
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54��� 629.127����� ��������������� ��������������������� ���������� ����������� ������� ������������������������������� �������. �. ��������ªà ¨­áª¨© £®áã¤ àáâ¢¥­­ë© ¬®àáª®© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â, �¨ª®« ¥¢�®«ãç¥­® 25.03.2000�  ®á­®¢ ­¨¨ ãà ¢­¥­¨© áâ â¨ª¨ £¨¡ª®© ­¨â¨ ¢ ®¤­®à®¤­®¬ ¯®â®ª¥ à áá¬®âà¥­  ®¯â¨¬¨§ æ¨®­­ ï § ¤ ç  ® ¢ë-¡®à¥ ­¥¡« £®¯à¨ïâ­®£® ¢§ ¨¬­®£® à á¯®«®¦¥­¨ï ¯à¨¢ï§­®£® á ¬®å®¤­®£® ¯®¤¢®¤­®£®  ¯¯ à â  ¨ áã¤­ -­®á¨â¥«ï¯à¨ ®¯à¥¤¥«¥­¨¨ ­ âï¦¥­¨ï á¢ï§ë¢ îé¥£® ¨å ª ¡¥«ï. �à¨¢¥¤¥­®  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ íâ®© § ¤ ç¨ ¤«ï ®¡é¥£®á«ãç ï ­¨â¨ ¢ ­¥®¤­®à®¤­®¬ ¯®â®ª¥,   â ª¦¥ à¥§ã«ìâ âë ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï ­¥ª®â®àëå ç áâ­ëå á«ãç ¥¢,¯®§¢®«ïîé¨¥ ã¯à®áâ¨âì à¥è¥­¨¥ ¤«ï ¯à ªâ¨ç¥áª®£® ¨á¯®«ì§®¢ ­¨ï ¢ ¯à®¥ªâ­ëå à áç¥â å.�  ®á­®¢i ài¢­ï­ì áâ â¨ª¨ £­ãçª®�� ­¨âª¨ ¢ ®¤­®ài¤­®¬ã ¯®â®æi à®§£«ï­ãâ  ®¯â¨¬i§ æi©­  § ¤ ç  é®¤® ¢¨¡®àã ­¥-á¯à¨ïâ«¨¢®£® ¢§ õ¬­®£® à®§â èã¢ ­­ï ¯à¨¢'ï§­®£® á ¬®åi¤­®£® ¯i¤¢®¤­®£®  ¯ à âã â  áã¤­ -­®áiï ¯à¨ ¢¨§­ ç¥­­i­ âï£ã §¢'ï§ãîç®£® ��å ª ¡¥«î. �à¨¢¥¤¥­®  ­ «iâ¨ç­¥ àiè¥­­ï æiõ�� § ¤ ç¨ ¤«ï § £ «ì­®£® ¢¨¯ ¤ªã ­¨âª¨ ã ­¥®¤-­®ài¤­®¬ã ¯®â®æi,   â ª®¦ à¥§ã«ìâ â¨ ç¨á¥«ì­®£® ¬®¤¥«î¢ ­­ï ¤¥ïª¨å ®ªà¥¬¨å ¢¨¯ ¤ªi¢, ïªi ¤®§¢®«ïîâì á¯à®é¨â¨àiè¥­­ï ¤«ï ¯à ªâ¨ç­®£® ¢¨ª®à¨áâ ­­ï ¢ ¯à®¥ªâ­¨å à®§à åã­ª å.On the basis of the equations of a statics of a 
exible line in a homogeneous 
ow the optimization task about a choiceof an unfavorable mutual positioning of the underwater remotely operated vehicle (ROV) and parent vessel is consideredat de�nition of a tension of a umbilical cable, connecting them. The analytical solution of this task is given for a generalcase of a 
exible line in a inhomogeneous 
ow, and also results of numerical modeling of some special cases allowing tosimplify the solution for practical use in design calculations.���������®¤¢®¤­®-â¥å­¨ç¥áª¨© ª®¬¯«¥ªá (���) á ¯à¨-¢ï§­ë¬ á ¬®å®¤­ë¬ ¯®¤¢®¤­ë¬  ¯¯ à â®¬ (��)á®¤¥à¦¨â ¢ á¢®¥¬ á®áâ ¢¥ ª ¡¥«ì-âà®á (ª ¡¥«ì),á¢ï§ë¢ îé¨© ­ ¤¢®¤­ãî ç áâì ��� á �� ¨ ®¡¥á-¯¥ç¨¢ îé¨© ¯®¤ çã ­  �� í«¥ªâà®¯¨â ­¨ï, ª®-¬ ­¤ ã¯à ¢«¥­¨ï ¨ ®¡à â­ë© ¨­ä®à¬ æ¨®­­ë©¯®â®ª. �­®£¤  ª ¡¥«ì ¢ë¯®«­ï¥â «¨èì ç áâì­ §¢ ­­ëå äã­ªæ¨©, ­ ¯à¨¬¥à, ¨­ä®à¬ æ¨®­­®-ã¯à ¢«ïîé¨© ®¡¬¥­. � «î¡®¬ á«ãç ¥ ª ¡¥«ì,¯à¥¤áâ ¢«ïï á®¡®© ¯à®âï¦¥­­ãî ¬¥å ­¨ç¥áªãîá¢ï§ì, áãé¥áâ¢¥­­® ¢«¨ï¥â ­  ¯¥à¥¬¥é¥­¨ï ��,®£à ­¨ç¨¢ ï ¥£® ¬ ­¥¢à¥­­®áâì ¨ ¤®áâã¯­®¥ ¯à®-áâà ­áâ¢®, ®á®¡¥­­® ¯à¨ ­ «¨ç¨¨ â¥ç¥­¨ï ¢ à ©®-­¥ à ¡®â.�«ï ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ ¤¢¨¦¨â¥«ì­®-àã«¥¢®£® ª®¬¯«¥ªá  �� ­¥®¡å®¤¨¬® §­ âì ­ ¯à -¢«¥­¨¥ ¨ ¢¥«¨ç¨­ã á¨«ë, á ª®â®à®© ¤¥©áâ¢ã¥â ­ ­¥£® ª ¡¥«ì. �â  à¥ ªæ¨ï ¢®§­¨ª ¥â ¢ à¥§ã«ìâ â¥¤¢¨¦¥­¨ï ¨«¨ ¯®§¨æ¨®­¨à®¢ ­¨ï ­  â¥ç¥­¨¨ �� ¨áã¤­ -­®á¨â¥«ï, ¢ë§ë¢ îé¨å ¢ ®¡é¥¬ á«ãç ¥ ª ª ¡á®«îâ­®¥ ¯¥à¥¬¥é¥­¨¥ ª ¡¥«ï ¢ ¯à®áâà ­áâ¢¥,â ª ¨ ®â­®á¨â¥«ì­®¥ ¯¥à¥¬¥é¥­¨¥ ¢ ¯®â®ª¥ â¥ç¥-­¨ï. � áç¥â £¨¤à®¤¨­ ¬¨ç¥áª®© à¥ ªæ¨¨ ª ¡¥«ï¤«ï ¡®«ìè®£® ç¨á«  ¢ à¨ ­â®¢ à á¯®«®¦¥­¨ï ��¯® ®â­®è¥­¨î ª áã¤­ã-­®á¨â¥«î ¨ ¯®á«¥¤ãîé¥¥ ¨å

áà ¢­¥­¨¥ ï¢«ïîâáï ¢¥áì¬  âàã¤®¥¬ª¨¬ ¯à®æ¥á-á®¬ [1{3], çâ® ®á®¡¥­­® ­¥ã¤®¡­® ­  à ­­¨å áâ -¤¨ïå ¯à®¥ªâ¨à®¢ ­¨ï ���. �®íâ®¬ã ¢ ¦­® ã¬¥âì¢ë¡¨à âì ¤«ï à áç¥â  ®¤­® ¨«¨ ­¥áª®«ìª® ¬¥áâ®­ -å®¦¤¥­¨© ��, ¢ ª®â®àëå âï£®¢ë¥ ¨ ¬®é­®áâ­ë¥å à ªâ¥à¨áâ¨ª¨ ¤¢¨¦¨â¥«ì­®-àã«¥¢®£® ª®¬¯«¥ªá ¯à¨­¨¬ îâ ­ ¨¡®«ìè¨¥ §­ ç¥­¨ï. �ç¥¢¨¤­®, ¯à¨íâ®¬  ¯¯ à â ¡ã¤¥â ­ å®¤¨âìáï ­  £à ­¨æ¥ ¤®áâã¯-­®© §®­ë. � §¬¥àë ¨ ä®à¬  íâ®© §®­ë á¨«ì­®§ ¢¨áïâ ®â áª®à®áâ¨ â¥ç¥­¨ï [4], ®á«®¦­ïï ¢ë¡®àà áç¥â­®£® ¬¥áâ®­ å®¦¤¥­¨ï ��.� ¤ ­­®© à ¡®â¥ ¯à¨¢®¤¨âáï ®¡®á­®¢ ­¨¥ ¥¤¨-­®£® ¯®¤å®¤ , ­¥ § ¢¨áïé¥£® ®â ä®à¬ í¯îàë áª®-à®áâ¥© ­ ¡¥£ îé¥£® ¯®â®ª , ª ¢ë¡®àã ¢§ ¨¬­®£®à á¯®«®¦¥­¨ï å®¤®¢®£® ¨ ª®à¥­­®£® ª®­æ®¢ ª ¡¥-«ï ¤«ï à áç¥â  £¨¤à®¤¨­ ¬¨ç¥áª®© à¥ ªæ¨¨ ª ¡¥-«ï, ¤¥©áâ¢ãîé¥© ­  ��.1. ������� � ������������®à¤  ª ¡¥«ï { ¯àï¬®«¨­¥©­ë© ®âà¥§®ª, á®¥¤¨-­ïîé¨© ª®­æë ª ¡¥«ï.� ¡®ç¥¥ ¯à®áâà ­áâ¢® (��) { ¯à®áâà ­áâ¢® ¢á¥å¢®§¬®¦­ëå ¬¥áâ®­ å®¦¤¥­¨© ��, à áá¬ âà¨¢ ¥-¬®£® ª ª ¬ â¥à¨ «ì­ ï â®çª  ¢ á¨«ã ¬ «®áâ¨ ¥£®à §¬¥à®¢ ¯® áà ¢­¥­¨î á ��. � ¡®ç ï §®­  (��) {á¥ç¥­¨¥ �� £®à¨§®­â «ì­®© ¯«®áª®áâìî ­  ®¯à¥-44 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54¤¥«¥­­®© £«ã¡¨­¥. � §¬¥àë ¨ ä®à¬  �� ®¯à¥¤¥-«ïîâáï ¯ à ¬¥âà ¬¨ ª ¡¥«ï, â¥ç¥­¨ï ¨ âï£®¢ë-¬¨ ¢®§¬®¦­®áâï¬¨ ��. �à¨ ®âáãâáâ¢¨¨ â¥ç¥­¨ï�� ¡ã¤¥â ¨¬¥âì ä®à¬ã ¯®«ãè à¨ï á æ¥­âà®¬ ­ ª®à¥­­®¬ ª®­æ¥ ª ¡¥«ï ¨ à ¤¨ãá®¬, à ¢­ë¬ ¤«¨-­¥ ª ¡¥«ï. �«¥¤ã¥â ¯®¤ç¥àª­ãâì, çâ® ­  £à ­¨æ¥��  ¯¯ à â ¨¬¥¥â ­ã«¥¢ãî  ¡á®«îâ­ãî áª®à®áâì¨ ¥¤¨­áâ¢¥­­® ¢®§¬®¦­®¥ ¯à®áâà ­áâ¢¥­­®¥ ¯®«®-¦¥­¨¥ (ã£«ë ªãàá , ¤¨ää¥à¥­â  ¨ ªà¥­ ), ¯®áª®«ì-ªã «î¡®¥ ¨§¬¥­¥­¨¥ íâ®£® ¯®«®¦¥­¨ï ¯à¨¢¥¤¥â ª¨§¬¥­¥­¨î á®¯à®â¨¢«¥­¨ï �� ¨ ¥£® ¢¥ªâ®à  âï-£¨, ­ àãè ï ¡ « ­á ¤¥©áâ¢ãîé¨å ­  ­¥£® á¨«, ¨¢ë§®¢¥â á¬¥é¥­¨¥ �� ¢­ãâàì �� ¨«¨ ¢ ¤àã£ãîâ®çªã £à ­¨æë ��. � â®çª¨ §à¥­¨ï ¯®¤¢¨¦­®áâ¨��, ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ å à ªâ¥à¨áâ¨ª¨ �� ¨ ��ï¢«ïîâáï áâ â¨ç¥áª¨¬¨.�¨­ ¬¨ç¥áª®¥ �� (���) { ¯à®áâà ­áâ¢® ¢®§-¬®¦­ëå ¬¥áâ®­ å®¦¤¥­¨© ��, ¢ ª®â®à®¬ ­¥®£à ­¨ç¨¢ îâáï ¥£® ã¯à ¢«ï¥¬ë¥ áâ¥¯¥­¨ á¢®¡®-¤ë. � ¯à¨¬¥à, ��, ¨¬¥îé¨© ¤¢  ¬ àè¥¢ëå ¨®¤¨­ ¢¥àâ¨ª «ì­ë© ¤¢¨¦¨â¥«ì, ¢­ãâà¨ ��� ¡ã-¤¥â ®¡« ¤ âì âà¥¬ï ã¯à ¢«ï¥¬ë¬¨ áâ¥¯¥­ï¬¨ á¢®-¡®¤ë: ¤¢ã¬ï «¨­¥©­ë¬¨ ¨ ®¤­®© ¢à é â¥«ì­®©.�àã£¨¬¨ á«®¢ ¬¨, ��� ¥áâì ¯à®áâà ­áâ¢® ¯®«-­®© ¬ ­¥¢à¥­­®áâ¨, ¢ â® ¢à¥¬ï ª ª ®¡« áâì ¬¥¦¤ã�� ¨ ��� ï¢«ï¥âáï ¯à®áâà ­áâ¢®¬ ®£à ­¨ç¥­­®©¬ ­¥¢à¥­­®áâ¨, £¤¥ ã¯à ¢«ï¥¬ë¥ áâ¥¯¥­¨ á¢®¡®¤ë�� ¬®£ãâ ¡ëâì à¥ «¨§®¢ ­ë «¨èì ç áâ¨ç­®. ���¢á¥£¤  ¬¥­ìè¥ ��.�­®£¤  âà¥¡ã¥âáï à áá¬®âà¥­¨¥ ¥é¥ ®¤­®£® ¢¨-¤  à ¡®ç¥£® ¯à®áâà ­áâ¢ , á¢ï§ ­­®£® á à¥ -«¨§ æ¨¥© ­ §­ ç¥­¨ï ���. �¥å­®«®£¨ç¥áª®¥ ��(���) { ¯à®áâà ­áâ¢®, ¤®áâã¯­®¥ ¤«ï ®¡à ¡®âª¨®¯à¥¤¥«¥­­ë¬ ¨­áâàã¬¥­â®¬, ãáâ ­®¢«¥­­ë¬ ­ ��. �«ï ¨­áâàã¬¥­â®¢ ¬ «®£® à ¤¨ãá  ¤¥©áâ¢¨ï,â ª¨å ª ª â¥«¥ª ¬¥à  ¨ ¬ ­¨¯ã«ïâ®à, ��� ¯à ª-â¨ç¥áª¨ ­¥ ®â«¨ç ¥âáï ®â ��, ­®, ­ ¯à¨¬¥à, ¤«ï£¨¤à® ªãáâ¨ç¥áª®£® ®¡®àã¤®¢ ­¨ï à §¬¥àë ���áãé¥áâ¢¥­­® ¡®«ìè¥ ��. �«ï ��� ¨ ��� ¬®£ãâ¡ëâì ¢¢¥¤¥­ë á®®â¢¥âáâ¢ãîé¨¥ ¯®­ïâ¨ï à ¡®ç¨å§®­ ¯®  ­ «®£¨¨ á �� ¤«ï ��.� «¥¥ ¯®¤ �� ¨ �� ¡ã¤ãâ ¯®­¨¬ âìáï ¨å áâ â¨-ç¥áª¨¥ à §­®¢¨¤­®áâ¨.2. ������������� ��������������������� ������������������������� ��������2.1. �®áâ ­®¢ª  § ¤ ç¨�à¨ ¯à®¥ªâ¨à®¢ ­¨¨ ��� ®¡ëç­® ¢ë¯®­ïîâ¤¢  ¢¨¤  £¨¤à®¤¨­ ¬¨ç¥áª®£® à áç¥â  ª ¡¥«ï: ¯à®-¥ªâ¨à®¢®ç­ë© à áç¥â ­  à ­­¨å áâ ¤¨ïå ¤«ï ®¯à¥-¤¥«¥­¨ï ­¥¡å®¤¨¬®© âï£¨, í­¥à£®¯®âà¥¡«¥­¨ï ��

