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Abstract
Relevance. Mathematical statistics methods can play a valuable role in educating students by assessing their mathematical
abilities, guiding professional orientation choices, and evaluating potential solutions.

Purpose. The purpose of the study is to explore the possibility of using ubiquitous distance education for collaborative
group work with mathematical support. The proposed approach involves the use of cluster and network technologies,
where each participant acts as a host for the curriculum.

Methodology. The methodology involves determining the effectiveness of the applied methods by evaluating the
potential for group application of the methodological apparatus and identifying areas of assistance for students in choosing
a professional orientation.

Results. The results demonstrate that in higher education, the use of mathematical tools enables students to develop
decision-making abilities, assess choice conditions, select courses, and identify knowledge domains where they can thrive.
For mathematics students, this approach enhances their ability to apply mathematical concepts to practical problems
through collaborative group work.

Conclusions. The practical significance of the research is determined by the potential of the developed program to shape
professionally trained graduates.
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Introduction

An important issue of modern pedagogy of higher
education is the theoretical and methodological support for
the development of such a form of education as distance
learning, which is determined by the spread of information
and communication technologies and the intensification of
their use in educational practice, additional opportunities
for individualising instruction, for implementing the
principles of accessibility, visibility, and “life-long
education” [1]. The solution to this problem can be
associated with a number of research areas, the most
important of which, in our opinion, are: the willingness of
teachers to introduce distance learning technologies, which
requires them to have a high level of information and
pedagogical competence; willingness of students and
adults to use this form of knowledge and skills [2]. The
latter requires self-organisation, high motivation, and is
closely related to perception and attitude to distance
education [3]. Therefore, the study of the value judgments
of potential consumers of educational services is useful for
the pedagogical community to identify ways to improve
and disseminate distance education [4]. In a crisis state of
the economy, this is determined by the fact that distance
learning, in fact, forms a holistic perception among
students [5].

Considering the place and role of distance education in
ensuring the development of human capital, and,
accordingly, the socio-economic and socio-political
subsystems of society, the corresponding phenomenon is
increasingly positioned within the framework of modern
scientific discourse, including beyond the scope of
pedagogical scientific thought [6]. Furthermore, the
problems of distance education are mainstreamed in the
context of the content of state programmes and measures
for the development of the educational sector. Thus,
education development strategies among the main
directions of its implementation necessitate the following
[7]:

— settlement of the organisation of education in
distance learning;

— creation of regional centres and distance learning
systems.

Given the importance of each of these areas for the
further development of both the content of distance
learning in general, and for improving the practice of its
direct use in the professional activities of educational
institutions, “distance learning in the training of future
specialists (by industry)” and “distance and dual higher
education” are determined at the level of urgent problems
within the framework of priority areas of scientific
research [8]. In these areas, the issue of assessing the
strength of manifestation of the individual determinants of
distance education is of importance both for improving the
national policy for the development of the appropriate form
of higher education (state level), and for increasing the
efficiency of the use by higher education institutions of the
potentials functioning based on modern psychological,
pedagogical, and information and communication
technologies of a specialised environment (university
level) [9]. The presence of knowledge in the
developmental subjects of the remote form of higher
education on the potential impacts of various factors on the

effectiveness of its use in the educational process will not
only specify the objects of managerial impact, but also take
measures to adjust the volume of use of organisational
resources [10]. In other words, the definition (clarification)
of the manifestation of the determinants of the
development of distance education is not only relevant, but
also practically meaningful considering the requests from
the subjects of educational management [11].

Literature review

The national policy of most countries of the world that have
a stable level of development of socio-political and market
institutions to ensure the quality of education and the
development of its content has long been focused on the
formation and use of the potentials of distance learning
[12]. The distance in training not only allows to expand the
scope of users and applicants for educational and
information resources, but also becomes the reason for the
mainstreaming of certain scientific and practical tasks, for
example, those tasks, the content of which is associated
with the assessment of motivation and readiness of
distance education subjects for the active use of tools of
information and communication technologies to improve
the achievement of educational content goals [13]. The
issues of the use of information and communication
technologies in the system of organising the educational
process as part of the distance form of higher education
constitute the subject of scientific attention of Kazakh and
foreign scientists [14]. Over the past five years, “distance
learning progress” has covered all continents, even South
Asia and Africa have been viewed in the context of equal
access to higher education by 2030 [15]. The vast majority
of scientific research in theory and practice of the use of
distance learning was focused on the investigation of the
issues of the effectiveness of distance education and
determining the significance of some of its determinants
within the framework of the final quality of the result of
educational and scientific activities [16]. The vast majority
of studies carried out by foreign scientists focused on
determination of the criteria for the quality assessment of
distance education, as well as on identification of factors
influencing the level of interest of potential consumers of
educational services for the use of various distance
learning tools [17].

