
������ö ���ö�������� ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 69 { 72��� 532.528 ���������� �������� ����� ��������-������� ����������� �������. �. ���������áâ¨âãâ â¥®à¥â¨ç¥áª®© ¨ ¯à¨ª« ¤®© ¬¥å ¨ª¨ �� ���, �®¢®á¨¡¨àáª, �®áá¨ï�®«ãç¥® 10.06.2003� à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¤¢¨¦¥¨¥ ªà®¢¨ ¯® ªàã¯ë¬  àâ¥à¨ «ìë¬ á®áã¤ ¬. �¬¯ã«ìá®¥ ¤¢¨¦¥¨¥ ªà®¢¨ ¯®ã¯àã£®¬ã á®áã¤ã ¬®¤¥«¨àã¥âáï â¥«¥£à äë¬ ãà ¢¥¨¥¬. �à¨¢«¥ç¥¨¥ ä¥®¬¥  �¥©áá¥«ï-�áâà®ã¬®¢ , ª®â®àë©á®áâ®¨â ¢ § ¢¨á¨¬®áâ¨ ¤ ¢«¥¨ï ®â áª®à®áâ¨ ¤¥ä®à¬ æ¨¨ á®áã¤ , ¯®§¢®«¨«® ®¡êïá¨âì à®áâ  ¬¯«¨âã¤ë ¯ã«ìá®¢®©¢®«ë ¯® ¬¥à¥ ã¤ «¥¨ï ®â á¥à¤æ . � «¨â¨ç¥áª®¥ à¥è¥¨¥ å®à®è® á®£« áã¥âáï á íªá¯¥à¨¬¥â «ìë¬¨ à¥§ã«ì-â â ¬¨ ¤àã£¨å  ¢â®à®¢. �®«ãç¥ë¥ à¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ª ª ¤«ï æ¥«¥© ¤¨ £®áâ¨ª¨ à ¡®âëªà®¢¥®á®© á¨áâ¥¬ë, â ª ¨ ¤«ï æ¥«¥© ¯à®â¥§¨à®¢ ¨ï á®áã¤®¢.� à®¡®â÷ à®§£«ï¤ õâìáï àãå ªà®¢÷ ¯® ¢¥«¨ª¨å  àâ¥à÷ «ì¨å áã¤¨ å. ö¬¯ã«ìá¨© àãå ªà®¢÷ ¯® ¯àã¦÷© áã¤¨÷ ¬®¤¥-«îõâìáï â¥«¥£à ä¨¬ à÷¢ïï¬. � «ãç¥ï ä¥®¬¥ã �¥©áá¥«ï-�áâà®ã¬®¢ , ïª¨© ¯®«ï£ õ ¢ § «¥¦®áâ÷ â¨áªã ¢÷¤è¢¨¤ª®áâ÷ ¤¥ä®à¬ æ÷ù áã¤¨¨, ¤®§¢®«¨«® ¯®ïá¨â¨ §à®áâ ï  ¬¯«÷âã¤¨ ¯ã«ìá®¢®ù å¢¨«÷ ¯à¨ ¢÷¤¤ «¥÷ ¢÷¤ á¥àæï.� «÷â¨ç¨© à®§¢'ï§®ª ¤®¡à¥ ã§£®¤¦ãõâìáï § ¥ªá¯¥à¨¬¥â «ì¨¬¨ à¥§ã«ìâ â ¬¨ ÷è¨å  ¢â®à÷¢. �¤¥à¦ ÷ à¥§ã«ì-â â¨ ¬®¦ãâì ¡ãâ¨ ¢¨ª®à¨áâ ÷ ïª § ¬¥â®î ¤÷ £®áâ¨ª¨ ªà®¢®®á®ù á¨áâ¥¬¨, â ª ÷ § ¬¥â®î ¯à®â¥§ã¢ ï áã¤¨.Dlood motion in big arterial vessels in considered in the work. The