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Ha ocHoBe aHamm3a paccMaTpuBaeMOM CHUCTEMBI

«00BeKT — (akTopbl — 3ammra — pabOTHUK»
COCTaBJIEHA JIMHTBUCTHYECKAas MOJIENb IPOUCIIE-
CTBHs. YCTAQHOBJICHO COOTBETCTBHE OMHCAHHBIX
NPOMCIIECTBUNA OIMACHOCTSIM, TPEACTABICHHBIM B
«TWIOBOM TONOXKEHUH O CHCTEME YIpaBIEHUs
oxpanoii Tpyna (CYOT)». Iloctpoena mocTtoBep-
Hasl JIoTUYecKasi MOJIETb MPOUCIIECTBUS C YUETOM
CTaTHUCTUYECKHU OINpECNIEHHBIX BEPOSATHOCTEH BO3-
HUKHOBEHUS €ro MPearnochliok. PaccMoTpensl ma-
paMeTpsl BOCIPUUMUYMBOCTH YeNIOBEKa M KPUTEPHH
NPEBBIICHHS, XapaKTEPU3YIOLIHE BEPIIMHHBIC HC-
xozsl. Ilyrem mpeoOpazoBaHMsl TOTHYECKON Moze-
JIY TIPOUCIIIECTBHSI B BO3MOYKHOCTHYIO (hopmy ObLTa
IPOM3BE/IeHA OLIEHKAa M IMOJIy4eHbl 3HAUYEHHUS BO3-
MOKHOCTHOM Mephl peaju3alliyd BEPIIUHHBIX HC-
XOJIOB.

KioueBble cjioBa: 1epeBooOpadaThIBAIONINN TIEX,
JUHTBUCTUYECKAsS MOJIENIb, BEPIIUHHBIA HCXO,
CYOT, noruueckast MOJECIb

BBenenue. /lepeBooOpabaThiBaronIuii 1ex UMe-
€T CTOJISIPHOE OTACIIEHHE, B KOTOPOM MMEIOTCS
CTaHKH, IIO3BOJAIOIIHNC OCYH_IGCTBJIHTI: paCHI/I.HOB-
KY, CTPYXKKY CO BCE€X CTOPOH W Ha yroi, numdos-
Ky. TeXHOJIOrHYecKkuil Mpouecc COCTOUT M3 Clle-
JIYIOIIUX ATANOB: MOCTYIUICHUE MUJIoMaTepuana Ha
MPUPE3HON CTAHOK; pACMUJIOBKA; IOCTYIUICHHUE
nujaomMarepraia Ha (yroBajibHBIM CTAaHOK; CHATHE
CTPYXKH; NIIA(OBKA; MOTYyYEHHUE TOTOBOTO H3Je-
mus. Llenpio maHHOW paboOTHI SABISETCS OMpeee-
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DEVELOPING A UNIFIED LOGICAL
MODEL OF WORKERS” UNJURIES
UNDER THE INFLUENCE OF
WOODSHOP NEGATIVE FACTORS
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A linguistic model of accidents is developed on
the basis of the analysis of the system "object —
factors — protection — worker". The paper de-
termines the correspondence between the de-
scribed accidents and the dangers presented in
"Model Regulations on Occupational Health and
Safety Management System (OHSAS)". The
authors have built an accurate logical model of
accidents given statistically defined probability
of occurrence of their preconditions. The paper
describes susceptibility parameters of a person
and excess criteria that characterize apical out-
comes. By conversion of a logical model of ac-
cidents in its possibilistic form the estimation
was made and the values of the possible meas-
ure of apical outcomes implementation were ob-
tained.

Keywords: woodshop, linguistic model, apical
outcome, OHSAS, logical model.

Introduction. A woodshop has carpenter’s
shop in which there are machines allowing to
saw up, to plane in all directions and on a cor-
ner, to grind. The technological process consists
of the following stages: receipt of lumber on the
cutting machine; sawing; receipt of lumber on
the jointing machine; removal of chips; grind-
ing; obtaining the finished product. The aim of
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HUE BO3MOYKHOCTHOM MEpBbI TaKUX IIPOUCIIECTBUU
KaK 1ope3 Majblia, MOBPEXKACHHUE TJ1a3a U IMTHEBMO-
KOHMO3 paboTHHKa [1].

