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B  pabore mpencraBieHbl ~ WHHOBAIMOHHBIC
UQPPOBBIC PEIICHHS, HAICJICHHbIC HA CHW)KCHUEC
NPOM3BOJICTBEHHOTO TpaBMaTu3Ma. Pa3zpaboraHHOe
mu(poBOE CPEACTBO HMHIWBHIYATLHOW 3alTUTHI
(CH3) no3BosisieT 0OTHOBPEMEHHO KOHTPOJUPOBATH
nBa ¢akropa 0E30MaCHOCTH: MPOJOIKUTEIBHOCTD
HaX0XICHUSA pa6OTHI/IKa Ha BBICOTC U (1)I/IKCEIIII/IIO
Tpoca ¢ KapaOuHoM. [Ipm 3TOM C BBICOKOU
BEPOSITHOCTHIO Oyner
HapYIICHHS 0€30macHOCTH W, Kak
ClIe/ICTBUE, U30€XKaTh TPABM.

MOKHO HCKIIIOYHUTH

TCXHUKH

KiroueBbie cJIoBa: HpOPI3BOI[CTB€HHBII>i
TpaBMAaTU3M, MHHOBAITMOHHBIC TCXHUYCCKUC

peleHus, TUPppPoBoi KOMOMHE3OH.

BBenenue. AHalM3 CTaTUCTHYECKUX JTaHHBIX O
TpaBMatu3Me B PocCTOBCKOM 001acTv MO3BOJISIET
YTBEPXK/1aTh, YTO KOJWYECTBO TSKEIBIX U CMEP-
TEJTBHBIX HECYACTHBIX CIy4yaeB Ha TMPOU3BOJICTBE
pacrer nBa necartunetus noapsa. C 2009-ro mo
2011 rox ux gomnst B OOIIEM YHCIIe TPABM JOCTHUTA-
na 8 %, 4TO CyIIECTBEHHO IMPEBBIIIAET MTOKA3ATENN
Pa3BUTBIX CTpaH MHUpA. DTO CBHJETEIBCTBYET O
HEOOXOJUMOCTH JANbHEUIIEr0 KOMIUIEKCHOTO HC-
CJI€IOBAaHMS TPOU3BOACTBEHHOIO TpaBMaTHU3Ma H
pa3paboTku 3()PEKTUBHBIX MEPONPUITHHA MO IOo-
BBILICHUIO Oe3omacHocTH Tpyaa [1-8].

CpeacTBo 3alIUTHI OT MAajJeHHUs] 4YeJOBeKa ¢
BBICOTBI HAa OCHOBE WIHM(PPOBBLIX TEXHOJOIHI.
TexHU4YecKne M TEXHOJOTUYECKHE CpEJCTBa, 3a-
HIMIIAIONINE YEJIOBEKAa OT MAaJeHUs, IMIMPOKO MpH-
MEHSAIOTCS. TPU BBINOJTHEHUU PA3JIMUHBIX BHJIOB
paboT. JIOBOJIBHO pacnpoCTpaHEHHOE PEIIeHUE —
crienpanbHas pabodas OexAbl C pEeMHAMH 0e3-
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The paper presents innovative digital solutions

to reduce occupational injuries. The developed
digital PPE allows you to monitor the duration
of workers at height with simultaneous monitor-
ing of the state of fixation of the cable with the
carabiner. Thus, with a high probability we can

avoid safety violations and personal injury.

Keywords: occupational injuries, innovative

technical solutions, digital jumpsuit.

Introduction. The analysis of the statistics
on injuries in the Rostov region suggests that the
number of serious and fatal accidents at work
has been growing for two decades. From 2009
to 2011, their share in the total number of inju-
ries has reached 8%, which is significantly
higher than in the developed countries. This in-
dicates the need for further comprehensive study
of the production of occupational injuries and
the development of effective measures to in-
crease safety [1-8].

