
37Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹2

Ïðîåêòèðîâàíèå, êîíñòðóêöèÿ è ïðîèçâîäñòâî ëåòàòåëüíûõ àïïàðàòîâ Design, construction and manufacturing of flying vehicles

ÏÐÎÅÊÒÈÐÎÂÀÍÈÅ, ÊÎÍÑÒÐÓÊÖÈß È ÏÐÎÈÇÂÎÄÑÒÂÎ
ËÅÒÀÒÅËÜÍÛÕ ÀÏÏÀÐÀÒÎÂ

ÓÄÊ 534.23:534.874.1:534.6.08 DOI:10.34759/vst-2020-2-37-51

ËÎÊÀËÈÇÀÖÈß ÈÑÒÎ×ÍÈÊÎÂ ØÓÌÀ Â ÃÅÐÌÎÊÀÁÈÍÅ
ÑÀÌÎËÅÒÀ RRJ-95 ÑÔÅÐÈ×ÅÑÊÎÉ ÌÈÊÐÎÔÎÍÍÎÉ ÐÅØÅÒÊÎÉ.

×ÀÑÒÜ 1. ÊÀÁÈÍÀ ÝÊÈÏÀÆÀ

Ìîøêîâ Ï.À.1*, Âàñèëåíêîâ Ä.À.2**, Ðóáàíîâñêèé Â.Â.1***, Ñòðîãàíîâ À.È.2****

1 «Ãðàæäàíñêèå ñàìîëåòû Ñóõîãî»,
óë. Ëåíèíñêàÿ Ñëîáîäà, 26, Ìîñêâà, 115280, Ðîññèÿ

2 «Ñèìåíñ Èíäàñòðè Ñîôòâåð»,
óë. Áîëüøàÿ Òàòàðñêàÿ, 9, Ìîñêâà, 115184, Ðîññèÿ

* e-mail: moshkov89@bk.ru
** e-mail: dmitri.vasilenkov@siemens.com

*** e-mail: V_Rubanovsky@scac.ru
**** e-mail: alexey.stroganov@siemens.com

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 12.02.2020

Ïðåäñòàâëåíû ðåçóëüòàòû ëîêàëèçàöèè è ðàíæèðîâàíèÿ ïî èíòåíñèâíîñòè èñòî÷íèêîâ øóìà â êàáèíå ýêè-
ïàæà ñàìîëåòà RRJ-95 ñ ïðèìåíåíèåì ñôåðè÷åñêîé ðåøåòêè Simcenter Solid Sphere 3DCAM54. Çâóêîâîå ïîëå â
êàáèíå ýêèïàæà ÿâëÿåòñÿ ñëîæíûì ïî ñâîåé ñòðóêòóðå è íåñèììåòðè÷íûì îòíîñèòåëüíî ãëàâíîé îñè ñàìîëåòà.
Ïîëó÷åíû êàðòû ëîêàëèçàöèè èñòî÷íèêîâ øóìà ñ ïðèìåíåíèåì ìåòîäà ñôåðè÷åñêîãî áèìôîðìèíãà äëÿ ñóììàðíîãî
èçëó÷åíèÿ (20-5000 Ãö) è èçëó÷åíèÿ â òðåòüîêòàâíûõ ïîëîñàõ ÷àñòîò îò 630 äî 3150 Ãö.

Êëþ÷åâûå ñëîâà: ãðàæäàíñêèå ñàìîëåòû, àêóñòè÷åñêèå èñïûòàíèÿ, ìèêðîôîííàÿ ðåøåòêà, ñôåðè÷åñêèé áèì-
ôîðìèíã, øóì â ñàëîíå, êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà.

Ââåäåíèå

Îáåñïå÷åíèå àêóñòè÷åñêîãî êîìôîðòà ïàññà-
æèðîâ è ÷ëåíîâ ýêèïàæà ÿâëÿåòñÿ îäíîé èç àêòó-
àëüíûõ çàäà÷ ïðè ïðîåêòèðîâàíèè ãðàæäàíñêèõ
ñàìîëåòîâ [1]. Â ÷àñòíîñòè, â íàñòîÿùåå âðåìÿ
ñóùåñòâóåò ïðîáëåìà ïðîôåññèîíàëüíîé òóãîóõî-
ñòè ó ÷ëåíîâ ëåòíûõ ýêèïàæåé âîçäóøíûõ ñóäîâ
ãðàæäàíñêîé àâèàöèè Ðîññèè [2, 3]. Ôàêòîðîì
ðèñêà ðàçâèòèÿ äàííîãî çàáîëåâàíèÿ ÿâëÿåòñÿ øóì
â êàáèíå ýêèïàæà.

