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��� 551.24+551.7+528.5+550.3���� �����: ���������� ��������� ������ � ���������� �����.�. �ã©ª®¢ , �.�. � § àï, �. �. � ªá¨¬®¢ (����)E-mail: chujkova@sai.msu.ru�  ®á®¢¥ á®¢à¥¬¥ëå  ¡«î¤¥¨© ¯®«ãç¥ë ¬®¤¥«¨ (¢ ¢¨¤¥ à §«®¦¥¨ï ¯® áä¥à¨ç¥áª¨¬äãªæ¨ï¬ 36 áâ¥¯¥¨) ¨ ¯à®¢¥¤¥ áâ â¨áâ¨ç¥áª¨© ¨ áà ¢¨â¥«ìë©   «¨§ áâà®¥¨ï £à ¨æà §¤¥«  §¥¬®© ª®àë. �á®¢ë¥ ç¥àâë £à ¨æ ®âà ¦ îâáï ¢ £ à¬®¨ª å 1{5 áâ¥¯¥¨. �ëá®âëíª¢¨à¥«ì¥ä  ¨ £«ã¡¨ë ¯®¢¥àå®áâ¨ M ã¤®¢«¥â¢®àïîâ £¨¯®â¥§¥ ¨§®áâ â¨ç¥áª®© ª®¬¯¥á æ¨¨à¥«ì¥ä  «¨èì ¤«ï £«®¡ «ìëå  ®¬ «¨©. � ®ª¥  å ¯®¢¥àå®áâì M ï¢«ï¥âáï ¢¥¤ãé¥©áâàãªâãà®©. �¦ â¨¥ ¯®¢¥àå®áâ¨ M á®®â¢¥âáâ¢ã¥â áª®à®áâ¨ ¢à é¥¨ï �¥¬«¨ 109 «¥â  § ¤.�®«ìè¨áâ¢® £¥®ä¨§¨ç¥áª¨å ¨§¬¥à¥¨© ¤ îâ ¨-â¥£à «ìãî ¨ä®à¬ æ¨î ®¡® ¢á¥å ®¡®«®çª å �¥¬«¨.�®íâ®¬ã ®¯à¥¤¥«¥¨¥ ¢ãâà¥¥£® áâà®¥¨ï ®â¤¥«ì-ëå á«®¥¢ ï¢«ï¥âáï á«®¦®© ¥ª®àà¥ªâ®© § ¤ ç¥©.�¤ ª® áãé¥áâ¢ã¥â ®¡®«®çª , áâà®¥¨¥ ª®â®à®© ¨§- ¢¥áâ® ¡®«¥¥ ¤®áâ®¢¥à® | §¥¬ ï ª®à . � à ¬¥âàë£à ¨æ ª®àë  å®¤ïâáï ¥¯®áà¥¤áâ¢¥®   ®á®¢¥£¥®¤¥§¨ç¥áª¨å ¨ á¯ãâ¨ª®¢ëå ¨§¬¥à¥¨© ¢ëá®â à¥«ì-¥ä  ¨ á¥©á¬¨ç¥áª¨å ¤ ëå ® ¬®àáª¨å £«ã¡¨ å ¨£«ã¡¨ å ¯®¢¥àå®áâ¨ �®å®à®¢¨ç¨ç  (M ). � á¯à¥-



56 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2¤¥«¥¨¥ ¯«®â®áâ¨ ®¯à¥¤¥«ï¥âáï ¯ãâ¥¬ ¨§¬¥à¥¨©®¡à §æ®¢ ¯®à®¤ ¨   ®á®¢¥ £à ¢¨¬¥âà¨ç¥áª¨å ¨á¥©á¬¨ç¥áª¨å ¤ ëå. �®íâ®¬ã ãâ®ç¥¨¥ £«®¡ «ì-®£® áâà®¥¨ï ª®àë ¯® ¨¬¥îé¨¬áï ¤ ë¬ ¯®§¢®«¨â¡®«¥¥  ¤¥¦® ®æ¥¨âì ¥¥ ¢ª« ¤ ¢ ¤àã£¨¥ £¥®ä¨§¨-ç¥áª¨¥  ¡«î¤¥¨ï.�á®¢ë¥ § ¤ ç¨, ¯®áâ ¢«¥ë¥ ¢ à ¡®â¥: 1) ¯®-«ãç¨âì ¬®¤¥«ì ¯®¢¥àå®áâ¨ íª¢¨¢ «¥â®£® (â. ¥.®¤®à®¤®£® ¯® ¯«®â®áâ¨) à¥«ì¥ä  ¢ ¢¨¤¥ à §«®-¦¥¨ï ¢ëá®â ¯® áä¥à¨ç¥áª¨¬ äãªæ¨ï¬ 36 áâ¥¯¥-¨; 2) ¯®«ãç¨âì ¬®¤¥«ì ¯®¢¥àå®áâ¨ £à ¨æë M ¢¢¨¤¥ à §«®¦¥¨ï £«ã¡¨ ¯® áä¥à¨ç¥áª¨¬ äãªæ¨ï¬36 áâ¥¯¥¨; 3) ¯à®¢¥áâ¨ áà ¢¨â¥«ìë© áâ â¨áâ¨ç¥-áª¨©   «¨§ ¯®«ãç¥ëå ¬®¤¥«¥© ª ª ¢ æ¥«®¬, â ª ¨¯® ®â¤¥«ì®áâ¨ ¤«ï à §«¨çëå ä®à¬ à¥«ì¥ä .1. �®¤¥«ì ¯®¢¥àå®áâ¨ íª¢¨¢ «¥â®£®à¥«ì¥ä  ¨ ¥¥ áâ â¨áâ¨ç¥áª¨©   «¨§� ¥¥  ¬¨ ¯®«ãç¥® à §«®¦¥¨¥ ¢ëá®â íª¢¨¢ -«¥â®£® à¥«ì¥ä  ¯® áä¥à¨ç¥áª¨¬ äãªæ¨ï¬ 30-©áâ¥¯¥¨ [1] ¢ ¢¨¤¥ hi('; �) = h0 + �hi + �hi , £¤¥hi('; �) | ãáà¥¤¥ë¥ ¯® 5-£à ¤ãáë¬ âà ¯¥æ¨-ï¬ ¢ëá®âë íª¢¨¢ «¥â®£® à¥«ì¥ä , h0 | áà¥¤ïï¢ëá®â  ®â®á¨â¥«ì® £¥®¨¤ , �hi = NPn=1Hn('; �) =
