¥á«¨ Q| è à ¢ ¯à®áâà áâ¢¥ Lp (1 < p <1), â® ¬®¦®
¯®«®¦¨âì r = maxf2; pg.

�à¥¤«®¦¥¨¥ 2. �ãáâì Q | r-¢ë¯ãª«®¥ ¯®¤¬®¦¥áâ¢® X, f | ¢ë¯ãª«ë© äãªæ¨® «,

kf 0(x)k� � "0 > 0 8x 2 Q ¨ f(x�) = a = min
Q

f . �®£¤ 

��(x) � 2�"0kz(x) � xkr; f(x)� a � 2�"0kx� x�k
r: (9)

�®ª § â¥«ìáâ¢® ¯à¥¤«®¦¥¨ï 2 ¯à®¢®¤¨âáï ¯® ¨§¢¥áâë¬ áå¥¬ ¬ ( ¯à., [2], á. 42; [4], á. 207),
¯®íâ®¬ã ®¯ãáª ¥âáï.

�«ï äãªæ¨® «®¢ ª« áá  �1(Q) ¥à ¢¥áâ¢® kf 0(x)k� � "0 8x 2 Q á ¥ª®â®àë¬ "0 > 0
á«¥¤ã¥â ¨§ ãá«®¢¨ï f 0(x) 6= 0 8x 2 Q. �®áâ â®ç® § ¬¥â¨âì, çâ® ¥á«¨ xn * x, f 0(xn) ! 0, â®
x 2 Q ¨ f 0(x) = 0.

�¥®à¥¬  3. �ãáâì äãªæ¨® « f , ¯®á«¥¤®¢ â¥«ì®áâì xn (n = 0; 1; : : : ) ¨ ¬®¦¥áâ¢® Q

ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ â¥®à¥¬ë 2 ¨ ¯à¥¤«®¦¥¨ï 2. �®£¤ 
1) ¥á«¨ r > , â® ¤«ï ¯®á«¥¤®¢ â¥«ì®áâ¨ wn = f(xn) � a ¨¬¥¥â ¬¥áâ® ®æ¥ª  (6), £¤¥

� = r�
r(�1)

, c | ¯®«®¦¨â¥«ì ï ¯®áâ®ï ï ;
2) ¥á«¨ r =  = 2, â® wn � c0q

n
0 (c0 <1, 0 < q0 < 1).

�®ª § â¥«ìáâ¢®. �ãáâì ¢ ç «¥ r > . �áâ ®¢¨¬   «®£ ®æ¥ª¨ (8). �à¨¬¥ïï (7), (9),
¨¬¥¥¬ ¯®á«¥¤®¢ â¥«ì®

f(x+ �(z(x) � x))� f(x) � ��(x) +K2�
kz(x) � xk � ��(x) +K3�

 j�(x)j=r
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á ¥ª®â®à®© ¯®áâ®ï®© K3. �âáî¤  ¢ëâ¥ª ¥â á®®â®è¥¨¥

min
0���1

[f(x+ �(z(x) � x))� f(x)] � min
0���1

[��(x) +K3�
 j�(x)j=r] � �c2j�(x)j

1+� ; (10)

§¤¥áì � = r�
r(�1)

, c2 | ¯®«®¦¨â¥«ì ï ¯®áâ®ï ï, ¥ § ¢¨áïé ï ®â x.
�®®â®è¥¨¥ (10) ¢«¥ç¥â §  á®¡®© ¥à ¢¥áâ¢®

f(xn+1)� f(xn) � �c2j�(xn)j1+�:

� ª ª ª j�(xn)j � f(xn) � a, â® ¯®á«¥¤®¢ â¥«ì®áâì wn = f(xn) � a ã¤®¢«¥â¢®àï¥â ®æ¥ª¥ (6) á
� = r�

r(�1)
, c = c2. �¥¯¥àì ¯¥à¢®¥ ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë ¢ëâ¥ª ¥â ¨§ ¯à¥¤«®¦¥¨ï 1.

�á«¨  = r = 2, â® ®æ¥ª  (10) ¨¬¥¥â ¬¥áâ® á � = 0. �âáî¤  ¯®«ãç ¥¬, çâ® ¯®á«¥¤®¢ â¥«ì®áâì
wn = f(xn)�a ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã wn+1 � wn�c2wn. �§ íâ®© ®æ¥ª¨ ®ç¥¢¨¤ë¬ ®¡à §®¬
á«¥¤ã¥â ¢â®à®¥ ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë.