impulse motion of blood in the elastic vessel is modelledby the telegraph equation. Appication of the Bessel-Ostroumov phenomenon consisting in dependence of the pressure onthe vessel defermation velocity allows to explain increasing the pulse wave amplitude with moving o� from a heart. Ananalytical solution is in good agreement with experimental results of other authors. Jdtained results may be used bothfor diagnostics of the circulatory system and for prosthesis of the vessels.���������¨áâ¥¬  ªà®¢®®¡à é¥¨ï ¤«ï ª ¦¤®£® ¦¨¢®£®®à£ ¨§¬  ï¢«ï¥âáï ¢ ¦¥©è¥© á¨áâ¥¬®©, ®à-¬ «ì®¥ ¨«¨ ¯ â®«®£¨ç¥áª®¥ äãªæ¨®¨à®¢ ¨¥ª®â®à®© ®¯à¥¤¥«ï¥â ®à¬ «ì®¥ ¨«¨ ¯ â®«®£¨ç¥-áª®¥ äãªæ¨®¨à®¢ ¨¥ ¢á¥£® ®à£ ¨§¬ .�¥å ¨ª¥ ªà®¢®®¡à é¥¨ï ¯®á¢ïé¥® ¡®«ìè®¥ª®«¨ç¥áâ¢®  ãçëå à ¡®â ¨ ¬®®£à ä¨©. �®áâ -â®ç® ¯®«®¥ ¨§«®¦¥¨¥ ¯à®¡«¥¬ë ¨ ®¡è¨àãî¡¨¡«¨®£à ä¨î ¬®¦®  ©â¨ ¢ [1{3].H á ¢ íâ¨å ª¨£ å ¨â¥à¥áãîâ ®á®¡¥® â¥ á¯¥ªâë ¯à®¡«¥¬ë, ª®â®àë¥, ¯® ¬¥¨î  ¢â®à®¢,¥ ¯®«ãç¨«¨ ¤®áâ â®ç®£® ®¡êïá¥¨ï.� ¬®®£à ä¨ïå [3, 4] ¨§« £ ¥âáï â¥®à¨ï ¯ã«ìá®-¢®£® ¤¢¨¦¥¨ï ªà®¢¨ ¢ á®áã¤ å ¨ ¯à¨¢®¤ïâáï íªá¯¥-à¨¬¥â «ìë¥ ¤ ë¥ ¯® à á¯à®áâà ¥¨î ¯ã«ì-á®¢®© ¢®«ë ¢¤®«ì á®áã¤¨áâ®£® àãá« . �¡à é ¥â  á¥¡ï ¢¨¬ ¨¥ â®, çâ® ¯® ¬¥à¥ ¯à®¤¢¨¦¥¨ï¢®«ë ¯® ¢á¥¬ ªàã¯ë¬  àâ¥à¨ï¬ ¨  ®àâ ¬ { ¢®á-å®¤ïé¥©  ®àâ¥, £àã¤®©  ®àâ¥, ¡àîè®©  ®àâ¥, ¡¥-¤à¥®©  àâ¥à¨¨, ¡®«ìè®© ¯®¤ª®¦®©  àâ¥à¨¨ { ¬¯«¨âã¤  ¯ã«ìá®¢®© ¢®«ë ¢®§à áâ ¥â ¯®çâ¨ ¢¤¢  à § ,   áà¥¤¥¥ ¤ ¢«¥¨¥ á®åà ï¥âáï   ¢å®¤-®¬ ãà®¢¥. �â® â¥¬ ¡®«¥¥ ã¤¨¢¨â¥«ì®, çâ® ¢®«   á¢®¥¬ ¯ãâ¨ ¥áª®«ìª® à § ¯à®å®¤¨â â®çªã

