
46 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5��� 621.378.335 �������������� ����������������� ������ ������� ����� � �������. �. �®§«®¢, �. �. �®á¥¢, �. �. �®¬ ¥ª®(�áâ¨âãâ ¬¥å ¨ª¨ ��� )�áá«¥¤®¢ ® ¢«¨ï¨¥ ¥¬ ªá¢¥««®¢áª®© äãªæ¨¨ à á¯à¥¤¥«¥¨ï ç áâ¨æ £ §  ¯® áª®à®áâï¬ ¢®äà®â¥ ã¤ à®© ¢®«ë   ¬¥å ¨§¬ ¢®§¡ã¦¤¥¨ï ¨ ¨§«ãç¥¨ï £ §®¢. �ªá¯¥à¨¬¥â «ì® ¨§ãç¥®¨§«ãç¥¨¥ ã¤ à®© ¢®«ë ¢ á¬¥á¨ H2:Ar á á®®â®è¥¨¥¬ ª®æ¥âà æ¨© 1:99 ¯à¨ M=6, ¯à¥¤«®¦¥¬¥å ¨§¬ íâ®£® ¨§«ãç¥¨ï. �®ª § ®, çâ® ¢ íâ¨å ãá«®¢¨ïå ¨§«ãç¥¨¥ ¨¬¥¥â ç¨áâ® ¥à ¢®¢¥áë© å -à ªâ¥à. �â¬¥ç¥  ¢ ¦®áâì ãç¥â  ¥¬ ªá¢¥««®¢áª®£® à á¯à¥¤¥«¥¨ï ¯à¨ ¯à®â¥ª ¨¨ íª§®â¥à¬¨ç¥áª¨åà¥ ªæ¨© ¢ £ §¥.�¢¥¤¥¨¥�à®â ã¤ à®© ¢®«ë ¢ £ §¥ ¨¬¥¥â ª®¥çãî â®«-é¨ã ¯®àï¤ª  ¤«¨ë á¢®¡®¤®£® ¯à®¡¥£  ç áâ¨æ £ -§ , ¯®íâ®¬ã áâàãªâãà  äà®â  ¥ ¬®¦¥â ¡ëâì ®¯¨-á   ãà ¢¥¨ï¬¨ � ¢ì¥{�â®ªá  ¯à¨ ç¨á« å � å M > 2. �«ï ¨áá«¥¤®¢ ¨ï ¯à®áâà áâ¢¥®© áâàãªâã-àë ã¤ à®£® äà®â  ¥®¡å®¤¨¬® à¥è¥¨¥ ãà ¢¥¨ï�®«ìæ¬   [1]. �¤®© ¨§ ¯®¯ëâ®ª à áá¬®âà¥¨ï íâ®©¯à®¡«¥¬ë ¡ë«® ¢¢¥¤¥¨¥ ¡¨¬®¤ «ì®£® à á¯à¥¤¥«¥-¨ï, ¯à¥¤«®¦¥®¥ �®ââ-�¬¨â®¬ ¢ 1951 £. [2]:f(x) = a1(x)f1 + a2(x)f2;a1(x) + a2(x) = 1:�¤¥áì f(x)|äãªæ¨ï à á¯à¥¤¥«¥¨ï ¢ ®¡« áâ¨ äà®-â  ã¤ à®© ¢®«ë, f1 | äãªæ¨ï à á¯à¥¤¥«¥¨ï å®-«®¤®£® £ §  á â¥¬¯¥à âãà®© T1,   f2 | äãªæ¨ïà á¯à¥¤¥«¥¨ï £®àïç¥£® £ §  á â¥¬¯¥à âãà®© T2. �®-íää¨æ¨¥âë a1 ¨ a2 ®¯à¥¤¥«ïîâ ¯à®áâà áâ¢¥®¥¯à®¨ª®¢¥¨¥ ®¤®© äãªæ¨¨ à á¯à¥¤¥«¥¨ï ¢ ¤àã-£ãî, x = 0 á®®â¢¥âáâ¢ã¥â ¯®«®¦¥¨î æ¥âà  äà®-â  ã¤ à®© ¢®«ë. �§ à¨á. 1, £¤¥ ¬®¤¥«ì �®ââ-�¬¨-â  ¯à¥¤áâ ¢«¥  ¢ £à ä¨ç¥áª®¬ ¢¨¤¥, ¢¨¤®, çâ® ¯®�®ââ-�¬¨âã ®¡« áâì äà®â  § ª«îç¥  ¢ ¯à¥¤¥« å�1; 5l1 < x < 1; 5l1, £¤¥ l1 | ¤«¨  á¢®¡®¤®£® ¯à®-¡¥£  ç áâ¨æ ¢ å®«®¤®¬ £ §¥.
