
34 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò6��� 539.171 �������� ������������ ����������� � ���������������������� ������ ����������� ������.�. � «ª¨, �.�. �  £ ¤§¥, �.�. �á¥¤«®, �.�. �®£ ®¢ , �. �®§¨ñ¥¢(ª ä¥¤à  ª®á¬¨ç¥áª¨å «ãç¥© ¨ ä¨§¨ª¨ ª®á¬®á , �����)E-mail: mng@dec1.sinp.msu.ru� à ¡®â¥ à áá¬®âà¥® ¯®¢¥¤¥¨¥ à §«¨çëå ¯ à ¬¥âà®¢  ¨§®âà®¯¨¨ ¯à¨¬¥¨â¥«ì® ª¯à®áâà áâ¢¥®¬ã à á¯à¥¤¥«¥¨î ¢ £ ¬¬ - ¤à®ëå á¥¬¥©áâ¢ å ç áâ¨æ ª®á¬¨ç¥áª¨å «ãç¥©(��). �áâ ®¢«¥  çã¢áâ¢¨â¥«ì®áâì ¨§¡à ëå ¯ à ¬¥âà®¢ ª â¨¯ã ¯¥à¢¨ç®© ç áâ¨æë,¯®à®¤¨¢è¥© á¥¬¥©áâ¢®. �áá«¥¤ãîâáï ¯à®áâà áâ¢¥ ï  ¨§®âà®¯¨ï ¨ íää¥ªâ ¢ëáâà®¥®áâ¨¢® ¢§ ¨¬®¤¥©áâ¢¨ïå �� ¯à¨ E0 = 1013{1014 í� ¯® ¤ ë¬ íªá¯¥à¨¬¥â  RUNJOB.�¢¥¤¥¨¥� ¤ îé¨¥    â¬®áä¥àã �¥¬«¨ ¢ëá®ª®í¥à£¨ç-ë¥ ç áâ¨æë ª®á¬¨ç¥áª®£® ¨§«ãç¥¨ï, ¢§ ¨¬®¤¥©áâ-¢ãï á ï¤à ¬¨  â®¬®¢ ¢¥é¥áâ¢ , ï¢«ïîâáï § ¬¥ç â¥«ì-ë¬ ¨áâ®ç¨ª®¬ á¢¥¤¥¨© ® ¬¥å ¨§¬¥  ¤à®-ï¤¥à-ëå ¢§ ¨¬®¤¥©áâ¢¨© ¯à¨ á¢¥àå¢ëá®ª¨å í¥à£¨ïå.� á®áâ ¢¥ ¯¥à¢¨çëå ª®á¬¨ç¥áª¨å «ãç¥© (���)á®¤¥à¦ âáï ï¤à  à §®© ¬ ááë ®â ¯à®â®  ¤® ï¤¥à£àã¯¯ë ¦¥«¥§ . �à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ç áâ¨æ ���¢  â¬®áä¥à¥ à®¦¤ îâáï £ ¬¬ -ª¢ âë (ç¥à¥§ à á-¯ ¤ ¥©âà «ìëå ¬¥§®®¢) ¨  ¤à®ë (¢ ®á®¢®¬� -¬¥§®ë ¨ ãª«®ë,   â ª¦¥ äà £¬¥âë ï¤¥à), ¯®-à®¦¤ îé¨¥ ï¤¥à®-í«¥ªâà®¬ £¨âë© ª áª ¤ (���)ç áâ¨æ ¢ ¢®§¤ãå¥. � áâ¨æë, £¥¥ «®£¨ç¥áª¨ á¢ï§ -ë¥ ®¤¨¬ ���,  §ë¢ îâáï á¥¬¥©áâ¢®¬. �¨ ¯à¨-å®¤ïâ   à¥£¨áâà¨àãîé¨¥ ãáâ ®¢ª¨ ¯à ªâ¨ç¥áª¨ á®¤¨ ª®¢ë¬¨ §¥¨âë¬¨ ¨  §¨¬ãâ «ìë¬¨ ã£« ¬¨.