
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 2. �. 14 { 22��� 624.132.23������������ ������� ��������� ����������� ��������� ������������ �����. A. �����, �. ���������� æ¨® «ìë© �¥å¨ç¥áª¨© �¨¢¥àá¨â¥â �ªà ¨ë "���", �¨¥¢�� �ë¡¨æª¨© ã£®«ìë© ª®¬¡¨ â, �®«ìè , �ë¡¨ª�®«ãç¥® 11.01.2002�« ¢®© § ¤ ç¥© ¨§ãç¥¨ï ¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ á¥©á¬¨ç¥áª¨å ¢®« ï¢«ï¥âáï ®¯à¥¤¥«¥¨¥ á¥©á¬®®¯ á®© §®ë¨å ¢«¨ï¨ï, ¨áå®¤ï ¨§ ®¡é¥¯à¨ïâëå ®à¬ â¨¢®¢ ®æ¥ª¨ ¯® ¤®¯ãáâ¨¬®© áª®à®áâ¨ ª®«¥¡ ¨ï ç áâ¨ £àãâ , ¤®¯®«-ï¥¬®© ¢ àï¤¥ á«ãç ¥¢ ¤ ë¬¨ á¯¥ªâà «ì®£®   «¨§ . � áâ âì¥ à áá¬®âà¥ë ¢®¯à®áë ¢«¨ï¨ï á¨¬¬¥âà¨¨ ¯à¨¢§àë¢ ¨¨ ®¤¨®çëå ¨ £àã¯¯®¢ëå áª¢ ¦¨ëå § àï¤®¢   áâ¥¯¥ì ¨â¥á¨¢®áâ¨ ®¡ê¥¬ëå ¨ ¯®¢¥àå®áâëåá¥©á¬¨ç¥áª¨å ¢®« ¢ § ¢¨á¨¬®áâ¨ ®â  ¯à ¢«¥¨ï ¯à®ä¨«ï ¨§¬¥à¥¨©. �®ª § ®, çâ® á¨¬¬¥âà¨ï ¨áâ®ç¨ª  ¢®§¬ã-é¥¨© ¨ ¥£® £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë ¢«¨ïîâ   á¯¥ªâà «ìãî å à ªâ¥à¨áâ¨ªã, áª®à®áâì ç áâ¨æ £àãâ  ¨ ¤àã£¨¥¯®ª § â¥«¨ ¤¢¨¦¥¨ï á¥©á¬¨ç¥áª¨å ¢®«.�®«®¢®î ¯à®¡«¥¬®î ¯à¨ ¢¨¢ç¥÷ ¤¨ ¬÷ç¨å ¯ à ¬¥âà÷¢ á¥©á¬÷ç¨å å¢¨«ì õ ¢¨§ ç¥ï §®¨, é® § å®¤¨âìáï ¯÷¤ùå÷¬ ¢¯«¨¢®¬ â  õ á¥©á¬®§ £à®§«¨¢®î, ¢¨å®¤ïç¨ § § £ «ì®¯à¨©ïâ¨å ®à¬ â¨¢÷¢ ®æ÷ª¨ ¯® ¯à¨¯ãáâ¨¬÷© è¢¨¤ª®áâ÷ª®«¨¢ ï ç áâ¨¨ £àãâã, é® ¤®¯®¢îõâìáï ¢ àï¤÷ ¢¨¯ ¤ª÷¢ ¤ ¨¬¨ á¯¥ªâà «ì®£®   «÷§ã. � áâ ââ÷ à®§£«ïãâ® ¯¨-â ï ¢¯«¨¢ã á¨¬¥âà÷ù ¯à¨ ¢¨¡ãå®¢÷ ®¤¨®ç¨å â  £àã¯®¢¨å ª®«®ª®¢¨å § àï¤÷¢   ¢¥«¨ç¨ã ÷â¥á¨¢®áâ÷ ®¡'õ¬¨åâ  ¯®¢¥àå¥¢¨å á¥©á¬÷ç¨å å¢¨«ì ¢ § «¥¦®áâ÷ ¢÷¤  ¯àï¬ªã ¯à®ä÷«î ¢¨¬÷à÷¢. �®ª § ®, é® á¨¬¥âà÷ï ¤¦¥à¥« §¡ãà¥ï ÷ ©®£® £¥®¬¥âà¨ç÷ ¯ à ¬¥âà¨ ¢¯«¨¢ îâì   á¯¥ªâà «ìã å à ªâ¥à¨áâ¨ªã, è¢¨¤ª÷áâì ç áâ¨®ª £àãâã â ÷è÷ ¯ à ¬¥âà¨ àãåã á¥©á¬÷ç¨å å¢¨«ì.The main problem of investigation of seismic waves parameters is the �nding of seismic{dangerous zones of their inuenceon the base of adapted standards of appraisal according to the permissible velosity of the grounal particles oscillationswhich is added in same coses by the data of spectrum analysis. This paper presents the qustions of inuences of symmetryby explosions of individual and group chink charges to the paver of intensity of volumetric and surface seismic wavesin dependence of meosuring direction. It is showing that simmetry of befurcation search and its geometrical parametersinuence to the spectrum characteristics, velosity of the ground particly and other behoviours oh the seismic waves motion.