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Z(r; t) = 1� Z� d� Z(r + �) = hz(r; t)i ;�� �1=3� � : (3)�¤®à®¤®áâì á¨áâ¥¬ë ¯à¥¤¯®« £ ¥â ¯à¥¥¡à¥¦¥¨¥ç«¥ ¬¨ ¢¨¤  h�z�n0i ; (4)£¤¥ �n0(r) | ®âª«®¥¨¥ ¯«®â®áâ¨ í«¥ªâà®®¢ ®â ¥¥áà¥¤¥£® § ç¥¨ï N0. �à¥¤¯®« £ ï, çâ®�n0 � N0 ; (5)



12 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü 4¬®¦® ¨á¯®«ì§®¢ âì å®à®è® à §à ¡®â ë¥ ¬¥â®¤ë,¯à¨¬¥ï¥¬ë¥ ¢ ®¤®à®¤ëå § ¤ ç å (á¬.,  ¯à., [1, 2])¨ á ãç¥â®¬ ç«¥®¢ ¢¨¤  (4).�«ï ®¯à¥¤¥«¥¨ï ª®®à¤¨ â®© § ¢¨á¨¬®áâ¨ à ¢-®¢¥á®© í«¥ªâà®®© ¯«®â®áâ¨ ¥®¡å®¤¨¬® ¨á¯®«ì-§®¢ âì ª¨¥â¨ç¥áª®¥ ãà ¢¥¨¥ ¤«ï ¬ âà¨æë ¯«®â®á-â¨ [3] ¨«¨ äãªæ¨¨ à á¯à¥¤¥«¥¨ï [4]. � ¯®á«¥¤¥¬ á«ã-ç ¥ ¤«ï ª« áá¨ç¥áª®© ¨ á¨«ì® ¢ëà®¦¤¥®© í«¥ªâà®-®© ¯« §¬ë ¨¬¥¥¬ á®®â¢¥âáâ¢¥® (á¬. ¯à¨«®¦¥¨¥)n0(r) = N0� AM expfe'0(r)=Tg ;AF (1� 2e'0(r)=E)3=2 ; (6)£¤¥ '0(r) | á ¬®á®£« á®¢ ë© ¯®â¥æ¨ « ¯®«ï, á®§¤ -¢ ¥¬ë© í«¥ªâà® ¬¨ ¨ ¯®«®¦¨â¥«ìë¬ ä®®¬, T , EF |â¥¬¯¥à âãà  ¨ í¥à£¨ï �¥à¬¨�ç¨â ï ¢ë¯®«¥ë¬¨ ¥à ¢¥áâ¢  (5) ¨ (1), ¡ã¤¥¬¯®« £ âì �n0 � '0 ; (7)çâ® ¯®§¢®«ï¥â § ¬¥¨âì ä®à¬ã«ë (6) «¨¥©ë¬¨ ¯® '0¢ëà ¦¥¨ï¬¨.�«ï ®¯¨á ¨ï ¤«¨®¢®«®¢ëå ¯®â¥æ¨ «ìëå�)¢®§¬ãé¥¨© (!=ku � 1, ! | ç áâ®â , u | áà¥¤ïïáª®à®áâì å ®â¨ç¥áª®£® ¤¢¨¦¥¨ï ç áâ¨æ) ¢®á¯®«ì§ã¥¬áïãà ¢¥¨ï¬¨ úå®«®¤®©û £¨¤à®¤¨ ¬¨ª¨ [2]. �«ï ¯à®á-â®âë ®£à ¨ç¨¬áï à áá¬®âà¥¨¥¬ ®¤®¬¥à®£® á«ãç ï:¯®¢¥àå®áâ¨ ¯®áâ®ï®© ¯«®â®áâ¨ ¯®«®¦¨â¥«ì®£®§ àï¤  (íâ® ¯«®áª®áâ¨, ¯¥à¯¥¤¨ªã«ïàë¥ ®á¨ å, á®¢¯ -¤ îé¥© á  ¯à ¢«¥¨¥¬ à á¯à®áâà ¥¨ï ¢®«ë. �®á«¥¯à¨¬¥¥¨ï ª íâ¨¬ ãà ¢¥¨ï¬ ¯à®æ¥¤ãàë ãáà¥¤¥¨ï(2){(3) ¤«ï ¬¥¤«¥® ¨ ¡ëáâà® ¬¥ïîé¨åáï ¢¥«¨ç¨¨¬¥¥¬ á®®â¢¥âáâ¢¥®8>><>>: @tN + @x (N0V +NV + h�n0�vi + h�n�vi) = 0 ;@tV + 