
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82��� 532.546����������������� ������� ���������������� ������������� ���������A. �. ������ æ¨®­ «ì­ë© ã­¨¢¥àá¨â¥â áâà®¨â¥«ìáâ¢  ¨  àå¨â¥ªâãàë, �¨¥¢�®«ãç¥­® 03.02.2000�®«ãç¥­® áâà®£®¥ £¨¤à®¬¥å ­¨ç¥áª®¥ à¥è¥­¨¥ § ¤ ç¨ ® ¯à¨â®ª¥ ¯®¤§¥¬­ëå ¢®¤ ª ­¥á®¢¥àè¥­­®© áª¢ ¦¨­¥ ¢ ®¤­®-à®¤­®¬ ¢®¤®­®á­®¬ ­ ¯®à­®¬ ¯« áâ¥ ¯à¨ ãá«®¢¨¨ ¯®áâ®ï­áâ¢  ­ ¯®à  hc = const ­  ä¨«ìâà¥ áª¢ ¦¨­ë. �¥è¥­ â ª¦¥  ­ «®£¨ç­ ï § ¤ ç  ¤«ï ­¥á®¢¥àè¥­­®© áª¢ ¦¨­ë ¢ ¡¥§­ ¯®à­®¬ ¯®â®ª¥ á «¨­¥ à¨§®¢ ­­ë¬ ª¨­¥¬ â¨ç¥áª¨¬ãá«®¢¨¥¬ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¤«ï ¤¢ãå å à ªâ¥à­ëå á«ãç ¥¢: á § â®¯«¥­­ë¬ ¨ ­¥§ â®¯«¥­­ë¬ ä¨«ìâà®¬.�¥è¥­¨ï § ¤ ç à¥ «¨§®¢ ­ë ç¨á«¥­­ë¬¨ ¨  ­ «¨â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨. �®«ãç¥­ë § ¢¨á¨¬®áâ¨ ¤«ï ®¯à¥¤¥«¥­¨ï®á­®¢­ëå ä¨«ìâà æ¨®­­ëå å à ªâ¥à¨áâ¨ª, ¢ â®¬ ç¨á«¥ ä¨«ìâà æ¨®­­ëå á®¯à®â¨¢«¥­¨© ­  £¨¤à®¤¨­ ¬¨ç¥áª®¥ ­¥-á®¢¥àè¥­áâ¢® ¯® áâ¥¯¥­¨ ¢áªàëâ¨ï ¯« áâ .�âà¨¬ ­® â®ç­¨© £i¤à®¬¥å ­iç­¨© à®§¢'ï§®ª § ¤ çi ¯à® ¯®âiª ¯i¤§¥¬­¨å ¢®¤ ¤® ­¥¤®áª®­ «®ù c¢¥à¤«®¢¨­¨ ¢ ®¤­®ài¤-­®¬ã ¢®¤®­®á­®¬ã ­ ¯ià­®¬ã ¯« áâi §  ã¬®¢ ¬¨ ¯®áâi©­®£® ­ ¯®àã hc = const ­  äi«ìâài á¢¥à¤«®¢¨­¨. �®§¢'ï§ ­ â ª®¦  ­ «®£iç­  § ¤ ç  ¤«ï ­¥¤®áª®­ «®ù c¢¥à¤«®¢¨­¨ ¢ ¡¥§­ ¯ià­®¬ã ¯®â®æi § «i­¥ à¨§®¢ ­­®î ªi­¥¬ â¨ç­®î ã¬®-¢®î ­  ¢i«ì­i© ¯®¢¥àå­i ¤«ï ¤¢®å å à ªâ¥à­¨å ¢¨¯ ¤ªi¢: ÷§ § â®¯«¥­¨¬ i ­¥§ â®¯«¥­¨¬ äi«ìâà®¬. �®§¢'ï§ª¨ § ¤ çà¥ «i§®¢ ­i ç¨á¥«ì­¨¬¨ ©  ­ «iâ¨ç­¨¬¨ ¬¥â®¤ ¬¨. �¤¥à¦ ­i § «¥¦­®áâi ¤«ï ¢¨§­ ç¥­­ï ®á­®¢­¨å äi«ìâà æi©­¨åå à ªâ¥à¨áâ¨ª, ¢ â®¬ã ç¨á«i äi«ìâà æi©­¨å ®¯®ài¢ ­  £i¤à®¤¨­ ¬iç­ã ­¥¤®áª®­ «icâì á¢¥à¤«®¢¨­¨ ¯® áâã¯¥­î à®§-ªà¨ââï ¯« áâ .An exact hydrodynamical solution to the problem dealing with underground water in
ow to an imperfect well in homo-geneous con�ned aquifer was obtained under constant head hc = const at the �lter. A similar problem was also solvedfor an imperfect well in free aquifer using a kinematic condition linearized on the water table in two-special cases: the�lter is 
ooded or not. The above solutions were found by numarical and analitical methods. A number of expressionswere deduced for main �ltration characteristics including hydraulic hydraulic resistances when an incomplete opening ofaquifers occured.���������®¤®§ ¡®à­ë¥ á®®àã¦¥­¨ï ¢ ¢¨¤¥ ¢¥àâ¨ª «ì-­ëå áª¢ ¦¨­ ¨ âàã¡ç âëå ª®«®¤æ¥¢ ¯®«ãç¨«¨è¨à®ª®¥ à á¯à®áâà ­¥­¨¥ ¯à¨ § ¡®à¥ ¯®¤§¥¬­ëå¢®¤ ¤«ï ¯¨âì¥¢®£® ¢®¤®á­ ¡¦¥­¨ï. �ãé¥áâ¢ãî-é¨© ®¯ëâ ¯à®¤®«¦¨â¥«ì­®© íªá¯«ã â æ¨¨ ¢¥àâ¨-ª «ì­ëå áª¢ ¦¨­, à ¡®â îé¨å ¢ á«®¦­ëå £¨¤à®-£¥®«®£¨ç¥áª¨å ãá«®¢¨ïå, ¯®ª §ë¢ ¥â, çâ® ¬¥â®-¤ë à áç¥â  ¨å ¯à®¨§¢®¤¨â¥«ì­®áâ¨, à §à ¡®â ­-­ë¥ ¤«ï ¢¥áì¬  áå¥¬ â¨§¨à®¢ ­­ëå £¨¤à®£¥®«®£¨-ç¥áª¨å ãá«®¢¨© ¨ â¥ç¥­¨© ¯®¤§¥¬­ëå ¢®¤, ­¥á®-¢¥àè¥­­ë ¨ âà¥¡ãîâ ã«ãçè¥­¨©. �¥ «ì­ë¥ ãá«®-¢¨ï à ¡®âë ¢¥àâ¨ª «ì­ëå áª¢ ¦¨­ ¨ ª®«®¤æ¥¢ ¨¨å ¯à®¨§¢®¤¨â¥«ì­®áâì § ¢¨á¨â, ¯à¥¦¤¥ ¢á¥£®, ®â¢®§­¨ª­®¢¥­¨ï ¨ ¯à®ï¢«¥­¨ï £¨¤à ¢«¨ç¥áª¨å á®-¯à®â¨¢«¥­¨© ­  ­¥á®¢¥àè¥­áâ¢®, ®á®¡¥­­® ¯® áâ¥-¯¥­¨ ¢áªàëâ¨ï ¯« áâ . � ª ¯à ¢¨«®, ¢®¤®¯à¨¥¬-­ ï ç áâì (ä¨«ìâà) áª¢ ¦¨­ë ­¥ ¯®«­®áâìî ¯à®-à¥§ ¥â ¢®¤®­®á­ë© ¯« áâ, â.¥. ï¢«ï¥âáï ­¥á®¢¥à-è¥­­®©, ¯à¨ç¥¬, ãç¨âë¢ ï §­ ç¨â¥«ì­ãî áâ®¨-¬®áâì ä¨«ìâà , ¯à ¢¨«ì­ë© ¢ë¡®à ¥£® à §¬¥à®¢¯à¨®¡à¥â ¥â ®¤­® ¨§ à¥è îé¨å §­ ç¥­¨© ¯à¨ à á-ç¥â å ¨ ¯à®¥ªâ¨à®¢ ­¨¨ áª¢ ¦¨­. �à¨ íâ®¬ ­ ¨-
¡®«¥¥ ¯à¨¥¬«¥¬ë¥ à¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¯®«ãç¥-­ë ­  ¡ §¥ ¨§ãç¥­¨ï ¯à®áâà ­áâ¢¥­­®© ª àâ¨­ëä¨«ìâà æ¨¨ ¢¡«¨§¨ ä¨«ìâà , çâ® ­ ¨¡®«¥¥ ¯®«­®¨ ¤®áâ®¢¥à­® ®â®¡à ¦ ¥â à¥ «ì­ãî ª àâ¨­ã â¥-ç¥­¨ï. �¬¥­­® ­  ®á­®¢¥ à §à ¡®â ­­®© ¡®«¥¥ á®-¢¥àè¥­­®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ä¨«ìâà æ¨¨ ª­¥á®¢¥àè¥­­®© áª¢ ¦¨­¥ ¬®¦¥â ¡ëâì ¯®«ãç¥­  ¨¢ë¯®«­¥­  ®æ¥­ª  áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ ¨å à á-ç¥â .1. �������� ��������� � ����-������� ���������� �������������������� ���������������� ������� ������������ ����-����à¨ à áç¥â å à §­ëå áå¥¬ ¨ á¨áâ¥¬ ¢®¤®§ ¡®à-­ëå ¨ ¢®¤®¯®­¨§¨â¥«ì­ëå áª¢ ¦¨­ (âàã¡ç âëåª®«®¤æ¥¢), ¤¥©áâ¢ãîé¨å ¢ à §­®®¡à §­ëå £¨¤à®-£¥®«®£¨ç¥áª¨å ãá«®¢¨ïå, è¨à®ª® ¯à¨¬¥­ï¥âáï ¬¥-â®¤ ä¨«ìâà æ¨®­­ëå á®¯à®â¨¢«¥­¨©. �â®â ¬¥-â®¤ ¯®§¢®«ï¥â ¢® ¬­®£¨å á«ãç ïå ¡¥§ ®á®¡®£® á­¨-¦¥­¨ï â®ç­®áâ¨ à áç¥â®¢ áå¥¬ â¨§¨à®¢ âì á«®¦-­ë¥ â¥ç¥­¨ï ¯®â®ª®¢ ¨ ¯à¥¤áâ ¢¨âì à¥§ã«ìâ âë¨å ¨§ãç¥­¨ï ¢ ¢¨¤¥, ã¤®¡­®¬ ¤«ï ¯à¨«®¦¥­¨©. �¥-72 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82â®¤ ä¨«ìâà æ¨®­­ëå á®¯à®â¨¢«¥­¨© è¨à®ª® ¯à¨-¬¥­ï¥âáï ¢ ¯®¤§¥¬­®© £¨¤à®¤¨­ ¬¨ª¥ (ä¨«ìâà -æ¨¨). �á­®¢­ë¥ ¯à¨­æ¨¯ë