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 -¨§«ãç¥­¨ï ­ ªà á­ë¥ ªà®¢ï­ë¥ ª«¥âª¨ ç¥«®¢¥ç¥áª®£® ®à£ ­¨§¬  ¯à¨ à §­®© â¥¬¯¥à âãà¥ ¤«ï ¤®§ ¤®30 à¥­â£¥­. �ªàëâë¥ ¬¥¬¡à ­­ë¥ ¯®¢à¥¦¤¥­¨ï íà¨âà®æ¨â®¢ ¯®á«¥ ®¡«ãç¥­¨ï ¢ëï¢«ï«¨áìá ¯®¬®éìî ¬¥â®¤  ¯®á«¥¤ãîé¥© í«¥ªâà®¯®à æ¨¨ ª «¨¡à®¢ ­­ë¬ ¨¬¯ã«ìá®¬ í«¥ªâà¨ç¥áª®£®¯®«ï. �à¥¤« £ ¥âáï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì, ¯®§¢®«ïîé ï ®¯¨á âì ¯à¥¤áâ ¢«¥­­ë¥ à¥§ã«ìâ âëíªá¯¥à¨¬¥­â®¢ ¨ ç¨á«¥­­® ®æ¥­¨âì å à ªâ¥à¨áâ¨ª¨ í«¥ªâà®¯®à æ¨¨ ¬¥¬¡à ­ íà¨âà®æ¨â®¢ ¯à¨¤¥©áâ¢¨¨ 
 -¨§«ãç¥­¨ï.�áá«¥¤®¢ ­¨¥ ®á®¡¥­­®áâ¥© ¤¥©áâ¢¨ï ¨®­¨§¨àã-îé¥£® ¨§«ãç¥­¨ï, ¢ ç áâ­®áâ¨ 
 -¨§«ãç¥­¨ï, ª ª­  ®à£ ­¨§¬ ¢ æ¥«®¬, â ª ¨ ­  ®â¤¥«ì­ë¥ ª«¥âª¨,¯à®¤®«¦ ¥â ®áâ ¢ âìáï  ªâã «ì­ë¬ ¢ á¢ï§¨ á à §¢¨-â¨¥¬ ¬¥â®¤®¢ «ãç¥¢®© â¥à ¯¨¨ [1{4]. � ¯®á«¥¤­¨¥£®¤ë ®â¬¥ç ¥âáï ¢®§à®áè¨© ¨­â¥à¥á ª ¢ëïá­¥­¨î¬¥å ­¨§¬®¢ ¤¥©áâ¢¨ï ¬ «ëå ¤®§ (¬¥­¥¥ 25 à¥­â£¥­)[4{6].�¥«ì à ¡®âë: ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï 
 -¨§«ãç¥-­¨ï (226Ra) ­  ¬¥¬¡à ­ë íà¨âà®æ¨â®¢ ªà®¢¨ ç¥-«®¢¥ª  á ¯®¬®éìî ¬¥â®¤  ¯®á«¥¤ãîé¥© í«¥ªâà®-¯®à æ¨¨ ª «¨¡à®¢ ­­ë¬ ¨¬¯ã«ìá®¬ í«¥ªâà¨ç¥áª®£®¯®«ï. � ­­ë© ¬¥â®¤ ¨§ãç¥­¨ï ¤¥©áâ¢¨ï à §«¨ç­ëåä¨§¨ª®-å¨¬¨ç¥áª¨å ä ªâ®à®¢ ­  ¬®¤¨ä¨æ¨à®¢ ­-­ãî í«¥ªâà¨ç¥áª¨¬ ¨¬¯ã«ìá®¬ ¬¥¬¡à ­ã ®¯¨á ­­ ¬¨ ¢ à ¡®â å [7, 8].�ë¤¥«¥­­ë¥ íà¨âà®æ¨âë ç¥«®¢¥ª  ¯®¬¥é «¨áì¢ 0.9% à áâ¢®à NaCl (ª®­æ¥­âà æ¨ï 230 ¬«­ íà¨âà®-æ¨â®¢ ­  1 ¬« áãá¯¥­§¨¨ ªà®¢¨). �â¥¯¥­ì ¢®§¤¥©áâ¢¨ï
