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In civil aviation primary focus is on the quality of fuel filled in the aircraft fuel tanks, as one of the components of flight safety
ensuring. The introduction of digital technologies and trends in automation, digitalization of modern civil aviation aircraft provision
are becoming the basic tool for civil aviation refueling complexes in terms of ensuring flight safety of civil aviation aircraft. This
article considers the processes of airfield control that take place in the stationary operating conditions of refueling complexes of
civil aviation airports as Markov processes and studies the approaches to their mathematical modeling. The authors claim that in the
case of disruption, there is a transition from Markov to Poisson processes, which mathematical description requires different
approaches. The practical application of these statements is obvious in the study of the states probabilities value as a function of
time ¢ For practical purposes, the limiting probabilities of states at t—oo are of interest. This creates conditions for entering new
variables, such as performance and others. Thus, Markov processes allow us to apply the mathematical apparatus of operations
research, where the system of states is transformed into the queuing system. To maintain Markov processes, the authors suggest
giving due consideration to the objects and technical means of airfield control functioning including: retrofitting of filling points
and refueling facilities with closed sampling systems, operational measurement of aviation fuel quality indicators and registration of
their results, automated monitoring of filter elements condition while refueling and its blocking in the case of stochastic differential
pressure beyond the specified indicators. A special novelty is the view on the measuring process of the aircraft refueling operations
as an integral part of airfield control, using block chain technologies as an advanced application of Markov chains.

Key words: fueling complex, mathematical modeling, airfield control, Markov processes, Poisson processes, Markov process
maintenance, block chain technologies.

INTRODUCTION

Regular implementation of transportation volume in civil aviation of Russia requires carrying
out aircraft fuel and lubricant service operations during the process of aircraft preparing for departure.
The main task of refueling complexes in terms of strict compliance with the technological schedules of
aircraft refueling during their preparation for departure is the organization of production processes and
aviation fuel quality control. Aerodrome quality control of aviation fuel is the final technological oper-
ation, during which a final decision on the compliance of a certain fuel grade for refueling with a cer-
tain type of aircraft. At the present-day stage of development, facilities and technical means allowing
us to execute high-quality and timely procedures for airfield control using the expanded format of
aviation fuel study prior to aircraft refueling in the general chain of refueling complexes technological
process, taking into consideration the priority of airfield fuel quality control. This also requires
amendments into the current regulatory and technical documentation or developing new documenta-
tion that meets the requirements of the present-day existing technological processes.

TESTS RESULTS AND THEIR DISCUSSION
Mathematical modeling can be used as a tool for studying the operations of technological pro-

cesses, including the processes of aircraft refueling. In their work, the authors rely on the fundamental
concepts and methodological principles of mathematical modeling, using and applying the theory of
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Markov random processes [1-3], especially, concerning the theory of queuing of multi-element sys-
tems, as well as applying mathematical optimization methods (game theory, dynamic and linear pro-
gramming, etc.).

The mathematical description of airfield control, in the modern extended sense, can be repre-
sented in the form of Markov chains [4, 5]. A refueling operation can look like a sequence of random
events in which a countable or finite number of operation outcomes can occur. In this respect, the
probability of this event occurrence will depend on this event state, which was reached in the previous
event. On that basis, the sequence of discrete random variables {X ,/n > 0 can be represented as a sim-
ple Markov chain with discrete time. Then the condition of this representation can be expressed as:

P (Xn+1 = in+1 | X n— in, Xn—l = in—l,...,)(O = 10) =P (Xn+l = in-%—l | X n— ln) (1)

The equation shows that the conditional distribution of the subsequent state of the Markov
chain does not depend on the previous states, but only depends on the current state of the event under
consideration. This is the distinguishing feature from higher-order Markov chains. Let us denote the
domain of random variables {X,} as the state of the chain space, and the number can be designated as
the pitch number.

Since the technological process of aviation fuel quality control (fig. 1) is a random process in
which the value of the temporary parameter does not depend on the previous state, taking into account
the specified value of the aircraft refueling process, so it has the characteristics of the Markov process.
In Wentzel's interpretation [6], this can be represented as the "future" of the process depends on the
"past" through the "present".
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Fig. 1. The presentation of the Markov process control types and output documentation, which confirms the aviation fuel
quality and phased fuel admission to refueling operations

In order to make mathematical description of airfield control, let us assume that its role in the
Markov process is to confirm the readiness of the aircraft to be refueled by aircraft fuel suitable to use
from the tank of a specific refueling vehicle and from the feed tank [4]. Since the system transition
from the state of filling §; into a new sedimentation state .S, obtaining the control pass $3 and the air-
craft refueling Sy is possible at any previously unknown, random moment of time ¢, then, in order to
simulate the process of aircraft refueling, which includes the technical means and objects of airfield
control functioning, you can apply the definition of Markov homogeneous random processes with a
discrete state and permanent time [2, 3], that is, the transition probability density of the 4 does not de-
pend on time. Then the state graph will look as shown in Figure 2.

