
32 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 5�   ¡ « ¨ æ   3�E0 � ¯à ¢«¥¨¥ �180=�00� 180�100 �í� 0,0188� 0,0001 0,0193� 0,0001 1,028� 0,0101000 �í� 0,0505� 0,0003 0,0554� 0,0003 1,099� 0,014� ª¨¬ ®¡à §®¬, ¢ à¥§ã«ìâ â¥  è¨å ¢ëç¨á«¥¨©¬®¦® á¤¥« âì ¢ë¢®¤, çâ® íää¥ªâ ¨¬¥¥â ¬¥áâ®, ® ®áãé¥áâ¢¥® ¬¥ìè¥  ¡«î¤ ¥¬®£® ¢ íªá¯¥à¨¬¥â¥.�ë¢®¤ë�à®¢¥¤¥ë¥ à áç¥âë ¯®ª § «¨, çâ®  ¡«î¤ ¥¬®¥¢ íªá¯¥à¨¬¥â¥ à §«¨ç¨¥ áª®à®áâ¥© áç¥â  ��� ¢á¥¢¥à®¬ ¨ î¦®¬  ¯à ¢«¥¨ïå (¢ 2 à § ) ¥ ¬®¦¥â¡ëâì ®¡êïá¥® â®«ìª® ¢«¨ï¨¥¬ £¥®¬ £¨â®£® ¯®-«ï   à §¢¨â¨¥ ���. �à¥¡ãîâáï ¤ «ì¥©è¨¥ ¨áá«¥-¤®¢ ¨ï ¤«ï ¯®¨¬ ¨ï ¯à¨ç¨ë ï¢«¥¨ï. �®§¬®¦®,
¨á¯®«ì§®¢ ¨¥ à á¯à¥¤¥«¥¨ï ¯® ¢à¥¬¥ ¬ ¯à¨å®¤ ç¥à¥ª®¢áª¨å ä®â®®¢   ãà®¢¥ì  ¡«î¤¥¨ï ¯®¬®-¦¥â ¯®ïâì à §¨æã ¬¥¦¤ã à¥§ã«ìâ â ¬¨ à áç¥â  ¨íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨. � ¯à¨¬¥à, ¥á«¨ à¥-£¨áâà¨àãîé ï á¨áâ¥¬  â¥«¥áª®¯  ¯à¥¨¬ãé¥áâ¢¥®®â¡¨à ¥â «¨¢¨ á ¡®«ìè¨¬¨ ¯à¨æ¥«ìë¬¨ ¯ à ¬¥â-à ¬¨ (¤«¨ë¬¨ ¨¬¯ã«ìá ¬¨ ç¥à¥ª®¢áª®£® á¢¥â ),â® íâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª ã¢¥«¨ç¥¨î à áá¬ âà¨¢ ¥-¬®£® íää¥ªâ .�¨â¥à âãà 1. �¥©á¥¬¡ ¥¢ �.�., � ¢¨«®¢ �.�., �¨«ì¤ ®¢ �.�. ¨ ¤à. //�§¢. ���. �¥à. ä¨§. 1999. 63, ü 3. C. 554.2. Knapp J., Heck D. // Extensive Air Shower Simulation withCORSIKA: A User's Manual. Kernforschungszentrum KarlsruheKfK 5196 B (1993).3. � «¬ëª®¢ �.�., �áâ ¯ç¥ª® �.�. // �¤¥à ï ä¨§¨ª . 1993.56. C. 105. �®áâã¯¨«  ¢ p¥¤ ªæ¨î10.12.99�������������� 533.951 ������������ ������ ���������������������������� ������������� �������. �. �ã¤à¥¢ â®¢ �) , �¥®£-�¨ �¨, �. �. �ãå ¤§¥(ª ä¥¤à  ä¨§¨ç¥áª®© í«¥ªâà®¨ª¨)�áá«¥¤®¢   ¨§ª®ç áâ®â ï ¥ãáâ®©ç¨¢®áâì à §àï¤  á ¯®áâ®ïë¬ â®ª®¬ ¢ á« ¡®¨®¨§®¢ ®©¯« §¬¥, ®¡ãá«®¢«¥ ï ¢ëã¦¤¥ë¬ ç¥à¥ª®¢áª¨¬ ¨§«ãç¥¨¥¬ à¥« ªá æ¨®ëå úª®«¥¡ ¨©û â¥¬-¯¥à âãàë ¤à¥©äãîé¨¬¨ í«¥ªâà® ¬¨. �áá«¥¤®¢ ¨¥ ¯à®¢¥¤¥®   ®á®¢¥ ª¨¥â¨ç¥áª®£® ãà ¢¥¨ïá ¬®¤¥«ìë¬ ¨â¥£à «®¬ áâ®«ª®¢¥¨© � â £ à {�à®áá {�àãª , ãç¨âë¢ îé¨¬ à¥« ªá æ¨î ¯«®â-®áâ¨ ¨ â¥¬¯¥à âãàë í«¥ªâà®®¢.1. �á®¢ë¥ ãà ¢¥¨ï� à ¡®â¥ [1] ¡ë«  à áá¬®âà¥  ¨§ª®ç áâ®â ï¥ãáâ®©ç¨¢®áâì á« ¡®¨®¨§®¢ ®© ¯« §¬ë ¢® ¢¥è-¥¬ ¯®áâ®ï®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥, ª®â®à ï, ¯®¬¥¨î  ¢â®à®¢, ®¡ãá«®¢«¥  ¢ëã¦¤¥ë¬ ¨§«ãç¥-¨¥¬  ¯¥à¨®¤¨ç¥áª¨ § âãå îé¨å ¢ ®âáãâáâ¢¨¥ â®ª à¥« ªá æ¨®ëå ª®«¥¡ ¨© â¥¬¯¥à âãàë ¤à¥©äãî-é¨¬¨ í«¥ªâà® ¬¨. �à¨ íâ®¬ ¨á¯®«ì§®¢ « áì ¬®¤¥«ì¤¢ãå¦¨¤ª®áâ®© £¨¤à®¤¨ ¬¨ª¨ ¯« §¬ë á â®ª®¬.�ªà¥¬¥â à §¢¨â¨ï ¥ãáâ®©ç¨¢®áâ¨ ®ª § «áï ª¢ ¤-à â¨çë¬ ¯® ¢¥è¥¬ã ¯®«î, çâ® ¬®¦¥â ¢ë§¢ âìá®¬¥¨¥ ¢ á¯à ¢¥¤«¨¢®áâ¨ ¯®«ãç¥®£® à¥§ã«ìâ â .�¥«® ¢ â®¬, çâ® £¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì áãé¥áâ-¢¥ë¬ ®¡à §®¬ ®¯¨à ¥âáï   ¬ «®áâì ®âª«®¥¨©á®áâ®ï¨ï ¯« §¬ë ®â â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥-á¨ï; ¯à¨ ¯®«ãç¥¨¨ £¨¤à®¤¨ ¬¨ç¥áª¨å ãà ¢¥¨©¨á¯®«ì§ã¥âáï à §«®¦¥¨¥ ¯® â ª¨¬ ®âª«®¥¨ï¬ [2].� á¢ï§¨ á íâ¨¬ ¢  áâ®ïé¥© à ¡®â¥ ¢ à ¬ª å ª¨-¥â¨ç¥áª®© ¬®¤¥«¨ á« ¡®¨®¨§®¢ ®© ¯« §¬ë ¯®«ã-�)�¥¤¥à «ì®¥ ú� ãç®-¯à®¨§¢®¤áâ¢¥®¥ ¯à¥¤¯à¨ïâ¨¥ \�®-à¨©"û, �®áª¢ .