B cromsipHoM otneneHun aepeBooOpadaThIBa-
IOLIETO I1eXa HMMEIOTCS CIIeAYIoIie BpeAHblE U
oracHble (GaKTOPHI:

— TMOBBIIIEHHAs 3albUICHHOCTh BO3/ayXa pado-
el 30HEI,

— TOJBM)XHBIE YaCTU MPOU3BOJCTBEHHOTO 000-
pylOBaHUS;

— TEpeABHUTralONIMecs U3JIeNUs, 3ar0OTOBKHU, Ma-
Tepuaisl [2].

C yuerom naHHBIX (aKTOpPOB ObLIa COCTaBJICHA
JMHTBUCTUYECKAs! MOJIENb IPOUCIIECTBUS.

this work is to determine the possible measure
of such accidents as finger cut, eye damage and
pneumoconiosis of an employee [1].

In a carpenter’s shop of a woodshop there
are the following harmful and dangerous factors:

— excessive dust in the air of working zone;

— moving parts of production equipment;

— moving products, workpieces, materials
[2].

Taking into account these factors, a linguistic
model of an accident was drawn up.

HepeBooOpaboTka
Woodworking

PacnmiioBka 3aroToBKU
Sawing of the workpiece

Crporanue 3aroToBKU
Planing the workpiece

[InudoBanme 3aroTOBKU
Grinding of the workpiece

ITonmaganue pyku B
pabouyro 30Hy

OO6pa3zoBaHue CTPYKKHU
Chip formation

OO6pazoBaHue MbUIHA
Dust formation

Hand contact with working

area

| IToBpexnenue riasza

I'myGoxkwuii mope3 nanbia
Deep cut of a finger

(KOHTY3US)
Eye damage |
(contused wound)

Barixanue mbuin
Inhalation of dust

[Ipod. 3a6oneBanue

(THEBMOKOHMO03)
Occupational Disease (pneu-
moconiosis)

Puc. 1. JIunrsuctuueckas Moi€Ib IPOUCIIECTBUS

Fig. 1. Linguistic model of an accident

[Tpu pacnuiioBke muioMaTepuaia MpU OTCYT-
CTBUM CPEJCTB KOJJIEKTUBHOW 3alIUTHI PabOuMid
MOXXET TOJYYUTh TIyOOKHi mope3 manbia. Kpo-
Me TOro, mpu 00paboTKe MUiIoMarepuana Ha ¢y-
TOBaJIbHOM CTaHKe 00pa3yeTcsi CTpyXkKa, KOTopas
MOXeT rmomnactb B obnactb nuna. Kpome storo,
npu NUTMGOBaHUU 00pazyeTcss MEJIKOAUCIIEPCHAs
IbUIb, KOTOpasl MpU MOMaJaHUM B JbIXaTeJIbHbIE
IyTH BBI3BIBAET pa3/IpakeHUE U MOXKET MPUBECTU
K mpo¢3aboeBaHUSAM.

When sawing lumber in the absence of col-
lective protection equipment a worker can get a
deep finger cut. In addition, during the pro-
cessing of lumber in planer there are chips,
which may get near the face. In addition, when
grinding there is fine dust, which in contact with
the respiratory tract causes irritation and can
lead to occupational diseases.

According to the "Model Regulations on Oc-
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CornacHo «THUIOBOMY TIOJIOKEHHUIO O CHCTEME
ynpasierus: oxpanoit tpyna (CYOT)», B kade-
CTBE OIACHOCTEH, MPEICTABISIONINX YIPO3Y JKU3-
HU W 3JI0pOBBIO0 pabOTHHKA, BBIOMpAEM CIIEIYIO-
e BEPIIMHHBIC UCXO/IBI:

UCXOJ] OT pa3pe3aHusi, OTPE3aHusi OT BO3CH-
CTBHUSL OCTPBIX KPOMOK TPH KOHTAKTE C HE3alllu-
[ICHHBIMU y9acTKaMH Tea;

UCXOJ] OT BO3JEHCTBUS MEXaHHUYECKOTO YIIPY-
TOro JICMEHTA;

UCXOJ TOBPEXKICHHS OPraHOB IbIXaHUS 4Ya-
CTHIIaMu TIBLIH [ 3].

Jlornueckas MojieJb MPOUCIIECTBHUS.
HecuacTablil cnydaii u npodeccuonanbHoe 3a00-
nesanue: Y = y; Vy, V y; [4-5]

Bepummnueii ucxon 1.

