
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 73 { 77��� 534.22; 534.6.08���������� ��������ö ����� � �������������� ������� �����ö������ ���������. �. �����, �. �. ��������ªà ùáìª¨© âà á¯®àâ¨© ã÷¢¥àá¨â¥â, �¨ù¢�¤¥à¦ ® 27.12.1999 � �¥à¥£«ïãâ® 30.01.2000�®§£«ïãâ® ¬¥â®¤ ¢¨§ ç¥ï è¢¨¤ª®áâ÷ §¢ãªã ã ¢¨å«®¯®¬ã £ §÷ ¤¢¨£ã  ¢ãâà÷èì®£® §£®à ï, é® õ ¥®¡å÷¤®îã¬®¢®î ¯à¨ ¯à®¥ªâã¢ ÷ à¥ ªâ¨¢¨å £«ãè¨ª÷¢. �¥ «÷§ æ÷ï ¬¥â®¤ã §¤÷©áîõâìáï è«ïå®¬ ¢¨¬÷àî¢ ï § âãå -ï  ªãáâ¨ç¨å å¢¨«ì. �¨¬÷àîõâìáï à÷¢¥ì èã¬ã ¢¨å«®¯ã ¡¥§ £«ãè¨ª  â  § £«ãè¨ª®¬. �  ®¤¥à¦ ¨¬¨ ¤ ¨¬¨¢áâ ®¢«îõâìáï ¥ä¥ªâ¨¢÷áâì èã¬®£«ãè÷ï. � ä®à¬ã«¨ ¤«ï à®§à åãªã ¥ä¥ªâ¨¢®áâ÷ èã¬®£«ãè÷ï à¥ ªâ¨¢®£®£«ãè¨ª  ®¤¥à¦ãõâìáï ä®à¬ã«  ¤«ï à®§à åãªã è¢¨¤ª®áâ÷ §¢ãªã ã ¢¨å«®¯÷. � æ÷© ä®à¬ã«÷ ¢á÷ ¯ à ¬¥âà¨ ¢÷¤®¬÷:à÷¢¥ì ¥ä¥ªâ¨¢®áâ÷ £«ãè¨ª , ç áâ®â  ¢¨å«®¯ã, ¢÷¤®è¥ï ¯«®é ¯®¯¥à¥ç¨å ¯¥à¥à÷§÷¢ £«ãè¨ª  â  ¯÷¤¢÷¤®ù âàã-¡¨, ¤®¢¦¨  £«ãè¨ª . �áâ ®¢«¥  â ª¨¬ ç¨®¬ è¢¨¤ª÷áâì §¢ãªã  ¤ «÷ ¬®¦¥ ¡ãâ¨ ¢¨ª®à¨áâ   ¥ â÷«ìª¨ ¤«ï¤¢¨£ã÷¢ â®£® â¨¯ã, ¤«ï ïª®£® à®¡¨«¨áì ¢¨¬÷àî¢ ï â  à®§à åãª¨,  «¥ ÷ (§ ¯¥¢¨¬  ¡«¨¦¥ï¬) ¤«ï ¤¥ïª¨å÷è¨å â¨¯÷¢ ¤¢¨£ã÷¢. � ¯à®¯®®¢ ® ÷ â¥®à¥â¨ç® ®¡£àãâ®¢ ® ª®áâàãªæ÷î ¥ªá¯¥à¨¬¥â «ì®ù ãáâ ®¢ª¨, ïª ¤®§¢®«ïõ à¥ «÷§ã¢ â¨ ¤ ¨© ¬¥â®¤. �®§£«ïãâ® ¯®å¨¡ªã ¬¥â®¤ã â  è«ïå¨ ¯÷¤¢¨é¥ï ©®£® â®ç®áâ÷.� áá¬®âà¥ ¬¥â®¤ ®¯à¥¤¥«¥¨ï áª®à®áâ¨ §¢ãª  ¢ ¢ëå«®¯®¬ £ §¥ ¤¢¨£ â¥«ï ¢ãâà¥¥£® á£®à ¨ï, çâ® ï¢«ï¥âáï¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¯à¨ ¯à®¥ªâ¨à®¢ ¨¨ à¥ ªâ¨¢ëå £«ãè¨â¥«¥©. �¥ «¨§ æ¨ï ¬¥â®¤  ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬¨§¬¥à¥¨ï § âãå ¨ï  ªãáâ¨ç¥áª¨å ¢®«. �§¬¥àï¥âáï ãà®¢¥ì èã¬  ¢ëå«®¯  ¡¥§ £«ãè¨â¥«ï ¨ á £«ãè¨â¥«¥¬. � ¯®-¬®éìî ¯®«ãç¥ëå ¤ ëå ®¯à¥¤¥«ï¥âáï íää¥ªâ¨¢®áâì èã¬®£«ãè¥¨ï. �§ ä®à¬ã«ë ¤«ï à áç¥â  íää¥ªâ¨¢®áâ¨èã¬®£«ãè¥¨ï à¥ ªâ¨¢®£® £«ãè¨â¥«ï ¯®«ãç ¥âáï ä®à¬ã«  ¤«ï à áç¥â  áª®à®áâ¨ §¢ãª  ¢ ¢ëå«®¯¥. � íâ®© ä®à¬ã«¥¢á¥ ¯ à ¬¥âàë ¨§¢¥áâë: ãà®¢¥ì íää¥ªâ¨¢®áâ¨ £«ãè¨â¥«ï, ç áâ®â  ¢ëå«®¯ , ®â®è¥¨¥ ¯«®é ¤¥© ¯®¯¥à¥çëåá¥ç¥¨© £«ãè¨â¥«ï ¨ ¯®¤¢®¤ïé¥© âàã¡ë, ¤«¨  £«ãè¨â¥«ï. �¯à¥¤¥«¥ ï â ª¨¬ ®¡à §®¬ áª®à®áâì §¢ãª  ¢ ¤ «ì¥©-è¥¬ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢   ¥ â®«ìª® ¤«ï ¤¢¨£ â¥«¥© â®£® â¨¯ , ¤«ï