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Abstract

The Arctic zone of the Russian Federation holds significant mineral wealth. However, the development of hy-
drocarbon resources involves natural and industrial harms and hazards such as high air humidity (90%), strong
wind (up to 25 m/s), air temperature of -70°C, as well as fire and explosion hazardous environment, toxic and
harmful substances, increased noise, and vibration. The article addresses workplace conditions for oil and gas
production operators in an oil and gas company located in the Arctic zone. A special focus of such conditions is
on personal protective equipment (PPE). 10% to 15% of all fatalities are the result of lack, failure to use, or tech-
nical faults of PPE. The article addresses organisational and technical solutions aimed at controlling the use of
personal protection for the head, which is a safety helmet by employees. The device helps to record cases of
failure to wear the safety helmet transparently and transmit this information for processing to the dispatcher. The
article reviews ways of adding technical gear to PPE to control employees in various industrial environments to
prevent any safety non-compliance.

Keywords: Occupational Safety and Health; smart PPE; industrial safety helmet; Arctic zone; accident.

1 Introduction 1 Beenenne

The analysis of the meteorological infor- AHanu3 METeOPOIOrHIeCKO MHPOpMALHH
mation on temperatures in Russia's Arctic re- 0 TCMIIEPATypHOM pPEKHUME B pPEruoHax
gions revealed that probable temperature con- ApKkrrdeckoil 30HEI Poccum moKasan, d4To
ditions are as low as -70°C [1]. Other natural BEPOSITHBIMU  TEMIICpaTypamMy MPeObIBaHUS U
and industrial harms and hazards for oil and KHUHCACATCIIBHOCTH ~ HCJIOBCKA  SIBJISIOTCS
gas companies include: high air humidity Temnepatypsl, pocruraet -70°C [1]. ITomumo
(90%), strong wind (up to 25 m/s), fire and 9TOro, OMNACHBIMH W BPCIHBIMH MPUPOIHO-
explosion hazards, as well as toxic and harmful ITPON3BOJCTBEHHBIMH thaxropamu it
substances [2]. Additional issues are caused by He(TEra30BbIX KOMIAHUI SBIISIOTCS: BBICOKAs
icing of equipment external surfaces, floor BIaXHOCTb Bo3nyxa (90 %), cuimbHbIl BeTep
surfaces in the work areas and stairs, noise, (mo 25 Mm/c), MOKapOB3PLIBOOIIACHBIE YCIIOBHS,
vibration of production equipment, and a long TOKCHYHBIC ¥ BPEIHbIC BelecTsa [2].

polar night. Exposure to natural and industrial
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harms and hazards lay ground for occupational
diseases, injuries, and emergencies. The last-
inch protection for employees at oil and gas
companies is personal protective equipment.
However, its use in the Arctic zone is less ef-
fective due to increased discomfort during use.
Let us consider the case of NOVATEK -
Yurkharovneftegaz company, a major subsidi-
ary of PAO NOVATEK. It employs about
1,000 people, including 800 workers. Oil and
gas production operators are most exposed to
industrial risks. The noise exposure during the
operation of compressor units reaches
100 dBA (with the maximum allowable level
(MAL) of 80 dBA). It should be mentioned
that with industrial noise intensity of 85 dBA,
occupational sensorineural hearing loss is di-
agnosed in 5% of employees, while with indus-
trial noise intensity of 90 dBA, 100 dBA, and
110 dBA, this figure is 10%, 12%, and 34%,
respectively [3].

During a work shift, an oil and gas produc-
tion operator exercises remote control of com-
pressor units, moves across the industrial site,
and exercises visual control of equipment op-
eration in  machine halls (Fig. 1).
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JloTIOTHUTENBHBIE TIPOOJIEMBI BBI3BIBAIOTCS
obneneHeHneM (HapyXHBIX TOBEPXHOCTEH
000pyZOBaHMsI, MOBEPXHOCTH IMojia paboumx
30H, JIECTHHUI[), LIYMOM H BHOpaIUsIMH
MIPOU3BOJCTBEHHOTO
000pyIOBaHUS, IPOJIOJKUTEIBHON  ITOJISIPHOM
HOYbI. Bo3neiicTBHe OMAaCHBIX W BPEIHBIX
MPUPOAHO-TIPOU3BOJCTBEHHBIX ¢bakxTopoB
CO3JIaeT MPEANOCHUIKU AJsl BOZHUKHOBEHHS W
pa3BuTHA MNpOodecCHOHANBHBIX 3a00JeBaHUH,
TpaBMaTH3Ma U aBapPUHUHBIX CUTYaIIHH.

