
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78��� 532.528� ������� ������� ����������������� ���������������� �������� � ����� áâì ö. �¥á¦¨¬ ¥¬ ï ¦¨¤ª®áâì�. �. �����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 25.10.2001�à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à §à ¡®âª¨ ¯à¨¡«¨¦¥­­ëå ¬¥â®¤®¢ à áç¥â  ¨  ­ «¨§ ¢®§¬®¦­®áâ¥© ¯à¥¤áª § ­¨ï ¯à®-æ¥áá®¢ ®¡â¥ª ­¨ï ¨ ¤¢¨¦¥­¨ï ¯à¨¬¥­¨â¥«ì­® ª ¯à®¡«¥¬¥ ¢ëá®ª®áª®à®áâ­®£® ¤¢¨¦¥­¨ï â¥« ¢ ¢®¤¥ á à §¢¨â®© ª ¢¨-â æ¨¥©. � áá¬ âà¨¢ îâáï ¤¢  å à ªâ¥à­ëå ¤¨ ¯ §®­  áª®à®áâ¥©: ã¬¥à¥­­ëå ¨ á¢¥àå¢ëá®ª¨å áª®à®áâ¥© ¯à¨ ç¨á« å� å  ¢ ¢®¤¥ M�0:5�2:5, ª ¦¤®¬ã ¨§ ª®â®àëå á®®â¢¥âáâ¢ãîâ à §«¨ç­ë¥ á«ãç ¨ ¯à¨«®¦¥­¨© ¨ à §à ¡®â ­­ë¥ ¢®-¯à®áë â¥®à¨¨. �à¥¤¯®çâ¥­¨¥ ®â¤ ¥âáï  ­ «¨§ã ¯à®¡«¥¬ë ¢ æ¥«®¬ ­  ®á­®¢¥ ­ ¨¡®«¥¥ ¯à®áâëå ä¨§¨ç¥áª¨å ¬®¤¥«¥©.� áá¬®âà¥­¨¥ ®á­®¢ë¢ ¥âáï ­  \�¥â®¤¥ áà é¨¢ ¥¬ëå  á¨¬¯â®â¨ç¥áª¨å à §«®¦¥­¨©" ¢ ¯à¨¡«¨¦¥­¨¨ \�¥®à¨¨ â®­-ª¨å â¥«" ¢ ª®¬¯«¥ªá¥â ª¦¥ á ¤àã£¨¬¨ ¯à¨¡«¨¦¥­¨ï¬¨ ¨ ¯à®áâë¬¨ í¢à¨áâ¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ á ¯à¨¬¥­¥­¨¥¬  ­ «¨§ à §¬¥à­®áâ¥© ¨ ¨­â¥£à «ì­ëå § ª®­®¢ á®åà ­¥­¨ï. �áá«¥¤®¢ ­¨¥ ¢ ç áâ¨ ö ®á­®¢ ­® ­  ¬®¤¥«¨ ¨¤¥ «ì­®© ­¥á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨. � áá¬ âà¨¢ îâáï ¨  ­ «¨§¨àãîâáï ¯à®¡«¥¬ë à áç¥â  ã¤«¨­¥­­ëå, ¢ ®á­®¢­®¬, ®á¥á¨¬¬¥âà¨ç­ëåáâ æ¨®­ à­ëå ¨ ­¥áâ æ¨®­ à­ëå ª ¢¥à­ á ãç¥â®¬ ¢®§¤¥©áâ¢¨ï àï¤  ä ªâ®à®¢,   â ª¦¥ ª ¢¥à­ á ¨áªãááâ¢¥­­ë¬¯®¤¤ã¢®¬.�à¥¤áâ ¢«¥­÷ à¥§ã«ìâ â¨ à®§à®¡ª¨ ­ ¡«¨¦¥­¨å ¬¥â®¤÷¢ à®§à åã­ªã â   ­ «÷§ ¬®¦«¨¢®áâ¥© ¯¥à¥¤¡ ç¥­­ï ¯à®æ¥á÷¢®¡â÷ª ­­ï â  àãåã ¯à¨áâ®á®¢­® ¤® ¯à®¡«¥¬¨ ¢¨á®ª®è¢¨¤ª÷á­®£® àãåã â÷« ã ¢®¤÷ § à®§¢¨­¥­®î ª ¢÷â æ÷õ©. �®§-£«ï¤ îâìáï ¤¢  å à ªâ¥à­¨å ¤÷ ¯ §®­¨ è¢¨¤ª®áâ¥©: ¯®¬÷à­¨å â  ­ ¤¢¨á®ª¨å è¢¨¤ª®áâ¥© ¯à¨ ç¨á« å � å  ã ¢®¤÷M�0:5�2:5, ª®¦­®¬ã § ïª¨å ¢÷¤¯®¢÷¤ îâì à÷§­÷ ¢¨¯ ¤ª¨ ¢¨ª®à¨áâ ­ì â  à®§à®¡«¥­÷ à®§¤÷«¨ â¥®à÷ù. �¥à¥¢ £  ¢÷¤-¤ õâìáï  ­ «÷§ã ¯à®¡«¥¬¨ ¢ æ÷«®¬ã ­  ®á­®¢÷ ­ ©¡÷«ìè ¯à®áâ¨å ä÷§¨ç­¨å ¬®¤¥«¥©. �®§£«ï¤ ­­ï ¡ §ãõâìáï ­  \�¥â®¤÷§à®éã¢ ­¨å  á¨¬¯â®â¨ç­¨å à®§ª« ¤¥­ì"¢ ­ ¡«¨¦¥­­÷ \�¥®à÷ù â®­ª¨å â÷«" ã ª®¬¯«¥ªá÷ â ª®¦ § ¤àã£¨¬¨ ­ ¡«¨¦¥­­ï-¬¨ â  ¯à®áâ¨¬¨ ¥¢à÷áâ÷©­¨¬¨ ¬®¤¥«ï¬¨ § § áâ®áã¢ ­­ï¬  ­ «÷§ã à®§¬÷à­®áâ¥© â  ÷­â¥£à «ì­¨å § ª®­÷¢ §¡¥à¥¦¥­­ï.�®á«÷¤¦¥­­ï ã ç áâ¨­÷ ö ¡ §ãõâìáï ­  ¬®¤¥«÷ ÷¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨. �®§£«ï¤ îâìáï â   ­ «÷§ãîâìáï ¯à®¡«¥-¬¨ à®§à åã­ªã ¢¨¤®¢¦¥­¨å ¢ ®á­®¢­®¬ã ®á¥á¨¬¥âà¨ç­¨å áâ æ÷®­ à­¨å â  ­¥áâ æ÷®­ à­¨å ª ¢¥à­ § ãà åã¢ ­­ï¬¢¯«¨¢ã àï¤ã ä ªâ®à÷¢,   â ª®¦ ª ¢¥à­ § èâãç­¨¬ ¯÷¤¤ã¢®¬.The results of development of the approximate calculations methods and analysis of possibilities of 
ow and motionprediction apply to bodies high speed motion in water are presented. Two characterize ranges of the speed: moderate andsuper high speeds for Mach Numbers in the water M�0:5�2:5, are considered where di�erent applications and developedparts of the theory correspond every of this ranges. Preference are gave to the consideration on base of the simple physicalmodels. Consideration is based on the \Matched Asymptotic Expansion Method"in approximation of the \Slender BodyTheory"together also with another approximations and simple heuristic models with application of the dimension analysisand integral conservation laws. Investigations of the part I are based on ideal incompessible 
uid model. The problems ofthe calculations of the prolate mainly axisymmetric steady and unsteady cavities with account of number of the factorsand unsteady cavities with gas injection are considered and analyzed.
�¨á. 1. �®¤¥«ì à ¤¨ «ì­®£® â¥ç¥­¨ï

���������à¨¬¥­¥­¨¥ áã¯¥àª ¢¨â æ¨¨ ¯®§¢®«ï¥â, ¨§®«¨-àãï ¯®¢¥àå­®áâì ¤¢¨¦ãé¥£®áï â¥«  ®â ¢®¤ë, ¨§-¡¥¦ âì §­ ç¨â¥«ì­ëå ¢ï§ª¨å ¯®â¥àì. �à¨ íâ®¬­ ¨¬¥­ìè¨¥ §­ ç¥­¨ï ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥-­¨ïCD ¯® ¬¨¤¥«î ª ¢¥à­ë (â¥«  ¤®áâ â®ç­® ¯«®â-­® ¢¯¨á ­­®£® ¢ ª ¢¥à­ã) ¤®áâ¨£ îâáï ¤«ï â®­ª¨åª ¢¥à­. �®§¬®¦­®áâ¨ ã¬¥­ìè¥­¨ï CD «¨¬¨â¨àã-îâáï â®«ìª® ¬ ªá¨¬ «ì­ë¬¨ §­ ç¥­¨ï¬¨ ã¤«¨­¥-­¨© â¥«, ®¡¥á¯¥ç¨¢ îé¨å ¨å ¯à®ç­®áâì, ¨ ¢¥«¨ç¨-­®© ¤ ¢«¥­¨ï, ¯à¨ ª®â®à®¬ ¯à®¨áå®¤¨â ¤¢¨¦¥­¨¥.�¥ «ì­® ¯à¨ ¢ëá®ª®áª®à®áâ­®¬ ¤¢¨¦¥­¨¨ ¢ ¢®¤¥¤®áâ¨¦¨¬ë §­ ç¥­¨ï CD�0:05�0:001 ¨ ¢ ­¥ª®â®-àëå á«ãç ïå ¢¥«¨ç¨­  á®¯à®â¨¢«¥­¨ï ¬®¦¥â ¡ëâìáà ¢­¨¬  ¤ ¦¥ á ¥£® §­ ç¥­¨ï¬¨ ¯à¨ ¤¢¨¦¥­¨¨ ¢¢®§¤ãå¥. �à¨ á¢¥àå¢ëá®ª¨å áª®à®áâïå, à¥ «¨§ã¥-¬ëå ¬¥â ­¨¥¬ ¬ «ëå â¥« ¬ áá®© 0:1�0:5 ª£, ¯à¥-c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78®¤®«¥¢ îâáï ¯® ¨­¥àæ¨¨ §­ ç¨â¥«ì­ë¥ à ááâ®ï­¨ï¢ ¢®¤¥, á®¯®áâ ¢¨¬ë¥ á ¨å ¢¥«¨ç¨­®© ¢ ¢®§¤ãå¥.�¨§¨ç¥áª¨ ¯à®æ¥áá ¤¢¨¦¥­¨ï ã¤«¨­¥­­®£® áã¯¥à-ª ¢¨â¨àãîé¥£® â¥«  ¬®¦¥â ¡ëâì ¨««îáâà¨à®¢ ­¯à®áâ®© ¬®¤¥«ìî (à¨á. 1). � á«ãç ¥ ¢ëâï­ãâëåª ¢¥à­ à §¬¥àë ª ¢¨â â®à  ¬ «ë, ¨ ¥£® á®¯à®â¨-¢«¥­¨¥ ¯à ªâ¨ç¥áª¨ ­¥ § ¢¨á¨â ®â ä®à¬ë ª ¢¥à­ë,  ä®à¬  ª ¢¥à­ë ­¥ § ¢¨á¨â ®â ä®à¬ë ª ¢¨â â®à ¨ ®¯à¥¤¥«ï¥âáï â®«ìª® ¥£® á®¯à®â¨¢«¥­¨¥¬. �¢¨-¦ãé¨©áï ª ¢¨â â®à à áâ «ª¨¢ ¥â ­¥¯®¤¢¨¦­ãî¦¨¤ª®áâì ¢ áâ®à®­ë, ¨ ¥£® á®¯à®â¨¢«¥­¨¥ âà ­á-ä®à¬¨àã¥âáï ¢ ª¨­¥â¨ç¥áªãî í­¥à£¨î ¯à ªâ¨ç¥-áª¨ à ¤¨ «ì­®£® ¢¡«¨§¨ ª ¢¥à­ë â¥ç¥­¨ï ¦¨¤ª®-áâ¨ ¢ ª ¦¤®¬ ¨§ ¯à®å®¤¨¬ëå ¨¬ ­¥¯®¤¢¨¦­ëå á¥-ç¥­¨©. � «¥¥ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ à §­®áâ¨ ¤ ¢«¥­¨©¢ ¯®â®ª¥ ¨ ª ¢¥à­¥ à ¤¨ «ì­®¥ â¥ç¥­¨¥, ®¡à §®¢ ¢-è¥¥áï ¯®á«¥ ¯à®å®¦¤¥­¨ï ª ¢¨â â®à , à áè¨àï¥â-áï ¯® ¨­¥àæ¨¨ ¢¬¥áâ¥ á á¥ç¥­¨¥¬ ª ¢¥à­ë. �¢¨-¦¥­¨¥ â¥«  ¯à®¨áå®¤¨â ¢ ª®­¥ç­®© ª ¢¥à­¥ ¨«¨ ¢¯¥à¥¤­¥© ç áâ¨ ¤®áâ â®ç­® ¡®«ìè®© ª ¢¥à­ë á ­¥-¡®«ìè¨¬ § §®à®¬. �à ªâ¨ç¥áª¨ ®âáãâáâ¢ã¥â ª®­-â ªâ ¯®¢¥àå­®áâ¨ â¥«  á ª ¢¥à­®©, ­® áãé¥áâ¢ã-¥â £¨¤à®¤¨­ ¬¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ­¥¡®«ìè®©§ ¤­¥© ç áâ¨ â¥«  á ª ¢¥à­®©, ®¡¥á¯¥ç¨¢ îé¥© ¥£®ãáâ®©ç¨¢®¥ ¤¢¨¦¥­¨¥.�¥ «¨§ æ¨ï áã¯¥àª ¢¨â æ¨®­­®£® ¤¢¨¦¥­¨ï á¢ï-§ ­  á ­¥áª®«ìª¨¬¨ ¢ ¦­ë¬¨ ¬®¬¥­â ¬¨. �à¨ã¬¥à¥­­ëå áª®à®áâïå ­¥®¡å®¤¨¬® ¯à¨¬¥­¥­¨¥ ¨á-ªãááâ¢¥­­®£® ¯®¤¤ã¢  ¤«ï ¢®§¬®¦­®áâ¨ ¯®«ãç¥­¨ï¯à¨ áãé¥áâ¢¥­­®¬ ¢­¥è­¥¬ ¤ ¢«¥­¨¨ ¤®áâ â®ç­®¢ëâï­ãâëå ª ¢¥à­, ª®â®àë¥ ¬®£«¨ ¡ë ®¡¥á¯¥ç¨âì¤®áâ¨¦¥­¨¥ ¯à¨¥¬«¥¬® ¬ «ëå §­ ç¥­¨© CD. � ¦-­ë¬ ¬®¬¥­â®¬ §¤¥áì ï¢«ï¥âáï ¢«¨ï­¨¥ ¢¥á®¬®áâ¨,ª®â®à®¥ ¬®¦¥â §­ ç¨â¥«ì­® á¤¥ä®à¬¨à®¢ âì ä®à-¬ã ª ¢¥à­ë ¨, ªà®¬¥ â®£®, íâ® ¢®§¤¥©áâ¢¨¥ áã-é¥áâ¢¥­­® á â®çª¨ §à¥­¨ï ä®à¬¨à®¢ ­¨ï â¥ç¥­¨ï¢ § ¤­¥© ç áâ¨ ª ¢¥à­ë, ®¯à¥¤¥«ïîé¥© ¯à®æ¥ááëã­®á  £ § . �®§¬®¦­®áâì §­ ç¨â¥«ì­ëå ¤¥ä®à¬ -æ¨© ª ¢¥à­ë ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¢¥á®¬®áâ¨ à¥ «ì-­® ®£à ­¨ç¨¢ ¥â ¯à¨¬¥­¥­¨¥ áã¯¥àª ¢¨â æ¨¨ ¯à¨ã¬¥à¥­­ëå áª®à®áâïå ¤® 100�200 ¬=á â®«ìª® ¤«ïáà ¢­¨â¥«ì­® ­¥¡®«ìè¨å ®¡ê¥ªâ®¢. �à¨ á¢¥àå-¢ëá®ª¨å áª®à®áâïå ­ ç¨­ ¥â ¯à®ï¢«ïâìáï ¢®§¤¥©-áâ¢¨¥ á¦¨¬ ¥¬®áâ¨ ¦¨¤ª®áâ¨ ¨ ¢®§­¨ª îâ ¯à®-¡«¥¬ë, á¢ï§ ­­ë¥ á ¯®ï¢«¥­¨¥¬ á¢¥àå¢ëá®ª¨å §­ -ç¥­¨© £¨¤à®¤¨­ ¬¨ç¥áª¨å ­ ¯àï¦¥­¨© ¨ á®®â-¢¥âáâ¢¥­­® c ­¥®¡å®¤¨¬®áâìî ãç¥â  ­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï â¥«.�à¨ à¥ «¨§ æ¨¨ áã¯¥àª ¢¨â æ¨®­­®£® ¤¢¨¦¥-­¨ï ¢ æ¥«®¬ ­ ¨¡®«¥¥ ¢ ¦­ë: ¢®§¬®¦­®áâ¨ ¯à¥¤-áª § ­¨ï ª ¢¨â æ¨®­­®£® â¥ç¥­¨ï ¨, ¢ ç áâ­®-áâ¨, ­ ¤¥¦­®£® à áç¥â  ä®à¬ë ¨ ®á­®¢­ëå à §-¬¥à®¢ ª ¢¥à­ á ãç¥â®¬ ¢®§¤¥©áâ¢¨ï ­ ¨¡®«¥¥ áã-é¥áâ¢¥­­ëå ä ªâ®à®¢; ¬¥å ­¨§¬ë ä®à¬¨à®¢ ­¨ï