Ðåøåíèå çàäà÷è îáåñïå÷åíèÿ àêóñòè÷åñêîãî
êîìôîðòà â ñàëîíå ñàìîëåòà íåâîçìîæíî áåç âû-
ïîëíåíèÿ êîìïëåêñà èíæåíåðíûõ è ôóíäàìåí-
òàëüíûõ èññëåäîâàíèé íà âñåõ ýòàïàõ ñîçäàíèÿ
íîâîãî îáðàçöà àâèàöèîííîé òåõíèêè [4]. Îäíèì
èç íàïðàâëåíèé èññëåäîâàíèé ÿâëÿåòñÿ èäåíòèôè-
êàöèÿ, ëîêàëèçàöèÿ è ðàíæèðîâàíèå ïî èíòåíñèâ-
íîñòè îñíîâíûõ èñòî÷íèêîâ øóìà â ñàëîíå ñàìî-
ëåòà-ïðîòîòèïà. Ðåçóëüòàòû ýòîãî èññëåäîâàíèÿ
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íåîáõîäèìû äëÿ îáåñïå÷åíèÿ îïòèìàëüíîãî ðàç-
ìåùåíèÿ çâóêîèçîëèðóþùèõ, çâóêîïîãëîùàþùèõ
è âèáðîäåìïôèðóþùèõ ìàòåðèàëîâ â áîðòîâîé
êîíñòðóêöèè è âûäà÷è ðåêîìåíäàöèé ïî ñíèæå-
íèþ øóìà ÑÊÂ. Òàêîå èññëåäîâàíèå ìîæåò áûòü
âûïîëíåíî äâóìÿ îñíîâíûìè ñïîñîáàìè.

Ïåðâûé âàðèàíò – ïðèìåíåíèå ìåòîäà èíòåí-
ñèìåòðèè [5–7] (ñêàíèðîâàíèå çâóêîâîãî ïîëÿ ñ
ïîìîùüþ èíòåíñèìåòðè÷åñêîãî çîíäà). Ñîâðå-
ìåííûå ðåàëèçàöèè äàííîãî ïîäõîäà ïîçâîëÿþò â
ðåæèìå ðåàëüíîãî âðåìåíè ñòðîèòü òðåõìåðíûå
êàðòû èíòåíñèâíîñòè çâóêà âîêðóã èññëåäóåìîé
ïîâåðõíîñòè è îïðåäåëÿòü ìîùíîñòü èñòî÷íèêà.

Âî âòîðîì âàðèàíòå âèçóàëèçàöèÿ çâóêîâîãî
ïîëÿ â ñàëîíå ìîæåò áûòü âûïîëíåíà ñ ïîìîùüþ
ñôåðè÷åñêîé ìèêðîôîííîé ðåøåòêè ñ ïîñëåäóþ-
ùåé ïîñòîáðàáîòêîé ñèãíàëà ìåòîäàìè ñôåðè÷åñ-
êîãî áèìôîðìèíãà [8–11], àêóñòè÷åñêîé ãîëîãðà-
ôèè [12], «ýêâèâàëåíòíîãî èñòî÷íèêà» (equivalent
source method (ESM)) [13] è ìåòîäîì «îáðàòíîé
ñâåðòêè» (deconvolution method (DCV)) [13]. Òî÷-
íîñòü ëîêàëèçàöèè èñòî÷íèêîâ øóìà çàâèñèò îò
÷èñëà ìèêðîôîíîâ è ïðàâèëüíîñòè âûáîðà àë-
ãîðèòìà îáðàáîòêè ñèãíàëîâ, à äèàïàçîí ðàáî-
÷èõ ÷àñòîò ìèêðîôîííîé ðåøåòêè õàðàêòåðèçó-
åòñÿ åå äèàìåòðîì, ïëîòíîñòüþ ðàñïîëîæåíèÿ
ìèêðîôîíîâ è èñïîëüçóåìûì àëãîðèòìîì ïîñò-
îáðàáîòêè.

Â àýðîàêóñòèêå ïðè èññëåäîâàíèè çâóêîâûõ
ïîëåé ðàçëè÷íûõ èñòî÷íèêîâ ìåòîäû ïëîñêîãî
áèìôîðìèíãà ïðèìåíÿþòñÿ äîñòàòî÷íî äàâíî è
óñïåøíî êàê â ëàáîðàòîðíûõ [14, 15], òàê è â íà-
òóðíûõ ýêñïåðèìåíòàõ [16, 17]. Äëÿ ëîêàëèçàöèè
èñòî÷íèêîâ øóìà â ñàëîíå ñàìîëåòà ìåòîäû ïëîñ-
êîãî áèìôîðìèíãà ñ èñïîëüçîâàíèåì ïëîñêîé
ìèêðîôîííîé ðåøåòêè íåïðèìåíèìû, ïîñêîëüêó
øóìîâàÿ êàðòà, ïîëó÷åííàÿ â êàêîì-ëèáî ñå÷åíèè
ñàëîíà (â ïëîñêîñòè), íå ìîæåò ïîìî÷ü îäíîçíà÷-
íî îïðåäåëèòü èñòî÷íèê, åãî èíòåíñèâíîñòü, äè-
àãðàììó íàïðàâëåííîñòè è ìîùíîñòü.