[Mocnenquum pyOeskoM 3amuThl paOOTHUKOB
HedTera3zoJ00bIBAIOIINX MpeanpusITHI
SIBJISTFOTCS cpencTaa VHIWBUIYaTbHOM
3amuThl. OJHAKO B YCIOBUSX ApPKTHYECKOM
30HBl HMX TPHUMEHEHHWE CHWXKAeT CBOIO
3¢ (HEeKTUBHOCTH u3-3a MIOBBIIIICHHOTO
muckomdopra npu npuMeHeHur. OmHUM U3
MIPUMEPOB TOJAO0HBIX TPEANPUATHI SBISICTCS
KOMIIaHUS 000 «HOBATOK -
IOpxapoBHedTeras», kKoTopas SBISETCS OTHUM
U3 KPYMHEHIINX AOYEPHUX Ta30700bIBAIOIINX
JOOBIBAIOIINX MPEIIPUATHI
I[TAO «HOBATOK». Ha stom mnpeanpustuu
Tpyasarcs okono 1000 dermoBek, U3 KOTOPHIX
800 Ha paboumx crenuanbHOCTIX. Haubonee
MOJIBEP)KEHHBIM TIPOU3BOJICTBEHHBIM PUCKAM
sBIISieTCsT  mpodeccust  omeparopa  JI0OBIYH
HehTH ¥ raza. [Ipm paboTe KOMIIPECCOPHBIX
YCTAaHOBOK YpPOBEHb IIIYMOBOTO BO3ICHCTBHSA
nocturaer 100 nbA (mpenenbHO—I0ITyCTUMBIH
ypoBenb (ITAY) myma cocraBmsier 80 nbA).
CTOUT OTMETUTh, YTO TNPH HHTEHCUBHOCTH
MIPOU3BOJICTBEHHOTO uryma B 85 nbA
npodeccuoHabHas HelpoceHcopHas
TYTOyXOCTh BBIABISETCS Y 5% paOOTHHUKOB,
mpu 90 — y 10%, opu 100 — y 12%, npu 110
nbA —y 34% [3].

B Teuyenne paboueil CMeHBI oOmepaTop
no0buM  HeTH M Tra3a  OCYIIECTBISET
NYCTAHIIMOHHBIN KOHTpPOJIb paboThI

KOMIIPECCOPHBIX YCTAHOBOK, IEPEIBHUIACTCS
10 TEPPUTOPUH TIPEANPUATHS U OCYLICCTBIISCT
BU3YaJIbHbI KOHTPOJIb pab0Thl 000PYI0BAHHUS
B MalMHHbIX 3aiax (Puc. 1).
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Fig. 1 Workplaces of an oil and gas production operator: a) industrial site, b) operator's room, ¢) ma-
chine hall
Puc. 1 Paboune MecTa omeparopa 100bIYr HEPTH U ra3a: a) TePPUTOPHS IPEATPUATHS, D)
orepaTopHasi, C) MalllMHHBIH 3aJ1

The oil and gas production operator's duties
include equipment inspection every two hours
during a work shift. It means that half of
his/fher work time, the operator stays outside.
The Yurkharovskoye oil, gas, and condensate
field is situated in the Arctic zone where winter
lasts nine months with an average temperature
of - 41°C [4,5]. Sound levels measured in the
oil and gas production operator's workplace in
2016 are summarised in  Tab. 1.

B oOs3anHOCTH omeparopa MO A00bIUE

He(TH W Taza BXOAUT OCMOTP OOOPYAOBaHHS
Kaxaple 2 daca paboueil CMEHBI, TaKUM
o0pa3oMm, TIOJOBHHY pabodero BpeMEHH
MPOXOJIUT BHE TOMEUIEHUM.
IOpxaposckoe HedTera3oKoHIeHCaTHOE
MECTOpPOXKACHHUE PacIonoKeHo B
ApPKTHYECKOH 30HE, TI€ MPOIOKUTETFHOCTD
3UMBI COCTaBIsieT 9 MecsIeB CO CpenHe
temmeparypoii - 41 °C [4,5].

PesynbpraTel U3MepeHUss ypOBHEH 3ByKa Ha
pabouem Mecte omepaTopa M0OBYM HEDTH H
raza, mnpousBeaeHnelie B 2016  rony,
npeacrasieHsl B 1a0. 1.

