
10 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò3¯à¥¤¥«¥­¨¥ <¡ã¤¥â ¦¨âì> (¥á«¨ �"k=� ¢¥«¨ª®) ¤®-áâ â®ç­® ¤®«£®.�à¨¬¥à á ¬ ïâ­¨ª®¬ â ª¦¥ ¯à®áâ. �à¨ ~ ! 0¡®«ìè®© ¯ ª¥â á®¡áâ¢¥­­ëå §­ ç¥­¨© áå®¤¨âáï ªí­¥à£¨¨ E . �®®â¢¥âáâ¢¥­­® áã¬¬  (20), ®â¢¥ç î-é ï íâ®¬ã ¯ ª¥âã, ¡ã¤¥â áâà¥¬¨âìáï ª E ,   äã­ª-æ¨ï � £­¥à  á®¡áâ¢¥­­ëå äã­ªæ¨© ¡ã¤¥â áå®¤¨âìáïª ¬¨ªà®ª ­®­¨ç¥áª®¬ã à á¯à¥¤¥«¥­¨î. � áá¬®âà¨¬â¥¯¥àì ¬­®£®¬¥à­ë© á«ãç ©.�à¥¤¯®«®¦¨¬, çâ® � |¨­¢ à¨ ­â­®¥ « £à ­¦¥¢®¬­®£®®¡à §¨¥ á ¨­¢ à¨ ­â­®© ¬¥à®©, ®â¢¥ç îé¥¥ª« áá¨ç¥áª®¬ã £ ¬¨«ìâ®­¨ ­ã H(p; x) ­  ãà®¢­¥í­¥à£¨¨ E . �á¨¬¯â®â¨ª  á®¡áâ¢¥­­ëå äã­ªæ¨© á®-®â¢¥âáâ¢ãîé¥£® ãà ¢­¥­¨ï �àñ¤¨­£¥à  ¤ ¥âáï ª -­®­¨ç¥áª¨¬ ®¯¥à â®à®¬ ­  íâ®¬ « £à ­¦¥¢®¬ ¬­®-£®®¡à §¨¨. �®£¤  à á¯à¥¤¥«¥­¨¥ ¢á¥£® ­ ¡®à  ¨å¢ £­¥à®¢áª¨å äã­ªæ¨© ¡ã¤¥â áâà¥¬¨âìáï ¯à¨ ~! 0¢ ®¡®¡é¥­­®¬ á¬ëá«¥ ª �� -äã­ªæ¨¨ ­  íâ®¬ « -£à ­¦¥¢®¬ ¬­®£®®¡à §¨¨ [17]. � ª®¥ à á¯à¥¤¥«¥­¨¥¬ë ­ §ë¢ ¥¬ ­¥ª ­®­¨ç¥áª¨¬. �­® â ª¦¥ ï¢«ï¥âáïª¢ §¨áâ æ¨®­ à­ë¬.�¨â¥à âãà 1. � á«®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 2000.ò6. C. 3 (Moscow University Phys. Bull. 2000. No. 6. P. 1).2. � á«®¢ �.�. // �ã­ªæ¨®­.  ­ «¨§ ¨ ¯à¨«®¦¥­¨ï. 2000. 34,ò4. C. 35.

