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1. INTRODUCTIONvswQx)yQz�xZ{�xZ|Q}�yQ~ZyQxZz�yQz��Q���T�Qx�{k~Z|@~Z|Q~Z�T�Q}T�T�Z~����"�Q�QxZ���Q��}T�Q�Q~Z��~Z�����TxZ�T�Q{k�&�V}Tw�|Q�Q|Q�Z�Tz����Q�T~Zz
(triangular) and up-

�Q�Q��|�~Z{����"�"x�}Tz��T����~Z��|QxZ}V�T��{��Qz���~Z��xZ{.�Q��~�z��Q�T}Tz�~�z���~Z{�yQxZ�Z}�z�~Z}T�V��~Z|Q���T}V{
~Z�Q~�yQ}T~Z}V�T�Q|"}V�"z�xZ~Z�6xZ�Q�Q�V�T�T�Qz��V�Q�����VxZ�T�Q{��r�&�Qzd�Q�O��xZ��}T�T��x�wQxZz�x��T{�}V��~Z���Z�Qz�~Z}VxZ�T���QxZ{��Zz��T�Qx�}TwQx�}T�Q�Q~��"~Z�
�"~���|QxZ}T�V�����Q|Q���T���Qz�~Z}V�T�Q|@�&�V}Tw�~)���T|Q�T���Q� |Q�Q���QxZz��Q��yQ~Zz�~��"xZ}VxZz�{��Qx�}TxZz����T|Q�T|Q�.}TwQx�{�wQ~ZyQx�~Z|Q�
yQ�Q{��T}T�V�Q|(�Q�����V�Q¡({��Qz���~Z�Zx�{�¢�£p¤L{�¥��

2. ¦>§"¨�©&ª�©&¨«ª¬©�­"®�¯>¦>°�±³²d°�¯>´>µ³¶�°�¦>·¹¸sº&¯>»p±�º&°�¼>¯>µ³²d´>½�¾�»p½�º&²s©&±�¯>»¿�|��&wQ~�}p���Q�V�T�Q��{�ÀL��x�z�x���xZzd}V�"~�yQz�xZ{��Zz��T�QxZ�"~Z¡Q�T{������"xZ}Tz��V�&��~Z��|QxZ}V�T�����TxZ�V�
B(R,Z

¥����T}Tw"}TwQx
���T�Q¡�{��Qz���~��ZxZ{��Qx�}TxZz����T|QxZ���Q��}VwQxgyQ~�z�~Z�"x�}Tz��T�&�QxZyQx�|Q�QxZ|Q�Zx&�Q��}VwQxg�����T�T|Q�Qz��V�Z~Z�L�Z�Q�Qz��Q�V|Q~Z}Tx�{
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rRR χ= Â ))(,,( r
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rZZ χ= (1)
��wQxZz�x

R
~Z|Q�

Z
z�xZyQz�xZ{�xZ|Q}�}TwQx�{�yQ~Z}V�T~Z����~Zz��V~Z�Q�TxZ{��Q��}TwQxÄ�����T�T|Q�Qz��T�Z~Z�Å�Z�Q�Qz��Q�V|Q~Z}Tx�{��Q{�}VxZ� [ ]ϕ,,ZR , r�T{�}TwQxk���V�Q¡�{��Qz���~��Zxkz�~Z�Q�V�Q{Ä�V|�}VwQxkxZ�Q�Q~�}T�Qz��T~��#yQ�T~Z|QxÆ�&wQ�V�Zw��Z�Q|Q}T~��T|Q{�}TwQxk�"~���|QxZ}T�V��~Z¡Q�V{�À χ �T{Ä}TwQx

yQ�Q�T�Q�V�Q~Z�#~Z|Q�Q�TxZÀs~Z|Q�
)(r

Ç �QxZ|Q�Q}Tx�{Ä}TwQxk{�x�}s�Q��yQ~Zz�~��"xZ}Tx�z�{��Qx�{���z��T�Q�T|Q��}VwQx����T�Q¡�{��Qz���~Z�ZxkyQ�Q{��V}T�T�Q|
~Z|Q�"{�wQ~�yQxZ�kÈ�{�xZ���V�QxZ|Q}p��z��Q�«£p�T���sÉOÀ `�Ê R0(r

