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[IpencraBneno wucciaegoBaHue ¢GOpMUPOBAHUS
AKyCTHYECKUX IIOJIEH B IPOU3BOJCTBEHHOM
OMEIICHUN MEXaHHYECKOTO y4JacTka
UHCTPYMEHTAJIBHOTO nexa
MAaIInHOCTPOUTEIHHOTO IpeIIpUSTHUS.
HccnenoBanue  COCTOAJIO U3 HECKOJBKHX
JTAmoB: MaTEMaTHYECKOTO pacuera ypOBHEH
3BykoBoro nasieHus (Y3J]) B nuddysnom
3BYKOBOM II0OJIE€ C MPUMEHEHHEM IPOrPaMMHON

cpenbl Microsoft Excel, B xone KOTOporo ObLIn

noiaydyeHsl 3HaueHus Y3/ B 85 Toukax
MOMEIICHUS, pa3paboTku KOMIIJIEKCHOM
MaTeMaTH4eCKOM MOJENH PacHpOCTpPaHECHUS

3ByKa B IPOU3BOJCTBEHHOM IIOMEIIEHUHU C
ucnoyib3oBanueM cpenasl Mathcad Application;
bopMyTUPOBKHI peKoMeHaaun o
NPUMEHEHHIO TOJy4eHHOU wmoaenu. Mopenb
pa3pabotana B mporpammHoi cpege PTC
Mathcad  Application

ONITUMHU3UPOBAHA  JJId

Bepcun  15.0 wm
pelIeHUusT OCHOBHBIX
WHXKEHEPHBIX 3a7lay CIENHaNINCTa 10 OXpaHe
Tpyda 0Opd  NOPOBEACHUU  aKyCTHUYECKUX
pacueToB. Pazpabotka BKJIIOYAET Kak
MporpaMMHbBIE HACTPOINKH, TaK U UTOroBBIe 3 D-

rpaduKu.
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The article provides the study of the formation of
acoustic fields in the production space of the
mechanical area of the tool room of the machine-
building enterprise. The study consists of several
stages: mathematical calculation of sound
pressure levels (SPL) in a diffuse sound field,
during which the values of SPL in 85 points of
the room were obtained using the Microsoft Exel
environment; of an

software development

integrated mathematical model of sound
propagation in a production space using Mathcad
Application; formulation of the recommendations
on the application of the model obtained. The
model is developed in the software of PTC
Mathcad Application, version 15.0 and is
optimized for the solution of the basic
engineering tasks of the occupational safety
specialist when performing acoustic calculations.
The development includes both software settings

and final 3D graphics.

Keywords: acoustics, noise, diffuse field,

mathematical model, Mathcad.
Introduction. For many decades, scientists
consider noise effects among the most common
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ydeHble 0c000 BBIACIAIOT LIYMOBBIE 3(deKTbI
[1]. Drto cBsi3aHO € TeM, 4YTO OTPULIATEIBHOE
BIMSHUE  IIymMa
YEJIOBCYECKOM OpraHu3Me, TaK M Ha KadyeCTBE

CKa3bIBACTCA Kak Ha

IPOU3BOICTBEHHOT'O nporecca —
IPOCIIEKHUBACTCS CHIDKCHHE
POU3BOIUTEILHOCTH Tpyaa, CHIDKACTCS
sKOHOMHYECKasT 3()(HEKTUBHOCTD TPEAIPUATHS
[2].

N3BecTHO OoutbIoe KOJINYECTBO

TEXHOJIOTUYECKUX IPOLECCOB M IPOU3BOJCTB,
KOTOpbIE COIIPOBOKAAIOTCS
YPOBHEM nryma.

ITOBBIIICHHBIM
IToBceMecTHO, B
TEXHOJOTHYECKHX M KOHCTPYKTOPCKUX OIOpO,
KOMIIBIOTEPHBIX KJIACCAX M  BBIYMCIUTEIIBHBIX
HEHTpaX, COOPOYHBIX, TAJIbBAHUYECKUX II€XaX
U CO3J@aHHSl ONTUMAIbHBIX W JOMYCTHUMBIX
MapaMeTPOB BO3AYIIHOW Cpelbl HCHOJIb3YIOTCS
KOHJIMLMOHEPHl U BEHTWIALIMOHHBIE YCTPOWCTBA,
KOTOpBbIE nryma
A9POIMHAMHUYECKOTO,  BJIEKTPOMATHUTHOTO U

MEeXaHM4YecKoro xapaxrepa. lIlpm gpeBo- wu

SABJIAFOTCA HMCTOYHHKaAMH

METauI000paboTKe Cpelu HCTOYHUKOB IITyMa

BBIJACIAOT CTaHOYHLIN HHCTPYMCHT n
obopyoBaHue,

3arOTOBKOU

B3aHMO/ICHCTBYIOILIEE c
(a1ekTpoMexaHUYeCKre "
MTHEBMATUYECKHE
HecOanmaHCHpOBAaHHBIE  HIETKHU U POTOPHI
JJNIEeKTpOABUTATENeH, pe3nbl, (pe3bl, CBEpIA,
nwiel ¥ T. 1m.) [3]. [upokuii mepeyeHb Takux

IIpHUBObI CTaHKOB,

IMPONU3BOACTBCHHBIX IMponeccoB

BBEIBOT (0] TOM, qTO

MO3BOJIET
cenaTh npobiema
UCCIICIOBAaHUS I1IyMa W €ro CHWKCHUS Ha

CErOJHSIIHUM MOMEHT HE TepsAeT CBOEH
aKTyaJIbHOCTH, HECMOTpPsSI Ha  JI0CTaTOYHOE
KOJINYECTBO CYIIECTBYIOIIMX CPEACTB U METOIOB

€€ peueHus.