�®¬¡¨¨àãï â¥®à¥¬ã 3 á ¥à ¢¥áâ¢®¬ (9), ¬®¦® ¯®«ãç¨âì ®æ¥ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨
¯®á«¥¤®¢ â¥«ì®áâ¨ xn ª â®çª¥ x� ¬¨¨¬ã¬  äãªæ¨® «  f   ¬®¦¥áâ¢¥ Q. � ç áâ®áâ¨, ¯à¨
 = r = 2 ¬¥â®¤ ãá«®¢®£® £à ¤¨¥â  áå®¤¨âáï á® áª®à®áâìî £¥®¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨, â. ¥.
kxn � x�k � const qn (0 < q < 1).

�¥®à¥¬ë ® áå®¤¨¬®áâ¨ á®åà ïîâáï ¨ ¯à¨ ®â«¨çëå ®â (2) á¯®á®¡ å ¢ë¡®à  ¯ à ¬¥âà®¢ �n.
�¡áã¦¤¥¨¥ â ª®£® à®¤  ¢®¯à®á®¢ ¬®¦®  ©â¨ ¢ ([1], á. 77{80; [2], á. 89{93).

3. �¨¦¥ ¯à¨¢®¤ïâáï ¯à¨«®¦¥¨ï ¬¥â®¤  ãá«®¢®£® £à ¤¨¥â  ª § ¤ ç ¬ ®¯â¨¬ «ì®£® ã¯à -
¢«¥¨ï. �á®¢®¥ ¢¨¬ ¨¥ ã¤¥«ï¥âáï   «¨§ã á¢®©áâ¢ äãªæ¨® « , ¢®§¨ª îé¥£® ¢ § ¤ ç¥
�®«ìæ  ([1], á. 91{102).

� áá¬ âà¨¢ ¥âáï ã¯à ¢«ï¥¬ë© ®¡ê¥ªâ, í¢®«îæ¨ï ª®â®à®£® ®¯¨áë¢ ¥âáï á®®â®è¥¨ï¬¨

dx

dt
= A(t)x+B(t)u+C(t); x(0) = x0: (11)

�¤¥áì x = (xi) (i = 1; : : : ; N) | ä §®¢ë© ¢¥ªâ®à, u = (uj) (j = 1; : : : ;m) | ã¯à ¢«¥¨¥, A(t),
B(t), C(t) | ªãá®ç®-¥¯à¥àë¢ë¥   ®âà¥§ª¥ I = [0; T ] ¬ âà¨æë à §¬¥à®¢ N �N , N �m, N � 1
á®®â¢¥âáâ¢¥®, x0 | ä¨ªá¨à®¢ ë© í«¥¬¥â ¨§ RN .

� ¦¤®¬ã ã¯à ¢«¥¨î u ª« áá  Up = Lp(I;Rm) (1 < p < 1) á®®â¢¥âáâ¢ã¥â ¥¤¨áâ¢¥-
®¥ à¥è¥¨¥ x = W (u) § ¤ ç¨ �®è¨ (11),  §ë¢ ¥¬®¥ ä §®¢®© âà ¥ªâ®à¨¥©. �â®¡à ¦¥¨¥
W : Up ! C(I;RN ) ãá¨«¥® ¥¯à¥àë¢®: ¥á«¨ ¯®á«¥¤®¢ â¥«ì®áâì un ¨§ Up á« ¡® áå®¤¨âáï
ª u, â® W (un) ! W (u) ¢ ¯à®áâà áâ¢¥ C(I;RN ). �à¨â¥à¨© ª ç¥áâ¢  ã¯à ¢«¥¨ï § ¤ ¥âáï ¢
ä®à¬¥ �®«ìæ 

J(u) =
Z T

0
�(t; x(t); u(t))dt + g(x(T ));

§¤¥áì ¨ ¤ «¥¥ u 2 Up, x = U(u).