Fall protection means based on digital
technologies. Technical and technological
means, protecting people from falling, are wide-
ly used in various types of work. A common
solution is a special work clothes with safety
belts. The following disadvantages were noted
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OMAcHOCTH. B mpouecce akcmlyarauy 3aliUTHBIX
CHCTEM IEpBbIX NOKOJIEHUH OBLIM OTMEYEHBI Clle-
JYIOLIME HEOCTATKU:

— M3-3a CJII0)KHOCTH B3aMMOCBSI3U pEMHEH (QUK-
calus HeyJ00Ha U TpeOyeT JINTEIbHOTO BPEMEHH;

— IUIOUIa/lb OIOPHI ATOJUYHOIO PEMHS HENO-
CTaTOYHA, YTO BBI3BIBACT TUCKOM(OPT U TAaKUM 00-
pa3oM OrpaHMYMBAET BO3MOKHOCTHU BBINOJIHEHHUS
pa0boT B mo3e cuIs NPH 3aBUCAHMM HAa TPOCE WIU
BEPEBKE;

— HECOOTBETCTBHE CHCTEMBbl M3BECTHBIM HOp-
MaM 3PrOHOMMKH MpemsTCTBYeT 3(PPeKTUBHON
IPOJOJDKUTEIBHON paboTe Ha BBICOTE B IOJIOKE-
HUU 3aBUCAHUS M HE IMO3BOJISIET KOHTPOJUPOBATH
¢ukcanmmio pabOTHMKAa Ha HAJEKHBIX Orpakaaro-
mux KoHcTpykuusix [9-10].

YcoBepuieHCTBOBaHHBIN 1U(POBOI KOMOMHE-
30H Juisl paboT Ha BhIcOTE (puC. 1) mpencraBisieT
CO0OH CIeroJeKay, CIIUTYI0 U3 KOMIIO3ULIMOHHBIX
MaTepHajgoB ¢ 0ojiee IPOUYHOM MOJIHUEH U peMHs-
MU 0€3011aCHOCTH.

7]
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in the operation of the protective systems of the
first generations:

- due to the complexity of belts connection
their fixation is inconvenient and requires a long
time;

- the supporting area of the gluteal belt is in-
sufficient, which causes discomfort and thus
limits the possibility of performing works while
sitting on a rope;

- nonconformity of the system with the
known standards of ergonomics prevents long-
term effective work at height in the hanging po-
sition and does not allow controlling fixation of
a worker on reliable enclosing structures [9-10].

Advanced digital jumpsuit for work at height
(Fig. 1) is a protective clothing, made of compo-
site materials with a more durable zipper and
belts.

oA h W N R

~

Puc. 1. O0mwmit Bug 1udpoBoro koMmOMHE30Ha st pabOT Ha BBICOTE: | — KOMOMHE30H, 2 — YCHUIJICHHAS MOJIHHMS,

3 — CcTpaxOBOYHBIE PEMHU, 4 — YCHIIEHHBIN TPOC, 5 — MHTEIUIEKTYaIbHBIN KapaOuH, 6 — KperuieHHe-JIUIy4Ka,

7 — OTBETHBIE KpCMJICHUA — JIMITY4YKHN
Fig. 1. General view of the digital jumpsuit for work at height: 1 - jumpsuit, 2 - reinforced zipper,
3 - safety belts, 4 - reinforced cable, 5-intelligent carabiner, 6 - Velcro fastening, 7 - reverse Velcro
fastening

KombOune3on OCHAIICH YCUWJIICHHBIM TpPOCOM H3

YIJIEIIACTUKOBOTO  BOJIOKHA, ONTOBOJIOKHA U
HelloHa. Ha cTpaXxOBOUYHBIX pEMHSX 3aKperieH
MHTEJJIEKTYaJbHbI KapaOuH: Onaronapsi UCIOJb-
30BaHHI0 LU(QPOBBIX TEXHOJOTHH OH TMepenaer
JIAHHBIE O COCTOSTHUM PEMHs 0€30M1acHOCTH Ha CTa-
LIUOHAPHBIN OJIOK yIpaBICHHUS.

AJ'IBTI/IMCTp, HaCTpoeHHLIﬁ Ha OHNpCACICHHYIO

The jumpsuit is equipped with a reinforced
cable made of carbon fiber, optic fiber and ny-
lon. An intelligent carabiner is attached to the
safety-belts: due to the use of digital technolo-
gies, it transmits data on the status of the safety-
belt to the stationary control unit.

