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EFFICIENCY OF FLIGHT SAFETY EXPRESSED BY ANALYTICAL MODEL

Introduction

The efficiency of operational flight processes is a
manifestation of all the engineering functions of
flight operators using terms such as reliability,
credibility, and safety. Failure to appreciate these
terms can mean a loss of sense of time, a fault oc-
curs, the financial damage and human casualties [1].

The term effectiveness of safety management
generally understands the specific value (the highest
one) of his speech in meeting external tasks in spe-
cific conditions.

Flight safety recognizes several types of effi-
ciency: functional, economic, technical, informa-
tional and other, e.g. for Air Force is a significant
combat effectiveness. In aviation, these concepts are
geared towards flight safety, where it is a require-
ment to achieve all the levels of efficiency needed
to perform optimal flight [2; 3]. In a particular area
of aeronautical technical efficiency for achieving
the goal, there is a need to address technical — eco-
nomic policies (successful and unsuccessful limits,
etc.) [1; 2].

This solution can be evaluated by the level of
quality of intervention in operator activities, opera-
tions’ price, optimization criteria (minimum price
costs, maximum availability), model solutions,
structural, economic impacts and awareness.

A number of these assumptions can be predicted
and therefore are looking for optimization, which
can be in the air traffic management process to
achieve the degree of efficiency.

The paper pays attention to functional efficiency
[3-5].
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Analysis of recent research and publications

The motives for the previous problems are the
entry of new technologies into the management of
operations, which are associated with dynamic and
expanding information safety in airports, creating
new possibilities of surveillance of airport systems
to work, at an acceptable level of safety and in con-
ditions of change dynamics [5-7]. Determining the
breadth of the useful features of aeronautical sys-
tems today, their intelligent way of controlling air-
space, was a challenge for the authors to point out
the ability to estimate the ability to transform a per-
son's intellectual and physical intellect into an op-
erator's position in airports in which the aircrafts is
to remain within the limits of flight safety. Captur-
ing current capability in a specific human-operator/
airport/aircraft/means getting a comprehensive pic-
ture of the capabilities and ways of professionally
training airport operators and their common reflec-
tion in safe operations. Today's aviation is in a posi-
tion where its features have exceeded the tasks de-
fined at its inception, while time has made the in-
formation and technological explosions of the time
that enhanced the quality of flight safety visible.
Many of them have disappeared, the remaining ones
have allowed the emergence of effective concepts
for revolutionary aviation complexes [8—10]. The
new phrases that any aeronautical professional
comes into contact with while studying specialized
literature create confusion and uncertainty in their
use. The efficiency of solving specific tasks in air
traffic is a reflection of the knowledge of the reli-
ability of all aviation systems and the skills of the
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airport operators managing them. The key concept
of the presented result is the combination of the
nature of managed functional safety and its cost of
air traffic control. Therefore, it is necessary to know
how to control the safety of the most elementary
system unit in the set of airport control elements.
The automation of high-speed airplanes, in particu-
lar, has greatly narrowed the scope of man by free-
ing him from routine operator work and moving
him to the highest hierarchical level of the system.
This forces the aerospace manufacturers and users
to address questions of a kind in a new way: How to
design an airport system to be as safe as possible?
How to optimize coordination or human-operator
input into the "machine part" of the aviation system,
which is characterized by a distinctive feature of
artificial intelligence? How to assess the quality of
human operator work in the aviation system and in
complete safety? How to optimally organize the
interaction of people in the assembly of one airport
complex? Similarly, these as well as other issues are
addressed by many important scientific literature, in
which selected experts operate [5; 11]. In this way,
the need to develop the theory of safety of airport
systems and processes, which together form an
aviation complex, was created. The dominant idea
of the functional organization of a global aviation
complex is its output, which is represented by the
safety, efficiency of air transport and, in particular,
the safety of persons and the protection of property
in the transport process. In this way, the need to
develop the theory of safety of airport systems and
processes, which together form an aviation com-
plex, was created [3; 12—-14]. The dominant idea of
the functional organization of a global aviation
complex is its output, which is represented by the
safety, efficiency of airport and, in particular, the
safety of persons and the protection of property in
the aviation transport process. To create a real func-
tioning scheme of the complex in the past used
various imaging which more or less drifted attention
followers (researchers, professionals, the media) in
the field of airport, which was more information-
secure. The article gives an extended model [1],
which the inventors article adapted to the new form,
highlighting the objective of operational flight
safety at the various levels of airport with the help
of a reliable work airport systems and operators.
Purpose of this study: Knowledge and quantifi-
cation of distortions in the management and control
of airport systems is useful for estimating the effi-
ciency of an airport, whose value level is deter-
mined by the price or loss value (penalty) for the
caused error in the airport system. The functional
effectiveness of airport systems can be assessed by
criteria that represent the likelihood of accidents at

