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The goal is to create a network model of logistics that ensures the distribution of
product flows from producers to consumers in conditions of growing volumes of
information, changing economic ties. To create a model, a tensor method of calculating
processes is used when changing the structure of network models of technical and
economic systems, including decomposition and calculation in parts. The network is
considered as a tensor, the projections of which are various connections of branches.
The coordinates in the network space are closed and open paths. When changing the
network structure, a new solution is obtained using a path transformation matrix. As
a result, for the first time, a network model of logistics was created with branches of
producers, consumers (determine the basis of open paths) and routes (determine the
basis of closed paths). The resistances of the branches set the tariffs for the storage
and transportation of products.

The product flows of producers and consumers are set by voltage sources that create
part of the distribution of flows along routes. To supplement up to full product flows,
voltage sources are introduced in the branches of the routes, which give additional
currents. For routes in excess of the number of open paths, the values of the
complement currents should be selected.

The sum of currents from all sources gives the values of product flows from suppliers
to consumers, solving the logistics task.

The network model is used to calculate product flows along routes without iterations,
the cost of transportation, as well as to transform the solution when routes, tariffs,
supply and demand change, using algorithms of the tensor method of dual networks.

Keywords: network model, tensor method, path transformation matrices, duality
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1. INTRODUCTION

The task of logistics is to transport product flows along routes that connect producers
and consumers. Routes are characterized by the cost of transportation (tariffs), length and
throughput. The logistics system creates networks for the movement of product flows in
the conditions of growing volumes of information, changes in technologies, routes, tariffs,
supply and demand. Calculating the distribution of product flows in logistics systems, as
well as their changes, requires performing large amounts of calculations that are necessary
for supply chain management.

The purpose of the study is to create a network model of logistics that ensures the
distribution of product flows from producers to consumers, allows you to use ready-made
solutions to obtain new solutions in conditions of change.

The distribution of product flows is an important logistics task, to which many studies
are devoted. In a linear programming transport problem, products are transported along
routes or stored in warehouses. The cost of transportation and storage in warehouses of
goods is set by a combined matrix. It is necessary to determine the routes that provide trans-
portation in the shortest time, or at the lowest cost. It is assumed that the sum of supplies is
equal to the sum of demand.

Various methods of solving the transport problem are known. For example, the north-
west angle method, the Vogel approximation method, the differential rent method, the po-
tential method, which use variants of the simplex method. First, the flows are distributed
between the destinations and receive a reference plan. In subsequent iterations, the optimal
plan is determined by improving the current reference plan. These methods use iterations
and do not provide a transition from existing solutions to solutions of the problem for new
conditions, for example, route changes. The well-known Ford-Fulkerson algorithm of itera-
tive search for the maximum flow in the transport network converges for entire throughput
capacities, but even for them it can work for a very long time.

The topological model in the form of an equivalent electrical circuit for the transport prob-
lem was developed by G. Kron [1]. The model is designed to solve the linear programming
problem in parts, and optimize the cost of transportation. The model turned out to be difficult
to apply. G. Kron believed that the simplex method is simpler and more efficient, but the
physical interpretation of the network model will allow the calculation to be applied in parts.

The purpose of this study is to create a network model that distributes product flows
in two calculation stages without iterations and provides a solution change when routes,
tariffs, supply and demand change.

It was possible to establish analogies and represent the flows of products in the logistics
system by currents in the electrical circuit; where tariffs are set by resistances, and voltag-
es give the cost of transportation. The solution has the properties of optimality, since the
electrical circuit, connecting the processes and structure by the laws of Ohm and Kirchhoff,
obeys the principle of least action.

For practice, it is important that the network model allows you to apply the tensor method
of calculating networks when changing the structure, including decomposition and calcula-
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tion by parts of complex logistics systems. The tensor method of dual networks [2] provides
calculation without iterations due to the duality invariant found by the author. This method is
relevant for the decomposition and application of parallel computing in conditions of grow-
ing volumes of information in logistics and supply chain management systems.

2. LITERATURE REVIEW

Works on the distribution and transportation of product flows in the logistics system
is being carried out in the direction of analyzing the growing volumes of information and
applying logistics methods in other subject areas.

The first network model of the transport problem in the form of an electric circuit was
developed, as noted, by G. Kron [1]. There are six types of quantities in the circuit: im-
pedances and conductivities, contour voltage sources and response currents, nodal current
sources and voltage responses. There are three types of values in the transport system: the
quantity of goods, the cost of transportation and the cost of storage. Although Kron believed
that tariffs should represent impedances, however, he then believed these values to be equal
to units. In this case, the current and voltage in each branch are numerically equal. The
costs of transportation and storage of product flows at the inlet and outlet were considered
by Kron as voltage sources.

Kron presented the objective function for route selection as minimizing power, howev-
er, the voltage refers to the circuit network, and the current refers to the node network. The
network model implements the simplex method of linear programming problems, which
allows you to solve the problem in parts. Input and output streams are considered as current
sources. The product flows correspond to the sum of nodal and contour currents, which
remain constant in each branch. Changes in the connection of branches change the number
of closed and open paths, while nodal and contour currents change.

Tensor network analysis is used to analyze transport systems in a number of works for
engineering and economic analysis [5], optimization of the airline network [12], engineer-
ing calculations [13], damage analysis [14], and traffic flows [15, 16, 18]. Discrete tensor
analysis is used for modeling on railway transport [20], for calculating a tensor network
model based on the simplex Danzig method [22]; as well as in a traffic distribution model
in a multi-level info communication network [25]. The search for balance in large trans-
port networks using direct-dual accelerated methods and tensor optimization methods with
auxiliary one-dimensional optimization is presented in [23—24]. The model of functional
and structural reliability of the supply chain in logistics and supply chain management is
considered in [26].

In this study, a tensor method of calculating processes when changing the structure of
network models of technical and economic systems is used to create a model. The gener-
alized system is considered as a tensor, the projections of which are systems of various
subject areas. The Diacoptics [1, 10, 13] presents network models of Maxwell, Schroding-
er equations, nuclear reactor, building structures, electric machines, turbine blades, etc.

7
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The tensor method of dual networks [2, 3, 4] was the development of Kron’s work based
on the duality invariant (the law of conservation of energy flow) [6, 8]. The author created
network models of intersectoral balance [2, 3], banks [3], security systems of oil refining
facilities [21], placement of gas detectors for fire detection [27], shaft ventilation, etc.

The network model of the logistics system [18, 19] was the development of the tensor
method application in a new subject area.

3. TENSOR METHOD OF NETWORK CALCULATION

To create a network model of the logistics system, the tensor method of dual networks
developed by the author is used [3, 6, 8, 9]. The network consists of branches connected
by a structure of links. The network is considered as a tensor, the projections of which into
coordinate systems are various structures, branch connection schemes.

The coordinates in the network space are closed and open paths that make up orthogonal
subspaces. A path is a line running along the branches, may or may not coincide with them
in the direction. Paths may vary in the composition of the elements through which they
pass, in orientation, and may close or open. Changing the structure of the system consists in
changing the boundaries, connecting or disconnecting elements, for example, branches of
the network. At the same time, the number of basic closed and open paths changes, which
changes the dimension of their space, the path transformation matrices become rectangular;
that is, they do not have inverses.

In a dual network, closed paths correspond to open paths, and vice versa, and con-
nections correspond to disconnections, and vice versa. The sum of the dimensions of the
spaces of basic closed and open paths in two networks is constant. The duality invariant
is expressed by the constancy of the sum of metric tensors of two dual networks when the
structure changes. This makes it possible to use networks to model systems of different
subject areas. The duality invariant corresponds to the constancy of the sum of powers in
two electric circuits with a dual structure when the connection of branches changes. This is
how the law of conservation of energy flow manifests itself.

The simplest coordinate system is a network of separate branches, in which paths pass
through their branches. Processes take place in the network as responses to the applied
influences. The transition to a connected contour network is carried out using a path trans-
formation matrix C, consisting of a submatrix of the transformation of closed paths "C and
a submatrix of the transformation of open paths’/C. The transition to a connected node net-
work is carried out by a matrix of transformation of paths of mutual basis 4 = C ; consist-
ing of a submatrix of transformation of closed paths ”4 and a submatrix of transformation
of open paths /4.

In a dual network, the matrices C u 4 are swapped [2, 3, 8, 9].

An abstract network is clearly represented by an electrical circuit in which the processes
are described by Ohm’s law, e, = Z , i, both in the simplest network and in a connected
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network. The structure is described by Kirchhoff’s laws: the sum of the currents in the
nodes is equal to zero and the sum of the voltages in the contour is equal to zero.

The voltage sources in branches, e, are internal influences. Responses, currents arise in
branches, the basis is closed paths, contours. The calculation is carried out as a transforma-
tion of the solution of the simplest network into a solution of a connected contour network
using the path transformation matrix "C [3, 4].

i ="Ci'="C ("CZ"C)'"Ce,=7. e, (1)
where i is the measurable currents in the branches of the network, i is the currents in the
contours of the basis, ¢, is the specified voltage sources, Z is the impedance matrix of the
simplest network, Y is the solution matrix, the metric tensor of the connected contour net-
work. The voltages in the branches are obtained by multiplying the matrix Z by the currents
in the branches: e, = Z i .

External influences, current sources, are located outside the circuit and act through the
input and output nodes. Responses, voltages, arise on branches, open paths are the basis.
The transformation matrix of the paths of the mutual basis 4 = C” . it calculation is carried
out as a transformation of the solution of the simplest network into a solution of a connected
node network using the matrix of transformation of open paths/4 [3, 4].

E =/AE =/'A (AY/A)"/AI'=Z_ I 2)
where £ are measurable voltages on the branches of the network, £ are voltages, as a po-
tential difference, arise on the open paths of the basis, /” are given current sources, ¥ = Z7 is
the conductivity matrix of the simplest network, Z_is the solution matrix, the metric tensor
of the connected node network. The values of the currents in the branches are obtained by
multiplying the conductivities by the voltages on the branches: /° =Y E .

Due to the orthogonality of the matrices C u 4, 4 = C”, the currents and voltages in
the contour and node networks do not depend on each other. This makes it possible to use
networks to simulate systems in which different types of energy operate. For example, me-
chanical and thermal energy flows, as in oil refining plants [21].

When moving from free closed branches with metric Z or open branches with metric
Y= (Z)" to a connected network, the duality invariant has the form:

ZY+ZY =1 3)
For a dual network (the values are underlined), the duality invariant has the form:
ZY+Z Y=, )

where 7 is the unit matrix. Similar relations exist between the metric tensors of contour
and node dual networks [2, 3].

Method of creating a network model of a logistics system

The method of creating a network model of a complex system is part of the tensor
method of dual networks. To create a model, it is necessary to establish analogies between
the logistics system and the network, network topology based on the analysis of a simple
model, to represent product flows by currents in the network. Then the cost of transportation
will be represented by the voltages on the branches of the routes. The model can be used

9
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to calculate the network when the structure changes, including the calculation of complex
systems in parts [3, 10].

Consider a simple logistics system and the flows in it. There is one supplier, two con-
sumers, two routes in this system and it is shown in Figure 1 on the left. The product flow
from the manufacturer of 100 units is delivered via two routes to two consumers receiving
70 and 30 units of the product, respectively. The flows along the routes are equal to the
needs of consumers, so their distribution is unambiguous.

The analysis of analogies of the logistics system and the network was carried out in [19],
where it was shown that for a simple logistics system presented in Figure 1a, the network
model presented in Figure 1b is the most adequate.

$;=100 l Product Delivery branch 1

delivery

N\

Transportation routes

b

Route branches 4 m 5

dy=70 d3 =30
b b3
Consumers of e; =100
\ the product
a) Simple logistics system: supplier, b) Network model of a simple
two routes and two consumers logistics system of 5 branches

Fig. 1. A simple logistics transport system and its 5-branch network model.

The structure of the network model differs from the structure of the logistics system.
Since it is assumed that there is an equality of the sum of supplies and the sum of consump-
tion, the input of production and the output of consumption can be considered as “ground-
ing” and link them in one node D.

As a result, two closed paths, contours, which are not present in the logistics system,
appear in the network model. It turned out that such a network structure makes it possible
to adequately represent product flows in the logistics system. In the network model of the
impact, the supply of suppliers and the demand of consumers are represented by voltage
sources that are located in the input and output branches.

Suppliers, consumers and the routes connecting them are represented by branches of
the network through which product flows, represented by contour currents, pass. Tariffs for
storage and transportation of products set the resistance of branches. The specified flows of
manufacturers (suppliers) and consumer demand flows are represented by voltage sources
e, Let the resistances of the branches of suppliers and consumers be equal to units. Then
from the equation e, = Z i’ we get that in a network of separate branches the currents

10
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i’ = Z" e, in the input and output branches are equal to the supply of suppliers and the de-
mand of consumers, and the currents in the branches of routes are zero.

According to the topology of the logistics network, the branches of producers and con-
sumers determine the basis of open paths. The route branches will determine the basis of
closed paths in the network. Calculation by formula (1) of the connected circuit network
with voltage sources e, gives currents in the branches of i/, representing, although not
completely, the distribution of product flows along the routes. Voltage sources e’, consist
of e,/, — product offerings in supplier branches and e,’, — product offerings in consumer
branches. This solution can be considered as a reference plan, and written as:

i'=Y e ="C("CZ"C)'"Cé, %)
where i ! consists of i,  in the entry branches, 7, ! in the exit branches and i, ' in the route
branches.

The received currents differ from the set values of supply fori, * =i —1i, ' and demand
fori,? =i'—i,"

To supplement up to full product flows, voltage sources are introduced in the branches
of the routes defining the basic circuits. These sources should give such currents in the input
branches 7, ? and currents in the output branches i, ?, so that they supplement the currents
i ' to the set values of the flows of suppliers and consumers. Then the currents i, '+, * will
correspond to the product flows in the routes.

The currents in the input and output branches should be equal to the current difference in
the simplest and connected network i > = i’ —i /, they are created by new voltage sources in
routes branches e ’. Additional currents i, ? in the branches of routes are obtained according
to Kirchhoff’s law for nodes, route boundaries. Formally, the balance of currents in these
nodes is given by the incident matrix M/, connecting nodes and branches, on the basis of
which we obtain a system of equations:

M}i'=0. (6)

Solving this system of equations, we obtain complement currents only for those routes
whose number is equal to the number of basic open paths without unity, i.e. j — /. For
branches of routes representing m basic circuits in excess of this number, i.e. form —j + 1,
the values of the new currents must be set.

The freedom to choose a part of the supplement currents allows you to optimize the
choice of routes according to different criteria; assign flows along the selected routes due
to certain preferences.

So, the product flows from suppliers, represented by the sum of currents i, ' + i, 7, are
distributed along the routes 7, ' + 7, °, and arrive at consumers in the right amount 7, ' + 1, 2,
solving the logistics problem. The same problem of the need to introduce additional sources
to represent product flows arose during the development of a network model of intersectoral
balance [2, 3, 7]. The problem there was solved by using threads in a dual contour network.

The tensor method of network models allows you to calculate flows when the structure
changes, including decomposition and calculation in parts of complex networks using effi-
cient algorithms.
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The product of the tariffs represented by the resistance of the branches on the product
flow gives the cost of transportation along this path, and the sum of all the paths determines
the total cost of transportation. By changing the distribution of flows along the paths with
the most favorable cost, it is possible to reduce the cost of transportation of goods.

Results of calculation of the network model of the logistics system and discussion
Figure 2 shows an example of a network model of a logistics system, the structure of
which is similar to that shown in Figure 1. The network includes two suppliers represented
by branches 1 and 2, three consumers — branches 3, 4, 5, which are connected by six routes
represented by branches 6 to 11. The resistances of the branches set tariffs, the cost of trans-
porting a unit of product. The calculation is carried out in two stages.
1. Let’s define product flows from suppliers in branch 1-300 units, and in branch 2-200
units; consumer demand in branch 3 is 100 units, 4-350, and 5-50 units. Supply and
demand are represented in the diagram by voltage sources e¢10.

1 2 3 4 5 6 7 8 9 10 1
el =1300[200 ] 100[350] 50 0o oo ] ofo]o]

N

Six branches of the routes do not yet have sources of impact. The entry and exit branch-
es define open basic paths, the route branches define closed basic paths. Network topology:
branches n =11, nodes J= 6, subnets s = 1, open basic paths j =J—s5=6—1 =5, closed basic
pathsm =n—j=11-5=6.

A

Deliverv branch

Fig. 2. Network model of a transport system consisting of 11 branches
for two suppliers and three consumers.

The transformation matrix describes the structure of transportation of products. The
transformation matrix from network paths from individual branches to paths in a connected
network, in which the rows indicate the choice of paths, has the form:

12
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M

1 2 3 4 5 6 7 8 9 10 11
I 1 0 0 0 0 0 0 0 0 0 0
21 0 1 0 0 0 0 0 0 0 0 0
3. 0 0 1 0 0 0 0 0 0 0 0
41 0 0 0 1 0 0 0 0 0 0 0 JCc
5. 0 0 0 0 1 0 0 0 0 0 0
C= 6| 1 0 1 0 0 1 0 0 0 0 0 ®)
711 0 0 1 0 0 1 0 0 0 0
81 1 0 0 0 1 0 0 1 0 0 0 |"C
91 O 1 1 0 0 0 0 0 1 0 0
100 0 1 0 1 0 0 0 0 0 1 0
11 0 1 0 0 1 0 0 0 0 0 1

The entry and exit branches define open paths. These are the first five rows that make
up the /C matrix. The route branches define closed paths — the last six lines, they make up
the "C matrix. Using the "C matrix, we obtain by formula (1) the matrix of the solution of
the contour network Y.

Let the resistance of the branches be equal to units. Next, we will consider resistances
as tariffs for calculating the cost of transportation and storage of products. Then the metric
matrix of the basic contours of the connected network has the form:"C"C, =z =

6 7 8 9 10 11

6] 3,0 1,0 1,0 1,0 0,0 0,0

7 1,0 3,0 1,0 0,0 1,0 0,0
8 1,0 1,0 3,0 0,0 0,0 1,0 9)

9 1,0 0,0 0,0 3,0 1,0 1,0

10 0,0 1,0 0,0 1,0 3,0 1,0

1100 0,0 1,0 1,0 1,0 3,0

By inverting the resulting matrix z*, and multiplying it on the left by ”C, and on the right
by "C, we get the solution matrix ¥ ="C, (z')' "C =

1 2 3 4 5 6 7 8 9 10 11
0,625(-0,125] 0,167] 0,167 0,167] 0,208] 0,208 0,208 [-0,042 [-0,042 [ -0,042
-0,125] 0,625] 0,167] 0,167] 0,167]-0,042[-0,042{-0,042| 0,208 0,208 [ 0,208
0,167] 0,167] 0,556]-0,111[-0,111] 0,278]-0,056[-0,056| 0,278 [-0,056 [-0,056
0,167] 0,167]-0,111] 0,556 [-0,111]-0,056] 0,278 [-0,056[-0,056| 0,278 [-0,056
0,167] 0,167]-0,111]-0,111 0,556 |-0,056[-0,056| 0,278 [-0,056 [-0,056 | 0,278
0,208]-0,042| 0,278[-0,056-0,056| 0,514-0,153[-0,153[-0,236] 0,097 0,097} ()
0,208 [-0,042[-0,056] 0,278[-0,056|-0,153] 0,514[-0,153] 0,097[-0,236| 0,097
0,208 [-0,042[-0,056[-0,056 | 0,278]-0,153]-0,153| 0,514 0,097| 0,097 -0,236
-0,042] 0,208 0,278[-0,056[-0,056]-0,236| 0,097] 0,097| 0,514-0,153[-0,153
-0,042| 0,208[-0,056| 0,278[-0,056] 0,097 [-0,236| 0,097[-0,153| 0,514 [-0,153
11]-0,042] 0,208[-0,056[-0,056] 0,278] 0,097] 0,097]-0,236]-0,153]-0,153] 0,514

O 0 3 N bW

—_
[«]

Multiply this matrix of the solution by the impact vector given by supply and demand,
and represented by voltage sources e’, in vector (7), as a result we get responses, currents in
the branches of the contour network "i ’ at the first stage.

13
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1 2 3 4 5 6 7 8 9 10 11
mil =|245,83[170,83 | 94,44 [261,11] 61,11 | 59,72 [ 143,06] 43,06 | 34,72 [ 118,06 | 18,06 |

Since the resistances are equal to units, the resulting currents in the branches are nu-
merically equal to the voltages on the branches "i’, = "e, . These are currents that should
be analogous to product flows in the logistics network. However, the received response
currents to impacts in the input and output branches (warehouses) do not fully correspond
to the flows of products that should move from the input to the output.

The results of the calculation of the contour network model at the first stage (currents
numerically equal to voltages) are shown in Figure 3.

Delivery branch

by bs

Delivery branch

Fig. 3 Results of calculation of the network model of the logistics system at the first stage.

2. In the network model, the input and output branches define open paths. The basis of
closed paths, they are defined by branches of routes, gives independent currents that
can be used to construct product flows in a logistics system. It is necessary to find such
voltage sources in the branches of the routes, the responses to which will complement
the currents obtained at the first stage to the values of the product flows.

Let’s denote the number of producer branches n,, the number of consumer branches

n,, and the number of route branches 7,. The total number of branches 7 in the network is

n=n, +n,+n, There are two nodes in each separate branch. In the network, branches are

connected by nodes. Let suppliers be connected to consumers through a grounding node.

This means that all manufactured products are delivered to consumers. Then the number of

nodes J is equal to the sum of the producer and consumer branches plus one J = n, +n, + I.

If the route branches have not been added yet, then there are only open paths in the network

so far. The number of basic open paths j is equal to

j=J—s=J-1=n,+n,+1-1=n,+n, (11)
where s is the number of subnets. Thus, the basis of open paths consists of input and
output branches. The branches of routes that connect the outputs of producers with the

14
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inputs of consumers add contours, since the number of nodes does not change. Thus, the
branches of routes determine the basis of closed paths, the dimension of which is m = n._.
Voltage sources in the branches of routes create additional currents in the network. In sum
with the currents obtained at the first stage, they will give values numerically equal to the
product flows in the logistics network. First of all, the currents from the sources in the route
branches should complement the currents in the input and output branches to the specified
supply and demand flows.

The dimension m of the closed path basis may differ from the dimension of the open
path basis j. If each input is connected to one output, then the number of routes m will be
equal to the greater of the numbers n, or n,. If all inputs are connected to all outputs, then the
number of routes will be equal to m = n, n,. This is more than the dimension of the basis of
open paths j = n, + n,. Then some contours, their number m — j, should be assigned values.
Thus, there is freedom to choose the volume of transportation on some routes, which allows
you to optimize, for example, the cost of transportation in this network.

Let’s consider the differences between the currents in the individual branches of the
network, and those obtained as a result of the calculation of the contour network at the first
stage. They correspond to the currents in the node network due to the duality invariant.
However, to build product flows, only current differences in the simplest and contour net-
work i ? =i ”—i ' in the input and output branches are needed.

Branches 1 2 3 4 5 6 7 8 9 10 11
Currents
In a simple
notorh 300 | 200 [ 100 350 | 50 | O 0 0 0 0 0 [(12)
In the contourl, \5 6370 83194 44|261.11|61.11 | 59,72 | 143.06 | 43.06 | 34,72 | 118.06 | 18.06
network

Differences | 54,17 29,17 | 5,56 | 88,89 |-11,11|-59,72|-143,06(-43,06|-34,72|-118,06|-18,06

The currents in the branches at the second stage of the calculation, icz, are indicated
by the branch numbers, for example, i, > = 54,17. The i’ currents in the input and output
branches are given, i.e. 1-5, which are obtained as differences in the table. The task is to
find new sources, the responses to which will complement the currents in the branches at
the input and output to the values of real supply and demand flows. Then, in the branches
of the routes, the total currents will give the distribution of the flows of transportation of
products from suppliers to consumers. In this case, additional currents in routes, in branch-
es 6,7,8,9, 10 and 11 are unknown. These branches, by virtue of the choice of paths,
determine the basis of the circuits in the network structure, and the currents in them are
equal to the contour currents.

Additional currents in the branches of routes are obtained from the system of equati-
ons (6), where the balance of currents in the nodes according to Kirchhoff’s law is ex-
pressed in terms of the matrix of incidents, M i’ = 0. This system of equations connects
unknown currents in the branches of routes (circuits) and found currents in the branches of
open paths. For m —j + I currents in the branches of routes, it is necessary to set values,
since the current balance equations in the nodes are not enough.

15
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Thus, unknown currents in routes i, ’, in this case, in branches 6-11, can be obtained
from the condition of current balance in network nodes A, B, C, D, E and F according to

Kirchhoff’s law. The incident matrix, M,’, for this network has the following form.

1 2 3 4 5 6 7 8 9 10 11 i,

4l NI i, 2=[ 54,17

B 1 A -] i,2=] 29,17

c -1 1 1 i2= 556 | (13)
D -1 1 1 i,2=| 88,89

E -1 1 1 2= -1
Flala[tr 1]

Here, on the right, the known currents of the difference in the open paths are given. Mul-
tiplying the matrix of incidents by the vector of difference currents, we obtain the following
balance equations at the nodes.

Node A:i, >=i ’+i > +i’=54,7.
Node B:i,’ =i’ +i,’> +1i,7=29,17.
Node C:i,7 =i’ +i,7 =5,56.(14)
Node D:i,>=1i,’+1i,’ =88,89.
Node E:i 2 =i ’+i, > =-11,11.

L 24 s 2 22 a2 +o2
Node F: i, +i,”—i,”—i,’—i. > = 0.

(12)

In the grounding node F, the balance of the currents of the input and output branches is
given. Thus, this node does not participate in the calculation of new currents in the routes.
This means that it is necessary to choose values for m —j + I currents in the branches of the
circuits. In this network of contours m = 6, open paths j =5, therefore m —j + 1 =6-5+1=2.
It is necessary to set the values of two free currents.

