
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 26 { 39��� 532.528 ���������������� ������������������������������ ���������������� ���������� ��������. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 15.06.2000�§« £ ¥âáï ¬¥â®¤¨ª  ¨ à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­®£® ¨áá«¥¤®¢ ­¨ï áã¯¥àª ¢¥à­ ­  á ¬®å®¤­ëå ¬®¤¥«ïå á à §-«¨ç­ë¬¨ â¨¯ ¬¨ ¯à¨¢®¤ , ¤¢¨¦ãé¨åáï ¢ £¨¤à®«®âª¥ ¯® ­ ¯à ¢«ïîé¥© ¯à®¢®«®ª¥ ¢ à¥¦¨¬ å ¢¥­â¨«¨àã¥¬®© ¨ ¥áâ¥-áâ¢¥­­®© ¯ à®¢®© ª ¢¨â æ¨¨ ¢ ¤¨ ¯ §®­¥ áª®à®áâ¥© V = 30�140 ¬/á. �à¨¢®¤ïâáï ¤ ­­ë¥ à¥£¨áâà æ¨¨ ¯ à ¬¥âà®¢áâ æ¨®­ à­ëå ¯ à®¢ëå ¨ ¢¥­â¨«¨àã¥¬ëå áã¯¥àª ¢¥à­ ¨ íää¥ªâ®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ¯ à®¢®© áã¯¥àª ¢¥à­ë á ª®à¯ã-á®¬ ¨ à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬ ¬®¤¥«¨. � áá¬ âà¨¢ îâáï ­¥ª®â®àë¥ å à ªâ¥à­ë¥ â¨¯ë ­¥áâ æ¨®­ à­ëå ¯à®æ¥áá®¢­  à §«¨ç­ëå áâ ¤¨ïå ¤¢¨¦¥­¨ï á ¬®å®¤­ëå ¬®¤¥«¥© ¯® ­ ¯à ¢«ïîé¥© ¯à®¢®«®ª¥.�¨ª« ¤ õâìáï ¬¥â®¤¨ª  â  à¥§ã«ìââ¨ ¥ªá¯¥à¨¬¥­â «ì­®£® ¤®á«÷¤¦¥­­ï áã¯¥àª ¢¥à­ ­  á ¬®å÷¤­¨å ¬®¤¥«ïå § à÷§-­¨¬¨ â¨¯ ¬¨ àãè÷ù¢, é® àãå îâìáï ã £÷¤à®«®âªã ¯® ­ ¯à ¢«ïîç®¬ã ¤à®âã ã à¥¦¨¬ å ¢¥­â¨«ì®¢ ­®ù â  ¯à¨à®¤­®ù¯ à®¢®ù ª ¢÷â æ÷ù ã ¤÷ ¯ §®­÷ è¢¨¤ª®áâ¥© V = 30� 140 ¬/á. � ¢®¤ïâìáï ¤ ­÷ à¥õáâà æ÷ù ¯ à ¬¥âà÷¢ áâ æ÷®­ à­¨å¯ à®¢¨å â  ¢¥­â¨«ì®¢ ­¨å áã¯¥àª ¢¥à­ â  ¥ä¥ªâ÷¢ ¢§ õ¬®¤÷ù ¯ à®¢®ù áã¯¥àª ¢¥à­¨ § ª®à¯ãá®¬ â  à¥ ªâ¨¢­¨¬ ¤¢¨-£ã­®¬ ¬®¤¥«÷. �®§£«ï¤ îâìáï ¤¥ïª÷ å à ªâ¥à­÷ â¨¯¨ ­¥áâ æ÷®­ à­¨å ¯à®æ¥á÷¢ ­  à÷§­¨å áâ ¤÷ïå àãåã á ¬®å÷¤­¨å¬®¤¥«¥© ¯® ­ ¯à ¢«ïîç®¬ã ¤à®âã.The m¥thods and the results of experimental investigation of the supercavities on the di�erent types of wire riding seft-propelled models at the ventilated and vapour supercavitating 
ow regimes in the motion velocity range V = 30�140m/sare presented. The data of registered parameters of steady vapour and ventilated supercavities and e�ects of interactionbetween the vapour supercavity and the model hull and reactive engine are adduced. Some characteristic types of unsteadyprocesses at di�erent motion stages of wire riding models are considered.���������à¨ ¨§ãç¥­¨¨ £¨¤à®¤¨­ ¬¨ª¨ â¥«, ¤¢¨¦ãé¨å-áï ¢ ¢®¤¥ ¢ à¥¦¨¬¥ áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥-ª ­¨ï, ¨á¯®«ì§ãîâ à §«¨ç­ë¥ â¨¯ë íªá¯¥à¨¬¥­-â «ì­ëå ãáâ ­®¢®ª, ª®â®àë¥ ¬®£ãâ ¡ëâì à §¤¥-«¥­ë ­  ¤¢¥ ¡®«ìè¨¥ £àã¯¯ë [1, 2, 4, 7]. � ¯¥à-¢®© ®â­®áïâáï ãáâ ­®¢ª¨ â¨¯  £¨¤à®¤¨­ ¬¨ç¥áª¨åâàã¡ ¨ «®âª®¢, ¯®§¢®«ïîé¨¥ ¨§ãç âì ¯à®æ¥ááë ®¡-â¥ª ­¨ï â¥« ¢ ®¡à é¥­­®¬ ¤¢¨¦¥­¨¨ ­  ¬®¤¥«ïåáà ¢­¨â¥«ì­® ªàã¯­®£® ª «¨¡à  ¯®àï¤ª  40 � 100¬¬ ¨ ¡®«¥¥. �â® ¤ ¥â ¢®§¬®¦­®áâì ¨áá«¥¤®¢ âì ¢áâ æ¨®­ à­®¬ à¥¦¨¬¥ £¨¤à®¤¨­ ¬¨ªã ¤®áâ â®ç­®á«®¦­ëå ª ¢¨â¨àãîé¨å ª®¬¯«¥ªá®¢, ®¤­ ª® ¤®áâ¨-¦¨¬ë¥ ¢ íâ®¬ á«ãç ¥ áª®à®áâ¨ ®£à ­¨ç¥­ë ¢¥«¨-ç¨­ ¬¨ ¯®àï¤ª  30 ¬/á ¯à¨ ­¥¨§¡¥¦­®¬ ¢«¨ï­¨¨¢®§¬ãé¥­¨©, á¢ï§ ­­ëå á âãà¡ã«¥­â­®áâìî ­ ¡¥-£ îé¥£® ¯®â®ª , ¢«¨ï­¨¥¬ áâ¥­®ª ¨ ¯®¤¤¥à¦¨¢ -îé¨å ãáâà®©áâ¢ ¬®¤¥«¨ ¨ â.¯. �áâ ­®¢ª¨ ¤àã-£®© £àã¯¯ë ¯à¥¤­ §­ ç¥­ë ¤«ï ¨áá«¥¤®¢ ­¨ï ®¡-â¥ª ­¨ï â¥« ¯à¨ ¨å á¢®¡®¤­®¬ ¤¢¨¦¥­¨¨ ¢ ­¥¢®§-¬ãé¥­­®© ¦¨¤ª®áâ¨. � íâ®¬ á«ãç ¥ ¬®£ãâ ¡ëâì¯®«ãç¥­ë áª®à®áâ¨, ¨§¬¥àï¥¬ë¥ á®â­ï¬¨ ¬¥âà®¢¢ á¥ªã­¤ã ¢¯«®âì ¤® áª®à®áâ¥©, á®¯®áâ ¢¨¬ëå á®áª®à®áâìî §¢ãª  ¢ ¢®¤¥ a = 1430 ¬/á [4,7]. �à¨¬¥-­ï¥¬ë¥ ¢ ¯®¤®¡­ëå íªá¯¥à¨¬¥­â å ¬®¤¥«¨, ®¤­ ª®,¯à¥¤áâ ¢«ïîâ á®¡®© ®¡ëç­® â¥«  ¯à®áâ®© £¥®¬¥-

âà¨ç¥áª®© ä®à¬ë ¨ ¬ «ëå à §¬¥à®¢, ®¡« ¤ îé¨¥á¢®©áâ¢®¬  ¢â®áâ ¡¨«¨§ æ¨¨ ¤¢¨¦¥­¨ï. �®íâ®¬ã¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á á®§¤ ­¨¥ â ª¨å íªá¯¥à¨¬¥­-â «ì­ëå â¥å­¨ç¥áª¨å áà¥¤áâ¢, ª®â®àë¥ ¯®§¢®«ï-«¨ ¡ë ¯à®¢®¤¨âì ¨áá«¥¤®¢ ­¨ï áã¯¥àª ¢¨â æ¨®­-­ëå à¥¦¨¬®¢ ®¡â¥ª ­¨ï á ¨á¯®«ì§®¢ ­¨¥¬ ¬®¤¥-«¥© ¤®áâ â®ç­® ªàã¯­®£® ª «¨¡à  ¨, á®®â¢¥âáâ¢¥­-­®, á«®¦­®© ª®­áâàãªæ¨¨ ¯à¨ áª®à®áâïå ®¡â¥ª ­¨ï¤® 100 { 150 ¬/á, ®¡¥á¯¥ç¨¢ îé¨å ¯®«ãç¥­¨¥ à¥-¦¨¬®¢ ¥áâ¥áâ¢¥­­®© ¯ à®¢®© ª ¢¨â æ¨¨ ¡¥§ à¥è¥-­¨ï ¯à®¡«¥¬ë ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥­¨ï. � ¦­ë-¬¨ ãá«®¢¨ï¬¨ ï¢«ïîâáï â ª¦¥ ®âáãâáâ¢¨¥ ¢­¥è-­¨å ¢®§¬ãé¥­¨© ¯à¨ ®¡â¥ª ­¨¨ ¬®¤¥«¨ ¨ ¢®§¬®¦-­®áâì ¯à®¢¥¤¥­¨ï íªá¯¥à¨¬¥­â®¢ ¢ « ¡®à â®à­ëåãá«®¢¨ïå. �®á«¥¤­¥¥ ãá«®¢¨¥ ­ ª« ¤ë¢ ¥â ®£à ­¨-ç¥­¨ï ­  £ ¡ à¨âë ¢á¥© ãáâ ­®¢ª¨,   â ª¦¥ âà¥¡ã-¥â ¤®áâ â®ç­®© íª®«®£¨ç¥áª®© ç¨áâ®âë ¨ ¡¥§®¯ á-­®áâ¨ ®¡á«ã¦¨¢ ­¨ï íªá¯¥à¨¬¥­â «ì­®© â¥å­¨ª¨.� ��� ��� �ªà ¨­ë ­ ª®¯«¥­ ®¯à¥¤¥«¥­­ë©®¯ëâ á®§¤ ­¨ï « ¡®à â®à­®£® ®¡®àã¤®¢ ­¨ï â ª®-£® â¨¯  ¨ ¯à®¢¥¤¥­¨ï á ¥£® ¯®¬®éìî íªá¯¥à¨¬¥­-â®¢ ¯® ¨§ãç¥­¨î áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï¬®¤¥«¥© ª «¨¡à®¬ 40 { 60 ¬¬ ¯à¨ ¨å á¢®-¡®¤­®¬ ¤¢¨¦¥­¨¨ ¢ ¢®¤¥ á® áª®à®áâï¬¨á¢ëè¥ 100 ¬/á. � íªá¯¥à¨¬¥­â å ¨á¯®«ì§®¢ «¨áìà §«¨ç­ë¥ á¨áâ¥¬ë ¯à¨¢®¤  ¬®¤¥«¥©, ¢ ª®â®àëå¢ ª ç¥áâ¢¥ à ¡®ç¥£® â¥«  ¯à¨¬¥­ï«¨áì íª®«®£¨ç¥-26 c
�. �. �« á¥­ª®, 2000



