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�à¥¤áâ ¢«¥ë íªá¯¥à¨¬¥â «ìë¥ ¨ â¥®à¥â¨ç¥áª¨¥ à¥§ã«ìâ âë ¯® ¨áá«¥¤®¢ ¨î ¢®§¡ã¦¤¥¨ï ¨

à á¯à®áâà ¥¨ï áå®¤ïé¨åáï ¢®« ¤ ¢«¥¨ï ¢ æ¨«¨¤à¨ç¥áª¨å ®¡®«®çª å ¨§ ¯®«¨¬¥â¨«¬¥â ªà¨« â 

(����, ®à£áâ¥ª«®), ¯à¨¢®¤ïé¨å ª ¢®§¨ª®¢¥¨î ®âª®«ìëå ï¢«¥¨©   ¢ãâà¥¥© ¯®¢¥àå®áâ¨

®¡®«®ç¥ª. �¡ àã¦¥®, çâ® ¤«ï à §àãè¥¨ï ¢ãâà¥¥© ¯®¢¥àå®áâ¨ æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨

âà¥¡ãîâáï ¡®́«ìè¨¥ ãà®¢¨  £àã¦¥¨ï ¯® áà ¢¥¨î á à §àãè¥¨¥¬ âë«ì®© áâ®à®ë ¯«®áª®© ¯« -
áâ¨ë ¨§ â®£® ¦¥ ¬ â¥à¨ « . � «¨§¨àãîâáï ¯à¨ç¨ë ®¡ àã¦¥®£® ï¢«¥¨ï. �ªá¯¥à¨¬¥â «ì®
¯®«ãç¥ë¥ à¥§ã«ìâ âë áà ¢¨¢ îâáï á à¥§ã«ìâ â ¬¨ ç¨á«¥®£® ¬®¤¥«¨à®¢ ¨ï, ãç¨âë¢ îé¥£®
ï¢«¥¨ï, ¢®§¨ª îé¨¥ ¢ ¥«¨¥©®© ®¡« áâ¨ ã¯àã£®-¯« áâ¨ç¥áª¨å ¤¥ä®à¬ æ¨© ¯®«¨¬¥àëå ¬ â¥-
à¨ «®¢, ¨á¯®«ì§ã¥¬ëå ¢ ª ç¥áâ¢¥ ®á®¢ë ¨ ¢ ª®¬¯®§¨æ¨®ëå ¬ â¥à¨ « å.

�¢¥¤¥¨¥

� á®¢à¥¬¥ë¬ ª®áâàãªæ¨ï¬ ¥à¥¤ª® ¯à¥¤êï¢«ï-
îâáï âà¥¡®¢ ¨ï ¯®¢ëè¥®© à ¡®â®á¯®á®¡®áâ¨ ¢

ãá«®¢¨ïå ¢®§¤¥©áâ¢¨ï ¢ëá®ª®¨â¥á¨¢ëå ¨¬¯ã«ìá-
ëå  £àã§®ª [1]. �®£¨¥ í«¥¬¥âë ª®áâàãªæ¨©,
¢ª«îç îé¨¥ ¯®«¨¬¥àë¥ ¨ ª®¬¯®§¨æ¨®ë¥ ¬ â¥-
à¨ «ë, ¨¬¥îâ £¥®¬¥âà¨î æ¨«¨¤à¨ç¥áª¨å ®¡®«®ç¥ª.
�®íâ®¬ã § ª®®¬¥àë© ¨â¥à¥á ¯à¥¤áâ ¢«ïîâ ª ª

à áç¥âë¥, â ª ¨ íªá¯¥à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï

¯à®æ¥áá  ä®ªãá¨à®¢ª¨ ¢®«®¢®£® ¨¬¯ã«ìá  ¯® ¬¥à¥

¥£® à á¯à®áâà ¥¨ï ®â ¢¥è¥© ¯®¢¥àå®áâ¨ ®¡à §æ 

ª ¥£® ®á¨ ¨ ¯à®æ¥ááë à §àãè¥¨ï ¢ãâà¥¥© æ¨«¨-
¤à¨ç¥áª®© ¯®¢¥àå®áâ¨ [2,3]. � á«ãç ¥ ¬ «ëå  £àã-
§®ª ¢  ªãáâ¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨  ¬¯«¨âã¤  ¤ ¢«¥-
¨ï ¢ æ¨«¨¤à¨ç¥áª®© áå®¤ïé¥©áï ¢®«¥ ¢®§à áâ ¥â

¯® § ª®ã P ' R−0.5 [4]. � ï á¨âã æ¨ï ¬®¦¥â ¡ëâì
¢ á«ãç ¥ ¢®§¡ã¦¤¥¨ï ¨¬¯ã«ìá®¢ ¤ ¢«¥¨ï ¡®«ìè®©

 ¬¯«¨âã¤ë, ª®£¤  à §¢¨¢ îâáï ã¯àã£®-¯« áâ¨ç¥áª¨¥
â¥ç¥¨ï. � ¨¡®«ìè¨© ¨â¥à¥á á ¯à ªâ¨ç¥áª®© â®çª¨
§à¥¨ï ¯à¥¤áâ ¢«ï¥â ¨¬¯ã«ìá ¤ ¢«¥¨ï á  ¬¯«¨âã-
¤®© ¤® 5ª¡ à, á®®â¢¥âáâ¢ãîé¨© ®âª®«ì®© ¯à®ç®áâ¨
¯®«¨¬¥àëå ¬ â¥à¨ «®¢. �áá«¥¤®¢ ¨¥ ¥«¨¥©®£®
¯®¢¥¤¥¨ï ¯®«¨¬¥àëå ¬ â¥à¨ «®¢ ¢ íâ®© ®¡« áâ¨ ¤ -
¢«¥¨ï ¥®¡å®¤¨¬® ¨ ¯à¨ ¨§ãç¥¨¨ ª®¬¯®§¨æ¨®ëå

¬ â¥à¨ «®¢ á ¯®«¨¬¥à®© ®á®¢®© (á¢ï§ãîé¨¬).

� ¤ ®© à ¡®â¥ ¯à¥¤áâ ¢«¥ë íªá¯¥à¨¬¥â «ìë¥

¨ à áç¥âë¥ à¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï à á¯à®áâà ¥-
¨ï ¢®« ¤ ¢«¥¨ï, £¥¥à¨àã¥¬ëå ¨¬¯ã«ìáë¬ í«¥ª-
âà®ë¬ ¯ãçª®¬ ¢ ¯®«¨¬¥à®¬ ¬ â¥à¨ «¥ ����

(®à£áâ¥ª«®), ¯à¥¤áâ ¢«ïîé¨¬ á®¡®© ®¡à §æë ¢ ¢¨¤¥

æ¨«¨¤à¨ç¥áª¨å ®¡®«®ç¥ª «¨¡® ¤¨áª®¢ à §®© â®«-
é¨ë. � ª ç¥áâ¢¥ ¨áâ®ç¨ª  ¨¬¯ã«ìá®£® í«¥ªâà®-
®£® ¨§«ãç¥¨ï ¨á¯®«ì§®¢  ãáª®à¨â¥«ì í«¥ªâà®®¢

”� «ì¬ à”.

