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ABSTRACT

Introduction. The noise under the aircraft fly pass is the one of many sources of noise in residential areas. The domestic regulatory documentation concerning
noise measurements and assessment in residential areas contains insufficient and even contradictory requirements which fail to allow determining correct acoustic
parameters and the impact of aircraft noise assessment on comfortable living conditions and public health. It is necessary to measure the equivalent and maximum
sound levels A for reference intervals of 15 minutes during representative observation periods during the day and night, or for the entire 24 hours.

With the introduction of SanPiN 1.2.3685—21 and the cancellation of SP 2.1.8.3565— 19, the requirements for determining of the possibility of placing capital
construction facilities in the seventh subzone of the airfield territory are determined by the Methodology for establishing the seventh subzone of the airfield territory,
calculating and assessing risks to human health, approved by Order of the Federal Service for Supervision in Protection of the Rights of Consumer and Man
Wellbeing (Rospotrebnadzor) dated 12/07/2022 N 664. This order and orders of Rospotrebnadzor dated 02/28/2024 No 150 and No. 963 dated 05.12.2024
on amendments to the Methodology do not address the problems of the correctness of measurements of normalized and auxiliary parameters of the aircraft noise.
Materials and methods. The requirements of regulatory and methodological documents on measurements of normalized noise parameters have been analyzed. Direct
measurements of sound levels were taken using digital instruments. The measurement results processing were based on the analysis of sound level chronograms,
which were processed using special software.

Results. The rules for determining the level of background noise and the duration of aircraft noise have been proposed. Proposals for improving the requirements of
MUC 4.3.3722—21 have been developed and substantiated.

Limitation. The study is limited to the scope of MUC 4.3.3722—21.

Conclusion. Aircraft noise in residential areas measuring technology with chronograms of sound levels analyzing for hygienic control and justification of the
possibility of placing capital construction facilities in the seventh subzone of the airfield area based on a predictive assessment of the sound level has been developed
and scientifically substantiated.
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TexHonorus usmepeHus ABUALMOHHOIO LUYMA HO TEPPUTOPUN JKUNION
30CTPOMKM C NPUMEHEHUEM XPOHOTPAMM YPOBHEN 3BYKA

PIrBHY «HayuHo-uccnepoBaTenbckmii MHCTUTYT MeaMLMHEI TPYAA MMeHn akagemmka H.D. Uameposax, 105275, Mockea, Poccus

PE3IOME

Beedenue. Illym npu npoaéme 6030yuinbix cyooé (BC) Had meppumopueil ycunoii 3acmpoiiku (A8UayUOHHbLIL WyM) OKa3bleaem Hebaazonpusmuoe (6pedroe)
6o30eticmeue Ha 300posve HaceaeHuA. Jleiicmeyroujue HopmamusHvle 00KYMeHMbl HeKOPPeKmMHO onpedeastom napamempsl uiyma npu npoaéme BC u ne no3eo-
JA510M NPAGUABHO OUEHUMb GAUSHIUE WYMA HA YCA0BUS NPONCUBANUS U 300pogbe HaceseHus. Ouenka wyma cpedvt 00umanus 00AHCHA NPOGOOUMBCS NO Pe3yab-
mamam uzmepeHull IK8UBANCHIMHO0 U MAKCUMANbHO20 YPOBHell 36yKa A 3a 0NOpHble 8peMeHHble UHMEPBanbl ONUMeAbHOCMbI0 15 Mun 6 npedcmasumensivie
nepuoobl HabNOeHUs 8 OHEGHOE U HOYHOEe 8PeMsL CYMOK Ul 3a éce 24 4.

C ggedenuem 6 deiicmeue CanlluH 1.2.3685—21 u ommenoii CII 2.1.8.3565— 19 mpeb6osanus k onpedesenurto 603MOICHOCIU pasmeulenus 00seKmos Kanu-
MAnbHORO CMPOUMENLCMBA 8 Ce0bMOll NOO30He NPUAIPOOPOMHOU meppumopuu onpedenerv Memodukoi ycmarnoseaenus cedbMoil NOO30Hbl NPUA3POOPOMHOL
meppumopuu, pacuéma u OueHKU puckos 04s 300poebs yenoeeka, ymeepiucoénnoi npuikasom Pocnompednadsopa om 07.12.2022 . Ne 664. Dmom npuias
u npuxazsl Pocnompetnadsopa om 28.02.2024 2. Ne 150 u om 05.12.2024 2. Ne 963 0 enecenuu usmenenuii 6 Memoouky e kacaromes npooaem KoppeKmHocmu
U3MepeHUll HOpMUPYEMbIX U 8CHOMO2AMENbHBIX NAPAMEMPO8 A8UAUUOHHO0 ULYMA.

Mamepuaavt u memoosi. [Ipoananru3zuposarnst mpebo8aHus HOPMAMUBHO-MEMOOUHECKUX OOKYMEHMO8 K UBMEPEHUAM HOPMUPYeMbIX napamempos uiyma. llps-
Mble uamepeHus yposHell 36yKa npoeoouaucs yu@poeuimu npubopamu, 00padbomKa pe3yabmamos oCyuecmensingch ¢ NOMOUWbI0 CHeYUdNbHO20 NPOPAMMHO20
obecneuenus no XpoHoepammam yposueli 36yka A akycmuueckux coobimuii npu npoaéme BC.