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 26 { 39áª¨ ç¨áâë¥ ª®¬¯®­¥­âë: ¢®¤  ¢ à §«¨ç­ëå ä §®-¢ëå á®áâ®ï­¨ïå ¨ á¦ âë© ¢®§¤ãå. �«ï à §¤¥«¥­¨ï¯à®¡«¥¬ ¤¨­ ¬¨ª¨ ª ¢¥à­ë ¨ ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥-­¨ï ¯ãâ¥¬ áâ ¡¨«¨§ æ¨¨ âà ¥ªâ®à¨¨ ¬®¤¥«¨ ¢ ¢®¤¥­ ¨¡®«¥¥ íää¥ªâ¨¢­®© ®ª § « áì á¨áâ¥¬  áª®«ì¦¥-­¨ï â¥«  ¯® ­ ¯à ¢«ïîé¥© ¯à®¢®«®ª¥. �¯¨áë¢ ¥-¬ë¥ ­¨¦¥ â¥å­¨ç¥áª¨¥ áà¥¤áâ¢  ¨ ¬¥â®¤¨ª  íªá-¯¥à¨¬¥­â®¢ ®¡¥á¯¥ç¨¢ «¨ ¢®§¬®¦­®áâì ¨§ãç¥­¨ïáã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï á ¬®å®¤­ëå ¬®¤¥-«¥© áà ¢­¨â¥«ì­® á«®¦­®© ª®­áâàãªæ¨¨ ¡¥§ ¯à®-¡«¥¬ë áâ ¡¨«¨§ æ¨¨ ¨å ¤¢¨¦¥­¨ï ¢ ¤®áâ â®ç­®è¨à®ª®¬ ¤¨ ¯ §®­¥ áª®à®áâ¥© ¨ à¥¦¨¬®¢ ®¡â¥ª -­¨ï ®â ¨áªãááâ¢¥­­®© ¢¥­â¨«¨àã¥¬®© ª ¢¨â æ¨¨¤® ¥áâ¥áâ¢¥­­®© ¯ à®¢®© ª ¢¨â æ¨¨ ¯à¨ áª®à®áâïå¤¢¨¦¥­¨ï ¢ ¢®¤¥ V � 30 { 140 ¬/á. � ­¥¤®áâ â-ª ¬ ®¯¨áë¢ ¥¬®© â¥å­¨ª¨ íªá¯¥à¨¬¥­â  ®â­®á¨â-áï, £« ¢­ë¬ ®¡à §®¬, á«®¦­®áâì à¥£¨áâà æ¨¨ å -à ªâ¥à¨áâ¨ª ¯à®æ¥áá  ¯à¨ ¤¢¨¦¥­¨¨ ¬®¤¥«¨ ¢ ¢®-¤¥ á ¡®«ìè¨¬¨ áª®à®áâï¬¨. �á­®¢­ ï ¨­ä®à¬ æ¨ï¢ íâ®¬ á«ãç ¥ ®¡¥á¯¥ç¨¢ ¥âáï ¨§ãç¥­¨¥¬ ª¨­¥¬ -â¨ª¨ ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¨ ä®â®-ª¨­®à¥£¨áâà æ¨¥©ª àâ¨­ë ¥¥ ®¡â¥ª ­¨ï. �à¨ íâ®¬ ®¯à¥¤¥«¥­­ãîâ¥å­¨ç¥áªãî á«®¦­®áâì ¬®¦¥â ¯à¥¤áâ ¢«ïâì á¨­-åà®­¨§ æ¨ï à ¡®âë à¥£¨áâà¨àãîé¥©  ¯¯ à âãàëá ®¯à¥¤¥«¥­­ë¬¨ ä § ¬¨ ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¢ ¢®¤¥.����������� �������� ������������������������¯ëâ ¯à®¢¥¤¥­­ëå íªá¯¥à¨¬¥­â®¢ ¯®ª § «, çâ®¤«ï ®à£ ­¨§ æ¨¨ ãáâ®©ç¨¢®£® ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¢ª ¢¥à­¥ ®¯à¥¤¥«ïîé¥¥ §­ ç¥­¨¥ ¨¬¥¥â ä®à¬¨à®-¢ ­¨¥ à §¢¨â®© ª ¢¥à­ë ­  ¢®§¬®¦­® ¡®«¥¥ ª®à®â-ª®¬ ­ ç «ì­®¬ ãç áâª¥ ¥¥ âà ¥ªâ®à¨¨ ¢ ¢®¤¥, ª®â®-àë© ¢ ¯à¥¤¥«¥ ¬®¦­® áç¨â âì ¡«¨§ª¨¬ ¤«¨­¥ ¬®¤¥-«¨. � íâ®¬ á«ãç ¥ ®¡¥á¯¥ç¨¢ ¥âáï ¡ëáâà ï áâ ¡¨-«¨§ æ¨ï à¥¦¨¬  ¤¢¨¦¥­¨ï, ¨ à¥£¨áâà æ¨ï ª àâ¨-­ë ®¡â¥ª ­¨ï ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥­  ­  áà ¢-­¨â¥«ì­® ª®à®âª®¬ à ¡®ç¥¬ ãç áâª¥ âà ¥ªâ®à¨¨.�¤­¨¬ ¨§ ­¥®¡å®¤¨¬ëå ãá«®¢¨© ä®à¬¨à®¢ ­¨ï áã-¯¥àª ¢¥à­ë ­  ­ ç «ì­®© áâ ¤¨¨ ¤¢¨¦¥­¨ï ¢ ¢®¤¥ï¢«ï¥âáï ¤®áâ â®ç­® ¢ëá®ª ï ­ ç «ì­ ï áª®à®áâì¬®¤¥«¨, ª®â®à ï ¤®áâ¨£ ¥âáï á ¯®¬®éìî áâ àâ®-¢®© ª â ¯ã«ìâë, â.¥. ¯à¥¨¬ãé¥áâ¢¥­­® §  áç¥â"¯ãè¥ç­®£® íää¥ªâ ". �à¨ íâ®¬ ¬ áá  ¬®¤¥«¨¢ë¯®«­ï¥â à®«ì  ªªã¬ã«ïâ®à  ª¨­¥â¨ç¥áª®© í­¥à-£¨¨, á¯®á®¡­®£® ®¡¥á¯¥ç¨âì ãáâ®©ç¨¢®¥ ¤¢¨¦¥­¨¥¯® ¨­¥àæ¨¨. � ¤ ­­®¬ á«ãç ¥ ®á­ é¥­¨¥ ¬®¤¥«¨à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬ ­¥ ¨¬¥¥â ¯à¨­æ¨¯¨ «ì­®-£® §­ ç¥­¨ï ¤«ï ¥¥ ¤¨­ ¬¨ª¨. � áá¬ âà¨¢ ¥¬ë¥ ¢¤ ­­®© áâ âì¥ ¢¨¤ë à ¡®ç¥£® â¥«  ¤¢¨£ â¥«ï ¯à¨¨å ®£à ­¨ç¥­­®¬ ¡®àâ®¢®¬ § ¯ á¥ á¯®á®¡­ë à §-¢¨¢ âì «¨èì ¢¥áì¬  ªà âª®¢à¥¬¥­­ãî âï£ã, ª®â®-à ï ­¥ ¤ ¥â à¥è îé¥£® ¯à¨à é¥­¨ï ¢¥«¨ç¨­ë áª®-

à®áâ¨ ¨ ¤®áâ¨£ ¥âáï æ¥­®© ã¬¥­ìè¥­¨ï ¬ ááë ¬®-¤¥«¨ ¢ ¯à®æ¥áá¥ ¤¢¨¦¥­¨ï. � ­¥ª®â®àëå á«ãç -ïå ¤«ï ã¢¥«¨ç¥­¨ï ¤¨áâ ­æ¨¨ á¢®¡®¤­®£® ¯à®¡¥£ ¬®¤¥«¨ ¯à¨ ®¤­®© ¨ â®© ¦¥ ­ ç «ì­®© áª®à®áâ¨,¬®¦¥â ¡ëâì ¢ë£®¤­¥¥ ¢¬¥áâ® ¤¢¨£ â¥«ï á § ¯ -á®¬ à ¡®ç¥£® â¥«  ã¢¥«¨ç¨âì ¨­¥àæ¨®­­ãî ¬ ááã¬®¤¥«¨ §  áç¥â § ¯®«­¥­¨ï ª®à¯ãá  ¬ â¥à¨ «®¬ á¡®«¥¥ ¢ëá®ª®© ¯«®â­®áâìî, ­ ¯à¨¬¥à, ¬¥â ««®¬.�®íâ®¬ã ¢ ¤ ­­®¬ á«ãç ¥ ¨á¯®«ì§®¢ ­¨¥ ¬®¤¥«¥© áà¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬ ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¤«ïª®¬¯«¥ªá­®£® ¨§ãç¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å  á¯¥ª-â®¢ ¢§ ¨¬®¤¥©áâ¢¨ï ª ¢¥à­ë á à ¡®â îé¨¬ ¤¢¨-£ â¥«¥¬.�áá«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ¢ £¨¤à®¤¨­ ¬¨ç¥áª®©« ¡®à â®à¨¨ ��� ��� �ªà ¨­ë ¢ ®âªàëâ®¬ £¨-¤à®«®âª¥ á à §¬¥à¬¨ 1.0 å 1.0 å 42 ¬. �¡é ï áå¥-¬  íªá¯¥à¨¬¥­â «ì­®© ãáâ ­®¢ª¨ ¯à¥¤áâ ¢«¥­  ­ à¨á. 1. �à ¥ªâ®à¨ï ¤¢¨¦¥­¨ï ¬®¤¥«¨ à á¯®« £ -« áì ­  £«ã¡¨­¥ 0,5 ¬ ¯® ®á¨ «®âª , çâ® ¯®§¢®-«¨«® ®áãé¥áâ¢«ïâì ä®â®-ª¨­®à¥£¨áâà æ¨î ª àâ¨-­ë ®¡â¥ª ­¨ï ç¥à¥§ ®ª­  ¢ áâ¥­ª å «®âª  ¨ ç¥à¥§á¢®¡®¤­ãî ¯®¢¥àå­®áâì á ¯®¬®éìî ª ¬¥à 6 ¨ ¨¬-¯ã«ìá­ëå ®á¢¥â¨â¥«¥© 7.� áâ àâ®¢®¬ ¯®«®¦¥­¨¨ ¬®¤¥«ì ­ å®¤¨âáï ¢ ª -â ¯ã«ìâ¥ ¨ ¯®¤ª«îç¥­  ª ®¡é¥¬ã á ­¥© ¨áâ®ç­¨ªãí­¥à£®á­ ¡¦¥­¨ï, ®¡à §ãï ®¤­ã á¨áâ¥¬ã. � § ¢¨-á¨¬®áâ¨ ®â á¯®á®¡  ¯®¤¢®¤  í­¥à£¨¨ ª â ª®© á¨-áâ¥¬¥ ¨ ¢¨¤  ¨á¯®«ì§ã¥¬®£® à ¡®ç¥£® â¥« ,   â ª-¦¥ á¢ï§ ­­ëå á íâ¨¬ ª®­áâàãªâ¨¢­ëå ®á®¡¥­­®-áâ¥© ­¨¦¥ à áá¬ âà¨¢ îâáï á«¥¤ãîé¨¥ â¨¯ë á¨-áâ¥¬ ¬®¤¥«ì { ª â ¯ã«ìâ :{ ¬®¤¥«ì á ¢®¤®¯ à®¢ë¬ à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬¨ ¢®¤®¯ à®¢®© ª â ¯ã«ìâ®©;{ ¨­¥àæ¨®­­ ï ¬®¤¥«ì á ¯­¥¢¬ â¨ç¥áª®© ª â -¯ã«ìâ®©;{ ¬®¤¥«ì á ¢®¤®¬¥â­ë¬ ¤¢¨£ â¥«¥¬ ¨ ¯­¥¢¬ â¨-ç¥áª®© ª â ¯ã«ìâ®©.�à®¢¥¤¥­­ë¥ íªá¯¥à¨¬¥­âë ¯®ª § «¨, çâ® ¢ àï-¤¥ á«ãç ¥¢ ¢ëá®ª®© ­ ç «ì­®© áª®à®áâ¨ ¬®¤¥«¨ ­¥-¤®áâ â®ç­® ¤«ï ä®à¬¨à®¢ ­¨ï à §¢¨â®© ª ¢¥à­ë­  ­ ç «ì­®¬ ãç áâª¥ ¯®¤¢®¤­®© âà ¥ªâ®à¨¨. � -ª ï á¨âã æ¨ï ¢®§­¨ª ¥â, ­ ¯à¨¬¥à, ¯à¨ ®â­®á¨-â¥«ì­®¬ ã¬¥­ìè¥­¨¨ ¤¨ ¬¥âà  ª ¢¨â â®à  ¬®¤¥«¨¯® áà ¢­¥­¨î á ¤¨ ¬¥âà®¬ ¥¥ ª®à¯ãá , ¤ ¦¥ ¥á«¨¢ à áç¥â­®¬ áâ æ¨®­ à­®¬ à¥¦¨¬¥ à §¬¥à ª ¢¨-â â®à  ¤®áâ â®ç¥­ ¤«ï ®¡à §®¢ ­¨ï ª ¢¥à­ë âà¥-¡ã¥¬ëå à §¬¥à®¢. � â ª¨å á«ãç ïå ®à£ ­¨§ æ¨ïãáâ®©ç¨¢®£® à¥¦¨¬  ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¢ áã¯¥à-ª ¢¥à­¥ ¤®áâ¨£ « áì á ¯®¬®éìî ¤®¯®«­¨â¥«ì­ëåâ¥å­¨ç¥áª¨å áà¥¤áâ¢. �«ï íâ®© æ¥«¨ ¢ £¨¤à®«®âª¥1 ¡ë«  ¢ë¤¥«¥­  áâ àâ®¢ ï ª ¬¥à  8 á ¯®¬®éìî¯¥à¥£®à®¤ª¨ 9 á® á¬¥­­ë¬¨ «îª ¬¨ ¨ ãáâà®©áâ¢ -¬¨, à¥£ã«¨àãîé¨¬¨ ãá«®¢¨ï ¢å®¤  ¬®¤¥«¨ ¢ ¢®¤ã¯®á«¥ ¥ñ áâ àâ  ¨§ ª â ¯ã«ìâë.�. �. �« á¥­ª® 27
