
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 4. �. 30 { 34��� 534.222 �������������� ��������� ����������� �������� �������������������������� ����������. �. ����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 10.11.2000�®áâà®¥  ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¨ à¥è¥  § ¤ ç  ® à á¯à®áâà ¥¨¨ §¢ãª  ¢ ¢®«®¢®¤¥ ªàã£«®£® ¯®¯¥à¥ç®£®á¥ç¥¨ï ¯à¨  «¨ç¨¨ ¢ ¥¬ æ¨«¨¤à¨ç¥áª®© à áè¨à¨â¥«ì®© ª ¬¥àë. �áâ ®¢«¥®, çâ® ¯à¨ à á¯à®áâà ¥¨¨ §¢ãª ¢ ¢®«®¢®¤¥ á à áè¨à¨â¥«ì®© ª ¬¥à®© ¢®§¨ª îâ ç áâ®âë¥ ®¡« áâ¨, ¢ ¯à¥¤¥« å ª®â®àëå  ¡«î¤ ¥âáï § ç¨â¥«ì-®¥ ¯ ¤¥¨¥ §¢ãª®¯à®§à ç®áâ¨ á¨áâ¥¬ë. �áá«¥¤®¢ ® ¢«¨ï¨¥ £¥®¬¥âà¨ç¥áª¨å à §¬¥à®¢ à áè¨à¨â¥«ì®© ª ¬¥àë  ¨§¬¥¥¨¥ §¢ãª®¯à®§à ç®áâ¨ ¢®«®¢®¤ . �ëïá¥®, çâ® ®á®¢®¥ ¢«¨ï¨¥   à á¯®«®¦¥¨¥ ®¡« áâ¥© \§ ¯¨à -¨ï" ¢®«®¢®¤    ®á¨ ç áâ®â ®ª §ë¢ ¥â ¨§¬¥¥¨¥ ¯«®é ¤¨ ¯®¯¥à¥ç®£® á¥ç¥¨ï ª ¬¥àë,     è¨à¨ã ®¡« áâ¥©¢ ®á®¢®¬ ¢«¨ï¥â ¤«¨  à áè¨à¨â¥«ì®© ª ¬¥àë. �¡®§ ç¥ë ¯ãâ¨ ®¯â¨¬¨§ æ¨¨ £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢¯®¤®¡ëå ãáâà®©áâ¢.�®¡ã¤®¢ ® ¬ â¥¬ â¨çã ¬®¤¥«ì â  à®§¢'ï§ ® § ¤ çã ¯à® à®§¯®¢áî¤¦¥ï §¢ãªã ¢ å¢¨«¥¯à®¢®¤÷ ªàã£«®£® ¯®¯¥à¥ç-®£® ¯¥à¥à÷§ã ¯à¨  ï¢®áâ÷ ã ì®¬ã æ¨«÷¤à¨ç®ù à®§è¨àî¢ «ì®ù ª ¬¥à¨. �áâ ®¢«¥®, é® ¯à¨ à®§¯®¢áî¤¦¥÷§¢ãªã ¢ å¢¨«¥¯à®¢®¤÷ § à®§è¨àî¢ «ì®î ª ¬¥à®î, ¢¨¨ª îâì ç áâ®â÷ ®¡« áâ÷, ¢ ¬¥¦ å ïª¨å á¯®áâ¥à÷£ õâìáï § -ç¥ ¯ ¤÷ï §¢ãª®¯à®§®à®áâ÷ á¨áâ¥¬¨. �®á«÷¤¦¥® ¢¯«¨¢ £¥®¬¥âà¨ç¨å à®§¬÷à÷¢ à®§è¨àî¢ «ì®ù ª ¬¥à¨   §¬÷ã§¢ãª®¯à®§®à®áâ÷ å¢¨«¥¯à®¢®¤ . �¢'ïá®¢ ®, é® ®á®¢¨© ¢¯«¨¢   à®§â èã¢ ï ®¡« áâ¥© \§ ¬ª¥ï" å¢¨«¥¯à®-¢®¤    ®á÷ ç áâ®â §¤÷©áîõ §¬÷  ¯«®é÷ ¯®¯¥à¥ç®£® ¯¥à¥à÷§ã ª ¬¥à¨,     è¨à¨ã ®¡« áâ¥© ¢ ®á®¢®¬ã ¢¯«¨¢ õ¤®¢¦¨  à®§è¨àî¢ «ì®ù ª ¬¥à¨. �¨§ ç¥÷ è«ïå¨ ®¯â¨¬÷§ æ÷ù £¥®¬¥âà¨ç¨å ¯ à ¬¥âà÷¢ â ª¨å ¯à¨áâà®ù¢.A mathematical model is developed and a problem on the sound transmission in circular waveguide with circular concentricexpanding cavity is solved. It is found out that when the sound propagates in the waveguide with an expanding cavitythe frequency zones appear, for which it is observed a considerable decrease of the sound transparency of the system. Aninuence of the expanding cavity dimensions on change of the sound transparency of the waveguide is investigated. It isascertained that basic inuence on the waveguide cut-o� zone positions on the frequency axis is made by variation of theexpanding cavity cross-section. The expanding cavity length inuences basically on width of the waveguide cut-o� zones.The ways of an optimization of geometrical parameters for considered system are determined.���������«ï ã¬¥ìè¥¨ï §¢ãª®¯à®§à ç®áâ¨ ¢®«®¢®¤®¢¢ ¨å ¢¢®¤ïâ à §«¨çë¥ ¥®¤®à®¤®áâ¨,  ¯à¨-¬¥à, à §¬¥é îâ ¯à¥¯ïâáâ¢¨ï, ¨§¬¥¥ïîâ ¯®¯¥-à¥ç®¥ á¥ç¥¨¥ ¢®«®¢®¤  ¨«¨ ä¨§¨ç¥áª¨¥ á¢®©-áâ¢  ¥£® áâ¥®ª, ¨§£¨¡ îâ ¢®«®¢®¤ ¨ â. ¤. �¤¨¬¨§ íää¥ªâ¨¢ëå á¯®á®¡®¢ ã¬¥ìè¥¨ï §¢ãª®¯à®-§à ç®áâ¨ ¢®«®¢®¤  (¯® ªà ©¥© ¬¥à¥, ¢ ¥ª®â®-à®© ¯®«®á¥ ç áâ®â) ï¢«ï¥âáï ¨á¯®«ì§®¢ ¨¥ à §-«¨çëå à¥§® áëå ª®áâàãªæ¨©. � ¨¬ ®â®-áïâáï à¥§® â®à �¥«ì¬£®«ìæ , ¯®¬¥é ¥¬ë© ¢ áâ¥-ªã ¢®«®¢®¤  [1,2], à¥§® áë© ®âà®áâ®ª [3], à á-è¨à¨â¥«ì ï ª ¬¥à  [4] ¨ â. ¯. � ¯à¨¬¥à, à áè¨-à¨â¥«ìë¥ ª ¬¥àë ¯à¨¬¥ïîâáï ª ª £«ãè¨â¥«¨ ¢ ¢â®¬®¡¨«ïå [5],   â ª¦¥ ¯à¨ ¯à®¥ªâ¨à®¢ ¨¨ £«ã-è¨â¥«¥© ¤«ï áâà¥«ª®¢®£® ®àã¦¨ï [6].�¨¦¥ á ¯®¬®éìî ¬¥â®¤  ç áâ¨çëå ®¡« áâ¥©à áá¬ âà¨¢ îâáï í¥à£¥â¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨¯à®å®¦¤¥¨ï §¢ãª  ¢ ¢®«®¢®¤¥ ªàã£«®£® ¯®¯¥à¥ç-®£® á¥ç¥¨ï, ¢ ª®â®àë© á®®á® ¯®¬¥é¥  æ¨«¨-¤à¨ç¥áª ï à áè¨à¨â¥«ì ï ª ¬¥à .