Pesyavmamoi. Bnepevie pazpabomannt npaguna 04s onpedenenus yposHs YOH08020 uyMa u npoo0oasCcumeabHocmu delicmsus asuayuonHozo uwiyma. Obocrhosa-
Hbl nPednodceHuss no cosepuiencmeosanuio mpebosanuit MYK 4.3.3722—21.
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Ocepanuuenue uccaedosanus. Hccredosanue oepanuyero obnacmoto npumernenus MYK 4.3.3722—21.

Bakarouenue. Paspabomana u HayuHo 000CHO8AHA HA OCHOBE NPOZHO3A OUECHOYHO0 YPOBHS 38VKA MEXHON02US ONPEOeNeHUs NAPAMEMPO8 ABUAUUOHHO20 WYMA
Ha meppumopuu Hcun0il 3acmpoiiKu 045 2USUEHUHECK020 KOHMPOs U OUEHKU 803MONCHOCIU PA3MeUeHUs 006eKmo8 KanumanbHo20 CMpOUmenscmea é ceobMoll
nod3one npuaapoOPOMHOLL meppumopuu.

Karouesnie caosa: asuayuonnblil uiym,; OnopHblil peMeHHOl UHMEeP8AaN; XPOHOPAMMA; AHAAU3 COObIMUTL

Cobarooernue smuueckux cmanoapmos. Hccredosanue He mpeGyem 3aKAHeHUs KOMUMema no OUOMeOUUUHCKOU SMUKe Ul UHbIX O0KYMEHNO08.

Jns waruposanus: bByxtusipos U.B., Ipokonenko JI.B., Kypsepos H.H., Jlarytuna A.B., [xukus W.3. TexHonorust u3MepeHusi aBUallMOHHOTO 1IlyMa Ha TePPUTOPUM KIJION 3a-
CTPOIKM C IPUMEHEHMEM XPOHOTPaMM YPOBHe 3ByKa. [ueuena u canumapus. 2026; 105(2): 102—109. https://doi.org/10.47470/0016-9900-2026-105-2-102-109 https://elibrary.ru/Inlcpp

Jlns koppecnionaenunu: Kypovepos Huronait Hukonaesuu, e-mail: courierov@mail.ru

Bknax aBTOPOB: nymmlpos U.B. — VYTBEPXKAEHMNE OKOHYATEJIbHOI'O BapMaHTa CTaTbU, OTBETCTBEHHOCTbD 3a LIEJIOCTHOCTb BCEX e€ yacreit; HpOKOHEHICO JI.B. — aHanu3 HOpMa-
TUBHO-METOJMYECKOI NOKYMEHTALIMU, PEIaKTUPOBAHUE, OTBETCTBEHHOCTD 3a LIEJIOCTHOCTh BCEX YACTEl CTaThU; Kypbepos H.H. — xoHLIeNIMs 1 AU3aiiH UCCIeOBAaHUSI,
aHaJIu3 HOPMAaTMBHO-METOAMYECKON JOKYMEHTALIMU, TPOBEICHUE U3MEPEHUI Ha o0ObeKTax, 06pa60'r1<a pe3yJbTaTOB U3MEPEHUI U UX aHAJIU3, HAITMCaHUE TEKCTa; _/Iazy—

muHa A.B. — ananus HOPMaTUBHO-METOMYECKOM JOKYMEHTALIMH, HAITUCAHWE TEKCTA; Incuxus U.3. — MPOBENEHNE U3MEPEHUIT HA OOBEKTaX.
KOHq)JIPlKT HUHTEpPEeCcoB. ABTODBI I€KJIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHLIMAIbHBIX KOH(MIMKTOB UHTEPECOB B CBSI3U C MyOJIMKALUel JaHHOM CTaTbU.

(I)unancuponanue. HUccnenosanue He UMeI0 CITOHCOPCKOM MOIEPKKHU.

IMoctynuna: 12.05.2025 / IMoctynna nocne gopadorku: 20.11.2025 / Mpunsra k newatu: 02.12.2025 / Ony6nnkosana: 13.03.2026

Introduction

Aircraft noise — is the noise caused by aircraft flying near or
over settlements, thereby adversely (harmfully) affecting public
health. Noise from aircraft overflights is one component of the
total noise in urban areas from various sources, such as road and
rail transport, industrial enterprises, and construction vehicles at
construction sites [1].

Elevated noise levels near residential areas and inside
residential buildings give rise to complaints from the public about
noise (hereinafter referred to as ‘environmental noise’) and lead
to negative health effects, including sleep disturbances, nervous
system disorders and cardiovascular diseases. In contrast to
industrial noise, the hazardous effects of environmental noise
are caused by psychophysiological reactions arising and fading
within a short period (10—15 minutes) [2—9]. Therefore, noise
assessment should be based on measurements of the equivalent
and maximum sound levels A over 15-minute reference intervals
during representative observation periods during the day and
night, or over a full 24-hour period [1]. The use of other indicators
such as sound exposure level (LEX or SEL), average noise level
during the day and night (DNL) [10] and Lden (average noise
level during the day, evening and night), defined by Directive
2002/49/EC [11], additional to the indicators accepted in our
country, would be redundant [1].