Äëÿ ïðîâåäåíèÿ èñïûòàíèé íà ëîêàëèçàöèþ
èñòî÷íèêîâ øóìîâ âíóòðè çàìêíóòûõ ïðîñòðàíñòâ
ñî ñëîæíîé îêðóæàþùåé ãåîìåòðèåé è íåïðèìå-
íèìîñòüþ óñëîâèé ñâîáîäíîãî àêóñòè÷åñêîãî ïîëÿ
èñïîëüçóþòñÿ ñôåðè÷åñêèå ìèêðîôîííûå ðåøåò-
êè. Ñôåðè÷åñêàÿ ìèêðîôîííàÿ ðåøåòêà ó÷èòûâàåò
îòðàæåíèå çâóêîâûõ âîëí îò îêðóæàþùåé ãåîìåò-
ðèè è ñàìîé ìèêðîôîííîé ðåøåòêè. Ëîêàëèçàöèÿ
ïðîèçâîäèòñÿ îäíîâðåìåííî äëÿ âñåãî ïðîñòðàí-
ñòâà c óãëîì îáçîðà 360°. Àâòîìàòè÷åñêîå ïîñòðî-
åíèå ãåîìåòðèè âíóòðåííåãî ïðîñòðàíñòâà ñ «íà-
òÿíóòûì» íà íåå ôîòîèçîáðàæåíèåì ïîñðåäñòâîì
ëàçåðíîãî äàëüíîìåðà ñî âñòðîåííîé ôîòîêàìåðîé

ïîçâîëÿåò óñêîðèòü ïðîâåäåíèå ë¸òíûõ àêóñòè÷åñ-
êèõ èñïûòàíèé. Àêóñòè÷åñêèå êàðòû ïåðåñ÷èòû-
âàþòñÿ è ïðîåöèðóþòñÿ íà òðåõìåðíîå ïðåäñòàâ-
ëåíèå ñàëîíà. Â ðåçóëüòàòå ïîëó÷àþòñÿ òî÷íûå
äàííûå, ïîëíîñòüþ ñîîòâåòñòâóþùèå ðåàëüíîìó
ðàñïðåäåëåíèþ óðîâíÿ çâóêîâîãî äàâëåíèÿ è/èëè
èíòåíñèâíîñòè çâóêà â êàáèíå ýêèïàæà èëè ñàëîíå
ñàìîëåòà íà ðàçëè÷íûõ ðåæèìàõ ïîë¸òà â ðàáî÷åì
äèàïàçîíå ñôåðè÷åñêîé ðåøåòêè.

Òåõíîëîãèè ñôåðè÷åñêîãî áèìôîðìèíãà â
àýðîàêóñòèêå íà÷àëè àêòèâíî ïðèìåíÿòüñÿ äëÿ
âûïîëíåíèÿ èññëåäîâàíèé òîëüêî â ïîñëåäíåå
âðåìÿ. Íàñòîÿùàÿ ðàáîòà ÿâëÿåòñÿ ïåðâûì ýòàïîì
èññëåäîâàíèé øóìà â ãåðìîêàáèíå ñàìîëåòà
RRJ-95 ñ ïîìîùüþ ñôåðè÷åñêîé ìèêðîôîííîé
ðåøåòêè. Ðàíåå â Ðîññèè íà îòå÷åñòâåííûõ ñàìî-
ëåòàõ òàêèå èñïûòàíèÿ íå ïðîâîäèëèñü. Â ñòàòüå
ïðåäñòàâëåíû ðåçóëüòàòû àêóñòè÷åñêèõ èçìåðåíèé
â êàáèíå ýêèïàæà.

