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Summary. System approach is considered In article to acrodrome’s provide to safety flight. The De-
signed theorist-plural models given process, allowing develop the methods of the analysis and syntheses of the
undertaking the study, methods of their execution and use in theories and practice analysis of the systems
operation aerodrome’s services civil airport. Example of real exhibit developing models is Shown for on-
embroidering to safety flight.

The proposed set-theoretical models of the acrodrome flight safety system make it possible to develop
a methodology for analyzing and synthesizing research, methods for their implementation, and to apply the
theory and practice of the systemology of functioning of acrodrome services of civil airports.

The real application of one of the constituents of the developed models to the use of anti-icing chemicals
showed that their effectiveness depends not only on the melting properties, but also on the correct and eco-
nomical use.

Keywords: safety flight, system approach, management without-danger flight, aecrodrome, chemical
reagent.

Introduction. Civil aviation at the present stage of development is a complex dynamic system whose
main task is to ensure the safety of flights (BP) of aircraft. In general, such a system consists of the following
subsystems: “crew — aircraft — air traffic control — flight safety”. Each of the subsystems is a corresponding
complex system, the components of which can be considered as independent systems and, if necessary, subject
them to analysis and synthesis in order to study the quality indicators for improving the organization of safety
management.

Main part. One of the components of the “safety assurance” subsystem is acrodrome safety assurance,
which includes a set of measures to maintain the aerodrome (runway, taxiway, peron, aircraft parking areas)
in their continuous operational readiness and represents a system naturally united into a single whole in ac-
cordance with certain principles and related to each other by given relationships.

Aerodrome flight safety is entrusted to the aerodrome service, as the regularity and safe execution of
aircraft landing operations depend to a large extent on the preparation of the airfield for flight.
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The solution to the problem of increasing airfield safety at the system level lies in the plane of both
formal and informal (qualitative) mathematical methods; the division of large uncertainty (aerodrome flight
safety) into simpler components, which are better amenable to research (which corresponds to the notion of
analysis), while maintaining a holistic (systemic) understanding of the object of study; development of meth-
ods of analysis and synthesis, determining the sequence of stages of the study and methods for their imple-
mentation; the need for collective decision-making (by bringing together specialists from different fields of
knowledge).

Formally, the aerodrome service is an organization in the form of an airport structural unit responsible
for the aerodrome safety of flights. The set-theoretic model M1 of the aerodrome service (AU) is described by
the following expression:

M1: ORAS [SP Ap (BP)] x TV — AU [AO (BP)] x TV, ey

where M1 — the model of the aerodrome service in the form of its mapping in the airport structure, the
mapping concepts are the sets of this structure;

ORAS - organization (acrodrome service) responsible for BP [1];

SP Ap — the structural unit (SP) of the airport (Ap) (responsible for the provision of airfield BP);

BP — flight safety;

TV — current time;

AU — aerodrome service;

AO (BP) — aerodrome flight safety assurance.

Organization of aerodrome safety assurance ORAO (BP) is a system consisting of elements of tan-
gible and intangible origin interconnected by procedural relations in order to ensure the readiness of the aero-
drome for safe take-off, landing, taxiing and parking of aircraft. The set-theoretic model M2 of this system is
described by the following expression:

M2: SiAO (BP) (EM x ENM x Pr x SC) x TV — Or AS [SP Ap (BP)] x TV (2)

where M2 — AO (BP) organization model in the form of a display, the concepts of which are sets;

SiAO (BP) — system (airfield support for BP);

EM - elements of material origin;

ENM - elements of intangible origin;

Pr — BP processes;

SC — system goal, SC = BP, ensuring the readiness of the aerodrome for safe operation as intended.

The system of aerodrome safety assurance of flight of SiAO (BP) is a combination of planned and
preventive methods and processes technologically combined with the elements that make up the system in
order to prepare the aerodrome for its intended use.

