
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 13 { 22��� 534.08+620.19 ���������������������� ��������� ������������ �������������� �������� �������. �. �������, �. �. ��������� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë \���", �¨¥¢�®«ãç¥­® 5.11.98 � �¥à¥á¬®âà¥­® 14.09.99�à¨¢¥¤¥­ë â¥®à¥â¨ç¥áª¨¥ ¨ íªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï ¢¨¡à® ªãáâ¨ç¥áª®£® ¬¥â®¤  á¢®¡®¤­ëå ª®«¥¡ ­¨© ¤«ï­¥à §àãè îé¥£® ª®­âà®«ï ãáâ «®áâ­ëå âà¥é¨­. �à¥¤«®¦¥­ë ®¡®¡é¥­¨ï ¤¥ªà¥¬¥­â  § âãå ­¨ï á¢®¡®¤­ëå ª®«¥-¡ ­¨© ¤«ï ­¥«¨­¥©­ëå ª®«¥¡ â¥«ì­ëå á¨áâ¥¬. �¯¥à¢ë¥ ¯®«ãç¥­® ¢ëà ¦¥­¨¥ ¤«ï ¤¥ªà¥¬¥­â  § âãå ­¨ï á¢®¡®¤­ëåª®«¥¡ ­¨© ­¥«¨­¥©­®© ®¤­®¬ áá®¢®© ¬®¤¥«¨ á âà¥é¨­®©. �à®¢¥¤¥­ë á¨áâ¥¬ â¨§¨à®¢ ­­ë¥ ¨áá«¥¤®¢ ­¨ï § ¢¨á¨-¬®áâ¨ ¤¥ªà¥¬¥­â  § âãå ­¨ï ®â à §¬¥à  âà¥é¨­ë. �¯¥à¢ë¥ ¯®ª § ­®, çâ® á à §¢¨â¨¥¬ âà¥é¨­ë ¢ ®¡ê¥ªâ¥ ª®­-âà®«ï ¤¥ªà¥¬¥­â § âãå ­¨ï ¬®¦¥â ª ª ã¢¥«¨ç¨¢ âìáï, â ª ¨ ã¬¥­ìè âìáï. �®ª § ­®, çâ® å à ªâ¥à § ¢¨á¨¬®áâ¨¤¥ªà¥¬¥­â  § âãå ­¨ï ®â à §¬¥à  âà¥é¨­ë ®¯à¥¤¥«ï¥âáï § ¢¨á¨¬®áâìî ¯®ª § â¥«ï ­¥á¨¬¬¥âà¨¨ § âãå ­¨ï ®â ®â-­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë. �áá«¥¤®¢ ­ ¤¥ªà¥¬¥­â § âãå ­¨ï ¤«ï á«ãç ¥¢ ¢­ãâà¥­­¥£® ¨ ¢­¥è­¥£® âà¥­¨©.�à¨¢¥¤¥­ë à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ¬¥â®¤  ¤«ï ª®¬¯à¥áá®à­®© «®¯ âª¨ £ §®âãà¡¨­­®£®  ¢¨ -æ¨®­­®£® ¤¢¨£ â¥«ï, á®£« áãîé¨¥áï á à¥§ã«ìâ â ¬¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨©. �®«ãç¥­­ë¥ à¥§ã«ìâ âë ­®áïâ®¡é¨© å à ªâ¥à ¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¤«ï ®¡ê¥ªâ®¢ ª®­âà®«ï, ®¯¨áë¢ ¥¬ëå ­¥«¨­¥©­®© ®¤­®¬ áá®¢®© ª®«¥-¡ â¥«ì­®© ¬®¤¥«ìî.� ¢¥¤¥­® â¥®à¥â¨ç­÷ â  ¥ªá¯¥à¨¬¥­â «ì­÷ ¤®á«÷¤¦¥­­ï ¢÷¡à® ªãáâ¨ç­®£® ¬¥â®¤  ¢÷«ì­¨å ª®«¨¢ ­ì ¤«ï ­¥àã©­÷¢­®£®ª®­âà®«î âà÷é¨­ ¢÷¤ ãâ®¬¨. � ¯à®¯®­®¢ ­÷ ã§ £ «ì­¥­­ï ¤¥ªà¥¬¥­â  § âãå ­­ï ¢÷«ì­¨å ª®«¨¢ ­ì ¤«ï ­¥«÷­÷©­¨åª®«¨¢ «ì­¨å á¨áâ¥¬. �¯¥àè¥ ®¤¥à¦ ­® ¢¨à § ¤«ï ¤¥ªà¥¬¥­â  § âãå ­­ï ¢÷«ì­¨å ª®«¨¢ ­ì ­¥«÷­÷©­®ù ®¤­®¬ á®¢®ù¬®¤¥«÷ § âà÷é¨­®î. �à®¢¥¤¥­® á¨áâ¥¬ â¨§®¢ ­÷ ¤®á«÷¤¦¥­­ï § «¥¦­®áâ÷ ¤¥ªà¥¬¥­â  § âãå ­­ï ¢÷¤ à®§¬÷àã âà÷é¨­¨.�¯¥àè¥ ¯®ª § ­®, é® § à®§¢¨âª®¬ âà÷é¨­¨ ¢ ®¡'õªâ÷ ª®­âà®«î ¤¥ªà¥¬¥­â § âãå ­­ï ¬®¦¥ ïª §à®áâ â¨, â ª ÷ §¬¥­-èã¢ â¨áì. �®ª § ­®, é® å à ªâ¥à § «¥¦­®áâ÷ ¤¥ªà¥¬¥­â  § âãå ­­ï ¢÷¤ à®§¬÷àã âà÷é¨­¨ ¢¨§­ ç õâìáï § «¥¦­÷áâî¯®ª §­¨ª  ­¥á¨¬¥âà÷ù § âãå ­­ï ¢÷¤ ¢÷¤­®á­®£® à®§¬÷àã âà÷é¨­¨. �®á«÷¤¦¥­® ¤¥ªà¥¬¥­â § âãå ­­ï ¤«ï ¢¨¯ ¤ª÷¢¢­ãâà÷è­ì®£® â  §®¢­÷è­ì®£® â¥àâï. � ¢¥¤¥­÷ à¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥­â «ì­¨å ¤®á«÷¤¦¥­ì ¬¥â®¤  ¤«ï ª®¬¯à¥á®à­®ù«®¯ âª¨ £ §®âãà¡÷­­®£®  ¢÷ æ÷©­®£® ¤¢¨£ã­ , ª®âà÷ ã§£®¤¦ãîâìáï § à¥§ã«ìâ â ¬¨ â¥®à¥â¨ç­¨å ¤®á«÷¤¦¥­ì. �¤¥à-¦ ­÷ à¥§ã«ìâ â¨ ­®áïâì § £ «ì­¨© å à ªâ¥à ÷ ¬®¦ãâì ¡ãâ¨ ¢¨ª®à¨áâ ­÷ ¤«ï ®¡'õªâ÷¢ ª®­âà®«î, é® ®¯¨áãîâìáï­¥«÷­÷©­®î ®¤­®¬ á®¢®î ª®«¨¢ «ì­®î ¬®¤¥««î.Theoretical and experimental consideration of the free oscillation method for vibroacoustical diagnostics of the fatiguecracks is presented. New generalizations of a decrement of oscillations for nonlinear systems are proposed. For the �rsttime the expression for decrement of the free oscillation of a nonlinear one-mass system with crack has been received.Systematized investigations of dependencies of the decrement from the relative crack size are carried out. For the �rsttime it was shown that with the increase of a crack in controlled object there are possible both the increase and thedecrease of decrement. Also, it was shown that the dependence of a decrement from the crack size is controlled bydependence of the attenuation assymetry factor from the relative crack size. The decrement was investigated for casesof the frequency-dependent and frequency-independent external and internal frictional forces. The experimental resultswith titanium compressor blades of aircraft gas turbine engine match with the theoretical ones. The obtained results areof general nature, and can be used for diagnostics of objects described by a nonlinear one-mass model.