Tab. 1 Noise level in the oil and gas production operator's workplace
Ta6. 1 YpoBeHb 3ByKka Ha pabodeM MecTe orneparopa J00bIYr HEQTH U ra3a

Workplace / Pagouee mecTo

Sound level (dBA)
/ YpoBeHb 3ByKa,

Exposure time (h) /
Bpems Bo3aeiictBust (1)

(nBA)

Operator's room / OnepatopHast 55 3
Machine hall 1 / Mamuassi 3am1 Nel 98 0.3
Machine hall 2 / MammaHsIit 3am Ne2 100 0.2
Machine hall 3 / Mamunssii 3am Ne3 89 0.2

Industrial site / Teppuropus 85 5

PEANPUATHS

Employees receive such head and hearing
protection as a winter fur cap with ear-flaps, a
safety helmet, headphones, and ear plugs. The
survey of the convenience and effectiveness of
the use of such personal protective equipment
among operators showed that a safety helmet
could be worn with a winter fur cap, but head-
phones had low efficacy in that case. Employ-
ees leave their safety helmets behind
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Jlis  3amuThl  TOJOBBI W OPraHoB CiyXa
pabOTHUKY BBIAIOTCS CIEAYIOIINE CPEICTBa
VHAVBUIYALHOW 3alllUThI: MEXOBas IIarKa-
yIIaHKa,  3allUTHAas  Kacka, TOJIOBHBIC
HayITHUKA " VIIIHEIE BKJIAJIBIIIIH.
[IpoBeneHHslld Ompoc omepaTrop Ha MpPeaMET
ynobctBa ¥ 3(h(HEKTUBHOCTH HCIIONB30BAHUS
IMOI00OHBIX CPEJICTB MHIANBUIYAILHOW 3aIIUATHI
MOKa3aJ, YTO OJHOBPEMEHHOE HCIIOJIb30BaHUE
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when they move across the industrials site
which is non-compliance of occupational
health and safety. When inspecting equipment
in the machine hall, employees take off their
fur winter cap with ear flaps and put on a safe-
ty helmet with protective headphones. But it
should be mentioned that the air temperature in
the machine hall can be as low as -10°C, which
makes it uncomfortable to stay there without
fur winter caps on. Therefore, it can be con-
cluded that the employees of this company
need a better choice of convenient and easy-to-
use personal protective equipment, which use
should be controlled on a regular basis.

The choice of devices to control the use of
head protection, i.e. a safety helmet, is not that
wide. Firstly, it includes visual contact with an
employee who has relevant functions or con-
trol by workmates [6-8]. Very often, we must
rely solely on the conscientiousness and in-
stinct of self-preservation of a employee [9].
But current technologies offer several solutions
and one of them is the use of video surveil-
lance systems and automatic recording of vio-
lations. But both have their faults. For exam-
ple, they miss a significant portion of infor-
mation on offenders as a safety specialist (or
even more than one) cannot be simultaneously
present at all sites where a safety helmet must
be worn [10]. Furthermore, video material
processing, even using computer logics for
video data arrays, is a rather costly and techni-
cally complex process. As a result, some im-
portant information on offenders slips away
[11-13].

Therefore, a very relevant challenge is to
develop a set of organisational and technical
measures aimed at improving work culture,
reducing an injury rate and minimising condi-
tions for occupational diseases of oil and gas
production operators at industrial sites in the
Arctic zone through the proper control of PPE
use.
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3aIIUTHON KAaCKH U IIANKH-YIIaHKA BO3MOXHO,
HO TIpH OSTOM TPHUMCHEHHWE HAYyIIHUKOB
CTaHOBHUTCS Manod(pGeKTHBHBIM. PaboTHUKH
CTaparoTCsl He OZEBaTh 3ALIUTHYIO KacKy HpH
MIePE/IBIKCHNH 110 TEPPUTOPUH TPEIIPHUITHS,
YeM HapyIIaloT HpaBHWia OXpaHbl Tpyna. [Ipu
ocMOTpe 00OpyIOBaHUS B MAIIMHHOM LiEXe
OHM CHHMMAIOT INANKy-yIIaHKy W OJEBAlOT
KacKy C 3alIMTHBIMH HayIIHHKamu. OmHaKo
CTOUT OTMETUTbh, YTO TEeMIIepaTypa BO3IyXa B
MAIlIMHHOM II€Xe MOXET oIyckaThes 110 -10°C,
9T0  JenmaeT  KpailHe  JAUCKOM(OPTHBIM
HAXOXKICHUS B TAKOM MOMEIICHUN 0e3 IIamKu
ymaHki. Takum o0pa3oM, MOXKHO cIenaTh

BBIBOJ, YTO JJs pPaOOTHUKOB JIAHHOTO.
TIPEAMTPHUSTHS HEOOXOANMO Oonee
BHUMATEJILHO  NOJA00paTh  yAOOHBIE B

UCTIONB30BAaHUU  CPEICTBA WHIVBHIYAJIHHOM
TOJIOBBI M O0ECIeynTh  KOHTPOJb  HX
NPUMEHEHUS.