ª®â®à®£® ¤¥« «¨áì ¨§¬¥à¥¨ï ¨ à áç¥âë,® ¨ (á ®¯à¥¤¥«¥ë¬ ¯à¨¡«¨¦¥¨¥¬) ¤«ï ¥ª®â®àëå ¤àã£¨å â¨¯®¢ ¤¢¨£ â¥«¥©. �à¥¤«®¦¥  ¨ â¥®à¥â¨ç¥áª¨ ®¡®-á®¢   ª®áâàãªæ¨ï íªá¯¥à¨¬¥â «ì®© ãáâ ®¢ª¨, ª®â®à ï ¯®§¢®«ï¥â à¥ «¨§®¢ âì ¤ ë© ¬¥â®¤. � áá¬®âà¥ ¯®£à¥è®áâì ¬¥â®¤  ¨ ¯ãâ¨ ã¢¥«¨ç¥¨ï ¥£® â®ç®áâ¨.There is considered a method of determination of a sound speed in the exhaust gas of the drive of interior combustion.Such determination is a necessary requirement at designing of jet silencers. The embodying of a method is carried out bymeasuring of the attenuation of acoustic waves. The noise level of an exhaust without a silencer and with it is measured.Using the obtained data the e�ciency of noise attenuation is determined. From formula on calculation of the noiseattenuation e�ciency of a jet silencer the formula for calculation of a speed of sound in an exhaust is derived. In thisformula all the parameters are known: level of the e�ciency of a silencer, frequency of an exhaust, ratio of areas ofthe cross sections of a silencer and supply pipe, length of a silencer. The sound speed determined in this way can beutilized in further not only for drives of that type, for which measuring and calculations were made, but also (with someapproximation) for some other types of drives. The design of an experimental installation which allows to implement asectional method, is proposed and theoretically justi�ed. The error of method and ways to rise its precision are discussed.������÷¤ ç á ¡ã¤ì-ïª®ù  ãª®¢®-¥ªá¯¥à¨¬¥â «ì®ù à®-¡®â¨ ¥®¡å÷¤® ¢¬÷â¨ â¥®à¥â¨ç® ¯¥à¥¤¡ ç¨â¨ ª÷-æ¥¢¨© à¥§ã«ìâ â, ïª¨© ¡ã¤¥ ®âà¨¬ ® ¥ªá¯¥à¨¬¥-â «ì¨¬ è«ïå®¬. �¨¬ ¡«¨¦ç¨¬ õ ¯à®£®§®¢ -¥ § ç¥ï ¤® â®£®, ïª¥ ¡ã«® ®¤¥à¦ ®   ¯à ª-â¨æ÷, â¨¬ â®ç÷è®î õ § ¯à®¯®®¢   ¬®¤¥«ì, ¬¥-â®¤ ÷ â. ¯. �ç¥¢¨¤®, é® ¢á¥ áª § ¥ á¯à ¢¥¤«¨¢®÷ ¤«ï ¯à®¥ªâã¢ ï £«ãè¨ª÷¢. �§ £ «÷ ª ¦ãç¨,¯ à ¬¥âà ¬¨ £«ãè¨ª  èã¬ã õ ¢¥«¨ç¨  èã¬®-£«ãè÷ï, ¢âà â¨ ¥¥à£÷ù ¤¢¨£ã  ¢ á«÷¤®ª § áâ®-áã¢ ï £«ãè¨ª , £¥à¬¥â¨ç÷áâì, ª®áâàãªâ¨¢-   ¤÷©÷áâì,  â¨ª®à®§÷©  áâ÷©ª÷áâì, ¢÷¡à®¬÷æ-÷áâì, â¥å®«®£÷ç÷áâì, £ ¡ à¨â¨, ¬ á , ¯à®áâ®â ¢ ¥ªá¯«ã â æ÷ù, ¥áâ¥â¨ç¨© ¢¨£«ï¤. �  è®¬ã ¢¨-¯ ¤ªã §  ®á®¢¨© ¯ à ¬¥âà £«ãè¨ª  ¯à¨©¬¥¬®¢¥«¨ç¨ã èã¬®£«ãè÷ï ÷, ¢¨å®¤ïç¨ § æì®£®, à®§-£«ï¥¬® § å®¤¨, ¥®¡å÷¤÷ ¤«ï ¤®áï£¥ï ¬ ªá¨-¬ã¬ã æì®£® ¯ à ¬¥âàã (  ¯à¨ª« ¤÷ à¥ ªâ¨¢®£®
