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 !" 620.1 

 .!. "#$%&#', (.). *+&,-#' 

 !"#$%&'( )*+*!"#$,-( .,'/*!%'0*0  

'1*,' 2*!/343 5!*6'+*,0" 73%%'' 8.9. :#$;',", 4. :&"0*!',<.!4 

*).(*)./0(1")2 *34(56 )7*/738) /2 393530("  

/: 8353" /1.;< "3*!3:/=/3  ;< *).(7/)538  

/ !7395(*) 7)8 3*(7 3>3 7)1!7(4(5( /2 .30("  

 ) !38(7< 31.2< 

7"%%130!*," 1"0*1"0'=*%&"> 13+*#$ "!1'!3/",'> 3<3#3=*& '6 /3#3&,'%0-? &31236';'-

3,,-? 1"0*!'"#3/ ' 2!3<#*1" !"/,31*!,343 !"%2!*+*#*,'> 03=*& ," 23/*!?,3%0>?. 5!*+#"4"*-

1-( 1*03+ 6"&#@="*0%> / "!1'!3/",'' 3<3#3=*& 2!3'6/3#$,3( )3!1- !"/,31*!,3 !"%2!*+*-

#*,,-1' &3!30&'1' /3#3&,"1'. A!'0*!'*1 320'1"#$,3%0' "!1'!3/",'> >/#>*0%> 0!",%/*!%"#$-

,"> '630!32'> %/3(%0/ 3<3#3=&'. 5!*+#"4"*1-( "#43!'01 >/#>*0%> .,'/*!%"#$,-1 +#> 

3<3#3=*& 2!3'6/3#$,3( )3!1-. B%3<3* /,'1",'* .+*#*,3 6"+"=* !"/,31*!,343 !"%2!*+*#*,'> 

03=*& ," !"6#'=,-? 23/*!?,3%0>?. C#43!'01 >/#>*0%> ,*30D*1#*13( ="%0$@ 2!*+#"4"*13( 13-

+*#' "!1'!3/",'> ' "&0."#*, +#> +!.4'? 3<#"%0*( ,".&'. 

 

"?,@A'%A B?#'C: "!1'!3/",'* 3<3#3=*&, !"/,31*!,3* !"%2!*+*#*,'* 03=*&. 

 

1.  !"#"$%" 

#$%&'('(%' )*)+),',(-. /)(01$2/3%4 %5 /)&6)5%3%)((-. &7-

1'$%7+)8 57(%&7'1 879()' &'01) 8 $75+%,(-. 1'.()+):%;. [1]. <)+=-

>)' $706$)01$7('(%' (7$;?2 0 /)&6)5%3%)((-&% &71'$%7+7&% (7 6)-

+%&'$()4 )0()8' 6)+2,%+% /)&6)5%3%)((-' &71'$%7+- 0 &'17++%,'-

0/%&% % 2:+'$)?(-&% &71$%37&% [2, 3]. @1% &71'$%7+- )*+7?7A1 

8-0)/)4 6$),()01=A, +':/)01=A, $75&'$)017*%+=()01=A, 1'$&)01)4-

/)01=A. B*+701= %. 6$%&'('(%; 6$)01%$7'10; )1 %5:)1)8+'(%; *-1)-

8-. 6$%*)$)8 ?) 6$%&'('(%; 8 7$.%1'/12$', 01$)%1'+=018', 781)&)*%-

+'01$)'(%%, 78%701$)'(%%, /)$7*+'01$)'(%%, $7/'1)01$)'(%%, %5:)1)8-

+'(%% /)0&%,'0/%. 7667$71)8. 

C'.()+):%; %5:)1)8+'(%; 2:+'6+701%/)8-. % 01'/+)6+701%/)8-. 

)*)+),'/ )0()87(7 (7 2/+7?/' 8)+)/)(, 6$)6%1/' 08;52AD%& 8'D'01-

8)& % ?7+=('4>%& ':) )18'$9?'(%'&. #)E1)&2 08)40187 6)?)*(-. 

