
������ö ���ö�������� ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 71 { 74��� 532.526 ��������� � �������������������������������� � �������� ���������� ����������� ������������. �. ���������, �. �. ������­áâ¨âãâ â¥å­¨ç¥áª®© â¥¯«®ä¨§¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.12.2001 � �¥à¥á¬®âà¥­® 28.06.2002�§ãç¥­ë á¢®©áâ¢  á¨¬¬¥âà¨¨ â¥ç¥­¨ï ¨ â¥¯«®®¡¬¥­  ¢ áä¥à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â ­  ®á­®¢¥  ¯¯ à â  â¥®-à¨¨ £àã¯¯ �¨. �®«ãç¥­ë  ¢â®¬®¤¥«ì­ë¥ ä®à¬ë ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå ¨ ¨áª®¬ëå äã­ªæ¨© ¤«ï í««¨¯â¨ç¥áª¨åâ¥ç¥­¨©, ¯®¤ç¨­ïîé¨åáï ¯®«­ë¬ ãà ¢­¥­¨ï¬ � ¢ì¥-�â®ªá  ¨ �ãàì¥-�¨àå£®ä .�¨¢ç¥­® ¢« áâ¨¢®áâi á¨¬¥âàiù â¥çiù i â¥¯«®®¡¬i­ã ¢ áä¥à¨ç­i© á¨áâ¥¬i ª®®à¤¨­ â ­  ®á­®¢i  ¯ à âã â¥®àiù £àã¯ �i.�¤¥à¦ ­i  ¢â®¬®¤¥«ì­i ä®à¬¨ ­¥§ «¥¦­¨å §¬i­­¨å â  ¯®èãª®¢¨å äã­ªæi© ¤«ï ¥«i¯â¨ç­¨å â¥çi©, ¯i¤¯®àï¤ª®¢ ­¨å¯®¢­¨¬ ài¢­ï­­ï¬ � ¢ìõ-�â®ªá  â  �ãàìõ-�¨àå£®ä .The properties of symmetry of the 
ow and heat transfer in a spherical system of co-ordinates on the basis of apparatusof Lie group theory were studied. The self-similar forms of the independent variables and desired functions for elliptic
ow obeying to the complete equations of Navier-Stokes and Fourier - Kirchho� are obtained���������à®æ¥ááë £¨¤à®¤¨­ ¬¨ª¨ ¨ â¥¯«®®¡¬¥­  ®¯¨áë-¢ îâáï ¤¨ää¥à¥­æ¨ «ì­ë¬¨ ãà ¢­¥­¨ï¬¨. �®«ì-è¨­áâ¢® ¨áá«¥¤®¢ â¥«¥©, ¯à¨¬¥­ïï à §«¨ç­ë¥ ¬¥-â®¤ë, ­ å®¤ïâ ç áâ­ë¥ à¥è¥­¨ï ãà ¢­¥­¨©. �à¨íâ®¬ ã¯ãáª îâáï ¤àã£¨¥ ¢®§¬®¦­ë¥ à¥è¥­¨ï,  ,á«¥¤®¢ â¥«ì­®, ¨ ä¨§¨ç¥áª¨¥ § ª®­®¬¥à­®áâ¨. �¥-®à¨ï £àã¯¯ �¨ (£àã¯¯ á¨¬¬¥âà¨©) ¯®¬®£ ¥â ¢®¬­®£¨å á«ãç ïå ­ ©â¨ è¨à®ª¨© ª« áá ¢á¥å ¢®§-¬®¦­ëå à¥è¥­¨©. �¨¬¬¥âà¨¨ ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨©, ®¯¨áë¢ îé¨å â®â ¨«¨ ¨­®© ä¨§¨ç¥-áª¨© ¯à®æ¥áá, â¥á­® á¢ï§ ­ë á® á¢®©áâ¢®¬  ¢â®-¬®¤¥«ì­®áâ¨ [1]. � ­­®¥ á¢®©áâ¢® ¯®§¢®«ï¥â à¥¤ã-æ¨à®¢ âì á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©¢ ç áâ­ëå ¯à®¨§¢®¤­ëå ¢ ®¡ëª­®¢¥­­®¥ ¤¨ää¥-à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¨«¨ ã¬¥­ìè âì ª®«¨ç¥áâ¢®­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå. �® ¬­®£¨å á«ãç ïå íâ®áãé¥áâ¢¥­­® ®¡«¥£ç ¥â  ­ «¨â¨ç¥áª¨© ¨«¨ ç¨á«¥­-­ë©  ­ «¨§ ä¨§¨ç¥áª®£® ¯à®æ¥áá . �à®¬¥ â®£®, ¢â®¬®¤¥«ì­ë¥ ä®à¬ë ¯¥à¥¬¥­­ëå ¢¥áì¬  ¯®«¥§-­ë ¢ íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨ïå, â ª ª ªãª §ë¢ îâ á¯®á®¡ ®¡®¡é¥­¨ï ®¯ëâ­ëå ¤ ­­ëå. �à ¡®â å [2, 3] ¯à®¢¥¤¥­ë ¨áá«¥¤®¢ ­¨ï « ¬¨­ à-­®£® ¨ âãà¡ã«¥­â­®£® ¯®£à ­¨ç­ëå á«®¥¢, ¢ ª®â®-àëå ­  ®á­®¢¥ á¨¬¬¥âà¨© ¯®«ãç¥­ë  ¢â®¬®¤¥«ì-­ë¥ ä®à¬ë ãà ¢­¥­¨© �à ­¤â«ï. �â¨ ¨áá«¥¤®¢ -­¨ï ¨««îáâà¨àãîâ ¯à¨«®¦¥­¨¥ ¬¥â®¤  á¨¬¬¥âà¨©¢ § ¤ ç å £¨¤à®¬¥å ­¨ª¨ ¨ â¥¯«®®¡¬¥­ . � ¯à¥¤-« £ ¥¬®© à ¡®â¥ ¨§ãç¥­ë á¢®©áâ¢  á¨¬¬¥âà¨¨ ¨ ¢â®¬®¤¥«ì­®áâ¨ ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨ ª®­-¢¥ªâ¨¢­®£® â¥¯«®®¡¬¥­  (�ãàì¥-�¨àå£®ä ) ¢ áä¥-

à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨­ â.� àï¤¥ à ¡®â, ¯®á¢ïé¥­­ëå ¨áá«¥¤®¢ ­¨î á¨¬-¬¥âà¨© ãà ¢­¥­¨© � ¢ì¥-�â®ªá  [4-8], ¡ë«¨ ­ ©¤¥-­ë £àã¯¯ë á¨¬¬¥âà¨© íâ¨å ãà ¢­¥­¨© ¤«ï ¤¥ª à-â®¢®© á¨áâ¥¬ë ª®®à¤¨­ â. �¤­ ª® ¢ ­ áâ®ïé¥¥¢à¥¬ï ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ãîâ à ¡®âë, ¯®á¢ï-é¥­­ë¥ ¨§ãç¥­¨î á¨¬¬¥âà¨© ¢ áä¥à¨ç¥áª¨å ª®-®à¤¨­ â å.