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B oeiasax CO34aHUs ManI/IIII)I CTaHIIapTHI)IX JIOTHU-

YECKUMX W NapaMETPUUYECKHUX MOJENICH IMpoucuie-
CTBUM W aBapuid, OMHCAHHBIX B COOTBETCTBUU C
«TUNOBBIM MOJIOKEHUEM O CUCTEME YIPABJICHUSA
oxpanoi Tpyma (CYOT)», mnpoaHanuzupoBaHa
MHOTO(aKTOpHAsI TEXHUYECKass CUCTeMa «I1e€4b —
OTIIMBKAa — pPa0OTHUK» TJIABUIHLHO-3aJIUBOYHOTO
ydyacTKa CTaJeJIMTENHOro 1nexa. B pesynbrare,
YUYUTBIBAsA OIMPEIACICHHbIE CTaTUCTUYECKHUM METO-
JIOM BEpPOSITHOCTH BO3HHKHOBEHUS MPEINOCHUIOK,
MOCTPOEHBI JIOTUYECKUE MOJAEIH MPOUCIIECTBUM,
Ha OCHOBAaHWHU KOTOPBIX ObLJIA MPOU3BE/ICHA OICH-
Ka BO3MOKHOCTHOW MeEpbl peaau3aluy BEpIINH-
HbIX Hcxoq0B (BM) Ha ypoBHE NOCTUTHYTOH mpH-
ommxenHoctu. s BU ¢ y4eToM TUTHEHHYECKUX
HOPMaTHUBOB  COCTaBlieHa TabIWIla WHTEPBAJIOB
3HAYEHUW MMapaMeTPOB BO3JICUCTBUSA U BOCIIPUHM-
YUBOCTH B IITATHBIX M aBAPUIHBIX YCIOBUSX pado-
Thl CUCTEMBI, & TaK)K€ MOCTPOCHA BO3MOXKHOCTHAS
dopma ¢yHkuuu peanuzauuun BU, nemonctpupy-
IOIl[asi CTENEeHb OTKJIOHEHUS MapameTpa BPEIHOIO
(omacHoro) (hakTopa OT HOPMATHUBHBIX 3HAYCHUH.

KiroueBbie cj10Ba: TEXHUYECKAs] CHCTEMA, JIMHT-
BHCTHYECKasi MOJieNb, BepumHHbId ucxon, CYOT,
JIOTHYECKast MOJIEND

BBenenne. B xadyectBe 00bEKTA HCCIIEIOBAHUI
aBTopamMu ObUTa BBIOpaHAa TEXHHUYECKAs CHCTEMa
«leyb — OTJIMBKAa — PAOOTHHK» TIJIaBUIBHO-
3aJIMBOYHOTO y4acTka craienuterHoro rexa Ne 40
00O «1K H2B3», rae npousBoautcst 327 BUIOB
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In order to create a matrix of standard logical
and parametric models of accidents and emer-
gencies described in accordance with the "Mod-
el Regulations on Occupational Health and Safe-
ty Management System (OHSAS)", the paper
analyzes multivariable technical system "furnace
— casting — worker" of melting and casting site
of the foundry. In the result, taking into account
probabilities of preconditions occurrence found
by the statistical method, the authors have built
logical models of accidents on the basis of
which has been made the assessment of possibil-
ity measures of implementation of apical out-
comes (AO) at the level of the degree of approx-
imation. For AO given hygienic standards, a ta-
ble was drawn up of intervals of influence and
susceptibility parameters values in normal and
emergency system conditions. The possibility
form of function of AO implementation showing
the degree of deviation of the harmful (danger-
ous) factor parameter from the standard values
was built.

Keywords: technical system, linguistic model,
apical outcome, OHSAS, logic model

Introduction. As the object of study, the au-
thors have chosen the technical system "furnace
— casting — worker" of melting and casting site
of steel shop No. 40 OOO "PK NEVZ", which
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JleTaeu s 3JIEKTPOBO30B. Pacmias cranu nomy-
YaloT MPU TOMOIIM TYTOBOM CTaJICIUIaBUIILHOM T1e-
yn JICS5SM, i M3rOTOBKM OTJMBOK MPUMEHSIOT
necyaHbie (POPMBI.

