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UccnenoBanue pabodero mecra ciecaps IO KOH-
TPOJILHO-U3MEPUTEIbHBIM MPUOOpPaM U aBTOMATHKE
(KUIInA) B OO0 «Oiin-Tenekom» MO3BOIUIO
BBISIBUTH TJIAaBHBIA BPEIOHBIM MPOWU3BOJICTBEHHBIN
dakrop. OT0 1IyM, KOTOPBIM pacrpocTpaHsercs OT
HeTernepexauynBaroniero 000pyI0BaHUs U MOCTOSH-
HO JICUCTBYeT Ha pabOTHHKA. Y CTaHOBIIEHO, YTO Ha
JTAHHOM MPOU3BO/ICTBE SKBUBAJIECHTHBIN YPOBEHb 3BY-
ka paBeH 86 nbA npu Hopme He 6onee 80 nbA. Pabo-
Yyle IMOJBEPraroTcsi BO3JCHCTBUIO IIyMa B TEUYEHHE
8 yacoB B CMEHY € JByMsl TEXHOJIOTHYECKUMHU Tepe-
pbIBaMu 110 15 MUHYT B TIEpBOI U BTOPOH NOJIOBHHE
pabouero JHs. 3aga4ya MO CHUYKEHHUIO LITyMOBOTO BO3-
JefcTBUSL MOXKET OBITh pellleHa ¢ MOMOIIBI0 pa3Me-
IIEHHS Ha MOTOJIKE B pa0OYeM MOMEIIEHUHN IITYYHBIX
3ByKomnorotutesnie. Takum o0pa3om, 1eNbI0 uccie-
JIOBaHUS SIBJISIETCS PacyeT uX HEOOXOIMMOTro KOJIMye-
crBa. B pesysnbrare BBIMOJHEHHOW HAay4HOM PabOThI
yIAJI0Ch YCTAaHOBUTB, YTO MOHTaX 60 YCTpPONUCTB 1103-
BOJIIT CHU3UTH 0 JIONYCTHMMOIO YPOBEHb 3BYKa, a,
CIIEIOBATENBHO, U KJ1ace ycaoBui Tpyaa. Kpome toro,
CHU3MTCS YTOMJIIEMOCTh PAaOOTHHUKOB, YITYyUILIHTCS
COCTOSIHUE UX 3JI0POBbsI, IOBBICUTCSI IPOM3BOUTENb-
HOCTb.

KiaroueBbie ciaoBa: cnecapp KUIIuA, pabouee
MECTO, YCJIOBHUS TpyZAa, IIYMOBOE BO3JEICTBHE,
LITYYHBIN 3BYKOITOTJIOTUTENb.

BBenenue. B TeueHue MHOTUX JIET COXPaHAIOT
CBOIO aKTyaJlbHOCTb Hay4dHble U MpPHUKJIAJHbIE pe-
mieHusi B cepe 0e30MAaCHOCTH YCIOBUH Tpyaa
Ha mpou3BojcTBe. Ha HedTemepepabarwiBato-
MHUX OPEJUpHUATHSIX OJHA U3 CaMBIX BOCTpeOO-
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The study of the workplace of instrumentation
technician in LLC "QOil-Telecom™ allowed us to
identify the main harmful production factor. This
is noise, that spreads from the oil pumping
equipment and constantly acts on the worker. It
is established, that in this production the equiva-
lent sound level is 86 dBA, when the normal
level is not more than 80 dBA. Workers are ex-
posed to noise for 8 hours per shift with two
technological breaks of 15 minutes in the first
and second halves of the working day. The prob-
lem of noise reduction can be solved by placing
single sound absorbers on the ceiling in the
working room. Thus, the aim of the study is to
calculate their required number. As a result of
the performed scientific work, it was found that
the installation of 60 devices will reduce the
sound level to an acceptable level, and, conse-
quently, the class of working conditions. In addi-
tion, the fatigue of workers will decrease, their
health will improve, and productivity will in-
crease.

Keywords: instrumentation technician, working
place, labour conditions, noise effect, single
sound absorber.

Introduction. For many years, scientific and
applied solutions in the field of safety of work-
ing conditions at work remain relevant. Instru-
mentation technician is one of the most demand-
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BaHHBIX Mpodeccuii — ciecapb MO KOHTPOIb-
HO-U3MEpPUTEIbHBIM IpuUOOpaM U aBTOMATHKE
(KHUTInA). YnyumieHue ycIOBHH Tpylda TaKuX
CIIEIIMAJIUCTOB IpPEANOJaracT CHUKEHUE YPOB-
HS Pa3IMYHbIX BPEAHBIX U OMACHBIX (HaKTOpOB.
B pamkax njaHHOTO HCClIEIOBaHUS PacCMOTpPEHA
3a7laya CHIDKEHUsS IIymMa Ha pabodemM MecTe
cinecapsa KUIIuA 8 OO0 «Oitn-Tenekomy.
IlocranoBka mnpodiaembl. BrinonHsas cBou
JOJKHOCTHBIE OOS3aHHOCTH, cliecapb IepemMernia-
eTcsl 110 TEPPUTOPUU HACOCHOW cTaHIMH. OCHOB-
HYIO 4acTh pabo4yero BpeMeHU OH MPOBOJUT B IO-
MEILEHUH C TIOJbEMHBIM U HarHETaTeIbHBIM 000-

pPyAoBaHUCM I[O)I(PIMHOﬁ HACOCHO CTaH-
i (puc. 1).
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ed professions at oil refining enterprises. Im-
proving the working conditions of such special-
ists involves reducing the level of various harm-
ful and dangerous factors. This study considers
the problem of noise reduction in the workplace
of an instrumentation technician at LLC "Oil-
Telecom™.

