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7<C%9 \ "  4 8  7 � 8 L � > ; 5<4BY



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.14-

012210311302332 )()()( zbabaybabaxbababa ����� −+−+−=× .
��� � !���� "$#�%'& ( ) & *,+���- !�. /�#��10 - 2$. /�&�.3��4 -5. 6�( !$*�& 7 *,+�- !�8�9:+ .�7 *:;$-�9�2$. 4 �17 %�# -�!$4 < -�= &�>�#�?

321

321

000

0
21

21
0

31

31
0

32

32

bbb

aaa

zyx

z
bb

aa
y

bb

aa
x

bb

aa
ba

���
����� =+−=×

@	. ;���/ %�A B	*C7 . D�. =�7 ��/ ��- !$/ < -�= &�������-�7 . D�. /1+�/ ������D$9E+$#$*�+�-$#$4 F�9�� � !�" & 7 � & *�BG� 8�-�6C��� HI7 -$#
- !$4 &�+�H17 -$= A3-�4 ��/ #���F . A�. / #���4 0 4 ��7 " J . 4 A3� !���K$+ ��7 4 F >�#1� !$4 2�+ >�#�L

MN7 -O& *�+ . / -O�$=�7 HP� !�) � . 4Q#��R7 - #$/ &�-�= + .17 *O0 4 � 8N- !�"R�$#�"�+ . &��O& 7 -R. &�%37 . !$4 F H K 4 #$H�+ . #$-
� -�=1. / #���4 � !���K$+ ��7 4 F H A�� !$4 2�+�H A3F ��4�& 7 -5. J %37 . !$4 F HSK 4 #$H�+ . #$-S��-�=5. / #���4 0 4 "$#$= &�+ ��L

T U V W X Y�X Z [ \
] ��^

abba ���� ×−=× ,    0��� =× aa
] ;$^

)()()( cabacba ������� ×+×=+×
F ��4

)()()( acabacb ������� ×+×=×+
] K ^ _	#

Ru ∈ , )()()( buabaubau ������ ×=×=×
] 0 ^

acbbcacba ��������� )()()( ⋅−⋅=××
] . ^ 2)())(())(( babbaababa ���������� ⋅−⋅⋅=××
] < ^

θsinbaba ���� =×
H�� -$=

θ
*RK %�#$/ �R�$#�"�+ . &��P& 7 �R0 6�-P0 4 �$#$6 &�+ ��7 ��L�_`� HR7 *$#P4 0 4 H�7 * 7 �

��=�7 9R� !�-�F�6���7 . 4QH�7 4Q7 �R0 4 �$#$6 &�+ ��7 �
0�� ≠a
F ��4

0�� ≠b
. / #���4 & =�K K !���+�+�4 F " ] � � !�"�D$D$* D���^G�$#PF ��4

+ H #$-5�$#G7 -5. J %37 . !$4 F HS7 -�= A�K 4 #$H�+ . #$-1. / #���4 7 -5+�*�0$. #$4 F�H10 4 "$#$= &�+ ��L
] * ^ a�-50 4 "$#$= &�+ �

ba �� ×
. / #���4�- !�2 -�K >�#$4 -5� !$- A3F " 2$.	0 4 "$#$= &�+ �:7 -�=:. ��4 � ) 0$-$=:��-�=5� � !�"�K -�= #

7 �
a�  
F ��4

 b� .
] 2 ^ a�-C+�9 F�- A:7 -$=

ba �� ×
4 &�-$6�7 ��4S+ .P7 -�. + ;�� 0$H #I7 -$=C� � !���D$D$* D�-�K !�"�+�+�-�=I� -$=�) ( . 4S&��$#

��D�. = !�) A37 �50 4 �$#$6 &�+ ��7 �
a�  
F ��4

 b� .
] 4 ^ bN4 �17 �:+ - #�� 0 4 ��/ �50 4 �$#$6 &�+ ��7 �17 %�#S� J H #�%�#$B

0x� , 0y� F ��4
0z� 4 & ( 6 . 4 ?

000 zyx ��� =× ,     000 xzy ��� =× ,     000 yxz ��� =×
] F�^ _	#10$- 2 -$6$#S7 !$/ �10 4 �$#$6 &�+ ��7 �

030201 zayaxaa ���� ++=  ,     030201 zbybxbb ���� ++=
F ��4

030201 zcycxcc ���� ++=
7 H�7 .�- !$/ < . 7 ��4 7 - c d�e f�g hSi jRk�e l�c$h$mQn$e o h k�p o hSc$q$r�s

:



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.15-

321

321

321

)(),,(

ccc

bbb

aaa

cbacba =×⋅= ������

�����  "! #�$�%�& ! '�%)()* '"�+� ,-'�. ! /"'"0)1�()2�� ,�'
a� , b� 3 /�! c� 4 ()*5/�0�� 6+� 781�* !  �2�9:* ; '�/�!<#) �/�&"()/�� ! 3 %)=/) "! >�()%)=?� �"0@��#���; �"0@7A/�#�%�$"0�� 7B� ! (�6 4 . 7)$�/). 6B7B/�#)%�$"0�� 7@� ! (�6B� 7�=?�) "; C ��0)1�/)=D� ,�'

1)0"'"� * � /�&"()E '�,�' 9-#)/) "! 1)� 2F� �"'G%�& 3 �G� ��0F#)/) �/�$"$"7)$�* #�! #)E ."��0:()*H#�$�* 0) �E =H� / a� , b� 3 /�! c� .

I-J�K L�KNM�O	PNQHQ<R�S:T�PHU�V"WHX WHV"Y-P

Z '[. ; '�* � /�!HE '�/\1)7�()* ; �
),...,( 1 nppP = 3 /�!HE '�/\. ! 2"'"0)1�()/ ),...,( 1 naaA = ] � %�� *^�) "; C ��0�()*^1�/"'

_ `�a)_ b ced"f�cNg�g)h #)��0:#)*  '�2:/�#)%^� � P
()*8. ! * i)> 0"'�1)75/�0�� 65� ��0:. ! /"'"i)1�()/�� �)= j ] � �e1�i"'"��$"�5� ,-'1)7�()* ; ,�'

),...,( 1 nxxX =
& ! /F� /F��#���; /F! 1)k i)* ! l

tAPX += ] . 7)$�/). 6 iii tapx += ,   ni ,...,1=
%�#���0^� �

t
. ! /��  �E k * !-%�$"��0)=	� ��0)=	#) �/�&"()/�� ! 3 ��i)=</) "! >�()��i�= 4 7e; . ! /e1)k E 1)7\(�#��) �* ;�'�/:&  �/)mN* ; 3 /�!()*e� /n. ! /"'"i)1�()/�� /n>"E 1)7�=5� ,-'o1)7�()* ; ,�'

P, A 3 /�! X
1�/ '

atpx ��� +=
9 pHq<!<#)/) �/�#)2"'�,D1)k E 1)7

�"'"�)()2)C * � /�! r c�f�cNg�_ s"f�t u�he_ v b w�xyw)z5s zN{	_ `�a)_ b c�{ /)mN��iF* | /) "� 2�� /�!�/�#)%}� 7�'G#)/) �2�()* �  "� t.

~N� �[* #�; #)* . �e��!�1�0"'"� * � /�&"()E '�* =<� ��0 � #)/) "! 1)� 2"'��"'"� /�!H()*
),( yx
p Z '

),( qpP = 3 /�! ),( baA = ,
� %�� *<1�i�()mN,�'�/:()*	� � 'F#)/) �/�#)2"'�,+�) "! 1�(�%F� 7�=	* 0)>"* ; /)=	&  �/�()(�6�= ] ��!N1)0"'"� * � /�&"()E '"* =	� ,-':1)7�()* ; ,�'� 7�=�* 0)>"* ; /)=�* ; '�/�!

tapx += 3 /�! tbqy += .
Z #�/�$�* ; mN�"'"� /)=[/�#)%o� ! =[. i��8/�0�� E =e* | ! 1���1�* ! =e� 7�'o#)/) �2�()* �  "�

t ] /)m��"in� / a 3 /�! b
."* '8* ; '�/�!

� /�0�� %�k  "�"'�/^(�7�."E ' ] >"/ 3 /�� /�$"6�| ��0�()*	1�*	(�; /^* | ; 1�,�1)7^� 7�=	(��� �m�6�=
edycx =+

7e��#���; /5* ; '�/�! 3 /�!�75& '�,�1)� 65* | ; 1�,�1)7[* 0)>"* ; /)=y1)� �e* #�; #)* . ��p��\#)�) "��i)()*<'�/5/ 3 ��$"��0)> 6�1)�"0�()* 3 /�!
� 7�'}/"'"� ; 1)�  ��)m�7�. ! /). ! 3 /)1); /�p Z '�. ; '�* � /�!:. 7)$�/). 6�7

edycx =+ 3 /�! 0≠c ] (�#)�) "�"i�()*\'�/
>"E 1���0)()*

ty = 3 /�!H'�/�$"i)1)��0�()*:,�=F#) "�)= x, t
c

d

c

e
x −=

#)/�;  '�� '"� /)=5()*:/�0�� %"'[� � '\�  "%�#��\� ! =
#)/) �/�()* �  "! 3 E =+* | ! 1���1�* ! =H� 7�=�* 0)>"* ; /)= p



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.16-

����� ��!�" # $ %&��' ( )
*	+-,/. 0�1�2�354�+�6�7�8/1�9�354	: ;�+<4 25,/4 = 6->51/2->54 8 +�?-6�>5@-: 1BA5;�354 = 1

)1,2(=P C 6�D&. E 4 D : ;GF D 4 95, 2 +�A5;
: 1�2

)5,1(−=A
1�D5>5658�6�354 : 8/D C . H�4 I D A�J�A�4 D H�,/6<4 = +�6�D

tx −= 2 C 6�D ty 51+= .
*	+K>51�0/0�6�>�0�65A5D ?5A�1�2�354L: ;�+K>58�JM: ;N4 I = A�O�A5;N354QP C 6�DR: ;�+S>58/15A�,/. A51�2�354TA5: ;�+SF/4 9�: 4 8/;N,/6
. E 1�2�354

115 =+ yx .
U ;�+V4 2�,/4 = 6K6�2�: WX3565Y =R354�: 6KF D 6/+/95A�356�: 6K,/. A5;�H�>�1�2VF = +/1 +/: 6�D Z[3�>�158/1�9�354�+�6V: 6SF 1/9�354LA5: 1
\ E W�356G] ^ ]�] ^

_�`5a b�c�d e d�d/f5g�h i/j k cml�n5hol�j p�q rmc5l�smt�u b�j k nmt/v umw/x j y i/h q t�uRw/x c5q y t b�c5v n5z

{ F D 65F D C 65A5= 6|6�>56�0�1�D }�W�H~: ;�H~>5658�6�35. : 8�1�2
t
F/4�3�>5158/4 =N+�6�� = +�4 D�A�4�E J�8/1�25H

>54 8/D A�A�1�: . 8�O�+QF D 65A5: ?5A�4 O�+�^ \ : D H�>54 8/D >�: J�A�4 D HB6�2�: . H�;K>5658�6�354 : 8/D C WS4 I = A�O�A5;S4 = +�6�DR1S3�@/+/15H
: 8�@�>�15HM� D 6[+�6m>54 8/D � 8�?��M4 D C 6/+�4 = H	3�= 6<4 25,/4 = 6�^

� = +�6�DM4 9 C 1�0/1�+�6LF D 6�>�D A5: J�A�1�2�354<@�: D�6 +GF = +/1/+/: 6�D�F 951GF D 65}�158�4 : D C ?TA5;�354 = 6
P C 6�D Q ,

: @�: 4�;m>5658�6�354 : 8/D C W-4 I = A�O�A5; v u5zMj h i/j k c�zMl�n5how/x � p/`5j v c�x5c5l�smv cmt�u b�j k cmc�h v r 4 = +�6�D �

)( PQtPX −+=



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.17-

�	�
),...,( 1 nppP = � ��� �"!�#"$ % &('"��) ),...,( 1 nhhH = � ���(* ) +,�,-"��#"�(. � �"!�/0�"1 & � nR 2 &"3,% 4 &�-�#"$

���,� 5"6�7 8�7 6�9 6�7 :"; <"&�-=<"$ 3 ��+>��<"? 1 &
P
'"��)	$ % ����)�'"+".,$ 1 &=�"1 &

H 2 1 &@��A,�,&�B,&>1 CD�>�"!�#"$ % C��
),...,( 1 nxxX =
<"&,-0) '"�,�,&�<"&�) $ %"1 !E�"F � �"!

HPHX ⋅=⋅ 2 * !"B��"* G ∑∑
==

=
n

i
ii

n

i
ii hphx

11

.

H 1 !��0<"$ 3,% <�1 C��"!E1 &�- 3R 2 � F &�-�#"$	1 !JI ��C��"1 G � � �,&�) �E1 &�- 7 6�K 6�L :";,5 �"1 & �0M�-�'�B�$ % *,$ ) &EN�O F P�3,&J#"$I $ �,) '�GJ#"&"3�Q�G0<�&�-0'"�". &"3,% 4 $ 1 ��)���<"?R1 ! S,8�TVU�U�K W�XY7 Z 9 [�\]["^
dczbyax =++ .

_R���Y'"+".,$ 1 &Y* ) +,�,-"��#"�(�"1 &Y$ <�% <"$ *,&J<"&,-Y* % ��$ 1 ��)`#"$R1 !=#�&�3�Q�G ��-�1 G $ % ����)D1 &
),,( cba
1 &Y&�<"&�% &

&,�,&"#"+"4 $ 1 ��)D'"��) W�T�a ;,a K W�bY:�K c�a 5�[�U�T d,;,5 7 6�K 6�L :";,5�e $ ��PfI ) �J���Yg�3�&�A"#"$ � ���(�"!�#"$ % &(��<�hD?�<"&,-<"$ 3 ��+"$ )�* % ��&,-�#"$i��-�.,��% 3�$ 1 �j1 ) # � /	��$	* A�&J��<�?E1 ) /	�"-,�,1 $ 1 ��I,# � ��$ /ik <�l F�l��"1 & x
'"��)V�"1 &

ym '"��)V�"1 !�"-,� � F $ ) �0B,A,�,&�-�#"$`I ) �01 !��R1 3,% 1 !Ek I ) �01 & z).

n�o"p q�rJs t s u"v"w�x�y x�z { |0x�|"}	x�z ~�� �jr"x��0�,� q�z y |R�,r��"z y � r��"�,�"�,z � |R��z`{,� �"� } � q�r
�J���V����� � � �D�J� � �
�	�

)1 ,1 ,2( −=P
'"��)

)3 ,1 ,1(−=H
1 ?�1 $0!>$ � % ��C��"!=1 &�- $ <�) < � *,&�-(<�&�- <"$ 3 ��+=��<�? 1 & P

'"��)
$ % ����)"'"+".,$ 1 &j�"1 &

H
$ % ����) �



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.18-

3123 −+−=++− zyx
�

43 −=++− zyx
�����  �!  "� # �%$"&"' !�$"��( &*)"+�$"� ! &� ���,-( ���"./! ' ��, 0�12&�! 0�� 0/( &�3�)"( �-425 � $"&76 8 6 9

:�;"< =�>@? A ?/B�C"D�E�F E�G H I�E�I"J	E�G K�L M*>"E�N*BPO�Q =�G F >

R@S�T2U�V�W X Y Z[S@\ ] ^
_ ! 0��/0/( &�3"( &*)"+�$"� ! &

)1 ,4 ,5(=P , 3)- 2,- ,4(=Q ` &�3 5) 6, 0,(=R
8/aP&*b�.���c"$"�	( +@� d ! )�e�)"+%( ��,

�  �3  "f #/��,* ���,* "� . 0�g@&� �h%( &%)"+�$"� ! &@&�,�( g�8 i* "e�j	&/0�&"12f .�&�$"�	 ".���+"k ��,"$"f 0�e�j l ` g"m/�P�  �!  "� # �%)"( �
5 n�.��o "./�")"# 3 �"./! ' � ( &�3p&� �hq� d ! )�e�)"+q( +�jr$��".�1 � j

dczbyax =++
8s42( +�0o� d ! )�e�)"+t&�,�( �

&/0/( 3 ` &"m 3 )"( ��c�$"��( 3 j�)", 0/( � ( &�k/$"f 0�� j�( e�0�)"+�$"� ! e�0 ` &�3" "&�! . 0��/,�$"�/u

056

0324

045

=−+
=−−−
=−++

dcb

dcba

dcba

vP "g"./5 ��,/0@w%� d 3 )�n�)�� 3 j ` &�32xyg�k 0�e�)"( ��3 8�zPc/0/�/0/( &"j	( �y)�c")"( +�$"&7e�j{ ".���j dba  , ,
# 3 &�( +�.�n�0/( &"j

)"( &"m/� .�h�( �
c,
b�./! ) ` ��,�$"�Pu



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.19-

ca
2

1= , cb
4

3−= , cd
2

1=

��� ������ !#"%$�� !&!�'#(�!�� )�*  +& , $�-/.# �
c 021 , !43#!#)�5#6�* , 1 $#! 4=c 0 3#!�� ) ����'�$#*7 +��4* 8 � .�9�.#+/ ��'

* 3�, 3#: 6���'<;

2432 =+− zyx
= �>* 3�� 3#* 6 �?!�'� @?$#!#A ��$#*B !> )�� !?.#+�$#* � !?!�3#@C !>��3#��� !>3#* ) ��5 0�D !�� ��� �� !�,�.# �>E<F -�$#!HG I G J�I

��K#� L#M N�O P�Q�R�N�S�N (�: .#+�" T U#!�, V � ����$#5#A ���� !�, W�N�X�Y#Z�Z�[�Z#N !��H'�3#5#)�F * ,	: ��!#"\!#)�, (�$�@#"

0≠c
 :  ��, �#"�]�.# *

BcA =
I���K�� ^ _�`#^ a ^ b ������$#5#A � �� !�, W�N�X�Y�Z�Z�[�Z#^ b ! � 1 , !\6 K��\.#+�$#* � ! 1P

U#!�,

1Q
3#��'?c�)�� .#U#���� !�,#3#5���9%.# +��C3#)�]B +>U#!�,�6 K��>.#+�$#* � !

2P
U#!�,

2Q
3#5���9%.# +?6�* K� * )�+ 0 , .#F K#* , ;

)( 2211 QPcQP −=− ,    0≠c .
��K#� ^ W�a W�^ L#N � ����$#5#A ���� !�, W�N�X�Y#Z�Z�[�Z#N !��7 !7U#!�������, U#5

 
 ��'#"?6 , !���K#.�$#!� !d* � ��!�,e$#*  !#8 K7 ��'#"

3#!#)�5�f�f�+#f#!�I E< � �2g�'�U�f�* � 6�* , �?J�h F ]�)�� 0  !?* 3�� 3#* 6�!\$#*�* 8 , .�]�.�* , "

1111 dzcybxa =++
U#!�,

2222 dzcybxa =++
* � ��!�,#3#!#)�5�f�f�+�f�!?!��CU#!�,�$#@ ���?!��2'�3#5#)�F * ,#3#)�! 1 $#!� , U#@#"�!#)�, (�$�@#" 0≠k

 :  ��, ��"�]�.# *

21 kaa = ,       21 kbb =  ,      21 kcc = .

i�j#k l�mon p n�q�r�sCm t�u�v v�w v�m?x y#z y�x { m?|�} ~��2� � j���t�~



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.20-

����� ��!�" # $ %&��' ( )
*�+-, .�/ .0, 12+

1=++ zyx 3 +�4 30222 =++ zyx
, / 5�+�46.0+07�8�9292:090+-+0; <�=?> + 3 +252<2524 3 8-> <�@0A

1 4 +252=0B�C0+�> +
)1 ,1 ,1( 3 +�4 )1 ,1 ,1(2)2 ,2 ,2( =

, / 5�+�4D.0+07�8�9292:�9�+�E�F > <GF H I�C0+KJ E J LG; +�/ 52< 52> +�46> +
.0+07�8�9292:090+M, .�/ .0, 12+�E

N =0<O, .�/ .0, 12+O9�P Q < 52> +�4 R�S�T0U V2W +25�> + 3 +252<2524 3 8O> <�@0AD1 4 +252=0B�C0+�> +X, / 5�+�4 3 80Y2, > +ZC0, > +0[ =
> <�@0A E F > < 5D\�@ 3 9�, / 12, 4 <M]2^ H _�72<0`2> +M, .�/ .0, 12+aC0,�, [ 4 B�_�B�, 4 A

1111 dzcybxa =++ 3 +�4 2222 dzcybxa =++
, / 5�+�4 3 80Y2, > +M+25

0),,(),,( 212121222111 =++=⋅ ccbbaacbacba .
b&, 524 30c > , 7�+0`�C�.�<072<�=�C0,d5�+e<072/ B0<�@�C0,f> : g2hji k W +25�8�C0, B�+KB�,G1 =�<l, .�/ .0, 12+0`�B�+25e> :KQ m�52/ +
+25�8�C0, B�+MB0> + 3 +252<2524 3 8n> <�@0Ao1 4 +252=0B�C0+�> +�E

. p
q0r s�t�u v u w0x0y�z�{ z�| } tMz�~0�j� � s�� ~�� � t��

����� ��!�" # $ %&��' ( �
F > <nF H I�C0+�J E J �D; +�/ 5�< 52> +�4�B0> :�56/ 1 4 +nQ 7�+0;�4 3 IM.0+07�80B0> +0B0:M> +M, .�/ .0, 12+aC0,	, [ 4 B�_�B�, 4 A

02 =+− zyx 3 +�4 12 =−+ zyx .



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.21-

��� � ���"!�#�$&%�')(+* ,.- /��&0 �.* /�� 1 %�$.( 2�� 2)3 1&/���4�5&( /�#&$�%)')(+* �.1 %�$"6)�&�&$&�&� 6)7.* $&8)9+1 � �&�&%):�')��* �)4
1 ,);��)1 <=* �=1 � �&�&%):�')��* �

)1 ,1 ,2( −=A
6)���

)1 ,2 ,1( −=B .
>�$?:)8 �&,�'�0 * $ �&$?* ,�9�- /��&0 �)9@2�$�8?:)A ,�')��* 0 B $�8 �?( 0 ����� C

6

1
cos −=⋅=

BA

BAθ

D�0 �����	- ��/�:)* E.E�* �	1 %�$"( 2�0 2)( 1&�.* 3 ' �&$&�&* ���F:�(G'�0 �"( 8)5&( 0 �.- #���'�'�<�HID�2�$�')3 �&/�9G:)* $ �"J�K
A L�#�$M8�2)7)#&A $�8 �M1 %�$?* #&E�2�$��)N?( 6)O�#�7):�( � 9 - � �M���=2)( #&� - #�7�P@$�8�')(F'�0 �Q( 8)5&( 0 ��H�RS2)#�L@* $)9 4�2�$�8=<)1 ,
�&���)O�3 #�5 ,)6)( 4�( 0 ������,+2)�)#���')( * #&� 6)3 9F( T � :�L�:�( � 9	6)����$Q1&( %�* ( #&$�9F( 0 ������$���( T � :�L�:�( � 9	* /��=( 2�� 2)3 1&/��
2)$�8U2)( # �&$�%&�U��2)EV* ,��V( 8)5&( 0 ��H@WM���)9 ( ����;&;���6�* � 6)E)9 $)#&� :�'�E)9 * ,�9 ( 8)5&( 0 �)9 ;&$�� 2)E �X( 0 ����� CM>I$
:)%&�&$�;�$Y* /��Y:),�')( 0 /��

),,( zyx
2)$�8Z� 6)�&�&$�2)$�� $�% �[* ��8�* E�A #&$&���Z6)���\* � 9V1 %�$Z( T � :�L�:�( � 9V* /��

( 2�� 2)3 1&/���H)]\2)$)#&$&%�')(^2)7&�&* $�* (M')(M��2�;�3 9^��;&- ( !�#&� 6)3 9F2)#�7)T ( � 9	���G!�#�$&%�')(^* ,&�G'�0 �G3 6)O�#��):),_��2�E
* ,��?7�;&;&,�H

`+a�b�c�d�e f g hIa+i j k
lV( 8)5&( 0 �?2)$&8?$)#&0 B ( * ����:��&�^* $)'�<=* /��M( 2�� 2)3 1&/��

02 =+− zyx
6)���

12 =−+ zyx
'�2)$)#�( 0����?( 6)O�#��):)* ( 0)6)���)2)�)#���')( * #&� 6)7

tx = ,       ty 31−= ,     tz 51−= .
m �&* 0 :)* #�$)O��)4��&�G1 0 ��( * ����,\2)�)#���')( * #&� 6�< 3 6)O�#��):),\* ,�9?( 8)5&( 0 �)9 4�'�2�$)#&$�%�')(^���_!�#�$�%)')(?2)7&�&* $�* (
1 %�$U��2�ES* �U7�2)( � #��U( 2�0 2)( 1&�S* /��.$�2)$�0 /I�n* $)'�<S���S( 0 �����^,V:)8�- 6)( 6)#&� ')3 �&,V( 8)5&( 0 ��H�o�* $U0 1 � $
2)�)#�7)1&( � -&')�)4)�&�M;&%):)$�8)')(�6)���)* � 9@* #�( � 9�( T � :�L�:�( � 9�/�9�2)#�$�9@* ,��^2)�)#�7�')( * #�$

t
4)5&�=3 A $�8)')(&C

xt = ,      
3

1 y
t

−= ,     
5

1 z
t

−=

<Q��2)��;�( 0 O�$&�&* �)9@* $
t ,

5

1

3

1 zy
x

−=−=

pM��0 # ��$&�&* �)9�* $M2)#�L@* $Q')(@* $?1&( %�* ( #&$=')3 ;&$)9�6)����* $=2)#�L@* $Q')(	* $?* #&0 * $�4�3 A $�8�')(F'�0 �Q3 6)O�#��):),Q* ,�9
( 8)5&( 0 �)9�:��&�M* $�'�<?* /��M( 2�� 2)3 1&/��

13 =+ yx
6)���

15 =+ zx .



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.22-

������� ����!�" # !%$%&%� �(' )*�%+%,�-%.%/�0�,%'1" # 21# 3 # -�" 4%" ' 21" 5��6� ����� /�7 # 8��69%��: + � /�0�,%'

5

1

31

1 zyx −=
+

−+ !%��#
53

11

+
−+−= zy

x

��9%-(" # 21/�9�/�: ' 21" ' � # !%$(9%+�/�!�;�9�" ' #%4<' 0%= ' : �<.�� �>" /%,�?<" 5��6' 9�# 9%@ 3 5��
1455 −=+− zyx

!%��#
28 =++ zyx .

A�B�C D�C*EGF H*I J%K%L	I M�N�OPM�Q1I1R�S�Q1I L	I M�N�OTR�F�J�U�V�U�Q�W XYN J%V�O

��: ����#�7 ��5�.%" -%26/G" + -�9�/%269%�%+�$%.%" �%.%4�2(' � -�2(.%4�,%' : /�0Z.%" / � 2R
,%'(" # 2 [�\ ]%^ _�` aPb%c%d e f e g�h�i�` d f a

),( θr
/�#%/�9%/�: ' 21.%0 � 3 @ / � " ��#�,%'1" # 21j>�%+ " ' .%# � ��@ 2�.%0 � " ' " ��7 ,%@ ��' 2

),( yx
,%@ .��<��9%-6" # 2�' k # .�8�.�' # 2 l

θcosrx =
!%��# θsinry =

-�9�/�0
0≥r
!%��#

πθ 20 <≤ m n*o ?�,%�Zp q p r s q
t �u� ���%)*@ +�/ 0�,%'v" 8�+��w3 ;�/w' ����� ����!�" # !%/�;%2x" +�-�9�/ 0%2y9%�%+�$%.%" �%.%4�2v.%4�,%' : 5��w.%" / �

��0�!���' : 3 ' # /{z | o 8�+ /}9�/�0{' : ����#	# 3 # ��: " ' +�� o + ?�.%# ,%/�#Y.%" 4��{' 9�: � 0%.%4~9%+ /%� � 4�,%$�" 5��~,%'T9�/�� ����9���$
/�� /�!�� 4�+�8	,%��" ��q1�6+�$�7 ,%��" # &	-�9%5�2T= �~3 /�;�,%'G�%+ 7 -�" ' +���&Y.�'T/%+ # .�,%@ ��' 2P9%' + # 9�" 8�.�' # 2G4���� ����7 ?
.%0%.%" ?�,%��" /%2�.%0 � " ' " ��7 ,%@ ��5�����9���/�9�/�# ' :x" /�0�2�0�9�/�� /�7 # .�,�/�;%2�" 5���/�� /�!�� 4�+�5	,%$�" 5���-%.%/
9%' + : 9���/�!%/�#%!%��#�� �()*��: � / � " ��#���0�" /�:��%+ o # !%$�q

���%� ���T� � ��� �%�Y� ��� � �%� �%� � �1� ������� ��� � � �1�%� � � � � �%� ��� � � �1��� �(� �%� � � � �



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.23-

��� ���! !" # $!%!" ��& ')(!�!# *,+ *,-�.�/�& #,+ '
 ),,( zr θ 0 1�2!354!6�7!0 8 9�: ),,( zyx 9!;,8 < 9 1 = > � >�?!2@= � 3

4!A B 4�0 � 3 C
θcosrx =  ,           θsinry = ,            zz =

DE� 4�9!F G,1�>�7!>E>�?�2H= � 3I4!A B 4�0 � 3 C

22 yxr += ,        zz = ,       















<=
>=

<>+
<+

≥>

= −

−

−

0      0         2/3 

0       0         2/

0     0      )/(tan2

0       )/(tan

0      0         )/(tan

1

1

1

yx

yx

yxxy

xxy

yxxy

καιανπ
καιανπ

καιανπ
ανπ

καιαν

θ

2�?�9�:J6K4!: 1�L!;,= 6�4!6 )/(tan 1 xy− M 4!:�7!N,9�O,8 < 0 = > �QP > � 7!0 = 9!R 0 S M y/xT�T ?!>�8 ; 1�0 � = � 7!B 3U> 1�L�7!0 4�>V4!= >
2/π−
P > � 2/π W X = 6�1Y?!0 ;,8 ?�= Z�4!6E= Z�1H4!6�7!0 8 Z�1H7!0 0== yx F,0 1U9!;,8 < 0 = > � = 9 [ .
\ ?!9!;�9,G�7!0	1�>]?�9�G�7!0YF 6!O�>!F D 2�= �_^ � > P L!`,0U4!6�7!0 8 9 ),,( zyx

^ 8 1�0 = > � 7!0 = >�= ;�9�? D = Z�1aF G�9
?!;�bI= Z�1E4!: 1,= 0 = > ^ 7!B 1�Z�1H4�0	?�9�O � P B 3	0 1�bc6J= ;,8 = 6J?!>!;�>�7!B 1�0 � >�7!0 = L!N,O,6!= 6 W�d L!`,0Y4!6�7!0 8 9]4!= 9 1Je�f
A b�;�9 P >!` 9!;,8 < 0 = > � 7�9,1,9!4 D 7!>,1,= >g>�?�2h= � 3 P :�O � 1�F,; � P B 3]= 9,:g4!: 1,= 0 = > ^ 7!B 1�0 3 iY>,1j?!0 ; � 9!;,8 4!9�:�7!0
N�B N�> � >E= 6 ^ Z�1,8 > [ 4!= 9EF � L!4!= 6�7!> )2 ,0[ π M D 4�0�L�O,O�0 3	?!0 ; � ?�= b�4�0 � 3�4!= 9 ],( ππ− T P > � = 9 r 7�2,1,9
4!= 9�:!3I`,0 = � P 9,G!3�>!; � `�7�9�G!3 M X A D 7!>Vk W k l,T W

(x,y,z)

y

x

z

[ r

z

m�n!o p�q]r s r�t u!v�q w�x y z!{ q!| } ~I�,q�{���� ��{ | � w_{ �,} ~�z!� | x y x q�� p!} | y ~

� 2!;,9�35� P :�O � 1�F,; � P B 3�4!:,1,= 0 = > ^ 7!B 1�0 3 �@?!;�9 P G�?�= 0 � >�?!2@= 6�1�0 R D 3 � F � 2�= 6!= >_C]�E= >,1
πθ 20 ≤≤
P > � ∞<<∞− z iI9 ^ 0 Z	7!0 = ; � P 2!3H= 2�?�9!3E= ZQ1c4!6�7!0 8 Z�1�7!0 ar = i�2�?!9,: a `,0 = � P�D



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.24-

��� ���! "�#�$% & '���(*) '���+-,�.�/!( '!0!"!1�+32� 4��,�� & '�� a 5 687 9 2��;: < : = > <@?@(*,�A�/!( '�0!"!( ,�) +B��A '!�  � ��C!2�) '� +
7 "!D���( 2�1�E�1�( 1�.!'!� ��(��� FE� "!( E�� G��� ( +%H�E�1�AIA�E�#�" 7  (KJ!,�A�/!( '�0!"!( , 9 ��A�2�2� � "!& ��L-0 D�/���0 9 ��A�2�2� � "!& �
M +NE�"!1�+�2�& �O A��! & ��<

r=0.5

r=1

r=2

r=3

P Q R P S R
T�U�V W QIX Y X Z�[�\8] ^ W ] _ `8a b!c�dN_ c�e�f�d�g�h W ] i ^	j W ]

ar =k l m�n o o o�p q r s t l	p u vKw x�y v	z v {�| q r } v { y ~ � � q � l �Nz l t y � v � u l �8u { w l t l@� s � ~ q	u } r x8�N~ } l@u v@��p u v	| } � p u q r l@� o � � z mN� l }
~ } l�u v��8p u vN| } � p u q r l�� � n � n � � � vN��| } l u q y � � q � s�p u l � s y ��� ��o � � � ��} l�u l�p q r s t l�l { u ��{ z v � v ~ t p u q � l ��v } �8l y u s p } l � � �
u v { ��p { � u s u l ~ r � � s �8k � � � � � m �!�8l t � v � u l } � lN� l u l � � r v � u l } v r v } � r v y!� l�z � � ��p s�r t lN� { � } � | y } � ��s z } � � � s } l �
k � m��8{ � } � | y } � � ��s z } � � � s } s ��z v {Kl � u } p u v } w v � �8p s�p u l � s y � ��u } r � ��u v {

r=0.5, 1, 2 
� l } n

.

�I�� 8¡�¢�£ ¤ ¥ ¦K�I§ ¨ §�©
ª '%A�E�1��!) ��1�A�2� NH�� (�) 7 1�A�2� �) '��O��D�2� & 1O2� �«F��"!�  ��( �!'�) +���A!'!�  � ��C!2�) '� + )8 ,6 ,6( <!¬KH��  !­

2666 22 =+=r ,          4/)1(tan)6/6(tan 11 πθ === −− ,         8=z .

?@(�,�A�/!( '�0!"!( ,�) +���A!'!�  � ��C!2�) '� +�� 1�A*��D�2� & 1�A* & '���( ­ 8) /4, ,26( π .
ª '-1�(�,�A�/!( '�0!"!( ,�) +*��A '!�  � ��C!2�) '� +* '!H�+*#�/!/�1�A3��D�2� & 1�AB & '���( 3)- /3,2 ,8( π 2�E�1�"!1�.�2� O��2�) � M +
'��*A�E�1�/�1�C & ��1�A�2� N� ( +N«F��"!�  ��( �!'�) + < ® 7 1�A�2� ­

4
2

1
8

3

2
cos8cos −=






−=== πθrx

34
2

3
8

3

2
sin8sin =








=== πθry

3−=z



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.25-

�������  �!�"�# $�%�&�!���'(��)+* � ,�� �+$�# &�,�-+$+* � * ��.+"�# $�� &�* !�-/,�0�"�� 1 !�-2� 1 $���� 3)- ,34 ,4(− .

3 � 4�576�8 9�8 :�; <=4�>�? @+A @+6�B�C�; ? A <  ),,( φθρ � $+D�&E,�0�"�� 1 !+- ),,( zyx !�)+1 F !+$+* ���G�� �DH* � &
,�I # ,�� � & J

θφρ cossin=x ,          θφρ sinsin=y ,         φρ cos=z

D� �!�-
0≥ρ ,         πθ 20 <≤ ,         πφ ≤≤0 .

K . � %	"�� * )+� ��LM,�0�"���,�1 �2* %�$2,�NO��� )+� ��P�$2,�- $+* � * ��.+"�# $�%�$Q� 1 $���� J
222 zyx ++=ρ � 1 $����	0R�� �D�,�* ��,�0S* !+-S,�0�"�� 1 !�- ),,( zyx �� �DS* 0�$G��)+I LR* %�$G��T D $�%�$�U K

. %�$+1 � V � 1 $�����1 W � �X"��	��-�* LM* %�$Q��-�Y+� $�W+)+� ��P�$/,�-+$+* � * ��.+"�# $�%Z$�[�� $�P\0M. %Z$+1 � ] ,�I 0�"���* 1 F � * ���O�� �D
* !2W � ^+$+-�,�"��/_+# ,�0�&7* !�-2,�0�"�� 1 !+- ),,( zyx ������* !+$Q^�T ! $�� z ` a I L�"��cb U b d e U

(x,y,z)

y

x

z

V

f

]

g�h�i j�kXl m l n�o�pqk f�r s t�u k�v w x7y+k u�t�] k u fOu y w x t�z v r s r k�{ j�w v s x

3 D�)+!�&Q|�,�NO��� )+� ��# &2,�-+$+* � * ��.+"�# $�� & }~ �)�!����� �* � �7�� �D�* 0�$~� W � D�* 0�* �OJO�	$ πθ 20 <≤ �����
πφ ≤≤0 [(* D�* ��!R. � %	"�� * )+� ��D�&c* D� �!�&c* %Z$�,�0�"�� 1 %Z$R. � ��* ��!� �!�1 � a=ρ [(D� �!+- a _+� * � ��L

,�* ��_+� )�^�[R� 1 $�����"�1 ��,�NO��1 )���"�������* 1 $�� a ` a I L�"���b U ��� e U 3 ��,�NO��� )+� ��# &�,�-+$+* � * ��.+"�# $�� &
I )+0�,�� "�!� �!�� !��+$+* ���q,��M �)+!��+Y+L�"���* �SD� �!�-\-� �^�)+I � �	|�,�NO��� )�� ��LR,�-�"�"�� * )+1 ��}SW 0�Y���W L�,�-�"�"�� * )+1 �
%�&7 �)+!�&�# $��/,�0�"�� 1 !�U



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.26-

����� �  
����!

����"

����#

$ % & $ ' &
(�)�* + %-, . /�021�354 6 + 4 7 859 :2;�<=7 ;�>�?�<�@�A + 4 B 6	C + 4

a=ρ
D E F # � � ��G H I J K E G L MON P�� M	Q M R�S H I T M R � U V W H X E Y Q E K � Y M Y L E Z L R N E K E\[ J ] U H	L T I P Y U T E L M\W�G L M	S T ^ G L H I E\_ � ` " Q F X E T
U T E L M=a=G L M�S T ^ G L H I E=_ � ` Q b � c M���S T E L H � V W H X J�G L E W J � d5����� �  � e�T E L E G H I J K E�E R L ^�R Q M f M U K G L H X E Y M T g E � L J G T E Y h Z
L M R Z G R Y L J L E U I h Y J Z5D i ` j ` k F �2l E K Y M Y L E T Y E X E L E Y h I M Y L E T M I M T d I M �2a E Q ^ Y m G J�I K E G a E T � T X V�J Q T a ^ Y J T E �
D n F�o a E T � T X h Z J Q T a ^ Y J T J Z Q M R E Y L T G L M T N M ] Y G J�G L E W J � h Z L T I h Z L M R=� =0.5, 1, 2 X E T�# ��p�X L d Z�E Q dqL H Y Q J � K Q L m G H
����� �  ` M T R Q d f M T Q J Z G a E T � T X h Z J Q T a ^ Y J T J Z G N J S T ^ G L H X E Y I JO� ≤ W ≤# Q r " �

s-t�u5v�w�x y z {Ot-| } |�|
~\�������2� � ��� �2��� �	���2�2� � � ���2��� ��� ��� �2����������� � �2��� � �����

1) 1,- ,1( � ~\�5���5��� �2� ��� �	� ���-���2�2� � � ���2��� ��� �
� � ����� �

31)1(1 222222 =+−+=++= zyxρ

41

1
tantan 11 πθ −=





 −=





= −−

x

y

°≈≈





=





= −− 75.54955.0

3

1
coscos 11

ρ
φ z

� � �����2����������� � �q� ���q������� ����� � �2�2�2� �����������5��� �2� ��� �����2�2� � � ���2��� ��� �
/4) /6, ,3( ππ

� � �������2�

22

33

2

3

2

1
3

6
cos

4
sin3cossin =













=











== ππθφρx

22

3

2

1

2

1
3

6
sin

4
sin3sinsin =











=











== ππθφρy



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.27-

2

3

4
cos3cos =





== πφρz

�����! "! #%$ "'&�(�&� )�*�"� "!��"�#�+�&� "�&�,�-.&�,�*�/ $ 0�1!&� 2%13 #%4 &�5 4 +�&� "� 2!6 7�#%2�8:9:"�$ 1�/  "�4;��4 2
9�(�&�4 <��=<�"�4>��4 2=<�2%1% +?&� ,�1="%1�@%#�7A��4 1%,?5 4 "�$ &�@ ,�&�,�8B 2?&�C�&� ,�*�"= 0�1EDF"�#% / &�4 "%1�7�1
&�(%1% /  "�G%*�H 1�0�1�IJ��(� �K��*�0�-L5%/M&�,�*�"�$ 1�/ 4N�� 4N2�4E+�O%O�2�4N #%����2�4E/ $ 1�"�4E@%/ 0�#%,� 4 <�+
<�"� "�&�<�/ (�+�&�*�"� "P*��%1%2QG 4 "Q1�"J5 4 / (�<�2�O%C 1%2�(%1Q ,�1J/ ��$ O%(�&�,P��#%2�R%O%,�*�+� 0�1�I!S:4 "T1�"JG $ 1�/ 4
��/ #%4 &�&��� / #�2U<�"� "%1%2�,� )>,>6 #%,�&�4 *��� ,� "B 0�1U&�(�&� ,�*�+� 0�1B&� ,�1B��#�+�V ,�83@%"W5%7�&�2%(�*�/XH 1�"
��"�#�+�5%/ 4 G%*�"Q"����Y ,�1W/ ��4 &� )�*�,Q ,�-Z#%2�*���2� 4 <�)�-X����2�(W 2W<�+�@%/U&�C�&� ,�*�"T&�(%1% /  "�G%*�H 1�0;1
"%1% 4 &� 2�4 6 / $�&�/	H 1�"[&�C%1%2�O%23*�,�6 "%1%4 <�7�1F<�4 1%)�&�/ 0�1�I

\^]�_:`�a�b c d e;]^f g f�h.i.j	k:]�_�e�l�d m^n�o p._:l e�q�l�o c r�m
s "�#���O%2t��2�(.,[O�H V ,[u�#�2�*����� v[*���2�#�/ $%1�"[&�,�*�"�$ 1�/ 4�"�#%<�/  +[5 4 "�9�2�#�/  4 <�+t��#�+�G%*�"� "�8�"%1�+�O�2�G "3*�/
 ,�1W��/ #%$ &� "�&�,Q��2�(W6 #%,�&�4 *�2���2�4 / $  "�4 8'/ *�/ $ -Z@%"Q@%/ 0�#%)�&�2%(�*�/U&�" 1 w�x y�z�{�| H 1�"%1Q*�,�6 "%1%4 <��
"�(� ��*�"� 2}R�#�"�6 $ 2 1�"~2~2���2�$ 2�-Q/ O�H G 6 /  "�4U*�/Q 2~<�"� +�O%O%,�O�2}O%2�G 4 &�*�4 <��}G 4 "~1�"}/ <� / O�/ $
��#�2�G #�"�*�*�"� 4 &�*�H 1�/ -Q<�4 1%)�&�/ 4 -P*�/P&�<�2����E 2 1N6 / 4 #%4 &�*��E9�(�&�4 <�7�1N"%1% 4 <�/ 4 *�H 1�0�1�IX��H  2�4 2�4
R�#�"�6 $ 2%1�/ -A6 #%,�&�4 *�2���2�4 2�C%1% "�4�&� ,3R%4 2�*�,�6 "%1%$ "t<�"�4�/ $ 1�"�4�G 1�0�&� 2�$�<�"�4�&�"%1 �:� x y�� ����� � �%��w�x y�z�{�|

.
��"�#%2�*����� ?"�(� +�*�2�4 +�� 2%(%1M&� ,�1�<�"� "�&�<�/ (�)�*�/� 2%1�"%1�@%#�7A��4 1%2KR�#�"�6 $ 2%1�"�I

����2� / O�2�C%1% "�4.5 ,�O�"�5 )Z"���� ��� � � � | � �%�X| y�� y���| � ��2%(X"%1% 4 &� 2�4 6 2�C 1�&�/�*�H O%,Z 2�(X"%1�@%#�7A��4 1%2�(
&�7	*�"� 2�-�����0�-A 2t&� )�@ 2�- 8%2[+ 1�0�R�#�"�6 $ 2%1�"�-�<�"�4�2[��)�6 ,�- I%��"[ *�)�*�"� "3"%(� +3&�(%1%5%H 2%1% "�4:*�/  "�V C
 2�(�-F*�/ � w:� w:�	�%� � � ��2�(^<�"�4;"�(� H -�"%1% 4 &� 2�4 6 2�C%13&� 2%1^"%1�@%#�7A��4 1%2'7�*�2�8:&� 2%1^"�G <�7�1�"!<�"�4�&� 2 1
<�"�#%����I �: 2t+�<�#�2. 2�([*�,�6 "%1%4 <�2�CtR�#�"�6 $ 2%1�".(���+�#%6 / 4� 2 ��� w�� x[� w�� �%�%� � x  2[2���2�$ 2["%1% 4 &� 2�4 6 / $�&� 2
"%1�@%#�7A��4 1�2 ��� w:�

.
s 2�O%CQ&�,�*�"%1% 4 <��Y&� 2�4 6 / $ 2WG 4 "Y 2%1Y6 "�#�"�<� ,�#%4 &�*��Y<�"�4� 2 1Y��#%2�G #�"�*�*�"� 4 &�*��T/ 1%��-

 H  2�4 2%('*�,�6 "%1%4 <�2�C!R�#�"�6 $ 2 1�"!/ $ 1�"�4:,!O�/ G ��*�/ 1%, � � �Ay�� | w:� �^| x��tz%� w:� ���%� y���| x���� w:� ����� ��� 8:5 ,�O�"�5 )
23G / 0	*�/  #%4 <���-	 ����2�-� 0;1^&�,�*�/ $ 0�13&� 2%1[ #%4 &�5 4 +�&� "� 2^6 7�#%23��2%('*���2�#�/ $�1�"'9� +�&�/ 4;2!<�"�#%����- I
��2N��/ #%$ R%O%,�*�"=/ #%G "�&�$ "�-J/ V "�#% +� "�4B"����E ,�1N"�<�2�O%2�(�@ $ "= 0;1E #%4 7�1E"�#�@%#�7�&�/ 0�1N��2�(
6 #%,�&�4 *�2���2�4 2�C%1% "�4FG 4 "� ,Z&�C%1�5%/ &�,� 0�1� *�,�*�+� 0�1� 2%(XR�#�"�6 $ 2%1�"�I:�t6 2%(�*�/'5 C�2�R�"�&�4 <�+Z/ $ 5 ,
"�#�@%#�7�&�/ 0�1U"%1�+�O%2�G ">*�/  4 - <�4 1%)�&�/ 4 - ��2�(B/ ��4  #�H ��2�( 1�1�"B/ <� / O�/ &� 2�C%1�¡.¢ "%£�¤ z w�� � y���| � �%�
� w:� w:�	��� ��2�(J/ ��4  #�H ��/ 4¥*��%1%2QG #�"�*�*�4 <�H -U<�4 1%)�&�/ 4 -U<�"� +P*�)�<�2�-B/ 1%��-B+�V 2%1�"Q<�"�4¥¢ R%£Z¤
z�� w:� ��| w�x�¦�� �%�t� w:� w:�	��� ��2�(3/ ��4  #�H ��/ 4���/ #%4 &� #�2�9�4 <�H -	<�4 1%)�&�/ 4 -	G C�#�0¥"����3H 1�" 13+�V 2%1�"�I��;23/ $ 5 2�-
O�2�4 ���%1F 0�1F<�4 1%)�&�/ 0�1F��2%([/ ��4  #�H ��2�( 1.2�4�"�#�@%#�7�&�/ 4 -�<�"�@%2�#%$ � / 4�<�"�4� 2t��/ #%$ R%O%,�*�"[/ #%G "�&�$ "�- I



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.28-

�������� ��"!$#$% & '"�('"��)���*�%+& , -���.���/�% *0����/�*� �& 12��.��$'�3"'�4�#�& . 15% ��/(& , -���.��$'". #�)$��% . 6$7 1 8�9
6$�$'"�$*$1;: <$ ��$: =>)����$'�& ,�-��(6�. -"<�3"& ,?�$@"-�AB6$��.?6$@�% A�CD)$7 #��E6$��.D7 F A�C?& )��$'"*$1;6$��.?��, #�A?8HGD-��$1
% 7 % ��. ��1	I�'���J , �"-��$1KJ �$'���6�% <�'", L & % ��.�#��"- M?N O�P Q R$S N$T U?O�V W�X�U�P =Y�� " ". 4�1 V O�Z"V$[ \	T S V?O�V W�X�U�P 8 ]�, -���.
^ �"-�& '�*_*�% .Y% �`�$& '", I" "<�)$�B& '"a �$#$, �$1>& , -���.07 -��B�$'�3 ��a 4�-". �B�$�$'��� " "<$ �& ��, �$& :"�cb )$��L ,�)$&>% �
& #�AK% & '". 6$*Y% ��/"d 8 G2-��;% 7 % ��. �e'"�$)��$*�% ^ ��, -�& % ��.f#$% �;gHJ =�)$�Eh 8 ifh 8�jDF , L & .�-��Y�$�$'���% <�'"=�#�& .f6$�"-�& , 1
% <�-c�"-"% . #$% ��. J , �c% A�-B6�. -"=�#�& Af-B% A�-`% '". 4�-c�$'�3"'"4�#�& A�-c)$&k% . 1l% . )$7 1>����/m: . ��% '�7 J ��/ -c��.
)$& % �$I" "<$% 7 1

x, y, z
�$@"-�A(#$% �"/$1�� -"% , #$% ��. J �"/$1�@$F �"-�& 1

.

n�o$p W�NYq r s�q"t$M?N O�P Q R$S N$T U	O�V W�X�U�P

j	-u<v�$'�4K% <w@$'�3"'�A�#$<w& -"*$1yxD�$'"% & #$. �"-���!v'"��)���*�%z�"-"% . 6$��% �$#$% �$3"& ,{���$*w)�, �
�$& '". #$% '�� ^ . 6�=0@$'�3"'�A�#$<�C�% *�% &?�$'���6�!���% & .f7 -�� |�} ~�S T � OHS |"UDO�V W�X�U�P 8 G2-��Y% 7 % ��. �e'"��)��$*�% ^ ��, -�& % ��.
#$% ��gHJ =�)$�_h 8 i�i�8K]��$& . : =>��.2a '���)�)�. 6$7 106�. -"=�#�& . 10% <�10% '", % <�1�@$'�3"'�A�#$<�10& , -���.2�$& '". �$'". #�)$7 -�& 1
�"-�@�)$& #��;#�&D)�, �;&  �@�J . #$% <;6$��.H)�, �Y)$7 a . #$% <Y���$*$#$% �$#$<�C$% �5�$& '", I" "<�)$�m& '"a �$#$, �$1?& , -���.�% �Y#$<�)$& , �
�"-�@�)$& #��c#�&>: !��c�$)�*�6$& -"% '"��/$1�6�/� ", -�:"'"��/$1 8;xD��.�& :"4��$�$'���% <�'��"!�)$&l% <"-c�"-"% . #$% ��. J , �c% A�-
6�. -"=�#�& A�-2% <�1K�$'�4K% <�1K@$'�3"'�A�#$<�1?)$&�% . 1�% . )$7 1�����/5�$��, ' -�& .�<;a A�-", � Z : . ��% '�7 J �"-"% �$1K% �+: . @$#$% <�)$�
� � C?i���d+6$��.2��6$*�)�<�% . 1e6�. -"=�#�& . 1e% <�1e% '", % <�10@$'�3"'�A�#$<�1e����/>�"-"% . #$% ��. J ��!"-�#$% <�->��6�% , -��

r. �
:"& !�% & '"< @$'�3"'�A�#$< � -"% . #$% ��. J & , #$% . 1 % . )$7 1 % ��/

z.



