
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 88 { 91��� 532.5:518:5 ������ ������� � ������������������� �������� ������������� ����������. �. ������®­¥æª¨© £®áã¤ àáâ¢¥­­ë© ã­¨¢¥àá¨â¥â, �®­¥æª�®«ãç¥­® 03.02.2000�«ï à áç¥â  â¥ç¥­¨ï ¢ £¨¤à®¯ãèª¥ ã¤ à­®£® ¤¥©áâ¢¨ï à §¢¨â ç¨á«¥­­ë© ¬¥â®¤, ®á­®¢ ­­ë© ­  ¢¢¥¤¥­¨¨ ¢ ãà ¢­¥­¨ï¤¢¨¦¥­¨ï ¨áªãááâ¢¥­­®© ¢ï§ª®áâ¨. �¥áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ à áá¬ âà¨¢ ¥âáï ¢ ª¢ §¨®¤­®-¬¥à­®¬ ¯à¨¡«¨¦¥­¨¨. �à ¢­¥­¨¥ á®áâ®ï­¨ï ¢®¤ë ¢§ïâ® ¢ ä®à¬¥, ãç¨âë¢ îé¥© ¢®§¬®¦­ãî ª ¢¨â æ¨î ¦¨¤ª®áâ¨.�¥§ã«ìâ âë à áç¥â®¢, ¢ë¯®«­¥­­ë¥ ¤«ï £¨¤à®¯ãèª¨ ª®­ªà¥â­®© ª®­áâàãªæ¨¨, áà ¢­¨¢ îâáï á à áç¥â ¬¨, ¯à®¢¥-¤¥­­ë¬¨ ç¨á«¥­­ë¬¨ ¬¥â®¤ ¬¨ å à ªâ¥à¨áâ¨ª ¨ �®¤ã­®¢ . �¡áã¦¤ îâáï ®á®¡¥­­®áâ¨ ¯à¨¬¥­¥­¨ï à áá¬®âà¥­­®£®¬¥â®¤  ¤«ï à¥è¥­¨ï § ¤ ç ­¥áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨.�«ï à®§à åã­ªã â¥ç÷ù ¢ £÷¤à®¯ãèæ÷ ã¤ à­®ù ¤÷ù à®§¢¨­ãâ® ç¨á¥«ì­¨© ¬¥â®¤, § á­®¢ ­¨© ­  ¢¢¥¤¥­­÷ ¢ à÷¢­ï­­ï àãåãèâãç­®ù ¢'ï§ª®áâ÷. �¥áâ æ÷®­ à­¨© àãå áâ¨áª õ¬®ù à÷¤¨­¨ à®§£«ï¤ õâìáï ¢ ª¢ §÷®¤­®¬÷à­®¬ã ­ ¡«¨¦¥­­÷. �÷¢­ï­­ïáâ ­ã ¢®¤¨ ¢§ïâ® ã ä®à¬÷, ïª  ¢à å®¢ãõ ¬®¦«¨¢ã ª ¢÷â æ÷î à÷¤¨­¨. �¥§ã«ìâ â¨ à®§à åã­ª÷¢, ¢¨ª®­ ­÷ ¤«ï £÷¤à®-¯ãèª¨ ª®­ªà¥â­®ù ª®­áâàãªæ÷ù, ¯®à÷¢­îîâìáï § à®§à åã­ª ¬, ¯à®¢¥¤¥­¨¬¨ ç¨á¥«ì­¨¬¨ ¬¥â®¤ ¬¨ å à ªâ¥à¨áâ¨ª ÷�®¤ã­®¢ . �¡£®¢®àîâìáï ®á®¡«¨¢®áâ÷ § áâ®áã¢ ­­ï à®§£«ï­ãâ®£® ¬¥â®¤ã ¤«ï à÷è¥­­ï § ¤ ç ­¥áâ æ÷®­ à­®£® àãåãà÷¤¨­¨.For calculation of 
