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�à® ­ «¨§¨à®¢ ­® ¢«¨ï­¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥© �¡à¨ª®á®¢  á ­ ¬ £­¨ç¥­­®áâìî ­  ¯à®¤®«ì-
­ãî ¢¨åà¥¢ãî ­¥ãáâ®©ç¨¢®áâì ¢ á«®¨áâ®© áâàãªâãà¥ ä¥àà®¤¨í«¥ªâà¨ª–á¢¥àå¯à®¢®¤­¨ª ¢â®à®£® à®¤ .
�®ª § ­®, çâ® ¢ ®ªà¥áâ­®áâ¨ ®à¨¥­â æ¨®­­®£® ä §®¢®£® ¯¥à¥å®¤  ¢ ¬ £­¥â¨ª¥, £¤¥ ¯®¯¥à¥ç­ ï

¬ £­¨â­ ï ¢®á¯à¨¨¬ç¨¢®áâì ¢¥«¨ª , ¢¥«¨ç¨­  ¯à®¤®«ì­®£® ªà¨â¨ç¥áª®£® â®ª  ¢ áâàãªâãà¥ ¬®¦¥â
¡ëâì ¯®çâ¨ ¢ 1.5 à §  ¬¥­ìè¥, ç¥¬ ¢ ¨§®«¨à®¢ ­­®¬ á¢¥àå¯à®¢®¤­¨ª¥. �à¨ç¨­®© íâ®£® ï¢«ï¥âáï ª®¬-
¯¥­á æ¨ï ¨áâ®ç­¨ª®¢ ¯®«ï à áá¥ï­¨ï ¢­¥ á¢¥àå¯à®¢®¤­¨ª  ”¬ £­¨â­ë¬¨ § àï¤ ¬¨”, ¢®§­¨ª îé¨¬¨
¨§-§  áª çª  ¯®¯¥à¥ç­®© ­ ¬ £­¨ç¥­­®áâ¨ ­  ¯®¢¥àå­®áâ¨ ¬ £­¥â¨ª . � áá¬ âà¨¢ ¥âáï áâàãªâãà 

á® á¢¥àå¯à®¢®¤­¨ª®¬, â®«é¨­  ª®â®à®£® §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â «®­¤®­®¢áªãî £«ã¡¨­ã ¯à®­¨ª­®-
¢¥­¨ï ¬ £­¨â­®£® ¯®«ï ¨ ¤«¨­ã ¢®«­ë ªà¨â¨ç¥áª®© ¬®¤ë, ¯®íâ®¬ã (¢¢¨¤ã ®âáãâáâ¢¨ï ª ç¥áâ¢¥­­ëå
¬ áá¨¢­ëå ¢ëá®ª®â¥¬¯¥à âãà­ëå á¢¥àå¯à®¢®¤­¨ª®¢) ¤«ï íªá¯¥à¨¬¥­â «ì­®£® ¨áá«¥¤®¢ ­¨ï ®¯¨á ­-
­®£® ï¢«¥­¨ï á«¥¤ã¥â ¨á¯®«ì§®¢ âì âà ¤¨æ¨®­­ë¥ ­¨§ª®â¥¬¯¥à âãà­ë¥ á¢¥àå¯à®¢®¤­¨ª¨.

1. �áá«¥¤®¢ ­¨¥ ¯¥à¥å®¤  á¢¥àå¯à®¢®¤­¨ª  ¢â®à®£®
à®¤  ¢ à¥§¨áâ¨¢­®¥ á®áâ®ï­¨¥ ¯®¤ ¢«¨ï­¨¥¬ âà ­á-
¯®àâ­®£® â®ª  ¨¬¥¥â ¡®«ìè®¥ §­ ç¥­¨¥ ¤«ï ¬­®£®-
ç¨á«¥­­ëå ¯à¨¬¥­¥­¨© â ª¨å ¬ â¥à¨ «®¢ ¢ ª ç¥áâ¢¥

í«¥¬¥­â®¢ ¯à ªâ¨ç¥áª¨å ãáâà®©áâ¢, ¨ ¯®á¢ïé¥­­ ï

¥¬ã «¨â¥à âãà  çà¥§¢ëç ©­® ®¡è¨à­  (á¬., ­ ¯à¨-
¬¥à, ¬®­®£à ä¨¨ [1,2] ¨ ááë«ª¨ ¢ ­¨å). � æ¥«®¬

§ ¤ ç  ® ¯®¢¥¤¥­¨¨ á¨áâ¥¬ë ¢¨åà¥© ¢ á«ãç ¥, ª®£¤ 
âà ­á¯®àâ­ë© â®ª ¤®áâ¨£ ¥â ¨«¨ ¯à¥¢ëè ¥â ªà¨â¨-
ç¥áª¨© â®ª ¯¥à¥å®¤  á¢¥àå¯à®¢®¤­¨ª  ¢â®à®£® à®¤ 

¨§ ¡¥§à¥§¨áâ¨¢­®£® ¢ à¥§¨áâ¨¢­®¥ á®áâ®ï­¨¥, á«®¦­ 
¨ ¤® á¨å ¯®à ­¥ à¥è¥­ . �¥®à¥â¨ç¥áª¨ ­ ¨¡®«¥¥

¨§ãç¥­ á«ãç © ¯à®¤®«ì­®© ­¥ãáâ®©ç¨¢®áâ¨ ¢¨åà¥©,
ª®£¤  âà ­á¯®àâ­ë© â®ª ¯ à ««¥«¥­ ­ ¯à ¢«¥­¨î

¢¨åà¥©.
�æ¥­ª  ¢¥«¨ç¨­ë ¯à®¤®«ì­®£® ªà¨â¨ç¥áª®£® â®ª 

¢ á¢¥àå¯à®¢®¤­¨ª å ¢â®à®£® à®¤ , ¨¬¥îé¨å ä®à¬ã

¤«¨­­®£® â®­ª®£® æ¨«¨­¤à , á ãç¥â®¬ ¢­¥è­¥£® ¯®«ï

à áá¥ï­¨ï ¡ë«  ¢ë¯®«­¥­  ¢ [3]. � áç¥â ªà¨â¨ç¥áª®£®
¯à®¤®«ì­®£® â®ª  ¢ â®«áâëå á¢¥àå¯à®¢®¤ïé¨å á«®ïå