3. � á«®¢ �.�. // ���. 2000. 125, ò2. C. 297.4. � á«®¢ �.�. // ���. 2000. 129, ò3. C. 464.5. � á«®¢ �.�. // � â¥¬. § ¬¥âª¨. 2000. 68, ò6. C. 945.6. Maslov V.P. // Russ. J. Mathem. Phys. 2000. 7, No. 4.P. 488.7. Maslov V.P. // Russ. J. Mathem. Phys. 2002. 9, No. 1. P. 112.8. � á«®¢ �.�. // ���. 2002. 131, ò2.9. � á«®¢ �.�. // � â¥¬. § ¬¥âª¨. 2002. 71, ò4. C. 558.10. �®£®«î¡®¢ �.�. �§¡à ­­ë¥ âàã¤ë: � 3 â. �. 2, 3. �¨¥¢:� ãª®¢  ¤ã¬ª , 1970, 1971.11. �¥à¥§¨­ �.�. �¥â®¤ ¢â®à¨ç­®£® ª¢ ­â®¢ ­¨ï. �.: � ãª ,1987.12. � á«®¢ �.�. �®¬¯«¥ªá­ë© ¬¥â®¤ ��� ¢ ­¥«¨­¥©­ëå ãà ¢-­¥­¨ïå. �.: � ãª , 1977.13. � á«®¢ �.�. �¥®à¨ï ¢®§¬ãé¥­¨© ¨  á¨¬¯â®â¨ç¥áª¨¥ ¬¥â®-¤ë. �.: � ãª , 1978.14. � á«®¢ �.�., �¢¥¤®¢ �.�. �¥â®¤ ª®¬¯«¥ªá­®£® à®áâª  ¢¬­®£®ç áâ¨ç­ëå § ¤ ç å ¨ § ¤ ç å ª¢ ­â®¢®© â¥®à¨¨ ¯®«ï.�.: ����, 2000.15. � ­¤ ã �.�., �¨äè¨æ �.�. �â â¨áâ¨ç¥áª ï ä¨§¨ª . �.:� ãª , 1976.16. �¨äè¨æ �.�., �¨â ¥¢áª¨© �.�. �â â¨áâ¨ç¥áª ï ä¨§¨ª .�.: � ãª , 1979.17. Maslov V.P. // Russ. J. Mathem. Phys. 1995. 2, No. 4. P. 527.�®áâã¯¨«  ¢ p¥¤ ªæ¨î13.03.02��� 514.752.4; 517.95�������������� ������� ��������� sin-�������� ��������� � ���� �����������������������������.�. � ¥¢áª¨©(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�à®¢¥¤¥­  ª« áá¨ä¨ª æ¨ï ¯®¢¥àå­®áâ¥© ¯®áâ®ï­­®© ®âà¨æ â¥«ì­®© ªà¨¢¨§­ë K = �1 ,á®®â¢¥âáâ¢ãîé¨å ¤¢ãåá®«¨â®­­ë¬ à¥è¥­¨ï¬ ãà ¢­¥­¨ï sin-�®à¤®­ , ¯® £¥®¬¥âà¨ç¥áª¨¬ å -à ªâ¥à¨áâ¨ª ¬ ¨å ®á®¡¥­­®áâ¥©.