ow in a hydrocannon of shock action the numerical method based on introduction of arti�cial viscosityto the equations of movement was improwed. The unsteady movement of a compressed liquid is examined in quasi-one-dimensional approximation. The equation of water state is taken in the form which is takes into account possiblecavitaion of liquid. The results of calculations carried out for a hydrocannon of a concrete design, are compared to resultsobtained by the numerical method of the characteristics and by Godunov's method. The peculiarities of application ofthe considered method for solving problems of unsteady movement of liquid are discussed.���������áá«¥¤®¢ ­¨¥ £¨¤à®¯ãèª¨ ã¤ à­®£® ¤¥©áâ¢¨ï,¢ë¯®«­¥­­®¥ ¢ ª¢ §¨®¤­®¬¥à­®© ¯®áâ ­®¢ª¥ ¬¥â®-¤ ¬¨ å à ªâ¥à¨áâ¨ª ¨ �®¤ã­®¢  [1 - 5], ¯®ª § «®,çâ® â¥ç¥­¨¥ ¦¨¤ª®áâ¨ ¢ íâ®© ãáâ ­®¢ª¥ á®¯à®¢®-¦¤ ¥âáï ®âª®«®¬ - à §àãè¥­¨¥¬ ¦¨¤ª®áâ¨ ¨§-§ à áâï£¨¢ îé¨å ­ ¯àï¦¥­¨©. � áç¥â â¥ç¥­¨ï á®âª®«®¬ ¬¥â®¤®¬ å à ªâ¥à¨áâ¨ª âà¥¡ã¥â ¢ë¤¥«¥-­¨ï £à ­¨æë ®âª®« , çâ® ¤¥« ¥â  «£®à¨â¬ ­¥®¤­®-à®¤­ë¬ ¨ ãá«®¦­ï¥â ¥£®. �à¨ à áç¥â¥ â ª¨å â¥-ç¥­¨© ¬¥â®¤®¬ �®¤ã­®¢  ¤®¡ ¢«ïîâáï ­®¢ë¥ â¨¯ë"à á¯ ¤®¢ ¢§àë¢®¢", ¨ íâ® â ª¦¥ ãá«®¦­ï¥â  «£®-à¨â¬ [4, 5]. �¨¦¥ ®¯¨á ­  ®¤­®à®¤­ ï à §­®áâ­ ïáå¥¬ , ®á­®¢ ­­ ï ­  ¢¢¥¤¥­¨¨ ¨áªãááâ¢¥­­®© ¢ï§-ª®áâ¨, ª®â®à ï á¢®¡®¤­  ®â ¯¥à¥ç¨á«¥­­ëå ­¥¤®-áâ âª®¢.1. ��������� �������� ��������� ����������� áá¬®âà¨¬ £¨¤à®¯ãèªã ã¤ à­®£® ¤¥©áâ¢¨ï,áå¥¬  ª®â®à®© ¨§®¡à ¦¥­  ­  à¨á. 1 [1]. � â -ª®© ãáâ ­®¢ª¥ ¯®àè¥­ì 1, ¤¢¨¦ãé¨©áï ¢ æ¨«¨­-¤à¨ç¥áª®¬ áâ¢®«¥ 2 á® áª®à®áâìî u0, ¢ ­ ç «ì­ë©¬®¬¥­â ¢à¥¬¥­¨ ã¤ àï¥â ¯® ­¥¯®¤¢¨¦­®¬ã áâ®«¡ã¦¨¤ª®áâ¨ 3 ¤«¨­®© L, ª®â®àë© ­ å®¤¨âáï ã ¢å®¤  ¢

