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� à ¡®â¥ ¯à¥¤« £ ¥âáï ®à¨£¨ «ìë© ¯®¤å®¤ ª ¯®áâà®¥¨î ¢ à¨ æ¨®®£® ¬¥â®¤  ¤«ï ®¤-
®«¨áâëå äãªæ¨©, ®á®¢ ë©   â¥®à¥¬¥ �.�.�à®å¨  ® ä ªâ®à¨§ æ¨¨ [1], á®£« á® ª®â®-
à®© «î¡®¥ ª®ä®à¬®¥ ®â®¡à ¦¥¨¥ ª®¥ç®á¢ï§®© ®¡« áâ¨ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ª®¬-
¯®§¨æ¨¨ ª®ä®à¬ëå ®â®¡à ¦¥¨© ®¤®á¢ï§ëå ®¡« áâ¥©. �¥à¢ë¥ ¯®¯ëâª¨ ¯à¨¬¥¨âì â¥®à¥-
¬ã ® ä ªâ®à¨§ æ¨¨ ¢ ¢ à¨ æ¨®ëå ¬¥â®¤ å ¯à¨ ¤«¥¦ â �.�. �¥«ìä¥àã [2]. �á¯®«ì§ãï ¬¥â®¤
�.�. �®«ã§¨  [3], ® ¯®«ãç¨« ®¤®«¨áâë¥ ¢ à¨ æ¨¨ ¤«ï ¬®£®á¢ï§®© ®¡« áâ¨ ¯ãâ¥¬ à¥¤ãªæ¨¨
íâ®© § ¤ ç¨ ª ®¤®á¢ï§®© á¨âã æ¨¨.

� ¤ ®© à ¡®â¥ ®¤®«¨áâë¥ ¢ à¨ æ¨¨ ¤«ï ¯à®¨§¢®«ì®© ®¤®á¢ï§®© ®¡« áâ¨ áâà®ïâáï
¯® ®¤®«¨áâë¬ ¢ à¨ æ¨ï¬, ®¯à¥¤¥«¥ë¬ ¢ ®ªà¥áâ®áâ¨ ¥¥ £à ¨æë. � à¥§ã«ìâ â¥ ã¤ ¥âáï
¯®áâà®¨âì ¢¥áì¬  ®¡éãî ä®à¬ã ®¤®«¨áâëå ¢ à¨ æ¨©. �â  ä®à¬  ¯à¥¤áâ ¢«ï¥â á®¡®© â®«ìª®
®¡®«®çªã, ¢ ª®â®àãî ¬®¦® § ª«îç¨âì ª®ªà¥âë© ª« áá ¢á¯®¬®£ â¥«ìëå ®¤®«¨áâëå ¢ à¨ -
æ¨©, ¯ à ¬¥âà¨§®¢ ë© â¥¬ ¨«¨ ¨ë¬ á¯®á®¡®¬. � §«¨çë¥ á¯®á®¡ë ¯ à ¬¥âà¨§ æ¨¨ ¯à¨¢®¤ïâ
ª à §«¨çë¬ ¢ à¨ æ¨®ë¬ áå¥¬ ¬. � ç áâ®áâ¨, ¯à¨¬¥¥¨¥ ¬¥â®¤  ¬®¦¥â áâà®¨âìáï ¯® áå¥-
¬¥ ¬¥â®¤  £à ¨çëå ¨«¨ ¢ãâà¥¨å ¢ à¨ æ¨© �.�¨ää¥à  [4], [5],   â ª¦¥ ¢ à¨ æ¨®®£®
¬¥â®¤  �.�. �®«ã§¨ .

�á®¡® á«¥¤ã¥â ã¯®¬ïãâì à ¡®âã [6], ¢ ª®â®à®© ¯à¥¤«®¦¥  ¬®¤¨ä¨ª æ¨ï ¬¥â®¤  �.�. �®-
«ã§¨  ¨ ¯®«ãç¥ë ®¤®«¨áâë¥ ¢ à¨ æ¨¨, ¯® ä®à¬¥ â®¦¤¥áâ¢¥ë¥ ¢ à¨ æ¨ï¬ (8) ¨§ ¤ ®©
à ¡®âë, ® á¯®á®¡ ¯®«ãç¥¨ï ¢ à¨ æ¨© ¨ å à ªâ¥à ¨å ¨á¯®«ì§®¢ ¨ï áãé¥áâ¢¥® ¨ë¥.

�à¨¢®¤¨¬ë¥ ¢ à ¡®â¥ à¥§ã«ìâ âë à ¥¥ ¡ë«¨ ®¯ã¡«¨ª®¢ ë ¢ [7], ® ¡¥§ ®¡êïá¥¨© ¨ ¯à ª-
â¨ç¥áª¨ ¡¥§ ¤®ª § â¥«ìáâ¢.

1. �áå®¤ë¬ ï¢«ï¥âáï

�¯à¥¤¥«¥¨¥. �¤®§ çãî äãªæ¨î v = v(w; �) ª®¬¯«¥ªá®© ¯¥à¥¬¥®© w 2 G ¨ ¢¥é¥-
áâ¢¥®© ¯¥à¥¬¥®© � , 0 < � < ��, ãá«®¢¨¬áï  §ë¢ âì ®¤®«¨áâ®© ¢ à¨ æ¨¥©, ®¯à¥¤¥«¥®©
¢ ®¡« áâ¨ G, ¥á«¨

| ¯à¨ ª ¦¤®¬ § ç¥¨¨ � äãªæ¨ï v(w; �) ª ª äãªæ¨ï ¯¥à¥¬¥®© w ®¤®«¨áâ  ¢ ®¡« -
áâ¨ G;

|   «î¡®¬ § ¬ªãâ®¬ ¯®¤¬®¦¥áâ¢¥ ®¡« áâ¨ G ¤«ï äãªæ¨¨ v = v(w; �) ¢ë¯®«ï¥âáï
à ¢®¬¥à ï ®æ¥ª 

v(w; �) = w + o(1); � ! 0+;

§¤¥áì o(1) | äãªæ¨ï ¯¥à¥¬¥ëå w, � , ª®â®à ï   «î¡®¬ § ¬ªãâ®¬ ¯®¤¬®¦¥áâ¢¥
®¡« áâ¨ G à ¢®¬¥à® ¯® ¯¥à¥¬¥®© w áâà¥¬¨âáï ª ã«î ¯à¨ � ! 0+.

�á«¨, ªà®¬¥ â®£®, ¢ à¨ æ¨ï v(w; �) ¯à¨ ª ¦¤®¬ § ç¥¨¨ � ª ª äãªæ¨ï ¯¥à¥¬¥®© w à¥£ã-
«ïà  ¢ ®¡« áâ¨ G, â® ¡ã¤¥¬  §ë¢ âì ¥¥ ®¤®«¨áâ®© ¨ à¥£ã«ïà®©.
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�¥®à¥¬  1 ([7]). �ãáâì � | ¥¢ëà®¦¤¥ë© ª®â¨ãã¬, ¤®¯®«¥¨¥ ª ª®â®à®¬ã á®áâ®¨â

¨§ ®¤®á¢ï§®© ®¡« áâ¨, ¨ � = �(!; �), 0 < � < ��, | ®¤®«¨áâ ï ¢ à¨ æ¨ï, à¥£ã«ïà ï ¢

¥ª®â®à®© ¯à®ª®«®â®© ®ªà¥áâ®áâ¨ _U(�) ª®â¨ãã¬  �. 1

�®£¤  ¢ ¤®¯®«¥¨¨ ª ª®â¨ãã¬ã � áãé¥áâ¢ã¥â ®¤®«¨áâ ï ¢ à¨ æ¨ï v(w; �); ¤«ï ª®â®à®©
  «î¡®¬ § ¬ªãâ®¬ ¯®¤¬®¦¥áâ¢¥ E ¨§ ¤®¯®«¥¨ï ª ª®â¨ãã¬ã � ¯à¨ ¤®áâ â®ç® ¬ «ëå

§ ç¥¨ïå � ¢ë¯®«ï¥âáï à ¢®¬¥à ï ®æ¥ª 

v(w; �) = w +
1
2�i

Z


� � !

! � w
d! + o(k� � !k): 2 (1)

�¤¥áì  | ¯à®áâ ï § ¬ªãâ ï á¯àï¬«ï¥¬ ï ªà¨¢ ï, «¥¦ é ï ¢ ®ªà¥áâ®áâ¨ _U(�); à §¤¥«ï-
îé ï £à ¨çë¥ ª®¬¯®¥âë íâ®© ®ªà¥áâ®áâ¨ ¨ ®â¤¥«ïîé ï ¬®¦¥áâ¢® E ®â ª®â¨ãã-

¬  �; ¨â¥£à¨à®¢ ¨¥ ¢¤®«ì ªà¨¢®©  ®áãé¥áâ¢«ï¥âáï ¢  ¯à ¢«¥¨¨, ¯à¨ ª®â®à®¬ ª®â¨ã-

ã¬ � ®áâ ¥âáï á«¥¢ ; äãªæ¨ï o(1); ¢å®¤ïé ï ¢ ®áâ â®çë© ç«¥ ä®à¬ã«ë (1), à¥£ã«ïà  ¯®

¯¥à¥¬¥®© w ¢ ¤®¯®«¥¨¨ ª ª®â¨ãã¬ã � ¨ ¯à¨ � ! 0+ à ¢®¬¥à® áâà¥¬¨âáï ª ã«î  

¬®¦¥áâ¢¥ E.

