
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 73 { 76��� 536.24��������� ������ ��������� �����-������� ������� � ���������� �������� ��� �������������� ����������������������� ������. �. ������, �. �. ����������­áâ¨âãâ â¥å­¨ç¥áª®© â¥¯«®ä¨§¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 18.04.03� ¯®¬®éìî £àã¯¯®¢®£®  ­ «¨§  ¯®«ãç¥­ë  ¢â®¬®¤¥«ì­ë¥ ¯¥à¥¬¥­­ë¥ ¨ äã­ªæ¨¨ ¤«ï ¢à é îé¨åáï â¥ç¥­¨© á â¥-¯«®®¡¬¥­®¬ ¢ ª®­¨ç¥áª®¬ § §®à¥ ¨ ­¥áâ æ¨®­ à­®£® â¥¯«®®¡¬¥­  ¢à é îé¥£®áï ¤¨áª . � ááç¨â ­­ë¥ ¯ à ¬¥âàë¯à®ä¨«¥© áª®à®áâ¨ ¨ â¥¬¯¥à âãàë,   â ª¦¥ ç¨á«  �ãáá¥«ìâ  å®à®è® á®£« áãîâáï á ¨§¢¥áâ­ë¬¨ íªá¯¥à¨¬¥­â «ì-­ë¬¨ ¤ ­­ë¬¨.�  ¤®¯®¬®£®î £àã¯®¢®£®  ­ «i§ã ®âà¨¬ ­i  ¢â®¬®¤¥«ì­i §¬÷­­÷ â  äã­ªæiù ¤«ï ®¡¥àâ®¢¨å â¥çi© § â¥¯«®®¡¬i­®¬ ãª®­iç­®¬ã § §®ài â  ­¥áâ æi®­ à­®£® â¥¯«®®¡¬i­ã ®¡¥àâ®¢®£® ¤¨áªã. �®§à å®¢ ­i ¯ à ¬¥âà¨ ¯à®äi«i¢ è¢¨¤ª®áâi â â¥¬¯¥à âãà¨,   â ª®¦ ç¨á«  �ãáá¥«ìâ  ¤®¡à¥ ã§£®¤¦ãîâìáï § ¢i¤®¬¨¬¨ ¥ªá¯¥à¨¬¥­â «ì­¨¬¨ ¤ ­¨¬¨.Using group analysis, self-similar variables and functions for rotating 
ows with heat transfer in a conical gap and transientheat transfer of a rotating disk were obtained. Computed parameters of velocity and temperature pro�les, as well as theNusselt numbers, agree well with experimental data.���������¥¯«®®¡¬¥­ ¨ £¨¤à®¤¨­ ¬¨ª  ¢ § §®à å ¬¥¦¤ã¤¨áª®¬ ¨ ª®­ãá®¬, ª á îé¨¬áï ¤¨áª  á¢®¥© ¢¥à-è¨­®©, ï¢«ïîâáï ¢ ¦­®© äã­¤ ¬¥­â «ì­®© ¨ ¯à¨-ª« ¤­®© § ¤ ç¥© [1{4]. �¥ç¥­¨ï ¢ § §®à¥ ¬¥¦-¤ã ¢à é îé¨¬áï ª®­ãá®¬ ¨ ­¥¯®¤¢¨¦­ë¬ ¤¨áª®¬¨á¯®«ì§ãîâáï ¢ ¢¨áª®§¨¬¥âà¨¨ ¨ ¬¥¤¨æ¨­¥ [1{3].