¥��"~�z��Q{�}TwQx�£L¤��ZxZ|Q}Tz�x&�V|�}TwQx�xZ�Q�Q~Z}V�Qz��T~Z�pyQ�T~�|Qx&~Z|Q�QÀ
wQxZ|Q��xZÀr}TwQx��"~Z��|Qx�}T�T��~Z¡Q�V{��T{�{�yQxZ�Z�V���TxZ���Q� `�Ê Rax

Ê R0
¢�ËQ¥�~Z|Q�

Z Ê ZÌ4Í �QxZ{��T��|Q~Z}V�T|Q�(}TwQx&wQ�Qz��TÎu�Q|Q}V~Z�~Z|Q��}TwQx&��xZz�}V�T�Z~Z�LyQ�Q{��T}V�T�Q|(�Q�d}TwQx&�"~Z��|Qx�}T�T�&~Z¡Q�V{�À
z�x�{�yQx��Z}T�T�QxZ�T���
¿�}6�Z~Z|��Qx�{�wQ�Q��|"}TwQ~�}p}TwQxÄ�"~���|QxZ}T�V�����VxZ�T�"~Z|Q��}VwQx&���V�Q¡��Z�Q�Qz��Q�V|Q~Z}Tx�{ [ ]ϑ,Φ ÏZÐ�Ñ�Ð�ÑZÒVÏZÓTÑ�Ô�ÓTÕ r

and χ ÖQ×
( ) χχϑϑϕ ∇×Φ∇=∇×Φ∇=∇≡ ,ˆ rJtB Ø Φ∇×∇= − ϕ)(1 rqpB Ø Ù�ÚQÛ

( ) ( ) ,,,ˆ YrYrdd χχϑχϑ =≡ ,YJdrd =Φ { } RZRrY /,:),( =χ Ø ( )∫≡ ...
2

1
... χ

π
d ; Ü�ÝQÞ

ßQàZá�à [ ]ϕϑ,,Φ âTãÄä ßQàkå�æTçQè�éZêQêQá�ë âVìQíZä à ã�î�ã�ä àZïñð âVä ß�òQá�à ã éZá âVó àZë ä êQá�ê â ë í æ íZìQô æVà íZì ë ã�ä á í�âTô ß ä å â àZæTëæ âVì à ã�Ü�ã ê -é í æTæVàZë óQí�ã�â é�éZêQêQá�ë âVìQíZä à ã�îQã�ä àZïõå�êQá ä êQö í ï í ö ã"÷�øOù�Þ�ú Φ(r Þ#âVã�ä ßQà ä êQá�ê â ë í æ�ï íZô�ì à äTâ é�å�æTçQè
Ü ë âTû�â ëQàZë óQîýü π Þ�ú q(r Þ�âVã�ä ßQà ã�í å�à äVî å í é ä êQá ú J(rÞÄâTã�ä ßQà ä ê äTí æ�òQêQæTê â ë í æ�é�çQá�á�à ìQä>Ü ë âTûQâ ëQàZë óQîýü πÞêQç äTã�â ëQà íkô�âTû à ì å�æVçQè ã çQá�å í é�àZþ ÿ¬à íZã�ã çQï"àkßQàZá�à – óQíZã àZë�ê ì�ã à û àZá í æ ô àZêQï"à ä á â é�à�è í ï âVìQíZäTâ ê ìQã êQå��� ã – ä ß í�ä ä ßQà ã çQá�å í éZà âVã òQá�àZëQêQï âTìQíZìQä æ î�ã ß í òQàZë óQî�ä ßQà òQê ã�âTäVâ ê ìQã êQå ä ßQà ï í è â ï�çQï íZì ëï âVìQâ ï"çQï�òQê âTìQäVã�âTì�ä ßQà Z

é�ê
-
êQá�ë âTìQíZä à ú N(RN,ZNÞEíZì ë S(RS,ZS ÞEíZã ë âVã òQæ íZî àZë âTì � âTô þ øOú
í�ã ð&à�æTæ

