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Àííîòàöèÿ

Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé àâèàöèîííîãî øóìà.
Ïðîàíàëèçèðîâàí õàðàêòåð ñíèæåíèÿ óðîâíåé çâóêà (ÓÇ) â ìîìåíò ðàçáåãà ëåòàòåëüíîãî àïïàðàòà
(ËÀ) ïî âçëåòíî-ïîñàäî÷íîé ïîëîñå (ÂÏÏ) ñ óäâîåíèåì ðàññòîÿíèÿ îò ËÀ â ïðåäåëàõ 100�800 ì.
Ðàññìîòðåíû îñîáåííîñòè çàòóõàíèÿ àâèàöèîííîãî øóìà ïðè ïðîëåòå ËÀ íàä æèëîé çàñòðîéêîé,
ðàñïîëîæåííîé â ïðåäåëàõ 5-25 êì îò àýðîïîðòà. Óñòàíîâëåíî, ÷òî óìåíüøåíèå ÓÇ ïðè óâåëè÷åíèè
ðàññòîÿíèÿ îò ÂÏÏ â ãðàíèöàõ àýðîïîðòîâ îïðåäåëÿåòñÿ â îñíîâíîì äèâåðãåíöèåé çâóêà, êîòîðàÿ íîñèò
ñëîæíûé õàðàêòåð.

Óñòàíîâëåíî ñíèæåíèå ÓÇ íà 3 äÁÀ (õàðàêòåðíîå äëÿ öèëèíäðè÷åñêîé çâóêîâîé âîëíû) ïðè
óäâîåíèè ðàññòîÿíèÿ îò ËÀ äî òî÷êè èçìåðåíèÿ (ÒÈ), ðàñïîëîæåííîé íà ðàññòîÿíèè îò 100 äî 200 ì;
ñíèæåíèå ÓÇ íà 4-5 äÁÀ ïðè óäâîåíèè ðàññòîÿíèÿ ñ 200 äî 400 ì (êâàçèöèëèíäðè÷åñêèé ôðîíò çâóêîâîé
âîëíû); ñíèæåíèå ÓÇ íà 6-7 äÁÀ ïðè óâåëè÷åíèè ðàññòîÿíèÿ îò ËÀ äî ÒÈ ñ 400 äî 800 ì (õàðàêòåðíîå
äëÿ ñôåðè÷åñêîé çâóêîâîé âîëíû).

Ïðåäñòàâëåíû ðåçóëüòàòû íàòóðíûõ çàìåðîâ øóìà ëåòàòåëüíûõ àïïàðàòîâ â ãðàíèöàõ
ñàíèòàðíî-çàùèòíûõ çîí àýðîïîðòîâ è íà áîëåå çíà÷èòåëüíûõ ðàññòîÿíèÿõ. Â ðÿäå ñëó÷àåâ óñòàíîâëåíî
ïðåâûøåíèå ìàêñèìàëüíûõ ÓÇ, èçìåðåííûõ â íî÷íîå âðåìÿ, äî 5 äÁÀ íàä äîïóñòèìûìè ñàíèòàðíûìè
íîðìàìè äëÿ òåððèòîðèè æèëîé çàñòðîéêè, â ÷àñòíîñòè, ïðè ðàñïîëîæåíèè òî÷åê èçìåðåíèÿ íà
òåððèòîðèè æèëîé çàñòðîéêè, íàõîäÿùåéñÿ íà ðàññòîÿíèè äî 25 êì îò àýðîïîðòà, â íî÷íîå âðåìÿ ïðè
ïðîëåòå ËÀ çàôèêñèðîâàíû ìàêñèìàëüíûå ÓÇ â äèàïàçîíå 60-65 äÁÀ.

Êëþ÷åâûå ñëîâà: óðîâåíü çâóêà, àâèàöèîííûé øóì, àýðîïîðò, ëåòàòåëüíûé àïïàðàò, âçëåòíî-
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Abstract

Results of experimental studies of aircraft noise are presented. The nature of sound levels decrease

emitted during the aircraft's takeo� with a doubling of the distance from the aircraft within 100-800 m is

analyzed. Aircraft noise levels measured in residential areas located within 5-25 km from the airport are

considered. It has been found that noise decrease within the boundaries of airports is mainly determined by

sound divergence, which is complex in nature. Noise decrease by 3 dBA with distance doubling (characteristic

for a cylindrical sound wave) was found when the distance from the aircraft to the measuring point is in the

range of 100 to 200 meters; noise decrease by 4-5 dBA is found when the distance was doubled from 200 to 400
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meters (quasi-cylindrical sound wave); noise decrease by 6-7 dBA is measured when distance increases from 400

to 800 meters (what corresponds to a spherical sound wave propagation). Aircraft noise full-scale measurement

results within sanitary protection zones of several airports and at the longer distances are presented. In some

cases, aircraft maximal noise levels measured at night time exceed permissible levels for residential areas by 5

dBA. In particular, maximal noise levels in the range of 60-65 dBA were measured at night time in residential

areas located at a distance up to 25 km from an airport.

Keywords: sound level, aviation noise, airport, aircraft, runway.

