
18 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5�������������� 537.52 ��������� ��������� ������ � ������� �������������� ������ �������� ��������.�. �¢¨¨, �.�. �ã§®¢¨ª®¢(ª ä¥¤à  ä¨§¨ç¥áª®© í«¥ªâà®¨ª¨)E-mail: dvinin@ph-elec.phys.msu.su�®«ãç¥® ãà ¢¥¨¥ ¯« §¬ë ¨ á«®ï ¯à®áâà áâ¢¥®£® § àï¤ , ®¡®¡é îé¥¥ ãà ¢¥¨¥�¥£¬îà {�®ªá    ¤¢ã¬¥à® ¥®¤®à®¤ãî ¯« §¬ã. � ®¥ ãà ¢¥¨¥ ¬®¦¥â ¡ëâì ®á®-¢®© ¤«ï à áç¥â  ¯à®áâà áâ¢¥ëå å à ªâ¥à¨áâ¨ª ¯« §¬ë ¯®«®¦¨â¥«ì®£® áâ®«¡  ¢ à¥¦¨¬¥á¢®¡®¤®£® ¯à®¡¥£  ¨®®¢ ¯à¨ ¯à®¨§¢®«ì®© ä®à¬¥ £à ¨æë ¯®«®¦¨â¥«ì®£® áâ®«¡  à §àï¤ .�à¨¢¥¤¥ë¥ à¥§ã«ìâ âë ¨â¥à¥áë ¤«ï à áç¥â  ¯à®æ¥áá®¢ ¢ ¨®ëå ¨áâ®ç¨ª å ¨ ¯« §¬¥ëåå¨¬¨ç¥áª¨å à¥ ªâ®à å ¨§ª®£® ¤ ¢«¥¨ï.�®«®¦¨â¥«ìë© áâ®«¡ £ §®¢®£® à §àï¤  ¢ à¥¦¨¬¥á¢®¡®¤®£® ¯à®¡¥£  ¨®®¢ ¢¯¥à¢ë¥ à áá¬®âà¥ �¥£-¬îà®¬ ¨ �®ªá®¬ ¢ 1929 £. ([1]; á¬. â ª¦¥ ®¡§®à [2]).�¥è¥¨¥ ¯®«ãç¥®£® ¨¬¨ ãà ¢¥¨ï ¯« §¬ë ¨ á«®ï¯®§¢®«ï¥â à ááç¨â âì ¯à®áâà áâ¢¥ë¥ à á¯à¥¤¥«¥-¨ï í«¥ªâà®áâ â¨ç¥áª®£® ¯®â¥æ¨ «  ¨ ¯«®â®áâ¨ § -àï¦¥ëå ç áâ¨æ,   â ª¦¥ ¢à¥¬ï ¦¨§¨ ¯®á«¥¤¨å,¥á«¨ ¯« §¬  ®¤®¬¥à® ¥®¤®à®¤ . � â® ¦¥ ¢à¥¬ïà ¡®ç¨¥ ª ¬¥àë ¯« §¬¥ëå à¥ ªâ®à®¢ ¨«¨ ¨®ëå¨áâ®ç¨ª®¢ ®¡ëç® ¨¬¥îâ æ¨«¨¤à¨ç¥áªãî (¨«¨ ¡®-«¥¥ á«®¦ãî) ä®à¬ã, ¯à¨ç¥¬ à ¤¨ãá ¨ ¢ëá®â  ª ¬¥àë¡«¨§ª¨ ¯® ¢¥«¨ç¨¥, ¯®íâ®¬ã ãá«®¢¨¥ ®¤®¬¥à®©¥®¤®à®¤®áâ¨ ¥ ¢ë¯®«ï¥âáï.�  áâ®ïé¥© à ¡®â¥ ¬ë ¯®«ãç¨¬ ®¤ã ¨§ ¯à®áâ¥©-è¨å ä®à¬ ãà ¢¥¨ï ¯« §¬ë ¨ á«®ï, ®¯¨áë¢ îéãî¤¢ã¬¥à® ¥®¤®à®¤ë© ¯« §¬¥ë© áâ®«¡ ¢ à¥¦¨¬¥á¢®¡®¤®£® ¯®¡¥£  ¨®®¢. �®áª®«ìªã ¬ë ¥ à áá¬ â-à¨¢ ¥¬ ¬¥å ¨§¬ë ¯¥à¥¤ ç¨ í¥à£¨¨ í«¥ªâà® ¬,¯®«ãç¥ë¥ à¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¯à¨¬¥¥ë ª ªª à §àï¤ã ¯®áâ®ï®£® â®ª , â ª ¨ ª ��- ¨ ���-à §-àï¤ ¬ ¨§ª®£® ¤ ¢«¥¨ï.1. �áå®¤ë¥ ¯à¥¤¯®«®¦¥¨ï ¨ ®¡é¨© ¢¨¤ãà ¢¥¨ï ¯« §¬ë ¨ á«®ï� áá¬®âà¨¬ ¯®«®¦¨â¥«ìë© áâ®«¡ £ §®¢®£® à §-àï¤ ,  å®¤ïé¨©áï ¢ ®¡« áâ¨ ¯à®áâà áâ¢ , ®£à ¨-ç¥®© ¯®¢¥àå®áâìî Q . �áå®¤ë¥ ¯à¥¤¯®«®¦¥¨ï¬®¤¥«¨ ¯®«®¦¨â¥«ì®£® áâ®«¡  â ª¨¥ ¦¥, ª ª ¨ ¢ ®¤-®¬¥à®© ¬®¤¥«¨.1. �®«®¦¨â¥«ìë© áâ®«¡ á®áâ®¨â ¨§ ¥©âà «ìëåç áâ¨æ, í«¥ªâà®®¢ ¨ ¨®®¢ ®¤®£® á®àâ .2. � á¯à¥¤¥«¥¨¥ í«¥ªâà®®¢ ¯® í¥à£¨ï¬ á®®â-¢¥âáâ¢ã¥â à á¯à¥¤¥«¥¨î � ªá¢¥««  á â¥¬¯¥à âã-à®© Te , ¥ § ¢¨áïé¥© ®â ª®®à¤¨ â. �«¥ªâà®ë  -å®¤ïâáï ¢ à ¢®¢¥á¨¨ á í«¥ªâà®áâ â¨ç¥áª¨¬ ¯®«¥¬.3. �¥å ¨§¬ ¨®¨§ æ¨¨ { ¯àï¬ ï ¨®¨§ æ¨ï¥©âà «ìëå ç áâ¨æ í«¥ªâà®ë¬ ã¤ à®¬ ¨§ ®á®¢-®£® á®áâ®ï¨ï, à¥ª®¬¡¨ æ¨¨ | à¥ª®¬¡¨ æ¨ï  áâ¥ª¥, ª®â®à ï à á¯®«®¦¥    § ¤ ®© ¯®¢¥àå®-

áâ¨ Q . � á¨«ã ¯à¥¤¯®«®¦¥¨ï 2 ç áâ®â  ¨®¨§ æ¨¨,ª®â®àãî ¬ë ¡ã¤¥¬ ®¡®§ ç âì �i , ¥ § ¢¨á¨â ®âª®®à¤¨ â.4. �®ë ¯à¨ ¨®¨§ æ¨¨ à®¦¤ îâáï á ã«¥¢®©í¥à£¨¥© ¨ ¤®áâ¨£ îâ áâ¥®ª ¢ à¥¦¨¬¥ á¢®¡®¤®£®¯à®¡¥£ .5. �ë ¯à¥¤¯®«®¦¨¬ â ª¦¥, çâ® áãé¥áâ¢ã¥â â®ç-ª , £¤¥ í«¥ªâà®áâ â¨ç¥áª¨© ¯®â¥æ¨ « ¬ ªá¨¬ «¥,  à á¯à¥¤¥«¥¨¥ ¯®â¥æ¨ «  ¢¤®«ì âà ¥ªâ®à¨¨ ª ¦-¤®£® ®â¤¥«ì®£® ¨®  ¬®®â®®. �ë¯®«¥¨¥ ¯®-á«¥¤¥£® ãá«®¢¨ï ¤®«¦® ¡ëâì ¯à®¢¥à¥® ¯®á«¥ ¯à®-¢¥¤¥¨ï à¥è¥¨ï.�®¢â®àïï ¢ëç¨á«¥¨ï �¥£¬îà  ¨ �®ªá , ¡ã¤¥¬¨áå®¤¨âì ¨§ ãà ¢¥¨ï �ã áá® �'=�4�e(n� ne): (1)�¤¥áì ¨ ¤ «¥¥ ' | ¬¡¨¯®«ïàë© ¯®â¥æ¨ «, ne; n |¯«®â®áâ¨ í«¥ªâà®®¢ ¨ ¨®®¢, e >0 | í«¥¬¥-â àë© í«¥ªâà¨ç¥áª¨© § àï¤. � ª ª ª í«¥ªâà®ë å®¤ïâáï ¢ à ¢®¢¥á¨¨ á í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬,ne = n0 exp(e'=kTe); (2)£¤¥ n0 | ¯«®â®áâì í«¥ªâà®®¢ ¢ æ¥âà¥ ¯®«®¦¨-â¥«ì®£® áâ®«¡ , k | ¯®áâ®ï ï �®«ìæ¬  .�«ï § ¬ëª ¨ï á¨áâ¥¬ë ãà ¢¥¨© (1){(2) ¥®¡-å®¤¨¬® à ááç¨â âì ¯«®â®áâì ¨®®¢ ¢ â®çª¥ r . �«ïà¥è¥¨ï íâ®© § ¤ ç¨ ¡ã¤¥¬ ¨áå®¤¨âì ¨§ ¡ « á®¢ëåá®®â®è¥¨©,   «®£¨çëå ¨á¯®«ì§ã¥¬ë¬ ¢ [1{3]¯à¨ à¥è¥¨¨ ®¤®¬¥àëå § ¤ ç. �ãáâì rS(t) |ª®®à¤¨ âë â®çª¨ à®¦¤¥¨ï ¨® , ª®â®àë© ¢ ¬®-¬¥â ¢à¥¬¥¨ t ¯®á«¥ à®¦¤¥¨ï ¯®¯ ¤ ¥â ¢ â®çªã ¡«î¤¥¨ï r0�) . �®¦¥áâ¢® ¢á¥å â®ç¥ª rS(t) ¯à¥¤-áâ ¢«ï¥â á®¡®© ¯ à ¬¥âà¨ç¥áª¨ § ¤ ãî ªà¨¢ãî.� á¨¬¬¥âà¨ç®© á¨áâ¥¬¥ ªà¨¢ ï rS(t)  ç¨ ¥âáï¢  ç «¥ ª®®à¤¨ â (£¤¥ ¯®â¥æ¨ « ¬ ªá¨¬ «¥,t=1) ¨ § ª ç¨¢ ¥âáï ¢ â®çª¥  ¡«î¤¥¨ï (t= 0) .�) � ¤ «ì¥©è¥¬ ¢á¥ ¢¥«¨ç¨ë, ®â®áïé¨¥áï ª â®çª¥ à®¦¤¥¨ï¨® , ¡ã¤¥¬ ®â¬¥ç âì ¨¤¥ªá®¬ S ,   ª â®çª¥  ¡«î¤¥¨ï |¨¤¥ªá®¬ 0 .