�¨á. 2. �å¥¬  ®¡â¥ª ­¨ïá®¯à®â¨¢«¥­¨ï ¨ ¥£® ã¬¥­ìè¥­¨ï, ¢ª«îç ï íää¥ª-â¨¢­®áâì áã¯¥àª ¢¨â æ¨®­­®£® ¤¢¨¦¥­¨ï ¢ æ¥«®¬;¢®§¬®¦­®áâ¨ ¯à¥¤áª § ­¨ï ¤¢¨¦¥­¨ï áã¯¥àª ¢¨-â¨àãîé¨å â¥«, ¯à®¡«¥¬ë áâ ¡¨«¨§ æ¨¨ ¨ ã¯à ¢«¥-­¨ï áã¯¥àª ¢¨â æ¨®­­ë¬ ¤¢¨¦¥­¨¥¬.�®§¬®¦­®áâ¨ â¥®à¨¨ £« ¢­ë¬ ®¡à §®¬ á¢ï§ -­ë á ¬®¤¥«ìî ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© (¯à¨ á¢¥àå-¡®«ìè¨å áª®à®áâïå { ¨§í­âà®¯¨ç¥áª¨ á¦¨¬ ¥¬®©)¦¨¤ª®áâ¨. �á­®¢­®© ï¢«ï¥âáï ®á¥á¨¬¬¥âà¨ç­ ï¬®¤¥«ì â¥ç¥­¨ï, ¯à¨ íâ®¬ ¢®§¤¥©áâ¢¨¥ ¡®«ìè¥©ç áâ¨ áãé¥áâ¢¥­­ëå ä ªâ®à®¢ á¢ï§ ­® á ¥¥ ­¥-¡®«ìè¨¬¨ ¢®§¬ãé¥­¨ï¬¨. � ¨¡®«¥¥ íää¥ªâ¨¢-­® ¨¬¥­­® ¤¢¨¦¥­¨¥ ¢ â®­ª®© ª ¢¥à­¥, ¯à¨ íâ®¬¢á«¥¤áâ¢¨¥ ¡ëáâà®£® ­ à áâ ­¨ï ¡®ª®¢ëå á¨« ¤¢¨-¦¥­¨¥ à¥ «ì­® ¢®§¬®¦­® ¯® ¤®áâ â®ç­® ¯®«®£¨¬âà ¥ªâ®à¨ï¬. �¢®©áâ¢  \â®­ª®áâ¨ ¨ ¯®«®£®áâ¨"ï¢«ïîâáï â ª¦¥ §­ ç¨â¥«ì­ë¬ ã¯à®é îé¨¬ ä ª-â®à®¬, ¯®§¢®«ïîé¨¬ ¯à® ­ «¨§¨à®¢ âì ¡®«ìèãîç áâì á«®¦­®© ª®¬¯«¥ªá­®© ¯à®¡«¥¬ë. �áå®¤ï ¨§íâ®© ¢®§¬®¦­®áâ¨, æ¥«ìî à ¡®âë ï¢«ï¥âáï ¯®-¯ëâª  à áá¬®âà¥âì ¨ ¯à® ­ «¨§¨à®¢ âì ¯à®¡«¥-¬ã áã¯¥àª ¢¨â æ¨®­­®£® ¤¢¨¦¥­¨ï ¢ æ¥«®¬, ®â¬¥-ç ï ­ ¨¡®«¥¥ §­ ç¨¬ë¥ ­ ¯à ¢«¥­¨ï ¨áá«¥¤®¢ ­¨©á ¢ë¤¥«¥­¨¥¬ ®á­®¢­ëå ¬®¤¥«¥© ¨ ¬®¬¥­â®¢, ¨ ¯à¨­¥®¡å®¤¨¬®áâ¨ ¡®«¥¥ ¤¥â «ì­®£® à áá¬®âà¥­¨ï ®â-áë« ï ª áãé¥áâ¢ãîé¨¬ ¯ã¡«¨ª æ¨ï¬.1. �������� ���������� ¨¡®«¥¥ å à ªâ¥à­®© ï¢«ï¥âáï ¯®áâ ­®¢ª  áâ -æ¨®­ à­®© § ¤ ç¨ ª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï ¡¥§-£à ­¨ç­ë¬ ¯®â®ª®¬ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨ á ¨á¯®«ì§®¢ ­¨¥¬ § ¬ëª ­¨ï ¯® áå¥¬¥ �ï¡ã-è¨­áª®£®. �á¯®«ì§ã¥âáï æ¨«¨­¤à¨ç¥áª ï á¨áâ¥¬ ª®®à¤¨­ â r; x (à¨á. 2). �®â¥­æ¨ « â¥ç¥­¨ï ' ã¤®-¢«¥â¢®àï¥â ãà ¢­¥­¨î � ¯« á . �  § ¤ ­­®© ¯®-¢¥àå­®áâ¨ ª ¢¨â â®à  r=r1(x) (¨ § ¬ëª ­¨ï â¨-¯  ¤¨áª ) § ¤ ¥âáï ãá«®¢¨¥ ­¥¯à®â¥ª ­¨ï; ­  ­¥-¨§¢¥áâ­®© § à ­¥¥ ¯®¢¥àå­®áâ¨ ª ¢¥à­ë { ãá«®¢¨ï­¥¯à®â¥ª ­¨ï ¨ § ¤ ­­®© à §­®áâ¨ ¤ ¢«¥­¨© �P¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥ ¨ ¢ ª ¢¥à­¥; ¢®§¬ãé¥­¨ï­  ¡¥áª®­¥ç­®áâ¨ ã¡ë¢ îâ ¤® 0. �«ï ¯à®áâ®âë64 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78á¥ç¥­¨¥ ®âàë¢  x = x0 ¯à¥¤¯®« £ ¥âáï ä¨ªá¨à®-¢ ­­ë¬: @2'@x2(1) + 1r @'@x(1) + @2'@x2(�2 ln 1=�) = 0;" @'@r(1) = U1 dr1dx(1) + @'@x dr1dx(�2 ln 1=�)#r=r1(x);" @'@r(1) = U1 dRdx(1) + @'@x dRdx(�2 ln 1=�)#r=R(x);r = r1(x)" 12 @'@r!2(ln =�1)�1+ 12 @'@x!2(�2 ln 1=�)+U1 @'@x(1) = �P�(1) #r=R(x);'����r;x!1! 0;�R = r1�x=x0 ; " drdx = dr1dx #x=x0 :�â  á¨áâ¥¬  ãà ¢­¥­¨© ¤®«¦­  ¡ëâì ¤®¯®«­¥­ ãá«®¢¨¥¬ ­¥¯à®â¥ª ­¨ï ­  § ¤ ­­®¬ § ¬ëª ­¨¨ ¯®áå¥¬¥ �ï¡ãè¨­áª®£®.�â  ¬®¤¥«ì ãç¨âë¢ ¥â ¡®«ìèãî ç áâì ®á®¡¥­-­®áâ¥© à¥è¥­¨© à áá¬ âà¨¢ ¥¬®© § ¤ ç¨, ¨ ¥¥®¡®¡é¥­¨¥ ­  á«ãç © ­¥áâ æ¨®­ à­ëå â¥ç¥­¨©¢ «¨­¥ à¨§®¢ ­­®© ¯®áâ ­®¢ª¥ ¤®áâ â®ç­® ¯à®-áâ®. �à¨ ¯à¨¬¥­¥­¨¨ £¨¤à®¤¨­ ¬¨ª¨ â®­ª¨å â¥«(���) ª ¢¨â â®à ¨ ª ¢¥à­  à áá¬ âà¨¢ îâáï ª ª¯®¢¥àå­®áâì ­¥ª®â®à®£® â®­ª®£® â¥«  á ¯ à ¬¥-âà®¬ â®­ª®áâ¨ ��1=� (§¤¥áì � { ã¤«¨­¥­¨¥). �à¨�!0 á¨áâ¥¬  ãà ¢­¥­¨© ã¯à®é ¥âáï ¨, ¨á¯®«ì§ãï¨§¢¥áâ­®¥ à §«®¦¥­¨¥ ��� M. Adams, W. Sears ¨�. �à ­ª«ï, �. � à¯®¢¨ç ' = � 14� LZ0 f(x1)dx1p(x� x1)2 + r2 ; f = U1 dR2dx ;' � f(x)2� ln r + f(x)4� ln 14x(L� x)�� 14� LZ0 f(x1)� f(x)jx� jx1 dx1 +O(r2 ln r); r ! 0á â®ç­®áâìî ¤® ¬ «ëå �2(ln 1=�2), á¢®¤¨âáï ª § -¤ ç¥ ¤«ï ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï

(���) ¤«ï ä®à¬ë â®­ª®© ®á¥á¨¬¬¥âà¨ç­®© ª ¢¥à-­ë r=R(x). � ç áâ­®áâ¨, ¢ á«ãç ¥ â®­ª®£® ª ¢¨-â â®à  r=r1(x) íâ  § ¤ ç  ¨¬¥¥â ¢¨¤12R2�dR2dx �2(ln(1=�2))�1 + d2R2dx2 ln �2R24x(L� x)(1) �� xoZ0 d2r21dx2 ��x=x1� d2R2dx2jx1 � xj dx1(ln(1=�2))�1 �� LZxo d2R2dx2 ��x=x1� d2R2dx2jx1 � xj dx1(ln(1=�2))�1 �� 1x�dr21dx ��x=0�(ln(1=�2))�1 + 1L� x�dR2dx ��x=L�(ln(1=�2))�1 = 2�:(1)a) [R = r1(x)]x=xo ; �dR2dx = dr21dx �x=xo ;b) [R2 = 0]x=L : (1.1)�¤¥áì �=0:5�P=�U21 { ç¨á«® ª ¢¨â æ¨¨; �P =P1 � Pc { à §­®áâì ¤ ¢«¥­¨© ¢ ­¥¢®§¬ãé¥­­®¬¯®â®ª¥ ¨ ¢ ª ¢¥à­¥; U1 { áª®à®áâì ­ ¡¥£ îé¥£®¯®â®ª ; � { ¬ áá®¢ ï ¯«®â­®áâì. �¥ç¥­¨¥ ®âàë-¢  ¯à¨ x = x0 ¤«ï ¯à®áâ®âë ¯à¥¤¯®« £ ¥âáï ä¨ª-á¨à®¢ ­­ë¬. �¨­¥ à¨§®¢ ­­ë© ¢ à¨ ­â ãá«®¢¨©§ ¬ëª ­¨ï (1.1b) ¯à¨ x=L ¯à¥¤¯®« £ ¥â  ¢â®¬ -â¨ç¥áª®¥ § ¬ëª ­¨¥ ª ¢¥à­ë ­  ­¥ª®â®à®¥ ¬ «®¥â¥«®. � ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ �=1, �2= j1�M2j.�®¤ ª ¦¤ë¬ ¨§ ç«¥­®¢ ãà ¢­¥­¨ï ãª § ­ë ¯®àï¤-ª¨ ¬ «®áâ¨ ¯à¨ �!0, L=(01) (§¤¥áì L { ¤«¨­  ¯®-¢¥àå­®áâ¨ ª ¢¨â â®à  { ª ¢¥à­ë). �¥áâ æ¨®­ à-­®¥ ãà ¢­¥­¨¥ ­  ®á­®¢¥ ��� ¢ á¨áâ¥¬¥ ª®®à¤¨­ â,á¢ï§ ­­®© á ­¥¯®¤¢¨¦­®© ¦¨¤ª®áâìî, ¨¬¥¥â ¢¨¤12R2�@R2@t �2 + @2R2@t2 ln R24[xn(t)� x][xc(t)� x]�� xs(t)Zxn(t) @2r21@t2 ��x=x1� @2R2@t2jx1 � xj dx1�� xc(t)Zxs(t) @2R2@t2 ��x=x1� @2R2@t2jx1 � xj dx1 � dxc(t)dt @R2@t ��x=xc(t)jxc(t)� xj ++dxn(t)dt @r21@t ��x=xn(t)jxc(t) � xj = 4�P (x; t)� : (1.2)�. �. �¥à¥¡àïª®¢ 65



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78�¤¥áì t { ¢à¥¬ï; xn(t), xs(t), xc(t) { § ª®­ë ¤¢¨-¦¥­¨ï á®®â¢¥âáâ¢¥­­® ­®á®¢®© â®çª¨ ª ¢¨â â®à ,á¥ç¥­¨ï ®âàë¢  áâàã©, ª®­æ  ª ¢¥à­ë.2. ����� ��������� ������������à®¡«¥¬  ¨áá«¥¤®¢ ­¨ï ¨ ¯à¥¤áª § ­¨ï áã¯¥à-ª ¢¨â æ¨®­­ëå â¥ç¥­¨© ï¢«ï¥âáï ®¤­®© ¨§ ­ ¨¡®-«¥¥ á«®¦­ëå § ¤ ç £¨¤à®¤¨­ ¬¨ª¨ á ­¥¨§¢¥áâ­®©á¢®¡®¤­®© £à ­¨æ¥©. �®íâ®¬ã ­ ¨¡®«¥¥ íää¥ªâ¨¢-­ë¬ ­  ¯¥à¢ëå íâ ¯ å ¢ 40{50-å ££. ®ª § «®áì¯à¨¬¥­¥­¨¥ ¯à®áâëå í¢à¨áâ¨ç¥áª¨å ¬®¤¥«¥©, ¨­-â¥£à «ì­ëå § ª®­®¢ á®åà ­¥­¨ï ¨ â¥®à¨¨ ¢®§¬ã-é¥­¨©. � ç¨­ ï á à ¡®â H. Reichardt, G. Birkho�¨ ¤à., ¡ë«  ®¯à¥¤¥«¥­  í««¨¯á®¨¤ «ì­ ï ä®à¬  ª -¢¥à­ë, ¥¥ ®á­®¢­ë¥ à §¬¥àë ¨ ¨§¢¥áâ­ ï ä®à¬ã« ¤«ï ­ ¨¡®«ìè¥£® à ¤¨ãá  ª ¢¥à­ë Rk:Rk = Rnq cdk� ; (2.1)£¤¥ Rn { à ¤¨ãá ª ¢¨â â®à ; cd { ª®íää¨æ¨¥­â ¥£®á®¯à®â¨¢«¥­¨ï; (k�0:94�1). �ë«  â ª¦¥ ®á®§­ -­  ¯à ªâ¨ç¥áª ï ­¥§ ¢¨á¨¬®áâì à áè¨à¥­¨ï á¥ç¥-­¨© ã¤«¨­¥­­ëå ª ¢¥à­, çâ® ­ ¨¡®«¥¥ ïá­® ¢ë-à ¦¥­® �. �. �®£¢¨­®¢¨ç¥¬ ¢ ¢¨¤¥ ¨§¢¥áâ­®£®¯à¨­æ¨¯  \�¥§ ¢¨á¨¬®áâ¨ à áè¨à¥­¨ï ª ¢¥à­ë".�¤¥áì â ª¦¥ ­ã¦­® ®â¬¥â¨âì ¨§¢¥áâ­ë¥ ¨áá«¥¤®-¢ ­¨ï A. Armstrong, D. Gilbarg, M. Plesset, A. May,J.-M. Michel, L. Woods ¨ ¤à. �­ ç¨â¥«ì­® íä-ä¥ªâ¨¢­ë¬ ®ª § «®áì ¯à¨¬¥­¥­¨¥ ¢ àï¤¥ á«ãç ¥¢¯«®áª®© â¥®à¨¨ ¤«ï ¯à¨¡«¨¦¥­­®£® ¬®¤¥«¨à®¢ -­¨ï ®á¥á¨¬¬¥âà¨ç­ëå â¥ç¥­¨©,  á¨¬¯â®â¨ç¥áª¨©¯®¤å®¤ §¤¥áì à §¢¨« P. Garabedian, ¯®«ãç¨¢è¨©¨§¢¥áâ­ãî ä®à¬ã«ã ¤«ï ã¤«¨­¥­¨ï ª ¢¥à­ë � ¯à¨¬ «ëå �: �2 = 1� ln 1� : (2.2)�â¬¥â¨¬ â ª¦¥ ¨§¢¥áâ­ãî ¤¢ãåç«¥­­ãî  á¨¬¯â®-â¨ªã N. Levinson, �. �ãà¥¢¨ç  à áè¨à¥­¨ï áâàã©­  ¡¥áª®­¥ç­®áâ¨ ¯à¨ x!1:R2=2pcdo xpln x�1� 14 ln ln xln x +� � ��� xpln x : (2.3)�â¬¥ç¥­­ë¥ à¥§ã«ìâ âë ¯à¥¤áâ ¢«ïîâ ­¥¡®«ì-èãî ­ ç «ì­ãî ç áâì ­ ¨¡®«¥¥ §­ ç¨¬ëå ¨áá«¥¤®-¢ ­¨© ¢ ¤ ­­®© ®¡« áâ¨. � ¦­ë¬¨ §¤¥áì ï¢«ïîâ-áï â ª¦¥ ¯à®¡«¥¬ë ¨§ãç¥­¨ï ­¥áâ æ¨®­ à­ëå ª -¢¨â æ¨®­­ëå â¥ç¥­¨© ¨ â¥ç¥­¨© á ¨áªãááâ¢¥­­ë¬¯®¤¤ã¢®¬, ã¤ à  ¨ ¢å®¤  ¢ ¢®¤ã, £«¨áá¨à®¢ ­¨ï ¨â¥®à¨¨ ªàë« , â¥ç¥­¨© ¢ ®£à ­¨ç¥­­ëå ¯®â®ª å,¢ª«îç ï ¨áá«¥¤®¢ ­¨ï ­  ®á­®¢¥ ¯«®áª®© ¨ ¡«¨§-ª¨å ª ­¥© ¬®¤¥«¥© ¨ ¤à. � â® ¦¥ ¢à¥¬ï á«¥¤ã¥â ®â-¬¥â¨âì ¤®áâ â®ç­ãî ®£à ­¨ç¥­­®áâì ¬®¤¥«¨ ¨¤¥- «ì­®© ¦¨¤ª®áâ¨. �ãé¥áâ¢¥­­ë¬¨ ï¢«ïîâáï ¨á-á«¥¤®¢ ­¨ï ¢®§¤¥©áâ¢¨ï ¢ï§ª®áâ¨, ª ¯¨««ïà­®áâ¨,