Altimeter, set to a certain height, simultane-
ously sends a signal about a possible violation to

http://bps-journal.ru/
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BBICOTY, OTIPABISAET CUTHAJI O BO3MOXHOM Hapy-
HIEHUH OJHOBPEMEHHO paOOTHUKY U B IIeX — Ha
HEHTpaJbHBIA OJIOK. 3/1ech XpaHATCA [aHHBIE O
TOM, KaK JJOJITO COTPYIHUK, pabOTaIOIHii Ha BBICO-
Te, OB HE MPUCTETHYT (WM MPUCTETHYT) K 3a-
IMIUTHBIM OrpaxaeHusM. MHopmaus BBIBOAUTCS
Ha nanenp udposoi naauKanuu (QKK-mouuTop).

[Ipenmonoxum, 4to paspadboranHoe IU(pPOBOE
CH3 no3BosisieT 0JHOBPEMEHHO KOHTPOJIMPOBATH:

— MPOJOHKUTEILHOCTh HaXO0XKJIEHUSI pabOTHU-
KOB Ha BBICOTE;

— ¢uKcamuo Tpoca ¢ KapaOUHOM.

[Ipu 3TOM C BBICOKOI BEPOSTHOCTHIO MOXKHO
Oyner m30exaTh HapylIEHUsS TEXHUKUA O€30MacHO-
CTH.

BeposiTHOCTHAsI OLEHKAa BO3MOKHOCTH CHH-
’KeHHsl pUCKOB TpaBM npu npumeHenun CU3 na
OCHOBE MHHOBALIMOHHBIX pemieHuil 1 HUGPOBBHIX
TeXHoJIOruil. B 3aBucuMOCTH OT paccMaTpuBae-
MOM CHUTyallill HM3y4Y€HHE TpPaBMOOMACHOCTH Ha
MPOU3BOJICTBE MOXKET OCYIIECTBIATHCA 10 WIH TO-
cie cOOBITHSI — alpUOPHO WJIH allOCTEPUOPHO.

O4eBHIHO, YTO aNpHOPHBIA aHaAJU3 Ba)KHEE,
YeM aroCTEPUOPHBIM, TaKk Kak OH IPEAIIECTBYET
HeratuBHOM cutyauuu. IIpu aTtom Ha npakTuke oba
BapHaHTa JIONOJHSAIOT Apyr Apyra. Eciu peus uner
0 TEXHUYECKUX CHCTeMaX, MPHUOOPETEHHBIH OMBIT
UCIIOJIB3YETCSI B aIPUOPHOM aHAIN3€ HAIEKHOCTU
MallliH WM IPOMBIIIIEHHOTO 0bopynoBanus. [lpu
9TOM BO3MOXKHBI J[Ba MOJXOJAa K M3YYEHHIO MeXa-
HU3Ma, JIOTUKH, NIOCIE0BaTEIbHOCTH U MaTeMaTH-
YECKOr0 OINHUCAHUSI BEPOSTHOCTH BO3HUKHOBEHUS
omacuocty [11-13].

[IepBbIil MOAX0O ONMUPAETCS HA BEPOATHOCTD pe-
aJIn3aluu cOObITHUSA TpHU JIorTHdeckoil omeparmu 1
(BBIXO/IHOE COOBITHE MPOM3OMIET, €ciau BCE BXOJI-
HbI€ COOBITHSI TPOU30MTyT OJTHOBPEMEHHO):

P (TpaBMa IpH MaJICHNAN) =P (A) x P (B)

JlaHHyI0 TOCJIEOBATENBHOCTh COOBITHH pac-
CMaTpuBaTh HE OyAeM.