12@x �V 2 + h�v2i� = �� em�E ; (8a)@xE = �4�eN ;8><>: @t�n+ @x (N0�v + V �n0 +N�v + V �n) = 0 ;@t�v + @xV �v = �� em�E ;@x�E = �4�e�n : (8b)�¤¥áì n, v | ª®æ¥âà æ¨ï ¨ áª®à®áâì ¢®§¬ãé¥¨©,E |  ¯àï¦¥®áâì á ¬®á®£« á®¢ ®£® í«¥ªâà¨ç¥áª®-£® ¯®«ï.�¥à¨®¤¨ç¥áªãî äãªæ¨î �n0 ¬®¦® ¯à¥¤áâ ¢¨âì ¢¢¨¤¥ �n0 = N0Xs6=0 �s exp(iksx) ; ks = ska :� §«®¦¥¨¥ ¡ëáâà® ¬¥ïîé¨åáï ¢¥«¨ç¨ ¯® â®© ¦¥á¨áâ¥¬¥ äãªæ¨© ¯®§¢®«ï¥â ¯¥à¥©â¨ ¢ (8¡) ®â ãà ¢¥¨©¢ ç áâëå ¯à®¨§¢®¤ëå ª ®¡ëª®¢¥ë¬ ¤¨ää¥à¥æ¨- «ìë¬ ãà ¢¥¨ï¬ ¤«ï ¯à®áâà áâ¢¥ëå £ à¬®¨ª.� «¥¥, ¯à¥®¡à §®¢ ¨¥¬ �ãàì¥ ¯® ¢à¥¬¥¨ ¨ ú¬¥¤-«¥®©û ª®®à¤¨ â¥ ¢ (8) § ¤ ç  á¢®¤¨âáï ª à¥è¥¨î

¨â¥£à «ìëå ãà ¢¥¨© ¤«ï äãàì¥-®¡à §®¢ ¨áå®¤ëå¢¥«¨ç¨. �«ï à¥è¥¨ï ¯®«ãç¥ëå â ª¨¬ ®¡à §®¬ ãà ¢-¥¨© ¨á¯®«ì§ã¥¬ ¨â¥à æ¨®ãî ¯à®æ¥¤ãàã à §«®¦¥-¨ï ¯® áâ¥¯¥ï¬ í«¥ªâà¨ç¥áª®£® ¯®«ï [1]. �ëà ¦ ï ¢á¥¢¥«¨ç¨ë ç¥à¥§ äãàì¥- ¬¯«¨âã¤ã í«¥ªâà¨ç¥áª®£® ¯®«ï,¢ ªã¡¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨ ¯®«ãç ¥¬ ãà ¢¥¨¥"(!; k)E(!; k) + R D(1; 2)e�(2)(1; 2)E(1)E(2)++ R D(1; 2; 3)e�(3)(1; 2; 3)E(1)E(2)E(3) = 0 ; (9)(j) � (!j ; kj) ;e"(!; k) = 1� !2p!2 �1 + �2�(!)� ;�(!) = !2p!2"0(!) ;"0(!) = 1� !2p!2 ;�2 = Ps6=0 �s��s ;D(1; 2; : : : ; s) = d!1dk1d!2dk2 : : :d!sdks�� �(! � !1 � !2 � : : :� !s)�� �(k � k1 � k2 � : : :� ks) ;e�(s)(1; : : : ; s) = e�(s)(1; : : : ; s) + �2�e�(s)(1; : : : ; s) ;�(s) | ¥«¨¥©ë¥ ¢®á¯à¨¨¬ç¨¢®áâ¨ ®¤®à®¤®© ¯« §-¬ë [1]. �¢¨¤ã £à®¬®§¤ª®áâ¨ ¢ëà ¦¥¨© ¤«ï �e�(s) ¯à¨-¢¥¤¥¬ ä®à¬ã«ë «¨èì ¤«ï â¥å ¨§ ¨å, ª®â®àë¥ ¡ã¤ãâ¨á¯®«ì§®¢ âìáï ¢ ¤ «ì¥©è¥¬:�e�(3)(1; 2; 3) = 13 ���(3)(1; 2; 3)+ ��(3)(2; 3; 1)++��(3)(3; 1; 2)� ;��(3)(1; 2; 3) � 12 � em�2 !2p!!1!2!3 ���(3)a (1; 2; 3)++�2k2a��(3)(1; 2; 3)� ;�2 = Ps6=0 s2�s��s,Ps6=0 �s��s � O(1) ;�(3)� = b2;3�1 + �! + 1!1�1�+ d2;3(� + �1) ;bi;j = ((1 + �i;j)(�i + �j))/!i;j + �i;j � 1!i"0i + 1!j"0j� ;di;j = 1!i;j"0i;j ��i + �j!i;j 1!i"0i + 1!j"0j� ;!i;j = !i + !j ;Fi;j = F (!i;j) :�ã¤¥¬ ¨áª âì à¥è¥¨¥ ãà ¢¥¨ï (9) ¢ ¢¨¤¥ ¥«¨¥©-®© ¢®«ë. �«ï íâ®£® ¯®«®¦¨¬E(!; k) = n=1Xn=�1En�(! � n!0) �(k � nk0) : (10)�®¤áâ ®¢ª  à §«®¦¥¨ï (10) ¢ ãà ¢¥¨¥ (9) ¯à¥®¡-à §ã¥â ¯®á«¥¤¥¥ ¢ ¡¥áª®¥çãî á¨áâ¥¬ã  «£¥¡à ¨ç¥á-ª¨å ãà ¢¥¨© ¤«ï £ à¬®¨ª. �ç¨â ï E(n) � E(�1)n,E(0) � E(�1)2, E(n) � E(n!0; nk0), ¢ ªã¡¨ç¥áª®¬ ¯à¨-¡«¨¦¥¨¨ ¬®¦® ®£à ¨ç¨âìáï ¯ïâìî ãà ¢¥¨ï¬¨ ¤«ï£ à¬®¨ª á n = 0;�1;�2. � §à¥è ï ¯®«ãç¥ãî á¨áâ¥¬ã�) � á¨«ã  ¨§®âà®¯¨¨ áà¥¤ë à §¤¥«¥¨¥ ¢®§¬ãé¥¨©   ¯à®¤®«ìë¥ ¨ ¯®¯¥à¥çë¥ ¢ ®¡é¥¬ á«ãç ¥ ¥¢®§¬®¦®. �¤ ª® ¬®¦® ¢ë¤¥«¨âì¢¥â¢ì ª®«¥¡ ¨©, ¢ ª®â®à®© ®¤  ¨§ ª®¬¯®¥â í«¥ªâà¨ç¥áª®£® ¯®«ï ¯à¥¢ëè ¥â ¤àã£ãî ¢ � k2a=k2 à §.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü4 13®â®á¨â¥«ì® E(1) = E(�1) � E0=2, á â®ç®áâìî ¤® E30¨¬¥¥¬ e"(1) + 34�2k2a�2E2�e�(3)� (1;�1; 1) = 0 ; (11)£¤¥ ¢ á¨«ã ãá«®¢¨ï (1) á®åà ¥ë á« £ ¥¬ë¥, ¯à®¯®à-æ¨® «ìë¥ ¡®«ìè®© ¢¥«¨ç¨¥ k2a.�§ ãà ¢¥¨ï (11) ¯®á«¥ ¢¢¥¤¥¨ï ¡¥§à §¬¥àëå ¢¥-«¨ç¨ 
 = !=!p, � = �kaE=m!p ¯®«ãç ¥¬ ¥«¨¥©®¥¤¨á¯¥àá¨®®¥ á®®â®è¥¨¥1� 1
2 �1 + �2�(
)� � 34 (��)2
4 �� ��8�2(
) + �(
)
2"0(2
) ��(
) + 2"0(
)�� = 0 : (12)� «¨¥©®¬ ¯à¨¡«¨¦¥¨¨ ãà ¢¥¨¥ (12) ¨¬¥¥â ¤¢ à¥è¥¨ï: 
(0)1;2 = 1� � ; (13)â. ¥. ¯¥à¨®¤¨ç¥áª ï ¥®¤®à®¤®áâì áà¥¤ë ¯à¨¢®¤¨â ªà áé¥¯«¥¨î á¯¥ªâà  ¯« §¬¥ëå ¢®«   ¤¢¥ ¢¥â¢¨.�à ¢¥¨¥ (12) ¯à¥®¡à §ã¥âáï ¢ ãà ¢¥¨¥ ¯ïâ®©áâ¥¯¥¨ ®â®á¨â¥«ì® ª¢ ¤à â  ç áâ®âë, á«¥¤®¢ â¥«ì®,¨¬¥¥â ¯ïâì ª®à¥©. �¤ ª® ä¨§¨ç¥áª¨© á¬ëá« ¨¬¥îâ â¥¨§ ¨å, ª®â®àë¥ ¢ ¯à¥¤¥«¥ �! 0 ¯¥à¥å®¤ïâ ¢ (13):