�å¥¬  ®¯ëâ 

�  à¨á. 1 ¯à¥¤áâ ¢«¥  áå¥¬  íªá¯¥à¨¬¥â  ¯®

®¡«ãç¥¨î ¯«®áª¨å ¬¨è¥¥©. �¨áª ¨§ ���� 6 ¤¨ -
¬¥âà®¬ 63¬¬ â®«é¨®© 3.3 ¨«¨ 8¬¬ ¯®¬¥é «áï ¢

¢ëå®¤®© ã§¥« 1 ãáª®à¨â¥«ï ”� «ì¬ à” ¨ ï¢«ï«áï

 ®¤®¬ ãáª®à¨â¥«ï. �«ï ¢ëà ¢¨¢ ¨ï  ¯àï¦¥-
®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®«ï   ¤¨áª  ª« ¤ë¢ « áì

 «î¬¨¨¥¢ ï ä®«ì£  â®«é¨®© 35¬ª¬. �«¥ªâà®ë
í¬¨ââ¨à®¢ «¨áì á æ¨«¨¤à¨ç¥áª®£® ª â®¤  3 ¤¨ -
¬¥âà®¬ 32¬¬, ª®â®àë© ï¢«ï«áï ¯à®¤®«¦¥¨¥¬ ª®-
 ªá¨ «ì®£® âà áä®à¬ â®à  4. �®ª í«¥ªâà®®£®

¯ãçª  ¨ ãáª®àïîé¥¥  ¯àï¦¥¨¥ ¨§¬¥àï«¨áì á ¯®-
¬®éìî â®ª®¢®£® èãâ  2 ¨ ¤ âç¨ª   ¯àï¦¥¨ï 5
á®®â¢¥âáâ¢¥®. � ¢ëå®¤®¬ ã§«¥ ¯®¤¤¥à¦¨¢ «®áì

¤ ¢«¥¨¥   ãà®¢¥ 5 · 10−5 ¬¬àâ. áâ. �«®é ¤ì ®¡-
«ãç¥¨ï á®áâ ¢«ï«  10 á¬2. �¤®à®¤®áâì ®¡«ãç¥-
¨ï ª®âà®«¨à®¢ « áì á ¯®¬®éìî ª ¬¥àë ”®¡áªãà ”
¨ ¢¨§ã «ìë¬ ®á¬®âà®¬ ¬¨è¥¨ ¯®á«¥ ¢®§¤¥©áâ¢¨ï

í«¥ªâà®®£® ¯ãçª . �áæ¨««®£à ¬¬ë â®ª  ãáª®à¨â¥-
«ï ¨ ãáª®àïîé¥£®  ¯àï¦¥¨ï, § à¥£¨áâà¨à®¢ ë¥
®áæ¨««®£à ä®¬ �8-14, ¯à¨¢®¤ïâáï   à¨á. 2. �

®¯ëâ å â®ª ¢ àì¨à®¢ «áï ¢ ¯à¥¤¥« å ®â 7 ¤® 28ª� ¯à¨

ãáª®àïîé¥¬  ¯àï¦¥¨¨ 260–270ª�. �«¨â¥«ì®áâì

¨¬¯ã«ìá  â®ª  á®áâ ¢«ï«  100á.

�à¨ ®¡«ãç¥¨¨ í«¥ªâà®ë¬ ¯ãçª®¬ æ¨«¨¤à¨ç¥-
áª¨å ¬¨è¥¥© ¨§ ���� ¯à¨¬¥ï« áì ¤ã£®¢ ï ª®-
áâàãªæ¨ï ª â®¤®£® ã§«  ãáª®à¨â¥«ï, ª®â®à ï ¯®ª -
§     à¨á. 3. �¨«¨¤à 1 á ¢¥è¨¬ à ¤¨ãá®¬

R¢ = 12.5¬¬ (¢ãâà¥¨© à ¤¨ãá R = 8 ¨«¨ 4.5¬¬),
¤«¨®© 30¬¬ ®¡®à ç¨¢ «áï ®¤¨¬ á«®¥¬  «î¬¨¨-
¥¢®© ä®«ì£¨ â®«é¨®© 35¬ª¬ ¨ ï¢«ï«áï  ®¤®¬

ãáª®à¨â¥«ï. � â®¤ 2 ¢ ¢¨¤¥ ç áâ¨ ª® ªá¨ «ì®£®

æ¨«¨¤à  ¤«¨®© 20¬¬ á ã£«®¬ ®å¢ â  120◦ à á¯®« -
£ «áï á®®á® á ®¡«ãç ¥¬®© ¬¨è¥ìî. �®áâàãªæ¨ï,
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�¨á. 1. �å¥¬  íªá¯¥à¨¬¥â  ¯® ®¡«ãç¥¨î ¯«®áª¨å

¬¨è¥¥©.

�¨á. 2. �áæ¨««®£à ¬¬  â®ª  ãáª®à¨â¥«ï ¨ ãáª®àïîé¥£®

 ¯àï¦¥¨ï ¯® ®á¨  ¡áæ¨áá.� áèâ ¡ ¯® ®á¨  ¡áæ¨áá 50 á.

�¨á. 3. �å¥¬  íªá¯¥à¨¬¥â  ¯® ®¡«ãç¥¨î æ¨«¨¤à¨ç¥-
áª¨å ¬¨è¥¥©.

¯®ª §  ï   à¨á. 3, ¯®¬¥é « áì ¢ ¢ëå®¤®© ã§¥«

ãáª®à¨â¥«ï ”� «ì¬ à”. � ª ¨ ¢ á«ãç ¥ ®¡«ãç¥¨ï

¯«®áª®© ¬¨è¥¨, ¯«®é ¤ì ®¡«ãç¥¨ï æ¨«¨¤à¨ç¥-
áª¨å ¬¨è¥¥© á®áâ ¢«ï«  10 á¬2,   à¥¦¨¬ë à ¡®âë

ãáª®à¨â¥«ï ¡ë«¨ â¥¦¥ á ¬ë¥, çâ® ¨ ¢ ¯à¥¤ë¤ãé¥¬

á«ãç ¥.

�ªá¯¥à¨¬¥â «ìë¥ à¥§ã«ìâ âë

�ªá¯¥à¨¬¥âë ¯®ª § «¨, çâ® ¢ á«ãç ¥ ¯«®áª¨å

®¡à §æ®¢ ®âª®«ìë¥ ï¢«¥¨ï   âë«ì®© áâ®à®¥ ¬¨-
è¥¨  ç¨ îâáï ¯à¨ ªà¨â¨ç¥áª¨å ¯«®â®áâïå â®ª 

j0 > 1.6 ª�/á¬2. �¡ íâ®¬ á¢¨¤¥â¥«ìáâ¢ã¥â à¨á. 4.
�à¨ â ª¨å ¦¥ ¯«®â®áâïå â®ª  ¢®§¨ª îâ ®âª®«ìë¥

ï¢«¥¨ï ¢ ¤¨áª å â®«é¨®© 3.3¬¬, çâ® ¯®¤â¢¥à¦¤ ¥â
á« ¡®¥ § âãå ¨¥ ¢®«ë ¤ ¢«¥¨ï ¯® ¬¥à¥ ¥¥ à á-
¯à®áâà ¥¨ï. �®«é¨  ®âª®«ì®© ¯« áâ¨ë, á®áâ®-
ïé¥© ¨§ ¬®£®ç¨á«¥ëå äà £¬¥â®¢, ¯à¨¡«¨§¨â¥«ì-
® à ¢  0.5¬¬. �à¨ á¨¦¥¨¨ ¯«®â®áâ¨ â®ª  ¤®

j = 1.4−1.5 ª�/á¬2 ®âª®«   âë«ì®© áâ®à®¥ ¬¨è¥-
¨ ¥  ¡«î¤ ¥âáï, ® § ¤ïï ¯®¢¥àå®áâì ¬¨è¥¨

â¥àï¥â ¯à®§à ç®áâì, ¬ãâ¥¥â, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â

® à §¢¨â¨¨ ¥®¡à â¨¬ëå ¯à®æ¥áá®¢, ¯à¥¤è¥áâ¢ãîé¨å
®âª®«ã [1].
�à¨ ®¡«ãç¥¨¨ æ¨«¨¤à¨ç¥áª¨å ¬¨è¥¥© ¥®¡à -

â¨¬ë¥ ï¢«¥¨ï   ¢ãâà¥¨å ¯®¢¥àå®áâïå ¢®§¨-
ª îâ ¯à¨ ¤àã£¨å ¯«®â®áâïå â®ª ,   ¨¬¥® j = 1.2
(R = 8¬¬), j = 1.0 ª�/á¬2 (R = 4.5¬¬). �¬¥ìè¥¨¥
¯®à®£®¢ëå § ç¥¨© ¯«®â®áâ¥© â®ª  ãª §ë¢ ¥â  