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.29-

����� �� "! # $�$�%�&(' )�* + , -.* /10	-�2 ��3�0�4

5	687:91; <�= ; >17:?�>�@1>�A�B�7:; 61C�DFE�G�H1I 6�91>1I E�J1<:>1J�K�L�C�=NM161= I E�M�= M�B�= M�@1; OPM�L�CQK�O M
L�; >1I B�= >�J�R�I E�ST?�>�@1>�A�B�7�UV= C�= ;W@1MYX Z J�G�K�;WX 6�M [�\� �* -.* /10W-�2 ��3�0�4 ] ^.Z S�K�M`_ a b�c1d afefJYL�; >1O g1H17�K�M
; >1h M�B�O M�D(= J�Gi; O 6�M�If= MjB�7�K�; O MjM16�?�K�; B�MjB�;k9 <�JiJ�K�C�E�; 61= >�; DlB�R.M�O >�; Dl] ; L�; I 9 SjE�M�I�L�?�H1IVX Z J�G�K�;
L�; >1I J�>1I B�K�C`= A�6`L�>1I B�K�M�= I E�m�6nE�I 61S�B�; A�61d apoNL�>�mV= 7q?�>�@1>�AVB�7qM161= I B�= J�I Z ; OWB�= 7rh A�61O M s Ul7
91; <�= ; >17WB�= 7th Af61O M \ E�M�I�7t= >1O = 7WB�= 7�6lM�E�= O 6�M -

.

����� �� "! # $�u�%��V\� �* -.* /10	-�2 ��3�0�4



1. ��� ��� � �	� � 
 ��
 � � 
 � ��� � ��� � � ����� � � � � � � 
 ���������

-1.30-

��� �����! "�#%$�&'$(���)#%��* ��&�+%,�$�-�.% 0/%1�23.% 4+�&'&�$'-%245�-'��6 -%�%5�.�$�"%27* 1��(/%8'� 5�.%��* � #%9��:#%���;* 1��
/% 8'� 5%* 8�$%<�� #%9��=�%8�>'8�9�5� 1��=.�/�$%8'$�"�.% 3���?/% * "�@ $'-�.% (6 � �%<A$%8� * � #%+B��/�$�*  &�C 5�.%��* �BD � �B* $
/% 8'� ,'&'E�.%�( 8'D �%5�� �%2 FHGA#%$�/�I%2J.%�%2KI%.%1�2J � �����L���MD � �� �N<A�'�� 8'OME:�'�'* � 5%* $�� @ � �:5%-%5%* O�.%��* $%2
5%-'�'*  * ��D'.%C ��1��QPR.�E%@ �'�'� #%9��S#�� �'O�5� 1��S#%����D � �R��-�* IS* $S&'I�D $S/% 8'� $%8'� T I�.%�%5%*  H.�I'�'$N5� H��-�* +N* �
* 8'� �N � 6 EAF



2. 
��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.1-

� ������� ��!#"%$

&(' )+*-,/.101)+23' 415768.+,#*3):9;2-<=./>7' 6(?@9+)BA#01)+23' 4B<=6C01>
23):D3E;F:2G<=6

H
I J@KML N
O�P�Q�R J@Q�S�I T=U�Q=VML P�L I WYXYJ�SYVML/V�Z Q=L R [ R K�W=KMQ�I \M] JM^�Z Q=X�S�_�QM^�I WYXYL `a_�baI R c+[ R Q�_�SMX�VMQ�I R KMd c
XMS�_�QM^�I WYXYL R ceJ�RYJ�fMJ�Z L ced g J�S�_#fML [ Z J+JM^�R X�V�J�h+KMO�fMJ�R J+S�f�JMXMh _�J�P�J+I J�S

R
KMQ�R
J�R�I R VMd cGI J�S�c-L Z _�Q�R

XM\�VML Z Qji KMQ�R3L fMJYVMd _�`7c:[ R Q�_�hMX�VMQ�I Q8U�d XM\Yc kBI J�S nR l-m Q8[ J�hMVML@fM`ec1J�R#XMS _�QM^�I WYXYL R c@Q�S�I d c
Q�fML R KMJ�_�Z n J _�I Q�Ra] ^�QMN�R KMO=VML#KMQYV�f�h�P�L c#XMI J�_/I ^�R XY[ R OMXMI Q�I J:g oe^�J1KMQ�RafM`ec fMQM^�Q�] `7] Z n J _�I Q�R l�m Q
[�L Z p J�SYVML-Q�KMTYV�\/fM`ec;V�R Q/KMQYV�f�h�P�\1fML ^�R ] ^�OMN
L R
I \�_BI ^�J�g R O1L _�T�c-K�R _�\MI J�h1XMoGVMQ�I JMc bYKMQ�RaVML;f�J�R J
I ^�T�f�J#JM^�Z n L I Q�RM\+I Q�g h�I \MI Q#KMQ�RM\BL f�R I O�g S�_�XM\+I \Yc7KMQYV�f�h�P�\Yc l

q�r�s t�s�u+v w7xYy�z�{-we|�v }a~��/zayYxYw��-|��ez���v �

� _+XMSYVM��J�P�Z XYJ�SMVML;VML
],[ ba
d _�Q/[ R OMXMI \�VMQBI J�S

R
bYI T�I LGJ�_�JYV�OMn J�SYVML �����Y�
�Y� ���Y� �Y�@���
�M�Y�M��� W

Q�f�P�O ���
�M�Y�M���1�M����� nR
bYV�Z Q+Q�fML R KMT�_�R XM\+I \YceV�JM^�N�WYc

nR→],[: bar� .
�aZ _�Q�RaN
Q�_�L ^�T:Q�f�T1I J _/fMQM^�Q�fMO�_�`jJM^�R X�V�TMb�T�I R(Q _:XMSMVM��J�P�Z XMJ�SYVML+VML

t
V�Z Q=VML I QM��P�\MI W

fMJ�SB[ R Q�I ^�d g L R�I JB[ R OMXMI \�VMQ
],[ ba
bYI T�I L-\/I R V�W/I \YcGXMS _�OM^�I \YXM\YcGf�J�S/L Z _�Q�R1I J ��� �Y� �Y���Y�@�M� �M�
�

)(tr� b-[ R Q�] ^�OMN
L R#V�Z Q(KMQYV�f�h�P�\8XMI J�_ nR l�� I Q�_(Q�_�QMN
L ^�TMVMQMXMI L@XMI J�_ 2R
W8XMI J�_ 3R

b-L Z _�Q�R
g ^�WYXMR VMJMb
_�Q=N
Q _�I QMn TYVMQMXMI L+I \�_@VML I QM��P�\MI W

t
XYQ�_:I J�_1g ^�T�_�J@KMQ�ReI J

)(tr� XYQ�_@I \�U�d XM\�L _�T�c
K�R _�\MI J�h+XYoeVMQ�I J�cGVMd XYQ#XMI J�_3g oe^�J3KMQ�I O#I \+g ^�J�_�R K�WBXMI R ]�V�W

t l�� J+[ R O�_�SMXYVMQBU�d XM\Yc )(tr� V�fMJM^�L Z
_�Q#] ^�QMN
L Z�VMLeI \BV�JM^�N�W �M�M� � �M�� ;�Y¡-�

000 )()()()( ztzytyxtxtr ���� ++=
W ( ))(),(),()( tztytxtr =�



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.2-

�����������! !"�#%$!� &�' $!( )*$,+
)(tx , )(ty

�!+�'
)(tz
# - &�+�'��!.�+�/�0!+�( ' ��12$!��&� !.�( �,$!��( �,340!# ( +!5�6��!( 1,3

t .
7 - 8 ' +��!+!.� !$!( +!$!�20!#4$!��&�' $!( )*$,# 390����!.�# -!&�+�: .��,$!' 0�������' �,"�# -��!+�'�/ ' +;( ��/ # &�' ��1��!# .�- ��( <*$!��( �,3
8 ' +�&��!$�0!+�( ' ��1,3*$!��&� !.�( �,$!�,3*$!( � & nR

���!��( #
( ))(),...,()( 1 txtxtr n=

=
.

>�?�@
A�B�C D E F�?�G H I
7 # �!"�# - +J$!( ��& 3R

�!���K�!# . &� !# '�+����L( �L$!��0!# - �
),,( 000 zyx
�!+�';M : # '�( �N8 ' # O!" ��&�$!�P( ���

8 ' +�&�O!$�0!+�( ��3
),,( cbav =

= Q # - &�+�'!�;# ' ����&�+R( �,3S8 ' +�&��!$,0!+�( ' ��1,3*$!��&� !.�( �,$!�,3
),,(),,()( 000000 tcztbytaxvtzyxtr +++=+=

==
�������T( �

Rt ∈ U V : 1�0!+RW�X Y Z

x
y

z

( x 0 , y 0 , z 0 )v[

\�]!^ _,`�a�b c�d!e*f g�h i `Rj�k l�mn]!o�p�l
>�?�@
A�B�C D E F�?�G H G
V ( � V : 1�0!+qW,X Wr5�6�M �����,0!#P8 O��q8 ' +�&��!$�0!+�( ' �!M 3P$!� &�+!.�( 1,$,# ' 3P( <n&s���!��- <n&s��'t$!� &�' $!( )*$,# 3$!��&�+!.�( 1,$,# ' 3P# - &�+�'u( .�' / <n&��!0!# ( .�' �!M 3P$!��&�+!.�( 1,$,# ' 3 X V ��/ �!# �!.�' 0!M &�+ Q $!( � U +�ZK5�6�M �!���,0!#P( ��&
$!��&� !.�( �,$!�

)sin,cos,(sin)( 2 ttttr =
= �!+�'v$!( � U 5�Zt( ��& ),sin,(cos)( ttttr =

= X2w%+�'x��'u8 O��
�!+,0���O�6�# 3RM : ��� &y$!: # 8 ' +!$!( # -S"�# <*.�)n&�( +!3�$,+�&2�!# 8 - �u��.�' $�0���Oy( �z8 '  !$!( ��0!+

]2 ,0[ π
X 7 8�# O�( # .��

�!+,0���O�6��;# - &�+�'!/ &�<*$!( 1��!+�',$,+�& {!| } ~ ���!���,���n�2� �!~ ���
.



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.3-

x
y

z

� � � � � �
�����  �"!�# !�$�%&�  ('�) *�+ ,.-�/ 0�1.�(2�3�0

§2.2. 465�785:9�;<9 = >�?6@�= 5BA(C�>�D&5:E�= FB;GA<>BC(A�5�7&E�H:>�I�JGA
KML NMO P N�Q�R�S�T�N�U P V�WXS�R�Q�Y�Z�U [(S�[X\ Q�\(T�Y�] ^ U N�P _�`�a(`(b�c&b�d e(f g�h N�Q<V�Y�i�^"S�R Q�P S�U j:S(NkU [(lm^ L Q�N�P:T�L N
n N�Z�N�o pBo L S(P T�[qS�R�Q�Y�Z�U [(S�[rU \�R t s<t U [�Q n ^ Z�L n U p:S�[qN�R�U Wr\�Z�L ] \�R(T�^uS(N�Q _�`�a(v(b�c&b�w U [(lV�N(T n�x�y [(l ( ))(),...,()( 1 txtxtr n=

z { U [�Q|V�N(T n�x�y [ n \�R"N�Q�U P S�U \�P } ^ L(S�U [~O P N�Q�R�S�T�N�U P V�W~S�R�Q�Y�Z�U [(S�[






=

dt

tdx

dt

tdx

dt

trd n )(
,...,

)()( 1

z
.

��^ Q�P V�Y { U [�Q n N�Z�Y�o pBo \~T�L N�lBV�N(T n�x�y [(l.U [�QmS�R(T���\ y L ] \�R(T�^8T�^ )(tr ′
z WGN�V��(T�N"� S(^8^ �
N�Z�T�\�o � l8S�U [

��R�S�P V�W"V�R�Z�L p:l �BT�^
)(tr

.z
.

� Z�L ] \�R(T�^<S(N�Q ��f v(� �(e�g(`���`(� ��� h���`�� T�L N�l<V�N(T n�x�y [(l ( ))(),(),()( tztytxtr =
z V�N�U Y�U [

} Z�\�Q�P V�W<S�U P o�T�W
t
{ U \~O P Y�Q�R�S�T�N

)(tr ′
z s�� ��`(� ��� h���` U \�R~V�P Q�[�U \ x U [<} Z�\�Q�P V�WkS�U P o�T�W t

^ L Q�N�P
U \
T�W�V�\�l:U \�R~O P N�Q x S�T�N�U \�l8U N�} x U [�U N�l { O [ y N�O WGU \ )()( trtv ′=

z s�� ^ ��N�L p:l { U \GO P Y�Q�R�S�T�NGU N�} x U [�U N�l
� } ^ P.N�Z�} P V��kS�[�T�^ L \GU [�Q<N�Z�} WkU p�Q<N�� ��Q�p�Q { N y�y YMN�Q<U \MT�^ U N�U \ n L S�\�R(T�^ n N�Z�Y y�y [ y NM� U S�PBj:S�U ^
Q�N�� } ^ PGN�Z�} P V���S�[�T�^ L \uU \ n � Z�N�l�U \�R )(tr

z { i�NuO \ x T�^6��U PG^ �
Y n U ^ U N�PGS�U [�Q�V�N(T n�x�y [�S�U \
S�R�o V�^ V�Z�P T�� Q�\mS�[�T�^ L \m� t } W�T�Nm� s � � s



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.4-

)( tr�

)( tr ′�

)( tr ′�

����� ���! �" #�$�����% &�')( *,+.-�/ ��+ 0 & ��1�( *,+32�% &�'�465���/�( � ��7 ( '�( ��4

8,9 ( ))(),(),()( tztytxtr =� :�; <!=�<�:�>�?�@�ACB�D E 9 3R F D G�D H.B�< 9 I J6K�L�M�N�O�P Q R S H T�U�H ; <�V6D A�W )(tr� B�D E
B�A�:�H ; E 0t E�X�; Y H D <�Z�A[H T�U�H ; <C>�E�TC>�H X 9�\ <�>�G]D EC>�^ X�<�W,D E�T )( 0tr� =�<�Z�^ _ H Z
D A 9 =�<�D H ?�U T 9 B�A`D E�T

)( 0tr ′� F :�H.D A 9 >�X�E�a�>�G�U�H B�A 0)( 0 ≠′ tr� b�c
D A 9 >�H X�; >�D deB�A`>�E�T`Z B�_ ?�H Z 0)( 0 =′ tr� F AfH g
<�>�D E�:�^ 9 A
h H 9 E�X�; Y H D <�Z b
c
?�:�g
d 9 <i:�H!G�B�<j< 9 <�g
^ X�<�:�H!>�X�E�A�k E�?�:�H 9 < S l <�X \ h H Z k�:�<nm�b o V F Aj>�<�X�<�:�H D X�Z =�p
H q ; B�deB�A!D A�WeH g
<�>�D E�:�^ 9 A�WeH ; 9 <�Z r

)()()( 00 trttrtl ′+= ��� .

sCt�u
v�w�x y z {�tC| } ~
8,9

),sin,(cos)( ttttr =� F D G�D HeD E h Z \�9 T�B�:�<)D <�_ ?�D A�D <�WeB�He= \ U�H,B�A�:�H ; E t H ; 9 <�Z
)1,cos,sin()( tttr −=′� .

� D <�_ ?�D A�D <!H 9 G�WeB�A�:�H ; E�T�H ; 9 <�Z
21)(cos)sin()()( 22 =++−=′= tttrtv �

8 T�D G�B�A�:�<�; 9 H Z�G�D Z)D E h Z \�9 T�B�:�<�D <�_ ?�D A�D <�Wf<�@�@ \ Y H Z�B�T 9 H _ �eW h Z H ?�U T 9 B�A�<�@�@ \ A�D <�_ ?�D A�D <
>�<�X�<�:�^ 9 H Z�B�D <�U�H X�p]B�HeG�@�<�D <!B�A�:�H ; <�b � H g
<�>�D E�:�^ 9 A!B�H,^ 9 <�D T�_ <�; E�B�A�:�H ; E 0t H ; 9 <�Z

( ) ( ) ( )tttttttttttttttl ++−=−+= 0000000000 ,cossin,sincos1,cos,sin,sin,cos)(� .



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.5-

�
� ���
� ��� ��!#" $&%�'�( )���*#� +-,��#� � .�� /0� 1#243 5�� 6�/ ,��#24) � 5�. 7 � � 7 1#2-� 1#298�+ : / ; 7 � 5�� 6�1#29( '�/ , � 2-3 / �
]2 ,0[ π∈t
, ��/<� / 2=+ 6
��)�� ;#� + >�+ 2?+ * @�+ A + 2=7 � �B7 1�� + A �

2/0 π=t
, ��/ π=0t . C /D+ : / 7#ED7#+ / 2=� ��* 2

+ A >���/#��>�� A 7 � ��/ � �
F

( )tttl +−= 2/ ,1 ,)(2/ ππ

G , ��/ ( )t-ttl +−= ππ  , ,1)(
G

.

)(tlπ

G

)(2/ tlπ

G

2/0 π=t

π=0t
)( tr

G

H�I J K#LNM�O P�Q RTS U V W X�Y�Z [�\ ]#^?_ `�W a�L=a�L#W \ W�U ]#L b�Z X K#U c _ deZ ^ d<Y�Z LNY�^ K#U f L
2/0 π=t
a�L#W

π=0t

C 5�A g ��*#� +?7#��> h i j#k l#m�n#oqp r�i s�j#t l k m u
v ��A � 2?, �#��)�w�'�1#2 ( ))(),(),()( tztytxtr =
G , ��� .B� 1

� 5���>�/ ,��-7 � / 3����
t x � �48 / .�>�* 7�� �

dt

trd
tr

)(
)(

′
=′′

GG "�y p r�i s�j#t l k m u � ��*N,�/ >�1 � ��w4� 1-� 5�� >�/ ,��97 � / 3����

t
+ A >���/ � �N��� ,�� 2e� ��*=8 / ��>�w 7#� ��� ��2D+ )�/ � .�� *�>�7 1#2 x 8 1 '�� 8 �N� � )()( trta ′′=

G
.

z-{�|
}�~�� � � ��{-� � �
� >B@�+ �D5��#7#��*#� +?, ��/<) .�'�/e� 1�>�8�+ : / ; 7 � 5�� 6�1q( '�/ , �

),sin,(cos)( ttttr =
G %�5�A 7 , ��*#� +N+ w�,���'���� �

8 / .�>�* 7�� �N+ )�/ � .�� *�>�7 1#2e, . @�+D� 5�� >�/ ,��#2D7 � / 3����#2
t :

)0,sin,cos()( tttr −−=′′
G

.



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.6-

������� ���! "�� � #�$ %���&��'� (�%)��� ����� (�* 1)()( =′′= trta + ,�- %�� .!&���/���0 �� ��.�� �1�����1�2 "�� � #�$ %���&��2 0 �����
&�� ��3� 4�5!"���4�.�6�()"�(�%7� ()8 � #���%�&�/��)� �:9; "�� � #�$ %���&��:9<��6�6�#�=  ��&�%��� $ >?9;8 �  *�3 %���&��'@ .�"�A?9;�������
� ��$ *�� ��� ��B ,

C � (7&���/� 0 (7��%�� .D"�4�E "� �:���F� ( ��0 &:(�%�/� G.�� ���7 "�� � #�$ %���&�� )(ta  8� �F 0 �����
������H ����&�� � ��# �
"���4�#�H A1H (�9I� �:9<� ��$ *�� ��� ��9 )(tv ,
- %�� .KJ
��0 �� � ���1�����?��"�.'� �'L<��4���8� 0 H�/���� �KM , N �����?M , O .�"�(�%
P 4�E 3 ���� 2)( =tv ����� 1)( =ta , C � ���Q"�4���H�/���� � ��.�� ��� �R��%�� .SJ
��0 �� � ���F&: 2.�6��T&�$  8 . �S� �
"���4���8� 0 H�/���� � ,

U V�W X�Y Z�Y [ \ ]:^�_
^�` a;` W b�Z�\
c ��� 8 � .�� ���  9;"�(�%!� &�$ *�(�% �)H � �!� ��� "���4���H >1H � &��'� A��)���:/�"�*�6�A��! 0 ������.:/�(��  9I/� D��%�� E 9<"�(�%

H ��A?4�0 = (�%:/� <H � �)� � 9;"�4���H�/���� � ��E 9<&�%�����4�� 5:&: � 9 , d 6� 9;(���� 8 � .�� ���  9I/�"�(�4�(�* �D���!��"�(�8� � $ � (�*��)/� 
&�� (�� $  � >?8� � 9'"�4�#�e  � 9K��J
(�*f e #�6�6�(�%Q� "���4���H >1H � &��S���:/�"�*�6��:9K����#�H  � ��� gI&�*:/�J�A����R/� K� (��
(�4�� &�/�.�g�&: "���4���H >1H � &��D� A��<&�%���� &�� A?&:>��;� �:91"�(�%I 0 ������"�4���H�/���� � ��E 9?&�%�����4�� 5:&: � 9 ,

(1) - � )(1 tr+ ����� )(2 tr+  0 �����h8 *�( "���4���H A1H 0 &�� /� 9D���:/�"�*�6� 9D(��?(�"�(�0  9F(�4�0 = ( ��� ���hH � �2� � 9F0 8 �  9
� � /�E 91� (�% t g�� .��  ?� (I#�3�4�(�� &�/�#I� (�%�9 )()( 21 trtr ++ +  0 ����� "���4���H A1H 0 &�� /��D���:/�"�*�6��D������� &�$ *� � i

( )
dt

trd

dt

trd

dt

trtrd )()()()( 2121 ++++ +=+
.

(2) - � R∈c ����� )(tr+ /�0 � "���4���H A1H 0 &�� /��!���:/�"�*�6��:g
� .��  ;������� )(trc +  0 ����� "���4���H A1H 0 &�� /��!�����
� &�$ *� �

( )
dt

trd
c

dt

trcd )()( ++ =

(3) - � )(tf  "���4���H A1H 0 &�� /��K"�4���H�/���� � ��52&�%���#�4�� �:&��K����� ( ))(),...,()( 1 txtxtr n=+  "���4���H A1H 0 &�� /��
���:/�"�*�6��:g�(�4�� &�/�E �� 91H � �I� � 910 8 �  9�� � /�E 91� (�% t g�� .��  ?� (<H � ��.:/� ��.I� (�%�91"�(�%<(�4�0 =  � ���

( ))()(),...,()()()( 1 txtftxtftrtf n=+
 0 ����� "���4���H A1H 0 &:� /��D���:/�"�*�6��D������� &�$ *� �

( )
)(

)()(
)(

)()(
tr

dt

tdf

dt

trd
tf

dt

trtfd +++ +=



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.7-

(4) ��� )(1 tr� ����� )(2 tr�  ! ������" #�$ %���&���' ()' ! *�� +� ,-���.+�%�#�/� ,-$��0$�%�$�!  ,1$�&�! 2 $ ��3 ����' � �43 � ,1! " �  ,
3 � +�5 ,�3 $�6 t 7.3 8�3  93 $: *.()3  &�� ��81' � ��8.+� ��813 $�6�, )()( 21 trtr �� ⋅  ! ����� %���&���' ()' ! *.� +�;<%�&���'�+���3 � ��=
*�6���>�&�3 ;.*�;-������� *�? #� � @

( )
)()()()(

)()(
2121

21 trtrtrtr
dt

trtrd ′⋅+⋅′=⋅ ������
.

A � " � ��>B' � �B3 $�� 3R 8�%�$�6C$�&�! 2  3 ����������3 $B D ()3  &�� ��8B' � ��8�+� ��$�7�5 ? $�6.+� �@
( )

)()()()(
)()(

2121
21 trtrtrtr

dt

trtrd ′×+×′=× ������

(5) EGF�H.I J�I H�K0L M
K�H.N�O.P�Q R�H�K S T-*�3 ( ( ))(),...,()( 1 txtxtr n=� +�! � %���&���' ()' ! *�� +�;-���.+�%�#�/�;
U T-*�3 (
 %�! *�;., )(tf +�! � %���&���' ()' ! *�� +�;V%�&���'�+���3 � ��=W*�6���>�&�3 ;.*�;.7X3 ;.,B$�%�$�! ��,B$��)3 � +�5 ,C%� &�� 5 ? $���3 ���
*�3 $Y%� " ! $Z$�&�� *�+�$�#Y3 ;.,:���.+�%�#�/�;., U0[�8�3  V+�%�$�&�$�#.+� <���Y$�&�! *�$�6.+� <3 ; P�\�I ]�^ L MGF�H
_�`.\�N�M

fr a� (0,b D =., @���� s  ! �����
5 ����,b��&�� c�+�8�,0%�$�6:����=��� ��*�3 $:%� " ! $1$�&�� *�+�$�#:3 ;., f 7�;<3 � +�=<3 ;.,
���.+�%�#�/�;., fr a� *�3 $ s c��- ! ����� @

( ))())(( sfrsfr �a� = .
d *�#���c� 3 ;-���.+�%�#�/�;1 ! �����. %�! *�;., %���&���' ()' ! *�� +�;-������� *�? #� � @

( ))()()()( sfrsfsfr ′′=′ �a�
A ����/�/�����3 � ��>�7Bc�5 3 $���3 ��, )(sft = +�%�$�&�$�#�+� e���f' &�>�g)$�6.+� W3 ;��Y%���&���%�>���(h*�? 5 *�;i+� W3 ;
+�$�&�j�=

ds

dt

dt

rd

ds

frd �a� =)(
.

(6) 
d ���.+�%�#�/�; )(tr� 5 ?  �X*�3 ��c� &�8V+�5 3 &�$�7 )(tr� k
*�3 ��c� &�8�7����:�����0+�8���$V� �e ! �����X��>�c� 3 ;W*�3 ;��

%���&�>�' ()' 8B3 ;., 7�� *�? #� �." ;�/���" = 0)()( =′⋅ trtr �� ' � �-8�/��C3 � t 8�%�$�6C$�&�! 2  3 ��� U
(7) 
d ���.+�%�#�/�; )(tr� 5 ?  �:*�3 ��c� &�=l" �  #�c 6���*�;l� �G�����e+�8���$i���G ! �����:%���&�>�/�/�;�/�;m+� Y3 ;��

%���&�>�' ()' 8B3 ;., 7����9� *�? #� �." ;�/���" = 0)()( ��� =′× trtr ' � �-8�/��B3 � t 8�%�$�6B$�&�! 2  3 ��� U
(8) 
d ���.+�%�#�/�; )(tr�  ! �����)*�3 ��c� &�=.7�" ;�/���" =V3 ��6�3 ! 2  3 ���0+� -5 ���V+�8 ��$V*�;�+� ! $�7����<�����0+�8 ��$e���

0)( �� =′ tr ' � �-8�/��B3 � t 8�%�$�6C$�&�! 2  3 ��� U



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.8-

����� ���
��� �"!�#%$�&
'(!�)*�"+
,.-0/�1
20#

3
4 5�687(9(:�;�< :�9(=
>?9�@�4 A?B�9?>(:�C D(>�@FE(GH4 5�6?I 6 6�>�J 9?4 >�@KE�A(L�>�@(MN4 E�A�E(9�4 >�MOE�C 9(MHL(9FE�7�P�Q�5FM R
S T J 9�C 4 G :�>NG 6�T J 9(=
I :�>�6U7(9(:�>�@(D(J ;(V G JW4 >HE�A(L(>�MX9�@�4 YNY�4 9�6Z5NL(9FE�7�P�Q�5H7(9(:�J D(4 ;HD(4 >�6 3R

4 5�6
4 :�>�[ J ;\G 6�Y(M]L�J 6�5(4 >�P\DF^_E(9�4 >(M]7�>�@`L�J 6�G C 4 9�J_E(Ga4 9�[ P�4 5(4 9

)()( trtv ′= b R
3
4 5�6X7(G :�C 7�4 c0D(5Z9�@�4 A
>�@(D(J 9(D(4 J L(;H@�7(>�Q�>�< C V >�@FE(G`4 5�6d9�7�Y(D(4 9(D(5O7�>�@dT J I 6�@(DFG`4 >dL�J 6�5(4 YO9�7�YOE�C 9d[ :�> 6�J L�AeD(4 J <�E�A

at =
I c0M_E�C 9a;�Q�Q�5a[ :�> 6�J L�AfD(4 J <�E�A

bt = .
g M.B�G c0:�AFDF>�@FE(G_Q�>�J 7�Y�6%E�C 9%L(9FE�7�P�Q�5 ( ))(),...,()( 1 txtxtr n=b L(9�J�9(M.@�7(>(B�I D(>�@FE(GWY�4 J
4 >

t
T J 9�4 :�I [ G JFI 6�9aT J ;(D(4 5�E(9a9�7(Y

a
I c0M

b
R�hW:�C V >�@FE(G0DF9�6 i(j�k�l�m0n o�l�pao�q�r l�p(s
o t
m_k�u
i(vFw(x�t
m

∫ ∫ 




++





=′=

b

a

b

a

n dt
dt

dx

dt

dx
dttrs

22

1)( yb
z"J T J L(;{< J 9{4 J MO7(G :�J 7�4 ^0DFG J MO4 >�@ 2R

L(9�J\4 >�@ 3R
7(>�@|E(9(MeG 6�T J 9(=
I :�>�@ 6{7(G :�J DFD(Y�4 G :�>(}

7(9(:�9�7(;�6�cUD([ I D(5fI [ G J(4 J M_E�>(:�=
I M09 6�4 C D(4 >�J [ 9

[ ] [ ] dttytxs
b

a∫ ′+′= 22 )()(
L(9�J [ ] [ ] [ ] dttztytxs

b

a∫ ′+′+′= 222 )()()(

~%���
����� � � ���%� � �
��L(9FE�7�P�Q�5

)sin ,cos()( tatatr =b 7(9(:�J D(4 ;eL�C 6�5FD(587(;�6�c|DFGZL�P�L�Q�>e9�L�4 C 6�9(M
a
Y(D(>e4 >

t
T J 9�4 :�I [ G J�4 >�@(M07(:�9�<�E(9�4 J L(>�P(M.9(:�J B�E�>�P(M R g 6fV 5(4 AFD(>�@(E(G.4 >*E�A(L(>�M.4 >�@f4 Y(� >�@%4 5FM_L(9FE�7�P�Q�5FM.< J 9

π20 ≤≤ t
}(B�9aI [ >�@(E(G��

adttatas π
π

2)cos()sin(
2

0

22 =+−= ∫
7(>�@\G C 6�9�J05U7(G :�J =
I :�G J 9\4 >�@`L�P�L�Q�>�@�R g 6\V 5(4 >�P(DF9FE(Gf4 >UE�A(L�>(Ma4 >�@U4 Y(� >�@U< J 9

π40 ≤≤ t
}04 >

9�7(>�4 I Q�G D�E(9aB�9�A(4 9�6
aπ4
}(9(=�>�P�4 >]L�J 6�5(4 Y�B�9�T J I < :�9(=
G_T P�>�=�>(:�I M"4 >�6WC T J >]L�P�L�Q�>FR

~%���
����� � � ���%� � �
�">aE�A(L�>(M"4 5FM0I Q�J L(9(M

),sin,(cos)( ttttr =b D(4 >�T J ;(D(4 5�E(9
π20 ≤≤ t
B�9aG C 6�9�J �

π
π π

2221)(cos)sin(
2

0

2

0

222 ==++−= ∫ ∫ dtdttts



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.9-

����� ������� �
!#" $&%'!�()!
*,+�- ().�/102- ()3 4�5 ().6-�.�/87:9 ; <'; =?>)@?!
*,%#/��
A�-�B#-�!&@?!'C'D?- ()+�EFB

GIH J H K�L M L NPO Q R,L M�S�T U�V UXW Y Z H)[�\ N6] M�[ N�^�L H _�`2Z a
N b [ c�d `
V�e,f�L `2Z \ ^�N�H'M g�h�h g�i j&k�g�l�g
m�n o�l�p�q
[�\ N S1_ N�[�r�s�t�M�S V'u
L M�^2r b�v w M�x)] L c�^6L b�H ]�J H v ] L N�L c&Y y#b�c2MzN�t�t�N�d `{r N b�N�[ W L b�c�f{Z a
N b [�K | Z L N�H
K�L N�^P}�W t�c�f�[ Z:^�N2r Z b�H d b�v�~'c�f�[ Z�L M�^PL b�c�Y H v&Z ^�K S�_�H ^�M L c�s2]�y)[ N�L c S�K�Y H,]�N�^6O J H N�^�f ]�[ N�L H _�` R
] f�^�v b�L M�] MPL c�f�Y b�K ^�c�f x�N�t�t�vP]�N�^�]�f�^�v b�L M�] MPL M�S�N�r K ] L N ] M�S�r�c�f�W Y Z H'J H N�^�f }�Z \'N�r�K�_ v�r�c�H c
N b�Y H _ K&] M�[ Z \ c�V?G�N�t�t�N�d `&r N b�N�[ W L b�c�f&N�r�t�c�f ] L Z s Z H)c b�H ]�[ W ^�Z S1] Y W ]�Z H S�r�c�f2Z [�r�t�W _ c�f�^PL M�^
L N�Y s�L M L NP_ N�H'L M�^PZ r�H L v�Y f�^�] M6L M�S�_ N�[�r�s�t�M�S�_ N�H'_ v�r c�H Z S:a�c b�W S���c�M�}�vP] L M�^P_ N�L N�^�K�M�] M2L M�S
d Z �)[ Z L b�H _�`�S#Z b [�M�^�Z \ N S'_ v�r c�H �?^FH J H c�L ` L �?^ V

u
L H S#r b�c�M d c�s�[ Z ^�Z S#r N b�N�d b�v a�c�f S#Z w Z L v ] N�[ Z)L H S#_ N�[�r�s�t�Z S#_ N�H�L H S#H J H K�L M L W S#L c�f S#Y �#b�\ S
^�N�}�W ] c�f�[ Zzr Z b�H c b�H ]�[�c�s S V�e,f�L K�r�c�fIf�r�c }�W L c�f�[ Z�] f�^�`�}��#S�Z \ ^�N�HPK�L HPc�HP_ N�[�r�s�t�Z S�r�c�f
Z w Z L v | c�f�[ ZFZ \ ^�N�H p m�g�h n � _ N�L v1_ v�r c�H N8W ^ ^�c�H N�V e,f�L K8] M�[ N�\ ^�Z H�K�L H?Z \ ^�N�H r N b�N�d �'d \ ] H [ Z SF_ N�H?c�H
r N b�v�d �'d c�\8L c�f SzZ \ ^�N�H8d H NIK�t�Z S{L H S{L H [ W S&L c�f

t  � q � � ��� � � O J M t�N J `�K�t�Z S{c�HP]�f�^�H ] L y#]�Z S
] f�^�N b�L `�]�Z H S�L c�f S�Z \ ^�N�H�] f�^�Z Y Z \ S R V2e,_ K�[�M�x{f�r�c }�W L c�f�[ Z�K�L H�H ] Y s Z H�d H N�L M�^�L N�Y s�L M L N

0)()( ≠′= trtv � V��Fb�N:d H N1[�\ N�c�[ N�t�`�_ N�[�r�s�t�M1H ] Y s Z H�r v�^�L c�L Z
0)( >tv
V�u�Z,Z H J H _ W S)r Z b�H r�L y#]�Z H S

K�r�c�f�M�_ N�[�r�s�t�M1W Y Z H�r Z r Z b�N ]�[ W ^�c�N b�H }�[�K1] M�[ Z \ �?^�] L N�c�r�c�\ N�M1r N b�v�d �'d c S,Z \ L ZF[�M�J�Z ^�\ | Z L N�H x
Z \ L Z)J�Z ^Ff�r v b�Y Z H x�M:_ N�[�r�s�t�M p�� p m���� � o�g��
p m�g h�j8��g�o��:o�m j�m�g�o�g

.
� ] L ��t�c�H r K�^�[�\ N�c�[ N�t�`I_ N�[�r�s�t�M

)(tr� _ N�H
a

W ^�N�] L N }�Z b�K�] M�[ Z \ c�L c�f�r Z J \ c�f
c b�H ]�[�c�s�V��Fb�\ | c�f�[ Z#]�N�^ � q � ��l o � � ��m j
��p�q��#o���� p�q

∫=
t

a
duuvts )()( ,

J M t�N J `:L c�[�` _�c S?L c�f�L K w c�f�N�r K�L c:] M�[ Z \ c
a
W �#S'W ^�N:[ Z L N ��t�M L K�L Z t�H _ K�] M�[ Z \ c�V

�?K�L Z'K�[ �#S'}�N�H ] Y s Z H� 

0)( >= tv
dt

ds

d H N8K�t�Z S,L H S,L H [ W S)L c�f
t
_ N�H�Z r c�[ W ^��#S�M�] f ^�v b�L M�] M

)(ts
Z \ ^�N�H�N�f ] L M�b�v�N�s w c�f�]�N�V�u
f ^�Z r y#S

f�r v b�Y Z H _ N�H M�N�^�L \ ] L b�c a�M�] f ^�v b�L M�] M�x W ] L �
)(stt = .

G�N�t�t�N�d `:r N b�N�[ W L b�c�f x [ Z?^�W N�r N b�v�[ Z L b�c�L c
s
x�d \ ^�Z L N�H d b�v a�c�^�L N S

( ) )()()( spstrtr ��� == .



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.10-

�����
����� �  !���" # $
%'&)( *,+
-�.,/10�2,3,(54 6�7'*,&13�8�9�:�6

) ,sin ,cos()( bttatatr =
;

,      ]2 ,0[ π∈t ,       R∈ba,
/1&�7</,2�7�.,-�4 61/,6=3,(>8,&,-�.13,( 4 -�0?4 0=3�@,*�0,A>4 0�2<4 B,C 0�2

s D'E *,&13�8�9�:�6F( G 7�&�HI0,3,&�:�@FJ H B�4 H)6
),cos,sin()( btatatr −=′

; ( G 7�&�H1/,2�7�( K @1AL*,&�H1&�*�B13�6)H /,K 9,( H
0)( ≠′ tr

;
 ]2 ,0[ π∈∀t .

E /,2�7�.,-�4 61/,6�3�@,*�0�2,AM4 0�2N4 B,C 0�2O( G 7�&�H
22

0 0

22222 )cos()sin()( batdubadubuauats
t t

+=+=++−= ∫ ∫
P 8,013,Q 7�R5A S�6I& 7�4 G /,4 -�0,+�6)/,K Q /,6IT�&)( G 7�&�H

22
)(

ba

s
st

+
= .

UM6,:�&,J @)6)*,&13�8�9�:�6�3�8,0,-�( G�7�&OV -�&,+
( G�3,(>8,&,-�.13,( 4 -�0O4 0
s












+






+






+
=

222222
  ,sin  ,cos)(

ba

bs

ba

s
a

ba

s
asp

;

B�8�0�2 [ ]222 ,0 bas +∈ π .

W �,� X,Y Z�Y � [\Y Z�[^]1���
��!M� Y �
_�]1_�` Z�a,Z�[^b,��!M]1c d�Z�[M!M�\Y _\!Me1b,_,[\Y X�f _�g�h
(1) i &jJ H &�7�9,/�3,&�4 &k4 &�K 9�4 6,4 &,A?4 61A<*,&13�8�9�:�61A?8�0�2k&�7�4 H /,4 0�H K 0�9�7l/,4 H A=J 9�0jJ H &,+
0,-�( 4 H *,Q A8,&,-�&13,( 4 -�0�8,0�H @1/1( H A>/,2 7�J�Q 0 7�4 &�HI3,(m/,K Q /,6?8�0�2n8,-�0�*�9�8�4 ( H).13,( /1&?&�8,B<4 0�7n*,&�7�B�7�&?4 61A

&�:�2,/,G J�&,A o

))(()()( strstsp ′′=′
;; @)8�H 0O&�8�:�.

dt

rd

ds

dt

ds

pd
;;

⋅= .

p\:�:�.

( ) 0)( 1
1

>=




= −

−

tv
dt

ds

ds

dt

*,&�H1( 8,013,Q 7�R5A q r)s�t uNs�v r,w t x y1r,q r)q r z1t q {�q r1|
ds

pd
; } r1v

dt

rd
; ~ � w r1v x,� � � ��r�y�y�v }��

.

(2) � u<s�v
� w � x y1r?q r z1t q {�q r1|�q {,| } r�y1�,t ��{,|�y ~ ��r � � y ~ q ��u<q u�y1� } u,|>q �,� u,� ~ � w r1vNy1u�w r,s�v r � u

.� -�.�V�3,&�4 H S�H /,K 9,( H

( ) 1)()( 1 =⋅=⋅= −
tvtv

dt

rd

ds

dt

ds

pd
;;



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.11-

(3) ������� ���  ! "$#&% # '$( % )�% #$*,+�#$��% ����� ���  ! "$#&- .�� % � '$ � !�)�*,% )�*,+�#�"$.�( / )�*0"$-,.�# 1���"$- % 1��&% �2"�3�+���*
% 4�5 �� �- 6 � #$��+��$7�- % #&"$- % #$5 (�% �� * 8 9;:�< =?>�@�A�B�C�>�< D E0D C�B�A�F�GHG�>�=?< I�J&>�@�A�I�K A�C$L�D J�IHE M E =�< I�< G
G�N
A�C2G�J >�G�@�G�K OPK Q R$A�:$L�D,< I�R�S T R�I

1)()( =′⋅′ spsp UU
V G�T S A�:�L�D

0)()(2 =′′⋅′ spsp UU
>�A�:2G�>�A�M�D E B�J�C�D E�=�< E�< G�M E G�J�C�R�L�G�< G )(sp′U B�G�E )(sp ′′U D Q J�G�E�B�W V D < G�X

Y D2B�W V D�R�I�L�D Q AZL�Q G�[\A$L�G�F�]$[\B�G$L�>�C�F�I$[2A�@�Q ^ A J�< G�EP< @�Q G_L�A�J�G�M E G�Q G`M E G�J�C�R�L�G�< GZ< GZA�>�A�Q G
D Q J�G�EaB�W V D < GbL�D < G�c Cd< A�:�[eB�G�Ea>�G�@�T S A�: Jf>�F�I$@�A�N�A�@�Q D [?K E Gg< IhR�:�L�>�D @�E N
A�@�Wd< I$[HB�G$L�>�C�F�I$[ X
i >�A V T < A�:$L�D2>�W�J�< A�< D2=�< EPI`Q M E GZB�G$L�>�C�F�IfL�>�A�@�D QPJ�GZ>�G�@�G�R�< G V D Q,>�G�@�G$L�D < @�E B�W_D Q < DeO,[ )(trU ,

D Q < DjO,[ )(spU .

(1) k,l�m nPo$p$q�r�s$m t l�u�v w$t x$y�s$o z�{0Q J�G�E$< A&L�A J�G�M E G�Q A�M E W�J�:�R�L�GeR�< IeM E D C V : J�R�Ie< A�:&M E G�J�C�R�L�G�< A�[
< I$[e< G�S C�< I�< G�[e>�A�:fD N
W�>�< D < G�EaR$D?B�W V DHR�I�L�D Q Af< I$[&B�G$L�>�C�F�I$[?B�G�Ea:�>�A�F�A�K Q ^ D < G�E\G�>�=f< E [
R�S T R$D E [

)()(0 sps ′= UUε B�G�E
)(

)(
)(0 tr

tr
t

′
′

= U
UUε

(2) k,l2u�v w$t x$y�s$o&p�|$};q ~
�j��o���� q�l�x z {0Q J�G�E�< A&L�A J�G�M E G�Q A2M E W�J�:�R�L�G2>�A�:\A�@�Q ^ D < G�E

)(

)(
)(0 sp

sp
s

′′
′′

= U
UUη B�G�E ( )

( )
( )

)()()(

)()()(

)()()(

)()()(
)(0 trtrtr

trtrtr

trtrtr

trtrtr
t

′′′×′
′×′′×′

=
′×′′×′
′×′′×′

= UU
UU

UU
UUUη

� A2M E W�J�:�R$L�G )(sp ′′U A�J�A�L�W�^ D < G�E u�v w$t x$y�s$oe��o
s�p$x���r�q ~�q�o�� D J��`< A�L�]�B�A�[P< A�:

)()( spsk ′′= U

A�J�A$L�W�^ D < G�E ��o
s�p$x���r�q ~�q�o < I$[�B�G$L�>�C�F�I$[�R$D�B�W V D�R�I�L�D Q A�< I$[ X Y G�J o$�$q�� t o
��o
s�p$x���r�q ~�q�o�� A�@�Q ^ D < G�E�I

)(

1

)(

1

spsk ′′
= U .

Y < I�JZ>�D @�Q >�< O,R�If>�A�:`IfB�G$L�>�C�F�IdM Q J�D < G�EaL�D&>�G�@�W$L�D < @�A`< A t �,I_B�G$L�>�:�F�=�< I�< GfR$D&B�W V D
R�I�L�D Q A2:�>�A�F�A�K Q ^ D < G�E$G�>�=\< I&R�S T R�I

3
)(

)()(
)(

tr

trtr
tk

′

′′×′
=

U
UU

.



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.12-

�
� ����� 2R ���� 3R !"���$#�% ��&�'�� ! � � � % ��&���( ) * + � �� ,��% '-�  � %���.�����/ � 021�3 4 1$+  �506� %�. ���7�  �
1���8  1�� 961$+ � )(txx = , )(tyy = , )(tzz = : (  � 1�� 8�� � # ) � ( .�/�; ��� # + ��% & / x, y, z).

[ ] 2/322 )()(
)(

yx

yxyx
tk

′+′

′′′−′′′
= ���� [ ] 2/3222

222

)()()(
)(

zyx

xz

xz

zy

zy

yx

yx

tk
′+′+′

′′′′
′′

+
′′′′
′′

+
′′′′
′′

=

�
� ! 8 ��% &���<�1�� + .�!=% + . ) % � 061 ! ' % ��� !>���$#�% <�& !@? ) 8�+ � �� 1�� �=+ % ) % + ? � # +A� ! 8 � 8 � &����  ��B
# � .�;�B )(xyy = C !D���$#�% ��&�'�� ! � / � ! �61$+ ��/�E +F1 !�# + ) � ? ) 8�+ � �� $��% '5� ! 8G1�3 4 1 !

[ ] 2/32)(1

)(
)(

y

xy
xk

′′+

′′
=

(3) H6I-J�K L$M N$O�P$QRJ�S T�U�S V�W
X5Y�Q�Z�[ U�I�N \$] ) 8 �� � � # ��8 ��?  � ) � ?  / 8���1 #��^��/�E + � �-1�� �"+ % ) % + ? � % ���
� . ) * ��� 8G� � 0ε_ ���� 0η_ ���� `? ) 8�+ � �� $��% 'G�  �61�3 4 1$+  � \

)()()( 000 sssb ηε ___ ×=         ���� 
)()(

)()(
)(0 trtr

trtr
tb

′′×′
′′×′

= __
___ .

ab1���8�+ 3 B �D1���8 /�. � ! 1 !c% ���"� . ) * + � �� 
ds

sbd
s

)(
)( 0

_
=σ ��8�� #�/ * + � �� O�U�V$[ dFW � ! � ���$#�% <�& ! �

���� �5� < % ���e� % ��&���(  1 # ��<5� ! �e'�� � 8 !D���$#�% <�& !D? ) 8�+ � �� �# + %���.�/$# + � . �5� � t
+ ) 8 �� 

( )
2

)( ),( ),(
)(

rr

trtrtr
t

′′×′
′′′′′′

=
__
___σ

' % ���51�� � 8 ��.� E�#�! � B 4 3 ��� # +,� � #� � � '5(  8�' # + 8�� : f$g h i�j � 0e87� .� 9e8 %�. 9,� 0�8 %���.�� ( 9,( 0e8

( )
zyx

zyx

zyx

trtrtr

′′′′′′′′′
′′′′′′
′′′

=′′′′′′ )( ),( ),( ___

ak1���8 /�. � ! 1 !
)(

1

sσ
��8�� #�/ * + � �� Q�Y$U l M QmO�U�V$[ dFW
X � ! � ���$#�% <�& ! � h6n ) �@���$#�% <�& ! )(tr_

+ ) 8 �� S o�l o�S J�W : ? ! & ��? B=p�. ) 1 � + � �� ��&�' � & !$.�!=%�/ 8�0q1�+-4 8 � + % ) % + ? � j � 8 ���� 7# '�8�� � 8 !
1�� . 4 r ! � ! �6+ ) 8 �� �#�!$? + 8  ��B (  � '�& � � � t .

sFt�uev w xGy�t \ �
�  �-+ ;
��.�# ��( 4 � C ' % ��� !=���$#�% <�& !@? ) 8�+ � �� 1�� 8 B$E 06� # + %���.�/$# + � . �>� � t ���� �  
%�.�/�z +  �{+ ) 8 �� 
��.�� + � /`% ��&�< % &�� � + � C 1�� #�; 4 . +  8 � � % ��&���( ) * ��� # + %�. 9,� � � � )(0 tε_ C # + � / � � )(0 tb_
��% '5� ����� � 8�� ) 1�� �  3 �����e� < % ����� ���� 1�� ! 1���8�4 3 +  � � � )(0 tη_ ��% '5� ! 1�3 4 1 !



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.13-

)()()( 000 ttbt εη ��� ×= .

����� � ���� "!�#"��$ �
0ε� , 0η� % ��� 0b� &"'�( ) &�* �+!-, %"."/ ,0!"1�#", ( & $ 1-2 % �-#�3� �4�1-265 ��� $ ' � ! &"' / &�7 8 ��� &

!" "!"$ 1�#"�9$ &9& 3 &�( &:& � & # . ) , $ ��� ;�<-= >�?
@-AB;�A�CED�F G H�G I JK���E$ '�( �E� � ���� "!�#"��$ � &"'�( ) &�* � % ���L$ '�( �
%"."/ , $ �M#", $ �"N  O$ &�* 2P, 3 ( 3", ���Q!"$ & $ *�R � ( & !"1�#", ( & $ 1-2 % �-#�3� �4�1-2L#",P� � . � * !�#"� / 5 !"1-2 0r� :

• 
� & S T T U ;�>-;�A , 3 ( 3", � & 3 &�*0&"'�( ) , $ ���-��3"V0$ �

0ε� % ��� 0η� #",L, N ( !-WP!"1 0)( 00 =− brR ���
• 

� & ?�X�Y S ;�A , 3 ( 3", � & 3 &�*0&"'�( ) , $ ���-��3"V0$ �
0η� % ��� 0b� #",L, N ( !-WP!"1 0)( 00 =− ε��� rR

• 
� & S C-Y S Z A�[�A Z A U"\ , 3 ( 3", � & 3 &�*0&"'�( ) , $ ���-��3"VO$ �

0b� % ��� 0ε� #",L, N ( !-WP!"1 0)( 00 =− η��� rR

] �P4�, 7 V-#", � & � ; U [�A Z ;�^ \ D�F G H�G I6_a`-G F F G I ! * ����5 &�* �:$ �E$ '�( �b# & ���"� � � ( �c� � ���� "!�#"��$ �c#",+$ 1��
% �-#�3 * 4�V�$ 1"$ � % ���"$ 1M!"$ ' 5 d�1Q$ 1-2 % �-#�3� �4�1-2 e

0
0 ηε ��

k
ds

d = ,            00
0 bk

ds

d ��� σεη +−= ,          0
0 ησ ��

−=
ds

bd

] �"$  �3 & �-� * $ &�("7 ' ."f & ��$ ���-, * % & 4�V�$ , ' �M#",K$ 1+# &"' f�g 3�� � .�% W��
















⋅

















−
−=

















′
′
′

0

0

0

0

0

0

00

0

00

b

k

k

b �
�
�

�
�
�

η
ε

σ
ση

ε

h+i�j
k�l�m n o p�i+q r s
t , W '�&  "#",P$ 1�� % �-#�3� �4�1 ) ,sin ,(cos)( ttttr =� , R∈t

J t �Qu '�&  -#", 7 � �O$ & !"1�#", ( &
20

π=t :

v w x $ �O$ '�( �M# & ���"� � � ( �Q� � ���� "!�#"��$ �O$ &�* $ '�( � % # &�*0y-z { |�{ } 0ε� , 0η� % ��� 0b� ,
v ~ x $ � 2P, N � ! 8 !-, � 2K$ W��O, 3�� 3"5 ��W��63 &�*O&"'�( ) &�* �0$ �O$ '�( �O� � ���� "!�#"��$ � % ���v � x $ 1�� % �-#�3 * 4�V�$ 1"$ � % ���"$ 1M!"$ ' 5 d�1Q$ 1-2 % �-#�3� �4�1-2 J

� '�R � %". u '�( ! % &�* #",L$ � 2K$ ' , � 2P3 '�8 $ , 2P3"� ' � 7 8K7 &�* 2K$ 1-2 % �-#�3� �4�1-2L3 &�* / � R ' , � �"!"$ &  �� 7 � �$ &�* 2 * 3 & 4 &�7 � !�# &  "2K3 &�* / �Q� % & 4 &�* / g ! &�* �"J
)1 ,cos ,sin()( tttr −=′�
)0 ,sin- ,cos()( tttr −=′′�

)0 ,cos- ,(sin)( tttr =′′′�



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.14-

� � � ����� � !��#" $�% � & ')( $+*,� -+%�.�/�0�$+*,( '1� 2
-�.�( 3 % � 4�'15 6 ��4�7 "�% -1!�-8� & 4�-�6

)1 ,cos ,sin(
2

1

1)(cos(-sint)

)1 ,cos ,sin(

)(

)(
)(

220 tt
t

tt

tr

tr
t −=

++
−=

′
′

= 9
99

ε .