From the presented state graph of the aircraft refueling facilities, the probabilities of the Py, ()
states can be determined as time variable, which corresponds to the Kolmogorov equations [1]. Using
the system of Kolmogorov differential equations and the presented graph of the refueling facilities
state, it is possible to obtain the probabilities of the aircraft refueling facilities states values as a time-
function. The probabilities of states at 7—oo are of interest for practical purposes. It is known that if the
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system number of states is finite and only several pitches can move you from one state into another,
the limiting probabilities of the states exist at the condition of A = const, and are independent of the
initial state of the system.

A5 Ass Ass

Fig. 2. Marked-up graph of the state of the aircraft refueling facilities

Consequently, at t—oo, the maximum stationary mode is set in the system. This means that the
system under consideration randomly changes its states. However, the probabilities of each one are no
longer time-dependent. This means that each of the examined states can take place with certain con-
stant probability, which is the mean non-dimensional time of system remaining in the given condition.

But, for practical application of these regulations, it is necessary to introduce new variables,
such as the productivity of the object and others. Then, we apply the mathematical apparatus of opera-
tions research, and the system of states is transformed into the so-called mass or public service system
(MSS) [4]. In this case, the airfield control along with the refueling and aircraft departure, acquire the
property with a high probability of the waiting queues formation for aircraft maintenance during refu-
eling.

Each mass service system (MSS) includes a certain number of service units, which are called
service channels. 1t is known that each mass service system (MSS) under consideration depends on
both the number of channels the system contains and their performance, as well as the origin of the
orders flow. These dependencies affect the throughput capacity of the mass service system (MSS) and
its ability to handle this flow of requests. Thus, the mass service systems (MSS) can be single and mul-
tichannel.

Airfield quality control of aviation fuel filled into the aircraft is the subject of the mass ser-
vice theory (MST). This allows us to establish dependencies between the number of channels, the
nature of the orders flow, their performance, operating rules and success, or, in other words, service
efficiency [5].

However, at present, the working load on the mass service systems (MSS) is increasing, and at
the same time they cope with the task of Markov processes, while they are in the condition of extreme
stationary mode. If the process of aviation fuel and lubricants control, studied in the mass service sys-
tems (MSS) will be different from Markov process, then its efficiency characteristics can be estimated
approximately as [6]. In this regard all further argumentation is carried out under the assumption that
all consequence of events of the aviation fuel and lubricants aerodrome control, which transfer the
mass service system (MSS) from one state into another, will be Poisson, that is, stochastic. And here it
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is necessary to examine the mathematical models of the mass service systems (MSS) operation in ab-
normal situations.

At the present-day stage of technology development, it is worth paying attention to the record
keeping processes which are performed when the aircraft is being refueled, which enters the zone of
responsibility of the aerodrome aviation fuel quality control service [7]. The development of the ac-
counting is based on the measurement tools integration implemented into the fuel dispensers and on
conducting transactions using block chains [8].

The Block chain technology [4, 9-11] for aerodrome control of aviation fuel and lubricants can
be built in the form of a sequential and continuous chain of blocks that will contain information about
the process and will be a derivative of Markov chains. A "linked list" will not only join the blocks by
means of codes, addresses, and numbering, but also by the fact that each block contains its own hash
sum as well as the hash sum of the previous block. If the information in one of the blocks is changed
without authorization, it will require editing in all the subsequent blocks. In practice, in case of tamper
protection, copies of block chains are stored on many different computers independently of each other.
These actions make access to information extremely difficult, and particularly difficult to introduce
changes into the blocks information.

To describe the block chain technology, let us refer to the description of a replicated distributed
database implemented in the bitcoin system [9, 12]. For this reason, the block chain technology is most
often referred to transactions in various crypto currencies. However, the technology of block chains
can be extended to any interconnected information blocks, including the Markov chain blocks of air-
field control and the related technology of accounting transactions.

