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Abstract: The purpose of the process safety management system is to identify hazard factors and develop a set of methods to
prevent injuries at an airline, occupational illness, material costs in case of damage to property and the environment. The analysis of
the structure of occupational pathology depending on the factors of the production environment and the working process for the
period 2013-2022 shows that the percentage of diseases associated with the impact of production physical factors for this period
remains at the same level. This fact, in turn, confirms the relevance of the chosen study. Analysis and identification of the current
production situation is necessary to assess the impact of adverse production factors. In this study, a new approach to the
mathematical model for a process safety management system is implemented. Mathematical modeling allows a deeper
understanding of the nature of certain phenomena and to obtain information about the real situation, which in turn stimulates the
development of new scientific problems and methods of solving them, and is also the basis for choosing specific solutions for the
implementation of certain projects. The successful implementation of strategies in order to create a process safety system for a
flexible monitoring and management structure depends on how effective its functional structure is; this provision is explained by
the fundamental nature of the tasks that are solved at the management stage. The article discusses the theoretical statements
concerning mathematical modeling. When creating the model, the apparatus of abstract algebra-set theory — was used. The model
developed in the course of the study makes it possible to introduce a model of the process safety management system into the
activities of aviation enterprises.
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Moaesb cucTEeMbI YIIPABJACHHUS NIPOU3BOACTBEHHOM 0€30IIACHOCTBIO
HAa aBHANIPEANPUATHN

1 1
II.LU. BenbaamunoBa , O.I'. ®eokTHCTOBA
"Mockoeckuii 20Cy0apcmeeHHbIl MeXHUYeCKUll YHUGepCUmem padcoancKoll asuayu,
2. Mockea, Poccus

AnHoTammst: Llenblo cucTeMbl yIpaBiieHHs! POM3BOACTBEHHON 0€30MaCHOCTHIO SIBIISIETCS BISIBIICHHE (PAKTOPOB ONACHOCTEH U
pazpaboTka COBOKYIHOCTH METOJOB JUISl NPEAYNPEXICHWs TpaBMarM3Ma Ha aBHAIPEANPHSITHH, IPO(eCCHOHATBHOM
3a00JIeBaEMOCTH, MaTepHAIBHBIX 3aTpaT B Cilydae yiiepba MMYIIECTBY M OKpY)Karolled cpere. B xone aHaimsa CTpyKTypl
NpodeCCHOHAIFHOMN MATOJIOTHH B 3aBUCUMOCTH OT BO3JEHCTBYIOIIHMX (PAaKTOPOB MPOM3BOICTBEHHOM Cpe/Ibl U TPYIOBOTO IpoLiecca
3a mepron 20132022 ronoB Moka3aHo, YTO MPOIICHT 3a00JICBAHMIA, CBSI3AHHBIX C BO3ICUCTBIEM MPOMN3BOICTBECHHBIX (PU3MUECKIX
(akTOpoB, 3a JaHHBINA IIEPHOJ OCTAeTCA Ha NpPEeXHEeM ypoBHe. J[aHHBIA (akT B CBOIO Ouepelb MONTBEP)KAACT aKTyaIbHOCTb
o0nacTy BEIOPAHHOTO MCCIICNOBAHUA. AHAIN3 M BBISIBJICHHUE CKIIABIBAIOIICHCS TIPOU3BOICTBEHHON OOCTAHOBKH HEOOXOIMM TS
NPOBEJICHNS OLICHKH BJIMSHUS HEONAaronpUATHBIX IPOU3BOACTBEHHBIX (haKTOPOB. B maHHOM HcCeNoBaHMM pealn30BaH HOBBIH
HOOXO4 K IIOCTPOCHHIO MONENHM JUIS CHCTEMBl YIPAaBICHHMS IPOM3BOIACTBEHHOH Oe30IacHOCThIO. MaremaTtudeckoe
MOJIEJIMPOBAHHE IIO3BOJLIET 0ojee IIyOOKO IIOHATH NPHPOAY HEKOTOPBHIX SBIEHHWI M BBIABHTH Ty HH(OPMALUIO, KOTOPAs
OTpaXkaeT pealbHyI0 CHUTYalMIO U SIBISIETCS (JaKTOpOM, CTUMYJIMPYIOIIMM pa3BUTHE HOBBIX HAy4YHBIX IPOOJIEM U CHOCOOOB HMX
pELLEHUs], a TAKKE OCHOBOW JUIA IPUHATHUS KOHKPETHBIX PEUICHUH IPU PEaIM3alid OIPEACIECHHBIX IIPOEKTOB. Y CIIEIIHOE
OCYILIECTBIICHHE CTPATErHii B LEJSIX CO3JaHMS CHCTEMBI TIPOU3BOJICTBEHHOM 0€30MacHOCTH JUIsl THOKOHM CTPYKTYPBhI MOHHTOPHHIA
W yIpaBJICHHUsT HEOTHEMJIEMO 3aBHCHUT OT TOTO, HACKOJBKO 3(deKTHBHA ee (YHKIMOHAIbHAS CTPYKTYpa, JaHHOE ITOJI0XKEHHE
o0BsicHsieTCsl (PyHIIaMEHTATIBHOCTBIO 33/1a4, KOTOPBIE PEIIalOTCsl Ha JTare yIpaBieHus. B craTtbe paccMOTpPEHBI TEOpPETHYECKUE
TIOJIOXKEHUSI, KaCaroIMecss MaTeMaTHIecKoro MoziesmpoBanysl. [1pu co3nanuy Momenu ObLT MCIIONB30BaH ammapar abcTpaKTHOM

