
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25��� 532.528���������� ������ ������� ���� ��������������� �������� ���������������������������� ������� � ���������������� ������������������. �. ������®á��� ����, �®áª¢ �®«ãç¥­® 15.06.2000�à¨¢¥¤¥­ë à¥§ã«ìâ âë ¯à¨¬¥­¥­¨ï â¥®à¨¨ â®­ª®£® â¥«  ¤«ï à¥è¥­¨ï § ¤ ç ª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï ®á¥á¨¬¬¥-âà¨ç­ëå â¥« ¤®§¢ãª®¢ë¬ ¯®â®ª®¬ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. � á«ãç ¥ § âã¯«¥­­ëå ª ¢¨â â®à®¢ ¯®«ãç¥­® ¢­¥è­¥¥à¥è¥­¨¥. �«ï â®­ª¨å ª®­ãá®¢ à¥è¥­¨¥ ¯à¨£®¤­® ¤«ï ¢á¥© ®¡« áâ¨ â¥ç¥­¨ï. �à®¢®¤¨âáï áà ¢­¥­¨¥ ¯®«ãç¥­­ëå ¢â®à®¬ à¥§ã«ìâ â®¢ á ¨§¢¥áâ­ë¬¨ â¥®à¥â¨ç¥áª¨¬¨ ¨ íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨.� ¢¥¤¥­÷ à¥§ã«ìâ â¨ § áâ®áã¢ ­­ï â¥®à÷ù â®­ª®£® â÷«  ¤«ï à®§¢'ï§ã¢ ­­ï § ¤ ç ª ¢÷â æ÷©­®£® ®¡â÷ª ­­ï ®á¥á¨¬-¬¥âà¨ç­¨å â÷« ¤®§¢ãª®¢¨¬ ¯®â®ª®¬ áâ¨á«¨¢®ù à÷¤¨­¨. � ¢¨¯ ¤ªã § âã¯«¥­¨å ª ¢÷â â®à÷¢ ®¤¥à¦ ­¨© §®¢­÷è­÷©à®§¢'ï§®ª. �«ï â®­ª¨å ª®­ãá÷¢ à®§¢'ï§®ª ¯à¨¤ â­¨© ¤«ï ¢á÷õù ®¡« áâ÷ â¥ç÷ù. �à®¢®¤¨âìáï ¯®à÷¢­ï­­ï ®¤¥à¦ ­¨å ¢â®à®¬ à¥§ã«ìâ â÷¢ § ¢÷¤®¬¨¬¨ â¥®à¥â¨ç­¨¬¨ â  õªá¯¥à¨¬¥­â «ì­¨¬¨ ¤ ­¨¬¨.Results of application of the slender body theory to solve problems on subsonic cavitating 
ow around axisymmetric bodiesin compressible 
uid are presented. The external solution is obtained in the case of blunted cavitators. For slender conesthe solution is applicable for all 
ow zone. A comparison of the results obtained by author with well known theoreticaland experimental data is performed.���������à ªâ¨ç¥áª¨© ¨­â¥à¥á ª ª ¢¥à­ ¬ ¢ á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ¯®ï¢¨«áï ¢ ­ ç «¥ 80-å £®¤®¢. �®§­¨ª« ­¥®¡å®¤¨¬®áâì á®§¤ ­¨ï â¥®à¨¨ à §¢¨âëå ®á¥á¨¬-¬¥âà¨ç­ëå ª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ á¦¨¬ ¥¬®©¦¨¤ª®áâ¨. �  ¯¥à¢®¬ íâ ¯¥ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥-¤®¢ ­¨ï ¢ ®á­®¢­®¬ ¡ §¨à®¢ «¨áì ­  â¥®à¨¨ â®­-ª®£® â¥«  [1 { 6]. � ¤ «ì­¥©è¥¬ ¡ë«¨ à §¢¨âë ç¨-á«¥­­ë¥ ¬¥â®¤ë [7 { 10]. � ¯®á«¥¤­¥¥ ¢à¥¬ï áãé¥-áâ¢¥­­ë© ¯à®£à¥áá ¤®áâ¨£­ãâ ¢ �­áâ¨âãâ¥ £¨¤à®-¬¥å ­¨ª¨ ��� �ªà ¨­ë ¢ ®â¤¥«¥ �.�.� ¢ç¥­ª®¯® íªá¯¥à¨¬¥­â «ì­®¬ã ¨§ãç¥­¨î ¢ëá®ª®áª®à®áâ-­®£® ¤¢¨¦¥­¨ï â¥«  ¢ ¢®¤¥ á® áª®à®áâìî, á®¨§¬¥-à¨¬®© á® áª®à®áâìî §¢ãª  [11 { 13]. �à ¢­¥­¨¥à¥§ã«ìâ â®¢, ¯®«ãç¥­­ëå ¯® â¥®à¨¨ â®­ª®£® â¥« ¤«ï ¤®§¢ãª®¢®£® ª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï, á à á-ç¥â ¬¨, ¢ë¯®«­¥­­ë¬¨ ­  ®á­®¢¥ ç¨á«¥­­ëå ¬¥-â®¤®¢, ¨ íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¯®ª § «®å®à®è¥¥ á®£« á®¢ ­¨¥. � ¤ ­­®© à ¡®â¥ ¤ ­  ­ -«¨§ ®á­®¢­ëå à¥§ã«ìâ â®¢, ¯®«ãç¥­­ëå  ¢â®à®¬­  ®á­®¢¥ â¥®à¨¨ â®­ª®£® â¥«  ¤«ï ¤®§¢ãª®¢®£® ª -¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï.1. ������ ���������������������� � ���������� ������� áá¬®âà¨¬ ®¡â¥ª ­¨¥ ¤®§¢ãª®¢ë¬ ¯®â®ª®¬