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�¨á. 1. �å¥¬  íªá¯¥à¨¬¥­â «ì­®© ãáâ ­®¢ª¨:1 { «®â®ª; 2 { ª â ¯ã«ìâ ; 3 { ¬®¤¥«ì; 4 { ­ ¯à ¢«ïîé ï ¯à®¢®«®ª ; 5 { ãáâà®©áâ¢® ¤«ï £¨¤à®¤¨­ ¬¨ç¥áª®£®â®à¬®¦¥­¨ï ¬®¤¥«¥© ¢ ¢¨¤¥ ãáâ ­®¢«¥­­ëå ­  ¯à®¢®«®ª¥ ¬¥â ««¨ç¥áª¨å ¤¨áª®¢ á ¯®á«¥¤®¢ â¥«ì­®ã¢¥«¨ç¨¢ îé¨¬áï ¤¨ ¬¥âà®¬��������� ������� � ��������-��� ���������� �����������®¤®¯ à®¢®© à¥ ªâ¨¢­ë© ¤¢¨£ â¥«ì ¯à¥¤áâ -¢«ï¥â á®¡®© à §­®¢¨¤­®áâì í­¥à£®¤¢¨¦¨â¥«ì­®©ãáâ ­®¢ª¨, ¢ ª®â®à®© ¯à®¨áå®¤¨â ¯àï¬®¥ ¯à¥®¡à -§®¢ ­¨¥ â¥¯«®¢®© í­¥à£¨¨ ¢ à ¡®âã á¨«ë âï£¨¨ ¯à®â¥ª îâ ®¤­®¢à¥¬¥­­® £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ¨â¥à¬®¤¨­ ¬¨ç¥áª¨¥ ¯à®æ¥ááë, ¢ª«îç îé¨¥ ä §®-¢ë¥ ¯à¥¢à é¥­¨ï à ¡®ç¥£® â¥« .�à¨¬¥­¥­¨¥ £®àïç¥© ¢®¤ë ¢ ª ç¥áâ¢¥ à ¡®ç¥£®â¥«  à¥ ªâ¨¢­ëå ¤¢¨£ â¥«¥© ¨¬¥¥â §­ ç¨â¥«ì­ãî¨áâ®à¨î. � à §­®¥ ¢à¥¬ï, ­ ç¨­ ï á  ­â¨ç­®-áâ¨, ¯®ï¢«ï«¨áì à §«¨ç­ë¥ ¢ à¨ ­âë ¯à¨¡®à®¢,¨á¯®«ì§ãîé¨å ¤«ï ¢ë¯®«­¥­¨ï à ¡®âë à¥ ªâ¨¢-­ãî áâàãî ¯ à . �¥àì¥§­ë¥ à ¡®âë ¯® ¯à¨¬¥-­¥­¨î £®àïç¥© ¢®¤ë ¤«ï à ª¥â ­ ç «¨ ¯à®¢®¤¨âì-áï, ¯®-¢¨¤¨¬®¬ã, ¯¥à¥¤ �â®à®© ¬¨à®¢®© ¢®©­®©¢ �¥à¬ ­¨¨,   ¯®á«¥ ¢®©­ë { ¢ � ¯ ¤­®© �¥à¬ -­¨¨, ��� ¨ �â «¨¨ [5{8]. �­â¥à¥á ª ¤¢¨£ â¥-«ï¬ â ª®£® â¨¯  ®¡ãá«®¢«¥­ ¯à¥¦¤¥ ¢á¥£® ¨å íª®­®-¬¨ç­®áâìî ¨ íª®«®£¨ç¥áª¨¬¨ ¯®ª § â¥«ï¬¨. �­ -ç¨â¥«ì­ë© ®¡ê¥¬ ¨áá«¥¤®¢ ­¨© ¯® â¥¯«®¢ë¬ £¨-¤à®à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«ï¬, ¢ª«îç ï ¢®¤®¯ à®¢ë¥¤¢¨£ â¥«¨, ¯à®¢¥¤¥­ ¢ ��� ��� �ªà ¨­ë [1,9,11].�áá«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ¯à¨¬¥­¨â¥«ì­® ª § ¤ -ç¥ á®§¤ ­¨ï áª®à®áâ­ëå ¯®¤¢®¤­ëå  ¯¯ à â®¢, ¨á-¯®«ì§ãîé¨å ¤«ï à ¡®âë ¤¢¨£ â¥«ï § ¡®àâ­ãî ¢®-¤ã. � àï¤ã á â¥®à¥â¨ç¥áª¨¬¨ à ¡®â ¬¨ ¡ë« ¢ë-¯®«­¥­ §­ ç¨â¥«ì­ë© ®¡ê¥¬ íªá¯¥à¨¬¥­â «ì­ëå¨áá«¥¤®¢ ­¨© å à ªâ¥à¨áâ¨ª ¢®¤®¯ à®¢®£® ¤¢¨£ -â¥«ï [11]. �  ãáâ ­®¢ª å à §«¨ç­®£® ¬ áèâ ¡ ¨§ãç «¨áì ª ª ¨­â¥£à «ì­ë¥ å à ªâ¥à¨áâ¨ª¨ ¤¢¨-£ â¥«ï (âï£ , à áå®¤, ¤ ¢«¥­¨¥, â¥¬¯¥à âãà ), â ª¨ ¤¥â «ì­ ï ª àâ¨­  â¥ç¥­¨ï ¢ à¥ ªâ¨¢­®¬ á®¯-«¥. �ªá¯¥à¨¬¥­âë ¢ª«îç «¨ ­ £à¥¢ ¢®¤ë ¢ § -

¬ª­ãâ®¬ á®áã¤¥ ¤® á®áâ®ï­¨ï ­ áëé¥­¨ï ¨«¨ ¡«¨§-ª®£® ª ­ áëé¥­¨î (­¥¤®£à¥â ï ¢®¤ ) á ¯®á«¥¤ãî-é¨¬ ¨áâ¥ç¥­¨¥¬ ç¥à¥§ à¥ ªâ¨¢­®¥ á®¯«®. � à¥£¨-áâà¨à®¢ ­­ë¥ ª àâ¨­ë â¥ç¥­¨ï ï¢«ïîâáï çà¥§¢ë-ç ©­® á«®¦­ë¬¨ ¯® áâàãªâãà¥ à ¡®ç¥£® â¥« , ¨§-¬¥­ïîé¥£® ¢ ¯à®æ¥áá¥ ¨áâ¥ç¥­¨ï á¢®¥  £à¥£ â­®¥á®áâ®ï­¨¥. �à¨ à áè¨à¥­¨¨ ¢ á®¯«¥ ­¥¤®£à¥â ï¢®¤  ¨á¯ àï¥âáï ¨ ®¡à §ã¥â ¯ à®¢®¤ï­ãî á¬¥áì.�à¨ íâ®¬ ¢ ¯à®æ¥áá¥ â¥ç¥­¨ï ¢ á®¯«¥ � ¢ «ï ­¥¤®-£à¥â ï ¢®¤  ¯®á«¥¤®¢ â¥«ì­® ¯à®å®¤¨â áâ ¤¨¨ ­ -áëé¥­¨ï, ¯¥à¥£à¥¢  ¨ ¯ à®®¡à §®¢ ­¨ï, ª®â®àë¥¢§ ¨¬®á¢ï§ ­ë. �®®â¢¥âáâ¢¥­­® ¬¥­ï¥âáï áâàãª-âãà  ¯®â®ª  { ¨§ ®¤­®à®¤­®© ª ¯¥«ì­®© ¢ ¯ã§ëàì-ª®¢ãî,   § â¥¬ ¢ ¯ à®ª ¯¥«ì­ãî. �­ ç¨â¥«ì­®¥¢«¨ï­¨¥ ­  ¯ à ¬¥âàë â¥ç¥­¨ï ¬®£ãâ ®ª §ë¢ âìä«ãªâã æ¨¨ à áâ¢®à¥­­®£® ¢®§¤ãå  ¨ ¯®áâ®à®­­¨å¢§¢¥á¥© ¢ ¢®¤¥ [11].�¢¨¤ã §­ ç¨â¥«ì­®© á«®¦­®áâ¨ ãª § ­­ëå ¯à®-æ¥áá®¢ ¤«ï ¯à ªâ¨ç¥áª®£® à áç¥â  å à ªâ¥à¨áâ¨ª¢®¤®¯ à®¢®£® ¤¢¨£ â¥«ï ¨á¯®«ì§ãîâáï à §«¨ç­ë¥¯à¨¡«¨¦¥­­ë¥ ¬¥â®¤ë, ®¤¨­ ¨§ ª®â®àëå ¯à¥¤«®-¦¥­ �.�.�®£¢¨­®¢¨ç¥¬ [1]. � áá¬ âà¨¢ ¥âáï ¨¤¥- «¨§¨à®¢ ­­ë© à¥ ªâ¨¢­ë© ¤¢¨£ â¥«ì (à¨á. 2,  ),®¡« ¤ îé¨© á®¯«®¬ á ¯«®é ¤ìî á¥ç¥­¨ï Fj , ç¥-à¥§ ª®â®à®¥ ¨áâ¥ª ¥â ¯®â®ª ¬ ááë _m á® áª®à®áâìîc. �ª®à®áâì ¨áâ¥ç¥­¨ï ¥áâì äã­ªæ¨ï ¯ à ¬¥âà®¢à ¡®ç¥£® â¥«  ¢­ãâà¨ ª ¬¥àë ¤¢¨£ â¥«ï ¨ ¤ ¢«¥-­¨ï ­  áà¥§¥ á®¯«  Pj. �«ï ª®­âà®«ì­®© ¯®¢¥àå-­®áâ¨, ¯¥à¥á¥ª îé¥© ¢ëå®¤­®¥ á¥ç¥­¨¥ á®¯«  Pj¨ ¯à®å®¤ïé¥© ¢¤®«ì ¢­ãâà¥­­¥© ¯®¢¥àå­®áâ¨ á®¯-«  ¨ ª ¬¥àë ¤¢¨£ â¥«ï (èâà¨å®¢ ï «¨­¨ï ­  à¨á.2, a), ¯à¨¬¥­ï¥âáï â¥®à¥¬  ¨¬¯ã«ìá®¢ ¨ ®¯à¥¤¥-«ï¥âáï à¥§ã«ìâ¨àãîé ï á¨« ¤ ¢«¥­¨ï ­  ¢­ãâà¥­-­¨¥ áâ¥­ª¨ ª ¬¥àë ¤¢¨£ â¥«ï ¨ á®¯«  ª ª ãá«®¢-­ ï ¯®«­ ï âï£  ¤¢¨£ â¥«ï _mc + PjFj. �«ï ¤¢¨-£ â¥«ï, ¯®¬¥é¥­­®£® ¢ ¯à®áâà ­áâ¢® á ¢­¥è­¨¬28 �. �. �« á¥­ª®
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¡�¨á. 2. � à áç¥âã å à ªâ¥à¨áâ¨ª ¢®¤®¯ à®¢®£®¤¢¨£ â¥«ï [10]:a { áå¥¬  ¨¤¥ «¨§¨à®¢ ­­®£® à¥ ªâ¨¢­®£® ¤¢¨£ â¥«ï; ¡ { ¤¨ -£à ¬¬  ¤«ï ®¯à¥¤¥«¥­¨ï âï£¨ ¤¢¨£ â¥«ïáâ â¨ç¥áª¨¬ ¤ ¢«¥­¨¥¬ P1, ãç¨âë¢ ¥âáï à¥§ã«ì-â¨àãîé ï ¢­¥è­¨å á¨« �P1Fj ¨ ®¯à¥¤¥«ï¥âáï ¢¥-«¨ç¨­  áâ¥­¤®¢®© âï£¨ T ¤¢¨£ â¥«ï ¢ ¯®ª®ïé¥©áïáà¥¤¥ ¯® ä®à¬ã«¥T = _mc+ Fj(Pj � P1): (1)�«ï â ª®£® ¤¢¨£ â¥«ï à áá¬ âà¨¢ ¥âáï ¨¤¥ «¨-§¨à®¢ ­­ë© à ¡®ç¨© æ¨ª«, ¢ ª®â®à®¬ ª á®¯«ã ¯®¤-¢®¤¨âáï ­ £à¥â ï ¢®¤ , ¨á¯ àïîé ïáï ç áâ¨ç­® ¢á ¬®¬ á®¯«¥. �à¨ íâ®¬ ¯à®æ¥áá à áè¨à¥­¨ï ¯à¥¤-¯®« £ ¥âáï  ¤¨ ¡ â¨ç¥áª¨¬ ¨ à ¢­®¢¥á­ë¬. � ®á­®¢ ­¨¨ ®¡é¨å â¥à¬®¤¨­ ¬¨ç¥áª¨å á®®â­®è¥-­¨© ¤«ï ¢®¤ë ¨ ¢®¤ï­®£® ¯ à  à ááç¨â ­ë å à ª-â¥à¨áâ¨ª¨ ¨áâ¥ç¥­¨ï ¨§ á®¯«  ¯ à®¢®¤ï­®© á¬¥á¨¢ á«ãç ¥, ª®£¤  ª á®¯«ã ¯®¤¢¥¤¥­  ¢®¤  á ­ã«¥¢ë¬¯ à®á®¤¥à¦ ­¨¥¬ ¯®¤ ¤ ¢«¥­¨¥¬ P = 100ª£á=á¬2¨ ¯à¨ â¥¬¯¥à âãà¥ t = 309o �. �®®â¢¥âáâ¢ãîé ï¤¨ £à ¬¬  ¯à¨¢¥¤¥­  ­  à¨á. 2,¡. � á®¯«¥ ¯à®¨á-å®¤¨â à áè¨à¥­¨¥ à ¡®ç¥£® â¥«  ¤® ¤ ¢«¥­¨ï Pj,®â«®¦¥­­®£® ¯® ®á¨  ¡áæ¨áá. �® ®á¨ ®à¤¨­ â ®â-«®¦¥­  ¢¥«¨ç¨­  âï£¨ T , à §¢¨¢ ¥¬®© ¯à¨ ¨áâ¥-ç¥­¨¨ 1 ª£á ¢®¤ë §  1 á. �à¨¢ ï 1 á®®â¢¥âá¢ã-¥â á« £ ¥¬®¬ã _mc ¢ ä®à¬ã«¥ (1). �¥à¥á¥ª îé¨¥¥¥ ªà¨¢ë¥ á®®â¢¥âáâ¢ãîâ ¯®«­ë¬ §­ ç¥­¨ï¬ âï-£¨ ¯® ä®à¬ã«¥ (1), à ááç¨â ­­ë¬ ¤«ï à §«¨ç­ëå

¢¥«¨ç¨­ ¢­¥è­¥£® ¤ ¢«¥­¨ï P1. �®çª¨ Pj = P1á®®â¢¥âáâ¢ãîâ à ¡®â¥ ¤¢¨£ â¥«ï á "à áç¥â­ë¬¨á®¯« ¬¨", ª®£¤  âï£  ¬ ªá¨¬ «ì­  ¨ ®¯à¥¤¥«ï¥â-áï â®«ìª® á« £ ¥¬ë¬ _mc. �  â®© ¦¥ ¤¨ £à ¬¬¥®â«®¦¥­ë à áç¥â­ë¥ §­ ç¥­¨ï ¢ëå®¤­®£® á¥ç¥­¨ïá®¯«  (ªà¨¢ ï 2).� à ¡®â¥ ¯à¨¢®¤¨âáï â ª¦¥ ª®­ªà¥â­ë© ¯à¨-¬¥à à áç¥â  ¢¥«¨ç¨­ë âï£¨ ¢®¤®¯ à®¢®£® ¤¢¨£ -â¥«ï, à ¡®â îé¥£® ¢ ¯à®áâà ­áâ¢¥ á ¤ ¢«¥­¨¥¬P1 = 0; 02ª£á=á¬2, çâ® á®®â¢¥âáâ¢ã¥â ¤ ¢«¥­¨î¢ ¥áâ¥áâ¢¥­­®© ¯ à®¢®© ª ¢¥à­¥ ¯à¨ â¥¬¯¥à âãà¥¢®¤ë 20o � ¨ ¡«¨§ª® ª ãá«®¢¨ï¬ ®¯¨áë¢ ¥¬ëå ­¨-¦¥ íªá¯¥à¨¬¥­â®¢. �à¨ ¤ ¢«¥­¨¨ ­  áà¥§¥ á®¯« Pj = 0; 1ª£á=á¬2 ¨ ¨áâ¥ç¥­¨¨ 1 ª£á ¢®¤ë ¢ á¥ªã­¤ã¯®«ãç¥­  ¢¥«¨ç¨­  à §¢¨¢ ¥¬®© ¤¢¨£ â¥«¥¬ âï£¨T = 87,5 ª£á.