For example, we will set the currents i, = 10, and i,, * = 15. Solving the balance equa-
tions in the nodes, we get the remaining currents in the circuits 7 ,: i, > = 1,39, i > = 78,89,
i’ =-26,11,i,7=4,17. Multiplying the transformation matrix by the vector of currents in
the circuits, we get additional currents in all branches of the network i, ="C, i, =
72

—_
[o)}

6 7 8 9 10 11 r.
1 1 1 1 0 0 0 1| 54,17
2 0 0 0 1 1 1 i, 2| 29,17
3 1 0 0 1 0 0 3| 5,56
4 0 1 0 0 1 0 6 1,39 41 88,89
5 0 0 1 0 0 1 7| 78,89 50 -11,11
6 1 0 0 0 0 0 * 8 -26,11 6 1,39 (15)
7 0 1 0 0 0 0 9 4,17 7| 78,89
8 0 0 1 0 0 0 10| 10,0 8| -26,11
9 0 0 0 1 0 0 11| 15,0 91 4,17
101 0 0 0 0 1 0 10| 10,00
11{ 0 0 0 0 0 1 11| 15,00
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The sum of the voltages in the branches of the routes represents the total cost of trans-
porting products. The voltages in the branches of the routes in this case are numerically
equal to the values of the contour currents, since they chose that the resistances are equal to
units. The values of the voltage sources in the circuits, the basic closed paths, are obtained
by the formula, where Z" is givenin (9): e ,= ("CZ"C)i,=Z2"i,=

6 7 8 9 10 11 i e

2 2
6 [ 30 10101 10|00 00 6 1,39 6| 61,12
7 110 (30 101]00 ] 10| 00 7| 78,89 7| 221,95
8 | 10 [ 10|30 |00 | 00| 1,0 * 8 -26,11 = 8| 1695 (16)
9110000030710 1.0 9 4.17 91 38,90
10100 | 1.0 | 00 | 1,0 | 30 | 1.0 10[_10.0 10 128,06
11100007 107] 10 ] 1071 30 11 15,0 11 33,06

The sum of the voltage sources located in the branches of the routes is 500.
Figure 4 shows the values of the currents in the branches, which are obtained at the second
stage of the calculation, and the voltage sources that create them in the branches of the routes.

Delivery branch i =-26.11

e’1)=33,06

Fig. 4 Results of calculation of the network model
of the logistics system at the second stage of the transport system.

The sum of the currents i, received in the circuit network at the first stage, i’ , and the
currents received at the second stage, i* is equal to:

i ? i+ Sum
1 245,83 1 54,17 1 300,00
2 170,83 2 29,17 2| 200,00 500
3 94,44 3 5,56 3 100,00
4| 261,11 4 88,89 4| 350,00
i=i+i =5 6Ll + 5[ -1l 5[ 50,00 0 4y

6 59,72 6 1,39 6 61,11
7 143,06 7 78,89 71 221,95
8 43,06 8 -26,11 8 16,95
9 34,72 9 4,17 9 38,89

10| 118,06 10 10,00 10] 128,06

11 18,06 11 15,00 11 33,06 500,01

17
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It is shown on the right that the sum of currents in the input and output nodes is 500,
which corresponds to the specified flow of supply and demand, which are distributed along
the branches of the routes. The sum of flows along the routes is equal to the sum of flows
at the input and the sum of flows at the output, namely, is equal to 500, taking into account
rounding, i.e. all product flows are delivered.

Figure 5 shows the values of the currents in the branches, which represent the sum of the
currents obtained by two stages of calculation (17). Voltage sources are not shown.

A i5=1695 4 =3389

Delivery branch

Fig. 5 Product flows in logistics system routes as the sum
of currents received during two stages of network model calculation.

At the same time, other options are possible, setting requirements for certain routes. For
example, let’s assign currents in the other two branches of the routes i, * =20, i, > = 30. The
following results are obtained:

Branches| 1 2 3 4 5 6 7 8 9 10 11

i, 245,83 (170,83 | 94,44 | 261,11 | 61,11 | 59,72| 143,06 | 43,06 | 34,72 | 118,06 | 18,06
Z, 54,17 | 29,17 | 5,56 | 88,89 |-11,1120,00 | 30,00 | 4,17 |-14,44| 58,89 |-15,28
i' .+, 300,00 200,00 | 100,00 | 350,00 | 50,00 | 79,72 | 173,06 | 47,23 | 20,28 | 176,95 | 2,78

At the first stage, the results are the same, but the sum of currents representing the dis-
tribution of product flows along the routes turned out to be different. The choice of values
of free currents is limited by the fact that the product flows must be non-negative. However,
negative values can be interpreted as the need to return products that have already been
delivered in order to meet the assigned requirements.

The sum of flows along the routes is also equal to the sum of flows at the input and
output, i.e., equal to 500, taking into account rounding, i.c. all product flows are delivered.
The network model allows the decomposition and calculation by parts of complex systems
using algorithms developed in the tensor method of dual networks.

The network model provides the calculation of the cost of transportation. By analogy,
we will assume that tariffs are represented by branch resistances. Then the voltages on the
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branches represent the cost of transporting the flow of products along this route. The sum of
the voltages (costs) on all routes gives the total cost of transporting products.

As an example, we will assign tariffs as resistances in the branches of routes, which
for brevity we will represent as a vector, although in reality this is the main diagonal of the
resistance matrix. The voltages on the branches will be obtained by the formula e’ + ¢’ =
Z@' + 7).

Branches 1 2 3 4 5 6 7 8 9 10 11
V4 1 1 1 1 1 2 3 4 5 2 3
i, 185,1 | 141,5 | 81,8 | 1959 | 48,9 | 66,5 | 89,6 | 29,0 | 153 | 106,3 | 19,9
i 1149 | 58,5 | 182 | 154,1 | 1,1 |-153 [139,1| -87 | 33,5 | 15,0 | 10,0

i+ 300,0 | 200,0 | 100,0 | 350,0 | 50,0 | 51,2 | 228,7 | 20,3 | 488 | 121,3 | 29,9
e/ +e 300, |200,0 | 100,0 | 350,0 | 50,0 | 102,3 | 686,1 | 81,3 |244,2 | 2426 | 89,6

The sum of the voltages in the branches of routes 6 to 11 is equal to 1446,14; this is the
total cost of transporting products at the specified supply, demand, and tariffs. For compar-
ison, let’s consider another option for setting tariffs with the Z matrix, the main diagonal of
which is represented by a string.

Branches 1 2 3 4 5 6 7 8 9 10 11
Z 1 1 1 1 1 6 4 2 3 2 2
il 163,1 | 1512 | 594 | 183,5| 71,4 | 29,6 | 758 | 57,7 | 29,8 | 107,7 | 13,7

P 136,9 | 48,8 | 40,6 | 166,5 | 21,4 | 16,8 | 151,5 | -31,4 | 23,8 | 15,0 | 10,0
i+ 1300,0 [200,0 [ 100,0 | 350,0 | 50,0 | 46,4 [ 2273 | 26,3 | 53,6 | 1227 23,7
e’ +¢’ 130002000 [ 1000 | 350,0 | 50,0 [ 2782 [909.4 | 52,6 | 160,9 [ 2453 | 474

The sum of the voltages in the branches of routes 6 to 11 is 1693,76; this is the total cost
of transporting products when setting new tariffs. The change (redistribution) of tariffs led
to a different distribution of flows along routes and the total cost of transporting products.

4. CONCLUSION

The created network model of the logistics system based on the tensor method of dual
networks provides the calculation of product flows along routes from suppliers to consum-
ers in two stages without iterations, as well as the calculation of the cost of transportation
in accordance with tariffs. To analyze the options, you can select the parameters of supply
and demand, fare values, route schemes, etc.

A certain limitation of the logistics network model is the need to specify at the second
stage of the calculation the values of currents in some branches of routes, the number of
which is equal to the difference between the dimension of the closed path basis and the open
path basis. The model provides the calculation of the transportation plan when new require-
ments arise for the volume of transportation along certain routes using path transformation
matrices. Variations in the route structure and supply and demand parameters need to be
used to optimize the transportation plan, which requires further research.

The further direction of research will be the application of decomposition and calcula-
tion by parts of complex logistics systems, calculation of flows when changing the structure

19



[Tempob A.E.
TensopHast ceTeBast MOJI€ITb CUCTEMBI JIOTUCTUKI

Mopenuposanue n aHam3 gaHHbIX. 2022. Tom 12. No 3.

of routes using algorithms of the tensor method of dual networks, analysis of the behavior
of the system when changing the tariffs for storing products.
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Llenbio sBAAETCS CO3JAaHME CETEBOM MOJENM JIOTUCTHKH, 00ECIeuHBaroLIeH
pacrpeeseHle TOBapHBIX MOTOKOB OT IPOM3BOJUTENCH K IOTPEOMTENsIM B
YCIOBHSIX PacTymuX 00BeMOB HMH(OPMAIWH, U3MEHEHHS SKOHOMUYECKHX CBSI3EH.
Jnst co3maHust MOJETH HPHMEHSETCS TEH30pHBIM METOJ| pacdeTa MpOIECCOB IPH
HN3MEHEHUH CTPYKTYPBHI CETEBBIX MOJETICH TEXHHIECKHX M YKOHOMUYECKHUX CHCTEM,
BKJIIOYAsl JEKOMITO3UIIMIO U pacdeT Mo yacTsaM. CeTb paccMaTpHUBAaeTCs Kak TEH30p,
MPOCKUUAMH KOTOPOT'O ABJIAKOTCA Pas3IMYHbIC COCAMHCHUA BETBEH. KOOleI/IHaTaMI/l
B CETEBOM IIPOCTPAHCTBE SIBJIIOTCS 3aMKHYTbIE U OTKpBIThIC yTH. [Ipyu n3MeHnenuun
CTPYKTYPHI CETH HOBOE pElIeHHe MOTydaeTcs C HOMOIIBIO MAaTPHIIBI IPeoOpa3oBaHUs
myteid. B pesymprare coszmaHa cereBas MOJENb JIOTHCTHKH, B KOTOPOH BETBH
MPOU3BOJMTENCH U TOTpeOUTENel ONpenenstoT 0a3uc pa3OMKHYTHIX ITyTeH, a BETBU
MapIIpyTOB ONPEAENAIOT 0a3uc 3aMKHYTHIX MyTei. COMpOTUBIEHNUS BETBEN 3a1al0T
Tapudbl XpaHEHHs ¥ NEPEBO3KH IIPOYKTOB.

[ToToKM TNPOAYKTOB NPOW3BOAMTENCH M MOTpeOUTENeH 3agaHbl HCTOYHHKAMH
HANpPSDKEHMsl, KOTOPbIE CO3JAI0T 4aCTh PACIPEENICHHs IOTOKOB 110 MapIIpyTaM.
Uro0b! IOMONHUTE TTOTOKH MPOIYKTOB JIO MOJNHBIX, B BETBH MapIIPyTOB BBOJSTCS
HNCTOYHUKH HATPSDKEHUsI, KOTOPHIE TAIOT JOMONHHUTENbHBIE TOKH. s MapImpyToB
CBEpX YMCIIa PA30MKHYTHIX MyTeH, 3HaUE€HHs TOKOB JOTOIHEHHUS CleTyeT BhIOPATh.
Cymma TOKOB OT BCE€X HCTOYHHUKOB Ja€T 3HA4YCHHUS TIIOTOKOB IIPOAYKTOB OT
MOCTABIIUKOB K MOTPEOUTEIISIM, pelias 3a1a4y JOTUCTHKH.

CereBast MozeNIb NpUMEHSIETCS JUIL pacdyera 0e3 HTepanuii MOTOKOB INPOIYKTOB
10 MapIIpyTaM, CTOMMOCTH TIEPEBO3KH, a TAaKXKe MPeoOpa3oBaHHs PEMICHUS IIPH
HM3MEHEHUH MapHIpyToB, Tapu(OB, CIpoca U MPEATI0KEHHS, C TOMOIIBIO aITOPUTMOB
TEH30PHOT'0 METO/Ia IBOMCTBEHHBIX CETEH.

KoaroueBrble ciioBa: cereBasi MOJIelb, TEH30PHBIH METO, MaTPHULIBI IIPE0Opa30BaHHs
MyTel, WHBAapUAHT JABOWCTBEHHOCTH, CHCTEMa JIOTHCTHKH, TpPaHCIOPTHPOBKA
MIPOIYKTOB.
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PaboTa mocBsIeHa ajanTalud METOAUKH CaMOAKTUBAILMU JIMYHOCTH Ha BBIOOpKAX
pectiornerToB ¢ uHBaIHAHOCTEIO (N=170) m ycmoBHo 3mopoBbix (N=1507) B
Bo3pacte ot 18 1o 65 et (31,6 % MyxuuH). AganTaiys IPOBOIMIACH ISl YETHIPeX
rpymit: ycinoBHO 310poBbie 10 25 et (N=1016) u ot 25 net u crapme (N=491); nuna
¢ uHBaANUAHOCTHIO 110 25 net (N=102) u ot 25 ner u crapuie (N=68). [To obmemy
0aTy caMOaKTHBAILMU OOHAPY)KEHBbI CTATUCTUYECKU 3HaYnMbIe d((PEeKThl BO3pacTa
1 HAJIUYUS HHBATUTHOCTH: YCIIOBHO 370POBBIE MIPEBOCXOIAT JIMI] C HHBAIMTHOCTBIO,
a JIIOJM CTapiiero Bospacta — 6ojee Mooabix. D ekt mona He oOHapyxkeH. [Ipu
pPacCMOTPEHHMH OT/EBHBIX LKAl METOAUKH OKa3aJloCh, YTO y YCJIOBHO 370POBBIX
BCE IIKAJIBI METOJIUKH BHOCST OJIMHAKOBBIA BKJIAJ B TOBBINICHHE CAMOAKTUBALIMH C
BO3PACTOM, @ Y JIUIL] C HHBAJIMIHOCTBIO C BO3PACTOM ITOBBIIIAIOTCS TOJIBKO 3HAYESHHS 110
IIKaJIaM CaMOCTOSITEIEHOCTH U IICHXOJIOTHYECKOH aKTHBAIMH. J[0CTaTOYHO BBICOKAS
BHYTPEHHSSl COIVIACOBAHHOCTb METOJMKH Ha 4YEThIpeX BBIOOpDKAaX U peTecToBas
HaJIeKHOCTh JUISl BBIOOPOK YCJIOBHO 3/I0POBBIX M JIML[ C MHBAJIMIAHOCTHIO TOBOPST
O PENEeBaHTHOCTH MeTOAMKH. IIpencTaBieHbl HOPMBI ISl BCEX MIKAJd METOJHKU
CaMOAKTHBALMM JIMYHOCTH B 3aBUCUMOCTH OT BO3pAaCTa M HaJIMYHUs/OTCYTCTBHS
HMHBaJINIHOCTH.

KinwueBrble ciioBa: METOAUKA CaMOAKTHUBALIUU JIMYHOCTH, aJariTalus, peTecToBas
HaAC)KHOCTb, TECTOBLIC HOPMBI, JINLIa C UHBAJIUAHOCTBHIO, YCIIOBHO 3/1J0POBLIC
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1. BBEAEHHE

CoBpeMeHHBIC yCIOBHUS TIOCTOSHHBIX BBI30BOB JIMYHOCTH JUKTYIOT HEOOXOMIUMOCTH J10-
MTOJTHUTETHHOH MPOBEPKH HEKOTOPHIX METOAHK. C TOUKH 3pEHHSI Pa3HbIX aBTOPOB, BEI30B —
910 ucnbITanue [11], mpobnema [5], mpoTuBOpedne, TBOpUYECKas 3a1ada [2], BKIrOYaromas
pasHbIe CUTyaruu, cOOBITHS U TpeOoBaHUA pacTu mof 3afady [1, 10], TpeboBaHms cBOEB-
PEMEHHOCTH KaueCTBEHHOTO OTBETa (TOTOBHOCTH OLIEHUTH, OCO3HATh, TOHATH CUTYAITHIO 1
€e CUTHAIIBI, a TaK)Ke JIaTh aJIeKBaTHbI 0TBeT). Ha (hoHe m100aibHBIX BEI30BOB COBPEMEH-
HOCTH, 3aTparuBaroiux BCEX 663 HCKIIIOYCHUS, JTIOAN CTAJIKUBAIOTCA U C MHAWBUYaJIbHBI-
MM BBI3OBaMH, OJHUM H3 KOTOPLIX ABJIACTCA MHBAJIUIHOCTD. I/IHBaJ'II/ILlHOCTb, BILUICTAsCh B
[100aNbHBIE BBI3OBBI, C OJTHOM CTOPOHBI, MOXET CIIOCOOCTBOBATh CHMIKEHHIO TICHXOJIOTH-
YECKHX PECypCOB, C IPYroil — BBICTYIATh B Ka4€CTBE OIOPHI, LIEHTPA, «BOKPYT KOTOPOTO
cTpouTtcs *)u3Hb» [10], cTaTh Ba)KHEHWIINM PECypcoM [UIsi pa3BUTHSI CUCTEMBI CAMOAKTH-
Baru. CortacHO HAIlIMM HCCIIEI0OBAHMSIM, CAMOAKTHBAIIMS TIPEICTABISET COOOH COBOKYII-
HOCTP TaKUX MCHXOJIOTHIECKHIX XapaKTEPUCTHK KaK: 1) CaMOCTOATEIIEHOCTD TIPH PEIICHUN
JKU3HCHHO Ba)KHBIX 337a4 (aBTOHOMUSI, HE3aBUCHMOCTh, CBOOO/Ia BEIOOpA, CaMOOpTaHU3a-
U ¥ T.1.); 2) TICUXOJIOTHYECKass aKTUBHOCTh (OKaXKha JACSITeIbHOCTH, MHUIIMATHBHOCTD,
CTpeMJIEHHE K AOCTIDKEHHIO IeNlell, MHTepeC K KU3HH U T.11.); 3) Qu3mueckas akKTHBAIHA
KaK HAJIMYME ONTUMAJIBHOTO (PYHKIIMOHAIBLHOTO M SMOIIMOHAIBHOTO COCTOsIHMIA [17, 21].

I/I3yqu1/Ie CaMOaKTHUBAIIUN PAa3HBIX MOTCHIHUAIIBHO YA3BUMbBIX I'PYIIIT ITOKa3aJio, 4YTO Ca-
MOAKTHBAIHsl CTYJACHTOB C MHBAINJIHOCTHIO B MHKIIIO3UBHOM Cpejie CIoCOOCTBYET MOBBI-
LIEHUIO CaMOAKTHBAIMU 3710POBBIX CBEPCTHHUKOB [ 18]; CHMKEHHE CIIOCOOHOCTH K CaMOaK-
THUBALMH Y TIOZPOCTKOB M3 YUCIIA CUPOT M CIICIIUAIMCTOB, UX BOCIIUTHIBAIOIIHX, (OPMHUPYET
HeaJIeKBAaTHbIE MEXaHU3MBbI a/IallTal[H Y BOCHIUTAHHUKOB K CAMOCTOSITEIILHOM XH3HU [16];
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CaMOaKTUBALMSI MMEET CHM)KCHHBIH XapakTep y OOy4arolMXCsl C MHBaJIMIHOCTBIO B OT-
JUYHe OT TPYAOYCTPOCHHBIX C MHBAJIHIHOCTHIO [15]; caMoakTHBaIs CYIIECTBEHHO CHH-
KAETCSI B YCIIOBHSIX BbI30Ba TOBceAHEBHOCTH [19]. JlaHHBIE MCCIEOBaHNS UMEIOT CBOM
OTpaHWYEHUsI, HO MOKA3bIBAIOT BIMSHNE CPETOBOTO (hakTopa M KyJIbTYpHO-HCTOPHUICCKUX
YCIIOBHH, B KOTOPBIX Pa3BOPAYMBAETCS BCSI CAMOAKTUBAIIMOHHAS CHCTEMa JTMYHOCTH.

Pa3BuTHEe caMOaKTHBAIIMH BaXKHO JJIS CAMOpEATM3aliH JIIOAEH C MHBAIMIHOCTHIO BO
BCeX cepax ACeSITENbHOCTH W /IS MOBBIIICHUS KaueCTBa MX JKU3HH, TaK KaK HEKOTOpPBIC
JIJaHHBIE CBUAETENBCTBYIOT O HEJOCTAaTOUHOCTU TPYAOBOM MOTHBALUU M aKTUBHOCTH JIUI]
C MHBAIUAHOCTHIO [13] B CHly HaNIW4Ms CPEIOBBIX U «OTHOIICHYECCKHX» OapbepoB [7];
0 COILMAIBHON 3KCKIIIO3MH, MPEMATCTBYIOMIEH X caMopeanu3aun [6]; 0 CTUrMaTH3aIiu
U CaMOCTHTMAaTH3aIlliH, BBICTYTAIONIMMU OapbepaMu [UIS TPOSBICHUS aKTUBHOCTHU [14];
00 yOeXJCHHOCTH B HEBO3MO)KHOCTH peann3annu ceds B mpodeccun; He0CTaTOYHON T0-
TOBHOCTH JICHICTBOBATH, HEKOTOPON OCTOPONKHOCTH M HEAOCTATOYHON CaMOCTOSTEIbHOCTH
y 00y4Jaromuxcs ¢ MHBAJIMAHOCTBIO [8, 9]; 0 TEHACHIIMM K MOTHUBALMU OJOOPEHUS; HEMO-
CTAaTOYHOH CONMAIM3UPOBAHHOCTH, HHTETPUPOBAHHOCTH B OOIIECTBO, YTO CIIOCOOCTBYET
CHIDKEHHIO CaMOCTOSITENIbHOCTH, aKTUBHOCTU M MHULIMATUBHOCTH [4]. Tem He MeHee, B Uc-
CJIC/IOBAaHMSX TAKXKE IMPOBOIUTCS Pa3IMUMe MEX/Y HETPYAOCIOCOOHOCTHIO U MHBAJIUIHO-
CTBIO, TaK KaK CIMTACTCS], YTO MHOTHE JIIOAH C OTPAHUYECHUSIMH TI0 370POBBIO CIIOCOOHBI K
aKTHBHOH mpodeccrnoHansHoN Ku3HH [23]. Oco6oe BHIMaHHE YIEIICTCS CIOCOOHOCTAM H
BO3MOKHOCTSIM aKTHBHOM H3HH MOJOABIX JIFOEH ¢ HHBATUIHOCTEIO [22]. UHBanuaHoOCTh
paccMmarpuBaeTcsl Kak BapHaHT YeJIOBEYECKOro pa3zHOOOpasusi, IpU3HaBask Pa3IHuusl Kak-
noro [3], kak BapHaHT HOPMAJIBHOTO PA3BUTHS JINIHOCTH B 3aTPyAHEHHBIX yCIOBHAX [12].

[onmyuennsie panee pe3yasrarsl [15, 18] ToBOpAT 0 TOM, YTO CaMOAKTHUBAIIHSI MOXKET
CTaTh BHYTPEHHEH MOOYINTEIbHON aKTUBHOCTBIO JIMYHOCTH C MHBAIMAHOCTBIO JUISl peajlu-
3anuK cedsl B Ka4eCTBE aKTHBHOTO 4WieHa 00IIeCTBa, HO MPOSIBIISATHCS M0-Pa3HOMY B 3aBH-
CHUMOCTH OT BO3PACTHBIX M HHANBUAYAIBHBIX XapakTepucTuk. Cama uies caMOaKTHBAIUH,
HalpasJIeHHAs Ha aKTHBHOE YYacCTHE JIUI] ¢ MHBAJIUIHOCTBIO B )KU3HU OOIIECTBA, MOKET
MMETh 1 HETaTUBHBIE TIOCIIC/ICTBHS B CHITY 3aBBIIICHUS TJIAHKW aKTHBHOCTH JI0 YPOBHS TEX,
KTO HE MMEET OTrpaHHYCHUIl 10 370poBbI0. Clie0BaTeNbHO, BO3HUKAET HEOOXOJMMOCTh B
YTOYHEHHH HOPM, KOTOpbIe ObUTH yCTAHOBJICHBI IS ITOKa3aTenel MeTOANKHA CaMOaKTHBa-
1Y C yUYETOM PA3IMYHBIX XapaKTEPHCTHK 00CIIEayeMbIX, HAIIPHIMED, BO3pacTa, 1oja, Hajlu-
YHS/OTCYTCTBUSI HHBAJIMIHOCTH. TakuM 0Opa3oM, IebIo JaHHOW paboThl OblTa aanTarus
METOJJMKH CaMOAKTHBAIIMU Ha BHIOOPKE JINI] C MHBAINJIHOCTBIO ¥ 0€3 WHBAIMIHOCTH pa3-
HOTO BO3pacTa  ToJa.

2. METO]I

Yuacmuuku uccneooeanus. B nccnenoBannu nNpuHsIo yaactue 1677 demoBek, U3 HUX
170 ¢ nHBaMUAHOCTRIO. Bee yUacTHUKH MCCIICIOBAHUS 3aHATH B yU4eOHOW min mpogeccu-
OHAJILHOH JIeaTeNIbHOCTH. Bo3pacTHbie rpymnis (10 25 sieT 1 oT 25 j1eT) ObUTH ONpeAeeHb
ucxozas u3z nepuonuszanuu Jl. bpomneit u Jlx. bupena, riae panHss B3pocioCTh ONpeesieT-
Cs1 BO3PACTHBIMU TpaHUIaMu OT 18 110 25 jeT, cpeaHsis ¥ O3IHSS B3POCIOCTh (3pelocTh) —
ot 25 metr u crapme. K stomy jxe nenmeHwmro Omm3ka W mepuommsanus b.I. Ananpesa.
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)Y

PauHsist B3pOCIOCTh XapaKTepu3yeTcs HadyalloM B3pOCIIOH JKU3HHM, MOTyuYeHHEM 00pa3oBa-
HUsl, Po(decchu, HauajIoM CaMOCTOSTEIbHOM KU3HU. CpelHsIs U MO3HSS B3POCIOCTh —
camble MPOAYKTHUBHBIC MEPHO/IbI, TICPUOIBI ITOJHOW caMOpeaIr3aliy Yej0BeKa B JKU3HU.
JletanbHast XapaKTepPUCTHKA BBIOOPKH MTPECTaBICHA B Ta0. 1.

Tabmuna 1
Xapaxkrepucruka Boioopku (N / %)
Bospacr, BospacTHble rpynnsi Ilon
cpeanee +
Tpymma N cTaHaapTHoe | 18-25 mer Ot 25 ner | Myxkcekoii Kenckuii
OTKJIOHCHUE
YenosHo 1507 | 25,3+9,98 |1016/67.4 %|491/32,6 % |255/16,9 % | 1252 /83,1 %
3710pOBBIE
C uHBa-
170 | 26,5++9,82 | 102/60,0% | 68/40,0% | 48/28,2% | 122/71,8%

JIMTHOCTBIO
Bcero 1677 25,449,96 | 1118/66,7 % |559/33,3 % [303/31,6% |1374/68,4 %

Ilpoueoypa uccnedosanusn. ViccnemoBanue MpOBOMWIOCH B OHJIAWH-popMare, OBLIO
AQHOHUMHBIM U 3aHUMaIo He 6onee 10 munyT. McenenoBanne Ob10 0100PEHO DTHUECKHM
xomuteroM MITIITY (Ilpotokon 3acenanust Dtuueckoro komurera Ne 12, ot 15.03.2022).
Bce dannvie npeocmasnenvt 6 penosumopuu Mendeley Data (https://data.mendeley.com/
datasets/36s3vrkcgv/l).

