
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 37 { 44��� 532.528M���������� �������������� I ��������I����� ����������� ��������� ������ �� �����I�I. �. ��������öáâ¨âãâ £÷¤à®¬¥å ÷ª¨ ��� �ªà ù¨, �¨ù¢�âà¨¬ ® 20.01.2003� ¯à®¯®®¢ ® ¬¥â®¤¨ªã à®§à åãªã ä®à¬¨ ®á¥á¨¬¥âà¨ç¨å i ¯«®áª¨å ª ¢¥à ¢ i¤¥ «ìi© ¥áâ¨á«¨¢i© ¥¢ £®¬i©ài¤¨i, ®á®¢ ã   ¯®â¥æi « å, é® à®§â è®¢ ÷   ®ái á¨¬¥âài�� ¤¦¥à¥« â  ¤¨¯®«i¢. � ¢¥¤¥i   «iâ¨çi ä®à¬ã«¨¤«ï áâàã¬¥¥¢¨å äãªæi© â  à¥§ã«ìâ â¨ à®§à åãªi¢ § ài§¨¬¨ ç¨á« ¬¨ ª ¢iâ æi��. �âà¨¬ i ¤®¢£i ª ¢¥à¨ § £« ¤ª¨¬§ ¬¨ª ï¬ ¬®¦ãâì ¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï iáâ®â®£® §¬¥è¥ï ®¯®àã â¥àâï âi«, ïªi àãå îâìáï ã ¢®¤i § ¢¥«¨ª¨¬¨è¢¨¤ª®áâï¬¨.�à¥¤«®¦¥  ¬¥â®¤¨ª  à áç¥â  ä®à¬ë ®á¥á¨¬¬¥âà¨çëå ¨ ¯«®áª¨å ª ¢¥à ¢ ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ¥¢¥á®¬®©¦¨¤-ª®áâ¨, ®á®¢  ï   ¯®â¥æ¨ « å, à á¯®«®¦¥ëå   ®á¨ á¨¬¬¥âà¨¨ ¨áâ®ç¨ª®¢ ¨ ¤¨¯®«¥©. �à¨¢¥¤¥ë   «¨â¨-ç¥áª¨¥ ä®à¬ã«ë ¤«ï äãªæ¨© â®ª  ¨ à¥§ã«ìâ âë à áç¥â®¢ ¯à¨ à §«¨çëå ç¨á« å ª ¢¨â æ¨¨. �®«ãç¥ë¥ ¤«¨ë¥ª ¢¥àë á £« ¤ª¨¬ § ¬ëª ¨¥¬ ¬®£ãâì ¨á¯®«ì§®¢ âìáï ¤«ï áãé¥áâ¢¥®£® ã¬¥ìè¥¨ï á®¯à®â¨¢«¥¨ï âà¥¨ï â¥«,¤¢¨¦ãé¨åáï ¢ ¢®¤¥ á ¡®«ìè¨¬¨ áª®à®áâï¬¨.Methods of calculating of axisymmetric and plane cavities in ideal incompressible uid without gravity, based on thepotentials of sources and dublets located on the axis of symmetry, are proposed. Analytic formulae for streamline functionsand calculations results for di�erent cavity numbers are presented. The obtained long cavities with smooth re-attachmentcan be used for a considerable skin-friction drag reduction of the bodies moving in the water at high velocities.������ãå ã ¢®¤i § ¢¥«¨ª¨¬¨ è¢¨¤ª®áâï¬¨ ç áâ®¯®¢'ï§ ¨© § ¢¨¨ª¥ï¬ ª ¢¥à { ¯®à®¦¨ § -¯®¢¥¨å £ §®¬ â  ¯ à®î. � ¢¨¯ ¤ªã â ª §¢ -®£® áã¯¥àª ¢iâ æi©®£® à¥¦¨¬ã ¢i«ì  ¯®¢¥àåï,é® à®§¤i«ïc ài¤ªã i £ §®¢ã ä §¨, ¬®¦¥ ¡ãâ¨ ¬ ©-¦¥ áâ æi® à®î,   â¨áª   i© ç¥à¥§ ¢¥«¨ªã ài§-¨æî ¢ £ãáâ¨ å ¢®¤¨ i £ §ã ¬®¦  ¢¢ ¦ â¨ áâ -«¨¬. �ªé® ®¡¬¥¦¨â¨áì àãå®¬ â¢¥à¤®£® âi«  § äiª-á®¢ ®î è¢¨¤ªiáâî U1 ¢ ®¤®ài¤i© ài¤¨i ¯à¨ ¤®-áâ âì® ¢¥«¨ª¨å ç¨á« å �¥©®«ì¤á  â  ¬ «¨å ç¨-á« å � å , â® ¯®âiª ¯®§  ¢ã§ìª¨¬ ¯à¨¬¥¦®¢¨¬ è -à®¬ (®¡« áâìD) ¬®¦  ¢¢ ¦ â¨ ¥¢'ï§ª¨¬, ¥áâ¨-á«¨¢¨¬ â  ¡¥§¢¨åà®¢¨¬. �ài¬ â®£®, ¯à¨ ¢¥«¨ª¨åç¨á« å �àã¤  ài¤¨ã ¬®¦  ¢¢ ¦ â¨ â ª®¦ ¥¢ -£®¬®î.�ä®à¬ã«ì®¢ i ®¡¬¥¦¥ï ¤®§¢®«ïîâì §¢¥áâ¨¯à®¡«¥¬ã § å®¤¦¥ï ¥¢i¤®¬®�� ä®à¬¨ ®á¥á¨¬¥-âà¨ç®�� ¢i«ì®�� ¯®¢¥àåiP ¤® à®§¢'ï§ªã  áâã¯®��®¡¥à¥®�� § ¤ çi ¤«ï ¯®â¥æi «ã â¥çi�� �(x; r) (¤¨¢., ¯à¨ª« ¤, [1, 2]):D� @2�@x2 + 1r @�@r + @2�@r2 = 0; (1)P+P1� @�@r = R0(x)@�@x; (2)