�ªá¯¥à¨¬¥­â «ì­ ï ãáâ ­®¢ª  ¤«ï ¨á¯ëâ ­¨ï¬®¤¥«¥© á ¢®¤®¯ à®¢ë¬ à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬ ¯®¯à¨­æ¨¯ã ¤¥©áâ¢¨ï ¢¥áì¬  ¡«¨§ª  ª à áá¬®âà¥­-­®© ¨¤¥ «¨§¨à®¢ ­­®© áå¥¬¥. � ¡®ç¨© æ¨ª« ¤¢¨-£ â¥«ï ¬®¤¥«¨ ¢ª«îç ¥â ­ £à¥¢ ¢®¤ë ¢ § ¬ª­ã-â®¬ ®¡ê¥¬¥ á ¯®á«¥¤ãîé¨¬ ¨áâ¥ç¥­¨¥¬ ¡®àâ®¢®-£® § ¯ á  ­ £à¥â®© ¢®¤ë ç¥à¥§ à¥ ªâ¨¢­®¥ á®¯«®¤«ï á®§¤ ­¨ï ªà âª®¢à¥¬¥­­®© âï£¨ ¯à¨ á¢®¡®¤­®¬¤¢¨¦¥­¨¨ ¬®¤¥«¨ ¢ ¢®¤¥. � á¢ï§¨ á íâ¨¬ ®â¬¥-â¨¬, çâ® ¨§«®¦¥­­ ï ¢ à ¡®â¥ [1] ã¯à®é¥­­ ï à á-ç¥â­ ï ¬¥â®¤¨ª  á®®â¢¥âáâ¢ã¥â ãá«®¢¨ï¬ áâ æ¨®-­ à­®£® ¨áâ¥ç¥­¨ï à ¡®ç¥£® â¥«  ¨§ á®¯«  ¢®¤®-¯ à®¢®£® ¤¢¨£ â¥«ï. �®íâ®¬ã ¯à¨¢¥¤¥­­ë¥ ª®«¨-ç¥áâ¢¥­­ë¥ å à ªâ¥à¨áâ¨ª¨ ¬®£ãâ ¨á¯®«ì§®¢ âì-áï â®«ìª® ¤«ï ¯à¨¡«¨¦¥­­ëå ®æ¥­®ª ¯ à ¬¥âà®¢à áá¬ âà¨¢ ¥¬®© ­¨¦¥ íªá¯¥à¨¬¥­â «ì­®© ãáâ -­®¢ª¨. �®­áâàãªâ¨¢­ ï áå¥¬  ¬®¤¥«¨ á ¢®¤®¯ à®-¢ë¬ ¤¢¨£ â¥«¥¬ ¯à¨¢¥¤¥­  ­  à¨á. 3, . �¨«¨­-¤à¨ç¥áª ï ç áâì 1 ª®à¯ãá  ¬®¤¥«¨ á®¤¥à¦¨â § ¯ áà ¡®ç¥£® â¥«  ¢®¤®¯ à®¢®£® ¤¢¨£ â¥«ï. �¥ ªâ¨¢-­®¥ á®¯«® 2 ¤¢¨£ â¥«ï ãáâ ­®¢«¥­® ¢ ª®­æ¥ ª®à¯ãá ¨ ¨¬¥¥â æ¥­âà «ì­®¥ â¥«®, ª®â®à®¥ § ª ­ç¨¢ ¥â-áï ¢ëáâã¯ îé¨¬ ¨§ ª®à¯ãá  ¬®¤¥«¨ å¢®áâ®¢¨ª®¬3. �¢®áâ®¢¨ª ¯à¥¤­ §­ ç¥­ ¤«ï áâëª®¢ª¨ á § ¬ª®¬ª â ¯ã«ìâë ¨ ã¤¥à¦ ­¨ï ¬®¤¥«¨ ¢ ¯à®æ¥áá¥ ­ £à¥-¢  ¨ à®áâ  ¤ ¢«¥­¨ï ¢®¤ë ¢ ¬®¤¥«¨ ¨ ª â ¯ã«ìâ¥.�®á®¢ ï ª®­¨ç¥áª ï ç áâì 4 ª®à¯ãá  ¬®¤¥«¨ £¥à-¬¥â¨ç¥áª¨ ¨§®«¨à®¢ ­  ®â æ¨«¨­¤à¨ç¥áª®© ç áâ¨.�  ¥¥ ­®áã ãáâ ­®¢«¥­ á¬¥­­ë© ª ¢¨â â®à 5. �¡-é¨© ¢¨¤ â ª®© ¬®¤¥«¨ á ¤¨ ¬¥âà®¬ ª®à¯ãá  58 ¬¬¯à¥¤áâ ¢«¥­ ­  ä®â®£à ä¨¨ à¨á. 3,¡.�å¥¬  ¢®¤®¯ à®¢®© ª â ¯ã«ìâë á ãáâ ­®¢«¥­­®©¢ ­¥© ¬®¤¥«ìî ¤ ­  ­  à¨á. 4. � â ¯ã«ìâ  ¯à¥¤-áâ ¢«ï¥â á®¡®© ®á¥á¨¬¬¥âà¨ç­ãî ª®­áâàãªæ¨î á£¥à¬¥â¨ç­ë¬ ª®à¯ãá®¬ 1, ¤®¯ãáª îé¨¬ ¥¥ ãáâ -­®¢ªã ¢ ¯®¤¢®¤­®¬ ¯®«®¦¥­¨¨. � ª®à¯ãá¥ ãáâ ­®-¢«¥­ë í«¥ªâà®­ £à¥¢ â¥«¨ 2, ®ªàã¦¥­­ë¥ â¥¯«®-¨§®«¨àãîé¨¬ ¬ â¥à¨ «®¬ 3 ¨ ¯¨â ¥¬ë¥ ¯® ª ¡¥-�. �. �« á¥­ª® 29
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¡�¨á. 3. �®­áâàãªâ¨¢­ ï áå¥¬  ( ) ¨ ä®â®£à ä¨ï (¡) ¬®¤¥«¨ á ¢®¤®¯ à®¢ë¬ à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬«ï¬ 4 á £¥à¬¥â¨ç­®© ¨§®«ïæ¨¥©. �® ®á¨ ª â ¯ã«ì-âë à á¯®«®¦¥­  à ¡®ç ï ª ¬¥à  5, ¢ ª®â®à®© ãáâ -­ ¢«¨¢ ¥âáï ¬®¤¥«ì 6 á ¢®¤®¯ à®¢ë¬ ¤¢¨£ â¥«¥¬.�­ãâà¥­­¨© ®¡ê¥¬ à ¡®ç¥© ª ¬¥àë á ãáâ ­®¢«¥­-­®© ¢ ­¥© ¬®¤¥«ìî £¥à¬¥â¨§¨àã¥âáï à¥§¨­®¢ë¬¨ã¯«®â­¥­¨ï¬¨ 7, à á¯®«®¦¥­­ë¬¨ ­  áâëª å á ª®à-¯ãá®¬ ¨ å¢®áâ®¢¨ª®¬ ¬®¤¥«¨, ª®â®à ï ã¤¥à¦¨¢ ¥â-áï ¢ ª â ¯ã«ìâ¥ §  å¢®áâ®¢¨ª á ¯®¬®éìî § ¬ª  8.�à¨ ãáâ ­®¢ª¥ ¬®¤¥«¨ ¢ ª â ¯ã«ìâã ¢­ãâà¥­­¨©®¡ê¥¬ æ¨«¨­¤à¨ç¥áª®£® ª®à¯ãá  ¬®¤¥«¨ ¨ à ¡®ç¥©ª ¬¥àë ª â ¯ã«ìâë § ¯®«­ï¥âáï ¢®¤®©, ¤«ï ¨§¬¥-à¥­¨ï â¥¬¯¥à âãàë ª®â®à®© ¨á¯®«ì§ã¥âáï â¥à¬®-¯ à  9. �â àâ ¬®¤¥«¨ ¨§ ª â ¯ã«ìâë ¯®á«¥ ¤®áâ¨-¦¥­¨ï âà¥¡ã¥¬ëå ¯ à ¬¥âà®¢ ¢®¤ë ®áãé¥áâ¢«ï¥â-áï ¯ãâ¥¬ ®âªàë¢ ­¨ï ã¤¥à¦¨¢ îé¥£® ¬®¤¥«ì § ¬-ª  8, á­ ¡¦¥­­®£® ¯­¥¢¬ â¨ç¥áª¨¬ ¯à¨¢®¤®¬.�  £à ä¨ª å § ¢¨á¨¬®áâ¨ ¤ ¢«¥­¨ï P ­ £à¥¢ ¥-¬®© ¢®¤ë ®â ¥¥ â¥¬¯¥à âãàë t (à¨á. 5) ¤ ­­ë¥ íªá-¯¥à¨¬¥­â «ì­ëå ¨§¬¥à¥­¨© ®¡®§­ ç¥­ë â®çª ¬¨,á¯«®è­ ï ªà¨¢ ï ¯®áâà®¥­  ¯® á¯à ¢®ç­ë¬ ¤ ­-­ë¬ ¤«ï å¨¬¨ç¥áª¨ ç¨áâ®© ¢®¤ë [12]. � íªá¯¥-à¨¬¥­â å ¨á¯®«ì§®¢ « áì â¥å­¨ç¥áª¨ ç¨áâ ï ¢®¤®-¯à®¢®¤­ ï ¢®¤  ¡¥§ ª ª¨å-«¨¡® á¯¥æ¨ «ì­ëå ¬¥à¯® ¥¥ ®ç¨áâª¥, ¯®íâ®¬ã ®¯à¥¤¥«¥­­ë© à §¡à®á íªá-¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå á«¥¤ã¥â ®¡êïá­¨âì ­ «¨-

�¨á. 4. �å¥¬  ¢®¤®¯ à®¢®© ª â ¯ã«ìâë áãáâ ­®¢«¥­­®© ¢ ­¥© ¬®¤¥«ìîç¨¥¬ ¯®áâ®à®­­¨å ¯à¨¬¥á¥©, ¢ â®¬ ç¨á«¥ à áâ¢®-à¥­­®£® ¢®§¤ãå  ¢ ¨á¯®«ì§ã¥¬®© ¢®¤¥. �â¬¥â¨¬,çâ® ¯®«ãç¥­­ë¥ ¢ íªá¯¥à¨¬¥­â å ¯ à ¬¥âàë ­ -£à¥¢ ¥¬®© ¢®¤ë ¡«¨§ª¨ «¨¡® ¯à¥¢ëè îâ ¯ à ¬¥-âàë P = 100ª£á=á¬2; t = 309oC, ¯à¨­ïâë¥ ¤«ï ¯®-áâà®¥­¨ï ¤¨ £à ¬¬ ¨§ à ¡®âë [1], (á¬. à¨á. 2).�¥ª®â®àë¥ å à ªâ¥à­ë¥ à¥§ã«ìâ âë ¨á¯ëâ ­¨ï¬®¤¥«¥© á ¢®¤®¯ à®¢ë¬ à¥ ªâ¨¢­ë¬ ¤¢¨£ â¥«¥¬¯à¥¤áâ ¢«¥­ë ­  à¨á. 6 ¨ 7.�§ ¯à¨¢¥¤¥­­ëå å à ªâ¥à­ëå £à ä¨ª®¢ ¨§¬¥­¥-30 �. �. �« á¥­ª®
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�¨á. 5. �ªá¯¥à¨¬¥­â «ì­ë¥ § ¢¨á¨¬®áâ¨ ¤ ¢«¥­¨ï­ £à¥¢ ¥¬®© ¢ ª â ¯ã«ìâ¥ ¢®¤ë ®â ¥¥ â¥¬¯¥à âãàë­¨ï áª®à®áâ¨ V ¬®¤¥«¨ ¢¤®«ì ¤¨áâ ­æ¨¨ l ¥¥ á¢®-¡®¤­®£® ¤¢¨¦¥­¨ï ¢ ¢®¤¥ (à¨á. 6) ¢¨¤­®, çâ® ¯®á«¥áâ àâ  ¨§ ª â ¯ã«ìâë áª®à®áâì ¬®¤¥«¨ ­  ­ ç «ì-­®¬ ãç áâª¥ ¯ãâ¨ ¢®§à áâ ¥â, ¯®á«¥ ç¥£® ¢ àï¤¥á«ãç ¥¢ § à¥£¨áâà¨à®¢ ­® ¤¢¨¦¥­¨¥ á ¯à ªâ¨ç¥-áª¨ ¯®áâ®ï­­®© áª®à®áâìî ­  ¤«¨­¥ ¯ãâ¨ ®ª®«® 20¬. � á¢ï§¨ á íâ¨¬ ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¢¥à­ãâìáïª ¯à¨¢¥¤¥­­®¬ã ¢ëè¥ ¯à¨¬¥àã à áç¥â  âï£¨ ¢®¤®-¯ à®¢®£® ¤¢¨£ â¥«ï ¨§ à ¡®âë [1] ¨ á®¯®áâ ¢¨âì¥£® á íªá¯¥à¨¬¥­â «ì­ë¬¨ à¥§ã«ìâ â ¬¨. �®àâ®-¢®© § ¯ á ­ £à¥â®© ¢®¤ë ¢ ¯à¨¬¥­ï¢è¨åáï ¬®¤¥-«ïå á®áâ ¢«ï« 0,90 { 0,95 ª£á ¯à¨ ­ ç «ì­ëå ¯ -à ¬¥âà å, ¡«¨§ª¨å ª ¯à¨­ïâë¬ ¢ à áç¥â­®© ¬¥â®-¤¨ª¥. �á«®¢¨ï ¯à®¢¥¤¥­¨ï íªá¯¥à¨¬¥­â®¢ ®â«¨ç -«¨áì ®â à áç¥â­ëå ª®­¥ç­®© ¢¥«¨ç¨­®© § ¯ á  ­ -£à¥â®© ¢®¤ë, ¡«¨§ª®© ª à áç¥â­®¬ã áã­¤­®¬ã à á-å®¤ã, ¨ ­¥¨§¡¥¦­ë¬ ¯ ¤¥­¨¥¬ ¤ ¢«¥­¨ï ¢ ª ¬¥à¥¤¢¨£ â¥«ï ¢ ¬®¬¥­â áâ àâ  ¬®¤¥«¨ ¨§ ª â ¯ã«ì-âë. �®¦­®, ®¤­ ª®, ¯à¥¤¯®«®¦¨âì, çâ® ãª § ­­ë¥à §«¨ç¨ï ­¥ ®âà ¦ îâáï áãé¥áâ¢¥­­ë¬ ®¡à §®¬­  ¢¥«¨ç¨­¥ âï£¨ ¤¢¨£ â¥«ï ¢ â¥ç¥­¨¥ ª®à®âª®£®¨­â¥à¢ «  ¥£® à ¡®âë, ª®â®àë© ¯à¨ áà¥¤­¥© áª®-à®áâ¨ ¬®¤¥«¨ 110 ¬/á ¨ ¤«¨­¥ à ¡®ç¥£® ãç áâª âà ¥ªâ®à¨¨ ®ª®«® 20 ¬ á®áâ ¢«ï¥â ¬¥­¥¥ 0,2 á. � -ª®¥ ¯à¥¤¯®«®¦¥­¨¥ ¯®¤â¢¥à¦¤ ¥âáï à¥§ã«ìâ â ¬¨¨á¯ëâ ­¨©, ¢ ª®â®àëå § à¥£¨áâà¨à®¢ ­ë à¥¦¨-¬ë ¤¢¨¦¥­¨ï ¬®¤¥«¨ á ¯à ªâ¨ç¥áª¨ ¯®áâ®ï­­®© ¯®¤«¨­¥ áª®à®áâìî ¨ ¯®«ãç¥­ë ä®â®£à ä¨¨ ª àâ¨­ë®¡â¥ª ­¨ï ¬®¤¥«¨. � íâ¨å á«ãç ïå ¬®¤¥«ì ¤¢¨£ -« áì ¢ áã¯¥àª ¢¥à­¥ ¡¥§ § ¬ë¢®¢ ª®à¯ãá , â. ¥. ¥¥¯®«­®¥ á®¯à®â¨¢«¥­¨¥ ¡ë«® à ¢­® á®¯à®â¨¢«¥­¨î­®á®¢®£® ª ¢¨â â®à  ¨ ¤®«¦­® ¡ë«® á®®â¢¥âáâ¢®-¢ âì à §¢¨¢ ¥¬®© ¤¢¨£ â¥«¥¬ âï£¥.