���������̄ àã£¨¥ ¢®§¬ãé¥¨ï ¢ £àãâ å ¨ £®àëå ¯®à®-¤ å ¬®£ãâ ¢ë§ë¢ âìáï §¥¬«¥âàïá¥¨ï¬¨, ¢§àë¢ -¬¨ § àï¤®¢ ��,   â ª¦¥ ¢®§¨ª âì ¯à¨ £®àëåã¤ à å ¢ ¢¨¤¥ á¥©á¬¨ç¥áª¨å ¢®«. �  áâ®ïé¥©à ¡®â¥ áâ ¢¨âáï § ¤ ç  ¯à®£®§¨à®¢ ¨ï ãà®¢ïá¥©á¬¨ç¥áª®£® ¢®§¤¥©áâ¢¨ï ¢§àë¢®¢ ¯à¨ ¢§àë¢-®© ®¡à ¡®âª¥ «¥áá®¢ëå ¯à®á ¤®çëå ¬ áá¨¢®¢ ¨¢ á«ãç ¥ ¢®§¨ª®¢¥¨ï £®àëå ã¤ à®¢ ¯à¨ à §-à ¡®âª¥ ã£®«ìëå ¬¥áâ®à®¦¤¥¨© á æ¥«ìî ®¯à¥¤¥-«¥¨ï á¥©á¬®¡¥§®¯ áëå à ááâ®ï¨©. �à¨ íâ®¬ ¢á«ãç ¥ ¥®¡å®¤¨¬®áâ¨ ¯à¥¤ãá¬ âà¨¢ îâáï á¥©á¬®-§ é¨âë¥ ¬¥à®¯à¨ïâ¨ï ¯® á¨¦¥¨î ãà®¢ï ¢®§-¤¥©áâ¢¨ï   £àãâë ®á®¢ ¨© ¯à¨à®¤ëå ¨ ¨¦¥-¥àëå ®¡ê¥ªâ®¢ ¤® ¯à¥¤¥«ìëå § ç¥¨©. �  -áâ®ïé¥© à ¡®â¥ áâ ¢¨âáï § ¤ ç  ¯à®£®§¨à®¢ ¨ïãà®¢ï á¥©á¬¨ç¥áª®£® ¢®§¤¥©áâ¢¨ï ¢§àë¢®¢ ¯à¨®¡à ¡®âª¥ «¥áá®¢ëå ®á®¢ ¨© ¨ ¢®§¨ª®¢¥¨ï£®àëå ã¤ à®¢   ¯®¢¥àå®áâë¥ ®¡ê¥ªâë, à á¯®-«®¦¥ë¥ ¢¡«¨§¨ ¨áâ®ç¨ª  ¤¨ ¬¨ç¥áª¨å ¢®§¬ã-é¥¨© ¨ ¢®ªàã£ í¯¨æ¥âà  £®à®£® ã¤ à . � ¨-¡®«¥¥ ¢ ¦ë¬¨ ¯ à ¬¥âà ¬¨ ¤«ï ®¯à¥¤¥«¥¨ï áâ¥-¯¥¨ á¥©á¬®®¯ á®áâ¨ ï¢«ïîâáï  ¬¯«¨âã¤ë áª®à®-áâ¥© á¬¥é¥¨ï ¢ ®¡ê¥¬®© ¨ ¯®¢¥àå®áâ®© ¢®«¥¨ ç áâ®â ï å à ªâ¥à¨áâ¨ª  íâ¨å ¢®«. �¬¯«¨âã-
¤  áª®à®áâ¨ V ¢ ®¡ê¥¬®© ¢®«¥ à áá¬ âà¨¢ ¥âáïª ª áã¬¬ àë© ¢¥ªâ®à á®áâ ¢«ïîé¨å ¯® X ¨ Z:j~V j =q(V 2Z ) + (V 2X ): (1)� ¯®¢¥àå®áâ®© ¢®«¥  ¬¯«¨âã¤ë áª®à®áâ¨¥«ì§ï ®¯à¥¤¥«¨âì ¯® £¥®¬¥âà¨ç¥áª®© áã¬¬¥¢¥ªâ®à®¢{á®áâ ¢«ïîé¨å, ¯®áª®«ìªã á¤¢¨£ ¯® ä §¥¬¥¦¤ã ¨¬¨ à ¢¥ 900.1. ��������� �������� ������-������ �����  ¯ à ¬¥âàë ¤¢¨¦¥¨ï á¥©á¬¨ç¥áª¨å ¢®« ¨¡®«ìè¥¥ ¢«¨ï¨¥ ®ª §ë¢ îâ c¢®©áâ¢  £àãâ®¢¬ áá¨¢ , ¢¥«¨ç¨  § àï¤  (¯®£® ï ¬ áá  ¯à¨à áá¬®âà¥¨¨ ã¤«¨¥ëå § àï¤®¢), £«ã¡¨  § -«®¦¥¨ï â®àæ  § àï¤  ¨ ¥£® ¤«¨ ,   ¯à¨ £àã¯¯®-¢®¬ ¢§àë¢ ¨¨ { á¯®á®¡ à á¯®«®¦¥¨ï ¢§àë¢ëåáª¢ ¦¨ ¨ ¯®á«¥¤®¢ ¯â¥«ì®áâì ¨å ¨¨æ¨¨à®¢ -¨ï. �¥©á¬¨ç¥áª ï ª àâ¨ , ª ª á«¥¤áâ¢¨¥ ¢¥¤¥¨ï¢§àë¢ëå à ¡®â ¯à¨ «¨ª¢¨¤ æ¨¨ ¯à®á ¤®ç®áâ¨«¥áá®¢ëå ¬ áá¨¢®¢, å à ªâ¥à  â¥¬, çâ® §¤¥áì  ¢¡«¨§¨ à á¯®«®¦¥ë¥ §¤ ¨ï ¢®§¤¥©áâ¢ãîâ ®¡ê-¥¬ë¥ ¢®«ë, ¨¬¥îé¨¥ ç áâ®âã 10{40 �æ, ¢ â®14 c �. �. �®¢ª, �. �ã£¥«ì, 2002



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 2. �. 14 { 22¢à¥¬ï ª ª ¯à¥¢ «¨àãîé¨¥ ç áâ®âë ¯®¢¥àå®áâ-ëå ¢®« ®â ¤¥©áâ¢¨ï £®àëå ã¤ à®¢  å®¤ïâáï ¢¯à¥¤¥« å 2{8 �æ. �à¨ ¨§ãç¥¨¨ á¯¥ªâà «ìëå å -à ªâ¥à¨áâ¨ª á«¥¤ã¥â ¢ë¤¥«ïâì ®¡« áâì ¯à¥®¡« ¤ -îé¨å ¯¥à¨®¤®¢ ª®«¥¡ ¨© ¢ äãªæ¨¨ à ááâ®ï¨ï,çâ®¡ë ¯à ¢¨«ì® ¯à®£®§¨à®¢ âì ¨å ¢§ ¨¬®¤¥©-áâ¢¨¥ á á®¡áâ¢¥®© ç áâ®â®© ª®«¥¡ ¨© ®åà ï¥-¬ëå ®¡ê¥ªâ®¢ ¨ £àãâ  ®á®¢ ¨© ¨ ¨§¡¥¦ âì áã-é¥áâ¢¥®£®  à áâ ¨ï  ¬¯«¨âã¤ë §  áç¥â à¥§®- á . �ª®à®áâì á¬¥é¥¨© UZp ¢ ¯à®¤®«ì®© ¢®«¥¢ á®®â¢¥âáâ¢¨¨ á ¯à¨æ¨¯®¬ £¥®¬¥âà¨ç¥áª®£® ¯®-¤®¡¨ï ®¯à¥¤¥«ï¥âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥ ®¡é¥£®¢¨¤ : UZp = k¨p  Q1=3��r !2 ; (2)£¤¥ r { â¥ªãé¥¥ à ááâ®ï¨¥; r = Q1=3��=r { ¯à¨¢¥-¤¥ë© à ¤¨ãá ¤«ï á«ãç ï áä¥à¨ç¥áª¨å ¢®«; Q��{ ¢¥á § àï¤ . � ä®à¬ã«¥ (2) ¤«ï «¥áá®¢ ¢« ¦®-áâìî 5% k¨p ¯à¨¨¬ ¥¬ à ¢ë¬ 130,   ¤«ï á¨«ì®¯¥à¥áãè¥ëå ¢« ¦®áâìî 2% { 70;�«ï ®¯à¥¤¥«¥¨ï áª®à®áâ¨ ¢ ¯®¢¥àå®áâ®© ¢®«-¥ ¯à¥¤« £ ¥âáï á«¥¤ãîé ï ä®à¬ã« :U zR = 157Q0:07¢¢ f(r)r�0:11 : (3)�«ï ¢¥àâ¨ª «ìëå æ¨«¨¤à¨ç¥áª¨å § àï¤®¢ å -à ªâ¥à® ¨§¬¥¥¨¥ ¬ áá®¢®© áª®à®áâ¨ ¢ ¢®«¥ �¢ ¡«¨¦¥© §®¥   â¥ªãé¥© £«ã¡¨¥ H ¯® ®â®è¥-¨î ª   «®£¨ç®¬ã ¯®ª § â¥«î   ¯®¢¥àå®áâ¨.