BTopoil moaxox ydHMTBIBa€T BEPOSTHOCTH pea-
Tu3anuu coOBITUS (TAZIeHUsI C BBICOTHI W TIOJIy4e-
HUSL TpaBMbl) IpH Jiorndyeckoil omepauuu WMJIN
(JU1 IPOSIBIICHUS BBIXOIHOTO COOBITHS JOCTATOUHO
CBeplIeHUs1 J00oro wu3 BXoaHBIX). [loxg Takoe
ofpeieieHne MOANAJal0T OYeHb MHOTHE COOBITHS.

the worker and the shop - to the central unit. It
stores data on how long the worker, working at
height is not fastened (or fastened) to the protec-
tive barriers. The information is displayed on
the digital display panel (LCD monitor).

Let us suppose that the developed digital
PPE makes it possible to control simultaneous-
ly:

- duration of stay of workers at height;

- fixation of the rope with a carabiner.

Thus with high probability it will be possible
to avoid violations of safety regulations.

Probabilistic assessment of the possibility
of injuries risk reduction in the application of
PPE based on innovative solutions and digital
technologies. Depending on the situation under
consideration, the study of occupational hazards
can be carried out before or after the event - a
priori or a posteriori.

Obviously, a priori analysis is more im-
portant than a posteriori analysis because it pre-
cedes a negative situation. In practice, both
analyses complement each other. When it comes
to technical systems, the experience is used in a
priori analysis of the reliability of machines or
industrial equipment. At the same time, two ap-
proaches to the study of mechanism, logic, se-
quence and mathematical description of the
probability of occurrence of danger are possible
[11-13].

The first approach relies on the probability
of realization of the event in a logical operation
| (the output event will occur if all input events
occur simultaneously):

P (injury from falling) = P (4) x P (B).

This sequence of events will not be consid-
ered.

The second approach takes into account the
probability of the event (falling from a height
and injury) during a logical operation or (for the
output event, any of the inputs is sufficient).

http://bps-journal.
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BeposiTHOCTP MX peanu3anuu ONpeAesnsercss Io
dbopmye:
P (A1, Ai) = P (A1) P (A),

rae A;, Aj — MHOXECTBO i-X HE3aBUCHUMBIX CO-
OBITHUI.

PaccmoTpuM mpocTyro cuTyauuio ¢ ABYMs CO-
OBITUSIMU:

— A «uanen — ue Hajgen CU3»;

— B «wockonb3nyncs — ynan U noCKOJIb3HYI-
Csl — He yrhaiy.

B sTOM citydyae 3aBUCMMOCTD COKpAIAeTCs J10:

P (spansa sy = 1 — [(1 = Pa)]  [(1 — Py)].

PaccmoTpum ycrioBusi U BEpOSITHOCTh MaJICHUS C
BBICOTBl U IOJIyYE€HHUS TpaBMbl HpPU OTCYTCTBUU
TEXHUYECKOM CTpaxoBKH. JlomycThm, Ha BBICOTE
6onee 1,5M HeAMCUMITIMHUPOBAHHBIM COTPYAHHUK
paboraer 6e3 CU3.

Curyauus nepsas (kpaiiHe HeraTuBHas). Onpe-
JIEJIUM, HACKOJIBKO BEPOSITHO, YTO pabouuii He Hc-
noab3yeT CHU3 (cTpaxoBOYHBI MOSIC OTCYTCTBYET):

P 4= 1.

OmnpenenuM, HACKOJIBKO BEPOATHO, UTO pabouuit
yhnajeT u3-3a HEBHUMATEJIbHOCTH WM MIOTEPU PaAB-
HOBECHsI (CTPaxOBOYHBIM MOSIC OTCYTCTBYET; Ha
OPENIPUATUH CUCTEMHO HApYIIAETCs] TEXHUKA 0e3-
OTIACHOCTH):

P B = 1.

BeposiTHOCTh MajneHHUsT W TONYYEHUs TPaBMBbI
npu P,=1, Pg=1:

P(TpaBMa TIPY TTaICHAN) = 1 - (1 - 1) (1 - 1) = 1
(100 % ucxom KpaliHe HETaTHBHBIN ).

