
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19��� 532.517������������ ������������ ������������������������� ���������������� �������. A. �AE��, �. ����O����, �. TO�����áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢���¨¢¥àá¨â¥â � àà¨, �̈ «¤ä®à¤, �¥«¨ª®¡à¨â ¨ï�®«ãç¥® 05.05.99 � �¥à¥á¬®âà¥® 17.11.99�¥â®¤ ¬¨ â¥à¬® ¥¬®¬¥âà¨¨ íªá¯¥à¨¬¥â «ì® ¨áá«¥¤ã¥âáï â¥ç¥¨¥ ¢ãâà¨ ¨  ¤ ¯à®¨æ ¥¬®© è¥à®å®¢ â®áâìî¢ëá®â®© 120 ¬¬, à §¬¥é¥®©   ¯®«ã  íà®¤¨ ¬¨ç¥áª®£® ª  « . �¥à®å®¢ â®áâì ¯à¥¤áâ ¢«ï¥â á®¡®© ¬ áá¨¢"¤¥à¥¢ì¥¢", á®áâ ¢«¥ë© ¨§ ¯«®áª¨å âà¥ã£®«ìëå "ªà®" ¢ëá®â®© 70 ¬¬   æ¨«¨¤à¨ç¥áª¨å "áâ¢®« å", ¤®¯ãáª -îé¨å ¥áª®«ìª® ®à¨¥â æ¨© ¯® ®â®è¥¨î ª ¢®§¤ãè®¬ã ¯®â®ªã. �®«ãç¥ë à á¯à¥¤¥«¥¨ï áà¥¤¥© áª®à®áâ¨ ¨¨â¥á¨¢®áâ¨ âãà¡ã«¥â®áâ¨, á¯¥ªâàë ¯ã«ìá æ¨© ¯à®¤®«ì®© áª®à®áâ¨ ¨ ¨å âà áä®à¬ æ¨ï ¢¤®«ì è¥à®å®¢ â®-áâ¨. �¥§ã«ìâ âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë à §«¨çë¬¨ ¤¨áæ¨¯«¨ ¬¨, ¨§ãç îé¨¬¨ ¯à®¨æ ¥¬ãî è¥à®å®¢ â®áâì¢ ¯®â®ª å £ §  ¨«¨ ¦¨¤ª®áâ¨.�¥à¬® ¥¬®¬¥âà¨ç¨¬¨ ¬¥â®¤ ¬¨ ¥ªá¯¥à¨¬¥â «ì® ¢¨¢ç õâìáï â¥ç÷ï ãá¥à¥¤¨÷ â  §®¢÷ ¯à®¨§®ù è®àáâª®áâ÷¢¨á®â®î 120 ¬¬, é® à®§¬÷é¥    ¯÷¤«®§÷  ¥à®¤¨ ¬÷ç®£® ª  «ã. �®àáâª÷áâì ï¢«ïõ á®¡®î ¬ á¨¢ "¤¥à¥¢", ïª÷áª« ¤¥÷ § "ªà®" ã ¢¨£«ï¤÷ ¯«®áª¨å âà¨ªãâ¨ª÷¢ ¢¨á®â®î 70 ¬¬ â  æ¨«÷¤à¨ç¨å "áâ®¢¡ãà÷¢", ÷ ¤®§¢®«ïõ ª÷«ìª ®à÷õâ æ÷© ¢÷¤®á® ¯®¢÷âàï®£® ¯®â®ªã. �âà¨¬ ® à®§¯®¤÷«¨ á¥à¥¤ì®ù è¢¨¤ª®áâ÷ â  ÷â¥á¨¢®áâ÷ âãà¡ã«¥â®áâ÷,á¯¥ªâà¨ ¯ã«ìá æ÷© ¯à®¤®«ì®ù è¢¨¤ª®áâ÷ â  ùåì®ù âà áä®à¬ æ÷ù ã§¤®¢¦ è®àáâª®áâ÷. �¥§ã«ìâ â¨ ¬®¦ãâì ¡ãâ¨¢¨ª®à¨áâ ÷ ¢ à÷§¨å  ãª å, é® ¢¨¢ç îâì ¯à®¨§«¨¢ã è®àáâª÷áâì ã ¯®â®ª å £ §ã ç¨ à÷¤¨¨.The air ow within and above a 120 mm high canopy located on a wind tunnel ground plane has been investigated usingthermal anemometry. The canopy consists of an array of "trees" constructed with at-plate triangular, 70 mm high"crowns" at the top of cylindrical "stems", allowing several orientations to the air ow. Mean velocity and turbulenceintensity distributions, together with turbulence spectra, and their transformation along the canopy are discussed. Itis intended that the results should be applicable to several uid mechanics disciplines by means of a general concept ofPenetrable Roughness.���������® ¬®£¨å ¯à¨«®¦¥¨ïå ¬¥å ¨ª¨ ¦¨¤ª®áâ¨¢áâà¥ç ¥âáï á¨âã æ¨ï, ª®£¤  ç áâì ¯®â®ª  ¦¨¤ª®-áâ¨ ¨«¨ £ §  ¢§ ¨¬®¤¥©áâ¢ã¥â á® á«®¥¬ ¯à¥¯ïâ-áâ¢¨©, ¯à®¨ª ¥â ¢ íâ®â á«®©, ¤¢¨¦¥âáï ¬¥¦¤ã¯à¥¯ïâáâ¢¨ï¬¨. �à¨ íâ®¬ ¨¬¥¥â ¬¥áâ® ®¡¬¥ ª¨-¥â¨ç¥áª®© í¥à£¨¨ ¬¥¦¤ã ç áâìî ¯®â®ª , § â®à-¬®¦¥®© ¢ íâ®¬ á«®¥ ¯à¥¯ïâáâ¢¨©, ¨  àã¦ë¬á¢®¡®¤ë¬ â¥ç¥¨¥¬. �¥â¥®à®«®£¨ ç áâ®  §ë¢ -îâ â ª®© ¯®â®ª "canopy ow" (¯®â®ª ¢ ¯®ªà®¢¥),çâ® ¥ ¨¬¥¥â ®¡é¥¯à¨ïâ®£® â¥à¬¨  ¢ àãááª®¬ï§ëª¥. �ë« ¯à¥¤«®¦¥ ¡®«¥¥ ®¡é¨© â¥à¬¨ { ¯à®-¨æ ¥¬ ï è¥à®å®¢ â®áâì, �� (Penetrable Rough-ness) [3], ¨¬¥ï ¢ ¢¨¤ã à §à ¡®âªã ¥¤¨®®¡à §®£®â¥®à¥â¨ç¥áª®£® ¯®¤å®¤  ª® ¬®£¨¬ ¯à ªâ¨ç¥áª¨¬§ ¤ ç ¬ ¯à®¬ëè«¥®© £¨¤à®¬¥å ¨ª¨ ¨ ®ªàã¦ -îé¥© áà¥¤ë. �¥âà®¢®¥  â¬®áä¥à®¥ â¥ç¥¨¥ ¢ «¥-áã [2,7], ªàã¯®¬ áèâ ¡ë© ¡àë§£ «ìë© ®å« ¤¨-â¥«ì [9], à¥ç®© ¯®â®ª á à áâ¨â¥«ì®áâìî ã ¡¥-à¥£®¢ ¨«¨ ã ¤  [1, 10, 15] ¨ ¬®¤¥«¨ £®à®¤áª®© § -áâà®©ª¨ [12,14] | ¢®â â®«ìª® ¥ª®â®àë¥ ¯à¨¬¥àë��.�®®£à ä¨¨ Plate [18], �ã¡®¢ , �ëª®¢®© ¨ � -àã¨ç  [2], Raupach'  ¨ Thom'  [19] ¯à¥¤áâ ¢«ï-
