
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 5 { 10��� 532.59������������ �������������� ������������� ������ ������������ ��������������������. ����������¨¢¥àáâ¨â¥â �¥-�ãà¨®  ¢ �¥£¥«¥, �§à ¨«ì�®«ãç¥® 20.05.2000�¥â®¤ ¨â¥£à «ì®£® â¥¯«®¢®£® ¡ « á , à §¢¨âë© �ã¤¬¥®¬, ®¡®¡é ¥âáï   á«ãç © § ¤ ç ¥ãáâ ®¢¨¢è¥£®áï â¥-ç¥¨ï ¤¢®©®© ¯®à¨áâ®áâ¨, ¤«ï ª®â®àëå ¨¬¥îâáï â®çë¥ à¥è¥¨ï. �¢®¤¨âáï ¨â¥£à «ìë© ¬¥â®¤, ª®â®àë© ¤ ¥â¢®§¬®¦®áâì à¥è âì § ¤ çã ¯à¨¡«¨¦¥®, ® ¤®¢®«ì® íää¥ªâ¨¢ë¬ á¯®á®¡®¬. �®«ãç¥ë¥ à¥§ã«ìâ âë ¡«¨§ª¨ª  ©¤¥ë¬ �âà¥«ìæ®¢®©-�¤ ¬á®¬ ¯®á«¥ ãá®¢¥àè¥áâ¢®¢ ¨ï ¬®¤¥«¨. �à¨¢¥¤¥ë ¨   «¨§¨àãîâáï à¥§ã«ìâ âëâ¥áâ®¢ëå à áç¥â®¢.�¥â®¤ iâ¥£à «ì®£® â¥¯«®¢®£® ¡ « áã, à®§¢¨ãâ¨© �ã¤¬¥®¬, ã§ £ «ìîõâìáï   ¢¨¯ ¤®ª § ¤ ç ¥ãáâ «¥®ùâ¥ç÷ù ¯®¤¢÷©®ù ¯®àã¢ â®áâ÷, ¤«ï ïª¨å ÷áãîâì â®ç÷ à®§¢'ï§ª¨. �¢®¤¨âìáï ÷â¥£à «ì¨© ¬¥â®¤, ïª¨© ¤ õ ¬®¦-«¨¢÷áâì à®§¢'ï§ã¢ â¨ § ¤ çã  ¡«¨¦¥®,  «¥ ¤®á¨âì ¥ä¥ªâ¨¢¨¬ ç¨®¬. �âà¨¬ ÷ à¥§ã«ìâ â¨ ¡«¨§ìª÷ ¤® § ©¤¥¨å�âà¥«ìæ®¢®î-�¤ ¬á®¬ ¯÷á«ï ¢¤®áª® «¥ï ¬®¤¥«÷. � ¢¥¤¥® ÷   «÷§ãîâìáï à¥§ã«ìâ â¨ â¥áâ®¢¨å à®§à åãª÷¢.In this work the heat balance integral technique developed by Goodman (1964) [1] has been extended to the case of thetransient dual-porosity ow problems in which the exact solutions are available. An integral method is introduced whichenables a problem to be solved in approximate but e�cient manner. The results obtained are essentially the same as thatfound by Streltsova-Adams (1978) [2] after elaborated calculations.