CymiecTByeT He TaKk MHOTO CPEICTB st
KOHTPOJISI HOLIIEHHSI CPE/ICTB 3AIIUTHI TOJIOBBI —
3aIlIMTHOM Kacku. B mepByr odepenp 3TO
BU3yaJbHBIA ~ KOHTakKT ¢  pPaOOTHHUKOM
KOHTPOJHMPYIOIINX CIY)X0 WIH KOHTPOJIb
koyuter [6-8]. YacTo ommpaThCs MPUXOIUTCS
JWIIL HA  CO3HATENLHOCTH W YYBCTBO
camocoxpaneHne y pabornuka [9]. Tak
COBPEMEHHBIC TEXHOJIOTHU TIPEUIararo  psi
pemennii. OAHO W3 HUX — 3TO KOHTPOJIb C
MOMOIIBI0  CHUCTEM  BHICOHAONIOACHUS W
aBTOMaTH4YecKOW (ukcanmy HapymeHus. Ho,
KaK U TepBOE CPEACTBO, TaK U BTOPOE MMEIOT
HEJIOCTaTKH, HarpuMep, yIycKaeTcst
CYIIECTBEHHass  4acTb  uHpopMamuu O
HapYIIUTEISIX B CBS3M C HEBO3MOXKHOCTD
OJTHOBPEMEHHOTO HAaXOXK/ICHHs CIIeUauCTa
(Mmu maxke HECKOJIBKO) TI0 OXpaHe Tpyla BO
BCEX IMOMENICHUSX WM IUIOLIAJKaxX, T
Tpebyetcs nomenne kacku [10]. Kpome Toro,
o0paGoTka BHUjcOMaTepualia, JaXke eClU
HCHONB3YIOTCSI ~ CUCTEMBl  KOMIIBIOTEPHOM
Joruku ans  oOpaOOTKM MaccuBa BHJEO
JAHHBIX BEChMa 3aTPaTHBIH M TEXHUYECKH
CIIOKHBIA  mpomecc. WM Kak  pe3ynbrar
yCKOJNb3aeT  BaHas  uH(popMauus 0
HapymmTessx [11-13].
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2 Material and Methods

To control the use of personal head protec-
tion, which is a safety helmet, it is proposed to
combine it with a system designed to control
its use. When developed, this technical device
will enhance human safety in the workplace
using a transparent intellectual support system.

The review of similar devices shows that
there is no equivalent intellectual personal
protective equipment. We are aware of a safety
helmet design (patent US # 5603117 A, pub-
lished on February 18, 1997) including a safety
helmet with a size-adjustable internal gear
system. It also includes a safety face shield for
users and a communication headset. The head-
set supports communication between users
connected into a system. Structurally, the use
of head protection (safety helmet) can be con-
trolled with an inbuilt headset through verbal
contact.

We know of a system combining a safety
helmet and a communication system (patent It
consists of a safety helmet and an attached
communication system with a headset to con-
nect several users in a network. The system
supports information exchange by users locat-
ed at a significant distance from each other and
in conditions that make communication diffi-
cult.

We know of Nand Logic Smart Helmet, a
"smart" helmet" for people going in for ex-
treme sports. It consists of a safety helmet and
an inbuilt electronic device. The electronic
device contains many modules such as wireless
Bluetooth connection, a GPS receiver, SD-card
slot, stereophonic speakers, a battery, cameras
to record visual environment around the user,
an accelerometer, a gyro sensor, light, tem-
perature, and humidity sensors, as well as
LEDs for information display.

There is a safety helmet with electronic
protection (patent RF # 2438539, published on
January 10, 2012) which contains a shell with
hard outer casing, hard inner casing attached to
the outer casing with a cavity in between, a
structure that absorbs any impact between the
internal casing and the user's head when the
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CreoBaTeIbHO, paszpaboTka
OpPTaHU3AIMOHHO-TEXHUYECKUX MEPOTPHUATHH,
HaIpaBJICHHBIX HA TOBBIINICHUS KYJIBTYPBI
TPyJa, CHUXKCHHS YPOBHS TpaBMaTu3Ma H
CBEJICHHE K MUHIUMYMY YCJIOBUH U pa3BUTHUS
podeCCHOHANTLHBIX 3a00JIeBaHMI omepaTopa
J00buM He()TH U ra3a Ha MPOHU3BOJCTBESHHBIX
00BEKTaX apKTHYECKOW 30HBI ITyTeM KOHTPOIIS
MPUMEHEHUSI  CPEeICTB  WHANBUAYATHbHOU
3alUTHl  SIBISETCS  BECbMa  aKTyallbHOM
3a7a4yei.

