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Despite the regular efforts on the part of national regulators, the International Civil Aviation Organization and the International Air
Transport Association (ICAO and IATA), as well as on the developers of aeronautical equipment, the vast majority of accidents
and incidents continue to occur due to the human factor. With the course of time, aircraft design and reliability are steadily and
significantly improving, nevertheless, the number of aviation accidents is happening more and more frequently, including accidents
with serviceable aircraft. Considerable evidence is the fact that a Controlled Flight into Terrain (CFIT) remains one of the most
common causes of aviation accidents. This is specified by a wide variety of problems that require the search for complex,
interconnected solutions. Among these issues it is necessary to highlight the increasing sophistication of the aircraft as a technical
system, as well as practically unchanged for more than half a century approaches to pilots training for the type and maintaining their
qualifications based on pre-defined scenarios taking into consideration the previous experience of aircraft operation. One of the
possible ways out of the situation may be the introduction of so-called concept of personnel training relying on the evidence-based
training analysis (EBT) based not on the pursue to memorize a certain list of exercises but to develop each particular pilot’s skills
and competences that could help him cope with any unpredictable situation. The key feature of EBT lies in refocusing on the
analysis of original causes of unsuccessful maneuvers (actions of the pilot) primarily in order to correct the wrong actions instead of
repeatedly complying with the "correct sequence of actions". In this regard, the tools providing a continuous analysis of the pilot's
actions to identify errors for the purpose of realigning (forming) the pilot's professional competencies in due time, are of paramount
importance. The article describes the content of the methodology representing an ultimate goal to develop recommendations aimed
at improving pilot’s expertise based on generalized and personalized models of the pilot, as well as solving the inverse problem of
flight dynamics using a comparative assessment of a particular pilot piloting quality.

Key words: flight safety, human factor, personnel training, evidence analysis, flight dynamics, pilot model.
INTRODUCTION

At present time the issue of flight safety still remains very actual taking into consideration the
fact that the amount of aviation accidents hasn’t reduced lately on average (Fig. 1). The analysis of the
events mentioned above unequivocally implies the human factor predominance among other causes of
aviation accidents [1]. On average approximately 80% of all causes of aviation accidents were ac-
counted for by a human factor for over the period from 2009 to 2018. (Fig. 2). Thus, according to the
data and reports of the State Aviation Supervision and the Intergovernmental Aviation Committee on
the Flight Safety in Civil Aviation of the Russian Federation' the most common causes of aviation ac-

' The flight safety in civil aviation state of the party-states to the agreement on civil aviation and on the use of airspace
in 2018. (2019). Interstate Aviation Committee. Available at: https://makiac.org/upload/iblock/4b6/bp-17-2.pdf
(accessed:15.10.2021).
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cidents have become CIFT (17%), flight crew’s errors on take-off and landing (45%), as well as loss
of control in flight (11%) (Fig. 3)".

Among the main reasons that contribute to keeping a high degree of the human factor in avia-
tion accidents we should emphasize the following:

Firstly, these are the problems associated with both imperfection of the modern pilot training
paradigm’ and non-compliance of the material and technical base with the modern requirements [2, 3,
4, 51.
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Fig. 1. Absolute and relative (number of accidents per 100 thousand flight hours) flight safety indicators for commercial air
transportation of passengers and cargo in the Russian Federation for 2009-2018
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Fig. 2. The share of the human factor in aviation accidents (period 2009—2018) according to the annual reports of the
Interstate Aviation Committee

2 The civil aviation of the Russian Federation 2018. Fight safety analysis. Department of the aviation safety inspec-
tion (2018). State Aviation Supervision. Available at: https://avia.rostransnadzor.ru/flight safety/flight safety
analysis (accessed: 18.10.2021).

* Doc 9995 AN/497. (2013). Evidence-based Training Manual. 1st ed. International Civil Aviation Organization, 170 p.
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Fig. 3. The main types of events leading to aviation accidents with commercial aircraft (period 2001-2018)

Among the main reasons that contribute to keeping a high degree of the human factor in avia-
tion accidents we should emphasize the following:

Firstly, these are the problems associated with both imperfection of the modern pilot training para-
digm4 and non-compliance of the material and technical base with the modern requirements [2, 3, 4, 5].