The possibility of placement of capital construction projects
(CCPs) in the seventh subzone of the airport vicinity area prior
to 2021 was justified by Sanitary Rules 2.1.8.3565—19' based
on the forecast of equivalent sound level A. With the entry
into force of Sanitary Rules and Norms 1.2.3685—212, which
repealed Sanitary Rules 2.1.8.3565—19, the determination of the
possibility of placement of CCPs in the seventh subzone of the
aerodrome territory is established by orders of Rospotrebnadzor
No. 664° of 7 December 2022, No. 150* of 28 February 2024, and

! Sanitary Rules SP 2.1.8.3565—19 Specific sanitary and epidemiological
requirements for the assessment of intermittent noise from aircraft overflights.
URL: https://www.garant.ru/products/ipo/prime/doc/72822802/

2 Sanitary Rules and Norms SanPiN 1.2.3685-21 ‘Hygienic
standards and requirements for ensuring the safety and/or harmlessness to
humans of environmental factors’. URL: http://publication.pravo.gov.ru/
document/0001202504090006

3 Order of Rospotrebnadzor No. 664 of 7 December 2022 ‘On the
Approval of the Methodology for Establishing the Seventh Subzone of the
Airport Perimeter Area, and for Calculating and Assessing Health Risks’.
URL: https://pravo.ppt.ru/prikaz/rospotrebnadzor/n-963-307034

4 Order of Rospotrebnadzor No. 150 of 28 February 2024 ‘On
Amending Order of Rospotrebnadzor No. 664 of 7 December 2022 ‘On
the Approval of the Methodology for Establishing the Seventh Subzone
of the Aerodrome Territory, and for Calculating and Assessing Risks to
Human Health’. URL: http://publication.pravo.gov.ru/document/00012
02402280010?ysclid=mha9w624ri723055289

No. 963° of 5 December 2024. These orders do not deal with
the accuracy of measurements of regulated and supplementary
parameters of aircraft noise.

The method for measuring regulated noise parameters and the
procedure for calculating the predicted equivalent sound level A in
residential areas are governed by the Methodological Guidelines
MUK 4.3.3722-21°.

The methodology for establishing the seventh airport area
subzone, and for calculating and assessing risks to human health,
contains requirements for measuring aviation, background noise
parameters, and for calculating the predicted estimated sound
level. These requirements largely replicate the provisions of the
Methodological Guidelines MUK 4.3.3722—21. However, there is
a difference regarding the determination of background noise: The
Methodological Guidelines do not contain specific instructions
on how to measure background noise. Article 6.7 of the
Methodological Guidelines provides recommendations regarding
the possibility of determining background noise parameters when
analysing chronograms. The methodological part of Order
No. 664 states that the background noise level should be
determined ‘during the period preceding the aircraft’s overflight,
lasting no more than 15 minutes’.

In addition, there are a range of documents in force that
define regulatory parameters and limits, as well as methods
for measuring noise in residential areas, within residential
and public buildings, including aircraft noise: State Standard
GOST 23337-20147, GOST 22283—148%, GOST R 53187—2008°,
GOST 31296.1-2005 (ISO 1996—1:2003)"°, GOST 31296.2—2006
(ISO 1996—2:2007)".

> Order of Rospotrebnadzor No. 963 of 5 December 2024 ‘On
amending Order of Rospotrebnadzor No. 664 of 7 December 2022 “On the
approval of the Methodology for establishing the seventh subzone of the
aerodrometerritory, and for calculatingand assessing risksto human health”.
URL: https://pravo.ppt.ru/prikaz/rospotrebnadzor/n-963-307034

¢ Methodological guidelines MUK 4.3.3722—21 Control of noise levels
in residential areas, residential and public buildings and premises. Approved
by Rospotrebnadzor on 27 December 2021. URL: https://www.garant.ru/

7 GOST 23337-2014 Noise. Methods for measuring noise in
residential areas and in the premises of residential and public buildings.
URL: https://docs.cntd.ru/document/1200114242

8 GOST 22283—14 Aircraft noise. Permissible noise levels
in residential areas and methods for their measurement. URL:
https://docs.cntd.ru/document/1200112157

?  State Standard GOST R 53187—2008 Acoustics. Noise monitoring
in urban areas. URL: https://docs.cntd.ru/document/1200069469

10 State Standard GOST 31296.1-2005 (ISO 1996—1:2003) Noise.
Description, measurement and assessment of noise in the field. Part 1.
Basic quantities and assessment procedures. URL: https://docs.cntd.ru/
document/1200046350

' State Standard GOST 31296.2—2006 (ISO 1996—2:2007) Noise.
Description, measurement and assessment of noise in the field. Part 2.
Determination of sound pressure levels. URL: https://docs.cntd.ru/
document/1200062369
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Fig. 1. Chronogram of sound level A during the aircraft fly pass over a fifteen-minute reference time interval: 1 — background noise (tsr = 190°s, Las (min) = 42.9 dB
Las (max) =48.2 dB LA‘Eq (ter) = 44.1 dB); 2 — background noise (= 96's, Las (min) = 42.7 dB Lxs (Max) = 45.6 dB Ly, (tc2) = 44 dB); 3 — aircraft fly pass by (te; = 110's,
Las (min) = 42.5dB Las (Max) = 53.3 dB Laq (ts) = 47.6 dB); 4 — aircraft fly pass by (tea = 86's, Las (Min) = 42.2 dB Lxs (Max) = 69.6 dB L (t4) = 60.1 dB);

5 — background noise (s = 100's, Las (Min) = 41.2 dB Las (Max) = 44.9 dB L, (tes) = 43.2 dB); 6 — short-term acoustic events from random extraneous sources;

7 — 1t —the acoustic event duration according to clause 9.10.2 of MUC 4.3.3722-21.

