
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 65 { 70��� 531/534.57��������������� ���������������������������� ���� � ����������������������������� �������� �� ���������. T. ��������, �. �. �������������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢���à ­á¯®àâ­ë© ã­¨¢¥àá¨â¥â, �­¥¯à®¯¥âà®¢áª�o«ãç¥­® 19.11.2003�áá«¥¤ã¥âáï à á¯à®áâà ­¥­¨¥ ­¥ãáâ ­®¢¨¢è¨åáï ¢®«­ ¢ ¯®«ã¡¥áª®­¥ç­®© æ¨«¨­¤à¨ç¥áª®© ®¡®«®çª¥ ¯à¨ ­ «¨ç¨¨ ­ ­¥ª®â®à®¬ à ááâ®ï­¨¨ ®â â®àæ  ã¯àã£®© ¢áâ ¢ª¨. �à¥¤¯®« £ ¥âáï, çâ® ¬ â¥à¨ « ®¡®«®çª¨ ¢ï§ª®ã¯àã£¨©, ¦¨¤ª®áâì¢ï§ª ï ­¥á¦¨¬ ¥¬ ï. �¢¨¦¥­¨¥ ®¡®«®çª¨ ®¯¨áë¢ ¥âáï ãà ¢­¥­¨ï¬¨ â¥®à¨¨ ®¡®«®ç¥ª �¨àå£®ä -�ï¢ , ¤¢¨¦¥­¨¥¦¨¤ª®áâ¨ { ãà ¢­¥­¨ï¬¨, ®áà¥¤­¥­­ë¬¨ ¯® ¯®¯¥à¥ç­®¬ã á¥ç¥­¨î. � ¤ ç  à¥è ¥âáï ¯à¥®¡à §®¢ ­¨¥¬ � ¯« á ¯® ¢à¥¬¥­¨ á ¯®á«¥¤ãîé¨¬ ç¨á«¥­­ë¬ ®¡à é¥­¨¥¬. �à®¢®¤¨âáï  ­ «¨§ ç¨á«¥­­ëå à¥§ã«ìâ â®¢ ¤«ï à ¤¨ «ì­®£®¯¥à¥¬¥é¥­¨ï ®¡®«®çª¨ ¯à¨ ­ «¨ç¨¨ ã¯àã£®© ¢áâ ¢ª¨.�®á«÷¤¦ãõâìáï à®§¯®¢áî¤¦¥­­ï ­¥ãáâ «¥­¨å å¢¨«ì ã ­ ¯÷¢­¥áª÷­ç¥­÷© æ¨«÷­¤à¨ç­÷© ®¡®«®­æ÷ ¯à¨ ­ ï¢­®áâ÷ ­  ¤¥ïª÷©¢÷¤áâ ­÷ ¢÷¤ â®àæï ¯àã¦­®ù ¢â ¢ª¨. �à¨¯ãáª õâìáï, é® ¬ â¥à÷ « ®¡®«®­ª¨ ¢'ï§ª®¯àã¦­¨©, à÷¤¨­  ¢'ï§ª  ­¥áâ¨á«¨-¢ . �ãå ®¡®«®­ª¨ ®¯¨áãõâìáï à÷¢­ï­­ï¬¨ �¨àå£®ä -�ï¢ , àãå à÷¤¨­¨ { à÷¢­ï­­ï¬¨, é® ®á¥à¥¤­¥­÷ §  ¯®¯¥à¥ç­¨¬¯¥à¥â¨­®¬. � ¤ ç  à®§¢'ï§ãõâìáï §  ¤®¯®¬®£®î ¯¥à¥â¢®à¥­­ï � ¯« á  ã ç á÷ § ­ áâã¯­¨¬ ç¨á¥«ì­¨¬ §¢¥àâ ­­ï¬.� ¢¥¤¥­®  ­ «÷§ ç¨á¥«ì­¨å à¥§ã«ìâ â÷¢ ¤«ï à ¤÷ «ì­®£® ¯¥à¥¬÷é¥­­ï ®¡®«®­ª¨ ¯à¨ ­ ï¢­®áâ÷ ¯àã¦­®ù ¢áâ ¢ª¨.Unsteady wave propagation from the end face of a semi-in�nite cylindrical shell in the presence of insertion at somedistance is investigated. It is assumed that the shell material is viscoelastic and 
