
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 64 { 75��� 532.528�������� ���I���I� �� ���������� �I���I. �. ��������öáâ¨âãâ £÷¤à®¬¥å ÷ª¨ ��� �ªà ù¨, �¨ù¢�âà¨¬ ® 21.01.2004�®á«i¤¦ãõâìáï ç áâª®¢  ª ¢iâ æiï   ¢¨¤®¢¦¥¨å ®á¥á¨¬¥âà¨ç¨å âi« å ¢ i¤¥ «ìi© ¥áâ¨á«¨¢i© ¥¢ £®¬i© ài¤¨i.� ¢¤ïª¨ ¯à®áâ®âi ài¢ïï ¯¥àè®£®  ¡«¨¦¥ï ¢¤ «®áï ¯®ïá¨â¨ ¨§ªã ¥ä¥ªâi¢ â  à®§à åã¢ â¨ ®¤à §ã ¤¥ªi«ìª ®á¥á¨¬¥âà¨ç¨å ª ¢¥à   ®¤®¬ã âi«i. �®ª § ®, é® ª ¢¥à¨ ¬®¦ãâì ¡ãâ¨ ¥ âi«ìª¨ ¥«i¯á®-,  «¥ i £i¯¥à¡®«®¯®¤i¡-¨¬¨, § ©¤¥® ¢i¤¯®¢i¤i ®¡« áâi ç¨á¥« ª ¢iâ æiù. � ¢¨ª®à¨áâ ï¬ «ii©®ù" â  ¥«ii©®ù ¯®áâ ®¢®ª à®§à å®¢ oä®à¬¨ ã¢i£ãâ¨å ®á¥á¨¬¥âà¨ç¨å ª ¢¥à. �¥ïªi § ®¤¥à¦ ¨å ¤®¢£¨å ª ¢¥à ¥ ¯®âà¥¡ãîâì § ¬¨ª ç  i ¬®¦ãâì¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï iáâ®â®£® §¬¥è¥ï § £ «ì®£® ®¯®àã âi«, ïªi àãå îâìáï ã ¢®¤i § ¢¥«¨ª¨¬¨ è¢¨¤ª®áâï¬¨.�áá«¥¤ã¥âáï ç áâ¨ç ï ª ¢¨â æ¨ï   â®ª¨å ®á¥á¨¬¬¥âà¨çëå â¥« å ¢ ¨¤¥ «ì®© ¥á¦¨¬ ¥¬®© ¥¢¥á®¬®© ¦¨¤-ª®áâ¨. �« £®¤ àï ¯à®áâ®â¥ ãà ¢¥¨ï ¯¥à¢®£® ¯à¨¡«¨¦¥¨ï ã¤ «®áì ®¡êïá¨áâì àï¤ íää¥ªâ®¢ ¨ à ááç¨â âì ®¤-®¢à¥¬¥® ¥áª®«ìª® ®á¥á¨¬¬¥âà¨ç¨å ª ¢¥à   ®¤®¬ â¥«¥. �®ª § ®, çâ® ª ¢¥àë ¬®£ãâ ¡ëâì ª ª í««¨¯á®-,â ª ¨ £¨¯¥à¡®«®¯®¤®¡ë¬¨,  ©¤¥ë á®®â¢¥âáâ¢ãîé¨¥ ®¡« áâ¨ ç¨á¥« ª ¢¨â æ¨¨. � ¨á¯®«ì§®¢ ¨¥¬ «¨¥©®© ¨¥«¨¥©®© ¯®áâ ®¢®ª à ááç¨â ë ä®à¬ë ¢®£ãâëå ®á¥á¨¬¬¥âà¨çëå ª ¢¥à. �¥ª®â®àë¥ ¨§ ¯®«ãç¥ëå ¤«¨ëåª ¢¥à ¥ ã¦¤ îâáï ¢ § ¬ëª â¥«¥ ¨ ¬®£ãâ ¨á¯®«ì§®¢ âìáï ¤«ï áãé¥áâ¢¥®£® á¨¦¥¨ï ¯®«®£® á®¯à®â¨¢«¥¨ïâ¥«, ¤¢¨¦ãé¨åáï ¢ ¢®¤¥ á ¡®«ìè¨¬¨ áª®à®áâï¬¨.The partial cavitation on long axisymmetric bodies in ideal incompressible imponderable uid are investigated. Thesimplicity of the �rst approximation equation enables to explain a series of e�ects and to calculate several axisymmetriccavities on one body simultaneously. It is shown that cavities may be not only elliptic but also hyperbolic, the correspond-ing cavitation number regions are found. By means of the linear and non-linear approaches, the shapes of the concaveaxisymmetric cavities are calculated. Some of this long cavities do not need any rigid closing body and can be used for aconsiderable total drag reduction of the bodies moving in the water at high velocities.������ãå ã ¢®¤i § ¢¥«¨ª¨¬¨ è¢¨¤ª®áâï¬¨ ç áâ®¯®¢'ï§ ¨© § ¢¨¨ª¥ï¬ ª ¢¥à { ¯®à®¦¨, § -¯®¢¥¨å £ §®¬ â  ¯ à®î. � ¢¨¯ ¤ªã â ª §¢ ®£®áã¯¥àª ¢iâ æi©®£® à¥¦¨¬ã ¢i«ì  ¯®¢¥àåï § ¬¨-ª õâìáï ¯®§ ¤ã âi« . �ªé® ç¨á«® ª ¢iâ æiù� = 2(p1 � pk)�U21 (1)(âãâ p1; pk { ¢÷¤¯®¢÷¤® â¨áª¨   ¥áªiç¥®áâiâ    ¢i«ìi© ¯®¢¥àåi; � { £ãáâ¨  ài¤¨¨; U1 {äiªá®¢   è¢¨¤ªiáâì àãåã) ¥¤®áâ âì® ¬ «¥, ¢¨-¨ª õ à¥¦¨¬ ç áâª®¢®ù ª ¢iâ æiù, ª®«¨ ¢i«ì  ¯®-¢¥àåï § ¬¨ª õâìáï   âi«i.�¥§ã«ìâ â¨ ç¨á¥«ì¨å ¤®á«i¤¦¥ì ç áâª®¢®ùª ¢iâ æiù   ®á¥á¨¬¥âà¨ç¨å âi« å ¥é®¤ ¢® ¤àãª®¢ i ¢ [1], ¤¥ à®§£«ï¤ îâìáï ª ¢¥à¨ § ¤¨áª®¬ i ¢¨ª®à¨áâ®¢ãõâìáï ¬¥â®¤ ¬¥¦¥¢¨å ¥«¥¬¥-âi¢ (®á®¡«¨¢®áâi à®§â è®¢ãîâìáï   ¯®¢¥àåi âi« i ª ¢¥à¨). �ã«® ®âà¨¬ ® ¨§ªã æiª ¢¨å ä ªâi¢.�®ªà¥¬ , ¢¨ï¢«¥® ¢i¤áãâiáâì à®§¢'ï§ªi¢ ¤«ï ¤¥ï-ª¨å ¤®¢¦¨ ª ¢¥à¨ (¤¨¢. [1, à¨á. 14]) â  â®¢é¨âi«  [1, à¨á. 5], ®¡ç¨á«¥® § «¥¦iáâì ¬ii¬ «ì®ù¤®¢¦¨¨ ª ¢¥à¨ ¢i¤ â®¢é¨¨ âi«  [1, à¨á. 8]. � ià¥§ã«ìâ â¨ § «¨è¨«¨áì ¢ [1] ¡¥§ ¯®ïá¥ì, é® á¯®-ãª «® ¢¨ª®à¨áâ â¨ ¤«ï æì®£® § ¯à®¯®®¢ ã ¢ [2]«ii©ã â¥®àiî, §®ªà¥¬ , ài¢ïï ¯¥àè®£®  ¡«¨-

¦¥ï d2R2dx2 = �ln " (2)â  ©®£® à®§¢'ï§®ªR2(x) = �x22ln" + 2�x+ 1; x � 0; (3)¤¥ R(x) { à ¤iãá â®ª®ù ®á¥á¨¬¥âà¨ç®ù ª ¢¥à¨;" { ¬ «¨© ¯ à ¬¥âà ùù â®ª®áâi; � { ¯®åi¤  ¢i¤à ¤iãá  ª ¢iâ â®à  ¢ â®çæi ¯®ç âªã ª ¢¥à¨ x = 0.�ái ¤®¢¦¨¨ ¡ã¤ãâì ¢i¤¥á¥¨¬¨ ¤® à ¤iãá  ª ¢iâ -â®à  ¢ â®çæi ¢i¤à¨¢ã ª ¢¥à¨ x = 0. � ª á ¬®, ïª ¢áâ ââi [1], ®¡¬¥¦¨¬®áì ¥¢'ï§ª¨¬, ¥áâ¨á«¨¢¨¬ â ¡¥§¢¨åà®¢¨¬ ¯®â®ª®¬ ¥¢ £®¬®ù ài¤¨¨ â  à®§£«ï-ãâ¨¬¨ ¢ [1] ª®iç®-æ¨«i¤à¨ç¨¬¨ âi« ¬¨ (à¨á.1).�à®áâ®â  ài¢ïï ¯¥àè®£®  ¡«¨¦¥ï (3)¤®§¢®«ïc «¥£ª® ¤®á«i¤¨â¨ ¨§ªã ¯à¨æ¨¯®¢¨å ¯¨-â ì ª ¢iâ æi©¨å â¥çi©. �®ªà¥¬ , § áâ®áã¢ â¨¯à¨æ¨¯ áâi©ª®áâi § ¤ ç ¬ â¥¬ â¨ç®�� äi§¨ª¨ ¤«ï¢¨§ ç¥ï ¤®¯ãáâ¨¬®£® ¤i ¯ §®ã ç¨á¥« ª ¢iâ æi��(¤¨¢. [3,4]). � ¤ ®¬ã ¤®á«i¤¦¥i   «i§ãîâìáï®á®¡«¨¢®áâi æì®£® ¯à¨æ¨¯ã â  ä®à¬¨ ª ¢¥à ã¢¨¯ ¤ªã ç áâª®¢®�� ª ¢iâ æi��, é® ¢¨¯«¨¢ îâì § ài¢-ïï (3). �®ªà¥¬ , ¢ à®§¤i«i 4 ¡ã¤¥ ¯®ª § ®, é®¢ ¯à®¢¥¤¥®¬ã ç¥à¥§ ¢iáì á¨¬¥âài�� ¯¥à¥ài§i ª ¢¥à-  ¬®¦¥ ¡ãâ¨ ¥ âi«ìª¨ ¥«i¯á®¬,  «¥ i £i¯¥à¡®«®î,  â ª®¦ ¯àï¬®î «iicî. � à®§¤i«i 5   «i§ãîâì-áï ¯¥àá¯¥ªâ¨¢¨ § áâ®áã¢ ï ài§¨å â¨¯i¢ ª ¢¥à.64 c ö.�. �¥áâ¥àãª, 2004
