
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 1 55á â¥¬, çâ® ¬ £­¨â­ë© ¢ª« ¤ ®ª §ë¢ ¥âáï ¯à¨áãâáâ¢ã-îé¨¬ ¢® ¢á¥¬ íää¥ªâ¨¢­®¬ ¤¥©áâ¢¨¨,   ­¥ â®«ìª® ¢¯¥â«¥¢ëå ¯®¯à ¢ª å. � ¬¥­  ¢ íää¥ªâ¨¢­®¬ ¤¥©áâ¢¨¨e ! phe2i ¯à¨¢®¤¨â ª ¯®¢¥¤¥­¨î ¡¥£ãé¨å ª®­áâ ­â,áå¥¬ â¨ç¥áª¨ ¯®ª § ­­®¬ã ­  à¨áã­ª¥.���������	
��®¢¥¤¥­¨¥ ¡¥£ãé¨å ª®­áâ ­â á¢ï§¨� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® å®âï ®á­®¢­ë¥ ­ è¨¯®«®¦¥­¨ï ­¥ ï¢«ïîâáï áâà®£® ®¡®á­®¢ ­­ë¬¨ ¨ ¦¤ãâ¤ «ì­¥©è¥£® à §¢¨â¨ï, ¬ë áç¨â ¥¬, çâ® ¤ ­­ ï £¨¯®â¥§ 
¨¬¥¥â ¯à ¢® ­  áãé¥áâ¢®¢ ­¨¥, â¥¬ ¡®«¥¥ çâ® ¤àã£¨å ¢­ áâ®ïé¥¥ ¢à¥¬ï ¯à®áâ® ­¥ áãé¥áâ¢ã¥â. �®§¬®¦­® â ª-¦¥, çâ® ­¥ª®â®àë¥ ¢ë¤¢¨­ãâë¥ §¤¥áì ¨¤¥¨ ¡ã¤ãâ ¯®«¥§-­ë ¤«ï ¡ã¤ãé¨å ¨áá«¥¤®¢ ­¨© ¢ ¤ ­­®¬ ­ ¯à ¢«¥­¨¨.�¤­ ª® ã¦¥ ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ¬®¦­® £®¢®à¨âì ® â®¬,çâ® §­ ­¨¥ â®ç­®£® ç¨á«¥­­®£® §­ ç¥­¨ï �GUT (¯à¨ãá«®¢¨¨ §­ ­¨ï á®®â¢¥âáâ¢ãîé¥© áå¥¬ë ¯¥à¥­®à¬¨à®¢-ª¨) ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¤«ï ä¥­®¬¥­®«®£¨ç¥áª¨å ¨á-á«¥¤®¢ ­¨© ¯® ¯à¥¤áª § ­¨î ¯ à ¬¥âà®¢ �â ­¤ àâ­®©¬®¤¥«¨.�¨â¥à âãà 1. Review of Particle Properties // Phys. Rev. 1994. D50. P. 1173.2. Nilles H. // Phys. Rep. 1984. 110. P. 1.3. Dienes K. // E-pr. hep-th/ 9602045.4. Harvey J. // E-pr. hep-th/ 9603086.5. Montonen C., Olive D. // Phys. Lett. 1977. 72B. P. 177.6. �®£®¬®«ì­ë© �. // �¤¥à­ ï ä¨§¨ª . 1976. 