1. ���������� �������¡®§ ç¨¬ à ¤¨ãá ¢®«®¢®¤  ç¥à¥§ r1, ¤«¨ãà áè¨à¨â¥«ì®© ª ¬¥àë ç¥à¥§ `,   à ¤¨ãá à áè¨-à¨â¥«ì®© ª ¬¥àë ç¥à¥§ r2 (à¨á. 1). � à ªâ¥à¨-áâ¨ª¨ £ à¬®¨ç¥áª®£® §¢ãª®¢®£® ¯®«ï ¢ãâà¨ ¤ -®© ª®áâàãªæ¨¨ ®¯à¥¤¥«ïîâáï ç¥à¥§ äãªæ¨î ¯®-â¥æ¨ «  áª®à®áâ¥© 	, ã¤®¢«¥â¢®àïîéãî ãà ¢¥-¨î �¥«ì¬£®«ìæ  �	 + k2	 = 0: (1)�¤¥áì � { ®¯¥à â®à � ¯« á ; k=!=c { ¢®«®¢®¥ç¨á«®; ! { ªàã£®¢ ï ç áâ®â ; c { áª®à®áâì §¢ãª ¢ áà¥¤¥, § ¯®«ïîé¥© ¢®«®¢®¤. �®¦¨â¥«ì e�i!t¢¥§¤¥ ®¯ãáª ¥¬.�à¨¬¥ïï ¬¥â®¤ ç áâ¨çëå ®¡« áâ¥©, ¢áî®¡« áâì áãé¥áâ¢®¢ ¨ï §¢ãª®¢®£® ¯®«ï ¬®¦® à §-¡¨âì   âà¨ ¯®¤®¡« áâ¨. �ãáâì á«¥¢    ¥®¤®-à®¤®áâì  ¡¥£ ¥â ®¤  ¨§ à á¯à®áâà ïîé¨åáï®à¬ «ìëå ¬®¤ ¢®«®¢®¤ , ¨¬¥îé ï ®¬¥à q. �à¥§ã«ìâ â¥ ¥¥ ¢§ ¨¬®¤¥©áâ¢¨ï á à áè¨à¨â¥«ì®©ª ¬¥à®© (®¡« áâì II) ®¡à §ãîâáï ®âà ¦¥ ï ¢®¡« áâì I ¨ ¯à®è¥¤è ï ¢ ®¡« áâì III ¢®«ë. � á¯®-«®¦¨¬ á¨áâ¥¬ã ª®®à¤¨ â ª ª ¯®ª § ®   à¨á. 1.30 c �. �. �®ç à®¢ , 2000



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 4. �. 30 { 34�®£¤  ¯®â¥æ¨ « ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¤«ï ª ¦-¤®© ¯®¤®¡« áâ¨ ¬®¦® § ¯¨á âì ¢ ¢¨¤¥	1 = J0(�qr)eikqx++ 1Xn=0AnJ0(�nr)e�iknx;	2 = 1Xn=0CnJ0(�nr)einx++ 1Xn=0DnJ0(�nr)e�in(x�`);	3 = 1Xn=0BnJ0(�nr)eikn(x�`): (2)�¤¥áì kn =pk2 � �2n;n =pk2 � �2n:�®ª®¢ë¥ áâ¥ª¨ ¢®«®¢®¤  ¨ à áè¨à¨â¥«ì®© ª -¬¥àë áç¨â ¥¬  ¡á®«îâ® ¦¥áâª¨¬¨, ¯®íâ®¬ã ¢¤ ®¬ á«ãç ¥ �n ¨ �n  å®¤ïâáï ¨§ ¢ëà ¦¥¨©�nJ1(�nr1) = 0;�nJ1(�nr2) = 0: (3)�«ï  å®¦¤¥¨ï ¥¨§¢¥áâëå ª®íää¨æ¨¥â®¢An, Cn, Dn ¨ Bn ¥®¡å®¤¨¬® ãç¥áâì á«¥¤ãîé¨¥ãá«®¢¨ï á®¯àï¦¥¨ï:	1 = 	2 ¯à¨ x = 0; 0 � r � r1; (4)@	2@x = 8><>: @	1@x ¯à¨ x = 0; 0 � r � r1;0; ¯à¨ x = 0; r1 � r � r2; (5)	3 = 	2 ¯à¨ x = `; 0 � r � r1; (6)@	2@x = 8><>: @	3@x ; ¯à¨ x = `; 0 � r � r1;0 ¯à¨ x = 0; r1 � r � r2; (7)�§ ãá«®¢¨© á®¯àï¦¥¨ï (4) { (7) ¯®«ãç ¥¬ á¨áâ¥¬ã,á®áâ®ïéãî ¨§ ç¥âëà¥å äãªæ¨® «ìëå ãà ¢¥-¨©. �®á¯®«ì§®¢ ¢è¨áì á¢®©áâ¢®¬ ®àâ®£® «ì®-áâ¨ äãªæ¨© J0(�nr)   ®âà¥§ª¥ 0�r�r1 ¨ J0(�nr)  ®âà¥§ª¥ 0�r�r2 (n=0; 1; 2 : : :), ¯à¥®¡à §ã¥¬ ¥¥¢ ¡¥áª®¥çãî á¨áâ¥¬ã «¨¥©ëå  «£¥¡à ¨ç¥áª¨åãà ¢¥¨© ¢â®à®£® à®¤  ®â®á¨â¥«ì® ¥¨§¢¥áâ-ëå ª®íää¨æ¨¥â®¢ An, Cn, Dn ¨ Bn. � ªãî á¨-áâ¥¬ã à¥è îâ ¬¥â®¤®¬ à¥¤ãªæ¨¨, â. ¥. ®£à ¨ç¨-¢ îâáï ª®¥çë¬ ª®«¨ç¥áâ¢®¬ ãç¨âë¢ ¥¬ëå ¬®¤N .