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�¨á. 1. �®à¬¨ ª ¢¥à ¤«ï ài§¨å § ç¥ì ç¨á« ª ¢iâ æiù â  à ¤iãá  æ¨«i¤à¨ç®ù ç áâ¨¨ âi« R1 = 1:8�®§à å®¢ ® ä®à¬ã ã¢i£ãâ®�� ª ¢¥à¨ § ¢¨ª®à¨-áâ ï¬ § ¯à®¯®®¢ ®�� ¢ [5] ¥«ii©®�� ¯®áâ ®¢-ª¨.1. �������� ���I���I� �� �������������������� �I��� ���������I ����� ���I���øø�¥®àiï â®ª®£® âi«  ¥ ¤®§¢®«ïõ à®§à å®¢ã¢ â¨ª ¢¥à¨ §  ¤¨áª®¬ â  iè¨¬¨ ¥¢¨¤®¢¦¥¨¬¨ ¢  -¯àï¬ªã àãåã âi« ¬¨, â®¬ã   ¢i¤¬iã ¢i¤ [1] ¯¥à-è  ª ¢¥à  ãâ¢®àîõâìáï ª®ãá®¬ § â £¥á®¬  -¯i¢ªãâ  ¯à¨ ¢¥àè¨i �, à®§â è®¢ ¨¬   ¤i«ïæix < 0 (¤¨¢. à¨á. 1). � «i (0 < x < x1) § å®¤¨âì-áï é¥ ®¤  ª®iç  ç áâ¨  §i § ç¥ï¬ ¯®åi¤®ù�1, ïª  ¯à¨ x1 < x < x2 ¯¥à¥å®¤¨âì ¢ æ¨«i¤à §à ¤iãá®¬ R1. �¥¤®«iª®¬ «ii©®£® ¯i¤å®¤ã õ ©®£®®¡¬¥¦¥  â®çiáâì. � §®¬ § â¨¬ ¢i ¤®§¢®«ïõ à®-§à å®¢ã¢ â¨ ®¤à §ã ¢ái âà¨ ª ¢¥à¨, é® ¬®¦ãâì¢¨¨ª â¨   âi«i, ¯®ª § ®¬ã   à¨á. 1, ã â®© ç á,ïª § áâ®á®¢ ¨© ¢ [1] ¬¥â®¤ ®¡¬¥¦ãõâìáï «¨è¥ ®¤-iõî ª ¢¥à®î.�i©á®, § ¯à®¯®®¢ ¨© ¢ [6] ¬¥â®¤ §à®éã¢ -ï  á¨¬¯â®â¨ç¨å à®§ª« ¤i¢ ¢¨¬ £ õ «¨è¥ ¬ «®-£® § ç¥ï ¯®åi¤®ù ¢i¤ à ¤iãá  âi«   ¡® ª ¢¥à¨ i§ «¨è õâìáï á¯à ¢¥¤«¨¢¨¬ ¯à¨ ¤®¢i«ìi© ªi«ìª®áâi¢¨¤®¢¦¥¨å ª ¢¥à. �i¤¯®¢i¤® ¤«ï ¤®áâ âì® ¬ -«¨å § ç¥ì ¯ à ¬¥âà  " ¬®¦  ¢¨ª®à¨áâ®¢ã¢ â¨ài¢ïï (2), (3), ïª÷ õ  á«i¤ª ¬¨ ®âà¨¬ ®£® ¢[6] ¯®â¥æi «ã â¥çiù. �«ï ¤®áï£¥ï ¡i«ìè®ù â®ç-®áâi á«i¤ ¢¨ª®à¨áâ®¢ã¢ â¨ ài¢ïï ¤àã£®£®  ¡® áâã¯¨å  ¡«¨¦¥ì [7].� àâ® § ã¢ ¦¨â¨, é® ài¢ïï (2),(3) ¤®§¢®«ï-îâì ¤ã¦¥ ¯à®áâ® à®§¢'ï§ â¨ ¯à®¡«¥¬ã § ¬¨ª -

ï ª ¢¥à¨, ïªé® ¢¢ ¦ â¨, é® ¢®¨ ®¯¨áãîâì â -ª®¦ ä®à¬ã § ¬¨ª ç . �®¤i¡  ¥á¨¬¥âà¨ç  áå¥-¬  �ï¡ãè¨áìª®£®, ïª  ¢¯¥àè¥ ¢¨ª®à¨áâ®¢ã¢ « áì¢ [2],  ¢â®¬ â¨ç® § ¡¥§¯¥çãõ £« ¤ª¥ áâ¨ªã¢ ïª ¢¥à¨ â  § ¬¨ª ç . � â¨å ®¡« áâïå, ¤¥ ¯®åi¤ ¢i¤ à ¤iãá  § ¬¨ª ç  ¯¥à¥áâ õ ¡ãâ¨ ¬ «®î, «ii© â¥®àiï â  ài¢ïï (2), (3) ¢âà ç îâì á¢®î â®ç-iáâì. � ¯®¤ «ìè®¬ã ¡ã¤¥¬® ¥åâã¢ â¨ ¤®¢¦¨-®î § ¬¨ª ç  i ¢¢ ¦ â¨, é® ¤®¢¦¨  ª ¢¥à¨ L¢¨§ ç câìáï § ài¢ïï (3).�ªà¥¬ã ã¢ £ã á«i¤ §¢¥àãâ¨   â®çiáâì ¯¥à-è®£®  ¡«¨¦¥ï (2), (3), é® áâ ®¢¨âì «¨è¥(�ln")�1 [2, 7]. �¥¢  ¥¢¨§ ç¥iáâì ¯ à ¬¥âà " ¤®§¢®«ïõ ¢¨¡¨à â¨ ©®£® § ¬iàªã¢ ì ¤®áï£¥ï ©¡i«ìè®ù â®ç®áâi ài¢ïï (3) ¢ æiª ¢®¬ã ¤«ï¯à ªâ¨ª¨ ¤i ¯ §®i ç¨á¥« ª ¢iâ æiù. �®ªà¥¬ , ¢ïª®áâi ¢¥«¨ç¨¨ " ¬®¦  ¢§ïâ¨ ¢i¤®è¥ï ¬ ª-á¨¬ «ì®£® à ¤iãá  ª ¢iâ â®à  ¤® ©®£® ¤®¢¦¨¨.�®¤i ¤«ï ª®iç®£® ª ¢iâ â®à  " = �. �¥§ã«ìâ â¨à®§à åãªi¢ ¬ ªá¨¬ «ì®£® à ¤iãá  ª ¢¥à¨Rm â ùù ¤®¢¦¨¨ ¤® ¬i¤¥«ï Lm § ¢¨ª®à¨áâ ï¬ § § -ç¥®£® ¯ à ¬¥âà  â®ª®áâi ¯à¥¤áâ ¢«¥i   à¨á. 2i 3. � àª¥à ¬¨  ¢¥¤¥i à¥§ã«ìâ â¨ à®§à åãªi¢�ã§¥¢áìª®£® [8], ¢¨ª® i ¢ ¥«ii©i© ¯®áâ ®¢æi,â  ®¡ç¨á«¥ì §  ¤®¯®¬®£®î ¤¥é® ¬®¤¨äiª®¢ ®£®¬¥â®¤ã áâ ââi [5], ¢ ïª®¬ã ¢¨ª®à¨áâ®¢ãîâìáï ¤¦¥-à¥«  â  ¤¨¯®«i, à®§â è®¢ i   ®ái á¨¬¥âàiù.� à¨á. 2 ¢¨¤® æi«ª®¬ § ¤®¢i«ìã â®çiáâì ài¢-ïï ¯¥àè®£®  ¡«¨¦¥ï (3) ¢ è¨à®ª®¬ã ¤i -¯ §®i ç¨á¥« ª ¢iâ æi��. �«ï ¯®ª § ®ù   à¨á. 3¤®¢¦¨¨ ª ¢¥à¨ ¤® ¬i¤¥«ï ài¢ïï ¯¥àè®£®  -¡«¨¦¥ï ¤ õ ¤¥é® £iàèã â®çiáâì. �á®¡«¨¢® æ¥áâ®áãõâìáï ®¡« áâi ¡i«ìè¨å ç¨á¥« ª ¢iâ æiù � >0:05 i ¤ã¦¥ ¬ «¨å ªãâi¢ ¯à¨ ¢¥àè¨i ª®ãá . �®ç-iáâì ã æì®¬ã ¤i ¯ §®i áãââõ¢® ¯®ªà éãõâìáï ¯à¨¢¨ª®à¨áâ i ài¢ïï ¤àã£®£®  ¡«¨¦¥ï [7].�â¦¥, ài¢ïï (2), (3) § " = � ¬®¦ãâì ãá¯iè-® ¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï ®æi®ª £ ¡ à¨â¨å à®§-¬iài¢ ª ¢¥à¨ §  â®ª¨¬¨ ª®ãá ¬¨ ¢ è¨à®ª®¬ã¢ ¦«¨¢®¬ã ¤«ï ¯à ªâ¨æ÷ ¤i ¯ §®i ç¨á¥« ª ¢iâ æiù.� ¨© ä ªâ é¥ à § ¯i¤â¢¥à¤¦ãõ ¢i¤®¬¨© ¯¨æ¨¯"¥§ «¥¦®áâi à®§è¨à¥ï" ¯¥à¥ài§ã ª ¢¥à¨, § -¯à®¯®®¢ ¨© �. �. �®£¢¨®¢¨ç¥¬ [9]. �®ªà¥¬ , ¢¯¥àè®¬ã  ¡«¨¦¥i ä®à¬  ª ¢¥à¨ ¥ § «¥¦¨âì¢i¤  ï¢®áâi i à®§¬iài¢ iè¨å ª ¢¥à.�à¨ª« ¤¨ à®§à åãªi¢ § ¢¨ª®à¨áâ ï¬ ài¢ï-ï ¯¥àè®£®  ¡«¨¦¥ï (2)  ¢¥¤¥i   à¨á. 1.� ç¥ï ¯ à ¬¥âà  " ¤®ài¢î¢ «¨ �, �1 â  R1=x2¢i¤¯®¢i¤® ¤«ï ¯¥àè®ù, ¤àã£®ù â  âà¥âì®ù ª ¢¥à.�¬¥è¥ï ç¨á«  ª ¢iâ æiù ¬®¦¥ §¡i«ìèã¢ â¨¯¥àèã ª ¢¥àã ¤® â ª¨å à®§¬iài¢, é® ¢®  § ¬¨-ª â¨¬¥   æ¨«i¤à¨çi© ç áâ¨i âi« . �à¨â¨ç¥§ ç¥ï ç¨á«  ª ¢iâ æiù �c1 ¬®¦¥ ¡ãâ¨ § ©¤¥¥ö.�. �¥áâ¥àãª 65
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�¨á. 2. � ªá¨¬ «ì¨© à ¤iãá ª ¢¥à¨ ¤«ï ài§¨å§ ç¥ì  ¯i¢ªãâ  ¯à¨ ¢¥àè¨i ª®ãá  �. �iiù {ài¢ïï ¯¥àè®£®  ¡«¨¦¥ï, ¬ àª¥à¨ { ¥«ii©i¯®áâ ®¢ª¨

�¨á. 3. �®¢¦¨  ª ¢¥à¨ ¤® ¬i¤¥«ï ¤«ï ài§¨å § ç¥ì ¯i¢ªãâ  ¯à¨ ¢¥àè¨i ª®ãá  �. �iiù { ài¢ïï¯¥àè®£®  ¡«¨¦¥ï, ¬ àª¥à¨ { ¥«ii©i ¯®áâ ®¢ª¨§ ¯à®áâ®£® ài¢ïïR21 = �c1x212ln� + 2�x1 + 1; (4)é® õ  á«i¤ª®¬ à®§¢'ï§ªã (3). � ä®à¬ã«¨ (4) ¢¨-¯«¨¢ õ �c1 = 2ln�(R21 � 2�x1 � 1)x21 : (5)�¥àè  ª ¢¥à  ¬®¦¥ ®å®¯«î¢ â¨ ¢á¥ âi«® (¢¨-¯ ¤®ª áã¯¥àª ¢iâ æiù). �i¤¯®¢i¤¥ ªà¨â¨ç¥ ç¨á«®ª ¢iâ æiù �c2 ¬®¦¥ ¡ãâ¨ ¢¨§ ç¥¥ â ª¨¬¨ á¯i¢¢i¤-®è¥ï¬¨:�c1 � �c2 = 2ln�(R21 � 2�x2 � 1)x22 : (6)

�¨á. 4. �à¨â¨çi ç¨á«  ª ¢iâ æiù �c1 i �c2 ¤«ï ài§¨å§ ç¥ì à ¤iãá  æ¨«i¤à¨ç®ù ç áâ¨¨ âi« 