24. C. 861.7. Seiberg N., Witten E. // Nucl. Phys. 1994. B426. P. 19.8. Bilal A. // E-pr. hep-th/ 9601007.9. Ashtekar A., Corichi A. // E-pr. hep-th/9701136.10. Dokos C., Tomaras T. // Phys. Rev. 1980. D21. P. 2940.11. Dimopoulos S., Raby S., Wilczek F. // Phys. Rev. 1979. D24.P. 1681; Dimopoulos S., Georgy H. // Nucl. Phys. 1981. B193.P. 150. �®áâã¯¨«  ¢ p¥¤ ªæ¨î18.06.97������ �������� ������� 539.293:537����������������� ����� ����������� �������� ���� �������� ��������.�. �¥¬¨¤®¢¨ç, �. �. �¥¬¨¤®¢¨ç, �. �. �®§«®¢, �. �. �¥âà®¢(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¬®«¥ªã«ïà­®© í«¥ªâà®­¨ª¨ )�à¥¤«®¦¥­ ¬¥â®¤ ®æ¥­ª¨ à §¬¥à®¢ ¯®à ¯®à¨áâ®© á¨áâ¥¬ë, ®á­®¢ ­­ë© ­  ¨§¬¥à¥­¨¨ ¥¥ ¯à®¢®¤¨-¬®áâ¨ ¯à¨ § ¯®«­¥­¨¨ ¯®à ¦¨¤ª¨¬ ¯à®¢®¤ïé¨¬  ¤á®à¡ â®¬. � ª ç¥áâ¢¥  ¯à®¡ æ¨¨ ¬¥â®¤  ¯à®¢¥¤¥­ ®æ¥­ª  à §¬¥à®¢ ¯®à ¯®à¨áâ®£® ªà¥¬­¨ï ¨áå®¤ï ¨§ ¤ ­­ëå ¯® ¯à®¢®¤¨¬®áâ¨ á¨áâ¥¬ë ¢ ¯ à å ¢®¤ë¨ á¯¨àâ . �®«ãç¥­­ë¥ à¥§ã«ìâ âë ­ å®¤ïâáï ¢ å®à®è¥¬ á®®â¢¥âáâ¢¨¨ á ®æ¥­ª ¬¨ à §¬¥à®¢ ¯®à,¯®«ãç¥­­ë¬¨  ¤á®à¡æ¨®­­ë¬¨ ¬¥â®¤ ¬¨.�¢¥¤¥­¨¥� ¯®á«¥¤­¨¥ £®¤ë ¢ àï¤¥ « ¡®à â®à¨© ¬¨à  ¨­-â¥­á¨¢­® ¨áá«¥¤ã¥âáï ªà¨áâ ««¨ç¥áª¨© ­ ­®¯®à¨áâë©ªà¥¬­¨© | ¬ â¥à¨ «, ¯¥àá¯¥ªâ¨¢ë ¨á¯®«ì§®¢ ­¨ï ª®-â®à®£® ¢ ®¯â®í«¥ªâà®­¨ª¥ ¨ á¥­á®à­®© â¥å­¨ª¥ ¯à¥¤-áâ ¢«ïîâáï ¢¥áì¬  ®¡­ ¤¥¦¨¢ îé¨¬¨ [1, 2]. �¢®©áâ¢ íâ®£® ¬ â¥à¨ «  ¢ §­ ç¨â¥«ì­®© ¬¥à¥ ®¯à¥¤¥«ïîâáïáâàãªâãà­ë¬¨ ä ªâ®à ¬¨, ¢ ç áâ­®áâ¨ à §¬¥à ¬¨ ¯à®-­¨§ë¢ îé¨å ¥£® ­ ­®¯®à. �àï¬ë¬ ¨ ­ ¨¡®«¥¥ ­ ¤¥¦-­ë¬ ¬¥â®¤®¬ ®¯à¥¤¥«¥­¨ï à §¬¥à®¢ ¯®à ¢ ¬¨ªà®¯®à¨á-âëå ®¡ê¥ªâ å ï¢«ï¥âáï ¯®«ãç¥­¨¥ ­¨§ª®â¥¬¯¥à âãà­ëå¨§®â¥à¬  ¤á®à¡æ¨¨ ¨­¥àâ­ëå £ §®¢ [3]. �¤­ ª® ¬¥â®-¤¨ª  íâ  ¢¥áì¬  âàã¤®¥¬ª ï ¨, ªà®¬¥ â®£®, âà¥¡ãîé ï¤®áâ â®ç­® ¡®«ìè®£® ª®«¨ç¥áâ¢  ¯®à¨áâ®£® ªà¥¬­¨ï