�¥®à¥¬  1 ¤®ª §ë¢ ¥âáï á ¯®¬®éìî â¥®à¥¬ë ® ä ªâ®à¨§ æ¨¨. �  ¯®§¢®«ï¥â áâà®¨âì ®¤®-
«¨áâë¥ ¢ à¨ æ¨¨ ¢ ¯à®¨§¢®«ì®© ®¤®á¢ï§®© ®¡« áâ¨ ¯® ®¤®«¨áâë¬ ¢ à¨ æ¨ï¬, ®¯à¥¤¥«¥-
ë¬ ¢ ®ªà¥áâ®áâ¨ ¥¥ £à ¨æë.

2. �à¨ ®âëáª ¨¨ ®¤®«¨áâëå ¢ à¨ æ¨© ¢ ®ªà¥áâ®áâ¨ £à ¨æë ¤ ®© ®¤®á¢ï§®© ®¡« -
áâ¨ ¯à¨¬¥ï¥¬ ¢á¯®¬®£ â¥«ìë¥ ®¤®«¨áâë¥ ¢ à¨ æ¨¨, ª®â®àë¥ áâà®ïâáï ¢ ä®à¬¥ ª®ä®à¬ëå
®â®¡à ¦¥¨© ª®«¥æ.

�ãáâì Q(�) | äãªæ¨ï, à¥£ã«ïà ï ¢ ª®«ìæ¥ D[�; 1) = f� : � � j�j < 1g, á ¥®âà¨æ â¥«ì®©
à¥ «ì®© ç áâìî   ®ªàã¦®áâ¨ j�j = �. �«ï «î¡®£® ¬ «®£® " > 0 ¯à¨ ¤®áâ â®ç® ¬ «ëå
§ ç¥¨ïå k, 0 < k < k�, äãªæ¨ï [3], [6]

�(�; k) = � exp (kQ(�)) (2)

®¤®«¨áâ  ¢ ª®«ìæ¥ D[�; 1 � "] = f� : � � j�j � 1 � "g. �¥©áâ¢¨â¥«ì®, ®¡®§ ç¨¢ ç¥à¥§ M  ¨-
¡®«ìè¥¥ § ç¥¨¥ ¬®¤ã«ï äãªæ¨¨ Q(�) ¢ ª®«ìæ¥ D[�; 1�"], ¯®«ãç¨¬ ¢ íâ®¬ ª®«ìæ¥ ¥à ¢¥áâ¢®

e�k
�M �

�����(�; k)�

���� � ek
�M : (3)

�ãáâì �1, �2 | ¤¢¥ ¯à®¨§¢®«ìë¥ à §«¨çë¥ â®çª¨ ª®«ìæ  D[�; 1 � "]. �¢¨¤ã (3)

j�(�2; k)� �(�1; k)j =
����(�2 � �1)

�(�2; k)
�2

+ �1

�
�(�2; k)
�2

�
�(�1; k)
�1

����� �
� e�k

�M j�2 � �1j � ek
�M jexp (kQ(�2)� kQ(�1))� 1j :

�á¯®«ì§ãï à §«®¦¥¨¥ íªá¯®¥âë ¢ àï¤, «¥£ª® ¯®«ãç¨¬

jexp (kQ(�2)� kQ(�1))� 1j � k� jQ(�2)�Q(�1)j e2k
�M :

�¥¯¥àì ¢®á¯®«ì§ã¥¬áï à ¢¥áâ¢®¬

Q(�2)�Q(�1) =
Z �2

�1

d

d�
Q(�) d�;

1�®¤ ¯à®ª®«®â®© ®ªà¥áâ®áâìî ª®â¨ãã¬  � ¯®¨¬ ¥¬ «î¡ãî, ¥ á®¤¥à¦ éãî ¡¥áª®¥ç®áâ¨ ¤¢ã-
á¢ï§ãî ®¡« áâì, ®¤  ¨§ ¤¢ãå ª®¬¯®¥â ¤®¯®«¥¨ï ª ª®â®à®© ¤® ¢á¥© ¯«®áª®áâ¨ á®¢¯ ¤ ¥â á �. �à®-
ª®«®âãî ®ªà¥áâ®áâì ¢ ®â«¨ç¨¥ ®â ¯®«®© ®ªà¥áâ®áâ¨ ®¡®§ ç ¥¬ â®çª®© á¢¥àåã.

2�®¤ k : : : k ¯®¤à §ã¬¥¢ ¥âáï ®à¬  ª ª®£®-«¨¡® äãªæ¨® «ì®£® ¯à®áâà áâ¢ . �®à¬ã ¬®¦® ¢ë-
¡à âì ¤®áâ â®ç® ¯à®¨§¢®«ì®, ® ¥áâ¥áâ¢¥® ¨á¯®«ì§®¢ âì ®à¬ã ¯à®áâà áâ¢  C().
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¢ ª®â®à®¬ ¨â¥£à¨à®¢ ¨¥ ®áãé¥áâ¢«ï¥âáï ¢¤®«ì ¤ã£¨
_

�1�2 ®ªàã¦®áâ¨ á æ¥âà «ìë¬ ã£«®¬, ¥
¯à¥¢®áå®¤ïé¨¬ �, æ¥«¨ª®¬ «¥¦ é¥© ¢ § ¬ªãâ®¬ ªàã£®¢®¬ ª®«ìæ¥ D[r;R], £¤¥ r = min(j�1j; j�2j)
¨ R = max(j�1j; j�2j). �¡®§ ç¨¬ ç¥à¥§M 0 ¬ ªá¨¬ «ì®¥ § ç¥¨¥ ¬®¤ã«ï ¯à®¨§¢®¤®© äãªæ¨¨
Q(�) ¢ ª®«ìæ¥ D[�; 1 � "]. �  ®á®¢ ¨¨ ¯à¥¤ë¤ãé¥£® à ¢¥áâ¢  jQ(�2) � Q(�1)j � �M 0j�2 � �1j.
�®¯®áâ ¢«ïï ¯®«ãç¥ë¥ ¥à ¢¥áâ¢ , ¯à¨å®¤¨¬ ª ®æ¥ª¥

j�(�2; k)� �(�1; k)j � (e�k
�M � k��M 0e3k

�M )j�2 � �1j: (4)

�ë¡¥à¥¬ k� > 0 áâ®«ì ¬ «ë¬, çâ®¡ë ¢ë¯®«ï«®áì ¥à ¢¥áâ¢® k�e4k
�M < 1

�M 0
, â®£¤  ¢á«¥¤áâ¢¨¥

¥à ¢¥áâ¢  (4) ¯à¨ 0 < k < k� äãªæ¨ï �(�; k) ®¤®«¨áâ  ¢ ª®«ìæ¥ D[�; 1 � "].
� ¤ «ì¥©è¥¬ ãá«®¢¨¥ 0 < k < k� ¡ã¤¥¬ áç¨â âì ¢ë¯®«¥ë¬.
�¥à¥ç¨á«¨¬ ¥ª®â®àë¥ á¢®©áâ¢  äãªæ¨¨ �(�; k).
�à¥¦¤¥ ¢á¥£®, ¯®áª®«ìªã à¥ «ì ï ç áâì äãªæ¨¨ Q(�)   ®ªàã¦®áâ¨ j�j = � ¥®âà¨æ -

â¥«ì , äãªæ¨ï �(�; k) ª®ä®à¬® ®â®¡à ¦ ¥â ®ªàã¦®áâì j�j = � ¢ ¥ª®â®àãî § ¬ªãâãî,
  «¨â¨ç¥áªãî ªà¨¢ãî �®à¤  , æ¥«¨ª®¬ à á¯®«®¦¥ãî ¢ § ¬ªãâ®© ®¡« áâ¨ j�j � �, ¯à¨-
ç¥¬ ®à¨¥â æ¨ï ªà¨¢®© ¥ ¨§¬¥ï¥âáï, â. ª. ¢ á¨«ã à¥£ã«ïà®áâ¨   ®ªàã¦®áâ¨ j�j = � äãªæ¨¨
Q(�) ¯à¨à é¥¨¥ arg �(�; k) ¯à¨ ¯®«®¬ ®¡å®¤¥ ®ªàã¦®áâ¨ j�j = � ¢ ¯®«®¦¨â¥«ì®¬  ¯à ¢«¥-
¨¨ á®áâ ¢«ï¥â 2�. �§ íâ®£®, ¢ ç áâ®áâ¨, á«¥¤ã¥â, çâ® § ç¥¨ï äãªæ¨¨ �(�; k), ®â¢¥ç îé¨¥
â®çª ¬ ®âªàëâ®£® ª®«ìæ  D(�; 1� "), «¥¦ â ¢¥ ªàã£  j�j � �. � ª®¥æ, ¢ ª®«ìæ¥ D[�; 1� "] ¤«ï
äãªæ¨¨ �(�; k) ¢ë¯®«ï¥âáï à ¢®¬¥à ï ®æ¥ª 

�(�; k) = � + k�Q(�) + o(k); k ! 0; (5)

¯à¨ç¥¬ ¤«ï ®áâ â®ç®£® ç«¥  ¨¬¥¥â ¬¥áâ® ¥à ¢¥áâ¢®

jo(k)j � ekM � 1� kM: (6)

� ¨¡®«¥¥ ®¡é¨© á¯®á®¡ ¯®áâà®¥¨ï äãªæ¨¨ Q(�) ¯®«ãç ¥âáï á ¨á¯®«ì§®¢ ¨¥¬ ¨â¥£à « 
�¨««ï, ® â ª®© á¯®á®¡ ®ª §ë¢ ¥âáï ¥®¯à ¢¤ ® £à®¬®§¤ª¨¬. � ¯ãªâ¥ 4 ¤ ®© à ¡®âë ¡ã¤¥â
¯®ª § ®, çâ® ¤«ï ¯®áâà®¥¨ï äãªæ¨¨ Q(�) ¤®áâ â®ç® ¢á¥£® ç¥âëà¥å í«¥¬¥â àëå äãªæ¨©,
çâ®¡ë ¯®«ãç¨âì ¨ä®à¬ æ¨î ®¡ íªáâà¥¬ «ì®¬ ª®â¨ãã¬¥, ª®â®àãî ¬®¦¥â ¤ âì â®«ìª® ¢ -
à¨ æ¨®ë© ¬¥â®¤ ¯¥à¢®£® ¯®àï¤ª . �â¨ äãªæ¨¨ | äãªæ¨ï ¯®¢®à®â , áâ¥¯¥ ï äãªæ¨ï,
äãªæ¨ï �ãª®¢áª®£® ¨,  ª®¥æ, ¤à®¡®-«¨¥© ï äãªæ¨ï.