: 6 -1( '15 6 ��4�7 "�% -1( $+*,5�� /�( � ;�$+*,� - !�< ( '�7)7�. '�0�'�= & > '�7+% �,. ;�?,( -1( '8� @ A,( � ;�6 ��31= 6 4�3+% � 4�'

)cos(sin

0sincos

1cossin)()( 000

000

zytxt

tt

tt

zyx

trtr
999

999
99

+−=
−−

−=′′×′

'�.�3�( �

)1 ,cos- ,(sin
2

1

1)cos((sint)

)1 ,cos ,(sin

)()(

)()(
)(

220 tt
t

tt

trtr

trtr
tb =

+−+
−=

′′×′
′′×′

= 99
999

B '15 6 ��4�7 "+% -1( $+*,. ;�?,( $+*C� - !�< ( '�71. ;�'���/�.�( � 6+-�. 3)( $D" E < " $

)0 ,sin ,cos(sincos

2

1
cos

2

1
sin

2

1
2

1
cos

2

1
sin

2

1
)()()( 00

000

000 ttytxt

tt

tt

zyx

ttbt −−=−−=

−

−=×=
99

999
999
εη .

F 6 5 6 � �1= 6 -1( '8" $�% � & '
20

π=t :

)1 ,0 ,1(
2

1

20 −=




 πε

9
        )0 ,1- ,0(

20 =




πη

9
         )1 ,0 ,1(

2

1

20 =




π

b
9

.

� G � : 6 -H4�-JI�;�'�/+% �D( 6 *K� @ 6 "+?�"+� 6 *D( AC4L( ;�6 ?C4L� .�6 . < 5�AC4M" ( 'M" $�% � & '
20

π=t N � ;�= - > 3+% - " ( �KA�*

� @ O+* P,QR. ' !�< ( '�7+% �K3�( 6S( 'J� � !��T" $�% � & 'M( '�7J> $ ( '�/+% � 4�'�7U� .�6 . < 5 '�7U< E � 6S5 6 ��4�7 "�% -V!�< " $+*K( $+*
% ' ;�2�O+* P

) , ,( zyxR =
9

B '15 6 ��4�7 "+% -8!�< " $+*C( '�78" $�% � & '�7)( $+*,� -+%�.�/�0�$+*,.�'�71-�4�( 6 " ( '�6 E � &+" ( '
20

π=t
� & 4�-�6 P






=





=





=

2
 ,1 ,0

2
 ,

2
sin ,

2
cos

20

πππππ
rr
99

.



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.15-

������� � ���  "! � � #�� ���  �! $�% $&! '� 

0)( 00 =− brR
(((

��)�� � *&�&+ � ,&�  �#.-&!/� ��$&�&����$&0�)�12*&���&$&��% � )� �3&-&!/' � �&'� �4 � *&0

0
2

1
 ,0 ,

2

1

2
 ),1( ),0( =





⋅










 −−− π

zyx ,

0
22

1

2

1 =




 −+ π

zx

*&���&� ! 5�� *&0

2

π=+ zx .

67-& �� ��� � ���  �*&0&+�! �  "! $�% $&! '  �*&��� ��5�8&�  �3&-&!9,&� :�);! < % ,.1/,&:

2

π=+− zx

*&���&� � ���  ! 3&+�! �  �$& ��  �# )�,&� :�);! < % ,.1/,&:
1=y .

= � >�?@*&�.-�$�3�5�A�� :&� ��� :.BC*&�.-�$�#�5�:.B/,.!/*&0&+�!9,&:.-&! %  ;� :.B/! % )����

( ) 2

1

)2(

2

1)(cos)sin(

1)cos()(sin

)(

)()(
)(

33
222

222

3 ==
++−

+−+
=

′

′′×′
=

tt

tt

tr

trtr
tk (

((

' :&5��&' 8D! % )����.,&� �&+�! ��8.E&��)�! < 0&��� :&� :"�  �3
t
E� �$&A�� !F*&���.,&�  ",&:�-&! %  

20

π=t
+��"! % )����

2

1

2
=





 π

k .

?G,&� ��H IC:"� :.B/! % )����

( )
2

1

1)cos()(sin

0cossin

0sincos

1cossin

)( ),( ),(
)(

2222
=

+−+
−
−−

−

=
′′×′

′′′′′′
=

tt

tt

tt

tt

rr

trtrtr
t ((

(((
σ

' :&5��&' 8D! % )����.,&� �&+�! ��8"*&���.��3�� 8"� � �"A�5�! BC� � BF� � -&H BC�  �3
t J K $& &-&H )�1/B E



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.16-

2

1

2
=





πσ .

�
� ���
� ��� �"!$# %�&�'�( )���*$� +,� -". /�� 0�1 2��3) � /�4 5 � � 5 -3� ����� ��� � 67� -$682 �$��)�9�'�-$6
) ,sin ,(cos)( ttttr =

: � +;� �
t < �=) ��> / < + 1?� 1 � ( 6@5 � �=A 1 4 5 � -�� � [ ]π6 ,0

#CBD��> < + � ��1?2 � E�� /�4=� �
5 -�� + > �F� -$6G2 �$��)�9�'�-$6D)���* � < < � 1 5 � ��1 � + >H5 � - < � 1 ���

2/0 π=t
2 ��1I� �F� /�> �J��� < ��A 1 ��> � KH� < 4JA 9��

� /�E ��. L < 1 �MA 1 � < 9 5�� ��� �N) ��*M5 � -�� ��� > O ��* < � � � /�> ��2$� �P� ��*PQ$R S T�S U #V�
� �M5 -�� + > �W��*�� XM+ > < ��1� /��$5 1 � � < �W� < � 0
( /���*$� +J� � < � /�X�) �Y� +J� � < ��)���> �Y( . 1 < +J� �W�
� ��� �W!$# %W� +J� -Y� /��$5 -Y� ��*
� � E -�� ��� 1 2 ��9Z) /���. /�4$�$� ��� � 6\[J] U ^�S _`] U a b ]�#JcN2 �$��)�9�'�-,5 � + A 1 4 O + � ��1MA > < � < � � 6d��)�'�47� 1 6
) � /��$� + � /�1 2 ( 6G+ e 1 5$LC5$+ 1 6?� f < 5 * < 1 5 � fC5$L < 2 ��1�A - '�L < � < � � 6V� �;) + A > �F��)�X@X�)���*@E��@) 4 /�+ 1�� 1 � ( 6
� �

t
#$�
� + � 1 2��gA *�5 2 ��'�> �F5 * < � < � 4$� +`5 � � < 5 � + A 1 � 5���X;� f < � /�1 L < A 1 � < * 5$� 4�� f < # hIA�Li) /�( ) + 1 < �

� � < > 5 ��*$� +DX�� 1I� �gA 1 � < 9 5�� ��� � KH( � 5 1HX�) fC6D� �g*�)���'���. > 5$�$� +j) /���- . ��*$� ( < fH6 KI( � ��* < X�'��J� /�� 1 2 X
5 -�� + > �`� - < � /�� �j� f < � e X < f < 2 ��1 � + '�1 2 4j5 -�� + > �j� < � > 5 � ��1 � �`. 1 �`� � 0ε

:
, 0η
: 2 ��1

0b
: � �






−

2

1
 ,0 ,

2

1
,        )0 ,1- ,0( ,         







2

1
 ,0 ,

2

1
.

k
1 � < �l) � /�� 5 � �$5$��*$� +?5 � �l. /�4 0�-�� 4;� � 6V� �j� /�> �;��*�� 4;A 1 � < 9 5�� ��� �l) /�( ) + 1 < �j� �@� + � � 0
( /���* � +
m < �l&�/���9$� +VA - '�� A �l� �`1 5$��A 9 < �$� 4`� ��* 6 nI( � 5 1�LC5 � + < �;( � ��* < X�'��;� /�� 1 2 Xl5 -�� + > �j� �;5 -�� + > �l� -$6
2 �$��)�9�'�-$6H) ��*`� < � 1 5 � ��1 � + >$5 � � 2/0 π=t

# o��j5 -�� + > �j��*�� Xj+ > < ��1$� � )2/ ,1 ,0( π # �
9$��0
f < �l� +V� �
X 5$�=� < � 0
( /��$� +@5 � - <=p$q # !J. 1 �r� �r1 5$��A 9 < �$� �=A 1 � < 9 5$� ��� � K � 4r� + '�1 2 4P5 -�� + > �=� ��* 6;� LH/��PE��
+ > < ��1$� < � > 5 � ��1 � �
s

 
22

1
 ,1 ,

2

1 




 +− π

,            






2
 ,0 ,0
π

,             
22

1
 ,1 ,

2

1 




 + π

.

t 1l) � /��$� + � /�1 2 ( 6=+ e 1 5$LC5$+ 1 6r� f < + * E�+ 1 L < )���*Y) + / < ��9 < ��)�Xu� �
)2/ ,1 ,0( π 2 ��1@( � ��* < � -

A 1 + 9 E * < 5 -j� f < A 1 � < * 5�� 4�� f < + > < ��1$� < � > 5 � ��1 � �
s







 +− tt

2
 ,1 ,
π

,       
2

 ,1 ,0 





 − π

t ,        
2

 ,1 , 





 + tt

π
.

vC'�( ) ��*$� +gA - '�� A �Y� +F� �P) � /�4 A�+ 1 .�� �M��*�� X K?X�� 1D��1D. /�� 0�1 2 ( 6F) � /�� 5 � 4 5$+ 1 6J��) � /�+ > < �W+ > < ��1� /��$5 1 � + 6F. 1 �i� - < 2 ��� � < X�-$5 -i� f < � � E -�� ��� 1 2 L < + < < ��1 L < ��'�'�4i-MA -���1 ��* /�. > �i� ��*�6J��) ��1 � + >
. < LC5 -j� -$6C� < 4�'���. -$6HE�+ fC/�> � 6 #



2. ��� � � � � ��� 	 � 
 � �
� � � � ��	 � � � � ��� ����� ��� 	 � 
 � ����� 	 � � � � 	 � �

-2.17-

x

y

z

2/0 π=t

0ε�

0η�

0b
�

����� �! #"�$ %�&�')( *�+ ,� #,� !+�- . - /
0  �, �!.2143 5 6�5 7�8�- .98�: �!; 0 .
2/0 π=t .



3. 
��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.1-

� ���������� "!$#

%'&"(*),+*-/.103254 6'7,8/9*9;:<(>=?2�-*),@*9BA,-*:C(

D�E F<GIH J�K�L�M�N F<M�O�E PRQSMCTIMIU�F�OIVIN KIVIF�O�WIHXE N Y[Z�MIVIN GI\ Y[\ ] ]SF�N H YXVI^ H E N GIK_WIH[E N YXTIU�M�`SWIM�E N GI\ Y
VIOS]�MIUSE a�V�H N YbVIc�WIH d ef]1E F�O1^ ghUSF�O�ifj/N/VIO ]�MIUSE a�V�H N Y3M�O�E \ Y3W�TIFIUSFSkS],]�MXQSH e5USc�QSFSkS]lH TI\ G�E MIVIc
E ef]XVIO ]�MIUSE a�V�H ef][W�d MIY,WIH E MIZSLScIE a�Y?TIF�OX` ]�ehUSd m F�O�WIH,VIE F'H T�d TIH n F�ihj/N*Z�MIVIN GI\ Y,\ ] ]SF�N H Y?E FSO
n N MIJ�FIUSN GIFSk"GIM�NIF�LSF�G�LSc�U�e5E N GIF�k"LSF�` N V�W�F�k;H TIH G�E H d ]�F ]SE M�N�H T�d VIc�Y/WIHhE c�];H N V�M�` e5` abE ef];WIH USN GIgf]
TIMIU�M�` g5` ef]�GIM�N[E ef]�T�F�LSL�M�T�L�gf]�F�L�F�G�LSc�U�eoWIK�E ef]pT�F�OqQSMqVIOS]�M ]SE a�V�FSO�WIHrV�H>H T�P�WIH ]�M
GIH J�K�L�M�N M�i

s�t�u v�u�w,xoyhz {/yh|�} ~f���3�f����y�x/|��h���S} �b�1{/��|�y��f���h|I�3�

� VIE e
D
\ ]�M,VIk ]SF�LSF,VIc�WIH d ef]3VIE FS]

n � ^ ghUSF�iI�1d M �I�I� ���I� ���I� TIF�O?FIUSd m H E M�NfVIE F D
H d ]�M�N5W�d M

VI^ \ VIc?c?F�TIF�d M?MS]SE N VIE F�N ^ H d�V�HBGIKIQSH*VIc�WIH d F3E F�O
D
\ ]�MS]3TIU�M�`SWIM�E N GIP?MIUSN Q�WIP�i��BM3FS]SF�WIKIm FSO�WIH

L�F�N TIPS] �������������S� ���
 
�I�I� ���I� ���I�?�?��� �S���� ����S¡/�*���h��� ¢I£ ¤"¤���� ����¤S¥;�S¤

D
E cbVI^ \ VIc

RR →⊆ nDf : .
¦�c�];E N W�a,W�d MIYoE \ E F�N MIY/V�OS]�KIUSE c�VIc�YoE c3VIO�WIZSF�LSd m FSO�WIH*WIH

),...,( 1 nxxf
a,H ]�M�LSL�M�G�E N GIK,WIH

)(Pf
a

)(xf § P�T�F�ObWIHoE F�OIYhn k�F;E H L�H O�E M�d FSOIY/V�O�WIZ�F�LSN V�W�F�kIYoH ] ]SF�FSk�WIHoE c�];E N W�a3E c�YoVIO ]�KIUSE c�VIc�Y/VIE F
VIc�WIH d F

),...,( 1 nxxP =
a;N VIFIn k ]�M�WIM;VIE F"n N KS]SOIV�WIM"QS\ VIc�Y

),...,( 1 nxxx =§ .
¨ TIehY>GIM�N<WIHrE N YrVIO ]�MIUSE a�V�H N YpW�d MIYpWIH E MIZSLScIE a�YrF�USd m FSO�WIHpV�M ] �S����©f����� E c�Y

VIOS]�KIUSE c�VIc�Y
RR →⊆ nDf :
E F"VIk ]SF�L�F*E ef]*VIc�WIH d ef]"VIE F ]

(n+1) � ^ ghUSF"E c�YhW�FIU�J�a�Y

( )),...,(,,..., 11 nn xxfxx .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.2-

��� ������� �! ��� "$#��&%���'�(
1=n ) � '+* ��,�-���.�/+� ��01#�(!��,��!� ��#���01�  ��/�2 ) "$03* ��"$#�� % ) � '4#�5!�!'�6!'+� "7�

#���.��  "7� ( ))(, xfx 8 9 � /!� 2=n ) � '1* ��,�-���.�/:� ��0$#�(!��,��!� ��#���0$;!/:�  ��/�2�� '<#�5 �!'�6�':� "7�:#���.��  "7�

( )),(,, yxfyx 8�= � >�/� "$0 ) �?* ��/�-�2 @�A?��/���,�#�� /�#��B#��DC E$�!'�(�0:��� �!2 #�#�'�� F �!"7�4G 2 /�#�� ,�#�� "7�?�  ��/�2
/�G 5!��/�� � 8IH @�%�.��J@�/�2<* 2 / 2=n ) �  ��/�2<��'�6!5KG 5�#�@�'�6!'KAL/�G 5!��/�� 'M��/N#�C � G 2 ,�#�� 2<@�/!���  0&� �
* ��/�-�2 @�AL��/���,�#�� /�#��O.� /�0P#�(!��,��!� ��#���0PG 5�'Q.�� � /�>!6!��� E7�NC "$�! 0B� �O>!'�A�;!� 2 /L��6�� @�� ��'!�!2 @�'�5
(���'�6!'�* 2 #�� AR� -�'�G 2 /�#�.�F �!'�(R.��S@�/�� ,�6!6!��6�'T.�/�; ��.�/�� 2 @�%U���!%�* ��/�.�.�/ 8 ��� 'U��C A�.�/RV 8 W
��/���'�(�#�2 ,�X '!�!� /�2I* ��/�-�A�.�/�� /B'��!2 #�.�F ��"7�?#�( ��/��!� A�#�� "7�?G 5�'P.�� � /�>!6!��� E7� 8�9 ��"$0Y>!6�F ��'�(�.�� ) �
� 2 @�%!��/<� �!%�0Z� F � '�2 '�(:* ��/�-�A�.�/�� '�0Z�  ��/�2�.� /<� ��2 -�,!��� 2 /<#�� '!�3C E$�!' 8

)sin(),( xyyxf = ( )[ ]yxyxf sinsin10),( +=

)( 22

),( yxeyxf +−= xyyxf −=),(



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.3-

      




 +
++

=
4

cos
3

1
),(

22

22

yx

yx
yxf 





⋅





−=

10
cos

10

3
cos),(

yx
yxf

ππ

����� ����� � ! "�#�$���%�� ����& �('�) * � $�& � '�+ ,-*/. 0 12��+ & � 3�4 5�& 6-*

798 :�; < = :�>?< @�>A:�B C D�:�E�= :�>?F�G�CIH J G C�E�K?D�:LE�K M�K < N�O�G�C�E�KAP�:�;QD�:RP�:�< : D G�N�O�G�C�E�KA< GRS T�U�V�@�E�:
O�C D�U�T < @�O�@�>-B W�G(N�F�K T ; O�O�G�< H T�XYD�E�K < :�Z M @�< [YD�\�J T @�O�; E�G�F�G�; G W�E�K2U�M M�K >2E�K ] ^�B G�C�>-:�F�K ; P�^ D ; O�@�> _
` O�< XaM G�; F�^ D�E�= :bO�C D�U�T < @�O�@

RR →⊆ nDf :
P�:�;

R∈c
_�c-D G�E�U�d G C�E�K e�f�g h i�h�e�j k�l�m�n�o < @�>

f
O�< G

c
\Y< GpO�W D G�M GA^�M�X�D?< X�DAO�@�E�K = XYD

DxxP n ∈= ),...,( 1

S ; :A< :pG�F�G�= :A; O�J W�K ;
cPf =)( .

7Y; B ; P�U(S ; :(< @�DQF�K T = F�< XqO�@
2=n
\�< G(O�W D G�M G(< X�D(O�@�E�K = XYDQS ; :(< :(G�F�G�= :

cyxf =),(
G D G�E�U�d K < :�;

r�s m�t�f�i�npe�j k�l�m�n�o u Nv; O�G�O�< :�]�E�; P�NvP�:�E�F�W�M @�w-< @�>
f

O�< G
c

K D�[x^�< : D
3=n
\�< G?O�W D G�M�Gy< XYD

O�@�E�K = XYDzS ; :Q< :QG�F�G�= :
czyxf =),,(
G D G�E�U�d K < :�; { t�| }9k�g { | s e�j k�l�m�n�o < @�>

f
O�< G

c .

~b��������� � � ���b� � �
� >x] K XqT N�O�G�C�E�Ka< @�O�C D�U�T < @�O�@�B W�G�E�K < :�Z M @�< [YD 22),( yxyxfz +==

_���GLS T�U�V�@�E�:�< @�>
O�C D�U�T < @�O�@�>2K = D�:�;�@yF�:�T�:�Z�G�M G�K ; B N�>2K F�; V�U D�K ; :bF�G�CyV�:�= D�K < :�;�O�< Gb��J N�E�:v��_ �yu :�w _�c/;�P�:�E�F�W�M�K >
O�< U�]�E�@�>-< @�>/O�C D�U�T < @�O�@�>

f
O�K/< C�J :�= G�] K < ; P�^(F�T�:�S E�:�< ; P�^b:�T ; ]�E�^

c
\�] :�K = D�:�;�< :yO�W D G�M�:b< X�D

O�@�E�K = XYD
),( yx
S ; :b< :yG�F�G�= :b; O�J W�K ;

cyxf =),(
N

cyx =+ 22 _�c/;�P�:�E�F�W�M�K >2O�< U�]�E�@�>2B @�M�:�B N
K = D�:�;bG�E�^�P�K D < T G�;�P�W�P�M G�;vE�Kx:�P�< = D�:

c
_Q��< GI��J N�E�:���_ �Lu Z wAZ M�H F�G�C�E�K�E�K T ; P�H >x:�F�^L< ; >

P�:�E�F�W�M�K >q:�C�< H > _



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.4-

������� � ���� �!����"� #$�&%�' ��(�)�*$�+��, -.-�/�%0' � 12(�-���/�3�4�� 165�' )�*�����17/�-�8$� 5�' ).5������ , -.5�'  09 �:8$ 
' -; �/� �, -;-$�$<�(� �!$�"5�' ���"� /�� =�)$��� � ->' ��1?(�-���/�3�4$��1?(�-��0� /�� /�4�@  $�>A�8$, 5�(� �$' -��B%�4�-C5�'  >, # �  
-�(�8$� A��:123�DE �1 F G+9  �! �.��� H )�4$�I� =�-�8��� �H <I5�'  $�.5�9 � # � -�5���%B9 -�8$' ���B' ��16� /�� =�)$��� � -�16' ��16H ��12(�-��
��� ' � J:8� �4$ �H � (����K9 -�8$' ����F7L7��)�4� �H -"���M' �"9 8$<�5��N'  �!�1I/�-�, 8 �$ �! �N5�9 � ' � (�@ 1I $�$ ���-�5�, � 1I%�/�J:1
� 5� �A�-�8�� , 1 O�� 5� $P�DE� , 1 O�� 5� �*$� 8���� (�@ 1E(�F 4�F /�F F

Q� RH 8�)�=�����-S' J��R(�-���/�!�4����S5�' )�*�����1T/�-�8�@ 9 � �N5�����-$�$' � (�<U/�4$��8� �=� �8$, -VH � -V' ���
� /�� =�)$��� � -?/� �!? �8$, W � �:�K5�!$��)�8$' ��5���F�X?% �$ &-�/�%?'  �!�1+(�3�(�4$ �!�1Y'  �!&��9�F�Z�F [&\ A$]Y��/� �8$ �3����Y��-
(�-�' -�4�)�A� �!����&%�' �Y�;� /�� =�)$��� � -C� , ��-��B@ ��-;/�-�8�-�A� �4$ �� � #$@ 1 F6��!�9 ��);%���J:1K��-�1K� ��# � -�=�@ 8�� �Y��-
5�!���/�� 8�)$�$ �!����2-�/�%+' � 1:(�-���/�3�4�� 175�' )�*�����1:\ ' ���^/�8� �A$ �4$<0 �!�5�� -�5�' � (�)Y' ��17� /�� =�)$��� � -�1:/�)$��JK5�'  
� /�, /�� #$ 

Oxy
]�/�J:17-$!�_  ���� � ����� ' -���'  +3�D� �1:' ��1:� /�� =�)$��� � -�1 F$`�� -Y'  $�^4$%�H  Y-�!�' %Y=�8$ $�$' , W  �!����E��-

9 8�J7��-�' , 5� �!����:'  +# � )�H 8�-�����-Y' J��+(�-���/�!�4����+5�' )�*�����12���:' @ '  ��  +' 8$%�/� 0�:5�' �: ���/�� 8$�  �9 @ 1E(� �$' )
5�'  Y� /�, /�� #  

Oxy
��-Y5�(�� )�W  �$' -������25�(� �' � � ��@ 1:-�/� �9 8��:5�� � 1 O�� ���?%�5� 0-�/� ���-�(�8$! �$%���-�5�' �2-�/�%Y'  

� /�, /�� #$ 
Oxy

 ���5�(�� )�5�� � 1:��-B� , ��-���/�� 8$� 5�5�%�' � 8$ .=�JE' � � ��@ 1 F�L2!�' %B-�(�8$� A��:16A$4�@ /� �!����65�'  B��9 <���-
Z�F [�O�5�' -+/�4�-�, 5�� -Y\ H ]�(�-���\ # ] F X?)�4$� 5�' -05�'  0\ # ]�@ 9  $!����2��, -Y/��  Y ���-�4$<B��� ' )�A�-�5��B-�/�%05�' )�*����05��
5�' )�*�����F�Q� .5�9 <���-I-�!�' %B $�$ ���)�W � ' -�� a�b c�d$e�f�g�g�fMh�i�j�k l$m n�m$f�o F���' -M# � -�H 8�)�����-�' -I/�!�($�$%�' ��' -�1
' -?5������ , -M' ��1Y� /�� =�)$��� � -�1+/� �!MA�8$, 5�(� $�$' -��:5�'  I, # �  I3�D� �1Y@ 9  �! �I' ���., # � -?-�/�%�9 8�J:5��?�& �/� �, -
5�' -�# � -�(�)0��� ' -�A�)�4$4�� ' -������:'  ^3�DE �1 F

       p q r p s r



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.5-

     � � � � � �
����� �� "!$# %�&�')(�* + , -�. /�(�/ 22),( yxyxfz +== 0  �1�2�1 0  $��3�4 5 6 78(�. ,�9 ��/�7

:<;�=�>�?�@ A B C�;<D E F
GIH�J$K�L�M$N O�H�OQP�R�JTS U S N L�H�V�W�S)H�N RTP�M$R�O�X R�Y�W�S K$RTP�V�M�L�Z$S [ X$W�VQS \ K�V�[]V�M$^�S N LQS Y�^�R�_$O`H�N O�K
V�P�S [ ^�a$K$[ H�bcN O�deV�^�a�W�Oc^�V�[gf hiM$\ deN Okj$R�b�l$S [ VcJ�P�R�_$R�X [ H�N b�mon�J$K$b�l$hidpa�W�hideq f R�J�W�SpK�V
V$K$N [ W�S N h8P�\ H�R�J�W�SrH�J K�V�M$N b�H�S [ diP�R�JsN RtX M�L�u�O�W�LsN R�J�diP�V�M$R�J�H�[ L�v S [�S U V�[ M�S N [ ^�q dw[ Z [ R�W�R�M$u�\ S d m�n�S
V�J�N q dxN [ dxP�S M$[ P�N yiH�S [ dxOeH�f S Z \ V�H�OpN R�JpZ [ V�X M�L�W�W�V�N R�dxP�J�^$K$a�N O�N V�dzS \ K�V�[<V�P�V�M�V�\ N O�N O�m{n�V$K

P�V�M�L�Z$S [ X$W�V|W�\ V�dwN q N R�[ V�drH�J K�L�M$N O�H�O�drV$K�V�u�q M$R�J�W�S}N O�K






=

xy
yxf

1
sin),(

m�n�N R<n�f b�W�V|~�m ~"� V��

j$_�q P�R�J�W�SwN O�K{[ Z [ R�W�R�M�u�\ VsP�R$JsJ�P�L�M$f S [�^�V�N L<W�b�^�R�diN h�KsV�U a$K�h�K
x
^�V�[

y
V�_$_�L`S \ K�V�[�V�Z Y K�V�N R

K�Vxq f R�J�W�SsP�_$b�M$OgS [ ^�a$K�VoN O�dtH�J�W�P�S M$[ u�R�M�L�dsV�J�N b�d m���R]P�M�V�X$W�V�N [ ^�LxS K$N J�P�hiH�[ V�^�aoZ [ L�X M�V�W�W�V
P�J�^$K�a�N O�N V�ds� n�f�m�~�m ~x� j$� �tZ \ K�S [rH�f S Z a KxN M$[ H�Z [ L�H�N V�N O�V$K$N \ _$O���OzN O�d"[ Z [ R�W�R�M�u�\ V�dsP�V�M�q f R$K$N V�d
H�O�W�V$K$N [ ^�a�N V�N OsP�_$O�M�R�u�R�M$\ V�m



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.6-

� � �

� � �

����� � �! #"  �$&%�')( *�+�,�- � �).#��/�0 ')1#/ +�( *�� ��� �32�4 .#5 6�0 -#0 ��780 -�7






=

xy
yxf

1
sin),( .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.7-

����������� � �  ���! " !
#%$'& (*)+$�,.-�/'0.& )�$')1& 0.2 34-65'7 & 8'9.:.)'& 34- 222),,( zyxzyxf ++= ;4< 2=7 >�2 ?�/.-�7 2 7 @A$'& /'B�5�)�@C& )�@
$',.-�/'0.& )�$')�@

f
$�7�& ,�D 8�E F1B.7 & 2 G'H6>'0�8�I.5'8�& 2 G'H+8'0.2 B�5�H

c J B.8+7 E -�8�2K& 8L$'M.-.F�:�8+& (�-+$')�5'7 E (4-
),,( zyx
I 2 8A& 8�F�>�F�E 8A2 $'D M'7 2

czyxf =),,( N czyx =++ 222 ;�< 2�7 >�2 ?�/.-�7 2 7 @O$'& /'B�5�)�@KP )':�8'P N
7 E -�8�2�F�5�H�G'7 -.& 0�7 @Q$�?�8�E 0�7 @=5'7R8�G�& E -�8

c .

S�T�U V�U�WYX Z=[ \4]�^A_Q`�Z=aRb.cdb e�[

fO8Y8'$'D F�:.)�B F�M�5'7L$'& )�-g>'8'0�/�I 0�8'?�FY8�,�& N 5'7L& )�-gh - -.F�2 8Y& )�@+>'8'0�8�I 3QI 2 $')�@i$',.-�8'0.& N $�7 (4->'F�:.:�34-15'7 & 8'9.:.)'& 34- ;'j & 8.-15�7 :�7 & F�M'5'7A& )�-k>'8'0�8�I 3QI 2 $')+$'& 2 @�$',.-�8'0.& N $�7 2 @d5�E 8'@d5'7 & 8'9.:.)'& N @ J,�>'F'B.h & F�,�5'7dH�& 2O)l$�,.-�/'0.& )�$')iF'0.E m 7 & 8�2n$�7oh -�8iP 2 /'$'& )�5'8L& (4-1>'0�8�I.5'8�& 2 G'34-L8'0.2 B�5'34- ;Rp & )�->'7 0.E >�& (R$')1& (4-o>'F�:.:�34-15'7 & 8'9.:.)'& 34-6>'0�h >'7 2R-�81G'/.-�F.,'5'7�>'8'0.H�5�F�2 7 @A,�>�F'B.h $�7 2 @%I 2 81& F6>'7 P E F
F'0.2 $�5�F�Mn& )�@R$', -�/'0.& )�$')�@ J F�>'H�& 7R7 E -�8�2�8.-�/�I G�)C-�8CF'0.E $'F�,�5'7QG'8�2�-�h 7 @Qh - -.F�2 7 @ ;

#%$'& ( nR∈= ),...,( 1 nppP
G'8�2

R∈a , 0>a ;rq Fs$'M -.F�:�Ft& (4-t$')�5'7 E (4-
nR∈= ),...,( 1 nxxX
I 2 8C& 8%F�>�F�E 8C2 $'D M'7 2

aPX <− N apxpx nn <−++− 22
11 )()( u

F.-.F'5'/'m 7 & 8�2 v�w x�y z { |6}'~����'v G'h -.& 0.F�,
P
G'8�2�8�G�& E -�8'@

 a ;'� -.& E $'& F�2 D 8 J & Fd$'M -.F�:.F�& (4-A$')�5'7 E (4-
nR∈= ),...,( 1 nxxX
I 2 8C& 8%F�>�F�E 8C2 $'D M'7 2

aPX ≤− N apxpx nn ≤−++− 22
11 )()( u

F.-.F'5'/'m 7 & 8�2 ���'� y �'{ |
 
}'~����'v G'h -.& 0.F.,

P
G'8�2l8�G�& E -�8'@

 a ;1q F�$'M -.F�:.F�& (�-�$')�5'7 E (4-
nR∈= ),...,( 1 nxxX
I 2 8C& 8%F�>�F�E 8C2 $'D M'7 2

aPX =− N apxpx nn =−++− 22
11 )()( u

F.-.F'5'/'m 7 & 8�2 ���Qv�� ��v G'h -.& 0.F�,
P
G'8�2�8�G�& E -�8'@

 a .

p 8.-C7 2 P 2 G'h @Q>'7 0.2 >�& 3R$�7 2 @Q& (4-n>'8'0�8�>'/.-�(6F'0.2 $�5'34-nh D F�,�5'7.�
• � 2 8 1=n J 9�0.2 $'G'H�5'8'$'& 7n$'& F -d5�F.-.F'P 2 /'$'& 8�& FdD 3R0.Fk& (�-d>'0�8�I.5'8�& 2 G'34-k8'0.2 B�5'34- ;�� 8.-.F�2 D & N� G�:�7 2 $'& N'� 5�>'/�:�81G'h -.& 0�F�, P

G'8�2K8�G�& E -�8'@
 a  
7 E -�8�2Oh -�8L8.-.F�2 D & H � G�:�7 2 $'& H � P 2 /'$'& )�5'8�5'7



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.8-

��� ��� ����� � P  �!#"�$�%�& � % ��� ��� ����' P � %�(�% ��� & � %�)  a  %�* ��� + ,�+ & � %�(�%�*�-/.�- ���10 2�� "�3�. + & %�4 � %
5 ��� % � ��'60 ( %�" � 7 .�% � � )  

• 8�( % 2=n 4�31% ��� ( 9 � 71: ��,�+ ( " � 7�; .�* 5 , % ��� ��� ����' P � %�(�% ��� & � %�)  a  � ��� . 5�< + � %�( � %�(�% ��� ( 9 � -�)
: ��,�+ ( " � -�) ; =�> ?�@�A�B  !C"�$�%�& � % + 0�DE+ & � %�( � @�F�@�G�A�B .

• 8�( % 3=n 4H3I- ��� (1J�.�* 5 , %�K � %�(LJ�"�$�%�& � %�KI" ' .�*�& * � ��'�� %�*�- ,�'�� %M. +N� ( ) � � ��� ( + )O* ��'
* + � ( P � 5 $ ��'��Q� ( ,�� R + ( )  

S " � T nU R⊆ 4 � � %�" 2�����,�� "�3�. + & TU� " � � � n V 9 DW���  �X � U Y % ����� . 5�< + � %�( Z�[ A�\ ] ^�_6?�F [ A�G�A " � � �
n V 9 DW��� % � ( � % ��� * � ( + & � %�(W3`" '�� Y 7�� 3�a�8�( % � * � ( ��0 7 * ��� + "�3�. + & � UP ∈ 4 ' * 5 � 9 + (b.�& %`% ��� ( 9 � 7
.�* 5 , %H. +W��� ��� ���6� � P � %�(�% ��� & � % 0>a 3 � * � & %6* + � ( � 9 + � %�( ��, - ��, 3 � 3H" � � U .

ced�fUg h iQj�d�k S � %6" 2�����,��Q� �6� * � & �6+ & � %�(�% ��� ( 9 � -�" +l� � % � m V 9 DW��� 4 0�+ "�3�.�%�& ��+ (�% � %�P � %�" � ( � 5 - � (
+ & � %�(�% ��� ( 9 � -6" +e� � % � 5 ,�,�� nV 9 DW���  

m1n�o�p�q�g r s f�n1t u v
w#5 R ��� %�) x 4�% � Y + TW� 3 Y + &�"�% � " 2�����,�� "�3�. + & TU�H� ��'yx V 9 DW����'1+ & � %�( � � %L% ��� ( 9 � -L" 2�����,�� %�$ ��2
P ( % � 5 Y + "�3�. + & �N� ��'O' * 5 � 9 + (Q* 5 ��� ��� +/� ��'�, 5 9 ( " � ���O� � %C% ��� ( 9 � - 0 ( 5 " � 3�.�%N* ��' * + � ( � 9 + � %�(
��, - ��, 3 ��� " � ��� 5 R � � %� x  �8�( % � � � & 0 ( �y, -�P �y� �y0 ( 5 " � 3�.�% 1) ,1(− + & � %�( + *�& "�3�) � � %E% ��� ( 9 � -
" 2�����,��#� ��'Mx V 9 DW����'  Qz �#� % 0 2�� *�% � %�* 5 ��T " 2�����, %{-�. T ) � % Y + TW��7 " ��' . + "�% � " 2�����, %
"�3�. + & TU�6� ��'�| V 9 DW����' 4 � - � + " ' .�* + � %�& ����' . + - � ( 0�+ �6+ & � %�(�% ��� ( 9 � 5 " 2�����, %� �} � 5 P�.�% � ( 4�% ��0 � Y + &
� * � ( ��0 7 * ��� + "�3�. + & �/� ��' x

5 R ��� %�4 0�+ �~+ & � %�( 0 '�� % � -�4�" +H� %�.�& %y* + � & * � T "�3�4 � %E� ����2 . +1� � % �
% ��� ( 9 � - 0 & " ��� . +6��� ��� ���L� � " ' P ��+ ��� ( . � ��� "�3�. + & � * ��'L� %~* + � ( � 9 + � %�( ��, - ��, 3 ��� )Q* 5 ��T " � ���5 R ��� %� �1. � ( %�4 � %�(�P ( % � ��0 ( 5 " � 3�.�% 1) ,1(− .

8�( % � ���b��� ( "�.�- � 3�)U*�% � %�P D P ��' " '�� 5 ��� 3�"�3�) f .�& %�)e. + � %�� , 3 � 7 )W"�% � - � ( � 4

h

xfhxf

dx

df
h

)()(
lim

0

−+=
→

9 ��+ ( 5 " � 3 ��+e� % ' * � Y � " ��' . + - � (�3L" '�� 5 ��� 3�"�3 ��� & < + � %�(�" +b� 5 * � ( � % ��� ( 9 � - 0 ( 5 " � 3�.�%1P 2���T %�*�-
� � "�3�. + & � x  Hz ��� & " � � ( 9 %�4 � DW� % Y + TW����2 . +l� 3 � f "�% � " ' � 5 ��� 3�"�3 n . + � %�� , 3 � DU� 4 ��� ( "�. � � 3
" +y� � %C% ��� ( 9 � -C" 2�����,�� nU R⊆  ez '�� -N"�3�.�%�& ��+ ( 4b- � (Q- � % � 3#" ' � 5 ��� 3�"�3 ��� & < + � %�(�" +E� � %
"�3�. + & � UxxX n ∈= ),...,( 1 4 ��� & < + � %�(�% � -�.�3 � %�(�" + - , % � %/P + ( � ��� ( � 5 "�3�. + & % � ��' 4 0 3 , % 0 7 " +



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.9-

������� ������ �! " ��#�$�%&#�! ')( * + $),)� ��(���!- �" ���),)$�( + � ./ �#�0����1 �!32�* ,)� ')$&� $
X
2���(���$�#�$�" ��#�! ')( * + ! � ��(

$��)��2��)��')����� $
U .

4 !5� ��,�#���'���#�0),�67%�#���8)! ����9�$�%���( ����� ( 2�0/: ( ����;����)" < $�%� �!5��� (��/��%),�0�')� �����
f
$�')" < ! � ��(

��!=�����&� ������ �! " �&� ��>3 �$�'�;�.�>

),...,,...,( 1 ni xhxx + ,
��#�$�%?� $

h
! " ,���(�* ,���>@#�$��)A� �( 2�'���>B#�'���C) ���� ( 2���>=��')( 8� ���> D

E5')" < $�%� �!=���), F�G H�I J�K1L�M�H�N�O)P-O)Q � ��>
f
6=>@#�')$�>@� �� �! � ��R)�)��� .

ix , ni  ..., ,1=
9�� $?��')( $

h

xxxfxhxxf

x

f nini

h
i

),...,,...,(),...,,...,(
lim 11

0

−+=
∂
∂

→
,

! ;�����$ ,�R�* R���( �1��%�� ��� $���')( $�%�#�0�')+ ! ( D�S?'�* #�! (�,���! #�( ���� �0),�$)%� �!-��� (�$�(B �! ')( 2�* >-#���'�0�C 6@C $�(�� ��>
f
! " ,���(-! #�" ����>1#�'���C) ���� ( 2�* >/��%),���')� .���! ( >

n
 �! � ��R)�)��� TB,�D@U�� ��,V#�'�0�W �7$X%�#�$��)$�C ( �� ���>1� ��>

 �! ')( 2�.�>?#���'���C T@C $�%Y6@>?#�')$�>5� �Z �! � ��R)�)��� .
ix
C " ,�! � ��(@2�'���� TB,)� ��>&� ( >&%�#��)�)$�( #�! >� �! � ��R)�)��� * >

��� ��8)! '�* >@2���(�#���'���C 6@C " < $),)� ��>3 �� ,)$�6@>@#�')$�>B� �
ix .

[ ( �&� ( >=��%),���')� .���! ( >
RR →2:f
+ ')����(  �$�#�$�( $�A� �!=� $�%�>@��%� �R)$��)( �� �$�A�> \

xf
x

f ≡
∂
∂ 2���(

yf
y

f ≡
∂
∂

,

! ,�TVC ( �&� ( >=��% ,���')� .���! ( >
RR →3:f
� $�%�>@��%� �R)$��)( �� �$�A�> \

xf
x

f ≡
∂
∂

,             yf
y

f ≡
∂
∂

,          zf
z

f ≡
∂
∂

.

[ ( �/,��Y: ����T=��$�%� �!?��� (@�),���;�! ')�� ������ !���� ��,]� (  �.X �" ��>� �! ')( 2�.�>&#���'���C T@C $�%Y^ #�D +)D�� ��>
x

f

∂
∂ _ ��!

��%�C 2�! 2�')(  �* ,�$&���� �! " $
),,( 000 zyxP =
9&+ ')����(  �$�#�$�( $�A� �!=� $�%�>@��%� �R)$��)( �� �$�A�> \

),,( 000 zyx
x

f

∂
∂

,         )(P
x

f

∂
∂

,         
),,( 000 zyxx

f

∂
∂

,          
Px

f

∂
∂

`1a�b�c�d�e f g h�a1i j k
l5! 6='�$�A� �!m� �n��%),�0�')� �����

yxxyyxf coscos),( +=
Dol5�p%�#�$��)$�C " ��$�%� �!q� ( >q �! ')( 2�* >

#���'���C T@C $�%�>-� ��>
f
6=>-#�')$�>

x
2���(

y
2���8)T=>52���(�� ( >5� (  �* >5� $�%�>5��� $]���� �! " $ ( )4/ ,1 π

D�S?'�T@� �
C ( �?,���R�'�$�A� �!=� ��,

xf ∂∂ /
2�'���� 0� �!3��� ��8)! '��&� $

y
2���(�#���'���C 6@C " < $�%� �!=6=>B#�')$�>

x :



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.10-

yxyy
dx

yxxyd

x

f
cossin

)cos(cos +−=+=
∂
∂

.

������� ����� � �! ��#"�$%��&���')( *� 
yf ∂∂ /
��+�$���( ,���'.-�( ��/%' $%01( �

x
+�����2���$���� 3)� 4 5 �%6���'.3)7)2�$%��7

y :

yxxyx
dy

yxxyd

y

f
sinsin

)cos(cos −−=+=
∂
∂

.

8 ( � ��9 7)( ��6�7)-�( �#-�*���' 4 � ( )4/ ,1 π
' 4  ���� :






 −=+−=

∂
∂

4
1

2

1

4
cos

4
sin

4)4/,1(

ππππ
πx

f
,

2
4

sin
4

sin
)4/,1(

−=−−=
∂
∂ ππ

πy

f

8 � ' 3.��' ( $%� +�;<-�*�����-�4 �=( *�7.2���$���� >)� ��6�-�( � 7!-�6  ���$%( ;�-�' � 71��4 ��71��' ( ��"%?%*�( ;�7!"�$%4 -�+�' ��( �
�% �,�?���� 0@( *�7�+����1-�( � 7A-�6% ���$%( ;�-�' � 7<B &��C��' ( ��"%?%*�( >D �EGF!7A/ 6���*�/ ��&���'<0�( �H�% 

RR →:f
�!*

' 6�/%' 4 �H2���6H' I�,�2�( ' ( ����-�( *� 1+�����2�&�?%*#( *�7G-�6% �,�$%( *�-�*�7G-�( �H-�*���' 4 �
))(,( 00 xfx
9 J ' ��' K 4 -�3G-�*

))(()( 000 xxxfxfy −′+= .

L 2���$�' 4� ��#��2���B%' � J ( ' 4�0�( ��+�����-�( *� !2�' $%4 2�( 3G-�*#( *�7
RR →2:f , M%NHO P)Q�R�M%S�T�O U N#O R�V R�O W�N -�( *� 

' 2�� I�,% �' � �H2���6H��$%4 5 ' ��*=-�6% �,�$%( *�-�*���-�( �#-�*���' 4 �
)),(,,( 0000 yxfyx
9 J ' ��' K 4 -�3G-�*

)(),()(),(),( 00000000 yyyx
y

f
xxyx

x

f
yxfz −








∂
∂+−




∂
∂+=

X�Y�Z�[�\�] ^ _ `�Y�a b c
d!�e"�$���&���'f( *� g' K 4 -�3G-�*e( ��6g' 2�� 2�9 B%�%6g2���6g' I�,�2�( ' ( ���h-�( �i� $�,�I�*����g( *�7

xyeyxyxfz ++== 42),(
-�( �H-�*���' 4 �

)2 ,0 ,1(
E%jk����' $%� +�9 7)2���$�,�� 3)� ����( *�7G-�6% �,�$%( *�-�*�7G' 4  ���� :

xyyex
x

f +=
∂
∂

2
+���� xyxey

y

f +=
∂
∂ 34 .

l ( �#-�*���' 4 �
)2 ,0 ,1(
����( � ��9 7)( �%6�7G' 4  ����

2)0,1( =
∂
∂
x

f +����
1)0,1( =

∂
∂
y

f
.

m 2�����9  �3G7 ��( �H' I���2�( 0���'  %�#' 2�4 2�' B �#-�( �H-�*���' 4 �
)2 ,0 ,1(
9 J ' ��' K 4 -�3G-�*�:

)0(1)1(22 −+−+= yxz
;

yxz += 2



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.11-

��� ����� �����! �" #!$&%�' (���)���*+� ��, -�.�/�0����1� 0�243�)&5�.�-&� 0�3�0�2+����6 78��*4� �!* /���(�� 9���* 5&�1* (�7 (�* :&�1��(�9
: ;��4: < ��/���-�* � < =�' 2>, ?�5&7 * 2 "

(1,0,2)

(1,0,2)

@�A�B C�DFE&G H�I�JLK�M N�O�P Q M D+R&D�M�Q N�D�K�S T C�Q P UVQ K�W K�Q X UVY�Q>Y�Z C�Q W U

[ 3�� ?
f
3�) 5�.�-&� 0�3�0

n
��* � ��$&%&0�� \]5�^���-&< 3���' 5&0!3�*4' 5����&5&��< � � 9�3�;&5&��%&� nU R⊆

"�_`2
)�(���a&' 3���)���*V��=�9���0b9�� <�)�(�.�-&� ��) 5F��<]��* -&< =�' 2c(���-�.�, ?>, ��<�� 0�2

f
?L28(�-���2c9�%�* 28� < 24��* � ��$&%&0�� ' 2 ^

3�*d9�%��e� �f3�0���* 7 �f� ��)
U
"hg��f: < .&5&)�3����i��*j3�) 5&< 3�� \L3�* 2d� < 2k��* -&< =�' 2d(���-���, \>, ��)�2d� 0�2

3�)&5�.�-&� 0�3�0�2>�&5&����.�6 * � ��< l�m�n o�p � 0�2
f
=���<�3�)���$���%&7 6 * � ��<���*

gradf
�

f∇
" q 3�� ;�* <�: 0�%���: �







∂
∂

∂
∂=∇=

nx

f

x

f
fgradf ,...,

1

.

r�< �
RR →2:f ,  





∂
∂

∂
∂=∇

y

f

x

f
f ,

�
00 y

y

f
x

x

f
f ss

∂
∂+

∂
∂=∇  .

r�< �
RR →3:f , 





∂
∂

∂
∂

∂
∂=∇

z

f

y

f

x

f
f ,,

�
000 z

z

f
y

y

f
x

x

f
f sss

∂
∂+

∂
∂+

∂
∂=∇ .

_85
f
=���<

g
: ;��d3�)&5���-&� ��3�* < 21��-&< 3���' 5�* 2!3�� �t7 : < �d�&5&��< � � 9k3�;&5&��%&� nU R⊆

=���<
R∈c ,

< 3�� ;���)&5`��<�< : < 9�� 0�� * 2 u
gfgf ∇+∇=+∇ )( ,

fccf ∇=∇ )( ,

fggffg ∇+∇=∇ )(

2)/(
g

gffg
gf

∇−∇=∇
3�� �+3�0���* 7 �4(���)4:&* 54��0�:&* 5&7 6 * � ��<�0

g .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.12-

����� �
f
������ �!�� "���"�#%$�!�& ��'�( ��")��*+( ��,),���$�& - � ./��0 ��$�1�$ nU R⊆ 2 ,�&3( ��,4��"�'�* 5 $

UxxX n ∈= ),...,( 1 687 � ),...,( 1 nhhH =
* 5 ��,�&�( ��,39 &  �������'�,:� ( � $�& $:;<��� *

0→H
#=� .�� *>� $

HX +
* 5 ��,�&�( ��,3��"�'�* 5 $:� $��

U 2 ,�&�* ?�$�'�( ���A@B$�!�5 C * � ,�&�" )( HXf + 6ED ������ �!�� "���" f
$���$�'� �C * � ,�& F�G�H�G�I�J8I�K L�M N�OPL�Q�RSL�O�N�T K R

 X
#U,��V��?� �!�- $�� �B��� $B��"�'�* 5 $S$�&W'�* !�& 2 ( @X?�,�!� �Y �AY $�&� "�@

f
�<@U?�!�$�@A.�1�* @U� & @W'�* � ,�Z�1�"�� ( @ # 2 ,�&�, 2 .�'�"[,��

0
)()(

lim
0

=⋅∇−−+
→ H

HfXfHXf
H

.

D ������ �!�� "���"\$ ��$�'� �C * � ,�& F�G�H�G�I�J8I�K L�M N�O]L�Q�R^G�_ R�M ` Q�a^L�b�_ R�c�R
 nU R⊆

,��^* 5 ��,�&
?�,�!�,�Y �AY 5 ��& '�"S��*=.�1�,V� ,S��"�'�* 5 ,V� $��

U 6�d ,V1�( '�*=.�� &�"S������ �!�� "���" f
* 5 ��,�& L�e�_ T ` f�g ,��V��*

2  �h�*W��"�'�* 5 $ UX ∈
& ��- 0�* &

[ ] 0)()(lim
)0,...,0(

=−+
→

XfHXf
H

.

i !�$�j�,���;A@ #�9�* �V* 5 ��,�&A* 0 2 $�1�$V��,S9 & ,�?�& ��� ;<��$���'�*X,��S'�5 ,>������ �!�� "���"k* 5 ��,�&A?�,�!�,�Y �AY 5 ��& '�"k,�?�.� $��E$�!�& ��'�.X?�$��X9�;<��,�'�*A?�,�!�,�?� ���� 6 l & ,X� $ �=1�.�Y $�,���� .�#�- !�"���& '�$�?�$�& $�0�'�*A� $3* m n�@<h�* ;<!�"�'�,�o

pEq r<s�t�uUv o:����� �w"x��� �� �!�� "���"
f
$�!�5 C * � ,�&=��� $x,���$�& - � .x��0���$�1�$ nU R⊆ 6<7 �P$�&X'�* !�& 2 ( @?�,�!� �Y �AY $�&<� "�@

f
��?� �!�- $�� �k��* 2  �h�*V��"�'�* 5 $k� $��k,���$�& - � $�0P��� ��.�1�$�� 2 ,�&8,��>* ?�& ?�1�( $��k* 5 ��,�&

������* - * 5 @<������,�!�� n���* & @ #�"
f
* 5 ��,�&�?�,�!�,�Y �AY 5 ��& '�"[��� $

U .

y t�uUq z {=|�t�} ~ 5 ��,�&�9 ����,�� .X��,[��?� �!�- $����X$�&�'�* !�& 2 ( @W?�,�!� �Y �AY $�&�'�5 ,�@8��� �� �!�� "���"�@8��*E( ��,���"�'�* 5 $,�1�1� 3"w������ �!�� "���"3��,�'�"��3* 5 ��,�&[?�,�!�,�Y �AY 5 ��& '�"���� $���"�'�* 5 $�,���� . 6El & ,3��,�h�* �<!�"�h�* 5V'�5 ,������ �!�� "���"+?�,�!�,�Y �AY 5 ��& '�"���*w( ��,+��"�'�* 5 $�?�!�( ?�* &>��,+& 2 ,���$�?�$�& * 5 2 ,�& 2  �?�$�& * @w��� ��h n 2 * @
� $�'�,�1�.�� "�� ,�@ � 6 l & ,X?�,�!� �9�* & Y�'�,�#�,�@<h�* �A!�n���$���'�*<� "������� �!�� "���" RR →2:f

?�$��X$�!�5 C * � ,�&







=

≠
+=

)0,0(),(              ,0

)0,0(),(        ,
),( 22

yx

yx
yx

xy

yxf

αν

αν
.