 -¨§«ãç¥­¨ï ®æ¥­¨¢ «¨ ¬¥â®¤®¬ áà ¢­¥­¨ï ª¨­¥â¨-ª¨ £¥¬®«¨§  (£¨¡¥«¨) íà¨âà®æ¨â®¢ ®¡«ãç¥­­®© áãá-¯¥­§¨¨ á ª¨­¥â¨ª®© £¥¬®«¨§  íà¨âà®æ¨â®¢ ª®­âà®«ì-­®© áãá¯¥­§¨¨. �®«¨ç¥áâ¢® ®áâ ¢è¨åáï ¢ áãá¯¥­§¨¨ª«¥â®ª ¢ ¤ ­­ë© ¬®¬¥­â ¢à¥¬¥­¨ ®¯à¥¤¥«ï«¨ á ¯®-¬®éìî ä®â®ª®«®à¨¬¥âà¨ç¥áª®£®  ­ «¨§ .�§¢¥áâ­®, çâ® ¯®¢à¥¦¤¥­¨ï ®â ¬ «ëå ¤®§ ¨®-­¨§¨àãîé¥£® ¨§«ãç¥­¨ï ¬®£ãâ ®ª § âìáï áªàëâë¬¨(¯®â¥­æ¨ «ì­ë¬¨). �¥©áâ¢¨â¥«ì­®, ¢ ­ è¨å ®¯ëâ åáª®à®áâ¨ £¥¬®«¨§  íà¨âà®æ¨â®¢ ¢ ®¡«ãç¥­­®© ¨ ¢ª®­âà®«ì­®© áãá¯¥­§¨ïå áâ â¨áâ¨ç¥áª¨ ­¥ ®â«¨ç -«¨áì. �®íâ®¬ã ¤«ï ¢ëï¢«¥­¨ï áªàëâëå ¯®¢à¥¦¤¥­¨©¬¥¬¡à ­ã ¯®¤¢¥à£ «¨ í«¥ªâà®¯®à æ¨¨ ª «¨¡à®¢ ­-­ë¬ ¨¬¯ã«ìá­ë¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬ ª«¨­¨ç¥áª®-£® ¤¥ä¨¡à¨««ïâ®à . � ¯àï¦¥­­®áâì í«¥ªâà¨ç¥áª®£®¯®«ï ¢ à áâ¢®à¥ á®áâ ¢«ï«  1700 �/á¬, çâ® ®¡¥á¯¥-ç¨¢ «® ­¥®¡à â¨¬ë© í«¥ªâà¨ç¥áª¨© ¯à®¡®© ¬¥¬¡à -­ë íà¨âà®æ¨â®¢. �®¤à®¡­® ¬¥â®¤¨ª  íªá¯¥à¨¬¥­â®¢®¯¨á ­  à ­¥¥ ¢ à ¡®â¥ [8].�«ï ®¡«ãç¥­¨ï áãá¯¥­§¨¨ íà¨âà®æ¨â®¢ ¨§«ãç¥-­¨¥¬ ¨áâ®ç­¨ª  226Ra ¡ë« áª®­áâàã¨à®¢ ­ ¬¥â «-«¨ç¥áª¨© ª®­â¥©­¥à á ¢ëá®â®© ¢­ãâà¥­­¨å áâ¥­®ª30 ¬¬. � æ¥­âà ¯®¬¥é «¨ ª®«¡ã á à ¤¨®­ãª«¨¤®¬,

¯à®¡¨àª¨ á áãá¯¥­§¨¥© à §¬¥é «¨ ­  à ááâ®ï­¨¨30 ¬¬ ®â ¨áâ®ç­¨ª . �ëá®â  áãá¯¥­§¨¨ ¢ ¯à®¡¨àª¥á®áâ ¢«ï«  20 ¬¬. �à®¡¨àª¨ á áãá¯¥­§¨¥© ¯®¤¢¥à-£ «¨ ¤¥©áâ¢¨î 
 -¨§«ãç¥­¨ï, ¯®á«¥ íâ®£® ¯à®¡¨àª¨á ®¡«ãç¥­­®© ¨ ª®­âà®«ì­®© áãá¯¥­§¨¥© ®áâ ¢«ï«¨­  áãâª¨ ¢ â¥¬­®¬ ¨§®«¨à®¢ ­­®¬ åà ­¨«¨é¥. � -â¥¬ ­  áãá¯¥­§¨î ¢®§¤¥©áâ¢®¢ «¨ ¨¬¯ã«ìá­ë¬ í«¥ª-âà¨ç¥áª¨¬ ¯®«¥¬ ¨ ¨§¬¥àï«¨ ª¨­¥â¨ç¥áª¨ ªà¨¢ë¥(§ ¢¨á¨¬®áâì ®¯â¨ç¥áª®© ¯«®â­®áâ¨ áãá¯¥­§¨¨ D ®â¢à¥¬¥­¨).� íªá¯¥à¨¬¥­â å ¨á¯®«ì§®¢ «¨ ¨§«ãç¥­¨¥ ¤¢ãå¨áâ®ç­¨ª®¢ 226Ra á  ªâ¨¢­®áâìî 2.04 ¨ 9.25 ¬�¨,¢à¥¬ï ®¡«ãç¥­¨ï ¢ àì¨à®¢ «®áì ®â 5 ¬¨­ ¤® 24 ç.�¯ëâë ¯à®¢®¤¨«¨áì ¤«ï âà¥å ¤¨ ¯ §®­®¢ â¥¬¯¥à âãàáãá¯¥­§¨¨ ªà®¢¨: 14{15�C, 17{18�C ¨ 20{21�C.