
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò5 692. �®ªâ¥¢ �.�., � à ¯®¢ �.�. // �¨§. ­¨§. â¥¬¯¥à âãà. 2000.26, ò12. �. 1214.3. �®ªâ¥¢ �.�. // �¨§. ­¨§. â¥¬¯¥à âãà. 2000. 26, ò 12.�. 1256.4. �¨ª®« ¥¢ �.�., �®ª®«®¢ �.�., �ã§ì¬¨­  �.�. // �¥áâ­.�®áª. ã­-â . �¨§. �áâà®­. 1999. ò6. �. 6 (Moscow Uni-versity Phys. Bull. 1999. No. 6. P. 6). 5. �àã¯áª¨© �.�., �à®å¢ â¨«®¢ �.�., �à¥©¬ ­ �.�., �à¥­-¡ãà£ �.�. // �¨§. ­¨§. â¥¬¯¥à âãà. 1979. 5, ò3. �. 271.6. � § à®¢ �.�., �¨ª®« ¥¢ �.�. �¥®à¨ï á¨áâ¥¬ ¬­®£¨å ç á-â¨æ. �.: �§¤-¢® ���, 1984. �®áâã¯¨«  ¢ p¥¤ ªæ¨î23.05.01������ � ���������������� 538.56+535 ����������� �������������� ����������� ����� ����������������� ��������� � ��������������� ��������� � ������ � ������������������������. �. �ìïª®¢(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¢®«­®¢ëå ¯à®æ¥áá®¢)�®«ãç¥­® â®ç­®¥ à¥è¥­¨¥ áâ â¨áâ¨ç¥áª®© § ¤ ç¨ ® ¯à®å®¦¤¥­¨¨ á¬¥á¨ á¨£­ «  ¨ èã¬ ç¥à¥§ áà¥¤ã á ªã¡¨ç¥áª®© ­¥«¨­¥©­®áâìî. �®ª § ­®, çâ® ¬®¦¥â ¨¬¥âì ¬¥áâ® íää¥ªâ¨¢­ ï(¤® 34%) ¯¥à¥ª çª  í­¥à£¨¨ ¨§ èã¬®¢®© ª®¬¯®­¥­âë ¨§«ãç¥­¨ï ¢ ¬®­®åà®¬ â¨ç¥áªãî.� ©¤¥­® à á¯à¥¤¥«¥­¨¥ áâ¥¯¥­¨ á¦ â¨ï èã¬®¢®£® ¯®«ï ¯® ¤«¨­¥ ­¥«¨­¥©­®© áà¥¤ë. �â¬¥ç¥­ ¢®§¬®¦­®áâì á¨«ì­®£® áª çª  á¦ â¨ï ¢ ­ ç «¥ ®¡« áâ¨ à á¯à®áâà ­¥­¨ï.1. � á¯à®áâà ­¥­¨¥ ¯«®áª¨å èã¬®¢ëå ¢®«­ ¢áà¥¤ å á ªã¡¨ç¥áª®© ­¥«¨­¥©­®áâìî ¨áá«¥¤®¢ «®áì¢ à ¡®â å [1{4] ­  ®á­®¢¥ ­¥«¨­¥©­®£® ãà ¢­¥­¨ï¤«ï ª®¬¯«¥ªá­®©  ¬¯«¨âã¤ë A ¢®«­ë@A@z + 1u @A@t + i�jAj2A= 0; (1)¨¬¥îé¥£® â®ç­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥A(t; z) =A0(�) exp[�i�jA0(�)j2z]; z > 0: (2)�¤¥áì u | £àã¯¯®¢ ï áª®à®áâì, � | ª®íää¨-æ¨¥­â ­¥«¨­¥©­®áâ¨ (Im� = 0), � = t � z=u ,A0(t) = A(t; z = 0) | ª®¬¯«¥ªá­ ï  ¬¯«¨âã¤  ¢å®¤-­®£® ¯®«ï (á¬., ­ ¯à., [1, á. 615]).