
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 3 { 9��� 622.235������������������ ������ ����������������� ��� ���������� ����������� ������. �. �����,�. �. ����������,�. �. �������������,�. �. ��������,�. �. ������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢��� æ¨® «ìë© ��� ®åà ë âàã¤ , �¨¥¢��� ��� "�¥å®¢§àë¢", �¨¥¢�®«ãç¥® 20.01.98 � �¥à¥á¬®âà¥® 11.10.99�®ª §   íää¥ªâ¨¢®áâì ¯à¨¬¥¥¨ï £¨¤à®¨§®«¨àãîé¨å ®¡®«®ç¥ª § àï¤®¢ ¥¢®¤®ãáâ®©ç¨¢ëå ¯à®áâ¥©è¨å ¢§àë¢-ç âëå ¢¥é¥áâ¢, ä®à¬¨àã¥¬ëå á ¯®¬®éìî á¯¥æ¨ «ìëå § àï¤ëå ãáâà®©áâ¢, ¯à¨ ¯à®¨§¢®¤áâ¢¥ ¬ áá®¢ëå ¢§àë¢®¢¢ ®¡¢®¤¥ëå ¬ áá¨¢ å áª «ìëå ¯®à®¤ ¢ ãá«®¢¨ïå ¯à¥¤¯à¨ïâ¨© à §«¨çëå ®âà á«¥© £®à®¤®¡ë¢ îé¥© ¯à®¬ëè-«¥®áâ¨. �à¨¢¥¤¥ë à áç¥âë¥ ä®à¬ã«ë ¤«ï ®¯à¥¤¥«¥¨ï ¯ à ¬¥âà®¢ ¨ í«¥¬¥â®¢ ¤ ®© â¥å®«®£¨¨,   â ª¦¥®á®¢ë¥ ¯®«®¦¥¨ï â¥å¨ª¨ ¡¥§®¯ á®áâ¨ ¯à¨ § àï¦ ¨¨ ¨ ¢§àë¢ ¨¨ ®¡¢®¤¥ëå áª¢ ¦¨ § àï¤ ¬¨ ¯à®áâ¥©-è¨å ¥¢®¤®ãáâ®©ç¨¢ëå ¢§àë¢ç âëå ¢¥é¥áâ¢ ¢ ®¡®«®çª å.� ¢¥¤¥  ¥ä¥ªâ¨¢÷áâì ¢¨ª®à¨áâ ï £÷¤à®÷§®«îîç¨å ®¡®«®®ª § àï¤÷¢ ¥¢®¤®áâ÷©ª¨å  ©¯à®áâ÷è¨å ¢¨¡ãå®¢¨å à¥-ç®¢¨, é® ä®à¬ãîâìáï §  ¤®¯®¬®£®î á¯¥æ÷ «ì¨å § àï¤¨å ¯à¨áâà®ù¢, ¯à¨ ¢¨ª® ÷ ¬ á®¢¨å ¢¨¡ãå÷¢ ¢ ®¡¢®¤¥¨å¬ á¨¢ å áª¥«ì¨å ¯®à÷¤ ¢ ã¬®¢ å ¯÷¤¯à¨õ¬áâ¢ à÷§¨å £ «ã§¥© £÷à¨ç®¤®¡ã¢®ù ¯à®¬¨á«®¢®áâ÷. � ¢¥¤¥i à®§à åãª®¢iä®à¬ã«¨ ¤«ï ¢¨§ ç¥ï ¯ à ¬¥âài¢ â  ¥«¥¬¥âi¢ æiõù â¥å®«®£iù,   â ª®¦ ®á®¢i ¯®«®¦¥ï â¥åiª¨ ¡¥§¯¥ª¨ ¯à¨§ àï¤æi â  ¢¨¡ãå å ®¡¢®¤¥¨å á¢¥à¤«®¢¨ § àï¤ ¬¨  ©¯à®áâiè¨å ¥¢®¤®áâ÷©ª¨å ¢¨¡ãå®¢¨å à¥ç®¢¨ ¢ ®¡®«®ª å.The performance of the hydroinsulated shell employment in the charge with water-non-stable simple explosives formed byspecial charge arrongement on the large-scole production of explosions in the irregated rocks is shown in the conditionsof luterpises of di�erent branchs of mining industry. The design formulas for dating of parameters and elements of thistechnology and the basis principles of safety engineering at the loading and detonating of depleted slits by the charges ofwater{non{stable explosives with the shells have been made.