Y1 = (X171 V X12) A Xq3, 1)

roe  xqq — orcyrcrBue CU3;

X1, — orcyrcTBue CK3 (orpaxknenue);

x3 =T > Iy, — ycnoBue mnpu KOTOpOM
IPOM30UJET TIYyOOKHH MOpe3 MpH MPEBBIICHUN
npeaenpbHo-gonyctumoro ypoBusa Iy, wanps-
JKEHUS Ha cpe3 T, Xi3 = 1.

Bepmmnsslii ucxon 2.

Y2 = X21 A X3, (2)

rae x,; — orcyrcreue CU3 (3ammuTHBIE 04-
KH);

X5, = P > [I/1Y, — ycnoBue nopakeHus Tiia-
3a CTPYKKOM, KOTOPO€ IMPOUCXOAUT NPU IPEBBI-
LICHUU MpelenbHo-gonycrumoro yposus IIY,
MMIYJIbCHOTO AaBieHus P, x,, = 1.

Bepummnubii ucxon 3.

Y2 = (X31V X32) A X33, 3)
rae x3; — orcyrcteue CU3 (pecniupatop);
X3, — otcyrctBue CK3 (koXkyX);

X33 =n > IIJIK; — yciaoBuem mnonydeHus
pabotHukoM mpod3aboneBanust OyaeT MpeBbIie-
HUE  MpelesbHO-AONYCTUMON  KOHLEHTpPaluu
[I/IK; BpemHoro BemiecTBa N U JUIMTEIBHOCTH

BO3JICHCTBHS, X33 =1 [6].

cupational Health and Safety Management Sys-
tem (OHSAS)", the following apical outcomes
are chosen as hazards that pose a threat to life
and health of an employee:

outcome from cutting, cutting off from the
impact of sharp edges in contact with unprotect-
ed areas of a body;

outcome from a mechanical elastic element;

outcome from respiratory injury by dust par-
ticles [3].

Logical model of an accident. Accident and
occupational disease: Y = y; Vy, V y; [4-5]

Apical outcome 1.

Y1 = (X171 V X12) A Xq3, 1)

where x;, — absence of PPE;

x,, — absence of CPE (screen);

X153 = T > [IJY; — the condition in which
there happens a deep cut when exceeding the
maximum permissible level MPL1 of pressure
onthecutt, x;3 =1

Apical outcome 2.

Y2 = X1 N X2, 2)

where x,; — absence of PPE (safety glass-
es);

X5, = P >TI/1Y, — the condition of eye
damage by chips, which occurs when exceeding
the maximum permissible level MPL> of pulse
pressure P, x5, = 1.

Apical outcome 3.

Y2 = (x31 V X32) A X33, 3)
where x_31 — absence of PPE (respirator);
X3, — absence of CPE (cover);
x33 =n > [IJJK; — the condition for ob-

taining occupational disease by an employee
when exceeding the maximum permissible con-
centration MPC1 of the harmful substance n and
the duration of exposure, x3; =1 [6].
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I[IpeoOpa3oBaHue JIOTMUECKOI MOJIeJIA B He-
YeTKYI0 (BO3MOKHOCTHYI0) MO/IeJIb.
Bepummnubii ucxon 1.

Pos (y;, =1) = min(max(nxn;nxlz);nx13), 4)
e My, = Pos (t > IIAY,).
Bepmmnsslii ucxon 2.
Pos (y, = 1) = min(my, ; 7y,,), (5)
e my,, = Pos (P > IIJY,).
Bepummnubii ucxon 3.

Pos (y;=1) = min(max(nxsl;nx32);nx33), (6)
rae my,, = Pos (n > IIJK,).
Bo3MokHOCTHAsT Mepa peain3allii BEpIIUH-

HBIX UCXOJIOB:

Pos = max(min(max(nxn;nxlz);nxls); (7

mi n(T[X21; T[Xzz) ) min(max(nxm; T[st) > Thss.

Transformation of a logical model into a
fuzzy (possibilistic) model.
Apical outcome 1.
Pos(y; =1) = min(max(rtxll;rtxlz);nx13), 4
where Ty, = Pos (t > II1Y,).
Apical outcome 2.
Pos (y, = 1) = min(7my, ; my,,), (5)
where Ty,, = Pos (P > TIJIY,).
Apical outcome 3.
Pos(y;=1) = min(max(nxgl;nxaz);nx”), (6)
where My,, = Pos (n > IJK,).

Possible measure of the implementation of
apical outcomes:

Pos = max(min(ma x(nxn;nxlz);nXB); @)

mi n(T[X21; T[Xzz) ) min(max(nxsﬂ' T[Xaz) 3 Thas.