ç¥ à¥§ã«ìâ â, ¯à¨¢¥¤¥ë© à ¥¥ ¢ à ¡®â¥ [1]. �®ëáç¨â ¥¬ å®«®¤ë¬¨, ¯à¨ç¥¬ ¨å ¢ª« ¤ ¢ ¯à®¤®«ìãî¤¨í«¥ªâà¨ç¥áªãî ¯à®¨æ ¥¬®áâì ¡¥à¥¬ ¢ ¢¨¤¥�"(i) = i !2Li!�i0 ; (1)£¤¥ �i0 | ç áâ®â  ã¯àã£¨å ¨®-¥©âà «ìëåáâ®«ª®¢¥¨©. �¥¬ á ¬ë¬ ¬ë ¯à¥¥¡à¥£ ¥¬¨®¨§ æ¨®®-à¥ª®¬¡¨ æ¨®ë¬¨ ¨ ¯à¨«¨¯ â¥«ì-®-®â«¨¯ â¥«ìë¬¨ ¯à®æ¥áá ¬¨. �«ï ®¯¨á ¨ï í«¥ª-âà®®¢ ¢ íâ®¬ ¯à¨¡«¨¦¥¨¨ ¨áå®¤¨¬ ¨§ ª¨¥â¨ç¥áª®-£® ãà ¢¥¨ï á ¬®¤¥«ìë¬ ¨â¥£à «®¬ áâ®«ª®¢¥¨©� â £ à {�à®áá {�àãª  (���), ¯à¨¢¥¤¥ë¬ ¢ à -¡®â¥ [2]��) :��) � ¬¥â¨¬, çâ®   «¨§ ¯®¤®¡®© ¨§ª®ç áâ®â®© ¥ãáâ®©ç¨-¢®áâ¨ à §àï¤    ®á®¢¥ ª¨¥â¨ç¥áª®£® ãà ¢¥¨ï á ¨â¥£à «®¬áâ®«ª®¢¥¨© ¢ ä®à¬¥ �. �.� ¢ë¤®¢  ¢¯¥à¢ë¥ ¡ë« ¯à®¢¥¤¥ ¢à ¡®â¥ [3]. �¤ ª® ¨á¯®«ì§®¢ ¨¥ ®¤®¬¥à®£® ¯à¨¡«¨¦¥¨ï ¥¯®§¢®«¨«®  ¢â®àã íâ®© à ¡®âë  ¤¥ª¢ â® à áªàëâì ä¨§¨ç¥áªãî¯à¨à®¤ã ¥ãáâ®©ç¨¢®áâ¨.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü5 33@f@t + v@f@r + emE@f@v = ��e0(f �N'n); (2)£¤¥ ç áâ®â  í«¥ªâà®-¥©âà «ìëå áâ®«ª®¢¥¨© �e0áç¨â ¥âáï ¯®áâ®ï®©,  'n = 1(2�mTen)3=2 exp�� mv22Ten�;N = Z dpf; Nu= Z dpvf; NTe = m3 Z dpv2f;Ten = mTn +MTem+M �= (1� �m)Te + �mTn;@N@t + div(Nu) = 0:�¤¥áì �m = m=M | ¤®«ï ¯¥à¥¤ ¢ ¥¬®© í¥à£¨¨ ®âí«¥ªâà®®¢ ¥©âà «ìë¬ ç áâ¨æ ¬ (¬ ááë ª®â®àëåá®®â¢¥âáâ¢¥® m ¨ M ) ¯à¨ ã¯àã£¨å áâ®«ª®¢¥¨ïå,Te | â¥¬¯¥à âãà  í«¥ªâà®®¢,   Tn | â¥¬¯¥à âãà ¥©âà «ìëå ç áâ¨æ, u | áà¥¤ïï ¤à¥©ä®¢ ï áª®-à®áâì í«¥ªâà®®¢, ®¡ãá«®¢«¥ ï í«¥ªâà¨ç¥áª¨¬ ¯®-«¥¬ E . � £¨âë¬ ¯®«¥¬ ¯à¥¥¡à¥£ ¥¬, áç¨â ï ¯®«¥E ¯®â¥æ¨ «ìë¬: E =�r� .