1� grad(�) = (1; 0); (3)P� � = 2(p1 � pk)�U21 = grad2(�)� 1: (4)�ãâ R(x) { à ¤iãá â¢¥à¤®£® âi«  â  ¢i«ì®�� ¯®-¢¥àåi; P1 { â¢¥à¤  ¯®¢¥àåï, é® áª« ¤ câìáï §¤¢®å ç áâ¨: ª ¢iâ â®à  â  § ¬¨ª ç ; p1; pk { â¨á-ª¨   ¥áªiç¥®áâi â    ¢i«ìi© ¯®¢¥àåi; � {ç¨á«® ª ¢iâ æi��; � { £ãáâ¨  ài¤¨¨.�® ¤ ®£® ç áã ¢i¤®¬i «¨è¥ â®çi à®§¢'ï§ª¨¯«®áª®£® ¢ ài âã § ¤ çi (1)-(4), ¤®ª« ¤® ®¯¨á i¢ ¬®®£à äi�� [3]. �á¥á¨¬¥âà¨ç  § ¤ ç  ¤®á«i¤¦ã-¢ « áì ç¨á¥«ì® ( ¯à¨ª« ¤, [1]) â   ¡«¨¦¥® §¢¨ª®à¨áâ ï¬  ¯i¢¥¬¯ià¨ç¨å ¬¥â®¤i¢ [4] â  â¥-®ài�� â®ª®£® âi« , á¯à ¢¥¤«¨¢¨å «¨è¥ ¤«ï ¢¨¤®¢¦¥-¨å ã  ¯àï¬ªã àãåã ª ¢¥à (¤¨¢. ®£«ï¤ ¢ [2]).� à®¡®â å [5, 6] ¡ã«¨ § ¯à®¯®®¢ i â®çi à®§-¢'ï§ª¨ ®á¥á¨¬¥âà¨ç®£® â  ¯«®áª®£® ài¢ïì � -¯« á  (1), é® c áã¯¥à¯®§¨æicî ¯®â¥æi «i¢ ¤¦¥-à¥« â  áâ®ªi¢, à®§â è®¢ ¨å ¢á¥à¥¤¨i ¯®¢¥àåiP+P1. �ï ¬¥â®¤¨ª  ¤®§¢®«ïc  ¢â®¬ â¨ç® § -¤®¢®«ì¨â¨ ài¢ïï (1) â  ã¬®¢ã   ¥áªiç¥-®áâi (3). �ªé® iâ¥á¨¢iáâì ¤¦¥à¥« q(x) ¢¨§ -ç¨â¨ § ¢¨ª®à¨áâ ï¬ «ii©®�� â¥®ài��q(x) = �dR2dx (5)c ö.�.�¥áâ¥àãª, 2003 37



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 37 { 44¢ ®á¥á¨¬¥âà¨ç®¬ã ¢¨¯ ¤ªã [7] â q(x) = 2dYdx (6)¢ ¯«®áª®¬ã [8] (âãâ Y (x) { ª®®à¤¨ â  ¢¥àåì®��¯®¢¥àåi ¯à®äi«ï, á¨¬¥âà¨ç®£® ¢i¤®á® ®ái x),â® à¥ «ì  ä®à¬  â¢¥à¤®�� ¯®¢¥àåi (â®ç¨© à®-§¢'ï§®ª) ¬®¦¥ ¡ãâ¨ ®âà¨¬   § ài¢ïì (x;R(x)) = 0;  (x; Y (x)) = 0: (7)�ãâ  (x; r));  (x; y)) { ®á¥á¨¬¥âà¨ç  â  ¯«®áª áâàã¬¥¥¢i äãªæi��.�«ï ¯à®áâ¨å § «¥¦®áâ¥© q(x) ¬®¦  ®âà¨¬ -â¨   «iâ¨çi ä®à¬ã«¨ ¤«ï áâàã¬¥¥¢¨å äãªæi©(¤¨¢. [5, 6]), â®¬ã à®§¢'ï§ ï ài¢ïì (7) ¥¢¨ª«¨ª c ¯à®¡«¥¬. �®á¢i¤ à®§à åãªi¢, ¯à®¢¥¤¥-¨å, §®ªà¥¬ , ¢ [2, 5, 6], á¢i¤ç¨âì, é® ¤«ï â®ª¨åâi«  ¯ài®ài § ç¥ï R(x); Y (x), é® ¢¨ª®à¨áâ®-¢ãîâìáï ¢ ài¢ïïå (5),(6), ¬ «® ¢i¤ài§ïîâìáï¢i¤ â®ç¨å à®§¢'ï§ªi¢ ài¢ïì (7). �®§¡i¦®áâi,§¢¨ç ©®, §¡i«ìèãîâìáï ¯à¨ §à®áâ i ¯ à ¬¥âà â®ª®áâi " { ¢i¤®è¥ï ¬ ªá¨¬ «ì®£® à ¤iãá ®á¥á¨¬¥âà¨ç®£® âi«   ¡® ¬ ªá¨¬ «ì®�� â®¢é¨¨¯à®äi«ï ¤® ¤®¢¦¨¨.� ¯à®¯®®¢   ¢ [5, 6] ¬¥â®¤¨ª  ¤®§¢®«ïc à®-§¢'ï§ã¢ â¨ ¤¥ïªi ®¡¥à¥i § ¤ çi. �®ªà¥¬ , ���� ¡ã-«® ¢¨ª®à¨áâ ® ¤«ï à®§à åãªã ä®à¬¨ ®á¥á¨¬¥-âà¨ç¨å i ¯«®áª¨å âi« § ¢i¤'c¬¨¬¨ § ç¥ï¬¨£à ¤icâ  â¨áªã   ¯®¢¥àåi. �«ï æì®£® ¢¨ª®à¨áâ®-¢ã¢ ¢áï  ¡«¨¦¥¨© à®§¢'ï§®ª § ¤ çi (1)-(4), ã§ -£ «ì¥®��   ¢¨¯ ¤®ª ¤®¢i«ì®£® à®§¯®¤i«ã ¡¥§à®§-¬ià®£® â¨áªãCp(x) = 2(p� p1)�U21 = 1� grad2(�)  ¥¢i¤®¬i© ¯®¢¥àåiP. �¢'ï§®ª ¬i¦ à ¤iãá®¬ æic��¯®¢¥àåi â  ª®¥äiæicâ®¬ â¨áªã ¢ ¯¥àè®¬ã  ¡«¨-¦¥i ¬ c â ª¨© ¢¨£«ï¤ [2]:d2R2dx2 = �Cp(x)ln " : (8)�â¦¥, § ¤ îç¨ ¯à®áâi  ¯ài®ài § «¥¦®áâiCp(x), iâ¥£àã¢ ï¬ ¥«¥¬¥â à®£® ài¢ïï (8)¬®¦  ®âà¨¬ â¨ äãªæi�� R(x),   ¤ «i § ¢¨ª®-à¨áâ ï¬ (5) { ¢i¤¯®¢i¤¨© â®ç¨© à®§¢'ï§®ª.� ¤iãc, à®§à å®¢ ¨© §  ¯¥àè¨¬ ài¢ïï¬ (7),§¢¨ç ©®, ¢i¤ài§ïâ¨¬¥âìáï ¢i¤  ¯ài®à®£® (®âà¨-¬ ®£® § ài¢ïï (8)),  «¥ ¤«ï â®ª¨å âi« æï ài§-¨æï ¡ã¤¥ ¬ «®î. � ç® ¡i«ìèi à®§¡i¦®áâi ¬ -îâì ¬iáæ¥ ¬i¦  ¯ài®à¨¬ à®§¯®¤i«®¬ â¨áªã â  â¨¬,é® ®âà¨¬ãcâìáï § â®ç®£® à®§¢'ï§ªã §  ¤®¯®¬®£®îài¢ïì