/)&6)5%3%)((-. &71'$%7+)8 578%0;1 )1 6$%&'(;'&-. 6$% %. %5:)1)8-

+'(%% 0.'& 7$&%$)87(%;.  
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F7%*)+'' $706$)01$7('((-& &'1)?)& 6)+2,'(%; 8-0)/)6$),(-. 

7$&%$)87((-. /)(01$2/3%4 %5 /)&6)5%3%)((-. &71'$%7+)8 ;8+;'10; 

('6$'$-8(7; (7&)1/7 +'(1 %5 8)+)/)( [4]. B?(7/) ?+; &():%. 6)8'$.-

()01'4 ?7((-4 &'1)? (' 6)58)+;'1 6)+2,%1= 1$'*2'&2A 1$7(08'$07+=-

(2A %5)1$)6%A 08)4018. 

G81)$7&% 6$'?+7:7'10; &'1)? 7$&%$)87(%;, )0()87((-4 (7 2/-

+7?/' /)$)1/%. 8)+)/)(, 6$)%58)+=(-& )*$75)& )$%'(1%$)87((-. 

8 /7071'+=(-. / )*)+),/' 6+)0/)01;., 0 6)+A07&%, $78()&'$() $70-

6$'?'+'((-&% (7 6)8'$.()01%. !+; $78()&'$():) $706$'?'+'(%; 6)-

+A0)8 7$&%$)87(%; (7 6)8'$.()01% )*)+),/% %06)+=52A10; &'1)?- 

0171%01%,'0/):) &)?'+%$)87(%;.  

B0)*)' 8(%&7(%' 2?'+;'10; 57?7,' $78()&'$():) $706$'?'+'(%; 

1),'/ (7 $75+%,(-. 6)8'$.()01;. (uniform distribution of points on sur-

faces), E1) 17/9' ;8+;'10; 7/127+=()4 6$)*+'&)4 ?+; *)+=>):) ,%0+7 

?$2:%. (72,(-. )*+701'4. H7?7,7 $706$'?'+'(%; 1),'/ (7 6)8'$.()01;. 

8)5(%/7'1 8 17/%. )*+701;. (72/%, /7/ &71'&71%/7, .%&%;, *%)+):%;, 

,%0+'((-' &'1)?- % &():%. ?$2:%. [5]. I ,701()01%, 57?7,7 $706$'?'-

+'(%; 1),'/ (7 0J'$' 1'0() 08;57(7 0 )?()4 %5 &71'&71%,'0/%. 57?7, 

XXI 8. %5 06%0/7 K1%8'(7 K&'4+7 (seventh Smales’s problem [6, 7]), 

7 17/9' %&''1 )*)*D'(%' ?+; n-&'$(-. 6$)01$7(018 [8]. 

2. &'()*+%('!,$%" -('.+")/  

#$%)$%1'1(-& % EJJ'/1%8(-& 06)0)*)& 2/+7?/% 8)+)/)( ;8+;-

'10; &'1)? (7&)1/% 0 %06)+=5)87(%'& 06'3%7+=(-. 201$)4018 0 ,%0+)-

8-& 26$78+'(%'& [4]. B?(7/) 28'+%,'(%' $75())*$75%; J)$& %5?'+%4, 

6)8->'(%' 1$'*)87(%4 / %. 08)40187& )*20+)8+%87A1 (')*.)?%&)01= 

$75$7*)1/% ()8-. &'1)?)8 7$&%$)87(%;. 

