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�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü2 21æ¨««ïæ¨© ¬®¦¥â ¡ëâì á¤¥« ­ ¬¥­ìè¥ ¯¥à¨®¤  ®­¤ã-«ïâ®à .�¥à¢ë¥ íªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï���-£¥­¥à â®à®¢ [2] ¨ ãá¨«¨â¥«¥© [3] ¡ë«¨ ¢ë¯®«-­¥­ë ¯à¥¨¬ãé¥áâ¢¥­­® ¢ à¥¦¨¬¥ â ª ­ §ë¢ ¥¬®£®ª á â¥«ì­®£® á¨­åà®­¨§¬ , ª®£¤  ¯à®¤®«ì­ ï áª®-à®áâì í«¥ªâà®­®¢ á®¢¯ ¤ ¥â á £àã¯¯®¢®© áª®à®áâìîâ ª®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë, ª®â®à ï ï¢«ï¥âáï­¨§è¥© ¬®¤®© ªàã£«®£® ¢®«­®¢®¤  H11 . �â® ®¡¥á¯¥-ç¨¢ «® ®¤­®¬®¤®¢®¥ ¢§ ¨¬®¤¥©áâ¢¨¥, ­® ¯à¨¢®¤¨«®ª ­¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢ âì ¢®«­®¢®¤ë ¬ «®£®¯®¯¥à¥ç­®£® á¥ç¥­¨ï, á ¤¨ ¬¥âà®¬ ¯®àï¤ª  ¤«¨­ë¢®«­ë ¨§«ãç¥­¨ï.�á­®, çâ® ­  ª®à®âª¨å ¢®«­ å â ª®© à¥¦¨¬ ¯à¥¤ê-ï¢«ï¥â âàã¤­®¢ë¯®«­¨¬ë¥ âà¥¡®¢ ­¨ï ª ª ª ä®à¬¨-à®¢ ­¨î ¨ âà ­á¯®àâ¨à®¢ª¥ ¢¨­â®¢®£® à¥«ïâ¨¢¨áâ-áª®£® í«¥ªâà®­­®£® ¯ãçª , â ª ¨ ª â¥¯«®®â¢®¤ã ®âáâ¥­®ª ¯à¨ ¢ëá®ª¨å ãà®¢­ïå ¬®é­®áâ¨. �®íâ®¬ã ¡®-«¥¥ ¥áâ¥áâ¢¥­­ë¬ ï¢«ï¥âáï ã¢¥«¨ç¥­¨¥ ¤¨ ¬¥âà  ¢®«-­®¢®¤  ¨ á®®â¢¥âáâ¢¥­­® ¯¥à¥å®¤ ª ¢ëá®ª¨¬ ¬®¤ ¬.�¤­ ª® ¯à¨ íâ®¬, ªà®¬¥ á¨­åà®­¨§¬  ¯ãçª  á ¯®¯ãâ-­®© ¢®«­®©, ¢®§­¨ª ¥â á¨­åà®­¨§¬ á ¡®«¥¥ ­¨§ª®ç á-â®â­ë¬¨ ¢áâà¥ç­ë¬¨ ¢®«­ ¬¨, ¢®§¡ã¦¤¥­¨¥ ª®â®àëå¢ ¤ ­­®¬ á«ãç ¥ ­¥¦¥« â¥«ì­®. �®íâ®¬ã ¤«ï à¥ «¨§ -æ¨¨ íää¥ªâ¨¢­ëå ��� á ¯®¯ãâ­®© ¢®«­®© âà¥¡ã¥âáïà §à ¡®âª  á¯®á®¡®¢ ¯®¤ ¢«¥­¨ï ¯ à §¨â­®© £¥­¥-à æ¨¨ ­  ¢áâà¥ç­ëå ¢®«­ å. � ¨å ç¨á«ã ®â­®á¨âáï¯à¨¬¥­¥­¨¥ ¢®«­®¢®¤®¢ á ¯®£«®é îé¨¬¨ áâ¥­ª ¬¨¨«¨ ¢®«­®¢®¤®¢, á®áâ®ïé¨å ¨§ ª®à®âª¨å á¥ªæ¨©, à §-¤¥«¥­­ëå ¯®£«®â¨â¥«ï¬¨ [1, 4]. �«¨­  á¥ªæ¨¨ ¤®«¦­ ¡ëâì ¬¥­ìè¥, ç¥¬ áâ àâ®¢ ï ¤«ï ¢®§­¨ª­®¢¥­¨ï ¯ -à §¨â­®© ¬®¤ë.� áá¬ âà¨¢ ¥¬ë© ¤ «¥¥ á¯®á®¡ ®á­®¢ ­ ­  ¨§¬¥-­¥­¨¨ ¯® ¤«¨­¥ ¢®«­®¢®¤  ¥£® à ¤¨ãá  [2] ¨ ¢¥¤ãé¥£®¬ £­¨â­®£® ¯®«ï, çâ® ¯®§¢®«ï¥â ¨§¬¥­ïâì ä §®¢ë¥á®®â­®è¥­¨ï ¬¥¦¤ã ¯ãçª®¬ ¨ ¢áâà¥ç­®© ¢®«­®© ¨¢ ®¯à¥¤¥«¥­­ëå à¥¦¨¬ å ¯®¤ ¢«ïâì ¥¥ £¥­¥à æ¨î.