
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5 41������� � ������� ��������� 537.591 ����� ��������� ������� �������� � ���� ������� ��������� ��������������� � ����������������� �������� � ������� ���������. �. � ¯®¯®àâ, �. �. �ãàã¤ ¥¢áª¨©, �. �. �¥áâ®¯¥à®¢(�����)E-mail: ant@eas.npi.msu.ru�à¥¤« £ ¥âáï ¬¥â®¤ ¨§¬¥à¥¨ï í¥à£¨¨ ¯à®â®®¢ ¨ ï¤¥à He (¢ ¤¨ ¯ §®¥ í¥à£¨© ¡®«¥¥1 �í�), ª®â®àë© ®á®¢    à¥£¨áâà æ¨¨ ã¤¥«ì®£® í¥à£®¢ë¤¥«¥¨ï ¢ ¬ ªá¨¬ã¬¥  ¤à®-ëå ª áª ¤®¢, ¨¨æ¨¨à®¢ ëå íâ¨¬¨ ç áâ¨æ ¬¨ ¢ ¯«®â®¬ ¢¥é¥áâ¢¥. �æ¥¥  ¤®áâ¨¦¨¬ ïâ®ç®áâì í¥à£¥â¨ç¥áª¨å ¨§¬¥à¥¨©. �à®¢®¤¨âáï áà ¢¥¨¥ à¥§ã«ìâ â®¢ ¬®¤¥«¨à®¢ ¨ï ¨íªá¯¥à¨¬¥â  <�®ª®«-2>.�c®¢ë¬ ¬¥â®¤®¬ í¥à£¥â¨ç¥áª¨å ¨§¬¥à¥¨©¤«ï ç áâ¨æ ¢ ®¡« áâ¨ ¢ëá®ª¨å í¥à£¨© (> 1 �í�)ï¢«ï¥âáï ¬¥â®¤ ¨®¨§ æ¨®®£® ª «®à¨¬¥âà  [1].�à¨ íâ®¬ ¨á¯®«ì§ã¥âáï ¯®£«®é îé¥¥ ¢¥é¥áâ¢®, ¨¥£® § ç¨â¥«ì ï ¬ áá  ®£à ¨ç¨¢ ¥â ¢®§¬®¦®-áâ¨ ¬¥â®¤  ¢ íªá¯¥à¨¬¥â å   ¡®«ìè¨å ¢ëá®â å.�¥ª®â®àë¬ à¥è¥¨¥¬ ¯à®¡«¥¬ë áâ «¨ ¨®¨§ æ¨®-ë¥ ª «®à¨¬¥âàë ¥¯®«®£® ¯®£«®é¥¨ï, ¢ ®£à ¨-ç¥®¬ ¯®£«®â¨â¥«¥ ª®â®àëå à¥£¨áâà¨àã¥âáï «¨èìç áâì  ¤à®®£® ª áª ¤ , ¨¨æ¨¨àã¥¬®£® ¯¥à¢¨ç®©ç áâ¨æ¥© [2]. �¤ ª® à §«¨çë¥  «£®à¨â¬ë ¢®ááâ -®¢«¥¨ï ¯¥à¢¨ç®© í¥à£¨¨ ¯à¨¢®¤ïâ ª à §«¨çë¬à¥§ã«ìâ â ¬. �¯â¨¬¨§ æ¨ï ¬¥â®¤ , ¥£® à §¢¨â¨¥¯à®¤®«¦ îâ ®áâ ¢ âìáï  ªâã «ì®© § ¤ ç¥© ¢ á¢ï§¨á ¯à®¤¢¨¦¥¨¥¬ íªá¯¥à¨¬¥â  ¢ ®¡« áâì ¢á¥ ¡®«¥¥¢ëá®ª¨å í¥à£¨©,   ¡ ««® å ¨ á¯ãâ¨ª å [3, 4].