� á ¡ã¤¥â ¨­â¥à¥á®¢ âì á«ãç ©, ª®£¤  äã­ªæ¨ïA0 ¢ ¢ëà ¦¥­¨¨ (2) ®¯¨áë¢ ¥â  ¤¤¨â¨¢­ãî á¬¥áìà¥£ã«ïà­®© ¬®­®åà®¬ â¨ç¥áª®© ª®¬¯®­¥­âë (á¨£­ -« ) ¨ á«ãç ©­®© ã§ª®¯®«®á­®© ª®¬¯®­¥­âë (èã¬ ):A0 = �A0 + ~A0 . � ­¥¥ ¡ë«® ¯®ª § ­®, çâ® ¯à¨ íâ®¬¢ ­¥«¨­¥©­®© áà¥¤¥ £¥­¥à¨àã¥âáï ¯®«¥ A = �A+ ~A ,èã¬®¢ ï ª®¬¯®­¥­â  ª®â®à®£® ~A ¬®¦¥â ­ å®¤¨âìáï¢ á¦ â®¬ á®áâ®ï­¨¨ [2{4]. �¤­ ª® ¨§-§  âàã¤­®á-â¥©, ¢®§­¨ª îé¨å ¯à¨ áâ â¨áâ¨ç¥áª®¬ ãáà¥¤­¥­¨¨à¥è¥­¨ï (2), íâ  § ¤ ç  à áá¬ âà¨¢ « áì ¬¥â®¤®¬¢®§¬ãé¥­¨©, â. ¥. ¯à¨ ¬ «ëå A0 ¨ z .2. � ­ áâ®ïé¥© à ¡®â¥ ¯®«ãç¥­ë â®ç­ë¥ à¥§ã«ì-â âë, á¢®¡®¤­ë¥ ®â ãª § ­­ëå ®£à ­¨ç¥­¨©. �â®ã¤ «®áì á¤¥« âì ¡« £®¤ àï â®¬ã, çâ® ¨á¯®«ì§®¢ « áìá¯¥æ¨ «ì­ ï ¬®¤¥«ì ä«ãªâã æ¨© ~A0 , á®®â¢¥âáâ¢ãî-

é ï áâ æ¨®­ à­®¬ã ¢å®¤­®¬ã èã¬ã á ¯®áâ®ï­­®©®£¨¡ îé¥© �0 = const ¨ á«ãç ©­® ¬¥­ïîé¥©áï ä -§®© '= '(t) , ¨¬¥îé¥© à ¢­®¬¥à­®¥ áâ â¨áâ¨ç¥áª®¥à á¯à¥¤¥«¥­¨¥W (') = 12� (�� 6 '6 �): (3)� ª ï ¬®¤¥«ì ¯à¨¡«¨¦¥­­® ®¯¨áë¢ ¥â, ­ ¯à¨¬¥à,èã¬ ­  ¢ëå®¤¥ £¥­¥à â®à  ¯à¨ ¡®«ìè®¬ ¯à¥¢ëè¥-­¨¨ ¯®à®£  £¥­¥à æ¨¨ ([1, á. 495]). � ¤ ¢ ï ¢å®¤­®¥¯®«¥ ¢ ¢¨¤¥E(t; z = 0) = S0 cos(!0t+'0) + �0 sin(!0t�'(t))(S0; !0; '0; �0 | const) , ¯®«ãç¨¬�A0 = S0 ei'0 = const; ~A(t) = �i�0 e�i'(t);â ª çâ®jA0(�)j2 = S20 + �20� 2�0S0 sin['(�) +'0]:� à¥§ã«ìâ â¥ ¢ëà ¦¥­¨¥ (2) ¯à¨­¨¬ ¥â ¢¨¤A(z; t) == C0[S0� i�0 exp(�i('+'0))] exp(ix sin('+ '0));(4)£¤¥ '= '(�) ,C0 = expfi['0� �z(S20 + �20)]g= const (jC0j= 1);