�à¥¤«®¦¥¨¥ 3 ([1], á. 93{95). �ãáâì äãªæ¨¨ �, �0x, �
0
u ¥¯à¥àë¢ë ¯® á®¢®ªã¯®áâ¨ ¯¥-

à¥¬¥ëå (t 2 I, x 2 R
N , u 2 R

m) ¨ ã¤®¢«¥â¢®àïîâ ¥à ¢¥áâ¢ ¬

j�(t; x; u)j+ j�0x(t; x; u)j + (1 + juj)j�0u(t; x; u)j � �0(t; x)(1 + jujp);

£¤¥ � : I � R � R
N ! R | ¥¯à¥àë¢ ï äãªæ¨ï.

�®£¤  J 2 C1(Up) ¨ á¯à ¢¥¤«¨¢® à ¢¥áâ¢®

hv; J 0(u)i =
Z T

0

(a(t)h(t) + b(t)v(t))dt + g0(x(T ))h(T ); (12)

¢ ª®â®à®¬ v | ¯à®¨§¢®«ìë© í«¥¬¥â ¨§ Up, g 2 C1(RN ),

a(t) = �0x(t; x(t); u(t)); b(t) = �0u(t; x(t); u(t));
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h(t) | à¥è¥¨¥ § ¤ ç¨ �®è¨

dh

dt
= A(t)h+B(t)v; h(0) = 0: (13)

�á«¨ äãªæ¨¨ �(t; �; �) : RN�Rm ! R (t 2 I), g : RN ! R ¢ë¯ãª«ë, â® äãªæ¨® « J : Up ! R

â ª¦¥ ¢ë¯ãª«ë© ([1], á. 101). �à¨ ¤®¯®«¨â¥«ìëå ¯à¥¤¯®«®¦¥¨ïå ® £« ¤ª®áâ¨ äãªæ¨© �, g
¬®¦® ãáâ ®¢¨âì ¢ª«îç¥¨¥ J 2 C1;�(Up) ( ¯à., [1], á. 97{99), ¯à®áâ®© ¯à¨¬¥à â ª®£® à®¤ 
¯à¨¢®¤¨âáï ¨¦¥.

�ä®à¬ã«¨àã¥¬ ®£à ¨ç¥¨ï   äãªæ¨¨ �, g, ®¡¥á¯¥ç¨¢ îé¨¥ ¢ª«îç¥¨¥ J 2 �1(Up).

�¥¬¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï ¯à¥¤«®¦¥¨ï 3. �ãáâì ¯à¨ «î¡ëå (t; x) ¨§ I � R
N

äãªæ¨ï �(t; x; �) : Rm ! R áâà®£® ¢ë¯ãª«  ¨ �(t; 0; u) � {0juj
p � {1 ({0 > 0, {1 > 0).

�®£¤  J 2 �1(Up).

�®ª § â¥«ìáâ¢®. �®áâ â®ç® ãáâ ®¢¨âì, çâ® £à ¤¨¥â®¥ ®â®¡à ¦¥¨¥ F (u) = J 0(u) (u 2
Up) ¯à¨ ¤«¥¦¨â ª« ááã S(Up). �ãáâì ¯®á«¥¤®¢ â¥«ì®áâì un 2 Up ®¡« ¤ ¥â á¢®©áâ¢ ¬¨

un * u; F (un)* u�; lim
n!1

hun; F (un)i � hu; u�i: (14)

�®«®¦¨¬ xn = W (un), an(t) = �0x(t; xn(t); un(t)), bn(t) = �0u(t; xn(t); un(t)). �§ ä®à¬ã«ë (12)
¢ëâ¥ª ¥â à ¢¥áâ¢®

hv; F (un)i =
Z T

0
(an(t)h(t) + bn(t)v(t))dt + g0(xn(T ))h(T );

£¤¥ v 2 Up, h | à¥è¥¨¥ § ¤ ç¨ �®è¨ (13). �®á«¥¤®¢ â¥«ì®áâì xn = W (un) áå®¤¨âáï ª
x = W (u) ¢ ¯à®áâà áâ¢¥ C(I;RN ), ¯®á«¥¤®¢ â¥«ì®áâ¨ an, bn ®£à ¨ç¥ë ¢ ¯à®áâà áâ¢ å
L1(I;RN ), Lq(I;Rm) á®®â¢¥âáâ¢¥®. �¥§ ®£à ¨ç¥¨ï ®¡é®áâ¨ ¬®¦® áç¨â âì, çâ® ¯®á«¥¤®-
¢ â¥«ì®áâì bn á« ¡® áå®¤¨âáï ¢ Lq(I;Rm) ª ¥ª®â®à®© äãªæ¨¨ b0. �§ (14) á«¥¤ã¥â ¥à ¢¥áâ¢®

lim
n!1

hun � u; F (un)i � 0;