Despite the sufficient attention of scientists to the
problems of the use of distance learning in higher
education, some of its questions are still open for further
scientific research [18]. Among these issues, of
extraordinary importance are those which focus on the
elucidation and analysis of the opinions of participants in
educational and scientific communication regarding the
determinants of the development of distance education
[19]. Determination of the strength of manifestation of the
relevant determinants will allow the subjects of
performance and development management of the higher
education system not only to prioritise the use of various
public administration mechanisms for higher education
(state level), but also to increase the efficiency of
interaction between subjects and objects of educational
communication (university level) [20].
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Materials and Methods

Modern distance education is rapidly spreading throughout
the world. Its development tendencies are associated with
commercialisation, an increase in the possibilities of
obtaining both educational online levels and other types of
online education, the search for means of improving the
quality of distance learning and the reliability of
monitoring its results. The distance learning system in the
countries of the former USSR is still only in its infancy,
however, subject to the use of world experience, the
combination of advanced distance education technologies
with the best technologies and methods of classical forms
of education, it can have many prospects.

The authors investigated the historical background of
the affirmation of distance learning at the international and
state levels, showed the legitimacy of its use to obtain
degrees and competencies, improving the level of training
of specialists, including through the formation of an
environment in which all students interact with each other.
Moreover, their understanding of the subject is determined
by the fact that they work in a group.

The methods applied in the paper are mainly
mathematical modelling and analogy. The conditions that
form the student's access to the educational environment
shown the main value. We believe that such access can be
based on the understanding that the teacher provides not
only the material and, accordingly, explanations to it, but
above all the structure that allows to ensure the level of
mastering on the part of the student. This is similar to the
formation of a network structure, which fully affects the
aspect of the passage of knowledge or the amount of
information through the student network [21].

The study classifies and lists the advantages and
disadvantages of distance education, which include
organisational and pedagogical, information technology,
and psychological. The authors identified the problems of
introducing distance education at the university and,
accordingly, the strategic and tactical prospects for its
development. According to the results of the analysis of
respondents' opinions regarding the assessment of the
power of manifestation of certain determinants (factors) of
the development of distance education, the potentials of
their influence on the level of popularisation of the
corresponding form of higher education among subjects
and objects of educational programs are determined.
Depending on the level of significance of the influence of
a particular factor on the dynamics of the development of
distance education, their hierarchy is compiled (factors are
arranged in order of reduction of their influence potential):

— individual features of the applicant for higher
education;

— the unwillingness of stakeholders to equate the
quality of higher education received as part of the full-time
(daytime, evening) form of education with the quality of
higher education received within the framework of
distance learning;

— imperfection of the institutional environment for the
implementation of universities and distance learning;

— imperfection of the content, forms and technologies
of the implementation of the distance form of education;

— the absence of those educational programmes that
are the most demanded by the labour market among those
offered as part of the distance learning course.

Despite the hierarchy of determinants proposed above
for influencing the development of distance education, we
cannot talk about the secondary nature of those that are at
the end of the list. Each of these determinants has its own
potential for influencing the development of the distance
form of higher education, therefore, it must be identified at
the level of the object of direct attention from the subjects
of educational management. The decision on the
development of distance learning in higher education, as
well as its popularisation among potential applicants, falls
within the competence of universities and the state, and the
influence of the latter on the effectiveness of solving
relevant issues is decisive. The promising areas of work of
specialised government bodies, as well as university
administrations, in the development of distance learning
include:

— creation of favourable conditions for the
development of a state of readiness of a person to use the
information and communication technologies of distance
learning to acquire knowledge in the higher education
system (for example, through the use of distance learning
technologies in the secondary education system);