�������� ������¨áâ¥¬ë ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨ �ãàì¥-�¨àå£®ä  ¢ áä¥à¨ç¥áª¨å ª®®à¤¨­ â å ¢ë£«ï¤ïâá«¥¤ãîé¨¬ ®¡à §®¬:@u@t +u@u@r + vr @u@� � v2 +w2r + wr sin� @u@ = �1� @p@r++� �r2u� 2ur2 � 2r2 @v@� � 2vctg �r2 � zr2 sin� @w@ � ;@v@t + u@v@r + vr @v@� + uvr + wr sin� @v@ � v2ctg�r == � 1�r @p@�++��r2v + 2r2 @u@� � vr2 sin2 � � 2 cos�r2 sin2 � @w@ �++g�T sin�;c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 71 { 74@w@t + u@w@r + vr @w@� + wr sin� @w@ + wur ++wvctg �r = � 1�r sin� @p@ ++��r2w � wr2 sin2 � + 2r2 sin� @u@ + 2 cos �r2 sin2 � @v@ � ;@(ur2 sin�)@r + @(vr sin�)@� + @(rw)@ = 0;@T@t + u@T@r + vr @T@� + wr sin� @T@ = ar2T; (1)£¤¥ t { ¢à¥¬ï; r; �;  { áä¥à¨ç¥áª¨¥ ª®®à¤¨­ âë;u; v; w { ª®¬¯®­¥­âë áª®à®áâ¨, á®®â¢¥âáâ¢ãîé¨¥ª®®à¤¨­ â ¬ r; �;  ; p { ¤ ¢«¥­¨¥; T { â¥¬¯¥à âã-à ; � { ª¨­¥¬ â¨ç¥áª ï ¢ï§ª®áâì; a { â¥¬¯¥à âã-à®¯à®¢®¤­®áâì; � { ¯«®â­®áâì; g { ãáª®à¥­¨¥ á¢®-¡®¤­®£® ¯ ¤¥­¨ï; � { ª®íää¨æ¨¥­â â¥¯«®¢®£® à á-è¨à¥­¨ï;r2 = 1r2 @@r �r2 @@r�+ 1r2 sin� @@� �sin� @@��++ 1r2 sin2 � @2@ 2{ « ¯« á¨ ­ ¢ áä¥à¨ç¥áª¨å ª®®à¤¨­ â å. �¨¬-¬¥âà¨¨ á¨áâ¥¬ë (1) ¬®¦­® ®å à ªâ¥à¨§®¢ âì â ª­ §ë¢ ¥¬ë¬ "¨­ä¨­¨â¥§¨¬ «ì­ë¬" £¥­¥à â®à®¬.�¡é¨¥ ¬¥â®¤ë ¯®áâà®¥­¨ï â ª®£® £¥­¥à â®à  ¯®-¤à®¡­® ®¯¨á ­ë ¢ à ¡®â¥ [1]. �¨¬¬¥âà¨¨ á¨áâ¥¬ë(1) ®¯¨áë¢ îâáï á«¥¤ãîé¨¬ ¨­ä¨­¨â¥§¨¬ «ì­ë¬£¥­¥à â®à®¬:q = [C12t+C2]@t + C1r@r � C1u@u �C1w@w��C1v@v �C1NT@T + [C3� (t)� C12p]@p: (2)�¤¥áì � (t) { ¯à®¨§¢®«ì­ë¥ äã­ªæ¨¨ ¢à¥¬¥­¨; ¨­-¤¥ªá ®ª®«® á¨¬¢®«  @ ®§­ ç ¥â ¯à®¨§¢®¤­ãî ¯®¢¥«¨ç¨­¥, áâ®ïé¥© ¢ íâ®¬ ¨­¤¥ªá¥. �®áâ®ï­­ ïN = 3, ª®£¤  áãé¥áâ¢¥­­  ¥áâ¥áâ¢¥­­ ï ª®­¢¥ª-æ¨ï, â.