�§ãç¥¨¥ â ª¨å  á ¬¡«¥© ç áâ¨æ ¯®§¢®«ï¥â áã¤¨âì® å à ªâ¥à¨áâ¨ª å  ¤à®-ï¤¥àëå ¢§ ¨¬®¤¥©áâ¢¨©���.�à¨ ¨á¯®«ì§®¢ ¨¨ ¢ ª ç¥áâ¢¥ ¤¥â¥ªâ®à  à¥â£¥-®í¬ã«ìá¨®ëå ª ¬¥à § ç¨â¥«ì®© ¯«®é ¤¨, ãáâ - ¢«¨¢ ¥¬ëå   ¡®«ìè®© ¢ëá®â¥ ¢ £®à å, ¬®¦®à¥£¨áâà¨à®¢ âì á¥¬¥©áâ¢ , ¯à®¨§®è¥¤è¨¥ ®â ¯¥à-¢¨çëå ç áâ¨æ á í¥à£¨ï¬¨ E0 ¢ ¤¨ ¯ §®¥ 5 �� 1014{1017 í�.�à¨ à §¬¥é¥¨¨ í¬ã«ìá¨®®© ª ¬¥àë   ¡®àâã¡ ««® - íà®áâ â  íªá¯®§¨æ¨ï ã¬¥ìè ¥âáï ¢® ¬®-£® à § ¯® áà ¢¥¨î á íªá¯¥à¨¬¥â ¬¨   £®à å, ®¯®ï¢«ï¥âáï ¢®§¬®¦®áâì ¨§ãç¨âì ¥¯®áà¥¤áâ¢¥®¢§ ¨¬®¤¥©áâ¢¨ï ç áâ¨æ ���, ¥¨áª ¦¥ë¥ ���¢  â¬®áä¥à¥. �®áâàãªæ¨¨ ª ¬¥à, ¥á®¬ëå  íà®áâ -â ¬¨, ¯®§¢®«ïîâ ¨§ãç âì ï¤¥àë¥ ¢§ ¨¬®¤¥©áâ¢¨ï,¯à®¨§®è¥¤è¨¥ ª ª ¢  â¬®áä¥à¥  ¤ ª ¬¥à®©, â ª ¨¢ãâà¨ ª ¬¥à. �à¨ íâ®¬ ¤¨ ¯ §® ¨áá«¥¤ã¥¬ëå í¥à-£¨© ¢ æ¥«®¬ ¨¦¥, ç¥¬ ¤«ï ¡®«ìè¨å í¬ã«ìá¨®ëåª ¬¥à   £®à å.�¢«¥¨¥ ¢ëáâà®¥®áâ¨� ¢ëá®ª®£®à®¬ í¬ã«ìá¨®®¬ íªá¯¥à¨¬¥â¥ <� -¬¨à> ¯à¨ ¨§ãç¥¨¨ £ ¬¬ - ¤à®ëå á¥¬¥©áâ¢ ¢ë-á®ª¨å í¥à£¨© ¡ë«® ®¡ àã¦¥® ï¢«¥¨¥ <¢ëáâà®-

¥®áâ¨>  ¨¡®«¥¥ ¢ëá®ª®í¥à£¨çëå ®¡ê¥ªâ®¢ ¢á¥¬¥©áâ¢¥ ¢¤®«ì ¯àï¬®© «¨¨¨   ¯«¥ª¥ ¢ ¯«®áª®áâ¨ ¡«î¤¥¨ï [1{5]. � ª ï ª®ä¨£ãà æ¨ï á®®â¢¥âáâ¢ã-¥â ª®¬¯«  à®¬ã à §«¥âã ¢â®à¨çëå ç áâ¨æ ¢  ªâ¥ï¤¥à®£® ¢§ ¨¬®¤¥©áâ¢¨ï, ®â¢¥âáâ¢¥®£® §  ®¡à §®-¢ ¨¥ ¤ ®£® á®¡ëâ¨ï. �â®â íää¥ªâ, § ç¨â¥«ì®¯à¥¢ëè îé¨© ¢¥à®ïâ®áâì á«ãç ©ëå á®¡ëâ¨© â -ª®£® à®¤ , ¯® ¤ ë¬ á®âàã¤¨ç¥áâ¢  <� ¬¨à>, ¢®§-¨ª ¥â ¯à¨ E0 > 1016 í�. �ãé¥áâ¢®¢ ¨¥ íää¥ªâ ¢ëáâà®¥®áâ¨ ¯à¨ â ª¨å í¥à£¨ïå ¡ë«® ¯®¤â¢¥à¦-¤¥® ¯®§¤¥¥ ¨ ¢ ¤àã£¨å íªá¯¥à¨¬¥â å [6{8].