 à áâ ¨¥  ¬¯«¨âã¤ë ¢®«ë ¤ ¢«¥¨ï ¯® ¬¥à¥ ¥¥

à á¯à®áâà ¥¨ï ª ®á¨ æ¨«¨¤à .
� «ì¥©è¨¥ íªá¯¥à¨¬¥âë ¯®ª § «¨, çâ® ®âª®«ì-

ë¥ ï¢«¥¨ï   ¢ãâà¥¥© ¯®¢¥àå®áâ¨ æ¨«¨-
¤à¨ç¥áª¨å ¬¨è¥¥© ¥  ¡«î¤ îâáï ¤ ¦¥ ¯à¨

j = 1.6 ª�/á¬2. �¡ àã¦¥®, çâ® ¤«ï ¢®§¨ª®¢¥¨ï
¢¨§ã «ì®  ¡«î¤ ¥¬®£® ®âª®«  ¥®¡å®¤¨¬ë § ç¨-
â¥«ì® ¡®«ìè¨¥ ¯«®â®áâ¨ â®ª . � ª, ¤«ï æ¨«¨¤à 
á R = 8¬¬ ®âª®«ìë¥ ï¢«¥¨ï ¯à®ï¢«ïîâáï ¯à¨

j0 > 2.0 ª�/á¬2,   ¤«ï æ¨«¨¤à  R = 4.5¬¬ ¯à¨

j0 > 2.3 ª�/á¬2.

�¨á. 4. � §à¥§ ¤¨áª  ¨§ ���� â®«é¨®© 8¬¬,
®¡«ãç¥ë© í«¥ªâà®ë¬ ¯ãçª®¬ á ¯«®â®áâìî â®ª 

j = 1.6 ª�/á¬2.
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�¨á. 5. �® ¦¥, çâ® ¨   à¨á. 4, ® ¯«®â®áâì â®ª 

j0 = 2.0 ª�/á¬2.

�  à¨á. 5 ¯à¥¤áâ ¢«¥ à §à¥§ æ¨«¨¤à    ¢ã-
âà¥¥© ¯®¢¥àå®áâ¨ ª®â®à®£® ¢¨¤¥ ®âª®«. �«ã¡¨ 
®âª®«  ¯à¨¡«¨§¨â¥«ì® à ¢  0.5¬¬,   äà £¬¥âë

®âª®«ì®© ¯« áâ¨ë ¯à¥¤áâ ¢«ïîâ á®¡®© ¢ ®á®¢®¬

ç¥èã©ª¨ è¨à¨®© ≈ 2.0¬¬, ¤«¨®© 4−6¬¬.

�â®¡ë ã¡¥¤¨âìáï ¢ ¯à ¢¨«ì®áâ¨ ¯®«ãç¥ëå à¥-
§ã«ìâ â®¢, á¢ï§ ëå á ¢«¨ï¨¥¬ ¢¥«¨ç¨ë ¢ãâà¥-
¥£® à ¤¨ãá  æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨   à §¢¨â¨¥

®âª®«ìëå ¯à®æ¥áá®¢, ¡ë« ¯à®¤¥«  ª®âà®«ìë©

íªá¯¥à¨¬¥â. � ®¯¨á ®© £¥®¬¥âà¨¨ ®¯ëâ  í«¥ªâà®-
ë¬ ¯ãçª®¬ ®¡«ãç «áï á¯«®è®© æ¨«¨¤à ¨§ ����

á ¢¥è¨¬ à ¤¨ãá®¬ R¢ = 12.5¬¬. � æ¨«¨¤à¥ ¡ë« 

¢ëäà¥§¥à®¢   ¯«®áª ï ¯«®é ¤ª    ãà®¢¥ à ¤¨-
ãá  4.5¬¬. �¯ëâ á¢®¤¨«áï ª ®¡«ãç¥¨î æ¨«¨¤à 

á ¯«®áª®© âë«ì®© ¯®¢¥àå®áâìî. �ª § «®áì, çâ® ¢
íâ®¬ á«ãç ¥ ç¥âª¨© ®âª®« ¢®§¨ª ¥â ¯à¨ áãé¥áâ¢¥®

¬¥ìè¨å ¯«®â®áâïå â®ª  j0 = 1.5 ª�/á¬2, ç¥¬ ¢

á«ãç ¥ æ¨«¨¤à  á R = 4.5¬¬. �  à¨á. 6 ¯à¥¤áâ ¢«¥-
ë ®âª®«ìë¥ ï¢«¥¨ï ¢ æ¨«¨¤à¨ç¥áª®¬ ®¡à §æ¥ á

¯«®áª®© âë«ì®© áâ®à®®©. �âª®«ì ï ®¡« áâì ¯à¥¤-
áâ ¢«ï¥â á®¡®© ã§ªãî ¯®«®áªã è¨à¨®© 7−8¬¬, çâ®
á¢¨¤¥â¥«ìáâ¢ã¥â ® ä®ªãá¨à®¢ª¥ áå®¤ïé¥©áï ¢®«ë.

�¨á. 6. �¨«¨¤à ¨§ ���� á ¯«®áª®© ¢ãâà¥¥© áâ®à®-
®©, ®¡«ãç¥ë© í«¥ªâà®ë¬ ¯ãçª®¬ á ¯«®â®áâìî â®ª 

j = 1.5 ª�/á¬2.

�¡áã¦¤¥¨¥ íªá¯¥à¨¬¥â «ìëå

à¥§ã«ìâ â®¢

�®«ãç¥ë¥ íªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï ¯®à®£®-
¢ëå ¯«®â®áâ¥© â®ª  j > 1.0 ¨ 1.2ª�/á¬2, ¯à¨ ª®â®-
àëå  ç¨ îâáï ¥®¡à â¨¬ë¥ ï¢«¥¨ï   ¢ãâà¥¥©

¯®¢¥àå®áâ¨ æ¨«¨¤à¨ç¥áª¨å ¬¨è¥¥©, ¯à¥¤è¥áâ¢ã-
îé¨¥ ®âª®«ã, ¯®§¢®«ïîâ ®æ¥¨âì § ª®  à áâ ¨ï

 ¬¯«¨âã¤ë ¢®«ë ¤ ¢«¥¨ï ¯® ¬¥à¥ ¥¥ áå®¦¤¥¨ï ª

®á¨ æ¨«¨¤à . �§ íªá¯¥à¨¬¥â «ìëå ¤ ëå á«¥¤ã-
¥â, çâ® ãá¨«¥¨¥ ¢®«ë ¤ ¢«¥¨ï ã¤®¢«¥â¢®à¨â¥«ì®

®¯¨áë¢ ¥âáï á®®â®è¥¨¥¬ P ≈ (R¢/R)0.5, çâ® ¥

¯à®â¨¢®à¥ç¨â â¥®à¥â¨ç¥áª¨¬ à áç¥â ¬ [4].
�¥âà¨¢¨ «ìë¬ ä ªâ®¬ ï¢«ï¥âáï â®, çâ® ¤«ï

®áãé¥áâ¢«¥¨ï ®âª®«    ¢ãâà¥¥© ¯®¢¥àå®áâ¨

æ¨«¨¤à¨ç¥áª¨å ¬¨è¥¥© âà¥¡ãîâáï § ç¨â¥«ì®

¡®́«ìè¨¥ ãà®¢¨  £àã¦¥¨ï, ç¥¬ ¢ ¯«®áª®¬ á«ãç ¥.
�¥©áâ¢¨â¥«ì®, ¢ ¯«®áª®¬ á«ãç ¥ ®âª®« à¥ «¨§ã¥âáï

