
20 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü 4��� 535.145 ����������� ������ ����� �������� �� �������������� �������: ��������� ������������. �. �¥«¨áª¨©(ª ä¥¤à  ª®¬¯ìîâ¥àëå ¬¥â®¤®¢ ä¨§¨ª¨)�¨¯®â¥§  à¥ «ì®£® áãé¥áâ¢®¢ ¨ï ä«ãªâã æ¨© ¢ ªãã¬  ¯®§¢®«ï¥â à §à¥è¨âì àï¤ ¢ ¦ëå § ¤ ç¢ à ¬ª å ª« áá¨ç¥áª®© í«¥ªâà®¬ £¨â®© â¥®à¨¨, ¨ ¢ ç áâ®áâ¨ ¯à®¡«¥¬ã áâ ¡¨«ì®áâ¨  â®¬  ¢®¤®-à®¤ . �¤ ª® ¨§¢¥áâë¥ à¥è¥¨ï íâ®© § ¤ ç¨ ¯à®â¨¢®à¥ç¨¢ë: Boyer ¨ Puthoff ¨áå®¤ïâ ¨§ ªàã£®¢®©®à¡¨âë í«¥ªâà® ,   Nelson ¯®ª §ë¢ ¥â, çâ® í«¥ªâà® ª®«¥¡«¥âáï ¢ à ¤¨ «ì®¬  ¯à ¢«¥¨¨ ¨ ¨¬¥¥âã«¥¢®© ®à¡¨â «ìë© ¬®¬¥â. �«ï ¯à®¢¥àª¨ íâ¨å à¥§ã«ìâ â®¢ ¯à®¢¥¤¥ ç¨á«¥ë© íªá¯¥à¨¬¥â,ª®â®àë© ¯®¤â¢¥à¤¨«, çâ® í«¥ªâà® ¤¥©áâ¢¨â¥«ì® ¥ ¯ ¤ ¥â   ï¤à®, ® ¢®¯à®á ® áâ ¡¨«ì®áâ¨ªàã£®¢®© ®à¡¨âë ¢ ¯« ¥â à®© ¬®¤¥«¨ ®áâ ¥âáï ®âªàëâë¬.�¢¥¤¥¨¥�« áá¨ç¥áª ï ¯« ¥â à ï ¬®¤¥«ì  â®¬  �¥§¥à-ä®à¤ , ª ª ¨§¢¥áâ®, ¥ã¤®¢«¥â¢®à¨â¥«ì , ¯®áª®«ì-ªã í«¥ªâà® ¨§-§  ¨á¯ãáª ¨ï í«¥ªâà®¬ £¨â®£® ¨§-«ãç¥¨ï ¤®«¦¥ ã¯ áâì   ï¤à®. �¢ â®¢ ï â¥®à¨ïá¢®¡®¤  ®â íâ®£® ¥¤®áâ âª . �«¥¤áâ¢¨¥¬ ¥¥ ï¢«ï-¥âáï  «¨ç¨¥ ä«ãªâã æ¨© ¢ ªãã¬ , ¯à¨à®¤  ª®â®àëå¥¨§¢¥áâ .�®æ¥¯æ¨ï ¢ ªãã¬ëå ä«ãªâã æ¨© ª ª ä®  í«¥ª-âà®¬ £¨âëå ¢®«, á®£« á® à¥§ã«ìâ â ¬ à ¡®â[1{4], ãáâà ï¥â ¥¤®áâ âª¨ ª« áá¨ç¥áª®© ¯« ¥â à-®© ¬®¤¥«¨  â®¬  �¥§¥àä®à¤ : §  áç¥â ¯®¤ª çª¨í¥à£¨¨ ®â íâ¨å ¢®« í«¥ªâà®ã áâ ¡¨«ì®áâì  â®-¬  á®åà ï¥âáï. �à¨ íâ®¬ ®¯¨á ¨¥ ¯à®¢®¤¨âáï ¢à ¬ª å ª« áá¨ç¥áª®© í«¥ªâà®¤¨ ¬¨ª¨. �¤¨áâ¢¥-ë© à¥§ã«ìâ â, ¯à¨¢®á¨¬ë© ¨§ ª¢ â®¢®© â¥®à¨¨,á®áâ®¨â ¢ â®¬, çâ® í¥à£¨ï ª ¦¤®© ¬®¤ë ¢ ªãã¬®£®á®áâ®ï¨ï ¡¥à¥âáï à ¢®© ~!