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Abstrakt. Different aspects of simulator as teaching system were analyzed in this article,
including main simulator components, learning process parts inclusion into sessions,
relationships between systems and elementary processes on the smulator, connections between
modes of providing information, types of mistakes and simulator systems. As a result complex
model of simulator that shows mutual connections of all elements mentioned above was proposed.
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Introduction. Nowadays a person is the most complicated parh@fnbechanism, which
provides any aircraft safe flight, and at the samee active and partially unforeseen element,
which is the main reason of different errors, thay cause the undesirable consequences [1].
Despite the complexity of on-board equipment andtinooously changing instructions, pilots and
stewards, engineers and managers play an impaméntin the aircraft flight. Their personal
gualities determine the result of some events. Ewvigim significant quantity of addition equipment
in many cases human's skills are final at the marmaedecision making in the air. Simulators as
education tools have been used for a long timearious branches of human activity [2]. Since their
origin, simulators have passed significant evolut[8] and are constantly being improved by
modern technologies.

Simulators in aviation. Training of aviation specialists is provided by mgaof various
equipment designed to perform some action. Simidaés the elements of the educational and
training process play an important role in teactohgviation specialists not only in the final stag
but also during startup and advanced training dt ageknowledge, skills and ability testing [4].
Simulators have always been a necessary elemedheitraining of any specialist who must deal
with a complicated system. Modelling of complex qasses using software emulation raised
simulators to a new level. Aviation as a branch tiees the best achievements of scientific and
technological progress and requires perfect teclyyolnd possible emergencies knowledge from
aviation professionals as well as the ways to cortteem during the flight, repair, improvement,
immediately began to use new features. SignifiGnbunt of information about the possible
emergency and dangerous situations in aviation wareumulated for statistical purposes.
Simulators and simulator complexes make possiblepooduce such situations on the ground in
safety, work out possible behavior scenarios aogige opportunities for training. The importance
of using simulators or simulator complexes in thedent preparation is so obvious that there is a
special ICAO documentation for aircraft simulataratity evaluation [4]. It is noted there that the
piloting simulators can be used during training aeecking pilots more often than before.
Advanced use of such teaching methods is causelebycreased complexity of modern aircratft,
the cost and conditions of its operation. At thenedime, simulators are able to provide even more
advanced training than in real terms with respectsafety and correspondence to real life.
Recreation of different influence on the aircraitidy helps to implement such training and ensure
that the pilot will be able to reproduce its actiaiuring the real situation in flight. Fuel economy
and absence of harmful effect are also importanthi® environment.

Development and implementation of simulators iraa@n continues for decades [5]. Using
computer technology makes it possible to emulage dbmplex behavior of the aircraft and its
effects even for groups of users that form a compteew. There are a number of documents
according to which simulators standards have bedinet [4]. They were adopted for use. Thus,
according to ICAO documentation, simulators camdmgnized as belonging to one of two levels
(I and 11). In documentation of other countriesggh simulators are recognized according to levels
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C and D for the U.S.A. and Europe, or levels 3 4ridr Great Britain. These simulators allowed to
be used by person without flight experience. Inggahaviation training is mandatory part of pilots
and other aircraft experts training and their gseecommended by ICAO [6].

Simulator as automated training system. Automated training system is a hardware-software
system designed to teach students and to checakkiinmivledge without the instructor intervention.
Although automated training system architectureldcdae different depending on the desired
functionality, there are certain necessary elemeDepending on the basic functionality [7]
automated training system should include userfater DB and educational information providing
subsystem. Main automated training system functionsists of providing the user information
from the DB via the interface by the rules and athms, which are defined at the design stage by
the instructor and fed to the subsystem to proedeacational information. The actual role of the
instructor in such a system is proper planningh@ligh instructor interference within the work can
be provided, it is not necessary with properly aiged system operation. Additional system
properties, such as the availability of certainaadional information or different knowledge control
subsystems access rights that depends on uses stadwailability of certain special modes of the
system are determined when system managementandetheir implementation in the subsystem
of control over the training process are developed.