â®­ª®£® ®á¥á¨¬¬¥âà¨ç­®£® â¥«  á ª ¢¥à­®© ¯® áå¥-¬¥ �ï¡ãè¨­áª®£®, ª®£¤  ¯à¨¬¥­¨¬® «¨­¥ à¨§®¢ ­-­®¥ ãà ¢­¥­¨¥ â¥ç¥­¨ï ¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ª®®à¤¨­ â [14]:(1�M2)@2�@x2 + @2�@r2 + 1r @�@x = 0; (1)£¤¥ � = ��V0L { ¡¥§à §¬¥à­ë© ¯®â¥­æ¨ « áª®à®áâ¨®¡â¥ª ­¨ï; �� { ¯®â¥­æ¨ « áª®à®áâ¨ ®¡â¥ª ­¨ï;V0 { áª®à®áâì ­ ¡¥£ îé¥£® ¯®â®ª ; L { ¯®«­ ï¤«¨­  â®­ª®£® â¥« , ¢ª«îç îé ï ª ¢¨â â®à, ª -¢¥à­ã ¨ § ¬ëª â¥«ì; M = V0=a0 { ç¨á«® � å ; 0 { áª®à®áâì §¢ãª  ¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥; x; r{ ¡¥§à §¬¥à­ë¥ ª®®à¤¨­ âë, ®â­¥á¥­­ë¥ ª ¤«¨­¥L. �¥ç¥­¨¥ á¨áâ¥¬ë â¥«® { ª ¢¥à­  ¬¥à¨¤¨ ­­®©¯«®áª®áâìî ¯®ª § ­® ­  à¨á. 1, £¤¥ x0 ¨ 1�x0 { ª®-®à¤¨­ âë ­ ç «  ¨ ª®­æ  ª ¢¥à­ë. �à ¢­¥­¨ï ¤«ï¡¥§à §¬¥à­®£® à ¤¨ãá  ¬¥à¨¤¨ ­  â¥«  ¨ ª ¢¥à­ë§ ¯¨è¥¬ ¢ ¢¨¤¥: R1 = "f1(x) { â¥«®, R = "f(x){ ª ¢¥à­ , £¤¥ " { ¬ «ë© ¯ à ¬¥âà, à ¢­ë© ®â­®-è¥­¨î ¬ ªá¨¬ «ì­®£® à ¤¨ãá  ª ¢¥à­ë ª ¯®«­®©¤«¨­¥; äã­ªæ¨¨ f(x) ¨ f1(x) ¨¬¥îâ ¯®àï¤®ª ¥¤¨­¨-æë.� ãà ¢­¥­¨î (1) ¤®¡ ¢«ïîâáï ª¨­¥¬ â¨ç¥áª¨¥£à ­¨ç­ë¥ ãá«®¢¨ï ­  â¥«¥ ¨ ª ¢¥à­¥ ¨ ¤¨­ ¬¨ç¥-áª®¥ ãá«®¢¨¥ ¯®áâ®ï­áâ¢  ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨ª ¢¥à­ë. �â®à®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¢¨¤r = R1 : @�@r,@�@x = "f 01(x);c
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�¨á. 1. �¥ç¥­¨¥ á¨áâ¥¬ë â¥«® { ª ¢¥à­ ¬¥à¨¤¨ ­­®© ¯«®áª®áìîr = R : @�@r,@�@x = "f 0(x); (2)12 "�@�@x�2 � 1 +�@�@r �2# + PªZP0 dP� = 0;£¤¥ P = P �=�0V 20 { ¡¥§à §¬¥à­®¥ ¤ ¢«¥­¨¥ ­  «¨-­¨¨ â®ª ; P0 = P �0 =�0V 20 { ¡¥§à §¬¥à­®¥ ¤ ¢«¥-­¨¥ ¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥; Pª = P �ª =�0V 20 {¡¥§à §¬¥à­®¥ ¤ ¢«¥­¨¥ ­  ¯®¢¥àå­®áâ¨ ª ¢¥à­ë;P �; P �0 ; P �ª { ¤ ¢«¥­¨ï ­  «¨­¨¨ â®ª , ¢ ­¥¢®§¬ã-é¥­­®¬ ¯®â®ª¥ ¨ ­  ¯®¢¥àå­®áâ¨ ª ¢¥à­ë á®®â¢¥â-áâ¢¥­­®; �0 { ¯«®â­®áâì ¢ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥;� = ��=�0 { ¡¥§à §¬¥à­ ï ¯«®â­®áâì ­  «¨­¨¨ â®-ª ; �� { ¯«®â­®áâì ­  «¨­¨¨ â®ª .� ¢¨á¨¬®áâì P (�) ¯à¥¤áâ ¢«ï¥â á®¡®©  ¤¨ ¡ âã¤«ï ¢®¤ë ¨ ®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨¥¬ �íâ  [15]P = P0 + 17; 15M2 (�7;15 � 1): (3)�®á«¥ ¯®¤áâ ­®¢ª¨ á®®â­®è¥­¨ï (3) ¢ (2) ¨ à §«®-¦¥­¨ï ¢ àï¤ ¤¨­ ¬¨ç¥áª®¥ £à ­¨ç­®¥ ãá«®¢¨¥ ¡ã-¤¥â ¨¬¥âì ¢¨¤�@�@x�2 � 1 +�@�@r �2� (4)�M24 "�@�@x�2 � 1 +�@�@r �2#2 + : : : = �;£¤¥ � = 2(� �0 � � �ª )=�0V 20 { ç¨á«® ª ¢¨â æ¨¨. �®-â¥­æ¨ « � ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥� = '+ x;£¤¥ ' { ¡¥§à §¬¥à­ë© ¯®â¥­æ¨ « ¢®§¬ãé¥­­ëåáª®à®áâ¥©, ª®â®àë© áâà¥¬¨âáï ª ­ã«î ¯à¨ x ¨r ! 1. �®á«¥ ¯®¤áâ ­®¢ª¨ � ¢ ãá«®¢¨¥ (4) ¨ ¯à¨¯à¥­¥¡à¥¦¥­¨¨ ç«¥­ ¬¨, ¨¬¥îé¨¬¨ ¯®àï¤®ª ¬ -«®áâ¨ ­¥ ­¨¦¥ "4 ln2 ", ¢ëà ¦¥­¨¥ (4) § ¯¨è¥¬ á«¥-¤ãîé¨¬ ®¡à §®¬:2�@'@x�+ �@'@r �2 = �: (5)

�«ï â®­ª¨å ®á¥á¨¬¬¥âà¨ç­ëå â¥« ¯®â¥­æ¨ «¢®§¬ãé¥­­ëå áª®à®áâ¥© ­ å®¤¨âáï ¬¥â®¤®¬ ¨á-â®ç­¨ª®¢ ¨ áâ®ª®¢, à á¯à¥¤¥«¥­­ëå ­  ®á¨ á¨¬¬¥-âà¨¨. �«ï ¤®§¢ãª®¢®£® ¯®â®ª  ' ¨¬¥¥â ¢¨¤ [14]' = � 14� 1Z0 q(x1)dx1p(x� x1)2 + (1 +M2)r2 ; (6)£¤¥ q(x1) { ¨­â¥­á¨¢­®áâì ¨áâ®ç­¨ª®¢ ¨ áâ®ª®¢ ­ ®á¨ á¨¬¬¥âà¨¨. �¡«¨§¨ ®á¨ á¨¬¬¥âà¨¨ ' ¨¬¥-¥â á«¥¤ãîé¥¥  á¨¬¯â®â¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ [16,17]: ' = 12�S0(x) ln r + g(x); (7)£¤¥ S0(x) { ¯à®¨§¢®¤­ ï ¯® x ®â ¡¥§à §¬¥à­®© ¯«®-é ¤¨ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï.�« ¢­®© ç áâìî ¯à¥¤áâ ¢«¥­¨ï (7) ï¢«ï¥âáï «®-£ à¨ä¬¨ç¥áª¨© ¯®â¥­æ¨ «, ª ­¥¬ã ¤®¡ ¢«ï¥âáï ­¥-ª®â®à ï äã­ªæ¨ï g(x), ®¯à¥¤¥«ï¥¬ ï ¨§ ãá«®¢¨ïáà é¨¢ ­¨ï á ¯®â¥­æ¨ «®¬ à á¯à¥¤¥«¥­­ëå ¨áâ®ç-­¨ª®¢ (6), â ª ª ª «®£ à¨ä¬¨ç¥áª¨© ¯®â¥­æ¨ « ­¥ã¤®¢«¥â¢®àï¥â ãá«®¢¨î ­  ¡¥áª®­¥ç­®áâ¨. �ã­ª-æ¨ï g(x) â ª¦¥ ãç¨âë¢ ¥â ¢«¨ï­¨¥ á¦¨¬ ¥¬®áâ¨.