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n

;

S
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> 0g;

C(X;Y ) | ¬®¦¥±²¢® ¥¯°¥°»¢»µ ®²®¡° ¦¥¨© ¨§ X ¢ Y .

� ¸¥© ¶¥«¼¾ ¿¢«¿¥²±¿ ¤®ª § ²¥«¼±²¢® ¯°¨ ¤«¥¦ ¹¥© �®°±³ª³* ²¥®°¥¬» ®¡

 ²¨¯®¤ µ**. �²®¡» ¡»«® ¡®«¥¥ ³¤®¡® ´®°¬³«¨°®¢ ²¼ ½²³ ²¥®°¥¬³ ¨ ¥±«¥¤±²¢¨¿,

¢¢¥¤¥¬ ±«¥¤³¾¹¥¥ ®¯°¥¤¥«¥¨¥.

�����������. �¥¯°¥°»¢®¥ ®²®¡° ¦¥¨¥ f : S

n�1

! R

m

¡³¤¥¬  §»¢ ²¼

¥·¥²»¬, ¥±«¨ f(�x) = �f(x) ¯°¨ ¢±¥µ x ¨§ S

n�1

. �¥·¥²®¥ ®²®¡° ¦¥¨¥

 §»¢ ¥²±¿  ²¨¯®¤ «¼»¬, ¥±«¨ jjf(x)jj = 1 ¯°¨ ¢±¥µ x 2 S

n�1

, ²® ¥±²¼, ¥±«¨

®¡° § ¥·¥²®£® ®²®¡° ¦¥¨¿ f ±®¤¥°¦¨²±¿ ¢ ±´¥°¥.

������� (�®°±³ª). �³±²¼ f 2 C(B

n

;R

n

). �±«¨ ±³¦¥¨¥ f   S

n�1

¥-

·¥²®, ²® ±³¹¥±²¢³¥² ² ª ¿ ²®·ª  x

0

2 B

n

, ·²® f(x

0

) = 0.

���������. �²® ¯®«³· ¥²±¿ ¨§ ½²®© ²¥®°¥¬», ¥±«¨ f(B

n

) ±®¤¥°¦¨²±¿ ¢ ®¤-

®¬¥°®¬ ¯®¤¯°®±²° ±²¢¥ ¯°®±²° ±²¢  R

n

?

�¡¥¤¨²¥±¼, ·²® ²¥®°¥¬  ¥ ¬®¦¥² ¡»²¼ ¢¥°  ¤«¿ ®²®¡° ¦¥¨© ¨§ R

2

¢ R

3

, ¨

¢®®¡¹¥ ¤«¿ ®²®¡° ¦¥¨© ¨§ R

n

¢ R

n+1

.

�²¬¥²¨¬ ±° §³ ¦¥ ¥±ª®«¼ª® ±«¥¤±²¢¨© ¨§ ½²®© ¢ ¦®© ²¥®°¥¬».
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) � B

n

.
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n

) ¤®±² ²®·® ¯°®¢¥°¨²¼, ·²® ®® ±®¤¥°-

¦¨² ®²ª°»²»© ¥¤¨¨·»© ¸ °. �¥ ³¬ «¿¿ ®¡¹®±²¨ ¬®¦® ±·¨² ²¼, ·²® f(B

n

) �

B

n

( ¨ ·¥ ®²®¡° ¦¥¨¥ f ¬®¦® § ¬¥¨²¼ ®²®¡° ¦¥¨¥¬

e
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e
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f(x)=max(1; jjf(x)jj) ). �³±²¼ y
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; jjy

0

jj < 1. � ±±¬®²°¨¬ £®¬¥®¬®°´®¥ ®²®-

¡° ¦¥¨¥ ' ¸ °  B

n

  ±¥¡¿, ¯¥°¥¢®¤¿¹¥¥ ²®·ª³ y

0

¢ 0 ¨ ²®¦¤¥±²¢¥®¥  

S

n�1

(³¡¥¤¨²¥±¼, ·²® ² ª®© £®¬¥®¬®°´¨§¬ ¤¥©±²¢¨²¥«¼® ±³¹¥±²¢³¥²!). �°¨¬¥¿¿

²¥®°¥¬³ ª ®²®¡° ¦¥¨¾ g = ' � f , ¬» ¯®«³· ¥¬ ²°¥¡³¥¬®¥.

