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3. �«ì¨áª¨© �.�., �à ¢æ®¢ �.�., �¢¥è¨ª®¢ �.�. � â¥¬ â¨-ç¥áª¨¥ ¬®¤¥«¨ í«¥ªâà®¤¨ ¬¨ª¨. �., 1991.4. �¨âç¥«« �., �í©â �. �¥â®¤ ª®¥çëå í«¥¬¥â®¢ ¤«ï ãà ¢-¥¨© á ç áâë¬¨ ¯à®¨§¢®¤ë¬¨. �., 1981.5. �¨áá ¥æª¨ �. �¥å®«®£¨ï à §à¥¦¥ëå ¬ âà¨æ. �., 1988.6. �ìïà«¥ �. �¥â®¤ ª®¥çëå í«¥¬¥â®¢ ¤«ï í««¨¯â¨ç¥áª¨å§ ¤ ç. �., 1980.7. �®£®«î¡®¢ �.�., �ãâª à¥¢ �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 2002. ò 2. �. 3. �®áâã¯¨«  ¢ p¥¤ ªæ¨î11.11.02��� 517.984.5 ���������� ����������� �������� ������������{�������� ��������� � ������� �����������.�. �®¤¥®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�¥â®¤®¬ à¥¤ãªæ¨¨ ª § ¤ ç¥ �®è¨ ¢ëç¨á«ïîâáï á®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à â®à  � ¯« á ªà ¥¢®© § ¤ ç¨, ®¯¨áë¢ îé¥© á®¡áâ¢¥ë¥  ªãáâ¨ç¥áª¨¥ ª®«¥¡ ¨ï áä¥àë, á ¥á ¬®á®¯àï¦¥-ë¬ £à ¨çë¬ ãá«®¢¨¥¬ âà¥âì¥£® à®¤ .� ¤ ç  �âãà¬ {�¨ã¢¨««ï ®  å®¦¤¥¨¨ á®¡áâ-¢¥ëå § ç¥¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ á®¡áâ¢¥-ëå äãªæ¨© ®â®á¨âáï ª ª« áá¨ç¥áª¨¬ § ¤ ç ¬¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨ [1, 2]. �  á®¤¥à¦¨â ¤¢ ¢®¯à®á . �¥à¢ë©, á¢ï§ ë© á  å®¦¤¥¨¥¬ á®¡-áâ¢¥ëå § ç¥¨©, ¯à¥¤áâ ¢«ï¥â á ¬®áâ®ïâ¥«ìë©¨â¥à¥á ¨ ¬®¦¥â à áá¬ âà¨¢ âìáï ¥§ ¢¨á¨¬® ®â¢â®à®£® |  å®¦¤¥¨ï á®¡áâ¢¥ëå äãªæ¨©.�®àà¥ªâ®áâì ¬ â¥¬ â¨ç¥áª®© ¯®áâ ®¢ª¨ § ¤ ç¨�®è¨ ¤«ï ®¡ëª®¢¥®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢-¥¨ï ¯¥à¢®£® à®¤  (áãé¥áâ¢®¢ ¨¥, ¥¤¨áâ¢¥®áâì¨ ãáâ®©ç¨¢®áâì à¥è¥¨ï ¯®  ç «ìë¬ ¤ ë¬ ¨¯à ¢®© ç áâ¨ ãà ¢¥¨ï),   â ª¦¥ ¡®«ìè®©  àá¥ «¯à¨¡«¨¦¥ëå   «¨â¨ç¥áª¨å ¨ ç¨á«¥ëå ¬¥â®¤®¢¥¥ à¥è¥¨ï (¬¥â®¤ë �©«¥à , �ã£¥{�ãââ , �¤ ¬á ,�àë«®¢  ¨ â. ¤.) ¤¥« îâ  ªâã «ìë¬ ¬¥â®¤ à¥¤ãªæ¨¨ª ¤ ®© § ¤ ç¥ § ¤ ç¨ �âãà¬ {�¨ã¢¨««ï.