The set-theoretic model M3 of this system is described by the following expression:

M3: Me (PP) x Pr (Te) x Ob x Sb x Cp x HC x Re x Ri (NGo) x IP x TV — SiAO (BP) [AO (BP)] x TV, 3)

where M3 — model of the system of SiAO (BP) in the form of a mapping, the concepts of which are
sets;

Me (PP) — techniques:

- Mel (I1IT) technique of mechanical cleaning of the surface of airfield coatings from pollutants, snow,
ice;

- Method Me2 (II1) of thermal cleaning of the surface of the surface of airfield coatings from snow
and ice formation;

- Me3 (PP) technique for the use of anti-icing chemicals;

- Me4 (PP) methodology for assessing the technical condition of airfield coatings;
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- Me5 (PP) methodology to ensure the readiness of the airfield for take-off and landing operations
according to its technical condition;

- Me6 (PP) technique for repairing airfield coatings.

PP — preventative (methods);

Pr (Te) — a technological process (preparation of an airfield for flights);

Ob — object (airfield);

Sb — subject (performers);

Cp — external environment (environment, financial, technical, etc.);

HC — control action (command to complete the preparation of the airfield for flights);

Re — material and technical and financial resources (what and how much must be spent to prepare the
airfield for flights);

Ri (NGo) — the risk of the airport being unprepared for take-off, landing, taxiing and aircraft parking;

IP — procedures for the information support system (information about the weather, finances, equip-
ment, executors, the state of the airfield, etc.).

The technological process of aerodrome safety assurance — sequentially parallel technological ac-
tions to maintain aerodrome coatings and the responsibility of the aerodrome service in the necessary and
sufficient situation (condition) for the safe take-off, landing, taxiing and parking of aircraft.

The set-theoretic model M4 of a technological process in which concepts are sets is described by the
following expression:

M4: De (Te) x Trl (AS) x Tr2 (AS) x Tr3 (AS) x Ca (BP) x TV — Pr (Te) x TV, 4)

where M4 — model of the technological process;

De (Te) — technological activities (to ensure BP);

Trl (AS) — territory of responsibility of the aerodrome service of the first stage (IWPP, MRD, KRM,
GRM, platform, lighting equipment)

Tr2 (AS) — the territory of responsibility of the aecrodrome service of the 2nd stage (GVPP, MS, con-
necting taxiways, station square);

Tr3 (AS) — territory of responsibility of the acrodrome service of the 3rd stage (CPB, BPB, intra-airport
access roads, including to radio communication facilities, fuel and lubricants);

Ca (BP) — a situation ensuring flight safety.

The situation of the aerodrome flight safety process is a set of states (consequences) of the elements
of the aerodrome flight support system and the environment that are changed by the events (cause) at the same
time.

The set-theoretic model M5 of a situation in which concepts are sets is described by the following
expression:

M5: Xia (EM, T1) x Xia (ENM, T1) x Xia (Cf, T1) x St (T1) x T1 x TV — Ca (BP) x T1 x TV, (5)

where M5 — a model of the situation in the form of a display in which concepts are sets;

Xia (EM, T1) — the state of elements of material origin at time T1;

Xia (ENM, T1) — the state of elements of intangible origin at time T1;

Xia (Cf, T1) — the state of the external environment, most often weather conditions, at time T1;

St (T1) — an event that occurred as part of the aerodrome service and / or the influence of the environ-
ment at time T1.

Actions to maintain aerodrome coatings and territories of responsibility of the aerodrome service -
the activities of subjects of the aecrodrome service to achieve a number of events (reason) that bring the aero-
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drome coatings, territories of responsibility of the aerodrome service and the environment to the state (conse-
quence) of readiness / unavailability of the aerodrome for operation as intended in any season of the year and
at any time of the day.

The set-theoretic model of the M6 action is as follows:

M6: Dia (AS, Sb) x St (T2, T3) x Xia [Tr] (AC)] x Xia [Tr2 (AC)] x Xia [Tr3 (AC)] x Xia (Wed,
T2, T3) x Xia (Go, Ngo, Ae, EN) x T2 x T3 x TV — De (Te) x T2 x T3 x TV, (6)

where Dia (AS, Sb) - activity of subjects of the airdrome service;

St (T2, T3) — an event that occurred as part of the aerodrome service and / or the influence of the
environment at time T2 and T3;

T2 — time point of any season of the year;

T3 — any time of day;

Go / Ngo — readiness / unreadiness;

Ae — airfield;

EN — intended use.