� § ¢¨á¨¬®áâ¨ ®â ¤®§ë ®¡«ãç¥­¨ï ­ ¡«î¤ «¨íää¥ªâë § ¬¥¤«¥­¨ï ¨ ãáª®à¥­¨ï ª¨­¥â¨ª¨ £¥¬®«¨§ íà¨âà®æ¨â®¢. �  à¨á. 1 ¯à¥¤áâ ¢«¥­ë ª¨­¥â¨ç¥áª¨¥ªà¨¢ë¥ (ªà¨¢ ï 2) ¤«ï íà¨âà®æ¨â®¢, ª®â®àë¥ ®¡«ãç -«¨áì ¢ â¥ç¥­¨¥ 3 ç ¯à¨ â¥¬¯¥à âãà¥ T = 19{20 �C ( )¨ ¯à¨ T = 14{15 �C (¡) ¨áâ®ç­¨ª®¬ á  ªâ¨¢­®áâìî2.04 ¬�¨,   § â¥¬ ç¥à¥§ 24 ç ¯®¤¢¥à£ «¨áì í«¥ª-âà®¯®à æ¨¨ á ¯®¬®éìî ª «¨¡à®¢ ­­®£® ¨¬¯ã«ìá .�«ï áà ¢­¥­¨ï ¯à¥¤áâ ¢«¥­ë ª¨­¥â¨ç¥áª¨¥ ªà¨¢ë¥¤«ï á®®â¢¥âáâ¢ãîé¨å ª®­âà®«ì­ëå áãá¯¥­§¨© ¤«ï¤ ­­ëå â¥¬¯¥à âãà (ªà¨¢ ï 1). �  à¨á. 1,  ªà¨-¢ ï 2 ¯à®å®¤¨â ­¨¦¥ ªà¨¢®© 1, çâ® á®®â¢¥âáâ¢ã¥âãáª®à¥­¨î £¥¬®«¨§ . � ­  à¨á. 1, ¡ | ­ ®¡®à®â,¢ëè¥, çâ® á®®â¢¥âáâ¢ã¥â ¥£® § ¬¥¤«¥­¨î. �¡«ãç¥­-­ë¥ íà¨âà®æ¨âë ¡¥§ ¯®á«¥¤ãîé¥© í«¥ªâà®¯®à æ¨¨(ªà¨¢ ï 3 ­  à¨á. 1) ¢¥«¨ á¥¡ï ¯®¤®¡­® ª«¥âª ¬¢ ª®­âà®«ì­®© áãá¯¥­§¨¨, ª®â®à ï ­¥ ¯®¤¢¥à£ « áì®¡«ãç¥­¨î ¨ í«¥ªâà®¯®à æ¨¨ (ªà¨¢ ï 3 0 ­  à¨á. 1).�ªá¯¥à¨¬¥­â «ì­ë¥ ª¨­¥â¨ç¥áª¨¥ ªà¨¢ë¥ ¬®£ãâ¡ëâì ®¯¨á ­ë íªá¯®­¥­æ¨ «ì­®© § ¢¨á¨¬®áâìî. � à¨á. 2 ¯®ª § ­ë ¤ ­­ë¥ ¤«ï å à ªâ¥à­®© ª®­áâ ­-âë � ã¬¥­ìè¥­¨ï ç¨á«  íà¨âà®æ¨â®¢. � ­­ë¥ ¤«ïª ¦¤®£® §­ ç¥­¨ï ¤®§ë ®¡à ¡®â ­ë á ¯®¬®éìî áâ ­-¤ àâ­ëå ¬¥â®¤®¢ ¬ â¥¬ â¨ç¥áª®© áâ â¨áâ¨ª¨, ãª -§ ­ë áà¥¤­¨¥ §­ ç¥­¨ï ¨ á®®â¢¥âáâ¢ãîé¨¥ ®è¨¡ª¨.�à¥¤­¨¥ à¥§ã«ìâ âë ®¯ëâ®¢, á®®â¢¥âáâ¢ãîé¨¥ à §-­ë¬ ¤®§ ¬ ®¡«ãç¥­¨ï, á®¥¤¨­¥­ë ¤«ï ­ £«ï¤­®áâ¨10 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3