¯à¨ ªà¨â¨ç¥áª¨å ¯«®â®áâïå â®ª  j0 > 1.6 ª�/á¬2,  
¢ æ¨«¨¤à¨ç¥áª¨å ¬¨è¥ïå ¯à¨ j0 > 2.0 ¨ 2.3ª�/á¬2.
�§ íâ¨å ¤ ëå á ãç¥â®¬ ãá¨«¥¨ï  ¬¯«¨âã¤ë

¢®«ë ¤ ¢«¥¨ï ¯® ¬¥à¥ ¥¥ à á¯à®áâà ¥¨ï ª ®á¨

æ¨«¨¤à  á«¥¤ã¥â, çâ® ¤«ï ®¡à §®¢ ¨ï ¢ãâà¥¥£®
®âª®«  ¢ ¨áá«¥¤ã¥¬ëå æ¨«¨¤à¨ç¥áª¨å ®¡®«®çª å

âà¥¡ã¥âáï ¯à¨¡«¨§¨â¥«ì® ¢ ¤¢  à §  ¡®́«ìè ï  ¬-
¯«¨âã¤  à áâï£¨¢ îé¨å  ¯àï¦¥¨© ¯® áà ¢¥¨î á

¯«®áª¨¬ á«ãç ¥¬. �à¨ íâ®¬ ¥®¡å®¤¨¬®¥ ¯à¥¢ëè¥¨¥
à áâï£¨¢ îé¨å  ¯àï¦¥¨© ã¢¥«¨ç¨¢ ¥âáï ¯® ¬¥à¥

ã¬¥ìè¥¨ï ¢ãâà¥¥£® à ¤¨ãá  æ¨«¨¤à .
�à¨ ¯«®â®áâïå â®ª  ¬¥ìè¥ ªà¨â¨ç¥áª¨å ¨ª -

ª®£® ¢ãâà¥¥£® ®âª®«  ¥ ¯à®¨áå®¤¨â. �¨§ã «ì®
 ¡«î¤ «®áì «¨èì ¥ª®â®à®¥ ¯®¬ãâ¥¨¥ ®à£áâ¥ª«  ¢

¬¥áâ¥, £¤¥ ¤®«¦¥ ¡ë« ¯à®¨§®©â¨ ®âª®«. �â® ¯®¬ãâ¥-
¨¥ ¥ ¬®¦¥â ¡ëâì á¢ï§ ® ¨ á ä §®¢ë¬ ¯¥à¥å®¤®¬

¢ ����, ¯à®¨áå®¤ïé¨¬ ¯à¨ ¡®«¥¥ ¢ëá®ª®¬, ç¥¬ ¢

¤ ëå íªá¯¥à¨¬¥â å ¤ ¢«¥¨¨ 4P ≈ 8 ª¡ à [6–9],
¨ á ¯¥à¥å®¤®¬ ¢ ¯« áâ¨ç¥áª®¥ á®áâ®ï¨¥, ¯®áª®«ìªã
¯à®å®¦¤¥¨¥ ¯® ®¡à §æ ¬ ���� § ¢¥¤®¬® ¯« áâ¨ç¥-
áª¨å ¢®« ¤ ¢«¥¨ï ¢¨§ã «ì® ¥ ®áâ ¢«ï¥â á«¥¤®¢.
�¥à®ïâ®, ¯®¬ãâ¥¨¥ á¢¨¤¥â¥«ìáâ¢ã¥â ® ¥ª®â®à®¬
 àãè¥¨¨ á¯«®è®áâ¨ [1]. � àâ¨  ï¢«¥¨ï ¯à¨

íâ®¬ â ª®¢ : ¯à®¨áå®¤¨â ®âª®« ª® ªá¨ «ì®© ¯« -
áâ¨ª¨ á ¢ãâà¥¥© áâ®à®ë æ¨«¨¤à¨ç¥áª®© ®¡®-
«®çª¨, ¥ª®â®à®¥ ¢à¥¬ï íâ  ¯« áâ¨ª , á¦¨¬ ïáì ¢
 §¨¬ãâ «ì®¬  ¯à «¥¨¨, ¤¢¨¦¥âáï ª ®á¨ æ¨«¨-
¤à , § â¥¬ ¯®¤ ¤¥©áâ¢¨¥¬ ¢®§à áâ îé¥£® ª á â¥«ì®-
£®  ¯àï¦¥¨ï σφφ ®áâ  ¢«¨¢ ¥âáï ¨ ¢®§¢à é ¥âáï
®¡à â®   á¢®¥ ¬¥áâ®. �â  £¨¯®â¥§  ¯®¤â¢¥à¦¤ ¥âáï
à¥§ã«ìâ â ¬¨ ª®âà®«ì®£® íªá¯¥à¨¬¥â , ¢ ª®â®à®¬
¯®ª § ® à¥§ª®¥ ã¬¥ìè¥¨¥ ¯«®â®áâ¨ â®ª  ¤«ï

®¡à §®¢ ¨ï ®âª®«  ¢ æ¨«¨¤à¥ á ¯«®áª®© âë«ì®©

áâ®à®®©, ¯®áª®«ìªã ã ®âª®«ì®© ¯« áâ¨ë ¡ë« 

¢®§¬®¦®áâì ®â¤¥«¨âìáï ®â ®¡®«®çª¨, ¥ á¦¨¬ ïáì
¢ ª á â¥«ì®¬  ¯à ¢«¥¨¨.
�â® ¦¥ ¤®«¦® ¯à®¨§®©â¨ á ®âª®«ì®© ¯« áâ¨-

ª®© ¢ãâà¨ æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨, çâ®¡ë ®âª®«

¯à®ï¢¨«áï ¢¨§ã «ì®? �¤¨áâ¢¥ ï ¢®§¬®¦®áâì —

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1
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à §¢¨â¨¥ ¢ ®âª®«®¢è¥©áï æ¨«¨¤à¨ç¥áª®© ¯« áâ¨¥

¥ãáâ®©ç¨¢®áâ¥© ¥¥ ä®à¬ë,  ¯à¨¬¥à â¨¯  ”£®äà ”
¨«¨ ¯« áâ¨ç¥áª®£® ¥¥ ãâ®«é¥¨ï. �à¨ íâ®¬ ª á -
â¥«ìë¥  ¯àï¦¥¨ï σφφ ¡ã¤ãâ áïâë ¨ ®âª®«ì ï

¯« áâ¨  ¥ ®¡ï§ â¥«ì® ¡ã¤¥â ¢®§¢à é âìáï   á¢®¥

¯¥à¢® ç «ì®¥ ¬¥áâ®. � íªá¯¥à¨¬¥â å à §¢¨â¨¥ ¥-
ãáâ®©ç¨¢®áâ¨ ¢ëà ¦ «®áì ¢ ®¡à §®¢ ¨¨ ®âª®«ìëå

ç¥èã¥ª, ¢ëâïãâëå ¢¤®«ì ®á¨ æ¨«¨¤à . �à¥¤¯®« £ -
¥¬ ï £¨¯®â¥§  ¯®«ãç¨«  ¤¥â «ì®¥ ¯®¤â¢¥à¦¤¥¨¥ ¢

ç¨á«¥ëå à áç¥â å, à¥§ã«ìâ âë ª®â®àëå ¯à¨¢®¤ïâáï
¢ á«¥¤ãîé¥¬ à §¤¥«¥.

