
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6 15£¤¥ � | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ãª § ­­ëå  à£ã¬¥­-â®¢.� ª¨¬ ®¡à §®¬, ¥á«¨ ¨áª«îç¨âì ¨§ (16) ­ ç «ì-­ë¥ ãá«®¢¨ï (vk; v?; 
) , ¬®¦­® ¯®«ãç¨âì ¢ëà ¦¥­¨¥¤«ï ¯®«ï, ¤®¯ãáª îé¥£® âà ¥ªâ®à¨¨ ç áâ¨æ, ­ ª®â®àëå ãà ¢­¥­¨¥ ��� ¨¬¥¥â à¥è¥­¨¥ ¢¨¤  (11):H=H0@�@z (ex cos � + ey sin �+ ez�): (19)�à¨ íâ®¬ �(x; y; z) ®¯à¥¤¥«ï¥âáï ¢ ­¥ï¢­®¬ ¢¨¤¥ä®à¬ã«®© (18).�«ï à¥ «¨§ æ¨¨ ¨­â¥à¥áãîé¨å ­ á âà ¥ªâ®à¨©­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­® § ¤ âì á«¥¤ãîé¨¥ ­ ç «ì-­ë¥ ãá«®¢¨ï:_x0 =H0 cos �(x0; y0; z0); _y0 =H0 sin �(x0; y0; z0);_z0 =p
2�H20 � 1:� áâ­ë¥ á«ãç ¨ Hk = 0 (� = 0) ¨ H? = 0;Hk = Hk(x; y) (�!1) ï¢«ïîâáï ¯®«ï¬¨ á®®â¢¥â-áâ¢¥­­® á¯¨à «ì­®£® ¨ «¨­¥©­®£® ¬ £­¨â­ëå ®­¤ã-«ïâ®à®¢. �¢¨¦¥­¨¥ á¯¨­  ¢ â ª¨å ¯®«ïå à áá¬ â-à¨¢ «®áì ­ ¬¨ à ­¥¥ [2]. �â¬¥â¨¬, çâ® ¢ á«ãç ¥H? = 0 âà ¥ªâ®à¨¨ ¨­â¥à¥áãîé¥£® ­ á â¨¯  à¥ -«¨§ãîâáï ¯à¨ ¯à®¨§¢®«ì­ëå ­ ç «ì­ëå ãá«®¢¨ïå.

�â ª, ¢ à ¡®â¥ ®¯à¥¤¥«¥­ ª« áá ¯®«¥© ¨ ­ ©-¤¥­ë ­ ç «ì­ë¥ ãá«®¢¨ï ¤«ï ¤¢¨¦¥­¨ï ç áâ¨æë,¯à¨ ª®â®àëå áãé¥áâ¢ãîâ  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ïãà ¢­¥­¨© ��� ¤«ï ¯à®¨§¢®«ì­ëå 
 ¨ g . �®ª § ­®,çâ® ¢ ¯®áâ®ï­­ëå ¯®«ïå, ã¤®¢«¥â¢®àïîé¨å á®®â­®-è¥­¨î Hk = �H? , ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬ â ª®£®¯à¥¤áâ ¢«¥­¨ï à¥è¥­¨© ï¢«ï¥âáï ¯à®¯®àæ¨®­ «ì-­®áâì ªà¨¢¨§­ë âà ¥ªâ®à¨¨ ¨ ªàãç¥­¨ï.�¢â®àë ¡« £®¤ à­ë �.�. �ãª®¢áª®¬ã, �.�. �ë-á®¢ã ¨ �.�. � £à®¢ã §  ¢­¨¬ ­¨¥ ª à ¡®â¥ ¨ ®¡áã¦-¤¥­¨¥ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢.�¨â¥à âãà 1. �®¡ ­®¢ �.�., � ¢«®¢  �.�. // ���. 1999. 121, ò3.�. 509.2. �®¡ ­®¢ �.�., � ¢«®¢  �.�. // �§¢. ¢ã§®¢, �¨§¨ª . 2000.ò 1. C. 38.3. �®£®«î¡®¢ �.�., �®£ã­®¢ �.�., �ªá ª �.�., �®¤®à®¢ �.�.�¡é¨¥ ¯à¨­æ¨¯ë ª¢ ­â®¢®© â¥®à¨¨ ¯®«ï. �.: � ãª , 1987.4. Bargmann V., Michel L., Telegdi V. // Phys. Rev. Lett. 1959.2. P. 435.5. �®¡ ­®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 1997.ò 2. �. 59 (Moscow University Phys. Bull. 1997. No. 2.P. 85). �®áâã¯¨«  ¢ p¥¤ ªæ¨î20.06.01��� 535.12.01 ����� ������� ��������� �������� ���������������������� ������� � ������ �������������«. �. �« á®¢(ª ä¥¤à  ª¢ ­â®¢®© â¥®à¨¨ ¨ ä¨§¨ª¨ ¢ëá®ª¨å í­¥à£¨©)E-mail: vlasov@srdlan.npi.msu.su�  ¯à¨¬¥à¥ ¬®¤¥«¨ �®¬¬¥àä¥«ì¤  à áá¬®âà¥­ë ­®¢ë¥ à¥è¥­¨ï § ¤ ç¨ ® ¤¢¨¦¥­¨¨ ¯à®-âï¦¥­­®© § àï¦¥­­®© ç áâ¨æë ¢® ¢­¥è­¨å ¯®«ïå: âã­­¥«¨à®¢ ­¨¥, æ¨ª«®âà®­­®¥ ¤¢¨¦¥­¨¥,à áá¥ï­¨¥ ­  ªã«®­®¢áª®¬ æ¥­âà¥, ¡à®ã­®¢áª®¥ ¤¢¨¦¥­¨¥. �ëï¢«¥­ë ®â«¨ç¨ï â ª¨å ¤¢¨¦¥­¨©®â ª« áá¨ç¥áª¨å.