â¥à¬®¤¨­ ¬¨ç¥áª¨å íää¥ªâ®¢, ¯à®¡«¥¬ë ¢®§­¨ª-­®¢¥­¨ï ¨ ­ ç «ì­ëå áâ ¤¨© ª ¢¨â æ¨¨ ¯à¨ ®¡à -§®¢ ­¨¨ ¨ í¢®«îæ¨¨ ¤¢ãåä §­ëå ®¡« áâ¥© ¢ ¯®â®-ª¥ ¨ ¤à. �®«¥¥ ¯®«­ ï ¨­ä®à¬ æ¨ï á®¤¥à¦¨âáï, ¢ç áâ­®áâ¨, ¢ à ¡®â å [1 { 12].�®§¤ ­¨¥ ¨§¢¥áâ­®© «¨­¥©­®© â¥®à¨¨ ¤¢ã¬¥à-­ëå áã¯¥àª ¢¨â æ¨®­­ëå â¥ç¥­¨© M. Tulin [11]§­ ç¨â¥«ì­® áâ¨¬ã«¨à®¢ «® à §¢¨â¨¥  ­ «®£¨ç-­®© «¨­¥ à¨§®¢ ­­®© â¥®à¨¨ ®á¥á¨¬¬¥âà¨ç­ëåâ¥ç¥­¨© ­  ®á­®¢¥ ���, ¢®§¬®¦­®áâì ¯à¨¬¥­¥­¨ïª®â®à®© ®â¬¥ç « áì ¥é¥ ¢ à ¡®â¥ [13]. �¤¥áì ¬®¦-­® ®â¬¥â¨âì, ¢ ç áâ­®áâ¨, ¨áá«¥¤®¢ ­¨ï [14{28].�á®¡¥­­® íää¥ªâ¨¢­ë¬ ¤«ï à §à ¡®âª¨ ¯à ªâ¨-ç¥áª¨å ¬¥â®¤®¢ à áç¥â  ª ¢¨â æ¨®­­ëå â¥ç¥­¨©®ª § «®áì ¯à¨¬¥­¥­¨¥ ¬¥â®¤®¢ â¥®à¨¨ ¢®§¬ãé¥-­¨© ¨, ¢ ç áâ­®áâ¨, \�¥â®¤  áà é¨¢ ¥¬ëå  á¨¬-¯â®â¨ç¥áª¨å à §«®¦¥­¨©" (����) á®¢¬¥áâ­® á¨­â¥£à «ì­ë¬¨ § ª®­ ¬¨ á®åà ­¥­¨ï. � ç¨­ ï áà ¡®â [29, 30] ¨ ¤à., á®§¤ ­  ­ ¤¥¦­ ï â¥®à¨ï ­¥-«¨­¥©­ëå ç¨á«¥­­ëå à¥è¥­¨© ¢ ®á­®¢­®¬ ¤«ï áâ -æ¨®­ à­ëå ®á¥á¨¬¬¥âà¨ç­ëå â¥ç¥­¨©. � ­ áâ®ï-é¥¥ ¢à¥¬ï ¯à¨¬¥­¨â¥«ì­® ª ¯à®¡«¥¬¥ áã¯¥àª ¢¨-â æ¨¨ ­ ¨¡®«¥¥ íää¥ªâ¨¢­ë¬¨ ¬®¦­® áç¨â âì ¬¥-â®¤ë ­  ®á­®¢¥ ��� ¨ ¨­â¥£à «ì­ëå § ª®­®¢ á®-åà ­¥­¨ï,   â ª¦¥ ¬¥â®¤ë ­¥«¨­¥©­ëå ç¨á«¥­­ëåà¥è¥­¨©. � ¯®á«¥¤­¥¥ ¢à¥¬ï, ­ ç¨­ ï á ¨§¢¥áâ­ëåà ¡®â [14, 31{ 33] ¨ ¤à., ¯®«ãç¨«  à §¢¨â¨¥ ¤®áâ -â®ç­® ­®¢ ï ®¡« áâì â¥®à¨¨ áã¯¥àª ¢¨â æ¨®­­®-£® ¤¢¨¦¥­¨ï ¯à¨ ¤®- ¨ á¢¥àå§¢ãª®¢ëå áª®à®áâïå¢ ¢®¤¥ á ãç¥â®¬ ®á­®¢­ëå íää¥ªâ®¢ á¦¨¬ ¥¬®áâ¨.�ã¦­® ®â¬¥â¨âì §¤¥áì à¥§ã«ìâ âë íªá¯¥à¨¬¥­â®¢¢ ���,   â ª¦¥ è¨à®ª®¬ áèâ ¡­ë¥ íªá¯¥à¨¬¥­-â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï ¢ �­áâ¨âãâ¥ £¨¤à®¬¥å ­¨-ª¨ ��� �ªà ¨­ë, NUWC, USA ¨ ¤à. �â  ®¡« áâì¨áá«¥¤®¢ ­¨© ­ å®¤¨âáï ¢ á®áâ®ï­¨¨ ¨­â¥­á¨¢­®£®à §¢¨â¨ï.3. ��������������� ������� ������������ ������ ������ ����á¨¬¯â®â¨ç¥áª¨© ¯®¤å®¤�á­®¢­ë¬ á®¤¥à¦ ­¨¥¬  á¨¬¯â®â¨ç¥áª®£® ¯®¤-å®¤  ¯à¨¬¥­¨â¥«ì­® ª áã¯¥àª ¢¨â æ¨¨ ï¢«ï¥â-áï á¢¥¤¥­¨¥ ¨áå®¤­ëå ªà ¥¢ëå § ¤ ç á â®ç­®-áâìî ¤® ¬ «ëå �2 ln(1=�2) ª § ¤ ç ¬ ¤«ï ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï â¨¯  (1.1), (1.2)¨ ¤ «ì­¥©è¥© à §à ¡®âª®© ¬¥â®¤®¢ ¥¥ à¥è¥­¨ï¢  á¨¬¯â®â¨ç¥áª¨å àï¤ å ¯® ¬ «ë¬ ¯ à ¬¥âà ¬â®­ª®áâ¨ ­  ®á­®¢¥ ����. � ¦­ë¬ ¯à¥¨¬ãé¥-áâ¢®¬  á¨¬¯â®â¨ç¥áª¨å à¥è¥­¨© ï¢«ï¥âáï â®, çâ®®­¨ ­ ¨¡®«¥¥ ¯à¨á¯®á®¡«¥­ë ª ¯à¥¤¥«ì­ë¬ á¨-âã æ¨ï¬ ¨ £ à ­â¨àãîâ ¯à ¢¨«ì­®áâì à¥è¥­¨©,¢ ç áâ­®áâ¨, ¢ á«ãç ¥ ®ç¥­ì â®­ª¨å ª ¢¥à­ ¯à¨á¢¥àå¡®«ìè¨å áª®à®áâïå. �á­®¢ë ¯à¨¬¥­¥­¨ï66 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78 ¡�¨á. 3. �á¨¬¯â®â¨ç¥áª ï áâàãªâãà  à¥è¥­¨©���� ¤«ï § ¤ ç ®á¥á¨¬¬¥âà¨ç­®© áã¯¥àª ¢¨â -æ¨¨ ¢ ¯à¨¡«¨¦¥­¨¨ ��� ¡ë«¨ áä®à¬ã«¨à®¢ ­ë ¢�­áâ¨âãâ¥ £¨¤à®¬¥å ­¨ª¨ �� ���� ¢ ­ ç -«¥ 70-å £®¤®¢. �¨¦¥ ¯à¨¢®¤ïâáï ®á­®¢­ë¥ ®á®¡¥­-­®áâ¨ íâ®£® ¯®¤å®¤  [18{ 27,34].�á¨¬¯â®â¨ç¥áª¨¥ à¥è¥­¨ï ¤«ï â®­ª¨å ª ¢¥à­¨¬¥îâ á«®¦­ãî áâàãªâãàã. �®¢¥àå­®áâì ª ¢¨â -â®à  ¨ ª ¢¥à­ë ¢ æ¥«®¬ ¬®¦­® ®å à ªâ¥à¨§®¢ âì®¤­¨¬ ¯ à ¬¥âà®¬ â®­ª®áâ¨ �. �¤­ ª® à¥ «ì­®íâ  ¯®¢¥àå­®áâì á®áâ®¨â ¨§ ¤¢ãå ­¥§ ¢¨á¨¬ëå ç -áâ¥©. � ç áâ­®áâ¨, ¢ á«ãç ¥ â®­ª®© ª ¢¥à­ë § ª®­ãá®¬ ¬ë ¬®¦¥¬ ­¥§ ¢¨á¨¬® ¬¥­ïâì ã£®« ¥£® ¯®-«ãà áâ¢®à  
 ¨ ç¨á«® ª ¢¨â æ¨¨ �!0, â. ¥. ¬®¦­®¢¢¥áâ¨ ¤¢  ­¥§ ¢¨á¨¬ëå ¯ à ¬¥âà  â®­ª®áâ¨ ®â-¤¥«ì­® ¤«ï ª ¢¨â â®à  { " (¤«ï ª®­ãá  "=tg 
) ¨� ¤«ï ª ¢¥à­ë. �à ªâ¨ç¥áª¨ ­ ¨¡®«¥¥ ¯à¨¥¬«¥¬á«ãç © à¥è¥­¨©, ¯à¨£®¤­ëå ¯à¨ ¤®áâ â®ç­® ¯à®-¨§¢®«ì­ëå á®®â­®è¥­¨ïå íâ¨å ¯ à ¬¥âà®¢, ®¤­ -ª® ®¡é ï ¬¥â®¤¨ª  §¤¥áì ¯®ª  ­¥ à §à ¡®â ­ .�®áâ â®ç­® å®à®è® à §¢¨â  â¥®à¨ï  á¨¬¯â®â¨ç¥-áª¨å à¥è¥­¨© ¯® ®¤­®¬ã ¯ à ¬¥âàã ¤«ï ¤¢ãå å -à ªâ¥à­ëå á«ãç ¥¢:à¥£ã«ïà­ë¥ ¢®§¬ãé¥­¨ï:�="=O(1) ��=O("2 ln(1=")) �; L=O(1): (3.1)á¨­£ã«ïà­ë¥ ¢®§¬ãé¥­¨ï:�="!0 ���"2 ln(1=") �; L=O(1): (3.2)� ®¡®¨å á«ãç ïå �=�2 ln(1=�2)=O(1). �á«®-¢¨ï (3.1), (3.2) ï¢«ïîâáï ¯ à ¬¥âà ¬¨ ¯®¤®¡¨ï,®¯à¥¤¥«ïîé¨¬¨ ãá«®¢¨ï ¯à¥¤¥«ì­ëå ¯¥à¥å®¤®¢ ¨,á®®â¢¥âáâ¢¥­­®, ¤¨ ¯ §®­ë ¯à¨£®¤­®áâ¨ à¥è¥­¨©.�«ãç © �="=O(1) (â®­ª ï ª ¢¥à­  §  â®­ª¨¬ª ¢¨â â®à®¬, à¨á. 3,  ), â. ¥. ­¥§­ ç¨â¥«ì­® à §-«¨ç îé¨åáï ¯ à ¬¥âà®¢ â®­ª®áâ¨. �«¨­ë ª ¢¨-â â®à  ` ¨ ª ¢¥à­ë Lc §¤¥áì â ª¦¥ ­¥ ¬®£ãâ ®ç¥­ì

á¨«ì­® ®â«¨ç âìáï, `=Lc=O(1). �¤¥áì ¬ë ¨¬¥¥¬¢ ¯à¥¤¥«¥ í««¨¯á®¨¤ «ì­ãî ª ¢¥à­ã ¨ ¬®¦¥¬ ¯à¨-à ¢­ïâì ã£«ë ­ ª«®­  ª ¢¨â â®à  ¨ ª ¢¥à­ë ¢ á¥-ç¥­¨¨ ®âàë¢  áâàã©. �à¨ íâ®¬ ¢á¥ à¥è¥­¨¥ à á¯®-«®¦¥­® ¢® ¢­¥è­¥© ®¡« áâ¨ 3, ¨ £à ­¨ç­ë¥ ãá«®¢¨ï¢ á¥ç¥­¨¨ ®âàë¢  áâàã© ­¥ â¥àïîâáï.�«ãç © �="!0 (â®­ª ï ª ¢¥à­  §  ¬ «ë¬ ª -¢¨â â®à®¬, ¢ â®¬ ç¨á«¥ ¨ ¢ á«ãç ¥ ­¥â®­ª¨åª ¢¨â â®à®¢ â¨¯  ¤¨áª ). �¤¥áì ¯à¨ �="!0 áãç¥â®¬ ãá«®¢¨© (3.1) ª ¢¨â â®à áâà¥¬¨âáï áâ âì¡¥áª®­¥ç­® ¬ «ë¬ ¯® áà ¢­¥­¨î á ª ¢¥à­®©,`=O��2pln(1=�) �. � ¯à¥¤¥«¥ ¬ë ®¯ïâì ¨¬¥¥¬ í«-«¨¯á®¨¤ «ì­ãî ª ¢¥à­ã, ®¤­ ª® ­¥ ¬®¦¥¬ ã¤®¢«¥-â¢®à¨âì £à ­¨ç­ë¬ ãá«®¢¨ï¬ ¢ á¥ç¥­¨¨ ®âàë¢ áâàã© { ®­¨ â¥àïîâáï. �¥è¥­¨¥ ¯à¨ �="!0 ¨¬¥¥âá«®¦­ãî  á¨¬¯â®â¨ç¥áªãî áâàãªâãàã, á®áâ®ïéãî¨§ âà¥å ç áâ¥© (à¨á. 3,¡). �­ãâà¥­­¥¥ à¥è¥­¨¥ ¢áâà¥¬ïé¥©áï ª ­ã«î ®¡« áâ¨ 1 ¢¡«¨§¨ ª ¢¨â â®-à , § ¢¨áïé¥¥ ®â ¥£® ä®à¬ë (¤«ï ¤¨áª  { ­¥«¨-­¥©­®¥ à¥è¥­¨¥); ¯à®¬¥¦ãâ®ç­®¥ à¥è¥­¨¥ ¢ ®¡« -áâ¨ 2 {  á¨¬¯â®â¨ª  â¨¯  (2.3); ¢­¥è­¥¥ à¥è¥­¨¥ {¤«ï áà¥¤­¥© ç áâ¨ ¢ ®¡« áâ¨ 3 { ¢®§¬ãé¥­¨¥ í««¨-¯á®¨¤ «ì­®© ª ¢¥à­ë. �á¨¬¯â®â¨ç¥áª¨¥ à¥è¥­¨ï¨éãâáï ¢ ª ¦¤®© ¨§ ®¡« áâ¥© ¢ àï¤ å ¯® 1=(ln 1=�)(¢® ¢­ãâà¥­­¥© ®¡« áâ¨ ¢ á«ãç ¥ â®­ª®£® ª ¢¨â -â®à  â ª¦¥ ¯® 1=(ln 1=")). � ç «ì­ë¥ ãá«®¢¨ï ã¤®-¢«¥â¢®àïîâáï ¢® ¢­ãâà¥­­¥© ®¡« áâ¨, ¨ ¢­ãâà¥­-­¥¥ à¥è¥­¨¥ ï¢«ï¥âáï ¯®«­ë¬. �®­áâ ­âë ¯à®¬¥-¦ãâ®ç­®£® à¥è¥­¨ï ®¯à¥¤¥«ïîâáï ¥£® áà é¨¢ ­¨-¥¬ á ¢­ãâà¥­­¨¬ à¥è¥­¨¥¬, ª®­áâ ­âë ¢­¥è­¥£®à¥è¥­¨ï { áà é¨¢ ­¨¥¬ á ¯à®¬¥¦ãâ®ç­ë¬. � -â¥¬, ¨á¯®«ì§ãï  ¤¤¨â¨¢­®¥ ¯à ¢¨«® [35], áâà®¨âáïà ¢­®¬¥à­®-¯à¨£®¤­®¥ ¤«ï ¢á¥© ®¡« áâ¨ à¥è¥­¨¥.�á¨¬¯â®â¨ç¥áª¨¥ à¥è¥­¨ï ¤«ï ®¡®¨å á«ãç ¥¢�="=O(1), �="!0 á¯à ¢¥¤«¨¢ë ¢ à §«¨ç­ëå ®¡« -áâïå � ¨ " ¨ ¤®¯®«­ïîâ ¤àã£ ¤àã£ : à¥è¥­¨ï¯à¨ �="=O(1) á¯à ¢¥¤«¨¢ë, ª®£¤  â®­ª¨© ª ¢¨â -â®à ­¥ á«¨èª®¬ ¬ « ¯® áà ¢­¥­¨î á ¤«¨­®© ª ¢¥à-­ë; à¥è¥­¨ï ¯à¨ �="!0 á¯à ¢¥¤«¨¢ë, ª®£¤  ª ¢¨-â â®à ¤®áâ â®ç­® ¬ «. �â¨ à¥è¥­¨ï ¢ á«ãç ¥ â®­-ª¨å ª ¢¨â â®à®¢ ¨¬¥îâ ­¥ª®â®àãî ¯®£à ­¨ç­ãî§®­ã, £¤¥ ¬®£ãâ ¯à¨¢®¤¨âì ª ¡«¨§ª¨¬ à¥§ã«ìâ -â ¬, ®¤­ ª® ­¥ ¨¬¥îâ ®¡« áâ¨ ¯¥à¥ªàëâ¨ï. �â¬¥-â¨¬ â ª¦¥, çâ®  á¨¬¯â®â¨ç¥áª¨¥ à¥è¥­¨ï áâà®ïâ-áï ¢ ¢¨¤¥ ¤®áâ â®ç­® á« ¡ëå ¯® 1= ln(1=�2) àï¤®¢,¨ §¤¥áì ¢ ¦­®© ï¢«ï¥âáï áª®à®áâì ã¡ë¢ ­¨ï ª®íä-ä¨æ¨¥­â®¢, çâ® âà¥¡ã¥â â¥®à¨¨ ¢â®à®£® ¯®àï¤ª .�¥à¢ë¥ ç«¥­ë àï¤®¢ ¨­®£¤  ¤ îâ §­ ç¨â¥«ì­ãî¯®£à¥è­®áâì, ¨ ¢  ­ «®£¨ç­ëå á«ãç ïå ¬®¦­® £®-¢®à¨âì â®«ìª® ®¡  á¨¬¯â®â¨ç¥áª®© áâàãªâãà¥ à¥-è¥­¨ï, ª®â®à®¥, ®¤­ ª®, ¬®¦­® ãâ®ç­¨âì.� ¬¥â¨¬, çâ® ãà ¢­¥­¨ï (1.1), (1.2) ¨¬¥îâ £« ¢-­ãî ¤¨ää¥à¥­æ¨ «ì­ãî ç áâì ¯à¨ �!0. �â®®¯à¥¤¥«ï¥â ¤¢¥ ®á­®¢­ë¥  «ìâ¥à­ â¨¢ë. � ®¤­®©�. �. �¥à¥¡àïª®¢ 67



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78áâ®à®­ë, à §à ¡ âë¢ ¥âáï â¥å­®«®£¨ï ¯®«ãç¥­¨ï á¨¬¯â®â¨ç¥áª¨å à¥è¥­¨© 2-£® ¯®àï¤ª , á ¤àã£®©{ â¥®à¨ï ­  ®á­®¢¥  ¯¯à®ªá¨¬ æ¨¨ ��� ¡®«¥¥ ¯à®-áâë¬¨ ¤¨ää¥à¥­æ¨ «ì­ë¬¨ ãà ¢­¥­¨ï¬¨, ®¯à¥¤¥-«ïîé¨¬¨ ¨å £« ¢­ãî ç áâì. � ¨¡®«¥¥ íää¥ªâ¨¢-­ë¬ ¯à¨ íâ®¬ oª §ë¢ ¥âáï ¯à¨¬¥­¥­¨¥ ¨­â¥£à «ì-­ëå § ª®­®¢ á®åà ­¥­¨ï, ¯à®áâëå í¢à¨áâ¨ç¥áª¨å¬®¤¥«¥© ¨ ¤àã£¨å, ¯à¨¬¥­ï¥¬ëå ¢ ª ¢¨â æ¨¨ ¯à¨-¡«¨¦¥­¨©.�®­ª ï ª ¢¥à­  §  â®­ª¨¬ ª ¢¨â â®à®¬�¤¥áì à §à ¡®â ­ë ¤¢  ¢ à¨ ­â   á¨¬¯â®â¨ç¥-áª®£® à¥è¥­¨ï [21, 26, 34]: \¯®«ã®¡à â­ë©" { § -¤ îâáï " ¨ ¤«¨­  ª ¢¥à­ë ¨ ­ å®¤¨âáï à¥è¥-­¨¥ ¤«ï � ¨ ä®à¬ë ª ¢¥à­ë; ¯àï¬®© { § ¤ -îâáï ", � ¨ ­ å®¤¨âáï  á¨¬¯â®â¨ç¥áª®¥ à¥è¥-­¨¥ ¤«ï ä®à¬ë ¨ à §¬¥à®¢ ª ¢¥à­ë. �¢«ïïáì¬¥â®¤®«®£¨ç¥áª¨ ­ ¨¡®«¥¥ ¯à®áâë¬¨, íâ¨ ¯®¤å®-¤ë ¢¯®á«¥¤áâ¢¨¨ ¯®«ãç¨«¨ à á¯à®áâà ­¥­¨¥ ¢ à -¡®â å àï¤   ¢â®à®¢. �¨¦¥ ¯à¥¤áâ ¢«¥­ ã­¨¢¥à-á «ì­ë© ¢ à¨ ­â ¯àï¬®£® ¯®¤å®¤  ¤«ï à¥è¥­¨ï¯à¨ ¤®áâ â®ç­® ¯à®¨§¢®«ì­ëå r1=r1(x)=�~r1(x),�(x)=�2(ln 1=�2�2)~�(x) (¤«ï ¢¥àâ¨ª «ì­®© ª ¢¥à-­ë �P (x) = �Po � �gx, g { ãáª®à¥­¨¥ á¨«ë âï¦¥-áâ¨) ¨ á¯®á®¡¥ § ¤ ­¨ï �. � ãç¥â®¬ ãá«®¢¨© (3.1)à¥è¥­¨¥ ¨é¥âáï ­  ®á­®¢¥ ãà ¢­¥­¨© (1.1) ¢ ¢¨¤¥àï¤®¢ ¤«ï ä®à¬ë ¨ ¤«¨­ë ª ¢¥à­ë, x=0 ¢ á¥ç¥­¨¨®âàë¢ , (¤«¨­  ª ¢¨â â®à  `=1):R2 = �2� ~R2o + 1ln(1=�2�2) ~R21 + : : :�;Lc = Lo + 1ln(1=�2�2) + : : : ; (3.3)¨ á¢®¤¨âáï ª ¯®á«¥¤®¢ â¥«ì­®áâ¨ ªà ¥¢ëå § ¤ ç,¤¢¥ ¨§ ª®â®àëå ¥áâìd2 ~R2odx2 = �2~�(x); �d ~R2odx = d~r21dx �x=0[ ~R2o = ~r21 ]x=0 ; [ ~R2o = 0]x=Lo ; (3.4)d2 ~R21dx2 = 12 ~R2o�d ~R2odx �2++ d2 ~R20dx2 ln� ~R2o4(1 + x)(1� Lo)��� 0Z�1 d2~r21dx2 ��x=x1� d2 ~R2odx2jx1 � xj dx1�� LoZ0 d2 ~R2odx2 ��x=x1� d2 ~R2odx2jx1 � xj dx1�

� d~r21dx ��x=�11 + x + d ~R2odx ��x=LoLo � x ; (3.5)d ~R21dx ��x=0 = 0; ~R21jx=0 = 0:�¥è¥­¨¥ ­ å®¤¨âáï ¢ ¢¨¤¥ ¤¢ãå ç«¥­®¢ àï¤ :R2 = R20 + 1ln(1=�2�2)R21 == "2(1 + 2mx)� xZ0 (x� x1) 2�(x1)ln(1=�2�2)dx1++ 1ln(1=�2�2) xZ0 (x� x1)d2R21dx2 dx1: (3.6)� á«ãç ¥ ª®­ãá  (r21="2(x�1)2, "=tg 
, m=1) ¯à¨�=const, �=" à¥è¥­¨¥ (3.6) ¨¬¥¥â ¢¨¤R2o = "2(1 + 2x) � �ln(1=�2�2)x2 = "2(1 + 2x� �"x2);d2R21dx2 = "2�"�12 (Lm � x)2(Lf + x)(Lo � x)��2 ln ��(Lf + x)4(1 + x) � 21 + �"�" ln 1 + xx � LeLo � x�;�" = �"2 ln 1=(�2�2) ; �� = ��2 ln(1=�2�2) ;Lo = p1 + �" + 1�" ; Lf = p1 + �" � 1�" ;Lm = 2�" ; Le = 2p1 + �"�" : (3.7)�¥è¥­¨ï â¨¯  (3.6) ¢® ¬­®£¨å á«ãç ïå ¯®«ãç -îâáï  ­ «¨â¨ç¥áª¨. �® §¤¥áì ã¤®¡­® ¨á¯®«ì§®¢ âìç¨á«¥­­®¥ ¨­â¥£à¨à®¢ ­¨¥ ¢ëà ¦¥­¨© (3.7), çâ®¯®§¢®«ï¥â à ááç¨â âì ¡®«ìè¨­áâ¢® ¢ ¦­ëå á«ã-ç ¥¢. �«ï â¥áâ  ¯®«ãç¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥¤«ï ª®­ãá  [21,26,34]. �¥è¥­¨¥ (3.6) ¯à¨£®¤­® ¯à¨à §«¨ç­®¬ § ¤ ­¨¨ ¯ à ¬¥âà®¢ â®­ª®áâ¨. �¤¥áì¬®¦­® ¨á¯®«ì§®¢ âì ¢ëà ¦¥­¨¥ �=1=�, ãç¨âë¢ -îé¥¥ ã¤«¨­¥­¨¥ ¯®¢¥àå­®áâ¨ ª ¢¨â â®à  ¨ ª ¢¥à-­ë ¢ æ¥«®¬, ®¤­ ª® ­ ¨¡®«¥¥ íää¥ªâ¨¢­® ¨á¯®«ì-§®¢ âì ¯ à ¬¥âàë, á¢ï§ ­­ë¥ ¨«¨ á ª ¢¨â â®à®¬,¨«¨ á ª ¢¥à­®©, â¨¯ a) � = "; b) � = �2 ln 1=�2�2; (3.8)� á«ãç ¥ b) ¯®ï¢«ï¥âáï ¢®§¬®¦­®áâì à áç¥â  ­¥®ç¥­ì â®­ª¨å,   â ª¦¥ ¤®­­ëå ª ¢¥à­ ¨ ¤à. �­ «®-£¨ç­® ¢ëà ¦¥­¨ï¬ (3.3) { (3.7) ­ å®¤ïâáï à¥è¥­¨ï¯à¨ ¯¥à¥¬¥­­®¬ ¤ ¢«¥­¨¨, ¢ª«îç ï ¢¥àâ¨ª «ì­ãîª ¢¥à­ã, ¨ ¤à., ¨ ­  ®á­®¢¥ ¢ëà ¦¥­¨ï (1.2) [22]68 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78à §à ¡®â ­  ­ «®£¨ç­ë© ¬¥â®¤ à áç¥â  ­¥áâ æ¨-®­ à­ëå ª ¢¥à­ [26]. �à¥¤¥«ì­®¥ à¥è¥­¨¥ §¤¥áì {í««¨¯á®¨¤:R2=�"2(1+2x)� �ln(1=�2�2)x2��!0x!1 ! 2"2x: (3.9)�à¨ § ¤ ­­®¬ ª ¢¨â â®à¥ ¨ §­ ç¨â¥«ì­®¬ ã¢¥«¨-ç¥­¨¨ ª ¢¥à­ë ¯à¨ �!0, á®®â¢¥âáâ¢ãîé¥¬ ­ àã-è¥­¨î ãá«®¢¨© (3.1) ¢¬¥áâ®  á¨¬¯â®â¨ª¨ (2.3) ¯à¨x!1 ¨¬¥¥¬ ¯ à ¡®«®¨¤ ¢ (3.9), çâ® ®¡êïá­ï¥â¯à¨ç¨­ã ­¥¯à¨£®¤­®áâ¨ à¥è¥­¨© ¯à¨ ­ àãè¥­¨¨®£à ­¨ç¥­¨© (3.1). � á«ãç ¥ �="=O(1), ¨¬¥ï ¤¢ ­¥§ ¢¨á¨¬ëå ¯ à ¬¥âà  " ¨ �, à¥è¥­¨¥ áâà®¨âáï¯® ®¤­®¬ã ¨§ ­¨å. �¤­ ª® ¯à¨ «î¡®¬ § ¤ ­¨¨ � ¢á¥íâ¨ à¥è¥­¨ï á ãç¥â®¬ ãá«®¢¨© (3.1) á â®ç­®áâìî ¤®¬ «ëå ¢ëáè¥£® ¯®àï¤ª  ¯à¥¤áâ ¢«ïîâ á¥¬¥©áâ¢® á¨¬¯â®â¨ç¥ª¨ íª¢¨¢ «¥­â­ëå à¥è¥­¨©, ¨ ­¨ª -ª¨¬ ¢ë¡®à®¬ ¯ à ¬¥âà  â®­ª®áâ¨ ­¥«ì§ï ¯à¥®¤®-«¥âì ãá«®¢¨ï (3.1). �á«¥¤áâ¢¨¥ á« ¡®© ®á®¡¥­­®áâ¨¢ á¥ç¥­¨¨ ®âàë¢  §¤¥áì ¢®§¬®¦­® â®«ìª® ¤¢  ¯à¨-¡«¨¦¥­¨ï. �®ç­®áâì à¥è¥­¨ï (3.7), ¢ áà ¢­¥­¨¨ á­¥«¨­¥©­ë¬ ç¨á«¥­­ë¬ à áç¥â®¬ �. �ã§­¥æ®¢ ,�. �¥âà®¢ , �. �®¤¨®­®¢  ¨««îáâà¨àã¥â à¨á. 4.� ¢¥à­ë ¯à¨ �=0�â¨ à¥è¥­¨ï ¢ ¦­ë ¯à¨¬¥­¨â¥«ì­® ª ¤¢¨¦¥­¨î ¢¯¥à¥¤­¥¬ ãç áâª¥ ¡®«ìè¨å ª ¢¥à­, ®¯à¥¤¥«ïï ä®à-¬ã ¨å ¯¥à¥¤­¨å ãç áâª®¢, ­¥ ¬¥­ïîéãîáï ¢ ¯à®-æ¥áá¥ ¤¢¨¦¥­¨¨. �­¨ â ª¦¥ § ¤ îâ ¡«®ª ¢­ãâà¥­-­¥£® ¨ ¯à®¬¥¦ãâ®ç­®£® à¥è¥­¨© ¤«ï ¯®áâà®¥­¨ïà ¢­®¬¥à­® ¯à¨£®¤­ëå à¥è¥­¨© ¤«ï â®­ª®© ª ¢¥à-­ë §  ¬ «ë¬ ª ¢¨â â®à®¬, ¢ª«îç ï ¤¨áª.�à®¬¥¦ãâ®ç­ë¥ ãà ¢­¥­¨¥ ¨ à¥è¥­¨¥. �¥®à¨ï2-£® ¯®àï¤ª  ¯® � âà¥¡ã¥â ¢ ®¡é¥¬ á«ãç ¥ ­¥¬¥­¥¥ âà¥å ç«¥­®¢ à §«®¦¥­¨ï â¨¯  (2.3). � ®á­®¢¥ ãà ¢­¥­¨ï (1.1) ¢ë¤¥«ï¥âáï ¯à®¬¥¦ãâ®ç-­®¥ ãà ¢­¥­¨¥ ¨ ¥£® âà¥åç«¥­­®¥ à¥è¥­¨¥ ¯à¨x!1 [24,26]:12R2�dR2dx �2 + d2R2dx2 ln �2R24x2 � 1x dR2dx = 0; (3.10)R2 = 2pcdo x(ln x)1=2�1� 14 ln ln xln x + pcdo2 ln(e�2=2)ln x + : : :�:(3.11)�â¬¥â¨¬ §¤¥áì â ª¦¥ à ¡®âã [15].� ¢¥à­ë §  â®­ª¨¬¨ ª ¢¨â â®à ¬¨. �¤¥áì ¯à¥-¤¥«ì­®¥ à ¢­®¬¥à­® ¯à¨£®¤­®¥ à¥è¥­¨¥ (¢­ã-âà¥­­¥¥ ¨ ¯à®¬¥¦ãâ®ç­®¥), ¯®«ãç ¥¬®¥ ­  ®á­®-¢¥ (1.1), (3.10) ¯® ¯ à ¬¥âàã â®­ª®áâ¨ ª ¢¨â â®à ", á¢ï§ ­® á ¥£® ä®à¬®© â®«ìª® ¯®áà¥¤áâ¢®¬ ¯ à -

¬¥âà  m ¨ ¨¬¥¥â ¢¨¤a) R2 = "2� 2mx(~s)1=2 + (1� 2m)�; b) ~s = ln(x="2)ln(1="2) ;c) R2 = "2�2x� ln(1="2)ln(x="2)�1=2 � 1�x!1 � x(ln x)1=2 :(3.12)�«ï ª®­ãá  m=1 à¥è¥­¨¥ ¨¬¥¥â ¢¨¤ (3.12, c).�¤¥áì x=0 ¢ ­®á®¢®© â®çª¥, ¤«¨­  ª®­ãá  `=1.�à¨ �=O(1) ¤¢  ç«¥­  àï¤  ¤«ï ª®­ãá  M<1 ¡ã-¤ãâ: R2 = "2�� 2xp~s � 1�+ 1ln(1=�2"2)����2x� 12 ln(2x� 1) + (x� 1)2 ln(x� 1)� x2 ln x�++�x ln(4=(�2e2))p~s � 12 x ln ~s~sp~s + x ln(�2e=2)~sp~s ����x ln(2=e) � x ln x���: (3.13)�«ï ª®­ãá  à¥è¥­¨¥ ¤®áâ â®ç­® â®ç­® ®¯à¥¤¥«ï¥â-áï ã¦¥ ¯¥à¢ë¬ ç«¥­®¬ àï¤ .� ¢¥à­ë §  ª ¢¨â â®à®¬ â¨¯  ¤¨áª . �­ãâà¥­-­¥¥ à¥è¥­¨¥ ¢¡«¨§¨ ª ¢¨â â®à  â¨¯  ¤¨áª  ï¢«ï-¥âáï á®áâ ¢­®© ç áâìî è¨à®ª®£® ª« áá  à¥è¥-­¨© ¤«ï áâ æ¨®­ à­ëå ¨ ­¥áâ æ¨®­ à­ëå ª ¢¥à­.�¡« áâì íâ®£® à¥è¥­¨ï áãé¥áâ¢¥­­® ­¥«¨­¥©­ ,®¤­ ª® §¤¥áì ¬®¦¥â ¡ëâì ­ ©¤¥­® å®âï ¨ ­¥¤®áâ -â®ç­® áâà®£®¥ ¯®«ãí¢à¨áâ¨ç¥áª®¥, ­® ¯à®áâ®¥ íä-ä¥ªâ¨¢­®¥ à¥è¥­¨¥. �à¥¤¯®« £ ï, çâ® ®¡â¥ª ­¨¥§¤¥áì ¡«¨§ª® ª â¥ç¥­¨î ®ª®«® ¯ à ¡®«®¨¤ , ¯à®¬¥-¦ãâ®ç­®¥ ãà ¢­¥­¨¥ (3.10) ¯ãâ¥¬ ¯à¥®¡à §®¢ ­¨ï¯¥à¥¬¥­­®© x ¯à¥¢à é ¥âáï ¢ â®ç­®¥ ¢ëà ¦¥­¨¥¤«ï à á¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨ ¯ à -¡®«®¨¤ . �à¨ íâ®¬ § ¤ ç  ¤«ï ¢­ãâà¥­­¥£® ¨ ¯à®-¬¥¦ãâ®ç­®£® ãç áâª  ¨ à¥è¥­¨¥ ¯¥à¢®£® ¯à¨¡«¨-¦¥­¨ï ¯®«ãç îâáï ¢ ¢¨¤¥a) dR2dx = 2pcdoRnrln 4(x+�)2�2R2 ! 2Rnpcdopln x ;R2jx=0 = R2n; � = Rn2 �pcdo + 1pcdo�:b) R20 = 1 + 2pcdo x�rln 4(x+�)2�2(1 + 2pcdo x) ;(3.14)� ¢¨á¨¬®áâ¨ (3.14) ¯à¨£®¤­ë ¤«ï ®æ¥­ª¨ ¢ á«ãç ¥­¥â®­ª¨å ª ¢¨â â®à®¢ à §«¨ç­®© ä®à¬ë,   â ª¦¥¯à¨ ­¥ä¨ªá¨à®¢ ­­®¬ á¥ç¥­¨¨ ®âàë¢  áâàã©. �à¥è¥­¨¨ ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï (3.14b) ¢á¥ ¢¥«¨ç¨-­ë ®¡¥§à §¬¥à¥­ë ®â­®á¨â¥«ì­® à ¤¨ãá  ª ¢¨â -â®à  Rn ¢ á¥ç¥­¨¨ ®âàë¢ . �¨á. 5 ¨««îáâà¨àã-�. �. �¥à¥¡àïª®¢ 69



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78
�¨á. 4. �®­ª ï ª ¢¥à­  §  â®­ª¨¬ ª®­ãá®¬, �=0:04, 
=10�:{ ¯® ä®à¬ã«¥ (3.7) ¯à¨ M=0, � � � { ­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â ¯à¨ M=0

�¨á. 5. �¥à¥¤­¨¥ ãç áâª¨ ª ¢¥à­:� � � { ¤¨áª, à¥è¥­¨¥ (3.14, b) ­  ®á­®¢¥ ���,{ ¤¨áª, ­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â [30],� � �, ��� { ¤¨áª, íªá¯¥à¨¬¥­âë [4] ¨ [29],� � � { ª®­ãá 
=10�, à¥è¥­¨¥ (3.12) ­  ®á­®¢¥ ���¥â â®ç­®áâì à áç¥â  ¯® ãà ¢­¥­¨ï¬ (3.14) ¢ áà ¢-­¥­¨¨ á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¨ ­¥«¨­¥©-­ë¬ ç¨á«¥­­ë¬ à áç¥â®¬ [4,29,30].�®­ª ï ª ¢¥à­  §  ¬ «ë¬ ª ¢¨â â®à®¬� ¨¡®«¥¥ ¯®¤à®¡­® à áá¬ âà¨¢ ¥âáï à¥è¥­¨¥ áâ -æ¨®­ à­®© § ¤ ç¨ ®¡â¥ª ­¨ï ¤«ï ª ¢¨â â®à®¢â¨¯  ¤¨áª  ¯à¨ § ¤ ­­®¬ ¤ ¢«¥­¨¨ ¢ ª ¢¥à­¥,¢ª«îç ï ¯®«ãç¥­¨¥ ¢­¥è­¥£® ¨ ¯à®¬¥¦ãâ®ç­®£®à §«®¦¥­¨©, ¨å áà é¨¢ ­¨ï ¨ ¯®«ãç¥­¨ï à ¢­®-¬¥à­® ¯à¨£®¤­®£® à¥è¥­¨ï. �â¨ à¥§ã«ìâ âë ¯à¨�=const ï¢«ïîâáï ®á­®¢®© ¤«ï à §à ¡®âª¨ ¬¥â®-¤®¢ à áç¥â  áâ æ¨®­ à­ëå ¨ §­ ç¨â¥«ì­® ¡®«¥¥¬­®£®¢ à¨ ­â­ëå ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© ¤«ï¡®«ìè¨­áâ¢  á«ãç ¥¢ ®¡â¥ª ­¨ï ¨ ­ ¨¡®«¥¥ ïá­®¤¥¬®­áâà¨àãîâ ¡®«ìèãî ç áâì ®á®¡¥­­®áâ¥© ¯®-¤®¡­ëå à¥è¥­¨©.�­¥è­¥¥ à¥è¥­¨¥ ®¯¨áë¢ ¥â áà¥¤­îî ­ ¨¡®«ì-èãî ç áâì ª ¢¥à­ë ¨ ¢ ¡®«ìè¨­áâ¢¥ á«ãç ¥¢ ¤®-áâ â®ç­® ¤«ï ®æ¥­ª¨ ¥¥ ä®à¬ë, à §¬¥à®¢, ®¡ê-¥¬  ¨ ¤à. �à¥­¥¡à¥£ ï à §¬¥à ¬¨ ª ¢¨â â®à O(�2pln 1=�2) ¨ ¯à¥¤¯®« £ ï ¯®«ã¤«¨­ã ª ¢¥à­ë

