
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò3 33��� 539.171 ������ ������ ��������� ��������� ����������������� ����� �� ������� �0-��������.�. � «ª¨­, �.�. � ­ £ ¤§¥(�����)E-mail: mng@dec1.sinp.msu.ru� à ¡®â¥ ¨§«®¦¥­ ¬¥â®¤ ®æ¥­ª¨ ¢ëá®âë ï¤¥à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¯¥à¢¨ç­®£® ¯à®â®­  áï¤à ¬¨ ¢®§¤ãå  ­ ¤ ¤¥â¥ªâ®à®¬ â¨¯  í¬ã«ìá¨®­­®© ª ¬¥àë. �¥ «¨§ æ¨ï ¬¥â®¤  ®á­®¢ ­  ­ ¬®¤¥«ì­ëå à áç¥â å ¯® ª®¤ã CORSIKA.�¢¥¤¥­¨¥�«ï ¨§ãç¥­¨ï ¢§ ¨¬®¤¥©áâ¢¨© ª®á¬¨ç¥áª¨å «ãç¥©(��) ®á®¡®¥ §­ ç¥­¨¥ ¨¬¥¥â ­ ¡«î¤¥­¨¥ á¥¬¥©áâ¢,â. ¥. £¥­¥ «®£¨ç¥áª¨ á¢ï§ ­­ëå £àã¯¯ ç áâ¨æ ®â ®¤-­®£® ¨«¨ ­¥áª®«ìª¨å ¯®á«¥¤®¢ â¥«ì­ëå ¢§ ¨¬®¤¥©-áâ¢¨© ¯¥à¢¨ç­ëå ç áâ¨æ ª®á¬¨ç¥áª¨å «ãç¥©. � ¦¤®¥á¥¬¥©áâ¢® ¬®¦­® ¯®¤à §¤¥«¨âì ­  í«¥ªâà®¬ £­¨â-­ãî ¨  ¤à®­­ãî ª®¬¯®­¥­âë. �®âï í«¥ªâà®¬ £­¨â-­ ï ª®¬¯®­¥­â  ®¡ê¥¤¨­ï¥â £ ¬¬ -ª¢ ­âë (ä®â®­ë),í«¥ªâà®­ë ¨ ¯®§¨âà®­ë, ç áâ® ¢á¥ ç áâ¨æë í«¥ª-âà®¬ £­¨â­®© ª®¬¯®­¥­âë ­ §ë¢ îâ ¤«ï ¯à®áâ®âë®¤­¨¬ â¥à¬¨­®¬ \£ ¬¬ -ª¢ ­âë".� ¬¬ - ¤à®­­ë¥ ¢®§¤ãè­ë¥ á¥¬¥©áâ¢  �� à¥-£¨áâà¨àãîâáï ¢ í¬ã«ìá¨®­­ëå íªá¯¥à¨¬¥­â å ­ £®à å [1, 2] ¨ ¢ áâà â®áä¥à¥ [3, 4]. �­â¥à¥á ª®¯à¥¤¥«¥­¨î ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï, ¯®à®¤¨¢è¥£®â ª®¥ á¥¬¥©áâ¢®, ­ ¤ ãáâ ­®¢ª®© áãé¥áâ¢ã¥â ¢ ®¡¥¨å£àã¯¯ å íªá¯¥à¨¬¥­â®¢. � á«ãç ¥ íªá¯¥à¨¬¥­â®¢ ­ £®à å í¬ã«ìá¨®­­ë¥ ª ¬¥àë à¥£¨áâà¨àãîâ à¥§ã«ì-â â à §¢¨â®£® ï¤¥à­®-í«¥ªâà®¬ £­¨â­®£® ª áª ¤  ¢ â¬®áä¥à¥, ¢ª«îç îé¥£® ª ª ï¤¥à­ë¥, â ª ¨ í«¥ª-âà®¬ £­¨â­ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï. � á«ãç ¥ ¦¥ à §¬¥-é¥­¨ï í¬ã«ìá¨®­­ëå ª ¬¥à ­  ¡®àâã áâà â®áä¥à-­®£® ¡ ««®­ - íà®áâ â  § à¥£¨áâà¨à®¢ ­­®¥ á¥¬¥©-áâ¢® á ¢ëá®ª®© ¢¥à®ïâ­®áâìî ï¢«ï¥âáï à¥§ã«ìâ â®¬®¤­®£® ï¤¥à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï, ¯à®¨§®è¥¤è¥£® ¢à §à¥¦¥­­®¬ á«®¥  â¬®áä¥àë (â®«é¨­®© ¯®àï¤ª 10 £/á¬2 ) ­ ¤ ª ¬¥à®©. �¥à®ïâ­®áâì ¯®¢â®à­ëå í«¥ª-âà®¬ £­¨â­ëå ¢§ ¨¬®¤¥©áâ¢¨© ¤«ï ç áâ¨æ á¥¬¥©áâ¢ ¢ íâ®¬ á«ãç ¥ â ª¦¥ ­¥¢¥«¨ª . � ª¨¬ ®¡à §®¬, ¢ª ç¥áâ¢¥ í«¥ªâà®¬ £­¨â­®© ª®¬¯®­¥­âë ¢ á«ãç ¥ ®¤-­®£® ï¤¥à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ª ¬¥à  à¥£¨áâà¨àã¥â£ ¬¬ -ª¢ ­âë ®â à á¯ ¤  ­¥©âà «ì­ëå ¬¥§®­®¢ (¢ ®á-­®¢­®¬, �0 -¬¥§®­®¢). � á¢ï§¨ á ­¥¡®«ìè¨¬ ¢à¥¬¥­¥¬¦¨§­¨ �0 -¬¥§®­®¢ ¬®¦­® áç¨â âì, çâ® ¨å à á¯ ¤¯à®¨§®è¥« ¢ â®çª¥ á ¬®£® ï¤¥à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï.� íâ®¬ á«ãç ¥, ¨§¬¥à¨¢ í­¥à£¨¨ ¯ àë £ ¬¬ -ª¢ ­â®¢Ei ¨ Ej ¨ à ááâ®ï­¨¥ ­  à¥­â£¥­®¢áª®© ¯«¥­ª¥ ¢ª ¬¥à¥ ¬¥¦¤ã ­¨¬¨ Lij , ¬®¦­® ¢®ááâ ­®¢¨âì ¢ëá®âã¢§ ¨¬®¤¥©áâ¢¨ï H ­ ¤ ãáâ ­®¢ª®© ¨§ ¨§¢¥áâ­®©ä®à¬ã«ë m�0 = �pEiEj ;£¤¥ m�0 = 135 �í� | ¬ áá  �0 -¬¥§®­ , � = Lij=H:

�à®¡«¥¬  § ª«îç ¥âáï ¢ â®¬, çâ® ¢ á«ãç ¥ ¡®«ì-è¨å á¥¬¥©áâ¢ á ¢ëá®ª®© ¬­®¦¥áâ¢¥­­®áâìî âàã¤­®®¯à¥¤¥«¨âì, ª ª¨¥ ¨¬¥­­® £ ¬¬ -ª¢ ­âë á«¥¤ã¥â®¡ê¥¤¨­¨âì ¢ ¯ àë.� ­ áâ®ïé¥© áâ âì¥© à §à ¡®â ­  ¯à®æ¥¤ãà  â -ª®© ®æ¥­ª¨ ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï ­ ¤ ãáâ ­®¢ª®©­  ®á­®¢¥  ­ «¨§  ¨áªãááâ¢¥­­ëå á¥¬¥©áâ¢ ¨§ ¬®-¤¥«ì­ëå à áç¥â®¢.� áç¥âë�«ï ­ ¨£àë¢ ­¨ï ¨áªãááâ¢¥­­ëå á¥¬¥©áâ¢ ¨á-¯®«ì§®¢ « áì ¨§¢¥áâ­ ï á®¢à¥¬¥­­ ï ¬®¤¥«ì ï¤¥à­®-£® ¢§ ¨¬®¤¥©áâ¢¨ï QGSJET [5, 6]. �â  ¬®¤¥«ì ¡ §¨-àã¥âáï ­  â¥®à¨¨ ª¢ àª-£«î®­­ëå áâàã­ ¨ ¢ª«îç ¥â¢ á¥¡ï £¥­¥à æ¨î ¯®«ã¦¥áâª¨å áâàã©. �¥ ¯à¥¤áª § -­¨ï å®à®è® á®£« áãîâáï á à¥§ã«ìâ â ¬¨ íªá¯¥à¨¬¥­-â®¢ ¢ �� ¯à¨ í­¥à£¨ïå ¤® 1020 í�.