íâ®£® ¬¥â®¤  ¤®¢®«ì-­® ¯®¤à®¡­® ¨§«®¦¥­ë ¢ á¯¥æ¨ «ì­®© «¨â¥à âãà¥,­ ¯à¨¬¥à ¢ [1 { 5 ¨ ¤à.], ¨ ¯à¨¬¥­¨â¥«ì­® ª ­¥á®-¢¥àè¥­­ë¬ áª¢ ¦¨­ ¬ ¨ ª®«®¤æ ¬ ®­ á¢®¤¨âáï ªá«¥¤ãîé¥¬ã. �§¢¥áâ­®, çâ® áãé¥áâ¢¥­­ë¥ ®âª«®-­¥­¨ï ¤¢¨¦¥­¨ï £àã­â®¢ëå ¢®¤ ®â £®à¨§®­â «ì­®-£® ­ ¯à ¢«¥­¨ï ¢ ¢®¤®­®á­®¬ ¯« áâ¥ ­ ¡«î¤ îâ-áï ¯à¥¨¬ãé¥áâ¢¥­­® ¢¡«¨§¨ ¢®¤®¯à¨¥¬­®© ç áâ¨áª¢ ¦¨­ (ª®«®¤æ¥¢), ¢ë§ë¢ îé¨å ¯®ï¢«¥­¨¥ «®-ª «ì­ëå §®­ à¥§ª® ¨§¬¥­ïîé¥©áï ä¨«ìâà æ¨¨. �íâ¨å á«ãç ïå ¢«¨ï­¨¥ §®­ à¥§ª®© ¤¥ä®à¬ æ¨¨ ¯®-â®ª , å à ªâ¥à¨§ã¥¬®¥ ¯ ¤¥­¨¥¬ ãà®¢­ï (­ ¯®à )¢ ­¨å, ¬®¦¥â ¡ëâì ãçâ¥­® ¯® ¬¥â®¤ã ä¨«ìâà æ¨®­-­ëå á®¯à®â¨¢«¥­¨© ¯ãâ¥¬ § ¬¥­ë ­¥á®¢¥àè¥­­ëåáª¢ ¦¨­ á®¢¥àè¥­­ë¬¨, íª¢¨¢ «¥­â­ë¬¨ ¯® ä¨«ì-âà æ¨®­­®¬ã à áå®¤ã ¨ ª àâ¨­¥ ä¨«ìâà æ¨¨ ­  ­¥-ª®â®à®¬ ã¤ «¥­¨¨ ®â áª¢ ¦¨­ë. �®¤ á®¢¥àè¥­­®©áª¢ ¦¨­®© ¡ã¤¥¬ ¯®­¨¬ âì â ªãî, ª®â®à ï ä¨«ì-âà®¬ ¢áªàë¢ ¥â ¢®¤®­®á­ë© ¯« áâ (£®à¨§®­â) ­ ¯®«­ãî ¬®é­®áâì. � â ª®¬ á«ãç ¥ §®­ë à¥§ª®¨§¬¥­ïîé¥©áï ä¨«ìâà æ¨¨ ¨áª«îç îâáï ¨§ à á-á¬®âà¥­¨ï. � ª¨¬ ®¡à §®¬, ¯à¥¤áâ ¢«ï¥âáï ¢®§-¬®¦­ë¬ § ¬¥­¨âì ¢ à áç¥â å íää¥ªâ ®â ¤¥©áâ¢¨ïá ¬ëå à §­®®¡à § ­ëå ¯® á¢®¨¬ £¥®¬¥âà¨ç¥áª¨¬®á®¡¥­­®áâï¬ ¨ ª®­áâàãªæ¨ï¬ ä¨«ìâà  áª¢ ¦¨­ ¨¨å á¨áâ¥¬ ¯à ªâ¨ç¥áª¨ íª¢¨¢ «¥­â­ë¬ íää¥ªâ®¬®â ¯à®áâëå ¯® ä®à¬¥ ¨ ª®­áâàãªæ¨¨ áª¢ ¦¨­ ¨¤àã£¨å á®®àã¦¥­¨©.� ª, ­¥á®¢¥àè¥­­ë¥ áª¢ ¦¨­ë ¬®£ãâ ¡ëâì ¯à¨-¢¥¤¥­ë ª á®¢¥àè¥­­ë¬, «¨­¥©­ë¥ àï¤ë á®¢¥àè¥­-­ëå ¨ ­¥á®¢¥àè¥­­ëå áª¢ ¦¨­ ¬®¦­® ¯à¥¤áâ -¢¨âì á®¢¥àè¥­­ë¬¨ £®à¨§®­â «ì­ë¬¨ ¢®¤®§ ¡®-à ¬¨ á à áå®¤ ¬¨, à ¢­ë¬¨ áã¬¬ à­®¬ã à áå®¤ã¢á¥å áª¢ ¦¨­, ¨ â. ¤. �à¨ íâ®¬ ã¦¥ ­  à ááâ®ï-­¨¨ ¯®àï¤ª  ¬®é­®áâ¨ ¢ á«ãç ¥ ®¤­®à®¤­®£® ¯« -áâ  ®¡à §ã¥âáï ¯« ­®¢ë© ¯®â®ª á ¤¢¨¦¥­¨¥¬ £àã­-â®¢ëå ¢®¤ ¯à¥¨¬ãé¥áâ¢¥­­® ¢ £®à¨§®­â «ì­®¬ ­ -¯à ¢«¥­¨¨ ¨ á à á¯à¥¤¥«¥­¨¥¬ ­ ¯®à  ¢ ­¥¬, ª ª¢ á«ãç ¥ á®¢¥àè¥­­ëå ¢®¤®§ ¡®à®¢. �â® ®¡áâ®-ïâ¥«ìáâ¢® áãé¥áâ¢¥­­® ®¡«¥£ç ¥â à §à ¡®âªã ¬¥-â®¤®¢ ä¨«ìâà æ¨®­­ëå à áç¥â®¢ áª¢ ¦¨­ (ª®«®¤-æ¥¢), ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¢ á«®¦­ëå £¨¤à®£¥®«®-£¨ç¥áª¨å ãá«®¢¨ïå.�á­®¢­®¥ ä¨«ìâà æ¨®­­®¥ á®¯à®â¨¢«¥­¨¥ �®¡ãá«®¢«¥­® £¨¤à®¤¨­ ¬¨ç¥áª¨¬ ­¥á®¢¥àè¥­áâ¢®¬áª¢ ¦¨­. �£® ¥é¥ ­ §ë¢ îâ ¢­ãâà¥­­¨¬ ¨«¨ ¤®-¯®«­¨â¥«ì­ë¬, â ª ª ª ®­® ¢ë§ë¢ ¥âáï ¯à¥¨¬ãé¥-áâ¢¥­­® ¤¥ä®à¬ æ¨ï¬¨ ¯®â®ª  ¢¡«¨§¨ áª¢ ¦¨­ë ¨¢ ­¥© á ¬®©. � ®¡é¥¬ á«ãç ¥ ¢ ¢®¤®§ ¡®à­ëå áª¢ -¦¨­ å à §«¨ç îâ ¤¢  ¢¨¤  ­¥á®¢¥àè¥­áâ¢  áª¢ -¦¨­: ¯® áâ¥¯¥­¨ ¨ ¯® å à ªâ¥àã ¢áªàëâ¨ï ¯« áâ ,â. ¥. ®¡é¥¥ á®¯à®â¨¢«¥­¨¥ (®¡é¨© áª¨­-íää¥ªâ

áª¢ ¦¨­ë) ¡ã¤¥â �0 = � +�x; (1)£¤¥ � , �x { á®®â¢¥âáâ¢¥­­® á®¯à®â¨¢«¥­¨¥ ­  ­¥-á®¢¥àè¥­áâ¢® áª¢ ¦¨­ ¯® áâ¥¯¥­¨ ¨ ¯® å à ªâ¥àã¢áªàëâ¨ï ¯« áâ .� ª ¨§¢¥áâ­®, � § ¢¨á¨â ®â ¤«¨­ë ¨ à á¯®«®-¦¥­¨ï ä¨«ìâà  ¢ ¢®¤®­®á­®¬ ¯« áâ¥, ¯à®­¨æ ¥¬®-áâ¨ ¨ ¬®é­®áâ¨ ¯« áâ  ¨ ¥£® ®â¤¥«ì­ëå á«®¥¢ ¨®¯à¥¤¥«ï¥âáï ¯à¥¨¬ãé¥áâ¢¥­­® ­  ®á­®¢ ­¨¨ £¨-¤à®¬¥å ­¨ç¥áª®£® (áâà®£®£®) à¥è¥­¨ï ®â¤¥«ì­ëå«®ª «ì­ëå § ¤ ç ä¨«ìâà æ¨¨ ª áª¢ ¦¨­ ¬ [1, 6{8 ¨¤à.]. �  ®á­®¢¥ íâ¨å à¥è¥­¨© § ¤ ç ãáâ ­®¢¨¢è¥©-áï ¨ ­¥ãáâ ­®¢¨¢è¥©áï ä¨«ìâà æ¨¨ ª áª¢ ¦¨­ ¬ ¢®¤­®à®¤­ëå ¨ ­¥®¤­®à®¤­®-á«®¨áâëå ¢®¤®­®á­ëåâ®«é å ¯®«ãç¥­ë ¢ëà ¦¥­¨ï ¤«ï ®¯à¥¤¥«¥­¨ï á®-¯à®â¨¢«¥­¨© � .�®¯à®â¨¢«¥­¨¥ ¯® å à ªâ¥àã ¢áªàëâ¨ï ¯« áâ �x ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¯«¥ªá­ãî å à ªâ¥à¨-áâ¨ªã ¨ ®¡ãá«®¢«¥­® à §«¨ç­ë¬¨ ä ªâ®à ¬¨: ª®­-áâàãªæ¨¥© ä¨«ìâà  ¨ ¥£® ®¡áë¯ª¨, £¨¤à ¢«¨ª®© ¯®-â®ª  ¢ á ¬®¬ ä¨«ìâà¥ ¨ ¢ ¢®¤®¯®¤ê¥¬­ëå âàã¡ å,­ àãè¥­¨¥¬ «¨­¥©­®£® § ª®­  ä¨«ìâà æ¨¨ ¢¡«¨§¨áª¢ ¦¨­ë, ®¡à §®¢ ­¨¥¬ ä¨«ìâà æ¨®­­®© ¯à®¡ª¨¨ ®á ¤ª  ¢­ãâà¨ ä¨«ìâà  ¨ â. ¤. �­ «¨§ ¯®ª §ë-¢ ¥â, çâ® ¨§ ¢á¥å ¨¬¥îé¨åáï ä ªâ®à®¢ ¯à¨ ®¯à¥-¤¥«¥­¨¨ á®¯à®â¨¢«¥­¨ï �x £« ¢­ãî à®«ì (®á®¡¥­-­® ¯à¨ ¤«¨â¥«ì­®© íªá¯«ã â æ¨¨ áª¢ ¦¨­) ¨£à îâä¨«ìâà æ¨®­­ë¥ ¤¥ä®à¬ æ¨¨ ¢ ¯à¨áª¢ ¦¥­­®© §®-­¥, ¯à¥¨¬ãé¥áâ¢¥­­® ª®«ì¬ â ¦ ¨ ¢ë­®á ç áâ¨æ£àã­â  (áãää®§¨ï), ª®â®àë¥ ­ ¨¬¥­¥¥ ¨§ãç¥­ë.� á®¦ «¥­¨î, ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ­¥â ã¤®¢«¥â¢®-à¨â¥«ì­ëå ¯à¥¤«®¦¥­¨© ¯® ®¯à¥¤¥«¥­¨î á®¯à®â¨-¢«¥­¨© �x. �¥ª®â®àë¥ ¯à¥¤«®¦¥­¨ï ¯® íâ®¬ã ¢®-¯à®áã ¯à¨¢¥¤¥­ë ¢ à ¡®â å [1, 7, 9, 10]. �áâ¥-áâ¢¥­­®, ­ ¨¡®«¥¥ ­ ¤¥¦­ë© ¬¥â®¤ ®¯à¥¤¥«¥­¨ïá®¯à®â¨¢«¥­¨© �0 ¨, ®á®¡¥­­®, ¥£® á®áâ ¢­®© ç -áâ¨ �x { ¯® ¤ ­­ë¬ á¯¥æ¨ «ì­® ®à£ ­¨§®¢ ­­ëå ¨­ ãç­® ®¡®á­®¢ ­­ëå ®¯ëâ­ëå ¨ íªá¯«ã â æ¨®­-­ëå ®âª ç¥ª. �¡à â¨¬ ¢­¨¬ ­¨¥ ­  â®, çâ® ¤ ¦¥¯à¨ ¯®«­®¬ ¢áªàëâ¨¨ ä¨«ìâà®¬ ¢®¤®­®á­®£® ¯« -áâ , ª®£¤  ¬®¦­® áç¨â âì � � 0, ¤¥©áâ¢¨¥ á®¯à®-â¨¢«¥­¨ï �x ­¥ ¨áª«îç ¥âáï (¤ ¦¥ ã¢¥«¨ç¨¢ ¥âáï)¨ ¤®«¦­® ¡ëâì ãçâ¥­® ¢ à áç¥â å.�¥â®¤¨ª  ç¨á«¥­­®£® ¨  ­ «¨â¨ç¥áª®£® à áç¥-â  ¢¥àâ¨ª «ì­ëå áª¢ ¦¨­ ¢ ®¤­®à®¤­ëå ¨ ­¥®¤-­®à®¤­ëå ¯« áâ å ­  ®á­®¢¥ ¬¥â®¤  ä¨«ìâà æ¨-®­­ëå á®¯à®â¨¢«¥­¨© ¨§«®¦¥­  ¢ á¯¥æ¨ «ì­®© «¨-â¥à âãà¥, ­ ¯ à¨¬¥à [1, 2, 7, 10, 11]. � ª ª ª®á­®¢­®© á®áâ ¢­®© ç áâìî íâ¨å à áç¥â®¢ ï¢«ï-¥âáï ä¨«ìâà æ¨®­­®¥ á®¯à®â¨¢«¥­¨¥ � , â® ­ ¤¥¦-­®áâì ¨ â®ç­®áâì ®¯à¥¤¥«¥­¨ï ä¨«ìâà æ¨®­­ëå ¨â¥å­®«®£¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢¥àâ¨ª «ì­ëå ¢®-�. �. �ã£ © 73