�¨á. 6. �§¬¥­¥­¨¥ áª®à®áâ¨ ¬®¤¥«¨ á ¢®¤®¯ à®¢ë¬¤¢¨£ â¥«¥¬ ¢¤®«ì ¤¨áâ ­æ¨¨ á¢®¡®¤­®£® ¯à®¡¥£ �¥«¨ç¨­  á®¯à®â¨¢«¥­¨ï Rx ¤¨áª®¢®£® ª ¢¨â -â®à  ¤¨ ¬¥âà®¬ Dn ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ [23]Rx = cxFn�V 22 ; (2)£¤¥ cx = 0; 82 { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï ¤«ï¤¨áª ; Fn = �D2n4 { á¬®ç¥­­ ï ¯«®é ¤ì ª ¢¨â â®-à ; � { ¯«®â­®áâì ¢®¤ë; V � 110 ¬/á { å à ªâ¥à-­ ï ¤«ï à áá¬ âà¨¢ ¥¬ëå à¥¦¨¬®¢ ¤¢¨¦¥­¨ï áª®-à®áâì ¬®¤¥«¨. �«ï ¬®¤¥«¥© á ¤¨áª®¢ë¬¨ ª ¢¨â -â®à ¬¨ à §¬¥à®¬ Dn = 12� 16 ¬¬ ¯®«ãç¥­ë §­ -ç¥­¨ï ª ¢¨â æ¨®­­®£® á®¯à®â¨¢«¥­¨ï ¢ ¤¨ ¯ §®­¥Rx = 57 � 101 ª£á, çâ® ã¤®¢«¥â¢®à¨â¥«ì­® á®®â-¢¥âáâ¢ã¥â ¯à¨¢¥¤¥­­®© ¢ëè¥ à áç¥â­®© ¢¥«¨ç¨­¥âï£¨ ¤¢¨£ â¥«ï T = 87; 5 ª£á.�  à¨á. 6 èâà¨å®¢ë¬¨ «¨­¨ï¬¨ ­ ­¥á¥­ë â ª-¦¥ £à ä¨ª¨ V (l) á à¥§ª¨¬¨ ¨§¬¥­¥­¨ï¬¨ ¢¥«¨ç¨-­ë áª®à®áâ¨ ¬®¤¥«¨ ¢¤®«ì ¯ãâ¨. � ª¨¥ à¥¦¨¬ë¤¢¨¦¥­¨ï § à¥£¨áâà¨à®¢ ­ë ¤«ï ¬®¤¥«¥© á ®â­®-á¨â¥«ì­® ¬ «ë¬¨ à §¬¥à ¬¨ ­®á®¢®£® ª ¢¨â â®-à  Dn = 10 ¬¬. �à¨ ¯®¤¢®¤­®¬ áâ àâ¥ ¤«ï â ª¨å¬®¤¥«¥© ­¥ ã¤ «®áì ®¡¥á¯¥ç¨âì ä®à¬¨à®¢ ­¨¥ ®á¥-á¨¬¬¥âà¨ç­®© áã¯¥àª ¢¥à­ë ­  ­ ç «ì­®¬ ãç áâ-ª¥ âà ¥ªâ®à¨¨, à¥§ã«ìâ â®¬ ç¥£® ï¢¨«áï ­¥ãáâ®©-ç¨¢ë© à¥¦¨¬ ¤¢¨¦¥­¨ï á ç áâ¨ç­ë¬¨ ­¥á¨¬¬¥-âà¨ç­ë¬¨ § ¬ë¢ ¬¨ ª®à¯ãá  ¨ ¯¥à¥¬¥­­®© ¯® ¤«¨-­¥ ¢¥«¨ç¨­®© ¯®«­®£® á®¯à®â¨¢«¥­¨ï ¬®¤¥«¨.�§ ä®â®£à ä¨¨ à¥¦¨¬  áã¯¥àª ¢¨â æ¨®­-­®£® ®¡â¥ª ­¨ï ¬®¤¥«¨ ¡¥§ § ¬ë¢  ª®à¯ã-á  (à¨á. 7, a) ¯à¨ áª®à®áâ¨ ¬®¤¥«¨ V = 124 ¬/á¢¨¤­®, çâ® à¥ ªâ¨¢­ë© ¤¢¨£ â¥«ì ¬®¤¥«¨ à ¡®â -¥â ¢ ¥áâ¥áâ¢¥­­®© ¯ à®¢®© ª ¢¥à­¥, â. ¥. ¢ áà¥-¤¥ á ¤ ¢«¥­¨¥¬ ­ áëé¥­­ëå ¯ à®¢ ¢®¤ë, á®®â¢¥â-áâ¢ãîé¨¬ ¯à¨­ïâ®© ¢ à áç¥â­®¬ ¯à¨¬¥à¥ ¢¥«¨ç¨-­¥ P1 = 0; 02ª£á=á¬2.�¥§ã«ìâ âë ®¡¬¥à  ¯à®ä¨«ï § à¥£¨áâà¨à®¢ -­ëå áâ æ¨®­ à­ëå ¯ à®¢ëå ª ¢¥à­ ¯à¥¤áâ ¢«¥­ë£à ä¨ª ¬¨ ­  à¨á. 7, ¡. �ªá¯¥à¨¬¥­â «ì­ë¥ ¤ ­-­ë¥ ­  £à ä¨ª¥ á®¯®áâ ¢«ïîâáï á ãà ¢­¥­¨¥¬ ª®­-âãà  ª ¢¥à­ë, ¯à¥¤«®¦¥­­ë¬ �.�.�®£¢¨­®¢¨ç¥¬�. �. �« á¥­ª® 31
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¡�¨á. 7. �®â®£à ä¨ï ¯ à®¢®© áã¯¥àª ¢¥à­ë ¯à¨ ¥¥ § ¬ëª ­¨¨ ­  áâàãî à¥ ªâ¨¢­®£® ¤¢¨£ â¥«ï ( ) ¨à¥§ã«ìâ âë ®¡¬¥à  ª®­âãà®¢ ¯ à®¢ëå áã¯¥àª ¢¥à­ (¡)[23]: DDc =s1� �1� D21D2c ��1� 2xLc�2; (3)£¤¥ D;x { â¥ªãé¨¥ ¤¨ ¬¥âà ¨ ª®®à¤¨­ â  á¥ç¥­¨ïª ¢¥à­ë; Dc; Lc { ¤¨ ¬¥âà ¬¨¤¥«¥¢®£® á¥ç¥­¨ï ¨¤«¨­  ª ¢¥à­ë; D1 = 1; 92Dn.�  £à ä¨ª å à¨á. 7, ¡ ¢ á®®â¢¥âáâ¢ãîé¥¬ ¬ á-èâ ¡¥ ­ ­¥á¥­ë â ª¦¥ ª®­âãàë ª®à¬®¢®© ç áâ¨¬®¤¥«¨ ¨ ¯®«®¦¥­¨¥ ¢ëå®¤­®£® á¥ç¥­¨ï à¥ ªâ¨¢­®-£® á®¯«  ®â­®á¨â¥«ì­® ª ¢¥à­ë,   â ª¦¥ § à¥£¨-áâà¨à®¢ ­­ë¥ ª®­âãàë ¯ à®-¢®¤ï­®© à¥ ªâ¨¢­®©áâàã¨, ¨áâ¥ª îé¥© ¨§ á®¯« . �®¯®áâ ¢«¥­¨¥ ¯®-ª §ë¢ ¥â å®à®è¥¥ á®¢¯ ¤¥­¨¥ íªá¯¥à¨¬¥­â «ì­ëå¤ ­­ëå á à áç¥â­ë¬ ¯à®ä¨«¥¬ ¯® ¢á¥© ¤«¨­¥ ª -¢¥à­ë ¢¯«®âì ¤® â®çª¨ ¥ñ § ¬ëª ­¨ï ­  ª®à¯ãá ¬®-¤¥«¨ «¨¡® ­  à¥ ªâ¨¢­ãî áâàãî. �â® á¢¨¤¥â¥«ì-áâ¢ã¥â ®¡ ®âáãâáâ¢¨¨ ¢«¨ï­¨ï áâàã¨ à¥ ªâ¨¢­®£®¤¢¨£ â¥«ï ¬®¤¥«¨ ­  ¯ à ¬¥âàë ¯ à®¢®© ª ¢¥à­ë.��������� ����������� ��������á¯®«ì§®¢ ­¨¥ £®àïç¥© ¢®¤ë ¨ ¯ à  ¢ á¨áâ¥¬¥¯à¨¢®¤  ¬®¤¥«¥© á¢ï§ ­® á® §­ ç¨â¥«ì­ë¬¨ â¥å-­¨ç¥áª¨¬¨ á«®¦­®áâï¬¨ ¨ ¯à ªâ¨ç¥áª¨ ¨áª«îç ¥â¢®§¬®¦­®áâì à §¬¥é¥­¨ï ¢ ª®à¯ãá¥ ¬®¤¥«¨ ª ª¨å-«¨¡® ãáâà®©áâ¢, ªà®¬¥ ¤¢¨£ â¥«ì­®© ãáâ ­®¢ª¨. �â® ¦¥ ¢à¥¬ï, ª ª ®â¬¥ç «®áì, áâ ¡¨«ì­ë¥ à¥¦¨¬ëáã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï ¬®£ãâ ¡ëâì ¯®«ã-ç¥­ë ¯à¨ ¨­¥àæ¨®­­®¬ ¤¢¨¦¥­¨¨ ¬®¤¥«¨ ¢ ¢®¤¥ áâà¥¡ã¥¬®© áª®à®áâìî. � íâ®¬ á«ãç ¥ ¤«ï áâ àâ 

¬®¤¥«¨ ¨á¯®«ì§ã¥âáï í­¥à£¨ï á¦ â®£® ¢®§¤ãå ,  ¢­ãâà¥­­¨© ®¡ê¥¬ ª®à¯ãá  ¬®¤¥«¨ ¬®¦¥â ¡ëâì ¨á-¯®«ì§®¢ ­ ¤«ï ¤àã£¨å æ¥«¥©, ¢ â®¬ ç¨á«¥ ¤«ï ®¡¥á-¯¥ç¥­¨ï ¯®¤¤ã¢  ª ¢¥à­ë ¢ ¯à®æ¥áá¥ ¤¢¨¦¥­¨ï ¬®-¤¥«¨.�®­áâàãªâ¨¢­ ï áå¥¬  ¢ à¨ ­â  â ª®© ¬®¤¥«¨¯à¥¤áâ ¢«¥­  ­  à¨á. 8. � ¤ ­­®¬ á«ãç ¥ ª®­æ¥¢ ïç áâì æ¨«¨­¤à¨ç¥áª®£® ª®à¯ãá  1 ¬®¤¥«¨ £¥à¬¥-â¨ç¥áª¨ ¯¥à¥ªàëâ  á¬¥­­®© ª®à¬®© 2, £¥®¬¥âà¨ïª®â®à®© ¬®¦¥â ¢¨¤®¨§¬¥­ïâìáï ¢ § ¢¨á¨¬®áâ¨ ®ââà¥¡ã¥¬®£® à¥¦¨¬  ®¡â¥ª ­¨ï ¬®¤¥«¨. � â ª®¬¢ à¨ ­â¥ íâ  ç áâì ª®à¯ãá  ¬®¦¥â ¨á¯®«ì§®¢ âì-áï ¤«ï ¡®àâ®¢®£® § ¯ á  á¦ â®£® ¢®§¤ãå , ¯à¥¤­ -§­ ç¥­­®£® ¤«ï ¯®¤¤ã¢  ª ¢¥à­ë. � àï¤ª  ¬®¤¥-«¨ á¦ âë¬ ¢®§¤ãå®¬ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¢¯ãáª-­®© ª« ¯ ­ 3. �§ æ¨«¨­¤à¨ç¥áª®© ç áâ¨ 1 á¦ -âë© ¢®§¤ãå ç¥à¥§ ¦¨ª«¥à 4 ¯®áâã¯ ¥â ¢ ­®á®¢ãîç áâì ¬®¤¥«¨. �«ï à ¢­®¬¥à­®£® ¢ë¯ãáª  ¢®§¤ãå ¢ ª ¢¥à­ã §  ­®á®¢ë¬ ª ¢¨â â®à®¬ 5 ãáâ ­®¢«¥­®ª®«ìæ¥¢®¥ á®¯«® 6.� áå®¤ ¢®§¤ãå  ¤«ï ¯®¤¤ã¢  ª ¢¥à­ë ®¯à¥¤¥«ï-¥âáï ¢¥«¨ç¨­®© ¤ ¢«¥­¨ï ¢®§¤ãå  ¢ æ¨«¨­¤à¨ç¥-áª®¬ ª®à¯ãá¥ 1 ¨ ¯à®¯ãáª­®© á¯®á®¡­®áâìî ¦¨ª«¥-à  4. �¯¥æ¨ «ì­ë¬¨ íªá¯¥à¨¬¥­â ¬¨ ãáâ ­®¢«¥-­®, çâ® ¤«ï ¦¨ª«¥à®¢ á ¤¨ ¬¥âà®¬ ª ­ -«  ¬¥­¥¥ 1 ¬¬ ¯à¨ ¤ ¢«¥­¨ïå § ª ç¨¢ ¥¬®£® ¢ ¬®-¤¥«ì ¢®§¤ãå  P = 40� 120ª£á=á¬2 à áå®¤ ¢®§¤ãå ¨§ ª®«ìæ¥¢®£® á®¯«  ¬®¤¥«¨ ®áâ ¥âáï ¯à ªâ¨ç¥áª¨áâ ¡¨«ì­ë¬ ¢ â¥ç¥­¨¥ 2 { 5 á ¢ § ¢¨á¨¬®áâ¨ ®â â¨-¯  ¦¨ª«¥à  ¨ ­ ç «ì­®© ¢¥«¨ç¨­ë ¤ ¢«¥­¨ï ¢ ¬®-¤¥«¨. �â® §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â ¯à®¤®«¦¨â¥«ì-32 �. �. �« á¥­ª®
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�¨á. 8. �®­áâàãªâ¨¢­ ï áå¥¬  ¨­¥àæ¨®­­®© ¬®¤¥«¨­®áâì ¤¢¨¦¥­¨ï ¬®¤¥«¨ ­  à ¡®ç¥¬ ãç áâª¥ âà ¥ª-â®à¨¨, ª®â®à ï ¢ ®¯¨áë¢ ¥¬ëå íªá¯¥à¨¬¥­â å ­¥¯à¥¢ëè «  0,4 á. �à¨ ¯à®¢¥¤¥­¨¨ íªá¯¥à¨¬¥­â®¢­¥®¡å®¤¨¬ë© à¥¦¨¬ ¨áâ¥ç¥­¨ï ¢®§¤ãå  ¨§ ¬®¤¥«¨ãáâ ­ ¢«¨¢ «áï ­¥¯®áà¥¤áâ¢¥­­® ¯¥à¥¤ áâ àâ®¬.�«ï § ¯ãáª  ¨­¥àæ¨®­­ëå ¬®¤¥«¥© ®¯¨á ­­®£®â¨¯  ¨á¯®«ì§®¢ « áì ¯­¥¢¬ â¨ç¥áª ï ª â ¯ã«ìâ á à §£®­­ë¬ áâ¢®«®¬ ¤«¨­®© ¤® 4,5 ¬, çâ® ¯à¨ ¤ -¢«¥­¨¨ á¦ â®£® ¢®§¤ãå  ¢ á¨áâ¥¬¥ ¤® 160ª£á=á¬2®¡¥á¯¥ç¨¢ «® §­ ç¥­¨ï ­ ç «ì­®© áª®à®áâ¨ ¬®¤¥-«¨ ¤® 130 ¬/á. �®«ãç¥­­ë¥ íªá¯¥à¨¬¥­â «ì­ë¥à¥§ã«ìâ âë ®å¢ âë¢ îâ ¤¨ ¯ §®­ ç¨á¥« ¯ à®¢®©ª ¢¨â æ¨¨ �¯ à = 0; 012 � 0; 054 ¨ ç¨á¥« �àã¤ FrDn = 102� 392, £¤¥�¯ à = p1 � p¯ à�V 2=2 ; FrDn = VpgDn :� ª ¢¨¤­® ¨§ £à ä¨ª®¢, ¯à¨¢¥¤¥­­ëå ­  à¨á. 7,¢ ãª § ­­®¬ ¤¨ ¯ §®­¥ ¯ à ¬¥âà®¢ � ¨ Fr ¢«¨ï­¨¥¢¥á®¬®áâ¨ ¯à ªâ¨ç¥áª¨ ®âáãâáâ¢ã¥â ¨ ¤«¨­  ª -¢¥à­ë ¬®¦¥â §­ ç¨â¥«ì­® ¯à¥¢®áå®¤¨âì ¤«¨­ã ¬®-¤¥«¨. �®íâ®¬ã ¯à¨ ®âáãâáâ¢¨¨ ã ¬®¤¥«¨ à¥ ªâ¨¢-­®£® ¤¢¨£ â¥«ï ¢®§¬®¦­® ¡ë«® íªá¯¥à¨¬¥­â «ì­®¯®«ãç¨âì á¢®¡®¤­ãî ¯ à®¢ãî ª ¢¥à­ã á ¢®§¢à â-­®© áâàã¥© ¢ §®­¥ á¬ëª ­¨ï ¥¥ £à ­¨æ ¯à¨ ®âáãâ-áâ¢¨¨ â ª¨å ¨áª ¦ îé¨å ä ªâ®à®¢, ª ª ã­®á £ § ¨§ ª ¢¥à­ë ¢ ãá«®¢¨ïå ¢¥­â¨«¨àã¥¬®© ª ¢¨â æ¨¨.�®®â¢¥âáâ¢ãîé ï íâ®¬ã á«ãç î áå¥¬  ®¡â¥ª ­¨ï¯®ª § ­  ­  à¨á. 9,   ¢ á¨áâ¥¬¥ ª®®à¤¨­ â, á¢ï§ ­-­®© á ª ¢¨â â®à®¬. �ã¬¬ à­ ï í­¥à£¨ï E� , å -à ªâ¥à¨§ãîé ï ¯à®æ¥áá ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¢ ª ¢¥à-­¥, áª« ¤ë¢ ¥âáï ¢ ¤ ­­®¬ á«ãç ¥ ¨§ ª¨­¥â¨ç¥áª®©í­¥à£¨¨ ¬®¤¥«¨ ¨ í­¥à£¨¨, ¯¥à¥­®á¨¬®© ª ¢¥à­®©,ª®â®à ï ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥­  ª ª à ¡®â  á¨«ë£¨¤à®¤¨­ ¬¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï Rx ¬®¤¥«¨ ­ ¯ãâ¨, à ¢­®¬ ¤«¨­¥ ª ¢¥à­ë Lª, â.¥.E� = MV 22 + LªZ0 RxdLª; (4)

