
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56��� 539.376����������� ��������� � ��������������������� ��������������� �����. �. ���������, �. �. ������­áâ¨âãâ ¬¥å ­¨ª¨ ��� �ªà ¨­ë ¨¬. �. �. �̈ ¬®è¥­ª®, �¨¥¢�®«ãç¥­® 2.04.99 � �¥à¥á¬®âà¥­® 8.06.99� ­  ¯®áâ ­®¢ª  § ¤ ç¨ ® ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïå ¨ ¤¨áá¨¯ â¨¢­®¬ à §®£à¥¢¥ ¯à¥¤¢ à¨â¥«ì­® ­ ¬ £­¨ç¥­­®£®¤® ­ áëé¥­¨ï ä¥àà®¬ £­¨â­®£® á«®ï á ãç¥â®¬ ­¥®¤­®à®¤­®£® ®¡¬¥­ , £¨à®¬ £­¨â­ëå ¨ ¤¨áá¨¯ â¨¢­ëå íää¥ªâ®¢.�«ï ¬®¤¥«¨à®¢ ­¨ï ¤¨áá¨¯ æ¨¨ ¨á¯®«ì§ã¥âáï ª®­æ¥¯æ¨ï ª®¬¯«¥ªá­ëå å à ªâ¥à¨áâ¨ª. �¨áá¨¯ â¨¢­ ï äã­ªæ¨ï ¢ãà ¢­¥­¨¨ í­¥à£¨¨ à ¢­  ãáà¥¤­¥­­®© §  æ¨ª« ¬ £­¨â®¬¥å ­¨ç¥áª®© ¬®é­®áâ¨. � áá¬ âà¨¢ ¥âáï ¯à¥¤¢ à¨â¥«ì­®¥­ ¬ £­¨ç¨¢ ­¨¥ ¤® ­ áëé¥­¨ï ¢ â®«é¨­­®¬ ¨ ¯¥à¯¥­¤¨ªã«ïà­®¬ ª ­¥¬ã (¯à®¤®«ì­®¬) ­ ¯à ¢«¥­¨ïå. � á«ãç ¥, ª®£¤ ­¥®¤­®à®¤­ë¬ ®¡¬¥­®¬ ¬®¦­® ¯à¥­¥¡à¥çì, ¯®«ãç¥­ë  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ï ®¡¥¨å § ¤ ç. �à¥¤áâ ¢«¥­® ¯à®áâ®¥¢ëà ¦¥­¨¥ ¤«ï â¥¬¯¥à âãàë ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  ¯à¨ ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïå ­  à¥§®­ ­á­ëå ç áâ®â å.� ª ç¥áâ¢¥ ªà¨â¨ç¥áª®£® ¯ à ¬¥âà  ­ £àã¦¥­¨ï ¯à¨­ïâ® ¥£® §­ ç¥­¨¥, ¯à¨ ª®â®à®¬ â¥¬¯¥à âãà  ¤®áâ¨£ ¥â â®ç-ª¨ �îà¨. � ¨á¯®«ì§®¢ ­¨¥¬ ç¨á«¥­­ëå ¬¥â®¤®¢ à ááç¨â ­ë  ¬¯«¨âã¤­ë¥ ¨ â¥¬¯¥à âãà­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯à¨¤¢¨¦¥­¨¨ ¢¤®«ì à¥§®­ ­á­ëå ªà¨¢ëå ¤«ï ãª § ­­ëå ¤¢ãå á«ãç ¥¢ ¯à¥¤¢ à¨â¥«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï. � ­  ®æ¥­ª ¢«¨ï­¨ï £¨à®¬ £­¨â­®£® íää¥ªâ  ­  íâ¨ å à ªâ¥à¨áâ¨ª¨.� ­® ¯®áâ ­®¢ªã § ¤ ç÷ ¯à® ¢¨¬ãè¥­÷ ª®«¨¢ ­­ï â  ¤¨á¨¯ â¨¢­¨© à®§÷£à÷¢ ¯®¯¥à¥¤­ì® ­ ¬ £­÷ç¥­®£® ¤® ­ á¨ç¥­­ïä¥à®¬ £­÷â­®£® è àã § ãà å®¢ ­­ï¬ ­¥®¤­®à÷¤­®£® ®¡¬÷­ã, £÷à®¬ £­÷â­¨å â  ¤¨á¨¯ â¨¢­¨å ¥ä¥ªâ÷¢. �«ï ¬®¤¥«î-¢ ­­ï ¤¨á¨¯ æ÷ù ¢¨ª®à¨áâ®¢ãõâìáï ª®­æ¥¯æ÷ï ª®¬¯«¥ªá­¨å å à ªâ¥à¨áâ¨ª. �¨á¨¯ â¨¢­  äã­ªæ÷ï ¢ à÷¢­ï­­÷ ¥­¥à£÷ù¤®à÷¢­îõ ®á¥à¥¤­¥­÷© §  æ¨ª« ¬ £­÷â®¬¥å ­÷ç­÷© ¯®âã¦­®áâ÷. �®§£«ï¤ îâìáï ¤¢  ¢¨¯ ¤ª¨ ¯®¯¥à¥¤­ì®ù ­ ¬ £­÷ç¥-­®áâ÷ ¤® ­ á¨ç¥­­ï { ¢ ­ ¯àï¬ªã â®¢é¨­¨ ¯« áâ¨­ª¨ â  ¢ ¯¥à¯¥­¤¨ªã«ïà­®¬ã ¤® ­ì®£® (¯®§¤®¢¦­ì®¬ã) ­ ¯àï¬ªã.�«ï ¢¨¯ ¤ªã, ª®«¨ ­¥®¤­®à÷¤­¨¬ ®¡¬÷­®¬ ¬®¦­  §­¥åâã¢ â¨, ®¤¥à¦ ­÷  ­ «÷â¨ç­÷ à®§¢'ï§ª¨ ®¡®å § ¤ ç. �à¥¤áâ ¢«¥-­® ¯à®áâ¨© ¢¨à § ¤«ï â¥¬¯¥à âãà¨ ¤¨á¨¯ â¨¢­®£® à®§÷£à÷¢ã ¯à¨ ¢¨¬ãè¥­¨å ª®«¨¢ ­­ïå ­  à¥§®­ ­á­¨å ç áâ®â å. �ïª®áâ÷ ªà¨â¨ç­®£® ¯ à ¬¥âà  ­ ¢ ­â ¦¥­­ï ¯à¨©­ïâ® ©®£® §­ ç¥­­ï, ¯à¨ ïª®¬ã â¥¬¯¥à âãà  ¤®áï£ õ â®çª¨ �îà÷.� ¢¨ª®à¨áâ ­­ï¬ ç¨á¥«ì­¨å ¬¥â®¤÷¢ ®¡ç¨á«¥­÷  ¬¯«÷âã¤­÷ â  â¥¬¯¥à âãà­÷ å à ªâ¥à¨áâ¨ª¨ ¯à¨ àãá÷ ¢§¤®¢¦ à¥§®-­ ­á­¨å ªà¨¢¨å ¤«ï ¢ª § ­¨å ¢¨é¥ ¤¢®å ¢¨¯ ¤ª÷¢ ¯®¯¥à¥¤­ì®£® ­ ¬ £­÷çã¢ ­­ï. � ­® ®æ÷­ªã ¢¯«¨¢ã £÷à®¬ £­÷â­®£®¥ä¥ªâ  ­  æ÷ å à ªâ¥à¨áâ¨ª¨.The problem on forced vibrations and dissipative heating of saturated ferromagnetic layer is studied. The interactionexchange, gyromagnetic and dissipative e�ects are taken into account. The conception of complex characteristics wasused for modeling of dissipation. Dissipative function in the equation of energy is equal to magnetoelastic power averagedper cycle. The two cases of saturated magnetization are considered: when the magnetization direction coincides with thethickness direction, and when the magnetization direction is normal to the thickness. For the case of negligible interactionexchange the analytical solutions of mentioned problems were obtained. A simple expression is introduced for temperatureof heating. For critical parameter of loading that one is accepted, at which the temperature rises to Kuri's point. Bynumerical simulation there were obtained the amplitude and temperature-frequency characteristics for the above problems.The estimate of in
uence of gyromagnetic e�ect on these characteristics is given.���������¥àà®¬ £­¥â¨ª¨,  ­â¨ä¥àà®¬ £­¥â¨ª¨ ¨ ä¥à-à¨âë ­ å®¤ïâ è¨à®ª®¥ ¯à¨¬¥­¥­¨¥ ¢ à §«¨ç­ëå®¡« áâïå á®¢à¥¬¥­­®© ­ ãª¨ ¨ â¥å­¨ª¨ [1{ 6]. � -ç áâãî ®­¨ ¯® á¢®¨¬ äã­ªæ¨®­ «ì­ë¬ ¢®§¬®¦­®-áâï¬ ¯à¥¢®áå®¤ïâ ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¬ â¥à¨ «ë.� á¢ï§¨ á à §à ¡®âª®© ¢ ¯®á«¥¤­¨¥ £®¤ë ¬ £­¥â¨-ª®¢ á ¡®«ìè¨¬¨ ¬ £­¨â®áâà¨ªæ¨®­­ë¬¨ ¤¥ä®à¬ -æ¨ï¬¨ ¯à¨ ª®¬­ â­ëå â¥¬¯¥à âãà å [7] ¯®¤®¡­ë¥¬ â¥à¨ «ë ãá¯¥è­® ª®­ªãà¨àãîâ á ¯ì¥§®í«¥ªâà¨-ª ¬¨ ¯à¨ ¨å ¨á¯®«ì§®¢ ­¨¨ ¢ ¯à¥®¡à §®¢ â¥«ïåí­¥à£¨¨. � â®¬ã ¦¥ ®­¨ ¨¬¥îâ àï¤ âà ¤¨æ¨®­­ëå¯à¥¨¬ãé¥áâ¢ ¯¥à¥¤ ¤àã£¨¬¨ ¯ì¥§® ªâ¨¢­ë¬¨ ¬ -â¥à¨ « ¬¨ { ¡®«ìèãî ¬¥å ­¨ç¥áªãî ¯à®ç­®áâì, ­â¨ª®àà®§¨©­®áâì, ¯à®áâ®âã ¨§£®â®¢«¥­¨ï, ­ -¤¥¦­®áâì ¨ ¤®«£®¢¥ç­®áâì. �® ¬­®£¨å ®¡« áâïåâ¥å­¨ª¨, íâ¨ ¬ â¥à¨ «ë ­ å®¤ïâáï ¢­¥ ª®­ªãà¥­-æ¨¨ [3, 4]. �« ¢­ë¬ ¨å ­¥¤®áâ âª®¬ ï¢«ï¥âáï áãé¥-áâ¢¥­­ ï ­¥«¨­¥©­®áâì ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨©
¨ á¨«ì­ ï § ¢¨á¨¬®áâì á¢®©áâ¢ ®â â¥¬¯¥à âãàë.�á­®¢­ë¬ à¥¦¨¬®¬ à ¡®âë ¬­®£¨å í«¥¬¥­â®¢ª®­áâàãªæ¨© á®¢à¥¬¥­­®© â¥å­¨ª¨ ¨§ ¬ £­¨â­ëå¬ â¥à¨ «®¢ ï¢«ï¥âáï £ à¬®­¨ç¥áª¨© ¨, ¢ ç áâ­®-áâ¨, à¥§®­ ­á­ë© à¥¦¨¬. �®íâ®¬ã ¬ £­¨â®¬¥-å ­¨ç¥áª¨¬ ª®«¥¡ ­¨ï¬ ¨ £ à¬®­¨ç¥áª¨¬ ¢®«­ ¬ã¤¥«ï¥âáï ¡®«ìè®¥ ¢­¨¬ ­¨¥ ¢ ä¨§¨ª¥ ¨ ¬¥å ­¨ª¥.�®áª®«ìªã «¨­¥©­ë¬ ¯ì¥§®¬ £­¨â­ë¬ íää¥ª-â®¬ ¢ ¥áâ¥áâ¢¥­­®¬ á®áâ®ï­¨¨ (¡¥§ ¯à¥¤¢ à¨â¥«ì-­®£® ­ ¬ £­¨ç¨¢ ­¨ï) ®¡« ¤ ¥â «¨èì ­¥¡®«ìè®¥ª®«¨ç¥áâ¢® ¬ â¥à¨ «®¢, ¤«ï ä®à¬¨à®¢ ­¨ï ¯ì¥-§®íää¥ªâ  ®¡ëç­® ¨á¯®«ì§ã¥âáï ¯à¥¤¢ à¨â¥«ì­®¥áâ â¨ç¥áª®¥ ­ ¬ £­¨ç¨¢ ­¨¥ á ¯®á«¥¤ãîé¨¬ ­ -«®¦¥­¨¥¬ ­  ­¥£® ¬ «ëå ¬ £­¨â®¬¥å ­¨ç¥áª¨å¯®«¥©, ¨§¬¥­ïîé¨åáï ¯® £ à¬®­¨ç¥áª®¬ã § ª®-­ã. �«ï íâ®© ¦¥ æ¥«¨ ¨á¯®«ì§ãîâáï á¯¥æ¨ «ì-­ë¥ â¥å­®«®£¨¨ ®¡à ¡®âª¨ ª¥à ¬¨ç¥áª¨å ¬ £­¥â¨-ª®¢ (ä¥àà¨â®¢),  ­ «®£¨ç­ë¥ â¥å­®«®£¨ï¬ ®¡à -¡®âª¨ á¥£­¥â®í«¥ªâà¨ç¥áª¨å ¬ â¥à¨ «®¢. �¢­ë¬¯à¥¨¬ãé¥áâ¢®¬ ä¥àà®¬ £­¥â¨ª®¢ ¯¥à¥¤ ¤àã£¨¬¨44 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56¯ì¥§®¬ £­¥â¨ª ¬¨ ï¢«ï¥âáï ®âáãâáâ¢¨¥ ¢ ­¨å â®-ª®¢ �ãª®, çâ® ¯®§¢®«ï¥â ¨§£®â®¢«ïâì ¬®­®«¨â­ë¥ä¥àà¨â®¢ë¥ á¥à¤¥ç­¨ª¨.�à¨ ­¥¯à¥àë¢­®© ¤«¨â¥«ì­®© à ¡®â¥ ¢ à¥§®-­ ­á­®¬ à¥¦¨¬¥ ¢ ¯ì¥§®¬ £­¨â­®¬ â¥«¥ (á¥à¤¥ç-­¨ª¥) ¢®§­¨ª îâ ¨­â¥­á¨¢­ë¥ ¬®­®£ à¬®­¨ç¥áª¨¥ª®«¥¡ ­¨ï,  ¬¯«¨âã¤­ë¥ §­ ç¥­¨ï ª®â®àëå ­¥ ¬®-£ãâ ¡ëâì à ááç¨â ­ë ¡¥§ ãç¥â  ¤¨áá¨¯ â¨¢­ëå¯®â¥àì. �à¨ íâ®¬ ¤¨áá¨¯ æ¨ï ¬ £­¨â®¬¥å ­¨-ç¥áª®© í­¥à£¨¨ ¬®¦¥â ¯à¨¢¥áâ¨ ª áãé¥áâ¢¥­­®-¬ã ¯®¢ëè¥­¨î â¥¬¯¥à âãàë á ¬®à §®£à¥¢ . �à®-¢¥­ì íâ®© â¥¬¯¥à âãàë § ¢¨á¨â ®â  ¬¯«¨âã¤ë ­ -£àã¦¥­¨ï, ç áâ®âë, ¬¥å ­¨ç¥áª¨å ¨ ¬ £­¨â­ëå£¨áâ¥à¥§¨á­ëå å à ªâ¥à¨áâ¨ª, â¥¯«®¯à®¢®¤­®áâ¨,ãá«®¢¨© â¥¯«®®¡¬¥­  á ®ªàã¦ îé¥© áà¥¤®© ¨ ¤à.�¥¯«®®¡à §®¢ ­¨¥ (¤¨áá¨¯ â¨¢­ë© à §®£à¥¢) ¬®-¦¥â ®ª § âì áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ­  à ¡®â®á¯®-á®¡­®áâì ¯ì¥§®í«¥¬¥­â®¢. �®-¯¥à¢ëå, ¨§-§  § ¢¨-á¨¬®áâ¨ ¬ £­¨â®¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ®ââ¥¬¯¥à âãàë ¬®¦¥â ¯à®¨§®©â¨ á¤¢¨£ à¥§®­ ­á­®©ç áâ®âë ¨ áãé¥áâ¢¥­­® á­¨§¨âìáï ¨§«ãç â¥«ì­ ïá¯®á®¡­®áâì ¯à¥®¡à §®¢ â¥«¥©, ¥á«¨ ®­¨ á¯à®¥ª-â¨à®¢ ­ë ­  à¥§®­ ­á­ë© à¥¦¨¬ à ¡®âë. �®-¢â®àëå, ¯à¨ ¤®áâ¨¦¥­¨¨ â¥¬¯¥à âãà®© â®çª¨ �î-à¨ ¯ì¥§®¬ £­¨â­ë© ¬ â¥à¨ « ¯¥à¥áâ ¥â ¡ëâì ¯ì¥-§® ªâ¨¢­ë¬ ¨ ¯à¥®¡à §®¢ â¥«ì â¥àï¥â á¢®¥ äã­ª-æ¨®­ «ì­®¥ ­ §­ ç¥­¨¥. �-âà¥âì¨å, ¯à¨ ­ àãè¥-­¨¨ ¡ « ­á  ¬¥¦¤ã â¥¯«®®¡à §®¢ ­¨¥¬ ¨ â¥¯«®-®â¢®¤®¬ ¢ ®ªàã¦ îéãî áà¥¤ã ¢ í«¥¬¥­â¥ ¬®¦¥â­ ¡«î¤ âìáï « ¢¨­®®¡à §­ë© à®áâ â¥¬¯¥à âãàëá® ¢à¥¬¥­¥¬ { â ª ­ §ë¢ ¥¬ë© â¥¯«®¢®© ¢§àë¢á ¯®á«¥¤ãîé¨¬ â¥¯«®¢ë¬ à §àãè¥­¨¥¬ í«¥¬¥­â .�-ç¥â¢¥àâëå, ¢®§­¨ªè¥¥ ¢ à¥§ã«ìâ â¥ à §®£à¥¢ ­¥®¤­®à®¤­®¥ â¥¬¯¥à âãà­®¥ ¯®«¥ ¬®¦¥â ¢ë§¢ âì¢ â¥«¥ â¥¬¯¥à âãà­ë¥ ­ ¯àï¦¥­¨ï,   â ª¦¥ ¯¥-à¥à á¯à¥¤¥«¥­¨¥ ¬ £­¨â­ëå ¨ ¬¥å ­¨ç¥áª¨å ¯®«¥-¢ëå ¢¥«¨ç¨­ ¢¢¨¤ã § ¢¨á¨¬®áâ¨ á¢®©áâ¢ ¬ â¥à¨ -«  ®â â¥¬¯¥à âãàë. �®íâ®¬ã ¯à¥¤áâ ¢«ï¥â ¨­â¥-à¥á à §à ¡®âª  ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© ª®«¥¡ -­¨© ¯ì¥§®¬ £­¨â­ëå â¥« á ãç¥â®¬ ¤¨áá¨¯ â¨¢­®£®à §®£à¥¢ .�«ï ä¥­®¬¥­®«®£¨ç¥áª®£® ®¯¨á ­¨ï â¥à¬®¬¥å -­¨ç¥áª¨å ª®«¥¡ ­¨© ¯ì¥§®¬ £­¨â­ëå â¥« ¬®¦­®¨á¯®«ì§®¢ âì ¬®¤¥«¨ ¢ï§ª®ã¯àã£®áâ¨. �®§¬®¦­ë¤¢  ¯®¤å®¤  ª à §à ¡®âª¥ â ª¨å ¬®¤¥«¥©. �¥à-¢ë© ¨§ ­¨å ®á­®¢ ­ ­  ®¡é¥© ­¥«¨­¥©­®© â¥®à¨¨¬ £­¨â®â¥à¬®¢ï§ª®ã¯àã£®áâ¨, ª®â®à ï ®¯¨áë¢ ¥â¬ £­¨â®¬¥å ­¨ç¥áª¨¥ ¨ â¥¯«®¢ë¥ ¯®«ï ¯à¨ ¯à®-¨§¢®«ì­ëå ¨áâ®à¨ïå ­¥§ ¢¨á¨¬ëå ¯®«¥¢ëå ¢¥«¨-ç¨­ á ¯®á«¥¤ãîé¥© «¨­¥ à¨§ æ¨¥© ®á­®¢­ëå á®-®â­®è¥­¨© â ª®© â¥®à¨¨ ®ª®«® á®áâ®ï­¨ï ¯à¥¤¢ -à¨â¥«ì­®£® áâ æ¨®­ à­®£® ­ ¬ £­¨ç¨¢ ­¨ï. �à¨íâ®¬ ­ ¨¡®«¥¥ ¯®¤å®¤ïé¨¬ ¢ à¨ ­â®¬ â¥®à¨¨ ¢ï§-ª®ã¯àã£®áâ¨ ¤«ï ®¯¨á ­¨ï â ª®£® â¨¯  ¨áâ®à¨©,