Puec. 1. XpoHorpamma ypoBHs 38yka A npi nponére BC 3a nATHAALATUMUHY THbIA ONOPHbIA BDEMEHHOI MHTEPBan: 1 — oHOBbIA WyM (fy = 190 ¢, Lags (min) = 42,9 ob
Las (Max) = 48,2 Ab Laq (tr) = 44,1 4B); 2 — choHoBbIN WyM (tez = 96 €, Las (Min) = 42,7 Ab Las (Max) = 45,6 4B Laeg (te2) = 44 0B); 3 — nponét BC (tis =96 ¢,
Las (min) =42,5 06 Las (max) = 53,3 B Laeg (tes) = 47,6 86); 4 — nponét BC (tes =80 ¢, Las (Min) = 42,2 8b Las (Max) = 69,6 A Lae, (tes) = 60,1 4B); 5 — hOHOBbIA WyM
(tes =100 ¢, Las (min) = 41,2 ab Las (Max) = 44,9 A Laeg (tes) = 43,2 AB); 6 — KpaTKOBPEMEHHBIE aKYCTUYECKME COOBITUS OT CNYYaliHbIX MOCTOPOHHNX NCTOYHUKOB;
7 — T =22C — NPOJOIKMTENBHOCTb aKyCT4ECKOr0 cobbITMA No n. 9.10.2 MYK 4.3.3722-21.

The absence of a defined term for ‘aircraft noise’, requirements
regarding the duration of the ‘reference time interval’, and a
methodology for measuring background noise prevents the accurate
determination of the acoustic and temporal parameters of aircraft
noise, as discussed in detail in the authors’ previous article [1].

The aim of the study is to develop a method for measuring
regulated parameters of aircraft noise in residential areas for
hygienic assessment and to predict the possibility of locating
capital construction projects, using direct measurements and
chronograms of A-weighted sound pressure levels (SPL).

Materials and methods

The requirements of the Methodological Guidelines MUK
4.3.3722—21 and the Methodology for establishing the seventh
subzone of the aerodrome vicinity, and for computing and
assessing risks to human health, have been analyzed. A detailed
analysis in accordance with State Standards GOST 23337—2014,
GOST 22283—14, GOST R 53187—-2008, GOST 31296.1-2005
(ISO 1996—1:2003) and GOST 31296.2—2006 (ISO 1996—2:2007)
was carried out previously [1].

Direct sound level measurements were carried out using
devices from the OCTAVA and ECOFIZIKA 110A series, and the
results were processed using Signal+3G or Signal+Light software.

Analysis of the results of noise parameter measurements in areas
allocated for residential construction in the seventh subzone of the
Sheremetyevo Airport airfield area was carried out on the basis of
A-weighted SPL acoustic events chronograms during aircraft overflights.

Results

During the analysis of regulatory and procedural documents
requirements and the processing of A-weighted sound level
measured in accordance with the requirements of Methodological

Guidelines MUK 4.3. 3722—21 in areas allocated for residential
buildings, during aircraft overflights, questions arose regarding the
determination of background noise levels and the measurement of
the duration of acoustic events associated with aircraft overflights.

It is not clear from the contents of clauses 6.6 and 6.7 of
MUK 4.3.3722—21 which sound levels (minimum, maximum or
equivalent) of background noise must to be measured, at what
period of time they are measured, and how they are used in
determining A-weighted SPL of the “known source”, including
aircrafts passing. Background noise is usually unstable, and its
current sound level can vary significantly during the reference
time interval.

Figure 1 shows a chronogram of the A-weighted SPL over a
fifteen-minute reference time interval, during which two aircraft
overflights were recorded.

The minimum, maximum and equivalent A-weighted SPL of
background noise in periods 1, 2 and 5 differ significantly (from
41.2 to 48.2 dBA) and can radically alter the definition of the
acoustic event (period 3) as aircraft noise with a maximum level
of 53.3 dBA.

It is obvious that a sound event should be defined as aircraft
noise on the basis of A-weighted SPL recorded during the
aircraft’s overflight, over the period between the moments
immediately preceding the start of the increase and the end of
the decrease in the sound level. According to the chronogram
(see Fig. 1) for the aircraft overflight (event 3), these will be the
periods = 00:27:00 and = 00:29:00 in real time. For 20-second
intervals prior to the start of the rise in sound level for this event,
the minimum, maximum, and equivalent levels are 42.6, 44.2,
and 43.2 dBA, and after the end of the decline — 42.5, 44.7, and
43.5 dBA, respectively. For the aircraft overflight (event 4), the
corresponding periods will be = 00:30:00 and = 00:31:30 local
time. Respectively, the minimum, maximum and equivalent

104

TMTMEHA U CAHUTAPUS » Tom 105 * N2 2 » 2026



https://doi.org/10.47470/0016-9900-2026-105-2-102-109

ENVIRONMENTAL HYGIENE

Original article

+‘
E

E
:
:
:
:
:
:
3
:
:
:
:

BN R BB O YE B SR BB OV RBER

o]

58.7 nBA

H
'
it
'

...............