CylI11eCTBEHHBIM aCMEKTOM MPH PEIIeHUU TaHHOU
poOIIeMbI SIBJISIETCS HWHTETPUPOBAHUE
OOIIEN3BECTHBIX ~ aKyCTHYECKHX pacuyeToB B
WHPOPMALIMOHHYIO CPENly C IENbI0 MCKIIIOUCHHS
BIIMSIHUSI 4YesoBedeckoro ¢akropa (OmmOKH) Ha
KOHECUHBIC PE3YJIbTAaThl M YBEJIWYCHUS CKOPOCTH
00paboTkn WHGPOPMAIIUM MHOTOIJIEMEHTHBIX H
MHOT0()aKTOPHBIX

pacyeTos. B LIEJISX

INOBBIIICHUA Ka4€CTBA IIOAT'OTOBKH CIICLIUAJIMCTOB

occupational hazards. [1]. This is connected with
the fact that the negative impact of noise
influence human body and the quality of the
production process — we can see the decrease in
labor productivity and in economic efficiency of
enterprises [2].

There is a large number of technological
which  are

processes and  productions,

accompanied by the increased noise. Air
conditioners and ventilation devices which are
sources of aerodynamic, electromagnetic and
mechanical noise, are used everywhere, in
technological and design departments, computer
rooms and data centers, assembly rooms and
galvanizing rooms to create the optimal and
permissible parameters of air pollution. In
woodworking and metalworking among the noise
sources, we usually separate machining tools and
equipment that interacts with the workpiece
(electromechanical and pneumatic drives of
machine tools, unbalanced brushes and rotors of
electric motors, cutters, mills, drills, saws, etc.)
[3]. A wide list of such production processes
allows us to conclude that the problem of the
study of noise and its reduction at the moment
does not lose its relevance, despite a sufficient
number of existing tools and methods to resolve
it.

An essential aspect in solving this problem is the
integration of well-known acoustic calculations in
the information environment in order to eliminate
the influence of the human factor (errors) on the
results and to increase the speed of information
processing of multi-element and multi-factor
calculations. In order to improve the quality of

training of specialists on labor protection, the

¥
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o oXpaHe  Tpyna CUHTAIOT
HEOOXOIUMBIMU  pa3pabOTKy U MPUMEHEHHE
KOMIUIEKCHOU MOJIEIN  C
KOMIBIOTEPHO-

Janxass  Mopdeib

aBTOPBI

MaTeMaTHYECKOH
HCIIOIb30BAHUEM
WH()OPMAITMOHHOW  CpEIbl.

JOJDKHA COOTBETCTBOBATh OCHOBHBIM
MOJIOKEHUSIM CTAaTUCTHUYECKOU TEOPUU aKyCTHKH,
peaibHyl0  IIYMOBYIO CHUTYalHIO,

MPEJICTaBISITh B IpaueckoM BUAE PE3YNIbTATHI

OTpaXkaThb
MmonenupoBanus. llenecoobpazHo mnpumeHeHHe
MOJIeJIM KaK B Hayalle aKyCTUYECKUX pacuéTos,
TaK ¥ IPH KOHTpoJie 3(HPEKTUBHOCTH BHIOPAHHBIX
CPEICTB 3aIIUTHI.

Pacuer ¥3JI B mHcciaenyemMoM mnoMmemieHHH.
HccnemoBanne W TPOTHO3MPOBAHHE IIymMa Ha
MIPOU3BOJICTBE TIO3BOJIICT BBIYUCIUTH YPOBEHB
3BYKOBOT'O JIAaBJICHUS B JIFOOOH TOYKE TTOMEIICHUS
U ONPEICIIUTh IMapaMeTPhl MPOCTPAHCTBEHHOTO
pacnpeaeneHus 3ByKa, CJIEIOBATENBHO,
CIocoOCTByET MIPUHATHIO 3 PEeKTUBHBIX
peleHruit OTHOCUTENLHO Mep IO 3alIUTe OT IIymMa
[4].

Ha paccmaTpuBaeMoOM MEXaHUYECKOM Yy4YacTKe
ObIJIM  BBIJIEJIEHDI
(VL)
myma otmeueH B MII1 (crtaHok TokapHO-
LEHTPOBOM 1K625), HIII6 (mucToru6
aBromatnyeckuit YB-1800) u MUII7 (cranok
OTPE3HON AN ThE30KBAPIEBBIX
8A607). Ot OO0BEKTHI OBUIM HCCIEAOBAHBI B

JIEBATh HMCTOYHUKOB IIyma
npu4yeM HauOoJiee BBICOKMUA ypOBEHBb

I1J1aCTHUH,

pamKax JaHHOM paboTsl (puc. 1).

Safety of Technogenic and Natural Systems 4 2017

authors consider necessary to develop and to
apply integrated mathematical models using
computer-information environment. This model
must comply with the main provisions of the
statistical theory of acoustics; reflect the real
noise situation, present graphically the simulation
results. It is advisable to use this model in the
beginning of the acoustic calculations as well as
in monitoring of the effectiveness of the selected

protection equipment.

Calculation of sound pressure level in the
study area. The study and prediction of noise at
production site allows us to calculate the sound
pressure level in any place of the room and to
define the parameters of spatial distribution of
sound, therefore, it contributes to the effective
decision-making  concerning  measures  for
protection from noise [4].

In the mechanical area were identified nine
noise sources (NS), with the highest noise level
recorded in NS 1 (center lathe 1K625), NS 6
(automatic bending machine YB -1800) and NS 7
(machine for cutting quartz plates 8A607). These

objects were investigated in this work (Fig. 1).
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E

Puc. 1. Ilnan MexaHMYECKOTO y4acTKa MHCTPYMEHTAIBHOTO II€Xa MAITHHOCTPOUTEIHHOTO IPEIIPHUSATHS C

BeizesieareM UL ¢ HanOoIbITUMU yPOBHSMHU 3BYKOBOTO JTABJICHUS

Fig. 1. Plan of the tool room mechanical area of the machine-building enterprise with allocation of NS
with the highest sound pressure levels.

http://bps-journal.ru/ 4
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IIpu cranmapTHBIX  pacdy€rax  BBIYMCIIAIOT
ypoBHH 3BYKOBOro naBieHus (Y3/]) B onHoM, 1BYX
60 Tpéx pacuéTHbIx Toukax (PT) (B 3aBUcHMOCTH
OT TMpPEeABbSABISEMBbIX TpeOOBaHHM U  YCIIOBUH
muddy3Hoctn monss). B ganHOM ciydae, korna
pacuéThl CIyKaT albTEPHATHUBOM O3KCIEPUMEHTY,
konmmuecTBO PT MOmKHO OBITH HEOOXOTUMBIM U
JIOCTaTOYHBIM U1l IOCTPOEHUS MO myma [S], HO
OpH  3TOM  COOTBETCTBYIOIIMM HOPMATHBHBIM
JOKYMEHTaM 10 HU3MEPEHHIO IIyMa.