�âªàëâ¨¥ ï¢«¥¨ï ª®¬¯«  à®£® à §«¥â  (¤®á¨å ¯®à ¥  è¥¤è¥¥  ¤¥ª¢ â®£® â¥®à¥â¨ç¥áª®£®®¡êïá¥¨ï) ®¡ãá«®¢«¨¢ ¥â ®á®¡ë© ¨â¥à¥á ª ¨áá«¥-¤®¢ ¨î ¯à®áâà áâ¢¥®©  ¨§®âà®¯¨¨ ¢ £ ¬¬ - ¤-à®ëå á¥¬¥©áâ¢ å.�à¨â¥à¨¨ ¢ëáâà®¥®áâ¨ ¨  ¨§®âà®¯¨¨¯à®áâà áâ¢¥®£® à á¯à¥¤¥«¥¨ï ç áâ¨æ�«ï ¨áá«¥¤®¢ ¨ï ¯à®áâà áâ¢¥®©  ¨§®âà®-¯¨¨ ¢ £ ¬¬ - ¤à®ëå á¥¬¥©áâ¢ å ¢ ¦®  ©â¨çã¢áâ¢¨â¥«ìë¥ ª ¥© ª®«¨ç¥áâ¢¥ë¥ ªà¨â¥à¨¨.�  áâ®ïé¥© à ¡®â¥   «¨§ ¤ ëå ¯à®¢®¤¨âáï á¨á¯®«ì§®¢ ¨¥¬ âà ¤¨æ¨®®£® ¤«ï à ¡®â á®âàã¤-¨ç¥áâ¢  <� ¬¨à> ªà¨â¥à¨ï � ¨ ¤¢ãå ¥ áâ®«ì ¯à®¡¨à®¢ ëå ¤® á¨å ¯®à ªà¨â¥à¨¥¢ r ¨ Z .� à ¬¥âà®¬, § ¬¥ç â¥«ì® ®âà ¦ îé¨¬ á¢®©áâ-¢® à á¯®«®¦¥¨ï ç áâ¨æ ¢¤®«ì ¯àï¬®© «¨¨¨, ï¢«ï-¥âáï ¯ à ¬¥âà � [9]:�m = mPi6=j 6=k cos(2'i;j;k)m(m� 1)(m� 2) ;£¤¥ 'i;j;k | ã£®« ¬¥¦¤ã ¢¥ªâ®à ¬¨, ¯à®¢¥¤¥ë¬¨ ¨§â®çª¨ k ¢ â®çªã i ¨ ¨§ â®çª¨ k ¢ â®çªã j , m | ª®«¨-ç¥áâ¢® â®ç¥ª. � à ¬¥âà ¨§¬¥ï¥âáï ®â ¥¤¨¨æë (¤«ïm â®ç¥ª   ¯àï¬®© «¨¨¨) ¤® �1=(m� 1) (¢ á«ãç ¥¨§®âà®¯¨¨). �â®â ªà¨â¥à¨© ®âà ¦ ¥â ¨¬¥® à á¯®-«®¦¥¨¥ â®ç¥ª ¢¤®«ì ¯àï¬®© «¨¨¨, ¢ â® ¢à¥¬ï ª ª¬®£¨¥ ¤àã£¨¥ ¨§¢¥áâë¥ ¯ à ¬¥âàë å à ªâ¥à¨§ãîâí««¨¯â¨ç®áâì ¨«¨ ®¡éãî  ¨§®âà®¯¨î ¢ à á¯®«®-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò6 35¦¥¨¨  á ¬¡«ï â®ç¥ª. � ¨¡®«¥¥ ç áâ® ¨á¯®«ì§ã¥âáïªà¨â¥à¨© ¢ëáâà®¥®áâ¨ �4 > 0:8 .� à ¬¥âàë r ¨ Z ¡ë«¨ ¢¢¥¤¥ë ¢ ¯à ªâ¨ªãí¬ã«ìá¨®ëå ¨áá«¥¤®¢ ¨© ¢ à ¡®â å [1, 10]. �®-íää¨æ¨¥â «¨¥©®© ª®àà¥«ïæ¨¨ r ¨¬¥¥â ¢¨¤r = P (xi � �x) (yi � �y)hP (xi � �x)2P (yi� �y)2i1=2 ;£¤¥ xi; yi; �x; �y | ª®®à¤¨ âë ç áâ¨æ ¨ áà¥¤¨¥ íâ¨å¢¥«¨ç¨. �à¨ § ç¥¨¨ r = 0 ç áâ¨æë à á¯®«®¦¥ë¨§®âà®¯®, ¯à¨ r = 1 ç áâ¨æë à á¯®«®¦¥ë ¢¤®«ì¯àï¬®© «¨¨¨.