=B
=3
=

.......................

......

a

OT200 012130612200 012230 12300015330 012400 D240 01I500 2530

biokeo Ora3ap 50400 DI049d OTOSM) DROS30 DIOGM0 OT0S3Q  DIOTHO

6

Fig. 2. Chronograms of sound level A for time intervals: from 01:21 to 01:26 (a) and from 01:03 to 01:07 (6): 1 — background noise (t.; = 90 ¢, Las (min) = 27.9 dB,
Las (max) =29.9 dB, Lag (ter) = 28.5 dB); 2 — aircraft fly pass by (t = 144 ¢, Las (min) = 28.4 dB, Las (max) = 62.3 dB, Lae (t:2) = 52.1 dB); 3 — background noise
(ta=77 ¢, Las (min) = 27.5 dB, Las (Max) = 30.4, dB Lag (ts) = 28.5 dB); 4 — background noise (tee = 49 ¢, Las (Min) = 27.5 dB, Las (Max) = 29.3, dB Ly (ts) = 28 dB);
5 —aircraft fly pass by (tes = 132 ¢, Las (min) = 28.5 dB, Las (max) = 58.7 dB, Lae, (tes) = 50.7 dB); 6 — background noise (ter = 50 ¢, Las (min) = 29.7 dB, Las (max) = 48.8,

dB LA,eu (tm) = 383 dB), 7 -

T — the acoustic event duration according to clause 9.10.2 of MUC 4.3.3722-21.

Pwue. 2. XpoHorpammbl ypoBHS 3Byka A 3a BpeMeHHble uHTepBansl: 01:21-01:26 (a) n 01:03—-01:07 (6): 1 — doHoBbIA WwyMm (t = 90 ¢, Las (Min) = 26,3 b,
Las (max) = 29,2 ab, Laq (t) = 26,9 8b); 2 — nponét BC (te, = 144 ¢, Las (min) = 28,4 ab, Las (Max) = 62,3 ab, Laq (t2) = 52,1 4B); 3 — hoHOBbIA WyM (tis = 77 ¢,
Las (min) = 26,3 0B, Las (max) = 30,5 Ab, Laq (tes) = 28,2 Ab); 4 — hoHOBbIA WyM (tes =49 ¢, Las (Min) = 27,5 b, Las (Max) = 29,3, A6 Lae, (tos) = 28 B); 5 — nponét BC
(tes =132 ¢, Las (min) = 28,5 Ab, Las (max) = 58,7 Ab, Laq (tes) = 50,7 AB); 6 — choHOBbIN WyM (t; = 50 ¢, Las (min) = 29,7 ab, Lus (Max) = 48,8, Ab Laq (ter) = 38,3 ab);
7 — T — NPOJOMKIATENbHOCTb aKyCTU4ECKOro cobbITUs Mo n. 9.10.2 MYK 4.3.3722-21.

A-weighted SPL before the rise start in the A-weighted SPL for
the corresponding event are 44.7, 48.4, and 46 dBA, and after the
decrease end — 44.2, 48.5 and 45.6 dBA.

The corresponding A-weighted SPL’ s in the current example,
prior to the rise and after the fall in A-weighted SPL, are relatively
similar (a difference of no more than 0.5 dB). However, when
comparing the two events, we observe differences of approximately
2 dB in the minimum sound level, approximately 4 dB in the
maximum, and approximately 3 dB in the equivalent level. It can
be stated with a reasonable degree of certainty that in both cases
the background noise level remained almost unchanged during
the period of aircraft noise, but differed for each event.

Figure 2 shows the chronograms of aircraft noise events at
various background noise levels before the rise begins and after
the decrease end in sound level recorded during the aircraft flight.

For time interval 1 prior to the rise in sound level of event
2 (aircraft overflight) the minimum, maximum, and equivalent
background noise levels are 26.3; 29.2 and 26.9 dBA, and for
time interval 3 after the decrease end — 26.3; 30.5 and 28.2 dBA
respectively; so the difference between the corresponding sound
levels before the rise start and after the decrease end is no more
than 1.3 dB (see Fig. 2 a).

The minimum, maximum and equivalent background noise
levels for time interval 4 (prior to the rise in A-weighted SPL
associated with event 5, i.e. the aircraft overflight) are 27.5, 29.3,
and 28 dBA, respectively, and for interval 6 (following the aircraft
overflight) — 29.7, 48.8, and 38.3 dBA respectively (see Fig. 2, b).
Even if the brief acoustic event at 01:06:52 is excluded from the
analysis, the maximum and equivalent background noise levels

will be 36.8 and 32.7 dBA, whilst the minimum level will remain
unchanged.

The difference between the minimum A-weighted SPL’s prior
to the rise and after the event 5 noise level has finished falling
is 2.2 dB; the difference between the maximum and equivalent
A-weighted SPL’s is more 6 dB; so, the background noise levels
for intervals 4 and 6 are different significantly, particularly the
maximum and equivalent A-weighted SPL’s (see Fig. 2, b).

Analysis of the measurement results shows that the values of
the minimum A-weighted sound levels, measured immediately
before the rise and after the end of the fall in sound level during
the aircraft’s overflight, are the most stable and can be used to
determine the A-weighted background noise level.

