
66 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü 4ª ¡®çª®®¡à §®© ä®à¬¥ ª  «  ¯à¨ ¤«¨â¥«ìëå íªá¯®-§¨æ¨ïå. � ª ï ä®à¬  ª  «   ¡«î¤ « áì à ¥¥ [5].�¥ª®â®àë¥ ¯à¥¤¢ à¨â¥«ìë¥ íªá¯¥à¨¬¥â «ìë¥ ¤ -ë¥ ¯à¨¢¥¤¥ë   à¨á. 3. �ªá¯¥à¨¬¥âë ¯à®¢®¤¨«¨áì á¨á¯®«ì§®¢ ¨¥¬ ¥¯à¥àë¢®£® ��2-« §¥à  á £ ãáá®¢ë¬à á¯à¥¤¥«¥¨¥¬ ¨â¥á¨¢®áâ¨ ¢ «ãç¥ ¢ ¤¨ ¯ §®¥¬®é®áâ¨ 300{800 �â. � ¡«î¤ ¥âáï å®à®è¥¥ á®£« á¨¥¤ ëå íªá¯¥à¨¬¥â  á à áç¥â ¬¨.�¨â¥à âãà 1. �ëª «¨ �.�., �£«®¢ �.�., �ã¥¢ �.�., �®ª®à  �.�. � - §¥à ï ¨ í«¥ªâà®®-«ãç¥¢ ï ®¡à ¡®âª  ¬ â¥à¨ «®¢. �.,1985.2. �¥¤¥®¢ �. �., �« ¤ãè �.�. �¨§¨ç¥áª¨¥ ¯à®æ¥ááë ¯à¨« §¥à®© ®¡à ¡®âª¥ ¬ â¥à¨ «®¢. �., 1985.3. Niziev V. G. // Laser Physics. 1993. 3, ü3. P. 629.4. �¥à¥¯ ®¢ �. �., �¥à¥¯ ®¢ �. �. // �¨§¨ª  ¨ å¨¬¨ï ®¡à -¡®âª¨ ¬ â¥à¨ «®¢. 1990. ü 2. C. 133.5. �« ¤ãè �.�., �¥¢ç¥ª® �.�., �¨§ì¥¢ �. �., �¥©¤£ §®¢ �. �. //�¢ â. í«¥ªâà®¨ª . 1984. 11, ü 11. C. 2294.�®áâã¯¨«  ¢ p¥¤ ªæ¨î19.03.97�������� � ������������ ��������� 534.222 ���������� ���������� �������� ����� ������������������� ������ � ������� ���������� 120{220 ��.�. �®à®¡®¢, �. �. �ª®®¬®¢(ª ä¥¤à   ªãáâ¨ª¨)�à®¢¥¤¥ë ¨§¬¥à¥¨ï ª®íää¨æ¨¥â  ¯®£«®é¥¨ï ¯à®¤®«ìëå §¢ãª®¢ëå ¢®« ¢ ¯®«¨ªà¨áâ «-«¨ç¥áª®¬ â¨â ¥ ¢ ®¡« áâ¨ â¥¬¯¥à âãà 120{220 �. �¡ àã¦¥ë ®á®¡¥®áâ¨ â¨¯  ¯¨ª  �®à¤®¨,á¢ï§ ë¥ á à áá¥ï¨¥¬ í¥à£¨¨   â®ç¥çëå ¤¥ä¥ªâ å. � ááç¨â  àï¤ ¢¥«¨ç¨, å à ªâ¥à¨§ãîé¨å¤ ë© ¬¥å ¨§¬ ¯®£«®é¥¨ï.�áá«¥¤®¢ ¨¥ â¥¬¯¥à âãàëå § ¢¨á¨¬®áâ¥©  ªãáâ¨-ç¥áª¨å á¢®©áâ¢ â¨â   ¯à¥¤áâ ¢«ï¥â ¨â¥à¥á ¢ á¢ï§¨ áâ¥¬, çâ® ¢ à ©®¥ 167 � ¢ ¤ ®¬ ¬¥â ««¥ áãé¥áâ¢ã¥âí«¥ªâà®®-â®¯®«®£¨ç¥áª¨© ¯¥à¥å®¤ (���) [1]. � à -¡®â¥ [2] ¯à¨¢¥¤¥ë à¥§ã«ìâ âë íªá¯¥à¨¬¥â «ì®£® ¨á-á«¥¤®¢ ¨ï § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  â¥¯«®¢®£® à á-è¨à¥¨ï ¬®®ªà¨áâ ««  â¨â   ®â â¥¬¯¥à âãàë. �à¨167 � ®¡ àã¦¥  ®á®¡¥®áâì (á¬¥  § ª ) ª®íää¨-æ¨¥â  â¥¯«®¢®£® à áè¨à¥¨ï ¢  ¯à ¢«¥¨¨ £¥ªá £®- «ì®© ®á¨, á¢ï§  ï á ���.