Ââåäåíèå

Ïðîáëåìå ñíèæåíèÿ àâèàöèîííîãî øóìà ïîñâÿùåí ðÿä èññëåäîâàíèé [1-8],
ñîäåðæàùèõ, â òîì ÷èñëå, àíàëèç âëèÿíèÿ ðàññòîÿíèÿ îò ëåòàòåëüíîãî àïïàðàòà (ËÀ)
íà øóì â ðàñ÷åòíîé òî÷êå (ÐÒ). Â áîëüøèíñòâå èññëåäîâàíèé ËÀ ðàññìàòðèâàåòñÿ êàê
òî÷å÷íûé èñòî÷íèê øóìà, ïðè óäâîåíèè ðàññòîÿíèÿ, îò êîòîðîãî ôèêñèðóåòñÿ ñíèæåíèå
óðîâíÿ çâóêà (ÓÇ) íà 6 äÁÀ. Àâòîðû îáðàùàþò âíèìàíèå íà ðîëü ìîëåêóëÿðíîãî
çàòóõàíèÿ â ðàññìàòðèâàåìûõ ïðîöåññàõ, íî ïðåäñòàâëåííûå âûâîäû, íà íàø âçãëÿä,
âûãëÿäÿò íåîäíîçíà÷íî. Ñ öåëüþ àíàëèçà çàêîíîìåðíîñòåé ñíèæåíèÿ øóìà ñ ðàññòîÿíèåì
è óòî÷íåíèÿ ïðèðîäû çàòóõàíèÿ àâèàöèîííîãî øóìà ïðîâåäåíû ýêñïåðèìåíòàëüíûå
èññëåäîâàíèÿ.

1. Õàðàêòåð çàòóõàíèÿ àâèàöèîííîãî øóìà ñ óâåëè÷åíèåì ðàññòîÿíèÿ
äî ëåòàëüíîãî àïïàðàòà â ïðåäåëàõ àýðîïîðòà

Äëÿ ïîëó÷åíèÿ çàêîíîìåðíîñòåé ñíèæåíèÿ øóìà ïðè óâåëè÷åíèè ðàññòîÿíèÿ îò
ËÀ äî òî÷êè íàáëþäåíèÿ ïðîâåäåíû 2 ýòàïà èçìåðåíèé. Íà ïåðâîì ýòàïå èçó÷àëèñü
çàêîíîìåðíîñòè ñíèæåíèÿ ýêâèâàëåíòíûõ è ìàêñèìàëüíûõ ÓÇ â ïðîöåññå ðàçáåãà ñàìîë¼òà
ïî ÂÏÏ è íà ýòàïå âçë¼òà. Èçìåðåíèÿ â ðàìêàõ ïåðâîãî ýòàïà ïðîâîäèëèñü â ïðåäåëàõ
àýðîïîðòà âáëèçè ÂÏÏ (íà ðàññòîÿíèÿõ ìåíåå 1 êì îò ËÀ) è èõ îñíîâíîé öåëüþ áûëî
îïðåäåëèòü õàðàêòåð èçìåíåíèÿ ôðîíòà çâóêîâîé âîëíû ïðè ðàçáåãå ËÀ ïî ÂÏÏ, à òàêæå
õàðàêòåð èçìåíåíèÿ øóìà â ÒÍ ïðè îòðûâå ËÀ îò ÂÏÏ.

Íà âòîðîì ýòàïå èçó÷àëèñü çàêîíîìåðíîñòè è ìåõàíèçì ñíèæåíèÿ øóìà íà
ðàññòîÿíèÿõ áîëåå 5 êì îò àýðîïîðòà ñ öåëüþ îïðåäåëåíèÿ ïðåäåëà ñëûøèìîñòè
îòäåëüíîãî ËÀ ïðè óäàëåíèè îò àýðîïîðòà.

Èçó÷åíèå çàêîíîìåðíîñòåé èçìåíåíèÿ çâóêîâîãî ïîëÿ ïðîâîäèëîñü â àýðîïîðòó
¾Ïóëêîâî¿ âáëèçè ÂÏÏ ïî ñõåìå, ïðèâåäåííîé íà ðèñóíêàõ 1 è 2.

Âñåãî äëÿ èçìåðåíèé øóìà áûëè âûáðàíû 4 òî÷êè, ðàñïîëîæåííûå â
ïåðïåíäèêóëÿðíîì ê ÂÏÏ íàïðàâëåíèè, îñü òî÷åê èçìåðåíèÿ (ÒÈ) ðàñïîëàãàëàñü
ïðèìåðíî â ñåðåäèíå ÂÏÏ. Ñàìàÿ áëèçêàÿ ê ÂÏÏ òî÷êà èçìåðåíèÿ áûëà ðàñïîëîæåíà íà
ðàññòîÿíèè 100 ì îò ÂÏÏ, à îñòàëüíûå 3 òî÷êè ðàñïîëàãàëèñü íà óäâîåííûõ ðàññòîÿíèÿõ
êàæäàÿ (ñîîòâåòñòâåííî íà 200, 400 è 800 ì îò ÂÏÏ). Âñåãî âûïîëíåíî âîñåìü ñåðèé
èçìåðåíèé.
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Ðèñ. 1. Ñõåìà èçìåðåíèÿ ýêâèâàëåíòíûõ è ìàêñèìàëüíûõ ÓÇ ïðè óäàëåíèè îò ÂÏÏ: 1 �
ÂÏÏ, 2 � ËÀ, 3 � òî÷êà èçìåðåíèé (ÒÈ 1) íà ðàññòîÿíèè 100 ì îò ÂÏÏ, 4 � ÒÈ 2 (200

ì), 5 � ÒÈ 3 (400 ì), 6 � ÒÈ 4 (800 ì), 7 � íàïðàâëåíèå äâèæåíèÿ ËÀ

Ðèñ. 2. Ñõåìà èçìåðåíèÿ óðîâíåé çâóêà ïðè óäàëåíèè îò ÂÏÏ (3,4,5,6 � òî÷êè èçìåðåíèé)

Ðåçóëüòàòû èçìåðåíèé äëÿ âîñüìè ËÀ è àíàëèç çàêîíîìåðíîñòåé ñíèæåíèÿ øóìà
ñ ðàññòîÿíèåì îò ËÀ ïðè ðàçáåãå ïî ÂÏÏ è âçëåòå ïðèâåäåíû â òàáëèöå 1. Îáðàáîòêà
ïîëó÷åííûõ ðåçóëüòàòîâ ïîêàçàëà, ÷òî ðàñïðîñòðàíåíèå àâèàöèîííîãî øóìà íîñèò
ñëîæíûé õàðàêòåð (Ðèñ. 3).
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.Òàáëèöà 1