vx = 1r @ @r ; vr = �1r @ @x ;Cp(x) = 1� v2x(x;R(x))� v2r (x;R(x)): (9)�ì®£® ¢ àâ® ¡ã«® á¯®¤i¢ â¨áì, ®áªi«ìª¨ â®ç-iáâì ài¢ïï ¯¥àè®£®  ¡«¨¦¥ï áâ ®¢¨âì «¨-è¥ �(ln ")�1 [2]. � §®¬ § â¨¬, ïªé® ¥ áâ ¢¨â¨§  ¬¥âã â®ç¥ ¢¨ª® ï § ¤ ®£® à®§¯®¤i«ã â¨á-ªã   ¥¢i¤®¬i© ¯®¢¥àåi,   ¢¨¬ £ â¨ «¨è¥ ¯¥¢¨å¢« áâ¨¢®áâ¥© äãªæi��Cp(x), â® § ¯à®¯®®¢   ¬¥-â®¤¨ª  ¤ c ¯à®áâ¨© i ¥ä¥ªâ¨¢¨© ¬¥â®¤ ¯®¡ã¤®-¢¨ â®ç®£® à®§¢'ï§ªã. �®ªà¥¬ , ¢ [2, 5, 6] ¢¤ -«®áï â ª¨¬ ç¨®¬ à®§à åã¢ â¨ ®á¥á¨¬¥âà¨çi â ¯«®áªi âi«  § ¤ã¦¥ ª®à®âª®î §®®î ¯®§¨â¨¢®£®£à ¤icâ  â¨áªã   ¯®¢¥àåi.�¥â®î ¤ ®�� à®¡®â¨ c à®§à®¡ª  ¯®¤i¡®�� ¬¥-â®¤¨ª¨ ¬®¤¥«î¢ ï ¢i«ì¨å ¯®¢¥àå®ì,   ïª¨å¢¨ª®ãcâìáï ã¬®¢  (4).1. M���������� �������������������� � ������������������� ����������¡¬¥¦¨¬®áï ª ¢iâ â®à ¬¨ ¯ à ¡®«iç®�� ä®à¬¨R(x) = bx2 + �x + 1; x � 0: (10)�ái ¤®¢¦¨¨ ¢i¤®áïâìáï ¤® à ¤iãá  ª ¢iâ â®à  ¢â®çæi ¯®ç âªã ¢i«ì®�� ¯®¢¥àåi x = 0. �®iç®¬ãª ¢iâ â®àã ¢i¤¯®¢i¤ c b = 0, � ¤®ài¢îc ¯®åi¤i©¢i¤ à ¤iãá  ª ¢iâ â®à  ¯à¨ x = 0, ïªã ¡ã¤¥¬® ¢¢ -¦ â¨ ¥¯¥à¥à¢®î.�¥àè¥  ¡«¨¦¥ï à®§¢'ï§ªã ®¡¥à¥®�� § ¤ çi(1)-(4), ®âà¨¬ ¥ ¢ [9], ¬ c ¢¨£«ï¤R2(x) = �x22 ln " + 2�x+ 1; x � 0: (11)�®à¬ã«  (11) c à®§¢'ï§ª®¬ ¤¨ä¥à¥æi©®£® ài¢ï-ï (8) ¯à¨ Cp = ��. �    «®£icî § [9] ¡ã¤¥¬® ¢¨ª®-à¨áâ®¢ã¢ â¨ ¥á¨¬¥âà¨çã áå¥¬ã �ï¡ãè¨áìª®£®,â®¡â® ¢¢ ¦ â¨, é® ài¢ïï (11) ®¯¨áãc â ª®¦ iä®à¬ã § ¬¨ª ç .�®¡ã¤®¢ã â®ç®£® à®§¢'ï§ªã ¯®ç¥¬® § ¢¨ª®à¨-áâ ï ¤¦¥à¥« (áâ®ªi¢), à®§â è®¢ ¨å   ®ái á¨-¬¥âài��. Iåî iâ¥á¨¢iáâì ¬®¦  § ©â¨ §  ¤®¯®-¬®£®î ài¢ïì (5), (10), (11):q(x) = � 2�(bx2 + �x + 1)(2bx+ �); x1 � x � 0;2�(�x+ �); 0 � x � x2;� = �2 ln " ; x1 = �� +p�2 � 4b2b ;38 ö.�.�¥áâ¥àãª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 37 { 44x2 = �� �p�2 � �� : (12)�«ï ¢¨§ ç¥ï ¯ à ¬¥âà  â®ª®áâi " ¯à¨ � � 0¬®¦  ¢¨ª®à¨áâ®¢ã¢ â¨ á¯i¢¢i¤®è¥ï" = bx2m + �xm + 1x2 � x1 ; xm = � �2b ;é® ¢¨¯«¨¢ îâì § ä®à¬ã«¨ (10). �i¤¯®¢i¤® ¯à¨� > 0 § ài¢ïï (11) ®âà¨¬ãc¬®" = p�x2m + 2�xm + 1x2 � x1 ; xm = ���:�i¤áâ ®¢ª  á¯i¢¢i¤®è¥ì (12) ã ¢¨à § ¤«ïáâàã¬¥¥¢®�� äãªæi��	(x; r) = 0:5r2� 14� x2Zx1 (x� �)q(�)d�p(x� �)2 + r2 (13)¯iá«ï iâ¥£àã¢ ï ¤®§¢®«ïc ®âà¨¬ â¨  áâã¯ãä®à¬ã«ã:	(x; r) = 0:5r2 � 1:5b(� + 2bx)[F1(0)� F1(x1)]��0:5(6b2x2 + 6�bx+ 2b+ �2)[F2(0)� F2(x1)]��3b2[F3(0) � F3(x1)]� 0:5�[F2(x2)� F2(0)]++0:5(�x2 + �)u(x2); (14)u(s) =pr2 + (s� x)2; F1(s) = 2u3(s)=3;F2(s) = 0:5(s� x)u(s) + 0:5r2 ln[s � x+ u(s)];F3(s) = 0:25(s� x)u3(s) � 0:125(s� x)r2u(s)��0:125r4 ln[s � x+ u(s)]:� «®£içi   «iâ¨çi ä®à¬ã«¨ ¤«ï áª« ¤®¢¨åè¢¨¤ª®áâi ài¤¨¨ â  ª®¥äiæicâ  â¨áªã ¬®¦  ®¤¥à-¦ â¨ § ¢¨ª®à¨áâ ï¬ á¯i¢¢i¤®è¥ì (9) i (14).