£¤¥ M { ¬ áá  ¬®¤¥«¨. �à¨ ¤¢¨¦¥­¨¨ ¢ ¢®¤¥ ¯®¨­¥àæ¨¨ áª®à®áâì ¬®¤¥«¨ ­¥¯à¥àë¢­® ¯ ¤ ¥â ¨ ª -¢¥à­  á®ªà é ¥âáï. � § ¢¨á¨¬®áâ¨ ®â áª®à®áâ¨áå«®¯ë¢ ­¨ï ª ¢¥à­ë _Lª = dLª=dt áª®à®áâì ¢®§-¢à â­®© áâàã¨ VR ¬®¦¥â ¢ ¡®«ìè¥© ¨«¨ ¢ ¬¥­ì-è¥© áâ¥¯¥­¨ ¯à¥¢ëè âì ¯® ¢¥«¨ç¨­¥ áª®à®áâì ¬®-¤¥«¨, â.¥. VR ' V � _Lª. � à¥§ã«ìâ â¥ ­  ®¯à¥¤¥-«¥­­®¬ ãç áâª¥ âà ¥ªâ®à¨¨ ¢®§¬®¦­® ¤¨­ ¬¨ç¥-áª®¥ ¢®§¤¥©áâ¢¨¥ ¢®§¢à â­®© áâàã¨ ­  ª®à¬®¢ãîç áâì ¬®¤¥«¨, ª®â®à ï ¤®«¦­  ¯à¨ íâ®¬ ¯®«ãç¨âìªà âª®¢à¥¬¥­­ë© ¨¬¯ã«ìá ¢ ­ ¯à ¢«¥­¨¨ ¤¢¨¦¥-­¨ï. �áâ¥áâ¢¥­­® ¯à¥¤¯®«®¦¨âì, çâ® ãª § ­­ë©­¥áâ æ¨®­ à­ë© íää¥ªâ ¤®«¦¥­ ¯à®ï¢¨âìáï ¢ ¨¬-¯ã«ìá­®¬ ¯®¢ëè¥­¨¨ áª®à®áâ¨ ¤¢¨¦¥­¨ï ¬®¤¥«¨.�«ï ¯à®¢¥àª¨ ãª § ­­ëå ¯à¥¤¯®«®¦¥­¨© ¯à®¢¥-¤¥­ë íªá¯¥à¨¬¥­âë á ¬®¤¥«ï¬¨, ª®à¬®¢ ï ç áâìª®â®àëå á­ ¡¦ « áì á¯¥æ¨ «ì­ë¬¨ ¤¥â «ï¬¨ à §-«¨ç­®© £¥®¬¥âà¨¨ { â ª ­ §ë¢ ¥¬ë¬¨ § ¬ëª -â¥«ï¬¨, ¯à¥¤­ §­ ç¥­­ë¬¨ ¤«ï ¢®§¬®¦­® ¡®«¥¥íää¥ªâ¨¢­®£® ¨á¯®«ì§®¢ ­¨ï í­¥à£¨¨ ¢®§¢à â­®©áâàã¨ ª ¢¥à­ë. �à¨ íâ®¬ áª®à®áâì ¤¢¨¦¥­¨ï ¬®-¤¥«¨ ¨§¬¥àï« áì á ¯®¬®éìî ¤ âç¨ª®¢, ª®â®àë¥ãáâ ­ ¢«¨¢ «¨áì ¢ ¢®¤¥ ¯®¯ à­® á ¨­â¥à¢ «®¬ 1 ¬¢¤®«ì âà ¥ªâ®à¨¨ ¨ à¥ £¨à®¢ «¨ ­  ¨§¬¥­¥­¨¥ ¯®-«ï ¤ ¢«¥­¨ï ¢ á¥ç¥­¨ïå £¨¤à®«®âª , ¯¥à¥á¥ª ¥¬ëå¬®¤¥«ìî. �®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë­  à¨á. 9, ¡ ¢ ¢¨¤¥ £à ä¨ª®¢ ¨§¬¥­¥­¨ï áª®à®áâ¨¬®¤¥«¨ ¢¤®«ì âà ¥ªâ®à¨¨, £¤¥ § ä¨ªá¨âà®¢ ­® ¨¬-¯ã«ìá­®¥ ¯®¢ëè¥­¨¥ áª®à®áâ¨ ¤¢¨¦¥­¨ï ­  ãç áâ-ª¥ âà ¥ªâ®à¨¨ l = 14� 16 ¬.�áá«¥¤®¢ ­¨¥ à¥¦¨¬®¢ ¢¥­â¨«¨àã¥¬®© ª ¢¨â -æ¨¨ ¯à®¢®¤¨«®áì ­  ¬®¤¥«ïå ª «¨¡à®¬ D¬ == 58 ¬¬ á ª ¢¨â â®à®¬ ¤¨ ¬¥âà®¬ Dn = 12 ¬¬¢ ¤¨ ¯ §®­¥ áª®à®áâ¥© V = 31 � 104 ¬/á. � íâ®¬á«ãç ¥ ¯à®æ¥áá ä®à¬¨à®¢ ­¨ï ª ¢¥à­ë ¯®á«¥ ¢å®-¤  ¬®¤¥«¨ ¢ ¢®¤ã ¯à®¨áå®¤¨« ¯®¤ ¢«¨ï­¨¥¬ ä¨ª-á¨à®¢ ­­®© ¢¥«¨ç¨­ë ¯®¤¤ã¢ , å à ªâ¥à¨§ã¥¬®-£® ¡¥§à §¬¥à­ë¬ ª®íää¨æ¨¥­â®¬ à áå®¤  ¢®§¤ãå CQ = Q=V F¬, £¤¥ Q { ®¡ê¥¬­ë© à áå®¤ ¯®¤¤ã¢ ¥-�. �. �« á¥­ª® 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 3. �. 26 { 39 ¡�¨á. 9. �å¥¬  ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¢ á¢®¡®¤­®© ª ¢¥à­¥ á ¢®§¢à â­®© áâàã¥© ( ) ¨ íªá¯¥à¨¬¥­â «ì­ë¥ £à ä¨ª¨¨§¬¥­¥­¨ï áª®à®áâ¨ ¨­¥àæ¨®­­®© ¬®¤¥«¨ ¯à¨ ¤¢¨¦¥­¨¨ ¢ á¢®¡®¤­®© ¯ à®¢®© ª ¢¥à­¥ (¡)
�¨á. 10. � ¢¨á¨¬®áâì à¥¦¨¬  ª ¢¨â æ¨®­­®£®®¡â¥ª ­¨ï ¬®¤¥«¨ ®â ¨­â¥­á¨¢­®áâ¨ ¯®¤¤ã¢  ¯à¨à §«¨ç­ëå áª®à®áâïå ¤¢¨¦¥­¨ï ¢ ¢®¤¥¬®£® ¢®§¤ãå , F¬ = �D2¬=4 { ¯«®é ¤ì á¥ç¥­¨ï ª®à-¯ãá  ¬®¤¥«¨. � íªá¯¥à¨¬¥­â å à¥£¨áâà¨à®¢ «¨áì¯ à ¬¥âàë áâ æ¨®­ à­ëå ª ¢¥à­ ¯à¨ ¨å § ¬ëª -­¨¨ ­  à §«¨ç­ëå ãç áâª å ª®à¯ãá  ¬®¤¥«¨ ¨ ¯à¨á¢®¡®¤­®¬ § ¬ëª ­¨¨. � ¤ ­­®¬ á«ãç ¥ ¤«ï  ­ -«¨§  íªá¯¥à¨¬¥­â «ì­ëå à¥§ã«ìâ â®¢ ¯à¥¤áâ ¢«ï-¥â ¨­â¥à¥á á®¯®áâ ¢«¥­¨¥ ç¨á«  ¯ à®¢®© ª ¢¨â -æ¨¨ �¯ à, ®¯à¥¤¥«ï¥¬®£® ¯® ¨§¬¥à¥­­®© áª®à®áâ¨¬®¤¥«¨, á ä ªâ¨ç¥áª®© ¢¥«¨ç¨­®© ç¨á«  ª ¢¨â æ¨¨�Dª , ®¯à¥¤¥«ï¥¬®© ¯® à¥§ã«ìâ â ¬ ®¡¬¥à  ä®â®-£à ä¨© ª ¢¥à­ ¨§ ¢ëà ¦¥­¨ï [23]DªDn¯à =scx0(1 + �)K�Dª ;

�¨á. 11. � ¢¨á¨¬®áâì à §¬¥à®¢ ª ¢¥à­ë ®â à¥¦¨¬ § ¬ëª ­¨ï ­  à §«¨ç­ëå ãç áâª å ª®à¯ãá  ¬®¤¥«¨®âªã¤  �Dª = 1Kcx0� DªDn¯à�2 � 1 :�¤¥áì cx0 = 0:82 { ª®íää¨æ¨¥­â á®¯à®â¨¢«¥­¨ï¤¨áª  ¯à¨ ­ã«¥¢®¬ ç¨á«¥ ª ¢¨â æ¨¨; K � 0; 98{ í¬¯¨à¨ç¥áª¨© ª®íää¨æ¨¥­â; Dn¯à = pD2n � d20;d0 = 2; 5 ¬¬ { ¤¨ ¬¥âà ­ ¯à ¢«ïîé¥© ¯à®¢®«®ª¨.�®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë £à ä¨ª ¬¨­  à¨á. 10 { 11, å à ªâ¥à¨§ãîé¨¬¨ ¯ à ¬¥âàëáä®à¬¨à®¢ ¢è¨åáï ¯®¤ ¢«¨ï­¨¥¬ ¯®¤¤ã¢  áâ æ¨®-­ à­ëå ª ¢¥à­ ¯à¨ à §«¨ç­ëå áª®à®áâïå ¤¢¨¦¥-­¨ï ¬®¤¥«¨ ¢ ¢®¤¥.�  à¨á. 10 ¯à¥¤áâ ¢«¥­ë £à ä¨ª¨ CQ ��¯ à�Dª � ¤«ïà §«¨ç­ëå áª®à®áâ¥© ¤¢¨¦¥­¨ï, ¨§ ª®â®àëå ¢¨¤­®ã¬¥­ìè¥­¨¥ ¢«¨ï­¨ï ¯®¤¤ã¢  ­  ¯ à ¬¥âàë ª ¢¥à-­ë á à®áâ®¬ áª®à®áâ¨ ¬®¤¥«¨. �à¨ áª®à®áâïå ¤¢¨-34 �. �. �« á¥­ª®
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�¨á. 12. �®­áâàãªâ¨¢­ ï áå¥¬  ¬®¤¥«¨ á ¢®¤®¬¥â­ë¬ ¤¢¨£ â¥«¥¬¦¥­¨ï ®ª®«® 100 ¬/á à¥¦¨¬ ®¡â¥ª ­¨ï ¬®¤¥«¨ ¯à¨-¡«¨¦ ¥âáï ª à¥¦¨¬ã ¯ à®¢®© ª ¢¨â æ¨¨ ¨ ¯à ªâ¨-ç¥áª¨ ¯¥à¥áâ ¥â § ¢¨á¥âì ®â ¨­â¥­á¨¢­®áâ¨ ¯®¤-¤ã¢ . �  à¨á. 11 ¯à¥¤áâ ¢«¥­  § ¢¨á¨¬®áâì ¡¥§-à §¬¥à­®© ¤«¨­ë ª ¢¥à­ë Lx = Lx=L¬ ®â ç¨á« ª ¢¨â æ¨¨ �Dª ¯à¨ § ¬ëª ­¨¨ ª ¢¥à­ë ­  à §«¨ç-­ëå ãç áâª å ª®à¯ãá  ¬®¤¥«¨, ¯à®ä¨«ì ª®â®à®©­ ­¥á¥­ ­  £à ä¨ª¥ ¢ á®®â¢¥âáâ¢ãîé¥¬ ¬ áèâ ¡¥,¨ ¯à¨ á¢®¡®¤­®¬ § ¬ëª ­¨¨. �ªá¯¥à¨¬¥­â «ì­ë¥¤ ­­ë¥ ­  £à ä¨ª¥ á®¯®áâ ¢«ïîâáï á à áç¥â®¬ ¯®ãà ¢­¥­¨î (3) (á¯«®è­ ï «¨­¨ï). �â¬¥ç ¥âáï á®-¢¯ ¤¥­¨¥ íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå á à áç¥â®¬­  æ¨«¨­¤à¨ç¥áª®© ç áâ¨ ª®à¯ãá  ¨ ¯à¨ á¢®¡®¤-­®¬ § ¬ëª ­¨¨ ª ¢¥à­ë ¨ ®â­®á¨â¥«ì­®¥ ã¬¥­ì-è¥­¨¥ à §¬¥à®¢ ª ¢¥à­ë ¯à¨ ¥¥ § ¬ëª ­¨¨ ­  ª®-­¨ç¥áª®© ­®á®¢®© ç áâ¨ ¬®¤¥«¨, ª®â®à ï ï¢«ï¥â-áï ®á«®¦­ïîé¨¬ ä ªâ®à®¬ ­  ­ ç «ì­®© áâ ¤¨¨ä®à¬¨à®¢ ­¨ï ª ¢¥à­ë ¯à¨ ¢å®¤¥ ¬®¤¥«¨ ¢ ¢®¤ã.��������� ������� � ���������������������à¨ ¨§ãç¥­¨¨ £¨¤à®¤¨­ ¬¨ª¨ ®¡ê¥ªâ®¢ á áã¯¥à-ª ¢¨â æ¨®­­ë¬ à¥¦¨¬®¬ ®¡â¥ª ­¨ï ¬®£ãâ ¢®§-­¨ª âì á¯¥æ¨ä¨ç¥áª¨¥ § ¤ ç¨, ª á îé¨¥áï ¢§ ¨-¬®¤¥©áâ¢¨ï áã¯¥àª ¢¥à­ë á® áâàã¥© ¢®¤®¬¥â­®-£® ¤¢¨£ â¥«ï. �®®â¢¥âáâ¢ãîé ï ª®­áâàãªâ¨¢­ ïáå¥¬  ¬®¤¥«¨ á ¢®¤®¬¥â­ë¬ ¤¢¨£ â¥«¥¬, § ¯ãáª ¥-¬®© á ¯®¬®éìî ¯­¥¢¬ â¨ç¥áª®© ª â ¯ã«ìâë, ¯à¥¤-áâ ¢«¥­  ­  à¨á. 12. �®à¯ãá ¬®¤¥«¨ á®áâ®¨â ¨§ ª®-­¨ç¥áª®© ­®á®¢®© ç áâ¨ 1 ¨ æ¨«¨­¤à¨ç¥áª®© ç áâ¨2, á®®¡é îé¨åáï ¬¥¦¤ã á®¡®© ç¥à¥§ ®â¢¥àáâ¨ï 3.�® ®á¨ æ¨«¨­¤à¨ç¥áª®© ç áâ¨ ãáâ ­®¢«¥­ ­ ¯à -¢«ïîé¨© èâ®ª 4, ª®â®àë© § ª ­ç¨¢ ¥âáï å¢®áâ®-¢¨ª®¬ 5, ¯à¥¤­ §­ ç¥­­ë¬ ¤«ï áâëª®¢ª¨ á ã¤¥à¦¨-¢ îé¨¬ § ¬ª®¬ ª â ¯ã«ìâë. � ª®à¬¥ ¬®¤¥«¨ ­ èâ®ª¥ 4 ãáâ ­®¢«¥­® á¬¥­­®¥ æ¥­âà «ì­®¥ â¥«® 6ª®«ìæ¥¢®£® á®¯«  ¢®¤®¬¥â­®£® ¤¢¨£ â¥«ï.�  èâ®ª¥ 4 ãáâ ­®¢«¥­ â ª¦¥ ¯®¤¢¨¦­ë© ¯®à-