�à¨ íâ®¬ ¬ ªá¨¬ã¬ áª®à®áâ¨ á¬¥é¥¨ï  ¡«î¤ -¥âáï ¢ §®¥ æ¥âà  á¨¬¬¥âà¨¨ § àï¤ . � ¤ «ì¥©§®¥ (¡®«¥¥ 6l§; £¤¥ l§ { ¤«¨  § àï¤ ) áª®à®áâì ¢¯®¢¥àå®áâ®© ¢®«¥   «®£¨ç® áä¥à¨ç¥áª®¬ã § -àï¤ã ¬®¦¥â ®¯à¥¤¥«ïâìáï ¯® ä®à¬ã«¥ (2).� ¢¨á¨¬®áâì ¯¥à¨®¤  TR ®â ¢¥á  § àï¤  Q¢¢ ¨à ááâ®ï¨ï r ®â áª¢ ¦¨ë ¯à¨ ¢¥àâ¨ª «ì®¬ à á-¯®«®¦¥¨¨ § àï¤  ¤«¨®© l3 ¨¬¥¥â ¢¨¤TR = 0:13Q0:07¢¢ � r0:05: (4)�à¨ ¢§àë¢ ¨¨ £àã¯¯ë áª¢ ¦¨, à á¯®«®¦¥-ëå ¢ ®¤¨ àï¤, áã¬¬ à®¥ á¥©á¬¨ç¥áª®¥ ¤¥©áâ¢¨¥  ®ªàã¦ îéãî áà¥¤ã ¢  ¯à ¢«¥¨¨, ¯¥à¯¥¤¨-ªã«ïà®¬ ®á¨ ¨ ¢¤®«ì ®á¨ ¨å à á¯®«®¦¥¨ï, ¡ã¤¥âà §«¨çë¬.�à¨ ®¤®¢à¥¬¥®¬ ¢§àë¢ ¨¨ àï¤  ¢¥àâ¨ª «ì-ëå áª¢ ¦¨ëå § àï¤®¢ (à¨á. 1) ¢®ªàã£ ª ¦¤®-£® ¨§ ¨å ¢®§¨ª ¥â ¨ ¡ëáâà® à §¢¨¢ ¥âáï ¢® ¢á¥áâ®à®ë ª®¨ç¥áª ï ¢®«   ¯àï¦¥¨©. �® ¬¥à¥à §¢¨â¨ï íâ¨ ¢®«ë, á«¨¢ ïáì ¢¬¥áâ¥, ®¡à §ãîâ®¡é¨© äà®â ã¯àã£®© ¢®«ë ¢§àë¢ .

�£® ¬®¦® ãá«®¢® à §¤¥«¨âì   ¤¢¥ ç áâ¨ { ¯«®-áªãî (CD,EF) ¨ áä¥à¨ç¥áªãî (CAE, DBF). �¥à¢ ï®¡à §ã¥âáï ¢ à¥§ã«ìâ â¥ á¨ä §®© ¨â¥àä¥à¥-æ¨¨ ã¯àã£¨å ¢®« ®â ¢§àë¢ ¥¬ëå á®á¥¤¨å § àï-¤®¢. �  ¥á¥â ¨å áã¬¬ àãî í¥à£¨î ¨ à á¯à®-áâà ï¥âáï ¢ áà¥¤¥ á® áà ¢¨â¥«ì® á« ¡ë¬ § âã-å ¨¥¬ ¨ ¢ â® ¦¥ ¢à¥¬ï á®¤¥à¦¨â ®á®¢ãî í¥à-£¨î ¢®« (¢ 4{5 à § ¡®«ìè¥, ç¥¬   ®áâ «ìëåãç áâª å).�ä¥à¨ç¥áª ï ç áâì äà®â  ®¡à §ã¥âáï ¢ ®á®¢-®¬ ã¯àã£¨¬¨ ¢®« ¬¨ ®â ªà ©¨å § àï¤®¢ ¨ à á-¯à®áâà ï¥âáï á ¡®«ìè¨¬ § âãå ¨¥¬ ¨§{§  £¥®-¬¥âà¨ç¥áª®£® à áå®¦¤¥¨ï.�ç áâª¨ áà¥¤ë ¨  å®¤ïé¨¥áï   ¨å ®åà -ï¥¬ë¥ ®¡ê¥ªâë, ¯® ª®â®àë¬ ¯à®å®¤¨â ¯«®áª¨©äà®â ã¯àã£®© ¢®«ë, ¨á¯ëâë¢ îâ § ç¨â¥«ì®¡®«ìè¨¥ ¤¨ ¬¨ç¥áª¨¥  £àã§ª¨ ¯® áà ¢¥¨î á  «®£¨çë¬¨ ãç áâª ¬¨ á ¤¢¨¦ãé¨¬áï áä¥à¨ç¥-áª¨¬ äà®â®¬.� ª¨¬ ®¡à §®¬,   £à ¨æ¥ § ¢¥àè¥¨ï ¥®¡à -â¨¬ëå ¤¥ä®à¬ æ¨© ¢  ¯à ¢«¥¨¨, ¯¥à¯¥¤¨ªã-«ïà®¬ ®á¨, ä®à¬¨àã¥âáï ¯«®áª¨© äà®â á¥©á¬¨-ç¥áª¨å ¢®«, ¯ à ¬¥âàë ª®â®àëå ¯®¤«¥¦ â ®¯à¥-¤¥«¥¨î ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ª ª ¡®«¥¥ ®¯ áë¥ ¤«ï å®¤ïé¨åáï ¢¡«¨§¨ § é¨é ¥¬ëå ®¡ê¥ªâ®¢. �«ï¯®«ãç¥¨ï ¨áå®¤ëå ¤ ëå ¥®¡å®¤¨¬® ®¯à¥¤¥-«¨âì à ááâ®ï¨ï R� (à¨á. 2),   ª®â®à®¬ áã¬¬ à-ë© äà®â ¯à¨®¡à¥â ¥â ¯«®áªãî ä®à¬ã, ¨ ®æ¥-¨âì ¤¨ ¬¨ç¥áª¨¥ ¯ à ¬¥âàë, ¢®á¯®«ì§®¢ ¢è¨áìá®®â®è¥¨¥¬ � ¤ ã{�¨äè¨æ � = Umax � Vs � g : (5)�à¨¨¬ ï  ¯àï¦¥¨ï (�)   äà®â¥ ¢®«ë ¢ ç «¥ § à®¦¤¥¨ï ã¯àã£¨å ¢®§¬ãé¥¨© (â. ¥.  