� à ¡®â¥ [1] ¡ë«¨ ®¡áã¦¤¥­ë ¯à®¡«¥¬ë ª« á-á¨ç¥áª®£® ¤¢¨¦¥­¨ï ¨§«ãç îé¥© â®ç¥ç­®© § àï-¦¥­­®© ç áâ¨æë, ®¯¨áë¢ ¥¬®© ãà ¢­¥­¨¥¬ �®à¥­-æ {�¨à ª . �«ï ¨å à¥è¥­¨ï ¬­®£® «¥â ­ § ¤ ¡ë«¨¯à¥¤«®¦¥­ë à §«¨ç­ë¥ ¬®¤¥«¨ ª« áá¨ç¥áª¨å <à §-¬ § ­­ëå> (â. ¥. ­¥ â®ç¥ç­ëå) ç áâ¨æ. �¤­®© ¨§â ª¨å ¬®¤¥«¥© ï¢«ï¥âáï ¬®¤¥«ì �®¬¬¥àä¥«ì¤  ¦¥áâ-ª®© áä¥àë c à ¤¨ãá®¬ a , ¬ áá®© m ¨ § àï¤®¬ Q [2](ç áâ¨æ  �®¬¬¥àä¥«ì¤ ; á¬. â ª¦¥ ¯. 4 ¢ à ¡®â¥ [1]).� â ª ­ §ë¢ ¥¬®¬ ª¢ §¨áâ æ¨®­ à­®¬ ¯à¨¡«¨¦¥-­¨¨ [3{6] ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï ¯à®âï¦¥­­®© ç áâ¨-æë ¢ p ¬ª å íâ®© ¬®¤¥«¨ ¯à¨­¨¬ ¥â ¢¨¤m _v = Fext + � [v(t� 2a=c)� v(t)] ; (1)
£¤¥ a | à ¤¨ãá áä¥àë, � = Q23ca2 ; v = dR=dt; R |ª®®à¤¨­ â  ¥¥ æ¥­âà , Fext | ¢­¥è­ïï á¨« .� ­ áâ®ïé¥© áâ âì¥ à áá¬®âà¥­ë ­®¢ë¥ à¥è¥­¨ïíâ®£® ¨§¢¥áâ­®£® ãà ¢­¥­¨ï.1. �ã­­¥«¨à®¢ ­¨¥�à ¢­¥­¨¥ (1) ¨¬¥¥â à¥è¥­¨ï, ª®â®àë¥ ¬®¦­®¨­â¥à¯à¥â¨à®¢ âì ª ª ª« áá¨ç¥áª®¥ âã­­¥«¨à®¢ -­¨¥ [7]. �¨§¨ª  â ª®£® íää¥ªâ  ¯à®áâ : ¡« £®¤ àï§ ¯ §¤ë¢ ­¨î ç áâ¨æ  ­ ç¨­ ¥â <¯®­¨¬ âì>, çâ®¯®¤¯ ¤ ¥â ¯®¤ ¤¥©áâ¢¨¥ ¯®â¥­æ¨ «ì­®© á¨«ë á«¨è-ª®¬ ¯®§¤­®, ¨ ¯à®áª ª¨¢ ¥â ¡ àì¥à.8 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò6



16 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6� áá¬®âà¨¬ ­¥à¥«ïâ¨¢¨áâáª®¥ à¥è¥­¨¥ ãà ¢­¥-­¨ï (1) ¤«ï ¯®â¥­æ¨ «ì­®£® ¡ àì¥à , ª®â®àë© ®¡à -§®¢ ­ ®¤­®à®¤­ë¬ áâ â¨ç¥áª¨¬ í«¥ªâà¨ç¥áª¨¬ ¯®-«¥¬ Ez , ­ ¯à ¢«¥­­ë¬ ¢¤®«ì ®á¨ z ¨ ®â«¨ç­ë¬ ®â­ã«ï ¢ á«®¥ 0 < z < L (¬®¤¥«ì ¯«®áª®£® ª®­¤¥­á -â®à ): Ez =8<: 0; z < 0;E; 0< z < L;0; L < z:�ãáâì ç áâ¨æ  ¤¢¨¦¥âáï â ª¦¥ ¢¤®«ì ®á¨ z :R = (0; 0; R) . �¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­­ë¥y = R=L; x = ct=L; a� = 2a=L ¨ ¢ë¡¥à¥¬ ¤«ï ¯à®á-â®âë a� = 1 . �­¥è­ïï á¨« , ®¯à¥¤¥«ï¥¬ ï ¯®«¥¬Ez , ¥áâì Fext = Z dr�Ez = EQf; (2)£¤¥ ¯«®â­®áâì § àï¤  áä¥àë �®¬¬¥àä¥«ì¤  ¤ ¥âáïä®à¬ã«®© �= Q�(jr�Rj � a)=4�a2;  áâã¯¥­ç â ï äã­ªæ¨ïf =8>><>>: 0; y < �1=2;(2y+ 1)=2; �1=2< y < 1=2;(�2y+ 3)=2; 1=2< y < 3=2;0; 3=2< y;¢®§­¨ª ¥â ¢á«¥¤áâ¢¨¥ ª®­¥ç­®áâ¨ à §¬¥à  ç áâ¨æë¨ ®£à ­¨ç¥­­®áâ¨ ®¡« áâ¨ ¯à®áâà ­áâ¢ , ¢ ª®â®à®¬áãé¥áâ¢ã¥â í«¥ªâà¨ç¥áª®¥ ¯®«¥.� ãç¥â®¬ (2) ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï (1) ç áâ¨æë�®¬¬¥àä¥«ì¤  ¯à¨­¨¬ ¥â ¢¨¤d2ydx2 = k �dy(x� 1)dx � dy(x)dx �+ �f; (3)£¤¥ k = 2Q23mc2a ; �= LQEmc2 .�à ¢­¨¬ (1){(3) á  ­ «®£¨ç­®© § ¤ ç¥© ¤«ï ª« á-á¨ç¥áª®© § àï¦¥­­®© â®ç¥ç­®© ç áâ¨æë ¡¥§ ¨§«ãç¥-­¨ï. � ª ï ç áâ¨æ  ¯®¤ç¨­ï¥âáï ãà ¢­¥­¨îd2ydx2 = FE ; (4)£¤¥ FE = �8<: 0; y < 0;1; 0< y < 1;0; 1< y:�« áá¨ç¥áª®¥ à¥è¥­¨¥ ãp ¢­¥­¨ï (4) â ª®¢®:v2 = 2�+ v20; 0< y < 1;£¤¥ v = dy=dx , v0 | ­ ç «ì­ ï áª®à®áâì.�«ï ­ ç «ì­ëå áª®à®áâ¥© ¬¥­ìè¥ ªà¨â¨ç¥áª®©:v20 < v2cr; v2cr = 2j�j , áãé¥áâ¢ã¥â â®çª  ¯®¢®à®â , â. ¥.