è¥­ì 7 á ª®«ìæ¥¢ë¬¨ ã¯«®â­¥­¨ï¬¨ ¯® «¨­¨ï¬áâëª  á ª®à¯ãá®¬ ¨ èâ®ª®¬. �  áå¥¬¥ ¯®àè¥­ì 7¯®ª § ­ ¢ ¯à¥¤áâ àâ®¢®¬ ¯®«®¦¥­¨¨. �à¨ â ª®¬¯®«®¦¥­¨¨ ¯®àè­ï ¬®¤¥«ì ç¥à¥§ ¢¯ãáª­®© ª« ¯ ­8 § àï¦ ¥âáï á¦ âë¬ ¢®§¤ãå®¬, ¡®àâ®¢®© § ¯ áª®â®à®£® á®áà¥¤®â®ç¥­ ¢ ¯¥à¥¤­¥© ç áâ¨ 9 ª®à¯ãá ¬®¤¥«¨. � áâì 10 ®¡ê¥¬  ª®à¯ãá  §  ¯®àè­¥¬ § -¯®«­ï¥âáï ¢®¤®©, ª®â®à ï ¯®á«¥ áâ àâ  ¬®¤¥«¨ ¢ë-â¥á­ï¥âáï ç¥à¥§ ª®«ìæ¥¢®¥ á®¯«® 11, á®§¤ ¢ ï à¥- ªâ¨¢­ãî âï£ã. �«®é ¤ì ¢ëå®¤­®£® á¥ç¥­¨ï á®¯« 11 ¨ ã£®« �0 ¢ë¯ãáª  ª®«ìæ¥¢®© áâàã¨ ¢®¤ë ãáâ ­ -¢«¨¢ îâáï á ¯®¬®éìî á¬¥­­®£® æ¥­âà «ì­®£® â¥« 6. � ª ç¥áâ¢¥ ¯à¨¬¥à  ¢§ ¨¬®¤¥©áâ¢¨ï ª ¢¥à­ë áª®«ìæ¥¢®© áâàã¥© ¢®¤ë ­  à¨á. 13 ¯à¨¢¥¤¥­  ä®-â®£à ä¨ï ®¡â¥ª ­¨ï ¬®¤¥«¨ ¢ £¨¤à®¤¨­ ¬¨ç¥áª®©âàã¡¥. � ¤ ­­®¬ á«ãç ¥ ¤®áâ¨£ ¥âáï áâ ¡¨«¨§ -æ¨ï ¤«¨­ë ª ¢¥à­ë ¯à¨ § ¬ëª ­¨¨ ¥¥ ­  ª®­ãá­ãîáâàãî ¢®¤ë, ¨áâ¥ª îéãî ¨§ ª®«ìæ¥¢®£® á®¯«  áã£«®¬ ª®­ãá­®áâ¨ � = 150.������������������������������� �������� ������������ ���������� �������� ª ®â¬¥ç «®áì, ä®à¬¨à®¢ ­¨¥ à §¢¨â®© ª ¢¥à-­ë ­  áâ ¤¨¨ ¢å®¤  ¬®¤¥«¨ ¢ ¢®¤¥ ï¢«ï¥âáï ­¥®¡-å®¤¨¬ë¬ ãá«®¢¨¥¬ ¯®«ãç¥­¨ï ãáâ®©ç¨¢®£® à¥¦¨-¬  áã¯¥àª ¢¨â æ¨®­­®£® ®¡â¥ª ­¨ï ­  ¯®á«¥¤ãî-é¥© ç áâ¨ âà ¥ªâ®à¨¨. �¯ëâ ¨á¯ëâ ­¨© á ¬®-å®¤­ëå ¬®¤¥«¥© ¯®ª § «, çâ® ¯à¨ ¯®¤¢®¤­®¬ áâ à-â¥ ¢ëá®ª ï ­ ç «ì­ ï áª®à®áâì ¬®¤¥«¨ ­¥ ¢á¥£¤ ®¡¥á¯¥ç¨¢ ¥â ä®à¬¨à®¢ ­¨¥ ®á¥á¨¬¬¥âà¨ç­®© ª -¢¥à­ë §  ª ¢¨â â®à®¬, à¥§ã«ìâ â®¬ ç¥£® ®¡ëç­®ï¢«ï¥âáï ­¥á¨¬¬¥âà¨ç­ë© § ¬ë¢ ­®á®¢®£® ª®­ã-á  ¨ à¥§ª®¥ ¨§¬¥­¥­¨¥ ®à¨¥­â æ¨¨ ¬®¤¥«¨ ®â­®-á¨â¥«ì­® ¢¥ªâ®à  ­ ç «ì­®© áª®à®áâ¨. � ­ ¨¡®«ì-è¥© ¬¥à¥ íâ® ®â­®á¨âáï ª ¬®¤¥«ï¬ á ®â­®á¨â¥«ì­®¬ «ë¬, ¯® áà ¢­¥­¨î á ¤¨ ¬¥âà®¬ ª®à¯ãá , ¤¨ ¬¥-âà®¬ ª ¢¨â â®à . � á¢ï§¨ á íâ¨¬ ¢®§­¨ª ¥â ­¥®¡-�. �. �« á¥­ª® 35
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�¨á. 13. � ¬ëª ­¨¥ ª ¢¥à­ë ­  ª®­ãá­ãî áâàãî¢®¤®¬¥â­®£® ¤¢¨£ â¥«ïå®¤¨¬®áâì á¯¥æ¨ «ì­ëå ãáâà®©áâ¢ å, ¯à¥¤­ §­ -ç¥­­ëå ¤«ï à¥£ã«¨à®¢ ­¨ï ãá«®¢¨© ¢å®¤  ¬®¤¥«¨¢ ¢®¤ã ¨ ®¯â¨¬¨§ æ¨¨ ¯à®æ¥áá  ä®à¬¨à®¢ ­¨ï ª -¢¥à­ë §  ª ¢¨â â®à®¬. �áâà®©áâ¢  â ª®£® â¨¯ ¬®­â¨à®¢ «¨áì ¢ ¨§®¡à ¦¥­­®© ­  áå¥¬¥ à¨á. 1áâ àâ®¢®© ª ¬¥à¥ £¨¤à®«®âª  á ãáâ ­®¢«¥­­®© ­ ­¥© ª â ¯ã«ìâ®©.�¤¨­ ¨§ á¯®á®¡®¢ ®¯â¨¬¨§ æ¨¨ ¯à®æ¥áá  ä®à-¬¨à®¢ ­¨ï ª ¢¥à­ë á®áâ®¨â ¢ ®à£ ­¨§ æ¨¨ ¢å®-¤  ¬®¤¥«¨ ¢ ¢®¤ã ç¥à¥§ ­ ç «ì­ë© ¢®§¤ãè­ë© ¯ã-§ëàì. �å¥¬  á®§¤ ­¨ï â ª®£® ¯ã§ëàï ¤«ï ãá«®-¢¨© ¯®¤¢®¤­®£® áâ àâ  ¬®¤¥«¨ ¯à¨¢¥¤¥­  ­ à¨á. 14,  , £¤¥ ¨§®¡à ¦¥­  ª â ¯ã«ìâ  1 á ãáâ ­®-¢«¥­­®© ¢ ­¥© ¬®¤¥«ìî 2. �®§«¥ ª ¢¨â â®à  ¬®¤¥-«¨ á®®á­® á ­¥© ãáâ ­®¢«¥­  ª®«ìæ¥¢ ï à á¯à¥¤¥-«¨â¥«ì­ ï ª ¬¥à  3 á ª®«ìæ¥¢ë¬ á®¯«®¬ 4. �® ¬ -£¨áâà «¨ 5 ª ãáâà®©áâ¢ã ¯®¤¢®¤¨âáï á¦ âë© ¢®§-¤ãå, ¯®¤ ç  ª®â®à®£® ¢ ª®«ìæ¥¢ãî ª ¬¥àã 3 à¥£ã«¨-àã¥âáï á ¯®¬®éìî í«¥ªâà®ª« ¯ ­  6. �ãâ¥¬ ¯®¤-¡®à  ¯ à ¬¥âà®¢ ª®«ìæ¥¢®© ª ¬¥àë ¨ á®¯« , ¤ -¢«¥­¨ï á¦ â®£® ¢®§¤ãå  ¨ ¬®¬¥­â  ¥£® ¢ë¯ãáª ¢ ¢®¤ã ¬®¦­® ¯®«ãç¨âì ¢ ¬®¬¥­â áâ àâ  ¬®¤¥«¨¢®§¤ãè­ë© ¯ã§ëàì 7, ª®â®àë© ¢ â¥ç¥­¨¥ ª®à®â-ª®£® ¯à®¬¥¦ãâª  ¢à¥¬¥­¨ á®åà ­ï¥â ®à¨¥­â æ¨î¯® ®á¨ ¬®¤¥«¨. � íâ®¬ á«ãç ¥ ¢®å¤ãå ¨§ ¯ã§ëàï¬®¦¥â § å¢ âë¢ âìáï ¢ ª ¢¥à­ã ¨ á¯®á®¡áâ¢®¢ âì¯à®æ¥ááã ¥¥ ä®à¬¨à®¢ ­¨ï. �¯ëâ ¨á¯ëâ ­¨© ¯®-ª §ë¢ ¥â, ®¤­ ª®, çâ® ¯®¤®¡­ ï ¬¥â®¤¨ª  ­¥ ®¡¥á-¯¥ç¨¢ ¥â áâ ¡¨«ì­ëå à¥§ã«ìâ â®¢. �¡êïá­¥­¨¥¬íâ®¬ã á«¥¤ã¥â áç¨â âì ­¥®¤­®à®¤­®áâì ¢­ãâà¥­-­¥© áâàãªâãàë â ª®£® ¯ã§ëàï á å ®â¨ç­ë¬ à á-¯à¥¤¥«¥­¨¥¬ ¬ áá ¢®¤ë ¨ ¢®§¤ãå .� ¨¡®«¥¥ áâ ¡¨«ì­ë¥ à¥§ã«ìâ âë ¯® ®¡¥á¯¥ç¥-­¨î ä®à¬¨à®¢ ­¨ï ª ¢¥à­ë ¯®«ãç¥­ë ¯à¨ ®à£ -­¨§ æ¨¨ áâ àâ  ¬®¤¥«¨ ¨§ ®áãè¥­­®© áâ àâ®¢®©ª ¬¥àë ¢ á®®â¢¥âáâ¢¨¨ á® áå¥¬®©, ¯à¨¢¥¤¥­­®© ­ à¨á. 14, ¡. � íâ®¬ á«ãç ¥ ¢ ¯¥à¥£®à®¤ª¥ 1, ®â¤¥«ï-îé¥© § ¯®«­¥­­ë© ¢®¤®© «®â®ª 2 ®â áãå®© áâ àâ®-¢®© ª ¬¥àë 3, «îª 4 § ªàëâ ¯®¤¢¨¦­®© § á«®­ª®©,ª®â®à ï ­¥¯®áà¥¤áâ¢¥­­® ¯¥à¥¤ áâ àâ®¬ ®âªàë¢ -

 ¡¢�¨á. 14. �å¥¬ë ¢å®¤  ¬®¤¥«¨ ¢ ¢®¤ã: ç¥à¥§­ ç «ì­ë© ¢®§¤ãè­ë© ¯ã§ëàì ( ); ¢® ¢áâà¥ç­ãîáâàãî ¢®¤ë (¡) ¨ ç¥à¥§ í« áâ¨ç­ãî ¤¨ äà £¬ã (¢)¥â «îª. � à¥§ã«ìâ â¥ ®¡à §ã¥âáï ¢áâà¥ç­ ï áâàãï¢®¤ë 5, ¢ ª®â®àãî ¬®¤¥«ì 6 ¢å®¤¨â ¯®á«¥ áâ àâ  ¨§ª â ¯ã«ìâë. �« £®¯à¨ïâ­ë¥ ãá«®¢¨ï ¤«ï ä®à¬¨-à®¢ ­¨ï ª ¢¥à­ë 7 §  ª ¢¨â â®à®¬ ®¡ãá«®¢«¥­ë ¢¤ ­­®¬ á«ãç ¥ § å¢ â®¬ ¢ ª ¢¥à­ã  â¬®áä¥à­®£®¢®§¤ãå  ¨ â¥¬, çâ® ¤ ¢«¥­¨¥ ¢ á¢®¡®¤­® ¨áâ¥ª î-é¥© áâàã¥ à ¢­® ¤ ¢«¥­¨î § å¢ âë¢ ¥¬®£®  â¬®-áä¥à­®£® ¢®§¤ãå .�¥ª®­âà®«¨àã¥¬ë© § å¢ â  â¬®áä¥à­®£® ¢®§¤ã-å  ¢ ª ¢¥à­ã,®¤­ ª®, ­¥¤®¯ãáâ¨¬ ¯à¨ ¨§ãç¥­¨¨ ª®-«¨ç¥áâ¢¥­­ëå å à ªâ¥à¨áâ¨ª ¢«¨ï­¨ï ¯®¤¤ã¢  ­ ¯à®æ¥áá ä®à¬¨à®¢ ­¨ï ª ¢¥à­ë. � â ª¨å á«ãç -ïå ¢å®¤ ¬®¤¥«¨ ¢ ¢®¤ã ¬®¦¥â ¡ëâì ®à£ ­¨§®¢ ­¢ á®®â¢¥âáâ¢¨¨ á® áå¥¬®©, ¯à¨¢¥¤¥­­®© ­ à¨á. 14, ¢. �«ï íâ®£® ¢ ¯¥à¥£®à®¤ª¥ 1, ®â¤¥«ïî-é¥© áãå®© áâ àâ®¢ë© ®âá¥ª ®â § ¯®«­¥­­®£® ¢®-¤®© «®âª , ¢å®¤­®© «îª 2 ¯¥à¥ªàë¢ ¥âáï í« áâ¨ç-36 �. �. �« á¥­ª®
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�¨á. 15. �å¥¬  ¨§¬¥­¥­¨ï à¥¦¨¬  ®¡â¥ª ­¨ï ¬®¤¥«¨ ¢¤®«ì â®à¬®§­®£® ¯ãâ¨­®© ¯« áâ¬ áá®¢®© ¤¨ äà £¬®© 3. �®¤¥«ì 4 ¯à¨áâ àâ¥ ¯à®¡¨¢ ¥â ¤¨ äà £¬ã, ª®â®à ï ¢ë¯®«­ï¥âà®«ì í« áâ¨ç­®£® ã¯«®â­¥­¨ï, ¯à¥¯ïâáâ¢ãîé¥£®¯à®­¨ª­®¢¥­¨î  â¬®áä¥à­®£® ¢®§¤ãå  ¢ § ¯®«­¥­-­ãî ¢®¤®© ®¡« áâì. � íâ®¬ á«ãç ¥ ­ ç «ì­ ï ª -¢¥à­  5 ä®à¬¨àã¥âáï ¯®¤ ¢«¨ï­¨¥¬ § à ­¥¥ ãáâ -­®¢«¥­­®© ¢¥«¨ç¨­ë ¯®¤¤ã¢ , ®áãé¥áâ¢«ï¥¬®£® ¨§¬®¤¥«¨.