��������� â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ¥ãáâ ®¢¨¢-è¨åáï ¯®¤§¥¬ëå â¥ç¥¨© ¢ âà¥é¨®¢ âëå ¯®à¨-áâëå ¢®¤®®áëå á«®ïå ã¦¤ ¥âáï ¢ ãá®¢¥àè¥-áâ¢®¢ ëå ¬¥â®¤ å  å®¦¤¥¨ï ç«¥  ¯®¯¥à¥ç®-£® â¥ç¥¨ï ¬¥¦¤ã âà¥é¨®¢ â®áâï¬¨ ¨ ¡«®ª ¬¨¬ âà¨æë. � à ¡®â¥ [3] íâ®â ç«¥ § ¤ ¥âáï ¢ ¢¨-¤¥ ¨â¥£à «  á¢¥àâª¨, ª®â®àë© ¢ëà ¦ ¥âáï ¢ ¤¨á-ªà¥â®© ä®à¬¥ ¯à¨ § ¤ ®¬ ¢à¥¬¥¨ tm. � ª®¥®¯¨á ¨¥ ¢ª«îç ¥â ¢ á¥¡ï áã¬¬¨à®¢ ¨¥ ¯® ¢á¥-¬ã ¯à®¬¥¦ãâªã ¬®¤¥«¨à®¢ ¨ï. �è¨¡ª  ãá¥ç¥¨ï¢¢®¤¨âáï ¯®áà¥¤áâ¢®¬ á®åà ¥¨ï â®«ìª® ¬ «®£®ç¨á«  ç«¥®¢ ¯à¨ áã¬¬¨à®¢ ¨¨. �®¯à®á, âà¥¡ã-îé¨© à áá¬®âà¥¨ï, - íâ® ª ª®¥ ª®«¨ç¥áâ¢® ç«¥-®¢ áã¬¬¨à®¢ ¨ï ï¢«ï¥âáï  ¤¥ª¢ âë¬ ¤«ï ¬®¤¥-«¨à®¢ ¨ï. � [3] ãáâ ®¢«¥®, çâ® ¤«ï ¡®«ìè¨-áâ¢  ¯à¨«®¦¥¨© [4] ¤®áâ â®ç® ®â ¯ïâ¨ ¤® ¤¥áïâ¨ç«¥®¢. � «®£¨çë¥ ¬®¤¥«¨, ¨á¯®«ì§ãîé¨¥ ¨â¥-£à «ë á¢¥àâª¨, ¡ë«¨ à §¢¨âë ¢ [5]. �«ï à¥è¥¨ï¨áå®¤ëå ãà ¢¥¨© ¥®¡å®¤¨¬® à §¢¨âì íää¥ª-â¨¢ë¥ ç¨á«¥ë¥ áå¥¬ë  ¯¯à®ªá¨¬ æ¨¨ ª ª ¤¨ä-ä¥à¥æ¨ «ìëå ç«¥®¢, â ª ¨ ¨â¥£à «  á¢¥àâª¨,  â ª¦¥ ¡¥áª®¥çëå íªá¯®¥æ¨ «ìëå àï¤®¢ ¢ á«ã-ç ïå ¬®¤¥«¥© ¥áâ æ¨® àëå â¥ç¥¨©.�àã£®¥ à¥è¥¨¥ ¡ë«® ¯®«ãç¥ë ¢ [2] ¨§ ª®¬-¯«¥ªáëå   «¨â¨ç¥áª¨å ä®à¬ ¢ ®¡« áâ¨ ¯à¥®¡à -§®¢ ¨ï � ¯« á  ¯®á«¥ ãá®¢¥àè¥áâ¢®¢ ëå ¢ë-