���������¥à §àãè îé¨© ª®­âà®«ì á®áâ®ï­¨ï ¨ å à ªâ¥-à¨áâ¨ª à ¡®ç¨å í«¥¬¥­â®¢ à §«¨ç­ëå ãáâà®©áâ¢ï¢«ï¥âáï ¢ ¦­ë¬ ª®¬¯®­¥­â®¬ á®¢à¥¬¥­­ëå â¥å-­®«®£¨© ¢ à §«¨ç­ëå ®¡« áâïå â¥å­¨ª¨. �à¨ íâ®¬¨á¯®«ì§ãîâáï à §«¨ç­ë¥ â¨¯ë ¤¨­ ¬¨ç¥áª¨å ¯®-«¥©, ¢ª«îç ï â¥¯«®¢ë¥, í«¥ªâà®¬ £­¨â­ë¥,  ªã-áâ¨ç¥áª¨¥. �«ï ¬­®£¨å á«ãç ¥¢ ­ ¡«î¤¥­¨¥ § ¨§¬¥­¥­¨ï¬¨  ªãáâ¨ç¥áª¨å ¯ à ¬¥âà®¢ í«¥¬¥­â®¢ª®­áâàãªæ¨© ¤ ¥â ¢®§¬®¦­®áâì à¥è¨âì ®¡à â­ãî§ ¤ çã ®¯à¥¤¥«¥­¨ï ¢ ¦­ëå ¤«ï ®æ¥­ª¨ à ¡®â®á¯®-á®¡­®áâ¨ ¢­ãâà¥­­¨å ¯ à ¬¥âà®¢ ®¡ê¥ªâ .�¤­¨¬ ¨§ ¢ à¨ ­â®¢  ªãáâ¨ç¥áª®£® ¬¥â®¤  ï¢«ï-¥âáï ¢¨¡à® ªãáâ¨ç¥áª¨© ¬¥â®¤ á¢®¡®¤­ëå ª®«¥¡ -­¨©, ­ è¥¤è¨© è¨à®ª®¥ ¯à ªâ¨ç¥áª®¥ ¯à¨¬¥­¥-­¨¥ [1 {9]. �£® áãâì § ª«îç ¥âáï ¢ ã¤ à­®¬ ¢®§-¡ã¦¤¥­¨¨ ®¡ê¥ªâ  ª®­âà®«ï ¨ ¯®á«¥¤ãîé¥¬ ­ -
¡«î¤¥­¨¨ §  ¯ à ¬¥âà ¬¨ á¢®¡®¤­ëå ª®«¥¡ ­¨©,ª®â®àë¥ § ¢¨áïâ ®â á®áâ®ï­¨ï ®¡ê¥ªâ  ª®­âà®«ï,  â ª¦¥ ­ «¨ç¨ï ¨ å à ªâ¥à¨áâ¨ª ¨¬¥îé¨åáï ¢­¥¬ ¤¥ä¥ªâ®¢. � ª¨¥ ¯ à ¬¥âàë ­ §ë¢ îâ ¨­-ä®à¬ â¨¢­ë¬¨ (¤¨ £­®áâ¨ç¥áª¨¬¨ ¯à¨§­ ª ¬¨).� ¯à®áâ®© á¨âã æ¨¨, ª®£¤  ¨­ä®à¬ â¨¢­ë¥ ¯ -à ¬¥âàë ¡¥§¤¥ä¥ªâ­®£® ®¡ê¥ªâ  ª®­âà®«ï ¨§¢¥áâ-­ë,   ãá«®¢¨ï ¤¨ £­®áâ¨ª¨ ­¥¨§¬¥­­ë, ® ¯®ï¢«¥-­¨¨ ¤¥ä¥ªâ®¢ ¢ ®¡ê¥ªâ¥ ª®­âà®«ï á¢¨¤¥â¥«ìáâ¢ã-îâ ¨§¬¥­¥­¨ï ¤ ­­ëå ¯ à ¬¥âà®¢,   ® å à ªâ¥à¨-áâ¨ª å ¤¥ä¥ªâ®¢ áã¤ïâ ¯® ¢¥«¨ç¨­¥ íâ¨å ¨§¬¥­¥-­¨©. �  ¯à ªâ¨ª¥ ¡®«¥¥ à á¯à®áâà ­¥­  á¨âã æ¨ï,ª®£¤  §­ ç¥­¨ï ¨­ä®à¬ â¨¢­ëå ¯ à ¬¥âà®¢ ª -¦¤®£® ¤ ­­®£® ®¡ê¥ªâ  ª®­âà®«ï ¢ ¥£® ¤¥ä¥ªâ­®¬¨ ¡¥§¤¥ä¥ªâ­®¬ á®áâ®ï­¨¨ ­¥¨§¢¥áâ­ë. � íâ®¬á«ãç ¥ ¤«ï ¤¨ £­®áâ¨ª¨ ¨á¯®«ì§ãîâáï [10] ¯«®â-­®áâ¨ à á¯à¥¤¥«¥­¨ï ¢¥à®ïâ­®áâ¥© ¤¨ £­®áâ¨ç¥-áª¨å ¯à¨§­ ª®¢ ¤«ï ª« áá®¢ ¡¥§¤¥ä¥ªâ­ëå ®¡ê¥ª-c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 13 { 22â®¢ ª®­âà®«ï ¨ ®¡ê¥ªâ®¢ ª®­âà®«ï ¢ ¤¥ä¥ªâ­®¬ á®-áâ®ï­¨¨, ¯®«ãç¥­­ë¥ «¨¡® ­  ®á­®¢ ­¨¨ â¥®à¥â¨-ç¥áª®£®  ­ «¨§ , «¨¡® ¯® íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­-­ë¬ (­  ®á­®¢ ­¨¨ ®¡ãç îé¨å ¯®á«¥¤®¢ â¥«ì­®-áâ¥© ®¡ê¥ªâ®¢ ª®­âà®«ï).�¥ä¥ªâ ¬¨, íää¥ªâ¨¢­® ª®­âà®«¨àã¥¬ë¬¨ á ¯®-¬®éìî ¬¥â®¤  á¢®¡®¤­ëå ª®«¥¡ ­¨©, ï¢«ïîâáïãáâ «®áâ­ë¥ âà¥é¨­ë. � ç¨á«¥ ¨­ä®à¬ â¨¢­ëå¯ à ¬¥âà®¢, ¨á¯®«ì§ã¥¬ëå ¤«ï ¤¨ £­®áâ¨ª¨ ãáâ -«®áâ­ëå âà¥é¨­, ¬®¦­® ¢ë¤¥«¨âì  ¬¯«¨âã¤ë ¢ëá-è¨å £ à¬®­¨ª á¢®¡®¤­ëå ª®«¥¡ ­¨© [1 {3, 7 { 9], ¢¥-«¨ç¨­ë ª®â®àëå § ¢¨áïâ ®â à §¬¥à  âà¥é¨­ë(á à®áâ®¬ âà¥é¨­ë ­ ¡«î¤ ¥âáï à®áâ  ¬¯«¨âã¤).� ¡®âë [7{ 9] ¯®á¢ïé¥­ë â¥®à¥â¨ç¥áª®¬ã  ­ «¨-§ã ¨á¯®«ì§®¢ ­¨ï ¤ ­­ëå ¯ à ¬¥âà®¢ ¤«ï ¬¥â®¤ á¢®¡®¤­ëå ª®«¥¡ ­¨©. � ª ç¥áâ¢¥ ¤¨ £­®áâ¨ç¥áª®-£® ¯à¨§­ ª  ¬¥â®¤  á¢®¡®¤­ëå ª®«¥¡ ­¨© ¬®£ãâ¢ëáâã¯ âì â ª¦¥ å à ªâ¥à¨áâ¨ª¨ § âãå ­¨ï á¢®-¡®¤­ëå ª®«¥¡ ­¨© ®¡ê¥ªâ  ª®­âà®«ï [1 { 6].�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ à ¡®â å [1 { 3] ®âáãâ-áâ¢ã¥â â¥®à¥â¨ç¥áª®¥ ®¡®á­®¢ ­¨¥ ¯à¨¬¥­¥­¨ï å -à ªâ¥à¨áâ¨ª § âãå ­¨ï ¤«ï ¤¨ £­®áâ¨ª¨ ãáâ «®áâ-­ëå âà¥é¨­. � ­­®¥ ®¡áâ®ïâ¥«ìáâ¢® § âàã¤­ï¥â¯à ªâ¨ç¥áª®¥ ¯à¨¬¥­¥­¨¥ ¬¥â®¤ . � ¡®âë [4 {6]ç áâ¨ç­® ¢®á¯®«­ïîâ íâ®â ¯à®¡¥« ¨ ¯®á¢ïé¥­ëá®§¤ ­¨î â¥®à¥â¨ç¥áª¨å ®á­®¢ ¨á¯®«ì§®¢ ­¨ï å -à ªâ¥à¨áâ¨ª § âãå ­¨ï ¤«ï ¬¥â®¤  á¢®¡®¤­ëå ª®-«¥¡ ­¨©. � ­­ ï à ¡®â  ï¢«ï¥âáï à §¢¨â¨¥¬ à -¡®â [4 { 6].