2 MaTtepuaJbl U CIOCOOBI

Jnd  KOHTpoJss ~ HOWIEHHUS  CPEACTBa
WHIMBUIYaIbHON 3alIMTHl TOJOBBI — KAaCKU
mpenjaraeTcss OOBEAWHHTH C  CHCTEMOWM
KOHTpoyst e€ Wucmonb3oBaHus. Pa3paborka
TAKOTO TEXHUYECKOTO YCTPOHCTBA IO3BOJHT
MMOBBICUTH ~ O€30MacHOCTh  4YelloBeKa  Ha
MIPOU3BOJICTBE C TIOMOIIBIO TpPaHCHAPEHTHOU
CHUCTEMBl  MHTEJJIEKTYalbHOM  MOAJEPKKH.
O030p aHAJOTHYHBIX YCTPOWCTB TOKAa3bIBACT
OTCYTCTBHE aHaJIoroB B obnactu
VHTEIIEKTYa bHBIX CPEICTB WHANBHUIYAITEHON
3amuThl. M3BecTHA KOHCTPYKITUS KOHCTPYKIIHS
3amuTHON Kacku (mateHT US Ne 5603117 A,
US #5404577 A, published on April 04, 1995).
omy6m. 18.02.1997), xoTopasi BKIIOYaeT camy

KacKy € PperylupyeMoil 1o pa3Mepam
II0JIb30BATEIIS CUCTEMOM BHYTPECHHEH
ocHacTku. Kpome Toro, B  JaHHYIO

KOHCTPYKIIMIO BXOJMWT 3alllUTHasT Macka Jyist
JUIA TOJB30BATENsl U MEPEroBOpHAsl CUCTEMA
TUNA TapHUTypa. [apHUTypa MO3BOJSET
OCYLIECTBIISTh KOMMYHUKAIUIO
[0JIb30BATENEH, COEIUHEHHBIX B CHUCTEMY.
KOHCTpYKTUBHO  KOHTPOJIb  MCIOJIB30BaHUS
II0JIB30BATEJIEM CPEIACTBA 3AIUUTHI I'OJOBBI —
KACKH MOXET OCYIIECTBIIATHCS C IOMOILBIO
BCTPOCHHOW TapHUTYPHI IyTeM BepOaIbHOTO
KOHTaKTa.

U3BecTHa COBMEIICHHAS cucremMa
3aIIUTHOM KacKU U CHCTEMbl KOMMYHUKALIMU
(marent US No5404577 A, omy6m. 04.04.1995).
JlaaHasi cucremMa COCTOMT M3 CaMOM 3aIllUTHOM
KacKM M Kpersencss B €€ KOHCTPYKTHBE
CUCTEMBl KOMMYHHKAIIMH C TapHUTYPOH,
KoTOpad MO3BOJISIET 00BETMHUTE B
KOMMYHUKAITUOHHYIO CE€Th HECKOJIBKO
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safety helmet is on, and an integrated electron-
ic system which contains a microphone and a
loud-speaker in the specified cavity of the sub-
system.

However, the user's safety can be improved,
and technical means of safety helmet use con-
trol can be developed with a design consisting
of a safety helmet and automatic operation
control. The device is attached to the external
backside of the safety helmet. It helps to auto-
matically control compliance with the rules for
safety helmet operation (use) at the industrial
site.

3 Results and Discussion

The safety helmet with automatic operation
control consists of a safety helmet shell 1 (Fig.
2) and additional elements attached thereto.
Internal frontal and side surfaces of the safety
helmet shell (1) are equipped with rigidly fixed
LEDs (6) (Fig. 3). LEDs (6) are connected to
the connector pin (10) on the support assembly
(7) by conductors (5). The connector pin (10)
of the support assembly is connected to the
connector pin (10) of the device (3) to supply
electrical driving voltage to the LEDs (6).

51

MOJIb30BaTENCH. Cucrema MMO3BOJISIET
00OMEHUBATHCS WH(pOPMAIIHEH IT0JIb30BaTENISIM,
HaxONAIIMMCS Ha 3HAYUTEIBHOM yJaJCHUHU
JIpYyT OT Apyra ¥ B YCIOBUSX, 3aTPYAHSIIOLIUX
OCYIIECTBJICHUSI KOMMYHHKAIIHH.

Uzsecten «Nand Logic Smart Helmet» -
«YMHBII» LIJIEM [JIs JIOJEH, 3aHUMArOIINXCS
SKCTpEMaJbHBIMH BHIAMHU criopTa. JlanHas

KOHCTPYKIMSI ~ COCTOMT W3  KAaCKH W
YCTAaHOBJICHHBIM B HEH  AIICKTPOHHBIM
YCTPOMCTBOM.  DIEKTPOHHOE  YCTPOMCTBO

COJIEPKUT MHOXKECTBO MOJYJCH, TaKuX Kak
OecripoBogHol cBsa3u  Bluetooth; mpuémuuk
HaBuTamuoHHOM cucteMsl GPS; cior mims SD-

KapThl; cTepeoOHUIECKHUE JTUHAMUKHY;
aKKyMyJIiTOpHas ~ OaTapesi, Kamepbl  Uis
CbEMKHM BU3yaJbHOM OOCTAHOBKH BOKpYT

BJIaJIeIIbIIa, AKCEIIEPOMETP, THPOCKOII, JaTYUKN
OCBEIIEHHOCTH, TEMIIEPATYPhl U BIAXHOCTH, a
TaKXe CPeJCTBEe OTOOpaKeHHs WHPOPMALIUH -
CB€TOAUOAHBIC MHAUKATOPLI.

