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IMITATION MODEL OF SUPPORT FOR DECISION-MAKING
BASED ON ASSESSMENT OF THE SITUATION BY OPERATORS
OF THE AUTOMATED AIR TRAFFIC CONTROL SYSTEM

Significance. A human-operator cannot conduct a situation assessment in a timely manner and to react in a proper manner
when situation changes. The problem is worsening with the uncertain procedure of selection of dispatchers for duty shifts in
control centers and their adequate preparation to carry out the tasks for intended purpose. This doesn’t allow to reach the
adequate level of competency during the process of their professional activities. Aim of the article. Developing an imitation
model of the operator's complex activities to make a decision based on the situation assessment. The results of the work. The
analysis of automated air traffic control system (AATCS) operator activities while assessing the situation with use of existing
automation complexes allowed to identify following limitations of informational support of AATCS, which are influencing the
effectiveness of its work. Most of the time of situation assessment (up to 41%) is spent by operator to receive additional
information from another decision makers and informational elements, showed as part of informational model (IM). These time
expenditures are due to low level of information content of information elements presented as part of IM and which are not
corresponding to the character of the operator's activity in situation assessment. Methods for reducing the errors of the ACS
operator can be divided into the following groups: automation of the most complex operations; introduction of information
redundancy at the stage of designing systems for ensuring operators activities; increasing the workload of operators; advanced
training for the operator; increased responsibility for errors with increasing interest in error-free operation etc. Conclusions. The
generalized analysis of the operator's activity is conducted, the features of the operator's work with the information model are
marked; the directions of the conceptual model formation in the decision-making process during the situation assessment are
determined; simulation modeling has been carried out and a model of the operator's activity has been developed for the study
of the activities of decision-makers during the situation assessment; giving the estimation of time expenses for performance of

the various actions connected with the analysis of information models in various conditions.

Keywords: simulation modelling; operator activity; situation assessment; decision-making.

Introduction

Significance. The problem of ensuring the required
indicators of the effectiveness of decision-making by
operators of the automated air traffic control system is
being thrown into sharp relief recently. Both physically
and morally outdated automated systems at the given
level of command results into a slow reaction in critical
situations and information lags. As a result — a human-
operator cannot conduct a situation assessment in a
timely manner and to react in a proper manner when
situation changes. The problem is worsening with the
uncertain procedure of selection of dispatchers for duty
shifts in control centers and their adequate preparation to
carry out the tasks for intended purpose. This doesn’t
allow to reach the adequate level of competency during
the process of their professional activities.

Aim of the article. Developing an imitation model
of the operator's complex activities to make a decision
based on the situation assessment.

Literature analysis. The development and
description of models of operator activity in man-
machine systems has been devoted to a sufficiently large
number of works, for example [1-4]. Series of works [1,
2] are devoted to the principles and theoretical
foundations of the formation of human activity models,
others are looking on models of simple actions or
processes that are elements of a complex human activity.
Models of complex systems [5, 6] are usually formed on
the basis of the application of the theory of queuing
systems. Such models allow us to obtain generalized
characteristics of the system and its "human" link

(average service time of applications, probability of
service, etc.). At the same time, the reliability of studies
of air traffic control systems largely depends on the
degree of detailed consideration of human activities in the
system. The development and implementation of
simulation models of complex activities of the operator
[2, 7] became possible with use of the achievements of
modern information technologies.

Main part

In order to estimate the influence of informational
models (IM) quality on the situation assessment
conducted by the operators of the automated air traffic
control system (AATCS) we will analyze main processes
related to them. In the system being under consideration,
decision maker’s (DM) activities are related to the
perception and analysis of the IM environment and its
fragments. Materials in the field of ergonomics and
human factors engineering are devoted to analysis of
these activities [3]. Many DMs can take part in situation
assessment during the process of obtaining information
about current air situation, air objects, airfield objects etc.

