
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1 27çâ® ¯à¨ ®¡«ãç¥¨¨ ¯ãçª®¬ í«¥ªâà®®¢ ¬¨è¥¨,à á¯®«®¦¥®© ¢ ¬ £¨â®¬ ¯®«¥, ¤¥©áâ¢ãîé¥¬¯¥à¯¥¤¨ªã«ïà®  ¯à ¢«¥¨î ¯ãçª , ¢ ¯à®áâà -áâ¢¥®¬ à á¯à¥¤¥«¥¨¨ ¤®§ë  ¡«î¤ ¥âáï ¬ ªá¨-¬ã¬,   «®£¨çë© ¬ ªá¨¬ã¬ã   ªà¨¢®© �àí££ .�£®  ¬¯«¨âã¤  § ¢¨á¨â ®â ¢¥«¨ç¨ë ¬ £¨â®£®¯®«ï. �® ¬¥à¥ à®áâ  ¬ £¨â®£® ¯®«ï ®â ã«ï¤® 3.0 �« ®  ¢®§à áâ ¥â «¨¥©®. �à¥¤«®¦¥ ¬®¤¥«ì ¤¨¯®«ì- â¨¤¨¯®«ì®© ¬ £¨â®© á¨áâ¥¬ë,¯®§¢®«ïîé ï ã¬¥ìè¨âì ¢«¨ï¨¥   à á¯à¥¤¥«¥¨¥¤®§ë à áá¥ïëå ¯®«¥©. � à ¬ª å ¬®¤¥«¨ ã¤ «®áìã¢¥«¨ç¨âì £à ¤¨¥â á¯ ¤  à áá¥ï®£® ¬ £¨â®£®¯®«ï ¢ �3 à § .�ää¥ªâ¨¢®áâì ®¡«ãç¥¨ï ¬¨è¥¨ ¢ ¬ £¨â®¬¯®«¥ ¢®§à áâ ¥â ¯à¨¬¥à® ¢ 2 à §  ¯® áà ¢¥¨î á®¡«ãç¥¨¥¬ ¡¥§ ¯®«ï,   ¯® áà ¢¥¨î á ®¡«ãç¥¨¥¬¢ëá®ª®í¥à£¥â¨çë¬¨ ä®â® ¬¨ | ¢ 2.5{3 à § .�à¨ íâ®¬ ¤®§ , ¯¥à¥¤ ¢ ¥¬ ï §¤®à®¢ë¬ âª ï¬ ¯¥-à¥¤ ¬¨è¥ìî, ¢®§à áâ ¥â   25{40%,   §  ¬¨è¥ìî¯ ¤ ¥â ¢ 3{4 à § . �¢¥«¨ç¥¨¥ ¬ £¨â®£® ¯®«ï ¥¢«¨ï¥â   à §¬¥à ®¡« áâ¨, £¤¥ ¤®§  ¯à¥¢ëè ¥â 90%¥¥ ¬ ªá¨¬ «ì®£® § ç¥¨ï, ¥¬®£® ã¢¥«¨ç¨¢ ¥â¤®§ã, ¯¥à¥¤ ¢ ¥¬ãî âª ¨ ¯¥à¥¤ ¬¨è¥ìî, ® á¨«ì-® ã¬¥ìè ¥â ¢¥«¨ç¨ã ¤®§ë §  ¬¨è¥ìî. �ãâ¥¬¨§¬¥¥¨ï ª®ä¨£ãà æ¨¨ ¬ £¨â®£® ¯®«ï ¬®¦®¨§¬¥ïâì ä®à¬ã ¯¨ª  ¢ à á¯à¥¤¥«¥¨¨ ¤®§ë, à §¬¥à®¡« áâ¨, £¤¥ ¤®§  ¯à¥¢ëè ¥â 90% ¥¥ ¬ ªá¨¬ «ì®£®§ ç¥¨ï, á®®â®è¥¨¥ ¤®§ë, ¯¥à¥¤ ¢ ¥¬®© ¬¨è¥¨¨ §¤®à®¢ë¬ âª ï¬.�«¨ï¨¥   ¦¨¢ãî âª ì ¬ £¨â®£® ¯®«ï ¯à¥¤-áâ ¢«ï¥â á ¬®áâ®ïâ¥«ìãî  ãçãî § ¤ çã. �¤ ª®¬®¦® ¯à¥¤¯®«®¦¨âì, çâ® ¯®«¥ ¢«¨ï¥â   ¦¨¢ãîâª ì áãé¥áâ¢¥® ¬¥ìè¥, ç¥¬ ¨®¨§¨àãîé¥¥ ¨§-

