
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63��� 534.22����ö��ö �������ö� � �������ö� ������ �������������� ���������� �ö������ ����-�ö������ ������������. �. ��ö����ö­áâ¨âãâ £÷¤à®¬¥å ­÷ª¨ ��� �ªà ù­¨, �¨ù¢�¤¥à¦ ­® 11.05.2001 � �¥à¥£«ï­ãâ® 22.09.2001�  ®á­®¢÷ ª« á¨ç­®ù ¬®¤¥«÷ ¥¬ã«ìá÷ù �. �. öá ª®¢¨ç  à®§à®¡«¥­÷ ä÷§¨ç­  © ¬ â¥¬ â¨ç­  ¬®¤¥«÷ â¥à¬÷ç­®£® ¬¥å ­÷§-¬ã ä®à¬ã¢ ­­ï  ªãáâ¨ç­¨å ¢« áâ¨¢®áâ¥© ¥¬ã«ìá÷©, ¡ã«ì¡ èª®¢¨å á¥à¥¤®¢¨é â   ¥à®§®«÷¢ § ãà åã¢ ­­ï¬ «®ª «ì­®ùâ¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ùå­÷å ¬÷ªà®áâàãªâãà­¨å ¥«¥¬¥­â÷¢. �áâ ­®¢«¥­®, é® ¬®¤¥«ì öá ª®¢¨ç  ¬®¦­  à®§£«ï¤ â¨ ïª £à -­¨ç­¨© ¢¨¯ ¤®ª ¬®¤¥«÷, é® ¢à å®¢ãõ ¬÷ªà®áâàãªâãà­ã ¢§ õ¬®¤÷î, ¤«ï ¡ã«ì¡ èª®¢¨å á¥à¥¤®¢¨é. �¨á¥«ì­¨©  ­ «÷§¯®ª § ¢, é® ¯à¨ ¬ «¨å ÷ ¯®¬÷à­¨å ¢÷¤áâ ­ïå ¬÷¦ §¥à­ ¬¨ ¥¬ã«ìá÷ù ¬®¤¥«ì, ïª  ¢à å®¢ãõ â¥à¬÷ç­ã ¢§ õ¬®¤÷î, ­ ¡ -£ â® ªà é¥ ã§£®¤¦ãõâìáï § § £ «ì­®ä÷§¨ç­¨¬¨ ãï¢«¥­­ï¬¨ ¯à® ¯à®æ¥á à®§¯®¢áî¤¦¥­­ï ­¨§ìª®ç áâ®â­®£® §¢ãªã ¢¤¨á¯¥àá­¨å áã¬÷è å, ­÷¦ ª« á¨ç­  ¬®¤¥«ì § ­¥§ «¥¦­¨¬¨ ¬÷ªà®áâàãªâãà­¨¬¨ ¥«¥¬¥­â ¬¨.�  ®á­®¢¥ ª« áá¨ç¥áª®©¬®¤¥«¨ í¬ã«ìá¨¨ �. �. �á ª®¢¨ç à §à ¡®â ­ëä¨§¨ç¥áª ï ¨ ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«¨ â¥à¬¨-ç¥áª®£® ¬¥å ­¨§¬  ä®à¬¨à®¢ ­¨ï  ªãáâ¨ç¥áª¨å á¢®©áâ¢ í¬ã«ìá¨©, ¯ã§ëàìª®¢ëå áà¥¤ ¨  íà®§®«¥© á ãç¥â®¬ «®ª «ì-­®£® â¥à¬¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¨å ¬¨ªà®áâàãªâãà­ëå í«¥¬¥­â®¢. �áâ ­®¢«¥­®, çâ® ¬®¤¥«ì �á ª®¢¨ç  ¬®¦­®à áá¬ âà¨¢ âì ª ª ¯à¥¤¥«ì­ë© á«ãç © ¬®¤¥«¨, ãç¨âë¢ îé¥© ¬¨ªà®áâàãªâãà­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥, ª®â®àë© ®¯¨-áë¢ ¥â ¯ã§ëàìª®¢ãî áà¥¤ã. �¨á«¥­­ë©  ­ «¨§ ¯®ª § «, çâ® ¯à¨ ¬ «ëå ¨ ã¬¥à¥­­ëå à ááâ®ï­¨ïå ¬¥¦¤ã §¥à­ ¬¨í¬ã«ìá¨¨ ¬®¤¥«ì, ãç¨âë¢ îé ï â¥à¬¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥, ­ ¬­®£® «ãçè¥ á®£« áã¥âáï á ®¡é¥ä¨§¨ç¥áª¨¬¨ ¯à¥¤-áâ ¢«¥­¨ï¬¨ ® ¯à®æ¥áá¥ à á¯à®áâà ­¥­¨ï ­¨§ª®ç áâ®â­®£® §¢ãª  ¢ ¤¨á¯¥àá­ëå á¬¥áïå, ç¥¬ ª« áá¨ç¥áª ï ¬®¤¥«ì á­¥§ ¢¨á¨¬ë¬¨ ¬¨ªà®áâàãªâãà­ë¬¨ í«¥¬¥­â ¬¨.On the basis of the classical model of emulsion by M. A. Isakovich the physical and mathematical models of formingthe acoustic properties of emulsions, bubble mediums, and aerosols with allowance for local thermal interaction of theirmicrostructural elements are designed. It is established that the model by Isakovich can be regarded as a limit case of themodel accounting microstructural interaction, which describes a bubble medium. The numerical analysis showed that atsmall and moderate spacing intervals between the grains of emulsion the model, accounting the thermal interplay, displaysmuch better correspondence to the general physical viewpoint about the process of the low-frequency sound propagationin dispersed mixtures, than the classical one with independent microstructural elements.������¥ç®¢¨­¨, ïª÷ ã á¢®ù© ®á­®¢÷ õ ¡ £ â®ä §­¨¬¨áã¬÷è ¬¨, è¨à®ª® ¯à¥¤áâ ¢«¥­÷ ¢ ¯à¨à®¤­¨å ¯à®-æ¥á å. �®­¨ â ª®¦ ÷­â¥­á¨¢­® § áâ®á®¢ãîâìáï ¢à÷§­®¬ ­÷â­¨å áä¥à å  ­âà®¯®£¥­­®ù © â¥å­®£¥­-­®ù ¤÷ï«ì­®áâ÷. �®¡ãâãõ ­ ¢÷âì ¤ã¬ª  ¯à® â¥, é®§ ­¥®¤­®ä §­¨¬¨ áã¬÷è ¬¨ ­ ¬ ¤®¢®¤¨âìáï ¬ -â¨ á¯à ¢ã §­ ç­® ç áâ÷è¥, ­÷¦ § ®¤­®ä §­¨¬¨ [1].�¨à®ª  à®§¯®¢áî¤¦¥­÷áâì ¡ £ â®ä §­¨å á¥à¥¤®-¢¨é áâ¨¬ã«îõ ÷­â¥à¥á ¤® ¢¨¢ç¥­­ï ùå­÷å ä÷§¨ç-­¨å, §®ªà¥¬ ,  ªãáâ¨ç­¨å ¢« áâ¨¢®áâ¥©. � ¯à¨-ª« ¤,  ­®¬ «ì­® ¢¨á®ª¥ § âãå ­­ï §¢ãªã ¢ ¤¥ïª¨å¡ £ â®ä §­¨å áã¬÷è å ÷ ¬ â¥à÷ « å à®¡¨âì ùå ¯¥à-á¯¥ªâ¨¢­¨¬¨ ¯à¨ ¢¨ª®à¨áâ ­­÷ ¤«ï §¢ãª®÷§®«ïæ÷ù ¢ àå÷â¥ªâãà÷, ¯à®¬¨á«®¢®áâ÷ © ¯®¡ãâ÷. �¨¬÷àîîç¨ ªãáâ¨ç­÷ ¯ à ¬¥âà¨ ¡ £ â®ä §­¨å ¬ â¥à÷ «÷¢ â à¥ç®¢¨­ ã àï¤÷ ¢¨¯ ¤ª÷¢ ¬®¦­  ®âà¨¬ â¨ æ÷­­ã ÷­-ä®à¬ æ÷î ¯à® ùå­÷© áª« ¤ â  ¢­ãâà÷è­î áâàãªâã-àã [2].�¨§­ ç «ì­®î à¨á®î ¡ £ â®ä §­®ù áã¬÷è÷ õ â¥,é® ¢ ­÷© § ¢¦¤¨ ­ ï¢­÷ à®§¯®¤÷«¥­÷ ¯® ®¡'õ¬ã ®á¥-à¥¤ª¨ ª®¬¯®­¥­â (ä §), ¬ ªà®áª®¯÷ç­÷ ¯® ¢÷¤­®-è¥­­î ¤® ¬®«¥ªã«ïà­®£® ¬ áèâ ¡ã. � â®¬ã ¢¨¯ ¤-
ªã, ª®«¨ ª÷«ìª÷áâì ä § ¤®à÷¢­îõ ¤¢®¬,   ¢ª«îç¥­­ï¬ îâì ¢¨£«ï¤ ÷§®«ì®¢ ­¨å â¢¥à¤¨å ç áâ¨­®ª, ªà -¯¥«ì,  ¡® ¡ã«ì¡ è®ª, â ªã áã¬÷è ­ §¨¢ îâì ¤¨á-¯¥àá­®î [1]. �¨ ­¥ ­ ©â¨¯®¢÷è¨¬ ¯à¨ª« ¤®¬ ¤¨á-¯¥àá­®ù áã¬÷è÷ õ â , ¢ ïª÷© ®¡¨¤¢÷ ª®¬¯®­¥­â¨ (ä -§¨) õ à÷¤¨­ ¬¨  ¡® £ § ¬¨. � ªâ¨ç­®, ¯à¨ æì®-¬ã ¬®¦«¨¢÷ âà¨ ¯à¨­æ¨¯®¢® à÷§­÷ ª®¬¡÷­ æ÷ù ­¥áã-ç®ù â  ¤¨á¯¥à£®¢ ­®ù ä §: ¤¢÷ ­¥§¬÷èã¢ ­÷ à÷¤¨­¨(¥¬ã«ìá÷ï), áãá¯¥­§÷ï £ §®¢¨å ¡ã«ì¡ è®ª ã à÷¤¨­÷(¡ã«ì¡ èª®¢¥ á¥à¥¤®¢¨é¥) â  ªà ¯¥«ì­¨©  ¥à®§®«ìà÷¤¨­¨ ¢ £ §÷.�á®¡«¨¢®áâ÷ à®§¯®¢áî¤¦¥­­ï §¢ãªã ¢ â ª¨åáã¬÷è å ¬®¦ãâì ¡ãâ¨ ®¯¨á ­÷ ¢ à ¬ª å ã­÷¢¥àá «ì-­®ù â¥®à÷ù, ïª  ¡ §ãõâìáï ­  ¯÷¤å®¤÷, § ¯à®¯®­®¢ -­®¬ã ­ ¯à¨ª÷­æ÷ 1940-å à®ª÷¢ �. �. öá ª®¢¨ç¥¬. �©®£® à®¡®â÷ [3] ¢¯¥àè¥ ¡ã«® ¤ ­® ¯®ïá­¥­­ï á¯¥-æ¨ä÷ç­®£® «®ª «ì­®£® ¬¥å ­÷§¬ã ¤¨á¯¥àá÷ù © ¤¨á¨-¯ æ÷ù §¢ãªã ¢ ¥¬ã«ìá÷ïå, ¯®¢'ï§ ­®£® § â¥¯«®®¡¬÷-­®¬ ¢ ®ª®«÷ ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â  á¥à¥¤®¢¨-é  (§¥à­  ¥¬ã«ìá÷ù) ¯÷¤ ç á ¯à®å®¤¦¥­­ï  ªãáâ¨ç-­®ù å¢¨«÷. �¯à ¢  ¢ â®¬ã, é®, ­  ¢÷¤¬÷­ã ¢÷¤ £®¬®-£¥­­¨å á¥à¥¤®¢¨é, ¢ ¥¬ã«ìá÷ïå ¬®¦­  ¢¨¤÷«¨â¨ ¤¢ ¯à®áâ®à®¢¨å ¬ áèâ ¡¨, ¤«ï ïª¨å å à ªâ¥à ä÷§¨ç-­¨å ¯à®æ¥á÷¢ áãââõ¢® ¢÷¤à÷§­ïõâìáï: ¬ ªà®áª®¯÷ç-c