Problem Statement. Performing his duties,
the instrumentation technician moves around the
territory of the pumping station. The main part
of the working time, he spends in a room with
lifting and pumping equipment of the booster
pump station (Fig. 1).

TPAacKTOpUA IIEPEABIKECHU
ciecaps

pattern of movement of the
instrumentation technician

NCTOYHUK IJ.IYMa
noise source

Puc. 1. Cxema nepememienus ciecapst KUIIuA no teppuropun HacocHoi ctanmmu OO0 «Oitn-Temexom»

Fig. 1. Pattern of movement of the instrumentation technician at the pump station LLC "Qil-Telecom»

Crnecapp KUIIHA o6cnmyxrBaeT 1 peMOHTHPYET
KOHTPOJIbHO-U3MEpUTETbHbIE TPUOOPHI U aBTOMa-
TUKY HETIOCPEJICTBEHHO B MECTaX UX YCTAaHOBKH Ha
ydacTkax. B mporiecce BBITTOTHEHHS TaKOH pabOThI
COTPYJIHUK IIO/IBEPraeTcs BO3ACHCTBUIO 1IyMa,
YPOBEHBb KOTOPOTO COOTBETCTBYET BPEAHBIM YCIIO-
BUSIM TpyZAa 2- CTENEHU OMAaCHOCTU. DKCIIEPTHBIN
OIpOC paOOTHUKOB JJOKA3aJl, YTO HHTEHCHUBHOE
IIyMOBO€ BO3/IelCTBHE HEOIArOMPUATHO BIHUSET
Ha NNPOTEKaHNE HEPBHBIX MPOLIECCOB, CIIOCOOCTBY-
€T Pa3sBUTHIO YTOMJICHUS, TOSIBIIEHUIO IIIyMOBOM
[aTOJIOTUU U IIPOBOLIMPYET psif 3a00J€BaHUM, ca-
MO€ paclpoOCTPAHEHHOE U3 KOTOPBIX — MEJIEHHO

The instrumentation technician services and
repairs control and measuring instruments and
automatic equipment directly in the places of
their installation in the areas. In the process of
his work, the employee is exposed to noise, the
level of which corresponds to the harmful work-
ing conditions of the 2nd hazard level. An expert
survey of employees proved that intensive noise
exposure adversely affects nervous processes,
contributes to the development of fatigue, the
appearance of noise pathology and provokes a
number of diseases, the most common of which
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IpOTpeccupyrollee CHIKEHHUE CITyXa 110 TUITY
KoxJjeapHoro Hepputa [Ommoka! McTounuk
CCBLIKH He HaliIeH.].

B npou3BOACTBEHHBIX YCIOBHSX MCTOYHHKAMU
HIymMa sIBJISIOTCS paboTarolie CTAaHKM U MEXaHM3-
MBI, pYYHBIE MEXaHHW3MPOBAHHBIC HMHCTPYMEHTHI,
AIIEKTPUUYECKUE MAIIUHBI, KOMIIPECCOPHI, Ky3HEUHO-
IPECCOBOE, TOABEMHO-TPAHCIIOPTHOE, BCIOMOTa-
TeNbHOE 000pyI0BaHNE (BEHTWIIAILOHHBIC YCTaHOB-
KU, KOHIMIMOHEPBI) U T. A. JlomycTumble 11yMoBbIe
XapaKTEePUCTUKU PabOUMX MECT perylaMEHTUPYIOTCS
['OCT 12.1.003-2014. IIym. OOmme TtpeOoBaHUs
Oe3omacHocTH [2], CaHUTApHBIMU HOpMaMH
CH 2.2.4/2.1.8.562-96 [3]. B kauecrBe oOmieii xa-
PaKTEpUCTUKH IIyMa Ha pabOYMX MecTax HMpHUMEHs-
ercs oleHKa ypoBHs 3ByKa B 1BA. Illym u3mepsercs
C TIOMOIIIBIO IymMmoMepa 1-ro wiu 2-ro Kiacca To4-
Hoctu 1o 'OCT 17187-2010. Llymomepsr. Yacts 1.
Texuuueckue TpedoBanws [4].

Ha paccmarpuBaemom paboueM MecTe LIyM I10-
CTOSIHHBIH, pacrpocTpaHseTcs 0T HeTIHOro o0opy-
JIOBaHUsl, MPEeIHa3HAYEeHHOTO ISl TepeKayky HeTH.
[Iym HacocHO# AelCTByeT Ha pabo4yero B TEUEHUE
3,5 gacos, T. €. moutu 40 % BpemeHn paboueii cme-
Hbl. C y4eToM TPOBENEHHBIX W3MEPEHUH HKBHBA-
JICHTHBIN ypOBeHb 3ByKa cocTaBui 86 NBA, 4TO BbI-
IIe JoMmycTuMoro 3HaueHus Ha 6 1bA. Pe3ynbrarsl
U3MEpEeHHH npeicTaBieHbl B Tab. 1.

is slow loss of hearing by cochlear neuritis type

[1].