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5 19�à ¥ªâ®à¨ï ¨®  l(t; t1); à®¦¤¥®£® ¢ â®çª¥ rS(t)¢ ¬®¬¥â ¢à¥¬¥¨ t1 = t; ¯à®å®¤¨â ç¥à¥§ â®çªã r0 .� ª¨¬ ®¡à §®¬, ªà¨¢ ï rS(t) ¨ âà ¥ªâ®à¨ï ¨®  ¨¬¥-îâ ¤¢¥ ®¡é¨¥ â®çª¨ (à¨á. 1). � ®ªà¥áâ®áâ¨ ªà¨¢ëårS(t) ¨ l(t; t1) ¢¢¥¤¥¬ á¨áâ¥¬ã ª®®à¤¨ â (u; v; w)á ¡ §¨áë¬¨ ¢¥ªâ®à ¬¨ (eu; ev; ew)�) , â ªãî, çâ®¡ë¢ë¯®«ï«¨áì ãá«®¢¨ï (� eu) 6= 0 ¨ (�eu) 6= 0 , £¤¥� = drS=dt , � = @l=@t1 | ª á â¥«ìë¥ ¢¥ªâ®àëª ªà¨¢ë¬ rS(t) ¨ l(t; t1) . � íâ®¬ á«ãç ¥ ª®®à¤¨ âã u¬®¦® ¡ã¤¥â ¨á¯®«ì§®¢ âì ¤«ï ¯ à ¬¥âà¨ç¥áª®£®§ ¤ ¨ï ®¡¥¨å ªà¨¢ëå, ª®â®àë¥ ¬ë ¡ã¤¥¬ ®¡®§ ç âìrS(u) ¨ l(uS ; u)��) .
���������	
��¨á. 1. �§ ¨¬®¥ à á¯®«®¦¥¨¥ âà ¥ªâ®à¨© ¨®®¢ l ¨ ¬®-¦¥áâ¢   ç «ìëå â®ç¥ª âà ¥ªâ®à¨© rS , ¯®¯ ¤ îé¨å¢ â®çªã  ¡«î¤¥¨ï r0� áá¬®âà¨¬ ¯®â®ª ¨®®¢, à®¦¤¥ëå ¢ ®ªà¥áâ-®áâ¨ (�uS ;�vS ;�wS) â®çª¨ rS(u) , ¯à®â¥ª îé¨©ç¥à¥§ ®ªà¥áâ®áâì â®çª¨  ¡«î¤¥¨ï (�v0;�w0)���)¢ ¥¤¨¨æã ¢à¥¬¥¨. �¨á«® ¨®®¢ ¢ ¯®â®ª¥�N = �n(V(uS ; uS)[eu0 � ev0])�v0�w0 , £¤¥ �n |¯«®â®áâì íâ¨å ¨®®¢ ¢ ®ªà¥áâ®áâ¨ â®çª¨  ¡«î-¤¥¨ï. � ¤àã£®© áâ®à®ë, �N = �ine(uS)(euS [evS �� ewS])�uS�vS�wS . �à¨à ¢¨¢ ï ®¡  ¢ëà ¦¥¨ï¤«ï �N , ¯®«ãç¨¬:�n(uS) = ne(uS)�i(euS [evS � ewS])�uS�vS�wS(V(uS ; uS)[eu0 � ev0])�v0�w0 :�áâà¥¬«ïï �uS , �vS , �wS ª ã«î, ãç¨âë¢ ïäãªæ¨® «ìãî á¢ï§ì (�v0;�w0) ¨ (�vS ;�wS)¨ ¨â¥£à¨àãï ¯® duS , ¯®«ãç¨¬:n(u0) = ZrS duS ne(uS)�i(euS [evS � ewS])(V(uS ; u0)[eu0 � ev0]) ��� @(v0; w0)@(vS ; wS)��1 : (3)�) �á«¨ á¨áâ¥¬  ª®®à¤¨ â § ¤   § ¢¨á¨¬®áâìî r(u; v; w) ,â® eu = @r=@u , ev = @r=@v , ew = @r=@w .��) � ª ç¥áâ¢¥ ª®®à¤¨ âë u , ¢ ç áâ®áâ¨, ¬®¦® ¨á¯®«ì§®¢ âì«î¡ãî ¨§ ¯¥à¥¬¥ëå t ¨«¨ t1:���) u0 , v0+�v0 ¨ w0+�w0 ¯à¥¤áâ ¢«ïîâ á®¡®© ª®®à¤¨ âëâ®çª¨ ¢ ®ªà¥áâ®áâ¨ â®çª¨  ¡«î¤¥¨ï u0 , ç¥à¥§ ª®â®àë¥ ¯à®å®¤¨ââà ¥ªâ®à¨ï ¨®®¢, à®¦¤¥ëå ¢ â®çª¥ (uS; �S+�vS ; wS+�wS) ,â. ¥. ï¢«ïîâáï äãªæ¨ï¬¨ (uS;�vS;�wS) .