� ­¥ª®â®àëå á«ãç ïå (¤«ï ®ç¥­ì â®­ª¨å ª ¢¥à­)¢¥«¨ç¨­®© g(x) ¯à¥­¥¡à¥£ îâ ¯® áà ¢­¥­¨î á «®-£ à¨ä¬¨ç¥áª¨¬ ç«¥­®¬. �®¤áâ ¢«ïï «®£ à¨ä¬¨ç¥-áª¨© ¯®â¥­æ¨ « ¢ ¢ëà ¦¥­¨¥ (5), ¬®¦­® ¯¥à¥©â¨ª ãà ¢­¥­¨î, ¢¯¥à¢ë¥ ¯®«ãç¥­­®¬ã ¢ [18]. �ç¥âäã­ªæ¨¨ g(x) ¤ ¥â á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ¯®-â¥­æ¨ «  ¢¡«¨§¨ ¯®¢¥àå­®áâ¨ â¥«  ¨ ª ¢¥à­ë [17]:' = 14�S0(x) ln (1�M2)r24x(1� x) �� 14� 1Z0 S0(x1)� S0(x)jx� x1j dx1: (8)�®¤áâ ¢«ïï ãà ¢­¥­¨¥ (8) ¢ (5), ¯®«ãç ¥¬ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¤«ï ¯à®ä¨«ï ª ¢¥à-­ë:u022u + u00 ln (1�M2)u4x(1� x) � x0Z0 u001(x1)� u00(x)jx� x1j dx1�� 1�x0Zx0 u001(x1) � u00(x)jx� x1j dx1� 1Z1�x0 u001(x1) � u00(x)jx� x1j dx1��u01(0)x + u01(1)1� x = 2�; (9)u = R2; u1 = R21:18 �. �. � á¨­



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤«ï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨  ­ «®£¨ç­®¥ ãà ¢­¥­¨¥ ¯®«ãç¥­® ¢ [19]. � â®¬á«ãç ¥, ¥á«¨ ¬¥áâ® ®âàë¢  ª ¢¥à­ë ä¨ªá¨à®¢ ­®,ª ãà ¢­¥­¨î (9) ¤®¡ ¢«ïîâáï £à ­¨ç­ë¥ ãá«®¢¨ïx = x0 : R = R1; R0 = R01; (10)x = 1� x0 : R = R1; R0 = R01:�®¬¥áâ¨¬ ­ ç «® á¨áâ¥¬ë ª®®à¤¨­ â ¢ á¥à¥¤¨­ãª ¢¥à­ë,   £¥®¬¥âà¨ç¥áª¨¥ à §¬¥àë ®¡¥§à §¬¥-à¨¬ ¯® ¥¥ ¯®«ã¤«¨­¥ (¤«ï ã¤®¡áâ¢  áà ¢­¥­¨ï áà ­¥¥ ®¯ã¡«¨ª®¢ ­­ë¬¨ à¥§ã«ìâ â ¬¨). �à¨ ¬ -«ëå ç¨á« å ª ¢¨â æ¨¨, ª®£¤  à §¬¥à ¬¨ ª ¢¨â â®-à  ¬®¦­® ¯à¥­¥¡à¥çì ¯® áà ¢­¥­¨î á à §¬¥à ¬¨ª ¢¥à­ë, ¤«ï ¯®«ãç¥­¨ï ¢­¥è­¥£® à¥è¥­¨ï § ¯¨-è¥¬ ¢ëà ¦¥­¨ï (9) ¨ (10) á«¥¤ãîé¨¬ ®¡à §®¬:u022u +u00 ln (1�M2)u4(1 + x)(1� x) � 1Z�1 u001(x1)� u00(x)jx� x1j dx1�(11)�u0(�1)1 + x + u0(1)1� x = 2�;R(�1) = 0; R(0) = "1;£¤¥ "1 = 2RªLª = 1� = 2" { ¬ «ë© ¯ à ¬¥âà, ®¡à â-­ë© ã¤«¨­¥­¨î ª ¢¥à­ë �; Rª { ¬ ªá¨¬ «ì­ë© à -¤¨ãá ª ¢¥à­ë; Lª { ¤«¨­  ª ¢¥à­ë.�­¥è­¥¥ à¥è¥­¨¥ (11) ¨é¥¬ ¢ ¢¨¤¥ à §«®¦¥­¨ï¢  á¨¬¯â®â¨ç¥áª¨¥ àï¤ë ¯® äã­ªæ¨ï¬ ®â "1. �«ïª¢ ¤à â  à ¤¨ãá  ª ¢¥à­ë ¨ ç¨á«  ª ¢¨â æ¨¨ íâ¨àï¤ë ¨¬¥îâ ¢¨¤R2 = "21 "R20 +R2�1�ln 1"21��1++R2�2�ln 1"21��2 + : : :# ; (12)� = "21 "�1�ln 1"21�+ �0 + ��1�ln 1"21��1 + : : :# :�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (12) ¢ (11) ¨ á®åà -­¥­¨ï ¤¢ãå ç«¥­®¢ àï¤  ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (11) ¯à¥®¡à §ã¥âáï¢ ¤¢  ¤¨ää¥à¥­æ¨ «ì­ëå. �¥à¢®¥ ãà ¢­¥­¨¥ ¯®«ã-ç ¥âáï ¯®á«¥ ¯à¨à ¢­¨¢ ­¨ï ç«¥­®¢ ¯à¨ "41 ln 1="21,¢â®à®¥ á«¥¤ã¥â ¨§ à ¢¥­áâ¢  ç«¥­®¢ ¯à¨ "41. �¥à¢®¥¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ á £à ­¨ç­ë¬¨ ãá«®-¢¨ï¬¨ § ¯¨áë¢ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:d2R20dx2 = �2�1; (13)R20(�1) = 0; R20(0) = 1:

�¨á. 2. � ¢¨á¨¬®áâì � ®â �:ªà¨¢ë¥ 1 { 3 { M = 0; 0,6; 0,9 á®®â¢¥âáâ¢¥­­®�â®à®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¢¨¤d2R2�1dx2 = �2��0 + 1 + ln 1�M24 + 11� x2� ;(14)R2�1(�1) = 0; R2�1(0) = 1:�®á«¥ à¥è¥­¨ï ãà ¢­¥­¨© (13) ¨ (14) ¯®«ãç¨¬¢ëà ¦¥­¨¥ ¤«ï ¯à®ä¨«ï ª ¢¥à­ë ¨ § ¢¨á¨¬®áâìç¨á«  ª ¢¨â æ¨¨ ®â ã¤«¨­¥­¨ï ª ¢¥à­ë ¨ ç¨á« � å : R2 = "21�(1� x2)++x2 ln 4� ln[(1 + x)(1+x)(1� x)(1�x)]2 ln� � ; (15)� = 2�2 ln �pep1�M2 ;£¤¥ e { ®á­®¢ ­¨¥ ­ âãà «ì­ëå «®£ à¨ä¬®¢.�¥à¢ë¬ ¯à¨¡«¨¦¥­¨¥¬ ¤«ï ä®à¬ë ª ¢¥à­ë (ª ª¨ ¢ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨) ï¢«ï¥âáï í««¨¯á®¨¤¢à é¥­¨ï. �§ § ¢¨á¨¬®áâ¨ (15) á«¥¤ã¥â, çâ® ¯à¨¬ «ëå ç¨á« å ª ¢¨â æ¨¨ ¤®¡ ¢®ç­ë© ç«¥­ ª í««¨-¯á®¨¤ã ¢à é¥­¨ï ¬ «, ­ ¯à¨¬¥à, ¯à¨ � = 14,66 ¨� = 0,02 (M = 0) ®â«¨ç¨¥ ä®à¬ë ª ¢¥à­ë ®â í«-«¨¯á®¨¤  ­¥ ¯à¥¢ëè ¥â 1 %.�¤«¨­¥­¨¥ ª ¢¥à­ë ¢ ®¡é¥¬ á«ãç ¥ § ¢¨á¨â ®âç¨á«  ª ¢¨â æ¨¨ ¨ ç¨á«  � å . �  à¨á. 2 ¯®ª § -­ë § ¢¨á¨¬®áâ¨ � ®â � ¯à¨ M = 0 (­¥á¦¨¬ ¥¬ ï¦¨¤ª®áâì) { ªà¨¢ ï 1, ¯à¨ M = 0,6 { ªà¨¢ ï 2 ¨¯à¨ M = 0,9 { ªà¨¢ ï 3. �§ à¨á. 2 ¢¨¤­®, çâ®�. �. � á¨­ 19