� áá¬®âà¨¬ ®á®¢ ë©   íâ®¬ ¬¥â®¤¥ íää¥ª-â¨¢ë©  «£®à¨â¬ ¢ëç¨á«¥¨ï á®¡áâ¢¥ëå § ç¥¨©§ ¤ ç¨ �âãà¬ {�¨ã¢¨««ï, ¥ âà¥¡ãîé¨© ¢ëç¨á«¥-¨ï á®¡áâ¢¥ëå á¯¥æ¨ «ìëå äãªæ¨©. � ¨á¯®«ì-§ã¥â à¥¤ãªæ¨î ªà ¥¢®© § ¤ ç¨ �âãà¬ {�¨ã¢¨««ïá £à ¨çë¬ ãá«®¢¨¥¬ âà¥âì¥£® à®¤ , á®¤¥à¦ é¨¬¯ à ¬¥âà, ª § ¤ ç¥ �®è¨ ¤«ï ¤¨ää¥à¥æ¨ «ì®£®ãà ¢¥¨ï á ¯à®¨§¢®¤®© ¯® íâ®¬ã ¯ à ¬¥âàã ¨  «-£¥¡à ¨ç¥áª®© ¯à ¢®© ç áâìî (¤¨ää¥à¥æ¨ «ì®-¯ -à ¬¥âà¨ç¥áª¨© ¬¥â®¤ [3]). � áá¬ âà¨¢ ¥¬ë©  «£®-à¨â¬ ¯®§¢®«ï¥â  å®¤¨âì ª®¬¯«¥ªáë¥ á®¡áâ¢¥ë¥§ ç¥¨ï ¡¥§ ¢ëç¨á«¥¨ï ª®¬¯«¥ªá®§ çëå á®¡áâ-¢¥ëå á¯¥æ¨ «ìëå äãªæ¨©, çâ® ç áâ® á®¯àï¦¥®

á® § ç¨â¥«ìë¬¨ âàã¤®áâï¬¨. �â®â  «£®à¨â¬ ¤ ¥ââ ª¦¥ ¢®§¬®¦®áâì ¯®«ãç âì ¤«ï á®¡áâ¢¥ëå § -ç¥¨© ¯à¨¡«¨¦¥ë¥   «¨â¨ç¥áª¨¥ ä®à¬ã«ë.� à ¡®â¥ [4] ¬¥â®¤ à¥¤ãªæ¨¨ § ¤ ç¨ �âãà-¬ {�¨ã¢¨««ï ª § ¤ ç¥ �®è¨ ¡ë« ¯à¨¬¥¥ ¤«ï¢ëç¨á«¥¨ï á®¡áâ¢¥ëå § ç¥¨© âà¥âì¥© ªà ¥¢®©§ ¤ ç¨ ¤«ï ãà ¢¥¨ï �¥áá¥«ï.� ¤ ®© à ¡®â¥ ¬¥â®¤ ®¡®¡é ¥âáï   ®¯¥à â®à�âãà¬ {�¨ã¢¨««ï ®¡é¥£® ¢¨¤ ,   â ª¦¥ ¢ëç¨á-«ïîâáï á®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à â®à  � ¯« á âà¥âì¥© ªà ¥¢®© § ¤ ç¨ ¤«ï áä¥àë [2]. �â  ªà ¥-¢ ï § ¤ ç  á¢ï§   á ¨áá«¥¤®¢ ¨¥¬ á®¡áâ¢¥ëå ªãáâ¨ç¥áª¨å ª®«¥¡ ¨© áä¥à¨ç¥áª®£® à¥§® â®à  á£à ¨çë¬ ¥á ¬®á®¯àï¦¥ë¬ ãá«®¢¨¥¬ âà¥âì¥£®à®¤ .� ª ç¥áâ¢¥  ç «ìëå ¤ ëå § ¤ ç¨ �®è¨, ¯®-«ãç ¥¬®© ¬¥â®¤®¬ à¥¤ãªæ¨¨, ¯à¨¨¬ îâáï á®¡áâ¢¥-ë¥ § ç¥¨ï á®®â¢¥âáâ¢ãîé¨å § ¤ ç �âãà¬ {�¨ã-¢¨««ï á £à ¨çë¬¨ ãá«®¢¨ï¬¨ �¨à¨å«¥ ¨«¨ �¥©-¬  . � § ¤ ç¥   á®¡áâ¢¥ë¥ § ç¥¨ï ¤«ï áä¥àëíâ® ã«¨ áä¥à¨ç¥áª®© äãªæ¨¨ �¥áá¥«ï I à®¤  ¨ ¥¥¯à®¨§¢®¤®©, ¤«ï ª®â®àëå áãé¥áâ¢ã¥â íää¥ªâ¨¢ë© «£®à¨â¬ ¨å ¢ëç¨á«¥¨ï [5].1. �ëç¨á«¥¨¥ á®¡áâ¢¥ëå § ç¥¨©®¯¥à â®à  �âãà¬ {�¨ã¢¨««ïá £à ¨çë¬ ãá«®¢¨¥¬ âà¥âì¥£® à®¤ � áá¬®âà¨¬ á«¥¤ãîéãî ªà ¥¢ãî § ¤ çã   á®¡-áâ¢¥ë¥ § ç¥¨ï:  ©â¨ á®¡áâ¢¥ë¥ § ç¥¨ï �5 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò4



