
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 16��� 532.5:518:5������ �������������� ������� ��������� �����������. �. �������, �. �. ����������, �. �. ����� ��� �®¥æª¨© ®âªàëâë© ã¨¢¥àá¨â¥â,�� �®¥æª¨©  æ¨® «ìë© ã¨¢¥àá¨â¥â�®«ãç¥® 19.04.2004� à ¡®â¥ ®¡áã¦¤ îâáï ¯à®¡«¥¬ë à áç¥â  ¥áâ æ¨® àëå ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ á ª ¢¨â æ¨¥©. � áá¬ âà¨¢ ¥âáï¥áª®«ìª® ¬®¤¥«¥© ª ¢¨â æ¨¨, ¡ §¨àãîé¨åáï   ¯à¥¤áâ ¢«¥¨ïå ® á¯«®è®© áà¥¤¥. �®¤à®¡®   «¨§¨àãîâáï ¤¢¥¬®¤¥«¨ ª ¢¨â æ¨¨, ®á®¢ ë¥   ¯®áâ®ïáâ¢¥ ¤ ¢«¥¨ï ¨ áª®à®áâ¨ §¢ãª  ¢ §®¥ ª ¢¨â æ¨¨. �à¥¤«®¦¥  à §®áâ ïáå¥¬  á ¨áªãááâ¢¥®© ¢ï§ª®áâìî, á¢®¡®¤ ï ®â ¥¤®áâ âª®¢, ¯à¨áãé¨å ¤àã£¨¬ áå¥¬ ¬. �¥§ã«ìâ âë à áç¥â®¢ ¤«ïà §ëå ¬®¤¥«¥© ª ¢¨â æ¨¨ áà ¢¨¢ îâáï á   «¨â¨ç¥áª¨¬ à¥è¥¨¥¬. �à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â®¢ â¥ç¥¨© áª ¢¨â æ¨¥© ¢ à §«¨çëå £¨¤à®¨¬¯ã«ìáëå ãáâ ®¢ª å: £¥¥à â®à¥ ¨¬¯ã«ìáëå áâàã©, £¨¤à®¯ãèª¥ ã¤ à®£® ¤¥©-áâ¢¨ï, ãáâ ®¢ª¥ á¦ â¨ï, ¯à¥áá-¯ãèª¥ ¨ ãáâ ®¢ª¥ ¤«ï ®¯à¥¤¥«¥¨ï ¤¨ ¬¨ç¥áª®© ¯à®ç®áâ¨ ¢®¤ë   à áâï¦¥¨¥.� à®¡®âi ®¡£®¢®àîîâìáï ¯à®¡«¥¬¨ à®§à åãªã ¥áâ æi® à¨å â¥çi© ài¤¨¨ § ª ¢iâ æiõî. �®§£«ï¤ õâìáï ªi«ìª  ¬®-¤¥«¥© ª ¢iâ æiù, é® ¡ §ãîâìáï   ãï¢«¥ïå ¯à® áãæi«ì¥ á¥à¥¤®¢¨é¥. �®ª« ¤®   «i§ãîâìáï ¤¢i ¬®¤¥«i ª ¢iâ æiù,§ á®¢ i   áâ «®áâi â¨áªã i è¢¨¤ª®áâi §¢ãªã ¢ §®i ª ¢iâ æiù. �i§¨æ¥¢  áå¥¬  §i èâãç®î ¢'ï§ªiáâî, ïª  § -¯à®¯®®¢   ã à®¡®âi, ¢i«ì  ¢i¤ ¥¤®«iªi¢, ¢« áâ¨¢¨å iè¨¬ áå¥¬ ¬. �¥§ã«ìâ â¨ à®§à åãªi¢ ¤«ï ài§¨å ¬®¤¥«¥©ª ¢iâ æiù ¯®ài¢îîâìáï §   «iâ¨ç¨¬ àiè¥ï¬. �à¨¢¥¤¥® à¥§ã«ìâ â¨ à®§à åãªi¢ â¥çi© § ª ¢iâ æiõî ¢ ài§¨å£i¤à®i¬¯ã«ìá¨å ãáâ ®¢ª å: £¥¥à â®à÷ i¬¯ã«ìá¨å áâàã¬¥i¢, £i¤à®¯ãèæ÷ ã¤ à®ù ¤iù, ãáâ ®¢æ÷ áâ¨áªã, ¯à¥á-¯ãèæ÷â  ãáâ ®¢æ÷ ¤«ï ¢¨§ ç¥ï ¤¨ ¬iç®ù ¬iæ®áâi ¢®¤¨   à®§âï£ ï.In the paper, problems of the liquid pulse and wave movements calculation accompanying the unsteady cavitation arediscussed. Some models of the cavitation based on representations about a continuous medium are considered. Twomodels that are based on a constancy of i) pressure and ii) the sound speed in the cavitation zone are analyzed in details.A new numerical scheme that is free from the listed lacks is o�ered. It is based on introduction of an arti�cial viscosityin the movement equations of an ideal compressed liquid. The results of calculations for di�erent cavitation models arecompared with analytical solutions. The calculation results for various hydro-pulse installations are given: a generator ofpulse jets, percussive hydro-gun, installation of compression, press-gun, and installation for determination of the waterdynamic stretching durability.��������� à ªâ¥à®© ®á®¡¥®áâìî ¨¬¯ã«ìáëå ¨ ¢®«-®¢ëå ¤¢¨¦¥¨© ¦¨¤ª®áâ¨ ï¢«ï¥âáï ¢®§¨ª®¢¥-¨¥ ¢ ¥© ¢ ®¯à¥¤¥«¥ë¥ ¬®¬¥âë ¢à¥¬¥¨ à á-âï£¨¢ îé¨å  ¯àï¦¥¨©, ª®â®àë¥ ¯à¨¢®¤ïâ ª ¯®-ï¢«¥¨î ¥áâ æ¨® à®© ª ¢¨â æ¨¨. �®ï¢«¥¨¥ª ¢¨â æ¨¨ á¢ï§ ® á ¢®« ¬¨ à §à¥¦¥¨ï, ª®â®-àë¥ ¢®§¨ª îâ,  ¯à¨¬¥à, ¯à¨ ®âà ¦¥¨¨ ¢®«á¦ â¨ï ®â á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¨«¨ ¯à¨ â®à-¬®¦¥¨¨ ¯®àèï ¢ £¨¤à®¯ãèª¥, ãáâ ®¢ª¥ á¦ â¨ï¨«¨ ¯à¥áá-¯ãèª¥ [1-3]. �à¨ ®¯à¥¤¥«¥ëå ãá«®-¢¨ïå à áç¥âë¥ § ç¥¨ï à áâï£¨¢ îé¨å  ¯àï-¦¥¨© ¬®£ãâ ¤®áâ¨£ âì á®â¥  â¬®áä¥à, ª®â®àë¥¤¥©áâ¢ãîâ ¢ â¥ç¥¨¥ ¤®«¥© ¬¨««¨á¥ªã¤. � ª ¨§-¢¥áâ®, ®¡ëç ï ¢®¤  ¯à ªâ¨ç¥áª¨ ¥ ¢ë¤¥à¦¨¢ -¥â à áâï£¨¢ îé¨å  ¯àï¦¥¨© ¨ "à §àãè ¥âáï"{ ¢®§¨ª ¥â ª ¢¨â æ¨ï. �® à §ë¬ ¨áâ®ç¨ª ¬¢¥«¨ç¨  ªà¨â¨ç¥áª®£® ¤ ¢«¥¨ï pcr, ¯à¨ ª®â®à®¬¢®¤  à §àãè ¥âáï, á®áâ ¢«ï¥â ®ª®«® 0.05 - 1 �� [4 - 5]. �§¢¥áâ®, çâ® á ã¬¥ìè¥¨¥¬ ¢à¥¬¥¨ ¢®§-¤¥©áâ¢¨ï à áâï£¨¢ îé¨å  ¯àï¦¥¨© pcr ¢®§à -áâ ¥â, ¨,  ¯à¨¬¥à, ¯® ¤ ë¬ [6] ¤®áâ¨£ ¥â ®ª®«®0.25 ��  ¯à¨ ¢à¥¬¥¨ ¢®§¤¥©áâ¢¨ï ®ª®«® 20 - 30