 �. �. �«÷©­¨ª, 2001 51



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63­¨© (¥¬ã«ìá÷ï ¢ æ÷«®¬ã) â  ¬÷ªà®áª®¯÷ç­¨© (®ª÷«§¥à­  ¥¬ã«ìá÷ù). �  ¬ ªà®à÷¢­÷ ¯à®æ¥á ¯à®å®¤¦¥­-­ï  ªãáâ¨ç­®ù å¢¨«÷ § ¢¦¤¨ ¬®¦­  ¢¢ ¦ â¨  ¤÷ -¡ â¨ç­¨¬. �  ¢÷¤¬÷­ã ¢÷¤ æì®£®, å à ªâ¥à â¥à¬®-¤¨­ ¬÷ç­¨å ¯à®æ¥á÷¢, ïª÷ áã¯à®¢®¤¦ãîâì ®¡'õ¬­¥¤¥ä®à¬ã¢ ­­ï §¥à­  ¥¬ã«ìá÷ù ¯÷¤ ¤÷õî §¢ãª®¢®£®â¨áªã, áãââõ¢® § «¥¦¨âì ¢÷¤ ç áâ®â¨. �à¨ ¯à®-å®¤¦¥­­÷ ­¨§ìª®ç áâ®â­¨å å¢¨«ì à÷§­¨æ÷ â¥¬¯¥à -âãà ¬÷¦ ¤¨á¯¥à£®¢ ­®î â  ­¥áãç®î ä § ¬¨ ¢ ®ª®«÷÷­¤¨¢÷¤ã «ì­®£® §¥à­  ¡ã¤ãâì ¢áâ¨£ â¨ ¢¨à÷¢­î¢ -â¨áì ÷ ©®£® ¯ã«ìá æ÷ù ¬®¦­  ¢¢ ¦ â¨ ÷§®â¥à¬÷ç-­¨¬¨. � ¯÷¤¢¨é¥­­ï¬ ç áâ®â¨ ¯à®æ¥á ¤¥ä®à¬ã-¢ ­­ï ¢ ¬÷ªà®¬ áèâ ¡÷ ¢á¥ ¡÷«ìè¥ ­ ¡«¨¦ õâìáï¤®  ¤÷ ¡ â¨ç­®£®. �à¨à®¤­®, é® â ª  ¯¥à¥¡ã¤®-¢  ä÷§¨ç­¨å ¯à®æ¥á÷¢ ¯à¨§¢®¤¨âì ¤® §¬÷­¨ ¢¥«¨-ç¨­¨ è¢¨¤ª®áâ÷ §¢ãªã (â ª §¢ ­®£®, ùù ¤¨á¯¥àá÷©-­®£® áâà¨¡ª ). �à÷¬ â®£®, §  à åã­®ª ­¥®¡®à®â-­®£® ¯¥à¥â¢®à¥­­ï ¥­¥à£÷ù ¯àã¦­®ù ¤¥ä®à¬ æ÷ù ¢â¥¯«®, ¢ ¥¬ã«ìá÷ïå á¯®áâ¥à÷£ õâìáï  ­®¬ «ì­® ¢¨-á®ª¥, ã ¯®à÷¢­ï­­÷ § £®¬®£¥­­¨¬¨ á¥à¥¤®¢¨é ¬¨,§ âãå ­­ï §¢ãªã.� §­ ç¨¬®, é® ¬®¤¥«ì öá ª®¢¨ç  [3] ¡ã«® à®-§¢¨­ãâ® ¤«ï ¢¨¯ ¤ªã â¥à¬÷ç­® ÷§®«ì®¢ ­¨å §¥-à¥­. � ªâ¨ç­®, æ¥ ®§­ ç õ, é® §¥à­  ¢ â ª÷©¥¬ã«ìá÷ù à®§â è®¢ ­÷ ¤®áâ â­ì® ¤ «¥ª®, é®¡ ùå-­ì®î ¢§ õ¬®¤÷õî ¯® â¥¬¯¥à âãà­®¬ã ¯®«î ¬®¦-­  ¡ã«® §­¥åâã¢ â¨. � æì®¬ã à®§ã¬÷­­÷, ¥¬ã«ì-á÷ï öá ª®¢¨ç  õ á« ¡®ª®­æ¥­âà®¢ ­®î. �ç¥¢¨¤-­®, é® ¯à¨ ¯÷¤¢¨é¥­­÷ ª®­æ¥­âà æ÷ù ¤¨á¯¥à£®¢ ­®ùä §¨ (÷, ïª ­ á«÷¤®ª, §¡«¨¦¥­­÷ §¥à¥­), â¥à¬÷ç­ ¢§ õ¬®¤÷ï ¬÷¦ áãá÷¤­÷¬¨ §¥à­ ¬¨ ¡ã¤¥ áâ ¢ â¨ ¢á¥¡÷«ìè áãââõ¢®î. �«÷¤ ®ç÷ªã¢ â¨, é®  ªãáâ¨ç­÷ ¯ -à ¬¥âà¨ ª®­æ¥­âà®¢ ­®£® ¤¨á¯¥àá­®£® á¥à¥¤®¢¨-é  ¡ã¤ãâì §­ ç­® ¢÷¤à÷§­ïâ¨áì ¢÷¤ â¨å ¢¥«¨ç¨­,ïª÷ ¯à®£­®§ãõ ¬®¤¥«ì öá ª®¢¨ç .� ¦ «ì, áã¤ïç¨ §  ­ «÷§ã á¯¥æ÷ «ì­®ù «÷â¥à âã-à¨, æ¥© ¬®¬¥­â ¤® æì®£® ç áã § «¨è ¢áï ¯®§  ã¢ -£®î ¤®á«÷¤­¨ª÷¢. �«÷¤ § §­ ç¨â¨, é® ¢ ¤¥ïª¨å § -ª®à¤®­­¨å ¯ã¡«÷ª æ÷ïå ­ ¢®¤ïâìáï ®à¨£÷­ «ì­÷ ¬®-¤¥«÷ à¥« ªá æ÷©­¨å ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù §¢ãªã [4].�à®â¥, ¢®­¨ ¬®¦ãâì ¡ãâ¨ § áâ®á®¢ ­÷ «¨è¥ ¤®¤®á¨âì ¢ã§ìª®£® ª« áã ¤¨á¯¥àá­¨å áã¬÷è¥© (¤¥ïª¨å ¥à®§®«÷¢). �® â®£® ¦, ïª ®á­®¢­  âãâ ¢¨áâã¯ õ ­¥â¥à¬÷ç­ ,   ¤¨­ ¬÷ç­  à¥« ªá æ÷ï ç áâ¨­®ª ¤¨á-¯¥àá­®ù ä §¨. � ÷­è¨å ¢¨¯ ¤ª å à®§£«ï¤ îâìáï®á®¡«¨¢®áâ÷ ä®à¬ã¢ ­­ï ¢¨ª«îç­® è¢¨¤ª®áâ÷ §¢ã-ªã ¤«ï á¥à¥¤®¢¨é , ïª¥ ¯¥à¥¡ã¢ õ ã áâ ­÷ â¥à¬®¤¨-­ ¬÷ç­®ù à÷¢­®¢ £¨ [5]. �®á÷©áìª  ¦ èª®«  ¤®á«÷¤-­¨ª÷¢ âà ¤¨æ÷©­® ¢÷¤¤ õ ¯¥à¥¢ £ã â¥®à÷ï¬, ¯®¡ã¤®-¢ ­¨¬ ã â¥à¬÷­ å ¬¥å ­÷ª¨ £¥â¥à®£¥­­¨å á¥à¥¤®-¢¨é (¤¨¢., ­ ¯à¨ª« ¤, [6,7]).�¥ áâ ¢«ïç¨ ¯÷¤ áã¬­÷¢ æ÷­­÷áâì áª« ¤­¨å ¡ £ -â®ä ªâ®à­¨å ¬®¤¥«¥©, § ã¢ ¦¨¬®, é® â¥®à÷ï öá -ª®¢¨ç  §¡¥à÷£ õ á¢®î ¯à¨¢ ¡«¨¢÷áâì á ¬¥ § ¢¤ïª¨

á¢®ù¬ ¯à®áâ®â÷ © ­ ®ç­®áâ÷. �®­ , ïª ­÷ïª  ÷­è ,¤®§¢®«ïõ ãá¢÷¤®¬¨â¨ ä÷§¨ç­ã áãâì â¥à¬÷ç­®ù à¥-« ªá æ÷ù ¢ ¤¨á¯¥àá­¨å áã¬÷è å â  ùù à®«ì ã à®§-¯®¢áî¤¦¥­­÷ §¢ãªã. �«ï â¨å ¦¥ ¢¨¯ ¤ª÷¢, ª®«¨¬®¦­  §­¥åâã¢ â¨ ¥ä¥ªâ ¬¨, ¯®¢'ï§ ­¨¬¨ § ¬ -á®®¡¬÷­®¬, ä §®¢¨¬¨ ¯¥à¥å®¤ ¬¨ â  ¯®¢¥àå­¥¢¨¬­ âï£®¬ ­  ¬¥¦÷ à®§¯®¤÷«ã ä §, á ¬¥ «®ª «ì­¨©â¥à¬÷ç­¨© à¥« ªá æ÷©­¨© ¬¥å ­÷§¬ ¡ã¤¥ ¢¨§­ ç â¨÷áâ¨­­ã ç áâ®â­ã § «¥¦­÷áâì  ªãáâ¨ç­¨å ¯ à ¬¥-âà÷¢ ¤¢®ä §­®£® á¥à¥¤®¢¨é .�¨å®¤ïç¨ § æì®£®, ¬¥â®î ¤ ­®ù à®¡®â¨ õ à®§¢¨-â®ª  ªãáâ¨ç­®ù ¬®¤¥«÷ â¨¯ã öá ª®¢¨ç  ¯à¨ ãà åã-¢ ­­÷ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ¬÷¦ áãá÷¤­÷¬¨ §¥à­ ¬¨¤¨á¯¥à£®¢ ­®ù ä §¨ à÷¤ª®ù  ¡® £ §®-à÷¤¨­­®ù ¤¨á-¯¥àá­®ù áã¬÷è÷. � ª¨© ¯÷¤å÷¤ ¬ õ § ¡¥§¯¥ç¨â¨¡÷«ìè ª®à¥ªâ­¥ ãï¢«¥­­ï ¯à® å à ªâ¥à  ªãáâ¨ç­¨å¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù ã ª®­æ¥­âà®¢ ­¨å ¤¨á¯¥àá-­¨å áã¬÷è å, ã ¯®à÷¢­ï­­÷ § ª« á¨ç­®î â¥®à÷õî§ ­¥§ «¥¦­¨¬¨ §¥à­ ¬¨ (­ á ¬¯¥à¥¤, ­  ­¨§ìª¨åç áâ®â å). �à¨ æì®¬ã ¡ã¤¥, ¢ æ÷«®¬ã, §¡¥à¥¦¥­®¢­ãâà÷è­î «®£÷ªã © ¬¥â®¤¨ªã â¥®à¥â¨ç­¨å ¯®¡ã-¤®¢, ¡«¨áªãç¥ ¢¨ª« ¤¥­¨å ¢ à®¡®â÷ [3].1. ������ö �����������®§£«ï­¥¬® â¨¯®¢ã áâàãªâãàã ¤¢®ä §­®ù ¥¬ã«ì-á÷ù, á¯¨à îç¨áì ­  â®© ä ªâ, é® ¤¨á¯¥àá­÷ áã¬÷è÷â ª®£® â¨¯ã ¢÷¤­®áïâìáï ¤® ­ ©¡÷«ìè ®¤­®à÷¤­¨åã áâ â¨áâ¨ç­®¬ã à®§ã¬÷­­÷ £¥â¥à®£¥­­¨å á¥à¥¤®-¢¨é [1]. �¥ ®§­ ç õ, é® §¥à­  ¢ ¥¬ã«ìá÷ù ¤¨á¯¥à-£®¢ ­÷, ¢ á¥à¥¤­ì®¬ã, à÷¢­®¬÷à­® ÷ ¡«¨§ìª÷ §  à®§-¬÷à ¬¨ â  ä®à¬®î. �®¤® ä®à¬¨ §¥à¥­, â® ¤«ï ãá÷å¢¨¤÷¢ à÷¤ª¨å â  £ §®-à÷¤¨­­¨å ¤¨á¯¥àá­¨å áã¬÷è¥©­ ©¡÷«ìè å à ªâ¥à­®î õ áä¥à¨ç­ . �à¨¯ãé¥­­ï¯à® â ªã áâàãªâãà­ã ®¤­®à÷¤­÷áâì ¤®§¢®«¨âì ã ¯®-¤ «ìè®¬ã ¢¢¥áâ¨ àï¤ á¯à®é¥­ì ÷ ¡ã¤ã¢ â¨ ¬ â¥¬ -â¨ç­ã ¬®¤¥«ì ­  ®á­®¢÷ à®§£«ï¤ã ª®«¨¢ ­ì â¨¯®¢®-£® ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â  á¥à¥¤®¢¨é , ïª¨©¢ª«îç õ ®ª÷« ®¤­®£® §¥à­  ÷ ¬ õ ¯¥¢­¨© å à ªâ¥à-­¨© à®§¬÷à (¬÷ªà®áâàãªâãà­¨© ¬ áèâ ¡). � ¯®-¤ «ìè®¬ã ¡ã¤¥¬® ¯®§­ ç â¨ á¥à¥¤­ì®áâ â¨áâ¨ç­¥§­ ç¥­­ï à ¤÷ãáã §¥à­  ¥¬ã«ìá÷ù ç¥à¥§ r0,   á¥à¥¤-­î ¢÷¤áâ ­ì ¬÷¦ §¥à­ ¬¨ { ç¥à¥§ 2h0.� á ¬¯¥à¥¤, ­ á æ÷ª ¢¨â¨¬¥ ¤÷ ¯ §®­ ç áâ®â,¤«ï ïª®£® ¤®¢¦¨­  §¢ãª®¢®ù å¢¨«÷ ã á¥à¥¤®¢¨é÷§­ ç­® ¡÷«ìè  ¢÷¤ ¬÷ªà®áâàãªâãà­®£® ¬ áèâ ¡ã.