O o

Y ainitinomy Gazamoeumipnomy Gesne-
pepenomy npocmopi nebesneunux Qaxmopie
po3easHyma npooaema nedenexu uUpoOOHUMUX
npucmpoie 3 2opiouumu 2azamu. Hebesneuni
daxmopu noodinaromvca na gpaxmopu, noe’s-
3ami 3 6UPOOHUMUMU NPpUCMPOAMU Ma PI3UKO-
XIMIMHUMU 67IACMUBOCMAMY 2A316, WO 3HAXO-
Osmovca 6 uyux npucmposx. Peanvro icuyroui
20101l 243U XAPAKMEPUIYIOMBCA HUCETLHUMU
QuUCKpemHumMu 61ACMUBOCMAMU, MAKUMU K
MOJIEKYNAPHA MACA, NUMOMA MENOMA 320-
panns i m. 0. Abecmpaxmuuii MooevHull npo-
cmip 2a3ie npedcmasnenuii 6 npocmopi neoes-
neunux gaxmopie mouxamu, Koopounamu
AKUX € PIBUKO-XIMIMHUMU BJACMUBOCTAMU
2asie. Buacnidox 6esnepepenocmi npocmopy
Hebesneunux paxmopis peanvii 2azu 6yoymo
npeocmasieni OKpemMumMu mouKamu 6 ubomy
npocmopi abo obracmamu 6 axux Gesnepepe-
HO 3MINIOIOMbCA OesIKi enacmueocmi, nanpu-
K10 memnepamypa, winsHicno, 00cse i m. 0.
Kpim ypoeo, 6yoe icnyeamu senuxa xinokicmo
MOUOK, 8 AKUX 671ACMUBOCMI 2A316 € HECYMIC-
HUMU, MOOMO MaxKumu, AKi HeMONCIUGL 0L
peanvux 2aszie. Ile dozeonuno posensnymu
npobnemy Hebeznexu 20prouux 2asié 3 oOesi-
xux sazaaviux nosuuiu. Tax, euxopucmosy-
104U Memo00J102i10 p-PynKyiii, e0anocs pos-
Odinumu npocmip nebesneunux axmopis na
Hebesneuny i 6esneuni wacmunu. Taxooc eoa-
JI0CA 6uUABUMU NPUKOPOOHHL 06acmi, 8 AKUX
3a60aHHA BUHAMEHHA Hebe3nexu npucmporo
€ nexopexmnoro. Lle o3navae, wo desixa sapia-
uia nebesneunux paxmopie 6 mezicax mou-
Hocmi, 3 aKoi eonu 6idomi, npuseodumsv 00
PI3HUX, 63AE€MOBGUKIIOUHUX GUCHOBKIE NPO
nebesnexy. Taxi oonacmi naseani obracmamu
cymuienux piwens. 3’scoeano, wo ooénacmi
CYMHIBHUX plulerb MOJNCYMb MAMU CKAAOHY
Qdopmy i ix posmip 3anexncumv 6i0 mounocmi,
3 AKO10 6100MI KINLKICHI 3HAYMEHHA Hebe3nex-
Hux paxmopis. Pozpooneno anzopumm nody-
006U 06aGCMeEN CYMHIBHUX PluteHb | 6UHAMEH -
HSl, YU HATeXNCUMb npucmpiil 3 2azom ooaacmi
cymnisnux pimens. Iloxazano, wo eusnauen-
HS1, U 3HAX0OUNLCS npUCMpiil 6 00.1acmi cym-
HIGHUX pilietb, A6AAE CO6010 HUCeabHY 3a0a-
uY, W0 0OHOZHAUHO BUPTUYEMBCS