�¥¬¯¥à âãà ï § ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¯®£«®-é¥¨ï ¯à¨ ��� â ª¦¥ ¤®«¦  ¨¬¥âì ®á®¡¥®áâì,  ¨¬¥® ¨á¯ëâë¢ âì áª ç®ª   ¢¥«¨ç¨ã, à ¢ãî ª®íä-ä¨æ¨¥âã í«¥ªâà®®£® ¯®£«®é¥¨ï, ®¤ ª®  àï¤ã áí«¥ªâà®ë¬ áãé¥áâ¢ã¥â ¯®£«®é¥¨¥, á¢ï§ ®¥ á ¢§ ¨-¬®¤¥©áâ¢¨¥¬  ªãáâ¨ç¥áª®© ¢®«ë á â®ç¥çë¬¨ ¤¥ä¥ªâ -¬¨. �ë«¨ ¯à®¢¥¤¥ë íªá¯¥à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ïª®íää¨æ¨¥â  ¯®£«®é¥¨ï ¯à®¤®«ìëå  ªãáâ¨ç¥áª¨å¢®« ç áâ®âë 5 ��æ ¢ ¯®«¨ªà¨áâ ««¥ â¨â   ¯à¨ â¥¬-¯¥à âãà å 120{220 �. � ¤ ®¬ ¤¨ ¯ §®¥ â¥¬¯¥à âãà¤¥©áâ¢¨â¥«ì® ¨¬¥¥âáï ®á®¡¥®áâì. �®á«¥ ¯à®¢¥¤¥¨ïª®âà®«ìëå ¨§¬¥à¥¨©   áâ «¨ ¨ ¤àã£¨å ¬¥â «« å,¢ ãª § ®¬ ¤¨ ¯ §®¥ â¥¬¯¥à âãà ¥ ¨¬¥îé¨å ���,  â ª¦¥   ®â®¦¦¥®¬ â¨â ¥ ¡ë«® ãáâ ®¢«¥®, çâ®¤  ï ®á®¡¥®áâì ª®íää¨æ¨¥â  ¯®£«®é¥¨ï ¢ ®á®¢-®¬ á¢ï§   á ¢§ ¨¬®¤¥©áâ¢¨¥¬  ªãáâ¨ç¥áª®© ¢®«ë áâ®ç¥çë¬¨ ¤¥ä¥ªâ ¬¨.�¯¥à¢ë¥ ¯¨ª   ªà¨¢®© § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â ¯®£«®é¥¨ï  ªãáâ¨ç¥áª®© ¢®«ë ®â â¥¬¯¥à âãàë ¢ ¬¥-â ««¥ ¡ë« ®¡ àã¦¥ �®à¤®¨ [3] ¨  §¢  ¥£® ¨¬¥¥¬.� «¨ç¨¥ ¯¨ª  á¢ï§ë¢ ¥âáï á à¥« ªá æ¨¥© ª®æ¥âà æ¨¨

â®ç¥çëå ¤¥ä¥ªâ®¢. � á«ãç ¥ ¯à®áâ®£® à¥« ªá æ¨®®£®¯à®æ¥áá  § ¢¨á¨¬®áâì ¢à¥¬¥¨ à¥« ªá æ¨¨ � ®â â¥¬¯¥-à âãàë T § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ ãà ¢¥¨ï �àà¥¨ãá :� = �0 exp�WkT � ; (1)£¤¥ W | í¥à£¨ï  ªâ¨¢ æ¨¨ â®ç¥ç®£® ¤¥ä¥ªâ , k |¯®áâ®ï ï �®«ìæ¬   ¨ �0 | ¥ª®â®à ï ª®áâ â  (¥§ ¢¨áïé ï ®â â¥¬¯¥à âãàë). �á«¨ ¨§¬¥à¥¨ï ¯à®¢®¤ïâáï  ç áâ®â¥ §¢ãª®¢®© ¢®«ë f; â® ¢ãâà¥¥¥ âà¥¨¥,®¡ãá«®¢«¥®¥ ¤ ë¬ à¥« ªá æ¨®ë¬ ¯à®æ¥áá®¬, ï¢-«ï¥âáï äãªæ¨¥© ¯à®¨§¢¥¤¥¨ï !� (£¤¥ ! = 2�f) ¨ ¨¬¥¥â¬ ªá¨¬ «ì®¥ § ç¥¨¥ ¯à¨ !