�¨ ¢¨å®¤¨¬® § ¯à¨¯ãé¥­­ï, é®, § ¬ ªà®áª®¯÷ç-­®ù â®çª¨ §®àã, ­¨§ìª®ç áâ®â­¨© §¢ãª à®§¯®¢áî¤-¦ãõâìáï ã ¤¢®ä §­®¬ã á¥à¥¤®¢¨é÷ ïª ã ª¢ §÷®¤-­®à÷¤­®¬ã, ïª¥ ¬ õ ¯¥¢­÷ ®á¥à¥¤­¥­÷  ªãáâ¨ç­÷ ¯ -à ¬¥âà¨. � æì®¬ã ­ ¡«¨¦¥­­÷ ¬®¦­  ¢¢ ¦ â¨,é® ¢ ¥¬ã«ìá÷ù à®§¯®¢áî¤¦ãõâìáï ¬®­®åà®¬ â¨ç-­  (£ à¬®­÷ç­ ) §¢ãª®¢  å¢¨«ï. �ªé® ¤®¢¦¨­ â ª®ù  ªãáâ¨ç­®ù å¢¨«÷ ­ ¡ £ â® ¯¥à¥¢¨éãõ ¬÷ªà®-52 �. �. �«÷©­¨ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63áâàãªâãà­¨© ¬ áèâ ¡ á¥à¥¤®¢¨é , â® áãá÷¤­÷ ¬÷-ªà®áâàãªâãà­÷ ¥«¥¬¥­â¨ ¯÷¤ ç á ¯®¢­®£® ¯¥à÷®¤ãª®«¨¢ ­­ï ¡ã¤ãâì §­ å®¤¨â¨áì ¯÷¤ ¤÷õî  ªãáâ¨ç­®-£® â¨áªã, ïª¨© £ à¬®­÷ç­® §¬÷­îõâìáï ã ç á÷ © ¬ õ¯à ªâ¨ç­® ®¤­ã © âã ¦  ¬¯«÷âã¤ã p. �¢÷¤á¨ ¢¨¯«¨-¢ õ, é® ¢ ¯¥àè®¬ã ­ ¡«¨¦¥­­÷ ¬®¦­  ¢¢ ¦ â¨, é®­  £àã¯ã áãá÷¤­÷å ¥«¥¬¥­â÷¢ ¤÷õ áâ æ÷®­ à­¥ ¯®«¥â¨áªã p ei!t (âãâ !=2�f , f { ç áâ®â   ªãáâ¨ç­¨åª®«¨¢ ­ì).�®«¨ ¡ áâàãªâãà  ¤¢®ä §­®ù ¥¬ã«ìá÷ù ¡ã«  ¯®-¢­÷áâî à¥£ã«ïà­®î, â® ¯à¨ p=const ¢ ¬¥¦- å ª®¦­®£® § ¬÷ªà®áâàãªâãà­¨å ¥«¥¬¥­â÷¢ à®§-¯®¤÷«¨ ä÷§¨ç­¨å ¯®«÷¢, ¯®à®¤¦ã¢ ­¨å £ à¬®­÷ç-­®î §¬÷­®î â¨áªã, ¡ã«¨ ¡ ÷¤¥­â¨ç­¨¬¨. �ç¥¢¨¤-­®, é® ã æì®¬ã ¢¨¯ ¤ªã ­  ¬¥¦÷ áãá÷¤­÷å ¥«¥¬¥­-â÷¢ ¯®¢¨­­÷ ¤®à÷¢­î¢ â¨ ­ã«î ­®à¬ «ì­÷ ª®¬¯®-­¥­â¨ è¢¨¤ª®áâ÷ © â¥¯«®¢®£® ¯®â®ªã. �¥£ª® §à®-§ã¬÷â¨, é® ÷ ¢ ­¥à¥£ã«ïà­÷© ¥¬ã«ìá÷ù ­ ¢ª®«® ª®¦-­®£® ÷§ §¥à¥­ ¡ã¤ãâì ÷á­ã¢ â¨ â ª÷ ¦ ®á¥à¥¤ª¨(®ª®«¨ §¥à¥­ ¤¨á¯¥à£®¢ ­®ù ä §¨), ®¡¬¥¦¥­÷ § ¬ª-­¥­¨¬¨ ¯®¢¥àå­ï¬¨ { ­ã«ì®¢¨¬¨ ÷§®«÷­÷ï¬¨ ­®à-¬ «ì­¨å è¢¨¤ª®áâ÷ © â¥¯«®¢®£® ¯®â®ªã (¤¨¢. â -ª®¦ [6]). �®£÷ç­® ¯à¨¯ãáâ¨â¨, é® ¤«ï ¢¨á®ª®®¤-­®à÷¤­®ù ¥¬ã«ìá÷ù â ª÷ ®á¥à¥¤ª¨, ¢ æ÷«®¬ã, ¬®¦­ ¢¢ ¦ â¨ ¡«¨§ìª¨¬¨ §  ä®à¬®î ¤® ®¯ãª«¨å ¬­®£®-£à ­­¨ª÷¢ ¯à¨¡«¨§­® ®¤­ ª®¢®£® ®¡'õ¬ã ÷§ §¥à­ -¬¨, à®§â è®¢ ­¨¬¨ ¢ ùå­÷å æ¥­âà å. � ¬¥ ®á¥à¥-¤®ª â ª®£® â¨¯ã (§¥à­® ¥¬ã«ìá÷ù § ¯à¨«¥£«¨¬ è -à®¬ ­¥áãç®£® á¥à¥¤®¢¨é ) ÷ á«÷¤ à®§£«ï¤ â¨ ïª ¬÷-ªà®áâàãªâãà­¨© ¥«¥¬¥­â ¤ ­®£® á¥à¥¤®¢¨é .�®«¨¢ ­­ï à®§£«ï­ãâ¨å ¬÷ªà®áâàãªâãà­¨å ¥«¥-¬¥­â÷¢ ¯÷¤ ¤÷õî áâ æ÷®­ à­®£® ¯®«ï â¨áªã pei!t¬®¦­  ¢¢ ¦ â¨ ¯à ªâ¨ç­® â÷«ìª¨ ¯ã«ìáãîç¨-¬¨, ­¥åâãîç¨ ¢­¥áª ¬¨ à ¤÷ «ì­®-­¥á¨¬¥âà¨ç­¨åª®¬¯®­¥­â. �¥ ¤ õ ­ ¬ ¯à ¢® ¢ ¯¥àè®¬ã­ ¡«¨¦¥­­÷ à®§£«ï¤ â¨ ¥«¥¬¥­â ïª ¤¢®è à®¢ãáä¥à¨ç­®-á¨¬¥âà¨ç­ã áâàãªâãàã: ªã«î à ¤÷ãá  r0,§ ¯®¢­¥­ã ¤¨á¯¥à£®¢ ­®î ä §®î ¥¬ã«ìá÷ù (§¥à­®),é® ®â®ç¥­  ª®­æ¥­âà¨ç­¨¬ áä¥à¨ç­¨¬ è à®¬ ­¥-áãç®ù ä §¨ â®¢é¨­¨ h0 (à¨á. 1).� ¯à®¯®­®¢ ­   ¯à®ªá¨¬ æ÷ï £¥®¬¥âà÷ù ¤®§¢®«ïõ§­ ç­® á¯à®áâ¨â¨ ¬ â¥¬ â¨ç­¥ ä®à¬ã«î¢ ­­ï § -¤ ç÷ © ¯®¤ «ìè÷ ¢¨ª« ¤ª¨,   ª÷­æ¥¢¨© à¥§ã«ìâ â, ¢à ¬ª å ¯à¨©­ïâ¨å ¯à¨¯ãé¥­ì, ®âà¨¬ â¨ ã ¢¨£«ï¤÷ ­ «÷â¨ç­¨å á¯÷¢¢÷¤­®è¥­ì. � ª¨© ¯à¨©®¬ ¤®á¨âìç áâ® § áâ®á®¢ãõâìáï ¯à¨ à®§¢'ï§ ­­÷ à÷§­®¬ ­÷â-­¨å  ªãáâ¨ç­¨å § ¤ ç [9].� ã¢ ¦¨¬®, é® ¯¥à¥å÷¤ ¤® ª®­æ¥¯æ÷ù \ª¢ §¨-áâ æ÷®­ à­®ù" §¬÷­¨ â¨áªã ¯à¨ ¯à®å®¤¦¥­­÷  ªã-áâ¨ç­®ù å¢¨«÷ ç¥à¥§ ¬÷ªà®­¥®¤­®à÷¤­÷áâì ­¥ ¤®§¢®-«ïõ ¢ª«îç¨â¨ ¤® à®§£«ï¤ã, â ª §¢ ­¥ \ª÷àå£®ä®¢¥§ âãå ­­ï §¢ãªã", á¯à¨ç¨­¥­¥ ¬ ªà®áª®¯÷ç­¨¬ â¥-¯«®®¡¬÷­®¬ ¬÷¦ ®¡« áâï¬¨ à®§à÷¤¦¥­­ï â  áâ¨á-ªã [3]. �à®â¥, ïª ¯®ª §ãõ ¯à ªâ¨ª , ®á­®¢­¨¬ ¤«ï

�¨á. 1. �¥®¬¥âà÷ï ¬®¤¥«÷ ¬÷ªà®áâàãªâãà­®£®¥«¥¬¥­â  ª®­æ¥­âà®¢ ­®ù ¤¨á¯¥àá­®ù áã¬÷è÷:1 { ¤¨á¯¥à£®¢ ­  ä § , 2 { ­¥áãç  ä § ¤¢®ä §­¨å á¥à¥¤®¢¨é à®§£«ï­ãâ®£® â¨¯ã õ á ¬¥«®ª «ì­¨© ¬¥å ­÷§¬, ¯®¢'ï§ ­¨© § â¥¯«®®¡¬÷­®¬ ¢®ª®«÷ ¬÷ªà®­¥®¤­®à÷¤­®áâ÷.�à¨©­ïâ÷ ¯à¨¯ãé¥­­ï ¤®§¢®«ïîâì ¯¥à¥©â¨ ¡¥§-¯®á¥à¥¤­ì® ¤® ä®à¬ã«î¢ ­­ï ¬ â¥¬ â¨ç­®ù ¬®-¤¥«÷, é® §¤ â­  ª÷«ìª÷á­® ®å à ªâ¥à¨§ã¢ â¨ ®á®-¡«¨¢®áâ÷ à®§¯®¢áî¤¦¥­­ï §¢ãª®¢¨å å¢¨«ì ã ª®­-æ¥­âà®¢ ­¨å ¥¬ã«ìá÷ïå.2. ����������� �������÷¤®¬®, é® ¯à¨ à®§¯®¢áî¤¦¥­­÷ £ à¬®­÷ç­®ùå¢¨«÷ § ªàã£®¢®î ç áâ®â®î ! è¢¨¤ª÷áâì §¢ãªã câ  ª®¥ä÷æ÷õ­â § âãå ­­ï � ¯®¢'ï§ ­÷ § £ãáâ¨­®î �,®¡'õ¬­®î ¤¥ä®à¬ æ÷õî s ©  ¬¯«÷âã¤®î  ªãáâ¨ç­®-£® â¨áªã p á¯÷¢¢÷¤­®è¥­­ï¬ [3]�k = !c � i� = !p�s=p : (1)�á¥à¥¤­¥­  £ãáâ¨­  ¥¬ã«ìá÷ù ¢¨§­ ç õâìáï §  á¯÷¢-¢÷¤­®è¥­­ï¬ � = "�1 + (1� ")�2;¤¥ �j { £ãáâ¨­¨ ä §; " { ®¡'õ¬­  ¤®«ï (ª®­æ¥­-âà æ÷ï) ¤¨á¯¥à£®¢ ­®ù ä §¨," � V1V1 + V2 = 1(1 + h0=r0)3(0 < " < 1);�. �. �«÷©­¨ª 53



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63Vj { ®¡'õ¬, ïª¨© § ©¬ õ ¢÷¤¯®¢÷¤­  ä § . �ãâ ÷¤ «÷, ÷­¤¥ªá j=1 ¢÷¤¯®¢÷¤ õ ä÷§¨ç­÷© å à ªâ¥à¨-áâ¨æ÷ ¤¨á¯¥à£®¢ ­®ù,   j=2 { ­¥áãç®ù ä §¨. �ªé®­¥ ®¡ã¬®¢«¥­® ÷­è¥, ¢¥«¨ç¨­¨ ¡¥§ ÷­¤¥ªá÷¢ õ ¬ ªà®-áª®¯÷ç­¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨ ¥¬ã«ìá÷ù ¢ æ÷«®¬ã.�«ï ¤¢®ä §­®ù ¥¬ã«ìá÷ù ®áà¥¤­¥­  ®¡'õ¬­  ¤¥-ä®à¬ æ÷ï ¢¨à ¦ õâìáï ç¥à¥§ à®§¯®¤÷«¨ ®¡'õ¬­¨å¤¥ä®à¬ æ÷© sj ã ª®¦­÷© ÷§ ä §:s = 1V1 + V2 � ZV1 s1dV1 + ZV2 s2dV2 �: (2)�÷¢­ï­­ï áâ ­ã ä §, «÷­¥ à¨§®¢ ­÷ ¤«ï ¢¨¯ ¤ªã¬ «¨å §¡ãà¥­ì, ¤ îâì â¥à¬®¤¨­ ¬÷ç­÷ § «¥¦­®áâ÷¤«ï ®¡'õ¬­¨å ¤¥ä®à¬ æ÷©:sj = �jp� �jTj: (3)�ãâ �j { ÷§®â¥à¬÷ç­÷ áâ¨á«¨¢®áâ÷ ä §. � ãà -åã¢ ­­ï¬ ¯à¨¯ãé¥­ì, ¢¨ª« ¤¥­¨å ã ¯®¯¥à¥¤­ì®-¬ã à®§¤÷«÷, ¢ ¬¥¦ å ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â ¢á÷ ¢¥«¨ç¨­¨ ¢ ¯à ¢÷© ç áâ¨­÷ à÷¢­ï­­ï (3), §  ¢¨-ª«îç¥­­ï¬ Tj , ¬®¦­  ¢¢ ¦ â¨ ª®­áâ ­â ¬¨. �®§-¯®¤÷«¨ ¦ â¥¬¯¥à âãà Tj § ¤®¢®«ì­ïîâì à÷¢­ï­-­ï â¥¯«®¯à®¢÷¤­®áâ÷ § ¢÷¤¯®¢÷¤­¨¬¨ ª®¬¯«¥ªá­¨¬¨å¢¨«ì®¢¨¬¨ ç¨á« ¬¨ �nj=(1+i)nj [3]:r2Tj � 2in2j ��j�jCPj = 0; nj =s!