á ãç¥â®¬ ¢«¨ï­¨ï ¯®«ï à áá¥ï­¨ï,   â ª¦¥ ®¡ê¥¬­®£®
¨ ¯®¢¥àå­®áâ­®£® ¯¨­­¨­£  ¡ë« ¯à®¤¥« ­ ¢ [4]. �à¨

íâ®¬ ¤«ï ®¯¨á ­¨ï ¯¨­­¨­£  ¨á¯®«ì§®¢ « áì ¬®¤¥«ì

� ¡ãè  [1]. � ª ¯®ª § ­® ¢ [3,4], í­¥à£¨ï ¯®«ï à áá¥-
ï­¨ï ¯®«®¦¨â¥«ì­  ¨ ¢á¥£¤  ¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î

ªà¨â¨ç¥áª®£® â®ª .
� áâ®ïé ï à ¡®â  ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨î ¢«¨ï-

­¨ï ¯®«¥¢®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥© �¡à¨ª®á®¢  á

­ ¬ £­¨ç¥­­®áâìî ­  ¯à®¤®«ì­ë© ªà¨â¨ç¥áª¨© â®ª ¢

á«®¨áâ®© áâàãªâãà¥ ä¥àà®¬ £­¥â¨ª–á¢¥àå¯à®¢®¤­¨ª
¢â®à®£® à®¤ . � ª ¨§¢¥áâ­® [5], áâ â¨ç¥áª ï ¬ £­¨â-
­ ï ¢®á¯à¨¨¬ç¨¢®áâì ä¥àà®¬ £­¥â¨ª®¢ ¢ ¤®¬¥­­®©

ä §¥ ¨ ¢ ®¤­®à®¤­®© ä §¥ ¢¡«¨§¨ «¨­¨¨ ¯¥à¥å®¤ 

¯® ¯®«î ¨§ ®¤­®à®¤­®£® á®áâ®ï­¨ï ¢ ­¥®¤­®à®¤­®¥

¬®¦¥â ¡ëâì §­ ç¨â¥«ì­®©, ¨ ­  ¯¥à¢ë© ¢§£«ï¤ ¬®¦­®

®¦¨¤ âì ¢âï£¨¢ ­¨ï ¬ £­¨â­®£® ¯®â®ª  ¢ ¬ £­¥â¨ª

¨ á®®â¢¥âáâ¢¥­­® § âï£¨¢ ­¨ï ¢¨åà¥¢®© ­¥ãáâ®©ç¨¢®-
áâ¨. �¤­ ª®, ª ª ¡ã¤¥â ¯®ª § ­® ¤ «¥¥, ¢ à áá¬ âà¨-
¢ ¥¬®¬ §¤¥áì á«ãç ¥ ¬ £­¥â¨ª ®ª §ë¢ ¥â ¢«¨ï­¨¥ ­ 

¯à®¤®«ì­ãî ¢¨åà¥¢ãî ­¥ãáâ®©ç¨¢®áâì, ¯àï¬® ¯à®â¨-
¢®¯®«®¦­®¥ ¢«¨ï­¨î ¤¨í«¥ªâà¨ª  á ¡®«ìè®© ¤¨í«¥ª-
âà¨ç¥áª®© ¯à®­¨æ ¥¬®áâìî ­  £ ­­®¢áªãî ¤®¬¥­­ãî

­¥ãáâ®©ç¨¢®áâì ¢ ¯®«ã¯à®¢®¤­¨ª å á ®âà¨æ â¥«ì­®©

¤¨ää¥à¥­æ¨ «ì­®© ¯à®¢®¤¨¬®áâìî [6]. � à®áâ®¬

¬ £­¨â­®© ¯à®­¨æ ¥¬®áâ¨ ä¥àà®¬ £­¥â¨ª  ¨ í­¥à£¨ï

¬ £­¨â­®£® ¯®«ï ¢¨åà¥© ¢­¥ á¢¥àå¯à®¢®¤­¨ª , ¨ ¯®à®£
¯à®¤®«ì­®© ¢¨åà¥¢®© ­¥ãáâ®©ç¨¢®áâ¨ ã¬¥­ìè îâáï.
�¥«¨ç¨­  ªà¨â¨ç¥áª®£® ¯à®¤®«ì­®£® â®ª  á«®¦­ë¬

®¡à §®¬ § ¢¨á¨â ®â ¯¨­­¨­£  ¢¨åà¥© ¢ á¢¥àå¯à®¢®¤-
­¨ª¥,   â ª¦¥ ®â ¯®«ï ¯®¤¬ £­¨ç¨¢ ­¨ï, ­ ¬ £¨ç¥­-
­®áâ¨ ¨ ¯®«ï  ­¨§®âà®¯¨¨ ä¥àà®¬ £­¥â¨ª .

2. �à¥¤¯®«®¦¨¬, çâ® áâàãªâãà  ä¥àà®¬ £­¥â¨ª–
á¢¥àå¯à®¢®¤­¨ª ¯à¥¤áâ ¢«ï¥â á®¡®© á¢¥àå¯à®¢®¤ïé¥¥

¯®«ã¯à®áâà ­áâ¢® (y > 0) ¨ ä¥àà®¬ £­¨â­ë© á«®©

(−L < y < 0) á ¬ £­¨â­®©  ­¨§®âà®¯¨¥© â¨¯ 

”«¥£ª ï ®áì”. � ¯à ¢«¥­¨¥ ®á¨ ¬ £­¨â­®©  ­¨§®âà®-
¯¨¨ nA ‖ ny. �âàãªâãà  ¯®¬¥é¥­  ¢ ¯®«¥ ¯®¤¬ £-
­¨ç¨¢ ­¨ï He = Henz, ¯à¨ç¥¬ He > HA (HA —
¯®«¥ ¬ £­¨â­®©  ­¨§®âà®¯¨¨) ¨ Hc1 � He � Hc2.
�¡«¨§¨ ¯®¢¥àå­®áâ¨ á¢¥àå¯à®¢®¤­¨ª  ¯à®â¥ª ¥â ¬ -
«ë© âà ­á¯®àâ­ë© â®ª, ­ ¯à ¢«¥­­ë© ¢¤®«ì ¯®«ï

¯®¤¬ £­¨ç¨¢ ­¨ï.�à¨ íâ®¬ á¢¥àå¯à®¢®¤­¨ª ­ å®¤¨â-
áï ¢ á¬¥è ­­®¬ á®áâ®ï­¨¨,   ­ ¬ £­¨ç¥­­®áâì M ¢

ä¥àà®¬ £­¥â¨ª¥ ®¤­®à®¤­ : M ‖ nz .