¨ ¯ à ¬¥âà®¢ ª ¡¥«ï; ¯à®¢¥à®ç­ë© à áç¥â, ¯à®-¢®¤¨¬ë© ¯®á«¥ ¢ë¡®à  ¯ à ¬¥âà®¢ ¤¢¨¦¨â¥«ì­®-àã«¥¢®£® ª®¬¯«¥ªá  ¨ ª ¡¥«ï ¤«ï ãâ®ç­¥­¨ï å à ª-â¥à¨áâ¨ª �� ¯à¨ à §«¨ç­ëå ¢­¥è­¨å ãá«®¢¨ïå.� «¥¥ ¡ã¤¥¬ à áá¬ âà¨¢ âì ¯à®¥ªâ¨à®¢®ç­ë©à áç¥â, ¤«ï ª®â®à®£® ¨áå®¤­ë¬¨ ¤ ­­ë¬¨ ï¢«ï-îâáï à ¡®ç ï £«ã¡¨­  ¨ ¬¨­¨¬ «ì­ë© à ¤¨ãá ¤¥©-áâ¢¨ï �� ­  íâ®© £«ã¡¨­¥, ®¯à¥¤¥«¥­­ë¥ â¥å­¨ç¥-áª¨¬ § ¤ ­¨¥¬. � ª¨¬ ®¡à §®¬, ­ á ­¥ ¨­â¥à¥áã¥âà¥ «ì­ ï ä®à¬  ��, £« ¢­®¥, çâ®¡ë  ¯¯ à âã ¡ë-«  ¤®áâã¯­  ªàã£« ï §®­  § ¤ ­­®£® à ¤¨ãá , ª®-â®à ï ®ª ¦¥âáï ¢¯¨á ­­®© ¢ ��. � ¤ ç  á®áâ®¨â ¢®âëáª ­¨¨ â®ç¥ª, ¯à¨­ ¤«¥¦ é¨å ªàã£«®© §®­¥, ¢ª®â®àëå ¬ ªá¨¬¨§¨àãîâáï: ¬ àè¥¢ ï, ¢¥àâ¨ª «ì-­ ï ¨ « £®¢ ï âï£¨ ��,   â ª¦¥ áã¬¬ à­ ï ¬®é-­®áâì, ¯®¤¢®¤¨¬ ï ª ¥£® ¤¢¨¦¨â¥«ï¬.� «®¢¥à®ïâ­®, çâ® ¢á¥ ¨â¥à¥áãîé¨¥ ­ á ¢¥«¨-ç¨­ë ¡ã¤ãâ ¬ ªá¨¬ «ì­ë ¢ ¥¤¨­®© â®çª¥, ­® ¯à®¢¥-¤¥­¨¥ ç¥âëà¥å ­¥§ ¢¨á¨¬ëå à áç¥â®¢ ¤«ï ª ¦¤®©¨§ ­¨å ï¢«ï¥âáï ­¥ã¤®¡­ë¬. �¥«¥á®®¡à §­¥¥ ¢ë-¡à âì ¢ ª ç¥áâ¢¥ æ¥«¥¢®© äã­ªæ¨¨ ®¤­ã ¯¥à¥¬¥­-­ãî, á¢ï§ ­­ãî á® ¢á¥¬¨ ¨áª®¬ë¬¨ ¢¥«¨ç¨­ ¬¨,¨ ®¯à¥¤¥«¨âì ¬ ªá¨¬¨§¨àãîéãî ¥¥ â®çªã ªàã£-«®© §®­ë, ª®â®à ï ¡ã¤¥â «¥¦ âì ­  £à ­¨æ¥ §®-­ë { ®ªàã¦­®áâ¨. � ª®© ¯¥à¥¬¥­­®© ¬®¦¥â ¡ëâì¯à¨­ïâ® ­ âï¦¥­¨¥ ª ¡¥«ï ­  å®¤®¢®¬ ª®­æ¥, â®¥áâì â  à¥ ªæ¨ï, á ª®â®à®© ª ¡¥«ì ¤¥©áâ¢ã¥â ­ ��. �à®¬¥ ã¯à®é¥­¨ï ¯à®¥ªâ¨à®¢®ç­ëå à áç¥-â®¢ ¨ ®¯â¨¬¨§ æ¨®­­®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨,¯à¨¢¥¤¥­­®© ­¨¦¥, íâ®â ¢ë¡®à ¨¬¥¥â á«¥¤ãîé¨¥¯à¥¨¬ãé¥áâ¢ , ®á®¡¥­­® ¢ ¦­ë¥ ­  à ­­¨å íâ -¯ å ¯à®¥ªâ¨à®¢ ­¨ï:� ­¥§ ¢¨á¨¬®áâì ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ®â àå¨â¥ªâãà­®-ª®­áâãªâ¨¢­®£® â¨¯  ¨ ã£«®¢®-£® ¯®«®¦¥­¨ï �� ¢® ¢à¥¬ï ¯®§¨æ¨®­¨à®¢ ­¨ï(£¨¤à®¤¨­ ¬¨ç¥áª¨¥ á¨«ë ¨ ¬®¬¥­âë, ¢®§­¨-ª îé¨¥ ­  ��, ­¥ ãç¨âë¢ îâáï), çâ® â ª¦¥¯®§¢®«¨â ¯à¨¬¥­¨âì ¯®«ãç¥­­ë¥ ¢ë¢®¤ë ª ªª ��, â ª ¨ ª ��� ¯à¨ á®®â¢¥âáâ¢ãîé¥© ¨­-â¥à¯à¥â æ¨¨;� ­¥§ ¢¨á¨¬®áâì ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ®âª®­áâàãªâ¨¢­ëå å à ªâ¥à¨áâ¨ª ¤¢¨¦¨â¥«ì­®-àã«¥¢®£® ª®¬¯«¥ªá , ­¥®¡å®¤¨¬ëå ¤«ï à áç¥-â  ¯®âà¥¡«ï¥¬®© ¬®é­®áâ¨ (ª®«¨ç¥áâ¢®, â¨¯,à á¯®«®¦¥­¨¥, ¤¨ ¬¥âàë ¤¢¨¦¨â¥«¥© ¨ â. ¤.).�®£à¥è­®áâ¨ ¢¢¥¤¥­¨ï â ª®£® ã¯à®é¥­¨ï § ¤ -ç¨ ­¥¢ëá®ª¨ ¨ ¡ã¤ãâ ¯à® ­ «¨§¨à®¢ ­ë ­¨¦¥.�ä®à¬ã«¨àã¥¬ § ¤ çã ¬ â¥¬ â¨ç¥áª®£® ¯à®-£à ¬¬¨à®¢ ­¨ï á«¥¤ãîé¨¬ ®¡à §®¬. �à¥¡ã¥âáï®¯à¥¤¥«¨âì ¬¥áâ®­ å®¦¤¥­¨¥ �� ­  £à ­¨æ¥ ªàã£-«®© §®­ë, á®®â¢¥âáâ¢ãîé¥¥ ¬ ªá¨¬ «ì­®¬ã ­ âï-¦¥­¨î ­  å®¤®¢®¬ ª®­æ¥ ª ¡¥«ï, ¯à¨ § ¤ ­­ëå:�.�.�®¤¨ç¥¢ 45
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�¨á. 1. �å¥¬  ¯ à ¬¥âà®¢ à ¡®ç¥£® ¯à®áâà ­áâ¢ í¯îà¥ áª®à®áâ¥©, à ¡®ç¥© £«ã¡¨­¥, à ¤¨ãá¥ ¤¥©-áâ¢¨ï ¨ ¯ à ¬¥âà å ª ¡¥«ï.�å¥¬  ¯ à ¬¥âà®¢ �� ¯à¥¤áâ ¢«¥­  ­  à¨á. 1.�� ¨¬¥¥â ¯à®¤®«ì­ãî ¢¥àâ¨ª «ì­ãî ¯«®áª®áâìá¨¬¬¥âà¨¨ (¤¨ ¬¥âà «ì­ ï ¯«®áª®áâì). �¥­âàªàã£«®© §®­ë à ¤¨ãá  R (â®çª  C) «¥¦¨â ¢ íâ®©¯«®áª®áâ¨ ­  à ¡®ç¥© £«ã¡¨­¥ Hà ¨ ¢ ®¡é¥¬ á«ãç ¥á¬¥é¥­ ®â­®á¨â¥«ì­® í¯¨æ¥­âà  ª®à¥­­®£® ª®­æ ª ¡¥«ï (â®çª¨ O) ­  ¢¥«¨ç¨­ã Xc.2.2. �à¨­ïâë¥ ¤®¯ãé¥­¨ï�à¥¤¯®« £ ¥âáï, çâ® ª ¡¥«ì ¯à¥¤áâ ¢«ï¥â á®-¡®© ®¤­®à®¤­ãî ­¥à áâï¦¨¬ãî  ¡á®«îâ­® £¨¡ªãî­¨âì.� ¤ ç  à áá¬ âà¨¢ ¥âáï ¢ ª¢ §¨áâ â¨ç¥áª®© ¯®-áâ ­®¢ª¥. �  ª ¡¥«ì ¤¥©áâ¢ã¥â ­ ¡¥£ îé¨© ¯®-â®ª á £®à¨§®­â «ì­ë¬ ¯®«¥¬ áª®à®áâ¥© ®¤¨­ ª®¢®-£® ­ ¯à ¢«¥­¨ï ¨ ¯¥à¥¬¥­­®£® ¯® £«ã¡¨­¥ ¬®¤ã«ï.�®¯ãáª ¥âáï, çâ® ¯à¨­ïâ ï í¯îà  áª®à®áâ¥© ®âà -¦ ¥â áã¬¬ à­ãî áª®à®áâì ¯®â®ª  ­  «î¡®© £«ã¡¨-­¥, ãç¨âë¢ îéãî ª ª  ¡á®«îâ­®¥, â ª ¨ ®â­®á¨-â¥«ì­®¥ ¤¢¨¦¥­¨¥ ª ¡¥«ï ¢ ¦¨¤ª®áâ¨. � ª®© ¯®¤-å®¤, ª®£¤  ¢¥ªâ®àë áª®à®áâ¥© â¥ç¥­¨ï ¨ ®¡à é¥­-­®£® ¤¢¨¦¥­¨ï á®­ ¯à ¢«¥­ë, ¯à¨¢®¤¨â ª ¬ ªá¨-¬ «ì­®© à¥§ã«ìâ¨àãîé¥© áª®à®áâ¨ ®¡â¥ª ­¨ï ª -¦¤®£® í«¥¬¥­â à­®£® ®âà¥§ª  ­¨â¨ ¨, á«¥¤®¢ â¥«ì-­®, ª ¬ ªá¨¬ «ì­®¬ã ­ âï¦¥­¨î ­¨â¨.�ã¤¥â à áá¬ âà¨¢ âìáï â®«ìª® ¯« ¢ª ¡¥«ì { ª -¡¥«ì ­ã«¥¢®£® ¢¥á  ¢ ¢®¤¥ { ¢ á¨«ã á«¥¤ãîé¨å ¤¢ãå¯à¨ç¨­. �®-¯¥à¢ëå, ã ¡®«ìè¨­áâ¢  ¤¥©áâ¢ãîé¨å��� ¢¥áì ª ¡¥«ì ¨«¨ å®âï ¡ë ¤®¢®«ì­® ¯à®âï¦¥­-­ë© ãç áâ®ª ­  ¥£® å®¤®¢®¬ ª®­æ¥ ¢ë¯®«­ïîâ á¯« ¢ãç¥áâìî, ¡«¨§ª®© ª ­ã«î. �®-¢â®àëå, ¢ëà -¦¥­¨ï ¤«ï à ¢­®¢¥á¨ï ­¥¢¥á®¬®© ­¨â¨ ¢ ®¤­®à®¤-­®¬ ¯®â®ª¥ ¯®«ãç¥­ë ¢ ª®­¥ç­®¬ ¢¨¤¥ [5].