In a production environment the sources of
noise are the working machines and mecha-
nisms, hand held power operated tools, electric
machines, compressors, forge-and-press, materi-
al handling, supporting equipment (ventilation,
air conditioning), etc. The acceptable noise
characteristics of workplaces are regulated by
GOST 12.1.003-2014. Noise. General safety re-
quirements [2], Sanitary Standards SN
2.2.4/2.1.8.562-96 [3]. The assessment of sound
level in dBA is used as a general characteristic
of noise in the workplace. Noise is measured
using a noise level meter of 1st or 2nd accuracy
class according to GOST 17187-2010. Noise
level meter. Part 1. Technical requirements [4].

At the workplace under consideration, the
noise is constant; it spreads from oil equipment
designed for oil pumping. The noise pump influ-
ences the worker for 3.5 hours, i.e. almost 40 %
of the time of his working shift. Taking into ac-
count the measurements, the equivalent sound
level is 86 dBA, which is higher than the per-
missible value by 6 dBA. The measurement re-
sults are presented in Table. 1.

Tabmuna 1
Table 1

[TapameTpsl ITyMa B pa3IMYHBIX pabOUNX 30HAX

Noise parameters in different work areas

HaunmenoBanue paboueii 30HbI VYposens 3Byka, 1bA | Bpems BozaeiicTsust, %
Name of the working area Noise level, dBA Time of exposure, %
T =
€HEepaTOPHBIN 6-J'IOK 783 20
Generator unit
JlaGopartopusi MpOBEPKH ra30aHaIM3aTOPOB (pabounii cToM)
. 49.7 25
Laboratory testing of gas analyzers (desktop)
JlaGopaTopust MPOBEPKH Ta30aHANIN3AaTOPOB (Iaiika) 49.7 15
Laboratory testing of gas analyzers (soldering) '
H
Aeoctar 85.8 40
Pumping station
T -
http://bps-journal.ru/ b 32
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IIpn OXHOBpPEMEHHOM [EHCTBHM JIBYX HCTOY-
HUKOB IIyMa C Pa3JIMYHbIMU ypoBHAMHU L1 u L;
CyMMapHBI/i DKBUBAJICHTHBI YPOBEHb 3BYyKa CO-
craBut 86 n1bA (Tabm. 2).

With the simultaneous operation of two noise
sources with different levels of L; and L,, the total
equivalent sound level will be 86 dBA (Table. 2).

Ta0mnuua 2
Table 2

dakTHyecKue u HOPMATUBHBIC 3HAYCHHUA SKBUBAJICHTHOI'O U MAKCUMAJIbHOT'O YPOBHS 3BYKa

Actual and standard values of equivalent and maximum noise level

dakTnueckoe Beanunna
®akTtop HopwmatuBHOE 3HaueHNE
3HAUEHHE OTKJIOHEHHUS
Facto Standard value .
Actual value | Deviation value
OKBUBAJICHTHBIN YPOBEHb 3BYKa, 1BA
. . 86 6
Equivalent noise level, dBA
MaxkcuMalbHbIM YPOBEHD 3ByKa, 1BA
IbHEMH YD A 110 93.0 _
Maximum noise level, dBA

W3 mpuBeACHHBIX BhIIIE JAHHBIX CIEAYET, YTO
SKBUBAJICHTHBIN YpOBEHb 3ByKa HE COOTBETCTBY-
et TpeboBanusam CH 2.2.4/2.1.8.562-96. Takum
00pa3om, 1Mo TaHHOMY TIOKa3aTesio YCIOBHS TPY-
na cnecapsa KUIIMA otHocsATcs K BpeAHBIM 2-i
crenenu (kimace 3.2).

Crnenyer OTMETUTh, UTO APYTUE MOTEHIUAIb-
HO HeOnaronpusTHele (pakTopsl (BUOpaLus, cBe-
TOBas Cpejia, MUKPOKIIMMAT, TSXKECTh U HaIpsi-
KEHHOCTb PabOThI) HE ONPENENSIIOT YPOBEHb
omnacHocTH ycioBui Tpyaa cinecapst KUIIuA na
000 «Oitn-Tenexom».

AHAJIU3 MOAX00B K pPelIeHHI0 MPodJieMbl.
Jnst 3anuTel OT HIyma:

— paspabaThiBaeTCs myMo0Oe30macHasi TEXHH-
Ka;

— HCHOJB3YIOTCS CPEACTBa U METONbI KOJ-
nextuBHOM 3ammThl ('OCT 12.1.029-80. CCBT.
CpencTtBa ¥ MeTO/bI 3aIUThl OT Imyma. Kiaccu-
¢uxanus [5]);

— TIPUMEHSIOTCS CPEICTBA MHIWBUAYATbHOU
3aIUTHL;

— BHEJPSIIOTCS CTPOUTEIbHO-aKyCTHUECKHE
METO/BI.

