
14 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü 4������� � ������� ��������� 523.165� ��������� ������������ ��������������� ��������������� ����������� ������.�.�®¯®¢�) , �. �. �¨¤®à¥­ª®�), �. �. �¥à­ï¥¢, �¨ááãª � ­¨í«ì�)(ª ä¥¤p  ®¡é¥© ï¤¥p­®© ä¨§¨ª¨)� áá¬®âà¥­ áâ â¨áâ¨ç¥áª¨© ¬¥å ­¨§¬ ãáª®à¥­¨ï ¤® à¥«ïâ¨¢¨áâáª¨å í­¥à£¨© ¯à®â®­®¢ ª®á¬¨ç¥áª¨å«ãç¥©. � ©¤¥­® à¥è¥­¨¥ ®¡é¥£® ãà ¢­¥­¨ï, ®¯¨áë¢ îé¥£® ¯à®æ¥áá ãáª®à¥­¨ï. �®«ãç¥­ í­¥à£¥â¨ç¥á-ª¨© á¯¥ªâà ¯à®â®­®¢, á®®â¢¥âáâ¢ãîé¨© ­ ¡«î¤ ¥¬®¬ã.�à®¡«¥¬  ¯à®¨áå®¦¤¥­¨ï ª®á¬¨ç¥áª¨å «ãç¥© á®-åà ­ï¥â á¢®î  ªâã «ì­®áâì ¨ ¯®-¯à¥¦­¥¬ã ¯à¨¢«¥ª ¥â¢­¨¬ ­¨¥ á¥àì¥§­ëå ¨áá«¥¤®¢ â¥«¥© [1]. �á­®¢®© ¤«ïà¥è¥­¨ï íâ®© ¯à®¡«¥¬ë á«ã¦¨â à ¡®â  �¥à¬¨ [2], ¢ª®â®à®© à áá¬®âà¥­ ¬¥å ­¨§¬ ãáª®à¥­¨ï ¢ ¬¥¦§¢¥§¤­®©áà¥¤¥ ¯à®â®­®¢, á®áâ ¢«ïîé¨å ª®á¬¨ç¥áª¨¥ «ãç¨.�®£« á­® [2] ¨å ¨áâ®ç­¨ª®¬ ï¢«ïîâáï á¢¥àå­®¢ë¥§¢¥§¤ë, ¯à¨ ¢á¯ëèª å ª®â®àëå £¥­¥à¨àãîâáï ¬®é­ë¥ª®à¯ãáªã«ïà­ë¥ ¯®â®ª¨ á í­¥à£¨¥© ç áâ¨æ E � E0 �� 108 í�. �®à®£®¢ ï í­¥à£¨ï E0 ®¯à¥¤¥«ï¥âáï ¨®­¨§ -æ¨®­­ë¬¨ ¯®â¥àï¬¨. � «ì­¥©è¥¥ ãáª®à¥­¨¥ ¯à®â®­®¢®¡ãá«®¢«¥­® ¨å ¬­®£®ªà â­ë¬¨ á®ã¤ à¥­¨ï¬¨ á ª®á-¬¨ç¥áª¨¬¨ ®¡« ª ¬¨ ¢ ¯à®æ¥áá¥ á«ãç ©­®£® ¡«ã¦¤ ­¨ï¯à®â®­®¢ ¢ ¬¥¦§¢¥§¤­®¬ ¯à®áâà ­áâ¢¥.�à®æ¥áá á®ã¤ p¥­¨© ¬®¦­® ¬®¤¥«¨à®¢ âì ¤¨ääã§¨-¥© «¥£ª®£® å®«®¤­®£® £ §  (¯à®â®­®¢) ¢ áà¥¤¥ âï¦¥«®£®­ £à¥â®£® £ § , "¬®«¥ªã« ¬¨" ª®â®à®£® ï¢«ïîâáï ­ -¬ £­¨ç¥­­ë¥ ª®á¬¨ç¥áª¨¥ ®¡« ª . �®ã¤ à¥­¨ï á ­¨¬¨¯à®â®­®¢ ¯à®¨áå®¤ïâ ¯® á«®¦­®¬ã í«¥ªâà®¬ £­¨â­®¬ã¬¥å ­¨§¬ã, à áá¬®âà¥­­®¬ã ¢ p ¡®â å [2,3]. �®£« á­®[2] ª ¦¤®¥ á®ã¤ à¥­¨¥ ®¡¥á¯¥ç¨¢ ¥â ¯à¨à®áâ áà¥¤­¥©í­¥à£¨¨ E ¯à®â®­  ­  �E � 10 í�, ¯à¨ç¥¬ [1{3]dEdt = �E; � = �vc�2 � ul ; (1)£¤¥ v; u | áª®à®áâ¨ ¤¢¨¦¥­¨ï ª®á¬¨ç¥áª®£® ®¡« ª  ¨¯à®â®­ , l | ¤«¨­  á¢®¡®¤­®£® ¯à®¡¥£  ¯p®â®­  ¬¥¦¤ãá®ã¤ à¥­¨ï¬¨.�à ¢­¥­¨¥ á«ãç ©­®£® ¡«ã¦¤ ­¨ï â¨¯  �®ªª¥à {�« ­ª  ¢ ª®®à¤¨­ â­®-í­¥à£¥â¨ç¥áª®¬ ¯à®áâà ­áâ¢¥¢¯¥à¢ë¥ ¯à¥¤«®¦¥­® ¢ p ¡®â å [3, 4] ¨ ¢ ­ ¨¡®«¥¥¯®«­®© ä®à¬¥ ¯à¨¢¥¤¥­® ¢ p ¡®â¥ [5]. �­® ®¯à¥¤¥«ï¥â¯«®â­®áâì � = �(t; E; r) à á¯à¥¤¥«¥­¨ï ¯à®â®­®¢ ¢¬¥¦§¢¥§¤­®¬ ¯à®áâà ­áâ¢¥ ¯® ª®®à¤¨­ â ¬ ¨ í­¥à£¨¨¨ ¨¬¥¥â ¢¨¤@�(E)@t + �(E)T �D�r�(E) + @@E [�E�(E)]�@2@E2 ��E2�(E)� � 1T � 1a1�( Ea1 ) + 1a2 �(Ea2 )� = Q(t; E; r) :(2)�â®à®¥ á« £ ¥¬®¥ ¢ (2) ãç¨âë¢ ¥â ã¡ë«ì ¯à®â®­®¢ ¢í­¥à£¥â¨ç¥áª®¬ ¨­â¥à¢ «¥ E;E+dE ¢ à¥§ã«ìâ â¥ ¨å ¢ë-å®¤  ¨§ á¨áâ¥¬ë � « ªâ¨ª¨ §  ¢à¥¬ï T (T | áp¥¤­¥¥ ¢p¥-

¬ï ¦¨§­¨ ¡«ã¦¤ îé¥£® ¯p®â®­  ¢ � « ªâ¨ª¥ [1, 2]). �®-á«¥¤­¨¥ á« £ ¥¬ë¥ ãç¨âë¢ îâ ¯¥à¥à á¯à¥¤¥«¥­¨¥ í­¥à-£¨¨ ¯® á¯¥ªâàã ¢á«¥¤áâ¢¨¥ ¯à®â®­-¯à®â®­­ëå áâ®«ª­®-¢¥­¨©, à áá¬®âà¥­­ëå ¢ p ¡®â¥ [5]. �¤¥áì a1 ¨ a2 |¤®«¨ í­¥à£¨¨ ­ «¥â îé¥£® ¯à®â®­  ¨ ¯p®â®­  ¬¥¦-§¢¥§¤­®© áp¥¤ë, ª®â®àë¥ ¯à¨®¡à¥â îâ íâ¨ ç áâ¨æë¯®á«¥ áâ®«ª­®¢¥­¨ï, ¯à¨ç¥¬ a1 + a2 < 1.�¥«¨ç¨­  Q(t; E; r) ¢ ¯p ¢®© ç áâ¨ (2) ¯à¥¤áâ ¢«ï¥â¨áâ®ç­¨ª ¯à®â®­®¢, ª®â®àë¬, á®£« á­® [1{5], ï¢«ï¥âáï¢á¯ëèª  á¢¥àå­®¢®© §¢¥§¤ë ¢ ­¥ª®â®àë© ¬®¬¥­â t0 ¢â®çª¥ r0, ¨á¯ãáª îé ï ¯à®â®­ë á í­¥à£¨¥© E0. �â®â¯à®æ¥áá ¬®¦­® ¬®¤¥«¨à®¢ âì äã­ªæ¨¥©Q(t; E; r) = Q0�(E �E0) � �(t� t0) � �(r � r0) ; (3)£¤¥ � | ¤¥«ìâ -äã­ªæ¨ï �¨p ª .