�®£¤  ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì  ¢¥«¨ç¨ Z = 12 ln 1 + r1� r ;ª®â®à ï ¨§¬¥ï¥âáï ®â +1 (¤«ï m â®ç¥ª   ¯àï¬®©)¤® � 0 (¢ ¯®çâ¨ ¨§®âà®¯ëå á«ãç ïå). �«ï ¢ë¤¥«¥-¨ï á«ãç ¥¢ ¢ëáâà®¥®áâ¨ ¨á¯®«ì§ã¥âáï ªà¨â¥à¨©Z > 3 .� áç¥âë ä®®¢®© ¢ëáâà®¥®áâ¨�«ï ®æ¥ª¨ ¢¥«¨ç¨ë ä®®¢®© (â. ¥. á«ãç ©®©)¢ëáâà®¥®áâ¨ ¥®¡å®¤¨¬® ¯à®¢¥áâ¨   «¨§ ¨áªãá-áâ¢¥ëå ¬®¤¥«ìëå á®¡ëâ¨©. �à¨ ¯à®¢¥¤¥¨¨ â -ª¨å à áç¥â®¢ ¨á¯®«ì§®¢ « áì ¨§¢¥áâ ï á®¢à¥¬¥ ï¬®¤¥«ì ï¤¥à®£® ¢§ ¨¬®¤¥©áâ¢¨ï QGSJET [11, 12].�¢ §¨¤¨ ¬¨ç¥áª ï ¬®¤¥«ì QGSJET ®á®¢ë¢ ¥âáï  â¥®à¨¨ ª¢ àª-£«î®ëå áâàã ¨ ¢ª«îç ¥â ¢ á¥¡ï£¥¥à æ¨î ¯®«ã¦¥áâª¨å áâàã© ¨ ãç¨âë¢ ¥â áâ®«ª®-¢¥¨ï ï¤à®-ï¤à®. �â  ¬®¤¥«ì å®à®è® à ¡®â ¥â ¢ ®¡-« áâ¨ ¨§«®¬  ¯¥à¢¨ç®£® á¯¥ªâà  ¨ ¤ ¥â ¤®áâ â®ç® ¤¥¦ë¥ ¯à¥¤áª § ¨ï ¯à¨ í¥à£¨ïå ¤® 1020 í�.�® ¬®¤¥«¨ QGSJET ¡ë«¨  ¨£à ë ¨áªãááâ¢¥-ë¥ á®¡ëâ¨ï ¤«ï à §«¨çëå â¨¯®¢ ¯¥à¢¨ç®© ç á-â¨æë á í¥à£¨¥© 1 �í�/ãª«® (¯® 1000 á®¡ëâ¨©¤«ï p ¨ � , ¯® 500 á®¡ëâ¨© ¤«ï C, Mg, Fe) ¨20 �í�/ï¤à® (¯® 10000 á®¡ëâ¨© ¤«ï ¯ïâ¨ â¨¯®¢ «¥â îé¨å ç áâ¨æ | p; � , C, Mg, Fe).� à ¬¥âàë  ¨§®âà®¯¨¨ �; r; Z ®¯à¥¤¥«ï«¨áì ¤«ïâà¥å, ç¥âëà¥å ¨ ¯ïâ¨  ¨¡®«¥¥ ¢ëá®ª®í¥à£¨çëåç áâ¨æ ¢ ª ¦¤®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ (®â¤¥«ì® ¤«ï  ¤-à®®© ª®¬¯®¥âë ¨ ¤«ï í«¥ªâà®¬ £¨â®© ª®¬¯®-¥âë,  §ë¢ ¥¬®© ¤ «¥¥ £ ¬¬ -ª®¬¯®¥â®©). �«¥-¤ã¥â ¯®¬¨âì, çâ® ¢ëáâà®¥®áâì ¢ íªá¯¥à¨¬¥â¥ ¡«î¤ « áì ¨¬¥® ¤«ï á ¬ëå ¢ëá®ª®í¥à£¨çëå®¡ê¥ªâ®¢.