— improvement of the content of institutional norms
to ensure the functioning of distance learning (for example,
through the formation and implementation of a public
procurement for the training of specialists with higher
education in the distance learning system; the
establishment of mandatory volumes, at least for those
universities that have research status, in training specialists
with the use of distance learning as a separate form of
training, etc.);

— popularisation of the level of professionalism of
those individuals who have received higher education with
the use of information and communication technologies of
distance learning (for example, the state may introduce
temporary benefits for those employers who will offer jobs
for specialists whose professional knowledge and skills
were formed with the use of distance learning, etc.).

The dynamics of the development of distance learning
depends, on the one hand, on the ability of its higher
education system to offer competitive professional
knowledge and an effective mechanism for relaying them
with the use of the information and communication
technologies of distance learning, and on the other hand,
on the individual willingness of potential higher education
applicants to use the potentials of distance learning for
gaining professional knowledge, as well as from the
willingness of employers directly and society at large to
recognise the equivalence of knowledge and skills
acquired with its help to those competences that can be
formed within the framework of conventional forms of
training.

Results and Discussion

To solve the problems of clustering a distributed network
of students, the authors propose application of the well-
known clustering algorithm of k -means with certain
improvements.

The k — means algorithm is one of the algorithms that
solves clustering problems. This algorithm is a non-
hierarchical iterative clustering method, which has gained
great popularity due to its simplicity, visualisation of
implementation, and fairly high quality of work. The main
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idea of the k-means algorithm is that the data is randomly
divided into clusters, after which the center of mass for
each cluster obtained in the previous step is recalculated by
interactivity, then the vectors are again divided into
clusters according to proximity of the new centers to the
selected metric.

The purpose of the algorithm is to divide n observations
into k clusters so that each observation belongs to only one
cluster located at the smallest distance from the
observation. Euclidean distance is used as a measure of
proximity (1):

p(r,y) =x—y= ,/ZZ=1(xp ).

where x,y € R™.

The  authors  consider the  series X =
{x1,%5,...,x,},x; ER% i =1,...,n with n observations.
The k-means algorithm splits X into k sets S;, S,, ..., Sk, SO
as to minimise the sum of the squares of the distances from
each point of the cluster to its center (the centre of cluster

Source: developed by the authors

H; Y

Source: developed by the authors

masses). The authors introduce the notation S =
{S1,S5,--.,Sr}. Then the action of the k-means algorithm
is equivalent to that of search (2):

argrn:gin Z{":l ersip(x’ﬂi)zz (2)

where u; — cluster centres, i = 1, ..., k, p(x, 4;) — distance
function between x and y;.

Algorithm steps:

1. Cluster initialisation. An arbitrary set of points
u;, i =1, ..., k is chosen, which are considered as the initial
cluster centres ugo) =u,i=1,.., k.

2. Cluster distribution of vectors (Fig. 1). For each t
iteration Vx;€X,i=1,..,nix; € S] &)=

; (t-D\?2 . L
argmkmp(xi, ty V) is selected. The distribution of

vectors among clusters involves the calculation of the
distances between each vector x; € X,i = 1,...n and the
cluster centres uj,j =1,..,k (Fig. 2). Thus, this step
provides kn calculations of the distances between d-
dimensional vectors.

¥
N
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3. Recalculation of cluster centers. For each t iteration
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To initialise the centres of mass y, ..., 4 the authors
use the method of random partitioning. For each vector
x; €X,i=1,..,n, a cluster §;,S,,...,S; is randomly
selected and the value py, ..., 4y (Euclidean distance) is
calculated.

The authors calculate Qfé;ntmid — the time complexity
of calculating the centroid of a cluster, the number of
elements of which is m in d-dimensional space, and
0% tan ce — the time complexity of calculating the distance
between two d-dimensional vectors.

To initialise the centres of k clusters with cardinality m
in d-dimensional space, the following is identified (3):

Qi’:{i’m = k*Qéié;ntroid (3)

Fig. 4 shows a block diagram of the k-means algorithm.
Due to the constant increase in the volume of information
flows and the number of virtual nodes in the cloud, it is
difficult to establish the most optimal route between the
source and destination nodes. As an indicator for
determining such a route, there may be a load, data
transmission time, bandwidth, etc. In most cases, routing is
considered in the Euclidean space, for example, the

centre, otherwise the algorithm stops its work. Thus, the
cluster centre is found.