�¨á. 1. �¥è¥¨¥ ¤«ï ª®íää¨æ¨¥â®¢ a1;2 ¡¨¬®¤ «ì®©äãªæ¨¨ à á¯à¥¤¥«¥¨ï f(x), ¯®«ãç¥®¥ �®ââ-�¬¨â®¬

� à ¡®â å [1, 3] ¯à¥¤áâ ¢«¥ ®¡§®à ¬®¤¥«¥© áâàãª-âãàë äà®â , ®á®¢ ëå ª ª     «¨â¨ç¥áª¨å ¬®-¤¨ä¨ª æ¨ïå ¡¨¬®¤ «ì®£® à á¯à¥¤¥«¥¨ï, â ª ¨  ¯àï¬ëå ª¨¥â¨ç¥áª¨å à áç¥â å á ¯®¬®éìî ¬¥â®¤ �®â¥-� à«®. �¡à é¥® ¢¨¬ ¨¥   â®, çâ® ã àï¤  ¢â®à®¢, à ¡®â îé¨å á ¬®¤¨ä¨æ¨à®¢ ë¬ ¬¥â®¤®¬�®ââ-�¬¨â , ¢® äà®â¥ ¢®«ë ®â¬¥ç ¥âáï  «¨ç¨¥¬ ªá¨¬ã¬  â¥¬¯¥à âãàë, ¯à¥¢ëè îé¥£® â¥¬¯¥à âã-àã T2. � ®¡§®à¥ [1] ®â¬¥ç¥  ¥®¡å®¤¨¬®áâì ¢ íªá-¯¥à¨¬¥â¥, ¯®§¢®«ïîé¥¬ ®â¡¨à âì  ¤¥ª¢ âë¥ ¬ â¥-¬ â¨ç¥áª¨¥ ¬®¤¥«¨, ª®â®àë¥ ®¯¨áë¢ îâ áâàãªâãàãäà®â  ã¤ à®© ¢®«ë. �ªá¯¥à¨¬¥â «ìë¥ ¨áá«¥-¤®¢ ¨ï ¯®áâã¯ â¥«ì®© ¥à ¢®¢¥á®áâ¨ ¢® äà®â¥ã¤ à®© ¢®«ë, ¢«¨ïîé¥©   á¢¥àåà ¢®¢¥á®¥ ¨§-«ãç¥¨¥ ¬®«¥ªã«ë CS2 §  äà®â®¬, ¨ ®æ¥ª  íâ®©¥à ¢®¢¥á®áâ¨ ¬¥â®¤®¬ �®â¥-� à«® ¯à¥¤áâ ¢«¥-ë ¢ à ¡®â¥ [4]. �§ â¥®à¥â¨ç¥áª¨å à ¡®â ¯®á«¥¤¥-£® ¢à¥¬¥¨, à §¢¨¢ îé¨å   «¨â¨ç¥áª¨¥ ¬¥â®¤ë à¥-è¥¨ï § ¤ ç¨ ®¯à¥¤¥«¥¨ï áâàãªâãàë äà®â , ¬®¦-® ®â¬¥â¨âì à ¡®âã [5]. �  è¥© ¯à¥¤ë¤ãé¥© à ¡®-â¥ [6] ãª §ë¢ «®áì, çâ® ¤«ï ª ç¥áâ¢¥®£® ®¡êïá¥¨ïà áå®¦¤¥¨ï â¥®à¨¨ á íªá¯¥à¨¬¥â®¬ ¯à¨ ¨áá«¥¤®¢ -¨¨ à ¤¨ æ¨®ëå å à ªâ¥à¨áâ¨ª ¢®§¤ãå  §  äà®-â®¬ ¯ ¤ îé¥© ã¤ à®© ¢®«ë ¥®¡å®¤¨¬ ãç¥â ¥-à ¢®¢¥áëå ¯à®æ¥áá®¢ ¢® äà®â¥. � à ¡®â¥ [6] ¬ëà áá¬ âà¨¢ «¨ à¥§ã«ìâ âë �®ââ-�¬¨â  ª ª ä¥®¬¥-®«®£¨ç¥áªãî ¬®¤¥«ì áâàãªâãàë äà®â  ¨   ®á®-¢ ¨¨ íâ®© ¬®¤¥«¨ ¢¢¥«¨ ¯®ïâ¨¥ í¥à£¨¨ áâ®«ª®-¢¥¨ï ç áâ¨æ ¢¤®«ì ®á¨ x ª ª úâ¥¬¯¥à âãàë áâ®«ª®-¢¥¨ï ¢¤®«ì  ¯à ¢«¥¨ï ¤¢¨¦¥¨ï ã¤ à®© ¢®«ëû¨«¨ ú¯à®¤®«ì®© â¥¬¯¥à âãàëû Tx=0, ®¯à¥¤¥«ï¥¬®©¢ëà ¦¥¨¥¬Tx=0 = m2k "12r2kT1m + V2 + 12r2kT2m #2 :�¤¥áì V2 | áª®à®áâì â¥ç¥¨ï £®àïç¥£® £ §  §  ã¤ à-®© ¢®«®©, m | ¬ áá  ç áâ¨æ, k | ¯®áâ®ï ï�®«ìæ¬  .�¢¥¤¥ ï â ª¨¬ ®¡à §®¬ ¢ ä¥®¬¥®«®£¨ç¥áª®¬¡¨¬®¤ «ì®¬ à á¯à¥¤¥«¥¨¨ �®ââ-�¬¨â  ¢¥«¨ç¨ Tx=0 â ª¦¥ ¯®ª §ë¢ ¥â, çâ® ¢ íâ®© ¬®¤¥«¨ ¢ãâà¨