10 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò4ãà ¢¥¨ïL[R] = (kR0)0 � qR=��2�R (0< r < 1); (1)£¤¥ R = R(r) | á®¡áâ¢¥ë¥ äãªæ¨¨, k = k(r) |¤¨ää¥à¥æ¨àã¥¬ ï ¯®«®¦¨â¥«ì ï ¯à¨ 0 < r 6 1äãªæ¨ï ¨ k(0) = 0; q = q(r) ¨ �= �(r) | § ¤ ë¥¥¯à¥àë¢ë¥   [0; 1] äãªæ¨¨, á £à ¨çë¬ ãá«®-¢¨¥¬ âà¥âì¥£® à®¤ R0 + hR= 0 ¯à¨ r = 1; (2)£¤¥ h | § ¤ ë©, ¢ ®¡é¥¬ á«ãç ¥ ª®¬¯«¥ªáë©,¯ à ¬¥âà (Re h > 0) , ¨ á ¥áâ¥áâ¢¥ë¬ ãá«®¢¨¥¬®£à ¨ç¥®áâ¨ jRj<1 ¯à¨ r = 0: (3)�ã¤¥¬ áç¨â âì á®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à â®à �âãà¬ {�¨ã¢¨««ï L(R) á ¥á ¬®á®¯àï¦¥ë¬ £à -¨çë¬ ãá«®¢¨¥¬ (2) � = �III äãªæ¨ï¬¨ ¯ à ¬¥â-à  h : �= �(h);¥ï¢® § ¤ ë¬¨ § ¤ ç¥© (1){(3).�ãáâì ¯à¨ § ç¥¨ïå ¯ à ¬¥âà  h= 0 ¨«¨ h!1á®¡áâ¢¥ë¥ § ç¥¨ï ªà ¥¢®© § ¤ ç¨ ¨§¢¥áâë ¨à ¢ë á®¡áâ¢¥ë¬ § ç¥¨ï¬ íâ®© § ¤ ç¨ á £à ¨ç-ë¬¨ ãá«®¢¨ï¬¨ �¥©¬   �jh=0 = �II ¨«¨ �¨à¨å«¥�jh!1 = �I .�à¨¬¥¨¬  «£®à¨â¬ ¢ëç¨á«¥¨ï á®¡áâ¢¥ëå§ ç¥¨© �(h) à áá¬ âà¨¢ ¥¬®© ªà ¥¢®© § ¤ ç¨, ®á-®¢ ë©   à¥¤ãªæ¨¨ ª § ¤ ç¥ �®è¨ ¨ ¥ âà¥¡ãî-é¨©  å®¦¤¥¨ï á®¡áâ¢¥ëå äãªæ¨© [3, 4].�¢¥¤¥¬ ®¢ãî ¯¥à¥¬¥ãî, ¯®« £ ïx= �r¨ ®¡®§ ç ï äãªæ¨¨R(r) =R(x=�) = y(x);k(r) =K(x); q(r) =Q(x); �(r) =R(x):� ¯¨è¥¬ ãà ¢¥¨¥ (1) ¢ ä®à¬¥�2(Ky0)0 �Qy+ �2Ry = 0 (0< x < �): (4)�à ¨çë¥ ãá«®¢¨ï (2) ¨ (3) ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:�y0 + hy = 0 ¯à¨ x= �; (5)jyj<1 ¯à¨ x= 0: (6)�®«ãç¥ ï § ¤ ç  (4){(6) § ¤ ¥â â ª¦¥ ¥ï¢®á®¡áâ¢¥ë¥ § ç¥¨ï � ª ª äãªæ¨¨ ¯ à ¬¥âà  h .�¡®§ ç¨¢ «®£ à¨ä¬¨ç¥áªãî ¯à®¨§¢®¤ãî á®¡áâ-¢¥®© äãªæ¨¨ ç¥à¥§S(�) = y0=y;§ ¯¨è¥¬ £à ¨ç®¥ ãá«®¢¨¥ (20) ¢ ¢¨¤¥S(�) =�h=�: (7)� ª ª ª y(�) ã¤®¢«¥â¢®àï¥â ¤¨ää¥à¥æ¨ «ì®¬ããà ¢¥¨î (4) £¨¯¥à£¥®¬¥âà¨ç¥áª®£® â¨¯ , â® äãª-æ¨ï S(�) ¨¬¥¥â ¤¨ää¥à¥æ¨ «ì®-¯®«¨®¬¨ «ì®¥