Recalculation of cluster centres involves k calculations
of centres of masses y; of the sets S;, = 1, ..., k (Fig. 3).

L

-

My

Figure 3. Cluster centre recalculation scheme

mathematical apparatus of this space is described in the
structure of the distance learning form. Cases of
communication channel overload, erroneous settings of
network elements, etc. form structural heterogeneities, as a
result of which the necessary route is not established,
therefore, the data transfer process is complicated. To
move from Euclidean space to hyperbolic, and vice versa,
Ricci flows are used that deform the Riemann metric while
preserving the properties of the network. To implement
this, a metric tensor is needed, with the help of which it is
possible to determine such important parameters as the
Christoffel symbol, the Riemann and Ricci tensors, and the
space curvature scalar. The authors suggest to consider an
n-dimensional coordinate system. Let the various network
parameters, for example, the load between nodes, act as
components of such a system. The number of two-way
connections between nodes at the virtual network level is
defined as n,,,,, = m(m — 1), where m is the number of
nodes. If there is no load on some connections between
nodes, the authors denote them by w, the system will
comprise n = N,,,, — w coordinates. The centre of the
coordinate system O corresponds to the state of the
network when w = n,, ..
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Beginning

Set of points is selected & oy

pi=1. .k

©

p = p=1, Lk

Fort
Vx, e X,i=1,...,n:x €S,

(3

j=argminp (x4

Figure 4. Block diagram of an advanced algorithm for clustering nodes of a self-organised network
Source: developed by the authors

The authors introduce the concept of radius vector 7, gii = gigJ, (7
which connects the origin of the coordinate system O with
a point corresponding to the state of the network (4): 9ij = €:€;, (®)

7 =x'¢; = x;é', 4 The network state can be represented simultaneously in
) a covariant and contravariant coordinate system in a
where x; and x* — covariant and contravariant components,  quadratic form, factoring in (4) and (5) in the form (9):

respectively; & u é' — covariant and contravariant unit

vectors interconnected by the correlation (5): é2 = x'x; = gyx'x) = gYx;x;. )
éke,, = &k, (%) The change in load between nodes occurs

systematically, therefore, a change in the state of the

where § — Kronecker symbol (tensor).

The correlation between covariant and contravariant
components is carried out with the use of the following
formulas (6-8):

xt = gijxj;xi = gijxj: (6)

where g¥ — metric contravariant tensor; gij — metric

covariant tensor.

network is observed, which, factoring in (9), can be
represented as (10):
(dP)? = dx'dx; = g;dx'dx’ = gUdxdx;.  (10)
It should be noted that &; and é&° are also constantly
changing, and this can be represented as (11):
N o7 or

_ O _ ooz OF _
ei—axi—air,e ==

=

(11)
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When the load changes, it is redistributed in the
channels, which is described by the connectivity
coefficient (Christoffel symbol) of the first I"L;‘ of the
second I ;; kind, which in the general case is written as
follows (12):

k — —)k - . — bd — bd -
I;; = €% 0iej; Iiij = €ij = €x0;€;.

(12)

Since our space is distorted, it is advisable to consider
covariant differentiation (13):

D# = 0, Fdx* = &(9,x) + x'I;] )dx* =

& (Dyx))dx* = &Dx, (13)
where Dx/ — covariant differential, D,x/ —covariant
derivative, which for x; will have the form (14):

Dyx; = Opx! + x;T3,. (14)

The change in the radius vector from the sequence of
changes in the network state is defined as follows (15):

(D,, D), — D, D) xidx*dx™é; = R]f'mkx,-dxkdxméi, (15)

where R}lymk — Riemann tensor or curvature tensor, which
is determined with the use of the Christoffel symbols (16):

Rimic = Omljic = Ol + LDy, = Do (16)
(14) takes into consideration that (17):
(DD = DDp)x' =R’ ;. (17)
jmk*