«ãç¥¨¥, ¨ ¢ «ãç¥¢®© â¥à ¯¨¨ ¥ ï¢«ï¥âáï ä ªâ®à®¬à¨áª , ®âà¨æ â¥«ì® áª §ë¢ îé¨¬áï   ¢®§¬®¦®á-âïå ¯à¥¤« £ ¥¬®£® á¯®á®¡  ®¡«ãç¥¨ï.� ª¨¬ ®¡à §®¬, ¨§¬¥ïï í¥à£¨î ¯ãçª , ä®à¬ã¬ £¨â , ¥£® à á¯®«®¦¥¨¥  ¤ ®¡ê¥ªâ®¬ ¨ ¢¥«¨-ç¨ã ¬ £¨â®£® ¯®«ï, ¬®¦® ®ª §ë¢ âì ¢«¨ï¨¥  ¯®«®¦¥¨¥ ¨ å à ªâ¥à¨áâ¨ª¨ ¬ ªá¨¬ã¬  ¢ à á-¯à¥¤¥«¥¨¨ ¤®§ë. �â® ¤ ¥â ¢®§¬®¦®áâì  ªâ¨¢®ã¯à ¢«ïâì à á¯à¥¤¥«¥¨¥¬ ¤®§ë ¯à¨ «ãç¥¢®© â¥à -¯¨¨, ®áãé¥áâ¢«ï¥¬®© ¯ãçª®¬ í«¥ªâà®®¢. �¥ «¨§ -æ¨ï íâ®£® ¬¥â®¤  ¯¥àá¯¥ªâ¨¢  ¤«ï ¨á¯®«ì§ã¥¬ëå¨ à §à ¡ âë¢ ¥¬ëå ¢  áâ®ïé¥¥ ¢à¥¬ï ¤«ï «ãç¥¢®©â¥à ¯¨¨ ãáª®à¨â¥«¥©.�¢â®àë ¯à¨§ â¥«ìë �.�. �èå ®¢ã, �.�. �®-¬ ®¢ã ¨ �.�. �®§ ®¢ã §  ¢¨¬ ¨¥ ª à ¡®â¥ ¨æ¥ë¥ § ¬¥ç ¨ï.�¨â¥à âãà 1. Khan F.M. The Physics of Radiation Therapy. Baltimore,Maryland, USA, 1992.2. Chu W.T., Ludewigt B.A., Renner T.R. // Rev. Sci. Instr.1993. 64. P. 2055.3. � à§ àì �.�., �ã«â ¥¢ �.�., �¥àï¥¢ �.�. // �¥¤¨æ¨-áª ï ä¨§¨ª . 2001. ò9. C. 58.4. �ã«â ¥¢ �.�., �¥àï¥¢ �.�. �¯®á®¡ «ãç¥¢®© â¥à ¯¨¨. � -ï¢ª    ¯ â¥â ò2001102391 ®â 29.01.2001.5. �ã«â ¥¢ �.�., �¥àï¥¢ �.�. �¥â®¤ ä®à¬¨à®¢ ¨ï ¯à®-áâà áâ¢¥®£® à á¯à¥¤¥«¥¨ï ¤®§ë ¯ãçª®¢ ä®â®®£® ¨í«¥ªâà®®£® ¨§«ãç¥¨ï ¢ ¡¨®«®£¨ç¥áª¨å áà¥¤ å: �à¥¯à¨â����� ���. ò2001-4/644. �., 2001.�®áâã¯¨«  ¢ p¥¤ ªæ¨î16.07.01������ � ���������������� 535.39 � ������� ������� ��� ��������� ������.�. �«ì¨ (ª ä¥¤à  ¬®«¥ªã«ïà®© ä¨§¨ª¨ ¨ ä¨§¨ç¥áª¨å ¨§¬¥à¥¨©)E-mail: iline@cs.msu.su�à¥¤¯®« £ ¥âáï, çâ® ã£«ë ¯ ¤¥¨ï ¨ ¯à¥«®¬«¥¨ï ï¢«ïîâáï ª®¬¯«¥ªáë¬¨ ¯à¨ ®âà ¦¥¨¨á¢¥â  ®â £à ¨æë à §¤¥«  ¤¢ãå ¯®£«®é îé¨å áà¥¤. �®¬¯®¥âë ª®¬¯«¥ªáëå ã£«®¢ ¢ëç¨á«ïîâ-áï á ¯®¬®éìî § ª®  ¯à¥«®¬«¥¨ï �¥««¨ãá . �à¨ â ª¨å ¯à¥¤¯®«®¦¥¨ïå à áç¥âë ®âà ¦¥ëå¨ ¯à¥«®¬«¥ëå í¥à£¥â¨ç¥áª¨å ¯®â®ª®¢ ¯® ä®à¬ã« ¬ �à¥¥«ï ¯à¨¢®¤ïâ ª ¯®«®¬ã ¡ « áãí¥à£¨¨.� áá¬®âà¥¨¥ âà ¤¨æ¨®ë¬¨ ¬¥â®¤ ¬¨ í¥à£¥-â¨ç¥áª¨å ¯®â®ª®¢ ¯à¨ ®âà ¦¥¨¨ á¢¥â , ¯ ¤ îé¥£®  £à ¨æã à §¤¥«  ¤¢ãå ¯®£«®é îé¨å áà¥¤, ¯à¨¢®-¤¨â ª  àãè¥¨î ¡ « á  í¥à£¨¨ [1{6]. �  áâ®ï-é¥© à ¡®â¥   ®á®¢¥ ä®à¬ «¨§¬  ª®¬¯«¥ªá®£® ã£-«  ¯à¥«®¬«¥¨ï (á¬. [7] ¨ [1, x36]) ¯à¥¤«®¦¥ ¬¥â®¤