Secondly, these are the problems related to the increasing aircraft complexity and automatic
systems significance. So, the more automation is used in-flight, the more the person controlling
the aircraft gets adapted to the role of the operator, the less he remains a pilot trained to respond to
the force majeure circumstances arising in flight [6]. The lack of comprehensive training for actions in
case of any automatic system failure is sure to have a negative effect on the flight safety if such a fail-
ure occurs. Accidents on October 29, 2018 and March 10, 2019 with the Boeing 737-8200 (Boe-
ing 737 MAX) aircraft can serve as a bright illustration when pilots were not properly trained to oper-
ate the new Maneuvering Characteristics Augmentation System (MCAS) adjusting the stabilizer angle
for the purpose of reducing the pitch attitude with increase of the angle of attack®. At the same time it
is obviously impossible to foresee all the scenarios of probable aviation accidents, especially in
the conditions of the sophisticated aviation system, which complexity and high reliability actually
mean that the subsequent flight accident can be completely unpredictable.

Thirdly, it is evident that competency of the educational institutions training staff and opera-
tor’s flight services that provide training, assessment of knowledge and piloting proficiency is essential
in forming the pilot’s skills and expertise [7]. Subjectivity of instructor personnel in the process of pi-
lots training and obtained skills assessment can cause lack of readiness of the pilot for a number of sit-

* Doc 9995 AN/497. (2013). Evidence-based Training Manual. Ist ed. International Civil Aviation Organization, 170 p.

> Komite Nasional Keselamatan Transportasi Republic of Indonesia. Aircraft accident investigation report. PT. Lion Men-
tari Airlines Boeing 737-8 (MAX); PK-LQP Tanjung Karawang, West Java Republic of Indonesia. Available
at: https://reports.aviation-safety.net/2018/20181029-0 B38M PK-LQP PRELIMINARY .pdf (accessed: 11.01.2021).

10



Tom 24, Ne 03, 2021 Hayunblii Becthuk MI'TY T'A
Vol. 24, No. 03, 2021 Civil Aviation High Technologies

uations during flight operation. Besides, there is a problem of a frequently formal flight performance
assessment of a particular pilot in airlines, merely relying on the express analysis of flight data when
only parameters going beyond flight limits are recorded in accordance with the regulating documents.
However, such an approach does not allow us to evaluate flight performance to a full extent as well as
to give correct recommendations to the pilot, particularly to predict the possible fatal problems in the
future flight operations.

The implementation of the evidence-based training (EBT)® concept of personnel training can be
considered as an effective way to resolve the problems outlined above. Evidence-based training (EBT)
assumes the change of the pilot training methodology specifically refusal from training exclusively
based on the scenarios in favor of development and assessing expertise to support more qualitative re-
sult upon completion of training. It is proposed that acquiring a limited number of certain competen-
cies will enable the pilot to cope with unexpectedly unfamiliar and potentially hazardous situations in
flight. Thus, it is necessary not to just replace partially an outdated set of critical scenarios for a new
one, but to use event-based scenarios as a method and means for developing and evaluating the effec-
tiveness of the crew's actions in terms of applying the required specific competencies. The potential of
the similar approach is indicative of the above-mentioned Boeing 737 MAX 8 airplane accidents,
namely, before the stated above disasters several Boeing 737 MAX 8 crews successfully coped with
MCAS operational features, obtaining the incorrect data from the angle-of-attack sensor, and complet-
ed the flights uneventfully.

Thus, the EBT concept refocuses the training system on analyzing the original causes of unsuccess-
ful maneuvers (pilot actions), primarily in order to correct inappropriate actions instead of simply complet-
ing repeatedly the "correct sequence of actions". The ability to apply correctly the "error analysis" princi-
ples is meant to be the key factor in the training process. In this regard, approaches ensuring an unbiased,
extensive, objective, and continuous analysis of the pilot's actions are of paramount importance. The given
analysis is bound to rely on the factual data of objective control — a big amount of data generated in the
course of all the pilot’s flight operation (aircraft type training, maintaining qualifications, routine flight op-
eration). One of the most important goals of such an analysis, as it has already been mentioned above,
should be developing a well-founded series of recommendations with respect to forming (correction) pi-
lot’s professional competencies that ensure safe pilotage capabilities in any circumstances even unknown
before. A possible approach to the solution of this problem is presented in this article.