�«ï ¢¨§ ç¥ï à ¤iãá  ¢i«ì®�� ¯®¢¥àåi  «£¥¡à¨ç-¥ ài¢ïï (7) à®§¢'ï§ã¢ «®áì ¬¥â®¤®¬ iâ¥à æi©.�à¨ª« ¤¨ à®§à åãªi¢  ¢¥¤¥i   à¨á. 1 â  2«iiï¬¨.�«ï ¯®ài¢ïï   ®¡®å à¨áãª å "åà¥áâ¨ª ¬¨"§®¡à ¦¥¥ â ª®¦ ¯¥àè¥  ¡«¨¦¥ï ¤«ï à ¤iãá ª ¢iâ â®à  i ¢i«ì®�� ¯®¢¥àåi (ä®à¬ã«¨ (10) â (11)), ïª¥ ¬ ©¦¥ §¡i£ câìáï § â®ç¨¬ à®§¢'ï§ª®¬

�¨á. 1. �á¥á¨¬¥âà¨çi ª ¢iâ â®à (x � 0)i ª ¢¥à  (x � 0) ¯à¨ � = 0:1;� = arctg15o; b = 0
�¨á. 2. �á¥á¨¬¥âà¨çi ª ¢iâ â®à (x � 0)i ª ¢¥à  (x � 0) ¯à¨ � = 0:1;� = 0; b = �0:045(14),  «¥ â¨áª   ¯®¢¥àåi ª ¢¥à¨ (èâà¨å®¢  ªà¨-¢ ) ¥ c áâ «¨¬ i ¢i¤ài§ïcâìáï ¢i¤ § ¤ ®£® § -ç¥ï ��.�«ï ãáã¥ï æì®£® ¥¤®«iªã ¡ã«¨ ¢¨ª®à¨áâ i¤¨áªà¥âi ¤¨¯®«i § iâ¥á¨¢iáâî dk, à®§â è®¢ i  ®ái á¨¬¥âài�� ¢ â®çª å sk = hk; k = 0; 1; 2; :::; n.�®¤i áâàã¬¥¥¢  äãªæiï ®âà¨¬ãc ¯à¨àiáâ�	(x; r) = � r24� nX0 dk[(x� sk)2 + r2]1:5 : (15)ö.�.�¥áâ¥àãª 39



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 2. �. 37 { 44�  ¤®¯®¬®£®î iâ¥à æi© iâ¥á¨¢®áâi ¤¨¯®«i¢ ¯i¤-¡¨à «¨áì â ª, é®¡ áã¬ à¨© â¨áª ¢i¤ ãáiå ®á®¡«¨-¢®áâ¥© ¤®ài¢î¢ ¢ �� ¢ â®çª å ¯®¢¥àåi § ª®®à¤¨- â ¬¨ x = sk.�®§à åãª¨ ¯®ª § «¨, é® § ç¥ï h = 0:1¤®áâ âì® ¤«ï § ¡¥§¯¥ç¥ï ¬ «®áâi ¢¥«¨ç¨¨Cp(x) + � (¢ â®çª å ª ¢¥à¨ § ª®®à¤¨ â ¬¨, ¢i¤-¬i¨¬¨ ¢i¤ sk, ���� ¬®¤ã«ì ¥ ¯¥à¥¢¨éã¢ ¢ 1:3 10�3).�à¨ª« ¤¨  ¢¥¤¥i   à¨á. 1, 2 ¬ àª¥à ¬¨. �¥¯¥àâ¨áª   ¯®¢¥àåi ª ¢¥à¨ ¯à ªâ¨ç® §¡i£ câìáï i§§ ¤ ¨¬,  «¥ ä®à¬  ª ¢iâ â®à  § ç® ¬iïcâìáï(®á®¡«¨¢® æ¥ ¢¨¤®   à¨á.1, ¤¥ â¢¥à¤¥ âi«® áâ «® ¡ £ â® â®¢áâiè¨¬ i  ¢iâì ç áâª®¢® ã¢i£ãâ¨¬).�ª § ¨© ¥¤®«iª ¬®¦  ¢¨¯à ¢«ïâ¨ § áâ®áã-¢ ï¬ ¤®¤ âª®¢¨å ®á®¡«¨¢®áâ¥© ¤«ï äiªá æi�� ä®à-¬¨ ª ¢iâ â®à , é® ãáª« ¤îc à®§¢'ï§®ª (14)-(15).�«¥ ¢ â¨å ¢¨¯ ¤ª å, ª®«¨ ä®à¬  ª ¢iâ®à  ¥ c¦®àáâª® äiªá®¢ ®î, § ¯à®¯®®¢   ¬¥â®¤¨ª  ¬®-¦¥ ¡ãâ¨ ¯à®áâ¨¬ i ¥ä¥ªâ¨¢¨¬ § á®¡®¬ ¬®¤¥«î-¢ ï ¢i«ì¨å ¯®¢¥àå®ì. �à¨ª« ¤¨ â ª¨å § ¤ ç ¢¥¤¥i ¢  áâã¯¨å à®§¤i« å.2. ������������� ������� I������������ ������ ����������i¤®¬®, é® £ãáâ¨  ¢®¤¨ ¯à¨¡«¨§® ã 800 à §i¢¡i«ìè , i¦ £ãáâ¨  ¯®¢iâàï. �ªé® ¢à åã¢ â¨ â -ª®¦, é® ¯®âã¦iáâì, ¥®¡åi¤  ¤«ï ¯®¤®« ï ®¯®-àã ¢®¤¨, ¯à®¯®àæi©  ¢¥«¨ç¨i �U31 (¤¨¢.,  ¯à¨-ª« ¤, [10]), â® áâ c ®ç¥¢¨¤®î  ªâã «ìiáâì § ¤ çi§¬¥è¥ï £i¤à®¤¨ ¬iç®£® ®¯®àã ¯à¨ ¢¥«¨ª¨åè¢¨¤ª®áâïå àãåã U1.