W3BecTeH wmuieM C 3JI€KTPOHHOM 3alIUTOU
(marent PO Ne 2438539, omy6n. 10.01.2012),
KOTOPBIA  COJOEPKHUT  KOPIYC, HMEIOIIUI
KECTKYI0 HapyXHYI0 OO0OJOYKY, >KECTKYIO
BHYTPCHHIOIO O000JIOUKY, NPUKPEILICHHYIO K
HapY)XHOH 000J104YKe ¢ 00pa30BaHUEM MEKIY
HUMH TIOJIOCTH, W TOTJIOMAIONIYI0 YAaphl
CTPYKTYPY, PacIOIOKEHHYTO MEXTy
BHYTPEHHEH obooukoi u rOJIOBOM
[OJIb30BaTENIL  IPU
HHTETPUPOBAHHYIO

HaJeToM IjieMe, |
ANIEKTPOHHYID  CUCTEMY,
KOTOpas COJIEPIKUT MUKPOQOH u
TPOMKOTOBOPUTEIh ¥  PACIONIOKEHHBIC B
YKa3aHHOMU MOJIOCTH MOJACUCTEMBI.

Oxuako MTOBBIIIIEHUE 0e30ImacHoCTH
MOJIb30BATENsl M CO3JIaHHE TEXHUYECKOTO
CpelncTBa KOHTPOJIA MIPUMEHEHUS
o0OecrieunBaeTcsi CO3/IaHUEM  KOHCTPYKIIVH,
COCTOSIICH M3 caMOM 3allUTHON KacKu H
YCTPOMCTBA  ABTOMATHYECKOTO  KOHTPOJIS
JKCIUTyaTallil.  YCTPOWCTBO KPEMUTCS Ha

TBUILHOM CTOPOHE 3allUTHOM Kacku, C €€
BHEIIHEH CTOPOHBI. YCTPONCTBO ITO3BOJISIET
ABTOMATHYECKH KOHTPOJIMPOBATH COOJIIOCHHE

OpaBWI  JKCIUIyaTauud  (MCIOJIB30BAaHUS)
3alUTHON KAacKHu MOJIB30BATENS Ha
IIPOU3BOJCTBE.
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3 Pe3yabTaThl u 00CyKIeHUE

3amuTHAs Kacka c YCTPOMCTBOM
AaBTOMATHYECKOI0 KOHTPOJS 9IKCIUTyaTaIlln
coctouT u3 kopmyca kacku 1 (Puc. 2) m
JOTIOJTHUTENBHBIX AJIEMEHTOB, 3aKPEIIEHHBIX

Ha JaHHOM Kopnyce. Ha  BHyTpeHHHX
¢poHTanbHOW ¥ OOKOBBIX IOBEPXHOCTSIX
Kopmyca Kackh | JKECTKO  3aKperuIeHBI

ceeromuoasl 6 (Puc. 3). Ceerommombl 6 ¢
IIOMOIIBI0 TIPOBOJHUKOB 5 COENWHEHBI C
KOHTaKTaMu pazbéma 10, KOTOPBII
pacrionoxkeH Ha JoxemeHTe 7. KoHTakTHBIN
passém 10  7okeMeHTa  HAXOAUTCS B
COCIMHCHUH C KOHTaKTHBIM pazbémom 10

ycTpoiicTBa 3, 4ro oOecreuuBaeT IMojaady

ANEKTPUIECKOTO YIPABISIONIETO HAPSIKSHHS
Ha CBETOOUOILI 6.

Puc. 2 OOmuuii BUJI 3aIMTHOM KaCKH C YCTPOHCTBOM aBTOMAaTHYECKOT0 KOHTPOJIsi. Bua cOoky.

Fig. 3 General view of the safety helmet with automatic control. Top view.

Puc. 3 O0muii Buj 3aIMTHON KacKH ¢ YCTPOWCTBOM aBTOMAaTH4ECKOro KOHTpousl. Bun ceepxy.

