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AIR TRAFFIC CONTROL STUDENTS’ ASPIRATION LEVELS DISTRIBUTIONS

This paper proposes an analysis of an air traffic control students’ survey describing self-assessment of their
workload levels. The workload is defined as the number of aircraft simultaneously under control. The survey is
performed over the gird with axes represented with aircraft number, their correspondent, and utility/satisfaction
levels. The aspiration level values are calculated using workload differences. The safety background of risks in
aviation activities is described. Risk and aspiration level links are highlighted. The aspiration level notion for
the proposed research is inferred. Survey details and conditions are explained. The differences in four quarters
at the workload charts specified by respondents are explained. The aspiration level parameters and basic statis-
tics calculated for respondents are presented. Appropriate goodness-of-fit tests are performed with different sets
of initially received answers. Whole samples and subsamples are considered. It is shown that for the full sample
considered, the outlet removal provides significant increase of p-value, thus allowing to change the hypothesis
approval status. Sub-samples list includes the whole sample without outlets and the whole sample aspiration
level calculated for only positive values according to y-axis. Additionally, other values were considered. Namely
regret values, i.e., the values on the descending half of the charts and a mixture of regret and aspiration level
values in regard that is higher. Normal and exponential distribution significances are proven for the different
options mentioned above. It is shown that the general chi-squared method provides the latter mixture to be in-
significantly exponential, whereas specific Fisher’s test approves the significance of the data. The role of air
traffic control students’ aspiration level in their estimation and possible education strategy personalization is
described. The importance of human factor consideration during similar survey performance is once again
proven. The connection of regret with aspiration level in a mixture is discussed. The conclusions on the results
are provided. Further research directions are proposed.

Keywords: flight safety; human factors; workload; aspiration level; education.

Introduction

The problem statement. Safety support is im-
portant issue in aviation industry. International Civil
Aviation Organization (ICAO) [1] claims that “safety is
the state, in which risks associated with aviation activi-
ties, related to, or in direct support of the operation of
aircraft, are reduced and controlled to an acceptable
level”. One of safety achievement approach lays in risks
reduction. The risks in their turn can be generalized
as [2] “possibility of undesirable situation with harmful
consequences occurrence”. For complex “flight crew —
aircraft — environment — air traffic control authority”
system risks might be assessed with help of operator’s
self-estimation. Risk reduction comes from the person-
nel efforts directed to the desired safety state attainment.
This allows to talk about aspiration level (AL) as one of
key risk mitigation components.

The AL determination and measurement is crucial in
regard to all aspects of safety where operator is involved.
This is caused by the fact that human behavior is still one
of the most important part in risk management. Despite
tendencies of robotization and automation of the complex

technological processes it is clear that application of new
AL management methods is a task of high importance.

1. Analysis of recent studies
and publications

AL was developed since 1930-s and was intensive-
ly researched by such scientists as Hoppe [3], Frank [4],
Lewin [5], Becker [6], Simon [7] and many others.
More recent researches are dedicated to various aspira-
tion applications fields like artificial intelligence [8], AL
management [9] mismatches between AL and people
choices [10], music influence [11], fatigue [12], etc.
According to Kozeletsky definition AL is a measure of
the match between personal goals and capabilities
which brings satisfaction to a person [13]. Similar defi-
nitions are given by other scientists, e.g. Gardner [14]
(“level of aspiration is a truly quantitative concept,
which has two requirements that the subjects make
some public indication of his aims and that, he makes
this in quantitative terms”) or dictionaries [15] (“hope or
ambition of achieving something," as well as “the object
of such an ambition; a goal").
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AL can be addressed as representation of maximal
increment of utility or satisfaction gained by person
performing certain task. Here utility/satisfaction is esti-
mated with biased achievements scale. AL takes im-
portant place in self-assessment researches. Aviation
operators with high AL are claimed to have high confi-
dence level, persistence, efficiency, and trustworthy
criticism of their own achievements [16]. Severe link of
self-assessment with AL is also proven by James formu-
la. Firstly, it was presented in the following form:

Success
Self —esteem = ———; 1)
Pretensions

sometimes [17] being interpreted as:

Satisfaction = M. 2
Aspiration

Hence original formula can be inferred in the fol-
lowing statement:

Success (result)

Self —esteem = — .
Aspiration level

®)

Air traffic controllers (ATCOs) are dealing with
certain number of aircraft under control. Such number
can be considered as ongoing workload. Workload re-
search importance and urgency is proven by various
proceedings [18-22]. The change of workload can be
taken as AL value by definition.