¢ëç¨á«¥¨ï í¥à£¥â¨ç¥áª¨å ¯®â®ª®¢, ª®â®àë© ®¡¥á-¯¥ç¨¢ ¥â á®åà ¥¨¥ ¡ « á  í¥à£¨¨ ¯à¨ ®âà ¦¥-¨¨, â.¥. ãç¨âë¢ ¥â ¯®«®áâìî í¥à£¥â¨ç¥áª¨¥ ¯®-â®ª¨. � ¥¥ ¨¤¥ï ¯à¥¤áâ ¢«¥¨ï ã£«  ¯à¥«®¬«¥¨ï¢ ª®¬¯«¥ªá®¬ ¢¨¤¥ ¤¨áªãâ¨à®¢ « áì ¢ àï¤¥ à ¡®â(á¬.,  ¯à., [3, 4]), ® ãª § ë© ¢ëè¥ à¥§ã«ìâ â14 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1



28 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1¯®«ãç¥ ¥ ¡ë«. �®¡ ¢«¥¨¥ ¨â¥àä¥à¥æ¨®®£®ç«¥  ¢ à ¡®â å [5, 6] ¨ ¤àã£¨å à ¡®â å íâ¨å  ¢â®à®¢¢®ááâ  ¢«¨¢ ¥â ¡ « á í¥à£¨¨ ¯à¨ ®âà ¦¥¨¨.�§¢¥áâ®, çâ® ¨â¥àä¥à¥æ¨®ë¥ ï¢«¥¨ï (áâ®ïç¨¥¢®«ë)   £à ¨æ¥ à §¤¥«  ¬¥â ««{¤¨í«¥ªâà¨ª  -¡«î¤ «¨áì íªá¯¥à¨¬¥â «ì® [1].� « á í¥à£¨¨ ¯à¨ ®âà ¦¥¨¨ ¢  áâ®ïé¥©à ¡®â¥ ¯®«ãç¥ á ¯®¬®éìî ãª § ®£® ¢ëè¥ ä®à-¬ «¨§¬  ¡¥§ ¯à¨¢«¥ç¥¨ï ¤®¯®«¨â¥«ìëå ä¨§¨ç¥-áª¨å á®®¡à ¦¥¨©, ¯à¨ íâ®¬ ¨â¥àä¥à¥æ¨®ë©ç«¥ ¬®¦¥â ¡ëâì ¢ëà ¦¥ ç¥à¥§ ª®¬¯«¥ªáë© ã£®«¯à¥«®¬«¥¨ï. �®£« á® [8], ¥®¤®à®¤ë¥ í«¥ªâà®-¬ £¨âë¥ ¢®«ë, ®¡à §ãîé¨¥áï, ¢ ç áâ®áâ¨, ¯à¨¯à¥«®¬«¥¨¨ ¯«®áª®© í«¥ªâà®¬ £¨â®© ¢®«ë  £à ¨æ¥ á ¯®£«®é îé¥© áà¥¤®©, ¬®£ãâ ¡ëâì ®¯à¥-¤¥«¥ë á ¯®¬®éìî ª®¬¯«¥ªá®£® ¢®«®¢®£® ¢¥ªâ®à k = !c (n� i�)s , £¤¥ s | ¥¤¨¨çë© ¢¥ªâ®à, å à ªâ¥-à¨§ãîé¨©  ¯à ¢«¥¨¥ ¯«®áª®© ¢®«ë. �á«¨ ¢®« ¥®¤®à®¤ , ¢¥ªâ®à s áâ ®¢¨âáï ª®¬¯«¥ªáë¬, çâ®íª¢¨¢ «¥â® ¢¢¥¤¥¨î ª®¬¯«¥ªá®£® ã£«  ¯à¥«®¬-«¥¨ï.�  áâ®ïé¥© à ¡®â¥ ¯à¥¤áâ ¢«¥¨¥ ® ¥®¤®-à®¤®© ¢®«¥ à §¢¨â® ¢ ä®à¬¥ ï¢®£® ®¯à¥¤¥«¥¨ïª®¬¯®¥â ª®¬¯«¥ªá®£® ã£«  ¯à¥«®¬«¥¨ï, çâ® ¨á-¯®«ì§®¢ ® ¢ ¤ «ì¥©è¥¬ ¤«ï ¢ëç¨á«¥¨ï í¥à£¥-â¨ç¥áª¨å ¯®â®ª®¢.