In consequence of this, during the analysis of DMs
activities it is important to take into account group
hierarchical character of their activities and special
aspects of controlmen and analysts activities.

Mark out a set of features, which are present while
working with environment informational model: during the
assessment DM is correlating received data to really
possible results; data is being decrypted during its analysis.
Herewith, in some instances, human can reconstruct
several parameters which have not been present at the IM;
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basing on the operational image of situation status and
experience, DM can predict changes in the situation and,
therefore, the emergence of new information; assessing
the complex situation, the DM is acting on the
assumption of more extensive information than the one,
he is getting from IM; on the basis of previously gained
knowledge and experience, DM is armed with additional
intelligence about possible situation condition and objects
under control in comparison with those displayed at the
informational model.

Data received from IM together with additional
intelligence is utilized as a basis to form a conceptual
model (CM) of the analyzed object (current situation) [9]
which is specifying DMs’ activities. This way, IM is
specifying only a part of CMs’ content and serves as a
basis for its forming.

Conceptual model is helping the DM to understand
the whole amount of information on current situation and
represents a basis to decision-making when determining
the variant of control actions based on the situation
analysis. In its turn in order to assess the situation DM
has to create a particular CM based on gathered and
processed data about current situation.

The process of forming the CM used to assess the
situation by DM is influenced by [10] current air
situation, active tasks, sophistication of the situation,
flights, different in terms and conditions: normal
conditions and low flight intensity; normal conditions and
average intensity of flights; complex conditions and
maximum intensity of flights. Variation of difficulty of
the situation will influence on the order of situation
assessment and will define the necessity to attract other
AATCS operators to decision-making process, which is
caused by: absence of specified beforehand methods how
to solve current task; lack of beforehand specified pieces of
information required to assess the situation; high tempo of
situational changes, which leads either to necessity of
constant adjustments of CM or to its significant

simplification; peculiar properties of the intellectual
character of DMs activities during the creation of CM L.

aimed to choose an optimal decision on situation
assessment depending on the difficulty of the situation.

We will carry out an analysis of the process of
situation assessment by the AATCS operator in difficult
conditions with the maximum intensity of flights. Received
results of the study of the process of situation assessment
will be used to establish the expenditures time required to
carry out actions related to assessment of DMs.

Situation assessment is a complicated process,
which main aim is to establish its true state for the
AATCS operator’s benefit. The complexity of this
process is due to involvement of a number of interrelated
elements of the information support system (ISS) for the
situation assessment and each of them affects, to a greater
or lesser degree, the achievement of the goal.

In its turn, the effectiveness of situation assessment
is also conditioned by the uncertainty of determination of
its difficulty, dynamics of change, for reliable estimation
of which it is necessary to use various IM and to involve
other operators of the air traffic control center (ATCC).
Content and degree of detail or generalization of
information about current situation are affected by the

conditions, assessed by the DM.

Research on the process of situation assessment by
the DM can be conducted in several ways [11, 12].

The most objective results of the DM’s activities
assessment can be received during the researches of his
activities at the ATCC, which is economically
impossible.

It is impossible to build the analytical model of
DM’s activities during situation assessment due to
absence of adequate ways of formal description of DM’s
intellectual activity, absence of strict algorithm of his
activity, impossibility to calculate all factors which are
affecting his activity [2, 4, 11].

Thus, the only one way to carry out researches of
DM’s activity is to conduct simulation modeling.

Imitation model allows to take into account group
character of activity during situation assessment, DM’s
capabilities on processing and deciphering of the
information, represent his particular qualities on work
with different information display devices (IDD), take
into consideration necessary time expenditures needed to
conduct conversion from IM to CM.

DMs’ activity model during solving the task of air
traffic control in complex situation with maximum
intensity of flights can be represented as a graph (Fig. 1).
The considered model of DMs’ activity in situation
assessment can formally be defined as follows:

(M @)

where P — a matrix of possibilities of transition between
events ij; T — matrix of time spent on work, while
transiting from event i to event j; p; — possibility of
transition from event i to event j; tj — time spent on

T=|tl“|,

P=|py-

transition from event i to event j; i = j = N — corresponds
to an amount of states in which DM can be.