îâ ®¯à¥¤¥«¥ë¥ ¤®áâ¨¦¥¨ï ¬¥â¥®à®«®£®¢ ¢ ®¯¨-á ¨¨ ¨ íªá¯¥à¨¬¥â «ì®¬ ¨áá«¥¤®¢ ¨¨ á¯¥æ¨- «ì®£® ¢¨¤  �� | «¥á®£® ¨«¨ à áâ¨â¥«ì®£®¯®ªà®¢ . �®¢à¥¬¥®¥ ¯®¨¬ ¨¥ íâ®£® ¬¥â¥®-à®«®£¨ç¥áª®£® ï¢«¥¨ï ®âà ¦¥® ¢ ¥¤ ¢¥© ª¨-£¥ Finnigan'  ¨ Brunet'  [8]. �¥ë¥ « ¡®à â®à-ë¥ ¤ ë¥ ® ¯®â®ª å ¢ ¯à®¨æ ¥¬®© è¥à®å®¢ -â®áâ¨ à §«¨ç®£® ¢¨¤  ¯®«ãç¥ë Meroney [16],Kouwen'®¬ ¨ ¤à. [15], Hsi ¨ Nath [13], Seginer'®¬ ¨¤à. [21], Nuding'®¬ [17], Ruck'®¬ ¨ Adams'®¬ [20],Brunet'®¬ ¨ ¤à. [7], Shaw ¨ ¤à. [22], Stacey ¨ ¤à. [23],�¥®¢¨âáª¨¬ [1] ¨ àï¤®¬ ¤àã£¨å  ¢â®à®¢. � áâ®ï-é ï à ¡®â  ¯®á¢ïé¥  �� ®¢®£® â¨¯  ¨ ¢ëï¢«¥-¨î âà áä®à¬ æ¨¨ ¯®â®ª  ¯® ¢¥àâ¨ª «¨ ¨ ¯® £®-à¨§®â «¨ ¢¤®«ì �� ¡¥§ ¯®¢â®à¥¨ï à¥§ã«ìâ â®¢¤àã£¨å  ¢â®à®¢.1. ������������� ������������:������� ��� �����������������-���������«ï â¥®à¥â¨ç¥áª®£® ®¯¨á ¨ï â¥ç¥¨ï  ¤ ��¨á¯®«ì§ãîâ ¨§¢¥áâãî ¬®¤¥«ì âãà¡ã«¥â®£® ¯®-â®ª   ¤ è¥à®å®¢ â®© ¯®¢¥àå®áâìî. �¤ ª®®¡ëç ï ª®æ¥¯æ¨ï ª®íää¨æ¨¥â  è¥à®å®¢ â®áâ¨10 c öáâ¨âãâ £÷¤à®¬¥å ¨ª¨ ��� �ªà ù¨, 2000



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19z0 ¥ ¤®áâ â®ç  ¤«ï ¢ëá®ª®© ¯à®¨æ ¥¬®© è¥à®-å®¢ â®áâ¨, â ª çâ® ¢ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨ ¯à¨-å®¤¨âáï ¢¢®¤¨âì ¤®¯®«¨â¥«ìë© ¯ à ¬¥âà { â®«-é¨ã ¢ëâ¥á¥¨ï d:U (z)= U�� ln(z � dz0 ): (1)�ë«® ¯à¥¤«®¦¥® ¬®¦¥áâ¢® í¬¯¨à¨ç¥áª¨å ¯ à -¬¥âà¨§ æ¨© ¤«ï ¤¨ ¬¨ç¥áª®© áª®à®áâ¨ U�, â®«-é¨ë ¢ëâ¥á¥¨ï d ¨ ª®íää¨æ¨¥â  è¥à®å®¢ â®-áâ¨ z0. �¥ª®â®àë¥ ¨§ ¨å ®âà ¦ îâ ¯ à ¤®ªá «ì-ãî § ¢¨á¨¬®áâì,  ¯à¨¬¥à, z0 ®â  àã¦®£® ¢¥-âà  U1 [2], å®âï ¨áå®¤®© ¯®áë«ª®© ¡ë«®, çâ® íâ®â¯ à ¬¥âà ¤®«¦¥ á«ã¦¨âì ¥ª®â®à®© ¬¥à®© ®¤®©«¨èì è¥à®å®¢ â®áâ¨.�®¦¥â ¡ëâì ¯à¥¤«®¦¥ ¥áª®«ìª® ¤àã£®© ¯®¤-å®¤. �®«®¦¨¬, çâ® £¨¯®â¥§  �à ¤â«ï ® ¤«¨¥ ¯ã-â¨ á¬¥è¥¨ï á¯à ¢¥¤«¨¢  ¢  àã¦®¬ ¯®â®ª¥, £¤¥¨¬¥¥â ¬¥áâ® ¯®áâ®ïáâ¢®  ¯àï¦¥¨ï á¤¢¨£ , â ªçâ® ¤«¨  ¯ãâ¨ á¬¥è¥¨ï l(z) ¯à®¤®«¦ ¥â ¥ª®â®-à®¥ ¥¥ § ç¥¨¥ lh   ¢¥àå¥¬ ãà®¢¥ �� z = h(â¥¬ á ¬ë¬ lh ®âà ¦ ¥â áâàãªâãàã �� ¨ âãà¡ã-«¥â®áâì ¢ãâà¨ ¥¥). �®¤å®¤ïé¨¬ ¬ â¥¬ â¨ç¥-áª¨¬ ¢ëà ¦¥¨¥¬ ¬®¦¥â ¡ëâì� = ��T @U@z = const = �h;�T = l2j@U@z j; l(z) = lh + � � (z � h); z � h:�âáî¤  ¢ëâ¥ª ¥â à á¯à¥¤¥«¥¨¥ ®áà¥¤¥®© áª®-à®áâ¨ ¢ ®¢®© ä®à¬¥ [4]:U = Uh + U�� ln(z � hzh + 1); (2)£¤¥ Uh = U (h) | áª®à®áâì áª®«ì¦¥¨ï   ¢¥àè¨¥è¥à®å®¢ â®áâ¨. �®¢ë© ¯ à ¬¥âà è¥à®å®¢ â®áâ¨zh (®â«¨ç âì ®â ¨á¯®«ì§®¢ ¢è¥£®áï à ¥¥ "ª®íä-ä¨æ¨¥â  è¥à®å®¢ â®áâ¨"!) ®ª §ë¢ ¥âáï ¯à®áâ®¯à®¯®àæ¨® «ìë¬ § ç¥¨î ¤«¨ë ¯ãâ¨ á¬¥è¥-¨ï   ãà®¢¥ ��, â.¥. zh = lh=�,   U� { â  ¦¥¤¨ ¬¨ç¥áª ï áª®à®áâì, çâ® ¨ à ¥¥. �¡¥ ä®à¬ë«®£ à¨ä¬¨ç¥áª®£® § ª®  ¯®çâ¨ íª¢¨¢ «¥âë, ¯®-áª®«ìªã áãé¥áâ¢ã¥â ¯à¥®¡à §®¢ ¨¥d = h� zh; z0 = zh exp (��Uhz� ): (3)�à ¢¥¨¥ (2) ¥  ª« ¤ë¢ ¥â ®£à ¨ç¥¨©  zh, ®¤ ª® ¯¥à¢ ï ä®à¬ã«  ¢ (3) ¤ ¥â zh=h �1, çâ® ãª §ë¢ ¥â   ®¯à¥¤¥«¥ãî ¥íª¢¨¢ «¥â-®áâì ä®à¬ã« (1) ¨ (2). �®¢ ï ä®à¬ã«  (2)¯à¥¤áâ ¢«ï¥âáï ¡®«¥¥ ã¤®¡®©, ¯®áª®«ìªã áª®à®áâìáª®«ì¦¥¨ï Uh ¬®¦¥â ¡ëâì  ¤¥¦® ®¯à¥¤¥«¥ ¥¯®áà¥¤áâ¢¥® ¯® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬.

2. ������������� ������������:������� ������ ���¥ ¬®£® â¥®à¥â¨ç¥áª¨å ¬®¤¥«¥© ¯à¥¤«®¦¥®¤«ï â¥ç¥¨© ¢ãâà¨ ��. �®«ìè¨áâ¢® ¨§ ¨å ¨¬¥-«® ¤¥«® á ¢¥âà®¢ë¬¨ â¥ç¥¨ï¬¨ ¢ «¥áã ¨ ¯à¨¢¥«®¨áá«¥¤®¢ â¥«¥© ª § ª«îç¥¨î, çâ® à¥ «¨áâ¨ç®©¬®¤¥«¨ âãà¡ã«¥â®áâ¨, á¯®á®¡®© ®âà §¨âì á¯¥-æ¨ä¨ç¥áª¨¥ ï¢«¥¨ï  ¯®¤®¡¨¥ ¨§¢¥áâ®£® "¢â®-à¨ç®£® ¬ ªá¨¬ã¬ ", ¨¬¥îé¥£® ¨®£¤  ¬¥áâ®  ¨§¬¥à¥ëå à á¯à¥¤¥«¥¨ïå áª®à®áâ¨ [7,19], ¥ ¯®-«ãç¥® ¤® á¨å ¯®à. �¥á¬®âàï   íâ®, ¥â ¤àã£®-£® â¥®à¥â¨ç¥áª®£® ¯ãâ¨, ª ª à áá¬ âà¨¢ âì á«®©¯à¥¯ïâáâ¢¨©, â.¥. ��, ª ª ¥ªãî á¯«®èãî áà¥-¤ã, ¯à¨¡«¨¦¥® ¯à¥¤áâ ¢«ïîéãî à¥ «ìë©  -á ¬¡«ì ¤¨áªà¥âëå ®¡ê¥ªâ®¢. �à¨ íâ®¬ ¢¢®¤ïâà á¯à¥¤¥«¥ãî á¨«ã f , § ¢¨áïéãî ®â ¢¥ªâ®à  «®-ª «ì®© áª®à®áâ¨ (U; V;W ), ¨ ª®æ¥âà æ¨î ¯à¥-¯ïâáâ¢¨© n 1=¬3, § ¬¥ïï ¨¬¨ à¥ «ìãî �� ¢â¥®à¥â¨ç¥áª®© ¬®¤¥«¨. � ª¨¬ ¬¥â®¤®¬ ¢ ¯à¨¡«¨-¦¥¨¨ ¯®£à ¨ç®£® á«®ï ¬®£ãâ ¡ëâì ¨áá«¥¤®¢ ëà §«¨çë¥ ¬¥å ¨ç¥áª¨¥ áâàãªâãàë [11]. �âàãª-âãà  ¨§ ¥¯®¤¢¨¦ëå ¯à¥¯ïâáâ¢¨©, ¯®¤®¡ ï à á-á¬ âà¨¢ ¥¬®© ¢  áâ®ïé¥¬ íªá¯¥à¨¬¥â¥, ï¢«ï¥â-áï ¯à®áâ¥©è¥© ¨ ¬®¦¥â ¡ëâì ®¯¨á   ãà ¢¥¨ï-¬¨ @U@x + @W@z = 0; z 2 [0; h]�(U @U@x +W @W@z ) = @�@z � f(U; n);£¤¥ ¬ áá®¢ ï