Kntouosi cnosa: nomenuiiino nebesneu-
Hi 00’exmu, imimauiiine Mmooento8anus,
06’exm nideuwenoi nebesnexu, xamezopis
nooicescosudyxooesnexu, noxycexcna Hebes-
neka, p-pynxuyis
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1. Introduction

ammonia, arsine, acetylene, butane, hydrogen, carbon mono-

It is almost impossible to find an industry that does not
use any of the combustible gases. The most common are

xide, methane, propane, propylene, silane, some refrigeration
agents, cyclopropane (anesthesia), ethane, ethylene. The va-
riety of hazardous gases and their properties makes it difficult



to choose factors of danger, to prevent fires, to early detect
the signs of fire, to build sensors to identify fire hazards. Many
gases are of complex origin and are obtained accordingly.
They are produced in different places, under different condi-
tions, at different times, through different obtaining, storing,
and processing techniques. As a result, many properties of
formally identical gases (the same according to specifications)
might somewhat vary [1, 2]. Often such properties as gas den-
sity, specific heat of combustion, the lower and upper limits
of flame propagation, undergo such changes. These changes
result in a mismatch between the estimated source data and
actual ones. There are other objective and subjective reasons
for errors in the original data due to inaccuracies in the nu-
merical determination of equipment characteristics, operating
conditions, or properties of substances [3, 4]. Uncertainties in
the properties of gases and operating conditions of equipment
lead to the uncertainty of results from defining the danger of
industrial facilities that utilize these gases and equipment.
The magnitude of uncertainty depends on the robustness of
the mathematical algorithm used in these cases. In this regard,
the need to improve the reliability of ways to identify danger
emanating from industries raises the task of improving the
methods for determining the robustness of algorithms that
define the dangers emanating from industrial devices.

2. Literature review and problem statement

Hazard assessment of facilities is an integral part of the
industrial safety system. Mistakes in this area can cause
harm to the environment, increase complexity. The initial
errors that induce such hazards may be the magnitudes that
serve as the raw data to algorithms for determining industrial
hazards [5]. The importance of assessing industrial hazards
is also due to its significance for the prevention and elimina-
tion of emergencies [6]. Thus, it is a relevant task to define
the degree of danger emanating from industrial devices in
general and stand-alone devices that contain gases (outdoor
installations) in particular. Determining the suitability of
hazard detection methods is particularly important. No
similar studies into existing methods for determining danger
emanating from industrial facilities have been found. Related
studies have been found [7]. In an implicit form, information
about errors is included in paper [8]. Under conditions of
uncertainty in the source data, the assessment of hazard from
a device, object, industry is also uncertain. The challenge is to
determine the reliability of such assessments. It is necessary
to determine the conditions under which one can be sure in
the result from a hazard assessment and the conditions un-
der which the algorithm produces uncertain results, that is
results that may change when the initial data change within
their accuracy. Since determining dangers from devices and
industries in general, and gas-containing devices in parti-
cular, is a very important task, the relevance of defining the
reliability of methods used here should not be questioned.
The research cycle was prompted by emerging issues about
the necessary accuracy of initial data for determining hazards
at premises and in the outdoor gas installations. Data on this
issue were not available in both the regulatory base and the
available reported research results. At first, the robustness of
the mathematical algorithm underlying relevant regulations
was investigated [9]. The study of deficiencies in the quality
of a regulatory document related to inaccuracies in the origi-
nal data was reported in paper [10]. Another study contained

an inaccuracy in the numerical value of the participation rate
of combustible gases and fumes in burning [11].

Paper [7] examines the impact of the inaccuracy in origi-
nal data on the resulting hazard of objects. The sensitivity of
a hazard calculation algorithm was investigated by statisti-
cal methods. The calculations involve simulation modeling
using a computer. At specific values for most variables and
a small number of randomly altered variables, statistical
characteristics of the calculation results are determined.
Studies have been carried out in this field, in particular [9],
in relation to other algorithms for determining hazards of
industrial devices. The approach, described in it, is designed
to determine the error of determining the danger of objects
in specific cases. Work [12] proposes an algorithm to assess
the overall danger by creating indices to rank various sectors
in the chemical industry based on the hazards they pose, the
risk of fire, explosion, and toxicity. This approach was devised
to compare alternative processes to choose the one that is
inherently the safest. Paper [13] is interesting because using
fuzzy logic makes it possible to convert fuzzy expert opinions
into assessments of the probabilities of dangerous events. The
work addresses only the case of transporting dangerous goods.