TexHonornueckud Mmpouecc B paccMaTpuBae-
MOM TEXHUYECKOW CHUCTEME OCYLIECTBIISIETCA IO
CXEMeE: «3aBajJKa JOMa — MPOJyBKa — B3STHE

npoObl,  3amep MeTa-

Jla — CJIMB IIUIaKa — 3aJIMBKa pacilylaBa B IECUa-

TEMIIepaTyphbl — CIUB

HbIe (HOPMBI — U3BATHE OTIUBKU.

Jims  omeHku BeposTHOCTH peanu3anuu BU
HEOOXOMMO BBITTOJIHUTE psift yenosuid [1-3]:

1) MOCTPOUTH JMHTBUCTHYECKYIO MOJENb MPO-
HCIICCTBHUH;

2) BeiOpaTh BU cornacuo «TumoBomMy mososxe-
Huio 0 CYOTy;

3) mocTpouts Joruueckue moaenu BU ¢ yaerom
MIOJIHOTO Ha0opa CBsI3el MPEANOChUIOK;

4) paccuuTaTh BO3MOXKHOCTHYIO MEpY peannsa-
nuu BU.

IHocTpoeHne JMHIBHCTHYECKON MOJEJH MPO-
HCIIeCTBUM. JIMHIBUCTHYECKAsT MOJIENb MTPOUCIIIE-
CTBUM CTPOUTCS HAa OCHOBAHWMH aHAIM3a MOTEHIIH-
aJBbHOW OMACHOCTH TEXHUYECKOW CHCTEMBI.

B snemente cucteMsl «redb — pabOTHHUK» Obl-
U UICHTUPUIIMPOBAHBI CIEAYIONINE BpPEIHBIE U
OTIaCHbIE MMPOU3BOICTBEHHBIE (PakTOpPHI [4]:

— wuHpakpacHOe W3IyYeHUE, BO3HUKAIOIIEE
BBHJIY OTCYTCTBHS CPEJICTB KOJUICKTUBHOM 3aIlIUThHI
(BO3IYIIHOTO JyIIMPOBAHUS), KOTOPOE MOXKET
CTaTh MPUYMHON TETJIOBOTO yAapa y pabOTHHKA C
JaJbHEUIIEN MOTepel CO3HAHUS MPU YCIOBUU HE-
UCIIOJIb30BAaHUS CPEJCTB MHIUBUIYAIbHON 3aIlUThI
(BOMJIOYHOM HUIATIHI);

— ynbTpaduoNeTOBOE M3IYYCHHE paciliaBa,
KOTOPO€ MPUBOJIUT K OXKOTY CETYATKU U KOHBIOHK-
TUBHI T7Ia3a pabOTHHKA B CITy4ae HEUCIIOIh30BaAHUS
CPEICTB WHIWBHUIYAIbHOW 3alIUTHI (3aIIUTHBIX
OYKOB).

DNEMEHT CUCTEMBI «OTJIMBKAa — PAaOOTHUK) Xa-
paKTepU3yeTcs MPUCYTCTBUEM:

— Bpenubix mapoB u razoB (NOz, CO, SOy),
BBIJICIIAIONINXCSL M3-32 HEUCIPABHOCTH CPEICTB
KOJUIEKTUBHOM 3alUTHI (BBITSDKHBIX 30HTOB), CIO-
COOHBIX BBI3BIBATH OTPABJICHHE OpraHU3Ma IpHU
MPOJOHKUTETFHOM BO3/ICUCTBUM Ha pPa0OTHHKA

produces 327 types of parts for electric locomo-
tives. The molten steel is obtained by using an
electric arc furnace DS5M, sand molds are used
for castings.

The technological process in the considered
technical system is carried out according to the
scheme: "scrap charge — blowing in — sam-
pling, temperature measurements — tapping —
tapping of slag — melt loading in the sand cast-
ing — casting removal".

To assess the probability of AO implementa-
tion, a number of conditions must be met [1-3]:

1) build a linguistic model of accidents;

2). choose AO according to the "Model Reg-
ulations on OHSAS";

3) build logical models of AO taking into ac-
count the full set of precondition relationships;

4) calculate the possible measure of the AO
implementation.

Building a linguistic model of accidents.
The linguistic model of accidents is based on the
analysis of potential danger to the technical sys-
tem.