uid is viscous. The motion of shell isdescribed by the Kirchho�-Love theory, the 
uid motion by the equations averaged over the cross-section. The problemis solved by the Laplace transform in time with a consequent numerical inversion. The analysis of numerical results forshell radial displacement in the presence of elastic insertion is carried out.��������� á¯à®áâà ­¥­¨¥ £¨¤à®ã¯àã£¨å ¢®«­ ¢ æ¨-«¨­¤à¨ç¥áª®© ®¡®«®çª¥, § ¯®«­¥­­®© ¦¨¤ª®áâìî,¯à¥¤áâ ¢«ï¥â ¡®«ìè®© ­ ãç­ë© ¨ ¯à¨ª« ¤­®© ¨­-â¥à¥á ª ª ¢ ¨­¦¥­¥à­ëå ¯à¨«®¦¥­¨ïå, â ª ¨ ¢ £¥-¬®¤¨­ ¬¨ª¥. � ­¥ á«ãç ©­® íâ  ¯à®¡«¥¬  ¡ë« ¯à¥¤¬¥â®¬ ¬­®£®ç¨á«¥­­ëå ¨áá«¥¤®¢ ­¨© [2-4, 6,9-11], áà¥¤¨ ª®â®àëå ®â¬¥â¨¬ [12], £¤¥ ¯à¨¢¥¤¥­ ®¡è¨à­ ï «¨â¥à âãà , å à ªâ¥à¨§ãîé ï á®áâ®ï-­¨¥ ¯à®¡«¥¬ë,   â ª¦¥ ¯®ª § ­®, çâ® ¢ ¬¥áâ åáâëª  á®áã¤®¢ ¨¬¥¥â ¬¥áâ® á¨«ì­ ï ª®­æ¥­âà æ¨ïá¤¢¨£®¢ëå ¨ ¨§£¨¡­ëå ­ ¯àï¦¥­¨©.�¥®¡å®¤¨¬® ®â¬¥â¨âì ¨ à ¡®âã [6], ¢ ª®â®à®©¢¯¥à¢ë¥ ¯à®¢¥¤¥­  ®æ¥­ª  ¢«¨ï­¨ï í­¥à£¥â¨ç¥-áª¨å § âà â á¥à¤æ  ¯à¨ ­ «¨ç¨¨ áâ¥­®§  ªà®¢¥-­®á­®£® á®áã¤ . �à¨ ¯¥à¥ªàëâ¨¨ áâ¥­®§®¬ ¯®¯¥-à¥ç­®£® á¥ç¥­¨ï ¤® 50% í­¥à£¥â¨ç¥áª¨¥ § âà âë­¥ á¨«ì­® ¢®§à áâ îâ ¨ á¥à¤æ¥ á¯à ¢«ï¥âáï á â -ª®© ­ £àã§ª®©,   ¯à¨ ¤ «ì­¥©è¥¬ ã¬¥­ìè¥­¨¨ ¯®-¯¥à¥ç­®£® á¥ç¥­¨ï á®áã¤  § ¢¨á¨¬®áâì ®ª §ë¢ -¥âáï áãé¥áâ¢¥­­® ­¥«¨­¥©­®© ¨ í­¥à£¨ï, ­¥®¡å®-¤¨¬ ï ­  ¯à¥®¤®«¥­¨¥ áâ¥­®§ , à¥§ª® ¢®§à áâ ¥â,¯à¨¡«¨¦ ï á¨âã æ¨î ª ªà¨â¨ç¥áª®©.� ­¥¥ ¡ë«¨ à áá¬®âà¥­ë § ¤ ç¨ ¤«ï ¯®«ã¡¥á-ª®­¥ç­®© ®¤­®à®¤­®© ®¡®«®çª¨ [14] ¨ ®¡®«®çª¨ á®áâëª®¬ [5]. �áá«¥¤ã¥¬ ï ¢ ¤ ­­®© áâ âì¥ § ¤ ç 