�ç¨âë¢ ï ¯à¨­ïâë¥ ¤®¯ãé¥­¨ï, ¬®¦­® á¤¥« âì¢ë¢®¤, çâ® à áá¬ âà¨¢ ¥¬ë© ª ¡¥«ì ¢á¥£¤  ¡ã¤¥â¨¬¥âì ä®à¬ã ¯«®áª®© ªà¨¢®©.2.3. �®à¬ «¨§ æ¨ï § ¤ ç¨�î¡ãî í¯îàã â¥ç¥­¨ï á ¯¥à¥¬¥­­ë¬ §­ ç¥­¨-¥¬ áª®à®áâ¨ ¯® £«ã¡¨­¥ ¬®¦­®  ¯¯à®ªá¨¬¨à®¢ âìáâã¯¥­ç â®© í¯îà®©, á ¯®áâ®ï­­®© áª®à®áâìî ¢¯à¥¤¥« å ª ¦¤®© áâã¯¥­¨, ¯à¨ ¤®áâ â®ç­® ¡®«ì-è®¬ ç¨á«¥ áâã¯¥­¥© n. � §®¡ì¥¬ ª ¡¥«ì ­  ®â-¤¥«ì­ë¥ ãç áâª¨ ¯® ç¨á«ã áâã¯¥­¥© áª®à®áâ¨, ­ -ª« ¤ë¢ ï £à ­¨ç­ë¥ ãá«®¢¨ï ¢ â®çª å ¨å è à­¨à-­®© áâëª®¢ª¨ Oi (i=1; : : : ; n�1) ¢ á¬ëá«¥ à ¢¥­áâ¢­ âï¦¥­¨© ¨ ã£«®¢  â ª¨. � áç¥â­ ï áå¥¬  ¯à¨¢¥-¤¥­  ­  à¨á. 2. � ¦¤ ï ¯®«ãç¥­­ ï â ª¨¬ ®¡à §®¬­¨âì ¡ã¤¥â ­ å®¤¨âìáï ¢ ®¤­®à®¤­®¬ ¯®â®ª¥,   ¥¥à ¢­®¢¥á¨¥ ¢ á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬¥ ª®®à¤¨­ âOixiyi (i=0; : : : ; n�1) ¬®¦¥â ¡ëâì ®¯¨á ­® á«¥¤ãî-é¥© á¨áâ¥¬®© ãà ¢­¥­¨© [5]:Ti = Ti�1�i�1=�i;Li = Ti�1�i�1(ctg�i � ctg�i�1)=ri;Xi = Ti�1�i�1(cosec�i � cosec �i�1)=ri;Yi = Ti�1�i�1 �ln ctg �i2 � ln ctg �i�12 �.ri;i = 1; : : : ; n; (1)£¤¥ Ti; �i { ­ âï¦¥­¨¥ ¨ ã£®«  â ª¨ ª ¡¥«ï ¢ i-®¬è à­¨à¥ (i=0; : : : ; n); Li; Xi; Yi { ¤«¨­  ¨ ¯à®âï-¦¥­­®áâì i-£® ãç áâª  ­¨â¨ ¢ ¯à®¤®«ì­®¬ ¨ ¯®¯¥-à¥ç­®¬ ­ ¯à ¢«¥­¨ïå á®®â¢¥âáâ¢¥­­® (i=1; : : : ; n);�i=1=[1�(1�cosec �i)Ct=Cn] { ª®íää¨æ¨¥­â ¢«¨ï-­¨ï âà¥­¨ï; Ct { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï âà¥-­¨ï; Cn { ª®íää¨æ¨¥­â ­®à¬ «ì­®£® á®¯à®â¨¢«¥-­¨ï; ri =Cn�V 2i D=2 { ¯®£®­­®¥ ­®à¬ «ì­®¥ á®-¯à®â¨¢«¥­¨¥ i-£® ãç áâª  ­¨â¨; � { ¬ áá®¢ ï ¯«®â-­®áâì ¢®¤ë; Vi { áª®à®áâì ¯®â®ª  ­  i-®¬ ãç áâª¥­¨â¨; D { ¤¨ ¬¥âà ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ª ¡¥«ï.�«ï ®¡ê¥¤¨­¥­¨ï ®â¤¥«ì­ëå ãç áâª®¢ ¢ æ¥«ë© ª -¡¥«ì ª á¨áâ¥¬¥ (1) ­¥®¡å®¤¨¬® ¤®¡ ¢¨âì ®ç¥¢¨¤­ë¥£¥®¬¥âà¨ç¥áª¨¥ á®®â­®è¥­¨ï:L = nXi=1 Li; A = nXi=1Xi; B = nXi=1 Yi; (2)£¤¥ L { ¤«¨­  ª ¡¥«ï; A ¨ B { ª®®à¤¨­ âë �� ¢á¨áâ¥¬¥ O0x0y0.�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® ­¥¢¥á®¬ ï ­¨âì¢ ª®««¨­¥ à­®¬ ¯®«¥ áª®à®áâ¥© ®áâ ¥âáï ¯«®á-ª®© ­¥§ ¢¨á¨¬® ®â ¢¥«¨ç¨­ë ã£«  ­ ª«®­  á®¯à¨-ª á îé¥©áï ¯«®áª®áâ¨ ª £®à¨§®­âã �,   â ª¦¥â®, çâ® ¯à¨ ¨§¬¥­¥­¨¨ � ¯®¯¥à¥ç­ë¥ à §¬¥àë46 �.�.�®¤¨ç¥¢
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�¨á. 2. � áç¥â­ ï áå¥¬ ãç áâª®¢ ­¨â¨ ¬¥­ïîâáï ¢§ ¨¬­® ¯à®¯®àæ¨®­ «ì-­®, § ¯¨è¥¬sin � = Hà, nXi=1 Yi = hi=Yi:�«¥¤®¢ â¥«ì­®, nXi=1 Yi = HàYi=hi:�®¤áâ ¢«ïï ¤ ­­®¥ ¢ëà ¦¥­¨¥ ¢ ¯®á«¥¤­¥¥ ¨§ á®-®â­®è¥­¨© (2), ¯®«ãç ¥¬ ¡®«¥¥ ¯à®áâ®¥ ¢ëà ¦¥-­¨¥ ¤«ï ¯à®¥ªæ¨¨ å®à¤ë ­  ¯®¯¥à¥ç­ãî ¯«®áª®áâìB = HàYi=hi; i = 1; : : : ; n: (3)�¥à¢®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (1) ¯®§¢®«ï¥â á¤¥-« âì ¢ë¢®¤ ® ¯®áâ®ï­áâ¢¥ ¢ «î¡®© â®çª¥ ­¨â¨ ¯à®-¨§¢¥¤¥­¨ï Ti�i = const = T� (4)¨ ®¯ãáâ¨âì ¨­¤¥ªáë. �à®¨§¢¥¤¥­¨¥ T� ï¢«ï¥âáï¨­¢ à¨ ­â®¬ ¤«ï ¢á¥å â®ç¥ª ®¤­®© ä®à¬ë ª ¡¥«ï,­® ¢ â® ¦¥ ¢à¥¬ï ¡ã¤¥â ¯¥à¥¬¥­­®© ¢¥«¨ç¨­®© ¯à¨¯¥à¥å®¤¥ ª ¤àã£®© ä®à¬¥ ª ¡¥«ï, å®¤®¢®© ª®­¥æ ª®-â®à®£® à á¯®«®¦¥­ ¢ ¨­®¬ ¬¥áâ¥ ��.�¥«¥¢ãî äã­ªæ¨î § ¯¨è¥¬ ¢ á«¥¤ãîé¥¬ ¢¨¤¥:f = Tn = Ti�i=�n = T�=�n ! max :�ç¨âë¢ ï ãà ¢­¥­¨ï (1) { (4), á®áâ ¢«ï¥¬ á¨áâ¥-

¬ã ®£à ­¨ç¥­¨©'1 = LT� � nXi=1(ctg�i � ctg�i�1)=ri;'2 = AT� � nXi=1(cosec �i � cosec�i�1)=ri;'3 = BT� � Hàhj �ln ctg �j2 � ln ctg �j�12 �.rj ;j = 1; : : : ; n;'4 = (A�Xc)2 +B2 �H2à � R2:2.4. �¯à¥¤¥«¥­¨¥ áâ æ¨®­ à­ëå â®ç¥ª�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥, çâ® äã­ª-æ¨¨ f; '1; : : : ; '4 ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ë ­ ®£à ­¨ç¥­­®¬ ¬­®¦¥áâ¢¥, ¤«ï à¥è¥­¨ï § ¤ ç¨ ¢®á-¯®«ì§ã¥¬áï ¬¥â®¤®¬ ­¥®¯à¥¤¥«¥­­ëå ¬­®¦¨â¥«¥©� £à ­¦ . � ¤ ­­®¬ á«ãç ¥ äã­ªæ¨ï � £à ­¦ ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:F = f + 4Xi=1 �i'i;£¤¥ �i ï¢«ïîâáï ¬­®¦¨â¥«ï¬¨ � £à ­¦ .�«ï ®¯à¥¤¥«¥­¨ï áâ æ¨®­ à­ëå â®ç¥ª à áá¬®-âà¨¬ ­¥®¡å®¤¨¬ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ­¨ï «®ª «ì-­®£® íªáâà¥¬ã¬  æ¥«¥¢®© äã­ªæ¨¨ f ¢ ¯à®áâà ­-áâ¢¥ ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå Xc; A;B; (T� ) ¨�i (i=0; : : : ; n):@F@Xc = �2�4(A �Xc) = 0: (5)@F@A = �2T� + 2�4(A�Xc) = 0:�.�.�®¤¨ç¥¢ 47



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54�ª« ¤ë¢ ï ¤¢  ¯®á«¥¤­¨å ¢ëà ¦¥­¨ï, ¯®«ãç ¥¬�2 = 0: (6)�®£¤  @F@B = �3T� + 2�4B = 0;á«¥¤®¢ â¥«ì­®, �3 = �2�4T�B (7)¨ @F@(T� ) = 1�n � �1L(T� )2 � �2A(T� )2 � �3B(T� )2 = 0:�à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ¢ëà ¦¥­¨¥ (6), ¨¬¥¥¬(T� )2�n � �1L� �3B = 0: (8)�à®¨§¢®«ì­®áâì ¢ë¡®à  ¨­¤¥ªá  ¯¥à¥¬¥­­ëå hj,�j ¨ rj ¯à¨ ¢ëç¨á«¥­¨¨ ¯à®¨§¢®¤­ëå @'3=@�i ¯®-§¢®«ï¥â ¯à¨­¨¬ âì j 6=i ¨ j+16=i. �®£¤ @'3@�i = 0; i = 0; : : : ; n:�ç¨âë¢ ï ¤ ­­®¥ § ¬¥ç ­¨¥ ¨ ¢ëà ¦¥­¨¥ (6), § -¯¨è¥¬: @F@�0 = ��1r1 cosec2�0 = 0;@F@�i = ��1� 1ri � 1ri+1� cosec2�i = 0;i = 1; : : : ; n� 1:�®áª®«ìªã cosec �i6=0, â® ª ¦¤®¥ ¨§ ¤¢ãå ¯à¥¤ë¤ã-é¨å ¢ëà ¦¥­¨© ¤ ¥â �1 = 0; (9)¨ ¯®«ãç ¥¬ ¢ëà ¦¥­¨¥@F@�n = �T� CtCn cosec�n ctg�n + �1rn cosec2�n = 0;¯®¤áâ ¢«ïï ¢ ª®â®à®¥ ãà ¢­¥¨¥ (9), ¯®«ãç ¥¬ctg�n = 0 ) �n = �=2:�â® ¯¥à¢ ï áâ æ¨®­ à­ ï â®çª . �­  ­¥ ¬®¦¥âï¢«ïâìáï à¥è¥­¨¥¬ ¢ ®¡é¥¬ á«ãç ¥, â ª ª ª áãé¥-áâ¢ãîâ ��, ¢ ¯à¥¤¥« å ª®â®àëå ¢¥§¤¥ �n<�=2.�®¤áâ ¢«ïï á®®â­®è¥­¨¥ (7) ¢ (8) ¨ ãç¨âë¢ ï(9), ¯®«ãç ¥¬ (T� )2�n + 2�4T�B2 = 0:

�âáî¤  á«¥¤ã¥â, çâ® ¬­®¦¨â¥«ì�4 = � T�2B2�n­¥ ¬®¦¥â ¡ëâì à ¢¥­ ­ã«î. � â ª®¬ á«ãç ¥ ¤«ïã¤®¢«¥â¢®à¥­¨ï ¢ëà ¦¥­¨ï (5) ­¥®¡å®¤¨¬® á«¥¤ã-îé¥¥ ãá«®¢¨¥: A = Xc: (10)�â® ¢â®à ï áâ æ¨®­ à­ ï â®çª . � §®¢¥¬ ¥¥ ¬¨-¤¥«¥¢®©, ãç¨âë¢ ï à á¯®«®¦¥­¨¥ ­  £à ­¨æ¥ §®-­ë ®â­®á¨â¥«ì­® ­ ¯à ¢«¥­¨ï ¯®â®ª  (â®çª M ­ à¨á. 1). � §ã¬¥¥âáï, ¢ ¯®â®ª¥, ¬¥­ïîé¥¬áï â®«ìª®¯® £«ã¡¨­¥, �� ¨¬¥¥â ¤¢¥ â ª¨¥ â®çª¨, á¨¬¬¥âà¨ç-­ë¥ ®â­®á¨â¥«ì­® ¤¨ ¬¥âà «ì­®© ¯«®áª®áâ¨ ��.2.5. �ë¡®à íªáâà¥¬ã¬ � ª ç¥áâ¢¥ ªà¨â¨ç¥áª¨å â®ç¥ª ªà®¬¥ ¬¨¤¥«¥¢®©­¥®¡å®¤¨¬® à áá¬®âà¥âì £à ­¨ç­ë¥ â®çª¨ ¢®§-¬®¦­ëå §­ ç¥­¨© ª®®à¤¨­ âë A, ï¢«ïîé¨¥áï ®ª®-­¥ç­®áâï¬¨ ªàã£«®© §®­ë: ­®á®¢ãî (A=Xc+R)¨ ª®à¬®¢ãî (A=Xc�R). � íâ¨å â®çª å æ¥«¥¢ ïäã­ªæ¨ï â ª¦¥ ¡ã¤¥â ¨¬¥âì «®ª «ì­ë¥ íªáâà¥¬ã-¬ë, ¯à¨ç¥¬ íªáâà¥¬ã¬ë ¢¤®«ì £à ­¨æë ªàã£«®©§®­ë ¤®«¦­ë ç¥à¥¤®¢ âìáï: ¥á«¨ ¢ ¬¨¤¥«¥¢ëå â®ç-ª å ¡ã¤ãâ ¬ ªá¨¬ã¬ë, â® ¢ ­®á®¢®© ¨ ª®à¬®¢®© {¬¨­¨¬ã¬ë, ¨ ­ ®¡®à®â.�«ï ¢ë¡®à  ¬ ªá¨¬ã¬  ¬®¦­® ®¡®©â¨áì ¡¥§áà ¢­¥­¨ï ¢ ®¡é¥¬ ¢¨¤¥ §­ ç¥­¨© æ¥«¥¢®© äã­ªæ¨¨¢ ªà¨â¨ç¥áª¨å â®çª å, ¯à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ á«¥-¤ãîé¥¥ á®®¡à ¦¥­¨¥. �à ­¨æ  �� á ¯®áâ®ï­­ë¬­ âï¦¥­¨¥¬ ­  å®¤®¢®¬ ª®­æ¥ ª ¡¥«ï Tn (¨§®¤¨-­ ¬ ) ¨ ¢¯¨á ­­ ï ¢ ­¥¥ ªàã£« ï §®­  ¡ã¤ãâ ª -á âìáï ¤àã£ ¤àã£  ¢ â®çª å, £¤¥ ªàã£« ï §®­  ¨¬¥-¥â Tn=max. �¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ ¯®ª §ë¢ -¥â, çâ® �� ¨¬¥¥â ¢ëâï­ãâãî ¢¤®«ì ¯®â®ª  ä®à-¬ã. �â® ®§­ ç ¥â, çâ® ¨§®¤¨­ ¬  ¡ã¤¥â ª á âìáï®ªàã¦­®áâ¨ ¢ ¬¨¤¥«¥¢ëå â®çª å, ª®â®àë¥, á«¥¤®-¢ â¥«ì­®, ¨ ï¢«ïîâáï à¥è¥­¨¥¬ § ¤ ç¨. �â®â ¢ë-¢®¤ ¡ã¤¥â ¯®¤â¢¥à¦¤¥­ ­¨¦¥ ­  ¯à¨¬¥à¥.�â®¡ë ®¯à¥¤¥«¨âì ª®®à¤¨­ âë ¬¨¤¥«¥¢®© â®ç-ª¨, ­ã¦­® ãç¥áâì á«¥¤ãîé¥¥. �àã£« ï §®­  ¨ ¨§®-¤¨­ ¬  ¨¬¥îâ ¢ ¬¨¤¥«¥¢®© â®çª¥ ®¡éãî ª á â¥«ì-­ãî, ¯ à ««¥«ì­ãî ®á¨ x. �®íâ®¬ã ¢ ¤ ­­®© â®ç-ª¥ ã äã­ªæ¨¨, § ¤ îé¥© ¨§®¤¨­ ¬ã ¢¨¤  z=z(x),¤®«¦¥­ ¡ëâì íªáâà¥¬ã¬. � ©â¨ ¥£® ª®®à¤¨­ âë¬®¦­® ¯ãâ¥¬ ®¯â¨¬¨§ æ¨¨ íâ®© äã­ªæ¨¨.3. ��������� ������� ����� æ¥«ìî ®¯à¥¤¥«¥­¨ï ­  £à ­¨æ¥ ªàã£«®© §®­ë¬ ªá¨¬ «ì­® ¢®§¬®¦­®£® à ¤¨ãá  ¬¥áâ®­ å®¦¤¥-­¨© ��, á®®â¢¥âáâ¢ãîé¨å ­ ¨¡®«ìè¨¬ §­ ç¥­¨-ï¬ à áå®¤ã¥¬®© ­  ¤¢¨¦¥­¨¥ ª ¡¥«ï ¬®é­®áâ¨ N ,48 �.�.�®¤¨ç¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54à¥ ªæ¨¨ ª ¡¥«ï ­  å®¤®¢®¬ ª®­æ¥ T ¨ ¥£® ¬ àè¥¢®©T¬, ¢¥àâ¨ª «ì­®© T¢ ¨ « £®¢®© T« á®áâ ¢«ïîé¨å,  â ª¦¥ á æ¥«ìî áà ¢­¥­¨ï ¨å á  ­ «®£¨ç­ë¬¨ ¢¥-«¨ç¨­ ¬¨ ¢ âà ¢¥à§­®© â®çª¥ E á ª®®à¤¨­ â ¬¨(0; R) (á¬. à¨á. 1), ç áâ® ¨á¯®«ì§ã¥¬®© ­  ¯à ª-â¨ª¥ ¢ ª ç¥áâ¢¥ à áç¥â­®©, ¡ë«  ¯à®¢¥¤¥­  á¥à¨ïà áç¥â®¢, ¢ à ¬ª å ª®â®à®© ¬¥­ï«¨áì ä®à¬  í¯î-àë ¨ ¨­â¥­á¨¢­®áâì ¯®â®ª ,   å à ªâ¥à¨áâ¨ª¨ ��¡ §¨à®¢ «¨áì ­  â¥å­¨ç¥áª¨å ¤ ­­ëå  ¯¯ à â \�®¬®à" (¬ áá  68 ª£, ¤«¨­ �è¨à¨­ �¢ëá®â =1:1�0:6�0:5¬). � áá¬ âà¨¢ «¨áì ®¤­®à®¤­ë¥ (n=1)¨ ¤¢ãåáâã¯¥­ç âë¥ (n= 2) í¯îàë. �®®à¤¨­ âë¬¨¤¥«¥¢®© â®çª¨ à ááç¨âë¢ «¨áì ¯ãâ¥¬ ¬ ªá¨¬¨-§ æ¨¨ â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë ª ¡¥«ï B ­  ¯®-¯¥à¥ç­ãî ¯«®áª®áâì ¯à¨ ã¤®¢«¥â¢®à¥­¨¨ ãá«®¢¨©(1) { (2),   â ª¦¥ § ¤ ­­ëå Hà ¨ ®£à ­¨ç¥­¨ïå ¯®T¬, T¢ ¨ T«. �®á«¥ ®¯à¥¤¥«¥­¨ï à á¯®«®¦¥­¨ï æ¥­-âà  ªàã£«®© §®­ë ¯à®¢®¤¨«¨áì à áç¥âë ¨áª®¬ëå¢¥«¨ç¨­ ­  ¥¥ £à ­¨æ¥, ¤«ï ç¥£® ç¨á«¥­­® à¥è « áìá¨áâ¥¬  (1) ¯à¨ § ¤ ¢ ¥¬ëå £¥®¬¥âà¨ç¥áª¨å ¢¥«¨-ç¨­ å (2),   â ª¦¥ å à ªâ¥à¨áâ¨ª å �� ¨ â¥ç¥­¨ï.�®«ãç¥­­ ï ¯à®áâà ­áâ¢¥­­ ï á¨«  T à áª« ¤ë¢ -« áì ­  á®áâ ¢«ïîé¨¥, ¤«ï ª®â®àëå ¢ëç¨á«ï«¨áì­¥®¡å®¤¨¬ë¥ ­  ¨å á®§¤ ­¨¥ ¬®é­®áâ¨. �®é­®-áâ¨ ®¯à¥¤¥«ï«¨áì à §¤¥«ì­®, ¯®áª®«ìªã ¨å ¢ëà ¦¥-­¨ï § ¢¨áïâ ®â ª®­áâàãªâ¨¢­ëå ¯ à ¬¥âà®¢ ¤¢¨-¦¨â¥«¥© ¨ âï£¨, ¢®§¢®¤¨¬®© ¢ à §­ë¥ áâ¥¯¥­¨ ¤«ï¬ àè¥¢®£® ¨ ¯®¯¥à¥ç­ëå ­ ¯à ¢«¥­¨©.� ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ¢ë¯®«­¥­­ëå à áç¥â®¢­  à¨á. 3 ¯à¨¢®¤ïâáï â¨¯¨ç­ë¥ à¥§ã«ìâ âë ¨áá«¥-¤®¢ ­¨ï ®¤­®© ªàã£«®© §®­ë ¯à¨ á«¥¤ãîé¨å ¨á-å®¤­ëå ¤ ­­ëå: à ¡®ç ï £«ã¡¨­  { 300 ¬, ­¨¦­¨©á«®© â¥ç¥­¨ï â®«é¨­®© 30 ¬ ¨¬¥¥â áª®à®áâì 1 ¬/á,¢¥àå­¨© { 0.25 ¬/á, ¤«¨­  ª ¡¥«ï { 430 ¬. � ªá¨-¬ «ì­ ï ªàã£« ï §®­ , ¤®áâã¯­ ï ¢ íâ¨å ãá«®¢¨ïå,¨¬¥¥â à ¤¨ãá R�68 ¬ ¯à¨ á­®á¥ ¥¥ æ¥­âà  ¢­¨§ ¯®â¥ç¥­¨î Xc��25 ¬. � ¢¨á¨¬®áâ¨ ¯à¥¤áâ ¢«¥­ëª ª äã­ªæ¨¨ ¯®«ïà­®£® ã£«  á ¯®«îá®¬ ¢ æ¥­âà¥§®­ë, ®âáç¨âë¢ ¥¬®£® ®â ¯®«®¦¨â¥«ì­®£® ­ ¯à -¢«¥­¨ï ®á¨ x, ¢ ®â­®á¨â¥«ì­®¬ ¢¨¤¥:�P = (P � PE)=PE;£¤¥ P { ®¤¨­ ¨§ ¯à¥¤áâ ¢«ï¥¬ëå ¯ à ¬¥âà®¢,  PE { á®®â¢¥âáâ¢ãîé¨© ¥¬ã ¯ à ¬¥âà ¢ âà ¢¥à§-­®© â®çª¥.�¤¥« ¥¬ ­¥ª®â®àë¥ ª ç¥áâ¢¥­­ë¥ ¢ë¢®¤ë ¯®à¨á. 3:� à¥ ªæ¨ï ª ¡¥«ï T ¨ ¥£® ¬ àè¥¢ ï á®áâ ¢«ïî-é ï T¬ ¨¬¥îâ ¬ ªá¨¬ã¬ë ¢ ¬¨¤¥«¥¢®© â®çª¥(¯à¨ ¯®«ïà­®¬ ã£«¥ 90�),   ¬¨­¨¬ã¬ë { ¢ ®ª®-­¥ç­®áâïå §®­ë (¯à¨ ã£« å 0 ¨ 180�), ¯®¤â¢¥à-¦¤ ï â¥®à¥â¨ç¥áª¨© ¢ë¢®¤ ® ¬¥áâ®­ å®¦¤¥-­¨¨ «®ª «ì­ëå íªáâà¥¬ã¬®¢ T , ¯à¨¢¥¤¥­­ë©