The following harmful and dangerous pro-
duction factors were identified in the element of
the "furnace — worker" system [4]:

— infrared radiation arising due to the lack
of collective protective equipment (spot cool-
ing), which can cause heat exhaustion of an
employee with the further loss of consciousness
under the condition of non-use of personal pro-
tective equipment (felt hats);

— ultraviolet radiation of the melt, which
leads to a burn of retina and conjunctiva of an
employee's eye in case of non-use of personal
protective equipment (protective eyewear).

Element of the system "casting-worker" is
characterized by the presence of:

— harmful vapors and gases (NO,, CO,
SO;) released due to malfunction of collective
protection means (exhaust hoods) capable of
causing poisoning at prolonged exposure of an
employee without personal protective equip-
ment (respirator);
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0e3 CpeaCTB MHAMBUIYAIBHOM 3alMTHl (pecrnupa-
TOpa);

— OpBI3T PACIUIaBICHHOTO MeETalljia, KOTOpHIE
MOTr'yT IOINAaCThb Ha HE3AIIUUICHHBIC CpCACTBAMU
VHIMBHyIbHON 3aIIUThl (OpE3eHTOBBIMU pyKa-
BUIIAMH) YYaCTKH NpPEAIUIeYnii pabOTHHKA, TPUBO-
I5l K TEPMHYECKOMY OXKOT'Y.

Bce BblmenepeyncieHHbIe TPOUCHIIECTBH U HX
HPEANOCHIIKN CIY)KaT MCXOAHBIMHU JTAHHBIMHU JUIS
MMOCTPOCHUA JIMHTBUCTHYECKOM MOZACIH, IPEACTaB-
JIEHHOM Ha puc. 1.

— splashes of molten metal that can get on
the unprotected personal protective equipment
(tarpaulin gloves) areas of an employee's fore-
arms, leading to thermal burns.

All of the above-mentioned accidents and
their preconditions serve as initial data for the
construction of the linguistic model presented in
Fig. 1.

HudpakpacHoe
o Ioreps cozHanus
H3Ty4YeHHE TemoBoii ynap
Infrared Heat stroke - Loss of
o consciousness
radiation
VYasrpaduone- IoBpexnenne ceTyaTku u
TOBOC HU3ITyUYCHUEC N KOHBIOKTHBEI I'Jia3a
2 7 -
PaCIUIABICHHbI Ultcrigvtl_olet Dam%%i: ttﬁ/ ;e;:‘naanaen(i con
METAILT radiation i y
Molten metal
Mapu1 w raset Bnasixanue OtpaBsiieHue
N
Vapours and Inhalation - Poisoning
gases
[Nonananue Ha
Bpearu me- Oxxor mpenrue-
Pazner Mpearieybe
raja Sprayin | Hitting the e
Metal splashes praying g Forearm burn
forearm

Puc. 1. JIuarsuctrdeckast Mo€Ib MPOUCIIECTBUS

Fig. 1. Linguistic model of an accident

Beioop BH cornacHo «Tunmosomy mosioxke-
i o0 CYOT». B kauectBe omacHOCTEH, npea-
CTaBJISIFOIIMUX YTPO3y KU3HU U 37JOPOBBIO paboOT-
HUKOB, B «Tunosom nonoxkennn o CYOT» npen-
CTaBJIECHbI MHOXECTBa M moaMHoxkectBa BU [5].
HN3yyaeMOll TEXHMYECKOM CHUCTEME COOTBETCTBY-
0T CJIETYIOIIHE:

BU1 — wucxon temioBoro yaapa OT BO3JIEH-
CTBUSI OKPYKAIOIINX IMOBEPXHOCTEH 000py/moBa-
HUSI, UMEIOIINX BBICOKYIO TEMIIEPATypY;

BU2 — ucxox ot 0xxora poroBUIlsI I71a3a;

BU3 — wucxon or o0pa3oBaHUS TOKCHYHBIX
MapoB MPU HarpeBaHUU;

B4 — wucxopn oxxora oT BO3JEHUCTBHS Ha He-
3AIMIIEHHBIE YYACTKU TeJla MaTEPUATIOB, KUIKO-
CTEH WJIN Ta30B, UMEIOIINX BBICOKYIO TEMIIEPATY-

Selection of AO according to the ""Model
Regulations on OHSAS". Sets and subsets of
AO [5] are presented in the "Model Regulations
on OHSAS" as the hazards that pose a threat to
the life and health of workers [5]. The following
correspond to the studied technical system:

AO 1 — heat stroke outcome from the im-
pact of the surrounding surfaces of the equip-
ment having a high temperature;

AO 2 — corneal burns outcome;

AO 3 — outcome from the formation of tox-
ic fumes when heated;

AO 4 —outcome from the burn from the ex-
posure of unprotected parts of body to materials,

http://bps-journal
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py. liquids or gases having a high temperature.