Çíà÷åíèÿ ýêâèâàëåíòíûõ è ìàêñèìàëüíûõ ÓÇ â çàâèñèìîñòè îò óäàëåíèÿ îò ËÀ

Íîìåðà
èñïûòûâàåìûõ

ËÀ

Ðàññòîÿíèå îò ËÀ
(ÂÏÏ), ì

Óðîâíè çâóêà, äÁÀ

Ýêâèâàëåíòíûå Ìàêñèìàëüíûå

1

100 78 86

200 75 83

400 70 79

800 64 74

2

100 80 88

200 77 86

400 73 81

800 67 76

3

100 75 82

200 72 79

400 67 74

800 60 68

4

100 79 89

200 75 86

400 70 81

800 63 76

5

100 80 88

200 77 84

400 72 79

800 66 73

6

100 79 87

200 75 84

400 70 80

800 63 73

7

100 78 88

200 75 86

400 71 82

800 66 76

8

100 76 87

200 73 84

400 69 80

800 64 75
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Ðèñ. 3. Õàðàêòåð ñíèæåíèÿ ÓÇ, äÁÀ ñ óâåëè÷åíèåì ðàññòîÿíèÿ äî ÂÏÏ: 1 � ýêñïåðèìåíò;
2 � ðàñ÷åò (èñòî÷íèê øóìà ËÀ ïðèíÿò òî÷å÷íûì èçëó÷àòåëåì çâóêà); I � ó÷àñòîê

ýêñïåðèìåíòàëüíîé êðèâîé, ãäå ôðîíò çâóêîâîé âîëíû öèëèíäðè÷åñêèé (ñíèæåíèå ÓÇ íà
3 äÁÀ); II � ó÷àñòîê ýêñïåðèìåíòàëüíîé êðèâîé, ãäå ôðîíò çâóêîâîé âîëíû

êâàçèöèëèíäðè÷åñêèé (ñíèæåíèå ÓÇ íà 4-5 äÁÀ); III � ó÷àñòîê ýêñïåðèìåíòàëüíîé
êðèâîé, ãäå ôðîíò çâóêîâîé âîëíû ñôåðè÷åñêèé (ñíèæåíèå ÓÇ íà 6-7 äÁÀ)

Îòìå÷àåòñÿ ñíèæåíèå ÓÇ íà 3 äÁÀ ïðè ïåðâîì óäâîåíèè (îò 100 äî 200 ì),
ñíèæåíèå íà 4-5 äÁÀ ïðè âòîðîì óäâîåíèè (îò 200 äî 400 ì) è 6-7 äÁÀ ïðè òðåòüåì
óäâîåíèè (îò 400 äî 800 ì). Òàêèì îáðàçîì, ôðîíò çâóêîâîé âîëíû ÈØ ìåíÿåòñÿ îò
öèëèíäðè÷åñêîãî ê êâàçèöèëèíäðè÷åñêîìó, à çàòåì ê ñôåðè÷åñêîìó, è ýòà çàêîíîìåðíîñòü
ïðîñëåæèâàåòñÿ êàê äëÿ ýêâèâàëåíòíûõ, òàê è äëÿ ìàêñèìàëüíûõ ÓÇ. Ýòî îçíà÷àåò, ÷òî
ïðè ðàñ÷¼òàõ ñíèæåíèÿ øóìà äëÿ îáúåêòîâ, ðàñïîëîæåííûõ âáëèçè ÂÏÏ, íåîáõîäèìî
èñòî÷íèê øóìà (ëåòàòåëüíûé àïïàðàò) â ïðîöåññå ðàçáåãà ïî ÂÏÏ ïðèíèìàòü ëèíåéíûì
èñòî÷íèêîì øóìà íà ðàññòîÿíèÿõ äî 500 ì.

Íà îñíîâàíèè àíàëèçà ïîëó÷åííûõ ýêñïåðèìåíòàëüíûõ äàííûõ ñäåëàí âûâîä
î òîì, ÷òî ïðè ðàçáåãå ËÀ â ïðîöåññå øóìîîáðàçîâàíèÿ, êðîìå ñàìîãî ëåòàòåëüíîãî
àïïàðàòà, ó÷àñòâóåò è ÂÏÏ, ÿâëÿÿñü âòîðè÷íûì èñòî÷íèêîì çâóêà. Ó÷èòûâàÿ âûñîêóþ
ñêîðîñòü ðàçáåãà ËÀ ïðè âçëåòå, ôèêñèðóåòñÿ îòðàæåíèå çâóêà îò ÂÏÏ çíà÷èòåëüíîé
äëèíû. Òàêèì îáðàçîì, ôðîíò çâóêîâîé âîëíû ôîðìèðóåòñÿ ñëîæíûì èçëó÷àòåëåì,
ñîñòîÿùèì èç ËÀ è ÂÏÏ, êîòîðûé áëèçîê ê öèëèíäðè÷åñêîìó.