the airport. The way of design of functional effi-
ciency of airport systems work requires to introduce
another method of synthesis of airport efficiency
dynamics, when the form of the model is deter-
mined and its parameters are unknown. An example
is the use of the exponential and logistic model
solved in the literature [15]. The significance is the
intervention of the safety operational unit in the
type virtual situation at the airport in the field of
failure management, which are characterized by a
step break of safety in the failure of the airport sys-
tem. We are looking for a solution to optimize the
work of the selected airport system in case of its
failure.

The main tasks of the study are:

— find the best way for solution failures in the
airport system,;

— determine the loss function by making the er-
ror function visible;

— establish parameters for the safety model;

— determine the number of successful and un-
successful operational interventions in the manage-
ment of airport systems.

Functional effectiveness of flight safety man-
agement

Functional effectiveness of safety management is
its ability to adapt a controlled aeronautical system
(object) to address the presented functions at known
hierarchical levels. The functional efficiency of
each level is an element of the effectiveness of the
entire safety complex. The significance of the func-
tional safety of each element is assessed according
to the specific outputs achieved [4].

Functional safety criteria

Each subsystem in a flight control process must
report such activity, which is not a failure element
in a series of flight operations. The air safety man-
agement process for the effective creation of suc-
cessful operational interventions must be preceded
by an analysis of possible risks and deficiencies. In
this way, they are eliminating imperfections that
may happen during the flight experience. Based on
the analyses carried out, it is also possible to esti-
mate the correct integration of the operation inter-
vention [5; 6]. Proper timing and interrelation of
each activity positively in search of optimizing the
entire flight process. The criteria for functional
safety reflect the responsibility for the achievements
of interventions in flight operator control. Manage-
ment of such a process is a value which is closer
unlimited additional value features flight safety
[7; 8]. Flight safety management system contains a
complex arrangement of air social, natural, physi-
cal, etc., principles which are transformed into laws
their air traffic management. Similarly, we can also
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name flight deviations caused by improper or mis-
management of management, which are manifested
by distortion of managed safety management out-
puts [8; 9]. The consequences of deformation and
output changes reduce management efficiency and
usability. The knowledge and quantification of de-
formations is applicable to the estimation of effi-
ciency, whose value level is determined by the price
or loss (penalty) value for the error caused [2].

The mentioned loss (fine) is made visible by the
function of error | (y, f), which has a different shape,
may also have different physical meaning, which
depends on the type of flight object (flight control
tower) and its efficiency in air traffic control. The
loss function can also be the difference Ay(f) be-
tween the real output y(¢) and the ideal (e.g.: legal
norm) )(?) as the output value (characteristic) [2].

In this case, we write:

1y, 1) = Ap(2) = y(1) = ¥(D). @)

When e.g. xo(f) — the ideal characteristic of sta-

tistically unsuccessful control exercises, g(f) —

represents additive failures in exercises, then the F'

(assessor) operator of the efficacy object's output
will define a loss (penalty) function:

1y, 1) = Fx(1) + g()] — Fx(9)]. )

It is also possible to assess the visibility of the
safety management by the achieved value of the
loss function. In this case, we assess the functional
efficiency of W according to the probability of ex-
ceeding its set value:

W(t, A) = P(t, A) = P[1(y, t) <1(y, )m], (3)
where ¢t — time; P — probability; 4 — prescribed
value of the loss function; m — allowed limit.