áãé¥áâ¢¥­­® ãá«®¦­ï¥âáï ¨§-§  ­ «¨ç¨ï ã¯àã£®©¢áâ ¢ª¨ ¢ ®¡®«®çª¥ ­  ­¥ª®â®à®¬ à ááâ®ï­¨¨ ®ââ®àæ  x = 0, ª ª®â®à®¬ã ¯à¨«®¦¥­ ¨¬¯ã«ìá ¤ ¢«¥-­¨ï ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ � = 0. �á­®¢-­®© á®áã¤ å à ªâ¥à¨§ã¥âáï à ¤¨ãá®¬ áà¥¤¨­­®©¯®¢¥àå­®áâ¨ R1, á«¥¢  ®â ¢áâ ¢ª¨ 0 < x < 1 ¨á¯à ¢  x2 < x <1. � ®¡« áâ¨ ¢áâ ¢ª¨ x 2 [x1; x2]à ¤¨ãá áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ à ¢¥­ R2. � ª ï§ ¤ ç  ¬®¦¥â ¬®¤¥«¨à®¢ âì áâ¥­®§ (áã¦¥­¨¥ ªà®-¢¥­®á­®£® á®áã¤ ) R2 < R1 ¯à¨ x 2 [x1; x2] ¨«¨ ¨¬-¯« ­â æ¨î ­¥ª®â®à®£® ãç áâª  á®áã¤  ¢¬¥áâ® ¯®-¢à¥¦¤¥­­®£® R2 > R1 ¨«¨ R2 < R1 ¯à¨ x 2 [x1; x2].1. ���������� �������¢¨¦¥­¨¥ ®¡®«®çª¨ ®¯¨áë¢ ¥âáï ãà ¢­¥­¨ï¬¨â¥®à¨¨ ®¡®«®ç¥ª �¨àå£®ä -�ï¢  á ãç¥â®¬ ¢ï§-ª®ã¯àã£¨å á¢®©áâ¢ á®£« á­® ¬®¤¥«¨ �¥«ì¢¨­ -�®©£â . � §«¨ç­ë¥ ¯à¨¬¥­ï¥¬ë¥ ¬®¤¥«¨ ¢ï§ª®-ã¯àã£®áâ¨ ¯à¥¤áâ ¢«¥­ë ¢ [13]. � á«ãç ¥ ®á¥á¨¬-¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¬ â¥¬ â¨ç¥áª ï ¯®áâ ­®¢-ª  § ¤ ç¨ ¢ ¡¥§à §¬¥à­®© ä®à¬¥ ¯à¥¤áâ ¢«ï¥âáï ¢á«¥¤ãîé¥¬ ¢¨¤¥:¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ®¡®«®çª¨L1iuxi + L2iuri = �4k0iRe vi; (1)c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 65 { 70L3iuxi + L4iuri = �k0ipi; (i = 1; 2; 3); (2)¤¨ää¥à¥­æ¨ «ì­ë¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨[1, 14], ¢ëà ¦ îé¨¥ § ª®­ á®åà ­¥­¨ï ¨¬¯ã«ìá  ¨§ ª®­ á®åà ­¥­¨ï ¬ ááë@vi@� + R0i@pi@x = � 8Revi; (3)aiR0i@pi@� + @vi@x + 2R0i@�uri@� = 0; (4)£à ­¨ç­ë¥ ãá«®¢¨ï ­  â®àæ¥ (x=0) â¨¯  á¢®¡®¤­®-£® ®¯¨à ­¨ï â®àæ , ¢ëà ¦ îé¨¥ à ¢¥­áâ¢® ­ã«îà ¤¨ «ì­®£® ¯¥à¥¬¥é¥­¨ï ¨ ¨§£¨¡ îé¥£® ¬®¬¥­â ¨ ®âáãâáâ¢¨¥ ®á¥¢ëå ¤¥ä®à¬ æ¨©,   â ª¦¥ ¯à¨«®-¦¥­¨¥ ¨¬¯ã«ìá  ¤ ¢«¥­¨ï�ur1 (�; �x) ����x=0 = @ux1@x ����x=0 = @2ur1@x2 ����x=0 = 0 ; (5)p1 (�; �x) jx=0 = f (� ) ;ãá«®¢¨ï á®¯àï¦¥­¨ï ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ x=x1,¢ëà ¦ îé¨¥ à ¢¥­áâ¢® ®áà¥¤­¥­­ëå áª®à®áâ¥© ¨¤ ¢«¥­¨© ¦¨¤ª®áâ¨,   â ª¦¥ à ¢¥­áâ¢® à ¤¨ «ì-­¨å ¨ ®á¥¢ëå ¯¥à¥¬¥é¥­¨© ®¡®«®çª¨, ã£«®¢ ¯®¢®-à®â , ¨§£¨¡ îé¨å ¬®¬¥­â®¢ ¨ ¯®¯¥à¥ç­ëå á¤¢¨-£®¢ëå á¨«v1 jx=x1 = v2 jx=x1 ; p1 jx=x1 = p2 jx=x1 ;ur1 jx=x1 = ur2 jx=x1 ; ux1 jx=x1 = ux2 jx=x1 ; (6)@ur1@x ���x=x1 = @ur2@x ���x=x1 ;E01H301@2ur1@x2 ���x=x1 = E02H302@2ur2@x2 ���x=x1 ;E01H301@3ur1@x3 ���x=x1 = E02H302@3ur2@x3 ���x=x1 ;E01H01�@ux1@x � �0R01ur1������x=x1 == E02H02�@ux2@x � �0R02ur2������x=x1 ;ãá«®¢¨ï á®¯àï¦¥­¨ï ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ x=x2v2 jx=x2 = v3 jx=x2 ; p2 jx=x2 = p3 jx=x2 ;ur2 jx=x2 = ur3 jx=x2 ; ux2 jx=x2 = ux3 jx=x2 ; (7)@ur2@x ���x=x2 = @ur3@x ���x=x2 ;E02H302@2ur2@x2 ���x=x2 = E03H303@2ur3@x2 ���x=x2 ;

E02H302@3ur2@x3 ���x=x2 = E03H303@3ur3@x3 ���x=x2 ;E02H02�@ux2@x � �0R02ur2������x=x2 == E03H03�@ux3@x � �0R03ur3������x=x2 ;ãá«®¢¨ï à¥£ã«ïà­®áâ¨ ¯à¨ jxj ! 1:ux3 (�; x) = ur3 (�; x) = p3 (�; x) = v3 (�; x)! 0;(8)­ ç «ì­ë¥ ãá«®¢¨ï, ¢ëà ¦ îé¨¥ à ¢¥­áâ¢® ­ã«î¨áª®¬ëå äã­ªæ¨© ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨� = 0, vi (�; x)j�=0 = pi (�; x)j�=0 = 0;uxi (�; x)j�=0 = uri (�; x)j�=0 = @uxi@� �����=0 == @uri@� �����=0 = 0: (9)� ãà ¢­¥­¨ïå (1)-(4) ¨ ãá«®¢¨ïå (5){(9) ¢á¥ ¨áª®-¬ë¥ äã­ªæ¨¨ § ¢¨áïâ ®â ¯à®¤®«ì­®© ª®®à¤¨­ âëx ¨ ¢à¥¬¥­¨ � ¨ ¯à¨­ïâë ®¡®§­ ç¥­¨ï: ux ¨ ur{ ¯à®¤®«ì­®¥ ¨ à ¤¨ «ì­®¥ ¯¥à¥¬¥é¥­¨ï ®¡®«®çª¨á®®â¢¥âáâ¢¥­­®; v { ¯à®¤®«ì­ ï ®áà¥¤­¥­­ ï áª®-à®áâì ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨; p { ®áà¥¤­¥­­®¥ ¤ ¢«¥-­¨¥ ¦¨¤ª®áâ¨; L1; L2; L3; L4 { ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¥ ¢ï§ª®ã¯àã£¨¥ ¤¨ää¥à¥­æ¨ «ì­ë¥ ®¯¥-à â®àë (¯à¨¢¥¤¥­ë ­¨¦¥); f(� ) { § ¤ ­­ë© ¨¬-¯ã«ìá ¤ ¢«¥­¨ï; Ei(i = 1; 2; 3) { ¬®¤ã«ì �­£ ;hi(i = 1; 2; 3) { â®«é¨­  ®¡®«®çª¨; Ri(i = 1; 2; 3){ à ¤¨ãá áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ ®¡®«®çª¨; �i ¨ &i{ ª®íää¨æ¨¥­âë ¢ï§ª®áâ¨ ®¡®«®çª¨; �0 { ª®íää¨-æ¨¥­â �ã áá®­ ; �0 - ¯«®â­®áâì. �¥«¨ç¨­ë v1, p1,ux1, ur1 ®¯à¥¤¥«ïîâáï ¢ ®¡« áâ¨ 0 < x < x1, ¢¥-«¨ç¨­ë v2, p2, ux2, ur2 { ¢ ®¡« áâ¨ x1 < x < x2,¢¥«¨ç¨­ë v3, p3, ux3, ur3 ®¯à¥¤¥«ïîâáï ¢ ®¡« áâ¨x > x2.�ëè¥ ¯à¨­ïâë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï ¨ ¢¢¥¤¥­ë¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë:L1i = �1 + 2Ai @@� � @2@x2 � U2i @2@�2 ;L2i = L3i = � 1R0i ��0 + Bi @2@�2� ;L4i = �1 + 2Ai @@� �� 112 h21R21H20i @4@x + 1R20i�++U2i @2@�2 ;66 �. �. �¥«¥§®¢, �. �. �¢®­ à¥¢ 



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 2. �. 65 { 70Ai = k�2i 3&i + �i3&i + 4�i ; Bi = k�2i3&i + 2�i3&i + 4�i ;ai = �iv20Ki ; k�2i = 2�i v0R1 1� �0Ei ; k0i = �0�i R1h1 U2i ;Ui = v0c0i ; c20i = Ei�0 (1� �20) ; �uxi = uxiR1 ; �uri = uriR1 ;pi = pi�0v20 ; v = vv0 ; � = v0R1 t; x = xR1 ; �i = 23�i;R01 = 1; R02 = R2R1 ; R03 = R3R1 ;H01 = 1; H02 = h2h1 ; H03 = h3h1 ;E01 = 1; E02 = E2E1 ; E03 = E3E1 :�¤¥áì v0 { å à ªâ¥à­ ï áª®à®áâì â¥ç¥­¨ï; Re { ç¨-á«® �¥©­®«ì¤á ; �i { ®¡ê¥¬­ë© ¬®¤ã«ì ã¯àã£®áâ¨;vi { áà¥¤­ïï áª®à®áâì, ®¯à¥¤¥«ï¥¬ ï § ¢¨á¨¬®áâìî�R2i vi = RiZ0 2�rvxidr:2. ����� �������� ç «ì­®-ªà ¥¢ ï § ¤ ç  (1)-(9) à¥è ¥âáï ¬¥â®-¤®¬ ¯à¥®¡à §®¢ ­¨© � ¯« á  ¯® ¢à¥¬¥­¨ � :fL (s; x) = 1Z0 f (�; x) e�s�d�;£¤¥ s { ¯ à ¬¥âà ¯à¥®¡à §®¢ ­¨© � ¯« á .