�¥â®¤ à §«®¦¥­¨ï ¢ àï¤ ¯® ¬ «®¬ã ¯ à ¬¥âàã ¯®-§¢®«¨« ¯®«ãç¨âì â¥®à¥â¨ç¥áª®¥ à¥è¥­¨¥ ã¯à®é¥­-­ëå ãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¤«ï ¬ «ëå ã£«®¢ ª®-­ãá­®áâ¨ § §®à  (¬¥­¥¥ 5o) [2, 3]. �¨ ®¤­  ¨§ ¨§-¢¥áâ­ëå à ¡®â ­¥ á®¤¥à¦¨â ¤ ­­ëå ¤«ï ®¤­®¢à¥-¬¥­­® ¢à é îé¨åáï ¤¨áª  ¨ ª®­ãá ,   â ª¦¥ à¥-§ã«ìâ â®¢ ¤«ï â¥¯«®®¡¬¥­ .�¥áâ æ¨®­ à­ë© â¥¯«®®¡¬¥­ ¢à é îé¨åáï ¤¨á-ª®¢ ¨¬¥¥â ¬¥áâ® ¢ á¨áâ¥¬ å ®å« ¦¤¥­¨ï ¤¨áª®¢âãà¡®¬ è¨­, ª®¬¯ìîâ¥à®¢ ¨ ¤àã£¨å [5]: ­¥áâ æ¨-®­ à­ë¬¨ ï¢«ïîâáï ¯à®æ¥ááë ¯à¨ ¢ª«îç¥­¨¨ ¨«¨¢ëª«îç¥­¨¨ ãáâà®©áâ¢ ¨ àï¤ ¬¥â®¤¨ª ®¯à¥¤¥«¥­¨ïª®íää¨æ¨¥­â®¢ â¥¯«®®â¤ ç¨ ¤¨áª .� ¤ ç¥© ­ áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ¯®«ãç¥­¨¥ ¢â®¬®¤¥«ì­®© ä®à¬ë ¤«ï áâ æ¨®­ à­ëå ãà ¢­¥-­¨© � ¢ì¥-�â®ªá  ¨ í­¥à£¨¨ ¤«ï ª®­¨ç¥áª®£® § §®-à ,   â ª¦¥ ¤«ï ­¥áâ æ¨®­ à­®£® ãà ¢­¥­¨ï í­¥à-£¨¨ ¤«ï ¢à é îé¥£®áï ¤¨áª .

1. �������� ������à ¢­¥­¨ï � ¢ì¥-�â®ªá , ­¥à §àë¢­®áâ¨ ¨ â¥-¯«®¢®£® ¯®£à ­¨ç­®£® á«®ï ¢ ®á¥á¨¬¬¥âà¨ç­®© ¯®-áâ ­®¢ª¥ ¤«ï æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â ¨¬¥îâ¢¨¤ vr @vr@r + vz @vr@z � v2'r = �1� @p@r++��@2vr@r2 + 1r @vr@r � vrr2 + @2vr@z2 � ; (1)vr @v'@r + vz @v'@z + vrv'r == ��@2v'@r2 + 1r @v'@r � v'r2 + @2v'@z2 � ; (2)vr @vz@r + vz @vz@z = �1� @p@z++��@2vz@r2 + 1r @vz@r + @2vz@z2 � ; (3)@vr@r + vrr + @vz@z = 0; (4)@T@t + vr @T@r + vz @T@z = a@2T@z2 : (5)�«ï ®¡¥¨å § ¤ ç ãà ¢­¥­¨ï (1){(4) áâ æ¨®­ à­ë;c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 73 { 76¤«ï ª®­¨ç¥áª®£® § §®à  ¯à¥­¥¡à¥£ ¥¬ â ª¦¥ ¯à®-¨§¢®¤­®© ¯® ¢à¥¬¥­¨ t ¢ ãà ¢­¥­¨¨ (5). �à ­¨ç­ë¥ãá«®¢¨ï ¤«ï § ¤ ç¨ ¢ ª®­¨ç¥áª®¬ § §®à¥ ¨¬¥îâ ¢¨¤z = 0 :vr = 0; vz = 0; v' = 
