
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59��� 539.3������ ��������� ����, ������������������ �������� � ��������������������� ����� ����������� ���������������������� ���������. �. ��������, �. �. ���������¤¥ááª¨© £®áã¤ àáâ¢¥ë© ¯®«¨â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â���¤¥ááª¨© £®áã¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â ¨¬. �¥ç¨ª®¢ �®«ãç¥® 17.11.98 � �¥à¥á¬®âà¥® 1.03.99�à®¡«¥¬  ¨áá«¥¤®¢ ¨ï ¢®«®¢®£®¯®«ï ¢ ãª § ®© áà¥¤¥ á ¯®¬®éìî ¬¥â®¤  à §àë¢ëå à¥è¥¨© á¢¥¤¥  ª ®¤®¬¥à-®¬ã ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î   ª®¥ç®¬ ¨â¥à¢ «¥. �«ï ¥£® ¯à¨¡«¨¦¥®£® à¥è¥¨ï ¨á¯®«ì§®¢ ¬¥â®¤ ®àâ®£® «ìëå ¬®£®ç«¥®¢, ª®â®àë©, ¢ á¢®î ®ç¥à¥¤ì, á¢®¤¨â ¯à®¡«¥¬ã ª à¥è¥¨î ¡¥áª®¥ç®© á¨áâ¥¬ë «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©. �®á«¥¤ïï à¥è¥  ¬¥â®¤®¬ à¥¤ãªæ¨¨, ®¡®á®¢ ¨¥ ª®â®à®£® ¯à¨¢®¤¨âáï. �  ®á®¢¥¯®«ãç¥®£® à¥è¥¨ï ¯®áâà®¥  ¤¨ £à ¬¬   ¯à ¢«¥®áâ¨ ¢ ¤ «ì¥© §®¥ §  âà¥é¨®© ¨ ¯®¤áç¨â  ª®íää¨æ¨¥â¨â¥á¨¢®áâ¨  ¯àï¦¥¨©.�à®¡«¥¬ã ¤®á«÷¤¦¥ï å¢¨«ì®¢®£® ¯®«ï ã ¢ª § ®¬ã á¥à¥¤®¢¨é÷ §  ¤®¯®¬£®î ¬¥â®¤  à®§à¨¢¨å à®§¢'ï§ª÷¢ §¢¥¤¥-® ¤® ®¤®¢¨¬÷à®£® ÷â¥£à®-¤¨ä¥à¥æ÷©®£® à÷¢ïï   áª÷ç¥®¬ã ÷â¥à¢ «÷. �«ï ©®£®  ¡«¨¦¥®£® à®§¢'ï§ªã¢¨ª®à¨áâ ® ¬¥â®¤ ®àâ®£® «ì¨å ¬®£®ç«¥÷¢, ïª¨©, ã á¢®î ç¥à£ã, §¢®¤¨âì ¯à®¡«¥¬ã ¤® à®§¢'ï§ªã ¥áª÷ç¥®ùá¨áâ¥¬¨  «£¥¡à ùç¨å à÷¢ïì. �áâ î à®§¢'ï§ ® §  ¤®¯®¬®£®î ¬¥â®¤  à¥¤ãªæ÷ù, ®¡£àãâã¢ ï ïª®£®  ¢®¤¨âì-áï. �  ®á®¢÷ ®âà¨¬ ®£® à®§¢'ï§ªã ¯®¡ã¤®¢ ® ¤÷ £à ¬ã  ¯àï¬«¥®áâ÷ ã ¤ «ì÷© §®÷ §  âà÷é¨®î ÷ ¯÷¤à å®¢ ®ª®¥ä÷æ÷õâ ÷â¥á¨¢®áâ÷  ¯àã£.A problem on investigation of wave �eld in mentioned medium by method of discontinuous solutions has been reduced toone-dimensional integro-di�erential equation over the �nite interval. For its solution the method of orthogonal polynomialshas been used, which in its turn allowed to reduce the problem to solution of the in�nite system of algebraic equations.This last has been solved using the technique of reduction that is being substantiated in the paper. On base of obtainedsolution the directivity pattern in far �eld has been derived and the coe�cient of intensity of tensions has been evaluated.���������áá«¥¤®¢ ¨¥ åàã¯ª®£® à §àãè¥¨ï â¥« á ¨¬¥-îé¨¬¨áï ¢ ¨å âà¥é¨ ¬¨ ¨ ¤¨ £®áâ¨ª   «¨-ç¨ï âà¥é¨ ¢ â¥« å ®áâ îâáï ¢¥áì¬   ªâã «ìë-¬¨ ¯à®¡«¥¬ ¬¨ á®¢à¥¬¥®© â¥å¨ª¨. � ¬¥å ¨-ª¥ à §àãè¥¨ï ®á®¢®© å à ªâ¥à¨áâ¨ª®©, âà¥¡ã-îé¥© ®¯à¥¤¥«¥¨ï, ï¢«ï¥âáï ª®íää¨æ¨¥â ¨â¥-á¨¢®áâ¨  ¯àï¦¥¨© (���) ã ªà ¥¢ âà¥é¨ë.�«¥¤ã¥â ª®áâ â¨à®¢ âì, çâ® ¢®¯à®áë ®¯à¥¤¥«¥-¨ï ��� ¢ ¯«®áª¨å áâ â¨ç¥áª¨å § ¤ ç å ¢  áâ®-ïé¥¥ ¢à¥¬ï à §¢¨âë ¤®áâ â®ç® å®à®è®. � ç¨-â¥«ì® åã¦¥ ®¡áâ®¨â ¤¥«® á à¥è¥¨¥¬ ¯à®áâà -áâ¢¥ëå § ¤ ç ¢¢¨¤ã § ç¨â¥«ìëå ¬ â¥¬ â¨ç¥-áª¨å âàã¤®áâ¥©. �¥è¥ë â®«ìª® § ¤ ç¨ ¤«ï ¯«®á-ª¨å ªàã£®¢ëå ¨ í««¨¯â¨ç¥áª¨å âà¥é¨. � áá¬®-âà¥ë ¥ª®â®àë¥ ç áâë¥ á«ãç ¨ § ¤ ç ¤«ï âà¥-é¨, «¥¦ é¨å   ç áâïå ¯®¢¥àå®áâ¨ áä¥àë, ¯ -à ¡®«®¨¤ , £¨¯¥à¡®«®¨¤ , ª®ãá . � à ¡®â¥ [1] à á-á¬®âà¥ ç áâë© á«ãç © § ¤ ç¨ ® æ¨«¨¤à¨ç¥áª®©âà¥é¨¥ ¨ â®¦¥ ¢ áâ â¨ç¥áª®© ¯®áâ ®¢ª¥. �  -áâ®ïé¥© à ¡®â¥ ¢¯¥à¢ë¥ áâ ¢¨âáï ¨ à¥è ¥âáï ®¤-  ¨§ § ¤ ç ® æ¨«¨¤à¨ç¥áª®© âà¥é¨¥ ¢ ¤¨ ¬¨-ç¥áª®© ¯®áâ ®¢ª¥ ¨  å®¤ïâáï ���. � ª ª ª ¤«ï¯à®¡«¥¬ë ¤¨ £®áâ¨ª¨  «¨ç¨ï âà¥é¨ë ¢ ¦®