=2 . �¤ ª® à áá¬®âà¥-¨¥ ¢ à ¡®â¥ [1] ¯à®¢¥¤¥®   ®á®¢¥ ¯à¥¤¯®«®¦¥¨ï® â®¬, çâ® ®à¡¨â  í«¥ªâà®  ªàã£®¢ ï,   ¢ à ¡®â¥ [2]à¥è¥  «¨¥© ï § ¤ ç  ä ªâ¨ç¥áª¨ ¢ ®¤®¬¥à®¬¯à¨¡«¨¦¥¨¨ £ à¬®¨ç¥áª®£® ®áæ¨««ïâ®à . �âà®£®£®¢®àï, á«¥¤ã¥â à¥è âì ¥«¨¥©ãî (¨§-§  ªã«®®¢-áª®© á¨«ë) âà¥å¬¥àãî § ¤ çã [3]. �â® ¨ ¯®áâ ¢«¥®æ¥«ìî  áâ®ïé¥© à ¡®âë. �â¬¥â¨¬ â ª¦¥, çâ® ¢ ¬®-®£à ä¨¨ [4, á. 99] ¯®¤â¢¥à¦¤¥  áâ ¡¨«ì®áâì  â®¬ ¢®¤®à®¤  ¢ ®á®¢®¬ á®áâ®ï¨¨, ®¤ ª® âà ¥ªâ®à¨ïí«¥ªâà®  ®ª § « áì ¥ ªàã£®¢®©,   ®áæ¨««¨àãîé¥© ¢à ¤¨ «ì®¬  ¯à ¢«¥¨¨ ¨ ¨ª®£¤  ¥ ¤®áâ¨£ îé¥©ï¤à .�®¤¥«ì ¢ ªãã¬ëå ä«ãªâã æ¨©�à¨¬¥¬ ¬®¤¥«ì ¢ ªãã¬ëå ä«ãªâã æ¨© ¢ á®®â-¢¥âáâ¢¨¨ á à ¡®â®© [2]. �ë¡¥à¥¬ ¤®áâ â®ç® ¡®«ì-è®© ®¡ê¥¬ L3 (¯à¥¢ëè îé¨© à §¬¥àë  â®¬ ) ¢¢¨¤¥ ªã¡  ¨ ¡ã¤¥¬ áç¨â âì, çâ® ¯à®áâà áâ¢® ¢íâ®¬ ªã¡¥ § ¯®«¥® â®«ìª® í«¥ªâà®¬ £¨âë¬ ä®-®¬ ¢ ªãã¬ . �®«®¦¨¬ í¥à£¨î ª ¦¤®© ¯«®áª®©£ à¬®¨ç¥áª®© ¬®¤ë íâ®£® ä®  à ¢®© ~!k=2 , £¤¥!k = kc | ªàã£®¢ ï ç áâ®â  ¬®¤ë á ¢®«®¢ë¬ ¢¥ª-â®à®¬ k = (kx; ky; kz) . �«¨  ¢®«®¢®£® ¢¥ªâ®à k = jkj ,   c | áª®à®áâì á¢¥â  ¢ ¢ ªãã¬¥. � ª¨¬®¡à §®¬,  ¬¯«¨âã¤  ¬®¤ë Ek =p2h!k=L3 (á¬. ¯à¨-

«®¦¥¨¥). � §ã ¬®¤ë �k;� ¯®«®¦¨¬ á«ãç ©®© ¨ à ¢-®¬¥à® à á¯à¥¤¥«¥®©   ¯®«ã¨â¥à¢ «¥ [0; 2�) .�¤¥ªá � = 1 ¨«¨ 2 á®®â¢¥âáâ¢ã¥â ®¤®© ¨§ ¤¢ãå ®à-â®£® «ìëå ¯®«ïà¨§ æ¨©. �®¤ë ¨ ¨å ä §ë áç¨â ¥¬¢§ ¨¬® ¥§ ¢¨á¨¬ë¬¨. �«¥ªâà®¬ £¨â®¥ ¯®«¥ ¢ -ªãã¬  ¯®¯¥à¥ç®¥. � ¯àï¦¥®áâì ¬®¤ë í«¥ªâà¨ç¥á-ª®© á®áâ ¢«ïîé¥© ¯®«ï ¢ â®çª¥ (r; t) ¡ã¤¥â à ¢®©Ek;�(r; t) = �Ek;�; Ek;� =Ek cos[kr� !kt+ �k;� ]:�¤¥áì � | ¥¤¨¨çë© ¢¥ªâ®à ¢  ¯à ¢«¥¨¨ í«¥ª-âà¨ç¥áª®© á®áâ ¢«ïîé¥© ¯®«ï ¯®«ïà¨§ æ¨¨ � . �à¥¤-áâ ¢¨¬  ¯àï¦¥®áâì ¢á¥£® ä®  ¢ ¢¨¤¥ áã¬¬ë¯® k :E(r; t) = 2X�=1 1Xnx=�1 1Xny=�1 1Xnz=�1Ek;�(r; t);k= n2�L nx; 2�L ny ; 2�L nzo;nx; ny ; nz = 0; �1; �2; : : : : (1)�®áª®«ìªã á à®áâ®¬ k à áâ¥â ¨ Ek , áã¬¬  (1) à áå®-¤¨âáï.