r; Tw � T1 = c0rn� ; (6)z = h : vr = 0; vz = 0; v' = !r; Tw = T1: (7)�¤¥áì vr , v' ¨ vz { á®áâ ¢«ïîé¨¥ áª®à®áâ¨ ¤«ï æ¨-«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â r, ' ¨ z á®®â¢¥âáâ¢¥­­®(­  ¤¨áª¥ z = 0); p { áâ â¨ç¥áª®¥ ¤ ¢«¥­¨¥; T {â¥¬¯¥à âãà ; 
 ¨ ! { ã£«®¢ë¥ áª®à®áâ¨ ¢à é¥­¨ï¤¨áª  ¨ ª®­ãá , á®®â¢¥âáâ¢¥­­®; h = h(r) { ¢ëá®â § §®à ; � ¨ a { ª¨­¥¬ â¨ç¥áª ï ¢ï§ª®áâì ¨ â¥¬¯¥-à âãà®¯à®¢®¤­®áâì; ¨­¤¥ªáë "w" ¨ "1" ®§­ ç îâãá«®¢¨ï ­  ¤¨áª¥ ¨ ­  ¤®áâ â®ç­®¬ ã¤ «¥­¨¨ ®â ­¥-£®; c0 ¨ n� { ª®­áâ ­âë.�¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¢ ç áâ­ëå ¯à®-¨§¢®¤­ëå (1){(5) á ¯®¬®éìî  ¢â®¬®¤¥«ì­ëå ¯¥-à¥¬¥­­ëå ¬®¦­® à¥¤ãæ¨à®¢ âì ª á¨áâ¥¬¥ ®¡ëª-­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, ®â­®á¨-â¥«ì­® «¥£ª® à¥è ¥¬®© ç¨á«¥­­® á ¯®¬®éìî ¯à¨-ª« ¤­ëå ¬ â¥¬ â¨ç¥áª¨å ¯ ª¥â®¢ ("Mathcad" ¨¤à.) [4{8]. �«ï ­ å®¦¤¥­¨ï  ¢â®¬®¤¥«ì­ëå ¯¥-à¥¬¥­­ëå ¨á¯®«ì§ã¥¬ ¨­ä¨­¨â¥§¨¬ «ì­ë© £¥­¥-à â®à, ª®â®àë© ®¯¨áë¢ ¥â á¨¬¬¥âà¨¨ ãà ¢­¥­¨©¤¢¨¦¥­¨ï ¨ â¥¯«®®¡¬¥­  (1){(5) ¢ æ¨«¨­¤à¨ç¥áª¨åª®®à¤¨­ â å [7]:q = [C12t+ C6] @t + C1r@r + [C1z + C3 +C7z] @z��C1vr@vr + [C7vz � C1vz] @vz �C1v'@v'++ [�C1NT +C7T ]@T + [C4� (t)� C12p]@p; (8)£¤¥ N { ¯à®¨§¢®«ì­ ï ª®­áâ ­â , � { ¯à®¨§¢®«ì­ ïäã­ªæ¨ï ¢à¥¬¥­¨, C1, C3, C4, C6 ¨ C7 { ª®­áâ ­âë,å à ªâ¥à¨§ãîé¨¥ à §«¨ç­ë¥ â¨¯ë á¨¬¬¥âà¨©.