.¡¨äãàª æ¨¨, ¯®á«¥¤®¢ â¥«ì® ¯¥à¥å®¤¨â ¢ á®áã¤ë¬¥ìè¥£® ¤¨ ¬¥âà .�â¥ª¨ ªàã¯ëå ªà®¢¥®áëå á®áã¤®¢, ªà®¬¥í« áâ¨çëå ¬ â¥à¨ «®¢, ¢ª«îç îâ ¢ á¥¡ï ¬ëè¥ç-ë¥ ¢®«®ª . �å äãªæ¨ï ¢ à ¡®â¥ á¥à¤¥ç®-á®áã¤¨áâ®© á¨áâ¥¬ë ®á®¡¥® ¢ ¦ , ¥á«¨ ãç¥áâì,çâ® ¯®âà¥¡«¥¨¥ ª¨á«®à®¤  íâ¨¬¨ ¬ëèæ ¬¨, ª®-â®à®¥ ®¯à¥¤¥«ï¥â ¨å í¥à£¥â¨ªã,   ¯®àï¤®ª ¯à¥-¢®áå®¤¨â ¯®âà¥¡«¥¨¥ ª¨á«®à®¤  áª¥«¥â®© ¬ãáªã-« âãà®© ¢ ¯®ª®¥ [5].�¡ëç® à®«ì á®áã¤¨áâëå £« ¤ª¨å ¬ëèæ á¢®¤ïâª ã¯à ¢«ï¥¬®¬ã ¨§¬¥¥¨î ã¯àã£®áâ¨ áâ¥®ª á®-áã¤®¢, çâ®  §ë¢ îâ â®ãá®¬. �¥£ª® ¯®ïâì, çâ®ã¯àã£®áâì áâ¥®ª á®áã¤®¢, ¥§ ¢¨á¨¬® ®â â®£®,ï¢«ï¥âáï ®  ã¯à ¢«ï¥¬®© ¨«¨ ¥ã¯à ¢«ï¥¬®©, ¥¬¥ï¥â í¥à£¥â¨ªã ¯à®æ¥áá  ªà®¢®â®ª  ¨ ¥ á¯®-á®¡  ¯®¤ïâì  ¬¯«¨âã¤ã ¨¬¯ã«ìá®© ¢®«ë.� ¯®¯ëâª å ®¡êïá¨âì íää¥ªâ ã¢¥«¨ç¥¨ï  ¬-¯«¨âã¤ë ¯ã«ìá®¢®© ¢®«ë ¬ë ®¡à â¨«¨ ¢¨¬ ¨¥  ®âªàëâë© áâ® «¥â  § ¤ íää¥ªâ, ª®â®àë© ¯®-«ãç¨«  §¢ ¨¥ ä¥®¬¥ �áâà®ã¬®¢ -�¥©áá¥«ï [6].� á®áâ®¨â ¢ â®¬, çâ®   ¡ëáâà®¥ à áâï¦¥¨¥£« ¤ª¨¥ ¬ëèæë à¥ £¨àãîâ ¯®¢ëè¥¨¥¬  ¯àï¦¥-¨ï. �â®â ¬¥å ¨§¬  ¡«î¤ ¥âáï ¤ ¦¥ ¢ ®âáãâ-áâ¢¨¨ ¥à¢ëå ¢®«®ª® ¨, á«¥¤®¢ â¥«ì®, ¥ âà¥-¡ã¥â ãç áâ¨ï ¥à¢®© á¨áâ¥¬ë.c �. �. �¥àªã«®¢, 2004 69



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 69 { 721. ���������� ���������� ������� áá¬®âà¨¬ ¤¢¨¦¥¨¥ ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨,¢ ¤ ®¬ á«ãç ¥ ªà®¢¨, ¯® âàã¡ª¥, áâ¥ª¨ ª®â®à®©á¯®á®¡ë à áâï£¨¢ âìáï ¯®¤ ¤¥©áâ¢¨¥¬ ¢ãâà¥-¥£® ¤ ¢«¥¨ï ¨ á¦¨¬ âìáï ¥ â®«ìª® ¯®¤ ¤¥©áâ¢¨-¥¬ ã¯àã£¨å á¨«, ® ¨ ¯®¤ ¤¥©áâ¢¨¥¬ £« ¤ª¨å ¬ëèæ,¢ª«îç¥ëå ¢ áâ¥ª¨ ªà®¢¥®á®£® á®áã¤ .