�®â¥­æ¨ « �¨¡¡á  G ¢¨åà¥¢®© ¨ ¬ £­¨â­®© ¯®¤á¨-
áâ¥¬ á ãç¥â®¬ ¨å ¢§ ¨¬®¤¥©áâ¢¨ï ¬®¦­® ¯à¥¤áâ ¢¨âì

¢ ¢¨¤¥

G = GS +GM +Gint, (1)
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£¤¥ GS — í­¥à£¨ï ¢¨åà¥© ¢ ¨§®«¨à®¢ ­­®¬ á¢¥àå¯à®-
¢®¤­¨ª¥, GM — í­¥à£¨ï ­ ¬ £­¨ç¥­­®áâ¨ á ãç¥â®¬

íää¥ªâ  �¥©áá­¥à , Gint — í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï

¢¨åà¥© á ­ ¬ £­¨ç¥­­®áâìî. �­¥à£¨ï à¥è¥âª¨ ¢¨åà¥©
¢ ®âáãâáâ¢¨¥ âà ­á¯®àâ­®£® â®ª  ¢ëç¨á«¥­  ¢ [7],  
í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥© á âà ­á¯®àâ­ë¬ â®-
ª®¬ ¯®«ãç¥­  ¢ [8]. �­¥à£¨ï ¬ £­¨â­®© ¯®¤á¨áâ¥¬ë ¨

í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ­ ¬ £­¨ç¥­­®áâ¨ á ¢¨åàï¬¨

¯à¨¢¥¤¥­ë ¢ [9,10], ®¤­ ª® §¤¥áì ­¥®¡å®¤¨¬® ãç¥áâì

¯¥à¥­®à¬¨à®¢ªã ¯®«ï ¯®¤¬ £­¨ç¨¢ ­¨ï ¢ ä¥àà®¬ £-
­¥â¨ª¥ ¨§-§  ¯®«ï, á®§¤ ¢ ¥¬®£® âà ­á¯®àâ­ë¬ â®ª®¬.
� ª ãáâ ­®¢«¥­® ¢ [4], ¢ á¢¥àå¯à®¢®¤­¨ª¥ á® á« ¡ë¬
¨«¨ ã¬¥à¥­­ë¬ ¯¨­­¨­£®¬ ­¥ãáâ®©ç¨¢  ¤«¨­­®¢®«-
­®¢ ï ¬®¤ , ¯®íâ®¬ã ¯à¨ à áç¥â¥ ªà¨â¨ç¥áª®£® âà ­á-
¯®àâ­®£® â®ª  ¬®¦­® ¨á¯®«ì§®¢ âì ª®­â¨­ã «ì­ãî

¬®¤¥«ì á¨áâ¥¬ë ¢¨åà¥© ¨ ¯à¥­¥¡à¥£ âì ­¥«®ª «ì­ë¬

å à ªâ¥à®¬ ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¢¨åàï¬¨. �¤¥áì
¬ë ¨á¯®«ì§ã¥¬ â¥ ¦¥ ¯à¨¡«¨¦¥­¨ï.
�­¥à£¨ï ¢¨åà¥© ¢ ¨§®«¨à®¢ ­­®¬ á¢¥àå¯à®¢®¤­¨ª¥

á ¯à®¤®«ì­ë¬ âà ­á¯®àâ­ë¬ â®ª®¬ GS ¢ ª¢ ¤à â¨ç-
­®¬ ¯à¨¡«¨¦¥­¨¨ ¯® á¬¥é¥­¨ï¬ ¢¨åà¥© u à ¢­  [4]

GS = Gbulk +Gpin +Gstray +Gbind +Gj , (2)

£¤¥ ã¯àã£ ï í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥©

Gbulk =
1

2
C11

∞∫
0

dy

∫
dk

4π2

[
k2
xu

x
ku

x
−k + k2

zuku−k

+
duyk
dy

duy−k

dy
+ ε
[duxk
dy

dux−k

dy
+ k2

xu
y
ku

y
−k

]]
(3)

uk — äãàì¥-ª®¬¯®­¥­â  á¬¥é¥­¨ï), í­¥à£¨ï ®¡ê¥¬-
­®£® ¯¨­­¨­£ 

Gpin = (C11/2)k2
p

∞∫
0

dy

∫
(dk/4π2)uku−k, (4)

í­¥à£¨ï ¯®«ï à áá¥ï­¨ï

Gstray = (C11/2)

∫
(dk/4π2)(k2

z/k)uyk(0)uy−k(0), (5)

í­¥à£¨ï ¯®¢¥àå­®áâ­®£® ¯¨­­¨­£ 

Gbind = (C11/2)ks

∫
(dk/4π2)uyk(0)uy−k(0) (6)

¨ í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥© á âà ­á¯®àâ­ë¬

â®ª®¬

Gj = −C11t

∞∫
0

dy

∫
(dk/4π2)kz ̂u

x
ku

y
−k. (7)

�¤¥áì C11 ¨ C66 — ¬®¤ã«¨ ¢á¥áâ®à®­­¥£® á¦ â¨ï ¨

á¤¢¨£  à¥è¥âª¨ ¢¨åà¥©, ξ = C66/C11 � 1, k = {kx, kz},
k2
p = αL/C11, αL — ª®­áâ ­â  � ¡ãè , ks — ä¥­®-
¬¥­®«®£¨ç¥áª ï ª®­áâ ­â  ¯®¢¥àå­®áâ­®£® ¯¨­­¨­£ ,

t = HI/He, HI — ¯®«¥, á®§¤ ¢ ¥¬®¥ âà ­á¯®àâ­ë¬
â®ª®¬ ­  ¯®¢¥àå­®áâ¨ á¢¥àå¯à®¢®¤­¨ª  HI = 4πI/c,
I — âà ­á¯®àâ­ë© â®ª ç¥à¥§ ¥¤¨­¨æã è¨à¨­ë á¢¥àå-
¯à®¢®¤­¨ª , c — áª®à®áâì á¢¥â  ¢ ¢ ªãã¬¥. �â­®á¨-
â¥«ì­® ¯à®áâà ­áâ¢¥­­®£® à á¯à¥¤¥«¥­¨ï âà ­á¯®àâ-
­®£® â®ª  áç¨â ¥¬ á¯à ¢¥¤«¨¢ë¬¨ ¤®¯ãé¥­¨ï [4] ¨
¨á¯®«ì§ã¥¬ § ¢¨á¨¬®áâì ̂(y) ¢¨¤ 