70 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò5x = 2��0S0z = z=zNL ; zNL = (2��0S0)�1 | å -à ªâ¥à­ ï ¤«ï ¤ ­­®© § ¤ ç¨ ¤«¨­  ­¥«¨­¥©­®£®¢§ ¨¬®¤¥©áâ¢¨ï.3. � ª á«¥¤ã¥â ¨§ (3) ¨ (4), áà¥¤­¥¥ §­ ç¥­¨¥ �A®â ¢à¥¬¥­¨ ­¥ § ¢¨á¨â, â. ¥. �A ®¯¨áë¢ ¥â ¬®­®åà®-¬ â¨ç¥áª®¥ (á ç áâ®â®© !0 ) ¨§«ãç¥­¨¥ ¢ ­¥«¨­¥©­®©áà¥¤¥. �ç¨âë¢ ï ä®à¬ã«ã12� �Z�� exp(�in'+ix sin )d = Jn(x); n= 0; 1; 2; : : : ;(5)£¤¥ Jn(x) | äã­ªæ¨¨ �¥áá¥«ï [5, á. 966], ¯®«ãç¨¬�A= �Z�� AW (')d'= C0[S0J0(x)� i�0J1(x)];j �Aj2=�20 = �0J20 (x) + J21 (x); (6)h ~A ~A�i=�20 = �0�1 + �2; (7)£¤¥ �0 = S20=�20 | ®â­®è¥­¨¥ á¨£­ «/èã¬ ­  ¢å®¤¥¢ ­¥«¨­¥©­ãî áà¥¤ã,�1 = 1� J20 (x); �2 = 1� J21 (x):�®£« á­® (6) ¨ (7),j �Aj2! 0; h ~A ~A�i! hA0A�0i= S20+�20 (x!1); (8)â. ¥. ­  ¡®«ìè¨å à ááâ®ï­¨ïå ¬®­®åà®¬ â¨ç¥áª ïª®¬¯®­¥­â  ¯®«ï ¨áç¥§ ¥â, ®â¤ ¢ ï á¢®î í­¥à£¨îèã¬®¢®© ª®¬¯®­¥­â¥. �¥à¥å®¤ ª  á¨¬¯â®â¨ª¥ (8)á®¯à®¢®¦¤ ¥âáï ¯à®áâà ­áâ¢¥­­ë¬¨ ®áæ¨««ïæ¨ï¬¨¨­â¥­á¨¢­®áâ¨ á¨£­ «  ¨ èã¬  (à¨á. 1). �­â¥à¥á­®,çâ® ¤ ¦¥ ¯à¨ ¬ «ëå ¢å®¤­ëå á¨£­ « å ®â­®è¥­¨¥á¨£­ «/èã¬�(x) = j �A2jh ~A ~A�i = �0J20 (x) + J21 (x)�0[1� J20 (x)] + 1� J21 (x)¢ ­¥«¨­¥©­®© áà¥¤¥ ¬®¦¥â ¤®áâ¨£ âì ®â­®á¨â¥«ì­®¡®«ìè¨å ¢¥«¨ç¨­:�max= �(x1)� J21 (x1)1� J21 (x1) � 0:52 (�0� 1):�¤¥áì x1 � 1:84 á®®â¢¥âáâ¢ã¥â ¯¥à¢®¬ã ¬ ªá¨-¬ã¬ã äã­ªæ¨¨ �¥áá¥«ï J1(x) (J1(x1) = J1max �� 0:582) . �®£« á­® (6), ¯à¨ x = x1 ¢ ¬®­®åà®-¬ â¨ç¥áª®¥ ¨§«ãç¥­¨¥ ¯¥à¥ª ç¨¢ ¥âáï ®ª®«® 34%¬®é­®áâ¨ ¢å®¤­®£® èã¬ :j �Aj2=�20 � J21 (x1)� 0:34 (�0� 1): (9)�«ï â®£® çâ®¡ë íâ®â íää¥ªâ ¡ë« ¤®áâ¨£­ãâ,ã¬¥­ìè¥­¨¥ S0 ¤®«¦­® ¡ëâì áª®¬¯¥­á¨à®¢ ­® ã¢¥-«¨ç¥­¨¥¬ �0 ¨«¨ z á â ª¨¬ à áç¥â®¬, çâ®¡ë ¯ -à ¬¥âà x = 2��0S0z ¬®£ ¯à¨­ïâì á¢®¥ ®¯â¨¬ «ì­®¥