�8&A'�* !�& 2 ( @E?�,�!� �Y �AY $�&�� "�@ f
��?� �!�- $�������� $V��"�'�* 5 $S� ��#�� � 6 i !� �Y�'�,�� & #U,���- !�"���& '�$�?�$�& n���$���'�*� $��E$�!�& ��'�.�#�( - $���'�*�o

00lim
0

0

0

lim
)0 ,0()0 ,0(

lim)0,0(
0

22

00
==

−
+
⋅

=−+=
∂
∂

→→→ hhh h
h

h

h

fhf

x

f



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.13-

�����

00lim
0

0

0

lim
)0 ,0()0 ,0(

lim)0 ,0(
0

22

00
==

−
+
⋅

=−+=
∂
∂

→→→ hhh h
h

h

h

fhf

x

f
.

� ������������ �! "�#%$'&� (�"��)! $�&�$'*)+ (,+ - (����.&� (�+ / 0�12&�! 3�&�$�4�+ - 3,&�! 3'5 6)#.6 783)9�! +:�����.3��;4�+ �)� ��< 1

= ����"�> ?%> 3��
)(

)(
22

22

yx

xyy
f x +

−= �����
)(

)(
22

22

yx

yxx
f y +

−= .

@�A�B A�BDCFEHG%I�J�I�GDK2L�MDK8G�N�O�P�Q R�GDK

S &�! ? f = ����>)4���! � ��0T&� )(�"��)! $�&�$ n 4�+ ! ��U)�)$�! VH(�#�3��)� &�4�< ()$W&�+X< (��T�)()3�� / ! �T&�9 ()3��)3 nU R⊆ .
S &�! ?Y+ = - &�$�184�- �W* � �)() �&�4���! � ��0Z&� )(�"��)! $�&�$ ))(),...,(()( 1 txtxtr n=

[ $Z3 = 3�- ��#�� = ?D18�)(���\�< ����4�+
&�! 32]^+ \�"������ 32_�#�3��)- ` + ! ���H&�+X< (��T* � "�&�! $�4��:! ?H( = ����>)4���! � ��VH(:���)� a�4�VH(2������3���! � 4�< 1^! $�1^+ - (����
&�$�4�+ - �Z! 3� n b / VD�)3� �c�d^1e = 3�a)< &�3� �4�+2+ = � = ��< 3)(W��! �.����+ 1e3��f! � 4�< 18! $�1 )(tr

[ = + �)� < / 3)()! ���.&�! 3
&�9)()3���3 U c�]^"�! ?Y� = �Z�� �! < 1;! � 18&� (�a 0���+ 1 #%4 = 3��)3�9�4�+;(��W3��)- &�3� �4�+8! $�(T&�9)(�a)+ ! $Z&� )(�"��)! $�&�$

rf
[g &��)( = ����>)4���! � ��0e&� )(�"��)! $�&�$8! 3� t 4�+D! $e&�/ < &�$

( ) ))(),...,(()())(( 1 txtxftrftrf n==
[[g .

h2i�j�k�l�m n o p�i2q r s
d^1ta)+ ?D�)0�&�3� �4�+'! $u&� (�"��)! $�&�$ RR →2:f , )sin(),( xyeyxf x= �����v! $w* � �)() �&�4���! � ��0
&� )(�"��)! $�&�$ 2: RR →r

[
,  ) ,())( ),(()( 32 tttytxtr ==
[ c'x���! +D$ y�z�{ |�} ~ �:y���{ ����~ ��y��

)sin())(( 52

tetrf t=
[

+ - (�����4�- � = ����>)4���! � ��0e&� )(�"��)! $�&�$24�- ��1f4�+ ! ��U)�)$�! 0�1 c

� ���)(�� (���1:! $�1T���) �&�- *)��1T/ �)$�&�� 4�3 = 3�� + - ! ���;> � �'(��t = 3��)3�> - ` 3) �4�+W! $�( = ����"�> ?%> 3'! $�1
&�9)(�a)+ ! $�1D&� )(�"��)! $�&�$�1D�)(^> (�?D�)- ` 3� �4�+D! $�(^���)- &�$8! $�1 f ������! $�( = ����"�> ?%> 3;! $�1 r

[
.

�2� { �){ ���T��� ��y�� � ��� � S &�! ? f &� )(�"��)! $�&�$'3��)� &�4�< ()$'����� = ������> ?%> - &�� 4�$t&�+T�)()3�� / ! �'&�9)()3��)3
nU R⊆ c S &�! ? nIr RR →⊆:

[ 4�- � = ������> ?%> - &�� 4�$Z����4 = 9��)$Z! < ! 3�� �ZVD&�! +8����+ 1X3��%! � 4�< 1 )(tr
[

= + �)� < / 3)()! ����&�! 3X�)()3�� / ! �X&�9 ()3���3 U c)x���! +%$e&� (�"��)! $�&�$



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.14-

))(( trft �→
� � �������������� !" � #�� $�%'& #��(�)#�* ��+��(, %�#�%-, .�* t /�0 ����� #�1 2�� � 3

dt

rd
f

dt

trdf �� ⋅∇=))((

4 � #�.�5 2(����$��

dt

dx

x

f

dt

dx

x

f

dt

trdf n

n∂
∂++

∂
∂= 6� 1

1

))((
.

7 , %��8��� �(� ��, !9#�%-��.�*8% f � � ������#�*(��+��(, %�#�%'5 2�.'$�� , ��:(;(%�, <=� ),( yx , >�, �

dt

dy

y

f

dt

dx

x

f

dt

trdf

∂
∂+

∂
∂=))(( �

.

? 0 �(��> ����@A, %�@A��;(*�#�� 5(��@B� C�����$�>�D � , ��� 0 ���E#��F � �(� 0 >�, � ��� @B��� �(� ��, <9#�� � @B>���.(*G.��
$�� , ��:(;(%�, H @I, %�@E#�*(��+��(, %�#�%�@ f � � �����-� ��� #�%�@J#�*(�����(, 4 #�� � @E��� �(� #�#�>�, � �(!=�B$�� , ��:(;(%�, <=��KMLN@
*���.�O(H #�.�*�$��P>�, �Q.��B$�� , ��:(;(%�, H @R, %�@R�������� !" � #�� $�%�@P#�*(��+��(, %�#�%�@ ),( yxf � � �����B� ��� #�%�@
�������� !" � #�� $�� @E#�*(�����(, 4 #�� � @E5 2�.F$�� , ��:(;(%�, <=��SN5 %�;���5 4 ),( vuxx = 0 ��� ),( vuyy = KMT�>�, �J%
#�2(��O(� #�%-, !��)#�* �����(, 4 #�� !=�

)),(),,((),( vuyvuxfvug =
� � �����I�������� !" � #�� $�%U#�*(��+��(, %�#�%V, !=�G$�� , ��:(;(%�, <=� ),( vu 0 ���J.��W$�� �(� 0 H @B, %�@A������+� !" .��
5 � ��. �(, ��������>8, � @9#�1 H #�� � @

u

y

y

f

u

x

x

f

u

f

∂
∂

∂
∂+

∂
∂

∂
∂=

∂
∂ 0 ���

v

y

y

f

v

x

x

f

v

f

∂
∂

∂
∂+

∂
∂

∂
∂=

∂
∂

X ����@"��� .-����;�>�@", �(>���.�@=������+�#�, ��#�%�@", !=�85 2�.-��*�, <=�8#�1 H #�� !��85 � ��� , ����$��9, %':(. 4 O(� � �)��� ��+ 0 !=�

















∂
∂

∂
∂

∂
∂

∂
∂

⋅







∂
∂

∂
∂=





∂
∂

∂
∂

v

y

u

y
v

x

u

x

y

f

x

f

v

f

u

f
    

4 [ ] [ ] 







⋅=

vu

vu
yxvu yy

xx
ffff .

Y ������+�#�, ��#�%E, .�* 0 �(�(>(���E, %�@)��;(*�#�� 5(��@'$��)��� ��� 0 � @-� ��� , ��H ��� �", %��E� 2 0 .�;(%J � �(� 0 � *�#�%
.���.�� ��#�5 4 ��.�, �M��� �(� ��, !9#�%�@N#�2(��O(� , %�@M#�*(��+��(, %�#�%�@M�(�(, � $�� , !"��� #�.�*�$�� K X , #�� S��(� ),,( zyxf >���.�*

),,( wvuxx = ,  ),,( wvuyy = 0 ��� ),,( wvuzz = H 1 .�*�$��



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.15-























∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

⋅







∂
∂

∂
∂

∂
∂=





∂
∂

∂
∂

∂
∂

w

z

v

z

u

z
w

y

v

y

u

y
w

x

v

x

u

x

z

f

y

f

x

f

w

f

v

f

u

f

� ������� ),( vuxx = ,  ),( vuyy = � ��� ),( vuzz = �� �! � �#"%$ !���& "�' � �























∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

⋅







∂
∂

∂
∂

∂
∂=





∂
∂

∂
∂

v

z

u

z
v

y

u

y
v

x

u

x

z

f

y

f

x

f

v

f

u

f
.

(*)�+�,�-�. / 0 1�)*2 3 4
576 ' 8 xyxyxf 2),( 2 += � " !�9 θcosrx = � ��� θsinry = : ; 6 & ��<�� ' = 6 9 ��>%$�' = 6 =

)sin,cos(),( θθθ rrfrg =
? @ � �  � $�� � ? A "%�%$���B �CB !�9 A 8 A "%$ ! A r � ��� θ :

r

y

y

f

r

x

x

f

r

g

∂
∂

∂
∂+

∂
∂

∂
∂=

∂
∂ � ���

θθθ ∂
∂

∂
∂+

∂
∂

∂
∂=

∂
∂ y

y

fx

x

fg
.

DFE�E >

yx
x

f
22 +=

∂
∂

,     x
y

f
2=

∂
∂

,     θcos=
∂
∂
r

x
,    θsin=

∂
∂
r

y
,    θ

θ
sinr

x −=
∂
∂

,    θ
θ

cosr
y =

∂
∂

.

D ��' � � �%< � 6 ' �G��' � A H "%��I $ � !�9� ��J

θθ sin2cos)22( xyx
r

g ++=
∂
∂ � ��� )cos(2)sin)(22( θθ

θ
rxryx

g +−+=
∂
∂

.

K � L���I 8 A H  " ! $ !�&� �M���N"%>%$ !�9% �7' � A  � $�� � ? A "%�%$���B �CB !�9 A76 ���O� �%P $�> 6 � � A ' !�9 r � ���Q' !�9 θ ,
����' � � �%< � 6 ' �G��' � A θcosrx = � ��� θsinry = .

(*)�+�,�-�. / 0 1�)*2 3 R
576 ' 8 zezyxf xy cos),,( = � " !�9 uvx = , )sin(uvy = � ��� 2vz = :�S�� ' � H



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.16-

[ ]















⋅−=

=























∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

∂
∂

⋅







∂
∂

∂
∂

∂
∂=





∂
∂

∂
∂

v

uvuuvv

uv

zezxezye

v

z

u

z
v

y

u

y
v

x

u

x

z

f

y

f

x

f

v

f

u

f

xyxyxy

20

)cos()cos(sincoscos

����������������� ��!�"���# � � $�%

( ))cos(coscos uvzxvzyve
u

f xy +=
∂
∂ !���& ( )zvuvzxuzyue

v

f xy sin2)cos(coscos −+=
∂
∂

'�(�) *�)�+-,�.0/21 341 5�6879,2:�/-79,2:�;�<�=9>�?�@�A

BDC # E f ������F G���# & !�H C � $�I�� # J C J n G�K # ��L M J�# N9$�O���� & C G�P $ J C KDP $ �Q� $ ��& R # � C " $ ��M � nU R⊆
!���&S��������F ETF U C & G�J�V BDC # E C J�G�K U � UppP n ∈= ),...,( 1

!���& ),...( 1 naaa =
W P $��XG�� $���Y & ��U �

Y & I $ � C G��DZ 1=a
W [ V \S!���G���"�M J

),...,()( 11 nn taptapatPtr ++=+=
WW

,  Rt ∈
K U $���&�G�U �]K ��^ K U �8F ����G�G�H]��� �8��K � $�I8�����D# � C J�G�K U � P !���&�P R K &�# J4Y & K "�^ � $ C J]# ���8Y & � $ " C G���# ��_
a
W V `0$���I���� ��G�K2# J $�������I�F ETF ��# J�_T!���G���"�M J�_ O���������# J���� "�G�K2��# &

aaa
dt

tapd

dt

tapd

dt

atPd

dt

rd
n

nn WWW
==





 ++=+= ),...,(

)(
,...,

)()(
1

11 .

`a_Q^ K E2� H C ����G�Kb# N2���c# J C " $�^ K # J C � $�I�� # J C J )())(( atPftrft
WW

+=→ ��� �c��� U d K # ��&eF & �fV
g "�G�h�E9$��8G�K2# � $a!�� $ � $���# J�_2��M � C U Y ��_TZ i j�V j [ JD������I�F ETF ��_9# J�_2K U $���& %

aatPf
dt

atPd
atPf

dt

atPdf WWWWW
⋅+∇=+⋅+∇=+

)(
)(

)(
)(

.

`k��# �l��� �mG���_cK $ Y & ��h�P ��K &b$��nK !�# & G�H C � ��G�KfK Y N2OQK U $���& ofp�q r s�t�uSs�v w x y�o z {�u|w }�u
~ q � � p�w } ~ }�u f � x�w �bs�{ � o�uew }�u�v q r v � x�uD� p�x s�s�{�ue��o�q8� � � p ��v w x��Tx���tbw o ~ } s�v � o P � x��2� ��v �Tw }
� � v � r�q � ~ }bw o�q]� � x�� � ~ s�x�w o�u a

W V9��� ��^�G���_D����# ��_8K U $���&2J�# & G�H�# J�_D��� ��J�F ��"�G�K $ J�_D��������F NTF � �
C # � C J�G�K U � 0=t ������� )()( PfatPf =+

W
.



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.17-

����������� ������ "!���# $�%&� '�(�)�*�+&,"+&-/.�(�0&*1.�(�0&2 3�4�5�6 7�8 9 :<;�=�>  ��? �&�&%��� �&@<$�=�A���B CDB ��EF> @�G
H �&����A&> @ H @�G f H > � H @��� I � P

$�A���GJ> @LK #  M�? �&� H @L �&%�GN���&��=�K # =�I ���OK # =&�&M H ��=�> ��G aP > @��
$�� H %�> @�> =

aPf
dt

atPdf
P

ad

df
PfD

t
a PP

PQ ⋅∇=+==
=

)(
)(

)()(
0

.

R�S&TVU W XZY�S [�\�> � �]��$���!&��B # H ��%<> @�G^;�=�> �<;�=�>  M�? �&� H @1$�=�A�=�B _DB ���1=�$�%]> � �]$�A&��@�B ��M��� �&�<> M�$���`
��$���?&a H =��� N%�> #b> �cK # �&�&� H ��= aP  I ��=�#]���&��=�K # =�I ��dZe"��> % H @���=�I �� #b%�> #b%�> =&�O@L;�=�>  M�? �&� H @
;�=�?&��A&I �  > =�#��� "a ��=fK # �&�&� H ��=g> �f��$���I �bK& �f I ��=�#����&�&=�K # =�I ��`�> %�>  �$�A�a $� #���=g> �bK # =�# A��&M��� "�� �> �
��:�;���GV> �&�g$�A&# �Z> @&�g h�=�A�����B :g> ���g> M�$�����d

i/j�k�l�m�U n o T�j/p q r�s
tVI �� > =�#u@ H �&����A&> @ H @ 32),( yxyxf +=

dNv^=w��$���!&��B I H ������ x> �&�yA&��?���%w�� > =�z���!&:�Gc> @�G
H �&����A&> @ H @�G H > � H @��� I �g9 { | ` }&E�;�=�> �g> @bK #  M�? � � H @f> ���gK # =&�&M H ��=�> ��G )2,1(=bP .

e^A&~ # ;��c$�=�A�=�> @�A���M��� u%�> #]> �xK # �&�&� H ��=�$����c;�=�?&��A&I �  #]> @��L;�=�>  M�? �&� H @xK& �� I ��=�#
��� ��=�K # =�I ��db������:�;���G�> ���� I ��=�#

5=bP d/�V$�����a ��CFG `]B # =�> @��� h�=�A�����B :�> ����> M�$��&��?&=

~ A&@ H # ����$���# : H ������ D> �b��� ��=�K # =�I �gK # �&�&� H ��= 




==

5

2
,

5

1

5

1
ba PP d �V$�I H @�GFa ~ ������ &[

( ) )27 ,2(3 ,2 ,)3 ,1( )3,1(
2

)3,1(

−==





∂
∂

∂
∂=−∇ −

−

yx
y

f

x

f
f .

�^A�=g>  !�# ;��

5

52

5

2
 ,

5

1
)27 ,2()3 ,1()3 ,1( =





⋅−=⋅−∇=− affDa PQ .

e^G� �  > � H ������ �> _FA�=���I =���!&!&@� h�=�A�����B :�> @�G�;�=�> ��;�=�>  M�? �&� H @�$�=�A�=�B _DB ����d
� $���?&a > ������ D%�> #�B # =O> � H @��� I � UP ∈

`�# H ~ M� # )0 ..., ,0()( ≠∇ Pf
d e"$�%g> �&�^��A&# H ��%Z# H ~ M� #

θcos  )()()( aPfaPfPfDa PPQ ∇=⋅∇=
%�$����

θ
 I ��=�#F@NB CV�&I =J$���� H ~ @���=�> I � �&�&�<> =NK # =&�&M H ��=�> = )(Pf∇

;�=�#
aP d�e^h���MJ%���CFG 1=aP ,

a ~ ������ 
θcos )()( PfPfDa ∇=Q d�e"!&!��y> �

θcos
$�=�I A �� #�> # ��a GZ=&������ H = H > = 1−

;�=�#
1+
B # =

%�!�=J> =���� ��=�K # =�I =NK # =&�&M H ��=�> = aP $��&����$���A&��M��� f��=N $�# !�a � ������ dV����a B # H > @�> # ��:�> �&� θcos



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.18-

������������� � �! �� "$# 0=θ %  �� "$#'& (�)�"�& *+� �+& � ,$#$-�.�/�" a0 1 2 � �!� (�#43 & � "5& � � ��6 - #�.�(7/��8� � )(Pf∇ .
9 � (�#:��� �$3 ��� ;<.�('"�-�� *4(4��"�� ,=��"�� � ��6 -$#�.�(=��"���,�> ;!> ��?@� .������ "��A/��B� �4/�*�����?@� (�?C��)$3 .�(�? D EF� "$#
� � a0 1 2 � �G"$#$� 3 6$� � (H��"�� � ��6 -$#�.�(I"��� J� � )(Pf∇ % �  �� � 1cos −=θ ��"��G(I��"�� ,H��"�� � ��6 -$#�.�(
��"���,�> ;!> ��?=��"�3 � #�� �B� (�#7/�� ���� �� � �$(H� � /�*H� (�? D<K@#J6 -�/�(�6 �$��/��'� L<��"7 �� �C(H��"�� ,J��"�� � ��6 -$#�.�(
��"���,�> ;!> ��?<� ��/�($#�� ��� � "���.�"$#8� -�6�/� �?</�� � "�M���)$*�? 1 2 �$-�/��<� �G� � )$� �� F.�-�/�� 1 ��"�.�/�"�N
OQP$R�S T U V�W X Y�Z4S Z�[

)(Pf∇
T \ X R�]AP$R�]AP$R�S T U V�W X Y�Z4S Z�[B^�_ ` ] Y�S Z�[CR�U a Z�Y�Z�[GS Z�[CY�W X b c�S Z�Y�Z�[CP$R�]AS d

^�e�P$d�[<S Z�[<T \ X R�]�d@c�W V ^�f�[A^�T S R g�d h$e�[<S Z�[@Y�W X b c�S Z$Y�Z�[@i c�d�[@R�W S eFS Z�XCP$R�S T U V�W X Y$Z�j�OkP$R�S T U V�W X Y�Z
i�d�WBT \ X R�]�R�X S \ V T S ZGS Z�[

)(Pf∇
T \ X R�]�P$R�]�P$R�S T U V�W X Y$Z8S Z�[�^�_ ` ] Y�S Z�[�^�T \ l@Y$Z�[!S Z�[AY�W X b c�S Z�Y�Z�[ j

m �C��� �4"���)�,=)� �> � "'6$"'/������$�$��.�"�/��B#�"4������/��C �� �A"$#46 1 )$��-�/��B#�"4��� #$(�6$�$� /��G���$��?B� (�#
��"�� � ��6 -$#�.�(5����-+( f "�-�n ,$#�� �!��� �5> �$*�> ����" % 6$"5��� 1 ��� �!#�"5��� #$(�6 ����/��:���$��?8� (�#+��"�� � ��6 - #�.�(

)(Pf∇ . K@#: �/�;<?B6 1 )$��-�/��@#�"=��� #$(�6 ����/��B���$��?B� ($#:��"�� � ��6 - #�.�(4����-=( f o 6 3 #�� ����� �=> �$*�> ����" %
6$"8��� 1 ��� ��#�"8��� #$(�6$�$��/��<���$��?A� (�#C��"�� � ��6 -$#�.�( )(Pf∇− .

p=q�r�s�t�u v w x�q=y z {�{
KC?!-�����6 1 .���-�/��! �� ��(:.�- #�,��$� (�.�(

)( 222

),,( zyxkezyxT ++−= ,   0>k

��"��$� .�� ,|� (J6$� ��/�������"�.�3 "7.��=��,�6$�4.�(�/�� 3 � ),,( zyx /�3 "�?'/�� � "�)$)$� ��*�?'/���,�)�"�?'/��4� 1 #$� �$�7� (�#
"�� 2 *H� ;A#J"�n  #�;A#�D@}C"JM�������/��+.��4����� "J��"�� � ��6 - #�.�(H��� 1 ��� �B#�"7��� #$(�6$����/��+"��� 1 #�"H� - 2 "�3 �
.�(�/�� 3 � ),,( zyxP = 1 � .��!L<.�� �C#�"'��� � � 2 ��-�/��8~ "��@� " 2 ��� � �$(5"���n (�.�(+��"��!~ M$�B� " 2 ��� � �$(5/�� 3 ;<.�(
� (�?<6$� ��/�������"�.�3 "�? D

9 ��/ o ;A#�"�/���"�-�� ,�����-�"$#�" o 1 ��"�/�� % ��� 1 ��� �I#�"�-�����)��$> 3 .���-�/���� (�#���)$3 . (�� (�?
.�-$#�,��$� (�.�(�?<6$� ��/�������"�.�3 "�?<.�� �G� - 2 "�3 �F.�(�/�� 3 ��D � 2 �$-�/��

pPTzyxkeP
z

T
P

y

T
P

x

T
PT zyx 0)(2),,(2)(),(),()( )( 222

−=−=





∂
∂

∂
∂

∂
∂=∇ ++−

 �����-=/�� p0 .�-�/�M$��)$3 � �$-�/��C� �=& � ,$#$-�.�/�"=6 1 .�(�?B� �$-4.�(�/�� 3 ��- P D���� p0 1 2 � ����"�� � ��6 -$#�.�('"��� =� �
� 1 #$� ���G� (�?<. o "�3 ��"�?!���$��?!� �:.�(�/�� 3 � P D KB)$)�,:" o ���F��� 1 ��� ��#�"8��� #$(�6$�$��/��@���$��?!� (�#8��"�� � ��6 -$#�.�(
� ��-�& � "$#$��.�/�"�� ��?���)$3 .�(�? 1 � .���L<.�� ��#�"�"�����)$��-�6 *�.���-�/���� ($#�� " 2 ��� � �$(�"���n (�.�(�� (�?
6$� ��/�������"�.�3 "�? % "�-��  +� ��� � -�> 2 ,$#�� � "��!"$#4��� #$(�6 ����/�� ������?G� �4� 1 #$� �$�'� (�?G. o "�3 ��"�? D�K@#$� 3 6$� � " % "$#
6$� )$*�.���-�/��!#�":"�����)$��-�6 *�.���-�/��@� (�#8� " 2 ��� � �$('/�� 3 ;<.�(=� (�?@6$� ��/�������"�.�3 "�? % ��� 1 ��� ��#�":��� #$(�6 ����/��
.�� (�#8"$#$� 3 6$� � (F��"�� � ��6 -$#�.�( % "�����/�"����$-$#$ �/�� #$����"��� G� �8� 1 #$� �$�8� (�?!. o "�3 ��"�? D



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.19-

��� ������� �� "!�#$!%���'& � ��(�� )"* +,)�!�-�."�0/�* �1!���."� 2$�  "3 45("�"2�6�7 897 !��1* :�45)"-$��6"2$* :�)":�4
f

.�("!"2$!�� �;���=<$� 8,2$:�< !�� �>)��$�?� � & �  "3 4,("� 2$� (�* +,)�� � 4,* :�4@ "��* � -"< - �$/�."� �$:�4,("�"2���7 +97 !$-�A$BC2�6�7$."��* � D
�$�?* !E.�! ���"& � ��� !>& � 6$�$-")�."�E)"* ! �>!"2$� )�.�/>("!$-E�$���"F�3 2���."�G� � ������* !

)0 ..., ,1 ..., ,0(=iεH D�/�(�!�->* !�I
J 2$� )" "� * �"��)"* :��CK L )"* M=<$3 )":�D�* /�* �

inii x

f

x

f

x

f

x

f
P

d

df

∂
∂=⋅





∂
∂

∂
∂

∂
∂= )0,...,1,...,0(,...,,...,)(

1εH .

N :"#��"& M OQP$R"S T U V$U W X Y�T W OQZ�R [�\�] ^G] _"`aS O"`
f
Z [�_"`aS O�WbP$R"S T c V�U W d�OQS _"Ufe g d$S _"ch\�i _�W R0S _"U

d"U d�S j Y�R"S _"`9d"U W S T S R�] Y�k W ^lWhT m W R�n"OGY�T [�n P$jCZ�R [�\�] ^G] _"`,^G`9Z [�_"`9S O�WGR"W S m d�S _"n o"O;Y"T S R p"q$O�S j
.

r�s�t u�t�v%w xly z�{�|=}9~�xl�,�$��� ��y�~9������w xl�,|E���9�"�,|

� )"* 8
f
.�� ��)"-$��6"2$* :�)":�& ��!�."� * � J #$:"* +���DE!"2$� )�."3 �$:')"�53 ���%�$�$!�� � * /�)"�$�$!�#$! 2R⊆U .

�;("!"<$3 * !�-�."���� "/�.�:h/�* �G-�("6"2$� !$-$��!��C."� 2$�  "3 4E("�"2�6�7 897 !��G("2�+9* :�4=* 6"� :�4E "���C� � �����C)"-$��� � � � 4 A
� -�* /a)":�."��� ��� ��/�* ��!��

x

f

∂
∂  "���

y

f

∂
∂ � � �����9� (�� )":�4?)"-$���"2$* M�)�� � 4?& ��!1."� * � J #$:"* +���!"2$� )�."3 ��� 4C)"* !

U
 "����� ("!�."3 ��8,4l� � ������#�!�7 �  �/?���'� ���"� :"* M�)�!$-�."�G* � 4G."� 2$�  "3 4l* !�-"4,("�"2���7 +97 !�-�4G8,4,("2$!"4

x
 "���

y
A ���,* !$�;* 2$/�(�!>��-�* /$�$D�!�2$� � ! �$* ���"!�� ��� ��� ��� �,���������$�G�$�����"� �" $� �"¡��, $��¢ ¡��

:








∂
∂

∂
∂=

∂
∂

x

f

xx

f
2

2

,    





∂
∂

∂
∂=

∂
∂

y

f

yy

f
2

2

,    





∂
∂

∂
∂=

∂∂
∂

y

f

xyx

f2

,    






∂
∂

∂
∂=

∂∂
∂

x

f

yxy

f2

.

£ �=& ��!0* � #�� -�* ��� � 4f!$�$!"."6"� !$�$* ��� ��� � �� $� �Q��� ��� ��� �h���������$�G�$��� A � ("!"&$� �  $�$�"� * ���E/�* �=7 � �¤* � 4
)"-$���"2$* M�)�� � 4�("!$-¤3 � !�- �0)"- ��� � � � 4�("2�+9* :�4�* 6"� :�4h."� 2$�  "3 4�("�"2���7 +97 !�-"4 D>!��E."� �  �* 3 4@."� 2$�  "3 4
("�"2�6�7 897 !���� � �����"� )�� 4 A � * )"�"7 � �?/�#�� 4�* � 4,)"-$���"2$* M�)�� � 49(�!�-?)"- ���$�$* 6�."�l)"* :��;("2�6"� :�D

xy

f

yx

f

∂∂
∂=

∂∂
∂ 22

.

� �><$� 8,2$M�)�!�-�."�,* +,2��E.�� �=)�-$��6"2$* :�)":
f
* 2$� +��E."� * � J #$:"* +��> "�����"4l-�(�!"<$3 )"!$-�."�G/�* ��!��

."� 2$�  "3 4=("�"2�6�7 897 !��l* :�4=-�("6"2$� !�- �� "���G� � �����;)"-$��� � � � 4 A � ("/@��-�* 3 4 Dl("�"2���7 897 � � ! �$* �"4E("6�#$�;8,4
("2�!"4

x , y
 "���

z
("��� 2 ��!�-�."�,� � ��3 �=."� 2$�  "3 49("�"2���7 +97 !�-"4,& � ��* � 2$:�4�* 6"� :�4 D�* � 4








∂
∂

∂
∂=

∂
∂

x

f

xx

f
2

2

,    





∂
∂

∂
∂=

∂
∂

y

f

yy

f
2

2

,    






∂
∂

∂
∂=

∂
∂

z

f

zz

f
2

2



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.20-

������� � ����� � ���  �

xy

f

yx

f

∂∂
∂=

∂∂
∂

,     
xz

f

zx

f

∂∂
∂=

∂∂
∂

,    
yz

f

zy

f

∂∂
∂=

∂∂
∂

.

! � "#� ��$�%&��'�(�)#(�*����+"��-,�. /������ 0 ,�(�1����2��� )#� �� �3'���)���4 564 (�1��3(�'�(�� ��,�7 8�'�(�� �3� $�9 /�� ν ,
(�'�(�� ��,�7 8�'�(�� �&,�1#"�$�)#� /�,�/��&: ��)#��� 0�;� ;���� �<"��= . � ��,�1#"�� . � 0 �>��� )#� �� �&'���)���4 564 (�1��&� $�9 /?�� . )#�

1−ν @ A>B ,�� � )�$C� /��D'���)���4 564 � ,�/��E7#� "C . � �3,�/�����,�0 �C4 � �F� � �G��� � ���  �E'���)���4 564 (�1�� A ! � �
'���)�$�7#� � 4#����%��#" ),,( zyxfw = ,

xyz

f

yxz

f

xzy

f

zxy

f

yzx

f

zyx

f

∂∂∂
∂=

∂∂∂
∂=

∂∂∂
∂=

∂∂∂
∂=

∂∂∂
∂=

∂∂∂
∂ 333333

.

H>I�J�K�L�M N O P�I>Q R S�T
U �&;�)�(�*����6� � ����� )#� �� �6'���)���4 564 (�1��67#� *�� � )#/��V� $�9 /��6� /�� xzezyxf xy cos),,( += .

xzye
x

f xy sin−=
∂
∂

,             xyxe
y

f =
∂
∂

,              x
z

f
cos=

∂
∂

,

( ) xzeyxzye
xx

f xyxy cossin 2
2

2

−=−
∂
∂=

∂
∂

,

( ) xyxy exxe
yy

f 2
2

2

=
∂
∂=

∂
∂

,

( ) 0cos
2

2

=
∂
∂=

∂
∂

x
zz

f
,

)1()sin()( +=−
∂
∂=

∂∂
∂=

∂
∂=

∂∂
∂

xyexzye
yxy

f
xe

xyx

f xyxyxy ,

xxzye
z

f

xz

f
x

x

f

zx

f xy sin)sin()(cos −=−
∂
∂=

∂∂
∂=

∂
∂=

∂∂
∂

,

0)()(cos =
∂
∂=

∂∂
∂=

∂
∂=

∂∂
∂ xyxe

z

f

yz

f
x

y

f

zy

f
.

W 0 �&,�1#"�$�)#� /�,�/&� )#� 5V"X��� � ��;#Y#/�� 5V" ),,( zyxf Y� 4 � � ����Z�� ��� ���#"�(�'�(�� � 0�� /�" [ \ ] ^�_`^�acb#d#e
Laplace �#"f� ,�. *�� � g

02

2

2

2

2

2

=
∂
∂+

∂
∂+

∂
∂

z

f

y

f

x

f
.



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.21-

����������� � �  ���! " #�!
$&%('*)�+(,*- .�%(. 222 2),,( zyxzyxf −+= / 0(1 )�2�3�2 / 4 5 - .�) 6 7 8 9�:;9(<�=*>*?A@CB�D�E B�F G H / 1 - 5 I

x
x

f
2=

∂
∂

,      y
y

f
2=

∂
∂

,      x
z

f
4−=

∂
∂

,

2
2

2

=
∂
∂

x

f
,       22

2

=
∂
∂

y

f
,      4

2

2

−=
∂
∂

z

f
,

2�3�J�- 4
0422

2

2

2

2

2

2

=−+=
∂
∂+

∂
∂+

∂
∂

z

f

y

f

x

f
.

K�L�M N�M�OQP RCS TVU�WVX�S Y[Z[U�RCS TVU�W]\�P ^�P�_V\�`�a

b 1c1 ,*d 5 %�2�'�e 4 - .c%('(f g(- .�%(.cH / 1 - 2�'(hji / 1(k 2(, / 0 2*l(hj- 4 m�4 %(- n h 1 3(Jo- / hp%(' ) 1 ,*- g�% 4 / hqe 5 1 he 4 - 1(r*m .(- g�h x s*t '(% / 0 +(u*- J�- 4 n d 2�'�e 4 e�J*)*2vn ) 1 - l�3(2w3 1 , 1 H x]H 2�'�u�- .*)

dx

d
D =  .

y h;'�3(2(z*n %(2�'�e 4;m 2 / 3�J*){J�- / . f 4 5 ) 1�/ %('*)�+(,*- .�%(.|e 5 1 hAe 4 - 1(r*m .(- g�h 0(1�/ J�- / '�3(+(,*d 2�' )
J m�4 h}2 / 3(2 m*m�1 3 m n h}3 1 ,�+�H ~]H 2 / - .�h f s � %(- ~ 4 3 5 %(.�h m

n ) 1 hwz 4 - / 0 J(h 1�0 n , 1�/ 2(h s $q3 1 ,�+�H ~]H 2(h
- +(� .�h

m
- .�h

f
%('�e r 2 m*5 f 4 - 1�/ e 4 )(mf 0(1�/ %(.�e 1�5 ) 4 / J�- / .�3 1 , 1 H x]H / %(.�- .�h

f

4 3 1 ) 1�m�1 e r +*) 4 - 1�/ m k 2(,�n h]%(- .{%(' )�n d 4 / 1 u(i . m�1 i g

DfDD � g











 ��

dx

df

dx

d

dx

d
.

� ) 1 h r 2 m*/ 0 J�h]- ,*J�3�2(hVH / 1 ) 1 3 1 , 1 %(- g�%�2*'�e 4C1 '�- gv- .�)w�*3(,�+(� .�� 4 5 ) 1�/
fDm g

f
dx

d
m






 .

$�n 0(k , 1 %(.
m

m

dx

d
D 





=

2 )*2�e(+(f 4 - 1�/ �����(���p��� ��� >�� � ����� =*6 � 6 9(= � � =*��7 < � m s���/ 1 - .�)
3 m .�,�J�- .(- 1 - 2*'|2(, / %�e�2�l|i 4 d J�e 1 %(- 4 J�- / ffD =0 sV� 3�2(,*2�l�e 4{m 2 / 3�J*)�) 1 i 2�l�e 4�4 l 0 2 m�1 J�- /
/ %(d l 4 / H / 1A1�0 n , 1�/ 2�'(h 0 , ≥nm :



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.22-

fDf
dx

d
f

dx

d

dx

d
fDD nm

nmnm
nm +

+

=




=











= .

����� ��� ���  �!#"�$�%��&� '&(� �)�� * +&)�,#�� �(#� -�)�� * +/. $�"0%�� �  �1#2#3�� '4�
),( yxf 5 )�,�%�1#"�2#6 7 "�,�%��8%��

f
yx

mm 21









∂
∂








∂
∂

� 3��:9#��(�;�< 3�=:� 3�+�%�� (#* ��-�+/�� �(� �> '/> * )�3�+/� 3�+
f ? +&��(�"�+ x  1m @ "�(�A +/�� �* ? +&��(�"�+ y  2m @ "�(�A +

B %��C"���"�*  �. -���"�� �C)�� * (�; 5 � @�D )�" �E,���"�!#A � "�,�%�� D � *F,���;�(#G "�,#� D 2�� +H"�*F��"�2#2� ���2�A +I%�� (#* ��A +
�� �(�;�> ? > "�*��� �*�� 6 �� �*�)�,#��� G � 6 + J K LHA � @ (� �)�30� 3�+&%�"�( @ -�+

21

21
21

mm
mm

yx
DD 








∂
∂








∂
∂=

"#�#"�%�;�7 � �  �* M�N�O�P�Q�R S�T U�V W�P�Q X�Y�V M�Z/[�U�V W�P�Q&\#T O�T ]�\ ^�Q&\#_�` a�Q
 21 mm + .

b �c� "#�F6 . * "d� ( D ��"e%���"�(#"�$�%��0�� f��(#"�G ? (#-�)�"�,�%��c�� �*8)��c)�,#�� �(#� -�)�� * +c��� (#* )�) D � � ( ? �
%�� �  �1#2#3�� '4��K gh��"�!#A � "�,�%��&. 3�2� �. - D � *�3 f

� 6 �� �*�)�,#��;�(#� 3�)�3
n
%�� �  �1#2#3�� '4���� �* D � *�,���;�(#G "#,#�

�� �*0� 6 �� �*0)�,#��� G � 6 + D 2�� +F"�*0��"�2#2� ���2�A +i%�� (#* ��A +d�� �(�;�> ? > "�*0� 3�+ Khjh(#6 7 "�,�%��d� D � �f)� #� M�N�O�P
R S�T U�V W�P#X�Y�V M�Z/[�U�V W�P:\#T O�T ]�\ ^c\#_�` a�Q

 nmm ++ k1

%�6  0A � @ (� �)�30� 3�+�%�"�( @ -�+

nm
n

m DD k1
1

- nm

n

m

xx 





∂
∂







∂
∂ k

1

1

,

D ��"�, nmm ,...,1

� 6 �� �*l ���A (� �* "�*
0≥
K b � (#* ��A + @ "�(�A +m> *  n ���2�"�$�)�� � (#3o�� �(#"�,�)�6  �)�3 5

)�,�%�1�"�2#6 7 "�,�%��/� "#�:�� �(� ���;#� ? . *  @ "�(#* � D � � 2�� )�� -

n

n

m
n

m

mm

xx
D

∂∂
∂=

++

k
p

1

1

1

.

qcr�s�t�u�v w x y�rcz { |�}
����!#� ? (#-�)�"�,�%��&)�, �� �(#� -�)�� * +/� (#* '4�0%�� �  �1#2#3�� '4� ),,( zyx 5 � D � �&30A � @ (� �)�3

253
2
3

5
2

3
1 







∂
∂









∂
∂








∂
∂==

zyx
DDDD

� 6 �� �*�A �� �+F ���2 D +~. *  @ "�(#* � D +�� � 2�� )�� -�+~� ;�< 3�+F�i�E�i�C�H��� ��K8��� f
3�)�, ��;�(#� 3�)�3C��"�,

* �� #��"���"�* � 6F� * +H,���"�!#A )�� * +H)�G � � * ��;�%��C$��� �(�< 3l�� �*d)�,#��A G � *  D 2 ? ��� ? ��� ;�< � ? �l%�� (#* ��'4�
�� �(� �> '/> ? � 5 "0,���"�2#"�> * )�% D +&� 3�+ Df

��� (#* 2� �%�1�;#��� *�� 3���� $�(�� )�3c� 3�+8%�� (#* ��-�+��� �(� �> '/> "#,c� 3�+
f



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.23-

����������� z  ! �#"�����$ � %�& '���(�) ��* +�,�����-���-�. /�. ��01& '�� f ����������� y ��$ 2�& )�"�����$ ��+�-�*�& '��3(�) ��* +�,��
��-���-�. /�. ��04& '�� f ���5������� x & ��) * �6"�����$ � 798��:-�����& $ ;�) <�(�->=�$ =�-�* -:& '��6) "�-���(���. ,��5& ��0
& ) ;�) <�& ,#����01?�-@(�������� ! <�)A2�-1. ��-�"�) B�(�)�& '@(�����"�,

253

10

zyx
D

∂∂∂
∂=

) B 2�-�*�(�B -#C�;�;�'@<�0�2�C���& '�<�'#& ��* /A2#(�) & -�=�;�'�& /A2�7
D3E�FAG H IKJ�E�L MON ��,�<�'4& ��2  * -�"�����* +�/A2P& ) ;�) <�& /A2Q����$ ��) *92�-R. B 2�) & -�*@(�)5������<�� N ,:;�S�. �T& '��
��(���* S�& '�& -��K<�& ��2U<�0�(�=���;�* <�(�SV(�)9& * �  0�2�C�(�) * � 7�W�* -V��-���C  ) * .�(�-�%  ) 2X����$ ��) *�2�-V<�0�. N $ ��2�& -�*A��*
) +�"���C�<�) * �

2

22

x

f
f

x ∂
∂=







∂
∂ +�-�* 2








∂
∂
x

f
.

Y -  � ! (�)V& /���-4�����Z-���SR����;�;�� ! �Z-���;�� ! �  * -�"�����* +�� ! �Z& ) ;�) <�& $ �V& '��6(�����"�,��Z����0
��) ��* . ��C�[�-�(�) %3(�������� ! (�)#2�-6< N '�(�-�& B <���0�(�)@& ��2Z. ��-�(�(�* +�S6<�0�2  0�-�<�(�S5& ��0��@\ -�?�����B <�(�-�& -6+�-�*
. * 2�S�(�) 2�-U(�)9-���* ?�(�� ! � ]�+�-�*�2�-@������+ ! [���0�2U(�)K-�0�& S�2#& ��2#& ��S����U��* ^�_ `�a�b�c�_ d�b�e�f�g h�g i�f�j k (�)9& '
. ) 2�* +�S�& ) ��'@<�'�(�-�<�B -�7

lUm�n�o�p�G q r F�mUs t u�v
w ��?�) ����,�<���0�(�)�<�0�2�-���& ,�<�) * �  ! �#(�) & -�=�;�'�& /A2 ),( yx +�-�*�& ��0�� -���;�� ! �  * -�"�����* +�� ! ��& ) ;�) <�& $ � :

x
D

∂
∂=1 ,       

2
2
1 







∂
∂=
x

D ,      
yxyx

DD
∂∂

∂=





∂
∂








∂
∂=

2

21

& S�& )�'#$ +�"���-�<�'

21
2
11 53 DDDDD π−+=

) B 2�-�*�$ 2�-��  * -�"�����* +�S��3& ) ;�) <�& ,�� 7 x#<�& �Q'X<�0�2�C���& '�<�' )sin(),( xyyxf = 7 Y -U) "�-���(�S�<���0�(�)y& ��2
 * -�"�����* +�SK& ) ;�) <�& ,@) ��C�2��5& '�� %�?�-K0�����;���. B <���0�(�)  '�;�-  ,1& '@<�0 2�C���& '�<�' Df .

( ) [ ])sin()cos()sin(5)cos(353),( 2
2

2

2

xyxyxyxyyxyy
yx

f

x

f

x

f
yxDf −−−+=

∂∂
∂−

∂
∂+

∂
∂= ππ .

lUm�n�o�p�G q r F�mUs t u�z
w 2{?�) ����,�<���0�(�)Q<�0 2�-���& ,�<�) * �P& ��* /A2|(�) & -�=�;�'�& /A2 ),,( zyx +�-�*X& ��0��R-���;�� ! �  * -�"�����* +�� ! �
& ) ;�) <�& $ �



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.24-

��� 






∂
∂= ��

,        

�
�� 








∂
∂= ��

,          

��� 






∂
∂= ��

� ���  "!$# % &('�!()*% +(�(,-�  .� /(� 0�, ������ ���
++ !*1*!�2(3(4  � &�% 5*6 7(6 8(5 9�:";=<�>�? <�@ A +(&�%�/(B�2(C�!�.*D 4  � &�% E

2

2

2

2

2

2
2

zyx ∂
∂+

∂
∂+

∂
∂=∇

F  G D /�H"/(IKJ-L M(N L O P=.�!�% Q(�*1RQ(!*BK&*1�&('�S )�&�2( "/(� I�1UT V(W V*X�Y D 1� � &�%�2( "� IKC�!�0�Z* % &$� !�B[�  .� /(� 0�E

02 =∇ f
\ ](^ _(` a�` b c=](^ d�e�f g�^ h(iRjR` b k�b l�` iRj

• m % &K!�Q�!�% ! 1�# 0(Q�!��  "# % &('�!()*% +��$�  .� /(� 0 D X(&*1 R∈c % /(n o( % E

cDfcfD =)(

• p 1 f +(&�% g # o�!q/(B*1�&()*� 0�/� % ,$!()*% /�2(S 1� ,K/(� !rD # % !s&*1*!�% n � �s/(o*1*!�.*!t2( u/�B*1� n  D ,u2( )*% +(S ,
Q(&()�&�Y vwY !�B(,w��.�H�1[� H-1R� 3(G  H-1�X*+(&�% D !�Q�!�% !(/(# 0(Q(!��  "# % &('�!()*% +(�(,-�  .� /(� 0�, X*% /(n o( % E

DgDfgfD +=+ )(

• m % &K# o�!$!�Q�!�% !*B(/�# 0(Q�!��  "# % &('�!()*% +�!�o(,-�  .� /(� S , D +(&�% D′ !()*D 4 !�B�2( "� ! x�y(z�{*| 8�}�x � !�B(,
fDDffDD ′+=′+ )(

• ~ )*D 4 !�B�2( �/�&*1 �*| � �(}�6 � { # o(!�# % &('�!()*% +(v-1��  .� /(� v-1 D +(&�% D′ � !*1�# % &('�!()*% +����  .� /(� 0
DD ′ Y % &$� ! 1[!�Q�!�D ![% /(n o( % E

)()( fDDfDD ′=′

p B�� �r/(I�2(&�D 1� %w��� %-Q()�vw� &r '�&()(2��(4  � &�%-!r�  .� /(� 0�, D′ /(� Is/(B*1�3()*� I�/(Iq+(&�%w/(� Is/(B 1�S n  % &
/(� !K&�Q�!�� S .� /�2(&K '�&()(2���4  � &�%(! D .

• 
F Q()��(/�Z* /(I�+(&�%-!uQ�!�.*.�&�Q�.�&(/(% &(/�2(�(,R� H-1u# % &('�!()*% +(v-1u�  .� /(� v-1U% +(&*1�!�Q�!�% !*o*1U��.�!*B(,R� !*B(,
+(&*1��*1� ,[Q�!�BrY 1�H")*D 4 !�B�2( $Y % &q� I�1rQ()*�(/�Z* /(Iq+(&�%w� ! 1rQ�!�.*.�&�Q�.�&(/(% &(/�2(�q� H-1�Q(!�.*B�H-1*o�2(H�1�W
m % &$Q(&()�3(#* % Y*2(&(X�% /(n o(!�B 1[!�%�/(n S /� % ,

DDDD ′=′ +(&�% DDDDDDD ′′+′=′′+′ )(
� � &*1$S 1�&(,w# % &('�!()*% +��(,-�  .� /(� 0�,"S n  %(� Iu2�!()�'�0K&(Z*)�!�D /�2(&�� !(,-�()�H-1R� !�B$� o�Q(!*B

nm
n

m DcD �1
1

.�S 2( $��� %- D 1�&�%-/� ����� {*� | ��9�}�{�z(�-9 W(�R3(Z* $� S � !�% !�,[�()*!(,[S n  % �(��y�}��  nmm ++ �1
W p 1r��.*!�%-!�%

�()*!�%R� !�B�&(Z*)*!�D /�2(&�� !(,�S n !�B*1t� !*1�D # % !�C�&(Z�2(� m XR� ���  s!�# % &('�!()*% +(�(,��  .� /(� 0�,r!*1*!(2(3(4  � &�%
{(}�{*�*6 � 9�: C�&(Z�2(!�o m .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.25-

����������� � �  ���! " #�$
%'&)( *,+�-�. - /)0�+)12- 3)+�4)( 5 6�5 &)( 7 8

yx
D

∂
∂+

∂
∂= 23

3)/�-
yx

D
∂
∂+

∂
∂=′ 4  .

9 +;: - <2=�>)5 <2=;( +�?)8A@2/'5 4 <�/�- B
22

8143423 







∂
∂+








∂
∂









∂
∂+








∂
∂=








∂
∂+

∂
∂









∂
∂+

∂
∂=′

yyxxyxyx
DD

C /)1�/�( D�1�+�E�>)5'=�( -F( +G: - <2=�>)5 <2+G( *H<G. E�+G( 5 6�5 &)( IH<GJ)+2?,5 4 <�/�-K7 <�/)8;<�7 +)8'. - /)0�+)12- 3)=)8L( 5 6�5 &)( M�8
7 N 5 -K5 3)0�1�/)&)( 5 4K&�5O3)/2<�+ <2- 3�MP>�+)1�0�M�Q�RF6�7 J)+�?�>)5O5 J�4 &)D�8'=�( -K5 4 <�/�-F3)/�-S+�>�+�: 5 <2M�8�T�/)@�>�+�E,U�Q�V
/)12N - 3�MO7 3)0�1�/)&)D'( +�?L( 5 6�5 &)( M







∂
∂+

∂
∂







∂
∂+

∂
∂

yxyx
423

.25 <L5 4 <�/�-�&�5A3)/2<2+2<2- 3�M�>�+)1�0�M�Q

����������� � �  ���! " #)W
%'&)( *,DO&�?2<�X)12( D�&)D ji yxyxf =),(

=�J�+�?
0, ≥ji
/�3)7 1�/�- +�-�/)12- @�>)+�4 Q 9 =�( 5 Y�- &)N E)5 - B

!!),(),(21 jiyxf
yx

yxfDD
ji

ji =





∂
∂








∂
∂=

VZ/�J)=).25 - [ D\5 4 <�/�-KX�>)5 &)D�YA/)0�+�E,( + ix
J)/)1�/�: *A: 4 ] 5 ( /�-

i
0�+)1�7 8O*F8'J)1�+�8

x
3)/�-KN X2<�5 -

&)( /). - /�3)XL( - 8F. ?2<�X�>)5 - 8A( +�?;=�J)*F8A3)/�-)( + jy
J)+�?;J)/)1�/�: *A: 4 ] 5 ( /�-

j
0�+)1�7 8A*F8HJ)12+)8

y .
^K<;( IF1�/

r
3)/�-

s
5 4 <�/�-�/�3)7 1�/�- +�-

0≥
Y�( 7 ( +�- +�-�IF&)( 5

ir ≠
3)/�-

js ≠
( =�( 5

0)0,0(21 =fDD sr .