ª®£¤  ­  ãáâ ­®¢¨¢è¥¥áï á®áâ®ï­¨¥ ­ ¬ £­¨ç¨¢ -­¨ï ­ ª« ¤ë¢ ¥âáï ¤®¯®«­¨â¥«ì­®¥ ¬ «®¥ £ à¬®-­¨ç¥áª®¥ ¢®§¬ãé¥­¨¥, ï¢«ï¥âáï â ª ­ §ë¢ ¥¬ ïª®­¥ç­ ï â¥®à¨ï â¥à¬®¢ï§ª®ã¯àã£®áâ¨, à §¢¨â ï¢ ¬®­®£à ä¨¨ [8].�â®à®© ¬¥â®¤, à §¢¨âë© ¤«ï á¢ï§ ­­ëå § ¤ çâ¥à¬®¢ï§ª®ã¯àã£®áâ¨ ¢ ¬®­®£à ä¨¨ [9], á®áâ®¨â ¢â®¬, çâ® ¢ ª ç¥áâ¢¥ ­¥§ ¢¨á¨¬ëå ¯®«¥¢ëå ¢¥«¨-ç¨­ ¢ë¡¨à îâáï å à ªâ¥à¨áâ¨ª¨ ¯à¥¤¢ à¨â¥«ì­®-£® ¬ £­¨â®¬¥å ­¨ç¥áª®£® á®áâ®ï­¨ï ¨ ­ «®¦¥­­ë¥­  ­¥£®  ¬¯«¨âã¤ë £ à¬®­¨ç¥áª¨å ¯®«¥¢ëå ¢¥«¨-ç¨­. �á­®¢®© ¤«ï â ª®£® ¯®¤å®¤  ï¢«ï¥âáï, ¢®-¯¥à¢ëå, â®â ä ªâ, çâ® ¯à¨ à¥§®­ ­á­ëå ª®«¥¡ -­¨ïå ¬®­®£ à¬®­¨ç¥áª¨© à¥¦¨¬ ¢ë¤¥à¦¨¢ ¥âáï á¤®áâ â®ç­® ¢ëá®ª®© â®ç­®áâìî. �®-¢â®àëå, ¢ à -¡®â å [10{ 12] ¯®ª § ­®, çâ® ¯à¨ ª®­ªà¥â¨§ æ¨¨®¡é¥© â¥®à¨¨ ¬ â¥à¨ «®¢ á § âãå îé¥© ¯ ¬ïâìîá ¨á¯®«ì§®¢ ­¨¥¬ ãà ¢­¥­¨© á®áâ®ï­¨ï ¢ ¢¨¤¥ áã¬-¬ë ¨­â¥£à «®¢ ¢®§à áâ îé¥© ªà â­®áâ¨ ¤«ï ®¯¨-á ­¨ï ¬®­®£ à¬®­¨ç¥áª®£® á®áâ®ï­¨ï ¨¬¥¥â ¬¥áâ®ª®­æ¥¯æ¨ï ª®¬¯«¥ªá­ëå ¬®¤ã«¥© ¨ ¢®§¬®¦­®áâì¯à¥¤áâ ¢«¥­¨ï ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© ¤«ï  ¬-¯«¨âã¤ ç¥à¥§ ¯®â¥­æ¨ «ë. �à¨¬¥­¨â¥«ì­® ª ¯ì¥-§®¬ £­¨â­ë¬ ¬ â¥à¨ « ¬ â ª®© ¯®¤å®¤ à¥ «¨§®-¢ ­ ¢ [13]. �à¨ ¨á¯®«ì§®¢ ­¨¨ ª ª ¯¥à¢®£®, â ª¨ ¢â®à®£® ¯®¤å®¤®¢ ¢ ª®­¥ç­®¬ ¨â®£¥ ¯®«ãç îâ-áï ®¯à¥¤¥«ïîé¨¥ ª®¬¯«¥ªá­ë¥ ãà ¢­¥­¨ï, ¯ à ¬¥-âàë ª®â®àëå § ¢¨áïâ ®â ¯à¥¤¢ à¨â¥«ì­®£® á®áâ®-ï­¨ï, â¥¬¯¥à âãàë, ç áâ®âë ¨, ¢®§¬®¦­®, ®â  ¬-¯«¨âã¤ ­ «®¦¥­­ëå ¯®«¥¢ëå ¢¥«¨ç¨­ ¢ á«ãç ¥ ä¨-§¨ç¥áª¨ ­¥«¨­¥©­®£® ¬ â¥à¨ « .�à¨ ¬®¤¥«¨à®¢ ­¨¨ ª®«¥¡ â¥«ì­ëå ¯à®æ¥áá®¢ ¨¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  ¢ ¦­®¥ §­ ç¥­¨¥ ¨¬¥-¥â ¤¨ ¯ §®­ à áá¬ âà¨¢ ¥¬ëå ç áâ®â ¨ ãà®¢¥­ì¯à¥¤¢ à¨â¥«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï. �à¨ ¢ëá®ª¨åç áâ®â å ¨ ­ ¬ £­¨ç¨¢ ­¨¨ ¤® ­ áëé¥­¨ï ¢®§­¨-ª ¥â ­¥®¡å®¤¨¬®áâì ãç¥â  ­¥®¤­®à®¤­®£® ®¡¬¥­ ¨ £¨à®¬ £­¨â­ëå íää¥ªâ®¢. � íâ®© æ¥«ìî ãà ¢-­¥­¨ï ¬ £­¨â®áâ â¨ª¨ ¤®¯®«­ïîâáï ãà ¢­¥­¨ï¬¨¤¢¨¦¥­¨ï ¤«ï ¢¥ªâ®à  ­ ¬ £­¨ç¨¢ ­¨ï, ª®â®àë¥¢ ¯®á«¥¤ãîé¥¬ â®¦¥ «¨­¥ à¨§ãîâáï ®ª®«® á®áâ®ï-­¨ï ¯à¥¤¢ à¨â¥«ì­®£® áâ æ¨®­ à­®£® ­ ¬ £­¨ç¨-¢ ­¨ï. �«ï ãç¥â  ¬ £­¨â­®© ¤¨áá¨¯ æ¨¨ ¢ ãª -§ ­­ë¥ ãà ¢­¥­¨ï ¢¢®¤ïâáï à¥« ªá æ¨®­­ë¥ ç«¥-­ë. �¥à¢®© à ¡®â®© ¢ íâ®¬ ­ ¯à ¢«¥­¨¨ ¡ë« ª« áá¨ç¥áª ï à ¡®â  �. �. � ­¤ ã ¨ �. �. �¨äè¨-æ  [14]. �¡§®à ¨áá«¥¤®¢ ­¨© ¯® ¤ ­­®¬ã ¢®¯à®áã¤ ­ ¢ [15, 16]. � ­¨§ª®ç áâ®â­®© ®¡« áâ¨ ®¡¬¥­-­ë¬¨ á¨« ¬¨ ¨ £¨à®¬ £­¨â­ë¬ íää¥ªâ®¬ ¬®¦-­® ¯à¥­¥¡à¥çì, â. ¥. ¬ £­¨â­ë© ¬ â¥à¨ « ¬®¦-­® à áá¬ âà¨¢ âì ª ª ¬ï£ª¨© ä¥àà®¬ £­¥â¨ª. � -ª®© ¯®¤å®¤ è¨à®ª® ¨á¯®«ì§ã¥âáï ¯à¨ à áç¥â¥ ¬ £-­¨â®¬¥å ­¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥© í­¥à£¨¨ [17].�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ «¨â¥à âãà¥ ®âáãâáâ¢ã-�. �. � à­ ãå®¢, �. �. �¥«îå 45