Ha nane y4yactka ObU OnpeiesieHbl YCIOBHbBIE
pacuéTHble «TOYKH H3MEPEHHUs», C Y4ETOM
cranaptoB [5—7]. s uzmepeHust XapakKTepUCTUK
MOCTOSIHHOTO IIyMa Ha y4acTKe OBUIM TOCTPOCHBI
Havano

TpU  KOOpAMHATHbIE cucTeMbl  [8].

KOOpJMHAT  KaXJIOM  CHUCTEeMBbl —  TOYKH,
pacroyioXXeHHbIE B IIEHTPE COOTBETCTBYIOIIETO
craHka [8]. OT ropH30HTAJILHOW JIMHUM KaX10TO
CTaHKa ObUIM TPOBEACHBI Ny4yu Moj yriaoMm 45
rpasycoB. 3aTeM ONpeaeeHbl TOUKU JJII pacuera
V3/1:

® [IepBbIE

paC‘léTHHC TOYKH — Ha

paccrosHMM 1 M OT CTaHKa B HalpaBJICHUU
Ka)KI0ro J1y4a;

® TIOCIEAYIOUIME pacyeTHble TOYKM — B
HAIpPaBJIEHUU KaXJI0T0 JIyda C I11aroM 2 M.

Kaxngas Ttouka Oblia 0003HAaueHA C ITOMOIIBIO
Tpéxpa3psaHoil KomMOuHanuu ymcen — XXX
[TepBoMy pa3psiny cooTBETCTBYET HOMEp cTaHKa (1,
6, 7); BTOpOMy — HOMEp Jy4a, BAOJb KOTOpPOTO
pacnonaraercsi Touka (ot 1 nmo 4); TperbeMy —
HOMep Touku «u3MepeHus» (ot 1 go 10). Takum
obpazom, TOYeK Ha

aBTOpBl MOJy4YHsIn 85

TEPPUTOPUU ydacTKa (puc. 2).

In the standard calculations, we find the sound
pressure levels (SPL) in one, two or three
reference points (RP) (depending on the
requirements and conditions of field
diffuseness). In this case, when the calculations
serve as an alternative experiment, the number
of RP must be necessary and sufficient to build
the noise field [5], but at the same time
correspond to regulatory documents on noise
measurement.

The reference "points of measurement™ were
determined on the site plan taking into account
standards [5-7]. To measure characteristics of
continuous noise, three coordinate systems were
built at the site [8]. The coordinate origin of
each system is the point, located in the center of
the corresponding machine [8]. From the
horizontal line of each machine the rays at an
angle of 45 degrees were constructed. Then the
points to calculate SPL were determined:

e the first reference points at a distance of
1 m from the machine in the direction of each
beam;
o follow-up reference points in the
direction of each beam in increments of 2 m.

Each point was denoted with three-digit
combinations of numbers — X.X.X. First
category corresponds to the number of the
machine (1, 6, 7); the second is the number of
the beam, along which lays the point (1 to 4);
third — the measure point number (1 to 10).
Thus, the authors have received 85 points on the
site (Fig. 2).
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Puc. 2. Cxema pacrionoskeHust pac4eTHBIX TOUYCK

Fig. 2. Reference points location scheme

[TomenieHue ABiseTCS COpa3MEPHBIM, MOJIE IIyMa
paccMaTpuBaEeMOro ydacTka CUUTaeM HIE€aIbHO
TP PY3HBIM, AKyCTHYECKasI MOIIHOCTb
VCTOYHUKOB, OJTHOBPEMEHHO M3ITy4aronuX
3BYKOBYIO JHEPIHIO, SIBISCTCS MNOCTOSIHHOM [2].
s onpeneneHuss OKTaBHBIX YpPOBHEH 3BYKOBOTO
naneHnss L, B 1b B PT momemenus B 30HE
OpsIMOIO0 M OTPa’k€HHOTo 3ByKa [3] ucmosb3yem
BbIpaxxenue (1):

0Ly
107y d dy-(L-a;
L, =10l 1@ W) Gy
i=1 Si ai'Soeg i1

B dopmyne (1) BaXHBIMH HUCXOTHBIMH JaHHBIMHU
SBIAIOTCSL paccTosiHUsL oT PT 1o akycTtmueckux
uenTpoB U1, kotopsie ObLIN 3apaHee paccUUTaHbI
Uil Kaxaol Touku. OcTanbHblE INepEMEHHbBIE
BbIpaxkeHUs (1) U3MEHSIOTCS B KaXK/10¥1 BEIOpaHHOMN
TOYKE U OTPAXKAIOTCS B PE3yJIbTAaTax pacyéra.

AKyCTHUYECKHI pacyeT OBLIO PEIICHO MPOBECTH C

UCITOJIb30BaHUEM IPOrPaMMHOTO POIyKTa
Microsoft Excel 2010, ¢yakmum KOTOpPOrO
OTBCYHAKOT IIOCTaBJICHHBIM Tpe6OBaHI/ISIM K

The room is proportionate, the field noise of the
proposed location is believed to be diffuse, the
of

radiating the sound energy is constant [2]. To

acoustic  power sources simultaneously
determine the octave sound pressure levels L, in
dB in RP of the facilities in the area of direct and

reflected sound [3] we use the expression (1):

0Ly,
1 YRR dy-(1-q.
Lp :10|g(§ O XI | + ‘l’ ( a’l) ilooxll-wi) (1)
i1 S 0 Sy il

In the formula (1) the distance from the RP to the
acoustic centers of the NS is an important input
data which was pre-calculated for each point.
Other variables of the expression (1) change in
each selected point and are reflected in the
calculation results.