���������à®¨§¢®¤áâ¢® ¢§àë¢ëå à ¡®â (��) ¢ á®¢à¥¬¥-ëå ãá«®¢¨ïå £®à®¤®¡ë¢ îé¨å ¯à¥¤¯à¨ïâ¨© å -à ªâ¥à¨§ã¥âáï ¬®£¨¬¨ ä ªâ®à ¬¨, ¢ â®¬ ç¨á«¥à §«¨ç®© áâ¥¯¥ìî ®¡¢®¤¥®áâ¨ à §àãè ¥¬ëå¬ áá¨¢®¢ áª «ìëå ¯®à®¤. � ®¡é¥¬ ®¡ê¥¬¥ à §-àãè¥¨ï ®¡¢®¤¥ë¥ áª «ìë¥ ¯®à®¤ë á®áâ ¢«ï-îâ 40� 80%,   ¨®£¤  ¨ ¡®«¥¥ [1]. �â® ®¡ãá«®¢«¨-¢ ¥â ¯à¨¬¥¥¨¥ ¤®à®£®áâ®ïé¨å ¢®¤®ãáâ®©ç¨¢ëå¢§àë¢ç âëå ¢¥é¥áâ¢ (���), ¯à®¨§¢®¤áâ¢® ª®â®-àëå   �ªà ¨¥ ¢  áâ®ïé¥¥ ¢à¥¬ï ¯à ªâ¨ç¥áª¨¯à¥ªà é¥®. �á¯®«ì§®¢ ¨¥ ¤àã£¨å â¨¯®¢ ¯à®-¬ëè«¥ëå ¢§àë¢ç âëå ¢¥é¥áâ¢ (��) ¢ ®¡¢®¤-¥ëå ãá«®¢¨ïå ¥ íää¥ªâ¨¢®,   ¨å ¢ë¯ãáª § ¢®-¤ ¬¨ ¢§àë¢ç âëå ¬ â¥à¨ «®¢ (��) â ª¦¥ ®£à ¨-ç¥. �®íâ®¬ã à §«¨çë¬¨  ãçë¬¨ ¨ ¯à®¬ëè-«¥ë¬¨ ®à£ ¨§ æ¨ï¬¨ ¯à®¢®¤ïâáï ¨§ëáª ¨ï áæ¥«ìî à §à ¡®âª¨ ¨ ¢¥¤à¥¨ï  ¨¡®«¥¥ ¤¥è¥¢ëå¯à®áâ¥©è¨å ¨ ¢ â® ¦¥ ¢à¥¬ï íª®«®£¨ç¥áª¨ ¡¥§®¯ á-
ëå ¨ íää¥ªâ¨¢ëå ¯® ¤à®¡ïé¥¬ã ¤¥©áâ¢¨î ��.�¤ ª® ¯à®æ¥áá ®¡®¢«¥¨ï ¯à®¬ëè«¥ëå �� ¨¢§àë¢ç âëå á®áâ ¢®¢ (��) ¬¥áâ®£® ¨§£®â®¢«¥-¨ï, ¢ â®¬ ç¨á«¥ ¡¥áâà®â¨«®¢ëå, ¯à®¨áå®¤¨â ¢¥áì-¬  ¬¥¤«¥® ¨ ¥ ®âà ¦ ¥â ¬¨à®¢®© â¥¤¥æ¨¨ ¥£®à §¢¨â¨ï [2].�à®¢¥¤¥¨î ¥¤¨®© â¥å¨ç¥áª®© ¯®«¨â¨ª¨ ¯®®à£ ¨§ æ¨¨ ¯à®¨§¢®¤áâ¢  �� ¢ �ªà ¨¥ ¤®«¦-  ¯à¥¤è¥áâ¢®¢ âì  ãç® ®¡®á®¢  ï íª®®¬¨-ç¥áª¨ æ¥«¥á®®¡à § ï ¨ íª®«®£¨ç¥áª¨ ¡¥§®¯ á ïª®æ¥¯æ¨ï [3]. � íâ®© æ¥«ìî à §à ¡®â   £®áã-¤ àáâ¢¥ ï ¯à®£à ¬¬  ¯® á®§¤ ¨î ¨ à §¢¨â¨î¯à®¨§¢®¤áâ¢ íª®«®£¨ç¥áª¨ ç¨áâëå �� ¨ áà¥¤áâ¢¨¨æ¨¨à®¢ ¨ï (��) á ¨á¯®«ì§®¢ ¨¥¬ áëàì¥¢ëåà¥áãàá®¢ ¨ ¯à®¨§¢®¤áâ¢¥®© ¡ §ë áâà ë.�®áâ®ï¨¥ ��   ¤ ®¬ íâ ¯¥ å à ªâ¥à¨§ã¥â-áï ¯¥à¥å®¤®¬ ®â âà®â¨«®á®¤¥à¦ é¨å �� ª ¯à®-áâ¥©è¨¬ ¨ í¬ã«ìá¨®ë¬ á ¨á¯®«ì§®¢ ¨¥¬ ª®-¢¥àá¨®ëå ¬ â¥à¨ «®¢ [4, 5]. �® á®¢¥àè¥áâ¢®-¢ ¨î ¯à®áâ¥©è¨å ��   ®á®¢¥ á¬¥á¥© \ ¬¬¨ ç-c �. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨, 1999 3



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 3 { 9 ï á¥«¨âà  { ¤¨§¥«ì®¥ â®¯«¨¢®" (�� {��) ¨¬¥-îâáï à §à ¡®âª¨  ãçëå ¨ ¯à®¬ëè«¥ëå ®à£ -¨§ æ¨© (�áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë,�áâ¨âãâ £¥®â¥å¨ç¥áª®© ¬¥å ¨ª¨ ��� �ªà -¨ë, �®áã¤ àáâ¢¥ë©  ãç®-¨áá«¥¤®¢ â¥«ìáª¨©¨áâ¨âãâ å¨¬¨ç¥áª¨å ¯à®¤ãªâ®¢, � æ¨® «ìë©â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë { \���", � -æ¨® «ì ï £®à ï  ª ¤¥¬¨ï, � æ¨® «ìë© ���®åà ë âàã¤  ¨ ¤à.) [4 { 6]. �¤ ª® ®¨ ¥é¥ ¥ ã¤®-¢«¥â¢®àïîâ ¢ ª ç¥áâ¢¥®¬ ®â®è¥¨¨, ¯® ®¡ê¥¬ã¯à®¨§¢®¤áâ¢  ��,   ¥ª®â®àë¥ ¨§ ¨å  å®¤ïâáï ¢áâ ¤¨¨ ¨áá«¥¤®¢ ¨©.