�® ¯à®£à ¬¬¥ CORSIKA/QGSJET ­ ¨£àë¢ -«¨áì á¥¬¥©áâ¢  ®â ¯à®â®­  á ¯¥à¢¨ç­®© í­¥à£¨¥©E0 = 1016 í�, ª®â®à®© á®®â¢¥âáâ¢ã¥â ®¡à §®¢ ­¨¥á®¡ëâ¨© á ¢ëá®ª®© ¬­®¦¥áâ¢¥­­®áâìî ¯à¨ § ¤ ­­®©¯®à®£®¢®© í­¥à£¨¨ ­ ¡«î¤¥­¨ï ¤«ï ª ¦¤®© ¢â®à¨ç-­®© ç áâ¨æë Ethresh = 2 �í�.�ëá®â  ¢§ ¨¬®¤¥©áâ¢¨ï ­ ¤ ãáâ ­®¢ª®© ¢ àì¨à®-¢ « áì ®â 50 ¬ (¨«¨ 0.09 £/á¬2 ) ¤® 1500 ¬ (¨«¨2.5 £/á¬2 ). �à¨ ¯ ¤¥­¨¨ ­  à¥­â£¥­®¢áªãî í¬ã«ìá¨î¤¢ãå £ ¬¬ -ª¢ ­â®¢ ­  ¢§ ¨¬­®¬ à ááâ®ï­¨¨ ¬¥­ìè¥0.2 ¬¬ ®­¨ à áá¬ âà¨¢ «¨áì ª ª ®¤­  ç áâ¨æ , â ªª ª áâ®«ì ¡«¨§ª¨¥ ¯ïâ­  ¯®â¥¬­¥­¨ï ­¥ ¬®£ãâ ¡ëâì¨§¬¥à¥­ë ¢ íªá¯¥à¨¬¥­â¥ à §¤¥«ì­®. �® ¤®«ï â ª¨åá«ãç ¥¢ ­¥¢¥«¨ª . �à®¬¥ â®£®, § ¤ ¢ «áï ¤¨ ¯ §®­à áá¬ âà¨¢ ¥¬ëå ¢§ ¨¬­ëå à ááâ®ï­¨© ¬¥¦¤ã £ ¬-¬ -ª¢ ­â ¬¨ (Lminij , Lmaxij ).� ª ¦¤®¬ ¨áªãááâ¢¥­­®¬ á¥¬¥©áâ¢¥ ¯¥à¥¡¨à «¨áì¢á¥ ¢®§¬®¦­ë¥ ¯ àë £ ¬¬ -ª¢ ­â®¢, á®®â¢¥âáâ¢ã-îé¨¥ ¢ëè¥ãª § ­­ë¬ ªà¨â¥à¨ï¬, ¨ ¤«ï ª ¦¤®©¯ àë ®¯à¥¤¥«ï« áì ¢ëá®â  à á¯ ¤  ®¡à §®¢ ¢è¥£® ¨å�0 -¬¥§®­  (â. ¥. ¢®§¬®¦­ ï ¢ëá®â  ¢§ ¨¬®¤¥©áâ¢¨ï,®¡à §®¢ ¢è¥£® ¤ ­­®¥ á¥¬¥©áâ¢®). � «¥¥ áâà®¨«®áìà á¯à¥¤¥«¥­¨¥ ¯® íâ¨¬ ¢ëá®â ¬, ®­®  ¯¯à®ªá¨¬¨-à®¢ «®áì äã­ªæ¨¥© «®£-­®à¬ «ì­®£® à á¯à¥¤¥«¥­¨ïp(x) =A exp(�(lnx�m)2=�2) , ¨ ®æ¥­ª  <m> ¯ à -¬¥âà  m ¯à¨­¨¬ « áì §  Hest ¤«ï à áá¬ âà¨¢ ¥¬®£®á¥¬¥©áâ¢ .17 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3