Today, the block chain technologies [8, 13] are applied in various fields of knowledge and
technology, and, according to the authors, these technological methods can be used in performing the
techniques of accounting transactions for aircraft refueling. To do this, it would be logical to imple-
ment the metering facilities of the airfield fuel tanker into the block chain technology to create the
chain of information transmission received ranging from the measiring facilities of the airfield refuel-
ler to banking operations and receiving money for refueling an aircraft. This will eliminate cumber-
some and inefficient accounting transactions and other related financial operations. In addition, the
block chain can be used to identify the users of fuel supply services or create the cyber-security tech-
nologies to restrict access to its resources. But today, the block chain technologies are relevant primari-
ly for executing banking operations and accounts and records to government organizations.

But, in order to implement the block chain technologies into practice of performing aircraft re-
fueling operations, it is necessary to compile correctly the "chained list" [14, 15]. A "chained list", as a
basic dynamic data structure, consists of units. Each of the units under consideration will contain both
the data itself and one or two references or "bundles", to the previous and/or subsequent unit of the list.

12| —» 99 ——» 37| —/»

Fig. 3. Example of a linked list in the form of a single-linked list that contains 3 elements

The principal advantage of a linked list over a data array is its structural flexibility, where the
order of the linked list elements may not coincide with the order of the data array elements in the com-
puter memory, and the bypass order of the list is always set by its internal links. As it can be seen from
the example (fig. 3), the linked list does not include the entire array of information, but only 3 ele-
ments bearing the necessary information [16].

It is important to notice that one of the block chain elements is the hash sum, which is consid-
ered as the result of data processing by the hash function [14, 16]. In practice, the results of hash sum
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processing are used for the data integrity verification, their identification, and for the data replacement
which is not safe to be stored in a computer database, such as passwords, logins, results of laboratory
testing of jet fuel, and others. Hashing algorithms are used to verify the authenticity of files and their
integrity.

Speaking about Markov processes, it is impossible to ignore the issue of equipping facilities
and technical means of airfield control (fig. 4) with closed sampling systems and airfield control de-
vices to ensure the aviation fuel transition to the aircraft tanks. First of all, the objects and technical
means of airfield control include:

1. buildings, structures and equipment of filling stations;

2. aerodrome fuel tankers and refueling units of centralized aircraft refueling systems: mobile
and stationary;

3. area and parking places for refueling facilities;

4. aircraft parking bays and traffic patterns of aircraft and refueling facilities;

5. processes and procedures for performing technological operations of refueling the aircratft,
including the aircraft fuel system control (9) according to the IATA levels of responsibility.
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Fig. 4. An example of a closed sampling system embodiment

The objects of airfield quality control are micro filters and water separation filters of airfield
fuel tankers, refueling units of central refueling station systems [17], mobile and stationary aircraft re-
fueling facilities at the following points of the airport and airfield:

1. filling points and filtration points of central refueling station systems;

2. sedimentation and waiting areas;

3. aircraft ramps.

For filling and filtration points of central refueling station systems, in terms of technical
equipment, the most important issues are the availability of a quality certificate of the feed tank and a
quality control system fitting out with micro filters and water separation filters, as terminal technical
infrastructure for fuel purification before using jet fuel. It is important to point out the requirement for
application of closed sampling systems for instrument, visual and laboratory quality control. Today, it
is an actual issue to develop the methodology for personnel dealing with closed sampling systems and
conduct the visual and instrument control methods.

For the purposes of airfield control, it is important to replenish the refueling equipment with
quality control devices (fig. 5), primarily of density and temperature [4, 9], which help to obtain effi-
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ciently quality indicators at technological sites and aircraft parking areas. It is recommended to use
such devices as hydrometers, thermometers and fuel contamination detection devices in the set of refu-
eling equipment. For their use, there are special pockets in the inner cover of the sampler for immer-
sion of the instruments for measuring the indicators of airfield control in the controlled environment.
Aerodrome control should use models of hydrometers and thermometers, which must be enclosed with
the manufacturer’s certificate of conformity, as well as ones approved by the aviation authorities and
oil companies, compatible with the recommendations of the IATA-JIG [11, 18].

1]
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Fig. 5. Aerodrome control devices: thermometers (1, 2) and hydrometers (3, 4)

In the lower part of the sampler there is a valve for entering the syringe of the fuel contamina-
tion detection device. The device is used for airfield control in order to determine the contamination of
fuel with mechanical impurities and water. To determine the contamination of fuel, the fuel contamina-
tion detection device is used together with the fuel quality indicator.