Mepsl 10 3amuTe OT IIyMa HEOOXOIUMBI U
pa3paboTKe TEXHOJOTHYECKUX IMPOIECCOB, M3TO-
TOBJICHMM M OSKCIUTyaTallud MAaIlHWH, MPOU3BOJ-
CTBEHHBIX 3[JaHUM M COOPYKEHU, a TaKXKe MpHU

From the above data, it follows that the equiv-
alent noise level does not meet the requirements
of SN 2.2.4/2.1.8.562-96. Thus, according to this
indicator, the working conditions of the instru-
mentation technician are referred to the 2nd haz-
ard level (class 3.2).

It should be noted that other potentially ad-
verse factors (vibration, light environment, mi-
croclimate, severity and intensity of work) do not
determine the level of danger of the working con-
ditions of the instrumentation technician at LLC
"Oil-Telecom".

Analysis of approaches to solving the prob-

lem. For noise protection:

— noise-safe equipment is being developed;

— means and methods of collective protection
are used (GOST 12.1.029-80. Occupational safety
standards system. Means and methods of noise
protection. Classification [5]);

— personal protective equipment is used,;

— construction and acoustic methods are be-
ing introduced.

Measures to protect against noise are neces-
sary in the development of technological process-
es, manufacture and operation of machines, in-
dustrial buildings and structures, as well as in the

http://bps-journal.
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opranu3zanuu padouero Mecra.

KoneuHno, 17151 McKkiOueHus BIUSHUS Ha pa-
OOTHUKOB MTPOU3BOJCTBEHHOIO LITyMa HEOOX O~
MO YCTPaHUTh €ro HCTOYHUK. DTO Haubosee pa-
[IUOHAJILHBIN U IEPCIIEKTUBHBIN MEeTO ] OOpHOBI €
HeOJIaronpUsATHBIM 3BYKOBBIM BO3JielicTBUEM. B
KauyeCTBE aJIbTEPHATUBbI pACCMATPUBAETCS pas3-
paboTKa CpesICTBA, CHUKAIOLLETO YPOBEHD LIyMa
Ha IYTH €0 paclpOCTPaHEHUsI OT UCTOYHUKA J10
3anuIaeMbix 00bekToB. OCHOBHBIE BApUAHTHI
— YCTaHOBKA aKyCTUYECKUX SKPAHOB, B TOM
YKl MHHOBAIIMOHHOTO THIA [6, 7], U IpUMEHe-
HHE 3aIUTHBIX KOXKYXOB, KarmoTos [8, 9].

Onun u3 Hanbosee HPPEKTUBHBIX TPUHITUIIOB
— 3BYKOIIOTJIOUICHHE. DTO 0CIa0IeHUE YPOBHS
3BYyKa, paclpOCTPaHSIOLIErocsl B IOMELICHUH,
BCJIEJICTBUE OTPAXKEHUSI SHEPTUU OT O0JIUIIOBOY-
HBIX MaTepUaJIOB OrpakI€HUI, KOHCTPYKTHUBHBIX
yacteit ooopynoBanus. Koadduiuent 3Bykoro-
TJIOIICHUS MPEICTaBISET COOON OTHOIICHHE
SHEPrUH, MOTJIOMEHHOH | M MOBEPXHOCTH, K Ia-
JAloLIe Ha ATy OBEPXHOCTh 3Hepruu. Mcenois-
30BaTh 3BYKOIOTJIOLIEHHUE 11€TI€CO00Pa3HO, €CIN
KOA((UIIMEHT 3BYKOIOIJIONIEHUSI MaTepuaia He
Menee 0,2. 3ByKOMOTJIONIEHNUE C UCTIOIH30BaHUEM
MaTepuaioB, 00Ja1al0IUX BBICOKUM KOA(pPUIu-
€HTOM IOTJIOLIEHUS, TI03BOJISIET CHU3UTH YPOBEHD
uryma 10 8—10 1bA. OueBuaHO, YTO YPOBEHD
3aLUTHI 3HAYUTEIHHO YBEIMYUBAETCS TIPU COB-
MECTHOM HCIIOJIb30BaHUU METO0B 3BYKOU30JIs-
LU U 3BYKOIIOTJIOIEHUSI.

C momolIpI0 TEXHUYECKUX CPEACTB HE BCEraa
ylaercss peluTh MNpoOJeMy CHU)KEHHUS YpPOBHS
nryma. B a1oil cBsi3u Oosbiioe BHUMaHHUE yaems-
€TCsl MCNOJIb30BAaHUIO CPEJICTB MHAMBHUAYAJIbHON
3authl (CHU3): anTudOHOB, 3ariymiek, HayIlIHH-
KOB, YIIHBIX BKJaJbllei, nuieMo(oHOB, Kacok
u 1ip.). OHAKO clenyeT Y4YUThIBaTh, YTO HEMpa-
BUIbHOE NpuMeHeHne CH3 MoXkKeT CitykKUTh IpH-
YUHOW MPOU3BOJICTBEHHOIO TpaBMaTU3Ma U IpPO-
dbeccuoHanbHBIX 3a0oneBaHuid. BakHO, YTOOBI
CpeICTBAa HWHAMBUAYAJIbHON 3alIUTHl MOIOHpa-
JUCh TPAaBUIBHO B 3aBUCUMOCTH OT YpPOBHSA U
criekTpa myma. Kpome Toro, Heo0X01uM KOHTPOITb
YCJIOBHI UX HKCILTyaTallUH.