¬ªá. �à¨ áâ æ¨® à®¬ à áâï¦¥¨¨ á¯¥æ¨ «ì®®¡à ¡®â ®© ¢®¤ë ã¤ «®áì ¤®áâ¨çì à áâï£¨¢ î-é¨å  ¯àï¦¥¨© ¤® 28 ��  [3].�¨á«¥ë¥ à áç¥âë â¥ç¥¨© á ª ¢¨â æ¨¥© âà¥-¡ãîâ ¨«¨ ¢ë¤¥«¥¨ï £à ¨æ ª ¢¨â æ¨¨ (¬¥â®¤ å -à ªâ¥à¨áâ¨ª), ¨«¨ ¤®¡ ¢«¥¨ï ®¢ëå â¨¯®¢ "à á-¯ ¤®¢ ¢§àë¢®¢" (¬¥â®¤ �®¤ã®¢ ), çâ® ãá«®¦ï¥â «£®à¨â¬. � ¤ ®© à ¡®â¥ ¯à¥¤«®¦¥  à §®áâ- ï áå¥¬ , ®á®¢  ï   ¢¢¥¤¥¨¨ ¨áªãááâ¢¥®©¢ï§ª®áâ¨ ¢ ãà ¢¥¨ï ¤¢¨¦¥¨ï ¨¤¥ «ì®© á¦¨¬ -¥¬®© ¦¨¤ª®áâ¨, á¢®¡®¤ ï ®â ¯¥à¥ç¨á«¥ëå ¥¤®-áâ âª®¢. �¥§ã«ìâ âë à áç¥â®¢ ¤«ï à §ëå ¬®¤¥-«¥© ª ¢¨â æ¨¨ áà ¢¨¢ îâáï á   «¨â¨ç¥áª¨¬ à¥-è¥¨¥¬.1. ������ ���������� ª ¨§¢¥áâ®, â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬ ãà ¢¥¨¥á®áâ®ï¨ï ¢®¤ë ¥ ¯®«ãç¥®. � ¨¡®«¥¥ à á¯à®-áâà ¥ë¬ ï¢«ï¥âáï ãà ¢¥¨¥ á®áâ®ï¨ï ¢ ä®à-¬¥ �íâ : p = B �� ��0�n � 1� ; (1)c �. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª®, 2004 9



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 16£¤¥ B = 304:5 �� , n = 7:15, �0 = 1 £/á¬3. �«ï¥¨§®íâà®¯¨ç¥áª¨å ¯à®æ¥áá®¢ ¨á¯®«ì§ãîâ ¤¢ãå-ç«¥®¥ ãà ¢¥¨¥p = B �� ��0�n � 1�+ � (n� 1) e; (2)£¤¥ e { ¢ãâà¥ïï í¥à£¨ï ¥¤¨¨æë ¬ ááë. � ¯à¨¡®«ìè¨å ¤ ¢«¥¨ïå { âà¥åç«¥®¥ ãà ¢¥¨¥ á®-áâ®ï¨ï â¨¯ p = a� ��0 � 1�+ b� ��0 � 1�2 + c�e;£¤¥ a, b, c ¨ �0 { í¬¯¨à¨ç¥áª¨¥ ¯®áâ®ïë¥ [7].�à¨¢¥¤¥ë¥ ãà ¢¥¨ï á®áâ®ï¨ï ¢®¤ë ¥ ãç¨-âë¢ îâ ¢®§¬®¦®áâ¨ ¢®§¨ª®¢¥¨ï ª ¢¨â æ¨¨.�¨ ä®à¬ «ì® ¤®¯ãáª îâ áãé¥áâ¢®¢ ¨¥ ¡®«ì-è¨å ®âà¨æ â¥«ìëå ¤ ¢«¥¨© (à áâï¦¥¨©). �®,ª ª ¯®ª §ë¢ îâ ¨áá«¥¤®¢ ¨ï, ¯à¥¥¡à¥¦¥¨¥ ª -¢¨â æ¨¥© ¯à¨¢®¤¨â ª áãé¥áâ¢¥ë¬ ª®«¨ç¥áâ¢¥-ë¬ ¨ ª ç¥áâ¢¥ë¬ ¨áª ¦¥¨ï¬ ¯à®æ¥áá .�ãé¥áâ¢ã¥â ¥áª®«ìª® ¬®¤¥«¥© ¥áâ æ¨® à®©ª ¢¨â æ¨¨ [3]. � ®¤®© ¨§ ¨å áç¨â ¥âáï, çâ® ¦¨¤-ª®áâì ¢ë¤¥à¦¨¢ ¥â ¥¡®«ìè¨¥ à áâï£¨¢ îé¨¥  -¯àï¦¥¨ï ¨ ¯à¨ ª ¢¨â æ¨¨ ¥ ¤¥©áâ¢ã¥â   £à -¨æã à §¤¥«  ¦¨¤ª®áâì{ª ¢¨â æ¨ï. � áç¥âë ¯®íâ®© ¬®¤¥«¨ ã¤®¢«¥â¢®à¨â¥«ì® á®£« áãîâáï á íªá-¯¥à¨¬¥â «ìë¬¨ ¤ ë¬¨ ¯® ¯à®£¨¡ã ¯« áâ¨ ¨¨§¬¥à¥¨î ¤ ¢«¥¨ï   ¨å [3]. � ¤àã£®© ¬®¤¥-«¨ â ª¦¥ áç¨â ¥âáï, çâ® ¦¨¤ª®áâì ¢ë¤¥à¦¨¢ ¥â¥¡®«ìè¨¥ à áâï£¨¢ îé¨¥  ¯àï¦¥¨ï, ® ¢«¨ï-¥â   £à ¨æã à §¤¥«  ª ¢¨â æ¨¨. �«¨ï¨¥ ª ¢¨-â æ¨¨ ãç¨âë¢ ¥âáï ç¥à¥§ ¯«®â®áâì, ª®â®à ï áç¨-â ¥âáï ¯®áâ®ï®©, ¡«¨§ª®© ª ¯«®â®áâ¨  áëé¥-®£® ¯ à . �à¥âìï ¬®¤¥«ì ®â«¨ç ¥âáï ®â ¢â®à®©â¥¬, çâ® ¯«®â®áâì áà¥¤ë ¯à¨ ª ¢¨â æ¨¨ ¥ ®áâ -¥âáï ¯®áâ®ï®©,   ¨§¬¥ï¥âáï, ¯®¤ç¨ïïáì § ª®ãá®åà ¥¨ï ¬ ááë. � áá¬®âà¨¬ ¤¢¥ ¬®¤¥«¨ ª ¢¨-â æ¨¨, ®á®¢ ë¥   ¯®áâ®ïáâ¢¥ ¤ ¢«¥¨ï ¨ áª®-à®áâ¨ §¢ãª . � ¯¥à¢®© ¬®¤¥«¨ ¡ã¤¥¬ áç¨â âì, çâ®¤ ¢«¥¨¥ ¢ §® å ª ¢¨â æ¨¨ ¯®áâ®ï®¥, à ¢®¥¥ª®â®à®¬ã ªà¨â¨ç¥áª®¬ã pcr, ª®â®à®¥ § ¢¨á¨â ®â¢à¥¬¥¨ ¢®§¤¥©áâ¢¨ï   ¦¨¤ª®áâì [2 - 6]. �à¨â¥-à¨¥¬ ¢®§¨ª®¢¥¨ï ¨ áãé¥áâ¢®¢ ¨ï ª ¢¨â æ¨¨ï¢«ï¥âáï ¯«®â®áâì: ª ¢¨â æ¨ï ¢®§¨ª ¥â ¨ áãé¥-áâ¢ã¥â, ¥á«¨ ¯«®â®áâì ¬¥ìè¥ ªà¨â¨ç¥áª®© �cr . �íâ®© ¬®¤¥«¨ áç¨â ¥âáï, çâ® ¦¨¤ª®áâì ¬®¦¥â ¢ë-¤¥à¦¨¢ âì ®âà¨æ â¥«ìë¥ ¤ ¢«¥¨ï pcr. �ç¨âë-¢ ï ¬ «®áâì pcr , ¨¬ ®¡ëç® ¯à¥¥¡à¥£ îâ, â® ¥áâìáç¨â îâ pcr = 0. �à ¢¥¨¥ á®áâ®ï¨ï ¢®¤ë (1) ¢íâ®¬ á«ãç ¥ ¯à¨¬¥â ¢¨¤p = ( B � h� ��0 �n � 1i ; � > �cr;0; � � �cr :

