
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 81��� 624.131.4������� ��������{������������� ���������� ����������{��������������� ���������������� ���������� �� ����,O.A. ������� �¥å­®«®£¨ç¥áª¨© ã­¨¢¥àá¨â¥â ¨¬. �¨¬ �¥ª , ����,���¨¥¢áª¨© � æ¨®­ «ì­ë© �­¨¢¥àá¨â¥â "���", �¨¥¢�®«ãç¥­® 25.02.2003� ¯àï¦¥­­®{¤¥ä®à¬¨à®¢ ­­®¥ á®áâ®ï­¨¥ £®à­®£® ¬ áá¨¢  ®¯à¥¤¥«ï¥âáï ä¨§¨ª®{¬¥å ­¨ç¥áª¨¬¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì,ã¯àã£¨¬¨ á¢®©áâ¢ ¬¨ ¯®à®¤, £«ã¡¨­®© § «¥£ ­¨ï ®â ¯®¢¥àå­®áâ¨ ¨ ®á®¡¥­­®áâï¬¨ «¨â®«®£®{â¥ªâ®­¨ç¥áª®£® áâà®-¥­¨ï. � § ¢¨á¨¬®áâ¨ ®â å à ªâ¥à  áâàãªâãà­®© ­ àãè¥­­®áâ¨ ¬ áá¨¢  â¥ªâ®­¨ç¥áª¨¬¨ ¯à®æ¥áá ¬¨ ¢ ­¥¬ ¬®£ãâ®¡à §®¢ë¢ âìáï ®ç £¨ ¯®¢ëè¥­­®© ª®­æ¥­âà æ¨¨ ­ ¯àï¦¥­¨©, ¨ ¯à¨ ­ «¨ç¨¨ ®¡­ ¦¥­¨© ¢¡«¨§¨ íâ¨å ®ç £®¢ ¢®§-¬®¦­ë à §àãè¥­¨ï ¯®à®¤ë ¢ ®¡ê¥¬¥ ®ç £  á ¢ëá¢®¡®¦¤¥­¨¥¬ í­¥à£¨¨ ¢ ä®à¬¥ ¤¢¨¦¥­¨ï £®à­®© ¯®à®¤ë ¢ ­ ¯à ¢«¥-­¨¨ ®¡­ ¦¥­¨ï ¨ ¢ ¢¨¤¥ á¥©á¬¨ç¥áª¨å ª®«¥¡ ­¨©, ¤®áâ¨£ îé¨å ¯®¢¥àå­®áâ¨. �â® ï¢«¥­¨¥, ­ §ë¢ ¥¬®¥ £®à­ë¬ ¨«¨â¥ªâ®­¨ç¥áª¨¬ ã¤ à®¬, ¢ë§ë¢ ¥â à §àãè¥­¨¥ ¨ ¯®¢à¥¦¤¥­¨¥ ¯®¤§¥¬­ëå ¢ëà ¡®â®ª ¨ ®ª §ë¢ ¥â ¢à¥¤­®¥ ¢®§¤¥©-áâ¢¨¥ ­  ¯®¢¥àå­®áâ­ë¥ ®¡ê¥ªâë. � áâ âì¥ ¨§«®¦¥­ë ªà¨â¥à¨¨ í­¥à£¥â¨ç¥áª®© ®æ¥­ª¨ £®à­®£® (â¥ªâ®­¨ç¥áª®£®)ã¤ à  ¨ á¯®á®¡ë à áç¥â  ¯ à ¬¥âà®¢ á¥©á¬¨ç¥áª¨å ¢®«­.�àã¦­®{¤¥ä®à¬®¢ ­¨© áâ ­ £iàáìª®£® ¬ á¨¢ã ¢¨§­ ç õâìáï äi§¨ª®{¬¥å ­iç­¨¬¨, ã ¯¥àèã ç¥à£ã, ¯àã¦­¨¬¨ ¢« áâ¨-¢®áâï¬¨ ¯®ài¤, £«¨¡¨­®î § «ï£ ­­ï ¢i¤ ¯®¢¥àå­i â  ®á®¡«¨¢®áâï¬¨ «iâ®«®£®{â¥ªâ®­iç­®ù ¡ã¤®¢¨. � § «¥¦­®áâi ¢i¤å à ªâ¥àã áâàãªâãà­®£® ¯®àãè¥­­ï ¬ á¨¢ã â¥ªâ®­iç­¨¬¨ ¯à®æ¥á ¬¨ ¢ ­ì®¬ã ¬®¦ãâì ãâ¢®àî¢ â¨áï ¢®£­¨é  ¯i¤¢¨-é¥­¨å ª®­æ¥­âà æi© ­ ¯àã£ i ¯à¨ ­ ï¢­®áâi ¯®¡«¨§ã ®£®«¥­ì ¬®¦«¨¢¥ àã©­ã¢ ­­ï ¯®à®¤¨ §i §¢i«ì­¥­­ï¬ ¥­¥à£iù ¢ä®à¬i àãåã £iàáìª®ù ¯®à®¤¨ ¢ ­ ¯àï¬ªã ¢i«ì­®£® ¯à®áâ®àã,   â ª®¦ ã ¢¨£«ï¤i á¥©á¬iç­¨å ª®«¨¢ ­ì, é® ¤®áï£ îâì¯®¢¥àå­i §¥¬«i. �¥ ï¢¨é¥, ­ §¢ ­¥ £iàáìª¨¬  ¡® â¥ªâ®­iç­¨¬ ã¤ à®¬, ¢¨ª«¨ª õ àã©­ã¢ ­­ï ¯i¤§¥¬­¨å ¢¨à®¡®ªâ  §¤i©á­îõ ­¥£ â¨¢­¨© ¢¯«¨¢ ­  ¯®¢¥àå­¥¢i ®¡'õªâ¨. � áâ ââi ¢¨ª« ¤¥­i ªà¨â¥àiù ¥­¥à£¥â¨ç­®ù ®æi­ª¨ £iàáìª®£®(â¥ªâ®­÷ç­®£®) ã¤ àã ÷ ¬¥â®¤¨ ®¡à åã¢ ­­ï ¯ à ¬¥âà÷¢ á¥©á¬÷ç­¨å å¢¨«ìThe stress{strain state of a rock massif is determined by physico{mechanical, �rst of all, by elastic properties of rocks, adepth of occuring from a surface and features of a lithological{tectonic structure. The centers of the increased concentrationof stresses can be formed in a massif depending on character of structural disruption of tectonic processes. At presenceof free surfaces near these centers there are possible the rock destructions in the volume of this center with an energyreleasing in the form of rock movement in a direction of free surface and as seismic vibrations reaching earth surface.This phenomenon named as rock or tectonic impact causes destruction and damage of underground mines and also exertsharmful in