��������� 2. �¥ ±³¹¥±²¢³¥²  ²¨¯®¤ «¼®£® ®²®¡° ¦¥¨¿ S

n�1

¢ ±´¥°³

¬¥¼¸¥© ° §¬¥°®±²¨.

�¥©±²¢¨²¥«¼®, ¢ ¯°®²¨¢®¬ ±«³· ¥ ±³¦¥¨¥ ² ª®£® ®²®¡° ¦¥¨¿   ¯®«³±´¥°³

S

n�1

+

«¥£ª® ¯°¥¢° ¹ ¥²±¿ ¢ ®²®¡° ¦¥¨¥ ¸ °  B

n�1

¢ S

n�2

� R

n�1

,  ²¨¯®¤ «¼-

®¥   £° ¨¶¥, ® ¥ ¯°¨¨¬ ¾¹¥¥ ³«¥¢®£® § ·¥¨¿, ·²® ¢¥¤¥² ª ¯°®²¨¢®°¥·¨¾.

��������� 3. �°¨ «¾¡®¬ ¥¯°¥°»¢®¬ ®²®¡° ¦¥¨¨ ±´¥°» f : S

n

! R
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 ©¤³²±¿  ²¨¯®¤» (²®·ª¨ �x

0

¨§ S

n

), ¨¬¥¾¹¨¥ ®¡¹¨¥ ®¡° §».

�¥©±²¢¨²¥«¼®, ¢ ¯°®²¨¢®¬ ±«³· ¥, ®²®¡° ¦¥¨¥ x 7!

f(x)�f(�x)

jjf(x)�x(�x)jj

¡³¤¥²  -

²¨¯®¤ «¼»¬ ®²®¡° ¦¥¨¥¬ S

n

¢ S

n�1

, ·²® ¯® ±«¥¤±²¢¨¾ 2 ¥¢®§¬®¦®.

*� °®«¼ �®°±³ª (1905-1982) | ¯®«¼±ª¨© ¬ ²¥¬ ²¨ª.

**Borsuk K. Fundam. Math., 1933, t. 20, p. 177-190.
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��������� 4. �¥ ±³¹¥±²¢³¥² °¥²° ª¶¨¨ ¸ °  B

n

  ¥£® £° ¨¶³.

� ¯®¬¨¬, ·²® °¥²° ª¶¨¥© ²®¯®«®£¨·¥±ª®£® ¯°®±²° ±²¢  X   ¥£® ¯®¤¯°®±²-

° ±²¢® Y  §»¢ ¥²±¿ ¥¯°¥°»¢®¥ ®²®¡° ¦¥¨¥ X ¢ Y , ±®¢¯ ¤ ¾¹¥¥   Y

± ²®¦¤¥±²¢¥»¬. �¥²° ª¶¨¿ ¸ °  B

n

  ¥£® £° ¨¶³ ¿¢«¿« ±¼ ¡» ¥·¥²»¬

®²®¡° ¦¥¨¥¬   S

n�1

, ¥ ¯°¨¨¬ ¾¹¨¬, ¢ ¯°®²¨¢®°¥·¨¥ ± ²¥®°¥¬®©, ³«¥¢®£®

§ ·¥¨¿ ¢ B

n

.