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü5 47äà®â  ¬®¦¥â áãé¥áâ¢®¢ âì ®¡« áâì á â¥¬¯¥à âãà®©¢ëè¥, ç¥¬ T2. � ª, ¤«ï  à£®  ¢ ¤¨ ¯ §®¥ ç¨á¥«� å  ®â 3 ¤® 10 úâ¥¬¯¥à âãà û Tx=0 ¡®«¥¥ ç¥¬ ¢âà¨ à §  ¯à¥¢ëè ¥â â¥¬¯¥à âãàã £ §  T2 §  äà®-â®¬ ã¤ à®© ¢®«ë. � á®®â¢¥âáâ¢¨¨ á íâ®© ¬®¤¥«ìî¢® äà®â¥ ¤®«¦ë ¯®ï¢«ïâìáï ¢ëá®ª®¢®§¡ã¦¤¥ë¥ â®¬ë, ª®æ¥âà æ¨ï ª®â®àëå   ¬®£® ¯®àï¤ª®¢¬®¦¥â ¯à¥¢ëè âì à ¢®¢¥áãî ª®æ¥âà æ¨î ¯à¨â¥¬¯¥à âãà¥ T2.� à ¡®â å [7{9] íªá¯¥à¨¬¥â «ì® ¡ë«® ¯®ª § ®,çâ® ¢ ã¤ à®© ¢®«¥ ¢  à£®¥ §  äà®â®¬ áãé¥áâ¢ãîâ¢ëá®ª®¢®§¡ã¦¤¥ë¥ í«¥ªâà®ë¥ á®áâ®ï¨ï, ¯®ï¢-«¥¨¥ ª®â®àëå ¬®¦® ®¡êïá¨âì § á¥«¥¨¥¬ ¬¥â áâ -¡¨«ìëå ãà®¢¥©  â®¬   à£®  4s0[1=2]0 á í¥à£¨¥©11,72 í� ¢® äà®â¥ ã¤ à®© ¢®«ë. �  áâ®ïé¥© à -¡®â¥ á¤¥«   ®æ¥ª   ¡á®«îâ®© ª®æ¥âà æ¨¨ ¬¥â -áâ ¡¨«ìëå  â®¬®¢  à£® , ®¡à §ãîé¨åáï ¢® äà®â¥ã¤ à®© ¢®«ë ¢  à£®¥ §  áç¥â ¢ëá®ª®© ú¯à®¤®«ì-®© â¥¬¯¥à âãàëû Tx=0.�ªá¯¥à¨¬¥â «ì ï ãáâ ®¢ª �ªá¯¥à¨¬¥âë ¯à®¢®¤¨«¨áì   ®¤®¤¨ äà £¬¥-®© ã¤ à®© âàã¡¥ ¤¨ ¬¥âà®¬ 50 ¬¬, ¨§£®â®¢«¥-®© ¨§ ¥à¦ ¢¥îé¥© áâ «¨. � ¬¥à  ¨§ª®£® ¤ ¢-«¥¨ï § ¯®«ï« áì á¬¥áìî  à£®  á ¢®¤®à®¤®¬, ¢ª ç¥áâ¢¥ â®«ª îé¥£® £ §  á«ã¦¨« ¢®¤®à®¤ ¨«¨ £¥-«¨©. �á¯®«ì§®¢ «¨áì ¤¨ äà £¬ë ¨§ « ¢á ®¢®© ¯«¥-ª¨. �âª çª  ª ¬¥àë ¨§ª®£® ¤ ¢«¥¨ï ¯à®¢®¤¨« áì¤® ¤ ¢«¥¨ï 10�2 ¬¬ àâ. áâ.,  â¥ª ¨¥ á®áâ ¢«ï«®®ª®«® 2 � 10�4 ¬¬ àâ. áâ./¬¨. �«ï  ¯®«¥¨ï ª -¬¥àë ¨§ª®£® ¤ ¢«¥¨ï ¯à¨¬¥ï«¨áì  à£® ¬ àª¨ú��û ¨ ¢®¤®à®¤ ¯à®¬ëè«¥®© ç¨áâ®âë. �«ï ¨§¬¥-à¥¨ï áª®à®áâ¨ ã¤ à®© ¢®«ë ¯à¨¬¥ï«¨áì ¯ì¥§®-í«¥ªâà¨ç¥áª¨¥ ¤ âç¨ª¨. �®ç®áâì ¨§¬¥à¥¨ï áª®à®á-â¨ ¡ë«  ¥ åã¦¥ 1%. �¬®âà®¢ë¥ ®ª  ¢ ¨§¬¥à¨â¥«ì-®© á¥ªæ¨¨ ¡ë«¨ ¨§£®â®¢«¥ë ¨§ MgF2. � á¯¥ªâà «ì-ëå ¨§¬¥à¥¨ïå ¨á¯®«ì§®¢ «áï ¬®®åà®¬ â®à BM-50á ¤¨äà ªæ¨®®© à¥è¥âª®© 1200 èâà¨å®¢   ¬¨«-«¨¬¥âà ¤«ï ¤¨á¯¥àá¨¨ 16,6 �A/¬¬. � ª ç¥áâ¢¥ à¥£¨áâ-à¨àãîé¥©  ¯¯ à âãàë ¨á¯®«ì§®¢ «¨áì ä®â®í«¥ªâà¨-ç¥áª¨© ã¬®¦¨â¥«ì ���-79 (®¡« áâì á¯¥ªâà «ì®©çã¢áâ¢¨â¥«ì®áâ¨ 3200-7600 �A), æ¨äà®¢®© ®áæ¨««®-£à ä DL-922 ¨ ¬®£®ª  «ìë© á¯¥ªâà®  «¨§ â®àOSA-WP4. �à¥¬¥®¥ à §à¥è¥¨¥ áå¥¬ë ¨§¬¥à¥¨ï áä®â®ã¬®¦¨â¥«¥¬ á®áâ ¢«ï«® 1 ¬ªá. �§¬¥à¥¨ï  ¡á®-«îâ®© ¨â¥á¨¢®áâ¨ ¨§«ãç¥¨ï ¯à®¢®¤¨«¨áì áâ -¤ àâë¬ ¬¥â®¤®¬ áà ¢¥¨ï á ¨§«ãç¥¨¥¬ ª «¨¡à®-¢ ®£® ¨áâ®ç¨ª  [10]. � íâ®© æ¥«ìî ¨á¯®«ì§®¢ -« áì ¢®«ìäà ¬®¢ ï «¥â®ç ï « ¬¯  ��-8, â à¨à®-¢  ï ¢® ������� ¢ ¤¨ ¯ §®¥ 3000-9000 �A á â®ç-®áâìî 12%. �¡é ï ¯®£à¥è®áâì ®¯à¥¤¥«¥¨ï ®¡ê-¥¬®© ¯«®â®áâ¨ á¯¥ªâà «ì®© ïàª®áâ¨ ¨§«ãç¥¨ïã¤ à®© ¢®«ë á ãç¥â®¬ â®ç®áâ¨ ª «¨¡à®¢ª¨ ���á®áâ ¢¨«  70%.