íZã�óQî ä ßQà�òQê ã�âVäTâ ê ìQã êQå ä ßQà ä ð�ê�àZè ä á�à�ï"à"òQê âVìQäTã�âTì�ä ßQà R-
éZêQêQá�ë âVìQíZä à âTì�ä ßQà"à��Qç íZä êQá âTí ædòQæ íZì à Ü Z

=Zax Þ þ��dßQà"æ íZäVä àZá�òQê âVìQäTãgí á�à âTì ë â é íZä à�ë âTì � âTô þ ø�íZã E(RE,Zax Þ�íZì ë W(RW,Zax Þ þ��sßQç ã ð�à(ß í�û à ã�â èâTì ëQà�òQà ì ëQà ìQä�û�í æTçQà ã
	 RN,ZN,RS,ZS,RE,RW � ä ê ã òQà�é â å î�í�ô�âTû à ì ��� í�ì ë ú!ä ßQàZá�à�å�êQá�à ú ð�à�ï íZî
âTìQä á�êQëQçQéZà ã�â è âTì ëQàZòQà ì ëQà ìQä ò í á í ï�à ä à�á ã å�êQá�ï"êQëQà�æTæ âVìQô2ä ßQà.å�æTçQè ã çQá�å í éZà ô àZêQï"à ä á î þ��dßQà ã à í á�àéZßQê ã à ì ä ê ó à ä ßQà å�æVçQè ã çQá�å í é�à á í ë â ç ã ( ) 2)()( rRrRr WE −= 
 ä ßQà � ß í å�á íZì ê û ã ß â å ä

( ) 2/)()()()()( aRaRrRrRr WEWEe −−+=∆ with a
ëQà ì ê äTâVìQô³ä ßQà¬å�æTçQè ã çQá�å í éZà¬á í ë â ç ãýíZä�ä ßQà
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ã àZò í á í�ä á â è ú�ä ßQà�àZæTê ìQô�í�äTâ ê ì ò í á í ï"à ä àZá ( ) rrZrZrk SNe 2)()()( −= ú�ä ßQà ä á âTíZìQô çQæ í á âTäVî ò í á í ï"à ä àZá
( ) rrRrRrRrRr SNWEe 2/)()()()()( −−+=Λ 
 and

å âTìQí æVæ î¬ä ßQà@ò í á í ï"à ä àZá�êQå û à�á äTâ é í æ�çQò -ëQêQð ì
íZã�î ï"ï�à ä á î�ú ( ) ( ))()(/2)()()( rZrZZrZrZr SNaxSNe −−+=η úgíZì ë ä ß í�ä êQå�ßQêQá â � ê ìQäVí æ�çQò -ëQêQð ì
íZã�î ï"ï�à ä á î�ú ( ) rrRrRr SNe 2)()()( −=ζ � � à ì éZà ú�âVìýí ëQë âTäTâ ê ìýä ê ä ßQà�å�æVçQè ã çQá�å í é�à�á í ë â ç ã rú ð�àß íZû à å âTû à ò í á í ï�à ä àZá ã ä ê ëQà ã éZá âTó à å�æTçQè ã çQá�å í é�à ã ß í òQà ã�ú ìQí ï"à�æ î ä ßQà ã à ä

[ ])(),(),(),(),()( rrrrkrr
�

eeeeee ζηΛ∆≡
ð�ßQàZá�à ä ßQà ã ç óQã éZá â ò ä�� e ��âTã ç ã à�ë ä ê âTì ë â é íZä à ä ßQààZå�å�à�é äTâTû à@ï"à íZã çQá�àZë û�í æVçQà@êQå í ò í á í ï"à ä à�á�þ �sßQà@òQá�êQå â æTà ã êQå e

� äTî ò â é í æ�å�êQá�à��Qç â æ âTó á â çQï å�æTçQè
ã çQá�å í éZà ã"âTì��
	 � ú�� � ��
 í�ì ë ����� ÷ üQùÄí á�à�ë âTã òQæ íZî àZë âVì � âTôQã þ ü -� þ�� ìýô à ì àZá í æ ú àZæTê ìQô�í�ä àZë íZì ë
ä á âVíZìQô çQæ í ádå�æTçQè ã çQá�å í éZà ã>ä ß í�äpí á�à ã�î ï"ï�à ä á â é�ð âTä ß�á�à ã òQàZé äLä ê ä ßQà�à��Qç í�ä êQá âTí æLòQæ íZì à Ü�ã çQòQà�á ã é�á â ò ä � Þï í�î�ó à&á�àZòQá�à ã à ìQä àZë óQî�÷ üQù