����������� � �  ���! " #)_a`�b�c2d�e)fSg e�hOi�j k�l m�n
o ( Dp@25 *F124 /�( *H<�&)? <�/)12( M�&�5 *H<�>�4 /)8;>)5 ( /)T262D)( M�8 qr st : <�*F124 ] +�?)>)5;7 <�/2<O( 12=�J�+u>)5a( +2<O+�J�+�4 + <
>�J)+)12+�E�>)5L<�/GJ)1�+�&�5 : : 4 &�+�?�>)5'( - >)7 8'( D�8'&)?2<�X)12( D�&)D�8L3�+2<2( Xv&�5O7 <�/,.25 . +)>)7 <2+v&)D�>)5 4 + ws ( +�?
J)5 . 4 +�?;+)12- &�>)+2E�Q VxJ)12+)&�7 : : - &)DO/�?�( M': 4 <�5 ( /�-�>)5F( /;6�5 : =�>)5 <�/ y�z2{�|�}S~ |������F�2��� �)�K���)������z2�

:

��
� ss

�
stssstssststs�st qr�
qrqr�U

qrqq rrqrqrqr ww���wwwww
−++−

′′
+−′+=≈ � .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.26-

�������������  !��� "�# ��$ %�&�� #  ('�)� !� *�+ # )�,�� "�� #�*�)-'�� ��� $ .�&���/�'���$ )0������/�%1*�/�'�)-)�/�$ 23&�$ 4�*5��� "�# ��6 .3$ ��/
'�4�+�� *�7� 1����7�$ �!8 # ) 9: =; $ �0������/�%�*�/�'��58 < *�� $ )�# =

>>
> ;?

@;@;@@;A B C9DBE C
9D

C9DC9DCD FGH
++

′′
+′+= I

JK# +�� )L$ 4� -��"���&�� 8 8 # &�4� M'�< )� 3&�/�*�2�"�$ 4�&�4� 3)���7L������/�%�*�/�'��N'�����"�� <!*�)N� ��� O�$ )�P�� <�O�)�#
&�$ #  Q&�/�*�)�"�$ .�&�� #  (��������%1*M'�� $ )�R���4�$ %1*�S�T1# + # O�238 # )3$ #  Q&�/�*�)�"�$ .�&�� #  CUD V;@ &�$ 4�*-��� "�# ��6 .W$ ��/

C9U9D=
X �-)�*�$ < &�$ ��# 6 �� 1$ Y����� !$ ��/0Z1[ \�] ^�_1� < *�)�# =

`a
>`a `a

`a`a
>`a

`a
> V;@V;bcV;bc

@ddV;AV;@ C9U9DBB eBB C9U9DCUDCUD Hf ∑∑
≤+

+

≤+ ∂∂
∂==≈

7�����/g�N'�� $ "�4�$ .� 0&�$ �h&�Y�'�R������h$ ��/h)�P�"���< &�'�)�$ �� -&�4�'�)�< *�� #!7�$ #�P�)h��"�� ��� #!*�)h��2�"���/�'��37�����/� 
$ ��/� h+ /�*�)�$ ��Y� h&�/�*�+ /�)�&�'���Y� L8 # )i$ ) c O�)�# b � $ &�#3%�&�$ �N��2�*�$ ��$ �h*�)j� < *�)�# ?bc ≤+

Slk(*
9

== bc U $ 7�$ �L8 "�2�,���/�'�� C9U9DC9U9D:H:f @@dd
=

k(*5����# ��7�*l8 # )0��)�"�2�+�� # 8�'�)-� 6 ��/�'���$ 4�*5&�/ *�2�"�$ 4�&�4
CEe] m DCUD V;V;@ ++=

O�)�#hP�� ����/�'��n*�)KR�"���Y�'��o$ �p������/�%1* /�'��KR�)�P�'���YqEp����/q��"���&�� 8 8 < r � #g$ 4s&�/�*�2�"�$ 4�&�4s&�$ �
C9U9D=

X P�)-� 6 ��/�'���=
9C9U9D =

@
,

V;V;@d Ee
eCUDf ++

= , eC9U9Df =
@d

V;V;@d Ee
E

CUDH ++
= , 

EC9U9DH =
@d

HHf CEeD
eCUD V;V;@d
++

−= , eC9U9DHf −=
@d

HHH CEeD
t

CUD V;V;@d
++

−= , 
tC9U9DHH −=

@d

HHf CEeD
E

CUD V;V;@dd
++

−= , 
EC9U9DHf −=

@dd
u "�) U

xy
fDD

y
fD

x
fD

yfDxfDfyxp
11

)0,0(

2

)0,0(

2

)0,0(
)0,0()0,0()0,0(),( 212

2
22

2
1

212 ⋅
+++++=

O�)�#�'�� $ 20$ 4�*0)�*�$ # O�)�$ 2�&�$ )�&�4



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.27-

xyyxyxyxp 22
2

1
2),( 22

2 −−−+= .

��� ����� �����! �" #%$�&�� ��' ��(*)%+�, -��%.���/0� 1%2
),( yxf
$�&�� ��' )%(3� 1%2

),(2 yxp 4 ��56&�� �!' 7 ( 4 ��58� 5 9;: <��
����= >�' / -�?%2�@A/ > 2���5�1

),( yxf
( " B0��> 2�/ � ��5�1C-�D%��&�, 7 7 5 &��C� ��.�96&�� 1�20-�/ D%5 ��� �C� ��.;' E�$�E%( "

      F G H F I H

F J HK�L�M N GPO%Q R�S�TVU�W�X%Y J J Z X�[0\ ]�Z ^�_�` \ Z G�a6G�]�b;]�W c�d e3` d N W Taylor



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.28-

����� �����������! "$#�%'&$%! �(*)�+  "$#�%

,�- .0/21 3�4 - .5- 6$7'8�9:7�;2<:- =�8�1 6$7'/�> ;2?@/21 - ;2A:3:.2- =�? B*C <:.�82D /�E�F2E�D =�8�;�/21@- D ?GF2;2<�;�H I!H E�92?JH D ;'7�;
1 7:- E�F�> 82E�9�/21K- ;L- E�F�D M2N';�M2<�O�- ;�- ;5/�> ;2?J829 7�N2<:- .�82.�? BQP .23�;2P =5- ;582.�/21 > ;5O�F�E�9L.R8�9:7�N2<:- .�82.
F2;�> < 7�1 D�- D ?�1 3�N�C D 82- 1 ?S=@- D ?T/24 H D 82- 1 ?S- D /24 ?S- .�?�8�1�82C 4 82.UF2N:7:- E�- 1K/21�- ;@H 1 D - E:7:D M2NU82.�/21 > ;�V�W�E
F2<�I!- EGA:=�/2;J- .�?S/21 X O2P E:9G1 7:- E�F�D 8�/2E�YK- 6$7J;�M2<�O�- ;�- 6�7G82.�/21 > 6$7K=2- ;:7J.@1 Y2<�1 82.@- 6�7JM2<:> 82D /26$7
82.�/21 > 6$7�BKP .23�;2P =Z;�9�- I$7[O�F�E�9\.\F2<�I!- .]F2;2<�N�H 6!H E2?51 > 7�;�DG> 82.^/210/�.�P:4 72V_,�- .Z8�9:7�4 C 1 D ;2B
1 ` 1 - N2a ;�/21*- E_F2<�O�82.�/�EK- .�?QP:1 Y�- 1 <:.�?bF2;2<�;�H I!H E�9KH D ;K7�;G;�F�E2c�;282> 82E�9�/21S;:7J4 C E�9�/21S1 3�N�C D 82- EJ=
/24 H D 82- E�V de/24 X E�P E2?b;:9�- =J/�F�E2<�1 >�7�;�H 1 7:D M21 9�- 1 >2M2;�D�82- .�7�F21 <:> F�- 6b82._- 6$7_8�9:7�;2<:- =�8�1 6$7�F2E�3:3�I$7
/21 - ;2A:3:.2- I$7�B�O�F2E:9TC <:.�82D /�E�F2E�D E�Y�/21!F�3�4 E 7�- D ?b/21 <:D M24 ?!F2;2<�;�H I!H E�9�? V

f 82- 6
RR →⊆ nUf :
BTF2;2<�;�H 6!H > 82D /�.g829:7�N2<:- .�82.gO�F2E:9[- E

U
1 > 7�;�DJ4 7�;g;:7:E�D C - O

82Y:7:E�3�E�V f 82- 6^1 F�> 82.�?U82.�/21 > E ( ) UppP n ∈= ,...,1

VQW�E
P
E:7:E2/2N2a 1 - ;�D h:i:j�k l�men�o p:k q2h:i - .�?

829:7�N2<:- .�82.�?b;:7S9�F2N2<:C 1 D�/�> ;_;:7:E�D C - =J/�F2N�3�;
B
/21bM24 7:- <�E�- E

P
- 4 - E�D ;KIb82- 1QH D ;_O�3�;_- ;K82.�/21 > ;

BxxX n ∈= ),...,( 1

7�;TD 82C Y21 D

)()( PfXf ≤
=K;�3:3:D Ib?

),...,(),...,( 11 nn ppfxxf ≤ .
r /2E�D ;2B2- E

P
E 7:E�/2N2a 1 - ;�D h:i:j�k l�mTs t2u�v:k q2h:i - .�?Q829 7�N2<:- .�82.�?Q;:7�9�F2N2<:C 1 D�/�> ;J;:7:E�D C - =@/�F2N�3�;

B
/21bM24 7:- <:ET- E

P
- 4 - E�D ;_Ib82- 1!H D ;_O�3�;T- ;T82.�/21 > ;

BxxX n ∈= ),...,( 1

7�;TD 82C Y21 D

)()( PfXf ≥
=K;�3:3:D Ib?

),...,(),...,( 11 nn ppfxxf ≥ .
w 7�- E_82.�/21 > E

P
1 > 7�;�D2- E�F�D M2OK/24 H D 82- ET=T- E�F�D M2O_1 3�N�C D 82- E�B�- O�- 1!3�4 H 1 - ;�D h:i:j�k l�mTx�l�y�m:h:x�h:i

.
W$E'82.�/21 > E

P
E:7:E�/2N2a 1 - ;�D l�y�z q�k n�i'q2{�n�s z i - .�?@829:7�N2<:- .�82.�?

f
;:7'O�3�1 ?GE�D�/21 <:D M24 ?

F2;2<�N�H 6!H E�D2- .�?
f
/�.�P:1 7:> a E 7:- ;�D�82- E

P
V:|$.23�;2P =�B�- E

P
1 > 7�;�D2M2<:> 82D /2E_82.�/21 > ET;:7

0),...,()( 1
1

1 =
∂
∂= npp
x

f
PfD ,  . . . , 0),...,()( 1 =

∂
∂= n

n
n pp

x

f
PfD ,

=_D 8�E2P Y:7�;�/2;_; 7�D 82C Y21 D
)0,...,0()( =∇ Pf .

w F2E2P:1 D M:7:Y21 - ;�D!O�- D }2~K� �G��� ��� � �
P
� � ~ }��$� ���2� �:�G}2� ����� }2� �@� �2�S�2� ~ � ��� �����2� �!� ��� �_� � ~ }��

�:}��*� ��� �2� ���L��� ��� � � V!d�82.�/2;:7:- D M�=R;�9�- =5D P D O�- .2- ;5/2;2?JP > 7�1 DS- .�751 9�M2;�D <:> ;'7�;R;:7�;2a .2- =�8�E:9�/21



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.29-

��� ���������  ���� !"�#��!"$�%�� ��� �#&"� �'&"(�)"* + �#%��� �,')�(�-�* ��+ .  � � ���� ��/)"* $�� !"0 12�"�"$���3 453  �� 6"7/�#&"(�)"* + �#� �
 ��� �+ �8* + �����"!"$�+ &"� )"�8��9�9��8-�* �:* + �����"�  ���� !"�8��!"$�%�� ��� �: ��� �)"�".  ��� ��� ;�<�=�>�<�?�@ A�B#;"C�>�D E < .

F#G�H�I�J�K L M N�G#O P Q�R
S 12��* 4T$�U�&� �,�)"*V� ('&", ���"$�� (�&"('- W� #)"* � �"X�9�("� Y/� 22),( yxyxf += 68Z�� �����#X�$� �W")"*[� �#!"$�+ &"� )"�
&"(�)"* + �:� (�1T���:9�W"&" �,�)"*5�  8&�W"&"� (�)"�\� 4��:* ] � &�YT&�* 4/�

02 ==
∂
∂

x
x

f !"��� 02 ==
∂
∂

y
y

f

4T1^�"$� "1 x !"��� y 6�_^$� �`�����YT1 a/�  b)� ����"- � !�%c!"$�+ &"� )" c&"(�)"* +  b* + �����5(d�"$�e Ub� 4��c�"] %���4��cf g�a g�h
%��� �,i(j� � )�Uj� (�1k&�,����"$�� (�&"(�1k* + �����:)�("-�0 �"6 S 9�9�� 0),( ≥yxf a2 ���%�� *c�  jf g�a g h'* + �����^�  ���� !"%
* 9���e � &"�  l� (�1i&", ���"$�� (�&"(�1if * + ������!"���� �9�� !"%m* 9���e � &"�  �h 6[n��  \n�e U�)"�mo�6 plf _^�"$��"-�* � 3�)"�mo"6 q h
`���+ ��* � ���"!"�"���"$��8%�� �"�  ^�"�"$��"X� �9� "* � -�0 1T0 e * ��* 9���e � &"� (8� � )�U�&"�  :f g�a g�h 6

F#G�H�I�J�K L M N�G#O P Q�r
s * 4T$� �W")"*i� (t&�,����"$�� (�&"( 22),( yxyxf −= 6uZ�� �\���mX�$� �W�)"*d� �m!"$�+ &"� )"�t&"(�)"* + �m� (�1v���
9�W"&� �,")"*T�  8&�W"&"� (�)"�w� 4/�:* ] � &�YT&�* 4/�

02 ==
∂
∂

x
x

f !"��� 02 =−=
∂
∂

y
y

f

4T1V�"$� "1 x !"��� y 6�7� #)� ����"- � !�%�!"$�+ &"� )" �&"(�)"* +  #* + ������!"����* -�Yd('�"$�e U'� 4/���"] % ��4/��f g�a g�h5%��" �,

0)0,0( =f 6 S �:* ] * � �"&� �,�)"*T�"$� "&�* !�� � !"�:� � 15� � )"0 1T� (�1T&",����"$�� (�&"(�1T3 W"$�4i����%8�  8f g�a g�h/����-  �W�)"*
%�� � 0)0,( 2 ≥= xxf !"��� 0),0( 2 ≤−= yyf 6#x2�� ��  ��- U"�� �� *w9� �� �"% �y���� �� e � %z- + &"!" y!"���b���
�"�"$� �,�)"*#)"*�!"0 ��� $� c�  bf g�a g h a5���d0 e  �,�)"*8�"�����  �� *�� � )"0 18� (�18&", ���"$�� (�&"(�18�� �,i��9�9�* 1#���d* + �����
)�� !"$�%�� * $�* 18!"���V��9�9�* 1#)"* 3 ��9�W�� * $�* 18���"%bg�6�7� b&"(�)"* +  bf g�a g�h^* + �����T9� �� �"% �b&���3�)"��� � !"%d&"(�)"* +  �6
n��  :n�e U�)"�8o"6 {:X�9�0 �� �,�)"*T� (8&",�)��"* $�� `� "$��:� (�15&",����"$�� (�&"(�1/3 W"$�4d����%:� (��8�"$�e U�� 4/�:�"] %���4/�"6�|
* ��� `�����* � �c� ,�)�+ . * �5&���3�)"�cf &���)"�"$�� h2!"���/�"�"$���� (�$� �W�)"*^%�� �5&�*8��9�9�* 1^!"��� * ,"� W ��&�* � 18f �"$�e + .  ���� �"1
���"%b�  bf g�a g h h[(i&", ���"$�� (�&"(i��,"] ����* �V* ��Yl&�*#��9�9�* 1�`�� + ��* � 6  } ��� ��9�0  ��a5(v&", ���"$�� (�&"(v-�* �d0 e * �
!"����0 ���:�  ���� !"%8��!"$�%�� ���  �6



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.30-

����� ����� � ! "��#��$ ����% & ' (*)�+ ��, - ./)�0 1 2 3�% +�)�+�4

576�8�9;: < = 8�>�? @�8 A�B�:C= DFE�G ? @�H B�D;@�I�B�: ? DJB�? D�KL@�A <�M�G = I�@�I�K NPO G�: H D�Q R�B�D�@�= :LE�M�>�8�H 8
E�G H = S�G H 8UT H DP<�DVD�>�8�6�D�@�? Q 8�A�B�:WD <PD�A�= MX: ? <�D�H7= 8�>�H E�MXD�E�G�R�= D�= DVE�D�H*D <V@�A�B�Y�D�? <�: H*D�A�= R�NZ= H
: ? [ 8�A�K#D�E�G R�= D�= D]\ O 8 A�B�:_^ B�\ T H @�= 8/S`: a�M�O H @�= 8�b c d�= H K_@�A <�D�G = S�@�: H KZB�? D�KeB�: = D�Y a I�= S�K_= 8]E�G H = S�G H 8
: ? <�D�H�I`[ : 9�= : G I�>�D�G�M�T f#T 8�K_^

0)( >′′ xf
T H D]= 8]= 8�>�H E�R]: a�M�O H @�= 8�E�D�H

0)( <′′ xf
T H D�= 8`B�\ T H @�= 8 b c

d�= H KZ@�A <�D�G = S�@�: H Ke>�: G H @�@�R�= : G�f�<`B�: = D�Y a I�= gh<]I`\ < <�8 H D`= I�KZ[ : 9�= : G I�Ke>�D�G�D�T g#T 8�A`: ? <�D�H�D�G E�: = M
@�9 <�i : = I�c d�= I`@�A <�\ O : H D�i D`: >�: E�= : ? < 8�A�B�:e= I�<]\ < < 8�H D�= I�Ke[ : 9�= : G I�K_>�D�G�D�T g#T 8�A`B�:7B�? D`\ E�6�G�D�@�I
>�8�Aj>�: G H a�D�B�Y�M <�: H`R�a�: KP= H KVB�: G H E�\ KP>�D�G�D�T g#T 8�A�KP[ : 9�= : G I�KP= M�k I�KXB�? D�KV@�A <�M�G = I�@�I�K

1>n
B�: = D�Y a I�= gh<�c

le<�8�B�M�Q 8�A�B�: m n m o�p�q rZs t u�vxw�y�o�zhv S m n m o�p�q rZs t u�vx{�|�s }�o�m ~�{�~ B�? DJ@�A <�M�G = I�@�I

RR →nq :
= I�KeB�8�G�6�S�K

∑
=

=
n

ji
jiijn xxaxxq

1,
1 ),...,( .

�hI�a�D�[ S�N�IC= : = G�D�T fh< H E�S�B�8�G�6�SC: ? <�D�HW\ <�D�KVT G�D�B�B�H E�R�KU@�A < [ A�D�@�B�R�KUR�G�fh<�>�8 AL: ? = :�: ? <�D�H
= : = G�D�T fh< H E�\ K_[ A <�M�B�: H K_B�? D�KeB�: = D�Y a I�= S�K_: ? = :e: ? <�D�H�T H <�R�B�: < 8/[ 9�8]B�: = D�Y a I�= gh<�c



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.31-

����������� � �  ���! " #�#
$�% &�')(+* ,.- (�% /10+&2% /3')% * % ,�4�5 /3'.6 7+83':9�;+,�<�83')= >�;?9+* % 4+@.A.&+% 83':B C ;�D�9+*10+D '�4+,.% E�0�* 6 FG% ;.D:% >�(�;�D

2
2212

2
11),( yaxyaxayxq ++= .

HI* ,.6 7+B F2% B % ;�6 * F?* (�6 <�J.'�* 6 * F�9+4+K -L9+*2% 6 F?4.'.% - 0+% ;�6 C * F27+4�9�(�>�A�* F?0+% J+M�9�&�F?9�(+;�,.;�>�9+*:'�4N= ;�>�9+*
0+% ;:$�C E�9+4PO+Q R�Q

     S T U 22),( yxyxq += V T�W )(),( 22 yxyxq +−= X�Y Z2[ \ W Z:] ^�_�`�a b T

 S c U 22),( yxyxq −=



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.32-

� � �
xyyxq =),(

 � � �
xyyxyxq ++= 22),(

����� �� "!$# % &('$) * +� � ,.- / 0$1 2 ��3 +�4 1 2(�$5 36��) *  7�8 9�* : -

;=<�> ?A@B<�C$D�E�F$> @�<�@
RR →⊆ nUf : G H I > @�DKJ�L�J�M I C�L�E�F$N J�C DKO�P�Q RSJ HUT Q F H V�W R

L I F�E G ? G J H�X Q Y�> Q F$@�RZ> E�[ @�R\<�Q W D I <�@ T Q M J ( ) UppP n ∈= ,...,1 ]�^ D$J T E�_ J�C T Q `.a�a�b c�d egf h�i f
a�f$jka�h�l�m n j

P  o I L�O\> JkO D$J T�I > J�C L. O. Hesse), 
> @�D6> Q > F I�G ?(D H V�pqT J�F�r p L�J�C\J�F$M _ Q > I�H s

∑
= ∂∂

∂=
n

ji
ji

ji
nP xxP

xx

f
xxHf

1,

2

1 )(
2

1
),...,( .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.33-

��������� � � !#" $ ������%'&�( %�)+*���,�-�%�.0/1��2 %'� ��3�4�2 5�6 -��
Taylor 

2 7�)+��5 ��3�( 2 7���7�)8��2 %'��5�6 9�" 9�( � -�: � %
��7�-�" $ %�;=<>( 7���� -�%�4�%�� " $ 2 ���?��2 ��9�( $ ��� -��@��7�-�" $ ��A?&�4�%�5B%�&�( %�)C*���,�-�%�.EDF-�7�G " � $ H " 2 ��� AI6 � ��2 $
4�(�%���" 6 6 $ H " ��2 � )82 � -�: )82 7�)

f
9����J-���)+G $ ��" �J-�$ �'6 " � � 9�!#" � 9�& ���'2 7�)8��5�-�4�" ( � K�%�(�3�)82 7�)

f
9�% � 2 3

��2 �?��7�-�" $ �?��5�2 3�; L=�
2=n
A�7I������� � � !'-�$ ��)M��5 ��3�( 2 7���7�)

),( yxf
��2 %?��7�-�" $ %

),( baP =  
" $ ����� N

( ))()(2)(
2

1
),( 2

2
2

21
2

1
2 PfDyPfDxyDPfDxyxHfP ++=

O'P�Q�R�S�T U V W�P'X Y Z�X
[ �1*�(�%�.�-�"82 7��?������� � � !12 7�)8��5 ��3�( 2 7���7�) )( 22

),( yxeyxf +−=
��2 �19�( $ ��� -��#��7�-�" $ �12 7�) ;�L84�&12 %

��.���2 7�-��I2 \J�>" ] � ��^M��" \J�

02 )(
1

22

=−=
∂
∂= +− yxxe
x

f
fD

9����
02 )(

2

22

=−=
∂
∂= +− yxye
y

f
fD

G � ��4�� ��2 ^J��%�5�-�"?&�2 �M2 %_-�& � %C9�( $ ��� -�%C��7�-�" $ %C" $ �����M2 %
)0,0(=O
&�4�% 5

1)( =Of
;�`�2 %_��7�-�" $ %

��5�2 &>5�4�%�a %�6 $ H %�5�-�"�2 � )=-�" ( � 9�: )�4���(���6 ^�6 %�5�)�G " .�2 " ( 7�)J2 3�] 7�) N

2)24()()(
)0,0(

)(2
2

2
2
1

22

−=−=
∂
∂= +− yxexO

x

f
OfD ,

04)()(
)0,0(

)(
2

21

22

==
∂∂

∂= +− yxxyeO
yx

f
OfDD

2)24()()(
)0,0(

)(2
2

2
2
2

22

−=−=
∂
∂= +− yxeyO

y

f
OfD

�J4�%�-�: ��\M)J7?�J����� � � !?2 7�)
f
��2 %?��7�-�" $ %

O
" $ �����

)()202(
2

1
),( 2222 yxyxyxyxHfO +−=−+−= .

`�2 %B`�b !�-���c�; de* a�: 4�%�5�-�"C2 � )f" 4�� K�3 ��" � " )f4�% 5�� � 2 � ��2 %�� b %�. �B��2 � )C��5 ����( 2 !���" � )
),( yxf

9����

),( yxHfO

; g>��(���2 7�( !���2 "M2 70��5�-�4�" ( � K�%�(�3I2 7�)J9�3�, "8-�$ ��)M��2 7��+4�" ( � %�b !I2 % 5Ih i�A i j ;



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.34-

),( yxf

),( yxHf O

����� ����� � !�"�#%$�& ' ( )�* +�$�+ )( 22

),( yxeyxf +−= , ��-�+/.0$�$�- ��' �1* +�23$�* 4 , )�5 $�- ��46$�+ ��7 5 4
8:9 ;=< > < ?�;�@ A3B 9 C�DFE�G�?�H�D

RR →nq : I�J @ > < ;�9 K�L M N O�PFQ�R�N S�T�U V W ; B
0),...,( 1 ≥nxxq

n
nxx R),...,( 1 ∈∀

C�;�9
0),...,( 1 =nxxq

E�X B GY; B
(0,...,0)),...,( 1 =nxx Z�[ E�G�9 ;�\/]

q I�J @ > < ;�9
^ R�V W�M N O�P_Q�R�N S�T�U V W ; B

0),...,( 1 ≤nxxq  n
nxx R),...,( 1 ∈∀

C�;�9
0),...,( 1 =nxxq

E�X B G`; B

(0,...,0)),...,( 1 =nxx .
acb d e > 9fB�;hg�;�?�;�< ]�? D�i�G�j�E�>%X�< 9:; B

1=n
\f]hkli�i�9 ; B DmE d ;�n%i�j B�o�? < ]�i�]�n

)(xf
i�>

i�j�@ C�> C�? 9 E J B�G1i�]�E�> d G
ax =
> d B�;�9

2)(
2

1
)( xafxHfa ′′= .

a j�< Dp> d B�;�90q > < 9 C�orG�? 9 i�E J B ]p; B
0)( >′′ af

C�;�90;�? B ]�< 9 C�orG�? 9 i�E J B ]r; B
0)( <′′ af Z a I I opi�< 9 n

g�> ? 9 g�< s0i�> 9 n6;�j�< J n J t G�j�E�>6i�< GfC�? d i�9 E�Gui�]�E�> d G
ax =

< G�g�9 C�X:> I o t 9 i�< GfDpE J @ 9 i�< G:; B < d i�< G�9 t ; Z
a j�< Df]fg�;�?�;�< D�? ]�i�]:> d B�;�9�g�G I v i�]�E�; B < 9 C�Du@ 9 ;f< ]�BwC�;�< ; B�X�]�i�]f< ]�ncg�;�?�;�C�o�< A=g�? X�< ;�i�]�ncg�G�j
G�j�i�9 ;�i�< 9 C�oxq > A0?�> d < ]�Bckli�i�9 ; B D�i�; B6> g J C�< ;�i�]x< ]�n0y > v < > ? ]�nlg�;�?�;�@ sl@ G j�z
{ '6+x$�& ' ( )�* +�$�+

RR →⊆ nUf : | ��7 -�$�& ' 7 ��7 5 23��7 )�- , | 20}�� )���~ �/~ 4�& 2l� | � )�- , ��-�� 7 � * 7 )�+�2/* (�� +�2 �
* 4r$�+ ��7 5 4 ( ) UppP n ∈= ,...,1

7 5 ' ��- | ' � , )�5 $�- ��4:$�+ ��7 5 4:* +�2
f , ��-�+u.l$�$�- ��' �

)(xHfP

7 5 ' ��-
� 7 * - , (F4 )�- $ � | ' +��1* ��* 7r* 4

P
7 5 ' ��-x* 4�}�- , �%7 � ( ��- $�* 4�* +�2

f
� { '=+

)(xHfP

7 5 ' ��-�� )�' +�* - , (
4 )�- $ � | ' +���* ��* 7l* 4 P

7 5 ' ��-�* 4�}�- , �c� | ~ - $�* 4 �



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.35-

����� �������� !�"��# ��$ %'& (�%')"%"& # *�& ��# + , )-���"�-����.�/"+  #0$�+ #1��$"%"�2)"%�.��� *�)3*�& ("%-4" 5�&  /"(
��)�/�.�6 786 �9& 7:%9*��"%�)�/"& ;�*� 7�%-��, )�<=�� & )�>"�"(�& ;�<!�� =& (�%@?8*�*�# )"%";�AB)��"��.'C�)�#0*�& �-D" & # C�$';
)�/ %"(�& # C�$0��/"$�*�(����0& (�<E4" 5�&  /"(�<E��)�/�)�6 F86 �"�1�� E& (�%0� % %"��# )0& (�<ED" & # C�.0;G)�/ %"(�& # C�.1��/"# *���� %"(�<
&  & /�)�6 7:%"# C�;�<H����/�I�;�< J

K0L�M�N�O�P Q R S�L0T U V�W
X <ED" 7�/";�*������� HC�)�#���.��"#�& (Y*��"%�.�/"& (�*�( )( 22

),( yxeyxf +−=
������A�$���7�<H , 4")��� Z*�& �\[])�/�.�4" # 6"��)

^�J _�^�A�� +  #�� %�)\��$ %"�`C�/", *�# ���`*�(��� , ��A"& �
)0,0(=O
C�)�#�?8*�*�# )"%";\*�& �B*�(��� , �B)"��& $

)(),( 22 yxyxHfO +−= .
[]/���I�)"%�F8< A�*�5���I�7�%�)G�� Z& �"%\��/"# *���$�A�(Y?8*�*�# )"%";G , %�)�#8)�/ %"(�& # C�.G��/"# *���� %"(1C�)�#8 ������� %�7�<`*�& �

)0,0(=O
� + �"���� �& ����# C�$B��� 6 # *�& ��J X ��& $B>�� >�)�# )BI�)�, %� & )�#�C�)�D")�/�.`C�)�#�*�& �`a�+ ;���)`^�J b�J

?:# 4 # C�.c6 # )c& # <G*��"%�)�/"& ;�*� # <G4 5��@�� & )�>"�"(�& F:%�A])���$c& # <Y# 4 # $�& (�&  <Y& 7:%c&  & /�)�6 7�%"# C�F:%
����/�I�F�%�A"��/"��C�5���&  #�� %�)`C�/"# & ;�/"# �`��# �B 5�+ /"(�*�& �]6 # )9& (�%])"%�)�d ;�& (�*�(B& ����# C�F:%`)�C�/"$�& )�& 7:%�J
eHf0g1h�i f j k�l g�h�g

),( yxf m n�o p h�i f o n�o q rEs�o k p t"m r]u�v k v�w xEw y i r]s�m n k p8t"v�p�z o { l o k�g r l j�| g r h o\m f v
v f y�p n l }`h { f y ~"y 2R⊆U t"v�p l y h�g s�o q y UyxP ∈= ),( 00 o q f v�p�m f vBt k q h p s�y h�g s�o q y�� l }�l o �

• 
eHf

0)(
2

2

>
∂
∂

P
x

f t"v�p 0)()()(
22

2

2

2

2

>







∂∂

∂−







∂
∂









∂
∂= P

yx

f
P

y

f
P

x

f
D � h�l y P m n�y i s�o l y�u�p t }

o ~ j n�p h�l y�� � D y f y s j�� o l v�p�z"p v�t k q f y i h v��
• 
eHf

0)(
2

2

<
∂
∂

P
x

f t"v�p 0>D � h�l y P m n�y i s�o l y�u�p t } s�m w p h�l y"�
• 
eHf

0<D � h�l y P m n�y i s�o h v�w s�v l p t }`h"g s�o q y��
• 
eHf

0=D � g s�m �"y�z y�r`z o f z"q f o p8u ~ g k y���y k q v��H��y h�g s�o q yGy f y s j�� o l v�p P ����� ��Q � S:� � � t k q h p s�yh�g s�o q yYt"v�p�o f z m n�o l v�p f v1o q f v�p:v�t k�}�l v l y"��� l p r]u�o k p u l x h o p r]v i l m r]t"v l v���o { w y i s�o h�l g s�o ~"m l gl g r�w k v���p t"��r8u�v k�j�h�l v h"g r l g r:o u�p � j�f o p v�r8� l �Hf t"v"s�u�{ ~ �HfEh�l j � s g r �

K0L�M�N�O�P Q R S�L0T U V��
� )��� �� & ;�*������� 3& (�*��"%�.�/"& (�*�(

yxxyxyxf 12153),( 23 −−+=
6 # )�& ����# C�.�)�C�/�$�& )�& )�J

X %�)�d (�& ��5��� H)�/"+ # C�.`& )`C�/", *�# ��)B*�(��� , )`& (�<�*��"%�.�/"& (�*�(�<:�"5"%"�"%"& )�<:& �B*�5�*�& (���)



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.36-

01533 22 =−+=
∂
∂

yx
x

f �����
0126 =−=

∂
∂

xy
y

f
.

�������� "! # �"$"# ��%&��������'���� ��(&$"# ��% # � %*) + �-, . � ��(*��, � %0/���1 � $��"2�3�, � $"# 1 ��# � � 4 ��5

9)( 2 =+ yx
�����

1)( 2 =− yx .
6 / ��3�! $�7 % # �8� � 1 � � 3 � ��9�3�, 1 � # 9 % ��2 $�:��"# 9���9 % , 1 $ ���

(1, 2),     (-1, -2),      (2, 1),      (-2, -1).
; � 3�, � � � ! %0/�� ��:�< 70< � ��) , + # , �"9 % # :�. 9 % , 1 $ ��� 5

x
x

f
6

2

2

=
∂
∂

,       x
y

f
62

2

=
∂
∂

,      y
yx

f
6

2

=
∂∂

∂

=�# �8> ? @ A"B 5
06)2,1(

2

2

>=
∂
∂

x

f
,  0108 <−=D

@�:�� � , 1 $ ��� � � <"3 � # � ��C ��9�3�, 1 ��D

=�# �8> E ? @ E A�B 5
06)2,1(

2

2

<−=−−
∂
∂

x

f
, 0108 <−=D

@�:�� � , 1 $ ��� � � <"3 � # � ��C ��9�3�, 1 ��D

=�# �8> A�@ ? B 5
012)1,2(

2

2

>=
∂
∂

x

f
, 0108 >=D

@�:�� � , 1 $ ��� # � /�� ��C , F�: 4 � ��# ��D

=�# �8> E A�@ E ? B 5
012)1,2(

2

2

<−=−−
∂
∂

x

f
, 0108 >=D

@�:�� � , 1 $ ��� # � /�� ��C 3�! < � ��# ��D

=�# �G= 4 H 3 �JI D K�@0��# � / F ��1 � � �G> � B8L"F�! / �"2�3�,M# 9"$G, /�� ' :"$�, � � # 9 % ��2 $�:��"# 9���9 %M� F"F�: ) , $
, 1 $ ��� , +�� ��F"��$ �-��� # � F�:�L���2�3�,N# 9M��2�3 / , � � ' ����:-# 9 % < + ��7 ��/�C # �M� � 1 � � 3 � ��9�3�, 1 � D�=�# � / F ��1 � � �
> L"B '���1 $"�"$"# ��� � �O��� 3 /�+ F�, % ��# :� �3�9 % # 9 % ��2"$�:��"# 9���9 % 3 ��P 1 3�,Q# �SRT� � 1 � � 3 � ��9�3�, 1 � DN6 1 $ ���
4 � � ��� # 9�� � ��# � ��H 9 ) � ��' ����:-# 9 % ��2�3 / , � � ' ����: % # 9 % ��2"$�:��"# 9���9 % < + ��7 ��/�C # � # � /�� � : ��� � C # � # �
> U*D VWD ����� U0D 6ND B ��/�CX� 2�# H $M< + ��7 ��/�C # � � � <"3 � # � � :X��9�3�, 1 � > =�B D�Y � �X/�� � / �"����, � # � ��H < � ��'�� ��H
) � , ��, + $"9���9X# 7&$ � � 1 � � 3�7&$X��9�3�, 1 7&$"@���# � / F ��1 � � �Z> < BN! 4 ��2�3�,�� 4 , ) � :���, � # � %O��� 3 /�+ F�, % ��# :� �3�9 %
< + ��7 ��/�C # �[# � /�� ��C 3�! < � ��# �[> E A�@ E ? BW, $�(\��# �[> ) BG# � %T��� 3 /�+ F�, % ��# :� �3�9 % < + ��7 ��/�C # �
� � <"3 � # � ��C > E ? @ E A�B D ; ����/ � 4 ��(*��, � %*) , 1 4 $��"2"$�# � +�] � % # 9 % , /�� ' :"$�, � ��% D�� � � � # 9�� H ��# ,O��# �M> < B C # �
# �S��9�3�, 1 �T> E A�@ E ? BXL�� 1 � � , # ��� ��,Q2 ] 9�F C # , �"9^ "! ��9 ��/�CTC F � # � < , � # � $ � � :S# �"2S> ' 70# , � $ C # , �"9
��/�C�4 ��7*��9�B_, $�(`��# �X> ) B C # � ��# 9"$ ��� # , +  2 $���9Z# 9 % 3 1 ��%�) � � < 7&$ 1 �"2X� � # � 3�! %O'  1 $"��2"$X, $�(`��# 9�$
��� # , +  2"$���9-# 9 % :�F"F"9 %*� 2�. :"$"��2 $�D



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.37-

��� ���

��� ���

�

�

�  ! � " !

    � # ! � $ !
%�&(' )  +*-, .(/�0�1� �2�3 4 '5)�6 7-8 9 :;9 <�= 4 1�> ?(3 )�<�= ? : )(6 > <�=�) >  �@A?(B = C 1 9 : ? : @

D�E�F G(F�HJI(K(K�LAM�K�L�N�O L�NQP�R�S
Lagrange

T�U V�WYX(Z([�\�] [�Z(^�_`Z�a�U bJc-ZJd e d U \(f(_�a�g(dhg�i ZJ\�j-j-V�g(k c _(l _`d m([�d f(V�noZ�p([-q�U Z�U rQWsf(V�g(d i rQW`g�i Z(n
f(a-W�\([-U V�f(V�n t-uvg(k c _�l _(n�Z�a�U b+d ^�Z([(g�q(w d U Z�x�q�U Z-W+g(Z(n5d W�l x Z(^�k [�d x�W�Zod W-U _�X�i f�_�a(g(d5U _og(k ] x f(U _yb



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.38-

� ��� ����� � � � ��!�" # $%� & '�� ()� *�� *�$%#�+�,.- '�#�� /)')���)��� *�! � " 01'2� �)&�+ � 3 " ��&2� ()� ��! �)/�� *�$4� ����+���" �
+ � ()� 5 (�� 6�� � #��7#�+ ,8!�" #9� : " ��0;� *�<>=��.+ (), ?)�)*�! #9� " '�#��75 '�0;� � ,.��#)' @ A�B�@ C DFE�G�B�H)I)E�I)JLKNM O�H
C M K P�Q�G�D <�R7#N3 � #�� &�+ S;����&�! �T�)��� + ,)'U� �V+ (), ?)�)*�! #2! �4! # W *�! #�� � X ��/ $Y, ()��& $YX #��>W)#23)S;� �)&�! �
!�" #4! - W)��3 �Z� +�" �)& � [�$\� ��&�<

] � � 093 /��U� & '�# ()� [���� � $ RR →⊆ nUf : X #�� RR →⊆ nUg : <�R7� 0;()��/�! �7� �^��/)')�����
� 01'T� *�! � " 01' UxxX n ∈= ),...,( 1

� #Z��+���" #Z#)')[ X���&)'Y� � �Z��/)')���)�Z� � � W�!�*�$1+���&T��()" _ � � #���#�+ ,Z� *�'
� : " ��0;� * cXg =)( <�=��4+ (), ?)�)*�! #U� " '�#���'�#^?�(��)/�! �Y,���#U� #U� *�! � " # ),...,( 1 nppP = + �)'�08� � *�'
� +�� 6��)'�� � # cXg =)( , c ` � � # W)� (�, a�5 � #^� #^��+���" #V� � )(Pf '�#N� " '�#��>! - 5 � � � �V[N� ����� � � � �V+ �)'�0
� � *�'2� +�� 6��)'�� � #�<1bN�U���)��#2��,�5 � # a;W)- ���)&�! �Z'�#�� ')� ��+�" � ��&�! �4,���#2� #�� *�! � " # P 5 � #�� #.��+���" #
� � � / � � cPg =)( X #���� " � �

)()( XfPf ≥ 5 � #Z,���#T� # X 5 � #T� #Z��+ ��" # cXg =)(

[
)()( XfPf ≤ 5 � #Z,���#T� # X 5 � #T� #Z��+ ��" # cXg =)( .

c � W)�Y� - � ��� �^� *�! � " �U� ')��! � _ � � #�� E�G�B�H)I)E�I)d4I D�e f G�f�I)JgE�O�H%I D2C M K P�Q�G�D2h O�@ B�i d�B�i C�j�H)k g .

=1�Y+ # (�#�X ��� 02W)� S;()*�! #4! # $1+ # (�- � � ��!�" #4! - W � 3 �T� / (�� � *�$\� - � ��� 01'Y#�X (),�� #�� 01'�<

l7m n;o�p)q1rUs t7uLv�w x x�r�v)x�r�y z r�y�s n7u
Lagrange

{;|�} ~
g ��� ����� ~ � � | � ���%| � � � � } ��|��4� �7| � � � � � � � � � � � �)� �7��� ����� �L� � � � ��� � � | ��� � �%|��Y� � �V� � � � � } �

| � � � �)� nU R⊆ � {;|)} ~ US ⊂
} � | � � � �)� } ~>�Y|)� ��� � ~>� UxxX n ∈= ),...,( 1 � � � } �4����� � � � | ��� � �

cXg =)( �)� � � )0 ..., ,0()( ≠∇ Xg � {\|�} ~ f ��� ����� ~ � � | � ���.| � � � � } ��|��2���^| � � � � � � � � � � � �)� �
��� ����� �L� � � � �1� � � | � � � �U|�} � U

� � � ),...,( 1 nppP =
� � � |�� ��� � � } � � S

} �^����� � � � � � � � � � � ��} � } �
} � � f

|�} � S � � � �)� � � } � P
� � � � � � � � ��} � } � } � � f

� � �4} � � � � � � � � � | ��� g � �1� ��} �Y� � � � � � ��� � ���
� ����� � � } � �)� �\� � � � ��� � λ � } � } � � � �\� |�} �

)()( PgPf ∇=∇ λ .
� |�} � �)� � � λ � � � ��� � � } � � v�w x x�r�v)x�r�y z r�y�s ��� Lagrange.

=1� W)� S;()*�! #¡��- � �N#�+����¢,�� �N���F- '�#¢� - � ��� �£#�X (),�� #�� � &�+�,¢� &)'�W [ X�*�a^����! � ()� X - $
+ # (���5 0\5 ���>� *�$ f � " '�#��L#)'�������5 � $4#�&�� S1'V� *�$ g <1¤�� #N'�#2?�(��)/�! �%� #�� *�! � " # ),...,( 1 nppP =
,�+���&T� &�! ?�#�" '�� ��#�&�� ,�a�+ (�- + � ��'�#Y�)/ � ��&�! �\� �Z� / � � *�! #Y� 01'Y� : � ��S;��� 01'



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.39-




















=
∂
∂=

∂
∂

∂
∂=

∂
∂

∂
∂=

∂
∂

cxxg

xx
x

g
xx

x

f

xx
x

g
xx

x

f

xx
x

g
xx

x

f

n

n
n

n
n

nn

nn

),...,(

),...,(),...,(

),...,(),...,(

),...,(),...,(

1

11

1
2

1
2

1
1

1
1

λ

λ

λ

�

������� ���
nxx  ..., ,1 !�"�# λ $&%(' ) "�# "�*,+�- ./+�0 1 ' 2 3 # " ��� ' � 3 #(1�"54 # 3 � 3 0 1 6�+ � 0�7 3 7 3 � " � "�8 9&8 � 0 �

4 3 : - 3 � . � - ;�< . � " 15+�- "=+�.�7 3 > " ��� 0/" ��� - 3 ? � : 1 ? : +�./- � 0 � " � " � ; 1 � +�0�+�- 6�7�"�- ��� 0 � ; � 2 3 #
7 ' 8 # +�- � 6 3 ? ; 2 # +�- � *@" ? ? ; ��� ? ?�' �5A���� ' � 3 > 1�"�#B" � ! 3 - CD1�" ? : + � 0�7 3 - � + : +�- .�7�"E!�"�#@1�"
!�"�- " ? 6�< � 0�7 3 + 3 +�0�7 � ' � "�+�7�"�7 3 8 3 � 7 3 - � # ! � : � - � C ��� 0 � $
F@G�H�I�J�K L M N�G@O P Q�R
S " ) ��� : 7 3 - "E"�! � C�- "�- "D- . � +�0 1�; � - .�+�. � 22),( yxyxf += !�;�- � " � C=- � 1 � 3 � # ��� # +�7�C

1=− xy $ T 4 9U.@+�0 1�; � - .�+�. ��� 0 ��� > V 3 #�- � 1 � 3 � # ��� # +�7�C 3 > 1�"�#�. xyyxg −=),( 3 1�9W.�+�- "�X 3 � ;
1=c $�Y " � "�- . ��� : 7 3 C�- # 3 1�95.B" � 2 # !�6Z+�0 1�; � - .�+�. RR →2:f ' 2 3 #�+�" 1�8 � " A # !�6 � " � ;�+�- "�+�.

7 > "E" � 3 � # C � # +�- . 3 � # A ; 1 3 # "E[ \ 2 6�7�"^] $ _ [ " ` ` *�.�+�0 1�; � - .�+�. R→Sf : *�C ��� 0
{ }1/),( =−= xyyxS

' 2 3 #�+�" 1Z8 � " A # !�6 � " � ;�+�- "�+�.a7 > "U!�"�7 � :�? .a7 ' +�"b+�- � 1Z- � # +�4 # ;�+�- "�- � 2 9 � � . ����� > "W7�; ? # +�- "
' 2 3 #�4 # " 1 0�+�7�"�- # !�6 3 < > + � +�.

( )22 )1(,1,)( +++= tttttrc .
d 8 � " A # !�6 � " � ;�+�- "�+�.^- . � !�"�7 � :�? . � "�0�- 6 � 4 > 1 3 - "�#�+�- � \ 2 6�7�"e] $ f g !�"�# 3 > 1�"�#�7 > " � " � " ) � ? 6 $



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.40-






−

2

1
,

2

1
,

2

1

����� ����� � !�" #�$&% ' (�) * (�) + ��,�-/. 0�- 22),( yxyxf +=
+�. * { }1/),( =−= xyyxS

13254 6�7�8�9�:�;=< >@?�AB< 8B7�6�7�< C�:�A















=
∂
∂=

∂
∂

∂
∂=

∂
∂

cyxg

yx
y

g
yx

y

f

yx
x

g
yx

x

f

),(

),(),(

),(),(

λ

λ

D






=−
=

−=

1

2

2

xy

y

x

λ
λ

E@F=G ? 8 F yx  , H A�I λ J A G�K ? 8�9�:�; L

2

1−=x ,      
2

1=y ,     1=λ .

M/C�4�A�N D�7�< 8B7�C�:�; O 8





−

2

1
,

2

1 P Q 8�9�:�; G I J A 2 RB< 8 G I H RBA H ?�R�< A�< 8�S 1 G RB< 8UT Q D�:�AWV�S X Y�: G 8�? 8�6�:�;

2�AU7�9�: G ; ? K 2 8�9�:�;@R�< I�A�9�< RB; O 2�A�I P 2�AB< 8 G I H RU; 4 K Q I 7�< 8�S Z/N > G ? P G ; I�2�AU< 8 2 O 7�8 9�:�;3R�< I�< 8U7�C�:�; O 8
A�9�< RU; O 2�A�I�; 4 K Q I 7�< 85[ I AB< C�2

R→Sf :
A�4 4 K R Q I H A�I�[ I AB< C�2BA�? Q I H D RR →2:f .

\ G�E@F A 2�A�] P ?�A�:�; ^�C_: P J 8�N 8 F < E 2 G 8�4 4�A G 4�A�7�I A�7�< >/2 Lagrange
^`; 2 < 8 G O a ; I G I J A 2 K

A H ?�R�< A�< Ab:�O A F 7�9 2 K ? < C�7�C FUG ; ? I 8�? I 7�: P 2 C F 7�; P 2�Ac9 G 8�7�6 2 8�4 8c< 8�9cA�? Q I H 8�6 G ; N O 8 9c8�? I 7�:�8�6
< C F :�8�?�]�D F { }cxxgxxS nn == ),...,(/),...,( 11

S�d/Ae7�C�:�; O A`R�: E=F A�9�< K N ; 2f[ 2 E ? O a 8�9�:�;UA 2`; O 2�A�I
; 4 K Q I 7�< A�^=: P [ I 7�< A`Dg7�A�[ :�A�< I H K S�132hCg; G I ] K 2�; I A S

; O 2�A�I=]�?�A�[ : P 2 C�^�< R�< ;5C
f

P Q ; I@7�O [ 8�9�?�A
P 2�Ai; 4 K Q I 7�< 8 H A�I P 2�Ai: P [ I 7�< 8_; H ; O ShT�< C�2j; 9 2 8�k H D G ; ? O G < E 7�C G 8 9lA G Ri< Cl4 6�7�Ci< 8�9
7�9�7�< D�:�A�< 8 FUG ? 8 H 6�m=8 9 2c:�R 2 8cN 6�8 H ? O 7�I :�Ab7�C�:�; O A�^n: G 8�? 8�6�:�;U2�AbA G 8�]�A�7�O 7�8�9�:�; G 8�I 8b; O 2�A�I



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.41-

� ����� � ��� �! �"��$#���� �&%�' ( � ��� �&��)�(  �*,+ -,�,-,� "�./� � .0� � %�' .0� 1�. f ��� "2��1�%�� + "2"�)�� ��3545-!6�%�78.0� "
 �*,+ ��� %�"0��1�%�� + "0� + -�"���#�� *,� ����6�� � *�"�9�� + -�"��:",-���(  �1;-�";� *,1���� %���#���� <�����)�%��$ ���#���� �; �*,� � <�*,� ��3�=$"
",-�"�>�' *���)�%��?� �@ �*,� � <�*,� �A"�)�� 6A%�6,-,�B( � "B� 1�-$#�� *,+ #�� 7?��1A� 7:-B��),-�"�*,� <���� 7:-@C D��A%�� � "�E,�,1�� F:-�3

G ��� 7 RR →⊆ 2:Uf  �"�� RR →⊆ 2:Ug ��),-�"�*,� <���� � .H%��I%�� *,�  �' .J#�"�*�"�( F8( ��)�.
%�' � *,�� �"���C,� D�� � *,1�.5� ��K 1�. 3 G ��� 7!' -�"/��1�%�� + � UppP ∈= ),( 21

� �/��#��,+ �;",-,<� �� ����� 1�-A �"�%�#�D��,1
��� ��L�%�1�. { }cyxgUyxS =∈= ),(/),( 95� ��� D�� �$C 1���"�C < cppg =),( 21

3?M$#���L,' � ��)�%��0� #�+ ��1�.;6�� �
)0,0()( ≠∇ Pg  �"���6�� � )()( PgPf ∇=∇ λ ( � "/ ���#���� �,-A#�*�"�(,%�"�� �  �6;"�*,� L�%�6 N,O 45-;L,� 7?*,<����,)�%��

� 1�-PE���1�L 1�� �  �<Q��),-���*,� 1���1 gfh λ−=   �"��;� 1�-R��*,+ S ��)���"R� 1�.&��� ( 6�%�� -,1�. T�U V�W X�V�W Y�Z�[ \ ]�^
_ Y�Y�W `�\ a�^

)()()(

)()()(

)()(0

)(

2

22

2

2

2

P
y

h
P

yx

h
P

y

g

P
yx

h
P

x

h
P

x

g

P
y

g
P

x

g

PH

∂
∂

∂∂
∂

∂
∂−

∂∂
∂

∂
∂

∂
∂−

∂
∂−

∂
∂−

=

� 6�� �,b
• c5d 0)( >PH e�f g@h�i j�k l g P k l d m�n�f g�o�n p,qrj�s t n h�f gAt n mAf i�d R→Sf : .

• c5d 0)( <PH e�f g@h�i j�k l g P k l d m�n�f g�o�n p,q@k N,u v n h,f gAt n mBf i�d R→Sf : .

• c5d 0)( =PH e5f gIp w�n f x w�n gIy k d0g�y i�t k l?h,k/h�z j�o�s w�m�h j�m O${ g P j�o�g w�k l5d mIk l d m�n5k N,u v n h�f g,e
j�s t n h�f g@x@h�m�t j�m�f n p,qBh,i j�k l g O

|/}�~������ � � ��}/� � ���

4r#�6B� �@�@"�*���C,� � (,%�"A��3 ���@' � �,)�%�� 




−=

2

1
,

2

1
P ,  xyyxgfh +−+=−= 22λ  �"��

04

201

021

110

<−=
−

−
=H .