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82¤®§ ¡®à®¢ ¢® ¬­®£®¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï ®¡®á­®-¢ ­­®áâìî à áç¥â®¢ íâ®£® á®¯à®â¨¢«¥­¨ï.�¥â®¤¨ª  à áç¥â  á®¯à®â¨¢«¥­¨© ­  ­¥á®¢¥à-è¥­áâ¢® áª¢ ¦¨­ � à §à ¡®â ­  ¤®áâ â®ç­® ¤«ï®¤­®à®¤­ëå [2, 7, 10] ¨ ­¥®¤­®à®¤­®-á«®¨áâëå ¯« -áâ®¢ [1] ­  ®á­®¢¥ à¥è¥­¨ï ®â¤¥«ì­ëå § ¤ ç ä¨«ì-âà æ¨¨ ª ­¥á®¢¥àè¥­­ë¬ áª¢ ¦¨­ ¬. �à¨  ­ «¨-â¨ç¥áª®¬ à¥è¥­¨¨ § ¤ ç¨ ä¨«ìâà æ¨¨ ª ­¥á®¢¥à-è¥­­®© áª¢ ¦¨­¥ ¤«ï ®á­®¢­®£® à¥¦¨¬  ¥¥ à ¡®-âë á ¯®áâ®ï­­ë¬ ¤¥¡¨â®¬ Q ¡®«ìè¨­áâ¢®  ¢â®à®¢§ ¬¥­ï«¨ áª¢ ¦¨­ã ¯®áâ®ï­­® ¤¥©áâ¢ãîé¨¬¨ â®-ç¥ç­ë¬¨ ¨áâ®ç­¨ª ¬¨, ­¥¯à¥àë¢­® ¨ à ¢­®¬¥à­®à á¯à¥¤¥«¥­­ë¬¨ ¢¤®«ì ¢®¤®¯à¨¥¬­®© ç áâ¨ áª¢ -¦¨­ë, ¨ ¯®«ãç «¨ «¨­¥©­ë© ¨áâ®ç­¨ª ª®­¥ç­®©¤«¨­ë. �á«¨ ¨­â¥­á¨¢­®áâì ¢á¥å â®ç¥ç­ëå ¨áâ®ç-­¨ª®¢ ®¤¨­ ª®¢  ¨ ¯®áâ®ï­­  ¢® ¢à¥¬¥­¨, â® ¨­-â¥­á¨¢­®áâì ®¡à §®¢ ­­®£® ¨¬¨ «¨­¥©­®£® ¨áâ®ç-­¨ª  ­  ¥¤¨­¨æã ¥£® ¤«¨­ë â ª¦¥ ¡ã¤¥â ®¤¨­ ª®-¢®© ¨ ¯®áâ®ï­­®© ¢® ¢à¥¬¥­¨. �à¨ íâ®¬ «¨­¥©­ë©¨áâ®ç­¨ª ¤®áâ â®ç­® å®à®è® ¢®á¯à®¨§¢®¤¨â ¤¥©-áâ¢¨¥ ­¥á®¢¥àè¥­­®© áª¢ ¦¨­ë á ¯®áâ®ï­­ë¬ ¤¥-¡¨â®¬ Q, ¨ ¤«ï íâ¨å ãá«®¢¨© ¯®«ãç¥­ àï¤ à¥è¥­¨©§ ¤ ç ãáâ ­®¢¨¢è¥©áï ¨ ­¥ãáâ ­®¢¨¢è¥©áï ä¨«ì-âà æ¨¨ ª ­¥á®¢¥àè¥­­®© áª¢ ¦¨­¥ ¢ ­ ¯®à­®¬ ®¤-­®à®¤­®¬ ¯« áâ¥. �á®¡¥­­®áâì íâ¨å à¥è¥­¨© § -ª«îç ¥âáï ¢ â®¬, çâ® ­ ¯®àë ¢ à §­ëå â®çª å¯®¢¥àå­®áâ¨ à ¡®ç¥© ç áâ¨ áª¢ ¦¨­ë (ä¨«ìâà ),¨¬¥îé¥© ä®à¬ã æ¨«¨­¤à  à ¤¨ãá  rc ¨ ¢ëá®â®©l, ­¥ ¡ã¤ãâ ®¤¨­ ª®¢ë¬¨ ¨ ¯®áâ®ï­­ë¬¨ ¢® ¢à¥¬¥-­¨, çâ® ­¥ á®®â¢¥âáâ¢ã¥â à¥ «ì­ë¬ ãá«®¢¨ï¬ ­¥-¨§¬¥­­®áâ¨ ­ ¯®à  ¯® ¤«¨­¥ ä¨«ìâà . � íâ®¬ ­¥-¤®áâ â®ª ¢á¥å à¥è¥­¨©, ®á­®¢ ­­ëå ­  ¢¢¥¤¥­¨¨«¨­¥©­ëå ¨áâ®ç­¨ª®¢ ¯®áâ®ï­­®© ¨­â¥­á¨¢­®áâ¨.�«ï ¨á¯à ¢«¥­¨ï ãª § ­­®© ®è¨¡ª¨ ¢ à áç¥â å¡ë« ¯à¥¤«®¦¥­ àï¤ ¯à¨¥¬®¢, ¢ ç áâ­®áâ¨, ¨§¢¥áâ-­®¥ ¯à¥¤«®¦¥­¨¥ �.� áª¥â  [6], ®¤­ ª® ­  ¯à ªâ¨-ª¥ ­ ¨¡®«¥¥ à á¯à®áâáà ­¥­­ë¬ ®ª § «®áì ®¯à¥¤¥-«¥­¨¥ ¯®­¨¦¥­¨ï ¢ áª¢ ¦¨­ å ¯ãâ¥¬ ®áà¥¤­¥­¨ï­ ¯®à  ­  ¯®¢¥àå­®áâ¨ ä¨«ìâà  áª¢ ¦¨­ë. �â®â¯à¨¥¬ ¡ë« ¨á¯®«ì§®¢ ­ ¤«ï à §à ¡®âª¨ ¬¥â®¤¨ª¨à áç¥â  á®¯à®â¨¢«¥­¨© � ¢ à ¡®â å [2, 7] ¤«ï ®¤-­®à®¤­ëå ¯« áâ®¢ ¨ ¢ ­¥®¤­®à®¤­®-á«®¨áâëå ¯« -áâ å [1, 8, 12, 13]. �¬¥áâ¥ á â¥¬, ­ áª®«ìª® ­ ¬ ¨§-¢¥áâ­®, ª ª®©-«¨¡® ®æ¥­ª¨ ¯à¨­ïâëå ¤®¯ãé¥­¨© ¨®£à ­¨ç¥­¨© ¯à¨ ä¨«ìâà æ¨®­­ëå à áç¥â å ­¥á®-¢¥àè¥­­ëå áª¢ ¦¨­, ¢ ç áâ­®áâ¨, á®¯à®â¨¢«¥­¨ï� , ­¥ ¡ë«® ¯à®¢¥¤¥­® ¨ ¯®íâ®¬ã ãª § ­­ë© ¯à¨¥¬âà¥¡ã¥â ¤®¯®«­¨â¥«ì­®£® ®¡®á­®¢ ­¨ï. �à®¬¥ â®-£®, à §à ¡®â ­­ë¥ ¤«ï ­ ¯®à­ëå ¯®â®ª®¢ à áç¥âë­¥á®¢¥àè¥­­ëå áª¢ ¦¨­ á ¨á¯®«ì§®¢ ­¨¥¬ ¬¥â®-¤  ä¨«ìâà æ¨®­­ëå á®¯à®â¨¢«¥­¨© ¡¥§ ¤®«¦­®£®®¡®á­®¢ ­¨ï (¯à ¢¤  á ­¥ª®â®àë¬¨ áãé¥áâ¢¥­­ë-¬¨ ¯®¯à ¢ª ¬¨) ¡ë«¨ à¥ª®¬¥­¤®¢ ­ë ¤«ï à áç¥â áª¢ ¦¨­, ¢ â®¬ ç¨á«¥ ¨ á®¯à®â¨¢«¥­¨© � , ¢ á«ãç ¥

¡¥§­ ¯®à­®© ä¨«ìâà æ¨¨ (á® á¢®¡®¤­®© ¯®¢¥àå­®-áâìî £àã­â®¢ëå ¢®¤).� ®â«¨ç¨¥ ®â ­ ¯®à­ëå ¯®â®ª®¢, ¯à¨â®ª ¢®-¤ë ª áª¢ ¦¨­ ¬ ¨ ®á®¡¥­­® ª ª®«®¤æ ¬ ¢ ãá«®¢¨-ïå ¡¥§­ ¯®à­ëå ¯®â®ª®¢ ¯à¨®¡à¥â ¥â ¢ ¦­®¥ §­ -ç¥­¨¥ ¢ á¢ï§¨ á ¬­®£®ç¨á«¥­­ë¬ áâà®¨â¥«ìáâ¢®¬¢ ¯®á«¥¤­¥¥ ¢à¥¬ï ­¥£«ã¡®ª¨å áª¢ ¦¨­ ¨ ª®«®¤-æ¥¢, § ¡¨à îé¨å ¢®¤ã ¨§ ¢¥àå­¨å £®à¨§®­â®¢. �ãá«®¢¨ïå ¡¥§­ ¯®à­®£® ¯®â®ª  § ¬¥â­® ¨§¬¥­ï¥â-áï ¯à®¢®¤¨¬®áâì ¯« áâ , ¨, ®á®¡¥­­® ¢¡«¨§¨ áª¢ -¦¨­ ¯à®¨áå®¤¨â áãé¥áâ¢¥­­®¥ ¨áªà¨¢«¥­¨¥ á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨. �à¨¢¨§­  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨, ï¢«ïîé¥©áï ¢¥àå­¥© £à ­¨æ¥© ¡¥§­ ¯®à­®-£® ¯®â®ª , ®¡ãá«®¢«¨¢ ¥â ¢¥àâ¨ª «ì­ë¥ ¤¥ä®à¬ -æ¨¨ ¯®â®ª , ª®â®àë¥ ¢¡«¨§¨ áª¢ ¦¨­ë, ¢ â®¬ ç¨-á«¥ ¨ á®¢¥àè¥­­®©, ­ àãè îâ ¨§¢¥áâ­ãî ¯à¥¤¯®-áë«ªã �î¯î¨ (® ¯®áâ®ï­áâ¢¥ £à ¤¨¥­â®¢ ­ ¯®-à  ¯® ¢¥àâ¨ª «¨), ¨ à á¯à¥¤¥«¥­¨¥ ­ ¯®à®¢ ¯à¨-®¡à¥â ¥â §¤¥áì ¤®¢®«ì­® á«®¦­ë© å à ªâ¥à. �á¥íâ® ¯à¨¢®¤¨â ª ¯®ï¢«¥­¨î ¢¥àâ¨ª «ì­ëå áª®à®-áâ¥© ä¨«ìâà æ¨¨ ¨ ­¥®¡å®¤¨¬®áâ¨ ¨å ãç¥â  ¢ à á-ç¥â å. � ¨¡®«¥¥ à¥§ª® íâ¨ ¤¥ä®à¬ æ¨¨ ¯à®ï¢«ï-îâáï ã áª¢ ¦¨­ë, ®¡à §ãï ¢ ®âªàëâ®© áª¢ ¦¨­¥ãç áâ®ª ¢ëá ç¨¢ ­¨ï. �§¢¥áâ­®, çâ® áâà®£ ï ¯®-áâ ­®¢ª  § ¤ ç¨ ä¨«ìâà æ¨®­­®£® ¯®â®ª  á® á¢®-¡®¤­®© ¯®¢¥àå­®áâìî á¢®¤¨âáï ª à¥è¥­¨î ¨§¢¥áâ-­ëå ãà ¢­¥­¨© ä¨«ìâà æ¨¨ ¯à¨ ãá«®¢¨¨ ­  á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ h = z (£«ã¡¨­  (­ ¯®à ) à ¢­ ¥¥ ®à¤¨­ â¥ ®â­®á¨â¥«ì­® ¯«®áª®áâ¨ áà ¢­¥­¨ï),â. ¥. ¤ ¢«¥­¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ p = 0,¨ ¨§¢¥áâ­®¬ ­¥«¨­¥©­®¬ ª¨­¥¬ â¨ç¥áª®¬ ãá«®¢¨¨,¢ëà ¦ îé¥¬ à ¢¥­áâ¢® áª®à®áâ¥© ä¨«ìâà æ¨¨ ¨áª®à®áâ¥© ¯¥à¥¬¥é¥­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ [8,10, 14]. �¥è¥­¨ï â ª¨å § ¤ ç ¤ ¦¥ ç¨á«¥­­ë¬¨¬¥â®¤ ¬¨ ¢¥áì¬  § â àã¤­¨â¥«ì­® ¨ ¯®íâ®¬ã à á-á¬®âà¨¬ à¥è¥­¨ï § ¤ ç ¡¥§­ ¯®à­®© ä¨«ìâà æ¨¨¢ ã¯à®é¥­­®© ¯®áâ ­®¢ª¥. �à¨ íâ®¬ ¯à¥¨¬ãé¥-áâ¢¥­­® ®£à ­¨ç¨¬áï ¨§ãç¥­¨¥¬ ¯à¨â®ª  ª á®¢¥à-è¥­­®© áª¢ ¦¨­¥ á ¯®áâ®ï­­ë¬ ¤¥¡¨â®¬ ®âª çª¨,  ¨§¢¥áâ­®¥ ãà ¢­¥­¨¥ ¦¥áâª®£® à¥¦¨¬  ä¨«ìâà -æ¨¨ @2h@r2 + 1r @h@r + @2h@z2 = 0 (2)à¥è¨¬ ¯à¨ «¨­¥ à¨§®¢ ­­®¬ ª¨­¥¬ â¨ç¥áª®¬ãá«®¢¨¨ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨@h@t = �k� @h@z : (3)�á«®¢¨¥ (3) ¢ëà ¦ ¥â § ª®­ ¯¥à¥¬¥é¥­¨ï á¢®-¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ ¢¥àâ¨ª «ì­®¬ ­ ¯à ¢«¥­¨¨¨ å à ªâ¥à¨§ã¥â ­¥ãáâ ­®¢¨¢èãîáï ä¨«ìâà æ¨î.� áâ æ¨®­ à­®¬ ¯®â®ª¥ ¯à®¨§¢®¤­ ï ¯® ¢à¥¬¥­¨@h@t = 0 ¨ á®®â¢¥âáâ¢¥­­® @h@z = 0. �¨§¨ç¥áª¨ íâ®74 �. �. �ã£ ©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82®§­ ç ¥â, çâ® ¢ ãá«®¢¨ïå ãáâ ­®¢¨¢è¥©áï ä¨«ì-âà æ¨¨ á¢®¡®¤­ ï ¯®¢¥àå­®áâì, ¨«¨ ªà¨¢ ï ¤¥¯à¥á-á¨¨, ï¢«ï¥âáï ¯®¢¥àå­®áâìî ¨«¨ «¨­¨¥© â®ª . �¥-è¥­¨¥ ãà ¢­¥­¨ï (2) á ãá«®¢¨¥¬ (3), ª®â®à®¥ § ¤ -¢ «®áì ­¥ ­  ¯®­¨¦ îé¥© ¯à¨ ®âª çª¥ á¢®¡®¤­®©¯®¢¥àå­®áâ¨,   ­  ¯«®áª®áâ¨, á®®â¢¥âáâ¢ãîé¥© ¥¥­ ç «ì­®¬ã ¯®«®¦¥­¨î (t = 0), çâ® â ª¦¥ ï¢«ï¥â-áï ¯à¨¡«¨¦¥­­ë¬ ¯à¨¥¬®¬, à áá¬®âà¥­® ¢ à ¡®-â å [14-19]. �­ «¨§ íâ¨å à¥è¥­¨© ¨ ¯®«ãç¥­­ëåà¥§ã«ìâ â®¢ ¯®ª §ë¢ ¥â á«¥¤ãîé¥¥.1) �«¨ï­¨¥ ¢¥àâ¨ª «ì­®© ä¨«ìâà æ¨¨ ­  ãà®¢­¨á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ®ª §ë¢ ¥âáï áãé¥áâ¢¥­-­ë¬ ¯à¨ ãá«®¢¨¨t < tp = (5 : : :10)�hok ; (4)  ¯à¨ t � tp ¬®¦­® ¯®«ì§®¢ âìáï ¨§¢¥áâ­ë¬ ãà ¢-­¥­¨¥¬ �¥©á S = Q4�kmF (u); F (u) = �Ei(�u); (5)£¤¥ u = r2=4at; a = khe=�; he { £«ã¡¨­  ¢®¤ë ¤®®âª çª¨; � { ª®íää¨æ¨¥­â ¢®¤®®â¤ ç¨ (­¥¤®áâ â-ª  ­ áëé¥­¨ï). �­ «¨§ ¯®ª §ë¢ ¥â, çâ® ¢«¨ï-­¨¥ ¢¥àâ¨ª «ì­®© ä¨«ìâà æ¨¨ ¬®¦¥â áãé¥áâ¢¥­­®áª §ë¢ âìáï ¢ ­ ç «ì­ë©, å®âï ¨­®£¤  ¨ ¤®¢®«ì­®¯à®¤®«¦¨â¥«ì­ë©, ¯¥à¨®¤ ®âª ç¥ª. � ª¨¬ ®¡à -§®¬, ¯à¨ à¥è¥­¨¨ ­¥áâ æ¨®­ à­ëå § ¤ ç ¡¥§­ -¯®à­®© ä¨«ìâà æ¨¨ ¢® ¬­®£¨å ¯à ªâ¨ç¥áª¨å á«ã-ç ïå ¤¢ã¬¥à­®¥ ãà ¢­¥­¨¥ (2) ¬®¦­® § ¬¥­¨âì ¨§-¢¥áâ­ë¬ ®¤­®¬¥à­ë¬ �ãáá¨­¥áª , ¢ ª®â®à®¬  ¢-â®¬ â¨ç¥áª¨ ãç¨âë¢ ¥âáï ¯à¨¢¥¤¥­­®¥ ¢ëè¥ £à -­¨ç­®¥ ãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨.2) �«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ ­ ¨¡®«¥¥ ã¤®¡­®¨ íää¥ªâ¨¢­® ãç¨âë¢ âì à®«ì ¢¥àâ¨ª «ì­®© ä¨«ì-âà æ¨¨ ¢ ®¤­®à®¤­®¬ ¯« áâ¥ ­  ®á­®¢¥ ¨§¢¥áâ­ëå¯à¥¤¯®áë«®ª ¯¥à¥â¥ª ­¨ï, ª®£¤  à áá¬ âà¨¢ ¥¬ ï¡¥§­ ¯®à­ ï ä¨«ìâà æ¨ï ¬®¦¥â ¡ëâì ®¯¨á ­  ¨§-¢¥áâ­ë¬¨ ãà ¢­¥­¨ï¬¨ ä¨«ìâà æ¨¨ ¢ ¤¢ãåá«®©­®¬¯« áâ¥ á ¢¥àå­¨¬ á«®¥¬ ¯®ªà®¢­ëå ®â«®¦¥­¨©, ¢ª®â®à®¬ ä¨«ìâà æ¨ï ¯à®¨áå®¤¨â â®«ìª® ¢ ¢¥àâ¨-ª «ì­®¬ ­ ¯à ¢«¥­¨¨. �¤¥áì ¢ ¦­ë¬ ¯à¥¤áâ ¢«ï-¥âáï ®¯à¥¤¥«¥­¨¥ ¨ ãç¥â ¢ ®á­®¢­®¬ ãà ¢­¥­¨¨ ¤«ï­¨¦­¥£® á«®ï £à ¤¨¥­â  ¢¥àâ¨ª «ì­ëå ¤¥ä®à¬ -æ¨©. �®«¥¥ ¯®¤à®¡­® à¥ «¨§ æ¨ï ¨ ®æ¥­ª  íâ®-£® ¯à¨¥¬ ,   â ª¦¥ à §à ¡®â ­­ë¥ ­  ¥£® ®á­®¢¥¬¥â®¤ë à áç¥â  ¡¥§­ ¯®à­®© ä¨«ìâà æ¨¨ ª á®¢¥à-è¥­­ë¬ áª¢ ¦¨­ ¬ ¯à¨¢¥¤¥­ë ¢ à ¡®â å [10, 16{18]. � ª ãª §ë¢ «®áì ¢ëè¥, ­ ¨¡®«¥¥ à¥§ª® ¢¥à-â¨ª «ì­ë¥ ¤¥ä®à¬ æ¨¨ ¯à®ï¢«ïîâáï ã áª¢ ¦¨­ë,®¡à §ãï ¢ ãá«®¢¨ïå á®¢¥àè¥­­®© áª¢ ¦¨­ë ¨ ­¥§ -â®¯«¥­­®£® ä¨«ìâà  ãç áâ®ª ¢ëá ç¨¢ ­¨ï (¢ á«ã-ç ¥ § â®¯«¥­­®£® ä¨«ìâà  ­¥á®¢¥àè¥­­®© áª¢ ¦¨-­ë { ãç áâ®ª ­ ¢¨á ­¨ï). �¥¤®ãç¥â íâ¨å ãç áâ-ª®¢ ç áâ® ¯à¨¢®¤¨â ª áãé¥áâ¢¥­­®¬ã § ­¨¦¥­¨î

�¨á. 1. �å¥¬  § â®¯«¥­­®£® ä¨«ìâà (­ ¯®à­ ï ä¨«ìâà æ¨ï)¯®«®¦¥­¨ï ¤¥¯à¥áá¨®­­ëå ªà¨¢ëå, çâ® ¬®¦¥â áã-é¥áâ¢¥­­® ¯®¢«¨ïâì ­  ¯à ¢¨«ì­ë© ¢ë¡®à ¢ëá®-âë ä¨«ìâà . �®áª®«ìªã ¤¥ä®à¬ æ¨¨ ¯®â®ª  ­¥¯®-áà¥¤áâ¢¥­­® ã áª¢ ¦¨­ë á¢ï§ ­ë á ãç áâª®¬ ¢ë-á ç¨¢ ­¨ï ¨ ­ ¢¨á ­¨ï, â® ¢ á«ãç ¥ ­¥á®¢¥àè¥­-­ëå áª¢ ¦¨­ £¨¤à®¤¨­ ¬¨ç¥áª®¥ ­¥á®¢¥àè¥­áâ¢®�c ¡ã¤¥â â ª¦¥ § ¢¨á¥âì ®â ¢ëá®âë ¢ëá ç¨¢ ­¨ïhb ¨ ¢ëá®âë ­ ¢¨á ­¨ï hn. � á®¦ «¥­¨î, ¤®áâ -â®ç­® ®¡®á­®¢ ­­ëå ¯à¥¤¯®«®¦¥­¨© ¯® ®¯à¥¤¥«¥-­¨î hb ¨ hn ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ­¥â. � «¨â¥à -âãà¥ ¨¬¥îâáï ¢¥áì¬  ¯à¨¡«¨¦¥­­ë¥ ä®à¬ã«ë, ¯®-«ãç¥­­ë¥ ¯à¥¨¬ãé¥áâ¢¥­­® ­  ®á­®¢¥ íªá¯¥à¨¬¥­-â «ì­ëå ¨áá«¥¤®¢ ­¨© [20, 21].�«ï ®¤­®à®¤­®£® ¯®â®ª  ¢¥«¨ç¨­  hb ¬®¦¥â¡ëâì ¯à¨¡«¨¦¥­­® ®æ¥­¥­  ¯® ä®à¬ã«¥ [20]hb =vuut 0:73 lgp �Qrc � 0:5! �Q+ h2c � hc; (6)£¤¥ �Q = Q=k;hc { £«ã¡¨­  ¢®¤ë ¢ á®¢¥àè¥­­®©áª¢ ¦¨­¥. �«ï ­¥á®¢¥àè¥­­®© áª¢ ¦¨­ë ¢¬¥áâ®£«ã¡¨­ë hc ¯à¨­¨¬ ¥âáï § â®¯«¥­­ ï ç áâì ä¨«ì-âà  lä, â. ¥. ®âáç¨âë¢ ¥âáï £«ã¡¨­  ¢ áª¢ ¦¨­¥ ®â¥¥ § ¡®ï. �à¨ á®¯®áâ ¢«¥­¨¨ à áç¥â­ëå ¨ ®¯ëâ-­ëå ¤ ­­ëå, ¯à¨¢¥¤¥­­®¬ ¢ à ¡®â¥ [20], ¯®«ãç¥­®ã¤®¢«¥â¢®à¨â¥«ì­®¥ á®¢¯ ¤¥­¨¥. �¥«¨ç¨­  ­ ¢¨-á ­¨ï ­¥á®¢¥àè¥­­®© áª¢ ¦¨­ë hn ¢ ®¤­®à®¤­®¬¯®â®ª¥ ¯à¨¡«¨¦¥­­® ®¯à¥¤¥«ï¥âáï ¨§ ¢ëà ¦¥­¨ïhn = Q2�kl �ln 0:74lrc � f(c)� ; (7)£¤¥ f(c) = f2(c) � f1(c); c = (hn + l1)=l (§­ ç¥­¨ïäã­ªæ¨© f1(c) ¨ f2(c) ¯à¨¢¥¤¥­ë ¢ â ¡«. 1).�ëà ¦¥­¨¥ (7) à¥è ¥âáï ¯®¤¡®à®¬, ¢ ¯¥à¢®¬¯à¨¡«¨¦¥­¨¨ ¯à¨­¨¬ ¥âáï c = l1=l, £¤¥ l1 { ¯à¥-¢ëè¥­¨¥ ãà®¢­ï ¢®¤ë ­ ¤ ä¨«ìâà®¬ ¢ áª¢ ¦¨­¥.�. �. �ã£ © 75