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25¯à¨ ¯®áâ®ï­­®¬ ç¨á«¥ ª ¢¨â æ¨¨ � á à®áâ®¬ ç¨-á«  � å  ã¤«¨­¥­¨¥ ª ¢¥à­ë � ã¢¥«¨ç¨¢ ¥âáï; ¯à¨¯®áâ®ï­­®¬ §­ ç¥­¨¨ ã¤«¨­¥­¨ï ª ¢¥à­ë ¯à¨ ã¢¥-«¨ç¥­¨¨ ç¨á«  � å  ç¨á«® ª ¢¨â æ¨¨ à áâ¥â. �®¬¥à¥ ã¬¥­ìè¥­¨ï ç¨á«  ª ¢¨â æ¨¨ ¢«¨ï­¨¥ á¦¨-¬ ¥¬®áâ¨ ­  ã¤«¨­¥­¨¥ ª ¢¥à­ë áâ ­®¢¨âáï ­¥§­ -ç¨â¥«ì­ë¬, çâ® á®£« áã¥âáï á [2,18].2. ������������� ������� ��������� ��������� áá¬®âà¨¬ ª ¢¨â æ¨®­­®¥ ®¡â¥ª ­¨¥ â®­ª®£®ª®­ãá  ¤®§¢ãª®¢ë¬ ¯®â®ª®¬ ¯® áå¥¬¥ �ï¡ãè¨­áª®-£® (à¨á. 3): ­ ç «® á¨áâ¥¬ë ª®®à¤¨­ â x; r ¯®-¬¥áâ¨¬ ¢ ¢¥àè¨­ã ª®­ãá , «¨­¥©­ë¥ à §¬¥àë ®â-­¥á¥¬ ª à ¤¨ãáã ¥£® ®á­®¢ ­¨ï (à ¤¨ãá ®á­®¢ ­¨ïª®­ãá  à ¢¥­ ¥¤¨­¨æ¥), l { ¢ëá®â  ª®­ãá , � { ã£®«¯®«ãà áâ¢®à , Lª { ¤«¨­  ª ¢¥à­ë, l+Lª ¨ 2l+Lª{ ª®®à¤¨­ âë ®á­®¢ ­¨ï ¨ ¢¥àè¨­ë § ¬ëª îé¥£®ª®­ãá , L = 2l + Lª { ¯®«­ ï ¤«¨­ . �ç¨â ¥¬, çâ®ª®­ãá ¨ ª ¢¥à­  ¨¬¥îâ ®¤¨­ ª®¢ë© ¯®àï¤®ª â®­ª®-áâ¨ ", à ¢­ë© ®â­®è¥­¨î à ¤¨ãá  ®á­®¢ ­¨ï ª®­ã-á  ª ¥£® ¢ëá®â¥ (" = 1=l = tg�). �® ª®®à¤¨­ â¥x à ¤¨ãá R1 ª®­ãá -ª ¢¨â â®à  ¨ § ¬ëª â¥«ï ¨§-¬¥­ï¥âáï ª ª R1 = "x ¨ R1 = "(L � x). �à®ä¨«ìª ¢¥à­ë ®¯à¥¤¥«¨¬ ¢ ¢¨¤¥ ¨§¬¥­¥­¨ï ¥¥ à ¤¨ãá ¯® £®à¨§®­â «ì­®© ª®®à¤¨­ â¥: R(x). �­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¤«ï ¯à®ä¨«ï ª ¢¥à-­ë (9) § ¯¨è¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:u022u + u00 ln (1�M2)u4x(L� x) � (16)� lZ0 u001(x1)� u00(x)jx� x1j dx1 � l+LªZl u001(x1)� u00(x)jx� x1j dx1�� LZl+Lª u001(x1) � u00(x)jx� x1j dx1� = 2�;u = R2; u1 = R21; u01(0) = 0; u01(L) = 0:� ãà ¢­¥­¨î (16) ¤®¡ ¢«ïîâáï £à ­¨ç­ë¥ ãá«®¢¨ïx = l : R = 1; R0 = ";x = l + Lª : R = 1; R0 = �":�¥è¥­¨¥ ¤«ï ¢á¥© ®¡« áâ¨ â¥ç¥­¨ï ¨é¥¬ ¢ ¢¨-¤¥ à §«®¦¥­¨ï ¢  á¨¬¯â®â¨ç¥áª¨¥ àï¤ë á ¬ «ë¬¯ à ¬¥âà®¬ ":R2 = "2 "R20 + R2�1�ln 1"21��1+

�¨á. 3. �å¥¬  �ï¡ãè¨­áª®£® ¤«ï ª ¢¨â æ¨®­­®£®®¡â¥ª ­¨ï â®­ª®£® ª®­ãá +R2�2�ln 1"21��2 + : : :# ; (17)� = "2 "�1�ln 1"2�+ �0 + ��1�ln 1"2��1 + : : :# :�®á«¥ ¯®¤áâ ­®¢ª¨ ¢ëà ¦¥­¨© (17) ¢ (16) ¨ á®-åà ­¥­¨ï ¤¢ãå ç«¥­®¢ àï¤  ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (16) ¯à¥®¡à §ã¥âáï¢ ¤¢  ¤¨ää¥à¥­æ¨ «ì­ëå. �¥à¢®¥ ãà ¢­¥­¨¥ ¯®«ã-ç ¥âáï ¯®á«¥ ¯à¨à ¢­¨¢ ­¨ï ç«¥­®¢ ¯à¨ "4 ln 1="2,¢â®à®¥ á«¥¤ã¥â ¨§ à ¢¥­áâ¢  ç«¥­®¢ ¯à¨ "4. �eà¢®¥¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ á £à ­¨ç­ë¬¨ ãá«®-¢¨ï¬¨ § ¯¨áë¢ ¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:d2R2dx2 = �2�1;R20(l) = l2; R20(l + Lª) = l2; R20dx ����x=l = 2l: (18)�¥è¥­¨¥ ãà ¢­¥­¨ï (18) ¨¬¥¥â ¢¨¤R20 = �1(a� x)(x� b);�1 = 2lLª ; a = L2 +rL24 � lL2 ; (19)b = L2 �rL24 � lL2 :�â®à®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ á £à ­¨ç-­ë¬¨ ãá«®¢¨ï¬¨ ¬®¦­® § ¯¨á âì á«¥¤ãîé¨¬ ®¡à -§®¬: d2R2�1dx2 = �1(a� b)22(a� x)(x� b)� (20)�2�1 ln ��1(1�M2)(a � x)(x� b)4 ��2 ln[x(L�x)]++2(�1 + 1) ln[(x� l)(l + Lª � x)]� 2(�1 + �0);R2�1(l) = 0; R2�1(l + Lª) = 0; dR2�1dx ����x=l = 0:20 �. �. � á¨­