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��¨á. 1. � ¢¨á¨¬®áâì ¨­â¥­á¨¢­®áâ¨ á¨£­ «  (1) ¨ èã¬  (2)®â £«ã¡¨­ë ¯p®­¨ª­®¢¥­¨ï ¢®«­ë ¢ ªã¡¨ç¥áªãî áp¥¤ã ¯p¨�0 = 0:1§­ ç¥­¨¥ x1 . �« ¡ë© ¬®­®åà®¬ â¨ç¥áª¨© á¨£­ « ­ ¢å®¤¥ ¨£à ¥â ¯à¨ íâ®¬ à®«ì ¬ «®© § âà ¢ª¨ | ¥£®¯à¨áãâáâ¢¨¥ ­¥®¡å®¤¨¬®, å®âï ®­ ¨ ­¥ ¢«¨ï¥â ¯àï¬®­  ®ª®­ç â¥«ì­ë© à¥§ã«ìâ â (9).4. �¯à¥¤¥«¨¬ â¥¯¥àì, ¢ ª ª®© ¬¥à¥ á«ãç ©­®¥¯®«¥ ~A ï¢«ï¥âáï á¦ âë¬. �à¨¬¥­¨¬ ¤«ï ®¯¨á -­¨ï ~A ¬ â¥¬ â¨ç¥áª¨©  ¯¯ à â, ®á­®¢ ­­ë© ­ ¨á¯®«ì§®¢ ­¨¨ ¯ à ¬¥âà  { | áâ¥¯¥­¨ á¦ â¨ï [6].� ¨¡®«¥¥ ¨­â¥à¥á­ë¬¨ ¯ à ¬¥âà ¬¨ á¦ â®£® ¯®«ïï¢«ïîâáï ®â­®è¥­¨¥ £« ¢­ëå ®á¥© í««¨¯á  á¦ -â¨ï (Smax) ¨ ¬ ªá¨¬ «ì­ ï ¢¥«¨ç¨­  ª®íää¨æ¨¥­â ª®àà¥«ïæ¨¨ ª¢ ¤à âãà­ëå ª®¬¯®­¥­â (Rmax) . � ª¯®ª § ­® ¢ à ¡®â¥ [6], íâ¨ ¯ à ¬¥âàë á«¥¤ãîé¨¬®¡à §®¬ á¢ï§ ­ë á { :Smax =r1 +{1�{ ; jRjmax= {: (10)�¥«¨ç¨­ã { ¬®¦­® ¢ëà §¨âì ç¥à¥§ áâ â¨áâ¨ç¥-áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¨«¨ ª¢ ¤à âãà­ëå ª®¬¯®­¥­â,¨«¨ ª®¬¯«¥ªá­®©  ¬¯«¨âã¤ë. � à áá¬ âà¨¢ ¥¬®¬á«ãç ¥ ¯à®é¥ ¯à¨¬¥­¨âì ¯®á«¥¤­¨© á¯®á®¡ ¨ ¨á-¯®«ì§®¢ âì á®®â­®è¥­¨¥ [6]{ = jh ~A2ijh ~A ~A�i ; 06 { 6 1: (11)�¯à¥¤¥«¨¢ ¨§ (3){(6) hA2i ¨ h ~A2i = hA2i � ( �A)2¨ ¯®¤áâ ¢¨¢ íâ¨ áà¥¤­¨¥ ¨ ¢ëà ¦¥­¨¥ (7) ¢ (11),¯®«ãç¨¬ áâ¥¯¥­ì á¦ â¨ï ¢ ¯à®¨§¢®«ì­®© â®çª¥0< z <1 ­¥«¨­¥©­®© áà¥¤ë:{ = p(�0�1� �3)2+ 4�0�22�0�1 + �2 = {(x); (12)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò5 71£¤¥ �1 = J0(2x)� J20 (x);�2 = J1(2x)� J0(x)J1(x);�3 = J2(2x)� J21 (x):�§ ¢ëà ¦¥­¨ï (12) á«¥¤ã¥â, çâ® { ! 