3. PE3VYJIBTATBI U OBCYKJIEHHE

OnucarenbHas CTATUCTUKA 10 BCEM IIKAJIaM METOAMKU CAMOAKTUBALMU JJUYHOCTH IS
YeThIPEX Pa3HBIX IPYII PECIOHIEHTOB NPEACTaBIeHa B Ta0I. 2.
Tabnuua 2
OnucarejJbHasg CTATHCTUKA 110 BCEM I0KA3ATEJIAM METOIUKHU
CaMOAKTHBAIMH JIMYHOCTH /ISl YeThIPeX rPYIIl PECHOHIEHTOB

IMoka3arenan M= s | Me [LQ; UQ] | Acummerpust | JKcuece
YcnoBHO 310poBbIe, 10 25 et (N=1016)
CaMOCTOSATEILHOCTD 158+4,1 |16,0[13,0;19,0]| -0,12+0,08 | -0,55+0,15
Dusndeckast akTUBALIUAS 14,8 +4,7 | 15,0[12,0; 18,0] | -0,33+0,08 | -0,18 0,15
IIcuxomornyeckast aKTHBAIUS 13,8+4,2 | 14,0[11,0;17,0] | -0,08+0,08 | -0,01 £0,15
CamoakTtuBaiusi (UTOT) 44,4 +10,7| 44,0 [37,0; 52,0] | -0,04+0,08 | -0,37+0,15
YenoBHO 310poBbIe, oT 25 stet u crapmie (N=491)
CaMOCTOSTEIILHOCTh 16,6 £4,0 | 17,0[14,0;20,0] | -0,23+0,11 | -0,37+0,22
dusnueckast akTUBAIUS 16,4+4,8 | 17,0[14,0;20,0] | -0,66+0,11 0,35+0,22
Ilcuxonornyeckast aKTHBAIUS 15,7+4,1 | 16,0[13,0;19,0] | -0,21+0,11 | -0,36+0,22
CamoakTuBaiysi (UTOT) 48,6 £ 11,2 | 49,0 [40,0; 57,0] | -0,27+0,11 | -0,33+£0,22
Jluma ¢ MHBAIMAHOCTEIO, 10 25 net (N=102)
CaMOCTOSTEIILHOCTh 14,7+3,7 | 15,0[12,0; 17,0] | 0,08 £0,24 0,66 = 0,47
dusnueckast akTUBAIUS 13,8+4,9 | 13,0[11,0; 17,0] | -0,31+0,24 0,36 +£ 0,47
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IMoka3zareib M+ s Me [LQ; UQ] | AcummeTpust Ikcuecc
IIcuxonornyeckasi aKTHBAIUS 13,1+4,2 | 13,0[10,0; 15,0] | 0,22 +0,24 0,32 +0,47
CamoakTuBanus (UTOT) 41,5+ 10,2 40,0[35,0;47,0]| 0,40+0,24 | -0,26=+0,47

Jluna ¢ uHBaNMAHOCTHIO, OT 25 jet u crapiie (N=68)
CaMOCTOSATEITLHOCTh 169+4,3 | 17,0[14,0;20,0] | -0,23+0,29 | -0,84+0,57
Dusndeckast akTUBALIHAS 13,5+5,2 | 14,0[10,0; 17,0] | 0,01 £0,29 | -0,44+0,57
IIcuxonornueckas aKkTUBAIUs 15,7+4,5 | 16,0[13,0; 19,0] | -0,12+0,29 | -0,70+0,57
CamoakTtuBanus (UTOT) 46,1 +11,5| 48,0 [38,0; 54,0] | -0,16+0,29 | -0,17+0,57

Pacnipenenenus 6aioB Bcex MIKajl METOAMKH CAMOAKTHBALMH JIMYHOCTH JUIsl TPYIIII C
MHBAJIMJHOCTHIO 00OMX BO3PACTOB HE OTIMYAETCS OT HOPMAJIbHOTO (110 Kputepusm Koi-
Moroposa—CmupHosa u llanmpo-Yumxka p>0,05). s rpynis! ycIoBHO 310pOBBIX pacnpe-
JIeNICHHE 10 BCEM IIKajlaM METOIUMKH OTIH4YaeTcs oT HopMmanbHOro (p<0,05), uto moxeT
OO0BACHATBCS OONBIIMM 00BeMOM BBIOOpOK. CpemHre 3HaueHHs MO BCEM IITKaiaM IpaK-
TUYECKH HE OTIMYAIOTCSl OT MEJUaH, YTO TOBOPUT O CHMMETPHYHOCTH PACHpE/ICIICHHH.
B CpaBHCHHHU C HOpMaMU, KOTOPBIC 6LIJ'II/I OMPEACIICHBI IJIsI METOAMKH CaMOAaKTHUBAIIUU PAHEC
Ha BBIOOPKE YCIOBHO 310POBBIX [17], MepHI IEHTpaIbHON TEHACHIINH, TOTYYCHHBIE HAMHI
TIPY YBEIMUCHUU BBHIOOPKH, TIPAKTHYECKH HE OTIMYAIOTCS, TaK Kak B MccieqoBaHuu [17]
OblIa MCIIOJIb30BaHa BHIOOPKA 110 BO3PACTHOMY JIMANA30HY CXOHAsi C BEIOOPKOW yCIOBHO
370POBBIX JIMI[ OT 25 JIET U cTapiue. 3HaUeHHsI BCEX MOKa3aTelieil caMOaKTHBAIMU AJIs yC-
JIOBHO 3JI0pPOBBIX JI0 25 JIeT HIDKE, YeM B Ooliee cTapiiell rpymie 1 B uccienosanuu [17].
3HaueHUs JJI0 Al ¢ UHBAJIMAHOCTBIO TAKKE HUKE, YEM JIJIA YCJIOBHO 3JOPOBBIX.

Uro6BI MPOBEPHUTH, PA3IUUAIOTCS JIM IPYIIIBI MEXIY cOOON CTAaTUCTHYECKN 3HAYMMO,
OBITO TIPOBE/ICHO J[BA JUCIIEPCHOHHBIX aHaIH3a. Tpex(aKkTopHBIi TUCTICpCHOHHBIN aHAIN3
OBbUT TIPOBEJICH YISl CPABHEHUS TPYII PECIOHICHTOB Pa3HOr0 BO3pacTa, Iojia U COCTOsI-
HUSI 30POBBSI IT0 NTOTOBOMY 0auTy METOAMKH. Pe3ynbTarsl MoKas3aiy, 9YTo CTAaTHCTHYECKH
3HAUMMBIX B3aUMOJICHCTBHI HET, HO €CTh CTATHCTHYECKH 3HAYNMbIe ITaBHbIC d((eKThI Ha-
JIMYMSI MHBAJTMTHOCTH M BO3pacTa: Mo o0IeMy Oaily caMOaKTHBALUH YCIOBHO 3710pPOBbIC
npeBocxonsT aui ¢ nHBATUAHOCTHIO (F(1, 1669)=8,89; p=0,0029), a irogm crapiiero Bo3-
pacra — mimaammx (F(1, 1669)=19,29, p=<0,0001). 310 rOBOPHUT O TOM, YTO HEOOXOIUMO
YUUTBHIBATh BO3PACT PECIIOHCHTOB U pa3padaThIBaTh BO3PACTHBIE HOPMBI, & TAKKE CITYIKHUT
000CHOBaHNEM BBIJICJICHHS] OTAEIBHBIX HOPM AJIS JIUI C MHBAIUAHOCTHIO. CTaTHCTHYECKN
3HAUMMBIX Pa3IUYUH 1O IOy HE OKa3aIoCh.

YeTpipexakTOPHBIN JUCIIEPCHOHHBIN aHaIM3 ObLT POBEACH /ISl CPABHEHUS TPYIIII pe-
CIIOHJICHTOB PAa3HOTO BO3PAcTa, MOJIa U COCTOSIHUS 340POBbS 10 TPEM IIKaJIaM METOIHKH,
MIPUYEM BHYTPHUTPYIIIOBBIM (paKTOPOM BBICTYIAJIM TPH IIKaIbl. B3anmopeiicTBue Tperhbe-
rO MOpsIJIKa OKa3anock cratuctudecku HezHauumbiM (F(2, 3338)=0,16; p=0,85), a u3 Bcex
B3aMMOJICHCTBHI BTOPOTO MOPSAKA CTATUCTUYECKH 3HAYMMBIM OKa3aJloCh B3aNMO/IEiCTBIE
Mexay nepemeHHbMH «lllkama meroqukn camoakTuBamny, «Hammawe / orcyTcTBHE MH-
BanuaHocT» U «Bo3pact» (F(2, 3338)=7,96; p=0,0004). Cpeanue 3Ha4eHUS MO TPYIMIaM
MIPE/ICTaBIIECHBI HA pUCYyHKE. Kak BUIMM, y yCIIOBHO 3710pOBBIX BCE HIKAJIbl METOAUKH BHO-
CSIT MPUMEPHO OJMHAKOBBIN BKJIA/I B TIOBBIIICHHE CAMOAKTHBAIIMH C BO3PACTOM, a y JIMI
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C MHBAJINUAHOCTBIO — MOBBIIIAIOTCS 3HAYCHHUS 110 IIKajJaM CaMOCTOSTEIBHOCTH U TICHXOJIO-
IMYECKOl aKTHBalMHU, HO (PU3MUECcKasi aKTUBALUS Y JIMI[ C MHBAJIHMHOCTBIO CYLIECTBEHHO
HWJKE, YeM Y 37I0POBBIX, M C BO3PACTOM HE MOBBIIIACTCS, YTO BIIOJIHE 3aKOHOMEPHO B CHITY
HaJIMYMUS Y HUX PEaJbHBIX MOXHU3HEHHBIX (pU3NYeCKUX orpaHudeHui. Dpdekr nona odOHa-
py’KeH He OblI, BO3SMO)KHO B CHIIY MAJOYHCIICHHOCTH MY>K4MH B OJHOU U IpyTroi BEIOOpKaX,
YTO MpeAIoIaraeT qajJbHeHIe HCCISI0BaHMs B YTOUHEHHH HOPM METOIMKH CaMOaKTHBA-
LM JUTS MY)KYUH U KEHIMH B 3aBUCHMOCTH OT HAJWYHUS/OTCYTCTBHS HHBAJIHIHOCTH.
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Puc. 1. Cpeonue snauenus no wikaiam memoouKu CamoaKxmusayuu Iu4HoCmu
0715 PeCNOHOEHMO8 ¢ U 63 UHBATUOHOCU PA3HO20 803PACMA.

Tak Kak pe3ynbTaThl Ul TPYIIT pa3HOTO BO3PAcTa HE COBIIAJIM, TO IPOBEPKA BHYTPEH-
HEH COTIacCOBAHHOCTH METO/IMKHM ObUIA MPOBEAEHA JJISl BCEX YEThIpEX Tpymil. Pe3ymbrarsl
npezacTaBiaeHbl B Ta0n. 3. CpeaHne KOppesiHuu ITyHKTa CO INKAJIOW JTOBOJIBHO BBICOKH
(ue Hmwxe 0,48), a mokasareny BHyTpeHHeH cortacoBanHocTH Ooiee 0,70 mpakTH4ecKu BO
Bcex cityuasix. MckitoueHue cocTaBisgeT rpynmna JUll ¢ UHBAIUIHOCTBIO 0 25 JeT: moKa3a-
TeJIU BHYTPEHHEH COITAaCOBAHHOCTH JUISI OTAEIBHBIX IIKAJI METOAUKH Yy HUX CaMble HU3KHE,
HO JIJIs1 UTOroBoro 0asuia — Beimie, yem 0,75. Bce 3T0 03BOJISIET TOBOPUTH O TOM, YTO Me-
TOJIMKA JIOBOJIBHO XOPOILIO PabOTaeT HE TOJILKO JUIsl PECIIOH/ICHTOB pa3HOI'0 BO3pacTa, HO
JUTS JTAL] C UHBAJINIHOCTBIO.
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Tabmura 3
IMoxa3aTesim BHyTpeHHeH COIVIACOBAHHOCTH METOIMKH
CAMOAKTHUBALMM JUYHOCTH JJISl YeThIPeX IPYNIl PECIOHIEHTOB
oxa3arenn a Koa¢pdpuuuent nosiosunnoro | Cpeansis koppeasinust
Kpono6axa| pacmenienus I'yrmana NMYHKTA CO HIKAJIOH
YenoBHO 310poBble, 10 25 et (N=1016)
CaMOCTOSATETLHOCTh 0,70 0,72 0,63
Dusndeckast akTHBALIHAS 0,72 0,79 0,64
IIcuxonoruueckas aKTHBaLUs 0,71 0,73 0,64
CamoaktuBanus (UTOT) 0,85 0,86 0,53
YcnoBHO 310poBble, OT 25 sieT u crapiie (N=491)
CaMOCTOSATEIbHOCTE 0,74 0,80 0,66
Dusndeckast akTHBALIHAS 0,81 0,86 0,72
IIcuxonornyeckas aKkTHBAIUs 0,75 0,78 0,66
CamoaxTtuBarys (UTOr) 0,89 0,90 0,59
Jluna ¢ uHBanuAaHOCTHIO, 10 25 et (N=102)
CaMOCTOSATENBHOCTE 0,55 0,60 0,55
Dusndeckast akTHBALIHAS 0,72 0,74 0,64
IIcuxonornyeckasi aKkTHBALUs 0,65 0,68 0,60
CamoakTuBausi (UTOT) 0,80 0,84 0,48
JInma ¢ nHBamMIHOCTHIO, OT 25 neT u crapuie (N=68)
CaMOCTOSATEILHOCTh 0,81 0,84 0,72
Dusndeckast akTUBALIUAS 0,83 0,87 0,73
IIcuxomornyeckast akKTHBAIUS 0,82 0,86 0,73
CamoakTiBaiusi (UTOr) 0,89 0,93 0,59

PerecToBast HaIEKHOCTH MPOBEPSIIACH OTICIBHO IJISL TPYIIIBI YCIOBHO 30POBBIX pe-
cnonzentoB (N=37) u juia rpynmsl Jiun ¢ nHBanugHocThio (N=32). Bropoii 3amep Obut
MpoBeJieH uepe3 4 Mecsna. PerecToBast HAJIEKHOCTH JIJIS TPYIIIBI YCIOBHO 3I0POBBIX OKa-
3aJ1ach HUKE, UM JIJIS1 JIUL ¢ UHBaNUAHOCTHIO: OT 0,49 1o 0,70 mo mkaisam METOJMKH VS OT
0,75 mo 0,79. PerecToBasi HaJIe:)KHOCTh JIJIsi UTOTOBOTO TOKa3aTelsi oka3anach paBHa 0,61
JUIA TPYIIIBI YCIOBHO 370pOBBIX U 0,83 /1711 NI ¢ MHBAJIHMIHOCTBIO.

Koppensuuu Mexay mkagaMu METOAUK U o0nuM 6amiom (tadm. 4) CX0XKH ¢ Koppes-
LUSIMH, TIOJTy4E€HHBIMU HaMK paHee Ha poccuiickoi [17] u Genopycckoit [21] BeiOOpKax.

Tabnuma 4
Koppe.lmunn MEKAY IMKAJaMA METOAUKHU CAMOAKTHBAIIMHA
JIMYHOCTH ISl YeThIPEX Irpyni peCrioH1€eHTOB
Mokazarenn Dduznueckas IMcuxosornyeckasi | CamoakTHBaIUS
aKTUBALMS aAKTUBALHUS (uTor)
YenoBHO 310poBbIe: 10 25 et / 25 neT u crapuie
CaMOCTOSATEILHOCTD 0,44 /0,58 0,64/0,72 0,82/0,87
Dusnueckast akTUBaLKs 0,51/0,60 0,80/0,85
Ilcuxonoruyeckas akTUBALIHs 0,86/0,88
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Duznyeckas Icuxosornueckasi | CamoakTUBAIUSI

IMoka3zarean
AKTHBALMS AKTUBALUA (utor)

Jluna ¢ MHBAMIHOCTHIO: 0 25 et / 25 net u crapiie

CaMOCTOATENILHOCTh 0,33/0,38 0,58/0,75 0,76 / 0,84
Dusnueckast akTUBALIHAS 0,47/0,41 0,79/0,76
Ilcuxonornyeckast akKTHBAIUS 0,84 /0,86

Takum 00pazom, pe3ynbTaThl MOKa3bIBAIOT, YTO METOJUKA CAMOAKTHBAIIMH JTUIHOCTH
MIPAKTHYECKH OJIMHAKOBO Pa0OTAET Ha BCEX MCCIIEAYEMbIX BEIOOPKAX, YTO MOXKET CIIYKUTh
000CHOBaHMEM €€ MMPUMEHECHHS IS JIUI] Pa3HOTO BO3pAcTa M JJIS JIUIl C HHBAJIHTHOCTHIO.
Panee Taroke OBUTO TOKa3aHO, YTO KOHCTPYKT CAMOAKTHBAIMK OTPakKaeT MCUXOJIOTHYE-
CKYIO PEaJbHOCTD, OTIIMYHYIO OT JKU3HECTOHKOCTH, U 00aaeT MHKPEMEHTHOW BaIUIHO-
cthio [20]. B cuity Toro, 4to nmosiydeHHble HAMH JaHHbBIE CTATUCTHUYECKU 3HAYUMO Pa3iu-
YarOTCS B 3aBUCHMOCTH OT HAJHYUS/OTCYTCTBHS MHBAIMAHOCTH M BO3pacTa, ObUIH paccyuu-
TaHbl HOPMBI TI0 METOJTUKE CAMOAKTUBAIIMH JIJIsl YEThIPEX TPYIIT PECIOHACHTOB (YCIOBHO
3/10pOBBIE /10 25 JIET; YCIOBHO 3/I0pPOBBIE OT 25 JIET U CTaplle; JILA C MHBAJIUIHOCTBIO JI0
25 jieT; MUIa ¢ MHBAJUIHOCTRIO OT 25 JIeT U crapiie). Pe3yapTaTsl IpUBEACHHI B TA0. 5.

Tabmuma 5
HopMBbI 1J1s1 METOTUKH CAMOAKTHBAIIMHI
JIMYHOCTH /ISl YeThIpeX I'PyII PecnoHIeHTOB

YcaoBHo 310pOBbIE

Jo 25 et 25 ser M crapuie

Ilikana 1 | llIkana 2 | Hkaaa 3 | Wror | Ikama 1 | Hlkana 2 | Illlkana 3 | Uror

0-9 0-6 0-7 0-26 0-10 0-7 0-8 0-28
10-11 7-9 89 27-32 11 8-10 9-11 29-34
12 10-12 10-11 33-36 12-13 11-13 12-13 3540

13-15 13-14 12-13 3741 14-16 14-16 14-15 41-46
16-17 15-16 14-15 4247 17-18 17-18 16-17 | 47-52

18-19 17-18 16-17 | 48-53 19-20 19-20 18-19 53-58
20-21 19-21 18-19 54-58 21-22 21-22 20-21 59-62

Yposens | Beicokuii | Cpennuit | Huzkuii | YpoBennb

aju|s|w|o|—| CoHalE |[© ||| o |u|s|w|w|—| CTonailin

22-23 22 20-21 59-63 23 23 22-23 63-67
24 23-24 22-24 64-72 24 24 24 68-72
JIMna ¢ HHBAJTUAHOCTBHIO

Jo 25 et 25 ser M cTapuie
Ikana 1 | kana 2 | Hkana 3 | Uror | llkana 1 | lllkana 2 | lllkaxa 3 | Wror
= 0-9 04 0-6 0-24 0-9 0-4 0-8 0-24
E 10-11 5-10 7-8 25-31 10-11 5-6 9 25-30
o 12 11 9-10 32-34 12-13 7-10 10-12 31-37
g 13-14 12 11-12 35-37 14-16 11-12 13-15 38-45
% 15-16 13-15 13-14 38-44 17-18 13-15 16-17 46-50
9) 17 16-17 15-16 45-47 19-21 16-17 18-19 51-54

[95]
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The Adaptation of Personal Self-Activation Inventory for People with and without Disability...

E Odintsova M.A., Radchikova N.P., Aleksandrova L.A.
Modelling and Data Analysis 2022. Vol. 12, no. 3.

E| g Vea0BHO 310poBBIE

< Q

E g o 25 ner 25 jer U cTapiie

O | » | Hlkana 1 | [xama 2 | Hkana 3 | Aror | lIkana 1 | Hkana 2 | lllkana 3 | Uror
7| E 18-19 18-20 17-18 | 48-58 22 18-20 20-21 55-59
8 é 20-22 21-22 19-22 59-62 23 21-23 22-23 60-70
9 | @| 2324 23-24 23-24 | 63-72 24 24 24 71-72

PaccuntanHbpIe HOPMBI TTOKA3bIBAIOT, YTO CaMble HU3KWE 3HAYCHUS IIKAJI HE 00JalatoT
TaKoi e muddepeHnupyomeil ciocoOHOCTHIO, KaK BBICOKHE 3HAYCHHUS, YTO COBIIAAACT C
pe3yabraramu, Mojy4eHHbIMUH Hamu panee [20]: B pamkax Teopuu snareHTHBIX uepT (IRT)
OBUIO YCTAHOBIJIEHO, YTO M3MEPEHUS] KOMIIOHEHTOB CaMOAKTHBALMH SIBISIFOTCS! JOBOJIEHO
TOYHBIMH B IMANa30HE OT HU3KMUX 3HAYEHWH 10 3HAYEHHH, CYILIECTBEHHO BBIIIE CPEIHETO,
Y TOJIBKO CaMbl€ BEICOKHE 3HaUCHMs! (IIPEBBIIIAIONINE CPETHHE Ha JIBA CTAHIAPTHBIX OTKIIO-
HEeHHUs 1 Ooriee) U3MEPSIOTCs HEAOCTATOYHO TOYHO.

O ekt mona odHApY)KEH HE OB, XOTS B 60JIee paHHEM HCCIICIOBAHIH MYKIHHBI ITpe-
BOCXO/IMJIM YKEHIIMH M0 IIKaJle caMOoCTosATeabHOCTH [17]. IlomydeHHble pe3yabTaTsl MOTYT
OOBSICHATBCS KaK U PeaJbHBIM OTCYTCTBHUEM Pa3lIMUUi B CAMOAKTHBALIMN MYXXUHH U JKCH-
LIMH, TaK ¥ HEAOCTATOUYHO OONBIINMHU BBIOOPKAMH MYXCKOT'O 110J1a, YTO CO3/AeT IepCIeK-
TUBY JUId JanbHeHIuX ucciaeqoBaHuil. [Toka pa3nuuns B caMOakTHBALUN MEXKIY MYK4U-
HaMH 1 JKEHIIMHAMH YOeTUTEIbHO HE YCTaHOBJICHBI, IPEUIaraeM M0JIb30BaThCs HOPMAMHU
13 Tabi. 5 BHE 3aBUCHMOCTH OT T10JIA.

4. BBIBOJbI

MeTtonuka caMOaKTHUBAIMN Oa3MpyeTcss Ha TEOPUHU, COTIIACHO KOTOPOW CaMOAKTH-
Balusd — BHYTPCHHSAA MPOU3BOJIbHASA AaKTUBHOCTL JIMYHOCTHU, BKJIIOYAIOMIAsA: l) caMo-
CTOSATEIBHOCTh MPHU PEIICHUU JKU3HEHHO BaXKHBIX 3a1a4 (aBTOHOMIS, HE3aBHCHMOCTb,
cBoOoma BRIOOpA, CAaMOOpPTaHU3aAIUA U T.I1.); 2) TICHXOJIOTHYECKas aKTHBHOCTH (PKaXKaa
ACATCIIBHOCTU, MHUIHUATUBHOCTD, CTPEMIJICHUC K JOCTHIKCHUIO ueneﬁ, HUHTCPEC K KU3ZHU
1 T.11.); 3) ¢pu3ndeckas akTHBANUs KaK COXPaHCHUE ONTHMAaIbHOTO (PYHKIIHOHAIEHOTO U
SMOIMOHAIBHOTO COCTOSHUNA. CaMOAKTHBAIIHS MIPOABIISCTCS O-Pa3HOMY B 3aBHCHMOCTH
OT BO3pacTa u HaJ'II/l‘-II/l)I/OTCyTCTBI/IH WHBAJIMIHOCTU. B cBs3u ¢ aTUM B YCJIOBUAX HOBBIX
BBEI30BOB COBPEMEHHOCTH BO3HHKACT HEOOXOJUMOCTH B MPOBEPKE, aJaNlTaldd U Tepe-
CMOTpE ICUXOMETPHUIECKUX HOPM METOIHKH.

IIpoBepka BHYTpEHHEH COIIACOBAHHOCTH METOJMKH Ha YSTHIPEX Pa3IHUHBIX BEIOOPKAX
(YCIIOBHO 370pPOBEIC 10 25 JIET; YCIOBHO 37I0POBBIC OT 25 JIET W CTapIIe; JTUIA ¢ HHBAIA-
HOCTBIO JI0 25 JIeT; JIulia ¢ MHBAJIHIHOCTBIO OT 25 JIeT U CTapIie) MmoKa3aia, 9YTo BCe IIKa-
JIBI UMCIOT JOBOJIBHO XOPOIIIYI0 BHYTPEHHIOK COIIACOBAHHOCTD, & PAaCIpeeicHHs 0alIIoB
MAaJI0 OTIIMYAFOTCS OT HOPMAIIBHOTO. Bee TpH IIKaibl METOUKH XOPOIIIO COTTIACYIOTCS MEK-
Iy co00M, YTO O3BONISAET BEIYUCIATH UTOTOBEIM 0ajll, IpeACTaBIAIONIINA 00N YPOBEHb
CaMOaKTUuBaIlluu. HOHy’{eHHLIe PE3YAbTAThl, CXOAHBIC C pE3yJIbTaTaMu MPEAbIAYIIUX IIPO-
BEPOK PabOTOCIIOCOOHOCTH METOAMKH Ha PA3IUYHBIX BRIOOPKAX, MIO3BOJISIOT MPEICTABUTh
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HOPMBI JIJTSI METOIMKY CAMOAKTHBAIIMHU B 3aBHCUMOCTH OT BO3pacTa U HAJIMYHUS/OTCYTCTBHS
WHBAJIMIHOCTH. J[aHHOE HCccileioBaHKe SBISIETCSl YacThlo Oosiee KPYIHOTo IpOEeKTa, Ha-
TIPABJIICHHOTO HA H3yYeHUE NICHUXOJIOINYECKNX PECYPCOB COLMAIBHO YSI3BUMBIX I'PYIII B YC-
JIOBUSIX BBI30BOB COBPEMEHHOCTH. IlepcriekTBamMu SIBIISETCS PACIIUPEHNE BBIOOPKU MYX-
YMH, MYXYHH 1 )KEHIIIH C HHBAJIMIHOCTHIO.
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12.

13.

