
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 18 { 24��� 534.26� ������� �� ����� ������������� ���������� ������� ��������� ���������� ����� ������� ����������. �. ����������, �. �. �������������®áã¤ àáâ¢¥®¥  ãç®-¯à®¨§¢®¤áâ¢¥®¥ ¯à¥¤¯à¨ïâ¨¥ \�¥«ìâ ", �¨¥¢��� ãç®-¯à®¨§¢®¤áâ¢¥®¥ ¯à¥¤¯à¨ïâ¨¥ \�«ìâà ª®-�¥à¢¨á", �¨¥¢�®«ãç¥® 24.02.2000�à¥¤«®¦¥ á¯®á®¡ ãç¥â  á¨£ã«ïà®áâ¨ ¢ ¯à®¨§¢®¤ëå à¥è¥¨ï § ¤ ç¨ ¤¨äà ªæ¨¨ ®à¬ «ìëå ¢®«   ã£«®¢ëåâ®çª å £à ¨æë ¢ ¯«®áª®¬ ¢®«®¢®¤¥ á ¦¨¤ª¨¬ § ¯®«¥¨¥¬. � § ª«îç ¥âáï ¢ à §¡¨¥¨¨ à¥è¥¨ï   ¤¢  á« £ -¥¬ëå, ®¤® ¨§ ª®â®àëå á®¤¥à¦¨â á¨£ã«ïà®áâì ¨ ¯à¨ íâ®¬ ã¤®¢«¥â¢®àï¥â £à ¨çë¬ ãá«®¢¨ï¬   ¯®¢¥àå®áâïå¢®«®¢®¤ ,   ¢â®à®¥ ï¢«ï¥âáï à¥£ã«ïàë¬. �à¥¤« £ ¥¬ë© á¯®á®¡ à áç¥â  ¯®§¢®«ï¥â ¯®«ãç¨âì ¯à¨¡«¨¦¥®¥ à¥è¥-¨¥, á®¤¥à¦ é¥¥ á¨£ã«ïà®áâì ¢ ï¢®¬ ¢¨¤¥. �à®¢¥¤¥ë ç¨á«¥ë¥ ®æ¥ª¨ â®ç®áâ¨ ¬¥â®¤  ¯® ªà¨â¥à¨ï¬ ¡ « á ¯®â®ª®¢ ¬®é®áâ¨ ¨ ¥¢ï§ª¨ ãá«®¢¨© áè¨¢ ¨ï à¥è¥¨© ¢ ç áâ¨çëå ®¡« áâïå.� ¯à®¯®®¢ ® á¯®á÷¡ ãà åã¢ ï á¨£ã«ïà®áâ÷ ¢ ¯®å÷¤¨å à®§¢'ï§ªã § ¤ ç÷ ¤¨äà ªæ÷ù ®à¬ «ì¨å å¢¨«ì   ªãâ®¢¨åâ®çª å ¬¥¦÷ ¢ ¯«®áª®¬ã å¢¨«¥¯à®¢®¤÷, § ¯®¢¥®¬ã à÷¤¨®î. �÷ ¯®«ï£ õ ¢ à®§¡¨ââ÷ à®§¢'§ªã   ¤¢  ¤®¤ ª¨, ®¤¨§ ïª¨å ¬÷áâ¨âì á¨£ã«ïà÷áâì ÷ ¯à¨ æì®¬ã § ¤®¢®«ìïõ £à ¨ç¨¬ ã¬®¢ ¬   ¯®¢¥àåïå å¢¨«¥¯à®¢®¤ã,   ÷è¨©õ à¥£ã«ïà¨¬. � ¯à®¯®®¢ ¨© á¯®á÷¡ ¤®§¢®«ïõ ®âà¨¬ â¨  ¡«¨¦¥¨© à®§¢'ï§®ª, ïª¨© ¬÷áâ¨âì á¨£ã«ïà÷áâì ¢ï¢®¬ã ¢¨£«ï¤÷. �à®¢¥¤¥÷ ç¨á¥«ì÷ à®§à åãª¨ é®¤® â®ç®áâ÷ ¬¥â®¤ã §  ªà¨â¥à÷ï¬¨ ¡ « áã ¯®â®ª÷¢ ¯®âã¦®áâ÷â  ¥¢'ï§ª¨ ã¬®¢ §è¨¢ ï à®§¢'ï§ª÷¢ ã ç áâª®¢¨å ®¡« áâïå.A method of accounting the singularity in the solution derivatives for a problem of the normal wave di�raction on theangle border points in the at waveguide with liquid �lling is o�ered. It lies in the solution subdivision in two terms, oneof which contains the singularity, satisfyng herewith the boundary conditions on the waveguide surfaces, and the other isa regular one. The o�ered computation method allows to obtain an approximate solution, that contains the singularityexplicitly. The estimation of the method e�ciency using the criteria of the power streams balance and the partial solutionsmatching de�ciency in the subdomains is given.���������§¢¥áâ®, çâ®  «¨ç¨¥ ¨§«®¬®¢ £à ¨æë ®¡« -áâ¨ ¢ § ¤ ç å ¤¨äà ªæ¨¨ §¢ãª  ¯à¨¢®¤¨â ª ¯®ï¢«¥-¨î ®á®¡¥®áâ¨ ¢ ¯à®¨§¢®¤ëå à¥è¥¨ï. � àï¤¥à ¡®â ®â¬¥ç «®áì, çâ® íâ® ®¡áâ®ïâ¥«ìáâ¢®, ¯à¨-¢®¤ï ª ¢ëç¨á«¨â¥«ìë¬ âàã¤®áâï¬, ®¤®¢à¥¬¥-® á®§¤ ¥â ¢®§¬®¦®áâì ¤«ï ã«ãçè¥¨ï áå®¤¨¬®-áâ¨ ç¨á«¥ëå ¬¥â®¤®¢ [1 { 4], â ª ª ª ¯®§¢®«ï¥â§ ¬¥¨âì ¯à®áâãî à¥¤ãªæ¨î ¡¥áª®¥çëå á¨áâ¥¬«¨¥©ëå  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ¡®«¥¥ á®¢¥à-è¥®© ¢ëç¨á«¨â¥«ì®© ¯à®æ¥¤ãà®©. �ª §  ï