uence on surface objects. In the work the criteria of a power estimation of the rock (tectonic) impact and theways of determination of seismic wave parameters are presented.���������ë¥¬ª  ¯®«¥§­®£® ¨áª®¯ ¥¬®£® ¯®¤§¥¬­ë¬ á¯®-á®¡®¬ á ®¡à §®¢ ­¨¥¬ ¯ãáâ®â á®¯à®¢®¦¤ ¥âáïá¤¢¨¦¥­¨¥¬ ¯®à®¤, ¤®å®¤ïé¨å ¤® ¤­¥¢­®© ¯®¢¥àå-­®áâ¨, ¢ë§ë¢ ï ¥¥ ®á¥¤ ­¨¥. �®ç¢  ¯®¤ ¯®¢¥àå-­®áâ­ë¬¨ §¤ ­¨ï¬¨ ¨ ¯à¨à®¤­ë¬¨ ®¡ê¥ªâ ¬¨ (¢®-¤®¥¬ ¬¨, ¡¥à¥£ ¬¨ à¥ª, £®à­ë¬¨ áª«®­ ¬¨) ¨á¯ë-âë¢ ¥â ¤¥ä®à¬ æ¨¨, ¯à¨¢®¤ïé¨¥ ª à §àãè¥­¨îíâ¨å ®¡ê¥ªâ®¢. �á®¡® ®¯ á­ë íâ¨ ¯à®æ¥ááë ¢ á®-ç¥â ­¨¨ á á¥©á¬¨ç¥áª¨¬ ¤¥©áâ¢¨¥¬ ¢§à¢ë­ëå à -¡®â, §¥¬«¥âàïá¥­¨© ¨«¨ £®à­ëå ã¤ à®¢. �®á«¥¤-­¨¥ ®¯ á­ë ª ª ¤«ï ¯®¤§¥¬­ëå ¢ëà ¡®â®ª, â ª ¨¤«ï ¯®¢¥àå­®áâ­ëå §¤ ­¨© ¨ á®®àã¦¥­¨©, ¯à¨ç¥¬¨­â¥­á¨¢­®áâì ¨ ª®«¨ç¥áâ¢® ã¤ à®¢ á ã¢¥«¨ç¥­¨-¥¬ £«ã¡¨­ë ¢®§à áâ ¥â. �®à­ë¥ ã¤ àë ï¢«ïîâ-áï á«¥¤áâ¢¨¥¬ ­ ª®¯«¥­¨ï ã¯àã£®© í­¥à£¨¨ ¢ëè¥®¯à¥¤¥«¥­­ëå ªà¨â¨ç¥áª¨å §­ ç¥­¨© ¨ ¥¥ ¢ëá¢®-¡®¦¤¥­¨ï ¢ ¢¨¤¥ ª¨­¥â¨ç¥áª®© á®áâ ¢«ïîé¥© ¤¢¨-
¦¥­¨ï à §àãè¥­­®© ¢ ­ ¯à ¢«¥­¨¨ ®¡­ ¦¥­¨ï ¯®-à®¤ë ¨ ã¯àã£¨å á¥©á¬¨ç¥áª¨å ¢®«­ à §«¨ç­®© ¨­-â¥­á¨¢­®áâ¨.� ª¨¬ ®¡à §®¬, ¤«ï ¯à®£­®§¨à®¢ ­¨ï £®à­®£®ã¤ à  ¨ ¥£® ¤¨­ ¬¨ç¥áª¨å ¨ í­¥à£¥â¨ç¥áª¨å ¯ à -¬¥âà®¢ ­¥®¡å®¤¨¬® à áá¬ âà¨¢ âì ­ ¯àï¦¥­­®{¤¥ä®à¬¨à®¢ ­­®¥ á®áâ®ï­¨¥ ¬ áá¨¢  ¢ à ©®­¥ ¢¥-¤¥­¨ï £®à­ëå à ¡®â á ãç¥â®¬ «¨â®«®£¨ç¥áª¨å ¨â¥ªâ®­¨ç¥áª¨å ®á®¡¥­­®áâ¥© á æ¥«ìî ¢ëï¢«¥­¨ï§®­ ¯®¢ëè¥­­®© ª®­æ¥­âà æ¨¨ ­ àï¦¥­¨© ª ª ¯®-â¥­æ¨ «ì­ëå ®ç £®¢ £®à­®£® ã¤ à . �­¥à£¥â¨ç¥-áª¨¥ ¯ à ¬¥âàë £®à­®£® ã¤ à  ¢ ­ ¨¡®«ìè¥© ¬¥-à¥ § ¢¨áïâ ®â ¯à®ç­®áâ­ëå ¨ ã¯àã£¨å á¢®©áâ¢¯®à®¤,   â ª¦¥ ®â £«ã¡¨­ë § «¥£ ­¨ï ¯®à®¤ë¨ «¨â®«®£¨ç¥áª®£® áâà®¥­¨ï. �á®¡® ®¯ á­ë¬¨ï¢«ïîâáï ¬¥áâ  ª®­æ¥­âà æ¨¨ ã¯àã£®© í­¥à£¨¨ ¢à ©®­¥ £®à­®{â¥ªâ®­¨ç¥áª¨å ­ àãè¥­¨©, å à ª-â¥à¨§ãîé¨¥áï ­¥à ¢­®¬¥à­ë¬¨ £à ¢¨â æ¨®­­®{â¥ªâ®­¨ç¥áª¨¬¨ ¯®«ï¬¨ ­ ¯àï¦¥­¨©.c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 811. ����������� ��������� ������� ���������� ¯àï¦¥­­®{¤¥ä®à¬¨à®¢ ­­®¥ á®áâ®ï­¨¥ í«¥-¬¥­â  £®à­®£® ¬ áá¨¢  § ¢¨á¨â ®â £«ã¡¨­ë § «¥£ -­¨ï � ®â ¯®¢¥àå­®áâ¨ ¨ ®¯¨áë¢ ¥âáï ¢ á®áâ®ï­¨¨à ¢­®¢¥á¨ï ¤¢ã¬ï á¨áâ¥¬ ¬¨ ãà ¢­¥­¨© �P = 0¨ �M = 0,   ¢ ®¡é¥¬ ¢¨¤¥ â¥­§®à ¬¨ ­ ¯àï¦¥-­¨© �n ¨ ¤¥ä®à¬ æ¨© � ¤, á®áâ®ïé¨å ¨§ è à®¢®©(T 0� ; T 0¤ ) ¨ ¤¥¢¨ ¡¥à­®© (D�; D¤) ç áâ¥©.�à¨ à¥è¥­¨¨ ¯à¨ª« ¤­ëå § ¤ ç ç áâ® ¨á¯®«ì-§ãîâ ¢¥«¨ç¨­ã, ­ §ë¢ ¥¬ãî ¨­â¥­á¨¢­®áâìî ª -á â¥«ì­ëå �i ¨ ­®à¬ «ì­ëå �i ­ ¯àï¦¥­¨©,�i =pJ2 (D�); �i = p3�i;£¤¥ J 2 { ¢â®à®© ¨­¢ à¨ ­â ¤¥¢¨ â®à . �  à¨á. 1¯à¨¢¥¤¥­  áå¥¬  á¨«®¢®£® ¯®«ï, ¤¥©áâ¢ãîé¥£® ­ í«¥¬¥­â ¬ áá¨¢  ­  £«ã¡¨­¥ �. �¥«¨ç¨­  £« ¢­ëå­ ¯àï¦¥­¨© ¢ ­¥­ àãè¥­­®¬ ¬ áá¨¢¥ ¯à¨ âà¥å®á-
�¨á. 1. � ¯àï¦¥­­®¥ á®áâ®ï­¨¥ ¯®à®¤ë¢ ­¥­ àãè¥­­®¬ ¬ áá¨¢¥ ­  £«ã¡¨­¥ H:pz { ¢¥àâ¨ª «ì­®¥, px; py { £®à¨§®­â «ì­ë¥ ¤ ¢«¥­¨ï­®¬ ­ £àã¦¥­¨¨ ®¯à¥¤¥«ï¥âáï ¨§ ¢ëà ¦¥­¨©�1 = pz = 
 � gH; (1)�2 = �3 = �1m� 1 ; (2)£¤¥ � { £«ã¡¨­  à áá¬ âà¨¢ ¥¬®£® í«¥¬¥­â  ¯®-à®¤ë; á { ¯«®â­®áâì ¯®à®¤ë; g { ãáª®à¥­¨¥ á¨«ëâï¦¥áâ¨; m { äã­ªæ¨ï �ã áá®­ , â. ¥. ¢¥«¨ç¨­ ,®¡à â­ ï ª®íää¨æ¨¥­âã �ã áá®­  (m = 1/�).