�«¥¤ã¥â ®â¬¥â¨âì ­¥ª®â®àë¥ ®á®¡¥­­®áâ¨ ¨á-¯®«ì§ã¥¬®© ¢ íªá¯¥à¨¬¥­â å ­ ¯à ¢«ïîé¥© á¨áâ¥-¬ë, ª®â®àë¥ ª á îâáï ¤¨­ ¬¨ª¨ á¨áâ¥¬ë ¢ æ¥«®¬¢ ¯à®æ¥áá¥ ¤¢¨¦¥­¨ï ¬®¤¥«¨ ¯® ¯à®¢®«®ª¥. �§-¢¥áâ­®, çâ® ¤¢¨¦¥­¨¥ ®¡ê¥ªâ®¢ ¯® ã¯àã£¨¬ ­ -¯à ¢«ïîé¨¬ á¨áâ¥¬ ¬ ¬®¦¥â á®¯à®¢®¦¤ âìáï ­¥-ª®â®àë¬¨ á¯¥æ¨ä¨ç¥áª¨¬¨ íää¥ªâ ¬¨, ­ ¯à¨¬¥à,¢ ¢¨¤¥ ®¡à §®¢ ­¨ï ¡¥£ãé¥© ¢®«­ë, ª®â®àë¥ ®¡ã-á«®¢«¥­ë ¢§ ¨¬®¤¥©áâ¢¨¥¬ ®¡ê¥ªâ  á ­ ¯à ¢«ïî-é¥© á¨áâ¥¬®©. �§ãç¥­¨î â ª¨å ¯à®æ¥áá®¢ ¯®á¢ï-é¥­  §­ ç¨â¥«ì­ ï «¨â¥à âãà  [14{ 16]. � à á-á¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¢«¨ï­¨¥ ¯®¤®¡­ëå íää¥ªâ®¢­  £¨¤à®¤¨­ ¬¨ç¥áª¨¥ ¯à®æ¥ááë ®¡â¥ª ­¨ï ¬®¤¥-«¥© ¬®¦­® áç¨â âì ¯à¥­¥¡à¥¦¨¬® ¬ «ë¬ ¯® á«¥-¤ãîé¨¬ ¯à¨ç¨­ ¬. �®-¯¥à¢ëå, ­  ¤¨­ ¬¨ªã ­ âï-­ãâ®© ¢ ¢®¤¥ ­ ¯à ¢«ïîé¥© ¯à®¢®«®ª¨ ®ª §ë¢ ¥âáâ ¡¨«¨§¨àãîé¥¥ ¤¥©áâ¢¨¥ íää¥ªâ ¯à¨á®¥¤¨­¥­-­®© ¬ ááë [17]. �®-¢â®àëå, ¯® á¢®¥© í­¥à£¥â¨ª¥¨ ¤¥©áâ¢ãîé¨¬ á¨« ¬ ­¥áâ æ¨®­ à­ë¥ ¯à®æ¥ááë,á¢ï§ ­­ë¥ á ª®«¥¡ ­¨ï¬¨ ­ ¯à ¢«ïîé¥© ¯à®¢®«®-ª¨, ­¥á®¯®áâ ¢¨¬ë á á®®â¢¥âáâ¢ãîé¨¬¨ ¯ à ¬¥-âà ¬¨ ¯à®æ¥áá®¢ ®¡â¥ª ­¨ï ¬®¤¥«¨ ¯à¨ áª®à®áâïå¤¢¨¦¥­¨ï ¤® 100 ¬/á ¨ ¢ëè¥. �®íâ®¬ã, á â®çª¨§à¥­¨ï ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë ¢ æ¥«®¬ ¨ ¡¥§®¯ á-­®áâ¨ íªá¯¥à¨¬¥­â , ®¯à¥¤¥«ïîéãî à®«ì, ª ª ãª -§ë¢ «®áì, ¨£à ¥â å à ªâ¥à ®¡â¥ª ­¨ï ¬®¤¥«¨ ­ ­ ç «ì­®© áâ ¤¨¨ ä®à¬¨à®¢ ­¨ï ª ¢¥à­ë.�¯¥æ¨ä¨ç¥áª®© ä®à¬®© ­¥áâ æ¨®­ à­®£® ¯à®-æ¥áá  ï¢«ï¥âáï ®¡â¥ª ­¨¥ ¬®¤¥«¨ ¯à¨ ¥¥ â®à¬®¦¥-­¨¨ ¢ ª®­æ¥ âà ¥ªâ®à¨¨. � á¯®«®¦¥­­ë¥ ­  ­ -¯à ¢«ïîé¥© ¯à®¢®«®ª¥ â®à¬®§­ë¥ ¬¥â ««¨ç¥áª¨¥

¤¨áª¨ (á¬. à¨á. 1) ¯®á«¥ ª®­â ªâ  á ¬®¤¥«ìî ¤¢¨-¦ãâáï ¢¬¥áâ¥ á ­¥© ª ª ª ¢¨â â®àë á ¯®á«¥¤®¢ -â¥«ì­® ã¢¥«¨ç¨¢ îé¨¬áï ¤¨ ¬¥âà®¬ ¨ ¢¥«¨ç¨­®©£¨¤à®¤¨­ ¬¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï. � ¯à®æ¥áá¥â®à¬®¦¥­¨ï ¬®¤¥«ì â®«ª ¥â ¯¥à¥¤ á®¡®© ã¢¥«¨ç¨-¢ îé¨©áï ¢¤®«ì ¯ãâ¨ ¯ ª¥â â ª¨å ¤¨áª®¢ ¤® ¯®«-­®© ®áâ ­®¢ª¨, ª ª íâ® ¨§®¡à ¦¥­® ­  áå¥¬¥, ¯à¨-¢¥¤¥­­®© ­  à¨á. 15. �  áå¥¬¥ ãá«®¢­® ¯®ª § -­ë âà¨ å à ªâ¥à­ë¥ ãç áâª  â®à¬®§­®£® ¯ãâ¨,­  ª®â®àëå ª ç¥áâ¢¥­­® ¨§¬¥­ï¥âáï à¥¦¨¬ ®¡â¥-ª ­¨ï ¬®¤¥«¨: ãç áâ®ª I á ¯à¥¨¬ãé¥áâ¢¥­­® ª -¢¨â æ¨®­­ë¬ à¥¦¨¬®¬ ®¡â¥ª ­¨ï; ãç áâ®ª III á¡¥§®âàë¢­ë¬ à¥¦¨¬®¬ ®¡â¥ª ­¨ï ¨ à á¯®«®¦¥­-­ë© ¬¥¦¤ã ­¨¬¨ ãç áâ®ª II á ¯¥à¥å®¤­ë¬ à¥¦¨-¬®¬. � ª¨¬ ®¡à §®¬, £¨¤à®¤¨­ ¬¨ç¥áª ï áâ®à®­ ¯à®æ¥áá  â®à¬®¦¥­¨ï ¬®¤¥«¨ ¤®áâ â®ç­® á«®¦­ ï.� ¯à ªâ¨ç¥áª®© â®çª¨ §à¥­¨ï ¢ ¦­ë¬ ï¢«ï¥âáïâ®, çâ® â ª®¥ ãáâà®©áâ¢® ¯®§¢®«ï¥â ¯à®áâ¥©è¨¬¨áà¥¤áâ¢ ¬¨ § ¤ ¢ âì «î¡ãî âà¥¡ã¥¬ãî ¨­â¥­á¨¢-­®áâì â®à¬®¦¥­¨ï ®â ¢¥áì¬  ¯« ¢­®£® á­¨¦¥­¨ïáª®à®áâ¨ ¬®¤¥«¨ ¤® à¥§ª®© ¥¥ ®áâ ­®¢ª¨. �ã¦­ë©íää¥ªâ ¤®áâ¨£ ¥âáï ¯®¤¡®à®¬ ¤¨ ¬¥âà®¢ â®à¬®§-­ëå ¤¨áª®¢ ¨ ¨­â¥à¢ «®¢ ¬¥¦¤ã ­¨¬¨. �ãâ¥¬ ¨§-¬¥­¥­¨ï ®¤­®£® ¨§ ãª § ­­ëå ¯ à ¬¥âà®¢ ¬®¦­®à¥£ã«¨à®¢ âì ¨­â¥­á¨¢­®áâì â®à¬®§­®£® ¯à®æ¥á-á  ¢ ¢¥áì¬  è¨à®ª¨å ¯à¥¤¥« å.� ª ç¥áâ¢¥ ¨««îáâà æ¨¨ ª ¨§«®¦¥­­®¬ã ¬®¦-­® ¯à¨¢¥áâ¨ à¥§ã«ìâ âë à áç¥â  ¨§¬¥­¥­¨ï áª®-à®áâ¨ ¬®¤¥«¨ ¢¤®«ì â®à¬®§­®£® ¯ãâ¨ lâ ¯à¨ á«¥-¤ãîé¨å ãá«®¢¨ïå: ¢¥á ¬®¤¥«¨ 3.0 ª£á; áª®à®áâì¯¥à¥¤ ãç áâª®¬ â®à¬®¦¥­¨ï V0 = 100 ¬/á; ¤¨ -¬¥âà ª ¢¨â â®à  Dn0 = 12 ¬¬; â®à¬®§­ë¥ ¤¨á-ª¨ ãáâ ­®¢«¥­ë á à ¢­ë¬¨ ¨­â¥à¢ « ¬¨ �l1 =�l2 = : : :�li = 1 ¬; à §­¨æ  ¤¨ ¬¥âà®¢ ¤¨áª®¢­  ª ¦¤®¬ ¨­â¥à¢ «¥ �Dn = Dni+1 � Dni ¯®áâ®-ï­­  ¢¤®«ì â®à¬®§­®£® ¯ãâ¨. C æ¥«ìî ã¯à®é¥-­¨ï ãç¨âë¢ «®áì â®«ìª® ª ¢¨â æ¨®­­®¥ á®¯à®â¨-¢«¥­¨¥ ¤¨áª , ¤«ï à áç¥â®¢ ¨á¯®«ì§®¢ « áì à §à -¡®â ­­ ï ¢ ������ � ªà ¨­ë ¯à®£à ¬¬  SCAV.�. �. �« á¥­ª® 37
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  ¡�¨á. 16. � à ªâ¥à¨áâ¨ª¨ ¯à®æ¥áá  £¨¤à®¤¨­ ¬¨ç¥áª®£® â®à¬®¦¥­¨ï ¬®¤¥«¥©:a { à áç¥â ¨­â¥­á¨¢­®áâ¨ ¯ ¤¥­¨ï áª®à®áâ¨; ¡ { íªá¯¥à¨¬¥­â «ì­ ï à¥£¨áâà æ¨ï ¤«¨­ë â®à¬®§­®£® ¯ãâ¨� ª ¢¨¤­® ¨§ ¯à¨¢¥¤¥­­ëå ­  à¨á. 16, a £à ä¨ª®¢,¯à¨­ïâ ï à §­¨æ  ¢ à §¬¥à å â®à¬®§­ëå ¤¨áª®¢®¡ãá«®¢¨«  ¤¢ãªà â­ãî à §­¨æã ª®­¥ç­ëå §­ ç¥-­¨© áª®à®áâ¨ ¯à¨ à ¢­®© ¤«¨­¥ â®à¬®§­®£® ¯ã-â¨. � à¥ «ì­ëå ãá«®¢¨ïå ¯ ¤¥­¨¥ áª®à®áâ¨ ¬®-¤¥«¨ ¤®«¦­® ¡ëâì ¡®«¥¥ §­ ç¨â¥«ì­ë¬ ¡« £®¤ àï­¥ãçâ¥­­ë¬ á®áâ ¢«ïîé¨¬ ¯®«­®£® £¨¤à®¤¨­ ¬¨-ç¥áª®£® á®¯à®â¨¢«¥­¨ï, ª®â®àë¥ ¢ ¤ ­­®¬ á«ãç ¥®¡ãá«®¢«¥­ë ª ª § ¬ë¢®¬ ª®à¯ãá  ¬®¤¥«¨, â ª ¨á¯¥æ¨ä¨ç¥áª¨¬¨ ã¤ à­ë¬¨ ¯à®æ¥áá ¬¨ ¢ ­ ç «ì-­ë© ¬®¬¥­â ª®­â ªâ  ¬®¤¥«¨ á ®ç¥à¥¤­ë¬ â®à¬®§-­ë¬ ¤¨áª®¬.�¥§ã«ìâ âë ®¯ëâ­®© à¥£¨áâà æ¨¨ ¤«¨­ë â®à-¬®§­®£® ¯ãâ¨ lâ ¯à¨¢¥¤¥­ë ­  à¨á. 16, ¡ ¢ ¢¨¤¥íªá¯¥à¨¬¥­â «ì­ëå â®ç¥ª ¢ ª®®à¤¨­ â­®© á¨áâ¥¬¥V (lâ), £¤¥ ¢ ¤ ­­®¬ á«ãç ¥ V { ­ ç «ì­ ï áª®à®áâì¯à¨ áâ àâ¥ ¬®¤¥«¨.�����������§«®¦¥­­ ï ¬¥â®¤¨ª  ¯à®¢¥¤¥­¨ï íªá¯¥à¨¬¥­-â®¢ á á ¬®å®¤­ë¬¨ ª ¢¨â¨àãîé¨¬¨ ¬®¤¥«ï¬¨ ¯®-ª § «  á¢®î íää¥ªâ¨¢­®áâì ¢ ¯à®æ¥áá¥ ¬­®£®ç¨-á«¥­­ëå « ¡®à â®à­ëå ¨á¯ëâ ­¨©. �à¨¢¥¤¥­­ë¥íªá¯¥à¨¬¥­â «ì­ë¥ à¥§ã«ìâ âë, ª á îé¨¥áï å -à ªâ¥à¨áâ¨ª ¯ à®¢ëå áã¯¥àª ¢¥à­ ¨ íää¥ªâ®¢ ¨å¢§ ¨¬®¤¥©áâ¢¨ï á¨áâ¥¬ ¬¨ ¬®¤¥«¨, ¡ë«¨ ¯®«ãç¥-­ë ­  ®¯¨á ­­®¬ íªá¯¥à¨¬¥­â «ì­®¬ ª®¬¯«¥ªá¥¢¯¥à¢ë¥.�¯ëâ ¯à®¢¥¤¥­­ëå ¨áá«¥¤®¢ ­¨© ¯®ª § «, çâ®¬¥â®¤¨ª  ¨á¯ëâ ­¨ï ¬®¤¥«¥©, ¤¢¨¦ãé¨åáï ¯® ¯à®-¢®«®ª¥, ¯®§¢®«ï¥â à¥è âì ¤®¢®«ì­® è¨à®ª¨© ªàã£

§ ¤ ç, ª á îé¨åáï £¨¤à®¤¨­ ¬¨ª¨ áã¯¥àª ¢¨â¨-àãîé¨å ®¡ê¥ªâ®¢, ¢ª«îç ï:{ ®¡à §®¢ ­¨¥ áã¯¥àª ¢¥à­ë;{ ®âà ¡®âª¨ á¨áâ¥¬ë ¯®¤¤ã¢  ¨áªãááâ¢¥­­®© áã-¯¥àª ¢¥à­ë;{ à¥¦¨¬®¢ à §£®­  ¨ â®à¬®¦¥­¨ï;{ ¢§ ¨¬®¤¥©áâ¢¨¥ áã¯¥àª ¢¥à­ë á ¤¢¨¦¨â¥«¥¬ ¨¢ëáâã¯ îé¨¬¨ í«¥¬¥­â ¬¨ ª®­áâàãªæ¨¨;{ ®¯â¨¬¨§ æ¨¨ ãá«®¢¨© § ¬ëª ­¨ï ª ¢¥à­ë,  â ª¦¥ àï¤ ¤àã£¨å § ¤ ç, á¢ï§ ­­ëå á ¢«¨ï­¨¥¬ ­ ¤¨­ ¬¨ªã ®¡ê¥ªâ , à¥è¥­¨¥ ª®â®àëå ­¥¢®§¬®¦­®¢ ¤àã£¨å ãá«®¢¨ïå ¨§-§  ®¯ á­®áâ¨ ¯®â¥à¨ ãáâ®©-ç¨¢®áâ¨ ¤¢¨¦¥­¨ï ®¡ê¥ªâ .1. �­¥¯¯ �., �¥©«¨ �¦., �í¬¬¨â �. � ¢¨â æ¨ï.{ �:�¨à, 1974.{ 687 á.2. �®àèª®¢ �.�., �ãá¥æª¨© �.�. � ¢¨â æ¨®­­ë¥âàã¡ë.{ �: �ã¤®áâà®¥­¨¥, 1972.{ 322 á.3. � ¢ç¥­ª® �.�.� ¤¢¨¦¥­¨¨ ¢ ¢®¤¥ ­  áã¯¥àª ¢¨â -æ¨®­­ëå à¥¦¨¬ å ®¡â¥ª ­¨ï // �̈ ¤à®¬¥å ­¨ª .{1996.{ �ë¯. 70.{ �. 105 { 115.4. Kirschner Ivan, N.Supercavitating projective experi-ments at supersonic speeds//High Speed Body Mo-tion in Water (AGARD, Report 827). { Kyiv. { 1998.P. 23 { 27.5. Kolle H.H.Uber die Wirtschaftlichkeitvon Wasserdampfraketen als Horisontal - Starthilfen.{ Munchen. 1955. { 345 p.6. Schwarzler K. Untersudiungen an Heiss Wasser-raketen rum Start von Flugzeugen //Zeitschrift furFlugwissenschaften 6. Tahrgang, Heft 1. Januer. {1958. { 465 p.7. Etheimer I.P. Beitrage zu den Problemen der Heiss-wasserraketen. { Luftfahrt. Forschungsber. { 1962, n.12. { 243 p.38 �. �. �« á¥­ª®
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