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�áâà®. 1999. ü 1. �. 12 (Moscow University Phys. Bull.1999. No. 1. P. 8).4. �®à �., �®«ìä �. �á®¢ë ®¯â¨ª¨. �.: � ãª , 1970.5. �à¥¬¨ �.�., �¢¥è¨ª®¢ �.�. �¥â®¤ ¤¨áªà¥âëå ¨á-â®ç¨ª®¢ ¢ § ¤ ç å í«¥ªâà®¬ £¨â®© ¤¨äà ªæ¨¨. �.:�§¤-¢® �®áª. ã-â , 1992.6. �¬¨âà¨¥¢ �.�. �®«ï ¢ á«®¨áâëå áà¥¤ å. �: �§¤-¢® �®áª.ã-â , 1963. �®áâã¯¨«  ¢ p¥¤ ªæ¨î27.03.00��� 517.958:621.372.8 � ���������� ������� �������� �����������������������. �. �®£®«î¡®¢, �. �. �¥«¨æë, �. �. � «ëå, �. �. �¢¥è¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�à®¢®¤¨âáï ®¡®á®¢ ¨¥ ¡ §¨á®áâ¨ á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢ æ¨«¨¤à¨ç¥áª®£® ¢®«®¢®¤ ªàã£®¢®£® á¥ç¥¨ï á à ¤¨ «ìë¬ ¤¨í«¥ªâà¨ç¥áª¨¬ § ¯®«¥¨¥¬. �®ª § ®¥ á¢®©áâ¢® ¯®§¢®«ï¥â®¡®á®¢ âì ¯à¨¬¥¥¨¥ ¬¥â®¤  ®à¬ «ìëå ¢®« ª § ¤ ç¥ ¢®§¡ã¦¤¥¨ï ¢®«®¢®¤ .�®«®â  á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢ ¢®«®¢®¤ à áá¬ âà¨¢ « áì ¢ à ¡®â å [1] ¨ [2], ®¤ ª® ¢®¯à®áë¡ §¨á®áâ¨ ¨§ãç ¥¬ëå á¨áâ¥¬ ¢ ¨å ¥ ®¡áã¦¤ «¨áì.� à ¡®â å [3, 4] ãáâ ®¢«¥  ¯®«®â  á¨áâ¥¬ë ª®à-¥¢ëå ¢¥ªâ®à®¢ ¢®«®¢®¤  ¤«ï ¤®áâ â®ç® ®¡é¥£®¢¨¤  ¤¨í«¥ªâà¨ç¥áª®© ¨ ¬ £¨â®© ¯à®¨æ ¥¬®áâ¨.�  áâ®ïé¥© à ¡®â¥, ª®â®à ï ¯à®¤®«¦ ¥â â¥¬ã [3, 4],¯®ª §ë¢ ¥âáï, çâ® æ¨«¨¤à¨ç¥áª¨© ¢®«®¢®¤ á à -¤¨ «ì®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâìî ï¢«ï¥â-áï ¯à¨¬¥à®¬ â ª®£®, ã ª®â®à®£® á¨áâ¥¬  ª®à¥¢ëå¢¥ªâ®à®¢ ¥ â®«ìª® ¯®« , ® ¨ ®¡à §ã¥â ¡ §¨á á®áª®¡ª ¬¨.1. �®áâ ®¢ª  § ¤ ç¨�ãáâì ¯®¯¥à¥ç®¥ á¥ç¥¨¥ 