i -�!0 
(0)i : (14)�â®¡ë ¯®«ãç¨âì ¯à¨¡«¨¦¥ë¥ ¢ëà ¦¥¨ï ¤«ï ª®à-¥© ¥«¨¥©®£® ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï, ¯®«®¦¨¬! = 1 + � ; �� 1 : (15)�®¤áâ ®¢ª  (15) ¢ (12) ¯à¨¢®¤¨â ª ªã¡¨ç¥áª®¬ããà ¢¥¨î ¤«ï �:�3 � �2�+ 3�2�2 = 0 :�§   «¨§  íâ®£® ãà ¢¥¨ï á«¥¤ã¥â, çâ® ®¤¨ ¨§ ¥£®ª®à¥©, á®®â¢¥âáâ¢ãîé¨© ¬¥ìè¥¬ã ¨§ «¨¥©ëå ª®à-¥© ¢ (13), ¢á¥£¤  ¤¥©áâ¢¨â¥«¥. �¢  ¤àã£¨å ª®àï ª®¬¯-«¥ªáë, ¥á«¨ ¡¥§à §¬¥à ï  ¬¯«¨âã¤  ¯®«ï � ¯à¥¢ëè ¥â¯®à®£®¢®¥ § ç¥¨¥� > �0 = 3�4=5(2�)1=2 :�à¨ íâ®¬ ãá«®¢¨î (14) ã¤®¢«¥â¢®àï¥â ª®à¥ì á ®â-à¨æ â¥«ì®© ¬¨¬®© ç áâìî. � ª¨¬ ®¡à §®¬, íâ  ¢¥â¢ìï¢«ï¥âáï § âãå îé¥©. �  à¨áãª å ¨§®¡à ¦¥ë § ¢¨-á¨¬®áâ¨ ¤¥©áâ¢¨â¥«ìëå ç áâ¥© ç áâ®â (à¨á. 1) ¨ ¤¥ªà¥-¬¥â  (à¨á. 2) ®â  ¬¯«¨âã¤ë ¯®«ï.

�¨á. 1 �¨á. 2�à¨«®¦¥¨¥�¥è¥¨¥ áâ æ¨® à®£® ãà ¢¥¨ï �« á®¢ v @@rf(r; v) + em @@r'0(r) @@vf(r; v) = 0¥áâì ¯à®¨§¢®«ì ï äãªæ¨ï ¥£® å à ªâ¥à¨áâ¨ª¨f(r; v) = f0�mv22 � e'(r)� :�ãáâì F0(v2) � hf0i = 1� Z� drf0(r + �; v) ;£¤¥ F0(v2) | § ¤  ï äãªæ¨ï. �®£¤ f0(r; v) = 1A F0�mv22 � e'(r)� ; (A1)£¤¥ ª®áâ â  A ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï ª¢ §¨¥©âà «ì®áâ¨1� Z� n0(�) d� = N0 : (A2)�â¥£à¨àãï (A1) ¯® dv, á ãç¥â®¬ (A2) ¨ ï¢®£® ¢¨¤  F0(v2)¯®«ãç ¥¬ ä®à¬ã«ë (6).�¨â¥à âãà 1. �«¥ªâà®¤¨ ¬¨ª  ¯« §¬ë / �®¤ à¥¤. �. �.�å¨¥§¥à . �.,1974.2. �¨â¥ª® �. �. �«ãªâã æ¨¨ ¨ ¥«¨¥©®¥ ¢§ ¨¬®¤¥©áâ¢¨¥¢®« ¢ ¯« §¬¥. �¨¥¢, 1973.3. �« á®¢ �. �. // ����. 1938. 8, ü2. �. 291.4. �«¨¬®â®¢¨ç �. �., �¨«¨ �. �. // ���. 1960. 70. �. 247.�®áâã¯¨«  ¢ p¥¤ ªæ¨î13.11.96