�¨á. 1. �å¥¬ â¨ç¥áª®¥ ¨§®¡à ¦¥¨¥¢®«®¢®¤  á à áè¨à¨â¥«ì®© ª ¬¥à®©:1 { ¢®«®¢®¤, 2 { à áè¨à¨â¥«ì ï ª ¬¥à �áá«¥¤ã¥¬ í¥à£¥â¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¯à®-å®¦¤¥¨ï §¢ãª  ç¥à¥§ ¤ ãî ¥®¤®à®¤®áâì.�«ï íâ®£® ¢®á¯®«ì§ã¥¬áï ¨§¢¥áâë¬ ¢ëà ¦¥¨¥¬¤«ï áà¥¤¥© ¬®é®áâ¨ §¢ãª®¢®© ¢®«ëW = 14[PV � + P �V ];£¤¥ P { ¤ ¢«¥¨¥; V { ª®«¥¡ â¥«ì ï áª®à®áâì; § ª� ®§ ç ¥â ª®¬¯«¥ªá®¥ á®¯àï¦¥¨¥. �¯à¥¤¥«¨¬áà¥¤îî ¬®é®áâì ¯ ¤ îé¥© ¨ ®âà ¦¥®© ¢®«-ë ¢ á¥ç¥¨¨ x=0,   â ª¦¥ áà¥¤îî ¬®é®áâì¯à®è¥¤è¥© ¢ ®¡« áâì III ¢®«ë ¢ á¥ç¥¨¨ x=`:W ¯ ¤ = !�2 Re (kq)r212 J20 (�qr1);W ®âà = !�2 NXn=0 jAnj2Re (kn)r212 J20 (�nr1);W ¯à = !�2 NXn=0 jBnj2Re (kn) r212 J20 (�nr1): (8)�«ï ã¤®¡áâ¢  ¯à¥¤áâ ¢«¥¨ï ¤ ëå ¢®á¯®«ì§ã¥¬-áï ¡¥§à §¬¥àë¬¨ ª®íää¨æ¨¥â ¬¨ ®âà ¦¥¨ï ¨¯à®å®¦¤¥¨ï ¯® í¥à£¨¨:Kr = W ®âàW ¯ ¤ ;Kt = W ¯àW ¯ ¤ : (9)�î¡ë¥ í¥à£¥â¨ç¥áª¨¥ ¯à®æ¥ááë ¤®«¦ë ¯®¤ç¨-ïâìáï § ª®ã á®åà ¥¨ï í¥à£¨¨. �  è¥¬ á«ã-ç ¥ ® ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:Kr +Kt = 1: (10)�. �. �®ç à®¢  31
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�¨á. 2. �à ä¨ª § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï §¢ãª  Kt ç¥à¥§ ¥®¤®à®¤®áâì¢ ¢¨¤¥ à áè¨à¨â¥«ì®© ª ¬¥àë ®â ¯ à ¬¥âà  �¯à¨ �=0:25 ¨ �=1:5
�¨á. 3. �à ä¨ª § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï §¢ãª  Kt ç¥à¥§ ¥®¤®à®¤®áâì¢ ¢¨¤¥ à áè¨à¨â¥«ì®© ª ¬¥àë ®â ¯ à ¬¥âà  �¯à¨ �=0:25 ¨ �=2
�¨á. 4. �à ä¨ª § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â ¯à®å®¦¤¥¨ï §¢ãª  Kt ç¥à¥§ ¥®¤®à®¤®áâì¢ ¢¨¤¥ à áè¨à¨â¥«ì®© ª ¬¥àë ®â ¯ à ¬¥âà  �¯à¨ �=0:25 ¨ �=3