�®¤¥«ì  â®¬  ¢®¤®à®¤  ¢ ¯®«¥ ¢ ªãã¬ëåä«ãªâã æ¨©�®¬¥áâ¨¬ ¥¢®§¡ã¦¤¥ë©  â®¬ ¢®¤®à®¤  ¢æ¥âà ªã¡  á® áâ®à®®© L , ª®â®àãî ¡ã¤¥¬ ¯®« £ âì¤«¨®© ª¢ â®¢ ¨ï [5, á. 232]. �®£« á® ¬®¤¥«¨ �¥-§¥àä®à¤ , í«¥ªâà® ¢à é ¥âáï ¯® ªàã£®¢®© (¯¥à¢®©¡®à®¢áª®©) ®à¡¨â¥ ¢®ªàã£ ¯à®â® . � ¤¨ãá-¢¥ªâ®à¯®á«¥¤¥£® ¯®«®¦¨¬ r= (0; 0; 0) . � ª ¨ ¢ à ¡®â¥ [2],¯®« £ ¥¬ ¯à®â® ¥¯®¤¢¨¦ë¬. �à¥¥¡à¥¦¥¬ â ª¦¥¨ ¢«¨ï¨¥¬    â®¬ ¬ £¨â®© ª®¬¯®¥âë ¢¥è¥-£® ¯®«ï.� ¤®¡ ¢«¥¨¥¬  â®¬  ¢ ®¡ê¥¬ ª¢ â®¢ ¨ï í«¥ª-âà®¬ £¨â®¥ ¯®«¥ ¯¥à¥áâ ¥â ¡ëâì ¯®¯¥à¥çë¬, â ªª ª ¤®¡ ¢«¥¨¥ áâ®à®¨å â®ª®¢ (¢ ¤ ®¬ á«ãç ¥íâ® ¤¢¨¦¥¨¥ í«¥ªâà® ) ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥-¨î ¯à®¤®«ì®© ª®¬¯®¥âë í«¥ªâà¨ç¥áª®£® ¯®«ï[5, c. 235]. �ã¤¥¬ áç¨â âì ¢ ªãã¬ «¨¥©®© áà¥¤®©,  í«¥ªâà®¬ £¨â®¥ ¯®«¥ | áã¬¬®© ¥ ¢®§¬ãé¥®£®í«¥ªâà®®¬ ¢ ªãã¬®£® ä®  (¢ ®âáãâáâ¢¨¥  â®¬ )



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 21¨ ¨§«ãç¥¨ï í«¥ªâà® . �§«ãç¥¨¥ í«¥ªâà®  ãçâ¥¬¢¢¥¤¥¨¥¬ á¨«ë à ¤¨ æ¨®®£® âà¥¨ï [6].�à¥¬ï, ¢ â¥ç¥¨¥ ª®â®à®£® à áá¬ âà¨¢ ¥âáï í¢®-«îæ¨ï  â®¬ , ®£à ¨ç¨¬ § ç¥¨¥¬ t < L=2c (¢à¥¬ïà á¯à®áâà ¥¨ï á¢¥â  ®â £à ¨æ ¤®  â®¬ ). � ¯à¨-¬¥à, ¯à¨ L = 10�4 á¬ ¢à¥¬ï í¢®«îæ¨¨ ¥ ¤®«¦®¯à¥¢ëè âì ¯à¨¬¥à® 10 ¯¥à¨®¤®¢ ®¡à é¥¨ï í«¥ª-âà®  ¯® ¯¥à¢®© ¡®à®¢áª®© ®à¡¨â¥.�á®¢ë¥ á®®â®è¥¨ï�®¬¯®¥âë  ¬¯«¨âã¤ë ¢¥ªâ®à   ¯àï¦¥®áâ¨í«¥ªâà¨ç¥áª®£® ¯®«ï ¬®¤ë Ek;� = (Ek;�x , Ek;�y ,Ek;�z) , á®£« á® ¯à¨«®¦¥¨î, à ¢ëEk;1x = kyk?Ek;1; Ek;2x = kxkzk?k Ek;2; (2)Ek;1y =� kxk?Ek;1; Ek;2y = kykzk?k Ek;2; (3)Ek;1z = 0; Ek;2z =�k?k Ek;2; (4)£¤¥ k? = jk?j=qk2x + k2y .