 ¢®«®¢®¤  ¥áâì ªàã£¥¤¨¨ç®£® à ¤¨ãá . �®¬¥áâ¨¬ ¢ ¥ª®â®àãî â®çªã  ®á¨ æ¨«¨¤à   ç «® ª®®à¤¨ â æ¨«¨¤à¨ç¥áª®©á¨áâ¥¬ë ª®®à¤¨ â, ®áì Oz  ¯à ¢¨¬ ¯® ®á¨ æ¨-«¨¤à . �ãáâì ¢®«®¢®¤ § ¯®«¥ ¢¥é¥áâ¢®¬ á ªã-á®ç®-¥¯à¥àë¢®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®á-âìî "(r; '; z)= "(r) , § ç¥¨ï ª®â®à®© «¥¦ â ¬¥¦¤ãª®áâ â ¬¨ "1 ¨ "2 > 0 , ¨ á ¬ £¨â®© ¯à®¨æ ¥-¬®áâìî �(r; '; z)� 1 . �ãáâì áâ¥ª¨ ¢®«®¢®¤  ¨¤¥- «ì® ¯à®¢®¤ïé¨¥.�ã¤¥¬ ¨áª âì à¥è¥¨ï ãà ¢¥¨© � ªá¢¥««  ¢ ¢¨-¤¥ ®à¬ «ìëå ¢®« E;H � exp�i!t+iz+in' . �¨áâ¥-¬  ãà ¢¥¨© � ªá¢¥««  ¢ª«îç ¥â ¢®á¥¬ì ãà ¢¥¨©¤«ï è¥áâ¨ ¥¨§¢¥áâëå, ¯®íâ®¬ã á«¥¤ã¥â ¢ë¡à âì ¨§ãà ¢¥¨© è¥áâì ®á®¢ëå. �  è¥¬ á«ãç ¥ ã¤®¡®¢ë¡à âì á«¥¤ãîé¨¥:

8>>>>>>><>>>>>>>:1r @@'Hz � iH'+ ik"Er = 0;iHr� @@rHz + ik"E' = 0;1r @@r (r"Er) + 1r @@' ("E') + i"Ez = 0; (1)8>>>>>>><>>>>>>>:1r @@'Ez � iE'� ikHr = 0;iEr� @@rEz � ikH' = 0;1r @@r (rHr) + 1r @@'H' + iHz = 0: (2)�¢¥¤¥¬ ®¡®§ ç¥¨¥X = (Hr; H'; Ez)T = (H?Ez)T :�®£¤ , ¨áª«îç ï ¨§ (1) ¨ (2) äãªæ¨¨ Er , E' ¨ Hz¨ ãç¨âë¢ ï § ¢¨á¨¬®áâì ®â ' , ¯à¨å®¤¨¬ ª § ¤ ç¥  á®¡áâ¢¥ë¥ § ç¥¨ï:0BBBBBBB@r @@r 1r @@rr+ k2"r inr @@r 1r �k"nin1r @@rr �n2r + k2"r �ik"r @@rkn" ik @@rr" @@rr" @@r � "rn21CCCCCCCAX == 2r0@1 1 "1AX; (3)9 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6



18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6£¤¥ X 2 V . �®¦¥áâ¢® V ®¯à¥¤¥«ï¥âáï ª ª ¬®¦¥-áâ¢® ¢¥ªâ®à®¢, ¯à¨ ¤«¥¦ é¨å C1 [0; 1] , ã¤®¢«¥â¢®-àïîé¨å £à ¨çë¬ ãá«®¢¨ï¬X1(1) = 0 ¨ X3(1) = 0; jX(0)j<1¨ ¥ ¯à¨¢¥¤¥®¬ã ¢ëè¥ ãà ¢¥¨î � ªá¢¥«« :�ik"X3 = 1r @@r (rX2)� 1r inX1;â. ¥. �ik"Ez = 1r @@r (rH')� 1r inHr:2. �« ¡ ï ¯®áâ ®¢ª  § ¤ ç¨ ¢ ¯à®áâà áâ¢¥�®¡®«¥¢ �¢¥¤¥¬ ¯à®áâà áâ¢® W ª ª § ¬ëª ¨¥ V ¯®®à¬¥, ¯®à®¦¤¥®© áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬(X; Y ) = 1Z0 r dr (x1y1 + x2y2 + "x3y3);¨ ¯à®áâà áâ¢® W 1 á® áª «ïàë¬ ¯à®¨§¢¥¤¥¨¥¬(X; Y )1 = 1Z0 r dr divH?divH?