14.
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PaccmoTtpena  TexHomorus CO3MaHHi  MOOMIIBHOTO KOMIUIEKca  JId
perucTpanuy  JIEKTPUYECKOW AaKTUBHOCTH TOJOBHOIO MO3ra, PErHCTpalUiy
3UIEKTpO3HIIE(anorpadhuIecKoro CUrHaa ¢ OJJHIM KaHajioM. PaHnee TexHonornueckue
TIPOOJIeMBI, CBS3aHHBIE C HEAOCTATOYHON TyBCTBUTEIBHOCTIO M H30MPaTETbHOCTHIO
B OTHOLIEHUH OTHOLICHHS] CHTHAJI/IIIYM, HE O3BOJISIM MCIIOJIb30BATh B IIPAKTHYECKUX
MIPUIIOKEHHUAX CHCTEMBI PETHCTPAIMN 3MeKTposHIedanorpaduueckoil akTHBHOCTH
Ha OCHOBE TaK Ha3bIBAEMbIX CYXHX JIEKTPOIOB. B To ke Bpems qaxe npu HeOOIbIIOM
KOJIMYECTBE OTBEJCHHUH TaKHe CUTHAIBI [TPU PETUCTPALNH, HAIPUMED, OT 3pUTEIbHON
KOpBI, JOKAJIM30BAHHOW B 3aTBUIOYHOW OOJACTH TOJOBHOIO MO3ra, MOTYT OBITH
Ype3BbIYaiHO MH(GOPMATHBHBI B KOHTEKCTE aHAJIM3a ONEPaTOPCKOW NesITebHOCTH
1 JPYyTUX BUAOB YEIOBEYECKas MAESATENbHOCTh, B KOTOPOH CYIIECTBEHHYIO pOJb
WTpaeT IPOM3BOJBLHOE YIpaBleHHE BHMMaHWEM. B naHHOI pabore paccMoTpeH
OMBIT CO3/aHMSI MOOWJIBHOTO aBTOHOMHOTO KOMIIJIEKCa pEeTHCTpalud TaKuX
CUTHAJIOB JJs 3a7ad MOHUTOPUHIA XapaKTEPUCTUK OIEPATOPCKOM IESATENbHOCTH
B HAYYHBIX IIPUJIIOKCHUSAX. OmnucaHbl KOHCTPYKTUBHBIC 0COOCHHOCTH TaKOro
ycTpoiicTBa, co3maHHOTO Ha ocHOBe TexHonormn Node MCU, kotopas momydaer
HIMPOKOE PaCIpPOCTPAHEHUE BO BCTPOCHHBIX CHCTEMax, COOCTBEHHBIX Y3KOIOIOCHBIX
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1. BBEJIEHUE

B Hacrosiiiee BpeMst Hay4HO-TEXHUYECKHIA [TPOTrPeCcC OKa3all 3HAUMMOE BIIUSIHUE Ha pa3-
BUTHC BCeX chep METUITMHCKUX TEXHOJOTHIA B I[EJIOM U B YaCTHOCTH Ha 3JICKTPOdHIIe(ao-
rpaduro. Ceituac 3D nMarHocTrka NMepeknBaeT KadeCTBEHHBIE H3MEHEHUS.

Eille HECKOJIbKO JICCSTUIIETHI Ha3aja 3JeKTpodHIiedanorpadpuueckue HUCCie 0BaHus
MIPOU3BOJIMIIA HA MACCHBHBIX BBIYMCIUTEIBHBIX KOMITBIOTEPAX, JJIsl KOTOPBIX TPEOOBAIOCh
MHOKECTBO MPOBOJIOB, JJIEKTPOJIbl HYKIAJIHCh B CHELUATU3UPOBAHHOM Iejie, KOTOPbIH
YIIyUIHal eKTPHUECKYIO POBOUMOCTh CUIHANA, M TOYHOCTh UCCIICJOBAHUS HAMIPSIMYIO
3aBuCesa 0T 000PYJOBAHHS M TOBE/ICHHS UCITBITYEMOTO.

Ceifyac jxe HAUMHAIOT MOSBJIATHCS KOMIUIEKCHI /ISl MOOMJIBHOW PEruCTpaliii CUTHAIIOB
30I, KoTopbIe MOKHO MOACPHU3UPOBATH U KOTOPBIC HE TPEOYIOT TPOMO3IKHAX KOHCTPYKITHIA
U Ky4H TIPOBOJIOB. [10OSIBHIIHCE CYyXHE 3JICKTPOJIbI, KOTOPBIC JOCTATOYHO 3aKPEIUTh IIIOTHO
MIPUJICTAIONMMH K ToJIoBe. OHHM FOTOBBI K UCIIOJIb30BAHUIO O3 JIOMOIHUTEIbHBIX MAHHUITY-
JISIIUE TAKKX, KaK YCUITUBAIOIINH 3JIEKTPUUECKYIO TIPOBOMMOCTD refib. Tak jke U MOJIYJIH
YCWIICHHSI CUTHAJIa HE 00OIIUIM CTOPOHOM. B HacTosiee Bpemst, AJ1st asieKTpodHIedanorpa-
¢bun pazpaboTanu 1 NPOU3BOJIST KOMITAKTHBIC YCUITUTENH IEKTPUUECKUX CHUTHAIOB, pabo-
Tarolue gaxe dPPeKTUBHEE NPEKHHUX, K KOTOPbIE SIBIISIFOTCS 00JIee SKOHOMHYHBIMHU.
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[osiBHnacs NpuHNKIIHATBHAS BO3MOXKHOCTB BbIBecTH nojeBbie DI nccnenoBanus Ha
HOBBIN ypoBeHb. biarogaps KOMIaKTHOMY MOOWJIBHOMY KOMILIEKCY PETHCTPally U 3a-
nucu O3] CUTHAJIOB CTaI0 BO3MOXKHBIM HCCIEI0BATh AIEKTPUIECKYI0 aKTUBHOCTD T'OJIOB-
HOT'O MO3Ta MHJIOTOB caMONETOB. /[aHHbBIE HCCIEIOBAHNSA MOTYT MIOMOYb BBIICHUTH KaKue
IIPOLIECCHI TPOUCXOAAT B MO3TY IIMJIOTOB U KaK MIMEHHO OHHU BBIPAXKEHBI, & TAKXKE KaK BIIU-
sIET CTPecC Ha KOTHUTUBHBIEC (DYHKIIMH MO3Ta.

Tenepr 10CTaTOYHO IOMECTHUTH Ha TOJIOBY HCIIBITYEMOTO HEOOIBIION MTPUOOP CXOKHIHA
C MOJTHOPa3MEPHBIMHU HAYITHUKAMHU U MOXKHO TIPON3BOIUTH 3aITUCh M aHAJIN3 JJAHHBIX 3JICK-
TPUYECKOW aKTUBHOCTH KOPBI TOJIOBHOTO Mo3ra. Bce aHHBIE MOTYT mepenaBaThCsl 4epes
UDP mm xe Wi-Fi coeannenne n o6pabaTeiBaThes, HEIOCPEICTBEHHO, Ha IEPCOHAIILHOM
KOMIIBIOTEPE, U BU3YaIU3UPOBATHCS C UCIIONB30BAHUEM KIIHMEHT-CEPBEPHBIX TEXHOJIOTHUII.

2. TEXHUYECKAS APXUTEKTYPA
MOBMWJIBHOI'O KOMIIVIEKCA PETUCTPAIIUU 22T

Bbbur paspaboraH MOOMJIBHBIA KOMILUIEKC PErHCTPAaLUK DIIEKTPHYECKOH aKTHBHOCTH
KOPBI TOJIOBHOTO MO3Ta, MO3BOJISIOIINIT 3aIUCHIBATE U IIPOBOJUTH IIEPBHYHYIO 00pabOTKY
D0l curHaa v ero BU3yaau3aluio.

CTpyKTYpHO KOMIIIEKC MOKHO Pa3/IeinTh Ha [1Ba OJI0Ka — MEPBbI OTBEYAET 33 PErH-
CTpALMIO CUTHAJa U ero neperayy yCTpONUCTBY NPUEMHUKY, BTOPOM aBTOPU3YET COEANHE-
HUSI C TIepeJaTIYNKaMy M OCYIIECTBIIIET pa3/ieiieHHe CUTHAMIOB, IIOCTYTAOMINX C HECKOIIb-
KMX KaHajoB peructpaunu. Ha puc. | mpezacraBieHa cxema B3aMMOJICHCTBUII BHYTpH

KOMIIJIICKCA.
PC
EEG Reader USB Reciver
> Virtual COM Port
’7 Q
use
| WiFi | .
UDP Cennection USB2TTL Driver
Readable Data Stream
NODE MCU WiFi - STA NODE MCU WiFi - SoftAl
Digital EEG WWW
data
Data Handle & Record
Web service
ADC Channel
Dry EEG
Electrodes system . .
»
Signal amplifier Subject

Puc. 1 Apxumexmypa mobunibHo20 KOMNAEKCA
pecucmpayuu SNeKMpuecKoll akmugHOCmu MO32d.
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VYerpoiictBa paszpadortansl Ha 6ase miatdopmsl NodeMCU. Dto open-source mpoexT,
CIIOCOOHBIN BBIMOJIHATH CKPHUIITHI Ha si3blke Lua. Mojynu, pazpaboTanHble Ha 0a3e Takux
1aTGOPM, UCTIONIB3YIOTCS JUIsl CO3/IaHMSI CUCTEM C yAJICHHBIM YIIPaBICHUEM.

B ponn npuémunka curnana Beictynaer miarta ESP8266 NodeMCU V3, npencrasieH-
Has Ha puc. 2.

Puc. 2 nnama ESP8266 NodeMCU V3.

B poxm nepenarunka curnaina moayins WeMos D1 ESP8266 NodeMCU, co BcTpoeHHOM
CHCTEMOH MUTAaHUS U 3apaaa akkymyssaropa gopmara 18650, mpeacTaBieHHbIH Ha puc. 3.

Puc. 3 mooyno ESP8266 WeMos D1 NodeMCU.

[IpuémMHUK mociae BKIIOYEHHUs HAaCTPAUBAaET BUPTYAJIbHBIM IIOCIIENOBATEIbHBIA IOPT,
yepe3 KOTOPBIA OCYIIECTBISETCA B3aUMOJCHUCTBHE C MPOrPAaMMHBIM 00eCHeueHHeM s
IIK. 3atem moayns ESP Haxonsmuiicst Ha mjaTe nepeBOUTCS B PEKUM TOUKH JOCTYIIA.

IlepenaTunk nocsue BKIFOUYEHUS, OCYIIECTBIISET HENPEPHIBHBIN MOUCK TOUKHU JIOCTYTIA, B
KauecTBe KOTOpoil BeicTynaeT npuémuuk. Ilocne aBropusamuu ycranasnupaetcas UDP co-
€IMHEHME, Yepe3 KOTOPOe NepeAaTUHK NOTydaeT yIpaBIISIOLIe KOMaHAbl U OCYIECTBISET
TPaHCIALMIO JAHHBIX, nocTynatomux ¢ AL

[epenarunk umeer 1 xanan AL, pa3pemraromas ctocooHOCTh KoToporo 10 6ur. Ta-
KHM 00pa3oM KaX0€ M3MEPEHHE aMIUIMTY/bl CHTHAJA, PETHCTPUPYEMOE HIICKTPOIAAMH,
TIpeCTaBIsAeTCA Kak 1ienoe ncio B auanazone 0—1023. AL mogkitroueH K yCHIUTETIO
30T curnana.

Cucrema CyxHX 3J€KTPOJIOB COCIMHEHA C YCHIUTENEM, SKPAHUPOBAHHBIM TPEX KOH-
TAKTHBIM ayJHO0 KabesaeM. Y CHIIMTEIb COIEPKUT PETYJIISITOPBI IIYMOIIO/IABICHUS U YPOBHS
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YCUJICHHS CUT'HAJIA, YTO ITO3BOJISICT BHITIOJIHNUTH HACTPOWKY MOJYJISI YCHITUTEIS Ha pabouue
XapaKTEePUCTHKH, 00eCIeYnBaIOIINe ONTHMANIBHBIN TpuéM D3I curnana ¢ y4étoM WHIU-
BHIYaJbHBIX ITAPAMETPOB IPOBOA TOJKITFOUCHIS 1 KOHKPETHON MOJIEIH dIIEKTPOJIOB.

[To xomaHze, TOCTyNaromel ¢ MPUEMHNKA CUTHAIIA, TIEPeIaTINK OCYIIECTBIISET UTe-
Hue 3HadeHui u3 0ydepa ALII u mepenauy ormdpoBanHbx 3HaueHHH Yyepe3 UDP coenn-
HeHne. Kaxxnoe 3HaueHne MapKuUpyeTcs HOMEPOM KaHaja, YTO IMO3BOJIAET HCIIOIb30BaTh
NPUEMHUK JJIS arperaliiy 3Ha4€HUM ¢ HECKOJIbKUX MEPENAIIUX YCTPOUCTB. [Ipuémuuk
OCYIIECTBIISICT pa300p 3HAYEHHH, TOCTYNAIOLINX Yepe3 CETEBOEC COSANHEHUE U (POPMHUPYET
ITOTOK JTaHHBIX KOTOPEIC 3alTUCHIBAIOTCS B BUPTYaJbHBIN ITOCIICIOBATEIbHEIN TOPT paboTa-
rorwit moBepx USB coeanHeHMs.

IIporpammuoe obecnieuerne st ITK oOecrneunBatoiiee CBA3bIBAHNE C MOIYJIEM MPHUE-
Ma CHUTHaja peayin3oBaHo Ha 0ase miatdopmbr Node]S. OHO oCyiecTBIsICT MOHUTOPUHT
CUTHaJIa, TOCTYMAIOIIEr0 ¢ BUPTYaJbHOrO IMOCienoBaTelbHOro nopra miu uepes UDP
IopT, B Cliydae, KOrJa BBIOPAHO IIPSIMOE CETEBOE COeIMHEHHE ¢ nepenardukoM. Ilocty-
MAIOMIMK CHUTHAJ 3aIMCHIBACTCSA B CHIPOM BHAC B (hailyl TaHHBIX, a TAKXKE IOIBEPraeTCs
CIIEKTPAILHOMY aHaJIN3y B PEaIbHOM MacmTadbe BpeMeHu (puc. 4).

19:17:58 19:18:01

Puc. 4. suzyanuzayus 931" cvipoeo cuenanra 0o npeobpazo8anHnoco
Memodom bvlcmpoeo npeobpazosanus Pypove.

OZHOBPEMEHHO C CIIEKTPAIBEHBIM aHAIU30M IIPOUCXOUT OTOOPa’KEHHE TIEPHOJIOTpaM-
MBI (pHC. 5) ¥ pacu€T MOIIHOCTH CIIEKTpa 10 33JaHHBIM YaCTOTHBIM JuanasoHaM D21 put-
MOB, MIOKa3aH Ha puc. 3, 6.

8 1,2 3 4 5 67 8 5 1811121314 1516 17 18 19 26 21 22 23 24 25 26 27 28 29 3@ 31 32 33 /34 35 36 37 38 39 40 41 42 43

Puc. 5. I[lepuodocpamma obpabomannozo DI cuenana.

e.1e2 0.e45 0.172 8.269 8.11e

delta theta alpha beta gamma

Puc. 6. Pacuem mownocmu cnekmpa no pummam 391
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3. IPOTPAMMHASA APXUTEKTYPA

Vcxonst m3 mOCTaBIEHHOM 3a7a4d, OBUIO PEIIeHO pa3palaThiBaTh ApXHUTEKTYypy Ha
MYJIBTHUIIAPAJUTMAIBHOM SI3BIKE TporpaMmupoBanus JavaScript. [lnst ymoOcTBa paboTs
C CEpBEPHOI coCTaBIISIONIEH ITpoeKTa OblIa BEIOpaHa MomyJsipHast cepBepHast miardopma
Node.js.

Node.js kak cpega WCHOJTHEHHUS, 00ECHEeYMBAeT Ui MPOTpPaMM, HAIMMCAHHBIX Ha
JavaScript, TOCTyn K HEJOCTYITHBIM M3 KOHTEKcTa Opaysepa API m 6a3zoBbM (yHKIMSIM
OIIEPAIIMOHHON CUCTEMBI, HaIpUMep:

e BzamMojeicTBue ¢ yCTpOHCTBaMHU BBOJIa-BbIBOJIA Uepe3 coOcTBeHHBINH API, Hanmucan-

HBII Ha 13b1ke CH++
o [loaxmodeHre CTOPOHHUX OMOJIMOTEK, PEATM30BAaHHBIX HA PA3HBIX SI3BIKAX MPOTpaM-

MHUPOBaHUS
° Pa3pa60T1<a HaTHUBHBIX l'IpI/IJ'IO}KeHI/Iﬁ JUIA pasHbIX ONCPAalMOHHBIX CUCTEM

I'padmaeckuit naTepdeiic moap30BaTeNst peaan30BaH YA0OHBIM U KpoccIiaThopMeH-
HBIM penreHueM, npexactasmsionuM HTML crpanunily, maHHble TOCTYNAlOT Ha CTOPOHY
kienTa yepe3 WebSocket coenunenne. st OTIIpaBKY JTaHHBIX ONPEEICHHBIX TPa(UKOB
HCIIOJNIB3YIOTCSI COOONICHHSI ONPE/ICISIONINE KaKoe UMEHHO OKHO rpadMKoB MOTpedyeTcs
OOHOBHTH WM TIEPECUNTATh, YTOOBI OTIPABUTh HA KIMEHTCKUH rpaduueckuii naTepdeiic B
BU3YaJIU3UPOBAHHOM BHIC TPEOyeMbIil TpaduK.

Texnonorust WebSocket Obl1a BeIOpaHa 110 HECKOJIBKUM ITPUYMHAM: COSJAMHEHHUE MTPO-
ncxoaut nosepx TCP/IP, onpenenser API mis ycraHOBKH coeTUHEHUS MKy Opay3epom
Y CEpBEpPOM M IIPH MTOMOIIM HETO MOYKHO IepeaBaTh Jt000i 00beM JIaHHbIX, Oe3 MosBIIe-
HUSI JIONOJIHUTENBHON HAarpy3Ky Ha cepBep.

Peanm3oBaHHas apXUTEKTypa, MOAPA3yMEBAET CEPBEPHBII CKPUNT ITOCTOSIHHO CITyINa-
IOLIMI KaHaJI Ha HaJIMYKe COOOIICHUI 1 B 3aBUCMOCTH OT COJICpKaHUsI COOOIICHHS pela-
eTCsl KaKoe NMEHHO JICHCTBUE TPOU3BOIUTCS:

e BKIFOYUTH 3aITMCh TAaHHBIX B TEKCTOBBIHN (aiiin

3aKOHYMTH 3aIHCh

CoXpaHHTh B TEKCTOBBIN (aiin

OTnpaBuTh JaHHBIE HA 00pabOTKY OBICTPEIM Mpeobpa3oBanrneM Dypre

[ocTpouTh Kakoii-ndo n3 rpahuKoB

PeanuzoBan Oydep naHHBIX a7t ObICTpOro npeodpazoBanust Pypbe, B HEM XPaHITCS U
HaKaIIMBAIOTCA JIaHHBIE, OCTYMAIOINE ¢ MOCIeJoBaTeNnbpHOro0 nopra. bydep moxer Ha-
KaIIuBaTh 256 3HaUCHHI ¢ YacTOTON muckperusarmu pasroit 100 I'u. Korma 0ydep codu-
paet HeoOX0oarMOoe KOJTMYECTBO JaHHBIX cpadaThIBaeT (PyHKITU, CO3aromasi HOBEIM Oydep
1 OTHpABIISICT HAKOIICHHBIE TaHHBIE U COOOIEHNE cepBepy Ul AajbHeimed 00padoTKu
1 BU3yaJI3allUH.

bruio IIPUHATO PCHICHUC BBIMOJHATH OINCPAlNU BBIYUCICHUA CIICKTpa 4€pPE3 6BICTpOC
npeobpazoBanne Oypbe, MOIIHOCTH CIIEKTPa U MIEPHOAOTPAMM, a TAKXKE IIEPEPUCOBKH I'pa-
(PMKOB C HAKOMHUTEJIFHBIM HHTEPBATOM B 10 HOBBIX 3HAUCHHH.

Tak >xe ObUTa pealn30BaHa BO3MOXKHOCTH OTIIPABIIATH IIOCYMTAHHBIE JaHHbBIE U Tpadu-
KM Ha KaXJ0€ OTKPBITOE OKHO Opay3epa, SIBISIONMMCS KITHEHTOM.
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Paszpabotana (yHKIMS BH3yalIu3alldd TEPUOJOTPAMMBI, B KOTOPOH aBTOMATUYCCKH

BI)I6I/IpaeTC)I pa3sMEp OKHA U MO HECTO MOACTPanNBAIOTC HIMPUHA U BBICOTA CTOJ'IGLIOB nepu-
oAorpaMmbl, KOTOPBIC OKpAIUBAIOTCA B 3aﬂaHHLIfI JHUaIra3oHOM IIBCT.

4. 3AKJIIOYEHUE

B xome paboThl ObLIa CHPOCKTUPOBAHA APXUTEKTypa MOOMIBHOTO KOMILICKCA PErH-

crpauuu curHaia 31", 0cOOEHHOCTIMH KOTOPOT'O SIBJISIFOTCSI:
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Bpicokasi MOOMIIBHOCTh 1 @BTOHOMHOCTb, YTO JIOCTHIAeTCsl IPUMEHEHHEM COBPEMEHHOM
TEXHOJIOTUH PETUCTPALIMU CUTHAJIOB, OCHOBAHHOI Ha HCTIONB30BAHUHU CyXHX HJICKTPOIOB.
CereBasi apxXHTEKTypa KOMIUIEKCa, TTIO3BOJIIOIIAs IPOBOANTh MHOTOKAHAJIBHYIO Peru-
CTpAIIHIO, C 3aITUCHI0 1 0TOOPaKEHUEM JT0 HECKOJIBKUX JIECSITKOB KaHaJIoB curHaia D01 .
BosMokHOCTE BH3yasIM3aiiui HeoOpaboTaHHBIX HaHHBIX DD M 0TOOpaskeHUs CIIeK-
TpPaJBHBIX XapaKTEPUCTHK CHIHAJIA B PEKHME PEAbHOTO BPEMEHH C HACTPOUKOH Xa-
PaKTEpPUCTHK aHAIN3a M HAJIOXKEHHEM (PHUIBTPOB.
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The technology of creating a mobile complex for registration of the brain electrical
activity, for recording an electroencephalographic signal with one channel, is
considered. Previously, technological problems associated with insufficient
sensitivity and selectivity in the sense of signal-to-noise ratio did not allow the use
of electroencephalographic activity recording systems based on the so-called dry
electrodes in practical applications. At the same time, even with a small number of
leads, such signals, when recorded, for example, from the visual cortex localized
in the occipital region of the brain can be extremely informative in the context of
the operator activity analysis and other types of human activity, in which arbitrary
control of attention plays an essential role. This paper considers the experience of
creating a mobile autonomous complex for recording such signals for the tasks of
monitoring the characteristics of the operator’s activities in scientific applications.
The design features of such a device, created based on Node MCU technology, which
is gaining wide distribution in embedded systems, proprietary narrowband amplifiers
of the electric signal and dry electrodes created by industry in the last decade, are
described. Some examples of practical application of such a complex are given. The
most promising directions for the development of technology are discussed.
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YK 004.934

O meTo/1€e pacno3HABaHMS I'0JIOCOBBIX KOMAH/I
¢ IpMMeHeHueM 0c000ro npeodpa3oBaHus
CINIEKTPAJbHBIX IIOTHOCTEN

Jleeonosuu H.U.*

MoCKOBCKHIA TOCYIapCTBEHHBIN TICHXOJIOTO-TICJarOTHYSCKUN YHUBEPCUTET
(®I'bOY BO MI'TITY), . Mocksa, Poccuiickas ®enepanms

ORCID: https://orcid.org/0000-0002-8580-0490

e-mail: levonikitatech@yandex.ru

B cratbe paccMOTpeH HOBBII MOAXOJ K PELUICHUIO YAaCTHOM 3a/1a4yl pacrio3HaBaHUs
peun. 3ajJaua CTaBUTHCS Kak 3a/ada PacIO3HABaHUS I'OJOCOBBIX KOMaHJ 3aJaHHON
JUIMHHBI B CJIOBax, B KOTOPOW Ha Ka)KJOW MO3UIUU MOXET CTOSATH ONpeesICHHBIN
Habop cnoB. HaGopkl cii0B HE TepeceKaroTes Mo Mo3uIusaM. Jjis perieHus 1aHHON
3aauu pa3paboTaHbl MOJICITH, COBMEINAIOIINE CIICKTPAIBHBIN aHANN3, CBEPTOUHBIC
HCHpOHHBIE CETH W HaAWBHBIA OailiecoBCkuil kmaccudukarop. [IpousseneH
CPaBHUTCIIBHBIN aHATN3 HECKOJBKHX pa3pab0TaHHBIX MOJENEH, BhIOpaHa Jiydlasi,
pa3pabotaH rpaduueckuii uHTepdEiic 17151 B3aUMOICHCTBHS ¢ MOJIENbI0. [1oydeHHBIN
pe3ysbTaT MOXKET HCIONB30BaThCs B KadecTBe 0A30BOTO MPH CO3TaHUH METOIOB
pacrio3HaBaHUs PEYH JIJIsl TOJIOCOBBIX HHTEP(DEHCOB.

KiroueBble cj10Ba: aBTOMaTHYECKOE PACIO3HABAHUE PEUM, CIIEKTPAIbHBINA aHAIN3,
CBEPTOUHbIE HEHPOHHBIE CETH.

Jlns uuTaThI:

Jlesonosuy H.M. O metone pacrio3HaBaHHS TOJIOCOBBIX KOMaHJ ¢ MPUMEHEHHEM 0co00ro
npeoOpa3oBaHus CHEKTPATbHBIX TUIOTHOCTEH // MoaenupoBaHue W aHaiu3 HaHHbIX. 2022.
Tom 12. Ne 3. C. 49-57. DOI: https://doi.org/10.17759/mda.2022120304

1. BEAEHUE

OpxHoit 3 Hambollee aKTyaJdbHBIX MPOOJIEM B OOJIACTH YEIOBEKO-MAIIMHHBIX HHTEP-
(eiicoB B HACTOSIIIIMI MOMEHT SIBJISICTCS CO3[aHME TOJIOCOBBIX HHTEP(EicOB. DTO Hampas-
JICHHE BKJIFOYACT B ceOsl MCCIICAOBAHMS B OOJIACTH PACHO3HABAHUS PEYH, CHHTE3a PCYH,
00pabOTKN €CTECTBECHHOTO SI3bIKA M MHTEIUICKTYaTbHON HHTEPIIPETAIIH PEUH.

