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B mnacrosmeit pabore pa3BUBAIOTCS JIOTHKO-
BEPOSATHOCTHBIM U JIOTUKO-BO3MOKHOCTHBIN CHO-
cOOBI OlleHHBaHUs 0€30IMacCHOCTH U 00O0CHOBAHUS
3JI0POBBSI B CHCTEME BHJIa «cpela — OOBEKT —
3ammuTa — CyObeKT». B mpenmnonokeHuu o Mo-
HOTOHHOCTH W3MEHEHHsS J(P(DEKTOB IeHCTBHS
Pa3IUYHBIX BPEAHBIX (PaKTOpPOB pazpaboTaHa HO-
Bas (paKTOpHAsT WHTEPBAIbHAS KOHICIIIHS, T03-
BOJIAIONIAs YHU(DUIIMPOBAHO OINKCHIBATH IMapa-
METPUYECKHE TPEANOCHIIKA TPOUCIIECTBUNA C
MOMOIIbI0 UHTEPBAJIIOB BOCIIPUUMYUBOCTH Ha OC-
HOBE NMPUMEHEHHSI €MHOM MOJICTTH «BO3/ICHCTBHE
— ocna0ieHue — BOCHPUUMYUBOCTBY. [lomy-
YEHHbIE aBTOpPaMHU 3aBHCHUMOCTH JUIsl BEpOST-
HOCTHOM M BO3MOXHOCTHOW MEpP BEPILIMHHBIX HC-
XOJIOB TIO3BOJISIFOT PACCUMTHIBATH IMOKA3aTEIN
0e30macHOCTH U 000CHOBBIBATH CIIOCOOBI U Cpe/l-
CTBAa 3alUTHL.

KirueBble cioBa.

be3omacHOCTh  CHCTEMEL,

IIPOUCIIECTBHE, BO3MOYKHOCTHAs
Mepa, OXpaHa 3J0pOBb,

BOCIIPUUMYIUNBOCTD»

BEPOSATHOCTb,
«BO3JIEUCTBUE —

Beenenmne. M3BecTHO, 4TO K NIEPBOCTENEHHBIM
3aa4aM B 00J1acTH TeXHOC(epHOU U IKoIornye-
CKOMl 0€30IacHOCTH U PUCKA OTHOCSTCS TaKue
3a1a4yM Kak: 1) crangaptuzauus U (W) yHUU-
KaIus Tokasaresieid 0e30macHOCTH (pUcKa) U Me-
TOJIOB MX pacyeTra, Kak JUIsl THIOBBIX (CTaTHCTHU-
YEeCKU OMHUCaHHBIX) [1, 2], Tak U AJi1 HETUIIOBBIX
(«yHUKAJIBHBIX» MU CTATUCTHYECKH IUIOXO 00Y-
CJIOBJIGHHBIX) TEXHUYECKMX U (WJIM) 3KOJOruye-
ckux cucteM [3-5]; 2) mocTpoeHne 1 HaKOIIEHUE
TUIIOBBIX JIOTUYECKUX U MMapaMeTPUUYECKUX MOJie-
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The paper develops logical-and-probabilistic and
logical-and-possibility methods of safety evalua-
tion and health substantiation in the system of
"environment — object — protection — subject”. A
new factorial interval concept allowing us to de-
scribe parametric prerequisites of incidents with
the help of susceptibility intervals on the basis of
application of the unified model “influence —
weakening — receptivity" is developed assuming
monotonicity of parameters change of various
factors. The obtained dependences for probabilis-
tic and possible measures of vertex outcomes al-
low us to evaluate safety indicators and justify the
methods and means of protection.

Keyword. System safety, probability, accident,
health, «influence-susceptibility».

Introduction. It is known that the primary
tasks in the field of technosphere and environ-
mental safety and risk include such tasks as: 1)
standardization and (or) unification of safety
(risk) indicators and methods of their calculation,
both for typical (statistically described) [1, 2] and
for non-typical (“"unique™ or statistically poorly
conditioned) technical and (or) environmental
systems [3-5]; 2) construction and accumulation
of typical logical and parametric models of vertex
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Jedl BEPIIMHHBIX HMCXOJ0B (IIPOUCIIECTBUI WU
aBapuii) [6, 7]; 3) pa3zpaboTka u anpooOarmus mnpa-
Bui Bepudukanuu [8—10] Ha OCHOBE CpaBHH-
TEJIBHOIO aHallu3a Pe3yJbTaTOB pacdera BeposiT-
HOCTHBIX M BO3MO>KHOCTHBIX IOKa3arenei Oe3-
OIIACHOCTH U PHUCKA.