� = 1: � ª¨¬ ®¡à §®¬,â¥¬¯¥à âãà  Tm; ¯à¨ ª®â®à®©  ¡«î¤ ¥âáï ¬ ªá¨¬ã¬¢ãâà¥¥£® âà¥¨ï, á¢ï§   á ç áâ®â®© ª®«¥¡ ¨© á«¥-¤ãîé¨¬ á®®â®è¥¨¥¬:fm = 12��0 exp�� WkTm� ; (2)  ª®íää¨æ¨¥â ¯®£«®é¥¨ï   ç áâ®â¥ !� = 2�m !=!m1 + (!=!m)2 ; (3)£¤¥ �m á®®â¢¥âáâ¢ã¥â ¬ ªá¨¬ «ì®¬ã § ç¥¨î ª®íä-ä¨æ¨¥â  ¯®£«®é¥¨ï, !m = !0 exp(�W=kT ): � à ¡®â å[4] ¨ [5] ãª § ® á«¥¤ãîé¥¥ ãá«®¢¨¥ ¬ ªá¨¬ã¬    â¥¬-¯¥à âãà®© § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â  ¯®£«®é¥¨ï:!2�2 = '1 + kT'0 � kT ; (4)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª , �áâà®®¬¨ï. 1997. ü4 67£¤¥ T | â¥¬¯¥à âãà , ¯à¨ ª®â®à®©  ¡«î¤ ¥âáï ¯¨ª,'0 ¨ '1 | ä«ãªâã æ¨¨ í¥à£¨¨, ¤®áâ â®çë¥ ¤«ï ¯¥-à¥¢®¤   â®¬  ¨§ ã§«  ¢ ¬¥¦¤®ã§«¨¥ ¨ ¨§ ¬¥¦¤®ã§«¨ï ¢¢ ª âë© ã§¥« à¥è¥âª¨ á®®â¢¥âáâ¢¥®.�ªá¯¥à¨¬¥â «ìë© ®¡à §¥æ ¯à¥¤áâ ¢«ï« á®¡®© æ¨-«¨¤à, ¢ëà¥§ ë© ¨§ ¯®«¨ªà¨áâ ««  â¨â  , ¢ëá®-â®© 15 ¨ ¤¨ ¬¥âà®¬ ®á®¢ ¨ï 9 ¬¬. �  ¯à®â¨¢®¯®-«®¦ë¥ £à ¨ á ¯®¬®éìî á¨«¨ª®®¢®£® ¬ á«  ���-94 ª«¥¨¢ «¨áì ¯ì¥§®ª¥à ¬¨ç¥áª¨¥ í«¥ªâà® ªãáâ¨ç¥áª¨¥¯à¥®¡à §®¢ â¥«¨. �«ï ¨§¬¥à¥¨ï  ¬¯«¨âã¤ë §¢ãª®¢®©¢®«ë ¯à¨¬¥ï« áì  ¢â®¬ â¨§¨à®¢  ï ãáâ ®¢ª ,¯®¤à®¡® ®¯¨á  ï ¢ à ¡®â å [6] ¨ [7]. �®íää¨æ¨¥â¯®£«®é¥¨ï  ªãáâ¨ç¥áª¨å ¢®« ¢ëç¨á«ï«áï ¯® ä®à¬ã«¥� = (1=b) ln(AN=AN+1); b | ¯à®©¤¥ë© §¢ãª®¢®©¢®«®© ¯ãâì (ã¤¢®¥ ï ¤«¨  ®¡à §æ ), AN ¨ AN+1 | ¬¯«¨âã¤ë ¤¢ãå ¯®á«¥¤®¢ â¥«ìëå ¨¬¯ã«ìá®¢  ªãáâ¨-ç¥áª®© á¥à¨¨ (AN > AN+1).�  à¨áãª¥ ¯à¨¢¥¤¥  íªá¯¥à¨¬¥â «ì ï § ¢¨á¨-¬®áâì ®â â¥¬¯¥à âãàë ª®íää¨æ¨¥â  ¯®£«®é¥¨ï �¯à®¤®«ì®©  ªãáâ¨ç¥áª®© ¢®«ë ç áâ®âë 5 ��æ ¢¯®«¨ªà¨áâ ««¨ç¥áª®¬ â¨â ¥ (ªà¨¢ ï 1). � ¨â¥à¢ «¥â¥¬¯¥à âãà 120{130 � ª®íää¨æ¨¥â ¯®£«®é¥¨ï ¯ ¤ ¥â,§ â¥¬ ¯à¨ 130{180 � ¬®®â®® ¢®§à áâ ¥â ¨ ¤®áâ¨-£ ¥â ¬ ªá¨¬ã¬  ¢ à ©®¥ 180 �, ¯®á«¥ ç¥£® á¯ ¤ ¥â.