�¨á. 3. �§¬¥­¥­¨¥ ¬®é­®áâ¨, ­ âï¦¥­¨ï ¨ ¥£®á®áâ ¢«ïîé¨å ¢¤®«ì ªàã£«®© §®­ë ¨ ¨å áà ¢­¥­¨¥ á ­ «®£¨ç­ë¬¨ ¢¥«¨ç¨­ ¬¨ ¢ âà ¢¥à§­®© â®çª¥¢ëè¥;� ¢¥àâ¨ª «ì­ ï á®áâ ¢«ïîé ï à¥ ªæ¨¨ T¢ ¬®-­®â®­­® ¨§¬¥­ï¥âáï ®â ¬¨­¨¬ã¬  ¢ ­®á®¢®©â®çª¥ ¤® ¬ ªá¨¬ã¬  ¢ ª®à¬®¢®©, çâ® ¢¯®«­¥®¡êïá­ï¥âáï ¯®¢¥¤¥­¨¥¬ ã£«   â ª¨;� « £®¢ ï á®áâ ¢«ïîé ï à¥ ªæ¨¨ T« à ¢­  ­ã«î¢ ¤¨ ¬¥âà «ì­®© ¯«®áª®áâ¨ �� ¨ ¨¬¥¥â ¬ ª-á¨¬ã¬ áà §ã §  ¬¨¤¥«¥¬, ¢ à ©®­¥ ¯®«ïà­®£®ã£«  100�;� § ¢¨á¨¬®áâì áã¬¬ à­®© ¬®é­®áâ¨ N ¨¬¥¥â¬ ªá¨¬ã¬ ¯à¨¬¥à­® â ¬ ¦¥, £¤¥ ¨ T«, £«®¡ «ì-­ë© ¬¨­¨¬ã¬ à á¯®«®¦¥­ ¢ ­®á®¢®© â®çª¥,  «®ª «ì­ë© ¬¨­¨¬ã¬ { ¢ ª®à¬®¢®©;� ¯à¨ ¢ë¡®à¥ âà ¢¥à§­®© â®çª¨ ¢ ª ç¥áâ¢¥ à á-ç¥â­®© ¡ã¤ãâ ¤®¯ãé¥­ë á«¥¤ãîé¨¥ ¯®£à¥è­®-áâ¨: ¤«ï T ¨ T¬ { ¬¥­¥¥ 1% ¢ ¡¥§®¯ á­ãî áâ®-à®­ã, ­¥¤®ãç¥â ¯® T¢ { 22%, ¯® T« { 8% ¨ ¯®N { ¬¥­¥¥ 1%.� ª¨¥ ¯®£à¥è­®áâ¨ ¢ ®¯ á­ãî áâ®à®­ã ¯® T¢¨ T« ­¥ ¤®«¦­ë ¯ã£ âì. �«¥¤ã¥â ¨¬¥âì ¢ ¢¨-¤ã, çâ® âï£ , à áå®¤ã¥¬ ï ­  ª ¡¥«ì, ¤®«¦­  ®¡ï-§ â¥«ì­® ãç¨âë¢ âìáï ¯à¨ ¢ë¡®à¥ ¯ à ¬¥âà®¢¤¢¨¦¨â¥«ì­®-àã«¥¢®£® ª®¬¯«¥ªá , ®¤­ ª® ­¥ ®¯à¥-¤¥«ï¥â ¨å ¯®«­®áâìî, â ª ª ª â¥å­¨ç¥áª®¥ § ¤ -­¨¥ ¬®¦¥â à¥£« ¬¥­â¨à®¢ âì ¤àã£¨¥ å à ªâ¥à¨-áâ¨ª¨ ¤¢¨¦¥­¨ï, ­ ¯à¨¬¥à áª®à®áâì ¯®£àã¦¥­¨ï-¢á¯«ëâ¨ï, ¤«ï à¥ «¨§ æ¨¨ ª®â®àëå ¡ã¤¥â ­¥¤®áâ -â®ç­® á¨«, ¯®«ãç¥­­ëå à áç¥â®¬ à¥ ªæ¨¨ ª ¡¥«ï.� à áá¬®âà¥­­®¬ á«ãç ¥  ¡á®«îâ­ë¥ ­ ¨¡®«ìè¨¥§­ ç¥­¨ï T¢ ¨ T«, ­¥®¡å®¤¨¬ë¥ ¤«ï à ¡®âë ¢ íâ®©§®­¥, á®áâ ¢«ïîâ «¨èì ®ª®«® 18 ¨ 4% á®®â¢¥â-áâ¢¥­­® ®â à á¯®« £ ¥¬ëå ­  ��. �® ¥áâì à §¬¥àë�� ®¯à¥¤¥«ïîâáï ¯à¥¦¤¥ ¢á¥£® ¬ àè¥¢®© âï£®©,�.�.�®¤¨ç¥¢ 49



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54§­ ç¥­¨ï ª®â®à®© ¢ ¬¨¤¥«¥¢®© ¨ âà ¢¥à§­®© â®ç-ª å ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ. �á«¨ ¢á¥-â ª¨ áãé¥-áâ¢ã¥â ­¥®¡å®¤¨¬®áâì ®¯à¥¤¥«¥­¨ï ¬ ªá¨¬ «ì­ëåT¢ ¨ T« ¢ ¯à¥¤¥« å ªàã£«®© §®­ë, á«¥¤ã¥â ¨á¯®«ì-§®¢ âì ¤«ï íâ®£® â®çª¨ ®ªàã¦­®áâ¨ ¯à¨ ¯®«ïà­®¬ã£«¥ 180 ¨ 100� á®®â¢¥âáâ¢¥­­®, ¯®«®¦¥­¨¥ ª®â®-àëå ¡ë«® áâ ¡¨«ì­® ¢ ¢ë¯®«­¥­­ëå à áç¥â å.4. ��������� �������� ��������-���� � ���������� ������4.1. �¥â®¤¨ª  ®¯à¥¤¥«¥­¨ï ª®®à¤¨­ â à áç¥â-­®£® ¬¥áâ®­ å®¦¤¥­¨ï ���®áª®«ìªã ¤«ï ¯à®¨§¢®«ì­®£® ¯®â®ª  ­¥ ã¤ ¥â-áï ¢ ®¡é¥¬ ¢¨¤¥ ®¯à¥¤¥«¨âì ª®®à¤¨­ âë ¬¨¤¥-«¥¢®© â®çª¨, ­ ç­¥¬ à¥è¥­¨¥ § ¤ ç¨ á ç áâ­®£®á«ãç ï, ­ ¯à¨¬¥à, á ª ¡¥«ï ¢ ®¤­®à®¤­®¬ ¯®â®-ª¥. � ª, íâ®â á«ãç © ¨¬¥¥â á ¬®áâ®ïâ¥«ì­ãî æ¥­-­®áâì ¯à¨ à áá¬®âà¥­¨¨ ¯« ¢ª ¡¥«ï ¤¢ãå§¢¥­­ëåá¨áâ¥¬. � â¥¬ ¯à® ­ «¨§¨àã¥¬ ¢®§¬®¦­®áâì à á-¯à®áâà ­¥­¨ï ¯®«ãç¥­­ëå ¢ë¢®¤®¢ ­  ®¡é¨© á«ã-ç ©.�¯¨à ïáì ­  ¢ëáª § ­­ë¥ ¢ëè¥ á®®¡à ¦¥­¨ï,¡ã¤¥¬ ¨áª âì ¬¨¤¥«¥¢ãî â®çªã, ª ª ¯®«®¦¥­¨¥ ��,á®®â¢¥âáâ¢ãîé¥¥ ¬ ªá¨¬ã¬ã äã­ªæ¨¨:z =qY 2 �H2à¯à¨ ¯®áâ®ï­­ëå §­ ç¥­¨ïå: ­ âï¦¥­¨ï ª ¡¥«ï ­ å®¤®¢®¬ ª®­æ¥ T , ¤«¨­ë ª ¡¥«ï L, à ¡®ç¥© £«ã¡¨-­ë Hà ¨ ­®à¬ «ì­®£® ¯®£®­­®£® á®¯à®â¨¢«¥­¨ï r.�ç¨âë¢ ï ­¥¨§¬¥­­®áâì Hà, æ¥«¥¢ãî äã­ªæ¨î¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥f = Y = T� �ln ctg �2 � ln ctg �02 �.r ! maxá ®£à ­¨ç¥­¨ï¬'̈1 = T� � T0�0;'2 = LrT� � ctg�+ ctg�0;'3 = XrT� � cosec�+ cosec�0:�¤¥áì ®¡®§­ ç¥­¨ï  ­ «®£¨ç­ë ®¡®§­ ç¥­¨ï¬, ¨á-¯®«ì§®¢ ­­ë¬ ¢ á¨áâ¥¬¥ (1). �¢¥¤¥¬ ¤«ï ã¤®¡áâ¢ ¡¥§à §¬¥à­ë© ª®íää¨æ¨¥­â ­ âï¦¥­¨ïCâ = TLr :�¥è âì § ¤ çã ¡ã¤¥¬ ¬¥â®¤®¬ � £à ­¦ . � ¯¨-è¥¬ äã­ªæ¨î � £à ­¦ F = f + 3Xi=1 �i'i:

� áá¬®âà¨¬ ­¥®¡å®¤¨¬ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ -­¨ï íªáâà¥¬ã¬ , ¯à¨­¨¬ ï ¢ ª ç¥áâ¢¥ ­¥§ ¢¨á¨-¬ëå ¯¥à¥¬¥­­ëå X, T0, �0 ¨ �:@F@X = �3rT � = 0;@F@T0 = ��1r0 = 0:�§ ¯à¨¢¥¤¥­­ëå à ¢¥­áâ¢ ¬®¦­® § ª«îç¨âì, çâ®�1=�3=0. �çâ¥¬ íâ® ¯à¨ ®¯à¥¤¥«¥­¨¨ ®áâ «ì­ëå¯à®¨§¢®¤­ëå:@F@�0 = T�r cosec�0 � �2 cosec2�0 = 0:�âªã¤  á«¥¤ã¥â �2 = T�r sin�0: (11)@F@� = Tr �CtCn �2cosec� ctg� ���ln ctg �2 � ln ctg �02 �� � cosec ��++�2�� CtCnCâ cosec � ctg�+ cosec2�� = 0:�®á«¥ ¯à¥®¡à §®¢ ­¨© á ãç¥â®¬ ¢ëà ¦¥­¨ï (11)¯®«ãç ¥¬1 + CtCn � ctg� ln�tg �2 ctg �02 �++� CtCnCâ cos�� 1� sin�0sin� = 0: (12)�áá«¥¤®¢ ­¨¥ ®¡« áâ¨ §­ ç¥­¨© äã­ªæ¨¨, áâ®ï-é¥© ¢ «¥¢®© ç áâ¨ ãà ¢­¥­¨ï (12), ¢® ¢á¥© ®¡« áâ¨®¯à¥¤¥«¥­¨ï ¯® ã£« ¬ � ¨ �0 ¯®ª §ë¢ ¥â, çâ® íâ®ãà ¢­¥­¨¥ ¯à¨¢®¤¨â ª ¤¢ã¬ áâ æ¨®­ à­ë¬ â®çª ¬:�+�0�� ¨ ���0, ¯®á«¥¤­ïï ¨§ ª®â®àëå ­¥ ¬®¦¥âà áá¬ âà¨¢ âìáï ª ª à¥è¥­¨¥, ¯®â®¬ã çâ® ¯à®â¨-¢®à¥ç¨â ¯à¥¤áâ ¢«¥­¨î ® à á¯®«®¦¥­¨¨ ¬¨¤¥«¥¢®©â®çª¨. �â® ª®á¢¥­­® ¯®¤â¢¥à¦¤ ¥âáï ¢ ç áâ­®¬á«ãç ¥, ª®£¤  ­¥ ãç¨âë¢ ¥âáï âà¥­¨¥ (Ct = 0), ¨¢ëà ¦¥­¨¥ (12) á¢®¤¨âáï ª à ¢¥­áâ¢ãsin� = sin�0;à¥è¥­¨¥¬ ª®â®à®£® ï¢«ï¥âáï á®®â­®è¥­¨¥�+ �0 = �;¯®áª®«ìªã ¨­ ç¥, ¢ á«ãç ¥ �=�0, ª ¡¥«ì ¤®«¦¥­¡ëâì ¯àï¬®«¨­¥©­ë¬,   L=0, çâ® ¯à®â¨¢®à¥ç¨â50 �.�.�®¤¨ç¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54ä¨§¨ç¥áª®© ¬®¤¥«¨. � ª¨¬ ®¡à §®¬, ¯®«ãç ¥â-áï, çâ® ¯à¨ ®âáãâáâ¢¨¨ âà¥­¨ï ª ¡¥«ì ¨¬¥¥â á¨¬-¬¥âà¨ç­ãî ®â­®á¨â¥«ì­® á¥à¥¤¨­ë á¢®¥© ¤«¨­ëä®à¬ã,   ¬¨¤¥«¥¢ ï ¨ âà ¢¥à§­ ï â®çª¨ á®¢¯ ¤ -îâ (Xc=0).�â®¡ë ­ ©â¨ ¯®«®¦¥­¨¥ ¬¨¤¥«¥¢®© â®çª¨, á­ -ç «  ­¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ª®­æ¥¢ë¥ ã£«ë  â ª¨,¤«ï ç¥£® ª ãà ¢­¥­¨î (12) ­ ¤® ¤®¡ ¢¨âì ¥é¥ ®¤­®,­¥ á®¤¥à¦ é¥¥ ­®¢ëå ­¥¨§¢¥áâ­ëå. � ª¨¬ ¬®¦¥â¡ëâì «¨èì ¢ëà ¦¥­¨¥ ¤«ï ¤«¨­ë ª ¡¥«ï1� Câ� (ctg�� ctg�0) = 0: (13)�®á«¥ ç¨á«¥­­®£® à¥è¥­¨ï ¯®«ãç¥­­®© á¨áâ¥¬ë(12) { (13) ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥­ë ª®®à¤¨­ âë ¨á-ª®¬®© â®çª¨:XcL = cosec �� cosec�0ctg�� ctg�0 ; (14)YcL = cosec�� cosec�0ln ctg �2 � ln ctg �02 : (15)�®§¬®¦¥­ ¨ ¤àã£®©  «£®à¨â¬: ¯àï¬ ï ¬ ªá¨¬¨-§ æ¨ï ¢ëà ¦¥­¨ï (15) á ®£à ­¨ç¥­¨¥¬ (13) ¨ ¯®-á«¥¤ãîé¨© à áç¥â ¯® ä®à¬ã«¥ (14).4.2. �à¥¤áâ ¢«¥­¨¥ ¨  ­ «¨§ à¥§ã«ìâ â®¢� ¨á¯®«ì§®¢ ­¨¥¬ ¯à¨¢¥¤¥­­®£® ¢ëè¥  «£®à¨â-¬  ¡ë«¨ ¯à®¤¥« ­ë à áç¥âë ¯ à ¬¥âà®¢ �� ¢ ®¤-­®à®¤­®¬ ¯®â®ª¥, æ¥«ìî ª®â®àëå ï¢«ï«®áì, ¯à¥-¦¤¥ ¢á¥£®, ®¯à¥¤¥«¥­¨¥ §­ ç¥­¨© á­®á  æ¥­âà ªàã£«®© §®­ë Xc ¨ ¢®§­¨ª îé¨å ®â ­¥ãç¥â  íâ®-£® á­®á  ¯®£à¥è­®áâ¥©: ¢¥«¨ç¨­ë ­ âï¦¥­¨ï ­ å®¤®¢®¬ ª®­æ¥ ª ¡¥«ï�Câ = (Câe �Câ)=Câ¨ ¢¥«¨ç¨­ë â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë ª ¡¥«ï�Y = (Yc � Ye)=Yc;£¤¥ Câ; Câe { ª®íää¨æ¨¥­âë ­ âï¦¥­¨ï ¢ ¬¨¤¥«¥-¢®© ¨ âà ¢¥à§­®© â®çª å á®®â¢¥âáâ¢¥­­® ¯à¨ ®¤¨-­ ª®¢®© ¢¥«¨ç¨­¥ â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë, à ¢-­®© Yc; Yc; Ye { â¥­¥¢ë¥ ¯à®¥ªæ¨¨ å®à¤ë ¢ ¬¨-¤¥«¥¢®© ¨ âà ¢¥à§­®© â®çª å á®®â¢¥âáâ¢¥­­® ¯à¨®¤¨­ ª®¢®© ¢¥«¨ç¨­¥ ª®íää¨æ¨¥­â  ­ âï¦¥­¨ï,à ¢­®£® Câ.�¥®¤¨­ ª®¢ë© ¢ë¡®à ¯ à ¬¥âà®¢ ¬¨¤¥«¥¢®© ¨âà ¢¥à§­®© â®ç¥ª ¢ ª ç¥áâ¢¥ ã¬¥­ìè ¥¬®£® ¨ ¢ë-ç¨â ¥¬®£® ¢ ç¨á«¨â¥«ïå ¤¢ãå ¯®á«¥¤­¨å ¢ëà ¦¥-­¨© ¯à®¤¨ªâ®¢ ­ áâà¥¬«¥­¨¥¬ ¨¬¥âì íâ¨ ¢ëà -¦¥­¨ï ¯®«®¦¨â¥«ì­ë¬¨, ¯®áª®«ìªã, ¯à¨­¨¬ ï ¢®¢­¨¬ ­¨¥ ä®à¬ã ¨ ¢§ ¨¬­®¥ à á¯®«®¦¥­¨¥ ¤¢ãå

�¨á. 4. � ¢¨á¨¬®áâì á­®á  æ¥­âà  ªàã£«®© §®­ë¬ ªá¨¬ «ì­®£® à ¤¨ãá  ®â á®®â­®è¥­¨ïª®íää¨æ¨¥­â®¢ á®¯à®â¨¢«¥­¨ï ¨ â¥­¥¢®© ¯à®¥ªæ¨¨å®à¤ë��-¨§®¤¨­ ¬ (Câ=const; Câe=const), áâ ­®¢¨âáï®ç¥¢¨¤­ë¬, çâ® Câe>Câ ¨ Yc>Ye.� áç¥âë ¯à®¢¥¤¥­ë ¯à ªâ¨ç¥áª¨ ¤«ï ¢á¥£® à¥- «ì­®£® ¤¨ ¯ §®­  ¨§¬¥­¥­¨ï ¯ à ¬¥âà®¢ ¨ ¯à¥¤-áâ ¢«¥­ë ¢ ®â­®á¨â¥«ì­®¬ ¢¨¤¥ ­  à¨á. 4 { 9. �®¨å à¥§ã«ìâ â ¬ ¬®¦­® á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®-¤ë.1) �¥­âà ¤®áâã¯­®©  ¯¯ à âã ªàã£«®© §®­ë ¬ ª-á¨¬ «ì­®£® à ¤¨ãá  ¯à¨ ®£à ­¨ç¥­­®¬ ­ âï¦¥­¨¨ª ¡¥«ï ­  å®¤®¢®¬ ª®­æ¥ ¨«¨ § ¤ ­­®£® à ¤¨ãá ¯à¨ ¬¨­¨¬ «ì­® ¢®§¬®¦­®¬ ­ âï¦¥­¨¨,   §­ ç¨â,¨ ¬¨¤¥«¥¢ ï â®çª , å à ªâ¥à¨§ã¥¬ ï ­ ¨¡®«ìè¨¬­ âï¦¥­¨¥¬ ¢ ¯à¥¤¥« å ªàã£«®© §®­ë, ¢á¥£¤  á¬¥-é¥­ë ¢­¨§ ¯® â¥ç¥­¨î ®â­®á¨â¥«ì­® ª®à¥­­®£®ª®­æ  ª ¡¥«ï, â® ¥áâì Xc<0.2) �ãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ­  ¢¥«¨ç¨­ãXc ®ª §ë-¢ ¥â á®®â­®è¥­¨¥ ª®íää¨æ¨¥­â®¢ £¨¤à®¤¨­ ¬¨ç¥-áª®£® á®¯à®â¨¢«¥­¨ï ª ¡¥«ï Ct=Cn, ¯à¨ à ¢¥­áâ¢¥ª®â®à®£® ­ã«î, ­ ¯à¨¬¥à ¡¥§ ãç¥â  âà¥­¨ï, á­®á¢®®¡é¥ ®âáãâáâ¢ã¥â. � ¢¨á¨¬®áâ¨ Xc ®â £¨¤à®¤¨-­ ¬¨ç¥áª¨å ª®íää¨æ¨¥­â®¢ ¨ ¯à®âï¦¥­­®áâ¨ ª -¡¥«ï ¢ ¯®¯¥à¥ç­®¬ ­ ¯à ¢«¥­¨¨ Yá ¯à¥¤áâ ¢«¥­ë¢ ®â­®á¨â¥«ì­®¬ ¢¨¤¥ ­  à¨á. 4 ¨ ¨¬¥îâ ¯à ªâ¨-ç¥áª¨ «¨­¥©­ë© å à ªâ¥à. �®¤ã«ì Xc à áâ¥â áã¢¥«¨ç¥­¨¥¬ Ct=Cn ¨ ã¬¥­ìè¥­¨¥¬ Yá.3) �  à¨á. 5 ¯®ª § ­  â¨¯¨ç­ ï ä®à¬  ��, ¯à¥¤-áâ ¢«ïîé¥£® á®¡®© ¢ á«ãç ¥ ¯®áâ®ï­­®£® ­ âï¦¥-­¨ï ­  å®¤®¢®¬ ª®­æ¥ ­¨¦­îî ¯®«®¢¨­ã ®á¥á¨¬-¬¥âà¨ç­®£® â¥«  ¡¥§ ¯®¯¥à¥ç­®© ¯«®áª®áâ¨ á¨¬-¬¥âà¨¨. �¡à §ãîé ï �� (X­ ¨ Xª {  ¡áæ¨ááë­®á®¢®© ¨ ª®à¬®¢®© ¢¥â¢¥©) áå®¤­  á í««¨¯á®¬, ­®¨¬¥¥â ¡®«¥¥ ¯®«­ãî ä®à¬ã, ¯à¨ç¥¬ ¯à¨ áâà¥¬-«¥­¨¨ Ct=Cn ª ­ã«î ¯®«­®â  ã¢¥«¨ç¨¢ ¥âáï. �®â«¨ç¨¥ ®â í««¨¯á®¨¤ , § ¢¨á¨¬®áâì Rmin=Rmax­¥¯®áâ®ï­­  ¯® £«ã¡¨­¥ (Rmin ¨ Rmax { ¬¨­¨-¬ «ì­ë© ¨ ¬ ªá¨¬ «ì­ë© £®à¨§®­â «ì­ë¥ à ¤¨-�.�.�®¤¨ç¥¢ 51
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�¨á. 5. �®à¬  à ¡®ç¥£® ¯à®áâà ­áâ¢ ¯à¨ Câ=0:25 ¨ Ct=Cn=0:01ãáë ¤¥©áâ¢¨ï �� ¢ ¯à¥¤¥« å ��, ®âáç¨âë¢ ¥¬ë¥®â á¥à¥¤¨­ë ¥¥ ¤«¨­ë). � ª¨¬ ®¡à §®¬, £à ­¨-æã �� ¬®¦­® áç¨â âì ª¢ §¨í««¨¯á®¨¤®¬ ¢à é¥-­¨ï á ¯®«ã®áï¬¨ Rmin ¨ Rmax ¯à¨ ­ã«¥¢®© £«ã¡¨-­¥ ¨ ®è¨¡ª®© ¢ ¡¥§®¯ á­ãî áâ®à®­ã ¬¥¦¤ã ®¯®à-­ë¬¨ â®çª ¬¨,   £à ­¨æë �� { ª¢ §¨í««¨¯á ¬¨,ª®â®àë¥ ¯®«­¥¥ í««¨¯á®¢, ®¯¨à îé¨åáï ­  â¥ ¦¥¯®«ã®á¨. �ã¦­® ¯®¤ç¥àª­ãâì, çâ® â ª ï ä®à¬ �� ¨¬¥¥â ¬¥áâ® ¯à¨ ¯®áâ®ï­­®¬ ­ âï¦¥­¨¨ ­ ¥£® £à ­¨æ¥ (Câ=const) ¨ ¢¥áì¬  à¥¤ª® ¢áâà¥ç -¥âáï ¢ ¯à ªâ¨ç¥áª®© à¥ «¨§ æ¨¨, â ª ª ª âà¥¡ã-¥â ®â �� ¢®§¬®¦­®áâ¨ á®§¤ ­¨ï ®¤¨­ ª®¢®© âï-£¨ ¢ «î¡®¬ ­ ¯à ¢«¥­¨¨. � ª¨¬ ª ç¥áâ¢®¬ ¡« £®-¤ àï á¯¥æ¨ä¨ç¥áª®¬ã ¤¢¨¦¨â¥«ì­®-àã«¥¢®¬ã ª®¬-¯«¥ªáã, ¢ª«îç îé¥¬ã ¢ë¤¥«¥­­ë© ¤¢¨¦¨â¥«ì ¤«ïª®¬¯¥­á æ¨¨ à¥ ªæ¨¨ ª ¡¥«ï, ®¡« ¤ ¥â, ª ¯à¨¬¥-àã, �� \Eric-II" ¨ ç áâ¨ç­® �� â¨¯  "Sea Twin",¨¬¥îé¨¥ è¥áâì ã¯à ¢«ï¥¬ëå áâ¥¯¥­¥© á¢®¡®¤ë, ¢â®¬ ç¨á«¥ ¯®«­ãî ¯®¢®à®â«¨¢®áâì ¢® ¢á¥å ¯«®á-ª®áâïå, ­® § ¢¨á¨¬®¥ ®â ­ ¯à ¢«¥­¨ï ®¡â¥ª ­¨ï£¨¤à®¤¨­ ¬¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥. �®¤ ¢«ïîé¥¥¡®«ìè¨­áâ¢® �� ­¥ ®¡« ¤ îâ â ª¨¬¨ á¢®©áâ¢ -¬¨, ¯®íâ®¬ã ®­¨ ¨¬¥îâ ¤àã£¨¥ ä®à¬ë ��, § ¢¨-áïé¨¥ ®â á®®â­®è¥­¨ï ¬ àè¥¢ëå, ¢¥àâ¨ª «ì­ëå¨ « £®¢ëå âï£®¢ëå ãá¨«¨©,   â ª¦¥ ®â ¨­â¥­á¨¢-­®áâ¨ ¯®â®ª  (¯à¨¬¥à á¬. ¢ [4]), ¢ ®â«¨ç¨¥ ®â ��-¨§®¤¨­ ¬, ¬¥­ïîé¨å á¢®¨ à §¬¥àë ¯à¨ ­¥¨§¬¥­-­®© í««¨¯á®¢¨¤­®© ä®à¬¥. �­ «¨§ ä®à¬ë �� ¯à®-¢®¤¨âáï ®¡ëç­® ¯à¨ ¯à®¢¥à®ç­ëå à áç¥â å ª ¡¥«ï¨ ­¥ ¢å®¤¨â ¢ § ¤ ç¨ ¤ ­­®© à ¡®âë.4) �  à¨á. 6 ¯à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨ á­®á  æ¥­-âà  �� ®â â¥ªãé¥© £«ã¡¨­ë ¨ £¨¤à®¤¨­ ¬¨ç¥áª¨åª®íää¨æ¨¥­â®¢. �¥­âà ¯®«ãç¥­ ª ª á¥à¥¤¨­  ¤«¨-­ë �� ¯à¨ á¥ç¥­¨ïå �� ­  à §«¨ç­ëå £«ã¡¨­ å.�­®á �� ¢­¨§ ¯® â¥ç¥­¨î ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬Ct=Cn ¨ ¯ ¤¥­¨¥¬ Câ.5) �¡®¡é¥­­ë¥ ¤¨ £à ¬¬ë, ®âà ¦ îé¨¥ ¢§ -¨¬®á¢ï§ì ®á­®¢­ëå ¯ à ¬¥âà®¢ ��, ¨§®¡à ¦¥­ë­  à¨á. 7 ¨ 8. �å ®á­®¢­®¥ ­ §­ ç¥­¨¥ á®áâ®¨â