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�¨á. 4. �à®ä¨«ì ª ¢¥à­ë ¤«ï ª®­ãá  � = 5o:èâà¨å®¢ ï «¨­¨ï { ¯¥à¢®¥ ¯à¨¡«¨¦¥­¨¥;á¯«®è­ ï «¨­¨ï { ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥�¥è¥­¨¥ ãà ¢­¥­¨ï (20) ¨¬¥¥â ¢¨¤R2�1 = C1x22 + �1�x� a+ b2 ��� [(a� x) ln(a� x)� (x� b) ln(x� b)]� (L � x)2�� ln(L � x) + (1 + �1)�� �(l + Lª � x)2 ln(l + Lª � x) + (x� l)2 ln(x� l)���x2 lnx+ C2x+ C3; (21)C1 = �1p1 + �1 ln a � ll � b +2�1 ln l + Lª2Lª +4 ln l + LªLª ;C2 = �C1L2 ;C3 = �C1l22 � �1Lª2 [(l � b) ln(l � b)��(a� l) ln(a� l)] + +(l + Lª)2 ln(l + Lª)��(1 + �1)L2ª lnLª + l2 ln l �C2l;�0 = �C12 � �1 �1 + ln �1(1�M2)4 � :�§ ãà ¢­¥­¨© (17), (19) ¨ (21) ¬®¦­® ®¯à¥¤¥-«¨âì ä®à¬ã ª ¢¥à­ë ¨ ç¨á«® ª ¢¨â æ¨¨. �®àï¤®ªà áç¥â  á«¥¤ãîé¨©: ¢ ¯¥à¢ãî ®ç¥à¥¤ì § ¤ ¥âáïã£®« ¯®«ãà áâ¢®à  �, ®¯à¥¤¥«ï¥âáï ¢ëá®â  ª®­ã-á  l, à ¢­ ï ctg�, § ¤ ¥âáï ¤«¨­  ª ¢¥à­ë Lª ¨«¨®¡é ï ¤«¨­  L ¢ ¤®«ïå à ¤¨ãá  ®á­®¢ ­¨ï ª®­ãá ,§ â¥¬ ¯® ä®à¬ã« ¬ (19) ¨ (21) ¯à¨ § ¤ ­­®¬ ç¨-á«¥ � å  ®¯à¥¤¥«ïîâáï ª®íää¨æ¨¥­âë �0 ¨ �1 ¤«ïç¨á«  ª ¢¨â æ¨¨ ¨ äã­ªæ¨¨ R20 ¨ R2�1 ¤«ï ¯à®ä¨«ïª ¢¥à­ë. �¨á«® � å  ¢«¨ï¥â ­  ç¨á«® ª ¢¨â æ¨¨ç¥à¥§ ª®íää¨æ¨¥­â �0.�  à¨á. 4 èâà¨å®¢®© «¨­¨¥© ®â¬¥ç¥­® ¯¥à¢®¥¯à¨¡«¨¦¥­¨¥ ¯à®ä¨«ï ª ¢¥à­ë §  ª®­ãá®¬ á ã£«®¬�, à ¢­ë¬ 50o, ¢¥«¨ç¨­  L à ¢­  200; á¯«®è­®©«¨­¨¥© ®â¬¥ç¥­® ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥. �§ à¨áã­-ª  ¢¨¤­®, çâ® ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥ ¬ «® ®â«¨ç ¥â-áï ®â ¯¥à¢®£®, â® ¥áâì ¢âoàë¥ ç«¥­ë  á¨¬¯â®â¨-ç¥áª®£® àï¤  (17) ¬ «ë ¯® áà ¢­¥­¨î á ¯¥à¢ë¬¨.�¨áã­ª¨ 5 ¨ 6  ­ «®£¨ç­ë à¨á. 4 ¨ ®â­®áïâáï ª

�¨á. 5. �à®ä¨«ì ª ¢¥à­ë ¤«ï ª®­ãá  � = 10o:èâà¨å®¢ ï «¨­¨ï { ¯¥à¢®¥ ¯à¨¡«¨¦¥­¨¥;á¯«®è­ ï «¨­¨ï { ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥
�¨á. 6. �à®ä¨«ì ª ¢¥à­ë ¤«ï ª®­ãá  � = 15o:èâà¨å®¢ ï «¨­¨ï { ¯¥à¢®¥ ¯à¨¡«¨¦¥­¨¥;á¯«®è­ ï «¨­¨ï { ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥

�¨á. 7. � ¢¨á¨¬®áâì � ®â M ¤«ïª®­ãá®¢ á ã£« ¬¨ ¯®«ãà áâ¢®à  �:ªà¨¢ë¥ 1 { 3 { � = 15o;10o;5oª®­ãá ¬ � = 10o ¨ 15o á®®â¢¥âáâ¢¥­­®. �«ï íâ¨åª®­ãá®¢ ¢â®à®¥ ¯à¨¡«¨¦¥­¨¥ ¡®«¥¥ § ¬¥â­® ®â«¨-ç ¥âáï ®â ¯¥à¢®£®. �®¦­® á¤¥« âì ¢ë¢®¤, çâ® à §-­¨æ  ¬¥¦¤ã ¯¥à¢ë¬ ¨ ¢â®àë¬ ¯à¨¡«¨¦¥­¨¥¬ ä®à-¬ë ª ¢¥à­ë ã¬¥­ìè ¥âáï ¯à¨ áâà¥¬«¥­¨¨ §­ ç¥-­¨ï â®­ª®áâ¨ ª®­ãá  " ª §­ ç¥­¨î â®­ª®áâ¨ ª ¢¥à-­ë 1=�.�  à¨á. 7 ¯à¨¢¥¤¥­ ¯à¨¬¥à § ¢¨á¨¬®áâ¨ ç¨á« ª ¢¨â æ¨¨ ®â ç¨á«  � å ¤«ï ª ®­ãá®¢ á à §­ë¬¨ã£« ¬¨ ¯®«ãà áâ¢®à : � = 15o { ªà¨¢ ï 1, � = 10o{ ªà¨¢ ï 2, � = 5o { ªà¨¢ ï 3, ¢¥«¨ç¨­  L ¯®áâ®-ï­­  ¨ à ¢­  200 ¤«ï ª ¦¤®£® ª®­ãá . � ª¨¬ ®¡à -§®¬, ¤«ï § ¤ ­­®£® ª®­ãá  ¯à¨ ­¥¨§¬¥­­®© ¤«¨­¥ L¨ Lª á ã¢¥«¨ç¥­¨¥¬ ç¨á«  � å  ¯à®ä¨«ì ª ¢¥à­ë�. �. � á¨­ 21



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25®áâ ¥âáï ­¥¨§¬¥­­ë¬,   ç¨á«® ª ¢¨â æ¨¨ à áâ¥â.� ª®© å à ªâ¥à § ¢¨á¨¬®áâ¨ ç¨á«  ª ¢¨â æ¨¨ ®âç¨á«  � å  á®®â¢¥âáâ¢ã¥â à¨á. 2, ¨§ ª®â®à®£® á«¥-¤ã¥â, çâ® ¢ ¤®§¢ãª®¢®¬ ¯®â®ª¥ ¯à¨ ¯®áâ®ï­­®© ¢¥-«¨ç¨­¥ � á à®áâ®¬ ç¨á«  � å  ¢¥«¨ç¨­  � à áâ¥â.