� ¬ ¦¥ ¯à¨¢¥¤¥    «®£¨ç ï § ¢¨á¨¬®áâì ¤«ï ¢®«ëç áâ®âë 8 ��æ (ªà¨¢ ï 2): ¢ ¨â¥à¢ «¥ â¥¬¯¥à âãà120{160 � ª®íää¨æ¨¥â ¯®£«®é¥¨ï ¯ ¤ ¥â, § â¥¬ ¯à¨160{190 � ¬®®â®® ¢®§à áâ ¥â ¨ ¤®áâ¨£ ¥â ¬ ªá¨-¬ã¬  ¢ à ©®¥ 191 �, ¯®á«¥ ç¥£® ¬®®â®® á¯ ¤ ¥â.� ª¨¬ ®¡à §®¬, ¯à¨ ¢®§à áâ ¨¨ ç áâ®âë ¤® 5 ��æ ¯¨ªá¤¢¨ã«áï ¢ ®¡« áâì ¡®«¥¥ ¢ëá®ª¨å â¥¬¯¥à âãà ¨ ¢ëá®â ¥£® ã¢¥«¨ç¨« áì, çâ®  å®¤¨âáï ¢ ¯®«®¬ á®®â¢¥âáâ¢¨¨á â¥®à¨¥© ¯¨ª®¢ �®à¤®¨ [3]. �®á«¥ íâ®£® ®¡à §¥æâ¨â   ®â¦¨£ «áï ¢ â¥ç¥¨¥ � 6 ç ¯à¨ â¥¬¯¥à âãà¥�= 600 � > �D = 410 �. �  à¨áãª¥ ¯à¨¢¥¤¥  íªá-¯¥à¨¬¥â «ì ï § ¢¨á¨¬®áâì ®â â¥¬¯¥à âãàë ª®íää¨-æ¨¥â  ¯®£«®é¥¨ï � ¯à®¤®«ì®©  ªãáâ¨ç¥áª®© ¢®«ëç áâ®âë 5 ��æ ¢ ¯®«¨ªà¨áâ ««¨ç¥áª®¬ â¨â ¥ ¯®á«¥®â¦¨£  ®¡à §æ  ¯à¨ â¥¬¯¥à âãà¥ ¢ëè¥ â¥¬¯¥à âãàë�¥¡ ï (ªà¨¢ ï 3). � à ªâ¥à ªà¨¢®© â ª®© ¦¥, ª ª ¨¤® ®â¦¨£ , ®¤ ª®  ¡á®«îâ®¥ § ç¥¨¥ ª®íää¨æ¨¥â ¯®£«®é¥¨ï ¬¥ìè¥.�§ ¯®«ãç¥ëå íªá¯¥à¨¬¥â «ìëå ¤ ëå (â¥¬¯¥-à âãà  ¯¨ª®¢ �®à¤®¨ m = 190; 1 � ¤«ï ç áâ®âë 8 ��æ¨ m = 181; 4 � ¤«ï ç áâ®âë 5 ��æ ¢ ¯®«¨ªà¨áâ ««¨-ç¥áª®¬ â¨â ¥) á ¨á¯®«ì§®¢ ¨¥¬ á®®â®è¥¨© (2){(4)¡ë«¨ à ááç¨â ë í¥à£¨ï  ªâ¨¢ æ¨¨ â®ç¥ç®£® ¤¥ä¥ª-â  ¤«ï ¤ ®£® ®¡à §æ  (W = 0; 16 í�), ä«ãªâã æ¨ïí¥à£¨¨ '0 ('0 = 0; 34 í�), ä«ãªâã æ¨ï í¥à£¨¨ '1('1 = 0; 18 í�), ¢à¥¬ï à¥« ªá æ¨¨ ª®æ¥âà æ¨¨ â®-

ç¥çëå ¤¥ä¥ªâ®¢ � � 2 � 10�7 á,   â ª¦¥ â¥®à¥â¨ç¥á-ª ï â¥¬¯¥à âãà ï § ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¯®£«®-é¥¨ï ¯à®¤®«ì®©  ªãáâ¨ç¥áª®© ¢®«ë ç áâ®âë 8 ��æ¢ à ©®¥ ¬ ªá¨¬ã¬  (à¨áã®ª, ªà¨¢ ï 4). �¥ª®â®à®¥à §«¨ç¨¥ ¬¥¦¤ã íªá¯¥à¨¬¥â «ì®© ¨ â¥®à¥â¨ç¥áª®©ªà¨¢ë¬¨ ®¡êïáï¥âáï, ¯®-¢¨¤¨¬®¬ã, â¥¬, çâ® à áç¥âë¡ë«¨ á¤¥« ë ¢ ¯à¥¤¯®«®¦¥¨¨, çâ® í¥à£¨ï  ªâ¨¢ æ¨¨â®ç¥ç®£® ¤¥ä¥ªâ  ¨ ¢à¥¬ï à¥« ªá æ¨¨ ª®æ¥âà æ¨¨â®ç¥çëå ¤¥ä¥ªâ®¢ ¯®áâ®ïë ¤«ï ¢á¥£® ®¡à §æ .
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