It is time-consuming or impossible to investigate the
robustness of a particular algorithm for identifying danger
in general by using this approach. The algorithm is desirable
that could as accurately as possible indicate the conditions
for unacceptable results from assessing the danger of objects.

3. The aim and objectives of the study

The aim of this study is to construct an algorithm to build
regions in the space of dangerous factors, in which solutions
from existing algorithms for determining hazards emanating
from industrial facilities containing combustible gases are
critically unreliable.

To accomplish the aim, the following tasks have been set:

— to propose mathematical algorithms based on the use
of R-functions to form hazard criteria for industrial facilities
containing combustible gases;

— to define the limits for change in hazards for the case of
combustible gases;

— to suggest ways to identify instances of inapplicability
of algorithms for determining dangers emanating from indus-
trial facilities that contain combustible gases;

— to perform numerical experiments in order to verify the
proposed mathematical algorithms for individual cases.

4. Defining crucial criteria to assess dangers
from industrial devices

Indicator functions. According to regulations that define
the explosiveness of the premises or an outdoor installation,
the hazard assessment is carried out based on excess pressure
of an explosion. Excess pressure of an explosion is considered
dangerous if its value exceeds 5 kPa (at a distance of 30 m
from the epicenter of the explosion for the case of an outdoor
installation). Paper [5] accepted a magnitude P-5, where P is
the amount of excess pressure in kilopascals, as a function of
the hazard indicator. In this case, according to the indicator
function, the object is dangerous if the value of the indicator
is more than 0, if less than 0 — it is safe. Thus, we come to
the emergence of a gradation of danger. It is allowed not to



classify an installation plant as «A» provided that the amount
of individual risk in the case of possible combustion of com-
bustible substances with the formation of pressure waves
does not exceed 1075 per year at a distance of 30 m from the
outdoor installation. The installation would be assigned to
category B if the probability of death of a person (R) is grea-
ter than one millionth. Thus, the corresponding indicator
function (indicator) will take the form:

RR=R-10S. (1)

The indicator associated with the intensity of radiation
will take the form:

IR=T1-1, (2)

where Iy=4 kWm™?2 (a threshold value).

A system of magnitudes based on p-functions [6] was
used to determine the installation’s belonging to a particular
category of fire danger:

1) excess pressure (PR=P-5);

2) the horizontal size of the zone limiting gas-steam-air
mixtures with the concentration of fuel above the lower con-
centration limit of propagation (GF= G-30);

3) fire load (QR=Q—180);

4) radiation intensity (If=(1-4));

5) fire risk (RR=R—-107).

Criteria. 1t is possible to convert an indicator function
into a criterion by dividing by the magnitude that has a di-
mensionality of the indicator function. In this case, there will
be dimensionless magnitudes that accurately indicate the
belonging of an object or a device to the class of dangerous:

1) PR=(P-5)/1 kPa;

2) GR=(G-30)/1m;

3) Qf=(Q-180)/(1 MJ-m™?);

4) R=(I-4)/(1 kW-m™2);

5) RRE=R-10°S,

By using p-functions, we shall define the most used crite-
ria. First, we shall determine a common criterion of danger:

APGR _ APG | AR 4 (APG)2+(AR)2, 3)
AP = AP A1 [(AP) (4, (4)

where AP, A, AR are the criteria for relevant indicator func-
tions; PG, APC, APCR are the criteria corresponding to the
case of positive values of several indicator functions at once.

Formulae (3), (4) allow us to strictly describe to a large
extent verbally assigned algorithms of regulations.