On Fig. 1 values of p;; and t;; are represented as wj;,
where wi (pjj, ).

w33

f an automated
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operators

{Work with the indi
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Fig. 1. Model of DMs’ activity model
during situation assessment

It is impossible to establish the order and sequence
of the actions, performed by the DM in the proposed
model. Therefore, in general case, transitions between p;;
states are equally possible. Suppose that a variant of the
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complexity degree — are normal conditions with a low
intensity of flights. In this way, the situation will be
relatively simple, DM is well-informed about it and can
analyze and decide on the information, displayed on the
CU IDD. Suppose that in this case transition wo;; has
next characteristics: wo; (0,75; to ;). Herewith, the sum
of the probabilities of the transition from state 9 to other
states is equal to 1. Vertices of the graph correspond to

Table I — Events in the process of situation assessment

events, such as “information, presented with collective use
information display devices (CU IDD), apprehended”,
“Input of commands into the computer is completed”,
while edges of the graph correspond to possibilities of
transition from one event to another and also time
expenditures on each transition. Determine the content of
the vertices of a given graph, as well as the meaning and
sequence of transitions between vertices (Tables 1, 2).

Events Event content

1 The beginning of the automated control system operator’s work for solving problems of situation assessment

2,10 Perception of information displayed on CU IDD

311 Searching for additional (up-to-date) information about situation, also changing the content (form) of the
’ information showed on CU IDD upon operator’s request.

412 Searching for additional (up-to-date) information about situation of other operators, also changing the content
’ (form) of the information showed on CU IDD upon operator’s request.

5,13 Assessing the situation basing on information, presented on AW IDD.

6,14 Input of control commands, to change the composition of information displayed on the IDD

7,15 Other operators’ work on receiving required information about the situation

3.16 Other operators’ work on clariﬁcation of quali'ty of sources of information about the situation, actions, conducted to
’ improve the quality of information about the situation

9 Operator’s transition to solution of the control actions problem

17,18 | Work of an operator with other operators on proposals development to improve the quality of provided information.

19.20 Report of cpnclgsions made' from situation assessment to the chief of duty shift with proposals on the degree of

’ impact on air objects and their agreement
21 End of work for solving problems of situation assessment

Table 2 — Contents of transition from state to state

Transitions Actions, taken by DM when transiting from one state to another

Wiz, Wo 1o Operator’s assessment of the situation with CU IDD

Woi, Wigo Finding more information about the situation by the operator

Wi W, Referring to other DMs for searching or clarifying information about the situation, or to change
13, T9,11 the content of the information, shown on CU IDD

Wi W Referring to other DMs to receive information about situation or to change the content of the
14 719,12 information, shown on CU IDD

Wis. Wo i3 Assessing the information shown on AW IDD

Wes, Wse, Wiz 14, Wia iz

Input of commands to change information display parameters on AW IDD and control
(processing) of the command input results.

Wiz, Wi, Wisi1, Wins,
Wag, Wea, Winie, Wie.12

Searching and receiving additional information about situation from other DMs.

Wo 17 Information about situation has been assessed by the operator.
Wisi17, Wi71g Stating the tasks on specification of control actions.

Wi719 Report of conclusions made from situation assessment to the chief of the duty shift.
W90, Wag 19 Refinement of the results of situation assessment with the chief of the duty shift

Wioso Input of the control commands into the computer, end of the situation assessment phase.

In case of complex conditions and maximum
intensity of flights, it is possible to suggest a decrease of
information volume, displayed on the IDD. This
determines the need of the operator to contact other
DMs for information. Researching the model when
possibilities of transitions pis, Poi1s P4 Po.r2
sequentially take values (0,25; 0,5; 0,75), while in each
experiment the sums of the probabilities of the transition
from one state to another are equal to 1. Consider the
obtained results of the study of the proposed model of
the ATC operator's activity.