Despite AL concept implementation in various ar-
eas there are not many studies dedicated to the aviation
operators. The vast majority of aspiration researches are
considering the general students of even scholars as a
respondents. Moreover, the methods used in various
surveys are often simplified down to the aspirations
statement. Those methods that actually perform indirect
measurements have other flaws. Another issue is that
aspiration calculated by majority of the methods doesn’t
consider the difference in aspiration itself and desire for
getting out of unpleasant state. Addressing the Atkin-
son [23] we can clearly define four different sections on
the final aspiration plain. Each of those sections has its
own features in regard to the desired overall state. Thus,
it is not quite clear whether the consideration of such
detail would influence the results. Finally, the general
distribution of the data is commonly taken as normal.
However, it might be not valid for the particular case.
Now we can formulate the tasks for the proceeding.

The research goals

On the base of all aforementioned there were for-
mulated the goals of this proceeding:

1) to perform the research related to the ATCO
students’ self-assessment of the workload with further
AL determination;

2) to describe calculation of some basic distribu-
tion parameters and determination of various probability
distributions and verify whether we can consider AL of
the participants to be normally distributed;

3) to compare general results of unmixed AL with
other particular results of the same participants com-

bined in different variations.

2. Research methods

Described survey involves 132 ATCO students of
4th and 5th grades who studies “Air traffic control” ac-
ademic major. The survey took place in National avia-
tion university (Kyiv, Ukraine) and Flight Academy of
the National Aviation University (Kropyvnytskiy,
Ukraine). Each participating student had no prior expe-
rience of real ATC and at least 100 hours within simula-
tion training. The polling was anonymous. Respondents
were notified that survey results not to influence their
academic performance. Survey’s chart example is
shown on figure 1.

According to the survey’s task the respondents
were asked to specify several key points:

—maximal number of aircraft under control that is
considered as boring and provides no utility/satisfaction
(Nmin point);

—minimal number of aircraft under control with
highest strain and workload possible that provides abso-
lute lack of utility/satisfaction (nmax point);

—such number of aircraft under control which pro-
vides maximal utility/satisfaction level (noy point).

On the base of these three points the utili-
ty/satisfaction function was plot on the proposed grid.
All respondents estimated their level of utili-
ty/satisfaction during the task fulfillment. Having de-
crease of boredom and increase of workload they shown
their attitude to risk of mistakes commitment with nu-
merically expressed levels. These levels are numbers of
aircraft being under control simultaneously. In line with
previous researches the AL values were calculated for
pairs of points representing neighboring aircraft num-
bers (e.g. 5 and 6, 11 and 12 etc.). The pair with maxi-
mum increment of utility/satisfaction in respondent’s
opinion was taken as AL. Such numbers show what
does particular respondent thinks of its own professional
capabilities. Thus, the satisfaction proposed to the re-
spondent as a measure can be considered as their indi-
rect efficiency self-evaluation.

Of all 132 people involved in the survey process
there were 7 who gave no response. This leaves 125
available results. One participant misunderstood the task
and gave totally wrong answer (with constantly rising
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Figure 1. Example of survey chart with key points specifies

utility/satisfaction function). It was removed from the
analyzed sample. All other 124 cases were accepted for
subsequent analysis.

In the context of current research AL is considered
as workload increase that brings maximal utili-
ty/satisfaction change. Important detail here is that suffi-
cient level of flight safety support is implied. Such value
is present on the increasing (left side) part of a chart on
figure 1. The decreasing part (right side) of the chart also
holds maximal utility/satisfaction difference value. How-
ever, it corresponds to the decrease of utility/satisfaction
and thus cannot be considered as AL. It is referred as
“regret” or “penalty” value caused by losing optimal
workload preferred by respondent. Really, left side of the
chart indicates respondent desire for best performance
achievement whilst losing boredom. On the right side of
the chart any respondent has stress increase caused by
performance loss which makes him regretting.