� ª®­®¬¥à­®áâì ­ à áâ ­¨ï ¬¥â®áâ â¨ç¥áª¨å£« ¢­ëå ­ ¯àï¦¥­¨© á £«ã¡¨­®© ¢¨¤­  ¨§ à¨á. 2,  § ¢¨á¨¬®áâì äã­ªæ¨¨ �ã áá®­  m ®â ¤ ¢«¥­¨ï¯à¨¢¥¤¥­  ­  à¨á. 3. �®®â­®è¥­¨ï (1), (2) ¨ § ¢¨-á¨¬®áâ¨, ¯à¨¢¥¤¥­­ë¥ ­  à¨á. 2 ¨ 3, ª ª ã¦¥ ®â-¬¥ç «®áì ¢ëè¥, á¯à ¢¥¤«¨¢ë ¤«ï ãá«®¢¨© ­¥­ àã-è¥­­®£® ¬ áá¨¢  ¨ ¯à¨ ®âáãâáâ¢¨¨ â¥ªâ®­¨ç¥áª¨å ­®¬ «¨©. � ª ç¥áâ¢¥ ¯à¨¬¥à  ¢ â ¡«. 1 ¯à¨¢®¤ïâ-
�¨á. 2. � ¢¨á¨¬®áâì ¤ ¢«¥­¨ï ®â £«ã¡¨­ë ¢­¥­ àãè¥­­®¬ «¨â®áâ â¨ç¥áª®¬ á®áâ®ï­¨¨áï ¤ ­­ë¥ § ¢¨á¨¬®áâ¨ m ®â £«ã¡¨­ë § «¥£ ­¨ï ¢¤¨ ¯ §®­¥ 122{1200 ¬ ¤«ï à §­ëå ¬ â¥à¨ «®¢ ª à-¡®­ â­®© «¨â®«®£¨ç¥áª®© ä®à¬ æ¨¨ ¢ ãª § ­­ëåãá«®¢¨ïå.� ¡«. 1. �­ ç¥­¨¥ m ¤«ï à §«¨ç­ëå ¯®à®¤ ¨ £«ã¡¨­§ «¥£ ­¨ï�®à®¤  �­ ç¥­¨ï m ¯à¨ £«ã¡¨­¥ H, ¬122 620 1200�¥áç ­¨ª 20 9 4�« ­¥æ 12 7 3.5�£®«ì 3 2.5 2� ®¡é¥¬ á«ãç ¥ £®à¨§®­â «ì­ë¥ ­ ¯àï¦¥­¨ï ¢à ¢­®¢¥á­®¬ á®áâ®ï­¨¨, á®£« á­® [1], ¡ã¤ãâpx = py = �pz ; (3)£¤¥ � = 1:135� 0:556tg':�̄ àã£ ï ¤¥ä®à¬ æ¨ï ®¯¨áë¢ ¥âáï á®£« á­®®¡®¡é¥­­®¬ã § ª®­ã �ãª  á«¥¤ãîé¨¬ ¢ëà ¦¥­¨-¥¬: "z = 1� � � 2�21� � � pz: (4)74 � ­ �­ �®ª, �.�. �®¢ª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 81
�¨á. 3. �§¬¥­¥­¨¥ äã­ªæ¨¨ �ã áá®­  ¢ § ¢¨á¨¬®áâ¨®â £«ã¡¨­ë ¢ «¨â®áä¥à¥ ¢ ­®à¬ «ì­®¬«¨â®«®£¨ç¥áª®¬ á®áâ®ï­¨¨ [1]2. ����������� ���������������� ��� ������������������������à¨ ­ «¨ç¨¨ â¥ªâ®­¨ç¥áª¨å ­ àãè¥­¨©, ª ª,­ ¯à¨¬¥à, ­  à¨á. 4, ª àâ¨­  ­ ¯àï¦¥­­®{¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï ¡ã¤¥â ¨­®©. � ª¢¨¤­® ¨§ à¨á. 5, í«¥¬¥­â ¯®à®¤ë ¬®¦¥â ­ å®¤¨âìáï¢ ¤¢ãå â¥ªâ®­¨ç¥áª¨å á®áâ®ï­¨ïå: ¢á¥áâ®à®­­¥£®

�¨á. 4. �å¥¬  ­ ¯àï¦¥­­®£® á®áâ®ï­¨ï¯à¨ ­ «¨ç¨¨ â¥ªâ®­¨ç¥áª¨å ­ àãè¥­¨©:a { ¢á¥áâ®à®­­¥¥ á¦ â¨¥,b { à áâï¦¥­¨¥ ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨á¦ â¨ï (à¨á. 5, a) ¨ à áâï¦¥­¨ï ¢ £®à¨§®­â «ì­®¬­ ¯à ¢«¥­¨¨ (à¨á. 5, b). �à¨ íâ®¬ £®à¨§®­â «ì­ë¥­ ¯àï¦¥­¨ï ¬®£ãâ ¢® ¬­®£® à § ¯à¥¢ëè âì ¢¥àâ¨-ª «ì­ë¥.�ëá®ª ï  á¨¬¬¥âà¨ç¥áª ï «¨â®«®£¨ç¥áª ï ­ -¯àï¦¥­­®áâì ¬®¦¥â ¡ëâì ®¤­®© ¨§ ¯à¨ç¨­£®à­®{â¥ªâ®­¨ç¥áª®£® ã¤ à , ¢®§­¨ª îé¥£® ¢á«¥¤-áâ¢¨¥ ª®­æ¥­âà æ¨¨ ­ ¯àï¦¥­¨©. �®¤ £®à­®{â¥ªâ®­¨ç¥áª¨¬ ã¤ à®¬ ¯®¤à §ã¬¥¢ îâ ¬®é­®¥ ¤¨-­ ¬¨ç¥áª®¥ ¯à®ï¢«¥­¨¥ £®à­®£® ¤ ¢«¥­¨ï ¢ ¢¨-¤¥ ¬£­®¢¥­­®£® à §àãè¥­¨ï ¯®à®¤ë ¢ £«ã¡¨­¥

¬ áá¨¢  ¨ ¢ë§ë¢ îé¥¥ åàã¯ª®¥ à §àãè¥­¨¥ áâ¥-­®ª ¯®à®¤ë ¢ ¢ëà ¡®âª å ¨ æ¥«¨ª å. �®à­®{â¥ªâ®­¨ç¥áª¨© ã¤ à á®¯à®¢®¦¤ ¥âáï á¨«ì­ë¬ á®-âàïá¥­¨¥¬ ¬ áá¨¢  á ¢®§¡ã¦¤¥­¨¥¬ á¥©á¬¨ç¥-áª¨å ¢®«­ §­ ç¨â¥«ì­®© ¨­â¥­á¨¢­®áâ¨, ¤®áâ¨-£ îé¨å ¯®¢¥àå­®áâ¨. �­¥à£¥â¨ç¥áª¨© ãà®¢¥­ì£®à­®{â¥ªâ®­¨ç¥áª®£® ã¤ à  ­ å®¤¨âáï ¢ ¯à¥¤¥« å�n = 108 { 1012 �¦. � â ¡«. 2 ¯à¨¢¥¤¥­ë ¯à¨¬¥-àë £®à­®{â¥ªâ®­¨ç¥áª¨å ã¤ à®¢ ¨ ¨å å à ªâ¥à¨-áâ¨ª . � ¬ áá¨¢ å ¬¥áâ®à®¦¤¥­¨©, £¤¥ ¥áâì ã£à®-§  £®à­®{â¥ªâ®­¨ç¥áª¨å ã¤ à®¢, ¤¥©áâ¢ãîâ à¥§-ª® ­¥à ¢­®¬¥à­ë¥ ¯® ­ ¯à ¢«¥­¨ï¬ ¢ ¯à®áâà ­-áâ¢¥ £à ¢¨â æ¨®­­®{â¥ªâ®­¨ç¥áª¨¥ ¯®«ï ­ ¯àï¦¥-­¨©, ¢ ª®â®àëå ¢¥àâ¨ª «ì­ ï ª®¬¯®­¥­â  £« ¢­ëå­ ¯àï¦¥­¨© ï¢«ï¥âáï ­ ¨¬¥­ìè¥© ¯®  ¡á®«îâ­®©¢¥«¨ç¨­¥. �¨ £­®áâ¨ª  íâ¨å ï¢«¥­¨© áâà®¨âáï­  ¨§ãç¥­¨¨ ­ ¯àï¦¥­­®£® á®áâ®ï­¨ï ¯®à®¤ ¢ ­¥-âà®­ãâ®¬ ¬ áá¨¢¥ ¨ ¢®ªàã£ ¢ëà ¡®â®ª á ãç¥â®¬á¢®©áâ¢ ¯®à®¤ ¨ â¥ªâ®­¨ç¥áª¨å ­ àãè¥­¨©. �â­®-á¨â¥«ì­® á¢®©áâ¢ ¯®à®¤ ¢ ¦­ë¬ ä ªâ®à®¬ ï¢«ï-¥âáï ¨å ã¯àã£®áâì (â. ¥. ¢ëá®ª¨© ¬®¤ã«ì ¤¥ä®à-¬ æ¨¨) ¨ áª«®­­®áâì ª åàã¯ª®¬ã à §àãè¥­¨î. � à¨á. 6 ¯à¨¢¥¤¥­ë á®®â­®è¥­¨ï � � "; å à ªâ¥à¨-§ãîé¨¥ íâ® á¢®©áâ¢® â ª¨¬¨ á®®â­®è¥­¨ï¬¨:kåà = �á¦�à ; k¤¥ä = "ã¯à"®¡é ; (5)£¤¥ kªåà { ª®íää¨æ¨¥­â åàã¯ª®áâ¨; k¤¥ä { ª®íää¨-æ¨¥­â ¤¥ä®à¬ æ¨¨; �á¦; �à { ¯à®ç­®áâì ¯®à®¤ ­ á¦ â¨¥ ¨ à áâï¦¥­¨¥; "ã¯à; "®¡é { ã¯àã£ ï ¨ ®¡é ï¤¥ä®à¬ æ¨¨.� ¨¡®«ìèãî ®¯ á­®áâì ¯à¥¤áâ ¢«ïîâ ®ç £¨,ä®à¬¨àãîé¨¥áï ¢ åàã¯ª¨å ¯®à®¤ å, á®®â¢¥âáâ¢ã-îé¨å ªà¨¢®© a ­  à¨á. 6, ¢ â® ¢à¥¬ï ª ª ¢ ¯®à®¤ åá ¬®¤ã«¥¬ ã¯àã£®áâ¨ 2.104 ��  ¨ ¬¥­ìè¥ ¨§¡ë-â®ç­ë¥ £®à¨§®­â «ì­ë¥ ­ ¯àï¦¥­¨ï «¨¡® ­¥§­ -ç¨â¥«ì­® ¢ëè¥ «¨â®áâ â¨ç¥áª¨å ­ ¯àï¦¥­¨© 