Tabauua 1
Table 1

[TapameTpbl BOCHPUUMYHBOCTH YEJIOBEKA U KPUTEPUU MPEBBILICHUS, XapaKTePU3YIOIINE
BCPIIMHHBIC UCXOAbI
Susceptibility parameters of a person and excess criteria characterizing apical outcomes

HaumenoBanue ¢ax- OmyTumslii
TOpa U ero napamer- | 3QPeKT AeHCTBHS
Howmep N N
pa: o6o3HaveHue, Ha [100 nmn 3HAYUTENBHBII Kputnueckuii
dakropa . .
Factor pa3MepHOCTh O6uoBHU I adexT neiictBus | s ekt gercTBUs
Name of the factor | Perceptible effect | Significant effect Critical effect
number .
and its parameters: on PHO or
notation, dimension biospecies
I1 : N
EI; ig ['my6okwuit mopes, OTtpe3zanue,
Hampsokenue cpesa, s>t Deep cut Cutting off
1 Mua . _16_5 1\1/}na S12> 12 S13=I13
Shear stress, MPa H (M,Pa) r1,=5 Mna (MPa) | ry3=10 Mna (MPa)
S12=6 Mna (MPa S13=6 Mna (MPa
51126 Miia (MPa) | 5270 Mna (MPa) | 515=6 Mna (MPa)
Paspaskene, [ToBpexnenue ria- Pazpyimienue
- 3a (KOHTY3Hs1), rasa,
Irritation .
WmnynbcHOE naBiie- o> Eye damage (con- Eye destruction
2 uue, I1a 21=72l tused wound), S23> 21
r,;=31Ila (Pa)
Pulse pressure, Pa $,,=6,8 TTa (Pa) S22> I r2s=7 Ila (Pa)
2= r,;=51Ila (Pa) S23=6,8 I1a (Pa)
$2,=6,8 I1a (Pa)

http://bps-journal.ru/

47




1Ty - Ne3-4
_L:_I; Safety of Technogenic and Natural Systems 2018
3arpyaHeHue Opplika, noreps [Tpodo.
AbIXaHUI, CO3HaHU, 3a60JI€BaHI/Ie
Difficulty Shortness of (MTHEBMOKOHHO03),
KonueHTpanus mei- breathing, breath, loss of Occup. disease
3 m, mr/v® S31>I31 consciousness, (pneumoconiosis),
Dust concentration, n>6 mr/m° (mg / S32> 32 S33> I33
mg / m* m°) n>60 mr/v® n>600 mr/m>
$31=6,25Mr/M° (mg / m®) (mg / m®)
(mg/ m3) $3,=6,25 Mr/m° $33=6,25 mr/m®
(mg / m®) (mg / m®)

Hamnpsbxenue cpe3a HaxoauMm M3 YCIOBUS

MPOYHOCTH:
_Q
Tcp - Fcp’ (8)
rae  T., — Hampsbkenue cpesa, Mma; Q — mo-

nepeunas cuna, H; Fyy — momans cpesa, M2[7].
HimnynibCcHOE JaBiieHHe ObUTO MOJIYYEeHO M3 3a-
KOHA COXPAHEHHSI KOJIMYCCTBA JIBHIKCHHUS:
mv
mv=At-P—>a=P=E, )
rae P — wumnynbcHoe nasnenue, Ila; At —
IUINTEIBHOCTh BO3JEUCTBHS, €, M — Macca
CTPYKKH, KI; UV — CKOPOCTb CTPYXKM, M/C?;

At:mv=At-P—>a=P=%.

Jns monydeHuss BO3MOXXHOCTHOM MEpbI TPeX
BEPUIMHHBIX HMCXOJOB pPAaCCUUTHIBAEM IMOTPEIl-
HOCTb CpPEACTB M3MEpeHUs U mnorpemHocts CU3,
IIPUBEICHHBIN 3amac 0€e30MacHOCTH, MOJyYEHHbIE
3HAYEeHUS 3aHOCUM B TadiuIy 2.

The shear stress is found from the strength
condition:

_ 0
Tep = Ep' (8)

where 7., — shear stress, MPa;  — transverse
force, H; F,, — shear area, m[7].
The pulse pressure was obtained from the

law of conservation of momentum:
mv

mv=At-P—>a=P=E, 9)
where P — pulse pressure, Pa; At —duration of
exposure, s; m —chip mass, kg; v —chip speed,
m/s®; At mv=At-P >0 =P =%.