0 ¯à¨ x! 0¨ x!1 , â. ¥. èã¬®¢ ï ª®¬¯®­¥­â  ~A ¢ ®¡« áâïåz ! 0 ¨ z ! 1 áâà¥¬¨âáï ¯¥à¥©â¨ ¢ ­¥á¦ â®¥á®áâ®ï­¨¥. � ¯à®¬¥¦ãâ®ç­®© ®¡« áâ¨ ¢¥«¨ç¨­  {®áæ¨««¨àã¥â ¢ ¨­â¥à¢ «¥ 0 < { < 1 , ¨ ¯®«¥ ~Aï¢«ï¥âáï ç áâ¨ç­® á¦ âë¬ (à¨á. 2).���������	
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��¨á. 2. � ¢¨á¨¬®áâì áâ¥¯¥­¨ á¦ â¨ï { ®â £«ã¡¨­ë ¯à®-­¨ª­®¢¥­¨ï ¢®«­ë ¢ ªã¡¨ç¥áªãî áà¥¤ã ¯à¨ à §«¨ç­ëå§­ ç¥­¨ïå ®â­®è¥­¨ï á¨£­ «/èã¬ ­  ¢å®¤¥: �0 = 0:1 (1),1 (2) ¨ 10 (3)5. �¡®§­ ç¨¬ ¯¥à¢ë© ¬ ªá¨¬ã¬ äã­ªæ¨¨ {(x)ç¥à¥§ {max ,   á®®â¢¥âáâ¢ãîé¥¥ ¥¬ã §­ ç¥­¨¥ xç¥à¥§ xmax . � áç¥â ¯® ä®à¬ã«¥ (12) ¯®ª §ë¢ ¥â,çâ® ¯® ¬¥à¥ ¢®§à áâ ­¨ï ¯ à ¬¥âà  �0 ¢¥«¨ç¨­ {max ¢®§à áâ ¥â ¨ ¯à¨¡«¨¦ ¥âáï ª ¥¤¨­¨æ¥,   xmax­¥®£à ­¨ç¥­­® ã¬¥­ìè ¥âáï:{max! 1; xmax! 0; ¥á«¨ �0!1(â ¡«¨æ  ¨ à¨á. 2).�0 xmax {max0.1 3 0.41 1 0.5810 0.3 0.87100 0.28 0.981000 0.12 0.99410000 0.08 0.999

� ª®© <áª ç®ª> á¦ â¨ï ®â ¬¨­¨¬ «ì­®£® ¤® ¬ ª-á¨¬ «ì­®£® ¢®§¬®¦­®£® §­ ç¥­¨ï ¬®¦­® ®¡êïá­¨âì¯¥à¥¬¥è¨¢ ­¨¥¬ á¨£­ «  ¨ èã¬  ¢ ­¥«¨­¥©­®©áà¥¤¥, ª®â®à®¥ ¯à®¨áå®¤¨â â¥¬ ¨­â¥­á¨¢­¥¥, ç¥¬á¨«ì­¥¥ á¨£­ « ¨ ç¥¬ ¬¥­ìè¥ ãá¯¥¢ ¥â ¯à®ï¢¨âìáïáâ æ¨®­ à­ ï ä §®¢ ï á ¬®¬®¤ã«ïæ¨ï, ª®â®à ï ¯à¨¡®«ìè¨å x ¯®«­®áâìî ¯®¤ ¢«ï¥â á¦ â¨¥.6. � § ª«îç¥­¨¥ ®â¬¥â¨¬ á«¥¤ãîé¥¥.�á¯®«ì§®¢ ­­ ï ¢ íâ®© à ¡®â¥ ¬®¤¥«ì èã¬®¢®£®¯®«ï á ä«ãªâã¨àãîé¥© ä §®© ¨ ä¨ªá¨à®¢ ­­®©  ¬-¯«¨âã¤®© ï¢«ï¥âáï ­¥ â®«ìª® â®ç­® à¥è ¥¬®©, ­® ¨¨­â¥à¥á­®© á â®çª¨ §à¥­¨ï ä¨§¨ç¥áª¨å ¯à¨¬¥­¥­¨©,¯®áª®«ìªã ¢ íâ®¬ á«ãç ¥ ®ª §ë¢ ¥âáï ¢®§¬®¦­®©á¨«ì­ ï ¯¥à¥ª çª  í­¥à£¨¨ ¨§ èã¬  ¢ ¬®­®åà®¬ -â¨ç¥áª¨© á¨£­ «,   â ª¦¥ £¥­¥à æ¨ï á¦ â®£® èã¬ á ¯à®¨§¢®«ì­®© áâ¥¯¥­ìî á¦ â¨ï.