¤«ï ¤®áâ¨¦¥­¨ï ­¥®¡å®¤¨¬®© â®ç­®áâ¨. � ­ áâ®ïé¥©à ¡®â¥ ¯à¥¤« £ ¥âáï ­®¢ë© á¯®á®¡ ®æ¥­ª¨ à §¬¥à®¢­ ­®¯®à ¢ ¯®à¨áâ®¬ ªà¥¬­¨¨, ®á­®¢ ­­ë© ­  ¨áá«¥-¤®¢ ­¨¨ § ¢¨á¨¬®áâ¨ ¥£® ¯à®¢®¤¨¬®áâ¨ ®â ¤ ¢«¥­¨ï¯ à®¢ ¢®¤ë ¨«¨ á¯¨àâ .�ªá¯¥à¨¬¥­â� à ¡®â¥ ¨áá«¥¤®¢ «¨áì ¯«¥­ª¨ ªà¨áâ ««¨ç¥áª®£®¯®à¨áâ®£® ªà¥¬­¨ï, ¯®«ãç¥­­ë¥ ­  ¯®¢¥àå­®áâ¨ (100)¬®­®ªà¨áâ ««¨ç¥áª®£® ªà¥¬­¨ï p-â¨¯  á ã¤¥«ì­ë¬ á®-¯à®â¨¢«¥­¨¥¬ 12 �¬�á¬. �®à¨áâë© á«®© ­  ªà¨áâ ««¨-ç¥áª®© ¯®¤«®¦ª¥ á®§¤ ¢ «¨  ­®¤¨à®¢ ­¨¥¬ ¢ í«¥ªâà®-«¨â¥, á®¤¥à¦ é¥¬ 48%-© à áâ¢®à HF, á¬¥è ­­ë© ¢ ¯à®-¯®àæ¨¨ 1:1 á 96%-¬ íâ¨«®¢ë¬ á¯¨àâ®¬. �à¨ ¯«®â­®áâ¨



56 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 1998. ü 1â®ª  20 ¬�/á¬2 ¢ â¥ç¥­¨¥ 5 ¬¨­ ä®à¬¨à®¢ « áì ¯«¥­ª ¯®à¨áâ®£® ªà¥¬­¨ï (��) â®«é¨­®© 1 ¬ª¬ á ã¤¥«ì­®©¯®¢¥àå­®áâìî ¤® 6 ¬2/£. �®á«¥ ¯®«ãç¥­¨ï ¯®à¨áâ®£®á«®ï ®¡à §æë âé â¥«ì­® ¯à®¬ë¢ «¨ ¤¨áâ¨««¨à®¢ ­­®©¢®¤®© ¨ ¯®¬¥é «¨ ¢ ¢ ªãã¬­ãî ª ¬¥àã ¤«ï ­ ­¥á¥­¨ï¬¥â ««¨ç¥áª¨å ª®­â ªâ®¢, ¯à®­¨æ ¥¬ëå ¤«ï ¬®«¥ªã«£ §®¢. �®­â ªâë ¤¨ ¬¥âà®¬ 1 ¬¬ ª ¯®à¨áâ®¬ã á«®îá®§¤ ¢ «¨ ¬¥â®¤®¬ â¥à¬¨ç¥áª®£® à á¯ë«¥­¨ï á­ ç « ­¨åà®¬  (¤® ®¡à §®¢ ­¨ï á«®ï â®«é¨­®© 2{4 ­¬),  § â¥¬ á¥à¥¡à  (á«®© â®«é¨­®© 20 ­¬). �á¥ ¨§¬¥à¥­¨ï¯à®¢®¤¨«¨áì ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥.���������	
��
�������¨á. 1. � ¢¨á¨¬®áâì ¢¥«¨ç¨­ë ®¡à â­®£® â®ª  ç¥à¥§áâàãªâãàã ªà¥¬­¨©-��-¬¥â «« ( ) ¨ â ­£¥­á  ã£«  ­ -ª«®­  íâ®© § ¢¨á¨¬®áâ¨ (¡) ¯à¨ ¯®áâ¥¯¥­­®¬ ¯®¢ë-è¥­¨¨ (á¢¥â«ë¥ â®çª¨) ¨ ¯®­¨¦¥­¨¨ (â¥¬­ë¥ â®çª¨)¤ ¢«¥­¨ï ¯ à®¢ ¢®¤ë ¨ íâ ­®« �¡áã¦¤¥­¨¥ à¥§ã«ìâ â®¢�®«ìâ- ¬¯¥à­ë¥ å à ªâ¥à¨áâ¨ª¨ áâàãªâãà ªà¥¬-­¨©-��-¬¥â «« ¨¬¥«¨ ¢¨¤, â¨¯¨ç­ë© ¤«ï ¤¨®¤®¢ �®â-âª¨; ¯àï¬®¬ã ­ ¯à ¢«¥­¨î â®ª  á®®â¢¥âáâ¢®¢ «® ®â-à¨æ â¥«ì­®¥ ­ ¯àï¦¥­¨¥ ­  ¬¥â ««¨ç¥áª®¬ í«¥ªâà®¤¥.�à¨ ­ ¯ãáª¥ ¯ à®¢ ¢®¤ë ¨«¨ íâ ­®«  ¢ íªá¯¥à¨¬¥­-â «ì­ãî ïç¥©ªã, ¯à¥¤¢ à¨â¥«ì­® ®âª ç ­­ãî ¤® ¢ -ªãã¬  10�5 �®àà, ­ ¡«î¤ «®áì ã¢¥«¨ç¥­¨¥ ®¡à â­®£®â®ª  ç¥à¥§ áâàãªâãàã. �  à¨á. 1,a ¯®ª § ­ë â¨¯¨ç­ë¥§ ¢¨á¨¬®áâ¨ ¢¥«¨ç¨­ë ®¡à â­®£® â®ª  ¯à¨ ¯®áâ®ï­­®¬­ ¯àï¦¥­¨¨ ­  ¬¥â ««¨ç¥áª®¬ í«¥ªâà®¤¥ (Vg = +5 B) ®â

®â­®á¨â¥«ì­®£® ¤ ¢«¥­¨ï p=ps ¯ à®¢ ¢®¤ë ¨ íâ¨«®¢®£®á¯¨àâ . � ¯à®æ¥áá¥ ¨§¬¥à¥­¨© ¤ ¢«¥­¨¥ ¯ à®¢ ¯®áâ¥-¯¥­­® ¯®¢ëè «®áì; ¯à¨ ª ¦¤®¬ §­ ç¥­¨¨ ¤ ¢«¥­¨ïáâàãªâãàã ¢ë¤¥à¦¨¢ «¨ ¢ ¯ à å ¢ â¥ç¥­¨¥ 10 ¬¨­, ¯®á«¥ç¥£® ¯®¤ ¢ «¨ ­ ¯àï¦¥­¨¥ +5 � ­  ¬¥â ««¨ç¥áª¨©í«¥ªâà®¤, ¨§¬¥àï«¨ â®ª ç¥à¥§ áâàãªâãàã ¨ ¤ ¢«¥­¨¥¯ à®¢ ¢­®¢ì ã¢¥«¨ç¨¢ «¨. � ¨¡®«¥¥ à¥§ª®¥ ¢®§à áâ ­¨¥®¡à â­®£® â®ª  ­ ¡«î¤ «®áì ¯à¨ p=ps � 0; 1{0; 2 ¤«ï¢®¤ë ¨ � 0; 2{0; 4 ¤«ï á¯¨àâ  (à¨á. 1,). �®áâ ¢¥«¨ç¨­ë®¡à â­®£® â®ª  ç¥à¥§ áâàãªâãàã ¢ ¯ à å ¤¨áá®æ¨¨àãî-é¨å ¢¥é¥áâ¢, ®ç¥¢¨¤­®, á¢ï§ ­ á ¢®§à áâ ­¨¥¬ ¨®­­®©¯à®¢®¤¨¬®áâ¨ ¯® ®¡ê¥¬ã ¦¨¤ª®áâ¨, ª®­¤¥­á¨àãîé¥©áï¢ ª ¯¨««ïà å ­ ­®¯®à¨áâ®£® á«®ï. �«¥¤ã¥â, ®¤­ ª®,¨¬¥âì ¢ ¢¨¤ã, çâ® ã¢¥«¨ç¥­¨¥ ¯à®¢®¤¨¬®áâ¨ á¨áâ¥¬ë¢ íâ®¬ ¨­â¥à¢ «¥ ®â­®á¨â¥«ì­ëå ¤ ¢«¥­¨© ¬®¦¥â ¡ëâì®¡ãá«®¢«¥­® ­¥ â®«ìª® ã¢¥«¨ç¥­¨¥¬ ®¡ê¥¬  ¯à®¢®¤ï-é¥© áà¥¤ë ¢ ­ ­®¯®à å ��, ­® ¨ à®áâ®¬ ¯®¤¢¨¦­®áâ¨¨®­®¢ [4]. � ¬ ¯à¥¤áâ ¢«ï¥âáï, çâ® ­ ¨¡®«¥¥  ¤¥ª¢ â­ ï¨­ä®à¬ æ¨ï ® à §¬¥à å ­ ­®¯®à ¬®¦¥â ¡ëâì ¯®«ãç¥­ ¨§ ¢¥«¨ç¨­ë ®â­®á¨â¥«ì­®£® ¤ ¢«¥­¨ï, ¯à¨ ª®â®à®¬­ ç¨­ ¥âáï ú­ áëé¥­¨¥û § ¢¨á¨¬®áâ¨ ®¡à â­®£® â®ª ®â p=ps. �ç¥¢¨¤­®, ¢ íâ®¬ á«ãç ¥ ®á­®¢­®© ®¡ê¥¬¬¨ªà®¯®à ã¦¥ § ¯®«­¥­. �§ à¨á. 1 á«¥¤ã¥â, çâ® ¢ ­ è¨åíªá¯¥à¨¬¥­â å ¤«ï ¢®¤ë ¨ á¯¨àâ  íâ® ¯à®¨áå®¤¨â ¯à¨p=ps � 0; 6{0; 7.���������	
��
�������¨á. 2. �¥®à¥â¨ç¥áª ï § ¢¨á¨¬®áâì à ¤¨ãá  § ¯®«­ï¥-¬ëå ¯®à ®â ®â­®á¨â¥«ì­®£® ¤ ¢«¥­¨ï ¯ à®¢ ¢®¤ë ¨«¨íâ ­®« � ª ¨§¢¥áâ­®, à ¤¨ãá ¯®à rm, § ¯®«­ï¥¬ëå ¯à¨¤ ­­®¬ §­ ç¥­¨¨ p=ps ¨ â¥¬¯¥à âãà¥ T , ®¯à¥¤¥«ï¥âáïä®à¬ã«®© �¥«ì¢¨­ {�®¬á®­ :rm = � 2
VLRT ln(p=ps) ; (1)
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 | ¯®¢¥àå­®áâ­®¥ ­ âï¦¥­¨¥ ¦¨¤ª®£®  ¤á®à¡ â ,VL |¥£® ¬®«ïà­ë© ®¡ê¥¬,R = 8; 314�107 íà£/(¬®«ì�£à ¤) |ã­¨¢¥àá «ì­ ï £ §®¢ ï ¯®áâ®ï­­ ï.� ç áâ­®áâ¨, ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ ¤«ï ¢®¤ë
(w) = 73 ¤¨­/á¬, V (w)L = 18 á¬3/¬®«ì; ¤«ï á¯¨àâ 
(s) = 22; 8 ¤¨­/á¬, V (s)L = 57; 6 á¬3/¬®«ì. �®áª®«ìªã
(w)V (w) � 
(s)V (s), ¤«ï ®¡®¨å íâ¨å ¢¥é¥áâ¢ ¨§ (1)á«¥¤ã¥â ®¡é¥¥ á®®â­®è¥­¨¥:1rm = �K lg(p=ps); (2)£¤¥ K �= 2; 2 ­¬�1.