The support assembly (7) for quick mount-
ing and fixation of the device (3) is rigidly
secured to the external backside of the safety
helmet shell. The support assembly (7) and the
body of the device (3) are made of durable
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Ha xopmyce Kkacku, C TbUIBHOM BHEIIHEH
CTOPOHBI, >KECTKO 3aKpeIUIeH JIOXKEMEHT 7,
o0ecreYnBalOINK ONEPaTUBHYIO YCTaHOBKY U
¢ukcanuio ycrpoiictBa 3. JloxemeHT 7 u
KOpIlyC ycTpoiicTBa 3  HM3TOTOBJICHBI U3
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plastic. The body of the device (3), shell of the
safety helmet (1) and support assembly (7)
have matching access holes to output light
from the LEDs (6) to the photoelectric receiver
(4).

The device functions as follows. The first
sensor group consists of optoelectronic sensors
and controls whether the user's head is in the
safety helmet. The second sensor group pre-
vents the user from falsifying the use of his/her
safety helmet and is a motion sensor, an accel-
erometer.

During operation, the device records tempo-
rary parameters for safety helmet use and ena-
bles to identify a user disregarding the rules.
Whenever necessary, the device can be
equipped with additional modules to expand its
functions.

This design is easy to manufacture on a
large-scale as a universal free-standing unit
mounted on the external surface of a safety
helmet of any design with a support assembly
combining the safety helmet and automatic
control device into a single system.

4 Conclusions

According to statistics, 10% to 15% of all
fatalities in Russia are the result of lack of, to
use, or technical faults of personal protective
equipment. Incorrect choice and misuse of PPE
cause 30% of all chronic occupational diseases
[14].

One of the ways to improve current PPE
provision and use controls is to install sensors
to record the period and nature of use. The
focus is on monitoring the use by employees of
personal head protection, namely a safety hel-
met.

The practical value of this solution for facil-
ities in the Arctic zone is improved occupa-
tional health and safety, reduced injury and
occupational disease rate.
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MPOYHOTO TUIACTHKAa. B Koprycax ycTpoiicTBa
3, Kacku 1 W B JOKEMEHTE 7 BBITIOJHCHBI
TEXHOJIOTHYSCKUE OTBEPCTHSI  COBIAAIOIINEC
Ipyr € APYroM M OO0ECHEeYMBAIOIIUE JOCTYII
CBETOBOI'O IOTOKA OT CBETOJUOJOB 6 K
(hotonpuéMHuUKy 4.

YcTpoicTBO paboraer CIEAYOLINM
obOpaszom. llepBas rpymma [gaTYNKOB —
ONTORJIEKTPOHHBIE JATYHKH, KOHTPOIHPYET

HAJIMYME TOJOBBl IONB30BATENII B Kacke.
Bropas rpymma [1aTYMKOB HE TO3BOJISET
MOJIH30BATEIIO (hanbcudunpoBats eé
NPUMEHEHUS] U TPEACTaBIsET COOOH AaT4nK
JBUraTeJIbHON aKTUBHOCTH — aKCEJIEPOMETD.

B nmponecce 3kcmyaTanuu  yCTPOMCTBO
3aIIUCHIBACT BpPEMEHHBIE napameTpel
[IPUMEHEHHUS KacKu u MO3BOJISET
UICHTH(PUIUPOBATH MOJIb30BaTENsA —
HapymwuTens. B HeEoOXOIUMBIX  Cllydasx
YCTPOHCTBO  MOXeT ObITh  00OpYyI0BaHO
JOTIONTHUTENEHBIMU ~ MOIYJSIMH  C  LIEJBIO
pacimpenus ero QyHKIui.

JanHas KOHCTPYKIIUSA JIETKO
BOCIIPOM3BOIUMA B MPOMBIILITIEHHOM
MPOM3BOACTBE B (OpME YHHUBEPCAIBHOTO
ABTOHOMHOT'O OJIOKa, YCTaHaBJIMBAEMOTO Ha
Hapy>XHOM TOBEPXHOCTH 3alllUTHOM KacKu

pPa3nUYHON  KOHCTPYKIMHM C  TIOMOUIBIO
JOKEMEHTa,  OOBEAMHSIONIET0  KAacky H
YCTPOWCTBO ~ AaBTOMATHYECKOTO  KOHTPOJIA

OKCILTyaTalli KaCKH B €IUHYIO CUCTEMY.