à ¢®á¨«ì®¥ ¢ á¨«ã ä®à¬ã« (12), (13) ¥à ¢¥áâ¢ã

lim
n!1

�Z T

0

(an(t)hn(t) + bn(t)(un(t)� u(t)))dt+ g0(xn(T ))hn(T )
�
� 0;

£¤¥ hn(T ) | à¥è¥¨¥ § ¤ ç¨ �®è¨ (13) á v = un � u. � ª ª ª hn ! 0 ¢ C(I;RN ), ¯®á«¥¤®-
¢ â¥«ì®áâì an ®£à ¨ç¥  ¢ L1(I;RN ),   bn * b0, â® ¯®á«¥¤¥¥ ¥à ¢¥áâ¢® ¢«¥ç¥â §  á®¡®©
®æ¥ªã

lim
n!1

Z T

0

bn(t)un(t)dt �
Z T

0

b0(t)u(t)dt:

�®£« á® «¥¬¬¥ 8 à ¡®âë [9] ¨§ íâ®© ®æ¥ª¨ ¢ëâ¥ª ¥â áå®¤¨¬®áâì un ! u ¢ ¬¥âà¨ª¥ ¯à®áâà áâ¢ 
Up ¨ à ¢¥áâ¢® b0(t) = b(t) = �0u(t; x(t); u(t)). �®áª®«ìªã xn ! x ¢ C(I;RN ), un ! u ¢ Up, â®
an ! a = �0x(�; x(�); u(�)) ¢ ¬¥âà¨ª¥ L

1(I;RN ). �áâ ®¢«¥ë¥ á¢®©áâ¢  ¯®á«¥¤®¢ â¥«ì®áâ¥© an,
bn ¨ ¨å ¯à¥¤¥«®¢ a, b ®§ ç îâ, çâ® u� = F (u).

�¨¥©®áâì ã¯à ¢«ï¥¬®© á¨áâ¥¬ë (11) ¯® ä §®¢®© ¯¥à¥¬¥®© ¥áãé¥áâ¢¥ , ãá¨«¥ ï
¥¯à¥àë¢®áâì ¯à¥®¡à §®¢ ¨ï W á®åà ï¥âáï ¨ ¤«ï ¬®£¨å á¨áâ¥¬, «¨¥©ëå «¨èì ¯® ã¯à -
¢«¥¨î u. �à¨ ¡®«¥¥ ¦¥áâª¨å ®â®á¨â¥«ì® äãªæ¨® «  J ¯à¥¤¯®«®¦¥¨ïå ¡«¨§ª®¥ ª «¥¬¬¥ 2
ãâ¢¥à¦¤¥¨¥ «®ª «ì®£® å à ªâ¥à  ãáâ ®¢«¥® ¢ ([5], á. 297{302). �á«®¢¨ï¬ «¥¬¬ë 2 ã¤®¢«¥-
â¢®àïîâ, ¢ ç áâ®áâ¨, äãªæ¨¨ �(t; x; u) = jujp (1 < p < 1), g 2 C1(RN ). �ãªæ¨® « ª ç¥-
áâ¢ , á®®â¢¥âáâ¢ãîé¨© â ª®© ¯ à¥ äãªæ¨© �, g, ¯à¨ ¤«¥¦¨â C1;�(Up), ¥á«¨ � +1 � minf2; pg,
g 2 C1;�(RN ).
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� ª ª ª á®¯àï¦¥®¥ ª ¯à®áâà áâ¢ã Up = Lp(I;Rm) ¬®¦® ®â®¦¤¥áâ¢¨âì á ¯à®áâà áâ¢®¬
Lq(I;Rm) (q = p

p�1
), â® à ¢¥áâ¢® (12), ®¯à¥¤¥«ïîé¥¥ ¯à®¨§¢®¤ãî J 0(u), ¬®¦® § ¯¨á âì ¢ ¢¨¤¥

hv; J 0(u)i =
Z T

0

(F(u)(t); v(t))dt;

£¤¥ F(u) | í«¥¬¥â ¯à®áâà áâ¢  Lq(I;Rm ), (�; �) | áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥ ¢ Rm . �®£¤  ¯à®-
¨§¢®¤ãî J 0(u) ®â®¦¤¥áâ¢«ïîâ á ¢¥ªâ®à-äãªæ¨¥© F(U) ( ¯à., [1], á. 93; [2], á. 129; [5], á. 298;
â ¬ ¦¥ ®¯¨á ë á¯®á®¡ë  å®¦¤¥¨ï ¢¥ªâ®à-äãªæ¨¨ F(u)).