K.'&- 7$&%$)87(%;, )0()87((-' (7 (7&)1/', 1$'*2A1 %(?%8%?2-

7+=():) 6)?.)?7 / $75+%,(-& J)$&7& )*)+),/%, ,1) )1$797'10; 8 ?)-

6)+(%1'+=(-. 571$717. 6$% $75$7*)1/' &)?'+'4 % (' 8 6)+()4 01'6'(% 

2?)8+'18)$;A1 1$'*)87(%;& / 08)40187& &71'$%7+7. L'1)?-, %06)+=-

52AD%' 26)$;?),'((-' 0.'&- 7$&%$)87(%; ((76$%&'$, 6$)?)+=(7; 

% 6)6'$',(7; 2/+7?/7 8)+)/)(), ;8+;A10; (7%*)+'' EJJ'/1%8(-&% ?+; 

$758)$7,%87AD%.0; 6)8'$.()01'4, 17/%. /7/ /)(20, 3%+%(?$, () &'('' 

EJJ'/1%8(- ?+; 6)8'$.()01'4 81)$):) 6)$;?/7. #$'?+7:7'&-4 &'1)? 

(' %&''1 6)?)*(-. ):$7(%,'(%4 % ;8+;'10; 2(%8'$07+=(-&. B( 6)58)-

+;'1 /)(J%:2$%$)871= &%/$)01$2/12$2 )*)+),',(-. %5?'+%4 %5 8)-

+)/(%01):) /)&6)5%3%)(():) &71'$%7+7 $75+%,(-. J)$&. 
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3. 0("#+,1,"),2 )"3'#'+'1%2 

3.1. 4.5%" !'-('6/ 

#$'?+7:7'&-4 &'1)? 57/+A,7'10; 8 2/+7?/' /)$)1/%. 7$&%$2AD%. 

8)+)/)( 8 )*)+),/'. "$%1'$%'& )61%&7+=()01% 7$&%$)87(%; $700&71$%-

87'10; ?)01%9'(%' 1$7(08'$07+=()4 %5)1$)6%% 08)4018 )*)+),/%. 

I->')6%07((-4 /$%1'$%4 *2?'1 8-6)+('(, '0+% *2?21 8-6)+('-

(- 0+'?2AD%' 1$'*)87(%;: 

1. M%0+) 8)+)/)( (7 ?82. +A*-. E+'&'(17. 6)8'$.()01% )*)+),-

/% 0 $78(-&% 6+)D7?;&% )?%(7/)8)'. 

2. I)+)/(7 )$%'(1%$)87(- 17/%& )*$75)&, ,1) (76$78+'(%; %. 

)0'4 8 /7071'+=(-. / )*)+),/' 6+)0/)01;. $78()8'$);1(-. 

C7/%& )*$75)&, 8)5(%/7A1 ?8' 57?7,%: 

1. H7?7,7 $78()&'$():) $706$'?'+'(%; 1),'/ (7 6)8'$.()01;.. 

N'>'(%' ?7(()4 57?7,% 6)/75-87'1 &'.7(%5& $706$'?'+'(%; 6)+A0)8 

7$&%$)87(%;. N78()&'$() $706$'?'+'((-' 1),/% – E1) % '01= 6)+A07 

7$&%$)87(%;. #)+A0)& 7$&%$)87(%; *2?'& (75-871= 1),/2, 8 /)1)$2A 

6)&'D7'10; 3'(1$ /)$)1/):) 8)+)/(7. 

2. H7?7,7 $78()8'$);1()4 )$%'(173%% )0'4 8)+)/)( 8 /7071'+=-

(-. / 6)8'$.()01% 6+)0/)01;., 6$)8'?'((-. ,'$'5 6)+A07 7$&%$)87-

(%;. #$)3'00 2/+7?/% 8)+)/(7 0)01)%1 %5 0+'?2AD%. >7:)8:  

1) #'$'&'D'(%' 8)+)/(7 %5 (7,7+=()4 1),/% / 6)+A02 7$&%$)-

87(%; 17/%& )*$75)&, ,1)*- 3'(1$ /)$)1/):) 8)+)/(7 +'97+ 

8 1),/' 7$&%$)87(%;, 7 8)+)/() +'97+) 8 /7071'+=()4 / )*)+),/' 

6+)0/)01%, 6$)8'?'(()4 ,'$'5 0))18'10182AD%4 6)+A0 7$&%$)-

87(%;. 