CpencTBa 11 CHUKEHUS IIyMa Ha paboyeM Me-

organization of the workplace.

Of course, to eliminate the impact of industri-
al noise on workers it is necessary to eliminate its
source. This is the most rational and promising
method of dealing with adverse noise effects. As
an alternative, we consider the development of a
tool that reduces the noise level in the way of its
propagation from the source to the protected ob-
jects. The main options are the installation of
acoustic screens, including the innovative type [6,
7], and the use of protective covers, hoods [8, 9].

One of the most effective principles is sound
absorption. This is the weakening of the sound
level propagating in the room, due to the reflec-
tion of energy from the cladding materials of pro-
tective covers, structural parts of the equipment.
The sound absorption coefficient is the ratio of
the energy absorbed by a surface of 1 m? to the
energy incident on that surface. To use sound ab-
sorption is advisable if the sound absorption coef-
ficient of the material is not less than 0.2. Sound
absorption with the materials with a high absorp-
tion coefficient, can reduce the noise level to 8-10
dBA. It is obvious that the level of protection sig-
nificantly increases by the joint use of sound insu-
lation and sound absorption methods.

It is not always possible to solve the problem
of noise reduction with technical means. In this
regard, much attention is paid to the use of per-
sonal protective equipment (PPE): anti-phones,
plugs, headphones, earplugs, headsets, helmets,
etc.). However, it should be borne in mind that
improper use of PPE can cause occupational inju-
ries and diseases. It is important that personal
protective equipment is selected correctly depend-
ing on the level and spectrum of noise. In addi-
tion, it is necessary to control the conditions of
their operation.

Means for noise reduction in the instrumenta-
tion technician workplace were assessed from the
point of view of the analysis of the set of all fac-

¥
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cre ciecapst KUIIMA oneHuBammich ¢ TOUKH 3pEHUS
aHaJM3a COBOKYITHOCTH BceX (DakTopoB (B TOM
YHCI€ DPrOHOMHKH), OMNPENENSIONMX  BBIOOP
NpUHIMIA [IyMo3au|Thl. OCOOEHHOCTH BHEUIHEH
reoMeTpru U (PYHKIIMOHAIBHBIX Y3JI0B 000pY/I0Ba-
Hust Ha OO0 «Oitn-Tenexkom» He MO3BOJISAIOT CHU-
3WUTh IIYM B €0 UCTOYHHUKE U B HACTOSIIEEC BPEMs
HE MOTYT OBITh yCOBEPIIICHCTBOBaHBI. HeBO3MOKHA
TaKKe YCTAaHOBKA 3BYKOITOTJIOMIAFOIINX OOJIHIIOBOK
U aKyCTUYECKHX SKPAaHOB, TaK KaK HEIOCTaTOYHO
MecTa Ui X pa3MmenieHus. B aToii cBsi3u npenna-
raercsi MPOBECTH HHKEHEPHO-TEXHUYECKHUE Mepo-
NpUSTHA, CBA3aHHBIE C MPOEKTUPOBAHUEM U MOH-
TaXOM OOBEMHBIX 3BYKOMOIJIOTUTENICH, HE 3aHU-
MAroIMX pabovyIo TUIOMIAAh U HE MEIIAIOIIUX pa-
06oyemy mporieccy. 3BYKOIMOTJIOTUTENN (0ObEeMHbBIC
TeJa, 3al0JHEHHBIE 3BYKOIOTIIONIAIOIIUM MaTepH-
aJIOM) pacrojararoT 1o MepuMeTpy BepXHEH yacTu
CTEH WJIM MPUKPEIUIIOT K MMOTOJIKY Ha OINpeesieH-
HOU BBICOTE U HA PABHOM PACCTOSHUU APYT OT JPY-
ra — Tak, 4ToObl OHM HE BIMSUIM HAa OCBEICHUE
pabouux MecT.

IIpoexTHpPOBaHHE CPEACTB KOJJIEKTHBHOI
3alMThl B BH/JAE IITYYHBIX 3BYKOINOIJIOTHTE-
Jei. Wrtak, TmarensHoe 00clIefOBaHKE ITO3BOJIH-
JI0 YCTAaHOBHTb, YTO UCTOYHUKOM IITyMa SIBIISICTCS
rpynmna HacocoB ¢ aBurarensiMu. COOTHOIIEHHE
MpeeIbHO JOMYCTUMOTO U (PAKTUYECKOTO YpOB-
HEell mryma A JaHHOro paboyero mecta rpadu-
YECKU MPEJCTABICHO HA PHC. 2.