34 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò3�¥§ã«ìâ âë�«ï  ­ «¨§  áà¥¤­¨å § ¢¨á¨¬®áâ¥© ®æ¥­¥­­®©¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï ®â à §«¨ç­ëå ªà¨â¥à¨¥¢ ®â-¡®à  ¯ à £ ¬¬ -ª¢ ­â®¢ ¡ë«¨ ­ ¨£à ­ë  ­á ¬¡«¨ ¨§100 ¨áªãááâ¢¥­­ëå á®¡ëâ¨© ®â ¯¥à¢¨ç­®£® ¯à®â®­ ¤«ï ª ¦¤®© ¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï ­ ¤ª ¬¥à®©. � à ¬¥âà Hest ¯®«ãç «áï §¤¥áì ¯ãâ¥¬  ¯-¯à®ªá¨¬ æ¨¨ áã¬¬ à­®£® à á¯à¥¤¥«¥­¨ï ¯® ¢ëá®â ¬¢á¥å ¢®§¬®¦­ëå �0 -¬¥§®­®¢ ¨ ®¯à¥¤¥«¥­¨ï áà¥¤­¥£®¢ íâ®¬ à á¯à¥¤¥«¥­¨¨. �  à¨á. 1 ¯à¥¤áâ ¢«¥­  § -¢¨á¨¬®áâì ®æ¥­¥­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï Hest®â ¬¨­¨¬ «ì­®£® Lminij ¨ ¬ ªá¨¬ «ì­®£® Lmaxij §­ -ç¥­¨© ¤«ï ¤¨ ¯ §®­  ¢§ ¨¬­ëå à ááâ®ï­¨© ¬¥¦¤ãà áá¬ âà¨¢ ¥¬ë¬¨ ¯ à ¬¨ £ ¬¬ -ª¢ ­â®¢ ¢ ª ¦¤®¬ ­á ¬¡«¥ ¨áªãááâ¢¥­­ëå á¥¬¥©áâ¢. Lminij á¢ï§ ­ áà §à¥è îé¥© á¯®á®¡­®áâìî ¤¥â¥ªâ®à  (à¥­â£¥­®¢-áª®© ¯«¥­ª¨), ¨ ¥£® ª®­ªà¥â­®¥ §­ ç¥­¨¥ ¢ë¡¨à «®áì­ ¬¨ á § ¯ á®¬ ¯® à §à¥è¥­¨î,   Lmaxij ­¥ ¤®«¦­®¡ëâì ¡®«ìè¥ å à ªâ¥à­ëå à §¬¥à®¢ á¥¬¥©áâ¢ , ­®¤®«¦­® «¥¦ âì ¢ â ª®© ®¡« áâ¨, £¤¥ ¥£® ­¥¡®«ìè¨¥¨§¬¥­¥­¨ï ­¥ ¯à¨¢®¤¨«¨ ¡ë ª ¡®«ìè¨¬ ®è¨¡ª ¬ ¢®æ¥­ª¥ ¢ëá®âë H . �¨¤­®, çâ® á ã¢¥«¨ç¥­¨¥¬ ¢¥àå­¥-£® §­ ç¥­¨ï à áá¬ âà¨¢ ¥¬®£® ¨­â¥à¢ «  à ááâ®ï­¨©®æ¥­¥­­ ï ¢ëá®â  ¢­ ç «¥ â ª¦¥ à áâ¥â ¨ § â¥¬¯¥à¥áâ ¥â ¨§¬¥­ïâìáï. �à¨ íâ®¬ \¢ëá®â  ¯« â®" ­ £à ä¨ª å á¨«ì­® § ¢¨á¨â ­¥ â®«ìª® ®â §­ ç¥­¨ï¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï, ­® ¨ ®â §­ ç¥­¨ï­¨¦­¥£® ªà ï à áá¬ âà¨¢ ¥¬®£® ¤¨ ¯ §®­  à ááâ®ï-­¨© Lminij . � æ¥«®¬ ¢¥§¤¥ ­  à¨áã­ª¥ §­ ç¥­¨ï Hest
���������	
��¨á. 1. � ¢¨á¨¬®áâì ®æ¥­¥­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ïHest ®â ¬¨­¨¬ «ì­®£® Lminij ¨ ¬ ªá¨¬ «ì­®£® Lmaxij §­ -ç¥­¨© ¤«ï ¤¨ ¯ §®­  ¢§ ¨¬­ëå à ááâ®ï­¨© ¬¥¦¤ã à á-á¬ âà¨¢ ¥¬ë¬¨ ¯ à ¬¨ £ ¬¬ -ª¢ ­â®¢ ¢ ª ¦¤®¬  ­á ¬¡«¥¨áªãááâ¢¥­­ëå