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56îâ à ¡®âë ¯® ª®«¥¡ ­¨ï¬ ä¥àà®¬ £­¨â­ëå â¥« áãç¥â®¬ ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢ .�¥«ìî ¤ ­­®© áâ âì¨ ï¢«ï¥âáï ®¡é ï ¯®áâ ­®¢-ª  § ¤ ç¨ ® ª®«¥¡ ­¨ïå ¨ ¤¨áá¨¯ â¨¢­®¬ à §®£à¥-¢¥ ä¥àà®¬ £­¨â­®£® á«®ï, ¯®¤¢¥à¦¥­­®£® ¯à¥¤¢ -à¨â¥«ì­®¬ã áâ â¨ç¥áª®¬ã ­ ¬ £­¨ç¨¢ ­¨î ¤® ­ -áëé¥­¨ï ¢ ®¤­®¬ ¨§ ­ ¯à ¢«¥­¨©  ­¨§®âà®¯¨¨,á ãç¥â®¬ ­¥®¤­®à®¤­®£® ®¡¬¥­ , £¨à®¬ £­¨â­®-£® íää¥ªâ  ¨ ¤¨áá¨¯ æ¨¨. �  ®á­®¢¥ íâ®© ¯®-áâ ­®¢ª¨ à áá¬ âà¨¢ ¥âáï § ¤ ç  ® ª®«¥¡ ­¨ïå ¨¤¨áá¨¯ â¨¢­®¬ à §®£à¥¢¥ ä¥àà®¬ £­¨â­®£® á«®ï,­ ¬ £­¨ç¥­­®£® ¤® ­ áëé¥­¨ï ¢ â®«é¨­­®¬ ­ -¯à ¢«¥­¨¨, á ­ «®¦¥­¨¥¬ ­  íâ® á®áâ®ï­¨¥ ¢ ¯¥à-¯¥­¤¨ªã«ïà­®¬ ª â®«é¨­­®© ª®®à¤¨­ â¥ ­ ¯à ¢«¥-­¨¨ £ à¬®­¨ç¥áª®£® ¬ £­¨â®¬¥å ­¨ç¥áª®£® ¯®«ï¬ «®© ¨­â¥­á¨¢­®áâ¨. �­ «®£¨ç­ ï § ¤ ç  à á-á¬®âà¥­  ¨ ¯à¨ ­ ¬ £­¨ç¨¢ ­¨¨ á«®ï ¤® ­ áëé¥-­¨ï ¢ ¯à®¤®«ì­®¬ ­ ¯à ¢«¥­¨¨. �«ï ®¡®¨å á«ãç -¥¢ ¤¨áá¨¯ â¨¢­ë¥ äã­ªæ¨¨ à ¢­ë ãáà¥¤­¥­­®© § æ¨ª« ¬ £­¨â®¬¥å ­¨ç¥áª®© ¬®é­®áâ¨. �à¥¤¯®« -£ ¥âáï, çâ® ¬¥å ­¨ç¥áª¨¥, ¬ £­¨â­ë¥ ¨ â¥¯«®¢ë¥å à ªâ¥à¨áâ¨ª¨ ¬ â¥à¨ «  ­¥ § ¢¨áïâ ®â â¥¬¯¥-à âãàë. � £­¨â®¬¥å ­¨ç¥áª¨¥ ¨ â¥¬¯¥à âãà­ë¥¯®«ï à ááç¨âë¢ îâáï ¢ ®ªà¥áâ­®áâ¨ à¥§®­ ­á­ëåç áâ®â ¤«ï á«ãç ï, ª®£¤  ­¥®¤­®à®¤­ë¬ ®¡¬¥­®¬¬®¦­® ¯à¥­¥¡à¥çì. �â¬¥â¨¬, çâ® § ¤ ç  ¤«ï á«®ï¨¬¥¥â ¢ ¦­®¥ ¯à ªâ¨ç¥áª®¥ §­ ç¥­¨¥ ¨ ï¢«ï¥âáï®á­®¢­ë¬ ®¡ê¥ªâ®¬ ¨áá«¥¤®¢ ­¨© ¯® ª®«¥¡ ­¨ï¬¨ à á¯à®áâà ­¥­¨î ¬ £­¨â®ã¯àã£¨å ¢®«­. �¡§®à¨áá«¥¤®¢ ­¨© ¯® íâ®¬ã ¢®¯à®áã ¯à¥¤áâ ¢«¥­, ­ -¯à¨¬¥à, ¢ [18, 19].1. ����� ���������� ������ ���������������� ��������������������¡é ï ä¥­®¬¥­®«®£¨ç¥áª ï â¥®à¨ï ã¯àã£¨åä¥àà®¬ £­¥â¨ª®¢ à áá¬®âà¥­  ¢ à ¡®â å [20, 21], ¢ª®â®àëå ¯à¥¤« £ îâáï ¨ ¯à®áâë¥ ¬®¤¥«¨ ¤¨áá¨¯ -æ¨¨, ª®£¤  ­¥§ ¢¨á¨¬ë¥ ¯¥à¥¬¥­­ë¥ ¯à¥¤áâ ¢«ï-îâáï ¢ ¢¨¤¥ áã¬¬ë ã¯àã£¨å ¨ ­¥ã¯àã£¨å á®áâ ¢«ï-îé¨å, ¯à¨ç¥¬ ­¥ã¯àã£¨¥ á®áâ ¢«ïîé¨¥ ¯à®¯®àæ¨-®­ «ì­ë áª®à®áâï¬ ¨§¬¥­¥­¨ï ­¥§ ¢¨á¨¬ëå ¯¥à¥-¬¥­­ëå. �®¤à®¡­®¥ ¨§«®¦¥­¨¥ ¢®¯à®á®¢, á¢ï§ ­-­ëå á ãç¥â®¬ ¬ £­¨â­®© ¤¨áá¨¯ æ¨¨ ¢ ãà ¢­¥­¨ïå� ­¤ ã{�¨äè¨æ , ¤ ­® ¢ ã¯®¬ï­ãâ®¬ ¢ëè¥ ®¡§®-à¥ [11]. �®¤¥«¨ ¢ï§ª®ã¯àã£¨å ä¥àà®¬ £­¥â¨ª®¢ á§ âãå îé¥© ¯ ¬ïâìî ¨ á ¢­ãâà¥­­¨¬¨ ¯¥à¥¬¥­-­ë¬¨ ¯à¥¤áâ ¢«¥­ë ¢ [8]. �á«¨ ®à¨¥­â¨à®¢ âìáï­  â ª¨¥ ¨áâ®à¨¨ ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå, ª®-£¤  ­  ãáâ ­®¢¨¢è¥¥áï á®áâ®ï­¨¥ ­ ¬ £­¨ç¥­­®-áâ¨ ­ « £ ¥âáï ¬ «®¥ ­¥áâ æ¨®­ à­®¥ á®áâ®ï­¨¥,â® ­ ¨¡®«¥¥  ¤¥ª¢ â­®© ¬®¤¥«ìî ï¢«ï¥âáï ¬®¤¥«ì,¯®«ãç¥­­ ï ­  ®á­®¢¥ â ª ­ §ë¢ ¥¬®© ª®­¥ç­®©

«¨­¥©­®© â¥®à¨¨ ¢ï§ª®ã¯àã£®áâ¨. �à¨ ¯®áâà®¥-­¨¨ íâ®© â¥®à¨¨ ¯à¥¤¯®« £ ¥âáï, çâ® ­¥§ ¢¨á¨-¬ë¥ ¯¥à¥¬¥­­ë¥ á®áâ®ï­¨ï ¨§¬¥­ïîâáï ¬¥¤«¥­­®¢ ­¥¤ ¢­¥¬ ¯à®è«®¬. � ª ç¥áâ¢¥ ­¥§ ¢¨á¨¬ëå ¯¥-à¥¬¥­­ëå ¢ íâ®© â¥®à¨¨ ¢ë¡¨à îâáï à §­®áâ­ë¥¨áâ®à¨¨:�d(t � s) = �(t� s) � �(t); 0 � s � 1;¯à¨ç¥¬ ¯à¨ s=0 ¯à¨­¨¬ ¥âáï �d(t)=0. �à¨ íâ®¬¤«ï ãª § ­­ëå ¢ëè¥ ¨áâ®à¨© ­¥§ ¢¨á¨¬ëå ¯¥à¥-¬¥­­ëå, ª®£¤  ­  áâ æ¨®­ à­®¥ á®áâ®ï­¨¥ ­ ª« -¤ë¢ ¥âáï ¬ «®¥ ¢®§¬ãé¥­¨¥, à §­®áâ­ë¥ ¨áâ®à¨¨¡ã¤ãâ ¢á¥£¤  ¬ «ë. �®íâ®¬ã ¯à¨ à §«®¦¥­¨¨ ¯®-â¥­æ¨ «®¢ ¢ àï¤ë ¯® à §­®áâ­ë¬ ¨áâ®à¨ï¬ ¬®¦­®®£à ­¨ç¨âìáï ­¥¡®«ìè¨¬ ç¨á«®¬ ç«¥­®¢. �¤­®©¨§ ­ ¨¡®«¥¥ ¯®¯ã«ïà­ëå ¬®¤¥«¥© ¢ â¥®à¨¨ ¬ £-­¨â®ã¯àã£¨å ¬ â¥à¨ «®¢ ï¢«ï¥âáï ¬®¤¥«ì, ¯à¥¤«®-¦¥­­ ï ¢ [20]. �¤¥áì ¦¥ à áá¬®âà¥­ë ¨ «¨­¥ à¨§®-¢ ­­ë¥ ¬®¤¥«¨ ã¯àã£¨å ¬ â¥à¨ «®¢. � «ì­¥©è¥¥à §¢¨â¨¥ íâ®© ¬®¤¥«¨ ¯à¥¤áâ ¢«¥­® ¢ [16, 19]. �à¨¨á¯®«ì§®¢ ­¨¨ à¥§ã«ìâ â®¢ [20] ¨ ª®­¥ç­®© «¨­¥©-­®© â¥®à¨¨ à §«®¦¥­¨¥ á¢®¡®¤­®© í­¥à£¨¨ ¢ àï¤ ¯®à §­®áâ­ë¬ ¨áâ®à¨ï¬ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢¢¨¤¥ F = F1(Eij ; Ni; Gij; �)++ 12�0 ecijkl �Edij �Edkl++ �02 2e�ij �Ndi �Ndj++ �02 e�ij �Gdij++ �02 eC � �d � �d++ e
ij �Edij � �d++ 12 e"kij �Edij �Ndk++ �0 ebijkl �Edij �Ndk �Ndl++ �0 efkij �Gdij �Ndk++ �0 4e�ijkl �Edij �Gdkl: (1)
�® ¯®¢â®àïîé¨¬áï ¨­¤¥ªá ¬ §¤¥áì ¨ ¤ «¥¥ ¯à¥¤-¯®« £ ¥âáï áã¬¬¨à®¢ ­¨¥. �à®¬¥ â®£®, ¢ ¢ëà ¦¥-­¨¨ (1) ¢¢¥¤¥­® ®¡®§­ ç¥­¨¥M � fd1 � fd2 = 1Z0 1Z0 M (s1; s2;�)��f1(t� s1)f2(t� s2)ds1ds2: (2)46 �. �. � à­ ãå®¢, �. �. �¥«îå