� ®â«¨ç¨¥ ®â ã¯àã£®© á¨«ë, ª®â®à ï ¯® ¢¥«¨-ç¨¥ ¨ ä §¥ ®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨®© ¨ ä §®© ¤¥-ä®à¬ æ¨¨, ¢¥«¨ç¨  ¨ ä §  á®ªà é¥¨ï ¬ëè¥ç-ëå ¢®«®ª® ¬®¦¥â ¨¬¥âì ¤àã£¨¥ § ç¥¨ï, çâ® ¨®¯à¥¤¥«ï¥â ¥¥  ªâ¨¢ãî äãªæ¨î.�à¨ íâ®¬ ¤¢¨¦¥¨¥ ªà®¢¨ ¡ã¤¥â ¢ë§ë¢ âìáï ¥â®«ìª® ¤¥©áâ¢¨¥¬ ¯¥à¥¯ ¤  ¤ ¢«¥¨ï, ¢ à áá¬ âà¨-¢ ¥¬®¬ á«ãç ¥ ¨¬¯ã«ìá®£® ¯¥à¥¯ ¤  ¤ ¢«¥¨ï, ®¨ ¯®¤ ¤¥©áâ¢¨¥¬ ®â¢¥â®© ¤¥ä®à¬ æ¨¨ áâ¥®ª á®-áã¤ . �à®¢ì ¡ã¤¥â à áá¬ âà¨¢ âìáï ª ª ìîâ®-®¢áª ï ¢ï§ª ï, ¥á¦¨¬ ¥¬ ï ¦¨¤ª®áâì, â¥ªãé ï¢ « ¬¨ à®¬ à¥¦¨¬¥.2. �������������� ��������������� ªà®¢¥®á®¬ á®áã¤¥ ¢ë¤¥«¨¬ í«¥¬¥â àãîáâàã©ªã â®ª  ¯®  ¯à ¢«¥¨î ¤¢¨¦¥¨ï ªà®¢¨.�¥ªâ®à áª®à®áâ¨, ®à¨¥â¨à®¢ ë© ¢¤®«ì áâàã©-ª¨, ®¡®§ ç¨¬ w, ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ïí«¥¬¥â à®© áâàã¨ { ç¥à¥§ df , ¯«®â®áâì ªà®¢¨ {ç¥à¥§ �.�®«¨ç¥áâ¢® ¦¨¤ª®áâ¨, ª®â®à®¥ ¯à®â¥ª ¥â ç¥à¥§à áá¬ âà¨¢ ¥¬®¥ á¥ç¥¨¥, ¡ã¤¥âdM = �wdf:�ãª¢®© p ®¡®§ ç¨¬ ¤ ¢«¥¨¥ ¢ â¥ªãé¥© â®çª¥áâàã¨.�à ¢¥¨¥ ¨¬¯ã«ìá  ¢¤®«ì áâàã¨ § ¯¨è¥âáïâ ª: @@t (�wdf) = �df @p@x � 2a�wdf: (1)�¤¥áì 2a = 32�d2 { ¯®áâ®ïë© ¤«ï « ¬¨ à®£®â¥ç¥¨ï ª®íää¨æ¨¥â, ®¯à¥¤¥«ïîé¨© £¨¤à ¢«¨ç¥-áª®¥ á®¯à®â¨¢«¥¨¥ ¤«ï ¦¨¤ª®áâ¨ á ª¨¥¬ â¨ç¥-áª®© ¢ï§ª®áâìî �, â¥ªãé¥© ¢ ª  «¥ ¤¨ ¬¥âà®¬ d:� ãà ¢¥¨¨ (1) ®¯ãé¥® á« £ ¥¬®¥ @@x (�w2df),çâ® á®®â¢¥âáâ¢ã¥â ¬ «®áâ¨ ¤¨ ¬¨ç¥áª®£® ¤ -¢«¥¨ï ¯® áà ¢¥¨î á® áâ â¨ç¥áª¨¬ ¤ ¢«¥¨¥¬p(x; t), ª®â®à®¥ áç¨â ¥âáï ¥§ ¢¨áïé¨¬ ®â ¯®¯¥-à¥ç®© ª®®à¤¨ âë.