�à ¢­¥­¨¥ sin-�®à¤®­ zuv = sin z;¢áâà¥ç îé¥¥áï ¢ àï¤¥ § ¤ ç ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨[1{3], ¨¬¥¥â ­ £«ï¤­ãî £¥®¬¥âà¨ç¥áªãî ¨­â¥à¯à¥â -æ¨î [4]. �â® ãà ¢­¥­¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ãà ¢­¥-­¨¥ � ãáá  ¤«ï ç¥¡ëè¥¢áª®© ¬¥âà¨ª¨ds2 = du2 + 2 cos z(u; v)dudv + dv2£ ãáá®¢®© ªà¨¢¨§­ë K � �1 . � ¯à®áâà ­áâ¢¥ E3¯® § ¤ ­­®¬ã à¥è¥­¨î z(u; v) ¬®¦­® ¯®áâà®¨âì¯á¥¢¤®áä¥à¨ç¥áªãî ¯®¢¥àå­®áâì (��) | ¯®¢¥àå-­®áâì ¯®áâ®ï­­®© £ ãáá®¢®© ªà¨¢¨§­ë K � �1 . � ª ¦¤®© �� ¬®¦­® ¢¢¥áâ¨  á¨¬¯â®â¨ç¥áªãî á¥âì,®¤­®¢à¥¬¥­­® ï¢«ïîéãîáï ç¥¡ëè¥¢áª®©. �á«¨ â -

ª®¢®© ï¢«ï¥âáï á¥âì ª®®à¤¨­ â­ëå «¨­¨© (u; v) ,â® á®®â¢¥âáâ¢¨¥ (à¥è¥­¨¥ z ) 7�! (¯á¥¢¤®áä¥à¨ç¥á-ª ï ¯®¢¥àå­®áâì �[z]) ¢§ ¨¬­® ®¤­®§­ ç­®. �§¢¥áâ-­®, çâ® ¢ E3 ­¥ áãé¥áâ¢ã¥â £¥®¤¥§¨ç¥áª¨ ¯®«­®©¯á¥¢¤®áä¥à¨ç¥áª®© ¯®¢¥àå­®áâ¨, «î¡ ï �[z] ¨¬¥¥â®á®¡¥­­®áâ¨ | à¥¡à  ¢®§¢à â  ¨ ®áâà¨ï, | ®­¨á®®â¢¥âáâ¢ãîâ «¨­¨ï¬ ãà®¢­ï äã­ªæ¨¨ z(u; v) = �n .�® § ¤ ­­®¬ã ¢ E3 à¥¡àã �[z] ¬®¦­® ®¤­®§­ ç­®¯®áâà®¨âì äà £¬¥­â á®¤¥à¦ é¥© ¥£® ¯®¢¥àå­®áâ¨,¯®íâ®¬ã áâ ­®¢¨âáï ¢®§¬®¦­ë¬ ª« áá¨ä¨æ¨à®¢ âì�� ¯® ¨å ®á®¡¥­­®áâï¬.�á®¡ãî à®«ì ¢ ä¨§¨ª¥ ¨£à îâ à¥è¥­¨ï ãà ¢­¥­¨ïsin-�®à¤®­  ¢ ¢¨¤¥ ã¥¤¨­¥­­ëå ¢®«­ (®¤­®á®«¨â®­-­ë¥) z = 4arctg epu+v=p



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò3 11¨ ¢ ¢¨¤¥ á¢ï§ ­­®£® á®áâ®ï­¨ï n ã¥¤¨­¥­­ëå ¢®«­(n-á®«¨â®­­ë¥). �¤­®á®«¨â®­­®¥ à¥è¥­¨¥ å à ª-â¥à¨§ã¥âáï ¯ à ¬¥âà®¬ p | ¢¥é¥áâ¢¥­­ë¬ ¨«¨ª®¬¯«¥ªá­ë¬ |  ¬¯«¨âã¤®© (¯ à ¬¥âà®¬) á®«¨â®­ .�à¨á®¥¤¨­¥­¨¥ ®¤­®£® á®«¨â®­  á ¯ à ¬¥âà®¬ p ,â. ¥. ¯¥à¥å®¤ ®â n-á®«¨â®­­®£® à¥è¥­¨ï z(n)(u; v) ª(n+1)-á®«¨â®­­®¬ã z(n+1) =Bpz(n) , ®áãé¥áâ¢«ï¥â-áï ¯à¥®¡à §®¢ ­¨¥¬ �íª«ã­¤  Bp , ª®â®à®¥ ®¯à¥¤¥-«ï¥âáï