§ âì å à ªâ¥à ¢®«®¢®£® ¯®«ï ¢ ¤ «ì¥© §®¥ § âà¥é¨®©, â® ¢  áâ®ïé¥© à ¡®â¥ ®¡áã¦¤ ¥âáï ¨íâ®â ¢®¯à®á.1. ���������� ������ � ���������� � �������-���������������������������¥®£à ¨ç¥ ï ã¯àã£ ï áà¥¤  (0�r�1,���'��, �1�z�1), á®¤¥à¦ é ï ¤¥ä¥ªâ (âà¥-é¨ã), á®¢¯ ¤ îé¨© á ¯®¢¥àå®áâìîr = R; �� � ' � �; 0 < a � z � b; (1)§ £àã¦¥  ¢  ç «¥ ª®®à¤¨ â æ¥âà®¬ ªàãç¥¨ï(¢à é¥¨ï), ¬®¬¥â ª®â®à®£® M (t) ¬¥ï¥âáï ¢®¢à¥¬¥¨ ¯® £ à¬®¨ç¥áª®¬ã § ª®ã, â. ¥. ¯à®¯®à-æ¨® «ì® ¬®¦¨â¥«î e�i!t. �à¥¡ã¥âáï ®¯à¥¤¥-«¨âì ¢®«®¢®¥ ¯®«¥ ¢ ã¯àã£®© áà¥¤¥ ¨ ¢ëç¨á«¨âìª®íää¨æ¨¥âë ¨â¥á¨¢®áâ¨  ¯àï¦¥¨©. �®-áª®«ìªã ¢á¥ ¨áª®¬ë¥ ¨ § ¤ ë¥ ¢¥«¨ç¨ë â®¦¥¡ã¤ãâ ¯à®¯®àæ¨® «ìë e�i!t, â® ¢ ¤ «ì¥©è¥¬íâ®â ¬®¦¨â¥«ì ®¯ãáª ¥âáï. � ª ª ª à áá¬ âà¨¢ -¥âáï ¤¥ä®à¬ æ¨ï ªàãç¥¨ï ã¯àã£®© áà¥¤ë, â® ¯®«¥ ¯àï¦¥¨© ¨ á¬¥é¥¨© ¡ã¤¥â á®áâ®ïâì â®«ìª® ¨§u'(r; z) ¨ �r'(r; z), ¨ à¥è¥¨¥ ¯®áâ ¢«¥®© § ¤ ç¨50 c�. �. �®à®§®¢, �. �. �®¯®¢, 1999



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59¡ã¤¥¬ áâà®¨âì ¢ ¢¨¤¥u'(r; ') = u0'(r; ') + u1'(r; ');�r'(r; ') = �0r'(r; ') + �1r'(r; '); (2)£¤¥ u1' ¨ �1r' { à §àë¢®¥ à¥è¥¨¥ [2] ¤¨ää¥à¥-æ¨ «ì®£® ãà ¢¥¨ï ªàãâ¨«ìëå ª®«¥¡ ¨© ¤«ïà áá¬ âà¨¢ ¥¬®£® ¤¥ä¥ªâ , â. ¥. à¥è¥¨¥, ª®â®-à®¥ ã¤®¢«¥â¢®àï¥â ãª § ®¬ã ãà ¢¥¨î ¢áî¤ã,§  ¨áª«îç¥¨¥¬ â®ç¥ª à §àë¢  (1). � íâ¨å â®çª å§ ¤ îâáï áª çª¨ ¯¥à¥¬¥é¥¨© ¨  ¯àï¦¥¨©:hu'(R; z) i = u'(R � 0; z) + u'(R+ 0; z);h �r'(R; z) i = �r'(R� 0; z) + �r'(R+ 0; z):�à¨ íâ®¬ ¢ ¤ ®¬ á«ãç ¥ h�r'(R; z)i�0,  hu'(R; z)i ¯®¤«¥¦¨â ®¯à¥¤¥«¥¨î; u0' ¨ �0r' { á¬¥-é¥¨ï ¨  ¯àï¦¥¨ï ®â æ¥âà  ¢à é¥¨ï ¯à¨ ®â-áãâáâ¢¨¨ ¤¥ä¥ªâ . �¨ ®¯à¥¤¥«ïîâáï ª ªu0'(r; z) = � M8�rG(r2 + z2)eirk;�0r'(r; z) = �M8� � ikr(r2 + z2)� (3r2 + z2)re�irk(r2 + z2) � ; (3)£¤¥ k=!=c2; c22=G=� { áª®à®áâì à á¯à®áâà ¥¨ï¯®¯¥à¥çëå ¢®« ¢ ã¯àã£®© áà¥¤¥; G { ¬®¤ã«ìá¤¢¨£ ; � { ¯«®â®áâì; M = const {  ¬¯«¨âã¤®¥§ ç¥¨¥ ¬®¬¥â  ¢à é¥¨ï. �â¨ ä®à¬ã«ë ¯®«ã-ç¥ë   «®£¨ç® ¯à¨¥¬ã, ¨§«®¦¥®¬ã ¢ [3] á ¬®-¤¨ä¨ª æ¨¥©   ¤¨ ¬¨ªã [4]. �®áâà®¨¢, ¨á¯®«ì§ãïáå¥¬ã à ¡®âë [2], à §àë¢®¥ à¥è¥¨¥ ãà ¢¥¨ïªàãâ¨«ìëå ª®«¥¡ ¨© ã¯àã£®© áà¥¤ë ¤«ï ¤¥ä¥ª-â  (1) ¢ ¢¨¤¥u1' = � iR4 �k2 + d2dz2� bZa hu'(�) i�� 1Z�1 H(1)0 (rpk2 � �2)J2(Rpk2 � �2)��e�i�(z��)d�d�; (4)�1r'(R; z) = � iR4 �k2 + d2dz2� bZa hu'(R; �) i�� 1Z�1 J2(rpk2 � �2)H(1)2 (rpk2 � �2)��e�i�(z��)d�d�; (5)