Due to the high intensity of flights, today it is vital to refer on-line monitoring the contamina-
tion degree of micro-filters and water separator filters elements installed at the filling points and refu-
eling facilities of the aircraft to the section of airfield control.

Periodic monitoring the differential pressure on the mentioned aviation fuel purification means
is carried out within the limits of warehouse control [15], which is involved with the differential pres-
sure indicators output beyond the limits which are limited while the airfield tankers are filled and,
which is extremely dangerous, at the moment while the aircraft is being refueled. Since the value of
the differential pressure is the function of filter elements state [11, 19], that is to say:

PdEfs

Where: P; — is the differential pressure of the filter element;

f s — is the function of the filter element condition.

In this case there is great probability of uncontrolled transition of purification system condition
during the aircraft refueling on to aviation fuel quality dangerous indications while the system of aero-
drome control won’t be able to prevent it.

"Tupolev Service" LLC developed method of automated monitoring differential pressure cur-
rent values for the water separator — filter consists of digitizing of the filter elements characteristics
according to the manufacturer's technical documentation, by means of entering data into the software
(hereinafter referred to as the software) compatible with the software of the aircraft refueling control
inspector from its loading into the aircraft fuel tank controller (fig. 6) [15, 20].
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A characteristic feature of the controller software is indication coming on in the event of the
differential pressure parameters occurrence beyond the regulatory established limits for automatic air-
craft refueling termination. Thus, the protection against non-normalized differential pressure is trig-
gered. That is, the filling points filtration system and filling facilities should only function in the mode
in which:

Pd <Pdmax+>Pdmin

Where: P4 max — 18 the maximum differential pressure;

P 4 min — 1s the minimal differential pressure.

Violation of the above-mentioned aviation fuel purification means operation mode automatical-
ly leads to an emergency stop of aircraft refueling.

Fig. 6. Differential pressure passport data entry into the computer software (a) and their transmission to the on-board
controller software (b)

The facilities and technical means of the aviation fuel objects purification system and the tech-
nical means of airfield control are as follows: the controller receives digital information from the flow
parameter converter and in the On-line mode compares the differential pressure current data with the
normalized ones, after which it issues a signal either to continue or terminate the aircraft refueling [4].
But, if the differential pressure indicator is beyond tolerance, the controller generates the aircraft refu-
eling blocking signal.

CONCLUSION

1. Modern aerodrome control functions successfully in the conditions of Markov processes.
In case of transition to Poisson processes mass service system reset is required.

2. In order to increase the aerodrome monitoring efficiency, modification of facilities and tech-
nical means which provide the aerodrome control functioning with closed sampling system and quality
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control devices with retraining of engineering staff and aircraft filling means operator-drivers is re-
quired.

3. The block chain technology implementation into the system of accounting transactions dur-
ing the process of refueling operations will significantly increase the productivity of airport refueling
complexes.

4. Aerodrome control should include the monitoring systems for checking the contamination of
the micro-filter elements and water separator filters installed in aviation fuel purification systems at
filling stations and airfield tankers.

5. The implementation of programs for the new methods of organizing airfield control and ac-
counting operations introduction will require organizational and legal support from government struc-
tures.
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MATEMATHYECKOE MOAEJIUPOBAHUME INTPOLECCA
OYHKIIMOHUPOBAHHUA OBBEKTOB U TEXHUYECKHUX CPEJACTB
OBECIIEYEHUA ADPOAPOMHOI'O KOHTPOJIA

B.M. Camoiisienko', O.B. FpOMOBz, I'.}. JIntunckuii’, B.K. I'pomos’

' Mocroscruii 2ocydapemeennviii mexwuueckuii ynugepcumen 2pajicoanckoli asuayui,
2. Mockea, Poccus