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������������������ !"#$%&'�¨á. 1. �¨­¥â¨ç¥áª¨¥ ªà¨¢ë¥ D(t) (t | ¢à¥¬ï¯®á«¥ ¢®§¤¥©áâ¢¨ï ¨¬¯ã«ìá­ë¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬):( ) T = 19{20 �C, (¡) T = 14{15 �C. �à¨¢ ï 1 | ª®­â-à®«ì­ ï áãá¯¥­§¨ï (¡¥§ ®¡«ãç¥­¨ï), ªà¨¢ ï 2 | áãá¯¥­§¨ï,®¡«ãç¥­­ ï ¨áâ®ç­¨ª®¬ 226Ra ( ªâ¨¢­®áâì A= 2:04 ¬�¨,¤®§  4 à¥­â£¥­), § â¥¬ ç¥à¥§ 24 ç ¢®§¤¥©áâ¢¨¥ ­  áãá-¯¥­§¨î ª «¨¡à®¢ ­­ë¬ ¨¬¯ã«ìá­ë¬ í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬(­ ¯àï¦¥­­®áâì ¯®«ï ¢ áãá¯¥­§¨¨ 1700 �/á¬); ªà¨¢ ï 3 {®¡«ãç¥­­ ï áãá¯¥­§¨ï ç¥à¥§ 24 ç (¡¥§ í«¥ªâà®¯®à æ¨¨),ªà¨¢ ï 3 0 | ¡¥§ ®¡«ãç¥­¨ï ¨ ¡¥§ í«¥ªâà®¯®à æ¨¨«¨­¨ï¬¨. �à®¢¥à¥­  £¨¯®â¥§  ® à ¢¥­áâ¢¥ áà¥¤­¨å§­ ç¥­¨© ¤«ï ¤ ­­®© ¤®§ë ¨ ¤«ï ª®­âà®«ï (í«¥ª-âà®¯®à æ¨ï ¡¥§ ®¡«ãç¥­¨ï). � ª, ¯à¨ â¥¬¯¥à âãà¥14{15�C (ªà¨¢ ï 1) ¯à¨ ¤®§¥ 3.8 à¥­â£¥­ ­ ¡«î¤ «®áìã¬¥­ìè¥­¨¥ (¤®áâ®¢¥à­®¥ à §«¨ç¨¥ ¯à¨ ãà®¢­¥ §­ -ç¨¬®áâ¨ p= 0:005),   ¯à¨ ¤®§¥ 26 à¥­â£¥­ à¥§ã«ìâ âëá®¢¯ ¤ «¨ á ª®­âà®«ì­ë¬. �à¨ ¯®¢ëè¥­¨¨ â¥¬¯¥à -âãàë ¤® 17{18�C (ªà¨¢ ï 2) § ¬¥¤«ïîé¨© íää¥ªâ ­ -¡«î¤ «áï ¯à¨ ¤®§¥ ®ª®«® 0.5 à¥­â£¥­ (p= 0:3) ¨ á¬¥-­ï«áï ­  ãáª®àïîé¨© ¯à¨ ¤®§¥ 0.7{1 à¥­â£¥­. �à¨â¥¬¯¥à âãà¥ 20{21�C (ªà¨¢ ï 3) ­ ¡«î¤ «áï â®«ìª®ãáª®àïîé¨© íää¥ªâ. �à¨ ®¡«ãç¥­¨¨ áãá¯¥­§¨¨ ¢ â¥-ç¥­¨¥ 24 ç (¤®§  134 à¥­â£¥­) ®â­®á¨â¥«ì­®¥ ¨§¬¥­¥-­¨¥ áª®à®áâ¨ á®áâ ¢¨«® +1.6. � á«ãç ¥ â¥¬¯¥à âãàë
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�������¨á. 2. �ªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ¤«ï å à ªâ¥à­®© ª®­-áâ ­âë � ã¬¥­ìè¥­¨ï ç¨á«  íà¨âà®æ¨â®¢ ¢ § ¢¨á¨¬®áâ¨®â ¤®§ë ¤«ï à §­ëå â¥¬¯¥à âãà: 14{15�C (1), 17{18�C (2),20{21�C (3). � ­­ë¥ ­®à¬¨à®¢ ­ë ­  áà¥¤­îî ¢¥«¨ç¨-­ã ª®­âà®«ï �control ¤«ï á®®â¢¥âáâ¢ãîé¥© â¥¬¯¥à âãàë(Control | í«¥ªâà®¯®à æ¨ï ¡¥§ ®¡«ãç¥­¨ï), ¯ã­ªâ¨à®¬¯®ª § ­ë ®è¨¡ª¨ ª®­âà®«ï11{12�C à¥§ã«ìâ âë ®¯ëâ®¢ ¤«ï ¨áá«¥¤ã¥¬ëå ¤®§(¤® 30 à¥­â£¥­) á®¢¯ ¤ «¨ á ª®­âà®«ì­ë¬¨.