� à §¤¥«¥ 1 ¤ ­­®© áâ âì¨ ¯à®¢¥¤¥­ë â¥®à¥-â¨ç¥áª¨¥ ¨áá«¥¤®¢ ­¨ï ¬¥â®¤  á¢®¡®¤­ëå ª®«¥¡ -­¨©. � ¯®¤à §¤¥«¥ 1.1 ®¯¨á ­  ¨á¯®«ì§ã¥¬ ï ¬®-¤¥«ì ®¡ê¥ªâ  ª®­âà®«ï ¨ ¯à¥¤«®¦¥­ë ¬®¤¥«¨ ¤¥-ªà¥¬¥­â  § âãå ­¨ï ¢ ª ç¥áâ¢¥ å à ªâ¥à¨áâ¨ª § -âãå ­¨ï ¤«ï ­¥«¨­¥©­ëå ª®«¥¡ â¥«ì­ëå á¨áâ¥¬.� ¯®¤à §¤¥«¥ 1.2 ¨áá«¥¤®¢ ­ë § ¢¨á¨¬®áâ¨ ¤¥ªà¥-¬¥­â  § âãå ­¨ï ®â ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥-é¨­ë. � ¯®¤à §¤¥«¥ 1.3 ¨áá«¥¤®¢ ­ ¬¥â®¤ á¢®¡®¤-­ëå ª®«¥¡ ­¨© ¯à¨ à §«¨ç­ëå â¨¯ å ¤¥¬¯ä¨à®¢ -­¨ï. � à §¤¥«¥ 2 ¯à®¢¥¤¥­ë íªá¯¥à¨¬¥­â «ì­ë¥¨áá«¥¤®¢ ­¨ï ¬¥â®¤ , ¨å à¥§ã«ìâ âë á®¯®áâ ¢«¥-­ë á à¥§ã«ìâ â ¬¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨©.1. ������������� ������������������1.1. �®¤¥«ì ®¡ê¥ªâ  ª®­âà®«ï ¨ ¤¥ªà¥¬¥­â  § -âãå ­¨ï ¤«ï ­¥«¨­¥©­ëå á¨áâ¥¬�à¨ à áá¬®âà¥­¨¨ ¤¨­ ¬¨ç¥áª¨å á¢®©áâ¢ ®¡ê-¥ªâ  ¢¡«¨§¨ à¥§®­ ­á­®© ç áâ®âë ¬®¦­® ¨á-¯®«ì§®¢ âì  ­ «®£¨î á á¨áâ¥¬®© á ®¤­®© áâ¥-¯¥­ìî á¢®¡®¤ë á ¬ áá®© m ¨ «¨­¥©­®© § ¢¨-á¨¬®áâìî ¬¥¦¤ã ¤¥ä®à¬ æ¨¥© ¨ ¢®ááâ ­ ¢«¨-

¢ îé¥© á¨«®©. �â® ª á ¥âáï ¤¥¬¯ä¨à®¢ ­¨ï¢ á¨áâ¥¬¥, â® §¤¥áì ¬®¦­® ¨á¯®«ì§®¢ âì ¬®¤¥-«¨ ç áâ®â­®-§ ¢¨á¨¬®£® ¨ ç áâ®â­®-­¥§ ¢¨á¨¬®£®âà¥­¨ï. �«ãç © ç áâ®â­®-­¥§ ¢¨á¨¬®£® âà¥­¨ï¯®áà¥¤áâ¢®¬ ¢¢¥¤¥­¨ï á¯¥æ¨ «ì­®£® ª®àà¥ªâ¨àãî-é¥£® ¬­®¦¨â¥«ï [11] á¢®¤¨âáï ª á«ãç î ç áâ®â­®-§ ¢¨á¨¬®£® âà¥­¨ï. �®íâ®¬ã ¢ ¤ «ì­¥©è¥¬, ¡¥§ã¬¥­ìè¥­¨ï ®¡é­®áâ¨, ¡ã¤¥¬ ®¯¨áë¢ âì ¬®¤¥«ì®¡ê¥ªâ  ª®­âà®«ï ãà ¢­¥­¨ï¬¨ ¤«ï á¨áâ¥¬ë áç áâ®â­®-§ ¢¨á¨¬ë¬ âà¥­¨¥¬.� ¯®ï¢«¥­¨¥¬ ãáâ «®áâ­ëå âà¥é¨­ ¢ ®¡ê¥ªâ¥ª®­âà®«ï ¨á¯®«ì§ã¥¬ ï ¬®¤¥«ì áâ ­®¢¨âáï ­¥«¨-­¥©­®© ¯® á«¥¤ãîé¨¬ á®®¡à ¦¥­¨ï¬. �§¢¥áâ­®,çâ® ¯à¨ ¯®ï¢«¥­¨¨ ãáâ «®áâ­®© âà¥é¨­ë ¢ ®¡ê¥ª-â¥ ª®­âà®«ï ¦¥áâª®áâì ª®­áâàãªæ¨¨ ®¡ê¥ªâ  ª®­-âà®«ï ¨¬¥¥â à §«¨ç­ë¥ §­ ç¥­¨ï ¯à¨ ¤¥ä®à¬ -æ¨ïå ­  à áâï¦¥­¨¥ ¨ ­  á¦ â¨¥ [12]. � à ¡®-â¥ [13] ¤«ï ®¡êïá­¥­¨ï íâ®£® ä ªâ  á¤¥« ­® ¯à¥¤-¯®«®¦¥­¨¥ ® â®¬, çâ® ¨§¬¥­¥­¨¥ ¦¥áâª®áâ¨ ¯à®-¨áå®¤¨â ¢á«¥¤áâ¢¨¥ à §¢¨â¨ï âà¥é¨­ë ¯à¨ à áâï-¦¥­¨¨,   ¯à¨ á¦ â¨¨ ãáâ «®áâ­ ï âà¥é¨­  ¯®«-­®áâìî § ªàëâ  ¨ ­¥ à §¢¨¢ ¥âáï. �ªá¯¥à¨¬¥­-â «ì­®¥ ¯®¤â¢¥à¦¤¥­¨¥ â ª®£® ¨§¬¥­¥­¨ï ¦¥áâª®-áâ¨, ®á­®¢ ­­®¥ ­  ¨áá«¥¤®¢ ­¨¨ ä®â®£à ¬¬ à á-ªàëâ¨ï ãáâ «®áâ­®© âà¥é¨­ë, ¯à¨¢¥¤¥­® ¢ à ¡®-â¥ [14].�¯¨á ­­®¥ ï¢«¥­¨¥,  ­ «®£¨ç­®¥ \¤ëè é¥©"ãáâ «®áâ­®© âà¥é¨­¥ ¢ ¬­®£®®¯®à­®¬ à®â®à¥ [15],¬®¦­® ãç¥áâì ¯®áà¥¤áâ¢®¬ ¢¢¥¤¥­¨ï äã­ªæ¨¨ ¤ë-å ­¨ï ®¡à §ãîé¨åáï ­¥á¯«®è­®áâ¥© ¢ ¬ â¥à¨ «¥,­ §ë¢ ¥¬®© ¨­ ç¥ ¯à®áâ® \äã­ªæ¨¥© ¤ëå ­¨ï ¬ -â¥à¨ « " [7,16]:c(x) = c �1� 0:5 �cc �1 + sign(x)�� : (1)�à¨ á¦ â¨¨ (x<0) âà¥é¨­  \§ ªàë¢ ¥âáï", ®¡ê-¥ªâ ª®­âà®«ï ¬®¦­® áç¨â âì ®¤­®à®¤­ë¬ ¨ ¥£®¦¥áâª®áâì cc, ª ª á«¥¤ã¥â ¨§ ä®à¬ã«ë (1), à ¢-­  ¦¥áâª®áâ¨ á ®¡ê¥ªâ  ª®­âà®«ï ¡¥§ âà¥é¨­ë(cc=c). �à¨ à áâï¦¥­¨¨ (x>0) âà¥é¨­  \à á-ªàë¢ ¥âáï", ®¡ê¥ªâ ª®­âà®«ï ­¥®¤­®à®¤¥­ ¨ ¯®-íâ®¬ã ¥£® ¦¥áâª®áâì cs ã¬¥­ìè ¥âáï ­  ¢¥«¨ç¨­ã�c (cs=c��c). �«¥¤ã¥â § ¬¥â¨âì, çâ® ®¯¨á ­­ ï¬®¤¥«ì ¨§¬¥­¥­¨ï ¦¥áâª®áâ¨ ­¥ ï¢«ï¥âáï ã­¨¢¥à-á «ì­®© ¨ ¢¥à­  «¨èì ¤«ï ¯à¥¤¯®«®¦¥­¨© ® ¯®¢¥-¤¥­¨¨ ãáâ «®áâ­®© âà¥é¨­ë ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨®¡ê¥ªâ  ª®­âà®«ï, á¤¥« ­­ëå ¢ëè¥.�­ «®£¨ç­® ¦¥áâª®áâ¨, § âãå ­¨¥ ¢ á¨áâ¥¬¥â ª¦¥ à §«¨ç­® ¯à¨ à áâï¦¥­¨¨ ¨ á¦ â¨¨ [4{ 6].�à¨ á¦ â¨¨ ¯®ª § â¥«ì § âãå ­¨ï h2 à ¢¥­ ¯®ª -§ â¥«î § âãå ­¨ï h ®¡ê¥ªâ  ª®­âà®«ï ¡¥§ âà¥é¨-­ë, ¢ â® ¢à¥¬ï ª ª ¯à¨ à áâï¦¥­¨¨ ¯®ª § â¥«ì§ âãå ­¨ï h1 ¢ ®¡é¥¬ á«ãç ¥ ®â«¨ç¥­ ®â h2.14 �. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 13 { 22�¢®¡®¤­ë¥ ª®«¥¡ ­¨ï ®¡ê¥ªâ  ª®­âà®«ï, ¬®¤¥-«¨àã¥¬®£® ª ª á¨áâ¥¬  á âà¥é¨­®©, ®¯¨áë¢ îâáïá¨áâ¥¬®© ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© [9]:( �x+ 2h1 _x+ !2sx = 0; x � 0;�x+ 2h2 _x+ !2cx = 0; x < 0; (2)£¤¥ !2s=cs=m; !2c =cc=m; hi { ¯®ª § â¥«¨ § âãå -­¨ï ¯à¨ à áâï¦¥­¨¨ (i=1) ¨ á¦ â¨¨ (i=2) .�¡®§­ ç¨¬ ç¥à¥§ �l «¨­¥©­ë© à §¬¥à âà¥é¨-­ë,   ç¥à¥§ l { «¨­¥©­ë© à §¬¥à ®¡ê¥ªâ  ª®­âà®«ï¢ ­ ¯à ¢«¥­¨¨ âà¥é¨­ë. �®£¤  § ¢¨á¨¬®áâì ¬¥¦-¤ã ®â­®á¨â¥«ì­ë¬ ¨§¬¥­¥­¨¥¬ ¦¥áâª®áâ¨ �c=c ¨®â­®á¨â¥«ì­ë¬ à §¬¥à®¬ âà¥é¨­ë 