� áá¬®âà¨¬ á ç «  á«ãç © ¯ ¤¥¨ï ®¤®à®¤®©á¢¥â®¢®© ¢®«ë ¨§ ¢ ªãã¬  (¯®ª § â¥«ì ¯à¥«®¬«¥-¨ï N1 = 1)   ¯«®áªãî £à ¨æã à §¤¥«  á ¯®-£«®é îé¥© áà¥¤®© (N2 = n� i�) ¯®¤ ã£«®¬ ' . �§á®®â®è¥¨ï [9]sin'= sin (n� i�) (1)á«¥¤ã¥â, çâ® ã£®« ¯à¥«®¬«¥¨ï  ¤®«¦¥ ¡ëâìª®¬¯«¥ªáë¬:  = x+ iy [7]. �â® ®§ ç ¥â, çâ® ¥á«¨®¯â¨ç¥áª¨¥ ¯®áâ®ïë¥ áà¥¤ë ¢ëà ¦ îâáï ª®¬¯-«¥ªáë¬ ç¨á«®¬, N2 = n� i� , â® ¢®«®¢ë¥ å à ªâ¥-à¨áâ¨ª¨ ®âà ¦¥®© ¨ ¯à¥«®¬«¥®© ¢®« ¤®«¦ë¢ëà ¦ âìáï ç¥à¥§ ª®¬¯«¥ªáë© ã£®« ¯à¥«®¬«¥¨ï.� ¢¥áâ¢® (1) ¤ ¥â ¢®§¬®¦®áâì  ©â¨ ¢ëà ¦¥¨ï¢¥«¨ç¨ n; � ç¥à¥§ x; y :n= sinx ch y sin'sin2 x+ sh2 y ; �= cos x sh y sin'sin2 x+ sh2 y :� ç¥¨ï ª®¬¯®¥â ª®¬¯«¥ªá®£® ã£«  ¯à¥«®¬-«¥¨ï (x; y) ¬®£ãâ ¡ëâì ¢ëç¨á«¥ë á ¯®¬®éìî¢¥«¨ç¨ T ¨ S , ¯à¥¤áâ ¢«ïîé¨å á®¡®© ª¢ ¤à âë¬®¤ã«¥© äãªæ¨© sin , cos ¨ ¢ëà ¦ îé¨åáïç¥à¥§ ®¯â¨ç¥áª¨¥ ¯®áâ®ïë¥ áà¥¤:T � j sin(x+iy)j2 � 12(ch 2y�cos 2xt) = sin2 'n2 + �2 ; (2)S � j cos(x+ iy)j2 � 12(ch 2y+ cos 2x) ==s1 + T 2 � 2T 2(n2 � �2)sin2 'n21 ; (3)ch 2y = S + T; (4)

cos 2x= S � T: (5)�®áª®«ìªã ä®à¬ã«ë �à¥¥«ï ¤«ï  ¬¯«¨âã¤ ®â-à ¦¥®£® ¨ ¯à¥«®¬«¥®£® á¢¥â  ¢ëà ¦ îâáï ç¥-à¥§ äãªæ¨¨ áã¬¬ë ¨ à §®áâ¨ ã£«®¢ ¯ ¤¥¨ï ¨¯à¥«®¬«¥¨ï, â®  ¨¡®«¥¥ ¯à®áâ® ¨â¥á¨¢®áâ¨ s-¨ p-ª®¬¯®¥â «¨¥©®© ¯®«ïà¨§ æ¨¨ ®âà ¦¥®£®¨ ¯à¥«®¬«¥®£® á¢¥â  ¢ëà ¦ îâáï ¨¬¥® ç¥à¥§'; x; y :rs = ch 2y� cos 2('� x)ch 2y� cos 2('+ x) ; rp = rs ch 2y+ cos 2('+ x)ch 2y+ cos 2('� x) :�â¥á¨¢®áâ¨ ¯à¥«®¬«¥®£® á¢¥â  ¬®£ãâ ¡ëâì§ ¯¨á ë ¢ ¢¨¤¥ds = 4TT + S tg2 '+ sin 2x tg ';dp = 16T cos2 'sin2 2'+4ST + 2 sin 2' sin 2x ch 2y :� áá¬®âà¨¬ â¥¯¥àì £à ¨çë¥ ãá«®¢¨ï   ¯®¢¥àå-®áâ¨ à §¤¥«  áà¥¤ ¤«ï í«¥ªâà®¬ £¨â®© ¢®«ë s-¨ p-¯®«ïà¨§ æ¨¨, âà¥¡ãîé¨¥ ¥¯à¥àë¢®áâ¨ â -£¥æ¨ «ìëå á®áâ ¢«ïîé¨å ¢¥ªâ®à®¢ E ¨ H [9].