�à ¤¨æ¨®ë© ¯®¤å®¤ ª ¢®ááâ ®¢«¥¨î ¨áå®¤-®© í¥à£¨¨ ç áâ¨æë § ª«îç ¥âáï ¢ ¨§¬¥à¥¨¨ ¢ë-¤¥«ï¥¬®© ¢ ¯®£«®â¨â¥«¥ í¥à£¨¨ Eb ¨ ãç¥â¥ (¯®¬®¤¥«ìë¬ ¯à¥¤áâ ¢«¥¨ï¬) ¥¥ ®â®è¥¨ï ª ¨áå®¤-®©. �â® ¯®§¢®«ï¥â á ãç¥â®¬ ä«ãªâã æ¨© ª áª ¤ á¢ï§ âì ¨áª®¬ë¥ å à ªâ¥à¨áâ¨ª¨ í¥à£¥â¨ç¥áª®£®á¯¥ªâà  ç áâ¨æ á ¤¥â¥ªâ¨àã¥¬ë¬ á¯¥ªâà®¬ í¥à-£®¢ë¤¥«¥¨©. �®¦®, ®¤ ª®, ¯®« £ âì, çâ® ¯à¨§ ç¨â¥«ì®© ª®àà¥«ïâ¨¢®© á¢ï§¨ ¢¥«¨ç¨ë Eb ,ª®â®à ï ¢ëà ¦ ¥âáï ç¥à¥§ ¨â¥£à « ®â à¥£¨áâà¨-àã¥¬ëå ¢ ¯®£«®â¨â¥«¥ ã¤¥«ìëå í¥à£®¢ë¤¥«¥¨©dE=dX (®áì X  ¯à ¢«¥  ¢¤®«ì âà¥ª  ¯¥à¢¨ç®©ç áâ¨æë), á íªáâà¥¬ «ìë¬ § ç¥¨¥¬ ã¤¥«ì®£®í¥à£®¢ë¤¥«¥¨ï Km = dE=dXmax ¯®á«¥¤ïï ¢¥-«¨ç¨  ¬®¦¥â á«ã¦¨âì ¤®áâ â®ç® çã¢áâ¢¨â¥«ì®© «ìâ¥à â¨¢®© ¬¥à®© ¨áå®¤®© í¥à£¨¨ E .�â®ç¨¬ ®¯à¥¤¥«¥¨¥ Km ¤«ï ¥ª®â®àëå ç áâ-ëå á«ãç ¥¢. �à¨ ¤®áâ â®ç®© £«ã¡¨¥ ¯®£«®â¨â¥«ïª áª ¤ ï ªà¨¢ ï ã¤¥«ìëå í¥à£®¢ë¤¥«¥¨© ¬®¦¥â®¡« ¤ âì ¥áª®«ìª¨¬¨ íªáâà¥¬ã¬ ¬¨ ¢á«¥¤áâ¢¨¥ ¯®-¢â®àëå ¥ã¯àã£¨å ¢§ ¨¬®¤¥©áâ¢¨© ç áâ¨æ [5], ®á®-¡¥® å à ªâ¥àëå ¤«ï ¡®«¥¥ âï¦¥«ëå ¯¥à¢¨çëåï¤¥à,  ç¨ ï á He, ¯à¨ ¡®«ìè®© ¤®«¥ í¥à£¨¨,

ã®á¨¬®© ãª«® ¬¨-á¯¥ªâ â®à ¬¨. �ë¡®à íªáâà¥-¬ã¬  á  ¨¡®«ìè¨¬ ã¤¥«ìë¬ í¥à£®¢ë¤¥«¥¨¥¬ ¢â ª¨å <¬®£®£®à¡ëå> ª áª ¤ëå ªà¨¢ëå ¯®§¢®«ï¥âã¬¥ìè¨âì ä«ãªâã æ¨¨ ¨§¬¥àï¥¬®© ¢¥«¨ç¨ë ¯®áà ¢¥¨î á ä«ãªâã æ¨ï¬¨ ª®íää¨æ¨¥â  ¥ã¯àã-£®áâ¨. � ¤àã£®© áâ®à®ë, ¯à¨ ®£à ¨ç¥®© â®«-é¨¥ ¯®£«®â¨â¥«ï íªáâà¥¬ã¬ ¢ ª áª ¤®© ªà¨¢®©¬®¦¥â ¥  ¡«î¤ âìáï; ¢ íâ®¬ á«ãç ¥ ¢ ª ç¥áâ¢¥¢¥«¨ç¨ë Km ®¡ëç® ¯à¨¨¬ ¥âáï  ¨¡®«ìè¥¥ ¨§à¥ «¨§ã¥¬ëå § ç¥¨© ã¤¥«ì®£® í¥à£®¢ë¤¥«¥¨ï¢ ¯®£«®â¨â¥«¥.