++ 1Z0 "r dr �gradEz; gradEz�+ (X; Y ) ;£¤¥ divH? = 1r @@rrHr + inr H'(ç¥àâ  á¢¥àåã ®¡®§ ç ¥â ª®¬¯«¥ªá®¥ á®¯àï¦¥¨¥).�«ï ¯®«ãç¥¨ï á« ¡®© ¯®áâ ®¢ª¨ § ¤ ç¨ á«¥¤ã¥âã¬®¦¨âì (3) á«¥¢    ¯à®¨§¢®«ìë© ¢¥ªâ®à Y T ¨§ V¨ ¯à®¨â¥£à¨à®¢ âì ¯®«ãç¨¢è¨©áï áª «ïà ¯® r ¢¯à¥¤¥« å ®â 0 ¤® 1. �®£¤  ¯à¨¤¥¬ ª á«¥¤ãîé¥© ¯®-áâ ®¢ª¥ § ¤ ç¨ (3):(X; Y )1� b (X; Y ) =� �2� 1� (X; Y ) 8 Y 2 V; (4)£¤¥b (X; Y ) = 1Z0 drnk2"r � �Y1X1+ �Y2X2�� k"n �Y1X3++kn" �Y3X1� ik"r �Y2 @@rX3� ik"rX2 @@r �Y3o:� ¬¥â¨¬, çâ® ¢¥à  á«¥¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   1. �à®áâà áâ¢® W 1 ª®¬¯ ªâ® ¢«®-¦¥® ¢ W .� ® ª   §   â ¥ « ì á â ¢ ®. �®ª ¦¥¬, çâ® ¨§ «î¡®©®£à ¨ç¥®© ¢ W 1 ¯®á«¥¤®¢ â¥«ì®áâ¨ ¬®¦® ¨§-¢«¥çì áå®¤ïéãîáï ¢ W ¯®¤¯®á«¥¤®¢ â¥«ì®áâì. �«ï

íâ®£® § ¬¥â¨¬ á ç « , çâ® á®áâ ¢«ïîéãî H? 2W 1¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥H? = grad + rot�;£¤¥ grad' (r) = � @@r'; inr '�T ;rot' (r) = � inr '� @@r'�T :�á«¨ ¡ë íâ® ¯à¥¤áâ ¢«¥¨¥ ¨¬¥«® ¬¥áâ®, â®, ¯®-áª®«ìªã div rot� = 1r @@rr inr �� inr @@r�= 0;(rot rot�; ez) = � inr �2 �+ 1r @@rr @@r�= ��;(rot grad ; ez) = inr @@r � 1r @@rr inr  = 0;äãªæ¨¨  ¨ � ï¢«ï«¨áì ¡ë à¥è¥¨ï¬¨ § ¤ ç8<:� = divH?;@@r jr=1 = 0; j (0)j<1;¨ 8<:��= (rotH?; ez) =�ik"Ez ;(rot�; n) = @@� ����r=1 = 0; j� (0)j<1;¨«¨ ¤ ¦¥ 8<:��= (rotH?; ez) = �ik"Ez ;����r=1 = 0; j� (0)j<1:�®áª®«ìªã ®¯¥à æ¨¨ divH? ¨ (rotH?; ez) =�ik"Ez®¯à¥¤¥«¥ë ¢ ®¡®¡é¥®¬ á¬ëá«¥   ¢á¥¬ ¯à®-áâà áâ¢¥ W 1 , â® ¤«ï «î¡®£® H? 2 W 1 ¬®¦® ©â¨ á®®â¢¥âáâ¢ãîé¨¥  ¨ � . �ëç¨á«¨¬ ¢¥ªâ®àH 0? = grad + rot� . � §®áâì H 00? =H? �H 0? ¡ã¤¥âã¤®¢«¥â¢®àïâì ãà ¢¥¨ï¬ ���-¢®«ë:8>><>>:divH 00? = 0;(rotH 00?; ez) = 0;(H 00?; n)���r=1 = 0;ª®â®à ï ã ¢®«®¢®¤  á ®¤®á¢ï§ë¬ á¥ç¥¨¥¬ â®¦-¤¥áâ¢¥® à ¢  ã«î, á«¥¤®¢ â¥«ì®,H? = grad + rot�:



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü6 19�ãáâì un | á« ¡®¥ à¥è¥¨¥ § ¤ ç¨8>>><>>>:�un = fn;jun(0)j<1;@@run���r=1 = 0 ¨«¨ un���r=1 = 0: (5)� ¬¥â¨¬, çâ® ¢¥á®¢®¥ ¯à®áâà áâ¢® �®¡®«¥¢ W 2r , ¯®áâà®¥®¥ ª ª § ¬ëª ¨¥ ¬®¦¥áâ¢  fu (r) :u (r) 2 C1 [0; 1] ; @@run���r=1 = 0g ¨«¨ C10 [0; 1] ¯® ®à-¬¥ kuk2 = 1R0 r dr ��dudr ��2 , ª®¬¯ ªâ® ¢«®¦¥® ¢ L2r , ¯®-áâà®¥®¥ ª ª § ¬ëª ¨¥ u (r) 2 C1 [0; 1] ¯® ®à¬¥kuk2 = 1R0 r dr juj2 . �à®é¥ ¢á¥£® íâ® ¤®ª § âì ¯à¨ ¯®-¬®é¨ ¯à¥®¡à §®¢ ¨ï �¥áá¥«ï, á«¥¤ãï �.�. �¨¯à¨ï-®¢ã [5]. �®£¤  § ¤ ç  (5) ¬®¦¥â ¡ëâì ¯¥à¥¯¨á   ¢¢¨¤¥ un =Afn; un 2W 2r ;£¤¥ A | ª®¬¯ ªâë© ®¯¥à â®à, ¯®íâ®¬ã ¨§ ¯®-á«¥¤®¢ â¥«ì®áâ¨ fung , ®â¢¥ç îé¥© ®£à ¨ç¥®©¢ L2r ¯®á«¥¤®¢ â¥«ì®áâ¨ ffng , ¬®¦® ¨§¢«¥çìáå®¤ïéãîáï ¢ W 2r ¯®¤¯®á«¥¤®¢ â¥«ì®áâì. �«¥-¤®¢ â¥«ì®, ¥á«¨ ¯®á«¥¤®¢ â¥«ì®áâì fXng 2 W 1®£à ¨ç¥ : kXnk21 6 C , â® ¨ kdivH?nk2L2 6 C ,kEznk2L2 6 C , kgradEznk2L2 6 C . �®íâ®¬ã ¨§ ®â-¢¥ç îé¨å fXng 2 W 1 ¯®á«¥¤®¢ â¥«ì®áâ¥© f�ng ,f ng , fEzng ¬®¦® ¨§¢«¥çì á¨«ì® áå®¤ïé¨-¥áï ¢ W 2r ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨ f�kg , f kg¨ á¨«ì® áå®¤ïéãîáï ¢ L2r ¯®¤¯®á«¥¤®¢ â¥«ì-®áâì fEzkg . � ª¨¬ ®¡à §®¬, ¯®¤¯®á«¥¤®¢ â¥«ì®á-â¨ fH?kg = fgrad k + rot�kg ¨ fEzk g áå®¤ïâáï¯® ®à¬¥ L2r . �®áª®«ìªã "(r) ªãá®ç®-¥¯à¥àë¢  ¨"1 > " (r) > "2 , â® ®à¬ë L2r ¨ W íª¢¨¢ «¥âë,¯®íâ®¬ã ¨§ ®£à ¨ç¥®© ¢ W 1 ¯®á«¥¤®¢ â¥«ì®áâ¨¬®¦® ¨§¢«¥çì áå®¤ïéãîáï ¢ W ¯®¤¯®á«¥¤®¢ â¥«ì-®áâì, çâ® ¨ âà¥¡®¢ «®áì ¤®ª § âì.