=�l=l ¤«ïª®«¥¡ ­¨© à áá¬ âà¨¢ ¥¬®© ¬®¤¥«¨ ¬®¦­® § ¯¨-á âì ¢ ¢¨¤¥ [16] �cc = H(
)H(
) + 1:15 ; (3)£¤¥H(
) = 19:60
10� 40:69
9 + 47:04
8 � 32:99
7++20:30
6 � 9:98
5 + 4:60
4 � 1:05
3 + 0:63
2:�«ï ­ ç «ì­ëå ãá«®¢¨© x(t0)=0, _x(t0)=�0,t0=0, á®®â¢¥âáâ¢ãîé¨å ã¤ à­®¬ã ¢®§¡ã¦¤¥­¨î,¯à¨ ¬ «®¬ âà¥­¨¨ (hi<!i) à¥è¥­¨¥ á¨áâ¥¬ë (2)¨¬¥¥â ¢¨¤x(t)=8>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>:
(�0=!1)�� exp[n(T2=2)(h1�h2)�h1t]�� sin[!1(t�nT )]; t2 [nT; nt+T1=2];�(�0=!2)�� exp[(n+1)(T1=2)(h2�h1)�h2t]�� sin[!2(t�nT �T1=2)];t2 [nT+T1=2; (n+1)T ]; (4)£¤¥ n=0; 1; 2 : : :; !12=!s2� h12; !22=!c2�h22;Ti=2=!i; T =(T1+T2)=2 { ¯¥à¨®¤ á¢®¡®¤­ëå § âã-å îé¨å ª®«¥¡ ­¨© á¨áâ¥¬ë.�à¨¬¥­¥­¨¥ ª« áá¨ç¥áª®£® «®£ à¨ä¬¨ç¥áª®£®¤¥ªà¥¬¥­â  § âãå ­¨ï, ®¯à¥¤¥«ï¥¬®£® ª ª ­ âã-à «ì­ë© «®£ à¨ä¬ ®â­®è¥­¨ï ¤¢ãå ¯®á«¥¤®¢ â¥«ì-­ëå íªáâà¥¬ã¬®¢, ¤«ï ®¯¨á ­¨ï ¤¥¬¯ä¨à®¢ ­¨ï ¢­¥«¨­¥©­ëå á¨áâ¥¬ å ¢ ®¡é¥¬ á«ãç ¥ ¬®¦¥â ®ª -§ âìáï ­¥ª®àà¥ªâ­ë¬ [17], â ª ª ª ®æ¥­ª  § âã-å ­¨ï á ¨á¯®«ì§®¢ ­¨¥¬ ª« áá¨ç¥áª®£® «®£ à¨ä¬¨-ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå ­¨ï ¯à®¨§¢®¤¨âáï «¨¡®¤«ï ¤¥ä®à¬ æ¨¨ ¯à¨ á¦ â¨¨, «¨¡® ¤«ï ¤¥ä®à¬ æ¨¨

�¨á. 1. �à¥¬¥­­ ï ¤¨ £à ¬¬  ª®«¥¡ ­¨© (4)¯à¨ à áâï¦¥­¨¨ ¨ ­¥ ®¯¨áë¢ ¥â § âãå ­¨¥ ¢ æ¥-«®¬. �®íâ®¬ã ­¨¦¥ à áá¬®âà¥­ë âà¨ á«¥¤ãîé¨å®¡®¡é¥­¨ï ¯®­ïâ¨ï «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â § âãå ­¨ï ¤«ï ­¥«¨­¥©­ëå á¨áâ¥¬, ãç¨âë¢ îé¨¥¯à®æ¥áá § âãå ­¨ï ¢ æ¥«®¬:®¡®¡é¥­¨¥ 1. �®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âã-å ­¨ï ¢ëç¨á«ï¥âáï ª ª ­ âãà «ì­ë© «®£ -à¨ä¬ ®â­®è¥­¨ï ¤¢ãå ¯®á«¥¤®¢ â¥«ì­ëå à §-¬ å®¢, ¢§ïâëå ­  ¯à®¬¥¦ãâª å, à ¢­ëå ¯¥à¨-®¤ã § âãå îé¨å ª®«¥¡ ­¨©:d1 = ln� RTR2T � ; (5)£¤¥ RT , R2T { à §¬ å¨ ­  ¢à¥¬¥­­ëå ¨­â¥à-¢ « å �t1=[t0; t0 + T ] ¨ �t2=[t0 + T; t0 + 2T ]á®®â¢¥âáâ¢¥­­®; t0=argx(t)=0 (à¨á. 1). � §-¬ å äã­ªæ¨¨ x(t) ­  ­¥ª®â®à®¬ ¯à®¬¥¦ãâ-ª¥ �t ¨§ ®¡« áâ¨ ¥¥ áãé¥áâ¢®¢ ­¨ï ¥áâì à §-­®áâì ¬¥¦¤ã ¬ ªá¨¬ «ì­ë¬ ¨ ¬¨­¨¬ «ì­ë¬§­ ç¥­¨¥¬ x(t) ­  íâ®¬ ¯à®¬¥¦ãâª¥;®¡®¡é¥­¨¥ 2. �®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âã-å ­¨ï ¢ëç¨á«ï¥âáï ª ª áà¥¤­¥¥  à¨ä¬¥â¨ç¥-áª®¥ ¤¢ãå ª« áá¨ç¥áª¨å «®£ à¨ä¬¨ç¥áª¨å ¤¥-ªà¥¬¥­â®¢ § âãå ­¨ï ¤«ï ¤¥ä®à¬ æ¨¨ ¯à¨á¦ â¨¨ (dc) ¨ ¤«ï ¤¥ä®à¬ æ¨¨ ¯à¨ à áâï¦¥-­¨¨ (ds): d2 = ds + dc2 ; (6)®¡®¡é¥­¨¥ 3. �®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âã-å ­¨ï ¢ëç¨á«ï¥âáï ª ª ã¤¢®¥­­ë© ­ âãà «ì-­ë© «®£ à¨ä¬ ®â­®è¥­¨ï ¤¢ãå ¯®á«¥¤®¢ â¥«ì-­ëå íªáâà¥¬ã¬®¢ Ai, ¨ Ai+1, ­ ¯à ¢«¥­­ëå ¢à §­ë¥ áâ®à®­ë, â. ¥. ¬¨­¨¬ã¬  ¨ ¬ ªá¨¬ã¬ ®âª«®­¥­¨ï á¨áâ¥¬ë ®â ¯®«®¦¥­¨ï à ¢­®¢¥á¨ï(á¬. à¨á. 1): d3 = 2 ln� AiAi+1� : (7)�. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç 15
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�¨á. 2. � ¢¨á¨¬®áâì ¤¥ªà¥¬¥­â  d®â ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë¯à¨ h�=0 ¨ ¯®áâ®ï­­ëå ¯ à ¬¥âà å d0�à¨¬¥­¨â¥«ì­® ª «¨­¥©­®¬ã ®áæ¨««ïâ®àã ¯à¥¤-«®¦¥­­ë¥ ®¡®¡é¥­¨ï ¤ îâ à¥§ã«ìâ â, á®¢¯ ¤ î-é¨© á ª« áá¨ç¥áª¨¬ «®£ à¨ä¬¨ç¥áª¨¬ ¤¥ªà¥¬¥­-â®¬ § âãå ­¨ï. �¯à¥¤¥«¨¬ ª« áá¨ç¥áª¨© «®£ -à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï ¨ «®£ à¨ä¬¨-ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï ¯® ®¡®¡é¥­¨ï¬ 1 { 3¤«ï à áá¬ âà¨¢ ¥¬®© ¬®¤¥«¨. �á¯®«ì§ãï ®¡®¡é¥-­¨ï 1 { 2 ¤«ï á¨áâ¥¬ë (4), ¯®á«¥ ¯à¥®¡à §®¢ ­¨©¯®«ãç¨¬ d1 = d2 = h1T1 + h2T22 : (8)�á¯®«ì§ãï ®¡®¡é¥­¨¥ 3 ¤«ï á¨áâ¥¬ë (4), ¯®«ã-ç¨¬ d3 �= d1 � 0:50BB@ln h1T1h2T2�1� �cc �1CCA ; (9)£¤¥ §­ ª \+" ¨¬¥¥â ¬¥áâ® ¯à¨ ãá«®¢¨¨ çâ® ¯¥à¢ë¬¡¥à¥âáï ¬ ªá¨¬ã¬ ¯à¨ à áâï¦¥­¨¨,   §­ ª \�" {¯à¨ ®¡à â­®¬ ãá«®¢¨¨. �® ª« áá¨ç¥áª®¬ã ®¯à¥-¤¥«¥­¨î «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå ­¨ï¤«ï á¨áâ¥¬ë (4) ¤«ï ¤¥ä®à¬ æ¨¨ ¯à¨ à áâï¦¥­¨¨¨ ¤«ï ¤¥ä®à¬ æ¨¨ ¯à¨ á¦ â¨¨ ¨¬¥¥¬:d = h1T1 + h2T22 : (10)� ª ¢¨¤­® ¨§ ¢ëà ¦¥­¨© (7), (10), ª« áá¨ç¥áª¨©«®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï ­¥ § ¢¨á¨â®â ­ ¯à ¢«¥­¨ï ¤¥ä®à¬ æ¨¨ x ¨ á®¢¯ ¤ ¥â á à¥-§ã«ìâ â®¬, ¯®«ãç¥­­ë¬ ¯® ®¡®¡é¥­¨ï¬ 1, 2. �â®