TASK ASSIGNMENT

The aircraft control problem can be provisionally divided into flight path and pilotage compo-
nents. The flight path component can be defined as the choice of the right control strategy, in other
words, the choice of the correct maneuver. The pilotage component is comprised of selecting by the
pilot particular deflections of the aircraft controls (control column, side stick, pedals, throttle lever)
that assure the implementation of an assigned flight path (maneuver). With rare exceptions, while pi-
loting the civil aircraft of transport category, the desired flight path is known. So, maneuvering at take-
off and landing stages in the area of the airfield takes place in accordance with the prescribed departure
routes SID (Standard instrument departure), arrival procedures STAR (Standard arrival routes instru-
ment) and approach (Approach), including glide slope descent on final (Final Approach Segment).
Therefore, the civil aviation pilot makes the main errors while pursuing prescribed flight paths i.e.
while addressing the pilotage component of the aircraft control task.

Quality evaluation of piloting component is a complex task currently implemented in suffi-
ciently a narrow sphere by means of analyzing the individual flight parameters in terms not exceeding

% The analysis based evidence personnel training. Implementation Guide. (2014). 1st ed. 2014. International Air Transport
Association, 210 p.
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accepted values. Flight speed, deviation from the glide path (at the points of entry, passing inner and
outer beacons, etc.), angle of attack, vertical acceleration, etc. are referred to similar parameters. The
carried-out research has shown [8] that the applied tolerance estimates are random and have low corre-
lation with the level of pilot training. Complexity of flight performance assessment for the pilotage
component and, accordingly, usage of all the capabilities for such an assessment are specified by a
large variety of possible control effects that ensure the implementation of the same flight path with the
given accuracy. Generally, each pilot has his own individual manner of piloting [9, 10]. Therefore,
from the point of view of searching for capabilities to improve a particular pilot’s flight performance it
is relevant to develop a methodology to resolve the subsequent tasks:
¢ validation of the flight performance criterion;
e calculation of the flight performance criterion for a particular pilot;
e calculation of the probability of unsuccessful maneuver completion under given conditions
for a particular pilot in order to identify challenges while implementing flight modes;
e giving recommendations concerning the pilot’s professional competencies formation (cor-
rection).

METHODOLOGY OF RESEARCH

The content of the proposed methodology is presented in Figure 4.

The input data for this methodology is personalized information obtained from voice and data
recorders of the aircraft operated by a particular pilot during flight operation:

e training for an aircraft type;

¢ maintaining qualifications;

e routine flight operations,
as well as data generated during the pilot’s simulator mission. This information is divided into the
stages (take-off, climb, etc.) and flight conditions (time of the day, meteorological conditions, failures
and their type, etc.).

In addition, the data obtained by means of pilot two models is input data of the methodology:

1) an individual pilot model;

2) a generalized (idealized) pilot model.

The pilot model is a model that simulates pilot response to flight controls deflection under as-
signed flight conditions, the aircraft state and its attitude. The problems of constructing a pilot model
are concerned with of the pilot performance features as a control operator. Among these features we
should highlight as follows:

1) discreteness of information perception;

2) a delayed response to the events considering the fact that a delay value can vary in flight;

3) erroneous and imprecise flight controls handling — largely depends on the pilot proficiency
and his condition;

4) pilot sensitivity thresholds, which vary when the force acting on the pilot changes.

A person ability to be affected by external factors (the intensity of incoming information, the
level of fatigue, stress, physical impacts, etc.) determines a probability of pilot’s abilities variations as
an aircraft control operator during the flight (several flights), which, in turn, defines the pilot model
stochastic nature.

In the suggested methodology, the pilot model is used in order to solve the following tasks:

e conducting additional research, in other words, "increasing flight hours" in order to identify

potentially dangerous modes for this pilot and their further training on the simulator;

e generalizing an analysis for the pilot models array for the purpose of identifying the best con-

trol pattern for each specific situation to create a generalized model of the "best" pilot.
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Fig. 4. The content of the methodology for improving the level of flight safety based on the pilot model

The essence of the methodology is as follows.

The information about flight parameters obtained from the aircraft voice and data recorders, the
aircraft simulator as well as from the pilot personal model, is analyzed:

1) in terms of trajectory parameters in order to determine their exceeding the established limita-
tions and calculate the corresponding indicator;

2) calculation of the indicator that characterizes the professional competence of aircraft control;

3) determination of the number of dangerous flight modes, i.e. the modes in which the flight
parameters are close to the limit conditions and their going beyond will pose a threat to flight safety.

The comparative analysis of the different pilots qualitative characteristics, generalization of
these indicators allow you:

1) to calculate the best indicator for this group;

2) to create a model of the best pilot for this group — the model of the "ideal" pilot;

3) to rank pilots according to the proximity of their indicators to the indicators of the "ideal" pi-
lot model;

4) to offer personal recommendations in terms of improving professional skills.