�ªá¯¥à¨¬¥â «ì ï ¬®¤¥«ì ¨ à¥§ã«ìâ âëíªá¯¥à¨¬¥â®¢� á®®â¢¥âáâ¢¨¨ á à¥§ã«ìâ â ¬¨ à ¡®â [7{9] ¯à¥¤-¯®« £ «®áì, çâ® ¢® äà®â¥ ã¤ à®© ¢®«ë ®¡à §ã¥âáï

¥ª®â®à®¥ ª®«¨ç¥áâ¢® ¬¥â áâ ¡¨«ìëå  â®¬®¢  à£®-  á ª®æ¥âà æ¨¥© n0(eAr), £¤¥ eAr � Arf4s0[1=2]0g¢ à¥ ªæ¨¨Arf1S0g+Arf1S0g!Arf4s0[1=2]0g+Arf1S0g�11; 72 í�:�«ï ®¡ àã¦¥¨ï  â®¬®¢ eAr ¨á¯®«ì§®¢ « áì á¬¥áì à£®  á ¬ «®© ¯à¨¬¥áìî ¢®¤®à®¤ . �  äà®â®¬ã¤ à®© ¢®«ë ¯à¨ â¥¬¯¥à âãà¥ T2 ¯à®¨áå®¤¨â ã¬¥ì-è¥¨¥ ª®æ¥âà æ¨¨ ¬¥â áâ ¡¨«ìëå  â®¬®¢ eAr ¯à¨¯¥à¥å®¤¥ í¥à£¨¨ ¢ ¢®§¡ã¦¤¥ë¥ á®áâ®ï¨ï  â®¬  H¨ ¤àã£¨¥ ¢®§¡ã¦¤¥ë¥ á®áâ®ï¨ï Ar, à áá¥«¥¨¥ ª®-â®àëå á®¯à®¢®¦¤ ¥âáï ¨§«ãç¥¨¥¬. �  à¨á. 2 ¢ á®-®â¢¥âáâ¢¨¨ á à ¡®â ¬¨ [11, 12] ¨§®¡à ¦¥  £àã¯¯ ¨¦¨å í«¥ªâà®ëå ãà®¢¥©  â®¬®¢ H ¨ Ar. � à¨á. 3 ¯à¨¢¥¤¥ë ãç áâª¨ á¯¥ªâà  ¨§«ãç¥¨ï á¬¥á¨�2:Ar (1:99) §  äà®â®¬ ã¤ à®© ¢®«ë ¯à¨  ç «ì-®¬ ¤ ¢«¥¨¨ 10 ¬¬ àâ. áâ. ¨ ç¨á«¥ � å  M = 8; 7,¯®«ãç¥ë¥ á ¯®¬®éìî ¬®£®ª  «ì®£® á¯¥ªâà®-  «¨§ â®à  OSA-WP4.�§ à¨á. 3 á«¥¤ã¥â, çâ®   ¯à¥¤áâ ¢«¥ëå ãç áâ-ª å á¯¥ªâà  ¯à¨áãâáâ¢ãîâ â®«ìª® «¨¨¨ ¢®¤®à®¤  ¨ à£® . � á®®â¢¥âáâ¢¨¨ á® áå¥¬®© à¨á. 2 ¯à¨ ®â®á¨-â¥«ì® ¥¢ëá®ª®© â¥¬¯¥à âãà¥ T2 (¥ ¡®«¥¥ 0,3 í�)à áá¥«¥¨¥ ¬¥â áâ ¡¨«ì®£® ãà®¢ï eAr, ¯®-¢¨¤¨¬®-¬ã, ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ ¯à®æ¥áá ¬¨:8>>>><>>>>:H2 +M! 2Hf1sg+M; (1)Hf1sg+ eAr! Hf3sg+Arf1S0g; (2)Hf3sg ! Hf2pg+ h�(H�); � = 6562; 73 �A; (3)Hf2pg ! Hf1sg+ h�(L�); � = 1215; 68 �A; (4)£¤¥ M | Ar, H ¨«¨ H2. �¥ ªæ¨¨ (1){(4) ¢ë¡à ë  ®á®¢ ¨¨ á«¥¤ãîé¨å á®®¡à ¦¥¨©: ) ¢ à¥ ªæ¨¨ (1) ¯à¨ â¥¬¯¥à âãà¥ T2 � 0; 3 í� ¨á®áâ ¢¥ á¬¥á¨ H2:Ar (1:99) áâ¥¯¥ì ¤¨áá®æ¨ æ¨¨ ¢®-¤®à®¤  ¤®áâ â®ç® ¢ëá®ª  (à ¢®¢¥á ï áâ¥¯¥ì ¤¨á-á®æ¨ æ¨¨ á®áâ ¢«ï¥â ¡®«¥¥ 99%);¡) ¢¥à®ïâ®áâì ¢®§¡ã¦¤¥¨ï ãà®¢ï ¢®¤®à®¤ Hf4sg áãé¥áâ¢¥® ¬¥ìè¥, ç¥¬ ãà®¢ï Hf3sg, â ªª ª à §®áâì í¥à£¨¨ ¬¥¦¤ã ãà®¢¥¬ Hf3sg ¨ eAr á®-áâ ¢«ï¥â 0,27 í�,   ¬¥¦¤ã Hf4sg ¨ eAr | 1,03 í�;¢) à §à¥è¥ë¥ ¯¥à¥å®¤ë á ãà®¢ï eAr   á«¥¤ãî-é¨¥ ãà®¢¨ Ar âà¥¡ãîâ í¥à£¨¨ ¡®«¥¥ 1,2 í�, ¯®íâ®-¬ã, ¥á¬®âàï   â®, çâ® ª®æ¥âà æ¨ï  â®¬®¢  à£® ¡®«ìè¥, ç¥¬ ª®æ¥âà æ¨ï  â®¬®¢ ¢®¤®à®¤ , ç¨á«® â®¬®¢ eAr á ¡®«¥¥ ¢®§¡ã¦¤¥ë¬¨ ãà®¢ï¬¨, ¯®-¢¨-¤¨¬®¬ã, ¡ã¤¥â â®£® ¦¥ ¯®àï¤ª , çâ® ¨ ç¨á«®  â®¬®¢Hf3sg ¢ à¥ ªæ¨¨ (2).�§ à¥ ªæ¨© (2) ¨ (3) á«¥¤ã¥â, çâ®   ª ¦¤ë©¬¥â áâ ¡¨«ìë©  â®¬ eAr ¯à¨å®¤¨âáï ®¤¨ ª¢ âá¢¥â  ¯à¨ ¨§«ãç¥¨¨ ¢ «¨¨¨ H�, â ª¨¬ ®¡à §®¬,n0(eAr) = nh� (H�), £¤¥ nh�(H�) | ª®«¨ç¥áâ¢® ä®-â®®¢, ¨§«ãç¥ëå  â®¬ ¬¨ ¢®¤®à®¤  ¢ «¨¨¨ � «ì-¬¥à  H�. � ¤àã£®© áâ®à®ë,nh�(�) � �Z0 f�(t) dt;
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�¨á. 2. �å¥¬  ¨¦¨å í«¥ªâà®ëå ãà®¢¥©  â®¬®¢ ¢®¤®à®¤  ¨  à£® . �âà¨å®¢®© «¨¨¥© ãª § -ë áâ®«ª®¢¨â¥«ìë¥ ¯à®æ¥ááë, á¯«®èë¥ «¨¨¨ á® áâà¥«ª ¬¨ ®¡®§ ç îâ à ¤¨ æ¨®ë¥ ¯¥à¥å®¤ë¬¥¦¤ã í«¥ªâà®ë¬¨ á®áâ®ï¨ï¬¨

�¨á. 3. �¯¥ªâàë ¨§«ãç¥¨ï á¬¥á¨ H2:Ar (1:99) §  äà®â®¬ ã¤ à®© ¢®«ë, ¯®«ãç¥ë¥ á ¯®¬®éìî¬®£®ª  «ì®£® á¯¥ªâà®  «¨§ â®à  OSA-WP4. � ç «ì®¥ ¤ ¢«¥¨¥ P1 = 10 ¬¬ àâ. áâ., ç¨á«® � å M = 8;7, ¢ ª ç¥áâ¢¥ â®«ª îé¥£® £ §  ¨á¯®«ì§®¢ «áï ¢®¤®à®¤



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü5 49£¤¥ f� = k�U���. �¤¥áì f� | ®¡ê¥¬ ï ¯«®â®áâìá¯¥ªâà «ì®© ïàª®áâ¨ ¨§«ãç¥¨ï £ §  ¢ «¨¨¨ �, � |¤«¨â¥«ì®áâì ¨¬¯ã«ìá  ¨§«ãç¥¨ï, k� | ª «¨¡à®¢®ç-ë© ª®íää¨æ¨¥â, ¯®«ãç¥ë© ¯à¨ ¨á¯®«ì§®¢ ¨¨¢®«ìäà ¬®¢®© «¥â®ç®© « ¬¯ë, U��� | á¨£ «, § -à¥£¨áâà¨à®¢ ë© ä®â®í«¥ªâà®ë¬ ã¬®¦¨â¥«¥¬.�á«¥¤áâ¢¨¥ â®£®, çâ® áãé¥áâ¢ãîâ ¤àã£¨¥ à¥ ªæ¨¨, ¢ª®â®àëå ¨áç¥§ ¥â ¬¥â áâ ¡¨«ìë©  â®¬ eAr, ¬ë ¯®-«ãç ¥¬ ®æ¥ªã á¨§ã ¢¥«¨ç¨ë ª®æ¥âà æ¨¨ n0(eAr). �«ï â®ç®£® ¨§¬¥à¥¨ï ª®æ¥âà æ¨¨ n0(eAr) ¥®¡å®-¤¨¬® ¯à®á«¥¤¨âì §  ¢á¥¬¨ ¢®§¬®¦ë¬¨ à¥ ªæ¨ï¬¨,çâ® ¢ ¤ ®¬ á«ãç ¥ § âàã¤¥®, â ª ª ª ç áâì à¥- ªæ¨© á®¯à®¢®¦¤ ¥âáï ¨§«ãç¥¨¥¬ ¢ ¨äà ªà á®©ç áâ¨ á¯¥ªâà , ¥ ¨áá«¥¤®¢ ¢è¥©áï ¢ ¤ ®© á¥à¨¨íªá¯¥à¨¬¥â®¢.� ª¨¬ ®¡à §®¬,   ®á®¢ ¨¨ áª § ®£® ¢ëè¥¤«ï  ¡«î¤¥¨ï §  í¢®«îæ¨¥© ¬¥â áâ ¡¨«ìëå  â®-¬®¢  à£®  æ¥«¥á®®¡à §® ¯à®¢®¤¨âì íªá¯¥à¨¬¥âë