Lk=1 § ¤ ­­®© (¢ ¤ «ì­¥©è¥¬ ¥¥ ¢¥«¨ç¨­  ­ å®-¤¨âáï áà é¨¢ ­¨¥¬), § ¤ ç  ¤«ï ãà ¢­¥­¨ï (2.1)¡ã¤¥â ¨¬¥âì ¢¨¤:12R2�dR2dx �2 + d2R2dx2 ln �2R24(1 + x)(1� x) �� 1Z�1 d2R2dx2 ��x=x1 � d2R2dx2jx1 � xj dx1�� dR2dx ��x=�11 + x + dR2dx ��x=11� x = 2�(x);[R2(x) = 0]x=�1 ; [R2(x) = 0]x=+1 : (3.15)�¥è¥­¨¥ ¯à¨ �=�(x) ¨é¥âáï ¢ ¢¨¤¥R2 = �2[R20 +R2�1(ln(1=�2�2))�1 + : : :]: (3.16)�¤¥áì à §à ¡®â ­ë ¤¢  ®á­®¢­ëå ¢ à¨ ­â  à¥-è¥­¨ï [18, 25, 26]. � ¯¥à¢®¬ à¥è¥­¨¥ ¨é¥âáï ¢¯à¥¤¯®«®¦¥­¨¨ § ¤ ­­ëå ã¤«¨­¥­¨ï ª ¢¥à­ë � ¨§ ¢¨á¨¬®áâ¨ �2=�2(�2; �2), ¨ § â¥¬ ¨§ à¥è¥­¨ï¢ ¢¨¤¥ àï¤  ®¯à¥¤¥«ï¥âáï �=�(�2). �® ¢â®à®¬¢ à¨ ­â¥ ¯à¥¤¯®« £ ¥âáï § ¤ ­­ë¬¨ � ¨ ­¥ª®â®-à ï ¢®§¬®¦­ ï § ¢¨á¨¬®áâì �=�(�2; �2), ¨ ¨§ à¥-è¥­¨ï ®¯à¥¤¥«ï¥âáï  á¨¬¯â®â¨ç¥áª®¥ à §«®¦¥­¨¥�2=�2(�2; �). � ç áâ­®áâ¨, ¯à¨ �=const à¥è¥­¨¥¢ ¢¨¤¥ ¤¢ãå ç«¥­®¢ àï¤ , ¯à¨£®¤­®¥ ¯à¨ à §«¨ç-­ëå ¢ à¨ ­â å § ¤ ­¨ï � (­® ¯à¨ �=�2 ln 1=�2!1)¡ã¤¥â: R2 = �ln(1=�2)�(1� x2)++(1� x2) + x2 ln 4� ln(1 + x)(1+x) ln(1� x)(1�x)ln(1=�2�2) � ;� = 1�2 ln 1e�2�2 : (3.17)�¥à¢ë¬ ¢ àï¤ å ¯® ¯ à ¬¥âàã â®­ª®áâ¨ ¡ë«® à¥-è¥­¨¥ ¯à¨ �=const ¯® �, ¯®«ãç îé¥¥áï ¨§ ®¡é¥£®70 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78à¥è¥­¨ï (3.17) ¯à¨ �=1=�, �=1 [18]:R2 = 1�2 �(1� x2)++x2 ln 4� ln(1 + x)(1+x) ln(1� x)(1�x)ln �2 �;� = 2�2 ln �pe : (3.18)�à é¨¢ ­¨¥, à §¬¥àë ª ¢¥à­. �à é¨¢ ­¨¥ à¥-è¥­¨© (3.11), (3.17) ®¯à¥¤¥«ï¥â § ¢¨á¨¬®áâ¨ ¢â®-à®£® ¯®àï¤ª  ¤«ï ­ ¨¡®«ìè¥£® à ¤¨ãá  Rk ¨ ¯®«ã-¤«¨­ë ª ¢¥à­ë Lk [24 { 27]:R2k = R2n cd� �1 + 2 ln(2=pe)ln(1=�2�2)�;Lk = Rnpcd ln(1=�2�2)� �1� ln(e=2)ln(1=�2�2)�: (3.19)�á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥­â­ ï § ¢¨á¨¬®áâì ¤«ï¤«¨­ë ª ¢¥à­ë Lk â ª¦¥ ¯®«ãç¥­  ¢ à¨ æ¨®­­ë¬¬¥â®¤®¬ �. �¥âà®¢ë¬, çâ® ¯®¤â¢¥à¦¤ ¥â â¥®à¨î.�âàãªâãà  à ¢­®¬¥à­® ¯à¨£®¤­ëå à¥è¥­¨©. �ãç¥â®¬ áà é¨¢ ­¨ï ¤¨­ ¬¨ª  ¯®áâà®¥­¨ï ¯à¥-¤¥«ì­®£® à ¢­®¬¥à­® ¯à¨£®¤­®£® (¯à®¬¥¦ãâ®ç­®¥¯«îá ¢­¥è­¥¥, ®¡¥§à §¬¥à¨¢ ­¨¥ ¯® Rn) à¥è¥­¨ï¨¬¥¥â ¢¨¤ [24]:a) �R2 = 2pcdo �xpln �x ; b) �R2 = c�x� �ln(1=�) �x2;c) �R2 = 2pcdo �xpln �x � � �x2ln(1=�) ���x!1 ! �xpln �x :(3.20)�¤¥áì ¯®«ãç¥­ë à¥è¥­¨ï 2-£® ¯®àï¤ª  ¤«ï ®¡ëç-­ëå [25], ¢¥àâ¨ª «ì­ëå ¨ ¤àã£¨å ª ¢¥à­. �®§¬®¦-­®áâ¨ ã«ãçè¥­¨ï â®ç­®áâ¨ à¥è¥­¨ï, ®á®¡¥­­® ¤«ï­¥¤®áâ â®ç­® â®­ª¨å ª ¢¥à­, § ¢¨áïâ ®â ¢ë¡®à  �,§¤¥áì ¯à¨¬¥­¨¬ë § ¢¨á¨¬®áâ¨a) 1=�2 = �2[1 + 1= ln(�2=�2)];b) � = �2 ln(1=�2�2): (3.21)�à¨ íâ®¬ ¯à¨¬¥­¥­¨¥ à §«®¦¥­¨ï ¯® ¯ à ¬¥âàã��1=�, ®á®¡¥­­® ¯à¨ ®¯à¥¤¥«¥­¨¨ Rk, ®ª §ë¢ ¥â-áï ­¥¤®áâ â®ç­® íää¥ªâ¨¢­ë¬. � ç áâ­®áâ¨, ­ ®á­®¢¥ (3.21a) § ¢¨á¨¬®áâì (3.17) ¯à¨­¨¬ ¥â ¢¨¤:�2 = 1� ln �2(1 + 1= ln(�2=�2))e�2 : (3.22)� ¢¨á¨¬®áâ¨ ¤«ï à áç¥â  à §¬¥à®¢ ª ¢¥à­ § ª ¢¨â â®à ¬¨ â¨¯  ¤¨áª . �«ï ¯à ªâ¨ç¥áª¨å à á-ç¥â®¢ ¨¬¥¥âáï àï¤ ¯à¨¡«¨¦¥­­ëå § ¢¨á¨¬®áâ¥©,âé â¥«ì­® ¯à®¢¥à¥­­ëå ¡®«ìè¨¬ ª®«¨ç¥áâ¢®¬íªá¯¥à¨¬¥­â®¢ [4,10],   â ª¦¥ ­¥«¨­¥©­ë¬ ç¨á«¥­-­ë¬ à áç¥â®¬ [30] ¨ ¤à. � ¨¡®«¥¥ ã¤®¡­ë ¯àï¬ë¥

�¨á. 6. � ¢¨á¨¬®áâ¨ � ®â � ­  ®á­®¢¥ ���:{ ¯® ä®à¬ã«¥ (3.23, e),� �� { ¯® ä®à¬ã«¥ (3.18),� � � { ¯® ä®à¬ã«¥ (3.22),� � � { ­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â [30]§ ¢¨á¨¬®áâ¨ ®â �. �á¨¬¯â®â¨ç¥áª¨¥  ¯¯à®ªá¨¬ -æ¨¨, ¯à¨£®¤­ë¥ ¢ ¤®áâ â®ç­® è¨à®ª®¬ ¤¨ ¯ §®­¥(­ ç¨­ ï á ��3�5 ¨ ¤® ®ç¥­ì â®­ª¨å ª ¢¥à­) ¤«ï­ ¨¡®«ìè¥£® à ¤¨ãá  Rk, ¯®«ã¤«¨­ë Lk ¨ ã¤«¨­¥-­¨ï ®¡ëç­®© áâ æ¨®­ à­®© ª ¢¥à­ë ¯®áâ®ï­­®£®¤ ¢«¥­¨ï �, ¨¬¥îâ ¢¨¤:a) Rk = Rn pcdpk� ; b) Lk = Rnpcd2�=k� ;c) k = 1=�1 + 2 ln(2=pe)ln(5=�2�)�;d) � = 12 ln 4=e�2� � 12 ln 1:5�2� ;e) �2 = 2�� ; �2 = 1� ln 4=e�2� � 1� ln 1:5�2� : (3.23)�¤¥áì, ¨áå®¤ï ¨§ ¯à¥¨¬ãé¥áâ¢  à §«®¦¥­¨ï â¨-¯  (2.2),  á¨¬¯â®â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ ¯¥à¢®£®¯à¨¡«¨¦¥­¨ï ¯® � ã«ãçè îâáï ¯ãâ¥¬ ®áà¥¤­¥­¨ïç«¥­®¢ ¢ëáè¨å ¯®àï¤ª®¢. � ç áâ­®áâ¨, ãâ®ç­¥­¨¥§ ¢¨á¨¬®áâ¨ â¨¯  (2.2) ¯®«ãç ¥âáï ¢ ¢¨¤¥ (3.23, e).�  à¨á. 6, 7 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â íâ¨å § ¢¨á¨¬®áâ¥© ¤«ï �(�), �(�) ¨ k(�) ¯à¨ �=1¢ áà ¢­¥­¨¨ á ¤ ­­ë¬¨ ­¥«¨­¥©­®£® ç¨á«¥­­®£®à áç¥â  ®¡ëç­®© áâ æ¨®­ à­®© ª ¢¥à­ë §  ¤¨áª®¬¯à¨ § ¬ëª ­¨¨ ¯® áå¥¬¥ �ï¡ãè¨­áª®£® [30]. �à¨íâ®¬ à¨á. 6 ¨««îáâà¨àã¥â áãé¥áâ¢¥­­®¥ ã«ãçè¥-­¨¥ â®ç­®áâ¨ § ¢¨á¨¬®áâ¨ (3.22) ¤«ï � ¢ á«ãç ¥­¥ ®ç¥­ì â®­ª¨å ª ¢¥à­ ¢ áà ¢­¥­¨¨ á (3.18) ¯à¨�=1=�, çâ® ¢ ¦­® ª ª â¥­¤¥­æ¨ï ¯à¨ ¯®áâà®¥­¨¨­¥áâ æ¨®­ à­ëå à¥è¥­¨© ¨ ®á®¡¥­­® áãé¥áâ¢¥­­®¤«ï § ¢¨á¨¬®áâ¨ Rk, £¤¥ íâ¨ à¥§ã«ìâ âë § ¬¥â­®ã«ãçè îâáï â ª¦¥ ¢ á«ãç ¥ ¯ à ¬¥âà  (3.21b).�. �. �¥à¥¡àïª®¢ 71
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�¨á. 7. �¥¤«¥­­® ¬¥­ïîé¨¥áï ¯ à ¬¥âàë:{ § ¢¨á¨¬®áâì ¤«ï � (3.23, d),{ § ¢¨á¨¬®áâì ¤«ï k (3.23, c),­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â [30]:� � � { �=0:5�2�, � � � { k4. ������ ���������� ������ �������� ������ ������� ��������¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ â®­ª®© ®á¥-á¨¬¬¥âà¨ç­®© ª ¢¥à­ë��� â®­ª®© ®á¥-á¨¬¬¥âà¨ç­®© ª ¢¥à­ë â¨¯  (1.1), (1.2) ¨, á®®â-¢¥âáâ¢¥­­® (3.15), ¨¬¥îâ £« ¢­ãî ¯à¨ �!0 ¤¨ä-ä¥à¥­æ¨ «ì­ãî ç áâì. �á­®¢­®© ¨¤¥¥© §¤¥áì ï¢«ï-¥âáï ¢®§¬®¦­®áâì ­ ¨«ãçè¥© ¢ ®¯à¥¤¥«¥­­®¬ á¬ë-á«¥  ¯¯à®ªá¨¬ æ¨¨ ��� ¢® ¢­¥è­¥© ®¡« áâ¨ ¡®-«¥¥ ¯à®áâë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬, ¨á-¯®«ì§ãï ¤«ï ¯®«ãç¥­¨ï ­ ç «ì­ëå ãá«®¢¨© ¢¬¥áâ®áà é¨¢ ­¨ï â¥®à¥¬ã í­¥à£¨¨. �¨áâ¥¬  ãà ¢­¥­¨©¤«ï ®¯à¥¤¥«¥­¨ï ä®à¬ë â®­ª®© ª ¢¥à­ë §  ¬ «ë¬ª ¢¨â â®à®¬ ¨¬¥¥â ¢¨¤ [19]�d2R2dx2 + �P (x)�U21=2 = 0;R2jx=0 = 0; dR2dx ��x=0 = 2r Dk���U21 : (4.1)�¥è¥­¨¥ (4.1) ¯à¨ �=const ®¯à¥¤¥«ï¥â ¨§¢¥áâ­ë¥í««¨¯á®¨¤ «ì­ãî ª ¢¥à­ã ¨ § ¢¨á¨¬®áâì ¤«ï Rk:R2 = Rnr2cdk� x� �2�x2;Rk = Rn pcdpk� ; Lk = Rnpcd2�=k� ; �2 = 2��(4.2)�à¨ íâ®¬ ¢ëà ¦¥­¨ï ¤«ï Rk, Lk, � ¯®«­®áâìî á®-¢¯ ¤ îâ á ¢ëà ¦¥­¨ï¬¨ (3.23 a, b, e). �¤¥áì � ¨¬¥-¥â ïá­ë© ä¨§¨ç¥áª¨© á¬ëá« ¨­¥àæ¨®­­®£® ª®íää¨-æ¨¥­â  ¯à¨ à áè¨à¥­¨¨ á¥ç¥­¨© ª ¢¥à­ë. �à ¢­¥-