Ìåòîäèêà ýêñïåðèìåíòà
è èñïîëüçóåìîå îáîðóäîâàíèå

Êîìïëåêò îáîðóäîâàíèÿ äëÿ èñïûòàíèé âêëþ-
÷àë â ñåáÿ:

— ñôåðè÷åñêóþ ìèêðîôîííóþ ðåøåòêó Simcenter
Solid Sphere 3DCAM54 äèàìåòðîì 30 ñì íà 54
ìèêðîôîíà (ðèñ. 1). Äèíàìè÷åñêèé äèàïàçîí ðå-
øåòêè áåç ðàñøèðèòåëåé (54 ìèêðîôîíà) 500–
10000 Ãö;

— 3D-ñêàíåð ãåîìåòðèè ñàëîíà;
— ñèñòåìó èçìåðåíèé Simcenter SCADAS ñ

áëîêîì ïèòàíèÿ, êàáåëÿìè è ïåðåõîäíèêàìè â
êîìïëåêòå;

— íîóòáóê (èñïîëüçîâàëñÿ òîëüêî â íàçåìíûõ
èñïûòàíèÿõ ïðè ñêàíèðîâàíèè ãåîìåòðèè ñàëîíà).

Ïåðâûì ýòàïîì íàñòîÿùåé ðàáîòû áûëî 3D-
ñêàíèðîâàíèå ãåîìåòðèè êàáèíû ýêèïàæà â íà-
çåìíûõ óñëîâèÿõ. Öåíòð ñêàíåðà ñîâïàäàë ñ öåí-
òðîì ñôåðè÷åñêîé ðåøåòêè (ñì. ðèñ. 1). Â äàëü-
íåéøåì ðåçóëüòàòû àêóñòè÷åñêèõ èçìåðåíèé «íà-
êëàäûâàëèñü» íà ðåàëüíóþ 3D-ãåîìåòðèþ êàáèíû
ýêèïàæà.

Àêóñòè÷åñêèå èçìåðåíèÿ áûëè âûïîëíåíû íà
ýêñïåðèìåíòàëüíîì ñàìîëåòå RRJ-95 ¹ 95005 ñ
äîðàáîòàííîé ñ òî÷êè çðåíèÿ ñíèæåíèÿ øóìà è
ðåâåðáåðàöèîííûõ ïîìåõ êàáèíîé ýêèïàæà. Èñ-
ïûòàíèÿ âûïîëíåíû íà ðåæèìå ïðÿìîëèíåéíîãî
êðåéñåðñêîãî ïîëåòà íà âûñîòå 11 êì ñî ñêîðîñ-
òüþ, îïðåäåëÿåìîé ÷èñëîì Ìàõà ïîëåòà, 0,8. Âðå-
ìÿ çàïèñè ñèãíàëîâ ïàðàëëåëüíî c 54 èçìåðèòåëü-
íûõ êàíàëîâ ñîñòàâëÿëî íå ìåíåå 60 ñ. Èçìåðåíèÿ
âûïîëíåíû ïðè øòàòíîé ðàáîòå ñèñòåìû êîíäè-
öèîíèðîâàíèÿ è âåíòèëÿöèè âîçäóõà è ïðè åå âûê-
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ëþ÷åíèè. Ïðè èñïûòàíèÿõ äâåðü â êàáèíó ýêèïà-
æà áûëà îòêðûòà ââèäó íåâîçìîæíîñòè ðàçìåùå-
íèÿ â íåé âñåãî êîìïëåêòà îáîðóäîâàíèÿ è ñîãëàñ-
íî òðåáîâàíèÿì áåçîïàñíîñòè ýêñïåðèìåíòàëüíûõ
ïîëåòîâ.

Àíàëèç ðåçóëüòàòîâ èñïûòàíèé

Àíàëèç ðåçóëüòàòîâ áûë âûïîëíåí äëÿ ðåæè-
ìîâ âêëþ÷åííîé è âûêëþ÷åííîé ÑÊÂ. Îòêëþ÷å-
íèå ÑÊÂ ôàêòè÷åñêè çàêëþ÷àåòñÿ â ïðåêðàùåíèè
ïîäà÷è âîçäóõà â ñàëîí, ïðè ýòîì âåíòèëÿòîðû ñè-
ñòåìû ïðîäîëæàþò ðàáîòàòü. Òî åñòü çâóê, ãåíå-
ðèðóåìûé âåíòèëÿòîðàìè ñèñòåìû, äàæå ïðè âûê-
ëþ÷åíèè ÑÊÂ ðàñïðîñòðàíÿåòñÿ ïî òðóáîïðîâî-
äàì. Òåì íå ìåíåå, íå ñóùåñòâóåò â ðàìêàõ ëåò-
íûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé äðóãîãî

ñïîñîáà ðàçäåëåíèÿ èñòî÷íèêîâ øóìà â ñàëîíå
ñàìîëåòà.