ª« áá¨ç¥áª ï ç áâ¨æ  ­¥ ¬®¦¥â ¯à¥®¤®«¥âì ¯®â¥­æ¨- «ì­ë© ¡ àì¥à, ¡ àì¥à ¯à¥®¤®«¥¢ ¥âáï, â®«ìª® ¥á«¨v20 > v2cr:�¥è¥­¨¥ § ¤ ç¨ ® ¡ àì¥à¥ ¤«ï ç áâ¨æë �®¬¬¥à-ä¥«ì¤  áãé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â ª« áá¨ç¥áª®£®.�®¦­® ¯®¯ëâ âìáï ¯®áâà®¨âì à¥è¥­¨¥ ãà ¢­¥-­¨ï (3) â ª: ¯®¤¥«¨âì ®áì z ­  ¥¤¨­¨ç­ë¥ ¨­â¥à¢ -«ë, ­ ©â¨  ­ «¨â¨ç¥áª¨ à¥è¥­¨¥ ­  ª ¦¤®¬ ¨§ ­¨å,  § â¥¬ áè¨âì ¯®«ãç¥­­ë¥ à¥è¥­¨ï ­  £à ­¨æ å¨­â¥à¢ «®¢ (áª®à®áâì ¨ ª®®à¤¨­ â  áä¥àë ¤®«¦­ë¡ëâì ­¥¯à¥àë¢­ë). �¤­ ª® ¤«ï ­ è¨å æ¥«¥© ¡®-«¥¥ íää¥ªâ¨¢­ë¬ ¡ã¤¥â ç¨á«¥­­®¥ ¨­â¥£à¨à®¢ ­¨¥ãà ¢­¥­¨ï (3), ª®â®à®¥ ¨ ¢ëï¢¨â íää¥ªâ ª« áá¨ç¥á-ª®£® âã­­¥«¨à®¢ ­¨ï ç áâ¨æë �®¬¬¥àä¥«ì¤ .�¨á«¥­­ë¥ à¥§ã«ìâ âë ¯®ª § ­ë ­  à¨á. 1{3. � à¨á. 1 ¢¨¤­® ¢®§­¨ª­®¢¥­¨¥ íää¥ªâ  âã­­¥«¨à®¢ -­¨ï ¯à¨ k = 1; � = 0:5 : ¥á«¨ ­ ç «ì­ë¥ áª®à®áâ¨áä¥àë v = 0:4; 0:6 ¨ 0:7 , â® ¢á¥ ®­¨ ¯à¨¢®¤ïâ, ª ªá«¥¤ã¥â ¨§ à¨áã­ª , ª ¯®¢®à®âã âà ¥ªâ®à¨¨; ®¤­ ª®ç áâ¨æ  á ­ ç «ì­®© áª®à®áâìî v = 0:8 ¯à®å®¤¨â¡ àì¥à | ¢®§­¨ª ¥â íää¥ªâ âã­­¥«¨à®¢ ­¨ï. (� ¬¥-â¨¬, çâ® ¢á¥ áª®à®áâ¨ ¢ë¡à ­ë ¨§ <¯®¤ªà¨â¨ç¥áª®©®¡« áâ¨> v 6 vcr = 1:0 .)�  à¨á. 2 íää¥ªâ âã­­¥«¨à®¢ ­¨ï ¢®§­¨ª ¥â ¯à¨k = 1; � = 0:1 : ¥á«¨ ­ ç «ì­ë¥ áª®à®áâ¨ áä¥àëv = 0:12 ¨ 0:3 , â® ¢á¥ ®­¨ ¯à¨¢®¤ïâ ª ¯®¢®à®âãâà ¥ªâ®à¨¨; ®¤­ ª® ç áâ¨æ  á ­ ç «ì­®© áª®à®áâìî���������	
��¨á. 1���������	
��¨á. 2
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��¨á. 3v = 0:4 ¯à®å®¤¨â ¡ àì¥à, â. ¥. âã­­¥«¨àã¥â. (�á¥áª®à®áâ¨ ¢ë¡à ­ë ¨§ <¯®¤ªà¨â¨ç¥áª®© ®¡« áâ¨>v 6 vcr = 0:44720 .)�à ¢­¥­¨¥ à¨á. 3 ¨ p¨á. 2, p §«¨ç îé¨åáï â®«ìª®§­ ç¥­¨¥¬ k , ¯®ª §ë¢ ¥â, çâ® ç¥¬ ¡®«ìè¥ §­ ç¥-­¨¥ k (á¨«ì­¥¥ § ¯ §¤ë¢ ­¨¥), â¥¬ á¨«ì­¥¥ íää¥ªââã­­¥«¨à®¢ ­¨ï: k = 10 ¤«ï à¨á. 3,   � ¨ v | â¥ ¦¥,çâ® ¨ ¤«ï à¨á. 2. �ää¥ªâ âã­­¥«¨à®¢ ­¨ï ­  p¨á. 3¢®§­¨ª ¥â ã¦¥ ¤«ï ¤¢ãå §­ ç¥­¨© áª®p®áâ¨: v = 0:3¨ 0:4 (¢á¥ áª®à®áâ¨ ¢ë¡p ­ë ¨§ <¯®¤ªà¨â¨ç¥áª®©®¡« áâ¨> v 6p2j�j= 0:44720).2. � áâ¨æ  ¢ ¬ £­¨â­®¬ ¯®«¥, æ¨ª«®âà®­�ãáâì ç áâ¨æ  �®¬¬¥àä¥«ì¤  à ¤¨ãá  a ¤¢¨-¦¥âáï ¢® ¢­¥è­¥¬ áâ â¨ç¥áª®¬ ¬ £­¨â­®¬ ¯®-«¥ H ; â®£¤  ¢­¥è­ïï á¨«  § ¯¨áë¢ ¥âáï â ª:Fext = R dr�[ _R;H]=c ¨ ¤«ï �=Q�(jr�Rj�a)=4�a2¯à¨­¨¬ ¥â ¢¨¤ Fext = Qc [ _R;H]: (5)�á«¨ ¬ £­¨â­®¥ ¯®«¥ á®áà¥¤®â®ç¥­® ¢ á«®¥ ª®-­¥ç­®© â®«é¨­ë S (0 < Y < S ) ¨ ¯ à ««¥«ì­®®á¨ z (R = (X; Y; 0)), â® ¢á«¥¤áâ¢¨¥ ª®­¥ç­®áâ¨à §¬¥à  ç áâ¨æë á¨«ã Fext (5) á«¥¤ã¥â ã¬­®¦¨âì­  áâã¯¥­ç âãî äã­ªæ¨î f :f =8>>>>>><>>>>>>: 0; Y < �a;Y2a + 12 ; �a < Y < a;1; a < Y < S � a;S � Y2a + 12 ; S � a < Y < S + a;0; S + a < y: (6)� ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå x = X=M; y == Y=M; � = ct=M (M | ¬ áèâ ¡­ë© ¬­®¦¨â¥«ì)ãà ¢­¥­¨¥ (1) á ãç¥â®¬ (5), (6) ¯à¨­¨¬ ¥â ¢¨¤�y =K [ _y(� � d)� _y(�)]� � _xf;�x=K [ _x(� � d)� _x(�)]+ � _yf; (7)

£¤¥ f =8>>>>>>>>>>><>>>>>>>>>>>: 0; y < �d2 ;yd + 12 ; �d2 < y < d2 ;1; d2 < y < L� d2 ;L� yd + 12 ; L� d2 < y < L+ d2 ;0; L+ d2 < y; (8)¨ K = Q2M3a2mc2 ; �= QHMmc2 ; d= 2aM ; L= SM :�« áá¨ç¥áª¨¬  ­ «®£®¬ ãà ¢­¥­¨© (7), (8) ¤«ï â®-ç¥ç­®© ç áâ¨æë ¡¥§ à ¤¨ æ¨®­­®£® § âãå ­¨ï ï¢«ï-¥âáï á¨áâ¥¬  �y =�� _xg;�x= � _yg; (9)£¤¥ g =8<: 0; y < 0;1; 0< y < L;0; L < y: (10)�ë¡¨à ï ­ ç «ì­ë¥ ãá«®¢¨ï ¢ ¢¨¤¥ x(0) = 0;y(0) = 0; _x(0) = 0; _y(0) = v , ¯®«ãç ¥¬ à¥è¥­¨¥á¨áâ¥¬ë (9):x=�v� + v� cos (��);y = v� sin (��) (0< y < L): (11)�âáî¤  á«¥¤ã¥â, çâ® ¥á«¨ ­ ç «ì­ë¥ áª®à®áâ¨¬¥­ìè¥ ªà¨â¨ç¥áª®© áª®à®áâ¨ vcr = �L , â® âà ¥ª-â®à¨ï ç áâ¨æë (¯®«ã®ªàã¦­®áâì) æ¥«¨ª®¬ «¥¦¨â¢­ãâà¨ ¬ £­¨â­®£® á«®ï ¨ ç áâ¨æ  ­¥ ¬®¦¥â ¯¥à¥©â¨ç¥à¥§ <¯®â¥­æ¨ «ì­ë© ¡ àì¥à> ¨ ¢®©â¨ ¢ <§ ¯à¥-é¥­­ãî> ®¡« áâì y > L . �«ï L = 104 ¨ � = 10�4¢¥«¨ç¨­  ªà¨â¨ç¥áª®© áª®à®áâ¨ vcr à ¢­  ¥¤¨­¨æ¥.�à ¢­¥­¨ï (7) ç¨á«¥­­® ¯à®¨­â¥£à¨à®¢ ­ë ¤«ïá«¥¤ãîé¨å §­ ç¥­¨© áª®à®áâ¨, â®«é¨­ë á«®ï ¨¯ à ¬¥âà®¢ ç áâ¨æë �®¬¬¥àä¥«ì¤  (á¬. â ª¦¥ [8]):v = 0:43 ¨ 0:44 , L = 104; � = 10�4; d = 1:0;K = 4=(3d2); â. ¥. ç áâ¨æ  ¢ë¡à ­  á § àï¤®¬¨ ¬ áá®© ¯®àï¤ª  í«¥ªâà®­­ëå, ¬ £­¨â­®¥ ¯®-«¥ | ¯à¨¡«¨¦¥­­® à ¢­ë¬ 1012 �á,   ¤«¨­  á«®ïS � 5:0 � 10�9 á¬.�¥§ã«ìâ â ¨­â¥£à¨à®¢ ­¨ï ¯à¥¤áâ ¢«¥­ ­  à¨á. 4,£¤¥ ¤«ï áà ¢­¥­¨ï ¯p¨¢¥¤¥­  ª« áá¨ç¥áª ï âà ¥ªâ®-à¨ï (11) ¯à¨ v = 0:44 . �âç¥â«¨¢® ¢¨¤­® ¢®§­¨ª­®¢¥-­¨¥ íää¥ªâ  âã­­¥«¨à®¢ ­¨ï ¤«ï ç áâ¨æë �®¬¬¥à-ä¥«ì¤ : ¯à¨ áª®à®áâ¨ v = 0:43 ç áâ¨æ  ¤¢¨¦¥âáï¢ à §à¥è¥­­®© ®¡« áâ¨ y < L , ­® ¯à¨ v = 0:44 ,ª®â®à ï ¬¥­ìè¥ ªà¨â¨ç¥áª®© vcr = 1 , ç áâ¨æ  ¯à®-å®¤¨â ¡ àì¥à ¨ ¯®¯ ¤ ¥â ¢ <§ ¯à¥é¥­­ãî> ®¡« áâìy > L= 104 .9 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò6