�«ï ¯ ¤ îé¥© ¢®«ë s-¯®«ïà¨§ æ¨¨ £à ¨çë¥ãá«®¢¨ï ¨¬¥îâ ¢¨¤8<:1 +Rs =Ds;1�Rs = N2 cos N1 cos'Ds:�¤¥áì Rs;Ds | ª®¬¯«¥ªáë¥  ¬¯«¨âã¤ë ®âà ¦¥-®© ¨ ¯à¥«®¬«¥®© ¢®«,  ¬¯«¨âã¤  ¯ ¤ îé¥© ¢®«-ë ¯à¨¨¬ ¥âáï à ¢®© ¥¤¨¨æ¥. �¬®¦ ï ¯¥à¢®¥ãà ¢¥¨¥, ¢§ïâ®¥ ¢ ª®¬¯«¥ªá®-á®¯àï¦¥®¬ ¢¨¤¥,  ¢â®à®¥, ¯®«ãç¨¬ á®®â®è¥¨¥1� 2iBs � rs = (�� i�)ds;¢ ª®â®à®¬ Bs = ImRs;�� i� = N2 cos N1 cos' = (n2 � i�2) cos(x+ iy)cos' ;�= cosx ch yn� sinx sh y�cos' ;� = cos x ch y�+ sinx sh yncos' : (6)
�à¨à ¢¨¢ ï ¤¥©áâ¢¨â¥«ìë¥ ¨ ¬¨¬ë¥ ç áâ¨á¯à ¢  ¨ á«¥¢ , ¯®«ãç ¥¬ ¤¢  à ¢¥áâ¢ :1� rs = �ds; (7)2Bs = �ds; (8)£¤¥ rs = RsR�s; ds = DsD�s ; rs ¨ �ds | ¯®â®ª¨í¥à£¨¨ ®âà ¦¥®£® ¨ ¯à¥«®¬«¥®£® á¢¥â , ®à¬¨-à®¢ ë¥   ¯®â®ª ¯ ¤ îé¥£® á¢¥â . � «®£¨ç® ¨§



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1 29£à ¨çëå ãá«®¢¨© ¤«ï p-¯®«ïà¨§ æ¨¨ ¯ ¤ îé¥©¢®«ë: 8>><>>:1 +Rp = cos cos'Dp;1�Rp = N2N1Dp¬®¦® ¢ë¢¥áâ¨ á®®â®è¥¨ï, ¯®¤®¡ë¥ (7), (8), ¤«ïp-ª®¬¯®¥âë ¯ ¤ îé¥£® á¢¥â :1� rp = kdp; (9)2Bp = ldp; (10)k� il = N2 cos�  N1 cos� ' = (n� i�) cos(x� iy)cos' ;k = cos x ch yn+ sinx sh y�cos' ;l = cos x ch y�� sinx sh yncos' :�®à¬ã«ë (7) ¨ (9) ï¢«ïîâáï ãà ¢¥¨ï¬¨ ¡ -« á  í¥à£¨¨ ¤«ï s- ¨ p-ª®¬¯®¥â ¯®«ïà¨§ æ¨¨.�«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ï, ¢ë¯®«¨¢ ç¨á«¥ë¥à áç¥âë ¤«ï «î¡ëå § ç¥¨© '; n; � ¯® ãª § ®©áå¥¬¥, ¯®«ãç¨¬ ¡ « á í¥à£¨¨   £à ¨æ¥ à §¤¥« ¤«ï s- ¨ p-ª®¬¯®¥â ¯®«ïà¨§ æ¨¨.