2. ������ ��������� ������������ãáâì   ¥®¤®à®¤®áâì ¯ ¤ ¥â ¯«®áª ï ¢®« ,â. ¥. q=1. �«ï ã¤®¡áâ¢  ¯à¥¤áâ ¢«¥¨ï à¥§ã«ìâ -â®¢ ¢®á¯®«ì§ã¥¬áï ¡¥§à §¬¥àë¬¨ ¯ à ¬¥âà ¬¨:�=r1=�, �=r2=r1 ¨ �=`=2r1, £¤¥ � { ¤«¨  ¢®«ë¢ áà¥¤¥, § ¯®«ïîé¥© ¢®«®¢®¤ (â. ¥. � ¢ëà ¦ ¥âà ¤¨ãá ¢®«®¢®¤  ¢ ¤«¨ å ¢®«); � { ®â®è¥¨¥à ¤¨ãá  à áè¨à¨â¥«ì®© ª ¬¥àë ª à ¤¨ãáã ¢®«-®¢®¤ ; � { ®â®è¥¨¥ ¤«¨ë ª ¬¥àë ª ¤¨ ¬¥âàã¢®«®¢®¤ .�  à¨á. 2 { 4 ¨§®¡à ¦¥ë § ¢¨á¨¬®áâ¨ ª®íää¨-æ¨¥â  ¯à®å®¦¤¥¨ï Kt ®â ¯ à ¬¥âà  �. �à¨ä¨ªá¨à®¢ ®¬ r1 ¯®á«¥¤¨© ¨¬¥¥â á¬ëá« ç áâ®-âë, â. ¥. ¯à¥¤áâ ¢«¥ë¥ £à ä¨ª¨ ®âà ¦ îâ ç -áâ®âãî § ¢¨á¨¬®áâì ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï.� ª ¢¨¤® ¨§ £à ä¨ª®¢, ¯à¨ ¯à®å®¦¤¥¨¨ §¢ã-ª  ç¥à¥§ ¥®¤®à®¤®áâì ¢ ¢¨¤¥ à áè¨à¨â¥«ì®©ª ¬¥àë ®¡à §ãîâáï ç áâ®âë¥ ®¡« áâ¨, ¢ ª®â®-àëå ¢®«®¢®¤ ª ª ¡ë \§ ¯¥àâ", â. ¥. ¯ ¤ îé ï¢®«  ®âà ¦ ¥âáï ®â ¥®¤®à®¤®áâ¨ ¡®«¥¥ ç¥¬  80 %. � ª¨å ®¡« áâ¥© ¬®¦¥â ¡ëâì ¥áª®«ìª®(à¨á. 3, 4), çâ® § ¢¨á¨â ®â £¥®¬¥âà¨ç¥áª¨å à §-¬¥à®¢ à áè¨à¨â¥«ì®© ª ¬¥àë, ®¤ ª® íâ¨ ®¡« -áâ¨ ¢ ®á®¢®¬ à á¯®« £ îâáï ¢ ¤¨ ¯ §®¥ § ç¥-¨© kr1<3:83. � ¨¡®«¥¥ ç¥âª® ®¡« áâ¨ \§ ¯¨à -¨ï" ¢®«®¢®¤  ¬®¦® ¢ë¤¥«¨âì ¯à¨ ¢ë¯®«¥¨¨ãá«®¢¨ï �<1, â. ¥. ª®£¤  ¤«¨  ª ¬¥àë ¬¥ìè¥,ç¥¬ ¤¨ ¬¥âà ¢®«®¢®¤ . � ¯à®â¨¢®¬ á«ãç ¥ ªà¨-¢ ï ¤«ï ª®íää¨æ¨¥â  ¯à®å®¦¤¥¨ï áâ ®¢¨âáï ¤®-¢®«ì® ¨§à¥§ ®©.