á¥¬¥©áâ¢. �¥¬¥©áâ¢  ­ ¨£à ­ë ¯® ¬®¤¥«¨QGSJET, ¯® 100 á®¡ëâ¨© ¤«ï ª ¦¤®£® ­ ¡®à  ¯ à ¬¥âà®¢,¯¥à¢¨ç­ ï í­¥à£¨ï E0 = 1016 í�. �«ï Htrue = 100 ¬:� | Lminij = 1 ¬¬, � | Lminij = 2 ¬¬, � | Lminij = 4 ¬¬,¤«ï Htrue = 200 ¬: � | Lminij = 1 ¬¬

®â«¨ç îâáï ®â §­ ç¥­¨© ¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®-¤¥©áâ¢¨ï. �âáî¤  ¯à¥¤áâ ¢«ï¥âáï à §ã¬­ë¬ ¢¢¥áâ¨ª®íää¨æ¨¥­â ¯¥à¥áç¥â  k , á¢ï§ë¢ îé¨© ¨áâ¨­­®¥¨ ®æ¥­¨¢ ¥¬®¥ ¯® à á¯ ¤ ¬ �0 -¬¥§®­®¢ §­ ç¥­¨ï¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï.�  à¨á. 2 ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì â ª®£® ª®íä-ä¨æ¨¥­â  k = Hest=Htrue ®â Lminij ¨ Lmaxij (£à ­¨æà áá¬ âà¨¢ ¥¬®£® ¤¨ ¯ §®­  à ááâ®ï­¨©) ¤«ï à §-­ëå ¢ëá®â ¢§ ¨¬®¤¥©áâ¢¨ï. �§ à¨á. 2 ®ç¥¢¨¤­®,çâ® á«¥¤ã¥â ¨§¡à âì ¤®áâ â®ç­® ¡®«ìè®© ¤¨ ¯ §®­à ááâ®ï­¨©, £¤¥ â ª ï § ¢¨á¨¬®áâì ¢ëå®¤¨â ­  ¯« â®,®¯à¥¤¥«¨âì ¨§ à áç¥â®¢ ª®íää¨æ¨¥­â ¯¥à¥áç¥â  k¨ ¯à¨¬¥­¨âì ¥£® ¤«ï ®¯à¥¤¥«¥­¨ï ¨áâ¨­­®© ¢ëá®âë¢§ ¨¬®¤¥©áâ¢¨ï. � ª®¢  ¨¤¥ï ¯à¥¤« £ ¥¬®£® ­ ¬¨¬¥â®¤  ãáâ ­®¢«¥­¨ï ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï íªá¯¥-à¨¬¥­â «ì­®£® áã¯¥àá¥¬¥©áâ¢ .
���������	
��¨á. 2. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  k = Hest=Htrue ®âLminij ¨ Lmaxij (£à ­¨æ à áá¬ âà¨¢ ¥¬®£® ¤¨ ¯ §®­  à á-áâ®ï­¨©) ¤«ï à §­ëå ¢ëá®â ¢§ ¨¬®¤¥©áâ¢¨ï Htrue . �«ïHtrue = 100 ¬: � | Lminij = 0:5 ¬¬, � | Lminij = 1 ¬¬; ¤«ïHtrue = 400 ¬: � | Lminij = 0:5 ¬¬, � | Lminij = 2 ¬¬;Htrue = 1500 ¬: N | Lminij = 0:5 ¬¬, 4 | Lminij = 1 ¬¬.