For all cases the Ho hypothesis is simple right-
sided and formulated as goodness of fit test: whether the
sample distribution significantly corresponds to the ref-
erence one. In different cases referred distributions are
normal or exponential. The alternative Hi hypothesis is
always simple and directly opposed to the Ho.

Main goal of the survey is to define if various an-
swers sets (for whole sample and sub-samples) belongs
to the most common probability distribution functions.
In some cases, the sample is taken as a whole. In other
cases, a certain part of the initial sample is taken in or-
der to test proper hypothesis. Two distributions were

initially taken: normal and exponential. In order to test
normality, the %2 method was used by default. Those
cases when this is not true will be specified in text.

There are many responses with less than 5 votes in
the initial sample. The whole sample was regrouped
with Sturges formula in order to reduce number of in-
tervals as y2 method requires:

D

—— @
1+3.322Inn

where H — is a new intervals number; D —
values range; n — is sample size.

is sample

3. Results and discussion

Only single maximal increment value is initially
taken as an AL. For several equal increments only the
first one is taken. For initially accepted results n=124
the following key values are calculated: expected value
X=7.702, variance V=10.76, standard deviation
5=3.28, skew A=0.98, kurtosis E=1.902. The distribu-
tion is show on figure 2.

3.1. Case I. Normal distribution test.
Aspiration level

For this case all n =124 responses were used with
D =20. Eventually h=2.51 which brings 9 new in-
tervals. Degree of freedom in this case is equal to 6.
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Calculated statistics is K =44.34 (p-value<0.001). This
means that observed xz criterion value reaches rejec-
tion region and hypothesis H is not statistically signif-

icant. Both theoretical and empirical frequencies plots
are shown on the figure 3.

3.2. Case Il. Normal distribution test.
Aspiration level adjusted

Previous results can be considered a bit detailed.
After data regroup empiric frequencies are compared to
the theoretic ones according to formula 5.

(0-E)°
K= ZT' (5)
where K - is referential statistic; E— is expected fre-
quency, O- is observed frequency.

The K statistic determines the final conclusion. In
“Case 1” test these components are equal to:

K = (1.245+0.271+2.97+0.051+0.593+4.891+
+1.07+1.699+31.55) = 44.34.

The latest component here contributes the most.
Denominator for the last component is equal to

Og =0.1 which leads to the extremely high impact. By
removing this contribution K =12.79 is received which
makes Hg statistically significant for o =0.01
(p-value=0.046). Since data pruning was not performed

after regroup stage such approach is seen as reasonable
and valid.

3.3. Case 1. Normal distribution test.
The sample with utility/satisfaction increment
above 0 level

As it is presented on the figure 1 the left semi-
plane is divided into two halfs by horisontal line. They

are: —-100; 0 negative utility range where satisfaction

growth might be considered as attempt to get rid of the
boredom; 0;+100 positive range where satisfaction

growth might be considered as attempt to achieve the
best performance. At that point some respondents show
no utility/satisfaction values more than 0 levels at all.
Such answers don’t fit the very idea of “aspiration” as
of a desire for some goal achievement. They might be
considered as marginal and spare. For instance, an ex-
planation of such attitude can be found in Atkinson’s
paper. Thus, such responses were removed as unfit
ones. As a result, 116 answers have left to be analyzed
in this case.

25

20

=
w”

Responses
-
o

1 2 3 4 5 6 7 8 9

10

11 12 13 14 15 16 17 18 19 20

Aircraft amount

Figure 2. Initial frequencies for utility/satisfaction maximal increment

Intervals
Figure 3. Theoretical (black) and empirical (white) frequencies



ABIAIIMHO-KOCMIYHA TEXHIKA I TEXHOJIOT15, 2023, Ne 3(187)

ISSN 1727-7337 (print)
ISSN 2663-2217 (online)

Sample statistics are following: n=116, D=18,
Sturges coefficient is h=2.29, which gives 9 intervals.
Method Xz is used as well with degree of freedom
equal to 6 and K=15.07 (p-value=0.019).This means

that observed Xz criterion value is in acceptance region

and hypothesis Ho is statistically significant for
a=0.01. Both theoretical and empirical frequencies
plots are shown on the figure 4.