­¨¥ (4.1) ¯à¥¤áâ ¢¨¬® ¢ í­¥à£¥â¨ç¥áª®¬ ¢¨¤¥:k� ��4 U21 ddx�dR2dx �2 + �dR2dx �P (x) = 0; (4.3)kEk +Ep = k� ��4 U21�dR2dx �2 + �R2�P = D; (4.4)Ek = ���4 U21�dR2dx �2��x=0 = Dk ; (4.5)  ¯à¨ �=const ¢ëà ¦ ¥â á®åà ­¥­¨¥ ª¨­¥â¨ç¥-áª®© í­¥à£¨¨ à ¤¨ «ì­®£® â¥ç¥­¨ï Ek ¨ ¯®â¥­æ¨- «ì­®©Ep ¢ ª ¦¤®¬ ¨§ ¥¥ á¥ç¥­¨© (4.4), £¤¥ k ®¯à¥-¤¥«ï¥â ¢¥«¨ç¨­ã ¯à®¤®«ì­®£® ¯¥à¥­®á  í­¥à£¨¨ ¢¦¨¤ª®áâ¨. �¥à¢®¥ ­ ç «ì­®¥ ãá«®¢¨¥ ®¯à¥¤¥«ï¥âáï¨§ á®®â­®è¥­¨ï (4.5), ¢® ¢â®à®¬ ¯à¥­¥¡à¥£ ¥âáïà §¬¥à ¬¨ ª ¢¨â â®à . �­ ç¥­¨ï � ¨ k ¢ë¡¨à îâ-áï ¨§ ãá«®¢¨© ­ ¨«ãçè¥©  ¯¯à®ªá¨¬ æ¨¨ ­  ®á­®-¢¥ § ¢¨á¨¬®áâ¥© ¢â®à®£® ¯à¨¡«¨¦¥­¨ï ¨ ®¡ëç­®â ª, çâ®¡ë à¥è¥­¨¥ ®¯à¥¤¥«ï«® ¤«¨­ã ¨ ­ ¨¡®«ì-è¨© à ¤¨ãá ª ¢¥à­ë á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª®­ªà¥â-­®£® á«ãç ï. �«ï ª ¢¥à­, ¤ ¦¥ áãé¥áâ¢¥­­® ®â«¨-ç îé¨åáï ®â ª ¢¥à­ë ¯à¨ �=const, íää¥ªâ¨¢­ë§ ¢¨á¨¬®áâ¨ â¨¯  (3.23 d).�¤«¨­¥­­ë¥ ­¥áâ æ¨®­ à­ë¥ ª ¢¥à­ë�¥§ ¢¨á¨¬®áâì à áè¨à¥­¨ï ¨ ¤¥ä®à¬ æ¨© á¥ç¥-­¨© ¯à®áâà ­áâ¢¥­­ëå ã¤«¨­¥­­ëå ª ¢¥à­, áä®à-¬ã«¨à®¢ ­­ ï �. �®£¢¨­®¢¨ç¥¬ ¢ ¢¨¤¥ ¨§¢¥áâ­®-£® ¯à¨­æ¨¯  \�¥§ ¢¨á¨¬®áâ¨ à áè¨à¥­¨ï ª ¢¥à-­ë" [4], ï¢«ï¥âáï ®á­®¢®© ¯à®áâëå ã­¨¢¥àá «ì­ëå¬¥â®¤®¢ à áç¥â  ¢ ¡®«ìè¨­áâ¢¥ ¯à ªâ¨ç¥áª¨å á«ã-ç ¥¢ ®¡â¥ª ­¨ï.�à ¢­¥­¨ï ­¥§ ¢¨á¨¬®áâ¨ à áè¨à¥­¨ï á¥ç¥­¨©­¥áâ æ¨®­ à­®© ª ¢¥à­ë ¯¥à¥¬¥­­®£® ¤ ¢«¥­¨ï.� ¦­®© ®á®¡¥­­®áâìî áâ æ¨®­ à­ëå à¥è¥­¨© ¤«ïâ®­ª¨å ª ¢¥à­ ¥áâì â®, çâ® ¢¥«¨ç¨­ë � ¨ k ï¢«ï-îâáï ¤®áâ â®ç­® á« ¡ë¬¨ äã­ªæ¨ï¬¨ ã¤«¨­¥­¨ï,  ¢¥«¨ç¨­ë ¯¥à¥â®ª  í­¥à£¨¨ ¢¤®«ì ¦¨¤ª¨å á¥-ç¥­¨© k�0:95�1 ¯à¥­¥¡à¥¦¨¬® ¬ «ë. �â® ¨«-«îáâà¨àã¥âáï à¨á. 7 ¤«ï ¢¥«¨ç¨­, ®¯à¥¤¥«ïîé¨å®á­®¢­ë¥ à §¬¥àë ª ¢¥à­ë. �¤­ ª®, ¢¬¥áâ® ¯®«-­®© ­¥§ ¢¨á¨¬®áâ¨ à¥ «ì­® áãé¥áâ¢ã¥â ¤®áâ â®ç-­® á« ¡ ï § ¢¨á¨¬®áâì à áè¨à¥­¨ï á¥ç¥­¨© ¢ ­ ¨-¡®«ìè¥© áâ¥¯¥­¨ ®â ã¤«¨­¥­¨ï,   â ª¦¥ ®â á¯¥-æ¨ä¨ª¨ ª®­ªà¥â­®£® á«ãç ï ®¡â¥ª ­¨ï. � ãç¥â®¬á« ¡®© § ¢¨á¨¬®áâ¨ ¤«ï � ¨ k  ­ «®£¨ç­® ãà ¢-­¥­¨î (4.1) ­¥áâ æ¨®­ à­ë¥ ãà ¢­¥­¨ï ¢ á¨áâ¥¬¥ª®®à¤¨­ â, á¢ï§ ­­®© á ­¥¯®¤¢¨¦­®© ¦¨¤ª®áâìî,¨¬¥îâ ¢¨¤ [18,23,34]�@2R2@t2 + 2�P (x; t)� = 0;R2��t=tn(x) = 0; @R2@t ��t=tn(x) = 2rD(x)k��� : (4.6)�¤¥áì á®¯à®â¨¢«¥­¨¥ D(x) ¢ ¢¨¤¥ ª¢ §¨áâ æ¨®-­ à­®© § ¢¨á¨á¨¬®áâ¨ ®¯à¥¤¥«ï¥â ¥£® §­ ç¥­¨ï72 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78¢ ¬®¬¥­â ¯à®å®¦¤¥­¨ï ­¥¯®¤¢¨¦­®£® á¥ç¥­¨ï x.� ãç¥â®¬ ­ ¨¡®«¥¥ ¢ ¦­®£® ¤¨ ¯ §®­  ã¤«¨­¥-­¨© ��5�20 §¤¥áì ®¡ëç­® ¯à¨­¨¬ ¥âáï §­ ç¥­¨¥��2. �®«¥¥ â®ç­® ¢ ª ç¥áâ¢¥ ¡ §®¢®£® ¨á¯®«ì-§ãîâáï §­ ç¥­¨ï �=�(x) ­  ®á­®¢¥ áâ æ¨®­ à­®©§ ¢¨á¨¬®áâ¨, ¢ ç áâ­®áâ¨ ��0:5 ln(1:5=�2�) ¯à¨ª¢ §¨áâ æ¨®­ à­®¬ §­ ç¥­¨¨ � ¢ ¬®¬¥­â ¯à®å®-¦¤¥­¨ï á¥ç¥­¨ï ­¥¯®¤¢¨¦­®© ¦¨¤ª®áâ¨. � §à -¡®â ­ë á¯®á®¡ë ¡®«¥¥ â®ç­®© ®æ¥­ª¨ � [25] ¤«ïà §«¨ç­ëå á«ãç ¥¢ ®¡â¥ª ­¨ï: á ãáª®à¥­¨¥¬, ¢¥à-â¨ª «ì­ëå ª ¢¥à­ ¨ ¤à.�««¨¯á®¨¤ «ì­ ï ä®à¬  ª ¢¥à­ë ¯®«ãç¥­  à -­¥¥ ¢ à ¡®â å [1,4] ­  ®á­®¢¥ í­¥à£¥â¨ç¥áª®£® ¯®¤-å®¤ . �à¨ íâ®¬ ¤«ï ¯à ªâ¨ç¥áª®£® à áç¥â  ¯¥à¥¤-­ïï ç áâì ª ¢¥à­ë  ¯¯à®ªá¨¬¨àã¥âáï ­  ®á­®¢¥íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå, ¨ íâ® à¥è¥­¨¥ ¯à¨¬¥-­ï¥âáï, ­ ç¨­ ï á ®¯à¥¤¥«¥­­®£® á¥ç¥­¨ï á®£« á®-¢ ­¨ï [4]. �à ¢­¥­¨ï (4.1), (4.6), ¢ ®â«¨ç¨¥ ®â ¨§-¢¥áâ­®© í¢à¨áâ¨ç¥áª®© ¬®¤¥«¨ ¤«ï áâ æ¨®­ à­ëåª ¢¥à­ ¯®áâ®ï­­®£® ¤ ¢«¥­¨ï [1], ã¦¥ ¯®§¢®«ïîâà ááç¨âë¢ âì ¡®«¥¥ è¨à®ª¨© ª« áá ª ¢¥à­ ¯¥à¥-¬¥­­®£® ¤ ¢«¥­¨ï. �à ¢­¥­¨ï (4.6) ã¦¥ ­  ®á­®¢¥áâ æ¨®­ à­ëå § ¢¨á¨¬®áâ¥© ¤«ï � ¯à¨£®¤­ë ¤«ï®æ¥­ª¨ ª ¢¥à­, §­ ç¨â¥«ì­® ®â«¨ç îé¨åáï ®â ­¥-áâ æ¨®­ à­ëå, ¨ ¤ îâ ¯à ¢¤®¯®¤®¡­ãîª ç¥áâ¢¥­-­ãî ª àâ¨­ã ¤ ¦¥ ¯à¨ áª çª®®¡à §­ëå ¨§¬¥­¥­¨-ïå áª®à®áâ¨ ¨ á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à . �­¨ ­¥-®¤­®ªà â­® ¯à®¢¥àï«¨áì, ¨ ¨å â®ç­®áâì «¥¦¨â ¢¯à¥¤¥« å 5�7 %. �¥¡®«ìè®© ãç áâ®ª ¢¡«¨§¨ ¤¨á-ª , á®åà ­ïîé¨© á¢®î ä®à¬ã ¢ ¡®«ìè¨­áâ¢¥ á«ã-ç ¥¢ ®¡â¥ª ­¨ï, «¥£ª® ¤®áâà ¨¢ ¥âáï ­  § ª«îç¨-â¥«ì­®¬ íâ ¯¥ à áç¥â . �â¨ ãà ¢­¥­¨ï ¢¯¥à¢ë¥¯®§¢®«¨«¨ à ááç¨â âì àï¤ ­¥áâ æ¨®­ à­ëå ª ¢¥à­¯¥à¥¬¥­­®£® ¤ ¢«¥­¨¨ ¨ ¨á¯®«ì§ãîâáï ¢ â¥®à¨¨¯ã«ìá æ¨© ª ¢¥à­ ¨ ­¥áâ æ¨®­ à­ëå ª ¢¥à­ á ¨á-ªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬.� à ªâ¥à­ë¥ ®á¥á¨¬¬¥âà¨ç­ë¥ à¥è¥­¨ï.�¤¥áì ¯®«ãç¥­® §­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢®  ­ «¨-â¨ç¥áª¨å à¥è¥­¨© ¤«ï á«ãç ¥¢ ¤¢¨¦¥­¨ï ¯à¨ ¯¥-à¥¬¥­­ëå áª®à®áâ¨ ¨ á®¯à®â¨¢«¥­¨¨ ª ¢¨â â®à ,¯à¨ ¯¥à¥¬¥­­®¬ ¤ ¢«¥­¨¨, ¬¥­ïîé¥¬áï ¯® «¨­¥©-­®¬ã, áª çª®®¡à §­®¬ã, ¤¥«ìâ®®¡à §­®¬ã, á¨­ã-á®¨¤ «ì­®¬ã § ª®­ ¬, ¤«ï ¢¥àâ¨ª «ì­ëå ª ¢¥à­.�®«ãç¥­ë â ª¦¥ à¥è¥­¨ï ¤«ï ®æ¥­ª¨ ¢®§¤¥©áâ¢¨ïá« ¡®£® ¢§àë¢  ¨ ã¤ à­®© ¢®«­ë ­  ä®à¬ã ª ¢¥à-­ë ¨ ¤à. [23] �à¨ ¯®áâ®ï­­®¬ ¯® t ¤ ¢«¥­¨¨ à¥è¥-­¨¥ ã­¨¢¥àá «ì­®:R2 = 2r D(x)k��(x)� [t� tn(x)]� �P (x)��(x) [t� tn(x)]2: (4.7)�à¨ ¢®§¤¥©áâ¢¨¨ á¨­ãá®¨¤ «ì­®£® ¤ ¢«¥­¨ï� = �o + �s sin�t;R2 = �o2� [x(2� x)] + �s��2� (4.8)

�[sin �t+ sin �(�t+ x)� �x cos �(�t+ x)]­  ª ¢¥à­¥ ¢®§­¨ª îâ ¯à®¤®«ì­ë¥ ¢®«­ë. �¤¥áì¯®¤¢¨¦­ ï á¨áâ¥¬  ª®®à¤¨­ â, x=0 ¢ ­®á¨ª¥,®¡¥§à §¬¥à¨¢ ­¨¥ ®â­®á¨â¥«ì­® ¯®«ã¤«¨­ë ª ¢¥à-­ë ¯à¨ �o. �à¨ áª çª®®¡à §­®¬ ¨§¬¥­¥­¨¨ áª®-à®áâ¨ ¨«¨ á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à  ä®à¬  ª -¢¥à­ë â¥à¯¨â à §àë¢, ­® ­¥ ¨¬¥¥â ¥£® ¯à¨ áª ç-ª®®¡à §­®¬ ¨§¬¥­¥­¨¨ ¤ ¢«¥­¨ï. � ¨¡®«¥¥ ®¯ á-­® ¤¥«ìâ®®¡à §­®¥ ¨§¬¥­¥­¨¥ ¤ ¢«¥­¨ï, ¢ë§ë¢ î-é¥¥ â ª¦¥ ¤¥«ìâ®®¡à §­®¥ ¢ë¯ãç¨¢ ­¨¥ ª ¢¥à­ë¢­ãâàì, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯à¨ç¨­®© § ¬ë¢ .�®§¤¥©áâ¢¨¥ ¯à®¤®«ì­®£® ¯®«ï á¨« âï¦¥áâ¨ ¯à¨¯®£àã¦¥­¨¨ à áá¬ âà¨¢ «®áì ¢ àï¤¥ à ¡®â, ®â¬¥-â¨¬, ¢ ç áâ­®áâ¨, [36, 37]. ¨ ¤à. �®à¬  ã¤«¨­¥­-­®© ª ¢¥à­ë §  ª ¢¨â â®à®¬ â¨¯  ¤¨áª  ¯à¨ ­¥ª®-â®à®¬ ¯®áâ®ï­­®¬ ¤ ¢«¥­¨¨ ª ª ¯à¨ ¯®£àã¦¥­¨¨,â ª ¨ ¯à¨ ¢á¯«ë¢ ­¨¨ (4.9a) ®æ¥­¨¢ ¥âáï ¨­â¥£à -«®¬ (4.7) (®áì x ­ ¯à ¢«¥­  ¢­¨§, �P0 = �P=x =0): a) R2 = 2r D(x)k��(x)� [t� tn(x)]���Po � �gx��(x) [t� tn(x)]2;b) R2 =r2cdk� x� �o2�x2 � 13�Fr2 x3;c) �Fr2L = 4=3: (4.9)�¥è¥­¨¥ (4.9 b) § ¯¨á ­® ¢ ¯®¤¢¨¦­®© á¨áâ¥¬¥ª®®à¤¨­ â x=Rn; �o = �jx=0; F r2 = U21=gRn, ¢ § -¢¨á¨¬®áâ¨ (4.9 á) FrL { ç¨á«® �àã¤  ¯® ¤«¨­¥ ª -¢¥à­ë.�â æ¨®­ à­ë¥ ¢¥àâ¨ª «ì­ë¥ ª ¢¥à­ë { íâ® á«ã-ç © ª ¢¥à­ ¯¥à¥¬¥­­®£® ¤ ¢«¥­¨ï. �â¬¥â¨¬ §¤¥áì¨§¢¥áâ­ë¥ à ¡®âë A. Acosta, C. Leno-R. Street,�. �¨á¥«¥¢ ,   â ª¦¥ ¨§¢¥áâ­ë¥ íªá¯¥à¨¬¥­âë�. �ã«ì­¥¢ {�. � ¯ ­ª¨­  ¨ ¤à. �¤¥áì ä®à¬  ª -¢¥à­ë (4.9b) «¥£ª® ®æ¥­¨¢ ¥âáï ãà ¢­¥­¨ï¬¨ (4.1),­® áãé¥áâ¢¥­­ë¬ ï¢«ï¥âáï ¯à¨¬¥­¥­¨¥ ¡®«¥¥ â®ç-­ëå §­ ç¥­¨© �. �­â¥à¥á­  ¢®§¬®¦­®áâì ®âà¨æ -â¥«ì­ëå §­ ç¥­¨© ç¨á¥« ª ¢¨â æ¨¨ ¢ ¯¥à¥¤­¨å á¥-ç¥­¨ïå ª ¢¥à­ ¯à¨ ¢á¯«ë¢ ­¨¨. � ¦­® â ª¦¥ á®-®â­®è¥­¨¥ (4.9c) [38], ®¯à¥¤¥«ïîé¥¥ ª ¢¥à­ë ¤¢ãåå à ªâ¥à­ëå ä®à¬ { á § ¤­¨¬ ¨«¨ ¯¥à¥¤­¨¬ \§ -®áâà¥­¨¥¬". � ¯¥à¢®¬ á«ãç ¥ ä¨§¨ç¥áª¨ íâ® á®®â-¢¥âáâ¢ã¥â ­ã«¥¢ë¬ §­ ç¥­¨ï¬ ª¨­¥â¨ç¥áª®© í­¥à-£¨¨ ¢ § ¤­¥¬ á¥ç¥­¨¨ ¨ á®®â¢¥âáâ¢¥­­® ­ã«¥¢ë¬¯®â¥àï¬ í­¥à£¨¨ ¢ á«¥¤, ¢® ¢â®à®¬ { ¢®§¬®¦­®-áâ¨ ®¡à §®¢ ­¨ï ª ¢¥à­ë ¯à¨ ­ã«¥¢ëå §­ ç¥­¨ïåá®¯à®â¨¢«¥­¨ï ª ¢¨â â®à .�¥®á¥á¨¬¬¥âà¨ç­ë¥ ¤¥ä®à¬ æ¨¨ ª ¢¥à­. � ¨-¡®«¥¥ íää¥ªâ¨¢­  ®æ¥­ª  ¢á¯«ë¢ ­¨ï h á¥ç¥­¨©ª ¢¥à­ë ¯®¤ ¢®§¤¥©áâ¢¨¥¬ à §«¨ç­ëå ä ªâ®à®¢ á�. �. �¥à¥¡àïª®¢ 73



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78¯®¬®éìî â¥®à¥¬ë ¨¬¯ã«ìá®¢ [4]. � ç áâ­®áâ¨,¤«ï ª ¢¨â â®à  ¯®¤ ã£«®¬  â ª¨ ¯à¨ ¡®ª®¢®© á¨«¥Dy íâ® { h�, ¢ ¯®¯¥à¥ç­®¬ ¯®«¥ á¨« âï¦¥áâ¨ { hg:a) h� = � Dy��U21 xZ0 dxR2o(x) ;b) hg = g�U21 xZ0 � 1R2o(x) xZ0 R2o(x)dx�dx: (4.10)�®áâ ­®¢ª  § ¤ ç¨ ¯à¥¤áª § ­¨ï ¬ «ëå ¯à®áâà ­-áâ¢¥­­ëå ¢®§¬ãé¥­¨© â®­ª¨å ®á¥á¨¬¬¥âà¨ç­ëåª ¢¥à­ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ à §«¨ç­ëå ä ªâ®à®¢¯à¥¤áâ ¢«¥­  ¢ [4], ­ ¨¡®«¥¥ ®¡é ï â¥®à¨ï à §à -¡®â ­  ¢ [36]. �ãé¥áâ¢¥­­ë¥ ãâ®ç­¥­¨ï â¥®à¨¨á¤¥« ­ë �. �®à®­¨­ë¬, àï¤ à¥§ã«ìâ â®¢ ¯®«ãç¥­â ª¦¥ ¢ à ¡®â å �. �®«®â¨­ , �. �ã©¢®« , �. �ã¡-å ­ªã«®¢  ¨ ¤à. �â¬¥â¨¬ ¨áá«¥¤®¢ ­¨ï ¢ íâ®©®¡« áâ¨ M. Tulin, Q. Ye-Z. Cheng.� ¢¥à­ë ¢ ¯®¯¥à¥ç­®¬ ¯®«¥ á¨« âï¦¥áâ¨. � ¦-­®© ï¢«ï¥âáï § ¢¨á¨¬®áâì (4.11 a) ¤«ï ¬¨­¨¬ «ì-­ëå ç¨á¥« ª ¢¨â æ¨¨ [4], á¢ï§ ­­ ï á ®£à ­¨ç¥-­¨¥¬ ­  ã¬¥­ìè¥­¨¥ ¢®§¬®¦­ëå §­ ç¥­¨© à §-­®áâ¨ ¤ ¢«¥­¨© ¢¡«¨§¨ ¢¥àå­¥© ¯®¢¥àå­®áâ¨ ª -¢¥à­ë,   â ª¦¥ § ¢¨á¨¬®áâì ¤«ï ¢á¯«ë¢ ­¨ï, ¯®-§¢®«ïîé ï ®æ¥­¨âì ¨­â¥­á¨¢­®áâì ¤¥ä®à¬ æ¨©ª ¢¥à­ë. �¤¥áì, ¢ ç áâ­®áâ¨, ã¤®¡­  § ¢¨á¨-¬®áâì (4.11b) [36]:a) �min = 2gRkU21 ;b) hg = 0:33� xLk�2 gLkU21 Lk: (4.11)� ­ áâ®ïé¥¥ ¢à¥¬ï ¢ íâ®© ®¡« áâ¨ ¨¬¥¥âáï ¤®áâ -â®ç­® à §à ¡®â ­­ ï â¥®à¨ï, ¯®§¢®«ïîé ï ¯à¥¤-áª §ë¢ âì ®á­®¢­ë¥ à §¬¥àë ¨ ä®à¬ã ¢®§¬ãé¥­-­ëå ª ¢¥à­.5. ������ �������������� �������� ������������ ���� ������ï¤ § ¤ ç áã¯¥àª ¢¨â æ¨¨ ­¥ ¬®¦¥â ¡ëâì à¥-è¥­ ¢ à ¬ª å «¨­¥ à¨§®¢ ­­ëå ¬®¤¥«¥©, ¯®íâ®-¬ã ­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â § ­¨¬ ¥â ®á®-¡®¥ ¬¥áâ®. � ãç¥â®¬ ¬ «®áâ¨ § §®à®¢ ¬¥¦¤ã â¥-«®¬ ¨ ª ¢¥à­®© ¢ ¦­  ¯à®¡«¥¬  â®ç­®£® à áç¥â ª ¢¥à­ë, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ ª« áá¨ç¥áª®© ¯®áâ -­®¢ª¥ ­  ®á­®¢¥ ¬®¤¥«¨ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨, ¢ ç áâ­®áâ¨, ¢ á«ãç ¥ ¤¨áª  á § ¬ëª -­¨¥¬ ¯® áå¥¬¥ �ï¡ãè¨­áª®£®. �¤­ ª® ¯à¨ íâ®¬­ã¦­® ãç¨âë¢ âì, çâ® à¥ «ì­ ï ¦¨¤ª®áâì ­¥ ¨¤¥- «ì­ , ¨ ¢ à ©®­¥ áàë¢  ¬®£ãâ ¡ëâì §­ ç¨â¥«ì-­ë¬¨ íää¥ªâë ¢ï§ª®áâ¨ ¨ ª ¯¨««ïà­®áâ¨. �ï§-ª®áâì â ª¦¥ áãé¥áâ¢¥­­  ¤«ï ä®à¬¨à®¢ ­¨ï § ¤-­¥© ç áâ¨ ª ¢¥à­ë, £¤¥ ¢ ¡®«ìè¨­áâ¢¥ á«ãç ¥¢ à¥- «¨§ã¥âáï ­¥¯®â¥­æ¨ «ì­®¥ å ®â¨ç¥áª®¥ â¥ç¥­¨¥,