� «¥¥   à¨áãª å ¯à¥¤áâ ¢«¥ë ¤ ë¥ â®«ìª®¤«ï ç¥âëà¥å ç áâ¨æ, â ª ª ª ¨¬¥® â ª¨¥ ªà¨â¥à¨¨ï¢«ïîâáï  ¨¡®«¥¥ ã¯®âà¥¡¨â¥«ìë¬¨. �à®¢¥ì ä®-®¢®© á«ãç ©®© ¢ëáâà®¥®áâ¨ ¢ íâ®¬ á«ãç ¥ ¥¢¥-«¨ª,   íää¥ªâ (¢ íªá¯¥à¨¬¥â¥) ¤®áâ â®ç® § ¬¥â¥.�â®¡ë  ¡«î¤ âì § ¬¥âë© íää¥ªâ   ¡®«ìè¥¬ ª®-«¨ç¥áâ¢¥ ç áâ¨æ, ã¦  ¢ëá®ª ï íªá¯¥à¨¬¥â «ì ïáâ â¨áâ¨ª .�  à¨á. 1,   ¯®ª § ë à á¯à¥¤¥«¥¨ï ¯® ¯ à ¬¥â-àã �4 ¤«ï  ¤à®®© ª®¬¯®¥âë ¢â®à¨çëå ç áâ¨æ

���������	
���������������������¨á. 1. � á¯à¥¤¥«¥¨¥ ¯® ¯ à ¬¥âà ¬  ¨§®âà®¯¨¨ �4 ( ),r4 (¡) ¨ Z4 (¢) ¤«ï ç¥âëà¥å  ¨¡®«¥¥ í¥à£¨çëå ¢â®à¨ç-ëå ç áâ¨æ  ¤à®®© ª®¬¯®¥âë ®â ¢§ ¨¬®¤¥©áâ¢¨© ï¤¥àà §«¨ç®£® â¨¯ . � áç¥âë ¢ë¯®«¥ë ¯® ¬®¤¥«¨ QGSJET,¯® 10000 á®¡ëâ¨© ¤«ï ï¤à  ª ¦¤®£® â¨¯ , ¯¥à¢¨ç ïí¥à£¨ï E0 = 20 �í�¢ ï¤¥à®¬ ¢§ ¨¬®¤¥©áâ¢¨¨, à ááç¨â ë¥ ¯® ¨á-ªãááâ¢¥ë¬ á®¡ëâ¨ï¬ ®â à §ëå ¯¥à¢¨çëå ï¤¥à.� ¤¨ ¯ §®¥ �4 = 0:8{1:0 ¬®¦® ¢¨¤¥âì, çâ® ç áâ®â  ¨§®âà®¯ëå á®¡ëâ¨© ¤«ï ¢á¥å ï¤¥à ¢ëè¥, ç¥¬ ¤«ï¯à®â® . �  à¨á. 1, ¡, ¢ ¯à¥¤áâ ¢«¥ë   «®£¨çë¥à á¯à¥¤¥«¥¨ï ¯® ¯ à ¬¥âà ¬ r4 ¨ Z4 ¤«ï  ¤à®®©ª®¬¯®¥âë ¢â®à¨çëå ç áâ¨æ. �¤¥áì â ª¦¥ ¢¨¤ë®â«¨ç¨ï ¢ à á¯à¥¤¥«¥¨ïå ¤«ï ¯à®â®  ¨ ¤«ï ï¤¥à ¢®¡« áâïå, å à ªâ¥àëå ¤«ï íää¥ªâ  ¢ëáâà®¥®áâ¨,®á®¡¥® ®â«¨ç îâáï á®¡ëâ¨ï ®â ã£«¥à®¤  �.�«¥¤ã¥â ®â¬¥â¨âì, çâ®   «®£¨çë©   «¨§  ¨-§®âà®¯¨¨ ¤«ï £ ¬¬ -ª®¬¯®¥âë (®¯ãé¥ë© ¨§-§ ®£à ¨ç¥®£® ®¡ê¥¬  áâ âì¨) ¥ ¢ëï¢«ï¥â ®â«¨-ç¨© ¢ ç áâ®â¥ ¯®ï¢«¥¨ï  ¨§®âà®¯¨¨ ¤«ï à §ëå18 ���, ä¨§¨ª ,  áâà®®¬¨ï, ò6