�¨á. 5. �à¨â¨çi ç¨á«  ª ¢iâ æiù �c1 i �c2 ¤«ï ài§¨åª®ãái¢�¥§ã«ìâ â¨ à®§à åãªi¢ ¯à¥¤áâ ¢«¥i   à¨á. 4â  5. �áªi«ìª¨ ä®à¬ã«¨ (5) â  (6) c ¯®¤i¡¨¬¨, â®ªà¨¢i   æ¨å à¨áãª å ¯à¥§¥âãîâì ïª �c1, â ª i�c2. �à¥¤áâ ¢«¥i   à¨á. 4, 5 § «¥¦®áâi ¬ îâì¬ ªá¨¬ã¬, ¢¥«¨ç¨  �cm â  ¯®«®¦¥ï x1m ïª®£®¬®¦ãâì ¡ãâ¨ ¢¨§ ç¥i § á¯÷¢¢÷¤®è¥ì (5)  ¡® (6)â ª¨¬ ç¨®¬:x1m = R21 � 1� ; �cm = 2�2ln�1� R21 : (7)�  à¨á. 4, 5 ¢¨¤® áâài¬ª¥ á¯ ¤ ï �cm ¯à¨§¬¥è¥i ¯ à ¬¥âà  � â  §à®áâ i R1. �¨¯ -¤®ª �c = �cm ¢i¤¯®¢i¤ õ x1 = x2, â®¡â® ã«ì®¢i©¤®¢¦¨i æ¨«i¤à¨ç®ù ç áâ¨¨ âi« . �à¨ R1 = 1ªà¨â¨ç¥ ç¨á«® ª ¢iâ æiù ¥ ¬ õ ¬ ªá¨¬ã¬ã. �æì®¬ã ¢¨¯ ¤ªã ¢¥«¨ç¨  x1 ¥ ¢¯«¨¢ õ   ä®à¬ãª ¢¥à¨, i ¢i¤¯®¢i¤  ªà¨¢    à¨á. 4 ®¯¨áãõ «¨è¥x2.66 ö.�. �¥áâ¥àãª
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�¨á. 6. �®¢¦¨  ª ¢¥à¨ ¯à¨ x1 = 10, R1 = 1:8 ¤«ïài§¨å § ç¥ì ªãâ  ¯à¨ ¢¥àè¨i ª®iç®£®ª ¢iâ â®à 2. ��������� ������� �����I������I� ������I �I���à¨ �c2 � � � �c1 ª ¢¥à  § ¬¨ª câìáï  æ¨«i¤à¨çi© ç áâ¨i. �®¤i ¤®¢¦¨  ª ¢¥à¨ L ¬®-¦¥ ¡ãâ¨ ¢¨§ ç¥  § â ª¨å ài¢ïì:R21 = �L22ln� + 2�L + 1; (8)L = �2ln�(� +p�2 � 0:5�(1�R21)=ln�� : (9)�à¨ª« ¤¨ à®§à åãªi¢ ¤«ï x1 = 10, R1 = 1:8 ¯à¥¤-áâ ¢«¥i   à¨á. 6. �ii�� ¢i¤¯®¢i¤ îâì ç áâª®¢i©ª ¢iâ æi�� ¯à¨ � � �c1. �«ï ¯®ài¢ïï ¬ àª¥à ¬¨ ¢¥¤¥® ¤ i ¤«ï ¢¨¯ ¤ªã áã¯¥àª ¢iâ æi�� (R1 = 0 ãài¢ïi (9)). � à¨á. 6 ¢¨¤®, é® ¤®¢¦¨  ª ¢¥à¨¤«ï ç áâª®¢®ù ª ¢iâ æiù õ ¡«¨§ìª®î ¤® ¢i¤¯®¢i¤¨å§ ç¥ì ã à¥¦¨¬i áã¯¥àª ¢iâ æiù. � ª¨© á ¬¨© à¥-§ã«ìâ â ®âà¨¬ ® ¤«ï ¤¨áª®¢®£® ª ¢iâ â®à  ([1],à¨á. 3). �®§¡i¦®áâi ¢ § ç¥ïå ¤®¢¦¨¨ ¤«ïç áâª®¢®�� â  áã¯¥àª ¢iâ æi�� §¡i«ìèãîâìáï ¯à¨ §à®-áâ i ç¨á«  ª ¢iâ æi�� (¯®¤i¡® ¤® [1, à¨á. 3]).�®§à åãª¨ ¤®¢¦¨¨ ª ¢¥à¨ L, ®âà¨¬ i § ¢¨-ª®à¨áâ ï¬ ä®à¬ã«¨ (9) ¯à¨ � = 0:14, x1 = 10¤«ï ài§¨å § ç¥ì à ¤iãá  âi« , ¯à¥¤áâ ¢«¥i  à¨á. 7. �iiù ¢i¤¯®¢i¤ îâì ç áâª®¢i© ª ¢â æiù. � ªá ¬®, ïª   à¨á. 6, ¯®ª § i «¨è¥ § ç¥ï L ¯à¨� � �c1. �«ï ¯®ài¢ïï ¬ àª¥à ¬¨ ¯à¥¤áâ ¢«¥-¨© ¢¨¯ ¤®ª áã¯¥àª ¢iâ æiù. �¨¤®, é® ç áâª®¢i©ª ¢iâ æiù ¢« áâ¨¢i ª®à®âèi ª ¢¥à¨ (¯®ài¢ï® i§¢¨¯ ¤ª®¬ áã¯¥àª ¢iâ æiù). �¥ á ¬¥ á¯®áâ¥ài£ õâì-áï ¤«ï ¤¨áª®¢®£® ª ¢iâ â®à , [¤¨¢. 1, à¨á. 9, a].�®¤i¡® ¤® [1, à¨á. 9, a] à®§¡i¦®áâi ¬i¦ ç áâª®-¢®î â  áã¯¥àª ¢iâ æiõî §à®áâ îâì ¤«ï ¡i«ìè¨å �.

�¨á. 7. �®¢¦¨  ª ¢¥à¨ ¯à¨ x1 = 10, � = 0:14 ¤«ïài§¨å § ç¥ì à ¤iãá  âi« 
�¨á. 8. � ªá¨¬ «ì¨© à ¤iãá ª ¢¥à¨ ¯à¨ x1 = 10,R1 = 1:8 ¤«ï ài§¨å § ç¥ì ªãâ  ¯à¨ ¢¥àè¨iª®iç®£® ª ¢iâ â®à � ¯¥àè®¬ã  ¡«¨¦¥i ¬ ªá¨¬ «ì¨© à ¤iãá ª -¢¥à¨ Rm ¥ § «¥¦¨âì ¢i¤ â®¢é¨¨ æ¨«i¤à¨ç®��ç áâ¨¨ âi«  i ¬®¦¥ ¡ãâ¨ § ©¤¥¨© § ài¢ïï (3):Rm =r1� 2�2ln�� : (10)�¨à § (10) á¯à ¢¥¤«¨¢¨© i ¤«ï ¢¨¯ ¤ªã áã¯¥à-ª ¢iâ æiù. � à ¬¥âà¨ x1, R1 ¢¯«¨¢ îâì âi«ìª¨  ªà¨â¨çi § ç¥ï ç¨á«  ª ¢iâ æi��. �à¨ª« ¤¨ à®§-à åãªi¢ §  ä®à¬ã«®î (10) ¯à¥¤áâ ¢«¥i   à¨á. 8¤«ï § ç¥ì, é® ¢i¤¯®¢i¤ îâì � � �c1. � à¨á. 6{8¢¨¤®, é® ªà¨â¨ç¥ ç¨á«® ª ¢iâ æiù áãââõ¢® ®¡¬¥-¦ãõ ¬ii¬ «ìi ¢¥«¨ç¨¨ L â  Rm.�¬®¢  � � �c1  ª« ¤ c ®¡¬¥¦¥ï â ª®¦  ¬ ªá¨¬ «ìi § ç¥ï R1m â®¢é¨¨ âi«  R1 ¯à¨äiªá®¢ i© ¤®¢¦¨i ª ¢¥à¨ L. � á¯÷¢¢÷¤®è¥ìö.�. �¥áâ¥àãª 67
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�¨á. 9. � ªá¨¬ «ì¥ § ç¥ï à ¤iãá  âi«  ¯à¨L = 60 ¤«ï ài§¨å § ç¥ì ªãâ  ¯à¨ ¢¥àè¨iª®iç®£® ª ¢iâ â®à 
�¨á. 10. � ªá¨¬ «ì¥ § ç¥ï à ¤iãá  âi«  ¯à¨x1 = 10 ¤«ï ài§¨å § ç¥ì ªãâ  ¯à¨ ¢¥àè¨iª®iç®£® ª ¢iâ â®à (3), (5) ¢¨¯«¨¢ õ ¯à®áâ  ä®à¬ã« :R21m = 1 + 2�Lx1L+ x1 ; (11)à®§à åãª¨ §  ïª®î ¯à¥¤áâ ¢«¥i   à¨á. 9 (¤«ïäiªá®¢ ®ù ¢¥«¨ç¨¨ L = 60) i   à¨á. 10 (¤«ï x1 =10). � «¥¦®áâi ¬ ªá¨¬ «ì®£® à ¤iãá  ª ¢¥à¨¢i¤ à ¤iãá  æ¨«i¤à¨ç®ù ç áâ¨¨ âi«  ¤«ï L = 60â  R1 < R1m ¯®ª § i   à¨á. 11.�¬®¢ià®, ªà¨â¨ç¥ ç¨á«® ª ¢iâ æiù ®¡¬¥¦ãõ¬ ªá¨¬ «ì¨© à ¤iãá âi«  (¤¨¢. [1, à¨á. 5], ¤¥¡ã«® ®¤¥à¦ ¥ § ç¥ï R1m = 2:6 ¯à¨ L = 60).�ªé® ª ¢¥à¨, ¯à¥¤áâ ¢«¥i ¢ [1, à¨á. 5], à®§-à å®¢ i ¯à¨ x1 = 10 (  ¦ «ì,  ¢â®à¨ ¥  ¢®-¤ïâì ¤®ª« ¤®ù iä®à¬ æiù é®¤® æì®£®), â® ¢¥«¨ç¨-ã R1m = 1:84 (¤¨¢. à¨á. 9, 10  ¡® ài¢ïï (11)),é® ®âà¨¬   ¤«ï  ©â®¢áâiè®£® ª®ãá  � = 0:14,

�¨á. 11. � ªá¨¬ «ì¨© à ¤iãá ª ¢¥à¨ ¯à¨ L = 60¤«ï ài§¨å § ç¥ì ªãâ  ¯à¨ ¢¥àè¨i ª®iç®£®ª ¢iâ â®à 
�¨á. 12. �ii¬ «ì  ¤®¢¦¨  ª ¢¥à¨ ¤«ï ài§¨å§ ç¥ì ªãâ  ¯à¨ ¢¥àè¨i ª®iç®£® ª ¢iâ â®à c«i¤ ã§ïâ¨ ¤«ï ¯®ài¢ïï §i § ç¥ï¬ R1m = 2:6,à®§à å®¢ ¨¬ ¢ [1] ¤«ï ¤¨áª .� [1, à¨á. 8] ¯®ª § ® § «¥¦iáâì ¬ii¬ «ì®ù¤®¢¦¨¨ ª ¢¥à¨ Lmin ¢i¤ à ¤iãá  âi«  R1, ®¤¥à-¦ ã ç¨á¥«ì® (¯à¨ ¤®¢¦¨ å ª ¢¥à¨, ¬¥è¨å¢i¤ Lmin, ¢âà ç « áì §¡i¦iáâì ¢¨ª®à¨áâ ®£® ¢ [1]¬¥â®¤ã). � ¨© à¥§ã«ìâ â â ª®¦ ¬®¦  ¯®ïá¨â¨¢¯«¨¢®¬ ªà¨â¨ç®£® ç¨á«  ª ¢iâ æiù. �i©á®, ª -¢¥à , é® § ¬¨ª õâìáï   æ¨«i¤à¨çi© ç áâ¨i,¥ ¬®¦¥ ¡ãâ¨ ª®à®âè®î x1. � iè®£® ¡®ªã, ç¨á«®ª ¢iâ æiù ¤«ï ¥ù ¥ ¬®¦¥ ¡ãâ¨ ¢i¤'õ¬¨¬ (§  ¯à¨-æ¨¯®¬ áâi©ª®áâi § ¤ ç ¬ â¥¬ â¨ç®ù äi§¨ª¨, ¤¨¢.[3, 4] â  à®§¤i« 4 ¤ ®ù áâ ââi). �®¤i § ài¢ïï (3)¬®¦  ®âà¨¬ â¨  áâã¯ã § «¥¦iáâì ¬ii¬ «ì®-£® § ç¥ï x1 ¢i¤ à ¤iãá  âi«  R1:R21 = 1 + 2�x1; Lmin = x1 (12)68 ö.�. �¥áâ¥àãª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 64 { 75(¤ ¥ § ç¥ï x1 ®¤¥à¦ãõâìáï á ¬¥ ¯à¨ ¬ii¬ «ì-® ¬®¦«¨¢®¬ã ã«ì®¢®¬ã ç¨á«i ª ¢iâ æiù).�à®áâ  § «¥¦iáâì (12) ¯à¥¤áâ ¢«¥    à¨á. 12.