The acoustic calculation was solved using
Microsoft Excel 2010, functions of which meet
the and, in

requirements to mathematical

http://bps-journal.ru/ t 6




TOYHOCTH MAaTE€MaTU4YCCKHUX H,

B YaCTHOCTH,

aKyCcTU4ecKux pacuéTtoB. B BbiOpanHOi cpene ObLT
cocTaBiieH IMabjgoH akyctuyeckoro pacuéra PT,
KOTOpBIA mpezacTaBisier coboil kuury Microsoft
Excel. 11Iab6i0H HCHOAB30BAICS IS IOJYUCHHS
YUCJICHHBIX 3HaueHWd Y3J[ BO Bcex Toukax IO
dopmyie (1) [3]. OcoGeHHOCTh JaHHOTO MMIabJIoHA
COCTOSUIA B OIEPaTOPCKOM KOHTPOJIE 3HAUEHUs
Koa(dduimenTa y, U3MEHSIOMErocs o rpaduky, u
3HaueHus Kodp(uImeHTa M, 3aBUCAIIETO OT
MHUHHMAJIBHOTO I [2].

Ha puc. 3 npuBenéH CKpHUHIIOT pe3yJbTaTOB
pacuera ypoBHEH 3BYKOBOTO JaBlieHUSI B TOuke No
1.2.4.

particular, acoustic calculations precision. The
pattern of acoustic calculation of RP was built in
the selected medium, which is a Microsoft Excel
book. The pattern was used to obtain the
numerical values of SPL in all points according to
the formula (1) [3]. The peculiarity of this pattern
was in the operator control of the value of the
coefficient y, varying from a plot, and the values
of the coefficient m depending on the minimum r
[2].

Fig. 3 shows a screenshot of the results of
calculation of sound pressure levels at the point
no.1.2.4.

K26 P F= | =10*LOG(K22+(K24*K9))

A B c D E F G H | J i IR S M N o P
1 124 i1 | w6 7| 63 125 250 500 1000| 2000 4000 8000
2 r | 700 1107 8,50| L1 ] 94 94 96 97| 99 95 87| 20
3 L6 103 105 106! 104] 101 95, 92 90
4 I 1] 3 7|
5 lmax | 3,212 2,1] 1]
6 F *L]2,56+09 [2,56+05 [4E+08 [SE+0S  [7,9E+05 [3,2E+08 [SE+028  [1E+08
7 [ 1] 6] 7] 10 2E+10 [3,2E+10 [4E+10 [2,56+10 [1,3E+10 [3,2E+09 [1,6E+09 [1E+039
8 _rfimax | 2,13] 5,27 8,50| 10%0,1°L71,36+08 |26+08  [7,96+08 |4E+08 |1,3E+09 [1,6E+09 |2E+08 |[4E+08
) B | 2,3e#10| 3,4e+10| 4,5E+10| 3,1E+10| 2,2E+10| 7,96+08| 2,3e+08| 1,5E+09
o [ [
11 63 125 250 500] 1000] 2000] 4000] 8000
12 1 3 7 I 0,5| 0,5 0,55 0,7 1] 16 3 6
13 B [ 87.96] 139,11] 106,81] 8 539] 539 s5929] 7546] 107.8] 172,48] 3234] 6468
14
15 A [ e T H 1] B/Sorpaxa 0,05 0,05 0,05 0,07 0,10 0,15 0,29 0,58
16 22 | 14 [ 7 ] ¢ 1 1 1 1 1 1 0,9 0,7
17
18 Vnomew | 2156] ((10%0,1L)*x*®)/s [1w.yp. 63 125 250 500 1000 2000 4000 8000
15 [ 107.8 1| 2,9E+07| 2,9E+07| 4,5E+07| 5,7E+07| 9E+07| 3,6E+07|5697602| 1136821
20 Sorpama 6| 1,9ex08| 3e+08| 3,7e+08| 2,46+08| 126+08] 3E+07| 1564079362055
21 [5*rmin | 35,00] 7| 904987|1434308|5710084|2861821|9049874| 1,1E+07[ 1434308 2861821
22 cym 2,26+08| 3,3e+08| 4,26+08| 36+08| 2,2E+08| 7,76+07| 2,26+07| 1,3E+07
23 |n
24 EE ap/B  [2wyp. | 0,07421] 0,07421] 0,06747] 0,05301] 0,03711] 0,02313] 0,01113] 0,00433]
25
26 | Wroro L 92,77 9458 9536 92,82] 9011l 8416 7676 72,98
27
28 [taen | ES| 92| 26] 23] 20] 78] 76] 74]
23 |chuxen | -6,23] 2,58 9,36] 9,82  10,11] 6,16| 0,76] -1,02|
30
31
32
4 > M 113 <114 <115 <116 <117 <121 <122 123 | 124 <125 <126 /127 128 <129 131

Puc. 3. Pacuér ypoBHel 3BykoBOro gaBieHus B Touke Ne 1.2.4

Fig. 3. Calculation of sound pressure levels at the point No. 1.2.4

Takum o6pazom OblTH onpenenenbl Y3/[ mo Bcem

okTaBHBIM mosiocam B 85 PT. Jlng ymobctBa mo

paccyMTaHHBIM  JIaHHBIM  ObLTa  COCTaBJICHA
rpaduueckas MOJIEJIb (muHUN YPOBHSI)
MEXaHHYECKOTO y4acTka, otoOpakarorias

3HaueHus Bcex PT u npencraBnenHas Ha puc. 4.