̂(y) = κ exp(−κy), (8)

£¤¥ κ — ª®­áâ ­â , §­ ç¥­¨¥ ª®â®à®© ¯à¥¤¯®« £ ¥âáï
§ ¤ ­­ë¬.
� £­¨â­ ï í­¥à£¨ï ä¥àà®¬ £­¥â¨ª  GM à ¢­ 

GM = GZ +GD +GA +Ge, (9)

£¤¥ §¥¥¬ ­®¢áª ï í­¥à£¨ï ä¥àà®¬ £­¥â¨ª  ¢® ¢­¥è-
­¥¬ ¯®«¥ H0 = He + HI

GZ
∼= 2πΩ0

∫
(dk/4π2)

0∫
−L

dy(mξ
km

ξ
−k +my

km
y
−k), (10)

¤¨¯®«ì­ ï í­¥à£¨ï

GD = 2π

∫
(dk/4π2)

0∫
−L

dy

(
my

km
y
−k + (1/2k)

×

0∫
−L

dy′
{[
k2
ξm

ξ′

k m
ξ
−k − k

2my′

k m
y
−k

+ 21kξkm
ξ′

k m
y
−ksgn(y − y′)

]
exp(−k|y − y′|)

+ (k2
ξm

ξ′

k m
ξ
−k + k2my′

k m
y
−k

− 21kξkm
ξ′

k m
y
−k) exp[−(y + y′)]

})
, (11)

í­¥à£¨ï ¬ £­¨â­®©  ­¨§®âà®¯¨¨

GA = −2πQ

∫
(dk/4π2)

0∫
−L

dymy
km

y
−k, (12)

®¡¬¥­­ ï í­¥à£¨ï

Ge = 2πD

∫
(dk/4π2)

0∫
−L

dy

[
k2(mξ

km
ξ
−k +my

km
y
−k)

+
dmξ

k

dy

dmξ
−k

dy
+
dmy

k

dy

my
−k

dy

]
. (13)

�¤¥áì ¢¢¥¤¥­ë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:
Ω0 = H0/4πM0, M0 — ­ ¬ £­¨ç¥­­®áâì ­ áëé¥­¨ï,
Q — ä ªâ®à ª ç¥áâ¢ , D = α/4π — ¯®áâ®ï­­ ï

­¥®¤­®à®¤­®£® ®¡¬¥­  ä¥àà®¬ £­¥â¨ª , ξ —
®áì ¢ ¤¥ª àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨­ â (ξ, y, ζ),
á¢ï§ ­­®© á ¯®«­ë¬ ¢­¥è­¨¬ ¯®«¥¬ (nζ ‖ H0),
kξ = kx cos θ − kz sin θ, θ = arctg(HI/He), m ≡ m(y),
m′ ≡m(y′).
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�­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥© á ­ ¬ £­¨ç¥­­®-
áâìî ¨¬¥¥â ¢¨¤

Gint = B

∫
(dk/4π2)kz

0∫
−L

dy
[
(kξ/k)mξ

−k − im
y
−k

]
× uyk(0) exp(ky), (14)

£¤¥ B — ¬ £­¨â­ ï ¨­¤ãªæ¨ï ¢ á¢¥àå¯à®¢®¤­¨ª¥.
�«ï ­ å®¦¤¥­¨ï ªà¨â¨ç¥áª®£® ¯à®¤®«ì­®£® â®ª 

Ic, ¯à¨ ª®â®à®¬ á¨áâ¥¬  ¢¨åà¥© áâ ­®¢¨âáï ­¥ãáâ®©-
ç¨¢®©, ¤®áâ â®ç­® à áá¬®âà¥âì ¬ «ë¥ áâ â¨ç¥áª¨¥

¢®§¬ãé¥­¨ï ¢ áâàãªâãà¥. �á¯®«ì§ãï ãà ¢­¥­¨ï á®-
áâ®ï­¨ï ¤«ï ­ ¬ £­¨ç¥­­®áâ¨ δG/δmk = 0, ­¥âàã¤­®
¯®ª § âì, çâ®

GM +Gint = Gint/2. (15)

�®áª®«ìªã ¬ £­¨â­ ï í­¥à£¨ï ¯®«®¦¨â¥«ì­ 

GM > 0, í­¥à£¨ï ¢§ ¨¬®¤¥©áâ¢¨ï Gint<0 ¨ áã¬¬ 

í­¥à£¨© GM + Gint < 0. � ª á«¥¤ã¥â ¨§ (15),
¢§ ¨¬®¤¥©áâ¢¨¥ ¢¨åà¥© á ­ ¬ £­¨ç¥­­®áâìî á¢®¤¨âáï

ª ã¬¥­ìè¥­¨î ¢«¨ï­¨ï ¯®«ï à áá¥­¨ï ­  ¢¥«¨ç¨­ã

ªà¨â¨ç¥áª®£® ¯à®¤®«ì­®£® â®ª . � ª®© à¥§ã«ìâ â

¥áâ¥áâ¢¥­, â ª ª ª ¢ª«îç¥­¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï

¢¨åà¥© á ¤àã£®© ¯®¤á¨áâ¥¬®© ¯à¨ â¥å ¦¥ á¬¥é¥­¨ïå

¢¨åà¥© ¤®«¦­® ¯®­¨¦ âì ¯®«­ãî í­¥à£¨î á¨áâ¥¬ë.
�¥è ï ãà ¢­¥­¨ï á®áâ®ï­¨ï ¤«ï ­ ¬ £­¨ç¥­­®áâ¨