�«ï ¯®ài¢ïï ¬ àª¥à ¬¨ ¯®ª § i ¤ i ¤«ï ¤¨áª § [1, à¨á. 8]. �¨¤®, é® ¤«ï â®¢áâiè¨å ª®ãái¢(¡i«ìè¨å § ç¥ì ¯ à ¬¥âà  �) äãªæiï Lmin =x1(R1)  ¡«¨¦ õâìáï ¤® â®ç®ª, é® ¢i¤¯®¢i¤ îâì¤¨áª®¢i.3. ��������� ������� �����I��I� ������I �I��� ¢¨¯ ¤ªã, ª®«¨ ª ¢¥à  § ¬¨ª õâìáï   ¤i«ïæi0 < x < x1, ���� ¤®¢¦¨  (é® ¢¨¬iàîõâìáï ¢§¤®¢¦®ái á¨¬¥âàiù) ¬®¦¥ ¡ãâ¨ ¢¨§ ç¥  § ài¢ïï�L22ln� + 2�L + 1 = (1 + �1L)2; (13)®áªi«ìª¨ ä®à¬  ª ¢¥à¨ ¢ ¯¥àè®¬ã  ¡«¨¦¥i®¯¨áãõâìáï ài¢ïï¬ (3),   ª®iç  ç áâ¨  âi«  {à÷¢ïï¬ R(x) = 1 + �1x. I§ á¯i¢¢i¤®è¥ï (13)¢¨¯«¨¢ õ, é® L = 4ln�(�1 � �)� � 2�21 ln� : (14)�à¨ª« ¤¨ à®§à åãªi¢ §  ài¢ïï¬ (14) ¤«ï � =0:1 â  ài§¨å § ç¥ì �1  ¢¥¤¥i   à¨á. 13. �iiï-¬¨ ¯à¥¤áâ ¢«¥i ¢¨¯ ¤ª¨ ç áâª®¢®ù,   ¬ àª¥à ¬¨ {áã¯¥àª ¢iâ æiù (R1 = 0 ¢ ài¢ïi (9)). �¨¤®, é®ã ¢¨¯ ¤ªã ç áâª®¢®ù ª ¢iâ æiù ª ¢¥à   ¡ £ â® ª®-à®âè , i¦ ¤«ï áã¯¥àª ¢iâ æi©®£® à¥¦¨¬ã (¯®¤i¡-® ¤® ¤¨áª®¢®£® ª ¢iâ â®à  [¤¨¢. 1, à¨á. 10]). �«i¤¢i¤§ ç¨â¨, é® ¤«ï ç áâª®¢®ù ª ¢iâ æiù, ãâ¢®à¥®ùª®ãá®¬, ¬®¦«¨¢i ¢i¤'õ¬i ç¨á«  ª ¢iâ æiù, ®áªi«ìª¨¤®¢¦¨  ª ¢¥à¨ ¢ æì®¬ã ¢¨¯ ¤ªã õ ¥¯¥à¥à¢®îäãªæiõî � (¤¨¢. à¨á. 13), i ¯à¨æ¨¯ áâi©ª®áâi([¤¨¢. 3, 4] â  à®§¤i« 4 ¤ ®ù áâ ââi) ¥ ¯®àãèãõâì-áï.�á®¡«¨¢ã ã¢ £ã á«i¤ §¢¥àãâ¨   á¨âã æiî, ª®-«¨ ªi¥æì ª ¢¥à¨ ¯à®å®¤¨âì ç¥à¥§ «iiî ¯¥à¥â¨-ã ª®iç®ù â  æ¨«i¤à¨ç®ù ç áâ¨ âi«  (x = x1).�à¨ª« ¤¨  ¢¥¤¥i   à¨á. 14, 15. � àâ® ¢i¤§ -ç¨â¨ ¤¢  å à ªâ¥ài ¢¨¯ ¤ª¨ ¯à®å®¤¦¥ï ªiæ¥¬ª ¢¥à¨ â®çª¨ x = x1, ïªi § «¥¦ âì ¢i¤ ª®®à¤¨ -â¨ ¬i¤¥«ï ª ¢¥à¨ xm. �¥àè¨© ¢¨¯ ¤®ª ¢i¤¯®¢i¤ õxm < x1 i §®¡à ¦¥¨©   à¨á. 14, § ïª®£® ¢¨¤®, é®¤®¢¦¨  ª ¢¥à¨ ¬iïcâìáï ¥¯¥à¥à¢®. �¡á®«îâ-® ¢i¤¬i®î õ á¨âã æiï xm > x1, ïª  ¯®ª §    à¨á. 15. �«ï ç¨á¥« ª ¢iâ æiù, ¡i«ìè¨å ªà¨â¨ç®£®(� > �c1 = 0:035), ª ¢¥à  § ¬¨ª õâìáï   æ¨«i-¤à¨çi© ç áâ¨i i ùù ¤®¢¦¨  c ¥¯¥à¥à¢®î. �à¨� = �c1 ª ¢¥à  ¯¥à¥â¨ õ ª®âãà âi«  ¤¢içi (¤¨¢.

�¨á. 13. �®¢¦¨  ª ¢¥à¨ ¯à¨ � = 0:1 â  ài§¨å§ ç¥ïå �1
�¨á. 14. �®âãà¨ ª ¢¥à ¯à¨ � = 0:1, x1 = 10,R1 = 1:3 ¤«ï ài§¨å § ç¥ì ç¨á«  ª ¢iâ æi��à¨á. 15). �¥à¥§ æ¥ ¢¨¨ª õ "áâà¨¡®ª" ã ¤®¢¦¨iª ¢¥à¨ ¯à¨ L = x1.�¥© "áâà¨¡®ª" ¬®¦  ¯®¡ ç¨â¨   à¨á. 16, 17¤«ï ¢¥«¨ç¨¨ x1 = 25. �®¢¦¨  ª ¢¥à¨ §¡i«ì-èãõâìáï ¡i«ìè¥, i¦ ¢¤¢içi ¯à¨ � = �c1. � iä ªâ¨ ¤®§¢®«ïîâì ¯®ïá¨â¨ ¢i¤áãâiáâì ç¨á¥«ì-¨å à®§¢'ï§ªi¢ ¤«ï ¤¥ïª¨å § ç¥ì x1 â  ¤®¢¦¨¨ª ¢¥à¨,   é® §¢¥àâ « áì ã¢ £  ¢ [1]. �¥«¨ç¨-  x1 = 25 ¤«ï ª ¢¥à¨ § ¯ à ¬¥âà ¬¨ � = 0:14,R1 = 2:4 (à¨á. 16, 17) ¢i¤¯®¢i¤ õ ¢¨¯ ¤ª®¢i xm >x1, ¯®ª § ®¬ã   à¨á. 15. �¥«¨ç¨¨ ¯ à ¬¥âài¢x1 = 35, � = 0:14, R1 = 2:4 ¢« áâ¨¢i ¢¨¯ ¤ª®¢ixm < x1 (¯®¤i¡¨© ¯à¨ª« ¤ §®¡à ¦¥¨©   à¨á.14), i ¤®¢¦¨  ª ¢¥à¨ c ¥¯¥à¥à¢®î ¯à¨ � = �c1(¤¨¢. à¨á. 16, 17). �®¤i¡ã ¯®¢¥¤iªã ¬®¦  ¯®¡ -ç¨â¨ ¢ [1, à¨á. 11] ¤«ï ¡i«ìè¨å § ç¥ì x1.�«i¤ ¢i¤§ ç¨â¨, é® ¯à¨ � = �c2 äãªæiï L(�)â ª®¦ ¬ õ à®§à¨¢ (¤¨¢. à¨á. 17). "�âà¨¡®ª"ö.�. �¥áâ¥àãª 69
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�¨á. 15. �®âãà¨ ª ¢¥à ¯à¨ � = 0:1, x1 = 10,R1 = 1:5 ¤«ï ài§¨å § ç¥ì ç¨á«  ª ¢iâ æiù

�¨á. 16. �®¢¦¨  ª ¢¥à¨ ¯à¨ � = 0:14, R1 = 2:4 â ài§¨å § ç¥ïå x1¤®¢¦¨¨ ª ¢¥à¨ ¢ æi© â®çæi ¢i¤¡ã¢ õâìáï ¤«ï¤®¢i«ì¨å § ç¥ì x1. �¨ïâ®ª áâ ®¢¨âì «¨è¥¢¨¯ ¤®ª ¤ã¦¥ ¬ «¨å x1, ¤«ï ïª¨å ¤®¢¦¨  ª ¢¥à-¨ ¬®¦¥ ¤®áï£â¨ § ç¥ï x1 «¨è¥ ¯à¨ ¢i¤'õ¬¨åç¨á« å ª ¢iâ æiù. �¥ ®§ ç õ, é® ¤®¢¦¨  ª ¢¥à-¨ ®¡¬¥¦¥  ¢¥«¨ç¨®î x1, ®áªi«ìª¨ ª ¢¥à  §� < 0 ¥ ¬®¦¥ ¢¨©â¨ §  «iiî ¯¥à¥â¨ã ª®iç®ùâ  æ¨«i¤à¨ç®ù ç áâ¨ âi« .4. �����I �� ��I����I ��������i¤¯®¢i¤® ¤® ¯à¨æ¨æã �à¨«î¥  (¤¨¢.,  ¯à¨-ª« ¤, [10]) ª ¢¥à  ¢ i¤¥ «ìi© ¥áâ¨á«¨¢i© ¥¢ -£®¬i© ài¤¨i ¯®¢¨  ¡ãâ¨ ®¯ãª«®î. � ¨© ¢¨á-®¢®ª ¢¨¯«¨¢ õ § ¯à¨¯ãé¥ï ¯à® â¥, é® ¬ii¬ã¬â¨áªã ¤®áï£ õâìáï   ¯®¢¥àåi ª ¢¥à¨. �®ªà¥¬ ,§¢¨ç®î ä®à¬®î ¯à®áâ®à®¢¨å ª ¢¥à ¯à¨ ¢¥«¨ª¨å

�¨á. 17. �®¢¦¨  ª ¢¥à¨ ¯à¨ � = 0:14, R1 = 2:4 â ài§¨å § ç¥ïå x1ç¨á« å �àã¤  õ ¥«i¯á®ù¤®¯®¤i¡ , [8{12]. �« áâ¨-¢®áâi £ à¬®iç¨å äãªæi© á¢i¤ç âì ¯à® ¬ii¬ «ì-iáâì â¨áªã   ¬¥¦i â¥çiù (  â¢¥à¤®¬ã âi«i  ¡®  ¢i«ìi© ¯®¢¥àåi). �® ¢¨á®¢ªã ¯à®  ©¬¥è¥ § -ç¥ï â¨áªã á ¬¥   ¯®¢¥àåi ª ¢¥à¨ ¯à¨§¢®¤¨âìâ ª¥ ¬iàªã¢ ï: ïª¡¨ ¬ii¬ã¬ â¨áªã ¤®áï£ ¢áï ¢¤¥ïªi© â®çæi ¯®¢¥àåi â¢¥à¤®£® âi« , â® ª ¢iâ æiï¯®ç « áï ¡¨ á ¬¥ ¢ æi© â®çæi, ®â¦¥  ©¬¥è¥ § -ç¥ï â¨áªã ¢á¥ ®¤® ¤®áï£ «®áì ¡¨   ¯®¢¥àåi ª -¢¥à¨.� ¥ ¯®ïá¥ï, ®¤ ª, ¥ áâ®áãõâìáï èâãç®ùª ¢iâ æiù, ª®«¨ ¯®à®¦¨  ¢ ài¤¨i ãâ¢®àîõâìáï§  à åã®ª ¯i¤¤ã¢ã ¤® ¥ù £ §ã,  ¤¦¥ ¯®¤i¡®£®ª ¢iâ æi©®£® à¥¦¨¬ã ¬®¦  ¤®áï£â¨ ¯à¨ ¥¢¥«¨-ª¨å è¢¨¤ª®áâïå, ¥¤®áâ âiå ¤«ï ¢¨¨ª¥ï ¯ -à®¢®ù ª ¢iâ æiù â  ¯®¢¥àåi âi« . Iè¥ § ¯¥à¥ç¥ï¯à¨æ¨¯ã �à¨«î¥  ¢¨¯«¨¢ õ § â®£®, é® ª ¢iâ æiï¥ ®¡®¢'ï§ª®¢® ¯®ç¨ õâìáï ¢ â®çæi ¬ii¬ «ì®£®â¨áªã i ùù ¢¨¨ª¥ï á¨«ì® ¯®¢'ï§ ¥ § ¢i¤à¨¢®¬¯à¨¬¥¦®¢®£® è àã, [13], ïª®£® ¬®¦  ã¨ªãâ¨§  à åã®ª á¯¥æi «ì® ¯i¤i¡à ®ù ä®à¬¨ âi« , [13,14]. �á®¡«¨¢® æiª ¢®î õ à®¡®â  [15], ¤¥ ¢ ¥ªá¯¥à¨-¬¥â å ¯à¨áãâi ¤¢i £« ¤ªi ¯®¢¥àåi, ¢¨£®â®¢«¥i§ ®¤ ª®¢®£® ¬ â¥ài«ã { ¢¥àåï ¥¢¨ªà¨¢«¥  â ¨¦ï æ¨«i¤à¨ç  { § ¯à¨¡«¨§® ®¤ ª®¢¨¬ à®§-¯®¤i«®¬ â¨áªã,  «¥ ª ¢iâ æiï ¢¨¨ª õ «¨è¥   ¢¨-ªà¨¢«¥i© ¯®¢¥àåi i á ¬¥ ¢ â®çæi ¢i¤à¨¢ã ¯à¨¬¥-¦®¢®£® è àã.