� ¤ çã ® ¬¨¨¬¨§ æ¨¨ äãªæ¨® «  �®«ìæ    ¬®¦¥áâ¢¥ Q � Up § ¯¨áë¢ îâ ¢ ¢¨¤¥

J(u) =
Z T

0

�(t; x(t); u(t))dt + g(x(T ))! min; u 2 Q; (15)

¯à¨ íâ®¬ ¯®¤à §ã¬¥¢ ¥âáï, çâ® x = W (u), â. ¥. x, u á¢ï§ ë á®®â®è¥¨ï¬¨ (11). � ãá«®¢¨ïå
«¥¬¬ë 2 § ¤ ç  (11), (15) ª®àà¥ªâ  ¤«ï «î¡®£® ®£à ¨ç¥®£® ¬®¦¥áâ¢  Q ª« áá  Cv(Up).

�«ï  å®¦¤¥¨ï ¥¥ à¥è¥¨ï ¯® ¬¥â®¤ã ãá«®¢®£® £à ¤¨¥â  ª®áâàã¨àã¥âáï ¯®á«¥¤®¢ â¥«ì-
®áâì un 2 Qn (n = 0; 1; : : : , Qn | ¨áç¥à¯ë¢ îé ï ¬®¦¥áâ¢® Q ¯®á«¥¤®¢ â¥«ì®áâì ¬®¦¥áâ¢
ª« áá  Cv(Up)). � ª ç¥áâ¢¥ ¨áå®¤®£® ¯à¨¡«¨¦¥¨ï ¢ë¡¨à ¥âáï «î¡®© í«¥¬¥â u0 ¨§ Q0. �á«¨
¨§¢¥áâë ¯à¨¡«¨¦¥¨ï u0; u1; : : : ; un, â® ¤«ï ®âëáª ¨ï á«¥¤ãîé¥£® ¯à¨¡«¨¦¥¨ï  å®¤¨âáï
F(un), § â¥¬ ®¯à¥¤¥«ï¥âáï vn ª ª à¥è¥¨¥ ¢á¯®¬®£ â¥«ì®© íªáâà¥¬ «ì®© § ¤ ç¨

hv; J 0(un)i =
Z T

0
(F(un); v(t))dt! min; v 2 Qn+1;

¤ «¥¥ á®áâ ¢«ï¥âáï ¢ë¯ãª« ï ª®¬¡¨ æ¨ï un� = (1 � �)un + �vn ¨ ¢ëç¨á«ï¥âáï �n ¨§ [0; 1],
¬¨¨¬¨§¨àãîé¥¥ äãªæ¨î � ! J(un�)   ®âà¥§ª¥ [0; 1], ¨,  ª®¥æ, ¯®« £ ¥âáï un+1 =
�nvn + (1� �n)un. � é¥ ¢á¥£® ®£à ¨ç¨¢ îâáï ¯®áâ®ï®© ¯®á«¥¤®¢ â¥«ì®áâìî Qn = Q. �á«¨
Q | ¤®áâ â®ç® ¯à®áâ®¥ ¯®¤¬®¦¥áâ¢® Up ( ¯à., è à ¢ ¯à®áâà áâ¢¥ Up), â® ¢á¯®¬®£ â¥«ì-
ë¥ § ¤ ç¨ «¥£ª® à¥è îâáï. �¬¥® ª íâ®¬ã ç áâ®¬ã á«ãç î ¡¥§ âàã¤  á¢®¤ïâáï ®¤®¬¥àë¥
¢ à¨ æ¨®ë¥ § ¤ ç¨ á® á¢®¡®¤ë¬ ¯à ¢ë¬ ª®æ®¬.