¤®ª §ë¢ ¥â ¯à¨¬¥­¨¬®áâì ª« áá¨ç¥áª®£® «®£ à¨ä-¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå ­¨ï ¤«ï à áá¬ âà¨-¢ ¥¬®© ­¥«¨­¥©­®© ¬®¤¥«¨. �§ ¢ëà ¦¥­¨ï (9)á«¥¤ã¥â, çâ® à¥§ã«ìâ â ¯® ®¡®¡é¥­¨î 3 § ¢¨á¨â®â â®£®, ¡¥à¥âáï «¨ ®â­®è¥­¨¥ ¬ ªá¨¬ã¬  ­  à -áâï¦¥­¨¥ ª ¬ ªá¨¬ã¬ã ­  á¦ â¨¥ ¨«¨ ­ ®¡®à®â.�ª § ­­ë© à¥§ã«ìâ â ®â«¨ç ¥âáï ®â à¥§ã«ìâ â ,¯®«ãç¥­­®£® ¯® ®¡®¡é¥­¨ï¬ 1, 2. �®íâ®¬ã ¤ «¥¥®¡®¡é¥­¨¥ 3 ¬ë ­¥ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¤«ï á¨áâ¥-¬ë (4), å®âï ®­® ¬®¦¥â ¡ëâì ¯à¨¬¥­¥­® ¤«ï å -à ªâ¥à¨áâ¨ª¨ § âãå ­¨ï ¢ ¤àã£¨å ­¥«¨­¥©­ëå á¨-áâ¥¬ å.1.2. �áá«¥¤®¢ ­¨¥ § ¢¨á¨¬®áâ¥© ¤¥ªà¥¬¥­â  § -âãå ­¨ï ®â ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë�ç¨âë¢ ï çâ® !2s=!2c=(!21+h21)=(!22+h22) == 1��c=c (á¬. [9]), ¨§ ¢ëà ¦¥­¨ï (10) ¯®«ãç ¥¬:d = d02 0BB@1 + 1� h�r1� �cc + �1CCA ; (11)£¤¥ d0=h2T2 { «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âã-å ­¨ï á¢®¡®¤­ëå ª®«¥¡ ­¨© ®¡ê¥ªâ  ª®­âà®«ï ¡¥§âà¥é¨­ë; h�=(h2�h1)=h2 { ¯®ª § â¥«ì ­¥á¨¬¬¥-âà¨¨ § âãå ­¨ï;� = d204�2 �1� �cc � (1� h�)2� :�à¨ ­¥¨§¬¥­­ëå ¯ à ¬¥âà å h� ¨ d0 ¢¥«¨ç¨­  dï¢«ï¥âáï äã­ªæ¨¥© ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥-é¨­ë 
 ¨ à áâ¥â á à®áâ®¬ ¢¥«¨ç¨­ë 
 (à¨á. 2),d â ª¦¥ à áâ¥â á à®áâ®¬ d0 ¯à¨ ­¥¨§¬¥­­ëå 
 ¨h� ¨ á ã¬¥­ìè¥­¨¥¬ h� ¯à¨ ­¥¨§¬¥­­ëå 
 ¨ d0.�¥«¨ç¨­  d0 ï¢«ï¥âáï ¯ à ¬¥âà®¬ ¡¥§¤¥ä¥ªâ­®£®®¡ê¥ªâ  ª®­âà®«ï ¨ ­¥ § ¢¨á¨â ®â 
. �¥«¨ç¨­ h� ¢ ®¡é¥¬ á«ãç ¥ ¬®¦¥â § ¢¨á¥âì ®â à §¬¥à  
(à §«¨ç­ë¥ á«ãç ¨ â ª®© § ¢¨á¨¬®áâ¨ à áá¬®âà¥-­ë ­¨¦¥), ¨ ¯®íâ®¬ã ¯®¢¥¤¥­¨¥ ¤¥ªà¥¬¥­â  d ª ªäã­ªæ¨¨ 
 à §«¨ç­® ¤«ï à §«¨ç­ëå § ¢¨á¨¬®áâ¥©h�(
). �á«¨ ¨§¢¥áâ­ë ¢¥«¨ç¨­  d0 ¨ § ¢¨á¨¬®áâìh�(
), â® ¯® íªá¯¥à¨¬¥­â «ì­®© ®æ¥­ª¥ d ­  ®á­®-¢ ­¨¨ ¢ëà ¦¥­¨ï (11) ¬®¦­® ­¥ â®«ìª® áã¤¨âì ®­ «¨ç¨¨ âà¥é¨­ë ¢ ®¡ê¥ªâ¥ ª®­âà®«ï, ­® ¨ ¯à®¨§-¢®¤¨âì ®æ¥­ªã ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë.�á«¨ § ¢¨á¨¬®áâì h�(
) § âàã¤­¨â¥«ì­® ®¯à¥-¤¥«¨âì  ­ «¨â¨ç¥áª¨, â® «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥-¬¥­â § âãå ­¨ï, ®¯à¥¤¥«ï¥¬ë© ä®à¬ã«®© (11),¬®¦­® ¨á¯®«ì§®¢ âì ª ª ¤¨ £­®áâ¨ç¥áª¨© ¯à¨§­ ª¯®á«¥ ®¡ãç¥­¨ï á¨áâ¥¬ë ­¥à §àãè îé¥£® ª®­âà®-«ï ¯® ®¡ãç îé¥¬ã ­ ¡®àã ®¡ê¥ªâ  ª®­âà®«ï.16 �. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 13 { 22� á«ãç ¥  ¯à¨®à­® ¨§¢¥áâ­®£® §­ ç¥­¨ï ¯à¨§­ -ª  ¤«ï ¡¥§¤¥ä¥ªâ­®£® ®¡ê¥ªâ  ª®­âà®«ï æ¥«¥á®-®¡à §­® à áá¬ âà¨¢ âì ®â­®á¨â¥«ì­ë© «®£ à¨ä-¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï, ®¯à¥¤¥«ï¥¬ë© ª ªd� = dd0 : (12)�â®â ¯ à ¬¥âà à ¢¥­ ¥¤¨­¨æ¥ ¤«ï ¢á¥å ¡¥§¤¥ä¥ªâ-­ëå ®¡ê¥ªâ  ª®­âà®«ï, ¨ ¯® ¥£® ®â«¨ç¨î ®â ¥¤¨-­¨æë ¬®¦­® áã¤¨âì ® ­ «¨ç¨¨ âà¥é¨­ë ¢ ®¡ê¥ª-â¥ ª®­âà®«ï. �à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ â®, çâ® ¤«ïâ¢¥à¤®£® â¥«  ¢ë¯®«­ï¥âáï ãá«®¢¨¥ hi < 0:048!i,i=1; 2 [18], à áá¬®âà¨¬ ®â¤¥«ì­® á«ãç © hi � !i,i=1; 2. �à¨ íâ®¬ ¬®¦­® ¯®«®¦¨âì �=0. �®£¤ ¢ëà ¦¥­¨ï (11), (12) ¯à¥®¡à §ãîâáï ª ¢¨¤ãd = 2�h2!0 1� h� +�1� �cc �1=21 +�1� �cc �1=2 ; (13)d� = 1� h� +�1� �cc �1=22�1� �cc �1=2 : (14)� ¢¨á¨¬®áâì d�(
) ¯à¨ h�=const ¤«ï à §«¨ç­ëå§­ ç¥­¨© h� ¯à¥¤áâ ¢«¥­  ­  à¨á. 3. � ª á«¥¤ã-¥â ¨§ £à ä¨ª , ¯à¨ h�(