�¨á. 1. �®ä¨£ãà æ¨ï § ¤ ç¨. �¨¤ª¨© á«®©á ¦¥áâª¨¬¨ £à ¨æ ¬¨, à §¤¥«¥ë©  ¤¢®¥¦¥áâª¨¬ íªà ®¬ ¢ ®¡« áâ¨ x>0

¢®§¬®¦®áâì ®á®¢     â®¬, çâ®  á¨¬¯â®â¨ç¥-áª®¥ ¯®¢¥¤¥¨¥ ª®íää¨æ¨¥â®¢ àï¤ , ¢ ¢¨¤¥ ª®â®-à®£® ®¡ëç® ¯à¥¤áâ ¢«ïîâ à¥è¥¨¥, ®¯à¥¤¥«ï¥âáï¯®àï¤ª®¬ ®á®¡¥®áâ¨. �â® ¯®§¢®«ï¥â (á â®ç®-áâìî ¤® ¯®áâ®ï®£® ¬®¦¨â¥«ï, ª®â®àë© ®¯à¥¤¥-«ï¥âáï ¢ å®¤¥ à¥è¥¨ï § ¤ ç¨) § ¤ âì § ¢¨á¨¬®áâìª®íää¨æ¨¥â®¢ àï¤  ®â ¨å ®¬¥à ,  ç¨ ï á ¥-ª®â®à®£® ¤®áâ â®ç® ¡®«ìè®£® ®¬¥à  N .�  áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¨®© ¯à¨-¥¬, â ª¦¥ ¨á¯®«ì§ãîé¨© ¨§¢¥áâë© å à ªâ¥à ®á®-¡¥®áâ¨ à¥è¥¨ï ¨ á®áâ®ïé¨© ¢ ¢ë¤¥«¥¨¨ ¨§¨áª®¬®£® à¥è¥¨ï á¨£ã«ïà®£® á« £ ¥¬®£®. �ë¯à®¨««îáâà¨àã¥¬ ¥£®   ¯à¨¬¥à¥ å®à®è® ¨§¢¥áâ-®© § ¤ ç¨ ® ¤¨äà ªæ¨¨  â¨á¨¬¬¥âà¨ç®© ¢®«-®¢®¤®© ¬®¤ë   ¯à®¤®«ì®¬ ¦¥áâª®¬ íªà ¥ ¢¦¨¤ª®¬ ¯«®áª®¬ á«®¥ á ¦¥áâª¨¬¨ £à ¨æ ¬¨. �¥®-¬¥âà¨ï § ¤ ç¨ ¯®ª §     à¨á. 1. �«ï ¯à®áâ®âëíªà  à §¬¥é¥ ¯®á¥à¥¤¨¥ á«®ï (H1=H2=H).�à¥¤áâ ¢¨¬ à¥è¥¨¥ ¢ ª ¦¤®© ¨§ ç áâ¨çëå®¡« áâ¥© I, II, III (á¬. à¨á. 1) ¢ ¢¨¤¥ áã¬¬ë ¤¢ãåá« £ ¥¬ëå: ' = 'r + a's;£¤¥ ' {  ªãáâ¨ç¥áª¨© ¯®â¥æ¨ «, ã¤®¢«¥â¢®àïî-é¨© ¢®«®¢®¬ã ãà ¢¥¨î. �¥à¢®¥ á« £ ¥¬®¥ à¥-£ã«ïà®,   ¢â®à®¥ á®¤¥à¦¨â ¢ á¥¡¥ âà¥¡ã¥¬ãî ®á®-18 c �. �. � « ¥ª®, �. �. � « ¥ª®, 2001



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 18 { 24¡¥®áâì. �¥¨§¢¥áâë© ¬ áèâ ¡ë© ¬®¦¨â¥«ì a®¯à¥¤¥«ï¥âáï ¢ å®¤¥ à¥è¥¨ï § ¤ ç¨. �¦¨¤ ¥¬®¥¯à¥¨¬ãé¥áâ¢® à áá¬ âà¨¢ ¥¬®£® ¬¥â®¤ , ®á®-¢ ®£®   ï¢®¬ ¢ë¤¥«¥¨¨ á¨£ã«ïà®© ç áâ¨à¥è¥¨ï, § ª«îç ¥âáï, £« ¢ë¬ ®¡à §®¬, ¢ â®¬,çâ® ¢¨¤ á¨£ã«ïà®áâ¨ ®¯à¥¤¥«ï¥âáï ¥ ¢ à¥§ã«ì-â â¥ áã¬¬¨à®¢ ¨ï ¡¥áª®¥ç®£® àï¤  ¢ ®ªà¥áâ®-áâ¨ ®á®¡®© â®çª¨,   § ª« ¤ë¢ ¥âáï ¢ ¯à¨¡«¨¦¥-®¥ à¥è¥¨¥ ¨§ ç «ì®.�®¦® ãª § âì ¤¢  ¯®¤å®¤  ª § ¤ ¨î á¨£ã«ïà-®£® á« £ ¥¬®£®. � ¯¥à¢®¬ á«ãç ¥ ®® ¢ë¡¨à ¥â-áï ã¤®¢«¥â¢®àïîé¨¬ ¢®«®¢®¬ã ãà ¢¥¨î. �à¨íâ®¬ ª ¦¤®¥ ¨§ á« £ ¥¬ëå à¥è¥¨ï ¢ ®â¤¥«ì®-áâ¨ ¬®¦¥â ¥ ã¤®¢«¥â¢®àïâì £à ¨çë¬ ãá«®¢¨-ï¬. �áâà ¥¨¥ ¥¢ï§ª¨ ¯® £à ¨çë¬ ãá«®¢¨ï¬¤®«¦® ¯à¨¢¥áâ¨ ª ãà ¢¥¨ï¬ ¤«ï ®âëáª ¨ï ¥-¨§¢¥áâëå ¢¥«¨ç¨. � á®®â¢¥âáâ¢¨¨ á ¤àã£¨¬ ¯®¤-å®¤®¬ á« £ ¥¬ë¥ á«¥¤ã¥â ¢ë¡à âì â ª, çâ®¡ë ª -¦¤®¥ ¨§ ¨å ã¤®¢«¥â¢®àï«® £à ¨çë¬ ãá«®¢¨ï¬,® ¬®£«® ¥ ã¤®¢«¥â¢®àïâì ¢®«®¢®¬ã ãà ¢¥¨î.