� áâ¨æë ¦¨¤ª®áâ¨ ¯à¨ ª ¢¨â æ¨¨ ¤¢¨¦ãâáï ¥-§ ¢¨á¨¬® ¤àã£ ®â ¤àã£  dudt = 0. �ª®à®áâì §¢ãª ¢ â ª®© áà¥¤¥ à ¢  ã«î: a = s@p@� = 0. � ªâ®«ìª® ¯«®â®áâì áà¥¤ë ¯®¢ëá¨âáï ¤® �cr , ¦¨¤-ª®áâì áª çª®¬ ¯¥à¥å®¤¨â ¢ ¤àã£®¥ á®áâ®ï¨¥, ¨ ª -¢¨â æ¨ï § ªàë¢ ¥âáï. �«ï ãà ¢¥¨ï á®áâ®ï¨ï¢®¤ë ¢ ¢¨¤¥ (2) ª ¢¨â æ¨î ¬®¦® ãç¥áâì á«¥¤ãî-é¨¬ ®¡à §®¬:p =8>>>><>>>>: a� ��0 � 1�+ b� ��0 � 1�2 + c�e; p � 0;a� ��0 � 1� ; pcr < p < 0;pcr; p � pcr:�® ¢â®à®© ¬®¤¥«¨ ª ¢¨â æ¨¨ áª®à®áâì §¢ãª  ¯à¨ª ¢¨â æ¨¨ ¡ã¤¥¬ áç¨â âì ¯®áâ®ï®©, à ¢®© acr.�§ íªá¯¥à¨¬¥â «ìëå ¤ ëå [2 - 6] á«¥¤ã¥â, çâ®¯à¨ ¤ ¢«¥¨¨, ¡«¨§ª®¬ ª  â¬®áä¥à®¬ã, áª®à®áâì§¢ãª  ¯à¨ ª ¢¨â æ¨¨ § ç¨â¥«ì® ¬¥ìè¥, ç¥¬ ¢¦¨¤ª®áâ¨ ¨«¨ ¢®§¤ãå¥, ¨ ¢ ¥ª®â®àëå ¯à¥¤¥« å ¨§-¬¥¥¨ï £ §®¢®© ä §ë á« ¡® § ¢¨á¨â ®â ®¡é¥£® á®-¤¥à¦ ¨ï £ § . �áå®¤ï ¨§ íâ®£®, ¤«ï ¢â®à®© ¬®-¤¥«¨ áç¨â ¥¬, çâ® ¢ ¥ª®â®àëå ¯à¥¤¥« å ¨§¬¥¥-¨ï £ §®¢®£® ª®¬¯®¥â  áª®à®áâì §¢ãª  ¢ §® åª ¢¨â æ¨¨ ¥ ¨§¬¥ï¥âáï. �á«®¢¨¥ ¢®§¨ª®¢¥¨ïª ¢¨â æ¨¨ ¤«ï íâ®© ¬®¤¥«¨ â ª®¥ ¦¥, ª ª ¨ ¤«ï¯¥à¢®©. �à ¢¥¨¥ á®áâ®ï¨ï (1) ¤«ï íâ®© ¬®¤¥«¨¯à¨¨¬ ¥â ¢¨¤p = 8<: B � �� ��0�n � 1� ; � > �cr ;pcr + a2cr (� � �cr) ; � � �cr: (3)�¯¨á ë¥ ¬®¤¥«¨ ª ¢¨â æ¨¨ ¨á¯®«ì§®¢ ë ¯à¨à áç¥â¥ ¥áâ æ¨® àëå â¥ç¥¨© ¦¨¤ª®áâ¨ ¢ à §-«¨çëå ª®ªà¥âëå ¯à®æ¥áá å.2. ����� ������� ����������«ï ¥¤¨®®¡à §®£® ®¯¨á ¨ï â¥ç¥¨ï ¦¨¤ª®-áâ¨ ¡¥§ ¢ë¤¥«¥¨ï à §àë¢®¢ ¢ ãà ¢¥¨ï ¤¢¨¦¥¨ï¢¢®¤¨âáï ¨áªãááâ¢¥ ï ¢ï§ª®áâì q ª ª ¤®¡ ¢ª  ª£¨¤à®áâ â¨ç¥áª®¬ã ¤ ¢«¥¨î p. �«ï ®¤®¬¥à®£®â¥ç¥¨ï ãà ¢¥¨ï ¤¢¨¦¥¨ï ¢ « £à ¦¥¢®© ä®à-¬¥ ¨¬¥îâ ¢¨¤ [9] d�dt = ��@u@x ;dudt = �1� @ (p+ q)@x ; (4)dedt = � (p+ q)� @u@x:10 �. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 16�ï§ª®¥ ¤ ¢«¥¨¥ q ¯à¥¤áâ ¢¨¬ áã¬¬®© «¨¥©®©q1 ¨ ª¢ ¤à â¨ç®© q2 ¢ï§ª®áâ¨ [10]:q1 = �1a��x ����@u@x ���� ;q2 = �2��x2�@u@x�2 :�¤¥áì �1 ¨ �2 { ª®íää¨æ¨¥âë «¨¥©®© ¨ ª¢ -¤à â¨ç®© ¢ï§ª®áâ¨; a { ¬¥áâ ï áª®à®áâì §¢ãª ;�x { è £ à §®áâ®© á¥âª¨. �¢ ¤à â¨ç ï ¢ï§-ª®áâì q2 ¢ª«îç ¥âáï   ã¤ àëå ¢®« å,   «¨¥©- ï ¢ï§ª®áâì q1 { â®«ìª® ¯à¨ á£« ¦¨¢ ¨¨ ¯ã«ì-á æ¨©. �ªá¯¥à¨¬¥â «ì® ãáâ ®¢«¥ë ®¯â¨¬ «ì-ë¥ § ç¥¨ï ª®íää¨æ¨¥â®¢ ¢ï§ª®áâ¨ �1 = 0:6 ¨�2 = 2.�¯¯à®ªá¨¬ æ¨ï ãà ¢¥¨© (4) ¯à®¨§¢®¤¨âáï  « £à ¦¥¢®© á¥âª¥ ¯® ä®à¬ã« ¬uj+1i = uji � 2�t�(p+ q)ji+1=2 + (p+ q)ji�1=2�(��x)ji�1=2 + (��x)ji+1=2 ;�j+1i+1=2 = �ji+1=2�xji+1=2�xj+1i+1=2 ;ej+1i+1=2 = eji+1=2 ��tj �p + q� �ji+1=2�ui+1 � ui�xi+1=2 � ;xj+1i = xji + uj+1=2i �t:�ª®à®áâì ®¯à¥¤¥«ï¥âáï ¢ ã§« å ®á®¢®© á¥âª¨,á ª®®à¤¨ â ¬¨ xi,   ®áâ «ìë¥ ¯ à ¬¥âàë à á-áç¨âë¢ îâáï ¢ ã§« å ¢á¯®¬®£ â¥«ì®© á¥âª¨, á ª®-®à¤¨ â ¬¨ xi+1=2 = (xi + xi+1)2 .�à¥¤«®¦¥ë© ¬¥â®¤ VIS ®¯à®¡®¢  ¯à¨ à á-ç¥â¥ àï¤  ¬®¤¥«ìëå § ¤ ç á ª ¢¨â æ¨¥© ¦¨¤-ª®áâ¨, ¥ª®â®àë¥ ¨§ ª®â®àëå ¨¬¥îâ   «¨â¨ç¥-áª®¥ à¥è¥¨¥. �à ¢¥¨¥ ¬¥â®¤  VIS á á¥â®ç®-å à ªâ¥à¨áâ¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ ¨ ¬¥â®¤®¬ �®¤ã-®¢  ¯®ª § «® ¯®«®¥ á®¢¯ ¤¥¨¥ à¥§ã«ìâ â®¢ ¤«ïâ¥ç¥¨© ¡¥§ ª ¢¨â æ¨¨ ¯à¨ à §ëå ª®ä¨£ãà æ¨ïåã¤ àëå ¢®« ¨ ¢®« à §à¥¦¥¨ï. �à¨ ¢®§¨ª®-¢¥¨¨ ª ¢¨â æ¨¨  ¡«î¤ «®áì à §«¨ç¨¥ à¥§ã«ìâ -â®¢, â ª ª ª ã¯®¬ïãâë¬¨ ¬¥â®¤ ¬¨ ãç¥â ª ¢¨â -æ¨¨ § âàã¤¨â¥«¥. �à¨ à áç¥â å ª®âà®«¨à®¢ -«¨áì ¡ « áë ¬ ááë, ¨¬¯ã«ìá  ¨ í¥à£¨¨, ª®â®àë¥¢ë¯®«ï«¨áì á â®ç®áâìî 0.1 %.�«ï â¥áâ¨à®¢ ¨ï ¬¥â®¤  VIS à áá¬®âà¨¬ á«¥-¤ãîéãî § ¤ çã. �¥¯®¤¢¨¦ë© áâ®«¡ ¦¨¤ª®áâ¨¤«¨®© L, ®£à ¨ç¥ë© á«¥¢  ¦¥áâª®© áâ¥ª®©,  á¯à ¢  { ¤¨ äà £¬®©,  å®¤¨âáï ¯®¤ ¤ ¢«¥¨¥¬p1. �  ç «ìë© ¬®¬¥â ¤¨ äà £¬  à §àë¢ ¥âáï