�®á«¥ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨© ¤«ï ¤ ¢«¥­¨ïpLi ¬®¦¥â ¡ëâì ¯®«ãç¥­® á«¥¤ãîé¥¥ à §à¥è îé¥¥ãà ¢­¥­¨¥:n1id8pLidx8 + n2id6pLidx6 + n3id4pLidx4 ++n4i d2pLidx2 + n5ipLi = 0: (10)�¤¥áì n1i = (1 + 2sAi) h2112R21mH0i;n2i = m (1 + 2sAi)U2i s2H0i+

+ai2 (1 + 2sAi)2 h2112R21mH0i;n3i = ai2 (1 + 2sAi)U2i s2H0i +m (v0 + sBi)2R20i �� (v0 + sBi)�1 + 2sAiR20i + s2U2i ��H0i;n4i = �ai2  (v0 + sBi)2R20i � (1 + 2sAi)���1 + 2sAiR20i + s2U2i ��++ms2U2i �1 + 2sAiR20i + s2U2i �� ki01 + 2sAiR0iH0i ++8ms2 (v0 + sBi) k0iH0iRe ;n5i = �s2U2i k0iR0iH0i � ai2 s2U2i �1 + 2sAiR20i + s2U2i � ;m = Re2s (sRe � 8) :�¥è¥­¨¥ ãà ¢­¥­¨ï (10) ¢ ®¡« áâ¨ (0 < x < x1)§ ¯¨áë¢ ¥âáï ¢ ¢¨¤¥PL1 (s; x) = e�k1�x (A1 (s) cos k2�x+ A2 (s) sin k2�x)++e�k3�x (A3 (s) cos k4�x+A4 (s) sink4�x)++ek1�x (A5 (s) cos k2�x+A6 (s) sin k2�x)+ (11)+ek3�x (A7 (s) cos k4�x+ A8 (s) sin k4�x) :�¥è¥­¨¥ ãà ¢­¥­¨ï (10) ¢ ®¡« áâ¨ (x1 < x < x2)§ ¯¨áë¢ ¥âáï ¢ ¢¨¤¥PL2 (s; x) = e�k5�x (A9 (s) cos k6�x+ A10 (s) sin k6�x)++e�k4�x (A11 (s) cos k8�x+A12 (s) sin k8�x)++ek5�x (A13 (s) cos k6�x+ A14 (s) sin k6�x)+ (12)+ek7�x (A15 (s) cos k8�x+ A16 (s) sink8�x) :�. �. �¥«¥§®¢, �. �. �¢®­ à¥¢  67
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�¨á. 1. �§¬¥­¥­¨¥ à ¤¨ «ì­®£® ¯¥à¥¬¥é¥­¨ï ur = ur=R1 ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ � ¤«ï à §«¨ç­ëå á¥ç¥­¨©¯à¨ R2=R1 = 0:9:1 { x=5, 2 { x=10, 3 { x=20; 4 { x=25, 5 { x=30