�à¨ íâ®¬ ®ª §ë¢ ¥âáï ¢®§¬®¦­ë¬ ¢ë¡à âì ¯ à ¬¥â-àë ��� â ª, çâ®¡ë ¯à®¤®«ì­ ï ­¥®¤­®à®¤­®áâì ­¥¢«¨ï«  ­  ãá¨«¥­¨¥ ¯®¯ãâ­®© ¢®«­ë.�§ ¨¬®¤¥©áâ¢¨¥ ¢¨­â®¢®£® à¥«ïâ¨¢¨áâáª®£® í«¥ª-âà®­­®£® ¯ãçª  á® ¢áâà¥ç­®© í«¥ªâà®¬ £­¨â­®© ¢®«-­®© ¢ ¬ §¥à¥ ¡ã¤¥¬ ®¯¨áë¢ âì  ­ «®£¨ç­® [5], ¯à¥-­¥¡à¥£ ï ¤à¥©ä®¬ ¢¥¤ãé¥£® æ¥­âà  ¯ãçª  í«¥ªâà®­®¢¨ ¬ «ë¬¨ ¯®¯¥à¥ç­ë¬¨ ª®¬¯®­¥­â ¬¨ á« ¡®­¥®¤-­®à®¤­®£® ¢­¥è­¥£® ¬ £­¨â­®£® ¯®«ï. �à®¬¥ â®£®,¯à¥¤¯®« £ ¥¬, çâ® ç áâ®â  ¢®«­ë §­ ç¨â¥«ì­® ®â«¨-ç ¥âáï ®â ªà¨â¨ç¥áª®© ç áâ®âë ¬®¤ë, çâ®¡ë ¬®¦-­® ¡ë«® ¨á¯®«ì§®¢ âì ãà ¢­¥­¨¥ ¢®§¡ã¦¤¥­¨ï ¢ ®¤-­®¢®«­®¢®¬ ¯à¨¡«¨¦¥­¨¨. �®£¤  á ¬®á®£« á®¢ ­­ ïá¨áâ¥¬  ãà ¢­¥­¨© ¤¢¨¦¥­¨ï í«¥ªâà®­®¢ ¨ ¢®§¡ã¦¤¥-­¨ï ¢®«­ë ¨¬¥¥â ¢¨¤dudz0 = 11+ b(1� juj2)nF (u�)s�1� isuh���(1�juj2)io;(1)dFdz0 = I0 12� 2�Z0 us1 + b(1� juj2)d#0; (2)

£¤¥ u= �1� 2(1+ h�z0)�2?0 
0� 

0 �1=2 ei#=s| ª®¬¯«¥ªá­ ï ¯¥à¥¬¥­­ ï, ®¯¨áë¢ îé ï ¨§¬¥­¥-­¨¥ í­¥à£¨¨ (
 | à¥«ïâ¨¢¨áâáª¨© ä ªâ®à) ¨ ¬¥¤-«¥­­®© ä §ë í«¥ªâà®­®¢ # = s� � (!t + kzz) , � |ä §  æ¨ª«®âà®­­®£® ¢à é¥­¨ï, s | ­®¬¥à £ à¬®­¨-ª¨, !; kz | ç áâ®â  ¨ ¯à®¤®«ì­®¥ ¢®«­®¢®¥ ç¨á«®¢®«­ë; �?0; �z0 | ­ ç «ì­ë¥ ¯®¯¥à¥ç­ ï ¨ ¯à®-¤®«ì­ ï áª®à®áâ¨ í«¥ªâà®­®¢, ­®à¬¨à®¢ ­­ë¥ ­ áª®à®áâì á¢¥â , 
0 | ­ ç «ì­ë© à¥«ïâ¨¢¨áâáª¨©ä ªâ®à; z0 = !z=(c�0) | ¯à®¤®«ì­ ï ª®®à¤¨­ â ;h = kzc=! | ¢¥«¨ç¨­ , ®¡à â­® ¯à®¯®àæ¨®­ «ì-­ ï ä §®¢®© áª®à®áâ¨ ¢®«­ë; F | ¥¥ ­®à¬¨à®¢ ­-­ ï ª®¬¯«¥ªá­ ï  ¬¯«¨âã¤ ; §¢¥§¤®çª®© ®¡®§­ ç¥­®ª®¬¯«¥ªá­®¥ á®¯àï¦¥­¨¥.�¨áâ¥¬  ãà ¢­¥­¨© (1), (2) á®¤¥à¦¨â ç¥âëà¥ ¯ -à ¬¥âà : b , � , � , I0 . �®à¬¨à®¢ ­­ ï ¤«¨­  ¢§ ¨¬®-¤¥©áâ¢¨ï ®¯à¥¤¥«ï¥âáï ¯®á«¥ à¥è¥­¨ï ªà ¥¢®© § ¤ ç¨¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥  ¡á®«îâ­®© ­¥ãáâ®©ç¨¢®-áâ¨.� à ¬¥âà ®â¤ ç¨b= h�2?02�z0(1+ h�z0) (3)®¯à¥¤¥«ï¥â ¨§¬¥­¥­¨¥ ¯à®¤®«ì­®© áª®à®áâ¨ ¯à¨ ¨§-¬¥­¥­¨¨ í­¥à£¨¨ í«¥ªâà®­®¢ ¢ á®®â¢¥âáâ¢¨¨ á ú ¢â®-à¥§®­ ­á­ë¬û ¨­â¥£à «®¬ ¤¢¨¦¥­¨ï: 