IlocTpoenne maoruvyeckux mopeaed BU ¢
Y4eTOM IIOJIHOTO Hadopa cBfi3eil Npeanochl-
Jok. Jlornueckue monenu BU crpositcs Ha ocHO-
BE OCCIIOBTOPHBIX OyJIeBBIX (QYHKIIUNA U UX TU3b-
IOHKTHBHOW U KOHBIOHKTUBHOU (popm. [Ipu arom
YUUTBIBAIOTCSI CTATUCTUYECKH OIPE/CICHHbIEC Be-
POSITHOCTH BO3HMKHOBEHHUSI TPEINOCHIIOK MpO-
ucmectsuii [ 1-3].

ITo cBenenusam ciyx0b1 oxpanbl Tpyna OOO
«IIK HOB3» 3a rog perucTpupyroTcs ciiydau He-
UCIIONIb30BaHUs CPEJCTB MHIWBUYaTbHOM 3alllu-
Tl Y 34 % pabOTHUKOB CTaJCIMTEHHOTO IIeXa,
IIPH ATOM HE COOJIOAIOT TEXHOJIOTHICCKHH TIPO-
niecc okoio 10 % [6].

Brenewm crnenytomme 0603HaueHUS:

y1— BUIL;

X117 — orcyrctBue CK3 (Bo3mymiHoro myiiu-
poBaHus), X11=1;

x12 — HenpuMenenne CU3 (BoinouHO# muIs-
1bl), x1,=0,66.

Torna
Y1=x11AX12A 1, 1)

rae t1=1 > I1JIY; — ycrnoBue npeBbIlieHus: BO3-
NEHCTBUS HaJ BOCHPUHUMYHBOCTBIO (IIOTEps CO-
3HaHUSI BO3MOYKHA IIPU MPEBBIIEHUH MPEEIbHO-
ponyctuMoro ypoBHa IIJIY1 MHTEHCHBHOCTBHIO
TerioBoro noroka ). MHTepBanbl 3HaUueHUi ma-
paMeTpoB BO3JECHCTBUS W BOCIPUUMYUBOCTH B
MTAaTHBIX W ABAPUWHBIX YCJIOBHUSAX CHCTEMBI
npeacTaBieHsl B Taom. 1 [7, 8].

O003HaUNM

VYo — BI/I2,

Xp1 — HenpuMmeHeHne CU3 (3aluTHBIX OYKOB),
XZ1:O,66.

Torna

Ya=x21112, 2

rae L=E>I1]1Y, — ycnoBue noBpexeHUs CeT-
YaTKM M KOHBIOHKTHMBBI TJa3a (TOBpEXJIEHUE
IIPOUCXOAUT IIPU  IPEBBIMICHUH IPEICIBHO-
porycrumoro yposHs IIJ[Y, spuremHbIM 1OTO-
KOM yJIbTpa(uoJIeTOBOTrO N3nydeHus E).

HJ’IH TpeTBeI‘O BepH_II/IHHOFO ncxoaa HpI/IMeM
cienyromye 0003HaYCHHUS:
yg—BI/I?);

Construction of logical models of AO tak-
ing into account the full set of precondition
relationships. Logical models of AO are con-
structed on the basis of repetition-free Boolean
functions and their disjunctive and conjunctive
forms. This takes into account the statistically
certain probability of occurrence of accident
preconditions [1-3].

According to the labor protection service of
OO0 "PK NEVZ" every year, there are record-
ed cases of non-use of personal protective
equipment in 34% of the steel shop workers,
while not complying with the process is about
10 % [6].

