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* zr5  – 8'FBB*5*-,(@ J?$%%',$; rG "  – 4)'6'03,@: &'6?03 %6+*1$. 

E%-+@- ,$4)./-,*. zz  ,- .+0.C(%. ,-2$+*%*&@&*, $ '4)-6-0.C(%. 

4)* 4'&'A* )$+-,%(+$ 

 zrz
zz z rr

r

E
E E

"
""

"

6 755
 '  2  8 9

: ;
.  

K*&&-()*. ,$1)?28* '(,'%*(-03,' +-)(*8$03,': 40'%8'%(*, 4)'-

9'6.A-: 7-)-2 '<)$2?CA?C, * 1-'&-()*7-%8$. %*&&-()*. (./-0'1' 

5*0*,6)*7-%8'1' (-0$ 4)-6'4)-6-0.C( 4'*%8 )-;-,*. %*%(-&@ 6*B-

B-)-,5*$03,@9 ?)$+,-,*: (2) + +*6- ()*1','&-()*7-%8*9 ).6'+ 4' 

'8)?/,': 8'')6*,$(-: 

 # $ 
0

cosi

i

u u r i
<

'

' "= , # $ 
0

sini

i

v v r i
<

'

' "= , (6) 

4'6%($,'+8$ 8'(')@9 + *%9'6,?C %*%(-&? 4'2+'0.-( 2$4*%$(3: 

# $ # $ # $> ?2 2 2 2 2 2 2

2
0

1 1
 cosi i i i i

i

u u i q m v m i n u i n m v i
r r

<

'

@ A @ ABB B B2 2 2 ( 2 2 2 " 'C D C D=  

11

cos ,
K

)
' "   (7) 

 # $ # $ # $2 2 2 2

2
0

1 1
1 1 1  sin sin .i i i i i

ri

v v i k u p i v i p u i
r Gr

<

"'

)+ E@ A @ ABB B B2 ( 2 ( 2 2 2 " ' ( ". FC D C D0 G
=   

E<)$(*& +,*&$,*- ,$ (', 7(' %*%(-&$ '<@8,'+-,,@9 6*BB-)-,-

5*$03,@9 ?)$+,-,*: (7) '6,')'6,$ 4)* 0i '  * 1i H , ,-'6,')'6,$ 4)* 

1i ' . J'F('&? 60. )$20*7,@9 i  )-;-,*- %*%(-&@ (7) &'/,' )$%%&$(-

)*+$(3 ,-2$+*%*&' * 4)-6%($+*(3 4'0. 4-)-&-A-,*: * ,$4)./-,*: 

+ (./-0'& 5*0*,6)- + +*6- %?4-)4'2*5**: 

 0 1

2

cos cosi

i

u u u u i
<

'

' 2 "2 "= , 1

2

cos sini

i

v v v i
<

'

' "2 "= ,  

 
# $ # $ # $0 1

2

cos cos
i

rr rr rr rr

i

i
<

'

 '  2 "2  "= , 
# $ # $1

2

cos sin
i

r r r
i

i
<

" " "
'

3 ' 3 "2 3 "= , (8) 

 
# $ # $ # $0 1

2

cos cos
i

i

i
<

"" "" "" ""
'

 '  2 "2  "= .  



 

 39

#$20'/-,*- (8) 4'2+'0.-( +@6-0*(3 &-9$,*7-%8*: %&@%0 8$/6'1' 
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+,-;,-: <'8'+': 4'+-)9,'%(* +'2,*8$C( ?%*0*. + '8)?/,'& * '%-+'& 

,$4)$+0-,*.9, 4'4@(8$ 8'&4-,%$5** F(*9 )-$85*: 4)*+-0$ <@ 8 4'0?-

7-,*C )-;-,*. % ('7,'%(3C 6' 8',%($,(@, '(+-7$CA-: 0*<' 2$ +)$-

A-,*- (./-0'1' 5*0*,6)$ 8$8 /-%(8'1' 5-0'1' +'8)?1 '%* %*&&-()**, 

0*<' 2$ 4-)-&-A-,*- + +-)(*8$03,'& ,$4)$+0-,**. 

=$ )*%. 2 4)-6%($+0-,' )$%4)-6-0-,*- 4-)-&-A-,*: ('7-8 4'4--

)-7,'1' %-7-,*. &','0*(,'1' /-0-2'<-(',,'1' 5*0*,6)$ ,$ +,?()-,-

,-:, +,-;,-: * %-)-6*,,': 4'+-)9,'%(* 4' '8)?/,': "  * '<-2)$2&--

)-,,': )$6*$03,': # $ # $r a b a) ' ( (  8'')6*,$($&. M@0* +@<)$,@ 

%0-6?CA*- 4$)$&-()@ 1-'&-()** (-0$ * ?4)?1*- 4'%('.,,@- /-0-2'-

<-(',$: 3,0a ' & * 5,5b '  &; 54 10rrE ' X NJ$, 58 10E"" ' X NJ$, 

55,33 10zzE ' X NJ$, 45,65 10rG " ' X NJ$, 0,15r"5 ' , 0,075rz5 '  

* 0,375z"5 ' . 