�¨á. 6. � ¢¨á¨¬®áâì á­®á  á¥à¥¤¨­ë à ¡®ç¥© §®­ë ®â£«ã¡¨­ë ¥¥ à á¯®«®¦¥­¨ï ¢ à ¡®ç¥¬ ¯à®áâà ­áâ¢¥¤«ï ­¥ª®â®àëå á®ç¥â ­¨© ¯ à ¬¥âà®¢ Câ ¨ Ct=Cn
�¨á. 7. � ¢¨á¨¬®áâì ª®®à¤¨­ â ¨ ª®íää¨æ¨¥­â ­ âï¦¥­¨ï ®â â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë ¤«ï ¬¨¤¥«¥¢®©â®çª¨¢ ¤¥¬®­áâà æ¨¨ § ¢¨á¨¬®áâ¨ Xc=L ®â Yá=L, Câ ¨Ct=Cn, ªà®¬¥ â®£®, ­  à¨áã­ª å ¯®áâà®¥­  ¢á¯®-¬®£ â¥«ì­ ï á¥âª  R=L. �¨ £à ¬¬ë ¡ §¨àãîâáï­  ®¤­¨å ¨ â¥å ¦¥ ¤ ­­ëå ¨ à §«¨ç îâáï ®áìî ¡áæ¨áá. �¥à¢ ï ¤¨ £à ¬¬  ã¤®¡­  ¤«ï ¯à®¥ªâ¨-à®¢®ç­ëå à áç¥â®¢,   ¢â®à ï { ¤«ï ¯à®¢¥à®ç­ëå.� ªá¨¬ «ì­®¥ §­ ç¥­¨¥ j�áj=L ¢ ®¡« áâ¨ ¯¥à¥á¥-ç¥­¨ï ­ ¨¡®«¥¥ à¥ «ì­ëå ¤¨ ¯ §®­®¢ ¨§¬¥­¥­¨ï¯ à ¬¥âà®¢ 0:5 � Yc=L � 0:9 ¨ 0:2 � Câ � 0:4 á®-áâ ¢«ï¥â ®ª®«® 4% ¤«ï Ct=Cn = 0:02. �à¨ ç é¥¢áâà¥ç îé¥¬áï Ct=Cn�0:01 ®â­®á¨â¥«ì­ë© á­®á¡ã¤¥â ¢á¥£® 2%.6) �à¥­¥¡à¥çì á­®á®¬ æ¥­âà  ªàã£«®© §®­ë ¨¢ë¡à âì ¢ ª ç¥áâ¢¥ à áç¥â­®© â®çª¨ âà ¢¥à§­ãî¢¬¥áâ® ¬¨¤¥«¥¢®© â®«ìª® ­  ®á­®¢ ­¨¨ ¬ «®áâ¨jXcj ­¥«ì§ï. �á­®¢­ë¬  à£ã¬¥­â®¬ ¤®«¦­  ¡ëâìáå®¦¥áâì ­ âï¦¥­¨© ¨ â¥­¥¢ëå ¯à®¥ªæ¨© å®à¤ ¢íâ¨å â®çª å. �¨á. 9 ®âà ¦ ¥â à §­¨æã ãª § ­-­ëå ¢¥«¨ç¨­ ¢ áà ¢­¨¢ ¥¬ëå â®çª å ¨ ¯®ª §ë¢ -¥â, çâ® ¯à¨ Yc=L� 0:5 ­¥ãç¥â Xc ¤ ¥â ¯®£à¥è­®-áâ¨ �Câ<0:5% ¨ �Y<0:3% á ®è¨¡ª®© ¢ ¡¥§®¯ á-­ãî áâ®à®­ã ¢ ®¡®¨å á«ãç ïå. �«¥¤®¢ â¥«ì­®, ¤«ï®¤­®à®¤­®£® ¯®â®ª  â ª®© ¯®£à¥è­®áâìî ¬®¦­®52 �.�.�®¤¨ç¥¢
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�¨á. 8. � ¢¨á¨¬®áâì ª®®à¤¨­ â ¬¨¤¥«¥¢®© â®çª¨ ®âª®íää¨æ¨¥­â  ­ âï¦¥­¨ï ¢ íâ®© â®çª¥

�¨á. 9. �â­®á¨â¥«ì­ë¥ § ¢ëè¥­¨ï ¢¥«¨ç¨­ë­ âï¦¥­¨ï ­  å®¤®¢®¬ ª®­æ¥ ª ¡¥«ï ¨ § ­¨¦¥­¨¥¬ ªá¨¬ «ì­®© ¢¥«¨ç¨­ë â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë ¯à¨¨å à áç¥â¥ ¢ âà ¢¥à§­®© â®çª¥¢¯®«­¥ ¯à¥­¥¡à¥çì ¨ ¢¥áâ¨ à áç¥â ¢ âà ¢¥à§­®©â®çª¥. � ¬ ¦¥ ¢ á¯à ¢®ç­ëå æ¥«ïå ¯®ª § ­ ¤¨ ¯ -§®­ ¨§¬¥­¥­¨ï Câ ¤«ï à áá¬®âà¥­­ëå ¨­â¥à¢ «®¢¨§¬¥­¥­¨ï  à£ã¬¥­â®¢.5. ��������� �������� ���������-�� � ������������� �������� áá¬®âà¨¬ ¢®§¬®¦­®áâì ¨á¯®«ì§®¢ ­¨ï ¤«ï ­¥-®¤­®à®¤­®£® ¯®â®ª  ¢ë¢®¤®¢, ¯®«ãç¥­­ëå ¤«ï ¯®-áâ®ï­­®© ¯® £«ã¡¨­¥ í¯îàë áª®à®áâ¥©. �à ¢­¨¬§­ ç¥­¨ï Xc ¨ �Câ ¢ á«ãç ïå ¯®«­®© (®¤­®à®¤­ë©¯®â®ª) ¨ ­¥¯®«­®© (­¥®¤­®à®¤­ë© ¯®â®ª) í¯îà¯à¨ à ¢¥­áâ¢¥ áª®à®áâ¨ ¯®«­®© í¯îàë ¨ ¬ ªá¨-¬ «ì­®© áª®à®áâ¨ ­¥¯®«­®© í¯îàë. �à¨ ä¨ªá æ¨¨T , L ¨ Hà ¨ á­¨¦¥­¨¨ £¨¤à®¤¨­ ¬¨ç¥áª®© ­ £àã§-ª¨ ­  ª ¡¥«ì, ª®â®à®¥ ¨¬¥¥â ¬¥áâ® ¯à¨ ¯¥à¥å®¤¥ ®â

¯®«­®© í¯îàë ª ­¥¯®«­®©, �� áâ ­®¢¨âáï ®â­®á¨-â¥«ì­® \á¨«ì­¥¥", �� ã¢¥«¨ç¨¢ ¥âáï, áâà¥¬ïáì ª®ªàã¦­®áâ¨,   Xc ¨ �Câ áâà¥¬ïâáï ª ­ã«î. �á ¬®¬ ¤¥«¥, ¨§ ¢á¥å ¢®§¬®¦­ëå í¯îà â¥ç¥­¨ï á®¤¨­ ª®¢®© ¬ ªá¨¬ «ì­®© áª®à®áâìî §­ ¬¥­ â¥«ì¢ëà ¦¥­¨ï ¤«ï ª®íää¨æ¨¥­â  ­ âï¦¥­¨ïCâ = T, LZ0 r dl¡ã¤¥â ­ ¨¡®«ìè¨¬ ã ¯®«­®© í¯îàë. �«¥¤®¢ â¥«ì-­®, á ãç¥â®¬ ¯®áâ®ï­áâ¢  ç¨á«¨â¥«ï, ã íâ®© í¯îàëCâ ¡ã¤¥â ­ ¨¬¥­ìè¨¬. �à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ ¬®-­®â®­­® ã¡ë¢ îé¨© å à ªâ¥à § ¢¨á¨¬®áâ¥© jXcj¨ �Câ ®â Câ (á¬. à¨á. 8 ¨ 9) ¨ ¯à¥¤¯®« £ ï á®-åà ­¥­¨¥ íâ®© â¥­¤¥­æ¨¨ ¯à¨ ¨§¬¥­¥­¨¨ ¯®«­®-âë í¯îàë, ¬®¦­® § ª«îç¨âì, çâ® ¯®«­ ï í¯îà å à ªâ¥à¨§ã¥âáï ­ ¨¡®«ìè¨¬¨ §­ ç¥­¨ï¬¨ jXcj ¨�Câ ¯® áà ¢­¥­¨î á á®®â¢¥âáâ¢ãîé¨¬¨ ¥© ­¥¯®«-­ë¬¨.�à®¨««îáâà¨àã¥¬ íâ¨ ¢ë¢®¤ë ­  ¯à¨¬¥à¥. �®¬¥â®¤¨ª¥, ¨§«®¦¥­­®© ¢ëè¥, ¡ë«  ¯à®¢¥¤¥­  á¥-à¨ï à áç¥â®¢ ¯ à ¬¥âà®¢ ��-¨§®¤¨­ ¬ ¯à¨¬¥­¨-â¥«ì­® ª �� \�®¬®à", ¢ ¯à¥¤¥« å ª®â®à®© ¯à¨ ¯®-áâ®ï­­ëå à ¡®ç¥© £«ã¡¨­¥ 200 ¬ ¨ ¤«¨­¥ ª ¡¥«ï430 ¬ ¤«ï ¤¢ãåáâã¯¥­ç â®© í¯îàë ¢§ ¨¬®á¢ï§ ­-­® ¢ àì¨à®¢ «¨áì â®«é¨­ë á«®¥¢ ¯®â®ª  (â®«é¨­ á«®ï á ¡®«ìè¥© áª®à®áâìî á®áâ ¢«ï«  50, 100, 150¨ 200 ¬),   áª®à®áâ¨ ­¨¦­¥£® V­ ¨ ¢¥àå­¥£® V¢ á«®-¥¢ §¥àª «ì­® ¬¥­ï«¨áì, ¯à¨­¨¬ ï §­ ç¥­¨ï 0.25 ¨0.5 ¬/á.
�¨á. 10. �à¨¬¥à § ¢¨á¨¬®áâ¥© ¯ à ¬¥âà®¢ á­®á à ¡®ç¥© §®­ë ®â ª®íää¨æ¨¥­â  ¯®«­®âë í¯îàëáª®à®áâ¥©�¥§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë ­  à¨á. 10 ¢ § ¢¨á¨-�.�.�®¤¨ç¥¢ 53