¨ ¦¨¤ª®áâì ¯à¨å®¤¨â ¢ ¤¢¨¦¥¨¥. � ç «ìë¥ ¨£à ¨çë¥ ãá«®¢¨ï á«¥¤ãîé¨¥:u (0; x) = 0; p (0; x) = p1; � (0; x) = �1; 0 < x < L;u (t; 0) = 0; p (t; xf) = pa:�®á«¥ à §àë¢  ¤¨ äà £¬ë ¯® ¦¨¤ª®áâ¨ à á¯à®-áâà ï¥âáï ¢®«  à §à¥¦¥¨ï, ¯à¨ ®âà ¦¥¨¨ ª®-â®à®© ®â áâ¥ª¨ ¢®§¨ª ¥â ª ¢¨â æ¨ï. �à¨ § ç¥-¨¨ ¯®ª § â¥«ï n = 3 ¢ ãà ¢¥¨¨ á®áâ®ï¨ï (1)¬®¦® ¯®«ãç¨âì   «¨â¨ç¥áª®¥ à¥è¥¨¥ [9]. � -¢¨â æ¨ï ¢®§¨ª ¥â ¢ ¬®¬¥â ¢à¥¬¥¨ tc = Laa ®¤-®¢à¥¬¥®   ãç áâª¥ ¤«¨®© Lc = uaaaL, ¯à¨¬ë-ª îé¥¬ ª áâ¥ª¥. �ª®à®áâì ¨ ¯«®â®áâì ¦¨¤ª®áâ¨¢ §®¥ ª ¢¨â æ¨¨ ¨§¬¥ïîâáï ¯® § ª®ãu = xt ; � = �0 Laat ¯à¨0 � x � uat;£¤¥ ua = a1 � aa { áª®à®áâì ¦¨¤ª®áâ¨ ¯®á«¥ à á-è¨à¥¨ï; ª®®à¤¨ â  x ®âáç¨âë¢ ¥âáï ®â áâ¥ª¨.�ª®à®áâì ¢ §®¥ ª ¢¨â æ¨¨ ã¢¥«¨ç¨¢ ¥âáï «¨¥©-® ®â ã«ï   áâ¥ª¥ ¤® ¬ ªá¨¬ «ì®£® § ç¥¨ïua   £à ¨æ¥ ª ¢¨â æ¨¨, ª®â®à ï ¯¥à¥¬¥é ¥âáï áíâ®© ¦¥ áª®à®áâìî. � ªá¨¬ «ì®¥ § ç¥¨¥ áª®-à®áâ¨ ¥ ¨§¬¥ï¥âáï,   £à ¤¨¥â áª®à®áâ¨ ã¡ë¢ -¥â ®¡à â® ¯à®¯®àæ¨® «ì® ¢à¥¬¥¨. �«®â®áâì¢ §®¥ ª ¢¨â æ¨¨ ¢¥§¤¥ ®¤¨ ª®¢ ï, ®  ã¬¥ìè -¥âáï ®¡à â® ¯à®¯®àæ¨® «ì® ¢à¥¬¥¨ ¨ â¥à¯¨âà §àë¢   £à ¨æ¥ ª ¢¨â æ¨¨. �  à¨á. 1 ¯à¨¢¥¤¥-ë à á¯à¥¤¥«¥¨ï áª®à®áâ¨ ¨ ¯«®â®áâ¨ ¦¨¤ª®áâ¨  ¬®¬¥âë ¢à¥¬¥¨ t = 1, 2, 3 ¨ 4 tc (ªà¨¢ë¥ 1 { 4á®®â¢¥âáâ¢¥®). �àã¦®çª ¬¨ ®â¬¥ç¥®   «¨â¨-ç¥áª®¥ à¥è¥¨¥ ¤«ï ¯®á«¥¤¥£® ¬®¬¥â  ¢à¥¬¥¨,ª¢ ¤à â¨ª ¬¨ { ç¨á«¥®¥ à¥è¥¨¥, ¯¥à¥áç¨â -®¥ ¢  ¢â®¬®¤¥«ìëå ¯¥à¥¬¥ëå ¯® § ç¥¨ï¬¯ à ¬¥âà®¢ ¢ ¬®¬¥â ¢à¥¬¥¨ t = 1. �á¥ ¢¥«¨ç¨-ë ¡¥§à §¬¥àë¥, §  ¬ áèâ ¡ë ¢ë¡à ë: ¢à¥¬ïtc, áª®à®áâì ¦¨¤ª®áâ¨ ua, ¤«¨  ¢®¤ï®£® áâ®«¡ L, ¯«®â®áâì �0. �à¨ ç¨á«¥ëå à áç¥â å ¨á¯®«ì-§®¢ « áì ¬®¤¥«ì ª ¢¨â æ¨¨ á ¯®áâ®ïë¬ ¤ ¢«¥¨-¥¬. �à¨â¨ç¥áª¨¥ § ç¥¨ï ¤ ¢«¥¨ï ¨ ¯«®â®áâ¨à ¢ï«¨áì pcr = 0 ¨ �cr = �0.� ªàëâ¨¥ ª ¢¨â æ¨¨ ¨áá«¥¤®¢ «®áì ¢ íâ®© ¦¥ § -¤ ç¥. �«ï íâ®£®   à ááâ®ï¨¨ �L = uatc ®â á¢®-¡®¤®© ¯®¢¥àå®áâ¨ à á¯®« £ « áì ¦¥áâª ï áâ¥-ª ,   ª®â®à®© ¯à¨¨¬ «®áì £à ¨ç®¥ ãá«®¢¨¥u = 0.� ¬®¬¥â ¢à¥¬¥¨ tc, ª®£¤  ¢®§«¥ áâ¥ª¨ ¢®§¨-ª «  ª ¢¨â æ¨ï, ¯¥à¥¤¨© äà®â ¦¨¤ª®áâ¨ ã¤ àï«-áï ® áâ¥ªã ¨ ¯® ¦¨¤ª®áâ¨ à á¯à®áâà ï« áì ã¤ à- ï ¢®« . �® £à ¨æë ª ¢¨â æ¨¨ ã¤ à ï ¢®« { áâ æ¨® à ï, ¤ ¢«¥¨¥ ¨ ¯«®â®áâì §  äà®â®¬�. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª® 11
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�¨á. 1. � á¯à¥¤¥«¥¨¥ áª®à®áâ¨ ¨ ¯«®â®áâ¨¦¨¤ª®áâ¨¢®«ë ¯à ªâ¨ç¥áª¨ à ¢ë  ç «ìë¬ § ç¥¨ï¬p1 ¨ �1 á¦ â®£® áâ®«¡  ¦¨¤ª®áâ¨. �à¨ § ªàëâ¨¨ª ¢¨â æ¨¨ ¢®«  áâ ®¢¨âáï ¥áâ æ¨® à®©, â ªª ª ¯ à ¬¥âàë áà¥¤ë ¢ §®¥ ª ¢¨â æ¨¨ ¨§¬¥ïîâ-áï ¢ ¯à®áâà áâ¢e ¨ ¢® ¢à¥¬¥¨. �  à¨á. 2 ¯à¨-¢¥¤¥® à á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï, áª®à®áâ¨ ¨ ¯«®â-®áâ¨ ¢ ¦¨¤ª®áâ¨   ¬®¬¥â ¢à¥¬¥¨ t = 2:5tc(á¬. á®®â¢¥âáâ¢ãîé¨¥ ªà¨¢ë¥). �  £à ¨æ¥ ª -¢¨â æ¨¨ ¢á¥ ¯ à ¬¥âàë â¥ç¥¨ï â¥à¯ïâ à §àë¢,  íâ® § ç¨â, çâ® ª ¢¨â æ¨ï § ªàë¢ ¥âáï ã¤ à®©¢®«®©. �ª®à®áâì ¢®«ë ¢ §®¥ ª ¢¨â æ¨¨ § ç¨-â¥«ì® ¬¥ìè¥, ç¥¬ ¢ ¦¨¤ª®áâ¨. �à¥¤ïï áª®à®áâì¢®«ë, à ááç¨â  ï ¯® ¯¥à¥¬¥é¥¨î äà®â  § ¢à¥¬ï § ªàëâ¨ï ª ¢¨â æ¨¨, à ¢  D = 0:1c1.