�¨á. 2. �§¬¥­¥­¨¥ à ¤¨ «ì­®£® ¯¥à¥¬¥é¥­¨ï ur = ur=R1 ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ � ¤«ï à §«¨ç­ëå á¥ç¥­¨©¯à¨ R2=R1 = 1:1:1 { x=5, 2 { x=10, 3 { x=20; 4 { x=25, 5 - x=30�ç¨âë¢ ï ãá«®¢¨ï ã¡ë¢ ­¨ï ¯à¨ �jxj ! 1 (8), à¥-è¥­¨¥ ãà ¢­¥­¨ï (10) ¢ ®¡« áâ¨ x > x2 ¯à¨­¨¬ ¥â¢¨¤:pL3 (s; x) = e�k9�x (A17 (s) cos k10�x+ A18 (s) sin k10�x)++e�k11�x (A19 (s) cos k12�x+ A20 (s) sin k12�x) : (13) � à¥è¥­¨ïå (11), (13) km(m = 1; 2; 3; :::12) {ª®¬¯«¥ªá­®-á®¯àï¦¥­­ë¥ ª®à­¨ å à ªâ¥à¨áâ¨ç¥-áª®£® ãà ¢­¥­¨ï, á®®â¢¥âáâ¢ãîé¨¥ ¤¨ää¥à¥­æ¨- «ì­®¬ã ãà ¢­¥­¨î (10). �ª®à®áâ¨ ¨ ¯¥à¥¬¥é¥­¨ï®¯à¥¤¥«ïîâáï  ­ «®£¨ç­®.�®¤áâ ¢«ïï à¥è¥­¨ï ¢ £à ­¨ç­ë¥ ãá«®¢¨ï (5)-68 �. �. �¥«¥§®¢, �. �. �¢®­ à¥¢ 
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�¨á. 3. �§¬¥­¥­¨¥ ¯¥à¥à¥§ë¢ îé¥© á¨«ë Q ¢ áâëª¥ ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ � ¯à¨ R2=R1=0.98 (ªà¨¢ ï 1),¯à¨ ®âáãâáâ¢¨¨ áâëª  R2=R1=1 (ªà¨¢ ï 2) ¨ ¯à¨ R2=R1=1.02 (ªà¨¢ ï 3)(7), ¯®«ãç ¥¬ ¢ ®¡« áâ¨ ¨§®¡à ¦¥­¨© á¨áâ¥¬ããà ¢­¥­¨© ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â®¢ �1, �2,�3,..., �20:20Xj=1Aj (s) emj �x (ajn cos�n�x+ bjn sin�n�x) = fn (s);(14)£¤¥ ¯¥à¢ë¥ ç¥âëà¥ ãà ¢­¥­¨ï (n = 1,2,3,4) ®¯à¥-¤¥«ïîâáï ¯à¨ �x = 0, ¥é¥ ¢®á¥¬ì ãà ¢­¥­¨© (n =5,6,...,12) ®¯à¥¤¥«ïîâáï ¢ á¥ç¥­¨¨ x = x1,   ®áâ «ì-­ë¥ ¢®á¥¬ì ãà ¢­¥­¨© (n = 13,14,...,20) { ¢ á¥ç¥­¨¨x = x2.� ¤ «ì­¥©è¥¬ à¥è¥­¨ï ¡ë«¨ ¯®«ãç¥­ë ¤«ï ¨¬-¯ã«ìá , á®®â¢¥âáâ¢ãîé¥£® à¥ «ì­®¬ã ¨§¬¥­¥­¨î¯ã«ìá®¢®£® ¤ ¢«¥­¨ï á¥à¤æ :p (�x; �) ���x=0 = �A�2e��� ; (15)£¤¥ ��=2.432104, � = 0:018.3. ��������� ������� � ������������������¨á«¥­­®¥ ®¡à é¥­¨¥ ¯à¥®¡à §®¢ ­¨ï � ¯« á à¥ «¨§®¢ ­o ­  ®á­®¢¥ à §«®¦¥­¨© ¯® á¨­ãá ¬ [8]¯à¨ á«¥¤ãîé¨å ¯ à ¬¥âà å:U1 = U2 = U3 = 0:02191;Re = 2340; �1 = �2 = �3 = 4:073;