There are two possible methods for determining the
background noise level: the first is as the average level measured
during the periods immediately before the rise begins and after the
decrease end in sound level; the second is based on their minimum
value during a reference time interval exceeding the interval from
the rise start to the falling end in noise level by 10—20 seconds.

The Methodological Guidelines MUK 4.3.3722-21,
paragraph 9.10.2, establishes the following rule for determining
the duration of aircraft noise: ‘...the duration of exposure is taken
as the time during which the “upper” 10 dBA is present, i.e. the
time during which the noise level is over the level equal the
maximum measured level minus 10 dB.

In the example shown in Fig. 3, the superimposed chronogram
graphs of two aircraft noise event models for the overflights of Aircraft
1 and Aircraft 2, with maximum A-weighted SPL’s of 42 and 66 dB
respectively, against a background 30 dB A-weighted SPL.
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According to the Methodological Guidelines MUK 4.3.3722—
21, paragraph 9.10.2, (i.e. at levels of 32 and 56 dB), the duration
of aircraft noise for Aircraft 1 and Aircraft 2 is 98 and 34 seconds
respectively. The total noise level (background and aircraft noise)
will be equal 33 dBA at times when the aircraft noise level, as it
rises and falls, equals the background noise level. The duration of
total noise exceeding this value is 90 s. Thus, when following the
Methodological Guidelines MUK 4.3.3722—21, paragraph 9.10.2,
the duration of aircraft noise is overestimated if the maximum
aircraft noise level slightly exceeds the background noise level. In
cases where the noise level is significantly exceeded, however, the
duration of aircraft noise is substantially underestimated.

This situation is confirmed by the example from measurement
practice shown in Fig. 1. The duration of aircraft noise for events
3 and 4 under the Methodological Guidelines MUK 4.3.3722—21,
paragraph 9.10.2, is 100 and 22 seconds, whilst the duration of
these events, measured at the moments when the aircraft noise
level, during its rise and fall, equals the background noise level, is
96 and 80 seconds, respectively.

The analysis of the examples given shows that, from the
perspective of assessing the superposition of the functions
describing changes in the sound levels of background noise (A)
and aircraft noise (B), the method for measuring the duration
of aircraft noise should be defined as the time interval between
the moments when the level of the total noise, during its rise and
fall, equals the background noise level plus 3 dB (according to the
rule for summing levels in decibels). Such a method might work
if the background noise level were stable during the measurement.
Unfortunately, this is not always the case, as confirmed by the
chronograms shown in Fig. 2.

In our view, to determine the background noise level and
the duration of aircraft noise, it would be advisable to follow the
following rules.

1. The A-weighted SPL of background noise during an
aircraft overflight should be taken as the minimum A-weighted
SPL measured with a ‘slow’ time correction over the reference
time interval between the rise start in the total sound level and
after the decrease end, extended by 10—20 seconds on either side.

2. The duration of aircraft noise should be measured between
the moments when the A-weighted sound level of the total noise
exceeds the background noise level by 6 dB.

An example of processing the A-weighted SPL chronogram during
an aircraft overflight using the proposed algorithm is shown in Fig. 4.

The timeline shown defines the operational zone for processing
within the time interval from 00:32:20 to 00:34:15. The following
A-weighted SPL measurements results were obtained during this
time interval: Liasymin = 39 dB, Liasymax = 59.8 dB, Laeq = 52.3 dB.
If we assume the background noise level during the aircraft
overflight to be equal to Lsymin, the duration of aircraft noise at
a level of Liasymin + 6 dB =45 dB will be 60 s. The duration of this
acoustic event, in accordance with Methodological Guidelines
MUK 4.3.3722-21, paragraph 9.10.2, at a level of Lasymax —
10 dB = 49.8 dB will be 37 s.

Figure 5 shows the chronogram of a 15-minute reference time
interval from 00:24 to 00:39, during which two aircraft overflights
were recorded at 00:26 (ACI1) and 00:33 (AC2). The data was
processed using the proposed algorithm. The duration of events
Tac1 and Tac is defined at the 45 dB level.

The table shows an excerpt from the measurement results
log for the 15-minute reference time interval, the chronogram of
which is shown in Fig. 5.

If necessary, the equivalent A-weighted SPL for the
observation periods during the day and at night can be calculated
by averaging the corresponding data for these same periods. The
values of the standard uncertainty and expanded uncertainty
are calculated in accordance with the equations (10) and (11)
of the MUK 4.3.3722—21, Appendix 1. Similarly, the maximum
A-weighted SPL’s for observation periods during the day and at
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Fig. 3. The example of the detection of the duration of aircraft noise.
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Lyma.

night may be determined; their expanded uncertainty will be equal
to the instrument error, as these are direct measurement data.

The assessment of the CCPs placement possibility is carried
out using calculated ‘equivalent A-weighted sound levels’
determined for daytime and night-time hours over an average
annual flight day (the MUK 4.3.3722—21, paragraph 9.10, the
equation 6). The input data for this calculation are: the average
values of the measured maximum A-weighted sound levels La maxave
for all recorded aircraft flights during both daytime and night-time
(the MUK 4.3.3722—21, paragraph 9.10.1) and their expanded
uncertainty at a 95% confidence level; the average effective noise
exposure time Tera (the MUK 4.3.3722—21, paragraph 9.10.2);
the number of noise exposures during the assessment period.