The curvature tensor R;,mk can be collapsed by a pair
of indices, obtaining a tensor of the second rank, for
example, by the first and third indices. As a result, the Ricci
tensor is obtained (18):

Ry = R}y = 0:L, — 0y il + LiTY — Ly LY. (18)

J pi'jk pkji
Another contraction of this tensor leads to a scalar
called the scalar space curvature (19):
R = gijik' (19)
Considering (18), the change in the symmetric metric
tensor in Riemannian geometry can be determined with the
use of the Ricci flow:
The authors consider certain options for determining
the metric tensor. The author also note that the components

of the metric tensor are determined from the following
formula (20):

(20)

where 6, — angle between €; and é;.
For Riemann geometry, the angle between x; and x; is
determined with the use of g;; (21):

xi,x]-g
xi,x]-gxi,x]-g

In Euclidean space, to determine cos 6, the authors use
the cosine theorem (22):

21)

cos 99 =

x'? = x} + x} + 2x;x; cos (22)
hence (23):
0 — xi2+x]2—x'2 )
cos 0y == (23)

To represent a hyperbolic space, it is proposed to use
the Poincare disk, which is a unit disk on the complex plane
z |z| < 1,z = x + iy with the Riemannian metric (24):

ds? = dzdz
T (1-z2)?"

24)

When making a turn in hyperbolic space, the Moebius
transform is used (25):

io Z—Zo

Z > exp r——

(25)

In this case, the angles between the orts (components of
the metric tensor) are determined by the discrete metric
according to the law of hyperbolic cosine (26):

coshx'—coshxcoshx;

cos 99 = (26)

sinhx;sinhx

The Poincare disk model is used to calculate distances
in hyperbolic space. The authors propose to represented the
surface s by the set of points that satisfy the inequality

. x; <1, where x; is the coordinate, and n — is the
dimension. Then the Riemann metric looks as follows (27):

4y x2
ds? = W 27
Let z,, and z; — be two points on the Poincare disk,
according to the geodesic form, passing through z,, and z,
and intersecting the unit circle at z,, and z¢, where z,, is
closer to z,,, and z¢ is closer to z;. The hyperbolic distance
between z,, and z; is defined as follows (28):

d(Z 7 ) — (ln (Z(D_le)(zf_zf))_l (28)
w &g (ze—2p)(z0-27)
Accordingly, the authors describe the Moebius
transform for the Poincare disk as an offset (29):
7,.2
F@) =+ (29)

where ¢ — circle centre; r — circle radius.

Thus, the network topology can be represented on a
canonical unit disk with round holes, where the nodes are
transformed to the form of virtual coordinates.

The authors suggest to consider the definition of the
metric tensor for two cases, which are presented in Fig. 5.
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Let the network comprise three nodes (Fig. 5a): A, B, and  denote: AB = ¢ and BA = &, since they are oppositely
C. The authors note that there is a two-way connection  djrected.

between each pair of nodes, that is, AB # BA. The authors
B
- J o B
| & v/ |I
a C W | |
._.' }, | Of.. II
' c h\ PN | d
., \B N\ |'
A

—3 /i
Figure 5. Determination of the angle between the vectors: a) when the point (input or output node) is common; b) when
the vectors do not have common points

Source: developed by the authors

For (30), (31), the used indices a,a* and b,b"
correspond to the vectors d and b, respectively, and it is
when a pair of indices does not

(30, 31):
“*”_then according to (27),

assumed that
simultaneously have the mark
x' corresponds to ¢, otherwise — ¢’.

The components of the metric tensor for the vectors d

* = x = = _>2+I_)>2—_>’2 ZQB 31 N
av: = Ja'p = COSY (a ¢ )/ . G and d’ will have the following form (Table 1).

Jap = Ga'p* = COSY = (dz +b2— *2)/2511_5, (30)

Table 1. Components of the metric tensor for vectors d@ and a@’
a a’ a a”
a 1 1 -1 -1
a’ 1 1 -1 -1
a -1 -1 1 1
a” -1 -1 1 1

Source: developed by the authors
aa’' 1. (32)

It is clear that the product of the component of the Jao' = (@ +d?%—(@+ad)?/2da = -
metric tensor of one vector by another is equal to unity
The authors present the components of the metric

(8% = 1), and for oppositely directed: -1, for example (32):
tensor for the vectors @ and b (Table 2).