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��¨á. 4�¥¯¥àì à áá¬®âà¨¬ ¤¢¨¦¥­¨¥ ç áâ¨æë �®¬¬¥à-ä¥«ì¤  ¢ áªà¥é¥­­ëå ¯®«ïå.�ãáâì áâ â¨ç¥áª®¥ ¬ £­¨â­®¥ ¯®«¥ ¯ à ««¥«ì­®®á¨ z ¤«ï y < 0 ¨ y > L ¨ ®¡à é ¥âáï ¢ ­ã«ì ¯à¨0 < y < L . �ãáâì ¤«ï 0 < y < L áãé¥áâ¢ã¥â áâ -â¨ç¥áª®¥ í«¥ªâà¨ç¥áª®¥ ¯®«¥ E , ¯ à ««¥«ì­®¥ ®á¨y , ¯p¨ç¥¬ ®­® ¢á¥£¤  ª®««¨­¥ à­® y -ª®¬¯®­¥­â¥áª®à®áâ¨ ç áâ¨æë (â. ¥. ç áâ¨æ  ¢á¥£¤  ãáª®àï¥âáïí«¥ªâà¨ç¥áª¨¬ ¯®«¥¬ ¢ § §®à¥ 0 < y < L). �®£¤ ¯®«ãç ¥¬ ¯à®áâ¥©èãî ¬®¤¥«ì æ¨ª«®âà®­ .�à ¢­¥­¨ï ¤¢¨¦¥­¨ï ç áâ¨æë �®¬¬¥àä¥«ì¤  ¢æ¨ª«®âà®­¥ ¨¬¥îâ ¢¨¤�y =K [ _y(� � d)� _y(�)]� � _xf + � sgn( _y)(1� f);�x =K [ _x(� � d)� _x(�)] + � _yf; (12)£¤¥ �= QEMmc2 :�« áá¨ç¥áª¨©  ­ «®£ ãp ¢­¥­¨© (12) ¯®«ãç ¥âáï§ ­ã«¥­¨¥¬ K ¨ § ¬¥­®© f ­  g (10):�y =�� _xg+ � sgn( _y)(1� g);�x= � _yg: (13)� ç «ì­ë¥ ãá«®¢¨ï ¢ë¡¥à¥¬ ¢ ¢¨¤¥x(0) = y(0) = _x(0) = _y(0) = 0:�®£« á­® ª« áá¨ç¥áª®¬ã ãà ¢­¥­¨î ¤¢¨¦¥­¨ï(13), ¡¥§ à ¤¨ æ¨®­­®£® âà¥­¨ï ç áâ¨æ  ¤¢¨¦¥âáï¯® à áªàãç¨¢ îé¥©áï á¯¨à «¨. �®«­ë© ¯à¨à®áâª¨­¥â¨ç¥áª®© í­¥à£¨¨ ç áâ¨æë Wc = ( _x)2=2+( _y)2=2§ ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ Wc = N�L , £¤¥ N | ç¨á-«® ¯à®å®¦¤¥­¨© ç áâ¨æë ç¥p¥§ § §®à á ãáª®àï-îé¨¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬ E . �á«¨ N = 10;� = � = 10�7; L = 105 , â® Wc = 10�1: �à ¢­¥­¨ï¤¢¨¦¥­¨ï ç áâ¨æë �®¬¬¥àä¥«ì¤  (12) ¡ë«¨ ç¨á-«¥­­® ¯à®¨­â¥£à¨à®¢ ­ë á ­ã«¥¢ë¬¨ ­ ç «ì­ë¬¨ãá«®¢¨ï¬¨ ¨ á«¥¤ãîé¨¬¨ §­ ç¥­¨ï¬¨ ¯ à ¬¥âà®¢:L = 105; � = 10�7 = �; d = 0:3; K = 2:0; â. ¥.ç áâ¨æ  ¢ë¡¨à « áì á ¬ áá®© ¨ § àï¤®¬ ¯®àï¤ª 

í«¥ªâà®­­ëå §­ ç¥­¨©, ¬ £­¨â­®¥ ¯®«¥ | ¯à¨¡«¨-¦¥­­® à ¢­ë¬ 8:0 � 107 �á,   í«¥ªâà¨ç¥áª®¥ ¯®-«¥ ¢ § §®à¥ á®®â¢¥âáâ¢®¢ «® à §­®áâ¨ ¯®â¥­æ¨ «®¢104 í�, ¢¥«¨ç¨­  § §®à  ¡ë«  ¯à¨¡«¨¦¥­­® à ¢­ 10�7 á¬.�¥§ã«ìâ âë ¢ëç¨á«¥­¨© ¯à¥¤áâ ¢«¥­ë ­  à¨á. 5(ª« áá¨ç¥áª¨© á«ãç ©) ¨ à¨á. 6 (ç áâ¨æ  �®¬¬¥à-ä¥«ì¤ ). �¨¤­®, çâ® ¤«ï ®¤­®£® ¨ â®£® ¦¥ <¢à¥-¬¥­¨> � � 108 (â. ¥. t � 10�4 á) ª« áá¨ç¥áª ïç áâ¨æ  ¡¥§ ãç¥â  à ¤¨ æ¨®­­®£® âà¥­¨ï á®¢¥àè¨âN = 10 ¯à®å®¤®¢ ç¥à¥§ § §®à á ¯®«­ë¬ ¯à¨à®áâ®¬ª¨­¥â¨ç¥áª®© í­¥à£¨¨ Wc = 0:1 , â®£¤  ª ª ç áâ¨æ �®¬¬¥àä¥«ì¤  | â®«ìª® N = 6 ¯p®å®¤®¢ á ¯®«­ë¬¯à¨à®áâ®¬ ª¨­¥â¨ç¥áª®© í­¥à£¨¨ Ws = 0:0375 (¤«ïª« áá¨ç¥áª®© ç áâ¨æë ¯p¨p®áâ Wc ¤«ï N = 6 à ¢¥­0:06). � ª¨¬ ®¡à §®¬, à áªàãç¨¢ ­¨¥ âà ¥ªâ®à¨¨¤«ï ç áâ¨æë �®¬¬¥àä¥«ì¤  áãé¥áâ¢¥­­® § ¯ §¤ë-¢ ¥â ¯® áà ¢­¥­¨î á ª« áá¨ç¥áª¨¬ á«ãç ¥¬.���������	