�jCPj2�j : (4)� ä®à¬ã« å (3), (4) r2 { ®¯¥à â®à � ¯« á ;� { â¥¬¯¥à âãà  á¥à¥¤®¢¨é  ¢ áâ ­÷ à÷¢­®¢ £¨;�j { ª®¥ä÷æ÷õ­â â¥¬¯¥à âãà­®£® à®§è¨à¥­­ï ä -§¨; CPj { áâ â¨ç­  ¯¨â®¬  â¥¯«®õ¬­÷áâì; �j { â¥-¯«®¯à®¢÷¤­÷áâì; i=p�1.�®à¬ã«î¢ ­­ï â¥¬¯¥à âãà­¨å £à ­¨ç­¨å ã¬®¢­  ¯®¢¥àå­÷ à®§¯®¤÷«ã ä § (¯®¢¥àå­ïå §¥à¥­) ­¥ ¢¨-ª«¨ª õ âàã¤­®é÷¢ { ¤«ï ­¨å ¬ îâì ¡ãâ¨ ­¥¯¥à¥à¢-­¨¬¨ ¯®«¥ â¥¬¯¥à âãà â  ­®à¬ «ì­¨© â¥¯«®¢¨©¯®â÷ª ç¥à¥§ ¯®¢¥àå­î §¥à­  ¥¬ã«ìá÷ù:T1 = T2; �1 dT1dr = �2 dT2dr ; r = r0: (5)�ãâ r { «®ª «ì­  à ¤÷ «ì­  ª®®à¤¨­ â , ïªã ¢÷¤à -å®¢ãõ¬® ¢÷¤ æ¥­âàã §¥à­ . �£÷¤­® §à®¡«¥­¨å ¯à¨-¯ãé¥­ì, â¥¬¯¥à âãà­ã £à ­¨ç­ã ã¬®¢ã ­  §®¢­÷è-­÷© ¬¥¦÷ ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â  á«÷¤ § ¤ â¨ïª à÷¢­÷áâì ­ã«¥¢÷ ­®à¬ «ì­®ù áª« ¤®¢®ù â¥¯«®¢®£®¯®â®ªã: dT2dr = 0; r = r0 + h0: (6)� ª  ¯®áâ ­®¢ª  £à ­¨ç­®ù â¥¬¯¥à âãà­®ù ã¬®¢¨¤«ï â¥¯«®¢®£® ¯®â®ªã õ ¤®á¨âì â¨¯®¢®î ¯à¨ ¬®-¤¥«î¢ ­­÷ ¤¨á¯¥àá­¨å á¥à¥¤®¢¨é, ¢ ïª¨å ª®­æ¥­-

âà æ÷©­÷ ¯¥à¥¯ ¤¨ ¢ ­¥áãç÷© ä §÷ ¯®¡«¨§ã ¯®¢¥àå-­÷ à®§¯®¤÷«ã ä § ¬ îâì ®¤¨­ ¯®àï¤®ª § ¢÷¤áâ ­ï¬¨¬÷¦ §¥à­ ¬¨ [6].�®«ï â¥¬¯¥à âãà, é® § ¤®¢®«ì­ïîâì à÷¢­ï­-­ï (4), ¬ îâì â ª¨© ¢¨£«ï¤:T1(r) = ��1�1CP1 +A sh �n1rr ;T2(r) = ��2�2CP2 +B ch �n2(r � r0 � h0)r : (7)�®¢÷«ì­÷ ª®¥ä÷æ÷õ­â¨ A â  B, é® ¢å®¤ïâì ¤® à®-§¢'ï§ª÷¢ (7), ®¤­®§­ ç­® ¢¨§­ ç îâìáï § £à ­¨ç-­¨å ã¬®¢ (5). � ã¢ ¦¨¬®, é® ã¬®¢  (6) ¢¨ª®-­ãõâìáï  ¢â®¬ â¨ç­®, §  à åã­®ª ®¡à ­®ù äã­ªæ÷®-­ «ì­®ù § «¥¦­®áâ÷ ¤«ï T2(r). �­ ©¤¥­÷ à®§¢'ï§ª¨®¯¨áãîâì â¥¬¯¥à âãà­ã å¢¨«î, ïª  áã¯à®¢®¤¦ãõà®§¯®¢áî¤¦¥­­ï §¢ãªã ¢ ¥¬ã«ìá÷ù. �­ á«÷¤®ª ª®¬-¯«¥ªá­®áâ÷ â¥¯«®¢¨å å¢¨«ì®¢¨å ç¨á¥«, à®§¯®¤÷«¨â¥¬¯¥à âãà (7),   §­ ç¨âì, ÷ ®¡'õ¬­÷ ¤¥ä®à¬ æ÷ùä § sj õ ª®¬¯«¥ªá­¨¬¨, â®¡â® ¯à¨ f >0 § ¢¦¤¨ ÷á-­ãõ ­¥­ã«ì®¢  ¤¨á¨¯ æ÷ï §¢ãªã: �>0.�®¢¥à­¥¬®áï ¤® ä®à¬ã«¨ (2), ïª®î § ¤ õâìáï®á¥à¥¤­¥­  ®¡'õ¬­  ¤¥ä®à¬ æ÷ï ¥¬ã«ìá÷ù. �¯÷¢¢÷¤-­®è¥­­ï ®¡'õ¬÷¢ ¤¨á¯¥à£®¢ ­®ù © ­¥áãç®ù ä § ã ¬÷-ªà®áâàãªâãà­®¬ã ¥«¥¬¥­â÷ áã¬÷è÷ â ª¥ ¦, ïª ÷ ¢á¥à¥¤®¢¨é÷ ¢ æ÷«®¬ã. �®¬ã ¤«ï §­ å®¤¦¥­­ï ¢¥«¨-ç¨­¨ s ¢÷¤ ÷­â¥£àã¢ ­­ï ¯® ¯®¢­¨å ä §®¢¨å ®¡'õ¬ åV1 ÷ V2 ¬®¦­  ¯¥à¥©â¨ ¤® ÷­â¥£àã¢ ­­ï ¢ ¬¥¦ å¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â . �áª÷«ìª¨, §  ¢¨á«®-¢«¥­¨¬¨ ¯à¨¯ãé¥­­ï¬¨, ®áâ ­­÷© ¬ õ ¯à¨¡«¨§­®áä¥à¨ç­ã ä®à¬ã, ¬®¦­  § ¯¨á â¨s � 1(r0 + h0)3 � r0Z0 s1r2dr + r1Zr0 s2r2dr �: (8)�¯ãáª îç¨ ®ç¥¢¨¤­÷ ¯¥à¥â¢®à¥­­ï, § ä®à-¬ã« (5) { (8) ®âà¨¬ãõ¬®sp = �LL � 3i "�!r20 � �1�1CP1 � �2�2CP2 �2��p�1�2FT (�n1r0; �n2r0; �n2h0): (9)�ãâ �LL { â ª §¢ ­  \« ¯« á-« ¯« á÷¢áìª " áâ¨-á«¨¢÷áâì ¥¬ã«ìá÷ù, é® å à ªâ¥à­  ¤«ï ¢¨á®ª¨å ç -áâ®â, ­  ïª¨å ¯à®æ¥á ®¡'õ¬­®ù ¤¥ä®à¬ æ÷ù õ  ¤÷ ¡ -â¨ç­¨¬ ïª ¤«ï ¥¬ã«ìá÷ù ¢ æ÷«®¬ã, â ª ÷ ¢ ¬ áèâ ¡÷¬÷ªà®­¥®¤­®à÷¤­®áâ÷ [3]:�LL = "��1 � ��21�1CP1 �+ (1� ")��2 � ��22�2CP2 �:�«ï ¡¥§à®§¬÷à­®£® á¯÷¢¬­®¦­¨ª , ïª¨© å à ªâ¥à¨-§ãõ § «¥¦­÷áâì  ªãáâ¨ç­¨å ¯ à ¬¥âà÷¢ ¢÷¤ â¥à¬÷ç-54 �. �. �«÷©­¨ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63­¨å å¢¨«ì®¢¨å à®§¬÷à÷¢ ¬÷ªà®áâàãªâãà­®£® ¥«¥-¬¥­â , ã á¯÷¢¢÷¤­®è¥­­÷ (9) ¢¢¥¤¥­® ¯®§­ ç¥­­ïFT = '11'22r�1�2 '11'21 +r�2�1 '12'22 ; (10)¤¥ '11 = �n1r0 � th �n1r0;'12 = th �n1r0;'21 = ��n2(r0 + h0)� th �n2h0�;'22 = �n2h0 + ��n22r0(r0 + h0)� 1�th �n2h0:�÷¤áâ ¢«ïîç¨ ¢¨à §¨ (9) ÷ (10) ã ¢¨å÷¤­¥ á¯÷¢¢÷¤-­®è¥­­ï (1), ®¤¥à¦ãõ¬® ®áâ â®ç­ã ä®à¬ã«ã ¤«ï®¡ç¨á«¥­­ï c ÷ �:!c � i� = !cLL �1� 3i!r20�"�c2LL��p�1�2� �1�1CP1 � �2�2CP2�2FT�1=2; (11)¤¥ cLL=1=p��LL { « ¯« á-« ¯« á÷¢áìª  è¢¨¤ª÷áâì§¢ãªã.� ã¢ ¦¨¬®, é® ç áâ®â­®-§ «¥¦­¨© ç«¥­ ã ä®à-¬ã«÷ (11) ¯à®¯®àæ÷©­¨© ¤® ª¢ ¤à â¨ç­®£® ¬­®¦-­¨ª  [�1=(�1CP1)��2=(�2CP2)]2. �®¬ã ç¨¬ á¨«ì-­÷è¥ ¡ã¤ãâì ¢÷¤à÷§­ïâ¨áï £ãáâ¨­¨, ¯¨â®¬÷ â¥¯«®õ¬-­®áâ÷ © ª®¥ä÷æ÷õ­â¨ â¥¬¯¥à âãà­®£® à®§è¨à¥­­ïä §, â¨¬ ïáªà ¢÷è¥ ¡ã¤ãâì ¢¨à ¦¥­÷ ¤¨á¯¥àá÷ï ©¤¨á¨¯ æ÷ï ã á¥à¥¤®¢¨é÷, ÷ ­ ¢¯ ª¨.3. ����ö������ ���������� ����� ������������ �����ö�÷ª ¢® ¤®á«÷¤¨â¨ ¯®¢¥¤÷­ªã  ªãáâ¨ç­¨å ¯ à ¬¥-âà÷¢ ¤¨á¯¥àá­®£® á¥à¥¤®¢¨é  ã á¯¥æ÷ «ì­¨å ¢¨¯ ¤-ª å, ª®«¨ ¢÷¤­®è¥­­ï ä÷§¨ç­¨å ¯ à ¬¥âà÷¢ ä § ¡® ¬÷ªà®áâàãªâãà­¨å £¥®¬¥âà¨ç­¨å ¯ à ¬¥âà÷¢¯à¨©¬ îâì á¢®ù £à ­¨ç­÷ §­ ç¥­­ï { ­ã«ì â  ­¥-áª÷­ç¥­­÷áâì. �«ï ¯®ç âªã ¯®ª« ¤¥¬® n2h0!1.�  ¯à ªâ¨æ÷ æ¥ ¬®¦«¨¢® ã ¤¢®å ¢¨¯ ¤ª å: ¯à¨ ¤ã-¦¥ ¢¥«¨ª¨å ¢÷¤áâ ­ïå ¬÷¦ §¥à­ ¬¨ â  ­  ¢¨á®ª¨åç áâ®â å.�÷§ì¬¥¬® ¤® ã¢ £¨, é®th z = 1 + o(1) ¯à¨ jzj � 1:�®¤÷, ïªé® r0 { ä÷ªá®¢ ­¥,   h0!1, ¬ õ¬®'21 � �n2h0;'22 � �n2h0(�n2r0 + 1);