�®£¤  ¥®¡å®¤¨¬ë¥ ¤«ï ®¯à¥¤¥«¥¨ï ¥¨§¢¥áâëå¢¥«¨ç¨ á®®â®è¥¨ï ¬®£ãâ ¡ëâì ¯®«ãç¥ë, ¨áå®-¤ï ¨§ âà¥¡®¢ ¨ï, çâ®¡ë áã¬¬  á« £ ¥¬ëå ã¤®¢«¥-â¢®àï«  ãà ¢¥¨î. � ¤ ®© à ¡®â¥ ¨á¯®«ì§ã¥â-áï ¢â®à®© ¯®¤å®¤.1. ��������� ������������ ������-���� �� �������� ��������¥à¥¯¨è¥¬ ¢®«®¢®¥ ãà ¢¥¨¥ á«¥¤ãîé¨¬®¡à §®¬: L' = �@2'@x2 ; L = @2@z2 + k2; (1)£¤¥ L { ®¯¥à â®à ¯®¯¥à¥ç®£® á¥ç¥¨ï. �®«¥ ¢ ¯à®-¨§¢®«ì®¬ ¯®¯¥à¥ç®¬ á¥ç¥¨¨ x=const ¤«ï ª -¦¤®© ¨§ âà¥å ®¡« áâ¥© ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥®¢ ¢¨¤¥ '(z) = z2Zz1 G(z; z0)��@2'@x2�dz0; (2)£¤¥ G(z; z0) { äãªæ¨ï �à¨  ®¯¥à â®à  ¯®¯¥à¥ç-®£® á¥ç¥¨ï, z1=0 ¨«¨ �H, z2=H.� §®¡ì¥¬ ¢â®àãî ¯à®¨§¢®¤ãî   ¤¢  á« £ ¥-¬ëå: @2'(x; z)@x2 = a@2'0(x; z)@x2 + @2'1(x; z)@x2 ; (3)�¤¥áì '0 { à¥è¥¨¥ ¢®«®¢®£® ãà ¢¥¨ï ¯à¨ k=0(®® ¨¬¥¥â ¢ á¢®¨å ¯¥à¢ëå ¯à®¨§¢®¤ëå âã ¦¥á¨£ã«ïà®áâì, çâ® ¨ '),   ª®íää¨æ¨¥â a ¤®«-¦¥ ¡ëâì ¢ë¡à  â ª¨¬, çâ®¡ë ¥¨§¢¥áâ®¥ ¢â®-à®¥ á« £ ¥¬®¥ ¡ë«® à¥£ã«ïàë¬. �®®â¢¥âáâ¢¥®,

¨áª®¬®¥ à¥è¥¨¥ (äãªæ¨ï '(z; x)) à á¯ ¤ ¥âáï  ¤¢  á« £ ¥¬ëå:'(z; x) = a's(z; x) + 'r(z; x); (4)¨¬¥îé¨å ¢¨¤ ¨â¥£à «®¢ â¨¯  (2). � «¨ç¨¥ äãª-æ¨¨ �à¨  ¢ ª ç¥áâ¢¥ ï¤à  ¨â¥£à «  ®¡¥á¯¥ç¨¢ -¥â ã¤®¢«¥â¢®à¥¨¥ £à ¨çëå ãá«®¢¨© ª ¦¤ë¬ ¨§á« £ ¥¬ëå ¢ ®â¤¥«ì®áâ¨.�â®à®¥ á« £ ¥¬®¥ ¢ ¢ëà ¦¥¨¨ (4) à¥£ã«ïà® ¨,¢á«¥¤áâ¢¨¥ íâ®£®, ¯à¨ «î¡®¬ x ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥® à ¢®¬¥à® áå®¤ïé¨¬áï àï¤®¬ ¯® á®¡-áâ¢¥ë¬ äãªæ¨ï¬ á ¥¨§¢¥áâë¬¨ ª®íää¨æ¨-¥â ¬¨. �â® ª á ¥âáï ¯¥à¢®£® á« £ ¥¬®£®, â®,@2'0(x; z)=@x2 ¨¬¥¥â ¯à¨ x!0 ¥¨â¥£à¨àã¥¬ãîáâ¥¯¥ãî ®á®¡¥®áâì á ¯®ª § â¥«¥¬ �3=2. �®-íâ®¬ã ¥®¡å®¤¨¬® ã¡¥¤¨âìáï, çâ® ¯à¥¤¥«ì®¥ (¯à¨x!0 ) § ç¥¨¥ ¨â¥£à «  ¢¨¤  (2) áãé¥áâ¢ã¥â¢® ¢á¥å â®çª å, §  ¨áª«îç¥¨¥¬ ªà®¬ª¨ íªà  , ¨,ªà®¬¥ â®£®, ¤¥¬®áâà¨àã¥â ã¦ãî ®á®¡¥®áâì(á ¯®ª § â¥«¥¬ �1=2)   á ¬®© ªà®¬ª¥. � áá¬®-âà¨¬ íâ¨ ¢®¯à®áë   ¯à¨¬¥à¥ ç áâ¨ç®© ®¡« -áâ¨ II (á¬. à¨á. 1).�á¯®«ì§ãï ï¢®¥ ¢ëà ¦¥¨¥ ¤«ï äãªæ¨¨ �à¨- , ¯®á«¥ ¥á«®¦ëå ¯à¥®¡à §®¢ ¨© ¯à¨å®¤¨¬ ªá«¥¤ãîé¥¬ã ¢ëà ¦¥¨î ¤«ï ¯®â¥æ¨ « :'IIs = �II(x) cos k(z �H) + 'IIs2;�II(x) = 1k sin kH���� 1Z0 cos kz0 @2'0@x2 dz0+1ZH cos kz0 @2'0@x2 dz0�;'IIs2 = 1k sin kH�� HZz �GII<(z; z0)� GII>(z; z0)���@2'0@x2 �dz0: (5)� ¯®á«¥¤¥¬ á®®â®è¥¨¨ GII<(z; z0) ¨ GII>(z; z0) {§ ç¥¨ï äãªæ¨¨ �à¨  ¤«ï ®¡« áâ¨ II ¯à¨ z0<z¨ z0>z á®®â¢¥âáâ¢¥®. �â¥£à¨àãï ¯® ç áâï¬ä®à¬ã«ã ¤«ï 's2, ¯à¨¢®¤¨¬ ¥¥ ª ¢¨¤ã's2 = '0(z; x) + 1k sin k(z �H)@'0(H;x)@z �� cos k(z �H)'0(H;x)++k HZz sin k(z � z0)'0(z0; x)dz0; (6)¨§ ç¥£® ïá®, çâ® ¯à®¨§¢®¤ë¥ ®â 's2 á®¤¥à¦ âã¦ãî ®á®¡¥®áâì   ªà®¬ª¥ ¨ áå®¤ïâáï ¢® ¢á¥å�. �. � « ¥ª®, �. �. � « ¥ª® 19