3. � à¨ æ¨¨ (1) ¯à¥¤áâ ¢«ïîâ á®¡®© ®¡éãî ä®à¬ã 1 ®¤®«¨áâëå ¢ à¨ æ¨©, ª®â®àãî ¬®¦®
¨á¯®«ì§®¢ âì ¤«ï ¯®áâà®¥¨ï ®¤®«¨áâëå ¢ à¨ æ¨© ç áâ®£® ¢¨¤ , ¡®«¥¥ ¯à¨á¯®á®¡«¥ëå ¤«ï
à¥è¥¨ï íªáâà¥¬ «ìëå § ¤ ç. �«ï ¯®áâà®¥¨ï á¯¥æ¨ «ì®£® ª« áá  ®¤®«¨áâëå ¢ à¨ æ¨© ¢
®ªà¥áâ®áâ¨ £à ¨æë ¤ ®© ®¤®á¢ï§®© ®¡« áâ¨ ¨á¯®«ì§ãîâáï ¢á¯®¬®£ â¥«ìë¥ ¢ à¨ æ¨¨ (2).

�à¨¢¥¤¥¬ ¯®¤à®¡®¥ ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë ¨§ áâ âì¨ [7].

�¥®à¥¬  2. �ãáâì � | ¥¢ëà®¦¤¥ë© ª®â¨ãã¬, ¤®¯®«¥¨¥ ª ª®â®à®¬ã á®áâ®¨â ¨§

®¤®á¢ï§®© ®¡« áâ¨, ¨ �(�) | ª®ä®à¬®¥ ®â®¡à ¦¥¨¥ ¥ª®â®à®© ¯à®ª®«®â®© ®ªà¥áâ®-

áâ¨ _U(�) ª®â¨ãã¬  �   ¯®¤å®¤ïé¥¥ ª®«ìæ® D(�; 1), ¯à¨ ª®â®à®¬ £à ¨ç®© ª®¬¯®¥â¥

®ªà¥áâ®áâ¨ _U(�), ¯à¨ ¤«¥¦ é¥© ª®â¨ãã¬ã �, ®â¢¥ç ¥â ¢ãâà¥ïï £à ¨ç ï ª®¬¯®-

¥â  ª®«ìæ  D(�; 1). �á«¨ ¢ ®ªà¥áâ®áâ¨ _U(�)

p(�) =
i�(�)
� 0(�)

Q(�(�)); (7)

£¤¥ Q(�) | äãªæ¨ï, à¥£ã«ïà ï ¢ ª®«ìæ¥ D[�; 1), á ¥®âà¨æ â¥«ì®© à¥ «ì®© ç áâìî  

®ªàã¦®áâ¨ j�j = �, â® ¢ ¤®¯®«¥¨¨ ª ª®â¨ãã¬ã � áãé¥áâ¢ã¥â ®¤®«¨áâ ï ¢ à¨ æ¨ï

1� ¯®¬®éìî ä®à¬ã«ë �®è¨ ¯à®¨§¢®«ìãî ¢ à¨ æ¨î v(w; �), 0 < � < ��, ®¤®«¨áâãî ¢ ¤®¯®«¥¨¨
ª ª®â¨ãã¬ã �, ¬®¦® á â®ç®áâìî ¤® ¡¥áª®¥ç® ¬ «®£® á¤¢¨£  ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ (1).
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v(w; �), ¤«ï ª®â®à®©   «î¡®¬ § ¬ªãâ®¬ ¯®¤¬®¦¥áâ¢¥ E ¨§ ¤®¯®«¥¨ï ª ª®â¨ãã¬ã �
¯à¨ ¤®áâ â®ç® ¬ «ëå § ç¥¨ïå � , 0 < � < ��, ¢ë¯®«ï¥âáï à ¢®¬¥à ï ®æ¥ª 

v(w; �) = w + �

Z


p(�)
� � w

d� + o(�): (8)

� ª ¨ ¢ â¥®à¥¬¥ 1,  | ¯à®áâ ï § ¬ªãâ ï á¯àï¬«ï¥¬ ï ªà¨¢ ï, «¥¦ é ï ¢ ®ªà¥áâ®áâ¨
_U(�), à §¤¥«ïîé ï £à ¨çë¥ ª®¬¯®¥âë íâ®© ®ªà¥áâ®áâ¨ ¨ ®â¤¥«ïîé ï ¬®¦¥áâ¢® E
®â ª®â¨ãã¬  �; ¨â¥£à¨à®¢ ¨¥ ¢¤®«ì ªà¨¢®©  ®áãé¥áâ¢«ï¥âáï ¢  ¯à ¢«¥¨¨, ¯à¨ ª®â®-

à®¬ ª®â¨ãã¬ � ®áâ ¥âáï á«¥¢ ; äãªæ¨ï o(1), ¢å®¤ïé ï ¢ ®áâ â®çë© ç«¥ ä®à¬ã«ë (8),
à¥£ã«ïà  ¯® ¯¥à¥¬¥®© w ¢ ¤®¯®«¥¨¨ ª ª®â¨ãã¬ã � ¨ ¯à¨ � ! 0+ à ¢®¬¥à® áâà¥¬¨âáï

ª ã«î   ¬®¦¥áâ¢¥ E.

�®ª § â¥«ìáâ¢®. �¡®§ ç¨¬ ç¥à¥§ �(�) äãªæ¨î, ®¡à âãî ª äãªæ¨¨ �(�). �® Q(�) ¨§
(7) á ¯®¬®éìî ä®à¬ã«ë (2) ¯®áâà®¨¬ äãªæ¨î �(�; k). �à¨ ¤®áâ â®ç® ¬ «ëå § ç¥¨ïå k,
0 < k < k�, äãªæ¨ï �(�; k) ®¤®«¨áâ  ¢ ª®«ìæ¥ D(�; 1� ") ¨ ¤«ï ¥¥ ¢ë¯®«ï¥âáï à ¢®¬¥à ï
®æ¥ª  (5). �¥«¨ç¨ã " á á ¬®£®  ç «  ¬®¦® ¢ë¡à âì áâ®«ì ¬ «®©, çâ®¡ë ªà¨¢ ï  «¥¦ «  ¢
®¡« áâ¨ �(D(�; 1 � ")).

�à¨ 0 < k < k� ª®¬¯®§¨æ¨ï �(�) = � � �(�; k) à¥£ã«ïà  ¨ ®¤®«¨áâ  ¢ ª®«ìæ¥ D(�; 1 � ").
�âã ª®¬¯®§¨æ¨î ¬®¦® à áá¬ âà¨¢ âì ª ª à¥§ã«ìâ â ¤¥©áâ¢¨ï   äãªæ¨î � = �(�) ¢ à¨ æ¨¨
�(�; k) = � � �(�(�); k), ¤«ï ª®â®à®©   ªà¨¢®©  ¯à¨ k ! 0+ ¢ë¯®«ï¥âáï à ¢®¬¥à ï ®æ¥ª 

�(�; k) = � + k��0(�)Q(�) + o(k): (9)

�®ª ¦¥¬ ®æ¥ªã (9). �«ï íâ®£® ¢ãâà¨ ª®«ìæ  D(�; 1 � ") ¢®§ì¬¥¬ ¥ª®â®à®¥ § ¬ªãâ®¥,
ª®æ¥âà¨ç¥áª®¥ á ¨¬ ª®«ìæ® R, á®¤¥à¦ é¥¥ ¢ á¢®¥© ¢ãâà¥®áâ¨ ªà¨¢ãî � = �(). �ãáâì
d ®¡®§ ç ¥â à ááâ®ï¨¥ ®â ªà¨¢®© � ¤® £à ¨æë ª®«ìæ  R. �®«®¦¨¬ �(�; k) = �(�; k) � �.
�á«¥¤áâ¢¨¥ (5), (6) ¤«ï �(�; k) ¢ ª®«ìæ¥ D(�; 1 � ") ¢ë¯®«ï¥âáï ®æ¥ª 

j�(�; k)j � ekM � 1: (10)

�ã¤¥¬ áç¨â âì, çâ® ekM � 1 < d ¯à¨ 0 < k < k�. �«ï ä¨ªá¨à®¢ ®© â®çª¨ � 2 � ¯à¨ 0 < k < k�

¨¬¥¥â ¬¥áâ® à §«®¦¥¨¥ ¢ àï¤ �¥©«®à 

�(�) = � � �(�; k) = �(� + �(�; k)) =
1X
n=0

�(n)(�)
n!