¥. ª®£¤  ­¥®¡å®¤¨¬® ãç¨âë¢ âì ¯®á«¥¤­¥¥á« £ ¥¬®¥ ¢ ¢â®à®¬ ãà ¢­¥­¨¨ á¨áâ¥¬ë (1). �á«¨¦¥ íâ¨¬ á« £ ¥¬ë¬ ¬®¦­® ¯à¥­¥¡à¥çì, â® N ¬®-¦¥â ¯à¨­¨¬ âì «î¡ë¥ §­ ç¥­¨ï. �á¯®«ì§ãï ¨­ä¨-­¨â¥§¨¬ «ì­ë© £¥­¥à â®à (2), ¬®¦­® ­ ©â¨ â ª¨¥¯à¥®¡à §®¢ ­¨ï, ª®â®àë¥ ­¥ ¬¥­ïîâ ä®à¬ã ¤¨ä-ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (1). �  ®á­®¢¥ íâ¨å¯à¥®¡à §®¢ ­¨© áâà®ïâáï ­®¢ë¥ à¥è¥­¨ï á¨áâ¥¬ë

¯® ¥¥ ¨§¢¥áâ­ë¬ à¥è¥­¨ï¬ [1]. �é¥ ®¤­® § ¬¥ç -â¥«ì­®¥ á¢®©áâ¢® ¨­ä¨­¨â¥§¨¬ «ì­®£® £¥­¥à â®-à  á®áâ®¨â ¢ â®¬, çâ®, ¨á¯®«ì§ãï ¥£®, ¬®¦­® ®âëá-ª âì à §«¨ç­ë¥  ¢â®¬®¤¥«ì­ë¥ ä®à¬ë á¨áâ¥¬ë¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©. �â  ®¯¥à æ¨ï ¯à®-¨§¢®¤¨âáï ­  ®á­®¢¥ à¥è¥­¨ï ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© ¯¥à¢®£® ¯®àï¤ª  [1-3], ª®â®àë¥ áâà®ïâ-áï á ¯®¬®éìî £¥­¥à â®à  (2).� ¤ ­­®¬ ¨áá«¥¤®¢ ­¨¨ ¬ë á®áà¥¤®â®ç¨¬áï ­ ¯®áâà®¥­¨¨ â ª¨å ä®à¬. �®­áâ ­âë á ç¨á«®¢ë¬¨­¤¥ªá®¬ ¢ ¢ëà ¦¥­¨¨ (2) å à ªâ¥à¨§ãîâ à §«¨ç-­ë¥ ¢¨¤ë á¨¬¬¥âà¨©. � ª¨¬ ®¡à §®¬, á¨áâ¥¬  (1)®¡« ¤ ¥â âà¥¬ï á¨¬¬¥âà¨ï¬¨.�«ï ­¥áâ æ¨®­ à­ëå ¯à®æ¥áá®¢ ã¤®¡­® ¢ ª ç¥-áâ¢¥ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥­­®© (ª®â®à ï ¢å®-¤¨â ¢ ª®íää¨æ¨¥­â ¯à¨  ¢â®¬®¤¥«ì­®© äã­ªæ¨¨)¢ë¡à âì ¢à¥¬ï. �®£¤   ¢â®¬®¤¥«ì­ë¥ ä®à¬ë ¯¥-à¥¬¥­­ëå ¯à¨¬ãâ ¢¨¤�(t; r) = rp2�t+ C2 ;u(t; r; �;  ) = U (�; �;  )p2�t+ C2�;v(t; r; �;  ) = V (�; �;  )p2�t+ C2�;w(t; r; �;  ) = W (�; �;  )p2�t+ C2�;p(t; r; �;  ) = P (�; �;  )2�t+ C2 ��2 + C3"� (t);T (t; r; �;  ) = �T �(�; �;  )q(2�t+ C2)3L3;£¤¥ C1 = �; C2; C3 { ¯à®¨§¢®«ì­ë¥ ¢¥«¨ç¨­ë; " {¯ à ¬¥âà £àã¯¯®¢®£® ¯à¥®¡à §®¢ ­¨ï (¬®¦¥â ¯à¨-­¨¬ âì «î¡ë¥ §­ ç¥­¨ï); �T { å à ªâ¥à­ ï à §-­®áâì â¥¬¯¥à âãà § ¤ ç¨ (â¥¬¯¥à âãà­ë© ¬ á-èâ ¡); L { å à ªâ¥à­ë© à §¬¥à («¨­¥©­ë© ¬ á-èâ ¡); U , V , W , P , � {  ¢â®¬®¤¥«ì­ë¥ ¡¥§à §-¬¥à­ë¥ äã­ªæ¨¨. �®á«¥ ¯®¤áâ ­®¢ª¨ íâ¨å ¯¥à¥-¬¥­­ëå ¢ á¨áâ¥¬ã (1) ¯®«ãç ¥¬sin��2U + �@U@� �+ cos�V + sin�@V@� + @W@ = 0;U @U@� + V� @U@� � V 2 +W 2@� + W� sin� @U@ == �@P@� + @2U@�2 + @U@� �� + 2��+ U �1� 2�2�++ 1�2 @2U@�2 + ctg��2 @U@� + 1(� sin�)2 @2U@ 2 �72 �. �. �¢à ¬¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 71 { 74� 2�2 @V@� � 2V ctg��2 � 2�2 sin� @W@ ;U @V@� + V� @V@� + W� sin� @V@ + UV� � W 2ctg�� == �1� @P@� + @2V@�2 + @V@� �� + 2��++V �1� 2�2 sin2 ��+ 1�2 @2V@�2 + ctg��2 @V@� ++ 1(� sin�)2 @2V@ 2 + 2�2 @U@� � 2 cos ��2 sin2 � @W@ +Gr� sin�;U @W@� + V� @W@� + W� sin� @W@ + UW� + VW ctg �� == � 1� sin� @p@ + @2W@�2 + @W@� �� + 2��++W �1� 2�2 sin2 ��+ 1�2 @2W@�2 + ctg��2 @W@� ++ 1(� sin�)2 @2W@ 2 + 2�2 sin� @U@ + 2 cos��2 sin2 � @V@ ;Pr�U @�@� + V� @�@� + W� sin� @�@ � �@�@� � 3�� == @2�@�2 + 2� @�@� + 1�2 @2�@�2 + ctg��2 @�@� + 1(� sin�)2 @2�@ 2 ;£¤¥ Pr { ç¨á«® �à ­¤â«ï; Gr { ç¨á«® �à á£®ä . �ë-¡¨à ï ¢ ª ç¥áâ¢¥ ¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥­­®© à -¤¨ãá, ¬ë ¯à¨å®¤¨¬ ª ­®¢ë¬  ¢â®¬®¤¥«ì­ë¬ ä®à-¬ ¬ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©. �é¥ ®¤¨­ á¯®-á®¡ ¨§¬¥­¨âì ä®à¬ë  ¢â®¬®¤¥«ì­ëå ãà ¢­¥­¨© {íâ® ¯®¬¥­ïâì ¬¥áâ ¬¨ ¯¥à¥¬¥­­ë¥ ¢ �(t; r). �à®-¡«¥¬  á®áâ®¨â ¢ â®¬, çâ®¡ë ¯®¤®¡à âì ­ã¦­ãî ¢â®¬®¤¥«ì­ãî ä®à¬ã ¤«ï ª®­ªà¥â­ëå ­ ç «ì­ëå¨ £à ­¨ç­ëå ãá«®¢¨©.