The simulator — is, in fact, a developed automdtading system. The main thing that
distinguishes it — is the process simulation areahility of the student to manage the simulation.
Certain elements of the developed automated trgisystem may remain in the simulator as a
support (such as management system (MS), knowleeging system (KTS) and electronic
textbook (ET)).

These components could be optional despite thetliattdirect knowledge control is absent,
and it is replaced by the indirect verificationstfident’s behavior and actions performance in the
control exercises. In such conditions, studentisldte tested in a situation close to reality, but,
unfortunately, there are a number of knowledge skillis that the simulator does not check. For
example, this is the knowledge of air law [8; 6heTknowledge that can be checked by the
simulator may be so deep that their checking vejuire a lot of time, while with the knowledge
testing system it can be checked much faster. dleeof such a theoretical test could be reduced to
determining theoretical issues that results inesttid biggest problems. So students must be well
prepared to undergo such tests. Electronic textbmoks turn, could play a secondary role and
enable the student to review the theoretical infdram while working on the simulator.

The simulator is designed to teach students toJgepaoperly in predefined conditions. It
helps the student get the knowledge to controk learning and use the simulated environment to
practice the theoretical skills, although the simai is not a full copy of the simulated object. To
achieve new objectives achievement the simulatostngontain separate structural elements to
provide theoretical information, knowledge contrsitnulated environment, simulator operation
control and to store information in its variousrfia:. To summerise, the structure of the simulator,
which includes all necessary components, is shoviigi 1.
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Fig. 1. Block diagram of the simulator
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Management system manages the ET, KTS, and systemtevactive learning (SIL)
operation. Each of these four simulator system#pas its functions interacting with the student.
Information obtained from the interaction of theds#nt and any system is stored in the database
(DB). From the DB theoretical information from tBd is required for learning and received by
every system. The instructor is not required fag #imulator, but he can control the learning
process if necessary.

The student himself is constantly working with & and can operate in parallel with each
of three other simulator systems. The operatioM8fis not interrupted, and the student can make
the necessary control actions since MS interfaceotsreplaced in the case of the other system
interface. There is no direct access to the DBtHerstudent, each simulator system executes data
exchange with the DB independently.

Simulator Operation. Every time student begins to operate the simulatevorks in one of
different sessions that differ from each other bgirt purpose, composition and other properties.
Despite the fact that each session is differemf) @me contains at least one of the obligatoryspart

— training;

— simulating;

— testing.

The training part includes the student's work wWHh and studying theoretical material. Its
presence in the session is caused by the needvalerthe student with theoretical information,
theoretical grounding of simulated processes, requexplanations and other necessary theoretical
material that the student should master. Trainfngxiecuted with ET. Because there is no need to
simulate the whole process while mastering thedgynonstration of the simulated process could be
performed via video or non-interactive 3-dimentioaaimations while studying the theoretical
material.

Teaching simulation includes students work withdators and practicing necessary skills.
These simulators form a modeled system and allewsthdent to work by the schedule in modeled
environments. The student is assumed to mastethinaretical material and do not need its
demonstration. Moreover, demonstrating theoretidarmation can distract the student's attention
and negatively affect his performance.

Testing includes student work in emulated enviromimees well as in learning the testing
system. This part consists of providing controksasombined from control exercises, which must
be performed to study a testing system, or progidituations in emulated environment which the
student must solve. The student’s results on sitondand information about performing exercises
are noted in the DB.

These three session parts do not have to fullymcthe time of a single session. Instead,
different parts can go in the different order tonfadifferent types of special purpose sessions. The
main types of such sessions are:

— Training session. In this session, priority igegi to the presence of educational units, but
testing parts are also present. Training and gpgiamts produce pairs. After each of the trainiaggp
a system provides testing one of small size. Itblmsastudents to learn a certain amount of
educational material and test their knowledge. fiogortion of available parts can be, for example,
90 per cent of studying, 10 per cent of testing.