We will evaluate the flight proficiency using the analysis of the pilot's control actions — flight
controls deflections. The relationship between the nature of the flight controls deflections and the
flight proficiency is based on the research of the Institute of Aviation and Space Medicine [11]. How-
ever, the previously proposed approaches [8, 12—13], implementing the given concept, propose to ap-
ply the filters in order to separate the trajectory and flight components. In contrast to the known ap-
proaches, the proposed method presents the direct calculation of the trajectory component by means of
solving the inverse problem of flight dynamics. Let us have a closer look at the specified algorithm.
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The flight path based on the known coordinates is approximated using splines. Let us state that,
under the Weierstrass approximating theorem, for any continuous function on the segment, one can
choose a sequence of polynomials that converge evenly to this function on the segment [14]. The most
"physical" is the representation of the trajectory by cubic splines, which are a piecewise polynomial of
the 3" degree. At a separate section, a cubic spline is a dependency in the form of:

x(t)=a, 0 +b 1’ +c1+d,
y(r) = ayr3 +by172 +e,t+d,
z(t)=a P +b v +c1+d,

Then, the controlled trajectory parameters (overload and roll) required for the achievement of
the specified trajectory are calculated as follows:

1 Ve 0 ¢'cos0
Ma = L, oSy gy, = 2 2 n
cosy, g\/x +y +z , gcosex/x +H" 4z
0"+ 2
sinf = J z' y"(x'z +Z'2)—y (xx"+22") —cos p(x'z" — z'x")

[ 12 1”2 2 tg(P:—_ 0= ¢ =
X+ + i 3/2 2
Yoz X (x'2 +y"7+ z'z) cosO x'

If you know transfer relations for the aircraft control system, you can determine the required
flight controls deflections to implement the path. For example, if you know the gradient of a control

. . 1 V' . . .
stick movement concerning overload X, you can determine the movement of a control stick required

. n,
to create an assigned overload X, =X ,"n, .

Then, as a criterion of quality pilotage component, we will use the criterion of the following

klzf

where Uicu,,em,, U’}equired — current and required on the basis of solution of the flight dynamics inverse
problem, the i control lever deflection value;
S — the area of the figure made by the required and factual flight paths;
ki k>, — weight coefficients variable depending on the value of S in such a way that in case of slight
(acceptable) disagreements between the required and the factual flight paths &, — max, k£, = min

form:

current requtred

dt + k,S

requlred

while under unacceptable variations between the required and the factual flight paths
k, = min, k, — max.

The key requirement for the mathematical model of the pilot is its sensitivity to changes of the
particular pilot’s flight technique over time, determined by changes in flight hours, training sessions,
the availability of breaks, etc. The most suitable tool to form such an individual model of the pilot will
be the utilization of artificial neural networks. The advantages of neural networks over traditional
mathematical approaches and expert assessments are the opportunity to use them in order to solve
problems with the unknown patterns of the situation development and obvious dependencies between
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input and output data [15, 16], which will allow us to create a model of the pilot with individual fea-
tures of aircraft control.
The proposed method will utilize multilayer neural feed-forward networks [17] (Fig. 5).

Input layer

Hidden layer

Fig. 5. Multilayer neural feed-forward network

The required number of layers between their input and output, called "hidden" layers, will be
clarified in the course of research.

Each artificial neuron is a non-linear function of a single argument — a linear combination of all
input signals (Fig. 6).

Synaptic Activation
weights Adder function

Xy ———F—
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’ > f =

Input

data
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Xn

Fig. 6. Artificial neuron with the activation function

Mathematically, an artificial neuron is a weighted integrator and a nonlinear function is applied
to its output, which is called the activation function and determined through its inputs and matrix of
synaptic weights:

y}iﬂ :f(zn:wixi"'wo] (D

where @, — a coefficient of neuron bias ( the weight of single input);
o, — synaptic weight of 7 neuron;
x, — input of i neuron;
n — the number of neurons which enter the processed neuron.
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Output of k£ neuron of j+1 layer is calculated as the sum of all its inputs from layer j, to which
the activation function is applied, which normalizes the output signal. The most common activation
functions are: a nonlinear function with saturation so-called logistic function or sigmoid (Fig. 7b), and
a linear rectifier (ReLU) (Fig. 7a).