� á¨«ã â¥®à¥¬ë �¨áá  ¨ ª®¬¯ ªâ®áâ¨ ¢«®¦¥¨ï¯à®áâà áâ¢  W 1 ¢ W áãé¥áâ¢ãîâ â ª¨¥ ª®¬¯ ªâ-ë¥   W 1 (c¬.,  ¯à., [6]) ®¯¥à â®àë B ¨ A , çâ®b (X; Y ) = � (Y;BX)1 ; (X; Y ) = (Y;AX)1 :�®íâ®¬ã § ¤ ç  (4) ¬®¦¥â ¡ëâì ¯¥à¥¯¨á   ¢ ¢¨¤¥X +BX =� �2� 1�AX; X 2W 1: (6)3. �®«®â  á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢�«ï ®¡®á®¢ ¨ï ¯®«®âë á¨áâ¥¬ë ª®à¥¢ëå ¢¥ª-â®à®¢ § ¤ ç¨ (6) ¯®ª ¦¥¬, çâ® ¯®á«¥¤ïï ã¤®¢«¥â¢®-àï¥â ãá«®¢¨ï¬ â¥®à¥¬ë �. �. �¥«¤ëè  [7]. �«ï íâ®£®§ ¬¥â¨¬, çâ® A | íà¬¨â®¢ ª®¬¯ ªâë© ®¯¥à â®à  W 1 á kerA = 0 ¨ ¢¥à  á«¥¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   2. �®¡áâ¢¥ë¥ § ç¥¨ï ®¯¥à â®à  A¨¬¥îâ  á¨¬¯â®â¨ªã �n � n�2 .

� ® ª   §   â ¥ « ì á â ¢ ®. �ãáâì Xn 2W 1 | á®¡-áâ¢¥ë¥ ¢¥ªâ®àë ¨ �n | á®¡áâ¢¥ë¥ § ç¥¨ï®¯¥à â®à  A , â®£¤  áà¥¤¨ ¨å ¥áâì ¨ â¥, ª®â®àë¥ã¤®¢«¥â¢®àïîâ á¨áâ¥¬¥(�n graddivH?n =H?n;�n�"Ezn = "Ezn (7)á £à ¨çë¬¨ ãá«®¢¨ï¬¨ Hrn (1) = Ezn (1) = 0 , ¨ ¢ç áâ®áâ¨ â¥, ª®â®àë¥ ã¤®¢«¥â¢®àïîâ ®¤®© ¨§ ¤¢ãåá¨áâ¥¬: 8><>:�n� n =  n;@@r n���r=1 = 0;�n = Ezn = 0; (8)8>>><>>>:�m�"Ezm = "Ezm;Ezm���r=1 = 0; (r)� 0;��m = �ikEm; �m (1) = 0; (9)£¤¥ �"' = div (" grad') . � á¨«ã â®£® çâ® á¨áâ¥¬ëäãªæ¨© f ng , f�mg , fEzmg ®¡à §ãîâ ¡ §¨á ¢ L2r¨ ¤¨ää¥à¥æ¨àã¥¬ë ¤®áâ â®ç®¥ ç¨á«® à §,  ¡®à�;  ; Ez , ®â¢¥ç îé¨© «î¡®¬ã ¢¥ªâ®àã ¨§ W 1 , ¬®-¦¥â ¡ëâì ¯à¥¤áâ ¢«¥ ¢ ¢¨¤¥ àï¤  ¯® f ng , f�mg ,fEzmg , â. ¥. f ng , f�mg , fEzmg | ¡ §¨á   W 1 , ¨á«¥¤®¢ â¥«ì®, ¨¬¨ ¨áç¥à¯ë¢ îâáï ¢á¥ á®¡áâ¢¥ë¥¢¥ªâ®àë § ¤ ç¨.� § ¤ ç å (8) ¨ (9) ¯à¨ " (r) � 1 á®¡áâ¢¥ë¥§ ç¥¨ï, ®ç¥¢¨¤®, à áâãâ, ª ª ª¢ ¤à â ®¬¥à . �æ¥-¨¢ ï á®¡áâ¢¥ë¥ § ç¥¨ï (9) ¢ ®¡é¥¬ á«ãç ¥ ¯®¯à¨æ¨¯ã ¬¨¨¬ ªá  [8], ¯®«ãç¨¬, çâ® ¨ ®¨ â®¦¥à áâãâ, ª ª O �n2� , çâ® ¨ âà¥¡®¢ «®áì ¤®ª § âì.