�«ï á¯à ¢¥¤«¨¢®áâ¨ ¯®«ãç¥­­ëå ¢ëè¥ à¥§ã«ì-â â®¢ è¨à¨­  �!z ç áâ®â­®£® á¯¥ªâà  ¢®«­ë ~A¤®«¦­  ¡ëâì ¤®áâ â®ç­® ¬ «®©, çâ®¡ë ¬®¦­® ¡ë«®¯à¥­¥¡à¥çì ¤¨á¯¥àá¨®­­ë¬¨ íää¥ªâ ¬¨ ¢â®à®£® ¯®-àï¤ª . � ãç¥â®¬ ¯®á«¥¤­¨å ¬ë ¨¬¥«¨ ¡ë ¢¬¥áâ® (1)ãà ¢­¥­¨¥ @A@z + i�jAj2A� i2k00@2A@�2 = 0; (13)£¤¥ k = k(!0) | ¢®«­®¢®¥ ç¨á«®, k00 = @2k(!0)@!20[7, á. 366]. �à ¢­¨¢ ï (1) ¨ (13) ¨ ãç¨âë¢ ï (2),¯®«ãç¨¬ ãá«®¢¨¥, ®£à ­¨ç¨¢ îé¥¥ �!z :�!2z � j2�k00 j(S20 + �20): (14)�¥®à¥â¨ç¥áª ï ®æ¥­ª  ¯®«®áë �!z ¨ ¢ëâ¥ª -îé¨¥ ¨§ (14) ®£à ­¨ç¥­¨ï ­  ¤«¨­ã z ®¡« áâ¨à á¯à®áâà ­¥­¨ï ¢®«­ ¢ ­¥«¨­¥©­®© áà¥¤¥ âà¥¡ãîâá¯¥æ¨ «ì­®£® à áá¬®âà¥­¨ï, ª®â®à®¥ ¡ã¤¥â ¯à®¢¥¤¥-­® ¢ ®â¤¥«ì­®© à ¡®â¥.�¨â¥à âãà 1. �å¬ ­®¢ �.�., �ìïª®¢ �.�., �¨àª¨­ �.�. �¢¥¤¥­¨¥ ¢ áâ -â¨áâ¨ç¥áªãî à ¤¨®ä¨§¨ªã ¨ ®¯â¨ªã. �.: � ãª , 1981.2. �å¬ ­®¢ �.�., �¥«¨­áª¨© �.�., �¨àª¨­ �.�. // �®¢ë¥ ä¨-§¨ç¥áª¨¥ ¯à¨­æ¨¯ë ®¯â¨ç¥áª®© ®¡à ¡®âª¨ ¨­ä®à¬ æ¨¨ /�®¤ à¥¤. �.�. �å¬ ­®¢ , �.�. �®à®­æ®¢ . �.: � ãª , 1990.�. 83.3. �¨àª¨­ �.�., �à«®¢ �.�., � à éãª �.�. // �¢ ­â. í«¥ª-âà®­¨ª . 1993. 20, ò 10. �. 999.4. Levenson M.D., Shelby R.M., Perlmutter S.H. // Opt. Lett.1985. 10, No. 10. P. 514.5. �à ¤èâ¥©­ �.�., �ë¦¨ª �.�. � ¡«¨æë ¨­â¥£à «®¢, àï¤®¢¨ ¯à®¨§¢¥¤¥­¨©. �.: �����, 1962.6. �ìïª®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 2001.ò 4. C. 55.7. �å¬ ­®¢ �.�. // �¥«¨­¥©­ ï á¯¥ªâà®áª®¯¨ï / �®¤ à¥¤.�. �«®¬¡¥à£¥­ . �.: �¨à, 1979. �®áâã¯¨«  ¢ p¥¤ ªæ¨î30.08.00