� ª¨¬ ®¡à §®¬, ¢ íªá¯¥à¨¬¥­â å ­ ¡«î¤ «¨ ¨§-¬¥­¥­¨¥ ¢¥«¨ç¨­ë íää¥ªâ  ¢ § ¢¨á¨¬®áâ¨ ®â ¤®§ë:§ ¬¥¤«¥­¨¥ £¥¬®«¨§  á¬¥­ï«®áì ¥£® ãáª®à¥­¨¥¬.�ªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ¯®ª §ë¢ îâ, çâ® áª®-à®áâì ã¬¥­ìè¥­¨ï ç¨á«  ª«¥â®ª ¯à¨ ª®¬¡¨­¨à®¢ ­-­®¬ ¢®§¤¥©áâ¢¨¨ ¨¬¯ã«ìá­®£® í«¥ªâà¨ç¥áª®£® ¯®-«ï ¨ 
 -¨§«ãç¥­¨ï ­¥ ï¢«ï¥âáï áã¬¬®© áª®à®áâ¥©¢ à¥§ã«ìâ â¥ ¢®§¤¥©áâ¢¨ï ¤ ­­ëå ä ªâ®à®¢ ¯® ®â-¤¥«ì­®áâ¨. �à¨ç¥¬ íâ®â íää¥ªâ § ¢¨á¥« ®â ¤®§ë
 -¨§«ãç¥­¨ï. �®¤ ¤¥©áâ¢¨¥¬ 
 -¨§«ãç¥­¨ï ¨§¬¥­ï-«¨áì ãá«®¢¨ï í«¥ªâà¨ç¥áª®£® ¯à®¡®ï ¬¥¬¡à ­ ª «¨-¡à®¢ ­­ë¬ ¨¬¯ã«ìá®¬. �®«¨ç¥áâ¢® ¯®à ¨ ¨å à ¤¨-ãá ¯à¨ í«¥ªâà®¯®à æ¨¨ ®¯à¥¤¥«ïîâáï ­ ¢¥¤¥­­ë¬âà ­á¬¥¬¡à ­­ë¬ ¯®â¥­æ¨ «®¬ ' ¨ ¯®à®£®¢ë¬ ¯®-â¥­æ¨ «®¬ í«¥ªâà¨ç¥áª®£® ¯à®¡®ï 'p .� â¥¬ â¨ç¥áª ï ¬®¤¥«ì. �ã¤¥¬ áç¨â âì, çâ®áª®à®áâì ã¬¥­ìè¥­¨ï ç¨á«¥­­®áâ¨ íà¨âà®æ¨â®¢ ¯àï-¬® ¯à®¯®àæ¨®­ «ì­  áã¬¬ à­®© ¯«®é ¤¨ ¯®à, ®¡à -§ã¥¬ëå ¢ ¬¥¬¡à ­¥ íà¨âà®æ¨â  ¢ à¥§ã«ìâ â¥ í«¥ªâà®-¯®à æ¨¨. �ë¤¥«¨¬ ¯®¢¥àå­®áâì ¬¥¬¡à ­ë ¥¤¨­¨ç-­®© ¯«®é ¤¨, à §®¡ì¥¬ íâã ¯«®é ¤ì ­  N ®¤¨­ ª®-¢ëå ®¡« áâ¥©, ª ¦¤ ï ¨§ ª®â®àëå ¨¬¥¥â á®¡áâ¢¥­­ë¥á¢®©áâ¢  ¨ ¢ ª ¦¤®© ¨§ ª®â®àëå ¬®¦¥â ®¡à §®-¢ âìáï ¯®à  (N ¢¥«¨ª®). �¥à®ïâ­®áâì ®¡à §®¢ ­¨ï¯®àë ¢ ª ¦¤®© â ª®© ®¡« áâ¨ § ¢¨á¨â ®â á®¡áâ¢¥­-­ëå á¢®©áâ¢ íâ®© ®¡« áâ¨ [9]. �â¨ á¢®©áâ¢  ®¯à¥-¤¥«ïîâ ¤¢  ¯ à ¬¥âà  í«¥ªâà®¯®à æ¨¨: ¯®à®£®¢ë©¯®â¥­æ¨ « í«¥ªâà¨ç¥áª®£® ¯à®¡®ï ¨ à ¤¨ãá ¯®àë.�«ï ¢®§­¨ª­®¢¥­¨ï ¯®à âà¥¡ã¥âáï, çâ®¡ë âà ­á¬¥¬-¡à ­­ë© ¯®â¥­æ¨ « ¯à¥¢ëá¨« ¯®à®£®¢ë© ¯®â¥­æ¨ «í«¥ªâà¨ç¥áª®£® ¯à®¡®ï ¢ ¤ ­­®© ®¡« áâ¨ ¬¥¬¡à ­ë.� ®¡« áâ¨, £¤¥ ¯®à®£®¢ë© ¯®â¥­æ¨ « ¬¥­ìè¥, à ¤¨ãá®¡à §®¢ ¢è¥©áï ¯®àë ¡ã¤¥â ¡®«ìè¥: r = k='2p . � «ì-