�¤¨¬ ¨§ ª®ªãà¥â®á¯®á®¡ëå  ¯à ¢«¥¨© ¯®á®§¤ ¨î ¯à®áâ¥©è¨å ¨ íª®«®£¨ç¥áª¨ ¡¥§®¯ áëå�� ï¢«ï¥âáï ¯à¨¬¥¥¨¥ ¯à¨ �� â¥å®«®£¨¨ § àï-¦ ¨ï ®¡¢®¤¥ëå áª¢ ¦¨ ¥¢®¤®ãáâ®©ç¨¢ë¬¨¢§àë¢ç âë¬¨ ¢¥é¥áâ¢ ¬¨ (���) ¢ £¨¤à®¨§®«¨-àãîé¨å ®¡®«®çª å (¯®«¨íâ¨«¥®¢ëå àãª ¢ å, ¯ -âà® å) [7 {9]. �â  â¥å®«®£¨ï ¤®«£®¥ ¢à¥¬ï ¥¯®«ãç «  è¨à®ª®£® à á¯à®áâà ¥¨ï ¨§-§  ¡®«ì-è®© âàã¤®¥¬ª®áâ¨ ¨ áâ®¨¬®áâ¨ ¥¥ à¥ «¨§ æ¨¨  ¯à ªâ¨ª¥. �áâ ®¢«¥®, çâ® ¤ ¦¥ ¡¥§ ¯à¨¬¥¥¨ï®¡®«®ç¥ª, £¨¤à®¨§®«¨àãîé¨å § àï¤ë ��, âàã¤®-¥¬ª®áâì § àï¦ ¨ï ®¡¢®¤¥ëå áª¢ ¦¨   40 {50% ¢ëè¥, ç¥¬ áãå¨å [10],   áâ®¨¬®áâì ¢§àë¢ ¨ï®¡¢®¤¥ëå ¬ áá¨¢®¢ áª «ìëå ¯®à®¤ ¢®§à áâ ¥â¢ 2 { 3 à § . �  áâ®ïé¥¥ ¢à¥¬ï íâ¨ ¯®ª § â¥«¨§ ç¨â¥«ì® ¯à¥¢ëè îâ ãª § ë¥ § ç¥¨ï.�¥á¬®âàï   ¯®¯ëâª¨ ¢¥¤à¥¨ï â¥å®«®£¨¨ § -àï¦ ¨ï ®¡¢®¤¥ëå áª¢ ¦¨ ��� ¢ ¯®«¨íâ¨-«¥®¢ëå àãª ¢ å, íää¥ªâ¨¢®£® â¥å¨ç¥áª®£® à¥-è¥¨ï ¯® ¥¥ ®á¢®¥¨î ¥ ¡ë«®  ©¤¥®. �®«ì-ª® ¢ ¯®á«¥¤¨© £®¤ ¨áâ¨âãâ®¬ \�ªà���¯à®¥ªâ"íâ  â¥å®«®£¨ï ¡ë«  ãá®¢¥àè¥áâ¢®¢   ¨ ãá¯¥è-® ¢¥¤à¥    ã£®«ìëå à §à¥§ å �ã§¡ áá  [11].�¥¤à¥¨¥ íâ®© â¥å®«®£¨¨, ¯® áà ¢¥¨î á à §-à ¡®âª®© ®¢ëå ��, § ¨¬ ¥â áà ¢¨â¥«ì® ¬ «®¥¢à¥¬ï, ®¡¥á¯¥ç¨¢ ¥â ¨á¯®«ì§®¢ ¨¥ ¤¥è¥¢ëå ¯à®-áâ¥©è¨å ��, ¢ â®¬ ç¨á«¥ ¨ ¡¥áâà®â¨«®¢ëå. �à¨á®®â¢¥âáâ¢ãîé¥©  ¤ ¯â æ¨¨ ª ãá«®¢¨ï¬ ��   ª -àì¥à å �ªà ¨ë ®  ¬®¦¥â ï¢¨âìáï íää¥ªâ¨¢ë¬ ãç®-â¥å¨ç¥áª¨¬ à¥è¥¨¥¬ ¢ à áá¬ âà¨¢ ¥¬®©®¡« áâ¨.�  áç¥â ¯à¨¬¥¥¨ï â¥å®«®£¨¨ ¢§àë¢ ¨ï £¨-¤à®¨§®«¨à®¢ ëå áª¢ ¦¨ëå § àï¤®¢ �� ®¡¥á-¯¥ç¨¢ ¥âáï:� ¯®« ï ¨«¨ ç áâ¨ç ï § ¬¥  ¤®à®£®áâ®ïé¨å��� ¯à®áâ¥©è¨¬¨ ��� ¨«¨ à §«¨çë¬¨ ��¬¥áâ®£® ¯à¨£®â®¢«¥¨ï;� á¨¦¥¨¥ à áå®¤  ��   10� 30% §  áç¥âã¬¥ìè¥¨ï ¤¨ ¬¥âà  § àï¤ ;� à ¢®§ ç ï,   ¢ ¡®«ìè¨áâ¢¥ á«ãç ¥¢, ¯®-

¢ëè¥ ï áâ¥¯¥ì ¤à®¡«¥¨ï £®à®© ¬ ááë § áç¥â ã¢¥«¨ç¥¨ï ��� ¢§àë¢ , ®¡ãá«®¢«¥®-£® ¥£® à ¡®â®© ¢ ¡®«¥¥ ¦¥áâª®© ®¡®«®çª¥ ¨¢ª«îç¥¨¥¬ ¯ à®¢ ¢®¤ë ¢ ®¡é¨© ®¡ê¥¬ £ §®-®¡à §ëå ¯à®¤ãªâ®¢ ¤¥â® æ¨¨ ��;� á¨¦¥¨¥ ¢ëå®¤  ªàã¯ëå ¨ ¯¥à¥¨§¬¥«ìç¥-ëå äà ªæ¨© £®à®© ¬ ááë, ®¡ãá«®¢«¥®-£® ¡®«¥¥ ¯à®¤®«¦¨â¥«ì®© ¨ ¯®«®£®© ä®à¬®©¢§àë¢®£® ¨¬¯ã«ìá  ¨, ª ª á«¥¤áâ¢¨¥, ã¬¥ì-è¥¨¥¬ §®ë ¯¥à¥¨§¬¥«ìç¥¨ï;� ¬¥å ¨§ æ¨ï á¯®á®¡  ãª« ¤ª¨ £¨¤à®¨§®«¨àã-îé¥© ®¡®«®çª¨ (¯®«¨íâ¨«¥®¢®£® àãª ¢ ) ¢¯ ª¥âë á ¯®¬®éìî á¯¥æ¨ «ìëå ãáâà®©áâ¢ ¨®¡®àã¤®¢ ¨ï;� ¬¥å ¨§ æ¨ï § àï¦ ¨ï �� ¢ ®¡®«®çª¨ ¨ § -¡®©ª¨ áª¢ ¦¨, çâ® ¯à ªâ¨ç¥áª¨ ¨áª«îç ¥âàãç®© âàã¤;� á¨¦¥¨¥ í¥à£®¥¬ª®áâ¨ ¤®¡ëç¨ £®à®© ¬ á-áë ¯à¨ ®â¡®©ª¥ ¥¥ ®â ¬ áá¨¢  ¯®à®¤;� ¯®¢ëè¥¨¥ â¥å¨ª®-íª®®¬¨ç¥áª®© íää¥ªâ¨¢-®áâ¨ ��.1. ���������� ����������¥å®«®£¨ï § àï¦ ¨ï ®¡¢®¤¥ëå (¨«¨ áãå¨å)áª¢ ¦¨ á ä®à¬¨à®¢ ¨¥¬ § àï¤®¢ ¢ ¯®«¨íâ¨«¥®-¢ëå ®¡®«®çª å ®¡¥á¯¥ç¨¢ ¥â ¯à¨¬¥¥¨¥ �� ¯«®â-®áâìî ¬¥¥¥ 1 ª£=¤¬3 ¨ ¢ª«îç ¥â àï¤ ¯®á«¥¤®-¢ â¥«ìëå ®¯¥à æ¨©: ãª« ¤ªã ®¡®«®ç¥ª   £¨«ì§ë§ àï¤ëå ãáâà®©áâ¢ (��); ãáâ ®¢ªã ¨¦¨å ¡®¥-¢¨ª®¢; ãáâ ®¢ªã ¢ ãáâìï áª¢ ¦¨ ��; § áë¯ªã ��;ãáâ ®¢ªã ç¥à¥§ ¢®à®ªã �� ¢¥àå¨å ¡®¥¢¨ª®¢; ¤®-áë¯ªã �� ¤® ¯à®¥ªâ®£® ãà®¢ï ¨ ¨§¢«¥ç¥¨ï ��¨§ áª¢ ¦¨.