Mathematically, the sigmoid function is expressed as follows:

1
f(x)=o(x)=17— )
The function of the linear rectifier ReLU has the following form:
f(x)=max(0,x) (3)
s 1 . 14 /M,w————m“'
////
05 :’ 0:5

| |
z |
o
- —_— o
5 25 0 25 5 5 2.5 0 2!5 5
X X
-0.5 -0.5
a) b)

Fig. 7. Activation functions: a) linear rectifier ReLU; b) sigmoidal function

To evaluate the accuracy of neural network learning, the loss (of costs) function is used. The
most common loss function is the root-mean-square error (4).

1< i 0\
J(0)=3 2@ -7) o)

where i — number of the element;
n —number of elements in the learning sample;

()
Y
yﬁi) — output parameter value from the learning sample.

— value of input parameter;

In this case, the synaptic weights @, act as a parameter of the loss function, and learning the

neural network according to the objective control data involves correction of the synaptic weights us-
ing the method of error back propagation.
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The synaptic weights will be adjusted using the stochastic gradient descent method [17], by
adding Aw, based on each group of correct answers.

dJ
Aw, =—1—— 5
=1 do, (5)

where 0 < 1 < I — the multiplier that sets up function speed.

The flight parameters are used as input data for the model at the beginning of the maneuver.
The output parameters are quality indicators in terms of flight parameters (we use the penalty function
for controlled parameters) and the pilotage component.

Summarizing the information for all the individual models, as it has already been mentioned
above, according to the considered criteria, the best pilot models for each of the flight segments and
input data will be determined, which will allow us to form a model of the best pilot for the given
group, or, in other words, a model of the "ideal" pilot.

CONCLUSION

Taking into consideration the fact that currently the number of accidents and incidents associat-
ed with pilot errors remains at a fairly high level. New approaches aimed at improving the level of
flight safety are relevant and in demand. One of the promising approaches to solve this problem is the
concept of personnel training based on evidence-based analysis (EBT). For the successful implementa-
tion of this concept the availability of tools that provide a continuous analysis of the pilot actions both
in terms of identifying errors and predicting possible risks in various flight situations as well as identi-
fying potential areas for improvement and adjusting the pilot's professional competencies is extremely
important. This article proposes an approach designed to solve the tasks mentioned above and pro-
vides, firstly, comparative indicators calculation of pilots proficiency and, secondly, special studies
with the aim of identifying flight modes potentially dangerous or difficult for implementation by the
pilot. The proposed approach is based on the aircraft means of objective control data, simulators, as
well as on the data obtained by specially developed pilot models and flight dynamics inverse problem
solution. Scheduling the events aimed at improving (maintaining) the pilots’ proficiency will facilitate
flight safety improvement without significant material costs using the results obtained by means of the
proposed methodology.
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METO/IUKA ITIOBBIINIEHUA YPOBHSA BE3OITACHOCTH ITOJIETOB
HA OCHOBE MOJEJIA ITMJIOTA

A . Bapaﬁaml, C.D. Boponmml, M.A. Kucenes', 10.B. HeTpOB1

1 « « o «
Mockoeckuii 20cy0apcmeenblll mexXHU4ecKull yHueepcumem epadcoancKkou asuayuu,
2. Mockea, Poccus