á¨«  f = nF ¢ëç¨á«ï¥âáï ¯® ®¡ëç-®© á¨«¥ ¢®§¤¥©áâ¢¨ï ¯®â®ª    ¥¤¨¨ç®¥ ¯à¥-¯ïâáâ¢¨¥ F = 12�cxU2 ��S. �®«¦ë ¡ëâì â ª-¦¥ ¯®áâ ¢«¥ë ¤®¯®«¨â¥«ìë¥ "ãá«®¢¨ï á®¯àï¦¥-¨ï", çâ®¡ë á¢ï§ âì ¢ãâà¥¥¥ ¤¢¨¦¥¨¥ ¢ ��á  àã¦ë¬ ¯®£à ¨çë¬ á«®¥¬. �¨á«¥®¥ ¨á-á«¥¤®¢ ¨¥ ¥áª®«ìª¨å áâàãªâãà ��, ¯à®¢¥¤¥®¥¯¥à¢ë¬  ¢â®à®¬, ¯à¨¢¥«® ª § ª«îç¥¨î, çâ® ¯®-«¥ â¥ç¥¨ï ¬®¦¥â ¡ëâì à §¤¥«¥®   ¤¢  ãç áâª ,£¤¥ ¯à®æ¥ááë à áá¥¨¢ ¨ï ª¨¥â¨ç¥áª®© í¥à£¨¨¯®â®ª  ¨ ¥¥ ¯à¨â®ª ®â  àã¦®£® ¯®â®ª  ¨£à -îâ à §«¨çãî à®«ì. �   ç «ì®¬ ãç áâª¥ ¤¨á-á¨¯ æ¨ï í¥à£¨¨   ¯à¥¯ïâáâ¢¨ïå ¤®¬¨¨àã¥â, ¢â® ¢à¥¬ï ª ª ¯à¨â®ª í¥à£¨¨ ¯à¥¥¡à¥¦¨¬® ¬ «,â ª çâ® � � 0, W � U . �âáî¤  ¬®¦¥â ¡ëâì ¯®«ã-ç¥® ¯à¨¡«¨¦¥®¥ ãà ¢¥¨¥�U dUdx = f(U ); 0 � z � L:�® ¤ ¥â ®æ¥ªã ¯ ¤¥¨ï áª®à®áâ¨ ¢ãâà¥¥£®¯®â®ª  áà §ã ¯®á«¥ ¥£® ¯à®¨ª®¢¥¨ï ¢ ¯à®¨æ -¥¬ãî è¥à®å®¢ â®áâìU (x) = U0 exp (�12cxsx); (4)�.�. � ¥¢, �. �í©¢®à¨, �. �®© 11



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19£¤¥ s = n��S:�®âï íâ  ä®à¬ã«  ¯®«ãç¥  ¢ ¯à¥¤¯®«®¦¥¨¨s(z) = const, ®  ¤ «¥¥ ¨á¯®«ì§®¢   ¨ ¤«ï   -«¨§  ¥®¤®à®¤®© ��. � ¢¥àè¥¨¥ âà áä®à¬ -æ¨¨ ¢¥àâ¨ª «ì®£® à á¯à¥¤¥«¥¨ï ¯à®¤®«ì®© áª®-à®áâ¨ U (z) á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® áâ®ª ª¨¥-â¨ç¥áª®© í¥à£¨¨ ¤®áâ¨£ à ¢®¢¥á¨ï á ¯à¨â®ª®¬í¥à£¨¨. � ª  ç¨ ¥âáï ®á®¢®© ãç áâ®ª, ª®â®-àë© § â¥¬ ¯à®áâ¨à ¥âáï ¤® ª®æ  ��, â ª çâ®W � 0 ¨ @U=@x � 0. �¨áâ¥¬  ãà ¢¥¨© ã¯à®é -¥âáï ¤® ®¤®£® ®¡ëª®¢¥®£® ¤¨ää¥à¥æ¨ «ì®£®ãà ¢¥¨ïd�dz = f(U ); 0 � z � h; x > L; (5)z = 0; U = 0:�§¢¥áâë ¥áª®«ìª® à¥è¥¨© (5), à §«¨ç îé¨¥-áï ¯à¨ïâ®© £¨¯®â¥§®© § ¬ëª ¨ï âãà¡ã«¥â®-áâ¨ [2]. �«ï ª ç¥áâ¢¥®© ®æ¥ª¨ æ¥«¥á®®¡à §®¢§ïâì ¯à®áâ¥©è¥¥ § ¬ëª ¨¥:� = ��T dUdz ; �T = const = �T0; z 2 [0; h]:�®¥ç®, "®áà¥¤¥®¥" § ç¥¨¥ ¢ãâà¥¥© íä-ä¥ªâ¨¢®© ¢ï§ª®áâ¨ �T0 ¥ á®¢¯ ¤ ¥â á « ¬¨ à-®© ¢ï§ª®áâìî �. �®¯àï¦¥¨¥¬ á  àã¦ë¬ â¥ç¥-¨¥¬ ¯®«ãç ¥¬�T0 = �T (h+ 0) = l2hU 0(h + 0):� å®¤¨¬ â ª¦¥ á«¥¤ãîé¥¥ à á¯à¥¤¥«¥¨¥ áª®à®áâ¨¢ãâà¨ ��: UUh = sh (Az)sh (A) (6)¯à¨ ãá«®¢¨¨, çâ® ª®íää¨æ¨¥âA2 = cxs(z)Wh22�T0¯®áâ®ï¥, £¤¥ W | å à ªâ¥àë© ¬ áèâ ¡ áª®à®-áâ¨ ¢ãâà¨ ¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨ ¨ z=z=h.�ëáª § ë¥ â¥®à¥â¨ç¥áª¨¥ á®®¡à ¦¥¨ï á«¥-¤ã¥â ¯à®¢¥à¨âì íªá¯¥à¨¬¥â «ì®.3. ���������� �������������ªá¯¥à¨¬¥â ¯à®¢¥¤¥ ¢  íà®¤¨ ¬¨ç¥áª®¬ ª - «¥ ã¨¢¥àá¨â¥â  � àà¨ (�¥«¨ª®¡à¨â ¨ï). �®-¤¥«ì ¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨ ¡ë«  ãáâ ®¢«¥-    ¨¦¥© áâ¥ª¥ ª  « , ¨¬¥îé¥£® ¯àï¬®-ã£®«ì®¥ à ¡®ç¥¥ á¥ç¥¨¥ è¨à¨®© 1:37 ¬ ¨ ¢ë-á®â®© 1:68 ¬. �� ¯à¥¤áâ ¢«ï«  á®¡®© ¬ áá¨¢ ¨§

¬®¦¥áâ¢  ¯à¥¯ïâáâ¢¨©, ª ¦¤®¥ ¨§ ª®â®àëå ¡ë-«® á®áâ ¢«¥® ¨§ æ¨«¨¤à¨ç¥áª®£® "áâ¢®« " ¤¨ ¬¥-âà®¬ 9 ¬¬, ¢ëá®â®© h1=70 ¬¬ ¨ á é¥«ìî £«ã¡¨®©�h1=30 ¬¬  ¢¥àåã, ¢ ª®â®àãî ¢áâ ¢«ï« áì ¯«®á-ª ï "ªà® " ¢ ¢¨¤¥ à ¢®¡¥¤à¥®£® âà¥ã£®«ì¨ª ¢ëá®â®© h2 = 80 ¬¬ ¨ á ®á®¢ ¨¥¬ 80 ¬¬. �¡-é ï ¢ëá®â  �� ¡ë«  h=h1 ��h1 + h2=120 ¬¬.� ª¨¥ ¯à¥¯ïâáâ¢¨ï ( §®¢¥¬ ¨å ãá«®¢® "¤¥à¥¢ìï-¬¨") ¡ë«¨ ãáâ ®¢«¥ë ¢ 60 àï¤®¢ á à ááâ®ï¨¥¬¬¥¦¤ã á®á¥¤¨¬¨ "¤¥à¥¢ìï¬¨" ¢ àï¤ã (¯®¯¥à¥ª ª - « ) �y = 120 ¬¬ ¨ à ááâ®ï¨¥¬ ¬¥¦¤ã àï¤ ¬¨(¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨) �x=60 ¬¬. � ¦¤ë©¯®á«¥¤ãîé¨© àï¤ ¡ë« á¬¥é¥ ¢¯à ¢® ®â®á¨â¥«ì-® ¯à¥¤ë¤ãé¥£®   14�y; ¥á«¨ ¯à¥¯ïâáâ¢¨ï á¯à®-¥ªâ¨à®¢ âì   ¢¥àâ¨ª «ìãî ¯«®áª®áâì ¨ à §ë¬æ¢¥â®¬ ®â¬¥ç âì ¨§®¡à ¦¥¨ï "¤¥à¥¢ì¥¢" à §«¨ç-®£® ã¤ «¥¨ï ®â ¥¥, â® ¢ ¯«®áª®áâ¨ ¯à®¥ªæ¨¨¡ã¤¥â ¨¬¥âì ¬¥áâ® áâà®£ ï ¯¥à¨®¤¨ç®áâì á ¯¥-à¨®¤®¬ T = �y. �ª § ë¥ à ááâ®ï¨ï ¤¥« -îâ ¢®§¬®¦®© ¯®¤à®¡ãî ¤¨ £®áâ¨ªã ¥ â®«ì-ª®  àã¦®£®, ® ¨ ¢ãâà¥¥£® ¯®â®ª  ¯à¨ ¯®-¬®é¨ â¥à¬® ¥¬®¬¥âà¨¨. �¥®¬¥âà¨ç¥áªãî ®à¨¥-â æ¨î "ªà®" ¬®¦® ¡ë«® ¢ àì¨à®¢ âì, ¯à¨¤ ¢ ï¨¬ ¯®«®¦¥¨¥ "¢¥àè¨®© ¢¨§" (D-®à¨¥â æ¨ï)¨«¨ "¢¥àè¨®© ¢¢¥àå" (U-®à¨¥â æ¨ï); ¢à é¥¨¥¬"áâ¢®«®¢" ¬®¦® ¡ë«® ¬¥ïâì â ª¦¥ ®à¨¥â æ¨î"ªà®" ®â®á¨â¥«ì® ¢®§¤ãè®£® ¯®â®ª  | ®à-¬ «ì® ª ¥¬ã (®á®¢®© íªá¯¥à¨¬¥â), ¯ à ««¥«ì-® ¯®â®ªã (0o) ¨«¨ ¯®¤ ã£«®¬ 45o. � ª®¥æ, «¥£ª®¬®¦® ¡ë«® ¯®«ãç¨âì �� ¨§ ®¤¨å â®«ìª® "áâ¢®-«®¢" ¢ëá®â®© h = h1 = 70 ¬¬. � ª ï ¬®¤¥«ì ��¯®§¢®«ï«  ¨áá«¥¤®¢ âì è¨à®ª¨© ¤¨ ¯ §® áâàãª-âãà �� ¨ ãá«®¢¨© â¥ç¥¨ï.