�«ï íâ®© ¦¥ áâàã©ª¨ ¤®«¦® ¢ë¯®«ïâìáï ãà ¢-¥¨¥ ¥à §àë¢®áâ¨@@t (�df) + @@x (�wdf) = 0: (2)�ã¬¬¨àãï ¯® ¢á¥¬ã á¥ç¥¨î á®®â®è¥¨ï (1) ¨(2), ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢-¥¨ï: @@tM = �f @p@x � 2aM; (3)@@t (�f) + @@xM = 0; (4)£¤¥ M = R �w df { ¬ áá®¢ë© à áå®¤.�à¨¢¥¤¥ ï á¨áâ¥¬  ãà ¢¥¨© ¨á¯®«ì§®¢ « áì¢ ¬®®£à ä¨¨ � à®£® [7].�«ï § ¬ëª ¨ï á¨áâ¥¬ë ãà ¢¥¨© (3), (4) ¥®¡-å®¤¨¬® ãª § âì á¢ï§ì ¬¥¦¤ã ¨§¬¥¥¨¥¬ ¯«®é ¤¨¯®¯¥à¥ç®£® á¥ç¥¨ï ¨ ¤ ¢«¥¨¥¬. � ¯ áá¨¢®¬ã¯àã£®¬ á®áã¤¥ íâ  á¢ï§ì ®¯à¥¤¥«ï¥âáï § ª®®¬�ãª , ª®â®àë© ¤«ï ¬ «®© ¤¥ä®à¬ æ¨¨ § ¯¨áë¢ -¥âáï â ª: p = Kf0 f . �¤¥áì f0 { áà¥¤¥¥ § ç¥¨¥¯«®é ¤¨ ¯®¯¥à¥ç®£® á¥ç¥¨ï, K { ¥£® ¦¥áâª®áâì  à áâï¦¥¨¥.�«ï  ªâ¨¢®-ã¯àã£®£® á®áã¤  ã¦® ãª § âìá¢ï§ì ¬¥¦¤ã áª®à®áâï¬¨ ¨§¬¥¥¨ï ¤ ¢«¥¨ï ¨¯«®é ¤¨ ¯®¯¥à¥ç®£® á¥ç¥¨ï ¢ á®®â¢¥âáâ¢¨¨ áä¥®¬¥®¬ �áâà®ã¬®¢ -�¥©áá¥«ï ¨ § ª®®¬ �ãª :2�p = � @@t �Kf0 f � p� : (5)�®íää¨æ¨¥â 2� ®¯à¥¤¥«ï¥â âã ¤®«î ¤ ¢«¥¨ï,ª®â®à ï ¢ë§ë¢ ¥âáï à ¡®â®© á®áã¤¨áâ®© ¬ãáªã« -âãàë ¨ ¯®¤«¥¦¨â ®¯à¥¤¥«¥¨î ¯® íªá¯¥à¨¬¥â «ì-ë¬ ¤ ë¬.� ¨á¯®«ì§®¢ ¨¥¬ á®®â®è¥¨ï (5) «¨¥ à¨§®-¢ ë¥ ãà ¢¥¨ï (3), (4) § ¯¨èãâáï â ª:@@tM = �f0 @p@x � 2aM; (6)f0c2 �@p@t � 2�p�+ @@xM = 0: (7)�¤¥áì ¨á¯®«ì§®¢ ® ®¡®§ ç¥¨¥ c2 = K=�:�¥à¥ªà¥áâë¬ ¤¨ää¥à¥æ¨à®¢ ¨¥¬ ¨áª«îç¨¬¨§ á¨áâ¥¬ë ãà ¢¥¨© (6), (7) ¤ ¢«¥¨¥ ¨ ¯®«ãç¨¬®¤® ãà ¢¥¨¥ ¤«ï ¬ áá®¢®£® à áå®¤ :@2M@t2 � c2 @2M@x2 + 2(a� �)@M@t � 4a�M = 0: (8)�áª«îç ï ¬ áá®¢ë© à áå®¤, ¯®«ãç¨¬ â ª®¥ ¦¥ãà ¢¥¨¥ ¤«ï ¤ ¢«¥¨ï:@2p@t2 � c2 @2p@x2 + 2(a� �)@p@t � 4a�p = 0: (9)70 �. �. �¥àªã«®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 1. �. 