18



Tom 27, Ne 01, 2024 HayuyHbiit BectHuk MITY TA
Vol. 27, No. 01, 2024 Civil Aviation High Technologies

areOpbl — TEOPHS MHOXECTB. Pa3paOoTaHHBI B XOZ€ HCCICIOBAHMS IOIXOJ] aeT BO3MOXHOCTh BBECTH MOJICIb CHCTEMBI
YIIpaBJICHUSI TIPOM3BOICTBEHHON 0E30IAaCHOCTHIO B ACATEILHOCT aBHATIPSATIPHUSITHIA.

KnioueBble cjioBa: Mmaremaruyeckass MOJENb, IPOM3BOACTBEHHAs O€30IaCHOCTb, CHUCTEMHBIM IOAXOJ, TEOPHS MHOXECTB,
yIIpaBJIeHUE, MOJEITUPOBAHHE.

Jna uutupoBanus: benpsmuaoBa I[LU., ®eoktucroBa O.I. Mogenb cHCTEMBI YHOpaBICHHS MPOU3BOACTBEHHON
6e3onacHocThio Ha apuanpenpustiy // Hayqnsiit Becthiuk MI'TY T'A. 2024. T. 27, Ne 1. C. 18-27. DOI: 10.26467/2079-0619-
2024-27-1-18-27

Introduction The duration of the given stage could have
been less long-term, provided field test being
substituted with process system modelling. Field
tests are very efficient indeed, nevertheless they
also have some drawbacks, such as high labour
intensity, complexity and expenditure of time
and effort. On the other hand, analytical ap-
proaches possess such benefits, as efficiency and

provide the safe labour conditions [1] in order to ~ high data processing rate, as they are based on
prevent workers from undesirable effects for powerful computer syst@m appllca?lon. At the
their health. same time the mathematical modelling of genu-

ine manufacturing processes is necessary for
their implementation. The fact of different sys-
tem functional or structural resemblance is the
basis of the modelling [5].