�á¯®«ì§®¢ «¨áì â¥à¬® ¥¬®¬¥âà¨ç¥áª¨¥ ¤ âç¨-ª¨ ¤¢ãå ¢¨¤®¢ | á ®¤¨®ç®© ¨âìî ¨ á ¤¢ã¬ïáªà¥é¥ë¬¨ ¨âï¬¨ [5]. � ª¨¥ ¤ âç¨ª¨ ¯®§¢®«ï-îâ ¯®«ãç¨âì à á¯à¥¤¥«¥¨ï ¢á¥å âà¥å ª®¬¯®¥âáà¥¤¥© áª®à®áâ¨ U , V , W (z) ¨ ¨å ®¤®â®ç¥çëåª®àà¥«ïæ¨© u0u0, w0w0, v0v0, u0v0 ¨ u0w0, á ¯®¬®éìî ¢â®¬ â¨ç¥áª®© ª®®à¤¨ â®© á¨áâ¥¬ë ¯®¬¥é ï¤ âç¨ª ¢ à §«¨çë¥ ¯®«®¦¥¨ï ¢ãâà¨ ¨  ¤ ¯à®-¨æ ¥¬®© è¥à®å®¢ â®áâìî. �«ï ¬®£¨å  §¢ -ëå ¢¨¤®¢ �� ¨ ¥áª®«ìª¨å ¯®«®¦¥¨© ¤ âç¨ª ®¤¨®ç®© ¨â¨ ¡ë«¨ â ª¦¥ ¯à®¢¥¤¥ë ¨§¬¥à¥¨ïá¯¥ªâà  ¯à®¤®«ìëå ¯ã«ìá æ¨© áª®à®áâ¨. �¡§®à¯®«ãç¥ëå ¤ ëå ¤«ï ¯ïâ¨ á¥ç¥¨© ¢¤®«ì è¥à®-å®¢ â®áâ¨  §¢ ëå ¢¨¤®¢ ¯à¥¤áâ ¢«¥ ¢ â ¡«. 1,£¤¥ ãª § ë â ª¦¥ ¨áá«¥¤®¢ ¢è¨¥áï à¥¦¨¬ë ¯®áª®à®áâ¨ ¢ æ¥âà¥  íà®¤¨ ¬¨ç¥áª®£® ª  «  | 2,4, 6 ¨ 8 ¬=á. �«ï ®æ¥ª¨ ª®íää¨æ¨¥â  á¨«ë á®¯à®-â¨¢«¥¨ï cx ®¤¨®ç®£® "¤¥à¥¢ " ¨ ¬ áá¨¢  ¨§ 18"¤¥à¥¢ì¥¢" ¡ë« ¯à®¢¥¤¥ ®â¤¥«ìë© íªá¯¥à¨¬¥â á¨á¯®«ì§®¢ ¨¥¬ ¢¥á®¢®£® ¡ « á®¢®£® ¬¥å ¨§¬ .�«®é ¤ì ¬¨¤¥«¥¢®£® á¥ç¥¨ï ª ¦¤®£® "¤¥à¥¢ "12 �.�. � ¥¢, �. �í©¢®à¨, �. �®©



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19� ¡«. 1. �¡§®à ¨áá«¥¤®¢ ëå á«ãç ¥¢ ¢ § ¢¨á¨¬®áâ¨ ®â ¯®§¨æ¨¨ ¨§¬¥à¥¨ï ¢¤®«ì è¥à®å®¢ â®áâ¨,¢¨¤  ¨§¬¥à¥¨©, â¨¯  è¥à®å®¢ â®áâ¨ ¨ áª®à®áâ®£® à¥¦¨¬ X, U-è¥à®å®¢ â®áâì. U-è¥à®å®¢ â®áâì.No D-è¥à®å®¢ - U-è¥à®å®¢ - �£®« "ªà®" �£®« "ªà®" "�â¢®«ë"àï¤  â®áâì â®áâì 45o ª ¯®â®ªã 0o ª ¯®â®ªã h=70 ¬¬10 Si: 8 ¬/á { { { {Cr: 6 ¬/á Cr: 8 ¬/á Cr: 8¬/á Cr: 8 ¬/á Cr: 8 ¬/á{ Sp: 8 ¬/á { { {20 Si: 8, 6 ¬/á Si: 8 ¬/á { { {Cr: 6 ¬/á { { { {{ Sp: 8 ¬/á { { {30 Si: 8,6 ¬/á { { { {{ { { { {{ { { { {40 Si: 8 ¬/á { { { {{ { { { {{ { { { {55 Si: 8, 6 ¬/á { { { Si: 8 ¬/áCr: 8, 4, 2 ¬/á { { { {Sp: 8 ¬/á { { { {�®ªà é¥¨ï: Si { ®¤¨®ç ï ¨âì, Cr { áªà¥é¥ë¥ ¨â¨, Sp { á¯¥ªâà «ìë¥ ¨§¬¥à¥¨ï.¡ë«  S0 = 36 á¬2 ¯à¨ D-®à¨¥â æ¨¨ ¥£® "ªà®ë"¨ 35:6 á¬2 ¯à¨ U-®à¨¥â æ¨¨. �®íâ®¬ã áà¥¤ïïã¤¥«ì ï ¯®¢¥àå®áâì ¯à¥¯ïâáâ¢¨©, "à á¯à¥¤¥«¥- ï" ¯® ¢á¥¬ã ®¡ê¥¬ã ¯à®¨æ ¥¬®© è¥à®å®¢ â®-áâ¨ 
 = h �Lx �Ly á®áâ ¢«ï«  s = S0 Lx�x Ly�y=
 =4:17 ¬2=¬3 ¤«ï,  ¯à¨¬¥à, D-è¥à®å®¢ â®áâ¨. �â ¯«®é ¤ì, ®¤ ª®, ¥à ¢®¬¥à® à á¯à¥¤¥«¥  ¯®¢ëá®â¥ è¥à®å®¢ â®áâ¨, ¯®áª®«ìªã ª ¦¤ë© £®à¨-§®â «ìë© á«®© ¡¥áª®¥ç®-¬ «®© £«ã¡¨ë �z"¢ëà¥§ ¥â" ®â ª ¦¤®£® ¥¤¨¨ç®£® "¤¥à¥¢ " à §-«¨çãî ¯«®é ¤ªã �S0. �¥àâ¨ª «ì®¥ à á¯à¥¤¥«¥-¨¥ ã¤¥«ì®© ¯®¢¥àå®áâ¨ ¯® ¢ëá®â¥ ¡ã¤¥â ¯®íâ®-¬ã á«®¦®© äãªæ¨¥© ¢¨¤ s(z) = �So�x�y�z = 8>>>>>>>>>>><>>>>>>>>>>>: 1; 25¬2=¬3¬¥¦¤ã "áâ¢®« ¬¨";11; 1 � (1 + z � 1h2 )¬¥¦¤ã D-"ªà® ¬¨";11; 1 � (1 + 1� zh2 )¬¥¦¤ã U-"ªà® ¬¨":�â  äãªæ¨ï ¢®§à áâ ¥â á ¢ëá®â®© ¢ á«ãç ¥ D-è¥à®å®¢ â®áâ¨ ¨ ã¡ë¢ ¥â ¤«ï U-è¥à®å®¢ â®áâ¨.�®á«¥¤¥¥ á¢®©áâ¢® ¯à¨æ¨¯¨ «ì® ®â«¨ç ¥â íâ¨¤¢  ¢¨¤  �� ¬¥¦¤ã á®¡®© ¨ ®â ®¤®à®¤®© �� ¨§®¤¨å â®«ìª® "áâ¢®«®¢" á s(z)�const=1; 25 ¬2=¬3(ª®«®ª  6 â ¡«. 1). �«ï å à ªâ¥à¨áâ¨ª¨ ¯«®â®-

áâ¨ �� ¨ ¥¥ " àå¨â¥ªâãàë" ¬®¦¥â ¨á¯®«ì§®¢ âì-áï «¨¡® äãªæ¨ï s(z), «¨¡® èâãç ï ª®æ¥âà æ¨ïí«¥¬¥â®¢ �� n(z) 1=¬3 [3,4].4. ���������� ���D-�������������� ç «ì®© æ¥«ìî íªá¯¥à¨¬¥â  ¡ë«® ¯®ïâì á®-®â®è¥¨¥ ¬¥¦¤ã â¥®à¨¥©, á¯®á®¡®© ¯à®£®§¨-à®¢ âì «¨èì ®¤®§ çë¥ äãªæ¨¨ à á¯à¥¤¥«¥¨ïå à ªâ¥à¨áâ¨ª â¥ç¥¨ï, ¨ ¥®¤®à®¤ë¬¨ âà¥å-¬¥àë¬¨ áâàãªâãà ¬¨, ª®â®àë¥ ¬®¦® ®¦¨¤ âì¢ à¥ «ì®¬ â¥ç¥¨¨ ¢ ¢¨¤¥ ¯¥à¨®¤¨ç¥áª¨ à á¯®«®-¦¥ëå ¯®¯¥à¥ª ¯®â®ª  ¢¨åà¥© ¨ á«¥¤®¢ §  ¯à¥-¯ïâáâ¢¨ï¬¨. �â®¡ë § à¥£¨áâà¨à®¢ âì ¯®á«¥¤¨¥,ª ¦¤ë© íªá¯¥à¨¬¥â ¢ª«îç « ¢ á¥¡ï ¯®«ë¥ ¨§¬¥-à¥¨ï   ª ¦¤®© ¨§ ç¥âëà¥å ¢¥àâ¨ª «¥©:� ®¤®© ¥¯®áà¥¤áâ¢¥® ¯®§ ¤¨ "¤¥à¥¢ " á ã¤ -«¥¨¥¬ ®â ¥£® �x¨ ¯®á«¥¤ãîé¨å ¢¥àâ¨ª «¥©, á¤¢¨ãâëå ®â ¯¥à¢®©¢ y- ¯à ¢«¥¨¨  :� 14T =30 ¬¬, ¨  å®¤ïé¥©áï â ª¨¬ ®¡à §®¬  à ááâ®ï¨¨ 2�x ¯® ¯®â®ªã §  ¤àã£¨¬ "¤¥à¥-¢®¬";� 24T =60 ¬¬, ¨  å®¤ïé¥©áï   à ááâ®ï¨¨ 3�x¢  íà®¤¨ ¬¨ç¥áª®© â¥¨ §  ¢¯¥à¥¤¨ áâ®ïé¨¬"¤¥à¥¢®¬";� 34T =90 ¬¬, ¨  å®¤ïé¥©áï â ª¨¬ ®¡à §®¬  à ááâ®ï¨¨ 4�x §  ¤àã£¨¬ "¤¥à¥¢®¬".�.�. � ¥¢, �. �í©¢®à¨, �. �®© 13