))(,,())(,,())(,,( 00 r
�

rRr
�

rRr
�

rRR SSS χχχ ∆+≡= ; { })(),()(0 rkrr
�

∆= (4)

))(,,())(,,())(,,( 00 r
�

rTr
�

rZr
�

rZZ SSS χχχ ≡= � { })(),()( 0 rr
�

r
� S Λ= (5)

ð�ßQàZá�à χcos)(0 rrRR c +∆+≡ and χsin)(0 rrkZ ≡ �������! #"�$&%('���)� +*+,���- ∆R(χ � r � ΠS(r./.0�����
T(χ� r� ΠS(r ./.1��2/$3-
465758$� +2/*#)8*+� Z-Zax ��������$�-
)�2/*#9�$8 +"�$8��$;:6*+�� #*+,���-<%(2/,�5= +"�$8$;>+>+*#?� +*+)3@/)�*+2/);'�>+��2/.
-
"���?�$�A�B/��C���9�>#$EDGFH$8I6*+:6$8 #"�2/$�$7��*#%(%($�2/$��� �������>#46 +*+);��>�2/$;?�2/$�-
$��� +�� #*+,���-H%(,�2 ))(,,( r

J
rRR SS χ=

����� ))(,,( r
J

rZZ SS χ= 57,���$�>+>#*+��IK +"�2/$�$���*+-
 +*+��); 0);>+��-
-
$�-&,�%7$;>+,���I6�� #$��K�;���K +2/*#����I6'�>+�;2L%(>+'�M
surfaces.

NPO�Q�R+S0T�UWV ���;>+46 +*#)���>X57,���$;>+-�,�%�'�? - ��,�F0�L-Y465857$� #2/*+)0 +2/*+�;��I6'�>+��2Z%(>+'�ML-Y'�2/%(��);$�-

Model ∆R [ 0RR − T \ 0/ ZZ ekk eΛΛ

] 0 [ ]αχcos)(1 rΛ− ( )[ ]αα211 MM −+ ( )22 1 MM −+α

II 0 [ ]χcos)(exp rΛ− ( )21exp MM − ( )22 1/1 eM Λ−=

]
]
] χ2sin)(rrΛ− 1 1 1

^�_a`+b;c�dfe+g�`+_ab;h�h�_�i�g�`j`#k�dfl6d�m/`+e#h�b�nji�o
-p _�qHgab�r
s6t7t7d;`+m/su_�v!v(n+i�warYi�m/v(b;h�d�rKq0dfm/d;o�n+b�h;df`+k�dd�w�o�m/d;rYr
e+_�gxv(_�m

Z y s KZZ S= `#b�c�e+g�z ( )χη sin1+=K { qHk�d�m/d|e+`}e+r~_ y l6e+_�i�r~`#k�b�`<`#k�d�`#d�m/to�m/_�o�_�m/`+e#_�g�b�n�`+_ η e+g�`#m/_ p i�h�d�r8`+k�d�l6d�m/`#e+h�b�n�b;rYs6t8t7d�`#m/sE_�vH`+k�d��X�Kd�n+_�g�z6b;`+e+_�g���� p�p e+`#e+_�g�b�n#n+s {�y s
mean

r�_�vZe+g�`+d;m/v(d�m/d�g�h�d�_�vZ`+k�d�v(b�h�`#_�m/r
T
b�g p K

b;n+r
_}`+k�d�k�_�m/e#��_�g�`+b;n�o�_�r
e+`#e+_�g�r�_�v�`+k�d�o�_�e+g�`#r
N
b;g p Sb�m/d0l6b�m/e#d p�{ qHk�e+h�kLe+g�`+m/_ p i�h;d�r�b0k�_�m/e+��_�g�`+b�nXb�r
s6t7t8d�`+m/s ς∆