�� ¬®£ãâ ¨§£®â®¢«ïâìáï ¬®£®à §®¢ë¬¨ (���)¨ ®¤®à §®¢ë¬¨ (���) ¢ § ¢¨á¨¬®áâ¨ ®â ãá«®¢¨©¯à¨¬¥¥¨ï ¨ ¬ â¥à¨ «  ¨å ¨§£®â®¢«¥¨ï (à¨á. 1).���, ª ª ¯à ¢¨«®, ¨§£®â®¢«ïîâáï ¬¥â ««¨ç¥áª¨-¬¨,   ��� { ¨§ ¯®«¨¬¥à®£® ¬ â¥à¨ «  (à¨á. 2).�«ï à¥ «¨§ æ¨¨ ¤ ®© â¥å®«®£¨¨ ¥®¡å®¤¨¬®¯à¨¬¥ïâì ¤¨ ¬¥âà ®¡®«®çª¨ do   30 { 50 ¬¬¬¥ìè¥ ¤¨ ¬¥âà  áª¢ ¦¨ë dc [11]:dc; ¬¬ 200 216 250 320do; ¬¬ 170 180 210 270�à¨ ä®à¬¨à®¢ ¨¨ § àï¤  �� ¢ £¨¤à®¨§®«¨àã-îé¥© ®¡®«®çª¥ ¨ ®¡¥á¯¥ç¥¨ï ¥£® áâ ¡¨«ì®£® ¯®-£àã¦¥¨ï ¢ ®¡¢®¤¥ãî áª¢ ¦¨ã ¥®¡å®¤¨¬® ¢¨¦¥© ç áâ¨ ®¡®«®çª¨ ¨¬¥âì 3 { 5 ®â¢¥àáâ¨© ¤«ï4 �. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨
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�¨á. 1. �®áâàãªæ¨¨ £¨«ì§{¢®à®®ª ¤«ï ä®à¬¨à®¢ ¨ï ¯®«¨íâ¨«¥®¢®£® àãª ¢  ¢ "£ à¬®èªã":  { ���, ¡ { ��� ;1 { ¢®à®ª , 2 { ªà¥¯«¥¨¥ ¤«ï âï£, 3 { æ¨«¨¤à,4 { âï£¨ á ä¨ªá â®à®¬, 5 { â®à¬®§, 6 { ª®«ìæ®, 7 { ª®ãá¢¯ãáª  ¢®¤ë. � àï¤¥ á«ãç ¥¢, ¢ § ¢¨á¨¬®áâ¨ ®â¯à¨¬¥ï¥¬ëå ��, ¤®¯®«¨â¥«ì® ¢¯ãáª ¢®¤ë ®áã-é¥áâ¢«ï¥âáï ç¥à¥§ ®¡®«®çªã ®¤®¢à¥¬¥® á § -áë¯ª®© ¢ ¥¥ ��. �à¨ íâ®¬ ®¡ê¥¬ ¯à®¨ª îé¥©ç¥à¥§ ®â¢¥àáâ¨ï ®¡®«®çª¨ ¢®¤ë áâ ¡¨«¨§¨àã¥âáï¤® 10 { 15 %̈íâ  ¦¥ ¢¥«¨ç¨  ¥ ¤®«¦  ¢®§à -áâ âì ¯à¨ § «¨¢ª¥ ¥¥ ç¥à¥§ ¢¥àåîî ç áâì ®¡®«®ç-ª¨. �«¨  ®¡®«®çª¨ Lo ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ïLo � KBB � hBB + (1 +K¯ � [�])hH ; (1)£¤¥ KBB { ª®íää¨æ¨¥â § ¯ á  àãª ¢  ; hBB { ¢ë-á®â  ª®«®ª¨ § àï¤  ��, ¬;K¯ { ª®íää¨æ¨¥â ¯à¥-¤®åà ï¥¬®£® § ¯ á  àãª ¢ ; [�] { ¯à¥¤¥«ì ï ¯à®-¤®«ì ï ¤¥ä®à¬ æ¨ï ¬ â¥à¨ «  ®¡®«®çª¨ ¯à¨ à -áâï¦¥¨¨; hH { ¢ëá®â  ¥§ àï¦¥®© ç áâ¨ áª¢ -¦¨ë  ¤ ª®«®ª®© § àï¤  ��, ¬.� á¢®î ®ç¥à¥¤ìKBB = K1 +K2 +K3; (2)£¤¥K1,K2,K3 { ª®íää¨æ¨¥âë à áå®¤  ¬ â¥à¨ « ®¡®«®çª¨   áª« ¤ª®®¡à §®¢ ¨¥, ¨§£¨¡ ¨ ®£¨¡ ¨¥¢ëáâã¯®¢ áâ¥®ª áª¢ ¦¨ë ¢ ¯à®æ¥áá¥ ãá ¤ª¨ ��á®®â¢¥âáâ¢¥®.�«ï áãå®© ç áâ¨ áª¢ ¦¨ë K1 = 0:01� 0:05,¤«ï ®¡¢®¤¥®© K1 = 0:6� 0:65. �à¨ á®®â®è¥-¨¨ do=dc = 0:95 § ç¥¨ï K2 = 0:02� 0:03, ¯à¨do=dc = 0:6�K2 = 0:12� 0:15.�à¨ do < dc ª®íää¨æ¨¥â K3 = 0:001� 0:002, ¯à¨do = dc �K3 = 0:01� 0:03.