B macrosmiee Bpems CymiecTByeT HECKOJIBKO MOJIXOIOB K PAcIO3HABAHHUIO PEUH IS
Pa3HBIX MOAYJEH CHCTEMBI PACIIO3HABAHUSA PEUH. DTH MOIYIH — aKyCTHYECKas MOJIEINb,

*/leéonoeuy Hukuma Hnovuu, crynent, MOCKOBCKHI rOCYAapCTBEHHBIN IICHXOJIOrO-TIeIaroruye-
ckuif yausepcurer (PI'6OY BO MITIITY), r. Mocksa, Poccuiickas @enepanust, ORCID: https:/
orcid.org/0000-0002-8580-0490, e-mail: levonikitatech@yandex.ru
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Jlebonobuu H.U.
O MeTofI€e pacro3HaBaHMs FOJIOCOBBIX KOMAaH C IIPMMeHeHeM 0co00ro mpeodpasoBaHmsL...
Mopenuposanue n aHam3 gaHHbIX. 2022. Tom 12. No 3.

SI3BIKOBast MOZIENb U Jekoaep. CoBpeMEHHBIE CPEJICTBA PACIIO3HABAHMS PEeUr KOMOWHHPY-
10T Pa3IMYHbIE METOJIbl: AITOPUTM JAMHAMUYECKOW TpaHc(hOpMalu BPEeMEHHOW MIKaJbI,
METOJIbl AUCKPHUMHHAHTHOIO aHaJIHM3a, OCHOBAaHHBbIC Ha 0ale€cOBCKOW IMCKPUMHUHALINY,
CKPBITbIE MAPKOBCKUE MOJICTIH, HEHPOHHBIE CETH.

Axycrudeckasi MoJIesIb — 3TO (DYHKIUS, IPUHUMAIOIIAs Ha BXOJl MPU3HAKY Ha HEOOIIb-
IIIOM y4acTKe aKyCTHYECKOTo curHajia (¢ppeiiMe) u BhIIAIoNIast pacipeieleHne BEPOsSTHO-
creil pa3nuaHbIX (hoHEeM Ha 3TOM (peiime. CaMoil TOMyIIPHOIT MOJENBI0 aKyCTHIECKOTO
MO/JICITUPOBAHUS SIBIISTIOTCS CKPBITHIE MAPKOBCKHE MOJICIIH, OTHAKO B CBEXKUX padoTax [1]
BCTPEYAIOTCSI MOJIENH, HCIOJB3YIONINe PEKYPPEHTHbIC HEHPOHHBIE CETH, B YaCTHOCTH
LSTM-cetu (cetm monaroil KpaTKOCPOYHOH TaMSTH), H HEHPOCETEBYIO TEMIIOPAIbHYIO
knaccudukaio (CTC).

SI3bIKOBBIE MOJIEITIM MTO3BOJISIIOT YYUTHIBATH KOHTEKCT M BBICHSTH, KaKHE IOCIe/[0Ba-
TEJILHOCTH CJIOB M ()OHEM SIBJISIIOTCSI HanOoJiee BEPOSITHBIMU C TOYKU 3PEHUSI TEKYILETO
koHTeKkcTa. COBpEeMEHHBIE CPEJICTBA SI3bIKOBOI'O MOJIEIMPOBAHMS TaK XKE HCHOJIB3YIOT pe-
KyppEHTHbIE HEPOHHbIE CETH.

Jexonep Ha 0aze BEpOSITHOCTEH, MPEIOCTABICHHBIX aKyCTHUECKOM U SI3BIKOBOM MOJIe-
JIbIO, BBIOMPAET KOHKPETHYIO PEUEBYIO €ANHMILY.

2. HOBBI MOIXO0J K PACHO3HABAHMIO PEUH

B nannol cTaThe pacCMOTPEH HOBBIHM ITOAXO0/ K PELIEHUIO YaCTHOM 3a7jaun pacro3HaBa-
HUSI pedd, @ UMEHHO K PacliO3HABaHMIO TOJIOCOBBIX KOMAaH/ 331aHHOM JUTMHHBI B CJIOBaX, B
KOTOPOH Ha Ka)XI0H MO3UIINU MOXKET CTOSITh OTPEACTICHHBI HabOp CIIOB U 3TH HAOOpHI HE
TIEPECEKAIOTCS TI0 TTO3UIIUSIM.

Cxema KOMaHJ, TIPECTABICHHBIX B JaHHOM Habope (Tpad mepexonoB MEXay ClIoBa-
MH), IPEJICTaBIICHA HAa PUCYHKE 1.

Puc. 1. I'pagh nocmpoenus 2010c0601i KOMAHObL.
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C 11eJ1p10 CO3/IaHUS MOJISIIH JJIsl paclio3HaBaHus ObLT COOpaH HA0OP JaHHBIX — 3arucen
Pa3JIMYHBIX TOJIOCOBBIX KOMAHI, C/ICIaHHbBIX Pa3HBIMH IUKTOPAaMH. 3aricy Habopa JaHHBIX
OBUTH ClIeJIaHbI IIECTHIOAECATHIO TUKTOpaMH. Beero nexomHblil HA0Op NAaHHBIX COAEPIKHUT
1129 romocoBbx koMaHA. MakcUMaIbHAS MPOIODKATEIFHOCTh 3BYKOBOTO CHTHAa KO-
MaH/IbI 4 CeKyH/IBI.

Ha nanHom Habope AaHHBIX MOYKHO TOCTABUTH 2 33/1a4id MHOTOKJIACCOBOH Kiaccuu-
Kaluu: Kiaaccudukaiys Npou3HeceHHbIX KoMaH 1 — 60-TH KilaccoBas Kiaccudukaruys, 1mo-
HCK M KJTacCH(UKaINs IIPOU3HECCHHBIX CIIOB — 14-TH KilaccoBasi KilacCH(UKaIus.

B pamkax maHHO# cTaThu OyIeT pacCMOTPEHO pelIeHue 3a1auu 14-Tu KI1acCOBOH KItac-
cu(uKannuy MPON3HECEHHBIX CIIOB, TaK KaK Ha JAHHOM Ha0Ope TaHHBIX OHA MTPEICTABIACTCS
OoJsee paspemmMoil. ba3oBbIM METOIOM JUIs pEIIeHUsT TaHHOW 3a/1a4i ObUT BRIOPAH METOJ
aHaJIM3a CIEKTPaIbHBIX MJIOTHOCTEH [2] ¢ MOMOIIBIO CBEPTOUHBIX HEMPOHHBIX ceTel [3].

Pa3nienenne curHanoB Ha cJI0Ba MPOU3BOAMIIOCH C TOMOIIIBIO OKOHHOT'O MOJICUETa JHEP-
T'M{ CHTHAJIA M BBIOOpPKE 00J1acTeid, B KOTOPBIX SHEPTHsI OOJIbIIE SHEPTUH LIyMa.

C nenplo yiIydIIeHHUs pa3/iesIeHHs CIIOB M JJabHEeHIIeH TMCKpUMHUHALNY OBLT TIpeyIo-
JKEH METOJ MpeaoOpaboTku crekTporpaMM. CyITHOCTh METOAA — JOTapH(pMHUPOBAaHHUE C
MIPEABAPUTEIBHBIM IPUOABICHHEM TIEPLEHTUIIS CIIEKTPOrPaMMbl 1 MUHUMAIBHOTO 3HaUe-
HUsI curHana (mara aMuinTyiel) €. OHa U3 peanu3annii MeTo/a Beipaxkaetcst hopMyJion 1
(ucnonb3yercst 85-TIii nmepueHTHIB). K noiydeHHoM MoanpuumpoBaHHON Jorapupmu-
POBaHHOM crieKTporpamMmMe ObUIO MIPUMEHEHO MaclITabupoBaHue K auanazony [0; 255] u
B3sTHE IIeNIol yacTH (hopmyna 2).

S'x'xmodif:'sd =log(S,x + Pas+€) (1)

—min (S-I-l'moc:fffsd) @)

max (S-r-rmodiﬁsd) —min (S-r-rmodz'ﬂsd)

Pacuer ncxogHbBIX CIEKTPOrpaMM OCYIIECTBIISIICS 0 Pa3AeieHus Ha CJIOBa, HA 4acTO-
tax 83064 I'r ¢ marom 8 I'm. [To BpeMeHH criekTporpaMma KOMaHABI ObLUIA TOCYUTaHA B
285 TOYKax, 4TO COOTBETCTBYET NPUOINZNTENBHO 14-TH MIJUIMCEKYH/IHOMY IHary.

MoaupuinupoBaHHbIe CIIEKTPOrpaMMbl ObLIM Pa3OMTHI HA CJIOBA PaHHEE OMUCAHHBIM
METO/IOM. B kauecTBe 3HEpruu B 3TOM CIIydae BBICTyNAlIa CyMMa aMILIUTy . Makcumaib-
Hasl JUIMHHA CJI0Ba B BBIOOpKE IpH pazouenHnn 105 0TcyeToB crieKTporpaMmsl (4TO IpuMep-
HO cooTBeTcTBYeT 1,47 cekyHaam). Bce mosydeHHbIe CieKTpOrpaMmbl CJIOB ObLIH MTPe0o-
pazoBansl K pazmepy 382x105, myrem 106aBieHUsT HYJIE€BBIX CTOJIOIOB B MATPHILY CIIpaBa
OT MaTPHIIBI CEKTPOTPAMMBI.

Ha noaroroieHHBIX TakuM 00pa3oM JaHHBIX ObLTa 00ydeHa CBEPTOUHAS MOAEIDH ap-
XUTEKTYPBbI, ©300pa)KEHHOH Ha pUCyHKax 2—3.

JHannas moaens Obuta 00yueHa ontumuzatopoM Adam, ¢ marom ooyuenus 0.002. Ie-
pen HavamoM o0ydeHus 00e BBIOOPKH ObUTH pa30OWTHI Ha OOYYArONIyI0 M KOHTPOJIBHYIO
OIBEIOOPKH, B oTHOMmECHUH 75 % u 25 %. B moaBpIOOpKax COXpaHSIOCh HCXOIHOE CO-
oTHoleHue kiaccoB. [1o pe3dynabraTaMm oOydeHHs JaHHOM MOJEIHM Ha TECTOBOH BBIOOpPKE
obu10 TosTyueHo 97.09 % (PucyHok 4).

S-x-xmodiﬁsd

= 255

XXzcaled
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105x382x1

Conv2D

kernel {3x3x1x128)
bias {128)

RelU

103%x380%128

MaxPooling2D Sl
2x2) kernel (129536x64)
51x190x128 bias (64>
Conv2D RelLU

kernel (3x3x128x64)
bias {64)

RelLU Dense

kernel (64x14)
bias {(14)

49%188x64

MaxPooling2D
2x%2)

l24x94><64

Softmax

Conv2D

kernel (3x3x64x64)
bias {64)

RelLU
22%92x64

Flatten
Puc. 2. Apxumexmypa cgépmounoti mooenu Puc.3. Apxumexmypa céépmounoii mooenu
(c6épmounas uacmy). (nonnoceaznas wacms).

[Ipu ncronb30BaHNN TAHHON MOAENH IS pacmo3HaBaHUs koMmaHa 873 u3 1129 xo-
MaH/1 ObUTH PacIO3HAHBI BEPHO, YTO COOTBETCTBYET ~77 %.

C ueipio yaydlleHHs KadyecTBa paclo3HaBaHUs Obula MPEIIPUHSITA MONbITKA 00y-
YUTbH OTJEIIbHBIC TIOTHOCBSI3HBIE MOCIH Ul KayKAol nmo3uun. Bee otaensHbie Moaenn
6a3upoBaIKCh Ha OOIUX CBEPTOUHBIX CIOSX, H300PaKEHHBIX HA PUCYHKE 2. APXUTEKTY-
pa OTJeNIbHBIX MOJIelieil n300paXkeHa Ha pUCYHKE 5 (MOJIesT UAYT ClIeBa Ha IPaBo, TAKKE
Kak B rpa)e mIepexo 0B MEXk/1y ciIoBaMu). MOJENnH MO3BOJISIOT Pa3IHiaTh COOTBETCTBY-
IOIIME NO3HUIIUH CJI0BA MEKAY COOOI M OTIMYATh UX OT JPYTUX CJIOB.

Jannble Mojenu ObuTH 00ydeHbl onTuMu3zaTopoM Adam, ¢ marom ooydenus 0.002.
[lepen Hagamom oOydenus o6e BEIOOPKH ObUIH pa30UTHI Ha 00YJaAIONIyI0 U KOHTPOJIb-
HYIO MO/IBBIOOPKH, B OTHOIIEHUH 75 % u 25 %.

MaxkcumainbHasi JOCTUraeMasi ¢ IPUMEHEHUEM JaHHOTO METOJa J0JIsl BEPHBIX OTBe-
TOB Ha TECTOBOW BBIOOpPKE — 98 % cmoB. OIHAKO TPH paclo3HaBaHUM KOMAaHA JaHHBIN
MeTo[ 1mokasain cedst xyxke. 841 u3 1129 komann ObuM pacro3HAHBI BEPHO, YTO COOT-
BeTcTBYeT ~74 %.
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)Y

Jons BepHbix 0TBETOB - 97.09% (KOHTpONb)

12

1
08 /‘W

0,6

0,4

0,2
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14

Puc. 4. /lons eepuvix omeemos Ha KOHMPOAbHOU 6blOOPKe.

Flatten

Dense

kernel {129536x32)
bias (32)

RelLU

Flatten

Dense

kernel {129536x20)
bias (20)

RelLU

Flatten

Dense

kernel (129536x32)
bias (32)

RelLU

Dense Dense Dense Dense

kernel (32x1) kernel {20x6) kernel (32x16) kernel (32x16)
bias (1) bias ¢6) bias (16) bias {(16)
Sigmoid Softmax RelLU RelLU

Dense

kernel {16x3)
bias (3)

Softmax

Dense

kernel {129536x32)
bias (32)

RelLU

Dense

kernel {16x7)
bias {7)

Softmax

Output

Puc. 5. Apxumexmypvi 0moenbHbix NOIHOCEAZHBIX MOOEElL.

E1me oxHuM noax00M, KOTOPBIH ObLT IPUMEHEH NPU PEIIeHNH JaHHOHU 3a/1auu — Hau-
BHBIN OaliecOBCKMH KiaccH(UKAaTOp Ha BBIXOAaX HEHPOCETH, N300paKCHHOW Ha PUCYH-
kax 2 u 3. [Ipu 0ObIYHOI MHTEpPIIPETALNK BBIXOJOB HEHPOCETH OepeTcst apryMeHT MaKCH-
MH3aIUH BBIXOIHOTO cJios (hopmyiia 3).
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output = argmax f(x) 3)
[Ipu ucmonp30BaHNM HAMBHOTO 0aileCOBCKOTO KITacCU(pHUKATOpa [4] apryMeHT MaKCH-
MU3aInU OepeTcs OT MPOU3BEICHNS BXOa HEHPOCETH Ha allpiOPHYIO BEPOSITHOCTD Kilacca
P KoTopast 3a7aeTcs rpadoM nepexosoB MexIy ciaoBamu (Gopmyina 4).

output >
output = argmax P, , f (x) @)
KoHKpeTHBIE anpHOpPHbIE BEPOSTHOCTH CJIOB IS KaKIOW MO3UIIAK TIPHBEICHBI B Ta-
omune 1.

Tabmuma 1
AnpUOpHBbIE BEPOSITHOCTH CJIOB HA MO3HLMU
1|2 (3| 4 11213 | 4
1 1
bed (0| O |Of — | left {O| O | = | O
6 2
1 1
bird {0 O [0]| — | one [O| = | O | O
6 5
1 . 1
cat (O O [O| — |right|0]| O | — | O
6 2
1 .
dog (0| 0 |0 g sheila|1| O | O | O
1 1
five (O — |0| O |three (O — | O | O
5 5
1 1
four |0 — (0| O | tree (0| O | O | —
5 6
1 1
house [0 O |0 — | two |O|— | O | O
6 5

[Ipn ucnonp30BaHUM JAHHOTO METOJA BEpHO ObIIM Kiaccupuumposans! 977 uz 1129
KOMaH]I, TOYHOCTh KJIaccudukanuu cocraBmia 87 %.

Jnst neMoHcTpamu, 00y4eHHOH 110 MPEATIOKEHHOMY METOy, HeHpoceTH ObLIO pas3pa-
00TaHO HACTOJBHOE MMPOrpaMMHOE obecriedeHre Ha s3b1ke Python ¢ ucmons3oBanmeM rpa-
¢uaeckoro naTepdeiica Kivy [5]. JlanHOEC IPHUIOKEHNE UCIOIB3YET MOACTH C HANBHBIM
OaifecoBcknM KiaccugpukaTopoMm. PaspaboranHoe porpaMMHOE 00ECTIeYeHHE TPEICTaB-
Js1eT co00i, 0THOOKOHHOE IIPHUIIOKEHHE, KOTOPOE II03BOJIAET BHIOpATh (il n pacro3HaTh
ero. [IpumMep paboThl NpuII0KEeHUs] N300paXkeH Ha PUCYHKE 0.

[Ipunoxxenne cunteiBaeT ayanodaiis ¢ qucka, CTpouT rpaduK U CIEKTPOrpaMMy HC-
XOJIHOTO CHTHasa (JieBasi BEPXHsIsl YETBEPTD), (PUIIBTPYET IIYMBI M CTPOUT TPA(UK U CIIEK-
TpOrpaMMmy OT(HIBTPOBAHHOTO cUTHasa (IpaBasi BepXHss 4yeTBepTh). [locie vero cur-
HaJl pa30MBaeTCs Ha CJIOBA, CHEKTPOrPaMMBbl KOTOPBIX M300paXkaroTCsi B JIEBOW HIKHEH
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yerBepTH. OTBETHI MOJENN B BUJIE PACIIO3HAHHON (pa3bl U MCXOMHBIX (JI0 MPUMEHEHUS
0aileCOBCKOTr0 apryMeHTa MaKCHMH3allih) MaKCHMaJIbHBIX BEPOSTHOCTEH BBIBOISTCS B
IIPaBOM HUXKHEH YETBEPTH.

© Pacnosnasanve bpas

c:\U uments\D:

ing\joit wave\10_sheila_three_right_bird.wav

- a x
o ]

Ayauo nocne pubTPaLMK IyMOB

Ayauo Ao GUNbTPaLUK LWYMOB
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1.000000
0.999995
0.999991
0.999440

Puc. 6. Ilpumep pabomur npunosscenus.

3. 3AKVIIOYEHHE

B nannoif paboTe mpeuIoKeH HOBBIM METOJ 0OpabOTKH CHEKTPOTpamMM, KOTOPBIH
CYIIECTBEHHO MOBBIIIAET CXOAMMOCTh OOyuUeHMs CBEPTOUHBIX HEHPOHHBIX ceTell s
pemIeHus 3a1a9u KIacCU(pUKAIIUN TPOU3HECEHHBIX cI0B. C IMOMOIIBI0 HeTo pa3padoTaH
METOJ pPacTiO3HaBAHUS TOJIOCOBBIX KOMaHI, KOTOPBIN Ha MPEACTaBICHHON BHIOOPKE TaeT
TOYHOCTH Kiaccuuranuu 87 %. JlaHHBIH pe3yabTaT sIBISCTCS J0OCTATOYHO BBICOKHM, OJI-
HAaKO HE JIOCTAaTOYHBIM JUIS MPAKTHYECKOTO MPUMEHEHHS, €T0 HEOOXOANMO yCOBEpIIEH-
cTBoBaTh. OHNM U3 IyTEH YCOBEPUICHCTBOBAHMS MOXXET OBITH paclio3HaBaHHE (pa3bl
LICJIMKOM, OJTHAKO Takas MOJeNb OyJeT Oosee TSHKEJIOBECHOW M, BO3MOXKHO, IOTpeOyer
6osiee 0OBEMHOI BEIOOPKH.
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This article discusses new approach to solving specific problem of speech recognition.
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1. BBEJIEHUE

B 2020 romy mpon3onnio coOBITHE, KOTOPOE CTAl0 HEOKUAAHHOCTHIO TSI OOJBIIMH-
ctBa xutener 3emuoro lllapa. Hauanace mangemust HoBoro Bupyca koBua-19. ITo Bcemy
MUPY ObLTH OOBSIBIICHBI OrPAHHUYCHHSI, KOTOPBIC MOYKHO pacIlCHUBATh KaK KapaHTHH B MU-
poBoM MacmiTabe. XOTs OH IMIPOXOANI B PKAME CAMOHM3OJIAINHN, BCE JK€ 3HAUUTEIBHO T0-
BIIVSUT HA TICUXOJIOTHYECKOE M (PH3UIECKOE COCTOSHIE JIFOICH B XYANTYIO CTOpOHY. Tak min
HHaye, YeJIOBEeUECTBO 0Ka3aJI0Ch B COBEPIIEHHO HOBOM COCTOAHUU. OrpaHUYeHUs OKa3aIu
OTpHUIATENIHOE BIMSIHUE HA BCE Chepbl 0OLIECTBEHHON KU3HH. B TI0JIHON Mepe 3TO OTHO-
CHUTCA U K 00pazoBaHmio. TpaauunonHsie (opMbl 00y4eHHS U BOCIIUTAHUS OBUTH B Macco-
BOM TIOPSIKE 3aMEHEHHI Ha AucTaHInoHHOe o0yueHue ([10). dakTudyecku Bce paOOTHUKI
cdepsl obpazoBanus Oosee roja padoranu B pexnme J1O. B wactHOCTH, 5TO OTHOCHUTCS K
aBTOpaM JaHHOM cTaThU. B pesynbpTaTe OHU MONYyYMIH ONpeielEHHOE MPECTaBICHUE O
mporieccax, KOTOpble MPOUCXOAMIA U TPOUCXOAIT B oOpa3oBanmu. KoHeyHO, BRICKa3aH-
HBIC HIDKE MHCHHS O TPOUCXOISAIIECM SBISIFOTCS BCETO JIUIIb UTOTaMHU Pa3MBIILICHAN psi-
JIOBBIX YYaCTHHUKOB INIOOAJILHBIX MPOIECCOB. X0 3THX IPOLECCOB CIENYET OCMBICINBATD
MHPOBOMY Hay4HOMY c000mIecTBy. TeM He MeHee, XOUeTCsl HaIesiThCs, UTO Jlaxke coodpa-
JKEHHS OT/ACTBHBIX YIaCTHIKOB CTOJIb BaKHBIX IEPECTPOCHUH B chepe 0OpazoBaHMSI MOTYT
OKa3aThCsl MHTEPECHBIMU JIJIS KOJUIET-TIPEToaBaTeNeH.

2. O HEKOTOPBIX ®AKTAX UCTOPUU
JAUCTAHIIMOHHOI'O OBYYEHUA

JucrannmonHoe o0y4eHue, XoTs Obl B 3a9aTOYHBIX (hopMax, MMEET TOT K€ BO3PAacT,
YTO M NMUCbMEHHOCTH. Ilo KpaifHell Mepe, KHUTH — 3TO 9acTO HE TOJIBKO YYEOHUKH, HO H
yuurens. JloctaTouHO BCIIOMHUTH ciioBa Makcuma ['opbkoro: «Bcemy nmydmemy B cede s
00513aH KHUTaM.

Bubmuoteka B e€ TpaaumoHHON (hopMe — 3TO IPoodpa3 yupexxaeHus, MpeIHa3HaAuCH-
HOTO /ISl TUCTAaHIIMOHHOTO 00ydeHus. Tem Oonee 3ToO OTHOCHTCS K TAKOMY ()eHOMEHY CO-
BETCKHX BpeMEH, Kak «KHHra mouroiy.

Kak u xHura, 1000i MHOOPMAIMOHHBIH HOCUTENb MOXKET SBISIThCs cpeacTBoM J1O.
TovHO TakXke n cpeicTBa MaccoBOi MH(pOPMAIK 00/1a1al0T BOSMOKHOCTSIMHE JUIsl UX HC-
noip3oBaHus B pamMkax J1O. Kuno, panno u TeneBuaeHNE B COBETCKYIO 3I0XY HE PEIKO
UCIIOJIB30BAINCH B OTHX LIENISX. YIIOMSHEM O HayYHO-TIONYJISIPHBIX (DMIIBMAax, a TakkKe O
M03HABATENbHBIX PaJNo- U Tellerepeaadyax, B TOM 4uciie 00 y4eOHOM TeJIeBU3MOHHOM Ka-
Hasle, TJ€ JEKIUH YUTAIN IPEKPACHBIE CIICIIUATIICTHI.

[epeiiném, ogHaKo, HEMOCPEACTBEHHO K c(hepe 0Opa3oBaHMs, MOCKOIbKY TTepEUHCIICH-
HBIE BBIIIE CPEICTBA HE UCTIOIB30BAINCH CHCTEMHO.

B Coserckom Coro3e B By3ax MPHUMEHSJIMCH TpH (OPMBI 00YUEHHs: OYHOE, BeUepHee
3aouHoe. Kaxkmas u3 3Tux opM XapakTepn3oBajach B U3BECTHON mIyTKe. UTOOBI yIHUTHCS
OYHO TPeOYIOTCS TPYI0TIO0HE, )KeJIaHNe U TeprieHHe. YToOb! yUUThCS Ha BeUepHEM OT/Ierie-
HUH TpeOYIOTCS )KeNaHue u TepreHne. HakoHer, 4ToOb! yUUTHCS 32049HO TPEOYIOTCS TOJIBKO
teprieHue. [IoHATHO, YTO 371eCh aKLEHT CeIaH Ha HeJIOCTaTKax 3a04HOr0 O0yUeHHSI.
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ITocMOTpUM Ha HETO C MHBIX MO3UIIUN U B OOIIMX YePTaX OMUIICM CTPYKTYPY 3a04HOTO
o0y4eHHS.

o Ilenp — oOydeHue O3 OTPHIBA OT MPOM3BOJCTBA U CMEHBI MECTOKUTEIILCTBA.

e OcHoBa — TpagunuoHHEI BY3, memarorndecknii KOJIIEKTHB, COEpKaHUE 00pa3oBa-
HUS, METOJUKH 0OydeHUSI.

e OcoOeHHOCTH: pa3jiefieHre Ha yueOHble ceccuu (mpuessa B BY 3, nekium, npakTuyeckue
paboThI, 3aU€ThI, SK3aMEHBI, @ TAK)KE YCTAHOBOYHBIC 3aHATHUS U BbI1aya HAOOPOB y4eO-
HBIX MAaTEPUAJIOB) U HA MIEPUOJIBI CAMOCTOSATEIIEHOU PaOOTHL.

e TIpo0GyieMbl — HEZOCTATOK OOIICHUS C MPEMOAABATEIIIMI U CTYJCHUYCCKUM KOJUICKTH-
BoM. CIIO)KHOCTH C yCTAaHOBJICHHEM CaMOCTOSITEIFHOCTH MCIIONHEHUs 3anaHuid. I1po-
OIIEeMBI C TPAKTUKOH, XapaKTepU3yeMbIe IITyTKOW: XUPYPr-3a09HHUK.