2. Ñíèæåíèå àâèàöèîííîãî øóìà ñ óâåëè÷åíèåì ðàññòîÿíèÿ îò
àýðîïîðòà äî æèëîé çàñòðîéêè

Íà âòîðîì ýòàïå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëè âûïîëíåíû èçìåðåíèÿ
øóìà ËÀ, âûëåòåâøèõ èç â íåñêîëüêèõ àýðîïîðòîâ (¾Äîìîäåäîâî¿, ¾Ïóëêîâî¿, ¾Àíàïà¿).
Òî÷êè èçìåðåíèé âûáèðàëèñü äîñòàòî÷íî ïðîèçâîëüíî â ãîðîäàõ Ìîñêâà, Ñàíêò-
Ïåòåðáóðã, Àíàïà, â Ìîñêîâñêîé è Ëåíèíãðàäñêîé îáëàñòÿõ. Ñ öåëüþ ïîëó÷åíèÿ
äîñòîâåðíûõ ðåçóëüòàòîâ êîëè÷åñòâî èçìåðåíèé ñîñòàâèëî áîëåå 500. Ïðè èçìåðåíèÿõ
ôèêñèðîâàëîñü óäàëåíèå èçìåðÿåìîãî ËÀ îò àýðîïîðòà, êîòîðîå íàõîäèëîñü â ïðåäåëàõ îò
5 äî 25 êì. Èçìåðÿåìûå õàðàêòåðèñòèêè íà îáîèõ ýòàïàõ: ýêâèâàëåíòíûå è ìàêñèìàëüíûå
ÓÇ, äÁÀ.
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Â ñâÿçè ñ ìåíÿþùåéñÿ èíòåíñèâíîñòüþ ïîëåòîâ â òå÷åíèå ñóòîê (äíåâíîãî è
íî÷íîãî âðåìåíè), äíåé íåäåëè, ìåñÿöåâ ãîäà íàèáîëåå îáúåêòèâíûìè è äîñòîâåðíûìè
äëÿ îöåíêè ÿâëÿþòñÿ ýêâèâàëåíòíûå óðîâíè çâóêà, ïîëó÷åííûå ïðÿìûìè èçìåðåíèÿìè
àêóñòè÷åñêèõ ñîáûòèé (ïðîëåòîâ ÂÑ) çà âûøåóêàçàííûå ïåðèîäû (íàïðèìåð, äåíü/íî÷ü,
ìåñÿö, ãîä) ñèñòåìàìè ìîíèòîðèíãà àâèàöèîííîãî øóìà.

Èçìåðåíèÿ áûëè âûïîëíåíû â ñîîòâåòñòâèè ñ ðàçðàáîòàííîé àâòîðàìè ìåòîäèêîé
èçìåðåíèÿ àâèàöèîííîãî øóìà [10, 11].

Ðåçóëüòàòû èçìåðåíèé ýêâèâàëåíòíîãî è ìàêñèìàëüíîãî ÓÇ äëÿ íåñêîëüêèõ
àýðîïîðòîâ ïðèâåäåíû â òàáëèöå 2. Èññëåäîâàíèÿ áûëè ïðîâåäåíû â 20 íàñåë¼ííûõ
ïóíêòàõ (â ä. Íèçèíî èçìåðåíèÿ ïðîâîäèëèñü òîëüêî â íî÷íîå âðåìÿ). Ïðè ýòîì áûëè
óêàçàíû ìàðêè ñàìîë¼òîâ è âåðòîë¼òîâ (ËÀ), êîòîðûå îñóùåñòâëÿëè ïîë¼òû íàä êàæäûì
íàñåë¼ííûì ïóíêòîì. Â òàáëèöå 3 ïðèâåäåíû óñðåäí¼ííûå äàííûå ïî ËÀ.

Òàáëèöà 2

Ðåçóëüòàòû èçìåðåíèÿ óðîâíåé çâóêà íà ïðèëåãàþùèõ ê àýðîïîðòàì ñåëèòåáíûõ
òåððèòîðèÿõ

Íàñåëåííûé ïóíêò

Ðàññòîÿíèå
äî

àýðîïîðòà,
êì

ÓÇ, äÁÀ

Îïèñàíèå ËÀÄåíü Íî÷ü

Ýêâ. Ìàêñ. Ýêâ. Ìàêñ.

Ìîñêâà è Ìîñêîâñêàÿ îáëàñòü, Äîìîäåäîâî

Ãîñòèíè÷íûé êîìïëåêñ
¾Îðëîâñêèé¿,
ä. Îðëîâî

15,33 49-51 68-70 45 60-62 Àâèàòðàíñïîðò
ðàçëè÷íûõ
êîìïàíèé

(ðîññèéñêèõ è
çàðóáåæíûõ),
àýðîïîðòà
Äîìîäåäîâî

Ñàíêò-Ïåòåðáóðã è Ëåíèíãðàäñêàÿ îáëàñòü, Ïóëêîâî

ä. Íèçèíî 2,05 - - 51 50-75 B73H, AT72, A320,
DH8D, A319, CL30,
E170, B744, B736,

CRL2, B752

Ñàíêò-Ïåòåðáóðã,
ïåðåñå÷åíèå

óë. ëåò÷èêà Ïèëþòîâà
è ïð. Íàðîäíîãî

Îïîë÷åíèÿ

5,85 57-62 55-80 46-60 50-80 GALX, GLF5, LJ60,
AN24, CRJ2, A320,
A321, E170, CRJ1,
A319, B735, B738,
B773, B73H, B73W,
DH8D, C56X, B77L,
D73G, F900, CL30,

T204, B772

Ñàíêò-Ïåòåðáóðã,
óë. Êðàñíîïóòèëîâñêàÿ

6,49 51-60 69-72 - - Ìè-8, Eurocopter
AS-355N
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Ñàíêò-Ïåòåðáóðã,
óëèöà Ïàðòèçàíà

Ãåðìàíà

6,72 53-63 50-80 48-60 55-80 CRJ2, À319, À320,
À321, Å170, Â735, Â752,
Â773, Â73W, BE40,
B763, GALX, GLF5,
LJ60; Â73Í, AN24,
F900, E190, CL30,
B77L, E145, C25À,
YK42, A333, T204,
SU95, F100, CL60

ï. Øóøàðû 6,76 55-63 60-80 49-59 50-80 A321, CRJ2; A319,
A320, B736, B773,
B73H, B772, CRJ2,
FA7X; E170, LJ30,
B73W, E190, F900,
B73H, C56X, F100,
C25B, A333, DH8D