We introduce the following notations:

y1—AO1;

X112 — absence of collective protective
equipment (spot cooling), X11=1;

X12 — non-use of PPE (felt hat), x;,=0.66.

Then

Y1=x11AX12AL, 1)

where t;=I > TITY; — a condition of excess

of exposure over susceptibility (loss of con-

sciousness is possible when exceeding the max-

imum permissible level MPL; of intensity of the

heat flux I). Intervals of values of influence and

susceptibility parameters in regular and emer-

gency conditions of the system are presented in
Table 1[7, 8].

Let us specify

yo- AO 2;

Xp1-non-use of PPE (protective eye wear),

X»1=0.66.
Then

Ya=x21112, 2

where t,=E>IT/1Y, is the condition of dam-
age to retina and conjunctiva of an eye (damage
occurs when the maximum permissible level of
MPL; is exceeded by the erythema flow of ul-
traviolet radiation E).

For the third apical outcome, we will specify
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X31 — HecoBepmeHcTBO CK3 (BBITSDKHBIX 30H-
TOB), x31=1;

X3 — Henpumenenue CHU3 (pecnupatopa),
X32:O,66.
Tornma

Y3=X31/A\X32A 13, 3)

rae t3=n>I1JIK; — ycnoBue orpaBieHus (OTpaB-
JICHUE TPOUCXOJUT TPHU MPEBBIIMICHUH TPEICIIb-
HO-gonyctumoil koHueHntpauuu I1/IK; Bpemnoro
BeliecTna n).

JInst 4eTBepTOro BEPIIMHHOIO MCXO0Ja MPUMEM
clenyromme 0003HaYCHMS:

ys — BU4,

X41 — HApPYIICHHE TEXHOJIOTHYECKOTO IIpoliecca,
x41=0,90;

X472 — HenpuMeHenue CU3 (Ope3eHTOBBIX pyKa-
BHII), X4,=0,66.

Torna

Ya=(x41VX2) AL, 4)

rae 4=T5,>Tyuw — YCIIOBHE IOJYYEHHs OXKOTa
(oor HacTymaer, eciu TeMmIeparypa OpbI3r Me-
tamna 15, NMPEBHIIACT MUHMMAJIBHYIO TeMIlepa-

TYpY it 0%KOTa Ty ).
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Safety of Technogenic and Natural Systems 2018

the following notations:
ys- AO3;
xs1-imperfection of CPE (exhaust hood),
X31=1;
X32 - non-use of PPE (respirator), x3,=0.66.
Then

Y3=x31AX32A13, (3)

where t;=n>I1/IK; — condition of poisoning
(poisoning occurs when exceeding the maxi-
mum permissible concentrations MPC;of harm-
ful substances n).

For the fourth apical outcome, let us specify
the following notation:

ya- AO 4;

x41 — Vviolation of technological process,
)C41:0.90;

Xsp-non-use of PPE (tarpaulin gloves),
X42:0.66.

Then

Ya=(xa1vaa2) Aty (4)

where t4=T5,>T\uw — the condition of the

burn injury (the burn occurs when the tempera-

ture of weld spatter 75, exceeds the minimum
burn temperature Ty).

Tabmuna 1
Table 1

WHTepBanel 3HaYEeHUI TapAMETPOB BO3IEUCTBUS U BOCIIPUMMYHUBOCTH

B IIITAaTHBIX U aBapHﬁHLIX YCIOBUAX pa6OTLI CHUCTCMBI

Intervals of values of influence and susceptibility parameters
in regular and emergency conditions of system operation

TCHCUBHOCTb  TCII- | U3JIYYCHHA
JJoBoro mnotoka; |,
Br/m? tion

Physical, heat flux | s;3>rp;
intensity; 1, W/ m?
s11° = 2500

Howmep HanmenoBanue Omytumelii  3¢- | 3HauuTenbHbll  3¢- | Kputnueckuit
daktopa, t | hakTopa u ero ma- | pexT aercTBUs Ha | HEKT ACUCTBUS, (JTeTambHBIN)
Factor pamerpa; o00o03Ha- | OMOBU, 1=2 apdexT nen-
number, t | uenwue, pasmep- | i =1 Significant effect of | cTBus,
HOCTb Perceptible effect | an action, i=3
Name of the factor | of an action on|i=2 Critical (lethal)
and its parameter; | biospecies, effect of an ac-
designation, dimen- | i =1 tion,
sion 1=3
t=1 O®usnueckuit, wuH- | [I1Y HK- | 'onoBokpyxeHune Tennosoi ynap