To obtain a possible measure of the three ap-
ical outcomes, we calculate the error of measur-
ing instruments and the error of PPE, the safety
margin, the obtained values we put in Table 2.

Tabnuua 2
Table 2

I/ICXOI[HHG AAHHBIC 1 PACUCTHLIC 3HAYCHU A BO3MOXHOCTHOU MCPbI TPEX BCPIIMHHBIX UCXOI0B
Initial data and calculated values of the possible measure of three apical outcomes

BU3.
BUL. BI2. Ipod3abonepanue
. [ToBpexnenue riasza
I'my6okuii mope3 (THEBMOKOHHO3)
(KoHTY3US)
AO 1. AO 1 AO 3.
Deep cut ' Occupational disease
Deep cut e
(pneumoconiosis)
Ny =S =V-f 2,625 3,4 3,125
As = 0,5 - N,y 1,31 1,7 1,56
Ar=05-r 2,5 2,5 3
75 = =5 0,62 0,38 0,63
= (Ar + As) ' ’ ’
m=1-2zb 0,38 0,62 0,37
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Puc. 2. Bo3amoxxnocTHas pcam3anud TPpEX BEPIIMHHBIX UCXOA0B

Fig. 2. Possible implementation of three apical outcomes

Bo3moxxHOCTHas Mepa peanu3alyyd BepIINH-
HOT'O MCXO0Ja B BHJI€ BPEMEHHOM YTpaThl paboTo-
CIIOCOOHOCTH W ToNMydeHus: mpod3adoseBaHms
MOJKET OBITh BBIYMCIIEHA KaK

Pos = max(min(max(1;0,81);0,38);
min(0,81;0,62) ; min(max(1;0,81);0,37) =
max(0,38;0,62;0,37) = 0,62.

B pesynbprare aHanusa i 3aJaHHOW TEXHU-
YECKOW CHCTEeMbI ObllIa MOCTPOCHA JTUHTBUCTHYE-
CKasg W JIoTWYecKass MOJENIU NpPOUCIIECTBUN, Ha
OCHOBaHUHU KOTOPBIX IMyTeM MpeoOpa3oBaHUs B
BO3MOXXHOCTHYIO (POpPMY MOJIYHEHBI CIIEIYyIOIINe
3HaYeHUS BO3MOXXKHOCTHOW Mephl pealn3aluu
BEPIIUHHBIX UCXOOB:

BU1. I'myGoxkwuii mope3 — 38 %;

BI2.
62%;

BU3. TlpodzaboneBanne (MTHEBMOKOHHO3) —
37 %.

3akiouenue. B pesynbTaTe HCCIEIOBAHUS
JUISL TEXHUYECKOM CUCTEMBI «TI€4b — OTJIMBKA —

IloBpexxnenue rna3za (KOHTY3Ms) —

paboTHHK» OBUIM BBISBICHBI HauboJIee XapaKTep-
HbIE BpEIHBIC U OIACHBIC MPOU3BOJCTBEHHBIC
(baxTOphbl, MPUBOIAIINE K PA3IUYHOTO pOJa MPO-
UCILECTBHSIM, U TOJIyYEHBI CIEeIYIOIIUE 3HAYCHUS

The possible measure of implementation of
an apical outcome as a temporary loss of produc-
tivity and getting an occupational disease may be
calculated as

Pos = max(min(max(1;0,81);0,38);

min(0,81;0,62) ; min(max(1; 0,81);0,37) =
max(0,38;0,62;0,37) = 0,62.

As a result of the analysis for a given tech-
nical system, a linguistic and logical accident
model was built, on the basis of which the fol-
lowing values of the possible measure of the im-
plementation of apical outcomes were obtained
by converting into a possible form:

AOL. Deep cut — 38 %;

AO2. Eye damage (contused wound) — 62%;

AQO3. Occupational disease (pneumoconiosis)
— 37 %.

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
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BO3MOKHOCTHOM Mepbl peanusanuu BU:

BU1 (ucxon ot termoBoro ynapa) — 23 %;

BU2 (ucxom oT oxora pOroBHUIIBI Tjia3za) —
20 %;

BU3 (ucxon ot orpaBnenus) — 42 %;

BU4 (ucxon ot oxora npeariedbs) — 14 %.

BosmoxHocTHas Mepa motepu paboTocmnocoo-
HOCTH paOOTHUKOM B 3aJJaHHOM TEXHUYECKOH CH-
creme coctasisiet 42 %.
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of possible measure of AO implementation were
received:
AO 1 (heat stroke outcome) - 23 %j;
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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