� áá¬®âà¨¬  ¢â®¬®¤¥«ì­ë¥ ä®à¬ë ¤¢ãå¬¥à­ëåáâ æ¨®­ à­ëå â¥ç¥­¨©, ª®£¤  ¢®§¬®¦­® á¢¥áâ¨ § -¤ çã ª á¨áâ¥¬¥ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨©. �á«¨ â¥ç¥­¨¥ à áá¬ âà¨¢ ¥âáï ¢ ¯à®-áâà ­áâ¢¥ r � �, â® £¥­¥à â®à (2) ¤ ¥â ­ ¬ á«¥¤ã-îé¥¥ ¢ëà ¦¥­¨¥ ¤«ï à ¤¨ «ì­®© ª®¬¯®­¥­âë áª®-à®áâ¨: u (r; �) = @f (� (�))@� �r :

� ­£¥­æ¨ «ì­ ï ª®¬¯®­¥­â  áª®à®áâ¨ ¨ ãà ¢­¥­¨¥¤¢¨¦¥­¨ï ¯à¨¢¥¤¥­ë ¢ à ¡®â¥ [9]. �à ¢­¥­¨¥ ª®­-¢¥ªâ¨¢­®£® â¥¯«®®¡¬¥­  ¨¬¥¥â ¢¨¤p1� �2�00 � 2��0 + 6� + Pr (3�f 0 + f�0) = 0;£¤¥ T (r; �) = �T �(�)r3 L3á ãç¥â®¬ íää¥ªâ®¢ á¢®¡®¤­®© ª®­¢¥ªæ¨¨.�á«¨ ¬ë à áá¬ âà¨¢ ¥¬ ¤¢¨¦¥­¨¥ ¢ ªà¨¢®«¨-­¥©­®© ¯«®áª®áâ¨ r �  , â® ­¥®¡å®¤¨¬® ä¨ªá¨-à®¢ âì §­ ç¥­¨ï ª®®à¤¨­ âë �. �¥ ­ àãè ï®¡é­®áâ¨ à ááã¦¤¥­¨©, ¬ë ¬®¦¥¬ ¯à¨­ïâì, çâ®sin� = 1. �®£¤   ¢â®¬®¤¥«ì­ë¥ ¯à®ä¨«¨ áª®à®-áâ¨ ¨ â¥¬¯¥à âãàë ¯à¨­¨¬ îâ ä®à¬ãu (r;  ) = @f (�)@� �r ; w (r;  ) = �f (�) �r ;T (r;  ) = �T �(�)rN LN ; (3)£¤¥ � =  . �®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨ï (3) ¢ (1)¯®«ãç ¥¬fIV + ff 000 + (2 + 3f 0) f 00 + 2f = 0;�00 + Prf�0 + � �N Pr f 0 +N2 � N� = 0:�á«¨ ¯®¤à §ã¬¥¢ ¥âáï, çâ® ¢ ¨§ãç ¥¬®¬ ¯à®æ¥áá¥¢ë¯®«­ï¥âáï  ­ «®£¨ï �¥©­®«ì¤á  ( ­ «®£¨ï ¯à®-ä¨«¥© áª®à®áâ¨ ¨ â¥¬¯¥à âãàë), â® á«¥¤ã¥â ¢ë-¡¨à âì â ª®¥ §­ ç¥­¨¥ N , çâ®¡ë ¯®ª § â¥«¨ ¯ -à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥­­®© ¢ ¯à®ä¨«ïå áª®à®áâ¨¨ â¥¬¯¥à âãàë á®¢¯ ¤ «¨. �®£¤  ¢ ¡®«ìè¨­áâ¢¥á«ãç ¥¢ ­¥®¡å®¤¨¬® ¢ë¡¨à âì «¨¡® N = 0 [10], «¨-¡® N = 1 [3]. �à¨ N = 0 ¨ N = 1 ãà ¢­¥­¨¥ª®­¢¥ªâ¨¢­®£® â¥¯«®®¡¬¥­  ¨­â¥£à¨àã¥âáï ¢ ª¢ -¤à âãà å:- N = 0:� = c1 Z �0 exp��Pr Z �0 fd�� d� + c2;- N = 1:� = exp��Pr Z �0 fd���c1� exp�Pr Z �0 fd��+ c2� :£¤¥ c1, c2 { ª®­áâ ­âë ¨­â¥£à¨à®¢ ­¨ï.