� ¢¨á¨¬®áâì (2) ¯®ª § ­  ­  à¨á. 2. �¨¤­®, çâ®¢¥«¨ç¨­ ¬ p=ps � 0; 6{0; 7 á®®â¢¥âáâ¢ã¥â à ¤¨ãá ¯®à2{3 ­¬. �â  ¢¥«¨ç¨­  å®à®è® á®£« áã¥âáï á à¥§ã«ì-â â ¬¨, ¯®«ãç¥­­ë¬¨ úª« áá¨ç¥áª¨¬û  ¤á®à¡æ¨®­­ë¬¬¥â®¤®¬ ­  ®¡à §æ å ��, ¨§£®â®¢«¥­­ëå ¢  ­ «®£¨ç-­ëå ãá«®¢¨ïå [3, 5]. �§ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå á«¥¤ã¥ââ ª¦¥, çâ® ¢ á«®¥ �� ¯à¨áãâáâ¢ãîâ ¯®àë ¥é¥ ¬¥­ìè¥£®à §¬¥à . �â®â ¢ë¢®¤ â®¦¥ ­¥ ¯à®â¨¢®à¥ç¨â «¨â¥à âãà-­ë¬ ¤ ­­ë¬ [5]. �â¬¥â¨¬, çâ® ®¯à¥¤¥«¥­¨¥ à §¬¥à®¢­ ­®¯®à ¨§ ¤ ­­ëå ¯® ¨§¬¥­¥­¨î í«¥ªâà®¯à®¢®¤­®áâ¨áâàãªâãà ¯à¨ ¯®áâ¥¯¥­­®¬ ¯®­¨¦¥­¨¨ ¤ ¢«¥­¨ï ¯ à®¢®ª § «®áì § âàã¤­¨â¥«ì­ë¬ ¨§-§  ¤«¨â¥«ì­®áâ¨ ¯à®æ¥á-
á  ¤¥á®à¡æ¨¨ ¯ à®¢ ¨§ ­ ­®ª ¯¨««ïà®¢ �� (á¬. à¨á. 1).� ª¨¬ ®¡à §®¬, ¨áá«¥¤®¢ ­¨¥ § ¢¨á¨¬®áâ¨ ¯à®¢®¤¨-¬®áâ¨ áâàãªâãàë ªà¥¬­¨©-��-¬¥â «« ®â ®â­®á¨â¥«ì­®-£® ¤ ¢«¥­¨ï ¯ à®¢ ¢®¤ë ¨«¨ á¯¨àâ  ¯®§¢®«ï¥â ®æ¥­¨-¢ âì à §¬¥àë ¯®à ¢ á«®¥ ��. �à¥¨¬ãé¥áâ¢®¬ ¬¥â®¤ ï¢«ï¥âáï â®, çâ® ¨§¬¥à¥­¨ï ¬®£ãâ ¡ëâì ¯à®¢¥¤¥­ë ­ ®¡à §æ å áª®«ì ã£®¤­® ¬ «ëå à §¬¥à®¢. �¥â®¤¨ª  ¢¯à¨­æ¨¯¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢ ­  ¯à¨ ¨áá«¥¤®¢ ­¨¨«î¡ëå ­ ­®¯®à¨áâëå ®¡ê¥ªâ®¢ á ­¨§ª®© á®¡áâ¢¥­­®©¯à®¢®¤¨¬®áâìî,   â ª¦¥ «î¡ëå ª®­¤¥­á¨àãîé¨åáï  ¤-á®à¡ â®¢ á § ¬¥â­®© ¯à®¢®¤¨¬®áâìî.�¨â¥à âãà 1. Kanemitsu Y. // Phys. Rep. 1995. 263. P. 1.2. �¥¬¨¤®¢¨ç �.�., �¥¬¨¤®¢¨ç �.�., �®§«®¢ �.�., �ã­£  �.�.,�¥âà®¢ �.�. // �¥áâ­. �®áª. ã­-â . �¨§. �áâà®­. 1996.ü 4. �. 99.3. Bomchil G., Herino R., Barla K., Pfister J.C. // J. Electrochem.Soc. 1983. 130. P. 1611.4. �®§«®¢ �.�., �« ¢®¢  �.�. // �¨ªà®í«¥ªâà®­¨ª . 1985.ü 14. �. 556.5. Herino R., Perio A., Barla K., Bomchil G. // Materials Lett.1984. 2. �. 519. �®áâã¯¨«  ¢ p¥¤ ªæ¨î16.05.97