�������������� ������� ¢ ¤¢³¬¥°®¬ ±«³· ¥. �²®¡» ¯®¿±¨²¼ ¨¤¥¾

¤®ª § ²¥«¼±²¢  ²¥®°¥¬», ¬», ¯°¥¦¤¥ ·¥¬ ° ±±¬ ²°¨¢ ²¼ ®¡¹³¾ ±¨²³ ¶¨¾, ®¡±³-

¤¨¬ ± · «  · ±²»© ±«³· ©, ª®£¤  n = 2 ¨ ®²®¡° ¦¥¨¥ f £« ¤ª®¥. �» ¡³¤¥¬

¨±¯®«¼§®¢ ²¼ ¯®¿²¨¿ ¨²¥£° «  ®² 1-´®°¬» ¯® £« ¤ª®¬³ ¯³²¨

¨ ¨¤¥ª±  £« ¤ª®£® § ¬ª³²®£® ¯³²¨ ®²®±¨²¥«¼® ³«¿. � ¯®¬¨¬ ¥¹¥, ·²®

¨²¥£° «» ®² § ¬ª³²®© ´®°¬» ¯® § ¬ª³²»¬ ¯¥²¥«¼® £®¬®²®¯»¬ ¯³²¿¬ ° ¢-

».
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=
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£¤¥ e ¥±²¼ ±³¦¥¨¥ ¯³²¨ 
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  ¯°®¬¥¦³²®ª [0; �] | ¯³²¼, ±®¥¤¨¿¾¹¨© ²®·ª¨ A

¨ �A. �®«³·¥®¥ ¯°®²¨¢®°¥·¨¥ § ¢¥°¸ ¥² ¤®ª § ²¥«¼±²¢® · ±²®£® ±«³· ¿.
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�®ª § ²¥«¼±²¢® ²¥®°¥¬» ¢ ®¡¹¥¬ ±«³· ¥ ®±®¢ ®   ¨²¥£°¨°®¢ ¨¨ ¤¨´´¥-

°¥¶¨ «¼»µ ´®°¬ ¨ ²¥®°¥¬¥ �²®ª± . �¬¥±²® § ¬ª³²»µ ¯³²¥©, ¨±¯®«¼§®¢ ¢¸¨µ±¿

¢ ¯«®±ª®¬ ±«³· ¥, ¬» ¡³¤¥¬ ²¥¯¥°¼ ° ±±¬ ²°¨¢ ²¼ ¶¨ª«» | £« ¤ª¨¥ ®²®¡° ¦¥¨¿

±´¥°. �±¾¤³ ¤ «¥¥ ¬» (¥±«¨ ¥ ®£®¢®°¥® ¯°®²¨¢®¥) ¡³¤¥¬ ¤«¿ ®¯°¥¤¥«¥®±²¨

±·¨² ²¼, ·²® ®°¨¥² ¶¨¿ ±´¥°» S

n�1

®¯°¥¤¥«¿¥²±¿ ¢³²°¥¥© ®°¬ «¼¾ (¤«¿

S

1

½²® ±®®²¢¥²±²¢³¥² ®¡µ®¤³ "¯°®²¨¢ · ±®¢®© ±²°¥«ª¨"),   ®°¨¥² ¶¨¿ ¯®«³±´¥°

¨¤³¶¨°®¢   ®°¨¥² ¶¨¥© ±´¥°».
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! �
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(y)

(±¨¬¢®« b  ¤ ¤¨´´¥°¥¶¨ «®¬ ®§ · ¥², ·²® ½²®² ¤¨´´¥°¥¶¨ « ®¯³±ª ¥²±¿). � -

¬¥²¨¬, ·²® ¥±«¨ f ¥±²¼ ¤¨´´¥®¬®°´¨§¬ ¬¥¦¤³ S

n�1

¨ ¬®£®®¡° §¨¥¬ M =

f(S

n�1

), ²® ¯®±«¥¤¨© ¨²¥£° « ¥±²¼ ¥ ·²® ¨®¥ ª ª ¯®²®ª ¢¥ª²®°®£® ¯®«¿

~

A = ((�1)
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k=1

·¥°¥§ M , ²® ¥±²¼ ±®¢¯ ¤ ¥² (¯°¨  ¤«¥¦ ¹¥¬ ¢»¡®°¥ ±¥¬¥©±²-

¢  ®°¬ «¥© f~n(x)g

x2M

| ±²®°®» ¬®£®®¡° §¨¿ M) ±
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M
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A(x); ~n(x)) d�
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£¤¥ �

M

| ¬¥°  �¥¡¥£    M (¯«®¹ ¤¼ ¯®¢¥°µ®±²¨). �±¥ ½²¨ ´ ª²» ±®¢¥°¸¥®

  «®£¨·» ±®®²¢¥²±²¢³¾¹¨¬ °¥§³«¼² ² ¬ ®¡ ¨²¥£°¨°®¢ ¨¨ 1-´®°¬ ¯® £« ¤-

ª¨¬ § ¬ª³²»¬ ¯³²¿¬. �²¥£° « ¯® ±³¦¥¨¾ ¶¨ª«    ¯®«³±´¥°³ ®¯°¥¤¥«¿¥²±¿

¥±²¥±²¢¥»¬ ®¡° §®¬.