á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢­¥­¨©:8>>><>>>:z(n+1)u = z(n)u +2p sin z(n+1) + z(n)2 ;z(n+1)v =�z(n)v + 2p sin z(n+1) � z(n)2 :�â®¡ë ¢ë¤¥«¨âì ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ íâ®© á¨áâ¥-¬ë, ¤®¯®«­¨¬ ¥¥ ­ ç «ì­ë¬ ãá«®¢¨¥¬ z(n+1)(0; 0) +z(n)(0; 0) = � . �â¬¥â¨¬, çâ® ®¤­®á®«¨â®­­®¥ à¥-è¥­¨¥ ¯®«ãç ¥âáï ¯ãâ¥¬ ¯à¨¬¥­¥­¨ï ¯à¥®¡à §®¢ -­¨ï �íª«ã­¤  ª âà¨¢¨ «ì­®¬ã à¥è¥­¨î ãà ¢­¥­¨ïsin-�®à¤®­  z = 0 . �§¢¥áâ­®, çâ® ¯à¥®¡à §®¢ ­¨ï�íª«ã­¤  á à §«¨ç­ë¬¨ ¯ à ¬¥âà ¬¨ ¯¥à¥áâ ­®¢®ç-­ë ¨BpBqz = z +4arctg�p+ qp� q tg Bpz �Bqz4 � :�à¨¬¥­ïï íâã ä®à¬ã«ã ª âà¨¢¨ «ì­®¬ã à¥è¥­¨î,¯®«ãç¨¬ ¤¢ãåá®«¨â®­­®¥ à¥è¥­¨¥:z(u; v) = 4 arctg p+ qp� q epu+v=p� equ+v=q1 + epu+v=p equ+v=q! ;£¤¥ p 6= �q . � á«ãç ¥ p = q ¢ íâ®© ä®à¬ã«¥ ­¥®¡å®-¤¨¬® ¯¥à¥©â¨ ª ¯à¥¤¥«ã. �á«¨ p = �q , â® ¯®«ãç ¥¬z = 0 , â ª çâ® â ª¨¥ §­ ç¥­¨ï ¯ à ¬¥âà®¢ ¨­â¥à¥á ­¥ ¯à¥¤áâ ¢«ïîâ.�ëà ¦¥­¨¥ ¤«ï à ¤¨ãá-¢¥ªâ®à  ¯á¥¢¤®áä¥p¨ç¥á-ª®© ¯®¢¥på­®áâ¨, á®®â¢¥âáâ¢ãîé¥© ®¤­®á®«¨â®­­®-¬ã à¥è¥­¨î | â ª ­ §ë¢ ¥¬®© ¯®¢¥àå­®áâ¨ �¨­¨,¨§¢¥áâ­® [5]. � ¯àï¬®ã£®«ì­®© ¤¥ª àâ®¢®© á¨áâ¥¬¥ª®®à¤¨­ â O���r= 2pp2 +1 1ch(pu+ v=p)e++ �� 2pp2+ 1 th(pu+ v=p) + u+ v�n;£¤¥ e = (cos�; sin�; 0) , n = (0; 0; 1) , � = u� v . � ¯®¢¥àå­®áâ¨ �¨­¨ ¨¬¥¥âáï â®«ìª® ®¤­® à¥¡à® (á®®â-¢¥âáâ¢ãîé¥¥ §­ ç¥­¨î z = � , ª®â®à®¥ ¤®áâ¨£ ¥âáï¯à¨ pu+v=p= 0), ï¢«ïîé¥¥áï ¢¨­â®¢®© «¨­¨¥© ¯à¨jpj 6= 1 ¨ ®ªàã¦­®áâìî ¯à¨ jpj= 1 .�¥®¬¥âà¨ç¥áª®¥ ¯à¥®¡à §®¢ ­¨¥ �íª«ã­¤  [6]¯®§¢®«ï¥â ¯¥à¥©â¨ ®â ¯®¢¥àå­®áâ¨ �[z] , § ¤ ­­®© ¢E3 à ¤¨ãá-¢¥ªâ®à®¬ r(u; v) , ª ¯®¢¥àå­®áâ¨ �[Bpz] ,®¯à¥¤¥«ï¥¬®© à ¤¨ãá-¢¥ªâ®à®¬R= r+ 2pp2+ 1 1sin z �ru sin z +Bpz2 + rv sin z �Bpz2 �:

� ª®¥ ¯à¥®¡à §®¢ ­¨¥ ¯®§¢®«ï¥â ¯®áâà®¨âì à ¤¨-ãá-¢¥ªâ®à ¯®¢¥àå­®áâ¨, á®®â¢¥âáâ¢ãîé¥© ¤¢ãåá®«¨-â®­­®¬ã à¥è¥­¨î [7]. �  íâ®© ¯®¢¥àå­®áâ¨ ¨¬¥îâáïâà¨ ®á®¡¥­­®áâ¨: z = 0 | à¥¡à® ¨«¨ ®áâà¨¥ ¨à¥¡à  z = �� . �¥«ìî ­ áâ®ïé¥© à ¡®âë ï¢«ï¥âáïª« áá¨ä¨ª æ¨ï íâ¨å ®á®¡¥­­®áâ¥© (  ¢¬¥áâ¥ á ­¨¬¨¨ á®®â¢¥âáâ¢ãîé¨å ¯®¢¥àå­®áâ¥©).�  ¯«®áª®áâ¨ (u; v) ã¯®¬ï­ãâë¥ ¢ëè¥ «¨­¨¨ãà®¢­ï z = 0 ¨ z =�� ®¯à¥¤¥«ïîâáï ¢ ª®®à¤¨­ â åx= pu+v=p ¨ y = qu+v=q (¯à¨ p 6= q ) ¨ Y = pu�v=p(¯à¨ p= q ) ãà ¢­¥­¨ï¬¨à¥¡à® z = 0 ¯à¨ p 6= q: y = x;à¥¡à  z =�� ¯à¨ p 6= q:y = ln"�p+ qp� q  1� 2p2 + q2p2 � q2 �ex�p+ qp� q��1!#; (1)à¥¡à® z = 0 ¯à¨ p= q: Y = 0;à¥¡à  z =�� ¯à¨ p= q: Y =� ch x:� ¤¨ãá-¢¥ªâ®à à¥¡à  ¢ á¨áâ¥¬¥ O��� , ¥£® £¥®¤¥§¨-ç¥áª ï ªà¨¢¨§­  (k ) ¨ ªàãç¥­¨¥ ({ ) ¬®£ãâ ¡ëâì¯à¥¤áâ ¢«¥­ë ª ª äã­ªæ¨¨ ¯¥à¥¬¥­­®© x . �â¬¥â¨¬,çâ® ¯®áª®«ìªã ­®à¬ «ì­ ï ªà¨¢¨§­  à¥¡à  ¢®§¢à â à ¢­  ­ã«î, â® ¥£® ªà¨¢¨§­  ª ª ªà¨¢®© ¢ ¯à®-áâà ­áâ¢¥ á®¢¯ ¤ ¥â ¯® ¬®¤ã«î á ¥£® £¥®¤¥§¨ç¥áª®©ªà¨¢¨§­®©.�«ï à¥¡à  z = 0 :R= (pq+ 1) � 2(p+ q)(p2 +1)(q2 + 1) 1ch xe++�� 2(p+ q)(p2 + 1)(q2 +1) thx+ 1p+ qx�n� ;k = 2(p+ q)1 + pq 1ch x; { = pq� 1pq+1 :�«ï à¥¡¥à z =�� :R= 2pp2 + 1 � 1ch x � q(p2 � 1)p(q2 +1) thx� e�� 4pq(p2 + 1)(q2 +1)e0 ++ � 2pp2 +1 �� thx� q(p2 � 1)p(q2 +1) 1ch x�++p(1� q2)p2 � q2 x+ q(p2 � 1)p2� q2 y�n;k = � 2qq2 +1 �shx� pq��shx� qp��� ��shx� q(p2 � 1)p(q2 +1)� chx��1 ;{ = q2 � 1q2 + 1�shx� q(p2 + 1)p(q2 � 1)���shx� q(p2 � 1)p(q2 +1)���1;£¤¥ e0 = (� sin�; cos�; 0) , � = u � v = p(q2+1)p2�q2 x �� q(p2+1)p2�q2 y ,   y ®¯à¥¤¥«ï¥âáï ç¥à¥§ x ãà ¢­¥­¨¥¬ (1).