— Testing-training session. In this session, tgspart is a priority but some training is also
available. Training and testing parts produce pdite purpose of this session is to estimate the
student’s progress, and identify the topics andritecal issues that are recommended to review.
The proportion of available parts can be, for exan®0 per cent of training, 70 per cent of testing

— Training-simulating session. This session pravitaining and simulating parts. The purpose
is to allow the student to learn both theoreticatemnial and work out the associated action. Trginin
and simulating parts provide pairs. After eachniray part, where the student studies a theoretical
material goes a simulating part in which he is ableapply acquired knowledge and skills on
practice. The proportion of available parts can dibitrary, depending on the complexity of
educational material and activities that are upaim.
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— Simulating session. In this session, prioritygigen to simulating parts. It is characterized
with the fact the system instructs the student kmwerform correctly in a simulated environment.
After performing properly a demonstration systelove$ the student to work independently.

— Testing session. This session requires perforrtesting tasks. Its purpose is to help the
student to learn the properties of KTS as wellh@sgdroperties of every particular topic before the
final topic assessment.

— Testing-simulating session. It contains testing simulating parts. This session is designed
to prepare the student to perform tests in conmitidlose to the final assessment. The proportion of
available parts is arbitrary and depends on maatpifs, including the already studied theoretical
topics, scenarios that took place, the resultg@fipus knowledge testing, etc.

— Testing-assessment session. As the previoud gpesists of testing and simulating parts. Its
purpose is to assess the student’s progress,adehsteceives a rating as a results of this sessio

— Session of independent work. In this sessiorstingent himself can choose parts, their order
and amount of time needed. However, at the reqidbie student the system may make him some
suggestions for work during the session.

Of course, there may be sessions of more compticstieicture, but for convenience we
confine ourselves to these eight.

Student’s work in three parts of the learning psscéeaching, testing and simulating) is
spread between sessions. There are three typesssibss used in students’ work with one part
(teaching, testing and simulating). Other four g/pésessions assume mixed proportion of parts of
the learning process and only the session of iddaliwork allows using three parts of the learning
process. Fig. 2 shows schematic inclusion of pHrtee learning process into sessions.

The session of individual work is not included -
into the scheme because it is a single sessiomewhe | matag [
student chooses a workflow. Testing-assessmen ]
session is similar to the testing-simulating seassio
thus it also does not need to be mentioned.

Working with the simulator the student
participates in two elementary processes: the gsoce
of educational information testing. The process of
educational information testing is performed ndon
with the help of ET because its means can't
reproduce simulated environment qualitatively an
adequately. For such reproduction SIL is used
which provides possibility to work out required
skills in the conditions close to the real world.
Testing of progress and skills does not requirgy onl
KTS because in cant reproduce simulatedrig. 2. Inclusion of learning process parts into
environment of required quality. SIL has possiypili sessions
test the student’s skills but the information ignfally sent from SIL to KTS. Relationships
between simulator systems, the knowledge providedesting is shown in fig. 3.
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Fig. 3. Relationships between systems and elemeptacesses on the simulator
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Electronic textbook, KTS and SIL are the systemstroften used the students. Other compo-
nents of the simulator are not used directly bystelent as in case of DB or time of its actual use
by the student is limited, according to functiohalas in the case of MS. Students’ work in ET
consists of obtaining information. If knowledge troh elements or imitation of a modeled enviro-
nment are integrated in ET, their role is only satige. Their functionality can’t be compared with
specialized KTS and SIL systems. Students’ workKiiS consists of only progress tests of
different level. Both systems do their own maindiion. Unlike these systems SIL is used in two
cases: when it is necessary to provide informatimhtesting. The student is provided with inforomati
in SIL by demonstration of work in emulated envirent for him to acquire practical skills. Testing
progress in SIL is done with the help of KTS, whetedent’s performance is sent, but KTS only
compares parameters of student’s work with stanpiarameters, which are places in the DB.