ç¨á«¥¨©   ®á®¢¥ ®¡à â®© â¥®à¥¬ë ¤«ï ¯à¥-®¡à §®¢ ¨ï � ¯« á .�ë«® ¯®ª § ® â ª¦¥, çâ® ¯à¨¡«¨¦¥ë© ¨â¥-£à «ìë© ¬¥â®¤ â¥¯«®¢®£® ¡ « á  [1] ¬®¦¥â ¡ëâì¯®«¥§¥ ¤«ï à¥è¥¨ï àï¤  § ¤ ç ¤¨ääã§¨®®£®â¨¯ .�¥«ì ¤ ®© à ¡®âë { ®¡®¡é¨âì ¬¥â®¤ �ã¤¬¥-  [1]   ¬®¤¥«¨à®¢ ¨¥ ¥ãáâ ®¢¨¢è¥£®áï â¥ç¥-¨ï ¤¢®©®© ¯®à¨áâ®áâ¨. �á®¢®© à¥§ã«ìâ â â -ª®£® ®¡®¡é¥¨ï á®áâ®¨â ¢ ¯à¥¤áª § ¨¨ ç«¥  à §-«®¬/¬ âà¨æ  ¯®¯¥à¥ç®£® â¥ç¥¨ï, ª®â®àë© ¢ë-à ¦ ¥âáï ¯à®áâ® á ¯®¬®éìî �(t). �¥«¨ç¨  �(t) {íâ® â ª  §ë¢ ¥¬ ï £«ã¡¨  ¯à®¨ª®¢¥¨ï ¯®£à -¨ç®£® á«®ï. �â®â ¯®¤å®¤ ¯®§¢®«ï¥â ¨§¡¥¦ âì¯à¨¬¥¥¨ï ¨â¥£à «  á¢¥àâª¨ ¨«¨ á«®¦ëå   -«¨â¨ç¥áª¨å ¢ëà ¦¥¨© ¢ ®¡« áâ¨ ¯à¥®¡à §®¢ ¨ï� ¯« á  ¤«ï ®¯¨á ¨ï ¬¥¦¯®à¨áâ®£® ¯®¯¥à¥ç®£®â¥ç¥¨ï. � à¥§ã«ìâ â¥ ¡ë«  à §¢¨â  ¯à®áâ ï ¨íää¥ªâ¨¢ ï ï¢ ï ç¨á«¥ ï ª®¥ç®-à §®áâ ïáå¥¬  ¤«ï à¥è¥¨ï ¨áå®¤ëå ãà ¢¥¨© ¤¢®©®©¯®à¨áâ®áâ¨.�¤¥áì ¬¥â®¤ ¨««îáâà¨àã¥âáï   à¥è¥¨¨ àï¤ â¥áâ®¢ëå § ¤ ç ¨ áà ¢¥¨¨ à¥§ã«ìâ â®¢ á á®-®â¢¥âáâ¢ãîé¨¬¨ à¥è¥¨ï¬¨, ¯®«ãç¥ë¬¨ ¢ [2].�âáî¤ , ¯®-¢¨¤¨¬®¬ã, á«¥¤ã¥â, çâ® ¯à¨¡«¨¦¥-ë© ¬¥â®¤ [1] ¬®¦¥â ¡ëâì ¯®«¥§ë¬ ¤«ï à¥è¥-¨ï ¥ª®â®àëå § ¤ ç ¥ãáâ ®¢¨¢è¥£®áï â¥ç¥¨ï¤¢®©®© ¯®à¨áâ®áâ¨.c �. �®«ëáª¨©, 2000 5



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 5 { 101. �������� ������� áá¬ âà¨¢ ¥¬ ï ä¨§¨ç¥áª ï ¬®¤¥«ì ¯®ª §    à¨á. 1. �®¤¥«ì á®áâ®¨â ¨§  £¥â â¥«ì®© áª¢ -¦¨ë, ¯®«®áâìî ¯à®¨ª îé¥© ¢ ®£à ¨ç¥ë©à¥§¥à¢ã à á àï¤®¬ ¨¤¥â¨çëå à ¢®à á¯®«®¦¥-ëå £®à¨§®â «ìëå à §«®¬®¢, § ªà¥¯«¥ëå ¢áâà â¨ä¨æ¨à®¢ ®¬ ®â«®¦¥¨¨.