Jannas paboTa moCBAIIEHA U3JI0KEHUIO C UH-
JKEHEPHBIX MO3UIUMN U MOCTPOCHUIO Ha MpPUMEpE
napamMeTpUueCKUX YCJIOBHI BO3HUKHOBEHHS MPO-
UCIIECTBUN U UX MpeAnoceuiok. [Ipu sTom nemnsio
paboThl sBiISETCA paclIMpeHue o0JacTu MpuMme-
HEHHUS W HCIIOJIb30BAaHHE OYEBHUJHBIX MPEUMY-
HIECTB MapaMEeTPUUYECKON MOJENd «BO3/ACHCTBUE
— ocJabieHue — BOCIPUUMYHUBOCTBY, YTO TM03-
BOJIWJIO pa3paboTaTh MHTEPBAIBbHYIO KOHIEIIIUIO
OLICHKH 0€30I1aCHOCTH U 3/10POBbSL.

IlocranoBka 3amauyn. B pamkax cucTemsl
«CyOBEeKT — 00BEeKT — 3ammra — cpenay» [5, 10]
NpeJCTaBUM OOOOIIECHHYIO AHATUTHYECKYIO MO-
JIeNb Tpollecca BHJIa «BO3JICHCTBHE — pacIpo-
CTpaHCHHE — TPOXOXKICHUE — OCJIadJiecHue —
3aIIUTa» CIETYIOIUM 00pa3oM:
I(p, t) = lo-exp(—p/po)-exp(x/lp)-exp(-t/to), (1)

rae lo — ammmryzna npomecca; ¢@p(p/po) —
TreOMEeTPUYECKUi (aKTOp, KOTOPBIH C Y4ETOM
0003Ha4YeHUsI Py=p/po Yallle BCErO MPEICTABISIOT
OJTHUM W3 BBIPAKECHUIA: (pp(p/po):1/pn2, 1/pn wm
exp(—pn); @i(x/lg) — dbyHkuust ocnabiaeHus mpo-
riecca B 3amure (mperpane) Toamaon lo;  @(t)
— BpeMeHHas (hopMa mporecca Kak peakuusi Ha
BO3/ICHICTBHUE B BUJIC CTYIICHHKH HJIM B BUJIC JCIb-
Ta-UMITYJIbCA.

B mpocreiiniem HU3n10KeHUH C y4eTOM OcCIad-
JIeHUs TapaMeTp BO3JEHCTBUS HAaXOAAT IO 3aBU-
CHUMOCTH

s=f-v, 2

rne V — mapamerp Bo3zeiicTBusi m3BHe; f —
¢ynkuus ocnabieHus, 3aJjaHHas Ha HWHTEpBaJe
[0, 1].

[lpy >TOM OIHOMAPAMETPUYECKYIO MOJIENb
«BO3ICHCTBUE — BOCHPUUMYHBOCTEY» IPEICTAB-
JISIFOT B BUIC «S — I'».

3ameruM, uto 3aBucuMocTH (1) u (2) mpume-
HSIOTCSI JAJIS1 ONMCAaHUs TapaMeTPOB BO3/EHCTBHUS,
ocialieHnuss ¥ BOCIIPUMMYHMBOCTH OOJIBIINHCTBA
BUJIOB (DaKTOPOB, HaPUMEP, TAKMX KaK MEXaHU-

outcomes (incidents or accidents) [6, 7]; 3) devel-
opment and testing of verification rules [8-10] on
the basis of comparative analysis of results of cal-
culation of probabilistic and possibility safety and
risk indicators.

This work is devoted to the statement from
engineering positions and construction on the ex-
ample of parametric occurrence conditions of in-
cidents and their prerequisites. At the same time,
the aim of the work is to expand the scope of ap-
plication and use of obvious advantages of the
parametric model “influence — weakening —
susceptibility”, which made it possible to develop
the interval concept of safety and health evalua-
tion.

Problem statement. Within the system "sub-
ject — object — protection — environment” [5,
10] we present a generalized analytical model of
the process of the type "influence - distribution -
passage — weakening - protection™ as follows:

1(p, t) = lo-eXp(~p/po)-exp(-X/lo)-exp(-t/to), (1)

where 1o is the amplitude of the process;
op(p/po) is a geometric factor which, taking into
account the notation p,=p/po is often represented
as one of the expressions: (pp(p/po)ZI/pnz, 1/pn O
exp(—pn); @i(X/lp) is a function of the weakening of
the process of protection (barrier) with a thick-
ness of lp; o.(t) is the temporal form of the pro-
cess as a reaction to the influence in the form of a
step or in the form of delta pulse.

In the simplest manner taking into account the
weakening, the influence parameter is found ac-
cording to the dependency

S=f, (2

where v is the external influence parameter; f
is the weakening function defined on the interval
[0, 1].