An event (cause) of aerodrome flight safety is a phenomenon in time and space, as a result of the
beginning and / or end of a sequence of interdependent technological operations, the influence of logical and
semantic decisions on controlled influences on subjects and objects of the aecrodrome service, the implemen-
tation of procedures for information support and implementation work on material and resource and financial
support for the functioning of the aerodrome service.

The set-theoretic model M7 of this event has the following form:

M7: TO (Te, T4, T5) x HC (Sb, Ob, T6) x IP (T7) x Re (T8) x TV — St (Ti) x TV, (7)

where TO (Te, T4, T5) — technological operations with the beginning at time T4 and the end at T5;

T6 — time of receipt of control actions;

T7 — finishing time of the procedure for the information support system;

T8 — the time of receipt of material and technical and financial resources intended for the acrodrome
service.

By definition [2], the sequence of technological operations performed by subjects of the aecrodrome
service at the facilities is nothing more than sequentially parallel processes. Therefore, TO (Te, T4, T5) = Pr
(Te), and Ti are time points on the axis of the real time scale, then M7 (model (7) will take the following form:

M7: Pr (Te) x Ob x Sb x HC x IP x Re x TV — St (Ti) x TV. (8)

The state (consequence) of acrodrome flight safety is a sequence of events that are determined by
preventive methods, unplanned events determined by changes in the environment, taking into account the risk
that the airfield is not ready to perform its functions within a certain time interval on the real-time axis.

The set-theoretical model M8 of this state has the following form:

MS: Me (PP) x St (Ti) x Cp x Ri (NG) x TV — Xia (Ti) x TV, 9)

where the concept of St (Ti) is subject to decomposition according to the model (8). Then, taking into
account minor permutations of the concepts of the M8 model, we have:

M9: Me (PP) x Pr (Te) x Ob x Sat x Cp x UV x Re x Ri (NGo) x IP x TV — Xia (Ti) x TV. (10)
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Comparing model (3) and model (9) we see their full adequacy, that is:
M10: M9 =M3 « Xia (Ti) x TV =Si [AO (BP)] X TV. (11)

Conclusion. The set-theoretic model of the aerodrome flight safety system (3) is identical to the state
model of aecrodrome flight support (9) and can be applied equally to the theory and practice of the systemology
of functioning of the aerodrome services of civil airports.

As an example of a real application of the above models, we consider the concept of Me (PP) —methods,
models (3) and one of its components — Me3 (PP) — a technique for using anti-icing chemicals [3]. In turn, this
methodology depends on many factors (prevention or removal of ice or snow from the airfield cover, type of
airfield cover, thickness of ice or snow on the cover, temperature, humidity, environmental wind force, appli-
cation of a liquid or granular chemical reagent to the coating, type of chemical reagent and its operational
efficiency, the availability of appropriate modern technical means and trained personnel, the applied system
for preventing the formation of ice, snow, etc.) and it can It can be considered as a system for the use of airfield
anti-icing chireagents, which is organically included in the aecrodrome flight safety system. The figures below
show the consumption of different types of airfield chemical reagents in g/m? and the cost of their use in
UAH/m?, for the prevention and removal of ice 1 mm thick from the airfield coating at different temperatures
(from 0 °C to — 12 °C) for single and multiple application. It can be seen from the graphs that with a single
application of the reagent to the coating, the consumption in g/m? decreases towards formates, but the price in
UAH/m? increases, which is explained by the high cost (UAH / kg) of chemicals of the formate group. A
somewhat different situation is observed with repeated application of reagents to the coating. The general
pattern of cost reduction in g / m2 is observed but only in a more pronounced form, but at the same time the
cost of using reagents of the acetate-formate group in UAH/m? is sharply reduced. The cost reduction is ex-
plained by a sharp decrease in the number of applications on the coating (at times) and the duration of the
reagent on the coating, depending on weather conditions, from 3 to 5 days [4].

Conclusions:

1. The task of increasing the aerodrome safety of takeoff and landing operations is one of the most
difficult components in the overall flight safety system, the solution of which lies in the plane of both formal
and informal approaches in this direction.