2) H7?7(%' 6)8)$)17 )0% 8)+)/(7 )1()0%1'+=() 8'/1)$7 ()$&7+% 

/ 6)8'$.()01% )*)+),/%.  :)+ 6)8)$)17 57?7'10; :'('$71)$)& 

0+2,74()4 8'+%,%(-, /)1)$7; $78()&'$() $706$'?'+'(7 (7 %(-

1'$87+' )1 0 ?) O. 

N'>'(%' ?82. )6%07((-. 57?7, J)$&%$2'1 &71'&71%,'0/2A &)-

?'+= )61%&7+=():) 7$&%$)87(%; )*)+),'/ /)$)1/%&% 8)+)/(7&%. 

F')*.)?%&) )1&'1%1=, ,1) 6$'?+7:7'&-4 &'1)? (' ;8+;'10; %?'-

7+=(-&, ':) EJJ'/1%8()01= 8)5$7017'1 0 28'+%,'(%'& ,%0+7 % 2&'(=-

>'(%'& ?+%(- 8)+)/)(. I)6$)0 )61%&7+=()4 ?+%(- 8)+)/(7 (' $70-

0&71$%87'10; 8 ?7(()4 0171=', () )017'10; )1/$-1-&. 

#$'?+7:7'&-4 &'1)? )1()0%10; / &()9'0182 &'1)?)8 0171%01%-

,'0/):) &)?'+%$)87(%;, ,1) )1,701% &)9'1 8-5871= ('?)8'$%'. #)E1)-
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&2 )1?'+=() ):)87$%87'10; 20+)8%', ,1) ,%0+) 8)+)/)( ?)+9() *-1= 

?)0171),() *)+=>%&, 8 1'.()+):%;. %5:)1)8+'(%; 6)?)*(-. &71'$%7-

+)8 )() 17/)8-& % ;8+;'10;.  ,%1-87; 8'+%,%(2 ,%0+7 8)+)/)(, 6$%-

&'('(%' 0171%01%,'0/):) &)?'+%$)87(%; ;8+;'10; )6$78?7((-&. L'-

1)? ;8+;'10; 2(%8'$07+=(-& ?+; 7$&%$)87(%; )*)+),'/ $75+%,()4 

/)(J%:2$73%% 8 1$'.&'$()& 6$)01$7(018'. 

3.2. 7,!$')"($'" (,6-("#"+"$%" 3'8"9 $, -'!"(:$'632: 

3.2.1. 7,!$')"($'" (,6-("#"+"$%" 3'8"9 $, -'!"(:$'63% 

6;"(/ 

#)1$'*()01= $78()&'$():) $706$'?'+'(%; 1),'/ (7 0J'$' 8)5(%-

/7'1 8) &():%. 6$%/+7?(-. % J2(?7&'(17+=(-. %00+'?)87(%;.: 

8 /)&6=A1'$()4 :$7J%/', E.)- % $7?%)+)/73%%, 6$% %52,'(%% 6)8'$.-

()01% 8%$20)8 % 1$'D%( 8 /$%017++7.. N78()&'$() $706$'?'+%1= 1),/% 

(7 6+)0/)01% ('1$2?() – ?)0171),() 6)&'D71= %. 8 25+- /))$?%(71-

()4 0'1/%. B?(7/) ?+; 6)8'$.()01'4 0J'$-, E++%60)%?7 %+% 1)$7 6$%-

.)?%10; %06)+=5)871= ?$2:%' 06)0)*-. 

I)5&)9(- $75+%,(-' 6)?.)?- / $'>'(%A ?7(()4 57?7,%:  

1. I)-6'$8-., E1) 0)5?7(%' :'('$71)$7 60'8?)0+2,74(-. 1),'/, 

0J'$%,'0/%' /))$?%(71- /)1)$-. 2?)8+'18)$;A1 57?7((-& 20+)8%;& 

% ):$7(%,'(%;& (E1)1 6)?.)? &)9'1 )/7571=0; (7%*)+'' 7?'/871(-& 

8 0+2,7;. 0 ?)0171),() *)+=>%& /)+%,'018)& 1),'/). 