Thus SPL were determined for all octave
bands in 85 RP. For convenience, the calculated
data was compiled in a graphical model (level
line) of the mechanical area that displays the

values of all RP and is shown in Fig. 4.

http://bps-journal.ru/
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HIII6

895

89.3-89.4

89,0-89,24

89,8-90.4

89,0-89,1

Puc. 4. JIunuu ypoBHs paccuuTaHHbIX Y 3/]

Fig. 4. Level lines of the calculated SPL

Hannast rpadudeckas MOAEIb SBISETCS OOLIUM
[OJIEM PACHpPOCTPAaHEHUs IIymMa Ha HCCIEAyeMOM
yuactke. CTOMT OTMETUTh, YTO NOJsA IIyMa Ha
y4acTKe, B COOTBETCTBUU C YPOBHEM 3BYKOBOI'O
JIABJICHUS] BHYTPH 30HBI, OBIIM BBIIEICHBI I[BETOM
TakK, 4TO CHHXCHHE YpPOBHS 3BYKOBOI'O JABIICHUS
npoucxoauT ot KpacHoro (95,0 nb) k TemHO-
duoneroBomy (89,0 1b) [9].

[TpoBeneHHbIE UCCIENOBAaHMS IOKa3aid, 4YTO
kaxaslii U1 co3maer cBoe yHUKAJIBHOE 3BYKOBOE
nosie. [lone Haubonee BrICOKOTO ypoBHS (OT 89,3
no 92,1 nb, mpu Hopme 75 nb) pacmonokeHo Ha
paccrosiauu B cpennem 2 M ot UIII [§]. TIpu sTom
MMEHHO B YKa3aHHOI 30HE PacIoyioKeHbl paboune
MecTa 00CITY>KHBaIOLITUX
obOopynoBanue. OTMETHM, UYTO Ha HCCIEIyeMOM
Y4acTKE OIEpaTOpbl MOJBEPraroTCs BO3JEHCTBUIO
noJiel 1ymMa OT UCTOYHHKOB, PACIIONOXKEHHBIX Ha

OIIepaToOpPOB,

paccTossHUM 5 M Jpyr OT JApyra. 9TO OTYETIMBO
MPOCIICKUBACTCS TI0 OOIIEH 30HE CYMMHPOBAHUS
noned myma ot MII6 u WIL7, BhineneHHOW Ha
puc. 2 cuaum nsetom [9].

[Tomumo omepaTopoB CTaHKOB, 3BYKOBOE TOJIE
CO 3HAYEHHUSIMU 3BYKOBOTrO JamiieHus oT 89,0 mo
89,2 nb (30Ha TeMHO-()HOIETOBOTO MBETA), OOMICH
140
HOPMATHUBHBIC 3HAYCHUS U MOXET BO3JICHCTBOBATH

iomaabro TaK¥KEC IMPCBLIIIACT

This graphical model is a general field of
noise propagation on the site. It should be noted
that the noise fields at the site, in accordance
with the sound pressure level inside the zone
were highlighted so that the reduction in sound
pressure level goes from red (95.0 dB) to dark
purple (89.0 dB) [9].

The studies have shown that each NS creates
its own unique sound field. The field of the
highest level (from 89.3 to 92.1 dB, at a rate of
75 dB) is located at a distance of approximately
2 m from the NS [8]. It is precisely in this area
where there are workplaces of operators serving
equipment. It should be noted that at the site the
operators are exposed to the noise fields from
the sources located at a distance of 5 m from
each other. This is evident by the total area
summation of the noise fields from NS 6 and
NS 7, which are highlighted in Fig. 2 in blue
[9].

In addition to operators, a sound field with
sound pressure values from 89.2 to 89.0 dB
(dark purple area), with a total area of 140 m?,
also exceeds normative values and can affect the

http://bps-journal.ru/
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HAa pPaOOTHUKOB MEXaHUYECKOTO Y4YacTKa, 4Ybs
npodeccuoHa bHass NEATEIFHOCTh HE CBSI3aHA C
o0cy>)KMBaHUEM o0opyoBaHU,
SIBIISTFOIIETOCS. UCTOYHUKOM ITOBBIIIICHHOTO YPOBHS
uryma [9].

KommiekcHass maTeMaTuuyeckasi Moaesib. J{is

Kakoro-janoo

peanuzauuu KOMIUJIEKCHOM MaTeMaTU4YECKON

Mojenu  OBUIO  PEImICHO  BOCIIOJIb30BaThCS
cpemoit  Mathcad  Application,
Bepcuun 15.0. JlanHbIid BBIOOp OBLT OCYIIECTBIEH B
CBSI3M C TeM, 4TO mporpammHas cpema Mathcad
OTHOCUTCS K KIAcCy CIEeHUaIbHbBIX

ABTOMATHU3HUPOBAHHOI'O IIPOCKTUPOBAHUS,

IIPOrpaMMHOMN

CHUCTEM

OPHUEHTHPOBAHHBIX HA MOJrOTOBKY HHTEPAKTUBHBIX
JOKYMEHTOB C BH3yaJIbHBIM COIIPOBOKJICHUEM
Berunciiennit [10]. Kpome toro, cpena ornuuaercs
OTHOCUTEJIbHOW MPOCTOTOM  HMCHOJIB30BaHUA U
UMEEeT HMHTYUTUBHBIM MHTEpQeEiic Moab30BaTeNs.

Habop ¢yHKIMH MOTHOCTHIO YAOBIETBOPSET BCEM

UH)XEHEPHBIM  TpPeOOBAHUSAM  IPOMBIIIICHHOM
aKyCTHKH.

OrmeTnm OCHOBHBIE JOTYILEHUS
MOJICJIUPOBAHMUS:

e BolpaxxeHue (1) coctomT M3  ABYX
JJIEMEHTOB: IMEPBBII — YpOBEHb 3BYKOBOI'O
naBieHus npsmoro 3Byka (L), BTOpoit —

oTrpaxkeHHOTo (L,); UTOrOBBI ypOBEHb 3BYKOBOTO
nasienust (L,) — cyMma pe3ynbTaToB BEIYHUCICHUH
HEPBOIO U BTOPOTO JIEMEHTOB;

e Mojenb pazpabarbiBasiack i Y3/| Ha
cpeanereomerpuyeckoit yvacrore 1000 I'm;

e nepemeHHble ), B, ® (B mporpamMMHbIX
pacuétax — @D,), vy, a
XapaKTepUCTUKU HCTOYHMKOB L;=99 nb (UII1),
L,=91 nb (MI6), Ls=101 b (UII7)
COOTBETCTBYIOT CpEAHEreOMETPUYECKON YacToTe
1000 I'nx;

e ISl TOCTPOEHHUS TpaduKa ydacTKa BBEJICHBI

TAaKXXE€ IIYMOBBIC

3HA4YEHMUs] KOOpAuHaT X, Y, Z Bcex Tpéx U, npwu
stom UIII1 cooTBeTcTBYIOT KOOpAMHATHI X1, Y1, 71,
U6 — x2, y2, z2, a U7 — x3, y3, z3. Hus
MIOJIy4YEHUSI MOJAEIU B TPEXMEPHOM IPOCTPAHCTBE
3alaH0 KOHTPOJIbHOE 3HAY€HUE KOOpPAMHATHI Z,
paBHOE 2;