(1 + �z=h) == const . � à ¬¥âà ¨­¥àæ¨®­­®© £àã¯¯¨à®¢ª¨� = �2?0(1� h2)2(1+ h�z0) (4)å à ªâ¥à¨§ã¥â ­¥¨§®åà®­­®áâì í«¥ªâà®­®¢. � ááâà®©-ª  æ¨ª«®âà®­­®£® à¥§®­ ­á  ¨¬¥¥â ¢¨¤�= 1+ h�z0 � s
0=!; (5)£¤¥ 
0 = eB0=(m
0) | æ¨ª«®âà®­­ ï ç áâ®â  í«¥ª-âà®­®¢.�«ï á«ãç ï âàã¡ç â®£® í«¥ªâà®­­®£® ¯ãçª  (â®ªIb , à ¤¨ãá Rb ) ¢ ªàã£«®¬ ¢®«­®¢®¤¥ (à ¤¨ãá R , ¬®¤ Hm;p ) ¯ à ¬¥âà â®ª  I0 ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬I0 = 2 eIbmc3 1 + h�z0
0 {2h � (6)� � 1(s� 1)!2s�{ s�?01+ h�z0�s�1�2 J2m�s(k?Rb)(�2 �m2)J2m(�) ;£¤¥ k? = �=R | ¯®¯¥à¥ç­®¥ ¢®«­®¢®¥ ç¨á«®, � |á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ ¬®¤ë; { = k?c=! .�à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© (1),(2), á®®â¢¥âáâ¢ãîé¨¥ ¬®­®áª®à®áâ­®¬ã ­¥¬®¤ã«¨à®-¢ ­­®¬ã ¯ãçªã ­  ¢å®¤¥ ¨ ®âáãâáâ¢¨î ¢áâà¥ç­®© ¢®«-­ë ­  ¢ëå®¤¥, § ¤ îâáï á®®â­®è¥­¨ï¬¨u(0) = ei#0=s; 06 #0 < 2�; F (L0) = 0: (7)11 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 2



22 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü 2�ã¤¥¬ ¨á¯®«ì§®¢ âì ­®à¬¨à®¢ªã, ¯®§¢®«ïîéãî¨áª«îç¨âì ¯ à ¬¥âà â®ª  I0 ¢ ãà ¢­¥­¨ïå (1), (2):�0 =pI0 z0; F 0 = FpI0 ; �0 = �pI0 ; �0 = �pI0 ; (8)èâà¨å¨ ¤ «¥¥ ®¯ãáª ¥¬.� íâ¨å ¯¥à¥¬¥­­ëå § ª®­ á®åà ­¥­¨ï í­¥à£¨¨ § -¯¨áë¢ ¥âáï ¢ ¢¨¤¥jF j2� 12� 2�Z0 juj2d#0 = const;çâ® ¯®§¢®«ï¥â ¢ëà §¨âì ¯à¨¢¥¤¥­­ë© ª¯¤ �? ç¥à¥§ ¬¯«¨âã¤ã ¢®«­ë ­  ¢å®¤¥ F0 = F (0) :�? = 1� 12� 2�Z0 ju(�)j2d#0 = jF0j2: (9)�®£¤  í«¥ªâà®­­ë© ª¯¤ ¢§ ¨¬®¤¥©áâ¢¨ï ®¯à¥¤¥«ï¥âáïá®®â­®è¥­¨¥¬� = �2?02(1� 1=
0)(1+ h�z0)�? == �2?02(1� 1=
0)(1+ h�z0) jF0j2: (10)�à¨ «¨­¥©­®¬ ¨§¬¥­¥­¨¨ ¬ £­¨â­®£® ¯®«ï ¨ à -¤¨ãá  ¢®«­®¢®¤ :B = B0(1+ �Bz=L); R= R0� z tg'à ááâà®©ª  æ¨ª«®âà®­­®£® à¥§®­ ­á  â ª¦¥ áâ ­®-¢¨âáï § ¢¨áïé¥© ®â ª®®à¤¨­ âë � á ®¯à¥¤¥«¥­­ë¬íää¥ªâ¨¢­ë¬ ª®íää¨æ¨¥­â®¬ ¯à®ä¨«¨à®¢ ­¨ï � :�=�0� ��;� = �z02�I0 �L�(1+ h�z0)�B + �z0�2�L2�kz0R30 tg'�: (11)�à¨ ¢ë¢®¤¥ (11) ¯à¥¤¯®« £ «®áì, çâ® à ¡®ç ï ç á-â®â  ¤®áâ â®ç­® ¤ «¥ª  ®â ªà¨â¨ç¥áª®©: (kz0L)2 �� 2�2(L=R0)3 tg' .