= NPn=1 nPm=0(Cnm cosm� + Dnm sinm�)Pnm(sin') |¢ëá®âë à¥«ì¥ä  ®â®á¨â¥«ì® áà¥¤¥£® ãà®¢ï,P nm(sin') | ®à¬¨à®¢ ë¥ ¯® � ã«  ¯®«¨®¬ë�¥¦ ¤à , �hi | ¥¢ï§ª¨  ¡«î¤¥¨©.�  áâ®ïé¥© à ¡®â¥ à §«®¦¥¨¥ [1] ¡ë«® ãâ®ç-¥® §  áç¥â ¯à¨¢«¥ç¥¨ï ®¢ëå  ¡«î¤¥¨© [2{5].�®«ãç¥ë¥ ª®íää¨æ¨¥âë à §«®¦¥¨ï ¯® N = 36¯à¨¢¥¤¥ë   ¢¥¡-á ©â¥ [6]. �è¨¡ª¨ ª®íää¨æ¨¥â®¢¢ ®á®¢®¬ ®¡ãá«®¢«¥ë ¥¯®«ë¬ ¯®ªàëâ¨¥¬ ¢á¥©�¥¬«¨ ¤ ë¬¨ ® ¯«®â®áâïå ¨ ¬®é®áâ¨ ®á ¤®ç-®£® ¯®ªà®¢  ¨ «¥¤®¢®£® ¯®ªà®¢  ¤«ï �â àªâ¨¤ë ¨�à¥« ¤¨¨. �æ¥ª¨ (¯à¨ à §«¨çëå ¢ à¨ â å § -¯®«¥¨ï ®âáãâáâ¢ãîé¨å ¤ ëå) ¯®ª §ë¢ îâ, çâ®®è¨¡ª¨ ª®íää¨æ¨¥â®¢ à §«®¦¥¨ï ¥ ¯à¥¢ëè îâ0.01 ª¬ (§  ¨áª«îç¥¨¥¬ ª®íää¨æ¨¥â  A36;36 , ª®-â®àë© ¨áª«îç¥ ¨§   «¨§ ). �á®¢ë¥ å à ªâ¥à¨á-â¨ª¨ ¬®¤¥«¨ ¯à¨¢¥¤¥ë ¢ â ¡«. 1, áâà®ª  1.�¤¥áì �r , 'r , �r å à ªâ¥à¨§ãîâ ¢¥«¨ç¨ã ¨ ¯à ¢«¥¨ï á¬¥é¥¨ï ¯®¢¥àå®áâ¨ ®â®á¨â¥«ì®£¥®¨¤ , e1; e2 | ¯®«ïà®¥ ¨ íª¢ â®à¨ «ì®¥ á¦ â¨ïí««¨¯á®¨¤   ¨«ãçè¥£® ¯à¨¡«¨¦¥¨ï, 'c , �c , �a | ¯à ¢«¥¨¥ ¥£® ¬ «®© (c) ¨ ¡®«ìè®© (a) ¯®«ã®á¥©.�à ä¨ª § ¢¨á¨¬®áâ¨ áà¥¤¥ª¢ ¤à â¨çëå § ç¥-¨© ¢ëá®â Hn ®â áâ¥¯¥¨ à §«®¦¥¨ï (à¨á. 1) ¯®ª -§ë¢ ¥â, çâ® ®á®¢ë¥ ç¥àâë íª¢¨à¥«ì¥ä  ®âà ¦ îâ-���������	
��������������¨á. 1. � ¢¨á¨¬®áâì áà¥¤¥ª¢ ¤à â¨ç¥áª¨å § ç¥¨© ¢ëá®â íª¢¨à¥«ì¥ä  Hn (1, 2) ¨ £«ã¡¨ �®å® Dn (3, 4)¢ § ¢¨á¨¬®áâ¨ ®â áâ¥¯¥¨ à §«®¦¥¨ï n : 1, 3 | ¤«ï ®ª¥ ®¢; 2, 4 | ¤«ï ¬ â¥à¨ª®¢



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2 57�   ¡ « ¨ æ   1�á®¢ë¥ å à ªâ¥à¨áâ¨ª¨ ¯®¢¥àå®áâ¥© íª¢¨¢ «¥â®£® à¥«ì¥ä  (1) ¨ �®å®à®¢¨ç¨ç  (2)h0, ª¬ �hi, ª¬ �hi, ª¬ �r, ª¬ '0r �0r e1 e2 '0c �0c �0a1 �1.66 1.50 0.18 1.07 44.0 32.2 3:21 � 10�3 0:16 � 10�3 88.3 231 87.42 �22.0 12.8 1.4 9.2 �50.5 230 4:8 � 10�3 1:1 � 10�3 81.6 68.2 20.4áï ¢ £ à¬®¨ª å áâ¥¯¥¨ n < 6 . �à¨ n > 18 à¥«ì-¥ä ¬®¦® áç¨â âì áâ â¨áâ¨ç¥áª¨ ¨§®âà®¯ë¬. �«ï®ª¥ ®¢ ¨ ¬ â¥à¨ª®¢ å à ªâ¥à® ¯ ¤¥¨¥ ¤¨á¯¥àá¨¨¯à¨ n = 2 , çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯®¤ç¨¥®áâ¨£à ¨æë ª®àë à®â æ¨®®¬ã à¥¦¨¬ã �¥¬«¨. �®¤ê¥¬¯à¨ n= 5 ¤«ï ¬ â¥à¨ª®¢ ¨ ¯à¨ n= 3; 4 ¤«ï ®ª¥ ®¢®âà ¦ ¥â à §«¨çë© å à ªâ¥àë© à §¬¥à ®á®¢ëåä®à¬ à¥«ì¥ä  (36� ¤«ï ¬ â¥à¨ª®¢ ¨ 30{45� ¤«ï®ª¥ ®¢).�  à¨á. 2 ¯®ª § ë £¨áâ®£à ¬¬ë ®â®á¨â¥«ì-ëå ¢ëá®â (�h) íª¢¨à¥«ì¥ä  ¨ £«ã¡¨ (�d) ¯®-¢¥àå®áâ¨ M . �¨¤® ç¥âª®¥ à §¤¥«¥¨¥   ¤¢¥®¡« áâ¨: ®ª¥ ¨ç¥áª ï | ®â®á¨â¥«ìë¥ ¢ëá®âë�h < �0:3 ª¬ (s = 0:57 â¥àà¨â®à¨¨ �¥¬«¨, áà¥¤-ïï ¢ëá®â  �h = �1:09 ª¬) ¨ ¬ â¥à¨ª®¢ ï |�h > 0:7 ª¬ (s = 0:36 â¥àà¨â®à¨¨, áà¥¤ïï ¢ëá®â ���������	
���������¨á. 2. �¨áâ®£à ¬¬ë ®â®á¨â¥«ìëå ¢ëá®â �h íª¢¨à¥«ì-¥ä  (1) (¢ áª®«ì§ïé¥¬ ®ª¥ ®áà¥¤¥¨ï 0.3 ª¬) ¨ £«ã¡¨�d ¯®¢¥àå®áâ¨ M (2, 3) (®ª® ®áà¥¤¥¨ï 3 ª¬): 2 | ¤«ï¢á¥© �¥¬«¨; 3 | ¤«ï ¯«®é ¤®ª, ¯®ªàëâëå  ¡«î¤¥¨ï¬¨£«ã¡¨. (�®à¬¨à®¢ª  ®â®á¨â¥«ì® s= 1 )

�h = 1:73 ª¬). �¥à¥å®¤ ï §®  å à ªâ¥à¨§ã¥âáï®â®á¨â¥«ìë¬¨ ¢ëá®â ¬¨ �h = (�0:3� 0:7) ª¬ ¨§ ¨¬ ¥â ®ª®«® 7% â¥àà¨â®à¨¨ �¥¬«¨.2. �®¤¥«ì ¯®¢¥àå®áâ¨ �®å®à®¢¨ç¨ç ¨ ¥¥ áà ¢¨â¥«ìë©   «¨§�«ï ¯®«ãç¥¨ï ¬®¤¥«¨ ¯®¢¥àå®áâ¨ M ¢ ¢¨¤¥à §«®¦¥¨ï £«ã¡¨ d ¯® áä¥à¨ç¥áª¨¬ äãªæ¨ï¬36 áâ¥¯¥¨  ¬¨ ¡ë«¨ ¨á¯®«ì§®¢ ë â¥ ¦¥ á¥©á¬¨-ç¥áª¨¥  ¡«î¤¥¨ï, çâ® ¨ ¢ à ¡®â å [7, 8], ãâ®ç-¥ë¥ ¨ ¤®¯®«¥ë¥ §  áç¥â ®¢ëå  ¡«î¤¥¨©,£« ¢ë¬ ®¡à §®¬ ¢ �â àªâ¨¤¥ [9]. �¡« áâì ¯®ªàë-â¨ï ¯®¢¥àå®áâ¨ M ¯ïâ¨£à ¤ãáë¬¨ âà ¯¥æ¨ï¬¨,¤«ï ª®â®àëå ¨§¢¥áâë ¤ ë¥ á¥©á¬¨ç¥áª¨å  ¡«î-¤¥¨©, à ¢  76% (87% | ¤«ï á¥¢¥à®£® ¯®«ãè -à¨ï, 65% | ¤«ï î¦®£®, 78% | ¤«ï ¬ â¥à¨ª®¢,74% | ¤«ï ®ª¥ ®¢). �â  ®¡« áâì ¥áª®«ìª® ¬¥ìè¥,ç¥¬ ¢ ¯à¥¤ë¤ãé¥© ¬®¤¥«¨ 1996 £., ¯®áª®«ìªã §¤¥áì¥ ¯à¨¢«¥ç¥ë ¨â¥à¯®«¨à®¢ ë¥ à¥§ã«ìâ âë ¤«ï�â àªâ¨¤ë ¨ ®ªàã¦ îé¨å ¬®à¥©.� á¨«ã ®âáãâáâ¢¨ï ¤ ëå   24% â¥àà¨â®à¨¨�¥¬«¨, ¥«ì§ï ¡¥§ ¯à¥¤¢ à¨â¥«ìëå ¨áá«¥¤®¢ ¨©¨á¯®«ì§®¢ âì â®â ¦¥ ¬¥â®¤   «¨§ , çâ® ¨ ¢ [7]. � à -¡®â¥ [7] âà ¯¥æ¨¨, £¤¥ ¥â  ¡«î¤¥¨©, § ¯®«ï«¨áì¯ãâ¥¬   «¨â¨ç¥áª®£® ¯à®¤®«¦¥¨ï ¬®¤¥«¨ ¯®¢¥àå-®áâ¨, ¯®«ãç¥®© ¯® ¨§¢¥áâë¬ ¤ ë¬. �¤ ª® è¥ ¨áá«¥¤®¢ ¨¥  ¢â®ª®àà¥«ïæ¨®ëå