It follows that functional efficiency is assessed
by criteria that are presented by the probability of
flight accidents as a calculated assumption for ful-
filling flight tasks. The number of flight accident
probabilities is a universal tool for assessing the
effectiveness of flight safety management [10]. This
statement (lemma) makes the expression (3) visible
in which the terms have physical meaning and di-
mensions.

Model effectiveness of safety management
with non-decreasing sequence

Implementation of safety management is gener-
ally subject to financial demands and its level is a
limiting factor. The above-mentioned mathematical
models (1), (2), (3) are dependent on a number of
factors, including dynamics and estimation of its
parameters. The management capabilities are sig-
nificantly higher is the assumption of success and
decline in financial difficulty. In general, the safety
model equations are often empirical in nature,
which includes experience from the operations of
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flight operators [11]. Verifying the created repeti-
tion, verification (exercise, testing, etc.) model is an
important item in their existence.

The accuracy of the model depends on the statis-
tical information to be used for the clarification. In
another example illustrates the method of forming
the model and the efficiency of management.

Draft model in the program MATLAB accepted
definition of functional safety, defined as [12]:

W=1-gq, (4)

where ¢ — a loss function in terms (1).

The design of functional efficiency does not
exhaust the design possibilities. We want to intro-
duce another method of synthesis of efficiency dy-
namics, when the model form is determined and its
parameters are unknown. An example is the use of
an exponential and logistic model. They are often
used statistical models with application binomial
division.

Synthesis of analytical model of functional ef-
ficiency

The input values of the synthesis method used
are illustrative of the importance of air traffic con-
trol interventions, to the type of virtual flight situa-
tion that is characterized by a jump in flight safety.
Intervention methods are alternatively distributed
over 10-year flight approach stages [5; 13].

Synthesis is realized in program environment
[MATLAB, 20117, [10]:

p0 = 1:10;order of operational activities on the
flight tower according to the approach plan to the
airport runway/airport Kosice;

q(0) =[0,0178; 0,0178; 0,0178; 0,0178; 0,0357;
0,0178; 0; 0; 0,0178; 0,0714]; quotientq = (number
of unsuccessful operations)/(total number of opera-
tions).

Graphical output is presented at Fig. 1.

Input p0, Output q(0)
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Fig. 1. The distribution of operational interventions
in the flight phase, and their unsuccessful
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The graphical record has a discrete character that
can be approximated by a polynomial with degree
2[9].The approximation polynomial joins discrete
points in the new graph p0; q(0), which create the
conditions for applying the least squares method,
where the line q is approximated in parts.

The method of approximation of the polynomial
by the smallest increments allows the prediction of
a 5-10 % trend of the line Fig. 2.
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Fig. 2. Approximation of unsuccessful operations
by the 2nd degree polynomial

The advantage is the selection of values from the
limits of the approximation polynomial. After writ-
ing a quadratic equation with coefficients: b2; bl;
b0: we get a graph of the quadratic polynomial
(model) prediction Fig. 3 [14].

The model selection program is interactive that
highlights the non-feasibility of a high degree poly-
nomial approximation when selected.

Functional efficiency is an indicator of func-
tional safety.

The "q" polynomial represents a loss function in
function efficiency, which determines its "W" limit
at the Fig. 4:

The actual functional efficiency is:

Wf: 1- qg.
And model efficiency is:
WM =1- qg.

Normalised record

Fig. 3. The normalized form of approximation
of unsuccessful operations by
the 2nd degree polynomial
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Fig. 4. Interactive representation of a polynomial of degree 2 defined the limits of the correction
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Conclusion

Functional efficiency and its criteria are based
on the likelihood of successful completion of opera-
tional flight control tasks that are in the position of a
universal flight efficiency indicator of specified
flight routes.