Cutyanus BTopasi (HeratuBHas). Omnpenenum,
HACKOJIbKO BEPOSITHO, UYTO pabouuii ymajaer u3-3a
HEBHUMATEJIbHOCTH WJIM MOTEpU paBHOBecUs (Tpu
HaJIM4YMKM CTPAXOBOYHOIO MOACA; HA MPEANPUATUU
CHCTEMHO HapylaeTcs TeXHUKa 0€30MacHOCTH):

P, B = 0...1.
BeposiTHOCTh TaZieHUs1 U MOJyYEeHHs] TPaBMbl B
Clly4ae CpeHUX 3HaquI/H71 50 % x 50 %:
=0,5 Pz=0,5:
P(IpaBMa MIpY MaJCHUU) — =1- (1 - 015) (1 - 015) = 0175
(75 % wucxo HEraTUBHBIN).

Curyauust Ttpeths (mo3utuBHas1). Omnpenenum,
HACKOJIBKO BEPOATHO, YTO AMCLUMITIMHUPOBAHHBIM,
MOCTOSIHHO KOHTPOJHMPYEMBbIi pabounii He UCTIONb-
3yer CU3 (mpu HAIMYUK CTPAXOBOYHOTO TOSACA):

Many events fall within this definition. The
probability of their occurrence is determined by
the formula:

P (A1, A)) = P (A1) P (A),

where A;, A -a set of i-x independent events.

Let us consider a simple situation with two
events:

- A "wearing - not wearing of PPE";

- B "slipped - fell and slipped - fell".

In this case, the dependency is reduced to:

P (injury from falling) = 1 — [(1-Py] x[(1-Pp)].

Let us consider the conditions and the prob-
ability of falling from height and injury without
technical safety. For example, at a height of
over 1.5 m an undisciplined worker is working
without PPE.

The first situation (extremely negative). Let
us determine how likely it is that the worker
does not use PPE (safety belt is missing):

Py=1

Let us determine how likely it is that the
worker will fall due to negligence or loss of bal-
ance (there is no safety belt; safety regulations
are systematically violated):

Pp=1.

Probability of falling and injury in P, =1, Pg
=1

Pinjury from falling) = 1 — (1 — 1) (1 - 1) =1 (100
% outcome extremely negative).

The second situation (negative). Let us de-
termine how likely it is that the worker will fall
due to inattentiveness or loss of balance (with a
safety belt; safety regulations are systematically
violated):

Pp=0...1.

Probability of falling and injury in this case
is of an average of 50% x 50 %:

=0,5 Pz=0,5:

Pinjury from falingg = 1 — (1 — 0.5) (1 - 0.5) =
0.75 (75 % the outcome is negative).

The third situation (positive). Let us deter-
mine how likely it is that a disciplined, constant-
ly controlled worker does not use PPE (if there

http://bps-journal.
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P,= 0.

Onpenenum, HaACKOJIBKO BEPOSTHO, UTO pabounit
ynajeT u3-3a HEBHUMATEJIbHOCTU WJIM MTOTEPH PAB-
HoBecus (IpU MPABUIIBHOM MCIOJB30BaHUU CTpPa-
XOBOYHOIO M05ICa; Ha MPENNpUATHH COOII0AAI0TCS
IpaBUiIa TEXHUKU 0€30IacHOCTH):

Pp= 0

Eciu P4y =0, Pz =0, TO BEpOATHOCTD MACHUS U
[IOJIyYEHUS TPABMBbI:

P(TpaBMa TP TaJIeHuH) — =1- (1 O) (1 O) 0 (r[a,ue-

HHE HEBO3MOJKHO).

[TpuMeHMB JIOTHMKY NpeablIyLIMX HMPUMEPOB U
YUUTBIBAsI BEPOATHOCTh (PU3UYECKOHM YyCTalOCTH,
IICUXOJIOTHYECKON  HAINpPSHKEHHOCTH — [IEpPCOHAa,
HEy/0OCTBAa M IIJIOXOM SPrOHOMHUKH Ha pabouem
MeCTe, 3aJbIMJICHHOCTH, 3alblICHHOCTH U Jp.,
MO’KHO BBIYHMCIUTDH BEPOSTHOCTH TPABMbI B IIPOME-
KYTOUHBIX cy4asx (00jacTb BTOpoi cutyauun). B
JAHHOM CJIy4ae BEpOSITHOCTb TPaBMbl yBEJIMYMBa-
€TCs C POCTOM BXOJAILIMX B 3aBUCHUMOCTb TOKCHY-
HBIX KOMIIOHEHTOB.