�¨±²¥¬ ²¨·¥±ª®¥ ¨§«®¦¥¨¥ ¥®¡µ®¤¨¬»µ ±¢¥¤¥¨© ® ¤¨´´¥°¥¶¨ «¼»µ ´®°-

¬ µ ¨ ¨µ ¨²¥£°¨°®¢ ¨¨ ·¨² ²¥«¼ ¬®¦¥²  ©²¨,  ¯°¨¬¥°, ¢ ª¨£¥ �.�³¤¨  "�±-

®¢» ¬ ²¥¬ ²¨·¥±ª®£®   «¨§ " (²°¨ ¯®±«¥¤¨¥ ¯ ° £° ´  £« ¢» 9). �°®¬¥ ½²®£®,

 ¬ ¯®²°¥¡³¥²±¿ ±«¥¤³¾¹¨© °¥§³«¼² ², ±«³¦ ¹¨© ®¡®¡¹¥¨¥¬ ¨§¢¥±²®£® ¨§ ª³°-

±    «¨§  (¨ ³¦¥ ¨±¯®«¼§®¢ ®£®  ¬¨ ¢»¸¥) ³²¢¥°¦¤¥¨¿ ® ²®¬, ·²® ¨²¥£° «»

®² § ¬ª³²®© 1-´®°¬» ¯® ¯¥²¥«¼® £®¬®²®¯»¬ ¯³²¿¬ ±®¢¯ ¤ ¾². �´®°¬³«¨°³¥¬

½²®² °¥§³«¼² ² ¡®«¥¥ ¯®¤°®¡®.

�����������. �³±²¼ G | ®²ª°»²®¥ ¯®¤¬®¦¥±²¢® ¯°®±²° ±²¢  R
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¶¨«¨¤°  S
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! =
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!:

�®ª § ²¥«¼±²¢® ½²®£® ¯°¥¤«®¦¥¨¿ ¬®¦® «¥£ª® ¢»¢¥±²¨ ¨§ ´®°¬³«» �²®ª± 

(±¬.,  ¯°¨¬¥°, �.�.�³¡°®¢¨, �.�.�®¢¨ª®¢, �.�.�®¬¥ª® "�®¢°¥¬¥ ¿ £¥®¬¥²-

°¨¿. �¥²®¤» ²¥®°¨¨ £®¬®«®£¨©", £«. 1, x1, ±²°. 14).
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����� 1. �³±²¼ f | ¥·¥²®¥ ®²®¡° ¦¥¨¥ ¨§ C
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³¯° ¦¥¨¿.
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1
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¯®²®ª ¢¥ª²®°®£® ¯®«¿ grad

1

r
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·¥°¥§ ½²³ ¯®¢¥°µ®±²¼ (¨²¥£° « � ³±± ), ¥±²¼

¬¥°  ±´¥°¨·¥±ª®£® ¨§®¡° ¦¥¨¿ ¯®¢¥°µ®±²¨. � · ±²®±²¨, ¥±«¨ V | ª®¬¯ ª²®¥

¯®¤¬®¦¥±²¢® ¯°®±²° ±²¢  R

n

± ¥¯³±²®© ¢³²°¥®±²¼¾ ¨ £« ¤ª®© £° ¨¶¥©,
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Z

@V

!

n�1

=

Z

@V

(x; ~n)

r

n

d�(x) =

Z

S

n�1

�

(x; ~n

0

)

r

n

d�

n�1

(x) =

�

�

n�1

(S

n�1

); ¥±«¨ 0 2 V;
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0
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