�¤¨ i§ á¯®á®¡i¢ ¢¨àiè¥ï ¯à®¡«¥¬¨ ¯®«ï£ c ã§¬¥è¥i ¯«®éi ª®â ªâã ¯®¢¥àåi âi«  § ¢®¤®î(§  à åã®ª §¡i«ìè¥ï ¯®¢¥àåi ª®â ªâã § ¯®-¢iâàï¬  ¡® ¢®¤ï®î ¯ à®î). �ï i¤¥ï à¥ «i§®¢  ã áã¤ å   ¯i¤¢®¤¨å ªà¨« å â  âi« å, é® ®¡âiª -îâìáï ã áã¯¥àª ¢iâ æi©®¬ã à¥¦¨¬i (¤¨¢.,  ¯à¨-ª« ¤, [3, 4, 8, 10{12]).�ãââc¢®î ¢ ¤®î â ª®£® ¬¥â®¤ã c ¢¨¨ª¥ï®¯®àã â¨áªã ç¥à¥§ ¯®àãè¥ï ¯ à ¤®ªá  � « ¬-¡¥à . � ¢¥¤¥i ¢ [13, 14] ®æiª¨ á¢i¤ç âì, é®¯à¨ äiªá®¢ ®¬ã ª®à¨á®¬ã ®¡'c¬i, é® á« ¤ câìáï§ ®¡'c¬i¢ ª®iç®£® ª ¢iâ â®à , ª ¢¥à¨ â  § -¬¨ª ç , áã¯¥àª ¢iâ æi©¨© à¥¦¨¬ ¬ c ¯¥à¥¢ £¨ ¤ âà ¤¨æi©¨¬ § ¡¥§¯¥ç¥ï¬ ¡¥§¢i¤à¨¢®£® ®¡-âiª ï «¨è¥ ¯à¨ ¤ã¦¥ ¬ «¨å ç¨á« å ª ¢iâ æi��(� < 10�3).� §®¬ § â¨¬, ¬®¦«¨¢i áå¥¬¨ ®¡âiª ï § ã«ì®-¢¨¬ ®¯®à®¬ â¨áªã. �à¨ª« ¤ ¯®ª § ¨©   à¨á. 3.�i ¢i¤ài§ïcâìáï ¢i¤  ¢¥¤¥®£® ¢ [13] â¨¬, é®¢i¤à¨¢ ª ¢¥à¨ ¢¢ ¦ câìáï £« ¤ª¨¬, â®¡â® ªà¨-¢¨§¨ ¢i«ì®�� ¯®¢¥àåi â  â¢¥à¤®£® âi«  §¡i£ îâì-

�¨á. 3. �¨¬¥âà¨ç  áå¥¬  ®¡âiª ï á¨áâ¥¬¨ª ¢iâ â®à{§ ¬¨ª ç § ã«ì®¢¨¬ ®¯®à®¬ â¨áªãáï ¢ â®çª å iåì®£® áâ¨ªã¢ ï (x = 0; x = L).�i¤¯®¢i¤® ¡ã¤¥¬® â ª®¦ ¢¨¬ £ â¨ ¥¯¥à¥à¢®áâià®§¯®¤i«ã â¨áªã. �ï ã¬®¢  ¤®§¢®«ïc á¯®¤i¢ â¨áì  £« ¤ª¥ § ¬¨ª ï ª ¢¥à¨ ¢ â®çæi x = L i à¥- «i§ æiî ¯®ª § ®£®   à¨á. 3 ®¡â÷ª ï § ¬¨ª ç â  ã«ì¢®£® ®¯®àã â¨áªã.� àâ® § ã¢ ¦¨â¨, é® ¢¨ª« ¤¥¨© ¢ ¯®¯¥à¥¤ì®-¬ã à®§¤i«i ¬¥â®¤ ¬®¤¥«î¢ ï ¢i«ì¨å ¯®¢¥àå®ì ¢â®¬ â¨ç® § ¡¥§¯¥çãc £« ¤ªiáâì ä®à¬¨ ¢áic�� á¨-áâ¥¬¨ ª ¢iâ â®à{ª ¢¥à {§ ¬¨ª ç â  à®§¯®¤i«ãâ¨áªã   i©, ®áªi«ìª¨ ®á®¡«¨¢®áâi à®§â è®¢ i «¨-è¥   ®ái á¨¬¥âài��.� ïª®áâi ¯®ç âª®¢®£®  ¡«¨¦¥ï à®§¢'ï§ªã § §®¡à ¦¥®î   à¨á. 3 áå¥¬®î ¬®¦  ¢§ïâ¨R(x) = 8<: 1 + �x; �1=� � x � 0;1; 0 � x � L;1� �(x � L); L � x � L + 1=�:(16)�ãâ L { ¤®¢¦¨  ª ¢¥à¨, ïª  ¬®¦¥ ¡ãâ¨ ¤ã¦¥¢¥«¨ª®î ¯®ài¢ï® § à ¤iãá®¬ ª ¢iâ®â®à  ¢ â®çæiáå®¤ã áâàã¬¥i¢ i § ¡¥§¯¥çã¢ â¨ § ç¨© ¢¨£à è¢ ®¯®ài â¥àâï ç¥à¥§ â¥, é® â¢¥à¤¥ âi«®   ¤i«ïæi0 < x < L ª®â ªâãc § £ §®¬,   ¥ ài¤¨®î.�i¤¯®¢i¤® ¤® ä®à¬ã« (5), (16) iâ¥á¨¢iáâìà®§â è®¢ ¨å   ®ái á¨¬¥âài�� ¤¦¥à¥« § ¤ câìáïài¢ïï¬q(x) = 8<: 2��(1 + �x); �1=� � x � 0;0; 0 < x < L;2��[�(x � L)� 1]; L � x � L+ 1=�:(17)� àâ® § ã¢ ¦¨â¨, é®   ¢i¤¬iã ¢i¤ ¥¯¥à¥à¢-®£® à®§¯®¤i«ã ¤¦¥à¥« (12) äãªæiï (17) â¥à¯¨âìà®§à¨¢ ¢ â®çª å x = 0; x = L.�i¤áâ ®¢ª  à÷¢ïï(17) ã ¢¨à § (13) ¤®§¢®«ïc®âà¨¬ â¨ ¯à®áâã   «iâ¨çã ä®à¬ã«ã ¤«ï áâàã¬¥-¥¢®�� äãªæi��40 ö.�.�¥áâ¥àãª
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�¨á. 4. �á¥á¨¬¥âà¨çi ª ¢iâ â®à (x � 0)i ª ¢¥à  (x � 0) ¯à¨ � = 0:1.�®¤¥«î¢ ï §  ¤®¯®¬®£®î ¤¦¥à¥«	(x; r) = 0:5r2 + 0:5�[u(0) + u(L)]� (18)�0:5�2[F2(0)� F2(�1=�)++F2(L + 1=�) � F2(L)]:�à¨ª« ¤¨ à®§à åãªi¢ à ¤ãá  â  à®§¯®¤i«ã â¨á-ªã § ¢¨ª®à¨áâ ï¬ ài¢ïì (18),(7),(9)  ¢¥¤¥i  à¨á. 4. �¨¬¥âà¨çiáâì áå¥¬¨ ®¡âiª ï ¤®§¢®«ïc®¡¬¥¦¨â¨áì âi«ìª¨ § ç¥ï¬¨ x � L=2. �iiï-¬¨ ¯à¥¤áâ ¢«¥i à¥§ã«ìâ â¨ à®§à åãªi¢ § � =0:1; L = 25, ¬ àª¥à ¬¨ { ¯à¨ � = 0:1; L = 50.