4 JakiroueHue

CornmacHO CTaTUCTHYECKUM JIaHHBIM B
Poccun or 10 mo 15% Bcex TpaBM coO
CMEPTEIBHBIM HCXOJIOM, IPOUCXOIUT U3-3a

OTCYTCTBHUS, HEMIPUMEHEHUS 150)07
TEXHUYECKOTO  HECOBEPILIEHCTBA  CPEJICTB
WHJMBUAYaJIbHOW 3amuThl. HenpaBuiabHbIN

BbIOOp M MpHUMEHEHHE cpeAcTB 3amuThl B 30%
CIIy4aeB SIBJIAIOTCS MPUYHHON BO3HUKHOBEHHS
XpoHHYecKuX rpod3adoneBanmii [14].
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OnauM W3 TyTed COBEPIICHCTBOBAHHS
COBPEMEHHOW CHUCTEMBbl KOHTPOJIA BBIJAUU U
npumenenuss CHU3  sBisieTcss TEXHHYECKOE
OCHAIlICHWE  JaT4YUKaMHu, (PUKCHUPYIOIIUMU
IeproZ, W XapakTep WX HCHOJIb30BAHMUS.
Ocoboe MEeCTO 3aHUMACT KOHTPOITb
MIPUMEHEHUS paboTHHUKAMHU CpEeICTB
WHAVNBUAYATbHOW  3al[UTHl  TOJNIOBBI  —
3aIIUTHOMN KaCKH.

[IpakTideckas eHHOCTH JAHHOTO PEIICHUS

JUIST 00BEKTOB APKTHICCKOM 30HBI
3aKJIIOYACTCSl B TMOBBIIICHUU YPOBHS OXPaHbI
TpyAa, COKpaIeHue qpcia CIIyJaeB

TpaBMaTU3Ma U Ipo¢h3a00ICBaHUIA.

IIpu3HaTebHOCTH

UccnenoBanne (uHaHCUPOBATIOCH
Poccuiickum HayuHbIM (OHAOM, MPOEKTOM No
17-78-20145, «ConuaabHble 1 SKOHOMHYECKHUE
pBIYary a1 MOOMIIM3AIUH JIFOJCKUX PECYpCOB
B Apktuyeckuii  perumoH  Poccuiickoit
denepaunny».

References / JIutepatypa

[1] Kolesnik IV, Stefanova EB. 2015. New technologies in the design of personal protective equip-
ment for the conditions of development of the Arctic. Modern problems of science and education. (02
December 2018; http://science-education.ru/ru/article/view?id=17198)

[2] Lebedeva EO, Matuzova SY. 2014. Regulatory framework in design of special protective cloth-
ing for the staff at oil and gas producing facilities of Arctic shelf. Fundamental research, volume 6:
928-931.

[3] Kosarev VV, Babanov SA. 2012. Professional neurosensory hearing loss. Breast Cancer (Russian
Medical Journal), 31:1556 -1560.

[4] Korycki R, 2002. The Damping of Off-Central Impact for Selected Industrial Safety Helmets
Used in Poland. JOSE. .8- 1: 51-70.

[5] Kruk MN, Nikulina AYu, Guryleva NS, Cherepovitsyn AE. 2018. Opportunities for improving
the corporate social responsibility programs for metallurgical companies in the Arctic. Non-ferrous
Metals. 4: 3-6. DOI: 10.17580/nfm.2018.01.01.

[6] Baszczynski K, 2002. Industrial safety helmets — protection of the head against side impact. Oc-
cupational Safety. 5: 10-13.

[7] Parsons KC. 2007. Protective clothing: heat exchange and physiological objectives. Ergonomics.
31:7,991-1007. DOI: 10.1080/00140138808966738

[8] Zhigalova TM. 1991. About heat and moisture exchange with between humans wearing special
clothes and the environment. News of Higher Educational Institutions. Light Industry Technology. 4:
55-60.

[9] Sorokin YuG. 2007. Personal protective equipment. Textbook. Moscow. 288 p.
[10] Batmanov VP, Barsukov OK. 2017. Laser and optic device to determine dust concentration and
distribution of dust particles in the workplace air. Zapiski Gornogo instituta. 203:146-149.

54



FIRE PROTECTION & SAFETY Scientific Journal
A@ egm 12(2): 46-55, 2018
DOI: 10.17423/delta.2018.12.2.51

[11] Morel A, Bedek G, Salaiin F, Dupont D. 2014. A review of heat transfer phenomena and the im-
pact of moisture on firefighters' clothing and protection. Ergonomics. 57:7, 1078-1089, DOI:
10.1080/00140139.2014.907447

[12] Kovshov S, Istomin R, Nikulin A, Sotiriu A. 2014. Industrial injuries appraisal in mines of JSC
“SUEK Kuzbass”. Advanced Materials Research. 1001: 414-420.

[13] Nikulin A, Nikulina AYu. 2017. Assessment of occupational health and safety effectiveness at a
mining company. Eco. Env. & Cons. 23 (1): 533-537.

[14] Kazakov BP, Levin LYu, Shalimov AV, Zaitsev AV. 2017. Development of energy-saving tech-
nologies providing comfortable microclimate conditions for mining. Zapiski Gornogo instituta.
223:116-124. DOI: 10.18454/PMI.2017.1.116

55