) = const äã­ªæ¨ï (14)ï¢«ï¥âáï ¢®§à áâ îé¥© äã­ªæ¨¥©  à£ã¬¥­â  
.�ëà ¦¥­¨ï (13), (14) ¯®ª §ë¢ îâ, çâ® å à ªâ¥à§ ¢¨á¨¬®áâ¨ «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âã-å ­¨ï ¨ ®â­®á¨â¥«ì­®£® «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥-¬¥­â  § âãå ­¨ï ®â à §¬¥à  âà¥é¨­ë ®¯à¥¤¥«ï-¥âáï § ¢¨á¨¬®áâìî ¯®ª § â¥«ï ­¥á¨¬¬¥âà¨¨ § âã-å ­¨ï ®â ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë. �á«¨äã­ªæ¨ï h�(
) ¨§¢¥áâ­ , â® ­  ®á­®¢ ­¨¨ ¢ëà ¦¥-­¨© (13), (14) ¬®¦­® ®æ¥­¨âì ®â­®á¨â¥«ì­ë© à §-¬¥à âà¥é¨­ë.� â®çª¨ §à¥­¨ï ¯à¨¬¥­¨¬®áâ¨ ¤«ï ­¥à §àãè î-é¥£® ª®­âà®«ï, ®â­®á¨â¥«ì­ë© «®£ à¨ä¬¨ç¥áª¨©¤¥ªà¥¬¥­â § âãå ­¨ï d� ®¡« ¤ ¥â àï¤®¬ ¯à¥¨¬ã-é¥áâ¢ ¯® áà ¢­¥­¨î á «®£ à¨ä¬¨ç¥áª¨¬ ¤¥ªà¥-¬¥­â®¬ § âãå ­¨ï d. � ª á«¥¤ã¥â ¨§ ¢ëà ¦¥-­¨ï (14), ®â­®á¨â¥«ì­ë© «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥-¬¥­â § âãå ­¨ï d� ¨­¢ à¨ ­â¥­ ®â­®á¨â¥«ì­® ¯ -à ¬¥âà  ¡¥§¤¥ä¥ªâ­®£® ®¡ê¥ªâ  ª®­âà®«ï d0, à -¢¥­ ¤«ï ¢á¥å â ª¨å ®¡ê¥ªâ®¢ ª®­âà®«ï ¥¤¨­¨æ¥ ¨¯®íâ®¬ã ®æ¥­ª¨ d� ¡®«¥¥ ¯®¬¥å®ãáâ®©ç¨¢ë (§ ¢¨-áïâ ®â ¬¥­ìè¥£® ª®«¨ç¥áâ¢  ¬¥è îé¨å ¯ à ¬¥-âà®¢). �à®¬¥ â®£®, â ª ª ª ¯®ª § â¥«ì ­¥á¨¬-¬¥âà¨¨ § âãå ­¨ï ¥áâì äã­ªæ¨ï ®â­®á¨â¥«ì­®£®

�¨á. 3. � ¢¨á¨¬®áâì ®â­®á¨â¥«ì­®£® ¤¥ªà¥¬¥­â  d�®â ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë¯à¨ ¯®áâ®ï­­ëå ¯ à ¬¥âà å h�à §¬¥à  âà¥é¨­ë, â® ®â­®á¨â¥«ì­ë© «®£ à¨ä¬¨-ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï d� § ¢¨á¨â «¨èì ®âà §¬¥à  
.�«¥¤ã¥â ®¤­ ª® ®â¬¥â¨âì, çâ® ¢ à¥ «ì­ëå ãá«®-¢¨ïå ­¥à §àãè îé¥£® ª®­âà®«ï ¨á¯®«ì§®¢ ­¨¥®â­®á¨â¥«ì­®£® «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § -âãå ­¨ï ¬®¦¥â ®ª § âìáï § âàã¤­¨â¥«ì­ë¬, â ªª ª ¤«ï ¥£® ®æ¥­ª¨ ­¥®¡å®¤¨¬® §­ âì §­ ç¥­¨¥ «®-£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå ­¨ï ¤«ï íâ®£®¦¥ ®¡ê¥ªâ  ª®­âà®«ï ¢ ¡¥§¤¥ä¥ªâ­®¬ á®áâ®ï­¨¨.�á«¨ «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï ¤«ï¡¥§¤¥ä¥ªâ­®£® ®¡ê¥ªâ  ª®­âà®«ï ­¥¨§¢¥áâ¥­, â®¤«ï ­¥à §àãè îé¥£® ª®­âà®«ï á«¥¤ã¥â ¨á¯®«ì§®-¢ âì ®æ¥­ª¨ «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âã-å ­¨ï, ª®â®àë¥ ¯®«ãç îâáï ¯®áà¥¤áâ¢®¬ ¯à¨¬¥­¥-­¨ï ®¡®¡é¥­¨© 1, 2 ¨«¨ ª« áá¨ç¥áª®£® ®¯à¥¤¥«¥­¨ïª á¢®¡®¤­ë¬ ª®«¥¡ ­¨ï¬ á ¯à¨¬¥­¥­¨¥¬ ãáà¥¤­¥-­¨ï ¯® ­¥áª®«ìª¨¬ ¯¥à¨®¤ ¬ á¨£­ « , ¨ ¨á¯®«ì§ã-îâáï ¯® áå¥¬¥, ¯à¨¢¥¤¥­­®© ¢® ¢¢¥¤¥­¨¨.1.3. �áá«¥¤®¢ ­¨¥ ¬¥â®¤  ¤«ï à §«¨ç­ëå â¨¯®¢¤¥¬¯ä¨à®¢ ­¨ï�«ï ¯à®¢¥¤¥­¨ï ¤ «ì­¥©è¥£®  ­ «¨§  ¯®«ãç¨¬¢ëà ¦¥­¨¥ h� = f(
) ¢ ï¢­®¬ ¢¨¤¥. �¨«  âà¥­¨ïF ¢ á¨áâ¥¬¥ (2) ¨¬¥¥â ¢ ®¡é¥¬ á«ãç ¥ ¢­ãâà¥­-­îî Fi ¨ ¢­¥è­îî Fe á®áâ ¢«ïîé¨¥. �ç¨âë¢ ï,çâ® ¢® ¢­ãâà¥­­¥¬ ¨ ¢® ¢­¥è­¥¬ âà¥­¨¨ ¨¬¥îâáïç áâ®â­®-§ ¢¨á¨¬ ï ¨ ç áâ®â­®-­¥§ ¢¨á¨¬ ï á®-áâ ¢«ïîé¨¥, á¨«ã ¢­ãâà¥­­¥£® âà¥­¨ï ¯à¥¤áâ ¢¨¬�. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç 17
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¡�¨á. 4. � ¢¨á¨¬®áâ¨ ¤¥ªà¥¬¥­â®¢ ®â ®â­®á¨â¥«ì­®£®à §¬¥à  âà¥é¨­ë ¯à¨ ç áâ®â­®-­¥§ ¢¨á¨¬®¬¢­¥è­¥¬ âà¥­¨¨ ¢ á¨áâ¥¬¥(f2=1000 �æ, h2=0:05):  { ¤¥ªà¥¬¥­â d;¡ { ®â­®á¨â¥«ì­ë© ¤¥ªà¥¬¥­â d�¢ ¢¨¤¥ [11] Fi = �aiex� bi _x; (15)£¤¥ ai { ª®íää¨æ¨¥­â ¢­ãâà¥­­¥£® ç áâ®â­®-­¥§ ¢¨á¨¬®£® âà¥­¨ï; bi { ª®íää¨æ¨¥­â ¢­ãâà¥­-­¥£® ç áâ®â­®-§ ¢¨á¨¬®£® âà¥­¨ï; ex { ¯à®¨§¢®¤-­ ï ¤¥ä®à¬ æ¨¨ ¯® ä §¥; _x { ¯à®¨§¢®¤­ ï ¤¥ä®à-¬ æ¨¨ ¯® ¢à¥¬¥­¨. � ¤ «ì­¥©è¥¬, ­¥ ®£à ­¨ç¨¢ ï