The practical importance of the method lies in its
ability to estimate the effectiveness of complex,
flight control complexes where its operator has a
significant position [14]. This is also due to the fact
that the estimation of the chosen flight efficiency
system is independent of other flight systems whose
elements form an additive part of the overall effi-
ciency.
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Baprom M., 3apemo0a 1., SIkoBJieBa A.
BU3HAYEHHSA E@QEKTUBHOCTI BE3IIEKHU I1OJIBOTIB AHAJIITUYHOIO MOJEJIJIIO

3abesneuenus maxcumanvHoi besnexku noabomie Ha NIOKOHMPOJIbHUX TIMATLHUX MA HA3EMHUX 00 €Kmax aeponop-
mi6 3 GUKOPUCMAHHAM YCIX CYYACHUX 3ACO0I8 CROCMEPeHCeH s Ma KOHMPOII0 8 OAHUL 4ac € OOCUMb BANCKUM 3A80AH-
HAM, ¥ 8UNAOKY, KOU He 8i00MO, HACKIIbKU 000pe npayroe 8csa cmpykmypa yux 0o 'ekmie. Heobxionicmo niosuujenns
pigus Oe3nexu asiayiunux o6’ €Kmie ekCnayamayii 3a pisHUX 4acosux, NPOCMOPosUX i KIIMAMUYHUX YMOBAX CMBOPIOE
nompeby y posuwiupenti QyHkyii 3acobie bezneku ne minbkKu 6 061aCmi QizuyHUX NPUHYUNIB, dle U Y HanpsIMi OYIHKU iX
AKocmi. Y cmammi po32enaHymo Moxcauicmes OYiHIOBAHHA Npoyecy YpasninHa 6e3nekor, i3 3acmocy8anHam bazamo-
pisHesoi iepapxiunoi cmpykmypu. Bucoka nadivinicmo ynpaeninks 6e3nexoio Ha OKpemux pi6HsX UpAdicae He ssKkocmi it
@yHKYil, a 30amHicmb GUPIULYE8AmMU NOCMAGLEHI 3A60AHHS.

Qynxyii cucmem be3nexu nNOILOMIE, NPUSHAYEHI OIS IX NPAKMUYHOL RPUOAMHOCME HA AGLAYIIHUX CYOHAX Ma 8 de-
PONOPMAx, a maxKodic Oist A0anmayii nepcoHany, cmeopioms Cneyianizo8ani KOMIIEKCU be3nexu, NOMUIKU AKUX MO-
JACYMb OYymu YCyHeni Onepamopom, wo KOHmpomoe yi yukyii. Basxciusumu ons ananizy egpexmuenocmi ma besnexu
aslayitiHnux cucmem € mepMiHu 8 OaHill cmammi, Wo NPeoCmasisaomy 6XiOHi 0aHi 0l Mooentoganus. L{i mepminu 6
NPUHYUNT NPeOCmABIAIomsd PO3N0OLN 83AEMO38 A3KY WMYYHUX aO0 NPUPOOHUX OOCACHEHb, 5K € 0dcepenom inpopmayii
0N ynpaeninHa 6Oe3nexow asiayiiino2o 06 ’€kma 1o0uHow-onepamopom. Pazom eonu cmeoproroms 63a€mo36 530K,
nos’a3anull 3 Medxcamu be3nexu NoabOmie, AKi, HANPUKIAO, MONCYMb OYMU 6epUu@iKosani He MilbKU HA ABIAYIIHOMY
mpancnopmi, ane i 8 agiayiinux 1a60pamopisx.

Taxum yunom, Kodwcen 8u0 6es3nexu NONLOMIE MAE NeBHUN 0IANA30H 3PYUHOCTI BUKOPUCIAHHA, AKULL MAKONMC 00-
MedtceHUll (PYHKYIOHATbHOI be3neunicmio ma egexmugnicmio.