äãªæ¨©¤«ï ®áà¥¤¥ëå £«ã¡¨ ¯®¢¥àå®áâ¨ M ¯®ª § «®¬ «ãî ª®àà¥«ïæ¨î (k < 0:5) ¬¥¦¤ã â®çª ¬¨ á ã£«®-¢ë¬ à ááâ®ï¨¥¬ ¡®«ìè¨¬, ç¥¬ 10� , ¨ ¯®«®¥ ®âáãâ-áâ¢¨¥ ª®àà¥«ïæ¨¨ (k �= 0) ¤«ï à ááâ®ï¨© ¡®«ìè¨å25� . �®íâ®¬ã ¯à®áâ®¥   «¨â¨ç¥áª®¥ ¯à®¤®«¦¥¨¥¬®¤¥«¨ ¯®¢¥àå®áâ¨ M   à ááâ®ï¨ï, ¡®«ìè¨¥ ç¥¬10� , ¬®¦¥â ¤ âì ¥¤®áâ®¢¥àãî ¨ä®à¬ æ¨î.� æ¥«ìî ¯à¥¤¢ à¨â¥«ì®£® ¯à®£®§  § ç¥¨©£«ã¡¨ ¯®¢¥àå®áâ¨ M ¢ ¥¨áá«¥¤®¢ ëå à¥£¨® å¨á¯®«ì§®¢ «¨áì áâ â¨áâ¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã ¢ëá®â -¬¨ à¥«ì¥ä  ¨ £«ã¡¨ ¬¨ M . �«ï à¥£¨®®¢, ¯®ªàë-âëå  ¡«î¤¥¨ï¬¨, ¡ë«¨ ®¯à¥¤¥«¥ë § ¢¨á¨¬®áâ¨¬¥¦¤ã ®â®á¨â¥«ìë¬¨ § ç¥¨ï¬¨ �d £«ã¡¨ M(®â®á¨â¥«ì® áà¥¤¥£® § ç¥¨ï d0 = 22 ª¬) ¨¢ëá®â �h íª¢¨à¥«ì¥ä  (®â®á¨â¥«ì® áà¥¤¥£® § -ç¥¨ï h0 = �1:66 ª¬) ¯® ¤¢ã¬ à §«¨çë¬ ¢ë¡®àª ¬:1, 2 | ¢ë¡®àª  ¯® à¥«ì¥äã, 3, 4 | ¯® ¯®¢¥àå®-áâ¨ M . �§ à¨á. 3 ¢¨¤®, çâ® å à ªâ¥à § ¢¨á¨¬®áâ¨à §«¨ç¥ ¤«ï à §ëå à¥£¨®®¢ ¨ ¢ë¡®à®ª. � «ì-¥©è¨¥ ¨áá«¥¤®¢ ¨ï ¯®§¢®«¨«¨ à §¤¥«¨âì à¥£¨®ëá ¤®áâ â®ç® ¥¤¨®© ä®à¬®© à¥£à¥áá¨¢®© á¢ï§¨:1) áà¥¤¨®-®ª¥ ¨ç¥áª¨¥ åà¥¡âë; 2) ä« £¨ åà¥¡â®¢(�h > �1:8 ª¬, �d < �9 ª¬); 3) ®ª¥ ¨ç¥áª¨¥
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�����¨á. 3. � ¢¨á¨¬®áâ¨ �d(�h) | ªà¨¢ë¥ 1, 2 ¨ �h(�d) |ªà¨¢ë¥ 3, 4: 1, 3 | ¤«ï ¢á¥© �¥¬«¨; 2, 4 | ¤«ï ¯«®é ¤®ª,¯®ªàëâëå  ¡«î¤¥¨ï¬¨ £«ã¡¨ª®â«®¢¨ë, ¯à¨¬ëª îé¨¥ ª åà¥¡â ¬ (�h 6�1:8 ª¬,�d < �9 ª¬); 4) ®áâ «ìë¥ ®ª¥ ¨ç¥áª¨¥ ª®â«®¢¨-ë (�h 6 �1:8 ª¬, �d > �9 ª¬); 5) ¯¥à¥å®¤ë¥§®ë ®ª¥ ®¢ (�h > �1:8 ª¬, 0 > �d > �9 ª¬);6) ¯à¨¡à¥¦ ï §®  ¬ â¥à¨ª®¢ (�h > �1:8 ª¬,7 ª¬ > �d > 0); 7) ¯« âä®à¬ë (�h 6 3:2 ª¬,15 ª¬ > �d > 7 ª¬); 8) ¯« âä®à¬ë (�h 6 3:2 ª¬,25 ª¬ > �d > 15 ª¬); 9) ¯« âä®à¬ë (�h 6 3:2 ª¬,�d > 25 ª¬); 10) ¢ëá®ª®£®àì¥ (�h > 3:2 ª¬).�â â¨áâ¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ¤«ï ¢ë¤¥«¥ëå à¥-£¨®®¢ ®¯à¥¤¥«¥ë   ®á®¢¥ «¨¥©®© äãªæ¨¨à¥£à¥áá¨¨: Y = AX +B + " , £¤¥ X = �h , Y = �d ,