�â¬¥â¨¬, çâ® ¯à¨ � > 0 (¢®§à áâ îé¥¥ ¬ £­¨â­®¥¯®«¥, áã¦ îé¨©áï ¢®«­®¢®¤) ¢®§¬®¦­® §­ ç¨â¥«ì­®¥¯®¢ëè¥­¨¥ íää¥ªâ¨¢­®áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï [5]. � -«¥¥ ¡ã¤¥¬ à áá¬ âà¨¢ âì ¯à®â¨¢®¯®«®¦­ë© á«ãç ©� < 0 , á®®â¢¥âáâ¢ãîé¨© ã¡ë¢ îé¥¬ã ¬ £­¨â­®¬ã¯®«î ¨ à áè¨àïîé¥¬ãáï ¢®«­®¢®¤ã.�£à ­¨ç¨¬áï ®á­®¢­ë¬ æ¨ª«®âà®­­ë¬ à¥§®­ ­-á®¬: s = 1 . �ë¤¥«ïï ¢ á®®â­®è¥­¨¨ (6) § ¢¨á¨¬®áâì®â ¢®«­®¢®£® ç¨á«  h :I0 = (1+ h�z0){2h I;I = eIb2mc3
0G; G= J2m�1(k?Rb)(�2 �m2)J2m(�) ;

£¤¥ I | ­®¢ë© ¯ à ¬¥âà â®ª  ¯ãçª , ¯à¥¤áâ ¢¨¬­®à¬¨à®¢ ­­ë© ¯ à ¬¥âà ¨­¥àæ¨®­­®© £àã¯¯¨à®¢-ª¨ � (4), (8) ¢ ¢¨¤¥� = �2?02pI p(1� h2)h(1+ h�z0)3=2 : (12)�âáî¤  ¢¨¤­®, çâ® � = 0 ¯à¨ h = 0 , h = 1 ¨ § -¢¨á¨¬®áâì �(h) ¨¬¥¥â ®¤¨­ ¬ ªá¨¬ã¬ ¯à¨ ¢¥«¨ç¨­¥h = �p�2z0 + 3 � �z0�=3 , «¥¦ é¥© ¢ ¤¨ ¯ §®­¥ ®âh= 1=p3 (¯à¨ �z0 = 0) ¤® h = 1=3 (¯à¨ �z0 = 1).�à¨ ä¨ªá¨à®¢ ­­ëå ¯ à ¬¥âà å b , � , � ¨ § ¤ ­-­®©  ¬¯«¨âã¤¥ ¢®«­ë ­  ¢å®¤¥ F0 á¨áâ¥¬  ãà ¢­¥-­¨© (1), (2) ¨­â¥£à¨à®¢ « áì ¤«ï à §«¨ç­ëå §­ ç¥­¨©à ááâà®©ª¨ �0 , ¯®ª   ¬¯«¨âã¤  ¢®«­ë ­  ¢ëå®¤¥F (�0) ­¥ ®¡à é « áì á § ¤ ­­®© â®ç­®áâìî ¢ ­ã«ì(F (�0) < 10�2F0 ). �®®â¢¥âáâ¢ãîé¨¥ ¢¥«¨ç¨­ë �0 ,�0 ¨£à îâ à®«ì á®¡áâ¢¥­­ëå §­ ç¥­¨© ªà ¥¢®© § -¤ ç¨ ¨ ®¯à¥¤¥«ïîâ ç áâ®âã £¥­¥à æ¨¨ ¨ ¤«¨­ã ¢§ ¨-¬®¤¥©áâ¢¨ï. � ª á«¥¤ã¥â ¨§ (9), â ª®¥ à¥è¥­¨¥ á®®â-¢¥âáâ¢ã¥â £¥­¥à æ¨¨ ¢áâà¥ç­®© ¢®«­ë á ¯à¨¢¥¤¥­­ë¬ª¯¤ �? = jF0j2 . � ªá¨¬ «ì­ë© ª¯¤ ®¯à¥¤¥«ï¥âáï §­ -ç¥­¨¥¬ F0m , ­ ç¨­ ï á ª®â®à®£® (¯à¨ F0 > F0m )à¥è¥­¨¥ ®âáãâáâ¢ã¥â.�®¤¥«¨à®¢ ­¨¥ ¯®ª § «®, çâ® á ã¢¥«¨ç¥­¨¥¬ ¬®-¤ã«ï ª®íää¨æ¨¥­â  ¯à®ä¨«¨à®¢ ­¨ï ¬ ªá¨¬ «ì­ë©ª¯¤ ¬®­®â®­­® ã¡ë¢ ¥â ¨ ®¡à é ¥âáï ¢ ­ã«ì ¯à¨®¯à¥¤¥«¥­­®¬ ªà¨â¨ç¥áª®¬ §­ ç¥­¨¨ �c(�; b) (à¨á. 1).�â® ®§­ ç ¥â ¯®¤ ¢«¥­¨¥ £¥­¥à æ¨¨ ­  ¢áâà¥ç­®©¢®«­¥ ¯à¨ j�j > j�c(�; b)j (� < 0) . �â¬¥â¨¬, çâ® ¯ -à ¬¥âà ®â¤ ç¨ b (3) ¯à¨ ¨§¬¥­¥­¨¨ ¢®«­®¢®£® ç¨á« ®â 0 ¤® 1 ¬®­®â®­­® ¢®§à áâ ¥â ®â 0 ¤® ¬ ªá¨¬ «ì­®-£® §­ ç¥­¨ï b= �2?0=[2�z0(1 + �z0)] , ª®â®à®¥ ¢ ¯à ª-â¨ç¥áª¨ ¨­â¥à¥á­ëå á«ãç ïå (�?0 6 1=