�,«¨¡® ¢®®¡é¥ ®âáãâáâ¢ãîâ. � ­ ¨¡®«ìè¥© ¬¥à¥ íâ®á®®â¢¥âáâ¢ã¥â ªà¨¢®© c ­  à¨á. 6 ¨ ç áâ¨ç­® ªà¨-¢®© b. � â® ¦¥ ¢à¥¬ï, ­  ®¤­®¬ ¨§  ¯ â¨â®¢ëåàã¤­¨ª®¢ �®áá¨¨ ¢ ¯®à®¤ å á ¬®¤ã«¥¬ ã¯àã£®áâ¨� � 8 �104��  ­ ¡«î¤ «¨áì ¨§¡ëâ®ç­ë¥ £®à¨§®­-â «ì­ë¥ ­ ¯àï¦¥­¨ï, ¢ 10{20 à § ¯à¥¢ëè îé¨¥¢¥àâ¨ª «ì­ë¥ «¨â®áâ â¨ç¥áª¨¥.�à¨ ­ «¨ç¨¨ ¢ ¬ áá¨¢¥ ®¡­ ¦¥­¨©, ¢ ç áâ­®-áâ¨, £®à¨§®­â «ì­ëå ¢ëà ¡®â®ª ªàã£«®£® á¥ç¥-­¨ï (à¨á. 7), ­ ¯àï¦¥­­®¥ á®áâ®ï­¨¥ ®¯à¥¤¥«ï¥âáï®ªàã¦­ë¬ �t, à ¤¨ «ì­ë¬ �r ¨ ª á â¥«ì­ë¬ � ­ -¯àï¦¥­¨ï¬¨. �¥«¨ç¨­  ®ªàã¦­®£® ­ ¯àï¦¥­¨ï ¢®¡é¥¬ ¢¨¤¥ ­ å®¤¨âáï ª ª�t = pz(1 + 2 cos 2'); (6)� ­ �­ �®ª, �.�. �®¢ª 75
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�¨á. 5. �¢  ­ ¯àï¦¥­­ëå â¥ªâ®­¨ç¥áª¨å á®áâ®ï­¨ï:a { ¢á¥áâ®à®­­¥¥ á¦ â¨¥, b { à áâï¦¥­¨¥ ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨� ¡«. 2. � à ªâ¥à¨áâ¨ª  í­¥à£¨¨ ¨ ¯ à ¬¥âà®¢ ®ç £®¢ £®à­®{â¥ªâ®­¨ç¥áª¨å ã¤ à®¢�¥áâ®¯®«®¦¥­¨¥ ã¤ à  �­¥à£¨ï, �¦ �¨¤¨¬ë© ¯®¯¥à¥ç­ë© �«ã¡¨­  ®ç £ , ¬à §¬¥à ®ç £®¢®© ®¡« áâ¨, ¬�¨à®¢áª¨©  ¯ â¨â®¢ë©àã¤­¨ª (�®áá¨ï) 1012 1100 500� åâ  "�ã§¡ ááª ï"î¦­®{ãà «ìáª®£® ¡®ªá¨â®¢®£® 1010{1011 650 400àã¤­¨ª  (�®áá¨ï)� åâ  "�¬¡®§¥à®""�¥¢à¥¤¬¥â" (�®áá¨ï) 109 200 350�¥¢¥à®ãà «ìáª¨© ¡®ªá¨â®¢ë©àã¤­¨ª (�®áá¨ï) 3.2 �108 40{100 600� åâ  "Czeczott"¢ à ©®­¥ �¥àã­ï (�®«ìé ), 2�109 { {(5.05.1992 £)� åâ  "Lubin"è åâ®{ã¯à ¢«¥­¨ï ZGOM 2.5�1010 ¬ £­¨âã¤  M > 4.5 {(30.03.1977)¯à¨ ' = 00 �t = pz2 �2 + a2r2 + 3a4r4� ; (7)¯à¨ ' = 900 �t = pz2 �1� 3a2r2� a2r2 : (8) � ¤¨ «ì­ë¥ ­ ¯àï¦¥­¨ï ¡ã¤ãâ á®®â¢¥âáâ¢¥­­®�0r = 3pz2 �1� a2r2� a2r2 ; (9)�90r = pz2 �2� 5a2r2 + 3a4r4� : (10)� á â¥«ì­ë¥ ­ ¯àï¦¥­¨ï ¢ ®¡®¨å á«ãç ïå à ¢-­ë ­ã«î.�à¨ ' = 45076 � ­ �­ �®ª, �.�. �®¢ª
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�¨á. 6. �å¥¬ â¨ç¥áª¨© £à ä¨ª äã­ªæ¨¨ � = f(")¤«ï £®à­ëå ¯®à®¤ á à §«¨ç­ë¬¨ á¢®©áâ¢ ¬¨:a) åàã¯ª¨å, b) ¯®«ãåàã¯ª¨å, c) ¯®¤ â«¨¢ëå(¯®«ã¯« áâ¨ç­ëå), p1; p2; p3 { ¯à®ç­®áâì ¯®à®¤ë
�¨á. 7. � àâ¨­  ­ ¯àï¦¥­­®£® á®áâ®ï­¨ï ¬ áá¨¢ ¢®ªàã£ £®à¨§®­â «ì­®© ¢ëà ¡®âª¨ à ¤¨ãá®¬ a¢ ¯«®áª®áâ¨ CDEF:pz; px { ¢¥àâ¨ª «ì­ ï, £®à¨§®­â «ì­ ï ª®¬¯®­¥­âëá®®â¢¥âáâ¢¥­­®� = pz2 �2 + a2r2 � 3a4r4� : (11)� ªá¨¬ «ì­®¥ §­ ç¥­¨¥ � ¡ã¤¥â ­  à ááâ®ï­¨¨r = ap3 ®â æ¥­âà  ¢ëà ¡®âª¨ ¨ á®áâ ¢¨â�max = 23pz: (12)

� ¤¨ «ì­ë¥ ­ ¯àï¦¥­¨ï ¢ íâ®¬ á«ãç ¥ ¡ã¤ãâ�45r = pz2 �1� a2r2� ; (13)a ®ªàã¦­ë¥ { �45t = pz2 �2 + a2r2� : (14)�« ¢­ë¥ ­ ¯àï¦¥­¨ï �1;2, á®£« á­® ¢ëà ¦¥­¨©(6){(14), ¬®£ãâ ¡ëâì ¯®«ãç¥­ë ¯® ä®à¬ã«¥�1;2 = 12 (�z + �t)� 12q(�t � �r)2 + 4�2: (15)�à¨ §­ ç¥­¨¨ ª®íää¨æ¨¥­â  åàã¯ª®áâ¨ kåà¡®«ìè¥ 10 ¨ � > 0:8�á¦ (� { ­ ¯àï¦¥­¨¥, ¤¥©áâ¢ã-îé¥¥ ¢¡«¨§¨ ª®­âãà  ¢ëà ¡®âª¨ ¨«¨ æ¥«¨ª ) ¬®-£ãâ ¢®§­¨ª âì áâà¥«ï­¨¥ ¨ £®à­ë¥ ã¤ àë, ¯®íâ®¬ã­¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ªà¨â¥à¨¨ ®æ¥­ª¨ ¢¥à®ïâ-­®áâ¨ íâ¨å ï¢«¥­¨© ¨ ¯à®£­®§¨à®¢ ­¨ï ¢¥à®ïâ­®-áâ¨ ¨å ¢®§­¨ª­®¢¥­¨ï. �¥ «¨§ æ¨ï íâ®£® á®¡ëâ¨ï¢®§¬®¦­  «¨èì ¯à¨ ãá«®¢¨¨ ­ ª®¯«¥­¨ï ã¯àã£®©í­¥à£¨¨ ¢ëè¥ ®¯à¥¤¥«¥­­ëå ªà¨â¨ç¥áª¨å §­ ç¥-­¨© ¨ á®§¤ ­¨ï ãá«®¢¨© ¤«ï ¥¥ ¢ëá¢®¡®¦¤¥­¨ï, ¢ç áâ­®áâ¨, ¯«®áª®áâ¨ ®¡­ ¦¥­¨ï. �á«¨ ¨§¢¥áâ­ëáª®à®áâ¨ ¯à®¤®«ì­ëå Vp ¨ ¯®¯¥à¥ç­ëå Vs ¢®«­,  â ª¦¥ ¯«®â­®áâì ¯®à®¤ë �, â® ¤¨­ ¬¨ç¥áª¨¥ ¬®¤ã-«¨ ã¯àã£®áâ¨ E¤ ¨ ª®íää¨æ¨¥­â �ã áá®­  �¤ ¬®£ãâ¡ëâì ®¯à¥¤¥«¥­ë á«¥¤ãîé¨¬ ®¡à §®¬:E¤ = 2V 2s � �(1 � �); �¤ = V 2p � 2V 2s2(V 2p � V 2s ) ; (16)£¤¥ � = "x="y.