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�¨á. 2. �å¥¬  § â®¯«¥­­®£® ä¨«ìâà (¡¥§­ ¯®à­ ï ä¨«ìâà æ¨ï)�à¨ à áç¥â å ­¥á®¢¥àè¥­­ëå áª¢ ¦¨­ ¢ ¡¥§-­ ¯®à­®¬ ¯®â®ª¥ ãç¥â ¢ëá®â hb ¨ hn ¯à¨ à áç¥-â å á®¯à®â¨¢«¥­¨© �c, á¢ï§ ­­ëå á £¨¤à®¤¨­ ¬¨-ç¥áª¨¬ ­¥á®¢¥àè¥­áâ¢®¬, ®áãé¥áâ¢«ï¥âáï ¢¥áì¬ ¯à¨¡«¨¦¥­­® ¯® â®© ¦¥ ¬¥â®¤¨ª¥, ª ª ¨ ¤«ï áª¢ -¦¨­ ¢ ­ ¯®à­®¬ ¯®â®ª¥, ­® ¢ë¡®à à áç¥â­®© ¬®é-­®áâ¨ ¨ à áç¥â­®© ¤«¨­ë ä¨«ìâà  ¯à®¨§¢®¤¨âáï áãç¥â®¬ íâ¨å ¢ëá®â hb ¨ hn [20]. � ª¨¬ ®¡à §®¬,á¤¥« ­­ë© ªà âª¨©  ­ «¨§ ¯®ª §ë¢ ¥â, çâ® áãé¥-áâ¢ãîé¨¥ ¬¥â®¤ë à áç¥â  ¡¥§­ ¯®à­®© ä¨«ìâà -æ¨¨ ª áª¢ ¦¨­¥ ¢¥áì¬  ­¥á®¢¥àè¥­­ë, ¨¡® ®á­®-¢ ­ë ­  ¯à¨¡«¨¦¥­­ëå à¥è¥­¨ïå, ®á­®¢ ­­ëå ­ áãé¥áâ¢¥­­ëå ¤®¯ãé¥­¨ïå ¨ ®£à ­¨ç¥­¨ïå. �â®ª á ¥âáï, ¯à¥¦¤¥ ¢á¥£®, ¬¥â®¤®¢ à áç¥â  ¡¥§­ -¯®à­®© ä¨«ìâà æ¨¨ ª áª¢ ¦¨­ ¬, ®á­®¢ ­­ëå ­ ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤  ä¨«ìâà æ¨®­­ëå á®¯à®â¨-¢«¥­¨©, ® ç¥¬ ã¦¥ £®¢®à¨«®áì ¢ëè¥. � á¢ï§¨ á¨§«®¦¥­­ë¬ §¤¥áì ¯à¨¢®¤ïâáï ¡®«¥¥ áâà®£¨¥ à¥-è¥­¨ï § ¤ ç ­ ¯®à­®© ¨ ¡¥§­ ¯®à­®© áâ æ¨®­ à-­®© ä¨«ìâà æ¨¨ ª á®¢¥àè¥­­ë¬ ¨ ­¥á®¢¥àè¥­­ë¬áª¢ ¦¨­ ¬, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢ ­ë ­¨¦¥ ¤«ï®æ¥­ª¨ áãé¥áâ¢ãîé¨å ¢ á«ãç ¥ ­ ¯®à­®© ä¨«ìâà -æ¨¨ ¨ à §à ¡®âª¨ ¡®«¥¥ ®¡®á­®¢ ­­ëå ¢ á«ãç ¥¡¥§­ ¯®à­®© ä¨«ìâà æ¨¨ ¬¥â®¤®¢ à áç¥â  ä¨«ì-âà æ¨®­­ëå á®¯à®â¨¢«¥­¨© ­  £¨¤à®¤¨­ ¬¨ç¥áª®¥­¥á®¢¥àè¥­áâ¢® � .

�¨á. 3. �å¥¬  ­¥§ â®¯«¥­­®£® ä¨«ìâà (¡¥§­ ¯®à­ ï ä¨«ìâà æ¨ï)2. ����������������� ������������� ����������� ������������� ��������� £¨¤à®¤¨­ ¬¨ç¥áª®© ¯®áâ ­®¢ª¥ à¥è¥­¨¥ áâ -æ¨®­ à­®© ä¨«ìâà æ¨¨ ª ­¥á®¢¥àè¥­­®© áª¢ ¦¨­¥á®áâ®¨â ¨§ ­¥áª®«ìª¨å íâ ¯®¢. �  ¯¥à¢®¬ íâ ¯¥à áá¬®âà¨¬ ®á¥á¨¬¬¥âà¨ç­ë© ¯à¨â®ª ª â®ç¥ç­®-¬ã áâ®ªã á ª®®à¤¨­ â ¬¨ r = 0, z = �, à á¯®«®¦¥­-­®¬ã ¢ ªàã£®¢®¬ ®¤­®à®¤­®¬ ¯« áâ¥ (0 � z � 1)ª®­¥ç­®£® à ¤¨ãá  R (à¨á. 1). � ®¡« áâ¨, á®¤¥à-¦ é¥© ¨áâ®ç­¨ª¨ ¨«¨ áâ®ª¨, ¤«ï ¯®â¥­æ¨ «  áª®-à®áâ¨ ' = �kh ¢¬¥áâ® ãà ¢­¥­¨ï � ¯« á  ã¤®¡­®¯à¨­ïâì ãà ¢­¥­¨¥ �ã áá®­ , ª®â®à®¥ ¤«ï ®¤­®£®â®ç¥ç­®£® áâ®ª  ¨¬¥¥â ¢¨¤@2'@r2 + 1r @'@r + @2'@z2 = �q(�)�(r)4�r �(z � �); (8)£¤¥ r { à ¤¨ «ì­ ï ª®®à¤¨­ â ; z { ­ ¯à ¢«¥­-­ ï ¢¢¥àå ¢¥àâ¨ª «ì­ ï ª®®à¤¨­ â ; �(x) { ¤¥«ìâ -äã­ªæ¨ï �¨à ª , ¨¬¥îé ï á«¥¤ãîé¨¥ á¢®©áâ¢ :�(x) = � 0 ¯à¨ x 6= 01 ¯à¨ x = 0 ; 1Z�1 �(x)dx = 1:�­ ª ¬¨­ãá ¢ ¯à ¢®© ç áâ¨ ãà ¢­¥­¨ï (8) ®§­ ç -¥â, çâ® ãà ¢­¥­¨¥ § ¯¨á ­® ¤«ï áâ®ª®¢, ¨ ¢ íâ®¬á«ãç ¥ äã­ªæ¨ï ¨­â¥­á¨¢­®áâ¨ à áå®¤  q(�) > 0.�à ­¨ç­ë¥ ãá«®¢¨ï § ¤ ç¨ ¯à¨¬¥¬ á«¥¤ãîé¨¥:ãá«®¢¨¥ ­¥¯¥à¥â¥ª ­¨ï (­¥¯à®­¨æ ¥¬®áâ¨) ­  ¯®-¤®è¢¥ ¯« áâ  (­  ¢®¤®ã¯®à¥)@'@z jz=0 = 0 ; (9)ãá«®¢¨¥ ­¥¯à®­¨æ ¥¬®áâ¨ ­  ªà®¢«¥ ¯« áâ  ¤«ï ­ -¯®à­®© § ¤ ç¨ ¨«¨ «¨­¥ à¨§®¢ ­­®¥ ãá«®¢¨¥ ­ 76 �. �. �ã£ ©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, á­¥á¥­­®¥ ­  £®à¨§®­-â «ì­ãî ¯«®áª®áâì z = m ¢ á«ãç ¥ ¡¥§­ ¯®à­®©ä¨«ìâà æ¨¨, â.¥. ¢ ¤ ­­®¬ á«ãç ¥ á¢®¡®¤­ ï ¯®-¢¥àå­®áâì ï¢«ï¥âáï ¯®¢¥àå­®áâìî â®ª ,@'@z jz=m = 0 ; (10)ãá«®¢¨¥ ¯¥à¢®£® à®¤  ­  ª®­âãà¥ ¯¨â ­¨ï ¤«ï ¯à®-áâ®âë ¨§«®¦¥­¨ï ¯à¨¬¥¬ ¢ ¢¨¤¥' jr=R = 0 : (11)�á«¨ ¯à¨ r = R ¢ë¯®«­ï¥âáï ãá«®¢¨¥' = '0 = �khR;â®, § ¬¥­ïï ' ­  ' = '1+'0, ¯®«ãç ¥¬ § ¤ çã(8) { (11) ¤«ï '1 á ãá«®¢¨¥¬'1 = 0 ¯à¨ r = R:� ¤ çã ¡ã¤¥¬ à¥è âì ¬¥â®¤®¬ ¨­â¥£à «ì­ëå¯à¥®¡à §®¢ ­¨©. � (8) { (11) ¯à¨¬¥­¨¬ ¯à¥®¡à -§®¢ ­¨¥ � ­ª¥«ï á ª®­¥ç­ë¬¨ ¯à¥¤¥« ¬¨'�(z; �i) = RZ0 '(z; r)rJ0 �r�iR � dr; (12)£¤¥ �i { ¯®«®¦¨â¥«ì­ë© ª®à¥­ì ãà ¢­¥­¨ïJ0(�i) = 0; J0(x) { ¨§¢¥áâ­ ï äã­ªæ¨ï �¥áá¥«ï¯¥à¢®£® à®¤  ­ã«¥¢®£® ¯®àï¤ª . �®£¤  à áá¬ âà¨-¢ ¥¬ ï § ¤ ç  ¯à¥®¡à §ã¥âáï ª ¢¨¤ãd2'�dz2 � �2iR2'� = �q(�)4� �(z � �); (13)@'@z jz=0 = 0 ; @'@z jz=m = 0 ; (14)�¡é¥¥ à¥è¥­¨¥ § ¤ ç¨ (13),(14) ¨¬¥¥â ¢¨¤'�(z; �i; �) = q(�)4� R�i 264ch �i(� �m)Rsh �imR ch �izR ++ zZ0 �(� � �)sh �i(� � z)R d�35 : (15)�à¨¬¥­¨¢ ¨§¢¥áâ­ãî ä®à¬ã«ã ¯à¥®¡à §®¢ ­¨ï� ­ª¥«ï, ®ª®­ç â¥«ì­® ¢ ®¡« áâ¨ ®à¨£¨­ «®¢ ­ ©-¤¥¬'(z; r; �) = q(�)2�R 1Xi=1 J0 � r�iR ��iJ21 (�i) 264ch �i(� �m)Rsh �imR ch �izR +