�¯à¥¤¥«¨¬ ª®íää¨æ¨¥­â ª ¢¨â æ¨®­­®£® á®¯à®â¨-¢«¥­¨ï â®­ª®£® ª®­ãá . �à¨¬¥­ïï ª¨­¥¬ â¨ç¥áª®¥¨ ¤¨­ ¬¨ç¥áª®¥ £à ­¨ç­ë¥ ãá«®¢¨ï (2) ­  ª®­ãá¥ ¨¯à®¢®¤ï ¯à¥®¡à §®¢ ­¨ï,  ­ «®£¨ç­ë¥ ¯à¥®¡à §®-¢ ­¨ï¬ à §¤¥«  1, ¯®«ãç ¥¬ ¢ëà ¦¥­¨¥ ¤«ï ª®íä-ä¨æ¨¥­â  ¤ ¢«¥­¨ï ­  ¥£® ¯®¢¥àå­®áâ¨:Cp = �2@'@x � �@'@r �2 ; (22)£¤¥ �p = 2(� �ª®­ � � �0 )=�0V 20 { ª®íää¨æ¨¥­â ¤ ¢«¥-­¨ï; � �ª®­ { ¤ ¢«¥­¨¥ ­  ¯®¢¥àå­®áâ¨ ª®­ãá . � ¯¨-è¥¬ ¢ëà ¦¥­¨¥ ¯®â¥­æ¨ «  (8) ¢¡«¨§¨ ¯®¢¥àå­®-áâ¨ ª®­ãá , «¨­¥©­ë¥ à §¬¥àë ®â­¥á¥¬ ª à ¤¨ãáã¥£® ®á­®¢ ­¨ï, ¤«ï ä®à¬ë ª ¢¥à­ë ¯à¨¬¥¬ ¯¥à¢®¥¯à¨¡«¨¦¥­¨¥ (19):' = S0ª®­(x)4� ln (1�M2)R24x(L� x) �� 14� lZ0 S0ª®­(x1) � S0ª®­(x)jx� x1j dx1� (23)� 14� l+LªZl S0ª ¢(x1) � S0ª®­(x)x1 � xj dx1�� 14� LZl+Lª S0§a¬(x1)� S0ª®­(x)x1 � xj dx1:S0ª ¢(x) = �"2�1(a+ b� 2x);S0ª®­(x) = 2�"2x;S0§ ¬(x) = �2�"2(L � x);£¤¥ S0ª ¢(x); S0ª®­(x); S0§ ¬(x) { ¯à®¨§¢®¤­ ï ¯® x®â ¯«®é ¤¨ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ª ¢¥à­ë, ª®­ãá -ª ¢¨â â®à  ¨ § ¬ëª â¥«ï á®®â¢¥âáâ¢¥­­®.� ¢ëà ¦¥­¨¥ (22) ¢å®¤ïâ ª®¬¯®­¥­âë ¢®§¬ã-é¥­­®© áª®à®áâ¨ ­  ¯®¢¥àå­®áâ¨ ª®­ãá  vx =@'=@x ¨ vr = @'=@r, ®¯à¥¤¥«¨¬ ¨å ¨§ á®®â­®è¥-­¨© (23). �®á«¥ ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¨ ¯à®¢¥¤¥­¨ï¯à¥®¡à §®¢ ­¨© ª®¬¯®­¥­âë áª®à®áâ¨ § ¯¨èãâáïá«¥¤ãîé¨¬ ®¡à §®¬:vx = "22 �ln (1�M2)x"24(L� x) + (�1 + 1) ln l + Lª � xl � x � ;(24)vr = "

�¨á. 8. � ¢¨á¨¬®áâì Cx ®â M ¤«ïª®­ãá®¢ á ã£« ¬¨ ¯®«ãà áâ¢®à  �:ªà¨¢ë¥ 1 { 3 { � = 15o; 10o; 5o�®¤áâ ¢¨¬ ä®à¬ã«ë (24) ¢ (22) ¨ ¯®«ãç¨¬ ¢ëà -¦¥­¨¥ ¤«ï ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨ª®­ãá : Cp = "22 �� ln (1�M2)x"24(L � x) � (25)�(�1 + 1) ln l + Lª � xl � x � 1� :�  ¢¥àè¨­¥ (x = 0) ¨ ­  ®á­®¢ ­¨¨ ª®­ãá (x = l) £®à¨§®­â «ì­ ï ª®¬¯®­¥­â  áª®à®áâ¨ vx¨ ª®íää¨æ¨¥­â ¤ ¢«¥­¨ï Cp ¨¬¥îâ á« ¡ãî «®£ -à¨ä¬¨ç¥áªãî ®á®¡¥­­®áâì, ª®â®à ï ¨­â¥£à¨àã¥¬ ¯® c. �®íää¨æ¨¥­â ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥-­¨ï Cx, à ¢­ë© ®â­®è¥­¨î á¨«ë á®¯à®â¨¢«¥­¨ï ªáª®à®áâ­®¬ã ­ ¯®àã ¨ ¯«®é ¤¨ ®á­®¢ ­¨ï ª®­ãá ,á¢ï§ ­ á ª®íää¨æ¨¥­â®¬ ¤ ¢«¥­¨ï § ¢¨á¨¬®áâìîCx = 2" lZ0 CpRª®­(x)dx+ �; (26)£¤¥ Rª®­(x) = "x { à ¤¨ãá ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ª®-­ãá . �®á«¥ ¯®¤áâ ­®¢ª¨ á®®â­®è¥­¨ï (25) ¢ (26)¨ ¨­â¥£à¨à®¢ ­¨ï ¯®«ãç¨¬ ¢ëà ¦¥­¨¥ ¤«ï ª®íä-ä¨æ¨¥­â  ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ª®­ãá :Cx = "2 �ln 4(1�M2)"2 � 1� 2lLª ln l + Lªl + (27)+L2l2 ln LªLl + Lª)2 �+ �:22 �. �. � á¨­



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25�  à¨á. 8 ¯à¨¢¥¤¥­ ¯à¨¬¥à § ¢¨á¨¬®áâ¨ ª®íä-ä¨æ¨¥­â  ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ®â ç¨á« � å  ¤«ï ª®­ãá®¢ á à §­ë¬¨ ã£« ¬¨ ¯®«ãà áâ¢®-à : � = 15o { ªà¨¢ ï 1, � = 10o { ªà¨¢ ï 2, � = 5o{ ªà¨¢ ï 3, ¢¥«¨ç¨­  L ¯®áâ®ï­­  ¨ à ¢­  200 ¤«ïª ¦¤®£® ª®­ãá . � à ªâ¥à § ¢¨á¨¬®áâ¥© Cx(M )(à¨á. 8) á®®â¢¥âáâ¢ã¥â § ¢¨á¨¬®áâï¬ �(M ) (à¨á.7), çâ® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ § ª®­  á®åà ­¥­¨ï ¨¬-¯ã«ìá , ¯à¨¬¥­¥­­®£® ª ¯«®áª®áâ¨, ¯à®å®¤ïé¥© ç¥-à¥§ ¬¨¤¥«¥¢®¥ á¥ç¥­¨¥ ª ¢¥à­ë. � ª®­ á®åà ­¥­¨ï¨¬¯ã«ìá  ¬®¦­® § ¯¨á âì ¢ á«¥¤ãîé¥© ä®à¬¥ [20]:Rª =rCxk� ; (28)£¤¥ Rª { à ¤¨ãá ¬¨¤¥«¥¢®£® á¥ç¥­¨ï ª ¢¥à­ë, ®â-­¥á¥­­ë© ª à ¤¨ãáã ®á­®¢ ­¨ï ª ¢¨â â®à ; k - ª®-íää¨æ¨¥­â, ¢¥«¨ç¨­  ª®â®à®£® ¯à¨ ¬ «ëå ç¨á« åª ¢¨â æ¨¨ ¡«¨§ª  ª 1; ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ § -¢¨á¨¬®áâìî k ®â ç¨á«  � å  ¬®¦­® ¯à¥­¥¡à¥çì.