12 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò3�®®â¢¥âáâ¢ãîé¨¥ ¢ëà ¦¥­¨ï ¤«ï à ¤¨ãá-¢¥ªâ®à ,ªà¨¢¨§­ë ¨ ªàãç¥­¨ï ¯à¨ p = q ¯®«ãç îâáï ¨§¯à¥¤áâ ¢«¥­­ëå ¯à¥¤¥«ì­ë¬ ¯¥à¥å®¤®¬.�à® ­ «¨§¨àã¥¬ ¯à¨¢¥¤¥­­ë¥ ¢ëà ¦¥­¨ï. �®®à-¤¨­ â­ ï ®áì � ï¢«ï¥âáï á¢®¥®¡à §­®© ®áìî ¯®¢¥àå-­®áâ¨ (­¥ ®áìî á¨¬¬¥âà¨¨!), ­  ª®â®àãî <­ ¢¨¢ îâ-áï> à¥¡à . �¥¡à® z = 0  á¨¬¯â®â¨ç¥áª¨ ¯à¨ s!�1(£¤¥ s | ¥áâ¥áâ¢¥­­ë© ¯ à ¬¥âà à¥¡à ) ¢ëà®¦¤ -¥âáï ¢ ®áì � . �¥¡à  z = �� á®¢¬¥é îâáï ¤àã£ á¤àã£®¬ ¯ãâ¥¬ §¥àª «ì­®£® ®âà ¦¥­¨ï ®â­®á¨â¥«ì­®ª®®à¤¨­ â­®© ¯«®áª®áâ¨ O�� ¨ ¯®¢®à®â  ¢®ªàã£®á¨ � ; ¯®íâ®¬ã ¤®áâ â®ç­® à áá¬®âà¥âì ®¤­® ¨§ ­¨å,­ ¯à¨¬¥à z = � . �­® ¢ëà®¦¤ ¥âáï ¯à¨ s! �1 ¢¢¨­â®¢ë¥ «¨­¨¨, á«ã¦ é¨¥ à¥¡à ¬¨ ¯®¢¥àå­®áâ¥©�¨­¨ á ¯ à ¬¥âà ¬¨ p (­ ¯à¨¬¥à, ¯à¨ s!+1) ¨ q(¯à¨ s!�1). �¥®¤¥§¨ç¥áª ï ªà¨¢¨§­  ¨ ªàãç¥­¨¥à¥¡à  z = � ¬®£ãâ ¬¥­ïâì §­ ª, ¯®íâ®¬ã ªà¨¢ãî,ª®â®àãî ®­¨ ®¯à¥¤¥«ïîâ ¢ ¯à®áâà ­áâ¢¥, ¡ã¤¥¬ ª« á-á¨ä¨æ¨à®¢ âì ¯® ¢§ ¨¬­®¬ã à á¯®«®¦¥­¨î ­  ­¥©â®ç¥ª á¬¥­ë §­ ª  ªà¨¢¨§­ë ¨ ªàãç¥­¨ï.�¨¦¥ ¯à¨¢¥¤¥­  ª« áá¨ä¨ª æ¨ï ¤¢ãåá®«¨â®­­ëå¯®¢¥àå­®áâ¥©, á®¤¥à¦ é ï ¢®á¥¬ì å à ªâ¥à­ëå á«ã-ç ¥¢. �à¥¤¢ à¨â¥«ì­® ®â¬¥â¨¬ ­¥ª®â®àë¥ å à ª-â¥à­ë¥ £¥®¬¥âà¨ç¥áª¨¥ ®á®¡¥­­®áâ¨ à¥¡à  z = � .