Airport employees are exposed to different
hazard factors, such as noize, vibration, electro-
magnetic fields, nuclear radiation, and other ones
affecting their health and working capacity dur-
ing air transportation. It is necessary to take
measures to reduce the effect of this factors and

The analysis of occupational pathology struc-
ture in Russia dependant on the production envi-
ronment influencing factor showed that diseases,
directly connected with physical factors affect-
ing health of workers take the first place, repre-
senting a respective proportion of 47% in 2022.  Research methods and methodology
The following figure is 5% more than the same

one in 2021 (42%) and 0.5% more than the one Mathematical modelling — is a method of dif-

in 2013 (46.5%)". ferent objects, processes and systems research by
Process safety management is an utter system means mathematical models.

of arrangements and technical means, necessary Mathematical modelling allows to research

for hazard factors affect probability reduction for object and process features without the necessity

airline employees, along with manifestation con- of running the experiment, which may singnifi-

sequences elimination [2]. cantly decrease cost and time expenses for re-

The process safety management service uses search. Besides that, mathematical models allow
different SOurces (SUCh as SCientiﬁC and teChnical us to Study Objects and processes in different

and economic data), presented both as scientific work environment and modes, which is also not

research works, patents, standards, handbooks always possible while conducting the expe-
and descriptions of the inventions for the infor- riment [6].

mation analysis. As a result, there is the feasibil- Mathematical model is a system of equations
ity study created for the project, which is the ba-  or inequations, describing interconnections be-

sis of system development. The feedback data tween different parameters and variables, charac-
allows to specify the particular sub-systems and  terizing the object of study. Another modelling
estimate their interaction efficiency [3, 4]. benefit is the opportunity of system parameters
change in order to study their impact on results.
This allows us to understand more clearly how
different factors influence the system, and to
choose its optimal working parameters [7].

" On sanitary and epidemiological welfare Condition
in the Russian Federation in 2022: National Report.
Moscow: Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing (2023). 368 p.
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It is necessary to stick to the system approach
while monitoring and managing the manufactur-
ing processes at an airline, considering that all
objects and processes, connected with process
safety system characteristics saving and enhanc-
ing with different factors exposure are to be re-
garded as integrated system. Processes of manu-
facturing system condition control, estimation
and management as a whole [8] are the elements
of monitoring and management system.

It is necessary to use the models showing all
the system work and element interconnection
aspects during the preparation stage of making
the system for efficient decision making. The
hierarchical system of various abstraction level
modelling meets the given requirements.

The recovery process modelling includes
making a model which describes the intercon-
nection between system elements. Processes may
be presented as the change of the system condi-
tion under the impact of different factors, influ-
encing various system features and its relations
with other elements [9].

The management processes in aviation manu-
facturing system have their own peculiarities,
due to which it is impossible to use the basic
principle of new management system model-
ling — a method of analogies.

The choice of the most efficient management
methods and their optimal sequence determina-
tion requires a special approach. One can imag-
ine system management process in general as a
sequence of the following stages:

e aims and objectives determination: system
management aims and objectives are formu-
lated at this stage;

e data collection and analysis: data on system
condition is collected, its analysis is run for
challenges and opportunities determination;

e management strategy development: the analy-
sis-based strategy is developed;

e strategy implementation: the arrangements are
made for achieving the goal, the performance
1s controlled;

e monitoring and control: control is provided
during the system operation;

e the analyses and evaluation of the results: the
results obtained are analyzed and the man-
agement efficiency is estimated.

20
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Such a description of the system structure al-
lows us to determine the requirements for corre-
spondences and formalize them in terms of sys-
tem recovery process system [10].

The above-mentioned theories are material-
ized in mathematical model of process safety
management and characteristics, lost under dif-
ferent factor impact, recovery. The following
model uses the theory of multitudes [11] — the
instrument of abstract algebra.

The initial system is qualitative, if all its ele-
ments and connections between them meet the
requirements. Every element of such as system is
described by the qualimetric [12] figure of
it a;:

o PO P ]

iy wee) a,.

The n total of qualimetric quality measures
united N into 4 multitude is to be considered as a
model of process system element in multitude
algebra terms. The power of this total equals to
quantity of singular measures, determined in dif-
ferent documents (for instance, public health

regulations):
n
A= U a;. (1)
i=1
In this case 4 — is a multitude, uniting quality

measures a;, which means a; € 4 and whether
any quality measure meets the singular i#;

variable it forms aq; maj —@ empty set.