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56�®áâ ¢«ïîé ï F1(Eij; Ni; Gij; �) ®â¢¥ç ¥â § ã¯àã£®¥ ¯®¢¥¤¥­¨¥ ¨ ¨¬¥¥â ¢¨¤, ¯à¥¤áâ ¢«¥­­ë©¢ [20]; ecijkl, 2e�ij, 4e�ijkl, e�ij, eC, e"kij, ebijkl, efkij, e
ij {ï¤à  ¢ï§ª®ã¯àã£¨å ¬®¤ã«¥©, ¬ £­¨â­®©  ­¨§®âà®-¯¨¨ ¢â®à®£® ¨ ç¥â¢¥àâ®£® ¯®àï¤ª®¢, ®¡¬¥­­®£®¢§ ¨¬®¤¥©áâ¢¨ï, â¥¯«®¥¬ª®áâ¨, ¯ì¥§®¬ £­¥â¨§¬ ,¬ £­¨â®áâà¨ªæ¨¨, ¬ £­¨â­ëå ®¡¬¥­­ëå á¨« ¨ â¥-¯«®¢®£® à áè¨à¥­¨ï á®®â¢¥âáâ¢¥­­®; Edij, Ndi,Gdij, �d { à §­®áâ­ë¥ ¨áâ®à¨¨ ¤¥ä®à¬ æ¨¨, ­ -¬ £­¨ç¨¢ ­¨ï, £à ¤¨¥­â  ­ ¬ £­¨ç¨¢ ­¨ï ¨ â¥¬-¯¥à âãàë. �®¤à®¡­ë© ¢ë¢®¤ ®¯à¥¤¥«ïîé¨å ãà ¢-­¥­¨© ª®­¥ç­®© «¨­¥©­®© â¥®à¨¨ ¤«ï ¢ï§ª®ã¯àã-£¨å ¬ â¥à¨ «®¢ á ¯®«ïà¨§ æ¨¥© ¨ ­ ¬ £­¨ç¨¢ ­¨-¥¬ ¡¥§ ãç¥â  ®¡¬¥­­ëå á¨« ¨ £¨à®¬ £­¨â­ëå íä-ä¥ªâ®¢ ¨§«®¦¥­ ¢ [8]. �¨­¥ à¨§ æ¨ï á®®â­®è¥­¨©,¯®«ãç¥­­ëå ­  ®á­®¢ ­¨¨ äã­ªæ¨®­ «  (1), ¯à¨-¢®¤¨â ª ãà ¢­¥­¨ï¬ á®áâ®ï­¨ï ¤«ï £ à¬®­¨ç¥áª¨å¤®¡ ¢®ª,  ­ «®£¨ç­ë¬ ¯à¥¤áâ ¢«¥­­ë¬ ¢ [20], ­®á § ¬¥­®© á®®â¢¥âáâ¢ãîé¨å ã¯àã£¨å ¯ à ¬¥âà®¢­  ª®¬¯«¥ªá­ë¥, ª®â®àë¥ ¬®£ãâ § ¢¨á¥âì ®â ç áâ®-âë ¨ ¯à¥¤¢ à¨â¥«ì­®£® áâ â¨ç¥áª®£® á®áâ®ï­¨ï.�á«¨ ¢ äã­ªæ¨®­ «¥ (1) ï¤à  ­¥ § ¢¨áïâ ®â �, â®á®®â¢¥âáâ¢ãîé¨¥ ª®¬¯«¥ªá­ë¥ ¯ à ¬¥âàë ¢ ãà ¢-­¥­¨ïå á®áâ®ï­¨ï à ¡®âë [20], ®â¬¥ç¥­­ë¥ ¢ ¢ëà -¦¥­¨¨ (1) ¢®«­®©, ­¥ ¡ã¤ãâ § ¢¨á¥âì ®â ¯à¥¤¢ à¨-â¥«ì­®£® áâ â¨ç¥áª®£® á®áâ®ï­¨ï. �â®â ¢ à¨ ­âá®®â­®è¥­¨© ¨ ¡ã¤¥â à áá¬ âà¨¢ âìáï ¢ ¤ «ì­¥©-è¥¬.�â ª, ¢ë¡¥à¥¬ ¤¥ª àâ®¢ã á¨áâ¥¬ã ª®®à¤¨­ â xii=1; 2; 3 â ª, çâ® x3=�h ®¯à¥¤¥«ï¥â ¯«®áª®áâ¨á«®ï ¯à¨ ­ ¬ £­¨ç¨¢ ­¨¨ ¢ â®«é¨­­®¬ ­ ¯à ¢«¥-­¨¨,   x1=�h { â¥ ¦¥ ¯«®áª®áâ¨ ¯à¨ ­ ¬ £­¨ç¨-¢ ­¨¨ ¢ ¯à®¤®«ì­®¬ ­ ¯à ¢«¥­¨¨. �­¥è­¥¥ ¬ £-­¨â­®¥ ¯®«¥ Hai ¢ ®¡®¨å á«ãç ïå ¯à¨ª« ¤ë¢ ¥âáï¢ ­ ¯à ¢«¥­¨¨ x3 ¨ ï¢«ï¥âáï â ª¨¬, çâ® ¢ íâ®¬­ ¯à ¢«¥­¨¨ ¨¬¥¥â ¬¥áâ® ­ ¬ £­¨ç¨¢ ­¨¥ ¤® ­ -áëé¥­¨ï M i0.�à¨ ­ ¬ £­¨ç¨¢ ­¨¨ ¢ â®«é¨­­®¬ ­ ¯à -¢«¥­¨¨ ¢­ãâà¥­­¥¥ ¬ £­¨â­®¥ ¯®«¥ á®áâ ¢«ï¥âH0i =Hai �4�M0i ,   ¯à¨ ­ ¬ £­¨ç¨¢ ­¨¨ ¢ ¯¥à¯¥­-¤¨ªã«ïà­®¬ ª â®«é¨­¥ ­ ¯à ¢«¥­¨¨ { H0i =Hai .� ª¨¬ ®¡à §®¬, H0k = H0�3k;M0k = M0�3k; (3)£¤¥ ç¥à¥§ H0 ¨ M0 ®¡®§­ ç¥­ë ¢¥«¨ç¨­ë ­ ¯àï-¦¥­­®áâ¨ ¢­ãâà¥­­¥£® áâ â¨ç¥áª®£® ¬ £­¨â­®£®¯®«ï ¨ ­ ¬ £­¨ç¥­­®áâì ­ áëé¥­¨ï á®®â¢¥âáâ¢¥­-­®. �à¥¤áâ ¢¨¬ ­ ¯àï¦¥­­®áâì ¬ £­¨â­®£® ¯®«ï¨ ­ ¬ £­¨ç¨¢ ­¨¥ ¢ ¤¥ä®à¬¨à®¢ ­­®¬ â¥«¥ ¢ ¢¨¤¥

áã¬¬ë ¤¢ãå á®áâ ¢«ïîé¨å:Hi = Hi + hi;Mi = M i +mi; (4)£¤¥ ç¥àâ®© ®â¬¥ç¥­ë ãáâ ­®¢¨¢è¨¥áï ¬ £­¨â-­ë¥ ¢¥«¨ç¨­ë ¢ ­¥¤¥ä®à¬¨à®¢ ­­®¬ â¥«¥,   ¢¥-«¨ç¨­ë, ®¡®§­ ç¥­­ë¥ ¬ «ë¬¨ ¡ãª¢ ¬¨, ®¯à¥-¤¥«ïîâ ¯®¯à ¢ª¨, ¢®§­¨ª îé¨¥ §  áç¥â ¤¥ä®à-¬ æ¨¨ ¨ ¢ï§ª®ã¯àã£®£® å à ªâ¥à  ¯®¢¥¤¥­¨ï ¬ -â¥à¨ « . �à¥¤¯®« £ ï, çâ® ¢­¥è­¥¥ ¬ £­¨â®-áâ â¨ç¥áª®¥ ¯®«¥ ®¤­®à®¤­®, ¢­ãâà¥­­¥¥ «®ª «ì-­®¥ ¬ £­¨â­®¥ ¯®«¥ à ¢­® ­ã«î (0HLi =0) ¨(eul; eml;ehl)=(ul;ml; hl) exp(i!t) (i=p�1), ®á­®¢-­ë¥ á®®â­®è¥­¨ï ¬¥å ­¨ª¨ ¨ í«¥ªâà®¤¨­ ¬¨ª¨¬®¦­® § ¯¨á âì ¢ ¢¨¤¥, ¯à¥¤«®¦¥­­®¬ ¢ [22]:�ij;i +M0hMj;3 + �!2uj = 0;�Aij = 12M0(�3ihLj �3jhLi );�Sij = cijkmuk;m + "kijmk;ei3kM0(hMk � alk;lhLk )� ei3kmkH0 = i!
 mi;hMi = �';i �H0u3;i � �';i;hMi;i + 4�mi;i � 4�M0ui;3i = 0;aij = �ijklml;k ; (5)
£¤¥ �ij=�sij + �Aij ¨ �ij, alk, uj , hMj , hLj , mk { ª®¬-¯®­¥­âë â¥­§®à®¢ ­ ¯àï¦¥­¨© ¨ ®¡¬¥­­®£® ¢§ -¨¬®¤¥©áâ¢¨ï, ª®¬¯®­¥­âë ¢¥ªâ®à®¢ ¯¥à¥¬¥é¥­¨ï,­ ¯àï¦¥­­®áâ¨ ¬ ªá¢¥««®¢áª®£® ¬ £­¨â­®£® ¯®«ï¨ «®ª «ì­®£® ¬ £­¨â­®£® ¯®«ï, ¢¥ªâ®à  ­ ¬ £­¨-ç¥­­®áâ¨ á®®â¢¥âáâ¢¥­­®; �, ' ¨ 
 { ¯«®â­®áâì,¬ £­¨â­ë© ¯®â¥­æ¨ « ¨ £¨à®¬ £­¨â­ë© ª®íää¨-æ¨¥­â; cijkm, �ik, �ijkl, "kij, gikm { ª®¬¯«¥ªá­ë¥ª®¬¯®­¥­âë â¥­§®à®¢ ¢ï§ª®ã¯àã£¨å ¬®¤ã«¥©, ¬ £-­¨â­®©  ­¨§®âà®¯¨¨, ®¡¬¥­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï,¯ì¥§®¬ £­¥â¨§¬  á®®â¢¥âáâ¢¥­­®; eijk { â¥­§®à�¥¢¨{�¨¢¨â .�®¬¯«¥ªá­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯®«ãç îâáï ¨§¯à¥¤áâ ¢«¥­¨ï (1) á ¯®á«¥¤ãîé¥© «¨­¥ à¨§ æ¨¥©�. �. � à­ ãå®¢, �. �. �¥«îå 47