à ááâ®ï¨¨ rã¯à), à ¢ë¬ ¯à¥¤¥«ã áâàãªâãà-®© ¯à®ç®áâ¨ «¥áá®¢®£® £àãâ  �s ¨ ¯®¤áâ ¢«ïï¢¬¥áâ® áª®à®áâ¨ ¯®¯¥à¥ç®© ¢®«ë á®®â®è¥¨¥Vs = f(áª) ¨§ [4], ¯®«ãç ¥¬ ä®à¬ã«ã ¤«ï ®¯à¥¤¥«¥-¨ï ¬ ªá¨¬ «ì®© áª®à®áâ¨, ¢å®¤ïé¥© ¢ ãà ¢¥¨¥(5): Umax = 0:0066 �  � �sáª � 1:19 ; (6)£¤¥ áª { ®¡ê¥¬ë© ¢¥á £àãâ .2. ��������� ���������������� ������������, ��������������������� ��������«ï ®¯à¥¤¥«¥¨ï à ááâ®ï¨ï ¬¥¦¤ã áª¢ ¦¨ ¬¨¢ àï¤ã (a), ¯à¨ ª®â®à®¬   à ááâ®ï¨¨ R� áã¬-¬ àë© äà®â ¡ã¤¥â ¬ ªá¨¬ «ì® ¯à¨¡«¨¦¥ë¬�. �. �®¢ª, �. �ã£¥«ì 15
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�¨á. 1. �å¥¬  à §¢¨â¨ï ã¯àã£¨å ¢®« ®â ¬£®¢¥®£® ¢§àë¢  á¥à¨¨ ª®«®ª®¢ëå § àï¤®¢, à á¯®«®¦¥ëå ¢ àï¤ª ¯«®áª®© ä®à¬¥, ¯à¨¨¬ ¥¬, çâ® à ¤¨ «ìë¥  -¯àï¦¥¨ï �r   äà®â¥ æ¨«¨¤à¨ç¥áª®© ¢®«ë  -¯à®â¨¢ § àï¤  ¡ã¤ãâ à ¢ë áã¬¬ à®¬ã à ¤¨ «ì-®¬ã  ¯àï¦¥¨î �0r ¬¥¦¤ã § àï¤ ¬¨. �«ï à¥-è¥¨ï íâ®© § ¤ ç¨ à ááâ®ï¨¥ R� ®¯à¥¤¥«ï¥âáï¨§ ãá«®¢¨ï ¬¨¨¬ «ì®© ¯«®é ¤¨ ä¨£ãàë ABC(à¨á. 2).�¡®§ ç¨¢ ¥¥ ç¥à¥§ F , § ¯¨è¥¬F = FBA0C = FOA0CD � FOBCD;F = a �R�2 � arR2� � a244 � R2�4 �arcsin a2 �R� : (7)�ãªæ¨ï F (a; R�) ¯à¨ ¬¨¨¬ã¬¥ ¤ ¥â á«¥¤ãî-é¥¥ âà áæ¥¤¥â®¥ ãà ¢¥¨¥:a2 �R� = arcsin a2 �R� ; (8)¨§ ª®â®à®£® ¯®«ãç ¥¬ ¯à¥¤¥«ì®¥ á®®â®è¥¨¥a = 2R�. �§ £à ä¨ç¥áª®£® à¥è¥¨ï ¢¨¤®, çâ®ã¦¥ ¯à¨ R� = a ®â«¨ç¨¥ à¥ «ì®£® äà®â  ¢®«ë®â ¯«®áª®£® ¥§ ç¨â¥«ì®. �á«¨ ¯à¨ïâì § ª®§ âãå ¨ï  ¯àï¦¥¨© ¢ äãªæ¨¨ à ááâ®ï¨ï �(r)á®£« á® [6], â® ¬®¦® § ¯¨á âìa = 2 �R� � (22=(�+1) � 1)1=2; (9)§¤¥áì ª®íää¨æ¨¥â � å à ªâ¥à¨§ã¥â áâ¥¯¥ì § -âãå ¨ï  ¯àï¦¥¨© ¨ ¢ ¥ª®â®à®© ¬¥à¥ á¢®©áâ¢ áà¥¤ë.

�¨á. 2. � ¢¨á¨¬®áâ¨ áª®à®áâ¨ á¬¥é¥¨ï £àãâ  ®âà ááâ®ï¨ï ¯à¨ ¢§àë¢ å £àã¯¯ë ¨§ 4-å ¢¥àâ¨ª «ìëåæ¨«¨¤à¨ç¥áª¨å § àï¤®¢ ¤«¨®© 6 ¬:1 { ¢  ¯à ¢«¥¨¨ «¨¨¨ § àï¤®¢,2 { ¯¥à¯¥¤¨ªã«ïà® «¨¨¨ § àï¤®¢�à¨ � = 1 à ááâ®ï¨¥ ¬¥¦¤ã § àï¤ ¬¨ a = 2R�,¯à¨ � = 3 � �a = 1:28R� (¨«¨ R = 0:78a); çâ®¨¬¥¥â ¬¥áâ® ¢ á¨«ì® ¯®à¨áâëå £àãâ å á  àã-è¥ë¬¨ áâàãªâãàë¬¨ á¢ï§ï¬¨. � ª¨¬ ®¡à -§®¬ ¬®¦® ¢ ¯à ªâ¨ç¥áª¨å à áç¥â å   ®á®¢ -¨¨   «¨§  íªá¯¥à¨¬¥â «ìëå ¤ ëå ¯à¨¨-16 �. �. �®¢ª, �. �ã£¥«ì



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 2. �. 14 { 22¬ âì à ááâ®ï¨¥ R� ¢ ¯à¥¤¥« å 0.65{0.80a, ¨ ¢®â¤¥«ìëå á«ãç ïå (¯à¨ � = 1) R� = 0:5a, çâ®á®¯®áâ ¢¨¬® á ¯à¥¤«®¦¥®© ¢ à ¡®â¥ [6] ¢¥«¨-ç¨®© a = 1:57R�; R� = 0:64a) ¨«¨ § ç¥¨¥¬a = R� � p2; (R� = 0:71a), à¥ª®¬¥¤®¢ ®¬ ¢ à -¡®â¥ ����� �®ááâà®ï ����.�¯à¥¤¥«¥ë¥ § âàã¤¥¨ï ¯à¨ ¢ëç¨á«¥¨¨ áª®-à®áâ¨ ¤¢¨¦¥¨ï ç áâ¨æ ¢ ®¡ê¥¬®© ¨ ¯®¢¥àå®áâ-®© ¢®« å ¤«ï íâ®£® á«ãç ï ¢®§¨ª îâ ¯à¨ ãáâ -®¢«¥¨¨ ¬ ááë  ªâ¨¢®© ç áâ¨ § àï¤ .