3.4. Case V. Normal distribution test.
Regret/penalty values

In order to check maximal decrement level at the
right part of the chart the decrease values were taken.

They are mentioned above as “regret/penalty” val-
ues. Sample parameters are following: h=124,
D =25, Sturges coefficient is h =3.14 , which gives 9
intervals. Method XZ is used as well with degree of

freedom equal to 6 and K=12.89 (p-value=0.044).
This means that observed Xz criterion value is in ac-

ceptance region and hypothesis Hg is statistically sig-

nificant for o =0.01. Both theoretical and empirical
frequencies plots are shown on the figure 5.

3.5. Case V. Normal distribution.
AL united with regret/penalty values

For this case the one greater value (either AL or
regret/penalty) is taken for a single respondent. Sample
parameters are following: n=124, D=30, Sturges
coefficient is h =3.77 , which gives 9 intervals. Method
2 is used as well with degree of freedom equal to 6 and
K =39.75 (p-value<.001). This means that observed y2
criterion value reaches rejection region and hypothesis
Ho is not statistically significant. Both theoretical and
empirical frequencies plots are shown on the figure 6.

3.6. Case VI. Exponential distribution test.
AL united with regret/penalty values

Exponential distribution hypothesis H, for mixed

set of AL and regret/penalty values is also tested with

Xz criterion.

)\,Xi

New probabilities are calculated as

pj=e" —eMin given intervals amount and bounda-

ry points from the first test. Here A = % =0.085. Final-
i

ly, K=55.13 (p-value=0.009). This means that ob-

served Xz criterion value reaches rejection region and

hypothesis Hy is not statistically significant. Frequen-

cies plots are shown on the figure 7.

Frequency

Intervals
Figure 4. Theoretical (black) and empirical (white) frequencies
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Figure 5. Theoretical (black) and empirical (white) frequencies
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Frequency

Intervals

Theoretical (black) and empirical (white) frequencies

Frequency

Intervals

Figure 7. Theoretical (black) and empirical (white) frequencies

Disregard the absence of significance it is clear
that p-value is close to acceptance region. Thus, it is
reasonable to apply specific test in attempt for more
precise verification. For this purpose, the Fisher’s meth-
od was chosen to test the same sample for exponential
goodness of fit case.

3.7. Case VII. Exponential distribution test.
Fisher’s method. Full sample

Specific Fisher’s method is used to test again H,

hypothesis about exponential probability distributions
for mixed set of AL and regret/penalty. In order to do
this Fisher’s coefficient is found for arranged votes with

n
DX
i=1

CET ©

where X, — is the least value in the sample arranged
incrementally.

After that it is compared with tabulated values hav-
ing parameters a=0.05, Fu(2n-2.2). With original pa-
rameters xi=1, n=124, > x =1476, Fa(244.2)=19.5 be-
ing used, F=7.2<F, statistics is received. Thus the Ho
hypothesis is statistically significant for o =0.05. Over-
all hypotheses testing results are gathered in Table 1.

Table 1
Hypotheses tests results
Case | Distribution Test details The method Accepted/rejected Details if accepted
I Normal AL, n=124 x? Rejected -
I Normal AL corrected n=120 x> Accepted a=0.01
i Normal AL above 0 n=116 12 Accepted a=0.01
Regret ) _
v Normal N =124 X Accepted a=0.01
AL + regret 2 ; -
\% Normal =124 X Rejected
. AL + regret 2 ; -
VI | Exponential =124 X Rejected
: AL + regret . a=0.05
VIl | Exponential n-124 Fisher Accepted F=72<F =195
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3.8. Discussion

Obtained results clearly define ATCO students’
AL distribution properties received via workload self-
assessment. They are important in study of complex
transport system operators’ behavior. Normal distribu-
tion tests are crucial due to several reasons. Even taking
into account deviation caused by human factors it is
proven that AL related indexesare normally distributed.
The trend of maximal workload efficiency difference
being normally distributed is true for several options
(NB: not for all though). This general information can
be used during professional training and initial work
process involvement. Calculated statistics allows evalu-
ating the part of students who might reach the AL of
professional ATCOs beforehand. Thus, they can be
treated as such at the time of training. Also, it might be
used as dropout parameter in order to avoid unnecessary
resources waste. For students with such AL values that
gives no definite information it is possible to change the
training process in order to nudge them in either definite
state. Other results refer to particular distribution.