Here one-parameter model "influence — sus-
ceptibility” is in the form of "'s

We should note that dependencies (1) and (2)
are used to describe the parameters of influence,
weakening, and susceptibility of most kinds of
factors, such as mechanical, thermal, chemical,
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YECKUH, TeTJIOBON, XUMUIECKUIN 1 (PHU3UIECKHUIA.
Pemienue 3amaum: cayvyaiiHble mapaMeTpbl.
Jlns onucaHus OCHOBHBIX BEPIIMHHBIX MCXOJ0B
(cocTosiHUE 3/10pOBbS, COCTOsSIHUE OOJE3HH, Jie-
TaJbHBIA HCXO0J) pa3paboTaHa JUHEIKa mapamer-
PUYECKUX MOJENEH, TOCTPOEHHBIX HA OCHOBE Ma-
paMeTpoB BO3CHCTBHUA, OCIIa0JICHUS U BOCIPHU-
uMmuuBocTu (puc. 1). U3 pucyHka BUAHO, YTO C
y4eToM (YHKIIMH OCHa0JCHHS MapaMeTphl BO3-
JEUCTBUSI MOTYT JOCTHTaTh W TMPEBBINIATH IMapa-
METPbl BOCIPUUMYHUBOCTU U, CIJIEIOBATEIbHO,
ONUCHIBAaTh TPAHUIBI M BAPUALUU OCHOBHBIX
BEPILMHHBIX UCXOAOB (IIPOMCIIECTBUI) B CHUCTe-

and physical.

Solution to the problem: random parame-
ters. To describe the main vertex outcomes (state
of health, state of disease, death) we have devel-
oped a range of parametric models that are based
on the parameters of influence, weakening and
susceptibility (Fig. 1). It can be seen from the fig-
ure that, taking into account the weakening func-
tion, the influence parameters can reach and ex-
ceed the susceptibility parameters and, therefore,
describe the boundaries and variations of the
main vertex outcomes (incidents) in the system.

MCE.
Y ® * ©)
. r S
") AN S ’
F;'ls I'!llr I'i'ls Mg >

Puc. 1. leMoHCTpanusi NpuMEHEHUs1 BEPOSITHOCTHOM MapaMeTpUieCcKOl MOAen

<<BO3II€I71CTBPIC — BOCIIPUMMYHMBOCTL» B JHUAlla30HC BO3HUKHOBCHUA BEPIINHHBIX UCXOO0B OT TpaBMbI

(3a00meBaHns) 10 KPUTUIECKOTO WIIH JIETATHHOTO MCXO/Ia,

OIIHMCHIBaeMbIE CIIEBA HAIIPABO BapHaHTaMU: a), 0), B), T)

Fig. 1. Demonstration of usefulness of the probabilistic parametric model "influence-susceptibility"
in the range of vertex outcomes from trauma (disease) to critical or fatal outcome,
described from left to right by options: a), 6), 8), 2)

CHauana npeanoyiiokuM, 4To MapaMeTpbl BO3-

JNeNCTBUS, OcCnabiieHuss U BOCIPUUMYHUBOCTH
MPEACTABISIIOT CO00M CiyyallHbIE BEJIWYUHBI (C.
B.) C HOpPMaJbHbIM 3aKOHOM pacHpeleseHUs
(. 3. p.). Ha ocHOBE mapameTpuueckoil MOJIeTH 1
YCIIOBHS TPEBBIICHUsS] BO3AEUCTBUS S Haja BOC-
NPUUMYHUBOCTBIO I' OIIPEAETIUM BEPOATHOCTh pea-
JAU3alMy BEpIIMHHOTO HMcxoja X=1 B mpowuciie-
crBun Pro(x=1)=Pro(s>r) tak, kak omnucano B [5,
9].

BBeném HOByIO nepeMeHHYK Z=S—I, KO-
Topasl TaKXKe pacrpeziesieHa 10 HOPpMaJIbHOMY 3a-
KOHY C MaTeMaTWYeCKHM OXKUAaHUEM M,=Ms— M

¥ IpeobpasyeM 3a1auy K BHIY:
Pro(s—r>0)= ffooo o] f_soo @(s)dsldr.  (3)

Paccmotpum 6onee moapoOHO ciydau, Mpous-
JIOCTpUpPOBaHHbIE HA puc. 1, a u puc. 1, 6, yuu-
ThIBaA YCJIOBUS:

Mms<my—m,=ms—m,<0. 4

First, let us suppose that the parameters of in-
fluence, weakening and susceptibility are random
variables (RV) with the normal law of distribu-
tion (NL. D.). On the basis of the parametric
model and the condition of exceeding influence s
over the susceptibility r, we determine the proba-
bility of the vertex outcome x=1 in incident
Pro(x=1)=Pro(s>r) as described in [5, 9].