�à ¢¥¨¥ ¤¢¨¦¥¨ï í«¥ªâà®  ¢®ªàã£ ¯à®â® ¨¬¥¥â ¢¨¤m�r=�e2 rjrj3 + 2e23c3 ...r �eE(r; t); (5)£¤¥ á« £ ¥¬ë¥ ¢ ¯à ¢®© ç áâ¨ ®¯¨áë¢ îâ á®®â¢¥â-áâ¢¥® ªã«®®¢áªãî á¨«ã, á¨«ã à ¤¨ æ¨®®£® âà¥-¨ï [6, á. 269] ¨ á¨«ã, ¢®§¤¥©áâ¢ãîéãî   í«¥ªâà®á® áâ®à®ë ¢¥è¥£® (¢ ªãã¬®£®) ¯®«ï.�à®®à¬¨àã¥¬ r = (x; y; z) ¯® à ¤¨ãáã ¯¥à¢®©¡®à®¢áª®© ®à¡¨âë í«¥ªâà®  rH :R= rrH ; rH = 3s e2m!2H � 5; 2917 � 10�9 á¬;£¤¥ !H � 4; 1343 � 1016 à ¤/á | ªàã£®¢ ï ç áâ®â ¢à é¥¨ï í«¥ªâà®  ¯® ¯¥à¢®© ¡®à®¢áª®© ®à¡¨â¥ ¢®âáãâáâ¢¨¥ à ¤¨ æ¨®®£® âà¥¨ï ¨ ¢¥è¥£® ¯®«ï.�à®®à¬¨àã¥¬ â ª¦¥ ¢à¥¬ï   ¢¥«¨ç¨ã !�1h , â. ¥.¢¢¥¤¥¬ T = !H t . �à¨ â ª®© ®à¬¨à®¢ª¥ ª®íää¨æ¨-¥â ¯à¨ ªã«®®¢áª®© á¨«¥ ®ª §ë¢ ¥âáï à ¢ë¬ ¥¤¨-¨æ¥ ¨ ¢ëà ¦¥¨¥ (5) ¯à¨¨¬ ¥â ¢¨¤�R+ RjRj3 � � ...R+F(R; T ) = 0; (6)£¤¥ �= 2e2!H3mc3 � 2; 5908 � 10�7;F(R; T ) = em!2HrHE(R; T ):�®á¯®«ì§ã¥¬áï ¬ «®áâìî ª®íää¨æ¨¥â  � ¨ ¯à¥¤-áâ ¢¨¬ à¥è¥¨¥ ãà ¢¥¨ï (6) ¢ ¢¨¤¥R(T ) =R0(T )� �R1(T ); (7)

£¤¥ R0(T ) | à ¤¨ãá-¢¥ªâ®à âà ¥ªâ®à¨¨ í«¥ªâà®  ¢®âáãâáâ¢¨¥ à ¤¨ æ¨®®£® âà¥¨ï, R1(T ) | ¯®¯à ¢-ª , ®¡ãá«®¢«¥ ï à ¤¨ æ¨®ë¬ âà¥¨¥¬.�®¤áâ ¢¨¬ (7) ¢ (6) ¨ à §«®¦¨¬ ªã«®®¢áª®¥ á« -£ ¥¬®¥ ¢ àï¤ ¯® áâ¥¯¥ï¬ � :R0 � �R1jR0� �R1j3 � R0jR0j3 � �R1jR0j2� 3R0(R0R1)jR0j5 :�¤¥áì ¨ ¤ «¥¥ ®£à ¨ç¨¢ ¥¬áï á« £ ¥¬ë¬¨ ¥ ¢ëè¥¯¥à¢®© áâ¥¯¥¨ ¯® � . �®«®¦¨¬ â ª¦¥, çâ® å à ª-â¥àë© ¬ áèâ ¡ ¨§¬¥¥¨ï F ¯® R áãé¥áâ¢¥®¡®«ìè¥, ç¥¬ �R1 , â®£¤ F(R0� �R1; T )� F(R0; T ):� ª¨¬ ®¡à §®¬,�R0 � � �R1 + R0jR0j3 � �R1jR0j2� 3R0(R0R1)jR0j5 �� � ...R0 +F(R0; T )= 0:�à¨à ¢¨¢ ï ç«¥ë ®¤®£® ¯®àï¤ª  ¯® ¬ «®¬ã ¯ -à ¬¥âàã � , ¯®«ãç¨¬ á¨áâ¥¬ã ãà ¢¥¨©8>>><>>>: �R0 + R0jR0j3 +F(R0; T ) = 0; (8)�R1 + R1jR0j2 � 3R0(R0R1)jR0j5 + ...R0= 0: (9)�¨ää¥à¥æ¨àãï (8), ¢ëç¨á«¨¬ âà¥âìî ¯à®¨§¢®¤-ãî: ...R0= 3R0(R0 _R1)jR0j5 � _R0jR0j3 � _F(R0; T ): (10)�®¤áâ ¢«ïï (10) ¢ (9), ¯®«ãç¨¬�R1+ R1jR0j3 � 3R0(R0R1)jR0j5 == _R0jR0j3 � 3R0(R0 _R0)jR0j5 � _F(R0; T ): (11)� ª¨¬ ®¡à §®¬, ¤«ï ¢ëç¨á«¥¨ï âà ¥ªâ®à¨¨ í«¥ªâà®-  á«¥¤ã¥â à¥è¨âì á¨áâ¥¬ã ãà ¢¥¨© ¢â®à®£® ¯®àï¤-ª  (7), (8), (11). �à¨ íâ®¬ ¢¥èïï á¨«  ¢ (8), á®£« á®(2){(4), ¨¬¥¥â ¯à®¥ªæ¨¨Fx(R; T ) = d KmaxXKx=�Kmax KmaxXKy=�Kmax KmaxXKz=�Kmax p
K?�� hKy cos(KR�
T + �K;1) ++ KxKzK cos(KR� 
T + �K;2)i;
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K?�� h�Kx cos(KR�
T + �K;1) ++ KyKzK cos(KR�
T + �K;2)i;Fz(R; T ) = d KmaxXKx=�Kmax KmaxXKy=�Kmax KmaxXKz=�Kmax p
K?K �� cos(KR�
T + �K;2):�¤¥áì ¢¢¥¤¥ë: ®à¬¨à®¢ ë© ¢®«®¢®© ¢¥ªâ®àK = rHk , ¥£® ¬®¤ã«ì ®¡®§ ç¥ K = jKj , ®à¬¨-à®¢  ï ªàã£®¢ ï ç áâ®â  
 = !=!H = KC , £¤¥C = c=vH | ®à¬¨à®¢  ï   «¨¥©ãî áª®à®áâìvH = rH!H áª®à®áâì á¢¥â , ¨ ®à¬¨à®¢  ï ª®-áâ â  d= (e=mrH)p2h=(!HL)3 .�¨á«¥ë© íªá¯¥à¨¬¥â� à¥§ã«ìâ â¥ à áç¥â®¢ ®ª § «®áì, çâ® í«¥ªâà® ¥¯ ¤ ¥â   ï¤à® (à¨á. 1). �à¨ íâ®¬ á«¥¤ã¥â ¨¬¥âì ¢¢¨¤ã, çâ® ¢ ®âáãâáâ¢¨¥ ¢¥è¥£® ä«ãªâã æ¨®®£®¯®«ï ã¬¥ìè¥¨¥ à ááâ®ï¨ï ®â í«¥ªâà®  ¤® ï¤à §  ¯¥à¢ë¥ ¯®«-®¡®à®â  á®áâ ¢«ï¥â ¯à¨¡«¨§¨â¥«ì®1; 6 � 10�6rH (rH | à ¤¨ãá ¯¥à¢®© ¡®à®¢áª®© ®à¡¨-âë), çâ®  å®¤¨âáï ¢ ¯à¥¤¥« å â®ç®áâ¨ ¢ëç¨á«¥¨©.� â¥ç¥¨¥¬ ¢à¥¬¥¨ ¯à®¨áå®¤¨â ¤¥ä®à¬ æ¨ï  ç «ì-®© ªàã£®¢®© âà ¥ªâ®à¨¨:   à¨á. 1 ¯à¥¤áâ ¢«¥ ®à¡¨â  í«¥ªâà®  ®â 6-£® ¤® 10-£® ®¡®à®â . �  8-¬���������	