�ª®à®áâì ¢ â®çª¥  ¡«î¤¥¨ï u0 ¨® , à®¦¤¥®£®¢ â®çª¥ uS ; | V(uS ; u0) , ¨ äãªæ¨® «ì ï á¢ï§ìª®®à¤¨ â (@(v0; w0)=@(vS ; wS)) ,   â ª¦¥ ªà¨¢ ï ¨-â¥£à¨à®¢ ¨ï rS(uS) ¤®«¦ë ¡ëâì  ©¤¥ë ¨§ ãà ¢-¥¨© ¤¢¨¦¥¨ï ¨®®¢ ¢ ¯®â¥æ¨ «¥ ' . �®¤áâ ¢«ïï(2) ¨ (3) ¢ ãà ¢¥¨¥ �ã áá®  (1),   â ª¦¥ ®¯ãáª ï¨¤¥ªá 0 ã ¢¥«¨ç¨, ®â®áïé¨åáï ª â®çª¥  ¡«î¤¥-¨ï, ¯®«ãç¨¬ ¬®£®¬¥à®¥ ãà ¢¥¨¥ ¯« §¬ë ¨ á«®ï:�'= 4�n0e�exp�e'(r)kTe ��� �iZrS duS (euS [evS � ewS])(V(uS ; u0)[eu0 � ev0]) � @(v0; w0)@(vS ; wS)��1�� exp�e'(rS)kTe ��:�¢¥¤¥¬ ¡¥§à §¬¥àë© ¯®â¥æ¨ « � = e'=kTe; ¨ ®¡®-§ ç¥¨ï rDe =pkTe=4�e2n0; VS =pkTe=M; M |¬ áá  ¨®®¢, ¯à¨ íâ®¬ ¨áª®¬®¥ ãà ¢¥¨¥ ã¯à®á-â¨âáï:r2De�� = exp(�(r))�� �iZrS duS (euS [evS � ewS])(V(uS ; u0)[eu0 � ev0]) � @(v0; w0)@(vS ; wS)��1�� exp(�(uS)): (4)�¥§ã«ìâ â �¥£¬îà  ¨ �®ªá  ¬®¦¥â ¡ëâì «¥£ª®¯®«ãç¥ ¨§ (4) ¯à¨ ãç¥â¥ äãªæ¨® «ì®© á¢ï§¨�y = (x=xS)��yS , ¯àï¬®«¨¥©®áâ¨ ªà¨¢ëå rS(t)¨ l(t; t1) ¨ ¢¢¥¤¥¨¨ ¯àï¬®ã£®«ì®© á¨áâ¥¬ë ª®®à-¤¨ â ¢ ¨å ®ªà¥áâ®áâ¨ (à¨á. 2, , ¡). �¤¥áì �= 0¤«ï ¯«®áª®© £¥®¬¥âà¨¨, �= 1 ¤«ï æ¨«¨¤à¨ç¥áª®©¨ �= 2 ¤«ï áä¥à¨ç¥áª®©. �à¨ íâ®¬ ¨§ (4) á«¥¤ã¥â,çâ® r2De�� = exp(�(r))�� �ip2VS LZ0 x�Sx� duSp�(uS)� �(u) exp(�(uS)): (5)� ®â«¨ç¨¥ ®â ®¤®¬¥à®© § ¤ ç¨, £¤¥ ¯®«ãç -¥¬®¥ ãà ¢¥¨¥ ï¢«ï¥âáï ¬ â¥¬ â¨ç¥áª¨ â®çë¬(¢ à ¬ª å á¤¥« ëå ¯à¨¡«¨¦¥¨© (1){(5)) ¯à¨ § -¯¨á¨ ¤¢ã¬¥à®£® ãà ¢¥¨ï   ®¯à¥¤¥«¥®¬ íâ ¯¥¯à¨å®¤¨âáï ¨á¯®«ì§®¢ âì â¥®à¨î ¢®§¬ãé¥¨©. �®áãé¥áâ¢ã ¥®¡å®¤¨¬® ãª § âì ï¢ë© ¢¨¤ ªà¨¢®©rS(u) ¨ âà ¥ªâ®à¨© ¨®®¢. �®«®¦¥¨¥ â®çª¨  âà ¥ªâ®à¨¨ ¡ã¤¥â äãªæ¨® «®¬ ®â ¯®â¥æ¨ « , â. ¥.