0 , 
0 > 2) ­¥¯à¥¢ëè ¥â 0,1. �®íâ®¬ã § ¢¨á¨¬®áâ¨ ªà¨â¨ç¥áª®£®¯ à ¬¥âà  ¯à®ä¨«¨à®¢ ­¨ï �c ®â ¯ à ¬¥âà  ¨­¥à-æ¨®­­®© £àã¯¯¨à®¢ª¨ � ¡ë«¨ ¯®«ãç¥­ë ¤«ï b= 0 ¨b = 0,1 (à¨á. 2). �â¨ ¤ ­­ë¥ ¯®§¢®«ïîâ ®¯à¥¤¥«¨âìãá«®¢¨ï ­  ã£®« à áªàë¢  ¢®«­®¢®¤  ' ¨ ¨§¬¥­¥­¨¥¬ £­¨â­®£® ¯®«ï �B , ­¥®¡å®¤¨¬ë¥ ¤«ï ¯®¤ ¢«¥­¨ï£¥­¥à æ¨¨ ­  ¢áâà¥ç­®© ¢®«­¥.����������¨á. 1. � à ªâ¥à­ ï § ¢¨á¨¬®áâì ¬ ªá¨¬ «ì­®£® ¯à¨¢¥¤¥­-­®£® ª¯¤ ®â ¯ à ¬¥âà  ¯à®ä¨«¨à®¢ ­¨ï � ; b= 0 , �= 3



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü2 23����������¨á. 2. � ¢¨á¨¬®áâ¨ ¬®¤ã«ï ªà¨â¨ç¥áª®£® ¯ à ¬¥âà  ¯à®-ä¨«¨à®¢ ­¨ï j�cj ®â ¯ à ¬¥âà  ¨­¥àæ¨®­­®© £àã¯¯¨à®¢-ª¨ � ¤«ï b= 0 (1) ¨ 0,1 (2)� áá¬®âà¨¬ á­ ç «  á«ãç © ®¤­®à®¤­®£® ¬ £­¨â-­®£® ¯®«ï (�B = 0). � á®®â¢¥âáâ¢¨¨ á (11), (12) ¢ëà -¦¥­¨¥ ¤«ï ã£«  ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ (tg' < 0):j tg'0j= j�c(�; b)j� �pI �2?02�2z0s h1 + h�z0 : (13)� ¢¨á¨¬®áâ¨ ¢¥«¨ç¨­ë �c=� ®â � ¯à¥¤áâ ¢«¥­ë ­ à¨á. 3. � ¬¥ç ï, çâ® j�cj=� 6 2 , ¯®«ãç¨¬ á«¥¤ãîéãî®æ¥­ªã: j tg'0j6 �pI �2?0�2z0s h1 + h�z0 : (14)�¨¤­®, çâ® ¬ ªá¨¬ã¬ ¯à ¢®© ç áâ¨ ¤®áâ¨£ ¥âáï ¯à¨h = 1 . � ª¨¬ ®¡à §®¬, ¤«ï ¯®¤ ¢«¥­¨ï £¥­¥à æ¨¨ ¢®¢á¥¬ ¤¨ ¯ §®­¥ ¨§¬¥­¥­¨ï ­®à¬¨à®¢ ­­®£® ¢®«­®¢®-£® ç¨á«  ®â 0 ¤® 1 ã£®« à áªàë¢  ¢®«­®¢®¤  ¤®«¦¥­ã¤®¢«¥â¢®àïâì ãá«®¢¨îj tg'0j= �pI �2?0�2z0p1 + �z0 : (15)� ¯à¨¬¥à, ¤«ï �?0 = 0,5, �z0 = 0,71, � = 1,841 (¬®-¤  H11 ) ¯®«ãç¨¬ j tg'0j � 0,7pI , çâ® ¤ ¥â ¯à¨¥¬«¥-¬ë¥ ¢¥«¨ç¨­ë ã£«  ¯à¨ ã¬¥à¥­­ëå â®ª å (®à¨¥­â¨-à®¢®ç­® I 6 10�2 ). �à ¢­¥­¨¥ à¥§ã«ìâ â®¢ à áç¥â ¯® ä®à¬ã«¥ (13) á ®æ¥­ª ¬¨ (15) ¯à¨¢¥¤¥­® ­  à¨á. 4.����������¨á. 3. � ¢¨á¨¬®áâ¨ ¢¥«¨ç¨­ë j�cj=� ®â ¯ à ¬¥âà  ¨­¥à-æ¨®­­®© £àã¯¯¨à®¢ª¨ � ¤«ï b= 0 (1) ¨ 0,1 (2)