á®¢¬¥áâ­® á ãà ¢­¥­¨ï¬¨ ¬ £­¨â®áâ â¨ª¨, ¬®¦­®

¢ëà §¨âì ­ ¬ £­¨ç¥­­®áâ¨ ç¥à¥§ á¬¥é¥­¨ï ¢¨åà¥©

¨ ¨áª«îç¨âì § ¢¨á¨¬®áâì ®â ­¥¥ ¯®â¥­æ¨ « 

�¨¡¡á  á¨áâ¥¬ë. � à¥§ã«ìâ â¥ ¨¬¥¥â ¬¥áâ® «¨èì

¯¥à¥­®à¬¨à®¢ª  í­¥à£¨¨ ¯®«ï à áá¥ï­¨ï ¢¨åà¥©.
�ãáâì â®«é¨­  ä¥àà®¬ £­¨â­®£® á«®ï ¤®áâ â®ç-

­® ¢¥«¨ª  (L � D1/2). �®£¤ , ¨á¯®«ì§ãï ï¢­ãî

§ ¢¨á¨¬®áâì ­ ¬ £­¨ç¥­­®áâ¨ ®â á¬¥é¥­¨© ¢¨åà¥©,
¯®«ãç ¥¬

Gint = −C11

∫
(dk/4π2)k2

z/kF (k)uyk(0)uy−k(0), (16)

£¤¥

F (k) =

[
(k2
ξ + k2Ω̃0)2 − k2q2Ω̃2

0

]
shqL

(k2
ξ + k2Ω̃0)

[
(k2
ξ + k2Ω̃0)shqL+ kqΩ̃0chqL

] ,
q =

Ω̃0 −Q

Ω̃0(Ω̃0 + 1−Q)
(k2
ξ+k2Ω̃0), Ω̃0 = Ω0+Dk2. (17)

�ç¥¢¨¤­®, ¢ª«îç¥­¨¥ (15) ¢ í­¥à£¨î ¯®«ï à áá¥ï­¨ï

á¢®¤¨âáï ª ¯®ï¢«¥­¨î ¢ ¯®¤ë­â¥£à «ì­®¬ ¢ëà ¦¥­¨¨

(5) ¤®¯®«­¨â¥«ì­®£® ¬­®¦¨â¥«ï [−F (k)]. �®®¡é¥

£®¢®àï, ¢«¨ï­¨¥ ­ ¬ £­¨ç¥­­®áâ¨ ­  ªà¨â¨ç¥áª¨©

â®ª ¢®§à áâ ¥â á à®áâ®¬ â®«é¨­ë ä¥àà®¬ £­¥â¨ª  L,
¯®íâ®¬ã ®£à ­¨ç¨¬áï ®æ¥­ª ¬¨ ¢ á«ãç ¥ ¯®«ã®£à ­¨-
ç¥­­®£® ä¥àà®¬ £­¥â¨ª  (L→∞). �®£¤ 

1− F (k) =
{[

k2/(k2
ξ + k2Ω̃0)

]
×
[
Ω̃0(Ω̃0 −Q)/(Ω̃0 + 1−Q)

]}1/2

. (18)

�âáî¤  á«¥¤ã¥â, çâ® 1 − F (k) → 1 ¯à¨ Ω̃0 → ∞,
ª®£¤  ­ ¬ £­¨ç¥­­®áâì ¯®«­®áâìî § ªà¥¯«¥­  ¯®«¥¬

¯®¤¬ £­¨ç¨¢ ­¨ï ¨ á¢ï§ìî á ­¥© ¬®¦­® ¯à¥­¥¡à¥çì,
¨ 1 − F (k) → 0 ¯à¨ Ω̃0 → Q, ª®£¤  ¬®¦­®

­¥ ãç¨âë¢ âì í­¥à£¨î ¯®«ï ¢­¥ á¢¥àå¯à®¢®¤­¨ª .
�®á«¥¤­¥¥ ãá«®¢¨¥ à¥ «¨§ã¥âáï ¢ ®ªà¥áâ­®áâ¨ ¯®«ï

¯¥à¥å®¤  Hc
∼= 4πQM0 ¬ £­¥â¨ª  ¨§ ®¤­®à®¤­®© ¢

¤®¬¥­­ãî ä §ã, £¤¥ ¯®¯¥à¥ç­ ï ¬ £­¨â­ ï ¢®á¯à¨-
¨¬ç¨¢®áâì ¬ £­¥â¨ª  ¢¥«¨ª . � ª¨¬ ®¡à §®¬, ¢¬¥áâ®
¯®¤ ¢«¥­¨ï ¯à®¤®«ì­®© ¢¨åà¥¢®© ­¥ãáâ®©ç¨¢®áâ¨ á

¯®¬®éìî ¬ £­¥â¨ª  á ¡®«ìè®© ¬ £­¨â­®© ¯à®­¨æ -
¥¬®áâìî ¨¬¥¥â ¬¥áâ®, ­ ¯à®â¨¢, ã¬¥­ìè¥­¨¥ ¢«¨ï-
­¨ï ¯®«ï ¢¨åà¥© ¢­¥ á¢¥àå¯à®¢®¤­¨ª  ¨ â¥¬ á ¬ë¬

ã¬¥­ìè¥­¨¥ ªà¨â¨ç¥áª®£® â®ª .�à¨ç¨­  íâ®£® áâ ­¥â
¡®«¥¥ ïá­®©, ¥á«¨ ¯à® ­ «¨§¨à®¢ âì ¯®«¥ à áá¥ï­¨ï

¢ áâàãªâãà¥ ¨§ ¯®«ã®£à ­¨ç¥­­®£® á¢¥àå¯à®¢®¤­¨ª 

¢â®à®£® à®¤  ¨ ¬ £­¥â¨ª  á® áª «ïà­®© ¬ £­¨â­®©

¯à®­¨æ ¥¬®áâìî µ. �«ï äãàì¥-£ à¬®­¨ª ¬ £­¨â­®£®
¯®«ï à áá¥ï­¨ï ¢ á¢¥àå¯à®¢®¤­¨ª¥ (y > 0) ¨ ¢ ¬ £­¥-
â¨ª¥ (y < 0)  ­ «®£¨ç­® [8] ¯®«ãç ¥¬ ¢ëà ¦¥­¨¥