�®-¯¥à¢ëå, à¥¡à® ¬®¦¥â á®¤¥à¦ âì â®çªã { = 0 , ¢ª®â®à®© ®­® ¬¥­ï¥â §­ ª ¢¨­â®¢®£® ¤¢¨¦¥­¨ï ¢®ªàã£®á¨ � (â. ¥. ¯à ¢®¥ ¢¨­â®¢®¥ ¤¢¨¦¥­¨¥ ¬¥­ï¥âáï ­ «¥¢®¥ ¨«¨ ­ ®¡®à®â). � ¯à¨¢¥¤¥­­®© ª« áá¨ä¨ª æ¨¨íâ® â¨¯ë 1, 4. �®-¢â®àëå, p¥¡p® ¬®¦¥â á®¤¥p¦ âì¤ã£ã á â®çª®© ¢®§¢p â  k = { = 1 (â ª®¢ , ­ -¯à¨¬¥à, â®çª  t = 0 ­  ªà¨¢®© r = (t2; t3; t4)) ¨¤¢ã¬ï à á¯®«®¦¥­­ë¬¨ ¯® à §­ë¥ áâ®à®­ë ®â ­¥¥â®çª ¬¨ k = 0 (â¨¯ë 1, 3). �¨¦¥ p¥¡à® z = � ãá«®¢­®¨§®¡à ¦¥­® ¢ ¢¨¤¥ ®á¨ s , ­  ª®â®à®© ®â¬¥ç¥­ë â®çª¨á¬¥­ë §­ ª  ªà¨¢¨§­ë (á¢¥àåã) ¨ ªàãç¥­¨ï (á­¨§ã).�® £¥®¬¥âp¨ç¥áª®¬ã å à ªâ¥àã à¥¡à  z = 0 â¨¯ë 3, 4¯®¤à §¤¥«¥­ë ­  ¯®¤â¨¯ë  , ¡. �«ãç © a2 á®®â¢¥â-áâ¢ã¥â ¯®¢¥på­®áâï¬ á jpj = 1 (¨«¨ jqj = 1), ã ª®â®-àëå à¥¡à® z = �  á¨¬¯â®â¨ç¥áª¨ ¯à¨ s!�1 (¨«¨¯à¨ s ! +1) áâà¥¬¨âáï ª ®ªàã¦­®áâ¨, «¥¦ é¥©¢ ¯«®áª®áâ¨, ¯ à ««¥«ì­®© ª®®à¤¨­ â­®© ¯«®áª®áâ¨O�� .tIP 1:(jpj � 1)(jqj � 1)> 0 , pq > 0 . -s{ = 0 k = 0 { =1k =1 k = 0�¥¡à® z = 0 | ªà¨¢ ï á ¯®áâ®ï­­ë¬ { 6= 0 ¨®£à ­¨ç¥­­®© k > 0 . �  à¨á. 1 ¨§®¡à ¦¥­  â ª ï¯®¢¥àå­®áâì ¯à¨ p= 2 , q = 9 .tIP 2:(jpj � 1)(jqj � 1)> 0 , pq < 0 . -sªà¨¢¨§­  k ®£à ­¨ç¥­  ¨ ­¥ ¬¥­ï¥â §­ ªªàãç¥­¨¥ { ®£à ­¨ç¥­® ¨ ­¥ ¬¥­ï¥â §­ ª�¥¡à® z = 0 | ªà¨¢ ï á ¯®áâ®ï­­ë¬ ªàãç¥­¨¥¬{ 6= 0 ¨ ®£à ­¨ç¥­­®© ªp¨¢¨§­®© k > 0 .