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 18 { 24®áâ «ìëå â®çª å ®¡« áâ¨. �ãé¥áâ¢®¢ ¨¥ ¯à¥-¤¥«ì®£® ¯à¨ x!0 § ç¥¨ï �(x) § ¢¨á¨â ®â ¯¥à-¢®£® ¨§ ¤¢ãå ¨â¥£à «®¢ ¢ ä®à¬ã«¥ (5). �®á«¥ á®-®â¢¥âáâ¢ãîé¥© § ¬¥ë ¯¥à¥¬¥®© ¨â¥£à¨à®¢ -¨ï ¥£® ¬®¦® ¯à¨¢¥áâ¨ ª ¢ëà ¦¥¨îI0(x) = jxj1=2 1Z0 (1 + u2)�3=4�� cos ku sin�32(� � arctg u)�du: (7)�«¥¤®¢ â¥«ì®, ¢®¯à®á ® áãé¥áâ¢®¢ ¨¨ ¯à¥¤¥«ì-®£® (¯à¨ x!0) § ç¥¨ï ¨â¥£à «  ¢¨¤  (2) á¢®-¤¨âáï ª ¢®¯à®áã ® â®¬, à ¢¥ «¨ ã«î ¨â¥£à «¢ ä®à¬ã«¥ (7) ¢ ãª § ®¬ ¯à¥¤¥«¥. �¥á«®¦ë¥¯à¥®¡à §®¢ ¨ï ¯®ª §ë¢ îâ, çâ® íâ® â ª. � «®-£¨çë¥ à¥§ã«ìâ âë ¯®«ãç ¥¬ ¨ ¯à¨ à áá¬®âà¥¨¨¢ëà ¦¥¨© ¤«ï ç áâ¨çëå ®¡« áâ¥© I ¨ III.�â ª, ãª §  á¯®á®¡ ¯®áâà®¥¨ï á« £ ¥¬®£® 's¢ ä®à¬ã«¥ (4), ®¡« ¤ îé¥£® ã¦®© á¨£ã«ïà®-áâìî ¯à®¨§¢®¤ëå ¨ ®¤®¢à¥¬¥® ã¤®¢«¥â¢®àï-îé¥£® £à ¨çë¬ ãá«®¢¨ï¬. � ¤ «ì¥©è¥¬ íâ®¯®§¢®«¨â áä®à¬ã«¨à®¢ âì ¬¥â®¤ à áç¥â  ¯®«ï ¤¨-äà ªæ¨¨ ®à¬ «ì®© ¢®«ë   ªà®¬ª¥ ¦¥áâª®£®íªà   ¢ ¢®«®¢®¤¥.2. ����� ������� ���� ����������à¥¤áâ ¢¨¬ á« £ ¥¬®¥ 'r(z; x) à ¢®¬¥à® áå®-¤ïé¨¬áï àï¤®¬ ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬ ¢ ª -¦¤®¬ á¥ç¥¨¨ x=const:'I(z; x) =Xn Bn(x)uIn(z) + a'Is(z; x) + 'i;'II(z; x) =Xn Cn(x)uIIn (z) + a'IIs (z; x): (8)�®íää¨æ¨¥âë Bn(x) ¨ Cn(x) { áãâì äãªæ¨¨ ¯à®-¤®«ì®© ª®®à¤¨ âë. �«¥ë àï¤®¢ ¥ ®¯¨áë¢ îâ®à¬ «ìë¥ ¢®«ë, â ª ª ª à¥£ã«ïà®¥ ¨ á¨£ã-«ïà®¥ á« £ ¥¬ë¥ ¢ ®â¤¥«ì®áâ¨ ¥ ã¤®¢«¥â¢®àï-îâ ¢®«®¢®¬ã ãà ¢¥¨î. �¤¥áì á«¥¤ã¥â ãª § âì  ®¤® ®¡áâ®ïâ¥«ìáâ¢®, ¨á¯®«ì§ã¥¬®¥ ¢ ¤ «ì¥©-è¥¬. �ãé¥áâ¢®¢ ¨¥ ¨â¥£à «®¢ ¢¨¤  (2) ¯®§¢®«ï-¥â ¯à¥¤áâ ¢¨âì ª ¦¤®¥ á« £ ¥¬®¥ ¢ ä®à¬ã«¥ (4) (¨¢á¥ ¢ëà ¦¥¨¥ ¢ æ¥«®¬) ¢ ¢¨¤¥ à ¢®¬¥à® áå®¤ï-é¨åáï àï¤®¢ ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬. �«ï ¯®«-®£® à¥è¥¨ï íâ® ¯à¨¢®¤¨â ª à §«®¦¥¨î ¯®«ï  ®à¬ «ìë¥ ¢®«ë. � ª¨¬ ®¡à §®¬, ¯à¥¤áâ -¢«¥¨¥, § ¤ ®¥ ä®à¬ã« ¬¨ (8), ¨ à §«®¦¥¨¥  ®à¬ «ìë¥ ¢®«ë íª¢¨¢ «¥âë. �®íää¨æ¨¥âëàï¤  ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬ ¤«ï á¨£ã«ïà®£®á« £ ¥¬®£® ¥âàã¤® ¢ëç¨á«¨âì. � ª¨¬ ®¡à §®¬,