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© ¨ ¨¬¥îâ ¢¨¤cijkm = cijkm�� ("3ij + bij33M0)M0�km++ ("3im + bim33M0)M0�jk++ ("3mj + bjm33M0)M0�ik++ 12("ikm + 2bkm3iM0)M0�3j++ 12("jkm + 2bkm3jM0)M0�3i++ ("mij + 2bij3mM0)M0�3k�� 12(2�i3�3j + 2�j3�3i)M20 �km++ 12(2�mi�3j + 2�mj�3i)M20 �3k++ 122�m3(�3j�ik + 2�3i�jk)M20+� 12(4�333i�3j + 4�333j�3i)M40 �km++ 32(4�33mi�3j + 4�33mj�3i)M40 �3k++ 124�333m(�3j�ik + 2�3i�jk)M40 ;
(6)

"kij = "kij + 2bij3kM0++ 12(2�i3�jk + 2�j3�ik)M0++ 12(2�ik�3j + 2�jk�3i)M0++ 32(4�33ki�3j + 4�33kj�3i)M30++ 12(4�333i�jk + 4�333j�ik)M30 ; (7)�ik = (2�33�ik + 22�k3�3i � 2�ik)++M20 (4�3333�ik � 34�33ki + 44�333k�3i); (8)gikm = �"ikm � 2bkm3iM0++ ("3km + 2bkm33M0)�3i�� 2�imM0�3k � 2�m3M0�ki++ 22�m3M0�i3�k3; (9)

�ijkl = �2�12�ik + f3ikM0��jl: (10)� ¯à¨¢¥¤¥­­ëå á®®â­®è¥­¨ïå cijkl, 2�ik, 4�ijkl,�ij, "kij, bijkl, fkij { ª®¬¯«¥ªá­ë¥ ª®¬¯®­¥­âëâ¥­§®à®¢ ¢ï§ª®ã¯àã£¨å ¬®¤ã«¥©, ¬ £­¨â­®©  ­¨-§®âà®¯¨¨ ¢â®à®£® ¨ ç¥â¢¥àâ®£® ¯®àï¤ª®¢, ®¡¬¥­-­®£® ¢§ ¨¬®¤¥©áâ¢¨ï, ¯ì¥§®¬ £­¥â¨§¬ , ¬ £­¨-â®áâà¨ªæ¨¨, ¬ £­¨â­ëå ®¡¬¥­­ëå á¨« á®®â¢¥â-áâ¢¥­­®. �á¥ ¢¥«¨ç¨­ë, §  ¨áª«îç¥­¨¥¬M0 ¨ á¨¬-¢®«  �à®­¥ª¥à  �ij , ï¢«ïîâáï ª®¬¯«¥ªá­ë¬¨.�ç¨âë¢ ï â®, çâ® ¯®¢¥àå­®áâì ¯« áâ¨­ª¨ á¢®-¡®¤­  ®â ­ ¯àï¦¥­¨© ¨ ¯« áâ¨­ª  ­ ¬ £­¨ç¥­ ¤® ­ áëé¥­¨ï, ¢­¥è­ïï áà¥¤  { ­¥¬ £­¨â­ ï (¯« -áâ¨­ª  ­ å®¤¨âáï ¢ ¢ ªãã¬¥),   áâ â¨ç¥áª®¥ á®áâ®-ï­¨¥ ®¤­®à®¤­®, ¤«ï á«ãç ï ¯« áâ¨­ª¨, ­ ¬ £­¨-ç¥­­®© ¢¤®«ì ­®à¬ «¨ ª ¯®¢¥àå­®áâ¨, £à ­¨ç­ë¥ãá«®¢¨ï § ¯¨è¥¬ ¢ ¢¨¤¥ [22]8>>><>>>: �3j = �4�M20uk;k�3j ;a3b = 0;hMb = h0�1b;¯à¨ x3 = �h; (11)  ¤«ï ¯« áâ¨­ª¨, ­ ¬ £­¨ç¥­­®© ¢ ¯à®¤®«ì­®¬ ­ -¯à ¢«¥­¨¨, ¯à¨8>>><>>>: �3j = 0;a1b = 0;hM1 + 4�m1 � 4�M0uk;k = h0;¯à¨ x1 = �h; (12)� á®®â­®è¥­¨ïå (11), (12) b=1; 2, h0 { ¤¥©áâ¢¨-â¥«ì­ ï ¯®áâ®ï­­ ï. �«ï ¬ â¥à¨ «  â¨¯  ¦¥«¥-§®¨ââà¨¥¢ëå £à ­ â®¢ (���) ªà¨áâ ««¨ç¥áª®£®ª« áá  m3m, ª®â®àë¥ ­ ¬ £­¨ç¥­ë ¢¤®«ì ®á¨ ªã-¡¨ç¥áª®£® ªà¨áâ «« , á¯à ¢¥¤«¨¢® "ijk=0, gijk=0,fijk=0. �«ï ¤àã£¨å â¨¯®¢ á¨¬¬¥âà¨¨ íâ¨ ¢¥«¨-ç¨­ë ®â«¨ç­ë ®â ­ã«ï. �¢®¤ï ®¡®§­ ç¥­¨ï, ¯à¥¤-áâ ¢«¥­­ë¥ ¢ [22], ¨ ¯à¥­¥¡à¥£ ï á®®â¢¥âáâ¢ãîé¨-¬¨ ç«¥­ ¬¨, ¯®«ãç¨¬ ãà ¢­¥­¨ï ¬ £­¨â®¬¥å ­¨-ª¨,  ­ «®£¨ç­ë¥ ¯à¥¤áâ ¢«¥­­ë¬ ¢ [22], ­® á ª®¬-48 �. �. � à­ ãå®¢, �. �. �¥«îå



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56¯«¥ªá­ë¬¨ ª®íää¨æ¨¥­â ¬¨:c11u1;11+c12(u2;21+u3;31)++c44(u1;22+u2;12+u1;33+u3;13)++2b44M0m1;3�M0';13+�!2u1=0;c11u2;22+c12(u1;12+u3;32)++c44(u1;21+u2;11+u2;33+u3;23)++2b44M0m2;3�M0';23+�!2u2=0;c11u3;33+c12(u1;13+u2;23)++c44(u1;31+u3;11+u2;32+u3;22)++2b44M0(m1;1+m2;2)�M0';23+�!2u2=0;M0';2+�11M0m2;ll+(34�12�4�11)M30m2++2b44M20 (u2;3+u3;2)+H0m2= i!
 m1;�M0';1+�11M0m1;ll�(34�12�4�11)M30m1��2b44M20 (u1;3+u3;1)�H0m1= i!
 m2;';kk�4�mb;b+4�M0uk;3k=0:
(13)

�«ï ª®¬¯®­¥­â®¢ â¥­§®à®¢ ç¥â¢¥àâ®£® à ­£  §¤¥áì¯à¨­ïâ® ®¡®§­ ç¥­¨¥ �pq ¢¬¥áâ® �ijkl, £¤¥ p ¨«¨q ¯®á«¥¤®¢ â¥«ì­® ¯à¨­¨¬ ¥â §­ ç¥­¨ï ®â 1 ¤®6 ¯à¨ á«¥¤ãîé¨å ª®¬¡¨­ æ¨ïå ij ¨ kl: 11, 22,33, 23 ¨«¨ 32, 31 ¨«¨ 13, 12 ¨«¨ 21. �¥©-áâ¢¨â¥«ì­ë¥ á®áâ ¢«ïîé¨¥ ª®¬¯«¥ªá­ëå ª®íää¨-æ¨¥­â®¢ ¤«ï ��� à ¢­ë c11=26:9 � 1011 ¤¨­/á¬2,c12=10:77 � 1011 ¤¨­/á¬2, c44=7:64 � 1011 ¤¨­/á¬2,b44=1:66 � 102, 3 4�12�4�11=3:36 � 10�5 í�2, �11 == 1:87 � 10�11 á¬2, 
=�1:76 � 107 í�á¬2/(¤¨­�á),M0=1750=(4�) �á. �à ­¨ç­ë¥ ãá«®¢¨ï (11), (12)§ ¯¨è¥¬ á®®â¢¥âáâ¢¥­­® ¢ ¢¨¤¥8<: �31 = �23 = �33 = a31 = a32 = 0;h1 = h0;¯à¨ x3 = �h; (14)8<: �11 = �13 = �13 = a11 = a12 = 0;hM1 + 4�m1 � 4�M0uk;k = h0;¯à¨ x1 = �h; (15)� íâ¨¬ ãà ¢­¥­¨ï¬ ­¥®¡å®¤¨¬® ¤®¡ ¢¨âì ãáà¥¤-­¥­­®¥ §  æ¨ª« ãà ¢­¥­¨¥ í­¥à£¨¨ ¤«ï â¥¬-

¯¥à âãàë c _� = ��;ij +W; (16)£¤¥ ãáà¥¤­¥­­ ï §  æ¨ª« ¤¨áá¨¯ â¨¢­ ï äã­ªæ¨ïà ¢­ W = !2 (�00kl"0kl � �0kl"00kl + h00km0k � h0km00k); (17)  £à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï â¥¬¯¥à âãàë ¨¬¥îâ ¢¨¤� @�@xi � �(� � �0) = 0¯à¨ xi = �h (i = 1; 3): (18)� ¤ «ì­¥©è¥¬ ¯®« £ ¥¬, çâ® ¥¤¨­áâ¢¥­­®© ®â«¨ç-­®© ®â ­ã«ï ¬­¨¬®© á®áâ ¢«ïîé¥© ª®¬¯«¥ªá­ëåå à ªâ¥à¨áâ¨ª ï¢«ï¥âáï c00ijkl.2. ���������, ������������� � ��-�������� ������������ áá¬®âà¨¬ ¯« áâ¨­ªã, ­ ¬ £­¨ç¥­­ãî ¢ ­ -¯à ¢«¥­¨¨ x3. �­  ¯à¥¤¯®« £ ¥âáï ­¥®£à ­¨ç¥­-­®© ¯® ®áï¬ x1 ¨ x2 ¨ ®£à ­¨ç¥­­®© ¢ ­ ¯à ¢«¥-­¨¨ x3 ¯«®áª®áâï¬¨ xi=�h. � ª ª ª ¯« áâ¨­ª ­¥ ¨¬¥¥â £à ­¨æ ¢ ­ ¯à ¢«¥­¨ïå x1 ¨ x2,   ­ -¬ £­¨ç¨¢ îé¥¥ ¯®«¥ ¯à¥¤¯®« £ ¥âáï ­¥§ ¢¨áïé¨¬®â íâ¨å ª®®à¤¨­ â, â® à¥è¥­¨¥ á¨áâ¥¬ë § ¢¨á¨ââ®«ìª® ®â x3, §  ¨áª«îç¥­¨¥¬ ¢ëà ¦¥­¨ï ¤«ï ',ª®â®à®¥ ¬®¦¥â ¡ëâì «¨­¥©­®© äã­ªæ¨¥© ¯®¯¥à¥ç-­ëå ª®®à¤¨­ â x1 ¨ x2. � íâ®¬ á«ãç ¥ á¨áâ¥¬  (13)¯à¨¢®¤¨âáï ª ¢¨¤ãc44u1;33 + 2b44M0m1;3 + �!2u1 = 0;c44u2;33 + 2b44M0m2;3 + �!2u2 = 0;��11m2;33 + �K + H0M0�m2++2b44M0u2;3 = i!
M0m1;�';1 + �11m1;33 ��K + H0M0�m1��2b44M0u3;1 = i!
M0m2;'33 � 4�M0u3;33 = 0; (19)�. �. � à­ ãå®¢, �. �. �¥«îå 49