® JCTOYHHMKM UIyMa IPUHATHI TOYEYHBIMH,
NYJIbCUPYIOUIMMHU B IPOCTPAHCTBE (S=47r);

workers of the mechanical area whose
professional activity is not connected with
service of any equipment that is a source of

high level noise [9].

For the
implementation of an integrated mathematical
it was decided to use the software

Integrated mathematical model.

model,
environment Mathcad Application, version 15.0.
This choice was made due to the fact that the
software Mathcad belongs to a class of special
computer-aided design, for the preparation of
interactive documents with visual computing
[10]. In addition, the environment is relatively
easy to use and has an intuitive user interface.
The function set meets all
requirements of industrial acoustics.
Let us note the main assumptions of the

engineering

simulation:

® the expression (1) consists of two elements:
the first is the sound pressure level of the direct
sound (L), the second — of the reflected one
(Lo); the resulting sound pressure level (L) is
the sum of the calculation results of the first and
second elements;

® the model was developed for SPL at a
geometric mean frequency of 1000 Hz;

® the variables y, B, @ (in the software
calculations — @,), v, and noise characteristics
of sources L;=99 dB (NS 1), L,=91 dB (NS 6),
L3=101 dB (NS 7) correspond to the geometric
mean frequency of 1000 Hz;

® to construct the graph of the site we enter

the coordinates X, y, z of all three NSs, with NS
1 corresponding to the coordinates x1, y1, z1,
NS 6 — x2, y2, z2, and NS 7 — x3, y3, z3. To
get a model in three-dimensional space we set
the reference value of z-coordinate, which
equals to 2;

® the noise sources are believed to be point,
pulsating in space (S=4n=r);

http://bps-journal.
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e UIOMAAh OTPAKIAIOIMNUX TOBEPXHOCTEH
cocTaBisieT 812 M2, B He€ BXOJMAT IIJIONIAJh CTCH U
IOTOJIKA;

e 0=0,1 npu OTCYTCTBUM

3BYKOIIOTIOMAOIIUX 06HI/II_[OBOK.
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* the area of the enclosing surfaces is 812 m?,
it includes area of the walls and the ceiling;

® 0=0,1 in the absence of sound-absorbing
linings.
The described conditions, characteristics and

OnucaHHble  yCIOBUS, XapaKTEPUCTUKU U
BLIDAXKEHUS  ObUIM  3aHECEHBI B JOKYMEHT, expressions were written in a document that was
cosmanueli B Mathcad 15.0. Ha puc. 5 created in Mathcad 15.0. Fig. 5 shows a
MIPE/ICTABIICH (bparMeHT pa3pa60TaHHof/'I fragment of the developed mathematical model.
MaTEMATUUYECKOM MOICIIN.
Ll=99 12 = 101 13 =91 S = 812
] ] ] =1
B = 1078 X =1 Po = 1 o=01
xl = 184 yl =119 71=1 z:=2
x2 =35 y2 =42 2:=1
3 =3 3= 104 B=1
i 1% do 1% 9o 1001 o
InGy) = o)1 2 2 il 2 2 il 2 2 7
4 [(x—x?r) -y +(z—z3)] [(x—ﬁ) +(y-¥2) +(z—ﬁ)} [(x—xl) + -yl +(z-zl)_

. _ \
Lo(x,y) = [ﬁ][[mﬁ'l L1 o012, 100183) (1 _ )

Lp(x,y) = 10-log(Lu(x,y) + Lo(x,¥))

Puc. 5. ®parmeHT MaTemMaTHuecKoil Mojiesu, co3nannoi B Mathcad 15.0

Fig. 5. A fragment of the mathematical model created in Mathcad 15.0

OunanpHOM  cTaauel  pa3pabOTKU  SBUJIOCH
noctpoerne  3D-rpaduka 1Mo ONMMCaHHBIM
3aBUCUMOCTSIM — TIpaduKka YpOBHS 3BYKOBOTO

nasneHus L,. V3HauanpHO OBLI MOCTpOEH rpaduk
MOBEPXHOCTU C COOJIIOJIEHUEM COOTHOILIEHUH BCEX
T€OMETPUYECKUX pa3MepoB IIOMELIEHUS,
n300paxEéHHpli Ha puc. 6. Jns HarmsgHOCTH
BOCIIPUSATHUSA KOMITOHEHT

NPUMEHEH «Kapta

BETOB» N0 npupamienuio Z (L,) — «Pamyrax.

The final stage of the development was the
construction of a 3D graphics according to the
described dependencies - the graph of sound
pressure level L,. Originally the graph of the
surface was built with the observance of the
ratios of all geometric dimensions of the room
depicted in Fig. 6. For better visual perception
we applied the "color map" on the increment z

(L) — "rainbow".

http://bps-journal.ru/ t 10
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Puc. 6. I'padpux moBepxHOCcTH Y3 /]
Fig. 6. The graph of SPL surface

Onnako nmauseli Bun 3D-rpaduka, HecMOTps Ha However, this kind of 3D graphics, despite its
CBOIO HAIIISAHOCTh, HE TMO3BOJISET MPOCIECIUTH C visual aspects, does not allow us to trace with
HEOOXOIMMOW TOYHOCTBIO paclpeieieHue YpOBHEH precision the distribution of sound levels in
3ByKa B TIPOCTPAHCTBE, MOATOMY OBLIO MPHUHSITO space, so the decision was made to replace the
pemieHne O 3aMeHe rpaduKa MOBEPXHOCTH graphics surface with "level lines", Fig. 7.