�n(�; k): (11)

�âáî¤ 

�(�) = �(�) + k��0(�)Q(�) + r(�; k); (12)

£¤¥

r(�; k) = �0(�)o(k) +
1X
n=2

�(n)(�)
n!

�n(�; k);

o(k) | ®áâ â®çë© ç«¥ ¨§ ä®à¬ã«ë (5). �¡®§ ç¨¬ ç¥à¥§ M1 ¬ ªá¨¬ã¬ ¬®¤ã«ï äãªæ¨¨ �(�)
¢ ª®«ìæ¥ R. �à¨ � 2 � ¨¬¥¥¬ ®æ¥ªã, ¥ § ¢¨áïéãî ®â �,

j�(n)(�)j =
���� n!2�i

Z
@R

�(� 0)
(� 0 � �)n+1

d� 0
���� � 2M1n!

dn+1
: (13)

�«¥¤®¢ â¥«ì®, ãç¨âë¢ ï (6) ¨ (10), ¯à¨ 0 < k < k� ¨ � 2 � ¡ã¤¥¬ ¨¬¥âì ¥à ¢¥áâ¢®

kr(�; k)k �
2M1

d2

�
ekM � 1� kM + d

( e
kM�1
d

)2

1� ekM�1
d

�
: (14)

�à ¢ ï ç áâì ¥à ¢¥áâ¢  ¯à¨ k ! 0+ ï¢«ï¥âáï ¡¥áª®¥ç® ¬ «®© ¢¥«¨ç¨®© ¯®àï¤ª  k2, ¥
§ ¢¨áïé¥© ®â �. � ª¨¬ ®¡à §®¬, ®áâ â®çë© ç«¥ r(�; k) ¢ ä®à¬ã«¥ (12) ï¢«ï¥âáï   ªà¨¢®© �
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à ¢®¬¥à® ¡¥áª®¥ç® ¬ «®© ¢¥«¨ç¨®© ¯®àï¤ª  o(k) ¯à¨ k ! 0+. � ä®à¬ã«¥ (12) ¯®«®¦¨¬
� = �(�). � à¥§ã«ìâ â¥ ¯®«ãç¨¬ ®æ¥ªã (9), à ¢®¬¥àãî   ªà¨¢®© .

�¥¯¥àì ã¦¥ ¥âàã¤® ¯®«ãç¨âì ¢ à¨ æ¨î (8). �§ ä®à¬ã«ë (9) ¢ëà §¨¬ à §®áâì � � � ¨
¯®¤áâ ¢¨¬ ¥¥ ¢ ¯®¤¨â¥£à «ì®¥ ¢ëà ¦¥¨¥ ä®à¬ã«ë (1). � ¨â®£¥, ¥á«¨ ¢ ¯¥à¢®¬ ¢ à¨ æ¨®®¬
ç«¥¥ ¯®«®¦¨âì � = k=2� ¨ ãç¥áâì, çâ® �0(�) = 1=� 0(�), ¯®«ãç¨¬ ä®à¬ã«ã (8) á ®áâ â®çë¬
ç«¥®¬

r1(w; �) =
1
2�i

Z


r(�; k)
� � w

d� + o(k� � �k); (15)

£¤¥ o(k� � �k) | ®áâ â®çë© ç«¥ ¨§ ä®à¬ã«ë (1),   � = �(�; k) | ¢ à¨ æ¨ï (9). �®áª®«ìªã
�(�; k)� � = �(�)� �(�), � = �(�), â®   ®á®¢ ¨¨ (11) ¨ (13) ¯à¨ � 2 � ¨ 0 < k < k�  å®¤¨¬

k� � �k �
2M1

d

ekM�1
d

1� ekM�1
d

: (16)

�ãáâì d1 | à ááâ®ï¨¥ ¬¥¦¤ã § ¤ ë¬ § ¬ªãâë¬ ¬®¦¥áâ¢®¬ E ¨ ªà¨¢®© . �¢¨¤ã (15) ¯à¨
w 2 E ¨ � 2 � ¢ë¯®«ï¥âáï ®æ¥ª 

jr1(w; �)j �
kr(�; k)kL

2�d1
+ jo(1)jk� � �k ; (17)

£¤¥ L | ¤«¨  ªà¨¢®© ,   o(1) | à ¢®¬¥à® ¡¥áª®¥ç® ¬ « ï ¯à¨ � ! 0+ ¨ w 2 E |
¢¥«¨ç¨ , ¢å®¤ïé ï ¢ á®áâ ¢ ®áâ â®ç®£® ç«¥  ¨§ ä®à¬ã«ë (1). �§ ®æ¥®ª (14), (16), (17) á«¥-
¤ã¥â, çâ® ®áâ â®çë© ç«¥ ¨§ ä®à¬ã«ë (8) ¯à¨ � ! 0+ ¨ w 2 E â ª¦¥ ï¢«ï¥âáï à ¢®¬¥à®
¡¥áª®¥ç® ¬ «®© ¢¥«¨ç¨®©.

� à¨ æ¨¨ ¢¨¤  (8) ¡ë«¨ ¯®«ãç¥ë à ¥¥ ¢ [6], 1 ® ¢ ¡®«¥¥ ¦¥áâª¨å ¯à¥¤¯®«®¦¥¨ïå ®â®-
á¨â¥«ì® äãªæ¨¨ Q(�).

4. �áá«¥¤®¢ ¨¥ íªáâà¥¬ «ì®© á¨âã æ¨¨ á ¯®¬®éìî ¢ à¨ æ¨© (8) ¤«ï ¡®«ìè®£® ç¨á«  § ¤ ç
¯à¨¢®¤¨â ª ¢ à¨ æ¨®®¬ã ãá«®¢¨î, ª®â®à®¥ á®¤¥à¦¨â

�¥¬¬  1. �ãáâì � | ¥ª®â®àë© ¥¢ëà®¦¤¥ë© ª®â¨ãã¬, ¯à¨ ¤«¥¦ é¨© �-¯«®áª®-
áâ¨, ¤®¯®«¥¨¥ ª ª®â®à®¬ã á®áâ®¨â ¨§ ®¤®á¢ï§®© ®¡« áâ¨, ¨ ¤«ï «î¡®© äãªæ¨¨ p(�), à¥£ã-
«ïà®© ¢ ¥ª®â®à®© ¯à®ª®«®â®© ®ªà¥áâ®áâ¨ _U(�) ª®â¨ãã¬  � ¨ ¨¬¥îé¥© ¢¨¤ (7), ¢ë¯®«-
ï¥âáï ¥à ¢¥áâ¢® 2

Re
Z

S(�)p(�)d� � 0; (18)

£¤¥  { ¯à®¨§¢®«ì ï § ¬ªãâ ï á¯àï¬«ï¥¬ ï ¦®à¤ ®¢  ªà¨¢ ï, «¥¦ é ï ¢ ®ªà¥áâ®áâ¨ _U(�)
¨ à §¤¥«ïîé ï £à ¨çë¥ ª®¬¯®¥âë ®¡« áâ¨ _U(�); ¨â¥£à¨à®¢ ¨¥ ¢¤®«ì ªà¨¢®©  ®áãé¥-

áâ¢«ï¥âáï ¢  ¯à ¢«¥¨¨, ¯à¨ ª®â®à®¬ ª®â¨ãã¬ � ®áâ ¥âáï á«¥¢ ; S(�) | äãªæ¨ï, à¥-

£ã«ïà ï ¢ ®ªà¥áâ®áâ¨ _U(�) ª®â¨ãã¬  �; �(�) | äãªæ¨ï, ®¡à â ï ¤«ï äãªæ¨¨ �(�) ¨§
â¥®à¥¬ë 2.

�®£¤  äãªæ¨ï

D(�) = S(�(�))(i��0(�))2; (19)

1� áâ âì¥ [7] ®âáãâáâ¢ã¥â ááë«ª     §¢ ãî à ¡®âã [6], ¯®áª®«ìªã ª ¬®¬¥âã ¢ëå®¤  áâ âì¨ [7]  ¢â®à
¤ ®© à ¡®âë ¥ ¡ë« § ª®¬ á à ¡®â®© [6]. �¢â®à ¡« £®¤ à¨â ¯à®ä¥áá®à  �.�.�â àª®¢  §  ãª § ¨¥  
íâã à ¡®âã.

2�á«®¢¨¥ (18) ¢®§¨ª ¥â ¢ íªáâà¥¬ «ìëå § ¤ ç å, ¢ ª®â®àëå äãªæ¨® «ë ¢ëà ¦ îâáï ç¥à¥§ ª®-
âãàë¥ ¨â¥£à «ë ®â   «¨â¨ç¥áª¨å äãªæ¨©.
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à¥£ã«ïà ï ¢ ª®«ìæ¥ D(�; 1),   «¨â¨ç¥áª¨ ¯à®¤®«¦ ¥âáï ¢ ª®«ìæ® D(�2; 1) ¨   ®ªàã¦®áâ¨

j�j = � ¯à¨¨¬ ¥â ¢¥é¥áâ¢¥ë¥ ¥®âà¨æ â¥«ìë¥ § ç¥¨ï.