�¨á. 2. � á¯à¥¤¥«¥¨¥ ¯ à ¬¥âà®¢� íâ®© ¦¥ § ¤ ç¥ ¨áá«¥¤®¢ « áì ¢â®à ï ¬®¤¥«ìª ¢¨â æ¨¨ á ¯®áâ®ï®© áª®à®áâìî §¢ãª . � íâ®¬á«ãç ¥ ¤ ¢«¥¨¥ ¨ ¯«®â®áâì ¯à¨ ª ¢¨â æ¨¨ á¢ï-§ ë ãà ¢¥¨¥¬ (3). �à¨â¨ç¥áª®¥ § ç¥¨¥ áª®-à®áâ¨ §¢ãª  ¯à¨ ª ¢¨â æ¨¨ ¢§ïâ®   ®á®¢¥   -«¨§  íªá¯¥à¨¬¥â «ìëå ¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥-¤®¢ ¨© à á¯à®áâà ¥¨ï  ªãáâ¨ç¥áª¨å ¢®« ¢ ¢®-¤¥ á ¯ã§ëàìª ¬¨ ¢®§¤ãå  [11, 12]. � ¦¥ ¯à¨ ¥-¡®«ìè®© ª®æ¥âà æ¨¨ ¯ã§ëàìª®¢ áª®à®áâì §¢ãª ¢ â ª®© áãá¯¥§¨¨ £®à §¤® ¬¥ìè¥ áª®à®áâ¨ §¢ãª ¢ ¢®§¤ãå¥. �¨¨¬ «ì®¥ § ç¥¨¥ áª®à®áâ¨ §¢ãª 

¢ £ §®¦¨¤ª®áâ®© áãá¯¥§¨¨, à ¢®¥ 30 ¬/á, ¡ë«®¢§ïâ® §  ªà¨â¨ç¥áª®¥. �à ¢¥¨¥ í¥à£¨¨ ¯à¨ ª -¢¨â æ¨¨ ¥ ¨â¥£à¨à®¢ «®áì, ¯®áª®«ìªã ¤ ¢«¥¨¥®¤®§ ç® ®¯à¥¤¥«ï«®áì ç¥à¥§ ¯«®â®áâì. � ªàë-â¨¥ ¨ ¢®§¨ª®¢¥¨¥ ª ¢¨â æ¨¨ ¤«ï ¢â®à®© ¬®¤¥«¨¬®¦® ª®âà®«¨à®¢ âì ª ª ¯® ¤ ¢«¥¨î, â ª ¨ ¯®¯«®â®áâ¨. � ¯¥à¢®© ¬®¤¥«¨ § ªàëâ¨¥ ª ¢¨â æ¨¨ª®âà®«¨àã¥âáï â®«ìª® ¯® ¯«®â®áâ¨.� ¥¤®áâ âª ¬ ¢â®à®© ¬®¤¥«¨ ¬®¦® ®â¥áâ¨â®, çâ® ãà ¢¥¨¥ (3) ¤®¯ãáª ¥â áãé¥áâ¢®¢ ¨¥®âà¨æ â¥«ìëå ¤ ¢«¥¨©, ª®â®àë¥ ¥ ã¤ ¥âáï ®¡ê-ïá¨âì ¢ à ¬ª å ¬®¤¥«¨ £ §®¦¨¤ª®áâ®© á¬¥á¨,¤«ï ª®â®à®© ¤ ¢«¥¨¥ ¥ ¬®¦¥â ¡ëâì ®âà¨æ â¥«ì-ë¬ ¨§-§   «¨ç¨ï £ §®¢®© ä §ë.�  à¨á. 3 ¯à¨¢¥¤¥® à á¯à¥¤¥«¥¨¥ áª®à®áâ¨(á¯«®èë¥) ¨ ¯«®â®áâ¨ (èâà¨å-¯ãªâ¨àë¥)  ¬®¬¥â ¢à¥¬¥¨ 2 tc ¤«ï à §ëå § ç¥¨© ªà¨â¨-ç¥áª®© áª®à®áâ¨ áà¥¤ë ¯à¨ ª ¢¨â æ¨¨: ªà¨¢ë¥ 1{ ¤«ï acr = 30 ¬/á, ªà¨¢ë¥ 2 { ¤«ï 0.2 acr, ªà¨-¢ë¥ 3 { ¤«ï 4 acr. Kàã¦®çª ¬¨ ®â¬¥ç¥® à¥è¥-¨¥ ¤«ï ¯¥à¢®© ¬®¤¥«¨ ª ¢¨â æ¨¨. B¨¤®, çâ® à¥-§ã«ìâ âë à áç¥â®¢ ¯® à §ë¬ ¬®¤¥«ï¬ ¯®«®áâìîá®¢¯ ¤ îâ ¯à¨  ¨¬¥ìè¥© ªà¨â¨ç¥áª®© áª®à®áâ¨§¢ãª  (ªà¨¢ë¥ 2 ¨ ªàã¦®çª¨   ¨å). �à¨ ã¢¥-«¨ç¥¨¨ áª®à®áâ¨ §¢ãª  à §«¨ç¨¥ ¢ à á¯à¥¤¥«¥¨¨¯ à ¬¥âà®¢ ã¢¥«¨ç¨¢ ¥âáï (ªà¨¢ë¥ 3). �â® á¢ï-§ ® á â¥¬, çâ® ¤«ï ¢â®à®© ¬®¤¥«¨ ¯® ª ¢¨â¨àã-îé¥© ¦¨¤ª®áâ¨ ¬®£ãâ à á¯à®áâà ïâìáï ¢®«ë, ¨  £à ¨æ¥ ª ¢¨â æ¨¨ ¯à®¨áå®¤¨â ¨å ®âà ¦¥¨¥,çâ® ¯à¨¢®¤¨â ª ¨§¬¥¥¨î ¯ à ¬¥âà®¢ áà¥¤ë.