�¥è¥­¨¥ ¤«ï â®­ª¨å ª®­ãá®¢ ¯®ª § «®, çâ® ¯à¨ ¯®-áâ®ï­­®© ¢¥«¨ç¨­¥ Lª (¨«¨ L) á ¨§¬¥­¥­¨¥¬ ç¨á« � å  ¢¥«¨ç¨­  Rª ­¥ ¨§¬¥­ï¥âáï, â®£¤  ¢ á®®â-¢¥âáâ¢¨¨ á ä®à¬ã«®© (28) § ¢¨á¨¬®áâ¨ Cx(M ) ¨�(M ) ¤®«¦­ë ã¤®¢«¥â¢®àïâì á®®â­®è¥­¨îCx(M )�(M ) = const; (29)£¤¥ ª®­áâ ­â  ï¢«ï¥âáï äã­ªæ¨¥© � ¨ Lª. �ëç¨á«¥-­¨ï ¯®ª § «¨, çâ® á®®â­®è¥­¨¥ (29) ¢ë¯®«­ï¥âáï á¤®áâ â®ç­®© â®ç­®áâìî ¤«ï §­ ç¥­¨© ç¨á¥« � å ,­ å®¤ïé¨åáï ¢ ¤¨ ¯ §®­¥ 0 � M � 0; 8. �à ¢­¨¬à¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ ¯® â¥®à¨¨ â®­ª®£® â¥« ,á à¥§ã«ìâ â ¬¨ ç¨á«¥­­®£® à áç¥â  �. �. �ã§¥¢-áª®£® ¤«ï ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. � [21] ¯à¥¤áâ -¢«¥­ë  ¯¯à®ªá¨¬ æ¨®­­ë¥ § ¢¨á¨¬®áâ¨ ¤«ï à §-¬¥à®¢ ª ¢¥à­ë �ï¡ãè¨­áª®£® §  ª ¢¨â â®à ¬¨,ã£®« ¯®«ãà áâ¢®à  ª®â®àëå ¨§¬¥­ï¥âáï ¢ ¯à¥¤¥-« å 15o � � � 90o (1=12 � � � 1=2 ¢ ®¡®§­ ç¥­¨ïå[21], £¤¥ �� { ã£®« ¯®«ãà áâ¢®à ). �¯¯à®ªá¨¬ æ¨-®­­ ï § ¢¨á¨¬®áâì ¤«ï ª®íää¨æ¨¥­â  k ¨¬¥¥â ¢¨¤k = 1 + 50�1 + 56; 2�: (30)� ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  á®¯à®â¨¢«¥­¨ï ª®-­ãá®¢ ®â ç¨á«  ª ¢¨â æ¨¨ ¨ ã£«  ¯®«ãà áâ¢®à  ª®-­ãá  ��  ¯¯à®ªá¨¬¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:Cx = Cx0 + (0; 524 + 0; 672�)�; (31)Cx0 = 0; 5 + 1; 81(�� 0; 25)� 2(�� 0; 25)2;1=12 � � � 1=2:

� ¡«. 1.� 0,0298 0,0172 0,0096Lª 50 100 200L0ª 52,9 98,2 186,4Rª 2,35 2,97 3,72R0ª 2,40 3,06 3,99� 10,65 16,83 26,84�0 11,01 16,02 23,30Cx 0,136 0,139 0,141C0x 0,160 0,153 0,148�¯¯à®ªá¨¬ æ¨®­­ ï ä®à¬ã«  ¤«ï ¤«¨­ë ª ¢¥à­ë,®â­¥á¥­­®© ª à ¤¨ãáã ®á­®¢ ­¨ï ª®­ãá , ¨¬¥¥â ¢¨¤Lª = 2 �1; 1� � g(�)�rCx ln 1� ; (32)g(�) = 4(1� 2�)1 + 144�2 :�®à¬ã«  ¤«ï à ¤¨ãá  ¬¨¤¥«ï ª ¢¥à­ë á®¢¯ ¤ ¥âá ä®à¬ã«®© (28). �¤«¨­¥­¨¥ ª ¢¥à­ë §  ª®­ãá ¬¨¢ëà ¦ ¥âáï  ¯¯à®ªá¨¬ æ¨®­­®© ä®à¬ã«®©� = [1; 1� g(�)�]rk 1� ln 1� : (33)�à ¢­¨¢ îâáï §­ ç¥­¨ï, ¯®«ãç¥­­ë¥ ¯® â¥®-à¨¨ â®­ª®£® â¥«  ¯à¨ ­ã«¥¢®¬ ç¨á«¥ � å  ¤«ïª®­ãá  � = 15o, á® §­ ç¥­¨ï¬¨, ®¯à¥¤¥«ï¥¬ë¬¨¯®  ¯¯à®ªá¨¬ æ¨®­­ë¬ ä®à¬ã« ¬ (28), (30){(33).�à ¢­¥­¨¥ ¯à®¨§¢®¤¨âáï á«¥¤ãîé¨¬ ®¡à §®¬. � -¤ îâáï §­ ç¥­¨ï ¤«¨­ë ª ¢¥à­ë Lª. �® ä®à¬ã« ¬(17), (19), (21) ¨ (27) ®¯à¥¤¥«ïîâáï: à ¤¨ãá ¬¨¤¥«ïRª, ã¤«¨­¥­¨¥ ª ¢¥à­ë �, ç¨á«® ª ¢¨â æ¨¨ �, ª®íä-ä¨æ¨¥­â ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï Cx. �«ïç¨á«  ª ¢¨â æ¨¨ � ¯®  ¯¯à®ªá¨¬ æ¨®­­ë¬ ä®à-¬ã« ¬ (28), (30) { (33) à ááç¨âë¢ îâáï §­ ç¥­¨ïk0; C0x; R0ª; L0ª; �0 (¢¥«¨ç¨­ë ¨¬¥îâ èâà¨å®¢®© ¨­-¤¥ªá), ª®â®àë¥ áà ¢­¨¢ îâáï á Cx; Rª; Lª; �.�§ à¥§ã«ìâ â®¢ áà ¢­¥­¨ï ¤«ï ª®­ãá  � = 15o¯à¨ ®¤¨­ ª®¢ëå ç¨á« å ª ¢¨â æ¨¨ �, ¯à¥¤áâ ¢«¥­-­ëå ¢ â ¡«. 1, á«¥¤ã¥â, çâ® §­ ç¥­¨ï, ¯®«ãç¥­-­ë¥ ¯® â¥®à¨¨ â®­ª®£® â¥« , á®£« áãîâáï á ç¨-á«¥­­ë¬ à áç¥â®¬ [21]. �¤­ ª® ­ ¡«î¤ ¥âáï à á-å®¦¤¥­¨¥ ¢ å à ªâ¥à¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ª®­ãá  Cx ®â ç¨-á«  ª ¢¨â æ¨¨ �. �® ç¨á«¥­­®¬ã à áç¥âã [21] áã¬¥­ìè¥­¨¥¬ � ¢¥«¨ç¨­  Cx ã¬¥­ìè ¥âáï (å à ª-â¥à­ ï § ¢¨á¨¬®áâì ¤«ï ª ¢¨â æ¨®­­ëå â¥ç¥­¨©).� ¢¨á¨¬®áâì, à ááç¨â ­­ ï ¯® â¥®à¨¨ â®­ª®£® â¥-« , ¨¬¥¥â ¯à®â¨¢®¯®«®¦­ë© å à ªâ¥à. � áå®¦¤¥-­¨¥ ¬®¦­® ®¡êïá­¨âì ¯®£à¥è­®áâìî à¥§ã«ìâ â®¢,�. �. � á¨­ 23



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 17 { 25� ¡«. 2.Lª 50 100 200� 0,0235 0,0134 0,0074� = 10oCx 0,0894 0,0884 0,0881� = 10oRª 2,11 2,72 3,54� = 10o� 0,0147 0,0083 0,0045� = 5oCx 0,0381 0,0352 0,0337� = 5oRª 1,71 2,17 2,84� = 5o