� ¬¥â¨¬, çâ® ®¡ëç® ¯à¨ ª¨¥â¨ç¥áª®¬ ®¯¨á ¨¨ª®«¥¡ ¨© ¯« §¬ë á ¨á¯®«ì§®¢ ¨¥¬ ¨â¥£à «  ã¯àã-£¨å áâ®«ª®¢¥¨© ��� ®£à ¨ç¨¢ îâáï ¨§®â¥à¬¨ç¥á-ª®© ¬®¤¥«ìî (á¬.,  ¯à., [2]), ¢ ª®â®à®© â¥¬¯¥à âãà í«¥ªâà®®¢ áç¨â ¥âáï ¯®áâ®ï®©. � ¬ ¤«ï ãáâ ®¢-«¥¨ï á®®â¢¥âáâ¢¨ï á à¥§ã«ìâ â ¬¨ à ¡®âë [1] ¥®¡-å®¤¨¬®  àï¤ã á à¥« ªá æ¨¥© ¨¬¯ã«ìá  ãç¨âë¢ âì¨ à¥« ªá æ¨î â¥¬¯¥à âãàë í«¥ªâà®®¢, ¨«¨, ¨ë¬¨á«®¢ ¬¨, íää¥ªâë, ®¡ãá«®¢«¥ë¥ ª®¥ç®áâìî ®â-®è¥¨ï m=M .2. � ¢®¢¥á®¥ á®áâ®ï¨¥ ¯« §¬ë ¢ ¯®áâ®ï®¬¨ ®¤®à®¤®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥�à ¢¥¨¥ (2) ¤«ï í«¥ªâà®®¢ ¯« §¬ë ¢ ¯®áâ®ï-®¬ ¨ ®¤®à®¤®¬ í«¥ªâà¨ç¥áª®¬ ¯®«¥ E0 § ¯¨áë-¢ ¥âáï ¢ ¢¨¤¥ eE0m�e0 @f@v = �f0 +N0'0n; (3)£¤¥ N0 = Z dp f0; N0u0 = Z dpvf0;N0T0e = m3 Z dp v2f0;'0n = 1(2�mT0n)3=2 exp�� mv22T0n�;T0n = (1� �m)T0e+ �mTn: (4)�¤¥áì T0e | à ¢®¢¥á ï â¥¬¯¥à âãà  í«¥ªâà®®¢,  u0 | ¨å à ¢®¢¥á ï ¤à¥©ä®¢ ï áª®à®áâì ¢ ¯®«¥ E0 .�à ¢¥¨¥ (3) á ãá«®¢¨¥¬ f0(v)! 0 ¯à¨ v ! 1à¥è ¥âáï â®ç®. �® ¬ë ¥ ¡ã¤¥¬  å®¤¨âì ï¢ë© ¢¨¤f0(v) , ¯®áª®«ìªã ¤®áâ â®ç® § âì á®®â®è¥¨ï (4).

� ª, á ãç¥â®¬ (3) «¥£ª®  å®¤¨¬ à ¢®¢¥áë¥ â¥¬¯¥-à âãàã ¨ ¤à¥©ä®¢ãî áª®à®áâì í«¥ªâà®®¢:T0e = Tn + 23 mu2�m ; u0 = eE0m�e0 : (5)� ¤ «ì¥©è¥¬ áç¨â ¥âáï, çâ® í«¥ªâà®ë à §®£à¥-âë, ® ¥ ®ç¥ì á¨«ì®. �à¥¥¡à¥¦¥¨¥ ¨®®© â¥¬-¯¥à âãà®© ¯à¨ íâ®¬ ®§ ç ¥â ¬ «®áâì ¨å â¥¯«®¢®©áª®à®áâ¨ ¯® áà ¢¥¨î á ä §®¢ë¬¨ áª®à®áâï¬¨ ¨á-á«¥¤ã¥¬ëå ª®«¥¡ ¨© ¯« §¬ë. �¬¥áâ¥ á â¥¬ áª®à®áâìu0 ¬ «  ¯® áà ¢¥¨î á â¥¯«®¢®© áª®à®áâìî í«¥ª-âà®®¢, çâ® á«¥¤ã¥â ã¦¥ ¨§ (5).3. � «ë¥ ª®«¥¡ ¨ï. �¨í«¥ªâà¨ç¥áª ï¯à®¨æ ¥¬®áâì í«¥ªâà®®© ª®¬¯®¥âë�«ï ¬ «ëå ®âª«®¥¨© ®â à ¢®¢¥á¨ï, f = f0+�f ,¢ ¯à¥¤¯®«®¦¥¨¨ § ¢¨á¨¬®áâ¨ �f � e�i!t+ikr , ¨§ãà ¢¥¨ï (2) ¯®«ãç ¥¬�i