«JIMHUSIMHU YPOBHS», pUC. 7.

0 2 4 f 2 10 12 14 16 1% 20 24

Puc. 7. Jluaun yposus 3/]
Fig. 7. PL level lines
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Ha nmnonyyenHoM rpaduke SpKO BBIPAKEHO
CYMMHUpOBaHHE SHEPruil 1 00pazoBaHUEe 0OJACTH C
OJMHAKOBbIMU mokazaTensiMu Y3]l, paBHbiMu 90
nb, oxBarblBarOLIEl JBa COCEAHUX HCTOYHHKA
myma: U6 u WMII7. U1 He momagaeT B 3Ty
o0JacTb B CBSI3U C €ro YJAJIEHHOCTBIO OT ABYX
OCTaJIbHBIX HCTOYHHUKOB.

B nensx mpoBepku aleKBaTHOCTH pa3pabOTaHHOM
MOJIeJM OBLIO TMPOBEAECHO CpPaBHEHHE IIYMOBBIX
MOJICH, MOJTYyYEHHBIX B pe3yJsibTare pacueta (puc. 4)
u wmogenupoBanus (puc. 7). CpaBHUTENbHBIN
aHAJIM3 T[IOKa3bIBACT, YTO IIIYMOBBIC KapPTHHBI
rpaduKoB MMEIOT CXOAHBIE YepThl (AyOnupyercs
XxapakTepHasi 00JacThb CyMMAaIlMu [IYMOBBIX IOJIEH
N6 u UII7), a Takke 4YTO pPacXOXKACHUS B
JaHHBIX IIBETOBBIX OOJacTeld HE3HAYUTENbHBI U
cocraBistoT ot 0,5 1o 3 ab (yto mpeHeOpexuMo
Majo  JuIsi  aKyCTMYeCKHX  pacueToB) Ipu
ko3 unuente koppensuu 0,87-0,95.

[Tonydyennbie OCHOBaHHE

BBIBOIBI JaroT

XapakTepu3oBaTh pa3pabOTaHHYIO MOJENb Kak

aZICKBATHYIO, 4qTo IIO3BOJISACT MMPpOBOJHTDH

JTanbHEHINEe WUcCienoBanus pacnpeneneHus Y3]/]

Ha y4aCTK€C C  HCIIOJIb3OBAHHUCM  DPA3JIMYHBIX

KOMOMHAIMNA paboTaloIUX HUCTOYHUKOB COTJIACHO
TEXHOJIOTMYECKOMY ITPOLIECCY.

HccaenoBanue 3¢pGeKTHBHOCTH HIYMO3AIUTHI
c NOMOIIBIO paspadoTaHHO# MOJeIH.
Jloka3aHHasi aJieKBaTHOCTbh pa3padOTKH MO3BOJISIET
UCIIOJIb30BaTh MpEAaraeMyl0 MoJelb B O0JIACTH
OLIEHKH A(P(PEKTUBHOCTH  IIYMO3AIIUTHI, YTO
noateepxkaaoT rpadguku Y3/, mpencraBieHHbIE
Ha puc. 8—10. Tak, Ha puc. 8 uzobpaxkeH rpadux
V3] MEeXaHMYEeCKOro ydacTka MpU HPUMEHEHHH
3BYKOIOTJIOLIAIOIIEH 0OJIMIIOBKHU C
Kod(uUImeHTOM 3BYKOMOTJIOLIEHUS Ha
cpennereomerpuueckoit uvacrore 1000 I'm mpum
a=0,5, Ha puc. 9 npu 0=0,7, a Ha puc. 10 npu

0=0,9.

On the resulting chart, it is evident the
summation of energies and the formation of an
area with the same SPL of 90 dB, covering the
two neighboring noise sources: NS 6 and NS 7.
NS 1 does not fall into this region due to its
distance from the other two sources.

In order to verify the adequacy of the
developed model we have compared the noise
fields, obtained in the result of the calculation
(Fig. 4) and the simulation (Fig. 7). The
comparative analysis shows that the noise
pattern graphs have similarities (the same
characteristic region of the summation of noise
fields NS 6 and NS 7), and also that the
difference in the color areas are minor and range
from 0.5 to 3 dB (which is negligible for the
acoustic calculations) with the correlation
coefficient 0.87-0.95.

The findings provide a basis to characterize
the developed model as adequate, allowing
further studies of the distribution of SPL at the
site using different combinations of sources

according to the technological process.

The study of the efficiency of noise
protection using the developed model. The
proven adequacy of the design allows us to use
the proposed model in evaluation of the
effectiveness of noise insulation, which is
confirmed by the graphs of SPL, shown in Fig.
8-10. Thus, Fig. 8 shows a graph of SPL
mechanical part when using sound-absorbing
lining with a coefficient of absorption at a
geometric mean frequency of 1000 Hz when
a=0,5, and in Fig. 9 with a=0,7, in Fig. 10 with

0=0,9.

http://bps-journal.

ru/ 12

¥




m . +
AL A Safety of Technogenic and Natural Systems 2017

Puc. 8. Y3 npu a=0,5
Fig. 8. SPL with a=0,5

0 2 4 f 3 10 12 14 14 13 20 2

Puc. 9. Y31 npu a=0,7
Fig. 9. SPL with a=0,7
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Puc. 10. ¥Y3/] npu a=0,9
Fig. 10. SPL at 0=0,9

W3MeHeHne TIpaHUI] pacnpoCTpaHEHUs TMojen
mymMa  SIBJISETCS  HAarjsiAHBIM — OTOOpakKeHUuem
HOBBIIEHUS 3((PEKTUBHOCTH LIYMO3ALIUTHI TPH
yBEJIMYEHUU KO3 (UIMEHTa 3BYKONOIJIOMEHHS o
or 0,5 mo 0,9 (mabmomaercs cHmwkenue Y3J[ Ha
pabounx mectax Ha 8—13 1b).