e+gLt7_ p d;n+r���b;g p �/�/�

3. �H�7�����0� ]
� �8���7�E���8�0����������� ]
��� ���7� ] � ]
  � ] �H�¡�����H¢ � �0�H���H�H� ��/g8`#k�e+r1r
d�h�`+e#_�g8_�i�m p e#v(v(d�m/d�g�`£v(n+i�w7r
i�m/v(b�h;dHt8_ p d�n+r�b;m/dHd�l�b�n+i�b�`#d p7y s7h�_�t7o�b;m/e+r
_�g7qHe+`+k8`+k�dd�¤�i�e#n+e y m/e#i�t¥t7b;z6g�d�`+e#h¦h�_�g�v(e#z6i�m/b�`+e#_�g�r§e#g�¨H�X^�© {}ª
« ^¬b;g p ^�­�®H�<^�k�d¦t7d;g�`+e+_�g�d p l6b�m/e+d;`+sx_�vd�¤�i�e#n+e y m/e#i�t¯�P��r
k�b�o�d�r}o�m/_�l6e p d;r<b3z6_�_ p~y b;rYe#r<v(_�m1`+d;rY`#e+g�z�`+k�d°b�g�b�n+s6`#e+h�b;n�t7_ p d;n+r<rYe#g�h�d { b�t7_�g�z
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`+k�d;rYd0`+_�c�b;t7b�c�r { `+k�d0t7d;b�r
i�m/d p g�_�g�h;e+m/h�i�n#b�m/e+`+s}o�b�m/b;t7d�`#d�m/r�_�h�h;i�m/m/e+g�z}e+g e

� ���T�V�r~Z�T}Tx�zÅ~��T{����Q��xZz�~
���T�Qx&z�~Z|Q��xZ�

£p�T���Qz�xZ{��k~�|Q���k�Q�V{�yQ�T~���}TwQx��"�Q�Qx��T�TxZ�k~Z|Q��}VwQxÄxZ�Q�Q�V�T�T�Qz��V�Q� ���V�Q¡�{��Qz���~Z�ZxZ{����Qz#�Q�T{��ZwQ~Zz���x�{
�T|k}TwQxÄ�V�Q��~Z{�yQxZ�Z}Åz�~Z}V�T����¤Lv���yQ�T~Z{��"~����T}Tw β 	�

�
� ~Z|Q� β 	��
�
� ��xZ~Z}V�Qz��T|Q��~Ä��xZ~Z��wQ�Qz����u�Q|Q}V~Z�
~Z{����"��xZ}Tz��.¢ ς ��� � ��� ¥���¿�}��Z~Z|.�Qx�{�xZxZ|.}TwQ~Z}>���V�Q¡ý{��Qz���~Z��xZ{"~Z{�{��Q�Z�T~�}TxZ�.���T}Tw β 	�

�
� ~�z�x��&x��T�
�QxZ{��Zz��V�QxZ���Q�!�"�Q�Qx��d¿�¿�À���wQ�T�Vx"�T|�}VwQx"�Z~�{�x β 	��
�
� }VwQx��QxZ}V}TxZz�~���z�xZxZ��xZ|Q}����T}Vw!}TwQx�x��Q�Q�T�T�V�Qz��T�Q�
{��Qz���~Z�Zx�{��T{(���Q�Q|Q�)���Qz��"�Q�QxZ��¿�¢ α 	 -� ���Q¥�~Z|Q�)���Q�QxZ��¿�¿�¿��d¿�|��Q�Q}Vw��Q�T{��ZwQ~Zz���x�{�Às}TwQxk�Q�T{��Zz�x�yQ~Z|Q�Z��QxZ}V�&x�xZ|"}VwQx�~Z|Q~��T��}T�V�Z~Z�V�T��~�|Q�"|Q�Q�"x�z��T�Z~��T�T�"�"�Q�QxZ�V�TxZ�����V�Q¡"{��Qz���~Z�Zx�{��T{��Tx�{�{�}VwQxZ|�� � Àrx���xZ|����Qzd}TwQx�Q�Q}T���Q{�}L���T�Q¡�{��Qz���~��ZxZ{��

� �Z�Q��yQ~Zz��T{��Q|��Q�k���Q�QxZ�
-
¿�¿�¿k���T�Q¡�{��Qz���~Z�Zx�{�z�xZ�T~Z}VxZ��}V�����dv �QxZ�Q�"xZ}Vz�� ���T}Tw�}TwQx�~Z�Z}V�Q~Z�

xZ�Q�Q�V�T�T�Qz��V�Q�ñ£p¤L{��Q�����sv��Q�T{��ZwQ~Zz���x� � � �
��� ¢ R ∼ � ��{�¥>�V{�z�x�|Q�QxZz�xZ���Q��£p�T���"!Q��vdwQ�V{�x��Q�Q�T�T�V�Qz��T�Q�yQ�T�Q}��Q�T����xZz�{�x�{�{�xZ|Q}V�T~Z�V�T�¬��z��Q�#�&¤pv"� ���Q|Q���T���Qz�~Z}V�T�Q|Q{��Q� ~��Z�Q|Q{��T�QxZz�~��Q�Tx�~Z{����"�"x�}Tz�� �V|¬}TwQx
R�Q�Tz�x��Z}T�V�Q|��QxZ�Z~Z�Q{�xk�Q��}TwQxÆ{��V|Q���Tx��

-
yQ�Q�T|Q}#¢�{�~Z�Q�Q�Vx�yQ�Q�T|Q}#�Q��}TwQx�{�xZyQ~Zz�~�}Tz��T¡Q¥>�Qx��T�Q� }TwQx����T�QyQ�T~�|QxZ�

� �T}TwQ�Q�Q��wk}TwQx�~ZyQyQ�T�Tx���~Z|Q~��T��}T�V�Z~Z�Å�"�Q�QxZ�Å�Q�QxZ{�|Q�Q}Å�Z�Q|Q{��T�QxZz#wQ�Qz����u�Q|Q}V~Z�Å~Z{����"�"x�}Tz���ÀL}TwQxÄ�"�Q�QxZ�V�TxZ�
£p¤L{"~Zz�x����Q�Q|Q�ý�T|ýxZ¡Q�Zx��T�Tx�|Q}�~Z��z�xZx��"xZ|Q}����T}Vw)}VwQx!�"x�~Z{��Qz�x��E�Q|QxZ{(�Q��x�z�}VwQx!xZ|Q}T�Vz�x!�Zz��Q{�{({�xZ��}T�T�Q|
xZ¡Q��xZyQ}6�T|"}VwQx����V�Z�T|Q�T}V���Q�s}VwQx$�

-
yQ�Q�T|Q}V�rvdwQxZz�x�}TwQx��"~�¡Q�T�"�Q���Q�T{��Zz�x�yQ~Z|Q�Z���QxZ}T��xZxZ|"}TwQx��"�Q�QxZ�p¿�¿�¿

-~ZyQyQz��Q¡Q�V�"~Z}VxZ�(~�|Q�(}TwQx&~Z��}T�Q~Z�LxZ�Q�Q�V�T�T�Qz��V�Q�¹���V�Q¡({��Qz���~Z�Zx&���T}Vw
Ψ 	%� ��&
� Ψoutermost

�T{��VxZ{�{�}TwQxZ| �'�
� �£p�T|Q~Z�V�T�k£p�T��{��)(Æ~Z|Q�%&Æ{�wQ�Q�¹}TwQx(���Q�QxZ�T�VxZ�Æ~Z|Q�Æ}TwQx�x��Q�Q�T�T�V�Qz��T�Q� {��Qz���~��ZxZ{����Qz#v�*,+�{�wQ�Q}T{� � � � &
&~Z|Q�� �'�
� (
(Q�-���Q}T���T}VwQ{�}V~Z|Q�Q�T|Q��}TwQxÄ�Qz�~�{�}V�T���Q�T{�{��V�"�T�V~Zz��T}T���Q�#}TwQx�}Tz��V~Z|Q���Q�T~�z��T}T��yQ~Zz�~Z�"x�}TxZz�{>�Q�#}TwQxZ{�x{�wQ�Q}T{!¢
Λ.0/213.,	4� � 