áãé¥áâ¢ã¥â ¢®§¬®¦®áâì ¢ë¤¥«¨âì ¨§ ¯®á«¥¤®¢ -â¥«ì®áâ¨  ¬¯«¨âã¤ ®à¬ «ìëå ¢®« (á â®ç®-áâìî ¤® ¥¨§¢¥áâ®£® ¢¥á®¢®£® ¬®¦¨â¥«ï a) ¤¢¥¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨, ®¤  ¨§ ª®â®àëå á®®â¢¥â-áâ¢ã¥â à¥£ã«ïà®©,   ¤àã£ ï { á¨£ã«ïà®© ç áâ¨.�®áâ ¢¨¬ á¨áâ¥¬ã äãªæ¨® «ìëå à ¢¥áâ¢,¨áå®¤ï ¨§ ãá«®¢¨© ¥¯à¥àë¢®áâ¨ ¯®â¥æ¨ «  ¨¥£® ®à¬ «ì®© ¯à®¨§¢®¤®© ¢ á¥ç¥¨¨ x=0:Xn BnuIn + a'Is + 'i =Xn CnuIIn + a'IIs ;Xn B0nuIn + a@'Is@x + @'I@x ==Xn C0nuIIn + a@'IIs@x ; (9)£¤¥ B0n = @Bn@x ; C0n = @Cn@x ¯à¨ x = 0:�áâ ®¢¨¬ á¢ï§ì ¬¥¦¤ã B0n ¨ Bn, C0n ¨ Cn. �«ïíâ®£® ¯à¥¤áâ ¢¨¬ ¯®«¥ ¢ ª ¦¤®© ¨§ ç áâ¨çëå®¡« áâ¥© ¢ ¢¨¤¥ á®¢®ªã¯®áâ¥© ®à¬ «ìëå ¢®«á ¢®«®¢ë¬¨ ç¨á« ¬¨ n. � à¥§ã«ìâ â¥  å®¤¨¬,çâ® B0n = �iInBn � a�'I0sn + iIn'Isn�;C0n = iIInCn � a�'II0sn � iIIn 'IIsn�: (10)�¤¥áì ¤«ï ªà âª®áâ¨ ¢¢¥¤¥ë ®¡®§ ç¥¨ï'sn = 1kunk�'s; un�����x=0;'0sn = 1kunk�@'s@x ; un�����x=0: (11)� ¯¨áì ( � ; � ) ®§ ç ¥â áª «ïà®¥ ¯à®¨§¢¥¤¥¨¥,  k � k { ®à¬ã äãªæ¨¨. �®¤áâ ¢«ïï á®®â®è¥-¨ï (10) ¢ àï¤ë (9) ¨ ãç¨âë¢ ï, çâ® 'sn ¨ '0sn {áãâì ª®íää¨æ¨¥âë �ãàì¥ äãªæ¨¨ 's ¨ ¥¥ ¯à®-¨§¢®¤®© ¯® x,  'Is � 'IIs = (�I � �II) cos k(z �H);¯®«ãç ¥¬ ®ª®ç â¥«ì®¥ ¢ëà ¦¥¨¥ ¤«ï äãªæ¨®- «ì®£® à ¢¥áâ¢ :Xn BnuIn �Xn CnuIIn++a(�I � �II) cos k(z �H) = �'i;Xn InBnuIn +Xn IInCnuIIn++a�Xn In'IsnuIn +Xn IIn 'IIsnuIIn� = �i@'i@x : (12)20 �. �. � « ¥ª®, �. �. � « ¥ª®



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 2. �. 18 { 24�®¬®¦¨¬ áª «ïà® ¯¥à¢®¥ ¨§ à ¢¥áâ¢ ¢ ä®à¬ã-« å (11) á ç «    uIIm (m=1; 2; : : :),   § â¥¬  cos k(z�H). �à®¬¥ â®£®, ¢â®à®¥ à ¢¥áâ¢® áª -«ïà® ã¬®¦¨¬   uIm. � à¥§ã«ìâ â¥ ¯®«ãç¨¬á¨áâ¥¬ã  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì®Bn, Cn ¨ a:Xn Bn(uIn; uIIm)� CmkuIImk++a(�I � �II)(cos k(z �H); uIIm) == �('I; uIIm);ImBmkuImk+Xn IInCn(uIn; uIIm)++a�Im'IsmkuImk+Xn IIn 'IIsn(uIn; uIIm)� == �i�@'i@x ; uIm�;Xn Bn�uIn; cos k(z �H)���Xn Cn�uIIn ; cos k(z �H)�++a(�I � �II)k cos k(z �H)k == ��'i; cos k(z �H)�: (13)
�®á«¥ â®£®, ª ª ¥¨§¢¥áâë¥ ¯®á«¥¤®¢ â¥«ì®-áâ¨ fBng, fCng ¨ ª®íää¨æ¨¥â a  ©¤¥ë, ¨¬¨¬®¦® à á¯®àï¤¨âìáï ¤¢®ïª®. �¥à¢ë© ¯®¤å®¤ § -ª«îç ¥âáï ¢ â®¬, çâ® à¥è¥¨¥ ¢¨¤  (8) ¤«ï ª -¦¤®£® ¨§ ¯ àæ¨ «ìëå ¢®«®¢®¤®¢ ¯®¤áâ ¢«ïîâ¢ ¢®«®¢®¥ ãà ¢¥¨¥, ¯à¨å®¤ï ª ¤¨ää¥à¥æ¨ «ì-ë¬ ãà ¢¥¨ï¬ ¤«ï ¥¨§¢¥áâëå § ¢¨á¨¬®áâ¥©Bn(x) ¨ Cn(x) á  ç «ìë¬¨ § ç¥¨ï¬¨ Bn, Cn,B0n, C0n. � ª, ¤«ï ®¡« áâ¨ II ãà ¢¥¨¥ ¨¬¥¥â ¢¨¤d2Cndx2 + 2nCn = qn(x); (14)£¤¥ qn(x) = 1kunk�q(z; x); un(z)�;q(z; x) = �d2�dx2 � @2'0(H;x)@x2 � cos k(z �H)++@3'0(H;x)@x2@z 1k sin k(z �H)++k HZz sin k(z � z0)@2'0(z0; x)@x2 dz0:�¥è¥¨¥ ãà ¢¥¨ï (14), ã¤®¢«¥â¢®àïîé¥¥  ç «ì-