�à®á«¥¤¨¬, ª ª ¢¥¤¥â á¥¡ï ¯¥à¢ ï (á ¬ ï è¨à®-ª ï) ç áâ®â ï ®¡« áâì \§ ¯¨à ¨ï" ¢ § ¢¨á¨¬®-áâ¨ ®â £¥®¬¥âà¨ç¥áª¨å à §¬¥à®¢ ¢®«®¢®¤  ¨ à á-è¨à¨â¥«ì®© ª ¬¥àë. �¡®§ ç¨¬ è¨à¨ã ¯®«®áëç áâ®â, ¢ ¯à¥¤¥« å ª®â®à®© ç¥à¥§ ¤ ãî ¥®¤®-à®¤®áâì ¯à®å®¤¨â ¬¥¥¥ 20 % í¥à£¨¨ ¯ ¤ îé¥©¢®«ë ª ª ��0:2 �ë¬¨ á«®¢ ¬¨, íâ®â ¯ à ¬¥âà §ë¢ îâ è¨à¨®© ¯®«®áë ç áâ®â ¯® ãà®¢î 0:2(á¬. à¨á. 2). �®« £ ¥¬, çâ® æ¥âà «ì ï ç áâ®â ¤ ®© ¯®«®áë ç áâ®â ��=(�2 + �1)=2 ¯à¥¤áâ ¢«ï-¥â á®¡®© áà¥¤¥¥  à¨ä¬¥â¨ç¥áª®¥ ¬¥¦¤ã ¢¥àå¥©�2 ¨ ¨¦¥© �1 ç áâ®â ¬¨. �  à¨á. 5, 6 ¯à¥¤áâ ¢«¥-ë § ¢¨á¨¬®áâ¨ ��0:2 ¨ �� ®â ¯ à ¬¥âà  �, ª®â®-àë© ¯à¥¤áâ ¢«ï¥â á®¡®© ®â®è¥¨¥ à ¤¨ãá  à á-è¨à¨â¥«ì®© ª ¬¥àë ª à ¤¨ãáã ¢®«®¢®¤ . � ª¢¨¤® ¨§ £à ä¨ª®¢, ¯à¨ ã¢¥«¨ç¥¨¨ ¯«®é ¤¨ ¯®-¯¥à¥ç®£® á¥ç¥¨ï à áè¨à¨â¥«ì®© ª ¬¥àë æ¥-âà «ì ï ç áâ®â  �� á¬¥é ¥âáï ¢ áâ®à®ã ¨§ª¨åç áâ®â, çâ® § ª®®¬¥à®, ¯®áª®«ìªã ¤«ï à¥§® -â®à®¢ å à ªâ¥à® ã¬¥ìè¥¨¥ ç áâ®âë à¥§® -á  ¯à¨ ã¢¥«¨ç¥¨¨ ®¡ê¥¬  à¥§® á®© ¯®«®áâ¨.�à¨ íâ®¬ ¢ ¤¨ ¯ §®¥ �<2 á¨¦¥¨¥ æ¥âà «ì-®© ç áâ®âë ¯à®¨áå®¤¨â ¡ëáâà¥¥, ç¥¬ ¤«ï �>2.32 �. �. �®ç à®¢ 
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�¨á. 5. � ¢¨á¨¬®áâì �� ®â ®â®è¥¨ï à ¤¨ãá®¢à áè¨à¨â¥«ì®© ª ¬¥àë ¨ ¢®«®¢®¤  �:1 { �=0:25, 2 { �=0:5

�¨á. 6. � ¢¨á¨¬®áâì ��0:2 ®â ®â®è¥¨ï à ¤¨ãá®¢à áè¨à¨â¥«ì®© ª ¬¥àë ¨ ¢®«®¢®¤  �:1 { �=0:25, 2 { �=0:5�â® ª á ¥âáï è¨à¨ë ¯®«®áë ç áâ®â \§ ¯¨à ¨ï"¢®«®¢®¤  ��0:2, â® á ã¢¥«¨ç¥¨¥¬ à ¤¨ãá  à áè¨-à¨â¥«ì®© ª ¬¥àë ®  ¤®áâ â®ç® ¡ëáâà® ã¢¥«¨-ç¨¢ ¥âáï ¢ ¤¨ ¯ §®¥ �<1:75, ¤®áâ¨£ ï §¤¥áì ¥-ª®â®à®£® ¬ ªá¨¬ «ì® § ç¥¨ï,   § â¥¬ ¯« ¢®ã¬¥ìè ¥âáï. � ª¨¬ ®¡à §®¬, ¨§¬¥¥¨¥ ¯«®é ¤¨¯®¯¥à¥ç®£® á¥ç¥¨ï à áè¨à¨â¥«ì®© ª ¬¥àë ®ª -§ë¢ ¥â ¢«¨ï¨¥ ¥ â®«ìª®   à á¯®«®¦¥¨¥ ®¡« -áâ¨ \§ ¯¨à ¨ï" ¢®«®¢®¤    ®á¨ ç áâ®â, ® ¨  è¨à¨ã á ¬®© ¯®«®áë ç áâ®â, ¢ ¯à¥¤¥« å ª®â®à®©¢ ®¡« áâì III ¯à®å®¤¨â ¬¥¥¥ 20 % í¥à£¨¨.