A = Ahd , B = Bhd | ¯à¨ ®¯à¥¤¥«¥¨¨ § ¢¨á¨¬®áâ¨£«ã¡¨ ¯®¢¥àå®áâ¨ M ®â ¢ëá®â à¥«ì¥ä  (à¥£à¥áá¨ï�d   �h) ; X =�d , Y = �h , A= Adh , B = Bdh |¯à¨ ®¯à¥¤¥«¥¨¨ § ¢¨á¨¬®áâ¨ ¢ëá®â à¥«ì¥ä  ®â£«ã¡¨ ¯®¢¥àå®áâ¨ M (à¥£à¥áá¨ï �h   �d).� â ¡«. 2 ¯à¨¢¥¤¥ë áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨á-â¨ª¨ ¤«ï ¢ë¤¥«¥ëå à¥£¨®®¢,   â ª¦¥ ¢ áà¥¤¥¬¤«ï ¬ â¥à¨ª®¢ (�h > 0; �d > 0) ¨ ¤«ï ®ª¥ ®¢(�h < 0; �d < 0) . �¤¥áì K = pAhdAdh | ª®íä-ä¨æ¨¥â ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¢ëá®â ¬¨ à¥«ì¥ä  ¨£«ã¡¨ ¬¨ ¯®¢¥àå®áâ¨ M ¢ãâà¨ ª ¦¤®£® à¥£¨® ,Kl = XYpX2Y 2 | ª®íää¨æ¨¥â ª®àà¥«ïæ¨¨ ¤«ï à¥£¨®-  ¢ æ¥«®¬ (l= 1; 10).�§ â ¡«. 2 ¢¨¤®, çâ® å®âï ãáà¥¤¥ë¥ ¯® à¥-£¨® ¬ £«ã¡¨ë ¯®¢¥àå®áâ¨ M ¨ ¢ëá®âë à¥«ì-¥ä  å®à®è® ª®àà¥«¨àãîâ ¬¥¦¤ã á®¡®© ¤«ï ¢á¥åà¥£¨®®¢ (Kl > 0:75) §  ¨áª«îç¥¨¥¬ ¯à¨¡à¥¦®©§®ë (Kl = 0:4), ®¤ ª® ¢ãâà¨ ª ¦¤®£® à¥£¨® â ª ï ª®àà¥«ïæ¨ï ¢¥áì¬  ¬ «  (K < 0:56) ¨ ¤ ¦¥áâ ®¢¨âáï ®âà¨æ â¥«ì®© ¤«ï ä« £®¢ åà¥¡â®¢, ®ª¥- ¨ç¥áª¨å ª®â«®¢¨ ¨ ¢ áà¥¤¥¬ ¤«ï ®ª¥ ®¢.�®£à¥è®áâì  ¯¯à®ªá¨¬ æ¨¨ £«ã¡¨ ¯®¢¥àå®áâ¨M   ®á®¢¥ äãªæ¨¨ à¥£à¥áá¨¨ ¥ ¯à¥¢®áå®¤¨â®è¨¡®ª ¨áå®¤ëå ¤ ëå ("�d 6 3:7 ª¬ ¤«ï ¢á¥åà¥£¨®®¢ ªà®¬¥ ¢ëá®ª®£®àìï). �¤ ª® ¥á«¨ ¤«ï à¥-£¨®®¢ l = 5� 8 (�10 ª¬ <�d 6 25 ª¬) ®¯à¥¤¥«ïâìäãªæ¨¨ à¥£à¥áá¨¨   ®á®¢¥ ¢ë¡®àª¨ ¯® à¥«ì¥äã, â®à¥§ã«ìâ âë  ¯¯à®ªá¨¬ æ¨¨ ãåã¤è âáï: 5) ¯¥à¥å®¤-ë¥ §®ë ®ª¥ ®¢ (0>�h > �1:8 ª¬); "�d = 4:9 ª¬;6) ¯à¨¡à¥¦ë¥ §®ë ¬ â¥à¨ª®¢ (0:8 ª¬ > �h > 0) ,"�d = 5:8 ª¬; 7) ¯« âä®à¬ë (1:4 ª¬ >�h > 0:8 ª¬),"�d = 7:1 ª¬; 8) ¯« âä®à¬ë (3:2 ª¬ >�h > 1:4 ª¬),"�d = 6:1 ª¬.�âáî¤  á«¥¤ã¥â, çâ® ¤«ï íâ¨å à¥£¨®®¢, § ¨-¬ îé¨å ®ª®«® 70% â¥àà¨â®à¨¨ �¥¬«¨, ¨¬¥® ¯®-¢¥àå®áâì M ®¯à¥¤¥«ï¥â ¯®¢¥¤¥¨¥ à¥«ì¥ä , â. ¥.ï¢«ï¥âáï ¢¥¤ãé¥© áâàãªâãà®©. �®íâ®¬ã ¤«ï à¥£¨®-�   ¡ « ¨ æ   2�â â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ à¥£¨®®¢ �¥¬«¨à¥£¨®ë �h; ª¬ �d; ª¬ Ahd Bhd; ª¬ Adh Bdh; ª¬ "�d; ª¬ K Kl �d�h sl1 �0.44 �11.5 0.84 �11.16 0.019 �0.22 2.5 0.13 0.76 26.1 0.03062 �1.04 �11.3 �0.69 �12.06 �0.110 �2.29 1.2 �0.28 0.88 10.9 0.19823 �2.15 �11.0 �0.83 �12.76 �0.105 �3.30 0.9 �0.29 0.98 5.1 0.01194 �2.04 �5.8 �4.87 �15.75 �0.022 �2.17 3.7 �0.33 0.80 2.9 0.02855 �0.77 �6.1 1.21 �5.16 0.151 0.15 2.1 0.43 0.75 4.8 0.16346 0.37 3.3 0.40 3.14 0.067 0.15 2.2 0.16 0.40 1.9 0.06897 1.38 11.4 0.61 10.56 0.066 0.63 2.4 0.20 0.86 6.8 0.11718 1.85 19.6 0.49 18.70 0.025 1.36 2.6 0.11 0.95 10.3 0.10399 1.85 28.9 0.18 28.58 0.009 1.59 3.2 0.04 0.93 14.4 0.014410 4.42 29.5 4.34 10.33 0.071 2.32 7.2 0.56 0.97 6.7 0.0138®ª¥  �1.09 �9.4 �0.69 �10.13 �0.025 �1.32 3.0 �0.13 0.83 8.6 0.43¬ â¥à¨ª 1.73 14.5 5.32 5.34 0.073 0.67 6.1 0.62 0.92 8.4 0.32



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2 59�������������������������������������������������������������¨á. 4. �«ã¡¨ë �d ¯®¢¥àå®áâ¨ �®å®à®¢¨ç¨ç  ®â®á¨â¥«ì® áà¥¤¥£® ãà®¢ï d0 = 22 ª¬. �¥ç¥¨¥ ¨§®«¨¨© |5 ª¬. � â¥¬¥ë ¯«®é ¤ª¨, £¤¥ ¨¬¥îâáï  ¡«î¤¥¨ï



60 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2®¢ l = 5 � 8 £«ã¡¨ë ¯®¢¥àå®áâ¨ M ¢ ¬¥áâ å,¥ ¯®ªàëâëå  ¡«î¤¥¨ï¬¨, ®¯à¥¤¥«ï«¨áì ¬¥â®¤®¬¯®á«¥¤®¢ â¥«ìëå ¯à¨¡«¨¦¥¨©. � ç «    ®á®¢¥¢ë¡®àª¨ ¯® à¥«ì¥äã ®¯à¥¤¥«ï«¨áì £«ã¡¨ë ¯®¢¥àå-®áâ¨ M . � â¥¬ íâ¨ £«ã¡¨ë ¥áª®«ìª® à § ¯¥à¥-®¯à¥¤¥«ï«¨áì   ®á®¢¥ ¢ë¡®àª¨ ¯® ¯®¢¥àå®áâ¨ M¤® ¤®áâ¨¦¥¨ï ¬ ªá¨¬ã¬  áå®¤¨¬®áâ¨ à¥§ã«ìâ â®¢ ¯¯à®ªá¨¬ æ¨¨. �ïâ¨£à ¤ãáë¥ âà ¯¥æ¨¨,   ª®â®-àëå ®âáãâáâ¢®¢ «¨  ¡«î¤¥¨ï, § ¯®«ï«¨áì § -ç¥¨ï¬¨ £«ã¡¨ ¯®¢¥àå®áâ¨ M , ¯®«ãç¥ë¬¨  ®á®¢¥ äãªæ¨¨ ¯àï¬®© à¥£à¥áá¨¨ �d   �h . �®á«¥íâ®£® ¯à®¨§¢®¤¨«®áì à §«®¦¥¨¥ £«ã¡¨ di ¯® â®© ¦¥¬¥â®¤¨ª¥, çâ® ¨ ¤«ï à¥«ì¥ä : di('; �) = d0+�di+�di ,£¤¥ �di = NPn=1Dn('; �) .�à¥¤¥ª¢ ¤à â¨ç¥áª¨¥ ®è¨¡ª¨ ª®íää¨æ¨¥â®¢¯à¨ à §«¨çëå ¢ à¨ â å § ¯®«¥¨ï ®âáãâáâ¢ãî-é¨å ¤ ëå (ªà®¬¥ äãªæ¨¨ à¥£à¥áá¨¨  ¬¨ ¨á-¯®«ì§®¢ «¨áì ¨ ¤àã£¨¥ ¢ à¨ âë § ¯®«¥¨ï  ®á®¢¥ ¯®«ãç¥®© ¬®¤¥«¨ à §«®¦¥¨ï,   â ª¦¥  ®á®¢¥ áâ¥¯¥ëå  £àã§®çëå ª®íää¨æ¨¥â®¢)¥ ¯à¥¢ëè îâ 0.1 ª¬ (A36;36 ¨§   «¨§  ¨áª«î-ç «áï). �®«ãç¥ë¥ ª®íää¨æ¨¥âë ¯à¨¢¥¤¥ë  ¢¥¡-á ©â¥ [6]. � àâ  £«ã¡¨ ¯®¢¥àå®áâ¨ M , ¯®-áâà®¥ ï ®â®á¨â¥«ì® áà¥¤¥£® ãà®¢ï   ®á®¢¥à §«®¦¥¨ï, ¯à¨¢¥¤¥    à¨á. 4. �á®¢ë¥ å à ª-â¥à¨áâ¨ª¨ ¬®¤¥«¨ ¯à¨¢¥¤¥ë ¢ â ¡«. 1, áâà®ª  2.