ë¬ ãá«®¢¨ï¬, § ¤ ¥âáï á«¥¤ãîé¨¬ ¢ëà ¦¥¨¥¬:Cn(x) = Cn exp(inx)� an�gn sin nx�� xZ0 qn(x0) sin n(x� x0)dx0�: (15)�¤¥áìgn = 1kunk�@'s@x ; un�� in 1kunk�'s; un�:� ©¤¥ë¥ äãªæ¨¨ Cn(x) ¯®¤áâ ¢«ï¥¬ ¢ ä®à¬ã-«ã (8). � íâ®¬ ¢ à¨ â¥, á®¯àï¦¥®¬ á ¢¥áì-¬  £à®¬®§¤ª¨¬¨ ¢ëç¨á«¥¨ï¬¨,  ©¤¥®¥ à¥è¥-¨¥ á®¤¥à¦¨â á¨£ã«ïà®áâì ¯¥à¢ëå ¯à®¨§¢®¤ëå¯® x ¨«¨ z ¢ ï¢®¬ ¢¨¤¥. �«¥¤ã¥â ®¦¨¤ âì, çâ® â -ª ï ¯à®æ¥¤ãà  à¥è¥¨ï ®ª ¦¥âáï æ¥«¥á®®¡à §®©¯à¨ à áç¥â å ¯®«ï ¢¡«¨§¨ ®â à¥¡à .�á«¨ ¦¥ ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â ¨áá«¥¤®¢ ¨¥ ¯®-«ï ¢¤ «¨ ®â à¥¡à , £¤¥ ¢®§¬ãé¥¨ï, ®¡ãá«®¢«¥ë¥á¨£ã«ïà®áâìî, ®á« ¡¥¢ îâ, æ¥«¥á®®¡à §¥ ¢â®-à®© ¯®¤å®¤, ®á®¢ ë©   íª¢¨¢ «¥â®áâ¨ ¯à¥¤-áâ ¢«¥¨© (8) ¨ á®®â¢¥âáâ¢ãîé¨å à §«®¦¥¨© ¯®®à¬ «ìë¬ ¢®« ¬. �à¨à ¢¨¢ ï ¨å ¤àã£ ¤àã£ã¢ á¥ç¥¨¨ x=0, ¡¥§ âàã¤   å®¤¨¬ á¢ï§ì  ¬¯«¨-âã¤ ®à¬ «ìëå ¢®« bn ¨ cn á  ©¤¥ë¬¨ à ¥¥ª®íää¨æ¨¥â ¬¨ Bn¨ Cn:bn = Bn + a'Isn;cn = Cn + a'IIsn; (16)£¤¥ 'sn ®¯à¥¤¥«ïîâáï ä®à¬ã«®© (11).� ª®© ¢ à¨ â à áç¥â  ¡«¨§®ª ª ¬¥â®¤ã, ¨§«®-¦¥®¬ã ¢ [1], ¨ ®â«¨ç ¥âáï «¨èì á¯®á®¡®¬ ãç¥â ¢«¨ï¨ï § à ¥¥ ¨§¢¥áâ®© á¨£ã«ïà®áâ¨ à¥è¥-¨ï   ¯®¢¥¤¥¨¥ ª®íää¨æ¨¥â®¢ à §«®¦¥¨ï à¥-è¥¨ï ¢ àï¤ ¯® á®¡áâ¢¥ë¬ äãªæ¨ï¬. �á«¨ ¢ [1]¥¨§¢¥áâë¥ ª®íää¨æ¨¥âë § ¬¥ïîâáï ¨å  á¨¬-¯â®â¨ç¥áª¨¬¨ ä®à¬ã« ¬¨,  ç¨ ï á ¥ª®â®à®£®¤®áâ â®ç® ¡®«ìè®£® ®¬¥à , â® §¤¥áì ¨§ ¯®«-®© ¯®á«¥¤®¢ â¥«ì®áâ¨ ¥¨§¢¥áâëå ª®íää¨æ¨¥-â®¢ ¢ë¤¥«ï¥âáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì, á®®â¢¥â-áâ¢ãîé ï á¨£ã«ïà®¬ã á« £ ¥¬®¬ã. �áâ¥áâ¢¥-®, çâ® ¤«ï ¤®áâ â®ç® ¡®«ìè¨å ®¬¥à®¢ í«¥¬¥-âë íâ®© ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨  ç¨ îâ ¤®¬¨-¨à®¢ âì  ¤ í«¥¬¥â ¬¨ ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨,á®®â¢¥âáâ¢ãîé¥© à¥£ã«ïà®© ç áâ¨ à¥è¥¨ï.3. ��������� �������¥«ì à áç¥â®¢, à¥§ã«ìâ âë ª®â®àëå ¯à¨¢®¤ïâ-áï ¢ íâ®¬ à §¤¥«¥, á®áâ®ï«  ¢ ¯à®¢¥àª¥ áå®¤¨¬®-áâ¨ ¯à¥¤« £ ¥¬®£® á¯®á®¡  à áç¥â  ¯® á«¥¤ãîé¨¬¤¢ã¬ ªà¨â¥à¨ï¬:�. �. � « ¥ª®, �. �. � « ¥ª® 21