VYkazaHHble B Hayajle CTaTb WHHOBALMOHHBIE
U(PPOBBIE TEXHUUYECKUE PELICHUS SBHO CHIDKAIOT
PHUCKH BEPOSITHOCTH IMaJCHUsI, KOTOPbIE MOT'YT BXO-
JUTh B OLIEHOYHYIO 3aBUCUMOCTh. [Ipu 3TOM MOryT
OBITh MAaKCHMaJIbHBIMU U CTPEMATCA K €IMHULIE BCE
pacueTHbIE BEPOSTHOCTH:

— npumenenune CU3,

— ucnonb3oBanue CM3 Ha 3a1aHHON BBICOTE,

— HX LIEJIOCTHOCTb,

— XOpolllee TNCUXOJIOTMYECKOE COCTOSHUE CO-
TPYyJHUKA (€CTTU OH OCO3HAeT 0E€30MacHOCTh U BO3-
MOKHOCTh MOOUIPEHUsI 3a paboTy B CIOXKHBIX
YCIIOBUSIX).

3akiarovenue. l3ydyeHne 3THOJIOTMM HeCYacT-
HBIX CJIy4aeB IO3BOJIAET pa3palbaTbiBaTh WHHOBA-
IIUOHHBbIE U LU(POBbIE TEXHOJOIHHU, UCIOIB30BA-
HUE KOTOPBIX CHM)KAET BEPOSITHOCTH OINACHBIX CH-
Tyalui U TpaBM. Pe3ynbTarsl Hccieq0BaHUN MOKa-
3bIBAIOT, YTO JIOBOJILHO YacTO OMAacCHOCTh HE OCO-
3HaeTCd HU CyOBEKTOM JeHCTBUS (pabouyuMm), HU
MEPCOHAIOM, OTBETCTBEHHBIM 3a TEXHUKY 0e€3-
omacHocTH [14—15]. B 310i cBsA3M 1€7€C000pa3HO
BHE/IPATH B MPOM3BOJCTBEHHYIO NMPAKTHKY LU(DPO-
BbIE JJIEMEHTHI, ONOBEILAIOIINE O NOTEHUNATBHON
BO3MOXXHOCTH HECUACTHOT'O ciiy4ast (B YaCTHOCTH, O

is a safety belt):
Py=0.

Let us determine how likely it is that the
worker will fall due to negligence or loss of bal-
ance (with the correct use of the safety belt; the
company complies with the safety regulations):

Pp=0

If P, =0, Pz =0, the probability of falling
and injury:

Pinjury from falling) = 1 — (1 — 0) (1 —0) = 0 (fall-

ing is impossible).

Applying the logic of the previous examples
and taking into account the probability of physi-
cal fatigue, psychological stress of the staff, in-
convenience and poor ergonomics in the work-
place, smoke, dust, etc., it is possible to calcu-
late the probability of injury in intermediate
cases (the second situation area). In this case,
the probability of injury increases with the
number of dependent toxic components.

The innovative digital technical solutions
mentioned at the beginning of the article clearly
reduce the risk of falling, which can be included
in the evaluation dependence. All the calculated
probabilities can be maximum and tend to 1:

- the use of PPE,

- the use of PPE at a given height,

- their integrity,

- good psychological state of the worker (if
he / she is aware of the danger and possibility of
encouragement for work in difficult conditions).

Conclusion. Studying the etiology of acci-
dents allows us to develop innovative and digi-
tal technologies, the use of which reduces the
probability of dangerous situations and injuries.
The results of the studies show that quite often
the danger is not recognized either by the sub-
ject of action (worker) or by the personnel re-
sponsible for safety [14-15]. In this regard, it is
advisable to introduce into production practice
digital elements that notify about the potential
accident (in particular, about the lack of the

T
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HEJOCTAaTOYHO KayeCTBEHHOW (UKCAIMU CIIelna-
JIUCTA, BBHITIOJHSONIETO BEICOTHBIE paOOTHI).
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