Table 2. Components of the metric tensor for vectors d and b
b b* b’ b/*
(@2 + b2 — &%) /2db @ + b2 — &2)/2abp’ (@2 + b — &) /23db’

(@2 + b2 — &2)/2ab’
(@ +b% — &2)/2d'b'
(@7 + b — &) /23D’

o | (@ +b*—&)2ab
a | (@ + b2 — 8’2)/25175 (@ + b2 — é?)/2 Gb (@ + b2 — E’Z)/Zdl_ﬁ’

o« | (@2+52—2)2ah | (a2 +b2—2)/2dB | (@%+b7%—&)/2dh
a* | (@2 +b*—&?)/2d'b | (@*+b*—&?)/2db | (@%+Db?—2?)/2db
Source: developed by the authors

The authors propose to consider a network of four
nodes: A, B, D, and E (Fig. 5b), for Which a component of cos 2 C = (32 +hZ— 92— EZ)/Z(?]?. (33)
the metric tensor of the vectors € and f, is defined, which
The authors present the components of the metric

do not have common points. Since they cannot be
determined with the use of (32), for this we need to find the (o oo for the vectors & and ]? (Table 3).
angle £C by using the cosine theorem for quadrangles (33):
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Table 3. Components of the metric tensor for the vectors € and f

f f* fl _ fl*
. (d% + k2 — 92 — £2) (d?+h2—92—#2) | (d*+h? —9%—1?) (d'2+H2—v2—EZ)
/28f /28f /28f /28"
. (d2+h2—92—#2) | (d?2+h?2—92-12) | (d?+nh? -2 -12) (5”2 +Rh? -2 — EZ)
/28f /28f /28f /28"
y (2 +h2—92—2) | (d?+h?—12-1?) (@ +r2—92—#2) | (d?+h?-v2-12)
(28] _ [28f | [28f [28'f"
o (d?+n?-92—%2) | (d?+h?—92-¢2 (d? +h?—92—¢2) | (d? +h?—9%—¢?)
/28 f 128F | J28F /28"

Source: comped by the authors

Where it is assumed that upon the use of the indices f™*
and f'* in (33), instead of h the authors use H’, and for the
indices e* and e’ in (32) instead of d—d'. It is also

accepted that diagonal components are defined as follows
(34, 35):

(34
(35)

To determine the metric contravariant tensor, the
following correlation is used (36):

ii 1 dg
U=-— 36
9" = Joay (36)
where g = det| gi]-| — determinant of metric covariant

tensors.

The authors suggest to consider the case when the loads
between nodes can be described with the use of the
exponential distribution law. In particular, according to
Fig. 5a, the load between the network clusters can be
represented as follows:

CB:1—e™ %
CA:1—e™Pt
AB:1—e™¢

From (33), the components of the metric tensor g, will
be determined as follows (37):

(1-e=%)*+(1-e )"~ (1-e=*)’

Yab = 2(1-e-at)(1—e—bt) (37)
For (32), accordingly (38):
dgan _ ((1-e=a8)*4(1-e0t)*~(1-e=t)*) [ gp-at pe-bt

dt 2(1—e~at)(1-e~bt) (1—e~at) * (1-e~bt)
ae~(1-e~®)+pe Dt(1-e"bt)—ce~Ct(1-e~Ct)

+ 2(1—e~at)(1-e~bt)

(38)

Conclusions

Due to the high density of users, an important aspect is the
development of a technique for placing sensor nodes,
which provides the necessary coverage of the educational
space. The section has improved the method of clustering

the educational space to reduce the duration of the search
for a route between any pair of them, which provides for
the determination of the centroid of the cluster with
consideration of the distribution model of certification
within the educational space. The essence of the algorithm
is to split the set of elements of the vector space into a
predetermined number of clusters. At each iteration, the
centroid is recalculated for each cluster obtained in the
previous step, then the vectors are again divided into
clusters according to which of the new centres turned out
to be closer in metric, which is formed not only based on
the calculation of the Euclidean distance between nodes
and factoring in the propagation model of the educational
space. It is proposed to use the Motley-Keenan peer-to-
peer model as an estimate of losses in the studied
educational distributed network, which allows to factor in
losses in the level of assimilation of material and track the
level of the educational distributed network upon passing
through each network node. The formation of the cluster
and, accordingly, the finding of its centroid will occur until
all nodes closest in distance with the maximum value of
students' perception of material are found.