�«¥¤ã¥â ®â¬¥â¨âì, çâ® àï¤  ¢â®¬®¤¥«ì­ëå ¨«¨¯®«ã ¢â®¬®¤¥«ì­ëå ä®à¬ ¤«ï áä¥à¨ç¥áª®© á¨áâ¥-¬ë ª®®à¤¨­ â ¢ ¯ à ¡®«¨ç¥áª®¬ ¯à¨¡«¨¦¥­¨¨ ¡ë«¨áá«¥¤®¢ ­ ¢ [11, 12].�à ¢­¨¢ ï ª®«¨ç¥áâ¢®  ¢â®¬®¤¥«ì­ëå ä®à¬ ¤«ïà §«¨ç­ëå á¨áâ¥¬ ª®®à¤¨­ â [13], ¬®¦­® áª § âì,çâ® áä¥à¨ç¥áª ï á¨áâ¥¬  ®¡« ¤ ¥â ¬¥­ìè¨¬ ­ -¡®à®¬ â ª®¢ëå. �â® ¢ëâ¥ª ¥â ¨§ ¬¥­ìè¥£® ç¨á« á¨¬¬¥âà¨© áä¥à¨ç¥áª®© á¨áâ¥¬ë, çâ® ®¡ãá«®¢«¥-­® ­ «¨ç¨¥¬ ¢ íâ®© á¨áâ¥¬¥ âà¨£®­®¬¥âà¨ç¥áª¨åª®íää¨æ¨¥­â®¢.�. �. �¢à ¬¥­ª® 73



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 71 { 74����������� ­ áâ®ïé¥¬ ¨áá«¥¤®¢ ­¨¨ ¯à®¢¥¤¥­  ­ «¨§ á¨¬-¬¥âà¨© ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬  ¢â®¬®¤¥«ì­ëåä®à¬ ¤«ï á¨áâ¥¬ë ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¨�ãàì¥-�¨àå£®ä  ¢ áä¥à¨ç¥áª®© á¨áâ¥¬¥ ª®®à¤¨-­ â. �®ª § ­®, ª ª ­  ®á­®¢¥ á¨¬¬¥âà¨© ¤¨ä-ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¬®¦­® ¯®«ãç¨âì  ¢â®-¬®¤¥«ì­ë¥ ä®à¬ë ¤«ï ¯¥à¥¬¥­­ëå ¨ ãà ¢­¥­¨©,¨á¯®«ì§ãï  ¯¯ à â â¥®à¨¨ £àã¯¯ �¨ [1]. �¨¬-¬¥âà¨¨ ¯®§¢®«ïîâ £¥­¥à¨à®¢ âì  ¢â®¬®¤¥«ì­ë¥ä®à¬ë, ã¤®¡­ë¥ ¤«ï à¥è¥­¨ï ªà ¥¢ëå § ¤ ç «¨¡® ­ «¨â¨ç¥áª¨, «¨¡® ç¨á«¥­­®. �à¨ç¥¬ ç¨á«¥­­®¥¨­â¥£à¨à®¢ ­¨¥ ­  ®á­®¢¥ á®¢à¥¬¥­­ëå ¯à¨ª« ¤-­ëå ¯ ª¥â®¢ (­ ¯à¨¬¥à, "MATHCAD") ­¥ ¢ë§ë-¢ ¥â ­¨ª ª¨å âàã¤­®áâ¥© [14]. �¨¬¬¥âà¨¨ í««¨-¯â¨ç¥áª¨å ãà ¢­¥­¨©, â ª¨å ª ª ¯®«­ë¥ ãà ¢­¥-­¨ï � ¢ì¥-�â®ªá  ¨ �ãàì¥-�¨àå£®ä , ç é¥ ¢á¥£®®¡« ¤ îâ á¨¬¬¥âà¨ï¬¨, ª®â®àë¥ á¯à ¢¥¤«¨¢ë ¨¤«ï ãª®à®ç¥­­ëå ¯ à ¡®«¨ç¥áª¨å  ­ «®£®¢, â ª¨åª ª ãà ¢­¥­¨ï �à ­¤â«ï ¤«ï ¯®£à ­¨ç­®£® á«®ï.