We introduce a new variable z=s-r, which is
also distributed by the normal law with mathe-
matical expectation m,=ms— m, and convert the
problem to the form:

Pro(s—r>0):f_°°Oo @(r) [ffoo @(s)dsldr. (3)

Let us consider in more detail the cases illus-
trated in Fig. 1, a and Fig. 1, 6, considering the
conditions:

ms<my—m,=mgs—m,<0. 4

¥
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BBenem QyHkimio pacnpeneneHus BEpOSTHO-
cTH ¢;(zZ) ¥ HA OCHOBaHWHU TAOYIHMPOBAHHOIO HH-
terpana BepositHocteir d(X) [11] Beipaxkenue (3)
IPEJICTAaBUM B BUJIE:

p1(u)=Pro(z>0)=0.5-®((m—m)/
(02r+025)0'5):0-5_q)(u)a ®)
/i€ apameTp
u=(Mmmg)/(c>+0%)"° (6)

NpeACTaBisieT COOON BEPOSTHOCTHBIN «IIpHBE-
JEHHBIA TapaMeTpUyecKuil 3amac 0e30MacHOCTH»
(TIT13B) [9, 10], BBIYMCASIEMbIH KaK OTHOIICHHE
pPa3HOCTH MAaTeMaTUYEeCKUX OXHUIaHUW BO3JEH-
CTBUSL U BOCIPHUUMYHBOCTH K HX CyMMapHOMY
CPEIHEKBAIPaTHYECKOMY OTKIIOHEHHIO (C. K. 0.).

Heuyerkoe mnpeacraBieHue mapamerpos. B
JMHENHOHN aNnInpOoKCUMalUu NapaMeTpoB BO3JEH-
CTBHSI S M BOCHPUUMYHBOCTHU I KaK HEUETKUX Be-
anuuH (B HaMMeHee WH(GOPMATHBHOM BapHaHTE
UX TIOJY4YEeHHs) BO3MOXKHOCTHAs Mepa IMpeBbIlIe-
aus Pos(x=1)=Pos(s>r) ompenensercs u3 3aBu-
CHUMOCTH [5]:

nLi=Pos(s>r)=1-zb, (7)
rae zb — «apuBeneHHbIH 3anmac» Oe30macHo-
CTH:
zb=( r— s)/(Ar+As), (8)

B KOTOPOM I M S — «SIpa» HEYETKHX Mapa-
METPOB BOCIIPUUMYMBOCTH I' U BO3JIEHCTBUSA S CO-
OTBETCTBEHHO; Al 1 AS — «MHTEpBaJIBI PA3MBITO-
CTH» WIH aOCOJIOTHBIEC TTOTPEITHOCTH IPEICTaB-
JIeHUs, KOTOpbIE NpPU TUIIOTE3€ O H. 3. p. C. B.

paBHbl 3 curma (C. K 0.) C YpOBHEM JIOBEpHS
0.997 [5, 8].

u(s) p(r)
4 w(s/1B)

We introduce the probability distribution func-
tion ¢,(z) and, based on the tabulated probability
integral d(x) [11], we present the expression (3)
as:

p1(u)=Pro(z>0)=0.5-d((m—ms )/

(62+6%)°°)=0.5-D(u), (5)
where the parameter
u=(mr—ms)/(c?+0%)">° (6)

is a probabilistic "reduced parametric safety
margin™ [9, 10] calculated as the ratio of the dif-
ference of mathematical expectations of influence
and susceptibility to their total root mean square
deviation (RMSD).

Fuzzy representation of parameters. In lin-
ear approximation of the parameters of influence
s and susceptibility r as fuzzy values (in the least
informative way of their determination), the pos-
sible measure of excess Pos(x=1)=Pos(s>r) is
determined from the dependence [5]:

nLi=Pos(s>r)=1-zb, (7)
where zb is the "reduced margin™:

zb=( r— s)/(Ar+As), (8)
in which r and s — "nucleus" of fuzzy pa-

rameters of the susceptibility of r and the influ-
ence s, respectively; Ar and As — "fuzzy inter-
vals" or absolute errors of representation, which,
for the hypothesis of NL.D.R.V. are equal to 3
sigma (RMSD) with the degree of belief 0.997
[5,8].

w(r/1iiB)

1 I 1

5=0,1

0,5 =1

S/11/1B, /11/1B

Puc. 2. HeueTkas mapameTpudeckasi MOJIETh BEPIIMHHBIX MCXO/IOB HA OCHOBE JIMHEHHON anmpoKCUManny (yHK-

U MPUHAITICKHOCTH BO3ACHCTBUS WU(S) U BOCIPUUMYIHUBOCTH p(T)

Fig. 2. Fuzzy parametric model of vertex outcomes on the basis of linear approximation of membership
functions of influence p(s) and susceptibility p(r)

Ha ocHoBaHuM nWHEHKH NapaMeTpUUECKUX
mojeneit (puc. 1), onucanus mapaMeTpoB Kak He-
YEeTKUX BEIUYUH, 3aBucuMocTeit (7), (8), a Taxxke
puc. 2 nus pa3pabOTKU WHTEPBATHHOW KOHIICTI-

Based on the parametric models range (Fig.
1), descriptions of parameters as fuzzy variables,
dependencies (7), (8), and Fig. 2 for the develop-
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[[UU OLIEHWBaHUS OBUIO WCIOJIB30BAHO «TPEX-
YPOBHEBOE» IPEICTABICHUE IMAPaMETPUUYECKOMN
BapHallMM 3/10pOBbs, OOJIE3HU U JIETAJIBLHOTO HC-
xona (puc. 3). OTMETHM, YTO 3TO «TPEXYPOBHE-
BOE» MPEJCTABICEHUE — MOJEIb WU «COOpKa»
napameTpoB BOCIPUUMYUBOCTH, OMUCKHIBAIOIIAs C

apdexT

YBEJIUYCHUU

Y4€TOM MOHOTOHHOCTU HapacTaHuAd

OIIACHOCTU  IIpH BO3JEHUCTBUSA
(Harpys3kmu).