Based on the results of the imitation modeling, the
mathematical expectation of the time spent working
with CU IDD (7 1pp ) 18 ey ipp =75,7 — 863,15 sec.

Allocation of time, spent by DM on processing the
information presented on the IDD received with use of

both researched model of an ATC operator activities
and from expressions (1, 2) for different situation
options is presented on the Fig. 2.

On diagrams, presented on the figures we can see
allocation of time expenditures of operator working
with other DMs in standard conditions; in normal
conditions with low intensity of flights; in conditions of
situation assessment under normal conditions and the
average intensity of flights and during situation
assessment in difficult conditions and the maximum
intensity of flights respectively.

Thus, situation assessment in normal conditions
with low intensity of flights; under normal conditions
and the average intensity of flights, time expenditures
remain practically unchanged and are equal to
Ty = 158,33 sec.

32



ISSN 2522-9052

CyuacHi indopmaniiiai cuctemu. 2018. T. 2, Ne 3

M, realisation M, realisation

M, realisation

500 T T 1 u ] 200 | T T
200 o =486lsee 400 . Tag —4a2see | TS0 = 48,12 sec
300 300 300
200 200 200 |
100 100 | 100
0+ e 07 bsee g .
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

To input commands into PC

M, realisation M, realisation

M, realisation

300 T 300 T T 1 300 T T ]
400 l faw —S8.13sc | 400 Law = 86,65 sec 400 -
300 300 300
200 200 200
100 100 100

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140

a

C

Fig. 2. Time expenditures to assess information: a — on IDD; b — on IDD in normal conditions; ¢ — on IDD in difficult conditions

This is due to the inability of the DM to conduct an
independent comprehensive assessment of the situation
and the need for a great deal of time to process
information and to create CM. DM produces a large
number of decoding operations, reveals the structural

M. realisation M, realisation

200

200

elements of the situation, tries to process the information
presented both on CU IDD and received from other DMs.
From Fig. 3 we see that time expenditures on work with
CU IDD are decreasing as the situation becomes more
complicated.
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Fig. 3. Allocation of time expenditures of operator working with: a — other DMs;
b — other DMs while assessing situation in normal conditions; ¢ — other DMs while assessing situation in difficult conditions

Therefore, it is necessary to distribute the task of
assessing the situation between the operators of the duty
shift, in order to ensure a time reserve for the
establishment of the DMs’ CM. In the study of the
developed model of the DM activity, an estimation of the
time spent on the evaluation of the information presented
on the operator’s automated workplace IDD of the
automated control system and on the input of commands
to the computer. The allocation of time for the situation
assessment using the automated workplace and the input
of commands are presented on the fig. 4.

Mathematical expectation of time spent by DM for

processing information about the situation is t_éf,” ~ 87 sec,
and mathematical expectation (ME) of time spent for input

of commands and control of their accuracy is (t_HCA{”) -

t_HCA{” ~48 sec. Obtained results demonstrate that time

expenditures on work with IDD of automated workplace
and input of commands into computer practically do net

depend on the degree of situation’s complexity. This, in its
turn, leads to the fact that main sources of information are
CU IDD and other duty operators. Automated workplace is
used to solve additional tasks of situation assessment.