á¢¥¤¥¬ áä®à¬ã«¨à®¢ ãî § ¤ çã ª ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î��k2 + d2dz2� iR4 bZa hu'(R; �)i�� 1Z�1 J2(Rpk2 � �2)H(1)2 (Rpk2 � �2)��e��(z��)d�d� = �0r'(R; z): (6)�¤¥« ¢ § ¬¥ãR� = �; z = R(c+ + c�x);� = R(c+ + c�s); 2Rc� = b� ahv(R;Rc+ �Rc�s)i = '(s);�4Rc��0'(R;Rc+ � Rc�x)i = f(x); (7)¯à¥®¡à §ã¥¬ ãà ¢¥¨¥ (6) ª á«¥¤ãîé¥¬ã ¢¨¤ã:� 1� d2dx2 1Z�1 'p(s)H(c�; x; s)ds��k2� 1Z�1 'p(s)H(c�; x; s)ds = f(x);�1 � x � 1: (8)�¤¥áìH(c�; x; s) = 1Z�1 K(�)e�i�c�(x�s)d� == 2 1Z0 K(�) cos��c�(x� s)�d�;K(�) = i�J2�qek2 � �2�H(1)2 �qek2 � �2� ;f(x)=C�" iek�1 + (c++c�x)2���3 + (c++c�x)2�e�iek�1 + (c++c�x)2�2 #;ek = Rk; C� = � M8�GR:�ë¤¥«¨¬ ¨§ ï¤à  ¯®«ãç¥®£® ãà ¢¥¨ï ¥à¥£ã-«ïàãî ç áâì. �«ï íâ®£® ¢®á¯®«ì§ã¥¬áï  á¨¬¯â®-â¨ª®©i�J2(z)H(1)2 (z)= 1jzj �1� 3(2z)2+O� 1(2z)4��;z !1 (9)�. �. �®à®§®¢, �. �. �®¯®¢ 51



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59¨ ¨§¢¥áâë¬ ¨â¥£à «ìë¬ ¯à¥¤áâ ¢«¥¨¥¬ «®£ -à¨ä¬¨ç¥áª®© äãªæ¨¨ (ä®à¬ã«  3.784 (1) ¨§ [5]).� à¥§ã«ìâ â¥ ¯®«ãç ¥¬H(c�; x; s)= 1��ln 1jx�sj + ln 1c�++ 1Z0 ��K(�)�1� cos��c�(x�s)�+cos�� d��; (10)¯à¨ç¥¬ ¯®á«¥¤¥¥ á« £ ¥¬®¥ ¢ ï¤à¥ ¨¬¥¥â ¥¯à¥-àë¢ãî ¯à®¨§¢®¤ãî ¯® ®¡¥¨¬ ¯¥à¥¬¥ë¬  ¢¥é¥áâ¢¥®© ®á¨. � ãç¥â®¬ (10), ¨â¥£à «ì®¥ãà ¢¥¨¥ (8) § ¯¨è¥âáï â ª:� 1� @2@x2 1Z�1 ln 1jx� sj'(s)ds++ 1� 1Z�1 H�(c�; x; s)'(s)ds = f(x); (11)£¤¥H�(c�; x; s) = 24c2� 1Z0 ���K(�)� 1��� cos��c�(x�s)�d��� 1Z0 K(�) cos��c�(x�s)�d�35: (12)2. ����� ������� ����������� ��-�����-����������������� ������-����«ï à¥è¥¨ï ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®£® ãà ¢-¥¨ï (11) ã¤®¡¥ ¬¥â®¤ ®àâ®£® «ìëå ¬®£®ç«¥-®¢, ®á®¢ ë©   á«¥¤ãîé¥¬ á¯¥ªâà «ì®¬ á®-®â®è¥¨¨ [2]:� 1� @2@x2 1Z�1 p1� s2Un(s) ln 1jx� sjds == (n + 1)Un(x);jxj � 1; n = 1;1: (13)�¤¥áì Un { ¬®£®ç«¥ �¥¡ëè¥¢  2-£® à®¤ . �¥è¥-¨¥ áâà®¨¬ ¢ ¢¨¤¥'s =p1� s2 1Xn=1'nUn(s) (14)

¨ ¯®á«¥ à¥ «¨§ æ¨¨ áâ ¤ àâ®© áå¥¬ë ¬¥â®¤  ®à-â®£® «ìëå ¬®£®ç«¥®¢ [2] ¯à¨å®¤¨¬ ª á«¥¤ãî-é¥© ¡¥áª®¥ç®© á¨áâ¥¬¥  «£¥¡à ¨ç¥áª¨å ãà ¢¥-¨©: m + 1�2 1Xn=1 dm;n npn+ 1pm + 1 = fmpm+ 1 ; m = C�pm+ 1'm; m = 1;1; (15)£¤¥dm;n = 1Z�1 1Z�1 H�(c�; x; s)Qn(s)Qm(x)dxds;fm = 1Z�1 f(x)p1� x2Um(x);Qm(x) =p1� x2Um(x): (16)�¨áâ¥¬ã (15) ¡ã¤¥¬ à¥è âì ¯à¨¡«¨¦¥® ¬¥â®-¤®¬ à¥¤ãªæ¨¨. �â®¡ë ®¡®á®¢ âì áå®¤¨¬®áâì íâ®-£® ¬¥â®¤ , á«¥¤ã¥â, á®£« á® [6], ¤®ª § âì áå®¤¨-¬®áâì àï¤®¢S1 = 1Xn;m=0 d2m;n(n+ 1)(m+ 1) ;S2 = 1Xm=0 f2mm + 1 : (17)� ¤ ®¬ á«ãç ¥ àï¤ë (17) áå®¤ïâáï ¢ á¨«ã à ¢¥-áâ¢  � àá¥¢ «ï, â ª ª ª1Z�1 1Z�1 jH�(c�; x; s)j2��p1� x2p1� s2dxds <1: (18)� íâ®¬ ¬®¦® ã¡¥¤¨âìáï, ¥á«¨ ¨á¯®«ì§®¢ âì  á¨¬-¯â®â¨ªã (9). �«ï ¢ëç¨á«¥¨ï ª®íää¨æ¨¥â®¢ ¡¥á-ª®¥ç®© á¨áâ¥¬ë ¯¥à¥¯¨è¥¬ ä®à¬ã«ã (12) â ª:H�(c�; x; s) = c2���8<:24 1Z0 ���K(�)� 1�e�i�c�(x�s)d� ++ 1Z0 ���K(�)� 1�ei�c�(x�s)d�35�� 24 1Z0 K(�)e�i�c�(x�s)d� ++ 1Z0 K(�)ei�c�(x�s)d�359=; : (19)52 �. �. �®à®§®¢, �. �. �®¯®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59�¥¯¥àì á«¥¤ã¥â ¢®á¯®«ì§®¢ âìáï ä®à¬ã«®© 7.321¨§ [5], ¯®«®¦¨¢ â ¬ �=1. �®£¤  ¡ã¤¥¬ ¨¬¥âìdn;m = Dn;m[c2�J0n;m � J1n;m]; (20)£¤¥Dn;m=��2c2� in+m�(2+n)�(2+m)�(�1)m+(�1)n��(1+n)�(1+m) ;Jn;m(�) = Jn+1(c��)Jm+1(c��); J0n;mJ1n;m  = 1Z0 ���K(�)� 1�K(�) Jn;m(�)�2c2� d�:�á«¨ à §¡¨âì ¯¥à¢ë© ¨§ á®¤¥à¦ é¨åáï ¢ëà ¦¥-¨¨ ¢ (20) ¨â¥£à «®¢   ¤¢  ¨â¥£à «  ¨ ¢®á¯®«ì-§®¢ âìáï ä®à¬ã«®© 7.14.2 (32) ¨§ [7], â® ¯®«ãç¨¬dn;m = Dn;m[J2n;m � ek2J1n;m � c2�Bn;m]; (21)£¤¥ Bn;m = 2 sin[(m � n)�=2]�(m � n)(m + n+ 2) ;J2n;m = 1Z0 K(�)Jn;m(�)d�:�ëç¨á«¥¨ï ¯® ä®à¬ã«¥ (21) ¬ «®íää¥ªâ¨¢ë ¢á¨«ã á« ¡®© áå®¤¨¬®áâ¨ ¥á®¡áâ¢¥ëå ¨â¥£à -«®¢. �«ï ã«ãçè¥¨ï áå®¤¨¬®áâ¨ ¨â¥£à «®¢, ¢å®-¤ïé¨å ¢ ä®à¬ã«ã (21), ¢®á¯®«ì§ã¥¬áï  á¨¬¯â®â¨-ª®© ¯®¤ëâ¥£à «ìëå äãªæ¨© ¯à¨ ¡®«ìè¨å § -ç¥¨ïå  à£ã¬¥â  (9):i�J2�qek2 � �2�H(1)2 �qek2 � �2� �� 1q�2 � ek2 : (22)�ç¨âë¢ ï ¯®á«¥¤¥¥, ¤«ï ¤®áâ â®ç® ¡®«ìè¨å A¬®¦¥¬ § ¯¨á âì á«¥¤ãîé¥¥:J2n;m = ekZ0 K(�)Jn;m(�)d�++ AZek K�(�)Jn;m(�)d�+ 1ZA Jn;m(�)q�2 � ek2 d�; (23)J1n;m = ekZ0 K(�)Jn;m(�)c2��2 d�++ AZek K�(�)Jn;m(�)c2��2 d�+ 1ZA Jn;m(�)c2��2q�2 � ek2 d�; (24)

£¤¥K�(�) = 2�I2�q�2 � ek2�K0�q�2 � ek2� :�®á¯®«ì§®¢ ¢è¨áì áâ¥¯¥ë¬ ¯à¥¤áâ ¢«¥¨¥¬ ¤«ïäãªæ¨© �¥áá¥«ï 7.2.7 (42) ¨§ [7], ¨¬¥¥¬ekZ0 K(�)Jn;m(�) 1��2c�2� d� == 1Xq=0 dq (c�=2)2q+n+m+2(c�=2)2q+n+m �� ekZ0 K(�)�2q+n+m+2�2q+n+m d� ; (25)£¤¥dq = (�1)q�(2q + n+m + 2)q!�(q + n+ 2)�(q +m + 2)�(q + n+m+ 2) :�«ï ¢ëç¨á«¥¨ï ¨â¥£à «®¢   ¯®«ã¡¥áª®¥ç®¬¨â¥à¢ «¥ à §«®¦¨¬ à ¤¨ª « ¯® ®¡à âë¬ áâ¥¯¥-ï¬ �. � ¯à¨¬¥à, ¥á®¡áâ¢¥ë© ¨â¥£à « ¨§ (23)§ ¯¨è¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:1ZA Jn;m(�)p�2 � ek2d� = 1Xq=0 aqq! 1ZA Jn;m(�)�2q+1 d� == I0n;m � I1n;m + 1Xq=1 aqq! 1ZA Jn;m(�)�2q+1 d�: (26)£¤¥ aq = ek2q�(1=2 + q)p� ;I0n;m = 1Z0 Jn;m(�)� d�;I1n;m = AZ0 Jn;m(�)� d�:�®á¯®«ì§®¢ ¢è¨áì ä®à¬ã« ¬¨ 7.14.2 (32),7.14.1 (10), 7.2.4 (29) ¨§ [7] ¨ 5.55 ¨§ [5], ¯®«ãç¨¬I0n;m =8>><>>: 2 sin[(n�m)�=2]�(n�m)(n +m + 2) ; n 6= m;12(n+ 1) ; n = m; (27)I1n;m = c�A��Jn(c�A)Jm+1(c�A)�Jn+1(c�A)Jm(c�A)(n�m)(n+m+2) ��Jn+1(c�A)Jm+1(c�A)(n+m+2) ; n 6= m; (28)�. �. �®à®§®¢, �. �. �®¯®¢ 53



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59I2n;m = J�(c�A)2� � c�A2� ��"�J�(c�A) 1Xl=0(�1)l(c�A=2)�+2l+1 ��  (� + l + 2)l!�(� + l + 2)��J�+1(c�A) 1Xl=0 (�1)l(c�A=2)�+2l��  (� + l + 1)l!�(� + l + 1)� ; n = m; (29)£¤¥ �=n+1 ,  (z) { ¯á¨-äãªæ¨ï �©«¥à .�®áâã¯ ï   «®£¨çë¬ ®¡à §®¬ ¨ á ¨â¥£à «®¬¨§ ¢ëà ¦¥¨ï (24), ¨¬¥¥¬aqq! 1ZA Jn;m(�)�2q+2 d� == I2n;m � I3n;m + 1Xq=1 aqq! 1ZA Jn;m(�)�2q+2 d�; (30)£¤¥ I2n;m = 1Z0 Jn;m(�)�2 d�;I3n;m = AZ0 Jn;m(�)�2 d�:�á¯®«ì§ãï ä®à¬ã«ã 6.574 (2) ¨§ [5], ¯®«ãç¨¬I2n;m = c�4 ��(n+m + 2)=2���3=2 + (n �m)=2��� 1��3=2 + (m � n)=2��� 1��(n+m+ 5)=2� : (31)�«ï ¢ëç¨á«¥¨ï I3n;m ¢®á¯®«ì§ã¥¬áï ¨â¥£à¨à®¢ -¨¥¬ ¯® ç áâï¬:I3n;m = 1(n +m + 1) �Jn;m(A)A ++ AZ0 Jn+1(c��)Jm+2(c��)� d�++ AZ0 Jn+2(c��)Jm+1(c��)� d�9=; : (32)�®¤¥à¦ é¨¥áï §¤¥áì ¨â¥£à «ë ¢ëç¨á«ïîâáï   -«®£¨ç® ¯à¨¢¥¤¥ë¬ ¢ëè¥.