K mpumepam Takux «cOOpok» mapaMeTpoB
BOCIPUUMYHNBOCTH OTHOCSITCSI:

1) «xapakTepHbIe» 3HAUEHUS DIEKTPHUUECKOTO
TOKa, TI0 KOTOPBIM OIpPENEesIOT UCXOJ MOopake-
HUS YEJIOBEKA;

2) nuHeWKa ToKasaresied MOpakeHusl padoT-
HUKA OT JCHCTBUS XUMHUYECKUX (PaKTOPOB TAKOTO
Buna kak «[IJJIK — OBYB — kpurnueckuii mo-
pOr BO3JICUCTBUSY;

3) nuHelka Mmoka3aresieil mopaxxeHus padoT-
HUKa OT JICUCTBUS IEKTPOMArHUTHBIX WA HOHU-
3UPYIOMIUX U3TYUCHHUIA;

4) mopor CABIIIUMOCTH, 00JIEBOM M KpUTHYE-
CKHIM TIOpPOTH aKyCTHYECKUX U BUOPAIIMOHHBIX

Iy
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ment of interval concept of estimation the "three-
level" representation of parametrical variation of
health, illness and fatal outcome was used (Fig.
3). Let us note that this "three — level™ represen-
tation is a model or "collection™ of the suscepti-
bility parameters, describing, taking into account
the monotonicity, the danger increase effect with
increasing influence (load).

The examples of such "collections™ of suscep-
tibility parameters include:

1) “"typical” values of the electric current,
which determine the outcome of human injury;

2) the range of indicators of an employee's in-
jury from the action of chemical factors of such
type as “MPC- safe reference levels of impact -a
critical threshold of impact”;

3) the range of indicators of an employee's in-
jury from action of electromagnetic or ionizing
radiation;

4) threshold of audibility, pain and critical
thresholds of acoustic and vibration effects.

BO3JICCTBUU.
u(r) 1 2 3
1l o I p I op,
) pad AT
7 - -
P d -~ P -~
» ~ e -
P 7 ™ r,s

e z S P i >
| T A Ty
A

Puc.3. TpéxypoBHEBOE MpeACTABICHNE BOCIIPUUMYHUBOCTH 00BbEKTa U (M) CYyOBEKTa K BO3IEHCTBHIO OMTACHBIX

HJIN BPEAHBIX (l)aKTOPOB 1 COOTBCTCTBYIOIIHEC 5TUM YPOBHAM CTCIICHU TAXKCECTHU BECPIIMHHBIX NCXO0B

(omacHocTeih)

Fig.3. Three-level representation of the susceptibility of an object and (or) a subject to the effects of
dangerous or harmful factors and corresponding to these levels of severity of vertex outcomes (hazards)

OrMmeTum TAKKC, YTO BApHUAHTBI BO3MOXKHOI'O

HapacTaHusgd U YMCHBIICHUA MapaMCTPOB BO3JIEH-
CTBUH Ipu HaAJIWM4YUX 3alIUThI MO OTHOLICHHUIO K

JUHEWKe mapaMeTpoB BOCIPUUMUUBOCTH (pHC. 1),

Let us also note that the options for the possi-
ble increase and decrease in the parameters of in-
fluence with protection in relation to the range of
susceptibility parameters (Fig. 1) can be easily

http://bps-journal.ru/
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MOJKHO JIETKO YYECTh Ha OCHOBAaHMM 3aBHCHMO-
creit (7), (8) u onmcaTh ¢ TOMOIIBIO PUC. 2 U PUC.
3.

YcraHoB/ieHHe TPAHUYHBIX YCJIOBHI 3a1a4H.
[Tpumenenne 3aBucumocteit (7), (8) morpedoBasio
YCTAHOBJICHUS U YTOYHEHUS] TPAaHUYHBIX YCIOBUI
3agaun. Pe3ynbraThl aHanM3a M JEMOHCTpALUS
TPaHUYHBIX YCIIOBUH Ul HEYETKOW IapaMeTpude-
CKOM MOJENH C BO3JIEHCTBUEM S U BOCIPUUMYHBO-
CTBIO I TIpeJICTaBJICHbI Ha puc. 4, 5.

T ee)
I AS

S~

Iy
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considered on the basis of dependencies (7), (8)
and described using Fig. 2 and Fig. 3.