� #���%�' -�7?. 9�� �B��1�%�� + � 




−=

2

1
,

2

1
P � + -�"���� ��#��  �6B� ����� � ��� ��3



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.42-

����� � ��� ���! "$#&%���'('�)�%�'�)�*�+ )�*� ,$#
Lagrange

��%���-�. /�#�)10 . #(+ 2�. 3� . /�2�)�+$*�.4%�. -(+ %� ,5*�. + �
6 %���3478. %�+ 9�:(#�. + )

S
��-(/ ; .  )�+�)�% 6 %�. -(+ *�* 6  . -�. �<*�3 #�� =�2�. �< 7��5����-�9�=��











=

=
=

knk

n

n

cxxg

cxxg

cxxg

),...,(

),...,(

),...,(

1

212

111

> .

? 6  .< �&�(. ,<-(7���)@ "$#A%���'('�)�%�'�)�*�+ )�*� ,$#4B$C D�E C F(D�G!0 . #(+ 2�. H�.  )�+�"5�5. I =�� J

K!L8M
R→Sf :  N O�P Q<R�S T�U�V R�V WYX�V WYX M Z P [ W ),...,( 1 nppP = \<V U�V P&] ^�_ T(O�W�] L X�V R�` P T�N a kλλ ,...,1b U�X�P a<S(R�Q�W�Q�X�] L `(c�S(P a deV N V W�Q P a5f5X�V P

)()()( 11 PgPgPf kk∇++∇=∇ λλ g .

h1i�j�k�l�m n o p�i1q r s�t
u )wv�-���H���.8 )w)�2�- 6  )� )x 7��

zyxzyxf ++=),,(
2�:� "�)�% 6  + �y*�3 #�� =�2�. �

222 =+ yx
2�)�+

1=+ zx z { �(,|'���+ % 6 #}78. %�+ 9�:(#�. + ) S ~ 6 %���3@%�. -(+ ��-(/ ; .  )�+�7 f ~ ��-(/ ; .  )�+�)�% 6  + �5*�� � *�. + �

2),,( 22
1 =+= yxzyxg

2�)�+
1),,(2 =+= zxzyxg .

� I / ; . +�#�)12�)� )(#���=�*���3���.e +�)�2�-(+ v�,5�A*�7���)�/ #�. +�)�3� 6 �!�y%�. -(+ ��-(+ *�� 6 � z ��)�-(� + 2�=|*�3(#�:�-( 7�*�7 f
��-(/ ; .  )�+�*�. 6 '(�4 � 3R z(� %�-�,< ���$%�. -(+ ��-(+ *�� 6 �$%�)�-(+ *� :8��/ )&. %�+ 9�:(#�. + )&*� :�����7��5%���3@780 -�)�9�+ 2�= ��31%�)�-�:�*� )�*�7|. / #�)�+$� #�)��A2�3�2�'(+ 2 6 �e2�H�'(+ #��(-(��� z�� �(. H� . -(���e%�. -(+ ��-(+ *�� 6 �A. / #�)�+<��/ )|. %�+ 9�:(#�. + )*� :�����7��y��.10 -�)�9�+ 2�=w%�)�-�:�*� )�*�7�� #�)w. %�/ %�. � � z ?��x*�H(#(��'(� S

. / #�)�+e7� ����=w "$#x� H��w)�3� ,$#
. %�+ 9�)(#�. + ,$# ~ � 7�'�)�� =y. / #�)�+���/ )82�)���%�H�'(71� ��� =���)1� z ��� � )��$2�)�+�� v(� � z ��� + )(#(3�*���)� + 2�=Y*�3(#�:�-( 7�*�7%���3@)(#( + *� ��+ � . /�*� 7�#42�)���%�H�'(78)�3� =&. / #�)�+�7

( )ttttr cos21 ,sin2 ,cos2)( −=
�

,  [ ]π2 ,0∈t .



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.43-

����� ����� � !�! "�#%$ � ��&�' ( )
S * ��+-, . ���0/ ' .21 &�3 4���+ 1 3 56+

798�:�;�< =�>@? A�:08�B C D :�C D E�;�F�?9G H�?
f
E�G H�=

S I J B K = J D L

ttttzyxzyxf sin21cos21 sin2 cos2),,( +=−++=++= ,   [ ]π2 ,0∈t .
M =N8 J C J�O > O K E�:�P�;�B�G H�=QE�P =�R�C G H�E�HS>@?28�C :�?

t T J D-B U D E�V@E�:�P�;�BW;�B�G :X;�H�Y < = A I J Y :�Z�;�B�F�G D
8�D I J =�R J T C�F�G J G J P�8�R�C [ :�P =WE�G J E�H�;�B K J F�8�:�P

2

π=t T J D
2

3π=t \ 798�B D Y ] ttf sin2)( −=′′ ,

< [ :�P�;�B
02)2/( <−=′′ πf T J D 02)2/3( >=′′ πf

A@:�8�F�G B�G J E�H�;�B K J 8�:�PXB K = J D J T C F�G J G J
T R�G > J 8�F2G :�P�?^8�B C D :�C D E�;�: Z�?@B K = J D L

• _ D J
2

π=t
L `�G :

)21  ,1  ,2  ,0( +
< [ :�P�;�B@G :�8�D T Fa;�< O D E�G :

• _ D J
2

3π=t
L `�G :

)21  ,1  ,2-  ,0( −
< [ :�P�;�B@G :�8�D T F2B b�R�[ D E�G :

M =2B C O J E�G :�Z�;�B6;�B@G :�P�?^8�:�b b J 8�b J E�D J E�G < ? Lagrange, I J 8�C�< 8�B D�= J b Z�E�:�P�;�B^G :2E�Z�E�G H�; J

x

g

x

g

x

f

∂
∂+

∂
∂=

∂
∂ 2

2
1

1 λλ ,
y

g

y

g

y

f

∂
∂+

∂
∂=

∂
∂ 2

2
1

1 λλ ,
z

g

z

g

z

f

∂
∂+

∂
∂=

∂
∂ 2

2
1

1 λλ ,

2),,(1 =zyxg , 1),,(2 =zyxg

O D J 21,,,, λλzyx \dc 8�:�b : O K e : = G J ?^G D ?@;�B C D T < ?^8 J C J�O V O :�P�? T J G J b ] O :�P�;�B@E�G :aE�Z�E�G H�; J
2121 λλ += x ,

y121 λ=



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.44-

21 λ=

222 =+ yx

1=+ zx

�����������  !" # $���%�&('
0=x , 2±=y , 1=z , 

22

1
1 ±=λ , 12 =λ )+* �-,�.(/ 0�1 %��20�3�%�& / ��4�$�1 ���(5

� 3�!
S
& / 5���1

)1 ,2 ,0(
,���1

)1 ,2- ,0( )�6 ��& 1 7 893 S
& / 5���1�,�4�& 1 0�� 8:,���1�� �:,�.(/ 0�1 %��;0�3�%�& / �;& / 5���1

%�� 5($<7 =�$�>�0�� $? 5��?@(�? # $���%�&A� $���1 ,��?%� B 1 0�� $C,���1D0�� $<E�4(4�$C� $���1 ,��?& 4�E�# 1 0�� $CB 1 �?� 3�5
f .

F ��$�4�$�B / G $ 5(� ��!H� 1 !I� 1 %� !H� 3�!�0�� 5�E�.(� 3�0�3�! >�0���%���& .���/ 5($���%�&���� 1�� $
)1 ,2 ,0(
7 / 5�& 1�%� B 1 0�� $�>�& 5�J

� $
)1 ,2- ,0(
& 4�E�# 1 0�� $ )

§3.7KHLDM�N O+PCQRO�SIT�U�QHU�Q2V�W(X�U�Y�ZRN [�\�T�]D\�W"Z�SIY�[�Y�\�Y�^ _A[�`

aD5��A��$�4(=-0�3�%�� 5(� 1 ,��A��.(��b(4(3�%��-0�� 3�5A%�& 4� � 3�0�� 5���.(� 8�0�& c+5�>�& / 5���1R32& =�.�& 0�3-� c+5;$�4(1 ,�J+5A� 3�!
��,�.���� ��� c+5 ) �I5(� 1 %�& � cR��/ G $���%�&��  � $�1 �9��.($�b(4(8�%���� �:0�&d��& .(1 ��� JH0�& 1 !db�& 4(� 1 0�� $���$�/ 3�0�3�!�����$��;����� 5��(5A# JH.($A,���� ��0�� E�0�& c+5�>+��.���,�� 1 ,�E�E���& 1 .�$�>R%���!"& 5�7 1 ��e� .�& 1R5��2& 5(� $���/ 0�$���%�&"� 3�5A,���� E�0�� ��0�3
��$��fb�& 4(� 1 0�� $���$�1 & /A%�/ �g�(5(� 1 ,�& 1 %�& 5(1 ,�8h0��(5�E�.(� 3�0�3g,���0�� $���! ) �I5�E�4�$�B �h%�&C� $f��.(��b(4(3�%���>93b�& 4(� 1 0�� $���$�/ 3�0�3g%���$�.�& /D5��i�(5�E�B & � ��1:& / � &<0�&<& 4���# 1 0�� $���$�/ 3�0�3�>9& / � &<0�&<%�& B 1 0�� $���$�/ 3�0�3f� 3�!
0��(5�E�.(� 3�0�3�! )Rj & 5(� $���1 0�%���!:� c�5C0�3�%�& / c+52����� J+5�B / 5�& � ��1d7 ��0�,�$�4(��� & .($�!;%�&;� 3�52��=�k 3�0�3<� $����.(1 @�%�$�=2� c�52%�& � ��b(4(3�� J+5�,���1d%�&:� 3�52��$�4(����4($�,���� 3�� �C� $(�C# JH.($��2� c+5�,���� ��0�� E�0�& c+5Cl ��& 7 / $
$�.(1 0�%�$�=�m )(n � 3(5o����.�E�B .���e�$"����� 8:@(�o��& .(1 B .�E�pR$���%�&�%�/ �:%� @ $�7 $oB 1 �9� $ 59& 5(� $���1 0�%��"� c+5o$�4(1 ,�J+5��,�.���� ��� c+5"%�/ ��!R0��(5�E�.(� 3�0�3�!H%�&H� 3"# .(8�0�3"& 5(��!R��4(B ��.(1 @�%�$��D� ��# ��/ ��!H�(5���G 8�� 3�0�3�! )

�d!D����$�@( 0�$���%�&D��� 1R # $(��%�&"%�/ �-0��(5�E�.(� 3�0�3
RUf →:
����$(�A� $

U
& / 5���1H 5���0�=(5($�4($

0�� $(5 nR ) ad5��q0�3�%�& / $ UppP n ∈= ),...,( 1

4� B & � ��1 r(s�t u�v 8 w�x�v(s�y�z(r
 {�| } t ~�z(r � 3�! f

�(5
)()( PfXf ≤
B 1 ��,�E�@(&

UxxX n ∈= ),...,( 1 ) �I5(� / 0�� $�1 # ��>o� $ P
4� B & � ��1 r(s�t u�v 8 w�x�v(s�y�z(r

� s����(t ~�z(r � 3�! f
�(5

)()( PfXf ≥
B 1 �o,�E�@(&

UX ∈ .
� & =�.�& 0�3;� $��:$�4(1 ,�$�=;& 4�E�# 1 0�� $��;,���1R%� B 1 0�� $��A%�&o�(5���4(��� 1 ,� !o%�& @ ��7 $���!�����.���B JRB 1 0�3�! >

& / 5���1�7 �(5���� 8:,�E�� c<�����:0���B ,�& ,�.(1 %� 5�& !I0�� 5�@ 8�,�& ! )(� .� ��& 1�7 3�4���7 8;� $:��& 7 / $9$�.(1 0�%�$�=:� 3�! f
5��



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.45-

� � ����� ������ �!�" # $ % ���'&�(�)+*,)�-+&+�.���0/ )21�3�� � 4�),5�&+�6&+7 4��84��6&�� �'&�(+9�3���:;1+�������'��(�)�/ � 3�� � / ������(+<
7 ���'�,�,)�� = / <84+-,�,)�3,)21+���>&�� �8(+�+*���&+� / *,� 1�?�@A)�&+��3,?'1+��/ 9'/ &�?�&+��/ �'1+��&�(�-�3,B�@�(�)�5'/ )8)+*,� )+C,� / � �
4��,�D4+-,�,)�*,)�EGFH1+<�&�B�@2(+*�7 (+� �'BI4�5,��9+*,/ B�4+BJ���J� � �����K4+5,��� = ?�LM1+���'(+�+*���N O�N � 4+� &�B�E6PG(+O>L
��(+)+Q,� � 1,�,-+� / ��� @�5�(+9+*,= � ��(+9,�,/ )�/ �R7 ���2)�3,� 1+<2� 3�9�= � 4+/ )21+���A7 ���8&+7 N � 4+/ )01+9�/ OS��(+<0/ � LR4+5 ��C ?+1+� L
��5�/ 7 L E�T�<�/ � @A� �,/ )�(�� U )�5�&+�G<�3��8/ �'1+*,� 4+� &+�K4+B�&+� � �V4+/ )K�,�,)�� = / <K4+-,�,)�3,)K��3,3�9K1+���>(+9,��OW4+/ B��
4+5,�,)+*,� ��1�?W1+��&�(�-�3,BD% / �X9�1+*��W/ B�LYC,�W� Z � / �+4+/ )�- �WZ � = O>*,� 4+/ 9X4��,�[5�(+)�\A?�]�� �X��1+*,<�/ ��/ ��: @
5�(+)�3,)�N � U )�5�&+�H/ B,�G/ � &�?0/ B�L;4+5,��9+*,/ B�4+B�LH4��.<�3��2��5�/ 90/ �04+B�&+� � �01+����4+/ B84+5,��7 = � � �2� (�� 3�7 N )�5�&��
/ �G4+B�&+� � �6(+)�56Q � �,)�5 �R/ B��R� 3�9�= � 4+/ BG1+���+/ B0&+7 N � 4+/ BG/ � &�?�E

^0_�`�a�b�c d e f�_0g h i+j
k �G� �,/ )�(�� 4�)�5�&+��/ )6)�3,� 1+<6� 3�9�= � 4+/ )61+���+/ )6)�3,� 1�<l&+7 N � 4+/ )6/ B�L�4+5,��9+*,/ B�4+B�L

1),( 22 +−−+= yxyxyxf

4+/ ),�RQ � 4+1�) { }1:),( 222 ≤+∈= yxyxD R .
m �+*���/ B�*�)�-�&+�.�+*,= � 1+9l<�/ ��<�3�� L;)���4+5 ��C ?+1+� LH(�)�5l(+� *,� N *�9�\���&+�.(+*�)�B+N )�5�&+7 ��O>LH� 4+= -�)�5 ��E

n 4+5,��9+*,/ B�4+B0� � ������4+5 ��� = ?�L>1+����(+�+*���N O�N � 4+� &�B04+/ ) D 1+����� (�� (�3�7 ),�6/ ) D � � ������]�*���N,&+7 ��)G1+���
��(+)�/ � 3�� � / ������(+<8/ )K�,�,)�� = / <K4+- �,)�3,) { }1:),( 222 <+∈= yxyxU R 1+����/ ),�21�-�1�3,) 122 =+ yx

(+)�5o&�(+)�*,)�-�&+�G���V/ ) �VC,� O>*,?�4+)�5+&+�24��,�'1+��&�(�-�3,BM&+�0(+�+*���&+� / *,� 1�?Y% Q � �,�,5+4�&+��/ � 1�?+:G� Z � 4�O>4+B
)sin,(cos)( tttr =

p
, π20 ≤≤ t .

q�r+s t�ulv,w x y+z�{;|�}�~�� � ��� �+�
1),( 22 +−−+= yxyxyxf � � ���>t���� u+�,� u�� �6�,� ��� �



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.46-

����� ����� � ���� "!$#"� %&#"����' ( ! ) *,+�-�*,� *,."/�� #")  "*&#"%� "! � *0 "' #�*&#"� � �&*�����) ( � +&1 � #"."��2�34/�' �"! )
��*5) #"( 6"�����7� *���� +�( /�� ��*8��)"#"( ' #�! ) 9

012 =−=
∂
∂

x
x

f ."*�)
012 =−=

∂
∂

y
y

f
.

�:�"�� "' ��;<9:� �$#"%� "! � �







2

1
,

2

1 ! � ��*�)"� �$ �� ��*"1 ) ."+4."/�� #")  "�$#"%� "! � �$ "' #�*$#"� ���4*�����) ( � +51 � #".��
U.

=�) *&��*?>�/���6� "!@."*�)<� *0."/�� #")  "*?#"%� "! � *0�"A���;B#"� � �&.�6�.�-��"CD#"( %� "*�� � � ���" "!@� %E#�6���F�! � %
#"����A"/�� %�#"%

tttttttrftg sincos21sincossincos))(()( 22 −−=+−−+== G
."*�)"-�6������" "!<� %��4! H � #�;<#"%

0cossin)( =−=′ tttg .
I:*B#"%� "! � *J�����J� %��8! �"*�-�%�F�! 6"�����8#"� �

)2 ,0( π ."*�)KF�*L! H ! � *"#"� ��6 �B#�*��8������M:N�O�) *L��-�) ."A

*�."/�+�� *�� *P! � ��*�)�� *
4

π=t
."*�)

4

5π=t
2"Q�%� "! ) R<#"� !7+�� )�� *PA�."/�*K� %�9S."*� ���6�-�%�9

0=t
."*�)

π2=t

F�*J! H ! � *"#"� ��6��4( ;</�) #"� A5."*�)�*���� A$#�*��7������M:N�O�) *$��-�) ."A$*�."/�+�� *�� *�2
T )"� )  "' 9D� %�9<#"����A"/�� %�#"%�9

f
#"� *5."/�� #")  "*$#"%� "! � *5�"���5>�/�N"."*� "!S! � ��*�) U

2

1

2

1
,

2

1 =






f ,

22
2

2
,

2

2

4
−=





=












frf
πG ,    22

2

2
,

2

2

4

5 +=







−−=












frf
πG ,

( )( ) ( )( ) ( ) 10,120 === frfrf πGG
Q���V ."/�� ������� *"9<� ) 9W� )  "' 97*���� ' 9 C�>�-�' ������ "!7."*"F�*"/�AK+�� )�� �@��-�) ."+P! -�A�( ) #"� �K>�/�� #"."! � *�)�#"� �P#"%� "! � �








2

1
,

2

1 ."*�)4� �E��-�) ."+8 "' V ) #"� �X#"� �Y#"%� "! � �






−−

2

2
,

2

2 2WQ�� �XQ�( N� "*8Z"2 [ \8>�-�' �"���� "!01 6��

*��"+�MD! ) 9D� %�9<#"� ��A"/�� %�#"%�9S "!D�"! 1 � �4�"/�) #� ���64� � �5 �����*"1 ) *�� �51 � #"."��2

] �"#"� ��( R<9 C:��)D#"����*"/�� N�#�! ) 9$�����0' ( ���� "!5��*?>�! -�� ) #"� ������) N�#����" "!K#"� %��,�"/�A"H %^1�! �&! � ��*�)
� +"#"�P! 6�.���-�! 9W+"#"�K*���� N,� ���K34*"/�*"1�! � V� "*�� �"97Z�2 \"_"2���6�� !7� �P�"! 1 � �K�"/�) #� "��6P� ����94' ( ! )�� ) 97."*�-�' 9
) 1 ) +�� %"� ! 9K�����?���"��F�' #�*� "! 2:Q�!P."A��"��) ! 9@�"/�*�.�� ) ."' 9P! O�*"/" "��V ' 9@+������^%EF�! ;</�%"� ) .�NE-�6"#"%X! � ��*�)
*"1 6���*�� %�CP "*"9Y! � ��*�),*"/�."! � +B��*B�"/��"#�! V V � #����" "!Y� �L��-�) .�+`>�' -�� ) #"� �ba  "' V ) #"� �LNc! -�A�( ) #"� ��C
*���A�-���V *^ "!$� �0�"/�+">�-�%� "*�d$ "!$."A��"��) *0� ��( *�� *^ "' F �"1��&*���*"� N"� %�#"%�9 2�e7�"��� � F�! � *�)S>�' >�*�) *^+�� )S%



3. ��� � � ��� � 	 
 � ��
 � � � ������
 � � � � � � ���

-3.47-

������� ��� �����! ��#"�$ %�& '���(�)�*���$ &,+ �����-� $ %�*���� & .#��%�&  �(�/-� 0�1 ��2 34�#)���(�*�� 34�-5���&6��0�7 5�%�2 ��$ 34�#��� .
"�$ 8 2 .9.�%�& ��(�.�:65���&� ��;8 & $ < ��1  �$ 2�(�$=� ���6$ 5�� + '�$ ���>��'�7 /�%�&  �(�.�09��$?0�"�.�'�.�7 & ��� ��@

A & 8�+ �B� ��C9� 0�1 ��2 ��C;������� ��� ������C6� ��C;)�+ '�� & ��� ��C9� & (���C>(�"�.�%�$ 24���D��0 ��.�E4& ��� $ 2F3=C>$ < ��C G
H %�1 2 � .�0�(�$I��"�/>+ ���>� 0�1 ��2 .J����(�$ 2 .J� .�0J"�$ 8 2 .�0>.�%�& ��(�.�:LK ��0����� �3=CF5�*�"�.�& .J"�.�0>0�"�.�E4& ��� /�(������ $
/�� &4$ 2 ����&�.�'�& 5�/M��5�%�/�� ��� .�N��D+ ��� 3!/�� &?$ 2 ����&45�. ��� *B��� .M.�'�& 5�/M��5�%�/�� ��� .L"�.�0B������� ��� .�:�(�$ OF5���&
"�%�.�1 3=%�.�:�(�$9� 0�1 ��2 �D��� �D7 $ & � .���& 5�*D� .�0D����(�$ 2 �-��0�7 5�%�2 ��.���� *�C9� .-(�$>��0�� *�N=)�����& � /�(�$ ��.�&F��� ���
� & (��>� ��CF��0���*�%�� ������C @ H �;��� ���9"�.�%�$ 2 �>��0�� �>P�� *���.�0�(�$,��$I����(�$ 2 .>"�.�0>8 2 ��$ &�5���'�:�� $ %��J� & (��J7 & �
� �M��0���*�%�� ������N�� .L����(�$ 2 .M��0�� /L �$ 3=%�$ 2 � ��&���+ .M��%�1 & 5�/L����(�$ 2 .L��"�/J/�"�.�0M$ < $ � *�� .�0�(�$6"�*�'�&4/�'��
� �J7 $ & � .���& 5�*J� .�0J5�@ .�@ 5�@�QR��'�7 /�%�&  �(�.�C, ��>� $ %�(���� & ��� $ 2���P�.�:J$ 5�� $ '�$ ��� $ 2�+ ����C,(�$ 7 *�'�.�CI��%�&  �(�/�C
��0�7 5�%�2 ��$ 34�S1 3=%�2 CL���S"�$ � :�1 .�0�(�$D)�$ '�� & ��� .�"�.�2 �����T� ��CB��0 ��*�%�� ������C @ A (�+  .�8 .�CD��0�� �U$ 2 ����&
��"�'��T5���&9��$-(�$ %�& 5�+ CM"�$ %�& "�� V=��$ & CB/�"�.�0!� .S.�'�& 5�/T)�+ '�� & ��� .T$ 2 ����&;+ ���U��"�/T� �T'�2 7 �T� .�"�& 5�*
��5�%�/�� ��� �U"�.�0U0�"�*�%�1 .�0���N95���� ��P�+ % ��$ &9���R"�'�����& *���$ &>�W��5�/�(��R5���&;���X$ ��� .�"�2 ��$ &>� .R.�'�& 5�/
)�+ '�� & ��� .�@ Y91 $ &�/�(�3=C=+ ���;)�����& 5�/J(�$ & .���+ 5�� ��(���N�� .��9"�&  �����/>$ 7 5�'�3=)�& ��(�/>� .�0Z��'�7 /�%�&  �(�.�0>7 :�%�3
��"�/;+ ���6� .�"�& 5�/;��5�%�/�� ��� .9"�.�06/�(�3=C?��"�+ 1 $ &�"�.�'�:;��"�/9� .6.�'�& 5�/�@

A (�+  .�8 .�C;"�.�0# ��D"�$ %�& 7 %�*�E?.�0�(�$J� V=%��-.���.�(�*�� $ � ��& [�\�]�^�]�_�]�` a6_�b c dT` ^�e f�\�]�[�]�g d�^�d

(simulated annealing) 5���&>"���%�$#� .U/���.�(�*U� ��C#��'�'�*R5���&>� & C#)�����& 5�+ C#��%�1 + C-� ��C#��"�/U� �
8 & ��8 & 5�����2 �B& ��1 0�%�.�"�.�2 ������C>(�$ � *�'�'�34�D(�$9� �D8 & ��8 & 5�����2 �D8 & ��8�.�1 & 5�V4�M� ��< $ 34�M5���&=E4:�< $ 34�B+ � ��&
V=��� $9� .B(�+ � ��'�'�.J���MP�� *���$ &?��$>(�2 �B$ '�*�1 & ��� �D$ ��$ %�7 $ & ��5��B5���� *���� ������@ H "�/B$ 8�V!5���&?��� .B$ < ��C
'�.�& "�/��M ��B0�"�.� �+ ��.�0�(�$ N41 3=%�2 C;"�$ %�& .�%�& ��(�/B� ��C;7 $ ��& 5�/�� ��� ��C N4/�� &F+ 1 .�0�(�$9���-)�%�.�:�(�$;� . .�'�& 5�/
$ '�*�1 & ��� . (�2 ��C-��0���*�%�� ������CB"�.�0R$ 2 ����&  �$ � & 5�� ��$-/�'�.U� .T"�$ 8 2 .U.�%�& ��(�.�:U� ��C @,h,"�.� �+ � .�0�(�$
8 ��'���8 �i/�� &j �+ '�.�0�(�$k���l$ '���1 & ��� .�"�.�& ����.�0�(�$m� �l��0���*�%�� ����� 0)( >Xf /�"�.�0i� .

n
nxxX R⊂Ω∈= ),...( 1

@�nB2 �B��"�/M� & C,"�.�'�'�+ C6"���%���'�'���7 + C9� .�0B��'�7 /�%�&  �(�.�0B$ 5�� $ '�$ 2 � ��&F(�$;� . �
"���%���5�*�� 3D� %�/�"�.�G

A ������� ��� �����!��%�1 2 � $ &6(�$B+ ���S��0� ���2 %�$ � �!$ "�& '�$ 7�(�+ ��.S����(�$ 2 . Ω∈0X NI� .S.�"�.�2 .!$ 2 � $
$ "�& '�+ 7 $ � ��&�� 0�1 ��2 �;$ 2 � $=5��� �.�%�2 � $ � ��&�(�$F)�*����;5�*�"�.�& $ C?"�'���%�.�P�.�%�2 $ C?"�.�098 & �� �+ � .�0�(�$=7 & �9� �JP�:����
� ��C6��0���*�%�� ������C,5���&?��0 ��$ 1 2 � $ � ��&=(�$9� ���L$ < + � �����-(�2 ��C9��5�.�'�.�0� 2 ��C6����(�$ 2 34�L"�.�0L� .M5�*� �$;+ ���
"���%�*�7 $ � ��&?����� o�p q r�q s�t�u v�w � .�0M"�%�.���7 .�:�(�$ ��.�0�@�x,*���.�0�(�$;8 ��'���8 �-)���(���� �D��� .B"�$ 8 2 .M.�%�& ��(�.�:
(�$ � ��"���8�V4��� ��C6��"�/J� .L5�*� �$6����(�$ 2 .

0X N�"�.�0M �$ 3=%�$ 2 � ��& q y�z {�|�} N���$,5�*�"�.�& .M7 $ & � . ��& 5�/L� .�0
1X .

~ .-(�+ 7 $  .�C9� 34�B)���(�*�� 34�D��0�� V��D$ < ��%�� *�� ��&F��"�/D� & C;& 8 & /�� ��� $ C>� ��C>��0���*�%�� ������C;5���&I��"�/-� ���
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������� ��� � �! ��#" $�%'&�(�&�� �*)�+ ,�&�-� ��.%��/(���&�0�� 1 1 � 0�&�-� ��#" &'&�,�� ��2!� ,�3�4 � 0�" &�576�" $�%/8 � 3������ � �*" $�9
��%���: ;�" $�0�$�9 <=��3�)��?>�&���3/(�&�-@ �� �! �� " ��" 2�(�� 0�$!" &�-/" ��+ 4 & %�" &�9A0�$� �� � &�-/&�8 $�1 � �B0��?��� ,�" � CD0�$
E 8 $�,���8 ; )()( 01 XfXf ≤ F <�" &G0�$� �� � &B(�&�-H(���&���I�(�" � ����(�2H" $J �� " ��" 2�(�� 0�$ K L M N O P�Q�P�R�S�T N U�O V 0�� %
" &=%�+ &B" ��+ 4 & %B0�$� �� � &G��(�2B" &B&�(�&�� &G)��G(���&�4 CD��;�0�&�-� ��70�" $�%G� (�2� �� %�$J �� " ��" 2�(�� 0�$�5�W7%G��%�" � )�� " �
$. �� " ��" 2�(�� 0�$G" &�-X" ��+ 4 & %�" &�9D0�$� �� � &�-X&�8 $�1 ;�0�� ��0��Y4 � � ��&�" + ��� -�0�$ E 8 $�,���8 ; )()( 01 XfXf > F <�" &
 �� " ��" &�(�� 0� �+ %�&G0�$� �� � &B1 � %�� " ����8�� ��" 2B0���%X��>�� " $���� �B" $�9D� (�2� �� %�$�9D �� " ��" 2�(�� 0�$�9D ��D(�� )���%�2�" $�" �
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2�(�&�- )( 00 Xff = , )()( 0101 XfXffff −=−=∆ , t � � %����X �� �'(�����3� �� " ��&�9." &�-'��,�1 2���� )� �&�-
1 %�CD0�" ;Z�����#0���%\[ ]�N ^�_�S�U ^�P�`�L P�a <H����� g + %���9/(���&�����) &���� 0� �+ %�&�9*��-�)���� ��� " &�9! �$b)�� " � ��2�9
����� )� �2�9 5\W7% 0=g <c$d �+ ) &�8 &�9e4 ��������" $���� : � " ���f�����g0���% h i�j�k l�mdj�n�o�p�o�q�o�k rXq�s t u
k p�v i�n�o�j�o�w u�p�u  (standard simulated annealing) � %�xy� % 0<g 0���% z�{ t k l�{ i�q�s t u
j�n�o�p�o�q�o�k rXq�s t u/k p�v i�n�o�j�o�w u�p�u  (generalized simulated annealing). | �B" &�%J" ��2�(�&A��-�" 2�<�&��
 �� " ��" &�(�� 0�� � 9D(�&�-B&�8 $�1 &�I %G0�� � ,���>���3G4 � � ��2�" � ��� 0�$� �� � �H� � %�����(�� &G(�� )���%�2X%��.��%�" � ����" ��0�" ;�0�&�- %
" &}" ��+ 4 & %Z0�$� �� � &�<J��(�2}" � 9@ �� " ��" &�(�� 0�� � 9*(�&�-}&�8 $�1 &�I %Z0�� 0�$� ���%�" � ��3Z4 � � ��2�" � ��� 0�$� �� � �
E (�3�%�" &�" �' ��~����� " ;���� &@" $�%!� ,���4 � 0�" &�(�&�� $�0�$�" $�9 f F 5=W���2� �$�<G� (�� � 8 ;\$})�� �� �&�������0�� �\0�" $
8 � 3������ � �J" &�-#��,�1 2���� )� �&�-A0�-�%�� 4 xD9B �� � x�%�� " ��� <Y �� �A8 � 8 &� �+ %�$?��I�� $�0�$A" $�9 f � � %�����(�� &#(�� )���%�2
%��H1 � %�� ��8�� ��" ;J0�" �H(���xY" �H0�" 3�8 � �H" $�9���%���: ;�" $�0�$�9 5��@0�-� �(�� ��� >�&���3.��-�" ;." &�-H��,�1 2���� )� �&�-H+ 4 � �
0���&�(�2B" $�%X��(�2�8�����0�$H��(�2G0�$� �� � �B(�&�-B� � %�������(�,�xD9Y" &�(�� ��3G� ,�3�4 � 0�" �B������" � � %�&�-�%=%��B(���1 � 8�� I�&�- %
" &�%���,�1 2���� )� �&�1 I���C~" &�-�9 5/�=��)��\2�,�$�" $�8 � 3������ � ��" $�9���%���: ;�" $�0�$�9 <@&���,�1 2���� )� �&�9
(���������&�,�&�-�)�� ����������%���%�� x�%�� ��" &.0�$� �� � &

bestX (�&�-G(���&�+ ��-��Y��0���%G[�����,�I�" � ��&�� E + 8�CY0��X8 $�,���8 ;
" $�%� �� ����2�" � ��$e" �  �;�1 � �e" $�0�-�%�3���" $�0�$ F  �+ 4 ���\� ��� � %�$�" $�0�" � 1� �;�5 | � " 3���(�2�+ %���%
(���&�����)�&���� 0� �+ %�&������ )� �2� �� " ��" &�(�� 0�� C�%*(�&�-@8 &����  �3�: & %�" ���H0��* �� �\8�� 8 &� �+ %�$})�� �� �&�������0�� ��<
4 CD��� 9�%��B(���&���I��Y� ����� ,�" � CD0�$G" &�-B����,�I�" � ��&�-G0�$� �� � &�-

bestX <�$H)�� �� �&�������0�� �H� ,���" " x�%�� " ��������" 3
+ %���%J0�" ��)�� ��2J(�����3�1 &�%�" �J������$A� %���: ;�" $�0�$A0�- %�� 4 � : � " ��� 5��G" ��%# �� " 3#��(�2#+ %���%# �� 1 3�,�&#����� )� �2
8�&����  �x�%�<�(�&�-A+ 4 � �Y� (�� 0�$�9X(���&�����)�&���� 0�" � � <����� �� �? �� " ��" 2�(�� 0�$A" &�-#" ��+ 4 & %�" &�9B0�$� �� � &�-

0X 8�� %
&�8 $�1 � ��0��X��� ,�" � CD0�$A0��B8�� 8 &� �+ %�$#)�� �� �&�������0�� ��<�$A��%���: ;�" $�0�$#" � �� ���" � : � " ����������&A��,�1 2���� )� �&�9
� (�� 0�" ��+ >�� ��0���%B��(�&�" + ,�� 0� ��B" &B0�$� �� � &

bestX .

| (�&���&�I� ��D,�&�� (�2 %�%��!(�� ��� 1 ��3��Y&�-� ��D" & %B��,�1 2���� )� �&G ��Y" �G� � ;�9D��;� ���" ���
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���������  "!$#�%�& '�( ) *�+",�# '�-�( .�/�0$1 ( *�/�0$2 ( #31 ( ,�4�# '�#�*�5 1 '�&"6 ,71 &"6$#�8�2 + '�( % *�&"6  
0t 9 :<;"=�> ? @�A3B�C�D ="E"F�@"=�;"G"H ;�I
ta 9 FKJ";"=�L�M F N�O ;"P�E"D H QRG":�P�O :�PRC�D =�E�F�@"=�;"G"H ;"PRS 10 << ta )

maxI 9$FT;"=�? C�E�U"PVE"D O ;�O F�J�H G�D Q�NWJ"F�XTC�;ZY F�@�? E"L"G�D ?3FZ;�[�M U�=�? C�E�F�P\J"=�F�O F�]TE"D ? ^RG�D ?3O :�N
C�D ="E"F�@"=�;"G"H ;3Y�D Y F�E"_ N�F�XKU�O ?"Y�D NK`�=�_ C :"@"DR@";�[�]�O D =�FKG":�E"D H FKS Y�D NKL�[�[�;"a DRO F bestX )

h 9 O F<E"_ M D C F"P�O :�PRE"D O ;�O U�J�? G":�PRS J�U"G"FKY :"[�;"Y A3C�;3;�J"_ > D ?"O F 1X ;�J"UKO F 0X )

g 9 :�E�:3C�D O ? @�A<G"O ;"C�D =�L3G"O F NbO ]�J�FbO :�P7J�? C�;�N�U�O :"O ;"P
��������c  �dR0 # '�e fK1 f",�#"0 #"g h�1 f�)�f",

i X"C�;�H =�D O :<D J�? [�F�M A<;"=�> ? @"F�]3G":�E"D H F�X Ω∈0X

0: XX best =

0: tt =

)(: 00 Xff =
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1. 
� �"!$#&% ')(*'$+*,-+ '/.10*2*!$'435'62/3578.:9 ;*(4</#&% =/#&+ 7:>@?BA/7

(1) C*D"EGFGH I�J�K�LNM D"O�P�QGH R D BA + , BA − , A3 , B2− OSH4T�U�I�HVQ�W DXDGY�ZVM W [/Y�D�FGDGT�UGM \
Y�H F�W YGM ]^OSH W [`_

a DGb )1,2( −=A ,  )1,1(−=B   
a E�b )3,1(−=A ,  )4,0(=B

a c b )5,1,2( −=A , )1,1,1(−=B
a d b )3,2,1( −−=A , )4,3,1( −−=B

a H b )1,3,( −= πA , )7,3,2( −= πB
a O�M b )4,2,15( −=A , )1,3,( −= πB

e4fSg�h i`j�k�j�l
m/n�o m/p o q�m p rGo

a DGb (1,0) (3,-2) (6,-3) (2,-2)
a E�b (-1,7) (-1,-1) (-3,9) (0,-8)
a c b (1,0,6) (3,-2,4) (6,-3,15) (2,-2,-2)
a d b (-2,1,-1) (0,-5,7) (-3,-6,9) (2,-6,8)
a H b a q Y�s tGs u�b a p Y�s uGs p v b a q Y�s wGs p q b a p x Y�s uGs p y x b
a O�M b a y z�n Y�s y s q b a y zGp Y�s p z s z b (45,-6,12)

a p r Y�s p uGs r b
_____________________________________________________________________

(2) {8R L�J�L�M DGWSM D$O�P�QGH R D | } a y s r b�T�DGW ~ } a q s y b � C*D$O���H d W U�OSH M H1M D$O�P�QGH R D |*��~ , |*�&��~ ,

|*����~ , |5� ~ , |5� ��~ , |5� ��~ .

_____________________________________________________________________

(3) �&H$T�U�I�H$Y�H F�R YGM \^O�PSs&T�D�I�JGF�R O�M H$Y�J�W D-DGY�Z"M DXY�D�FGDGT�UGM \ d W D�L�K�O�QGDGM D PQ T�DGW AB

H R L�DGWSW OSJ d K�L�D�QGD�_
a DGb P=(1,-1), Q=(4,3), A=(-1,5), B=(5,2)
a E�b P=(1,4), Q=(-3,5), A=(5,7), B=(1,8)
a c b P=(1,-1,5), Q=(-2,3,-4), A=(3,1,1), B=(0,5,10)
a d b P=(2,3,-4), Q=(-1,3,5), A=(-2,3,-1), B=(-5,3,8)
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� �"!�# $&%�'�%�(
)+*-,�.�/�*-0�* 1�2 043 576�890�14: 0�* ;=<�>?; 6�@&A�* ; B

ABPQ −=− CED 6"F4G&A4<�>�H4>9* 2 <�>4;I6�3 ; J
0�* 1�; 043 K76"* ; JML N�O+,�>4;�L G&O
_____________________________________________________________________

(4)
)+*P,�.�/�*P0�* 1�2 043 576�8"Q+,�>�/�F41�2 6�3 *P0�F�; >R>40�ST3 >U0�>�14>4,�.43 5VG&; >�<�A�6�H4>43 >

PQ
,�>4;

AB
* 2 <�>4;"0�>�14.4W�W�8"W4>�B

L >4O
P=(1,-1), Q=(4,3), A=(-1,5), B=(7,1)

L N�O
P=(1,4), Q=(-3,5), A=(5,7), B=(9,6)

L X&O
P=(1,-1,5), Q=(-2,3,-4), A=(3,1,1), B=(-3,9,-17)

L G&O
P=(2,3,-4), Q=(-1,3,5), A=(-2,3,-1), B=(-11,3,-28)

� �"!�# $&%�'�%�(
)+*Y,�.�/�*Z0�* 1�2 043 576�8[0�14: 0�* ;"<�>\; 6�@&A�* ; B

)( ABrPQ −=− S�0�F�]
R∈r C4^ >�14.4W�W48�W4>[* 2 <�>4;

6�3 ; J_0�* 1�; 043 K76"* ; JML N�O+,�>4;�L X&O
_____________________________________________________________________

(5) ` 0�Sa3 ; J7G&A�Fa0�14F�8�X�F�A�H4* <�* J7>�6�,�b"6"* ; J Q4<�>\6�@�* G&; .�6"* 3 *Y3 >[G&; >�<�A�6�H4>43 > PQ , AB , QP

,�>4;
BA

3 5_<T0�* 1�; 043 K76"* 5_<UL >4Oc,�>4;ZL N�Oc3 8"JP,�.�/�*d.�6�,48"6�8�J C�e 042 6�8"J Q_<�>f6�@�* G&; .�6"* 3 *[3 >
6�8�H4* 2 >

Q-P, B-A, P-Q, A-B.

_____________________________________________________________________

(6) g >PN414* /�* 2"3 F BA ⋅ X&; >a3 >a0�>�14>4,�.43 5fG&; >�<�A�6�H4>43 >�B
L >4O h

=(2,-1), i =(-1,1)
L N�O h

=(-1,3), i =(0,4)
L X&O h

=(2,-1,5), i =(-1,1,1)
L G&O h

=(-1,-2,3), i =(-1,3,-4)
L * O h j�L 0�Q k4Q l m O Q i j�L n40�Q l k4Q o�O L 6�3 O h

=(15,-2,4), i j�L 0�Q k4Q l m O
� �"!�# $&%�'�%�(
L >4O+p�k4Q�L N�OZm n�Q�L X&O�n�Q4L G&O+p�m o4Q�L * O

162 2 −π Q�L 6�3 OZm q r
-10

_____________________________________________________________________

(7) ^ F�; >P>40�S 3 >a0�>�14>4,�.43 5fs * A4X&8\G&; >�<�]�6�H4.43 5_< * 2 <�>4;",�.�/�* 3 >�t
L >4O�L m Q l m Q m O+,�>4;�L n4Q m Q q�O L N�O�L m Q l m Q m O+,�>4;�L n�Q k�Q m O
L X&O�L l q4Q n�Q o�O+,�>4;\L k�Q l m Q n4O L G&O�L 0�Q n�Q m O ,�>4;�L n�Q l 0�Q u�O
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� �"!�# $&%�'�%�(
) *,+ -�. /�0�12/ 3�4&5�. /

0=⋅ BA 6�7 8�9 . : 1;. < 0�1,/�3�: / =>-�. *�/ -,: ?@3". / =BA C�DFE�1,/�A G&D
_____________________________________________________________________

(8) H *�< I J�K�L,.M3"1�0 N O"PRQ�N&S�T U�VXW�T Y,V,Z�N Y,[  \,] [ O�^,Y�_�S,Q�`FO�N PMY  f E�1,/ g
3�: J2G&/ 8 3�: a�L,1cb d e f e g h

∫−
=

1

1
)()(, dxxgxfgf

A 1,Dji21kG�. < l&. : .nm�: /cE�1,/c. G�?o/ 3�4&5�J�K�0pJ�/cq 0�r@3�: + =s/ G&/ m�: a�: . =s: J�Kk. 3"r>: . *�/ E�J�5
q&/ 0�J"L,+ 0�J�K�h
 fggf ,, = ,

 hfgfhgf ,,, +=+ ,

 gfcgcf ,, = ,

1�0
0=f
: m�: .

0, =ff
E�1,/�1�0

0≠f , 0, >ff .

A C�DFtR0
xxf =)(
E�1,/ 2)( xxg = f�0�12K,-�J�u,J�q&< 3". : .B: 1

ff , , gg, , gf , .

A q&D@i21vJ,*�< 3". : .2: Jj. 3"rB: . *�/ E�mjq&/ 0�m"L,. 0�JwG&5�Jw3�K�0�1�*�: x"3". r>0j3�: JwG&/ 8 3�: a�L,1yb d -�f -�g
L,.k: J�0z< G&/ Jz: *,m�-�J 6j{ : ao3�K�0�+ 4�. / 1,fw0�1o1,-�J,G�. < l&. : .|m�: /}q / 1oJ�-�J�/ J�K�3"G&x�-�J�: .
1,E�+ *,1,/ J�K�=

m
E�1,/

n
J�/"3�K�0�1�*�: x"3". / =s~&��� A

mx
DFE�1,/�� � ��A

nx
D�. < 0�1,/F� J,* 9 J�q�?>0�/ . = � 6

� �"!�# $&%�'�%�(
A C�D

3/2, =ff , 5/2, =gg , 0, =gf

A q&D
0, =gf 6�� / 1 : J2J�u,J�E,u�x"*,rRL,1�f�0�124�*�a"3�/ L,J�-�J�/ . < 3�: .B: a,0X: 1,K,: m�: a�: 1

( )xmnxmnnxmx )sin()sin(
2

1
)sin()cos( −++=

_____________________________________________________________________

(9) { : 1}-�1�*,1,E 8 : rzI . 5,q&a�G&/ 1�0�K�3�L 8 : r>0 � E�1,/ � 0�1nC,*,. < : .�hMA � D
A
E�1,/

B
fRA � � D;: a,0

-�*,J,C,J�u,x;: J�K � - 8 0�ry3�: J � f,A � � � DF: a,0X-�*,J,C,J�u�x;: J�K � - 8 0�ry3�: J � .
A 1,D �

=(2,-1), 
�

=(-1,1)
A C�D �

=(-1,3), 
�

=(0,4)
A q&D �

=(2,-1,5), 
�

=(-1,1,1)
A G&D �

=(-1,-2,3), 
�

=(-1,3,-4)
A . D � ��A -�f �,f d e D f � ��A �,-�f d �,f ��D A 3�: D �

=(15,-2,4), 
� ��A -�f �,f d e D
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� �"!�# $&%�'�%�(

A B (ii) (iii)

) *,+
5 2 





 −

2

3
,

2

3





−

5

3
,

5

6

) -�+
10 4 (0,3)






−

5

18
,

5

6

) .&+
30 3 





−

3

2
,

3

2
,

3

2





 −

3

1
,

15

1
,

15

2

/�0 1"0 /�0
_____________________________________________________________________

(10) 2 *3-,4,5 6 7 587 *39�:�;�<�=�6 7 1 ;�*>7 ?@;A.�?@;�B C@;A7 1 :>7 4�B .�C@; 1 :D=,5 /�1 4�:�E�F G&H
) *,+�) I�J K L J L + J>) L J K M�J K N�+ J>) M,J K O,J K O,+
) -�+�) M,J L J L + J>) K L J I,J L + J>) I�J K I�J N�+

� �"!�# $&%�'�%�(
) *,+QPR; S

=(2,-1,1),  T =(1,-3,-5),  U V ) M,J K O�J K O,+�7 W�7 5

641

6
),cos(

⋅
−=ΓBAB ,    0),cos( =ΓΑΓB ,    

3541

35
),cos(

⋅
=ΑΒΓA .

) -�+"XY= 1 B *3-,4�6 9 /�1 :�=,5
2617

1

⋅
,  

1741

16

⋅
, 

4126

25

⋅

_____________________________________________________________________

(11) Z 9�7 ? rAAA ,...,, 21

5 6 ;�*,B�=�<[=�<"\�5 ;�B /�] \&B *�;�^�9�=,*,7&*`_ 1 :D5 6 ;�*,BQ*�; ] \&^ 13/�]�a 5 7 *�J�\&<�b 0
0=⋅ ji AA
*�;

ji ≠ 0 Z 9�7 ?c* / W"=�< rccc ,...,, 21

_�4,*,.,=,*,7 B /�1 6�*�4�B a = 1 6"7 F 7 1 B 1 B"Cd9�7 5

0
1

=∑
=

r

i
ii Ac .

2 *3\�5 6 e&5 7 5fW�7 B 0=ic
.&B *3W�b,*>7 *

ri ,...,1= .
g �"h,i�j k l&%�(
m *,6 4�; 1 :�=,5Y7 1 5 9"?87 5 4�B / Wn. B ;�W"=,5 ; 1n/ *,BA7 ?@;c\&^ 1 =,5 b,C@;o7 <"GD_�*�4,*,_ ] ;�?p5 e 6 9"?d9�<"Gq=,5
7 :,r�*,6 1

iA 1 _�W�7 5d_�4 1�/ ^,_,7 5 B�W�7 B 0=ic .
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(12) � � ! "�#%$ & ' ( ��#%$*),+�-/. +%0�#%( #1),$ #���2�3�4%#%. #53�. -��/6�+%"%7%' ( )�' $ - n 8 0�9;:%-�<�3�+�4%=%-�7�( > -�+�4%'
4%' ),( BAd . ?%�@#%A�B%3�. #�3DCE. -�+�F <G),?�7DH BABAd −=),( HJIK#L)�' ( M,' . 'NB�. $

),(),( ABdBAd = "�#%$�#%"�BD4�?OB�. $DP $ #K. :�( #/),$ #���2�3�4%#%. # A, B, C $ 3�0,2�' $ Q
),(),(),( CBdCAdBAd +≤

_____________________________________________________________________

(13) R�$ #S-�A�-�$ #�),C�A�-�. 'T),$ #���2�3�4�#%. # ! "�#%$ & 3�. -��U6�+%"%7%' ( )�' $ -WV�8 0,9;:%-%<X#%A�-%)�' ( M . 'Y. $ F
A�#�:%#%"DZ%. [U3�0�\ 3D' $ F,Q

] #%^ 2222
22 BABABA +=−++

] =�^ BABABA ⋅++=+ 2
222

] P,^ BABABA ⋅=−−+ 4
22

_____________________________________________________________________

(14) IK#/)�' ( M,' . ' B�. $�#�� _ ' ( ��#%$D?/P�[`��( #/#���Z�4%' 3D#/3�. #/),$ #���2�3�4%#%. # ! "�#%$ & <%. B�. '
θcos2

222
BABABA −+=−

_____________________________________________________________________

(15) a/3�. [ ! , & 4�?b4�?D)�' ��$ "�ZW),$ #���2�3�4%#%.,#�<;"�Z�c�' . #d4%' . #�M 2W. -�+�F H�IK#S)�' ( M,' . 'YB�. $XP,$ #
-�A�-�$ -���),CDA�-�. 'e#�:�$ c�4%B/fX\ 0�-�+�4%' AcBA ≥+ H�IK#1)�' ( M,' . 'XB�. $�$ 3�0,2�' $�"�#%$�. -O#���. ( 3�. :%-%g�-%<
),?�7DH�#��XP,$ #/),2�-K-�A�-�$ #�),CDA�-�. 'X4�?Y4�?D)�' ��$ "�ZO),$ #���2�3�4�#%. # ! , & $ 3�0,2�' $�B�. $ AcBA ≥+ P,$ #
"�Z�c�' Rc ∈ <%. B�. ' ' ( ��#%$D"�Z�c�' . #�H
h�iDj%k�l m n,o�p
R�$ #K. ?%�q#%A�B%)�' $ M ?/. ?DFr#���$ 3DB�. ?�.,#�F`0�:�?D3�$ 4%-�A�-�$ -�2�4%';. $ Fr3�0�\ 3D' $ F

)()( cBAcBAcBA +⋅+=+ "�#%$ 0=⋅ BA

R�$ #U. -U#���. ( 3�. :%-%g�-%<;+%A�-%c�\ . -�+�4%'Y#�:�0,$ "�ZWB�. $ 0>⋅ BA Hr�eA�BU. ?d)�' )�-D4%\ ��?d#%��$ 3DB�. ?�. #�<
A�:%-�"%2%A%. ' $qB�. $ 02 2 ≥⋅+⋅ BBcBcA . -W-�A�-�( -U$ 3�0,2%' $XA�Z���. -�. 'T#�� 0≥c "�#%$O4%B���-WP,$ #

2

2

B

BA
c

⋅−≤ #�� 0<c H�s`?�7DH�?T#���$ 3DB�. ?�. #T)�' �1$ 3�0,2�' $rP $ #T"�Z�c�' Rc ∈ H�t*'OBD4%-�$ -YZ%. -�A�-

g�. Z���-�+�4%' #��X+%A�-%c�\ 3D-�+�4%';"�#%$�B�. $ 0<⋅ BA .
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(16) � � xxf =)( !�"$# 2)( xxg = % ��"'&�(�)+*�# ,$-�.�-�# /+*+0 1 021 -��3-$(�# *�,$431 -�560 *�781 0 (�# !�-�9
: # ��-+,$; ��-�52<=9�->*�5���"�(�1 /+*+0 7?�@*�1 -BA C D % D EGF H�*�!$)+*�)JI�K : # ">��"ML$($0 N 1 0O1 )$�@.�($-$L$-�P�/M1 )+Q f

.�H���7J*�1 )$� g !�"$#+1 )$�R.�($-$L$-$P�/O1 )+Q g .�H���7J*�1 )$� f.
SUT+V�W X=Y�Z�Y�[

\ .�($-$L$-�P�/O1 )+Q f .�H$��7J*�1 )$� g 0 N ��"$# cg 4�.�-�5
ff

gf
c

,

,
= ]�^?<�_ 0, =gf

_____________________________________________________________________

(17) � �`*�1 )��O.�($-�) : -�9�,$0 ��)>H+*�!$)+*+)@1 -a<=# H�*�1 )�,$"@-�P$-�!$P$/+($7b*�)+QG0 N ��"$#8A C .�% .�E %+��"@L$($0 N 1 0
1 -`,$; 1 ($-R1 7?�U*�5���"�(�1 /+*+0 7?�Uc=d�e F mxKf!�"$#�e g h�F nxK2"$.�4U1 )`*�&�; *�) ff , .