���������¨á. 1. �à ¥ªâ®à¨ï í«¥ªâà®  ®â 6-£® ¤® 10-£® ®¡®à®â ( ç «ì ï âà ¥ªâ®à¨ï | ªàã£ ¥¤¨¨ç®£® à ¤¨ãá )

®¡®à®â¥ à ááâ®ï¨¥ ¤® ï¤à  ã¢¥«¨ç¨¢ ¥âáï   2,3%(¯à¨¬¥à® â ª¨¬ ¦¥ ï¢«ï¥âáï ¨ ª®«¥¡ ¨¥ ¬¥¦¤ã ¬ ª-á¨¬ «ìë¬ ¨ ¬¨¨¬ «ìë¬ § ç¥¨¥¬ à ááâ®ï¨ï).�¨áâ¥¬  ãà ¢¥¨© (7), (8), (11) à¥è « áì   ª®¬-¯ìîâ¥à¥ ¬¥â®¤®¬ �ã£¥{�ãââ  á è £®¬ �T = 10�3 .�«ï ª®âà®«ï ¥é¥ à¥è « áì íª¢¨¢ «¥â ï á¨áâ¥-¬  (7){(9) ¬¥â®¤®¬ �©«¥à  á ã¬¥ìè¥ë¬ è £®¬(�T = 10�5 ). �¡  ¬¥â®¤  ¢  ç «¥ âà ¥ªâ®à¨¨ ¤ «¨  «®£¨çë¥ à¥§ã«ìâ âë.� ª ç¥áâ¢¥  ç «ìëå ãá«®¢¨© § ¤ ¢ «¨áì ¯ à -¬¥âàë ¢à é¥¨ï í«¥ªâà®  ¯® ¯¥à¢®© ¡®à®¢áª®© ®à-¡¨â¥. �¥«¨ç¨ë ¯®¯à ¢®ª �R1 , � _R1 ¢  ç «¥ ª ¦-¤®£® ¥ç¥â®£® è £  �T ¯®« £ «¨áì à ¢ë¬¨ ã«î,  ¢ ª®æ¥ ª ¦¤®£® ç¥â®£® è £ , á®£« á® (7), ¢ë-ç¨â «¨áì ¨§ R0 ¨ _R0 (¢ëç¨á«¥¨¥ ¯®¯à ¢®ª ¯à®¢®-¤¨«®áì á ¤¢®©ë¬ è £®¬ 2�T ). �«¨  ª¢ â®¢ ¨ïá®áâ ¢«ï«  L = 10�4 á¬. �à¥¬ï í¢®«îæ¨¨ á®®â¢¥â-áâ¢¥® ¥ ¯à¥¢ëè «® ¤¥áïâ¨ ¯¥à¨®¤®¢ ®¡à é¥¨ïí«¥ªâà® .�®«¨ç¥áâ¢® á« £ ¥¬ëå ¢ (1) ®£à ¨ç¨¢ «®áì ¯ -¬ïâìî ª®¬¯ìîâ¥à  ¨ á®áâ ¢«ï«® 2 � 2013 � 2 (¤¢ á« £ ¥¬ëå, á®®â¢¥âáâ¢ãîé¨å k = 0 , ã«¥¢ë¥). �à¨íâ®¬ ¬®¤ã«ì ¢¥è¥© á¨«ë ¯à¨¬¥à®   2{3 ¯®àï¤ª ¡ë« ¬¥ìè¥ ªã«®®¢áª®© á¨«ë. �¢¥«¨ç¥¨¥ ç¨á« á« £ ¥¬ëå ¢¥¤¥â ª ã¢¥«¨ç¥¨î ¢¥è¥© á¨«ë. �®í-â®¬ã ¢®¯à®á ® ¤®áâ â®ç®áâ¨ â ª®£® ç¨á«  á« £ ¥-¬ëå ®áâ ¥âáï ®âªàëâë¬. �â¥à¢ « ¬®¤®¢ëå ç áâ®â!k ¯à¨ ãª § ®¬ ¢ëè¥ ç¨á«¥ á« £ ¥¬ëå ¢ª«îç ¥âªàã£®¢ãî ç áâ®âã ¢à é¥¨ï í«¥ªâà®  !H ¯® ¯¥à¢®©¡®à®¢áª®© ®à¡¨â¥, ª®â®àãî ¬®¦® à áá¬ âà¨¢ âìª ª à¥§® áãî.� £ ¢ëç¨á«¥¨© á®áâ ¢«ï« �T = 10�3 . �à¨ã¬¥ìè¥¨¨ è £  ¢ ¤¢  à §  ¢  ç «¥ âà ¥ªâ®à¨¨¨§¬¥¥¨© ¯à ªâ¨ç¥áª¨ ¥  ¡«î¤ «®áì.