OueBuaHO, uTo 1O 0TYACTH UCTIONB3YET MOAXO/IbI, KOTOPHIC IPUMCHSUIACH B 3209HOM
00pa30BaHKK, HO HA COBEPIIICHHO MHOM TEXHOJIOTHYECKOI OCHORBE.

Msicas o JIO B coBpeMEeHHOM MOHMMAHUHU BO3HUKJIIA B XOJI€ Pa3BUTHS KOMIIBIOTEPHBIX
1 CeTEBBIX TEXHOJOTHH. B pesynpraTe mosBuiack BO3MOKHOCTh OOIICHHUS MIPEIoJaBaTess
U CTYICHTA, KOTOPBIC pa3JICIICHBl OTPOMHBIMHE paccTOSHUAMU. [Ipu 3TOM coxpaHsieTcs BU-
3yaJIbHbIH U BepOasbHbIA KOHTAKT. HOBy0, a5ieKTpoHHYIO (hOpMy 00penu yueOHble Mate-
puansl. [Ipr 5ToM OHI YacTo 007a1a10T COBEPIIEHHO HOBBIMU BO3MOKHOCTSIMH, BILUIOTH /10
CO3JIaHMsI BUPTYAbHON peallbHOCTH.

[ToHsTHO, YTO B TAKOW CUTYAIIUH MBICIH O MUPOKOM BHeApeHun J1O nomydmia camoe
LIUPOKOE PacIpOCTpaHEeHUEe. XOTs U BBICKA3bIBAIMCh COMHEHUS B OTHOLLIEHUU BO3MOKHO-
creii /10, oTHOMICHHNE K HEMY B II€JIOM OBIIO IMOJIOKUTENBHBIM. M 9TO OBITO BIIOJIHE MOHST-
HO. [lemo B ToM, uTo Ha 3ToM 3Tane JJO paccMaTpuBaoOCh HE KaK TEXHOJOTHS, 3aMEHSIO-
masi TpaauuoOHHbIE (OPMBI 00pa30BaHUs, a KaK CPEICTBO PACIIMPCHHS BO3MOXKHOCTEH
yIKe CyLIeCTBYIOIIEH cepbl 00pa3oBaHMsI.

[Ipumepom chepsl mpenmonaraemoro npumeneHus /1O gBmsnack MHINBHITyaIbHAS
paboTa mpemomaBaTeNns co CTYJCHTOM, Y KOTOPOTO OTPaHHYCHBI BO3MOXHOCTH TIepeMe-
LICHUS. YMO3PUTEIBHBIN aHaN3 TaKOTO PeXKMMa padOThI TIO3BOJISIET YBUIETh CKOPEE Ero
IIOJIOKUTEIIbHBIE CTOPOHBL. HepocraTku sxe ycMaTpuBaroTCs ¢ TpyAOM. TOJIBKO OIBIT He-
MTOCPEICTBEHHOI PaOOTHI MO3BOJISACT ITH HEJTOCTATKH BBIBUTH. A TIOCKOIBKY MacCOBOTO
BHeApeHus /1O He OBLTO, TO O HEIOCTATKAX JUCTAHIIMOHHOTO 00Y4YeHHUs He OBIII0 0c000TO
OCHOBAHUS TOBOPHTb.

Urak, no Havana nangaeMuu JJO OleHHBAIOCH B IIEJIOM MOJI0XHUTENbHO. [Ipu 3TOM, 1M0-
BTOpHM emi€ pa3, TIaBHOW MPUYUHOHN 3TOT0 ObLTO TO, yTO JIO MOKHO OBIIO JOMOHATH
TpanuIoHHbIe POopMBI 00pa3oBaHus, a He 3aMeHATh UX. OHO MOIDKHO OBLIO pacIIupATH
BO3MOKHOCTH, KOTOPBIC HMEIIUCh Y 00YUYCHHS, OCHOBAHHOTO HAa HEIMOCPEACTBEHHOM JIHY-
HOM OOIIICHUH.

3. CHEIU®UKA COBPEMEHHOI'O 3TAITA
BHEJAPEHUSA JTUCTAHIIMOHHOI'O OBYYEHUA

Baxwueiiiieii 0cOOEHHOCTBIO COBPEMEHHOT'O 3Tarla BHEAPECHUSA I[O COCTOUT B TOM, 4YTO
BBIHYKACHHO IMPONU3BOJAUTCA IMOBCEMECTHAs 3aMCHA Tpa,Z[HLII/IOHHOﬁ q)OpMLI 06pa3OBaHI/I$I
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Ha J[O. A Besb Kak MbI OTMEUQJIM UCXOJIHO pacCMaTpUBaacCh CUTYyallus JOMOIHEHUS Tpa-
JMIUOHHO crcTeMbl 00pazoBanust U BHepeHust 1O B HOBBIE Cepbl.

Takast cMeHa 1ieneil mpuBerna K OMpeIeIEHHOMY MIOKY B IMIMPOKHUX KpyraxX OOIIECTBa.
[Tpu 3TOM PSiJ BBICOKOIIOCTABJICHHBIX TOCY/IaPCTBEHHBIX YHHOBHUKOB Ha ()OHE BBICOYAIi-
LIEr0 HANPSDKEHHS HACEJICHHS, BBI3BAHHOTO MHOXKECTBOM Pa3JIMYHbIX MPOOJIEM, BHICKA3bI-
BAIOT TBEPAYIO YBEPEHHOCTb B TOM, YTO B CKOPOM BPEMEHU IPOU30MIET NEMOHTAX Tpaau-
IHOHHBIX (POpM 00pa30BaHUS U TIOJTHBIA MEPeXo1 Ha MU(POBEIC TEXHOJIOTHH.

Cpazy, npenBapsisi CBOM OCHOBAHHBIE Ha IIPAKTUYECKOM OIIBITE COOOPaKEHUs, BHICKA-
JKEM CBOIO TITyOOKYIO YOEK/IEHHOCTh B TOM, YTO BBITECHEHHE TPAJUIMOHHBIX (HOpM 00-
pa3oBaHMs AMCTAHIIMOHHBIM O0YYEHHEM JIOMYCTUMO TOJBKO Ha BPEMs M TOJILKO B CHITY
HEOOXOINMOCTH.

B ®enepansaom 3akone PO «O06 obpazoBannu B Poccuiickoir dexeparym» nmeercs
crathst 16 «Peanuzanust 00pa3oBaTeIbHBIX IPOrPAMM C ITPUMEHEHHEM IIEKTPOHHOTO 00-
YUSHHSI ¥ TUCTAHIIMOHHBIX 00pPa30BaTENbHBIX TEXHOJOTHIY. 3/ech Ma€Tcsi onpezeeHue
IEKTPOHHOTO O0YUIEHHSI ¥ TIOJIOKEHNUS CAaMOTO OOIIIET0 XapaKTepa, CBsI3aHHBIE C IPUMEHE-
nueM J10. B wactHOCTH maéres cienyromee ykazanue: «[Ipu peanmzannu o0pazoBaTelb-
HBIX TIPOTPaMM C NPUMEHEHHEM HCKIIOYHTENIBHO AJIEKTPOHHOTO 00YYEHHsI, TUCTaHIIMOH-
HBIX 00pa30BaTENbHBIX TEXHOJIOTHI B OpPraHU3aIIH, OCYIIECTBISIONIEH 00pa30BaTeNbHYIO
JeATENBHOCTD, JOJDKHBI OBITh CO3JIaHbI YCIOBHSA Ul (PYHKIMOHHUPOBAHUS SIEKTPOHHOH
MH(OPMAIMOHHO-00pa30BaTENbHON Cpebl, BKIIOYAIONIEH B ce0sl ANIEKTPOHHbBIE MHMOP-
MaIlMOHHBIE PECYPCHI, DIIEKTPOHHBIE 00pa30oBaTeNIbHBIE PECYpPChl, COBOKYITHOCTh MH(MOP-
MAI[HOHHBIX TEXHOJIOTHH, TeIeKOMMYHHUKAIIMOHHBIX TEXHOJOTHH, COOTBETCTBYIONIIX TEX-
HOJIOTHYECKUX CPEICTB U 00ECIIEYNBAIOIICH OCBOCHIE 00YUYArOIIUMUCS 00pa30BaTEIIbHBIX
MIPOTPaMM B TIOJTHOM 00BEME HE3aBUCHMO OT MECTa HAXOKACHHS 00YJaIOMINXCsI.

Hauném nmeHHo ¢ aToro kpyra Bonpocos. IIpexxae Bcero, moroBopuM 0 TEXHUUYECKOU
ocHamE¢HHOCTH yyacTHUKOB J]O. Peup ua€T Kak o mpenojaBaTensaxX, TaK U O CTYJICHTAX.
B nacrosimiee BpeMs, Kak MpaBWIO, U T€, U JIPYTHUE CAaMOCTOSITEIBHO MPHOOPETAIOT KOM-
MBIOTEPHYIO TEXHUKY U OIUIAYMBAIOT YCIYTU CETEBBIX NMpoBaiaepoB. Hago monarare, uro
JIAHHBIH BOIIPOC JIOJKEH OBITH pacCMOTpPEH 3akoHojaTensiMu. [ToscHuM, B 4éM 311ech Oc-
HOBHas mpo0Jiema.

[Ipexnae Bcero, MpU CaMOCTOSATETIBHOM OOECHEUCHNN TEXHUKOM CTYAEHTHI, MMEIOIINE
pa3IMUHBIN yPOBEHb 00ECIEUYEHHOCTH, MOTYT MOJIb30BAaThCS yCTapeBIIeH WM HE BIIOJIHE
UCTIPaBHOW TeXHUKOW. OMBIT HamIel padOTHI MMOKA3bIBAET, YTO IPH HEBBITOJHEHUH 3aj1a-
HUH yyarnuecs 4acTo CChIIAI0TCS Ha MPOOIIeMBI ¢ KOMIBIOTEpHOH TexHUKOH. [ToHATHO, 9TO
IIPY COBPEMEHHOM YPOBHE (PMHAHCHUPOBAHUS 00pa30BaHMS HET BO3MOXKHOCTH TTEPETOXKUTD
Ha By3 oOecrieueHre KOMIBIOTEPHON TEXHUKOH MpernoaasaTenei u crynentos. Crona xe
OTHOCSITCSI BOIIPOCHI PEMOHTA TOI TEXHUKH U oOecrieueHns yaacTHUKoB J{O ceTeBoii cBsi-
3p10. Tak WM nHave, HO TaHHYIO TPo0IeMy He0OX0AUMO MTOCTABUTh U PACCMOTPETh.

Cremyromuii KpyT BOIIPOCOB CBSI3aH € KauyecTBOM IporpamMHoro obecreuenus (I10),
ucrionszyemoro B pamkax J{O. IIpoGnemst ects u 31eck. Ho nipeskze, 4eM ToBOpUTH O HUX,
ClIeZlyeT OTMETUTh, UTO CYIIECTBYIOILINE CPEICTBA MTO3BOJIAIOT IPOBOIUTH 3aHITHS JOCTa-
TOYHO ycnemHo. [Ipexe Bcero, peub UAET O JIEKLUOHHOM YaCTH 3aHITHUIH, TO €CTb O MOHO-
JIOTE JIEKTOPA, U3PEKa IPEPHIBAEMOM BOIIPOCAMH CTYIEHTOB.
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HecoBepiieHCTBO CyIIECTBYIONIETO MTPOrPaMMHOI0 00ECIIEYECHHS! CBSI3aHO C HEOIpaB-
JIAHHOW CJIO’)KHOCTBIO €ro ncroib3oBaHusd. [10 HeoOX0AMMO yiTydInaTh 1o psiy rnapame-
TpoB. B wacTtHOCTH, y JIEeKTOpa MOKa HET WHCTPYMEHTA, PABHOTO OOBIYHOW ayJUTOPHOM
nocke. Hy>xeH HHCTpYMEHT, peBpallaloniii SKpaH KOMIBIOTEPa B SJIEKTPOHHYIO JOCKY,
Ha KOTOPOH MOYXHO IHCATh 3JIEKTPOHHBIM KapaHaaioM. VICronp30BaHie MBIIIH TIPH ITHCh-
M€ Pe3Ko yXy/IIaeT KaueCTBO BH3yalbHOH HHOpPMALUK Ha SKpaHe.

Kpowme Toro, 10 mpezaena nomkHa ObITH YIIPOIIEHa MHOTOOKOHHAsSI IEMOHCTPALUS pa3-
JIMYHBIX MaTepraioB. Bo3MOXHO, TPU STOM Ha XapaKTEPHCTUKH AEMOHCTPHPYEMBIX JICK-
TPOHHBIX JOKYMEHTOB NMPHIETCS HAJOXKUTH JOMOJIHUTEIbHBIE TpeOoBanus. | 1aBHOe, YTO-
051 ObIITa BOBMOKHOCTH CBOOOIHOTO ITEPEXoia OT OJTHOTO JOKYMEHTA K IPYTOMY.

Tort dakr, yto 3ansaTus Ha dakynbrere UT cHavama mpoBOAMINCH C TOMOIIBIO OJJTHOTO
Buaa [10 (cuctema auctaHmuoHHOTO 00ydeHus Mirapolis LSM), a 3aTtem Opum miepeBe-
nensl Ha [10 npyroro Buaa (cepuc BeOnHapoB u Bed koH(pepenun Cisco Webex), moa-
TBEP)KIAeT HECOBEPIICHCTBO MporpaMMHoro obecredenus. Uro kacaercs Cisco Webex,
TO 110 OCBOGHHIO METOJIOB PabOTHI B 3TOH CHCTEME ObLIM MPOBEIEHBI KypChl OBBIICHHS
KBaJTU(UKAIHH.

Ecnu nepeiitu x cemunapckoii popme 3austuii B pexxume /1O, To HEJOCTaTKH BEeOMHA-
pa mposBIIsiIoTCes Oos1ee sipko. [Ipu 3ToM mpoOIeMbl CBSA3aHBI HE CTOJBKO C HEOCTATKAMH
MIPOrPaMMHOT0 00ECIIeUeHHUsI, CKOJIKO ¢ OCOOCHHOCTSIMU YAaiIéHHOH paboTel. Hanmpumep,
peyb UIET O KOHTpoJIE 3a (PaKTHUECKUM HPHCYTCTBHEM CTYICHTOB Ha 3aHATHAX. [leno B
TOM, 4TO CTYJICHT MOYKET IOSIBUTHCS B CIIMCKE MPUCYTCTBHSI, HO TIOCIIE ATOTO 3aHSATHCS CBO-
nmu nenaMu. OJHAM U3 CTIOCO00B yOEAUTHCS B IPICYTCTBUH CTYICHTA SBISETCSA POochla
0TO3BaThCs Ha oOpaieHne Kk HeMy. Ha 3To yxonut nonesnoe Bpems 3ausatuid. [Ipu stom
CTYJCHTBI, KOTOpPBIE YIIOPHO HE OT3BIBAIOTCS Ha OOpAIlICHHMS MPEIojaBaTess, B JAJIbHEI-
IIIEM CCHUIAIOTCS Ha cOoM B paboTe IMO0 KOMITbIOTEpA, JINOO ceTH. JlepaTh Ha dKpaHe
BCE BHIC000pa3bl MPUCYTCTBYIOMINX CTYACHTOB — TOXKE HE JIYYLIHil crioco0 KOHTPOIS,
MIOCKOJIbKY 9KpaHHOE MPOCTPAHCTBO OTPAHMYECHO M €ro HEOOXOJMMO HCIIOJb30BaTh IS
Y4IeOHBIX TIeNTeH.

Pemenne naHHOM NpOOJIEMBI MPEATOIaracT UCIOIb30BaHUE CPEICTB aIMHUHUCTPUPO-
BaHus. JJOIDKHBI OBITH IPONUCAHBI TPEOOBAHUS K CTYACHTY, 00CCIIeYHBAIOLINE TaPAaHTHPO-
BaHHBIIH KOHTPOJIb 33 €r0 IPUCYTCTBHEM.

31ech HY)KHO J00aBUTb, YTO TPYIIA, B KOTOPOH MPOBOISTCS 3aHATHS, KaK MPaBHIIO,
pacriajiaeTcsi Ha IO PyIIIIbL:
® OTBETCTBEHHBIE CTYJCHTHI, KOTOPBIC HE TOJBKO MPUCYTCTBYIOT, HO H aKTHBHO 3aHHMa-

10TCS;
® CTYICHTHI, KOTOPBIE IPUCYTCTBYIOT Ha 3aHATHAX, B YACTHOCTH OT3BIBAIOTCS, HO aKTHB-

HO HE paboTaroT;
® CTYICHTHI, KOTOpbIE (PaKTHYECKH OTCYTCTBYIOT Ha 3aHSATHSX, HO IIBITAIOTCS CKPBITH

9TOT (axT.

AJIMHHHCTpPaTHUBHBIC MEpPhI CIEAyeT NPHUMEHSATHh TOJIBKO K ITOW, MOCIEIHEeH rpyIie.
OnHako HajJo NMPHU3HATH, YTO B HACTOSIIEE BPEMS U B TPAJUIMOHHOM PEXHME IMperoja-
BaHUS aJMHHHCTPATHBHBIC MEPBI TAKHX CTYICHTOB IIO Py MPUYHH HE MOTYT 3aCTaBHUTh

62



Kulanin Y.D., Stepanov M.E.
From the Experience of Working in the Remote Learning Mode
Modelling and Data Analysis 2022. Vol. 12, no. 3.

BBINOJIHATE UX 00s13aHHOCTH. Ho, Tak nim nHave, TpeOOBaHUS K COOTBETCTBYIOIIEMY KOH-
TUHTCHTY HOOJI>KHBI OBITH IMpOonucCaHbI.

Emé oxnoii mpobsemMoii ceMuHapckoil ¢opmbl 3ausaTHil B pekume J1O, 3HAYUTEIBHO
6oee BaXKHOM, YeM KOHTPOJIb 32 MPUCYTCTBUEM CTYJCHTOB HA 3aHATHH, SABJISETCS BOTIPOC
0 caMOCTOSITeNBHOM pabdote cTyneHToB. [loroBopum 06 3Tom moapobHee. [Ipexae Bcero,
OTMETHM, YTO Ta XK€ IpoOieMa CTOUT M B Cllydae TPaJAWUIIMOHHON (HOpMBI 0Opa3oBaHUS.
Opnako B pexnme 10 manHast mpoGiieMa pruoOpeTaeT HECKOIBKO HHOM XapakTep u 000-
cTpsieTcs. Ho B mro0oM cirydae pemieHne 3Toi mpoOIeMbl CBSI3aHO C MHOTOYHMCIICHHBIMH
BOIIPOCAMHU OPTaHU3AIMOHHOTO U METONYECKOTO XapaKTepa.

[Ipu TpaguIMoHHON (opMe MpenoaaBaHus MPENoaBaTellb UMEET BO3MOXKHOCTD J1aTh
3ajia4y 10 U3y4aeMoi TeMe U IPOUTH IO ayJJUTOPHHU, YTOObI BEISICHUTD CTEIICHb TOTOBHO-
CTH Ka)KJIOT'O CTYJIeHTa K PEIICHNIO COOTBETCTBYIOIIEH 3anaun. [Ipu aToM oHMM CTyIeH-
TaM MOXKHO OKa3aTh IIOMOIIIb, IPYTHM BBIPA3UTh OJ1aro1apHOCTh 32 XOPOILyIo paboTy Wiy,
Haoboport, nopunanue. B pexxume /IO Takas BO3MOKHOCTh OTCYTCTBYET.

Taxum oOpazom, ckiajpIBaeTCs cieayromas cutyanus. Ha ceMuHapckoe 3aHsTHE BbI-
JIeTIsIeTCsl ONpe/eIEHHOE BpeMsi, 3HAUMTEbHAS YacTh KOTOPOTO JIOJDKHA OBITh MCIOJB30-
BaHa JUTSI CAMOCTOSTEIIFHOTO PEIICHNUS 3a/1a4 cTyAeHTaMu. [Ipn 3TOM CKOTbKO-HUOY b 3-
(heKTUBHBIN KOHTPOIB 32 MHANBUAYAIEHONW pabOTON CTyIE€HTOB HEBO3MOKEH. B pesynbra-
T€ YacTO CEeMHHAPCKOE 3aHATHE IPHHUMACT POPMY 3aHATH JIeKInoHHOTO. [IpernomaBaTens
TpeyIaraeT CTYICHTOM 3a/1a4y 3a 3aa4ei i caM JKe UX perraeT. B mydmem cirydae k perre-
HUIO 33124 IMOJKII0YAeTCs BECbMa HeOOIbIION KOJUICKTHB aKTUBHBIX CTYICHTOB.

OnHUM M3 BO3MOXKHBIX BapUAHTOB PEIICHUS JAHHOH MPOOJIEMbI TIPE/ICTABISAETCS Clie-
JyIoImas cxema paboThl, KOTOpasi, KOHEYHO, JI0JDKHA OBITH COTJIAaCOBaHA C PYKOBOJICTBOM
kadenpsl, pakynbreTa win By3a. Ha ceMHUHapCKOM 3aHSTHU IIPENoIaBaTelib U3JjiaraeT Ma-
Tepuall, HeOOXOANMBIH JJIsl pELIeHUsI ONpeIeIEHHOT0 Kilacca 3a/1a4, a TAKXKe pelacT Oy
W3 TaKMX 3ajJiad. 3aTeM OH IpejylaraeT KakJoMy U3 CTyJIEHTOB HabOp 3a/1a4 AJIsl CaMOCTO-
ATCJIBHOTI'O PCIICHUA. HpI/I 3TOM BC€ 3aJa4u UMCHOT I/IHI[I/IBI/I}IyaJ'IbHI:Jﬁ XapakTep, TO €CTh
HET 3aj1a4, KOTOpbIE OJIMHAKOBBI JUIsSl KOTO-JIM0O0 13 CTyneHTOoB. [Ipolie Bcero aTo cienath,
JaBasi CXO/HBIC TI0 (hopMe 3a/1a4u ¢ Pa3TUIHBIMU HCXOAHBIMH JaHHBIME. [locie aToro cTy-
JCHTHI YXOAAT ¢ BeOMHApa Ha CaMOCTOATENbHYIO paboTy. Pemenus 3a1a4 oM BBICBUTAIOT
TperoaBaTelio o moute. [IpemomaBaTens MOXKET yKa3aTh MOCICIHUN CPOK BBITIOTHEHUS
JTAHHOTO 3aJaHHS.

[IpuBeném npuMep BBIIAYN HHAUBHIYATHHBIX 3aIaHUH IO KyPCY OOBIKHOBEHHBIX (-
(epeHIMaNBHBIX ypaBHEeHHH. OTMETHM, YTO HEKOTOPHIE JTOTIOTHUTEIILHEIC 3a1aHus (B TIPH-
Mepe 3a1aHust 3 1 4) MOTyT OBITh OOIIMMH IS BCeX cTyeHTOB. OJTHAKO OCHOBHBIC 3a/1a-
Hust (B mpumepe 3a1anus 1 u 2) 00s13aTenbHO JOJDKHBI UMETh WHIIMBH/YJIbHBIN XapakTep.

3ananue 1. Jlano mudpdepennuansuoe ypapHenue suaay '+ py' +qy = 0 ¢ uensimMu
kod(huIMeHTaMu, XapaKTepUCTUUECKHH MHOTOWIEH KOTOPOTO0 UMEET KOMILIEKCHBIE KOp-
Hu. Haiigute oOliee neiCTBUTEIILHOE PEIICHHE 3TOr0 TU(PEPEHIIMATBHOTO YPaBHEHHUS.
KoadduumenTs! p u q 3a1aHbl B TaOIHUIIE.

3aganue 2. Haiinure gactHOE pemeHue 3Toro anddepeHnnanrsHOro ypaBHEHHS C Ha-
HabHBIMA ycroBusaMu y(0)=0,y'(0)=1.
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3aganme 3. Haiiqute KOpHU XapaKTEPUCTUICCKOTO MHOTOWICHA A depeHIInaIbHOTO
ypaBHeHust y” — y = 0. M300pa3nute 3TH KOPHN HAa KOMIUICKCHOM TNIOCKOCTH.
3aganmue 4. Vicrons3ys mpeapiyiee 3aanne, HanauTe odmiee pemenue aughepeHim-

"

anbHOrO ypaBHeHus y" —y =0.

Damuus P q
AnTHNOB [IMuUTpUi 8 17
AdanacweB J{murpuit 6 | 10
BakyneB Anexceit 4 5
beckubanos Hecrop 2 2
Boponnna Codbst 2] 2
EBcukos Cemén -4 1 5
EnanemrnukoB Anekcanap -6 10
3aiinieBa AHacTacust -8 17
KouenkoB Unbst 8 | 20
Jlarmmn Jlanuna 6 13
Jleuna [TonmnHa 4 8
JlesonoBuu Hukura 2 5
Mocun Urops -2 5
Myp3un JJannnn -4 8
[onstHuues ['puropuit -6 | 13
CemuBépcroB Bacummit -8 | 20
Cunsatkuna Exarepuna 8 | 25
Tepentbes [lanuna 6 | 18
Tounmuu Anexceit 4 |13
FOmatoB Annpeii 2 10

IIpu paccMoTpeHnu npeayiaraeMoi cXeMbl IPOBEACHHS CEMUHAPCKUX 3aHITHIA MOXKET
BO3HUKHYTH BOIPOC O HEAOIYCTHMOM COKpAIIeHHH pabodero BPeMEHHU IMperojaBaTes.
Peub naét o TOM yacTH CEeMHHAPCKOTO 3aHATHS, KOTOPOE MPEOCTABISIETCS CTyICHTaM /s
CaMOCTOSITENILHOTO pelleHus 3aad. Ha camoM fene Takasi moCcTaHOBKA BOIIPOCA HEMPABO-
MepHa. J{eno B TOM, 4TO UCHOJIb30BaHUE UHAMBUAYAIbHBIX 3a1aHUN MIPEATONAracT MOBbI-
LIEHUE HAarpy3KH Ha IpernojaBaTelis IPU COCTABIEHNUN 3TUX MHOIOUYUCIICHHBIX 3aJaHUM.

3/1ech MOKHO OTMETHTh, YTO €CTECTBEHHBIE JUISI TPAIUIIMOHHOTO 00y4YeHus (hOpMbI Op-
TaHU3alMH 3aHATHH, HAIPUMEp, KJIACCHO-ypoUHast cucteMa o0ydenus B ciydae JJO Moxer
OBITH ITOJIBEPTHYTA MPEOOPA30BAHUIO.