�«ï ¯®áâà®¥­¨ï  ¢â®¬®¤¥«ì­®© ¯¥à¥¬¥­­®©�(r; z) ­¥®¡å®¤¨¬® ­  ®á­®¢¥ q1 § ¯¨á âì ãà ¢­¥-­¨¥ ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå, á®¤¥à¦ é¥¥ â®«ìª®­¥§ ¢¨á¨¬ë¥ ¯¥à¥¬¥­­ë¥ [7]:r@�(r; z)@r + z @�(r; z)@z = 0: (9)�¥è¥­¨¥ ãà ¢­¥­¨ï (9) ¬¥â®¤®¬ å à ªâ¥à¨áâ¨ª¤ ¥â � = zr : (10)�­ «®£¨ç­ë¬ ®¡à §®¬ ­ å®¤¨¬ ¢ëà ¦¥­¨ï ¤«ï ¢â®¬®¤¥«ì­ëå äã­ªæ¨©, ¢ë¡à ¢ ¢ ª ç¥áâ¢¥ ¯ à -¬¥âà¨ç¥áª®© ¯¥à¥¬¥­­®© ¬ àè¥¢ãî ª®®à¤¨­ âã r:

F (�) = vrr� ;G(�) = v'r� ;H(�) = vzrv ;P (�) = pr2��2 ;�(�) = T � T1Tw � T1 : (11)�®¤áâ ¢«ïï ¢ëà ¦¥­¨ï (11) ¢ ãà ¢­¥­¨ï (1){(5)¨ ®¯ãáª ï ç«¥­ë, á®¤¥à¦ é¨¥ ¯à®¨§¢®¤­ë¥ ¯® r,¨¬¥¥¬ á¨áâ¥¬ã ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨:F 2 + G2 + 2P + F 0L+ �P 0 + F 00M = 0; (12)G0L +G00M = 0; (13)P 0 �H(1 + F )�H 0L �H 00M = 0; (14)H 0 � �F 0 = 0; (15)�00 = Pr [n�F�+ �0(H � �F )] ; (16)� = 0 : F = H = 0; G = G0;� = 1; (1)� = �1 : F = H = 0; G = G1;� = 0; (2)£¤¥ M = 1 + �2; L = 3� + �F � H; G0 = Re
;G1 = Re!; Re
 = 
r2=�; Re! = !r2=�; �1 = h=r;Pr = �=a { ç¨á«® �à ­¤â«ï. �­¤¥ªáë "0" ¨ "1"®§­ ç îâ ãá«®¢¨ï ¯à¨ � = 0 ¨ � = 1 á®®â¢¥âáâ¢¥­-­®. �¤¥áì ¨ ­¨¦¥ èâà¨å¨ ®¡®§­ ç îâ ¯à®¨§¢®¤-­ë¥ ¯® ª®®à¤¨­ â¥ �. �®ª «ì­®¥ ç¨á«® �ãáá¥«ìâ à ááç¨âë¢ ¥âáï ¯® á®®â­®è¥­¨ï¬:Nu = ��0�=0;Nu = K1Re1=2! ; (19)£¤¥ Nu = qwr=[�(Tw � T1)]; qw { â¥¯«®¢®© ¯®â®ª­  ¤¨áª¥; � { ª®íää¨æ¨¥­â â¥¯«®¯à®¢®¤­®áâ¨.�¨áâ¥¬  (12)-(14) à¥è « áì á ¯®¬®éìî ¯ ª¥â MathCAD ¯à¨ Re = 1; �1 = 0:0698; Pr = 0:71 (¢®§-¤ãå), £¤¥ Re = Re!�21=12 ¨«¨ Re = Re