�«ï ¨áá«¥¤®¢ ¨ï ã¤¥«ì®£® í¥à£®¢ë¤¥«¥¨ï¢ ¬ ªá¨¬ã¬¥ ª áª ¤  ¨ ¢®§¬®¦®áâ¨ ¨á¯®«ì§®¢ -¨ï íâ®© ¢¥«¨ç¨ë ¤«ï í¥à£¥â¨ç¥áª¨å ¨§¬¥à¥¨©¡ë«® ¯à¥¤¯à¨ïâ® ¬ â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ¤à®ëå ª áª ¤®¢, ¨¨æ¨¨à®¢ ëå ¯à®â® ¬¨ ¨ï¤à ¬¨ He ¢ ¦¥«¥§®¬ ¨ á¢¨æ®¢®¬ ¯®£«®â¨â¥«ïå.�®¤¥«¨à®¢ ¨¥ ®áãé¥áâ¢«ï«®áì á ¨á¯®«ì§®¢ ¨-¥¬ ¯à®£à ¬¬®£® ª®¬¯«¥ªá  GEANT [6]. �à ¢¨-â¥«ìë©   «¨§ à¥§ã«ìâ â®¢, ¯®«ãç¥ëå á à §ë-¬¨ ¯à®£à ¬¬ ¬¨-£¥¥à â®à ¬¨ ¥ã¯àã£¨å  ¤à®ëå¢§ ¨¬®¤¥©áâ¢¨© (GHEISHA [6, 7], FLUKA [6, 8, 9],QGSM [10, 11]), ¯®§¢®«ï¥â ®æ¥¨âì çã¢áâ¢¨â¥«ì-®áâì à¥§ã«ìâ â  ª ¬®¤¥«ìë¬ ¯à¥¤áâ ¢«¥¨ï¬.� ªá¨¬ «ì®¥ ã¤¥«ì®¥ í¥à£®¢ë¤¥«¥¨¥ ®¯à¥-¤¥«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥® í«¥ªâà®¬ £¨â®© ª®¬-¯®¥â®©, £¥¥à¨àã¥¬®© ¯à¨ ¯¥à¢®¬ ¥ã¯àã£®¬ ¢§ -¨¬®¤¥©áâ¢¨¨; áà¥¤ïï £«ã¡¨  íªáâà¥¬ã¬  ¢ ª áª ¤¥¬¥¤«¥® ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ í¥à£¨¨ ¯¥à¢¨ç-®© ç áâ¨æë (¤«ï ¯à®â® , ¢ ç áâ®áâ¨, ¯à¨¬¥à®®â 8 ª áª ¤ëå ¥¤¨¨æ ¯à¨ 0.5 �í� ¤® 11 ¯à¨32 �í�). �«ï ®¯à¥¤¥«¥¨ï ¬ ªá¨¬ «ì®£® ã¤¥«ì®£®í¥à£®¢ë¤¥«¥¨ï   «¨§¨à®¢ «áï ãç áâ®ª ¤«¨®©¢ 17 ª áª ¤ëå ¥¤¨¨æ ¯®á«¥ ¯¥à¢®£® ¥ã¯àã£®£®¢§ ¨¬®¤¥©áâ¢¨ï.�®«ãç¥ë¥ ¢ à¥§ã«ìâ â¥ ¬®¤¥«¨à®¢ ¨ï ¤«ïãª § ®© £«ã¡¨ë ª áª ¤  áà¥¤¨¥ ¢¥«¨ç¨ë Km¯à¥¤áâ ¢«¥ë   à¨á. 1 ¢ ¢¨¤¥ äãªæ¨¨ í¥à£¨¨



42 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò5ç áâ¨æ | ¯à®â®®¢ (a) ¨ ï¤¥à He (¡) | ¤«ï ¦¥«¥§-®£® ¨ á¢¨æ®¢®£® ¯®£«®â¨â¥«¥©. � ¬ ¦¥ ¯à¨¢¥¤¥ë¤ ë¥ ¤«ï ¦¥«¥§®£® ¯®£«®â¨â¥«ï, ¯®«ãç¥ë¥¯à¨   «¨§¥ à¥§ã«ìâ â®¢ íªá¯¥à¨¬¥â  <�®ª®«-2>[12, 13] á ãç¥â®¬ ¯¥à¥å®¤ëå íää¥ªâ®¢ [14], ®¡ã-á«®¢«¥ëå áâàãªâãà®© ¯®£«®â¨â¥«ï ¢ íâ®¬ íªá¯¥-à¨¬¥â¥. � ª ¢¨¤® ¨§ à¨á. 1, ¬®¤¥«ìë¥ ¯à¥¤-áâ ¢«¥¨ï ¤ îâ ¡«¨§ª¨¥ à¥§ã«ìâ âë, á®£« áãîé¨¥áïá íªá¯¥à¨¬¥â «ìë¬¨ ¢ ¯à¥¤¥« å áâ â¨áâ¨ç¥áª¨å®è¨¡®ª ¨§¬¥à¥¨©. � ¢¨á¨¬®áâì (dE=dX)max ®â¯¥à¢¨ç®© í¥à£¨¨ E ¤«ï ¯à®â®®¢ ¨ ï¤¥à He ¬®¦¥â¡ëâì  ¯¯à®ªá¨¬¨à®¢   «¨¥©ë¬ ¨«¨ áâ¥¯¥ë¬®¡à §®¬: Km = AEa ¨«¨ Km = CE + c á ¯ à -¬¥âà ¬¨  ¯¯à®ªá¨¬ æ¨¨, ¯à¨¢¥¤¥ë¬¨ ¢ â ¡«. 1.�â¨  ¯¯à®ªá¨¬ æ¨¨ ¬®¦® ¨á¯®«ì§®¢ âì ¤«ï ®¯à¥-¤¥«¥¨ï ¯¥à¢¨ç®© í¥à£¨¨: E = (Km=A)1=a ¨«¨E = (Km� c)=C .���������	
����¨á. 1. �à¥¤¥¥ ã¤¥«ì®¥ í¥à£®¢ë¤¥«¥¨¥ ¢ ¬ ªá¨¬ã¬¥ ¤à®®£® ª áª ¤  Km = (dE=dX)max ¢ § ¢¨á¨¬®áâ¨ ®âí¥à£¨¨ ¯¥à¢¨çëå ç áâ¨æ | ¯à®â®®¢ ( ) ¨ ï¤¥à He (¡)¢ ¦¥«¥§®¬ ¨ á¢¨æ®¢®¬ ¯®£«®â¨â¥«ïå, à ááç¨â ®¥ ¯®à §ë¬ ¬®¤¥«ï¬ ¤«ï ãç áâª  ¤«¨®© 17 ª áª ¤ëå ¥¤¨¨æ®â ¯¥à¢®£® ¢§ ¨¬®¤¥©áâ¢¨ï (á¯«®è ï «¨¨ï | FLUKA,¯ãªâ¨à | GHEISHA, ¤ ë¥ ¯® QGSM ¢ ¨á¯®«ì§ã¥-¬®¬ ¬ áèâ ¡¥ á«¨¢ îâáï á § ¢¨á¨¬®áâìî ¤«ï FLUKA).�ªá¯¥à¨¬¥â «ìë¥ â®çª¨ ¯®«ãç¥ë ¯ãâ¥¬ ®¡à ¡®âª¨¤ ëå [12, 13]� ç¥¨ï ®â®á¨â¥«ì®© ä«ãªâã æ¨¨ D(Km) == ��Km �Km�2�1=2.Km á« ¡® § ¢¨áïâ ®â í¥à£¨¨(â ¡«. 2). �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â áà ¢¨¢ âìà á¯à¥¤¥«¥¨ï ¯® Km , à ááç¨â ë¥ ¤«ï ä¨ªá¨-

�   ¡ « ¨ æ   1� à ¬¥âàë  ¯¯à®ªá¨¬ æ¨¨ áà¥¤¥£® í¥à£®¢ë¤¥«¥¨ï¢ ¬ ªá¨¬ã¬¥ ª áª ¤  Km = (dE=dX)max áâ¥¯¥®©(Km = AEa) ¨ «¨¥©®© (Km = CE + c) äãªæ¨ï¬¨(E | ¢ �í�, Km | ¢ �í�/á¬)�¥ ªæ¨ï �®¤¥«ì A a C cpFe FLUKA 22.9 0.941 19.4 2.7GHEISHA 20.9 0.961 18.9 1.5QGSM 