� á¨«ã â¥®à¥¬ë �¥«¤ëè  ® ¯®«®â¥ ª®à¥¢ëå ¢¥ª-â®à®¢ ®¯¥à â®à®£® ¯ãçª  ¨ â¥®à¥¬ 1 ¨ 2 ¯®«ãç ¥¬á«¥¤ãîéãî â¥®à¥¬ã.� ¥ ® à ¥ ¬   3. �¨áâ¥¬  ª®à¥¢ëå ¢¥ªâ®à®¢ § ¤ ç¨(6) ¯®«  ¢ W 1 .4. � §¨á®áâì á¨áâ¥¬ë ª®à¥¢ëå ¢¥ªâ®à®¢�®áª®«ìªã kerA = 0 , áãé¥áâ¢ã¥â G = A�1 | íà-¬¨â®¢ ®¯¥à â®à á ª®¬¯ ªâ®© à¥§®«ì¢¥â®©, â ª®©,çâ® ¥£® á®¡áâ¢¥ë¥ § ç¥¨ï �n � n2 . �®£¤  § ¤ çã(6) ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥(I +B)GX = �X;¨ ¯à¨¬¥¨âì ª ¥© â¥®à¥¬ã ® ¡ §¨á®áâ¨ á¨áâ¥¬ëª®à¥¢ëå ¢¥ªâ®à®¢ [9, µ 6], ¥á«¨ ¤®ª § âì, çâ® ®¯¥-à â®à BG ï¢«ï¥âáï p-¯®¤ç¨¥ë¬ ®¯¥à â®àã G ,¯à¨ç¥¬ p= 1=2 , â. ¥. çâ® áãé¥áâ¢ã¥â c > 0 , ¯à¨ç¥¬kBGxk1 6 c kGxkp1 kxk1�p1 :�® ¤«ï «î¡®£® x  ©¤¥âáï y =Gx= A�1x , ¯®íâ®¬ã¯®á«¥¤¥¥ ¥à ¢¥áâ¢® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¥à ¢¥-áâ¢  kByk1 6 c kykp1 kAyk1�p1 6 b kykp1 kyk1�p010 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 6



20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6¯à¨ «î¡®¬ y 2 W 1 . � ¤àã£®© áâ®à®ë, B | ®£à -¨ç¥ë© ®¯¥à â®à, â. ¥. kBk1 = b , ¯®íâ®¬ãkByk21 6 (By;By)1 6 b j(y; By)1j= b jb (y)j :�®£« á® ¯. 2, jb (X)j6 C kXk1 kXk0 ;®âáî¤  kByk21 6 b jb (y)j6 Cb kyk1 kyk0 ;çâ® ¨ ®§ ç ¥â p-¯®¤ç¨¥®áâì (p= 1=2) ®¯¥à â®à BG ®¯¥à â®àã G .�áâ ¥âáï § ¬¥â¨âì, çâ® ª®«ì áª®à® �n � n2 , â®¤«ï N(r) | áã¬¬ë ªà â®áâ¥© ¢á¥å á®¡áâ¢¥ëå§ ç¥¨© G , ¬¥ìè¨å r , | ¨¬¥¥â ¬¥áâ® á®®â®è¥¨¥const �N2 = r ¨«¨ limr=1 1prN (r)<1:�® íâ® ®§ ç ¥â, çâ® ¢ë¯®«¥ë ¢á¥ ãá«®¢¨ï â¥®à¥¬ë® ¡ §¨á®áâ¨ ª®à¥¢ëå ¢¥ªâ®à®¢ ¯ãçª  �¥«¤ëè ,¯®íâ®¬ã ¢¥à  á«¥¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   4. �¨áâ¥¬  ª®à¥¢ëå ¢¥ªâ®à®¢ § ¤ ç¨(6) ®¡à §ã¥â ¡¥§ãá«®¢ë© ¡ §¨á á® áª®¡ª ¬¨ ¢ W 1 .