�¨á. 3. � á¯à¥¤¥«¥¨¥ ¯ à ¬¥âà®¢� ª ¢¨¤® ¨§ ¯à¨¢¥¤¥ëå à¥§ã«ìâ â®¢, ç¨á«¥-®¥ à¥è¥¨¥ ¯® ¬¥â®¤ã VIS ¯®«®áâìî á®¢¯ ¤ ¥â á  «¨â¨ç¥áª¨¬ ¯à¨ à §¢¨â¨¨ ª ¢¨â æ¨¨, çâ® ¯®¤-â¢¥à¦¤ ¥â  ¤¥¦®áâì ¬¥â®¤ .12 �. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 163. ��������� �������3.1. �̈ ¤à®¯ãèª  ã¤ à®£® ¤¥©áâ¢¨ï�§¢¥áâ®, çâ® â¥ç¥¨¥ ¦¨¤ª®áâ¨ ¢ £¨¤à®¯ãè-ª¥ ã¤ à®£® ¤¥©áâ¢¨ï á®¯à®¢®¦¤ ¥âáï ª ¢¨â æ¨-¥© [1, 13]. � áç¥â â ª¨å â¥ç¥¨© ¬¥â®¤®¬ å à ª-â¥à¨áâ¨ª âà¥¡ã¥â ¢ë¤¥«¥¨ï £à ¨æ ª ¢¨â æ¨¨,çâ® ¤¥« ¥â  «£®à¨â¬ ¥®¤®à®¤ë¬ ¨ áãé¥áâ¢¥-® ãá«®¦ï¥â ¥£® [13]. �à¨ à áç¥â¥ ¯®¤®¡ëå â¥-ç¥¨© ¬¥â®¤®¬ �®¤ã®¢  ¤®¡ ¢«ïîâáï ®¢ë¥ â¨¯ë"à á¯ ¤®¢ ¢§àë¢®¢", çâ® â ª¦¥ ãá«®¦ï¥â  «£®-à¨â¬ [15]. � §®áâ ï áå¥¬ , ®¯¨á  ï ¢® ¢â®à®¬à §¤¥«¥, á¢®¡®¤  ®â íâ¨å ¥¤®áâ âª®¢.�¢ §¨®¤®¬¥à®¥ ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ £¨¤à®-¯ãèª¥ ¯à¨ à¥è¥¨¨ ¬¥â®¤®¬ �®¤ã®¢  ®¯¨áë¢ -«®áì ãà ¢¥¨ï¬¨ á  ç «ìë¬¨ ¨ £à ¨çë¬¨ãá«®¢¨ï¬¨ @�F@t + @F�u@x = 0;@u@t + @@x �u22 + nn� 1 p+B� � = 0; (5)u (0; x) = 0; p (0; x) = 0; x 2 [�L; 0] ;£¤¥ F { ¯«®é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï á®¯« ; xp ¨xf { ª®®à¤¨ âë ¯®àèï ¨ á¢®¡®¤®© ¯®¢¥àå®áâ¨;up { áª®à®áâì ¯®àèï; L { ¤«¨  ¢®¤ï®£® § àï¤ .�¢¨¦¥¨¥ ¯®àèï ®¯¨áë¢ «®áì ãà ¢¥¨ï¬¨ á  -ç «ìë¬¨ ãá«®¢¨ï¬¨dupdt = � Fpmp ; dxpdt = up; up (0) = upo; (6)xp (0) = �L:�¤¥áì Fp { ¯«®é ¤ì ¯®àèï; pp { ¤ ¢«¥¨¥   ¯®à-è¥ì; mp { ¬ áá  ¯®àèï; up0 {  ç «ì ï áª®-à®áâì ¯®àèï.�à¨ à¥è¥¨¨ § ¤ ç¨ ¬¥â®¤®¬ á ¨áªãááâ¢¥-®© ¢ï§ª®áâìî â¥ç¥¨¥ ¢ £¨¤à®¯ãèª¥ ®¯¨áë¢ «®áìãà ¢¥¨ï¬ d̈�dt + ��@u@x + uF dFdx� = 0;�dudt + @@x (p+ q) = 0; (7)�dedt + (p+ q)�@u@x + uF dFdx� = 0:� áç¥â ¬¥â®¤®¬ �®¤ã®¢  ¯à®¢®¤¨«áï   à¥£ã-«ïà®© ¯®¤¢¨¦®© í©«¥à®¢®© á¥âª¥. �à¨ à áç¥â¥

¬¥â®¤®¬ á ¨áªãááâ¢¥®© ¢ï§ª®áâìî ¨á¯®«ì§®¢ -« áì « £à ¦¥¢ ï á¥âª . �  à¨á. 4 ¯à¨¢¥¤¥  ¤¨ -£à ¬¬  à §¢¨â¨ï ª ¢¨â æ¨¨ ¤«ï £¨¤à®¯ãèª¨ ã¤ à-®£® ¤¥©áâ¢¨ï á ¤ ë¬¨ ¨§ à ¡®âë [7, 13]. �à¨-¢ë¥ 1{3 ¨§®¡à ¦ îâ £à ¨æã ª ¢¨â æ¨¨, ¯®«ãç¥-ãî ¯à¨ à áç¥â¥ ¬¥â®¤®¬ å à ªâ¥à¨áâ¨ª, ¬¥â®-¤®¬ �®¤ã®¢  ¨ ¬¥â®¤®¬ á ¨áªãááâ¢¥®© ¢ï§ª®-áâìî á®®â¢¥âáâ¢¥®, ªà¨¢ ï 4 ¯à¥¤áâ ¢«ï¥â âà -¥ªâ®à¨î ¯®àèï. �à¨ à áç¥â¥ ¬¥â®¤®¬ å à ªâ¥-à¨áâ¨ª £à ¨æ  ª ¢¨â æ¨¨ ¢ë¤¥«ï« áì ï¢® (ªà¨-¢ ï 1). �à¨¢ë¥ 2 ¨ 3 ¯®«ãç¥ë ¯à¨ à áç¥â å ¬¥â®-¤ ¬¨ áª¢®§®£® áç¥â  ¡¥§ ¢ë¤¥«¥¨ï £à ¨æ, çâ®¯à¨¢¥«® ª ¥ª®â®à®¬ã à §¬ §ë¢ ¨î íâ¨å £à ¨æ¨ ã¢¥«¨ç¥¨î ®¡« áâ¨ ª ¢¨â æ¨¨.
�¨á. 4. �¨ £à ¬¬  à §¢¨â¨ï ª ¢¨â æ¨¨3.2. �à¥áá-¯ãèª � ª ¨§¢¥áâ®, ¯à®æ¥ááë ¯à¨ £¨¤à®¨¬¯ã«ìá®©èâ ¬¯®¢ª¥, ª ª ¯à ¢¨«®, á®¯à®¢®¦¤ îâáï ª ¢¨â -æ¨¥© ¦¨¤ª®áâ¨, ª®â®à ï ¬®¦¥â ¢®§¨ªãâì ª ª  § £®â®¢ª¥, â ª ¨   ¯®àè¥. �à¥¤áâ ¢¨¬ ¯à¥áá-¯ãèªã [3], ¢ ª®â®à®© ¨á¯®«ì§ã¥âáï ª¨¥â¨ç¥áª ïí¥à£¨ï ¯®àèï. �¤®¬¥à®¥ ¤¢¨¦¥¨¥ ¨¤¥ «ì®©á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¢ ¯à¥áá-¯ãèª¥ à áá¬ âà¨¢ -¥âáï á ãç¥â®¬ ª ¢¨â æ¨¨, ¨ ®¯¨áë¢ ¥âáï ãà ¢¥¨-ï¬¨ (5) ¨«¨ (7) ¢ § ¢¨á¨¬®áâ¨ ®â ¬¥â®¤  à¥è¥¨ï.� ç «ìë¥ ¨ £à ¨çë¥ ãá«®¢¨ï á«¥¤ãîé¨¥:u (0; x) = 0; p (0; x) = 0; x 2 [�L; 0] ;u (t; x) = up; u (t; 0) = 0;¤¢¨¦¥¨¥ ¯®àèï ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨ (6).� £®â®¢ª  ¤«ï ¯à®áâ®âë áç¨â ¥âáï ¦¥áâª®© ¨ ¥-¯®¤¢¨¦®©.� ¤ ç  à¥è « áì ç¨á«¥® ¬¥â®¤ ¬¨ �®¤ã®¢ ¨ VIS. �á¯®«ì§®¢ « áì ¯¥à¢ ï ¬®¤¥«ì ª ¢¨â æ¨¨á ªà¨â¨ç¥áª¨¬ ¤ ¢«¥¨¥¬, à ¢ë¬ ã«î. �¨¦¥�. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª® 13



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 16¯à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â®¢ ¤«ï ãáâ ®¢ª¨ á¤ ë¬¨ [3]: ¤«¨  áâ®«¡  ¢®¤ë L = 650 ¬¬, à -¤¨ãá ¯®àèï 56 ¬¬, ¬ áá  ¯®àèï 2.3 ª£, áª®à®áâì¯®àèï 32 ¬/á. �  à¨á. 5. áà ¢¨¢ îâáï à á-ç¥âë á ãç¥â®¬ ¨ ¡¥§ ãç¥â  ª ¢¨â æ¨¨, ¢ë¯®«¥-ë¥ ¬¥â®¤®¬ �®¤ã®¢ : 1 { ¤ ¢«¥¨¥   ¯®àè¥,2 { ¤ ¢«¥¨¥   § £®â®¢ª¥, 3 - áª®à®áâì ¯®àèï;á¯«®èë¥ ªà¨¢ë¥ { á ãç¥â®¬,   ¯ãªâ¨àë¥ { ¡¥§ãç¥â  ª ¢¨â æ¨¨. �  à¨á. 6 áà ¢¨¢ îâáï à á-ç¥âë á ãç¥â®¬ ª ¢¨â æ¨¨, ¢ë¯®«¥ë¥ à §ë¬¨¬¥â®¤ ¬¨: á¯«®èë¥ ªà¨¢ë¥ { ¬¥â®¤®¬ �®¤ã®¢ ,ªàã¦®çª¨   ªà¨¢ëå { ¬¥â®¤®¬ VIS. �ã¬¥à æ¨ïªà¨¢ëå { â ª ï ¦¥, ª ª   à¨á. 5.