 ~�|Q�QÀ�z�x�{�yQx��Z}T�V��xZ�T��À Λ.0/213.,	 - � � �
� ¥(�Q�Q}Vw2xZ�Q�Q�V�T�T�Qz��V~E�Z�Q�Q�T�2�Qx){�~Z}V�T{���~Z�Z}V�Qz��T�T�~ZyQyQz��Q¡Q�V�"~Z}VxZ�(�Q�(}TwQx&£p¤ÆyQ�T�Q}T{��Q�d�"�Q�Qx��r¿�¿�¿��

5
6 ±�§"®�±�´>½&»p°�§"®vswQx yQz�xZ{�xZ|Q}Tx�� yQ~�z�~Z�"x�}Tz��T� ���Q�QxZ�T�V�T|Q� �QxZ�"�Q|Q{�}Tz�~�}TxZ{ }TwQx yQ�Q{�{��T�Q�T�T�V}T� �Q�«~Z|Q~Z�V��}T�T��~Z�
�QxZ{��Zz��VyQ}T�T�Q| �Q�õ~�¡Q�T{����"�"x�}Tz��T� }T�Qz��Q�V�Q~Z� �"~���|QxZ}T�V� ���VxZ�T�Q{ �&�V}Tw |Q�Q|Q���Tz��Z�Q�V~Zz

and up-
�Q�Q�&|

~Z{����"��xZ}Tz��V�g���V�Q¡({��Qz���~Z�Zx�{��Q��~Zz��Q�V}Tz�~Zz���~Z{�yQxZ��}
z�~�}T�T�(�Q�Ä~g���T|Q�T�"�Q�¹�Q�����Q�QzÅ��x��Q�"xZ}Vz��T�gyQ~Zz�~Z��xZ}Tx�z�{
�QxZ}VxZz��"�V|Q�T|Q�¹}TwQx³{�wQ~ZyQx³~�|Q� yQ�Q{��T}V�T�Q|¹�Q�E���T�Q¡¹{��Qz���~��ZxZ{�����~Z��xZ�T��À�}VwQxZ{�x³yQ~Zz�~Z��xZ}Tx�z�{@~�z�x³}TwQx
¤pwQ~Z��z�~Z|Q�Q�"{�wQ�V��}TÀL}TwQxÄxZ�T�Q|Q��~�}T�T�Q|QÀL}TwQxÄ}Tz��V~Z|Q���Q�T~�z��T}T�"~Z|Q�"}VwQx��Qy

-
�Q�Q��|�~�{������"xZ}Vz���� � �Q�Q�V}T�T�Q|Q~Z�V�T��Àr~

|Q�Q�"x�z��T�Z~��r{�wQ~ZyQx&�Z�Q|Q{�}T~�|Q}r�Q�V{�}V�T|Q���Q�T{�wQ�T|Q�(�Q�T����xZz�x�|Q}r���Q�QxZ�T{��&~�{��Q{�x��Q�

AcknowledgementvswQ�T{ {�}T�Q�Q� ��~Z{ yQxZz����Qz���xZ�ñyQ~Zz�}V�T~Z�V�T� ���T}VwQ�T|ñ}VwQx � {�{��Q�Z�V~Z}T�V�Q|7�"8:9 � vd�:;
-
�:� �:<

=pz��O��xZ��}>= � ~Z|Q�(�Q|Q�Qx�z����T|Q~�|Q�Z�T~��r{��QyQyQ�Qz�}L��z��Q�¹}VwQx � �Q{�}Tz��V~Z| � �Z~��QxZ�"�(�Q��¤p�Z�Tx�|Q�ZxZ{����V~g}TwQxg�T�"yQ~��Z}yQz��O��x��Z}?*>wQ~Zz���x���£L�Q{��T�Q|@=pz��Q�Q�Q�Z}A*��Q|Q���V|QxZ�"x�|Q}#�T|@���dv¬¢3B,; < + ��z�~Z|Q}?C$D �



 &'E � -¿�¿�¿ E � EF�'EG&
&Q¥��< x ~�z�x��V|Q�QxZ�Q}Tx�� }V�H+���I�z��
�u�Q�Q� ¢3���svd¥�À�I���I&~�z�z��Q� ¢3=J=-=JK�¥�~Z|Q� £p�L=L~��Q�TxZ}V}T��¢3*>�Q�T�Q���Q�T~
8�|Q�T��xZz�{��T}V��¥&���Qz&yQz��Q���V�Q�T|Q�E}TwQx�yQxZz�}V�T|QxZ|Q}M�s£L¿�v