����������¨á. 4. � ¢¨á¨¬®áâì j tg'j ®â ­®à¬¨à®¢ ­­®£® ¢®«­®¢®£®ç¨á«  h ¯à¨ �?0 = 0,5, �z0 = 0,71, I = 10�2 : ªà¨-¢ ï 1 | à áç¥â ¯® ä®à¬ã«¥ (13), ªà¨¢ ï 2 | ®æ¥­ª  ¯®ä®à¬ã« ¬ (15)� ¬¥â­®¥ à §«¨ç¨¥ ¯à¨ ¬ «ëå ¢®«­®¢ëå ç¨á« å á¢ï-§ ­® á ã¬¥­ìè¥­¨¥¬ ¢ íâ®© ®¡« áâ¨ ¯ à ¬¥âà  ®â¤ -ç¨ ¨, ¢ á®®â¢¥âáâ¢¨¨ á à¨á. 3, ¢¥«¨ç¨­ë j�cj=� .�«ï ®â­®á¨â¥«ì­®£® ¨§¬¥­¥­¨ï à ¤¨ãá  ¢®«­®¢®¤ ­  ¤«¨­¥ ¬®¦­® ¯®«ãç¨âì á®®â­®è¥­¨¥�RR0 = Lj tg'0jR0 = j�cj� �0b:�§¬¥­¥­¨¥ à ¤¨ãá  ¢®«­®¢®¤  ¯à¨¢®¤¨â ª ¨§¬¥-­¥­¨î à ááâà®©ª¨ ª ª ¢áâà¥ç­®©, â ª ¨ ¯®¯ãâ­®©¢®«­ë, § ¢¨áïé¥¬ã ®â ª®íää¨æ¨¥­â  �f , ª®â®àë©¯®«ãç ¥âáï ¨§ (11) ¯ãâ¥¬ § ¬¥­ë ¢®«­®¢®£® ç¨á«  ¨¤«¨­ë ¢®«­ë. � ª®¥ ¨§¬¥­¥­¨¥ ­¥¦¥« â¥«ì­® ¤«ï íä-ä¥ªâ¨¢­®£® ãá¨«¥­¨ï ¯®¯ãâ­®© ¢®«­ë, ¨ ¥£® ¬®¦­®áª®¬¯¥­á¨à®¢ âì ¢ë¡®à®¬ á®®â¢¥âáâ¢ãîé¥© ­¥®¤­®-à®¤­®áâ¨ ¬ £­¨â­®£® ¯®«ï �B 6= 0 ¯à¨ ¢ë¯®«­¥­¨¨ãá«®¢¨© � = �c = a0�B + d0 tg';�f = 0 = af�B + df tg'; (16)£¤¥ a0 , d0 ¨ af , df | ª®íää¨æ¨¥­âë ¢ (11) á®®â¢¥â-áâ¢¥­­® ¤«ï ¢áâà¥ç­®© ¨ ¯®¯ãâ­®© ¢®«­. �®®â­®è¥-­¨ï (16) ¯à¥¤áâ ¢«ïîâ á®¡®© á¨áâ¥¬ã ¤¢ãå «¨­¥©­ëåãà ¢­¥­¨©, ¨§ ª®â®àëå ®¯à¥¤¥«ïîâáï ­¥®¡å®¤¨¬ë¥§­ ç¥­¨ï �B ¨ tg' :j tg'j= j tg'0j(1 +Q) ; Q= h(1� hf�z0)hf(1 + h�z0) ;hf = (1+ �2z0)h+ 2�z0(1+ �2z0) + 2�z0h;�B = �z0{2(1� hf�z0)hf(1 + h�z0)2 j�cj�0b�(1 +Q) ;£¤¥ hf | ­®à¬¨à®¢ ­­®¥ ¢®«­®¢®¥ ç¨á«® ¯®¯ãâ­®©¢®«­ë.� ª, ¤«ï ¯ à ¬¥âà®¢ �?0 , �z0 ¨ I , ¨á¯®«ì§ã¥-¬ëå ¯à¨ ¯®áâà®¥­¨¨ à¨á. 4, âà¥¡ã¥¬®¥ ã¬¥­ìè¥­¨¥¬ £­¨â­®£® ¯®«ï ­¥¢¥«¨ª® ¨ á®áâ ¢«ï¥â ­¥áª®«ìª®¯à®æ¥­â®¢.12 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ü 2