¤ «¥ª®¥ ®â â¥ç¥­¨ï ¢ áå¥¬¥ �ï¡ãè¨­áª®£®, á áã-é¥áâ¢¥­­®© ¯®â¥à¥© ¤ ¢«¥­¨ï ¢ ®¡« áâ¨ á¬ëª ­¨ïáâàã©. �¥¬ ­¥ ¬¥­¥¥, ¤ ¦¥ ¢ íâ¨å ãá«®¢¨ïå ¢®§-¬®¦­®áâì ¡®«¥¥ â®ç­®£® ­¥«¨­¥©­®£® à áç¥â  ­ ®á­®¢¥ ¨¤¥ «ì­®© ¬®¤¥«¨ ï¢«ï¥âáï ¢ ¦­®©, ­® ¢á¨«ã ­¥¨¤¥ «ì­®áâ¨ à¥ «ì­ëå â¥ç¥­¨© ®£à ­¨ç¥-­  ®¯à¥¤¥«¥­­ë¬¨ ¯à¥¤¥« ¬¨. �â¬¥â¨¬ §¤¥áì ¨§-¢¥áâ­ë¥ à ¡®âë [29,30]. � ­ áâ®ïé¥¬ã ¢à¥¬¥­¨ ¢®¡« áâ¨ ­¥«¨­¥©­®£® ç¨á«¥­­®£® à áç¥â , ¢ ®á­®¢-­®¬ áâ æ¨®­ à­ëå â¥ç¥­¨©, ­ ª®¯«¥­ §­ ç¨â¥«ì-­ë© ®¯ëâ ¢ à ¡®â å �. �¬à®¬¨­  ¨ �. �¢ ­®¢ ,�. �ãèª®¢áª®£®, E. Block. �. �®¦ãà®, �. �¥©-­¥ª¨­ , R. Jeppson, �. �¥¯¥«¥­ª®, �. �¥à¥­âì¥-¢  ¨ �. �¬¨âà¨¥¢®©, �. �®¤®à èª®, �. �ã©ª®¢ ¨ ¤à. �â¬¥â¨¬ â ª¦¥ à ¡®âã [39]. � ¦­ë¬ ï¢«ï-¥âáï â®, çâ® à¥è¥­¨¥ ¨¬¥¥â á«®¦­ãî ­¥«¨­¥©­ãîáâàãªâãàã, ¨ ¯à¨å®¤¨âáï ®¤­®¢à¥¬¥­­® á à¥è¥­¨-¥¬ ª®­ªà¥â­®© § ¤ ç¨ ¯à¥®¤®«¥¢ âì â ª¦¥ ¨ ­¥-¯à®áâãî ¯à®¡«¥¬ã ¤®áâ¨¦¥­¨ï ­¥®¡å®¤¨¬®© â®ç-­®áâ¨. �á®¡¥­­® áãé¥áâ¢¥­­® íâ® ¢ ¡®«¥¥ ¬­®£®-¢ à¨ ­â­®¬ á«ãç ¥ ­¥áâ æ¨®­ à­®£® ®¡â¥ª ­¨ï ¯®áà ¢­¥­¨î á® áâ æ¨®­ à­®© ª ¢¥à­®©. �à¨¬¥­¥-­¨¥ ãà ¢­¥­¨© (4.6) ¯®§¢®«ï¥â ¤®áâ â®ç­® ­ ¤¥¦-­® ®æ¥­¨âì ä®à¬ã ¨ à §¬¥àë ª ¢¥à­, ­® ®­® ¤®áâ -â®ç­® £àã¡® ¤«ï ®¯¨á ­¨ï ¢á¥© ª ¢¥à­ë ¢ æ¥«®¬.�áå®¤ï ¨§ íâ®£® §¤¥áì ¯®á«¥¤®¢ â¥«ì­® à §à ¡ âë-¢ ¥âáï ¨¤¥ï íää¥ªâ¨¢­®©  ¯¯à®ªá¨¬ æ¨¨ ��� ¡®-«¥¥ ¯à®áâë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨¥¬, ¯à¨-£®¤­ë¬ ¢® ¢á¥© ®¡« áâ¨ à¥è¥­¨ï, ¢ â®¬ ç¨á«¥ ¨ ¢à ©®­¥ ¤¨áª . �à¨ íâ®¬ ®á®¡¥­­®áâ¨ ª®­ªà¥â­®£®á«ãç ï ®¡â¥ª ­¨ï ãç¨âë¢ îâáï ­  ®á­®¢¥ ¢­¥è-­¥£® à §«®¦¥­¨ï íâ®£® ãà ¢­¥­¨ï ¨ ®¯à¥¤¥«¥­¨ï­  íâ®© ®á­®¢¥ ¨­â¥£à «ì­®© ç áâ¨ ���. � ç áâ-­®áâ¨, ¢ á«ãç ¥ ­¥áâ æ¨®­ à­ëå â¥ç¥­¨© á¨áâ¥-¬  ãà ¢­¥­¨© (4.6) ãâ®ç­ï¥âáï  ­ «®£¨ç­® (3.14) ¨¯®§¢®«ï¥â à ááç¨âë¢ âì è¨à®ª¨© ª« áá ­¥áâ æ¨-®­ à­ëå ª ¢¥à­. �®à¬  íâ¨å ª ¢¥à­ ¬®¦¥â §­ -ç¨â¥«ì­® ®â«¨ç âìáï ®â áâ æ¨®­ à­®©, ­  ®á­®¢¥ª®â®à®© ®¡ëç­® ¡¥àãâáï §­ ç¥­¨ï ¬ «®© ¯®¯à ¢ª¨k: @@t�p�(x; t)@R2@t �+ 1p�(x; t) 2�P (x; t)� = 0; (5.1)@R2@t ��t=tn(x) = 2r D(x)k(x)��n ; R2��t=tn(x) = R2n; (5.2)R2��t=tc(x) = R2n; (5.3)�(x; t) = 12 ln 4[(xn +�)� x]2[x� (xc +�)]2�2R2[xn � xc + 2�]2 ���1� 0:4[xn � x][x� xc][xn � xc]2 �; (5.4)�n = ln 2��Rn ; � = Rn2 �pcd � 1pcd�: (5.5)�¤¥áì à¥è¥­¨¥ ¨é¥âáï ­  ®á­®¢¥ § ¤ ç¨ ¤«ï ¯à®-áâ®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (5.1) ¨ ­ -ç «ì­ëå ãá«®¢¨© (5.2) ¯à¨ § ¢¨á¨¬®áâïå ¢¥«¨ç¨­,74 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78¢å®¤ïé¨å ¢ ãà ¢­¥­¨ï (5.4), (5.2), ¨ ãá«®¢¨ï â¨-¯  (5.3) ¤«ï ®¯à¥¤¥«¥­¨ï ¤«¨­ë ª ¢¥à­ë. �®§-¬®¦­ë ¤ «ì­¥©è¨¥ ®¡®¡é¥­¨ï íâ®© ¯®áâ ­®¢ª¨ ­ ¬ ªá¨¬ «ì­® è¨à®ª¨© ¤¨ ¯ §®­ à §«¨ç­ëå á«ãç -¥¢ ®¡â¥ª ­¨ï. �®ç­®áâì à¥è¥­¨ï ­  ®á­®¢¥ § ¤ -ç¨ (5.1) { (5.5) ¤«ï ä®à¬ë áâ æ¨®­ à­®© ª ¢¥à­ë§  ¤¨áª®¬ ¯à¨ �=0:04 ¢ áà ¢­¥­¨¨ ­¥«¨­¥©­ë¬ ç¨-á«¥­­ë¬ à áç¥â®¬ [30] ¤¥¬®­áâà¨àã¥âáï ­  à¨á. 8.6. �������������� ������� �������������� ���������á®¡¥­­®áâ¨ ¬®¤¥«¨à®¢ ­¨ï�áªãááâ¢¥­­ë© ¯®¤¤ã¢ ¯®§¢®«ï¥â §­ ç¨â¥«ì­®ã¢¥«¨ç¨âì à §¬¥àë ª ¢¥à­ ¨, á®®â¢¥âáâ¢¥­­®, íä-ä¥ªâ¨¢­®áâì ¨ ¤¨ ¯ §®­ë ¯à¨¬¥­¥­¨ï áã¯¥àª ¢¨-â æ¨¨. �à¨ íâ®¬ ®¯à¥¤¥«ïîé¥¥ ¢«¨ï­¨¥ ­  à §-¬¥àë ¨ ä®à¬ã ª ¢¥à­ ®ª §ë¢ îâ ¯à®æ¥ááë ã­®á £ §  ¨§ ¥¥ § ¤­¥© ç áâ¨. � íâ®© ®¡« áâ¨ ¨¬¥¥âáï§­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢® à ¡®â { M. Billlet, �. �¯-èâ¥©­ , �. �®£¢¨­®¢¨ç , J.-M. Michel, J. P. Franc,J. B. Paquet- J. P. Flodrops-A. Dyment, �. �à®ª®-äì¥¢ , �. � ¢ç¥­ª®, D. Stinebring ¨ ¤à. � â® ¦¥¢à¥¬ï, ª ¢¥à­  § ¯®«­¥­  ã¯àã£¨¬ £ §®¬ ¨ ï¢«ï¥â-áï â¨¯¨ç­®© ª®«¥¡ â¥«ì­®© á¨áâ¥¬®©, íâ¨ ¯à®æ¥á-áë á®¯à®¢®¦¤ îâáï ¢®§­¨ª­®¢¥­¨¥¬ ¢®«­ ­  ¯®-¢¥àå­®áâ¨ ª ¢¥à­ë, ª®â®àë¥ ­¥¦¥« â¥«ì­ë â ª¦¥á â®çª¨ §à¥­¨ï ¢®§­¨ª­®¢¥­¨ï à¥§®­ ­á­ëå ï¢«¥-­¨© ¯à¨ ¤¢¨¦¥­¨¨. �â¨ ¯à®æ¥ááë ¨áá«¥¤®¢ ­ë¢ ¨§¢¥áâ­ëå à ¡®â å J.-M. Michel, E. Silberman-C. Song. �ää¥ªâ¨¢­ ï â¥®à¨ï ¯ã«ìá æ¨© ®á¥á¨¬-¬¥âà¨ç­ëå ª ¢¥à­ ­  ®á­®¢¥ ãà ¢­¥­¨© (4.6) à §-¢¨â  �. � àëè¥¢ë¬ [40], ¯®«ãç¨¢è¨¬ ¨ ¨áá«¥¤®-¢ ¢è¨¬ ¨§¢¥áâ­ë¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ïá § ¯ §¤ë¢ îé¨¬  à£ã¬¥­â®¬ ¤«ï ¬ «ëå ¯ã«ìá -æ¨© ª ¢¥à­ ¨ ®¯à¥¤¥«¨¢è¨¬ ãá«®¢¨ï ¨å ¯®ï¢«¥­¨ï.�â¬¥â¨¬ §¤¥áì â ª¦¥ à ¡®âë �. �¨ ­®¢ , �. �¥-¬¥­¥­ª® ¨ ¤à.�à®æ¥áá ®¡à §®¢ ­¨ï ­¥áâ æ¨®­ à­ëå ª ¢¥à­ á¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬ ¬®¦­® ¯à¥¤áâ ¢¨âì á«¥-¤ãîé¨¬ ®¡à §®¬. �à¨ «î¡®¬ ¨§¬¥­¥­¨¨ áª®à®-áâ¨, á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à , ¢­¥è­¥£® ¤ ¢«¥-­¨ï, ¨áªãááâ¢¥­­®£® ¯®¤¤ã¢  ¯à®¨áå®¤¨â ¨§¬¥­¥-­¨¥ à §¬¥à®¢ ¨ ä®à¬ë ª ¢¥à­ë. �â¨ ¨§¬¥­¥­¨ï¯à¨ ®¯à¥¤¥«¥­­ëå §­ ç¥­¨ïå ¯ à ¬¥âà®¢ á®¯à®-¢®¦¤ îâáï ¢®«­®®¡à §®¢ ­¨¥¬ ­  ¯®¢¥àå­®áâ¨ ª -¢¥à­ë, çâ® ¯à®ï¢«ï¥âáï ¯à¨ áãé¥áâ¢¥­­®¬ ¯®¤¤ã-¢¥ ¨ §­ ç¨â¥«ì­® § ¢¨áïâ ®â § ¯®«­¥­­®áâ¨ ª ¢¥à-­ë â¥«®¬. �¥­âà «ì­ë¬ ¬®¬¥­â®¬ à áç¥â  ­¥-áâ æ¨®­ à­ëå ª ¢¥à­ á ¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬ï¢«ï¥âáï ®¯à¥¤¥«¥­¨¥ ¯¥à¥¬¥­­®£® ¤ ¢«¥­¨ï ¢ ª -¢¥à­¥ Pc(t). �®áâ â®ç­® íää¥ªâ¨¢­® §¤¥áì ¯à¨¬¥-­¥­¨¥ ¯®«¨âà®¯¨ç¥áª®© ¨, ¢ ç áâ­®áâ¨, ¨§®â¥à¬¨-ç¥áª®© § ¢¨á¨¬®áâ¨ ¤«ï £ §  ¢ ª ¢¥à­¥. � á«ãç ¥ª ¢¥à­ë ¡¥§ â¥«  § ¤ ç  ¤«ï à áç¥â  ­¥áâ æ¨®­ à-