MPL of IR radia- | S11>r2

rig =280+560

Dizziness Heat stroke
S112 I3

r12 = 2100+3500 riz > 3500

s11 = 2500 s;1 = 2500
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t= @usnueckuit, spu- | [IIY Y- usny- | Pasnpaxenue O>x0r poroBuIbl
TEMHBIH IIOTOK | YCHHS Irritation Corneal burn
yasTpaduoneroBo- | MPL of UV radia- | sp1 > 1o Sp1 > 123
ro wm3nydenus; E, | tion Iz =10+60 r3 > 60
MOP-u/Mm? Sp12> 121 821* =30 521* =30
Physical, erythemic | r;; =7,5
flux of ultraviolet | s, =30
radiation;
t= Xumuyeckui, koH- | [IJIK BemecTBa [Toreps co3nanus OtpaBiienue
nenrpamus  Beme- | MPC of a sub- | Loss of conscious- | Poisoning
crea (NOy); n, r/m® | stance ness S31> a3
Chemical, concen- | Sz >Tr3; S31> I3 rs3 =200
tration of substance | rg; =2 rs =20 Sap =22
(NOy); n, g/m® Sa1 =22 Sa1 =22
t= Tepmuueckui, Honyctumoe 3Ha- | Oxor 1-it/2-it cre- | Oxor  3-ii/4-ii
TEMIICpaTypa YCHUC TEMIICpA- | [ICHU CTCIICHU
ope3ry; Tep, °C TYpBI 1st/2nd degree burn | 3rd/4th  degree
Thermal, the tem- | Permissible tem- | Sa1 > s burn
perature of weld | perature value rz2 =50+100 S41> 43
spatter; Tsp, °C Sa1=>Ta1 S41 =400 rs3 > 100
rs1 =45 Sq1 = 400
S41 =400
. HpI/IMe‘{aHI/IGI 3HAYCHHUSA MMapaMETPOB S11 M Sp1 ObLIH MOJIYYCHBI B PE3YJIbTATC pacyeTa 1O CJIC-
IyOIM Ghopmyram:
* Note: the values of parameters s3; and sp; were calculated using the following formulas:
I=p/r?,
TAC p — INIOTHOCTH TCIJIOBOT'O ITOTOKA, BT; r— pacCcTodHuC 10 UCTOYHUKA, M.
where p is the heat flux density, W; r is the distance to the source, m.
E=elr?,
I/le € — 3PUTEMHBIN NOTOK, MOP-4; I — paccTosiHUE O UCTOYHHKA, M.
where e — erythemal flow; r — distance to the source, m.
" 3HaueHne napameTpa Sgi OMPENETICHO U3 KapThl CHEIUAIbHON OIEHKH YCIOBUHM Tpyaa pado-
4qero MeCTa CTajieBapa.
** The value of the parameter s3; was determined from the special assessment card of the work-
ing conditions of the steelworker's workplace.

Ananu3 Tabmunsl 1 TOKa3bIBaeT, 4YTO Mapa-
METpBI BCEX BPEAHBIX U OMACHBIX (PaKTOPOB Ipe-
BBIIIAIOT JOMYCTHUMbIE 3HAYECHHUs, OKa3bIBas pas-
JUYHBIN 3P dexT nelcTBus Ha OpraHusM: QU3u-
yeckue (akTopbl — 3HAYUTENbHBIN 3 dexT, Xu-
MUYecKkuil ¢akTop — OUIYTUMBIH 3ddexT, Tep-
MUYECKHI — KpUTUYECKUH IPPEKT.

B utore x morepe paboOTOCIIOCOOHOCTH TMPHU-
BOJUT peanu3alus OJAHOIO W3 IPEICTaBICHHBIX
npoucuiectBuid. Takum oOpa3om, mosydaem Jio-
THYECKOe YCIOBUE TOTEPH PabOTOCTIOCOOHOCTH
pabOTHUKOM B 33JITaHHON TEXHUYECKOUW CHCTEME:

Y=y1vYavyavys. (%)

The analysis of Table 1 shows that the pa-
rameters of all harmful and dangerous factors
exceed the permissible values, providing a dif-
ferent effect on the body: physical factors - sig-
nificant effect, chemical factor - perceptible ef-
fect, thermal - critical effect.