The difference in “Case I” and “Case II” sampling
approach vividly shows the importance of human factor
consideration. Slight change in sampling formation
(outlier drop) leads to large change of statistical signifi-
cance. Such strong significance change indicates essen-
tial role of humanistic nature in the researched area.
What is more important is that “Case III” results partial-
ly support chosen method. Indeed, removing votes that
belong to less inherent behavior (according to AL defi-
nition) should result in better outcome. This phenome-
non is exactly what occurs. As “avoiding” participants
were removed the data converged better and meet sig-
nificance requirements for normal distribution.

Case IV on its own shows the distribution of re-
gret/penalty values. This is interesting in in perspective
of utility/satisfaction difference research on the whole
examined range. The facts that both incrementing and
decrementing differences samples are significant for
normal distribution allows performing further data pro-
cessing with regard to normality. Such step from single
to double independent variable requires standalone re-
search though.

The very idea of “Case V”, “Case VI” and “Case
VII” is that since utility/satisfaction difference is present
at both left and right parts of every chart their combina-
tion might be distributed in different or similar way.
Having these values researched allows switching from
the separate “aspiration level”—“regret/penalty” couple
observation into a single indicator. Such indicator shows
the sole distribution of the most significant impacts.

Final united AL and regret/penalty values distribu-
tionis of great interest. Commonly the final distribution
of united samples is the normal one. However, the ex-

ponential distribution comes into action with rather sol-
id significance levels. Such results witness that given
normal distribution for separate indicators of utili-
ty/satisfaction can’t be treated as such united together.
Furthermore, additional analysis of utility/satisfaction
differences is required as the predominance of decre-
menting difference might badly influence flight safety.
Further researches in that area should be performed to
explain this phenomenon and its details.

4. Conclusions and prospects
for further research

We can conclude that all three goals of the re-
search stated in the beginning are achieved. The re-
search related to the ATCO students’ self-assessment of
the workload with further AL determination was per-
formed with taking into account peculiarities of their
professional activity. Basic distribution parameters were
calculated and discussed. Probability distributions were
tested. Participants AL can be considered as normally
distributed in cases show in the table 1. Unmixed AL
results were successfully compared with alternatively
combined results for the same participants.

It is statistically proven that utility/satisfaction
rates difference values are distributed normally with
significance level a.=0.01 for: AL values with outlier
removed; AL values boredom avoidance removed; re-
gret/penalty indicators for the efficiency loss. Indicators
of AL united with “penalty/regret” having single top-
most selected for each respondent are exponentially
distributed with significance level o =0.01. Results
received during analysis can be implemented for ATCO
student’s readiness evaluation. Further research should
be held in comparison of the received results with indi-
cators of real ATCO with professional experience, over-
all utility/satisfaction differences analysis and multidi-
mensional significance testing.
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PO3IO/JILJI PIBHIB IOMATAHb Y CTYJIEHTIB ABIAIIIMHUX JTUCITETYEPIB

Cepzin bopcyk, Onexciit Pesa, /lapuca Cazanoscoka

PoGoty nprcBsiueHO aHai3y OMUTYBAHHS, IPOBEACHOTO 31 CTYJCHTAMH aBiallifHUMHK TUCTIETIEPaMHU, SIKE OTTH-

Cy CaMOOIIHKY iX piBHS po0Oo4Yoro HaBaHTakeHHS. PoOouYe HaBaHTa)XCHHS BU3HAYCHO, SK KUIBKICTH MOBITPSIHUX