5. Boundaries of the interval, which may contain
numerical values of dangerous properties of all known
combustible gases

Next, we shall consider the behavior of the criteria over
intervals, which may contain numerical values of properties
of all known combustible gases. Any dangerous substance is
represented in mathematical algorithms to assess the danger
of an object by a single set of numerically expressed dangerous
properties (or influencing the danger), and by this set only. In
fact, these properties will be included into a set of factors that

affect danger and become part of the factor space. It is obvious
that these properties have some connection with each other.
Some of their combinations are not feasible, others are rare or
their existence is unlikely. We shall consider these properties
to be magnitudes independent of each other. This will provide
an opportunity to address the issue on gas danger from some
common positions. Let us numerically determine the limits
of intervals, which may contain the numerical values of these
factors (properties of all known combustible gases, vapors of
flammable liquids, their mixtures in different combinations).

Gas density (p) under normal conditions is proportional
to its molar mass with good accuracy. Therefore, the den-
sity of the heaviest known radon gas (atomic mass 222) is
about 110 times the density of the lightest hydrogen gas,
0.00008988 (at 20 °C), g/cm~2. Density will be considered in
the range of 0.09-19.90 kgm~2. For gas density under normal
conditions, the hazard criterion GZ is the horizontal size of
the zone that limits gas-vapor mixtures with a concentration
of fuel above the lower concentration limit of flame propaga-
tion. Other criteria do not respond to gas density within the
algorithm studied. The horizontal size of the zone is minimal
at the maximum value of gas density (Fig. 1) (hereafter cal-
culations are performed in exact accordance with mathema-
tical algorithms in the acting regulations of Ukraine).
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Fig. 1. Dependence of the horizontal size of zone (/) limiting
gas-vapor-air mixtures with fuel concentrations above the
lower concentration limit of flame propagation, on gas
density under normal conditions (p)

Specific heat of combustion (Q) of pyrolysis gas is
12 MJkg™!; hydrogen, 141 MJkg~'. We shall consider these
values as the lowest and greatest possible values of specific
combustion heat, that is the limits of change in this value are
12-141 MJkg 1.

Dependences of the examined parameters on the specific
heat of combustion are shown in Fig. 2, 3.
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Fig. 2. Dependence of explosion excess pressure (P)
and criterion (P®) on specific combustion heat (Q°):
—— — excess pressure, kPa; — — criterion PR
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Fig. 3. Dependence of explosion pressure wave pulse (p)
and criterion /on specific heat of combustion (Q°):
—— — criterion /; — — explosion pressure wave

pulse (p), kKWm™2

Participation rate Z is 0.1 to 1. It does not affect the ho-
rizontal size of the zone; however, it influences excess explo-
sion pressure (Fig. 4), pressure wave pulse, risk of human
death (Fig. 5).
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Fig. 4. Dependence of excess explosion pressure (P)
and criterion P® on participation rate Z:
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Fig. 5. Dependence of risk (R)
and criterion P® on participation rate (Z):
— — risk; — — criterion P®

The lower concentration limit of flame propagation (LCLFP)
of butane is 1.9 % by volume, gasoline vapors, 0.8 % by
volume. We would consider the possible range of LCLFP
values in the interval between 0.008 and 0.400 of volume
parts (v.p.) that affects only the horizontal size of the zone
(Fig. 6).

The estimated temperature of 10-60 °C affects only the
horizontal size of the zone (Fig. 7).

Gas mass (m). With the remaining properties unchanged,
there is such a threshold mass of gas at a facility that, if it is
exceeded, this facility would relate to the dangerous ones of
appropriate level. Dependences of hazard criteria on gas mass
are shown in Fig. 8.
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Fig. 6. Dependence of the zone’s horizontal size (/)
and criterion Gon LCLFP (¢): — — criterion G;
—— — horizontal size of the zone limiting gas-vapor-air
mixtures with a concentration of fuel above LCLFP
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Fig. 7. Dependence of the zone’s horizontal size (/)
on estimated temperature (t)
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Fig. 8. Dependence of relevant criteria on gas mass (m):
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As shown by graphs in Fig. 1-8, for some properties of
substances the minimum danger is achieved at a minimum
numerical value of the property, for others — at the maximum.
This fact divides the properties of substances (dangerous fac-
tors) into two categories. Fig. 8 shows the complex character
of these dependences.