£«ãè¨ª ). �à¨ æì®¬ã ¥®¡å÷¤® ¢¬÷â¨ ¢¨§ ç â¨è¢¨¤ª÷áâì §¢ãªã ã ¢¨å«®¯¨å £ § å ¤¢¨£ã .�ªé® ¢ [1] ®¤÷õî ÷§ § ¤ ç ¡ã«® ¢¬÷ï ¯¥à¥¤¡ -ç¨â¨ à÷¢¥ì §¢ãª®¢®£® â¨áªã, ïª¨© ¢¨¯à®¬÷îõâì-áï ¢¨å«®¯®î âàã¡®î,   ¯¥¢÷© ¢÷¤áâ ÷ ¤«ï à÷§-¨å £«ãè¨ª÷¢, â® ¬¨ ïª § ¤ çã áâ ¢¨¬® ¢¬÷ï¯¥à¥¤¡ ç¨â¨ ç áâ®âã ¬ ªá¨¬ «ì®£® §¢ãª®¯®£«¨- ï £«ãè¨ª . �¥ ¥®¡å÷¤® ¤«ï ¯÷¤¢¨é¥ï èã-¬®£«ãè÷ï ®áâ ì®£®, ®áª÷«ìª¨ ¯à¨ ¯à®¥ªâã¢ -÷ ©®£® ¬ «® ¢¬÷â¨ «¨è¥ ¯¥à¥¤¡ ç¨â¨ ¢¨é¥§£ ¤ ãç áâ®âã. �à÷¬ æì®£®, £«ãè¨ª ¯®¢¨¥ ¬ â¨ ¬ ª-á¨¬ «ì¥ èã¬®£«ãè÷ï   ¢÷¤®¬÷© (¯¥à¥¤¡ ç¥÷©)ç áâ®â÷, é® ¤®à÷¢îõ ®á®¢÷© ç áâ®â÷ ¢¨å«®¯ã¤¢¨£ã . � áâ®â  ¬ ªá¨¬ «ì®£® èã¬®£«ãè÷ï£«ãè¨ª  § «¥¦¨âì ¢÷¤ ¤¢®å ä ªâ®à÷¢: ¤®¢¦¨¨£«ãè¨ª  â  è¢¨¤ª®áâ÷ §¢ãªã ã ¢¨å«®¯¨å £ § å.�ç¥¢¨¤®, é® ¤«ï ¢¨à÷è¥ï ¯®áâ ¢«¥®ù § ¤ ç÷¥®¡å÷¤® § â¨ è¢¨¤ª÷áâì §¢ãªã. �®¤÷, ¯÷¤÷¡à ¢è¨¤«ï ¥ù ¥®¡å÷¤ã ¤®¢¦¨ã £«ãè¨ª , ¬®¦  ®â-à¨¬ â¨ ¬ ªá¨¬ «ì¨© ¥ä¥ªâ èã¬®£«ãè÷ï ®áâ -c �. �. � å®, �. �. �¥¤®à®¢, 2000 73
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�¨á. 1. �áª÷§ à¥ ªâ¨¢®£® £«ãè¨ª :1, 3 { ¢å÷¤  ÷ ¢¨å÷¤  âàã¡ª¨ ¢÷¤¯®¢÷¤®,2 { ¯®à®¦¨  £«ãè¨ª ì®£®. �â¦¥, § ¤ ç  ¯® ¢áâ ®¢«¥î ç áâ®â¨,  ïª÷© £«ãè¨ª õ  ©¡÷«ìè ¥ä¥ªâ¨¢¨¬, §¢®¤¨âìáï¤®  áâã¯®£®: ¯à®¥ªâ â ¯®¢¨¥ ¢¬÷â¨ ¢¨§ ç -â¨ è¢¨¤ª÷áâì §¢ãªã ã ¢¨å«®¯¨å £ § å ¤¢¨£ã .1. ����ö� ö������� �����ö��¢¨¤ª÷áâì §¢ãªã ¢ ¡ã¤ì-ïª®¬ã á¥à¥¤®¢¨é÷  ©-ç áâ÷è¥ ¢¨§ ç îâì è«ïå®¬ ¢¨¬÷àî¢ ï ç áã, § ïª¨© ¯à®©è®¢ ¯¥¢¨© á¨£ « ¢÷¤®¬ã ¢÷¤áâ ì ¢ ¤®-á«÷¤¦ã¢ ®¬ã á¥à¥¤®¢¨é÷. � ª÷ á¯®á®¡¨ ¢¨¬÷àî-¢ ï ¡ã«¨ § ¯à®¯®®¢ ÷,  ¯à¨ª« ¤, ¢ [2,3]. �®-ç  ¢ æ¨å ¤¦¥à¥« å ¬®¢  ©¤¥ «¨è¥ ¯à® à÷¤ª÷ â â¢¥à¤÷ á¥à¥¤®¢¨é ,  «¥, §  ¢¥«¨ª¨¬ à åãª®¬, â -ª¨© ¯÷¤å÷¤ ¢¨ª®à¨áâ®¢ãõâìáï ÷ ¤«ï £ §÷¢. �« á-¥, à®§à åã¢ â¨ è¢¨¤ª÷áâì §¢ãªã ã ¢¨å«®¯¨å £ -§ å ¢¨é¥§£ ¤ ¨¬ á¯®á®¡®¬ ¯à ªâ¨ç® ¥¬®¦«¨-¢®. �¨§ ç¨â¨ ùù ¬®¦  §  ¤®¯®¬®£®î £ §®  «÷§ -â®à  ÷ ¢¨á®ª®â¥¬¯¥à âãà®£® â¥à¬®¬¥âà . �à¨æì®¬ã, £ §®  «÷§ â®à ¤ õ ÷ä®à¬ æ÷î ¯à® å÷¬÷ç-¨© áª« ¤ ¢¨å«®¯®ù áã¬÷è÷,   â¥à¬®¬¥âà ¯®ª §ãõâ¥¬¯¥à âãàã æ¨å ª®¬¯®¥â ¢¨å«®¯ã. � «÷ ¢áâ ®-¢«îõâìáï è¢¨¤ª÷áâì §¢ãªã ¢ ª®¦÷© ÷§ ª®¬¯®¥âáã¬÷è÷ ¯à¨ ¢¨¬÷àï÷© â¥¬¯¥à âãà÷ â   ¯à®ªá¨¬®-¢ ® ®¤¥à¦ãõâìáï è¢¨¤ª÷áâì §¢ãªã ¤«ï áã¬÷è÷ ¢æ÷«®¬ã. �¥¤®«÷ª ¬¨ â ª®£® ¬¥â®¤ã ®æ÷ª¨ õ:1) ¥¤®áâ âï â®ç÷áâì ã ¢áâ ®¢«¥÷ è¢¨¤ª®áâ÷§¢ãªã ¤«ï ¤¥ïª¨å £ §®¢¨å ª®¬¯®¥â, é® ¢å®-¤ïâì ã ¢¨å«®¯ã áã¬÷è. �ªé® ¤«ï ¯®¢÷âàï æ¥¢áâ ®¢¨â¨ ¬®¦  §  ¢÷¤®¬®î ä®à¬ã«®î [4]c = c0�1 + t273�1=2 ; (1)¤¥ c0=333 ¬/á { è¢¨¤ª÷áâì §¢ãªã ¯à¨ â¥¬¯¥-à âãà÷ £ §ã=0��, â® ¤«ï ÷è¨å £ §÷¢ ( ¯à¨-

ª« ¤, ®ª¨áã ¢ã£«¥æî) â ª÷ § «¥¦®áâ÷ ¯à ª-â¨ç® ¥¢÷¤®¬÷;2) ¢¥«¨ª  ¯®å¨¡ª  ¯à¨ ®âà¨¬ ÷ è¢¨¤ª®áâ÷ §¢ã-ªã ¤«ï áã¬÷è÷, ¢¨å®¤ïç¨ § ¢÷¤®¬¨å è¢¨¤ª®áâ¥©§¢ãªã ¤«ï ùù ª®¬¯®¥â÷¢.� ¤ ÷© áâ ââ÷ ¯à®¯®ãõâìáï ¯à¨æ¨¯®¢® ®¢¨©¯÷¤å÷¤ ¤«ï à®§¢'ï§ ï ¤ ®ù § ¤ ç÷: ¢¨§ ç¥ïè¢¨¤ª®áâ÷ §¢ãªã § ¢¨ª®à¨áâ ï¬ ¥ä¥ªâã èã¬®-£«ãè÷ï à¥ ªâ¨¢®£® £«ãè¨ª . �ª ¢÷¤®¬® [4],¥ä¥ªâ¨¢÷áâì èã¬®£«ãè÷ï £«ãè¨ª , ©®£® £¥®-¬¥âà¨ç÷ ¯ à ¬¥âà¨ â  è¢¨¤ª÷áâì §¢ãªã ã ¢¨å«®¯-®¬ã £ §÷ ¢§ õ¬®§¢'ï§ ÷. �®¬ã, ïªé® ¯ à ¬¥âà¨â  ¥ä¥ªâ¨¢÷áâì èã¬®£«ãè÷ï £«ãè¨ª  ¢÷¤®¬÷,§  ¨¬¨ ¬®¦  ¢¨§ ç¨â¨ èãª ã è¢¨¤ª÷áâì §¢ã-ªã. �à¨ æì®¬ã ¢¨¬÷àî¢ ï èã¬ã ¢¨å«®¯ã ¯à®-¢®¤ïâìáï ïª § à¥ ªâ¨¢¨¬ £«ãè¨ª®¬, â ª ÷ ¡¥§ì®£®. �áâ ®¢«îõâìáï ç áâ®â  å à ªâ¥à¨áâ¨ª èã¬®£«ãè÷ï. � «÷ ÷áãîâì ¤¢  è«ïå¨ ¢¨§ ç¥-ï è¢¨¤ª®áâ÷: ) §  ¢á÷¬  ¢÷¤®¬¨¬¨ ç áâ®â ¬¨ èã¬®£«ãè÷ïâ  ¢÷¤¯®¢÷¤¨¬¨ ù¬ à÷¢ï¬¨ èã¬®£«ãè÷ï;¡) §  ç áâ®â®î ¬ ªá¨¬ «ì®£® èã¬®£«ãè÷ï.2. ���������� ��������������ä¥ªâ¨¢÷áâì èã¬®£«ãè÷ï à¥ ªâ¨¢®£® £«ãè-¨ª  (à¨á. 1) ¢¨§ ç õâìáï §  ä®à¬ã«®î [4]:L = 10 lg 1 + 14 �m� 1m�2 sin2 kd! ; (2)¤¥ k=!=c=2�f=c { å¢¨«ì®¢¥ ç¨á«®; m=F2=F1; F1,F2 { ¯«®é÷ ¯®¯¥à¥ç¨å ¯¥à¥à÷§÷¢ ¯®à®¦¨¨ ÷ âàã-¡®ª ¢÷¤¯®¢÷¤®; d { ¤®¢¦¨  ¯®à®¦¨¨ £«ãè¨ª .�÷á«ï àï¤ã ¥áª« ¤¨å ¯¥à¥â¢®à¥ì ®¤¥à¦ãõ¬®ä®à¬ã«ã ¤«ï ¢¨§ ç¥ï è¢¨¤ª®áâ÷ §¢ãªã ã¢¨å«®¯®¬ã £ §÷:c = 2�fdarcsin0B@2p10L=10� 1m � 1m 1CA : (3)� ä®à¬ã«ã (3) ¯®ç¥à£®¢® ¯÷¤áâ ¢«ïõ¬® § ç¥ïç áâ®â f ÷ ¢÷¤¯®¢÷¤÷ ù¬ à÷¢÷ §¢ãª®¯®£«¨ ï L,é® ¡ã«¨ ®âà¨¬ ÷ §  ¤®¯®¬®£®î ¢¨¬÷àî¢ ì. �à¥§ã«ìâ â÷ ®¤¥à¦ãõ¬® àï¤ § ç¥ì è¢¨¤ª®áâ÷ §¢ã-ªã c, §  ïª¨¬¨ § å®¤¨¬® ®á¥à¥¤¥ã ¢¥«¨ç¨ã cáà.�¥ ÷ õ ®áâ â®ç¨© à¥§ã«ìâ â.74 �. �. � å®, �. �. �¥¤®à®¢