�¨á. 4. �áæ¨««®£à ¬¬  ¨§«ãç¥¨ï «¨¨¨ H� ¢ á¬¥á¨ H2:Ar (1:99) ¯à¨  ç «ì®¬ ¤ ¢«¥¨¨P1 = 10 ¬¬ àâ. áâ. ¨ ç¨á«¥ � å  ã¤ à®© ¢®«ë M = 6; ¢ ª ç¥áâ¢¥ â®«ª îé¥£® £ §  ¨á¯®«ì-§®¢ «áï £¥«¨©. �à®â ã¤ à®© ¢®«ë à á¯®«®¦¥   à ááâ®ï¨¨ 26 ¬ªá ®â  ç «  à §¢¥àâª¨.� «¨¡à®¢®çë© ª®íää¨æ¨¥â k� = 4;6 � 10�7 �â/(á¬3�¬ª¬�áà�¬�)
�¨á. 5.   | �ãªæ¨¨ à á¯à¥¤¥«¥¨ï ¯® áª®à®áâï¬ £®àïç¥£® ¨ å®«®¤®£® £ §  ¢ ã¤ à®© ¢®«¥ ¢ á¨áâ¥-¬¥ ª®®à¤¨ â, á¢ï§ ®© á £®àïç¨¬ £ §®¬. �ãªæ¨¨ à ááç¨â ë ¤«ï ¯«®áª®© ã¤ à®© ¢®«ë ¢  à£®¥,à á¯à®áâà ïîé¥©áï ¢¤®«ì ®á¨ x á® áª®à®áâìî Vs = 1;92 ª¬/á (M = 6). ¡ | �¥à¬ «¨§®¢ ®¥ fC ¨ ¥â¥à-¬ «¨§®¢ ®¥ f eC à á¯à¥¤¥«¥¨ï ¯® áª®à®áâï¬ ¯à®¤ãªâ®¢ íª§®â¥à¬¨ç¥áª®© à¥ ªæ¨¨ ¢ á¨áâ¥¬¥ ª®®à¤¨ â,á¢ï§ ®© á â¥à¬ «¨§®¢ ë¬ ¯à®¤ãªâ®¬. � áá  ç áâ¨æ 40  .¥.¬., â¥¬¯¥à âãà  áà¥¤ë T � 650 K



50 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 5¯à¨ ¥¡®«ìè¨å § ç¥¨ïå ç¨á¥« � å , çâ®¡ë ¥ § -á¥«ïâì ¡®«¥¥ ¢ëá®ª®«¥¦ é¨¥ á®áâ®ï¨ï  à£® . �®-íâ®¬ã ¢ á®®â¢¥âáâ¢¨¨ á® áå¥¬®© (1){(4) ¡ë« ¢ë-¡à  à¥¦¨¬ ã¤ à®© ¢®«ë á ç¨á«®¬ � å  M =6, â ª ª ª ¯à¨ íâ®¬ ç¨á«¥ � å  â¥¬¯¥à âãà  ¢áª çª¥ T2 = 3520 K (0,3 í�). �â® á®®â¢¥âáâ¢ã-¥â à ¢®¢¥á®© ª®æ¥âà æ¨¨ ¬¥â áâ ¡¨«ìëå  â®-¬®¢ n0(eAr) = 21 á¬�3. �  à¨á. 4 ¯à¨¢¥¤¥  å -à ªâ¥à ï ®áæ¨««®£à ¬¬  ¨§«ãç¥¨ï «¨¨¨ H� ¢®¤®-à®¤  ¢ á¬¥á¨ H2:Ar (1:99) ¯à¨  ç «ì®¬ ¤ ¢«¥¨¨P1 = 10 ¬¬ àâ. áâ. ¨ ç¨á«¥ � å  ã¤ à®© ¢®«ëM = 6. �®®â¢¥âáâ¢ãîé ï íâ®© ®áæ¨««®£à ¬¬¥ ¢¥«¨-ç¨  ª®æ¥âà æ¨¨ ¬¥â áâ ¡¨«ìëå  â®¬®¢  à£® à ¢  n0(eAr) = 2 �108 á¬�3. �®«ãç¥ ï ¢¥«¨ç¨   á¥¬ì ¯®àï¤ª®¢ ¯à¥¢ëè ¥â à ¢®¢¥áãî ª®æ¥âà -æ¨î ¬¥â áâ ¡¨«ìëå  â®¬®¢  à£®  ¯à¨ â¥¬¯¥à âã-à¥ T2 ¤«ï áª®à®áâ¨ ã¤ à®© ¢®«ëM = 6. �â¬¥â¨¬ ¨â®, çâ® ¢ íâ®¬ íªá¯¥à¨¬¥â¥ ã¤ à ï ¢®«  ¨§«ãç ¥â¨¬¯ã«ìá á¢¥â  ¢ ®¡« áâ¨ ¢ ªãã¬®£® ã«ìâà ä¨®«¥â ¢ «¨¨¨ � ©¬   L� (� = 1215; 68 �A).� ë© íªá¯¥à¨¬¥â ¯®¤â¢¥à¦¤ ¥â ä¥®¬¥®«®-£¨ç¥áªãî ¬®¤¥«ì �®ââ-�¬¨â  ¨ æ¥«¥á®®¡à §®áâì¢¢¥¤¥¨ï ú¯à®¤®«ì®© â¥¬¯¥à âãàëû Tx = 0. �á«¨£®¢®à¨âì ¥ ® ú¯à®¤®«ì®© â¥¬¯¥à âãà¥û,   ® áà¥¤-¥© â¥¬¯¥à âãà¥ ¢® äà®â¥ ã¤ à®© ¢®«ë <Tfr>,â® ¢ á®®â¢¥âáâ¢¨¨ á ¯®«ãç¥®© ª®æ¥âà æ¨¥©  â®-¬®¢ n0(eAr) ®  ¯à¥¢ëá¨«  ¢¥«¨ç¨ã T2 ¢ 1,7 à § .