�®íâ®¬ã á¨¬¬¥âà¨¨ ¯®«­ëå í««¨¯â¨ç¥áª¨å ãà ¢-­¥­¨© ¬®¦­® ¨á¯®«ì§®¢ âì ¨ ¤«ï ¯®áâà®¥­¨ï  ¢-â®¬®¤¥«ì­ëå ä®à¬ ¯ à ¡®«¨ç¥áª¨å â¥ç¥­¨©. �à¨íâ®¬, ¤ ¦¥ ¥á«¨ ãà ¢­¥­¨¥ ¯®«­®áâìî ­¥ ®â¢¥ç ¥ââ®© ¨«¨ ¨­®© á¨¬¬¥âà¨¨ (¨§-§  ­ «¨ç¨ï ¤®¯®«­¨-â¥«ì­ëå ç«¥­®¢, å à ªâ¥à¨§ãîé¨å ¢«¨ï­¨¥ ¢®§-¬ãé îé¨å ä ªâ®à®¢: ¯à®¤®«ì­ë© £à ¤¨¥­â ¤ -¢«¥­¨ï, ¢¤ã¢, ®âá®á, ªà¨¢¨§­  «¨­¨© â®ª , ­¥á¦¨-¬ ¥¬®áâì ¨ â.¤.), íâã á¨¬¬¥âà¨î ¬®¦­® ¨á¯®«ì§®-¢ âì ¤«ï ª®­áâàã¨à®¢ ­¨ï ç áâ¨ç­®  ¢â®¬®¤¥«ì-­ëå ãà ¢­¥­¨© [3]. � íâ¨ ãà ¢­¥­¨ï ¬®¦­® ¨­-â¥£à¨à®¢ âì ­  ª ¦¤®¬ è £¥ ¬ àè¥¢®© ¯¥à¥¬¥­-­®© ª ª á¨áâ¥¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì-­ëå ãà ¢­¥­¨©.�á­®¢­ ï âàã¤­®áâì ¯à¥¤«®¦¥­­®£® ¬¥â®¤  ¨á-á«¥¤®¢ ­¨ï § ª«îç ¥âáï ¢ á¢ï§ë¢ ­¨¨ ª®­ªà¥â­®© ¢â®¬®¤¥«ì­®© ä®à¬ë (¨«¨ á¨¬¬¥âà¨¨, ª®â®à ï¯®à®¦¤ ¥â íâã ä®à¬ã) á ¨áá«¥¤ã¥¬®© ªà ¥¢®© § -¤ ç¥©, ¯®áª®«ìªã à §«¨ç­ë¥ á¨¬¬¥âà¨¨ £¥­¥à¨àã-îâ à §«¨ç­ë¥  ¢â®¬®¤¥«ì­ë¥ ä®à¬ë ®¤­®© ¨ â®©¦¥ á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ¢ ç áâ-­ëå ¯à®¨§¢®¤­ëå. �¥ áãé¥áâ¢ãîâ ®¤­®§­ ç­®£®áâà®£® ªà¨â¥à¨ï, ª®â®àë© á¢ï§ë¢ « ¡ë ¤ ­­ãî ¢â®¬®¤¥«ì­ãî ä®à¬ã á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨,ª®â®àë¥ ­ ¤® ã¤®¢«¥â¢®à¨âì ¢ ª®­ªà¥â­®© § ¤ ç¥.�®íâ®¬ã ¢ ª ¦¤®¬ ª®­ªà¥â­®¬ á«ãç ¥ ­¥®¡å®¤¨-¬® ­ å®¤¨âì â ª®© ªà¨â¥à¨© ¨§ ¤®¯®«­¨â¥«ì­ëåãá«®¢¨©. � áâ® ã¤ ¥âáï ¨á¯®«ì§®¢ âì § ª®­ë á®-åà ­¥­¨ï ¨¬¯ã«ìá , ¬®¬¥­â  ¨¬¯ã«ìá  ¨«¨ ¯®â®ª ¨¬¯ã«ìá  [9, 10]. �áå®¤ï ¨§ ¯®áâ®ï­áâ¢  ®â¬¥-
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