�¨á. 1. �à¥å¬¥àë© ¢¨¤ áå¥¬ â¨ç¥áª®£®¯à¥¤áâ ¢«¥¨ï ¯« áâ¨®®¡à §®©  ¯¯à®ªá¨¬ æ¨¨¬ âà¨æë ¯®à¨áâ®áâ¨: A,B,C { ¤«¨ , â®«é¨  ¨£«ã¡¨  ¢®¤®®á  á®®â¢¥âáâ¢¥®;2b { â®«é¨  ¥¤¨¨ç®£® ¡«®ª �¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï, ®¯¨áë¢ îé¨¥¤¢ã¬¥à®¥ ¯®¤§¥¬®¥ â¥ç¥¨¥ ®¤®à®¤®© ¨ á« ¡®á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ®£à ¨ç¥®¬ à §«®¬®¬¯®à¨áâ®¬ ¢®¤®®á®¬ á«®¥, ¬®£ãâ ¡ëâì § ¯¨á ë¢ ¢¨¤¥ S1 @H1@t = T1 +r2H1 +W � q; (1)S2 @H2@t = q; (2)�¤¥áì ¯à¨ïâë ®¡®§ ç¥¨ï: H { £¨¤à ¢«¨ç¥-áª¨©  ¯®à (¬); T { ¯à®¨æ ¥¬®áâì (¬2=¤¥ì); S{ ª®íää¨æ¨¥â  ª®¯«¥¨ï (¡¥§à §¬¥àë©); W {®¡ê¥¬ë© à áå®¤ ¯®â®ª  ¦¨¤ª®áâ¨ ç¥à¥§ ¥¤¨¨ç-ãî ¯«®é ¤ì áª¢ ¦¨ë (¬=¤¥ì); q { ç«¥ "¯®¯¥-à¥ç®£® â¥ç¥¨ï" (¬=¤¥ì), ª®â®àë© ¯à¥¤áâ ¢«ï¥â¢§ ¨¬®¤¥©áâ¢¨¥ ¦¨¤ª®áâ¨ ¢ ¬ âà¨çëå ¡«®ª å á¦¨¤ª®áâìî ¢ à §«®¬¥, íâ®â ç«¥ ï¢«ï¥âáï äãªæ¨-¥© ª ª ¢à¥¬¥¨, â ª ¨ ¯à®áâà áâ¢¥ëå ª®®à¤¨- â; r2 { ®¯¥à â®à � ¯« á ; á¨¬¢®« "1" á®®â¢¥â-áâ¢ãîâ á¨áâ¥¬¥ à §«®¬®¢,   á¨¬¢®« "2" { á¨áâ¥¬¥¬ âà¨çëå ¡«®ª®¢.

� ª ª ª  ç «ìë¥ ãá«®¢¨ï ¯à¥¤¯®« £ îâáï ã-«¥¢ë¬¨, â® £¨¤à ¢«¨ç¥áª¨¥  ¯®àë à á¯à¥¤¥«¥ë¢ ¥ª®â®àë©  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ t = 0¢® ¢á¥å â®çª å ®¡« áâ¨ â¥ç¥¨ï. �à¥¤¯®« £ ¥âáïâ ª¦¥, çâ® ®à¬ «ì ¯®â®ª  ª £à ¨ç®© ªà¨¢®© ¢®¢á¥å â®çª å à ¢  ã«î.2. �������� �������à¥¤¯®«®¦¨¬ ¤«ï ¥¤¨¨ç®£® ¡«®ª , çâ® ã«¥¢®¥ ç «ì®¥ ãá«®¢¨¥ § ¤ ¥âáï ¤«ï ¯®¨¦¥¨ï ãà®¢ï¢®¤ ¡«®ª  h2(z; t), â.e.h2(z; 0) = 0: (3)�¨æ¥¢ ï áâ®à®  ¡«®ª  ¯®¤¢¥à¦¥  ¥áâ æ¨®- à®¬ã £à ¨ç®¬ã ãá«®¢¨î ¯¥à¢®£® à®¤ h2(0; t) = H1(t): (4)�«¥¤ãï ¨¤¥¥ �ã¤¬¥ , ¯®« £ ¥¬, çâ® ¢ ®ªà¥áâ®-áâ¨ «¨æ¥¢®© áâ®à®ë ¡«®ª  ¯®ï¢«ï¥âáï ¯®£à ¨ç-ë© á«®©, â®«é¨  ª®â®à®£® ¢®§à áâ ¥â á® ¢à¥-¬¥¥¬. �® â¥å ¯®à, ¯®ª  â®«é¨  ¯®£à ¨ç®£®á«®ï ¬¥ìè¥ ¯®«®¢¨ë â®«é¨ë ¡«®ª , ® ¢¥¤¥âá¥¡ï ª ª ¡¥áª®¥ç ï áà¥¤ , ¯®â®¬ã çâ® £à ¨ç®¥ãá«®¢¨¥   ¤àã£®¬ ä á ¤¥ ¡«®ª  ¥ ¢«¨ï¥â. � ¯¥à¥-å®¤®© ¯¥à¨®¤ ¢à¥¬¥¨, ª®£¤  â®«é¨  ¯®£à ¨ç-®£® á«®ï ¯®çâ¨ à ¢  ¯®«®¢¨¥ â®«é¨ë ¡«®ª , ç¨ ¥â ¨£à âì à®«ì £à ¨ç®¥ ãá«®¢¨¥   ¤àã-£®¬ ª®æ¥. �¥è¥¨¥ § ¤ ç¨ ¤¨ääã§¨¨ â ª¨¬ ®¡à -§®¬ à §¡¨¢ ¥âáï   ¤¢¥ ç áâ¨: ®¤  á¯à ¢¥¤«¨¢ ¢ ¯à®¬¥¦ãâª¥ 0 < t < tc (£¤¥ tc { ªà¨â¨ç¥áª®¥¢à¥¬ï),   ¤àã£ ï { ¤«ï ¡®«ìè¨å § ç¥¨© t ¯à¨t > tc. �¥â®¤ �ã¤¬¥  ®¯¥à¨àã¥â á ä¥®¬¥®«®-£¨ç¥áª®© ¢¥«¨ç¨®© �(t),  §ë¢ ¥¬®© à ááâ®ï¨¥¬¯à®¨ª®¢¥¨ï ¢®§¬ãé¥¨©. �à¨ z > �(t) á¨áâ¥-¬  ¥ ¯®¤ç¨ï¥âáï £à ¨ç®¬ã ãá«®¢¨î (4). � ªâ®«ìª® �(t) = b ¯à¨ t = tá; (5)à ááâ®ï¨¥ ¯à®¨ª®¢¥¨ï ¥ ¨¬¥¥â ä¨§¨ç¥áª®£®á¬ëá« , ¨   íâ®© áâ ¤¨¨ âà¥¡ã¥âáï   «¨§, ®â-«¨çë© ®â   «¨§  �ã¤¬¥ .�ë ¢ë¡¨à ¥¬ ¯à®ä¨«ì âà¥âì¥£® ¯®àï¤ª , çâ®¡ë¯à¨¬¥¨âì ¯®¨¦¥¨¥ ãà®¢ï ¢®¤ ¬ âà¨æë ¢ã-âà¨ ¯®£à ¨ç®£® á«®ï ¢ á«¥¤ãîé¥¬ ¢¨¤¥:h2(z; t) = H1(t) [1� z=�(t)]3 ; ¥á«¨z � �(t); (6)h2(z; t) = 0; ¥á«¨ z > �(t): (7)� «¥¥ ¢  áâ®ïé¥© ¬®¤¥«¨ ¥®¡å®¤¨¬® ¢ ä®à¬ã-«¥ (6) ¯®¤®¡à âì �(t) ¤«ï á«ãç ï § ¢¨áïé¥© ®â ¢à¥-¬¥¨ äãªæ¨¨ H1(t).6 �. �®«ëáª¨©