�â®â íªá¯¥à¨¬¥â «ìë© à¥§ã«ìâ â ª ç¥áâ¢¥® á®-£« áã¥âáï á à áç¥âë¬¨ à¥§ã«ìâ â ¬¨, ®á®¢ ë¬¨    «¨â¨ç¥áª¨å ¬®¤¥«ïå áâàãªâãàë äà®â  ã¤ à-®© ¢®«ë à §«¨çëå  ¢â®à®¢, ª®â®àë¥ ¨á¯®«ì§ãîâ¡¨- ¨ âà¥å¬®¤ «ìë¥ à á¯à¥¤¥«¥¨ï (á¬. ®¡§®à [1]).� áá¬®âà¨¬ ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥ ¢® äà®â¥ã¤ à®© ¢®«ë, ¨á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ ® ¬ ªá¢¥«-«®¢áª®¬ à á¯à¥¤¥«¥¨¨  â®¬®¢ ¯® áª®à®áâï¬. � á¨á-â¥¬¥ ®âáç¥â , á¢ï§ ®© á £®àïç¨¬ £ §®¬, ¬ë ¨¬¥-¥¬ ¤¢  à á¯à¥¤¥«¥¨ï: f1 ¨ f2, ¯à¥¤áâ ¢«¥ë¥  à¨á. 5, . �à¨ íâ®¬ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¬ ªá¢¥««®¢-áªãî äãªæ¨î à á¯à¥¤¥«¥¨ï  â®¬®¢ ¯® á®áâ ¢«ïî-é¨¬ áª®à®áâ¨ ¢¤®«ì ®á¨ x, § ¯¨á ãî ¢ ¢¨¤¥f(Vx) = 1p� � m2kT �1=2 exp��mV 2x2kT � ;£¤¥ ¢ ª ç¥áâ¢¥ m ¢§ïâ  ¬ áá   â®¬   à£® . �ª®à®áâìã¤ à®© ¢®«ë Vs á®®â¢¥âáâ¢®¢ «  M = 6.� ª ¡ë«® ¯®ª § ® ¢ëè¥, ¯à¨ ¯¥à¥å®¤¥ ®â à á-¯à¥¤¥«¥¨ï f1 ª à á¯à¥¤¥«¥¨î f2 ¢® äà®â¥ ã¤ à-®© ¢®«ë ã¦® ãç¨âë¢ âì ¯®áâã¯ â¥«ì®-¥à ¢®-¢¥áãî ®¡« áâì, ¤«ï ª®â®à®© ¬®¦® ¢¢¥áâ¨ ¯®ïâ¨¥ú¯à®¤®«ì®© â¥¬¯¥à âãàëû Tx=0 > T2. �á«¨ à áá¬®â-à¥âì à á¯à¥¤¥«¥¨¥ ¯® áª®à®áâï¬ ¯à®¤ãªâ®¢ íª§®â¥à-¬¨ç¥áª®© à¥ ªæ¨¨, â® ¬®¦® ã¢¨¤¥âì ¥á®¬¥®¥áå®¤áâ¢® á à á¯à¥¤¥«¥¨¥¬ ¢ ã¤ à®© ¢®«¥. � á ¬®¬¤¥«¥, ¯ãáâì A+ B = eC+ eD+E¥áâì íª§®â¥à¬¨ç¥áª ï à¥ ªæ¨ï, £¤¥ eC ¨ eD | ¥â¥à¬ -«¨§®¢ ë¥ ¯à®¤ãªâë, à §«¥â îé¨¥áï á® áª®à®áâï¬¨

VeC(E), VeD(E) ¨ ¥áãé¨¥ í¥à£¨îE ¢ ¢¨¤¥ ª¨¥â¨ç¥á-ª®© í¥à£¨¨. � â ª®¬ á«ãç ¥ ¤«ï ª ¦¤®£® ¯à®¤ãªâ à¥ ªæ¨¨ ¬ë ¨¬¥¥¬ ¤¢  à á¯à¥¤¥«¥¨ï: â¥à¬ «¨§®¢ -®¥ fC ¨ ¥â¥à¬ «¨§®¢ ®¥ feC(VeC(E)). �  à¨á. 5,¡®¨ ¨§®¡à ¦¥ë ¢ á¨áâ¥¬¥ ª®®à¤¨ â, á¢ï§ ®© áâ¥à¬ «¨§®¢ ë¬¨ ¯à®¤ãªâ ¬¨ à¥ ªæ¨¨ (®áì Vx  -¯à ¢«¥  ¢¤®«ì áª®à®áâ¨ VeC).