� à¨á. 4 ¢¨¤®, é® ¤«ï à ¤iãá  â®ç¨© à®§¢'ï§®ª(18) ¤ c à¥§ã«ìâ â¨, ¡«¨§ìªi ¤® ¯®ç âª®¢®£®  ¡«¨-¦¥ï (16). �®¥äiæicâ â¨áªã ¯à¨ 0 � x � L ¥ cáâ «¨¬, å®ç  i  ¡«¨¦ câìáï ¤® ã«ï ¯à¨ §¡i«ìè¥-i ¤®¢¦¨¨ L ã ¢i¤¯®¢i¤®áâi ¤® ài¢ïï ¯¥àè®£® ¡«¨¦¥ï (8).�«ï § ¡¥§¯¥ç¥ï áâ «®£® â¨áªã   ¯®¢¥àåi ª -¢¥à¨   ¤i«ïæi, é®��© ¢i¤¯®¢i¤ c (0 � x � L), ¡ã«¨à®§â è®¢ i ¤¨¯®«i. �à¨àiáâ áâàã¬¥¥¢®�� äãªæi��®¡ç¨á«î¢ ¢áï §  ä®à¬ã«®î (15). �¥§ã«ìâ â¨ à®§-à åãªi¢  ¢¥¤¥i   à¨á. 5. �iiï¬ ¢i¤¯®¢i¤ îâìª ¢¥à¨ § L = 25, ¬ àª¥à ¬¨ ¯à¥¤áâ ¢«¥¨© ¢¨¯ -¤®ª L = 50.�«i¤ ¤®ª« ¤® §ã¯¨¨â¨áì   ®á®¡«¨¢®áâïå ä®à-¬¨ ª ¢iâ â®à  â  ª ¢¥à¨. �¥àè §  ¢á¥, ¢ ®ª®«iâ®çª¨ áå®¤ã áâàã¬¥i¢ x = 0 ä®à¬  â¢¥à¤®£® âi« § ç® ¬iïcâìáï ¯®ài¢ï® § ¯®ª § ¨¬   à¨á.4 ¢¨¯ ¤ª®¬ ¬®¤¥«î¢ ï «¨è¥ ¤¦¥à¥« ¬¨. �®ªà¥-¬ , ¯à¨ x = 0 à ¤iãá ª ¢iâ â®à , ¢¨à å®¢ ¨© §

�¨á. 5. �á¥á¨¬¥âà¨çi ª ¢iâ â®à (x � 0)i ª ¢¥à  (x � 0) ¯à¨ � = 0:1; � = 0.�®¤¥«î¢ ï §  ¤®¯®¬®£®î ¤¦¥à¥«â  ¤¨¯®«i¢¢¨ª®à¨áâ ï¬ ài¢ïì (18), (15), ¬ c ¢i¤'c¬ã ¯®-åi¤ã.�®¦¥ §¤ â¨áï ¥á¯®¤i¢ ¨¬ ä ªâ iáã¢ ï ª -¢¥à¨ ®¡¬¥¦¥¨å à®§¬iài¢ ¯à¨ ã«ì®¢®¬ã ç¨á«iª ¢iâ æi��. �«¥ ª ¢iâ®àã § ¢i¤'c¬®î ¯®åi¤®î ¢â®çæi áå®¤ã áâàã¬¥i¢ ¢« áâ¨¢i ®¡¬¥¦¥i ¢i«ìi ¯®-¢¥àåi ¥ âi«ìª¨ ¯à¨ ã«ì®¢®¬ã,  «¥ i ¯à¨ ¢i¤'c¬¨åç¨á« å ª ¢iâ æi��. �®¡ ¯¥à¥ª® â¨áì ã æì®¬ã, ¤®-áâ âì® §¢¥àãâ¨áì ¤® [9]  ¡® ¤® ài¢ïï ¯¥àè®£® ¡«¨¦¥ï (11).� iè®£® ¡®ªã, ä®à¬ã«  (11) ¤ c ®¯ãª«i ª ¢¥à-¨. �¨è¥ ¯à¨ ¬ii¬ «ì®¬ã ç¨á«i ª ¢iâ æi�� �m =2�2 ln " < 0 à ¤iãá ª ¢¥à¨ «ii©® á¯ ¤ c ¯à¨§¡i«ìè¥i x (¤¨¢. [9]). �¢i£ãâiáâì ª ¢¥à¨, §®-¡à ¦¥®��   à¨á. 5, ¬®¦  ¯®ïá¨â¨ ài§¨æ¥î ¢áå¥¬i ®¡âiª ï â  ¢¦¥ §£ ¤ã¢ ®î ¥¤®áâ âì®îâ®çiáâî ài¢ïï ¯¥àè®£®  ¡«¨¦¥ï.�®¦¥ §¤ â¨áï, é® ®âà¨¬   ä®à¬  ª ¢¥à¨ áã-¯¥à¥ç¨âì ¯à¨æ¨¯ã �à¨«î¥  (¤¨¢. [15, 16]), §£i¤-® § ïª¨¬ ¯à¨ � � 0 ¢i«ì  ¯®¢¥àåï ¬ãá¨âì ¡ãâ¨®¯ãª«®î. �«¥ æ¥© ¯à¨æ¨¯ c  á«i¤ª®¬ ¯à¨¯ãé¥-ï ¯à® ¬ii¬ «ìiáâì â¨áªã á ¬¥   ¯®¢¥àåi ª -¢¥à¨, ¢ â®© ç á ïª § à¨á. 5 ¢¨¤®, é®  ©¬¥è¥§ ç¥ï â¨áªã ¤®áï£ câìáï   â¢¥à¤®¬ã âi«i.� §¢'ï§ªã § æ¨¬ ¢¨¨ª c ¯¨â ï ¯à® ¬®¦«¨-¢®áâi à¥ «i§ æi�� ¯®ª § ¨å   à¨á. 5 ª ¢¥à. �¤¦¥ª ¢iâ æiï ¬®¦¥ ¯®ç â¨áì ã â®çæi ¬ii¬ «ì®£® â¨á-ªã ¯à¨ x < 0. �®¬ã ®âà¨¬ ã áå¥¬ã ®¡âiª ï, ¯¥¢¥, ¬®¦  à¥ «i§ã¢ â¨ «¨è¥ ¯à¨ èâãç®¬ã¯i¤¤ã¢i £ §ã ¢ ª ¢¥àã. �®¤i ¯à¨ ¥ ¤ã¦¥ ¢¥«¨-ª¨å è¢¨¤ª®áâïå àãåã ¬®¦  ã¨ªãâ¨ ª ¢iâ æi��  â¢¥à¤®¬ã âi«i.ö.�.�¥áâ¥àãª 41