�­¥à£¨ï ã¯àã£¨å ¤¥ä®à¬ æ¨© � ¬®¦¥â ¡ëâì­ ©¤¥­  ¢ ¢¨¤¥ ¯®â¥­æ¨ «ì­®© í­¥à£¨¨ ¯® ãà ¢-­¥­¨î �« ¯¥©à®­ :� = 12��x � "x + �y � "y + �z � "z + �xy � �xy++�yz � �yz + �zx � �zx�: (17)�âã í­¥à£¨î ¬®¦­® ¯®¤à §¤¥«¨âì ­  í­¥à£¨î®¡ê¥¬­®© ¤¥ä®à¬ æ¨¨ �0 ¨ í­¥à£¨î ä®à¬®¨§¬¥-­¥­¨ï �� , ª®â®à ï ¬®¦¥â ¡ëâì ¢ëà ¦¥­  ç¥à¥§­ ¯àï¦¥­¨ï ¢ ¢¨¤¥:� = �0 +�� = 1� 2�6E �(�x + �y + �z)2�++1 + �6E �(�x � �y)2 + (�y � �z)2 + (�z � �x)2++(�2xy + �2yz + �2zx)�; (18)� ­ �­ �®ª, �.�. �®¢ª 77



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 81  ç¥à¥§ £« ¢­ë¥ ­ ¯àï¦¥­¨ï �1; �2; �3 á®®â­®è¥-­¨ï (18) ¬®£ãâ ¡ëâì § ¯¨á ­ë ª ª�0= 1� 2�6E ��21 + �22 + �23++(�1 � �2 + �2 � �3 + �3 � �1)�; (19)�� = 1 + �6E �(�1 � �2)2++(�2 � �3)2 + (�3 � �1)2�: (20)�§ á®®â­®è¥­¨© (18) ¨ (19) ¢¨¤­®, çâ® ¯à¨� �! 0.5 í­¥à£¨ï ®¡ê¥¬­®© ¤¥ä®à¬ æ¨¨ áâà¥-¬¨âáï ª ­ã«î. �«¨ï­¨¥ ¢á¥£® ª®¬¯«¥ªá  £®à­®{â¥å­¨ç¥áª¨å ä ªâ®à®¢ ­  ã¤ à®®¯ á­®¥ á®áâ®ï­¨¥¬ áá¨¢  ¬®¦­® ®¯¨á âì, ¨á¯®«ì§ãï á«¥¤ãîé¨¥ ¯ -à ¬¥âàë: � { ¬®¤ã«ì á¯ ¤  í­¥à£¨¨ ¢ ®ç £¥ £®à-­®£® ã¤ à ; � { ¬®¤ã«ì ã¯àã£®áâ¨ ¯®à®¤, ®ªàã-¦ îé¨å ®ç £ à §àãè¥­¨ï; � { à §¬¥à §®­ë § -¯à¥¤¥«ì­®£® ¤¥ä®à¬¨à®¢ ­¨ï, § ¢¨áïé¥© ®â à §-¬¥à®¢ ¢ëà ¡®â ­­®£® ¯à®áâà ­áâ¢ . �«ï ®¤¨­®ç-­®© ¢ëà ¡®âª¨ â ª¨¬ å à ªâ¥à­ë¬ à §¬¥à®¬ ¡ã-¤¥â ¥¥ ¢ëá®â  h ¨«¨ ¤¨ ¬¥âà a. C®®â­®è¥­¨¥¯¥à¢ëå ¤¢ãå ¢¥«¨ç¨­ å à ªâ¥à¨§ã¥â í­¥à£®®¡¬¥­¬¥¦¤ã ®ç £®¬ £®à­®£® ã¤ à  ¨ ¢¬¥é îé¨¬¨ ¯®à®-¤ ¬¨. � §¬¥à §®­ë § ¯à¥¤¥«ì­®£® ¤¥ä®à¬¨à®¢ -­¨ï ï¢«ï¥âáï ¯à®£­®§­®© ¢¥«¨ç¨­®© ­  ¯à¥¤¬¥â ¢¥-à®ïâ­®£® à §àãè¥­¨ï ¯à¨ £®à­®¬ ã¤ à¥, â. ¥. à -¤¨ãá®¬ ®ç £ . � ª®¬¯«¥ªá¥ á®ç¥â ­¨¥ ¢á¥å íâ¨å ¯ -à ¬¥âà®¢ ¯®§¢®«ï¥â £®¢®à¨âì ® á¨«¥ £®à­®£® ã¤ -à .�  ®á­®¢ ­¨¨ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ­ -¬¨  ­ «¨§¨àã¥âáï ¢«¨ï­¨¥ ¯¥à¥ç¨á«¥­­ëå ¯ à -¬¥âà®¢ ­  ã¤ à®®¯ á­®¥ á®áâ®ï­¨¥ ªà ¥¢ëå ç -áâ¥© ¬ áá¨¢ . �æ¥­¨âì ­  ¯à ªâ¨ª¥ ã¤ à®®¯ á-­®áâì ¬ áá¨¢  ¯® ¥£® ¤¥ä®à¬ æ¨®­­ë¬ á¢®©áâ¢ ¬¢ ­ áâ®ïé¥¥ ¢à¥¬ï ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬¯® â¥å­¨ç¥áª¨¬ ¯à¨ç¨­ ¬. �®áâ â®ç­® ­ ¤¥¦­®-¬ã ¨­áâàã¬¥­â «ì­®¬ã ¨§¬¥à¥­¨î ®­¨ ¯®¤¤ îâáïâ®«ìª® ¢ « ¡®à â®à­ëå ãá«®¢¨ïå,   ¯à ªâ¨ç¥áª®¥¯à¨¬¥­¥­¨¥ ­ å®¤ïâ ¯à¨ ª ç¥áâ¢¥­­®© ®æ¥­ª¥ ã¤ -à®®¯ á­®áâ¨ ¯®à®¤.�®á«¥ ®á¬ëá«¨¢ ­¨ï à®«¨ § ¯à¥¤¥«ì­ëå å à ª-â¥à¨áâ¨ª ¢ â¥®à¨¨ £®à­ëå ã¤ à®¢ ­ ¨¡®«¥¥ ¨­ä®à-¬ â¨¢­ë¬ ¯®ª § â¥«¥¬ á«¥¤ã¥â áç¨â âì ª®íää¨-æ¨¥­â ã¤ à®®¯ á­®áâ�̈ = ME : (21)�®à®¤  áç¨â ¥âáï ã¤ à®®¯ á­®© ¯à¨ � >1.�® à¥§ã«ìâ â ¬ ¨á¯ëâ ­¨ï ¯®à®¤ ¨§ áª¢ ¦¨­,¯à®¡ãà¥­­ëå ­  £«ã¡¨­ å 1105{1245 ¬, á®£« á­®