� ¢¥¤¥i ¬iàªã¢ ï ¯à® ®¡¬¥¦¥iáâì ¯à¨æ¨-¯ã �à¨«î¥  ¢¨¬ £ îâì ¤®á«i¤¦¥ì ãáiå ¬®¦«¨-¢¨å ä®à¬ ª ¢¥à,   ¥ âi«ìª¨ ®¯ãª«¨å. �àãç¨¬§ á®¡®¬ ¤«ï æì®£® õ ài¢ïï ¯¥àè®£®  ¡«¨¦¥-ï (3) ç¥à¥§ ©®£® ¯à®áâ®âã. �®¤ «ìè¨©   «i§ ¢¨-ª®à¨áâ®¢ãõ á ¬¥ æ¥ á¯i¢i¤®è¥ï, é® ®¯¨áãõ ä®à-¬ã ®á¥á¨¬¥âà¨ç®ù ª ¢¥à¨ ¢ ¯à®¢¥¤¥®¬ã ç¥à¥§¢iáì á¨¬¥âàiù ¯¥à¥ài§i ïª ªà¨¢ã ¤àã£®£® ¯®àï¤ªã,70 ö.�. �¥áâ¥àãª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 64 { 75å®ç  ®¤¥à¦ i ¢¨á®¢ª¨ ¯i¤â¢¥à¤¦ãîâìáï ¥«ii©-¨¬¨ ¯®áâ ®¢ª ¬¨, i ¢« áâ¨¢i â ª®¦ ¯«®áª¨¬ á¨-¬¥âà¨ç¨¬ ª ¢iâ æi©¨¬ â¥çiï¬. �®§£«ï¥¬® ¯®-á«i¤®¢® ¢ái ¬®¦«¨¢i ¢¨¯ ¤ª¨.�¨¯ ¤®ª 1. � > 0.�i¢ïï (3) ¬®¦  ¯¥à¥â¢®à¨â¨ ¤® â ª®£® ¢¨£«ï-¤ã: R2b2 + (x� Lm)2a2 = 1; Lm = �2�ln"� ; (15)b2 = 1� 2�2ln"� ; a2 = �2ln"� + �2:C¯i¢i¤®è¥ï (15) c ª ®iç¨¬ ài¢ïï¬ ¥«i¯-á , ®â¦¥ ¯à¨ ¤®¤ âiå ç¨á« å ª ¢iâ æiù ª ¢¥à¨ õç áâ¨ ¬¨ ¥«i¯á®ù¤i¢ ¥§ «¥¦® ¢i¤ § ç¥ì ¯®åi¤-®ù ¢ â®çæi áå®¤ã áâàã¬¥i¢ �. �ái ¢®¨ ¬®¦ãâì¡ãâ¨ à¥ «i§®¢ i ïª ã ¢¨¯ ¤ªã áã¯¥à-, â ª i ç áâª®-¢®ù ª ¢iâ æiù. �à¨ª« ¤¨ ®áâ iå  ¢¥¤¥i   à¨á.1, 14, 15.�¨¯ ¤®ª 2. � = 0.�i¢ïï (3)  ¡ã¢ õ ¢¨£«ï¤ãR2 = 2�x + 1 (16)i ®¯¨áãõ ®¯ãª«ã ¤®£®à¨ ¯ à ¡®«ã, ïª , ®¤ ª, à¥- «i§ãõâìáï ¤ «¥ª® ¥ § ¢¦¤¨. �®§£«ï¥¬® ®ªà¥¬i§ ç¥ï ¯ à ¬¥âà  �.�¨¯ ¤®ª 2.1. � = 0; � > 0.�«ï áã¯¥àª ¢iâ æiù ¤   ª®¬¡i æiï ¯ à ¬¥âài¢ ¥¢i¤¯®¢i¤ õ ¦®¤i© à¥ «ìi© â¥çiù ç¥à¥§ ¯®àãè¥ï¯à¨æ¨¯ã áâi©ª®áâi ài¢ïì ¬ â¥¬ â¨ç®ù äi§¨ª¨,§£i¤® § ïª¨¬ ¬ «i §¬i¨ ¯ à ¬¥âài¢, é® ¢¨§ ç -îâì à®§¢'ï§®ª, ¯®¢¨i ¯à¨§¢®¤¨â¨ ¤® ¬ «¨å §¬iæì®£® à®§¢'ï§ªã. �i©á®, ¯à¨ ¡ã¤ì-ïª¨å ¤®¤ âiåç¨á« å ª ¢iâ æiù ¥«i¯â¨ç  ª ¢¥à  õ ®¡¬¥¦¥®î,  ¤«ï � = 0 ¢®  áâ õ ¥®¡¬¥¦¥¨¬ ¯ à ¡®«®ù¤®¬(®áâ õ ¢¨¯«¨¢ õ § ài¢ïï (16) ¯à¨ � > 0). � -¨© ä ªâ § § ç ¢áï é¥ ¢ [3].�ªé® ª ¢¥à  § ¬¨ª õâìáï   æ¨«i¤à¨çi© ç -áâ¨i âi« , â® ã«ì®¢¥ i ¢i¤¯®¢i¤® ¢i¤'õ¬i ç¨á« ª ¢iâ æiù â ª®¦ ¥¤®áï¦i i§ § § ç¥¨å ¢¨é¥ ¬ià-ªã¢ ì. �«¥ ¯à¨ § ¬¨ª i   ª®içã ç áâ¨ãâi«  ¯à¨ ¯¥à¥å®¤i ç¥à¥§ ã«ì®¢¥ ç¨á«® ª ¢iâ æiùà®§¬ià¨ ª ¢¥à¨ ¬iïîâìáï ¥¯¥à¥à¢® (¤¨¢. à¨á.13), â®¬ã ¯à¨æ¨¯ áâi©ª®áâi ¥ ¯®àãèãõâìáï, iá«i¤ ®çiªã¢ â¨ à¥ «i§ æiù â¥çi© § ã«ì®¢¨¬ ç¨á«®¬ª ¢iâ æiù. �à¨ª« ¤ ª®âãàã ª ¢¥à¨   à®§£«ïã-â®¬ã ¢ ¯®¯¥à¥¤iå à®§¤i« å âi«i ¯à¨ � = 0 ¯®ª § ®  à¨á. 18. � ¢¥à  § ¬¨ª õâìáï   ª®içi© ç -áâ¨i i ¬ õ ®¡¬¥¦¥i à®§¬ià¨ ïª ¯à¨ ¤®¤ âiå, â ªi ¯à¨ ¢i¤'õ¬¨å ç¨á« å ª ¢iâ æiù.�¨¯ ¤®ª 2.2. � = 0; � < 0.�i¤'õ¬i § ç¥ï ¯ à ¬¥âà  � < 0 ¯à¨§¢®¤ïâì ¤®®¡¬¥¦¥¨å à®§¬iài¢ âiõù ç áâ¨¨ ¯ à ¡®«®ù¤ , é®

¢i¤¯®¢i¤ õ ª ¢¥ài (x > 0), â®¬ã ¯à¨æ¨¯ áâi©ª®áâi¥ ¯®àãèãõâìáï, i ¯®¤i¡i ª ¢¥à¨ à¥ «i§ãîâìáï ïª¤«ï ¢¨¯ ¤ªã áã¯¥à-, â ª i ç áâª®¢®ù ª ¢iâ æiù. �à¨-ª« ¤ â ª®ù áã¯¥àª ¢¥à¨ à®§à å®¢ ® ¢ [2].�¨¯ ¤®ª 2.3. � = 0; � = 0.�«ï áã¯¥àª ¢iâ æiù ¢ái ¢¨á®¢ª¨ ¤«ï ¤ ¨å § ç¥ì¯ à ¬¥âài¢ §¡i£ îâìáï § ¢¨¯ ¤ª®¬ 2.1 (â®¡â® ¬®¦-  áâ¢¥à¤¦ã¢ â¨, é® ã«ì®¢i ç¨á«  ª ¢iâ æiù ¥-¬®¦«¨¢i ¤«ï áã¯¥àª ¢iâ æi©¨å â¥çi© § � � 0). �«¥æiª ¢¨¬ õ ¢¨¯ ¤®ª ç áâª®¢®ù ª ¢iâ æiù. �à¨¢i «ì-¨© à®§¢'ï§®ª ài¢ïï (3) R = 1 §¡i£ õâìáï § â®ç-¨¬¨ à®§¢'ï§ª ¬¨ ¤«ï ¯«®áª®£® â  ®á¥á¨¬¥âà¨ç®-£® ¯®â®ªã ¢§¤®¢¦ ¥áªiç¥®ù áâiª¨  ¡® ¥áªi-ç¥® ¤®¢£®£® æ¨«i¤à . �ªé®   â ªi© ¯®¢¥àå-i ãâ¢®à¨â¨ ª  ¢ªã i § ¯®¢¨â¨ ùù £ §®¬ § â¨á-ª®¬, ài¢¨¬ â¨áª®¢i   ¥áªiç¥®áâi, â® ¯®¢¥àå-ï ª ¢¥à¨ iç¨¬ ¥ ¢i¤ài§ïâ¨¬¥âìáï ¢i¤ ¯®¢¥àåiâ¢¥à¤®£® âi« .�¨¯ ¤®ª 3. � < 0.�i¢ïï (3) ¢i¤¯®¢i¤ õ â¥¯¥à £i¯¥à¡®«i, ïª  ¬®¦¥¡ãâ¨ ®¯ãª«®î  ¡® ã¢i£ãâ®î ¢ § «¥¦®áâi ¢i¤ ¢¥-«¨ç¨ ¯ à ¬¥âài¢ �, ". �®§£«ï¥¬® âà¨ ¬®¦«¨¢i¢¨¯ ¤ª¨.�¨¯ ¤®ª 3.1. 0 > � > 2�2ln".�i¢ïï ¤«ï â¢ià®ù ª ¢¥à¨  ¡ã¢ õ ¢¨£«ï¤ã(x� Lm)2a2 � R2b21 = 1; b21 = �b2 (17)i ®¯¨áãõ ®¯ãª«ã £i¯¥à¡®«ã, ïª  ¬ õ áªiç¥i à®§-¬ià¨ «¨è¥ ¯à¨ � < 0. �i¤¯®¢i¤® âi«ìª¨ ¤«ï¢i¤'õ¬¨å § ç¥ì � ¬®¦  ®çiªã¢ â¨ à¥ «i§ æiùáã¯¥àª ¢iâ æi©®ù â¥çiù § £i¯¥à¡®«®¯®¤i¡®î ª ¢¥à-®î. �i¤¯®¢i¤¨© ¯à¨ª« ¤ à®§à å®¢ ¨© ¢ [2].�ªé® ª ¢¥à  § ¬¨ª õâìáï   æ¨«i¤à¨çi© ç -áâ¨i âi« , â® ¢i¤'õ¬i ç¨á«  ª ¢iâ æiù (¯®¤i¡® ¤®� = 0, ¢¨¯ ¤ª¨ 2.1, 2.3) â ª®¦ ¥¤®áï¦i § ¬ià-ªã¢ ì áâi©ª®áâi. �«¥ ¯à¨ § ¬¨ª i   ª®iç-ã ç áâ¨ã âi«  ¯à¨ ¯¥à¥å®¤i ç¥à¥§ ã«ì®¢¥ ç¨-á«® ª ¢iâ æiù à®§¬ià¨ ª ¢¥à¨ ¬iïîâìáï ¥¯¥à¥-à¢® (¤¨¢. à¨á. 13), â®¬ã ¯à¨æ¨¯ áâi©ª®áâi ¥¯®àãèãõâìáï, i á«i¤ ®çiªã¢ â¨ à¥ «i§ æiù â¥çi© §¢i¤'õ¬¨¬¨ ç¨á« ¬¨ ª ¢iâ æiù. �à¨ª« ¤ ª®âãàã®¯ãª«®ù £i¯¥à¡®«iç®ù ª ¢¥à¨ ¯à¨ � = �0:007 ¯®-ª § ®   à¨á. 18.�¨¯ ¤®ª 3.2. � < 2�2ln".�i¢ïï (3) ¬®¦  ¯à¨¢¥áâ¨ ¤® ¢¨£«ï¤ãR2b2 � (x� Lm)2a21 = 1; a21 = �a2: (18)�®® ®¯¨áãõ ã¢i£ãâã £i¯¥à¡®«ã, ïª  iª®«¨ ¥ ¯¥-à¥â¨ õ ¢iáì x (R � b), â®¬ã áã¯¥àª ¢iâ æi©¨© à¥-¦¨¬  ¡® § ¬¨ª ï   æ¨«i¤à¨çi© ç áâ¨i âi« ,§®¡à ¦¥®£®   à¨á. 1, ¢ æì®¬ã ¢¨¯ ¤ªã ¥¬®¦-ö.�. �¥áâ¥àãª 71