÷ ¢¨à § (10) ¯¥à¥å®¤¨âì ã ä®à¬ã«ã, ïª  ¢÷¤¯®¢÷¤ õ­ ¡«¨¦¥­­î öá ª®¢¨ç  [3]:F IT = (�n1r0�th �n1r0)(�n2r0+1)r�1�2 (�n1r0�th �n1r0)+r�2�1 th �n1r0(�n2r0+1) :(12)� ã¢ ¦¨¬®, é® §÷ §¡÷«ìè¥­­ï¬ h0=r0, ¯àï¬ãõ ¤®­ã«ï ®¡'õ¬­  ª®­æ¥­âà æ÷ï ". �®¬ã ¢ æì®¬ã ¢¨¯ ¤-ªã â¥à¬÷ç­  ¯®¯à ¢ª  ¤® ª®¬¯«¥ªá­®£®  ªãáâ¨ç­®-£® å¢¨«ì®¢®£® ç¨á«  �k ¢¨ï¢«ïõâìáï ¬ «®î.�ªé® ¦ ¢¢ ¦ â¨ h0=r0=const,   !!1, ®¤¥à-¦ãõ¬® '21 � �n2(h0 + r0);'22 � �n2(h0 + r0)(�n2r0 + 1) � �n2r0:�®¬ã ¢¨á®ª®ç áâ®â­¥ ­ ¡«¨¦¥­­ï ¡¥§à®§¬÷à­®ùäã­ªæ÷ù (10) ¡ã¤¥ ¤¥é® ÷­è¨¬:F1T = (�n1r0�th �n1r0)(�n2r0+�h)r�1�2 (�n1r0�th �n1r0)+r�2�1 th �n1r0(�n2r0+�h) ;(13)¤¥ �h = 1� 11 + h0=r0 = 1� 3p" :� ª¨¬ ç¨­®¬, å®ç  è¢¨¤ª÷áâì §¢ãªã ¢ á¥à¥¤®¢¨é÷¯à¨ !!1 ¡ã¤¥ ¯àï¬ã¢ â¨ ¤® cLL ïª ¯à¨ ¢à åã-¢ ­­÷ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù §¥à¥­, â ª ÷ ¯à¨ ­¥åâã-¢ ­­÷ ­¥î, ä®à¬ã«¨ (12) ÷ (13) ¯à®£­®§ãîâì ¤¥é®à÷§­¨© å à ªâ¥à ­ ¡«¨¦¥­­ï. �ç¥¢¨¤­®, à÷§­¨æï¡ã¤¥ â¨¬ ¡÷«ìè®î, ç¨¬ ¬¥­è¥ ¢÷¤­®è¥­­ï h0=r0.� ã¢ ¦¨¬®, é® ­ á¯à ¢¤÷ ¯à®æ¥á â¥¯«®®¡-¬÷­ã ¢ ¤¨á¯¥àá­¨å á¥à¥¤®¢¨é å ­ ¡«¨¦ õâìáï ¤® ¤÷ ¡ â¨ç­®- ¤÷ ¡ â¨ç­®£® «¨è¥ ­¨¦ç¥ â¨å ç -áâ®â, ¤«ï ïª¨å ¢¨à÷è «ì­ã à®«ì ¯®ç¨­ õ ¢÷¤÷£à ¢ -â¨ ­¥®¤­®à÷¤­÷áâì à®§¯®¤÷«ã â¨áªã ¢á¥à¥¤¨­÷ §¥à­ ¥¬ã«ìá÷ù � æì®¬ã ¢¨¯ ¤ªã ¥ä¥ªâ¨¢­  § «¥¦­÷áâìâ¨áª { ®¡'õ¬ ¢¨§­ ç õâìáï ¢¦¥ â÷«ìª¨ «®ª «ì­¨¬à®§¯®¤÷«®¬ â¨áªã ¯®¡«¨§ã ¬¥¦÷ à®§¯®¤÷«ã ä § ÷ ¬®-¦¥ áãââõ¢® ¢÷¤à÷§­ïâ¨áì ¢÷¤ ª« á¨ç­®ù [10]. �¤­ ª¤«ï ¡÷«ìè®áâ÷ à¥ «ì­¨å ¤¨á¯¥àá­¨å áã¬÷è¥© â -ª   ­®¬ «ì­  ¯®¢¥¤÷­ª  ¬®¦¥ ¯à®ï¢«ïâ¨áï «¨è¥ ã­ ¤¢¨á®ª®ç áâ®â­®¬ã (¬¥£ £¥àæ®¢®¬ã) ¤÷ ¯ §®­÷.� ¦«¨¢¥ ¯à ªâ¨ç­¥ §­ ç¥­­ï ¬ õ á¯¥æ÷ «ì-­¨© ¢¨¯ ¤®ª, ª®«¨ â¥¯«®¯à®¢÷¤­÷áâì ­¥áãç®ù ä -§¨ §­ ç­® ¯¥à¥¢¨éãõ â¥¯«®¯à®¢÷¤­÷áâì ¤¨á¯¥à£®-¢ ­®ù: �1=�2!0. � á ¬¯¥à¥¤, æ¥ å à ªâ¥à­® ¤«ï¡ã«ì¡ èª®¢¨å á¥à¥¤®¢¨é. � æì®¬ã ­ ¡«¨¦¥­­÷, ïª§ ä®à¬ã«¨ (10), â ª ÷ § (12) ®¤¥à¦ãõ¬® ®¤­ã © âã�. �. �«÷©­¨ª 55



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63¦ § «¥¦­÷áâì ¤«ï ª®¬¯«¥ªá­®£® å¢¨«ì®¢®£® ç¨á« :�k = �!c � i���1=�2!0 = !cLL���1� 3i!r20�"�c2LL�1(cth �n1r0�n1r0 � 1)�1=2: (14)�¨¤­®, é® ®áâ ­­õ á¯÷¢¢÷¤­®è¥­­ï ­¥ § «¥¦¨âì¢÷¤ h0=r0. �â¦¥, ¬®¦­  áâ¢¥à¤¦ã¢ â¨, é® ¯à¨�2=�1�1 §¥à­  ¥¬ã«ìá÷ù \­¥ ¢÷¤çã¢ îâì" ¯à¨áãâ-­®áâ÷ áãá÷¤÷¢ ÷ ¯®¢®¤ïâìáï ïª ÷§®«ì®¢ ­÷. �«ï ¡ã«ì-¡ èª®¢®£® á¥à¥¤®¢¨é  \¯®¢÷âàï ã ¢®¤÷" ¯à¨ ®¡à -åã­ª å §  ä®à¬ã«®î (14) §­ ç¥­­ï è¢¨¤ª®áâ÷ §¢ã-ªã ¯à ªâ¨ç­® á¯÷¢¯ ¤ õ § ®¤¥à¦ ­¨¬ §  ¯®¢­®îä®à¬ã«®î öá ª®¢¨ç  [3],   à÷§­¨æï ¬÷¦ §­ ç¥­­ï¬¨� ¤«ï ®¡®å ¯÷¤å®¤÷¢ ­¥ ¯¥à¥¢¨éãõ ª÷«ìª®å ¢÷¤á®âª÷¢÷ §¬¥­èãõâìáï ¯à¨ §à®áâ ­­÷ ç áâ®â¨.�®¢á÷¬ ÷­è  á¨âã æ÷ï ¢¨­¨ª õ, ïªé® �2=�1!0(¤¨á¯¥àá­  áã¬÷è â¨¯ã  ¥à®§®«î). � æì®¬ã ¢¨¯ ¤-ªã ¢ äã­ªæ÷ù FT §¡¥à÷£ îâìáï ç«¥­¨, é® áãââõ¢¨¬ç¨­®¬ § «¥¦ âì ¢÷¤ ¢÷¤áâ ­¥© ¬÷¦ ¤¨á¯¥à£®¢ ­¨¬¨ç áâ¨­ª ¬¨. �­ ç¨âì, ¤«ï  ¥à®§®«÷¢ ¬®¤¥«ì öá ª®-¢¨ç , é® ­¥ ¢à å®¢ãõ áª÷­ç¥­­®áâ÷ æ¨å ¢÷¤áâ ­¥©,¡ã¤¥ ¤ ¢ â¨ áãââõ¢ã ¯®å¨¡ªã.�®á«÷¤¨¬® ­¨§ìª®ç áâ®â­÷  á¨¬¯â®â¨ª¨ è¢¨¤-ª®áâ÷ §¢ãªã ¢ ¤¨á¯¥àá­¨å áã¬÷è å. �«ï ¯®ç âªã§­¥åâãõ¬® ¢§ õ¬®¤÷õî ¬÷ªà®áâàãªâãà­¨å ¥«¥¬¥­-â÷¢ á¥à¥¤®¢¨é . �®ª« ¢è¨ !!0 ÷ § ã¢ ¦¨¢è¨,é® th z = z � z3=3 + o(z3) ¯à¨ jzj � 1;¢ ­ ¡«¨¦¥­­÷ öá ª®¢¨ç  (ä®à¬ã«¨ (11), (12)) ¯÷á«ï®ç¥¢¨¤­¨å ¯¥à¥â¢®à¥­ì ®âà¨¬ãõ¬®:cIlf =cLL�1 + �"�1CP1���c2LL� �1�1CP1 � �2�2CP2�2��1=2: (15)�ª®à¨áâ ¢è¨áì  ªãáâ¨ç­®î ¬®¤¥««î ¤¨á¯¥àá­®ùáã¬÷è÷, é® ¢à å®¢ãõ â¥à¬÷ç­ã ¢§ õ¬®¤÷î §¥à­  §á¢®ù¬ ­ ©¡«¨¦ç¨¬ ®â®ç¥­­ï¬, ¯à¨ !!0, §¡¥à÷£ -îç¨ áâ àè÷ ç«¥­¨ à®§ª« ¤ã §  ¬ «¨¬ ¯ à ¬¥âà®¬,®¤¥à¦¨¬®'11 � �n31r30=3;'12 � �n1r0;'21 � �n2r0;'22 � �n2h0�n22r0(r0 + h0) + �n32h30=3:

�®¤ âª®¢® ¯à¨©¬¥¬® ¤® ã¢ £¨ â®â®¦­÷áâì'22 = �n2h0�n22r0(r0 + h0) + �n32h30=3 == �n32r30�(1 + h0=r0)3 � 1�=3 = �n32r30(1� ")=(3"):�®¤÷ ¯÷á«ï ­¥áª« ¤­¨å ¯¥à¥â¢®à¥­ì ã ­¨§ìª®ç -áâ®â­®¬ã ­ ¡«¨¦¥­­÷ ®âà¨¬ãõ¬®chlf =cLL�1 + � "(1 � ")�1�2CP1CP2"�1CP1 + (1� ")�2CP2���c2LL� �1�1CP1 � �2�2CP2�2��1=2: (16)�¨¤­®, é® ¢¨à § (16), ­  ¢÷¤¬÷­ã ¢÷¤ (15), õ á¨¬¥-âà¨ç­¨¬ ¢÷¤­®á­® ä÷§¨ç­¨å ¯ à ¬¥âà÷¢ ä §. �¥¢÷¤¯®¢÷¤ õ ãï¢«¥­­î ¯à® â¥, é® ¯à¨ ¯à®å®¤¦¥­-­÷ ­¨§ìª®ç áâ®â­®£® §¢ãªã ­¥áãç  © ¤¨á¯¥à£®¢ ­ ä §¨ ¥¬ã«ìá÷ù ¬ îâì ¡ãâ¨ \à÷¢­®¯à ¢­¨¬¨".� £ «ì­ã ®æ÷­ªã ­¨§ìª®ç áâ®â­®ù è¢¨¤ª®áâ÷ §¢ã-ªã ¢ ¥¬ã«ìá÷ù § ¤®¢÷«ì­®î £¥®¬¥âà÷õî ¬÷ªà®áâàãª-âãà¨ ¬®¦­  ®¤¥à¦ â¨, ¢¨å®¤ïç¨ § ¯à¨¯ãé¥­­ï,é® ¯à¨ ÷§®â¥à¬÷ç­®¬ã à®§à÷¤¦¥­­÷ { áâ¨áªã §¥à­ ¢á÷ ¬ ªà®áª®¯÷ç­÷ ¯ à ¬¥âà¨ ¤¨á¯¥àá­®ù áã¬÷è÷ õ ¤¨â¨¢­¨¬¨ ¢÷¤­®á­® ¢÷¤¯®¢÷¤­¨å ¯ à ¬¥âà÷¢ ä §:� = "�1 + (1� ")�2;� = "�1 + (1 � ")�2;CP = "CP1 + (1� ")CP2:�¥ ¤®§¢®«ïõ § ¯¨á â¨ §­ ç¥­­ï è¢¨¤ª®áâ÷ §¢ãªã¯à¨ !!0, á¯¨à îç¨áì ¡¥§¯®á¥à¥¤­ì® ­  à÷¢­ï­­ïáâ ­ã á¥à¥¤®¢¨é , «÷­¥ à¨§®¢ ­÷ ¤«ï ¢¨¯ ¤ªã ¬ -«¨å §¡ãà¥­ì [3]:cLN = ��� �� �2CP ��1=2: (17)� ªã è¢¨¤ª÷áâì §¢ãªã âà ¤¨æ÷©­® ­ §¨¢ -îâì ÷§®â¥à¬÷ç­®- ¤÷ ¡ â¨ç­®î  ¡® ¦ « ¯« á-­ìîâ®­÷¢áìª®î. �¥£ª® ¯¥à¥á¢÷¤ç¨â¨áì, é® ¤«ï®¡®å  ªãáâ¨ç­¨å ¬®¤¥«¥© ¥¬ã«ìá÷ù §÷ áä¥à¨ç­¨¬¨§¥à­ ¬¨ clf 6=cLN . �ç¥¢¨¤­®, æ¥ ¯®¢'ï§ ­® §®¡¬¥¦¥­÷áâî ¯à¨¯ãé¥­­ï ¯à® â¥, é® ¤«ï ­¨§ìª¨åç áâ®â ¢ ¦«¨¢®î õ ¢§ õ¬®¤÷ï â÷«ìª¨ â¨å §¥à¥­, ïª÷à®§â è®¢ ­÷ ¢ ®ª®«÷, §à÷¢­ï­­®¬ã § ¬÷ªà®áâàãª-âãà­¨¬ ¬ áèâ ¡®¬. �«÷¤ § ã¢ ¦¨â¨, é® ¢÷¤®¬÷â¥à¬®¤¨­ ¬÷ç­÷ â¥®à÷ù  ªãáâ¨ç­¨å ¢« áâ¨¢®áâ¥©¤¨á¯¥àá­¨å áã¬÷è¥© â ª®¦ ­¥ ¤®§¢®«ïîâì ¢¨©â¨¯à¨ !!0 ­  « ¯« á-­ìîâ®­÷¢áìªã  á¨¬¯â®â¨ªãè¢¨¤ª®áâ÷ §¢ãªã (¤¨¢., ­ ¯à¨ª« ¤, [5]).�¨§­ ç¨¬® ¢¥àå­î ç áâ®â­ã ¬¥¦ã ¯à¨¤ â­®áâ÷à®§£«ï­ãâ®ù ¬®¤¥«÷ â¥à¬÷ç­®ù ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù56 �. �. �«÷©­¨ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63§¢ãªã. �«ï æì®£® ¯®§­ ç¨¬® å à ªâ¥à­¨© «÷­÷©­¨©¬ áèâ ¡ ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â  ¥¬ã«ìá÷ù ç¥-à¥§ 2H. �ç¥¢¨¤­®, é® ¤«ï ­ ¡«¨¦¥­­ï öá ª®¢¨ç 2H=2r0, ®áª÷«ìª¨ õ¤¨­¨¬ å à ªâ¥à­¨¬ à®§¬÷à®¬¯à¨ ¢÷¤áãâ­®áâ÷ ¢§ õ¬®¤÷ù ùù §¥à¥­ õ, ¢« á­¥, ¤÷ -¬¥âà §¥à­ . �ª ¡ã«® ¢ª § ­® ¢¨é¥, ¬®¤¨ä÷ª®¢ ­ ä÷§¨ç­  ¬®¤¥«ì ¢¨¬ £ õ, é®¡ ¢ ã¬®¢ å ®¤­ ª®¢®£®áâ¨áªã ¯¥à¥¡ã¢ «® ¢¦¥ ­¥ ®¤­¥,   £àã¯  áãá÷¤­÷å,­ ©¡«¨¦ç¥ à®§â è®¢ ­¨å §¥à¥­. �®¬ã ¢ ­ è®¬ã¢¨¯ ¤ªã âà¥¡  ¯®ª« áâ¨ 2H=6(h0+r0).