The analysis of DM activities made it possible to
establish the following: an operator of automated ATC
workplace is performing actions and operations to
assess the information, shown on CU IDD and of
individual use; performs independent actions to change
the display settings on IDD of the automated workplace,
assesses their results; collects information and corrects
its displaying on CU IDD with help of other operators,
and receives from them information about the situation,
absent on the IDD. Time expenditures to solve
mentioned tasks: processing information, displayed on
CU IDD will take 7py, = 75,7 — 863,15 sec, which is

50% from the time, spent to solve current tasks; analysis
of the information, displayed at the computer-automated
workplace takes 13% from the overall time.
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t_éf,” ~ 87 sec are spent on data analysis, which is 9,4%
from the overall time, input of commands into the

t_HCA{” ~ 48 sec or 4,6 % from overall time; time spent on

work with other operators is equal 7p;, = 158,33 —

computer and analysis of their accuracy takes 388.39 sec or 37% from overall time.
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Fig. 4. Time expenditures to assess information: a —on IDD; b on IDD in normal conditions; ¢ — on IDD in difficult conditions

Conclusions

The analysis of AATCS operator activities while
assessing the situation with use of existing automation
complexes allowed to identify following limitations of
informational support of AATCS, which are influencing
the effectiveness of its work.

Most of the time of situation assessment (up to
41%) is spent by operator to receive additional
information from another DMs and informational
elements, showed as part of IM. These time
expenditures are due to low level of information content
of information elements presented as part of IM and
which are not corresponding to the character of the
operator's activity in situation assessment.

Significant time expenditures to input commands
to change parameters of displaying IM on the computer-
automated workplace.

Necessity to conduct big amount of operations to
decrypt information when creating CM, caused by
discrepancy of the way information is displayed in the
IM to the peculiarities of information processing by the
AATCS operator.

Limited use of automation tools of ATCC to select
data and form IM, controlling parameters of displayed
information on CU IDD.

Low automation of solving these tasks leads to
sufficient time expenditures to solve them.

Wherein human made mistakes are subdivided into
logical (wrong decisions), sensorial (false information
perception) and operational, or motoric (wrong
realisation of the decision). Intensity of human made
mistakes can vary widely from 1-2% to 15-40% of
overall amount of operations, conducted when solving
the task.

Methods for reducing the errors of the ACS
operator can be divided into the following groups:

- automation of the most complex operations;

- introduction of information redundancy at the
stage of designing systems for ensuring operators
activities;

- increasing the workload of operators;

- advanced training for the operator;

- increased responsibility for errors with increasing
interest in error-free operation etc.
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ImiTaniiina moxeJb MiATPUMKH NPUHHATTS PillleHb 3 OIiIHKA 00CTAHOBKH
onepaTopamM aBTOMAaTH30BAHOI CHCTEMH YNIPABJIiIHHSA MOBITPAHAM PyXoM