� á¢ï§¨ á íâ¨¬  ¢â®à ¬¨ ¯à¨ ®¯à¥¤¥«¥¨¨ áª®-à®áâ¥© ¢ R{ ¨ P{ ¢®« å ¯à¥¤«®¦¥® à áá¬ -âà¨¢ âì á¨áâ¥¬ã ¢¥àâ¨ª «ìëå áª¢ ¦¨ëå § -àï¤®¢ ª ª ®¤¨ £®à¨§®â «ì® ®à¨¥â¨à®¢ ë©«¨¥©®-à ááà¥¤®â®ç¥ë© (¬¥â®¤ áã¯¥à¯®§¨æ¨¨)§ àï¤,   íª¢¨¢ «¥âãî ¬ ááã, ¯®   «®£¨¨ á § ¢¨-á¨¬®áâï¬¨ ¤«ï £®à¨§®â «ìëå § àï¤®¢ [1], ®¯à¥-¤¥«ïâì ¨§ ¢ëà ¦¥¨ïCí = 0:43 �m �Qáª¢ � e0:15�r=lp ; (10)£¤¥ Qáª¢ { ¢¥á § àï¤  ¢ ®¤®© áª¢ ¦¨¥; m { ç¨á«®áª¢ ¦¨; lp { ¤«¨  àï¤  áª¢ ¦¨, à ¢ ï a(m�1);a { à ááâ®ï¨¥ ¬¥¦¤ã áª¢ ¦¨ ¬¨.�®£¤  Z { á®áâ ¢«ïîé ï ¨áª®¬®© áª®à®áâ¨ á¬¥-é¥¨ï ¢ ¢®«¥ R ¤«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ï ¢ ¯à ¢«¥¨¨, ¯¥à¯¥¤¨ªã«ïà®¬ «¨¨¨ áª¢ ¦¨,®¯à¥¤¥«¨âáï ¯® ä®à¬ã«¥U?R = k1 � k2 �H1:10 �Q0:75¯®£ � r��; (11)£¤¥ k1 { ª®íää¨æ¨¥â, ãç¨âë¢ îé¨© ®â®è¥¨¥l=d3 (¯à¨ l=d3 = 150{200 k1 = 0.9, ¯à¨ l§ à=d§ à >300 k1 = 1); k2; �2 { ª®íää¨æ¨¥âë, ãç¨âë¢ î-é¨¥ á¢®©áâ¢  £àãâ :k2 = 360 � e�0:093�W�; � = 2:35e�0:027�W�; (12)WB { ¢¥á®¢ ï ¢« ¦®áâì £àãâ .�¥à¨®¤ ª®«¥¡ ¨© ¢ íâ®¬ á«ãç ¥ ¬®¦¥â ®¯à¥¤¥-«ïâìáï ¯® ä®à¬ã«¥T?R = 0:055 �Q0:145¯®£ � r0:05; c: (13)�¤¥áì Q¯®£ { ¯à¨¢¥¤¥ ï ¯®£® ï ¬ áá  § àï-¤ , Q¯®£ = Qáª¢a : (14)�®à¬ã«  (11) ¨á¯®«ì§ã¥âáï ¤«ï à áç¥â®¢ ¢ ¤¨ -¯ §®¥ à ááâ®ï¨© ¤® 6lp. �  ¯à¥¤¥« ¬¨ íâ®© §®-ë ¢ à áç¥â å ¯à¨¨¬ ¥âáï ¢áï ¬ áá  § àï¤®¢(m � Qcª¢) ¨ ¢®«  à áá¬ âà¨¢ ¥âáï ª ª áä¥à¨ç¥-áª ï.

3. ����������� �������� ����� ��-��� ������ ������������ ����-����à¨ ¢§àë¢ ¨¨ £àã¯¯ë ¢¥àâ¨ª «ìëå á¡«¨¦¥-ëå § àï¤®¢ áã¬¬ àë© á¥©á¬¨ç¥áª¨© íää¥ªâ ¯à¨¯à®ç¨å à ¢ëå ãá«®¢¨ïå § ¢¨á¨â ®â à ááâ®ï¨ï¬¥¦¤ã ¨¬¨ ¢ àï¤ã.�ª®à®áâì á¬¥é¥¨ï ¢ íâ®¬ á«ãç ¥ ¢®§à áâ ¥â¯® áà ¢¥¨î á ¢§àë¢®¬ ¥¤¨¨ç®£® § àï¤ , ®¤- ª® ¥«ì§ï à áç¥âãî ¬ ááã § àï¤®¢ ¯à¨¨¬ âì¢ ¢¨¤¥ áã¬¬ë ®â¤¥«ìëå áª¢ ¦¨, §  ¨áª«îç¥¨¥¬á«ãç ï, ª®£¤  a = 0 [6].�à¨ á¡«¨¦¥¨¨ ®â¤¥«ìëå § àï¤®¢ ¢ àï¤ã áã¬-¬ àë© á¥©á¬¨ç¥áª¨© íää¥ªâ ¢§àë¢  ã¬¥ìè ¥â-áï, â ª ª ª § àï¤ë ¢§ ¨¬®¤¥©áâ¢ãîâ ¬¥¦¤ã á®¡®©,§  áç¥â ç¥£® ¯à®¨áå®¤ïâ ¤®¯®«¨â¥«ìë¥ ¤¨áá¨¯ -â¨¢ë¥ ¯®â¥à¨ á ã¬¥ìè¥¨¥¬ à¥§ã«ìâ¨àãîé¨å¯ à ¬¥âà®¢ á¥©á¬®¢§àë¢ëå ¢®«. �®íâ®¬ã ª -¦¤ë© ®â¤¥«ìë© § àï¤ ¬ áá®© Qáª¢ ¯® ®â®è¥¨îª ä®à¬¨à®¢ ¨î á¥©á¬¨ç¥áª®© ¢®«ë ¯à¨¨¬ ¥â¤®«¥¢®¥ ãç áâ¨¥, ª®â®à®¥ ®¯à¥¤¥«¨¬ ç¥à¥§ Qíä, â.¥. íää¥ªâ¨¢ ï ¬ áá  ¥¤¨¨ç®£® § àï¤  ¯à¥¤áâ -¢«ï¥â ª ªãî-â® ç áâì ®â ¯®«®© ¬ ááë. �  ®á®-¢¥ ®¡à ¡®âª¨ ¬®£®ç¨á«¥ëå íªá¯¥à¨¬¥â «ìëå¤ ëå ¤«ï à §«¨çëå £àãâ®¢ëå ãá«®¢¨© ¢ à ¡®-â¥ [6] ¯à¨¢®¤¨âáï ä®à¬ã«  ¤«ï ¢ëç¨á«¥¨ï Qíä ¤«ï¢®«ë � . �ää¥ªâ¨¢ãî ¬ ááã § àï¤  QRíä, ¢«¨ïî-éãî   ¯ à ¬¥âàë ¯®¢¥àå®áâ®© ¢®«ë R, ¯à¥¤-« £ ¥âáï à ááç¨âë¢ âì ¯® á«¥¤ãîé¥© ä®à¬ã«¥:QRíä = Qáª¢ � exp(4:71míä + 1:5) �C6:4míä � 5 ; (15)£¤¥ Qáª¢ { ¬ áá  § àï¤  ¢ ®¤®© áª¢ ¦¨¥; míä{ ª®«¨ç¥áâ¢® áª¢ ¦¨, ãç áâ¢ãîé¨å ¢ ä®à¬¨à®-¢ ¨¨ ¯®¢¥àå®áâ®© ¢®«ë; C { ®â®á¨â¥«ì®¥à ááâ®ï¨¥ ¬¥¦¤ã áª¢ ¦¨ë¬¨ § àï¤ ¬¨,C = a2 � r®ç ; (16)r®ç { à ¤¨ãá ®ç £  (íª¢¨¢ «¥âë© à ¤¨ãáã ¨§«ã-ç â¥«ï).� ãá«®¢¨ïå ¤ ëå íªá¯¥à¨¬¥â®¢ ¥£® § ç¥¨ï®¯à¥¤¥«ïîâáï ¨§ á®®â®è¥¨© (¤«ï Z ¨ � á®áâ -¢«ïîé¨å) [6]rZ®ç = 8 � 3pQáª¢; rX®ç = 12 � 3pQáª¢: (17)� áç¥â áª®à®áâ¨ á¬¥é¥¨ï UXR ¢¤®«ì ®á¨ ¤«ïá«ãç ï ®¤®¢à¥¬¥®£® ¢§àë¢  àï¤  ¢¥àâ¨ª «ìëå§ àï¤®¢ (m) ¯à®¨§¢®¤¨¬ ¯® á«¥¤ãîé¥© ä®à¬ã«¥:�. �. �®¢ª, �. �ã£¥«ì 17