2. I)-81)$-., E1) %06)+=5)87(%' 6$78%+=(-. &():):$7((%/)8 

(1'+ #+71)(7, $%0. 1) % ?7+=('4>7; 766$)/0%&73%; 0J'$- (7 %. )0()-

8'. K+'?2'1 2,'01=, ,1) 1'+ #+71)(7 ?+; 1$'.&'$():) 6$)01$7(0187 

1)+=/) 6;1=: 1'1$7E?$, )/17E?$, :'/07E?$ %+% /2*, ?)?'/7E?$, %/)07E?$. 

3. I-1$'1=%., E1) &'1)?-, )0()87((-' (7 J%5%,'0/%. %(1'$6$'-

173%;. 6)8'?'(%; 0%01'& ,701%3 ((76$%&'$, (7.)9?'(%' &%(%&2&7 

6)1'(3%7+=()4 E('$:%% [5, 6, 7]). @1)1 6)?.)? 1$'*2A1 *)+=>%. 8--

,%0+%1'+=(-. 571$71, () 57(;+ 6$),()' &'01) 8 (72/' % ':) $758%87A1 

$75+%,(-' :$266- 2,'(-. 6) 80'&2 &%$2. 

 

N%0. 1. C'+7 #+71)(7 (1'1$7E?$, )/17E?$, :'/07E?$ %+% /2*, ?)?'/7E?$, %/)07E?$) 
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H7?7,7 $706$'?'+'(%; 1),'/ (7 6)8'$.()01% 0J'$-, 8/+A,'((7; 

8 06%0)/ 57?7, XXI 8. K1%8'(7 K&'4+7 6)? ()&'$)& 7 (seventh Smale’s 

problem), 08;57(7 0 )1-0/7(%'& E/01$'&2&7 17/ (75-87'&)4 +):7$%J-

&%,'0/)4 E('$:%% (logarithmic kernel) [5, 6, 7]. C7/9' 57?7,7 %&''1 

)*)*D'(%' ?+; n-&'$(-. 6$)01$7(018 [9, 10], 6$'?0178+;; %(1'$'0 ?+; 

0171%01%,'0/):) &)?'+%$)87(%; $75+%,(-. 6$)3'00)8. 

P(1'$'0(-&% &):21 )/7571=0; $'52+=171-, )0()87((-' (7 /)&*%-

(%$)87(%% $75+%,(-. 6)?.)?)8, (76$%&'$, %06)+=5)87(%' 1'+ #+71)(7 

% &)?'+%$)87(%' %. 0+2,74(-. 6)+)9'(%4 0 57?7(()4 0)8&'01()4 

6+)1()01=A $706$'?'+'(%; 0J'$%,'0/%. 2:+)8. I (7>'& %00+'?)87(%% 

6$%&'(;'10; &'1)? &)?'+%$)87(%; 1),'/ 6) 0)8&'01()4 6+)1()01% 

$706$'?'+'(%;, /)1)$7; )6$'?'+;'10; 7(7+%1%,'0/%. 

N700&)1$%& '?%(%,(2A 0J'$2. @+'&'(1 6+)D7?% 6)8'$.()01% 

'?%(%,()4 0J'$- 

 sin .dS d d ! " !   

F7.)?%& )1()>'(%' 

 
2

0 0

sin sin
.

4
sin

dS d d d d

S
d d

# #

! " ! ! " !
  

#
" !$ $

  

B10A?7 0)8&'01(7; 6+)1()01= $706$'?'+'(%; 0J'$%,'0/%. 2:+)8, 

8 ?7(()& 0+2,7' $78(7; 6$)%58'?'(%A 6+)1()01'4 $706$'?'+'(%; /79-

?):) %5 2:+)8, 

 
sin

( , ) ( ) ( ) .
4

f f f
!