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�¨á. 6. �á¥á¨¬¥âà¨çi ª ¢iâ â®à (x � 0)i ª ¢¥à  (x � 0) ¯à¨ � = 0:1; L = 25.�®¤¥«î¢ ï §  ¤®¯®¬®£®î ¤¦¥à¥«â  ¤¨¯®«i¢Iè¨¬ ¢ ¦«¨¢¨¬ ¯¨â ï¬ c ¢i¤à¨¢ ¯à¨¬¥¦®-¢®£® è àã, é® ¬®¦¥ ¬ â¨ ¬iáæ¥   ª ¢iâ â®ài¯iá«ï ¬i¤¥«ï â    § ¬¨ª çi i ¯®¢iáâî §¬i¨â¨áå¥¬ã ®¡âiª ï. �®® ¯®âà¥¡ãc ¤®¤ âª®¢¨å ¤®-á«i¤¦¥ì. �®ªà¥¬ , ¬®¦«¨¢¥ ¢¨ª®à¨áâ ï ä®à¬ §¢i¤'c¬¨¬¨ £à ¤icâ ¬¨ â¨áªã, ®¯¨á ¨å ¢ [17, 18].�à¨ª« ¤ à®§¢'ï§ªã § ¤ çi (18), (15) § ¥ã«ì®-¢¨¬ ç¨á«®¬ ª ¢iâ æi�� ¯®ª § ¨©   à¨á. 6 «iiï-¬¨. �«ï ¯®ài¢ïï ¬ àª¥à ¬¨  ¢¥¤¥® ¤ i ¤«ï� = 0. � ç¥ï � = 0:0042 ¢i¤¯®¢i¤ c â¨áª®¢i¢ â®çæi ¬i¤¥«ï (x = 12:5) ª ¢¥à¨, §®¡à ¦¥®��  à¨á. 4. � à¨á. 6 ¢¨¤®, é® ä®à¬  ª ¢¥à¨ ¯à¨� = 0:0042 § § «  ¯à¨æ¨¯®¢¨å §¬i: ¢®  ¬ câ®çª¨ ¬ ªá¨¬ã¬ã â  ¯¥à¥£¨ã i c ®¯ãª«®î ã á¢®��©á¥à¥¤¨i© ç áâ¨i.�à¨æ¨¯ �à¨«î¥  â ª®¦ ¥ ¬®¦  § áâ®á®-¢ã¢ â¨ ¤® ®âà¨¬ ®�� ª ¢¥à¨, ®áªi«ìª¨ ¬ii¬ã¬âiáªã, ïª æ¥ ¢¨¤® § à¨á. 6, ¤®áï£ õâìáï   â¢¥à-¤®¬ã âi«i. �®¤i¡i ä®à¬¨ ¯«®áª®�� ª ¢¥à¨ ®âà¨-¬ ¢ �. �¯«¥à [19] (¤¨¢. â ª®¦ [3]), ïª¨© à®§£«ï¤ ¢®¡âiª ï ªàã£®¢®£® æ¨«i¤à  §  áå¥¬®î �®èª -�ãª®¢áìª®£®. �ªé® ¯®åi¤  ¢ â®çæi ¯®ç âªã ª -¢¥à¨ ¤®¤ âï (¤® ¬i¤¥«ï æ¨«i¤à ), â® ª ¢¥à  �¯-«¥à  c ®¯ãª«®î (¯®¤i¡®î ¤® ¯®ª § ¨å   à¨á. 4).�ªé® ª ¢¥à  ¢i¤à¨¢ câìáï ¯iá«ï ¬i¤¥«ï æ¨«i¤à ,â® ¢®  ¬®¦¥ ¡ãâ¨  ¡® ã¢i£ãâ®î (¯®¤i¡®î ¤® à¨á.5),  ¡® ¬ â¨ â®çª¨ ¬ii¬ã¬ã â  ¯¥à¥£¨ã (¯®¤i¡®¤® ¯®ª § ®��   à¨á. 6 ®á¥á¨¬¥âà¨ç®�� ª ¢¥à¨).

3. ����������� ������������������ �������¨ª« ¤¥¨© ¢ ¯®¯¥à¥¤ì®¬ã à®§¤i«i ¬¥â®¤ ¬®¤¥-«î¢ ï ®á¥á¨¬¥âà¨ç¨å ¢i«ì¨å ¯®¢¥àå®ì ¬®¦-  § áâ®áã¢ â¨ â ª®¦ ¤® ¯«®áª®�� § ¤ çi, á¨¬¥âà¨ç-®�� ¢i¤®á® ®ái x â  ¢¥àâ¨ª «ì®�� «ii�� x = L=2.�å¥¬  ®¡âiª ï §¡i£ câìáï i§ §®¡à ¦¥®î   à¨á.3, ïªé® æ¨«i¤à¨çã ª®®à¤¨ âã r § ¬i¨â¨   y,  à ¤iãá R(x) {   ª®®à¤¨ âã ¢¥àåì®�� ¯®¢¥àåi¯à®äi«ï â  ª ¢¥à¨ Y (x).�    «®£icî § ä®à¬ã«®î (16) ¢ ïª®áâi ¯®ç âª®-¢®£®  ¡«¨¦¥ï à®§¢'ï§ªã ¬®¦  ¢§ïâ¨Y (x) = 8<: 1 + �x; �1=� � x � 0;1; 0 � x � L;1� �(x � L); L � x � L + 1=�:(19)�®¤i ¢i¤¯®¢i¤® ¤® ä®à¬ã«¨ (6) iâ¥á¨¢iáâì à®§-â è®¢ ¨å   ®ái á¨¬¥âài�� ¤¦¥à¥« § ¤ câìáï ài¢-ïï¬q(x) = 8<: 2�; �1=� � x � 0;0; 0 < x < L;�2�; L � x � L + 1=�: (20)� ª á ¬®, ïª à®§¯®¤i« ¤¦¥à¥« (17), äãªæiï (20)â¥à¯¨âì à®§à¨¢ ã â®çª å x = 0; x = L, ïª¨© ®¤ ª¥ ¯®àãèãc £« ¤ª®áâi ä®à¬¨ â  à®§¯®¤i«ã â¨áªã.�i¤áâ ®¢ª  à÷¢ïï (20) ã ¢¨à § ¤«ï ª®¬¯«¥ªá-®£® ¯®â¥æi «ã â¥çi��W (z) = �(x; y) + i (x; y) == z + 12� 1Z0 q(�) ln(z � �)d�(âãâ �(x; y) { ¯®â¥æi « â¥çi��;  (x; y) { áâàã¬¥¥-¢  äãªæiï; z=x+iy { ª®¬¯«¥ªá  §¬i ) ¤®§¢®«ïc®âà¨¬ â¨ ¯à®áâã   «iâ¨çã ä®à¬ã«ã:W (z) = z + �� [[W0(z; 0)�W0(z;�1=�)� (21)�W0(z; L+ 1=�) +W0(z; L)];W0(z; �) = �(z � �)[ln(z � �) � 1]:�®®à¤¨ â  Y (x) ¢¨à å®¢ã¢ « áì § ¢¨ª®à¨áâ -ï¬ ä®à¬ã«¨ (21) â   «£¥¡à ùç®£® ài¢ïï (7)é® à®§¢'ï§ã¢ «®áì ç¨á¥«ì® ¬¥â®¤®¬ ¯à®áâ¨å iâ¥-à æi©. �iá«ï ¢¨§ ç¥ï äãªæi�� Y (x) ¬®¦  «¥£ª®§ ©â¨ ª®¬¯®¥â¨ è¢¨¤ª®áâi â  Cp   ¯®¢¥àåi42 ö.�.�¥áâ¥àãª