Ñàíêò-Ïåòåðáóðã,
Ïåòåðáóðãñêîå

øîññå

7,67 54-55 50-70 49-57 65-80 A320, A321, CRJ2;
A319, B736, B773,

B74H, B772
FAS8X, B73H, B738,
A148, FA7X, YK42

Ñàíêò-Ïåòåðáóðã,
ÌÎ Ãîðåëîâî,
4-ÿ ëèíèÿ

8,34 49-57 45-75 49-57 45-75 A321, CRJ2; A319,
A320, B736, B773,
B73H, B772, CRJ2,
FA7X; E170, C56X,
DH8D, B777, E190,
F900, GLF5, B77L

Ñàíêò-Ïåòåðáóðã,
ãàðàæíûé
êîìïëåêñ
¾Äðóæáà¿

9 55-63 50-80 54-59 55-80 CRJ2, A319, A321,
Â73W, Â735, E170,
Â752, Â773, ÂÅ40,
E190, A321, Â763,
C56X, B77L, DH8D,

B73G, G150

ï. Íîâîñåëüå 10,65 56-62 50-75 50 40-70 E135, CRJ2, A319,
A320, B738, E145, B728,

B735, B73H, CL60,
AN24, CL30, FA7X,

SU95, GLF6

Ñàíêò-Ïåòåðáóðã,
Âîëõîíñêîå øîññå

10,7 54-58 50-75 55-56 55-80 CRJ2, Â73W, Â735,
E170; A319, Â773; Â752,

ÂÅ40; E190, A320,
A321, Â763, GALX,
GLF5, LJ60, AN4,

DH8D, B77W, C56X,
B73H, B77L; YK42,
GLEX, F100, CLF4
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ã. Ïóøêèí 12,27 47-55 50-80 43-52 40-70 A319, A320, A321,
B773, B772, CRJ2;
B73H, FA7X, E170,
B738, B736, B735

ï. Ëåíñîâåòîâñêèé 12,35 51-56 50-75 44-52 50-70 A320, A321, CRJ2;
B772, A319, B773,
FA7X, B73H, LJ30,
B77W, A148, FA7X

ï. Ñòðåëüíà 13,84 56-61 50-70 49-54 60-75 A319, A320, A321,
FA7X, CRJ2, SU95,
E145, GLF6, B738,
B735, E135, B73H,
CL60, AN24, CL30,
B77W, A333, E190.

B744, E170

Ëåíèíãðàäñêàÿ
îáëàñòü, ä.
Âåðõíÿÿ Êîëîíèÿ

14,35 51-53 45-70 50 60-70 CL60, CRJ2, FA7X,
A319, CL30, GLF6,
A320, AN24, SU95,

E145, A321, B735, E135,
B73H, B77W, A333,

AT72, F900

ä. Îëüãèíî 19,60 51 50-70 48-53 50-75 A319, A321, B73W,
AT72, B73H, B735,
E175, B73G, E135,
CRJ2, CL30, 195

ã. Êîëïèíî 20,26 47-57 50-75 50-52 50-70 A319, A321, E190, E170,
CL60, E135, A320,
CRJ2, CL35, GLEX,
B733, CRJ2, B735,
B73H, A333, F2TH,

E190

Ñàíêò-Ïåòåðáóðã,
ã. Ïåòåðãîô

23,18 49-56 50-70 45-52 40-72 A319, A320, A321, E135,
B73H, GLF6, B738,
CL30, SU95, E145,

B735, CL60, Å135, AT72

ï. Êðàñíûé áîð 25,45 49 40-70 43 45-55 A319, CRJ2, F73H,
B735, H25B, B735,
CRJ2, SU95, E190,
AN26, PRM1, E170,
F2TH, A319, GLEX,

A321
B738, A321, A320, E195,

CRJ1, AT72, E135

Ñâîäíûå äàííûå ïî ðåçóëüòàòàì èçìåðåíèé óðîâíåé øóìà ëåòàòåëüíûõ àïïàðàòîâ
íà ðàññòîÿíèè îò 5 äî 25 êì îò àýðîïîðòîâ ïðåäñòàâëåíû íà ðèñóíêàõ 4�7. Ïðè îöåíêå
àêóñòè÷åñêîé îáñòàíîâêè íà ñåëèòåáíîé òåððèòîðèè ó÷òåíû íîðìàòèâíûå òðåáîâàíèÿ ïî
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ÃÎÑÒ 22283-2014 [12] è ÑàíÏèÍ 1.2.3685-21 [13].
Ñîãëàñíî ïðåäñòàâëåííûì ãðàôèêàì â äíåâíîå âðåìÿ ñóòîê ïî

ýêâèâàëåíòíîìó óðîâíþ çâóêà ïðåâûøåíèÿ íàä íîðìàìè ïî ÃÎÑÒ 22283-2014 [12] è
ÑàíÏèÍ 1.2.3685-21 [13] íà ñåëèòåáíîé òåððèòîðèè íàáëþäàþòñÿ â 94% ñëó÷àåâ ïðè
èçìåðåíèÿõ íà ðàññòîÿíèè îò 5 äî 25 êì îò àýðîïîðòîâ. Ìàêñèìàëüíûå óðîâíè çâóêà â
äíåâíîå âðåìÿ ñóòîê â 95% ñëó÷àåâ óäîâëåòâîðÿþò òðåáîâàíèÿì íîðìàòèâíûõ äîêóìåíòîâ.

Â íî÷íîå âðåìÿ ñóòîê ïðåâûøåíèÿ ïî ýêâèâàëåíòíîìó óðîâíþ çâóêà íà ñåëèòåáíîé
òåððèòîðèè ïî ÃÎÑÒ 22283 � 2014 [12] è ÑàíÏèÍ 1.2.3685 � 21 [13] íàáëþäàþòñÿ â 84%
ñëó÷àåâ, ìàêñèìàëüíûõ óðîâíåé çâóêà â 26% è 52% ñëó÷àåâ, ñîîòâåòñòâåííî.