�®ª § â¥«ìáâ¢®. �ãªæ¨ï � = �(�) ¢ë¯®«ï¥â ª®ä®à¬®¥ ®â®¡à ¦¥¨¥ ª®«ìæ  D(�; 1)  
®¡« áâì _U(�) â ª, çâ® £à ¨ç®© ®ªàã¦®áâ¨ j�j = � íâ®£® ª®«ìæ  ®â¢¥ç ¥â £à ¨ç ï ª®¬¯®-
¥â  ®¡« áâ¨ _U(�), ¯à¨ ¤«¥¦ é ï ª®â¨ãã¬ã �. � ¨â¥£à «¥ (18) á ¯®¬®éìî ¯®¤áâ ®¢ª¨
� = �(�) ¯¥à¥©¤¥¬ ª ¯¥à¥¬¥®© �. � ª ç¥áâ¢¥ ª®âãà  ¨â¥£à¨à®¢ ¨ï  ¢ë¡¥à¥¬ ®¡à § ®ªàã¦-
®áâ¨ j�j = �, � < � < 1, ¯à¨ ®â®¡à ¦¥¨¨ � = �(�). �ç¨âë¢ ï (7), ãá«®¢¨¥ (18) ¬®¦® § ¯¨á âì
¢ ¢¨¤¥

Re
Z

j�j=�

D(�)Q(�)d� � 0; (20)

£¤¥ � = arg �. � ª®«ìæ¥ D(�; 1) äãªæ¨î D(�) ¬®¦® à §«®¦¨âì ¢ àï¤ �®à  

D(�) =
+1X
�1

ck�
k: (21)

�ë¡¥à¥¬ äãªæ¨î

Q(�) = ei 
�
�n �

�2ne�2i 

�n

�
; n = 1; 2; : : : ; (22)

£¤¥  | ¯à®¨§¢®«ìë© ¢¥é¥áâ¢¥ë© ¯ à ¬¥âà. �¥ «ì ï ç áâì äãªæ¨¨ (22) ®¡à é ¥âáï ¢
â®¦¤¥áâ¢¥ë© ã«ì   ®ªàã¦®áâ¨ j�j = �. �®¤áâ ¢«ïï (21) ¨ (22) ¢ (20) ¨ ¢ëç¨á«ïï ¨â¥£à «,
¯®«ãç¨¬

Re(c�nei � cn�
2ne�i ) � 0; n = 1; 2; : : : ;

¯à¨ç¥¬ íâ® ¥à ¢¥áâ¢® ¢ë¯®«ï¥âáï ¯à¨ «î¡®¬ § ç¥¨¨  . �âáî¤ 

c�n = �2ncn; n = 1; 2; : : :

�«¥¤®¢ â¥«ì®,

D(�) = c0 +
+1X
k=1

(ck�
k + �2kck�

�k):

�§ ¯®«ãç¥®© ä®à¬ë à §«®¦¥¨ï ¤«ïD(�) ¢¨¤®, çâ® àï¤ �®à   ¤«ï äãªæ¨¨D(�) áå®¤¨âáï
¢ ª®«ìæ¥ D(�2; 1) ¨ ImD(�) � Im c0   ®ªàã¦®áâ¨ j�j = �.

�¥£ª® ¯®ª § âì, çâ® Im c0 = 0. �«ï íâ®£® ¢ ¥à ¢¥áâ¢¥ (20) ¤®áâ â®ç® ¯®«®¦¨âì Q(�) =
ei ,  | ¢¥é¥áâ¢¥ë© ¯ à ¬¥âà, ¥ § ¢¨áïé¨© ®â �, á ®¡« áâìî ¨§¬¥¥¨ï [��=2;+�=2], ¨
¯à®¢ àì¨à®¢ âì ¯ à ¬¥âà  ¢ £à ¨æ å ¥£® ¨§¬¥¥¨ï. � ª¨¬ ®¡à §®¬, äãªæ¨ïD(�) à¥£ã«ïà 
¢ ª®«ìæ¥ D(�2; 1),     ®ªàã¦®áâ¨ j�j = � ¨¬¥¥â ¬¨¬ãî ç áâì, à ¢ãî ã«î.

Oáâ ¥âáï ¯®ª § âì, çâ®   ®ªàã¦®áâ¨ j�j = � ¢¥é¥áâ¢¥ ï ç áâì äãªæ¨¨ D(�) ¥®âà¨æ -
â¥«ì . � íâ®© æ¥«ìî ¢ ª ç¥áâ¢¥ äãªæ¨¨ Q(�) à áá¬®âà¨¬ ï¤à® �¢ àæ 

Q(�) =
� + z

� � z
; (23)

£¤¥ z | ¯à®¨§¢®«ì ï â®çª  ®âªàëâ®£® ªàã£  à ¤¨ãá  � á æ¥âà®¬ ¢  ç «¥,   � | ¯¥à¥¬¥ ï
â®çª  ª®«ìæ  D(�; 1). �¥£ª® ¯à®¢¥àï¥âáï, çâ® äãªæ¨ï (23) à¥£ã«ïà  ¢ ª®«ìæ¥ D[�; 1) ¨ ¨¬¥¥â
¯®«®¦¨â¥«ìãî ¢¥é¥áâ¢¥ãî ç áâì   ®ªàã¦®áâ¨ j�j = �, ¯®íâ®¬ã   ®á®¢ ¨¨ (20) ¨â¥£à «
�¢ àæ 

f(z) =
1
2�

Z
j�j=�

D(�)
� + z

� � z
d�; � � � < 1; (24)
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¯à¥¤áâ ¢«ïîé¨© á®¡®© äãªæ¨î, à¥£ã«ïàãî ¢ ªàã£¥ jzj � �, ¨¬¥¥â ¢ íâ®¬ ªàã£¥ ¥®âà¨æ â¥«ì-
ãî ¢¥é¥áâ¢¥ãî ç áâì

Re f(z) � 0; jzj � �:

� ª ª ª   ®ªàã¦®áâ¨ jzj = � ¬¨¬ ï ç áâì äãªæ¨¨ D(z) ®¡à é ¥âáï â®¦¤¥áâ¢¥® ¢ ã«ì,
¨§ ä®à¬ã«ë (24) á«¥¤ã¥â à ¢¥áâ¢®

D(z) = Re f(z);

¢ë¯®«ïîé¥¥áï ¢® ¢á¥å â®çª å ®ªàã¦®áâ¨ jzj = �. �âáî¤    ®ªàã¦®áâ¨ jzj = � ¯®«ãç ¥¬
¥à ¢¥áâ¢® D(z) � 0.

�«¥¤áâ¢¨¥. �ã«¨ äãªæ¨¨D(�), à á¯®«®¦¥ë¥   ®ªàã¦®áâ¨ j�j = �, ¬®£ãâ ¨¬¥âì â®«ìª®
ç¥âë© ¯®àï¤®ª, ¯à¨ç¥¬ á ¬¨å ã«¥© ¬®¦¥â ¡ëâì «¨èì ª®¥ç®¥ ç¨á«®.

5. �«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥ ¤¢®©áâ¢¥® ®á®¢®© «¥¬¬¥ �.�¨ää¥à  [4] ® £à ¨çëå ¢ -
à¨ æ¨ïå.

�¥¬¬  2. � ãá«®¢¨ïå «¥¬¬ë 1, ª®£¤  äãªæ¨ï S(�) 6� 0 à¥£ã«ïà  ¢ ¯®«®© ®ªà¥áâ®áâ¨

ª®â¨ãã¬  �, £à ¨æ  ¤®¯®«¥¨ï ª ª®â¨ãã¬ã � ¤® ¢á¥© ¯«®áª®áâ¨ ¯à¥¤áâ ¢«ï¥â á®¡®©

ªãá®ç®-  «¨â¨ç¥áªãî ªà¨¢ãî, á®áâ ¢«¥ãî ¨§ ª®¥ç®£® ç¨á«  âà ¥ªâ®à¨© ª¢ ¤à â¨ç®£®

¤¨ää¥à¥æ¨ «  S(�)(d�)2 ¨«¨ ¨å ¤ã£, á â®çª ¬¨ ¢¥â¢«¥¨ï «¨èì ¢ ã«ïå äãªæ¨¨ S(�).