�¥¬¥©áâ¢  ­ ¨£à ­ë ¯® ¬®¤¥«¨ QGSJET, ¯® 100 á®¡ë-â¨© ¤«ï ª ¦¤®£® ­ ¡®à  ¯ à ¬¥âà®¢, ¯¥à¢¨ç­ ï í­¥à£¨ïE0 = 1016 í�� à¥ «ì­®áâ¨ à á¯à¥¤¥«¥­¨ï ¯® ¢ëá®â ¬ ¤«ï ¨­-¤¨¢¨¤ã «ì­ëå á¥¬¥©áâ¢ ¬®£ãâ ®â«¨ç âìáï ®â áà¥¤-­¨å. �«¥¤ã¥â à áá¬®âà¥âì, ­ áª®«ìª® ¢ ¨­¤¨¢¨¤ã- «ì­ëå á®¡ëâ¨ïå ¬®£ãâ ¡ëâì á¨«ì­ë ®âª«®­¥­¨ï ®âáà¥¤­¨å à áç¥â­ëå § ¢¨á¨¬®áâ¥© k .�  à¨á. 3 ¯à¥¤áâ ¢«¥­ë à á¯à¥¤¥«¥­¨ï ¯® ®æ¥­¥­-­ë¬ ¢ëá®â ¬ Hest ¤«ï £àã¯¯ ¨§ 500 ¨áªãááâ¢¥­­ëåá®¡ëâ¨©, ­ ¨£à ­­ëå ª ¦¤ ï ¤«ï ä¨ªá¨à®¢ ­­®©¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï ­ ¤ ãáâ ­®¢ª®©.�§ à¨áã­ª  ¢¨¤­ë ¢®§¬®¦­ë¥ ¢¥«¨ç¨­ë ®âª«®­¥­¨©®â áà¥¤­¥© <Hest>; ¢ æ¥«®¬ íâ¨ à á¯à¥¤¥«¥­¨ï¬®¦­® ¯à¨§­ âì ¤®áâ â®ç­® ã§ª¨¬¨.�  à¨á. 4,  ¤ ­  § ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  ¯¥-à¥áç¥â  <k> = <Hest>=Htrue ®â ¨áâ¨­­®© ¢ëá®âë
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���������	
��
���¨á. 3. � á¯à¥¤¥«¥­¨ï ¯® ®æ¥­¥­­ë¬ ¢ëá®â ¬ Hest ¤«ïâà¥å £àã¯¯ ¨§ 500 ¨áªãááâ¢¥­­ëå á®¡ëâ¨© ª ¦¤ ï, ­ ¨-£à ­­ëå ¤«ï ä¨ªá¨à®¢ ­­®© ¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®-¤¥©áâ¢¨ï ­ ¤ ãáâ ­®¢ª®© (æ¨äàë ã £¨áâ®£à ¬¬ | Htrue¢ ¬¥âà å)¢§ ¨¬®¤¥©áâ¢¨ï, ­  à¨á. 4, ¡ ¯à¥¤áâ ¢«¥­ë áà¥¤­¥-ª¢ ¤à â¨ç­ë¥ ®âª«®­¥­¨ï íâ®£® ª®íää¨æ¨¥­â  � ¢â ª¨å ¦¥ £àã¯¯ å ¯® 500 ¨áªãááâ¢¥­­ëå á®¡ëâ¨©.�¥«¨ç¨­ë <k> ¨ �(k) ¯à¥¤áâ ¢«¥­ë ¤«ï âà¥å ¢ -à¨ ­â®¢ ®â¡®à  á¥¬¥©áâ¢ á® ¬­®¦¥áâ¢¥­­®áâìî £ ¬-¬ -ª¢ ­â®¢ n
 > 20 , 30 ¨ 50. (�à¨ íâ®¬ í«¥ªâà®¬ £-­¨â­ë¥ ç áâ¨æë, ã¯ ¢è¨¥ ­  ¯«¥­ªã ­  à ááâ®ï­¨¨¬¥­¥¥ 200 ¬ª¬, áç¨â îâáï ®¤­¨¬ £ ¬¬ -ª¢ ­â®¬.)�¢¥¤¥­¨¥ ¯®à®£  ¯® ç¨á«ã £ ¬¬ -ª¢ ­â®¢ ¢ë§¢ ­®­¥®¡å®¤¨¬®áâìî ¯®«ãç âì ¤®áâ â®ç­® å®à®èãî  ¯-¯à®ªá¨¬ æ¨î à á¯à¥¤¥«¥­¨ï ¯® ¢ëá®â¥ ¢§ ¨¬®¤¥©-áâ¢¨ï. �à¨ ¬ «®¬ ç¨á«¥ £ ¬¬ -ª¢ ­â®¢ ¢ ¨­¤¨¢¨-¤ã «ì­®¬ á®¡ëâ¨¨ ¯®«ãç¨âì â ªãî  ¯¯à®ªá¨¬ æ¨î­¥¢®§¬®¦­®. �¥ «ì­® § à¥£¨áâà¨à®¢ ­­ë¥ áã¯¥àá¥-¬¥©áâ¢  ¨¬¥îâ ¬­®¦¥áâ¢¥­­®áâì £ ¬¬ -ª¢ ­â®¢ ¢ë-