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 4. �. 5 { 10�â® ¬®¦¥â ¡ëâì á¤¥« ®   ®á®¢¥ ¨â¥£à « ¡ « á  í¥à£¨¨ [1], § ¯¨á ®£® ¢ á«¥¤ãîé¥¬ ¢¨-¤¥:S2 = @h2(z; t)@z jz=0 = K2 @@t Z �(t)0 h2(z; t)dz: (8)�®¤áâ ¢«ïï h2(z; t), § ¤ ®¥ ãà ¢¥¨¥¬ (6), ¢¯à ¢ãî ç áâì ãà ¢¥¨ï (8), ¯®«ãç ¥¬:I = @@t Z �(t)0 h2(z; t)dz = H � 1(t)�(t)=4: (9)�«¥¤®¢ â¥«ì®,K2 3H1(t)� = S2; @@t �H1(t)�4� : (10)�¬®¦ ï ãà ¢¥¨¥ (10)   H1(t), ¯®«ãç ¥¬12 [H1(t)]2 = �H1(t) @@D2t [�H1(t)] ; (11)£¤¥D2 = K2=S2s - ª®íää¨æ¨¥â ¤¨ääã§¨¨ ¬ âà¨ç-®£® ¡«®ª .�¥¯¥àì ¨¬¥¥¬:12 [H1(t)]2 = 12 @@D2t [�H1(t)i]2 (12)�â¥£à¨àãï ãà ¢¥¨¥ (12) ¯® ¢à¥¬¥®© ¯¥à¥-¬¥®© t ¨ ¯à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® ¯à¨ t = 0,�(t) = 0, ¯®«ãç ¥¬:�2H21 (t) = 24 Z t0 H21(� )D2d�; (13)�®á«¥¤¥¥ ¢ëà ¦¥¨¥ ¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ -® ª ¢¨¤ã �(t) = � 24D2H21 (t) Z t0 H21 (� )d��1=2 : (14)�«¥¤®¢ â¥«ì®, ¤«ï á«ãç ï ¥áâ æ¨® à®£®£à ¨ç®£® ãá«®¢¨ï ¯¥à¢®£® à®¤  à ááâ®ï¨¥¯à®¨ª®¢¥¨ï ¢®§¬ãé¥¨© § ¤ ¥âáï ãà ¢¥¨¥¬(14), ª®â®à®¥ á®¤¥à¦¨â ¨â¥£à «, § ¢¨áïé¨© ®â¢á¥å  ¡®à®¢ ¥áâ æ¨® à®£® £à ¨ç®£® ¢å®¤ ¤«ï ¯¥à¨®¤  ¢à¥¬¥¨ (0; t). �à®¢®¤ï ¥®¡å®¤¨¬ë¥¢ëç¨á«¥¨ï, ¬®¦¥¬ § ¯¨á âì ¢ëà ¦¥¨¥, ª®â®à®¥§ ¤ ¥â áà¥¤¥¥ § ç¥¨¥ ¯®¨¦¥¨ï ãà®¢ï ¢®¤¬ âà¨æë ¢ ¢¨¤¥:H2(t) = f H1(t)b � 4D2H21 (t) Z t0 H21(� )d��1=2 : (15)�â¬¥â¨¬, çâ® ãà ¢¥¨¥ (15) á®¤¥à¦¨â ¥á¢¥à-âë¢ îé¨©áï ¨â¥£à «, § ¢¨áïé¨© ®â ¢á¥å § ç¥-¨© H1(� ) ¯à¨ 0 < � < t.