�®à¬ã«ë (22) ¨ (23) â¥¬ â®ç¥¥, ç¥¬ ¡®«ìè¥ A,ª®â®à®¥ ¬®¦® ã¬¥ìè¨âì, ¥á«¨ ¯®¤ª«îç¨âì á«¥-¤ãîé¨¥ á« £ ¥¬ë¥  á¨¬¯â®â¨ª¨ (10). �«ï ¢ëç¨-á«¥¨ï ª®íää¨æ¨¥â®¢ fm ¢®á¯®«ì§ã¥¬áï ª¢ ¤à -âãàë¬¨ ä®à¬ã« ¬¨  ¨¢ëáè¥©  «£¥¡à ¨ç¥áª®©áâ¥¯¥¨ â®ç®áâ¨ � ãáá  [8], â. ¥.fm= 1Z�1 p1�x2f(x)Um(x)dx �� �l+1 lXj=1 sin j�l+1 sin (m+1)j�l+1 f(cos j�l+1): (33)�¥è ï ¡¥áª®¥çãî á¨áâ¥¬ã (15) ¨ ¯®¤áâ ¢«ïï ©¤¥ë¥ § ç¥¨ï 'n ¢ ¢ëà ¦¥¨¥ (14), ¯®«ã-ç¨¬ ®ª®ç â¥«ì® à¥è¥¨¥ ¨â¥£à «ì®£® ãà ¢¥-¨ï (11).3. ���� ���������� � ���������®¤áâ ¢¨¢ ¯®«ãç¥®¥ à¥è¥¨¥ (14) ¨â¥£à «ì-®£® ãà ¢¥¨ï (11) á ãç¥â®¬ ä®à¬ã«ë (7) ¢ ¢ë-à ¦¥¨ï (4) ¨ (5), ¨áª®¬®¥ ¢®«®¢®¥ ¯®«¥ ¨ ¯®«¥ ¯àï¦¥¨© § ¯¨è¥¬ ¢ ¢¨¤¥u'�r'  = 1Xm=0'm 1Z�1 R� 1Z�1 p1� s2 Um(s)��P (�)R(�) e�i�c�(x�s)d�ds+ u0'�0r' ; (34)£¤¥ P (�) = i(k2 � �2)H(1)0 �rpk2w�2 ���J2�Rpk2 � �2 �;R(�) = i(k2 � �2)H(1)2 �Rpk2 � �2 ���J2�rpk2 � �2 �: (35)�¥à¥¯¨è¥¬ ¢ãâà¥¨© ¨â¥£à « á«¥¤ãîé¨¬®¡à §®¬:1Z�1 P (�)R(�) e�i�c�(x�s)d� == 1Z0 P (�)R(�) e�i�c�(x�s)d�++ 1Z0 P (�)R(�) ei�c�(x�s)d�: (36)54 �. �. �®à®§®¢, �. �. �®¯®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59�®¤áâ ¢«ïï ¢ëà ¦¥¨¥ (36) ¢ ãà ¢¥¨¥ (34) ¨ ¨á-¯®«ì§ãï ä®à¬ã«ã 7.321 ¨§ [5], ¯®«ãç ¥¬ ãà ¢¥¨¥u'�r'= R� 1Xm=0 impm+1 mL1m(x)L2m(x)+ u0'�0r'; (37)£¤¥L1m(x)L2m(x)  = 1Z0 P (�)R(�) Jm+1(c��)� e�i�c�xd�++(�1)m+1 1Z0 P (�)R(�) Jm+1(c��)� ei�c�xd�:� §¡¨¢ ï ¨â¥à¢ « ¨â¥£à¨à®¢ ¨ï(0;1)=(0; k)+(k;1) ¢ L1m(x), ¬®¦¥¬ § ¯¨á âìL1m(x) = 12� [Y 1m(x) + 	1m(x)]; (38)£¤¥Y 1m(x) = kZ0 P (�)Jm+1(c��)� e�i�c�xd�++(�1)m+1 kZ0 P (�)Jm+1(c��)� ei�c�xd�;	1m(x) = 1Zk P �(�)Jm+1(c��)� e�i�c�xd�++(�1)m+1 1Zk P �(�)Jm+1(c��)� ei�c�xd�;(39)P �(�) = i(�2 � k2)K0�Rp�2 � k2 ���I2�Rp�2 � k2 �: (40)� áá¬ âà¨¢ ï ®â¤¥«ì® á«ãç ¨ ç¥â®£® ¨ ¥ç¥â-®£® ¨¤¥ªá , ¯®«ãç ¥¬Y 12j(x)Y 12j+1(x)  = kZ0 P (�)Jm+1(c��)� �� cos(�c�x)� sin(�c�x) d�;	12j(x)	12j+1(x)  = 1Zk P �(�)Jm+1(c��)� �� cos(�c�x)� sin(�c�x) d�;j = 0;1: (41)

� ©¬¥¬áï ¢ëç¨á«¥¨¥¬ ¥á®¡áâ¢¥ëå ¨â¥£à -«®¢ ¨§ ¢ëà ¦¥¨ï (41). �¤¥« ¢ § ¬¥ã ¯¥à¥¬¥®©p�2�k2= t, ¯®«ãç ¥¬	12j(x)	12j+1(x)  = 1Z0 tP �(t)Jm+1�c�pt2 + k2 �t2 + k2 �� cos�c�xpt2 + k2 �sin�c�xpt2 + k2 � dt; (42)£¤¥ P �(t)= t2K0(rt)I2(Rt). �á¯®«ì§ãï  á¨¬¯â®â¨-ªã ¯®¤ëâ¥£à «ì®£® ¢ëà ¦¥¨ï ¯® ¯¥à¥¬¥®©¨â¥£à¨à®¢ ¨ï, ¤«ï ¤®áâ â®ç® ¡®«ìè®£® A ¬®-¦¥¬ § ¯¨á âì á«¥¤ãîé¥¥:	12j(x)	12j+1(x) = AZ0 tP �(t)Jm+1�c�pt2+k2 �t2+k2 ��cos�c�xpt2+k2 �sin�c�xpt2+k2 �dt�Q1(x)Q2(x)+G1(x)G2(x); (43)£¤¥ Q1(x)Q2(x) = 12Q+1 (x)� Q�1 (x)Q+2 (x)� Q�2 (x);G1(x)G2(x)  = 12G+1 (x)�G�1 (x)G+2 (x)�G�2 (x) ;Q�1Q�2  = 12c�prR AZ0 t2e�(r�R)t(t2 + k2)5=4�� cos�pt2 + k2c�(x� 1)�  �sin�pt2 + k2c�(x� 1)�  � dt;G�1G�2  = 1pc�rR 1Z0 t2e�(r�R)t(t2 + k2)3=4�� cos�pt2 + k2c�(x� 1)�  �sin�pt2 + k2c�(x� 1)�  � dt:�¤¥áì =(m+1)=2+�=4. �á¯®«ì§ãï à §«®¦¥¨¥¡¨®¬®¢ ¢ àï¤ ¯® ®¡à âë¬ áâ¥¯¥ï¬ � ¨ ®£à -¨ç¨¢ ïáì â®«ìª® ¯¥à¢ë¬ ç«¥®¬, ¨¬¥¥¬G�1G�2  = � 12prR @@r 1Z0 e�(r�R)tt1=2pt2 + k2�� cos�pt2 + k2c�(x� 1)�  �sin�pt2 + k2c�(x� 1)�  � dt: (44)�. �. �®à®§®¢, �. �. �®¯®¢ 55



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 1999. �®¬ 2, N 1. �. 50 { 59�á¯®«ì§®¢ ¢ áâ ¤ àâë¥ á®®â®è¥¨ï ¤«ï âà¨-£®®¬¥âà¨ç¥áª¨å äãªæ¨©, ¯¥à¥¯¨è¥¬ G�i , i=1; 2â ª: G�1G�2  =  cos  ��1 (x)� sin ��2 (x)cos  ��2 (x)� sin ��1 (x) ; (45)£¤¥ ��1 (x)��2 (x)  = ddr 1Z0 e�(r�R)tt1=2pt2 + k2�� cos�pt2 + k2c�(x� 1) �sin�pt2 + k2c�(x� 1) � dt: (46)�ç¨âë¢ ï ä®à¬ã«ë ¨§ [9], ¯®«ãç ¥¬��1 (x)��2 (x)  = �4 ddr (�p)1=2�� J1=4(z1)J1=4(z2) + Y1=4(z1)Y1=4(z2)Y1=4(z1)J1=4(z2)� J1=4(z1)Y1=4(z2) ; (47)£¤¥ p=r�R, z1;2=k(b2+p2)�b, b=c�(x�1). �®¤-áâ ¢«ïï ¢ëà ¦¥¨ï (46), (42), (39) ¢ (38) ¯®«ãç¨¬®ª®ç â¥«ìãî ä®à¬ã«ã ¤«ï ¢ëç¨á«¥¨ï L1m(x),ª®â®à ï â¥¬ â®ç¥¥, ç¥¬ ¡®«ìè¥ A. � «®£¨çë¬®¡à §®¬ ¯®¤áç¨âë¢ ¥âáï ¨ L2m(x). �«¥¤®¢ â¥«ì®,ãç¨âë¢ ï ¯®«ãç¥ë¥ ä®à¬ã«ë ¤«ï L1m(x), L2m(x)¨ ¨á¯®«ì§ãï (37), ¬®¦® ¯®¤áç¨â âì ¯®«¥  ¯àï-¦¥¨© ¨ á¬¥é¥¨©.4. ���������� ������������ ��-����������� ����������� à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ ¯à ªâ¨ç¥áª¨© ¨â¥-à¥á ¯à¥¤áâ ¢«ï¥â ª®íää¨æ¨¥â ¨â¥á¨¢®áâ¨  -¯àï¦¥¨© (���)   ªà ïå âà¥é¨ë: ¯à¨ z=a�0¨ z=b+0, â. ¥.K�III = limz!a�0p2�(a � z)�r'(R; z);K+III = limz!b+0p2�(z � b)�r'(R; z); (48)¨«¨ á ãç¥â®¬ § ¬¥ (7)K�III= limz!�1�0p2�c�(�x�1)�r'(R; c++c�x);K+III= limz!1+0p2�c�(x�1)�r'(R; c++c�x); (49)

¨ ¯à¨ íâ®¬ á®£« á® á®®â®è¥¨ï¬ (2) ¨ (5),   â ª-¦¥ á ãç¥â®¬ § ¬¥ (7)�r'(R; c+ + c�x) = � @2@x2 14�R2�� 1Z�1 �ln 1jx� �j +R�(c�x� c��)�'(�)d�++�0r'(R; c+ + cx); jxj > 1: (50)�â®¡ë ¢ë¯®«¨âì ¯à¥¤¥«ìë© ¯¥à¥å®¤ (49), ¥-®¡å®¤¨¬® ¯à®¤®«¦¨âì á¯¥ªâà «ì®¥ á®®â®è¥-¨¥ (34)   ¨â¥à¢ « jxj>0. � íâ®© æ¥«ìî ¢®á-¯®«ì§ã¥¬áï á®®â®è¥¨¥¬dl+1dxl+1 1Z�1 ln 1jx� sj P�;l��m (s)ds(1� s)��(1 + s)l�� == 2m+l+1(�1)l+1���(1+m+�)�(1+l+m��)�(1+l+m)m!��(2+l+2m)(x�1)1+l+m ��F (1+m+�; 1+l+m; 2+2l+2m; 2(1�x)�1 );¢ëâ¥ª îé¨¬ ¨§ à¥§ã«ìâ â®¢ à ¡®âë [10], ¯®á«¥ç¥£® á®¤¥à¦ éãîáï §¤¥áì äãªæ¨î � ãáá    «¨-â¨ç¥áª¨ ¯à®¤®«¦¨¬ ¢ ®ªà¥áâ®áâì x=�1 á ¯®¬®-éìî ä®à¬ã«ë 9.131 (2) ¨§ [5] ¨ § â¥¬ ¯à¨¬¥¬ l=1,�=1=2,   â ª¦¥ ãçâ¥¬, çâ®P 12 ; 12m (s) = (m + 1)!