Ðàññìîòðèì áîëåå ïîäðîáíî äàííûå, ïðåäñòàâëåííûå íà ðèñóíêàõ 4 � 7. Ìîæíî
ïðåäïîëîæèòü, ÷òî íà çàìåòíûõ ðàññòîÿíèÿõ îò àýðîïîðòà ôðîíò çâóêîâîé âîëíû
ïðèáëèæàåòñÿ ê ïëîñêîìó, à ïðîöåññû óìåíüøåíèÿ øóìà ñ ðàññòîÿíèåì îïðåäåëÿþòñÿ
òîëüêî ìîëåêóëÿðíûì çàòóõàíèåì. Êîñâåííî ýòî ïîäòâåðæäàåò áîëüøîé ðàçáðîñ
ðåçóëüòàòîâ íà êàæäîì ãðàôèêå: ìîëåêóëÿðíîå çàòóõàíèå çàâèñèò íå òîëüêî îò
ðàññòîÿíèÿ, íî è îò òåìïåðàòóðû, âëàæíîñòè âîçäóõà, ñêîðîñòè è íàïðàâëåíèÿ äâèæåíèÿ
âîçäóøíûõ ïîòîêîâ è ïðî÷åãî, ÷òî ïðèâîäèëî ê ñóùåñòâåííîé íåîïðåäåë¼ííîñòè
ðåçóëüòàòîâ.

Ðèñ. 4. Èçìåðåííûå ýêâèâàëåíòíûå óðîâíè çâóêà â äíåâíîå âðåìÿ ñóòîê íà ðàçëè÷íîì
ðàññòîÿíèè îò àýðîïîðòîâ è íîðìàòèâíîå çíà÷åíèå ýêâèâàëåíòíîãî óðîâíÿ çâóêà
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Ðèñ. 5. Èçìåðåííûå ìàêñèìàëüíûå óðîâíè çâóêà â äíåâíîå âðåìÿ ñóòîê íà ðàçëè÷íîì
ðàññòîÿíèè îò àýðîïîðòîâ è íîðìàòèâíîå çíà÷åíèå ìàêñèìàëüíîãî óðîâíÿ çâóêà äëÿ

òåððèòîðèè æèëîé çàñòðîéêè

Ðèñ. 6. Èçìåðåííûå ýêâèâàëåíòíûå óðîâíè çâóêà â íî÷íîå âðåìÿ ñóòîê íà ðàçëè÷íîì
ðàññòîÿíèè îò àýðîïîðòîâ è ñíèæåíèå ÓÇ ñ ðàññòîÿíèåì
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Ðèñ. 7. Èçìåðåííûå ìàêñèìàëüíûå óðîâíè çâóêà â íî÷íîå âðåìÿ ñóòîê íà ðàçëè÷íîì
ðàññòîÿíèè îò àýðîïîðòîâ

Çàêëþ÷åíèå

Ñ öåëüþ àíàëèçà çàêîíîìåðíîñòåé ñíèæåíèÿ øóìà ñ ðàññòîÿíèåì è óòî÷íåíèÿ
ïðèðîäû çàòóõàíèÿ àâèàöèîííîãî øóìà àâòîðàìè ïðîâåäåíû ýêñïåðèìåíòàëüíûå
èññëåäîâàíèÿ, â õîäå êîòîðûõ áûëî ïðîàíàëèçèðîâàíî ñíèæåíèå øóìà ñ óâåëè÷åíèåì
ðàññòîÿíèÿ îò ÂÏÏ è ñ óâåëè÷åíèåì ðàññòîÿíèÿ äî àýðîïîðòà. Ïðè óâåëè÷åíèè ðàññòîÿíèÿ
îò ÂÏÏ áûëî âûÿâëåíî ñíèæåíèå ÓÇ íà 3 äÁÀ ïðè ïåðâîì óäâîåíèè (îò 100 äî
200 ì), ñíèæåíèå íà 4-5 äÁÀ ïðè âòîðîì óäâîåíèè (îò 200 äî 400 ì) è 6-7 äÁÀ ïðè
òðåòüåì óäâîåíèè (îò 400 äî 800 ì). Òàêèì îáðàçîì, ñîãëàñíî ïîëó÷åííûì äàííûì
ñäåëàí âûâîä î òîì, ÷òî ôðîíò çâóêîâîé âîëíû ÈØ ìåíÿåòñÿ îò öèëèíäðè÷åñêîãî ê
êâàçèöèëèíäðè÷åñêîìó, à çàòåì ê ñôåðè÷åñêîìó, è ýòà çàêîíîìåðíîñòü ïðîñëåæèâàåòñÿ
êàê äëÿ ýêâèâàëåíòíûõ, òàê è äëÿ ìàêñèìàëüíûõ ÓÇ. Ýòî îçíà÷àåò, ÷òî ïðè ðàñ÷¼òàõ
ñíèæåíèÿ øóìà äëÿ îáúåêòîâ, ðàñïîëîæåííûõ âáëèçè ÂÏÏ, íåîáõîäèìî èñòî÷íèê øóìà
� ËÀ â ïðîöåññå ðàçáåãà ïî ÂÏÏ ïðèíèìàòü ëèíåéíûì èñòî÷íèêîì øóìà íà ðàññòîÿíèÿõ
äî 500 ì. Ïðè óâåëè÷åíèè ðàññòîÿíèÿ äî àýðîïîðòà ìîæíî óâèäåòü, ÷òî ÓÇ ñíèæàþòñÿ
ïðèáëèçèòåëüíî íà 10 � 15 äÁÀ ïðè óâåëè÷åíèè ðàññòîÿíèÿ îò 5 äî 25 êì, ÷òî íå
âïîëíå ïîä÷èíÿåòñÿ çàêîíó äèâåðãåíöèè äëÿ òî÷íûõ èñòî÷íèêîâ çâóêà. Ñäåëàí âûâîä,
÷òî íà çàìåòíûõ ðàññòîÿíèÿõ îò ëåòàòåëüíîãî àïïàðàòà äî íîðìèðóåìîãî îáúåêòà ôðîíò
çâóêîâîé âîëíû ïðèáëèæàåòñÿ ê ïëîñêîìó, à ïðîöåññû óìåíüøåíèÿ øóìà ñ ðàññòîÿíèåì
îïðåäåëÿþòñÿ òîëüêî ìîëåêóëÿðíûì çàòóõàíèåì. Êîñâåííî ýòî ïîäòâåðæäàåò áîëüøîé
ðàçáðîñ ðåçóëüòàòîâ íà ãðàôèêàõ, òàê êàê ìîëåêóëÿðíîå çàòóõàíèå çàâèñèò íå òîëüêî îò
ðàññòîÿíèÿ, íî è îò òåìïåðàòóðû, âëàæíîñòè âîçäóõà, ñêîðîñòè è íàïðàâëåíèÿ äâèæåíèÿ
âîçäóøíûõ ïîòîêîâ è ïðî÷åå, ÷òî ïðèâîäèò ê ñóùåñòâåííîé íåîïðåäåë¼ííîñòè ðåçóëüòàòîâ.