23.6 0.938 19.9 2.8�ªá¯¥à¨¬¥â [12, 13] 19.7 0.949 16.1 13.3HeFe QGSM+FLUKA 20.4 0.937 17.1 2.4�ªá¯¥à¨¬¥â [12, 13] 18.7 0.948 13.5 22.7pPb FLUKA 49.6 0.952 43.5 4.5GHEISHA 41.3 1.008 42.1 �0.5QGSM 53.4 0.948 46.3 5.3HePb QGSM+FLUKA 47.5 0.933 39.7 5.7�   ¡ « ¨ æ   2�â®á¨â¥«ì ï ä«ãªâã æ¨ï í¥à£®¢ë¤¥«¥¨ï¢ ¬ ªá¨¬ã¬¥ ª áª ¤ D(Km) = ��Km�Km�2�1=2 .Km�¥ ªæ¨ï �®¤¥«ì E, �í�0.5 2 8 32pFe FLUKA 0.37 0.36 0.38 0.38GHEISHA 0.41 0.40 0.40 0.39QGSM 0.38 0.38 0.39 0.38HeFe QGSM+FLUKA 0.30 0.30 0.30 0.29pPb FLUKA 0.48 0.49 0.48 0.52GHEISHA 0.56 0.62 0.63 0.63QGSM 0.46 0.52 0.52 0.62HePb QGSM+FLUKA 0.44 0.39 0.43 0.53à®¢ ®© í¥à£¨¨ á ®¡®¡é¥ë¬¨ íªá¯¥à¨¬¥â «ì-ë¬¨ ¤ ë¬¨ ¤®¢®«ì® è¨à®ª®£® í¥à£¥â¨ç¥áª®£®¤¨ ¯ §®  (¢ëè¥ 2.5 �í�), ¯®áª®«ìªã í¥à£¥â¨-ç¥áª ï § ¢¨á¨¬®áâì à á¯à¥¤¥«¥¨© ¯® ¡¥§à §¬¥à-®© ¢¥«¨ç¨¥ Km=Km â ª¦¥ ¥§ ç¨â¥«ì . � à¨á. 2 ¯à¥¤áâ ¢«¥® à á¯à¥¤¥«¥¨¥ § à¥£¨áâà¨à®¢ -ëå á®¡ëâ¨© ¯® ¢¥«¨ç¨¥ Km=Km ¤«ï ¦¥«¥§®£®¯®£«®â¨â¥«ï ¢ á«ãç ¥ ¯à®â®®¢ ( ) ¨ ï¤¥à He (¡),¯®«ãç¥®¥ á ¨á¯®«ì§®¢ ¨¥¬  ¯¯à®ªá¨¬ æ¨¨ ¤ -ëå íªá¯¥à¨¬¥â  [12, 13] ¤«ï Km(E) = AEa ¯à¨í¥à£¨ïå ¡®«¥¥ 2.5 �í�. �«ï áà ¢¥¨ï ¯à¨¢¥¤¥-ë á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï ¯à¨í¥à£¨¨ 8 �í�.�§ ¤ ëå, ¯à¨¢¥¤¥ëå ¢ â ¡«. 2, á«¥¤ã¥â,çâ® í¥à£®¢ë¤¥«¥¨¥ ¢ ¯¥à¢®¬ ¬ ªá¨¬ã¬¥ ª áª ¤ ä«ãªâã¨àã¥â á¨«ì¥¥ ¢ á¢¨æ¥, ç¥¬ ¢ ¦¥«¥§¥. �à¨à §«¨ç¨¨ áà¥¤¨å ª®íää¨æ¨¥â®¢ ¥ã¯àã£®áâ¨ ¢á¢¨æ¥ ¨ ¦¥«¥§¥ ¥ ¡®«¥¥ ç¥¬   15% (â ¡«. 3)ä«ãªâã æ¨¨ ¯ àæ¨ «ì®£® ª®íää¨æ¨¥â  ¥ã¯àã-£®áâ¨ K à §«¨ç îâáï á¨«ì¥¥ §  áç¥â ¡®«ìè¥£®ç¨á«  £«ã¡®ª®¥ã¯àã£¨å ¢§ ¨¬®¤¥©áâ¢¨©   âï¦¥-«ëå ï¤à å. �â® ¯®§¢®«ï¥â ¯à¥¤¯®ç¥áâì ¤«ï ¯¥à¢®-£® ¢§ ¨¬®¤¥©áâ¢¨ï ¤¥â¥ªâ¨àã¥¬®© ç áâ¨æë «¥£ªãî