O. M. [Imutpies, 1. O. bopozerens, C. I'. IlInno, T. M. Kanimymin

AKTyanbHicTb. JfonuHa-onepaTop He MOXe CBOEYACHO NPOBOJMTH OLIHKY CHTYALi i pearyBaTi HaJICKHUM YHHOM IIPU
3MiHi cutyauii. [IpoGnemMa mocHIOEThCS HEBU3HAYEHOK IIPOLEIYPOIO BiIOOpY QMUCIETUYEPIB A YEProBHX 3MiH B LIEHTpax
YIpaBIIiHHS 1 1X a/leKBaTHOI MiJrOTOBKOIO J0 BUKOHAHHS 3aBJaHb 3a IPU3HAauYeHHAM. Lle He NO3BOJSE AOCAITU JAOCTATHHOIO
PIBHS KOMIIETEHTHOCTI B Iporeci ix mpodeciiiHoi nisibHocTi. Mera crarTi. Po3poOka imMiraniiiHOi Mozmelsi KOMILIEKCHOT
JUSIIBHOCTI orepaTopa 1 IPUHHATTS PillleHHs Ha OCHOBI OLIHKM cuTYyalii. Pe3yabTaTu podorn. AHaii3 JisuIbHOCTI onepaTropa
IpY OLIHII CHUTYyauii 3 BUKOPHCTAHHSM ICHYIOUMX AaBTOMAaTH30BaHMX KOMIUIEKCIB I03BOJIMB BHSBHTH HACTYHHI OOMEXEHHS
iH(opManiifHOl MiATPUMKHM CHCTEMH, sIKi BIUIMBAIOTh Ha €(EKTHBHICTH HOro poOorH. Benuky 4acTHHY yacy OLIHKM CHTYarli
MIPOBOJMUTH OIEpaTop ISl OTPUMaHHS nonatkoBoi iHpopmarii Bix inmux OIIP Ta iHhopMaIiiiHUX eIeMeHTIB, ITOKa3aHHUX SK
yacruHa IM. Ili uyacoBi BuTpaTH 0OyMOBJIEHI HM3bKMM piBHEM iH(OpPMALiHOr0 HAIOBHEHHs iHGOPMAIIHHUX EIEeMEHTIB,
npeJicTaBiIeHuX K yactiHa IM, 1 He BiJOBINAIOTh XapaKTepy MisIbHOCTI orepaTopa IpH OLiHLI cuTyarii. MeToau ckopodeHHs
noMuiiok omnepatopa ACY MOXKHA PO3AUINTH HAa HACTYIHI PYHM: aBTOMAaTU3allisl HAWCKIAIHIIIMX Ollepaliif; BIPOBaKEHHS
iHdopmaniiiHol HaaMIPHOCTI Ha eTaIl NPOEKTYBAaHHS CHUCTEM s 3a0e3MeUeHHs IisUIbHOCTI OnepaTopiB; 301IbIICHHS. poOoUOro
HAaBaHTAXEHHS OIepaTopiB; MiJBUIICHHA KBai(ikanii [uist oneparopa. BucHoBku. IIpoBeieHo y3aranbHeHHI aHaNi3 OisIbHOCTI
oreparopa, BHIIIEHI OCOOIMBOCTI poOOTH omeparopa 3 iHGOpMaNiHHOI MOJEIUII0; BH3HAUEHO HAmpsMH (HOPMyBaHHS
KOHIICTITYaJIbHOI MOJIeNi MPUHAHATTS PIillleHb IOAO OIIHKHW OOCTAHOBKH; ISl JOCITIJDKEHHS JISUTBHOCTI Oci0, IO NMpHHAMAaloTh
pilIeHHST TpH OIUHII OOCTAaHOBKH, INPOBEJICHO iMiTalliiHe MOIEIIOBAaHHS Ta PO3POOJIEHA MOJAENb JISUTBHOCTI OIepaTopa;
HaBEJICHO OLIIHKY BUTpAT 4acy Ha BUKOHAHHS PI3HUX [}, HOB'I3aHUX 3 aHATi30M iHpopManiiiHUX Mojieneil B pi3HUX yMOBaXx.

Kar4dosi ciaoBa: imiTaiiliHe MOAEIIOBAHHS; TisUIBHICT ONEPATOPA; OLlIHKA OOCTAHOBKH; IPUHHATTS PillICHHS.

HMmuTanuonHas MoaeJIb NOAJAEPKKHA MPHHATHS PElICHNH 110 OlIeHKe 00CTAHOBKH
onepaTopamMu aBTOMaTH3MPOBAHHOH CHCTEMBbI YIIPABJICHUS BO3IYIIHBIM IBHKEHHEM