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 2. �. 14 { 22UXR = 63 �m � l0:15� �Q0:1« � � rQ1=3íä ��n; (18)£¤¥ l� { ¤«¨  áª¢ ¦¨®£® § àï¤ ; Q« { «¨¥© ï¯«®â®áâì áª¢ ¦¨®£® § àï¤ , ª£/¯.¬.� à áç¥â¥ ¬ áá®¢®© áª®à®áâ¨ ¯® ä®à¬ã«¥ (18)¯à¨¨¬ ¥âáï â®«ìª® â® ª®«¨ç¥áâ¢® § àï¤®¢ míä,¢®«ë ª®â®àëå ¯à¨å®¤ïâ ¢  ¡«î¤ ¥¬ãî â®çªã á®á¤¢¨£®¬ ä § ¯® ®â®è¥¨î ª ¡«¨¦ ©è¥¬ã § àï¤ã¥ ¡®«ìè¥ 90o, â.¥. ¯¥à¨®¤ ª®«¥¡ ¨© ¢ ¢®«¥ R¥ ¤®«¦¥ ¯à¥¢ëè âì 1=4TR. � ¤ «ì¥© §®¥ ¢ä®à¬¨à®¢ ¨¨ ¯®¢¥àå®áâ®© ¢®«ë ¯à¨¨¬ îâãç áâ¨¥ ¢á¥ § àï¤ë.� áç¥â áª®à®áâ¨ á¬¥é¥¨ï ¤«ï R-¢®«ë ¯® Z-á®áâ ¢«ïîé¥© ¯® ¯à®ä¨«î ¢¤®«ì àï¤  áª¢ ¦¨ áãç¥â®¬ á®®â®è¥¨ï (15) ¯à®¢®¤¨âáï ¯® ä®à¬ã«¥:UZR = 60� r(QRíä)1=3��1:3 �míä: (19)� §¬¥à ¨§«ãç â¥«ï ¢ ¤ ®¬ á«ãç ¥ ®¯à¥¤¥«ï«áï¯® á«¥¤ãîé¥¬ã í¬¯¨à¨ç¥áª®¬ã á®®â®è¥¨î:r¨ = 0:65 � (0:1 � l§ ¡ + 1) � � l§ àr§ à�: (20)� «¨§ ¤ ëå íªá¯¥à¨¬¥â®¢, ¯à¨¢¥¤¥ëå ¢à ¡®â¥ [6], ¯®ª § «, çâ® ¯à¨ ¢§àë¢¥ 4-x à ááà¥-¤®â®ç¥ëå áª¢ ¦¨ëå § àï¤®¢ áª®à®áâì ¢ R{¢®«¥ ¯® áà ¢¥¨î á ®¤¨®çë¬ § àï¤®¬ ¢ 1.6{1.75 à § ¢ëè¥,   ¯à¨ 8{¬¨ § àï¤ å { ¢ 1.95{2.1à § . � ®¡ê¥¬®© ¢®«¥ íâ  à §¨æ  ¥é¥ ¡®«ìè¥.�  à¨á. 3 ¯à¨¢¥¤¥ë ¤ ë¥ § ¬¥à®¢ ¢¥àâ¨ª «ì®©á®áâ ¢«ïîé¥© áª®à®áâ¨ ¢ P ¨ R ¢®« å ¢ à §«¨ç-ëå  ¯à ¢«¥¨ïå.�§ áà ¢¥¨ï ªà¨¢ëå 1 ¨ 2   à¨á. 3 ¢¨¤®,çâ® à §¨æ  ¢ áª®à®áâïå á¬¥é¥¨ï ¢ R{¢®« å¯à¨ ¢§àë¢ ¨¨ 4-å § àï¤®¢, § ¬¥à¥ ï ¯® ¤¢ã¬¯à®ä¨«ï¬ (¢¤®«ì ¨ ¯®¯¥à¥ª «¨¨¨ § àï¤®¢), áãé¥-áâ¢¥  ¨   à ááâ®ï¨¨ 25 ¬ á®áâ ¢«ï¥â 1.7 à § .�  à ááâ®ï¨¨ 50{100 ¬ íâ¨ áª®à®áâ¨ ¯à¨¬¥à®à ¢ë,     à ááâ®ï¨¨ 150{170 ¬ ¨¬¥¥â ¬¥áâ®¥ª®â®à®¥ ¯à¥¢ëè¥¨¥ áª®à®áâ¥© ¯® ¯à®¤®«ì®¬ã¯à®ä¨«î ¯® áà ¢¥¨î á ¯®¯¥à¥çë¬. �®£« á® è¨¬ à áç¥â ¬ ¢ áã¯¥à¯®§¨æ¨¨ ¢®« ¯® ¯à®¤®«ì-®¬ã ¯à®ä¨«î ¤® à ááâ®ï¨ï 12 ¬ (¤¢¥ ¤«¨ë § -àï¤ ) ãç áâ¢ãîâ ¤¢  § àï¤ , ¤® 25 ¬ { âà¨ § àï-¤  ¨ ¤ «¥¥ ¢á¥ ç¥âëà¥. � ¯®¢¥àå®áâ®© ¢®«¥  ¢á¥¬ ¯®¯¥à¥ç®¬ ¯à®ä¨«¥ ¨§¬¥à¥¨© áª« ¤ë¢ îâ-áï  ¬¯«¨âã¤ë ç¥âëà¥å § àï¤®¢. � §¨æ  ¢ áª®à®-áâïå ¯®¢¥àå®áâëå ¢®« ¯® ¤¢ã¬ ¯p®ä¨«ï¬ c®áâ -¢«ïeâ:   à ááâ®ï¨¨ 50 ¬ (� 1430r§ap) ¢ 2.15 à § ,  à ááâ®ï¨¨ 100 ¬ (� 2860r§) { ¢ 1.6 à § . � ª