Íà ðèñ. 2 ïðåäñòàâëåíà êàðòà ëîêàëèçàöèè
èñòî÷íèêîâ øóìà äëÿ ñóììàðíîãî âçâåøåííîãî ïî
øêàëå À ñòàíäàðòíîãî øóìîìåðà óðîâíÿ çâóêîâîãî
äàâëåíèÿ â äèàïàçîíå ÷àñòîò 20—5000 Ãö äëÿ ñëó-
÷àåâ âêëþ÷åííîé è âûêëþ÷åííîé ÑÊÂ. Ðåçóëüòà-
òû ïîëó÷åíû c èñïîëüçîâàíèåì àëãîðèòìà ñòàí-
äàðòíîãî ñôåðè÷åñêîãî áèìôîðìèíãà [18] ñ êîí-
òðàñòîì 8 äÁÀ.

Âëèÿíèå ÑÊÂ çàìåòíî ñëåâà ââåðõó, â çîíå
óñòðîéñòâà èíäèâèäóàëüíîãî îáäóâà èíñïåêòîðà,
è ñïðàâà, â çîíå îáäóâà âòîðîãî ïèëîòà. Ìîæíî
âèäåòü, ÷òî çâóêîâîå ïîëå â êàáèíå ÿâëÿåòñÿ ñëîæ-
íûì ïî ñâîåé ñòðóêòóðå è íåñèììåòðè÷íûì îòíî-
ñèòåëüíî ãëàâíîé îñè ñàìîëåòà. Ïðè îòêëþ÷åíèè
ÑÊÂ ñóììàðíûå óðîâíè çâóêîâîãî äàâëåíèÿ
óìåíüøàþòñÿ íà 1—2 äÁÀ.

Íà ðèñ. 3—10 ïðåäñòàâëåíû êàðòû ëîêàëèçà-
öèè èñòî÷íèêîâ øóìà â òðåòüîêòàâíûõ ïîëîñàõ
÷àñòîò 630—3150 Ãö. Äàííûé äèàïàçîí ÷àñòîò
îáåñïå÷èâàåò êà÷åñòâåííûå ðåçóëüòàòû ñ ó÷åòîì
ïðèìåíÿåìîãî àëãîðèòìà ñôåðè÷åñêîãî áèìôîð-
ìèíãà, äèàìåòðà ñôåðè÷åñêîé ðåøåòêè è ÷èñëà
ìèêðîôîíîâ â íåé. Åäèíèöû èçìåðåíèÿ è êîí-
òðàñò íà ðèñ. 3—10 àíàëîãè÷íû äàííûì íà ðèñ. 2.

Íà êàðòàõ ëîêàëèçàöèè èñòî÷íèêîâ øóìà â
òðåòüîêòàâíîé ïîëîñå ÷àñòîò 630 Ãö îò÷åòëèâî
âèäíî âëèÿíèå ÑÊÂ, ïðè÷åì ñïðàâà ââåðõó, õîòÿ
ñóììàðíîå èçëó÷åíèå îò ÑÊÂ äîìèíèðóåò ââåðõó
ñëåâà (ðèñ. 2,á). Òàêæå íà ðèñóíêå âèäåí äîïîë-
íèòåëüíûé èñòî÷íèê, íå çàâèñÿùèé îò ðàáîòû
ÑÊÂ, ðàñïîëîæåííûé ñî ñòîðîíû âõîäíîé äâåðè.
Èíòåíñèâíîñòü ýòîãî èñòî÷íèêà ñîèçìåðèìà ñ øó-
ìîì ÑÊÂ. Âåðîÿòíåå âñåãî, ýòîò äîïîëíèòåëüíûé
èñòî÷íèê øóìà â êàáèíå ýêèïàæà ñâÿçàí ñ ïîâû-
øåííûì øóìîì â ïåðåäíåé ñåðâèñíîé çîíå. Òåì
íå ìåíåå, â äèàïàçîíå òðåòüîêòàâíûõ ïîëîñ ÷àñ-
òîò 800—3150 Ãö ýòîò èñòî÷íèê íå ïðîÿâëÿåòñÿ,
è ïðè îöåíêå ñóììàðíîãî óðîâíÿ øóìà (ðèñ. 2) åãî
âêëàä íåñóùåñòâåíåí.

Â òðåòüîêòàâíîé ïîëîñå 800 Ãö (ðèñ. 4) âëèÿ-
íèÿ îòêëþ÷åíèÿ ÑÊÂ íå íàáëþäàåòñÿ, îäíàêî
ìåñòîðàñïîëîæåíèå èñòî÷íèêà (ñëåâà ñâåðõó) ñî-
îòâåòñòâóåò øóìó ÑÊÂ, àíàëîãè÷íàÿ êàðòèíà íà-
áëþäàåòñÿ â òðåòüîêòàâíûõ ïîëîñàõ 1250 Ãö
(ðèñ. 6), 1600 Ãö (ðèñ. 7), 2000 Ãö (ðèñ. 8) è 2500 Ãö
(ðèñ. 9). Äàííûé ôàêò ñâèäåòåëüñòâóåò î äîìèíè-
ðîâàíèè â äèàïàçîíå ÷àñòîò 1250—2500 Ãö øóìà,
âûçâàííîãî «ðîòîð-ñòàòîð»-âçàèìîäåéñòâèåì ïðè
ðàáîòå âåíòèëÿòîðîâ ÑÊÂ.