áã¦ îé¥¥áï á®¯«® 4. � ç «® ª®®à¤¨­ â ¯®¬¥áâ¨¬ã ¢å®¤  ¢ á®¯«®. �¥ç¥­¨¥ ¦¨¤ª®áâ¨ ¢ £¨¤à®¯ãèª¥¡ã¤¥¬ à áá¬ âà¨¢ âì ¢ ª¢ §¨®¤­®¬¥à­®¬ ¯à¨¡«¨-¦¥­¨¨, ¢«¨ï­¨¥ ¢®§¤ãå  ¢ á®¯«¥ ­¥ ãç¨âë¢ ¥¬.�¨á. 1. �å¥¬  ãáâ ­®¢ª¨:1 - ¯®àè¥­ì, 2 - áâ¢®«, 3 - ¢®¤ ,4 - áã¦ îé¥¥áï á®¯«®�«ï ¥¤¨­®®¡à §­®£® ®¯¨á ­¨ï â¥ç¥­¨ï ¢¢¥¤¥¬¢ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¨áªãááâ¢¥­­ãî ¢ï§ª®áâì q,ª ª ¤®¡ ¢ªã ª £¨¤à®áâ â¨ç¥áª®¬ã ¤ ¢«¥­¨î à. �¨-áâ¥¬ã ãà ¢­¥­¨© ­¥áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨ § ¯¨è¥¬ ¢ ¢¨¤¥dpdt + ��@u@x + uF dFdx � = 0;�dudt + @@x (p+ q) = 0; (1)�dedt + (p + q)�@u@x + uF dFdx � = 0:88 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 88 { 91�¤¥áì t ¨ x - ¢à¥¬ï ¨ ª®®à¤¨­ â ; u; � ¨ ¥ -áª®à®áâì, ¯«®â­®áâì ¨ ã¤¥«ì­ ï ¢­ãâà¥­­ïï í­¥à-£¨ï ­  ¥¤¨­¨æã ¬ ááë; F - ¯«®é ¤ì ¯®¯¥à¥ç­®£®á¥ç¥­¨ï ¯à®â®ç­®© ç áâ¨ ãáâ ­®¢ª¨. �ï§ª®¥ ¤ -¢«¥­¨¥ q ¯à¥¤áâ ¢¨¬ ª®¬¡¨­ æ¨¥© «¨­¥©­®© ¨ ª¢ -¤à â¨ç­®© ¢ï§ª®áâ¨ ¢ ¢¨¤¥q = �(� + �)@u@x ; (2)£¤¥ � ¨ � - ª®íää¨æ¨¥­âë «¨­¥©­®© ¨ ª¢ ¤à -â¨ç­®© ¢ï§ª®áâ¨.� ç «ì­ë¥ ¨ £à ­¨ç­ë¥ ãá«®¢¨ï ¤«ï § ¤ ç¨ á«¥-¤ãîé¨¥:u(0; x) = 0; �(0; x) = �0; p(0; x) = 0; (3)e(0; x) = 0; x 2 [�L; 0];u(t; xp) = up; p(t; xf ) = 0: (4)�¤¥áì �0 - ¯«®â­®áâì ¢®¤ë ¯à¨ p = 0; xp ¨ xf -ª®®à¤¨­ âë ¯®àè­ï ¨ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨; up -áª®à®áâì ¯®àè­ï. � § ¤ ç¥ à áá¬ âà¨¢ ¥âáï â®«ì-ª® ¢â¥ª ­¨¥ ¦¨¤ª®áâ¨ ¢ á®¯«®, ¯®íâ®¬ã £à ­¨ç­ë¥ãá«®¢¨ï ¯à¨ ¨áâ¥ç¥­¨¨ áâàã¨ ¦¨¤ª®áâ¨ ­  áà¥§¥á®¯«  ­¥ áâ ¢ïâáï.�¢¨¦¥­¨¥ ¯®àè­ï ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ãà ¢­¥­¨ï¬¨ á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨:dupdt = � Fcmp pp; dxpdt =up;up(0)=u; xp(0)= � L: (5)�¤¥áì Fc - ¯«®é ¤ì ¯®¯¥à¥ç­®£® á¥ç¥­¨ï áâ¢®« ,à ¢­ ï ¯«®é ¤¨ ¯®àè­ï; p0 - ¤ ¢«¥­¨¥ ¦¨¤ª®áâ¨­  ¯®àè¥­ì; mp - ¬ áá  ¯®àè­ï.�à ¢­¥­¨¥ á®áâ®ï­¨ï ¢®¤ë ¢®§ì¬¥¬ ¢ ä®à¬¥, ª®-â®à ï ãç¨âë¢ ¥â ¢®§¬®¦­®áâì ¢®§­¨ª­®¢¥­¨ï ®â-ª®« :p = 8>><>>: �(�=�0� 1) + �(�=�0�1)2+