� ª«îç¥¨¥� ¯à¨¢¥¤¥ë¬ à¥§ã«ìâ â ¬ á«¥¤ã¥â ®â®á¨âìáï¤®áâ â®ç® ®áâ®à®¦®. �®¬¨¬® â®£®, çâ®, ª ª ãª -§ ® ¢ëè¥, ç¨á«® á« £ ¥¬ëå ¯à¨ ¢ëç¨á«¥¨¨ ä«ãª-âã æ¨®®£® ¯®«ï, ¢®§¬®¦®, ¥¤®áâ â®ç®, á«¥¤ã¥â¨¬¥âì ¢ ¢¨¤ã á«¥¤ãîé¥¥.1. �¢ â®¢ ï â¥®à¨ï ¤ ¥â ã«¥¢®© ®à¡¨â «ìë©¬®¬¥â í«¥ªâà®    S -®à¡¨â å  â®¬  ¢®¤®à®¤  [7].�®íâ®¬ã ¯® áà ¢¥¨î á ªàã£®¢®© âà ¥ªâ®à¨¥© ¡®-«¥¥ ª®àà¥ªâë¬ ¯à¥¤áâ ¢«ï¥âáï à¥§ã«ìâ â à ¡®âë [4,c. 99] (¢®§¢à â®-¯®áâã¯ â¥«ì®¥ ¤¢¨¦¥¨¥ í«¥ªâà®-  ¢ à ¤¨ «ì®¬  ¯à ¢«¥¨¨). �à¨ íâ®¬ í«¥ªâà®¨ª®£¤  ¥ ¤®áâ¨£ ¥â ï¤à ,   ®à¡¨â «ìë© ¬®¬¥â¥£® à ¢¥ ã«î.2. �®£« á® [3], à áá¬®âà¥ ï ¬®¤¥«ì ä«ãªâã- æ¨© ¢ ªãã¬  ¥ ¢® ¢á¥¬ á®®â¢¥âáâ¢ã¥â ª¢ â®¢®©áâ â¨áâ¨ª¥ ã«¥¢ëå ä«ãªâã æ¨©. � â®çª¨ §à¥¨ï  ¢-â®à®¢ [3], ¯à ¢¨«ì¥¥ à áá¬ âà¨¢ âì ¬®¤ë á® á«ãç ©-ë¬¨  ¬¯«¨âã¤ ¬¨ ¨ ä § ¬¨.3. �¯ á¥¨¥ ¢ë§ë¢ ¥â â®â ä ªâ, çâ® àï¤, ®¯¨áë¢ -îé¨© ¢¥è¥¥ ¯®«¥ (1), à áå®¤¨âáï.4. �®§¬®¦®, á«¥¤®¢ «® ãç¥áâì ¢®§¤¥©áâ¢¨¥ ¢¥è-¥£® ¯®«ï   ¯à®â® ¨ ¥£® ¤¢¨¦¥¨¥.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1999. ü4 23�â¬¥â¨¬ â ª¦¥ á«¥¤ãîé¥¥. � à ¡®â¥ [8] ¯®ª § ®,çâ® ãç¥â ¤¨á¯¥àá¨®ëå á¢®©áâ¢ ¯à¨¢®¤¨â ª ¢ë¢®¤ã® áâ ¡¨«ì®áâ¨ á¢ï§ ®£® í«¥ªâà®  ¨ ¤¨áªà¥â®áâ¨¥£® á¯¥ªâà  ¢ à ¬ª å ª« áá¨ç¥áª®© í«¥ªâà®¤¨ ¬¨-ª¨. �®¤¥«ì ¢ ªãã¬ëå ä«ãªâã æ¨© ª ª ª®â¨ãã¬ í«¥ªâà®¬ £¨âëå ¬®¤ ¯à¨ íâ®¬ ¥ ¨á¯®«ì§®¢  .� ¤àã£®© áâ®à®ë, ¢ ¬®®£à ä¨¨ [4]   ®á®¢ ¨¨£¨¯®â¥§ë à¥ «ì®£® áãé¥áâ¢®¢ ¨ï ã«¥¢ëå ª¢ â®-¢ëå ä«ãªâã æ¨© ¢ë¢¥¤¥® ãà ¢¥¨¥ �à�¥¤¨£¥à , ¨§ª®â®à®£®, à §ã¬¥¥âáï, á«¥¤ã¥â ¨ áâ ¡¨«ì®áâì  â®¬ ,¨ ¤¨áªà¥â®áâì ¥£® ãà®¢¥©.�¢â®à ¡« £®¤ à¥ �.�. � á¨«ì¥¢®©, �. �.�®«ª®¢ã,�. �.�ëá«®ãåã, �.