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2005. ò3 21­¥©è¥¥ ã¢¥«¨ç¥­¨¥ à ¤¨ãá  ®¡à §®¢ ¢è¥©áï ¯®àë§ ¢¨á¨â ®â á®áâ®ï­¨ï ¬¥¬¡à ­ë ¨ ®â ¤«¨â¥«ì­®á-â¨ í«¥ªâà¨ç¥áª®£® ¨¬¯ã«ìá . � ¡®à í«¥¬¥­â à­ëå¬ ªà®áª®¯¨ç¥áª¨å ®¡« áâ¥© ¬¥¬¡à ­ë N ¬®¦­®à áá¬ âà¨¢ âì ª ª  ­á ¬¡«ì �¨¡¡á .�®¯ãáâ¨¬, çâ® 'p ¯®¤ç¨­ï¥âáï ­®à¬ «ì­®¬ã § -ª®­ã à á¯à¥¤¥«¥­¨ï. �à¨ ­ ¢¥¤¥­­®¬ âà ­á¬¥¬¡à ­-­®¬ ¯®â¥­æ¨ «¥ ' ¯®àë ¡ã¤ãâ ®¡à §®¢ë¢ âìáï ¢ â¥å®¡« áâïå, £¤¥ 'p < ' . � ©¤¥¬ ¯«®é ¤ì ¯®à, ®¡à §ã-¥¬ëå ­  ¯®¢¥àå­®áâ¨ ¬¥¬¡à ­ë ¯«®é ¤ìî 1 ¬2 :S = N�p2� 'pZ'min exp ��('p �'p av)2=2�2� �k='2p�2 d'p:�¥«¨ç¨­  N | ¬ ªá¨¬ «ì­®¥ ç¨á«® ¯®à, ª®â®àë¥¬®£ãâ ã¬¥áâ¨âìáï ­  à áá¬ âà¨¢ ¥¬®© ¯®¢¥àå­®áâ¨¬¥¬¡à ­ë ¯«®é ¤ìî 1 ¬2 ¯à¨ ãá«®¢¨¨, çâ® à ¤¨ãá¯®àë ¬¨­¨¬ «¥­, 'p av | áà¥¤­¥¥ ¯®  ­á ¬¡«î ®¡-« áâ¥© N §­ ç¥­¨¥ ¯®à®£®¢®£® ¯®â¥­æ¨ «  (áà¥¤­¨©¯®à®£®¢ë© ¯®â¥­æ¨ « ¢ ª ¦¤®¬ ãç áâª¥ ¬¥¬¡à ­ë®¯à¥¤¥«ï¥âáï ¥¥ á®áâ®ï­¨¥¬ ¨ ¥¥ ¬¨ªà®¯ à ¬¥âà -¬¨ [9]), � | áà¥¤­¥¥ ª¢ ¤à â¨ç¥áª®¥ ®âª«®­¥­¨¥.�à¥¤¥« ¨­â¥£à¨à®¢ ­¨ï 'p = ': � ¢¥¤¥­­ ï ­  ª«¥â-ªã à §­®áâì ¯®â¥­æ¨ «®¢ 'k § ¢¨á¨â ®â ­ ¯àï¦¥­-­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï ¢ à áâ¢®à¥ E ¨ à ¤¨ãá ª«¥âª¨ r : 'k = 1:5Er cos � , � | ã£®« ¬¥¦¤ã ¢¥ª-â®à®¬ E ¨ à ¤¨ãá-¢¥ªâ®à®¬ â®çª¨ ­ ¡«î¤¥­¨ï ­ áä¥à¥.� à¥§ã«ìâ â¥ ¢®§¤¥©áâ¢¨ï ­  áãá¯¥­§¨î íà¨âà®æ¨-â®¢ 