CyJleH, [0 3HAXOMAThCS IiJ| KepYBaHHAM OJHOYacHO. ONHUTYBaHHS MPOBEACHO HAJ CITKOKO 13 OCSAMH, HA SIKUX SKi
TIPEICTaBICHO KiJIBKOCTI TIOBITPSHUX CYIEH Ta BiMOBIIHI 1M PiBHS KOPUCHOCTI/3aT0OBOJICHHS. 3HAYEHHS PiBHIB J10-
MaraHb OOYHCIICHO i3 Pi3HHUIL Y pobodoMy HaBaHTakeHHi. OmmcaHo 3acamu Oe3MeKH Il PU3HUKIB y aBialliiHUX
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npouecax. BUCBITIIEHO 3B'I30K MK pU3MKaMHM Ta piBHEM JoMaraHb. BuBeneHo nediHilito piBHS JoMaraHb Ui po3-
TIIIHYTOTO nociimkeHHs. [losicHeHI yMOBHM Ta [eTaii omHuTyBaHHS. P03 SCHEHO PI3HHULIO MK YOTHPMa YBEPTIMH
rpagikiB poO0OYOro HaBaHTAXECHHS, HaBeICHNX pecroHaeHTaMu. OOpaxoBaHO Ta HABEACHO IMapaMeTpH PiBHS AoMa-
raHb Ta 0a30Bl CTATUCTUYHI MOKa3HUKH PECIOHJCHTIB. [IpoBeEeHO BiIOBIIHI TECTH MIONO Y3TOMKEHOCTI VIS Pi3-
HUX MHOXHH ITOYaTKOBO OTPHMAaHUX BiamoBimeit. Po3risaayTi sk ycs BuOipka, Tak i ii miamaoxuHH. [TokazaHo, mo
IULsL TIOBHOI BHUOIPKH yCyBaHHS BHKHAIB NMPU3BOAUTH O 3HAYHOTO MOKpAILECHHS 3HA4YeHHs p-value, IO TO3BOIE
3MIHUTH CTaTyC MPUHHATTS NOYaTKOBOI rinore3u. CIUCOK MiJMHOKHH BKIIOUaE yCI0 BUOIpKY 0e3 BUKUAIB Ta PiBHI
JIOMaraHb, 00paxoBaHi BUKIIOYHO JUIS MIO3UTHUBHOI MIBIUIOIIMHYU BiIOBIACH 3rifHO oci opauHat. J[ogaTkoBo, iHII
3HAYECHHS OYJIO Y3TO ISl OOYHCIICHB, a caMe: 3HAUYCHHS JKaTio (TOOTO 3HAYEHHS Ha CIafarodiil moJoBHHI Tpadiky)
Ta 3MilIaHi 3HaYeHHS PiBHS JOMaraHb Ta JKAI0 B 3aJIeKHOCTI Bill TOTO, sIKEe OiIbIIE 32 MOAYJEM. 3HAUYIIiCTh HOP-
MaJIFHOTO Ta €KCIIOHEHTHOTO PO3IIOALTY JIOBEACHO AJIS PI3HUX BapiaHTIB i3 THX, AKi HaBeJIeHO Buile. [lokasaHo, mo
3araJpHUA METOZ Xi-KBaJpaT BH3HAE CTATHCTHYHO HE3HAUYIIUM EKCIIOHCHIIIHICTE 00’€IHAaHHS, HaBEICHOTO
octraHHIM. B Toif e yac cremiansHM MeToz Dimepa JOBOIUTH CTATHCTHYHY 3HAYYIIICTh AaHUX. OMHCaHO PO
PIBHS JOMaraHb CTYAEHTIB aBiallifHUX JUCHETYEPIB Y IX OLIHIOBaHHI Ta MOXJIMBIN IepcOHaNi3alil OCBITHBOI cTpa-
terii. [liATBepHkEHO BOXIIMBICTh ypaxyBaHHS JIOJCHKOI0 YNHHHUKA ITiJ] 4ac MPOBEICHHS NOAIOHUX onuTyBaHb. O0-
TOBOPEHO 3B 530K MiXK piBHEM JOMaraHb Ta XaJeM y 3alpOlOHOBaHii koMOiHawii. HaBeaeHO BHCHOBKHM 32 OTpHMa-
HUMU pe3ysibTaTaM. 3alpOorOHOBAHO HAMPSMKH MOJAIIBIIUX JOCIIKEHb.
KarwuoBi ciioBa: Oe3reka MojibOTiB; JIOACKKHN YHHHKK, poOOYe HABAHTAXKCHHS; PiBEHb JJOMaraHb; OCBITA.
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