�1 = �2 = �3 = 5; 431; k01 = k02 = k03 = 0:6,a1= a2= a3=0.2178104, k21= k22= k23= 8.1459,x1 = 10, x2=25.�¥ª®â®àë¥ à¥§ã«ìâ âë à áç¥â®¢ ¯à¥¤áâ ¢«¥­ë­  à¨á. 1, 2. �¤¥áì ¯®ª § ­ë ¨§¬¥­¥­¨ï à ¤¨ «ì-­®£® ¯¥à¥¬¥é¥­¨ï ur = ur=R1 ¢ § ¢¨á¨¬®áâ¨ ®â¢à¥¬¥­¨ � ¤«ï à §«¨ç­ëå á¥ç¥­¨© ¢ ®¡®«®çª¥.�  à¨á. 1 ¯à¨¢¥¤¥­ë à áç¥âë à ¤¨ «ì­®£® ¯¥-à¥¬¥é¥­¨ï ur ¯à¨ ®â­®è¥­¨¨ à ¤¨ãá  ã¯àã£®©¢áâ ¢ª¨ R2 ª à ¤¨ãáã ®¡®«®çª¨ R1, à ¢­®¬ 0.9, â.¥. R1 > R2. �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â §­ ç¥­¨îà ¤¨ «ì­®£® ¯¥à¥¬¥é¥­¨ï ¢ á¥ç¥­¨¨ x=5 (á¥ç¥­¨¥®¡®«®çª¨ ¤® ­ ç «  ¢áâ ¢ª¨), ªà¨¢ ï 2 á®®â¢¥â-áâ¢ã¥â á¥ç¥­¨î x=10 (¯¥à¢ë© áâëª ¬¥¦¤ã ®¡®«®ç-ª®© ¨ ¢áâ ¢ª®©), ªà¨¢ ï 3 á®®â¢¥âáâ¢ã¥â §­ ç¥­¨îx=20 (á¥ç¥­¨¥ ¯à¨­ ¤«¥¦¨â ¢áâ ¢ª¥), ªà¨¢ ï 4 á®-®â¢¥âáâ¢ã¥â á¥ç¥­¨î x=25 ( ¢â®à®© áâëª ¬¥¦¤ã®¡®«®çª®© ¨ ¢áâ ¢ª®©), ªà¨¢ ï 5 á®®â¢¥âáâ¢ã¥â á¥-ç¥­¨î x=30 (á¥ç¥­¨¥ ®¡®«®çª¨ ¯®á«¥ ¢áâ ¢ª¨).�  à¨á. 2 ¯à¨¢¥¤¥­ë à áç¥âë à ¤¨ «ì­®£® ¯¥à¥-¬¥é¥­¨ï ur ¢ â¥å ¦¥ á¥ç¥­¨ïå, ­® ¯à¨ §­ ç¥­¨ïåà ¤¨ãá®¢ R1 < R2, ¯à¨ç¥¬ R2=R1 = 1.1.�à¨ áà ¢­¥­¨¨ §­ ç¥­¨© ¯¥à¥¬¥é¥­¨© ur ¢ ®¤¨-­ ª®¢ëå á¥ç¥­¨ïå, ­® ¯à¨ à §«¨ç­ëå ®â­®è¥­¨ïåà ¤¨ãá®¢ ®¡®«®çª¨ ¨ ¢áâ ¢ª¨ ¢¨¤­®, çâ® ¯®¢¥àå-­®áâì ¢áâ ¢ª¨ ¤¥ä®à¬¨àã¥âáï á¨«ì­¥¥ ¯à¨ R2 >R1 (ªà¨¢ë¥ 3 à¨á. 1, 2). �âáî¤  á«¥¤ãîâ à¥ª®-¬¥­¤ æ¨¨, çâ® ¯à¨ å¨àãà£¨ç¥áª®© § ¬¥­¥ ãç áâª ªà®¢¥­®á­®£® á®áã¤  ­ ¤® ¢è¨¢ âì á®áã¤ë á à ¤¨-�. �. �¥«¥§®¢, �. �. �¢®­ à¥¢  69
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