�¨á. 5. �¥§ã«ìâ âë à áç¥â  á ãç¥â®¬ ¨ ¡¥§ ãç¥â ª ¢¨â æ¨¨� ª ¢¨¤®, ¤ ¢«¥¨¥   § £®â®¢ª¥ ¨   ¯®àè-¥ ¨§¬¥ï¥âáï áª çª ¬¨, çâ® ®âà ¦ ¥â ¢®«®¢ë¥¯à®æ¥ááë ¢ ãáâ ®¢ª¥. � ¬®¬¥âã ¢à¥¬¥¨ t =1 ¬á   ¯®àè¥ ¯®á«¥ ®âà ¦¥¨ï ¢®«ë á¦ â¨ï¢®§¨ª ¥â ª ¢¨â æ¨ï. � ¢«¥¨¥ §¤¥áì à ¢® ã«î,¨ ¯®àè¥ì ¤¢¨¦¥âáï à ¢®¬¥à®. �  § £®â®¢ª¥ª ¢¨â æ¨ï ¢®§¨ª ¥â ¯®§¦¥, ª ¬®¬¥âã ¢à¥¬¥¨t = 1:3 ¬á ¯®á«¥ ®âà ¦¥¨ï ¢®«ë á¦ â¨ï. �à¨à áç¥â¥ ¡¥§ ãç¥â  ª ¢¨â æ¨¨ ¤ ¢«¥¨¥   ¯®àè¥¨   § £®â®¢ª¥ áâ ®¢¨âáï ®âà¨æ â¥«ìë¬, ¤®áâ¨-£ ï ¢¥«¨ç¨ë -40 �� . �âà¨æ â¥«ì®¥ ¤ ¢«¥¨¥¢®¤ë   ¯®àè¥ ¯à¨¢®¤¨â ª ¥£® ¯®¢â®à®¬ã ãáª®-à¥¨î.�á¯®«ì§®¢ ¨¥ à §«¨çëå ¬®¤¥«¥© ª ¢¨â æ¨¨¬ «® ¢«¨ï¥â   à¥§ã«ìâ âë à áç¥â®¢. �â® ¬®¦-® ®¡êïá¨âì,  ¢¥à®¥, â¥¬, çâ® ¤ ¢«¥¨ï, ¢®§-¨ª îé¨¥ ¢ £¨¤à®¨¬¯ã«ìáëå ãáâ ®¢ª å, ¢® ¬®-£® à § ¡®«ìè¥ ªà¨â¨ç¥áª®£® ¤ ¢«¥¨ï, ª®â®à®¥ ¨á-¯®«ì§ã¥âáï ¢ ¬®¤¥«ïå ª ¢¨â æ¨¨. � áç¥âë, ¢ë-¯®«¥ë¥ à §ë¬¨ ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨, ¯®«-®áâìî á®¢¯ ¤ îâ, ª ª ¯®ª § ®   à¨á. 6.

�¨á. 6. �¥§ã«ìâ âë à áç¥â®¢ à §ë¬¨ ¬¥â®¤ ¬¨3.3. �áâ ®¢ª  ¤«ï ¨áá«¥¤®¢ ¨ï ¤¨ ¬¨ç¥áª®©¯à®ç®áâ¨ ¢®¤ë   à §àë¢�áâ ®¢ª  ¤«ï ¨áá«¥¤®¢ ¨ï ¯à®ç®áâ¨ ¢®¤ë  à §àë¢ ¯à¨ ¤¨ ¬¨ç¥áª¨å  £àã§ª å [2] ¯à¥¤áâ -¢«ï¥â æ¨«¨¤à, § ¯®«¥ë© ¦¨¤ª®áâìî ¨ § ªàë-âë© á ®¤®£® â®àæ , ã ª®â®à®£® à á¯®«®¦¥ ¯ì¥-§®ª¥à ¬¨ç¥áª¨© ¤ âç¨ª ¤ ¢«¥¨ï. � ¤àã£®© áâ®-à®ë ¢ æ¨«¨¤à ¢áâ ¢«¥ ¯®àè¥ì, á®¥¤¨¥ë©èâ®ª®¬ á ¤àã£¨¬ ¯®àè¥¬ ¡®«ìè¥£® ¤¨ ¬¥âà , ª®-â®àë© ¬®¦¥â ¯¥à¥¬¥é âìáï á ¡®«ìè¨¬ ãáª®à¥¨-¥¬ ¯®¤ ¤¥©áâ¢¨¥¬ á¦ â®£® £ § , ¤ ¢«¥¨¥ ª®â®-à®£® ¯®¤¤¥à¦¨¢ ¥âáï ¯®áâ®ïë¬. �  ç «ìë©¬®¬¥â ¯®àè¨ ¯à¨¢®¤ïâáï ¢ ¤¢¨¦¥¨¥ ¨ ¯® ¢®-¤¥ à á¯à®áâà ï¥âáï ¢®«  à §à¥¦¥¨ï, ¤ ¢«¥¨¥¢ ª®â®à®© à¥£¨áâà¨àã¥âáï ¤ âç¨ª®¬. �§¬¥ïï ¤ -¢«¥¨¥   ¯®àè¥ì, ¬®¦® à¥£ã«¨à®¢ âì áª®à®áâì¨§¬¥¥¨ï ¤ ¢«¥¨ï ¢ ¢®«¥ ¨ ¨áá«¥¤®¢ âì § ¢¨á¨-¬®áâì ¢®§¨ª®¢¥¨ï ª ¢¨â æ¨¨ ®â ¢à¥¬¥¨ ¤¥©-áâ¢¨ï à áâï£¨¢ îé¥£®  ¯àï¦¥¨ï. � ªá¨¬ «ì-®¥ ãáª®à¥¨¥ ¯®àèï ¤®áâ¨£ «® 170g. �áá«¥¤®¢ -« áì ®¡ëç ï ¢®¤®¯à®¢®¤ ï ¢®¤  ¡¥§ ¯ã§ëàìª®¢¢®§¤ãå , ¢¨¤¨¬ëå ¥¢®®àã¦¥ë¬ £« §®¬. �ªá¯¥-à¨¬¥â «ì® ãáâ ®¢«¥®, çâ® ªà¨â¨ç¥áª®¥ ¤ ¢«¥-¨¥, ¯à¨ ª®â®à®¬ ¢®§¨ª ¥â ª ¢¨â æ¨ï, § ¢¨á¨â®â ¢à¥¬¥¨ ¤¥©áâ¢¨ï: ç¥¬ ¬¥ìè¥ ¢à¥¬ï ¢®§¤¥©-áâ¢¨ï, â¥¬ ¡®«ìè¥ ¢¥«¨ç¨  ªà¨â¨ç¥áª®£® ¤ ¢«¥-¨ï pcr. � ¯à¨¬¥à, ¯à¨ ¢à¥¬¥¨ ¢®§¤¥©áâ¢¨ï 50¬ªá ª ¢¨â æ¨ï ¢®§¨ª ¥â ¯à¨ ¤ ¢«¥¨¨ -0.25 �� .�¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ ãáâ ®¢ª¥ ®¯¨áë¢ «®áìãà ¢¥¨ï¬¨ (4) á  ç «ìë¬¨ ¨ £à ¨çë¬¨ãá«®¢¨ï¬¨ u (0; x) = 0; p (0; x) = pa;� (0; x) = �0; 0 < x < L;u (t; 0) = 0; u (t; xp) = apt;£¤¥ ap { § ¤ ®¥ ãáª®à¥¨¥ ¯®àèï. �à¨ à áç¥â¥14 �. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 9 { 16¨á¯®«ì§®¢ « áì ¯¥à¢ ï ¬®¤¥«ì ª ¢¨â æ¨¨ á ªà¨â¨-ç¥áª¨¬ ¤ ¢«¥¨¥¬ pcr = �0:25 �� .�  à¨á. 7 ¯à¨¢¥¤¥ë § ¢¨á¨¬®áâ¨ ¤ ¢«¥¨ï  ¯®àè¥ì, § ªàëâë© â®à¥æ ¨ áª®à®áâ¨ ¯®àèï ®â¢à¥¬¥¨ ¤«ï ®¯¨á ®© ãáâ ®¢ª¨ (ªà¨¢ë¥ 1{3 á®-®â¢¥âáâ¢¥®). �áª®à¥¨¥ ¯®àèï § ¤ ¢ «®áì à ¢-ë¬ ap = 170g. �§ £à ä¨ª®¢ ¢¨¤®, çâ® ¤ ¢«¥¨¥  ¤ âç¨ª¥ ¤¥©áâ¢¨â¥«ì® ã¡ë¢ ¥â ¯® «¨¥©®¬ã§ ª®ã ®â ã«ï ¤® ªà¨â¨ç¥áª®£® ¯à¨¬¥à® §  50¬ªá, ª ª ¡ë«® § à¥£¨áâà¨à®¢ ® ¢ íªá¯¥à¨¬¥â¥.