�®ª § â¥«ìáâ¢®. � ç «¥ ¯®ª ¦¥¬, çâ® ª ¦¤ë© ¯à®áâ®© ª®¥æ ®¡« áâ¨ _U(�) = U(�) n �,
¯à¨ ¤«¥¦ é¨© ª®â¨ãã¬ã �, á®áâ®¨â à®¢® ¨§ ®¤®© â®çª¨. �à¥¤¯®«®¦¨¬ ¯à®â¨¢®¥. �®£¤ 
áãé¥áâ¢ã¥â ¯® ¬¥ìè¥© ¬¥à¥ ®¤¨ ¯à®áâ®© ª®¥æ P � �, ¯à¥¤áâ ¢«ïîé¨© á®¡®© ¥¢ëà®¦¤¥ë©
ª®â¨ãã¬ ¨ ®â¢¥ç îé¨© ¥ª®â®à®© â®çª¥ � 0 £à ¨ç®© ®ªàã¦®áâ¨ j�j = � ª®«ìæ  D(�; 1) ¯à¨
®â®¡à ¦¥¨¨ � = �(�). �®áª®«ìªã S(�) 6� 0, á á ¬®£®  ç «  ¬®¦® áç¨â âì, çâ® ¢ ¯®«®© ®ªà¥áâ-
®áâ¨ U(�) ª®â¨ãã¬  � à á¯®« £ ¥âáï «¨èì ª®¥ç®¥ ç¨á«® ã«¥© íâ®© äãªæ¨¨. 1 � ¦¤ãî
â®çªã, ¨§®¡à ¦ îéãî ã«ì äãªæ¨¨ S(�), ®ªàã¦¨¬ áâ®«ì ¬ «ë¬ ®âªàëâë¬ ªàã¦ª®¬ á æ¥-
âà®¬ ¢ á®®â¢¥âáâ¢ãîé¥© â®çª¥, çâ®¡ë ªàã¦ª¨ à á¯®« £ «¨áì ¢¥è¨¬ ®¡à §®¬ ¯® ®â®è¥¨î
¤àã£ ª ¤àã£ã ¨ çâ®¡ë ¢ ¤®¯®«¥¨¨ ª § ¬ëª ¨î ¨å ®¡ê¥¤¨¥¨ï ¨¬¥« áì ¥¯ãáâ ï ç áâì P 0

ª®â¨ãã¬  P . �¡®§ ç¨¬ ç¥à¥§ T ®¡ê¥¤¨¥¨¥  §¢ ëå ªàã¦ª®¢. �ãáâì p ¨ p0 | à §«¨çë¥
â®çª¨ ¬®¦¥áâ¢  P 0. �ë¡¥à¥¬ ¤¢¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ f�ng ¨ f�0ng â®ç¥ª ®¡« áâ¨ _U(�), áå®¤ïé¨-
¥áï á®®â¢¥âáâ¢¥® ª â®çª ¬ p ¨ p0. � ª®«ìæ¥ D(�; 1) ¨¬ á®®â¢¥âáâ¢ãîâ ¤¢¥ ¯®á«¥¤®¢ â¥«ì®áâ¨
f�n = �(�n)g ¨ f� 0n = �(�0n)g, áå®¤ïé¨¥áï ª â®çª¥ � 0. �¤ «¨¢ ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¥© f�ng ¨ f� 0ng
ª®¥ç®¥ ç¨á«® ç«¥®¢, ¬®¦® ¤®¡¨âìáï, çâ®¡ë áà¥¤¨ í«¥¬¥â®¢ íâ¨å ¯®á«¥¤®¢ â¥«ì®áâ¥© ¥
¡ë«® â®ç¥ª ¬®¦¥áâ¢  F = �( _U(�)

T
T �). 2

� «¥¥ ¡ã¤¥â ®¯¨á   «£®à¨â¬ ¯®áâà®¥¨ï ¥ª®â®à®© ¯®á«¥¤®¢ â¥«ì®áâ¨ £« ¤ª¨å ¤ã£, áâï£¨-
¢ îé¨åáï ª â®çª¥ � 0.

�«ï ª ¦¤®£® n á®¥¤¨¨¬ â®çª¨ �n ¨ � 0n ¤ã£®© �n ®ªàã¦®áâ¨ á æ¥âà «ìë¬ ã£«®¬, ¥
¯à¥¢®áå®¤ïé¨¬ �, æ¥«¨ª®¬ à á¯®«®¦¥®© ¢ § ¬ªãâ®¬ ªàã£®¢®¬ ª®«ìæ¥ D[rn; Rn], £¤¥ rn =
min(j�nj; j� 0nj) ¨ Rn = max(j�nj; j� 0nj). �à¨ n ! 1 ¤ã£¨ �n à ¢®¬¥à® áâï£¨¢ îâáï ª â®çª¥ � 0.
�á«¨ ¢ ¯®á«¥¤®¢ â¥«ì®áâ¨ f�ng áãé¥áâ¢ã¥â ¯®¤¯®á«¥¤®¢ â¥«ì®áâì f�nkg ¤ã£, ¥ ¯¥à¥á¥ª î-
é¨åáï á ¬®¦¥áâ¢®¬ F , ¢ë¡¨à ¥¬ íâã ¯®¤¯®á«¥¤®¢ â¥«ì®áâì ¨   íâ®¬ ®áâ  ¢«¨¢ ¥¬áï, ¢
¯à®â¨¢®¬ á«ãç ¥ áâà®¨¬ ®¢ãî ¯®á«¥¤®¢ â¥«ì®áâì ¤ã£ á«¥¤ãîé¨¬ ®¡à §®¬. �®§ì¬¥¬ ¤ã£ã
�n, ¨¬¥îéãî ¥¯ãáâ®¥ ¯¥à¥á¥ç¥¨¥ á ¬®¦¥áâ¢®¬ F , ¨ ¡ã¤¥¬ ¤¢¨£ âìáï ¯® ¥© ®â â®çª¨ �n ¤®
â¥å ¯®à, ¯®ª  ¢¯¥à¢ë¥ ¥ ¢áâà¥â¨¬ â®çªã � 00n 2 F . �®á«¥ íâ®£® § ¬¥¨¬ ¤ã£ã �n ¥¥ ç áâìî �0n,
à á¯®«®¦¥®© ¬¥¦¤ã â®çª ¬¨ �n ¨ � 00n . � à¥§ã«ìâ â¥ ¯®«ãç¨¬ ®¢ãî ¯®á«¥¤®¢ â¥«ì®áâì ¤ã£
f�0ng, áâï£¨¢ îéãîáï ¯à¨ n!1 ª â®çª¥ � 0. �à¨ n!1 ª®æë � 00n ¯®áâà®¥ëå ¤ã£ áâà¥¬ïâáï
ª � 0, ¯®íâ®¬ã ¢á¥ ¯à¥¤¥«ìë¥ â®çª¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ f�00n = �(� 00n)g ¯à¨ ¤«¥¦ â ¬®¦¥áâ¢ã

1� ç¥ ®ªà¥áâ®áâì ¬®¦® ã¬¥ìè¨âì.
2T � ®¡®§ ç ¥â § ¬ëª ¨¥ ¬®¦¥áâ¢  T .
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P
T
T �. �§ ¯®á«¥¤®¢ â¥«ì®áâ¨ f�00ng ¨§¢«¥ª ¥¬ ¯®¤¯®á«¥¤®¢ â¥«ì®áâì f�00nkg, áå®¤ïéãîáï ª ¥-

ª®â®à®© â®çª¥ p00 2 P
T
T �. �ç¥¢¨¤®, p00 6= p, ¯®áª®«ìªã p =2 T �. �¥¯¥àì ¨§ ¯®á«¥¤®¢ â¥«ì®áâ¨

f�0ng ®â¡¨à ¥¬ ¤ã£¨ á ª®æ ¬¨ ¢ â®çª å � 00nk = �(�00nk). � à¥§ã«ìâ â¥ ¯®«ãç ¥¬ ¯®á«¥¤®¢ â¥«ì®áâì
¤ã£ f�0nkg. �  íâ®¬  «£®à¨â¬ ¯®áâà®¥¨ï ¤ã£ § ª ç¨¢ ¥âáï.

� à¥§ã«ìâ â¥ ®áãé¥áâ¢«¥¨ï ®¯¨á ®£®  «£®à¨â¬  ¢ «î¡®¬ á«ãç ¥ ¯à¨å®¤¨¬ ª ¥ª®â®à®©
¯®á«¥¤®¢ â¥«ì®áâ¨ ¤ã£ f�kg, à ¯®«®¦¥ëå ¢ ª®«ìæ¥ D(�; 1), à ¢®¬¥à® áâï£¨¢ îé¨åáï ª
â®çª¥ � 0 ¨ ®¡« ¤ îé¨å á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨:

a) «î¡ ï ¤ã£  �k ¯à¥¤áâ ¢«ï¥â á®¡®© ¤ã£ã ®ªàã¦®áâ¨ á æ¥âà «ìë¬ ã£«®¬, ¥ ¯à¥¢ëè -
îé¨¬ �;

b) ¤ã£¨ lk = �(�k) «¥¦ â ¢ ¬®¦¥áâ¢¥ _U(�)nT ,   ¨å ª®æë �1;k ¨ �2;k áâà¥¬ïâáï ª à §«¨çë¬
â®çª ¬ p1 ¨ p2 ¯à®áâ®£® ª®æ  P .