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19�«¥¤ãîé ï â ª ï ¢¥àâ¨ª «ì á® á¤¢¨£®¬ T =120 ¬¬ å®¤¨« áì ¡ë á®¢ , ª ª ¨ ¯¥à¢ ï, ¢ ¥¯®áà¥¤-áâ¢¥®© "â¥¨" ¢¯¥à¥¤¨ áâ®ïé¥£® "¤¥à¥¢ "  à ááâ®ï¨¨ �x. � ª®£® à®¤  ¯à®ä¨«¨ ¯à¥¤áâ -¢«ïîâ ¨ä®à¬ æ¨î ¨§ à §«¨çëå ¯®§¨æ¨© ¯¥à¨-®¤¨ç¥áª®£® á«¥¤  §  á¨áâ¥¬®© ¯à¥¯ïâáâ¢¨© ¢ ¯à¥-¤¥« å ®¤®£® ¥¥ ¯¥à¨®¤  T . �¨ ¥®¡å®¤¨¬ë ¤«ï¢ë¯®«¥¨ï ¤®¯®«¨â¥«ì®£® "¯à®áâà áâ¢¥®£®®áà¥¤¥¨ï" [6,19]. � ª¨¥ ¯à®ä¨«¨ ¡ë«¨ ¯®«ãç¥ë¤«ï à §«¨ç®£® ã¤ «¥¨ï X = 10, 20, 30, 40 ¨ 55àï¤®¢ ¢¤®«ì ¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨. � á¢®¥©á®¢®ªã¯®áâ¨ ®¨ å à ªâ¥à¨§ãîâ âà áä®à¬ æ¨îâ¥ç¥¨ï ¢¤®«ì è¥à®å®¢ â®áâ¨, ª ª íâ® ¯®ª § ®  à¨á. 1. �¨áã®ª á¢¨¤¥â¥«ìáâ¢ã¥â, çâ® ¢ã-âà¨ ¨áá«¥¤ã¥¬®© è¥à®å®¢ â®áâ¨ áãé¥áâ¢ã¥â ¢¥áì-¬  § ¬¥â®¥ âãà¡ã«¥â®¥ ¤¢¨¦¥¨¥. �®ïâ®, ¢á®®â¢¥âáâ¢¨¨ á ¯à¥¤ë¤ãé¨¬¨ ¯®ïá¥¨ï¬¨, ¯®ç¥-¬ã ¢ ª ¦¤®¬ X-á¥ç¥¨¨ ¯®â®ª  ¨¬¥¥âáï ¥áª®«ìª®¥á®¢¯ ¤ îé¨å ¯à®ä¨«¥©. �¨ ®¤  ¨§ áãé¥áâ¢ã-îé¨å â¥®à¨© ¥ ¢ á®áâ®ï¨¨ ¯à®£®§¨à®¢ âì â -ª®¥ âà¥å¬¥à®¥ â¥ç¥¨¥. �®, ª áç áâìî, ¯à ªâ¨-ç¥áª¨ âà¥¡ã¥âáï § âì «¨èì ¯à®ä¨«¨, ª ª¨¬-«¨¡®®¡à §®¬ ®áà¥¤¥ë¥ [19]. � ¤àã£®© áâ®à®ë, ¨§-¬¥à¥¨ï ¤¥¬®áâà¨àãîâ â®â áãé¥áâ¢¥ë© ä ªâ,çâ® à §«¨ç¨¥ ¬¥¦¤ã ¨¤¨¢¨¤ã «ìë¬¨ ¯à®ä¨«ï-¬¨ ¡ëáâà® ã¬¥ìè ¥âáï ¢¤®«ì ¯® ¯®â®ªã. �â®â ª¦¥ ®¯à ¢¤ë¢ ¥â à¥§ã«ìâ âë ¬ â¥¬ â¨ç¥áª®£®¬®¤¥«¨à®¢ ¨ï. �  ®á®¢¥ ¨§¬¥à¥ëå ¯à®ä¨«¥© á®¯¨á ë¬ ¯®¯¥à¥çë¬ á¤¢¨£®¬ ¯®«ãç¥ë ¨§®«¨-¨¨ ¢ ¯®¯¥à¥ç®¬ á¥ç¥¨¨ ª  «  áà¥¤¥© ¯à®¤®«ì-®© áª®à®áâ¨ U=U1 (à¨á. 2 (A)) ¨ ¨â¥á¨¢®áâ¨¥¥ ä«ãªâã æ¨© p< u0 >=U (à¨á. 2 (�))   ã¤ «¥-¨¨ ®â  ç «  �� ¢ X=10 àï¤®¢, â.¥. x=5h. (X®§ ç ¥â ¤«¨ã, ¢ëà ¦¥ãî ¢ ª®«¨ç¥áâ¢¥ àï¤®¢,¢ â® ¢à¥¬ï ª ª x { ¤«¨ã ¢ ¬¬ ¨«¨ á¬, x=X�x).�âç¥â«¨¢® ¢¨¤ë ¯¥à¨®¤¨ç¥áª¨¥ áâàãªâãàë ¢ â¥-ç¥¨¨. �¨ ¨áç¥§ îâ ¤ «¥¥ ¯® â¥ç¥¨î. � ¦-® ®â¬¥â¨âì, çâ® ãà®¢¥ì âãà¡ã«¥â®áâ¨ ¢ãâà¨�� çà¥§¢ëç ©® ¢ëá®ª (á¬. à¨á. 1, (�)). �®£« á®¯®«ãç¥ë¬ ¤ ë¬, áâ â¨áâ¨ç¥áª¨¥ ª®àà¥«ïæ¨¨¬¥¦¤ã ä«ãªâã æ¨ï¬¨ ª®¬¯®¥â áª®à®áâ¨ ¤®áâ¨-£ îâ ¢¥«¨ç¨< u0u0 >� 0; 42U21; < w0w0 >�< v0v0 >� 0; 07U21;< u0w0 >� 0; 09U21; < u0v0 >� 0; 04U21:�à¨ áâ®«ì ¢ëá®ª®¬ ãà®¢¥ âãà¡ã«¥â®áâ¨, ª ª¨§¢¥áâ®, â¥à¬® ¥¬®¬¥âà ¤ ¥â § ç¨â¥«ìë¥ ¯®-£à¥è®áâ¨. �®íâ®¬ã ¯®«ãç¥ë¥ ¤ ë¥ á«¥¤ã¥âà áá¬ âà¨¢ âì ª ª ¯à¥¤¢ à¨â¥«ìë¥.�  ¯à®ä¨«ïå ¯à®¤®«ì®© áª®à®áâ¨ (à¨á. 1,�)   ç «ì®¬ ãç áâª¥ �� ¢®§¨ª îâ | ¢á«¥¤áâ¢¨¥,®ç¥¢¨¤®, ¥®¤®à®¤®áâ¨ ¯«®â®áâ¨ s(z) | ¬ ª-á¨¬ã¬ ¨ ¬¨¨¬ã¬, ® ®¨ ¨áç¥§ îâ ¤ «¥¥ ¯® ¤¢¨-

¦¥¨î, ¨ ¯à®ä¨«¨ U (z) áâ ®¢ïâáï ¬®®â®ë-¬¨. �¥â¥®à®«®£¨ ãâ¢¥à¦¤ îâ [19], çâ® ¢ «¥á®¬¯®ªà®¢¥ ¬ ªá¨¬ã¬ë á®åà ïîâáï ¤ ¦¥ ¯à¨ ®ç¥ì¡®«ìè®© ¯à®âï¦¥®áâ¨ «¥á  (ï¢«¥¨¥ "¢â®à¨ç®-£® ¬ ªá¨¬ã¬ "). �®áâ®¢¥à®áâì íâ®£® ï¢«¥¨ï ¨¥£® ¯à¨ç¨ë   á¥£®¤ïè¨© ¤¥ì ¥ ¢¯®«¥ ïáë.� à §¢¨â¨¨ ¯®£à ¨ç®£® á«®ï  ¤ è¥à®å®¢ â®-áâìî ¬®¦® áã¤¨âì ¯® ¯à®ä¨«ï¬ à¨á. 1, ®¤ ª®¡®«¥¥ â®çãî ¨ä®à¬ æ¨î ¤ ¥â à¨á. 3, £¤¥ ¯à¥¤-áâ ¢«¥  ¥£® â®«é¨  �(x). �¯«®è ï «¨¨ï 1 ¯®-ª §ë¢ ¥â à áè¨à¥¨¥ ¯®£à á«®ï  ¤ à §«¨çë-¬¨ �� ¢ëá®â®© h = 120 ¬¬. �®¦® § ª«îç¨âì,çâ® ¯®£à á«®© à áâ¥â £®à §¤® ¨â¥á¨¢¥¥, ç¥¬ ¤ ®¡ëç®© è¥à®å®¢ â®áâìî. �¥áì¬  ¥®¦¨¤ -®, çâ® íâ®â ¯à®æ¥áá ¯®çâ¨ ¥ § ¢¨á¨â ¥ â®«ìª®®â  àå¨â¥ªâãàë ��, ® ¨ ®â áª®à®áâ®£® à¥¦¨¬ U1 (§ ¯®«¥ë¥ § çª¨).