ªà¨â¥à¨î (21), ¬®¦­® á¤¥« âì ¢ë¢®¤ ® â®¬, çâ®¯®à®¤ë, ¯à®ï¢«ïîé¨¥ ã¤ à®®¯ á­ë¥ á¢®©áâ¢  (à®-£®¢¨ª¨,  «ì¡¨â¨âë, ¦¥«¥§­ ï àã¤  ¨ ª¢ àæ¨âë), ¯®¤ ­­ë¬ íªá¯¥à¨¬¥­â  ¨¬¥îâ ª®íää¨æ¨¥­â ã¤ à®-®¯ á­®áâ¨ � > 3. �®¢ëè¥­¨¥ ¯®à®£  ®¯ á­®áâ¨ ¢­ âãà­ëå ãá«®¢¨ïå ®¡êïá­ï¥âáï ¢®§à áâ ­¨¥¬ ¤®-«¨ ¯« áâ¨ç¥áª®© ¤¥ä®à¬ æ¨¨ ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨ªà ¥¢ëå ç áâ¥© ¬ áá¨¢  ¯® áà ¢­¥­¨î á ¤¥ä®à¬¨-à®¢ ­¨¥¬ ®¡à §æ  ¯®¤ ¯à¥áá®¬, çâ® ¯à¨ ¯à®ç¨åà ¢­ëå ãá«®¢¨ïå ¯®¢ëè ¥â í­¥à£®¥¬ª®áâì à §àã-è ¥¬®£® ®¡ê¥¬  ¬ â¥à¨ « .�®«ãç¥­­ë© ªà¨â¥à¨© ®¯ á­®áâ¨ à á¯à®áâà ­ï-¥âáï ­  ¢ëà ¡®âª¨, ¯à®å®¤¨¬ë¥ ¢­¥ §®­ë ¢«¨ï­¨ï®ç¨áâ­ëå à ¡®â. � §®­¥ ¢«¨ï­¨ï ®ç¨áâ­ëå à ¡®â,ª®£¤  ¯à¨â®ª í­¥à£¨¨ ¢ ¢¥à®ïâ­ë© ®ç £ à §àãè¥-­¨ï ¡ã¤¥â ®¯à¥¤¥«ïâìáï ­¥ â®«ìª® ¢­ãâà¥­­¨¬ á®-áâ®ï­¨¥¬ ¬ áá¨¢  ¢ ¥áâ¥áâ¢¥­­®¬ § «¥£ ­¨¨, ­® ¨¢ ­¥ ¬¥­ìè¥© áâ¥¯¥­¨ £¥®¬¥âà¨¥© ¢ëà ¡®â ­­ëå¯à®áâà ­áâ¢, ¯®à®£ ®¯ á­®áâ¨ ¬®¦¥â ¡ëâì á­¨-¦¥­.� ¤®áâ®¨­áâ¢ ¬ ª®íää¨æ¨¥­â  ã¤ à®®¯ á­®áâ¨� á«¥¤ã¥â ®â­¥áâ¨ ¢®§¬®¦­®áâì à á¯®«®¦¨âì ¯®-à®¤ë, á« £ îé¨¥ ¬¥áâ®à®¦¤¥­¨¥, ¢ àï¤ ®¯ á­®áâ¨.�®à®¤ë á ­ ¨¡®«ìè¨¬ ª®íää¨æ¨¥­â®¬ ã¤ à®®¯ á-­®áâ¨ ç é¥ ¯®¤¢¥à¦¥­ë à §àãè¥­¨î ¢ ¤¨­ ¬¨ç¥-áª®© ä®à¬¥. � ª, ¨á¯ëâ ­­ë¥ ¯®à®¤ë ¢ àï¤ã ã¡ë-¢ îé¥©  ªâ¨¢­®áâ¨ à á¯®« £ îâáï ¢ á«¥¤ãîé¥©¯®á«¥¤®¢ â¥«ì­®áâ¨:  «ì¡¨â¨âë, à®£®¢¨ª¨, ª¢ à-æ¨âë, ¦¥«¥§­ ï àã¤ .� ª¨¬ ®¡à §®¬, ¯® ª®íää¨æ¨¥­âã ã¤ à®®¯ á-­®áâ¨ ¬®¦­® ¤®áâ®¢¥à­® áã¤¨âì ®¡ ®â­®á¨â¥«ì-­®© ®¯ á­®áâ¨ ¨áá«¥¤ã¥¬®£® ¬ â¥à¨ « ,   ç¨á«¥­-­ë© ªà¨â¥à¨© ®¯ á­®áâ¨ ¤«ï ª®­ªà¥â­ëå £®à­®{â¥å­¨ç¥áª¨å á¨âã æ¨© ¡ã¤¥â ¢¥«¨ç¨­®© ¨­¤¨¢¨-¤ã «ì­®©. �à¨ ®æ¥­ª¥ ã¤ à®®¯ á­®áâ¨ ª®­ªà¥â-­®© £®à­®{â¥å­¨ç¥áª®© á¨âã æ¨¨, ªà®¬¥ ¤¥ä®à¬ -æ¨®­­ëå á¢®©áâ¢ ¬ â¥à¨ «  ¢ ®ç £¥ £®à­®£® ã¤ -à  ¨ ¢ ®ªàã¦ îé¥¬ ¬ áá¨¢¥, ­¥®¡å®¤¨¬® §­ ­¨¥à §¬¥à®¢ §®­ § ¯à¥¤¥«ì­®£® ¤¥ä®à¬¨à®¢ ­¨ï. �®¤¨­ ª®¢ëå ¢­¥è­¨å ãá«®¢¨ïå ­ £àã¦¥­¨ï £« ¢-­®¥ §­ ç¥­¨¥ ¯à¨ ä®à¬¨à®¢ ­¨¨ §®­ § ¯à¥¤¥«ì­®-£® ¤¥ä®à¬¨à®¢ ­¨ï ¯à¨®¡à¥â îâ ­¥®¤­®à®¤­®áâ¨¬ áá¨¢ . �¥«ì¥ä­ë¬ ¯®ª § â¥«¥¬ ­¥®¤­®à®¤­®-áâ¨ á«ã¦¨â ¯ à ¬¥âà A. �­ ª®¬¯«¥ªá­® ®âà ¦ -¥â ¨§¬¥­¥­¨¥ ¯à®ç­®áâ­ëå á¢®©áâ¢ ¬ áá¨¢ , ¬®-¤ã«ï ã¯àã£®áâ¨ ¨, çâ® á ¬®¥ ¢ ¦­®¥, ¬®¤ã«ï á¯ -¤ . �à¨ íâ®¬ à®áâã A á®®â¢¥âáâ¢ã¥â ã¬¥­ìè¥­¨¥¬®¤ã«ï á¯ ¤ , ¨, á«¥¤®¢ â¥«ì­®, ®â­®è¥­¨ï M=E,å à ªâ¥à¨§ãîé¥£® ®¯ á­®áâì £®à­®{â¥å­¨ç¥áª®©á¨âã æ¨¨ ¯® ¯à®ï¢«¥­¨î £®à­ëå ã¤ à®¢, çâ® ®â-¢¥ç ¥â ¯ ¤¥­¨î ®¯ á­®áâ¨ ¢ ¢¥àâ¨ª «ì­®¬ ®â­®-è¥­¨¨. �à¨ ¢ëá®â¥ ¯®¤£®â®¢¨â¥«ì­®© ¢ëà ¡®âª¨2.5{4.0 ¬ ¬®¤ã«ì á¯ ¤  ¡«¨§®ª ª ­ã«î ¯à¨ §­ ç¥-­¨¨ ¯ à ¬¥âà  A=h = 0.8.78 � ­ �­ �®ª, �.�. �®¢ª



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 81�­¨¦¥­¨¥ ç áâ®âë £®à­ëå ã¤ à®¢ á à®áâ®¬ íâ®-£® ®â­®è¥­¨ï á®¯à®¢®¦¤ ¥âáï ã¢¥«¨ç¥­¨¥¬ á¨«ë£®à­®£® ã¤ à  ¨ ®¡ê¥¬  ¯à®¨§¢®¤¨¬®£® à §àãè¥-­¨ï. � ª ª ª ­ ¤¥¦­®¬ã ¨­áâàã¬¥­â «ì­®¬ã ¨§-¬¥à¥­¨î ¯®¤¤ îâáï «¨èì ¯ à ¬¥âàë A ¨ h, â®¯à¨å®¤¨âáï ¯à¨­¨¬ âì â¥ ¨«¨ ¨­ë¥ £¨¯®â¥§ë ®á¢ï§¨ M , A, h, ¯à®¢¥àïï ¨å ¢ ¤ «ì­¥©è¥¬ ­ ¯à ªâ¨ª¥ ¯àï¬ë¬ á®¯®áâ ¢«¥­¨¥¬ á íªá¯¥à¨¬¥­-â®¬. �§  ­ «¨§  £®à­ëå ã¤ à®¢ ¬®¦­® ¢¨¤¥âì,çâ® M = M0� hA�n ; (22)£¤¥ M® { ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥ ¬®¤ã«ï á¯ ¤  ¯à¨§ ¤ ­­ëå ãá«®¢¨ïå ­ £àã¦¥­¨ï; n { í¬¯¨à¨ç¥áª¨©ª®íää¨æ¨¥­â.�â­¥áï ¤ ­­®¥ ¢ëà ¦¥­¨¥ ª í­¥à£¨¨, § ¯ -á¥­­®© ¢ ®ªàã¦ îé¥¬ ¬ áá¨¢¥ ¨ ®¯à¥¤¥«ï¥-¬®© ¥£® ¬®¤ã«¥¬ ã¯àã£®áâ¨, ¯®«ãç¨¬ ªà¨â¥à¨©,®¡« áâìî ¯à¨¬¥­¥­¨ï ª®â®à®£® ï¢«ïîâáï £®à­®{â¥å­¨ç¥áª¨¥ á¨âã æ¨¨, ª®£¤  ¨§¬¥­¥­¨ï ¢ ®¯®à­®¬¤ ¢«¥­¨¨ ¢ë§ë¢ îâáï ¬¥áâ­ë¬¨ ­¥®¤­®à®¤­®áâï-¬¨ M0E �� hA�n � �0: (23)�«ï ¯¥à¥å®¤  ª ç¨á«¥­­®© à¥ «¨§ æ¨¨ ¤ ­­®©ä®à¬ã«ë ­¥®¡å®¤¨¬ë ¤®¯®«­¨â¥«ì­ë¥ ¨áá«¥¤®¢ -­¨ï ¯® ®¯à¥¤¥«¥­¨î ¯ à ¬¥âà®¢, ¢ ­¥¥ ¢å®¤ïé¨å.