Hstray,k =



(
inx

kxλ
k2 + inz

kzλ
k2 − ny

)
× kλ

kλ+µ (Byv +By
′

v )ke
−y/λ, y > 0,(

inx
kx
k + inz

kz
k + ny

)
× 1

kλ+µ (Byv +By
′

v )ke
ky, y < 0,

(19)
£¤¥ Bv + B′v — áã¬¬  ¯®«ï ¢¨åà¥© ¨ ¨å ¨§®¡à -
¦¥­¨© ­  ¯®¢¥àå­®áâ¨ á¢¥àå¯à®¢®¤­¨ª , λ — «®­-
¤®­®¢áª ï £«ã¡¨­ . �®«¥ à áá¥ï­¨ï ¢®§­¨ª ¥â ¨§-§ 
áª çª  ­®à¬ «ì­®© á®áâ ¢«ïîé¥© ¬ £­¨â­®© ¨­¤ãª-
æ¨¨ ­  ¯®¢¥àå­®áâ¨ á¢¥àå¯à®¢®¤­¨ª  (¯®¢¥àå­®áâ­ë¥
”¬ £­¨â­ë¥ § àï¤ë”). �§ £à ­¨ç­®£® ãá«®¢¨ï ­ 

­®à¬ «ì­ãî á®áâ ¢«ïîéãî ¨­¤ãªæ¨î á«¥¤ã¥â, çâ®
¯à¨ µ � 1 ¯®«¥ à áá¥ï­¨ï Hstray ∼ 1/µ,   í­¥à£¨ï

¯®«ï à áá¥ï­¨ï Gstray ∼ 1/µ. �à¨ íâ®¬ ¯à®ç¨¥

á« £ ¥¬ë¥ ¯®â¥­æ¨ «  �¨¡¡á  ¢¨åà¥© á« ¡® § ¢¨áïâ

®â µ ¨ ®¯à¥¤¥«ïîâ ¯®à®£ ­¥ãáâ®©ç¨¢®áâ¨ ¢ á¨áâ¥¬¥

¢¨åà¥©.
�à¨ £ ­­®¢áª®© ¤®¬¥­­®© ­¥ãáâ®©ç¨¢®áâ¨ ­¥áâ -

¡¨«ì­  ¬®¤  á ¯à¥¨¬ãé¥áâ¢¥­­® ª á â¥«ì­®© á®-
áâ ¢«ïîé¥© í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ ¯®«ã¯à®¢®¤­¨-
ª¥. �á«¥¤áâ¢¨¥ ­¥¯à¥àë¢­®áâ¨ â ­£¥­æ¨ «ì­®© ª®¬-
¯®­¥­âë í«¥ªâà¨ç¥áª®£® ¯®«ï ­  £à ­¨æ¥ à §¤¥« 

¯®«ã¯à®¢®¤­¨ª–¤¨í«¥ªâà¨ª í«¥ªâà¨ç¥áª®¥ ¯®«¥ § âï-
£¨¢ ¥âáï ¢ ¤¨í«¥ªâà¨ª á ¡®«ìè®© ¤¨í«¥ªâà¨ç¥áª®©

¯®áâ®ï­­®© ε � 1. �­¥à£¨ï í«¥ªâà¨ç¥áª®£® ¯®«ï

­¥ãáâ®©ç¨¢®© ¬®¤ë ¢ ¤¨í«¥ªâà¨ª¥ ∼ εe2 (e —  ¬-
¯«¨âã¤  í«¥ªâà¨ç¥áª®£® ¯®«ï ¢®§¬ãé¥­¨ï ¢ ¯®«ã-
¯à®¢®¤­¨ª¥ ¨ ¤¨í«¥ªâà¨ª¥) ¨ §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â
í­¥à£¨î í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ ¯®«ã¯à®¢®¤­¨ª¥ ∼ e2.
� ª¨¬ ®¡à §®¬, à®«ì ¯®«¥© à áá¥ï­¨ï ¤«ï áà ¢­¨¢ -
¥¬ëå â¨¯®¢ ­¥ãáâ®©ç¨¢®áâ¨ ¢ á«®¨áâëå áâàãªâãà å

à §«¨ç­ .
3. �«ï à áç¥â  ¢¥«¨ç¨­ë ªà¨â¨ç¥áª®£® â®ª  ¨

áâàãªâãàë ªà¨â¨ç¥áª®© ¬®¤ë ¢®á¯®«ì§ã¥¬áï, ª ª ¨

�¨§¨ª  â¢¥à¤®£® â¥« , 1997, â®¬ 39, ò 2
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¢ [4], ¢ à¨ æ¨®­­ë¬ ¬¥â®¤®¬. �ãáâì ¯®«¥ á¬¥é¥­¨© ¢
á¢¥àå¯à®¢®¤­¨ª¥ ®¯¨áë¢ ¥âáï ¯à®¡­ë¬¨ äã­ªæ¨ï¬¨

uxk′ = 2π2ae−σy[δ(k′ − k) + δ(k′ + k)],

uyk′ = 2π2ibe−ηy[δ(k′ − k)− δ(k′ + k)], (20)

£¤¥ a, b, σ, η, k — ¯ à ¬¥âàë, ®¯à¥¤¥«ï¥¬ë¥ ¨§

ãá«®¢¨© ¬¨­¨¬ã¬  ¯®â¥­æ¨ «  �¨¡¡á  á¨áâ¥¬ë G ¨

¬¨­¨¬ã¬  ªà¨â¨ç¥áª®£® â®ª . �®¤áâ ¢«ïï (20) ¢ (1)–
(16), ¯à¥®¡à §ã¥¬ ¯®â¥­æ¨ « G á¨áâ¥¬ë ª ¢¨¤ã

8G/C11S =
[
(k2 + k2

p + εσ2)/σ
]
a2

+
{

(k2
z + k2

p + εk2
x + η2)/η + 2ks

+ 2(k2
z/k)[1− F (k)]

}
b2

− 4t
[
κkz/(κ + σ + η)

]
ab. (21)

�¨­¨¬¨§¨àãï G ¯® a ¨ b, ­ å®¤¨¬ ¢¥«¨ç¨­ã ªà¨â¨ç¥-
áª®£® â®ª  ¨ ¯®«ïà¨§ æ¨î ªà¨â¨ç¥áª®© ¬®¤ë r = a/b
ª ª äã­ªæ¨¨ k, σ ¨ η

t2 =
[
(κ + σ + η)2(k2 + k2

p + εσ2)/(4κ2k2
zσ)
]