�  à¨á. 7, 8 ¨§®¡à ¦¥ë § ¢¨á¨¬®áâ¨ ��0:2 ¨�� ®â ¯ à ¬¥âà  �, ª®â®àë© ¯à¥¤áâ ¢«ï¥â á®¡®©®â®è¥¨¥ ¤«¨ë à áè¨à¨â¥«ì®© ª ¬¥àë (¤«¨-ë ®¡« áâ¨ II) ª ¤¨ ¬¥âàã ¢®«®¢®¤ . �à¨ ä¨ª-á¨à®¢ ®¬ r1 íâ® ¯® áãâ¨ ®§ ç ¥â § ¢¨á¨¬®áâì®â ¤«¨ë à áè¨à¨â¥«ì®© ª ¬¥àë `. �  £à ä¨ª å¢¨¤®, çâ® æ¥âà «ì ï ç áâ®â  �� ¯à ªâ¨ç¥áª¨ ¥

�¨á. 7. � ¢¨á¨¬®áâì �� ®â ®â®è¥¨ï¤«¨ë ª ¬¥àë ª ¤¨ ¬¥âàã ¢®«®¢®¤  �:1 { �=2, 2 { �=3
�¨á. 8. � ¢¨á¨¬®áâì ��0:2 ®â ®â®è¥¨ï¤«¨ë ª ¬¥àë ª ¤¨ ¬¥âàã ¢®«®¢®¤  �:1 { �=2, 2 { �=3§ ¢¨á¨â ®â ¨§¬¥¥¨ï ¯ à ¬¥âà  �. � ª¨¬ ®¡à -§®¬, ã¢¥«¨ç¥¨¥ ¤«¨ë à áè¨à¨â¥«ì®© ª ¬¥àë ¥®ª §ë¢ ¥â § ç¨â¥«ì®£® ¢«¨ï¨ï   à á¯®«®¦¥-¨¥ ®¡« áâ¨ \§ ¯¨à ¨ï"   ®á¨ ç áâ®â. � ®á®¢-®¬ ¨§¬¥¥¨¥ § ç¥¨ï ¯ à ¬¥âà  � ¢«¨ï¥â  ¯®¢¥¤¥¨¥ ªà¨¢®© ��0:2. � ã¢¥«¨ç¥¨¥¬ ¤«¨ë ª -¬¥àë è¨à¨  ¯®«®áë ç áâ®â \§ ¯¨à ¨ï" ¢®«®-¢®¤  ã¢¥«¨ç¨¢ ¥âáï. �â¬¥â¨¬ ®¤ ª®, çâ® ®¯¨á -ë¥ ¢ëè¥ § ª®®¬¥à®áâ¨ ¥ ¢á¥£¤  áâà®£® ¢ë¯®«-ïîâáï (á¬. ªà¨¢ë¥ 1   à¨á. 7 ¨ 8). �â® á¢ï§ ®á â¥¬, çâ® ¤«¨  ª ¬¥àë áâ ®¢¨âáï ¤®áâ â®ç®¡®«ìè®© ¯® ®â®è¥¨î ª ¥¥ à ¤¨ãáã, ¨ § ª®®¬¥à-®áâ¨ ¢ à á¯à®áâà ¥¨¨ §¢ãª , å à ªâ¥àë¥ ¤«ïà¥§® â®à®¢,  àãè îâáï.� ª¨¬ ®¡à §®¬, ¤«ï ã¬¥ìè¥¨ï §¢ãª®¯à®§à ç-®áâ¨ ¢®«®¢®¤ , ¨¬¥îé¥£® à ¤¨ãá r1, ¢ âà¥¡ã¥-¬®¬ ç áâ®â®¬ ¤¨ ¯ §®¥, ¥®¡å®¤¨¬®, ¬¥ïï ®â-®è¥¨¥ r2=r1, á¬¥áâ¨âì ®¡« áâì \§ ¯¨à ¨ï" ¢®«-�. �. �®ç à®¢  33
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