��¨á. 5���������	
��¨á. 6�â¬¥â¨¬, çâ® § ¯ §¤ë¢ ­¨¥ ¯® à®áâã í­¥à£¨¨¯à¨å®¤¨âáï ¢ ®á­®¢­®¬ ­  ¬®¬¥­âë ¤¢¨¦¥­¨ï ¢­ãâ-à¨ § §®à . �â® ¬®¦­® ®¡êïá­¨âì ®â«¨ç¨¥¬ ¢¥«¨ç¨­ãáª®à¥­¨ï ç áâ¨æë ¢ í«¥ªâà¨ç¥áª®¬ ¯®«¥ (¯à®¯®à-æ¨®­ «ì­ë¬ � � 10�7 ) ¨ ¢ ¬ £­¨â­®¬ ¯®«¥ (¯à®-¯®àæ¨®­ «ì­ë¬ v�� 10�8 ): ª ª ¨§¢¥áâ­®, ¯®â®ª ¨§-«ãç¥­¨ï í«¥ªâà®¬ £­¨â­®© í­¥à£¨¨ ¯à®¯®àæ¨®­ «¥­ª¢ ¤à âã ãáª®à¥­¨ï ¨§«ãç îé¥© ç áâ¨æë.



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6 193. � áá¥ï­¨¥ �¥§¥àä®à¤ � áá¬®âà¨¬ â¥¯¥àì § ¤ çã ® à áá¥ï­¨¨ ç áâ¨æë�®¬¬¥àä¥«ì¤  ­  â®ç¥ç­®¬ ªã«®­®¢áª®¬ æ¥­âà¥.�« £®¤ àï íää¥ªâã § ¯ §¤ë¢ ­¨ï â ª®¥ à áá¥ï­¨¥¤®«¦­® ®â«¨ç âìáï ®â áâ ­¤ àâ­®£® à áá¥ï­¨ï �¥-§¥àä®à¤ , ¨ á«¥¤ã¥â ®¦¨¤ âì, çâ® ¤«ï ç áâ¨æë�®¬¬¥àä¥«ì¤  ã£®« à áá¥ï­¨ï ¡ã¤¥â ¬¥­ìè¥ (c¬.â ª¦¥ [9]).�«ï ç¨á«¥­­®£® áç¥â  ¢®á¯®«ì§ã¥¬áï ãà ¢­¥­¨-¥¬ (1). �­¥è­ïï á¨«  Fext , ®¡à §®¢ ­­ ï â®ç¥ç­ë¬§ àï¤®¬ e ¢ â®çª¥ r= 0 , § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥Fext = Z dr�err3 ; (14)çâ® ¤«ï áä¥àë �®¬¬¥àä¥«ì¤  á ¯«®â­®áâìî § àï¤ �=Q�(jr�Rj � a)=4�a2 ¤ ¥â áâ ­¤ àâ­®¥ ªã«®­®¢-áª®¥ ¢ëà ¦¥­¨¥Fext = eRR3 ; R > a: (15)�¥p¥å®¤ ª ¡¥§à §¬¥à­ë¬ ¯¥à¥¬¥­­ë¬ R=��2L;ct= x � 2L ¯p¨¢®¤¨â ãà ¢­¥­¨ï (1), (15) ª ¢¨¤ã��=K h _�(x� �)� _�(x)i+ ��j�j�3; (16)£¤¥ K = 2Q2L3mc2a2 ; �= eQ2mc2L; � = a=L:�á«¨ à áá¥ï­¨¥ ¯p®¨áå®¤¨â ¢ ¯«®áª®áâ¨ X{Y(� = (X; Y; 0)), â® á¨áâ¥¬  (16) à §¡¨¢ ¥âáï ­  ¤¢ ãà ¢­¥­¨ï:�Y =K h _Y (x� �)� _Y (x)i+ �Y (X2+ Y 2)�3=2;�X =K h _X(x� �)� _X(x)i+ �X(X2+ Y 2)�3=2:(17)� ç «ì­ë¥ ãá«®¢¨ï ¯à¨ x = 0 ¢®§ì¬¥¬ ¢ ¢¨¤¥Xi = 1000; Yi = b (b | ¯à¨æ¥«ì­ë© ¯ à ¬¥âà),_Xi = vi; _Yi = 0: �ë¡¥à¥¬ â ª¦¥ ­ ç «ì­ãî áª®-���������	
��¨á. 7