�á÷ â®çª¨ ¬÷ªà®áâàãªâãà­®£® ¥«¥¬¥­â  ¡ã¤ãâì§ §­ ¢ â¨ ¤÷ù ¬ ©¦¥ ®¤­ ª®¢®£®  ªãáâ¨ç­®£® â¨áªãp�const ¯à¨ ¯à®å®¤¦¥­­÷ §¢ãª®¢®ù å¢¨«÷ § ¤®¢¦¨-­®î � = cLLf � 2H: (18)�  ¯à ªâ¨æ÷ æî ã¬®¢ã ¢¢ ¦ îâì ¢¨ª®­ ­®î, ïªé®¬ áèâ ¡ ¬÷ªà®­¥®¤­®à÷¤­®áâ÷ ¬¥­è¨© §  ç¢¥àâì¤®¢¦¨­¨  ªãáâ¨ç­®ù å¢¨«÷. �¨ ¯à¨©¬¥¬® ¤¥é®¡÷«ìè ¦®àáâª¨© ªà¨â¥à÷© 2H��=8. � ª¨¬ ç¨­®¬,¢¥àå­ì®î ¬¥¦¥î ª®à¥ªâ­®áâ÷ § áâ®áã¢ ­­ï à®§-£«ï­ãâ®£® ¯÷¤å®¤ã ¢¨ï¢«ïõâìáï ç áâ®â fmax � cLL16H : (19)�  à åã­®ª §¢'ï§ªã ¬÷¦ f â  nj , j=1; 2 (¤¨¢.à÷¢­ï­­ï (4)), ªà¨â¥à÷© (19) â ª®¦ ­ ª« ¤ õ ¯¥¢-­÷ ®¡¬¥¦¥­­ï ­  â¥à¬÷ç­÷ å¢¨«ì®¢÷ à®§¬÷à¨ §¥à­ ¥¬ã«ìá÷ù: nmaxj r0 = r0s�fmax�jCPj�j == pr04 rr0Hs�cLL�jCPj�j : (20)�ª ¢¨¤­® § æì®£® ¢¨à §ã, ¯à¨ ä÷ªá®¢ ­¨å ä÷§¨ç­¨å¯ à ¬¥âà å ä § ÷ h0=r0 ¬ ªá¨¬ «ì­¨© â¥à¬÷ç­¨©å¢¨«ì®¢¨© à®§¬÷à, ¤«ï ïª®£® ¬®¦­  ª®à¨áâã¢ â¨áì¬®¤¥«ï¬¨ â¨¯ã â¥®à÷ù öá ª®¢¨ç , ¯à®¯®àæ÷©­¨© ¤®ª¢ ¤à â­®£® ª®à¥­ï § å à ªâ¥à­®£® à®§¬÷àã §¥à­ ¥¬ã«ìá÷ù. �­ ç¨âì, ç¨¬ ¡÷«ìè ¤à÷¡­®¤¨á¯¥àá­®î õáã¬÷è, â¨¬ ¬¥­è¨¬ ¡ã¤¥ nmaxj r0.�á­®, é® ¢­ á«÷¤®ª §à®áâ ­­ï ¬÷ªà®áâàãªâãà­®-£® ¬ áèâ ¡ã 2H, ã ¯®à÷¢­ï­­÷ § ¬®¤¥««î öá ª®¢¨-ç , ¤«ï ¬®¤¨ä÷ª®¢ ­®ù ¬®¤¥«÷  ªãáâ¨ç­¨å ¯ à ¬¥-âà÷¢ ¥¬ã«ìá÷ù ã¬®¢¨ ®¡¬¥¦¥­­ï §¢¥àåã (19), (20)¢¨ï¢«ïîâìáï §­ ç­® á¨«ì­÷è¨¬¨.4. ���������� ���������� ����ö���¥à¥å®¤ïç¨ ¤®  ­ «÷§ã ª÷«ìª÷á­¨å ¤ ­¨å, § ã¢ -¦¨¬®, é® ¢¨à § (1) ¤®¯ãáª õ à®§ª« ¤ ã àï¤ �¥©«®-à . � à®¡®â÷ [3] ¡ã«® §à®¡«¥­® ¯à¨¯ãé¥­­ï, é® § 

à åã­®ª ¬ «®áâ÷ â¥à¬÷ç­®ù ¯®¯à ¢ª¨ ¤® ®¡'õ¬­®ù¤¥ä®à¬ æ÷ù sT�s ¬®¦­  ®¡¬¥¦¨â¨áì «÷­÷©­®î ¯à®ªá¨¬ æ÷õî!c � i� � !cLL�1 + sT2p�LL �: (21)�«÷¤, ®¤­ ª, § §­ ç¨â¨, é® ®¡à åã­ª¨, ¯à®¢¥¤¥­÷¤«ï ¡ã«ì¡ èª®¢®£® á¥à¥¤®¢¨é  \¯®¢÷âàï ã ¢®¤÷"¯à¨ 0:1� "�0:9 ¯®ª § «¨ ­¥¤®áâ â­î â®ç­÷áâì ­ -¡«¨¦¥­®ù ä®à¬ã«¨ (21). � ª, ã ¯®à÷¢­ï­­÷ § â®ç-­®î ä®à¬ã«®î (1), ¢ è¨à®ª®¬ã ç áâ®â­®¬ã ¤÷ ¯ -§®­÷ ¯®å¨¡ª  ¤«ï è¢¨¤ª®áâ÷ §¢ãªã c áª« «  2�4 %,  ¤«ï � { 20�30 %. �®¬ã ¢á÷ à®§à åã­ª¨ ¯à®¢®¤¨-«¨áì §  â®ç­¨¬¨ á¯÷¢¢÷¤­®è¥­­ï¬¨ (11)�à®§ã¬÷«®, é® ¢ à®§£«ï­ãâ÷© § ¤ ç÷ ÷á­ãõ «¨è¥®¤¨­ ­¥§ «¥¦­¨© â¥à¬÷ç­¨© å¢¨«ì®¢¨© ¬ áèâ ¡,  ÷­è÷ ¬®¦­  ¢¨à §¨â¨ ïª ¯®å÷¤­÷ ¢÷¤ ­ì®£® â  ¤¢®åç áâ®â­®-­¥§ «¥¦­¨å ¯ à ¬¥âà÷¢ § ¤ ç÷: ä÷§¨ç­®-£® n1=n2 © £¥®¬¥âà¨ç­®£® h0=r0. �ª®à¨áâ ¢è¨áì§ «¥¦­÷áâî ¬÷¦ ªàã£®¢®î ç áâ®â®î ! ÷ â¥¬¯¥-à âãà­¨¬¨ å¢¨«ì®¢¨¬¨ ç¨á« ¬¨ nj (¤¨¢. à÷¢­ï­-­ï (4)), ï¢­¨¬ ç¨­®¬ ¢¨à §¨¬® c ÷ � ïª äã­ªæ÷ùâ÷«ìª¨ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à ¤÷ãá  §¥à­  ¥¬ã«ì-á÷ù n1r0. �à¨ æì®¬ã ¤®æ÷«ì­® ¢¨¤÷«¨â¨ ª®¥ä÷æ÷õ­â,ïª¨© § «¥¦¨âì ¢¨ª«îç­® ¢÷¤ ä÷§¨ç­¨å ¢« áâ¨¢®-áâ¥© ä §:K12 = 3 "��c2LLp�1�2CP1CP2��� �1�1CP1 � �2�2CP2�2: (22)�áâ â®ç­®,!c � i� = !cLL �1 + K12�n1r0 �n2r0FT�1=2; (23)§¢÷¤ª¨c = cLLRe �1 + K12�n1r0 �n2r0FT��1=2;� = 2cLLr20 r �1�2�1�2CP1CP2 ��n1r0 n2r0Re �1 + K12�n1r0 �n2r0FT�1=2: (24)�÷ á¯÷¢¢÷¤­®è¥­ì (24) ¬®¦­  §à®¡¨â¨ ¢ ¦«¨¢¨©¢¨á­®¢®ª: ¤«ï ä÷ªá®¢ ­®ù ª®¬¡÷­ æ÷ù ¤¨á¯¥à£®¢ ­®ù© ­¥áãç®ù ä § § «¥¦­÷áâì c ¢÷¤ å¢¨«ì®¢®£® à®§¬÷àã§¥à­  ¥¬ã«ìá÷ù â  ¢÷¤­®á­®ù ¢÷¤áâ ­÷ ¬÷¦ §¥à­ ¬¨h0=r0 õ ã­÷¢¥àá «ì­®î ¤«ï ¢á÷å  ¡á®«îâ­¨å §­ -ç¥­ì r0. �®¤­®ç á, ¢  ­ «®£÷ç­÷© § «¥¦­®áâ÷ ¤«ï�. �. �«÷©­¨ª 57



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63� ¡«¨æï. �÷§¨ç­÷ ¯ à ¬¥âà¨ à¥ç®¢¨­ { ä § ¤¨á¯¥àá­®ù áã¬÷è÷, ¢¨ª®à¨áâ ­÷ ¯à¨ ®¡à åã­ª å (§  [11,12])à¥ç®¢¨­  �i; ª£=¬3 �i; 1=�  CPi; ª «=(ª£�K) �i; ª «=(¬�á�K) �i; 1=K¯®¢÷âàï 1.29 1=P0 2:41�102 5:70�10�3 1=�¡¥­§®« 879 7:70�10�10 4:07�102 3:45�10�2 1:06�10�3¢®¤  1000 4:35�10�10 103 1:40�10�1 1:50�10�4� ï¢­¨¬ ç¨­®¬ ¯à¨áãâ­÷© ¬­®¦­¨ª, ®¡¥à­¥­¨© ¤®ª¢ ¤à â  à ¤÷ãá  §¥à­ . �¥ ¤®§¢®«ïõ áâ¢¥à¤¦ã¢ -â¨, é® ¯à¨ ®¤­ ª®¢¨å n1r0 â  ÷­è¨å à÷¢­¨å ã¬®-¢ å, â¥à¬÷ç­¥ § âãå ­­ï ¢ ¥¬ã«ìá÷ù § ¤à÷¡­÷è¨¬¨§¥à­ ¬¨ § ¢¦¤¨ ¡ã¤¥ ¢¨é¨¬.�á÷ ®¡à åã­ª¨ ¯à®¢®¤¨«¨áì ¤«ï áâ â¨ç­®£® â¨á-ªã P0=105 �  © â¥¬¯¥à âãà¨ ¢ áâ ­÷ à÷¢­®¢ £¨�=20�C=293 K. �÷§¨ç­÷ ¯ à ¬¥âà¨ ä §, ïª÷ á«ã-¦¨«¨ ¢¨å÷¤­¨¬¨ ¤ ­¨¬¨, ¯à¥¤áâ¢ «¥­÷ ¢ â ¡«¨æ÷.�¢¥à­¥¬®áì ¤® £à ä÷ª÷¢ à¨á. 2 {5, é® ¤¥¬®­-áâàãîâì § «¥¦­®áâ÷  ªãáâ¨ç­¨å ¯ à ¬¥âà÷¢ ¤¨á-¯¥àá­¨å áã¬÷è¥© â¨¯÷¢ \à÷¤¨­ { \à÷¤¨­ " (\à÷¤¨-­  { £ §") ¢÷¤ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à ¤÷ãá  §¥à­ n1r0. �  à¨áã­ª å   §®¡à ¦¥­® ­®à¬®¢ ­ã ¢¥«¨-ç¨­ã ¤¨á¯¥àá÷©­®£® áâà¨¡ª  è¢¨¤ª®áâ÷ §¢ãªã�c = c� cLNcLL � cLN ;  ­  à¨áã­ª å ¡ { §¢¥¤¥­¨© ¤¨á¨¯ â¨¢­¨© ª®-¥ä÷æ÷õ­â, ïª¨© ¤®à÷¢­îõ ¤®¡ãâªã ª®¥ä÷æ÷õ­â  § âã-å ­­ï � ­  ª¢ ¤à â à ¤÷ãá  §¥à­ . �ãâ ­¥¯¥à¥à¢-­¨¬¨ ªà¨¢¨¬¨ ¯®ª § ­÷ ®¡à åã­ª¨ § ãà åã¢ ­­ï¬â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ¬÷¦ §¥à­ ¬¨,   èâà¨å®¢¨¬¨ {¡¥§ ãà åã¢ ­­ï ¢§ õ¬®¤÷ù (§  öá ª®¢¨ç¥¬). � ª-â¨ç­®, æî £àã¯ã £à ä÷ª÷¢ ¬®¦­  à®§£«ï¤ â¨ ïª ç -áâ®â­÷ § «¥¦­®áâ÷ ¯à¨ ä÷ªá®¢ ­®¬ã §­ ç¥­­÷ r0.