Y pobomi noxazano, wo npoyec nioguweHHss HaAOIHOCMI IEPAPXIUHOL CMPYKmMypu opeanizayii 6e3nexu NnoeuHeH
bymu nog’sizanuil 3 AKicmio, Kpumepii saxol gusHauaroms cmynino Kopeusyii. Egexmusnicme ynpasninns npoyecamu
NOAbLOMY CMBOPIOE NepedyMo8U Ol YCRiXy 6 0y0b-saKill 001ACmi KOHMPOLbLOBAHUX NOJLOMHUX npoyecis. Axkicmob opea-
HI3aYii KOHMPONLOBAHO20 NPOYECY NOALOMY OUIHIOEMbCA 3d (PYHKYIOHATLHOK eeKmMUBHICIIO YIPAGIIHHI 6CIEI0 ONe-
PAYIEIO NOTLOMY.

Knio4oBi cnoBa: 6e3neka nonboTiB; NpoLecy ynpaerniHHs 6e3nekoto; yHKUioHanbHa 6e3neka; ehekTUBHICTb yrnpas-
niHHg 6e3nekoto.
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Barto§ M., Zaremba J., Yakovlieva A.
EFFICIENCY OF FLIGHT SAFETY EXPRESSED BY ANALYTICAL MODEL

The implementation of maximum flight safety to supervised flight and airport objects with all modern tracking and
control means is currently difficult if we do not know how well the whole structural architecture of these buildings
works. The need to increase the level of safety of aeronautical operational objects in various time, space and climatic
conditions creates the need to extend the functions of safety devices not only in the field of physical principles but also
in the way of their quality assessment. The article deals with the possibility of evaluating process safety management,
which is made visible by a multi-level hierarchical structure. High reliability of security management at individual
levels does not express the quality of their functions but their ability to solve the submitted tasks. The functions of flight
safety systems designed for their practical applicability to aircraft and airports and the adaptation of man-operator
create specialized safety complexes whose errors are removed by the operator controlling their functions. Significant in
the analysis of the effectiveness and safety of aeronautical systems are the terms in the article that represent inputs to
modelling. These terms in principle accept reciprocity distribution of synthetic or natural achievements that are the
source of information for managing the safety of the aviation object by the human operator. Together they create
reciprocity linked to flight safety limits, which can be verified not only in air transport but also in aviation laboratories,
for example. Therefore, each flight safety has a defined range of usability, which is also limited by functional safety and
efficiency. It is shown in the paper that the process of increasing the reliability of the hierarchical structure of
organizing security must be linked to quality, the criteria of which determine the correlation degree. Efficiency in
managing operational flight processes creates a prerequisite for success in any area of controlled flight processes. The
quality of organizing a controlled flight process is evaluated by the functional efficiency of managing the entire flight
operation.

Keywords: flight safety; process security management; functional safety; safety management efficiency.