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 ¡�¨á. 2. �å¥¬  ¥ªá¯¥à¨¬¥â «ì®ù ãáâ ®¢ª¨¤«ï ¢¨§ ç¥ï è¢¨¤ª®áâ÷ §¢ãªãã ¢¨å«®¯®¬ã £ §÷ ¤¢¨£ã �¨á. 3. �«®ª-áå¥¬  ¢¨¬÷àî¢ «ì®-®¡ç¨á«î¢ «ì®£® ª®¬¯«¥ªáã�ãª ã è¢¨¤ª÷áâì §¢ãªã ¬®¦  ¢¨§ ç¨â¨ â -ª®¦ ¢¨å®¤ïç¨ § ç áâ®â¨, ¤«ï ïª®ù à÷¢¥ì èã¬®-£«ãè÷ï õ ¬ ªá¨¬ «ì¨¬. �¥§¯®á¥à¥¤÷¬  á«÷¤-ª®¬ à÷¢ïï (2) õ ã¬®¢   áâ ï æì®£® ¬ ªá¨¬ã-¬ã: sin kd = 1 ) 2�fmcd = �2 ) c = 4fmaxd: (4)3. ���� ����������������ø ����-������  à¨á. 2 áå¥¬ â¨ç® §®¡à ¦¥® ¥ªá¯¥à¨¬¥-â «ìã ãáâ ®¢ªã, é® áª« ¤ õâìáï § à¥ ªâ¨¢®-£® £«ãè¨ª  3 â  ¢¨¬÷àî¢ «ì®-®¡ç¨á«î¢ «ì®£®ª®¬¯«¥ªáã 5 (÷è÷ ¯®§ ç¥ï   à¨áãªã: 1 { ¤¢¨-£ã; 2 { ¢¨å«®¯  âàã¡ ). �¨¬÷àî¢ ï §¤÷©á-îîâìáï § à¥ ªâ¨¢¨¬ £«ãè¨ª®¬ (à¨á. 2, ) â ¡¥§ ì®£® (à¨á. 2,¡). �¨å«®¯÷ £ §¨ (¯®ª § ÷áâà÷«ª ¬¨) àãå îâìáï ¯® ¢¨å«®¯÷© âàã¡÷ 2 (â £«ãè¨ªã { ¤«ï ¯¥àè®£® ¥â ¯ã ¢¨¬÷àî¢ ì) ÷¢¨å®¤ïâì ¢  â¬®áä¥àã. �  ¢÷¤áâ ÷ 0.5 ¬ â ¯÷¤ ªãâ®¬ 45� (§£÷¤® [5]) ¢áâ ®¢«îõâìáï ¬÷ªà®-

 ¡�¨á. 4. �à¨ª« ¤ á¨£ «ã, ïª¨© ®âà¨¬ãõâìáï¯à¨ ¢¨¬÷àî¢ ÷ èã¬ã ¢¨å«®¯ã:  { ¡¥§ £«ãè¨ª , ¡ { § £«ãè¨ª®¬ä® 4, á¨£ « § ïª®£® ¯®áâã¯ õ   ¢¨¬÷àî¢ «ì®-®¡ç¨á«î¢ «ì¨© ª®¬¯«¥ªá 5. �¥â «ì÷è¥ áå¥¬ §£ ¤ ®£® ª®¬¯«¥ªáã §®¡à ¦¥    à¨á. 3,   ïª®-¬ã ¢¢¥¤¥÷ â ª÷ ¯®§ ç¥ï: 4 { ¬÷ªà®ä®; 5.1 {¡«®ª ®æ¨äà®¢ª¨ á¨£ «ã, é® ¯®áâã¯ õ § ¬÷ªà®ä®-ã; 5.2 { á¯¥ªâà  «÷§ â®à; 5.3 { ¡«®ª §¡¥à÷£ ï÷ä®à¬ æ÷ù; 5.4 { ¡«®ª ¢¨§ ç¥ï à÷¢÷¢ á¨£ «÷¢â  à÷§¨æ÷ à÷¢÷¢; 5.5 { ®¡ç¨á«î¢ «ì¨© ¡«®ª; 5.6 {¡«®ª ª¥àã¢ ï.�  à¨á. 4, ïª ¯à¨ª« ¤, §®¡à ¦¥÷ á¨£ «¨ ¤«ï¢¨¯ ¤ªã, ª®«¨ £«ãè¨ª ¥ § áâ®á®¢ãõâìáï (s1(t)),â  ¤«ï ¢¨¯ ¤ªã § áâ®áã¢ ï à¥ ªâ¨¢®£® £«ãè-¨ª  (s2(t)). �ç¥¢¨¤®, é®  ¬¯«÷âã¤  á¨£ «ã ¢¤àã£®¬ã ¢¨¯ ¤ªã õ ¬¥è®î, ÷¦ ã ¯¥àè®¬ã. �¥¢-¨å §¬÷ § § «  â ª®¦ ÷ ©®£® áâàãªâãà  (æ¥ ¯®ïá-îõâìáï ¢¨¡÷àª®¢®î  ªãáâ¨ç®î ä÷«ìâà æ÷õî §¢ã-ªã ¯à¨ ¯à®å®¤¦¥÷ à¥ ªâ¨¢®£® £«ãè¨ª ). �®-¡®â  ª®¬¯«¥ªáã ¢÷¤¡ã¢ õâìáï â ª¨¬ ç¨®¬. �¨£ «§ ¬÷ªà®ä®ã 4 ¯®¤ õâìáï   ¢å÷¤ ¡«®ªã ®æ¨äà®¢ª¨5.1, ïª¨© ¯¥à¥â¢®àîõ   «®£®¢¨© ¥«¥ªâà¨ç¨© á¨£- « ã æ¨äà®¢¨© ¢ § ¤ ®¬ã ä®à¬ â÷ § ¥®¡å÷¤®îç áâ®â®î ¤¨áªà¥â¨§ æ÷ù â  ÷è¨¬¨ ¯ à ¬¥âà ¬¨.� à¥õáâà®¢ ÷ á¨£ «¨ s1(t) ÷ s2(t) ¯¥à¥¤ îâìáï  ¡«®ª 5.3 ¤«ï ¤®¢£®áâà®ª®¢®£® §¡¥à¥¦¥ï,   â ª®¦  á¯¥ªâà®  «÷§ â®à 5.2, ¤¥ ¢¨§ ç îâìáï ùå  ¬-¯«÷âã¤¨©  ¡® ¥¥à£¥â¨ç¨© á¯¥ªâà¨ (¤ «÷ ¤«ï ¯à®-áâ®â¨ { á¯¥ªâà). �÷ á¯¥ªâà®  «÷§ â®à  5.2 ®¤¥à-¦ ÷ á¯¥ªâà¨ S1(!) â  S2(!) ¯®áâã¯ îâì   ¡«®ª§¡¥à÷£ ï ÷ä®à¬ æ÷ù 5.3. � ¡«®ªã 5.3 á¯¥ªâà¨ ¯®-áâã¯ îâì   ¡«®ª 5.4, ¤¥ ¢¨à å®¢ãîâìáï ùå à÷¢÷ â à÷§¨æï à÷¢÷¢ L:L (f) = L1 (f) � L2 (f) : (5)�ãâ L1(f) ÷ L2(f) { à÷¢÷ S1(!) â  S2(!) ¢÷¤¯®¢÷¤®.�®¨ ¢¨à å®¢ãîâìáï ¢÷¤®á® áâ ¤ àâ®£® ¯®à®-£ã ¤«ï  ªãáâ¨ç®£® â¨áªã: 2 � 10�5 � . �ãªæ÷ïL(f) §¡¥à÷£ õâìáï ¢ ¡«®æ÷ 5.4 ÷ ¯¥à¥¤ õâìáï ¢ ®¡ç¨-�. �. � å®, �. �. �¥¤®à®¢ 75