�¨á. 2. ��� ¢ á®¡à ®¬ ¢¨¤¥(à §à ¡®âª  ��� "�¥å®¢§àë¢")�®íää¨æ¨¥â K¯ ¢ ãá«®¢¨¨ (1) ®¯à¥¤¥«ï¥â § -¯ á  ¤¥¦®áâ¨ ¯®¤¤¥à¦ ¨ï á¢ï§¨ á ¯®¢¥àå®-áâìî áâ®«¡  �� ¨ § ¢¨á¨â ®â ¢à¥¬¥¨  å®¦¤¥¨ï§ àï¤  ¢ áª¢ ¦¨¥. �«ï áãå¨å áª¢ ¦¨ (¢à¥¬ï ¥¡®«¥¥ 7 ¤¥©) § ç¥¨¥ K¯ = 1� 3, ¤«ï ®¡¢®¤¥-ëå K¯ = 5� 10.� § ¢¨á¨¬®áâ¨ ®â áâ¥¯¥¨ ®¡¢®¤¥®áâ¨ áª¢ -¦¨ ¬ áá  �� (�BB) ®¤¨®ç®£® § àï¤  ¢ ®¡®«®ç-�. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨ 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 3 { 9ª¥ ¬®¦¥â ¨¬¥âì à §«¨çë¥ § ç¥¨ï. � ãç¥â®¬ áëé¥¨ï § àï¤  ¢®¤®© ç áâì ¬ ááë �� ¯¥à¥å®-¤¨â ¢ à áâ¢®à, â®£¤ MBB = MBB1 +Mo; (3)£¤¥MBB1 { ¬ áá  �� â¢¥à¤®© ä §ë, ª£;Mo { ¬ áá ®ª¨á«¨â¥«ï, ¯¥à¥è¥¤è¥£® ¢ à áâ¢®à, ª£.�¯ãáª ï ¯à®¬¥¦ãâ®çë¥ ¯à¥®¡à §®¢ ¨ï, ¢¥«¨-ç¨  MBB1, á ãç¥â®¬ ¤®¯ãé¥¨ï ¯ãáâ®â ¬¥¦¤ã£à ã« ¬¨ �� ¢ à §«¨çëå ä § å, ®¯à¥¤¥«ï¥âáï¯® ä®à¬ã«¥MBB1 =MBB=[1 +Ko �Kv(�p=�BB)]; (4)£¤¥ Ko { ª®æ¥âà æ¨ï à áâ¢®à  ®ª¨á«¨â¥«ï,Ko = 0:55� 0:65; Kv { ®â®è¥¨¥ ®¡ê¥¬  ¯ãáâ®â ¢§ àï¤¥ ª ®¡ê¥¬ã § àï¤ , Kv = 0:1� 0:3; �p, �BB {á®®â¢¥âáâ¢¥® ¯«®â®áâì à áâ¢®à  ¨ ��, ª£=¬3,�p = 1:25� 1:31ª£=¬3, �BB = 0:85� 0:95ª£=¬3.�® à áç¥âë¬ ¤ ë¬ ¤«ï ¯à ªâ¨ç¥áª¨å æ¥«¥©¢¯®«¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨¥MBB1 = (0:71� 0:82)MBB: (5)�§   «¨§  â ¡«.1 ¢¨¤®, çâ® á®®â®è¥¨¥MBB1=MBB = Q¢=Qc � 0:75. �§ íâ¨å á®®¡à -¦¥¨© ¢ à áç¥â å, ¢ ª ç¥áâ¢¥ ªà¨â¥à¨ï íª¢¨¢ -«¥â®áâ¨ § àï¤®¢ ¯à¨ ¨å ¢®¤® ¯®«¥¨¨ (®è¨¡-ª  ¥ ¯à¥¢ëè ¥â 15%) ¬®¦® ¯à¨¨¬ âì § ç¥¨¥MBB1 = áonst.�ç¨âë¢ ï, çâ® à áâ¢®à ��  ¤ § àï¤®¬ ¥¢§àë¢ ¥âáï,   ¥£® áãå ï ç áâì á®åà ï¥â á¢®î à -¡®â®á¯®á®¡®áâì, ¯à¨ à áç¥â¥ ¢¥«¨ç¨ë MBB ¢ª ç¥áâ¢¥ íª¢¨¢ «¥â  ¤®áâ â®ç® ¯à¨ïâì § àï¤â¢¥à¤®© ä §ë ¯® £¥®¬¥âà¨ç¥áª¨¬ à §¬¥à ¬, â. ¥.MBB = C �Mc; (6)£¤¥ Mc { ¬ áá  áãå®© ç áâ¨ �� ¢ § àï¤¥, ª£.� ç¥¨¥ ª®íää¨æ¨¥â  C, ãç¨âë¢ îé¥£® ¯®-¢ëè¥¨¥ ¯«®â®áâ¨ �� ¢ ®¡®«®çª¥, ®¯à¥¤¥«ï¥âáï¨§ ä®à¬ã« (3) ¨ (6):C = 1 + (Mc=MBB1): (7)� áá  § àï¤  �� â¢¥à¤®© ä §ë ¡ã¤¥âMBB1 = S3 � l3 � �BB ; (8)£¤¥ S3 { ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï § àï¤ , ¬2;l3 { ¤«¨  § àï¤  á â¢¥à¤®© ä §®©, ¬.� áá  ®ª¨á«¨â¥«ï ®¯à¥¤¥«ï¥âáï ª ªMo = KoP � S3 � l3 � �B ; (9)£¤¥ Ko {  áëé¥®áâì à áâ¢®à  ®ª¨á«¨â¥«ï ¢ ¤®-«ïå ¥¤¨¨æë; P { ®â®è¥¨¥ ®¡ê¥¬  ¯ãáâ®â ¢ § -àï¤¥ ª ®¡ê¥¬ã § àï¤ ; �B { ¯«®â®áâì ¢®¤ë, ª£/¬3.