�â  â¥®à¥¬  ¯®§¢®«ï¥â § ¢¥àè¨âì ®¡®á®¢ ¨¥ ¬¥-â®¤  ®à¬ «ìëå ¢®« ¤«ï ¤ ®£® ª« áá  à ¤¨®¢®«-®¢®¤®¢ [4].� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥���� (£à â 00-01-00111).�¨â¥à âãà 1. �à áãèª¨ �.�., �®¨á¥¥¢ �.�. // ��� ����. 1982. 264,ü 5. �. 1123.2. �¬¨à®¢ �.�. // �¨ää. ãà ¢¥¨ï. 1991. 27, ü 1. �. 140.3. �®£®«î¡®¢ �.�., �¥«¨æë �.�., �¢¥è¨ª®¢ �.�. // �®ª«.���. 1999. 369, ü 4. �. 1.4. �®£®«î¡®¢ �.�., �¥«¨æë �.�., �¢¥è¨ª®¢ �.�. // ��� ¨��. 1999. 39, ü 11. �. 1869.5. �¨¯à¨ï®¢ �.A. �¨£ã«ïàë¥ í««¨¯â¨ç¥áª¨¥ ªà ¥¢ë¥ § -¤ ç¨. �.: � ãª , 1997.6. � ¤ë¦¥áª ï �.�. �à ¥¢ë¥ § ¤ ç¨ ¬ â¥¬ â¨ç¥áª®© ä¨-§¨ª¨. �.: � ãª , 1973.7. �¥«¤ëè �.�. �§¡à ë¥ âàã¤ë. � â¥¬ â¨ª . �.: � ãª ,1985.8. �¨«ì¡¥àâ �., �ãà â �. �¥â®¤ë ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨.�. 1. �.; �.: �����, 1951.9. � àªãá �.�. �¢¥¤¥¨¥ ¢ á¯¥ªâà «ìãî â¥®à¨î ¯®«¨®-¬¨ «ìëå ¯ãçª®¢. �¨è¨¥¢: �â¨¨æ , 1986.�®áâã¯¨«  ¢ p¥¤ ªæ¨î29.03.00��� 530.145 ����� ������������ �������������� � ������������������ ��� ������������� �����������. �. � ¢«®¢ , �. �. �à¥ª¨(ª ä¥¤à  â¥®à¥â¨ç¥áª®© ä¨§¨ª¨;ª ä¥¤à  ª¢ â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í¥à£¨©)�¥â®¤®¬ ¨â¥£à «ìëå ¯à¥®¡à §®¢ ¨©  å®¤¨âáï í¥à£¥â¨ç¥áª¨© á¯¥ªâà à ¤¨ «ì®£® ãà ¢¥¨ï�à�¥¤¨£¥à  á ã¤¥à¦¨¢ îé¨¬ ¯®â¥æ¨ «®¬ áâ¥¯¥®£® à®áâ    ¡¥áª®¥ç®áâ¨. � ¤ ç  