�¨á. 3. �å¥¬  ª ®¯à¥¤¥«¥¨î ¯ à ¬¥âà®¢ £àã¯¯®¢ëå¢§àë¢®¢ æ¨«¨¤à¨ç¥áª¨å § àï¤®¢ á¥à¨¨ ª®«®ª®¢ëå§ àï¤®¢, à á¯®«®¦¥ëå ¢ àï¤¢¨¤¨¬, ¨¬¥îâáï ¡®«ìè¨¥ ¢®§¬®¦®áâ¨ à¥£ã«¨à®-¢ ¨ï ¨â¥á¨¢®áâ¨ á¥©á¬®¢§àë¢ëå ¢®« á®®â-¢¥âáâ¢ãîé¨¬ à á¯®«®¦¥¨¥¬ § àï¤®¢ (¨«¨ ¯®á«¥-¤®¢ â¥«ì®áâìî ¨å ¢§àë¢ ¨ï).�§ íâ¨å ¤ ëå ¢¨¤®, çâ® ¢  ¯à ¢«¥¨¨ ¯à®-¤®«ì®£® ¯à®ä¨«ï   à ááâ®ï¨¨ 50{125 ¬ (â.¥. ¤®3500 r§) ¨¬¥¥â ¬¥áâ® á«®¦¥¨¥  ¬¯«¨âã¤ â®«ìª®¤¢ãå § àï¤®¢ ( míä = 2),     à ááâ®ï¨¨ 125{170¬ (¤® 4800r§) { âà¥å ¨§ ç¥âëà¥å § àï¤®¢. �® ¯à¨íâ®¬ á«¥¤ã¥â ãç¨âë¢ âì â® ®¡áâ®ïâ¥«ìáâ¢®, çâ®¯®á«¥¤ãîé¨¥ âà¨ § àï¤  (¥á«¨ àï¤ á®áâ®¨â ¨§ è¥-áâ¨ ¨ ¡®«¥¥ áª¢ ¦¨) ¢®§¡ã¦¤ îâ   «®£¨çãî18 �. �. �®¢ª, �. �ã£¥«ì
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�¨á. 4. �®®â®è¥¨¥ áª®à®áâ¥© á¬¥é¥¨ï ¢ R{¢®« å ¯¥à¯¥¤¨ªã«ïà® ¨ ¢¤®«ì ®á¨ § àï¤®¢ à ¤¨ãá®¬ 0.08¬:1 { ¯à¨ ¤«¨¥ § àï¤  10 ¬ (125 r§ à), 2 { ¯à¨ ¤«¨¥ 34 ¬ (425 r§ à)� ¡«. 1. �®¯ãáâ¨¬ë¥ áª®à®áâ¨ ª®«¥¡ ¨© £àãâ  ¢ ®á®¢ ¨ïå §¤ ¨© ¨ á®®àã¦¥¨© à §«¨ç®£®  § ç¥¨ï� à ªâ¥à¨áâ¨ª  §¤ ¨© ¨ á®®àã¦¥¨© U¤®¯, á¬/á�¤¨®çë¥ §¤ ¨ï ¨ á®®àã¦¥¨ï ¯à®¨§¢®¤áâ¢¥®£®  § ç¥¨ïá ¦¥«¥§¥¡¥â®ë¬ ¨«¨ ¬¥â ««¨ç¥áª¨¬ ª àª á®¬ 5.0�¤¨®çë¥ §¤ ¨ï ¢ëá®â®© ¥ ¡®«¥¥ 2{3-å íâ ¦¥© á ª¨à¯¨çë¬¨¨ ¨¬ ¯®¤®¡ë¬¨ áâ¥ ¬¨ 3.0�¥¡®«ìè¨¥ ¦¨«ë¥ ¯®á¥«ª¨ 2.0�à¨¬¥ç ¨¥: ¯à¨  «¨ç¨¨ ¢ ¦¨«ëå ¯®á¥«ª å ¬¥¤¨æ¨áª¨å ¨ ¤¥âáª¨å ãçà¥¦¤¥¨© U¤®¯ ¯à¨¨¬ ¥âáï 0.01 á¬/á.�  ï ¬¥â®¤¨ª  à áç¥â  á¥©á¬®¡¥§®¯ á®£® à ááâ®ï¨ï à §à ¡®â   ¤«ï á«ãç ï ¬®£®ªà â® ¯®¢â®àïîé¨åáï¢§àë¢®¢ ( ¯à¨¬¥à, ¢¡«¨§¨ £®àëå ¯à¥¤¯à¨ïâ¨©, á¨áâ¥¬ â¨ç¥áª¨ ¢¥¤ãé¨å ¢§àë¢ë¥ à ¡®âë).¯®¢¥àå®áâãî ¢®«ã á ¨â¥à¢ «®¬ 2a, â. ¥. ä®à-¬¨àãîéãîáï   à ááâ®ï¨¨ ®â § é¨é ¥¬®£® ®¡ê-¥ªâ , ¡®«ìè¥¬   2a.�«¨ï¨¥  ¯à ¢«¥¨ï ¯à®ä¨«ï ¨§¬¥à¥¨© ¯à¨¢§àë¢ ¨¨ £®à¨§®â «ì® à á¯®«®¦¥ëå § àï¤®¢¤¨ ¬¥âà®¬ 0.16 ¬ ¢¨¤® ¨§ à¨á. 4, £¤¥ ¯à¨¢¥¤¥ë£à ä¨ª¨ § ¢¨á¨¬®áâ¨ áª®à®áâ¨ ¢ ¯®¢¥àå®áâ®©¢®«¥ ¢¤®«ì ¨ ¯¥à¯¥¤¨ªã«ïà® ®á¨ § àï¤®¢. � ª¢¨¤¨¬,  ¨¡®«¥¥ áãé¥áâ¢¥  à §¨æ  áª®à®áâ¥©¯à¨ ¢§àë¢ ¨¨ ¡®«¥¥ ¤«¨®£® § àï¤  (34 ¬ ¨«¨425r§)   à ááâ®ï¨¨ 100r§,  ç¨ ï á à ááâ®ï¨ï500r§ ¨ ¤ «¥¥ á®®â®è¥¨ï áª®à®áâ¥© ¯®¯¥à¥ç®£®¨ ¯à®¤®«ì®£® ¯à®ä¨«¥© ¯à ªâ¨ç¥áª¨ ®¤¨ ª®¢ë¤«ï ®¡®¨å § àï¤®¢.

4. ����������� �������������������������� ��� ����������������������¯à¥¤¥«¥¨¥ à ááâ®ï¨© (rá),   ª®â®àëå ª®-«¥¡ ¨ï £àãâ , ¢ë§ë¢ ¥¬ë¥ ¢§àë¢®¬ á®áà¥¤®â®-ç¥®£® (¨«¨ ¯à¨à ¢¥®£® ª ¥¬ã) § àï¤ , áâ -®¢ïâáï ¡¥§®¯ áë¬¨ ¤«ï §¤ ¨© ¨ á®®àã¦¥¨©,¬®£ãâ ¯à®¨§¢®¤¨âìáï ¯® ä®à¬ã«¥rc = �1:75k0U¤®¯ �2=3 �Q1=3; (21)£¤¥ k0 { ª®íää¨æ¨¥â, ãç¨âë¢ îé¨© á¢®©áâ¢ £àãâ  ¢ ®á®¢ ¨¨ § é¨é ¥¬®£® ®¡ê¥ªâ . �«ï¯¥áç ëå ¨ £«¨¨áâëå ¥¢®¤® áëé¥ëå £àã-â®¢ k0 = 2.6, ¤«ï  áë¯ëå ¨ ¯®ç¢¥ëå £àãâ®¢�. �. �®¢ª, �. �ã£¥«ì 19