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����¨á. 2. � á¯à¥¤¥«¥¨¥ á®¡ëâ¨© ¯® í¥à£®¢ë¤¥«¥¨î ¢¬ ªá¨¬ã¬¥ ª áª ¤®¢ (1=N) �dN=d �Km=Km�� , ¨¨æ¨¨à®-¢ ëå ¯à®â® ¬¨ ( : ¦¨à ï «¨¨ï | FLUKA, â®ª ï |GHEISHA, â®ç¥ç ï | QGSM) ¨ ï¤à ¬¨ He (¡: á¯«®è ï«¨¨ï | FLUKA) ¯à¨ E = 8 �í�. �ªá¯¥à¨¬¥â «ìë¥â®çª¨ ¯®«ãç¥ë ¯ãâ¥¬ ®¡à ¡®âª¨ ¤ ëå [12, 13]�   ¡ « ¨ æ   3�à¥¤¨© ¯ àæ¨ «ìë© ª®íää¨æ¨¥â ¥ã¯àã£®áâ¨ K�¥ ªæ¨ï �®¤¥«ì E, �í�0.125 0.5 2 8 32pC FLUKA 0.182 0.182 0.179 0.194 0.194GHEISHA 0.127 0.143 0.159 0.183 0.179QGSM 0.166 0.173 0.175 0.175 0.178pFe FLUKA 0.201 0.201 0.199 0.203 0.202GHEISHA 0.140 0.152 0.178 0.187 0.196QGSM 0.197 0.200 0.196 0.209 0.201pPb FLUKA 0.207 0.203 0.203 0.209 0.214GHEISHA 0.163 0.173 0.182 0.205 0.210QGSM 0.226 0.233 0.226 0.230 0.233¬¨è¥ì ¯à¨ âï¦¥«®¬ ¯®£«®â¨â¥«¥ ¢ ¨®¨§ æ¨®®¬ª «®à¨¬¥âà¥.�à ¢¥¨¥ ª®íää¨æ¨¥â®¢  ¯¯à®ªá¨¬ æ¨¨ ¢¥«¨-ç¨ë Km(E) , ¯®«ãç¥ëå ¯® à¥§ã«ìâ â ¬ íªá¯¥-à¨¬¥â  [12, 13], á à áç¥âë¬¨ § ç¥¨ï¬¨ (á¬.â ¡«. 1) ¬®¦¥â ¯à¨¢¥áâ¨ ª § ª«îç¥¨î, çâ® à¥-§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï § ¨¦ îâ ®æ¥ª¨ í¥à£¨¨ç áâ¨æ:   15% ¤«ï ¯à®â® ,   7% ¤«ï ï¤¥à He.�â® à áå®¦¤¥¨¥, ®¤ ª®, ¢¯®«¥ á®¯®áâ ¢¨¬® á ¯®-£à¥è®áâìî ¨á¯®«ì§ã¥¬ëå íªá¯¥à¨¬¥â «ìëå ¤ -ëå [13] ¨ ¥ ¢ëå®¤¨â §  ¯à¥¤¥«ë áâ â¨áâ¨ç¥áª¨å®è¨¡®ª.