�¨á«¥ë¥ à áç¥âë

�¡à ¡®âª  ®áæ¨««®£à ¬¬ â®ª  ¨  ¯àï¦¥¨ï ãáª®-
à¨â¥«ï ”� «ì¬ à” [10] ¯®ª § « , çâ® í¥à£¨î í«¥ª-
âà®®¢ U (ªí�) ¨ ¯«®â®áâì â®ª  j (ª�/á¬2) ¬®¦®

®¯¨á âì á«¥¤ãîé¨¬¨   «¨â¨ç¥áª¨¬¨ ¢ëà ¦¥¨ï¬¨,
§ ¢¨áïé¨¬¨ ®â ¢à¥¬¥¨:

U(t)=


U0[sin(πt/2Tb)
+1.1 sin(πt/2Tb + 11π/30)], t < 11Tb/15 á,

U0 sin(πt/2Tb), 11Tb/15 < t < 2Tb á,

j(t) = j sin(πt/2Tb), t < 2Tb á, (1)

£¤¥ U0, j, Tb —  ¬¯«¨âã¤ë¥ § ç¥¨ï í¥à£¨¨, ¯«®â-
®áâ¨ â®ª  í«¥ªâà®®¢ ¨ ¢à¥¬ï ¨¬¯ã«ìá  ãáª®à¨â¥«ï

á®®â¢¥âáâ¢¥®.
�¥à£®¢ª« ¤ í«¥ªâà®®£® ¯ãçª  à ááç¨âë¢ «-

áï ¯® ¯®«ãí¬¯¨à¨ç¥áª®¬ã ¬¥â®¤ã, ¯à¥¤«®¦¥®¬ã

¢ [11]. �â  ¬®¤¥«ì ¯à¨¢®¤¨â ª ¯®£à¥è®áâ¨ ¢ ¯à®-
ä¨«¥ í¥à£®¢ë¤¥«¥¨ï ¯® â®«é¨¥ ¬ â¥à¨ «  ¥ ¡®-
«¥¥ 20 % ¤«ï í«¥ªâà®®¢ á í¥à£¨ï¬¨ ¢ ¤¨ ¯ §®¥

50−500ªí�, çâ® ¯®¤â¢¥à¦¤ ¥âáï à áç¥â ¬¨ ¬¥â®¤®¬
�®â¥-� à«® [12].
�à¨ ç¨á«¥®¬ ¬®¤¥«¨à®¢ ¨¨ ¯à®å®¦¤¥¨ï ç¥-

à¥§ ���� ¨¬¯ã«ìá®¢ ¤ ¢«¥¨ï ¡ë« ¨á¯®«ì§®¢ 

®¤®¬¥àë© æ¨«¨¤à¨ç¥áª¨© ¢ à¨ â ª®á¥à¢ â¨¢-
®© « £à ¦¥¢®© áå¥¬ë ¯à¥¤¨ªâ®à–ª®àà¥ªâ®à [13] á

�¨á. 7. �à®ä¨«¨  ¯àï¦¥¨ï σrr.

�¨á. 8. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨  ¬¯«¨âã¤ σ+
rr ¯®«®¦¨â¥«ì-

®© ¨ ®âà¨æ â¥«ì®© ç áâ¥© ¢®«ë  ¯àï¦¥¨ï.

¬®®â®¨§ æ¨¥©. �¨á«¥® à¥è « áì á¨áâ¥¬  ãà ¢-
¥¨© £¨¤à®¤¨ ¬¨ª¨ á ãç¥â®¬ ã¯àã£®-¯« áâ¨ç¥áª¨å
¤¥ä®à¬ æ¨©. �¨áâ¥¬  § ¬ëª « áì ãà ¢¥¨¥¬ á®-
áâ®ï¨ï â¨¯  �¨–�àî ©§¥ , ãá«®¢¨¥¬ â¥ªãç¥áâ¨

�¨§¥á  [14]. � à ¬¥âàë ¨ ª®ªà¥âë¥ â¨¯ë ãà ¢-
¥¨© á®áâ®ï¨ï ���� ¢§ïâë ¨§ [6–10],   ¨¬¥®

¯«®â®áâì ρ = 1.18 £/á¬3, ®¡ê¥¬ ï áª®à®áâì §¢ãª 

C0 = 2100¬/á, ª®íää¨æ¨¥â �ã áá®  µ = 0.27,
¯à¥¤¥« â¥ªãç¥áâ¨ Y0 = 1.4ª¡ à, â¥¯«®â  ¯« ¢«¥¨ï
Qm = 580�¦/£, â¥¯«®â  áã¡«¨¬ æ¨¨ Qs = 2800�¦/£.
�®íää¨æ¨¥â �àî ©§¥  Γ0 = 0.6 ¡ë« ¢§ïâ ¨§ [15],
£¤¥ ® ¡ë« ¯®«ãç¥ ¯à¨ áà ¢¥¨¨ à áç¥âëå ¨

íªá¯¥à¨¬¥â «ìëå ¨â¥àä¥à®£à ¬¬ ¤¢¨¦¥¨ï ®¡«ã-
ç¥ëå   ãáª®à¨â¥«¥ ”� «ì¬ à” ¯«®áª¨å ®¡à §æ®¢

¨§ ����.
�ªáâà ¯®«¨à®¢  ï £«ã¡¨  §®ë í¥à£®¢ë¤¥«¥-

¨ï í«¥ªâà®®¢ á ¬ ªá¨¬ «ì®© í¥à£¨¥© U0 ≈
260ªí�, à¥ «¨§ã¥¬®© ¢ íªá¯¥à¨¬¥â å, ¥¢¥«¨ª  ¯®
áà ¢¥¨î á à §¬¥à ¬¨ ®¡«ãç¥®© ¯®¢¥àå®áâ¨ ¨

à ¢  ¢ ���� ≈ 0.5¬¬. �®íâ®¬ã ¯à¨ ¤®áâ â®ç®

¨â¥á¨¢®¬ ®¡«ãç¥¨¨ §  å à ªâ¥à®¥ ¢à¥¬ï à §-
£àã§ª¨ §®ë í¥à£®¢ë¤¥«¥¨ï τ ≈ 200á ®¡à §ã¥â-
áï ¬ £¨áâà «ì ï ¯®¢¥àå®áâì ®âª®«®¢ (à §àãè¥¨¥
����). � ¡®â®© ®âª®«ìëå á¨« §  áâ®«ì ª®à®âª®¥

¢à¥¬ï ¬®¦® ¯à¥¥¡à¥çì, ¯®áª®«ìªã ç¥¬ ª®à®ç¥ ¨¬-
¯ã«ìá, â¥¬ ¬¥«ìç¥ ¥®¤®à®¤®áâ¨ ¯®¢¥àå®áâ¨ ®âª®-
«  [13]. �®íâ®¬ã ¥¤¨áâ¢¥ë¬ ªà¨â¥à¨¥¬ ®âª®«  ¢

¯«®áª¨å ®¡à §æ å, ¯à¨ïâë¬ ¢  áâ®ïé¨å ç¨á«¥ëå
à áç¥â å, ï¢«ï¥âáï ¤®áâ¨¦¥¨¥ ¢ ���� à áâï£¨¢ -
îé¨å ãá¨«¨©, ¯à¥¢ëè îé¨å ®âª®«ìãî ¯à®ç®áâì.
�  à¨á. 7 ¤«ï ¯à¨¬¥à  ¯à¨¢¥¤¥ë 4 ¯à®ä¨«ï  ¯àï-

¦¥¨ï σrr, à¥ «¨§ãîé¨¥áï ¯à¨ ®¡«ãç¥¨¨ ®¡®«®çª¨
á ¢ãâà¥¨¬ à ¤¨ãá®¬ R = 4.5¬¬ ¨ j = 1.0 ª�/á¬2 ¢

ç¥âëà¥ ¬®¬¥â  ¢à¥¬¥¨ T1 = 450á, T2 = 1160á,
T3 = 1720á, T4 = 2110á ¯®á«¥  ç «  ®¡«ãç¥-
¨ï. � ¦¤ë© ¨§ íâ¨å ¨¬¯ã«ìá®¢ ¢ ®â«¨ç¨¥ ®â ¯®«ã-
ç¥ëå ã¤ àë¬ ®¡à §®¬ á®áâ®¨â ¨§ ¢®«ë á¦ â¨ï