—

tors (including ergonomics) defining the choice of
the noise protection principle. The features of ex-
ternal geometry and functional units of the
equipment at LLC "Oil-Telecom™ do not allow us
to reduce noise in its source and cannot be im-
proved now. It is also impossible to install sound-
absorbing linings and acoustic screens, as there is
not enough space for their placement. In this re-
gard, it is proposed to carry out engineering activ-
ities related to the design and installation of single
sound absorbers that do not occupy the working
area and do not interfere with the working pro-
cess. Sound absorbers (solid bodies filled with
sound-absorbing material) are placed along the
perimeter of the upper part of the walls or at-
tached to the ceiling at a certain height and at an
equal distance from each other — so that they do
not affect the lighting of workplaces.

Design of collective protection in the form
of single sound absorbers. Thus, a thorough ex-
amination revealed that the source of noise is a
group of pumps with engines. The ratio of the
maximum permissible and actual noise levels for
a given workplace is graphically shown in Fig. 2.
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Fig. 2. The ratio of the maximum permissible and actual spectra of the workplace
of the instrumentation technician
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Kax BuaHO U3 puc. 2, nryMm npeBsILIacT pe-
JenbHO nonycTuMbiid ypoBeHb (I1J1Y) mpaktuye-
CKU Ha BCEM JIMAINa30HE YaCTOT. DKBUBAICHTHBIH
YPOBEHb 3BYKa HEOOXOMMO CHU3UTH Ha 6 NBA.

CornacHo Metoauke [ 10] pacyeTa mTy4HbIX
3BYKOIIOTJIOTUTENEH, HEOOXOIUMO ONPEEIIUTh
WX ONTHUMAJIbHBIE TAPAMETPHI U XaPAKTEPUCTUKHI
¢ yaerom crnektpa myma nmo CH 2.2.4/2.1.8.562-
96 (tabm. 3).

As shown in Fig. 2, the noise exceeds the max-
imum permissible level (MPL) in almost the en-
tire frequency range. The equivalent sound level
should be reduced by 6 dBA.

According to the method [10] of calculation of
single sound absorbers, it is necessary to deter-
mine their optimal parameters and characteristics
taking into account the noise spectrum by SN
2.2.4/2.1.8.562-96 (Table. 3).

Ta6mauma 3
Table 3

HapaMeTpLI rymMma, y4uTbIBa€MbIC IIpU H0n60pe HITYYHOT'O 3BYKOIIOTJIOTUTCIIA
Noise parameters taken into account when selecting a single sound absorber

HaumenoBanue
Name

CpezmereOMeTpl/lqecmde YacTOoThl OKTaAaBHBIX I10JI0C, I'o

Centre frequency of octave bands, Hz

63

125 250 | 500

1000 | 2000 | 4000 | 8000

YpoBeHb 3BYKOBOTO JaBJICHUS Ha
pabouem mecte L, 1b

Sound pressure level 87
at the workplace, dB

90 87 83 81 76 70 65

Jlomyctumsblit ypoBeHb Lo, 1B

Permissible level L, dB %

87 82 78 75 73 71 69

Tpebyemoe cHmxenue mryma AL, 1b
Required noise reduction AL, dB

Jlnst onpezienieHns ONTUMAIBHBIX TapaMeTPOB
00BEMHOT0 3BYKOIOTJIOTHTENSI IPOBOASATCS MOATAIl-
HbIE pacyeThl.

1. Onpenensercst TpeOyeMoe CHIDKEHHE IIymMa
Al =L — Lyon.

2. OmpenensieTcst qUama3oH 4acToT, B KOTOPBIX
YPOBHM 3BYKOBOTO JIABJICHWSI TIPEBBIMIAIOT JIOMY-
crumble 3Hadenust (AF =125 —4000 '), u pacyer-
Has 4acToTa, B KOTOPOM OTMe4aercs: HauOosbliee
TPEBBIIIEHUE L.

3. Onpenensiercst mapamerp K, oObeMHOTO 3BY-
KOIOITIOTUTENS, O0O0eCTeYrBaOIUil MaKCHMallb-
HOC 3HAYCHHWE 3BYKONOTJIOMEHHS Ha YacTOTe
1000 I'1.

4. BBITNONHEHHBIE PAcyeThl C y4ETOM JIAaHHBIX
Ttabn. 1 u 2[10] ycTaHOBWIM, YTO ONTUMATHHBIN
pammyc
Iy =15 cM. B aTOM Ccitydae yJ0BIeTBOpSETCS YCIIO-

cepuyeckoro 3BYKOMOTJIOTUTEJIS

BHE MakCMMyMa KO3((HIMEHTa 3BYKOIOIIIOMICHHS
B HanOOJIBIIIEM Iuana3oHe yactot. Kpome Toro, mo-

Step-by-step calculations are carried out to de-
termine the optimal parameters of the solid sound
absorber.

1. Determination of the required noise reduc-
tion ALy =L — Lpon.

2. Determination of the range of frequencies
in which the sound pressure levels exceed the
permissible values (AF=125-4000 Hz), and the
calculated frequency in which the highest excess
Of Lpon. IS Observed.

3. Determination of the parameter k. of the
solid sound absorber, which provides the maxi-
mum value of sound absorption at a frequency of
1000 Hz.