" !  " !  
#

  

L'1)?)& 85;1%; )*$71()4 J2(/3%% (7.)?%& )6$'?'+;AD%' 0)-

)1()>'(%; ?+; :'('$%$)87(%; 5(7,'(%4 0J'$%,'0/%. 2:+)8: 

 arccos(2Random 1),"  %   

 2 Random!  # ,  

:?' Random  – 0+2,74()' ,%0+) 0 $78()&'$(-& $706$'?'+'(%'& (7 %(-

1'$87+' (0,1).  

N706$'?'+'(%' 1),'/ (7 0J'$', 6)+2,'(()' (7 )0()8' 0))1()>'-

(%4 (4), 6$'?0178+'() (7 $%0. 2. 
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N%0. 2. N78()&'$()' $706$'?'+'(%' 1),'/ (7 0J'$%,'0/)4 )*)+),/' 

P58'01(- % ?$2:%' &'1)?- $78()&'$():) $706$'?'+'(%; 1),'/ (7 

0J'$' % :%6'$0J'$' 8 n-&'$()& 6$)01$7(018', 17/9' )0()87((-' (7 

0171%01%,'0/)& &)?'+%$)87(%% [8, 9, 10]. 

3.2.2. 7,!$')"($'" (,6-("#"+"$%" 3'8"9 $, -'!"(:$'632: 
 ( , )z z x y  

#201= 6)8'$.()01= 57?7(7 J2(/3%'4 ( , ),z z x y  /)1)$7; ('6$'-

$-8(7 % 80A?2 ?%JJ'$'(3%$2'&7 (7 )*+701% D, :?' 
1 2[ , ],x x x&  

1 2[ , ].y y y&  

F74?'& 0)8&'01(2A 6+)1()01= $706$'?'+'(%; /))$?%(71 ?+; 

$78()&'$():) $706$'?'+'(%; 1),'/ (7 57?7(()4 6)8'$.()01%. 

@+'&'(1 6+)D7?% 6)8'$.()01% 0):+70() [12, 13] 

 

22

1 .
z z

dS dxdy
x y

' () )' ( * *+ ,+ ,) )- . - .
  

F7.)?%& )1()>'(%' 

 

22

22

1

.

1
D

z z
dxdy

x ydS

S
z z

dxdy
x y

' () )' (* *+ , + ,) )- . - . 
' () )' (* *+ , + ,) )- . - .

$$

  

B10A?7 0)8&'01(7; 6+)1()01= $706$'?'+'(%; /))$?%(71 ?+; $78-

()&'$():) $706$'?'+'(%; 1),'/ 
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22

22

1

( , ) .

1
D

z z

x y
f x y

z z
dxdy

x y

' () )' (* *+ , + ,) )- . - . 
' () )' (* *+ , + ,) )- . - .

$$

  

Q'('$%$2; 5(7,'(%; 6) 0)8&'01()4 6+)1()01% $706$'?'+'(%;, 

6)+2,%& 0))18'10182AD%' /))$?%(71- $78()&'$() $706$'?'+'((-. 

6) 6)8'$.()01% 1),'/. 

!+; 6$%&'$7 $700&)1$%& 6)8'$.()01% ($%0. 3). #)+2,%& $78()-

&'$()' $706$'?'+'(%' 1),'/ (7 ?7((-. 6)8'$.()01;. ($%0. 4, 5). 

5sin
5

xy
z

' (
+ ,
- .

 
 

 

22

5 3

yx
z %  

 

N%0. 3. !'&)(01$73%)((-' 6)8'$.()01% ?+; $706$'?'+'(%; 1),'/ 

 
  

 

! 

N%0. 4. N78()&'$()' $706$'?'+'(%' 1),'/ (7 6)8'$.()01% .5sin
5
xy

z ' (
+ ,
- .

  

G/0)()&'1$%%, 57?787'&-' 6)+A07&%:   – ViewPoint R{1, 2, 2}; 

! – ViewPoint R{0, 0, 20} 
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! 