�f � iem�k@f0@v + emE0@�f@v == �e0'0n�N + �e0N0�'n; (6)£¤¥ 
 = ! � kv+ i�e0 | ç áâ®â , ã«¨ ª®â®à®© á®-®â¢¥âáâ¢ãîâ ãá«®¢¨î ç¥à¥ª®¢áª®£® ¨§«ãç¥¨ï, � |¯®â¥æ¨ « ¯®«ï ¬ «ëå ª®«¥¡ ¨© �E=�ik� ,  �'n = �mv22T0n � 32�'0n �TeT0e ;�TeT0e + �NN0 = m3N0T0e Z dp v2�f; �N = Z dp �f:�á«¥¤áâ¢¨¥ ¬ «®áâ¨ ®â®è¥¨ï u0=vTe (£¤¥vTe =pTe=m | â¥¯«®¢ ï áª®à®áâì í«¥ªâà®®¢) ¯®-á«¥¤¥¥ á« £ ¥¬®¥ ¢ «¥¢®© ç áâ¨ ãà ¢¥¨ï (6) ¬®¦®áç¨â âì ¬ «ë¬. �®íâ®¬ã § ¯¨áë¢ ¥¬�f = �f (0)+ �f (1);�f (0) = 1
 �� em�k@f0@v + i�e0'0n�N + i�e0N0�'n�;�f (1) = 1
 �� i�e0u0@�f (0)@v �:� «ì¥©è¨¥ ¢ëç¨á«¥¨ï �f (0) ¨ �f (1) áâ ¤ àâë¨ ¯®¤®¡ë ¯à®¢¥¤¥ë¬ ¢ [2] ¯à¨ ¢ëç¨á«¥¨¨ ¯à®-¤®«ì®© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨�"(e) = �4�e�Nk2� : (7)�¢¨¤ã £à®¬®§¤ª®áâ¨ ¢ëç¨á«¥¨© ¬ë ¨å §¤¥áì®¯ãáâ¨¬ ¨ ¯à¨¢¥¤¥¬ «¨èì ®ª®ç â¥«ì®¥ ¢ëà ¦¥¨¥:�"(e) = 4�e2mk2(�1+ i�e0ku02 @2@!2�Z k@f0@v dp
 ++ i�e0m3T0e ��1+ i�e0ku02 @2@!2�I1����1� i�e0m3T0e (I3+ i�e0I5)��1�17 ���, ä¨§¨ª ,  áâà®®¬¨ï, ü 5



34 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 5�Z dp�k@f0@v 1
�v2 + 2i�e0u0v
 + i�e0v2ku0
2 ��)��(1 + i�e0�1+ i�e0ku02 @2@!2�(I1+ I2)���1� i�e0m3T0e (I4+i�e0I6)��1� i�e0m3T0e (I3+i�e0I5)��1)�1:(8)�¤¥áì ¢¢¥¤¥ë á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï:I1 = Z dp
 �mv22T0n � 32�'0n; I2 = Z dp'0n
 ;I3 = Z dp
 v2�mv22T0n � 32�'0n; I4 = Z dpv2'0n
 ;I5 = Z dp
2�mv22T0n � 32�'0n�2u0v+ v2ku0
 �;I6 = Z dp'0n
2�2u0v+ v2ku0