¨ ¯®á«¥¤ãîé¥© ¢®«ë à §àï¦¥¨ï, ¯®áª®«ìªã ¯à¨

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1
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®¡«ãç¥¨¨ ¥ ¯¥à¥¤ ¥âáï ¬¥å ¨ç¥áª¨© ¨¬¯ã«ìá. � 
à¨á. 8 ¯à¥¤áâ ¢«¥ë £à ä¨ª¨ ¨§¬¥¥¨ï ¢® ¢à¥¬¥¨

 ¬¯«¨âã¤ σ+
rr ¯®«®¦¨â¥«ì®© ¨ ®âà¨æ â¥«ì®© ç -

áâ¥© ¢®«ë  ¯àï¦¥¨ï. �¨¤®, çâ® ¯®á«¥ ¢ëå®¤ 

¨§ §®ë í¥à£®¢ë¤¥«¥¨ï  ¬¯«¨âã¤ë σ+
rr  ç¨ îâ

 à áâ âì ¥¬®£® ¬¥¤«¥¥¥, ç¥¬ ¯® § ª®ã R−0.5.
�à¨ ®âà ¦¥¨¨ ¯®«®¦¨â¥«ì®© ç áâ¨ ¢®«ë ®â ¢ã-
âà¥¥© áâ®à®ë æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨ ä®à¬¨àã-
¥âáï à áâï£¨¢ îé¥¥ ãá¨«¨¥, ¯à¨¡«¨§¨â¥«ì® à ¢®¥
áã¬¬¥ σ+

rr ¨ |σrr|, ¯à¥¢ëè îé¥¥ ®âª®«ìãî ¯à®ç®áâì
σ0 ¨ ¤®áâ â®ç®¥ ¤«ï ®âª®«  á ¢ãâà¥¥© áâ®à®-
ë ®¡®«®çª¨ â®ª®© ª® ªá¨ «ì®© æ¨«¨¤à¨ç¥áª®©

¯« áâ¨ª¨. �®«é¨  íâ®© ¯« áâ¨ª¨ h à ¢  0.5¬¬
¯à¨ ®¡«ãç¥¨¨ ®¡®«®çª¨ á ¢ãâà¥¨¬ à ¤¨ãá®¬ R =
4.5¬¬ ¢ à¥¦¨¬¥ j = 1.0ª�/á¬2 ¨ 0.44¬¬ ¯à¨ ®¡«ã-
ç¥¨¨ ®¡®«®çª¨ á ¢ãâà¥¨¬ à ¤¨ãá®¬ R = 8.0¬¬
¢ à¥¦¨¬¥ j = 1.2 ª�/á¬2. �®«é¨  ®âª®«ì®©

¯« áâ¨ë ¥¬®£® ¡®«ìè¥ ã ®¡®«®çª¨ á ¬¥ìè¨¬

à ¤¨ãá®¬ ¨§-§  ¥®¤¨ ª®¢®£® à á¯«ë¢ ¨ï ¢®«ë

¤ ¢«¥¨ï, ¯à®å®¤ïé¥© à §ë¥ à ááâ®ï¨ï ®â ¢¥è¥©
®¡«ãç¥®© ¯®¢¥àå®áâ¨ ®¡®«®çª¨.

� ª ã¦¥ ¡ë«® áª § ® ¢ëè¥, à §àãè¥¨¥ ¢ã-
âà¥¥© ¯®¢¥àå®áâ¨ ®¡®«®ç¥ª  ç¨ ¥â  ¡«î¤ âìáï

«¨èì ¯à¨ ã¢¥«¨ç¥¨¨  ¬¯«¨âã¤ë ¯«®â®áâ¨ â®ª 

j0 > 2.3 ª�/á¬2 ¤«ï æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨ á

¢ãâà¥¨¬ à ¤¨ãá®¬ R = 4.5¬¬ ¨ j0 > 2.0 ª�/á¬2

¤«ï R = 8¬¬.

�â® à §àãè¥¨¥ ¢ëà ¦ ¥âáï ¢ ®¡à §®¢ ¨¨ ®â-
ª®«ìëå ç¥èã¥ª, ¢ëâïãâëå ¢¤®«ì ®á¨ æ¨«¨¤à  á

¯®¯¥à¥çë¬¨ à §¬¥à ¬¨ ≈ 2¬¬ ¢¤®«ì  §¨¬ãâ «ì®£®
ã£«  φ. �®«é¨  íâ¨å ¯« áâ¨®ª á®®â¢¥âáâ¢®¢ « 

à áç¥â®©: h = 0.3¬¬ ¤«ï æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨

á ¢ãâà¥¨¬ à ¤¨ãá®¬ R = 4.5¬¬ ¨ h = 0.4¬¬ ¤«ï

R = 8.0¬¬. �â¬¥â¨¬, çâ®, ¥á¬®âàï   ãá¨«¥¨¥ áå®-
¤ïé¥©áï ª ®á¨ æ¨«¨¤à   ¬¯«¨âã¤ë ¢®«ë ¤ ¢«¥¨ï,
®âª®«   ¢ãâà¥¥© ¯®¢¥àå®áâ¨ æ¨«¨¤à¨ç¥áª®©

�¨á. 9. � ¢¨á¨¬®áâì ®â ¢à¥¬¥¨ ¢¥«¨ç¨ë á¦¨¬ îé¥£®

 ¯àï¦¥¨ï 〈σφφ〉, ãáà¥¤¥®© ¯® â®«é¨¥ ®âª®«ì®©

¯« áâ¨ë. � ¤¨ãá ¯« áâ¨ë ¢ ¬®¬¥â ®âª®«  R = 4.5¬¬,
à¥¦¨¬ ®¡«ãç¥¨ï j = 1ª�/á¬2.

�¨á. 10. �® ¦¥, çâ® ¨   à¨á. 9, ® à¥¦¨¬ ®¡«ãç¥¨ï

j0 = 2.3 ª�/á¬2.

®¡®«®çª¨ à¥ «¨§ã¥âáï «¨èì ¯à¨ ¡®«¥¥ ¨â¥á¨¢®¬

®¡«ãç¥¨¨ (¯®çâ¨ ¢ 1.5 à §), ç¥¬ ¯à¨ ®¡«ãç¥¨¨

¯«®áª®£® ®¡à §æ  ¨§ ����. �â¥à¥á® ¡ë«® ¢ëïá-
¨âì, ç¥¬ ®¯à¥¤¥«ï¥âáï ¤«¨  ¢®«ë ¥ãáâ®©ç¨¢®áâ¨

â¨¯  ”£®äà ” ¢ ®âª®«ì®© ¯« áâ¨¥. �á®, çâ® ¤«ï
à §¢¨â¨ï ¤«¨®¢®«®¢®© ¥ãáâ®©ç¨¢®áâ¨ (á ¤«¨®©
¢®«ë λ � R) âà¥¡ãîâáï ¬¥ìè¨¥ ªà¨â¨ç¥áª¨¥

á¦¨¬ îé¨¥ ª á â¥«ìë¥  ¯àï¦¥¨ï σ∗φφ, ç¥¬ ¤«ï

à §¢¨â¨ï ª®à®âª®¢®«®¢ëå ¥ãáâ®©ç¨¢®áâ¥© [16]

σ∗φφ = E(h/λ)2/[3(1− µ2)], (2)

£¤¥ E — ¬®¤ã«ì �£ , µ — ª®íää¨æ¨¥â �ã áá® ,
h — â®«é¨  ®âª®«ì®© ¯« áâ¨ë.
�® ¢à¥¬ï ¤¥©áâ¢¨ï á¦¨¬ îé¨å  ¯àï¦¥¨© σφφ

®£à ¨ç¥®,  ¯à¨¬¥à, ¢à¥¬¥¥¬ ¢®§¢à é¥¨ï æ¨-
«¨¤à¨ç¥áª®© ®âª®«ì®© ¯« áâ¨ª¨ ®¡à â®   á¢®¥