�à¥¤¯®«®¦¨¬ â¥¯¥àì, çâ® á¢¥â ¯ ¤ ¥â ¨§ ®¤®©¯®£«®é îé¥© áà¥¤ë (N1 = n1 � i�1 )   ¯«®áªãî£à ¨æã á ¤àã£®© (N2 = n2 � i�2 ). �®£« á® ¯à¥-¤ë¤ãé¨¬ à ááã¦¤¥¨ï¬, ã£®« ¯ ¤¥¨ï   £à ¨æãà §¤¥«  ¡ã¤¥â ª®¬¯«¥ªáë¬, ' = x1 + iy1 . �¨á«¥-ë¥ § ç¥¨ï ª®¬¯®¥â ã£«  ¯ ¤¥¨ï § ¢¨áïâ ®â<¯à¥¤ëáâ®à¨¨> á¢¥â , ¢ëå®¤ïé¥£® ¢ ¤ ë© ¬®-¬¥â ¨§ ¯®£«®é îé¥© áà¥¤ë á N1 . �ë § ¤ ¥¬ ¨å¤®áâ â®ç® ¯à®¨§¢®«ì®. �  ã«¥¢®¥ ¯à¨¡«¨¦¥¨¥¬®¦® ¯à¨ïâì § ç¥¨ï ª®¬¯®¥â x1; y1 , ¡«¨§ª¨¥¯® ¯®àï¤ªã ¢¥«¨ç¨ë ª à ááç¨â ë¬ ç¥à¥§ T1; S1(ä®à¬ã«ë (2){(4)) ª®¬¯®¥â ¬ ª®¬¯«¥ªá®£® ã£-«  ¯à¥«®¬«¥¨ï, ¥á«¨ á¢¥â ¯ ¤ ¥â ¨§ ¢ ªãã¬   £à ¨æã á ¯¥à¢®© áà¥¤®© (N1 ). �¤ ª® ¢ â®ç®áâ¨à ¢ë¬¨ à ááç¨â ë¬ ®¨ ¡ëâì ¥ ¬®£ãâ, â ª ª ª¢ ¯à®æ¥áá¥ à á¯à®áâà ¥¨ï ¢ áà¥¤¥ á N1 ¢¥«¨ç¨ ã£«  '= x+ iy , ¢®®¡é¥ £®¢®àï, ¬®¦¥â ¨§¬¥¨âìáï.� ¢¥áâ¢® (1) § ¯¨áë¢ ¥âáï ¤«ï à áá¬ âà¨¢ ¥¬®-£® á«ãç ï á«¥¤ãîé¨¬ ®¡à §®¬:sin(x2 + iy2) = n1 � i�1n2 � i�2 sin(x1 + iy1) == (M � iK) sin(x1 + iy1);£¤¥ M = n1n2 + �1�2n22 + �22 ; K = �1n2 � n1�2n22 + �22 :�à®¨§¢®¤ï ¢ëç¨á«¥¨ï ¯® ¯à¥¤ë¤ãé¥© áå¥¬¥(2){(4), ¯®«ãç ¥¬ ¢ëà ¦¥¨ïT2 = T1 �M2 +K2� ; T1 = 12(ch 2y1 � cos 2x1);S2 =q1 + T 22 � 2[(A2 �B2)(M2 �K2) + 4ABMK];

£¤¥ A= sinx1 ch y1; B = sh y1 cos x1:�®¬¯®¥âë ã£«  ¯à¥«®¬«¥¨ï  = x2+iy2 ®¯à¥-¤¥«ïîâáï ¯® ä®à¬ã« ¬ (4), (5):ch 2y2 = S2 + T2; cos 2x2 = S2 � T2:�á¯®«ì§ãï ¯®«ãç¥ë¥ ¤ ë¥, ¬®¦® ¢ëç¨á-«¨âì í¥à£¥â¨ç¥áª¨¥ ª®íää¨æ¨¥âë ®âà ¦¥¨ï ¨¯à®å®¦¤¥¨ï ¯® ä®à¬ã« ¬, ª®â®àë¥ ¤«ï íâ®£® ®¡-é¥£® á«ãç ï ¨¬¥îâ ¢¨¤rs = ch[2(y1 � y2)]� cos[2(x1 � x2)]ch[2(y1 + y2)]� cos[2(x1 + x2)] ;rp = rs ch[2(y1 + y2)] + cos[2(x1 + x2)]ch[2(y1 � y2)] + cos[2(x1 � x2)] ;ds = 8T2S1ch[2(y1 + y2)]� cos[2(x1 + x2)] ;dp = 2dsch[2(y1 � y2)] + cos[2(x1 � x2)] :�®íää¨æ¨¥âë �; �; k; l ,®¯à¥¤¥«ï¥¬ë¥ ä®à¬ã« -¬¨ (6), § ¬¥ïîâáï   ¡®«¥¥ ®¡é¨¥ ¢ëà ¦¥¨ïa0; b0; k0; l0 : a0 = � cos �; b0 = � sin �;£¤¥ �=sS2 �n22 + �22�S1 �n21 + �21� ;� =arctg �1n1 +arctg(tg x1 th y1)�� arctg �2n2 � arctg(tg x2 th y2);k0 = � cos � 0; l0 = � sin � 0;£¤¥ � 0 =arctg �2n2 � arctg(tg x2 th y2)�� arctg �1n1 + arctg(tg x1 th y1):�®¤áâ ¢¨¢ ¢ ä®à¬ã«ë (7), (9) ¢ëà ¦¥¨ï ¤«ïrs; ds; rp; dp ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ª®íää¨æ¨¥âëa0; b0; k0; l0 ¨ ¯à¨¤ ¢ ¨¬ ç¨á«¥ë¥ § ç¥¨ï, ¯®«ãç -¥¬ â ª¦¥ ¯®«ë© ¡ « á í¥à£¨¨ ¯à¨ ®âà ¦¥¨¨.� â ¡«¨æ¥ ¯à¨¢¥¤¥ë ¯ à ¬¥âàë ¨§«ãç¥¨ï, ¯ -¤ îé¥£®   £à ¨æã à §¤¥«  (x1 ¨ y1 ) ¨ ¯à¥«®¬-«¥®£®   íâ®© £à ¨æ¥ (x2 ¨ y2 );   «®£¨ ¤¥©áâ-¢¨â¥«ìëå ã£«®¢ ¯ ¤¥¨ï ¨ ¯à¥«®¬«¥¨ï (x1 ¨ x2 )¢ à ¤¨  å; ®¯â¨ç¥áª¨¥ ¯®áâ®ïë¥ ¯¥à¢®© ¨ ¢â®à®©áà¥¤ (n1; �1 ¨ n2; �2 ); ¯à¥«®¬«¥ë¥ (a0ds ¨ k0dp )¨ ®âà ¦¥ë¥ (rs ¨ rp ) ¯®â®ª¨, ª®â®àë¥ ¯®¯ à®¢ áã¬¬¥ à ¢ë ¥¤¨¨æ¥. �«ï á« ¡® ¯®£«®é îé¨åáà¥¤, ã ª®â®àëå ¢¥«¨ç¨  ¯®ª § â¥«ï ¯®£«®é¥¨ï� ¥ ¯à¥¢®áå®¤¨â 0.1{0.2,   § ç¥¨ï n1 ¨ n2¨§¬¥ïîâáï ¢ ¯à¥¤¥« å 0.8{1.5, ãà ¢¥¨ï (7), (9)¢ë¯®«ïîâáï ¯à ªâ¨ç¥áª¨ ¯à¨ «î¡ëå § ç¥¨ïåª®¬¯®¥â ã£«  ¯ ¤¥¨ï x1; y1 . �«ï áà¥¤ á á¨«ìë¬(¬¥â ««¨ç¥áª¨¬) ¯®£«®é¥¨¥¬ ¨ ®ç¥ì ¬ «ë¬¨ ¨«¨15 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò1



30 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1x1 y1 n1 �1 n2 �2 x2 y2 a0ds rs k0dp rp0.6981 0.1 1.5 0.1 1.0 0 1.29 0.1812 0.6532 0.3467 0.8775 0.12240.6981 0.1 1.5 0.1 0.9 0.2 1.0736 0.564 0.5799 0.4200 0.7078 0.29210.0030 0.22 0.067 4.045 1.0 0 1.1135 0.0053 0.0111 0.989 0.0108 0.9890.3839 0.018 3 0.1 1.0 0 1.5357 0.498 0.7453 0.2546 0.7446 