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�¨á. 5. � áâ®â÷ å à ªâ¥à¨áâ¨ª¨èã¬ã ¢¨å«®¯ã, ¢¨¬÷àï÷ § § áâ®áã¢ ï¬à¥ ªâ¨¢®£® £«ãè¨ª  ( ) â  ¡¥§ ì®£® (¡)�¨á. 6. �à ä÷ª ¥ä¥ªâ¨¢®áâ÷èã¬®£«ãè÷ï à¥ ªâ¨¢®£® £«ãè¨ª á«î¢ «ì¨© ¡«®ª 5.5, ¤¥ §  ç áâ®â®î ¬ ªá¨¬ «ì®-£® èã¬®£«ãè÷ï â / ¡® §  ¢á÷¬  ç áâ®â ¬¨ ÷ ¢÷¤-¯®¢÷¤¨¬¨ ù¬ à÷¢ï¬¨ èã¬®£«ãè÷ï ¢¨à å®¢ãõâì-áï § ç¥ï è¢¨¤ª®áâ÷ §¢ãªã. �  à¨á. 5 §®¡à ¦¥÷,ïª ¯à¨ª« ¤, £à ä÷ª¨ äãªæ÷© L1(f) â  L2(f),    à¨á. 6 { L(f).�¤®ç á® ¬®¦  ¢¥áâ¨ ®¡ç¨á«¥ï è¢¨¤ª®áâ÷§  ä®à¬ã«®î (3). �à¨ ¥®¡å÷¤®áâ÷, ®á¥à¥¤¥¥§ ç¥ï cáà, ®âà¨¬ ¥ §  æ÷õî ä®à¬ã«®î, ¬®¦¥¡ãâ¨ ®á¥à¥¤¥¥ §÷ § ç¥ï¬, ®âà¨¬ ¨¬ §£÷¤®¬¥â®¤¨ª¨ ¢÷¤èãª ï ç áâ®â¨ ¬ ªá¨¬ «ì®£® èã-¬®£«ãè÷ï.4. ����ö��� ���������ö��®ç÷áâì ®¤¥à¦ ¨å à¥§ã«ìâ â÷¢ § «¥¦¨âì ¢÷¤àï¤ã ã¬®¢: ) ®à£ ÷§ æ÷©¨å: ¤®âà¨¬ ï ®¤ ª®¢¨å  ªãá-â¨ç¨å ã¬®¢  ¢ª®«® ¤®á«÷¤¦ã¢ ®£® ®¡'õªâã,¯÷¤âà¨¬ ï à®¡®â¨ ¤¢¨£ã  ¢ § ¤ ®¬ã à®-¡®ç®¬ã à¥¦¨¬÷, ä÷ªáã¢ ï ¬÷ªà®ä®ã ¢ § ¤ -®¬ã ¯®«®¦¥÷ ¢ ¯à®áâ®à÷ ÷ â. ¯.;¡) â¥å÷ç¨å: ¯®å¨¡ª¨ ç áâ®â®ù å à ªâ¥à¨-áâ¨ª¨ ¬÷ªà®ä®ã, â®ç®áâ÷ à®¡®â¨ ¢á÷å¡«®ª÷¢ ¢¨¬÷àî¢ «ì®-®¡ç¨á«î¢ «ì®£® ª®¬-¯«¥ªáã ÷ â. ¯.;¢) ¯ à ¬¥âà¨ç¨å: ç áâ®â¨ ¤¨áªà¥â¨§ æ÷ù â âà¨¢ «®áâ÷ § ¯¨áã  ªãáâ¨ç®£® á¨£ «ã.

�¥â «ì÷è¥ §ã¯¨¨¬®áì   âà¥âì®¬ã ¡«®æ÷ ã¬®¢.� áâ®â  ¤¨áªà¥â¨§ æ÷ù á¨£ «ã f¤ ¢¨¡¨à õâìáï § â¥®à¥¬®î �®â¥«ì¨ª®¢  [6]:f¢¥àå � f¤=2; (6)¤¥ f¢¥àå { ¢¥àåï ç áâ®â  á¯¥ªâàã á¨£ «ã, é® ¡ã¢®âà¨¬ ¨© è«ïå®¬ ¤¨áªà¥â¨§ æ÷ù. �à÷¬ â®£®, ¢ è®¬ã ¢¨¯ ¤ªã ¯®¢¨  ¢¨ª®ã¢ â¨áì é¥ ®¤ ã¬®¢ : f¢¥àå = (8� 10)f¢¨å«: (7)�ãâ f¢¨å« { ®á®¢  ç áâ®â  ¢¨å«®¯ã ¤¢¨£ã  ¢ã-âà÷èì®£® §£®à ï, ïª  ¢¨§ ç õâìáï §  ä®à¬ã-«®î [7] f¢¨å« = ni60� ; (8)¤¥ n { ç áâ®â  ®¡¥àâ ï ¢ «ã ¤¢¨£ã , ®¡/å¢;i { ª÷«ìª÷áâì æ¨«÷¤à÷¢; � { ª®¥ä÷æ÷õâ â ªâ®áâ÷.�®à¬ã«  (7) ¢¨¯«¨¢ õ § ã¬®¢¨ ¢à åã¢ ï ÷áã-¢ ï ¢¨é¨å £ à¬®÷ª ®á®¢®ù ç áâ®â¨ ¢¨å«®¯ã.�ï ä®à¬ã«  ¡ã«  ®¤¥à¦   ¥¬¯÷à¨ç®, ¯à¨ç®¬ã ¢â®à¨ ¥ ¯à¥â¥¤ãîâì   ùù  ¡á®«îâ÷áâì.