N%0. 5. N78()&'$()' $706$'?'+'(%' 1),'/ (7 6)8'$.()01% 
22

.
5 3

yx
z %  

G/0)()&'1$%%, 57?787'&-' 6)+A07&%:   – ViewPoint R{1, 2, 2}; 

! – ViewPoint R{0, 0, 20} 

3.2.3. <"$"(%('!,$%" 6+*8,=$'= !"+%8%$/ -' 6'!)"63$'= 

-+'3$'63% (,6-("#"+"$%2 

!+; &)?'+%$)87(%; 0+2,74()4 8'+%,%(- 6$%&'(;A10; $75+%,-

(-' &'1)?-. F76$%&'$, &'1)? 85;1%; )*$71()4 J2(/3%% [10, 11] ;8+;-

'10; 2?)*(-& 8 0+2,7;., /):?7 &)9() 6)+2,%1= 7(7+%1%,'0/)' 0))1-

()>'(%'. @1)1 06)0)* %06)+=52'10; 8 6)?$75?. 3.2.1. B?(7/) 6$%&'('-

(%' ?7(():) &'1)?7 20+)9(;'10; ?+; J2(/3%% 0)8&'01()4 6+)1()01% 

$706$'?'+'(%;, /)1)$7; (' $75?'+;'10; (7 ('578%0%&-' J2(/3%%. #)-

E1)&2 8 6)?$75?. 3.2.2 %06)+=52'10; )*)*D'((-4 &'1)? F'4&7(7 (&'-

1)? 20','(%;) [10, 11, 14]. !+; )?()&'$():) 0+2,7; 8-6)+(;A10; 0+'-

?2AD%' ?'4018%;:  

1) S2(/3%; 6+)1()01% $706$'?'+'(%; 86%0-87'10; 8 6$;&)-

2:)+=(%/. 

2) Q'('$%$2A10; ?87 ('578%0%&-. ,%0+7 E17+)((-& :'('$71)$)& 

0+2,74()4 8'+%,%(- 0 $78()&'$(-& $706$'?'+'(%'& (7 %(1'$87+' (0, 1) 

% &70>17*%$2A10; 6) 01)$)(7& 6$;&)2:)+=(%/7.  

3) T0+% 6)+2,'((7; 1),/7 6)67?7'1 8 )*+701= 6)? :$7J%/)&, 1) 

1),/7 6$%(%&7'10;, %(7,' )1*$70-87'10;. 

4) #)81)$;A10; ?'4018%; 1–3.  

P++A01$73%; &'1)?7 6$'?0178+'(7 (7 $%0. 6. G(7+):%,(-4 &'1)? %0-

6)+=52'10; ?+; &():)&'$()4 0+2,74()4 8'+%,%(-. 
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N%0. 6. P++A01$73%; &'1)?7 F'4&7(7 (&'1)?7 20','(%;) [14]  

3.3. >()%('!,$%" '.'+'89% 9'('39%)% !'+'9$,)% 

#)0+' 6)+2,'(%; $78()&'$():) $706$'?'+'(%; 1),'/ (7 6)8'$.-

()01;., 1.'. 6)+A0)8 7$&%$)87(%;, $706$'?'+;'& 8)+)/(7 8 /7071'+=-

(-. / )*)+),/' 6+)0/)01;., 8-6)+(;; 0+'?2AD%' ?'4018%;: 

1) #'$'&'D7'& 8)+)/() %5 (7,7+=()4 1),/% / 6)+A02 7$&%$)87-

(%; 17/%& )*$75)&, ,1)*- 3'(1$ /)$)1/):) 8)+)/(7 +'97+ 8 1),/' 7$-

&%$)87(%;, 7 8)+)/() +'97+) 8 /7071'+=()4 / )*)+),/' 6+)0/)01%, 

6$)8'?'(()4 ,'$'5 0))18'10182AD%4 6)+A0 7$&%$)87(%;. 