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�¨á. 18. �®âãà¨ ª ¢¥à ¯à¨ � = 0:14, R1 = 2,x1 = 10 â  ài§¨å § ç¥ïå ç¨á«  ª ¢iâ æiù
�¨á. 19. �®âãà¨ ª ¢¥à ¯à¨ � = 0:1, R1 = 3:8,x1 = 15 â  ài§¨å § ç¥ïå ç¨á«  ª ¢iâ æiù«¨¢i. �ªé® ª ¢¥à  § ¬¨ª õâìáï   ª®içã ç -áâ¨ã âi« , â® ¯à¨æ¨¯ áâi©ª®áâi ¥ ¯®àãèãõâìáï.�à¨ª« ¤¨ à®§à åãªi¢ ã¢i£ãâ¨å £i¯¥à¡®«iç¨å ª -¢¥à  ¢¥¤¥i   à¨á. 19. � ¢¥à  § ¬¨ª õâì-áï   ª®içã ç áâ¨ã, é® ®¯¨áãõâìáï ài¢ïï¬R = 0:5 + �1x.� àâ® § ã¢ ¦¨â¨, é® ¤«ï ª ¢¥à, ãâ¢®à¥-¨å ¤¨áª®¬  ¡® â®¢áâ¨¬ ª®ãá®¬, ¤ ¨© à¥¦¨¬,©¬®¢ià®, ¥ à¥ «i§ãõâìáï, ®áªi«ìª¨ ¢¨¬ £ õ ¤ã¦¥¢¥«¨ª¨å §  ¬®¤ã«¥¬ ¢i¤'õ¬¨å ç¨á¥« ª ¢iâ æiù,   §äi§¨ç¨å ¬iàªã¢ ì � > �1.�¢i£ãâi ä®à¬¨ ¯«®áª®ù ª ¢¥à¨ ®âà¨¬ ¢ �. �¯-«¥à [16] (¤¨¢. â ª®¦ [10]), ïª¨© à®§£«ï¤ ¢ ®¡-âiª ï ªàã£®¢®£® æ¨«i¤à  §  áå¥¬®î �®èª -�ãª®¢áìª®£®. �ªé® ¯®åi¤  ¢ â®çæi ¯®ç âªã ª -¢¥à¨ ¤®¤ âï (¤® ¬i¤¥«ï æ¨«i¤à ), â® ª ¢¥à �¯«¥à  õ ®¯ãª«®î (¯®¤i¡®î ¤® ¯®ª § ¨å   à¨á.1, 14, 15). �ªè® ª ¢¥à  ¢i¤à¨¢ õâìáï ¯iá«ï ¬i¤¥-

«ï æ¨«i¤à , â® ¢®  ¬®¦¥ ¡ãâ¨  ¡® ã¢i£ãâ®î, ¡® ¬ â¨ â®çª¨ ¬ii¬ã¬ã â  ¯¥à¥£¨ã. � áâ ââi[5] ¯®¤i¡i ¯«®áªi â  ®á¥á¨¬¥âà¨çi ª ¢¥à¨ à®§à -å®¢ i § ¢¨ª®à¨áâ ï¬ á¨¬¥âà¨ç®ù áå¥¬¨ �ï¡ã-è¨áìª®£®.�¨¯ ¤®ª 3.3. � = 2�2ln".�i¢ïï (3)  ¡ã¢ õ ¢¨£«ï¤ãR = �(x + 1� ); (19)ïª¨© á¢i¤ç¨âì ¯à® ª®içã ä®à¬ã ª ¢¥à¨, ïª  ¯¥-à¥â¨ õ ¢iáì x «¨è¥ ¯à¨ ¢i¤'õ¬¨å § ç¥ïå ¯ -à ¬¥âà  �. �®¬ã ¤«ï � < 0 æ¥© ¢¨¯ ¤®ª ¢i¤¯®¢i¤ õ¬ii¬ «ì®¬ã § ç¥î ç¨á«  ª ¢iâ æiù, ¯à¨ ïª®-¬ã ¬®¦«¨¢¨© áã¯¥àª ¢iâ æi©¨© à¥¦¨¬. �¯¥àè¥¬ii¬ «ì¥ § ç¥ï ç¨á«  ª ¢iâ æiù �m = 2�2ln"â  ¯àï¬®«ii©  ä®à¬  â¢ià®ù ª ¢¥à¨ ¡ã«¨ ®âà¨-¬ i ¢ [2].�ªé® � � 0, â® ª ¢¥àã (19) ¬®¦  à¥ «i§ã¢ â¨«¨è¥ ¢ à¥¦¨¬i ç áâª®¢®ù ª ¢iâ æiù. �à¨ª« ¤ à®-§à åãªã ª®iç®ù ª ¢¥à¨  ¢¥¤¥¨©   à¨á. 19(� = �0:046). � àâ® § § ç¨â¨, é® áâà®£® ª®iç-  ä®à¬  ª ¢¥à¨ ¬®¦¥ iáã¢ â¨ «¨è¥ ¢ ¯¥àè®¬ã ¡«¨¦¥i. �®çi ¯®áâ ®¢ª¨  ¡®  áâã¯i  -¡«¨¦¥ï ¬®¦ãâì ¤ ¢ â¨ ¡«¨§ìªi,  «¥ ¢¨ªà¨¢«¥i¯®¢¥àåi.�¨ª®à¨áâ õ¬®  ¢¥¤¥ã ª« á¨äiª æiî ¬®¦«¨¢¨åä®à¬ ª ¢¥à ¤«ï ®¯¨áã å à ªâ¥à¨å ®¡« áâ¥© ¯ -à ¬¥âài¢ x1 i R1, ¯®ª § ¨å   à¨á. 20. �à¨-¢  R21 = 1 + �x1 ¢i¤¯®¢i¤ õ ¢¨¯ ¤ª®¢i xm = x1 ià®§¤i«ïõ ª ¢¥à¨ §i "áâà¨¡ª®¬" ¤®¢¦¨¨ ¯à¨ � =�c1 â  ¡¥§ ì®£®. � ¯¥àèi© ®¡« áâi (¨¦ç¥ æiõùªà¨¢®ù) ª ¢¥à  ¬ õ ä®à¬ã, ¯®¤i¡ã ¤® §®¡à ¦¥®ù  à¨á. 14, â  ùù ¤®¢¦¨  õ ¥¯¥à¥à¢®î. �à¨-ª« ¤ ª ¢¥à¨ § ¤àã£®ù ®¡« áâi ¯®ª § ¨©   à¨á.15. � ª¨¬ ª ¢¥à ¬ ¢« áâ¨¢¨© "áâà¨¡®ª" ¤®¢¦¨-¨ ¯à¨ � = �c1.� áâã¯  ªà¨¢  R21 = 1+2�x1 ¢i¤¯®¢i¤ õ ã«ì®-¢®¬ã ç¨á«ã ª ¢iâ æiù ¤«ï ª ¢¥à¨ § L = x1, â®¬ã¢ ®¡« áâïå 3 â  4 (¢¨é¥ æiõù ªà¨¢®ù) ¬®¦«¨¢i «¨è¥ª ¢¥à¨, é® § ¬¨ª îâìáï   ª®içi© ç áâ¨i âi« (¢¨¯ ¤ª¨ 3.1, 3.2 â  3.3 § ¯à¨ª« ¤ ¬¨, ¯®ª § ¨-¬¨   à¨á. 18 â  19). �àï¬  «iiï R1 = 1 + �x1à®§¤i«ïõ ®¡« áâi 3 â  4. �¨¦ç¥ æiõù ªà¨¢®ù (®¡« áâi1, 2 â  3) ¢ái ¬®¦«¨¢i ª ¢¥à¨ õ ®¯ãª«¨¬¨ (¤¨¢.à¨á. 14, 15, 18). � ®¡« áâi 4 ª ¢¥à¨  ¡ã¢ îâìã¢i£ãâ®ù ä®à¬¨ (¢¨¯ ¤®ª 3.2 § ¯à¨ª« ¤ ¬¨, §®-¡à ¦¥¨¬¨   à¨á. 19). �ªé® ¯ à ¬¥âà¨ x1, R1§ ¤®¢®«ìïîâì ài¢ïî R1 = 1 + �x1, â® ç¨á«®ª ¢iâ æiù ¥ ¬®¦  §¬¥è¨â¨ ¤® ¢¥«¨ç¨¨, ¬¥-è®ù �m = 2�2ln". �¥ ªà¨â¨ç¥ § ç¥ï ç¨á« ª ¢iâ æiù ¢i¤¯®¢i¤ õ ª®içi© ª ¢¥ài (¢¨¯ ¤®ª 3.3§ ¯à¨ª« ¤®¬   à¨á. 19), ïª  § ¬¨ª õâìáï ¢ â®çæix1.72 ö.�. �¥áâ¥àãª
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�¨á. 20. � à ªâ¥ài ®¡« áâi ¯ à ¬¥âài¢ R1 â  x1 ¤«ï� = 0:15. ����������� ��������� ����������������I���� �I� ����������� ���I���Iø�®âà®«ì®¢ ¨© ª ¢iâ æi©¨© à¥¦¨¬ ®¡âiª -ï ¬®¦¥ ¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï §¬¥è¥ï ®¯®àãâ¥àâï, ®áªi«ìª¨ â®¤i § ç  ç áâ¨  ¯®¢¥àåi âi« ª®â ªâãõ «¨è¥ § £ §®¬, £ãáâ¨  ïª®£® ¬ ©¦¥ ã 800à §i¢ ¬¥è  ¯®ài¢ï® § ¢®¤®î. �®§£«ï¥¬® á¯®-ç âªã ¢¨¯ ¤®ª áã¯¥àª ¢iâ æiù. �«ï ®æiª¨ ¯¥à¥¢ £æì®£® à¥¦¨¬ã ®¡¬¥¦¨¬®áï ¤¨áª®¢¨¬ ª ¢iâ â®à®¬i ¡ã¤¥¬® ¢¢ ¦ â¨ ª®à¨á¨¬ ®¡'õ¬®¬ V ¢¥áì ®¡'õ¬ª ¢¥à¨. �®¤i ®¡'õ¬¨© ª®¥äiæiõâ ®¯®àã ¢¨§ ç -¥âìáï ä®à¬ã«®î�V = 2X�U21V 2=3 = ( 9��4�16ln� )1=3 (20)(X { ¯®¢¨© ®¯ià, ïª¨© ¤«ï ¤¨áª®¢®£® ª ¢iâ â®à §¡i£ õâìáï § ®¯®à®¬ â¨áªã). �i¢ïï (20) ®¤¥à¦ -® ¢ [17] § ¢¨ª®à¨áâ ï¬  ¯i¢¥¬¯ià¨ç¨å § «¥¦-®áâ¥© [12].� àâ® § ã¢ ¦¨â¨, é® §  ä®à¬ã«®î (20)®¡'õ¬¨© ª®¥äiæiõâ ®¯®àã ¤¨áª  § «¥¦¨âì «¨è¥¢i¤ ç¨á«  ª ¢iâ æii i ¯àï¬ãõ ¤® ã«ï ¯à¨ ©®£® §¬¥-è¥i è¢¨¤ç¥, i¦ �4=3. �®¤i¡  ¯®¢¥¤iª  ¢« áâ¨-¢  â ª®¦ § «¥¦®áâï¬ CV (�) ¤«ï â®ª¨å ª®ãái¢,é® ¡ã«® ¯à®¤¥¬®áâà®¢ ® ¢ áâ ââïå [17,18].�ã¦¥ ¬ «¨¬ ç¨á« ¬ ª ¢iâ æiù ¢i¤¯®¢i¤ îâì ¢¥-«¨ªi ¢¨¤®¢¦¥ï ª ¢¥à¨ � = Lm=Rm. �áªi«ì-ª¨ ª®âãà cã¯¥àª ¢iâãîç®£® âi«  ¬ õ ¡ãâ¨ ¢¯¨á -¨¬ ã ª ¢¥àã, â® âà á¯®àâ¨© § ái¡ ¯®¢¨¥ ¬ -â¨ ïª ©¡i«ìè¥ ¢¨¤®¢¦¥ï. Iáãîâì ®¤ ª ª®-áâàãªâ¨¢i ¬iàªã¢ ï, é® ®¡¬¥¦ãîâì § ç¥ï¢¨¤®¢¦¥ï ª®à¯ãái¢ âà á¯®àâ¨å § á®¡i¢. �¥-å © ¬ ªá¨¬ «ì¥ § ç¥ï � ¤®ài¢îõ 20 (¤¨¢.