36 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò6¯¥à¢¨çëå ï¤¥à. �â® ¥ã¤¨¢¨â¥«ì®, ¥á«¨ ãç¥áâì,çâ® ¯à¨ à á¯ ¤¥ �0 -¬¥§®®¢   ¤¢  £ ¬¬ -ª¢ â ¨áå®¤ ï ª®¬¯«  à®áâì à §«¥â  ¢â®à¨çëå ¬®¦¥â¡ëâì  àãè¥ ; â ª¨¬ ®¡à §®¬, ãà®¢¥ì ¢¥à®ïâ®áâ¨ä®®¢®© ¢ëáâà®¥®áâ¨ ¤«ï á®¡ëâ¨© ®â ¢á¥å â¨¯®¢ï¤¥à á®¢¯ ¤ ¥â á  ¨¬¥ìè¨¬ á«ãç ©ë¬ § ç¥-¨¥¬ ¤«ï ¯à®â® , ¥á«¨ ¬ë   «¨§¨àã¥¬ â®«ìª®£ ¬¬ -ª®¬¯®¥âã á®¡ëâ¨©.�«¥¤®¢ â¥«ì®, ¢ á®¡ëâ¨ïå ®â ¯à®â®®¢ ¢¥à®-ïâ®áâì ¢®§¨ª®¢¥¨ï  ¨§®âà®¯¨¨ ¥ ®â«¨ç ¥âáï¤«ï  ¤à®®© ¨ £ ¬¬ -ª®¬¯®¥âë,   ¢ á®¡ëâ¨ïå®â ï¤¥à ¢¥à®ïâ®áâì  ¡«î¤¥¨ï  ¨§®âà®¯¨¨ ¢  ¤-à®®© ª®¬¯®¥â¥ ¢ëè¥, ç¥¬ ¢ £ ¬¬ -ª®¬¯®¥â¥,çâ® ®á®¡¥® ïàª® ¯à®ï¢«ï¥âáï ¢ á®¡ëâ¨ïå ®â ï¤¥à£àã¯¯ë �.�à¥¤áâ ¢«ï¥âáï â ª¦¥ ¢ ¦ë¬ ¯à®¢¥à¨âì, ¥¬¥ï¥âáï «¨ ¯®¢¥¤¥¨¥ á«ãç ©®£® ä®  ¯à¨ áã-é¥áâ¢¥®¬ ¨§¬¥¥¨¨ í¥à£¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï. � à¨á. 2 ¯®ª § ® áà ¢¥¨¥ à á¯à¥¤¥«¥¨© ¯® �4¤«ï  -ª®¬¯®¥âë ¨  ¤à®®© ª®¬¯®¥âë ¤«ï ¤¢ãåà §ëå í¥à£¨© ¢§ ¨¬®¤¥©áâ¢¨ï ¯à®â® : E0 = 1 �í�¨ E0 = 20 �í�. �¥  ¡«î¤ ¥âáï à §¨æë ¢ ¤®«¥¢ëáâà®¥ëå á®¡ëâ¨© ¢ íâ®¬ è¨à®ª®¬ ¤¨ ¯ §®¥í¥à£¨©.
���������	
�������������¨á. 2. �à ¢¥¨¥ à á¯à¥¤¥«¥¨© ¯® ¯ à ¬¥âàã �4 (¤«ïç¥âëà¥å ç áâ¨æ) ¤«ï £ ¬¬ -ª®¬¯®¥âë ( ) ¨ ¤«ï  ¤à®®©ª®¬¯®¥âë (¡) ¢ á®¡ëâ¨ïå ®â ¯¥à¢¨ç®£® ¯à®â®  á ¨áå®¤-®© í¥à£¨¥© E0 = 20 �í� ¨ E0 = 1 �í��®â ¦¥ ¢ë¢®¤ ¬®¦® á¤¥« âì ¨ ¨§ áà ¢¥¨ïà á¯à¥¤¥«¥¨© ¯® r4 ¨ Z4 ¯à¨ â¥å ¦¥ à §ëåí¥à£¨ïå E0: �â® á¯à ¢¥¤«¨¢® ¤«ï á®¡ëâ¨© ¨ ®â¯¥à¢¨ç®£® ¯à®â® , ¨ ®â ï¤à  ¦¥«¥§ , ¨ ®â ¤àã£¨åâ¨¯®¢ ï¤¥à. �§-§  ®£à ¨ç¥®£® ®¡ê¥¬  áâ âì¨ íâ¨à á¯à¥¤¥«¥¨ï §¤¥áì ¥ ¯®ª § ë.