á¢¥¤¥  ª¯à¨¡«¨¦¥®¬ã à¥è¥¨î ¡¥áª®¥ç®© á¨áâ¥¬ë «¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©. � ¯®¬®éìîç¨á«¥ëå à áç¥â®¢ ®¯à¥¤¥«¥ á¯¥ªâà S -á®áâ®ï¨ï ãà ¢¥¨ï �à�¥¤¨£¥à  á «¨¥©® à áâãé¨¬¯®â¥æ¨ «®¬.�¤®© ¨§ ¢ ¦ëå § ¤ ç ª¢ â®¢®© ä¨§¨ª¨ ï¢«ï-¥âáï  å®¦¤¥¨¥ í¥à£¥â¨ç¥áª®£® á¯¥ªâà  ãà ¢¥¨ï�à�¥¤¨£¥à  (��) á «®ª «ìë¬¨ ã¤¥à¦¨¢ îé¨¬¨¯®â¥æ¨ « ¬¨. �¤ ª® à ¤¨ «ì®¥ �� á ¯à®¨§¢®«ì-ë¬ ®à¡¨â «ìë¬ ª¢ â®¢ë¬ ç¨á«®¬ l = 0; 1; : : :¨¬¥¥â â®ç®¥ à¥è¥¨¥ â®«ìª® ¤«ï ®¤®£® ¯®â¥æ¨ « â ª®£® à®¤  | ®áæ¨««ïâ®à®£® (¢ â®¬ ç¨á«¥ ¨ ¤«ï¥£® ª®¬¡¨ æ¨¨ á ¯®â¥æ¨ «®¬ 1=r2 ) ¨ ¥ª®â®àëå¥£® ¬®¤¨ä¨ª æ¨©, ª®â®àë¥,  ¯à¨¬¥à, ¬®£ãâ ¡ëâì¯®«ãç¥ë ¬¥â®¤®¬ ®¡à â®© § ¤ ç¨ ª¢ â®¢®© â¥®-à¨¨ à áá¥ï¨ï [1]. �®íâ®¬ã ®ç¥ì ¢ ¦ë à §à ¡®âª¨®¢ëå ¯à¨¡«¨¦¥ëå ¬¥â®¤®¢  å®¦¤¥¨ï á¯¥ªâà �� á ã¤¥à¦¨¢ îé¨¬¨ ¯®â¥æ¨ « ¬¨ ¡®«¥¥ á«®¦®-£® ¢¨¤ .� ¤ ®© à ¡®â¥ ¬ë ®¯à¥¤¥«ï¥¬ á¯¥ªâà �� á

ä¨§¨ç¥áª¨¬ ¯®â¥æ¨ «®¬V (r) = arK � Zr + Ar2 ; a > 0; K = 1; 2; : : : ; (1)ª®â®àë© ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¡¨ æ¨î ã¤¥à¦¨¢ -îé¥£® ¯®â¥æ¨ «  áâ¥¯¥®£® à®áâ , ¤ «ì®¤¥©áâ¢ã-îé¨å ªã«®®¢áª®£® ¯®â¥æ¨ «  ¨ ¯®â¥æ¨ «  ¢¨¤ 1=r2 . �à¨ íâ®¬ ¬ë ¨á¯®«ì§ã¥¬ ¬¥â®¤ ¨â¥£à «ìëå¯à¥®¡à §®¢ ¨©, ¯à¨¬¥¥ë© ¢ à ¡®â å [2{4].� áá¬®âà¨¬ à ¤¨ «ì®¥ ãà ¢¥¨¥ �à�¥¤¨£¥à (��) (¢ë¡à ® 2m = 1; ~ = 1) á ã¤¥à¦¨¢ îé¨¬¯®â¥æ¨ «®¬ (1):d2	dr2 � arK	� l(l+ 1)+Ar2 	+ Zr 	+ E	= 0; (2)