2000 «Tynones Cepsucy, 2. JKykosckuii, Poccust

B Ipamaﬂcxoﬁ aBUalluu 60.]'[]:.11106 BHUMAaHUE YICIIACTCA KAQUYCCTBY TOIUIMBA, 3alpaB/IACMOI0 B TOIUIMBHBLIC 6a1<1/1 BO3QYIIHOTO
Cy/lHa, KaK OJTHOM M3 COCTABJIAIOIIMX OOECIicUeHus Oe30MacHOCTH MONeToB. BHempenne mudpoBbIX TEXHOIOTHA U TEHICHIINA
aBTOMATHU3AIHH, IIM(PPOBU3AIMI COBPEMEHHOTO aBHATOIUTMBOOOECIICUECHHST BO3MYIIHBIX CynoB rpaxaaHckor asuaimu (BC ['A)
CTaHOBUTCSl 0A30BBIM MHCTPYMEHTOM TOIUTMBO3aIPaBOYHBIX KomiuiekcoB ['A B obOecnieuennu Oe3omacHoctu noneroB BC T'A.
B nmanHHO# cTaThe TPOIIECCH A3POPOMHOTO KOHTPOJIS, TIPOTEKAIOIINE B CTAIMOHAPHBIX YCIOBUSX pabOTHI TOILTMBO3AMPABOYHBIX
KOMIUICKCOB  adPOTIOPTOB TPAKIAHCKOM aBHAIMK, pPACCMATPHUBAIOTCS Kak MapKOBCKHE, M W3YYeHBI MOAXONBI K HX
MaTeMaTHYeCKOMY MOJCIMPOBAHMIO. ABTOPHI YTBEPIKAAIOT, YTO B CIIydae COOMHBIX CHTYalld TIPOHUCXOAWT TIEPEXOA OT
Mapxosckux K IlyaccoHOBCKMM mporieccaM, MaTeMaTHYECKOE OIMCAaHWE KOTOPHIX TpeOyeT MHBIX MomxozoB. lIpakTmdeckoe
MPUMEHEHNE 3THX TOJIOKEHUH BHIUTCA B PACCMOTPEHHMHM 3HAYECHHS BEPOSTHOCTEH COCTOSHHN Kak (YHKIMH BpemeHH 7. [l
MPaKTUYECKUX IIeJIel HHTePeC MPEeICTaBIIAI0T MpeeIbHbIE BEPOSITHOCTH COCTOSIHUM TIpH ¢ — 00. DTO CO3/1aeT YCIOBHUS IS BBOZA
HOBBIX TEPEMEHHBIX, TAKUX KaK MPOU3BOUTEILHOCTD U ApyrHe. Takum 00pazom, MapKOBCKUE MPOIECChI TIO3BOJISFOT MPUMEHSITh
MaTeMaTHYeCKHil arrapar WCCIIENOBaHMs OIepalyii, TAe CHCTeMa COCTOSHWI Ipeo0Opasyercss B CHCTEMY MAacCOBOTO
obocmyxuBanust (CMO). ns mommepkanuss MapKOBCKMX IIPOIIECCOB aBTOPHI TPEUIATAOT YACIUTh 0CO00€ BHUMAaHHE
(DYHKIIMOHHPOBaHUIO OOBEKTOB M TEXHHYECKHAX CPEACTB adpOAPOMHOTO KOHTPOJS, CPEly KOTOPBIX JIOOCHAIICHUE ITYHKTOB
HaJIMBA U CPECTB 3aIPaBKH 3aKPBHITHIMU CHCTEMaMH 0TOOpa PO, OrepaTHBHOES U3MEPEHHUE TTOKa3aTeNe KauecTBa aBUaTOILIHBA
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1 o(hopMIIEHHE UX PE3yJIbTATOB, AaBTOMATH3ALS] MOHUTOPUHIA COCTOSIHYS (PUITBTPYIOIINX JIEMEHTOB B TIPOLIECCE 3AIIPABKU U €10
ONIOKMpOBKAa B CIIydae CTOXACTHUYECKMX BBIXOJOB IMeEpenaja AaBICHWs 3a HOpMHUpyeMmble mokasarenn. OcoOyro HOBU3HY
NPENCTaBIAeT BUICHHE IIPOLIECCA BEICHUA YYETHBIX OIEPAlMi 3alpaBKU BO3MYIIHBIX CyJOB KaK HEOTHEMIIEMOM YacTH
a3POAPOMHOI0 KOHTPOJISI C IIPUMEHEHHEM TEXHOJIOTUH OJIOKYEHiH, IPOBUHYTOrO PHIIOKEHUs: MapKOBCKUX LIEMEH.

KrodeBsble cj10Ba: TOIUTMBO3aNpaBOYHBIN KOMILIEKC, MAaTEMaTHYECKOe MOJEINPOBAaHUE, a3pOJAPOMHBII KOHTPOIIb, MapKoBcKue
niporiecchl, [TyaccoHoBCKHe nporiecchl, nojyiepxanie MapKOBCKOTO IpoLiecca, TEXHOIOTUH OJIOKYEHH.
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