¡ã¤¥â § ¢¨á¥âì ®â ¢á¥å ¯à®¨§¢®¤ëå ¯®â¥æ¨ « ¢ ®ªà¥áâ®áâ¨ ªà¨¢®©. � ¯à®áâ¥©è¥© ¬®¤¥«¨ ¯à¨ ¯®-áâà®¥¨¨ ¯à¨¡«¨¦¥®£® à¥è¥¨ï ¡ã¤¥¬ ãç¨âë¢ âì¯à®¨§¢®¤ë¥ ¨§è¥£® ¯®àï¤ª , ¨á¯®«ì§ãï ¢ ª ç¥áâ-¢¥ ¬ «®£® ¯ à ¬¥âà  ®â®è¥¨¥ ¤«¨ë âà ¥ªâ®à¨¨ª ¥¥ à ¤¨ãáã ªà¨¢¨§ë. � ¯à ¢«¥¨¥ ¤¢¨¦¥¨ï ¨® § ¢¨á¨â ®â ®â®è¥¨ï Ey=Ex . �à¨¢¨§  ¯®ï¢«ï¥âáïâ®£¤ , ª®£¤  íâ® ®â®è¥¨¥  ç¨ ¥â § ¢¨á¥âì ®âª®®à¤¨ âë. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ªà¨¢¨§  ª ª10 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5
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���������	
�������������������¨á. 2. �§ ¨¬®¥ ¯®«®¦¥¨¥ á®á¥¤¨å âà ¥ªâ®à¨© ¨®®¢: ( ) | ¯«®áª ï £¥®¬¥âà¨ï, (¡) | æ¨«¨¤à¨ç¥áª ï £¥®¬¥âà¨ï,(¢) | ¯à®¨§¢®«ì ï £¥®¬¥âà¨ïâ ª®¢ ï ¢«¨ï¥â â®«ìª®   ä®à¬ã âà ¥ªâ®à¨¨ ¨®®¢.�®¨§ æ¨®ë© ¡ « á,   á«¥¤®¢ â¥«ì®, ¨ à á¯à¥-¤¥«¥¨¥ ¯®â¥æ¨ «  ¢¤®«ì âà ¥ªâ®à¨¨ § ¢¨á¨â ®âáª®à®áâ¨ à §¡¥£ ¨ï á®á¥¤¨å âà ¥ªâ®à¨©, ®¯à¥¤¥-«ï¥¬®© ¯à®áâà áâ¢¥ë¬ à á¯à¥¤¥«¥¨¥¬ ¯®â¥æ¨- « . � ª¨¬ ®¡à §®¬, ¯ à ¬¥âà®¬ ¬ «®áâ¨ ¡ã¤¥â ¢¥«¨-ç¨  �= �L ddl ln EyEx��1 , £¤¥ L | ¤«¨  âà ¥ªâ®à¨¨.� ¬® ¢ëà ¦¥¨¥ ¤«ï ¬ «®£® ¯ à ¬¥âà  á¢¨¤¥â¥«ì-áâ¢ã¥â ® á«®¦®¬ ¢¨¤¥ ¯à¨¡«¨¦¥¨© ¤ ¦¥ ¨§è¨å¯®àï¤ª®¢. �®áª®«ìªã ¢®§¬®¦ë à §«¨çë¥ ¢ à¨ âë¯®áâà®¥¨ï â¥®à¨¨ ¢®§¬ãé¥¨©, ¬®£ãâ áãé¥áâ¢®¢ âì¨ à §ë¥ ä®à¬ë ãà ¢¥¨ï ¯« §¬ë ¨ á«®ï.�à ¨çë¥ ãá«®¢¨ï   ¯®¢¥àå®áâ¨ Q ¤«ï ãà ¢-¥¨ï (5) ¬®£ãâ ¡ëâì áä®à¬ã«¨à®¢ ë á«¥¤ãîé¨¬®¡à §®¬�) . �«ï ¯®«®¦¨â¥«ì®£® áâ®«¡  (��), ®£à -¨ç¥®£® ¤¨í«¥ªâà¨ª®¬, £à ¨ç®¥ ãá«®¢¨¥ ¨¬¥¥âá¬ëá« «®ª «ì®£® à ¢¥áâ¢  í«¥ªâà®®£® ¨ ¨®®£®â®ª®¢ [1{4] ¢ ª ¦¤®© â®çª¥ q £à ¨ç®© ¯®¢¥àå-®áâ¨. �«ï à áç¥â  í«¥ªâà®®£® â®ª    áâ¥ªã¬®¦® ¨á¯®«ì§®¢ âì ãà ¢¥¨¥ áâ ¤ àâ®© â¥®à¨¨â®ª  ¤«ï §®¤  [8] (A | ª®áâ â  ¯®àï¤ª  ¥¤¨¨æë,§ ¢¨áïé ï,  ¯à¨¬¥à, ®â ¢¨¤  äãªæ¨¨ à á¯à¥¤¥«¥-¨ï í«¥ªâà®®¢ ¯® í¥à£¨ï¬, m | ¬ áá  í«¥ªâà® ):G(q) =�Aj(euq[evq � ewq])jrkTem exp(�(r))�� �i ZrS (euS [evS � ewS]) exp(�(uS))��) �®çª¨, ®â®áïé¨¥áï ª £à ¨ç®© ¯®¢¥àå®áâ¨, ¡ã¤ãâ ®â¬¥-ç âìáï ¨¤¥ªá®¬ q .