�®§¨ª ¥â ¢®¯à®á ® ¯à¨¬¥¨¬®áâ¨ à ¥¥ ¯®«ã-ç¥ëå â¥®à¥â¨ç¥áª¨å ä®à¬ã«. � ªá¨¬ «ìë¥¨ ¬¨¨¬ «ìë¥ § ç¥¨ï áª®à®áâ¨   ¯à®ä¨«ïåU (z) ¢ â®¬ ¨«¨ ¨®¬ á¥ç¥¨¨ �� ¯à¥¤áâ ¢«¥ë  à¨á. 4 ¨ á®¥¤¨¥ë á®®â¢¥âáâ¢¥® èâà¨å®¢®© ¨¯ãªâ¨à®© «¨¨ï¬¨. �¡¥ ªà¨¢ë¥ áå®¤ïâáï á ã¤ -«¥¨¥¬ X ®â  ç «  ��, ¯®áª®«ìªã íªáâà¥¬ã¬ë  ¯à®ä¨«ïå á£« ¦¨¢ îâáï. �à¨¢ë¥ á®¯®áâ ¢«ï-îâáï á® á¯«®è®© «¨¨¥©, ¯à¥¤áâ ¢«ïîé¥© â¥®-à¥â¨ç¥áª®¥ ¯ ¤¥¨¥ áª®à®áâ¨ (4) ¢ �� à ¢®¬¥à-®© ¯«®â®áâ¨, ¯à¨¡«¨¦¥® ®áà¥¤ïîé¥© ¯®ª -§ ãî ¢ëè¥ äãªæ¨î s(z). �®®â¢¥âáâ¢¨¥ â¥®à¨¨¨ íªá¯¥à¨¬¥â , ª ª ¢¨¤¨¬, å®à®è¥¥. �  ®á®¢ -¨¨ íâ®£® à¨áãª  ¬®¦® ãâ¢¥à¦¤ âì, çâ®  ç «ì-ë© ãç áâ®ª ¯à®áâ¨à ¥âáï ¯à¨¬¥à® ¤® á¥ç¥¨ïX = L � 35 àï¤®¢ = 17h ¤«ï ¨áá«¥¤®¢ ®© §¤¥áì¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨. �¥ç¥¨ï �� X=40¨ 55 àï¤®¢ (20h ¨ 27h, á®®â¢¥âáâ¢¥®) ã¦¥ ¯à¨- ¤«¥¦ â, ¯®-¢¨¤¨¬®¬ã, ®á®¢®¬ã ãç áâªã. �-â¥à¥á®, çâ® áª®à®áâì ¯®â®ª  ¢ãâà¨ ��, à ¥¥¬®®â®® ã¡ë¢ ¢è ï, ¢  ç «¥ ®á®¢®£® ãç áâ-ª  á«¥£ª  ¢®§à áâ ¥â. � áâ®ïé¨¥ ¤ ë¥ ¬®£ãâ¡ëâì â ª¦¥ á®¯®áâ ¢«¥ë á ¡®«¥¥ à ¨¬¨ ¨§¬¥-à¥¨ï¬¨, ¯à®¢¥¤¥ë¬¨ ¢ �áâ¨âãâ¥ £¨¤à®¬¥å ¨-ª¨ ��� �ªà ¨ë [4] (ªàã¦ª¨   à¨á. 4). �¨ ¡ë«¨¯®«ãç¥ë â¥à¬® ¥¬®¬¥âà¨ç¥áª¨¬¨ ¨§¬¥à¥¨ï¬¨¢ �� ¨§ ®âà¥§ª®¢ ¯à®¢®«®çëå áâ¥à¦¥© ¤¨ ¬¥-âà®¬ 2 ¬¬ ¨ ¢ëá®â®© h = 70 ¬¬ ¤¢ãå ¯«®â®áâ¥©s = 4:45 ¨ 8:90 ¬2=¬3 ¨ à §«¨çëå áª®à®áâ¥© ¯®â®-ª  ("¬ «ëå" 3 - 5 ¬/á, "áà¥¤¨å" 7 - 10 ¨ "¡®«ìè¨å"15 - 20 ¬/á). �¡  íªá¯¥à¨¬¥â  å®à®è® á®£« áãîâ-áï ¢ ãª § ëå ¡¥§à §¬¥àëå ª®®à¤¨ â å.�¥®à¨ï ¯à¥¤áª §ë¢ ¥â «®£ à¨ä¬¨ç®áâì ¯à®ä¨-«¥© áª®à®áâ¨ (2)  ¤ ��   ®á®¢®¬ ãç áâª¥. � -à ¬¥âàë «®£ à¨ä¬¨ç¥áª®£® § ª®  (2) ¡ë«¨  ©-¤¥ë  ¯¯à®ªá¨¬ æ¨¥© í¬¯¨à¨ç¥áª¨å ¤ ëå â¥®-à¥â¨ç¥áª®© ªà¨¢®© á ¯®¬®éìî ¥«¨¥©®£®  «£®-14 �.�. � ¥¢, �. �í©¢®à¨, �. �®©



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2000. �®¬ 2 (74), N 1. �. 10 { 19

�¨á. 1. �à áä®à¬ æ¨ï ¢¤®«ì D-è¥à®å®¢ â®áâ¨ áà¥¤¥© áª®à®áâ¨ U(z) (A), ¨â¥á¨¢®áâ¨ ¥¥ä«ãªâã æ¨© u0(z) (�) ¨ ª®àà¥«ïæ¨¨ ä«ãªâã æ¨© < u0w0 > (�). (�«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ®âà¥ã£®«ìë¥ "ªà®ë"   á ¬®¬ ¤¥«¥ ®à¬ «ìë ª ¯®â®ªã, â¥ªãé¥¬ã á«¥¢   ¯à ¢®)à¨â¬   ¨¬¥ìè¨å ª¢ ¤à â®¢ � à£ à¤  - �¥¢¥-¡¥à£  (Marquardt - Levenberg algorithm), à¥ «¨§®-¢ ®£® ¢ è¨à®ª® à á¯à®áâà ¥®© £à ä¨ç¥áª®©¯à®£à ¬¬¥ Gnuplot. �«ï ¬ «ëå X ¯®«ãç¥ë ¥à¥- «ìë¥ § ç¥¨ï, çâ® ¥ ï¢«ï¥âáï ¥®¦¨¤ ë¬.� § ç¥¨ï ¯ à ¬¥âà®¢ «®£ à¨ä¬¨ç¥áª®£® § ª® (2) ¤«ï ¡®«ìè¨å X (¤«ï ®á®¢®£® ãç áâª ) ¯à¥¤-áâ ¢«¥ë ¢ â ¡«. 2. �®á«¥¤ïï ª®«®ª  â ¡«¨æë¯à¥¤áâ ¢«ï¥â ®¡ëçë© ª®¥ää¨æ¨¥â è¥à®å®¢ â®-áâ¨ ä®à¬ã«ë (1), ¢ëç¨á«¥ë© ¯® ¯ à ¬¥âàã è¥-à®å®¢ â®áâ¨ ¨ áª®à®áâ¨ áª®«ì¦¥¨ï á®£« á® (3).�àï¬ë¥ ¨§¬¥à¥¨ï ¯à®ä¨«ï ª®àà¥«ïæ¨¨ < u0w0 >,¨¬¥îé¨¥áï ¢  è¥¬ à á¯®àï¦¥¨¨ ¤«ï ¥ª®â®àëåíªá¯¥à¨¬¥â®¢ (®â¬¥ç¥ë  ¡¡à¥¢¨ âãà®© Cr ¢ â -¡«. 1; á¬. â ª¦¥ ¯à®ä¨«¨ à¨á. 1, �) ¯®§¢®«ï-îâ ¢ëç¨á«¨âì  ¯àï¦¥¨¥ âà¥¨ï (¤¨ ¬¨ç¥áªãîáª®à®áâì U�) ¨ë¬ ¯ãâ¥¬ [5, 6]. �¥§ã«ìâ âë ¯à¨-¢¥¤¥ë ¢ áª®¡ª å. � §«¨ç¨¥ à¥§ã«ìâ â®¢, ¯®«ã-ç¥ëå ¤¢ã¬ï ¬¥â®¤ ¬¨, ¤® 80% å à ªâ¥à¨§ã¥â,¯®-¢¨¤¨¬®¬ã, ¯®£à¥è®áâì ¨á¯®«ì§®¢ ¢è¨åáï ¬¥-
â®¤®¢ â¥à¬® ¥¬®¬¥âà¨¨ ¢ ¢ëá®ª®âãà¡ã«¥âëå¯®â®ª å.�áâ ®¢«¥® â ª¦¥, çâ® ¨§¬¥à¥ë¥ ¢ãâà¨®á®¢®£® ãç áâª  �� ¯à®ä¨«¨ áà¥¤¥© ¯à®¤®«ì-®© áª®à®áâ¨ ¤®¢®«ì® å®à®è® á®®â¢¥âáâ¢ãîâ â¥-®à¥â¨ç¥áª®© ä®à¬ã«¥ (6). �¥§à §¬¥àë¥ ª®®à¤¨- âë, ¨á¯®«ì§®¢ ë¥ ¢ (6), ¤¥« îâ ¯à®ä¨«¨ ¥-§ ¢¨á¨¬ë¬¨ ®â áª®à®áâ®£® à¥¦¨¬   íà®¤¨ ¬¨-ç¥áª®£® ª  «  U1. �â® ¯à®¨áå®¤¨â ¢á«¥¤áâ¢¨¥®à¬ «¨§ æ¨¨ ¯à®ä¨«¥©   áª®à®áâì áª®«ì¦¥¨ïUh=U (h), § ¢¨áïé¥© ®â U1.5. ���������� ��� ������ ����� ��� ë¥, ¯®«ãç¥ë¥ ¤«ï ¤àã£¨å â¨¯®¢ è¥à®å®-¢ â®áâ¨, ª á®¦ «¥¨î ¥ áâ®«ì ¯®«ë (á¬. â ¡«.1). �¥¬ ¨ ¬¥¥¥ ®¨ ¯®§¢®«ïîâ á¤¥« âì ¥ª®â®-àë¥ ¯®«¥§ë¥ áà ¢¥¨ï á ¯à¥¤ë¤ãé¨¬   «¨§®¬¤«ï D-è¥à®å®¢ â®áâ¨.�.�. � ¥¢, �. �í©¢®à¨, �. �®© 15