+ zZ0 �(� � �)sh �i(� � z)R d�35 : (16)�âáî¤  «¥£ª® ¬®¦­® ¯®«ãç¨âì, çâ® ¯à¨ z � � ¢ë-à ¦¥­¨¥ (16) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã'(z; r; �) = q(�)4�R 1Xi=1� (17)�264ch �i(� �m + z)R + ch �i(m + � � z)R�ish �imR 375 J0 � r�iR �J21 (�i) ;  ¯à¨ z < � ¨¬¥¥¬'(z; r; �) = q(�)4�R 1Xi=1� (18)�264ch �i(m� � � z)R + ch �i(m � � + z)R�ish �imR 375�J0 � r�iR �J21 (�i) :�®à¬ã«ë (16) ¨ (17) á®¢¯ ¤ îâ á ¯®«ãç¥­­ë¬¨ ­¥-áª®«ìª® ¨­ë¬ ¯ãâ¥¬ à¥§ã«ìâ â ¬¨ à ¡®âë [8].� áá¬®âà¨¬ áª¢ ¦¨­ã ª ª «¨­¨î áâ®ª®¢ á ¨­-â¥­á¨¢­®áâìî q(z) ¤«ï b1 � z � b1 + l. �à¨ íâ®¬á«¥¤ã¥â ¢ë¤¥«¨âì ¤¢  ¢®§¬®¦­ëå á«ãç ï:1) ä¨«ìâà áª¢ ¦¨­ë § â®¯«¥­, â®£¤  ¯® ¢á¥© ¤«¨­¥ä¨«ìâà  l á¯à ¢¥¤«¨¢® ãá«®¢¨¥ ­  áª¢ ¦¨­¥'(rc; z) = �khc; ¯à¨ (b1 � z � b1 + l);2) ä¨«ìâà áª¢ ¦¨­ë § â®¯«¥­ ­¥ ¯®«­®áâìî ­ ¤«¨­¥ lä < l, â®£¤  áãé¥áâ¢ã¥â ¯à®¬¥¦ãâ®ª ¢ëá -ç¨¢ ­¨ï, ª®â®àë© ­¥®¡å®¤¨¬® ¢ª«îç¨âì ¢ «¨­¨îáâ®ª®¢. � íâ®¬ á«ãç ¥ ­  áª¢ ¦¨­¥ ¨¬¥¥¬'(rc; z) = �kz; ¯à¨ b1 + l � z � b1 + l + hb;£¤¥ hb { ¢ëá®â  ¢ëá ç¨¢ ­¨ï.�®£¤  ¯®â¥­æ¨ « áª®à®áâ¥© ®¯à¥¤¥«¨¬ ¯® ä®à-¬ã«¥ '(z; r) = b1+lZb1 '(z; r; �)d�¨, ¨á¯®«ì§ãï à¥è¥­¨¥ (16) ¤«ï «¨­¥©­®£® áâ®ª ,¯®«ãç¨¬'(z; r) = 12�R 1Xi=1 ch �izR�ish �imR � J0 �r�iR �J21 (�i) �� b1+lZb1 q(�)ch �i(� �m)R d� + 12�R 1Xi=1 J0 �r�iR ��1J21 (�i)��. �. �ã£ © 77



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82� b1+lZb1 q(�) zZ0 �(� � �)sh �i(� � z)R d�d�: (19)�à¨ íâ®¬ á ãç¥â®¬ ãá«®¢¨ï ­  ª®­âãà¥ ¯¨â ­¨ï®¡« áâ¨ ä¨«ìâà æ¨¨ (¯à¨ r = R '0 = �khR) ¤«ï­ ¯®à­®© § ¤ ç¨ ¢ë¤¥«¨¬ âà¨ ¢®§¬®¦­ëå ãç áâª (§®­ë), ¤«ï ª®â®àëå ¨¬¥¥¬1) ¢ ­¨¦­¥© §®­¥ (¯®¤ ä¨«ìâà®¬) (0 � z � b1)'1(z; r) = �khR + 12�R 1Xi=1 ch �izR�ish �imR � (20)�J0 � r�iR �J21 (�i) b1+lZb1 q(�)ch �i(� �m)R d�;2) ¢ §®­¥ à á¯®«®¦¥­¨ï ä¨«ìâà  áª¢ ¦¨­ë(b1 � z � b1 + l)'2(z; r) = 12�R 1Xi=1 J0 �r�iR ��iJ21 (�i) 24 ch �izRsh �imR � (21)� b1+lZb1 q(�)ch �i(� �m)R d� + zZb1 q(�)sh �i(� � z)R d�35 ;3) ¢ §®­¥ ­ ¤ ä¨«ìâà®¬ áª¢ ¦¨­ë (b1+ l � z � m)'3(z; r) = �khR + 12�R 1Xi=1 ch �i(z �m)R�ish �imR � (22)�J0 � r�iR �J21 (�i) b1+lZb1 q(�)ch �i�R d�:�«ï ã¢¥à¥­­®áâ¨ ¢ ¯à ¢¨«ì­®áâ¨ à¥è¥­¨© (20) {(22) ¡ë«® ¯à®¢¥à¥­® ¢ë¯®«­¥­¨¥ £à ­¨ç­ëå ãá«®-¢¨© (¨§¢¥áâ­ëå ãá«®¢¨© á®¯àï¦¥­¨ï ­  £à ­¨æ¥à §¤¥«  §®­) ¨ á ¬®£® ¨áå®¤­®£® ãà ¢­¥­¨ï (8).� ª¨¬ ®¡à §®¬, ãà ¢­¥­¨ï (20) { (22) ¯à¥¤áâ -¢«ïîâ á®¡®© â®ç­®¥  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ § ¤ -ç¨ ® ¯à¨â®ª¥ ¯®¤§¥¬­ëå ¢®¤ ª «¨­¥©­®¬ã áâ®ªã¢ ­ ¯®à­®¬ ¢®¤®­®á­®¬ ¯« áâ¥ ¬®é­®áâìî m. �â® ¦¥ ¢à¥¬ï ®­® ï¢«ï¥âáï ¯à¨¡«¨¦¥­­ë¬  ­ «¨-â¨ç¥áª¨¬ à¥è¥­¨¥¬ § ¤ ç¨ ® ¯à¨â®ª¥ £àã­â®¢ëå¢®¤ ª «¨­¥©­®¬ã áâ®ªã ¢ ¡¥§­ ¯®à­®¬ £®à¨§®­â¥,¯à¨ç¥¬ íâ  ¯à¨¡«¨¦¥­­®áâì ¢ë§¢ ­  ¯à¨­ïâ¨¥¬«¨­¥ à¨§®¢ ­­®£® ãá«®¢¨ï ­  á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨, ª â®¬ã ¦¥, á­¥á¥­­®¬ã ­  ­¥¨§¢¥áâ­ãî £®-à¨§®­â «ì­ãî ¯«®áª®áâì z = m. �®¯ëâ ¥¬áï å®-âï ¡ë ª ª-â® ¯à¨¡«¨¦¥­­® ®¯à¥¤¥«¨âì ¥¥. �¨¤¨-¬®, ®­  ¤®«¦­  ¯à¥¤áâ ¢«ïâì ¨§ á¥¡ï ®áà¥¤­¥­-­ãî ¯® ¯à®áâà ­áâ¢¥­­®© ª®®à¤¨­ â¥ r á¢®¡®¤­ãî

¯®¢¥àå­®áâì. �«ï íâ®£® ­  ®á­®¢ ­¨¨ ¨§¢¥áâ­®©ä®à¬ã«ë z = �'(r;m)=k á ãç¥â®¬ § ¢¨á¨¬®áâ¨(22) ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¥© ¢ §®­¥ à á¯®«®¦¥-­¨ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ (¢ á«®¥ ­ ¤ ä¨«ìâà®¬)®¯à¥¤¥«¨¬ ãà ¢­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨z = hR � 12k�R 1Xi=1 J0 �r�iR ��ish �imR J21 (�i)� (23)� b+lZb q(�)ch �i�R d�:� «¥¥ ®áà¥¤­¨¬ ¥£® ¯® ¯à®áâà ­áâ¢¥­­®© ª®®à¤¨-­ â¥ rz = hR � 12k�R2 RZ0 1Xi=1 J0 �r�iR ��ish �imR J21 (�i)� (24)� b1+lZb1 q(�)ch �i�R d�dr = hR � 12k�R2�� 1Xi=1 RZ0 J0 �r�iR � dr�ish �imR J21 (�i) b1+lZb1 q(�)ch �i�R d�¨, ãç¨âë¢ ï, çâ® záà = m, ª®®à¤¨­ âã £®à¨-§®­â «ì­®© ¯«®áª®áâ¨, ¨á¯®«ì§ã¥¬®© ¢ «¨­¥ à¨-§®¢ ­­®¬ ãá«®¢¨¨ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ¡ã-¤¥¬ ®¯à¥¤¥«ïâì ¨§ à¥è¥­¨ï íâ®£® âà ­áæ¥­¤¥­â­®-£® ãà ¢­¥­¨ï ®â­®á¨â¥«ì­® m ¨ ä¨«ìâà æ¨®­­ëåá®¯à®â¨¢«¥­¨© � .3. ������������� �������������� � ��������������������� � ��������������������������� �c� áá¬®âà¨¬ § ¤ çã ä¨«ìâà æ¨¨ ª ­¥á®¢¥àè¥­-­®© áª¢ ¦¨­¥ á ¯®áâ®ï­­ë¬ ­ ¯®à®¬ (ãà®¢­¥¬) ¢­¥© hc. �«ï ®¯à¥¤¥«¥­¨ï ®¡é¥£® ¤¥¡¨â  áª¢ ¦¨­ëQ ¢ â ª¨å ãá«®¢¨ïå ¯à¨­¨¬ ¥¬, ª ª ¨ ¯à¥¤ë¤ãé¨¥¨áá«¥¤®¢ â¥«¨, £¨¯®â¥§ã ® ¯®áâ®ï­áâ¢¥ à á¯à¥¤¥-«¥­¨ï ¨­â¥­á¨¢­®áâ¨ q ¯® ¤«¨­¥ ä¨«ìâà  áª¢ ¦¨-­ë, â.¥. Q = ql, ®¤­ ª® §­ ç¥­¨¥ íâ®© ¨­â¥­á¨¢­®-áâ¨ ¤®«¦­® ¡ëâì ­ ©¤¥­® â ª¨¬, çâ®¡ë ¢ áª¢ ¦¨-­¥ ®¡¥á¯¥ç¨¢ «®áì ¢ë¯®«­¥­¨¥ ãá«®¢¨ï hc = const.� á«ãç ¥ ¡¥§­ ¯®à­®© ä¨«ìâà æ¨¨ £«ã¡¨­ë ¯®â®-ª  (ãà®¢­¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨) ¯à¨­¨¬ îâáï:78 �. �. �ã£ ©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82z = h0 ¯à¨ r = rc;z = hR ¯à¨ r = R.�¤¥áì h0 { £«ã¡¨­  ¯®â®ª  (ãà®¢¥­ì á¢®¡®¤­®© ¯®-¢¥àå­®áâ¨) ¢¡«¨§¨ áª¢ ¦¨­ë ¤«ï á«ãç ï § â®¯-«¥­­®£® ä¨«ìâà  ¨«¨ £«ã¡¨­  (ãà®¢¥­ì), á®®â¢¥â-áâ¢ãîé ï ¢¥àå­¥© £à ­¨æ¥ ãç áâª  ¢ëá ç¨¢ ­¨ï,¤«ï á«ãç ï ­¥§ â®¯«¥­­®£® ä¨«ìâà  (à¨á. 2, 3).