NOISE Theory and Practice 99

Ñïèñîê ëèòåðàòóðû

1. Èíæåíåðíàÿ àêóñòèêà. Òåîðèÿ è ïðàêòèêà áîðüáû ñ øóìîì / Í.È. Èâàíîâ
//Ó÷åáíèê. -2008.

2. Àâèàöèîííàÿ àêóñòèêà / ïîä ðåä. À.Ã. Ìóíèíà. // Ìàøèíîñòðîåíèå, 1986.
3. Îïûò ñíèæåíèÿ àâèàöèîííîãî øóìà âáëèçè àýðîïîðòîâ / Î.À. Êàðòûøåâ //

Ñáîðíèê òðóäîâ III Âñåðîññèéñêîé íàó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè ñ ìåæäóíàðîäíûì
ó÷àñòèåì ïîä ðåäàêöèåé Í.È. Èâàíîâà. � 2011. � Ñ. 133 � 136.

4. Êîíòðîëü è ñíèæåíèå øóìà àýðîïîðòà ¾Ïóëêîâî¿/ Í.È. Èâàíîâ, Ì.Â.
Áóòîðèíà, À.Å. Øàøóðèí // Ñáîðíèê òðóäîâ III Âñåðîññèéñêîé íàó÷íî-ïðàêòè÷åñêîé
êîíôåðåíöèè ñ ìåæäóíàðîäíûì ó÷àñòèåì ïîä ðåäàêöèåé Í.È. Èâàíîâà. � 2011. � Ñ.
568 � 579.

5. Êðèòåðèè îöåíêè àâèàöèîííîãî øóìà äëÿ çîíèðîâàíèÿ ïðèàýðîäðîìíîé
òåððèòîðèè àýðîïîðòîâ è îáîñíîâàíèÿ çàùèòíûõ ìåðîïðèÿòèé / Î.À. Êàðòûøåâ, Í.È.
Íèêîëàéêèí // Íàó÷íûé âåñòíèê ÌÃÒÓ ÃÀ � 2017; 20(3): ñ. 30 � 40.

6. Ðåêîìåíäàöèè ïî ðåãóëèðîâàíèþ çîíèðîâàíèÿ ïðèàýðîäðîìíîé òåððèòîðèè è
îãðàíè÷åíèé ðàçìåùåíèÿ íà íåé îáúåêòîâ çàñòðîéêè èç óñëîâèé âîçäåéñòâèÿ àâèàöèîííîãî
øóìà / Î.À. Êàðòûøåâ // Òåçèñû äîêëàäîâ XX íàó÷íî-òåõíè÷åñêîé êîíôåðåíöèè ïî
àýðîàêóñòèêå (24�29 ñåíòÿáðÿ 2023 ã.) Ì.: Öåíòðàëüíûé àýðîãèäðîäèíàìè÷åñêèé èíñòèòóò
èì. ïðîô. Í.Å. Æóêîâñêîãî � 2023 � ñ. 259 � 260.

7. Ìîøêîâ Ï.À. Îñíîâíûå ïîäõîäû ê ýêñïåðèìåíòàëüíûì èññëåäîâàíèÿì øóìà
âèíòîâûõ ëåòàòåëüíûõ àïïàðàòîâ ñàìîëåòíîãî òèïà. Îáçîð // Noise Theory and Practice.
� 2023. - N 9(1). - Ñ. 92-101.

8. Êðûëîâ Â.Â. Ãåîðãèåâ Â.Á., Äæåíñåí Ê.À. ×èñëåííîå è ýêñïåðèìåíòàëüíîå
ìîäåëèðîâàíèå ñòðóêòóðíîãî âíóòðåííåãî øóìà ñàìîëåòà // Noise Theory and Practice.
-2017. - N 3(2). - Ñ. 2-16.

9. ICAO Doc 9911 ¾Ðóêîâîäñòâî ïî ðåêîìåíäóåìîìó ìåòîäó ðàñ÷åòà êîíòóðîâ
øóìà âîêðóã àýðîïîðòîâ¿ / Ìåæäóíàðîäíàÿ îðãàíèçàöèÿ ãðàæäàíñêîé àâèàöèè � 2018.