�«ï ¤®áï£¥ï ¡÷«ìè®ù â®ç®áâ÷ à¥§ã«ìâ âã ¥-®¡å÷¤®, é®¡ ¯÷¤ ç á ¢¨¬÷àî¢ ì § ç¥ï ç áâ®â¡ã«¨ ®¤¥à¦ ÷ § ïª®¬®£  ¬¥è®î ¯®å¨¡ª®î. �ïã¬®¢  § ®ç¥¢¨¤÷áâî ¢¨¯«¨¢ õ § ä®à¬ã« (3) ÷ (4),®áª÷«ìª¨ ¯®å¨¡ª  § ç¥ï ç áâ®â¨  ¯àï¬ã ¢¯«¨-¢ õ   ¯®å¨¡ªã à¥§ã«ìâ âã { § ç¥ï è¢¨¤ª®áâ÷§¢ãªã ã ¢¨å«®¯¨å £ § å. �®å¨¡ª  § ç¥ï ç -áâ®â¨ ¡ã¤¥ â¨¬ ¬¥è®î, ç¨¬ ¬¥è¨¬ ¡ã¤¥ ªà®ª ¤¨á-ªà¥â¨§ æ÷ù ¯® ç áâ®â÷ �f , ïª¨©, ã á¢®î ç¥à£ã, ¡ã¤¥â¨¬ ¬¥è¨¬, ç¨¬ ¡÷«ìè®î ¡ã¤¥ âà¨¢ «÷áâì ®¡à®-¡«î¢ ®£® á¨£ «ã, §ïâ®£® § ¬÷ªà®ä®ã tá [8]:�f = 1=tá: (9)� ª, ¯à¨ tá=1 á, �f=1 �æ. �®¤÷, ïªé® è¢¨¤-ª÷áâì §¢ãªã ¢¨§ ç õâìáï §  ä®à¬ã«®î (4), ¯à¨fmax=100 �æ ¯®å¨¡ª  áâ ®¢¨â¨¬¥ 1%,   ¯à¨fmax=500 �æ { 0.2%. �¢÷¤á¨ ¢¨¯«¨¢ õ, é® §¡÷«ì-è¥ï ç áâ®â¨ ¬ ªá¨¬ «ì®£® à÷¢ï èã¬®£«ãè÷-ï ¯à¨§¢®¤¨âì ¤® ¯÷¤¢¨é¥ï â®ç®áâ÷ ª÷æ¥¢®£®à¥§ã«ìâ âã. �¥àã¢ ï ç áâ®â®î ¬ ªá¨¬ «ì®£®à÷¢ï èã¬®£«ãè÷ï ¬®¦¥ §¤÷©áî¢ â¨áì §  ¤®¯®-¬®£®î §¬÷¨ ¯÷¤ ç á ¢¨¬÷àî¢ ì ¤®¢¦¨¨ à¥ ªâ¨¢-®£® £«ãè¨ª  d. �«¥ ®ç¥¢¨¤®, é® ç áâ®âã fmax¥ ¬®¦  ¯÷¤÷¬ â¨ ¡¥§¬¥¦®, â®ç÷è¥ ¢®  ¯®-¢¨  § å®¤¨â¨áï ¢ ¬¥¦ åfmax = (1� 6)f¢¨å«: (10)�¬®¢  (10) ¢¨¯«¨¢ õ ÷§ ä ªâã  ï¢®áâ÷  à®áâ î-ç®£® § âãå ï ¢¨é¨å £ à¬®÷ª ®á®¢®ù ç áâ®â¨¢¨å«®¯ã. � à¥§ã«ìâ â÷ æì®£® ¡ã¤¥ §¬¥èã¢ â¨áì76 �. �. � å®, �. �. �¥¤®à®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 73 { 77§¢ãª®¯®£«¨ îç¨© ¥ä¥ªâ à¥ ªâ¨¢®£® £«ãè¨ª ,÷, ïª  á«÷¤®ª, ãâàã¤î¢ â¨áì ¢áâ ®¢«¥ï fmax.�¥àåï ¬¥¦  6f¢¨å« ¢ à÷¢ï÷ (10) ¡ã«  ®âà¨¬ -  ¥ªá¯¥à¨¬¥â «ì® ¤«ï ÷â «÷©áìª®£® ¤¨§¥«ì®£®¤¢¨£ã  RD 210.�à¨ ¢¨§ ç¥÷ èãª ®ù è¢¨¤ª®áâ÷ §¢ãªã § ä®à¬ã«®î (3) ®ªà÷¬ â®ç®áâ÷ ¢¨§ ç¥ï àï¤ã ç -áâ®â, â®ç÷áâì ¡ã¤¥ § «¥¦ â¨ é¥ © ¢÷¤ â®ç®áâ÷¢¨§ ç¥ï ¢÷¤¯®¢÷¤¨å ù¬ à÷¢÷¢ èã¬®¯®£«¨ -ï. �ï ã¬®¢  ¢÷¤®á¨âìáï ¤® ¡«®ªã â¥å÷ç¨å ã¬®¢§ ¡¥§¯¥ç¥ï â®ç®áâ÷, â®¬ã §ã¯¨ïâ¨áì   ÷©¤¥â «ì÷è¥ ¥ ¡ã¤¥¬®. � ã¢ ¦¨¬® «¨è¥, é® ç¨¬â®ç÷è¥ ¢¨¬÷àî¢ «ì®-®¡ç¨á«î¢ «ì¨© ª®¬¯«¥ªá¢¨§ ç õ à÷¢÷ èã¬®¢¨å ª®¬¯®¥â, â¨¬ ¢¨é®î õâ®ç÷áâì ª÷æ¥¢®£® à¥§ã«ìâ âã. �¥ ¦ á ¬¥ ¬®¦ áª § â¨ ÷ ¯à® ÷è÷ ¯ à ¬¥âà¨, ïª÷ ¢¯«¨¢ îâì  § ç¥ï è¢¨¤ª®áâ÷ §¢ãªã ã ¢¨å«®¯¨å £ § å ¤¢¨-£ã : ¤®¢¦¨ã à¥ ªâ¨¢®£® £«ãè¨ª  d, ¢÷¤®è¥-ï ¯«®é ¯®¯¥à¥ç¨å ¯¥à¥à÷§÷¢ ¯®à®¦¨¨ ÷ âàã¡®ªm.���������à®¢¥¤¥÷ ¤®á«÷¤¦¥ï õ ®á®¢®î ¤«ï à®§à®¡ª¨¬¥â®¤¨ª¨ ¯à®¥ªâã¢ ï à¥ ªâ¨¢¨å £«ãè¨ª÷¢ ¤«ï¤¢¨£ã÷¢ ¢ãâà÷èì®£® §£®à ï. �®§£«ïãâ÷ § -å®¤¨ ¯® ¤®áï£¥î ¬ ªá¨¬ã¬ã æì®£® ¯ à ¬¥âàã.