Î÷åíü ïîêàçàòåëüíîé ÿâëÿåòñÿ êàðòà ëîêàëè-
çàöèè èñòî÷íèêîâ øóìà â òðåòüîêòàâíîé ïîëîñå

Ðèñ. 1. Ñôåðè÷åñêàÿ ìèêðîôîííàÿ ðåøåòêà Simcenter
Solid Sphere 3DCAM54 â áàçîâîé êîíôèãóðàöèè
(54 ìèêðîôîíà)
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÷àñòîò 1600 Ãö (ðèñ. 7). Ìîæíî âèäåòü ÷åòûðå
äîìèíèðóþùèõ èñòî÷íèêà êàê ïðè âêëþ÷åííîé,
òàê è ïðè âûêëþ÷åííîé ÑÊÂ. Ôàêòè÷åñêè îíè
ðàñïîëîæåíû íà ñðåçàõ òðóáîïðîâîäîâ îáäóâà
êîìàíäèðà âîçäóøíîãî ñóäíà (ñëåâà âíèçó), âòî-
ðîãî ïèëîòà (ñïðàâà âíèçó), èíñïåêòîðà (ââåðõó
ñëåâà) è ñðåçå îáùåé âåíòèëÿöèè êàáèíû ýêèïà-

æà (ñïðàâà ââåðõó). Îòêëþ÷åíèå ïîäà÷è âîçäóõà â
êàáèíó ôàêòè÷åñêè íå îêàçûâàåò âëèÿíèÿ íà êàðòó
ëîêàëèçàöèè èñòî÷íèêîâ øóìà â äàííîé ïîëîñå
÷àñòîò.

Íàèáîëüøåå âëèÿíèå îòêëþ÷åíèÿ ÑÊÂ ïðîÿâ-
ëÿåòñÿ â òðåòüîêòàâíîé ïîëîñå 1000 Ãö (ðèñ. 5),
÷òî ñâèäåòåëüñòâóåò î äîìèíèðîâàíèè (íà 3 äÁÀ)

Ðèñ. 2. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà äëÿ ñóììàðíîãî âçâåøåííîãî ïî øêàëå À ñòàí-
äàðòíîãî øóìîìåðà óðîâíÿ çâóêîâîãî äàâëåíèÿ (20—5000 Ãö): à — ÑÊÂ âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà

à)

á)
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â äàííîé ïîëîñå ÷àñòîò øóìà òóðáóëåíòíîãî ïî-
òîêà ÑÊÂ íàä øóìîì, îáóñëîâëåííûì «ðîòîð-
ñòàòîð»-âçàèìîäåéñòâèåì â âåíòèëÿòîðàõ ÑÊÂ.

Íà êàðòàõ ëîêàëèçàöèè èñòî÷íèêîâ øóìà â
òðåòüîêòàâíîé ïîëîñå 3150 Ãö (ðèñ. 10) âëèÿíèÿ
ÑÊÂ íå íàáëþäàåòñÿ, çà èñêëþ÷åíèåì çîíû îáäó-
âà êîìàíäèðà âîçäóøíîãî ñóäíà, ÷òî ïîäòâåðæäàåò

ðàíåå ïîëó÷åííûé ðåçóëüòàò [19, 20] î äîìèíèðî-
âàíèè øóìà òóðáóëåíòíîãî ïîãðàíè÷íîãî ñëîÿ â
îáùåì óðîâíå øóìà â êàáèíå ýêèïàæà íà ÷àñòî-
òàõ ñâûøå 3150 Ãö.