10. Ìåòîäèêà èçìåðåíèé óðîâíåé àâèàöèîííîãî øóìà ñ öåëüþ îöåíêè åãî
âëèÿíèÿ íà ïðèàýðîäðîìíóþ òåððèòîðèþ ïðè îòêëîíåíèè ôàêòè÷åñêîé ëèíèè ïóòè îò
óñòàíîâëåííûõ ïðîöåäóð âçëåòà / Â.Â. Ñâåòëîâ, Ê.Ï. Ôèåâ // Ñáîðíèê òðóäîâ VI
Âñåðîññèéñêîé íàó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè ñ ìåæäóíàðîäíûì ó÷àñòèåì ¾Çàùèòà
îò øóìà è âèáðàöèè¿. � 2017. � Ñ. 357-360.

11. Ìåòîäèêà èçìåðåíèÿ àâèàöèîííîãî øóìà, ó÷èòûâàþùàÿ âëèÿíèå îòêëîíåíèÿ
âîçäóøíûõ ñóäîâ îò ñòàíäàðòíûõ ìàðøðóòîâ âçëåòà / Â.Â. Ñâåòëîâ, Ê.Ï. Ôèåâ //
Àêóñòèêà ñðåäû îáèòàíèÿ. Âòîðàÿ âñåðîññèéñêàÿ êîíôåðåíöèÿ ìîëîäûõ ó÷åíûõ è
ñïåöèàëèñòîâ ÀÑÎ-2017, ñáîðíèê òðóäîâ. � 2017. � Ñ. 234-240.

12. ÃÎÑÒ 22283-2014 ¾Øóì àâèàöèîííûé. Äîïóñòèìûå óðîâíè øóìà íà
òåððèòîðèè æèëîé çàñòðîéêè è ìåòîäû åãî èçìåðåíèÿ¿ // Ìåæãîñóäàðñòâåííûé ñòàíäàðò
� 2014.

13. ÑàíÏèÍ 1.2.3685-21 ¾Ãèãèåíè÷åñêèå íîðìàòèâû è òðåáîâàíèÿ ê îáåñïå÷åíèþ
áåçîïàñíîñòè è (èëè) áåçâðåäíîñòè äëÿ ÷åëîâåêà ôàêòîðîâ ñðåäû îáèòàíèÿ¿ /
Ôåäåðàëüíàÿ ñëóæáà ïî íàäçîðó â ñôåðå çàùèòû ïðàâ ïîòðåáèòåëåé è áëàãîïîëó÷èÿ
÷åëîâåêà, Ãëàâíûé ãîñóäàðñòâåííûé ñàíèòàðíûé âðà÷ ðîññèéñêîé ôåäåðàöèè //
Ïîñòàíîâëåíèå. � 2021.

References



Ôèåâ Ê.Ï., Èâàíîâ Í.È., Òþðèíà Í.Â.

Õàðàêòåð ñíèæåíèÿ àâèàöèîííîãî øóìà ñ óâåëè÷åíèåì ðàññòîÿíèÿ äî ëåòàëüíîãî àïïàðàòà 100

1. Engineering acoustics. Theory and practice of noise control /N.I. Ivanov
//Textbook. -2008.

2. Aviation acoustics / edited by A.G. Munin. // Mechanical Engineering, 1986.
3. The experience of reducing aviation noise near airports / O.A. Kartyshev //

Proceedings of the III All-Russian Scienti�c and Practical Conference with International
Participation. Edited by N.I. Ivanov � 2011 � pp. 133 � 136.

4. Control and noise reduction of Pulkovo airport/ N.I. Ivanov, M.V. Butorina, A.E.
Shashurin // Proceedings of the III All-Russian Scienti�c and Practical Conference with
International Participation. Edited by N.I. Ivanov � 2011 � pp. 568 � 579.

5. Criteria for assessing aviation noise for zoning the air�eld area of airports and
justi�cation of protective measures / O.A. Kartyshev, N.I. Nikolaikin // Scienti�c Bulletin
of MSTU GA � 2017; 20(3): pp. 30-40.

6. Recommendations on the regulation of the zoning of the air�eld area and restrictions
on the placement of buildings on it from the conditions of exposure to aviation noise /
O.A. Kartyshev // Abstracts of the XX Scienti�c and Technical Conference on Aeroacoustics
(September 24-29, 2023) Moscow: Central Aerohydrodynamic Institute named after prof. N.E.
Zhukovsky � 2023 � pp. 259-260.

7. P.A. Moshkov. The main approaches to experimental studies of the noise of aircraft-
type propeller aircraft. Review, Noise Theory and Practice, 2023, òîì 9, (1), ñ. 92-101.

8. V.V. Krylov, V.B. Georgiev, K.A. Jeysen/ ¾Numerical and experimental modeling
of structural internal noise of an aircraft¿, Noise Theory and Practice, 2017, òîì 3, (2), ñ.2-16.

9. ICAO Doc 9911 ¾Recommended Method for Computing Noise Contours Around
Airports¿ / International Civil Aviation Organization � 2018.

10. Methodology for measuring aircraft noise levels in order to assess its impact on the
aerodrome area when the actual path line deviates from the established take-o� procedures /
V.V. Svetlov, K.P. Fiev // Proceedings of the VI All�Russian Scienti�c and practical conference
with international participation ¾Protection from noise and vibration¿ - 2017 � pp. 357-360

11. The method of measuring aircraft noise, taking into account the in�uence of aircraft
deviation from standard take-o� routes /V.V. Svetlov, K.P. Fiev // Proceedings of the
Second All-Russian Conference of Young Scientists and Specialists ASO�2017 ¾Acoustics of
the habitat¿ � 2017 - pp. 234-240

12. GOST 22283-2014 ¾Aviation noise. Permissible noise levels in residential buildings
and methods of its measurement¿ // Interstate Standard � 2014.

13. SanPiN 1.2.3685-21 ¾Hygienic standards and requirements for ensuring the safety
and (or) harmlessness of environmental factors for humans¿ / Federal Service for Supervision
of Consumer Rights Protection and Human Well-being, Chief State Sanitary Doctor of the
Russian Federation // Resolution. � 2021.