�e; p � 0;�(�=�0 � 1); p� < p < 0;p�; p � p�; (6)£¤¥ � = 2.29 �� ; � = 3.93 �� ; 
 = 2.85; p0 =103ª£/¬3 - ¯®áâ®ï­­ë¥ ãà ¢­¥­¨ï á®áâ®ï­¨ï. �à¨-â¨ç¥áª®¥ ¤ ¢«¥­¨¥ p�, ­¨¦¥ ª®â®à®£® ¢®¤  à §àã-è ¥âáï, ¯à¨¬¥¬ à ¢­ë¬: p� = -1 ��  [6, 7]. � ª®â¬¥ç «®áì ¢ëè¥, ¤«ï á£« ¦¨¢ ­¨ï à §àë¢®¢ ¨ ¯®-áâà®¥­¨ï ®¤­®à®¤­®© à §­®áâ­®© áå¥¬ë ¢ ãà ¢-­¥­¨¥ ¤¢¨¦¥­¨ï ¢¢¥¤¥­  ¨áªãááâ¢¥­­ ï «¨­¥©­ ï¨ ª¢ ¤à â¨ç­ ï ¢ï§ª®áâì. �¨­¥©­ ï ¢ï§ª®áâì q1

¨á¯®«ì§ã¥âáï ¤«ï ¯®¤ ¢«¥­¨ï ®áæ¨««ïæ¨© ¯ à ¬¥-âà®¢ â¥ç¥­¨ï ¨ ¢¢®¤¨âáï ¢ ¢¨¤¥q1 = 8>><>>: �1���xj@u@x j; @u@x < 0;0; @u@x � 0: (7)�¤¥áì �1 - ç¨á«®¢®© ª®íää¨æ¨¥­â; a - áª®à®áâì §¢ã-ª  ¢ ¢®¤¥; �x - è £ à §­®áâ­®© á¥âª¨.�¢ ¤à â¨ç­ ï ¢ï§ª®áâì q2 ¢ª«îç ¥âáï ­  ã¤ à-­ëå ¢®«­ å ¢ ¢¨¤¥q2 = 8>><>>: �2��x2�@u@x�2; @u@x < 0;0; @u@x � 0; (8)£¤¥ �2 - ç¨á«®¢®© ª®íää¨æ¨¥­â. �®íää¨æ¨¥­âë �1¨ �2 ¯®¤¡¨à îâáï íªá¯¥à¨¬¥­â «ì­® â ª, çâ®¡ë¤®¡¨âìáï ­¥¡®«ìè®© è¨à¨­ë ã¤ à­®© ¢®«­ë ¨ ¬ -«®©  ¬¯«¨âã¤ë ¯ã«ìá æ¨© ¯ à ¬¥âà®¢.2. �������-����������������������� ����������¨á«¥­­ë© à áç¥â ­ ç «ì­®-ªà ¥¢®© § ¤ ç¨ (1)-(6) ®áãé¥áâ¢«¥­ ­  ª®­¥ç­®-à §­®áâ­®© ¯®¤¢¨¦-­®© á¥âª¥ á ¯¥à¥¬¥­­ë¬ è £®¬. �ª®à®áâì ¦¨¤ª®-áâ¨ § ¤ ¥âáï ¢ ã§« å á¥âª¨,   ¤ ¢«¥­¨¥, ¯«®â­®áâì¨ í­¥à£¨ï ¢ áà¥¤­¨å â®çª å.�ª®à®áâì ¦¨¤ª®áâ¨ ®¯à¥¤¥«ï¥âáï ¨§ à §­®áâ­®-£® ãà ¢­¥­¨ï á®åà ­¥­¨ï ¨¬¯ã«ìá :un+1i = uni � 2�tn (p+ q)ni+1=2 � (p + q)ni�1=2(xi+1 � xi�1)�ni ; (9)£¤¥ �ni = (��V )ni�1=2 + (��V )ni+1=2�V ni�1=2 +�V ni+1=2 ;�V ni+1=2 = �xi+1=23 (Fi + Fi+1 +pFi �Fi+1):�¤¥áì ­¨¦­¨© ¨­¤¥ªá ®â­®á¨âáï ª ª®®à¤¨­ â¥ á¥â-ª¨, ¢¥àå­¨© { ¢à¥¬¥­¨. �à®¡­ë© ¨­¤¥ªá á®®â¢¥â-áâ¢ã¥â ¯à®¬¥¦ãâ®ç­ë¬ â®çª ¬ á¥âª¨.