6. Analysis of hazardous objects in a factor space

Let us consider an object consisting of a single container
that contains gas. Its danger will be determined by a set of
numerically assigned properties (factors determining the
danger) of gas, its quantity and storage conditions. Let us
call such an object elementary. An object can be represen-
ted by a vector whose components are the specified factors.



By varying the components of the vector, we obtain an infinite
number of elementary objects. The totality of vector-objects
will make up the vector or factor space of dangerous elementa-
ry objects. The regulatory literature, responsible for the safety
of life activities, offers a set of mathematical algorithms to
determine the criteria for the danger of an object. As a result,
each object is matched with a set (vector) of hazard criteria.
This means that each specific mathematical algorithm from the
above regulations is matched by an operator converting a set
of factors (object-vector) into a vector of criteria:

a=E(f), (5)

where a is the vector of criteria; f is the vector of factors
corresponding to a dangerous object. For an elementary ob-
ject, there will be @ = tp’*, G", QF, R* I*, A", A% A" A"},
vector-criteria, and there will be f={p, Q, Z,LCLFP, t, m}
vector-factors.

Thus, each elementary object within a factor space is
matched with several criteria of danger (hazard vector).
Thus, we obtain a vector field of dangers. A vector field can
be converted into a scalar field by highlighting one of the
hazard criteria, or, by using a p-function technology, one can
convert part or all of the hazard vector factors into a single
scalar. We shall map a multidimensional factor space into
a three-dimensional space. To this end, we shall highlight
three hazardous factors by giving permanent importance to
other factors corresponding to the minimum danger in the
examined region of changes in hazardous factors in (unless
explicitly stated otherwise). The three-dimensional scalar
field will be split into negative and positive parts, each of
which would contain, respectively, non-dangerous and dan-
gerous elementary objects. Elementary objects within this
space are represented either by vectors or points, depending
on the representation that is more convenient in a particular
case. Thus, the space of dangerous elementary objects will be
divided into dangerous and not dangerous parts or regions.

At a minimum gas density of 0.09 kg/m? and a gas mass of
0.6 kg, the space of dangerous elementary objects is split by the
next boundary into dangerous and non-hazardous parts (Fig. 9).

0.4

Fig. 9. Interface boundary of space with dangerous and
non-hazardous objects: p — gas density, kg-m~3; Z — gas
participation rate in the combustion reaction; LCLFP — lower
concentration limit for flame propagation, v.p.

Next, for better visualization, the results from our study
are represented in the form of regions filled with dots (Fig. 10).
The region filled with dots contains dangerous objects.

Fig. 10. Interface boundary of space with dangerous and
non-hazardous objects: p — gas density, kg-m™3; Z — gas
participation rate in the combustion reaction; LCLFP — lower
concentration limit for flame propagation, v.p.

Thus, a dangerous area of the factor space is highlighted.
The region of the factor space filled with dots in Fig. 10 is the
region with dangerous objects.

7. Determining a region of questionable decisions

The sensitivity of a regulation document (regulatory do-
cument algorithm) is due to the sensitivity of its algorithm,
that is, the ability to significantly change the results of its
application at a change in the original data. Let us see how
sensitive the danger criteria are to a change in factors. In con-
trast to work [8], we shall evaluate the sensitivity of the rele-
vant mathematical algorithm not based on a change in some
calculated final characteristic, but based on the existence and
character of location of the region of questionable decisions.

The region of questionable decisions will designate the area
within a factor space, in which due to the inaccuracy of origi-
nal data it is possible to make two mutually exclusive deci-
sions: the object is dangerous and the object is safe. The region
of questionable decisions should be determined from the con-
dition: s>0, for all possible values of A/ within the limits of all
possible changes for each component, where s is the criterion
of belonging to the region of questionable decisions.

P(a), if P(a)>0,a=E(f)and P(E(f+af))<0,
_|-P(@). i P(a)>0 and P(E( f+Af))>0,
. —P(a), if P(@)<0 and P(E f+Af))>0,

P(a), if P(@)<0 and P(E(f+47))<0,

where there are 5—{PR G®, QF, R®, IF, A7 A AT APGR}
vector-criteria; f={p, Q, Z,LCLFP, t, m} vector factors;
Af is the vector characterizing the accuracy with which 7, is



known or another characteristic corresponding to a possible
change in f.