4. The performed calculations together with
the data in Tables 1 and 2 [10] revealed that the
optimal radius of the spherical sound absorber r
= 15 cm. In this case, the condition of the maxi-
mum of the absorption coefficient in the highest
frequency range is satisfied. In addition, the op-

http://bps-journal.
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CTUTAIOTCSl ONTHMAIIGHBIC 3HAYCHHs AKTHBHOW U
PEaKTUBHOM COCTaBISrONMX MmIieaanca Ry = 0,83
u Yo =-0,56.

5. Haunbonee moaxoasiimuM 3BYKOIOTJIONIAIO-
UM MaTepUaJIOM JJIi TPOSKTHPYEMOTO 3BYKO-
MOTJIOTUTENS SIBIISIFOTCS TUTMTHI M3 IITANeIbHOTO
CTEKJIOBOJIOKHa (ToimmHa, O =50 MM, ILIOT-
HOCTh, Y = 40— 60 Kr/MY), y KOTOPBIX 3HAYEHUS
COOTBETCTBYIOIINX HMMIICAAHCOB OJM3KH K OITH-
MaJIbHBIM, OIIPEACIICHHBIM Ha 1mare 4.

6. B kadecTBe 3aIlMTHOTO TMOKPBITHS IOTJIO-
TUTENs BbIOpaHa cTekinoTkanb Tuna J1-100. 3Ha-
YEHUsI COCTABJIAIONIMX HMMIIEAHCA CTEKJIOTKaHU
Ry 1 Y, U cymMMapHbIe 3HaU€HUSI COCTABIISIOLINX
MMIIEJIJaHCA YCTPOMCTBA OIPEICICHBI COTrJac-
HO [11]. Pe3ymbrarel pacyeToB CBEJCHHI B
Tabm. 4.

Bnavenua Ry, u Y

Safety of Technogenic and Natural Systems 4 2018

timal values of the active and reactive compo-
nents of the impedance Ry = 0.83 and Y, = -0.56
are achieved.

5. The most suitable sound absorbing material
for the designed sound absorber are plates made
of staple glass fiber (thickness & = 50 mm, densi-
ty y = 40-60 kg/m®), in which the values of the
corresponding impedances are close to the opti-
mal ones defined in Step 4.

6. Fiberglass type 91-100 is chosen as a pro-
tective coating of the absorber. The values of the
components of the impedance of fiberglass Ry
and Yy and the total values of the components of
the impedance of the device are determined ac-
cording to [11]. The results of calculations are
summarized in Table. 4.

TabGmura 4
Table 4

m B OKTaBHBIX ITOJIOCAax

Rwm and Yy values in octave bands

CpennereoMeTpuYeCcKre 4acTOThl OKTaBHBIX

NMnenanc O06o03HaueHue nonoc, I'ng
Impedance Notation Centre frequency of octave bands, Hz
63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
NMnenanc miauT u3 mraneib- R, 0,7 | 08 12 108 | 038 1 1,26 | 1,43

HOI'0 CTCKJIOBOJIOKHA TOJJIIIH-

Hoi 50 MM, v = 40 — 60 kr/m®

Impedance of the staple fiber Y

plates of thickness of 50 mm,
y = 40 — 60 kg/m®

44| -4 |37 |-1,7|-07]| 03 |-0,24| 0,39

" R, 044 | — | — | — | — | — | — | —
MII€JaHC CTCKJIOTKAHU
mapku 91-100
21-100 fiberglass impedance Y — 1003/007|013 1023042059 | —
MMIe1aHC KOHCTPYKLMH R 114,08 | 1,2 | 0,8 | 08 1 126|143
The design impedance Y 44 |-397|-363|-1,57|-047| 0,72 | 0,32 | 0,39

JlanpHelnme BRIYUCISHHS ¢ ToMoIbio DBM
MO3BOJIUJIH ONIPEACIUTH (POPMY IITYIHOTO 3BY-

KOMOTJIOTUTENS B BHJIE KyOa co CTOpOHOU pedpa
24 cM (puc. 3).

Further calculations with the help of a com-
puter allowed us to determine the shape of a sin-
gle sound absorber as a cube with the edge side of
24 cm (Fig. 3).
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Puc. 3. Mogenb 005eMHOTO 3BYKOITOTIIOTHTEIIS

Fig. 3. Model of solid sound absorbers

3BYKOIOTJIOTUTENb BBIMONHEH W3 IUIMT IITa-
MEIPHOI0 CTEKJIOBOJIOKHA TOJNIMHHONM 50 MM
(y =40-60 kr/M%) ¢ 3alUTHBIM MIOKPBITUEM W3
crexnorkann D1-100. OOBEKTH pa3MenieHbl Ha
NOTOJIKE. PaccTosiHue MeXay WX TIeoMeTpHhue-
ckumu neutpamu hy = 0,86 m. Pa3ienus miomiaan
MOTOJKA S;or HA IIOMIAAbL 30HBI BIMSHUS IOTJIO-
TUTENSI, BBISCHUM, CKOJBKO HITYK HEOOXOIMMO
st jaHHoro nomMennenus [10]. B nanHom cinyuae
IJIOIIAJb 30HBI BIUSHUSA paBHA hk2 =0,75 M2,

[Tnomaap moTonka paBHA Sper = 75 M2, Heobxo-
auMoe uuciao nornoturened — 60. Cxema ux
pa3MelIeHus IpeicTaBlieHa Ha puc. 4, 5.