SUT+V�W X=Y�Z�Y�[

π== ggff ,,

_____________________________________________________________________

(18) ij"3L$($0 k�0 NG.�"�($"�,$0 1 (�# !$/'0 l N *+7b*�) : # "J1 )$�B0 5�k�0 N "3.�-�53.�0 (���H'"$.�4J1 "3.�"�($"$!�H$1 7
m 0 9 : )`*�)�,$0 N 7?�+n�F "$K�F D % D % C D K�!�"$#�F C o�% D % p�K2F L�K�F C D % q�% o$Kf!�"$#+F p$% C r�% D K
SUT+V�W X=Y�Z�Y�[
F "$K X=(1,1,-1)+t(-3,0,4) ( L�K X=(-1,5,2)+t(4,-9,-1)

_____________________________________________________________________

(19) ij"2L$($0 k�0 N?)M0 l N *+7b*�)21 )+QU0 5�k�0 N "�Qj*�1 -��@o�C &�_b($->.�-�52.�0 (���HM"$.�4>1 -2*�)�,$0 N - P !�"$#
0 N ��"$#+!�H�k�0 1 )`*�1 - s : # "j1 # Q?.�"�($"$!�H$1 7B.�0 (�# .$1 _b*+0 # Q=n

F "$K s t�F D % C D Kf!�"$# P=(-5,3) F L�K s t�F C q$% r$Kf!�"$# u =(3,2)
SUT+V�W X=Y�Z�Y�[
F "$Kfv (�N *�!�-�5�,$0 <=# H���5�*�,$"j!�H�k�0 1 -j*�1 - s %$.�] &�] w =(1,1). x =(-5,3)+t F D % D Kf/ y=8+x

F L�Kfr y=5x-7

_____________________________________________________________________

(20) ij"O<�0 N l=0 1 0 4�1 #�-�#+0 5�k�0 N 0 Q 153 =− yx !�"$# 532 =+ yx <�0 �U0 N ��"$#+!�H�k�0 1 0 Q ]
y T+z${�| } ~=Y�[
ij" : ($H$�80 1 021 # Q>0 5�k�0 N 0 Q>*+0>.�"�($"�,$0 1 (�# !$/�,$-$($��/6!�"$#R��"6<=# "$.$# *�1 _b*+0 1 0M4�1 #U; &�-�5��31 )
<=# 0 9�k�5���*�)O1 7?�U<=# "���5�*�,$H$1 7?�UF D % p�� q�Kf!�"$#�F D % C o$� p�K�"���1 N *�1 -�# &�"U1 "O-�.�-�N "O<�0 �U0 N ��"$#+!�H�k�0 1 "�]
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(21) � �"! #$! % &�'(! % !*)�+�, � �-)�./% � )���0-�-1�&-% 243 ! 5-6$78! 9�:�! , ;=</! > <��-,(1�&�:�! % ��?@ �-A 153 =− yx 1��-, 22 =+ yx
@ B A 172 =+ yx 1��-, 5=− yx
@ 6$A 153 =− yx 1��-, 735 =+ yx
@ C A 2=+− yx 1��-, 9=+ yx

D/E(F�G H$I�J�I�K
L &�:�! % �"! > <��-,(% �"3 ! 5-6$7 @ 6$A�1��-, @ C A
_____________________________________________________________________

(22) � � B 0-! :�! >=7M! # > '(2*'�7N% +�9O! )-, )�P C +�9O)�+�9N! > <��-,Q1�&�:�! % +N'�% + C ! C +(R-P <�+ C , &�<�9�'�R�� S
1��-,()�! 0�<�&"�-)�./% + C ! C +(R-P <�+ '�7�R-! > + T .@ �-A S U @ V W X V W Y AZ1��-, T =(4,2,-1)   (

B A S U @ X Y-W X [�W \ AZ1��-, T U @ [�W ) W X ] AD/E(F�G H$I�J�I�K
@ �-A 13 −=+− zyx

@ B A 262423 +=−+ πzyx

_____________________________________________________________________

(23) � � B 0-! :�! >(78! # > '(2*'�7"% +�9 ! )-, )�P C +�9 )�+�9 )�! 0�<�&"�-)�./% �"�-1�.�^-+�9�:�� Y '�7�R-! > ��_@ �-A @ [�W V W V A W-@ Y-W X V W V A W�@ \�W V W X V A@ B A @ X [�W Y-W X V A W�@ [-W [�W Y A W-@ X \�W X V W V A@ 6$A @ X ]-W X V W [ A W-@ V W [-W X V A W�@ Y�W X V W [ AD/E(F�G H$I�J�I�K
@ �-A 722 =++ zyx

W"@ B A 29987 −=−− zyx
W`@ 6$A 1=+ zy

_____________________________________________________________________

(24) � � B 0-! :�! >�P <�� C , &�<�9�'�R-� 1�&�:�! % + '�% � C , ��<�5�'�R-�-% � @ V W [�W X Y AZ1��-, @ [�W X V W Y A ?D/E(F�G H$I�J�I�K
a 0�1�! >�<�� B 0-! :�! >ZP <�� C , &�<�9�'�R-�8)�+�98% +8! '(2Q% ! 0�, 1�. % +�986 , <�.(R-! <�+bR-!c% � C 5�+ C ! C +(R-P <��"<��
! > <��-,�d/e8�-)-^-&/<�� B 0-+�5�R-!*% + ! #$2Q% ! 0�, 1�./6 , <�.(R-! <�+ % 2=< C 5�+ C ! C +(R-P <�2=< C , ��<�9�'�R-&-% 2=<�?-f�+
3 7�% +�5�R-! <�+ ! > <��-, @ Y-W X g-W X ] AZ1��-,(.�^-� % � )���0-&-^�^�7�^-�8'(!h�-9-% .(?
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(25) � ��! "#! $%��&�')( * $ + ,�- . / 0�/ 1)/ 2)354�$)6 Q,�- 2�/ 1)/ 0�/ . 354�$)6�! 798:6 ;�<�=���')$ > ,�- . / . / . / . 3 ?�� ��! "
( @)* ��&BA L &C( =�D�( * $E@�7�=E@�( F�<�; $)@�GH! 7 + 4�$)6�( * <�$)6B@�$�F);)I�I�&�I)&C��! 7 > .

- $)3KJ�6 $98�( 8�7B')L <�7C��&�')( * 7 M @�;�<�"#��! &%N�F)$�'B'�O L /B<�$9=)@�7�I)7�N:* �B( ! (P! &)<C$)@�G)��! $���&
$�<�;�')( ��$ ��! $ Q 4�$)6 M �B$�<H��=�<�;�F�! &B��& ! &BAK@�$�F)$�')L ! F)7�= t.

- Q�3�RE$98�( * S:( ! (PG�! 6�=)@�;�F�T�( 6�$)4�F�6 Q)UVAWL <�$9��&�')( * 7 0X ��! &)< ( =�D�( * $�/B! L ! 7�6 79UV��! (P&
@�$�F)$)@B;�<�"X$)@�G���! $���&E<)$ @�( ! =)T�$)* <�( 6�L <�$C( I);)T:6 ��! 7E4�$)6�G�! 6B! 7 ( I);)T:6 ��! 7E$)=)! G ( * <�$)6

52 .

- N:3�RE$ 8�( * S:( ! (VG�! 6�! 7E8:6 ;�<�=���')$ QX −0 ( * <�$)6B4�;�D�( ! 7E��! &)<H( =�D�( * $�?
YHZB[�\ ]:^�_�^�`
M =(1,2,3,4)+t(1,1,1,1).

- $)3 2/12 )5(2 +=− tQX

- Q�3�a�7E( I);)T:6 ��! 7H@�F)7�4)b)@)! ( 6BN 6 $ 0=t . )4,3,2,1(0 =X

- N:3 0)( 0 =⋅− AQX

_____________________________________________________________________

(26) RE$EI�b��B( ! (V! &)<P@�$�F)$)@�;�<�"X;���4�&B��&C$)I)I);EN:6 $
c ,�- . / d . / 1)/ . 3 /feg,�- . / . / d . / 0)3h4�$)6jig,�- . / d 1)/ 0�/ . 3 ?

k ( I);)T:6 ��! &C$)@�G)��! $���&C( * <�$)6B! UVF)$ 15/146 .

_____________________________________________________________________

(27) RE$lQ)F)( * ! (mL <�$l8:6 ;�<�=���')$#@B$�F);)I�I)&�I)7#��! &)<n( =�D�( * $#@�7�=l7)F�* o ( ! $)6E�B$�<X! 7B'�Ol! "K<
( @)6 @�L 8�"K< 12 =+− zyx 4�$)6 23 =++ zyx .
YHZB[�\ ]:^�_�^�`
p b�<�7�=�')( ! 7m��b���! &�')$q! "K<m( S 6 �BUV�B( "K<r! "K<m8:b�7q( @)6 @�L 8�"K<mD�L ! 7�<�! $�A x=t ?tsh! 7B'�Ou! 7�=�A
L T�( 6B( S * �B"V��& X=(0,1/2,3/2)+t - . / d . v 0�/ d w�v 0)3 ?�a�7Ho &�! 7�b�')( <�7E8:6 ;�<�=���')$ ( * <�$)6�- . / d . v 0�/ d w�v 0)3 ?
_____________________________________________________________________

(28) RE$qQ)F)( * ! ( @�$�F)$�')( ! F�6 4�L AE( S 6 �BUV�B( 6 AEN 6 $q! 6 AE( =�D�( * ( AE@�7�=u7)F�* o 7�<�! $)6W�B$�<r! 7B'�Ou! "K<
( @)6 @�L 8�"K<Bx�- $)3 12 =+− zyx 4�$)6 23 =++ zyx - Q�3 252 =++ zyx 4�$)6 323 =+− zyx
YHZB[�\ ]:^�_�^�`
- $)3By�8:6 $9')(V! &)<P@�F)7�&�N�7�b�')( <�&C;���4�&B��&C- Q�3 M =(-10,-13,-17)+t(11,13,17)
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(29) � �"!$#$% &�% ')( *,+�-�.�/�0�' ( *�.�*,( /)132�43.�' ��15��.�6�0$% +)�"+�( � 7���#��$8)6$( 49% 7$' 7�% :���;< �$= 5     ,1 =−−=++ zyxzyx
< !�= 1     ,232 =+−=−+ zyxzyx

< 2>= 23     ,12 =++=−+ zy-xzyx
< :>= π=+−=++ zy-xzyx      ,32

?,@)A�B C>D�E�D�F
< �$=3GH#�' +�8�*�-�0$%I( *J+�-�.�/�0�' ( *�.�*"( /)1K2�43.�' ��1H& 7�*�-J+�L>/�0$�$( ' M *�-�. ( �N8���.�*�.�O 8�6P:>O ��.�Q�+�0��$( �RTS < U V U V U =W8��$O)G S < U V X U V X U =W( 43.,% 7$O 7�Y :�43.�Z 3/1cos −=θ .
< !�= 42/2−

V�< 2>= 66/4
V�< :>= 18/2−

_____________________________________________________________________

(30) ["+�( 4 \ S < U V ]$V ^ =W8��$O _ S < X `�V U V U = Z>� �"!$#$% ' ( %K( /$.T( *)0�aJ( /)1K% -�&�% ' ��157�*�-"7�% #�.�6J�$7�b ( *
\ +�( /$.T8)�$( % Q�&�-�.�+�/"( *�- _ V 8��$O�( *�- % 7$O 7�Y :�*�-N0$%K% c ' +)4K+�/ 132 =−+ zyx .
?,@)A�B C>D�E�D�F
d 7���#$��0$% ( #�O 8$ae% c ' +)4K+�/e( /)1"% -�&�% ' ��1"&��e% ' .��$O f =(1-2t,3+t,5+t= Z R .�( O 8���&�O +�( g3.�( ��1 ( O 1
+�-�.�( % ( �$2$0$Y .�% 1h�$-$( Y 1i+�( /$.j% c ' +)4K+�/k( *�-l% 7$O 7�Y :�*�- V !$#�' +�8�*�-�0$% t

S ^�m ` ZIn�*jM /�( *�Q�0$% .�*
+�/�0$% ' * % ' .��$O < X o$V U$U m `�V U ^�m ` =
_____________________________________________________________________

(31) ["+�( 4 \ S < U V `�V X U = Z>� �J!$#$% ' ( %K( /$.,( *)0�aJ( *�-J% 7�O 7�Y :�*�- 243 =+− zyx 0$%H( /$. % -�&�% ' �
7�*�- 7�% #�.�6"�$7�b,( * \ 8��$O�% ' .��$O)8�6�&�% ( /J+�( * % 7$' 7�% :�*)Z?,@)A�B C>D�E�D�F
d % -�&�% ' �p7�% #�.�6q�$7�br( * \ 8��$O9Y L�% Os( /t:>O % Q�&�-�.�+�/q( *�- < ]$V X o�V U = Z"uP0$*�O �v0�%w( /$.
7�#$*�/�2�*�Q�0$% .�/J6�+)8$/)+�/"7�#$*$8$Q$7$( % O)( * +�/�0$% ' *T( *)0�a)1 < `�^�m U ]$V U x�m U ]$V X y�m U ] = Z
_____________________________________________________________________

(32) ["+�( 4 Q=(1,-1,2), \ S < U V ]$V X ` =I8��$O z S < U V `�V ` = Z)� �s!$#$% ' ( % ( *h+�/�0$% ' *h( /)1,( *)0�a)1,( /)1
% -�&�% ' ��1K7�*�-J7�% #�.�6N�$7�b"( * \ +�( /P:>O % Q�&�-�.�+�/N( *�- z 8��$O�( *�-J% 7$O 7�Y :�*�-N7�*�-N7�% #�.�6P�$7�bJ( *
Q 8��$O�% ' .��$O)8�6�&�% ( *,+�( * z .?,@)A�B C>D�E�D�F
n�*s+�/�0$% ' *i( *)0�a)1"( /)1J% -�&�% ' ��1 f =(1+t,3+2t,-2+2t=,8)�$OH( *�-9% 7$O 7�Y :�*�- x+2y+2z

S ] % ' .��$O< b)0$*�O �N0$%K( O 137�#$*�/�2�*�Q�0$% .�% 15��+�8$a)+)% O 1 =W( * < U V ]$V X ` = Z
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(33) � ��! "$#&%�'(��)�*,+ - . P, Q /�.,0 1 2�.3#&0 4�2�5���*,. 6 ��! '�287�5,/,9,+ - #�+ 0 ';:,< =�>@?,'�A�� ��! "
+ B,- ��)DC E ' ! 'F��)�*,+ - 'G! 'D*�HDCI! )DCJ+ 5�K�+ - .�CJB�'�5LB�+ ?�2�4M.,B�NF! ' E ��! )O#&0 + %�K�5�2���)M! '�5 6 /�.,0
! '�5O+ B,0 B�1 #�'�5OB�'�5OB�+ ?�2�4P.,B�NM! ' Q /�.,0Q+ - 2�.,0Q/�4�K�+ ! 'M��! ' 6 A�RS?�- T '�5�*,+ �D.�2M.,B�N,��! .��D)
! '�5 E .,B�NO! 'P+ B,- B�+ #�',UV! ),2O.,B�N,��! .���)W.�2�4�*,+ �D.X��! .X��)�*,+ - . E /�.,0 E ' A�YZ.X[,?,+ - ! +F! ),2
.,B�N,��! .��D)G.,5,! HGN�! .�2 E =(1,3,5), Q\�] < ^ U ^ U _�`a/�.,0 6 =(-1,1,-1).
bdcDe�f g&h�i�h�j
k '$��)�*,+ - 'l! 'D*�HDC3! )DCm+ 5�K�+ - .�C n =(1-t,3+t,5-t̀;/�.,0W! '�5o+ B,0 B�1 #�'�5o< x+y-z\�< pq+ - 2�.,0
r�s \�] p�t :,U _�t :,U ^ _�t :�`a/�.,0D)GT )�! '�%�*,+ 2�)G.,B�N,��! .��D)G+ - 2�.,0 3/2' =− PP .

_____________________________________________________________________

(34) uX+d[,4���)M! '�2F',?�0 ��*,NF! )DCS.,B�N,��! .���)�CS.,B�NL��)�*,+ - 'FB�'�5M#�N,K�)�/�+Z��! ),2GB�?,'�)�v�'�%�*,+ 2�)

4���/,)D�D)DU�2�. #�+ - w&+ ! +IN�! 0�'Sv�+ 2�0 /�N,CV! %,B�',CV! )DCQ.,B�N,��! .���)�CQ.,5,! HDCQ+ - 2�.,0
N

NPQ ⋅− )(
.

x cDy,z�{ | }&h�j
~ ?�)D��0 *,'�B�'�0 >V2�! .�CS! 0 CSv�+ 2�0 /�1 Cd+ w 0 �D>@�D+ 0 CS! )DCd+ 5�K�+ - .�CS/�.,0�! '�5O+ B,0 B�1 #�'�5P1 =�'�5�*,+ N�! 0Vv&0 .
/�4,B�'�0 ' 0t 0 ��=&%�+ 0 NQNNtP ⋅=⋅+ )( 0 AQ�S%�2�'�2�! .�CL"@CFB�?,',C 0t /�.,0Z.�2�! 0 /�.�K�0 ��! >V2�! .�C
��! )G��=�1 ��) NtPP 0' += B�?,'�/,%,B,! + 0D! 'dT )�! '�%�*,+ 2�'DA
_____________________________________________________________________

(35) YZ.L[,?,+ - ! +J! ),2G.,B�N,��! .���)M.,2�4�*,+ ��.L��! 'F��)�*,+ - 'G/�.,0���! 'G+ B,- B�+ #�'GB�'�5M#&- 2�'�2�! .,0V��! 0 C
B�.�?,.,/D4,! "XB�+ ?�0 B,! >@�D+ 0 C&�

] .,`�] ^ U ^ U �,`a/�.,0 253 =−+ zyx ] [�`�] < ^ U :,U �,`a/�.,0 142 =+− zyx
bdcDe�f g&h�i�h�j
] .,`��S?�/�+ -D2�.G[,?,'�%�*,+I! 5,=�.,- ' ��)�*,+ - ' Q ! '�5G+ B,0 B�1 #�'�5�A��JB�N ! ),2ZB�?,'�)�v�'�%�*,+ 2�)L4���/,)D�D)DUD)
.,B�N,��! .��D)G+ - 2�.,0 35/8 A�] [�`D�L*,'�0 . [,?�- ��/�'�5�*,+ 21/13

_____________________________________________________________________

(36) � ��! " E \�] ^ U :,U < ^ `G/�.,0 Q\�] < ��U p,U �,` AQYZ.;[,?,+ - ! +M! 0 CM��5�2�! + ! .,v,*,1 2�+ CL! "V28B�.�?,.,/�4,! "
��)�*,+ - "V2D�

] .,` k ' *,1 �D'�2S! '�5 + 5,K�%,v�?,.�*D*,'�5Z!�*�H�*,.,! ',C PQ.
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� �� "!�#%$'&�(*)�+�,.- / #%)�0 (*- 1�2�&.3�4.#�,5,.(60�,�7�,.#
PQ 8 (�19�.4�/ )�:�(�;�0 #.<�)�0 (>= ? @*:�#.<�)�0 #

A ? @B0 +5C"# 8�D )�0 #�)�+�C"# 8�D 0 ( P
)�0 (

Q.
� 3' �!�(E)�+�,.- / ( 8 (�16�.4�/ )�:�- 0 #.<5)�0 (F= ? GH0 +5C"# 8�D )�0 #�)�+�C"# 8�D 0 ( P

)�0 (
Q.

� $' �!�(E)�+�,.- / ( 8 (�16�.4�/ )�:�- 0 #.<�)�0 # A ? GH0 +5C"# 8�D )�0 #�)�+�C"# 8�D 0 ( P
)�0 (

Q.
IBJ5K�L M'N�O�N�P
� #. �� Q @�? A�R S�R = ? A  R � �� �� Q A ? @ R =.= ? @ R T  �:�#.<�� Q U�? @ R = @�? @ R =  R � 3' V� T.R = U�? G R Q A ? G� R � $' �� Q = R = W�? G R = ? G� 
_____________________________________________________________________

(37) X ; P
:�#.<

Q
- / ;�#.<"$'&�(90 1.Y�#./ #Z)�+�,.- / #90 (�1F[�1.:.\.- / $�- < (�1

n
Q Y']^4.(�1 R ;�#Z$�]^)5- 0 -*_ ;�#�;

3�- ;�< : D 0 & 8 (B3'< #B0 (*,._ )5(�;H0 (�1E- 1�2�&.3�4.#�,5,.(�1B0�,�7�,.#.0 (.C PQ.
IBJ5K�L M'N�O�N�P
`

=(P+Q)/2

_____________________________________________________________________

(38) a #6�.4.- 2�- /50 ( BA×
3'< #E0 # 8 #�4.#.:�b.0 cd$'< #�;�&�)�,.#.0 #�e

� #. f g�� = R Q = R =  V:�#.< h
=(-2,3,1)

� �� f g�� Q = R = R A  V:�#.< h
=(1,0,-1)

� 3' f g�� = R = R Q @� V:�#.< h
=(-1,-2,-3)

IBJ5K�L M'N�O�N�P
� #. �� Q S�R Q @ R =  R � �� �� Q = R = R Q =  R � 3' �� Q W R i�R Q =  
_____________________________________________________________________

(39) a #j1 8 (�\.(�3'/ )5- 0 -k0 (l-�,.�.#�$ D ;m0 (�1 8 #�4.#.\�\.+�\ D 3�4.#�,5,�(�1 8 (�1n)�Y'+�,.#.0 / o (�1�;m0 #
8 #�4.#.:5b.0 cdo - &.3'+*$'< #�;�1�)�,.b.0 cp;5e

� #. f g�� @ R Q A�R S  V:�#.< h
=(5,1,1)

� �� f g�� @ R = R A  V:�#.< h
=(-1,2,4)

� 3' f g�� S�R Q A�R G� V:�#.< h
=(3,1,-1)

� $
) 
f g�� Q A�R = R @� V:�#.< h

=(2,-3,4)
IBJ5K�L M'N�O�N�P
q #.<�)�0 < C S 8 - 4�< 8 0 ]^)5- < C�1 8 (�\.(�3'/ o (�1�,.-^0 ( BA× .

_____________________________________________________________________

(40) a #r$�- / s'- 0 - D 0 <B$�- ;>1 8 b�4�Y�(�1�;d)�+�,.- / #r� x,y,z
 8 (�1d;�#t< :�#�;�( 8 (�< (�&�;>0 +.;t- s / )5c^)�+

0232 =−+− zyx
:�#.<p;�#u#�;�7�:�(�1.;F)�0 +.;F- 1�2�- / # 8 (�1 8 - 4�;�bu# 8�D 0 (u� A�R Q A.R Q =  H:�#.0 bu0 +

$'< - &�2�1�;�)�+60 (�16� = R = R =  v
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���! #"�$ % &('�)
*,+ - . / +10�/ 243�2�5�6�7#6�8#+ / 7�2 9�: ;<+ . 2 =!>?=!+ 2 ;@/ A!;<+ B�C�+ - 6�;<D�+ EF+ 5�6#G�A!C�+ H�3�B�EI/ A#EF+ . - =!J?=�AK/ 3�B
+ 5#2 5�: D�3�B1L(2 619�6�E�: E�6

R∈t .

_____________________________________________________________________

(41) M 6ON#7#+ - / +,/ 3�E<0�L(9�3</ 3�B15�6�7#6#G�G�A�G#+ 5#- 5�+ D�3�BI8#+?5#G#+ B�7#: ;4/ 6OD(2 6�E�H�=�8#6#/ 6�P

0002 zyxa QQQQ −+= ,   00 35 zxb QQQ −= ,   000 2 zyxc QQQQ +−=
R �!S�T U('�V�'�)
WX7�9�+ -�E�61B#5�3�G#3�L(- =!3�B�8#+?/ A#E<6#5�0�G�B#/ AO/ 2 8�YO/ 3�BI8�2 9#/ 3�H<L(2 E�3!8#: E�3�B1/ J4EX/ 7�2 >4E
D(2 6�E�B�=�8#Z#/ J4EX5�3�BO+ - E�6#2,[ \!]
_____________________________________________________________________

(42) M 6ON#7#+ - / +X8�2 6O+ . - =!J?=�AOL 2 61/ 3<+ 5#- 5�+ D�3<5�3�B15�+ 7�2 : ^�+ 2�/ 2 ;4+ B�C�+ - + ;(P
)1,3,2()2,1,0( −+−= tX
9�6#2

)1,3,2()0,1,2( −+−= tX
R �!S�T U('�V�'�)
WX7�9�+ -FE�6_5�Z�7�3�B�8#+`D(H�3_=�A�8#+ - 6a=�/ A#Eb5�7#>,/ Ac+ B�C�+ - 6d9�6#2e: E�6a=�/ AcD�+ H#/ + 7�Acf + - E�6#2
5�6�7#Z#G#G�A�G#+ ; gh9!6#2e=�/ Ac=�B�E�: ^�+ 2 6dE�6aN#7#3�H�8#+`/ 3_+ 5#- 5�+ D�3_5�3�Ba5�+ 7�E�Zc6#5�0a6#B#/ Z�]Ii
j A�/ 3�H�8#+ E�Ak+ . - =!J?=�Ak+ - E�6#2

7532 −=++− zyx .

_____________________________________________________________________

(43) M 6ON#7#+ - / +X8�2 6O+ . - =!J?=�AOL 2 61/ 3<+ 5#- 5�+ D�3<5�3�B15�+ 7�2 : ^�+ 2�/ A#E<+ B�C�+ - 6
)4,2,3()2,1,1( tX +−=

9�6#2�+ - E�6#2!9�Z�C�+ / 31=�/ 3<+ 5#- 5�+ D�3
0432 =+−+ zyx .

R �!S�T U('�V�'�)
251710 −=+− zyx

_____________________________________________________________________

(44) M 6l+ 9�m�7#Z�=!+ / +F/ 2 ;I+ 5�2 m�Z�E�+ 2 + ;If 6#g 1=xz
9�6#2<f N�g

1222 =−+ zyx
=!+K=!m�6#2 7�2 9�: ;

=�B�E�/ + / 6#L#8#: E�+ ; ]
R �!S�T U('�V�'�)
f 6#g

2cos2sin2 =θφρ n f N�g 12cos2 =− φρ
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(45)
� �! �"$# %�&�%�' �!()' �+*�,�-!. # �+*).0/!1!2�( %�3�4�( /�5 60*�1�%�' . ' �!7!-!5 %�. 698
(1, 45° :�;  : � < :!=!> < :!? @  : � A :!@�B ° :C; A� : � D :�=!> E!:!@  : � ; :!? =!> E!: A� : � < : D =!> @�:�? <! F

G �H-!. ' �!' 4!� = &�I�%J*).K&!4!L�&�7�M$%�( . 6$/��!(�*)N��!( 4�( /�5 60*�1�%�' . ' �!7!-!5 %�. 6 F
� O� �"$# %�&�%�' �!()' � = ��4!�!/�P!' QR*�,�-!. # �+*).K&!4!L�&�7�M$%�( . 60*�1�%�' . ' �!7!-!5 %�. 698

(2, 1, -2),   (0, 3, 4),   ( 2 , 1, 1),   (-2 3 , -2, 3).
G �H-!. ' �!' 4!� = &�I�%J*).K*)N��!( 4�( /�5 6$/��!()/!1!2�( %�3�4�( /�5 60*�1�%�' . ' �!7!-!5 %�. 6 F
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(46)
G �TS9��%��!7�4�P!U0. ' .V' ,!%W. S # *)QX*�, 22 yxz −= Y 4�,)*�( -!& = &�( M$%�' ��6Z/!1!2�( %�3�4�( /�5 6Z/��!(

*)N��!( 4�( /�5 60*�1�%�' . ' �!7!-!5 %�. 6 F
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(1) A@B CED F GIH�J3K�H GEC�L�MONIGIF H PIQ3M�LECER�SEF J�M�J 000 )cos()sin()( ztytxttr TTTT ++= U�V8G*WISID XEYEZEC�[

dt

trd )(T
,        

2

2 )(

dt

trd T
,          

dt

trd )(T
,          

2

2 )(

dt

trd T
.

\�]�^O_ `�aOb�aOc
000 )sin()cos( zytxt TTT +− , 00 )cos()sin( ytxt TT −− , 2 , 1

_____________________________________________________________________

(2) d�CEG8PIH C�J�F e8M�f1NIG8PIH CED B F GIH�P�GIF R:NEQ�P�YIg@F J�g@P�G�NIhIZIiEJ�g
00

2
0

2 )53()4(2)( ztyttxttr TTTT −+−+=

eEh�YEL t D B CEGIHOY�j�SIe�CEYIg U�V8G3WISID XEYEZEC8YEHOM�LEC�H M�F f4M�D g@F k@C8K�H GEC�L�MONIRIF k@C�F J�g'F GIj�ZIF J�F G�g4P�GIH
F J�g'D hIH F RIj�LECEM�J�g@F J*j�SIY�C�H PIQ3M�F H lINEQ t m0n'P�GIF R:NEQ�P�YIg@F YEL*K�H GEC�Z�MONIGIF YIg

000 23 zyxa TTTT +−= .
\�]�^O_ `�aOb�aOc

000 3)42(4 zytxt TTT +−+ ,   00 24 yx TT + ,   8/7,   -2/7

_____________________________________________________________________

(3) A@B CED F GIH@JoM�LECER�SEF J�M�J 00 )sin()cos()( ytxttr TTT ρρ += ,  ]2 ,0[ π∈t U�V8G"K�D H j�F D B4eEF H'J
)(trT D B CEGIH8P�R�XED F JpM�F JICqh�G�SIRIl�k'l�erF J�goP�GIH8CEGpWISID XED B*JpD s B M�k4M�JpF J�g"D L�X�D B G�goh�YEL

D tORIhIF D F GIH�M�F JIC%P�G�NEhIZIiEJ3M�F Y8M�JONID B Y π=t .\�]�^O_ `�aOb�aOc
u SID B F D6F Y<D M�k'F D SEH P�evl�H CEe�NID CEY )()( trtr ′⋅ TT QwGIh�YIK�D B s F D"eEF H%F YwNIx F SIY0F J�g )(trT D B CEGIH
M�F G�XED SIe�U�ywz J�F YEZ�NID C�J3D L�XED B G*D B CEGIH 00)( ytxtl TTT ρρ −−= Q ρ−=x .

_____________________________________________________________________

(4) yrPIB C�J�M�J3M�k1NIGIF H K�B YEL8h�D SEH l�SIR�tOD F GIH�GIh�e�F J3K�H GEC�L�MONIGIF H PIQ3M�LECER�SEF J�M�J
00 )sin()cos()( ytxttr TTT ωω += ,   ω mOM�F G�XED SIeI{ ]2 ,0[ π∈t .
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v0 ! % 12�*"�3�4�52! $ /76�$ 8���" 421�9�6;:*� 52< 6�/�= r>  ]2 ,0[ π∈∀t .
( ? )@+A! B*" $ 4*#�92126�/ γ> 3��*$ ! 9�5�.212! $ �*",B�C*8*=D$ 8E3�< 1�$ C*8E3��*",$ 8F:2< $ C*8E$ /�=G! % 12�*"H�2124*I*82J�8F:*!
$ /*1K�*B�&*6�$ ��6�/7�*B�&K$ /*1K��C2#�L $ MH1K��N�&�12MH1�O
( J�)

vr 00 × P 6�$ ��52! C*&���" 421�9�6;:*�
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(5)
��� ? C*! 52! %�/�" 3��21�L 3��*"��212�*J�3��*% � 6�92125�L�3�/7QR6�$ !R/7��" �21�9�6;:*�*$ " 3*L76�92124�C2$ /�6�/

btattr >>> )sin()cos()( λλ += ,

&2B�829
R∈λ ,  0≠λ 3��*"

ba >> , 6�$ ��52! C*4 ��" �21�.�6;:*�*$ ��S212� < #�! "�6�$ ��52! C2L7��" ! .�5�92126�/;O
TKU�V;W X�Y;Z�Y;[

\]�
ba >> , B�C*< B�! "�12� ! % 12�*"�B���C*4*I2I2/�I*��O

_____________________________________________________________________

(6)
���E��! % N�! $ !^&2$ " ( �*)H/_��" �21�9�6;:*�*$ " 3*L_6�92124�C2$ /�6�/

000 )sin()cos()( zytxttr >>>> λ++= < #�! "

6�$ ��52! C*&7:*< $ C*8K3��*" ( ? ),/
0

2
0

2
0

2 )4/3()3/2()( ztytxttr >>>> ++= < #�! "�6�$ ��52! C2L7��" ! .�5�92126�/;O
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(7)
���`��! % N�! $ !a&2$ "�J�" �`$ /b��" �21�9�6;:*�*$ " 3*LA6�92124�C2$ /�6�/

000 )sin()cos()( ztytxttr >>>> ++=
" 6�#�.�! " ' ( �*)

2=′′× rr >> 3��*" ( ? )
1),,( =′′′′′′ rrr >>>

_____________________________________________________________________

(8)
���7! N�! $ ��6�$ ! %��21K9*B�4�C2#�! ";6�/;:*! % 8K$ /�=R3���:2B*.*I2/�=

0
)1(2

0
2

0 2)21()( zeytxttr t >>>> −++−= ,

R∈t
S^$ < $ 82" 8cQR6�$ !_$ 8d! e;�*B*$ &�:*! 128-��" 421�9�6;:*�d12�f! % 12�*"�B���C*4*I2I*/�I*8`:*!g$ 8-��" 421�9�6;:*�

52< 6�/�= O
TKU�V;W X�Y;Z�Y;[
h C23�! %�12� ? C*82.�:*!D6�!RB�82" 8�6�/;:*! % 8K" 6�#�.*! "

0=′× rr 00 O�iKC*823*.*B*$ ! "
t = 1.

_____________________________________________________________________

(9)
h 1A8*C2% 6�829�:*!f6��21bJ�MH1�% �j��.�8A3���:2B*9*I*QH1A6�!f��! ��8�:*< 128k6�/;:*! % 8*SE$ /jJ�MH1�% �kB�829

6�#�/;:*�*$ % l 82921a$ �d! e;�*B*$ &�:*! 1*�d��" �21�.�6;:*�*$��c$ MH1a3���:2B*9*I*QH1c6�$ 8d6�9*J�3�! 3�C2" :*< 128d6�/;:*! % 8*S
$ &2$ !@12� ? C*! 52! %�/ J�MH1�% ��$ MH1G3���:2B*9*I*QH1
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))1ln(  ,sin2  ,1()(: 11 +−= ttetrc t�
,     1−>t

)1  ,1  ,1()(: 32
22 +−+= θθθθrc
�

,     R∈θ
��� �! #"�$&%�'(� )* #"�+�,� &)* �-
.#/�021 3�425�426
7!8 9
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(10) : ��� ) )(tr
� 7�"�$!"!;�)<;�= ��> ?&�A@�"�?&7!B!C&�2-(DE= "GF H�I&F = "GJ 'GK  &"GF 7!= 7�F L�M&NO7�M&HGF =  &"!>

@�P�I&F � ��J M&NQ��� MRL�> P& �H��2?!"R� "!%�B!� ��� "�S )(tr ′� ��FT��H!;�@�F @�$&> ?&K  &MR���2?!F = M
0t U M� &M�?!P�V F � "!>

@�"& &M& �> @!'�J ,&N*��� M
0t
-�WX"ZY!$!F = � F[J "!N*� �! (F + = ��)\���]?&> "�S\F H�I&F = "�S\@�"& &M& �> @!'�S[��� �! X@�"�?&7!B!C&�

)3sin,3(cos)( tttr =
� ��� M 3/0 π=t @�"!>2J Y&N^� �! XF + = ��)\���QF  &,!S[F 7!> 7�K L�M&HZ@�"& &M� �> @�M&B_��� �! 
@�"�?&7!B!C&� ),,()( 2ttetr t=

� ��� MX���2?!F = M 10 =t .
.#/�021 3�425�426

J "!N 0=y U J Y&N 32 2 +=++ ezyex

_____________________________________________________________________

(11) : ��� )`�Q7�"�$!"!;�)<;�= ��> ?&�Q@�"�?&7!B!C&� )(tr
� �aM&7�M&= "QY!$&= ��@�F � "!>^��� �! ZF 7!> b2P& &F > "Q��b2"!= $!"�S

?!F#@�K  �� $!M_� �! _"�$&%�'a� )* _"�+�,� &)* Z@�"!>*"!@!� =  &"`c�-�WX"aL�F > %�� F =<,&� >^� MaL�> P& �H��2?!"a� "!%�B!� ��� "�S
F =  &"!>�@�P�I&F � MZ?!F<� MXL�> P& �H��2?!"(I&K ����S<��F\@�P�I&F[���2?!F = Md� ��S*@�"�?&7!B!C&��S -
e /�f!g�h i j�426
k F )\$!F = ��� F ))(),(),(()( tztytxtr =

� @�"!>l7�"�$!"!;�)<;�= V M� �� "�Sm� �n��%�K ���

1)()()( 222 =++ tztytx "!7�M!L�F = + � F[,&� > 0)()( =′⋅ trtr
��

.

_____________________________________________________________________

(12) : ��� ) ba
��

, L�B�MQ��� "�I&F $!PE?&�O?&��L�F  �> @�PaL�> "! �B��2?!"!� "�- : ��� )oF 7!= ����Sd�EL�> "& �H��2?!"!� > @!'
��H& &P�$&� ����� beaetr tt

��� 22)( −+= -�WX"ZL�F > %�� F =2,�� >�� M(L�> P& �H��2?!" )(tr ′′� K %�F >�= L > "(@�"!� F B�I�H& &���
?!F\� M )(tr

�
.
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(13) ��� �"!"# $&%&'&(*) � +�,.-"# / � +�) � %&0�%&/ � ,21���-&0"'"3&, )3,1,2()( 22 ttttr +−=
4 ) 5�-�(&# 67) %

# 0"/ 0�# 8�% 010143 =−+− zyx .
9;:�<.= >�?.@�?.A
B (�) 6 1��") ��+�) C�+�) #D+�) ,"(E# F / +�GH+�,I) %&JI# 0"6 0�5 8�%&J*) 6 K;0���!"��-"# ) !&6 1�5 K�# 1�L.!"M�+�# 6 K;) GN( x, y, z

�"0�O;) ,"(P1���-&0"'�3&,.Q&RS�UT ,�) %&'�-"# (&�U+�,.-"# / �U# / (&�"6�V W�X Y"X Z"[\1��"6�V ] ^&X Z�X ] W"[ Q
_____________________________________________________________________

(14) _U+�) G ),sin,cos()( bttatatr =
4 O&0�%&J a, b +�) ��$&# !"M�Q�_U+�) G`# 0"/ +�,�K )(tθ ,2a�GN(�/ �

�&(&M�-"# +��b+�) ,"(c# L.�"0") O�-"# (&,b) ,�Kd1���-&0"'"3",�K +�#21�M�$&#e+�,.-"# / %c1��"6f+�) %�( z g M�F�%�(&��QP���
�"0�%"8�# / F�# ) #7O&) 6�, )(tθ # / (&�"6�+�) ��$&# !&C.Q
9;:�<.= >�?.@�?.A

22/))(cos( babt +=θ

_____________________________________________________________________

(15) _U+�) G 0b
4 5 (&�E+�) ��$&# !"O*-"%�(&��8�6 �"/ %f8�6 M&(�J�+.-��f1��"6 )(tr

4 -&6 �E1���-&0"'"3&,*a�6 �E) ,"(f%&0�%&/ �
6 +�h�'�# 6 tebtr 2

0)( =⋅
44 a�6 �EO&3"�f) � t Q�ij0�%"$&5 ) %&J�-"#U�"1�O�-&,IO&) 6S) %E8�6 M&(�J�+.-"�E) ,�KP) �"h�'") ,�) ��K

+�h�,.-"�") / T # 6�+�) ��$&# !&CUa�GN(�/ � k -"#l) %�8�6 M&(�J�+.-"� 0b
4 O&0�%&J 2/0 πθ << .

V �"[.����J"0�%&3"%&a�/ +�# ) #H) ,"(P) �"h�'") ,�) �U+�#l1�M�$&#7+�,.-"# / %�Q
V �&[.���U# 1�L.!"M�+�# ) #H) % )()( trtr ′′⋅′ 44 +��&(;+�J&(&M�!&) ,�+�,U) %&J t 1��"6�) %&J k .
9;:�<.= >�?.@�?.A
V �"[Dm;!&,�+�6 -"%&0�%&6 # / +�) #*) ,n+�h�5 +�,n0�%&Jn8�/ (&# 6;) %o+�J&(�,.-&/ ) %�(&%ea�GN(�/ ��K*8�'�%o8�6 �&(�J�+.-"M") GN(�Q

θcos

2
)(

2te
tr =′4 X�V �&[

θ2

4

cos

8
)()(

te
trtr =′′⋅′ 44

_____________________________________________________________________

(16) ���U�"0�%"8�# / F�# ) #H) 6 KN0���!"�"1�M") G +�h�5 +�# 6 K�p
V �"[ [ ] )()()()( trtrtrtr

dt

d ′′×=′×
4444

V �&[ [ ] ))()(()())()(()( trtrtrtrtrtr
dt

d ′′′×′⋅=′′×′⋅
444444
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(17) ��� �"!"# $%# &(' ) *%+�,�)"-.' /�-.,�0�$%#1*%2 ��-��"3�45' 2 -.3���!"�",�0"' 67,���*%3"8"9"#�-�:�' ) �%;�' & :�' )%2 <�)
= 2 0�:�' />*"�>?

@ �"A ),4sin,4(cos ttt �"3�4   t = 0  B 6C- t DE3"F G
@ �%A ),2,( 2ttt �"3�4 t = 1  B 6C- t = 3

@ H A )23,,( 33 tee tt − �"3�4 t = 0 B 6C- t = 1/3
I.J�K>L M�N>O�N>P

@ �"A 8/17π Q @ �%A ( )141
2

3

5

416
ln

4

5 −+




 + Q @ H A
e

e
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(18) ��� = # 2 <�' # &�4%' 2�/R,���*%3"8"9%/

00
2

0 cos)2(sin)2sin2(
2

1
)( ztytxttr SSSS +++−=

�"!%& :�,�# ' �"2T3�0%;%6U:�' /V:�W>�"& !"� 1)2()1( 222 =+−+− zyx ,��"2T;%�YX"3�)%9") H 2 :�' # &Z/
,���*%3"X"9"4%' /�' 0�' /�-(:�' )�:�/>*"# & ) 0P 3�)%XR�%;�' 2 :�' )%2 <�# &�:�' /";[' 2 *%+ 2/0 π=t .
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1)2/( =πk
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(19) ��� = # 2 <�' # &54%' 21/\,���*%3"8"9%/ 0
2

0
2

0
2 )1()522()231()( ztyttxtttr SSSS −++−+++=

# & ;%�"2�# 3"& 3�# = />]����R�"!"# $%# &�/^# _ & :�6C:�/R' )%X�# 3"2 3�B = )%X�' /�- ]
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0=− σabk
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0
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F�%�N ' A $&+�,�-O1�;�P . 0�;&P $Q. - ;�,�6�. P J5,�$&7SR J�7�')1�%&P J�=�2 T ?CU 8V6�%&=�W&- 7�- P X#$Y6�%&'�<�;&P W�,�$�2
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∂
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f
,...,1
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� �����En
   )408  ,62  ,22(),,( 321321 +−−=∇ xxxxxxf ,
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k kX kλ kd )( kXf
0 (4, -1,  2) 7.2794 (-0.1055, 0.1406, -0.9844) 221
1 (3.2322,  0.0237,  -5.1661) 3.4586 (-0.5907, 0.7875, 0.1758) 13.9513
2 (1.1894,  2.7475,  -4.5581) 0.4595 (-0.1055, 0.1406, -0.9844) 0.8807
3 (1.1409,  2.8121,  -5.0105) 0.2183 (-0.5907, 0.7875, 0.1758) 0.0556
4 (1.0120,  2.9841,  -4.9721) 0.0290 (-0.1055, 0.1406, -0.9844) 0.0035
5 (1.0089,  2.9881  -5.0007) 0.0138 (-0.5907, 0.7875, 0.1758) 2.2157e-004
6 (1.0008,  2.9990, -4.9982) 0.0018 (-0.1055, 0.1406, -0.9844) 1.3987e-005
7 (1.0006,  2.9993,  -5.0000) 8.7e-004 (-0.5907, 0.7875, 0.1758) 8.8297e-007
8 (1.0000,  2.9999,  -4.9999) 1.16e-004 (-0.1055, 0.1406, -0.9844) 5.5740e-008
9 (1.0000, 3.0000,  -5.0000) 3.5188e-009
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(1) -�.0/2123 453 687 9*:<; =2>2?@95>295A2>5BC12DFE2.@7 GCH!I�J5K5L�157 G�I�GCH 22),( yxyxf += =�L5K5DM.2=�?*7 G2K
=�3 15; 95N<B D =�95J*O812L�ICIC3 7 .2;�.2=�?"7 G2K"3 J�453 6 . xy = A�.2;C7 G2K�=�.�12.�/292>5B 2xy = .
P"QCR8S T<U8V�U8W
X 3!:<; .�:�95N<; A2B@95>295A2>2BC12D,I�G*=�1295A2Y2=27 3 ;�Z5[ Z2\
_____________________________________________________________________

(2) -�.]/2123 453 6F7 9^:<; =2>2?_95>295A2>5BC12DFE2._7 GCH0I�J5K5L�157 G�I�GCH xyyxf 2),( = =�L5K5D`.2=�?_7 G2K
7 15; a�D�K�; A2B*=�3 15; 95N<B D =�95J*O812L�ICIC3 7 .2;�.2=�?"7 ; H�3 J2453 6 3 H 0=y , xy = A�.2; 2=+ yx .
b QCc2d�e f g<U8W
h D,156 I�7 3�7 G2K�=�3 15; 95N<B@IC3!:<Y�9@E�; A�12?57 3 123 H!E23�7 G2K"3 J�453 6 . 1=x .

_____________________________________________________________________

(3) -�.i/2123 453 6�7 9%3�E2/2.�:�?�Kj7 GCH"=�3 15; 95N<BCH D =�95J�O812L�ICIC3 7 .2;,.2=�?%7 G2K%3 J�453 6 . xy = A�.2;
7 G2K�=�.�12.C/295>5B 2xy = E23!:<; =2>5B@95>295A2>5BC12D,I�G8k
P"QCR8S T<U8V�U8W
1/6

_____________________________________________________________________

(4) -�.^/2123 453 6,7 9i:<; =2>2?�95>295A2>5BC12DFE2.�7 GCH*I�J5K5L�157 G�I�GCH 22),( yxyxf = =�L5K5Dl.2=�?i7 G2K
=�3 15; 95N<B*=�95J*O812L�ICIC3 7 .2;�.2=�?"7 ; H�3 J�4�3 6 3 H 1=y , 2=y A�.2; yx =
P"QCR8S T<U8V�U8W
7/2

_____________________________________________________________________

(5) -�.@/2123 453 6�G%E2L�m .@3 K5?2H�A2J2A2>5; A�95Y@:<6 I�A�95J@.2A27 6 K5.�H a .5K"G@=2J2A5K5?57 G�7 .@IC3!A�L�453FI�G8E23 6 9
3 6 K5.2;�.5K5L2>295a<G^E23�7 9j7 3 7 12L2a�D�K5907 GCH".2=�?2I�7 .�I�G�H".2=�?%n K5.i:�3<:�9CE2n K59%I�G8E23 6 9j=�L5K5D(I�7 G2K
=�3 15; O8n 123 ; .�7 95J"A2Y2A2>295J�k
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!#" $&%'" ( )�* "+* ,�-/.�( )�0�,21'"+0�3 -�* %',/* ,54 687 689:0�;'<=;'0'* ( -8;

a
0�;'<=)�;8->.�" .�,�1'3 -8,5)�?�1'" ( ,

;8-8;�@A,'%'B�C�* ,D4
a,0) E�F>G ?�* ,8H�1'" -�?I1'B G ;J" ( -8;'< 4)2/3( akπ K8L ,8M k

)�* ;�N8" % K�E
_____________________________________________________________________

(6) O ;JP'%'" N8,8H8-#* ;J,8Q',80'Q8?�%'RS1';'* ;D* $�- L ;�%';'0�B�* $T)�M8-8;�%8* U�)�" $�-�V4 ;'9
)cos( yxx + L B8-8$T; L�K * ,�* %8( W�$�-8,X18"&0�,'%8M�@�3 C�* ;J)�?�1'" ( ;J4 687 689 7�4 L 7 689 7�4 L 7 L 9 E

4 P89 yxe + L B8-8$T; L�K * ?'- L " %8< ,8Y�U L ,8MJ,'%8( G " * ;'<�; L�K * ?'- 1≤+ yx

4 W�9 22 yx − L B8-8$Z; L�K * ?'- L " %8< ,8Y�U L ,8M[@�%'B�)�)�" * ;'<+; L�K * ?'-\0�;�1 L H'Q8? xy sin=
;8-8B�1'" )�;J)�* ,D6�0�;'<�)�* , L�E
4 .�9

yx +2 L B8-8$T; L�K * ,�* %8( W�$�-8,X1'"]0�,'%8M�@�3 C]4 ^ _ ` a�7 _ ` a'9 7'4 _ 7 a'9 7'4 _ 7 ^ _ 9 E
������� �������� 
4 ;'9Ab�c L ` ad4 P89

e-1/e
4 W�9

9/402 −π
4 .�9fe'c8` c8a

_____________________________________________________________________

(7) g )�* $ a 
3 -8;�ChN8" * < 0 K CT;�%8< N�1 K C E#O ;\.�" ( i�" * " K * <X* ,5"�1'P';�. K ->* ?�C L " %8< ,8Y�U�C L ,8M

; L ,8* " Q'" ( * ;'<�; L�KDK Q';D* ;J)�?�1'" ( ; (x,y) 
W�< ;D* ;D, L ,8( ;D< )�Y�H�" < ayx ≤+ 7�" ( -8;'<

2/)2( 2a .

_____________________________________________________________________

(8) j Y�" .�< B�)�* "&* ?'- L " %8< ,8Y�U L ,8MJ,'%8( G " * ;'<�; L�K * < C])�Y�3 )�" < C�V
0≥x ,   222 ≤+ yx

0�;'<
122 ≥+ yx .