#$%4)-6-0-,*. 4-)-&-A-,*: 4' '8)?/,': 8'')6*,$(- ,'%.( ,--

&','(',,@: 9$)$8(-). E8)?/,@- 4-)-&-A-,*. .+0.C(%. ,?0-+@&* 

+ ('78$9, 4)*,$60-/$A*9 +-)(*8$03,': 6*$&-()$03,': 40'%8'%(*, 

+ ('78$9 ,$ +,?()-,,-:, %-)-6*,,': * +,-;,-: 4'+-)9,'%(.9 +-)9,-1' 

%+'6$ 4'0'/*(-03,@, 4)*,*&$C( %+'* &$8%*&$03,@- 2,$7-,*. 4)* 

90" ' ! , 60" ' !  * 45" ' ! . =$ ,*/,-& %+'6- + ('78$9 125" ' ! , 115" ' !  

* 125" ' !  4)'*%9'6*( %&-,$ 2,$8$, $ 125" ' ! , 115" ' !  * 125" ' !  %'-

'(+-(%(+?C( ('78$& &*,*&?&$ 60. F(*9 4-)-&-A-,*: v  ,$ +,?()-,-

,-:, %-)-6*,,': * +,-;,-: 4'+-)9,'%(*. 

#$6*$03,@- 4-)-&-A-,*. ,$ +-)9,-& %+'6- &*,*&$03,@, +'2)$%-

($C( 4' +-0*7*,- 4)* ?+-0*7-,** '8)?/,': 8'')6*,$(@. L(* 4-)--

&-A-,*. ,$ +,?()-,,-: 4'+-)9,'%(* 5*0*,6)$ +%C6? 4'0'/*(-03,@, 
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,$ %-)-6*,,': 4'+-)9,'%(* 4)*,*&$C( 4'0'/*(-03,@- 2,$7-,*. 

6' 168" ' !  * *&-C( &$8%*&?&@ 4)* 180" ' !  * 120" ' !  %''(+-(%(+-,-

,'. =$ +,-;,-: 4'+-)9,'%(* 2$+*%*&'%(3 u  '( '8)?/,': 8'')6*,$(@ 

($8'+$, 7(' '()*5$(-03,@- 2,$7-,*. *&-C( &-%(' 4)* 0 15/ " /! !  

* 160 180/ " /! ! , $ &$8%*&$03,@- 2,$7-,*. 6'%(*1$C(%. 4)* 115" ' ! . 
 

 

#*%. 2. #$%4)-6-0-,*- )$6*$03,@9 (  
6, 10u ( &) * '8)?/,@9 (  

6,10v ( &)  

4-)-&-A-,*: + &','0*(,'& /-0-2'<-(',,'& 5*0*,6)- ,$ +,?()-,,-:,  

+,-;,-: * %-)-6*,,': 4'+-)9,'%(.9 

O$)$8(-) 2$+*%*&'%(-: 4-)-&-A-,*: ('7-8, 4)*,$60-/$A*9 +-)9-

,-&? %+'6? (./-0'1' 5*0*,6)$ + ,$4)$+0-,** '<-2)$2&-)-,,': )$6*$03-

,': 8'')6*,$(@ %?A-%(+-,,' *2&-,.-(%. 4)* ?+-0*7-,** ?10$ ."  J-)--

&-A-,*. u  &','(',,' ?<@+$C( 4)* 0," '  &','(',,' +'2)$%($C( 4)* 

2" ' %  * *&-C( ('78? 0'8$03,'1' &*,*&?&$ 4)* 4" ' % . G$+*%*&'-

%(* P~ )  *&-C( 0'8$03,@- &$8%*&?&@, 4'0'/-,*- 8'(')@9 %&-A$-(%. 

8' +,?()-,,-: 4'+-)9,'%(* 5*0*,6)$ 4)* ?+-0*7-,** '8)?/,': 8'')-

6*,$(@. 

E<)$(*& +,*&$,*- ,$ -A- '6,? 2$8','&-),'%(3 )$%4)-6-0-,*. 

)$6*$03,@9 4-)-&-A-,*:. J)'*2+'6,@- u  4' '8)?/,': 8'')6*,$(- 
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+ ('78$9 4'4-)-7,@9 %-7-,*: (./-0@9 ')('()'4,@9 5*0*,6)'+, 4)*-

,$60-/$A*9 +-)(*8$03,': 6*$&-()$03,': 40'%8'%(*. L('( )-2?03($( 

,- 2$+*%*( '( ('1', ,$ 8$8'& )$%%('.,** '( '%* +)$A-,*. ,$9'6*(%. 

)$%%&$()*+$-&$. ('78$. 
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