At the same time, the MUK 4.3.3722—21, paragraph 9.9
states: ‘“When obtaining the equivalent sound level by calculation,
a background correction to the results of direct measurements of
the maximum sound level is applied, on the basis of which the
equivalent level is calculated’.

It should be noted that the value calculated using the equation
6 in the Methodological Guidelines MUK 4.3.3722—21, paragraph
9.10 is not, by definition, an equivalent sound level. This indicator
may be used as an estimate, but must be named differently, for
example, “calculated estimated A-weighted SPL”.

The Methodological Guidelines MUK 4.3.3722-21,
paragraph 9.10.2 proposes determining the duration T of each
event ‘...during the overflight of each aircraft and during ground
operations of the aircraft...’. At the same time, 7 is defined as ‘...
the time during which the sound level exceeds the value 10 dB
below the maximum measured value’, that is, not for all events
during aircraft overflights, but only for acoustic events defined as
‘aircraft noise’. Furthermore, according to the Methodological
Guidelines MUK 4.3.3722-21, it is proposed that the average
effective exposure time T... be determined for all recorded
aircraft overflights or recorded ground operations. However,
not all recorded events during aircraft overflights and ground
operations can be defined as ‘aircraft noise’.

It is clear that when determining T and calculating Tyt avey ONC
should take into account data obtained for ‘aircraft noise’ events,
rather than for all events during aircraft overflights or events
related to ground operations.
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Fig. 4. An example of the processing chronogram of sound level A during the aircraft fly pass.
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Fig. 5. An example of processing 15 min reference time interval from 00:24 to 00:39. 1 — processing period is a 15 min reference time interval Ly eq1sm = 45,5 dB (a random
short-term event 7 after 00:38 is excluded from the analysis); 2 — processing period during the aircraft 1 (A1) fly pass (Ta = 140s, Las (min) = 39 dB, Las (max) = 50.8 dB,
Laeq (Tect) = 44.7 dB), Tw = 48 s); 3 — processing period during the aircraft 2 (A2) (TA2=115's, Las (min) = 39 dB, Las (max) = 59.8 dB, Lae, (TA2) =52.3 dB), Ta2 = 60 S);
4 - 4,5, 6 intervals — total period of background noise validity (Las (min) = 35.6 dB, Las (max) = 45.4 dB, Lxe = 41 dB), is determined by excluding from the working zone
the entire reference interval of periods corresponding to the working zones during the aircraft fly pass, the random short-term event 7 is also excluded from the analysis.

Puc. 5. Mpumep 06pabotku 15-MuHyTHOro onopHoro uxtepsana ¢ 00:24 no 00:39. 1 — pa6oyas 30Ha 15-MUHYTHOrO BPEMEHHOIO ONOPHOMO UHTEPBANA Ly eq1sm = 45,5 AB (cNy-
4aiiHoe KpaTKOBPEMEHHOE COObITIE 7 NCKNI0HEHO 113 aHann3a); 2 — pa6oyas 3oHa npu nponéte BCT (Teei = 140 ¢, Las (Min) = 39 ab, Las (max) = 50,8 b, Laeq (Tec1) = 44,7 AB),
Tacr = 48 ¢); 3 — pabodyas 3oHa npu nponete BC2 (Teeo = 115 ¢, Las (Min) =39 A, Las (Max) = 59,8 Ab, Laeq (Tsc2) = 52,3 AB), Tecz = 60 ¢); 4 — uHTEpBanN®l 4, 5, 6 — 06WNiA
nepnoz AeicTaus hoHoBOro yma (Las (min) = 35,6 A, Las (Max) = 45,4 ab, L. = 41 Ab) onpeaensercs ucknoyeHnem 113 paboyeit 30HbI BCEro 0MOPHOr0 MHTEPBANa nepuo-
[10B, COOTBETCTBYHOLLMX pabo4mm 30Ham npu nponéte BC, cnyyaiiHoe kpaTkoBpeMeHHOe COObITUE 7 TaKXe ICKNI0YAeTCA U3 aHann3a.
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Fragment of the protocol of noise level measurement results for a 15-minute reference interval
DparMeHT NPOTOKOJIA Pe3YIBTATOB H3MePEHHii YPOBHeii myMa 32 15-MUHYTHBIN ONOPHDI HHTEPBAJ

ABHATIMOHHDII HIYM DoHOBbIIT IIyM Ly
Tun BC Kype, Aircaft noise Background. noise
No Bpems Airerat Hanpasienne rpan. | Jucranuus, M
"~ | Time I\Zﬁ)r;el. Flight direction Course, Distanse L(A) L(4) L(A)}f L(A)eq, T, L(A) L(4) L(A) eq, L(A) eq,
degree min, | max, | max 1B |dB| cfs min, | max, 15 | dB| 1B | dB
1B |dB | ab | dB | 1B | dB 1B |dB|ab | dB
31 0:26 B737  Tiomenb — BHykoBO 110 3805 39.0 50.8 50.8 44.7 48 356 454 409 455
Tumen — VKO
IMocanka | Landing
32 0:29  A320 IlepemerneBo — Bosrorpan 167 8035 38.9 453 442 3938 - 356 454 409 455
SVO — Volgograd
Banér | Take-off
33 0:32 B737  Bnykoso — [lepmb 45 2284 39.0 59.8 59.8 523 60 356 454 409 455

VKO — Perm
Basiér | Take-off

IlIpumeuvanue. * — L(A)k, max — MaKCUMaJIbHBII YPOBEHb 3ByKa A ¢ y4ETOM (DOHOBOTO IIIyMa.
Note: * — L(A)k, max — maximum sound level A, taking into account background noise.