24 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2000. ü 2� ª¨¬ ®¡à §®¬, ¨á¯®«ì§®¢ ­¨¥ à áè¨àïîé¥£®áï¢®«­®¢®¤  ¢ ��� ¯®§¢®«ï¥â ¯à¨ ã¬¥à¥­­ëå â®ª å¯ãçª  ¯®¤ ¢¨âì £¥­¥à æ¨î ­  ¢áâà¥ç­®© ¢®«­¥. �à¨á®®â¢¥âáâ¢ãîé¥¬ ¢ë¡®à¥ ¨§¬¥­¥­¨ï ¬ £­¨â­®£® ¯®-«ï ¯à®ä¨«¨à®¢ ­¨¥ ¢®«­®¢®¤  ­¥ ¢«¨ï¥â ­  ãá¨«¥­¨¥¯®¯ãâ­®© ¢®«­ë.�¨â¥à âãà 1. Chong C.K., McDermott D.B., Lin A.T. et al. // IEEE Trans.Plasma Sci. 1996. 24, No. 3. P. 735.2. �à â¬ ­ �.�., �¥­¨á®¢ �.�., �ä¨æ¥à®¢ �.�. // �¥«ïâ¨-
¢¨áâáª ï ¢ëá®ª®ç áâ®â­ ï í«¥ªâà®­¨ª . �®àìª¨©, ����� ����. �ë¯. 3. 1983. �. 127.3. �à â¬ ­ �.�., �¥­¨á®¢ �.�., �®à®¢¨­ �.�. ¨ ¤à. // � ¬ ¦¥.�ë¯. 6. 1990. �. 206.4. Bratman V.L., Denisov G.G., Ofitserov M.M. et al. // Proc.8 Int. Conf. on High-Power Particle Beams (BEAMS' 90).Novosibirsk, 1990. V. 2. P. 1129.5. Nusinovich G.S., Dumbrajs O. // IEEE Trans. Plasma Sci. 1996.24, No. 3. P. 620. �®áâã¯¨«  ¢ p¥¤ ªæ¨î21.04.99������ � ���������������� 517.958:535.4������ ������������ ������� �������� �������� �������� ���������. �. �à¨è¨­ , �. �. �à¥¬¨­, �. �. �¢¥è­¨ª®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)� ¡®â  ¯®á¢ïé¥­   ­ «¨§ã à áá¥ï­¨ï ¯®«ïà¨§®¢ ­­®£® á¢¥â  ®ªá¨¤­ë¬¨ ¬¨ªà®ç áâ¨æ ¬¨, à á¯®-«®¦¥­­ë¬¨ ­  ¯®¤«®¦ª¥ á ¯«¥­ª®©. �«ï ¯à®¢¥¤¥­¨ï ª®¬¯ìîâ¥à­®£® ¬®¤¥«¨à®¢ ­¨ï ¨á¯®«ì§ã¥âáï®¡®¡é¥­¨¥ ¬¥â®¤  ¤¨áªà¥â­ëå ¨áâ®ç­¨ª®¢. �à®¢®¤¨âáï  ­ «¨§ ¢«¨ï­¨ï ¯«¥­ª¨ ¨ ®ªá¨¤­®£® á«®ï ­ å à ªâ¥à¨áâ¨ª¨ à áá¥ï­¨ï ç áâ¨æ.�¢¥¤¥­¨¥�âà¥¬¨â¥«ì­ë© ¯à®£à¥áá ¢ á®¢¥àè¥­áâ¢®¢ ­¨¨áå¥¬ ¬¨ªà®- ¨ ­ ­®í«¥ªâà®­¨ª¨ âà¥¡ã¥â ®á®¡®© ç¨á-â®âë ¯à¨ ¨§£®â®¢«¥­¨¨ ®¡ê¥¬­ëå ¨­â¥£à «ì­ëå áå¥¬­  ¢á¥å íâ ¯ å â¥å­®«®£¨ç¥áª®£® ¯à®æ¥áá . �à®¨§-¢®¤áâ¢® ¡¥§¤¥ä¥ªâ­ëå áå¥¬ áâ ­®¢¨âáï ¯à¨®à¨â¥â­®©§ ¤ ç¥© á®¢à¥¬¥­­ëå â¥å­®«®£¨©. �®áª®«ìªã ¡®«ì-è¨­áâ¢® ¤¥ä¥ªâ®¢ ­ å®¤¨âáï §  ¯à¥¤¥« ¬¨ ¢¨§ã «ì-­®£® ª®­âà®«ï, â® ¤«ï ¤¥ä¥ªâ®áª®¯¨¨ ¨á¯®«ì§ãîâáï¯®¢¥àå­®áâ­ë¥ áª ­¥àë, ª®­áâàãªæ¨ï ª®â®àëå á®-¤¥à¦¨â « §¥à­ë© ¨áâ®ç­¨ª ¯®«ïà¨§®¢ ­­®£® á¢¥â ¨ á¨áâ¥¬ã ª®««¥ªâ®à®¢ à áá¥ï­­®£® ¤¥ä¥ªâ®¬ ¨§«ã-ç¥­¨ï. � ª ¨§¢¥áâ­®, § £®â®¢ª ¬¨ ¢ ¯à®¨§¢®¤áâ¢¥®¡ê¥¬­ëå ¨­â¥£à «ì­ëå áå¥¬ á«ã¦ â á¨«¨ª®­®¢ë¥¯®¤«®¦ª¨. �«ï à¥ «¨§ æ¨¨ áâàãªâãàë ¨­â¥£à «ì­®©áå¥¬ë ¯®¤«®¦ªã ¯®¤¢¥à£ îâ ¯à®æ¥ááã «¨â®£à ä¨¨.