P(é) is the operator, which, based on numerical values for
components d, generates a positive numerical value in the event
that the object is dangerous and negative otherwise. In the
following examples, P(a) will take the following simple form:

P(a)=A". 7

Each specific mathematical algorithm for any regulation
document is assigned with the operator that converts a set of
factors (object-vector) into vector-criteria:

a=E(f), (8)

where a is the vector of criteria; ]7 is the vector of fac-
tors corresponding to a dangerous object. In the case
of categorization, for an elementary object, there will
be a={P*, G*, Q*, R*, I", A", A% A" A"} vector-crite-
riaand f ={LCLFP, p, 7,0, t, m} vector-factors.

The uncertainty interval in the lower concentration limit
for flame propagation will be accepted as LCLFP£0.008, or
from LCLFP-0.0001 to LCLFP+0.0001. The uncertainty
interval in density will be taken as p+0.01. The uncertainty
interval in the participation rate is Z+0.1 Let us specify the
uncertainty in the vector factor without showing the compo-
nents constants:

Af ={ALCLFP, Ap, AZ}={0.008; 0.5; 0.3}. )

This uncertainty of the raw data leads to the form of
a region of questionable decisions presented in Fig. 11.
For comparison, at

Af ={ALCLFP, Ap, AZ}={0.0001; 0.01; 0.1},

the region of uncertainty will take the from shown in Fig. 12.
Reducing the region of uncertainty within Af leads to a de-
crease in the area of uncertainty region in the space of dange-
rous factors. Fig. 12 qualitatively characterizes the dependence
of uncertainty in the results from determining the danger of an
industrial device on the uncertainty in the original data.

Fig. 11. Uncertainty region at
Af = {ALCLFP, Ap, AZ} = {0.008; 0.5; 0.3}

Fig. 12. Uncertainty region at
Af ={ALCLFP, Ap, AZ}={0.0001; 0.01; 0.1}

8. Discussion of results of studying the reliability
of existing methods for determining hazards of
production facilities

The current research is continuation of previous studies
reported, for example, in [9]. Earlier studies were carried out
statistically on simulation models. There were different source
data that caused random changes in hazard criteria. Based on
statistical research, the authors evaluated the likely error in
the results from determining hazards at facilities. The use of
stochastic methods in conjunction with simulation modeling
has made it convenient to assess the robustness of a mathe-
matical algorithm for determining dangers emanating from
objects. That has made it less time-consuming and, therefore,
afforfable to compare different versions of algorithms. Thus,
paper [9] compared algorithms for determining the danger
of outdoor installations in 3 countries: Ukraine, Belarus, and
Russia. Fig. 1-9 of the cited paper [9] show graphs of depen-
dences of hazard criteria defined for the case of a specific pro-
duction plant, examined in the study, on the hazard factors se-
lected for that case. The graphs were built at constant values
of other dangerous factors. It is obvious that these graphs can
change at a change in other hazards. Fig. 9-12 of our work
give an idea of how the pattern of stability would change
when a third factor is added (the complete analogy with pa-
per [9] is not relevant since paper [9] considered another in-
dustrial device utilizing other substances). The location of the
interface boundary of the area with dangerous and non-dan-
gerous objects in Fig. 9, 10 has a three-dimensional change.
The region of uncertainty (Fig. 11,12) changes not only
its location, but its specific volume as well (specific volume
refers to the ratio of the volume of an uncertainty region to
a certain fixed volume, which covers the interface boundary
between dangerous and not dangerous regions, in different
places within a space of dangerous factors). It is obvious that
the region of questionable decisions would change when other
dangerous factors change.