®¡é­®áâ¨ à ááã¦¤¥­¨©, ¡ã¤¥¬ à áá¬ âà¨¢ âì ¤¥-ä®à¬ æ¨î ­  à áâï¦¥­¨¥.�¥«¨ç¨­ë ex ¨ _x á¢ï§ ­ë á®®â­®è¥­¨¥¬ ex= I _x,£¤¥ I { ª®àà¥ªâ¨àãîé¨© ¬­®¦¨â¥«ì. � ¤ ­­®¬á«ãç ¥ I=!�1s . �®íää¨æ¨¥­âë ai ¨ bi á¢ï§ ­ë á¦¥áâª®áâìî ª®­áâàãªæ¨¨ ®¡ê¥ªâ  ª®­âà®«ï á«¥¤ã-îé¨¬¨ á®®â­®è¥­¨ï¬¨ [11]:ai = �ics; bi = �ics; (16)£¤¥ �i; �i { ª®íää¨æ¨¥­âë, ­¥ § ¢¨áïé¨¥ ®â ¬ -â¥à¨ «  ®¡ê¥ªâ  ª®­âà®«ï. �­ «®£¨ç­ë¬ ®¡à §®¬á¨«  ¢­¥è­¥£® âà¥­¨ï ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ [11]:Fe = �aeex� be _x; (17)£¤¥ ae { ª®íää¨æ¨¥­â ¢­¥è­¥£® ç áâ®â­®-­¥§ ¢¨-á¨¬®£® âà¥­¨ï; be { ª®íää¨æ¨¥­â ¢­¥è­¥£® ç á-â®â­®-§ ¢¨á¨¬®£® âà¥­¨ï. �â¨ ª®íää¨æ¨¥­âëá¢ï§ ­ë á ¬ áá®© ®¡ê¥ªâ  ª®­âà®«ï § ¢¨á¨¬®áâï-¬¨ [11] ae = �em; be = �em; (18)£¤¥ �e; �e { ª®íää¨æ¨¥­âë, ­¥ § ¢¨áïé¨¥ ®â ¬ â¥-à¨ «  ®¡ê¥ªâ  ª®­âà®«ï.� ãç¥â®¬ ¢ëà ¦¥­¨© (15) { (18) á¨«  âà¥­¨ï ¢á¨áâ¥¬¥ (2) ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥F = 8>>>>>>>><>>>>>>>>: � ���i!s + �i� cs + ��e!s + �e�m� _x¯à¨ x � 0;� ���i!c + �i� cc +��e!c + �e�m� _x¯à¨ x < 0: (19)�§ ¢ëà ¦¥­¨ï (19), ãç¨âë¢ ï çâ® h=F=(2m _x),¯®«ãç ¥¬8>>><>>>: h1 = 12 ���i!s + �i�!2s + ��e!s + �e�� ;h2 = 12 ���i!c + �i�!2c +��e!c + �e�� ; (20)h� = 1� ��i!s + �i�!2s + �e!s + �e��i!c + �i�!2c + �e!c + �e : (21)�á¯®«ì§ãï ¢ëà ¦¥­¨ï (20), (21), ¬®¦­® ¨áá«¥¤®-¢ âì ¤¥ªà¥¬¥­âë d, d� ¯à¨ à §«¨ç­ëå á¨« å âà¥-­¨ï ¢ á¨áâ¥¬¥.� áá¬®âà¨¬ á«¥¤ãîé¨¥ ç¥âëà¥ á«ãç ï:á«ãç © 1. � áâ®â­®-§ ¢¨á¨¬®¥ ¢­¥è­¥¥ âà¥­¨¥:�i=�e=�i=0. �§ ¢ëà ¦¥­¨ï (21) ¯®á«¥ ¯à¥-®¡à §®¢ ­¨© ¯®«ãç¨¬ h�=0 ¤«ï 
 2 (0; 1), ¯®-íâ®¬ã ¤¥ªà¥¬¥­âë d, d� ¢®§à áâ îâ á à®-áâ®¬ ®â­®á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë 
 (á¬.à¨á. 2);18 �. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 4. �. 13 { 22á«ãç © 2. � áâ®â­®-­¥§ ¢¨á¨¬®¥ ¢­¥è­¥¥ âà¥­¨¥:�i=�i=�e=0. �§ ¢ëà ¦¥­¨ï (21) ¯®«ãç -¥¬ h�=1�1=p1��c=c. �«¥¤®¢ â¥«ì­®, ¤¥-ªà¥¬¥­âë d, d� ¢®§à áâ îâ á à®áâ®¬ ®â­®á¨-â¥«ì­®£® à §¬¥à  âà¥é¨­ë 
 (à¨á. 4);á«ãç © 3. � áâ®â­®-§ ¢¨á¨¬®¥ ¢­ãâà¥­­¥¥ âà¥-­¨¥: �e=�i=�e=0. �§ ¢ëà ¦¥­¨ï (21) á«¥-¤ã¥â, çâ® h�=�c=c, ¯®íâ®¬ã §­ ç¥­¨ï ¤¥ªà¥-¬¥­â®¢ d, d� ã¡ë¢ îâ á à®áâ®¬ ®â­®á¨â¥«ì-­®£® à §¬¥à  âà¥é¨­ë 
 (à¨á. 5). � ¬¥â¨¬,çâ® ¢®§¬®¦­®áâì ã¬¥­ìè¥­¨ï ¤¥ªà¥¬¥­â  § -âãå ­¨ï á à®áâ®¬ à §¬¥à  âà¥é¨­ë ¯®ª § ­ §¤¥áì ¢¯¥à¢ë¥ ¨ à ­¥¥ ¢ «¨â¥à âãà¥ ­¥ ®¡áã-¦¤ « áì;á«ãç © 4. � áâ®â­®-­¥§ ¢¨á¨¬®¥ ¢­ãâà¥­­¥¥ âà¥-­¨¥: �e=�i=�e=0. �§ ¢ëà ¦¥­¨ï (21) ¯®-«ãç¨¬ h�=1�p1��c=c. �«¥¤®¢ â¥«ì­®, ¤¥-ªà¥¬¥­âë d, d� ­¥ ¨§¬¥­ïîâáï á à®áâ®¬ ®â­®-á¨â¥«ì­®£® à §¬¥à  âà¥é¨­ë 
.� ¬¥â¨¬, çâ® ç áâ®â­®-§ ¢¨á¨¬®¥ (¢ï§ª®¥) ¢­ã-âà¥­­¥¥ âà¥­¨¥ å à ªâ¥à­® ¤«ï ¯®«¨¬¥à®¢,  ç áâ®â­®-­¥§ ¢¨á¨¬®¥ (£¨áâ¥à¥§¨á­®¥) ¢­ãâà¥­-­¥¥ âà¥­¨¥ å à ªâ¥à­® ¤«ï ¬¥â ««®¢ [11]. �®íâ®¬ãá«ãç ¨ 3 ¨ 4 ®¯¨áë¢ îâ á®®â¢¥âáâ¢¥­­® ¯®«¨¬¥à-­ë© ¨ ¬¥â ««¨ç¥áª¨© ®¡ê¥ªâë ª®­âà®«ï ¯à¨ ­ «¨-ç¨¨ â®«ìª® ¢­ãâà¥­­¥£® âà¥­¨ï.� áá¬®âà¨¬ â ª¦¥ ¢ ¦­ë© ¤«ï ¯à ªâ¨ª¨ ­¥à §-àãè îé¥£® ª®­âà®«ï á«ãç © ¬¥â ««¨ç¥áª®£® ®¡ê-¥ªâ  ª®­âà®«ï, ­ å®¤ïé¥£®áï ¯®¤ ¤¥©áâ¢¨¥¬ á¨«¢­ãâà¥­­¥£® (ç áâ®â­®-­¥§ ¢¨á¨¬®£®) ¨ ¢­¥è­¥£®(ç áâ®â­®-§ ¢¨á¨¬®£® ¨ ç áâ®â­®-­¥§ ¢¨á¨¬®£®)âà¥­¨ï: �i 6=0, �i=0; �e 6=0, �e 6=0. � íâ®¬ á«ãç ¥¢ëà ¦¥­¨¥ (13) á ãç¥â®¬ ¢ëà ¦¥­¨ï (21) ¯à¥®¡à -§ã¥âáï ª ¢¨¤ãd�=D1+D2=�1��cc �+D3 1=r1��cc ! ; (22)£¤¥ D1=(2h2 + �i!2)=(4h2); D2=(�e)=(4h2!2);D3=1=2� (�i!2 + �e=!2)=(4h2); D1, D2, D3 {¯®«®¦¨â¥«ì­ë¥ ¯®áâ®ï­­ë¥ ª®íää¨æ¨¥­âë, â -ª¨¥ çâ® D1+D2+D3=1. �à¨ ¢ë¢®¤¥ á®®â­®-è¥­¨ï (21) áç¨â «®áì, çâ® ¢ë¯®«­ï¥âáï ãá«®¢¨¥hi�!i, i=1; 2),� ª á«¥¤ã¥â ¨§ ¢ëà ¦¥­¨ï (22), ¤«ï ¯®á«¥¤­¥£®á«ãç ï ¨ «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § âãå ­¨ï,¨ ®â­®á¨â¥«ì­ë© «®£ à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥­â § -âãå ­¨ï ã¢¥«¨ç¨¢ îâáï á à®áâ®¬ à §¬¥à  âà¥é¨-­ë. �ëà ¦¥­¨ï ¤«ï ª®íää¨æ¨¥­â®¢D1,D2, D3 ¯®-ª §ë¢ îâ, çâ® ®â­®á¨â¥«ì­ë© «®£ à¨ä¬¨ç¥áª¨©¤¥ªà¥¬¥­â § âãå ­¨ï ¢ ¤ ­­®¬ á«ãç ¥ ­¥ § ¢¨á¨â®â ª®íää¨æ¨¥­â  ¢­¥è­¥£® ç áâ®â­®-§ ¢¨á¨¬®£®âà¥­¨ï.