�à ¢¥¨¥ á à¥§ã«ìâ â ¬¨   «¨§  íª¢¨à¥«ì¥ä  ¯®-ª §ë¢ ¥â: 1) á¬¥é¥¨¥ ¯®¢¥àå®áâ¨ M ®â®á¨â¥«ì-® â®çª¨ á¨¬¬¥âà¨¨ á íª¢¨à¥«ì¥ä®¬ (' = �44:0� ,� = 212:2�) á®áâ ¢«ï¥â 18:9� ª î£®-¢®áâ®ªã. �®-áª®«ìªã ¢ ¢ëá®â å £¥®¨¤  ®âáãâáâ¢ãîâ £ à¬®¨-ª¨ ¯¥à¢®© áâ¥¯¥¨, â® á¬¥é¥¨¥ ¯®¢¥àå®áâ¨ M¤®«¦® ª®¬¯¥á¨à®¢ âìáï ¢ ¡®«¥¥ £«ã¡®ª¨å á«®-ïå �¥¬«¨; 2) ¯®«ïà®¥ á¦ â¨¥ ¯®¢¥àå®áâ¨ ¬ -â¨¨ § ç¨â¥«ì® ¯à¥¢ëè ¥â £¨¤à®áâ â¨ç¥áª®¥ á¦ -â¨¥ (e0 = 3:3 � 10�3 ), á®®â¢¥âáâ¢ãîé¥¥ á®¢à¥¬¥®©áª®à®áâ¨ ¢à é¥¨ï �¥¬«¨ ! = 7:3 � 10�11 à ¤/á.� ª®¬ã ã¢¥«¨ç¥¨î á¦ â¨ï ¢ á«ãç ¥ £¨¤à®áâ â¨ç¥-áª®£® à ¢®¢¥á¨ï á®®â¢¥âáâ¢ã¥â ã¢¥«¨ç¥¨¥ áª®à®áâ¨¢à é¥¨ï �!! = e1�e02e0 � 0:23 . �á¯®«ì§ãï à áç¥âë ®§ ¬¥¤«¥¨¨ áª®à®áâ¨ ¢à é¥¨ï ¯® ¯ «¥®¤ ë¬ § 440 ¬« «¥â ( _! =�5 � 10�22 à ¤/á2 , [10]) ¨ ¯®« £ ï,çâ® ¢ áà¥¤¥¬ §  ¢à¥¬ï ¥®£¥ï íâ® § ¬¥¤«¥¨¥ ®á¨«®«¨¥©ë© å à ªâ¥à [11], ¯®«ãç¨¬, çâ® ¢à¥¬ï, ª®£¤ ¬ â¨ï ¯à¨®¡à¥«  á¢®¥ á®¢à¥¬¥®¥ á¦ â¨¥, à ¢®�t = �!_! � �109 «¥â, â. ¥.  ç «® ¥®£¥ï. �®« £ ï¢à¥¬ï à¥« ªá æ¨¨ �t ¨ ¬®¤ã«ì á¤¢¨£  ¤«ï ¬ â¨¨� = 1011 �  [12], ¯®«ãç¨¬ ®æ¥ªã ¤«ï ¢ï§ª®áâ¨ ¬ -â¨¨ � = 3 � 1027 �  � á, çâ® á®®â¢¥âáâ¢ã¥â ¢ï§ª®áâ¨â¢¥à¤®£®, ¥ ¯®¤¤ îé¥£®áï ¯« áâ¨ç¥áª¨¬ ¤¥ä®à¬ -æ¨ï¬ §  ¢à¥¬ï t <�t â¥«  �ãª . �®«ãç¥ ï ®æ¥ª ¤«ï ¢ï§ª®áâ¨ ¬ â¨¨ ¤®¢®«ì® á¨«ì® ®â«¨ç ¥âáï ®â§ ç¥¨© 1021 � 1025 �  � á, ¯®«ãç¥ëå   ®á®¢¥���������	
��������������¨á. 5. �®íää¨æ¨¥âë ¯àï¬®© (1, 2) ¨ ®¡à â®© (3, 4) à¥£à¥áá¨¨ (Ahd;Adh ) ¨ ª®àà¥«ïæ¨¨ K (5, 6) ¢ § ¢¨á¨¬®áâ¨®â ª®¥ç®© áâ¥¯¥¨ à §«®¦¥¨ï N : 1, 3, 5 | ¤«ï ®ª¥ ®¢, 2, 4, 6 | ¤«ï ¬ â¥à¨ª®¢



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2003. ò2 61®æ¥ª¨ áª®à®áâ¨ ¯®á«¥«¥¤¨ª®¢ëå ¯®¤ïâ¨© (¤«ï¢ï§ª®áâ¨ ¢¥àå¥© ¬ â¨¨) ¨ ¢¥ª®¢®£® § ¬¥¤«¥¨ï¢à é¥¨ï �¥¬«¨ (¤«ï ¢ï§ª®áâ¨ ¨¦¥© ¬ â¨¨). �¤- ª® ¯à¨à®¤ã £«ïæ¨®¨§®áâ §¨¨ ¬®¦® ®¡êïá¨âì [13]¥§ ç¨â¥«ìë¬¨ £®à¨§®â «ìë¬¨ ¯¥à¥â¥ª ¨ï¬¨á¥à¯¥â¨¨â®¢ ¢ ¨¦¥© ç áâ¨ ª®àë,   ¢®¢á¥ ¥ «¨ç¨¥¬ ¢ ¢¥àå¥© ¬ â¨¨  áâ¥®áä¥à®£® á«®ï,ª®â®àë© ª â®¬ã ¦¥ ®âáãâáâ¢ã¥â ¯®¤ �¥®áª -¤¨¥© ¨ �  ¤®©. � ¢¥ª®¢®¥ § ¬¥¤«¥¨¥ ¢à é¥¨ï�¥¬«¨ á¢ï§ ®, ¯®-¢¨¤¨¬®¬ã, á ¯à®æ¥áá ¬¨ ¯à¨«¨¢-®£® â®à¬®¦¥¨ï ¢ §¥¬®© ª®à¥. �â¬¥â¨¬, çâ® ¢®â«¨ç¨¥ ®â ¬ â¨¨, á¦ â¨¥ ¢¥è¥© £à ¨æë ª®àë®¤®à®¤®© ¯«®â®áâ¨ ¯à ªâ¨ç¥áª¨ á®®â¢¥âáâ¢ã¥â£¨¤à®áâ â¨ç¥áª®¬ã á¦ â¨î, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®å®à®è¥© ¯« áâ¨ç®áâ¨ ¨«¨ à¥®«®£¨ç¥áª®© ®á« ¡-«¥®áâ¨ ª®àë; 3) áà ¢¥¨¥ £¨áâ®£à ¬¬   à¨á. 2¯®ª §ë¢ ¥â ¨å áå®¤®¥ ¯®¢¥¤¥¨¥ ¯à¨ n 6 6 , çâ®¯®¤â¢¥à¦¤ ¥â  «¨ç¨¥ á¢ï§¨ h $ d ¤«ï £«®¡ «ì-ëå ¥®¤®à®¤®áâ¥© à¥«ì¥ä . �¡ íâ®¬ ¦¥ á¢¨¤¥-â¥«ìáâ¢ã¥â ¨ áà ¢¥¨¥ £à ä¨ª®¢ ª®íää¨æ¨¥â®¢ª®àà¥«ïæ¨¨ K ¨ ª®íää¨æ¨¥â®¢ ¯àï¬®© ¨ ®¡à â-®© à¥£à¥áá¨¨ Ahd ¨ Adh ¤«ï à §«®¦¥¨© à §«¨ç-®© áâ¥¯¥¨ N = 1 � 36 (à¨á. 5). �¨¤® § ¬¥â-®¥ ¯ ¤¥¨¥ K ¨ ã¬¥ìè¥¨¥ á¢ï§¨ h $ d ¯à¨¢ª«îç¥¨¨ ¢ à §«®¦¥¨¥ £ à¬®¨ª ¡®«¥¥ ¢ëá®ª¨åáâ¥¯¥¥©, ®á®¡¥® ¢ëà ¦¥®¥ ¤«ï ®ª¥ ¨ç¥áª¨å®¡« áâ¥©. �§ à¨á. 5 ¢¨¤® â ª¦¥, çâ® ¢ ®ª¥  å¯®¢¥àå®áâì M ï¢«ï¥âáï ¢¥¤ãé¥© áâàãªâãà®© ¤«ïà §«®¦¥¨ï áâ¥¯¥¨ N < 30 . �«ï ¬ â¥à¨ª®¢ ª®íä-ä¨æ¨¥âë ¯àï¬®© ¨ ®¡à â®© à¥£à¥áá¨¨ ¯à ªâ¨ç¥áª¨á®¢¯ ¤ îâ ¤«ï à §«®¦¥¨ï «î¡®© áâ¥¯¥¨; 4)  £¨áâ®£à ¬¬¥ ®â®á¨â¥«ìëå £«ã¡¨ ¯®¢¥àå®áâ¨ M(à¨á. 2) ¬®¦® ç¥âª® ¢ë¤¥«¨âì ®ª¥ ¨ç¥áªãî ®¡-« áâì �d < �5 ª¬. � ®â«¨ç¨¥ ®â à¥«ì¥ä  §¤¥áì¥â ®¤®§ ç® ¢ëà ¦¥®£® ¯¨ª  ¤«ï ¬ â¥à¨ª®¢ëå®¡« áâ¥©. � ®ª¥ ¨ç¥áª®© ®¡« áâ¨ ¢ë¤¥«ï¥âáï ¯¨ª¯à¨ �d = �11 � 1 ª¬ (áà¥¤¨ë¥ ®ª¥ ¨ç¥áª¨¥åà¥¡âë, ä« £¨ ¨ ¯à¨¬ëª îé¨¥ ª ¨¬ ª®â«®¢¨ë,£«ã¡¨  ¯®¢¥àå®áâ¨ M � 11�1 ª¬); 5) ¥á«¨ ¯à¨ïâì£¨¯®â¥§ã, çâ® ¢ áà¥¤¥¬ ¤«ï ®ª¥ ®¢ ¨ ¤«ï ¬ â¥à¨ª®¢  £«ã¡¨¥ ¯®¢¥àå®áâ¨ M ®áãé¥áâ¢«ï¥âáï ¨§®-áâ â¨ç¥áª ï ª®¬¯¥á æ¨ï ¬ áá à¥«ì¥ä  ¯«®â®áâ¨� = 2:67 £/á¬3 , â® á«¥¤ã¥â ¯à¨ïâì áª ç®ª ¯«®â®áâ¨  ¯®¢¥àå®áâ¨ M �� = (0:31� 0:32) £/á¬3 . �â®§ ç¥¨¥ ¯®«ãç¥®   ®á®¢¥ á®®â®è¥¨© �d�h = 8:6¤«ï ®ª¥ ®¢ ¨ 8.4 ¤«ï ¬ â¥à¨ª®¢. �¤ ª® ¥á«¨ áà ¢-¨âì íâ¨ ¦¥ á®®â®è¥¨ï ¤«ï ®â¤¥«ìëå à¥£¨®®¢(á¬. â ¡«. 2), â® ¢¨¤®, çâ® ®¨ ¬¥ïîâáï ¢ ¤¨ ¯ §®¥®â 1.9 (¤«ï ¯à¨¡à¥¦ëå §® ¬ â¥à¨ª®¢) ¤® 26.1 (¤«ïáà¥¤¨®-®ª¥ ¨ç¥áª¨å åà¥¡â®¢). �âáî¤  á«¥¤ã¥âª ª ¥¯®« ï ¨§®áâ â¨ç¥áª ï ª®¬¯¥á æ¨ï ¤«ï íâ¨åà¥£¨®®¢, â ª ¨ ®â«¨ç¨¥ ¯«®â®áâ¥© ª®àë ¨ ¬ â¨¨®â áà¥¤¥£® § ç¥¨ï.
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