The sound absorber is made of 50 mm thick (y
= 40-60 kg/m®) staple glass fiber plates with a
protective coating of 31-100 fiberglass. The ob-
jects are placed on the ceiling. The distance be-
tween their geometric centers hy = 0.86 m. Divid-
ing the ceiling area S, on the area of a sound ab-
sorber influence, we find out how many pieces
are needed for this room [10]. In this case, the

area of influence is h? = 0.75 m?. The ceiling ar-
ea is equal to Sq,o; = 75 m?. The required number

of absorbers is 60. The scheme of their placement
is shown in Fig. 4, 5.

15 000

_.___._

000 ¢

v Noomemems = SM

Puc. 4. [lnan pa3zmenienns 00bEMHBIX 3BYKOIIOTIIOTHTEINEH

Fig. 4. Scheme of placement of solid sound absorbers




Puc. 5. Mogens pasmenieanss 00beMHBIX 3BYKOITOTIIOTHUTENEH

Fig. 5. Model of placement of solid sound absorbers

CpaBHeHue mpeAenbHOro U (HaKTUYECKOTO
CIIEKTPOB IIIyMa TIOKa3bIBACT MOTCHIUAIBHYIO

HOPMAaJIM3ALMIO [ITYMOBOW OOCTaHOBKH Ha paboueM

mecre ciecapst KUITuA (puc. 6).

MPL —@—=ILOY —— DaKTHYECKOE 3HaUYCHHE

Actual value

The comparison of the maximum permissible
and actual noise spectra shows the potential nor-
malization of noise situation in the workplace of
the instrumentation technician (Fig. 6).

=@—Ilocne BHeOPEHUA
After the introduction

105 LN

~—

Sound pressure level, dB
YpoBeb 3ByKOBOTO JaBieHus, ab.

45 T T T T
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Puc. 6. PacueTHrli YPOBCHB 3BYKOBOI'O AABJICHHA MTOCJIC BHEAPCHUA CPEACTBA 3alIUThI

(0OBEeMHBIX 3BYKOIOTJIOTUTEIIEH)

Fig. 6. The calculated sound pressure level after the introduction of the protection means
(sound absorbers)

3akaodenue. CucrtemMa 0OBEMHBIX 3BYKOIIO-
TJIOTUTENIEH TO3BOJISIET CHU3UTH YPOBEHB IIIyMa
Ha pabouem Mmecte ciecaps KUITuA no nmpenensb-
HO JIONYCTHMBIX 3HAa4€HUM. PacyeTsl, BBINOIHEH-
Hbl€ B paMKax JaHHOTO MCCJIEIOBaHUS, MMOKa3bl-
BaIOT, YTO NpPU PaBHOMEPHOM paclpeeieHUun
HIECTUIIECATH OOBEKTOB HA TOTOJIKE YCIOBHS
TpyJla B MOMEIICHUH yIydliarcs ¢ 3-To Kiacca
(BpemHsbIe) 10 2-TO Kiacca (JOMyCTUMBIE).

Conclusion. The system of solid sound ab-
sorbers allows us to reduce the noise level in the
workplace of the instrumentation technician to the
maximum permissible values. The calculations
performed in the framework of this study show
that with a uniform distribution of sixty objects
on the ceiling, working conditions in the room
will improve from the 3rd class (harmful) to the
2nd class (acceptable).
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[IpoBeneHne omMcaHHBIX MEPONPUATHI oOec-
neyuT 6e30I1aCHOCTh TPyJa U TaKUM 00pa3oM co-
XpaHUT JKU3HU U 3]0poBbe pabotaromux. Ha
IIPOU3BOJCTBE COKPATUTCS YHUCIO HECYACTHBIX
ciyyaeB U 3a0oneBaHuid. biaromaps ucnonb3oBa-
HUIO OOBEMHBIX 3BYKOIIOTJIOTHTEICH CHUXKACTCS
HE TOJIBKO YPOBEHb 3BYKa, HO M YTOMIISIEMOCTH
IIEPCOHAJIA, IIOBBIIIACTCS IIPOU3BOAUTEILHOCTD
TpyZa.
HaIpaBJieHA Ha COBEPIICHCTBOBAHME BBIUUCIIC-
HUH, KaCalOINXCSl CUCTEMBI 3BYKOIIOTTIOTUTEIIEH.
Kpome Toro, Heo6XoIuMO paccMOTpPeTh MOTEH-

JanbHelimas pabota J0KHA OBITH

nuajl COBPCMCEHHBIX 3BYKOIIOITIOMIAOMIUX MATC-
puaioB, B TOM YHCJIC CIOUCTOTO THIIA.
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(mata  oOpameHus

Carrying out the described activities will en-
sure safety and thus save the lives and health of
the workers. The number of accidents and diseas-
es at work will be reduced. Due to the use of solid
sound absorbers, not only the sound level is re-
duced, but also the fatigue of the personnel, labor
productivity is increased. Further work should be
aimed at improving the calculations relating to the
sound absorber system. In addition, it is necessary
to consider the potential of modern sound-
absorbing materials, including layered ones.
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