� áâ âì¥ ¯®«ãç¥­® ®¡é¥¥ à¥è¥­¨¥ ãp ¢­¥­¨ï (2)¨ ¢ëç¨á«¥­ í­¥à£¥â¨ç¥áª¨© á¯¥ªâà ª®á¬¨ç¥áª®© ¯à®-â®­­®© ª®¬¯®­¥­âë, á®®â¢¥âáâ¢ãîé¨© ­ ¡«î¤ ¥¬®¬ãáâ¥¯¥­­®¬ã á¯¥ªâàã �(t; E; r) � E�
 , £¤¥ 
 � 2 � 3, â. ¥.
 = 
(E).�p®¨§¢¥¤¥¬ ¢ (2) § ¬¥­ã ¯¥à¥¬¥­­ëå:E = ex; E0 = e�x0 ; z = E�(t; E; r): (4)�«ï ­®¢®© ¨áª®¬®© äã­ªæ¨¨ z(t; x; r) ¨¬¥¥¬ ãà ¢­¥­¨¥á ®âª«®­ïîé¨¬áï  à£ã¬¥­â®¬:@z(x)@t �D�rz(x)� �@2z(x)@x2 ++ 1T [z(x)� z(x+ �1)� z(x+ �2)] = EQ(t; x; r) ; (5)�1 = ln� 1a1� ; �2 = ln� 1a2� :� «¥¥ ¯à¥¤áâ ¢¨¬ z = z(t; x; r) ¨­â¥£à «®¬ �ãàì¥z(t; x; r) = 1p2� Z 1�1 F (t; �; r)ei�xd� : (6)�§ (5) ¨ (6) ¨¬¥¥¬@F (�)@t �D�rF (�)+��2F (�)+ F (�)T �1� ei��1 � ei��2� == � Q0p2� exp [(1� i�)x0] � �(r� r0) � �(t � t0) : (7)�á«¨ ¯à¨­ïâì�) �®áá¨©áª¨© ã­¨¢¥pá¨â¥â ¤pã¦¡ë ­ p®¤®¢, ª ä¥¤p  â¥®p¥â¨ç¥áª®© ä¨§¨ª¨.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®­®¬¨ï. 1997. ü4 15F (t; �; r) = !(t; �)P (t; �; r);!(t; �) = exp��t���2 + 1T �1� ei��1 � ei��2��� ; (8)â® äã­ªæ¨ï P (t; �; r) ¤®«¦­  ã¤®¢«¥â¢®àïâì ãà ¢­¥­¨î¤¨ääã§¨¨ á ¬£­®¢¥­­ë¬ â®ç¥ç­ë¬ ¨áâ®ç­¨ª®¬:@P@t �D�rP = Q0e(1�i�)x0p2�!(�; t0)�(t� t0) � �(r� r0) :�âáî¤  ¨áª®¬®¥ z(t; x; r) ¨¬¥¥â ¢¨¤ (á¬. (4), (6), (8)):z(t; x; r) = Q0E016�5=2p2� �exp�� (r � r0)24D(t� t0)��D(t � t0)�3=2 �exp�� t � t0T ��I;I= 1Z�1 exp�i�(x�x0)���2(t�t0)+ t�t0T �ei��1+ ei��2�	 d�:(9)�­â¥£à « I ¢ëç¨á«ï¥âáï ¬¥â®¤®¬ ¯¥à¥¢ « , ¯p¨íâ®¬ ¢ ª ç¥áâ¢¥ ¡®«ìè®£® ¯ à ¬¥âà  ¯p¨­¨¬ ¥âáïq = (x� x0). �­ ç «¥ § ¯¨è¥¬ I ¢ ¢¨¤¥I = Z 1�1 eq'(�) d� ;'(�) = i� � �1�2 + �2�ei��1 + ei��2� ; (10)q = x� x0 = ln� EE0� ; �1 = �(t � t0)q ; �2 = t � t0qT :�  ª®¬¯«¥ªá­®© ¯«®áª®áâ¨ � = (s + i�) â®çª  ¯¥à¥-¢ «  �0 = s0 + i�0 ®¯à¥¤¥«¨âáï ãà ¢­¥­¨¥¬ '0(�0) = 0,¨«¨ ¢ ï¢­®¬ ¢¨¤¥@'(�0)@� = i�1� 2�1�0 + �2��1e��1�0 + �2e��2�0�� = 0 ;�0 = i�0; �0 > 0; s0 = 0 : (11)�âáî¤  ¢¨¤­®, çâ® â®çª  ¯¥à¥¢ «  �0 = i�0 à á¯®«®-¦¥­  ¢ ¢¥àå­¥© ¯®«ã¯«®áª®áâ¨ ­  ¬­¨¬®© ®á¨. �®­âãà¨­â¥£à¨à®¢ ­¨ï (C) ¢ ¥¥ ®ªà¥áâ­®áâ¨ f�"; "g á®¢¬¥áâ¨¬á «¨­¨¥© áª â  ¤¥©áâ¢¨â¥«ì­®© ç áâ¨ (Re '(�)), á®¢¯ -¤ îé¥© á «¨­¨¥© ¯®áâ®ï­áâ¢  Im '(�) [6]. �  «¨­¨¨áª â Im '(�) = s� 2�1s� + �2e��1� � sin(�1s)++�2e��2� � sin(�2s) = const ; Re '(�) = 
(s; �) ; (12)£¤¥ 
(s; �) = �� � �1(s2 � �2) + �2e��1� cos(�1s)++�2e��2� � cos(�2s) :�®áª®«ìªã «¨­¨ï áª â  ¯à®å®¤¨â ç¥à¥§ â®çªã ¯¥à¥-¢ «  s0 = 0, â® á®£« á­® (12) ãà ¢­¥­¨¥ íâ®© «¨­¨¨ ¥áâìs�2�1s�+�2e��1� �sin(�1s)+�2e��2� �sin(�2s) = 0 : (13)

�­® ®¯à¥¤¥«ï¥â äã­ªæ¨î � = �(s), ª®â®à ï ç¥â­ ¨ ª®«¥¡«¥âáï ®â­®á¨â¥«ì­®  á¨¬¯â®â¨ç¥áª®© ¯àï¬®©�1 = �1=2�1�, ¯ à ««¥«ì­®© ¤¥©áâ¢¨â¥«ì­®© ®á¨ s.�®íâ®¬ã, ¨á¯®«ì§ãï (13), á ãç¥â®¬ ç¥â­®áâ¨ �(s) ¨¬¥¥¬I = ZC exp�q'(�)�d� = Z "�" exp�q
(s; �)�ds ;
(s; �) = Re '(�) :�ëç¨á«¥­¨¥ I ¯® ¬¥â®¤ã � ¯« á  [6] ¤ ¥âI =s� 2�q
00(0) � exp(�q�0) : (14)�§ (4), (9) ¨ (14) ¯®«ãç ¥¬ äã­¤ ¬¥­â «ì­®¥ à¥è¥­¨¥¨áå®¤­®£® ãà ¢­¥­¨ï (2):�(t;E; r) = � EE0��
 '(r; t); 
 = 1 + �0 ;'(r; t) = Q0q� 8q