 �: (9)�â¥£à «ë (9) ¢ëç¨á«ïîâáï ï¢® ¨ ¢ëà ¦ îâáïç¥à¥§ ¬®¤¨ä¨æ¨à®¢ ë© ¨â¥£à « ®è¨¡®ª | äãª-æ¨î I+(x) (á¬. [2]). �ëç¨á«¥¨¥ ¦¥ ¤¨í«¥ªâà¨ç¥á-ª®© ¯à®¨æ ¥¬®áâ¨ �"(e) âà¥¡ã¥â § ¨ï ï¢®£® ¢¨¤ f0(v) . �¤ ª® ¤«ï á®¯®áâ ¢«¥¨ï á à¥§ã«ìâ â ¬¨ [1]¤®áâ â®ç® § âì ¢ëà ¦¥¨¥ ¤«ï �"(e) ¢ ãá«®¢¨ïåá« ¡®© ¯à®áâà áâ¢¥®© ¤¨á¯¥àá¨¨, ª®£¤ kv! + i�e0 � 1; !� �e0:� íâ®¬ ¯à¥¤¥«¥ ¢á¥ ¨â¥£à «ë ¢ (8) ¢ëç¨á«ïîâáï ¡¥§¨á¯®«ì§®¢ ¨ï ï¢®£® ¢¨¤  f0(v) .4. �¨á¯¥àá¨®®¥ ãà ¢¥¨¥ ¤«ï ¨§ª®ç áâ®âëåª®«¥¡ ¨©. �ªà¥¬¥â à §¢¨â¨ï¥ãáâ®©ç¨¢®áâ¨� à ¡®â¥ [1] ¡ë«® ¯®ª § ®, çâ® ¥ãáâ®©ç¨-¢®áâì ¨¬¥¥â ¬¥áâ® ¯à¨ ãá«®¢¨ïå �m�e0 � k2v2Te=�e0 ,�m�e0 � ku0 , â. ¥. ª®£¤  ®¡à â®¥ ¢à¥¬ï à¥« ªá æ¨¨â¥¬¯¥à âãàë �m�e0 ¡®«ìè¥ ®¡à â®£® ¢à¥¬¥¨ í«¥ª-âà®®© ¤¨ääã§¨¨ ¨ ¤®¯«¥à®¢áª®© ç áâ®âë. �â® ¯®§-¢®«ï¥â áç¨â âì ¯à®áâà áâ¢¥ãî ¤¨á¯¥àá¨î á« ¡®©,¨ â®£¤  ¢á¥ ¨â¥£à «ë (9) ¨ (8) ¢ëç¨á«ïîâáï ¡¥§¨á¯®«ì§®¢ ¨ï ï¢®£® ¢¨¤  äãªæ¨¨ à á¯à¥¤¥«¥¨ïf0(v) ; ¤®áâ â®ç® § ¨¥ á®®â®è¥¨© (4).�®á«¥ ¯à®áâëå ¢ëç¨á«¥¨© á ¨á¯®«ì§®¢ ¨¥¬ä®à¬ã« (1) ¨ (10) ¢ íâ®¬ ¯à¥¤¥«¥ «¥£ª®  å®¤¨¬¯à®¤®«ìãî ¤¨í«¥ªâà¨ç¥áªãî ¯à®¨æ ¥¬®áâì ¯« §-¬ë, ã«¨ ª®â®à®© ¯à¥¤áâ ¢«ïîâ á®¡®© ¨áª®¬®¥ ¤¨á-¯¥àá¨®®¥ ãà ¢¥¨¥ ª®«¥¡ ¨©:" = 1+ �"(i)+ �"(e) == 1+i !2Li!�i0 � i!2Le�e0 �1�43 i ku0�m�e0��ku0�ik2T0em�e0 ��1= 0:(10)

�à¨ ¯®«ãç¥¨¨ íâ®£® ãà ¢¥¨ï ¯à¥¤¯®« £ «®áì¢ë¯®«¥ë¬ ãá«®¢¨¥ ç¥à¥ª®¢áª®£® ¨§«ãç¥¨ïku0 > ! ¨, â ª ¦¥ ª ª ¨ ¢ [1], ¢ ¢ëà ¦¥¨¨ ¤«ïí«¥ªâà®®© ç áâ¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨¡ë«® ¯®«®¦¥® ! = 0 .