á¢®©áâ¢® [3], â. ¥. ¥¥ ¯à®¨§¢®¤ ï ¢ëà ¦ ¥âáï ¢ ¢¨¤¥¯®«¨®¬  ®â á ¬®© äãªæ¨¨:S0(�) = P (S(�)): (8)�à¨¬¥ïï ª ãà ¢¥¨î (7) â¥®à¥¬ã ® ¯à®¨§¢®¤®©¥ï¢® § ¤ ®© äãªæ¨¨ �(h) ¨ ¢®á¯®«ì§®¢ ¢è¨áì¤¨ää¥à¥æ¨ «ì®-¯®«¨®¬¨ «ìë¬ á¢®©áâ¢®¬ (8),¯à¨å®¤¨¬ ª § ¤ ç¥ �®è¨ á ¯à®¨§¢®¤®© ¯® ¯ à ¬¥â-àã h ¨  «£¥¡à ¨ç¥áª®© ¯à ¢®© ç áâìî8<:d�dh = �h� �2P (�h=�) ;�jh=0 = �II:� ª¨¬ ®¡à §®¬, ¢ëç¨á«¥¨¥ á®¡áâ¢¥ëå § ç¥-¨© ª ª äãªæ¨© ¯ à ¬¥âà , ¢å®¤ïé¥£® ¢ £à ¨ç®¥ãá«®¢¨¥ (2) à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ �âãà¬ {�¨ã-¢¨««ï, á¢®¤¨âáï ª à¥è¥¨î § ¤ ç¨ �®è¨ ¤«ï ¤¨ä-ä¥à¥æ¨ «ì®£® ãà ¢¥¨ï á ¯à®¨§¢®¤®© ¯® íâ®¬ã¯ à ¬¥âàã ¨ ¥ á¢ï§ ® á ¢ëç¨á«¥¨¥¬ á®¡áâ¢¥ëåäãªæ¨© ªà ¥¢®© § ¤ ç¨.�á«¨ jhj � 1 , â® ¯® ä®à¬ã«¥ �¥©«®à  ¬®¦®¯®«ãç¨âì  á¨¬¯â®â¨ªã á®¡áâ¢¥ëå § ç¥¨©�' �II + d�dh ����h=0 h:�®« £ ï �= 1=h;§ ¯¨è¥¬ § ¤ çã �®è¨ ¤«ï ¤¨ää¥à¥æ¨ «ì®£® ãà ¢-¥¨ï á ¯à®¨§¢®¤®© ¯® ¯ à ¬¥âàã � . � ª ç¥áâ¢¥ ç «ì®£® ãá«®¢¨ï íâ®© § ¤ ç¨ ¬®¦® ¯à¨ïâì�j�=0 = �I:� «®£¨ç® ¯à¥¤ë¤ãé¥¬ã ¯®«ãç ¥âáï ¯à¨ ãá«®-¢¨¨ �� 1  á¨¬¯â®â¨ç¥áª ï ä®à¬ã« .2. �ëç¨á«¥¨¥ á®¡áâ¢¥ëå § ç¥¨©®¯¥à â®à  � ¯« á  ¤«ï áä¥àë¯à¨ £à ¨ç®¬ ãá«®¢¨¨ âà¥âì¥£® à®¤ � áá¬®âà¨¬ § ¤ çã ® á®¡áâ¢¥ëå  ªãáâ¨ç¥áª¨åª®«¥¡ ¨ïå áä¥àë ¥¤¨¨ç®£® à ¤¨ãá  á £à ¨ç-ë¬, ¢ ®¡é¥¬ á«ãç ¥ ¥á ¬®á®¯àï¦¥ë¬, ãá«®¢¨¥¬âà¥âì¥£® à®¤ . �â  § ¤ ç  á¢®¤¨âáï ª  å®¦¤¥¨îá®¡áâ¢¥ëå § ç¥¨© � ªà ¥¢®© § ¤ ç¨ ¤«ï ãà ¢¥-¨ï �v+ �2v = 0 (9)á ãá«®¢¨¥¬   ¯®¢¥àå®áâ¨ áä¥àë ¯à¨ r = 1dvdr + hv = 0; (10)£¤¥ h | § ¤ ë©, ¢®®¡é¥ £®¢®àï, ª®¬¯«¥ªáë©(Re h > 0) ¯ à ¬¥âà.