���������	
����¨á. 3. �®ç®áâì ®¯à¥¤¥«¥¨ï í¥à£¨¨ ¢ § ¢¨á¨¬®áâ¨ ®â£«ã¡¨ë à §¢¨â¨ï ª áª ¤  ¯® ¯®«®¬ã í¥à£®¢ë¤¥«¥¨î(1 | p , 2 | He) ¨ ¯® ¬ ªá¨¬ «ì®¬ã ã¤¥«ì®¬ã í¥à£®¢ë-¤¥«¥¨î (3 | p , 4 | He) ¯à¨ E = 8 �í� (  | ¦¥«¥§®,¡ | á¢¨¥æ). �«ã¡¨  ª áª ¤  ®âáç¨âë¢ ¥âáï ®â â®çª¨¯¥à¢®£® ¢§ ¨¬®¤¥©áâ¢¨ï X0� íâ®© á¢ï§¨ æ¥«¥á®®¡à §® áà ¢¨âì ®â®á¨-â¥«ìë¥ áà¥¤¥ª¢ ¤à â¨çë¥ ®âª«®¥¨ï D(E) ¤«ïá«ãç ¥¢ ®¯à¥¤¥«¥¨ï í¥à£¨¨ E ¯® ¬ ªá¨¬ «ì®¬ãã¤¥«ì®¬ã í¥à£®¢ë¤¥«¥¨î (Km ) ¨ ¯® ¯®«®¬ãí¥à£®¢ë¤¥«¥¨î ¢ ¯®£«®â¨â¥«¥ (Eb ). �  à¨á. 3¢¥«¨ç¨ë D(E) ¯à¥¤áâ ¢«¥ë ª ª äãªæ¨¨ £«ã-¡¨ë ª áª ¤ , ¨¨æ¨¨àã¥¬®£® ¯à®â® ¬¨ ¨ ï¤à ¬¨He á í¥à£¨¥© 8 �í� ¢ ¦¥«¥§®¬ ( ) ¨ á¢¨æ®-¢®¬ (¡) ¯®£«®â¨â¥«ïå. � à ªâ¥à®© ®á®¡¥®áâìî¯à¨¢¥¤¥®© § ¢¨á¨¬®áâ¨ ï¢«ï¥âáï ¡�®«ìè ï â®ç-®áâì ¢ ®¯à¥¤¥«¥¨¨ í¥à£¨¨ E ¯® ¢¥«¨ç¨¥ Km  ¬ «ëå £«ã¡¨ å ª áª ¤  ¨ ¯® Eb |   ¡®«ìè¨å.� ¯®£à ¨ç®© ®¡« áâ¨ à ¢¥áâ¢® ¬¥â®¤¨ç¥áª¨å ¯®-£à¥è®áâ¥© ¤®áâ¨£ ¥âáï ¢ ¦¥«¥§®¬ ¯®£«®â¨â¥«¥  £«ã¡¨¥ LFe = 30 á¬ (16.8 ª áª ¤ëå ¥¤¨¨æ ®ââ®çª¨ ¢§ ¨¬®¤¥©áâ¢¨ï ¯à®â®®¢), ¢ á¢¨æ®¢®¬ |  £«ã¡¨¥ LPb = 10 á¬ (17.7 ª áª ¤ëå ¥¤¨¨æ).�â¨¬ £«ã¡¨ ¬ á®®â¢¥âáâ¢ãîâ ®â®á¨â¥«ìë¥ ¯®-£à¥è®áâ¨ ¢ ®¯à¥¤¥«¥¨¨ í¥à£¨¨ DFe(E) = 0:40¨ DPb(E) = 0:50 . �«ï ï¤¥à He   «®£¨çë¥ ¢¥-«¨ç¨ë á®áâ ¢«ïîâ LFe = 35 á¬ (19.6 ª áª ¤ëå¥¤¨¨æ), LPb = 8 á¬ (14.2 ª áª ¤ëå ¥¤¨¨æ) ¯à¨DFe(E) = 0:30 ¨ DPb(E) = 0:43 . �ª §  ï ¯®£à -¨ç ï ®¡« áâì á« ¡® § ¢¨á¨â ®â í¥à£¨¨ E .
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