� à ¬¥âà f = 0:612 ¢ ãà ¢¥¨¨ (15) ï¢«ï¥âáï¬®¦¨â¥«¥¬ ä®à¬ë, á¢ï§ ë¬ á ¯à¨ïâë¬ ¯®-£à ¨çë¬ ¯à®ä¨«¥¬ á«®ï âà¥âì¥£® ¯®àï¤ª . �«ï¬ «ëå ¢à¥¬¥ (â.e. ¤® ¬®¬¥â , ª®£¤  ¯®£à ¨ç-ë© á«®© ¯à®å®¤¨â ª æ¥âàã ¡«®ª ) ç«¥ ¯®¯¥à¥ç-®£® â¥ç¥¨ï q(t) ¬®¦¥â ¡ëâì § ¯¨á  ¢ ¢¨¤¥:q = S2 dH2dt ¯à¨ t < tc: (16)�¤¥áì H2(t) § ¤ ¥âáï ãà ¢¥¨¥¬ (15) á ¨§¢¥áâë¬§ ¢¨áïé¨¬ ®â ¢à¥¬¥¨ ¯®¨¦¥¨¥¬ ãà®¢ï à §-«®¬  H1(t) ¨ § ¤ ë¬ ¢ëè¥ ¬®¦¨â¥«¥¬ ä®à¬ëf = 0:612.�«ï ¡®«ìè¨å ¢à¥¬¥ (â.e. ¯®á«¥ ¬®¬¥â , ª®-£¤  £à ¨çë© á«®© ã¦¥ ¯à®è¥« æ¥âà ¡«®ª ) ¬ë¯à¥¤¯®« £ ¥¬ ¯à¨¬¥¨¬®áâì ª¢ §¨-áâ æ¨® à®©ä®à¬ã«ë ¯®¯¥à¥ç®£® â¥ç¥¨ï, § ¯¨á ®© ¢ ¢¨-¤¥ (�¨¬¬¥à¬  ¨ ¤à.,1993):q = �2D2 (H1 �H2)4b2 ¯à¨ t > te: (17)� ª¨¬ ®¡à §®¬ § ¢¥àè ¥âáï ä®à¬ã«¨à®¢ª  ®¢®©¬®¤¥«¨.3. ������ ������� áá¬®âà¨¬ ¬®¤¥«ì ¥ãáâ ®¢¨¢è¥£®áï â¥ç¥¨ï¤¢®©®© ¯®à¨áâ®áâ¨ ¨ ®¤®© ¯à®¨æ ¥¬®áâ¨, ®¯¨-á ãî ¢ëè¥ à §à¥è îé¨¬¨ ãà ¢¥¨ï¬¨ (1), (2)¨  ç «ìë¬¨ ¨ £à ¨çë¬¨ ãá«®¢¨ï¬¨ (3), (4).�ë ¯à¨¬¥ï¥¬ ¢ íâ®© ¬®¤¥«¨ ç«¥ ¯®¯¥à¥ç®£®
�¨á. 2. �å¥¬ â¨ç¥áª®¥ ®¯¨á ¨¥ § ¤ ç¨ â¥ç¥¨ï(¯«®áª¨© ¢¨¤): � { ¥¯à®â¥ª ¥¬ ï £à ¨æ  ¢®¤®®á ;
 { ¯®¢¥àå®áâì, ®£à ¨ç¥ ï £à ¨æ¥© �;� { ¢¥¤à¥ ï áª¢ ¦¨ ; � {  ¡«î¤ ¥¬ ï áª¢ ¦¨ â¥ç¥¨ï q , ®¯à¥¤¥«¥ë© ¤«ï ¬ «ëå ¢à¥¬¥ ãà ¢-¥¨ï¬¨ (15) ¨ (16) ¨ ¤«ï ¡®«ìè¨å ¢à¥¬¥ { ãà ¢-¥¨¥¬ (17). �ë«  à §¢¨â  ç¨á«¥ ï ª®¥ç®-à §®áâ ï áå¥¬  ¤«ï à¥è¥¨ï ãª § ëå ¢ëè¥ãà ¢¥¨© ¯à¨  «®¦¥ëå  ç «ìëå ¨ £à ¨ç-ëå ãá«®¢¨ïå. �¥â®¤ ¨á¯®«ì§ã¥â ï¢ãî ä®à¬ã«ã,�. �®«ëáª¨© 7
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