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�¨á. 2. �¥¢ï§ª  ¯® ¯®â¥æ¨ «ã¢ á¥ç¥¨¨ x=0 (H=�=0:6):1 { à áç¥â ¡¥§ ¢ë¤¥«¥¨ï á¨£ã«ïà®áâ¨,2 { à áç¥â á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨1) ¯® ¢¥«¨ç¨¥ ¥¢ï§ª¨ à¥è¥¨©,  ©¤¥ëå ¤«ïª ¦¤®£® ¨§ ¯ àæ¨ «ìëå ¢®«®¢®¤®¢ ¢ á¥ç¥-¨¨ x=0,2) ¯® í¥à£¥â¨ç¥áª®¬ã ªà¨â¥à¨î, § ª«îç îé¥-¬ãáï ¢ áà ¢¥¨¨ ¯®â®ª®¢ í¥à£¨¨ ¯ ¤ îé¥©,®âà ¦¥ëå ¨ ¯à®è¥¤è¨å ¢®«.� ¬¨ ¡ë«¨ ¯à®¢¥¤¥ë à áç¥âë ¤¨äà ªæ¨¨  -â¨á¨¬¬¥âà¨ç®© ¬®¤ë   ªà®¬ª¥ ¦¥áâª®£® íªà -  ¢ ¢®«®¢®¤¥. �«ï  ç «  à áá¬®âà¨¬ ¢®«®¢®¤â®«é¨ë h=�=0:6. �à¨ íâ®¬ ¢ è¨à®ª®© ¥£® ç -áâ¨ áãé¥áâ¢ã¥â â®«ìª® ®¤  à á¯à®áâà ïîé ï-áï ®à¬ «ì ï ¢®« , ª®â®à ï ¨ ¡ë«  ¢ë¡à   ¢ª ç¥áâ¢¥ ¯ ¤ îé¥©. � ª ¦¤®¬ ¨§ ã§ª¨å ¢®«®¢®-¤®¢ áãé¥áâ¢ãîâ ¯® ¤¢¥ à á¯à®áâà ïîé¨åáï ¬®-¤ë. �á«¨ ¯à¥¤áâ ¢¨âì ¯ ¤ îéãî ¢®«ã ¢ ¢¨¤¥  -«®¦¥¨ï ¤¢ãå ¢®« �à¨««îí , â® ª ¦¤ ï ¨§ ¨å¯ ¤ ¥â   ªà®¬ªã ¦¥áâª®£® íªà   ¯®¤ ¢¥áì¬  ¬ -«ë¬ ã£«®¬ áª®«ì¦¥¨ï ¯® ®â®è¥¨î ª ¦¥áâª®¬ãíªà ã. �áâ¥áâ¢¥®, çâ® í¥à£¥â¨ç¥áª¨© ª®íä-ä¨æ¨¥â ®âà ¦¥¨ï â ª®© ¢®«ë ¯à¨ ¥¥ ¯¥à¥å®-¤¥ ¢ ã§ª¨¥ ¢®«®¢®¤ë ¥¢¥«¨ª ¨ á®áâ ¢«ï¥â ®ª®«®0:013%. �à¨ íâ®¬ ¡ « á í¥à£¨¨ ¢ ç¨á«¥®¬ íªá-¯¥à¨¬¥â¥ ¢ë¯®«ï¥âáï á â®ç®áâìî ¯®àï¤ª  âë-áïçëå ¤®«¥© ¯à®æ¥â . �¥¢ï§ª  ¯® ¢¥«¨ç¨¥  ªã-áâ¨ç¥áª®£® ¯®â¥æ¨ «  ¨ ¯® £®à¨§®â «ì®© ¯à®-¥ªæ¨¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¢ ¯®¯¥à¥ç®¬ á¥ç¥-¨¨ x=0 ¨««îáâà¨àã¥âáï à¨á. 2 ¨ 3 (¯à¨ à áç¥â¥®âà ¦¥®£® ¨ ¯à®è¥¤è¥£® ¯®«¥© ãç¨âë¢ «®áì ¯®20 ¬®¤).�à¨¢¥¤¥ë¥ £à ä¨ª¨ ¯®§¢®«ïîâ áà ¢¨âì â®ç-®áâì ¢ë¯®«¥¨ï ãá«®¢¨© áè¨¢ ¨ï ¯®«¥© ¢ è¨-à®ª®© ¨ ã§ª®© ç áâïå ¢®«®¢®¤  ¤«ï ¤¢ãå ¢ à¨ -â®¢ à áç¥â : ¡¥§ ¢ë¤¥«¥¨ï ®á®¡¥®áâ¨ (¬¥â®¤®¬¯à®áâ®© à¥¤ãªæ¨¨ ¯à¨ à¥è¥¨¨ ¡¥áª®¥ç®© á¨-áâ¥¬ë ãà ¢¥¨© ¤«ï  ¬¯«¨âã¤ ®à¬ «ìëå ¢®«)¨ á ¯à¥¤« £ ¥¬ë¬ á¯®á®¡®¬ ¢ë¤¥«¥¨ï ®á®¡¥®-

�¨á. 3. �¥¢ï§ª  ¯® áª®à®áâ¨¢ á¥ç¥¨¨ x=0 (H=�=0:6):1 { à áç¥â ¡¥§ ¢ë¤¥«¥¨ï á¨£ã«ïà®áâ¨,2 { à áç¥â á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨
�¨á. 4. �¬¯«¨âã¤ë ¬®¤ ®âà ¦¥®£® ¯®«ï,¢ëç¨á«¥ë¥ ®¡ëçë¬ ¬¥â®¤®¬¨ á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨ (H=�=0:6)
�¨á. 5. �¬¯«¨âã¤ë ¬®¤ ¯à®è¥¤è¥£® ¯®«ï,¢ëç¨á«¥ë¥ ®¡ëçë¬ ¬¥â®¤®¬¨ á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨ (H=�=0:6)áâ¨. �á®, çâ® ¢ ¯®á«¥¤¥¬ á«ãç ¥ ¥¢ï§ª  ¯® áª®-à®áâ¨   ¯®àï¤®ª,   ¯® ¯®â¥æ¨ «ã {   ¤¢  ¯®-àï¤ª  ¬¥ìè¥. � ¬¥â¨¬, çâ® ¤«ï ®¡®¨å ¬¥â®¤®¢®á®¡¥® § ç¨â¥«ì®© ï¢«ï¥âáï ¥¢ï§ª  ¯® áª®-à®áâ¨ ¢¡«¨§¨ ªà®¬ª¨ íªà  . �® ¨ §¤¥áì à áç¥âá ¢ë¤¥«¥¨¥¬ ®á®¡¥®áâ¨ ®¡¥á¯¥ç¨¢ ¥â   ¯®àï-¤®ª «ãçèãî áå®¤¨¬®áâì. � ª ¢¨¤® ¨§ £à ä¨ª®¢,22 �. �. � « ¥ª®, �. �. � « ¥ª®