�  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨­¨¬ ¥âáï ¨§¢¥áâ-­®¥ ãá«®¢¨¥, ¢ëà ¦ îé¥¥ ¯®áâ®ï­áâ¢® ¤ ¢«¥­¨ï­  ­¥©, ª®â®à®¥ ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨ '(z; r)§ ¯¨è¥âáï ¢ ¢¨¤¥'(z; r) + kz = 0:�§¢¥áâ­®, çâ® à áå®¤ áª¢ ¦¨­ë ç¥à¥§ ¯à®¨§-¢®«ì­ë© æ¨«¨­¤à à ¤¨ãá  r, ®áì ª®â®à®£® á®¢¯ -¤ ¥â á ®áìî z, ®¯à¥¤¥«ï¥âáï â ª:Q = �2�r zZ0 @'@r dz:�ëà ¦¥­¨¥ § ¯¨á ­® á® §­ ª®¬ ¬¨­ãá ¢ ¯à ¢®© ç -áâ¨ ¤«ï â®£®, çâ®¡ë à ¡®â âì á  ¡á®«îâ­ë¬ §­ -ç¥­¨¥¬ à áå®¤  Q > 0.�ã¤¥¬ ¯ à ««¥«ì­® à áá¬ âà¨¢ âì ¤¢  á«ãç ï:­ ¯®à­ãî ¨ ¡¥§­ ¯®à­ãî ä¨«ìâà æ¨¨. �¡®§­ ç¨¬®à¤¨­ âã á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ç¥à¥§ Z = Z(r),â®£¤  ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¡ã¤¥¬ ¨¬¥âì'(r; Z(r)) + kZ(r) = 0 (25)¨, á®®â¢¥âáâ¢¥­­®, à áå®¤ ç¥à¥§ ¯à®¨§¢®«ì­®¥¢¥àâ¨ª «ì­®¥ á¥ç¥­¨¥ ¤«ï ¡¥§­ ¯®à­®© ä¨«ìâà -æ¨¨ á®áâ ¢¨â Q = �2�r Z(r)Z0 @'@r dz;  ¤«ï ­ ¯®à­®©, ª®£¤  Z(r) = mQ = �2�r mZ0 @'@r dz:�ë¯®«­ïï ­¥ª®â®àë¥ ¯à¥®¡à §®¢ ­¨ï ¨ ãç¨âë¢ ï,çâ® ¯à¨ r = R ¨¬¥¥¬ '(R; z) = �khR (¯à¨ ­ «¨ç¨¨á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ Z = hR), ¯®«ãç ¥¬ á«¥¤ã-îé¨¥ ãà ¢­¥­¨ï ¤«ï ®¯à¥¤¥«¥­¨ï ®¡é¥£® à áå®¤ áª¢ ¦¨­ë:¯à¨ ¡¥§­ ¯®à­®¬ ¤¢¨¦¥­¨¨�Q ln rR = 2� ZZ0 '(r; z)dz + k�(Z2 + h2R); (26)

¯à¨ ­ ¯®à­®¬ ¤¢¨¦¥­¨¨�Q ln rR = 2� mZ0 '(r; z)dz + 2k�hRm: (27)�¥¯¥àì ¯®«®¦¨¬ ¢ ä®à¬ã« å (26) ¨ (27) r = rc ¨à áá¬®âà¨¬ ª ¦¤ë© ¨§ ¢®§¬®¦­ëå á«ãç ¥¢ § â®¯-«¥­¨ï ä¨«ìâà  ¢ ®â¤¥«ì­®áâ¨. �à¨ íâ®¬ ¨­â¥£à -«ë ¢ ¯à ¢ëå ç áâïå ãà ¢­¥­¨© (26) ¨ (27) à §®¡ì¥¬­  ­¥áª®«ìª® ¨­â¥£à «®¢, ¨á¯®«ì§ãï ¤«ï íâ®£® á®-®â­®è¥­¨ï (19):1) �«ãç © § â®¯«¥­­­®£® ä¨«ìâà  ¯à¨ ­ ¯®à­®©ä¨«ìâà æ¨¨mZ0 '(rc; z)dz = b1Z0 '(rc; z)dz + b1+lZb1 '(rc; z)dz++ mZb1+l '(rc; z)dz = b1Z0 '(rc; z)dz+ mZb1+l '(rc; z)dz�khcl:�¤¥áì m { ¬®é­®áâì ¢®¤®­®á­®£® ¯« áâ . �®á«¥íâ®£® ¢ â®çª¥ r = rc ãà ¢­¥­¨¥ (27) ¤ ¥â�Q ln rcR = 2� b1Z0 '(rc; z)dz + 2� mZb1+l '(rc; z)dz��2k�hcl + 2k�hRm: (28)�«ï â®£®, çâ®¡ë ®æ¥­¨âì ¨­â¥£à «ë b1R0 '(rc; z)dz¨ mRb1+l '(rc; z)dz, ¢®á¯®«ì§ã¥¬áï ¯®«ãç¥­­ë¬¨ à -­¥¥  ­ «¨â¨ç¥áª¨¬¨ à¥è¥­¨ï¬¨ (20) ¨ (22) ¤«ï ¯®-â¥­æ¨ «  áª®à®áâ¨ ¢ §®­ å ¯®¤ ä¨«ìâà®¬ ¨ ­ ¤ä¨«ìâà®¬ áª¢ ¦¨­ë, á®®â¢¥âáâ¢¥­­®. �®á«¥ ­¥-á«®¦­ëå ¯à¥®¡à §®¢ ­¨© ­ å®¤¨¬b1Z0 '(rc; z)dz = QR�l 1Xi=1 sh �ib1R sh �il2Rch �i(l � 2b2)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) � khRb1;mZb1+l '(rc; z)dz = QR�l 1Xi=1 sh �ib2R sh �il2Rch �i(2b1 + l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) � khRb2;�. �. �ã£ © 79



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82¨ ãà ¢­¥­¨¥ (28) ¤«ï ®¯à¥¤¥«¥­¨ï ®¡é¥£® à áå®¤ áª¢ ¦¨­ë ¯à¨¬¥â ¢¨¤Q = 2�kl hR � hcln Rrc � �1 ��2 ; (29)£¤¥ �1 = 2Rl 1Xi=1 sh �ib1R sh �il2Rch �i(l � 2b2)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) ; (30)�2 = 2Rl 1Xi=1 sh �ib2R sh �il2Rch �i(2b1 + l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) ; (31)2) �«ãç © § â®¯«¥­­®£® ä¨«ìâà  ¯à¨ ¡¥§­ ¯®à­®©ä¨«ìâà æ¨¨h0Z0 '(�; z)dz = b1Z0 '(�; z)dz + b1+lZb1 '(�; z)dz++ h0Zb1+l '(�; z)dz = b1Z0 '(�; z)dz + h0Zb1+l '(�; z)dz � khcl:�¤¥áì h0 { £«ã¡¨­  (ãà®¢¥­ì á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨) ¢¡«¨§¨ áª¢ ¦¨­ë (¨¬¥¥â ¬¥áâ® ­ ¢¨á ­¨¥á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢ëá®â®© hn = h0 � hc,hc = b1 + l + l1, à¨á.2). �®á«¥ íâ®£® ¢ â®çª¥ r = rcãà ¢­¥­¨¥ (26) ¤ ¥â�Q ln rcR = 2� b1Z0 '(rc; z)dz + 2� h0Zb1+l '(�; z)dz��2k�hcl + k�h2R + k�h20: (32)�ëà ¦¥­¨ï, á®¤¥à¦ é¨¥ ¨­â¥£à «ë ¢ ¯à ¢®© ç -áâ¨ ãà ¢­¥­¨ï, ¢ëç¨á«¨¬ ­  ®á­®¢ ­¨¨ ¯®«ãç¥­-­®£® à¥è¥­¨ï á ãç¥â®¬ â®£®, çâ® Q = ql:2� b1Z0 '1(z; r)dz = Q � �2�kb1hR;

2� h0Zb1+l '3(z; r)dz = Q � �2�khR(hH + l1):�®£¤  Q = �k (hR � h0)2 + 2(hR � hc)lln Rrc ��1 ��2 ; (33)£¤¥ �1 = 2Rl 1Xi=1 sh �ib1R sh �il2Rch �i(2b2 � l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) ; (34)�2 = 2Rl 1Xi=1 sh �ihn2R sh �il2Rch �i(2b1 + l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) : (35)�®«ãç¥­­®¥ ãà ¢­¥­¨¥ á®¤¥à¦¨â âà¨ ­¥¨§¢¥áâ-­ëå: ®¡é¨© à áå®¤ áª¢ ¦¨­ë Q, £«ã¡¨­ã (ãà®-¢¥­ì á¢®¡®¤­®© ¯®¢¥àå­®áâ¨) ¢¡«¨§¨ áª¢ ¦¨­ë h0¨ ®áà¥¤­¥­­®¥ ¯®«®¦¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨m. �®íâ®¬ã ¤ «ì­¥©è¥¥ à¥è¥­¨¥ ¥£® ¯à¥¤áâ ¢«ï-¥â ®¯à¥¤¥«¥­­ë¥ âàã¤­®áâ¨. �®«ãç¨¬ ¤¢  ­¥¤®áâ -îé¨å à¥è¥­¨ï ¤«ï § ¬ëª ­¨ï á¨áâ¥¬ë ãà ¢­¥­¨©.