69 { 72�à ¢¥¨¥ (8) ï¢«ï¥âáï å®à®è® ¨§ãç¥ë¬ â¥-«¥£à äë¬ ãà ¢¥¨¥¬.�¢¥¤ï ¢ à áá¬®âà¥¨¥ ¡¥§à §¬¥àë¥ ¥§ ¢¨á¨-¬ë¥ ¯¥à¥¬¥ë¥ � = x=l; � = t=T , ¬ë á¬®¦¥¬ ¯®-«ãç¨âì ãà ¢¥¨¥ ¢ ¡¥§à §¬¥à®© ä®à¬¥:@2M@�2 � C2@2M@�2 + 2B @M@� � AM = 0 (10)¨   «®£¨ç®¥ ãà ¢¥¨¥ ¤«ï ¤ ¢«¥¨ï:@2p@�2 � C2@2p@�2 + 2B @p@� � Ap = 0: (11)�¤¥áì C = cTl { ¡¥§à §¬¥à ï áª®à®áâì à á¯à®-áâà ¥¨ï ¯ã«ìá®¢®© ¢®«ë; B = T (a � �) { «®£ -à¨ä¬¨ç¥áª¨© ¤¥ªà¥¬¥â § âãå ¨ï ( à áâ ¨ï)¢®«ë; A = 4a�T 2:3. ������������� �������� ������������ ������¤¥â¨ä¨ª æ¨ï ¢ë¡à ®© ¬ â¥¬ â¨ç¥áª®© ¬®-¤¥«¨ âà¥¡ã¥â ¢ë¡®à  ¢å®¤ïé¨å ¢ ¥¥ ¯ à ¬¥âà®¢¯® ãá«®¢¨î á®£« á®¢ ¨ï à¥§ã«ìâ â®¢ ¢ëç¨á«¥¨ï¨  ¡«î¤¥¨ï. �á«¨ à ¡®âã á®áã¤¨áâ®© ¬ãáªã« âã-àë ¯à¨à ¢ïâì à ¡®â¥ á¨« ¢ï§ª®áâ¨, â® íâ® ¯®§¢®-«¨â ®¯à¥¤¥«¨âì ¯ à ¬¥âà B = 0; � = a: �à¨ íâ®¬ãà ¢¥¨¥ ¤«ï ¢®«ë ¤ ¢«¥¨ï ¯à¨®¡à¥â¥â ¢¨¤@2p@�2 � C2@2p@�2 � Ap = 0:�¥à¨®¤¨ç¥áª®¥ à¥è¥¨¥ íâ®£® ãà ¢¥¨ï ¬®¦®¨áª âì ¢ ¢¨¤¥p(�� ) = P (�) sin!�; ! = 2�:�à ¢¥¨¥ ¤«ï  ¬¯«¨âã¤®© äãªæ¨¨ § ¯¨è¥âáïâ ª: P 00 + k2P = 0;£¤¥ k2 = A+ !2C2 :� á¢®î ®ç¥à¥¤ì, à¥è¥¨¥ íâ®£® ãà ¢¥¨ï ¨¬¥¥âá«¥¤ãîé¨© ¢¨¤:P (�) = e sin k� + b cos k�¨ ¢å®¤ïé¨¥ áî¤  ¯®áâ®ïë¥ ª®íää¨æ¨¥âë ¬®-£ãâ ¡ëâì ¢ëà ¦¥ë ç¥à¥§  ¬¯«¨âã¤ë¥ § ç¥¨ï¤ ¢«¥¨ï ¨ £à ¤¨¥â  ¤ ¢«¥¨ï   ¢å®¤®¬ ª®æ¥á®áã¤ : b = P (0) = P0; e = 1k dP0d� :