�§ à¨á. 5,¡ ¢¨¤®, çâ® ¯à¨ â¥à¬ «¨§ æ¨¨ ¯à®¤ãª-â®¢ à¥ ªæ¨¨  ¡«î¤ ¥âáï ¯à®æ¥áá ¯¥à¥å®¤  ®â à á-¯à¥¤¥«¥¨ï feC(VeC(E)) ª à á¯à¥¤¥«¥¨î fC, â. ¥. â -ª®© ¦¥ ¯®áâã¯ â¥«ì®-¥à ¢®¢¥áë© ¯à®æ¥áá, ª ª ¨¢ á«ãç ¥ ã¤ à®© ¢®«ë. �«¥¤®¢ â¥«ì®, ¢ ¯à®æ¥á-á¥ â¥à¬ «¨§ æ¨¨ ¯à®¤ãªâ®¢ à¥ ªæ¨¨ ¢ ¯®áâã¯ â¥«ì-®-¥à ¢®¢¥á®© ®¡« áâ¨ ¢®§¨ª îâ ãç áâª¨ á â¥¬-¯¥à âãà®©, ¯à¥¢®áå®¤ïé¥© â¥¬¯¥à âãàã à á¯à¥¤¥«¥-¨ï fC   à ááâ®ï¨ïå ¯®àï¤ª  3l ®â ®¡« áâ¨ ¯¥à¥¢ -«  ¯ãâ¨ à¥ ªæ¨¨, £¤¥ l | ¤«¨  á¢®¡®¤®£® ¯à®¡¥£ ç áâ¨æ. �â®â íää¥ªâ ¬®¦¥â ®ª § âìáï ®¯à¥¤¥«ïîé¨¬¯à¨ ¯®¤¤¥à¦ ¨¨ ¨ à á¯à®áâà ¥¨¨ íª§®â¥à¬¨ç¥á-ª¨å à¥ ªæ¨© ¢ £ §®¢ëå á¬¥áïå (¢ â®¬ ç¨á«¥ ¢ á¨«ì®à §¡ ¢«¥ëå),   â ª¦¥ ¯à¨ æ¥¯ëå à¥ ªæ¨ïå.�á®¡¥®  £«ï¤  â ª ï   «®£¨ï ¢ á«ãç ¥, ¥á«¨ ¢ª ç¥áâ¢¥ feC(VeC(E)) à áá¬ âà¨¢ âì ¯ àæ¨ «ì®¥ à á-¯à¥¤¥«¥¨¥ £®àïç¨å ¯à®¤ãªâ®¢ à¥ ªæ¨¨, ¢ë«¥â îé¨å¢ áâ®à®ã ¥¯à®à¥ £¨à®¢ ¢è¥© á¬¥á¨ ¯¥à¥¤ ¯«®áª¨¬äà®â®¬ « ¬¨ à®£® ¯« ¬¥¨.� ª«îç¥¨¥�®ª § ®, çâ® ¯à¨ ç¨á«¥ � å  M = 6 ¢ á¬¥á¨H2:Ar (1:99) áãé¥áâ¢ã¥â ¨§«ãç¥¨¥ §  äà®â®¬ ã¤ à-®© ¢®«ë ¢ «¨¨ïå ¢®¤®à®¤  H� (� = 6562; 7 �A)¨ L� (� = 1215; 7 �A). �£® ¨â¥á¨¢®áâì ¯®«®áâìî®¯à¥¤¥«ï¥âáï ®¡à §®¢ ¨¥¬ ¬¥â áâ ¡¨«ìëå  â®¬®¢ à£®  eAr ¢® äà®â¥ ã¤ à®© ¢®«ë §  áç¥â ¢ëá®ª®©ú¯à®¤®«ì®© â¥¬¯¥à âãàëû. �æ¥¥ ï á¨§ã ¢¥«¨-ç¨  ª®æ¥âà æ¨¨ ¬¥â áâ ¡¨«ìëå  â®¬®¢  à£® n0(eAr) = 2 � 108 á¬�3 §  äà®â®¬   á¥¬ì ¯®àï¤ª®¢¯à¥¢ëè ¥â à ¢®¢¥áãî ª®æ¥âà æ¨î  â®¬®¢ eAr¯à¨ â¥¬¯¥à âãà¥ T2. �â® á®®â¢¥âáâ¢ã¥â áà¥¤¥© â¥¬-¯¥à âãà¥ ¢® äà®â¥<Tfr>, ¯à¥¢ëè îé¥© T2 ¢ 1,7 à -§ . �®«ãç¥ë© à¥§ã«ìâ â ª ç¥áâ¢¥® ¯®¤â¢¥à¦¤ ¥âà §ã¬®áâì   «¨â¨ç¥áª¨å ¬®¤¥«¥© áâàãªâãàë ã¤ à-®© ¢®«ë, ¯à¥¤áª §ë¢ îé¨å § ¬¥â®¥ ¯à¥¢ëè¥¨¥§ ç¥¨ï â¥¬¯¥à âãàë £ §  ¢® äà®â¥  ¤ § ç¥¨¥¬¥¥ §  äà®â®¬ ã¤ à®© ¢®«ë.�®áâã¯ â¥«ì ï ¥à ¢®¢¥á®áâì ¯à®¤ãªâ®¢ íª-§®â¥à¬¨ç¥áª¨å à¥ ªæ¨© ¯à¨¢®¤¨â ª ¢ëá®ª¨¬ ú¯à®-¤®«ìë¬ â¥¬¯¥à âãà ¬û, áãé¥áâ¢¥® ¯à¥¢ëè î-é¨¬ áà¥¤îî â¥¬¯¥à âãàã à¥ £¨àãîé¥© á¬¥á¨ ¢ ®¡-« áâïå à §¬¥à®¬ ¯®àï¤ª  3l. �â®â íää¥ªâ ¬®¦¥â ®ª -§ âìáï ®¯à¥¤¥«ïîé¨¬ ¯à¨ ¯®¤¤¥à¦ ¨¨ æ¥¯ëå à¥- ªæ¨© ¨ à á¯à®áâà ¥¨¨ íª§®â¥à¬¨ç¥áª¨å à¥ ªæ¨©¢ à §¡ ¢«¥ëå £ §®¢ëå á¬¥áïå.�¥§ã«ìâ âë ¤ ®© à ¡®âë ¡ë«¨ ¨§«®¦¥ë ¢ ¯à¥-¯à¨â¥ ü27{97 �áâ¨âãâ  ¬¥å ¨ª¨ ���.� § ª«îç¥¨¥  ¢â®àë áç¨â îâ á¢®¨¬ ¤®«£®¬ ¢ë-à §¨âì ¨áªà¥îî ¡« £®¤ à®áâì �.�.�¥¨çã §  àï¤
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