 
¡�¨á. 5. � ¢¨á¨¬®áâ¨ ¤¥ªà¥¬¥­â®¢ ®â ®â­®á¨â¥«ì­®£®à §¬¥à  âà¥é¨­ë ¯à¨ ç áâ®â­®-§ ¢¨á¨¬®¬¢­ãâà¥­­¥¬ âà¥­¨¨ ¢ á¨áâ¥¬¥(f2=1000 �æ, h2=0:05):  { ¤¥ªà¥¬¥­â d;¡ { ®â­®á¨â¥«ì­ë© ¤¥ªà¥¬¥­â d��®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ á¤¥« âì ®¡-é¨© ¢ë¢®¤ ® â®¬, çâ® á ¬® ¨§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨¤¥ªà¥¬¥­â  § âãå ­¨ï ¡¥§ §­ ­¨ï ä¨§¨ª¨ ¨ ®á®-¡¥­­®áâ¥© ¤¥¬¯ä¨à®¢ ­¨ï ­¥ ¬®¦¥â á«ã¦¨âì ¤¨ -£­®áâ¨ç¥áª¨¬ ¯à¨§­ ª®¬ à®áâ  âà¥é¨­ë.� ¯à ªâ¨ª¥ ­¥à §àãè îé¥£® ª®­âà®«ï ¢¥áì¬ à á¯à®áâà ­¥­  á¨âã æ¨ï, ª®£¤  á®¡áâ¢¥­­ ï ç -�. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç 19
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¡�¨á. 6. �à¥¬¥­­ë¥ ¤¨ £à ¬¬ë á¢®¡®¤­ëå ª®«¥¡ ­¨©âãà¡¨­­®© «®¯ âª¨, ¯®«ãç¥­­ë¥ ¢ íªá¯¥à¨¬¥­â¥:  { ¡¥§ âà¥é¨­ë;¡ { á âà¥é¨­®© ®â­®á¨â¥«ì­®£® à §¬¥à  
=0:4áâ®â  ®¡ê¥ªâ  ª®­âà®«ï ¡¥§ âà¥é¨­ë !0  ¯à¨®à-­® ­¥¨§¢¥áâ­ . �ª § ­­ ï  ¯à¨®à­ ï ­¥¨§¢¥áâ-­®áâì, ª ª á«¥¤ã¥â ¨§ ¢ëà ¦¥­¨ï (14), ­¥áãé¥-áâ¢¥­­  ¯à¨ ¤¨ £­®áâ¨ª¥ ­  ®á­®¢¥ ®â­®á¨â¥«ì-­®£® «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå ­¨ï, ­®§­ ç¨â¥«ì­® á­¨¦ ¥â íää¥ªâ¨¢­®áâì ¤¨ £­®áâ¨ª¨­  ®á­®¢¥ «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå -­¨ï. �­¨¦¥­¨¥ íää¥ªâ¨¢­®áâ¨ ¬®¦­® ã¬¥­ìè¨âì¯ãâ¥¬ ¨á¯®«ì§®¢ ­¨ï  ¤ ¯â¨¢­®£® ¬¥â®¤  ¯à¨­ï-â¨ï à¥è¥­¨ï [19,20]. � ¢¨á¨¬®áâ¨ (11), (13) ¯®-ª §ë¢ îâ, çâ® ¤«ï  ¤ ¯â æ¨¨ ¬¥â®¤  ª ­¥¨§¢¥áâ-

­®© á®¡áâ¢¥­­®© ç áâ®â¥ ®¡ê¥ªâ  ª®­âà®«ï æ¥«¥-á®®¡à §­® ¨á¯®«ì§®¢ âì ®æ¥­ªã b!0 íâ®© ç áâ®âë ¢ª ç¥áâ¢¥ ¨§¬¥à¨¬®£® ¬¥è îé¥£® ¯ à ¬¥âà . �¥-â®¤ ¯à¨­ïâ¨ï à¥è¥­¨ï ¢ª«îç ¥â ¢ íâ®¬ á«ãç ¥ ¨§-¬¥à¥­¨¥ á®¡áâ¢¥­­®© ç áâ®âë ®¡ê¥ªâ  ª®­âà®«ï!0 ¯ à ««¥«ì­® á ¨§¬¥à¥­¨¥¬ ¤¥ªà¥¬¥­â  § âãå -­¨ï,   â ª¦¥ ä®à¬¨à®¢ ­¨¥  ¤ ¯â¨¢­®£® ®â­®è¥-­¨ï ¯à ¢¤®¯®¤®¡¨ï [19], § ¢¨áïé¥£® ®â ®æ¥­®ª á®¡-áâ¢¥­­®© ç áâ®âë ¨ ¤¥ªà¥¬¥­â , ¨ áà ¢­¥­¨¥ ¥£®á ¯®à®£®¬ [10].2. ����������������� ���������-��� �������ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï ¬¥â®¤  ­ ®á­®¢¥ ¨á¯®«ì§®¢ ­¨ï ¤ ­­ëå ® ¤¥ªà¥¬¥­â¥ (10)¯à®¢¥¤¥­ë ­  â¥áâ®¢®¬ áâ¥­¤¥  ¢¨ ¬®â®à®áâà®¨-â¥«ì­®£® § ¢®¤  \�®â®à-�iç" [21]. �«ï ¨áá«¥¤®-¢ ­¨© ¨á¯®«ì§®¢ « áì â¨â ­®¢ ï «®¯ âª  ¯¥à¢®©áâã¯¥­¨ ª®¬¯à¥áá®à   ¢¨ æ¨®­­®£® £ §®âãà¡¨­­®-£® ¤¢¨£ â¥«ï ���-117. �à¨¥¬  ªãáâ¨ç¥áª¨å á¨£­ -«®¢, ¨§«ãç ¥¬ëå ¯à¨ á¢®¡®¤­ëå ¬¥å ­¨ç¥áª¨å ª®-«¥¡ ­¨ïå «®¯ âª¨, ®áãé¥áâ¢«ï«áï ª®­¤¥­á â®à­ë¬¬¨ªà®ä®­®¬. �«ï ã¤ à­®£® ¢®§¡ã¦¤¥­¨ï á¢®¡®¤-­ëå ª®«¥¡ ­¨© ¢ ®¡ê¥ªâ¥ ª®­âà®«ï ¨á¯®«ì§®¢ «®áìá¯¥æ¨ «ì­®¥ ã¤ à­®¥ ãáâà®©áâ¢® á à¥§¨­®¢ë¬ ¡®©-ª®¬.�®á«¥ á¥à¨¨ íªá¯¥à¨¬¥­â®¢ á «®¯ âª®© ¢ ¡¥§-¤¥ä¥ªâ­®¬ á®áâ®ï­¨¨, ¢ ­¥© ¨áªãááâ¢¥­­ë¬ ®¡à -§®¬ á®§¤ ¢ « áì ãáâ «®áâ­ ï âà¥é¨­ , ¨ íªá¯¥à¨-¬¥­â ¯®¢â®àï«áï ¯à¨ ­¥¨§¬¥­­ëå ¯à®ç¨å ãá«®¢¨-ïå. �¨£­ «ë á¢®¡®¤­ëå ª®«¥¡ ­¨© «®¯ âª¨ ¡¥§âà¥é¨­ë ¨ á âà¥é¨­®© ¯à¨¢¥¤¥­ë ­  à¨á. 6.�­ ç¥­¨ï «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âãå -­¨ï ¤«ï «®¯ âª¨ á âà¥é¨­®© ¨ ¡¥§ âà¥é¨­ë ¯à¨-¢¥¤¥­ë ¢ â ¡«¨æ¥, ¯à¨ç¥¬ ¯®¤ ­®¬¥à ¬¨ 1 { 4 ¯à¥¤-áâ ¢«¥­ë à¥§ã«ìâ âë ­¥áª®«ìª¨å ¯®¢â®à®¢ íªá¯¥-à¨¬¥­â  ¤«ï «®¯ âª¨ ¡¥§ âà¥é¨­ë,   ¯®¤ ­®¬¥à -¬¨ 5{ 8 { ¤«ï «®¯ âª¨ á âà¥é¨­®©.�á«®¢¨ï, ¢ ª®â®àëå ¯à®¢®¤¨«áï íªá¯¥à¨¬¥­â, á®-®â¢¥âáâ¢ãîâ à áá¬®âà¥­­®¬ã ¢ à §¤¥«¥ 1.3 á«ã-ç î ¬¥â ««¨ç¥áª®£® ®¡ê¥ªâ  ª®­âà®«ï ¯®¤ ¤¥©-áâ¢¨¥¬ á¨« ¢­ãâà¥­­¥£® ¨ ¢­¥è­¥£® âà¥­¨ï (¢ëà -¦¥­¨¥ (22)). � íªá¯¥à¨¬¥­â¥ ¯à®¢¥àï«áï â¥®à¥â¨-ç¥áª¨© ¯à®£­®§ ®¡ ®¦¨¤ ¥¬®¬ ã¢¥«¨ç¥­¨¨ ¤¥ªà¥-¬¥­â  § âãå ­¨ï ¯à¨ ¯®ï¢«¥­¨¨ âà¥é¨­ë ¢ ®¡ê-¥ªâ  ª®­âà®«ï. � ª ¢¨¤­® ¨§ â ¡«¨æë, ¯à¨ ¯®-ï¢«¥­¨¨ âà¥é¨­ë ¢ «®¯ âª¥ ª®¬¯à¥áá®à  (®â­®á¨-â¥«ì­ë© à §¬¥à âà¥é¨­ë 0.4) ¤¥©áâ¢¨â¥«ì­® ¨¬¥-¥â ¬¥áâ® à®áâ «®£ à¨ä¬¨ç¥áª®£® ¤¥ªà¥¬¥­â  § âã-å ­¨ï, çâ® ãª §ë¢ ¥â ­  á®£« á®¢ ­­®áâì íªá¯¥à¨-¬¥­â «ì­ëå ¤ ­­ëå á â¥®à¥â¨ç¥áª¨¬ ¯à®£­®§®¬.20 �. �. �¥«ì¬ ­, �. �. �®à¯¨­¨ç
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