� à¨á. 2 ¢¨¤­®, é® ¤«ï ¡ã«ì¡ èª®¢®£® á¥à¥¤®-¢¨é  ¯®¢÷âàï{¢®¤  à¥§ã«ìâ â¨ ¤«ï ®¡®å ¬®¤¥«¥©¯à ªâ¨ç­® §¡÷£ îâìáï. �à¨ æì®¬ã à®§à åã­ª®¢÷§­ ç¥­­ï ­¨§ìª®ç áâ®â­®ù è¢¨¤ª®áâ÷ §¢ãªã ¤ã¦¥¡«¨§ìª÷ ¤® cLN . �¥§­ ç­÷ ¢÷¤¬÷­­®áâ÷ á¯®áâ¥à÷£ -îâìáï «¨è¥ ¯à¨ ¤ã¦¥ ¢¥«¨ª¨å ª®­æ¥­âà æ÷ïå £ §®-¢®ù ä §¨: h0=r0�0:01 (">0:9). �¥ ¤®§¢®«ïõ §à®¡¨-â¨ ¢¨á­®¢®ª ¯à® â¥, é® ¤«ï ¡ã«ì¡ èª®¢¨å á¥à¥¤®-¢¨é, ¢ ïª¨å �1CP1��2CP2, â¥à¬÷ç­®î ¢§ õ¬®¤÷õî­  ¬÷ªà®áâàãªâãà­®¬ã à÷¢­÷ ¬®¦­  §­¥åâã¢ â¨. �æì®¬ã ¢¨¯ ¤ªã ¬®¤¥«ì öá ª®¢¨ç  ¤ õ à¥§ã«ìâ â,é® ­¥ áã¯¥à¥ç¨âì § £ «ì­¨¬ ãï¢«¥­­ï¬ ¯à® â¥à-¬®¤¨­ ¬÷ç­÷ ®á®¡«¨¢®áâ÷ à®§¯®¢áî¤¦¥­­ï ­¨§ìª®-ç áâ®â­®£® §¢ãªã ¢ ¤¨á¯¥àá­¨å áã¬÷è å.� áâ®â­  â¥­¤¥­æ÷ï ¤¨á¯¥àá÷©­®£® áâà¨¡ª è¢¨¤ª®áâ÷ §¢ãªã ¤«ï ¡ã«ì¡ èª®¢®£® á¥à¥¤®¢¨é ¯à ªâ¨ç­® ­¥ § «¥¦¨âì ¢÷¤ ¢÷¤­®á­®ù ¢÷¤áâ ­÷ ¬÷¦§¥à­ ¬¨. �«÷¤, ®¤­ ª, § ã¢ ¦¨â¨, é®  ¡á®«îâ­÷§­ ç¥­­ï cLN ÷ cLL áãââõ¢¨¬ ç¨­®¬ §¬÷­îîâìáï

¯à¨ §¬÷­÷ h0=r0. �® ¦ ¤® ¤¨á¨¯ æ÷ù §¢ãªã, â® ¢®-­  ¬®­®â®­­® §à®áâ õ ¯® ¢áì®¬ã ¤÷ ¯ §®­ã ç áâ®â¯à¨ §¬¥­è¥­­÷ " ¢÷¤ 1 ¤® 0:5 (0�h0=r0�0:26),  ¯®â÷¬ §­®¢ã ¯®ç¨­ õ §¬¥­èã¢ â¨áì. �ª ÷ ¯¥à¥¤¡ -ç õ ¬®¤¥«ì öá ª®¢¨ç , ­¨§ìª®ç áâ®â­¥ § âãå ­­ï§¢ãªã ¡ã¤¥ ¯à®¯®àæ÷©­¨¬ ¤® ª¢ ¤à â  ç áâ®â¨,  ¢¨á®ª®ç áâ®â­¥ { ¤® ª¢ ¤à â­®£® ª®à¥­ï § ­¥ù.�®¢á÷¬ ÷­èã ª àâ¨­ã á¯®áâ¥à÷£ õ¬® ¯à¨ ¯à®-å®¤¦¥­­÷ §¢ãª®¢®ù å¢¨«÷ ç¥à¥§  ¥à®§®«ì (à¨á. 3).� á ¬¯¥à¥¤, ª¨¤ õâìáï ã ¢÷ç÷, é® ¬®¤¥«ì öá -ª®¢¨ç  ¤ õ ­¨§ìª®ç áâ®â­ã  á¨¬¯â®â¨ªã, ¤ «¥-ªã ¢÷¤ cLN (â®¡â®, â ªã, é® ­¥ ¢÷¤¯®¢÷¤ õ £÷¯®-â¥§÷ ¯à® ÷§®â¥à¬÷ç­®- ¤÷ ¡ â¨ç­¥ ¤¥ä®à¬ã¢ ­­ïá¥à¥¤®¢¨é ). � â®¬÷áâì, ¯à¨ ãà åã¢ ­­÷ ¬÷ªà®-áâàãªâãà­®ù ¢§ õ¬®¤÷ù ¤«ï ­¥ ¤ã¦¥ ¢¥«¨ª¨å ¢÷¤áâ -­¥© ¬÷¦ §¥à­ ¬¨ (h0=r0�10) ®¤¥à¦ãõ¬® ­¨§ìª®ç -áâ®â­ã è¢¨¤ª÷áâì §¢ãªã, ¤ã¦¥ ¡«¨§ìªã ¤® « ¯« á-­ìîâ®­÷¢áìª®ù. �â¦¥, ¤«ï ¤¨á¯¥àá­¨å áã¬÷è¥© §�1CP1��2CP2 ¢§ õ¬®¤÷ï ¬÷ªà®áâàãªâãà­®£® ¥«¥-¬¥­â  á¥à¥¤®¢¨é  § ©®£® ­ ©¡«¨¦ç¨¬ ®ª®«®¬ õ¢¨§­ ç «ì­¨¬ ¬®¬¥­â®¬, ÷ § ¯à®¯®­®¢ ­  ¬®¤¥«ì¤®§¢®«ïõ ®¤¥à¦ â¨ ä÷§¨ç­® §¬÷áâ®¢­¨© à¥§ã«ìâ â.� à¨á. 3,  ¢¨¤­®, é® §÷ §¡÷«ìè¥­­ï¬ h0=r0(â®¡â® §÷ §¬¥­è¥­­ï¬ ª®­æ¥­âà æ÷ù à÷¤¨­­®ù ä -§¨) ¤¨á¯¥àá÷©­¨© áâà¨¡®ª è¢¨¤ª®áâ÷ §áã¢ õâìáï¢ ¡÷ª ­¨¦ç¨å ç áâ®â. �à¨ æì®¬ã ¤«ï h0=r0�2­  ç áâ®â å ­¨¦ç¥ ¤¨á¯¥àá÷©­®£® áâà¨¡ª  § âã-å ­­ï §¢ãªã ¬®­®â®­­® §à®áâ õ § ¢÷¤¤ «¥­­ï¬ §¥-à¥­ (¤¨¢. à¨á. 3, ¡). �ç¥¢¨¤­®, â ª  â¥­¤¥­æ÷ï®¡ã¬®¢«¥­  ­ à®áâ ­­ï¬ ­¥®¤­®à÷¤­®áâ÷ â¥¬¯¥à -âãà­®£® ¯®«ï ¢ á¥à¥¤®¢¨é÷-­®á÷ù §÷ §¡÷«ìè¥­­ï¬h0=r0. �«÷¤ â ª®¦ § §­ ç¨â¨, é® ­¨§ìª®ç áâ®â-­¥ § âãå ­­ï §¢ãªã ¢  ¥à®§®«÷ ¯à¨ ¢à åã¢ ­­÷ ¬÷-ªà®áâàãªâãà­®ù â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ¢¨ï¢«ïõâìáï§­ ç­® á« ¡ª÷è¨¬, ­÷¦ ¯à®£­®§®¢ ­¥ â¥®à÷õî öá -ª®¢¨ç .�à®§ã¬÷«®, é® ¯à¨ ¤«ï h0=r0!1 (¬ «  ª®­æ¥­-âà æ÷ï ¤¨á¯¥àá­®ù ä §¨) ¬ õ¬® ®¤¥à¦ â¨ §­ ç­¥¯®á« ¡«¥­­ï â¥à¬÷ç­®ù ¤¨á¨¯ æ÷ù ã ¢áì®¬ã ç áâ®â-­®¬ã ¤÷ ¯ §®­÷. � ¯à¨­æ¨¯÷, ®¡à åã­ª¨ ¤«ï ¢¥«¨-ª¨å h0=r0 ­¥ áã¯¥à¥ç âì æì®¬ã ¢¨á­®¢ªã. �¤­ ª,áã¤ïç¨ § å à ªâ¥àã ­¨§ìª®ç áâ®â­®ù  á¨¬¯â®â¨ª¨è¢¨¤ª®áâ÷ §¢ãªã, ¢¦¥ ¯à¨ h0=r0>2 § ¯à®¯®­®¢ ­ ¬®¤¥«ì â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ¯¥à¥áâ õ ¯à æî¢ â¨, ÷¤«ï á« ¡®ª®­æ¥­âà®¢ ­¨å  ¥à®§®«÷¢ ùù § áâ®á®¢ã-58 �. �. �«÷©­¨ª
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  ¡�¨á. 2. � «¥¦­÷áâì ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù §¢ãªã ¢÷¤ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à®§¬÷àã §¥à­ ¤«ï ¡ã«ì¡ èª®¢®£® á¥à¥¤®¢¨é  ¯®¢÷âàï { ¢®¤ :­¥¯¥à¥à¢­÷ { ¡¥§ ãà åã¢ ­­ï â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù, èâà¨å®¢÷ { § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù;  { ¢¥«¨ç¨­  ¤¨á¯¥àá÷©­®£® áâà¨¡ª  �c, ¡ { §¢¥¤¥­¨© ¤¨á¨¯ â¨¢­¨© ª®¥ä÷æ÷õ­â r20�;1 { h0=r0=0:01, 2 { h0=r0=0:2, 3 { h0=r0=10, 4 { h0=r0=100
  ¡�¨á. 3. � «¥¦­÷áâì ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù §¢ãªã ¢÷¤ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à®§¬÷àã §¥à­ ¤«ï ªà ¯¥«ì­®£®  ¥à®§®«î ¢®¤  { ¯®¢÷âàï:­¥¯¥à¥à¢­÷ { ¡¥§ ãà åã¢ ­­ï â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù, èâà¨å®¢÷ { § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù;  { ¢¥«¨ç¨­  ¤¨á¯¥àá÷©­®£® áâà¨¡ª  �c, ¡ { §¢¥¤¥­¨© ¤¨á¨¯ â¨¢­¨© ª®¥ä÷æ÷õ­â r20�;1 { h0=r0=0:1, 2 { h0=r0=1, 3 { h0=r0=2, 4 { h0=r0=5�. �. �«÷©­¨ª 59
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  ¡�¨á. 4. � «¥¦­÷áâì ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù §¢ãªã ¢÷¤ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à®§¬÷àã §¥à­ ¤«ï ¡¥­§®«ã, ¤¨á¯¥à£®¢ ­®£® ã ¢®¤÷:­¥¯¥à¥à¢­÷ { ¡¥§ ãà åã¢ ­­ï â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù, èâà¨å®¢÷ { § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù;  { ¢¥«¨ç¨­  ¤¨á¯¥àá÷©­®£® áâà¨¡ª  �c, ¡ { §¢¥¤¥­¨© ¤¨á¨¯ â¨¢­¨© ª®¥ä÷æ÷õ­â r20�;1 { h0=r0=0:2, 2 { h0=r0=1, 3 { h0=r0=2, 4 { h0=r0=5
  ¡�¨á. 5. � «¥¦­÷áâì ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù §¢ãªã ¢÷¤ â¥à¬÷ç­®£® å¢¨«ì®¢®£® à®§¬÷àã §¥à­ ¤«ï ¢®¤¨, ¤¨á¯¥à£®¢ ­®ù ¢ ¡¥­§®«÷:­¥¯¥à¥à¢­÷ { ¡¥§ ãà åã¢ ­­ï â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù, èâà¨å®¢÷ { § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù;  { ¢¥«¨ç¨­  ¤¨á¯¥àá÷©­®£® áâà¨¡ª  �c, ¡ { §¢¥¤¥­¨© ¤¨á¨¯ â¨¢­¨© ª®¥ä÷æ÷õ­â r20�;1 { h0=r0=0:2, 2 { h0=r0=1, 3 { h0=r0=5, 4 { h0=r0=1060 �. �. �«÷©­¨ª