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 56£¤¥ K=3 4�12�4�11. �à ­¨ç­ë¥ ãá«®¢¨ï (14) ¯à¨-­¨¬ îâ ä®à¬ã8>>>>>>><>>>>>>>: c44u1;33+ 2b44M0m1 = 0;c44u2;33+ 2b44M0m2 = 0;��11m1;33 � �11m2;33 = 0�';1 = hM1 = h0¯à¨ x3 = �h: (20)�à¥­¥¡à¥£ ï ®¡¬¥­­ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ (�11 == 0), ªà ¥¢ãî § ¤ çã (19), (20) ¬®¦­® ¯¥à¥¯¨á âì¢ ¢¨¤¥ c44u1;33+ em1;3 + �!2u1 = 0;c44u2;33+ em2;3 + �!2u2 = 0;Pm2 + eu2;3 = i!
M0m1;h0 � Pm1 + eu3;1 = i!
M0m2; (21)8<: c44u1;3 + em1 = 0;c44u2;3 + em2 = 0;¯à¨ x3 = �h; (22)£¤¥ P =H0=M0+K ; e=2b44M0. �á«¨ ¯¥à¥©â¨ ª ­®-¢ë¬ ¯¥à¥¬¥­­ë¬u� = u1 � iu2;m� = m1 � im2; (23)â® § ¤ ç  (21), (22) à á¯ ¤ ¥âáï ­  ¤¢¥ £à ­¨ç­ë¥§ ¤ ç¨ ®â­®á¨â¥«ì­® u� ¨ m�:c44u�;33 + em�;3 + �!2u� = 0;�P � !
M0�m� + eu�;3 = h0; (24)c44u�;3 + em� = 0 ¯à¨ x3 = �h; (25)£¤¥ c44=c044+ic0044. �ëà §¨¢ ¨§ ¢â®à®£® ãà ¢­¥­¨ïá¨áâ¥¬ë (24) m� ç¥à¥§ u�, h0 ¨ ¯®¤áâ ¢¨¢ ¢ ¯¥à-¢®¥, ¯®«ãç¨¬ á«¥¤ãîéãî § ¤ çã:(c44 � y�)u�;33 + �!2u� = 0; (26)(c44 � y�)u�;3 = c�0 ¯à¨ x3 = �h: (27)

�¤¥áì y� = e2P � !
M0 ;c�0 = eh0P � !
M0 :�¥à¥¯¨è¥¬ á¨áâ¥¬ã (26), (27) ¢ ¢¨¤¥u�;33 + �!2a�u� = 0; (28)u�;3 = u�0 ¯à¨ x3 = �h; (29)£¤¥ a� = e2c44�P � !
M0�� e2 ;u�0 = eh0c44�P � !
M0�� e2 :�¥ à¥è¥­¨¥ ¡ã¤¥¬ ¨áª âì ¢ ä®à¬¥u� = 1Xn=0A�n sinknx3; kn = (2n� 1)�2h : (30)�ãáâì u�=us�+ud�, us�=n�0 x3,   ud�;3 =0 ¯à¨x3=�h. �®£¤  £à ­¨ç­ ï § ¤ ç  (28), (29) ¯à¨¬¥â¢¨¤ ud�;33 + �!2a�ud� = ��!2a�us�; (31)ud�;3 = 0 ¯à¨ x3 = �h: (32)� §« £ ï ¯à ¢ãî ç áâì (32) ¢ àï¤ ¯® sin knx3, ¯®-«ãç ¥¬ ¢ëà ¦¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï Ad�n :Ad�n = � (�1)n+12�!2a�u�0hkn(�!2a� � k2n) : (33)� ª ª ª A�n =Ad�n +As�n , â®u�n = Ad�n = (�1)n+12eh0h �� 1�(�!2 � c44k2n)�P � !
M0�+ e2k2n� : (34)� ¤¥©áâ¢¨â¥«ì­ë¬ §­ ç¥­¨ï¬ ¯¥à¥¬¥é¥­¨© ¬®¦­®¯à¨©â¨, ¨á¯®«ì§ãï ä®à¬ã«ë, ®¡à â­ë¥ (23).50 �. �. � à­ ãå®¢, �. �. �¥«îå



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 1999. �®¬ 2, N 2. �. 44 { 563. ���������, ������������� ����������� ������������­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã á«ãç î § ¯¨è¥¬ á¨-áâ¥¬ã (13), (15) ¢ ¢¨¤¥c44u3;11+ em1;1 + �!2u3 = 0;��11m2;11 + Pm2 = i!
M0m1;�';1 + �11m1;11 � Pm1 � eu3;1 = i!
M0m2;';11 � 4�m1;1 = 0: (35)�à ­¨ç­ë¥ ãá«®¢¨ï (12) ¯à¨¬ãâ ¢¨¤8>>><>>>: c44u3;1 + em1 = 0;��11m1;1 = ��11m2;1 = 0;�';1 + 4�m1 = h0¯à¨ x1 = �h: (36)� ãç¥â®¬ ¯®á«¥¤­¥£® ãà ¢­¥­¨ï ¢ á®®â­®è¥­¨-ïå (35) ¢ ¯à¥­¥¡à¥¦¥­¨¨ ­¥®¤­®à®¤­ë¬ ®¡¬¥­®¬(�11=0) ªà ¥¢ãî § ¤ çã (35), (36) ¬®¦­® ¯¥à¥¯¨-á âì ¢ ä®à¬¥c44u3;11 + em1;1 + �!2u3 = 0;Pm2 = i!
M0m1;h0 � (P + 4�)m1 � eu3;1 = i!
M0m2; (37)c44u3;1 + em1 = 0; ¯à¨ x1 = �h; (38)£¤¥ c44=c044+ic0044. �áª«îç¨¢ m1 ¨ m2 ¨§ ãà ¢­¥-­¨© (37), ¯à¨¤¥¬ ª á«¥¤ãîé¥© £à ­¨ç­®© § ¤ ç¥:(c44 � y)u3;11 + �!2u3 = 0; (39)(c44 � y)u3;1 = c0 ¯à¨ x1 = �h; (40)£¤¥ y = e2PP (P + 4�)� !2(
M0)2 ;c0 = ePh0P (P + 4�) � !2(
M0)2 :�âã § ¤ çã ã¤®¡­® § ¯¨á âì ¢ ¤àã£®© ä®à¬¥:u3;11+ �!2au3 = 0; (41)

u3;1 = u0 ¯à¨ x1 = �h: (42)�¤¥áìa = P (P + 4�)� !2(
M0)2c44�P (P + 4�)� !2(
M0)2�� e2P ;u0 = ePh0c44�P (P + 4�) � !2(
M0)2�� e2P :� ¤ ç  (41), (42)  ­ «®£¨ç­  § ¤ ç¥ (28), (29) ¨§à §¤¥«  2. �¥ à¥è¥­¨¥ ¨é¥¬ ¢ ¢¨¤¥u3 = 1Xn=0An sin knx1; kn = (2n� 1)�2h : (43)�¢¥¤ï ®¡®§­ ç¥­¨¥�(!2) = (�!2 � c44k2n)���P (P + 4�) � !2(
M0)2�+ e2k2nP;ª®íää¨æ¨¥­âë, ¢å®¤ïé¨¥ ¢ àï¤ (43), § ¯¨è¥¬ ª ªu3n = An = � (�1)n+12ePh0h�(!2) : (44)�®§¢à é ïáì ª á¨áâ¥¬¥ (37), ­ ©¤¥¬ §­ ç¥­¨ï ­ -¬ £­¨ç¥­­®áâm̈1 = 1Xn=0B1n cos knx1;m2 = 1Xn=0B2n cos knx1; (45)£¤¥ B1n = (�1)n+12Ph0(�!2 � c44k2n)knh�(!2) ;B2n = i!
M0P B1n : (46)�§ ¢ëà ¦¥­¨ï (44) «¥£ª® ¯®«ãç¨âì §­ ç¥­¨¥á®¡áâ¢¥­­®© ç áâ®âë ¬ £­¨â®ã¯àã£®£® à¥§®­ ­á (!rn). �­  ¤®«¦­  ã¤®¢«¥â¢®àïâì ãà ¢­¥­¨î�(!2rn) = (�!2rn � c44k2n)���P (P + 4�)� !2rn(
M0)2�+ e2k2nP = 0: (47)�. �. � à­ ãå®¢, �. �. �¥«îå 51
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�¨á. 1. �¬¯«¨âã¤­®-ç áâ®â­ ï § ¢¨á¨¬®áâì¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï:¯ã­ªâ¨à { ç¨á«¥­­®¥ à¥è¥­¨¥;èâà¨å-¯ã­ªâ¨à {  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥�  à¨á. 1 ¯à¥¤áâ ¢«¥­ë  ¬¯«¨âã¤­®-ç áâ®â­ë¥å à ªâ¥à¨áâ¨ª¨ ¯à¨ ­ ¬ £­¨ç¨¢ ­¨¨ ¢ ¯à®¤®«ì-­®¬ ­ ¯à ¢«¥­¨¨, à ááç¨â ­­ë¥ ¬¥â®¤®¬ �¤ ¬-á  {�®ã«â®­ . � áç¥â ¡ë« ¯à®¢¥¤¥­ â ª¦¥ ¯®  ­ -«¨â¨ç¥áª¨¬ à¥è¥­¨ï¬. � ª ¢¨¤­® ¨§ £à ä¨ª®¢, à¥-§ã«ìâ âë à áç¥â®¢ å®à®è® á®£« áãîâáï ¬¥¦¤ã á®-¡®© (ªà¨¢ë¥ ¯à ªâ¨ç¥áª¨ ­ ª« ¤ë¢ îâáï ®¤­  ­ ¤àã£ãî).4. ������������� ���������«ï ¬®¤¥«¨à®¢ ­¨ï ¬ £­¨â­®© ¤¨áá¨¯ æ¨¨ ¨á-¯®«ì§ã¥¬ ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï ­ ¬ £­¨ç¥­­®áâ¨á à¥« ªá æ¨®­­ë¬ ç«¥­®¬ ¢ ä®à¬¥ �̈ «ì¡¥àâ .� á«ãç ¥ ¯« áâ¨­ª¨, ­ ¬ £­¨ç¥­­®© ¢ ¯à®¤®«ì-­®¬ ­ ¯à ¢«¥­¨¨, ãç¥â ¬ £­¨â­ëå ¯®â¥àì íª¢¨-¢ «¥­â¥­ § ¬¥­¥ ¢ ãà ¢­¥­¨ïå ¤¢¨¦¥­¨ï ­ ¬ £-­¨ç¥­­®áâ¨ ¤¥©áâ¢¨â¥«ì­®© ¯®áâ®ï­­®© P ­  ¥¥ª®¬¯«¥ªá­ë©  ­ «®£ [19] Pc=P 0�iP 00, £¤¥ P 0=P ;P 00=�!=(
M0); �=5 � 10�5. �áà¥¤­¥­­ãî §  æ¨ª«¤¨áá¨¯ â¨¢­ãî äã­ªæ¨î § ¯¨è¥¬ ¢ ¢¨¤¥ áã¬¬ë¤¢ãå á®áâ ¢«ïîé¨å { ¬¥å ­¨ç¥áª®© ¨ ¬ £­¨â­®©:W = W el +Wm: (48)�¤¥áì W el = !c00442 (u03;12 + u003;12); (49)  Wm = !2 (h00km0k � h0km00k): (50)

�¨á. 2. � ¢¨á¨¬®áâì ­ ¬ £­¨ç¥­­®áâ¨ ­ áëé¥­¨ï®â â¥¬¯¥à âãàë (Ms { ­ ¬ £­¨ç¥­­®áâì­ áëé¥­¨ï ¯à¨ 0� C)� á®®â­®è¥­¨ïå (49), (50)u03 = Reu3; u003 = Im u3;m0k = Remk; m00k = Immk;h0k = Rehk; h00k = Im hk: (51)�§ ¢ëà ¦¥­¨© (46) ­ å®¤¨¬, çâ®m01n = ReB1n; m001n = ImB1n;m02n = ReB2n; m002n = ImB2n: (52)�á¯®«ì§®¢ ¢ á®®â­®è¥­¨ï (5), ®¯à¥¤¥«¨¬ ¤¥©áâ¢¨-â¥«ì­ë¥ ¨ ¬­¨¬ë¥ á®áâ ¢«ïîé¨¥ hk, § ¬¥â¨¢ çâ®h1=h01+ih001 =�(K+4�)m1�eu3;1+h0;h2=h02+ih002 =�Km2: (53)� ªá¨¬ «ì­ë© ãà®¢¥­ì â¥¬¯¥à âãàë ¤¨áá¨¯ -â¨¢­®£® à §®£à¥¢  ¡ã¤¥â ¨¬¥âì ¬¥áâ®, ¥áâ¥áâ¢¥­-­®, ­  à¥§®­ ­á­®© ç áâ®â¥. �à¥­¥¡à¥£ ï ­¥-®¤­®à®¤­ë¬ ®¡¬¥­®¬, «¥£ª® ¯®«ãç¨âì  ­ «¨â¨ç¥-áª¨¥ à¥è¥­¨ï ª ª § ¤ ç¨ (21), (22), â ª ¨ § ¤ -ç¨ (37), (38) ­  à¥§®­ ­á­®© ç áâ®â¥. �à ¢­¥­¨¥í­¥à£¨¨ § ¯¨è¥âáï ¢ ¢¨¤¥c _� = � @2�@x21 +W; (54)52 �. �. � à­ ãå®¢, �. �. �¥«îå
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�¨á. 3. �¥§®­ ­á­ë© á¯¥ªâà ¤«ï á«ãç ï¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï:1 { ­¥á¢ï§ ­­ë¥ ¬ £­¨â­ë¥ ª®«¥¡ ­¨ï;2 { ­¥á¢ï§ ­­ë¥ ¬¥å ­¨ç¥áª¨¥ ª®«¥¡ ­¨ï;3, 4 { á¢ï§ ­­ë¥ ¬ £­¨â®ã¯àã£¨¥ ª®«¥¡ ­¨ï£¤¥ ãáà¥¤­¥­­ ï §  æ¨ª« ¤¨áá¨¯ â¨¢­ ï äã­ªæ¨ïW = (W eln +Wmn ) cos2 knx1 == Wn2 (1 + cos 2knx1): (55)�ãáâì ­  £à ­¨ç­ëå ¯®¢¥àå­®áâïå ¯®¤¤¥à¦¨¢ ¥â-áï ¯®áâ®ï­­ ï â¥¬¯¥à âãà  �c. �®£¤  ¤«ï ®¯à¥¤¥-«¥­¨ï ãáà¥¤­¥­­®© §  æ¨ª« â¥¬¯¥à âãàë ¯®«ãç¨¬á«¥¤ãîéãî £à ­¨ç­ãî § ¤ çã:� @2�@x21 +W = 0; (56)� = �c ¯à¨ x1 = �h: (57)�ç¨âë¢ ï á¨¬¬¥âà¨î § ¤ ç¨, ¥¥ à¥è¥­¨¥ ¬®¦­®§ ¯¨á âì ¢ ¢¨¤¥� = �Wn2� �x212 � cos 2knx14k2n �+ C; (58)£¤¥ C = �c + Wn2� �x212 � cos 2knh4k2n � == �c + Wn2� �h22 + 14k2n�:� ª ª ª £à ­¨ç­ë¥ ãá«®¢¨ï á¨¬¬¥âà¨ç­ë, â® ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ â¥¬¯¥à âãàë ¡ã¤¥â ­ ¡«î-