�«ï á«ãç ï ¯®áâ®ï­­®£® à áå®¤  ¯® ¤«¨­¥ ä¨«ìâà ãà ¢­¥­¨¥ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¨¬¥¥â ¢¨¤z = hR � Qk�l 1Xi=1 sh �il2Rch �i(2b1 + l)2R�2i sh �imR J0 �r�iR �J21 (�i) :(36)�âáî¤  «¥£ª® ¯®«ãç¨âì á«¥¤ãîé¨¥ ¤¢  ãà ¢­¥­¨ï¤«ï § ¬ëª ­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© ¤«ï ®¯à¥¤¥«¥-­¨ï Q, m ¨ h0:m = hR� Qk�lR 1Xi=1 sh �il2Rch �i(2b1 + l)2R�2i sh �imR RZ0 J0 �r�iR �J21 (�i) ;(37)h0 = hR� Qk�l 1Xi=1 sh �il2Rch �i(2b1 + l)2R�2i sh �imR 1J21 (�i) : (38)80 �. �. �ã£ ©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82�áª®¬ë¥ §­ ç¥­¨ï ãª § ­­ëå ¯ à ¬¥âà®¢ ¬®¦-­® ¯®«ãç¨âì á ¯®¬®éìî ¬¥â®¤  ¯®á«¥¤®¢ â¥«ì­ëå¯à¨¡«¨¦¥­¨©. �â¥à æ¨®­­ãî áå¥¬ã ¬®¦­® § ¯¨-á âì ¢ ¢¨¤¥Q(s+1) = k� (hR � h(s)0 )2 + (hR � hc)lln Rrc ��1(m(s); h(s)0 )� �2(m(s); h(s)0 ) ;(39)m(s+1) = hR � Q(s+1)k�lR � (40)� 1Xi=1 sh �il2Rch �i(2b1 + l)2R�2i sh �im(s)R RZ0 J0 �r�iR �J21 (�i) ;h(s)0 = hR � Q(s+1)k�l 1Xi=1 sh �il2Rch �i(2b1 + l)2R�2i sh �im(s)R 1J21 (�i) :(41)� ç «ì­®¥ ¯à¨¡«¨¦¥­¨¥ ¬®¦­® ¯à¨­ïâì á«¥¤ãî-é¨¬: h(0)0 = hR ¨ m(0) = hR.�à¨ ç¨á«¥­­®¬ à¥è¥­¨¨ § ¤ ç¨ ¢ íâ®¬ á«ãç ¥¤«ï ¨­â¥­á¨¢­®áâ¨ à áå®¤ , ¯¥à¥¬¥­­®© ¯® ¤«¨­¥ä¨«ìâà , â ª¦¥ ¨á¯®«ì§®¢ «áï ¬¥â®¤ ¨­â¥à æ¨©.�â® ¢ë§¢ ­® â¥¬, çâ® ¢ à¥è¥­¨¨ ¯à¨áãâáâ¢ã¥â­¥¨§¢¥áâ­ë© ¯ à ¬¥âà m (­¥ª®â®à ï ®áà¥¤­¥­­ ï£®à¨§®­â «ì­ ï ¯«®áª®áâì, ­  ª®â®àãî á­®á¨âáïãá«®¢¨¥ ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨). �¨á«¥­­ë¥à áç¥âë á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® §­ ç¥­¨ï ¯®-«ãç¥­­ëå à¥§ã«ìâ â®¢ § ¢¨áïâ ®â ¯à¨­ïâ®£® m¢¥áì¬  áãé¥áâ¢¥­­®, â.¥. ¢ ¯à®æ¥áá¥ à¥è¥­¨ï ¯à®-¨áå®¤¨«® ãâ®ç­¥­¨¥ ¯ à ¬¥âà  m,  , á«¥¤®¢ â¥«ì-­®, ¨ à¥è¥­¨ï á ¯®¬®éìî ¨â¥à æ¨© ¯® T . �å¥¬ ç¨á«¥­­®£® à¥è¥­¨ï ¯à¥¤áâ ¢«¥­  ­  à¨á. 4.3) �«ãç © ­¥§ â®¯«¥­­®£® ä¨«ìâà . � íâ®¬ á«ã-ç ¥ ¨¬¥¥â ¬¥áâ® ãç áâ®ª ¢ëá ç¨¢ ­¨ï ¢ëá®â®©hb = h0 � hc, hc = b1 + lä (à¨á. 3):h0Z0 '(rc; z)dz = b1Z0 '(rc; z)dz + hcZb1 '(rc; z)dz++ h0Zhc '(rc; z)dz = b1Z0 '(rc; z)dz� hcZb1 kHcdz�k h0Zhc zdz == b1Z0 '(rc; z)dz � khc(hc � b1) � 12k(h20 � h2c) =

�¨á. 4. �â¥à æ¨®­­ ï áå¥¬  ç¨á«¥­­®£® à¥è¥­¨ï= b1Z0 '(rc; z)dz + khcb1 � 12k(h20 + h2c):�®á«¥ íâ®£® ãà ¢­¥­¨¥ (26) ¤ ¥â�Q ln rcR = k�(h20 + h2c)++2�0@ b1Z0 '(rc; z)dz + khcb1 � 12k(h20 + h2c)1A¨«¨ �Q ln rcR = 2� b1Z0 '(rc; z)dz + 2�khcb1++k�(h2R � h2c): (42)�«ï ®æ¥­ª¨ ¨­â¥£à «  b1R0 '(rc; z)dz ¢®á¯®«ì§ã-¥¬áï ¯®«ãç¥­­ë¬ à ­¥¥  ­ «¨â¨ç¥áª¨¬ à¥è¥­¨¥¬(20) ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨ ¢ á«®¥ ¯®¤ ä¨«ìâà®¬áª¢ ¦¨­ë. �®á«¥ ­¥á«®¦­ëå ¯à¥®¡à §®¢ ­¨© ­ -å®¤¨¬ b1Z0 '(rc; z)dz = QR�l �� 1Xi=1 sh �ib1R sh �il2Rch �i(2b1 � 2m + l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) � khRb1;�. �. �ã£ © 81



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 72 { 82¨ ãà ¢­¥­¨¥ (39) ¤«ï ®¯à¥¤¥«¥­¨ï à áå®¤  áª¢ ¦¨-­ë ¯à¨¬¥â ¢¨¤Q = �k (h2R � h2c)� 2b1(hR � hc)ln Rrc � � ; (43)£¤¥� = 2Rl 1Xi=1 sh �ib1R sh �il2Rch �i(2m� 2b1 � l)2R�3i sh �imR ��J0 �rc�iR �J21 (�i) ; (44)¢ ª®â®à®© §­ ç¥­¨¥ ¬®é­®áâ¨ ¯à¨­¨¬ ¥âáï ¯®ä®à¬ã«¥ (37).�®à¬ã«  (43) ï¢«ï¥âáï ¯à¨¡«¨¦¥­­®© ä®à¬ã-«®© ¤«ï ®¯à¥¤¥«¥­¨ï ®¡é¥£® à áå®¤  ­¥á®¢¥àè¥­-­®© áª¢ ¦¨­ë á ­¥§ â®¯«¥­­ë¬ ä¨«ìâà®¬ (¨¬¥-¥âáï ¯à®¬¥¦ãâ®ª ¢ëá ç¨¢ ­¨ï) ¢ ¯à¥¤¯®«®¦¥­¨¨,çâ® ¨­â¥­á¨¢­®áâì à áå®¤  ¯® ¤«¨­¥ áª¢ ¦¨­ë ¯®-áâ®ï­­ . �¤¥áì ª®­áâ ­â  � (á¢®¥£® à®¤  ¯®¯à ¢-ª  ­  ­¥á®¢¥àè¥­áâ¢® áª¢ ¦¨­ë ¯® áâ¥¯¥­¨ ¢áªàë-â¨ï ¯« áâ ) ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (44). �®«®-¦¨¢ ¢ ä®à¬ã«¥ (43) b1 = 0, ¯®«ãç¨¬ ¨§¢¥áâ­ãîáâà®£ãî ä®à¬ã«ã �î¯î¨ ¤«ï ®¯à¥¤¥«¥­¨ï à áå®¤ á®¢¥àè¥­­®© áª¢ ¦¨­ë:Q = �k (h2R � h2c)ln Rrc ; (45)�­ ï §­ ç¥­¨¥ à áå®¤  Q, ¬®¦­® ¯®«ãç¨âì ¢ëà -¦¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ãç áâª  ¢ëá ç¨¢ ­¨ï hb.�à¨ íâ®¬ â ª¦¥ ¬®¦­® ¢®á¯®«ì§®¢ âìáï ¯à¨¡«¨-¦¥­­®© ä®à¬ã«®© (6), ¯à¨­ï¢ ¢ ­¥© §­ ç¥­¨¥ à á-å®¤  Q ¯® ä®à¬ã«¥ (43).�«ï ã¤®¡áâ¢  ¯®«ì§®¢ ­¨ï ¯à¨¢¥¤¥­­ë¬¨ § ¢¨-á¨¬®áâï¬¨ à §à ¡®â ­ë ç¨á«¥­­ë¥  «£®à¨â¬ë ¨¯à®£à ¬¬ë, á®áâ ¢«¥­ë ¢á¯®¬®£ â¥«ì­ë¥ à áç¥â-­ë¥ £à ä¨ª¨ ¨ â ¡«¨æë. �ë¯®«­¥­­ë©  ­ «¨§ ¯®-ª § «, çâ® áãé¥áâ¢ãîé¨¥ ¬¥â®¤ë à áç¥â , ®á­®-¢ ­­ë¥ ­  ®áà¥¤­¥­¨¨ ­ ¯®à  ¯® ¢ëá®â¥ ä¨«ìâà ,¯® áà ¢­¥­¨î á à¥ª®¬¥­¤ã¥¬ë¬¨ ¡®«¥¥ áâà®£¨¬¨¬¥â®¤ ¬¨, ¤ îâ § ¢ëè¥­­ë¥ §­ ç¥­¨ï à áå®¤  ¢áà¥¤­¥¬ ­  15...25%. �à¨ íâ®¬ § ¬¥â­  â¥­¤¥­-æ¨ï ã¢¥«¨ç¥­¨ï íâ®£® à áå®¦¤¥­¨ï á ã¬¥­ìè¥­¨-¥¬ ¤«¨­ë ä¨«ìâà , ®á®¡¥­­® ¢ á«ãç ¥ ¥£® ¯à¨¬ë-ª ­¨ï ª ªà®¢«¥ (¨«¨ ¯®¤®è¢¥) ¯« áâ . �­ «¨§¨-àãï ¤¥©áâ¢¨â¥«ì­ë¥ í¯îàë à á¯à¥¤¥«¥­¨ï ¯®áâã¯-«¥­¨ï à áå®¤  ¯® ¤«¨­¥ ä¨«ìâà , íâ® ã¬¥­ìè¥­¨¥,¯®-¢¨¤¨¬®¬ã, ¬®¦­® ®¡êïá­¨âì ã¢¥«¨ç¥­¨¥¬ £¨-¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ¯à¨ ¯à®áâà ­áâ¢¥­-­®¬ ¯à¨â®ª¥.
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