�� @(vq; wq)@(vS ; wS)��1 duS�����r=q = 0: (6)� á«ãç ¥ ¯à®¢®¤ïé¥© £à ¨æë ãá«®¢¨¥ à ¢¥áâ¢ â®ª®¢ ¤®«¦® ¡ëâì ¯®áâ ¢«¥® ¤«ï ¯®¢¥àå®áâ¨¢ æ¥«®¬: IQ G(q) dq = 0: (7)� ª®¥æ, ¢ ª¢ §¨¥©âà «ì®¬ ¯à¨¡«¨¦¥¨¨ (rDe�� L), ¥ à áá¬ âà¨¢ îé¥¬ ¯à®æ¥ááë ¢ á«®¥ ¯à®-áâà áâ¢¥®£® § àï¤ , ª®£¤  ¢ (7) ¯®« £ îâ rDe = 0 ,£à ¨ç®¥ ãá«®¢¨¥ ¨¬¥¥â á¬ëá«  àãè¥¨ï ¢§ ¨¬®®¤®§ ç®© á¢ï§¨ ¯à¥®¡à §®¢ ¨ï ª®®à¤¨ â [5]:@(x; y; z)@(�; v; w) = 0: (8)2. �à¨¡«¨¦¥ë© ¢ à¨ â ãà ¢¥¨ï¯« §¬ë ¨ á«®ï� íâ®¬ à §¤¥«¥ ¯®«ãç¨¬ ®¤¨ ¨§ ¯à®áâ¥©è¨å¢ à¨ â®¢ ãà ¢¥¨ï ¯« §¬ë ¨ á«®ï, ®£à ¨ç¨¢è¨áì¤¢ã¬¥à®© § ¤ ç¥©.�¯à®áâ¨¬ ãà ¢¥¨¥ (4), ¢¢¥¤ï æ¨«¨¤à¨ç¥áªãîá¨áâ¥¬ã ª®®à¤¨ â (à¨á. 2, ¢). �¤¥áì u | ¯ à -¬¥âà¨ç¥áª¨ § ¤  ï ª®®à¤¨ â    ªà¨¢®© rS(u) ,r0; �0 | ª®®à¤¨ âë â®çª¨  ¡«î¤¥¨ï, rS(u; r0; �0) ,�S(u; r0; �0) | ª®®à¤¨ âë â®çª¨   ªà¨¢®© rS(u) ,¢ ª®â®à®© à®¦¤ ¥âáï ¨®, V (u; r0; �0) | áª®à®áâì¨® , à®¦¤¥®£® ¢ íâ®© â®çª¥, ¯à¨ ¤®áâ¨¦¥¨¨¨¬ â®çª¨  ¡«î¤¥¨ï, �V | ã£®«, ®¯à¥¤¥«ïîé¨© ¯à ¢«¥¨¥ áª®à®áâ¨. �à¨ à áç¥â¥ âà ¥ªâ®à¨¨ ¨® ¡ã¤¥¬ ¨á¯®«ì§®¢ âì â ª¦¥ ¯àï¬®ã£®«ìãî ¤¥ª àâ®¢ã



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5 21á¨áâ¥¬ã ª®®à¤¨ â xy , ®áì x ª®â®à®©  ¯à ¢«¥ ¢¤®«ì à ¤¨ãá  (à¨á. 2, ¢).� ¯à®áâ¥©è¥© ¬®¤¥«¨, ª®â®à ï ¡ã¤¥â ®¯¨á  ¨¦¥, ¤¢¨¦¥¨¥ ¨®  ¢¤®«ì ®á¨ x ¡ã¤¥â ®¯¨-áë¢ âìáï â ª¨¬ ®¡à §®¬, ª ª ¡ã¤â® ¤¢¨¦¥¨ï¢¤®«ì ®á¨ y ¥â. �à®¬¥ â®£®, ¬ë ®£à ¨ç¨¬áï¯¥à¢ë¬ ¯®àï¤ª®¬ ¯® â¥®à¨¨ ¢®§¬ãé¥¨©. �®£¤ �(rS ; �S) = �(rS ; �0) � @�rS@��y + : : : ; £¤¥ (��y) |y -ª®®à¤¨ â  â®çª¨ (rS ; �S) ¢ á¨áâ¥¬¥ ª®®à¤¨ â xy(à¨á. 1),ne(rS ; �S) = ne(rS ; �0)�1� @�rS@��y+ : : :� ;Vr = V (u; u0) cos(�V (u0; r0; �0)� �0) == VSp2(�(rS ; �0)� �(r0; �0)): (9)�«ï à áç¥â  �y ¢®á¯®«ì§ã¥¬áï ãà ¢¥¨¥¬ �ìîâ® ¤«ï ¨®®¢. �ç¨â ï, çâ®�y =�V 2S �@�@y + @2�@y2 y+ @3�2@y3 y2 + : : :� ; (10)£¤¥ ¢á¥ ¯à®¨§¢®¤ë¥ ¢ëç¨á«ïîâáï   «ãç¥ � = �0 == const ¨ ï¢«ïîâáï äãªæ¨ï¬¨ ®â r ¨ �0 , ¯®«ãç¨¬:_y(rS ; �S; r) =�V 2S tZ0 dt0 @�@y ==�VS rZrS dr0p2(�(rS ; �0)� �(r0; �0)) @�@y ;y(rS ; �S; r) = tZ0 _y dt0 � yS = r0Zr dr02p�(rS ; �0)��(r0; �0)�� r0ZrS dr00p�(rS ; �0)� �(r00; �0) @�@y : (11)�§ áà ¢¥¨ï âà ¥ªâ®à¨© ¨®®¢, à®¤¨¢è¨åáï ¢ ¤¢ãåá®á¥¤¨å â®çª å �0 ¨ �0+�� , á«¥¤ã¥â (á¬. à¨á. 2, ¢):�y(rS; �0; r) = rr0�y0 + r0Zr dr02p�(rS ; �0)� �(r0; �0)�� r0ZrS dr00p�(rS ; �0)� �(r00; �0) @2�@y2�y(rS; �0; r00): (12)�®®â®è¥¨¥ (12) ¯à¥¤áâ ¢«ï¥â á®¡®© ¨â¥£à «ì-®¥ ãà ¢¥¨¥ ®â®á¨â¥«ì® �y . �§ (15) ¢ ¯à¥¤¥-«¥ �y! 0 á«¥¤ã¥â ãà ¢¥¨¥ ¤«ï áª®à®áâ¨ à §¡¥£ -¨ï âà ¥ªâ®à¨©dy(rS ; �0; r)dy0 = rr0 + r0Zr dr02p�(rS ; �0)� �(r0; �0)�� r0ZrS dr00p�(rS ; �0)� �(r00; �0) @2�@y2 dy(rS ; �0; r00)dy0 : (13)

�¤¥áì ¯¥à¢®¥ á« £ ¥¬®¥ ãç¨âë¢ ¥â ¯®¢®à®â á¨áâ¥¬ëª®®à¤¨ â ¯à¨ ¨§¬¥¥¨¨ ã£«  �0 . �à¨¨¬ ï ¢®¢¨¬ ¨¥ á¢ï§ì ª®®à¤¨ â x; y ¨ r; � , ¯®«ãç¨¬,à¥è ï (13) ¬¥â®¤®¬ â¥®à¨¨ ¢®§¬ãé¥¨©:dySdy0 =�rSr0 + r0ZrS dr02p�(rS ; �0)� �(r0; �0)�� r0ZrS dr00p�(rS ; �0)� �(r00; �0) @2�r00r0@�2�:�®«ãç¥®¥ á®®â®è¥¨¥ ¯à¨ ¨á¯®«ì§®¢ ¨¨ ä®à¬ã-«ë (9) ¯®§¢®«ï¥â à ááç¨â âì ¯«®â®áâì ¨®®¢ ¢ â®çª¥ ¡«î¤¥¨ï (3):n= �ip2VS r0Z0 e�(rS ;�0) rSr0 � drSp�(rS ; �0)� �(r0; �0)���1 + r0ZrS dr02p�(rS ; �0)� �(r0; �0)�� r0ZrS dr00p�(rS ; �0)� �(r00; �0) � @�rS@� @�r00@� + @2�rSr00@�2��;  ãà ¢¥¨¥ ¯« §¬ë ¨ á«®ï ¨¬¥¥â ¢¨¤ (¬ë ®¯ãáâ¨«¨¨¤¥ªá 0 ¤«ï â®çª¨  ¡«î¤¥¨ï)exp(��(r))r2De�� = 1� �ip2 VS rZ0 e�(rS ;�)��(r;�) rSr �� drSp(�(rS ; �)� �(r; �))�1 + rZrS dr02p�(rS ; �)� �(r0; �)�� r0ZrS dr00p�(rS ; �)� �(r00; �) � @�rS@� @�r00@� + @2�rSr00@�2��:(14)�á«¨  §¨¬ãâ «ìë¥ ¯à®¨§¢®¤ë¥ à ¢ë ã«î, â®¨§ (14) á«¥¤ã¥â à¥§ã«ìâ â �®ªá  ¨ �¥£¬îà  (5) [1].