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 44 { 54¬®áâ¨ ®â ª®íää¨æ¨¥­â  ¯®«­®âë í¯îàëS = HàZ0 V dh,�VmaxHà�;®âà ¦ îé¥£® ®â­®è¥­¨¥ ¯«®é ¤¥© ­¥¯®«­®© ¨¯®«­®© í¯îà ¨ «¥¦ é¥£® ¢ ¤ ­­®¬ ¯à¨¬¥à¥ ¢¯à®¬¥¦ãâª¥ (0:5; 1]. �®­ª¨¬¨ «¨­¨ï¬¨ ¯®ª § ­ë¤«ï áà ¢­¥­¨ï å à ªâ¥à¨áâ¨ª¨ ®¤­®à®¤­®£® ¯®â®-ª , à ááç¨â ­­ë¥ ¯à¨ á®®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨-­ å â¥­¥¢®© ¯à®¥ªæ¨¨ å®à¤ë Yá. �à®¬¥ â®£®, ¯à¨-¢¥¤¥­ ¤«ï á¯à ¢ª¨ ¤¥©áâ¢®¢ ¢è¨© ¤¨ ¯ §®­ ¨§¬¥-­¥­¨ï Câ.�á­®¢­ë¥ ¢ë¢®¤ë ¯® à áç¥â ¬ ¬®£ãâ ¡ëâìáä®à¬ã«¨à®¢ ­ë á«¥¤ãîé¨¬ ®¡à §®¬.1) �®¤â¢¥à¦¤ ¥âáï â¥®à¥â¨ç¥áª¨© ¢ë¢®¤ ® â®¬,çâ® ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï á­®á  �� jXcj ¨ ¯®-£à¥è­®áâ¨ ®â ¥£® ­¥ãç¥â  �Câ á®®â¢¥âáâ¢ãîâ¯®«­®© í¯îà¥ (S=1), ¯à¨ç¥¬ íâ¨ §­ ç¥­¨ï ¢ ¤ ­-­®¬ ¯à¨¬¥à¥ ­¥¢¥«¨ª¨: jXcj=L<2:5%, �Câ<0:03%.� ª¨¬ ®¡à §®¬, ¢¥«¨ç¨­ë jXcj ¨ �Câ ¤«ï ®¤­®-à®¤­®£® ¯®â®ª  ï¢«ïîâáï ¢¥àå­¨¬¨ ¯à¥¤¥« ¬¨ ¨å§­ ç¥­¨© ¤«ï ­¥¯®«­ëå í¯îà. �«¥¤®¢ â¥«ì­®, á¤¥-« ­­ë© ¢ëè¥ ¢ë¢®¤ ® ¢®§¬®¦­®áâ¨ ­¥ãç¥â  á­®á �� ¤«ï ®¤­®à®¤­®£® ¯®â®ª  ¨§-§  ¬ «®© ¢®§­¨ª î-é¥© ®è¨¡ª¨ ¡ã¤¥â ­¥ ¬¥­¥¥ á¯à ¢¥¤«¨¢ ¨ ¤«ï ¢á¥å®áâ «ì­ëå ä®à¬ í¯îàë áª®à®áâ¥©.2) �¥«¨ç¨­ë Xc ¨ �Câ ¨¬¥îâ ®¤¨­ ¯®àï¤®ª¤«ï ¯®«­ëå ¨ ­¥¯®«­ëå í¯îà, ¯à¨ç¥¬ §­ ç¥­¨ï¤«ï ¯®«­ëå í¯îà «¥¦ â ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬¨§­ ç¥­¨ï¬¨ ¤«ï §¥àª «ì­ëå ­¥¯®«­ëå í¯îà. �®-íâ®¬ã, ®æ¥­¨¢ ï ­ §¢ ­­ë¥ ¯ à ¬¥âàë �� ¢ ­¥-®¤­®à®¤­®¬ ¯®â®ª¥, ¬®¦­® ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨¯®«ì§®¢ âìáï § ¢¨á¨¬®áâï¬¨ ¤«ï ®¤­®à®¤­®£® ¯®-â®ª  á â¥¬¨ ¦¥ Hà, R ¨ V=Vmax.3) �á¯®«ì§ã¥¬ ¤«ï ®¡®¡é¥­­®© å à ªâ¥à¨áâ¨-ª¨ ä®à¬ á«®¦­ëå í¯îà â¥à¬¨­ æ¥­âà ¯«®é ¤¨í¯îàë, ¯®­¨¬ ï ¯®¤ ­¨¬ æ¥­âà âï¦¥áâ¨ ¯«®é ¤¨,¯®§¢®«ïîé¨© £®¢®à¨âì ®¡ í¯îà¥ á ¯®¢ëè¥­­ë¬(¯®­¨¦¥­­ë¬) æ¥­âà®¬ ¯«®é ¤¨ ¯® áà ¢­¥­¨î á®¤­®à®¤­®© í¯îà®©. �®«®¦¥­¨¥ æ¥­âà  ¯«®é ¤¨í¯îàë ¢«¨ï¥â ­  ä®à¬ã ª ¡¥«ï, ®¯à¥¤¥«ïï á®®â-­®è¥­¨¥ ª®­æ¥¢ëå ã£«®¢  â ª¨. �à¨ ¯®­¨¦¥­­®¬æ¥­âà¥ ¯«®é ¤¨ í¯îàë ã£®«  â ª¨ ª ¡¥«ï ­  å®¤®-¢®¬ ª®­æ¥ ¡ã¤¥â ¬¥­ìè¥ ã£« , á¬¥¦­®£® ã£«ã  â -ª¨ ª ¡¥«ï ­  ª®à¥­­®¬ ª®­æ¥, ¯®íâ®¬ã ¯®¯¥à¥ç­ ïá®áâ ¢«ïîé ï à¥ ªæ¨¨ ª ¡¥«ï ­  �� ¡ã¤¥â ¬¥­ì-è¥ ¯® áà ¢­¥­¨î á §¥àª «ì­®© í¯îà®© ¯à¨ â®¬¦¥ §­ ç¥­¨¨ S, §­ ç¨â ¬¥­ìè¥ ¡ã¤¥â ��,   jXcj¨ �Câ { ¡®«ìè¥. �â® ¯®¤â¢¥à¦¤ ¥âáï ¢§ ¨¬­ë¬à á¯®«®¦¥­¨¥¬ ãª § ­­ëå § ¢¨á¨¬®áâ¥© ¤«ï §¥à-ª «ì­ëå í¯îà, áå®¤ïé¨åáï ¢ ®¤­ã â®çªã ¯à¨ S=1.

����������� ª ç¥áâ¢¥ ¬¥áâ®­ å®¦¤¥­¨ï ¯à¨¢ï§­®£® á ¬®-å®¤­®£® ¯®¤¢®¤­®£®  ¯¯ à â  ¯à¨ ¯à®¥ªâ¨à®¢®ç-­®¬ à áç¥â¥ á¨«ë, ¤¥©áâ¢ãîé¥© ­  ­¥£® á® áâ®-à®­ë ª ¡¥«ï, ¯à¥¤«®¦¥­® ¨á¯®«ì§®¢ âì â®çªã ¢¯à¥¤¥« å ªàã£«®© §®­ë § ¤ ­­®£® à ¤¨ãá , ¢ ª®-â®à®© ­ âï¦¥­¨¥ ª ¡¥«ï ­  å®¤®¢®¬ ª®­æ¥ ¯à¨­¨-¬ ¥â ­ ¨¡®«ìè¥¥ §­ ç¥­¨¥.�«ï ¯à®¨§¢®«ì­®© ä®à¬ë í¯îàë áª®à®áâ¥© ­ -¡¥£ îé¥£® ¯®â®ª   ­ «¨â¨ç¥áª¨ ®¡®á­®¢ ­® ¨ ¯®¤-â¢¥à¦¤¥­® ç¨á«¥­­ë¬ ¬®¤¥«¨à®¢ ­¨¥¬, çâ® æ¥­âà¤®áâã¯­®©  ¯¯ à âã ªàã£«®© §®­ë § ¤ ­­®£® à -¤¨ãá  ¯à¨ ¬¨­¨¬ «ì­® ¢®§¬®¦­®¬ ­ âï¦¥­¨¨ ¨«¨¬ ªá¨¬ «ì­® ¢®§¬®¦­®£® à ¤¨ãá  ¯à¨ ®£à ­¨ç¥­-­®¬ ­ âï¦¥­¨¨ «¥¦¨â ­¨¦¥ ¯® â¥ç¥­¨î ®â­®á¨-â¥«ì­® ª®à¥­­®£® ª®­æ  ª ¡¥«ï. �®çª , å à ªâ¥à¨-§ã¥¬ ï ­ ¨¡®«ìè¨¬ ­ âï¦¥­¨¥¬ ¢ ¯à¥¤¥« å ªàã£-«®© §®­ë, ­ å®¤¨âáï ­  ¥¥ £à ­¨æ¥ ­  ®¤­®¬ ãà®¢­¥á æ¥­âà®¬.�¨«ë ¨ ¬®é­®áâ¨, ­¥®¡å®¤¨¬ë¥ ¤«ï ã¤¥à¦ ­¨ï¯®¤¢®¤­®£®  ¯¯ à â  ¢ â®çª¥ á ­ ¨¡®«ìè¨¬ ­ âï-¦¥­¨¥¬ ¢ ¯à¥¤¥« å ªàã£«®© §®­ë,   â ª¦¥ ¥¥ ª®-®à¤¨­ âë ¬ «® ®â«¨ç îâáï ®â á®®â¢¥âáâ¢ãîé¨å¯ à ¬¥âà®¢ ¯à¨ à á¯®«®¦¥­¨¨  ¯¯ à â  ­  âà -¢¥à§¥ áã¤­ -­®á¨â¥«ï, ª®£¤  å®à¤  ª ¡¥«ï ¯¥à¯¥­-¤¨ªã«ïà­  ­ ¯à ¢«¥­¨î ¯®â®ª . �ç¨âë¢ ï íâ®,  â ª¦¥ â®, çâ® ¯à¨ âà ¢¥à§­®¬ à á¯®«®¦¥­¨¨  ¯-¯ à â  ã¯à®é ¥âáï ®¯à¥¤¥«¥­¨¥ ¨áª®¬ëå ¢¥«¨ç¨­,®­® ¬®¦¥â ¡ëâì à¥ª®¬¥­¤®¢ ­® ¤«ï ¯à®¥ªâ¨à®¢®ç-­ëå à áç¥â®¢.�­®á à áç¥â­®£® ¬¥áâ®­ å®¦¤¥­¨ï ¯®¤¢®¤­®£® ¯¯ à â  ¢­¨§ ¯® â¥ç¥­¨î ¨ ¯®£à¥è­®áâ¨ ®â ¥£®­¥ãç¥â  ¬ ªá¨¬ «ì­ë ¤«ï ®¤­®à®¤­®£® ¯®â®ª  ¯®áà ¢­¥­¨î á ­¥®¤­®à®¤­ë¬¨ ¯®â®ª ¬¨ ¯à¨ ®¤¨­ -ª®¢®© ­ ¨¡®«ìè¥© áª®à®áâ¨ ¢ í¯îà å. �®íâ®¬ã¯à¨¢¥¤¥­­ë¥ ®¡®¡é¥­­ë¥ ¤¨ £à ¬¬ë, ¤¥¬®­áâà¨-àãîé¨¥ ¢§ ¨¬®á¢ï§ì ¯ à ¬¥âà®¢ ª ¡¥«ï ¨ ¯à®-áâà ­áâ¢ , ¤®áâã¯­®£®  ¯¯ à âã ¢ ®¤­®à®¤­®¬ ¯®-â®ª¥, ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë ¯à¨ ®æ¥­®ç­ëåà áç¥â å ¤«ï ­¥®¤­®à®¤­ëå ¯®â®ª®¢.1. � «â ­®¢ �.�. �̈ ¡ª¨¥ ­¨â¨ ¢ ¯®â®ª å.{ �¨¥¢: � -ãª®¢  ¤ã¬ª , 1974.{ 126 á.2. �¥àâ® �.�. �ª¥ ­®£à ä¨ç¥áª¨¥ ¡ã¨.{ �.: �ã¤®áâà®-¥­¨¥, 1975.{ 176 á.3. � à¥æª¨© �.�., �£®¤§¨­áª¨© �.�. �¡§®à ¨áá«¥¤®¢ -­¨© ¯® ®¯à¥¤¥«¥­¨î ä®à¬ë ¨ ­ âï¦¥­¨ï ª ¡¥«ì-âà®á  ¢ ¯®â®ª¥ ­ ¡¥£ îé¥© ¦¨¤ª®áâ¨.{ �.: ��-����, 1980.{ 156 á.4. �®à®¢¨ª®¢ �.�., � ¬ àáª¨© �.�. �®¤¢®¤­ ï â¥å­¨-ª  ¬®àáª¨å ­¥äâ¥¯à®¬ëá«®¢.{ �.: �ã¤®áâà®¥­¨¥,1980.{ 176 á.5. �£®à®¢ �.�. �®¤¢®¤­ë¥ ¡ãªá¨àã¥¬ë¥ á¨áâ¥¬ë.{ �.:�ã¤®áâà®¥­¨¥, 1981.{ 304 á.54 �.�.�®¤¨ç¥¢