Ðàíåå àâòîðàìè ïðè èññëåäîâàíèè øóìà â êà-
áèíå ýêèïàæà RRJ-95 áûëî óñòàíîâëåíî [19, 20],
÷òî ïîñëå äîðàáîòêè êàáèíû ýêèïàæà ñàìîëåòà

Ðèñ. 3. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà â òðåòüîêòàâíîé ïîëîñå ÷àñòîò 630 Ãö: à — ÑÊÂ
âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà

à)

á)
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RRJ-95 ñ öåëüþ ñíèæåíèÿ øóìà è ðåâåðáåðàöè-
îííûõ ïîìåõ íà ðåæèìå êðåéñåðñêîãî ïîëåòà
âêëàä ÑÊÂ ñîèçìåðèì ñ âêëàäîì øóìà òóðáóëåí-
òíîãî ïîãðàíè÷íîãî ñëîÿ ïðè îöåíêå ñóììàðíî-
ãî óðîâíÿ øóìà â äÁÀ. Íà ÷àñòîòàõ ñâûøå 3150 Ãö
äîìèíèðóåò øóì òóðáóëåíòíîãî ïîãðàíè÷íîãî

ñëîÿ è ðàáîòà ÑÊÂ íå îêàçûâàåò âëèÿíèÿ íà óðîâ-
íè øóìà. Äðóãèå èñòî÷íèêè, òàêèå êàê àêóñòè÷åñ-
êîå èçëó÷åíèå ñèëîâîé óñòàíîâêè [21, 22] è ñòðóê-
òóðíûé øóì äâèãàòåëÿ [23], íå îêàçûâàþò ñóùå-
ñòâåííîãî âëèÿíèÿ ïðè îöåíêå ñóììàðíîãî óðîâíÿ
øóìà â äÁÀ. Îòìåòèì, ÷òî èçìåðåíèÿ øóìà â ðà-

à)

á)

Ðèñ. 4. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà â òðåòüîêòàâíîé ïîëîñå ÷àñòîò 800 Ãö: à — ÑÊÂ
âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà
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à)

á)

áîòàõ [19, 20] âûïîëíÿëèñü â ïÿòè òî÷êàõ çâóêî-
âîãî ïîëÿ â êàáèíå ýêèïàæà ïðè çàêðûòîé äâåðè.
Ðåçóëüòàòû ëîêàëèçàöèè èñòî÷íèêîâ øóìà, ïîëó-
÷åííûå â íàñòîÿùåé ðàáîòå, íå ïðîòèâîðå÷àò ðà-
íåå ïîëó÷åííûì ðåçóëüòàòàì, à òàêæå èññëåäîâà-
íèÿì äðóãèõ àâòîðîâ [24, 25].

Âûâîäû

Ïðåäñòàâëåíû ðåçóëüòàòû âèçóàëèçàöèè çâóêî-
âîãî ïîëÿ â êàáèíå ýêèïàæà ñàìîëåòà RRJ-95.
Ïîëó÷åíû êàðòû ëîêàëèçàöèè èñòî÷íèêîâ øóìà
äëÿ ñóììàðíîãî èçëó÷åíèÿ (20—5000 Ãö) è èçëó-
÷åíèÿ â òðåòüîêòàâíûõ ïîëîñàõ ÷àñòîò 630—
3150 Ãö. Îñíîâíûìè èñòî÷íèêàìè øóìà â êàáè-

Ðèñ. 5. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà â òðåòüîêòàâíîé ïîëîñå ÷àñòîò 1000 Ãö: à — ÑÊÂ
âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà
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à)

á)

íå ýêèïàæà ÿâëÿþòñÿ ñèñòåìà êîíäèöèîíèðîâà-
íèÿ è âåíòèëÿöèè âîçäóõà è ïóëüñàöèè äàâëåíèÿ
â òóðáóëåíòíîì ïîãðàíè÷íîì ñëîå íà ïîâåðõíî-
ñòè ôþçåëÿæà. Ïîñêîëüêó ïðè îòêëþ÷åíèè ÑÊÂ
ïðåêðàùàåòñÿ ïîäà÷à âîçäóõà, íî íå îòêëþ÷àþò-
ñÿ âåíòèëÿòîðû ñèñòåìû, òî âëèÿíèå ÑÊÂ ïðîÿâ-
ëÿåòñÿ è ïðè åå âûêëþ÷åíèè — ñî ñòîðîíû òðó-

áîïðîâîäîâ ïîäà÷è âîçäóõà â êàáèíó ýêèïàæà. Â
øóìå ÑÊÂ ìîæíî âûäåëèòü äâà îñíîâíûõ ìåõà-
íèçìà. Ýòî øóì òóðáóëåíòíîãî ïîòîêà â âîçäóõî-
âîäàõ è øóì, âûçâàííûé «ðîòîð-ñòàòîð»-âçàèìî-
äåéñòâèåì â âåíòèëÿòîðàõ. Â ÷àñòíîñòè, â òðåòü-
îêòàâíîé ïîëîñå ÷àñòîò 1000 Ãö øóì òóðáóëåíò-
íîãî ïîòîêà ÑÊÂ äîìèíèðóåò íàä øóìîì, îáóñ-

Ðèñ. 6. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà â òðåòüîêòàâíîé ïîëîñå ÷àñòîò 1250 Ãö: à — ÑÊÂ
âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà
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à)

á)

ëîâëåííûì «ðîòîð-ñòàòîð»-âçàèìîäåéñòâèåì. Â
äèàïàçîíå òðåòüîêòàâíûõ ïîëîñ ÷àñòîò 1250-2500
Ãö äîìèíèðóåò øóì âçàèìîäåéñòâèÿ «ðîòîð-ñòà-
òîð».