An analysis of the ambiguous requirements of the
Methodological Guidelines MUK 4.3.3722—21 and experience
in conducting measurements and assessing noise levels allow
the following recommendations to be made for determining the
“calculated estimated A-weighted SPL”.

The aircraft noise average maximum A-weighted SPL,
Lamaxave, and their adjusted for background noise values, Lamask.ave,
are virtually identical (a difference of 0.1—0.2 dB) when aircraft
fly past at 1—1.5 km distances from the measurement point; the
difference may be reach 1—2 dB if noise measure when aircraft
flight paths at 3—4 km distances. At greater distances, events
during aircraft flight can be classified as ‘aircraft noise’ only very
rarely, for example at low (less than 30 dBA) background noise.
The results of determining the ‘calculated estimated A-weighted
SPL’ under otherwise identical conditions will also differ by a
comparable amount. It is advisable to perform the calculation
for both cases, and the contribution of background noise can be
assessed based on the difference in results.

The value of the expanded uncertainty at a 95% confidence
level is determined in accordance with the Methodological
Guidelines MUK 4.3.3722—21, Appendix 1. The -calculation
results for the expanded uncertainty Layma and Laymax are
practically identical, which allows this indicator to be used for
both cases of determining the ‘calculated estimated A-weighted
SPL.

Discussion

The hygienic assessment of noise compliance in residential
areas with regulatory documents and the determination of the
contribution of aircraft noise to the total noise level should be
carried out using the following values:

* the maximum A-weighted SPL’s of each acoustic event over
the reference time interval, including at the moments when the
aircraft passes over the measurement point;
the maximum, minimum and equivalent A-weighted SPL’s
of background noise for the time intervals before and after the
aircraft flight;
the equivalent A-weighted SPL’s of ‘total’ noise for the
reference time interval;
the equivalent A-weighted SPL’s of background noise over the
reference time interval [1].

In international practice, to assess the impact of aircraft noise
on the population, in addition to these parameters, the SEL
indicator is used, which determines the equivalent A-weighted

SPL of a single sound event of arbitrary duration, normalized to a
reference interval of 1 s [10]. However, studies have demonstrated
a correlation between sleep disturbances and the subsequent
development of hypertension with maximum A-weighted SPL
measured in “slow” time correction [6, 7].

The justification for the possibility of placement of CCPs in
the seventh subzone of the airport territory based on predicted
A-weighted SPL’s for an average annual flight day or another
period of time, for example, a day with the maximum number of
take-off and landing operations (TLOs), is based on the use of
an indicator, calculated from the maximum A-weighted sound
levels of each acoustic event, and the effective duration of acoustic
events associated with overflights, engine testing or aircraft
taxiing, and the operation of the auxiliary power unit (APU) (the
Methodological Guidelines MUK 4.3.3722—21, paragraph 9.2).
This indicator is similar to calculation parameters used in the
USA and Europe, such as DNL [10] and Lden [11].

Measurements must be taken over several reference time
intervals during an extended observation period (4—24 hours),
both for hygienic assessment and for determining the data
required to estimate the predicted A-weighted equivalent SPL’s; it
is advisable to determine these intervals based on A-weighted SPL
chronograms measured using the ‘slow’ time correction.

It is advisable to dividle MUK 4.3.3722—21 (under next
revision) into two separated parts, in which to specify the lists
of necessary noise parameters and requirements for conducting
measurements depending on the objectives:

« for the hygienic assessment of noise from all sources in the
premises of residential and public buildings and in residential
areas for compliance with the requirements of the Sanitary
Rules and Norms SanPiN 1.2. 3685—21, the maximum and
equivalent A-weighted SPL must be measured in reference
time intervals (15 minutes) during representative observation
periods during the day and night, or over a full 24-hour period;
to calculate the estimated A-weighted SPL for the purpose
of determining the locating capital construction projects
possibility in the seventh subzone of the airport vicinity, the
maximum A-weighted SPL during aircraft overflights, the
A-weighted background noise levels during aircraft overflights,
and the duration of each aircraft noise event must be measured.
In both cases, it is advisable to apply an analysis of A-weighted
sound level chronograms, which not only provides all the
necessary data, but also excludes random acoustic events from
the analysis, thereby improving the quality of the noise level
assessment.
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Conclusion

The technology for measuring regulated aviation noise
parameters in residential areas has been developed for the
first time, using direct measurements and A-weighted SPL
chronograms, measured with a ‘slow’ time correction, for health-
based assessment and for predicting the possibility of locating
construction projects.

Key provisions of the technology. The background noise level
during aircraft overflights should be taken as equal to the minimum

A-weighted SPL, measured with a ‘slow’ time correction over a
reference time interval from the rise start in the total sound level
to the decrease end, extended by 10—20 seconds on each side.

The duration of ‘aircraft noise’ events is measured as the
interval between the moments when the A-weighted sound level of
the total noise exceeds the background noise level by 6 dB.

The duration of aircraft noise and the average effective
duration T should be calculated using data obtained for ‘aircraft
noise’ events, rather than for all events during aircraft overflights
or events associated with ground operations.
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