�¥â®¤®¬ à §¤¥«¥¨ï ¯¥à¥¬¥ëå ¢ áä¥à¨ç¥áª®©á¨áâ¥¬¥ ª®®à¤¨ â (r; #; ') á  ç «®¬ ª®®à¤¨ â ¢æ¥âà¥ áä¥àë, ¯®« £ ïv(r; #; ') =R(r)Y (#; ');£¤¥ Y (#; ') | áä¥à¨ç¥áª¨¥ äãªæ¨¨, ¨ ãç¨âë¢ ï£à ¨ç®¥ ãá«®¢¨¥ (10),   â ª¦¥ ¥câ¥áâ¢¥®¥ ãá«®-¢¨¥ ®£à ¨ç¥®áâ¨ ¯à¨ r = 0 , ¯®«ãç ¥¬ ¤«ï äãª-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò4 11æ¨¨ R = R(r) á«¥¤ãîéãî § ¤ çã �âãà¬ {�¨ã-¢¨««ï:L[R] = (r2R0)0 � n(n+ 1)R=��2r2R (0< r < 1);(11)R0 + hR= 0 ¯à¨ r = 1; (12)jRj<1 ¯à¨ r = 0: (13)� ¤ ç  (11){(13) ®¯à¥¤¥«ï¥â á®¡áâ¢¥ë¥ § ç¥-¨ï ª ª ¥ï¢® § ¤ ë¥ äãªæ¨¨ ¯ à ¬¥âà  h :�= �(h):�ãáâì ¯à¨ ¥ª®â®à®¬ § ç¥¨¨ ¯ à ¬¥âà  h ,  -¯à¨¬¥à ¯à¨ h= 0 , à¥è¥¨¥ íâ®© § ¤ ç¨ ¨§¢¥áâ®:�jh=0 = �II;£¤¥ �II | á®¡áâ¢¥ë¥ § ç¥¨ï á®®â¢¥âáâ¢ãîé¥©§ ¤ ç¨ �âãà¬ {�¨ã¢¨««ï á £à ¨çë¬ ãá«®¢¨¥¬�¥©¬   R0(1) = 0;â. ¥. ã«¨ ¯à®¨§¢®¤®© áä¥à¨ç¥áª®© äãªæ¨¨ �¥áá¥-«ï I à®¤  [5].� ¯®¬®éìî ¯®¤áâ ®¢ª¨x= �r; y(x) = �rR(r)§ ¤ çã (11){(13) á¢®¤¨¬ ª § ¤ ç¥, á®¤¥à¦ é¥© á¯¥ª-âà «ìë© ¯ à ¬¥âà � ¢ £à ¨ç®¬ ãá«®¢¨¨:y00 + �1� n(n+1)=x2� y = 0 (0< x < �); (14)�y0 � (1� h)y = 0 ¯à¨ x= �; (15)jyj<1 ¯à¨ x= 0: (16)�¢¥¤¥¬ äãªæ¨îS(�) = y0=y:� á¨«ã ãá«®¢¨ï (14) ®  ¨¬¥¥â ¤¨ää¥à¥æ¨ «ì®-¯®-«¨®¬¨ «ì®¥ á¢®©áâ¢®:S0(�) = n(n+1)=�2 � 1� S2(�): (17)�à ¨ç®¥ ãá«®¢¨¥ (15) ¯à¨¬¥â ¢¨¤S(�) = (1� h)=�:�â® ãà ¢¥¨¥ ®¯à¥¤¥«ï¥â � ª ª ¥ï¢® § ¤ ãîäãªæ¨î ¯ à ¬¥âà  h . �à¨¬¥¨¢ â¥®à¥¬ã ® ¯à®-¨§¢®¤®© ¥ï¢® § ¤ ®© äãªæ¨¨ ¨ ¢®á¯®«ì§®-¢ ¢è¨áì ¤¨ää¥à¥æ¨ «ì®-¯®«¨®¬¨ «ìë¬ á¢®©-áâ¢®¬ (17), ¯à¨å®¤¨¬ ª á«¥¤ãîé¥© § ¤ ç¥ �®è¨:8<:d�dh = ��2 � n(n+ 1)� h+ h2 ;�jh=0 = �II: (18)�¥è¥¨¥ íâ®© § ¤ ç¨ ¤ ¥â ¨áª®¬ãî § ¢¨á¨¬®áâì �®â ¯ à ¬¥âà  h .�âáî¤  ¯à¨ jhj � 1 ¯® ä®à¬ã«¥ �¥©«®à  ¨¬¥¥¬�(h)' �II + �II(�II)2 � n(n+1)h:�¢®¤ï ¯ à ¬¥âà � = 1=h , § ¯¨è¥¬ § ¤ çã �®è¨(18) á«¥¤ãîé¨¬ ®¡à §®¬:8<:d�d� = �n(n+1)�2 + �� �2�2 � 1 ;�j�=0 = �I; (19)
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