� ¦­ë¬ íâ ¯®¬ íâ®£® ¯à®æ¥áá  ï¢«ï¥âáï ®á ¦¤¥­¨¥¯«¥­ª¨ ­  ¯®«¨à®¢ ­­ãî á¨«¨ª®­®¢ãî ¯®¤«®¦ªã ¨®¡­ àã¦¥­¨¥ ®âáãâáâ¢¨ï § £àï§­ïîé¨å ¬¨ªà®ç áâ¨æ­  ¯®¢¥àå­®áâ¨ ¯«¥­ª¨. �¡­ àã¦¥­¨¥ § £àï§­ïîé¨åç áâ¨æ ¨ ¥áâì § ¤ ç , ª®â®àãî ¢ë¯®«­ï¥â ¯®¢¥àå-­®áâ­ë© áª ­¥à [1].�®¯à®á ¬ ¬®¤¥«¨à®¢ ­¨ï ¯à®æ¥áá®¢ à áá¥ï­¨ï ¯®-«ïà¨§®¢ ­­®£® « §¥à­®£® ¨§«ãç¥­¨ï ®ªá¨¤­®© ç áâ¨-æ¥©, à á¯®«®¦¥­­®© ­  ¯®¢¥àå­®áâ¨ á«®¨áâ®© áâàãª-âãàë (¯«¥­ª {¯®¤«®¦ª ) ¨ ¯®á¢ïé¥­  ­ áâ®ïé ï à -¡®â . �á­®¢®© ¤«ï ¯®áâà®¥­¨ï ¬ â¥¬ â¨ç¥áª®© ¬®-¤¥«¨ ¯à®æ¥áá  à áá¥ï­¨ï á«ã¦¨â ¬¥â®¤ ¤¨áªà¥â­ëå¨áâ®ç­¨ª®¢ (���) [2], à ­¥¥ á ãá¯¥å®¬ ¨á¯®«ì§®¢ ­-­ë© ¤«ï ¨§ãç¥­¨ï à áá¥¨¢ îé¨å á¢®©áâ¢ ç áâ¨æ ¨ ï¬­  ¯®¤«®¦ª¥ [3, 4].

� â¥¬ â¨ç¥áª ï ¬®¤¥«ì ®ªá¨¤­®© ç áâ¨æë­  ¯®ªàëâ®© ¯«¥­ª®© ¯®¤«®¦ª¥�¯¨è¥¬ ¬ â¥¬ â¨ç¥áªãî ¯®áâ ­®¢ªã à áá¬ âà¨-¢ ¥¬®© § ¤ ç¨. �ãáâì fE0;H0g | ¯®«¥ «¨­¥©­®¯®«ïà¨§®¢ ­­®© ¯«®áª®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë,¯ ¤ îé¥© ¯®¤ ã£«®¬ �0 ®â­®á¨â¥«ì­® ­®à¬ «¨ ­ ¯«®áªãî £à ­¨æã �f à §¤¥«  ¢®§¤ãå (D0 ) | ¯«¥­ª (Df ). �á¥á¨¬¬¥âà¨ç­ ï ®¤­®à®¤­ ï ç áâ¨æ  Di , ¯®-ªàëâ ï á«®¥¬ Dl , á £« ¤ª¨¬¨ á®®á­ë¬¨ £à ­¨æ ¬¨@Di;l à á¯®«®¦¥­  ­  ¯®¢¥àå­®áâ¨ �f ¯«¥­ª¨ â®«-é¨­®© d . �«¥­ª  ®£à ­¨ç¥­  ¯ à ««¥«ì­ë¬¨ ¯«®á-ª®áâï¬¨ �f ¨ �1 , ¯à¨ íâ®¬ ¯«®áª®áâì �1 à §¤¥«ï¥â¯«¥­ªã ¨ ¯®¤«®¦ªã D1 . �ã¤¥¬ ¯®« £ âì, çâ® ®áì á¨¬-¬¥âà¨¨ ®ªá¨¤­®© ç áâ¨æë á®¢¯ ¤ ¥â á ­ ¯à ¢«¥­¨¥¬¢­¥è­¥© ­®à¬ «¨ ª �1 . �¢¥¤¥¬ ¯àï¬®ã£®«ì­ãî á¨á-â¥¬ã ª®®à¤¨­ â, ¢ë¡à ¢ ¥¥ ­ ç «® ­  ¯«®áª®áâ¨ �1 ,  ®áì Oz ­ ¯à ¢¨¬ ¢¤®«ì ®á¨ á¨¬¬¥âà¨¨ ç áâ¨æë.�®£¤  ¬ â¥¬ â¨ç¥áª ï ¯®áâ ­®¢ª  § ¤ ç¨ ¨¬¥¥â ¢¨¤r�H� = ik"�E�; r�E� = �ik��H�¢ D�; � = 0; f; 1; i; l;ez �((E0(p)�Ef (p)) = 0;(H0(p)�Hf(p)) = 0; p 2 �f ;ez �((Ef (p)�E1(p)) = 0;(Hf(p)�H1(p)) = 0; p 2 �1;ni �((Ei(p)�El(p)) = 0;(Hi(p)�Hl(p)) = 0; p 2 @Di; (1)