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�¨á. 6. �¥¢ï§ª  ¯® ¯®â¥æ¨ «ã¢ á¥ç¥¨¨ x=0 (H=�=0:76):1 { à áç¥â ¡¥§ ¢ë¤¥«¥¨ï á¨£ã«ïà®áâ¨,2 { à áç¥â á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨¯à¨¢¥¤¥ëå   à¨á. 4 ¨ 5, à áç¥âë¥ § ç¥¨ï  ¬-¯«¨âã¤ ®à¬ «ìëå ¢®« ¢ ®âà ¦¥®¬ ¨ ¯à®è¥¤-è¥¬ ¯®«ïå, ¯®«ãç¥ë¥ ¤¢ã¬ï ¬¥â®¤ ¬¨, ¤®¢®«ì®¡«¨§ª¨. �ãé¥áâ¢¥ë¥ à áå®¦¤¥¨ï  ¡«î¤ îâáï«¨èì ¯à¨ à áç¥â¥  ¬¯«¨âã¤ ¢®« ¢ëá®ª¨å ®¬¥-à®¢.�å®¤ë¥ à¥§ã«ìâ âë ¯®«ãç¥ë ¨ ¢® ¢â®à®¬ ¯à¨-¬¥à¥ à áç¥â  (à¨á. 6 { 9), ¢ ª®â®à®¬ ¯à¥¤¯®« £ -«®áì, çâ® ¨§ è¨à®ª®£® ¢®«®¢®¤  { á H=�=0:76 {¯ ¤ ¥â ¢â®à ï  â¨á¨¬¬¥âà¨ç ï ¬®¤  (ª®«¨ç¥-áâ¢® à á¯à®áâà ïîé¨åáï ¢®« ¢ è¨à®ª®© ¨ ¢ã§ª®© ç áâïå { ¯® ¤¢¥). �à¨ íâ®¬  ¯à ¢«¥¨ï¢®« �à¨««îí , á®áâ ¢«ïîé¨å ¯ ¤ îéãî ¢®«ã,®¡à §ãîâ ã£®« ®ª®«® 80� á ¯«®áª®áâìî íªà  , çâ®®¡ãá«®¢«¨¢ ¥â § ç¨â¥«ì®¥ ®âà ¦¥¨¥. �¥à£¨ï®âà ¦¥ëå ¢®« á®áâ ¢«ï¥â ®ª®«® 44 %,   ¯à®-è¥¤è¨å { 56 %. �«ï íâ®£® á«ãç ï ¡ « á ¯®â®ª®¢¬®é®áâ¨ ¯à¨ à áç¥â¥ á®¡«î¤ ¥âáï á â®ç®áâìî¤® á®âëå ¤®«¥© ¯à®æ¥â . �¥¢ï§ª¨ ¯® áª®à®áâ¨¨ ¯®â¥æ¨ «ã, ¯®«ãç¥ë¥ ¯à¨ à áç¥â¥ á ãç¥â®¬á¨£ã«ïà®áâ¨, ¡®«¥¥, ç¥¬   ¯®àï¤®ª ¬¥ìè¥, ç¥¬¯à¨ ¯à®áâ®© à¥¤ãªæ¨¨. � ª ¨ á«¥¤®¢ «® ®¦¨¤ âì,íâ® ¤®áâ¨£ ¥âáï §  áç¥â ¡®«¥¥ â®ç®£® ¢ëç¨á«¥-¨ï ¢ª« ¤®¢ ¢ëáè¨å ¬®¤ ¢ à §«®¦¥¨¨ à¥è¥¨ï¯® ®à¬ «ìë¬ ¢®« ¬ (á¬. à¨á. 6, 9).�����������à¥¤«®¦¥ á¯®á®¡ à¥è¥¨ï § ¤ ç¨ ¤¨äà ªæ¨¨,®á®¢ ë©   à §¡¨¥¨¨ ¨áª®¬®£® à¥è¥¨ï  ¤¢  á« £ ¥¬ëå, ã¤®¢«¥â¢®àïîé¨å ¯®à®§ì £à ¨ç-ë¬ ãá«®¢¨ï¬, ®¤® ¨§ ª®â®àëå á®¤¥à¦¨â á¨£ã-«ïà®áâì ¢ á¢®¨å ¯à®¨§¢®¤ëå,   ¤àã£®¥ à¥£ã«ïà-®. �à®¤¥¬®áâà¨à®¢   ¯à¨¥¬«¥¬ ï â®ç®áâì¬¥â®¤  ª ª ¯® ªà¨â¥à¨î ¡ « á  ¯®â®ª®¢ ¬®é®-áâ¨, â ª ¨ ¯® ªà¨â¥à¨î ¯à®¢¥àª¨ ãá«®¢¨© áè¨-¢ ¨ï à¥è¥¨©, ¯®«ãç¥ëå ¤«ï ç áâ¨çëå ®¡« -

�¨á. 7. �¥¢ï§ª  ¯® áª®à®áâ¨¢ á¥ç¥¨¨ x=0 (H=�=0:76):1 { à áç¥â ¡¥§ ¢ë¤¥«¥¨ï á¨£ã«ïà®áâ¨,2 { à áç¥â á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨
�¨á. 8. �¬¯«¨âã¤ë ¬®¤ ®âà ¦¥®£® ¯®«ï,¢ëç¨á«¥ë¥ ®¡ëçë¬ ¬¥â®¤®¬¨ á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨ (H=�=0:76)
�¨á. 9. �¬¯«¨âã¤ë ¬®¤ ¯à®è¥¤è¥£® ¯®«ï,¢ëç¨á«¥ë¥ ®¡ëçë¬ ¬¥â®¤®¬¨ á ¢ë¤¥«¥¨¥¬ á¨£ã«ïà®áâ¨ (H=�=0:76)áâ¥©.1. �à¨ç¥ª® �. �., �®¢ª �. �. �®«®¢ë¥ § ¤ ç¨ à á-á¥ï¨ï §¢ãª    ã¯àã£¨å ®¡®«®çª å.{ �.: � ãª.¤ã¬ª , 1986.{ 240 á.2. �à¨ç¥ª® �. �. � ¢®¢¥á¨¥ ¨ ãáâ ®¢¨¢è¨¥áï ª®-«¥¡ ¨ï ã¯àã£¨å â¥« ª®¥çëå à §¬¥à®¢.{ �.: � -�. �. � « ¥ª®, �. �. � « ¥ª® 23
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