HecMoTpst Ha peryisipHO NpeIpUHAMAEMbIE YCHIIHS CO CTOPOHBI HAIMOHATIBHBIX PETYITOPOB, MeXIyHapOIHONH OpraHU3aliy
IpaXAAHCKOW aBHamku W MexayHapoaHoil acconmanuu BozayiiHoro TpaHcnopra (MKAO u HMATA), pa3pabordrkoB
aBHMAIMOHHON TEXHUKH, O/IABJISIOIIEe OOJIBIIMHCTBO aBUALIMOHHBIX [TPOUCIIECTBUH U MHIIMICHTOB POAOIIKAET IPOUCXOIUTD 10
NPUYMHE YesloBedeckoro (pakrtopa. Tak, ¢ TeueHreM BpeMeHH KOHCTPYKUMS M Ha/IeXKHOCTh BO3/IyIIHbIX cynoB (BC) HeykioHHO 1
CYILECTBEHHO YIIyYIIaeTCsl, HO, TEM HE MEHEE, aBUALMOHHBIE TIPOMCILECTBUS MPOUCXOIIT BCE YAILle U Yallle, B TOM YHCIIE U Ha
ucnpasabeix BC. SIpkuM ToMy MOATBEpIKIEHUEM CITy>KHT (DakT TOTo, YTO CTOJIKHOBEHHE ¢ 3emiieli B ynpasisiemoM nosere (CFIT)
0CTaeTCs OZIHOM M3 CaMBIX PACIPOCTPAHEHHBIX MPHYNH aBHAIMOHHBIX IIPOUCIIECTBUIA. ITO 00YCIIOBICHO LIETBIM PSIOM IIPoOIIeM,
TpeOYIOIIMX MOMCKAa KOMIUIEKCHBIX, B3aMMOYBS3aHHBIX pemeHni. Cpemy yKa3aHHBIX TIpOOJIEM CIERyeT BBIIEIHUTH BCE
BO3PACTAIONIYI0 CIOKHOCTh BC Kak TEXHWYECKOW CHCTEMBI, a TakKe MPAKTUUECKW HEM3MEHHBIC BOT Y)Ke OoJiee MoiyBeKa
MOAXOABI K TIOATOTOBKE IMIJIOTOB HAa THH M K TOJICPXKAHMIO MX KBAIM(HKALMM, OCHOBAaHHBIC Ha 3apaHee OIPEIENICHHBIX
CLEHapHsIX, (POPMUPYEMBIX UCXO U3 IPEIIIECTBYIONIEro omblTa skciutyaTaniy BC. OnHUM M3 BO3MOXKHBIX IyTeil BBIXOfA 3
CO3[IaBIICHCS CHTyallud MOXKET OBbITh BHEAPEHHE TaK HA3bIBACMOI KOHIIEMIMH TOATOTOBKM MEPCOHAIA HA OCHOBE aHAIN3a
(haxtiueckux maHHBIX (EBT), B OcHOBE KOTOpOH JISKHT HE CTPEMIICHHE 3ay4WTh ONpEICICHHBIN IepedeHb yIpaKHEHHH, a
Pa3BUTh Y KaXIOr0 KOHKPETHOTO IMHJIOTa KOMIIETEHLMH, KOTOpble oOecrieunii Obl €My BO3MOXKHOCTH CHPABHTHCS C JIHOOOI
Henpezckazyemoi curyanued. KioueBass ocodenHocth EBT 3akirouaercss B IepeopueHTallid Ha aHAIM3 TEPBONPHYMH
HEYCIIEIIHO BBITIOJIHEHHBIX MAaHEBpOB (IEHCTBMI MWIOTAa), B IIEPBYIO O4YEpeAb I TOTO, 4TOOBI OTKOPPEKTHUPOBATH
HECOOTBETCTBYIOIINE JIEUCTBUS, BMECTO TOro, YTOOBI IPOCTO OTPabOTaTh IIOBTOPHO «IPABHIIBHYIO IIOCIIEOBATEIEHOCTD
JieficTBriD. B 3TO# CBsI3M 0c00YI0 3HAYMMOCTB MPUOOPETAIOT HHCTPYMEHTHI, 00€CIIeUHBAOIINe HENPEPBIBHBIN aHAIN3 IeHCTBUH
NWIOTa Ha TIPEAMET BBIABJICHHMS OMIMOOK Ul CBOEBPEMEHHOM KOPPEKTHPOBKH ((OpMHpPOBAaHMS) MNPOQECCHOHATBHBIX
KOMITCTCHIIMH THiIoTa. B cTaThe OmMChIBaeTCS COAEp)KaHWE METOOWKH, KOHEYHOHW LETbI0 KOTOPOH SBISIETCS BBIPAOOTKa
OCHOBaHHBIX Ha CPaBHUTEIIBHOH OIIEHKE KaUeCTBA MAJIOTHPOBAHNMSI KOHKPETHOTO MHJIOTa PEKOMEHALINI TI0 COBEPILIEHCTBOBAHHIO
po(heCcCHOHATIFHBIX KOMITCTEHITHH IMII0Ta, Oa3UpyIOmascst Ha 0000IIEHHOH U TTepCOHATM3UPOBAHHBIX MOJIEISIX TIMIIOTA, a TAKKe
peleHny 00paTHOM 3a1auy JUHAMUKH MOJIETA.

KnoueBble c10Ba: 0€3011aCHOCTh IIOJIETOB, YEIOBEUECKUH (DaKTOp, MOJITrOTOBKA MEPCOHAIA, aHAIN3 (HaKTUUECKHMX IaHHBIX,
JIMHAaMVKa 110J1eTa, MOJIENb MTHJIOTA.
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