Appropriate criteria have been devised based on R-func-
tions for production facilities containing combustible ga-
ses. The existence of a region of questionable decisions is



associated with the natural property of mathematical algo-
rithms for regulation documents, termed robustness to the
inaccuracy of original data, which determines the applicabi-
lity of a regulatory document in specific cases. The algorithm
described in formulae (6) to (8) allows the three-dimensional
detection and visualization of the region of questionable
decisions. Geometric consideration of an uncertainty region
depending on dangerous factors whose quantity is larger than
three is impossible, due to the impossibility to graphically
display a space that has more than three dimensions, which
requires fundamentally new ways to evaluate regulatory docu-
ments in terms of their visual representation. Ways in which
regulatory documents are evaluated and visually represented
is a subject of serious further research. Such studies may create
a common method for assessing the quality of regulations.
The maximum limits to intervals, which may contain
the numerical values of dangerous properties for all known
combustible gases, have been defined. In each case of a hazar-
dous production, these limits must be narrowed taking into
considerations the characteristics of a particular industrial
facility, appropriate technological and natural conditions.

9. Conditions

1. The use of p-functions allows the formation of com-
plex criteria for dangers in the form of a single analytical
expression. Applying a single analytical expression allows for
a relatively simple way to separate and investigate potentially
dangerous objects with flammable gases in the space of ha-

zardous factors. Within the framework of this study, we have
managed to construct algorithms that take a unified approach
to defining the area of decisions. The essence is a technique to
determine a region of questionable decisions, which is visible
visually, but its size is not quantified for the time being.

2. In the space of hazardous factors, there is a vast area
with potentially dangerous objects in which the probability
of making an erroneous decision is not determined and is not
assumed to be of magnitude that is less than the likelihood
of making a proper decision. This area is called the region of
questionable decisions. The region of questionable decisions
can be complex. The boundaries and volume of the region of
questionable decisions depend on the device and phenomena
occurring at a production facility.

3. Determining whether an object belongs to the region of
questionable decisions is a uniquely solvable numerical prob-
lem. We have proposed an approach for determining whether
a factor space belongs to the region of questionable decisions.