×
[
(k2
z + k2

p + εk2
x + η2)/η + 2ks + 2(k2

z/k)(1− F )
]
,

(22)
r = 2κkzσt(κ + σ + η)−1(k2 + k2

p + εσ)−1. (23)

�¨­¨¬¨§ æ¨ï (22) ¯® k, σ, η ¯à¨¢®¤¨â ª á¨áâ¥¬¥

 «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©, à¥è¨âì ª®â®àãî ¢ ®¡é¥¬

¢¨¤¥ ¬®¦­® «¨èì ç¨á«¥­­®, ¯®íâ®¬ã ¤ «¥¥ ¬ë ®£à -
­¨ç¨¬áï ®æ¥­ª ¬¨ ¢¥«¨ç¨­ë ªà¨â¨ç¥áª®£® â®ª  ¨

¯ à ¬¥âà®¢ ªà¨â¨ç¥áª®© ¬®¤ë ¤«ï ­¥ª®â®àëå ¯à¥-
¤¥«ì­ëå ®¡« áâ¥© ¨§¬¥­¥­¨ï ¯®«ï ¯®¤¬ £­¨ç¨¢ ­¨ï

¨ ª®­áâ ­â ¯¨­­¨­£ . �à¨ íâ®¬ ¡ã¤¥¬ ¯à¥­¥¡à¥£ âì

§ ¢¨á¨¬®áâìî Ω̃0 ®â k ¨ t, ¯®áª®«ìªã Dk2 � 1 ¨

ªà¨â¨ç¥áª¨© â®ª Ic ¬ « (tc = 4πIc/cHe � 1).
�á«¨ ¯®«¥ ¯®¤¬ £­¨ç¨¢ ­¨ï ¢¥«¨ª® (He � 4πM0,

He � 4πQM0), â® ¢®§¬ãé¥­¨ï ­ ¬ £­¨ç¥­­®áâ¨ ¢

ä¥àà®¬ £­¥â¨ª¥ ¬ «ë. �à¨ íâ®¬ ªà¨â¨ç¥áª¨© ¯à®-
¤®«ì­ë© â®ª ¨ ¯ à ¬¥âàë ªà¨â¨ç¥áª®© ¬®¤ë ¢ áâàãª-
âãà¥ â ª¨¥ ¦¥, ª ª ¢ ¨§®«¨à®¢ ­­®¬ á¢¥àå¯à®¢®¤­¨-
ª¥. �®£« á­® ®æ¥­ª ¬ à ¡®âë [4], ¤«ï ¨§®«¨à®¢ ­­®£®
á¢¥àå¯à®¢®¤­¨ª  á® á« ¡ë¬ ¯¨­­¨­£®¬ kx = 0 ¨

tc = rε1/2 = 21/2ε1/4,

k = η = σε1/2 =

(2−4κ2k2
s)

1/4, k2
p � k2

s � εκ2,(
9
16κ

2k4
pε
)1/6

, k2
s � k2

p � εκ2.

(24)
�«ï ã¬¥à¥­­®£® ¯¨­­¨­£  ¨ ¬ «®© á¤¢¨£®¢®©

¦¥áâª®áâ¨ ¢ ¤¨ ¯ §®­¥ §­ ç¥­¨© ¯ à ¬¥âà®¢

εκ2 � k2
p � k2

s � κ2 ¯®«ãç ¥¬

t2c = 4ks/κ, r = (κks)1/2k−1
p ,

k = kp, η = kp
√

2, σ ∼= κ, (25)

  ¢ ¤¨ ¯ §®­¥ §­ ç¥­¨© εκ2 � k2
s � k2

p � κ2 ¨¬¥¥¬

t2c = (3.06)2(kp/κ), r = 1.49(κ/kp)1/2,

k = 1.25kp, η = 1.6kp, σ ∼= κ. (26)

�¡«¨§¨ ¯®«ï ¯¥à¥å®¤  ä¥àà®¬ £­¥â¨ª  ¢ ¤®¬¥­­ãî

ä §ã (He
∼= 4πQM0) ¢¥«¨ç¨­ë 1−F (k) ∼= kx ∼= 0. �à®-

¤®«ì­ë© ªà¨â¨ç¥áª¨© â®ª ¨ ¯ à ¬¥âàë ªà¨â¨ç¥áª®©

¬®¤ë ¢ á«ãç ¥ á« ¡®£® ¯¨­­¨­£  à ¢­ë

tc = ε1/4 = rε−1/2,

k = η = σε1/2 =

(2−2κ2k2
sε)

1/4, k2
p � k2

s � εκ2,

(κ2k4
pε)

1/6, k2
s � k2

p � εκ2.

(27)
�«ï ã¬¥à¥­­®£® ¯¨­­¨­£  ¨ ¬ «®© á¤¢¨£®¢®© ¦¥áâª®-
áâ¨ ¢ ¤¨ ¯ §®­¥ εκ2 � k2

p � k2
s � κ2 ¨¬¥¥¬

t2c = (2ksk
2
pκ3)1/3, r = (2κ3ks/k

4
p)

1/6,

k = η = (2k2
pks)

1/3, σ = κ. (28)

� ª®­¥æ, ¤ï« ã¬¥à¥­­®£® ¯¨­­¨­£  ¨ ¬ «®© á¤¢¨£®-
¢®© ¦¥áâª®áâ¨ ¢ á«ãç ¥, ª®£¤  ª®­áâ ­â  ®¡ê¥¬­®£®
¯¨­­¨­£  §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â ª®­áâ ­âã ¯®¢¥àå-
­®áâ­®£® ¯¨­­¨­£  (εκ2 � k2

s � k2
p � κ2, ¯®«ãç ¥¬

t2c = 33/2(kp/κ), r = 3−1/4(2κ/kp)1/2,

k = kp
√

2, η = kp
√

3, σ ∼= κ. (29)