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�¨á. 2. �§®«¨¨¨ ®à¬ «¨§®¢ ®© áà¥¤¥© áª®à®áâ¨ (A) ¨ ¨â¥á¨¢®áâ¨ ¯à®¤®«ìëå ¯ã«ìá æ¨© (�)¯®§ ¤¨ ãç áâª  D-è¥à®å®¢ â®áâ¨ ¢ X=10 àï¤®¢� ¡«. 2. � à ¬¥âàë «®£ à¨ä¬¨ç¥áª¨å äãªæ¨©(1) ¨ (2) ¤«ï â¥ç¥¨ï á¢¥àåã  ¤ ��X, àï¤®¢, Uh, zh=h U�, z0=hU1 ¬/á ¬/áD-è¥à®å®¢ â®áâì40 àï¤®¢,8 ¬/á 1.87 1.38 2.0 0.9555 àï¤®¢,8 ¬/á 2.2 0.86 1.30 0.448 ¬/á 2.7 1.48 1.37 (0.73) 0.676 ¬/á 1.7 0.74 0.88 0.344 ¬/á 1.3 0.69 0.52 (0.35) 0.252 ¬/á 0.66 0.55 0.24 (0.16) 0.18�¥à®å®¢ â®áâì ¨§ ®¤¨å "áâ¢®«®¢"55 àï¤®¢8 ¬/á 4.8 4.1 2.3 1.78U-è¥à®å®¢ â®áâì ¨¬¥¥â ¯«®â®áâì ¯à¥¯ïâ-áâ¢¨©, ¬®®â®® ã¡ë¢ îéãî á ¢ëá®â®© ¢ëè¥ãà®¢ï z = h1 � �h1, çâ® ¨ ®â«¨ç ¥â ¥¥ ®âD-è¥à®å®¢ â®áâ¨. �®âï, ¢á«¥¤áâ¢¨¥ ¢¥àâ¨ª «ì-®© ¥®¤®à®¤®áâ¨ ¨å ¯«®â®áâ¨,    ç «ì®¬ãç áâª¥ ª ¦¤®© ¨§ ¨å ¨ ¢®§¨ª ¥â ¥®¤®à®¤-®áâì ¢ à á¯à¥¤¥«¥¨¨ U (z), á  «¨ç¨¥¬ ¬ ªá¨¬ã-¬  ¨ ¬¨¨¬ã¬ , ® ã¡ë¢ ¨¥ ¯«®â®áâ¨ s(z) ¤«ïU-è¥à®å®¢ â®áâ¨ á®®â¢¥âáâ¢ã¥â ®¡é¥© â¥¤¥æ¨¨¯à®ä¨«ï U (z) ª ¬®®â®®áâ¨ á à®áâ®¬ x. �® íâ®©¯à¨ç¨¥ áª®à®áâì ¯à®¤®«ì®£® ¤¢¨¦¥¨ï ¢ãâà¨U-è¥à®å®¢ â®áâ¨ £ á¨âáï ¡ëáâà¥¥, ç¥¬ íâ® ¡ë«® ¢D-è¥à®å®¢ â®áâ¨, ¢á«¥¤áâ¢¨¥ ç¥£® ¬ ªá¨¬ã¬ë áª®-à®áâ¨ ¯®çâ¨ ¯®«®áâìî ¨áç¥§ îâ ¯à¨ X = 20 àï-¤®¢ ¨ ¨§®«¨¨¨, ¯®¤®¡ë¥ ¨§®¡à ¦¥ë¬   à¨á.2, á®®â¢¥âáâ¢ãîâ ¯®çâ¨ ¯®«®áâìî ®¤®à®¤®¬ã

â¥ç¥¨î. �«¥¤®¢ë¥ §®ë ¢ ¯®¯¥à¥ç®¬ á¥ç¥¨¨ª  «  §  10 àï¤ ¬¨ "¤¥à¥¢ì¥¢" § ç¨â¥«ì® á« -¡¥¥ ¨ { ¢¯®«¥ ¥áâ¥áâ¢¥® { ¯à¨¬¥à®   0:25h¨¦¥   «®£¨çëå   à¨á. 2. �®¤®¡ë¥ áà¥§ë â¥-ç¥¨ï ¢ �� ¨§ ®¤¨å "áâ¢®«®¢" ("ªà®ë" ã¤ «¥ë)§  10 ¨ 55 àï¤ ¬¨ ¯®ª §ë¢ îâ «¨èì ¬®®â®ë¥à á¯à¥¤¥«¥¨ï áà¥¤¥© ¯à®¤®«ì®© áª®à®áâ¨. � §-¢¨â¨¥ ¯®£à ¨ç®£® á«®ï  ¤ ¯®á«¥¤¥© �� ¡ë-«® ®æ¥¥® ¢ ¤¢ãå  §¢ ëå á¥ç¥¨ïå ¨ ¯®ª § ®ªà¨¢®© 2   à¨á. 3. �®®â¢¥âáâ¢ãîé¨¥ ¥¬ã ¯ à ¬¥-âàë «®£ à¨ä¬¨ç¥áª®£® § ª®  â ª¦¥ ¯à¥¤áâ ¢«¥-ë ¢ â ¡«. 2. �®«ãç¥ëå ¤«ï íâ®© �� ¤ ëå, ªá®¦ «¥¨î, ¥ ¤®áâ â®ç®, çâ®¡ë  ¤¥¦® ®¯à¥-¤¥«¨âì,  å®¤¨âáï «¨ á¥ç¥¨¥ §  55 àï¤ ¬¨ (â.¥.x = 47h) ¥é¥    ç «ì®¬, ¨«¨ ã¦¥   ®á®¢®¬ãç áâª¥.� ª  §ë¢ ¥¬ ï "0o-è¥à®å®¢ â®áâì" á®áâ®ï« ¨§ U-®à¨¥â¨à®¢ ëå "¤¥à¥¢ì¥¢", à §¢¥àãâëå¯®¤ ã£«®¬ �=0o ª ¢®§¤ãè®¬ã ¯®â®ªã (¯ à ««¥«ì-® ¥¬ã). �¥¬ á ¬ë¬ á®¯à®â¨¢«¥¨¥ ¯®â®ªã, ®ª -§ë¢ ¥¬®¥ "¤¥à¥¢ìï¬¨", ¡ë«® ã¬¥ìè¥® ¤® ¬¨¨-¬ «ì®£®. �á«¨ à ¥¥ á®¯à®â¨¢«¥¨¥ ¢®§¤ãè®¬ã¯®â®ªã ®â ¨¤¨¢¨¤ã «ìëå "¤¥à¥¢ì¥¢" á®§¤ ¢ «®áì¯à¥¨¬ãé¥áâ¢¥® ¯ ¤¥¨¥¬ ¤ ¢«¥¨ï §  áç¥â ®¡â¥-ª ¨ï "ªà®", â® â¥¯¥àì ®® ¢®§¨ª ¥â ¢á«¥¤áâ¢¨¥âà¥¨ï ® ¯®¢¥àå®áâ®áâì âà¥ã£®«ì¨ª®¢. �¥á¬®-âàï   â ªãî à §¨æã ¢ ¢®§¨ª®¢¥¨¨ á¨«ë á®-¯à®â¨¢«¥¨ï, ª ª®£®-«¨¡® áãé¥áâ¢¥®£® ®â«¨ç¨ï®â �� ¨§ ®¤¨å "áâ¢®«®¢" ¯à¨ X=10 ®¡ àã¦¥®¥ ¡ë«®.�¥ ¦¥ "U-¤¥à¥¢ìï", ¯®¢¥àãâë¥   ã£®«  â -ª¨ ¯®â®ª  � = 45o, ®¡à §®¢ë¢ «¨ "45o-è¥à®å®¢ â®áâì". �áâ¥áâ¢¥®, çâ® â¥ç¥¨¥ ¢ã-âà¨ â ª®© �� áãé¥áâ¢¥® ¢¨¤®¨§¬¥ï«®áì;  -¯à ¢«¥¨¥ ¢ãâà¥¥£® â¥ç¥¨ï â¥¯¥àì ¢¥áì¬  ®â-16 �.�. � ¥¢, �. �í©¢®à¨, �. �®©
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�¨á. 3. �®«é¨   àã¦®£® ¯®£à ¨ç®£® á«®ï  ¤�� à §«¨çëå ¨áá«¥¤®¢ ëå â¨¯®¢. �¨¨¨ 1 ¨ 2 {á®®â¢¥âáâ¢¥® D-è¥à®å®¢ â®áâì ¨ �� ¨§ ®¤¨å"áâ¢®«®¢", U1=8 ¬=á. � ¯®«¥ë¥ § çª¨ { ¤«ï à¥-¦¨¬®¢ áª®à®áâ¨ (3) { 6 ¬/á, (4) { 4 ¬/á ¨ (5) { 2 ¬/á ¤ D-è¥à®å®¢ â®áâìî. �ãáâë¥ § çª¨: (6) { U-è¥-à®å®¢ â®áâì, "ªà®ë" ®à¬ «ìë ª ¯®â®ªã, (7) {"ªà®ë" 45o ª ¯®â®ªã ¨ (8) 0o ª ¯®â®ªã¯à¨ áª®à®áâ¨ 8 ¬/á
�¨á. 4. �ªá¯¥à¨¬¥â «ì® § ¬¥àï®¥ ¯ ¤¥¨¥ ¯à®-¤®«ì®© áª®à®áâ¨ ¢®§¤ãå  ¢ãâà¨ D-è¥à®å®¢ â®áâ¨ ¢áà ¢¥¨¨ á â¥®à¥â¨ç¥áª¨¬ ¯à®£®§®¬ á®£« á® (4) ¨¯à¥¤ë¤ãé¨¬ íªá¯¥à¨¬¥â®¬ [4] (ªàã¦ª¨) ¤«ï ��¤¢ãå ¯«®â®áâ¥© ¨§ áâ¥à¦¥© ¨ âà¥å à¥¦¨¬®¢áª®à®áâ¨«¨ç «®áì ®â  ¯à ¢«¥¨ï  àã¦®£® ¯®â®ª  ¢¤®«ì íà®¤¨ ¬¨ç¥áª®£® ª  « .�¥á¬®âàï   à §®®¡à §¨¥  àå¨â¥ªâãàë ¨áá«¥-¤®¢ ëå â¨¯®¢ ¯à®¨æ ¥¬®© è¥à®å®¢ â®áâ¨, ¨å¢®§¤¥©áâ¢¨¥   ¢¥è¨© ¯®â®ª ¢® ¢á¥å á«ãç ïå ¯®-çâ¨ ¥ à §«¨ç ¥âáï. �á¥ ¢¨¤ë "¤¥à¥¢ì¥¢" á®§¤ îâ¯®£à á«®© ¢¥ �� ¯à¨¬¥à® ®¤®© ¨ â®© ¦¥ â®«-é¨ë, ª ª ¯®ª §ë¢ îâ ¤ ë¥ à¨á. 3 ¤«ï X = 10¨ 20 àï¤®¢.