è¥ ãª § ­­ëå ¯®à®£®¢ëå §­ ç¥­¨©. �§ à¨á. 4 ¢¨¤­®,çâ® å®¤ § ¢¨á¨¬®áâ¨ <k> ®â Htrue ­¥ ¬¥­ï¥âáï ¤«ïà §­ëå ªà¨â¥à¨¥¢ nthresh
 , ­® ¢¥«¨ç¨­  �(k) £®à §¤®¬¥­ìè¥ ¤«ï n
 > 50 , ¯®íâ®¬ã â ª®© ªà¨â¥à¨© ®â¡®à ¨ á«¥¤ã¥â à¥ª®¬¥­¤®¢ âì ¯à¨ ®æ¥­ª¥ ¢ëá®âë ®¡à §®-¢ ­¨ï áã¯¥àá¥¬¥©áâ¢ ­ è¨¬ ¬¥â®¤®¬.� ª«îç¥­¨¥�®¤¥«ì­ë¥ à áç¥âë ¯® CORSIKA/QGSJET ¯®§-¢®«ïîâ ¯à¥¤«®¦¨âì ¬¥â®¤ ®æ¥­ª¨ ¢ëá®âë ï¤¥à­®£®¢§ ¨¬®¤¥©áâ¢¨ï ¢  â¬®áä¥à¥ ­ ¤ ¤¥â¥ªâ®à®¬, íªá¯®-­¨à®¢ ­­®¬ ­  ¡®«ìè®© ¢ëá®â¥ (®ª®«® 30 ª¬, â. ¥.à¥ «ì­® ¢ áâà â®áä¥à­ëå ¨áá«¥¤®¢ ­¨ïå): ) à áá¬ âà¨¢ îâáï à §«¨ç­ë¥ ¯ àë § à¥£¨áâà¨-à®¢ ­­ëå £ ¬¬ -ª¢ ­â®¢; ª ¦¤®© ¯ à¥ áâ ¢¨âáï ¢á®®â¢¥âáâ¢¨¥ ¢ëá®â  H ¢ ¯à¥¤¯®«®¦¥­¨¨, çâ® ®¡ £ ¬¬ -ª¢ ­â  ï¢«ïîâáï ¯à®¤ãªâ ¬¨ à á¯ ¤  ®¤­®£®�0 -¬¥§®­ ;¡) áâà®¨âáï à á¯à¥¤¥«¥­¨¥ (£¨áâ®£à ¬¬ ) ¯® H ¢¤®áâ â®ç­® è¨à®ª®¬ ¤¨ ¯ §®­¥ ¢ëá®â;¢) à á¯à¥¤¥«¥­¨¥  ¯¯à®ªá¨¬¨àã¥âáï «®£-­®à¬ «ì-­ë¬ § ª®­®¬, çâ® ¤ ¥â §­ ç¥­¨¥ Hest ®¯¨á ­­ë¬¢ëè¥ á¯®á®¡®¬;¤) ®â Hest ¯¥à¥å®¤ïâ ª Htrue = Hest=k , £¤¥ k¡¥à¥âáï ¨§ ¬®¤¥«ì­ëå à áç¥â®¢ ¤«ï ãá«®¢¨©, ¡«¨§ª¨åª íªá¯¥à¨¬¥­â «ì­ë¬.�¥â®¤ à §à ¡®â ­ ¯à ªâ¨ç¥áª¨ ¤«ï áã¯¥àá¥-¬¥©áâ¢, ª ¦¤®¥ â ª®¥ à¥¤ª®¥ á®¡ëâ¨¥ ¢ áâà â®áä¥à¥¯à¥¤áâ ¢«ï¥â ­¥®æ¥­¨¬ë© ¨áâ®ç­¨ª ¨­ä®à¬ æ¨¨ ®¢§ ¨¬®¤¥©áâ¢¨¨ á¢¥àå¢ëá®ª®© í­¥à£¨¨.�â â¨áâ¨ç¥áª ï ®è¨¡ª  ®æ¥­ª¨ Htrue ®ª §ë¢ -¥âáï ¯à¨ íâ®¬ ­¥¡®«ìè®©: 30{40% ¤«ï ¤¨ ¯ §®­ ¢ëá®â 50{2000 ¬, ®è¨¡ª  áãé¥áâ¢¥­­® ¢®§à áâ ¥â¤«ï ¢ëá®â ¬¥­¥¥ 50 ¬, ®á®¡¥­­® ¤«ï á¥¬¥©áâ¢ á­¥¢ëá®ª®© ¬­®¦¥áâ¢¥­­®áâìî £ ¬¬ -ª¢ ­â®¢.