�¡®§ ç¨¬ ç¥à¥§ d à ááâ®ï¨¥ ¬¥¦¤ã â®çª ¬¨ p1 ¨ p2. �ç¥¢¨¤®, d > 0. �à¨ k ! 1 ¤ã£¨ lk
à ¢®¬¥à® ¯à¨¡«¨¦ îâáï ª P . �®«®¦¨¬ L =

S
k
lk. � ¬ëª ¨¥ L� ¬®¦¥áâ¢  L ®â¤¥«¥® ®â

ã«¥© äãªæ¨¨ S(�), ¯®íâ®¬ã ¬®¤ã«ì äãªæ¨¨ S(�)   ¬®¦¥áâ¢¥ L� ¨¬¥¥â ¯®«®¦¨â¥«ìãî
¨¦îî £à ì m > 0. �¥¦¤ã â¥¬, ¯à®®¡à §ë �k ¤ã£ lk ¯à¨ ®â®¡à ¦¥¨¨ � = �(�),  ç¨ ï á
¥ª®â®à®£® ®¬¥à , ¯à¨ ¤«¥¦ â ¯à®¨§¢®«ì® ¬ «®© "-®ªà¥áâ®áâ¨ â®çª¨ � 0 ¨, á«¥¤®¢ â¥«ì®,
¨¬¥îâ ¤¨ ¬¥âà, ¥ ¯à¥¢®áå®¤ïé¨© 2". � ª®¥æ, ¢ á®®â¢¥âáâ¢¨¨ á «¥¬¬®© 1 ¬®¤ã«ì äãªæ¨¨
D(�) ¢ ª®«ìæ¥ D[�; � + ") ®£à ¨ç¥ á¢¥àåã ¥ª®â®à®© ¯®«®¦¨â¥«ì®© ¯®áâ®ï®© M . � á¨«ã
áª § ®£®,   â ª¦¥ ¢¢¨¤ã á®®â®è¥¨ï (19),  ç¨ ï á ¥ª®â®à®£® ®¬¥à ,   ¤ã£ å �k ¤®«¦®
¢ë¯®«ïâìáï ¥à ¢¥áâ¢®

j�0(�)j �
�
M

�2m

� 1

2

:

� ¤àã£®© áâ®à®ë,

�2;k � �1;k =
Z
�k

�0(�)d�;

¯®íâ®¬ã,  ç¨ ï á ¥ª®â®à®£® ®¬¥à , ¢¥«¨ç¨  j�2;k� �1;kj ¥ ¯à¥¢®áå®¤¨â 2�"(M=�2m)1=2. �à¨
¤®áâ â®ç® ¬ «®¬ " íâ® ¬¥ìè¥, ç¥¬ d=2, çâ® ¥¢®§¬®¦®, â. ª. â®çª¨ �1;k ¨ �2;k ¯à¨ k ! 1
áâà¥¬ïâáï ª p1 ¨ p2 á®®â¢¥âáâ¢¥®.

�â ª, ª ¦¤ë© ¯à®áâ®© ª®¥æ £à ¨æë ®¡« áâ¨ _U(�), ¯à¨ ¤«¥¦ é¨© ª®â¨ãã¬ã �, á®-
áâ®¨â ¨§ ®¤®© £à ¨ç®© â®çª¨. �«¥¤®¢ â¥«ì®, £à ¨ç ï ª®¬¯®¥â  
 ®ªà¥áâ®áâ¨ _U(�),
¯à¨ ¤«¥¦ é ï ª®â¨ãã¬ã �, á®áâ®¨â «¨èì ¨§ ¤®áâ¨¦¨¬ëå £à ¨çëå â®ç¥ª. �â® ®§ ç -
¥â, çâ® äãªæ¨î �(�) ¬®¦® ¯® ¥¯à¥àë¢®áâ¨ ¯à®¤®«¦¨âì   £à ¨çãî ®ªàã¦®áâì j�j = �
ª®«ìæ  D(�; 1), â ª çâ® ¢ ¨â®£¥ äãªæ¨ï �(�) ¡ã¤¥â ¥¯à¥àë¢®© ¢ ª®«ìæ¥ D[�; 1),   á®®â¢¥âáâ¢¨¥
¤®áâ¨¦¨¬ëå â®ç¥ª ®¡« áâ¨ _U(�), á®áâ ¢«ïîé¨å ¬®¦¥áâ¢® 
, ¨ â®ç¥ª ®ªàã¦®áâ¨ j�j = � ¡ã-
¤¥â ¢§ ¨¬® ®¤®§ çë¬. �à®®¡à §ë «¥¦ é¨å   
 ã«¥© äãªæ¨¨ S(�) ¯à¨ ®â®¡à ¦¥¨¨
� = �(�)   ®ªàã¦®áâ¨ j�j = � ®¡à §ãîâ § ¬ªãâ®¥ ¬®¦¥áâ¢®, ¤®¯®«¥¨¥ ª ª®â®à®¬ã á®áâ®¨â
¨§ ¥ ¡®«¥¥ ç¥¬ áç¥â®£® ç¨á«  ®âªàëâëå ¤ã£. �ë¡¥à¥¬ «î¡ãî ¨§ ¨å. �ãáâì íâ® ¡ã¤¥â ¤ã£ 
�0 < � < �00.

�®ª ¦¥¬, çâ®   ¢ë¡à ®© ¤ã£¥ äãªæ¨ï �(�) ¨¬¥¥â ¥¯à¥àë¢ãî ¯à®¨§¢®¤ãî ¯® ¯¥à¥-
¬¥®© � = arg �. � íâ®© æ¥«ìî ¢ãâà¨ ¨â¥à¢ «  (�0; �00) ¢ë¡¥à¥¬ ¯à®¨§¢®«ìë© ®âà¥§®ª [�0; �1].
�£à ¨ç¨¬áï § ç¥¨ï¬¨ �, � < � < ��, áâ®«ì ¡«¨§ª¨¬¨ ª �, çâ®   ®ªàã¦®áâ¨ j�j = � ¥â
ã«¥© äãªæ¨¨ S(�(�)). �  ¤ã£¥ �0 � � � �1 ®ªàã¦®áâ¨ j�j = � ¤«ï á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬
¯®¤®¡à ®© ¢¥â¢¨ ª¢ ¤à â®£® ª®àï à ¢¥áâ¢® (19) ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥

d�

d�
=
�
D(�)
S(�)

� 1

2

; (25)
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®âªã¤  ¨â¥£à®¢ ¨¥¬ ¯®«ãç¨¬ à ¢¥áâ¢®

�(�)� �(�0) =
Z �

�0

�
D(�)
S(�)

� 1

2

d arg �;

¢ë¯®«ïîé¥¥áï   ¤ã£¥ �0 � � � �1 ®ªàã¦®áâ¨ j�j = �. �ãâ¥¬ ¯à¥¤¥«ì®£® ¯¥à¥å®¤  ¯à¨
� ! � + 0 ã¡¥¦¤ ¥¬áï, çâ® ¯®á«¥¤¥¥ à ¢¥áâ¢® á¯à ¢¥¤«¨¢® ¨   ¤ã£¥ �0 � � � �1 ®ªàã¦®áâ¨
j�j = �. �®áª®«ìªã ¯®¤¨â¥£à «ì®¥ ¢ëà ¦¥¨¥ ¥¯à¥àë¢® § ¢¨á¨â ®â arg �, äãªæ¨ï �(�) ¤¥©-
áâ¢¨â¥«ì® ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬  ¯® � = arg � ¢ãâà¨ ¤ã£¨ [�0; �1] ®ªàã¦®áâ¨ j�j = �.
� ª ª ª ¯à®¬¥¦ãâ®ª [�0; �1] ¡ë« ¯à®¨§¢®«ì® ¢ë¡à  ¢ãâà¨ ¨â¥à¢ «  (�0; �00), â® ¤¥©áâ¢¨â¥«ì-
® äãªæ¨ï �(�) ¨¬¥¥â ¥¯à¥àë¢ãî ¯à®¨§¢®¤ãî ¯® � = arg �   ¤ã£¥ �0 < � < �00 ®ªàã¦®áâ¨
j�j = �.

�â ª, äãªæ¨ï �(�) ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬  ¢ãâà¨ «î¡®© ¤ã£¨ ®ªàã¦®áâ¨ j�j = �
á ª®æ ¬¨ ¢ á®á¥¤¨å ¯à®®¡à § å ã«¥© äãªæ¨¨ S(�). �â® ®§ ç ¥â, çâ® «î¡®© ãç áâ®ª â ª®©
¤ã£¨,   ª®â®à®¬ ¥â ã«¥© D(�), äãªæ¨ï � = �(�) ®â®¡à ¦ ¥â ¢ ªà¨¢ãî ª« áá  C1. � ¬¥â¨¬,
çâ® à ¢¥áâ¢® (19) ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥ S(�)(d�)2 = D(�)(d�)2, £¤¥ j�j = � ¨ � = arg �.
�«¥¤®¢ â¥«ì®, £« ¤ª¨¥ ¤ã£¨, ¢å®¤ïé¨¥ ¢ á®áâ ¢ 
, á«ã¦ â ç áâï¬¨ âà ¥ªâ®à¨© ª¢ ¤à â¨ç®£®
¤¨ää¥à¥æ¨ «  S(�)(d�)2, ¯®íâ®¬ã äãªæ¨ï �(�) ï¢«ï¥âáï   «¨â¨ç¥áª®© ¢ «î¡®© ¢ãâà¥¥©
â®çª¥ �0 ¯à®¨§¢®«ì®© ¤ã£¨ ®ªàã¦®áâ¨ j�j = � á ª®æ ¬¨ ¢ á®á¥¤¨å ¯à®®¡à § å ã«¥© äãªæ¨¨
S(�). �¥©áâ¢¨â¥«ì®, ¢ á¨«ã «¥¬¬ë 1 äãªæ¨ï

{(�) = �i

Z �

�0

D
1

2 (� 0)
d� 0

� 0

à¥£ã«ïà  ¢ â®çª¥ �0. �â¢¥à¦¤¥¨¥ ®¡   «¨â¨ç®áâ¨ �(�) ¢ ®ªà¥áâ®áâ¨ â®çª¨ �0 ¢ëâ¥ª ¥â ¨§
¯à¥¤áâ ¢«¥¨ï �(�) = ��1 � {(�), 1 £¤¥

�(�) =
Z �

�0

S
1

2 (�)d�; �0 = �(�0);

| äãªæ¨ï, à¥£ã«ïà ï ¨ ®¤®«¨áâ ï ¢ ¬ «®© ®ªà¥áâ®áâ¨ â®çª¨ �0,   ��1 | äãªæ¨ï, ®¡à â-
 ï ª �(�).