�. � ¤®à®¦®¬ã §  ®¡áã¦¤¥¨ï ¨¯®¬®éì ¢ ¯à®£à ¬¬¨à®¢ ¨¨.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â96-15-96673 ¯® ¯®¤¤¥à¦ª¥ ¢¥¤ãé¨å  ãçëå èª®«).� à ¨ « ® ¦ ¥  ¨ ¥�ëç¨á«¥¨¥ ¯à®¥ªæ¨© ¢¥è¥£® ¯®«ï, ¢å®¤ïé¨å¢ ¢ëà ¦¥¨ï (2){(4)� áá¬®âà¨¬ ¤¢¥ ¬®¤ë á ®àâ®£® «ìë¬¨ ¯®«ïà¨§ æ¨ï¬¨¨ ¢®«®¢ë¬ ¢¥ªâ®à®¬ k (à¨á. 2). �¥ªâ®à  ¯àï¦¥®áâ¨ ¯¥à-¢®© ¬®¤ë ®¡®§ ç¨¬ ª ª E1 (¨¦¨© ¨¤¥ªá k ®¯ãáª ¥¬)¨ ¯®«®¦¨¬ ¥£® ¯à¨ ¤«¥¦ é¨¬ ª ¯«®áª®áâ¨ xOy . �â®à®©¢¥ªâ®à E2 ¡ã¤¥â ¯¥à¯¥¤¨ªã«ïà¥ E1 ¨ k . �®§¨ª îéãî¥®¤®§ ç®áâì  ¯à ¢«¥¨ï (§ ª ) ¢¥ªâ®à  E1 ãáâà ¨¬á«¥¤ãîé¥© ¤®£®¢®à¥®áâìî. �ãáâì ¢¥ªâ®àë E1 , E2 ¨ k®¡à §ãîâ ¯à ¢ãî âà®©ªã ¨ ¯à®¥ªæ¨ï ¢¥ªâ®à  E2   ®áì z¡ã¤¥â ¥ ¯®«®¦¨â¥«ì®©. �à¨ íâ®¬ ¯à®¥ªæ¨¨ E1 ¨ E2  ®á¨ á¨áâ¥¬ë ª®®à¤¨ â ¡ã¤ãâ ®¯¨áë¢ âìáï ä®à¬ã« ¬¨ (2){(4).� á«ãç ¥ k? = 0 ¨ kz > 0 ¯®« £ ¥¬ Ex = E1 ¨ Ey = E2 ,  ¯à¨ k? = 0 ¨ kz < 0 ¯®« £ ¥¬ Ex =E1 ¨ Ey = �E2 . (�â¨úâ®ª®áâ¨û, ¯®-¢¨¤¨¬®¬ã, ¨§«¨è¨, â ª ª ª ¬®¤ë ¯à¥¤¯®« -£ îâáï ¥§ ¢¨á¨¬ë¬¨.) �¤¥áì E1;2 = jE1;2j .�ëç¨á«¨¬ ¤ «¥¥  ¬¯«¨âã¤ã Ek . �¥à£¨ï £ à¬®¨-ç¥áª¨ ¨§¬¥ïîé¥©áï ¢® ¢à¥¬¥¨ í«¥ªâà®¬ £¨â®© ¢®«-ë ¯à¥¤áâ ¢«ï¥â á®¡®© áã¬¬ã ¤¢ãå à ¢ëå á®áâ ¢«ïî-é¨å | í«¥ªâà¨ç¥áª®© ¨ ¬ £¨â®© [9, c. 387]. �®íâ®¬ã  í«¥ªâà¨ç¥áªãî á®áâ ¢«ïîéãî ¢ ªãã¬®© ¬®¤ë ¯à¨å®-¤¨âáï í¥à£¨ï (1=8�) RL3 d3rE2k;�(r; t) = ~!=4 . �®áª®«ìªãx0+LRx0 dx cos2(�nxx=L�!t) = L=2 , ¤«ï  ¬¯«¨âã¤ë ¬®¤ ¯®«ã-ç¨¬ (§¤¥áì h ¥ ¯¥à¥ç¥àªãâ ï!) Ek =p2h!k=L3 ,  ¯à¨¬¥à,¤«ï ¬®¤ë á ç áâ®â®© !H ¯à¨ L = 10�4 á¬ ®à¬¨à®¢  ï ¬¯«¨âã¤  á¨«ë F ¯à¨¡«¨§¨â¥«ì® à ¢  1;36 � 10�6 (¤«ïáà ¢¥¨ï ®â¬¥â¨¬, çâ® ®à¬¨à®¢  ï ªã«®®¢áª ï á¨« ,
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