�¨á. 9. � á¯à¥¤¥«¥­¨¥ áª®à®áâ¨ ¢¤®«ì¯®¢¥àå­®áâ¨ ª®­ãá  � = 15o:èâà¨å®¢ ï «¨­¨ï { à áç¥â ¯® â¥®à¨¨ â®­ª®£® â¥« ;á¯«®è­ ï «¨­¨ï { à áç¥â ¯® [21]¯®«ãç¥­­ëå ¯® â¥®à¨¨ â®­ª®£® â¥«  ¤«ï ª®­ãá � = 15o. �«¥¤ã¥â ®¦¨¤ âì, çâ® ¤«ï ¡®«¥¥ â®­ª¨åª®­ãá®¢ � = 10o ¨ � = 5o à áç¥â ¯® íâ®© â¥®à¨¨¤ áâ ¡®«¥¥ â®ç­ë¥ §­ ç¥­¨ï Cx.�â® ¯à¥¤¯®«®¦¥­¨¥ ¯®¤â¢¥à¦¤ ¥âáï ¤ ­­ë¬¨,¯à¥¤áâ ¢«¥­­ë¬¨ ¢ â ¡«. 2, (¯à¨ â¥å ¦¥ §­ ç¥-­¨ïå Lª = 50; 100; 200 à ááç¨â ­ë ¢¥«¨ç¨­ë �, Cx¨ Rª ¤«ï ª®­ãá®¢ � = 10o ¨ � = 5o). � â ¡«. 2§ ¢¨á¨¬®áâ¨ Cx(�) ¨¬¥îâ ®¡ëç­ë© å à ªâ¥à,  ¢¥«¨ç¨­ë Rª á®®â¢¥âáâ¢ãîâ ä®à¬ã«¥ (28). � á-á¬®âà¥­¨¥ à¥§ã«ìâ â®¢, ¯à¥¤áâ ¢«¥­­ëå ¢ â ¡«. 1¨ 2, ¯®ª §ë¢ ¥â, çâ® â¥®à¨î â®­ª®£® â¥«  ¬®¦­®¯à¨­ïâì ¤«ï à áç¥â  ¤®§¢ãª®¢ëå ª ¢¨â æ¨®­­ëåâ¥ç¥­¨© §  ª®­ãá ¬¨, ã£®« ¯®«ãà áâ¢®à  ª®â®àëå¨§¬¥­ï¥âáï ¢ ¯à¥¤¥« å 0o < � � 15o.�® ª®¬¯®­¥­â ¬ ¢®§¬ãé¥­­®© áª®à®áâ¨ (24)

¬®¦­® ¢ëç¨á«¨âì ¢¥«¨ç¨­ã áª®à®áâ¨ ®¡â¥ª ­¨ï­  ¯®¢¥àå­®áâ¨ ª®­ãá  Vª®­, ª®â®à ï ®¯à¥¤¥«ï¥â-áï á«¥¤ãîé¨¬ ®¡à §®¬ (Vª®­ ®â­¥á¥­  ª áª®à®áâ¨V0): Vª®­ =p(1 + vx)2 + v2r : (34)� á¯à¥¤¥«¥­¨¥ Vª®­ ¯à¨ ­ã«¥¢®¬ ç¨á«¥ � å  ¯®¯®¢¥àå­®áâ¨ ª®­ãá  � = 15o, à ááç¨â ­­®¥ ¯®ä®à¬ã« ¬ (24) ¨ (34) ¤«ï ç¨á«  ª ¢¨â æ¨¨ � =0; 01(L = 200), ¯à¥¤áâ ¢«¥­® ­  à¨á. 9 èâà¨å®¢®©«¨­¨¥© (ª®®à¤¨­ â  x ®â­¥á¥­  ª ¢ëá®â¥ ª®­ãá  l.�¯«®è­®© «¨­¨¥© ®â¬¥ç¥­® à á¯à¥¤¥«¥­¨¥ áª®à®-áâ¨, ¯®«ãç¥­­®¥ ¢ [21] ¤«ï â¥å ¦¥ §­ ç¥­¨© ã£« ¯®«ãà áâ¢®à  ª®­ãá  � ¨ ç¨á«  ª ¢¨â æ¨¨ �. �§à¨á. 9 á«¥¤ã¥â, çâ® ­  ¡®«ìè¥© ç áâ¨ ª®­ãá  áª®-à®áâì ®¡â¥ª ­¨ï, ®¯à¥¤¥«¥­­ ï ¯® â¥®à¨¨ â®­ª®£®â¥« , ¡«¨§ª  ª áª®à®áâ¨, à ááç¨â ­­®© ç¨á«¥­­ë¬¬¥â®¤®¬.�����������áá«¥¤®¢ ­¨¥, ¯à®¢¥¤¥­­®¥ ­  ®á­®¢¥ â¥®à¨¨â®­ª®£® â¥« , ¯®ª § «®, çâ® ¢ ¤®§¢ãª®¢®¬ ¯®â®ª¥¢«¨ï­¨¥¬ ç¨á«  � å  ­  ä®à¬ã ª ¢¥à­ë ¬®¦­®¯à¥­¥¡à¥çì { ª ¢¥à­  á ¤®áâ â®ç­®© â®ç­®áâìî®¯¨áë¢ ¥âáï í««¨¯á®¨¤®¬ ¢à é¥­¨ï (ª ª ¨ ¢ ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨). �««¨¯á®¨¤ ¢à é¥­¨ï ¯®-«ãç ¥âáï ª ª ¨§ ¢­¥è­¥£® à¥è¥­¨ï (15) { ¯à¨ ¯à¥-­¥¡à¥¦¥­¨¨ à §¬¥à ¬¨ ª ¢¨â â®à  ¯® áà ¢­¥­¨îá à §¬¥à ¬¨ ª ¢¥à­ë, â ª ¨ ¨§ à¥è¥­¨ï ¤«ï â®­-ª¨å ª®­ãá®¢, ª®£¤  ¯®àï¤®ª â®­ª®áâ¨ ª ¢¨â â®à ¨ ª ¢¥à­ë ®¤¨­ ª®¢. �««¨¯á®¨¤ «ì­®áâì ¯¥à¢®£®¯à¨¡«¨¦¥­¨ï ä®à¬ë ª ¢¥à­ë ¤«ï â®­ª¨å ª®­ãá®¢á«¥¤ã¥â ¨§ à¥è¥­¨© (19). �à¨ ¯¥à¥­®á¥ ­ ç «  á¨-áâ¥¬ë ª®®à¤¨­ â ¢ á¥à¥¤¨­ã ¤«¨­ë ª ¢¥à­ë á®®â-­®è¥­¨ï (19) ¯à¨¬ãâ ¢¨¤R20 = �1(a21 � x21); a1 = a � L2 :�¨á«® � å  ¢ ®á­®¢­®¬¢«¨ï¥â ­  ¢¥«¨ç¨­ã ª ¢¨-â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ª ¢¨â â®à  (á à®áâ®¬ç¨á«  � å  ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï à áâ¥â).�à¨ ­¥¨§¬¥­­®© ¤«¨­¥ ª ¢¥à­ë ¯à¨ ã¢¥«¨ç¥­¨¨ç¨á«  � å  ¢ á®®â¢¥âáâ¢¨¨ á § ª®­®¬ á®åà ­¥-­¨ï ¨¬¯ã«ìá  ç¨á«® ª ¢¨â æ¨¨ ã¢¥«¨ç¨¢ ¥âáï. � ¯à®âï¦¥­¨¨ àï¤  «¥â ¢ �­áâ¨âãâ¥ £¨¤à®¬¥å ­¨-ª¨ ��� �ªà ¨­ë ¢ ®â¤¥«¥ �.�.� ¢ç¥­ª® ¯à®¢®-¤ïâáï íªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®¢ ­¨ï à §¢¨âëåª ¢¨â æ¨®­­ëå â¥ç¥­¨© ¢ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨.�ªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­­ë¥ ® ª ¢¨â æ¨®­­ëå â¥-ç¥­¨ïå ¢ ¤®§¢ãª®¢®¬ ¯®â®ª¥ ®¯ã¡«¨ª®¢ ­ë ¢ [11 -13] (¤¨ ¯ §®­ ç¨á¥« � å  0; 1 � M � 0; 93). �ªá-24 �. �. � á¨­
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