[19]). �®¤i §  ä®à¬ã« ¬¨ à®¡®â¨ [12] ¬ii¬ «ì-® ¤®¯ãáâ¨¬¥ ç¨á«® ª ¢iâ æiù ¤«ï ¤¨áª  áâ ®-¢¨âì ¯à¨¡«¨§® 0,01,   ài¢ïï (20) ¤ õ ¬ii¬ «ì-® ¬®¦«¨¢¥ § ç¥ï ®¡'õ¬®£® ª®¥äiæiõâ  ®¯®àãCV (0; 01) = CVmin = 0; 00157.�iª ¢® ¯®ài¢ïâ¨ ®âà¨¬ ã ¢¥«¨ç¨ã § ®¯®à®¬âà ¤¨æi©¨å âi« (¡¥§ ¢¨ª®à¨áâ ï ª ¢iâ æiù). �®-ªà¥¬ , ¤«ï ¯i¤¢®¤®£®  ¯¯ à âã "DOLPHIN" äià-¬¨ North American Aviation [20] ¡ã«® ¤®áï£ãâ¥§ ç¥ï CV = 0:007 ¯à¨ ReV = 8500000. �®ài¢-ïï, §¤ ¢ «®áì ¡¨, ®¤®§ ç® á¢i¤ç¨âì   ª®-à¨áâì ª ¢iâ æi©®£® à¥¦¨¬ã,  «¥ ¥ á«i¤ § ¡ã¢ â¨,é® à¥ «ì¨©  ¯ à â "DOLPHIN" ¬ õ ¤®¤ âª®¢¨©®¯ià áâ ¡i«i§ â®ài¢ i ¢i ¥ ®¡®¢'ï§ª®¢® õ ®¯â¨¬ «ì-¨¬, å®ç  i ¯®ª § ¢ ¬¥è¨© ®¯ià, ¯®ài¢ï® § ¥-« ¬i à¨§®¢ ¨¬¨ ä®à¬ ¬¨ ª®à¯ãái¢.�® áâ®áãõâìáï â¥®à¥â¨ç¨å à®§à åãªi¢ âà -¤¨æi©¨å ®á¥á¨¬¥âà¨ç¨å ®¯â¨¬ «ì¨å ä®à¬, â®¢ àâ® ¢i¤§ ç¨â¨ ¯à®â¨àiççï ¬i¦ ç¨á¥«ì¨¬¨ à¥-§ã«ìâ â ¬¨ �ãâæ  i � £¥à  [21], é® ¯à®¯®ã-îâì "®¯â¨¬ «ì¥" âi«® §i § ç¥ï¬ ®¯®àã, ¬ ©-¦¥ ¢âà¨çi ¡i«ìè¨¬ i¦ CV à¥ «ì®£®  ¯ à âã"DOLPHIN" ¤«ï â®£® ¦ ¤i ¯ §®ã ç¨á¥« �¥©®«ì¤-á . � ¨© ä ªâ,   â ª®¦ ¥¯à®§®àiáâì ¬¥â®¤i¢ª®¬¯'îâ¥à®ù £i¤à®¬¥å iª¨ á¯®ãª «¨ §¢¥àãâ¨áì¤® â¥®à¥â¨ç¨å ®æi®ª ®¯®àã â¥àâï ¢¨¤®¢¦¥¨å®á¥á¨¬¥âà¨ç¨å âi«, é® ®¡âiª îâìáï ã ¡¥§¢i¤à¨¢-®¬ã à¥¦¨¬i. �£«ï¤ à¥§ã«ìâ âi¢ §ãá¨«ì  ¢â®à  ¢æì®¬ã  ¯àï¬ªã  ¢¥¤¥¨© ¢ [14, 22].�®ªà¥¬ , ¤«ï ç¨áâ® « ¬i à®£® ®¡âiª ï ®¤¥à-¦ ® ä®à¬ã«ã�V = 4:708pReV ; ReV = U1V 1=3� ; (21)ïª  ¤®¡à¥ ã§£®¤¦ãõâìáï § ¤ ¨¬¨, ã§ £ «ì¥¨¬¨¢ [23]. �®§à åãª¨ §  ä®¬ã«®î (21) á¢i¤ç âì, é®¢ ¤i ¯ §®i 500000 < ReV < 5000000 ª ¢iâ æi©-¨© à¥¦¨¬ § ¡¥§¯¥çãõ ¬¥è¨© ®¯ià,  «¥ ç¨á«®ª ¢iâ æiù ¯à¨ æì®¬ã ¥ ¯®¢¨® á¨«ì® ¢i¤ài§ï-â¨áì ¢i¤ ¬ii¬ «ì® ¤®¯ãáâ¨¬®£® § ª®áâàãªâ¨¢-¨å ¬iàªã¢ ì § ç¥ï 0; 01.�¨á®ª®è¢¨¤ªiá¨¬ ®¡'õªâ ¬ ¢« áâ¨¢i  ¡ £ â®¡i«ìèi ç¨á«  �¥©®«ì¤á  § âãà¡ã«¥â¨¬ ¯à¨¬¥-¦®¢¨¬ è à®¬. �®ªà¥¬ , ¤«ï ç¨áâ® âãà¡ã«¥â®£®¢¨¯ ¤ªã ¢ [22] § ¯à®¯®®¢ ® â ªã ä®à¬ã«ã:�V = 0:087"10=21Re1=7V ; (22)ïª  ¤ õ § ç® ¬¥èi § ç¥ï ®¯®àã â¥àâï ¯®ài¢-ï® § ¢i¤®¬¨¬¨ § «¥¦®áâï¬¨ �®à¥à  [23], é®¥ ¢à å®¢ãîâì ®á®¡«¨¢®áâ¥© ®á¥á¨¬¥âà¨ç¨å âi«i ¢¨ª®à¨áâ®¢ãîâì âãà¡ã«¥â¨© ª®¥äiæi¥â ®¯®àãö.�. �¥áâ¥àãª 73



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 64 { 75¯« áâ¨ª¨. � §®¬ § â¨¬, ä®à¬ã«¨ �®à¥à  ®âà¨-¬ i è«ïå®¬ ã§ £ «ì¥ï ¥ªá¯¥à¨¬¥â «ì¨å ¤ -¨å i ¤®¡à¥ ®¯¨áãîâì ¯®¢¨© ®¯ià ®á¥á¨¬¥âà¨ç-¨å âi«. �®¬ã ¢i¤¬i®áâi ¢i¤ § «¥¦®áâi (22)¬®¦  ¯®ïá¨â¨ ¤®¤ âª®¢¨¬ ®¯®à®¬, é® ¢¨¨ª õ¢ á«i¤®ª ¢i¤à¨¢ã ¯à¨¬¥¦®¢®£® è àã, i ïª¨© �®à-¥à ¥¯à ¢®¬ià® ¯à¨¯¨áãõ ¤® ®¯®àã âãà¡ã«¥â-®£® â¥àâï. � ¨© ä ªâ ¤®§¢®«¨¢ §à®¡¨â¨ ¢ [24]¢¨á®¢®ª ¯à® § ¡¥§¯¥ç¥ï ¡¥§¢i¤à¨¢®£® à¥¦¨¬ã®¡âiª ï ïª ®á®¢®£® à¥§¥à¢ã §¬¥è¥ï ®¯®àãâ®ª¨å ®á¥á¨¬¥âà¨ç¨å âi«.� àâ® ¢i¤§ ç¨â¨, é® ä®à¬ã«  (22) ¤®§¢®«ïõ ¯®-ïá¨â¨ ¯ à ¤®ªá �à¥ï [20] ¯à® ¥¯à ¢¤®¯®¤i¡® ¢¥-«¨ª÷ ¥¥à£¥â¨çi ¬®¦«¨¢®áâi ¤¥«ìäii¢, é® ¬®¦ãâìà®§¢¨¢ â¨ è¢¨¤ªiáâì, ¡i«ìèã 10 ¬/á, ïª    â¢¥à-¤¨å âi« å ¯®¤i¡®ù ä®à¬¨ ¢i¤¯®¢i¤ õ âãà¡ã«¥â®-¬ã à¥¦¨¬ã ®¡âiª ï. �à¨ æì®¬ã ¤«ï « ¬i à®£®¯à¨¬¥¦®¢®£® è àã ®æiª¨ §  ä®à¬ã« ¬¨, ¡«¨§ìª¨-¬¨ ¤® (21), ¤ îâì ¯à ¢¤®¯®¤i¡i ®æiª¨. �®¬ã ¡ã«®¯i¤¤ ® áã¬i¢ã  ï¢iáâì âãà¡ã«¥â®£® à¥¦¨¬ã  âi«i ¬®àáìª¨å â¢ à¨  ¡® á ¬ã ¢¥«¨ç¨ã ¬ ªá¨-¬ «ì®ù è¢¨¤ª®áâi ¯« ¢ ï [20].�æiª¨ « ¬i à®£® ®¯®àã âi«  § ®¡'õ¬®¬0; 55 ¬3 i ¢¨¤®¢¦¥ï¬ � = 5 (" = 0:1) ¤ îâì§  ä®à¬ã«®î (21)   è¢¨¤ª®áâi 10 ¬/c (ReV =6300000) § ç¥ï CV = 0:00188. �«ï ç¨áâ® âãà-¡ã«¥â®£® ®¡âiª ï § ài¢ïï (22) ¬®¦  ®¤¥à-¦ â¨ CV = 0:0031,   §  ®æiª ¬¨ �®à¥à   ¡®iè¨å  ¢â®ài¢, ïª÷ ¥ ¢à å®¢ã¢ãîâì ®á®¡«¨¢®áâi®á¥á¨¬¥âà¨ç®£® ¯à¨¬¥¦®¢®£® è àã, { ¯à¨¡«¨§-® ¢ 5; 6 p §i¢ ¡i«ìèã ¢¥«¨ç¨ã. �â¦¥, ïªé®âi«  ¤¥«ìäii¢ ®¡âiª îâìáï ¡¥§ ¢i¤à¨¢ã ¯à¨¬¥¦®-¢®£® è àã, « ¬i à¨© i âãà¡ã«¥â¨© ®¯ià   ¬ ª-á¨¬ «ì¨å è¢¨¤ª®áâïå ¢i¤ài§ïîâìáï âi«ìª¨  60 � 70% (  ¥ ¬ ©¦¥   ¯®àï¤®ª, ïª æì®£® ¢¨¬ -£ îâì ®æiª¨ �®à¥à  [23]). � ª¨¬ ç¨®¬ ¬®¦ ãáããâ¨ ¯ à ¤®ªá �à¥ï.�  ¢i¤¬iã ¢i¤ « ¬i à®£® ¢¨¯ ¤ªã (¤¥ ¢¥«¨ç¨-  CV §  ä®à¬ã«®î (21) i¢ ài â  é®¤® ä®à-¬¨ â®ª®£® ®á¥á¨¬¥âà¨ç®£® âi« ), âãà¡ã«¥â¨©®¯ià ¢i¤¯®¢i¤® ¤® ài¢ïï (22) §¬¥èãõâìáï ¤«ïâ®ª¨å âi«. �ªé® ¢§ïâ¨ ¬ ªá¨¬ «ì® ¤®¯ãáâ¨¬¥â®ª¥ âi«® § � = 20 (" = 0; 025), â® ®æiª  (22) ¤ õ§ ç¥ï CV < 0:0015 ¤«ï ReV > 107. �®¡â®, ¤«ï¢¨á®ª®è¢¨¤ªiá¨å ®¡'õªâi¢ ¢¨¤®¢¦¥i ¡¥§¢i¤à¨¢iä®à¬¨ ª®à¯ãái¢ § ¡¥§¯¥çãîâì ¬¥è¨© ®¯ià, i¦áã¯¥àª ¢iâ æi©¨© à¥¦¨¬ ®¡âiª ï.� §¢'ï§ªã § æ¨¬ ¢¨¨ª õ iâ¥à¥á ¤® ¢¨¯ ¤ªãç áâª®¢®ù ª ¢iâ æiù â  ¥âà ¤¨æi©¨å (¥¥«i¯â¨ç-¨å) ª ¢¥à. �ªé® ª ¢¥à  £« ¤ª® § ¬¨ª õâìáï  âi«i, â® ç¥à¥§ ¯ à ¤®ªá � « ¬¡¥à  áã¬ à¨© ®¯iàâ¨áªã ¤®ài¢î¢ â¨¬¥ ã«î, i ¯à¨ ùù ¤®áâ âì® ¢¥-«¨ªi© ¯«®éi ¬®¦  ¤®áï£â¨ § ç®£® ¢¨£à èã ¢®¯®ài â¥àâï. �®¬ã ¤ã¦¥ æiª ¢¨¬ õ ¢¨¯ ¤®ª 2.3,