Establishing problem boundary conditions.
The use of the dependencies (7), (8) required es-
tablishing and clarifying the boundary conditions
of the problem. The results of the analysis and
demonstration of the boundary conditions for the
fuzzy parametric model with the influence of s
and susceptibility r are presented in Fig. 4, 5.

p(r)

s=0,1

S,T

Puc. 4. JleMoHCTpaI¥s TPAaHUIHOTO yCaoBus: eciau Zb=1, to ;=0

Fig. 4. Demonstration of the boundary condition: if zb=1, then ;=0

Ar
u(r)

e o -

r(s)

L

1] RS

@]

S,I

Puc. 5. [lemoHCTpaIus rpaHIIHOTO YCIOBHS: €CIIH 7b=0, To m;=1
Fig. 5. Demonstration of the boundary condition: if zb=0, then ;=1

IIpumep pewmenus 3agaum. Ha npennpusartun
10 TPOM3BOJCTBY IJIACTMACCOBBIX M3JENUN Ha
paOOTHUKA JEHUCTBYIOT XHMMHUYECKHE (DAKTOPBHI:
okcua yriepona (CO), popmanbnerun (CH,0) u
aneranbaeruy (C,H,0). Ilnsa obocHOBaHMS cTe-
neHu 0e30MacHOCTH paboT, a Takke i paspa-
00TKM W OOOCHOBaHHS NPUMEHSIEMOM 3aIIUTHI
ObUTa TIOCTaBJICHA 3a7ada pacdyéra BO3MOXKHOCT-
HOW MepBI peaM3aluy CIEeTYIONNX BEPIINHHBIX
ucxonos: BU1 — orpasnenue; BU2 — ynymibe;
BU13 — neranwusbiil ucxox (JIN).

B xosme aHanM3a W TMOATOTOBKH HCXOJHBIX
JAHHBIX MPEANoNarajgoch, YTO 3aBHCHMOCTD,

Example of problem solving. The following
chemical factors influence an employee at the en-
terprise for the production of plastic products:
carbon monoxide (CO), formaldehyde (CH,O)
and acetaldehyde (C,H40). To justify the level of
work safety, and to develop and justify protection
the problem was set to calculate the possibilities
of the following vertex outcomes: VO1 — poi-
soning; VO2 — asphyxiation; VO3 — lethal out-
come (LO).

During the analysis and preparation of the ini-
tial data, it was assumed that the dependence de-
scribing the change or weakening of the parame-

http://bps-journal.ru/ 3 62 ‘j




—(m—ﬁfeeﬂxeﬁeeﬁﬂmﬂfm&eﬂﬂﬁxeﬁew - Nel-2

| TR i

Safety of Technogenic and Natural Systems 4 2018

OIHCHIBAIONIAS M3MEHEHUE WM OcialJeHue ma-
pamMeTpoB TMPUMEHHUTENILHO K BBIOpPAHHBIM Bep-
IIMHHBIM HUcxoaaM (2), sBIISETCS JUHEWHOH, a
napaMeTpuuecKue MOJICIN BEPIIMHHBIX MCXO0B
JUIsL BBIOpaHHBIX HEraTUBHBIX (DaKTOPOB HA MPHU-
Mepe JCUCTBUS OKCHJA YIJIepoJia MPEeACTaBICHBI
Ha puc. 6.

Kak cnenyer u3 neBoii yactu puc. 6 (BepuuH-
HbIl ucxoxa 1), Bo3nmelictBue 110 (M HAa YPOBHE)
3Ha4YeHud sAnpa, pasHoro 10.5 Mr/M° JIOCTOBEPHO,
IPU 3TOM BEPOSITHOCTH IMPOSBIICHUS ITOW BEIU-
YiHBI paBHa equHUIe. Ha ypoBHE BepxHero 3Ha-
yeHus (Ha YpOBHE oL Cpe3a WM C YyU4eTOM BBIIOJI-
HEHUS TIPaBWIa «TPEX CUTM») BEPOSTHOCTH TPO-
SBJICHHUSI BO3/CHCTBUsI MeHble uin pasHa 0.003
[3, 5]. Ilpu 3TOM OTHOCHTENbHAS MOTPEIIHOCTH
MPEJICTABJICHUS TAPAMETPOB U BOCIIPHHUMYHNBOCTH
U Bo3zcicTBHs paBHa 0=50 %.

AJTOPUTM TOATOTOBKU U TOJIYYEHHS] UCXO-
HBIX JIaHHBIX JUIS pacueTa BO3MOXKHOCTHBIX MeEp
BO3HUKHOBEHHUS TpPEX BEPUIMHHBIX HCXOJIOB Ha
npuMepe ACWCTBUS OKCHUIA yriiepoja Ha padoT-
HUKa COJIePrKaJl HIDKEIIEPCUUCIICHHBIC ITaIlbI.

1) Be1b6op 3HaueHuii napamerpa BOCIPUUMYH-
BOCTH, a TaK)Xe MOTPEUTHOCTEeH ero mpeicTaBe-
HUS JUTS CIICTYIOIINX BEPITHHHBIX HCXOJIOB.