�¨á. 4. �¥§®­ ­á­ë© á¯¥ªâà ¤«ï á«ãç ï­ ¬ £­¨ç¨¢ ­¨ï ¢ â®«é¨­­®¬ ­ ¯à ¢«¥­¨¨:1 { ­¥á¢ï§ ­­ë¥ ¬ £­¨â­ë¥ ª®«¥¡ ­¨ï;2 { ­¥á¢ï§ ­­ë¥ ¬¥å ­¨ç¥áª¨¥ ª®«¥¡ ­¨ï;3, 4 { á¢ï§ ­­ë¥ ¬ £­¨â®ã¯àã£¨¥ ª®«¥¡ ­¨ï¤ âìáï ¢ ¯«®áª®áâ¨ x1=0, â. ¥.�max = �c + Wn4� �h2 + 1k2n�: (59)� ¢¨á¨¬®áâì ­ ¬ £­¨ç¥­­®áâ¨ ­ áëé¥­¨ï ®ââ¥¬¯¥à âãàë ¢ë£«ï¤¨â â ª, ª ª ¯®ª § ­® ­ à¨á. 2. �®íâ®¬ã á ¤®áâ â®ç­®© â®ç­®áâìî ¬®¦-­® áç¨â âì Ms ¯®áâ®ï­­®© ¤® â®çª¨ �îà¨ �k,  ¢ á ¬®© â®çª¥ �îà¨ ¯®«®¦¨âì Ms=0, â. ¥. § ¬¥-­¨âì à¥ «ì­ë© § ª®­ ¨§¬¥­¥­¨ï Ms(�) áâã¯¥­ç -âë¬. �à¨ ¤®áâ¨¦¥­¨¨ â¥¬¯¥à âãà®© â®çª¨ �îà¨¨áç¥§ ¥â á¢ï§ì ¬¥¦¤ã ¬¥å ­¨ç¥áª¨¬¨ ¨ ¬ £­¨â-­ë¬¨ ¯®«ï¬¨ ¨ ¯ì¥§®¬ £­¥â¨ª â¥àï¥â á¢®¥ äã­ª-æ¨®­ «ì­®¥ ­ §­ ç¥­¨¥. � á¢ï§¨ á íâ¨¬ ¤®áâ¨¦¥-­¨¥ â¥¬¯¥à âãà®© ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  â®ç-ª¨ �îà¨ ¬®¦­® ¯à¨­ïâì §  ªà¨â¥à¨© \à §àãè¥-­¨ï" ¯ì¥§®í«¥¬¥­â . �§ ä®à¬ã«ë (59) ­ å®¤¨¬,çâ® ���c=a,a = �c + Wn2� �h22 + 14k2n�: (60)�­ ç¥­¨¥ ¯ à ¬¥âà , ¯à¨ ª®â®à®¬ �=�k, ¥áâ¥-áâ¢¥­­® ¯à¨­ïâì §  ªà¨â¨ç¥áª®¥ §­ ç¥­¨¥, ¯à¨ ª®-â®à®¬ ¬ £­¨â­ë© ¬ â¥à¨ « ¯¥à¥áâ ¥â ¡ëâì ¯ì¥-§® ªâ¨¢­ë¬: akr=�k��c.�. �. � à­ ãå®¢, �. �. �¥«îå 53
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�¨á. 5. � ¢¨á¨¬®áâì ¬®¤ã«ï ª®¬¯«¥ªá­®©®¡¥§à §¬¥à¥­­®©  ¬¯«¨âã¤ë á¬¥é¥­¨ï¤«ï á«ãç ï â®«é¨­­®£® ­ ¬ £­¨ç¨¢ ­¨ï¯à¨ ¤¢¨¦¥­¨¨ ¯® à¥§®­ ­á­ë¬ ªà¨¢ë¬:1 { ¯® ªà¨¢®© 4 à¨á. 4; 2 { ¯® ªà¨¢®© 3 à¨á. 4;3 { ¯® ªà¨¢®© 2 à¨á. 45. ��������� �����������  à¨á. 3, 4 ¯à¥¤áâ ¢«¥­ à¥§®­ ­á­ë© á¯¥ªâà ¤«ï¯« áâ¨­ª¨, ­ ¬ £­¨ç¥­­®© ¢ ¯à®¤®«ì­®¬ ­ ¯à -¢«¥­¨¨, ¨ ¯« áâ¨­ª¨, ­ ¬ £­¨ç¥­­®© ¢ â®«é¨­­®¬­ ¯à ¢«¥­¨¨, á®®â¢¥âáâ¢¥­­®. �¥§®­ ­á­ë¥ ç -áâ®âë á¢ï§ ­­ëå ¬ £­¨â®ã¯àã£¨å ª®«¥¡ ­¨© ï¢«ï-îâáï ¯®«®¦¨â¥«ì­ë¬¨ ¤¥©áâ¢¨â¥«ì­ë¬¨ ª®à­ï¬¨ç áâ®â­®£® ãà ¢­¥­¨ï ¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ -¬ £­¨ç¨¢ ­¨ï:(!2 � !2k)(!2 � c2tk2)� 
2e2k2 = 0;£¤¥ 
2=
2M20 e2Pk2=�, !k=
M0pP (P + 4�). �«ïá«ãç ï ­ ¬ £­¨ç¨¢ ­¨ï ¢ â®«é¨­­®¬ ­ ¯à ¢«¥­¨¨á®®â¢¥âáâ¢ãîé¥¥ ç áâ®â­®¥ ãà ¢­¥­¨¥ § ¯¨è¥âáï¢ ¢¨¤¥ (! � !s)(!2 � c2tk2)� 
2c2tk2 = 0;£¤¥ ¢¥àå­¨© §­ ª á®®â¢¥âáâ¢ã¥â ¯®«®¦¨â¥«ì-­®© ¯®«ïà¨§ æ¨¨,   ­¨¦­¨© { ®âà¨æ â¥«ì­®©,ct=pc044=�; !s=
PM0, 
1=
eM0=c044. �¥§®­ ­á-­ë© á¯¥ªâà à ááç¨âë¢ «áï ¢ à ©®­¥ â®çª¨ ¯¥à¥-ªàëâ¨ï { â®çª¨ ¯¥à¥á¥ç¥­¨ï à¥§®­ ­á­ëå ªà¨-¢ëå ­¥á¢ï§ ­­ëå ¬ £­¨â­®© ¨ ¬¥å ­¨ç¥áª®© ¯®¤-á¨áâ¥¬ (­  à¨áã­ª å ®¡®§­ ç¥­ë æ¨äà ¬¨ 1 ¨ 2á®®â¢¥âáâ¢¥­­®). �«ï á«ãç ï ¯à®¤®«ì­®£® ­ ¬ £-­¨ç¨¢ ­¨ï ª ¦¤®¬ã §­ ç¥­¨î k1=�=(2h) á®®â¢¥â-áâ¢ãîâ ¤¢¥ à¥§®­ ­á­ëå ç áâ®âë. �®çª  ¯¥à¥ªàë-