00(0)16�3�D(t � t0)�3=2 �exp �� t � t0T � (r� r0)24D(t� t0)� :(15)�à ¢­¥­¨¥ ¤«ï áâ¥¯¥­­®£® ¯®ª § â¥«ï 
 á®£« á­® (11)¨¬¥¥â ¢¨¤1 + 2�1(1� 
) + �2��1e��1(
�1) + �2e��2(
�1)� = 0 : (16)�§ (10) ¨ (16) ¢¨¤­®, çâ® 
 ï¢«ï¥âáï äã­ªæ¨¥© í­¥à-£¨¨ E, § ¢¨á¨â ®â ¢à¥¬¥­¨ ãáª®à¥­¨ï � = (t� t0)=T ,¯ à ¬¥âà  �T ¨ ª®íää¨æ¨¥­â®¢ a1, a2 (¢ ®á­®¢­®¬ ®â¨å á®®â­®è¥­¨ï). �à¨ ¨áá«¥¤®¢ ­¨¨ (16) ­ ¬¨ ¡ë«¨à áá¬®âà¥­ë §­ ç¥­¨ï �T � 1, � � 6, ª®íää¨æ¨¥­âëa1; a2 ¢ë¡¨à «¨áì á«¥¤ãîé¨¬ ®¡p §®¬: 1) a1 = 0; 1;a2 = 0; 6; 2) a1 = a2 = 0; 3; 3) a1 = a2 = 0; 5. �®¢á¥å á«ãç ïå ¯®«ãç¥­ á®£« áãîé¨©áï á ­ ¡«î¤ ¥¬ë¬¨­â¥à¢ « §­ ç¥­¨© 
 � 1; 7� 3 ¯à¨ ¨§¬¥­¥­¨¨ í­¥à£¨¨¢ ¯à¥¤¥« å E � (5� 10)10E0.�§«®¦¥­­ë¥ à¥§ã«ìâ âë ¯®¤â¢¥à¦¤ îâ £¨¯®â¥§ã�.�¥à¬¨ [2] ® áâ â¨áâ¨ç¥áª®¬ ¬¥å ­¨§¬¥ ãáª®à¥­¨ï¯¥à¢¨ç­ëå ª®á¬¨ç¥áª¨å ¯à®â®­®¢, ¡«ã¦¤ îé¨å ¢ ¬¥¦-§¢¥§¤­®¬ ¯à®áâà ­áâ¢¥. �å ¨áâ®ç­¨ª®¬, á®£« á­® ¯à®-¢¥¤¥­­®¬ã  ­ «¨§ã, ¬®£ãâ á«ã¦¨âì á¢¥àå­®¢ë¥ §¢¥§¤ë,à á¯®«®¦¥­­ë¥ ¢ æ¥­âà¥ � « ªâ¨ª¨ ¨ ¢á¯ëå­ã¢è¨¥ 6T«¥â â®¬ã ­ § ¤.�¨â¥p âãp 1. �¨­§¡ãà£ �.�. // ���. 1988. 155, ü2. C. 185; 1996. 166,ü 2. C. 169.2. Fermi E. // Phys. Rev. 1948. 74. P. 1818; 1949. 75. P. 1169.3. �®£ã­®¢ �.�., �¥à«¥æª¨© �.�. // �§¢. �� ����, á¥à. ä¨§.1953. 17, ü1. C. 119.4. �¥à«¥æª¨© �. �., �®£ã­®¢ �. �. // ����. 1951. 21. C. 567;1952. 23. C. 682; 1954. 26. C. 129.5. �¥à«¥æª¨© �. �. // ��� ����. 1955. 101, ü 1. C. 59.6. � ¢à¥­âì¥¢ �. �., � ¡ â �. �. �¥â®¤ë â¥®à¨¨ äã­ªæ¨©ª®¬¯«¥ªá­®£® ¯¥à¥¬¥­­®£®. �., 1987.�®áâã¯¨«  ¢ p¥¤ ªæ¨î31.03.97