Bepumnneiit ucxon (BU1) — otpaBnenue.
BocnpurMuuBOCTh K OTpPaBIEHUIO BBIpaXaeTcs
yepe3 3Hauenue [1]IK: n;=20 MF/M3; a0COIOTHAS
MOTPEIIHOCTh TMPEACTAaBICHUsI MapaMmeTrpa BOC-
npuuM4IuBOCTH: Aj=0-N;=0.5-20=10 M/,

HwxHsis TpaHuIia BOCIPHUMYHUBOCTH OIpeEIe-
JIs1ach W3 3aBUCUMOCTH i—Ajg, MF/MS, BEPXHSAS
TpaHuIla — U3 3aBUCUMOCTH S1+Ajs, M/,

Bepmmnnsiit ucxon (BU2) — ynymwse. Boc-
MPUMMYUBOCTD K YAYIIBIO BBIPAKAETCS Yepes Je-
catukpatHoe 3Hauenue I1JIK: n;=200 mr/m>; a6-
COJIIOTHAsI TOTPEIIHOCTh MPEACTABICHUS TMapa-
MeTpa BOCIIPUUMYHUBOCTH K YAYIIBIO:
Ai=5-n=0.5-200=100 mr/m’.

Bepmmmnnsit ucxozn (BU3) — neranbHbli uc-
X0JI. BOoCIpHHMYUBOCTE K JIETAILHOMY HCXOIY
BBIpa)KaeTcsl 4yepe3 crokparHoe 3Hadenue [1/IK:
N;=2000; aGcomoTHasE TOTPEITHOCTh MPECTaBIIE-

ters in relation to the selected vertex outcomes (2)
is linear, and the parametric models of vertex out-
comes for the selected negative factors on the ex-
ample of carbon monoxide are presented in Fig.
6.

As follows from the left part of Fig. 6 (vertex
outcome 1), the influence up to (and at the level
of) core value equal to 10.5 mg/m? is reliable,
with the probability of occurrence of this value is
equal to one. At the level of the upper value (at
the level of a cut or taking into account the im-
plementation of “three sigma" rule), the probabil-
ity of exposure is less than or equal to 0.003 [3,
5]. The relative error of parameters of susceptibil-
ity and influence is 6=50%.

The algorithm for preparation and reception of
initial data for calculation of possible measures of
emergence of three vertex outcomes on the ex-
ample of carbon monoxide action on a worker
contains the following stages

1) Selection of the values of the susceptibility
parameter, as well as its errors representation for
the following vertex outcomes.

The vertex outcome (VO1) — poisoning. Sus-
ceptibility to poisoning is expressed through the
value of MPC: ni=20 mg/m? absolute error of
representation of the susceptibility parameter:
A=8-ni=0.5-20=10 mg/m°.

The lower border of susceptibility was deter-
mined from the dependence of ri-Air,, mg/m?, the
upper border — from the dependence of s;+Aj,
mg/m?.

The vertex outcome (VO2) — asphyxiation.
Susceptibility to asphyxiation is expressed
through a tenfold value of MPC: ni=200 mg/m?;
absolute error of representation of the susceptibil-
ity parameter to asphyxiation:
Ai=8-ni=0.5-200=100 mg/m°.

Vertex outcome (VO3) is a lethal outcome.
Susceptibility to a lethal outcome is expressed in
terms of a hundred-fold value of MPC: n; =2000;
absolute error of representation of the susceptibil-

HUSI TapaMeTpa BOCIPUUMYHBOCTH K JICTATBHOMY ity parameter to |39tha| outcome:
ucxoxy: Ai=5-ni=0.5-2000=1000 mr/m>. Ai=6-n=0.5-2000=1000 mg/m".
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2) U3mepeHue 3Ha4eHMH NapaMeTpa BO3ZCH-
CTBHS S. Ny, =21 MI/MS M aBCOMIOTHOIM norpeni-
HOCTH As ero
As=5-n=0.5-21=10.5 mr/m°.

B pesynprate ucciaenoBaHUR  yCTaHOBJICHO,

MMPEACTaBIICHU:

YTO TPUBEJCHHBIA MapaMeTPUUYECKUil 3amac 0e3-
oracHoCTH paBeH zD,;=0.46, a BO3MOXHOCTHas
Mepa oTpaBiicHus paboTHuka paBHa 1-zb,=0.54.

Ha puc. 6 nzoOpakeHbl XOI M Pe3yabTaThl
pacyera BO3MOKHOCTHOW MEpbI TPEX BEPIIUHHBIX
HCXOJIOB.

HsHr

2) Measurement of the values of the parameter
S: Ny, =21 mg/m® and the absolute error As of its
representation: As=5-n=0.5-21=10.5 mg / m®.

As a result of the researches it is established
that the given parametric safety margin is equal to
zb,i =0.46, and a possible measure of a worker
poisoning is equal to 1-zb,; =0.54.