4. At this stage of research, the results from numerical
experiments show the existence of a significant volume of
the region of questionable decisions. At the same time, the
systematization of regions of questionable decisions and the
magnitude of their volumes is a laborious and complicated
affair. However, it can be stated that any other technique to
create objects’ hazard criteria would imply using a R-func-
tion method in the implicit form. Thus, any approaches
to assessing the robustness of mathematical algorithms of
regulatory documents that define the danger of production
facilities will be in one way or another similar to those pro-
posed in our paper.
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Hocnioncenns npucesueno po3pooui HOBUX MAMEMAMUMHUX
3ac0016 0151 6U3HAUEHH PO3NOOLTY 6 NPOCMOPT MA UACT MEXHOZEHHO-
20 HABAHMANCEHH HA amMOCepHe nogimps 6 pe3yromami Henaia-
104020 ponmanyeanns 2a3oeo0i ceepoaosunu. Ha coozooniumniii denv
M00e06anHs € €0UHUM THCMPYMEHMOM 00CHIONCEHHA ma eupi-
WeNHS AKMYATbHUX 3a0a% eK002iuNH0l De3nexu excnayamayii 2a3o-
KoHOeHcamnux pooosuwy. OcodIU60 Ue CMOCYEMbCA MUX NUMAaHb,
6i0n06i0i HA AKI HEMOJCAUGCO OMPUMAMU HA NPAKMUUI, A caMe
00CNi0MHCEHNA NPUMUL MA NPOZHO3YBAHHA POICUMKY ABAPII 3 MALOI0
UMOBIPHICMIO UHUKHEHHS, AJle 3 eUKUMU PYUHIBHUMU HACTIOKA-
Mu. Biosnaueno medoniku icHylouux mamemamuuHux mooeJeii ma
Memooux, wo He 00360JI€ iX BUKOPUCMAHHA ONsL MOOEJH0BAHHA
3a0pyonenns ammocepu came npu Henanarouomy donmanyean-
Hi 2a3060i c6epONOBUHU. 3a0ana NPOZHOYEAHHS PIBHS. MA PO3NO-
diny 3a6pyonenns ammocdepnozo nosimps npu 6ioxkpumomy omu-
MAHYBaHHI 2a3060i C6ePOIOGUHU BKIIOMAE 06A eManu: 6UIHAUEHHS
00cs12i6 2a306ux 6uKU0i8, ix napamempie i ckaady; PO3IPAXYHOK PO3-
CI108aHHA WKIOIUGUX PeHOBUH 8 NPUIEMHOMY wapi ammocdepu.
Hocnioceno ¢isuuni ocobausocmi pyxy 2a3060i cymiwi no céepono-
GUHI MA PO3NOECIO0NCEHHA DOMIUOK 8 AMMOCPepHOMY nosimpi npu
Henanaouomy poumanyeani. Pozpooneno mamemamuuni mooeni
YCcmasnenoz0 ma 3aan06020 GUMIKAHH CYMiuli 2a3i6 3 C6ePONOGUHU
Y 6u2ns0i oupepenyianvHux pieHAHbL 3 6I0NOBIOHUMU NOUAMKOBU-
Mu ma epanuunumu ymosamu. /lani mooeni 6paxosyroms 6ci 0CHOBHI
Qaxmopu, wo enauearomv Ha IHMEHCUBHICHL BUKUOY 2a30680i CYMiuLi
npu asapiiinomy onmanyeanni, ma acex6amno onucyomo 0anuil
npouec. Po3pobaeno nogy mamemamuiny Mooers po3no6Clo0icet-
HA 3a6pYOHI0I0MUX Penosu 8 amMocepomy nosimpi npu euxuoi
3 ceeponosunu. /lana modenv, na 6i0miny 6i0 icHyouuUx, npeocmas-
€ c06010 HAGIP MPLOX aHANIMUMHUX 3a/eIHCHOCMEl, WO ONUCY-
10Mb  PO3N0ECIO0ICEHHA 3A0PYOHIOIUUX PeHOGUH 6 NPOCmOopi ma
uaci 6i0n06ioHo npu 3a1n060MY, KOPOMKOUACHOMY MA HENEPePEHO-
My sukudax. 30iiCHEeHO NOPIGHAHHA Pe3YIbMaAmie MAMeMaAMmuMHUX
06uuCaeHb 3 0AHUMU HAMYPHUX BUMIPIOBANL KOHYeHmpauii 3a0pyo-
HIOI0MUX PEMOBUH, W0 6X00UNU 00 CKAA0Y ABAPIiH020 UKUOY Ni0 aC
Qonmanyeanns 2a3060i c6epoI06UHU 2a30KOHOEHCAMHO20 POJOBU-
wa IToamascevkoi odnacmi. Busnaueno, wo noxudxa mooenosanns
He nepesuwye 15 % 0asa ecix docnidxcyeanux pewosun. Lle ceiouumo
npo UCOKY adeKeamuicmov po3podaeHux Mooenell i MONCAUBICMD
ix 3acmocyeanns 0as po3e’a3anns Ginvw WUPoKozo (8 nopieHamn-
Hi 3 ananozamu) KAACY 3a0ax, n06’I3AHUX 13 KOHMPONeM Cmawy
ammocpeprozo nogimpsa Ha mMepumopinx po3mauyeans 2a306uUx
C6ePON0BUH 3a PI3HUX YMOB 6UKUOIE, MEMEOPONOIMHUX XapaKme-
pucmux ma pexcumie poomu 6yposoi ycmanosxu

Kmouogi caosa: nagpmozazosuii xomniexc, c6epoiosuna, exo-
Jn02iuna Gesnexa, ammocepre nosimps, mMo0eOBAHHA ABAPIUHO-
20 euxudy
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wells. In particular, the following should be distinguished:

atmospheric air (AA), surface and ground water, soil and ve-

Virtually all elements of environment are considered as
objects of influence during construction and operation of

getation, biotic complexes, sheet deposits, etc. [1-3]. Despite
continuous improvement of oil and gas equipment, facilities