�¥«¨ç¨  C § ¢¨á¨â, ªà®¬¥ ¤àã£¨å ä ªâ®à®¢,®â ¢ëá®âë áâ®«¡  à áâ¢®à  hp ¨ ¢ëá®âë ª®«®ª¨§ àï¤  hBB :¯à¨ ho > hBBC = 1�Ko[(1� P ) � (�p=�BB)]��Ko[(�B=�BB )(hB=hBB)]; (10)£¤¥ hB { ¢ëá®â  áâ®«¡  ¢®¤ë ®â®á¨â¥«ì® ¨¦-¥£® ª®æ  § àï¤ ,¬;¯à¨ hp � hBBC = 1 +KoP [(�B=�BB)(hB=hBB)]: (11)�§   «¨§  ä®à¬ã« (10) ¨ (11) ¢¨¤®, çâ® § -ç¥¨¥ C ¢®§à áâ ¥â ¯® ¬¥à¥ ã¢¥«¨ç¥¨ï ª®æ¥-âà æ¨¨ à áâ¢®à , ¯®à¨áâ®áâ¨ ��, ¯¥à¢® ç «ì®-£® ãà®¢ï ¢®¤ë, á®®â®è¥¨ï ¯«®é ¤¥© á¥ç¥¨ï§ àï¤  ¢ ®¡®«®çª¥ ¨ áª¢ ¦¨¥,   â ª¦¥ á ã¬¥ìè¥-¨¥¬ ¢ëá®âë § àï¤  ¨  áë¯®© ¯«®â®áâ¨ ��.� ï ¢¥«¨ç¨ã C, ¬ ááã § àï¤  ¢ ®¡®«®çª¥ ¬®¦-® ®¯à¥¤¥«¨âì ¥¥ ª®àà¥ªâ¨à®¢ª®© ¤«ï § àï¤®¢ ¡¥§®¡®«®ç¥ª ¢ áãå¨å áª¢ ¦¨ å:MBB = CMc(do=dc): (12)�«ï ãáâ ®¢«¥¨ï £à ¨æ ¤¨ ¯ §®  ¨§¬¥¥¨ï¬ ááë § àï¤  �� ¤®áâ â®ç® § âì ªà ©¨¥ § ç¥-¨ï C, â. ¥. Cmin ¨ Cmax, à ¢ë¥, á®®â¢¥âáâ¢¥®,1.03 ¨ 1.58. �à¨ íâ®¬ ¥®¡å®¤¨¬® â ª¦¥ ãç¨âë-¢ âì á¯®á®¡ ¯®£àã¦¥¨ï § àï¤  ¢ áª¢ ¦¨ã. �á«¨¯®£àã¦¥¨¥ ®áãé¥áâ¢«ï¥âáï §  áç¥â ¨§¡ëâ®ç®©¬ ááë § àï¤   ¤ ¢®¤®©, â® C = 1. �à¨ ¤®¡ ¢«¥-¨¨ ¢ § àï¤ 10 { 12% ¢®¤ë C = 1:08� 1:15,   ¯à¨¤®¡ ¢«¥¨¨ 20 { 25% ¢®¤ë { C = 1:40� 1:50 (¯à¨£«ã¡¨¥ áª¢ ¦¨ë ¨ ãà®¢¥ ¢®¤ë ¢ ¥©, à ¢ëå10 ¬).�á«¨ ¢ ®¡®«®çª¥ § àï¤  ¥â ®â¢¥àáâ¨© (¯®àë-¢®¢), ªà®¬¥ á¯¥æ¨ «ì® ¯à®¤¥« ëå ¢ ¥¥ ¨¦¥¬ª®æ¥, ®¡¬¥ à áâ¢®à  ¨ ¢®¤ë ®âáãâáâ¢ã¥â. �à¨¯®àë¢¥ ®¡®«®çª¨ ¢ëè¥ ¯à®¤¥« ëå ®â¢¥àáâ¨©  ¢¥«¨ç¨ã �h ¯® § ª®ã á®®¡é îé¨åáï á®áã¤®¢ ¡ã-¤ãâ  « £ âìáï ¤¢  ãá«®¢¨ï:�BhB = �ohp; (13)�B(hB ��h) = �p(hp ��h); (14)¨§ ª®â®àëå á«¥¤ã¥â, çâ®�h = (hB � hp) = 0: (15)� «¨§ ¢ëà ¦¥¨ï (15) ¯®ª §ë¢ ¥â, çâ® ¯à¨à á¯®«®¦¥¨¨ ®â¢¥àáâ¨© ¢¤®«ì ®¡®«®çª¨   à §-®© ¢ëá®â¥ ãá«®¢¨ï (13) ¨ (14) ®¤®¢à¥¬¥® ¥¢ë¯®«ïîâáï, â. ¥. ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ®¡¬¥6 �. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 3 { 9� ¡«. 1. � à ªâ¥à¨áâ¨ª¨ ¨á¯®«ì§ã¥¬ëå ���®¤¥à¦ ¨¥ âà®â¨« , % �¥¯«®â  ¢§àë¢ , Q, ªª «/ª£�̈ ¯ �� ¢ áãå®© á¬¥á¨ ¢ ¢®¤® ¯®«-¥®© á¬¥á¨ ¢ áãå®© á¬¥á¨,Qá ¢ ¢®¤® ¯®«-¥®© á¬¥á¨,Q¢ Q¢=Qá�ä§ ¨â �-20 24 33 1000 794 0.79�à ¬¬®¨â 79/21 21 27...30 1030 730 0.73�à ¬¬®¨â 82/18 18 23...26 960 |- |{�à ¬¬®¨â 50/50 50 64...71 880 785 0.79�à ¬¬®¨â 30/70 70 90...100 887 790 0.76à áâ¢®à  ¢ ®¡®«®çª¥ ¨ ¢®¤ë ¢ áª¢ ¦¨¥. �â® á¢¨-¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ¨§ § àï¤  �� ¡ã¤¥â ¢ë-¬ë¢ âìáï ®ª¨á«¨â¥«ì.� ª¨¬ ®¡à §®¬, ¯®£àã¦¥¨¥ § àï¤  ��� ¢ ®¡®-«®çª¥ ¢ ®¡¢®¤¥ãî áª¢ ¦¨ã ¤®áâ¨£ ¥âáï ¡¥§ § -£àã§ª¨ ¨ á § £àã§ª®©. � ¯®á«¥¤¥¬ á«ãç ¥ { §  áç¥â®à®è¥¨ï �� ¢®¤®© ¨«¨ à áâ¢®à®¬ �� ¢ ¯à®æ¥áá¥§ àï¦¥¨ï áª¢ ¦¨ ¨ á¢®¡®¤®£® ¢¯ãáª  ¢®¤ë ¨§áª¢ ¦¨ë ç¥à¥§ ®â¢¥àáâ¨ï ¢ ¨¦¥© ç áâ¨ ®¡®-«®çª¨ § àï¤ . � á«ãç ¥ ¡¥§ ¤®£àã§ª¨ § àï¤  á«¥-¤ã¥â á«¥¤¨âì §  â¥¬, çâ®¡ë ¥ ¯à®¨§®è«® ¯®àë¢ (¨«¨ ®¡àë¢ ) ®¡®«®çª¨ §  áç¥â ¥¥ \áå«®¯ë¢ ¨ï"¨«¨ § ªàãç¨¢ ¨ï. �à¨ § áë¯ª¥ ç¥à¥§ § àï¤®¥ãáâà®©áâ¢® (��) ªàã¯®£ ¡ à¨âëå ª®¬¯®¥â®¢�� (âà®â¨«-4, âà®â¨«®¢ë¥ è èª¨ ¨ â. ¯.) ¥®¡å®-¤¨¬  ¤®§¨à®¢ª  ¥¡®«ìè¨¬¨ ¯®àæ¨ï¬¨, ¨áª«îç -îé¨¬¨ § ª«¨¨¢ ¨¥ ªãáª®¢ ¨ ®¤®¢à¥¬¥ ï § -áë¯ª  áë¯ãç¨å ª®¬¯®¥â®¢ �� (¨«¨ ��). �¥¤®-§ àï¤ª  ¨«¨ ¯¥à¥§ àï¤ª  ¯® ¯à®¥ªâ®© ¬ áá¥ ��®¤¨®ç®£® § àï¤  ¥ ¤®«¦  ¤®¯ãáª âìáï.