à®áâì vi = �0:1 ¨ á«¥¤ãîé¨¥ §­ ç¥­¨ï ¯ à ¬¥âà®¢:K = 4=30 ¨ �= 0:1 (K=�= (4=3)(Q=e)(1=�2)).�¨á«¥­­ë¥ à¥§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë ­  à¨á. 7.�¨¤­® ®â«¨ç¨¥ à áá¥ï­¨ï ¤«ï ª« áá¨ç¥áª®© § ¤ -ç¨ �¥§¥àä®à¤  (ªà¨¢ ï 1) ®â à áá¥ï­¨ï ¢ ¬®¤¥«¨�®¬¬¥àä¥«ì¤  (ªà¨¢ ï 2) ¤«ï ¢ë¡à ­­ëå §­ ç¥­¨©b = 60:0; ¨ � = 4:0 . � ª¨¬ ®¡à §®¬, ¢á«¥¤áâ¢¨¥§ ¯ §¤ë¢ ­¨ï ã£®« à áá¥ï­¨ï � ¤«ï ¯à®âï¦¥­­®©ç áâ¨æë ¬¥­ìè¥ áâ ­¤ àâ­®£®.4. � ¯ §¤ë¢ ­¨¥ ¤«ï ¡à®ã­®¢áª®© ç áâ¨æë� ª ã¦¥ ®â¬¥ç «®áì, ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï ç áâ¨-æë �®¬¬¥àä¥«ì¤  ¯®¤ ¤¥©áâ¢¨¥¬ ¢­¥è­¥© á¨«ë ¢ª¢ §¨áâ æ¨®­ à­®¬ ¯à¨¡«¨¦¥­¨¨ ¬®¦­® § ¯¨á âì ¢¡¥§à §¬¥à­®¬ ¢¨¤¥:_y(x) + �y(x) = f(x) + 
 [y(x� �)� y(x)] ; (18)£¤¥ y(x) | ¡¥§à §¬¥à­ ï áª®à®áâì ç áâ¨æë;x | ¡¥§à §¬¥à­®¥ ¢à¥¬ï; f(x) | ¢­¥è­ïï á¨« ;� |ª®íää¨æ¨¥­â ¢ï§ª®áâ¨ ®ªàã¦ îé¥© áà¥¤ë; � |§ ¯ §¤ë¢ ­¨¥ ¯® ¢à¥¬¥­¨; 
 | ª®íää¨æ¨¥­â ¢á®®â­®è¥­¨¨, á¢ï§ë¢ îé¥¬ ¢¥«¨ç¨­ã � ¨ ®â­®-è¥­¨¥ í«¥ªâà®¬ £­¨â­®© ¬ ááë ª ¬¥å ­¨ç¥áª®©:
� = (L=3a)(Q2=a)=(mc2) (§¤¥áì 2a | à §¬¥à ç á-â¨æë �®¬¬¥àä¥«ì¤  á § àï¤®¬ Q ¨ ¬ áá®© m).�á«¨ f | áâ®å áâ¨ç¥áª ï á¨« , â® (18) ¬®¦­®à áá¬ âà¨¢ âì ª ª ãà ¢­¥­¨¥ ¡à®ã­®¢áª®£® ¤¢¨¦¥-­¨ï § àï¦¥­­®© ç áâ¨æë á ¢à¥¬¥­­ë¬ § ¯ §¤ë¢ -­¨¥¬ (á¬. â ª¦¥ [10]).�®§­¨ª ¥â ¥áâ¥áâ¢¥­­ë© ¢®¯à®á: á®¢¯ ¤ îâ «¨íää¥ªâ¨¢­ë¥ â¥¬¯¥à âãàë ¡à®ã­®¢áª®£® ¤¢¨¦¥­¨ï§ àï¦¥­­®© ç áâ¨æë ¨ ª« áá¨ç¥áª®© â®ç¥ç­®© ­¥-§ àï¦¥­­®© ç áâ¨æë? �«ï ®â¢¥â  ¢®á¯®«ì§ã¥¬áï¬¥â®¤®¬ á¯¥ªâà «ì­ëå à §«®¦¥­¨© (¨«¨ ¬¥â®¤®¬� ©á , | á¬., ­ ¯à., [11]).� ¯®¬®éìî äãàì¥-¯à¥®¡à §®¢ ­¨©y(x) = Z dw exp (iwx)ywà¥è¥­¨¥ ®á­®¢­®£® ãà ¢­¥­¨ï (18) ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥­® â ª:12i� Z dz f(z) Z dwexp (iw(x� z))g(w) ;£¤¥ g(w) = w� i�0+ i
 exp (�iw�); �0 = �+
 . �®£¤ ¤«ï áâ æ¨®­ à­®£® ¯à®æ¥áá , â. ¥. ¤«ï ¤®áâ â®ç­®¡®«ìè®£® <¢à¥¬¥­¨> x : x� 1=� , ­® ¯à¨ ¯à®¨§¢®«ì-­®¬ § ¯ §¤ë¢ ­¨¨ � ¯® áà ¢­¥­¨î á x , ¥á«¨ ª®à-à¥«ïæ¨®­­ ï äã­ªæ¨ï á¨«ë R(x; y) = <f(x)f(y)>¨¬¥¥â ¢¨¤ R(x; y) = R0�(x � y) , â® ¤¨á¯¥àá¨ï D(D =<y(x)y�(x)>) § ¯¨è¥âáï á«¥¤ãîé¨¬ ®¡p §®¬:D = R0�2� 1Z�1 dwg(w)g�(w) � R0�2� I; (19)10 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò6



20 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2001. ò6���������	
��¨á. 8£¤¥ I = I(g;G) == 1Z�1 dzz2+(G+g)2+g2�2g(G+g) cos(z)+2gz sin(z) �� 1Z�1 dz�(z; g;G) (20)¨ g � 