�á«¨ D(�0) 6= 0, â® ¢ á¨«ã (25) �(�) ®¤®«¨áâ  ¢ ¥ª®â®à®© ®ªà¥áâ®áâ¨ â®çª¨ �0, ¨ ¬®®-
â®®¬ã ¤¢¨¦¥¨î â®çª¨ � ¢¤®«ì ®ªàã¦®áâ¨ j�j = �, ¯à®¨áå®¤ïé¥¬ã ¢ ¯à¥¤¥« å ¬ «®© ®ªà¥áâ-
®áâ¨ â®çª¨ �0, ®â¢¥ç ¥â ¬®®â®®¥ ¤¢¨¦¥¨¥ â®çª¨ � = �(�) ¢¤®«ì âà ¥ªâ®à¨¨ ª¢ ¤à â¨ç®£®
¤¨ää¥à¥æ¨ «  S(�)(d�)2. �á«¨ D(�0) = 0, â® ¢ ¥ª®â®à®© ®ªà¥áâ®áâ¨ â®çª¨ �0 äãªæ¨ï D(�)
¥ ¡ã¤¥â ¨¬¥âì ¤àã£¨å ã«¥©. �¢¨¤ã á«¥¤áâ¢¨ï ¨§ «¥¬¬ë 1, à ¢¥áâ¢  (25),   â ª¦¥ ®¤®«¨áâ®-
áâ¨ äãªæ¨¨ �(�) ¢ ª®«ìæ¥ D(�; 1) â®çª  �0 ¬®¦¥â ¡ëâì «¨èì ã«¥¬ ¢â®à®£® ¯®àï¤ª  ¤«ï D(�).
�®®â®®¬ã ¤¢¨¦¥¨î â®çª¨ � ¯® ¤ã£¥ ®ªàã¦®áâ¨ j�j = �, ¯à®¨áå®¤ïé¥¬ã ¤® ¨ ¯®á«¥ â®çª¨
�0 ¢ ¯à¥¤¥« å ¬ «®© ®ªà¥áâ®áâ¨ â®çª¨ �0, ¢ íâ®¬ á«ãç ¥ â ª¦¥ ®â¢¥ç ¥â ¬®®â®®¥ ¤¢¨¦¥-
¨¥ â®çª¨ � = �(�) ¢¤®«ì âà ¥ªâ®à¨¨ ª¢ ¤à â¨ç®£® ¤¨ää¥à¥æ¨ «  S(�)(d�)2, ® ¯à¨ ¯¥à¥å®¤¥
â®çª¨ � ç¥à¥§ �0  ¯à ¢«¥¨¥ ¤¢¨¦¥¨ï â®çª¨ � = �(�) ¢¤®«ì âà ¥ªâ®à¨¨ ¨§¬¥ï¥âáï   ¯à®-
â¨¢®¯®«®¦®¥. �«¥¤®¢ â¥«ì®, ã«¨ äãªæ¨¨ D(�), à á¯®«®¦¥ë¥   ®ªàã¦®áâ¨ j�j = � ¨
®â«¨çë¥ ®â ¯à®®¡à §®¢ ã«¥© S(�), ¨¬¥îâ ¢â®à®© ¯®àï¤®ª ¨ á®®â¢¥âáâ¢ãîâ ª®æ¥¢ë¬ â®çª ¬
  «¨â¨ç¥áª¨å ¤ã£ ª®â¨ãã¬  
.

�®¢ì à áá¬®âà¨¬ ¯à®¨§¢®«ìãî ¤ã£ã (�0; �00) ®ªàã¦®áâ¨ j�j = � á ª®æ ¬¨ ¢ á®á¥¤¨å ¯à®-
®¡à § å ã«¥© äãªæ¨¨ S(�). �®®â®®¬ã ¤¢¨¦¥¨î â®çª¨ � ¯® ¤ã£¥ (�0; �00) ¡ã¤¥â á®®â¢¥â-
áâ¢®¢ âì ¬®®â®®¥ ¤¢¨¦¥¨¥ ¥¥ ®¡à §  � = �(�) ¯® âà ¥ªâ®à¨¨ ª¢ ¤à â¨ç®£® ¤¨ää¥à¥æ¨ « 
S(�)(d�)2, ¥á«¨ â®«ìª® ¯à¨ á¢®¥¬ ¤¢¨¦¥¨¨ â®çª  � ¥ ¡ã¤¥â ¢áâà¥ç âì ã«¥© äãªæ¨¨ D(�).
�à¨ ¯à®å®¦¤¥¨¨ â®çª¨ � ç¥à¥§ ã«ì äãªæ¨¨ D(�), à á¯®«®¦¥ë©   ¤ã£¥ (�0; �00), ¤¢¨¦¥¨¥

1�â® ¯à¥¤áâ ¢«¥¨¥ ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ à ¢¥áâ¢  (25).
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â®çª¨ � ¡ã¤¥â ¯à®¤®«¦ âìáï ¯® â®© ¦¥ âà ¥ªâ®à¨¨, ® ¢ ¯à®â¨¢®¯®«®¦®¬  ¯à ¢«¥¨¨. �® íâ®©
¯à¨ç¨¥ ¬¥¦¤ã á®á¥¤¨¬¨ ¯à®®¡à § ¬¨ ã«¥© äãªæ¨¨ S(�) ¬®¦¥â à á¯®« £ âìáï ¥ ¡®«¥¥ ®¤-
®£® ã«ï äãªæ¨¨ D(�). 1 �«¥¤®¢ â¥«ì®, ¤ã£  (�0; �00) ®ªàã¦®áâ¨ j�j = � ¯à¨ ®â®¡à ¦¥¨¨
� = �(�) ¯¥à¥¢®¤¨âáï «¨¡® ¢ âà ¥ªâ®à¨î ¤¨ää¥à¥æ¨ «  S(�)(d�)2, ¨¬¥îéãî ª®æë ¢ ã«ïå
äãªæ¨¨ S(�), «¨¡® ¢ ¤ã£ã âà ¥ªâ®à¨¨ ¤¨ää¥à¥æ¨ «  S(�)(d�)2, ¨áå®¤ïéãî ¨§ ã«ï äãªæ¨¨
S(�). � ª¨å ¤ã£ ¬®¦¥â áãé¥áâ¢®¢ âì â®«ìª® ª®¥ç®¥ ç¨á«®. � ¦¤ ï â ª ï ¤ã£  á®®â¢¥âáâ¢ã¥â
®¤®© ®âªàëâ®© ¤ã£¥ ®ªàã¦®áâ¨ j�j = � á ª®æ ¬¨ ¢ á®á¥¤¨å ¯à®®¡à § å ã«¥© äãªæ¨¨ S(�).
�®íâ®¬ã ¤®¯®«¥¨¥ ª® ¬®¦¥áâ¢ã ¯à®®¡à §®¢ ã«¥© äãªæ¨¨ S(�)   ®ªàã¦®áâ¨ j�j = � á®-
áâ®¨â ¨§ ª®¥ç®£® ç¨á«  ®âªàëâëå ¤ã£. � ª ª ª �(�) 6� const, ç¨á«® ¯à®®¡à §®¢ ã«¥© äãªæ¨¨
S(�), à á¯®«®¦¥ëå   ®ªàã¦®áâ¨ j�j = �, â ª¦¥ ª®¥ç®. � ¯à®â¨¢®¬ á«ãç ¥   ®ªàã¦®-
áâ¨ j�j = � áãé¥áâ¢®¢ «  ¡ë æ¥« ï ¤ã£ , æ¥«¨ª®¬ ®â®¡à ¦ îé ïáï ¢ ª ª®©-«¨¡® ã«ì äãªæ¨¨
S(�).

� § ª«îç¥¨¥ å®çã ¢ëáª § âì £«ã¡®ªãî ¯à¨§ â¥«ì®áâì ¯à®ä¥áá®àã �.�.�ªá¥âì¥¢ã §  ¤®-
¢¥à¨¥ ¨ ¯®¤¤¥à¦ªã,   â ª¦¥ ¯®¡« £®¤ à¨âì à¥æ¥§¥â , ãª § ¢è¥£®   ®è¨¡ªã ¢ ¯¥à¢® ç «ì®©
à¥¤ ªæ¨¨ ¤®ª § â¥«ìáâ¢  «¥¬¬ë 2.
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 á®¢á¥¬ ¥â ã«¥© äãªæ¨¨ S(�), ¨ â®£¤  «¨¡®   ®ªàã¦®áâ¨ j�j = �

¢®¢á¥ ¥â ã«¥© D(�), ¨ ªà¨¢ ï 
 ¯à¥¤áâ ¢«ï¥â á®¡®© § ¬ªãâãî âà ¥ªâ®à¨î ¤¨ää¥à¥æ¨ «  S(�)(d�)2,
«¨¡®   ®ªàã¦®áâ¨ j�j = � ¨¬¥¥âáï à®¢® ¤¢  ã«ï ¢â®à®£® ¯®àï¤ª  äãªæ¨¨ D(�), ¨ â®£¤  ªà¨¢ ï 

ï¢«ï¥âáï à §®¬ªãâ®© ¤ã£®© âà ¥ªâ®à¨¨ ¤¨ää¥à¥æ¨ «  S(�)(d�)2. �¯à®ç¥¬, ¥á«¨ 
 ¯à¥¤áâ ¢«ï¥â á®¡®©
§ ¬ªãâãî âà ¥ªâ®à¨î, â® S(�) � 0.
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