� ¯à®æ¥áá¥ § áë¯ª¨ �� ¢ ®¡®«®çªã § àï¤ ¡ã¤¥â å®¤¨âìáï ¢ ¢®¤¥   ãà®¢¥ áª¢ ¦¨ë:hB = (�BB=�B)hBB : (16)� ãç¥â®¬ 40% ãá ¤ª¨ (¤ ë¥ íªá¯¥à¨¬¥â®¢)§ ¬®ç¥®£® § àï¤ hB = 2:5KyhBB ; (17)£¤¥ Ky { ª®íää¨æ¨¥â ãá ¤ª¨ ¢ëá®âë ª®«®ª¨ § -àï¤ , Ky = 0:15 (¨«¨ 15%).� àï¤¥ á«ãç ¥¢ ¥®¡å®¤¨¬® § âì ª®æ¥âà æ¨î( áëé¥®áâì) K0 à áâ¢®à  ®ª¨á«¨â¥«ï, ª®â®à ï®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥:K0 = �0V0=(�BVB + �0V0); (18)£¤¥ VB ; V0 { ®¡ê¥¬ë, á®®â¢¥âáâ¢¥®, ¢®¤ë ¢ à á-â¢®à¥ ¨ ®ª¨á«¨â¥«ï, ¬3.�§ ä®à¬ã«ë (18) á«¥¤ã¥â:VB = V0(1 �K0)(�p=�B); (19)

V0 = K0Vp(�p=�B): (20)£¤¥ Vp { ®¡ê¥¬ ¢®¤®£® à áâ¢®à  ®ª¨á«¨â¥«ï.�ëá®â  ª®«®ª¨ à áâ¢®à  ¢ ®¡®«®çª¥ ¡ã¤¥âh0 = (�B=�p)hB : (21)�ç¨âë¢ ï, çâ® ¯¥à¢® ç «ìë© ®¡ê¥¬ ¢®¤ë ¢áª¢ ¦¨¥ ¯®á«¥ ¯®£àã¦¥¨ï § àï¤  à á¯à¥¤¥«ï¥â-áï   ®¡à §®¢ ¨¥ à áâ¢®à  ¨ § ¯®«¥¨¥ ¯à®-áâà áâ¢  ¬¥¦¤ã ®¡®«®çª®© ¨ áâ¥ª®© áª¢ ¦¨ë,¬®¦® § ¯¨á âì:SchB0 = (ScS3)hB + hB ; (22)£¤¥ Sc, S3 { ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï, á®®â-¢¥âáâ¢¥®, áª¢ ¦¨ë ¨ § àï¤  ��, ¬2; hB0 { ¢ë-á®â  áâ®«¡  ¢®¤ë ¯à¨ ¯¥à¢® ç «ì®¬ ¥¥ ãà®¢¥ ¢áª¢ ¦¨¥, ¬.�à¨ ãà®¢¥ à áâ¢®à  ¢ëè¥ ¢¥àå¥£® ãà®¢ï ª®-«®ª¨ § àï¤  �� (hp > hBB)Vp = hBBPS3 + (hp � hBB)S3: (23)�«ï ãà®¢ï à áâ¢®à  ¨¦¥ ¢¥àå¥£® ãà®¢ï ª®«®-ª¨ § àï¤  �� (hp < hBB)Vp = hpPS3: (24)�á¯®«ì§ãï ¢ëà ¦¥¨ï (22) { (24), á ãç¥â®¬ (20)¨ (21), ¯®á«¥ ¥áª®«ìª¨å ¯à¥®¡à §®¢ ¨© ¬®¦®à ááç¨â âì ¢¥«¨ç¨ã hp ¤«ï «î¡®© áâ¥¯¥¨ ®¡-¢®¤¥®áâ¨ áª¢ ¦¨. �à¨ ¥®¡å®¤¨¬®áâ¨ ¬®¦®â ª¦¥ ®¯à¥¤¥«¨âì ¤ ¢«¥¨ï (�=¬2) ¢®¤ë PB ¨ Ppã ®â¢¥àáâ¨ï ®¡®«®çª¨:PB = hB�Bg; (25)Pp = hp�pg; (26)£¤¥ g { ãáª®à¥¨¥ á¢®¡®¤®£® ¯ ¤¥¨ï, ¬/á2.� ¯à®æ¥áá¥ ä®à¬¨à®¢ ¨ï £¨¤à®¨§®«¨à®¢ ®-£® § àï¤  ¢ ®¡¢®¤¥®© áª¢ ¦¨¥ ¢ ª ç¥áâ¢¥ ¡®-¥¢¨ª®¢ ¬®¦® ¨á¯®«ì§®¢ âì: ¨¦¥£® { 20 - 40 ª£�. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨ 7



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 4. �. 3 { 9� ¡«. 2. �¥§ã«ìâ âë ¯à®¬ëè«¥ëå ¨á¯ëâ ¨©� àì¥à �®«¨ç¥áâ¢®¢§®à¢ ëåáª¢ ¦¨, èâ. �â®¨¬®áâì®¤®©áª¢ ¦¨ë, £à. �¨ ¬¥âàáà¥¤¥£®ªãáª , ¬¬ �ëå®¤¥£ ¡ à¨â , %� «¨áª¨© ��� N 3 37 38.6 310 10.3"�¥å¨" 46 38.6 370 11.7��� "�¥¨§¥¢¨ç¨" 36 38.6 290 9.9� «¨áª¨© ��� N 3 13 38.6 405 14.0� «¨áª¨© ��� N 3 12 38.6 330 12.0��� "�¥¨§¥¢¨ç¨" 35 40.2 380 12.5� «¨áª¨© ��� N 3 35 40.2 355 11.1"�¥å¨" 40 40.2 395 13.3���, ¨«¨ 2 è èª¨ �-400�, ¨«¨ 5 - 10 ª£ ¯ âà®-®¢  ¬¬®¨â  6��; ¢¥àå¥£® { 1 - 2 è èª¨ �-400� ¨«¨ 5 - 10 ª£ ¯®à®èª®®¡à §®£®  ¬¬®¨â 6��, à §¬¥é¥®£® ¢ § §®à   ¢®¤ã ¨ ¨¨æ¨¨àã-¥¬®£® ¤¥â®¨àãîé¨¬ èãà®¬ (��) ¨¦¥£® ¡®¥-¢¨ª . �à¨ ¨á¯®«ì§®¢ ¨¨ è è¥ª �-400� ¡¥§ ãá¨-«¥¨ï, ®¨ à §¬¥é