As a result, the implementation of one of the
presented accidents leads to the loss of efficien-
cy. Thus, we obtain a logical condition for the
worker's loss of efficiency in a given technical
system:

Y=Y1vYavyavya. (%)

http://bps-journal.ru/ 57




o

iyl
==

IIpeoOpa3oBanue JOrHYecKO MoJeJaH B
HEYeTKYI0 (BO3MOKHOCTHYI) Mojeb. [Ipeos-
pazoBaHHe JIOTHYeCKOW (OyneBoi) (yHKIMHU
NPOKCIIECTBUS B BO3MOXHOCTHYIO (HEYETKYIO)
GopMy MPOUCIICCTBUS TMPOU3BOIAUTCSA TMPH IO-
Mol oneparopa Bo3moxuoctu (Possibility) Pos
[1-3]:

Y1=x11/AX12A 1,

[1=Pos(y;=1)=min(Tr, ; T, ; T ), (6)
rue TLt1:POS(| >TIAYY);

Ya=xanly,
[1;=Pos(y,=1)=min(T,__; T_), (7)
rae T, =Pos(E > II11Y>);
Y3=x31/Ax32A 13,
I13=Pos(ys=1)=min(TL, ; Ty ; T, ), (8)
rie TLtEZPOS(n > T1JIKy);

Ya=(xa1vxa2)Als,
11,=Pos(y,=1)=min(max(Tt,, ; T, ); T, ), (9)
rae T, =Pos(Tsp =T vum);

Y = Y1vYavysvya,
II5=Pos(Y=1)=max(Tly,_; T;_; T, ; T, )=
max(min(T  ; Ty ; T, );
min(TL,__; T );
min(T, ; T, ; T );

min(max(Ty ; T, ); T, ). (10)

®opmyna (10) sBaseTcss UTOTOBOM AJis Ompe-
JIEJIEHNs] BO3MOYKHOCTHOM Mepbl moTepu paboTo-
CIIOCOOHOCTH paOOTHUKOM.

Pacyer BO3MOKHOCTHOM MephI peaju3aluu
BHU. 3axirouuTenpHBIM 3TalloOM B OLEHKE BO3-
MO>KHOCTHOM Mepbl peanusanuu BU sBisercs
ONpEeZCIICHNE 3HA4YCHMs IPUBEIECHHOIO 3amaca

6esomacHocTn Zb (Tabin. 2), yYUTHIBAIOIIETO IO-
rpemnocty CU3 (8:=0,5) u cpencTs usmepenus
(6,=0,5) u pynkumo ocnabnenus (f=0,5) [1-3].
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Transformation of logical model into fuzzy
(possibilistic) model. Transformation of logical
(Boolean) functions of the accident into possibil-
istic (fuzzy) form of the accident is provided by
the possibility operator (possibility) Pos [1-3]:

Y1=x11/Ax12A 1,

[1=Pos(y1:=1)=min(TL, ; T, _; T ),
(6)

where T, =Pos(l >IT1Y1);
Yo=x21AL,
[L=Pos(y,=1)=min(T,, ; T ), (7)
where T, =Pos(E > TIIY>);
Y3=x31AX32A13,
IT5=Pos(ys=1)=min(Tt,__; T, ; T ),

8

where Tr,_=Pos(n > [1]IK1);

Ya=(xa1vx42)Als,
11,=Pos(ys=1)=min(max(m,_; m,, ); T,),

©)

where Tty =POS(7tp =T yuu);

Y = y1vyavysvya,
IIy=Pos(Y=1)=max(T, ; T, ; Ty, ; T, )=
max(min(Th,_; T _; T );
min(T,_ ; T, );

i, T T )

min(max(Tty,, ; T, ); T, ). (10)

Formula (10) is final to determine the possi-
ble measure of the worker's loss of productivity.