2. The analysis of the safety task based on the developed set-theoretic models allows us to conduct this
study on simpler components, while maintaining a holistic (systemic) understanding of the object of study.

3. The proposed set-theoretical models of the aecrodrome flight safety system make it possible to develop
a methodology for the analysis and synthesis of research, methods for their implementation, and to apply the
theory and practice of the systemology of the functioning of acrodrome services of civil airports.

4. The actual application of one of the components of the developed models to the use of anti-icing
chemicals showed that their effectiveness depends not only on the melting properties, but also on the correct
and economical use.
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Figure 1 a, b, ¢ — Consumption g/m? and the cost of UAH/m? of reagents of the urea-nitrate group
(1 a, b— ANS, NKMM) and formate group (potassium formate — 1 c) to remove and prevent ice formation
on the runway during disposable (lower part of the drawings) and reusable (upper part of the drawings) their
application

Pucynok 1 a,6,B — ButpaTu pearentis r/m? i BapTicTs rpa/M> KapbaMugHO-HiTpaTHOI rpymu (1 2,6 —
AHC, HKMM) Ta ¢opmiatroi rpynu (popmiat kaxist -1 B) 1uis BULAICHHS Ta MONEPEIKEHHS JIbOI0-
cairoyrsopenns Ha 3I1C mpu ogHOpa30BOMY (HIKHS YaCTHHA PUCYHKIB) 1 6aratopa3zoBoMy (BepXHs

YacTUHA PUCYHKIB) X 3aCTOCYBaHHI

CUCTEMHMH OIJIXIJ 10 AEPOJIPOMHOI'O 3ABE3IIEYEHHSA BE3NEKHU MOJIBOTIB
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noteHT kKadeapu aeponoptie, e-mail: i i p@ukr.net, Tenr. + 38044280-70-73, Ykpaina, 01010, m. Kuis, Byn. M.
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AHoranisi. [{[uBiTbHA aBiaIlis Ha Cy4acHOMY €Talli PO3BUTKY SIBIISIE COOOI0 CKIQAHY TUHAMIYHY CH-
CTeMy, TOJIOBHUM 3aBIAaHHSIM fKOi € 3a0e3neueHns Oe3nexu noaboTiB (BIT) moBiTpsHuxX cyneH. Y 3araibHOMY
BHTJISII TaKa CHCTEMa CKIIANIAETHCS 3 HACTYITHUX TMIACUCTEM: «EKila)X — TMOBITPSHE CYIHO — YIPABIIIHHS T10-
BITPSHUM PYXOM — yOE3IeUeHHS MOJIbOTIBY. KoXHa 3 MACHCTEM MOXKE MPEICTABILITH i3 cede BiATOBIIHY
CKJIQJIHy CHUCTEMY, CKJIAJIOBI YACTHHH SKOiI MOYKHA PO3TISAAATH SK CAMOCTIHHI CHCTEMH 1 IpU HEOOXiTHOCTI
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MinaBaTy iX aHajii3y i CHHTE3y 3 METOI0 BUBUYEHHS 1HIMKATOPIB SIKOCTI MO MOJIMIICHHIO OpraHizarii ympas-
JiHHS 0€3MeK0I0 MoaboTiB. OJHIET 31 CKIIaIOBOT MiICUCTEMH «YOE3IMEUYEHHS IIOJILOTIBY € aepOoJIPOMHE yOe3-
TICYEHHS TIOJILOTIB, SKE BKIIFOYAE KOMIDIEKC 3aX0liB moao miarpuManus aepoapomy (3I1C, P/I, meponis ta
MICIIb CTOSIHOK MOBITPSIHUX CyZIeH) Y iX MOCTifHIN eKCIUTyaTaliiHiii TOTOBHOCTI 1 IPE/ICTABIISIE CUCTEMY, Ya-
CTHUHU SIKOI MOXKHA PO3TIIAATH SK 1i CKJIaI0Bi, 3aKOHOMIPHO 00'€THAHI B €UHE ITiJI€ BIATIOBIIHO O TIEBHUX
MIPUHITUIIB 1 TIOB’SI3aHUX MK COOOF0 3aJaHUMH BiTHOCHHAMH.