[2]
xZ�Q�Q�V�T�T�Qz��V~����Qzg}VwQx!�Z�Q|Q{��T�QxZz�x��E�Q�T{��ZwQ~Zz���xZ{��T|

���dv ~�|Q�N��¤Lv��&��£p�Qz�}TwQxZzÆ��x2~�z�x2��z�~�}TxZ���Q��}T�³£p�PO��Q���"~�|Q|³~Z|Q�N���PKd�T{�}TxZzÆ¢3*,9M=J=
-
�"=p£JK�¥k���Qz

{��QyQyQ�T���T|Q�(}TwQx&xZ�Q�Q�V�T�Qz��T�Q�«�Q~Z}V~g���Qz�}TwQx&�Z�Q|Q{��T�QxZz�x��(v�*,+³�Q�T{��ZwQ~Zz���x�{��

REFERENCES

[1] QMR SMRUTWVUXZY�[]\_^�Y`[U\_a]TWb�cdXZefcAT
g]h_XZRUi"jlk-R a 24 aUmUnUo�p�q�oUoUrUs
[2] QMR tMRAuMcd\_[Gv�XZwU^ x2aAyMR{zW|�gU[]j}k-~la?j�YMcdb�R a Analy �����d�U�)���U�U�d�������������`�`���M�M�d���Z�`���W�U�Z�U�`�U�U�)�@�]�U�U�d���`�� ���d���U���"�`���"���]�U���`�Z���]���U� � �`�G�$�]�U� ���U�d�d�ZaUXZVG�-e$^�Y`Y�jd �Y�[�TWb�cdXZe$c?TWgUh_XZRU¡£¢"[U¤]Y v�RU¥
V]XZ^�[U¤



27th EPS CCFPF 2000;   V.A. Yavorskij et al.
: Analytical Models of Axisymmetric Toroidal Magnetic Fields with ...
 

687

����� � ���	��

������� ��� 

����������������������� ����� �  ��	��
��!����� ��� 
������������������������ ����� � "��	��

�!�#��� ��� 

�������
�$���%� real� & ��'���(�� � ����)*�#� � �	�+
,),��� � & ��'%��(�� � ���#)*��� � ���+
-)���� � & ��'%��(�� � ���#)*�#� � ���+
,),���. /10324� 5 
��	6�7#8,917�:�; . 2 �=< � 5 
��	6#:�7#9, � ,; . 2 �=< � 5 
��	6#:,>�?,"�",;

����� � 7#�A@B��
-' � ��� � 
,'�' � &,CD� & ��'%��(����#�%�����+�%����� �E�=�
� � 8,�	��
��!����� �
� 
����#�%��������� ����� � >��	��

�!�#��� ��� 

���������������
'%
���FHG 2#I ��� β \ 7�?�J . 2#KML FHG�@ ������� � & ��'%��(�� � �%�#)*�+
,),����NONON ������� � & ��'%��(�� � ����)M�+
-)����	NON
� & �P:�:,:�:,91@�?�9����RQ \ : � :,8 � ; '�

��FSG 2#I ��� β \ 7#?,J '�

��FSG 2#I ��� β \HT 9�J

�=�
� � :,�	��
,

��) � ������� � UB� ����� �=�
� � T �A@V��
,' � ��� � 
-'�' � &�CP� & ��'%��(�� ����� � 9��A@B��
,' � ��� � 
,'�' � &,CD� & ��'%��(��
���������+������� � '%
�� /10324� 5 
�� �#�%���%�E�%� ers '%
�� 2 �B<
6�7#8,917�: . t ∼ 7#8 � ; � 5 

��6�:17�9� , 

R

Z

r

χχχχ

ρρρρ(R,Z )

Z =Z ax

0
R o(r )

(R N+R S)/2

S(R S,Z S)

N(R N,Z N)

E(R E,Z ax)

2rk e

W(R W,Z ax)

O(R o,Z ax)