�1(3=2)mUm(s):� à¥§ã«ìâ â¥ ¢¬¥áâ® ¢ëà ¦¥¨ï (13) ¡ã¤¥¬ ¨¬¥âìd2dx2 1Z�1 ln 1jx�sjp1�s2Um(s)ds == � 2m+1(m+1)(x�1)m+2m!��F�3=2+m;m+2; 3=2; x+1x�1���2m+2(m+1)2(x�1)m+2 r 1�x�x�1��F�3=2+m;m+1; 1=2; x+1x�1�;x < �1: (51)� á¯®« £ ï íâ¨¬ á®®â®è¥¨¥¬, «¥£ª® ¯®¤áç¨â âìK�III . �®«ì§ãïáì ä®à¬ã« ¬¨ (50), (51) ¨ (14),  -å®¤¨¬C��1K�III =r�c�2 1Xm=0(�1)m+1pm + 1 m: (52)56 �. �. �®à®§®¢, �. �. �®¯®¢
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�¨á. 1. � ç¥¨¥ ª®íää¨æ¨¥â  ¨â¥á¨¢®áâ¨¢ § ¢¨á¨¬®áâ¨ ®â ¢®«®¢®£® ç¨á« �«ï ¢ëç¨á«¥¨ï K+III á«¥¤ã¥â äãªæ¨î � ãáá    -«¨â¨ç¥áª¨ ¯à®¤®«¦¨âì ¢ ®ªà¥áâ®áâì x=1 á ¯®-¬®éìî ä®à¬ã«ë 9.132 (2) ¨§ [5]. �á¯®«ì§ãï â¥ ¦¥á®®¡à ¦¥¨ï, çâ® ¨ ¯à¨ ¯®«ãç¥¨¨ ä®à¬ã«ë (53),¯à¨å®¤¨¬ ª à ¢¥áâ¢ãC��1K+III =r�c�2 1Xm=0pm + 1 m: (53)�® ä®à¬ã« ¬ (52) ¨ (53) ¢ë¯®«¥® ¢ëç¨á«¥¨¥��� ¢ § ¢¨á¨¬®áâ¨ ®â ¢®«®¢®£® ç¨á« . �¥§ã«ì-â âë ¢ëç¨á«¥¨© ¯à¨¢¥¤¥ë   à¨á. 1. �ëç¨á«¥-¨ï ¯à®¢®¤¨«¨áì ¯à¨ ®â®è¥¨¨ l=R=2. � ª ¨á«¥¤®¢ «® ®¦¨¤ âì, ��� ã ªà ï âà¥é¨ë, ¬¥¥¥ã¤ «¥®£® ®â ¨áâ®ç¨ª  ¨§«ãç¥¨ï (æ¥âà  ¢à -é¥¨ï), ¨¬¥¥â ¡®«¥¥ ¢ëá®ª®¥ § ç¥¨¥.�§ ¯à¨¢¥¤¥®£® à¨áãª  ¢¨¤®, çâ® ¬ ªá¨¬ã¬���   ¤ «ì¥¬ ª®æ¥ âà¥é¨ë ¤®áâ¨£ ¥âáï ¯à¨k=2:2,     ¡«¨¦¥¬ { ¯à¨ k=1:9. �  à¨á. 2¨§®¡à ¦¥ £à ä¨ª ¨§¬¥¥¨ï ®â®è¥¨ï íâ¨å ª®-íää¨æ¨¥â®¢ ¢ § ¢¨á¨¬®áâ¨ ®â ¢®«®¢®£® ç¨á« .� ª, ¤«ï ¢®«®¢®£® ç¨á«  k=0:2 íâ® ®â®è¥¨¥®ª §ë¢ ¥âáï ¬ ªá¨¬ «ìë¬ ¨ à ¢® 2.8.5. ������������ ��������� ������������� ����������� �� ��������«ï ¨§ãç¥¨ï ¢®«®¢®£® ¯®«ï   ¡®«ìè¨å à á-áâ®ï¨ïå ®â ¤¥ä¥ªâ  ¯®«ãç¨¬  á¨¬¯â®â¨ç¥áª®¥¯à¥¤áâ ¢«¥¨¥ ¯®«ãç¥®£® à¥è¥¨ï ¯à¨ r�R.�«ï íâ®£® ¢®á¯®«ì§ã¥¬áï  á¨¬¯â®â¨ç¥áª¨¬¨ à §-«®¦¥¨ï¬¨ äãªæ¨© � ª¥«ï ¨ � ª¤® «ì¤  ¤«ï¡®«ìè¨å § ç¥¨©  à£ã¬¥â , ã¤¥à¦ ¢ â ¬ £« ¢-ë© ç«¥. �®£¤  ¢¬¥áâ® á®®â®è¥¨© (35) ¨ (40)

�¨á. 2. � ç¥¨¥ ®â®è¥¨ï ª®íää¨æ¨¥â®¢¨â¥á¨¢®áâ¨   ª®æ å âà¥é¨ë¯®«ãç¨¬P (�) = ir 2�r (k2 � �2)3=4�� ei(rpk2��2��=4)J2�Rpk2 � �2 �;P �(�) =r2�r (�2 � k2)3=4�� e�rp�2�k2I2�Rp�2 � k2 �; (54)�®¤áâ ¢¨¢ íâ¨ ¢ëà ¦¥¨ï ¢ ãà ¢¥¨¥ (37) ¨ á¤¥-« ¢ â ¬ § ¬¥ã �2 = r2 + x2;x = � cos �; r = � sin �; (55)¢¬¥áâ® ¢ëà ¦¥¨ï (38) ¡ã¤¥¬ ¨¬¥âìY 1(x) =r 2�� sin ��� kZ�k e�i�(cos �c���sin �p�2�k2)F (�)d�;(56)	1(x)=r 2�� sin ���� 1Zk e��(sin �p�2�k2+icos �c��)F �(�)d�++(�1)m+11Zk e��(sin �p�2�k2�icos�c��)F �(�)d��;(57)�. �. �®à®§®¢, �. �. �®¯®¢ 57