�®¯à®á í­¥à£®®¡¬¥­  ¬¥¦¤ã ¯®à®¤ ¬¨, ®ªàã¦ -îé¨¬¨ ®ç £ £®à­®£® ã¤ à , ¨ à §àãè ¥¬ë¬ ¬ -â¥à¨ «®¬ ­¥®¡å®¤¨¬® à áá¬ âà¨¢ âì á®¢¬¥áâ­® áá¨«®¢ë¬ ªà¨â¥à¨¥¬ ­¥ãáâ®©ç¨¢®áâ¨, ­ å®¤ïé¥¬¯à¨¬¥­¥­¨¥ ¯à¨ ®æ¥­ª¥ áâ¥¯¥­¨ ã¤ à®®¯ á­®áâ¨ªà ¥¢ëå ç áâ¥© ¬ áá¨¢  á ¨á¯®«ì§®¢ ­¨¥¬ ¤ ­­ëå¯® ®¯à¥¤¥«¥­¨î ¢¥«¨ç¨­ë ­ £àã§®ª ª ¬ ªá¨¬ã¬ã®¯®à­®£® ¤ ¢«¥­¨ï ¨ à ááâ®ï­¨ï ¤® ¬ ªá¨¬ã¬  ®â®¡­ ¦¥­¨ï.�à¥¤áâ ¢«ïï £®à­ë© ã¤ à ª ª ï¢«¥­¨¥, ¢ ¯®¤£®-â®¢ª¥ ¨ ¯à®â¥ª ­¨¨ ª®â®à®£® ¢ ¦­ãî à®«ì ¨£à -¥â å à ªâ¥à à á¯à¥¤¥«¥­¨ï ­ £àã§®ª ­¥ â®«ìª® áã¤ «¥­¨¥¬ ¢ ¬ áá¨¢, ­® ¨ ¢¤®«ì ®¡­ ¦¥­¨ï, ¬®¦-­® áãé¥áâ¢¥­­® ¯®¢ëá¨âì ¤®áâ®¢¥à­®áâì ¯à®£­®-§ , ãç¨âë¢ ï íâ¨ ¤¢  ä ªâ®à  ®¤­®¢à¥¬¥­­®.�ç¥¢¨¤­®, çâ® ¡« £®¯à¨ïâ­ë¥ ãá«®¢¨ï à §àã-è¥­¨ï ¯®à®¤ áª« ¤ë¢ îâáï ¯à¨ ¯à¥¢ëè¥­¨¨ ¤¥©-áâ¢ãîé¨¬¨ ¢ ¬ áá¨¢¥ ­ ¯àï¦¥­¨ï¬¨ ¯à®ç­®áâ¨¯®à®¤ ­  ®¡­ ¦¥­¨¨. �à®âï¦¥­­®áâì ®ç £  ¯à¥-¤¥«ì­® ­ ¯àï¦¥­­®£® á®áâ®ï­¨ï ¢ ¤ ­­®¬ á«ãç ¥­  ¯à®ï¢«¥­¨¥ £®à­®£® ã¤ à  ¨ ¥£® ¯à¨§­ ª®¢ áã-é¥áâ¢¥­­® ­¥ ¢«¨ï¥â. � §àãè¥­¨¥ ¬®¦¥â ¯à®â¥-ª âì ­  à §«¨ç­®© ¯«®é ¤¨ ®¡­ ¦¥­¨ï ¨ ¯à®ï¢«ï-¥âáï ¢ ¢¨¤¥ è¥«ãè¥­¨ï, ¨­â¥­á¨¢­®£® § ª®«®®¡à -§®¢ ­¨ï ¨ áâà¥«ï­ª¨ £®à­ëå ¯®à®¤.� ª ¯®ª § «¨ à¥§ã«ìâ âë ®¡®¡é¥­¨ï à §¬¥à®¢

®ç £®¢ £®à­ëå ã¤ à®¢, ¯à®¨áè¥¤è¨å ¢ ¯®¤£®â®¢¨-â¥«ì­ëå ¢ëà ¡®âª å ¢ëá®â®© 2.5{4.0 ¬, ãá«®¢¨¥à §àãè¥­¨ï á®åà ­ï¥âáï ¯à¨ á®®â­®è¥­¨¨ ¯ à -¬¥âà®¢ A=h � 0.8. � â® ¦¥ ¢à¥¬ï ¢®§­¨ª­®¢¥­¨¥£®à­®£® ã¤ à  ª ª ï¢«¥­¨¥ ¢ë­®á  à §àãè¥­­®£®¬ â¥à¨ «  ¢ ¢ëà ¡®âªã, ¢®§¬®¦­® «¨èì ¢ ®¡« -áâ¨ b > 16(A=h)2, £¤¥ b { «¨­¥©­ë© à §¬¥à ä®à-¬¨àãîé¥£® ®ç £  £®à­®£® ã¤ à  ¢¤®«ì ®¡­ ¦¥­¨ï.� ááâ®ï­¨¥ ¤® ¬ ªá¨¬ã¬  ®¯®à­ëå ­ £àã§®ª ¢ ¤ ­-­®¬ á«ãç ¥ ®â®¦¤¥áâ¢«ï¥âáï á £«ã¡¨­®© ¯®«®áâ¨à §àãè¥­¨ï ¯®à®¤ ¯à¨ £®à­®¬ ã¤ à¥.�  à¨á. 8 ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¨¢¥¤¥­  áå¥¬ à á¯à¥¤¥«¥­¨ï £à ¢¨â æ¨®­­ëå �z ¨ â¥ªâ®­¨ç¥-áª¨å �x ­ ¯àï¦¥­¨© ¯à¨ ­ «¨ç¨¨ ¢ëà ¡®â ­­®£®¯à®áâà ­áâ¢  ¢  ¯ â¨â®¢®¬ àã¤­¨ª¥. � ª ¨ á«¥¤®-¢ «® ®¦¨¤ âì, ¬ ªá¨¬ «ì­ ï ¨å ª®­æ¥­âà æ¨ï ­ -¡«î¤ ¥âáï ¢ ®ªà¥áâ­®áâ¨ ¢ëà ¡®â®ª. �àã£¨¬ ä ª-â®à®¬ ¢®§­¨ª­®¢¥­¨ï £®à­®{â¥ªâ®­¨ç¥áª¨å ã¤ -à®¢, ¯®¬¨¬® ¢ëá®ª®© â¥ªâ®­¨ç¥áª®© ­ ¯àï¦¥­­®-áâ¨, ï¢«ï¥âáï áâàãªâãà­ ï ­ àãè¥­­®áâì ¬ áá¨-¢  (à §àë¢­ë¥ â¥ªâ®­¨ç¥áª¨¥ ­ àãè¥­¨ï) ª ª à¥-§ã«ìâ â áâàãªâãà­®{¡«®ª®¢ëå ¯®¤¢¨¦¥ª ¬ áá¨¢ ,®¡ãá«®¢«¥­­ëå ¨å á®¢à¥¬¥­­ë¬ £¥®¤¨­ ¬¨ç¥áª¨¬à¥¦¨¬®¬.
�¨á. 8. � á¯à¥¤¥«¥­¨¥ £à ¢¨â æ¨®­­ëå ¨â¥ªâ®­¨ç¥áª¨å ­ ¯àï¦¥­¨© ¢®ªàã£ ¢ëà ¡®â ­­®£®¯à®áâà ­áâ¢  ­   ¯ â¨â®¢ëå àã¤­¨ª å:a { ¢¥àâ¨ª «ì­ë¥ ­ ¯àï¦¥­¨ï �z ®â ¤¥©áâ¢¨ï£à ¢¨â æ¨®­­ëå á¨« 
H; ¡ { £®à¨§®­â «ì­ë¥­ ¯àï¦¥­¨ï �x ®â ¤¥©áâ¢¨ï â¥ªâ®­¨ç¥áª¨å á¨« T [5]�¤­¨¬ ¨§ £« ¢­ëå ªà¨â¥à¨¥¢ ®æ¥­ª¨ £®à­®{â¥ªâ®­¨ç¥áª®£® ã¤ à  ï¢«ï¥âáï í­¥à£¥â¨ç¥áª¨©ä ªâ®à. � ª®¯«¥­­ ï ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï ®ç -£  ¬®¦¥â ¡ëâì à¥ «¨§®¢ ­  ª ª ¢ ¢¨¤¥ ª¨­¥â¨-ç¥áª®£® ¤¢¨¦¥­¨ï à §àãè¥­­®© ¯®à®¤ë ¢¯«®âì ¤®¢ë¡à®á  ¥¥ ¢ á¢®¡®¤­®¥ ¯à®áâà ­áâ¢®, â ª ¨ ¢ ¢¨-� ­ �­ �®ª, �.�. �®¢ª 79



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 4. �. 73 { 81¤¥ á¥©á¬¨ç¥áª®© ¢®«­ë, á¯®á®¡­®© à §àãè¨âì ¨«¨¯®¢à¥¤¨âì ¯®¤§¥¬­ë¥ ¢ëà ¡®âª¨ ¨ ¯®¢¥àå­®áâ­ë¥§¤ ­¨ï ¨ á®®àã¦¥­¨ï.� áâì í­¥à£¨¨ à áå®¤ã¥âáï ­  à §àãè¥­¨¥ ¯®à®-¤ë ¢ ®¡ê¥¬¥ ®ç £ . �­  ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­  ¢« ¡®à â®à­ëå ãá«®¢¨ïå.� áá¬®âà¨¬ á¥©á¬¨ç¥áª®¥ ¢®§¤¥©áâ¢¨¥ £®à­®{â¥ªâ®­¨ç¥áª®£® ã¤ à  ­  ®ªàã¦ îéãî áà¥¤ã, ¯à®-¨áå®¤ïé¥£® ­  §­ ç¨â¥«ì­®© £«ã¡¨­¥ ¢ à ©®­¥è åâ­®£® ¯®«ï.