�¨á. 7. � ¢¨á¨¬®áâì ¤ ¢«¥¨ï   ¯®àè¥ì, § ªàëâë©â®à¥æ ¨ áª®à®áâ¨ ¯®àèï ®â ¢à¥¬¥¨3.4. �¬¯ã«ìáë© £¥¥à â®à áâàã© ¦¨¤ª®áâ¨�áá«¥¤ã¥¬ ï ãáâ ®¢ª  [12] ¯à¥¤áâ ¢«ï¥â æ¨-«¨¤à ¤¨ ¬¥âà®¬ D ¨ ¤«¨®© L, § ªàëâë© á ®¤-®£® ª®æ  § £«ãèª®© á ®â¢¥àáâ¨¥¬ ¬ «®£® ¤¨ -¬¥âà  d ¯® æ¥âàã. �¨«¨¤à § ¯®«¥ ¢®¤®© ¨ á¤àã£®£® ª®æ  ¢ ¥£® ¢áâ ¢«¥ ¯®àè¥ì. �  ç «ì-ë© ¬®¬¥â ¯®àè¥ì ã¤ à®¬ ¯à¨¢®¤¨âáï ¢ ¤¢¨¦¥-¨¥, ¦¨¤ª®áâì á¦¨¬ ¥âáï ¨  ç¨ ¥â ¨áâ¥ª âì ¨§®â¢¥àáâ¨ï ¨¬¯ã«ìá®© áâàã¥©. �¨¤ª®áâì áç¨â -¥¬ ¨¤¥ «ì®© ¨ á¦¨¬ ¥¬®©, à ¤¨ «ìë¬ â¥ç¥¨¥¬¨§-§  ¬ «®áâ¨ ®â¢¥àáâ¨ï ¯à¥¥¡à¥£ ¥¬, ¤¢¨¦¥¨¥¦¨¤ª®áâ¨ áç¨â ¥¬ ®¤®¬¥àë¬, âà¥¨¥ ¯®àèï ¥ãç¨âë¢ ¥¬. �  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ¦¨¤-ª®áâì ¯®ª®¨âáï, ¥¥ ¤ ¢«¥¨¥ à ¢® ã«î,  ç «®ª®®à¤¨ â á®¢¬¥é¥® á ¯®àè¥¬.�¤®¬¥à®¥ ¤¢¨¦¥¨¥ ¨¤¥ «ì®© á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ®¯¨áë¢ «®áì á¨áâ¥¬®© ãà ¢¥¨© ¥áâ -æ¨® à®© £ §®¢®© ¤¨ ¬¨ª¨ (4) á  ç «ìë¬¨ ¨£à ¨çë¬¨ ãá«®¢¨ï¬¨u (0; x) = 0; p (0; x) = 0; 0 < x < L;u (t; xp) = up; u (t; L) = 0:�¢¨¦¥¨¥ ¯®àèï ®¯¨áë¢ «®áì ãà ¢¥¨¥¬ (6).�ª®à®áâì ¨áâ¥ç¥¨ï áâàã¨ ®¯à¥¤¥«ï« áì ¯® ãà ¢-¥¨î �¥àã««¨ u (t; xp) = up; u (t; L) = 0.

�  à¨á. 8 ¯à¨¢¥¤¥ë £à ä¨ª¨ § ¢¨á¨¬®áâ¨ ¤ -¢«¥¨ï   ¯®àè¥ ¨   â®àæ¥ ª ¬¥àë, áª®à®áâ¨¯®àèï ¨ áâàã¨ ®â ¢à¥¬¥¨, ¯®«ãç¥ë¥ ¯à¨ à á-ç¥â¥ ¬¥â®¤®¬ á ¨áªãááâ¢¥®© ¢ï§ª®áâìî (ªà¨¢ë¥1, 2, 3 ¨ 4 á®®â¢¥âáâ¢¥®). � ë¥ ¯ à ¬¥âà®¢ãáâ ®¢ª¨ ¢§ïâë ¨§ à ¡®âë [15]: D = 25 ¬¬,d = 2:5 ¬¬, L = 75 ¬¬, up0 = 3:37 ¬/á, mp = 0:088ª£.
�¨á. 8. � ¢¨á¨¬®áâì ¯ à ¬¥âà®¢ ®â ¢à¥¬¥¨� ¢«¥¨¥   ¯®àè¥ ¨   â®àæ¥ ¨§¬¥ï¥âáï áª ç-ª®®¡à §®. �®àè¥ì ¡ëáâà® â®à¬®§¨âáï, ¨á¯ãá-ª ï ¢®«ë à §à¥¦¥¨ï. � ¯à¨å®¤ã ®âà ¦¥®©®â â®àæ  ¢®«ë ¤ ¢«¥¨¥   ¯®àè¥ ã¬¥ìè ¥âáï¯®çâ¨ ¢ ¤¢  à § ,   § â¥¬ á¯ ¤ ¥â ¡®«¥¥ ¨â¥-á¨¢®, ç¥¬ ¤® ¯à¨å®¤  ®âà ¦¥®© ¢®«ë (ªà¨¢ ï1). �§ £à ä¨ª®¢ ¢¨¤®, çâ® ª ¬®¬¥âã ¢à¥¬¥¨t � 250 ¬ªá   â®àæ¥ ¨   ¯®àè¥ ¢®§¨ª ¥â ª -¢¨â æ¨ï. � ª¨¬ ®¡à §®¬,   áâàã¥ ¬®¦® § à¥£¨-áâà¨à®¢ âì íªá¯¥à¨¬¥â «ì® ¥ ¡®«¥¥ 3 ¯ã«ìá -æ¨©. �®àè¥ì ª íâ®¬ã ¬®¬¥âã ¤¢¨¦¥âáï ¢ ®¡à â-®¬  ¯à ¢«¥¨¨, ¥£® áª®à®áâì ¥¬®£® ¬¥ìè¥ ç «ì®©. �§«®¬ë   £à ä¨ª¥ áª®à®áâ¨ ¯®àèïá®®â¢¥âáâ¢ãîâ ¯à¨å®¤ã ®ç¥à¥¤®© ¢®«ë á¦ â¨ï  ¯®àè¥ì.�®¦® ®â¬¥â¨âì, çâ® ¤ ¢«¥¨¥   â®àæ¥ ¨  ¯®àè¥ ¤® ¯à¨å®¤  ®ç¥à¥¤®© ¢®«ë á¦ â¨ï ¨§¬¥-ï¥âáï ¯® íªá¯®¥æ¨ «ì®¬ã § ª®ã p = pae��t,ª®â®àë© è¨à®ª® ¨á¯®«ì§ã¥âáï ¯à¨   «¨â¨ç¥áª¨å¨áá«¥¤®¢ ¨ïå ¤¨ ¬¨ç¥áª®£® ¢®§¤¥©áâ¢¨ï   ¯à¥-£à ¤ë ¢ ¦¨¤ª®áâ¨ ¨ £ § å. � ¯à¨¬¥à, ¤«ï ¯¥à¢®©¢®«ë   â®àæ¥ pa = �p, � = 8:32¬á�1,   ¢à¥¬ï®âáç¨âë¢ ¥âáï ¢ ¬¨««¨á¥ªã¤ å á ¬®¬¥â  ®âà -¦¥¨ï ¢®«ë.����������� áá¬®âà¥® ¥áª®«ìª® ¬®¤¥«¥© ª ¢¨â æ¨¨, ¯®-ª § ®, ª ª ª ¢¨â æ¨ï ãç¨âë¢ ¥âáï ¯à¨ à áç¥â å.�à¥¤«®¦¥ ¬¥â®¤ VIS ¤«ï à áç¥â  â¥ç¥¨© á ª ¢¨-�. �. �â ®¢, �. �. �ãá ®¢ , �. �. �¥¬ª® 15
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