�­ ç¥­¨ï ¢¥«¨ç¨­ (27), (29) ¯à¨ k2
s � k2

p á®¢¯ ¤ îâ

á ¯®«ãç¥­­ë¬¨ ¢ [9] ¤«ï ¢¨åà¥¢®© ­¥ãáâ®©ç¨¢®áâ¨

¢ ®¡ê¥¬¥ ¬ áá¨¢­®£® á¢¥àå¯à®¢®¤­¨ª . �à ¢­¨¢ ï

(27)–(29) á (24)–(26), ­¥âàã¤­® ã¡¥¤¨âìáï, çâ® ªà¨â¨-
ç¥áª¨© ¯à®¤®«ì­ë© â®ª ¤«ï áâàãªâãàë á ä¥àà®¬ £-
­¥â¨ª®¬ ¢ ¯®«¥ ¯®¤¬ £­¨ç¨¢ ­¨ï, ¡«¨§ª®¬ ª ¯®«î

¯¥à¥å®¤  ¬ £­¥â¨ª  ¨§ ®¤­®à®¤­®£® á®áâ®ï­¨ï ¢ ­¥®¤-
­®à®¤­®¥, áãé¥áâ¢¥­­® ­¨¦¥, ç¥¬ ¤«ï ¨§®«¨à®¢ ­­®£®
á¢¥àå¯à®¢®¤­¨ª .
�«¨ï­¨¥ ä¥àà¨â  ­  á®áâ®ï­¨¥ ¢¨åà¥¢®© à¥è¥âª¨

¢®§à áâ ¥â ¯à¨ ã¬¥­ìè¥­¨¨ â®«é¨­ë á¢¥àå¯à®¢®¤ï-
é¥© ¯«¥­ª¨. �á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ï¥â á«ãç ©,
ª®£¤  â®«é¨­  á¢¥àå¯à®¢®¤ïé¥£® á«®ï ¬¥­ìè¥ «®­-
¤®­®¢áª®© £«ã¡¨­ë, â ª ª ª à¥ «ì­® ¯®ª  ­¥ ã¤ ¥âáï
¨§£®â®¢¨âì ¢ëá®ª®ª ç¥áâ¢¥­­ë¥ â®«áâë¥ á¢¥àå¯à®¢®-
¤ïé¨¥ ¯«¥­ª¨. �¤­ ª® ¢ ¤ ­­®© à ¡®â¥ ¬ë ­¥ áâ ¢¨«¨

á¥¡¥ æ¥«ìî  ­ «¨§ íâ®£® á«ãç ï.
� § ª«îç¥­¨¥ § ¬¥â¨¬, çâ® ¢¥«¨ç¨­  ªà¨â¨ç¥áª®-

£® â®ª  (22) ­¥ ¬¥­ï¥âáï ¯à¨ ¨§¬¥­¥­¨¨ ­ ¯à ¢«¥-
­¨ï âà ­á¯®àâ­®£® â®ª  ­  ¯à®â¨¢®¯®«®¦­®¥. �­ ï
á¨âã æ¨ï ¢®§­¨ª ¥â, ¥á«¨ ä¥àà®¬ £­¥â¨ª ®¡« ¤ ¥â

¬ £­¨â­®©  ­¨§®âà®¯¨¥© ¢ ¯«®áª®áâ¨ xz. � ¯à¨¬¥à,
¯à¨ ­ «¨ç¨¨  ­¨§®âà®¯¨¨ â¨¯  ”«¥£ª ï ®áì” á ­ ¯à -
¢«¥­¨¥¬ ®á¨ ¢¤®«ì nx ­ ¬ £­¨ç¥­­®áâì ¢ ®âáãâáâ¢¨¥
âà ­á¯®àâ­®£® â®ª  ¬®¦¥â ¡ëâì ®à¨¥­â¨à®¢ ­  ¢

¯«®áª®áâ¨ xz ¢ ¤¢ãå íª¢¨¢ «¥­â­ëå ­ ¯à ¢«¥­¨ïå,

�¨§¨ª  â¢¥à¤®£® â¥« , 1997, â®¬ 39, ò 2
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á¨¬¬¥âà¨ç­ëå ®â­®á¨â¥«ì­® ¯®«ï ¯®¤¬ £­¨ç¨¢ ­¨ï.
�á«¨ ¨§­ ç «ì­® ¢ë¡à ­® ®¤­® ¨§ íâ¨å ­ ¯à ¢«¥-
­¨©, â® ¯à¨ ¯à®â¥ª ­¨¨ ¯® á¢¥àå¯à®¢®¤­¨ªã á« ¡®£®

âà ­á¯®àâ­®£® â®ª  ¯àï¬®£® ¨ ®¡à â­®£® ­ ¯à ¢«¥­¨©

íää¥ªâ¨¢­ë¥ ¯®áâ®ï­­ë¥ ¬ £­¨â­ë¥ ¯®«ï ¢ ä¥à-
à®¬ £­¥â¨ª¥ ®ª ¦ãâáï à §«¨ç­ë¬¨. � ª á«¥¤áâ¢¨¥

íâ®£® ¯®à®£¨ ¯à®¤®«ì­®© ­¥ãáâ®©ç¨¢®áâ¨ ¤«ï ¯àï¬®£®

¨ ®¡à â­®£® â®ª®¢ ã¦¥ ­¥ ¡ã¤ãâ ®¤¨­ ª®¢ë¬¨. � ª®©
¦¥ íää¥ªâ ¡ã¤¥â ¨¬¥âì ¬¥áâ®, ¥á«¨ ®áì  ­¨§®âà®-
¯¨¨ ¢ ¬ £­¥â¨ª¥ ­ ª«®­¥­ . �â¬¥â¨¬, çâ® ¯®¤®¡­ ï
 á¨¬¬¥âà¨ï ªà¨â¨ç¥áª®£® â®ª  ­ ¡«î¤ « áì íªá¯¥-
à¨¬¥­â «ì­® ¢ á¢¥àå¯à®¢®¤­¨ª å á ä¥àà®¬ £­¨â­ë¬¨

¢ª«îç¥­¨ï¬¨ [11], ®¤­ ª®  ¢â®àë [11] ­¥ ®¡áã¦¤ îâ
ä¨§¨ç¥áª¨¥ ¬¥å ­¨§¬ë, ¯à¨¢®¤ïé¨¥ ª â ª®© ­¥á¨¬-
¬¥âà¨¨.

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­-
¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© (¯à®¥ªâ 96-02-
17283a).
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