3akiil0ueHue. Pesynbrarht HCCTIe0BaHUS
YKaBI)IBaIOT Ha TO, qTo HpI/IMeHeHI/IC
pa3paboTaHHOMI MaTeMaTHYCCKOM MOJCIH
MTO3BOJISIET:
e  JCCIeNOBaTh 0COO0EHHOCTH
pacnpocTpaHeHus 5 BBISIBUTH YYaCTKH

HauOoMbIIel KOHIICHTpAIMU (Y4acTKU CyMMAIIUN)
IIyMa B MMPOU3BOJICTBEHHOM NoMenieHuu [12];

® OICHUTh  BEPOATHOCTH  PACIOJIOXKECHHS
pabo4ynx MEeCT B 30HaX C MPEBBIIICHUEM YPOBHS
3BYKOBOTO AaBieHus [11];

®  BLINOJHUTH

aHaJIn3 panuoHaJIbHOI'O

pasmernieHus 000pyIOBaHUS M pPabOYMX MECT B

IPOM3BOJICTBEHHOM  IIOMEIIEHUH C  y4ETOM
BIIMSIHUS aKycTHUeckoro (akropa [13, 14];
e TpemIOXKHTh  Haumbosiee 3P hEeKTUBHBIE

METOJbl U CPEICTBA CHMIKEHHUS IIyMa, a TaKkKe
OLIEHUTH 3()(HEKTUBHOCTh CYIIECTBYIOLINX CPECTB
KOJIJIEKTUBHOM 3amuThl [13, 14].

I[lo wuroram mnpoaenaHHON pabOTBI aBTOPHI

Boundaries change of the noise fields is a
clear example of the increase in the efficiency of
noise protection with increasing absorption
coefficient a from 0,5 to 0,9 (a decrease of SPL
at the workplace 8-13 dB).

Conclusion. The results of the study indicate
that the application of the developed
mathematical model makes it possible:

e to study peculiarities of distribution and
to identify the areas of greatest concentration
(summation areas) of noise in the workplace
[12];

e to assess the probability of the location
of workplaces in areas with higher sound
pressure level [11];

e to perform analysis of rational location
of equipment and workplaces in the production
area taking into account the influence of
acoustic factors [13, 14];

e to offer the most effective methods and
means of noise reduction, as well as to assess
the effectiveness of existing collective
protection [13, 14].

On that basis, the authors consider it possible

http://bps-journal.ru/ t: 14
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CUMTAIOT BO3MOXKHBIM PEKOMEHIOBAaTh BHEAPEHUE
MOJEIN U OTHEIbHBIX €€
CJICTYIOIINE TTPOIIECCHI:

KOMIIOHCHTOB B

® [POCKTUPOBAHME M AHAIU3 AKYCTHUYECKOU
Harpy3Ku NMPOU3BOICTBEHHBIX MOMEIICHUMN, OI[CHKA
IIYMOBOTO 3arpsi3HEHUs OKPYKaloIlIel Cpeibl;

® [OArOTOBKa  0OakalaBpOB  HAalpaBJICHUS
«TexnocdepHas 0€301aCHOCTb) (mpu
pa3pabOTKe AJIEKTPOHHBIX Y4eOHO-

METOAMYECKIX KOMILIECKCOB);

®  JIONOJHHUTEIBHOE oOpa3oBaHue o
HanpaBieHuo  «TexHocdepHass 0e30IaCHOCTBY

(151 00yUYeHHS UCTIONB30BAHUIO UH(DOPMALIMOHHBIX
TEXHOJIOTUH MPH aKyCTUYECKUX pacyeTax);

e oOyueHme
NPEINPUATHIA OCHOBAM OXpPaHbI TpyZa (B KauecTBe
HATrJISIIHOTO MaTepuaia);

pa6OTHI/IKOB IMPOMBIIIJICHHBIX

e @polenypa CIEHUAIBHOW ONEHKH YCIOBHIM
TpyZda (U OIICHKH aKyCTHYECKOTO (pakTopa).

budimorpaguuyeckuii CiucokK.

1. AnexceeB C. B. IIpon3BoAcTBeHHbIN 1IyM /
C. B. AnekceeB u np. — Jlenunrpaz : Menuuusa,
1991. — 136 c.

2. WBamoB, H. W. HMmuxeHepHas aKyCTHKa.
Teopus u mpakTka OOprOBI ¢
H. U. Banos. — Mocksa : Jloroc, 2013. — 423 c.

3. AKycCTHKa.

mymom  /
PexomeHnyemMble  METOJIbI
INPOCKTHUPOBAHUS MAJIOMIYMHBIX pabodnx MecT
IIPOM3BOACTBEHHbIX  mnomenieHud.  Yacte 3.
Pacnpoctpanenue 3Byka B IPOHM3BOJICTBEHHBIX
MOMENIEHUAX U nporrosuposanue myma : [[OCT P
52797.3-2007 pecypc] /
bu6muoreka 'OCToB u HOpMmaTuBOB. — Pexkum
JIOCTYyTIa https://ohranatruda.ru/ot_biblio/
normativ/data_normativ/53/53204/
oOpamenus : 26.02.17).

4. Meroasl W3MEpEHHS IIymMa Ha pabodmx
mectax (¢ Usmenenunem Ne 1) : TOCT 12.1.050-86
CCBT.

[DneKTpOHHBIN

[DneKkTpoHHBII

(mara

MesxrocyaapcTBEHHBIM

pecypc] /
I'OCToB u HopMaTuBOB. — PexxuM goctyna

CTaHJIapT

Bbubnnoreka

to recommend the implementation of the model
and its individual components in the following
processes:

e design and analysis of acoustic load of
production areas, assessment of noise pollution
of the environment;

e preparation of bachelors in
"Technosphere safety” (when developing
electronic educational-methodical complexes);

e additional education in "Technosphere
safety” (training in the use of information
technology in acoustic calculations);

e training of industrial workers in the
basics of occupational safety (illustrative
material);

e procedure for special assessment of
working conditions (for the evaluation of the
acoustic factor).
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