�¨á. 6. � ¢¨á¨¬®áâì ¬®¤ã«ï ª®¬¯«¥ªá­®©®¡¥§à §¬¥à¥­­®©  ¬¯«¨âã¤ë á¬¥é¥­¨ï¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï¯à¨ ¤¢¨¦¥­¨¨ ¯® à¥§®­ ­á­ë¬ ªà¨¢ë¬:1 { ¯® ªà¨¢®© 4 à¨á. 3; 2 { ¯® ªà¨¢®© 3 à¨á. 3â¨ï ¤¥«¨â ª ¦¤ãî à¥§®­ ­á­ãî ªà¨¢ãî ­  ¤¢¥ ¯®-«ã¢¥â¢¨, ª®â®àë¥ ¬®¦­® ãá«®¢­® ­ §¢ âì ¯®«ã¢¥-â¢ï¬¨ ª¢ §¨á¯¨­®¢®£® ¨ ª¢ §¨ã¯àã£®£® à¥§®­ ­-á  á®®â¢¥âáâ¢¥­­®. �áâ¥áâ¢¥­­® ®¦¨¤ âì, çâ® ¯®¬¥à¥ ¯à¨¡«¨¦¥­¨ï à¥§®­ ­á­®© ªà¨¢®© ª ®¤­®© ¨§«¨­¨©, á®®â¢¥âáâ¢ãîé¨å ­¥á¢ï§ ­­®¬ã ã¯àã£®¬ã¨«¨ ¬ £­¨â­®¬ã à¥§®­ ­áã, ¡ã¤¥â ã¢¥«¨ç¨¢ âìáï¢ª« ¤ â®© ¨«¨ ¨­®© ¯®¤á¨áâ¥¬ë ­  §­ ç¥­¨ï ®¯à¥-¤¥«ï¥¬ëå ¯®«¥¢ëå ¢¥«¨ç¨­. �¥§®­ ­á­ ï ç áâ®â ­¥á¢ï§ ­­ëå á¯¨­®¢ëå ª®«¥¡ ­¨©, ®¡®§­ ç¥­­ ï­  £à ä¨ª å ªà¨¢®© 1, ¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ -¬ £­¨ç¨¢ ­¨ï ¯à¨¬¥à­® ¢ 1.2 à §  ¡®«ìè¥, ç¥¬ ¤«ïá«ãç ï ­ ¬ £­¨ç¨¢ ­¨ï ¢ â®«é¨­­®¬ ­ ¯à ¢«¥­¨¨(!s=8:3893 � 1010 �æ ¨ !s=7:0237 � 1010 �æ). � -áâ®â­ë© ¨­â¥à¢ « �! ¬¥¦¤ã ¢¥â¢ï¬¨ ¢ ®ªà¥áâ­®-áâ¨ â®çª¨ ¯¥à¥ªàëâ¨ï ¤«ï ª á â¥«ì­®£® ­ ¬ £­¨-ç¨¢ ­¨ï á®áâ ¢«ï¥â 6:9402 � 108 �æ,   ¤«ï ¯®¯¥à¥ç-­®£® ­ ¬ £­¨ç¨¢ ­¨ï { 9:8150 � 108 �æ. �  à¨á. 4à¥§®­ ­á­ ï ªà¨¢ ï 3 á®®â¢¥âáâ¢ã¥â ª®«¥¡ ­¨ï¬á ®âà¨æ â¥«ì­®© ¯®«ïà¨§ æ¨¥©. �­  ¯à ªâ¨ç¥áª¨á®¢¯ ¤ ¥â á ¯àï¬®© ã¯àã£®£® à¥§®­ ­á . �  à¨á. 5¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì  ¬¯«¨âã¤ë á¬¥é¥­¨ï¤«ï á«ãç ï ­ ¬ £­¨ç¨¢ ­¨ï ¢ â®«é¨­­®¬ ­ ¯à -¢«¥­¨¨ ¢ ®ªà¥áâ­®áâ¨ â®çª¨ ¯¥à¥ªàëâ¨ï. � ª á«¥-¤ã¥â ¨§ £à ä¨ª ,  ¬¯«¨âã¤  ­ ¯àï¦¥­¨ï ­  ç -áâ®â å, á®®â¢¥âáâ¢ãîé¨å ª®«¥¡ ­¨ï¬ á ®âà¨æ -â¥«ì­®© ¯®«ïà¨§ æ¨¥©, ¬ «  ¯® áà ¢­¥­¨î á ¤àã-£¨¬¨. � ªá¨¬ «ì­®¥ ¢«¨ï­¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¢ï§-54 �. �. � à­ ãå®¢, �. �. �¥«îå
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�¨á. 7. �â­®è¥­¨¥ ¬®¤ã«¥© ª®¬¯«¥ªá­ëå á¬¥é¥­¨©¨ ­ ¬ £­¨ç¥­­®áâ¨ ¤«ï á«ãç ï ¯à®¤®«ì­®£®­ ¬ £­¨ç¨¢ ­¨ï ¯à¨ ¤¢¨¦¥­¨¨¯® à¥§®­ ­á­ë¬ ªà¨¢ë¬:1 { ¯® ªà¨¢®© 4 à¨á. 3; 2 { ¯® ªà¨¢®© 3 à¨á. 3ª®ã¯àã£®© ¨ á¯¨­®¢®© á®áâ ¢«ïîé¨å ­ ¡«î¤ ¥âáï¢ à ©®­¥ â®çª¨ ¯¥à¥ªàëâ¨ï, ª®£¤  §­ ç¥­¨ï  ¬-¯«¨âã¤ë ¤«ï ®¡¥¨å à¥§®­ ­á­ëå ç áâ®â áâ ­®¢ïâ-áï ¯à ªâ¨ç¥áª¨ à ¢­ë¬¨. �  à¨á. 6 ¯à¥¤áâ ¢«¥­ § ¢¨á¨¬®áâì ¬®¤ã«ï ª®¬¯«¥ªá­®©  ¬¯«¨âã¤ë á¬¥-é¥­¨ï ®â á®¡áâ¢¥­­®£® ç¨á«  k1 ¯à¨ ¤¢¨¦¥­¨¨ ¯®à¥§®­ ­á­ë¬ ªà¨¢ë¬ ¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ -¬ £­¨ç¨¢ ­¨ï (ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ¤¢¨¦¥­¨î¯® ­¨¦­¥© ¢¥â¢¨, ªà¨¢ ï 2 { ¤¢¨¦¥­¨î ¯® ¢¥àå­¥©¢¥â¢¨, á¬. à¨á. 3). �  à¨á. 7 ¯®ª § ­  § ¢¨á¨¬®áâì®â­®è¥­¨ï  ¡á®«îâ­ëå §­ ç¥­¨©  ¬¯«¨âã¤ ¯¥à¥-¬¥é¥­¨ï ¨ ­ ¬ £­¨ç¨¢ ­¨ï ¤«ï à áá¬ âà¨¢ ¥¬®£®á«ãç ï. � ª ¨ ®¦¨¤ «®áì, ¯® ¬¥à¥ ¯à¨¡«¨¦¥­¨ï ªá®®â¢¥âáâ¢ãîé¥© ¯®«ã¢¥â¢¨ à áâ¥â ¢«¨ï­¨¥ ¬ £-­¨â­®© ¨«¨ ¬¥å ­¨ç¥áª®© ¯®¤á¨áâ¥¬ ­  á¢ï§ ­­ë¥ª®«¥¡ ­¨ï.�  à¨á. 8 ¯®ª § ­  § ¢¨á¨¬®áâì ¬ ªá¨¬ «ì­®©â¥¬¯¥à âãàë ®â à §¬¥à®¢ ¯« áâ¨­ª¨ ¯à¨ ¤¢¨¦¥-­¨¨ ¯® à¥§®­ ­á­ë¬ ªà¨¢ë¬ ¤«ï á«ãç ï ¯à®¤®«ì-­®£® ­ ¬ £­¨ç¨¢ ­¨ï. � ªá¨¬ «ì­®¥ §­ ç¥­¨¥â¥¬¯¥à âãàë ­ ¡«î¤ ¥âáï ¢ ®ªà¥áâ­®áâ¨ â®çª¨¯¥à¥ªàëâ¨ï, £¤¥ ¢ ­ ¨¡®«ìè¥© áâ¥¯¥­¨ ¯à®ï¢«ï¥â-áï ¢§ ¨¬®¤¥©áâ¢¨¥ ¬ £­¨â­®© ¨ ¬¥å ­¨ç¥áª®© ¯®¤-á¨áâ¥¬.�  à¨á. 9 ¯à¥¤áâ ¢«¥­® áà ¢­¥­¨¥  ¡á®«îâ­®-£® §­ ç¥­¨ï  ¬¯«¨âã¤ë ­ ¯àï¦¥­¨ï ¢ á«ãç ¥, ª®-£¤  £¨à®¬ £­¨â­ë¬ íää¥ªâ®¬ ¬®¦­® ¯à¥­¥¡à¥çì,¨ á«ãç ï ¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï. � ª á«¥-

�¨á. 8. � ªá¨¬ «ì­ ï â¥¬¯¥à âãà  ¤«ï á«ãç ï¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï ¯à¨ ¤¢¨¦¥­¨¨¯® à¥§®­ ­á­ë¬ ªà¨¢ë¬:1 { ¯® ªà¨¢®© 4 à¨á. 3; 2 { ¯® ªà¨¢®© 3 à¨á. 3¤ã¥â ¨§ £à ä¨ª , ¯® ¬¥à¥ ã¤ «¥­¨ï ®â â®çª¨ ¯¥-à¥ªàëâ¨ï §­ ç¥­¨ï ¯®«¥¢ëå ¢¥«¨ç¨­, ¢ëç¨á«¥­-­ë¥ ª ª á ãç¥â®¬ £¨à®¬ £­¨â­®£® íää¥ªâ , â ª ¨¡¥§ ­¥£®, ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ. �á¥ ¢ëç¨á«¥­¨ï¯à®¢®¤¨«¨áì ¯à¨ §­ ç¥­¨ïå H0=3:9 �í, h0=20 í,tg �=2:5 � 10�5, �=0:074 �â/(á¬��), �c=25�C. �«ïç¨á«¥­­®£®  ­ «¨§  ¨á¯®«ì§®¢ «áï ¬¥â®¤ �¤ ¬á  {�®ã«â®­ .����������� ¤ ­­®© à ¡®â¥ ¯à¥¤áâ ¢«¥­  ¯®áâ ­®¢ª  § -¤ ç¨ ® ¢ë­ã¦¤¥­­ëå ª®«¥¡ ­¨ïå ¨ ¤¨áá¨¯ â¨¢-­®¬ à §®£à¥¢¥ ¯à¥¤¢ à¨â¥«ì­® ­ ¬ £­¨ç¥­­®£® ¤®­ áëé¥­¨ï ä¥àà®¬ £­¨â­®£® á«®ï á ãç¥â®¬ ­¥-®¤­®à®¤­®£® ®¡¬¥­ , £¨à®¬ £­¨â­ëå ¨ ¤¨áá¨¯ -â¨¢­ëå íää¥ªâ®¢. � áá¬ âà¨¢ îâáï ¤¢  ¢ à¨ ­-â  ¯à¥¤¢ à¨â¥«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï ¤® ­ áëé¥-­¨ï { ¢ â®«é¨­­®¬ ¨ ¯à®¤®«ì­®¬ ­ ¯à ¢«¥­¨ïå.� £­¨â­ë¥ ¨ ¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢  ¬ â¥à¨ « ¯à¥¤¯®« £ îâáï ­¥§ ¢¨áïé¨¬¨ ®â â¥¬¯¥à âãàë.�®é­®áâì ¨áâ®ç­¨ª®¢ â¥¯«  ¢ ãà ¢­¥­¨¨ í­¥à£¨¨à ¢­  ãáà¥¤­¥­­®© §  æ¨ª« ¬ £­¨â®¬¥å ­¨ç¥áª®©¬®é­®áâ¨.�«ï á«ãç ï, ª®£¤  ­¥®¤­®à®¤­ë¬ ®¡¬¥­®¬ ¬®¦­®¯à¥­¥¡à¥çì, ¯®«ãç¥­ë  ­ «¨â¨ç¥áª¨¥ ¨ ç¨á«¥­­ë¥à¥è¥­¨ï ®¡¥¨å § ¤ ç. � ááç¨â ­ë  ¬¯«¨âã¤­®-¨ â¥¬¯¥à âãà­®-ç áâ®â­ë¥ å à ªâ¥à¨áâ¨ª¨ â¥à-¬®¬¥å ­¨ç¥áª¨å ª®«¥¡ ­¨© ä¥àà®¬ £­¨â­®£® á«®ï.�. �. � à­ ãå®¢, �. �. �¥«îå 55
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�¨á. 9. � ¢¨á¨¬®áâì ¬®¤ã«ï ª®¬¯«¥ªá­®©®¡¥§à §¬¥à¥­­®©  ¬¯«¨âã¤ë á¬¥é¥­¨ï¤«ï á«ãç ï ¯à®¤®«ì­®£® ­ ¬ £­¨ç¨¢ ­¨ï¯à¨ ¤¢¨¦¥­¨¨ ¯® à¥§®­ ­á­®© ªà¨¢®© 4 à¨á. 3:1 { ¡¥§ ãç¥â  £¨à®¬ £­¨â­®£® íää¥ªâ ;2 { á ãç¥â®¬ £¨à®¬ £­¨â­®£® íää¥ªâ � ­  ®æ¥­ª  ¢«¨ï­¨ï £¨à®¬ £­¨â­®£® íää¥ªâ  ­ íâ¨ å à ªâ¥à¨áâ¨ª¨. �­ «¨§ ª®­ªà¥â­ëå ç¨á«®-¢ëå à¥§ã«ìâ â®¢ ¯®ª §ë¢ ¥â, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥¬ £­¨â­ëå ¨ ¬¥å ­¨ç¥áª¨å ¯®«¥© ®ª §ë¢ ¥âáï áã-é¥áâ¢¥­­ë¬ «¨èì ¢ ®ªà¥áâ­®áâ¨ â ª ­ §ë¢ ¥¬ëåâ®ç¥ª ¯¥à¥ªàëâ¨ï, ¢ ª®â®àëå ­¥á¢ï§ ­­ë¥ á¯¨­®-¢ë¥ ¨ ã¯àã£¨¥ ¢¥â¢¨ à¥§®­ ­á­ëå ªà¨¢ëå ¯¥à¥á¥-ª îâáï, â. ¥. ¬ £­¨â­ë¥ ¨ ã¯àã£¨¥ ª®«¥¡ ­¨ï ¨¬¥-îâ ®¤¨­ ª®¢ë¥ ç áâ®âë ¨ â®«é¨­ë. �­¥ ®¡« áâ¨â®ç¥ª ¯¥à¥ªàëâ¨ï ¬¥å ­¨ç¥áª¨¥ ¨ ¬ £­¨â­ë¥ ¯®«ï¬®¦­® à áá¬ âà¨¢ âì ¡¥§ ãç¥â  ¬ £­¨â®¬¥å ­¨-ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï,   ¨áâ®ç­¨ª â¥¯«  ¢ ãà ¢-­¥­¨¨ í­¥à£¨¨ áç¨â âì à ¢­ë¬ áã¬¬¥ ¨áâ®ç­¨ª®¢,¯®à®¦¤¥­­ëå ¬ £­¨â­ë¬¨ ¨ ¬¥å ­¨ç¥áª¨¬¨ ¯®â¥-àï¬¨.�à¥¤«®¦¥­® ¯à®áâ®¥ ¢ëà ¦¥­¨¥ ¤«ï â¥¬¯¥à âã-àë ¤¨áá¨¯ â¨¢­®£® à §®£à¥¢  ¯à¨ ¢ë­ã¦¤¥­­ëåª®«¥¡ ­¨ïå ­  à¥§®­ ­á­ëå ç áâ®â å. � ª ç¥-áâ¢¥ ªà¨â¨ç¥áª®£® ¯ à ¬¥âà  ­ £àã¦¥­¨ï ¯à¨­ï-â® ¥¥ §­ ç¥­¨¥, ¯à¨ ª®â®à®¬ â¥¬¯¥à âãà  ¤®áâ¨-£ ¥â â®çª¨ �îà¨.1. �å¨¥§¥à �. �., � àìïåâ à �. �., �¥«¨â¬¨­-áª¨© �. �. �¯¨­®¢ë¥ ¢®«­ë.{ �.: � ãª , 1967.{304 á.2. � àìïåâ à �. �., �ãªáâ ­áª¨© �. �., �¥«¨-å®¢ �.�. �¥« ªá æ¨ï á®«¨â®­®¢ ¢  ­â¨ä¥àà®¬ £-
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