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�¨á. 7. �«®áªi ª ¢iâ â®à (x � 0) i ª ¢¥à  (x � 0)¯à¨ � = 0:1. �®¤¥«î¢ ï §  ¤®¯®¬®£®î ¤¦¥à¥«¯à®äi«ï i ª ¢¥à¨ § ¢¨ª®à¨áâ ï¬  áâã¯¨å ài¢-ïì: vx(x; y)� ivy(x; y) = dW (z)=dz = (22)= 1� �� [[ln(z � 0)� ln(z + 1=�)�� ln(z � L� 1=�) + ln(z � L)];Cp(x) = 1� v2x(x; Y (x))� v2y(x; Y (x)):�à¨ª« ¤¨ à®§à åãªi¢ ä®à¬¨ ¯®¢¥àåi â  à®§-¯®¤i«ã â¨áªã § ¢¨ª®à¨áâ ï¬ ài¢ïì (21), (7),(22)  ¢¥¤¥i   à¨á. 7. �¨¬¥âà¨çiáâì áå¥¬¨®¡âiª ï ¤®§¢®«ïc ®¡¬¥¦¨â¨áì âi«ìª¨ § ç¥ï-¬¨ x � L=2. �iiï¬¨ ¯à¥¤áâ ¢«¥i à¥§ã«ìâ â¨à®§à åãªi¢ ¯à¨ � = 0:1; L = 25, ¬ àª¥à ¬¨ {� = 0:1; L = 50.� à¨á. 7 ¢¨¤®, é® ¤«ï Y (x) ¯«®áª¨© à®§¢'ï§®ª(21) ¤ c à¥§ã«ìâ â¨ ¥ â ªi ¡«¨§ìªi ¤® ¯®ç âª®¢®-£®  ¡«¨¦¥ï (19), ïª ¤«ï §®¡à ¦¥®��   à¨á. 4  «®£iç®�� ®á¥á¨¬¥âà¨ç®�� ª ¢¥à¨. �®¥äiæicââ¨áªã ¯à¨ 0 � x � L ¥ c áâ «¨¬, i  ¡«¨¦ câìáï¤® ã«ï ¯à¨ §¡i«ìè¥i ¤®¢¦¨¨ L â  ¯àï¬ã¢ iª®®à¤¨ â¨ x ¤® § ç¥ï L=2,  «¥ ¥ â ª è¢¨¤ª®,ïª ¢ ®á¥á¨¬¥âà¨ç®¬ã ¢¨¯ ¤ªã.�«ï § ¡¥§¯¥ç¥ï áâ «®£® â¨áªã   ¯®¢¥àåi ª -¢¥à¨ ¤®¤ âª®¢® ¤® ¤¦¥à¥«   ¤i«ïæi ®ái á¨¬¥âài��0 � x � L à®§â è®¢ã¢ «¨áì ¤¨¯®«i § iâ¥á¨¢-iáâî Dk; k = 0; 1; 2; :::; n. �à¨àiáâ ª®¬¯«¥ªá®£®¯®â¥æi «ã à®§à å®¢ã¢ ¢áï §  ä®à¬ã«®î

�¨á. 8. �«®áªi ª ¢iâ â®à (x � 0) i ª ¢¥à  (x � 0)¯à¨ � = 0:1; L = 25.�®¤¥«î¢ ï §  ¤®¯®¬®£®î ¤¦¥à¥«â  ¤¨¯®«i¢�W (z) = 12� nX0 Dkz � sk : (23)�i¤¯®¢i¤i ¯à¨à®áâ¨ ª®¬¯®¥â è¢¨¤ª®áâi¢¨§ ç îâìáï ài¢ïï¬�vx � i�vy = � 12� nX0 Dk(z � sk)2 : (24)�  ¤®¯®¬®£®î iâ¥à æi© iâ¥á¨¢®áâi ¤¨¯®«i¢ ¯i¤-¡¨à «¨áì â ª, é®¡ áã¬ à¨© â¨áª ¢i¤ ãáiå ®á®¡«¨-¢®áâ¥© ¤®ài¢î¢ ¢ �� ¢ â®çª å ¯®¢¥àåi § ª®®à¤¨- â ¬¨ x = sk = kh.�®§à åãª¨ ¯®ª § «¨, é® § ç¥ï h = 0:1¤®áâ âì® ¤«ï § ¡¥§¯¥ç¥ï ¬ «®áâi ¢¥«¨ç¨¨Cp(x) + � (¢ â®çª å ª ¢¥à¨, é® ¬ îâì ª®®à¤¨- â¨ ¢i¤¬ii ¢i¤ sk, ���� ¬®¤ã«ì ¥ ¯¥à¥¢¨éã¢ ¢ 5:210�3). �¥§ã«ìâ â¨ à®§à åãªi¢  ¢¥¤¥i   à¨á. 8.�iiï¬ ¢i¤¯®¢i¤ îâì ª ¢¥à¨ § � = 0, ¬ àª¥à ¬¨¯à¥¤áâ ¢«¥i ¢¨¯ ¤ª¨ ¥ã«ì®¢®£® ç¨á«  ª ¢iâ æi��â  ¯®ç âª®¢¥  ¡«¨¦¥ï (19).� ª á ¬®, ïª ¢ ®á¥á¨¬¥âà¨ç®¬ã ¢¨¯ ¤ªã, ¢ ®ª®«iâ®çª¨ áå®¤ã áâàã¬¥i¢ x = 0 ä®à¬  ¯à®äi«î § ç-® ¬iïcâìáï ¯®ài¢ï® § ¯®ª § ¨¬   à¨á. 7 ¢¨-¯ ¤ª®¬ ¬®¤¥«î¢ ï «¨è¥ ¤¦¥à¥« ¬¨. �®ªà¥¬ ,¯à¨ x = 0 à ¤iãá ª ¢iâ â®à , ¢¨à å®¢ ¨© § ¢¨ª®-à¨áâ ï¬ ài¢ïì (21){(24), ¬ c ¢i¤'c¬ã ¯®åi¤-ã. �®¤i¡® ¤® oá¥á¨¬¥âà¨ç®£® ¢¨¯ ¤ªã, ã«ì®-¢®¬ã ç¨á«ã ª ¢iâ æi�� ¢i¤¯®¢i¤ c áªiç¥  ã¢i£ã-â  ª ¢¥à . �à¨æ¨¯ �à¨«î¥  (¤¨¢. [15, 16]) ¥ö.�.�¥áâ¥àãª 43
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