�ï§ª®áâì q ¨ ¤ ¢«¥­¨¥ p ®¯à¥¤¥«ïîâáï ¨§ ®¡ëç-­®© à §­®áâ­®©  ¯¯à®ªá¨¬ æ¨¨ ãà ¢­¥­¨© (6), (7).�­ãâà¥­­ïï í­¥à£¨ï ­ å®¤¨âáï ¨§ á«¥¤ãîé¥£®à §­®áâ­®£® ¢ëà ¦¥­¨ïen+1i+1=2 = eni+1=2 ��tn�p+ q� �ni+1=2� (10)��ui+1 � ui�xi+1=2 + ui+1 + ui2�xi+1=2 lnFi+1Fi �n+1=2:�. �. �¥¬ª® 89
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 + 1) + �[(�=�0)2 � 1] + �� :� ®¡« áâ¨ ®âª®«  áª®à®áâì §¢ãª  áç¨â ¥âáï ¯®áâ®-ï­­®©, à ¢­®© a� � 30 ¬/á [8].�ª®à®áâì £à ­¨ç­®£® ã§«  1 ­  ¯®àè­¥ ­  á«¥-¤ãîé¥¬ è £¥ ¯® ¢à¥¬¥­¨ ¯à¨­¨¬ ¥âáï à ¢­®©:un+11 = un1 � Fcmp pn3=2 ��tn: (11)� £ ¯® ¢à¥¬¥­¨ ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬�t = k min (�ta;�tq); (12)£¤¥ �ta = min��xi+1=2ai+1=2 � ;�tq = min� p�x24(�+ �)� ;k { ­¥ª®â®à ï ª®­áâ ­â  � 1.�«ï à áç¥â  £à ­¨ç­®£® ã§«  N ¯® á¢®¡®¤­®©¯®¢¥àå­®áâ¨ ¢¢®¤¨âáï ä¨ªâ¨¢­ë© ã§¥« á ­®¬¥à®¬N + 1, ¤ ¢«¥­¨¥ ¨ ¯«®â­®áâì ¢ ª®â®à®¬ ¯à¨­¨¬ -îâáï ­ã«¥¢ë¬¨.3. ���������� ���������  à¨á. 2 ¯à¨¢¥¤¥­  ¤¨ £à ¬¬  à §¢¨â¨ï ®âª®-«  ¤«ï £¨¤à®¯ãèª¨ á ¤ ­­ë¬¨, ¢§ïâë¬¨ ¨§ à ¡®-âë [1]: L=Ls = 0; 5; Rs=Rs = 0; 2; u0 = 0; 06a0;£¤¥ Rc ¨ Rs - à ¤¨ãáë áâ¢®«  ¨ áà¥§  á®¯« ; Ls- ¤«¨­  á®¯« ; a0 - áª®à®áâì §¢ãª  ¯à¨ ¤ ¢«¥­¨¨,à ¢­®¬ ­ã«î. �®àè¥­ì ¯à¥¤¯®« £ «áï ®ç¥­ì âï-¦¥«ë¬, ¯à®ä¨«ì á®¯«  ®¯¨áë¢ «áï ä®à¬ã«®© �¨-â®è¨­áª®£®R = Rs�1� �1� �RsRc�2� �1� ( xLs )2�2�1 + 13 ( xLs )2�3�� 12 :�à¥¤¢ à¨â¥«ì­ë¥ à áç¥âë ¯®ª § «¨, çâ® ¢¡«¨§¨á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ­ ¡«î¤ ¥âáï § ¬¥â­ ï ¤¥-ä®à¬ æ¨ï ïç¥¥ª, á¢ï§ ­­ ï á ­ «¨ç¨¥¬ ¡®«ìè®£®£à ¤¨¥­â  áª®à®áâ¨. �â  ®á®¡¥­­®áâì, å à ªâ¥à-­ ï ¤«ï « £à ­¦¥¢ëå á¥â®ª, ¤®«¦­  ãç¨âë¢ âìáï¯à¨ ¯à®¢¥¤¥­¨¨ ª ç¥áâ¢¥­­ëå à áç¥â®¢. � ­ áâ®-ïé¥© à ¡®â¥ à áç¥âë ¯à®¢®¤¨«¨áì ­  á¥âª å ¤¢ãå¢¨¤®¢. � ¯¥à¢®¬ ¢ à¨ ­â¥ ¨á¯®«ì§®¢ « áì ­¥à ¢-­®¬¥à­ ï á¥âª , ­ ç «ì­ë© è £ ª®â®à®© ã¬¥­ì-è «áï ¢ ­ ¯à ¢«¥­¨¨ ª á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢­¥áª®«ìª® à § ¯® «¨­¥©­®¬ã § ª®­ã. � ¤àã£®¬

�¨á. 2. �¨ £à ¬¬  à §¢¨â¨ï ®âª®« :ªà¨¢ë¥ 1 { 3 { à áç¥â ¬¥â®¤ ¬¨ å à ªâ¥à¨áâ¨ª,�®¤ã­®¢  ¨ á ¨áªãááâ¢¥­­®© ¢ï§ª®áâìî;4 { âà ¥ªâ®à¨ï ¯®àè­ï¢ à¨ ­â¥ ­ ç «ì­ ï á¥âª  § ¤ ¢ « áì à ¢­®¬¥à-­®©. �à¨ à áç¥â¥ ª®­âà®«¨à®¢ «áï è £ á¥âª¨ ¯®¢á¥¬ ïç¥©ª ¬. �á«¨ è £ á¥âª¨ ¤«ï ª ª®©-â® ïç¥©-ª¨ ¯à¥¢ëè « ¬ ªá¨¬ «ì­ë©, â® ®­  ¤¥«¨« áì ­ ¤¢¥ ïç¥©ª¨. � à ¬¥âàë â¥ç¥­¨ï ¢ ­®¢ëå ïç¥©ª å­ å®¤¨«¨áì ¯à¨ ¯®¬®é¨ «¨­¥©­®© ¨­â¥à¯®«ïæ¨¨.� ç «ì­®¥ ç¨á«® ïç¥¥ª á¥âª¨ § ¤ ¢ «®áì à ¢­ë¬30 - 60. � áç¥âë ¯à®¢®¤¨«¨áì á ª®íää¨æ¨¥­â ¬¨�1 = 3 ¨ �2 = 10; §­ ç¥­¨ï ª®â®àëå ¡ë«¨ ¯®¤®¡à -­ë ¯à¨ à¥è¥­¨¨ â¥áâ®¢®© § ¤ ç¨ ® à á¯à®áâà ­¥-­¨¨ áâ æ¨®­ à­®© ã¤ à­®© ¢®«­ë.�à¨¢ë¥ 1 { 3 ­  à¨á. 2 ¨§®¡à ¦ îâ £à ­¨æã ®â-ª®« , ¯®«ãç¥­­ãî ¯à¨ à áç¥â¥ ¬¥â®¤®¬ å à ªâ¥-à¨áâ¨ª, ¬¥â®¤®¬ �®¤ã­®¢  ¨ ¯à¥¤«®¦¥­­ë¬ ¬¥â®-¤®¬, ªà¨¢ ï 4 ¯à¥¤áâ ¢«ï¥â âà ¥ªâ®à¨î ¯®àè­ï,ª®â®à ï ¤«ï âï¦¥«®£® ¯®àè­ï ¡ã¤¥â ¯àï¬®© «¨­¨-¥©. �à¨ à áç¥â¥ ¬¥â®¤®¬ å à ªâ¥à¨áâ¨ª £à ­¨-æ  ®âª®«  ¢ë¤¥«ï« áì ï¢­® [3]. � áç¥â ¬¥â®¤®¬�®¤ã­®¢  [4, 10, 11] ¯à®¢®¤¨«áï ­  í©«¥à®¢®© ¯®-¤¢¨¦­®© ¨ à ¢­®¬¥à­®© á¥âª¥. �à¨¢ë¥ 2 ¨ 3 ¯®«ã-ç¥­ë ¯à¨ à áç¥â¥ ¬¥â®¤ ¬¨ áª¢®§­®£® áç¥â  ¡¥§¢ë¤¥«¥­¨ï £à ­¨æë ®âª®«  ¯® ¥¤¨­®¬ã  «£®à¨â¬ã.