�à¨¢¥¤¥ë© ¢ëè¥   «¨§ á¢®©áâ¢ äãªæ¨® «  J ¯®ª §ë¢ ¥â, çâ® ¢ ¤®áâ â®ç® ®¡é¨å
®â®á¨â¥«ì® äãªæ¨© �, g ¯à¥¤¯®«®¦¥¨ïå ª § ¤ ç¥ (11), (15) ¯à¨¬¥¨¬ë à¥§ã«ìâ âë ¯à¥¤-
è¥áâ¢ãîé¨å à §¤¥«®¢. � ç áâ®áâ¨, ¨§ â¥®à¥¬ë 1 ¨ «¥¬¬ë 2 á«¥¤ã¥â ª®¬¯ ªâ®áâì ¯®á«¥¤®¢ -
â¥«ì®áâ¨ un ¢ ¯à®áâà áâ¢¥ Up, ¢áïª ï ¯à¥¤¥«ì ï â®çª  u íâ®© ¯®á«¥¤®¢ â¥«ì®áâ¨ ï¢«ï¥âáï
áâ æ¨® àë¬ ã¯à ¢«¥¨¥¬, â. ¥. ã¤®¢«¥â¢®àï¥â «¨¥ à¨§®¢ ®¬ã ¯à¨æ¨¯ã ¬¨¨¬ã¬ 

Z T

0

(F(u)(t); v(t) � u(t))dt � 0 8v 2 Q:

�á«¨ áâ æ¨® à®¥ ã¯à ¢«¥¨¥ ¥¤¨áâ¢¥®, â® ®® ï¢«ï¥âáï à¥è¥¨¥¬ § ¤ ç¨ (11), (15).
�à¥¡®¢ ¨¥ ¥¤¨áâ¢¥®áâ¨ ¬®¦® § ¬¥¨âì ¯à¥¤¯®«®¦¥¨¥¬ ® ¢ë¯ãª«®áâ¨ äãªæ¨® «  J , ¢
íâ®© á¨âã æ¨¨ ¬®¦® ¯à¨¬¥¨âì â¥®à¥¬ë 2, 3.

4. �à âª® ®¡áã¤¨¬ ®á®¢ë¥ í«¥¬¥âë ®¢¨§ë ¤ ®© áâ âì¨. � ¯¥à¢ãî ®ç¥à¥¤ì á«¥¤ã¥â ®â-
¬¥â¨âì ¯¥à¥å®¤ ®â ¬®¦¥áâ¢  Q ª ¨áç¥à¯ë¢ îé¥© íâ® ¬®¦¥áâ¢® ¯®á«¥¤®¢ â¥«ì®áâ¨ ¬®¦¥áâ¢
Qn. �â® ¯®§¢®«ï¥â   ª ¦¤®¬ è £¥ à¥è âì § ¤ ç¨ ¬¨¨¬¨§ æ¨¨   ¡®«¥¥ ¯à®áâëå (¯® áà ¢¥-
¨î á Q) ¬®¦¥áâ¢ å, çâ®  ¢â®¬ â¨ç¥áª¨ ¯à¨¢®¤¨â ª ¡®«ìè¥© íää¥ªâ¨¢®áâ¨ ¬¥â®¤ . � «¥¥,
â¥®à¥¬  1 áãé¥áâ¢¥ë¬ ®¡à §®¬ à áè¨àï¥â ®¡« áâì ¯à¨¬¥¨¬®áâ¨ ¬¥â®¤  ãá«®¢®£® £à ¤¨¥-
â ,   «®£¨çë¥ ¥© à¥§ã«ìâ âë à ¥¥ ¡ë«¨ ¨§¢¥áâë «¨èì ¤«ï ª®¥ç®¬¥à®£® ¯à®áâà áâ¢ .
�¥¬¬  2 ¤ ¥â ¢®§¬®¦®áâì ¯à¨¬¥¨âì ª § ¤ ç ¬ ®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï ¬¥â®¤ë â®¯®«®£¨¨
¨ ¢ à¨ æ¨®®£® ¨áç¨á«¥¨ï ¢ æ¥«®¬ [5]{[9]. �¥§ã«ìâ âë à §¤¥«  2 ®â®áïâáï ª âà ¤¨æ¨®ë¬
¤«ï ¤ ®£® ªàã£  ¢®¯à®á®¢ ¢ë¯ãª«ë¬ äãªæ¨® « ¬, ®¤ ª®  ©¤¥ë¥ ¢ â¥®à¥¬ å 2, 3 ®æ¥ª¨
áª®à®áâ¨ áå®¤¨¬®áâ¨ â ª¦¥ ï¢«ïîâáï ®¢ë¬¨.
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