­®© ª ¢¥à­ë á ¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬ (®¯à¥¤¥«¥-­¨ï Pc) ¯à¨ § ¤ ­­ëå § ª®­ å ¤¢¨¦¥­¨ï, ¨§¬¥­¥-­¨ï ¯ à ¬¥âà®¢ ª ¢¨â â®à , ¤ ¢«¥­¨ï ¨ ¯®¤¤ã¢ á¢®¤¨âáï ª à¥è¥­¨î á¨áâ¥¬ë ãà ¢­¥­¨© (4.6), ª®-â®àãî ­¥®¡å®¤¨¬® ¤®¯®«­¨âì ãà ¢­¥­¨ï¬¨ á®åà -­¥­¨ï ¬ ááë £ §  ¢ ª ¢¥à­¥:R2jx=xc(t) = 0; u = xc(t)Zxn(t) �R2dx;ddt�uPc�t � = (Qm in �Qm out);uPc�t ��t=0 = mc0; (6.1)£¤¥ xn(t), xc(t) { § ª®­ë ¤¢¨¦¥­¨ï ª ¢¨â â®à  ¨ª®­æ  ª ¢¥à­ë; Pc=�t�c ¨§®â¥à¬¨ç¥áª ï § ¢¨á¨-¬®áâì ¤ ¢«¥­¨ï ®â ¬ áá®¢®© ¯«®â­®áâ¨ �c £ §  ¢ª ¢¥à­¥; uPc=�t=mc(t); mc, u { ¬ áá , ®¡ê¥¬ £ § ¢ ª ¢¥à­¥; Qm in, Qm out { ¬ áá®¢ë© ¯®¤¤ã¢ £ §  ¨¥£® ã­®á ¢ å¢®áâ¥ ª ¢¥à­ë. �à ¢­¥­¨ï ­¥®¡å®¤¨¬®¤®¯®«­¨âì á®®â­®è¥­¨¥¬ ¤«ï ¬ áá®¢®£® ã­®á  £ -§  ¨§ ª ¢¥à­ë. � ãç¥â®¬ ®â­®á¨â¥«ì­®© ­¥§ ¢¨á¨-¬®áâ¨ § ¤­¥© ç áâ¨ ª ¢¥à­ë ¨ ­  ®á­®¢¥ ä®à¬ã«ë¤«ï ®¡ê¥¬­®£® ã­®á  £ §  ¨§ áâ æ¨®­ à­®© ª ¢¥à-­ë [4] ­ å®¤¨âáï ¢ëà ¦¥­¨¥ ¤«ï ¬ áá®¢®£® ã­®á £ § , á¢ï§ ­­®¥ á § ¤­¥© ç áâìî ª ¢¥à­ë:Qm out � ��4 kq�aUe �1� �=E� �� �P1 � Pc �@R2@t �2#x=xc (t) ; (6.2)£¤¥ kq�const { íªá¯¥à¨¬¥­â «ì­ ï ª®­áâ ­â  ã­®-á  [4], ®¯à¥¤¥«ï¥¬ ï ­  ®á­®¢¥ íªá¯¥à¨¬¥­â®¢¤«ï áâ æ¨®­ à­®© ª ¢¥à­ë §  ¤¨áª®¬; �a { ¬ á-á®¢ ï ¯«®â­®áâì £ §  ¯à¨  â¬®áä¥à­®¬ ¤ ¢«¥-­¨¨; E { ç¨á«® �©«¥à ; Ue { áª®à®áâì ª®­æ ª ¢¥à­ë. �®¢¬¥áâ­®¥ à¥è¥­¨¥ ãà ¢­¥­¨© § ¤ -ç¨ (4.6), (6.1), (6.2) ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì § -ª®­ ¨§¬¥­¥­¨ï Pc(t), § â¥¬ ä®à¬  ª ¢¥à­ë ¬®-¦¥â ¡ëâì à ááç¨â ­  ¯® ãà ¢­¥­¨ï¬ (4.6) ¨«¨ ¡®-«¥¥ â®ç­® ­  ®á­®¢¥ (5.1) { (5.5). �®«¥¥ ¯à®áâë¬ï¢«ï¥âáï à¥è¥­¨¥ íâ®© § ¤ ç¨ ¢ ª¢ §¨áâ æ¨®­ à-­®© ¯®áâ ­®¢ª¥, ª®â®à ï ¯à¨ ¯®áâ®ï­­®¬ §­ ç¥­¨¨áª®à®áâ¨, ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï ª ¢¨â â®-à  ¨ ¤ ¢«¥­¨ï ¯à¨ § ¤ ­­®¬ § ª®­¥ ¯®¤¤ã¢ Qm in(t) = Qm in=�aR2nUná¢®¤¨âáï ª à¥è¥­¨î ®¡ëª­®¢¥­­®£®¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (6.3) ®â­®á¨â¥«ì­®�(t)=�(xn(t)):avoc3=2do P1Pa @@t �1� �=E�2 �++aqokqcdoE�1� �=E�2 � = Qm in (6.3)�. �. �¥à¥¡àïª®¢ 75
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�¨á. 8. � ¢¥à­  §  ¤¨áª®¬ ¢ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, �=0:04:{ á¨áâ¥¬  ãà ¢­¥­¨© ­  ®á­®¢¥ ��� (5.1) { (5.5), � � � { ­¥«¨­¥©­ë© ç¨á«¥­­ë© à áç¥â [30]£¤¥ t = tUn=Rn; Un { áª®à®áâì ¤¢¨¦¥­¨ï ª ¢¨â â®-à ; Pa {  â¬®áä­à­®¥ ¤ ¢«¥­¨¥; avo � 9; aqo � 3:4{ ¬¥¤«¥­­® ¬¥­ïîé¨¥áï ¢¥«¨ç¨­ë, §­ ç¥­¨¥ ª®â®-àëå ®áà¥¤­¥­ë ¯à¨ � = 0:03. �à ¢­¥­¨¥ (6.3)¢ëà ¦ ¥â ä¨§¨ªã ¢®§¤¥©áâ¢¨ï ¯®¤¤ã¢  { ¢­ ç «¥¯à®¨áå®¤¨â § ¯®«­¥­¨¥ ª ¢¥à­ë £ §®¬,   § â¥¬ ¤®-áâ â®ç­® ¬¥¤«¥­­ ï í¢®«îæ¨ï ª ¢¥à­ë ¯à¨ ¢ëå®¤¥¥¥ ­  áâ æ¨®­ à­ë© à¥¦¨¬. �â® ãà ¢­¥­¨¥ «¥£ª®®¡®¡é ¥âáï ­  á«ãç © ¯¥à¥¬¥­­ëå áª®à®áâ¨, á®-¯à®â¨¢«¥­¨ï ª ¢¨â â®à  ¨ ¤ ¢«¥­¨ï. �¥§ã«ìâ âëà áç¥â  ¯® ãà ¢­¥­¨î (6.3) áà ¢­¨¢ «¨áì á íªá¯¥-à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¤«ï ­¥áâ æ¨®­ à­®© ª -¢¥à­ë ¯à¨ ¯¥à¥¬¥­­®¬ ¯®¤¤ã¢¥ [10,41] ¨ ¤à.�®§¬®¦­®áâ¨ ¯à¥¤áª § ­¨ï ­¥áâ æ¨®­ à-­ëå ª ¢¥à­ á ¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬�â  ¯à®¡«¥¬  ¤®áâ â®ç­® ®¡è¨à­ , ¨ §¤¥áì ¨¬¥-¥âáï ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â, ­® ®­  ª ­ áâ®-ïé¥¬ã ¢à¥¬¥­¨ ¤ «¥ª  ®â § ¢¥àè¥­¨ï. �á­®¢-­ë¥ âàã¤­®áâ¨ á¢ï§ ­ë á ¯à¥¤áª § ­¨¥¬ ¯à®æ¥á-á®¢ ã­®á  £ § , ¨ ­ ¨¡®«¥¥ à¥ «ì­ë© ¯®¤å®¤ ¢â®© ¨«¨ ¨­®© ¬¥à¥ ®¯¨à ¥âáï ­  íªá¯¥à¨¬¥­â «ì-­ë¥ ¤ ­­ë¥ ¤«ï ®¡ëç­ëå áâ æ¨®­ à­ëå ª ¢¥à­.�à¨¬¥­¥­¨¥ áã¯¥àª ¢¨â æ¨¨ íää¥ªâ¨¢­® â®«ìª®¯à¨ ®¯à¥¤¥«¥­­ëå â¨¯ å ­¥ á«¨èª®¬ ¨­â¥­á¨¢-­®£® ã­®á  £ §  ¨§ ª ¢¥à­ë, ¢ ®á­®¢­®¬ ¯à¨à¥ «¨§ æ¨¨ ¯à®æ¥áá  å ®â¨ç¥áª®£® ¯¥à¥¬¥è¨¢ -­¨ï ¦¨¤ª®áâ­®-¯ã§ëàìª®¢®© á¬¥á¨ ¢ ª®­æ¥ ª ¢¥à-­ë, á¢ï§ ­­®£® á ­¥ãáâ®©ç¨¢®áâìî â¥ç¥­¨ï ¢¡«¨§¨§ ¤­¥© ç áâ¨ ª ¢¥à­ë. � ¨¡®«¥¥ ¢ ¦­ë¬ ï¢«ï¥â-áï ¯à¥¤áª § ­¨¥ ª ¢¥à­ ¨¬¥­­® ¢ íâ®¬ ¤¨ ¯ §®­¥,  â ª¦¥ ­ ¤¥¦­®¥ ®¯à¥¤¥«¥­¨¥ ¥£® £à ­¨æ, ¢­¥ ª®â®-àëå ¢®§¬®¦­  ª à¤¨­ «ì­ ï ¯¥à¥áâà®©ª  ¯à®æ¥á-á®¢ ã­®á  ¨ ®æ¥­ª  ¯®á«¥¤áâ¢¨© áª®à¥¥ ¢á¥£® ªà â-ª®áà®ç­®£® ¢ëå®¤  à¥¦¨¬  ­®à¬ «ì­®£® ®¡â¥ª -­¨ï §  ¯à¨¥¬«¥¬ë¥ £à ­¨æë. �à¨ íâ®¬ ­ ¨¡®«ì-è¥¥ ¢®§¤¥©áâ¢¨¥ ¬®¦¥â ®ª § âì ¯®¯¥à¥ç­®¥ ¯®«¥á¨« âï¦¥áâ¨, ¯à¨¢®¤ï ¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  �àã-¤  ª §­ ç¨â¥«ì­®¬ã ¯®¤ê¥¬ã § ¤­¥© ç áâ¨ ª ¢¥à-­ë ¢ ®¡« áâì ¡®«¥¥ ­¨§ª¨å ¤ ¢«¥­¨© ¨ ¯à®àë¢ã £ -§  ¨§ ª ¢¥à­ë ¯ãâ¥¬ ¥¥ ®âªàëâ¨ï ¨ ®¡à §®¢ ­¨ï¯®«ëå ¢¨åà¥©, ¯® ª®â®àë¬ ¯à®¨áå®¤¨â í¢ ªã æ¨ï£ §  (R. Cox, W. Clayden). �ää¥ªâ¨¢­ ï § ¢¨á¨-

¬®áâì ¤«ï ã­®á  £ § , ¢ª«îç îé ï ¢ á¥¡ï â ª¦¥ ¨íâ¨ ¯à®æ¥ááë, ­ ©¤¥­  ¢ à ¡®â¥ [10]. �®§¤¥©áâ¢¨¥­  ¯à®æ¥ááë ã­®á  £ §  ¯à®¤®«ì­®£® ¯®«ï á¨« âï-¦¥áâ¨ ¬®¦¥â ¡ëâì â ª¦¥ §­ ç¨â¥«ì­ë¬ ¨, ª ªá«¥¤ã¥â ¨§ (4.9 c), ¬®¦¥â ¯à¨¢®¤¨âì ª ®âªàëâ¨îª ¢¥à­ë ¨ ª â áâà®ä¨ç¥áª¨¬ ¯®â¥àï¬ £ § . � ¦-­ë¬¨ ä ªâ®à ¬¨ ï¢«ïîâáï ¢®§¤¥©áâ¢¨¥ ¤ ¢«¥­¨ï¨ à §«¨ç­ëå ­¥áâ æ¨®­ à­®áâ¥©. �à®æ¥ááë ®¡â¥-ª ­¨ï § ¤­¥© ç áâ¨ ¤®áâ â®ç­® ª ¯à¨§­ë, ¨ å ®-â¨ç¥áª®¥ â¥ç¥­¨¥ ¢ § ¤­¥© ç áâ¨ ¯®¤ ¢®§¤¥©áâ¢¨-¥¬ £à ¤¨¥­â  ¤ ¢«¥­¨©, ¯®«ï á¨« âï¦¥áâ¨, ­¥¯®-áâ®ï­áâ¢  áª®à®áâ¨ ¨ ¤à. ¬®¦¥â á¬¥­¨âìáï à¥£ã-«ïà­ë¬ â¥ç¥­¨¥¬ á ¢®§¢à â­®© áâàã©ª®© ¨ ¬ «ë¬ã­®á®¬ £ §  ¨«¨ ¤àã£¨¬ â¨¯®¬ â¥ç¥­¨ï. �â¬¥-â¨¬ à ¡®âã [42]. �­ ç¨â¥«ì­®¥ ¢®§¤¥©áâ¢¨¥ ¬®£ãâ®ª §ë¢ âì ¯ã«ìá æ¨¨ ª ¢¥à­, ¯à¨¢®¤ï ª ¯®àæ¨®­-­®¬ã â¨¯ã ã­®á  £ §  ¨§ ª ¢¥à­ë [40]. � ¨¡®«¥¥¯à®áâë¬ ï¢«ï¥âáï à áç¥â ­¥áâ æ¨®­ à­ëå ª ¢¥à­á ¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬ ¯® áâ æ¨®­ à­ë¬ § -¢¨á¨¬®áâï¬ ¯à¨ â¥ªãé¨å §­ ç¥­¨ïå ç¨á¥« ª ¢¨-â æ¨¨. �à¨ ¡®«¥¥ ­¥áâ æ¨®­ à­®¬ ¯à®æ¥áá¥ ¯à¨-¬¥­¨¬® ª¢ §¨áâ æ¨®­ à­®¥ ãà ¢­¥­¨¥ â¨¯  (6.3).�à¨ §­ ç¨â¥«ì­ëå ­¥áâ æ¨®­ à­®áâïå, á¢ï§ ­­ëåá à¥§ª¨¬¨ ¨§¬¥­¥­¨ï¬¨ áª®à®áâ¨ ¨ á®¯à®â¨¢«¥­¨ïª ¢¨â â®à , ¢­¥è­¥£® ¤ ¢«¥­¨ï ¨ ¯®¤¤ã¢ , ¢ ¡®«ì-è¨­áâ¢¥ á«ãç ¥¢ ¢®§¬®¦­® ¯à¨¬¥­¥­¨¥ ¯®áâ ­®¢-ª¨ (4.6), (6.1), (6.2), ®¤­ ª® §¤¥áì ã¦¥ ­ã¦­® ª®­-âà®«¨à®¢ âì ¢®§¬®¦­®áâ¨ á¬¥­ë ¢ ­¥ª®â®àë¥ ¬®-¬¥­âë â¨¯  ã­®á  £ § ,   â ª¦¥ ¢®§¬®¦­®áâ¨ ¢®§-­¨ª­®¢¥­¨ï ¯ã«ìá æ¨© ª ¢¥à­ ¨ ¯à®æ¥áá®¢ § âãå -­¨ï. �¤­ ª® íâ®â ¯®¤å®¤ â ª¦¥ ¨¬¥¥â áãé¥áâ¢¥­-­ë¥ ®£à ­¨ç¥­¨ï, â ª ª ª ®á­®¢ ­ ­  ¬®¤¥«¨ £ -§  ª ª ã¯àã£¨å è à¨ª®¢, ¨ §¤¥áì ¯®«­®áâìî ¨£­®-à¨àãîâáï ¯à®æ¥ááë â¥¯«®¬ áá®¯¥à¥­®á . �®«¥¥â®ç­ ï ¯®áâ ­®¢ª  á ãç¥â®¬ íâ¨å íää¥ªâ®¢, ª®-â®àë¥ ¢ ­¥ª®â®àëå á«ãç ïå ¬®£ãâ ®ª § âìáï §­ -ç¨â¥«ì­ë¬¨, ¯à¨¢¥¤¥­  ¢ [25]. �à®¬¥ â®£®, ¢ à¥- «ì­®áâ¨ ¢¬¥áâ® ¥áâ¥áâ¢¥­­®£® § ¬ëª ­¨ï ª ¢¥à-­  § ¬ëª ¥âáï ­  § ¤­îî ç áâì â¥« , çâ® ¨¬¥-¥â á¢®¨ ®á®¡¥­­®áâ¨ ¨ ¬®¦¥â §­ ç¨â¥«ì­® ¨§¬¥-­¨âì å à ªâ¥à ¯à®æ¥áá®¢ ã­®á  £ § . �à¨ íâ®¬ç é¥ ¢á¥£® â®«ìª® ­¥¡®«ìè ï ç áâì ª ¢¥à­ë § -76 �. �. �¥à¥¡àïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 63 { 78¯®«­¥­  £ §®¬, ¨ ¤¢¨¦¥­¨¥ ¯à®¨áå®¤¨â á ­¥¡®«ì-è¨¬ § §®à®¬ ¬¥¦¤ã â¥«®¬ ¨ ª ¢¥à­®©, ¨ §¤¥áì ã¦¥¬®£ãâ ¡ëâì áãé¥áâ¢¥­­ë ¯à®æ¥ááë ¤¢¨¦¥­¨ï £ -§  ª ª ¢ï§ª®© ¦¨¤ª®áâ¨. �¥¬ ­¥ ¬¥­¥¥ ¯®¤å®¤ë­  ®á­®¢¥ (4.6), (6.1) { (6.3) ¬®£ãâ ¡ëâì ¤®áâ â®ç-­® íää¥ªâ¨¢­ë. �áá«¥¤®¢ ­¨¥ ­ ç «ì­ëå áâ ¤¨©ª ¢¨â æ¨¨ ¤ ­® ¢ [4,6,43].�̄ à ¢«¥­¨¥ ª ¢¨â æ¨®­­ë¬ â¥ç¥­¨¥¬. �¤¥áì¨¬¥îâáï ¤¢¥ ®á­®¢­ë¥ ¢®§¬®¦­®áâ¨ íää¥ªâ¨¢­®£®ã¯à ¢«¥­¨ï à §¬¥à ¬¨ ª ¢¥à­ë { ¯ãâ¥¬ ¨§¬¥­¥-­¨ï á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à  ¬®¦­® §­ ç¨â¥«ì-­® ¨§¬¥­¨âì ­ ¨¡®«ìè¨© à ¤¨ãá ¨, á®®â¢¥âá¢¥­­®,à §¬¥à ª ¢¥à­ë,   ¯ãâ¥¬ ¨§¬¥­¥­¨ï ¨áªãááâ¢¥­­®-£® ¯®¤¤ã¢  { ã¤«¨­¥­¨¥ ¨ à §¬¥àë ª ¢¥à­ë. �¥-è¥­¨¥ ¤«ï â¥ç¥­¨ï £ §  ¢­ãâà¨ ª ¢¥à­ë [20] ¯à¨®¡ëç­ëå §­ ç¥­¨ïå ¯®¤¤ã¢  ¯®ª §ë¢ îâ ­¥§­ ç¨-â¥«ì­®áâì ¨§¬¥­¥­¨ï ¤¨­ ¬¨ç¥áª®£® ¤ ¢«¥­¨ï £ § ¢ ª ¢¥à­¥. �ãé¥áâ¢¥­­® ¨§¬¥­¨âì ä®à¬ã ª ¢¥à-­ë §¤¥áì ¢®§¬®¦­® ¯à¨ ­®à¬ «ì­®¬ ¢®§¤¥©áâ¢¨¨áâàã¨ ­  ª ¢¥à­ã,   â ª¦¥ ¯à¨ â¥ç¥­¨ïå £ §  ¢¤®áâ â®ç­® ã§ª¨å § §®à å ¬¥¦¤ã ¦¥áâª®© ¯®¢¥àå-­®áâìî ¨ ¯®¢¥àå­®áâìî ª ¢¥à­ë. �­ ç¨â¥«ì­ë¥¨§¬¥­¥­¨ï ä®à¬ë ª ¢¥à­ë ¢®§¬®¦­ë ¯à¨ ®ç¥­ì¢ëá®ª¨å áª®à®áâïå ¤¢¨¦¥­¨ï £ §®¢®£® ¯®â®ª  ¢ ª -¢¥à­¥, ¯à¥¢ëè îé¨å ¢ 15-20 à § ¨ ¢ëè¥ áª®à®áâ¨¤¢¨¦¥­¨ï ª ¢¨â â®à .������� ª ¯®ª §ë¢ ¥â  ­ «¨§, ®¤­¨¬ ¨§ ­ ¨¡®«¥¥ à¥-§ã«ìâ â¨¢­ëå ­ ¯à ¢«¥­¨© ¨áá«¥¤®¢ ­¨© áã¯¥àª -¢¨â æ¨¨ ï¢«ï¥âáï á®¢¬¥áâ­®¥ ¯à¨¬¥­¥­¨¥ â¥®à¨¨¢®§¬ãé¥­¨©, ¨ ¢ ç áâ­®áâ¨ ����, ¢ ¯à¨¡«¨¦¥­¨¨â¥®à¨¨ â®­ª¨å â¥« á®¢¬¥áâ­® á ¯à®áâë¬¨ í¢à¨-áâ¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨ ¨ ¨­â¥£à «ì­ë¬¨ § ª®­ -¬¨ á®åà ­¥­¨ï. �  ®á­®¢¥ íâ®£® ¯®¤å®¤  à §à -¡®â ­ ª®¬¯«¥ªá ¤®áâ â®ç­® íää¥ªâ¨¢­ëå ¬¥â®¤®¢à áç¥â  ®á¥á¨¬¬¥âà¨ç­ëå áâ æ¨®­ à­ëå ¨ ­¥áâ -æ¨®­ à­ëå ª ¢¨â æ¨®­­ëå â¥ç¥­¨©, ¯®§¢®«ïîé¨åâ ª¦¥ á ãç¥â®¬ ¬®¤¥«¨ ¯«®áª¨å á¥ç¥­¨© à ááç¨âë-¢ âì ã¤«¨­¥­­ë¥ ª ¢¥à­ë ¢ ¡®«ìè¨­áâ¢¥ ¯à ªâ¨-ç¥áª¨å á«ãç ¥¢.� ¨¡®«¥¥ à §¢¨âë ¬¥â®¤ë à áç¥â  ¢ à ¬ª å ¬®-¤¥«¨ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨, ¯®§¢®«ïîé¨¥ ¤®áâ -â®ç­® â®ç­® à ááç¨âë¢ âì ­¥áâ æ¨®­ à­ë¥ ª ¢¨-â æ¨®­­ë¥ â¥ç¥­¨ï, â ª¦¥ ¨ ¢ ­¥«¨­¥©­®© ®¡« -áâ¨ ¢¡«¨§¨ ¤¨áª  ­  ®á­®¢¥ í«¥¬¥­â à­ëå ãà ¢­¥-­¨©. �¥¤®áâ â®ç­® § ¢¥àè¥­­ë¬¨ ï¢«ïîâáï ¬¥-â®¤ë ¯à¥¤áª § ­¨ï ¯®â¥àì £ §  ¯à¨ ­¥áâ æ¨®­ à-­®¬ ®¡â¥ª ­¨¨ ¨, á®®â¢¥âáâ¢¥­­®, à áç¥â  ª ¢¥à­á ¨áªãááâ¢¥­­ë¬ ¯®¤¤ã¢®¬ ¯à¨ à §«¨ç­ëå ¨áâ®ç-­¨ª å ­¥áâ æ¨®­ à­®áâ¨ ¨ ¢®§¤¥©áâ¢¨¨ àï¤  ä ª-â®à®¢, ¯à®¡«¥¬ë à áç¥â  â¥ç¥­¨© £ §  ¢ ã§ª¨åá«®ïå ¬¥¦¤ã ¦¥áâª®© ¯®¢¥àå­®áâìî ¨ ª ¢¥à­®©,  
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