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�������¨á. 1 �¨á. 2 �¨á. 3 �¨á. 4 �¨á. 5� « ã ç   © a1 : jpj 6= 1 , jqj 6= 1 .� « ã ç   © a2 : jpj = 1 ¨«¨ jqj = 1 . � ª ï¯®¢¥àå­®áâì ¯à¨ p=�1 , q = 5 ¨§®¡à ¦¥­  ­  à¨á. 2.tIP 3:(jpj � 1)(jqj � 1)6 0 , pq > 0 : -sk = 0 { =1k =1 k = 0pODTIP A: pq 6= 1 . �¥¡à® z = 0 | ªà¨¢ ï á¯®áâ®ï­­ë¬ { 6= 0 ¨ ®£à ­¨ç¥­­®© k > 0 .� « ã ç   © a1 : jpj 6= 1 , jqj 6= 1 . �  à¨á. 3¯à¥¤áâ ¢«¥­  â ª ï ¯®¢¥àå­®áâì ¯à¨ p= 1=2 , q = 9 .� « ã ç   © a2 : jpj= 1 ¨«¨ jqj= 1 .pODTIP B: pq = 1 . �¥¡à® z = 0 | ¯«®áª ï ªà¨¢ ïá á ¬®¯¥à¥á¥ç¥­¨¥¬, ­ ¯®¬¨­ îé ï ¤¥ª àâ®¢ «¨áâ.�â  ¯®¢¥àå­®áâì ¯à¨ p= q = 1 ¨§®¡à ¦¥­  ­  à¨á. 4.tIP 4:(jpj � 1)(jqj � 1)< 0 , pq < 0 : -sk ®£à ­¨ç¥­  ¨ ­¥ ¬¥­ï¥â §­ ª{ = 0 { ®£à ­¨ç¥­®pODTIP A: pq 6= �1 . �¥¡à® z = 0 | ªà¨¢ ï á¯®áâ®ï­­ë¬ { 6= 0 ¨ ®£à ­¨ç¥­­®© k > 0 .pODTIP B: pq = �1 . �¥¡à® z = 0 | â®çª (®áâà¨¥). �  à¨á. 5 ¯à¥¤áâ ¢«¥­  â ª ï ¯®¢¥àå­®áâì¯à¨ p= 9=10 , q =�10=9 .� ª¨¬ ®¡à §®¬, ¢á¥ ¯á¥¢¤®áä¥à¨ç¥áª¨¥ ¯®¢¥àå­®-áâ¨, á®®â¢¥âáâ¢ãîé¨¥ ¤¢ãåá®«¨â®­­ë¬ à¥è¥­¨ï¬,¬®£ãâ ¡ëâì ¯®¤à §¤¥«¥­ë ­  ¢®á¥¬ì â¨¯®¢: 1 (à¨á. 1),2a1; 2a2 (à¨á. 2), 3a1 (à¨á. 3), 3a2; 3B (à¨á. 4), 4A; 4B(à¨á. 5).
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� á¨«ã ¯®«­®âë á¨áâ¥¬ë âà¨£®­®¬¥âà¨ç¥áª¨åäã­ªæ¨© à¥è¥­¨¥ (2) ¢á¥£¤  ¬®¦­® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥ u(x; y; k) = 1Xn=1un(x; k) sin (ny);¯à¨ç¥¬ un (x) 2 L2(R1) \C1 . �®¤áâ ¢«ïï íâ® ¢ëà -¦¥­¨¥ ¢ (2), ¯®«ãç¨¬ ¢¬¥áâ® (2) ¡¥áª®­¥ç­ãî á¨áâ¥-¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©8>>>><>>>>:u00n � n2un + k2 1Xm=1 qn;mum = 0; n= 1; 2; : : : ;1Xn=1ZR1 dx jun(x)j2 <1; (3)£¤¥ qn;m(x) = ZS dy q(x; y) sin(ny) sin(my):�¥âàã¤­® ¢¨¤¥âì, çâ® § ¤ ç  (1) ï¢«ï¥âáï ¢¥áì¬ ç áâ­ë¬ á«ãç ¥¬ § ¤ ç¨ (3), ®¤­ ª® ¬®¦­® ­ ¤¥-ïâìáï, çâ® ¨ ®­  ¯¥à¥¤ ¥â å à ªâ¥à­ë¥ ®á®¡¥­­®áâ¨¯®¢¥¤¥­¨ï á¯¥ªâà  § ¤ ç¨ (2).�à¥¤¯®«®¦¨¬, çâ® ã § ¤ ç¨ (1) áãé¥áâ¢ã¥â ¢«®-¦¥­­®¥ á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ k2 2 (�; �) ¨ ¥¬ã ®â¢¥-ç ¥â á®¡áâ¢¥­­ ï äã­ªæ¨ï (u1(x); v1(x)) 2 L2(R1) .�¨áâ¥¬  (1) ¨¬¥¥â ¥é¥ âà¨ «¨­¥©­®-­¥§ ¢¨á¨¬ëå