�21=12.�®ç­®áâì ¬®¤¥«¨à®¢ ­¨ï á®áâ ¢«ïîé¨å áª®à®-áâ¨ ¨««îáâà¨àã¥âáï à¥§ã«ìâ â ¬¨ à áç¥â  ã£« § ªàãâª¨ ¯®â®ª  'w = arctg (�F 0w=G0w) ­  ¯®¢¥àå-­®áâ¨ ­¥¯®¤¢¨¦­®£® ¤¨áª  ¯à¨ ¢à é îé¥¬áï ª®-­ãá¥. � áç¥â­ë¥ ¤ ­­ë¥ å®à®è® á®£« áãîâáï áíªá¯¥à¨¬¥­â «ì­ë¬¨ [2] (à¨á. 1).� ª á«¥¤ã¥â ¨§ à¨á. 2, ¯à¨ ¢à é îé¥¬áï ª®-­ãá¥ ¨ ­¥¯®¤¢¨¦­®¬ ¤¨áª¥ â¥ç¥­¨¥ ï¢«ï¥âáï æ¥­-âà®¡¥¦­ë¬ ­  ª®­ãá¥ ¨ æ¥­âà®áâà¥¬¨â¥«ì­ë¬ ­ ¤¨áª¥ (ªà¨¢ ï 1); ¯à¨ ¢à é îé¥¬áï ¤¨áª¥ ¨ ­¥¯®-¤¢¨¦­®¬ ª®­ãá¥ ­ ¯à ¢«¥­¨¥ â¥ç¥­¨© ¨§¬¥­ï¥âáï74 �.�. �¥¢çãª, �. �. �¢à ¬¥­ª®
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�¨á. 1. �£®« § ªàãâª¨ ¯®â®ª  ­  ¯®¢¥àå­®áâ¨­¥¯®¤¢¨¦­®£® ¤¨áª  ¯à¨ ¢à é îé¥¬áï ª®­ãá¥:1 { ãà ¢­¥­¨ï (12)-(15), 2 { íªá¯¥à¨¬¥­â [2],Re = Re!�21=12

�¨á. 2. �à®ä¨«¨ à ¤¨ «ì­®© (1{3), â ­£¥­æ¨ «ì­®©(4) áª®à®áâ¨ ¨ â¥¬¯¥à âãàë (5) ¢ § §®à¥ ¯à¨�1 = 0:0698, Re = 1: 1 { vr=(!r) ¯à¨ Re! = 2463 ¨
 = 0; 2 { vr=(
r) ¯à¨ Re
 = 2463 ¨ ! = 0; 3 {vr=(!r) ¯à¨ Re! = �Re
 = 2463; 4 { v'=(!r) ¯à¨Re! = 2463 ¨ 
 = 0; 5 { � ¯à¨ Re! = 2463 ¨ 
 = 0,Pr = 0:71, n� = 2.­  ¯à®â¨¢®¯®«®¦­®¥ (ªà¨¢ ï 2); ¯à¨ ¯à®â¨¢®¯®-«®¦­® ¢à é îé¨åáï ¤¨áª¥ ¨ ª®­ãá¥ â¥ç¥­¨¥ ï¢«ï-¥âáï æ¥­âà®¡¥¦­ë¬ ¢¡«¨§¨ ®¡¥¨å ¯®¢¥àå­®áâ¥© ¨æ¥­âà®áâà¥¬¨â¥«ì­ë¬ ã á¥à¥¤¨­ë § §®à  (ªà¨¢ ï3). � ­£¥­æ¨ «ì­ ï ª®¬¯®­¥­â  áª®à®áâ¨ ¨§¬¥­ï-¥âáï ¯à ªâ¨ç¥áª¨ «¨­¥©­® ¬¥¦¤ã §­ ç¥­¨ï¬¨ ­ £à ­¨æ å § §®à ,   ¡¥§à §¬¥à­ ï â¥¬¯¥à âãà  ¬®-­®â®­­® ã¡ë¢ ¥â ®â 1 ­  ¤¨áª¥ ¤® 0 ­  ª®­ãá¥ (á¬.à¨á. 2).