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�¨á. 3. �¨ £à ¬¬   ¯à ¢«¥®áâ¨£¤¥ F (�) = J2�Rpk2 � �2 ��pk2 � �2 ��3=4 Jm+1(c��)� ;F �(�) = I2�Rp�2 � k2 ��p�2 � k2 ��3=4 Jm+1(c��)� :�®¦® ¯®ª § âì, çâ® á¨£ã«ïà®áâì ¯à¨ �=0ãáâà ¨¬ .� ¬ ¥®¡å®¤¨¬® ¯®«ãç¨âì  á¨¬¯â®â¨ª¨ ¨â¥-£à «®¢ (56) ¨ (57) ¯à¨ �!1. �¤¥« ¢ ¢ ¢ëà ¦¥-¨¨ (56) § ¬¥ã cos �c���sin �pk2��2=�, ¯®«ã-ç¨¬Y 1(x) = ir 2�� cos � kc� cos �Z�kc� cos �e�i��F �a(�)�d�; (58)£¤¥a(�)= �c� cos �+sin �qk2(sin2 �+c2� cos2 �)��2sin2 �+c2� cos2 � :� ªâ¨ç¥áª¨ ¬ë ¯®«ãç¨«¨ ¨â¥£à « �ãàì¥. �«¥-¤ãï [11], ¯®«ãç ¥¬ ®æ¥ªã íâ®£® ¨â¥£à «  ¯à¨�!1:Y 1(x) � �r 2�� cos � 1��� �e�i�kc� cos �f(kc� cos �)�� ei�kc� cos �f(�kc� cos �)�; (59)

�¤¥« ¢ ¢ ¢ëà ¦¥¨¨ (57)   «®£¨çãî § ¬¥ãi cos �c���sin �pk2��2=�, ¯®«ãç¨¬ ¨â¥£à « � -¯« á 	1(x)= ir 2�� sin �� 1Zikc� cos �e���F �[g(�)]d�++(�1)m+1 1Zikc� cos �e��F �[g(�)]d��; (60)£¤¥g(�)= i�c� cos �+sin �qk2(sin2 �+c2� cos2 �)+�2sin2 �+c2� cos2 � :� §« £ ï äãªæ¨î F �[g(�)] ¢ àï¤ � ª«®à¥  ¨ ¯®-ç«¥® ¨â¥£à¨àãï ¥£®, ã¤¥à¦ ¢ ¯¥à¢ë© ç«¥ àï¤ ,¯®«ãç ¥¬	2(x) = p2�� cos � 1�3=2 e�i�kc� sin ����F �[g(ikc� sin �)]++(�1)m+1F �[g(ikc� sin �)]�: (61)�®¤áâ ¢«ïï ¢ëà ¦¥¨ï (60), (61) ¢ (37), ¯®«ãç -¥¬ ®ª®ç â¥«ì® ä®à¬ã«ã ¤«ï ¨áá«¥¤®¢ ¨ï ¯®«ï¯¥à¥¬¥é¥¨©   ¡®«ìè¨å à ááâ®ï¨ïå ®â ¤¥ä¥ª-â . �à¨ ¯®¬®é¨ ä®à¬ã« (37), (60) ¨ (61) ¯à®-¢¥¤¥® ç¨á«¥®¥ ¨áá«¥¤®¢ ¨¥ ¯¥à¥¬¥é¥¨©  ¡®«ìè¨å à ááâ®ï¨ïå ®â ¤¥ä¥ªâ  ¯à¨ § ç¥¨ïå!=c2=0:1; 0:5; 1 á®®â¢¥âáâ¢¥® ¨ �=10 ¢ § ¢¨á¨-¬®áâ¨ ®â ã£«  � ¨ ¯®«ãç¥  ¤¨ £à ¬¬   ¯à ¢«¥-®áâ¨. �¥§ã«ìâ âë ¯à¨¢¥¤¥ë   à¨á. 3, ¨§ ª®â®-à®£® á«¥¤ã¥â, çâ® á à®áâ®¬ ¢®«®¢®£® ç¨á«  ¯¥à¥-¬¥é¥¨ï ã¯àã£®© áà¥¤ë ã¢¥«¨ç¨¢ îâáï (¯à¨ ¨§¬¥-¥¨¨ ¢ ¯à¥¤¥« å 0.1 { 1.0), ¤®áâ¨£ ï á¢®¨å ¬ ªá¨-¬ «ìëå § ç¥¨© ¯à¨ �=�=4, ¤«ï ¢á¥å § ç¥¨©¢®«®¢®£® ç¨á« .�����������à®¢¥¤¥ë¥ ¨áá«¥¤®¢ ¨ï ¯®ª §ë¢ îâ íää¥ª-â¨¢®áâì ¨á¯®«ì§®¢ ¨ï ¬¥â®¤  à §àë¢ëå à¥è¥-¨© ¯à¨ á¢¥¤¥¨¨ § ¤ ç¨ ª ¨â¥£à®-¤¨ää¥à¥æ¨- «ì®¬ã ãà ¢¥¨î, á ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢ -¨¥¬ ¬¥â®¤  ®àâ®£® «ìëå ¬®£®ç«¥®¢ ¤«ï íä-ä¥ªâ¨¢®£® ¯à¨¡«¨¦¥®£® à¥è¥¨ï íâ®£® ãà ¢-¥¨ï. �®«ãç¥®¥ ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ¯®§¢®-«¨«® «¥£ª®  ©â¨ ��� ã ®¡®¨å ªà ¥¢ âà¥é¨ë ¨¢ëïá¨âì, çâ® ��� ã ¡«¨¦¥£® ª ¨áâ®ç¨ªã ¨§-«ãç¥¨ï ªà ï âà¥é¨ë ¡®«ìè¥, ¯à¨ç¥¬ ¤«ï ¢®«®-¢®£® ç¨á«  k=0:2 ¢ 2.8 à § . �¢®¥£® ¬ ªá¨¬ «ì-®£® § ç¥¨ï ���   ¡«¨¦¥¬ ªà î ¤®áâ¨£ ¥â58 �. �. �®à®§®¢, �. �. �®¯®¢
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