�®ª § ®, é® ¯à¨ æì®¬ã ¥®¡å÷¤® ¢¬÷â¨ ¢¨§ -ç â¨ è¢¨¤ª÷áâì §¢ãªã ã ¢¨å«®¯¨å £ § å ¤¢¨£ã .� ¯à®¯®®¢ ® ¬¥â®¤ à®§à åãªã è¢¨¤ª®áâ÷ §¢ã-ªã ã ¢¨å«®¯®¬ã £ §÷ ¤¢¨£ã  ¢ãâà÷èì®£® §£®-à ï è«ïå®¬ ¢¨¬÷àî¢ ï § âãå ï  ªãáâ¨ç¨åå¢¨«ì. �à®¡«¥® ¯®à÷¢ï«ì¨©   «÷§ ¤ ®£® ¬¥-â®¤ã § ÷è¨¬¨ ¬¥â®¤ ¬¨ ¯® ¢¨§ ç¥î è¢¨¤-ª®áâ÷ §¢ãªã ¢ á¥à¥¤®¢¨é÷. �à¥¤áâ ¢«¥® ¥ªá¯¥à¨-¬¥â «ìã ãáâ ®¢ªã,   ¡ §÷ ïª®ù à¥ «÷§ãõâìáï ¢¨-

é¥§£ ¤ ¨© ¬¥â®¤. �®§£«ïãâ÷ ã¬®¢¨, ïª÷ ¢¯«¨¢ -îâì   â®ç÷áâì à¥§ã«ìâ âã: ®à£ ÷§ æ÷©÷, â¥å-÷ç÷ â  ¯ à ¬¥âà¨ç÷. �¢ £ã  ªæ¥â®¢ ®   â -ª¨å ¯ à ¬¥âà¨ç¨å ã¬®¢ å, ïª ç áâ®â  ¤¨áªà¥-â¨§ æ÷ù © âà¨¢ «÷áâì § ¯¨áã  ªãáâ¨ç®£® á¨£ «ã.�®ç÷áâì ¯÷¤¢¨éãõâìáï ¯à¨ §¡÷«ìè¥÷ âà¨¢ «®áâ÷®¡à®¡«î¢ ®£® á¨£ «ã,   â ª®¦ ¯à¨ §¡÷«ìè¥-÷ ç áâ®â¨ ¬ ªá¨¬ «ì®£® èã¬®£«ãè÷ï. �ª®-îáì ¬÷à®î â®ç÷áâì ¯÷¤¢¨éãõâìáï â ª®¦ §  à åã-®ª §¡÷«ìè¥ï ç áâ®â¨ ¤¨áªà¥â¨§ æ÷ù ®¡à®¡«î¢ -®£® á¨£ «ã ÷, ïª  á«÷¤®ª, \¯÷¤ïââï" ¢¥àåì®ù¬¥¦÷ á¯¥ªâàã ®áâ ì®£®. �̈ ¬ á ¬¨¬ §¡÷«ìèãõâì-áï ª÷«ìª÷áâì ¤ ¨å ¤«ï ®¡à®¡ª¨ ÷ §à®áâ õ â®ç÷áâìª÷æ¥¢®£® à¥§ã«ìâ âã.1. Sridhara B. S., Malcolm J. Crocker M. J. Reviewof theoretical and experimental aspects of acousti-cal modeling of engine exhaust systems // J. Acoust.Soc. Amer.{ 95, N 5, Pt. 1.{ 1994.{ P. 2363{2370.2. �â¥ä ®¢ �. �., �à®å  �. �., �®åã«ï �. �., �¨-ª¨¨ �. �. �§¬¥à¨â¥«ì áª®à®áâ¨ §¢ãª . �¢â. á¢.���� N 530194 // ��.{ 1976.{ N 36.{ �. 88.3. �â¥ä ®¢ �. �., �¨áâ®á¥à¤®¢ �. �., � á«ï-ë© �. �. �áâà®©áâ¢® ¤«ï ¨§¬¥à¥¨ï áª®à®áâ¨ §¢ã-ª . �¢â. á¢. ���� N 1068729 // ��.{ 1984.{ N 3.{�. 129.4. �«¥ªá¥¥¢ �. �., � § ª®¢ �. �., �®«®â¨«®¢ �. �.�®àì¡  á èã¬®¬ ¨ ¢¨¡à æ¨¥© ¢ ¬ è¨®áâà®¥¨¨.{�.: � è¨®áâà®¥¨¥, 1970.{ 208 á.5. ���� 27436-87 (�� ��� 4864-84). �¥è¨© èã¬ ¢â®âà á¯®àâëå áà¥¤áâ¢. �®¯ãáâ¨¬ë¥ ãà®¢¨ ¨¬¥â®¤ë ¨§¬¥à¥¨©. �¢¥¤¥ á 01.01.1989. { 13 á.6. � àª¥¢¨ç �. �. �á®¢ë à ¤¨®â¥å¨ª¨.{ �.: �¢ï-§ì¨§¤ â, 1963.{ 559 á.7. � §ã¬®¢áª¨©. �. �. �à®£®§¨à®¢ ¨¥ èã¬®¢ëåå à ªâ¥à¨áâ¨ª ¯®àè¥¢ëå ¤¢¨£ â¥«¥©.{ �¨áª:�ëè¥©è ï èª®« , 1981.{ 31 á.8. �®®à®¢áª¨© �. �. � ¤¨®â¥å¨ç¥áª¨¥ æ¥¯¨ ¨á¨£ «ë.{ �.: �®¢. à ¤¨®, 1971.{ 672 á.
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