�§ ãà ¢¥¨ï (10)  å®¤¨¬! = mM �e0�i0 �ku0 � ik2T0em�e0 ��1 + 43 i ku0�m�e0��� mM �e0�i0�ku0� ik2T0em�e0 + 43 i(ku0)2�m�e0 �: (11)�¨¬ ï ç áâì ! ®¯à¥¤¥«ï¥â ¨ªà¥¬¥â  à áâ -¨ï ª®«¥¡ ¨©:Im! = mM �e0�i0 �43 (ku0)2�m�e0 � k2T0em�e0 �: (12)�®«¥¡ ¨ï ¥ãáâ®©ç¨¢ë (â. ¥. Im! > 0), ¥á«¨43(ku0)2 > �m�e0k2T0em�e0 : (13)�ëà ¦¥¨¥ (12) ¨ ãá«®¢¨¥ ¥ãáâ®©ç¨¢®áâ¨ (13) â ª¦¥, ª ª ¨ ¢ëà ¦¥¨¥ (11) ¨ ãà ¢¥¨¥ (10), á®¢¯ ¤ îâá á®®â¢¥âáâ¢ãîé¨¬¨ ¢ëà ¦¥¨ï¬¨, ¯à¨¢¥¤¥ë¬¨ ¢à ¡®â¥ [1], á â®ç®áâìî ¤® ¢¥«¨ç¨ë �m , ª®â®à ï ¢à áá¬ âà¨¢ ¥¬®© §¤¥áì ¬®¤¥«¨ à ¢  �m =m=M .�¥¯¥àì ¬ë ¬®¦¥¬ ¢®á¯®«ì§®¢ âìáï ï¢ë¬ ¢ëà -¦¥¨¥¬ ¤«ï T0e ¢ ¢¨¤¥ (5). � à¥§ã«ìâ â¥, ¯à¥¥¡à¥£ ïTn , ¨§ (12) ¯®«ãç¨¬Im! = 23 mM �e0�i0 (k2k � k2?)u20�m�e0 : (14)�á«®¢¨¥ ¦¥ ¥ãáâ®©ç¨¢®áâ¨ (13) á¢®¤¨âáï ª âà¥¡®¢ -¨î k2k > k2? .� ª®¥æ, § ¬¥â¨¬, çâ® ¢ ®¤®¬¥à®¬ ¯à¨¡«¨¦¥-¨¨, â. ¥. ¯à¨ k? = 0 , ¢ëà ¦¥¨¥ (14) á®¢¯ ¤ ¥â á¯®«ãç¥ë¬ ¢ à ¡®â¥ [3].� ª¨¬ ®¡à §®¬, ª¨¥â¨ç¥áª ï ¬®¤¥«ì ¯®§¢®«ï¥â®¡®á®¢ âì à¥§ã«ìâ âë, ¯®«ãç¥ë¥ ¢ à ¬ª å ¤¢ãå-¦¨¤ª®áâ®© £¨¤à®¤¨ ¬¨ª¨ [1] ¨ ¢ ¯à¨¡«¨¦¥¨¨�.�.� ¢ë¤®¢ , ª ª íâ® á¤¥« ® ¢ à ¡®â¥ [3].� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �¥¤¥à «ì®©æ¥«¥¢®© ¯à®£à ¬¬ë ú�â¥£à æ¨ïû | ¯à®¥ªâ ú�ã-¤ ¬¥â «ìë¥ ®á®¢ë ¢ëá®ª¨å â¥å®«®£¨© ¨ á®¢à¥-¬¥ëå ¬¥â®¤®¢ ä¨§¨ª¨û (£à â 24/97-¨).�¨â¥à âãà 1. �ã¤à¥¢ â®¢  �.�., �¥®£-�¨ �¨, �ãå ¤§¥ �.�. // �¥§. ¤®ª«.IX ª®ä. ¯® ä¨§¨ª¥ £ §®¢®£® à §àï¤ . �. I. �ï§ ì, 1998.�. 8.2. �¨§¡ãà£ �.�., �ãå ¤§¥ �.�. �®«ë ¢ ¬ £¨â® ªâ¨¢®©¯« §¬¥. 2-¥ ¨§¤. �.: � ãª , 1975.3. �¨¬®ä¥¥¢ �.�. // ���. 1970. 40. �. 192.�®áâã¯¨«  ¢ p¥¤ ªæ¨î29.12.99