�â® ¯à¨¢¥«® ª ­¥ª®â®à®¬ã à §¬ §ë¢ ­¨î £à ­¨-æë ¨ à áè¨à¥­¨î ®¡« áâ¨ ®âª®« , ª®â®à ï ®¯à¥¤¥-«ï« áì áà ¢­¥­¨¥¬ ¯«®â­®áâ¨ ¦¨¤ª®áâ¨ ¢ ïç¥©ª¥ áªà¨â¨ç¥áª®© ¯«®â­®áâìî, á®®â¢¥âáâ¢ãîé¥© ­ ç -«ã à §àãè¥­¨ï ¦¨¤ª®áâ¨.�  à¨á. 3 ¯à¨¢¥¤¥­® à á¯à¥¤¥«¥­¨¥ áª®à®áâ¨ ¯®¤«¨­¥ £¨¤à®¯ãèª¨ ¢ ª®­æ¥ ¢â¥ª ­¨ï ¢®¤ë ¢ á®¯-«®, ª®£¤  ¯¥à¥¤­¨© äà®­â ¦¨¤ª®áâ¨ ¤®áâ¨£ ¥â áà¥-§  á®¯« . �à¨¢ ï 1 ¯®«ãç¥­  ¯à¨ à áç¥â¥ ¬¥â®-¤®¬ �®¤ã­®¢ ,   ªà¨¢ ï 2 - ¯® ¯à¥¤«®¦¥­­®© áå¥¬¥.� ª ¢¨¤­®, à¥§ã«ìâ âë à áç¥â®¢ å®à®è® á®¢¯ ¤ -90 �. �. �¥¬ª®
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�¨á. 3. � á¯à¥¤¥«¥­¨¥ áª®à®áâ¨ ¦¨¤ª®áâ¨ ¯® ¤«¨­¥£¨¤à®¯ãèª¨ ¢ ª®­æ¥ ¢â¥ª ­¨ï. �à¨¢ë¥ 1 ¨ 2 - à áç¥â¬¥â®¤®¬ �®¤ã­®¢  ¨ ¯à¥¤«®¦¥­­ë¬ ¬¥â®¤®¬.îâ. �à¨ à áç¥â å à §­ë¬¨ ç¨á«¥­­ë¬¨ ¬¥â®¤ ¬¨ª®­âà®«¨à®¢ «®áì ¢ë¯®«­¥­¨¥ § ª®­®¢ á®åà ­¥­¨ï¬ ááë ¨ í­¥à£¨¨. �«ï ¯à¥¤«®¦¥­­®£® ¬¥â®¤  ¤¨á-¡ « ­á ¬ ááë ­¥ ¯à¥¢ëè « 0.2% ,   ¯®«­®© í­¥à£¨¨- 1% ­  ¢á¥å áâ ¤¨ïå à áç¥â  ­  á¥âª¥ ¨§ 48 ïç¥¥ª.�����������à®¢¥¤¥­­ë¥ ¨áá«¥¤®¢ ­¨ï ¯®ª § «¨ ¤®áâ â®ç-­ãî íää¥ªâ¨¢­®áâì ¨ ­ ¤¥¦­®áâì ¯à¥¤«®¦¥­­®-£® ¬¥â®¤  ¤«ï à áç¥â  ­¥áâ æ¨®­ à­ëå â¥ç¥­¨©¦¨¤ª®áâ¨ á ®âª®« ¬¨. �à¥¬ï à áç¥â  ¯® ¯à¥¤«®-¦¥­­®© áå¥¬¥ ¢ 2 - 3 à §  ¬¥­ìè¥, ç¥¬ ¬¥â®¤®¬�®¤ã­®¢ , ¡®«¥¥ ¯à®áâë¬ ï¢«ï¥âáï á ¬  «£®à¨â¬à áç¥â . �¥â®¤ ¯®§¢®«ï¥â à ááç¨âë¢ âì ®¤­®¬¥à-­ë¥ â¥ç¥­¨ï ¦¨¤ª®áâ¨ á «î¡®© á¨¬¬¥âà¨¥© ¢ ®¡« -áâïå, ®£à ­¨ç¥­­ëå ¯®¤¢¨¦­ë¬¨ £à ­¨æ ¬¨ à §-­®£® ¢¨¤  (á¢®¡®¤­ ï ¨ ª®­â ªâ­ ï ¯®¢¥àå­®áâì,­¥¯à®­¨æ ¥¬ ï áâ¥­ª  ¨ â.¯.), § ª®­ë ¤¢¨¦¥­¨ïª®â®àëå ­¥ ¨§¢¥áâ­ë § à ­¥¥ ¨ ®¯à¥¤¥«ïîâáï ¢å®¤¥ à¥è¥­¨ï § ¤ ç¨. �¥§ ®á®¡ëå § âàã¤­¥­¨©¬¥â®¤ ®¡®¡é ¥âáï ­  á«ãç © à áç¥â  ¤¢ãå¬¥à­ëå­¥áâ æ¨®­ à­ëå â¥ç¥­¨©. � ­¥¤®áâ âª ¬ ¬¥â®¤ 
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