Calculation of possible measures of AO
implementation. The final step in the assess-
ment of possible measures of AO implementa-
tion is the value definition of the given margin of

security zb (Table. 2), taking into account the
errors of PPE (8; =0.5) and measuring instru-

ments (6,=0.5) and the attenuation function
(f=0.5) [1-3].
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Ta0mnuua 2
Table 2

Hcxonnble TaHHbBIE U pacueTHBIC 3HAUCHHS IPUBECHHOTO 3anaca 0e301acHOCTH
JUIS OTIPEJIENIEHUS] BO3MOXKHOCTHOU Mephbl peanu3anuu BU

The initial data and the estimated values of margin of security
y to determine possible measures of AO implementation

HaumenoBanue, Gpopmyna BU11 B2 BU3 B14
Name, formula AO1 AO2 AQO3 AO4
[Tapamerp BocipuumuuBocty, I | 2100+3
Susceptibility parameter, r 500 10760 ° > 100
[Tapametp BO31EHCTBHS,
Influence parameter
s=f 1250 15 1,1 200
[TorpemHnocTs cpencTs
U3MEpeHus,
Errors of measuring instruments | 1400 17,5 1 250
A=8.r
[Horpemnocts CU3,
Errors of PPE 625 7,5 0,55 100
A =68, -s
[IpuBeneHHbIN 3amac
0€30IaCHOCTH,
Estimated margin of safety 0,77 0,80 0,58 0,86
P (r—s)
{ir +Ag]
Bo3MoxHOCTHas mepa,
Possible measure 0,23 0,20 0,42 0,14
nm=1-zb

Ha ocHOBaHMM TOJY4YEHHBIX JAaHHBIX CTPOUM
BO3MOXHOCTHYIO (hopMy (YHKLIHH peaau3aluu
BMU (puc. 2) [9].

On the basis of the obtained data, we con-
struct a possible form of the function of AO im-
plementation (Fig. 2) [9].
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) 45 w 200

Puc. 2. Bo3moxxHocTHas popma QyHkmu peannzanud BU

Fig. 2. The possible form of the function of AO implementation

Bo3mokHOocTHas Mepa moTepu paboTo-
CIIOCOOHOCTH paOOTHUKOM COCTaBUT BEJINYUHY,
paBHYIO:

IIs=Pos(Y=1)=max(min(1; 0,66; 0,23); min(0,66;
0,20); min(1; 0,66; 0,42); min(max(0,90; 0,66);
0,14))=max(0,23; 0,20; 0,42; 0,14)=0,42.

3akaouyenue. B pesynbrare uccienoBaHus
JUISL TEXHUYECKOM CHCTEMBI «I1€4b — OTJIMBKA —
paboTHUK» ObUIM BBISBIEHBI Hanbojiee Xapak-
TEpHbIE BPEJIHBbIE U OMAacHbIE MPON3BOJACTBEHHbIE
(dakTopbl, MPUBOASAIINE K PA3INYHOTO PoOjJa MPo-
MCHIECTBUSAM, U MOJIYYECHBI CIEIYIOIINE 3HAUCHUS
BO3MOKHOCTHOM Mepbl peanusanuu BU:

BU1 (ucxon ot teminoBoro ynapa) — 23 %;

BU2 (ucxom ot okora pOTOBWIIBI TJia3a) —
20 %;

BU3 (ucxon ot orpaBnenus) — 42 %;

BH4 (ucxon ot oxora npeamieubs) — 14 %.

Bo3moxHOCTHass Mepa motepu paboTocmocos-
HOCTU paOOTHUKOM B 33IaHHON TEXHUYECKOU CH-
creme coctaisieT 42 %.

The possible measure of the worker's loss of
productivity will be equal to:

IIy=Pos(Y=1)=max(min(1; 0,66, 0,23);
min(0,66; 0,20); min(1; 0,66; 0,42);
min(max(0,90; 0,66); 0,14))=max(0,23; 0,20;
0,42; 0,14)=0,42.

Conclusion. As a result of research for the
technical system "furnace-casting-worker" the
most characteristic harmful and dangerous pro-
duction factors leading to various kinds of ac-
cidents were revealed, and the following values
of possible measure of AO implementation were
received:

AO 1 (heat stroke outcome) - 23 %;

AO 2 (outcome from cornea burn) — 20 %;

AO 3 (outcome from poisoning) - 42 %;

AO 4 (outcome from forearm burn) — 14 %.

The possible measure of the worker's loss of
productivity in a given technical system is 42%.
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