 -¨§«ãç¥­¨ï ¯®¢¥àå­®áâ­ë© § àï¤ íà¨âà®æ¨â ¨ � -¯®â¥­æ¨ « ã¬¥­ìè îâáï [4]. �®¯ãáâ¨¬, � -¯®-â¥­æ¨ « ã¬¥­ìè ¥âáï á ã¢¥«¨ç¥­¨¥¬ ¤®§ë ¯® § ª®­ã� = �0 exp(�k(T )D) , £¤¥ D | íªá¯®§¨æ¨®­­ ï ¤®§ ,�0 á®®â¢¥âáâ¢ã¥â ­ã«¥¢®© ¤®§¥. � à®áâ®¬ â¥¬¯¥à -âãàë ª®íää¨æ¨¥­â k(T ) à áâ¥â. � ¤ ­­®© ¬®¤¥«¨­¥ à áá¬ âà¨¢ îâáï í«¥ªâà®ª¨­¥â¨ç¥áª¨¥ ï¢«¥­¨ï¢ áãá¯¥­§¨¨. �¥«¨ç¨­  �0 ã¬¥­ìè ¥âáï á â¥ç¥­¨¥¬¢à¥¬¥­¨ åà ­¥­¨ï íà¨âà®æ¨â®¢ ¢ áãá¯¥­§¨¨ [10, 11]¨ â¥¬ ¡ëáâà¥¥, ç¥¬ ¢ëè¥ â¥¬¯¥à âãà . �§¬¥­¥­¨¥� -¯®â¥­æ¨ «  ¢«¨ï¥â ­  âà ­á¬¥¬¡à ­­ë© ¯®â¥­-æ¨ « ' , ¯à¨ç¥¬ ¯®-à §­®¬ã ­  ¯®¢¥àå­®áâïå ª«¥â-ª¨, ®¡à é¥­­ëå ª ª â®¤ã ¨  ­®¤ã. �® áâ®à®­ë¯®¢¥àå­®áâ¨ ª«¥âª¨, ¯®¢¥à­ãâ®© ª ª â®¤ã, à¥§ã«ì-â¨àãîé¨© ¯®â¥­æ¨ « 'c = �j'k=2j � j�j , ª  ­®¤ã:'a = j'k=2j � j�j , £¤¥ � -¯®â¥­æ¨ «. � à¥§ã«ìâ â¥¨§¬¥­ï¥âáï ¯à¥¤¥« ¨­â¥£à¨à®¢ ­¨ï ¢ ä®à¬ã«¥ (1)¨ á®®â¢¥âáâ¢¥­­® áã¬¬ à­ ï ¯«®é ¤ì ¯®à. �¢¥¤¥¬ª®íää¨æ¨¥­â K� , ª®â®àë© å à ªâ¥à¨§ã¥â ®â­®á¨-â¥«ì­®¥ ã¬¥­ìè¥­¨¥ áã¬¬ à­®© ¯«®é ¤¨ ¯®à §  áç¥âã¬¥­ìè¥­¨ï � -¯®â¥­æ¨ « .�à®¤ãªâë ¨®­¨§ æ¨¨, «®ª «¨§ãïáì ­  ¯®¢¥àå­®-áâ¨ íà¨âà®æ¨â , ¬®£ãâ ¨§¬¥­¨âì ¯®à®£ í«¥ªâà®¯®à -æ¨¨ ¤ ­­®© ®¡« áâ¨. � à¥§ã«ìâ â¥ áã¬¬ à­ ï ¯«®-é ¤ì ¯®à ¢ ¬¥¬¡à ­¥ ã¢¥«¨ç¨âáï ­  ¢¥«¨ç¨­ã �S:� ­ è¨å à áç¥â å ãç¨âë¢ ¥âáï ¬­®£®ªà â­®¥ ¯®-¢à¥¦¤¥­¨¥ íà¨âà®æ¨â  ¯à®¤ãªâ ¬¨ ¨®­¨§ æ¨¨, ®¡-à §ãîé¨¬¨áï ­¥¯®áà¥¤áâ¢¥­­® ã ¯®¢¥àå­®áâ¨ íà¨â-à®æ¨â , á ãç¥â®¬ ¨å ª®­æ¥­âà æ¨¨ ¢ áãá¯¥­§¨¨:

�S1 = �R2 2���2 � 109D�1=3�=4�2: �â  § ¢¨á¨¬®áâìå®à®è® á®£« áã¥âáï á ¨§¢¥áâ­®© íªá¯®­¥­æ¨ «ì­®©§ ¢¨á¨¬®áâìî ¤®«¨ íà¨âà®æ¨â®¢, ¯®«ãç¨¢è¨å ®¤­®¯®¢à¥¦¤¥­¨¥, ®â ¤®§ë 
 -¨§«ãç¥­¨ï [12]. �à®¬¥ íâ®-£® ãç¨âë¢ ¥âáï ¯®¢à¥¦¤¥­¨¥ ¬¥¬¡à ­ë íà¨âà®æ¨-â  ¯à®¤ãªâ ¬¨ à ¤¨®«¨§ , ¢®§­¨ª îé¨¬¨ ¢ ®¡ê¥¬¥à áâ¢®à : �S2 = a�R2 2���2 � 109D�1=3�=2�2: �â®âíää¥ªâ ãá¨«¨¢ ¥âáï á ¯®¢ëè¥­¨¥¬ â¥¬¯¥à âãàë, á®-®â¢¥âáâ¢¥­­® ã¢¥«¨ç¨¢ ¥âáï ª®íää¨æ¨¥­â a . �¢¥¤¥¬ª®íää¨æ¨¥­â Kp; å à ªâ¥à¨§ãîé¨© ®â­®á¨â¥«ì­®¥ã¢¥«¨ç¥­¨¥ áã¬¬ à­®© ¯«®é ¤¨ §  áç¥â ã¬¥­ìè¥­¨ï¯®à®£®¢®£® ¯®â¥­æ¨ «  ¢ «®ª «ì­ëå ãç áâª å ¬¥¬-¡à ­ë.