O ;=M L ,8Q',8W�( )�" * " L B8-8$/; L�K ;'M'* UI* ?'- L " %8< ,8Y�U:* ,I.�< L Q K ,8Q',80'Q8U�%'$S1';I* ?�C 2),( xyxf = .
k L ,8Q',8W�( )�* "&* ,X1'"&.�H�,�* % K8L ,8M�C E�j ;8-�.�< ;�.�,8Y�< 0 K 0�;'<�0�;'* K8L < -J1'"l;'Q8Q';'W�UI1'" * ;�P'Q8?�* R�- E������� �������� 
c L ` m
_____________________________________________________________________

(9) O ;JP'%'" N8,8H8-#* ;J,8Q',80'Q8?�%'RS1';'* ;D* $�- L ;�%';'0�B�* $T)�M8-8;�%8* U�)�" $�-�V4 ;'9
)/(1),( yxyxf += L B8-8$5; L�K * ?'- L " %8< ,8Y�U L ,8M+@�%'B�)�)�" * ;'<&; L�K * < CD" M�N8" ( " C xy = ,

1=x , 2=x , 0=y .
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� ��� 22),( yxyxf −= ������������ "! #��$��% &�' (�)+*,��(�-,(�&�. / % ! ��'����� "! ' 01����' 23 �! #�! % 0+4
 10 ≤≤ x 5 ��' 022 ≥− yx

� 6+�
xyxyxf sin),( = ������������ "! (7(�&�8�( 6�9 ��' ( π≤≤ x0 5 ��' 10 ≤≤ y

� :+� 22),( yxyxf −= ������������ "! ("! &�. 6 ����(<;�% 5 (�&�-�=?> 0 � @ A B A � B�� C�B C�� B�� A B A �
� % � )1/(1),( yxyxf ++= ������������ "! ("! % ! &�� 6 ����( 10 ≤≤ x , 10 ≤≤ y .
D"E3F?G H+I?J�I?K
� � � ln2

� ���LA M NO� 6+� � � :+�QPRA M NS� % � ln(27/16)

_____________________________________________________________________

(10) T7�U-���(�V�( 6 . 23% ! %W! (U(�V�( 5 V�*3&��L;��X! #30Y2�-�����&�! #323#30 xyyxf =),( �������Z���� U! #��
��% &�' (�)+*,��(�-,(�&�. / % ! ��'����� "! ' 01����' 23 �! #�! % 0

122 ≤+ yx ,    0≥x ,    2/1≥y .
D"E3F?G H+I?J�I?K
9/128

_____________________________________________________________________

(11) T7�7-���(�V�( 6 ' 2�! % .�! (7(�V�( 5 V�*3&��L;��?4 ∫ ∫ ++

2

0

2/

0 22

2

1
dxdy

yx

xx
.

D"E3F?G H+I?J�I?K
[ V�V���\ ! %]! #<23% ' &��,(�V�( 5 V�*3&��]2�#301% 5 =?&��3/ (���!+��0�! #��$����&�� � (�V�* 2/2xy = 23��� yx 2= .
^ (7����(�! > V�% 2?;��,% . ����' 4 @ A _?� `�M a�� ln5

_____________________________________________________________________

(12) T7� � &�% 8�% .b;�% : ' ��V�*c(�V�( 5 V�*3&��]2�#c(W 6 5 (�0"! (�-d2�! % &�% (�eW��(�-W��% &�' > )�% ! ��'1������;�% 23�
2�! ' 01% ��' =?����% ' % 0 2xz = 5 ��' 224 yxz −−= .
D"E3F?G H+I?J�I?K
f ��% &�' (�)+*d(�V�( 5 V�*3&��]2�#30$��&�( 5 e���! % 'b;�% ! �W���� Y������V�(�' =�*W! (�- z ���� g! ' 0 : e�(Y% \ ' 2 9 23% ' 0
! ���<% ��' =?����% ' 9 � 5 ��'R% . ����'Q#g��% &�' (�)+*Y��(�-Y=?&���2323% ! ��'����� h! #��h> V�V�% ' i�#  1

42

22

=+ yx j�k

/ #�! (�e�;�% ��(�01 6 5 (�01% . ����' 24π .
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(13) ���������������! "�# $ %&# ��������'���(*)�+-,���# .*/ )exp(),( 22 yxyxf += ��0�1�+2����3�# .�1
��$ )� ��4!(5�����5��)�% 6 $ # �� 7����3&# .�1&��1� "*3�# .�# � 122 ≤+ yx 8����9'�0�1�$ # $:���������!(;"*$:������ '�< /
"���1�# $ # ����,�< 1�$ / 8
=?>*@BA C!DBE�DBF
(e-1)�
_____________________________________________________________________

(14) ���HG�)�$ % # $I# ��1J3��!'��:# .*/I��$ )� ��4!(*/I��0�1�+K����3:# ��1:L!% "�'�� 1)1( 22 ≤−+ yx '��� M,�< 4�)� 
# .�1?$ �� NB0�1�$  � 22 yxz += .
=?>*@BA C!DBE�DBF
O ����0�P # $I"*$7������ '�< /M"���1�# $ # ����,�< 1�$ / 8�Q���R S
_____________________________________________________________________

(15) ���H�����������! "�# $ %B# �T$�,�G���L�3�1:# .*/U$ �� NB0�1�$  ��/-�����T��$ )� '���$ % $ # �� �����3H# �H'���)�L! ��$  L�< /
θcos1−=r ,�$7# .JG���(*V�$  �JL! ������WJ������'���.*)�X-,���# ��/ 8

=?>*@BA C!DBE�DBF
Q���R S
_____________________________________________________________________

(16) ���&G�)�$ % # $U# �T$�,�G���L�3�1:# .*/-��$ )� ��4!(*/-�����&G�)�% "�'�$ # �� �"�# �T$ "*+M# $ )� '�3T# .*/U'���,���W���.*/
,�$I$ P % "*+7"�.:Y "*$M������ '�< /M"���1�# $ # ����,�< 1�$ / Z )cos1( θ+= ar '��� B< P!+[����3�# ��1?'�W�'���� ar = .
\ # .�"���1�< 4�$  �]1��^V�$ +7)�(*"*$ # $_# .�1]����)����*0�1�+`��$ )� ��4!(a"*��1bG�0�"�.a$ 1�3�/_"�# $ )�$ ��Wc,�$
d ��)���N�( d �����JL!% 1�$ # �� �����3?# .:"���1�0�)�# .*"�. xyxf =),( '��� �1��JG�)�$ % # $M# ��1?3��!'��?# ����8
=?>*@BA C!DBE�DBF

4/)8(2 +πa ,  24/)3215(3 +πa

_____________________________________________________________________

(17) ���eG�)�$ % # $b# �f$�,�G���L�3�1c# .*/b��$ )� ��4!(*/b�����e��$ )� '���$ % $ # �� K����3f# .�1g'���,���W���.
θ2cos2 22 ar = 8 \ # .h"���1�< 4�$  ��ij1��;�����������!% "*$ # $:# ��153��!'��5# ���["�# $ )�$ ��W[�����[< 4�$  -# .�1

��$ )� ��4!(:����# (:"*��1?G�0�"*.J'��� *# .:"���1�0�)�# .*"�. 222),( rarf −=θ "*��1 d ��)���N�( d 8
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22a ,  




 +−

43

1

3

28 3 π
a

_____________________________________________________________________

(18) !#"%$'&'( )*( +�, -.-*/'-*0'/*1�&'243'"5, 6�7�8�9*:*;�&*, 6�8�6�7
322 )(

1
),(

yx
yxf

+
= <�;*:*2="'<�>5, 6':

<�( &*? -*@�1BA 0'9'0'/*? 0�>%C�"'0', D'/*? -*EF"*:*;�3'( 8�"G8�(HC�D�-50'D'0'/'-*9�7I"'0', + :*"�7#JG0�"'?LKM3'(H0�N :�, &'-%, -
(0,0).
������� �������� 






 −

44 3

1

2

1

2
π

_____________________________________________________________________

(19) !#"59'<�-*/'-*O�? 8�, ( +P, -5-*/'-*0'/*1�&'243'"%, 6�7 22),( yxyxf += <�;*:*2="'<�>5, 6':.<�( &*? -*@�1
<�-*9I-'&*+ Q ( , "'?�"'<�>�, 6':�"*:�? 8�>*, 6�, "�R xyx 222 ≤+ .
������� �������� 
S <�( &*? -*@�1T-*/'-*0'/*1�&'2U8�6�7U( + :*"'?�0'9'0'/*? 0�>'7UC�+ 8�0�-'743'(L0�N :�, &'-IA V W X*E�0�"'?Y"'0', + :*"BV�Z'[4/*/';�\ , (
8�(U<�-*/*? 0�N 7]8�9*:�, ( , "'O'3'N :*( 7 Z*K*J'^ _�Z
_____________________________________________________________________

(20) !#"B9'<�-*/'-*O�? 8�, ( +U, -BC�? <'/'>B-*/'-*0'/*1�&'243'"B, 6�7T8�9*:*;�&*, 6�8�6�7 )2)(1(),( −−= yxyxf

<�;*:*2`"'<�>I, 6':#<�( &*? -*@�1T<�-*9T-'&*+ Q ( , "'?Y"'<�>I, ? 7L"*:�? 8�>*, 6�, ( 7 11 ≤−x 0�"'? 12 ≤−y 3'(L, 6':
"'/*/'"'O�1B, 2�:B3'( , "�$*/*6�, a�: ux =−1 0�"'? vy =− 2 ZPb�@�( C�? ;�8�, (T0�;�)*(.c�-'&';B, ? 7I<�( &*? -*@�N 7
-*/'-*0'/*1�&'2U8�6�7 Z
������� �������� 
0

_____________________________________________________________________
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(21) ���������������! "�# $ %&# ��������'���(&)�*,+���# -&./"���0�1�)�# -&"&-&. 





+

=
yx

y
yxf exp),( ��1�0�*2����3

# -�04��$ )� ��5!(6�����7��$ )� '���$ % $ # �� 8����39# ����.�:�$ #  '���;�.�-<+� 1�=!��0�$ .�'��� /#  .�$ ��:�$ % $ . 1=+ yx

'��� 2=+ yx +�$8# -?>���(&:�$  ��# ���@+�$ # ��"�5!-<+���#  "<+���; uyx =+ '��� uvy = .
ACB&D<E F!G<H�G<I
(3/2)(e-1)

_____________________________________________________________________

(22) ���J�����������! "�# $ %9# �J$�+�>���K�3�0L��$ )� ��5!(&.M�����J��$ )� '���$ % $ # �� 6����3J#  .N����)���>�����O!.
xpy 1

2 2= '��� xpy 2
2 2= ,  210 pp << '��� @#  .P����$ )�>�����O . 1axy = '��� 2axy = ,

210 aa << .
ACB&D<E F!G<H�G<I
Q )�-&"� +������� $ % "�# $2# ��0L+�$ # ��"�5!-<+���#  "<+�3 xyu = ,  xyv 2/2= '��� @# -�0R K! 3�# -�# �S# *�0
T ��'�*/>� ��0�U�0C��)� V ����"&U�0

),(

),(
/1

),(

),(

yxD

vuD

vuD

yxD = W�XY�C$�+�>���K�3�0C$ % 0��� 
3

)/ln()( 1212 ppaa −
.

_____________________________________________________________________

(23) ���?�����������! "�# $ %�# �?������'���(&)�*,+��?# -&. xyxyxf cos),( 3 += ��1�0�*M����3?# -�0���$ )� ��5!(
��������)�% V $ # �� �����3C#  .8��0� "&3�# -�# $ . 2/0 π≤≤ x '��� xy ≤≤0 .

_____________________________________________________________________

(24) ���������������! "�# $ %&# ��K! ����3�������'���(&)�*,+���# -&./"���0�1�)�# -�"�-&. yxyxf +=),( ��1�0�*M����3
# -�0C��$ )� ��5!(?�����?Z<)�1�"&"&$ # �� <����3�# ����./:�$ #  '���;�.8-<+� 1�=!��0�$ ./'��� <#  ./$ ��:�$ % $ . xy −= 4 '��� 

xy 26 −= .
ACB&D<E F!G<H�G<I
Q */)�% "�# $,# -�0���$ )� ��5!(9������'���(&)�*/"�-&.,"&$CK!;��9+� '�)�3�# $ )�$ .C+�$CZ<O )���0�# ��.[# -�0?$ ��:�$ % � 2=x

'��� �$ Z<��)&+�3�"�# $PK! ��K���5! '�O .7������'���-&)�U/"&$  . W[\]#  +�(R# ���RV -�# ��;�+�$ 0����^������'���-&)�U,+���# ��.
$ % 0��� �_�`�a `&W
_____________________________________________________________________

(25) ���������������! "�# $ %Y+�$,K! ����(@������'���(&)�*/"�-@��3��!'���.8# ���?"�# $ )�$ ��;���������$ )� '���$ % $ # �� <����3
# ��$ ��% ��$ K��<b 0=x , 0=y , 0=z '��� 1=++ zyx .
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������� �������� 
!#"%$�& ' ()' *%' + ,.-)/10 ,.-%& ' & ()2�' 3�()"54)'76�")(.8�9�0 :;& -<$�=�4)' + -<> ? @ A)@ A.B @C> A)@ ? @ A.B @�> A.@ A)@ ? BD6�-)/
> A)@ A)@ A.B E�F5G)2�$�=H& ".8H> I�' (./ ".J�KL".M)".6)M.K�()NO$�=�: BP' + ,.-)/�& (.+ Q�N�,."1I�".8D$�J�=�4)-)& + R ' & -)/�-)I�*1& ".8�:
S ' & / 6�".T�:�=�4./ 2�U�"�,.' :�6�-)/�& =),�' 8 S ' + -

1=+ yx
E.!#"�R =�& ".T�4)' ,."V' + ,.-)/P? W X�E

_____________________________________________________________________

(26) Y -ZG)()' S ' +C& "[6�0 ,�& ()"<4)2�R -�:L& =�:;"�4)".Q�' ,.".T�:LI�' (./ ".J�K�:;> 3�=�M�EO=%I)8)6.,.*.& =�& -%' + ,.-)/
$�& - S ' (.K�B\I�".81")(.+ R ' & -)/�-)I�*�& / :P-.,�/ $�*.& =�& ' :

0≥x , 0≥y
6�-)/ 222 ayx ≤+ .

������� �������� 
(4a/(3

I)B @)]
a/(3

I)B B
_____________________________________________________________________

(27) Y -^' U�' & -�$�& ' +_Q�/ -[I�"./ ' :1& / 4)0 :1& =�:HI�-�()-�4)0 & ()".8 0>k
$�8)Q�6)M.+ ,.".8.,7& -[I�-�()-)6�2)& N

Q�' ,�/ 6�' 8�4)0 ,.-1".M)".6)M.=�()`a4)-)& -�b

> -)B#!\=�:P$�8.,.2�(.& =�$�=�:
kyx )(

1
22 +

I�2.,.N[-)I�*�& "�,�3�+ $�6�"
122 ≤+ yx .

> G.B#!\=�:P$�8.,.2�(.& =�$�=�:
kyx )(

1
22 +

I�2.,.N[-)I�*�& =),CI�' (./ ".J�K
122 ≥+ yx .

> Q�B#!\=�:P$�8.,.2�(.& =�$�=�:
kyx )1(

1
22 −−

I�2.,.N[-)I�*�& "�,�3�+ $�6�"
122 ≤+ yx .

������� �������� 

> -)BDQ�/ -
1<k
$�8)Q�6)M.+ ,.' /1$�& "

k−1
π > G.BDQ�/ -

1>k
$�8)Q�6)M.+ ,.' /1$�& "

1−k

π > Q�BHQ�/ -
1<k

$�8)Q�6)M.+ ,.' /�$�& "
k−1

π

cDd�e f�g#d�e h�i�j�k.l�d�e i�m\n Q�/ -V& =H$�T)Q�6)M./ $�=1Q�' ,�/ 6�' 8�4)0 ,.N�,�".M)".6)M.=�()Na4)2)& N�,�b
o\'p6�2 S 'pI�' (.+ I)& NO$�=qQ�' ,�/ 6�' 8�4)0 ,.".8r".M)".6)M.=�()`a4)-)& "):

∫∫
D

dxdyyxf ),(
-.,s8)I�2�(.J�' /

),(),( yxfyx ≥φ & *.& '.b
t ,�$�8)Q�6)M.+ ,.' /�& "

∫∫
D

dxdyyx ),(φ  ⇒ $�8)Q�6)M.+ ,.' /�6�-)/�& "
∫∫
D

dxdyyxf ),( .

t ,�3�'_$�8)Q�6)M.+ ,.' /�& "
∫∫
D

dxdyyxf ),(   ⇒ 3�'^$�8)Q�6)M.+ ,.' /�6�-)/�& "
∫∫
D

dxdyyx ),(φ .
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(28) ����� ��� � ����� � ���! "��#%$�&%'!�  !� (�� )��%&�*!'%)!#�+!)"$��  �( &�� #�,!-  !)�)!'%)!&%'!.�/%01,%�32

∫∫ +
D

dxdy
yx

xy

)1(

sin
22

*!4�)!# D � �  !�%(156,!5873/%�%$%,%-  �584�� /!( )!9�.84�)!#8)%/!� : � � �%(;�%4�*<� ( =>�! �( ��*!� 5�� � =�2 1≥x &��%(
10 ≤≤ y .

?"@�A3B C�D3E�D3F
G /!5���( ,%)!4�)!( � � ��� �H� );&�/!( � .�/!( )"��I%$�&�/!( ��5�=J,%�

)1(

1
),(

22 yx
yx

+
=φ .

∫∫
D

dxdyyx ),(φ KL4%M N�O

_____________________________________________________________________

(29) ���P#%4�)!'%)!$�( ��� � �1� )<$��  �( &�� #�,!-  !)P)!'%)!&%'!.�/%01,%�32 ∫∫ +−+
D

yx dxdyeyx )()( *!4�)!# D 5

4�� /!( )!9�.�4�)!#�)%/!� : � � �%(��%4�*"� ( =Q�! �( ��*!� 5�� � = 0≥x &��%( 0≥y .
?"@�A3B C�D3E�D3F
R 4�)!'%)!$�� ��� �S� )T)!'%)!&%'!.�/%01,%�T� 5�=S��#! !U�/!� 5���5�=S��� 5% V�%&�)!'%)!#�+�� �T� 0� V73/%�%$%,%-  !0� 
4�� /!( )!9�W� X4�)!#8)%/!� : )� �� �%("�%4�*<� ( =>�! �( ��*!� 5�� � = nx ≤≤0 &��%( ny ≤≤0 OHY3� 56��#! !- 9�� ( �
#%4�)!'%)!$�� ��� �H� )�*%/�( )�*!� �! ∞→n O�Z14�)!� - '%� �3,%�32�[
_____________________________________________________________________

(30) ���\#%4�)!'%)!$�( ��� � �Q� )]$��  �( &�� #�,!-  !)\)!'%)!&%'!.�/%01,%� ∫∫
D

dxdy
x

y *!4�)!# D 5<)%/%+!)!$�W� �( �

4�� /!( )!9�. ]1,0[]1,0[ × .
?"@�A3B C�D3E�D3F
R 4�)!'%)!$�� ��� �1� )^)!'%)!&%'!.�/%01,%�^4�U! !08�%4�*�� 5% �4�� /!( )!9�. ]1,0[]1,/1[ ×n &��%(_��� 5>��#! !- 9�� ( �L� )
*%/!( )�*!� �! ∞→n O�Z14�)!� - '%� �3,%�323`�O
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6. 
����� ������� ���"!#�"$%��&('*)#+,)

(1) -�.0/21�3542356�7 8�9 : ;<9 309 =�7 1242>?354235@245AB=2CED2.?9 FBGH8�/5I5J�=59 FB8�FKG
3)1(),,( −+++= zyxzyxf 8�9 F2IL8�9 : =2: JM1�: =57 35N�AO1�35/QPR=2J�8B8B: 9 .27S.21�>M9 .O: 12; 1�: T�.

0=x , 0=y , 0=z @�.27 1=++ zyx .
U#VBWRX Y�ZR[�ZR\
] 8�9 : =2: J^1�: =57 35N�A_32=�; ` : 9 .27a.21�>b9 7 Gc.5I�7 8B>59 F�9 : G 10 ≤≤ x , xy −≤≤ 10 @�.27

yxz −−≤≤ 10 d�ef:"T�7 .�T�35N�7 @2Ag354235@245AB=2C,8�F*1�=235@2h2129 : 7
16

5

2

2ln − .

_____________________________________________________________________

(2) -�.*/21�3542356�7 8�9 : ;�D5:"9 =�7 1245Ai354235@245AB=2C,8�Fi3*>56�@�32G 9 35/g8�9 : =2: 35hg1�35/g1�: =�7 @242: ; : 9 .27R.21�>
9 7 G : 127 PRJ5I5: 7 : G 224 yxz −−= @�.27 0=z .
U#VBWRX Y�ZR[�ZR\
j 4242J�k 9 :O8B:M@2/2457 I5T�=57 @�l GL8�/5I�9 : 9 .262D2l I5: GL351�>59 :M9 3a8�9 : =2: >m1�35/n32=5; ` : 9 .27o.21�>�9 7 G

422 ≤+ yx @�.27 2240 yxz −−≤≤ pq: @�PR=2J�` : 9 .27�.21�>r9 7 Gs8�N�l 8B: 7 G 20 ≤≤ r ,

πθ 20 ≤≤ @�.27 240 rz −≤≤ d j 1�359 l 42: 8RD2.Rt2u�1
_____________________________________________________________________

(3) -�.(/21�3542356�7 8�9 : ;%D5:o9 =�7 1245AM354235@245AB=2C,8�FM3(>56�@�32Gv9 35/L8�9 : =2: 35h(1�35/L1�: =�7 l N�: 9 .27
.5I5JKD2: 8K.*8�9 7 G : 127 PRJ5I5: 7 : G 228 yxz −−= @�.27 22 3yxz += .
U#VBWRX Y�ZR[�ZR\
j 1B>�9 7 G,T�h�3*: 127 PRJ5I5: 7 : G,.21�.242: ; PR3�I�9 .�G,9 3 z, w2=5; 8�@�35/KD2:�>59 7R357RT�h�3g: 127 PRJ5I5: 7 : G,9 l�D�I53�I�9 .27
8�9 F2Iol 4542: 7 xyF 42 22 =+ yx d ] 1�: =57 35N�Az354235@245AB=2C,8�FBG%32=5; ` : 9 .27�.21�>�9 7 G%.5I�7 8B>59 F�9 : G�t

22 ≤≤− x , 
2

4

2

4 22 x
y

x −≤≤−− @�.27 2222 83 yxzyx −−≤≤+ d�{R9 3v9 : 42: /59 .2; 3
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������� ����� ����� ��� !�"�� #���!�# $&%�')(���� ��* +,��%&(���-�� *.� $�/0� /�� � !���� "�-�� ��-&$ tx sin2= .
1 �&� � 2 #�* -,(��,3 28π

(4) 4 �65���� #�� 7�� -�� * 8��6� 7�!���9)� � 5:-�� * %�* � ;<��� 5<-���$,(���� 8 = * � ���>�����6� $?-&+,��8 %�� a=ρ !����
� ��/@!�'>/ � b=φ A � �B-���2 -&* � 9C� / ��+,2 %���/�� ���B-&*D-&+,��� % � !�2 9C-�5 /�� * � ��7�(�2 / * 9 E F
GIH&J,K L�M,N�M,O
P �Q-�� * %�* �R��* %�� 7�%�"�+,* � ���6�����R� � 9S-���2 -&* � 9S-&*T-&+,��� % � !�2 9U-�5 /�� * � ��7�(�2 / * 9�3 a≤≤ ρ0 ,

πθ 20 ≤≤ , b≤≤ φ0 F P �V����� � 2 #�* -,(��W* 8 / ���
3

)cos1(2 3 ba −π
.

_____________________________________________________________________

(5) 4 �<5���� #�� 7�� -�� * 8�� �<� %�� ��#��:� #�� !�# X&%�Y)(��:� $&9 2/3222 )exp(),,( zyxzyxf ++= -�� $
(���/ ����� ��8 �W-&+Z��8 %��6(�*[!�2 /�� %��I� $�/I��% ��XW� Y>/I��\���/ Y>/�F
GIH&J,K L�M,N�M,O
] % $&-�� (�� ��� � * 8 -�� *D-&+,��� % � !�2 9C-�5 /�� * � ��7�(�2 / * 9 F P �I����� � 2 #�* -,(��W* 8 / ��� )1(

3

4 −e
π

.

_____________________________________________________________________

(6) 4 �R5���� #�� 7�� -�� * 8^$_(�"�= �Q� $&9`!�Y>/�� !�X&9S-�� * %�* "�9`��* % � � ��X&9`��� 5a��% 8 = * � ���6�����R� $�/
� /�� -&� � $�� � 122 ≤≤+ zyx � � � /b$c-�5 / "�% � $&-&$d��5�! / � � $�� �&9e* 8 / ���

)1(),,( 22 yxzyxf ++= .
GIH&J,K L�M,N�M,O
] % $&-�� (�� ��� � * 8 -�� *[!�5�# � / ��% � !�2 9C-�5 /�� * � ��7�(�2 / * 9 F P �V����� � 2 #�* -,(��W* 8 / ������f gBF
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�������! "$#$%&�('*)* #+"$#$ $,-�! ./#*0�,1 #$"$2435)*3�"&)�6/7*89%$#*:�#

(1) ;(<>=@?�ACB@ACDFE G�H I J�H A>I ?@E K�<-LC?@M@BCE A>ACB@ACK@BCNPO@Q�L@<>H RPSTG�=CUCV�OCH RPG�R-S zxzyxf −=),,(

G�H A&H W@XFA&H RPS5Y BCE K�<�S ),sin,(cos)(: ttttrc =
Z <@?�W&H A(G�R[L@I J A(\ ] ^ _C^ _C`5L@Y a
OCEP\ _@^ ] ^ ?@b c@` d

e&fPg[h iFj[k�j[l







−

8
12

2π

_____________________________________________________________________

(2) ;(<�=@?�ACB@ACDFE G�H I JmH A�I ?@E K�<-LC?@M@BCE A>ACB@ACK@BCNPO@Q�L@<>H RPSTG�=CUCV�OCH RPG�R-S xyxyxf += 3),(

G�H A&H W@XFA&H RPS
K�<-LC?@M@BCRPS 2xy = L@I�V@K�O@<$\ _@^ _C`[K�<@E-\ c�^ n@` d
e&fPg[h iFj[k�j[l
o K�p[O@V�G�H I&?�<�O@<-L@I H OCE K�V/H R@UTKP<-LC?@M@BCR ),()(: 2tttrc =

Z
, ]2,0[∈t d[q�A/<@?�ACH Y B@I G[L@<rI J UC<@E

60

173911+

_____________________________________________________________________

(3) ;(<$=@?�ACB@ACDFE G�H I JPH A$I ?@E K�<-LC?@M@BCE A$ACB@ACK@BCNPO@Q�L@<!H RPS�G�=CUCV�OCH RPG�R-S
yx

yxf
−

= 1
),( G�H A

I =�s
M@D
O@<-LPL@A&H
LCN[L@<TL@I�V@K�O@<$\ _@^ t c@`1K�<@EP\ n�^ _C` de&fPg[h iFj[k�j[l
o K�p[O@V�G�H Iu?�<�O@<-L@I H OCE K�VvH AwI =�s
M@D
O@<-LPL@AvH
LCN[L@< 





 −= 2

2
,)(:

t
ttrc

Z
, ]4,0[∈t .

x ?PACH Y B@I G[L@<[y 2ln5 .

_____________________________________________________________________

(4) ;(<{z@O@I sCI J>R|LCY G�R{H E LCN{H RPS9G�=CUCV�OCH RPG�RPS 2),( yxyxf += K�<@H V}LCN�K�A@S~H AC=
I =�s
M@D
O@<-LPL@AC=(H
LCN[L@<@H A@S�L@I�V@K�O@<$\ _@^ _C`1K�<@E-\ ] ^ ] `1K�<@E-GPI5?�ACE A(G�R[L@I J A*?�I H =@a
<@J UCI H <@EP<@=@H N[d
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�������  "!�#�!�$
%�&�'�(*)�+�, -/.�0�(*021*- , (43 &�)5, 65- 7�8
9*:
(*021�1*6;,
14<�1*0

),()(: tttrc =
=

, ]1,0[∈t >@? 1*A +�BC, 3 14<
- D E40*3�F4G H >JI 94E46
E
, 0�KL, B*EC- M D +�NO+�B 6/52 =+ tt P (4D +�&�64721*-;Q4, 3R, 6S+�B�1*- D 6S+*, 6S64.�64D 6

.�- , 7*T
0*D E4- , 0*32- D E40*3





 +−+−
2

3/131
,

2

3/131
.

_____________________________________________________________________

(5) U 0V7*.�64W*64:"3 +�, - DXBY1*)�Z 0V&�0*3X, 6[&�A E
, (*6\1*)�Z 0�K], B�K]&�021*.*9*W4B�K
)sin,0,cos()(: tatatrc =

=
, ]2/,0[ π∈t

Q4, 04E^BX+�74E4)�(4, B�+�B_.*7*&*E4Q4, B�, 0�K`- D E40*3
2),,( xzzyxf = .

�������  "!�#�!�$

? 1*)�Z 0a- D E40*3 3/4a
&�0*3�&�A E
, (*6/1*)�Z 0�K
, 6b+�B�1*- D 6

)4/3  ,0  ,16/3( aaπ

_____________________________________________________________________

(6) U 0c7*.�64W*64:"3 +�, - Dd, 6c- .*3 &�0214.*9*W43 6c64W*64&*W4<�(*Nd1*0c, B�K
zy

yx
zyxf

+
+=),,(

.�)4E4Ne+�, B*E

&�0214.*9*W4B
),

3

2
,()(: 2/3 ttttrc =

=
, ]2,1[∈t .

�������  "!�#�!�$

3216 −

_____________________________________________________________________

(7) U 0f7*.�64W*64:"3 +�, - DO, 6f- .*3 &�0214.*9*W43 6f64W*64&*W4<�(*Nd1*0f, B�K/+�74E4)�(4, B�+�B2K 22),( yxyxf +=
.�)4E4NC+�-O&*9*&*W*6/1*-O&�A E
, (*6�, B*E�0�(4T"<a, N
E�0�M"Q
E4N
ER&�0*320*&*, D E40

a.
�������  "!�#�!�$

32 aπ

_____________________________________________________________________

(8) U 0b7*.�64W*64:"3 +�, - D�, 6b- .*3 &�0214.*9*W43 6b64W*64&*W4<�(*Nd1*0b, 647ag"3 04E
7�+�1*0*, 3 &�649b.�- g"D 647

),,(),,( yxzxyzyxF −=
=
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���������� !"�$#�%'&"�"(")�!+*,��-�.+%"��-� / )"/ 0  %"12%"��34 %+56(�-7/ .�86("9
:"%'&;&"%7 
&�<=&"%" %7>@?A#�%"1
?CB
3���-�.,>ED=F G H I"H I�J H,?CD=F I"H G H I�JK#�%"1;B=D=F I"H G H G J L
MON;P=Q R6S=T�S=U
V #�W=:"���� /4��%�:"%'&"/  :�1 #��X %Y/ .�8
("9
:"%'&;&"%X 
&�<=&"%" %X>@?Z�C[ )0,1,()(:1 tttrc −=

\
, 11 =t ,

02 =t #�%"1]?CB��C[ ),1,0()(:2 ttrc =
\

, 01 =t , 12 =t L
^O:"-"�;8�_ �� /4 %Y56(�-`/ �"1 #�%'&��"(")�1 %
-�)"-�#")�!;:"a@&"%" 6%'L
>@��-� _ )"/ �=&"%=b
c�d�e f
_____________________________________________________________________

(9) g %,."��-�)"-�961 �� / 0� -,/ �"1 #�%'&��"(")�1 -,-�)"-�#")�<;:"�@&"%, -�.h561 %��
.��=&"%" 1 #�-�(,��/ 560 -�.







=

yxxy
yxF

22

1
,

1
),(

\

�������X�� !"�E#�%'&"�"(")�! )1,()(: tttrc +=
\ %"��3 )2,1( _ �C[ )5,2( .

MON;P=Q R6S=T�S=U

ln(8/5)

_____________________________________________________________________

(10) g %$."��-�)"-�961 �� / 0' -i_ :�9
-h��-�.i��%�:"�"9
/ 1K -h��/ 560 -i56.����'&"/ �
� ),,(),,( zyxzyxF =
\ 961 %

��%h#"1 �
<;�;/ 1=_ ��%$�;�@&"%" 0 561 -,#�%" �4&�<�#�-"[2 !;[2��%�:"%;j"-")�<;[ 2xy = , 0=z %"��3 1−=x &"_ k
:�1

2=x .
MON;P=Q R6S=T�S=U
l _  -�.'&"/ tx = L
>@��-� _ )"/ �=&"%=b�m
_____________________________________________________________________

(11) g %4."��-�)"-�961 �� / 0K -4_ :�9
-$��-�.4��%�:"�"9
/ 1� -$��/ 560 -456.����'&"/ �
� ),,(),,( xzyzxyzyxF =
\

3� %��+&"/  %" -��"0 n / 1
 -7��!=&"/ 0 -7/ W=%�:;&"-�96<;[E -�.o%"��37 -+��!=&"/ 0 -7F p G H G H p G J@�� -+F G H G H G J@#�%" �
&�<�#�-"[
 !;[
#�%'&"�"(")�!'[ ),,()(: 32 ttttrc =

\
.

MON;P=Q R6S=T�S=U

10/7

_____________________________________________________________________
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(12) �������� "!� "#%$ &�' ( )*'  �+ ,"#
 ��� "������,�-�#
( $.'  ���( /%)  �/%�"0"-*1�( 2
0 ),,(),,( xyzeezyxF zx=
3

4 ' �"051�( ' ��'  "��) 6 ( $�'  5&�7.1�( )  5( 8.��,91� "#%:9;<' 79;=��� 4 '  ?>A@.B C D E�D E"FA&�'  ?GH@.B E�D C D C FAB ��FJI���' -
1":�I� �;H'  "�K( ��L
M�#
,��*191� "��'
1":.1���'  �;H>AGNI���$OB P"F
I���' -51":�I� �;H' 79;HI��*1"��M�!�79;H�� "�K �,") 6 ( ' ��$
&9�"0<'  91":Q' 2
0=( ��$ 8.�"0"( $ R
0 zy = I���$ 22 22 =++ zyx .
S=T9U.V W%X.Y�X.Z
B ��FO[\����,��*1�( ' ,"$ I�:�( ] ) &92H&�7Q' 79;^( ��L"( ) ��;^( ) 0"��$ ),,1()( ttttr −=

3 I���$9'  =+ ,"#
 5C _ C `*a
B P"FO[\����,��*1�( ' ,"$ I�:�( ] ) &92H&�7Q' 79;
I��*1"��M�!"7*;^( ) 0"��$ ),,1()( 2 ttttr −=

3 I���$9'  �+ ,"#
 <`�_ C b9a
_____________________________________________________________________

(13) ���c/
( ) ]%( ' ( 4 ' $d'  e( ��$ I��*1"��M�!"$  e "!� "I�!":9,�2A1��c'  "�f/%$ �"0
��&.1���' $ I� "Mc��( /%)  "�







+

−
+

=
2222

   ,),(
yx

x

yx

y
yxF

3 ( ) 0"��$f�"0"( ]%-�,"' 7�'  g/
, 4 1� "�*aihO�"0j( ����!":9L"( ��&�79D

���� "!� "#%) &�' (?'  k "!� "I�!":9,�2A1��lB 1�(?'  
0m' M��� n'  "�l( ��$ I��*1"��M�!"$  "�N "!� "I�!"79,�RA1���'  �; FQ��-�0"2
&�'  �' 4 ]% �'  "��I�M�I�!� "� 122 =+ yx ��� 4 ><@.B C D E"F^+ 2H;HGH@.B E�D C F
I���$.��-"0"2N&�'  �( ��L
M�#
,��*191� 
'
1":.1���>AG<a
h.' 7�&��"0"+ o
( $ ��D�P�,�( ) ' (^' 7�0=&��"0"-�,"' 79&�7 ),,( zyxf ' 79;^ "�� ") ��;^7�I�!") &�7K( ) 0"��$*'  
/
( /
 91�+ 0" n/%$ ��0
��&.1���' $ I 4 ��( /%)  mI���$J���� "!� "#%) &�' (K' �n��,� "7�#
 "M*1�( 0"�k "!� "I�!"79,�RA1���' �\1 4 0" 
��� 4 ' �Q&�7.1�( ) ��>NI���$9G<a
S=T9U.V W%X.Y�X.Z
p �q/%M� r "!� "I�!"79,�RA1���' �q( ) 0"��$s) &9�f1�(ut���_ `*al[j6 7�'  "M*1�( 0
7c&��"0"-�,"' 79&�7c( ) 0"��$d7

)/arctan(),,( yxzyxf = B v w x y v z�@*'  �]%( 8*F a
_____________________________________________________________________

(14) ���f/
( $ o%' ( ) 4 ' ${'  e( ��$ I��*1"��M�!"$  c "!� "I�!":9,�2A1��f'  "�|/%$ �"0
��&.1���' $ I� "Mf��( /%)  "�
)36,6(),,( 2232 xyyxyxyzyxF −−=

3 ( ) 0"��$5�"0"( ]%-�,"' 7�'  {'  "�}/
, 4 1� "�~�� "�}( 0"R
0"( $?' �
&�7.1�( ) ��>A@.B%C D `�FOI���$9GH@.B ��D ��FOI���$*&�' 7�&��"0"+ o
( $ �=0"������ "!� "#%$ &�' ( )97Q' $ 1":Q'  "�9a
S=T9U.V W%X.Y�X.Z
� $ �k'  
0m���� "!� "#%$ &.1 4 L"( 2H,� "M*1�(? "�� "$  
0"/%:��� "' (5/
, 4 1� k��� 4 >i1�+ o
,"$<G<a p  k6 7�'  "M*1�( 0" 
( ) 0"��$9`����9a
_____________________________________________________________________
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(15) �������� "!� "#%$ &�' ( )*'  �( ��$ +��-,"��.�!"$  � "!� "+�!"/10�23,���'  "�54%$ �"6
��&7,���' $ +� ".���( 4%)  "�
),2(),,( 3332 yxyxzyxF +−=

8 ��9"6"2:&�'  
6;,� 
6"��4%$ ��)  <+�.�+�!� =,�(�+�> 6
' 0� <' ?�6<��0"@%/A' 2
6
��B%C
6"2
6D@
0"?1&�$ ,� "�� "$ E
6
' �1F
'  
6D' .��� G'  "�IH3J K%K L-M
NGO1P7Q R%S7T�S7U

2/3π

_____________________________________________________________________

(16) �������� "!� "#%$ &�' ( )1?V4%$ ��W7 �0�9 12 II − C"�� "�

∫ −−+=
1

22
1 )()(

c

dyyxdxyxI +���$ ∫ −−+=
2

22
2 )()(

c

dyyxdxyxI

( 6"E 1c ( ) 6"��$3'  X( ��Y
.�#
0��-,1,� X'
,"/7,��[Z3\^]_Z3`7a b�] b"cI+���$D\d`7a e ] e cI+���$ 2c '  f' C�B% f' ?1F
����0��1g� "!"/-F 2xy = ,�(^9�+�0���' ��Zh+���$1\DM
NGO1P7Q R%S7T�S7U
i ( 2d0�( ) &�' (j' ?�6_+�!�( $ &�' /k+��-,"��.�!"? c �� "�k���� "' ( !�( ) ' ��$[����Cl'  ' C�B% lZ3\ +���$h'  
( ��Y
.�#
0��-,1,� l'
,"/7,��m\dZ Monqp ?�'  ".-,�( 6
?r4%$ ��W7 �0�9s( ) 6"��$h) &�?�,�(t'  k( �"$ +��-,"��.�!"$  
 "!� "+�!"/10�23,��<�19"6"2:&�' ?�6 c '  ; "�� ")  <���� "!� "#%) p ( ' ��$u����C<'  
6v' .��� v'  "� Green &1�"6<4%$ ��!�C
 "!� "+�!"/10�23,��j�19"6"2r����Cw' ?�6w��( 0"$  "@%/x�� "�x �0") p ( ' ��$A����Cj' $ Fh&�@
> &1( $ F 10 ≤≤ x +���$

xyx ≤≤2 M"y� ����� "' > !�( &7,��I( ) 6"��$1z�e { |�M
_____________________________________________________________________

(17) �������� "!� "#%$ &�' ( )�'  � "!� "+�!"/10�23,���'  "�I4%$ �"6
��&7,���' $ +� ".���( 4%)  "�
)2sin,sin2cos(),,( 222 xx yexxeyxxyxyxzyxF −−+=

8

��9"6"2*&�' ?�6v+�!�( $ &�' /=+��-,"��.�!"?Xa �1&�' ( 0� �( $ 4%/1FG+��-,"��.�!�?�c3�� "�= �0") p ( ' ��$d����C;' ?�6;( B ) &12d&�?
3/23/23/2 ayx =+ .

NGO1P7Q R%S7T�S7U
} 0"?1&�$ ,� "�� "$ ( ) &�' (d'  
6D' .��� G'  "� Green. y� ����� "' > !�( &7,��I( ) 6"��$-b1M
_____________________________________________________________________

(18) ���X���� "!� "#%$ &�' ( )d'  X "!� "+�!"/10�23,��X'  "�[4%$ �"6
��&7,���' $ +� ".f��( 4%)  "� ),(),( 33 xyyxF −=
8

��9"6"2f&�' ?�6D��( 0") ,�( ' 0� G'  "��' ( ' 0���#
E
6" "�v,�(d( B ) &12d&�? 1=+ yx .
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�������  "!�#�!�$
%�&(' ) ' *,+,-
.
/0&21�3"4�5,6,' 7 8 ) ' 6,9:6,;�<=' 9 >?) @�A0) 7 ) >

1=+ yx , 1=+− yx , 1=− yx ,

1=−− yx B�C ;�&,*,) 7D/06E@,;�&0F,&0-"9 1�' ) 7�' &G&0F,&0H,F0I�*,.J5,6K6,;�<G' &
/L' M,;�&G' &0@K) ;,9 H�6N50;,M,F09 &0@ B
O:;,F,P &
/E6,;,F0IQF0M�1�4R) 7 /06,9
4Q3
*0I�1�4Q' &0@K' M,;�&0@K' &0@

Green BNS ;,F,+Q3
.T*07 1�' )U' 4,/E;�) *09 &03"I
&0F,&0H,F0I�*,.T1�4N>V1�)XW"M�&L509 H�*,<0' ) *,) >
H�6,9�;�+�*0' )XW"9 6�W
&03"9 H�+U&0F,&0H,F04�*,YJ5,6,' 6 B
S ;�&0' P F,) 1�5,6�Z0[ \

_____________________________________________________________________

(19) ] 1�' ._^K4R) ;,9 `�+0/0) 9 6K;�&0@Q&,*07 8 ) ' 6,9V6,;�<E' 4,/ yxz += 2 ;�+0/0.a6,;�<E' 4,/E&,*,A0&0-
Y
/
9 6
;�) *09 &03"IEb_4K&0;�&07 6E&,*07 8 ) ' 6,9D6,;�<L' 9 >J1�3
P 1�) 9 >

10 ≤≤ x
H�6,9

11 ≤≤− y B�c 6E@,;�&0F,&0-"9 1�' ) 7
' &d) ;,9 `�60/0) 9 6,H�<d&0F,&0H,F0I�*,.J5,6d' 4�>

xzyxf =),,(
;�+0/0.e1�' 4,/�) ;,9 `�+0/0) 9 6L^ B

�������  "!�#�!�$

3

2
6 −

_____________________________________________________________________

(20) c 6Lf,*,) A0) 7N' &d)
5,f,6�W
<
/�' &0@U;�6�*,6�f�&0F,&,) 9 W
&0M�> 22 yxz += ;�&0@Lf,*07 1�H�) ' 6,9�50P 1�6G1�' &
/
H,M,F09 /0W
*,& 222 ayx =+ .
�������  "!�#�!�$

gJ;�&0F,&0-"7 1�' )E' &e) ;,9 `�60/0) 9 6,H�<e&0F,&0H,F0I�*,.J5,6h6,;�<e' 4i1�3
P 1�4
∫∫ 







∂
∂+







∂
∂+

D

dxdy
x

z

x

z
22

1

<0;�&0@j4kbl) 7 /06,9e&jW"7 1�H�&,> 222 ayx ≤+ BEC )_6,F0F,6,-"I?1�)_;�&0F09 H�P >a1�@0/
' ) ' 6,-,5,P /0) >

;�*,&0H,M,;,' ) 9 ( )1)41(
6

2 −+ a
π

.

_____________________________________________________________________

(21) ] 1�' .h^d4L) ;,9 `�+0/0) 9 6U' &0@U4�509 1�`�6,9 *07 &0@ 222 yxaz −−= B
c 6d@,;�&0F,&0-"9 1�' ) 7

' &d) ;,9 `�60/0) 9 6,H�<d&0F,&0H,F0I�*,.J5,6d' 4�> 222),( yxayxf −−= ;�+0/0.e1�' 4,/
S.
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�������  "!�#�!�$
%'&�( )+* ,+-"./,+01,+210+.�)1354�6�78( 9 :+;1*<,>="9 4�2�,17 222 ayx ≤+ ?A@ (B;10+01;1C"./4�(B&�,+0+* 2�D 7
4�E+:
F ( F ;1C1G1D :+( 7
&�;19 )
:+,+EHG1(I;1&�,+F D 01( 4�G1; 3aπ .

_____________________________________________________________________

(22) J ;LK1)1( M+( 9HF ,N(
G1K1;�=
O
:�F ,+EP&�;�)1;�K�,+01,1( * =
,+Q�7 )(2 22 yxz +−= &�,+ERK1)+9 4�2�( F ;1*�&�)1,17
F ;PM+( F * 2�S

z.
�������  "!�#�!�$
T U+&1V U

_____________________________________________________________________

(23) J ;WE1&�,+01,+C"* 4�F ( 9�F ,A( &1* X�;+:+( * ;12�OA,+01,+210+.�)13YG1;AF 6�7�4�E+:+S�)+F 6H4�6�7 22),( yxyxf +=
&�S+:+384�F 61:A( &1* X�S+:+( * ;

S
F ,+EZ2�[
:+,+E\G1(P( ] 9 4�354�6

)(3 222 yxz += &�,+EA&�( )+* 01;HG1K1S+:+( F ;1*
;+:+SHG1( 4H;P4�F ;P( &19 &�( =
;

0=z
2�;1*

3=z .
�������  "!�#�!�$

%^( ] 9 4�354�6LF 6�75=
( =
,�G1D :
6�7I( &1* X�S+:+( * ;�7I( 9 :+;1*
)(3 22 yxz += ?1@ (_( X�;�)�G1,+C".RF ,+EPF Q1&�,+E

E1&�,+01,+C"9 ` ,+EHG1(5F ,N="* &101ON,+01,+210+.�)13YG1;N&�S1:+3\;1&�O�F 61:_&�( )+* ,+-".
322 ≤+ yx .

a &�,+F D 01( 4�G1;�b+c+&

_____________________________________________________________________

(24) J ;NE1&�,+01,+C"* 4�F ( 9�F ,N(
G1K1;�=
O
:_F 6�7d( &1* X�S+:+( * ;�7
F ,+ENF O1)1,+E

( )uavuabvuabvu cos,sin)sin(,cos)sin(),( ++=Φe
O+&�,+E π2,0 <≤ vu .
�������  "!�#�!�$

ab24π

_____________________________________________________________________

(25) J ;NE1&�,+01,+C"* 4�F ( 9�F ,N( &1* X�;+:+( * ;12�ON,+01,+210+.�)13YG1;NF ,+EP="* ;+:
E�4�G1;1F * 2�,+QN&�( ="9 ,+E

)4,,2(),,( 2zyzxzzyxF −=e
&�S+:+3f4�F 61:R( &1* X�S+:+( * ;

S
F ,+EW21Q�K1,+EW&�,+EA,1)+9 ` ( F ;1*
;1&�OWF ;A( &19 &�( =
;

0=x , 2=x , 0=y ,

2=y , 0=z , 2=z .
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�������  "!�#�!�$
%�&('�)�* +-,(.�,(* / 0 )�1 /21 ,�3(/ 42&('�+-565-.�7(8-9(* )�'�:
1 ,(;6<>= ?�@ @ A
BC.�,(1 D 9-/ )�+-5�E(F G�H
_____________________________________________________________________

(26) I 5J;-.�,(9-,(K"* )�1 / 0�1 ,J/ .-* L�5(M(/ * 5-8�7J,(9-,(8-9(N�&-OC+-5J1 ,(;6P"* 5(M
;�)�+-5-1 * 8�,(QJ.�/ P"0 ,(;

),,(),,( 22 yyxxyzyxF =
R

)�1 '-MJ/ .-* L�S(M(/ * 5UT61 ,(;V8-;-9(0 M(P
&-,(;
122 =+ yx
.�,(;UL�&-S�)�)�/ 1 5-*W5-.�761 5U/ .-0 .�/ P
5

1=z
8�5-*

1−=z
+-5�X 0W+-/21 ,
;�:YP"Q�,JP"0 )�8�,(;�:YZ [-S�)�/ * : \

122 ≤+ yx
K"* 5

1±=z .
�������  "!�#�!�$
%�&('�)�* +-,(.�,(* / 0 )�1 /]1 ,^3(/ 42&('�+-5_5-.�7(8-9(* )�'�:`1 ,(;_<>= ?�@ @ A>a�* 5_1 '-M^1 &
* .-9(Nb,(9-,(8-9(N�&-O2)�'
+-/ 1 5-1 &-D c
1 /2)�/28-;-9(* M(P
&(* 8�D :Y)�;(M
1 / 1 5-K-+-D M(/ : A
de1 * +(N61 ,(;J,(9-,(8-9('�&-4C+-5-1 ,-:Y/ 0 M(5-*�.fA
_____________________________________________________________________

(27) I 5g;-.�,(9-,(K"* )�1 / 0_1 ,g/ .-* L�5(M(/ * 5-8�7g,(9-,(8-9(N�&-OC+-5h1 ,(;iP"* 5(M
;�)�+-5-1 * 8�,(Qh.�/ P"0 ,(;

),,0(),,( zyzyxF =
R )�1 '-M�/ .-* L�S(M(/ * 5 224 yxz −−= .�&-,-:
1 563(/ 1 * 8�S

z .
�������  "!�#�!�$
dj/ .-* L�S(M(/ * 5U,-&(0 X / 1 5-*�.�5�&-5f+-/ 1 &(* 8�S

)4,,( 22 vuvu −− A�k�5lP"Q�,U/ L�5-.-1 7�+-/ M(5lP"* 5(M
Q�)�+-5-1 5
/ 0 M(5-*

)2,0,1( u− 8�5-*
)2,1,0( v− A
k�,],(9-,(8-9(N�&-OC+-5m.�,(;m.�&-D .�/ *nM(5m;-.�,(9-,(K"0 )�,(;f+-/l1 / 9(* 8�S

/ 0 M(5-*C1 ,
∫∫ +−
D

dudvvu )4( 22 7(.�,(;m'poq/ 0 M(5-*�,mP"0 )�8�,-:
422 ≤+ vu
AYr]/`5-9(9-5-K"N^)�/

.�,(9(* 8�D :Y)�;(M
1 / 1 5-K-+-D M(/ :
.�&-,(8-Q-.-1 / *Ys t(.fA
_____________________________________________________________________

(28) I 5J;-.�,(9-,(K"* )�1 / 0�1 ,J/ .-* L�5(M(/ * 5-8�7J,(9-,(8-9(N�&-OC+-5J1 ,(;6P"* 5(M
;�)�+-5-1 * 8�,(QJ.�/ P"0 ,(;

),,2(),,( 22 xzyxzxzyxF −−=
R

)�1 '-M�/ .-* L�S(M(/ * 5VTJ1 ,(;J8-Q�[-,(;
]1,0[]1,0[]1,0[ ×× .

�������  "!�#�!�$
u
L�5�&�+-7-)�1 /21 ,J3(/ 42&('�+-565-.�7(8-9(* )�'�: A
B>.�,(1 D 9-/ )�+-5`s-s v t�A
_____________________________________________________________________

(29) I 5J;-.�,(9-,(K"* )�1 / 0�1 ,J/ .-* L�5(M(/ * 5-8�7J,(9-,(8-9(N�&-OC+-5J1 ,(;6P"* 5(M
;�)�+-5-1 * 8�,(QJ.�/ P"0 ,(;

),,(),,( xzyzxyzyxF =
R
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��� �����  �! "$#%�%� ! &(')� *%+)� � � ,�#�� -
,�*%+) �*%+."$,�#��/�/� � &�!$&� �0�� &(�  �1  �� -
& 0=x , 0=y ,  0=z

2 &�! 1=++ zyx .
354/6$7 8:9$;�9$<

1/8

_____________________________________________________________________

(30) = &>� "$&�,/?�0��/� � �@� *BA
� CD,%�$?�&B� *%+ Stokes E ! &F�%&>+� �*%G�* E 1 �/� � �H� *B�  �! 2 &I?% �J�G%! *
*%G�* 2 G%K/,�LM?�&N� *%+O-:! &%�
+��$?�&�� ! 2 *%JO �� -:1 *%+ ),1,(),,( 32 zyxzyxF =

P  �#%�%LQ��� *
� 2 J 2 G�*

222 ayx =+ R A%� LD,�C
�
� &�ST�/&%�5�  �! "$#%�%� ! & S � *5�$?%! �/"$&�1 ,%! * 222 yxaz −−= .
354/6$7 8:9$;�9$<

8

6πa−
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