Knowledge received from ET can be divided into wadegories. The 1st category includes
only theoretical information that must be learngdtbe student to understand the processes in
imitation environment. This information is not usdéidectly in SIL (for example, physics laws are
necessary to understand the aircraft angle of lgttathe 2nd category contains practical
information that corresponds to the imitation eamment and describes correct sequence of actions
in different situations, explains data of indexateements, etc.

In the SIL tte student obtain

I:g\%:gcz' J—’T,?,?;;e;fsal only practical knowledge and skills
.eaming } Theoretical based on the received theoretical
Practical knowledge control information from ET. Mistakes made
kﬁg‘:ﬁg‘;z‘e mistakes by the student in KTS are divided into
learning theoretical and practical ones. They
e are also divided into parametric and
Practical Practical fundamental. Relation-ships between
skills training Parametric}knOWIedge control information providing modes, types of
al mistakes mistakes and simulator systems that are
used in operation are shown in fig. 4.
Fig. 4. Modes of providing information, types ofstaikes A combined simulator model that
and simulator syster connects parts of operation process,

sessions, types of knowledge test processes, typesrors, types of knowledge received and
simulator systems are shown in fig. 5. This modebi descriptive nature, it helps to design a
functional simulator of proposed configurationsing into account all possible mutual relations
between its components.
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Conclusion. Proposed model allows to analyze every simulatarcgire with it's further
improvement recomerndations. Since elements indlusko model are of different nature,

examinet simulator may be improved not only inrsg way, but in complex as one. This is the

topic for future researches but one already can they received model is usefull although it is
generally descriptional one.
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C.II. bopcyxk

Tpenaxkep sik HABYaJIbHA CHCTEMA

Po3rnsitHyTO pi3HI acmeKkTH TpeHaxepy SK CHCTEMH HaBYaHHS, BKIIOYAIOUM OCHOBHI KOMIIOHEHTH
TpeHaxkepa, BXOPKEHHSI HaBYAJIbHUX YaCTHH y CE€aHCHU pOOOTH, B3a€MO3B’ I3KM MIXK IiJICHCTEMaMH
Ta €JIEMEHTApHUMH IpOIeCaMH Ha TPEHAXKEpl, 3B’ sA3KM MDK peKMMaMH HaJaHHS 1HopMmarlii,
TUNIAMHM TIOMHJIOK Ta MiJCHCTEMaMH TpeHaxepy. B pesynprari Oynao 3ampornoHOBAaHO CKIIAJHY
MOJICJIb TPEHAXEPA, KA TTOKa3ye B3aEMHI 3B’ SI3KH YCIX BUIIE3a3HAYCHUX €JIEMEHTIB.

C.II. bopcyk

Tpenaxep kak o0yuyawiasi cucremMa

PaccMoTpeHbl pa3nuuHbIe acleKThl TpeHakEépa, KaKk CUCTeMbl OOydYeHHs, BKIIOYash OCHOBHBIC
KOMITOHEHTBI TPEHaXEpa, BXOXKJEHUE y4eOHBIX YacTell B ceaHChl pabOThl, B3aUMOCBSI3U MEXAY
MOJICUCTEMaMH M 3JIEMEHTAPHBIMH IPOLIECCAMU Ha TPEHaXEPE, CBSI3U CEXIY peKUMaMHU pabOTHI,
TUIAMH OLIMOOK M TMOACHUCTEeMaMHu TpeHaxépa. B pesynbraTe Obula MpeayiokKeHa KOMILJICKCHAS
MOJIeb TpeHaXEPa, KOTOpas MOKa3bIBAeT B3aUMHYIO CBSI3b BCEX BBIIICYKa3aHHBIX 3JIEMEHTOB.