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 4. �. 51 { 63¢ â¨ ­¥ ¬®¦­ .�®§£«ï­¥¬® ¢¨¯ ¤ª¨, ª®«¨ ¤¨á¯¥àá­  áã¬÷èãâ¢®à¥­  ¤¢®¬  à÷¤¨­ ¬¨. �ª ¯à ¢¨«®, ¢ æì®¬ã¢¨¯ ¤ªã ¢á÷ â¥à¬®¤¨­ ¬÷ç­÷ ¯ à ¬¥âà¨ ä § ¬ îâì¡«¨§ìª÷ §­ ç¥­­ï,  ¡®, ¯à¨­ ©¬­÷, õ ¢¥«¨ç¨­ ¬¨®¤­®£® ¯®àï¤ªã. �ª ÷ á«÷¤ ¡ã«® ®ç÷ªã¢ â¨, §¢ãª¢ â ª®¬ã á¥à¥¤®¢¨é÷ § âãå õ ­  ª÷«ìª  ¯®àï¤ª÷¢á« ¡ª÷è¥, ­÷¦ ã £ §®-à÷¤¨­­÷© áã¬÷è÷.�  à¨á. 4, 5 ¯à¥¤áâ¢ «¥­® § «¥¦­®áâ÷ �c ÷ r20�¢÷¤ n1r0 ¤«ï ¥¬ã«ìá÷© ¡¥­§®«ã ã ¢®¤÷ â  ¢®¤¨ ¢¡¥­§®«÷. � §­ ç¨¬®, é® ¯à¨ ãà åã¢ ­­÷ â¥à¬÷ç-­®ù ¢§ õ¬®¤÷ù ­  ¬÷ªà®áâàãªâãà­®¬ã à÷¢­÷, ¯à¨0<h0=r0<10 ¤«ï ®¡®å ¤¨á¯¥àá­¨å áã¬÷è¥© à®§¡÷¦-­÷áâì ¬÷¦ cjf!0 ÷ cLN áâ ­®¢¨âì ¬¥­è¥ 10 %. �¥¤®§¢®«ïõ á¯®¤÷¢ â¨áì ­  ¤®áâ®¢÷à­÷áâì ®¤¥à¦ ­¨åà¥§ã«ìâ â÷¢. �®¤­®ç á, ª« á¨ç­  ¬®¤¥«ì ¥¬ã«ìá÷ù§ ­¥§ «¥¦­¨¬¨ §¥à­ ¬¨ ¯à¨ 0<h0=r0<1 ­  ­¨§ì-ª¨å ç áâ®â å ¯à æîõ ¯®£ ­®.�ª ¢¨¤­® § £à ä÷ª÷¢, ¤«ï ®¡®å áã¬÷è¥© ¯à¨h0=r0�1 à®§à åã­ª¨ ¡¥§ ãà åã¢ ­­ï â  § ãà -åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù §¥à¥­ ¤ îâì ¬ ©-¦¥ ®¤­ ª®¢÷ à¥§ã«ìâ â¨. �à¨ æì®¬ã, ¤«ï ¡¥­§®«ã¤¨á¯¥à£®¢ ­®£® ã ¢®¤÷ (�1CP1=(�2CP2)�0:36) ¬®-¤¥«ì öá ª®¢¨ç  ¤®¡à¥ ¯à æîõ, ¢¦¥ ¯®ç¨­ îç¨ §h0=r0=1. � £ «ì­  ª àâ¨­  ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù§¢ãªã âãâ  ¡á®«îâ­®  ­ «®£÷ç­  ¤® â®ù, é® á¯®-áâ¥à÷£ õâìáï ¤«ï ¡ã«ì¡ èª®¢¨å á¥à¥¤®¢¨é. �®á¨âì¡«¨§ìªã â¥­¤¥­æ÷î ¯à¨ ¢¥«¨ª¨å h0=r0 ¤¥¬®­áâàãõ ©¥¬ã«ìá÷ï ¢®¤¨ ¢ ¡¥­§®«÷. �á®¡«¨¢® ­ ®ç­® æ¥ ¢¨¤­®­  ¯à¨ª« ¤÷ § âãå ­­ï (¤¨¢. à¨á. 5,¡). � ¢¨¯ ¤ªã¡«¨§ìª®à®§â è®¢ ­¨å §¥à¥­ h0=r0<1 ¤«ï ¥¬ã«ìá÷ù¢®¤¨ ¢ ¡¥­§®«÷ (�1CP1=(�2CP2)�2:8) ¬ õ¬® â®© á -¬¨© å à ªâ¥à ¤¨á¯¥àá÷ù © ¤¨á¨¯ æ÷ù, é® © ¢  ¥à®-§®«÷.�«ï ¥¬ã«ìá÷ù ¡¥­§®«ã ã ¢®¤÷ (¤¨¢. à¨á. 4,¡)â ª  ¯®¢¥¤÷­ª  ¢¨à ¦¥­  ¬¥­è ïáªà ¢®, ÷ ¯à¨0:1�h0=r0�1 ¬®¤¥«ì § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù¢§ õ¬®¤÷ù §¥à¥­ ¤ õ ¯à ªâ¨ç­® ®¤­ã © âã ¦ ¢¥«¨ç¨-­ã ­¨§ìª®ç áâ®â­®£® ª®¥ä÷æ÷õ­â  § âãå ­­ï. �¤-­®ç á­®, ¢ æì®¬ã ¤÷ ¯ §®­÷ h0=r0 §÷ §¡÷«ìè¥­­ï¬¢÷¤­®á­®ù ¢÷¤áâ ­÷ ¬÷¦ §¥à­ ¬¨ ¥¬ã«ìá÷ù ªà¨â¨ç­ ç áâ®â  á¯ ¤ õ, é® ¯à¨§¢®¤¨âì ¤® §¬¥­è¥­­ï ¢¨-á®ª®ç áâ®â­®£® § âãå ­­ï §¢ãªã. �«ï h0=r0�0:1¬ õ ¬÷áæ¥ ¬®­®â®­­¥ á¯ ¤ ­­ï r20� ¯à¨ §¡«¨¦¥­­÷§¥à¥­.� á ¬ª÷­¥æì, æ÷ª ¢® ¯à®á«÷¤ªã¢ â¨ ïª§¬÷­îîâìáï  ªãáâ¨ç­÷ ¯ à ¬¥âà¨ ¥¬ã«ìá÷ù ¢§ ¤ ­®¬ã ç áâ®â­®¬ã ¤÷ ¯ §®­÷ ¯à¨ §¬÷­÷ à ¤÷ãá §¥à­  (¢÷¤­®è¥­­ï h0=r0 ¢¢ ¦ õ¬® áâ «¨¬). � ¯à¨ª« ¤ ¢÷§ì¬¥¬® ¤¨á¯¥àá­÷ áã¬÷è÷ ¢®¤¨ © ¡¥­§®«ã¯à¨ h0=r0=0:2 ("�0:58). �¥£ª® ¯¥à¥¢÷à¨â¨, é®¤«ï â ª¨å ¥¬ã«ìá÷© ¯à¨ 10�6 ¬�r0�10�3 ¬ ç -áâ®â  fmax, ®¡ç¨á«¥­  §  ªà¨â¥à÷õ¬ (19), «¥¦¨âì¢ ®¡« áâ÷ ã«ìâà §¢ãªã. �®¬ã £à ä÷ª¨ ­  à¨á. 6

â  7 ¯®¡ã¤®¢ ­® ¤«ï f�20 ª�æ. � à¨áã­ª÷¢ ¢¨¤­®,é®, §÷ §¬¥­è¥­­ï¬ r0 ç áâ®â  ¤¨á¯¥àá÷©­®£®áâà¨¡ª  §à®áâ õ. �¥ ¯à¨à®¤­®, ®áª÷«ìª¨ ¯à¨r0!0 à®§è¨àîõâìáï ¤÷ ¯ §®­ ÷§®â¥à¬÷ç­®£® ¤¥-ä®à¬ã¢ ­­ï §¥à¥­. �à¨ æì®¬ã, §÷ §¬¥­è¥­­ï¬ r0á¯®áâ¥à÷£ õâìáï á¯ ¤ ­­ï § âãå ­­ï §¢ãªã ­¨¦ç¥¤¨á¯¥àá÷©­®£® áâà¨¡ª  è¢¨¤ª®áâ÷ ÷ ©®£® §à®áâ ­­ï­  ç áâ®â å ¢¨é¥ ¤¨á¯¥àá÷©­®£® áâà¨¡ª .��������1. �  ¡ §÷ ª« á¨ç­®ù  ªãáâ¨ç­®ù ¬®¤¥«÷ ¥¬ã«ì-á÷ù �. �. öá ª®¢¨ç  à®§à®¡«¥­® ä÷§¨ç­ã © ¬ -â¥¬ â¨ç­ã ¬®¤¥«÷ â¥à¬÷ç­®£® ¬¥å ­÷§¬ã ä®à-¬ã¢ ­­ï  ªãáâ¨ç­¨å ¢« áâ¨¢®áâ¥© ¥¬ã«ìá÷©,¡ã«ì¡ èª®¢¨å á¥à¥¤®¢¨é â   ¥à®§®«÷¢ § ãà -åã¢ ­­ï¬ «®ª «ì­®ù â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ùå­÷å¬÷ªà®áâàãªâãà­¨å ¥«¥¬¥­â÷¢.2. �®á«÷¤¦¥­÷ ­¨§ìª®- â  ¢¨á®ª®ç áâ®â­÷  á¨¬-¯â®â¨ª¨ è¢¨¤ª®áâ÷ §¢ãªã ¢ ¤¨á¯¥àá­¨åáã¬÷è å. �¨§­ ç¥­÷ ã¬®¢¨, ¯à¨ ïª¨å ¬®-¤¨ä÷ª®¢ ­  ¬®¤¥«ì ¤ õ à¥§ã«ìâ â, é® á¯÷-¢¯ ¤ õ § à¥§ã«ìâ â®¬ öá ª®¢¨ç . �®ª § ­®,é® ¬®¤¥«ì öá ª®¢¨ç  ¬®¦­  à®§£«ï¤ â¨ ïª£à ­¨ç­¨© ¢¨¯ ¤®ª ¬®¤¥«÷, é® ¢à å®¢ãõ ¬÷-ªà®áâàãªâãà­ã ¢§ õ¬®¤÷î, ¤«ï ¡ã«ì¡ èª®¢¨åá¥à¥¤®¢¨é (�1��2, �1CP1��2CP2).3. �¨á¥«ì­¨©  ­ «÷§ ¯®ª § ¢, é® ¯à¨ ¬ «¨å ÷¯®¬÷à­¨å ¢÷¤áâ ­ïå ¬÷¦ §¥à­ ¬¨ ¥¬ã«ìá÷ù ¬®-¤¥«ì § ãà åã¢ ­­ï¬ â¥à¬÷ç­®ù ¢§ õ¬®¤÷ù ¬÷¦§¥à­ ¬¨ ­ ¡ £ â® ªà é¥ ã§£®¤¦ãõâìáï § § -£ «ì­®ä÷§¨ç­¨¬ â«ã¬ ç¥­­ï¬ ¯à®æ¥áã à®§-¯®¢áî¤¦¥­­ï ­¨§ìª®ç áâ®â­®£® §¢ãªã ¢ ¤¨á-¯¥àá­¨å áã¬÷è å, ­÷¦ ª« á¨ç­  ¬®¤¥«ì § ­¥-§ «¥¦­¨¬¨ §¥à­ ¬¨.4. �¨ï¢«¥­® àï¤ ®á®¡«¨¢®áâ¥© ¤«ï ¤¨á¯¥àá÷ù ©¤¨á¨¯ æ÷ù ¢ ¤¨á¯¥àá­¨å áã¬÷è å â¨¯ã  ¥à®-§®«÷¢ (�1CP1��2CP2). �®ªà¥¬ , ¯®ª § ­®,é® ¯à¨ ä÷ªá®¢ ­®¬ã à®§¬÷à÷ §¥à­  ¢ è¨à®-ª®¬ã ¤÷ ¯ §®­÷ ®¡'õ¬­¨å ª®­æ¥­âà æ÷© (h0=r0)§÷ §à®áâ ­­ï¬ ¢÷¤­®á­®ù ¢÷¤áâ ­÷ ¬÷¦ §¥à­ -¬¨ §à®áâ õ ­¨§ìª®ç áâ®â­¥ § âãå ­­ï §¢ã-ªã,   ¢¨á®ª®ç áâ®â­¥, ­ ¢¯ ª¨, §¬¥­èãõâì-áï. �ï â¥­¤¥­æ÷ï ­¥ à®§¯®¢áî¤¦ãõâìáï ­  ¢¨-¯ ¤ª¨ ­¨§ìª¨å ª®­æ¥­âà æ÷© ¤¨á¯¥àá­®ù ä §¨(h0=r0�10), ¯à¨ ïª¨å §¡÷«ìè¥­­ï h0=r0 ¯à¨§-¢®¤¨âì ¤® ¬®­®â®­­®£® §¬¥­è¥­­ï § âãå ­­ï¤«ï ãá÷å ç áâ®â.5. �®ª § ­®, é® ¤«ï ¤¨á¯¥àá­¨å áã¬÷è¥© â¨¯ã\à÷¤¨­ {à÷¤¨­ " ¤«ï h0=r0>1 ¬®¤¥«ì öá ª®¢¨-ç  (­¥§ «¥¦­÷ §¥à­  ¥¬ã«ìá÷ù) § ¡¥§¯¥çãõ ¤®-áâ â­î â®ç­÷áâì ®¡à åã­ª÷¢. �®¤­®ç á, ¤«ï�. �. �«÷©­¨ª 61
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