AepoapoMHe yOe3nedeHHs MoJbOTIB MOKIaIeHe Ha aepoIpOMHY CIykOy, Tak sIK peryJsipHicTh 1 0e3-
TIeKa 3 THO-TIOCAIKOBUX OIepalliid MOBITPSHUX CYyACH Y 3HAYHINA Mipi 3aJeKHUTh BiJl MIATOTOBKHA JTHOTHOTO
MOJIS 10 TOJIBOTIB.

Pimrenns 3amaun miABUIICHHAS acpOAPOMHOTO yOE3eUeHHS MOJILOTIB HA CHCTEMHOMY PiBHI JICKHUTD Y
IIIOMIMHI K (POpMaTBHUX, TaK 1 He(POpMaNTBHUX (SIKICHUX) MAaTeMAaTHYHUX METOIIB, PO34YJICHOBYBAaHHS BEIH-
KOi HEBU3HAYCHOCTI (aepoipOMHa Oe31eKa MOIbOTIB) Ha OLIBII MPOCTI CKIA0BI, SKi KpaIle MiIIarThCs 10-
CIiPKEeHH!O (1110 1 BIATIOBIAA€ IOHATTIO aHali3), IpH 30€peKEHHI MUTICHOTO (CHCTEMHOT0) ITi IXOTY 10 00'€KTY
JOCIHIPKEHHSI; PO3POOKH METOAMKH aHANi3y 1 CHHTE3y, 10 0OYMOBIIOE MOCIiAOBHICTH €TamiB MPOBEACHHS
JOCITI/DKEHHS 1 METOMM iX BUKOHAHHS, HEOOXIMTHOCTI KOJICKTHMBHOTO YXBajeHHS pimeHHA (00'eqHaHHSIM
(haxiBIiB pi3HUX TATY3CH 3HAHB).

VY craTTi po3riIsiHYTUH CUCTEMHUM MiAXiA 10 aepoIpOMHOro 3a0e3rnedeHHs moasoTiB. Po3pobieHi Teo-
PETUKO-MHOKHHHI MOJIETIi TAHOTO TPOIIECY, SAKi JTO3BOJISIFOTH PO3POOIISITH METOIUKY aHAII3Y 1 CHHTE3Y Ipo-
BEJICHHS JIOCII/PKEHHS, METOIM iX BHMKOHAHHS 1 3aCTOCOBYBaTH B TeOpii 1 NPaKTUIll CHUCTEMOJIOTIi
(YHKLIOHYBaHHS aepOJPOMHHUX CIyXO HUBUIBHHX aepomnopriB. HaBeaeHuil mpukiaa pealbHOrO 3acTOCy-
BaHHSI pO3pPOOICHUX MOCIICH TS ITiIBUIICHHS OS3ITeKH IMOIHOTIB.

3anponoHoBaHi TEOPETUKO-MHOKHHHI MOJIEIi CUCTEMHU aepOAPOMHOr0 3a0e3MeUeHHs] 0E3MeKH MOb-
OTIiB JIO3BOJISIIOTH PO3POOIISTH METOJUKY aHAN3y Ta CHHTE3Y MPOBEICHHS JOCIIKCHHS, METOJIU X BHKO-
HaHH/, 1 32CTOCOBYBATH B TEOPIi 1 MPAKTULI CUCTEMOJIOTi] PYHKIIOHYBaHHS aePOAPOMHHX CIYXO [UBITEHIX
aepomopTiB. PeanbHe BrpoBa/KeHHS OJHIET 13 CKIaJOBUX PO3POOIECHUX MOJEINEH 10 3aCTOCYBaHHS MIPOTHO-
JKEJICTHUX XIMIYHHMX PEarceHTIB MoKa3ajo, Mo iX e(eKTHBHICTD 3aJIC)KUTh HE TUTHKH BiJl INIABUILHUX BJIACTH-
BOCTEH, aje 1 Bil IpaBUIILHOTO i EKOHOMHOTO 3aCTOCYBaHHSI.

KurouoBi ciioBa: Gesreka MmoyibOTIB, CACTEMHUH MIAXiM, YIPaBIiHHSI O€3IEKO0 MOIBOTIB, aCPOAPOM,
XiMpeareHTH.
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