B 371011 CBSI3M ciieyeT OTMETHTD, 9TO IpH nepexosie Ha J{O mponcxoanT 3HAYUTETbHBIHA
POCT Harpy3KkH U y pernoiaBaTese, u y CTyJIeHTOB. EcTecTBEHHO, peub UJIET O CTYyICHTaX,
JOOPOCOBECTHO BBIMOJHSIIONIMX CBOM 00s3aHHOCTH. Tak, Harpumep, BpeMs CEMHHapa, Ha
KOTOPOM 3aJIa4d peIIaeT MPeroiaBaTellb, He MOKET OBITh MCIOIB30BAHO CTYACHTOM JIJIS
CaMOCTOATEeNFHON paboThl. Permate 3a1aum, n3y4aeMbIX BUIOB, HY’KHO B CBOOOIHOE BpeMsl.

Ho, xoHeuHO, MOBBIILICHHE HATPY3KH NPENoaBaTels sBIsIeTCs Haunbosee 3HAYUTEIb-
HeIM. [Ipesxzie Becero, cama 1o cebe BHe3alHasi CMEHA TPAJUIIMOHHON (DOPMBI 3aHATHH Ha
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J10 mipuHeca ¢ co00# 3HAYMTENNBHYIO ICHXO0JIOTHUECKYI0 Harpy3KY, CBSI3aHHYIO CO CMEHOM
MIPUBBIYHOTO PUTMA pabOTHI HA COBEPIICHHO HOBBIM.

[IpenopaBatenu NOMKHBI ObUIM OCBOUTH HOBBIE MPUEMBI paOOTHI U MPOIYMATh MHO-
TOYMCIICHHBIC BOTIPOCHI, BO3HUKAIOIINE MPU HOBBIX (popMmax mnpenojaaBanus. [Ipu 3Tom He
OBbII0 BO3MOXKHOCTH TOJTyYHTh KaKHe-T00 PEKOMEHAAIMH WM ITIOMOIIb HHOT'O XapaKTepa.
Kypcer nossermenus kBanugukanmm no Cisco Webex nmenn nHoit xapakrep. B n3sectHOM
CMBICIIE OHH TOJBKO MOBBICHIIM HAarpy3Ky Ha MHOTHX TIperiofaBatenceii 6e3 mpuoopeTeHns
HaBBIKOB, IPUHINIHAIBHO obJeryarommx padoty B pexume JO. 3neck B ouepenHol pas
TIpOsIBUIICS (haKTOp HEOKUIAHHOTO M BHE3AIHOTO Iepexoa Ha JIO BMECTo 1mocTerneHHoro
ero BHeApeHus. [Ipu aToM co3raéres BeyatiieHue, 4To IpeIBapuTeIbHON pa3paboTKH Me-
To10B J]O 3a HCKIIOUEHUEM CO3/1aHUsI IPOrPaMMHBIX CPEACTB HE IPOBOUIIOCH.

Tax nim nHave rnpernojaBaTelsiM IpH BHE3aHOM 1epexoze Ha IO npunniocs padoraTh
TI0 psiy HaNpaBleHUH, HarpuMep, MOAN(HUINPOBATh yueOHbIe MaTepHanbl. Peus unér kak
0 JICKIIMOHHBIX, TaK ¥ O CEMUHAPCKUX 3aHATHAX. ECTeCTBEHHO, BCe 3TH MaTepHallbl UMEIOT
AJIEKTPOHHBII XapakTep. KoHeuHo, B MHTEpHETE MOKHO HAlTH KJIacCHYeCKHUe yUYeOHUKH I10
MaTeMaTHKe, HO OIIBIT ITOKAa3bIBACT, UYTO TpeOyeTcs pa3padaThIBaTh AIEKTPOHHBIC TEKCTHI C
IIPEAEIbHO KOHICHTPUPOBAHHBIM HH(OPMAMOHHBIM HAIIOIHEHUEM.

[TpuBeném npumep Takoro TEKCTa, COJEPKaHNE KOTOPOTO OTHOCUTCS K KypCy ypaBHe-
HUH MaTeMaTH9IeCcKOl (PU3HKH.

VYpaBHeHHE Kose0aHNi CTPYHBI C 3aKPETUIEHHBIMU KOHIIAMH U CTOSTMHE BOJIHBI.

o’u  ,0u
YUT00bI pelnTh ypaBHeHHEe ——- = a” — MeTooM Dypbe, peanonaraort, 4to GpyHk-
ot Ox
s u(X, t) MOXKeT OBITh MPEICTaBlIeHa B BUAE U(X, t) = X(x) T(t).

B wurore mnocie nmoJCTaHOBKN B ypaBHEHHE HYXKHO PEIINTH J(Ba JIMHEHHBIX quddepen-
LUAJbHBIX YPaBHEHMSI C MOCTOSHHBIMU Kod(pduuuentamu X"(x) — cX(x) = 0 u T"(t) —
ca*T(t) = 0. Ilpu 5TOM AJIsI PEIICHHUS IEPBOTO YPABHEHHUS JIOJKHBI BBIMONHSITHCS KPACBbIC
yeaosust X(0) = X(I) = 0. Kak n3BecTHO, pellieHUEM IIEpBOI0 ypaBHEHHS SBISIETCS (PyHK-
st X (x)=e®. MoxHO yOemuThes, 4TO TONBKO HpH ¢ = A* < 0 ypaBHEHHE MOKET UMETh
HEHYJIEBOE PELICHUE, YI0BICTBOPSIOIIEE KPaeBbIM yCIOBUsIM. B aToM ciyuae o ¢opmyiie
Diinepa Juiss MHUMOTO 3HAYCHUS A MBI [T0JIy4aeM, 4To X(X) sIBJIseTCs JIMHEWHONH KOMOHA-

et GpyHKuii cos AX u sin AX. Ho u3-3a KpaeBbIX yCI0BUH KOCHHYCHI BXOJUTH B PEIICHUE

Ny kn
He MoryT. Kpome Toro, 1o Toi e npuyuHe A = e HWrak, cyiiecTByeT 6ECKOHEYHO MHOTO

Ny . knx
¢byakuuii Buma X, (x)zl)k smT, SIBJISTFOIIUXCSL  PEUICHUSIMH  TIEPBOTO  YpPaBHEHHUSI.

HaxoHer, OCKOJIBbKY A SIBIISIETCSI MHUMBIM YUCIIOM, TO U GyHKIMA T(t) siBiIsieTCs TMHEHHOM

KOMOWHAIME KOCHHYCOB M CHHYCOB. OOIlee pelicHHe UMEET BUJI T, (t) = A, cos knat

krat )

+ B, sin
. . knx
B urore ke mosydaroT OeCKOHEIHOEe MHOXKECTBO (yHKumii Buna X, (x)=D, smT,

ABIIIOMINXCS PEUICHUAMH ypaBHeHHS 11 X(X). JItobas u3 gpyukiuii T(t) ssBisercs nuHe-

HOH KOMOMHAIMEH KOCHHYCOB 1 cuHycoB. O0l1ee pelleHre UMeeT BU T, (t) = A cos knat
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. knat
+ B,sin T

. C moMouIpi0 TPUTOHOMETPUYECKUX MPEoOpa3oBaHUN OHO MOXKET OBITH

peo0pasoBaHoO B BEIOXKCHHUE BUIA K, Sinlmxsin(knat + ¢,kj

I

. knx
dopmyiia uk(x,t)=s1nT-Tk(t)n0Ka3HBaeT, YTO BCE TOYKU CTPYHBI COBEpII-

. . kmnat o . X
0T KOJeOaHusi ¢ OJMHAKOBOHW dwacToToii —— wu ammiurynoil H x SIN——, 3as6-

[
cauwgue om x. Ilpu 5TOM BCe TOUKM CTPYHBI OJHOBPEMEHHO IOCTUIalOT CBOETO MAaKCH-
MaJIbHOTO OTKJIOHEHHS W OJHOBPEMEHHO IPOXOZAT IIOJIOKEHHE paBHOBeCHs. Takue
KoJIeOaHWs CTPYHBI HA3bIBAIOTCA CTOSYMMH BOJHAMH. TOYKHM CTPYHBI ¢ abcuuccamu
k—-1)1 .
0, i, ﬁ’u ABIISIOTCSl HETIOJBMKHBIMM M HA3bIBAIOTCS y3JIaMHU CTOSYEH BOJI-
k k
Hel. UroObl HaiiTm pemenue 3agayn Komm ¢ 3aJaHHBIMM Ha4yajbHBIMU YCIIOBUS-
MU, paslararoT 3TH ycJoBusl B psapl Dypbe 1mo 0aszucy, cocToseMy W3 CTOSYUX BOIH.

Ob6iee peneHnue IMeeT BU/T;:
< & nn nhn . Th
u(x,t)=>u,(x,t)=> (A,cos—at+ B, sin—at)sin—x
(e 0) =2, (%, 0) =2, ; ; p

3amava COCTOUT B TOM, YTOOBI HAaiiTH K03(ppuitneHTsI psiga Pypbe, UCIOIB3Ys Hadalb-
HBIE YCIIOBUS u(x, 0) = qo(x), u, (x,O) = w(x).

3ananue 1. Haiitu psan, B KOTOpbIi pasnaraercs QyHKIUSL u(x, O) . Ykaszanue. Ilogcra-
BUTH B psf 3HadeHue ¢ = 0.

3amanme 2. 3anucath (OpMyJIbI I BHIMUCIEHUS KOOQPUIMEHTOB {4 } psAna, B KO-
TOpBIi pasnaraercst GyHKIMA u(x, 0). Yrazanue. Vicnons3oBats GOpMyJIbI, IPUMEHSEMbIC
JUISL BBIYUCIICHUST KOO PUITUESHTOB psiia @V?Be. Ilns neuérnoit pyukuun f (X) Ha orpes-
ke [0; 1] oTit Gpopmyusl nveroT BUA: £, =%J.f(é")gin %é: dé.

3aganmue 3. Haiftu psim, B KOTOPBIi pa3n§1raeTc;1 Gynxnms u (x, 0). Vkaszanue. Ipomuad-
(depeHunpoBaTh O0LIee PEIIeHNe U OACTABUTE B Psix 3HaueHHe ¢ = 0.

3amanue 4. 3anmucaTh GOpMyYJIbI 1T BBIYMCIIEHHS KO3(QdUIMEHTOB {B } psna, B KOTO-
puIii pasnaraetcs Gynkumus u(x, 0). YVrazanue. Viconb3oBaTh (pOpMyJIbI, TIPUMEHAEMBIE
JUIs BeIYHCIIeHust Koddduientos psaaa Oypee. st neuérHoit pyHkuuu f (x) Ha OTpe3Ke

ang

2 ¢ :
[0; 1] 5T; popmysr umeroT Bux: f,, =?If(§)sm ;
0

u(0,t)=u(l,t)=0, u(x,0)=sin%x+ sin BT”x, u,(x,0)= 0.

3aganue 5. Vcrons3yst MeTO pa3felieHHus IMePEeMEHHBIX, HAUTH PEIIeHHE OTHOPO-

_ 2 -

HOTO BOJIHOBOTO YPaBHCHHS u, =a‘u  ,0< x<l, t>0 IpHU CIECAYIOINX TPAaHUYHBIX U Ha
YaJbHBIX YCIOBUIX:

Vkazanue. Vicrionb30BaTh NMOTyUYEHHBIE BBIIIE PE3YJIHTATHI.
ITo kpaitneii Mepe, sl Halero (akyynpreTa aKTyaibHa emE OJIHa MpoodiieMa, CBsI3aH-
Hasi ¢ 0OydeHHEeM CTyIEHTOB ¢ nedextamu 3peHus. C HUMU HYXKHA JIOTIOJHUTEIbHAS U
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OYEHb 3HAuUWTENbHas paboTa. B 4acTHOCTH, TEKCTOBBIE MaTepHajbl HEOOXOAMMO MpO-
OyOnmMpoBaTh 3BYKOBBIMH (aiinamu. Kpome Toro, B ciiydae mepexojia Ha CEMHHAPCKOM
3aHATHH OOJIBIIMHCTBA CTYACHTOB Ha CAMOCTOSATENBbHYIO PadoTy IPernoaaBaTelib JOJDKEH
MIPOJOIDKUTH OOIIEHHE CO CTYACHTaMH, IMEIONTINMH Je(DeKThI 3peHns. DTa paboTa JOKHA
BECTHCh B peKUMeE Jrajora. Tonbko Takas gopma padOThl IOMOTAeT AOCTUYb XOPOILETOo
YPOBHA IMIOHUMAHUA Yy CTYJACHTOB, UMECIOIINX I[e(beKTI)I 3pCHUA.

OcoObrii xapakrep B pexxume /1O npuHUMAaET M Takasi TpaJAWIHMOHHAS 4acTh y4eOHOI0
mporecca, Kak IpoBepKa 3aJanuil. Hepeako cTyaeHThl NpUChUIAOT MChMa C 3aIaHNsIMH
Houb0. Tak WM MHAYEe, 9TO HETATHBHO BIIMSET Ha HOPMAJbHBIA pUTM paboThI Ipemnoa-
Baress. Emg onua nmpobiiema cBsi3aHa ¢ T€M, 4TO PsiJi CTYACHTOB HE BBITIOJIHSIOT 3a/laHUs
peryJsipHO, a HAYMHAIOT BBICHUIATH MX OJOKAMM B KOHILIE CEMECTpa, HECMOTpPS Ha Mpej-
BapuUTEIIbHBIE MPEIYIPEXICHUS O HEMPaBUIBHOCTH TAKOT'O BAPUAHTA BBIITOJIHEHNUS paloT.

3amuTel KypCOBBIX M TUIUIOMHBIX paboT B pexume 1O mpoxoasaT B HOPMaIbHOH (op-
M€ U MaJIo OTJIIMYAIOTCS OT TPAAMIUOHHBIX 3aluT. K CoKalleHHI0, 9TOr0 Hellb3sl CKa3aTh
0 IIPOBEJCHNU 3a4€TOB M HK3aMEHOB. 3JIeCh HET BO3MOXKHOCTH ITPOKOHTPOJIMPOBATH Ha-
CKOJIBKO CaMOCTOSITEIBHO CTY/IEHT TOTOBHUTCSI K OTBETaM Ha BOINPOCHI M PEIIACT 33JadH.
ITomorp MOKeET OBITh OKa3aHa JIM0O HEMOCPEICTBEHHO HAa MECTE KEM-TO M3 KOMIETEHTHBIX
Apy3ei CTyJeHTa, TM00 ¢ IOMOILBIO JIEKTPOHHBIX CPEICTB CBA3N.

4. HEKOTOPBIE COOBPA’KEHUSA
Ob OPTAHM3AIMU JUCTAHIIUOHHOI'O OBYUYEHUSA

B 3axumoueHne BRICKa)kKeM CBOE MHEHHE O COBpeMeHHBIX (popmax BHeapenus /10O, omu-
pasich, Ipeke BCero, Ha MOIy4eHHBII HaMH OTBIT padoTH B paMkax 1O, a Takke Ha HEKO-
TOpBIE NPECTABICHUS OTEYECTBEHHOH IeIarornueckoi HayKy Ha poOJieMbl 00pa30BaHusL.

[Ipexnae Bcero, OTMETHM, YTO TpaJunnOHHas popMa 0Opa3oBaHUs ONMPACTCS HA HETIO-
cpencTBeHHOe o0mmeHne Mexay JroapMu. 10 3Toif mpuarHe OHO BKITIOYAET B ce0s HE TOIb-
KO MHTEJUIEKTYaJIbHOE B3aMMOJICHCTBHE, HO M BCe Jpyrue (popMbl OOIIEHHMs, HAIPUMED,
SMOIMOHANbHOE. OTMETHM, YTO CYIIECTBYIOT MEIHIIUHCKUE COOOpaKEeHHsI, COCTOSIINE B
TOM, YTO IIPOLIECC OOIICHNUS CBA3AH C BEIpAOOTKOW MMMYHHTETA. TakuM 00pa3om, Iepexon
Ha /IO MOXeT BBI3bIBaTh HEOIArOMPHSTHBIC TOCIEICTBU, O KOTOPBIX cedac emé MHOTroe
Heu3BecTHO. HyXHBI HccieioBaHus.

VYkakeM Takke Ha TO 00CTOSATENBCTBO, 4TO TeopeTndecku JJO ocHoBbIBaeTcs Ha HHMOP-
MAITOHHOM KOHIICTIIINH TIPETIoIaBaHs. B 3ToM cBs3M puBeAEM BE IIUTATHI U3 padoTHI [1].

Hurara 1: «IIpomecc oOydeHNs 9acTO pacCMaTPUBAETCS KaK ABYCTOPOHHHUU IPOIIECC,
B KOTOPOM JICSTEIBHOCTD YUUTEIS U ACATECIBHOCTD YUAIMXCSI IPEICTABISIIOT COO0I0 B3au-
MOJIefiCTBHE MOACUCTEMBI IPENOJaBaHNs ¥ IOJICUCTEMBI yUeHUs. B cooTBeTCTBUN € 3 TUMU
MIPUHIOMIAMHI TIpoliecc 00yYEeHHUs] CTPOUTCS] KaK CHCTEMa, IIe yJUTEeNb BO3/EHCTBYeT Ha
Y4eHHKa TOCPEJICTBOM Iepetadn nHGpOpMannu 1, B CBOIO OYEpPe/ib, ITOIy4aeT 0OpaTHYIO
MH(OPMAIIMIO OT yueHHKa 00 yPOBHE M YCTOMYMBOCTH MPHHATON MH(OpMALUK. YUUTEIb
3J1eCh BBICTYIIAET B POJIM PETPAHCISITOPA, YIEHUK — TPUEMHUKAY.
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urata 2: «/IBrmKeHue 110 BEPTHKAIN ITPEABSIBIISIET O0Jiee BEICOKHE TPEOOBaHUS K Iejia-
TOTY, K €r0 001I1e# KyIbType, K €T0 THIHOCTHBIM KadecTBaM. J[eJI0 B TOM, 9TO TITaBHBIM MO-
MEHTOM I1€arOTHYECKOr0 MTPOIIecca CTAHOBUTCS 3/1€Ch IUYHOCHHOe OOLIICHUE YHaluXCsl C
IIearoroM M OPraHu3yeMoe UM OOIIEHHE yJaIluXcs IOCPEICTBOM U3ydaeMOoro peaMeTra,
T.e. O0IIEHNE, B KOTOPOM TIEaror HE BBICTYIIAET B KAaUECTBE TPAHCIATOpPA M3ydaeMOTo
mpeaMeTa (4TO XapaKTepHO JUISI TEXHOJIOTHYECKOro O0YyUCHHMS YUallerocs), a caM IpeIMer
[peBpallaeTcsi B OCPEIHUKA, B CPEIICTBO 001IeHus. Kpome Toro, B Crily HEOTUyKAaeMO-
CTH COJICPYKaHUS TyXOBHO-TIPAKTHIECKOH c(hepbl OT MHAMBHIIA COACPIKAHIE dTOTO JBHIKE-
HUSI HE MOJKeT OBITh TIepejaHO M OCBOCHO KaK HE3aBHCHUMO OT WHAMBHJIA CYIIECTBYIOMIAs
o0bekTrBHAs nHPopManusi. OHO CYNIECTBYET TOJIBKO B (hOpMe ero COOCTBEHHOIO CaMOBBI-
PaKEHUS U CBSI3U C MHPOM, KaK MAPOM YEIIOBEUECKUM, T.€. OMSATh-TAKH B (POpMe OOIICHNS.
CrenoBarenbsHO, U TIEarornieckiue MpUeMbl 37IeCh CBS3aHbI C JIMYHOCTHIO IeJarora, ero
CaMOBBIPOKEHUEM.

He BmaBasice B moapoOHBIE pacCyXICHHS, CKakeM, 9TO HETPOIyMaHHAs ITHUPpPOBH3a-
LSl KaK TaKoBasi TIOBCEMECTHO MPUHOCHUT Pa3pyIIUTENbHbIC pe3yiabTaTbl. COBpeMEHHBIH
TesneOH CTall CHMBOJIOM pa300ieHust aroaei. HykHbl ncciie1oBaHus.

[TpuBeném emé u BOCIIOMUHAHUE OJHOTO M3 aBTOPOB craThu. Ha pyGexke BTOporo u
TpeThero TeicsueneTus oH padotan B MI'OVY (6sBmmit MOITU um. H.K. Kpymnckoii). Ha
TIEPBOM 3aHATHH IO OJHOMY W3 IMPEAMETOB MPHUCYTCTBOBAJ TOBOJIBHO COOOPA3UTEIHHBII
Y aKTHBHBIW CTYICHT, HO HM Ha OJIHOM M3 IIOCJIEAYIOIIUX 3aHsATHH OH He Obul. Yepe3 He-
CKOJIBKO HeJIeJIb IPUIIIOCH CIIPOCUTD, TIOYEMY ATOT CTYAEHT He XOJMT Ha 3aHsTus. Bropoi
CTYACHT, KOTOPBIH MIOCTOSTHHO UTPaj Ha 3aHIATUAX HA UTrpoBoi npuctaBke PCP, 00bscHMI,
YTO M TOT KyNHJI TaKy¥o JKe TMPUCTaBKY, HadaJ UTpaTh JOMa, U ero oTyucimii. Ha Bompoc,
MoYeMy HE OTYHCISIOT M €ro, Jay 4€TKuid oTBeT: «OH Wrpall IomMa, a s Urparo 37eChy.
B pexume /10, Hano nonaraTh, HUKOTO HE OTYUCIIAT.

KocaéMces emé n Takoro BayKHOTO JJIsI COBPEMEHHOTO aJIMUHHCTPATUBHOTO COOOIIe-
CTBa BOITPOCA, KaKOH BHJ 00pa30BaHMs AelIeBIe. J[eno B TOM, YTO XOPOIIO OpraHM30BaH-
Hoe /10, kak 0TMe4aJoch BbIlIE, TpeOyeT onpeeNIEHHBIX (PMHAHCOBBIX BIOXKECHUH. B Hame
BpeMsi KPOME OKCIOMOPOHA «OTPHUIATENBHBIA POCT» HMCHOJIB3YEeTCs] TEPMHH «ONTHMH3a-
IUs». ABTOPBI CTaThU 3aHUMAJIMCh M BOMIPOCAaMU onTUMU3auu (cM. [2] — [S5], HO peub B
pamMKax aAMUHUCTPHPOBAHUS HIET 0 UEM-TO COBepIIeHHO HHOM. OJIMH U3 aBTOPOB CTaThU
Y B TPaTUIMOHHOHN (opme npernonaBanus, u B Gpopme O mpermomaér ceMpb MpeaMeToB,
BTOPOI1 — JIecsATh, HO 3TOTO HE XBaTaeT, 4ToObl obecrieunTs gaxe 0,9 Harpy3KH.

BcenomuHaercst BoctoyHasi mpuTya 00 ONTHMH3ATOpE, KOTOPBIM IMepecTan KOPMHUTh
uiaka, 4roosl padorain OecriatHo. OiHAKO HEPa3yMHOE )KUBOTHOE 10 KAKOW-TO MPUYNHE
BIPYT yMEpIIO.

Emgé oxHuM npuMepoM ONTHUMH3ATOPCTBA SIBISETCS TaK HA3bIBAGMOE MHKIFO3MBHOEC
oOpazoBaHue. ABTOpaM MPUXOAMIOCH TIPENOIaBaTh B IPYIIIAX, TAe ObLIM COSNHEHBI CTY-
JICHTHI ¢ TIpo0IeMaMy 3peHHs U CITyXa.

He xouetcs Hakapkatb, HO Ipu TakoM roaxoze 1O Bpsia au ynacTes JOBECTH 0 HyX-
HOTO YPOBHSL.
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[lepexon By30B Ha AMCTaHUMOHHYIO (opMmy oOydeHus B Hayasne mapTa 2020 roxa
ObLT MOJHOH HEOKHIAaHHOCTBIO. TeM He MeHee, y4eOHbIH Mporecc MpoaoKaics, a
OCEHBIO OOJIBIIMHCTBO BY30B BEPHYJIOCH K IIPUBBIYHOMY OYHOMY 00yueHut0. OHaKo
npebbiBaHne B 5TOM (hopMaTe ObLIO HENPOJOJDKUTEIBHBIM, H By3bl CHOBA HEPEIUIH
Ha JUCTaHIMOHHYIO (hOpMy, KOTOpas 3aBepIIMiack B KOHIE (EeBpas TEKyIIEero
roza. Yto 4yBCTBOBAJIM IPENO/ABATENN U CTYJCHTBI IIPU MOBTOPHOM IE€PEXoje Ha
ynanéHHoe o0ydeHHe M IIPH BBIXOJE B OUHBIA (popmar? Kak oneHUBanmu CTyIEHTHI
Ppa3UYHbIC aCTIEKThI TUCTAHIIMOHHOW (OPMBI MOCIe ¢ OKOHUAHUS?
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L[bm}mm no oceHu ciumarom

1. BBEAEHHME

JlBa ¢ JIMIIHKM roja Ha3aJ Mbl OKa3aJIUCh Iepe]] HEOOXOAMMOCTHIO IPOBOAUTH 3aHs-
THSI IUCTaHIMOHHO. Ha mepBhIX mopax, 4ToObl XOTh KaK-TO yJepiKaTh MPOLECC B pa3zyM-
HBIX paMKax, HE NPEPBIBATh €r0 U COXPAHSTh €0 KauecTBO, MIPUXOIMIOCH TPATUTh 3Ha-
yuresnbHble yerunsi. He ckazarh, 4ToObI Takas popma IpOBEICHUS 3aHITHH — 3TO YTO-TO
MIPUHIMITHAIFHO HOBOE: B CBOE BpeMsl OBUIO JI0CTATOYHO XOPOLIO MpopaboTaHa 3a0uHast
¢dbopma oOyuenns. Ho ogHo, xorma 3Ta hopMa HCIIONB3yeTcs st 00ydeHus «0e3 OTphI-
Ba OT MPOM3BOICTBAY, JUIS IOBBIMIECHUS KBATM(UKAIMK WM KaK BCIIOMOTATeIbHAs (CM.,
Hamp., [1-5]), u coBceM apyroe, KOraa oHa JOCTAETCS CTyACHTaM, MPUIIEAIIAM Ha OYHOE
o0pazoBaHue, U MPEMoiaBaTeIsIM, KOTOPbIE HE NMEIOT OIbITa 3204HOTO 00ydeHus. Ilox-
TOTOBKA M IIPOBEJEHNE 3aHATUI MOoTpedoBany yiiMy BPEMEHHU, B PAMKH, NIPEIINCAHHbIC
y‘-Ie6HBIM IIJIaHOM, MPETNogaBaTC] I HE BIHCBIBAJINCH: IIPUXOAUIOCH pa60TaTb u )IHéM, u
HOYBIO (JOCTATOYHO MOCMOTPETHh Ha BPeMs MPHUCHUIKM CTyIEHTaMM pPa3IHYHBIX padoT).
TeMm He MeHee, y1anoch BCE MPEOA0IETh, MPOIECC CTAHOBHIICS PYTUHHBIM. 3aMETUM, YTO
B TEUEHHE ATOTO JBYXJIETHETO Meproia ObIJIO ABa KPaTKUX Mepexo/ia Ha OuHyI0 GopMy H
BO3BpaTa 00paTHO. A B HBIHEITHEM MapTe PEXKUM ITOMEHSUICS CHOBA U, IIOXO0XKE, HAJIOJITO.
Kazanoch Obl, MOKHO paJoBaThCs: MBI BEPHYJIUCH K TPAJULIIMOHHOMN, ToJlaMH OTpaboTaH-
HOH, hopme npenogaBanmst. Ho mogeMy-To MHOTHE OTMEUArOT TPYJHOCTH 3TOTO MIEPUOIa.
WHTepecHO paccMOTPETh OCOOCHHOCTH MEPEXOHBIX TPOIECCOB ¢ TOUYKU 3PEHHS TIPETIO-
JlaBaTesiedl U CTyJEHTOB.