�®¯®«¨â¥«ìë¥ á« £ ¥¬ë¥ ®¯¨áë¢ îâ  §¨¬ãâ «ì-®¥ ¢ëà ¢¨¢ ¨¥ ¯®â¥æ¨ «  ¨ à®áâ ¯«®â®áâ¨¨®®¢ §  áç¥â  §¨¬ãâ «ì®£® ¤à¥©ä  (¨®ë ¯à¨å®¤ïâ¨§ ®¡« áâ¨ ¡®«¥¥ ¢ëá®ª®© ¯«®â®áâ¨ í«¥ªâà®®¢),¯à¨ç¥¬ ®¡  íää¥ªâ  ®ª §ë¢ îâáï ¥«®ª «ìë¬¨,â ª ª ª § ¢¨áïâ ®â á¢®©áâ¢ ¯®â¥æ¨ «  ¢® ¢á¥åâ®çª å, ¢ ª®â®àëå ¯®¡ë¢ « ¨®. � áâ®â  ¨®¨§ æ¨¨ï¢«ï¥âáï á®¡áâ¢¥ë¬ § ç¥¨¥¬ ãà ¢¥¨ï (14).�  â¥å âà ¥ªâ®à¨ïå, £¤¥ à ááâ®ï¨¥ ¤® £à ¨æëR(�0) ¬¨¨¬ «ì®,  §¨¬ãâ «ì®¥ ¯®«¥ ã¬¥ìè ¥â,  ¢¡«¨§¨ ¬ ªá¨¬ã¬  R(�0) ,  ¯à®â¨¢, ã¢¥«¨ç¨¢ ¥âà §¡¥£ ¨¥ âà ¥ªâ®à¨©, ¡« £®¤ àï ç¥¬ã   ª ¦¤®© ¨§âà ¥ªâ®à¨© ¢ë¯®«ï¥âáï ãá«®¢¨¥ ¡ « á  ç áâ¨æ ¯à¨®¤®¬ ¨ â®¬ ¦¥ § ç¥¨¨ ç áâ®âë ¨®¨§ æ¨¨. �¯®á®-¡ë à¥è¥¨ï ãà ¢¥¨© â¨¯  (14) ¡ã¤ãâ à áá¬®âà¥ë¢ ¯®á«¥¤ãîé¨å à ¡®â å.11 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò5



22 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2005. ò5�ë¢®¤ë� à ¡®â¥ ¯à®¢¥¤¥ ¢ë¢®¤ ¨â¥£à®-¤¨ää¥à¥æ¨- «ì®£® ãà ¢¥¨ï, ®¯¨áë¢ îé¥£® à á¯à¥¤¥«¥¨¥¯®â¥æ¨ «  ¢ ¤¢ã¬¥à® ¥®¤®à®¤®© ¯« §¬¥,   «®-£¨ç®£® ãà ¢¥¨î ¯« §¬ë ¨ á«®ï �¥£¬îà  ¨ �®ª-á  ¤«ï æ¨«¨¤à¨ç¥áª®£® ¯®«®¦¨â¥«ì®£® áâ®«¡  £ -§®¢®£® à §àï¤ . � ®â«¨ç¨¥ ®â ®¤®¬¥à®© § ¤ ç¨¯®«ãç¥®¥ ãà ¢¥¨¥ ®ª §ë¢ ¥âáï ¯à¨¡«¨¦¥ë¬,¯à¨ç¥¬ ¢ ª ç¥áâ¢¥ ¬ «®£® ¯ à ¬¥âà  ¨á¯®«ì§ã¥âáï®â®è¥¨¥ å à ªâ¥à®£® à §¬¥à  ¯« §¬¥®£® áâ®«-¡  ª à ¤¨ãáã ªà¨¢¨§ë âà ¥ªâ®à¨¨ ¨® . �à¨¢¥¤¥-ë¥ ¢ áâ âì¥ à¥§ã«ìâ âë ¨â¥à¥áë ¤«ï   «¨§  ¯à®-æ¥áá®¢ ¢ ¯« §¬¥ëå å¨¬¨ç¥áª¨å à¥ ªâ®à å ¨§ª®£®¤ ¢«¥¨ï.
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