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�¨á. 5. �¯¥ªâà «ì ï áª®à®áâì ¯à¨ ¢§àë¢¥: a - ¨áâ®ç¨ª  à §«¨çëå à §¬¥à®¢: 1{1.4 ¬; 2{2.1 ¬; 3{7.5 ¬; ¡ -à ¢®¢¥«¨ª¨å § àï¤®¢ æ¥âà «ì®© (1), ®á¥¢®© (2) ¨ ¯«®áª®© (3) á¨¬¬¥âà¨©k0 = 5, ¤«ï ¢®¤® áëé¥ëå k0 = 7. U¤®¯ { ¤®¯ã-áâ¨¬ ï áª®à®áâì ª®«¥¡ ¨© £àãâ , á¬/á, ¢ ®á®-¢ ¨¨ ®åà ï¥¬®£® ®¡ê¥ªâ , ¯à¨¨¬ ¥âáï ¢ á®®â-¢¥âáâ¢¨¨ á â ¡«. 1.�¯à¥¤¥«¥¨¥ ¨â¥á¨¢®áâ¨ á¥©á¬¨ç¥áª®£® ¢®§-¤¥©áâ¢¨ï £®àëå ã¤ à®¢ § âàã¤ï¥âáï ®âáãâáâ¢¨- ¥¬  ¤¥¦ëå ¬¥â®¤®¢ ®æ¥ª¨  ç «ìëå ¤¨ ¬¨-ç¥áª¨å ¨ í¥à£¥â¨ç¥áª¨å ¯ à ¬¥âà®¢ £®à®£® ã¤ -à .� íâ®© á¢ï§¨  ¢â®àë ¯à¥¤«®¦¨«¨ ¬¥â®¤¨ªã®æ¥ª¨ £®à®£® ã¤ à  ¯® âà®â¨«®¢®¬ã íª¢¨¢ «¥-âã (Qíª¢), çâ® ¤ ¥â ¢®§¬®¦®áâì à áá¬ âà¨¢ âì20 �. �. �®¢ª, �. �ã£¥«ì
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�¨á. 6. � ¢¨á¨¬®áâì ¬ ªá¨¬ «ì®© ç áâ®âë ®â á®®â®è¥¨ï áª®à®áâ¨ ¯à®¤®«ì®© ¢®«ë ¨ à ¤¨ãá ¨§«ãç â¥«ï: 1{ ¯à¨ à ¤¨ãá¥ § àï¤  0.4 ¬; 2{ ¯à¨ à ¤¨ãá¥ § àï¤  0.825 ¬; 3{ ¯® ¤ ë¬ �.�. �ã§ì¬¥ª  ª [1]£®àë© ã¤ à ª ª ¢§àë¢ âà®â¨«®¢®£® § àï¤  íª¢¨-¢ «¥â®© ¬®é®áâ¨ ¨ ®¯¨á âì ¤¢¨¦¥¨¥ ã¯àã£®-£® ¢®§¬ãé¥¨ï, ®á®¢ë¢ ïáì   § ª®®¬¥à®áâïåà á¯à®áâà ¥¨ï á¥©á¬®¢§àë¢ëå ¢®« ¢ áä¥à¨-ç¥áª®© ¯®áâ ®¢ª¥. �®£¤  ¯®   «®£¨¨ á (21) í¯¨-æ¥âà «ìë© à ¤¨ãá ¡¥§®¯ á®© §®ë   ¯®¢¥àå®-áâ¨ (â. ¥. à ááâ®ï¨¥ ®â í¯¨æ¥âà  £®à®£® ã¤ à ¤® â®çª¨, £¤¥ U � U¤®¬ ¤«ï ¤ ®£® ®¡ê¥ªâ ) ®¯à¥-¤¥«¨âáï ¯® ä®à¬ã«¥r¡¥§ =vuut"k1=n �Q1=3íª¢U1=n¤®¯ #2 �H2: (22)�«ï ®¯à¥¤¥«¥¨ï U ¢ëà ¦¥¨¥ (2) ¢ ®¡é¥¬ ¢¨¤¥§ ¯¨è¥âáï, ª ª U = k (Q1=3íª¢)nrn : (23)�¤¥áì k ¨ n { í¬¯¨à¨ç¥áª¨¥ ª®íää¨æ¨¥âë, ®¯à¥-¤¥«ï¥¬ë¥ ¤«ï ª®ªà¥âëå ãá«®¢¨©, å à ªâ¥à¨§ã¥-¬ëå á¢®©áâ¢ ¬¨ £àãâ®¢ ®á®¢ ¨©.�á®¢ë¢ ïáì   íâ¨å á®®â®è¥¨ïå,  ¢â®àë¢ë¯®«¨«¨ à áç¥âë á¥©á¬®¡¥§®¯ á®© §®ë £à -ä®  «¨â¨ç¥áª¨¬ á¯®á®¡®¬ á ¯®áâà®¥¨¥¬ ®¬®-£à ¬¬ë [2], ¯®§¢®«ïîé¥© ®¯à¥¤¥«¨âì ¯ à ¬¥âàë
¯à¨ ¢®§¨ª®¢¥¨¨ £®à®£® ã¤ à    £«ã¡¨¥ 500{1000 ¬ âà®â¨«®¢ë¬ íª¢¨¢ «¥â®¬ ¤® 10 â.� § ª«îç¥¨¥ ®áâ ®¢¨¬áï   ¢®¯à®á å ®¯à¥-¤¥«¥¨ï ç áâ®â®£® á¯¥ªâà  á¥©á¬¨ç¥áª®© ¢®«ë«î¡®£® ¯à®¨áå®¦¤¥¨ï, ¤«ï ãáâ ®¢«¥¨ï áâ¥¯¥¨¢¥à®ïâ®áâ¨ à¥§® áëå ï¢«¥¨©. �  à¨á. 5 ¯à¨-¢¥¤¥ë £à ä¨ª¨ § ¢¨á¨¬®áâ¨ á¯¥ªâà «ì®© ¯«®â-®áâ¨ ®â á¨¬¬¥âà¨¨ ¨ à §¬¥à®¢ ¨áâ®ç¨ª . �§à¨á. 5,   ¢¨¤®, çâ® § àï¤ë ¬¥ìè¥© ¤«¨ë ¨ æ¥-âà «ì®© á¨¬¬¥âà¨¨ ¯à¨ ¯à®ç¨å à ¢ëå ãá«®¢¨-ïå å à ªâ¥à¨§ãîâáï ¬ ªá¨¬ã¬®¬ ¢ ¡®«¥¥ ¨§ª®ç -áâ®â®© ®¡« áâ¨.�®ª § â¥«ì ¬ ªá¨¬ «ì®© ç áâ®âë (fmax), ªà®-¬¥ â®£®, § ¢¨á¨â ®â ¬ áèâ ¡  ï¢«¥¨ï, ¢ëà ¦¥-®£® ç¥à¥§ à ¤¨ãá ¨§«ãç â¥«ï (r¨ ), å à ªâ¥à¨§ãî-é¥£® à §¬¥àë ¨ í¥à£¨î ®ç £ ,   â ª¦¥ ®â å à ª-â¥à¨áâ¨ª¨ ¯®à®¤ë, ¢ ¤ ®¬ á«ãç ¥ ®¯à¥¤¥«ï¥¬®©áª®à®áâìî ¯à®¤®«ì®© ¢®«ë (Vp), ¨ ¬®¦¥â ¡ëâì ©¤¥ ¯® ä®à¬ã«¥fmax = 3 + 0:1Vpr¨ : (24)�  à¨á. 6 ¯à¨¢¥¤¥ë £à ä¨ª¨ § ¢¨á¨¬®áâ¨ ¬ ª-á¨¬ «ì®© ç áâ®âë fmax ¤«ï ¤¢ãå £®àëå ã¤ -à®¢ à ¤¨ãá®¬ í¥à£¥â¨ç¥áª®£® íª¢¨¢ «¥â  0.4 ¬¨ 0.825 ¬ ¢ ¯®à®¤ å, å à ªâ¥à¨§ã¥¬ëå áª®à®áâìî�. �. �®¢ª, �. �ã£¥«ì 21
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