�¥à¥£¨áâà¨àã¥¬ë© ¢ íªá¯¥à¨¬¥â¥ ¢å®¤®© £à ¤¨-¥â ¤ ¢«¥¨ï á ¯®¬®éìî ãà ¢¥¨ï ¨¬¯ã«ìá  ¢ë-à §¨¬ ç¥à¥§ à¥£¨áâà¨àã¥¬ãî ¢¥«¨ç¨ã ¬ áá®¢®£®à áå®¤ .�à ¢¥¨¥ ¨¬¯ã«ìá  ¢ ¯à¥¥¡à¥¦¥¨¨ ¢ï§ª¨åá¨« ¢ ¡¥§à §¬¥à®© ä®à¬¥ § ¯¨è¥âáï â ª:1T @@� M = �f0l @p@� :�ç¨âë¢ ï ¢à¥¬¥ë¥ § ¢¨á¨¬®áâ¨M = M0Cos!�; @p@� = dPd� sin!�;¯®«ãç ¥¬P (�) = l!M0Tf0k sin k� + P0 cos k�: (12)�áå®¤ë¥ ¤ ë¥ ¤«ï ç¨á«®¢®£® ¯à¨¬¥à  ¢®§ì-¬¥¬ ¨§ ¬®®£à ä¨¨ [3] ¯à¨¬¥¨â¥«ì® ª ªà®¢¥®á-®© á¨áâ¥¬¥ á®¡ ª¨.� â¥®à¨¨ ¨¬¯ã«ìá®£® ¤¢¨¦¥¨ï ªà®¢¨ ¨á¯®«ì-§ã¥âáï ¡¥§à §¬¥àë© ¯ à ¬¥âà �®¬¥àá«¨ [3]:� = 12dr 2��T ;£¤¥ d { ¤¨ ¬¥âà ªà®¢¥®á®£® á®áã¤ ; T { ¯¥à¨®¤¯ã«ìá æ¨®®£® â¥ç¥¨ï; � { ª¨¥¬ â¨ç¥áª ï ¢ï§-ª®áâì ªà®¢¨.�®íää¨æ¨¥â £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï,ª®â®àë© ¢å®¤¨â ¢ ãà ¢¥¨ï (8), (9), ¬®¦¥â ¡ëâì¢ëà ¦¥ ç¥à¥§ ¯ à ¬¥âà �®¬¥àá«¨ á«¥¤ãîé¨¬®¡à §®¬: a = 16�d2 = 4!�2 = 8��2T :� à ¬¥âà �®¬¥àá«¨ ¤«ï à §«¨çëå ãç áâª®¢  à-â¥à¨ «ì®£® àãá«  ¨¬¥¥â § ç¥¨ï ¢ ¨â¥à¢ «¥3.5 { 12. �«ï ®¯à¥¤¥«¥¨ï § ª®  à á¯à®áâà ¥-¨ï ¢®«ë ¤ ¢«¥¨ï ¥â ¥®¡å®¤¨¬®áâ¨ § âì ç¨-á«¥®¥ § ç¥¨¥ ¯ à ¬¥âà  �®¬¥àá«¨, ¤®áâ â®ç-® § âì, çâ® ¤«ï ªàã¯ëå ªà®¢¥®áëå á®áã¤®¢® ¨¬¥¥â § ç¥¨¥ § ç¨â¥«ì® ¡®«ìè¥ ¥¤¨¨æë.�§ íâ®£® ¡ã¤¥â á«¥¤®¢ âì ¬ «®áâì £¨¤à ¢«¨ç¥áª®-£® á®¯à®â¨¢«¥¨ï ¯® áà ¢¥¨î c á¨« ¬¨ ¨¥àæ¨¨.�® ¦¥ á ¬®¥ ®â®á¨âáï ª áª®à®áâ¨ à á¯à®áâà ¥-¨ï ¯ã«ìá®¢®© ¢®«ë { «¨â¥à âãàë¥ ¨áâ®ç¨ª¨ãª §ë¢ îâ § ç¥¨ï ®â 8 ¤® 10 ¬/á ¢ § ¢¨á¨¬®áâ¨®â â®ãá  á®áã¤¨áâ®© á¨áâ¥¬ë.�«ï ¤àã£¨å ¯ à ¬¥âà®¢ ¢ë¡¥à¥¬ â ª¨¥ § ç¥-¨ï: T = 0:4á; C = 10¬=á;l = 0:4¬; M0=f0 = 600 k£=¬2á; P0 = 5300N=¬2:�. �. �¥àªã«®¢ 71
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