0.25530.6981 0.05 0.4 0.1 1.0 0 0.2269 0.0706 0.6829 0.3171 0.8994 0.15060.1940 0.538 0.4 1 1.0 0 0.6974 0.00005 0.4035 0.5965 0.6082 0.39180.2579 0.793 0.4 1 1.0 0 1.4004 0.0015 0.0973 0.9027 0.2483 0.75160.027 0.209 0.4 3 1.0 0 0.6981 0.00024 0.1118 0.8882 0.1843 0.81570.0409 0.318 0.4 3 1.0 0 1.4067 0.00145 0.026 0.9740 0.1898 0.8102®ç¥ì ¡®«ìè¨¬¨ § ç¥¨ï¬¨ ¯®ª § â¥«ï ¯à¥«®¬«¥-¨ï ®¡« áâì § ç¥¨© x1; y1 ¡®«¥¥ ®£à ¨ç¥ . �â®ãª §ë¢ ¥â   ¢®§¬®¦®áâì ä®à¬¨à®¢ ¨ï   £à ¨-æ¥ à §¤¥«  ¥®¤®à®¤®© ¢®«ë á ®¯à¥¤¥«¥ë¬¨å à ªâ¥à¨áâ¨ª ¬¨. � ¬¥â¨¬ â ª¦¥, çâ® ãà ¢¥¨ï(8), (10) ¤«ï ®¡ëçëå áà¥¤ ¯à¥¤áâ ¢«ïîâ á®¡®©â®¦¤¥áâ¢ . �á«¨ ¦¥ ¢â®à ï áà¥¤  ï¢«ï¥âáï ãá¨«¨-¢ îé¥©, â® ¨å, ¯®-¢¨¤¨¬®¬ã, ¬®¦® ¨á¯®«ì§®¢ âì¤«ï ¢ëç¨á«¥¨ï ãá¨«¥¨ï ¢ ®âà ¦¥®¬ á¢¥â¥.� ª¨¬ ®¡à §®¬, á®åà ¥¨¥ ¡ « á  í¥à£¨¨,¯à®¤¥¬®áâà¨à®¢ ®¥ ¯à¨ à áç¥â å § ¤ ç¨ ®âà ¦¥-¨ï á¢¥â , ¯®ª §ë¢ ¥â, çâ® ä®à¬ «¨§¬ ª®¬¯«¥ªá®£®ã£«  ¯à¥«®¬«¥¨ï ¤ ¥â  ¤¥ª¢ â®¥ ®¯¨á ¨¥ ¥®¤-®à®¤®© ¢®«ë. � ¥¥  ¢â®à®¬ ¡ë«® ¯®ª § ® [7],çâ® â ª®¥ ¯à¥¤áâ ¢«¥¨¥ ¯®§¢®«ï¥â ¯®«ãç¨âì â®çë¥ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥¨ï ®¯â¨ç¥áª¨å ¯®áâ®ïëå¯® ®âà ¦¥¨î.�¢â®à ¢ëà ¦ ¥â ¡« £®¤ à®áâì �.�. �¨§¥«î § ®¡áã¦¤¥¨¥ ¯à®¡«¥¬ë,   â ª¦¥ �.�. �à £¨áª®¬ã ¨�.�. �®à®¤¥æª®¬ã §  ¯®«¥§ë¥ § ¬¥ç ¨ï.
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ç¥áª®© § ¯¨á¨ ¨ ®¡à ¡®âª¨ ®¯â¨ç¥áª®© ¨ä®à¬ æ¨¨,¢ª«îç ï ¯®«ïà¨§ æ¨®ãî £®«®£à ä¨î [1{4].�§¢¥áâë¬ á¯®á®¡®¬ ®à¨¥â¨à®¢ ¨ï ���-¯«¥-®ª ï¢«ï¥âáï ¢®§¤¥©áâ¢¨¥   ¨å í«¥ªâà¨ç¥áª®£®¯®«ï. � á«ãç ¥, ª®£¤  ¯«¥ª  à á¯®«®¦¥  ¢ãâ-à¨ í«¥ªâà®®¯â¨ç¥áª®© ïç¥©ª¨ (á¨áâ¥¬  â¨¯  <áí-¤¢¨ç>), ª í«¥ªâà®¤ ¬ ª®â®à®© ¯à¨«®¦¥® í«¥ªâà¨-