���������	
��
���������������¨á. 4. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  ¯¥à¥áç¥â  <k>=Hest=Htrue ®â ¨áâ¨­­®© ¢ëá®âë ¢§ ¨¬®¤¥©áâ¢¨ï ( ) ¨ áà¥¤­¥-ª¢ ¤à â¨ç­ë¥ ®âª«®­¥­¨ï íâ®£® ª®íää¨æ¨¥­â  � (¡) ¯à¨ âà¥å à §«¨ç­ëå ªà¨â¥à¨ïå ®â¡®à  á¥¬¥©áâ¢: 4 | ¬­®¦¥áâ-¢¥­­®áâì n
 > 50 , � | n
 > 30 , � | n
 > 2018 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3



36 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò3�«ï ¢ëïá­¥­¨ï ¤¨ ¯ §®­  ¯à¨¬¥­¨¬®áâ¨ ¤ ­­®£®¬¥â®¤  ­ ¬¨ ¡ë«¨ ¯à®¢¥¤¥­ë à áç¥âë ¤«ï à §«¨ç­ëå¯¥à¢¨ç­ëå ï¤¥à (®â ¯à®â®­  ¤® ¦¥«¥§ ) ¨ à §­ëå E0(®â 1 ¤® 100 �í�) ¯à¨ ¢ëá®â¥ H0 = 1500 ¬ ¨ª®«¨ç¥áâ¢¥ £ ¬¬ -ª¢ ­â®¢ ¢ á¥¬¥©áâ¢¥ ­¥ ¬¥­¥¥ 30.�«ï ¬ «ëå í­¥à£¨© â®ç­®áâ¨ ®æ¥­ª¨ H åã¦¥, â ªª ª ­¥ áâ®«ì ¬­®£® £ ¬¬ -ª¢ ­â®¢ ®áâ ¥âáï ­ ¤¯®à®£®¬ à¥£¨áâà æ¨¨ ¢ á¥¬¥©áâ¢ å ¬ «ëå í­¥à£¨©.�«ï áã¯¥àá¥¬¥©áâ¢ ¤®«ï á®¡ëâ¨©, £¤¥ ®¯à¥¤¥«¥­­ ï¤ ­­ë¬ ¬¥â®¤®¬ ¢ëá®â  ­¥ ®âª«®­ï¥âáï ¡®«¥¥ ç¥¬ ­ 30% (¨«¨ 50%) ®â § «®¦¥­­®© ¢ à áç¥â, á®áâ ¢«ï¥â0.67 (0.88) ¯à¨ E0 = 10 �í� ¨ 0.77 (0.94) ¯à¨E0 = 100 �í� ¤«ï ¯¥à¢¨ç­®£® ¯à®â®­ , 0.62 (0.85)¯à¨ E0 = 10 �í� ¨ 0.79 (0.94) ¯à¨ E0 = 100 �í� ¤«ï¯¥à¢¨ç­®£® ã£«¥à®¤ , 0.59 (0.83) ¯à¨ E0 = 10 �í� ¨0.76 (0.93) ¯à¨ E0 = 100 �í� ¤«ï ¯¥à¢¨ç­®£® ¦¥«¥-§ . � ª¨¬ ®¡à §®¬, ¢¨¤­®, çâ® â®ç­®áâ¨ ­¥ § ¢¨áïâá¨«ì­® ®â â¨¯  ï¤à  ¨ ­¥¬­®£® à áâãâ á í­¥à£¨¥©,çâ® ¢¯®«­¥ ®¡êïá­¨¬® ª®«¨ç¥áâ¢®¬ ­ ¤¯®à®£®¢ëåç áâ¨æ.�«ï ª ¦¤®£® ª®­ªà¥â­®£® íªá¯¥à¨¬¥­â  á ¤àã£®©£¥®¬¥âà¨¥© ¨«¨ ãá«®¢¨ï¬¨ à¥£¨áâà æ¨¨ á«¥¤ã¥â ¯à®-¢¥áâ¨ á¢®î á®®â¢¥âáâ¢ãîéãî á¥à¨î à áç¥â®¢, ¤«ï
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