â®¡â® ¬ ©¦¥ æ¨«i¤à¨çi ( ¡® ¬ ©¦¥ ¯àï¬®«ii©i¢ ¯«®áª®¬ã ¯®â®æi) ª ¢¥à¨, ãâ¢®à¥i   ¢¨¤®¢¦¥-¨å âi« å. �«¥ à¥ «i§ æiï æì®£® ¢¨¯ ¤ªã ¯®âà¥-¡ãõ ¢¨àiè¥ï ¯¨â ï ¯à® ¡¥§¢i¤à¨¢¨© à¥¦¨¬®¡âiª ï   ç áâ¨i, é® ¯¥à¥¤ãõ ª ¢¥ài, â   â¢¥à¤i© ¯®¢¥àåi, à®§â è®¢ i© ¯®§  ¥î. �®¦-«¨¢® ª®à¨á¨¬¨ ¡ã¤ãâì â¥®à¥â¨çi â  ¥ªá¯¥à¨¬¥-â «ìi ¤®á«i¤¦¥ï ¡¥§¢i¤à¨¢¨å ä®à¬, ¢¨ª® i ¢[4, 13, 14, 22],  «¥ ¤ ¥ ¯¨â ï ¯®âà¥¡ãõ ¯®¤ «ì-è¨å ¤®á«i¤¦¥ì.�ã¦¥ æiª ¢¨¬¨ ¬®£«¨ ¡¨ ¡ãâ¨ ª ¢¥à¨, é® ¥ ¯®-âà¥¡ãîâì â¢¥à¤®£® § ¬¨ª ç   ¡® iè®ù ¡i«ìè ¥ª§®-â¨ç®ù áå¥¬¨ § ¬¨ª ï ( ¯à¨ª« ¤, ®¡¥à¥®£®áâàã¬¥ï). �¤à §ã á«i¤ ¯i¤ªà¥á«¨â¨ ®¡®¢'ï§ª®¢ã¯à¨áãâiáâì § ¬¨ª ç  ¤«ï âà ¤¨æi©¨å ¥«i¯â¨ç-¨å ª ¢¥à (� > 0, ¢¨¯ ¤®ª 1), ®áªi«ìª¨ â ªi ª -¢¥à¨ ¬ îâì § âã¯«¥ã § ¤î ªà®¬ªã, ¤¥ ¢âà -ç õâìáï ¯à¨¤ âiáâì â¥®àiù â®ª®£® âi« ,   è¢¨¤-ªiáâì ¯®â®ªã ¯àï¬ãõ ¤® ã«ï. � §®¬ § â¨¬ ¢¨¯ -¤®ª 3.3 ¤®§¢®«ïõ ®âà¨¬ â¨ ª ¢¥àã § £®áâà®î § ¤-ì®î ªà®¬ª®î, é® à®¡¨âì ¬®¦«¨¢¨¬ § áâ®á®¢ã-¢ ï â¥®àiù â®ª®£® âi«   ¦ ¤® â®çª¨ § ¬¨ª ï.�®¦  ®çiªã¢ â¨, é® ¯®¤i¡i ª ¢¥à¨ ¢§ £ «i ¥¯®âà¥¡ãîâì § ¬¨ª ç  i ¬®¦ãâì ¡ãâ¨ à¥ «i§®¢ i¡¥§ ¢¨¨ª¥ï ®¡¥à¥¨å áâàã¬¥i¢.�«ï ¯i¤â¢¥à¤¦¥ï æiõù £i¯®â¥§¨ ¡ã«  ¢¨ª®à¨-áâ   ¥«i©  ¯®áâ ®¢ª  [5]. �à¨ª« ¤ à®§à åã-ªã  ¢¥¤¥¨©   à¨á. 21. �«ï ç¨á«  ª ¢iâ æiù� = �0; 0041 ¢¤ «®áï ®¤¥à¦ â¨ ã¢i£ãâã ª ¢¥àã,ïª  ¥ ¯®âà¥¡ãõ § ¬¨ª ç , ®áªi«ìª¨ áâ «¨© â¨áª,é® ¢i¤¯®¢i¤ õ § § ç¥®¬ã ç¨á«ã ª ¢iâ æiù, ¢¤ «®-áï § ¡¥§¯¥ç¨â¨ ¤«ï ¢áiå § ç¥ì à ¤iãá  ª ¢¥à¨,¡i«ìè¨å 0; 001 (¢i¤å¨«¥ï â¨áªã   ¯®¢¥àåi ª -¢¥à¨ ¢i¤ ¢¥«¨ç¨¨ 0; 0041 ¥ ¯¥à¥¢¨éã¢ «¨ 1%).�i«®, ¢¯¨á ¥ ¯à¨ x = 0 ¢ ¯®ª § ã   à¨á. 21ª ¢¥àã, à §®¬ § ©®£® ç áâ¨®î ¯à¨ x < 0 ¬ -â¨¬¥ ã«ì®¢¨© ®¯ià â¨áªã (ç¥à¥§ ¯ à ¤®ªá � « ¬-¡¥à ),   § ç  ¯«®é  ª®â ªâã «¨è¥ § £ §®¬ ¤®-§¢®«ïõ áãââõ¢® §¨§¨â¨ ®¯ià â¥àâï. �¨â ï à¥- «i§ æiù ¯®¤i¡¨å â¥çi© ¯®âà¥¡ãîâì ¤®¤ âª®¢¨å ¤®-á«i¤¦¥ì, ®áªi«ìª¨ ¬ii¬ «ì¥ § ç¥ï â¨áªã ¤®-áï£ õâìáï   ¯®¢¥àåi âi«  ¯®¡«¨§ã ©®£® ¬i¤¥«ï, é®à®¡¨âì ¬®¦«¨¢¨¬ ¢i¤à¨¢ ã æi© ®¡« áâi.6. ���������i¢ïï ¯¥àè®£®  ¡«¨¦¥ï § ¢¨ª®à¨áâ ï¬¢i¤¯®¢i¤®£® § ç¥ï ¯ à ¬¥âà  â®ª®áâi ¬®¦¥§ ¡¥§¯¥çã¢ â¨ ¤®áâ âî â®çiáâì ¯à¨ à®§à åã-ª å £ ¡ à¨â¨å à®§i¬iài¢ ª ¢¥à¨,   ©®£® ¯à®áâ®-â  ¤®§¢®«¨«  ¯®ïá¨â¨ àï¤ § ª®®¬ià®áâ¥© â¥çi©i§ ç áâª®¢®î ª ¢iâ æiõî, ¢¨ï¢«¥¨å §  ¤®¯®¬®£®î¥«ii©®ù ¯®áâ ®¢ª¨. �à®¡«¥® á¨áâ¥¬¨â¨§ æiî74 ö.�. �¥áâ¥àãª
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�¨á. 21. �®à¬  ®á¥á¨¬¥âà¨ç®£® âi«  (x < 0) â ã¢i£ãâ®ù ª ¢¥à¨ (x > 0), ïª  ¥ ¯®âà¥¡ãõ § ¬¨ª ç ¬®¦«¨¢¨å â¨¯i¢ ä®à¬¨ â®ª¨å ®á¥á¨¬¥âà¨ç¨åª ¢¥à (¯®¤i¡i â¨¯¨, ©¬®¢ià®, ¢« áâ¨¢i â ª®¦¯«®áª®¬ã ¢¨¯ ¤ªã). �á®¡«¨¢¨© â¥®à¥â¨ç¨© iâ¥-à¥á ¢¨ª«¨ª îâì ã¢i£ãâi ª ¢¥à¨, ïªi ¬®¦  à¥ «i-§ã¢ â¨ ¤«ï ç áâª®¢®ù ª ¢iâ æiù,   â ª®¦ ª ¢¥à¨,é® ¥ ¯®âà¥¡ãîâì § ¬¨ª ç . �áâ i ¬®¦ãâì ¢¨-ª®à¨áâ®¢ã¢ â¨áì ¤«ï áãââõ¢®£® §¬¥è¥ï ¯®¢®-£® £i¤à®¤¨ ¬iç®£® ®¯®àã ¢¨á®ª®è¢¨¤ªiá¨å âi«.1. Varghese A.N., Uhlman J.S. and Kirschner I.N High-speed bodies in partially cavitating axisymmetricow // Fifth International Symposium on Cavitation(Cav2003).{ 2003.{ No. Cav03-OS-7-016.{ P. 1-8.2. �¥áâ¥àãª �.�. � ¢®¯à®áã ® ä®à¬¥ â®ª®© ®á¥á¨¬-¬¥âà¨ç®© ª ¢¥àë ¢ ¢¥á®¬®© ¦¨¤ª®áâ¨ // �§¢.�� ����, ���.{ 1979.{ N 6.{ �. 133-136.3. �¥áâ¥àãª �.�. �¡ ®£à ¨ç¥¨ïå   ¯ à ¬¥âàë ª -¢¨â æ¨®ëå â¥ç¥¨© // �à¨ª« ¤ ï ¬ â¥¬ â¨ª ¨ ¬¥å ¨ª .{ 1986.{ �.50, ¢ë¯.4.{ �. 584-588.4. Nesteruk I. Inuence of the ow unsteadiness, com-pressibility and capillarity on the long axisymmetriccavities // Fifth International Symposium on Cavi-tation (Cav2003).{ 2003.{ No. GS-6-004.{ P. 1-13.5. Heáâ¥àãª I.�. �®¤¥«î¢ ï ®á¥á¨¬¥âà¨ç¨å i¯«®áª¨å ¢i«ì¨å ¯®¢¥àå®ì §  ¤®¯®¬®£®î ¤¦¥à¥«â  ¤¨¯®«i¢ // �à¨ª« ¤  £i¤à®¬¥å iª .{ 2003.{ �.5(77), N 2.{ �. 37-44.6. Cole J. D. Perturbation Methods in AppliedMathematics.{ Waltham; Toronto; London: Blais-dell Publishing Company, 1968.{ 268 p.
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