Ïðè îòêðûòîé äâåðè â êàáèíó ýêèïàæà ïîÿâ-
ëÿåòñÿ äîïîëíèòåëüíûé èñòî÷íèê øóìà â òðåòü-
îêòàâíîé ïîëîñå 630 Ãö ñî ñòîðîíû âõîäíîé äâå-

ðè, ïî èíòåíñèâíîñòè èçëó÷åíèÿ ñîïîñòàâèìûé ñ
øóìîì ÑÊÂ.

Äàëüíåéøåå óâåëè÷åíèå çâóêîèçîëÿöèè êîíñò-
ðóêöèè êàáèíû ýêèïàæà RRJ-95 çà ñ÷åò ïàññèâ-
íûõ ìåòîäîâ íå ïðèâåäåò ê ñóùåñòâåííîìó ñíèæå-
íèþ øóìà â êàáèíå ýêèïàæà. Â ïåðâóþ î÷åðåäü íå-
îáõîäèìî îáåñïå÷èòü ýôôåêòèâíîå øóìîãëóøåíèå

Ðèñ. 7. Êàðòà ëîêàëèçàöèè èñòî÷íèêîâ øóìà â êàáèíå ýêèïàæà â òðåòüîêòàâíîé ïîëîñå ÷àñòîò 1600 Ãö: à — ÑÊÂ
âûêëþ÷åíà; á — ÑÊÂ âêëþ÷åíà
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à)

á)

â òðóáîïðîâîäàõ ÑÊÂ è ñíèçèòü èíòåíñèâíîñòü
øóìà, îáóñëîâëåííîãî «ðîòîð-ñòàòîð»-âçàèìîäåé-
ñòâèåì â âåíòèëÿòîðàõ ÑÊÂ.
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Abstract

Acoustic comfort ensuring for passengers and
cockpit personnel is one of the most important tasks
while civil aircraft design. Particularly, at present there
is a problem of the Russian civil aviation flight
crewmembers diminished hearing. The risk factor for
this disease developing is the noise in the cockpit.

The problem solution of ensuring acoustic comfort
in the aircraft cabin is impossible without performing
a complex of engineering and fundamental studies at
all stages of creating a new sample of aeronautical
engineering. One of the research trends is
identification, localization and ranking the main noise
sources in the aircraft-prototype cabin. The results of
this study are necessary for ensuring optimal
placement of sound insulation, sound absorbing and
vibration damping materials in the onboard structure
and issuing recommendations for noise reduction of
the air conditioning system (ACS).

The article presents the results of noise sources
localization and ranking by intensity in the cockpit of
the RRJ-95 aircraft employing the Simcenter Solid
Sphere 3DCAM54 spherical array.

Acoustic measurements were performed on the
RRJ-95 experimental aircraft No. 95005 with a
cockpit modified from the viewpoint of noise
reduction and reverberation interference. The tests
were carried out at a cruising flight mode at the
altitude of 11 km with a flight speed determined by
the Mach number of 0.8. The signal recording time
was no less than 60 seconds. The measurements were
performed while normal ACS operation, and when it
was switched off.

As the result of the study, noise sources
localization charts in the one-third octave frequency
bands of 630-3150 Hz were obtained. The main noise
sources in the cockpit are the ACS and the turbulent
boundary layer noise. As far as the air-feeding ceases

NOISE SOURCES LOCALIZATION IN THE RRJ-95 AIRCRAFT PRESSURE CABIN
BY SPHERICAL MICROPHONE ARRAY. PART 1. COCKPIT
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with the ACS turning-off, but the system fans do not,
the ACS effect manifests itself with its turning-off from
the side of the air supplying pipelines to the cockpit
as well. Two basic mechanisms in the ACS noise can
be outlined. They are turbulent flow noise in the air
ducts, and the noise caused by the “rotor-with-stator”
interaction in the fans. In the one-third octave
frequency bands of 1000 Hz, in particular, the noise
of turbulent flow dominates the noise caused by the
“rotor-with-stator” interaction in the ACS fans, while
the noise of the “rotor-with-stator” interaction is
dominating in the one-third octave frequency bands
of 2500 Hz.

Keywords: civil aircraft, acoustic tests, microphone
array, spherical beamforming, cabin noise, noise
sources localization chart
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