�«ï ­¥¯®¤¢¨¦­®£® ¤¨áª  ¯à¨ ¢à é îé¥¬áï ª®-­ãá¥ ¯®«ãç¥­® Nu = 15:28; 13:40;9:35 ¨ K1 =0:308; 0:270; 0:188 ¯à¨ n� = �1; 0; 2 á®®â¢¥âáâ¢¥­-­®, çâ® á®¯®áâ ¢¨¬® á ¤ ­­ë¬¨ ¤«ï á¢®¡®¤­®£®¢à é îé¥£®áï ¤¨áª , £¤¥ K1 = 0:189; 0:326; 0:519¯à¨ â¥å ¦¥ n� [7]. �®­áâ ­â  K1 ã¬¥­ìè ¥âáïá à®áâ®¬ n�, â ª ª ª §­ ª¨ vr ¨ dTw=dr ¯à®â¨-

¢®¯®«®¦­ë. �«ï ¢à é îé¥£®áï ¤¨áª  ¯à¨ ­¥¯®-¤¢¨¦­®¬ ª®­ãá¥ ¯®«ãç¥­® Nu = 13:33; 15:35; 19:13¨ K1 = 0:269; 0:309; 0:386 ¯à¨ â¥å ¦¥ n�, â® ¥áâì¢ íâ®¬ á«ãç ¥ ¯à¨ ã¢¥«¨ç¥­¨¨ n� ª®­áâ ­â  K1¢®§à áâ ¥â, å®âï ¨ ¬¥¤«¥­­¥¥, ç¥¬ ¢ á«ãç ¥ á¢®-¡®¤­®£® ¢à é îé¥£®áï ¤¨áª . �à¨ ¯à®â¨¢®¯®-«®¦­® ¢à é îé¨åáï ¤¨áª¥ ¨ ª®­ãá¥ ¨¬¥¥¬ Nu =14:21; 14:44; 14:85 ¨ K1 = 0:286; 0:291; 0:299 ¯à¨n� = �1; 0; 2, â® ¥áâì ç¨á«® �ãáá¥«ìâ  à áâ¥â áà®áâ®¬ n�.�«ï ¯®áâà®¥­¨ï  ¢â®¬®¤¥«ì­ëå ä®à¬ ­¥áâ æ¨-®­ à­®£® â¥¯«®®¡¬¥­  á¢®¡®¤­®£® ¢à é îé¥£®áï¤¨áª  «®£¨ç­® ¨á¯®«ì§®¢ âì âã ¦¥ á¨¬¬¥âà¨î q1¨­ä¨­¨â¥§¨¬ «ì­®£® £¥­¥à â®à  (8), ­® ¢ ª ç¥áâ¢¥¯ à ¬¥âà¨ç¥áª®© ¯¥à¥¬¥­­®© ¨á¯®«ì§®¢ âì ¢à¥¬ït. �®¢â®àïï à áç¥âë  ¢â®¬®¤¥«ì­ëå ä®à¬ ¯® áå¥-¬¥, ¯à¨¢¥¤¥­­®© ¢ëè¥, ­ å®¤¨¬� = z=(�t)1=2;H(�) = vz(t=�)1=2: (20)� à¥§ã«ìâ â¥  ¢â®¬®¤¥«ì­®¥ ãà ¢­¥­¨¥ â¥¯«®¢®-£® ¯®£à ­¨ç­®£® á«®ï ¤«ï ¨§®â¥à¬¨ç¥áª®£® ¤¨áª ¨ £à ­¨ç­ë¥ ãá«®¢¨ï ¨¬¥îâ ¢¨¤�00 = Pr[g�� +�0(H � �=2)]; (21)� = 1j�=0 ; � = 0j�!1 : (22)�¤¥áìg� = � tFt� ��dFtdt � ; Ft(t) = Tw(t)� T1Tw;i � T1 ;£¤¥ Tw;i = const { â¥¬¯¥à âãà  ¤¨áª  ¢ ­ ç «ì-­ë© ¬®¬¥­â ¢à¥¬¥­¨, èâà¨å¨ ®¡®§­ ç îâ ¯à®¨§-¢®¤­ë¥ ¯® �.�«ï ¯®«ã¡¥áª®­¥ç­®£® â¥«  ¢ ­ ¯à ¢«¥­¨¨ z ¯à¨®âáãâáâ¢¨¨ à ¤¨ «ì­®© â¥¯«®¯à®¢®¤­®áâ¨ ¨¬¥¥¬[9]: Ft(t) = Tw(t) � T1Tw;i � T1 = exp(