�  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ ¯ã­ªâ¥ ­ ¡«î¤¥­¨ïä¨ªá¨àã¥âáï ¯«®â­®áâì ¯®â®ª  á¥©á¬¨ç¥áª®© í­¥à-£¨¨ Er, �¦/¬2, ª®â®à ï á ¤®áâ â®ç­®© ¤«ï ¯à ªâ¨-ç¥áª¨å æ¥«¥© â®ç­®áâìî ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥Er = 0:625�VpU2maxT; (24)£¤¥ � { ¯«®â­®áâì £àã­â , ª£/¬3; Vp { áª®à®áâìà á¯à®áâà ­¥­¨ï ¯à®¤®«ì­®© ¢®«­ë, ¬/á; U2max {¬ ªá¨¬ «ì­ ï  ¬¯«¨âã¤  áª®à®áâ¨ á¬¥é¥­¨ï £àã­-â  ¯® ®¤­®© ¨§ á®áâ ¢«ïîé¨å x ¨«¨ y, ¬/á; T {¯¥à¨®¤ ª®«¥¡ ­¨ï, á.�à¨ ¨á¯®«ì§®¢ ­¨¨ ä®à¬ã«ë (24) ¤«ï ®¯à¥¤¥«¥-­¨ï á¥©á¬¨ç¥áª®© í­¥à£¨¨ ¨áâ®ç­¨ª  ª®«¥¡ ­¨©,§ ª®­®¬¥à­®áâ¥© à á¯à®áâà ­¥­¨ï á¥©á¬¨ç¥áª®©í­¥à£¨¨ ¢ £«ã¡¨­¥ ¬ áá¨¢  ¯®à®¤  ¬¯«¨âã¤  áª®à®-áâ¨ ¯à¨­¨¬ ¥âáï à ¢­®© ¯®«®¢¨­¥ ®â ¨§¬¥à¥­­®©§  áç¥â íää¥ªâ  ®âà ¦¥­¨ï ¢®«­ë ®â á¢®¡®¤­®©¯®¢¥àå­®áâ¨.�¥©á¬¨ç¥áª ï í­¥à£¨ï Ec, �¦, á¢ï§ ­  á ¯«®â-­®áâìî ¯®â®ª  á¥©á¬¨ç¥áª®© í­¥à£¨¨ á«¥¤ãîé¨¬á®®â­®è¥­¨¥¬: Ec = 12:56Er � r2; (25)£¤¥ r { à ááâ®ï­¨¥ ®â â®çª¨ ­ ¡«î¤¥­¨ï ¤® ¨áâ®ç-­¨ª  á¥©á¬¨ç¥áª®© í­¥à£¨¨, ¬, ¨«¨, ¤àã£¨¬¨ á«®-¢ ¬¨, íâ® à ¤¨ãá áä¥à¨ç¥áª®© ¯®¢¥àå­®áâ¨ á æ¥­-âà®¬ ¢ ¬¥áâ¥ ­ å®¦¤¥­¨ï ¨áâ®ç­¨ª  í­¥à£¨¨.�¥©á¬¨ç¥áª ï í­¥à£¨ï ¯à¨ ¥¥ à á¯à®áâà ­¥­¨¨¢¤®«ì ¤­¥¢­®© ¯®¢¥àå­®áâ¨, á«®¦¥­­®© ¬ï£ª¨¬¨£àã­â ¬¨, § âãå ¥â á®£« á­® § ¢¨á¨¬®áâ¨Ec = E0c � 0:7 � e�1:75�10�3�r; (26)£¤¥ Eoc { ¯®«­ ï á¥©á¬¨ç¥áª ï í­¥à£¨ï ¨áâ®ç­¨ª ª®«¥¡ ­¨©, �¦.�­ ï ®¤¨­ ¨§ ¯ à ¬¥âà®¢ (24){(26) á¥©á¬¨-ç¥áª®© í­¥à£¨¨, ¯®«ãç¥­­ë©, ­ ¯à¨¬¥à, ¨§¬¥-à¥­¨¥¬ ¨«¨ ¤àã£¨¬ à áç¥â­ë¬ ¯ãâ¥¬, ä¨§¨ª®{¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢  ¯®à®¤ ¨ ¤®¯ãáâ¨¬ãî áª®-à®áâì á¬¥é¥­¨ï U¤®¯ ¨«¨ ãáª®à¥­¨ï ¤«ï ®åà ­ï¥-¬®£® ®¡ê¥ªâ , ¬®¦­® ®¯à¥¤¥«¨âì á¥©á¬®¡¥§®¯ á-­®¥ à ááâ®ï­¨¥, ¬:

r¡¥§ = 0:357s Ec�Vp �U2max � T : (27)�¥à¨®¤ ª®«¥¡ ­¨© (á) ¬®¦­® ®¯à¥¤¥«¨âì ¨§ § -¢¨á¨¬®áâ¨ Tp = 1:45 � 10�3 � r1:15¨ ; (28)£¤¥ r¨ { à ¤¨ãá á¥©á¬®¨§«ãç â¥«ï, ¬, ª®â®àë©®¯à¥¤¥«ï¥âáï ®¤­®© ¨§ ä®à¬ã«r¨ = 0:118E1=30c ¨«¨ r¨ = 0:03E1=30 ; (29)£¤¥ �0 { ¯®«­ ï í­¥à£¨ï ¨áâ®ç­¨ª  ª®«¥¡ ­¨©, �¦.�¤¥«ì­ ï ¯®â¥­æ¨ «ì­ ï ã¯àã£ ï í­¥à£¨ï ¢ ®ç -£¥ ­ å®¤¨âáï ¨§ ¢ëà ¦¥­¨© (17){(20), ®¤­ ª® ¤«ï­ å®¦¤¥­¨ï ¯®«­®© í­¥à£¨¨ ­¥®¡å®¤¨¬® §­ âì à §-¬¥àë ®ç £ . �à¨  ­ «¨§¥ á¥©á¬¨ç¥áª®£® ¢«¨ï-­¨ï £®à­®£® ã¤ à  ­  ¯®¢¥àå­®áâ¨ ­ ¬ ­¥®¡å®¤¨-¬® ®¯à¥¤¥«¨âì á¥©á¬¨ç¥áªãî ª®¬¯®­¥­âã, ª®â®-à ï, á®£« á­® [1], ¬®¦¥â ¡ëâì ­ ©¤¥­  ¨§ ¢ëà -¦¥­¨ïE0c=0:002 p2z � hEz � �p �tgh(�plp)� �plpcosh(�plp)�2 ;(30)£¤¥ h { ¬®é­®áâì ®¡­ ¦ ¥¬®£® á«®ï (¯« áâ ); pz {¢¥àâ¨ª «ì­ ï á®áâ ¢«ïîé ï ¤ ¢«¥­¨ï; Ez { «¨­¥©-­ë© ¬®¤ã«ì ã¯àã£®áâ¨ ¯® ¢¥àâ¨ª «¨; �p; lp { íªá-¯«ã â æ¨®­­ë¥ ª®­áâ ­âë, ®¯à¥¤¥«ï¥¬ë¥ ¤«ï ª®­-ªà¥â­ëå ãá«®¢¨©.�§ ä®à¬ã«ë (29), §­ ï ¢¥«¨ç¨­ã á¥©á¬¨ç¥áª®©í­¥à£¨¨ ¢ ®ç £¥, ¬®¦­® ¯®«ãç¨âì §­ ç¥­¨¥ ¯®«­®©í­¥à£¨¨ ®ç £ , ª®â®à ï ¡ã¤¥â�0 = 60:84�0á; (31)â. ¥. á¥©á¬¨ç¥áª ï í­¥à£¨ï à ¢­  0.016 ®â ¯®â¥­-æ¨ «ì­®© í­¥à£¨¨ ®ç £  ¨«¨ ¡«¨§ª  ª 2%.����������1. � ¯àï¦¥­­®{¤¥ä®à¬¨à®¢ ­­®¥ á®áâ®ï­¨¥ ¯®-à®¤ë ¢ ­¥­ àãè¥­­®¬ ¬ áá¨¢¥ § ¢¨á¨â ®â ã¯àã-£¨å å à ªâ¥à¨áâ¨ª ¯®à®¤ë ¨ £«ã¡¨­ë § «¥£ ­¨ï.�à¨ ­ «¨ç¨¨ â¥ªâ®­¨ç¥áª¨å ­ àãè¥­¨© í«¥¬¥­â¯®à®¤ë ¬®¦¥â ­ å®¤¨âìáï ­¥ â®«ìª® ¢ á®áâ®ï­¨¨¢á¥áâ®à®­­¥£® á¦ â¨ï, ­® ¨ ¯®¤¢¥à£ âìáï à áâï£¨-¢ îé¨¬ ãá¨«¨ï¬ ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨.�à¨ íâ®¬ £®à¨§®­â «ì­ ï á®áâ ¢«ïîé ï «î¡®£®§­ ª  ¬®¦¥â ¢® ¬­®£® à § ¯à¥¢®áå®¤¨âì ¢¥àâ¨-ª «ì­ãî.80 � ­ �­ �®ª, �.�. �®¢ª
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