This approach does not require the particular
modelling of every single system component.
The quality of system is determined by quality of
its components and their interaction peculiarities.

a; is influenced by different b; factors,
changing singular quality measures for 6a; num-
ber during the system operation:

n

AJAA = U(ai/&ll-).

=1

2)
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The complex factor impact on process system
element may be described as the factor unity:

0

j=1

bj. 3)

The change of quality measures for §a;num-
ber is f function: for factors and time of their im-
pact on the process system element:

U U a;/8a;.

Let us write down (2) the following way, us-
ing formula (4):

n m
aron=Jr(| o
=1 \j=1

The parameter extreme deviations are given
to provide safe work of the researched system:

(4)
)

AJAA = U(ai/dai max). (6)

In order to save safe work conditions consid-

ering process safety requirements and (5)
and (6), there will be:
n m
(4/AA max) > U f: U bt )
i=1 j=1

Condition (7) is checked in a real-time envi-
ronment while process safety monitoring at an
airline:

(A/AA max) > (A/AA). (8)

The system work is to be shut down whether
condition (8) is not fulfilled [13]. Then it is nec-

essary to reveal the dangerous factors, estimate
the risks and restore the system secure condition

21
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for working functions fulfillment (2). Neverthe-
less, there are some alterations: if monitoring is
based on parameter current numbers (5), the
fixed valuations, not meeting (8) condition, are
determined during risk factors detection.

Risk factor detection helps to detect charac-
teristics of system which need recovery, along
with determining the scale of their difference
from the ones meeting favorable process envi-
ronment [14]. This allows to develop recovery
process, its parameters and modes:

0(501’) = (O(ai / 5“1’))/(0 ai)- 9)
i=1 i=1 i=1

Limits of parameter deviation from the initial
ones are established by aviation industry regula-
tions for process safety provision:

U (da;) max max. (10)
i=1

The emergency measures are taken whether
limits are exceeded, including system operation
shutdown [15]. Whether deviation does not ex-
ceed the limits, recovery measures for parame-
ters, lost while system work, are taken.

System work seizing conditions:

n n
U(6ai) > U(&ai) max max. (11)
i=1 i=1
System parameter recovery conditions:
n n
U((Sai) max max > U((Sai). (12)
i=1 i=1

Similarly to (9), the system parameters,
which do not need recovery, as they meet the
requirements, may be written the following way:

ﬁ(aai) = (ﬁ(ai/5ai)> / (ﬁ ai)- (13)
i=1 i=1 i=1
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Shift from the state of "dangerous" object (2) to
the state of "safe" (1) one should take place during
the process safety system characteristics recovery;
total of multitudes (2) and (1) allows to model such
a shift in terms of multitude algebra:

®: (iUl(ai / Sai)) > (Q(ai / a*ai)) (14)

The formula (14) may be reconstructed the
following way, according to multitude algebra
rules:

O : <0(50i)> - <0(5*ai)>- (15)
i=1 i=1

Formula (15) shows, that deviations appear-
ing as a result of working factor §a; impact, do
not disappear after taking "recovery" measures
®, but become a (§*a;) value, to meet condi-
tion (7).

It is necessary to tend to such a deviation
value, as (6*a;) — min during the process safe-
ty management system development. The ideal
is when(6*a;) is tending to  zero:
lim(6*a;) = @.

The system element characteristics recovery
is a process, which includes different operations,
processes and systems. Certain processes, recov-
ering certain elements and fixing certain process

Vol. 27, No. 01, 2024

inefficiencies are picked out of this multitude.
This can be shown as unity:

C
o = U ;.
i=1

Formula (15) can be written this way consid-
ering (16):

(U ‘p">: (0(5‘%)) - <0(5*ai)>. (17)

(16)

i=1 i=1 i=1

The process of system element recovery is
atotal of management impact and operations,
determined to recover the initial level of system
safety and its elements quality, lost while system
work. As a result, the system returns to its initial
state. Consequently, formula (16) may be
reconstructed the following way:

D = @ r@y*x@P3*.x@Q*@Qcq*@. (18)

The management decisions and their struc-

ture are described in formula [16] (total of
measures, determined to system change, present-
ed as documents), and it is shown in (18), how
these decisions influence the real problems, for
instance, AEL, in real recovery process [16]:

(P1* P * Q3 * k@ * @1 *x@) : (6ay) = (6"ay),

(19)

(P1* @2 *x @3 x ..x @ * Qg * @)+ (8ay) = (6 ay).