To determine the state of a distributed educational
network, it is proposed to use a model of tensor
representation of its topological structure based on a
curved coordinate system. It is proposed to increase the
number of components of the metric tensor to represent the
metric in a symmetric tensor field, which is used to
describe the Riemann-metric strain, which is used in Ricci
flows. The use of this model makes it possible to monitor
and record the states of the topological structure after
clustering, based on which orientation models will work,
and also to increase the accuracy of the formation of the
tables of formation of academic performance and
perception of the material at specific points in time.

The prospects for further research are monitoring to
determine the main factors for assessing the quality of
distance education among employers, experienced
professionals, and experts involved in the development,
content, modification, administration of such courses, and
monitoring the level of preparedness of professionals who
have gained their qualifications through distance learning.
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AHoTaNIiA

AKTYyaJIbHiCTb. MeToI MaTEMAaTUYHOI CTATUCTUKU MOXKYTh BiZirpaBaTd BaXKJIMBY POJIb Y HABYAHHI YUHIB, OLIIHIOIOYH
iXHI MaTeMaTuy4Hi 31i0HOCTI, CIpsiMOBYI04M BHOIp npodeciiiHoi opieHTalil Ta OLiHIOIYN MOTEHIIHHI pillleHHS.

Meta. MeTo10 J0CTiUKEHHS € BUBYEHHS! MOXKIIMBOCTI BUKOPUCTAHHS TIOBCIOHO MOLIMPEHOI TUCTaHLIIHOI OCBITH JUIs
CIUIBHOT TpyNoBOi POOOTH 3 MaTeMaTWYHOIO ITATPUMKOIO. 3alpONOHOBAHMN MiAXix Imependadyac BUKOPUCTAHHS
KJIACTEPHMX Ta MEPEKEBUX TEXHOJIOTIH, /ie KOJKEH yYaCHUK BUCTYIIA€ B POJIi XOCTA ISl HABYAJILHOT ITPOTPaMH.

Metoauka. Metomoioris nepeadayae BU3HAYCHHS ¢(PEKTUBHOCTI 3aCTOCOBAHMX METOIIB IIUITXOM OI[IHKHM MOTCHINAITY
TPYIIOBOTO 3aCTOCYBaHHS METOJMYHOTO amapaTy Ta BUSBICHHS HANpPsSMIB JOMOMOTH Y4YHSM Yy BUOOpI mpodeciiHol
opieHTarii.

PesyabraTn. Pe3ynpraTii JEMOHCTPYIOTH, IO Y BUINLIH IIKOJI BAKOPUCTAHHS MaTEMaTHYHOT'O IHCTPYMEHTApIIO J03BOJISIE
CTYZEHTaM pPO3BHBATH 3/AI0HOCTI JO NMPHUHHSATTS pillleHb, OL[IHIOBaTH YMOBH BHOOpY, OOMpaTW HaBYalbHI KypcH Ta
BH3HAYATH Tally3i 3HaHb, B SIKUX BOHU MOXYTh JAOCATTH yCIIiXy. JlIs cTyJeHTIB-MaTeMaTHKIB TaKUH Mi/IXiJ TOKpaIIye

1XHIO 3/JTATHICTh 3aCTOCOBYBATH MaTEMATUYHI KOHIICIIIIIT IO MPAKTUYHUX MPOOJIEM Uepe3 CITUTEHY TPYIIOBY POOOTY.

BucHoBku. [TpakTuuHe 3HaAYCHHS MOCIIKSHHS BU3HAYAETHCS MMOTEHITIAIIOM PO3POOJICHOI porpamu s GopMyBaHHS
podeciiiHO MmiIrOTOBJICHUX BUITYCKHUKIB.

Karouosi ciioBa: yHiBepcHTET; TeOpisi IMOBIPHOCTEH; CTATHCTHKA; OCBiTa; Ipodecist.
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