2) � erfc (
);g� = 
2 � 
=(�1=2Ft): (23)�ëà ¦¥­¨ï ¤«ï ª®­áâ ­âë K1 ¨ ¯ à ¬¥âà  
á«¥¤ãîé¨¥:K1 = � �d�d� ������=0 = 1p!t �d�d� ������=0 ;
 = K1Pr1=2�awa �1=2 ��wp
t; (24)�.�. �¥¢çãª, �. �. �¢à ¬¥­ª® 75
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�¨á. 3. �§¬¥­¥­¨¥ K1 ¨ Ft ¢ § ¢¨á¨¬®áâ¨ ®â 
:1 { K1; 2 { Ft(t), ä®à¬ã«  (23)£¤¥ � = zp
=�; ¨­¤¥ªá "w" ®§­ ç ¥â ä¨§¨ç¥áª¨¥á¢®©áâ¢  ¤¨áª . �ã­ªæ¨ï H(�) ¢ ¢ëà ¦¥­¨¨ (20)­¥ § ¢¨á¨â ®â ¢à¥¬¥­¨ ¨ ­ å®¤¨âáï ¢ à¥§ã«ìâ -â¥ à¥è¥­¨ï áâ æ¨®­ à­®©  ¢â®¬®¤¥«ì­®© á¨áâ¥¬ëãà ¢­¥­¨© � ¢ì¥-�â®ªá  ¤«ï ¢à é îé¨åáï ¤¨áª®¢[4, 5, 8], ¢ ª®â®à®© ¢à¥¬ï t ¨£à ¥â à®«ì ¯ à ¬¥-âà¨ç¥áª®© ®¡¥§à §¬¥à¨¢ îé¥© ¯¥à¥¬¥­­®© ¢¬¥-áâ® 1=
. �à ­¨ç­ë¬ ãá«®¢¨¥¬ ¤«ï â ­£¥­æ¨ «ì­®©ª®¬¯®­¥­âë áª®à®áâ¨ ­  ¤¨áª¥ ï¢«ï¥âáï v't=r = 
t¢¬¥áâ® v'=(
r) = 1.� áç¥âë ¯à®¢¥¤¥­ë ¯à¨ ! = 52:36 1/á (500®¡/¬¨­), �w = 0:19 �â/(¬2��), aw = 1:086 � 10�7¬2/á (¯«¥ªá¨£« á); ¤«ï ¢®§¤ãå  [8] � = 0:02624�â/(¬2��), a = 2:216 �10�5 ¬2/á (¢®§¤ãå). �à¨ ¢ë-ç¨á«¥­¨¨ 
 ¨á¯®«ì§®¢ ­® áâ æ¨®­ à­®¥ §­ ç¥­¨¥K1 = 0:326, ç¥¬ã á®®â¢¥âáâ¢ã¥â 
 = 0:0768p
t.� ª ¯®ª §ë¢ îâ ¤ ­­ë¥ à¨á. 3, ¢¥«¨ç¨­  K1(¨ ç¨á«® �ãáá¥«ìâ ) ¯à¨­¨¬ ¥â §­ ç¥­¨ï, á®®â-¢¥âáâ¢ãîé¨¥ áâ æ¨®­ à­ë¬ ãá«®¢¨ï¬, ®ç¥­ì ¡ë-áâà®, â® ¥áâì ¯à¨ 
 � 0:122 ¨«¨ t � 19 á; ¯à¨íâ®¬ Ft(t) � 0:876. �â® ¯®¤â¢¥à¦¤ ¥â ®¡®á­®¢ ­-­®áâì ¨á¯®«ì§®¢ ­¨ï ­¥áâ æ¨®­ à­ëå ¬¥â®¤¨ª ¨§-¬¥à¥­¨ï ª®íää¨æ¨¥­â  â¥¯«®®â¤ ç¨, áç¨â îé¥£®-áï ¯à¨ íâ®¬ áâ æ¨®­ à­ë¬ ¯ à ¬¥âà®¬.
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