System (19) does not suppose the full system
quality recovery after all recovery measures se-
quent implementation to every aspect of perfor-
mance, as the part of such measures cannot elim-
inate quality which was compromised during the
system operation: ¢; : (6a,) — @.

That is why the purpose of process monitor-
ing and lost quality recovery management sys-

tem is choosing the sequence of certain recovery
measures, resulting in the aim shown in (17).

As a result, it is necessary to find an individ-
ual product, meeting process safety require-
ments, for every single a;:

(‘Pi * ok <Pj) 1 (6a;) = (6%ay). (20)
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@ multitude in formula (16) is a submulti-
tude of Q multitude, including all scientifically
known recovery processes (c):

c
i=1

Science constantly develops and improves
the recovery methods, instruments and technolo-
gies. Power (c) in equation (21) is a temporary
function, which usually ascends. It is possible,
anyway, that some processes can be lost.

Thus:

1)

c(t)

Q@):LJ@P

As previously mentioned, recovery process
(16) is included into (22):

(22)

®c O, (23)
c c(t)
(CD=iL=J<pi>C Q(t):igwj L4

System state, in which the full recovery (20)
is gained, is described by the fact that all singu-
lar performance elements, characterizing the sys-
tem component and connections quality, become
equal to the values of these measures in the be-
ginning of system work:

((pl- * % <pj) : (6a;) - 0. (25)

Formula (14) may be reconstructed consider-
ing (20):

(@i * ..x ;) : (a/ ba;) - (a/ bay). (26)
At the same time:

6*ai < 5611', (27)

6*a; < da;max. (28)

23
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Here, (da;max) is an element of multi-
tude (29):

n
da; max C U éa; max. (29)

=1

Results of the research

Process safety management systems must
provide conclusive correspondence between both
right and left part of the equation (28) according
to applicable legislation. Nowadays there is a
multitude of probable recovery variants (29),
which allows us to use its different methods,
which all meet conditions (27) and (28).

(@i % v @))1: (6ay) = (6%a;)1,

.............................................. 0

(@i * o @))y: (8a) = (§7a)y.

According to equation (30), the optimal re-
covery method can be chosen based on certain
criteria (parameters d, y in equation (30)) or Pa-
reto principle [17].

There is an iconographic model of process
safety in Figure 1.

Conclusion

The new approach for modelling process
safety management system on airline was carried
out in this research and shown in Figure 1.

Mathematical modelling allows us to under-
stand the nature of some phenomena more deep-
ly and reveal the information reflecting the genu-
ine situation and stimulating the development of
new scientific challenges and approaches for
meeting them, being the basis for certain deci-
sions while running certain projects.

The main management aim is to provide the
desirable system finite state. It is possible to
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Process system components

Monitoring U(da;))=0

Working factors

. e

Allowance

System recovery

U(da;)=U(a;/6a;y) /(U (a;))

U (8a;) =U(dq;)max max

A\AA=U(QL/6al)

v

Beyond recovery

A

Singular quality measures

U (bda;) max > U (da;)

change while work
(¢

i)l (Bay) — (67ap)]

7]

(i~ ...copd: (da;) — (67a;) d S

(@i .. @)y: (8ay) = (6"ay) y

Recovery

\ 4

U (8a;)=0

Fig. 1. Iconographic model of process safety

manage different process system components of
A multitude by means of the developed mathe-
matical model, namely with resources (material,
financial, human), processes, work places. The
given managing impacts allow us to provide the
process safety acceptable level.
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