O. M. Imurpues, 1. A. boposerew, C. I'. llluno, T. M. Kanumynun

AKTyaIbHOCTB. YesI0BeK-0IepaTop He MOKET CBOEBPEMEHHO IPOBOJUTH OLEHKY CHTYAIl[UH M PearupoBaTh HaJUICKAIIUM
obpa3oM Ipu M3MeHeHHMH cuTyauuu. IIpobiema ycyryOnsercs HeolpeleleHHOH mpouexypoil ordopa QUCIIETYEPOB JUIS
JIeKYPHBIX CMEH B LICHTpax YNpPAaBJICHUs M UX aJICKBAaTHOH INOATOTOBKOM K BBIIOJIHEHHIO 331ad II0 HAa3HA4YEHWI0. JTO He
MO3BOJISIET JOCTUYb JOCTATOYHOI'O YPOBHSI KOMIIETEHTHOCTH B IIpolecce ux npodeccuoHanbHoi aesrensHocty. Heab craTbu.
Pa3paboTka MMHTAIlMOHHOH MOJENM KOMIUIEKCHOW IEATEIbHOCTH OIepaTopa Ul NPUHATUS PEIICHUS Ha OCHOBE OLIEHKU
curyaiuu. Pe3ysbTaTel padoThl. AHaIN3 IEATEIBHOCTH OIEPaTOpa MPH OLEHKE CUTYALU C UCIIONb30BAHIEM CYIIECTBYIOIIUX
aBTOMATH3MPOBAHHBIX KOMIUICKCOB MO3BOJMI BBISIBUTH CIEIYIOIINE OrpaHUYEHHS HHGOPMALMOHHOH INOAJEPKKU CHCTEMBI,
KOTOpbIE BIUAT Ha 3((deKTUBHOCTH ero paboTbl. Bonbliyto 4acTe BpeMEHM OLEHKM CHTYallid IHPOBOAUT ONEpaTop Ul
TOJTy4eHUS JOMOIHUTENbHON nHpopManuu ot apyrux JIIIP 1 uHGpOpPMALMOHHBIX 3J1€MEHTOB, NOKa3aHHBIX Kak 4acTe M. Otn
BpPEMEHHbIC 3aTpaThl OOYCIIOBJICHBI HHU3KMM YPOBHEM MH(OPMALMOHHOIO HANOJHEHHUS HH(OPMAIMOHHBIX 3JIEMEHTOB,
IPEJICTABICHHBIX Kak 4acTb VM, U He COOTBETCTBYIOT XapakTepy AEATENbHOCTH OlepaTopa IpH OLEHKE CHTyaluu. Meroasl
cokparieHus omnook oneparopa ACY MOXKHO pas3[enuTh Ha CIEIyOIIIe IPYIIIbl: aBTOMATU3ALMs CAaMbIX CIIOKHBIX OIEpallii;
BHEJIpeHHEe UH(GOPMAIIMOHHOM M30BITOYHOCTH HA dTalle NPOSKTHPOBAHUS CUCTEM JUIs 00eCHeYeHHs JEATeNIbHOCTH OIepaTopoB;
yBenm4yeHue pabouell Harpy3ku OIepaTopoB; HOBbILIEHHE KBanupukaiuu st oneparopa. BeiBoasl. IIpoBeneH o6001meHHbIH
aHaJIU3 JIATEIBHOCTU OIIepaTopa, BBIACJICHBI OCOOCHHOCTH PaboThl oneparopa ¢ MHGOPMALMOHHON MOJIEIbIO; ONpPEIENICHbI
HarpaBleHUs (OPMUPOBAHUS KOHLENTYAIbHOH MOJENM IPUHSATHA PELICHUH IO OLEHKEe OOCTaHOBKH; JUIS HCCIEIOBaHUS
JIEATEIBHOCTH JIUL, TNPUHUMAIOMMX pEIIeHHUS IIPU OLEHKE OOCTAHOBKM MPOBEJEHO MMMTALMOHHOE MOJEINPOBAHNE
JIeATEIbHOCTH OllepaTopa; MPHUBE/ICHA OLICHKA 3aTPaT BPEMEHH Ha BBINOIHEHUE PA3JIMYHBIX JCHCTBUH, CBA3aHHBIX C aHAIN30M
UH(POPMALIMOHHBIX MOZIENICH B PA3JIMYHBIX YCIOBHSX.

Kao4ueBble CJI0BA: NMUTAIIMOHHOE MOICIIMPOBAHUEC; ACATCIIBHOCTD OIIEpaTopa; OLICHKA 00CT: AHOBKU; [IPUHATUEC PCILICHUS.
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