2) H7?7'& 6)8)$)1 )0% 8)+)/(7 )1()0%1'+=() 8'/1)$7 ()$&7+% 

6)8'$.()01% )*)+),/%.  :)+ 6)8)$)17 57?7'10; :'('$71)$)& 0+2,74()4 

8'+%,%(-, /)1)$7; $78()&'$() $706$'?'+'(7 (7 %(1'$87+' )1 0 ?) O. 

N700&)1$%& )*)+),/2 8 8%?' 67$7*)+)%?7, 57?7(():) 2$78('(%'& 
2 2 2 .x y pz*    $78('(%' )0% /)$)1/):) 8)+)/(7 ?+%(- l, 0+2,74(-& )*-

$75)& )$%'(1%$)87(():) 8 /7071'+=()4 6+)0/)01% / 67$7*)+)%?2 8 1),/' 
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T

r x y z 
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T T
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%' (
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 %+ ,
+ ,%- .

, 0 1t= = . 

H(7,'(%' 2:+7 U 6)8)$)17 )0% 8)+)/(7 )1()0%1'+=() 8'/1)$7 ()$&7+% 

57?7'10; :'('$71)$)& 0+2,74()4 8'+%,%(-, /)1)$7; $78()&'$() $70-

6$'?'+'(7 (7 %(1'$87+' )1 0 ?) O. #)+2,'((-' $'52+=171- $706$'?'+'-

(%; 8)+)/)( (7 67$7*)+%,'0/)4 )*)+),/' 6$'?0178+'(- (7 $%0. 7. 

 

N%0. 7. N706$'?'+'(%' 7$&%$2AD%. 8)+)/)( (7 67$7*)+%,'0/)4 )*)+),/' 

4.  /!'#/ 

Q+78(-& 6$'%&2D'018)& 6$'?+7:7'&):) &'1)?7 ;8+;'10; 1), ,1) 

)( 6)58)+;'1 6)+2,%1= )61%&7+=(2A &)?'+= 7$&%$)87(%; ?+; )*)+)-

,'/ 6$)%58)+=()4 J)$&-, 8 $78()4 01'6'(% 2?)8+'18)$;; 1$'*)87(%A 

1$7(08'$07+=()4 %5)1$)6%% 08)4018 /)(01$2/3%%. I 6'$06'/1%8' 6)?-

.)? *2?'1 20)8'$>'(018)87( ?) &)?'+% 7$&%$)87(%; )*)+),'/, 6)-

8'$.()01= /)1)$-. 57?7'10; 67$7&'1$%,'0/%& 06)0)*)&. C7/9' (')*-

.)?%&) )1&'1%1=, ,1) ?7((-4 6)?.)? &)9'1 *-1= 6$%&'('( ?+; /)(-

J%:2$%$)87(%; 01$2/12$- 8)+)/(%01):) &71'$%7+7 0 7(%5)1$)6(-&% 

08)40187&%. 

#$'?+7:7'&-4 &'1)? $706$'?'+'(%; 1),'/ (7 $75+%,(-. 6)8'$.-

()01;. EJJ'/1%8'( % 2(%8'$07+'( 8 57?7,7. 0 *)+=>%& ,%0+)& 1),'/. 

N75$7*)17((-4 7+:)$%1& 17/9' &)9'1 *-1= &)?'$(%5%$)87( ?+; 0+2-

,7; 0 67$7&'1$%,'0/%& 06)0)*)& 57?7(%; 6)8'$.()01'4, ,1) 0(%&'1 

6$7/1%,'0/% 80' ):$7(%,'(%; (7 ':) %06)+=5)87(%' (' 1)+=/) ?+; ?7(-

()4 57?7,%, () % ?$2:%. )*+701'4 (72/%. @1) ;8+;'10; )0)*'(() 879-

(-& J7/1)$)&, 2,%1-87; *)+=>)' ,%0+) %00+'?)87(%4 ?7(()4 57?7,%, 

6$)8)?%&-. 6) 80'&2 &%$2, % '' 8-0)/2A 879()01=. F')*.)?%&) )1-
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