�; G� ��:� ª¨¬ ®¡à §®¬, ¢¬¥áâ® â®£®, çâ®¡ë à¥è âì ¨áå®¤-­®¥ ãà ¢­¥­¨¥ (18),   § â¥¬, ¨á¯®«ì§ãï ­ ©¤¥­­ë¥à¥è¥­¨ï, ¨áª âì ¤¨á¯¥àá¨î, ¬®¦­® áà §ã ¯®¯ëâ âì-áï ¢ëç¨á«¨âì ¨­â¥£à « (19){(20).�ã­ªæ¨¨ I(g;G) ¨ �(z; g;G) ¨¬¥îâ á«¥¤ãîé¨¥á¢®©áâ¢ :1) �> 0 ¤«ï g;G> 0 ;2) ¥á«¨ g � 0 (â. ¥. § ¯ §¤ë¢ ­¨¥ ®âáãâáâ¢ã¥â), â®�= z2 +G2 � �B ¨ ¨­â¥£à « I ¢ëç¨á«ï¥âáï ï¢­®:I(g � 0; G) = �=G� IB;íâ® ¤ ¥â áâ ­¤ àâ­ë© ¡à®ã­®¢áª¨© à¥§ã«ìâ â:D = R02� �DB;3) d�=dG > 0 ¤«ï ¢á¥å z; g; G , ®âáî¤ dI=dG< 0;4) I(g;G ! 0) ! 1 : ¤«ï G ! 0 ¢®§­¨-ª ¥â ¯®«îá z = 0 ¢ ¯®¤ë­â¥£à «ì­®¬ ¢ëà ¦¥-­¨¨ 1=� : �(z ! 0; g; G ! 0) � z2(1 + g)2 + G2 ,á«¥¤®¢ â¥«ì­®, ¥á«¨ £« ¢­ë© ¢ª« ¤ ¢ ¨­â¥£-à « I ¤ ¥â ®ªà¥áâ­®áâì ¯®«îá  z = 0 , â®I(g;G! 0)� (�=G) � 1=(1+ g) = IB=(1+ g); â ª çâ®I(g;G)< I(g;G! 0) = IB=(1+ g):

���������	
��¨á. 9�¥§ã«ìâ âë ç¨á«¥­­®£® ¨­â¥£à¨à®¢ ­¨ï äã­ª-æ¨¨ I ¯à¥¤áâ ¢«¥­ë ­  à¨á. 8 ¨ 9. �  à¨á. 8¨§®¡à ¦¥­ë ªà¨¢ë¥ I(g;G) ¤«ï 0:1 < G < 10 ¨g = 0:0; 1:0 , 5:0 ,   ­  à¨á. 9 | ªà¨¢ë¥ I(g;G)¤«ï 0 < g < 10 ¨ G = 0:1; 1:0; ¨ 5:0 . �¨¤­®, çâ®I(g;G)< IB = �=G:� ª¨¬ ®¡à §®¬, ¢¥«¨ç¨­  ¤¨á¯¥àá¨¨ ¤«ï § àï-¦¥­­®© ¡à®ã­®¢áª®© ç áâ¨æë (¨, á«¥¤®¢ â¥«ì­®,¢¥«¨ç¨­  íää¥ªâ¨¢­®© â¥¬¯¥à âãàë) ¬¥­ìè¥, ç¥¬¤«ï ª« áá¨ç¥áª®© ¡à®ã­®¢áª®© ç áâ¨æë ¡¥§ í«¥ªâà¨-ç¥áª®£® § àï¤ .�¨â¥à âãà 1. �« á®¢ �«. �. // �¥áâ­. �®áª. ã­-â . �¨§. �áâp®­. 1998.ò 5. C. 17.2. Sommerfeld A. // Gottingen Nachrichten. 1904. P. 29; 1904.P. 363; 1905. P. 201.3. Erber T. // Fortschr. Phys. 1961. 9. P. 343.4. Pearle P. // Electromagnetism / Ed. D. Tepliz. N.Y.: PlenumPress, 1982. P. 211.5. Yaghjian A. Relativistic Dynamics of a Charged Sphere:Lecture Notes in Phys. V. 11. Berlin: Springer-Verlag, 1992.6. Rohrlich F. // Am. J. Physics. 1997. 65, No. 11. P. 1051;Phys. Rev. 1999. D60. P. 084017.7. Vlasov Alexander A. E-print Archive: physics/9911059.8. Vlasov Alexander A. E-print Archive: physics/0004026.9. Vlasov Alexander A. E-print Archive: physics/9912051.10. Vlasov Alexander A. E-print Archive: physics/0103065.11. �¢ á­¨ª®¢ �.�. �¥à¬®¤¨­ ¬¨ª  ¨ áâ â¨áâ¨ç¥áª ï ä¨§¨ª .�. 2. �.: �§¤-¢® �®áª. ã­-â , 1987. �®áâã¯¨«  ¢ p¥¤ ªæ¨î27.06.01