¯¥à¢® ç «ì®¥ ¬¥áâ®. �  íâ® ¢à¥¬ï ¤«¨®¢®«®¢ë¥
¥ãáâ®©ç¨¢®áâ¨ ¬®£ãâ ¯à®áâ® ¥ ãá¯¥âì à §¢¨âìáï.
�à®¬¥ â®£®, § ¢¨á¨¬®áâì σφφ(t) ¨¬¥¥â ïàª® ¢ëà -
¦¥ë© à¥§® áë© å à ªâ¥à, á¢ï§ ë© á ¡¨¥¨¥¬
®âª®«ì®© ¯« áâ¨ë á ç áâ®â®© C0/h, çâ® â ª¦¥

§ âàã¤ï¥â à®áâ ¤«¨®¢®«®¢ëå ¥ãáâ®©ç¨¢®áâ¥©.
�  à¨á. 9, 10 ¯®ª § ë § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥¨

ãáà¥¤¥ëå ¯® â®«é¨¥ ®âª®«ì®© ¯« áâ¨ë ¢¥«¨-
ç¨ á¦¨¬ îé¨å  ¯àï¦¥¨© 〈σφφ〉, ¯®«ãç¥ë¥ ¢

®¯¨á ëå ¢ëè¥ à¥¦¨¬ å ®¡«ãç¥¨ï ¤«ï æ¨«¨¤à¨-
ç¥áª®© ®¡®«®çª¨ á ¢ãâà¥¨¬ à ¤¨ãá®¬ R = 4.5¬¬.
�¨¤®, çâ® ¢ á«ãç ¥ ¬¥ìè¨å â®ª®¢ ¤¥ä®à¬ æ¨¨

¨¬¥îâ ¯®çâ¨ ã¯àã£¨© å à ªâ¥à ¢ ®â«¨ç¨¥ ®â ¤¥ä®à-
¬ æ¨© ¯à¨ ¡®«¥¥ á¨«ì®¬ ®¡«ãç¥¨¨ á ¨â¥á¨¢ë¬¨

¯« áâ¨ç¥áª¨¬¨ â¥ç¥¨ï¬¨.
�«ï â®£® çâ®¡ë áà ¢¨âì à §¢¨â¨¥ ¥ãáâ®©ç¨¢®áâ¥©

¢ ª ¦¤®¬ ¨§ íâ¨å ç¥âëà¥å á«ãç ¥¢, ç¨á«¥® à¥è -
«®áì ãà ¢¥¨¥, ®¯¨áë¢ îé¥¥ ª®«¥¡ ¨ï § ªà¥¯«¥-
®©   ª®æ å ¬¥¬¡à ë — ®âª®«ì®© ¯« áâ¨ë á

§ ¤ ë¬¨   à¨á. 9, 10 § ¢¨á¨¬®áâï¬¨ á¦¨¬ îé¨å

 ¯àï¦¥¨© 〈σφφ〉(t). � á«ãç ¥ ã¯àã£¨å  ¯àï¦¥¨©

�ãà « â¥å¨ç¥áª®© ä¨§¨ª¨, 1997, â®¬ 67, ò 1
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íâ® ãà ¢¥¨¥ á¨«ì®£® ¨§£¨¡  â®ª¨å ¯« áâ¨®ª [16]

Dζ′′′′xxxx + h〈σφφ〉(t)ζ
′′
xx = −ρ0hζ

′′
tt, D =

Eh3

12(1− µ2)
,

(3)
£¤¥ D — æ¨«¨¤à¨ç¥áª ï ¦¥áâª®áâì, E — ¬®¤ã«ì

�£ , ζ(x, t) — ¯à®ä¨«ì ®âª®«ì®© ¯« áâ¨ë ¢  -
¯à ¢«¥¨¨ r, x — «¨¥© ï ª®®à¤¨ â  ¢ ¯®¯¥à¥ç®¬

 ¯à ¢«¥¨¨ (¢¤®«ì  §¨¬ãâ «ì®£®  ¯à ¢«¥¨ï φ),
h — â®«é¨  ®âª®«ì®© ¯« áâ¨ë (ä®à¬ã«  (2) ¯®-
«ãç ¥âáï ¨§ íâ®£® ãà ¢¥¨ï ¢ áâ æ¨® à®¬ á«ãç ¥).
� ãà ¢¥¨¨ (3) ¥ ãçâ¥  § ¢¨á¨¬®áâì ζ ®â ª®-

®à¤¨ âë z ¢¤®«ì æ¨«¨¤à , ¯®áª®«ìªã ¨áª ¦¥¨ï

ä®à¬ë ®âª®«ì®© ¯« áâ¨ë ¢¤®«ì z ¯®çâ¨ ¥ ¯à¨-
¢®¤ïâ ª áïâ¨î  £àã§®ª 〈σφφ〉, ª â®¬ã ¦¥ ®¡«ã-
ç¥¨¥ ¢ íªá¯¥à¨¬¥â¥ ¡ë«® ¤®áâ â®ç® à ¢®¬¥à®

¯®  ¯à ¢«¥¨î z. � ç «ì®© ªà¨¢¨§®© ®âª®«ì®©
¯« áâ¨ë â ª¦¥ ¬®¦® §¤¥áì ¯à¥¥¡à¥çì, â ª ª ª

¢á¥ ¥¥ ®¡à §ãîé¨¥ ®áâ îâáï ¤«ï à áá¬ âà¨¢ ¥¬ëå

¤¥ä®à¬ æ¨© ¯ à ««¥«ìë¬¨ ¤àã£ ¤àã£ã [16]. �à ¢-
¥¨¥ (3) á¯à ¢¥¤«¨¢® ¤«ï ã¯àã£¨å  ¯àï¦¥¨©,   ¢
¬®¬¥âë ¢à¥¬¥¨, ª®£¤   £àã§ª¨ ¯« áâ¨ç¥áª¨¥ (â. ¥.
ª®£¤  〈σφφ〉(t)� Y0), ¢ ãà ¢¥¨¨ (3) ¤®«¦® ¡ëâì

®¯ãé¥® ¯¥à¢®¥ á« £ ¥¬®¥, çâ® ¢¯®«¥ á¯à ¢¥¤«¨¢® ¢
à áá¬ âà¨¢ ¥¬®¬ «¨¥©®¬ ¯à¨¡«¨¦¥¨¨.
�  à¨á. 11, 12 ¯à¨¢¥¤¥ë à¥§ã«ìâ âë ç¨á«¥®-

£® à áçâ  à®áâ   ¬¯«¨âã¤ë § âà ¢®çëå £ à¬®¨ª

ζk/ζ
0
k(ζ(x, t) ∼ ζk(t) exp(ikx)) ®â ¨å ¤«¨ë ¢®«ë

λ. �  à¨á. 11 ¢ãâà¥¨© à ¤¨ãá æ¨«¨¤à¨ç¥áª®©

®¡®«®çª¨ R = 4.5¬¬,     à¨á. 12 — 8.0¬¬. �¥àåïï
ªà¨¢ ï ª ¦¤®£® à¨áãª  á®®â¢¥âáâ¢ã¥â à¥¦¨¬ã ®¡«ã-

�¨á. 11. � ¢¨á¨¬®áâì  ¬¯«¨âã¤ë § âà ¢®çëå ¢®§¬ã-
é¥¨© ζk/ζ

0
k ®â ¤«¨ë ¢®«ë λ. � ¤¨ãá ®âª®«ì®©

¯« áâ¨ë ¢ ¬®¬¥â ®âª®«  R = 4.5¬¬, à¥¦¨¬ë ®¡«ãç¥¨ï
j = 2.3 (1 ), 1ª�/á¬2 (2 ).

�¨á. 12. �® ¦¥, çâ® ¨   à¨á. 11, ® à ¤¨ãá ®âª®«ì®©
¯« áâ¨ë ¢ ¬®¬¥â ®âª®«  R = 8¬¬, à¥¦¨¬ë ®¡«ãç¥¨ï

j = 2 (1 ), 1.2 ª�/á¬2 (2 ).