îâáï ¢ãâà¨ ®¡®«®çª¨.2. ������� �������������ªá¯«ã â æ¨ï �� ¯® ¤ ®© â¥å®«®£¨¨ ¯à¥¤ã-á¬ âà¨¢ ¥â ®¡ï§ â¥«ì®¥ ¢ë¯®«¥¨¥ âà¥¡®¢ ¨©¯® ¡¥§®¯ á®áâ¨, áà¥¤¨ ª®â®àëå ®á®¢ë¬¨ ï¢«ï-îâáï:� áê¥¬ í«¥ªâà®áâ â¨ç¥áª®£® § àï¤  á £¨¤à®¨§®-«¨àãîé¨å ®¡®«®ç¥ª ¢ â¥ç¥¨¥ áãâ®ª, ¯à¥¤è¥-áâ¢ãîé¨å § àï¦ ¨î, ¯ãâ¥¬ åà ¥¨ï ¨å  ¬¥â ««¨ç¥áª®© § §¥¬«¥®© ¯®¢¥àå®áâ¨ ¨«¨¯®£àã¦¥¨ï á àï¦¥ëå �� ¢ í«¥ªâà®¯à®¢®-¤ïéãî ¦¨¤ª®áâì;� ¥ ¤®¯ãáª ¥âáï ¯à®¨§¢®¤¨âì § áë¯ªã �� ¯à¨®âáãâáâ¢¨¨ í«¥ªâà¨ç¥áª®£® ª®â ªâ  £¨«ì§ë-¢®à®ª¨ á §¥¬«¥©;� ¥ ¤®¯ãáª ¥âáï ¯à¨¦¨¬ âì ª §¥¬«¥ ¢®à®ª®©�� �� ¨¦¥£® ¡®¥¢¨ª .� «¨§ ¨áá«¥¤®¢ ¨© ¯®ª § « (¤ ë¥ ¨áâ¨âã-â  �®áâ���, 1997), çâ® ¯à¨ ¯®¤ ç¥ ¯®«¨¬¥à®©®¡®«®çª¨ ¢ áª¢ ¦¨ã   ¥© ¢®§¨ª ¥â ¨  ª ¯«¨-¢ ¥âáï § àï¤ áâ â¨ç¥áª®£® í«¥ªâà¨ç¥áâ¢  á ¬ ªá¨-¬ «ìë¬ ¯®â¥æ¨ «®¬ ¤® 15 ª� (¤«¨  ®¡®«®çª¨®â 25 ¬ ¨ ¡®«¥¥, â¥¬¯¥à âãà  ¢®§¤ãå  +28 C� ¨¥£® ®â®á¨â¥«ì ï ¢« ¦®áâì 35%).�á«¨ ¯à¨ïâì ¬¨¨¬ «ìãî í¥à£¨î ¢§àë¢ 1.6 ¬�¦ [12] á ¬®£® «¥£ª®¢®á¯« ¬¥ïîé¥£®áï ª®¬-¯®¥â  ��, á à á¯ë«¥ë¬ ®¡« ª®¬ ®¡ê¥¬®¬3 ¬3, ¨¬¥îé¨¬ ¥¬ª®áâì Cp = 3:2 � 10�14 � [13],

¤®¯ãáâ¨¢ ¯à¨ íâ®¬, çâ® ¯®«¨¬¥à ï ®¡®«®çª  ¡ã-¤¥â § ¯®«¥  �� ¢® ¢§¢¥è¥®¬ á®áâ®ï¨¨ (ç¥-£® ¯à ªâ¨ç¥áª¨ ¥ ¡ë¢ ¥â), â® ¯à¨ ¥¥ ¤¨ ¬¥âà¥0.18 ¬ ¨ ¬ ªá¨¬ «ì® ¢®§¬®¦®© ¤«¨¥ 50 ¬ ¢¥-«¨ç¨  Cp = 1:47 � 10�14 �. �®£¤ , ¤®¯ãáª ï á § -¯ á®¬ ¯® ¡¥§®¯ á®áâ¨ ¬¨¨¬ «ìãî í¥à£¨î ¢®á-¯« ¬¥¥¨ï �� Wmin = 1:6 � 10�3 �¦ [12], ¡¥§®¯ á- ï ¢¥«¨ç¨  ¯®â¥æ¨ «  Umin, ¥ á¯®á®¡ ï ¢ë-§¢ âì ¢§àë¢ ��, ¡ã¤¥â à ¢ :Umin = (2Wmin Cp)1=2 = 4700 ª�:�«¥¤®¢ â¥«ì®, çâ®¡ë ¢ë§¢ âì ¢§àë¢ ¢ ¯®«¨-¬¥à®© £¨¤à®¨§®«¨àãîé¥© ®¡®«®çª¥, ¥®¡å®¤¨¬®§ àï¤¨âì à á¯ë«¥¨¥ ¢ ¥© �� ¤® ¯®â¥æ¨ «  ¡®-«¥¥ 4700 ª�. �â  ¢¥«¨ç¨  ¯®â¥æ¨ «  § ç¨â¥«ì-® ¯à¥¢®áå®¤¨â à ááç¨â ãî (15 ª�) ¤«ï à áá¬ -âà¨¢ ¥¬®© â¥å®«®£¨¨ § àï¦ ¨ï.����������1. � á®¢à¥¬¥ëå ãá«®¢¨ïå ¯à®¨§¢®¤áâ¢  ��¯à¨ à §àãè¥¨¨ ®¡¢®¤¥ëå ¬ áá¨¢®¢ £®àëå¯®à®¤  ¨¡®«¥¥ íää¥ªâ¨¢ë¬¨ ï¢«ïîâáï § àï¤ë¯à®áâ¥©è¨å �� ¢ ®¡®«®çª å ¨§ ¯®«¨íâ¨«¥®¢®-£® ¬ â¥à¨ « . �¯¥à¢ë¥ ®¡®á®¢ ë ¨ à §à ¡®-â ë í«¥¬¥âë â¥å®«®£¨¨ § àï¦ ¨ï ®¡¢®¤¥-ëå áª¢ ¦¨. �®ª § ë ãá«®¢¨ï à æ¨® «ì®£®¥¥ ¨á¯®«ì§®¢ ¨ï   ¯à¥¤¯à¨ïâ¨ïå £®à®¤®¡ë¢ -îé¥© ¯à®¬ëè«¥®áâ¨ ¯à¨ á®¡«î¤¥¨¨ á¯¥æ¨ «ì-ëå ¯®«®¦¥¨© ¨ âà¥¡®¢ ¨© ¡¥§®¯ á®áâ¨.2. �ª¢ ¦¨ë¥ § àï¤ë ¢ £¨¤à®¨§®«¨àãîé¨å®¡®«®çª å ¢¥¤à¥ë ¯à¨ ¯à®¨§¢®¤áâ¢¥ ¬ áá®¢ëå¢§àë¢®¢ ¢ ®¡¢®¤¥ëå áª «ìëå ¯®à®¤ å   à §-à¥§ å �ã§¡ áá  (�®áá¨ï) á ¨á¯®«ì§®¢ ¨¥¬ ¯à®-áâ¥©è¥£® ��� â¨¯  \�à ã«¨â-��" (�� { ã£®«ì-ë© ¯®à®è®ª) ¨ ¥£® ¬®¤¨ä¨ª æ¨©. �â¨ § àï¤ëâ ª¦¥ ¯à®¢¥à¥ë íªá¯¥à¨¬¥â «ì®   £à ¨âëåª àì¥à å �ªà ¨ë (â ¡«. 2). �æ¥ª  à¥§ã«ìâ â®¢8 �. �. �®¢ª, �. �. �®à®¡ì¥¢, �. �. �à®ª®¯¥ª®, �. �. �«ã¦¨ª, �. �. �®áì¬¨
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