� à¥§ã«ìâ â¥ ®â­®á¨â¥«ì­®¥ ¨§¬¥­¥­¨¥ áã¬¬ à­®©¯«®é ¤¨ ¯®à, ¢®§­¨ª îé¨å ¯à¨ í«¥ªâà®¯®à æ¨¨,®¡«ãç¥­­®© ¨ ª®­âà®«ì­®© áãá¯¥­§¨©, ¡ã¤¥â ®¯à¥¤¥-«ïâìáï ¢¥«¨ç¨­®© ¯à®¨§¢¥¤¥­¨ï íâ¨å ª®íää¨æ¨¥­-â®¢: K = K�Kp . �  à¨á. 3 ¯à¨¢¥¤¥­  à áç¥â­ ï § -¢¨á¨¬®áâì ¤ ­­®£® ª®íää¨æ¨¥­â  ®â ¤®§ë K(D) ¤«ïà §­ëå §­ ç¥­¨© â¥¬¯¥à âãàë (14{15�C, 17{18�C,20{21�C). � áç¥âë ¢ë¯®«­¥­ë ¤«ï á«¥¤ãîé¨å ¯ à -¬¥âà®¢: �0 = 50 ¬�, k = 10; a = 2 (T = 14{15 �C);�0 = 30; k = 60; a = 3 (T = 17{18 �C); �0 = 0;a = 3:5 (T = 20{21 �C); R = 30 ­¬ ¯à¨ 'p = 0:18 �.�¥§ã«ìâ âë à áç¥â®¢ (à¨á. 3) á®£« áãîâáï á íªá¯¥à¨-¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨, ¯à¥¤áâ ¢«¥­­ë¬¨ ­  à¨á. 2.�¥«¨ç¨­  ¤®§ë, ¯à¨ ª®â®à®© § ¬¥¤«ïîé¨© íää¥ªâ¯¥à¥å®¤¨â ¢ ãáª®àïîé¨©, ã¬¥­ìè ¥âáï ¯à¨ ã¢¥«¨ç¥-­¨¨ â¥¬¯¥à âãàë.
���������	
��
�������¨á. 3. � áç¥â­ë¥ ¤ ­­ë¥ ®â­®á¨â¥«ì­®© áª®à®áâ¨ ã¬¥­ì-è¥­¨ï ç¨á«  íà¨âà®æ¨â®¢ ¢ § ¢¨á¨¬®áâ¨ ®â ¤®§ë K(D)¤«ï à §«¨ç­ëå §­ ç¥­¨© â¥¬¯¥à âãàë: 14{15�C (1),17{18�C (2), 20{21�C (3). �  ¥¤¨­¨æã ¯à¨­ïâ  áª®à®áâìã¬¥­ìè¥­¨ï ç¨á«  íà¨âà®æ¨â®¢ ¯®á«¥ í«¥ªâà®¯®à æ¨¨ ¡¥§®¡«ãç¥­¨ï (Control | ª®­âà®«ì)�à¥¤«®¦¥­­ ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¯®§¢®«¨« ®¯¨á âì ¯à¥¤áâ ¢«¥­­ë¥ à¥§ã«ìâ âë íªá¯¥à¨¬¥­â®¢¨ ç¨á«¥­­® ®æ¥­¨âì å à ªâ¥à¨áâ¨ª¨ í«¥ªâà®¯®à æ¨¨¬¥¬¡à ­ íà¨âà®æ¨â®¢ ¯à¨ ¤¥©áâ¢¨¨ 
 -¨§«ãç¥­¨ï.11 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò3
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