Baprom M., 3apemo0a 5., fIxoBieBa A. .
OIPEJAEJIEHUE J®®EKTUBHOCTHU BE3OIIACHOCTHU IIOJIETOB AHAJIMTUYECKOHU
MOJAEJIBIO

Obecneuenue MaKCUMATbHOU 6e30NACHOCU NOAEMO8 HA NOOKOHMPOTbHYIX IeMAMENTbHbIX U HA3eMHbIX 00beKmax
a’pPONOPMOE ¢ UCNONL30BAHUEM BCEX COBPEMEHHBIX CPEOCME HAOIIOOEHU U KOHMPOIS 8 OAHHOe 6peMs AGNAemcs 00C-
MAMOYHO CONCHBIM 3A0aHUEM, 8 CIyUde, K020ad He U36ECMHO, HA CKOIbKO XOpOoulo pabomaem 6cs CMpYKmypa dmux
06vexmos. Heobxooumocms nosvluienus yposHs 6e30nacHOCmU A8UAYUOHHBIX 00BEKINO8 IKCNAYAMAYUY NPU PASHBIX
YACOBLIX, NPOCNPAHCNGEEHHBIX U KIUMATMUYECKUX VCIO8UAX (opmupyem nompeOHOCMb 6 pacuiupenuu QyHKyui
cpeocme 6e30nacHocmu He MObKO 6 00Aacmu QU3UYECKUX NPUHYUNOS, HO U 8 HANPAGIEHUU OYeHKU UX Kadyecmed. B
cmamve paccmMompero 803MONCHOCHb OYEHUBAHUS NPOYecca YnpasieHus 6e30nacHOCmbIO ¢ NpUMeHeHUeM MHO20YPO8-
Hesoll uepapxuieckoll cmpykmypul. Boicokas nadesjcnocmo ynpagienus 0e30nacHoCmvpio Ha OMOEIbHbIX YPOGHSX Gbl-
pasicaem He Kauecmea ee QYHKYUll, @ CnoCOOHOCMb peuiams nocmaegientvie 3adavu. Pyukyuu cucmem bezonacHocmu
nonemos, npeoHaznayenHvle OJis UX NPAKMUYecKol Npu2oOHOCMU HA ABUAYUOHHBIX CYOHAX U 8 AIPONOPMAX, a MAKICe
o0na adanmayuyu NepCoHand, Gopmupyiom cneyuanusupo8anHvle KOMIIEKCbl Oe30NaACHOCMU, OWUOKYU KOMOPbIX MO2YM
ObIMb YCMPaHeHbl ONepamopoM, KOmopbli KOHMpPOAupyem smu @yHkyuu. Basxcrhvimu ona ananusza s¢hpexmusnocmu u
0e30nacHOCmu ABUAYUOHHBIX CUCTIEM ABTAIOMCA OnpedeneHus 8 OAHHOU cmambe, KOmopbvle npedcmasiim exooaujue
OamnHble 0151 MOOeIUPOBaHUs. Dmu onpeoeieHus 8 NPuHyune NpeoCmasisiiom pacnpeoeneHue 83aumMoCcasu UCKYCCm-
BEHHBIX TUOO NPUPOOHBIX OOCIMUNCEHUT, KOMOpble AGIAIOMCA UCIMOYHUKOM UHGOpMayuy 015 Ynpasienus 6e30nacHo-
CMbI0 ABUAYUOHHO20 00bEKMA 1e08eKOM-0nepamopom. Bumecme onu popmupyiom 63aumocessv, C6A3AHHYIO ¢ epaHU-
yamu Oe3onacHocmu NONemos, Komopbvle, Hanpumep, Mo2ym Ovlmb Gepupuuuposanvl He MoabKO HA AGUAYUOHHOM
mpancnopme, HO U 6 AGUAYUOHHLIX nabopamopusix. Takum obpazom, Kaxcovill U0 Oe30NACHOCMU NOAEMO8 UMeem
onpeoenennbill OUAnazon y0oocmea Ucnonb308aHUsl, KOMOPbLL MAKdIce 0ZPaAHUYEeH QYHKYUOHATbHOU 6E30NACHOCbIO U
apppexmusnocmoio. B pobome noxkazano, 4mo npoyecc nosbleHus HaA0eHCHOCHU UEePAPXUYECKOll CIPYKMYpbl OP2aHu-
3ayuu be3onacHocmu 0ONdHCeH ObIMb CE:A3AH C KAYeCmEoM, Kpumepuu Komopoz2o onpeoensiiom chieneHb KOppeisiyuu.
Dghexmusnocmo ynpasnenus npoyeccamu noiema co30aen npeonocuLIKu 01 ycnexa 6 Aot obnacmu KOHmpoau-
PyembIx noiemHwix npoyeccos. Kavecmeo opeanuzayuy KOHMpPOAUPYEMO20 Npoyecca noaema oyeHusaemcs no (PyHK-
YUOHATbHOU 2P heKmusHoCmU YnpasieHus eceli npoyedypoll noiema.

KnioueBble croBa: Ge3onacHOCTb MONETOB; MPOLECC YyrnpaBreHus GesonacHocThio; hyHKLUMOHanbHas Geaonac-
HOCTb; 3(PHEKTUBHOCTL yrNpaBneHusi 6e30NacHOCTbIO.
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