Fig. 6 shows the course and the results of the
calculation of the probability measure of three
vertex outcomes.
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OKcHUjIa yriepoja

Fig. 6. Demonstration of the implementation of three vertex outcomes for an employee on the example of
carbon monoxide

OTMETUM HEKOTOpbIE HIOAHCHI YCTAHOBIIEHUS
CTATUCTUYECKON YaCTOTHl KOHKPETHOTO BEPIIUH-
HOTO HCXOJa — OTpaBlieHUs pabOTHUKA Iexa.
3HayeHne CTaTUCTUYECKON YaCTOTEI p*: 0,3...0,7
OBLJIO TOJy4E€HO IMYTEM OmIpoca pabdOTHHUKOB
CIyk0 OXpaHbI TpyJa U MEIUIMHCKUX MYHKTOB.
BrinmonHenue 3Toro 3tama 3KCHepTU3bl MOTpedo-
BaJIO y4€Ta, CUCTEMATU3allMN U HAKOIUJICHUS CIIy-
4aeB MCKOMBIX BEPIIMHHBIX HCXOJOB (M MX 3Ha-
YUMBIX TMPEANochUIoK). Ha B3risa aBTOpoB, 3TOT
dTan JOJDKEH OBITH 00sA3aTeNIbHBIM IS CICIHa-
JUCTOB TO OXpaHE TPy/a, SKCIEPTOB CTPaxoBa-
HUS ¥ WHCIIEKTOPOB JIOPOKHO-TIATPYIIBHOU CITYXK-
Obl. CpaBHUTENBbHBIN aHANIM3 yKa3zaj Ha IMpHEM-
JemMyto OIM30CTh MOMYYEHHBIX PE3yIbTaTOB pac-
YeTa BO3MOKHOCTHBIX MEP K CTaTUCTUYECKUM
JaHHBIM TI0 peaTu3alliid UCXOJOB 3a00JeBaHUS
WK TIopakeHus paboTHUKOB. Takum oOpa3om,
MIPEIOKEHHBIA AJITOPUTM TOJTOTOBKH M pacyeTa
KOJTMYECTBEHHON MEphI peau3alliil BO3MOXKHBIX
BApUAHTOB MPOUCIIECTBUS MOXKET OBITh MCIIOb-

Let us note some of the nuances of statistical
frequency setting of a specific outcome vertex of
employees’
frequency p = 0.3..0.7 was obtained through a
survey of employees of occupational health ser-
vices and clinics. The implementation of this
stage of the examination required accounting,
systematization and accumulation of cases of the
desired outcomes (and their significant prerequi-
sites). In the authors' opinion, this stage should be
obligatory for specialists in occupational safety,
insurance experts and inspectors of road patrol
service. The comparative analysis showed the ac-
ceptable proximity of the obtained results of cal-
culation of possible measures to statistical data on

poisoning. The value of statistical

realization of outcomes of workers’ disease or
injury. Thus, the offered algorithm of preparation
and calculation of quantitative measure of realiza-
tion of possible incidents can be used for the solu-

¥

http://bps-journal.

ru/ " o4




Nl Safety of Technogenic and Natural Systems |

- Ne1-2
2018

30BaH JIA PCIICHHUA 3aJla4 OLICHKU nokasarelei
0€30I1aCHOCTH U pUCKa KOHKPETHBIX CUCTCM.

3akmouenue. Pa3zpaborana HOBas akTopHas
WHTEPBAJIbHASA KOHLENLMA, IT03BOJIIOLIAS YHU-
¢uIMpOBaHO ONMUCATh MapaMEeTPUIECKUE MPEII0-
CBUIKM IPOMCHIECTBHH C MOMOIIBIO MHTEPBAJIOB
BOCIIPUUMYHMBOCTH  Ha PUMEHEHHS
YIIPOIIEHHON MOJEH «BO3/eHCTBHE — ocialie-
HHE — BOCIPHUUMYMBOCTHY. llpemnoxxeH anro-

OCHOBC

PUTM TIOATOTOBKH M pacyeTa KOJIMYECTBEHHOU
MEpbI pear3aldd BO3MOXHBIX BAPUAHTOB MPO-
WCILIECTBUS, IMOJYYECHBbI 3aBUCUMOCTU [JIsI BEPO-
ATHOCTHOM M BO3MOKHOCTHOM MEp BEPIUMHHBIX
MCXOJIOB, a TAKXE OLICHKHU ToKa3aresen Oe3orac-
HOCTH JUJIl KOHKPETHBIX MPOU3BOJICTBEHHBIX 3a-
Jad.
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Conclusion. A new factorial interval concept
has been developed, which allows us to describe
consistently parametric background of incidents
with intervals of susceptibility on the basis of a
simplified model “influence - — weakening -
susceptibility”. The algorithm is suggested for
preparation and calculation of a quantitative
measure of possible options of incidents, the de-
pendences for probability and possibility
measures of vertex outcomes as well as the as-
sessment of safety performance indicators for
specific production tasks are provided.
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