� ç áâ®áâ¨, ®âáî¤  á«¥¤ã¥â, çâ® <¢ª«îç¥¨¥>£¥¥à æ¨¨ ¯®«ã¦¥áâª¨å áâàã© ¯à¨ E0 = 20 �í�¥ ¬¥ï¥â ç áâ®âã á®¡ëâ¨© á ¢ëáâà®¥®áâìî ¯®áà ¢¥¨î á ¯à ªâ¨ç¥áª¨¬ ®âáãâáâ¢¨¥¬ áâàã© ¯à¨E0 = 1 �í�. � ª¨¬ ®¡à §®¬, áâàã©ë© ¬¥å ¨§¬¢àï¤ «¨ ¬®¦¥â á«ã¦¨âì ®¡êïá¥¨¥¬ ¢ëáâà®¥®á-â¨, çâ® ¤®áâ â®ç® ¥áâ¥áâ¢¥®, ¥á«¨ ¯®¬¨âì, çâ® ¨¡®«¥¥ í¥à£¨çë¥ ç áâ¨æë á¢ï§ ë á äà £¬¥â -æ¨®®© ®¡« áâìî á¯¥ªâà  ¨å à®¦¤¥¨ï.� «¨§ ¤ ëå íªá¯¥à¨¬¥â  RUNJOB� 1995-99 ££. ¡ë«¨ ¯à®¢¥¤¥ë ãá¯¥èë¥ ¤«¨â¥«ì-ë¥ ¯®«¥âë (6{7 áãâ®ª) áâà â®áä¥àëå ¡ ««®®¢ áí¬ã«ìá¨®ë¬¨ ª ¬¥à ¬¨ [13] à®áá¨©áª®-ï¯®áª®£®á®âàã¤¨ç¥áâ¢  RUNJOB   ¡®àâã ¯® âà áá¥ � ¬-ç âª {�®¢®«¦ì¥   ¢ëá®â¥ 32 ª¬, çâ® á®®â¢¥âáâ¢ã¥â£«ã¡¨¥  â¬®áä¥àë ®ª®«® 10 £/á¬2 . � ¤ îé¨¥  ª ¬¥àã ç áâ¨æë ��� ¢§ ¨¬®¤¥©áâ¢®¢ «¨ ¢ãâà¨ª ¬¥àë,  ¤à® ï ¨ £ ¬¬ -ª®¬¯®¥âë ¢â®à¨çëåç áâ¨æ ®â íâ¨å ¢§ ¨¬®¤¥©áâ¢¨© à¥£¨áâà¨à®¢ «¨áì¢ à §ëå ¡«®ª å ª ¬¥à, ¬¥â®¤¨ª  ¯®§¢®«ï«  â ª¦¥ãáâ ®¢¨âì â¨¯ ¯¥à¢¨ç®£® ï¤à  ���, ¯®à®¤¨¢è¥£®ª®ªà¥â®¥ á®¡ëâ¨¥.
���������	
�����������������¨á. 3. �à ¢¥¨¥ à á¯à¥¤¥«¥¨© ¯® ¯ à ¬¥âàã  ¨§®âà®-¯¨¨ r4 ( ) ¨ Z4 (¡) ¤«ï ç¥âëà¥å ç áâ¨æ £ ¬¬ -ª®¬¯®¥âë¢ íªá¯¥à¨¬¥â¥ RUNJOB ¨ ¢ à áç¥â¥ ¤«ï ¯¥à¢¨ç®£®¯à®â®  ¯® ¬®¤¥«¨ QGSJET



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò6 37�   ¡ «¨ æ   1�®«ï (¢ %) ¢ëáâà®¥ëå á®¡ëâ¨© ¯® ¬®¤¥«ìë¬ à áç¥â ¬ ¨ ¯® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ RUNJOB 1995{1996 ££.�à¨â¥à¨© � áç¥â �ªá¯¥à¨¬¥â � áç¥â �ªá¯¥à¨¬¥â� ¬¬ -ª®¬¯®¥â ®â ¯¥à¢¨ç®£® ¯à®â® (10 000 á®¡ëâ¨©) � ¬¬ -ª®¬¯®¥â ¢ ª ¬¥à å RUNJOB-95¨ -96 á PE > 3 �í�(168 á®¡ëâ¨©) �¤à® ï ª®¬¯®¥â ®â ¯¥à¢¨ç®£® ï¤à ¦¥«¥§  (10 000 á®¡ëâ¨©) �¤à® ï ª®¬¯®¥â ®â ¢á¥å ¯¥à¢¨çëå ï¤¥àá § àï¤®¬ Z > 12¢ RUNJOB-95(14 á®¡ëâ¨©)�3 > 0:8 22:3� 0:5 23� 4 27:0� 0:5 29� 14�4 > 0:8 5:9� 0:2 1:2� 0:8 8:8� 0:3 7� 7�5 > 0:8 1:8� 0:1 0 2:9� 0:2 0�«ï   «¨§  ®â¡¨à «¨áì á®¡ëâ¨ï á áã¬¬ à®©í¥à£¨¥© £ ¬¬ -ª®¬¯®¥âë PE > 3 �í�. �ª § -«®áì ¢®§¬®¦ë¬ ®â®¡à âì ¨§ ¨§¬¥à¥®£® ¬ â¥à¨ « 168 á®¡ëâ¨© ¯® £ ¬¬ -ª®¬¯®¥â¥ ¨ 14 á®¡ëâ¨© ¯® ¤à®®© ª®¬¯®¥â¥. �«ï ¤ ëå ¯® £ ¬¬ -ª¢ -â ¬ PE = 3{80 �í� ¬®¦¥áâ¢¥®áâì n = 5{40(áà¥¤ïï <n> = 12). �«ï ¤ ëå ¯®  ¤à® ¬PEh = 1{6 �í� ¬®¦¥áâ¢¥®áâì nh = 6{40 (áà¥¤-ïï <nh>= 13).�  à¨á. 3 ¯à¥¤áâ ¢«¥ë à á¯à¥¤¥«¥¨ï ¯® ¯ à -¬¥âà ¬ r4 ( ) ¨ Z4 (¡) ¤«ï £ ¬¬ -ª®¬¯®¥âë ¨áªãá-áâ¢¥ëå á®¡ëâ¨© ®â ¯à®â®  ¨ £ ¬¬ -ª®¬¯®¥âë ¢íªá¯¥à¨¬¥â «ìëå á¥¬¥©áâ¢ å. � ª ¡ë«® ®â¬¥ç¥®¢ëè¥, ä®®¢ë¥ à áç¥âë¥ à á¯à¥¤¥«¥¨ï ¯® ¯ à -¬¥âà ¬ r; Z; � ¤«ï £ ¬¬ -ª®¬¯®¥âë ¥ § ¢¨áïâ ®ââ¨¯  ¯¥à¢¨ç®£® ï¤à , ¯®íâ®¬ã íªá¯¥à¨¬¥â «ìë¥á¥¬¥©áâ¢  ®â à §ëå ï¤¥à à áá¬ âà¨¢ îâáï á®¢-¬¥áâ® ¤«ï ã«ãçè¥¨ï áâ â¨áâ¨ç¥áª®© â®ç®áâ¨. �§à¨á. 3 ¬®¦® ¢¨¤¥âì, çâ® ¯à¨ r4 , ¡«¨§ª¨å ª ¥¤¨¨æ¥,¨ ¢ ®¡« áâ¨ Z4 > 3 ¯à¥¢ëè¥¨ï íªá¯¥à¨¬¥â «ìëåà á¯à¥¤¥«¥¨©  ¤ à áç¥âë¬¨ ¥â.�«ï ¯ à ¬¥âà  � ¡ë« ä¨ªá¨à®¢  ªà¨â¥à¨© ®â-¡®à  � > 0:8 , ¯à¨ ª®â®à®¬ ¢ëç¨á«¥  ¤®«ï ¢ëáâà®-¥ëå á®¡ëâ¨© (â ¡«. 1). � «¨§ â ¡«¨æë ¨ à¨á. 3¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® ¨ ¯® ®¤®-¬ã ¨§ ¨áá«¥¤ã¥¬ëå ¯ à ¬¥âà®¢ ¯à®áâà áâ¢¥®© ¨§®âà®¯¨¨ íää¥ªâ ¢ëáâà®¥®áâ¨ ¨«¨ ¨§¡ëâ®ç®© ¨§®âà®¯¨¨ ¢ ®¡« áâ¨ í¥à£¨© E0 = 1013{1014 í�,ª®â®àãî ®âà ¦ îâ ¤ ë¥ íªá¯¥à¨¬¥â  RUNJOB,¥  ¡«î¤ ¥âáï.�ë¢®¤ë� «¨§ ¯ à ¬¥âà®¢  ¨§®âà®¯¨¨ �; r ¨ Z ¢ëï¢¨«¨å çã¢áâ¢¨â¥«ì®áâì ª â¨¯ã ¯¥à¢¨ç®£® ï¤à .�®¤¥«ìë¥ à áç¥âë ¤«ï íâ¨å ¯ à ¬¥âà®¢ ¥ ¯®ª -§ë¢ îâ  «¨ç¨¥ § ¢¨á¨¬®áâ¨ ä®®¢®© (á«ãç ©®©) ¨§®âà®¯¨¨ ¨«¨ ¢ëáâà®¥®áâ¨ ®â í¥à£¨¨ ¢ ¤¨ -¯ §®¥ E0 = 1012{2 � 1016 í� ¤«ï ¨áªãááâ¢¥ëåá®¡ëâ¨©.
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