�¨á. 5. �¥à£¥â¨ç¥áª¨¥ á¯¥ªâàë ¯ã«ìá æ¨© ¯à®¤®«ì-®© áª®à®áâ¨   à §«¨çëå ¢ëá®â å ¢ãâà¨ ¨ ¢¥U-è¥à®å®¢ â®áâ¨   ¢¥àâ¨ª «¨ X=10 àï¤®¢:1 - z=0:02h; 2 - 0:67h; 3 - 1:5h; 4 - 2:5h; 5 - 3:5h6. ���������� ��������������� ���§¬¥à¥¨ï ã¦¥ â®«ìª® ¢â®àëå áâ â¨áâ¨ç¥áª¨å¬®¬¥â®¢ ¯ã«ìá æ¨© ¢ëï¢«ïîâ ¢¥áì¬  âãà¡ã«¥â-ãî ¯à¨à®¤ã ¢¨åà¥®¡à §®¢ ¨ï ¢® ¢ãâà¥¥¬ â¥-ç¥¨¨ ¢ ��, ¨¤ãæ¨à®¢ ®£® ¯à¥¯ïâáâ¢¨ï¬¨, çâ®¯®¤â¢¥à¦¤ ¥â ¢ë¢®¤ë ¥¤ ¢¨å ¯ã¡«¨ª æ¨© [7,22].�«ï ¯®«ãç¥¨ï á¯¥ªâà  ç áâ®â âãà¡ã«¥â®áâ¨,30-á¥ªã¤ë¥ æ¨äà®¢ë¥ § ¯¨á¨ á¨£ «®¢ ¤ âç¨-ª  â¥à¬® ¥¬®¬¥âà  ®¤¨®ç®© ¨â¨ ®¡à ¡ âë-¢ «¨áì á ¯®¬®éìî ¡ëáâà®£® ¯à¥®¡à §®¢ ¨ï �ã-àì¥, çâ® ¡ë«® ¯à®¤¥« ® ¤«ï ¬®¦¥áâ¢  ¯®«®¦¥-¨© ¤ âç¨ª  ª ª ¢ãâà¨, â ª ¨ ¢¥ ¯à®¨æ ¥¬®©è¥à®å®¢ â®áâ¨. �¨áã®ª 5 ¯à¥¤áâ ¢«ï¥â á¯¥ª-âàë ¯ã«ìá æ¨© ¯à®¤®«ì®© áª®à®áâ¨   à §«¨ç-ëå ãà®¢ïå ¢¥àâ¨ª «¨, ã¤ «¥®©   10 àï¤®¢ U-è¥à®å®¢ â®áâ¨. �á¥ ªà¨¢ë¥ ¯® á¢®¥© ä®à¬¥ ¯®å®-¦¨, ® á¬¥é¥ë ¯® ¢¥àâ¨ª «¨ ®â®á¨â¥«ì® ¤àã£¤àã£ . �¥à£¨ï ¯ã«ìá æ¨© ¯®«ãç ¥âáï ¥§ ¢¨áï-é¥© ®â ç áâ®âë ¯à¨ ¬ «ëå § ç¥¨ïå ¯®á«¥¤¥©.�  ¡®«¥¥ ¢ëá®ª¨å ç áâ®â å 10 < f < 600 �æí¥à£¨ï ¯à®¯®àæ¨® «ì  f�5=3 ¨ ¯à®¯®àæ¨® «ì-  f�4 ¤«ï ç áâ®â ¢ ¤¨ ¯ §®¥ 1000 < f < 2500 �æ.�¯¥ªâà «ìë¥ ªà¨¢ë¥ ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ ¢¨¦¥© ç áâ¨ è¥à®å®¢ â®áâ¨ 0 < z < 0:7h; § â¥¬í¥à£¨ï ¯ã«ìá æ¨© ¬¥¤«¥® ¢®§à áâ ¥â ¤® ¢ëá®-âë ¯à¨¬¥à® z � 1:5h, ¨ á ¯®¤ê¥¬®¬ ¢ëè¥ íâ®£®ãà®¢ï à¥§ª® ã¡ë¢ ¥â. � ª®¢ë á¢®©áâ¢  ¯ã«ìá -æ¨©    ç «ì®¬ ãç áâª¥ ��.� «®£¨çë¥ á¯¥âà «ìë¥ ¤ ë¥ ¡ë«¨ ¯®«ãç¥-ë ¤«ï ®á®¢®£® ãç áâª  D-è¥à®å®¢ â®áâ¨ (¯à¨ã¤ «¥¨¨ 55 àï¤®¢ ®â ¥¥  ç « , á¬. â ¡«. 1).�å ¯®¢¥¤¥¨¥ ¯®¤®¡® ¯à¥¤ë¤ãé¨¬, á â®© à §¨-æ¥©, çâ®  ¨¡®«¥¥ ¨â¥á¨¢ë¥ ¯ã«ìá æ¨¨ ¤®áâ¨-£ «¨áì   ãà®¢¥ ¢¥àåãèª¨ �� z � h,   § â¥¬á¯¥ªâà «ìë¥ ªà¨¢ë¥ á à®áâ®¬ z ¬¥¤«¥® ®¯ãáª -�.�. � ¥¢, �. �í©¢®à¨, �. �®© 17
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�¨á. 6. �§¬¥¥¨¥ ¯® ¢ëá®â¥ D-è¥à®å®¢ â®áâ¨ à §-«¨çëå ¬ áèâ ¡®¢ âãà¡ã«¥â®£® ¤¢¨¦¥¨ï: (a) - ¨-â¥£à «ìë© ¬ áèâ ¡; (b) - ¬¨ªà®¬ áèâ ¡ (ã¬®¦¥-ë©   20); (c) - ª®«¬®£®à®¢áª¨© ¬ áèâ ¡ (ã¬®¦¥-ë©   1500). �«¨ë¥ ç¥àâ®çª¨ { X=10 àï¤®¢=5h;ª®à®âª¨¥ ç¥àâ®çª¨ { X=20 àï¤®¢=10h;á¯«®èë¥ «¨¨¨ { X=55 àï¤®¢=27:5h«¨áì. �¡« áâì à ¢®¬¥à®£® à á¯à¥¤¥«¥¨ï í¥à-£¨¨ ¯® ¬ «ë¬ ç áâ®â ¬ ¯à¨ íâ®¬ ¨áç¥§ «  ¢®-¢á¥. � áèâ ¡ë, å à ªâ¥à¨§ãîé¨¥ âãà¡ã«¥âë¥¢¨åà¨, ¡ë«¨ ¯®«ãç¥ë ¨§ á¯¥ªâà «ìëå à á¯à¥-¤¥«¥¨© ¯® ¨§¢¥áâë¬ ä®à¬ã« ¬ [5], ¨ ¥ª®â®àë¥¨§ ¨å ¯à¥¤áâ ¢«¥ë   à¨á. 6. �®«ãç ¥âáï, çâ®¬¨ªà®¬ áèâ ¡ âãà¡ã«¥â®áâ¨ ¯à¨¬¥à® ¢ 10 à §¬¥ìè¥ ¨â¥£à «ì®£® ¬ áèâ ¡  ¢¨åà¥©,   ¯®á«¥¤-¨© ¢ 1500 à § ¯à¥¢®áå®¤¨â ª®«¬®£®à®¢áª¨© ¬ á-èâ ¡. �â¥£à «ìë© ¨ ª®«¬®£®à®¢áª¨© ¬ áèâ ¡ë¢¨åà¥© ¢¤®«ì �� áãé¥áâ¢¥® ¥ ¨§¬¥ïîâáï, ¢®â«¨ç¨¥ ®â ¬¨ªà®¬ áèâ ¡ . � ¯®¤ê¥¬®¬  ¤ è¥-à®å®¢ â®áâìî ¢á¥ íâ¨ ¬ áèâ ¡ë ¢®§à áâ îâ ¯à¨-¬¥à® «¨¥©®.����������� �áá«¥¤®¢  ï §¤¥áì « ¡®à â®à ï ¬®¤¥«ì ¯®-§¢®«ï¥â ¨§ãç âì ¯à®¨æ ¥¬ãî è¥à®å®¢ â®áâìà §«¨ç®©  àå¨â¥ªâãàë, â ª®© ª ª ®¤®à®¤- ï, á ¢®§à áâ îé¥© ¨ ã¡ë¢ îé¥© á ¢ëá®â®©¯«®â®áâìî.� �à áä®à¬ æ¨ï ¯®â®ª  ¢¤®«ì ¯à®¨æ ¥¬®©è¥à®å®¢ â®áâ¨ (��) ¨áá«¥¤®¢ « áì ¢ â¥à¬¨- å ¯¥à¢®£® ¨ ¢â®à®£® áâ â¨áâ¨ç¥áª¨å ¬®¬¥-â®¢ âãà¡ã«¥â®áâ¨, ¨§¬¥à¥ëå ¯à¨ ¯®¬®é¨â¥à¬® ¥¬®¬¥âà¨ç¥áª¨å ¤ âç¨ª®¢ ®¤¨®ç®©¨â¨ ¨ ¤¢ãå áªà¥é¥ëå ¨â¥©. �à¨ íâ®¬à §«¨ç «¨ " ç «ìë©" ¨ "®á®¢®©" ãç áâ-ª¨ â¥ç¥¨ï, ª ª íâ® ¢ëâ¥ª ¥â ¨§ â¥®à¨¨.� �à¥¤áâ ¢«ï¥âáï, çâ® â¥®à¥â¨ç¥áª¨© ¯®¤å®¤ ª��, ®á®¢ ë©   ¬®¤¥«¨ á¯«®è®© áà¥¤ë,¬®¦¥â ã¤®¢«¥â¢®à¨â¥«ì® ®¯¨á âì ¢ ¦ë¥®áà¥¤¥ë¥ å à ªâ¥à¨áâ¨ª¨ â¥ç¥¨ï. �¥®¡-
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