ç¥¨ï, ¢ ª®â®à®¬ ®âª®« à¥£¨áâà¨àã¥âáï íªá¯¥à¨¬¥-
â «ì®,   ¨¦ïï — à¥¦¨¬ã, ¢ ª®â®à®¬  ¡«î¤ ¥âáï
«¨èì  àãè¥¨¥ á¯«®è®áâ¨ (¯®¬ãâ¥¨¥ ����).
� ¨¡®«ìè ï ¢®§¬®¦ ï ¤«¨  ¢®«ë λmax ®æ¥¥  ¯®

íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ ®¤®à®¤®áâ¨ ®¡«ãç¥¨ï

¢  §¨¬ãâ «ì®¬  ¯à ¢«¥¨¨ ª ª λmax ' 2Rφmax á®

§ ç¥¨¥¬ φmax ' 120◦. � ¨¡®«ìè¨© à®áâ  ¬¯«¨âã¤ë
§ âà ¢®çëå £ à¬®¨ª ζk ª ª ¤«ï R = 4.5¬¬, â ª ¨
¤«ï R = 8.0¬¬ ¯à®¨áå®¤¨â ¤«ï ¤«¨ë ¯®«ã¢®«ë

λ/2 ' 2¬¬, çâ® á®®â¢¥âáâ¢ã¥â íªá¯¥à¨¬¥â «ì®

§ à¥£¨áâà¨à®¢ ë¬ § ç¥¨ï¬ ¯®¯¥à¥çëå à §¬¥-
à®¢ ®âª®«ìëå ç¥èã¥ª. �â¬¥â¨¬, çâ® íªá¯¥à¨¬¥-
â «ì® § à¥£¨áâà¨à®¢ ë¥ ªà¨â¨ç¥áª¨¥ ¯«®â®áâ¨

â®ª , ¯à¨ ª®â®àëå à¥£¨áâà¨àã¥âáï ®âª®«, â ª®¢ë, çâ®
¬ ªá¨¬ «ì®¥ ã¢¥«¨ç¥¨¥  ¬¯«¨âã¤ë § âà ¢®çëå

¢®§¬ãé¥¨©, ¥®¡å®¤¨¬®¥ ¤«ï ®¡à §®¢ ¨ï ®âª®«ì-
ëå ç¥èã¥ª, ç¨á«¥® ®¤¨ ª®¢® (à¨á. 11, 12) ª ª

¤«ï R = 4.5¬¬, â ª ¨ ¤«ï R = 8¬¬. � ª¨¬ ®¡à -
§®¬, ¯à¥¤«®¦¥ë©  ¢â®à ¬¨ ¬¥å ¨§¬ à §àãè¥¨ï

¢ãâà¥¥© ¯®¢¥àå®áâ¨ æ¨«¨¤à¨ç¥áª¨å ®¡®«®ç¥ª

���� ï¢«ï¥âáï, ¯®-¢¨¤¨¬®¬ã, ¢¥àë¬.

� ª«îç¥¨¥

�áá«¥¤®¢ ® ¥«¨¥©®¥ ¯®¢¥¤¥¨¥ ¯®«¨¬¥à®-
£® ¬ â¥à¨ «  ���� ¢ ®¡« áâ¨ à §¢¨â¨ï ã¯àã£®-
¯« áâ¨ç¥áª¨å ¤¥ä®à¬ æ¨©, ¨¨æ¨¨à®¢ ëå ¨¬-
¯ã«ìáë¬ ¢®§¤¥©áâ¢¨¥¬ á¨«ì®â®ç®£® í«¥ªâà®®£®

¯ãçª . �¨á«¥® ¨ íªá¯¥à¨¬¥â «ì®   «¨§¨àã¥âáï
à á¯à®áâà ¥¨¥ ¢ æ¨«¨¤à¨ç¥áª¨å ®¡®«®çª å ¢®§-
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94 �.�. �¥¬¨¤®¢, �.�. �äà¥¬®¢, �.�. �¢ª¨, �.�. �¢®¨, �.�. �¥âà®¢, �.�. � ä à®¢, �.�. �èª®¢

¨ª îé¥£® ¤¢ã¯®«ïà®£® áå®¤ïé¥£®áï ¨¬¯ã«ìá  ¤ -
¢«¥¨ï. �®ª § ®, çâ® ã¢¥«¨ç¥¨¥ à®áâ   ¬¯«¨âã¤ë
¤ ¢«¥¨ï ¯à®¨áå®¤¨â ¬¥¤«¥¥¥, ç¥¬ ¢  ªãáâ¨ç¥áª¨å

¢®« å, ¨§-§  ã¢¥«¨ç¥¨ï è¨à¨ë ¨¬¯ã«ìá  ¢á«¥¤-
áâ¢¨¥ ¥£® à á¯«ë¢ ¨ï.

�§ãç¥® à §àãè¥¨¥ ¢ãâà¥¥© ¯®¢¥àå®áâ¨ æ¨-
«¨¤à¨ç¥áª¨å ®¡®«®ç¥ª ª®à®âª¨¬ ¨¬¯ã«ìá®¬ ¤ ¢«¥-
¨ï (' 100á).

�¡ àã¦¥®, çâ® ¤«ï â ª®£® à §àãè¥¨ï ¥®¡å®-
¤¨¬ë ãà®¢¨  £àã¦¥¨ï, ¡®́«ìè¨¥, ç¥¬ ¤«ï à §-
àãè¥¨ï ¯«®áª®£® ®¡à §æ , ¥á¬®âàï   ã¢¥«¨ç¥¨¥
 ¬¯«¨âã¤ë ¤ ¢«¥¨ï ¢ áå®¤ïé¥©áï æ¨«¨¤à¨ç¥áª®©

¢®«¥. �â¨ ãà®¢¨  £àã¦¥¨ï â¥¬ ¡®«ìè¥, ç¥¬

¬¥ìè¥ ¢ãâà¥¨© à ¤¨ãá ®¡®«®çª¨. �¡ àã¦¥ë©
ä ªâ ®¡êïáï¥âáï ¥®¡å®¤¨¬®áâìî à §¢¨â¨ï ¥ãáâ®©-
ç¨¢®áâ¥© ®âª «ë¢ îé¥©áï á ¢ãâà¥¥© ¯®¢¥àå®áâ¨

¯« áâ¨ë. � §¢¨â¨¥ ¥ãáâ®©ç¨¢®áâ¥© ä®à¬ë ®âª®«ì-
®© ¯« áâ¨ë â¨¯  ”£®äà ” ¤®«¦® ¡ëâì ¤®áâ â®ç-
® ¢¥«¨ª® ¤«ï ¥¥ ¡¥á¯à¥¯ïâáâ¢¥®£® ¤¢¨¦¥¨ï ®â

¢ãâà¥¥© áâ®à®ë æ¨«¨¤à¨ç¥áª®© ®¡®«®çª¨. � §-
¬¥à ”£®äà ” ¢ á«ãç ¥ ª®à®âª®£® ¨¬¯ã«ìá  ¤ ¢«¥¨ï
¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®â ¢ãâà¥¥£® à ¤¨ãá  ®¡®-
«®çª¨ ¨ ®¯à¥¤¥«ï¥âáï «¨èì ¤«¨â¥«ì®áâìî ¨¬¯ã«ìá 

¢®§¤¥©áâ¢¨ï.�®áâ â®çë© ãà®¢¥ì à §¢¨â¨ï ¥ãáâ®©-
ç¨¢®áâ¥© (à®áâ § âà ¢®çëå ¢®§¬ãé¥¨©) â ª¦¥ ¥

§ ¢¨á¨â ®â ¢ãâà¥¥£® à ¤¨ãá  ®¡®«®çª¨.

�¢â®àë ¡« £®¤ àë �.�.�ã¤ ª®¢ã §  ¯®«¥§ë¥ ®¡-
áã¦¤¥¨ï ¨ ªà¨â¨ç¥áª¨¥ § ¬¥ç ¨ï.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ £à â  ����

ò 95-02-06285a.
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