2. HPEITIOJABATEJIN

PaccmoTpum BKpaTiie 0COOCHHOCTH NMEPBOI0 BXOJA HA AMCTAHIMOHHBIN pexnM. Ko-
HCYHO, INCPBLIC JHU — OTO IOJIHAA HCOXUIAHHOCTL U CBA3aHHAsA C HCIO PACTCPSAHHOCTD.
HemnonsTHO ObUIO, 4TO J€NaTh C NPEIMETaMH, KOTOPbIE HE PACCKaXKEIllb, KaK JIOKJIA, JUIs
KOTOPBIX TPeOOBAJIOCh aKTHBHOE B3aMMOJICHCTBHE CO CTyIeHTOM. Hanpumep, mone3Ho Bo-
BpEMs1 UCTIPABUTH OIIMOKY NPH PEIICHUU CTYAEHTOM MaTeMaTHIECKOW 3ajauk Y JJOCKH HJIH
10/ICKa3aTh, KAKOW OIepaTop Jydilie UCIOIb30BaTh B JAHHOM MecTe mporpammabl. K coxa-
JICHUIO, HEKOTOPBIC OMBITHBIC MPENOABATENH MOCUYUTAIH, YTO JAUCTAHIIMOHHAs Gopma —
910 npodananusi, u yuuid. Jla, «opor BXOXKJICHHUS» OKa3alcs BBHICOKOBAT, HO cOOpaTh-
Csl y1aI0Ch OBICTPO, XOTS OOJIBIIMHCTBO MPENoiaBaTeiell CX0UI0Ch BO MHEHHH, Y4TO ITa
(dopma obyduenus BecbMa mioxa. [lpaBaa, HeKoTopsie cunTaiy Hao0opoT [6, 7].

UT0 BBI3BIBAJIO 0CO00E OECIMTOKOMCTBO M TPEOOBAIO 3HAUYNUTEIBHBIX YCHIUH OT MPETo-
naBatens?

1. Ipuxomutcs MpOBOAMTSH JEKUUH YIaIEHHO, HO MOJHOIICHHOTO MaTepualia B popme BU-

JICOJICKIIUI HET, B KpaiiHeM ciydae, (parMeHThlI.

2. Her Bo3MoXxHOCTH npoBecTH J1abopaTopHbie paboThl, 0COOCHHO Ha MIIAIINX Kypcax,

TJIe TPUCYTCTBUE MTPENOAABATENSI HEOIIEHHUMO.
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HeB03M0OXHO TIPOBECTH MOJTHOLEHHBIH ceMHHap (IPaKTUYECKOEe 3aHATHE), I/Ie TIPEro-
JlaBaTelb AEMOHCTPUPYET METOIBI PEHICHHS 3a/1a4 ¥ (JOPMHUPYET Y CTYICHTOB COOTBET-
CTBYIOIIHE HaBBIKH.

HeT momHOIIEHHOTO KOHTPOJS IMOCEHICHUH, KOTOPBIH CIOCOOCTBYET (HOPMHUPOBAHUIO
CaMOAMCIUIITUHEIL.

Bo03HHMKAIOT MHOTOYNCIICHHBIE TPOOIEMBI C TPOBEJCHUEM 3K3aMEHOB.

Her cornacoBanHOro o00pyoBaHus HU y IIpemoaBaTesell, HU y CTYAEHTOB, yueOHOe
3aBeIeHIE HUKOTO UM He 00ecTedmio.

HeynoBneTBopurenbHOe IporpaMMHOE 00ecrieueHue, pexkie BCero, cpeaa 00ydeHus.
YV MHOrMX npenojiaBaresieil He0CTaTOYHBINH YPOBEHD BIIAJIEHUS IPOrpaMMHO-annapar-
HBIMHU CPEACTBaMU.

Her ombiTa 1 METOANKN MPETIOJaBaHusI B TAKOM (hopmMaTe.

[IporpammHas cpeaa [uist yAIEHHOH (OpMbI 00yueHHs ObUIA B JIy4IlIEM ClIy4ae OpH-

SHTHPOBaHa Ha HEOOJBIINE IPYIITEl 3aHHTEPECOBAHHBIX 00YYaIOIINXCsl, OOBIYHO HACTPO-
SHHBIX Ha TIOBBINICHHE KBaTM(UKayy [ 1], Wiin Ha OTAEIbHBIC aCIIEKThI 00Pa30BaTEILHOIO
mporiecca (HampuMep, KOMaHAHbIE TabopaTOpHBIE pabOTH TS CTapIuX Kypco). OnTuMu-
CTUYECKHUE 3asIBJIICHHSI aBTOPOB IOJIOOHBIX pa3pabOTOK OKa3aJIMCh HECOOTBETCTBYIOIIUMU
pearbHBIM TTOTPEOHOCTSIM.

Tem He MeHee, 1axke B MEPBBIN MEPUO MHOTHE MPOOJIEMBI Y1AI0Ch MTPEO/I0JIETh WITH,

0 KpaifHelt Mepe, ocnadbuth. KakuM 00pa3oM cripaBIsuIiCh C TPYAHOCTIMHU?

1.

He cuurasicb co BpeMeHeM, TOTOBWJIM BHEOMAaTEpPHAaIbl: B OCHOBHOM, MPE3CHTAIINH K
JIEKITUSIM ¥ KOHCTIKTHI TIOJ] HUX, PeKe — BUACOJIEKIINH (TpeOyroT OOoJbIlle BpeMEHH! Ha
MIOJITOTOBKY).

AnanTupoBaiv 3a1a9X IO/ yaIEHHOE MTPEICTaBIICHHE, TOTOBHIN METOANYKH, (HOPMU-
pOBaNN «yJanEHHBIE» KOMaH/bI CTYJCHTOB, padOTali AUCTaHIIMOHHO (110uTa, Trello).
CemuHaps! — camoe cinadoe 3BeHO0. ECTh IUCIUIUINHEL, T/Ie B IPHHIUIEC TUCTAHIIOHHO
He Hay4uiib. Jla ¥ B MaremMaTuke: JUCTAaHIIMOHHO, 0€3 aKTUBHOT'O OOIIEHHMS, TPYAHO
Hay4uTh Tymath. OcTaéres mpoBOANTE pa3dop 3ajad, JaBaTh U MPOBEPATH JOMAITHIE
3amanus (3T0 yOUBaeT yilMy BpEMEHH, €CIIU padOTaTh YCCTHO).

[Mocemenne — Ha MOJTHOM JOBEPHH: TJIE TOIBKO HE HAXOAWINCH YIYACTHUKHU TIPH BKITIO-
4yEHHOM Tenedone!

K sKx3amMeHy mpuxoImiioch mepecMaTpuBaTh KPUTEPUH, TO3BOJIIOIINAE CHOCHO OIIEHUTH
MOJIrOTOBKY CTyJIeHTa (paboTa B ceMecTpe, BONPOCHI U 3aa4u Ha dK3amene) [6, 7].

C TeXHUKOW BBIKPYYHBAIINCH, KTO KaK MOT.

O0yuaromiyto cpeay Opaiu Ty, KOTOpast ObLIa Ha TOT MOMEHT ¥ KOTOPYIO PEKOMEH10Ba-
TH «cBepxy». [IpemmrecTByromiasi peKiraMHasi IyMUXa BOKPYT STHX CPEACTB OKa3allach
ITyCTBIM 3BYKOM. M y4acTHHUKHM 1O BO3MOKHOCTH MHUTPHPOBAIIA OT COBCEM HHKYbIII-
HOTO BapHaHTa K CHOCHOMY.

Junst mpeniofgaBaTesiell TOT Nepro/1 OKa3aJICsi BEChMa IOJIE3HOH IIKOJION BIIaJICHHUS ITPo-
TPaMMHBIMH CPEICTBAMHU.

Hano cka3ath, 32 KOPOTKOE BpeMsi ObLIT HAKOIUICH MPWINYHBIA OTBIT YAAJIEHHOH pado-
THI ¥ TIOJTY9EHBI HAaBBIKH, KOTOPHIE BCEIMIA YBEPEHHOCTD, YTO HAC HE CIIOMAEIIb.
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Tenepb paccMOTpUM TIpOIECC MEPBOTO BBIXOJA C AUCTAHIIMOHHOTO PEXXHUMa B OUHBIH.
Kazamock 051, BCE BepHYIIOCH Ha KPYTH CBOSI, C 9TOH TOUKH H MPOJOIDKIM OOBIYHBIC 3aHS-
THSI. AH HET, 3TOT [IEPEX0/] 0Ka3aJcs JOBOJIBHO HENPUATHBIM. OKa3aj0Ch, YTO MbI OTBBIKIIH
OT y4eOHBIX TOMEIICHHUH, OT CTYICHTOB (HEKOTOPBIX MBI IPOCTO HU a3y HE BUAECIN), IPYT
ot apyra. CHadana KaxeTcs, 4TO 3TO TOJBKO y TeOs TaKoe OIyIIeHHEe, HO IIOTOM BBISICHSI-
eTcsl, YTO y MHOTHUX.

Camoe nevasbHOE, YTO MBI CTOJIKHYJIUCh C HEOOYUYEHHOCTBIO CTYJICHTOB, KOTOpbIE Ha
9THX TIEPEX0Aax HEOOPaTHMO ITOTEPSIIN BPEMsI, a BpeMs JUIs y4eOHOTO MpoIecca — IJiaB-
HBIH pecypc. Kpome Toro, mOpok yaan€HKH — HeIOCTaTOYHbBIH YPOBEHb OOPAaTHOW CBSI3H
U, CIEeI0BaTEIbHO, HEBO3MOKHOCTh CBOEBPEMEHHO CKOPPEKTHPOBATH OIMIMOKM Ipolecca
00y4eHMs (KauecTBO M TEMII T10/1a4i MaTepHraja u3-3a HelpUBBIYHOTO (hopMaTta).

UYro e KOHKPETHO OECTIOKOMIIO OOJBIIE BCETo, IIOMIMO YHCTO TICHXOIOTHICCKHUX BEIeh?
e Kyna neBaTh Npe3eHTAlNH K JISKIUSIM, €CIIM B ayJUTOPHHU IIJIOXOW MPOEKTOP MM €ro

BOBce HeT? JKanko ke mpoJienanHyio padoTy. ..

e YT0 fenaTh ¢ COMMIHBIM MAaKEeTOM 3a/1a4, alallTUPOBAHHBIX 110]1 TUCTAHIIMOHHBIH BapH-
aHT, KOTOPBIC B PEXKMME HETIOCPECTBEHHOTO OOIICHUS CO CTYJCHTAMN OKa3bIBAIOTCS
ciadbiMu?

e Kak Temepb mpoBoANTE ceMUHAPHI? K coxkaneHnio, HaBbIK TEPSIETCS 1aXKe y TPETIo1aBa-
TeIsl, a y CTyIeHTa, 0cOOeHHO 1-2 Kypca, ero u BOBCE HET. DTO BBI3bIBACT CIIOKHOCTH B
0O0IIEHNH, KOTOPOE Ha CEMHHAPCKUX 3aHATHIX BEChMa CYIIECTBEHHO.

e CryaeHTaM dK3aMeH CJ1aBaTh TPY/HEE, 1a U MPETo/aBaTelsiM He TaK MPOCTO BEPHYThCS
K 0OBIYHOMY CIICHAPHIO.

e  KOHTpOJIb TOCEIIAEMOCTH €CTh, a OCENAeMOCTH HET. PeanbHblil npuMep Ha puc. 1, Mbl
BHMM CKa4OK TPOTYJIOB TOCIIE BBIXO/A HA OYHOE O0yIEHHE.

Kak MBI 3HaeM, 3a NEPBBIM BXOJIOM B TUCTAHIIMOHHBIN PEKUM MOCIIEI0Ba] BTOPOH, HO
OH YK€ OKa3aJICsl He TakMM KatacTpopuuecknM. KoHewHo, ené oquH Mepexoa TOXe IMo-
TpeOoBaJl BPEMEHU U YCHIIUH, HO YK€ CYIIECTBEHHO MEHBIIIE. 37eCh OMOTIIM HapaOOTKH
TIPOIILIOTO TIEPHOIA:

e mperiojiaBareny papaboTaiy CBOM, He (hOpMasbHbIE, a MOJIe3HbIE, CHCTEMBI YuéTa pa-
OOTHI CTY/ICHTOB;

e pa3paboTaHO M MPUBEJICHO B COOTBETCTBHE C MPOrPaMMaMi KypcoB OOJIbIIIOE KOJTHYE-
CTBO HATJISITHOTO MaTepuaa,

e (opmannzoBaHa (OMATH ke I GOPMHUPOBAHMUS CIIPABEITMBOI OTMETKH Ha dK3aMEHE)
cucTeMa OIeHUBAaHUS paboT [§], BEIMOMHAEMBIX B TedeHue cemectpa. [IpaBma, mpu 00-
paTHOM Iepexo/ie MPHUIILIOCh IepecMaTpuBaTh KPUTEPUH OL[EHUBAHUS, HO OHHM BCE XKe
OKa3aJIMCh MOJIE3HBIM HOACIOPHEM.

Hayo cka3ats, uTo Jja)ke B TAKOM HEIIPOCTOM aCTIEKTE, KaK MOCEUIEHHsI, TPY TOBTOPHOM
BBIXOZIC CUTYaIWs OKasanach Jydire. Eciu cpaBHUTH Tabnuily Ha puc. | ¢ aHaTOTMIHOH
TaOMIe 3a IPOIIIBII T0Jl, IPEICTABICHHOM B [6], MOXKHO YBHJIETb, YTO CKaYOK ITPOTYJIOB
CTaJl MEHEe 3aMETHBIM: 3/IeCh OH B CpeHEM B 3 pa3a OOJIbIIIe MO CPaBHEHUIO C AUCTAHIIH-
OHHOH (hopmoii, a Tam B 4,3 pasza. ['pynmbl npuMEpHO paBHOLIEHHBIC, UCIHUIIMHA Ta e
camasi, MPEeTo1aBaTeNb TOT KE CaAMBIH.
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I'pynna 3.2 2 2 2 2 2 2 2 2 2 18 | map
Ne Damunusn 2.2 |16.2| 2.3 | 16.3|30.3|13.4|27.4|11.5| 25.5 |npon| % np.
1 |AnTunos JIMmurpuii 0 |0%
2 |AdanacseB JImutpuit 0 |0%
3 |bakyHeB Asekceit HH 2 |11 %
4 |beckubanoB Hecrtop HH HH HH | HH | 8 [44%
5 |Boponmna Codbst 0 ]10%
6 |EBcukoB CeméH HH | HH | HH | HH | HH | HH | HH | HH | HH | 18 [100 %
7 |3aiineBa AHacTacus HH 0 2 | 11%
8 |KoBuenkoB Mibs HH HH 4 [22%
9 |Jlammumu danuna HH HH 4 122%
10{JIeBonoBruy Huxura 0 ]10%
11 |{Mocun Urops HH | HH HH | HH | HH | HH | 12 |67 %
12|{MVp3un Jlanuun HH HH | HH | HH | HH 10 | 56 %
13 |{Tlonstauges 'puropuit HH | HH | HH | HH | HH | HH | HH | HH | HH | 18 [100 %
14|Cenusépcros Bacunuii HH HH | HH 6 [33%
15|Cunsatkuna Exatepuna HH HH | 4 [22%
16|TepentnseB [lannna HH | 2 [ 11 %
17 | Tounmun Anexceit 0 0 ]10%
18 |{kFOmaroB Annpeit 0| 0%
[Ipomycku 3ansTHi 2 2 6 5 4 6 5 8 9
[Tpouent nponymeHnsix | 11 % |11 %33 % (28 % |22 % |33 % |28 % |44 % |50 %

Puc. 1. Ilocewenue 3anamuil. JucmaHyuoHHbIL peHCUM 3AKOHUUICA 8 HAYALe MApmd.

Ocrancst emé oguH 00Ne3HEHHBIN Bompoc. M3-3a nedummra o0meHus, TPYJ0EMKOCTH

MIPOBEPKH, J1a U ITPOCTO B PE3YJIbTATE OTX0/a B AUCTAHIIMOHHBIN MEPUO OT YU4EOHOI0 Ipo-
1ecca COCTOSIHME JMIUIOMHBIX paboT CTajo He caMbIM JydmmM. Jla, TeMbl paboT ObLiu

HOPMaJIbHBIMH, HaK€ BO MHOTHMX CJIy4dasaX MHTCPECHBIMHU, HO KAaUCCTBO MaTcpHajia CTalI0O
HWXKC, TOKJIaabl ObLIH cna6ee, yeM B OOBIYHOM PEKUME. prZ[HaH CUTyalld Npu 3alllUTE
JUTIIOMOB — HCYMEHHUE aBTOPOB BBIPA3UTh CBOIO MBICJIb: HE OBIIO OIIBITA BBICTYIIJICHHA Ha
Hy6J'II/IK€. OCHOBHEBIC MNPpUYUHBI, HA HAII B3IJIA A, CJICAYIOMINC.

B HOpMasbHbIH TIepro1 ObUT OO0BIUHBIN Pabounii pUTM PabOThI: BCTPEYH UHUBHUIYaIIb-
HBIE 1 001IHe, 00CYKIEHHUsI, IEMOHCTPAIIUU TEKCTa, TPE3EHTAIMI, BHICTYIIICHHS.

B ynanénnom pexxnme NpuXoauIoCh BECTH AUCTAHIIMOHHBIE OECe/bl, KOTOPBIE HE BCET-
Jla TIOJTy4aJIUCh yJIauHBIMHM, OCHOBHOE OOIIEHHE — TI0 MOYTe, ObIIM 33JEPIKKU ITAIIOB
paboThI.

IToce BbIXoa B OOBIYHBIN PEXXUM MPOJOIDKAIACh ITOUTA, XOTS y/IaBajOCh OPTaHHU30-
BaTh U OYHBIC BCTpeuH (IIO3JJHNE, K COXKAICHHIO).

XapakTepHbIif (peanbHbIN!) mpuMep U3 AUTIIOMA MTPUBEAEH HIDKE.
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«JlanHast paboTta MoCBsIIeHA MPOOJIEME aHANIM3a JaHHBIX B chepe OONBIINX JTaHHBIX.
Bosblire KOMIIAHKUH ... aKKyMYJIAPYIOT KaXKIbIi TOJ MeTadaiThl JAHHBIX U POCT AaHHBIX
YBEIUUUBACTCS C KaXKABIM TOJIOM. AHAIUTHKA UCTOPHYECKUX JAHHBIX CTAHOBUTCS BCE
CI0KHEe. DTO MellaeT KoMmaHuu ObITh data-driven KOMITaHHMEH, KOrjja KOMIIAHHS THOKO
yIpaBIsieTcs JaHHBIMH. TO €CTh KOMIIaHKS OPUCHTUPOBAHA Ha JJAHHBIC, OU3HEC-TIPOIICCCHI
1 OpTraHU3aIMOHHAsK CTPYKTYpa KOTOPOH MOCTPOEHA Ha OCHOBE CKBO3HOWM MHTETPAIlUH WH-
(OpPMAIOHHBIX TOTOKOB U MX HEMPEPHIBHOIN aHATUTHKEY.

Kak roBopurcsi, OT CyMBI J1a OT TIOPHMBI HE 3apeKaics, MOITOMY OCTAIOTCS €CTECTBCH-
HBIC BOTIPOCHI, OTHOCSIIINECS K BO3MOKHBIM HEOJIarONPHUSITHBIM TIEPEXO0IaM:
® KaK OICHHUTH YCHJIMS 0 MIEPEXOAY B Ty U APYTYIO CTOPOHY, YUUTHIBAs, YTO Ha3al Mpo-

CTO TaK BO3BPATUTHCSI HEBO3MOXKHO?

e Kak OyIeT U3MEHATHCS YPOBCHD CTYACHTOB U KaK €r0 IMOBBICUTH?
® KakuM 00pa30M BOCCTAHOBUTH YPOBCHb HE BBIITYCKHUKOB, & HBIHCITHUX CTYJICHTOB?
® VYHTHIBAsS, YTO CUTYAIHS C KKIBIM MEPEXOA0M BCE 00JIce CTAOMIU3UPYCTCs, MOKHO

JIU TaTh TIPOTHO3 BPEMEHH CTa0MIH3anuu?

® HACKOIIbKO H3MECHSCTCS YPOBCHb B3aMMOIIOHHMAHHUS CTYICHTOB H MIPEIo1aBaTecii?

3. CTYJEHTDBI

PaccMoTpuM OLIEHKY NPOWICHHOTO Iy TH C TOYKH 3pEHHS CTYIeHTOB. OlieHHBaHKe Mpo-
BOJIMJIOCH B paMKax MpeaaurioMHoro ucciaeaosanus JI. H. @enoToBoid.

O0pa3oBaTeNbHBIN MpoIiece B yAAIEHHOM (POpMaTe CTPOUTCS IO MPUBBIYHON IS CTY-
JICHTOB CTPYKTYyp€: JIEKIIUH, CEMHHAPHI, BBITOJHEHNE TUCHbMEHHBIX 3a/IaHUH U ITPOECKTOB,
crada 3a4€TOB M dK3aMeHOB. Ho B IMCTAaHIMOHHOHN (OopMe NMPUXOJUTCS yCTaHABIUBATH
BI/IpTyaHBHI:Jﬁ KOHTAKT MCXKAY CTYACHTaAMHU U NMMPEIOAaBaTCIAMU.

[Ipu HEeOXMTAHHOM TIepexo/ie Ha YAAIEHHBIH (hopMaT mOTpeOOBaIOCh OBICTpOE Tepe-
KITIOUCHHE C TPAAUIMOHHON KOHTAKTHOH ()OpPMBI HA TUCTaHIMOHHYT0. Takas pe3kas cMeHa
¢ OOJIBIIOI BEPOSTHOCTHIO BBI3BIBACT AUCKOM(OPT M HAINPSDKEHUE y CTY/ACHTOB, a 3TO, B
CBOIO 0Yepe/ib, BIMSCT KaK Ha Mpolecc 00y4YeHus], TaK M Ha IICUXO0JIOTUYECKOE COCTOSHUE,
0COOCHHO B TIEPBBIN TEPHOJ TIEPEXO/IaA.

[Ipexne Bcero, oOpaTuM BHHUMaHUE HA KAYECHIB0 ROIYUAEMO20 00PA306AHUA, KAK
OHO OLICHMBAETCS CTyJeHTaMH. KOHEUHO, OIIEHKH Takoro poja CyObeKTHBHBI, HO OHU
MO3BOJISIIOT y3HATH HEMOCPEICTBEHHYIO peakIiio CTyJeHToB. KpoMe Toro, mosesHo ole-
HUTb JIOTIONTHUTENBHBIC 3aTPAThl BPEMEHN Ha M3ydeHHe ydeOHoro Matepuaina. s mpo-
BEJICHUSI MCCIIeJOBaHUs ObUT pazpaboTaH onmpocHUK « OTHOIICHHUE CTY/IEHTOB K JMCTaH-
HMoHHOMY (opmarty oOyueHus». B HéM 34 Borpoca, KOTOpbIe OTHOCSITCS, B YaCTHOCTH, K
Ka4yecTBY JUCTAHIIMOHHOTO 00pa30BaHUs U ICHUXOJIOTHYECKOMY COCTOSHHIO CTYICHTOB.
Hcmonp30Bancs OHIaiH-0TIpoc: OH OoJiee yao0eH u TpeOyeT MeHbIIIe BPeMEeHH, XOTS MO-
THUBAIMSI YYaCTHsI B HCCIIEJOBAHUM Y PECIOHACHTOB HIbke. OOIee 4uciIo pecoHAeHTOB
coctaBuiio 100 uenoBexk.

[IpuBeném HEKOTOpBIE BOIIPOCHI U XapaKTEPHbIE OTBETHI.

Adanmayuio k oucmanyuonnomy gpopmamy odydeHus cuntaet ycremHoi 70 % omnpo-
LIEHHBIX, a YA00CTBO TaKOro 00ydeHus: oTMeqaroT 85 %o.
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Kak npoxoguna Bawa agantauus K
AUCTaHUUMOHHOMY dopmaTy obyueHUA? Sgs;

M OTAUYHO

H XopoLwo

Tonosicumenvho Kk OUCMAHYUOHHOMY 0OY4eHUI0 OTHOCUTCS 56 % CTY/AEHTOB, OTpHIIA-
TenbpHO — 44 %. OnHako y 6omnbeii gact (54 %) CHU3UIaCh MOTHUBAIHA K OOYYECHHUIO: HET
JIMYHOTO KOHTAKTa C MPEMo/IaBaTeisiMU, HEeT YETKOrO Pa3srpaHuveHHs MOHATHH «IOM» H
«yuaéba». Mensiercs u yueOHast Harpy3ka: 37 % cumraer, 4TO OHa yMEHbIIHIACh, a 31 % —
YTO yBeNMUYMIach. Hambombiree CHIDKEHIE HarPy3KH OTMEYEHO B Tiepuo ceccuu (69 %),
YTO YKa3bIBacT Ha CHIYKCHUE CaMOTUCIIAIUIMHBI U 3aHTEPECOBAHHOCTH B OOYICHUM.

Kak Bbl cunTaete, yuebHas HarpysKka B
AVCTaHLMOHHDINA Nepuoa...

32% M yBeMuynnach

B yMeHblUMNack

He M3meHuNacb

Kak Bbl ciMTaeTe, Harpy3Ka BO BpeMA NPOXOXAEHUA
WUTOrOBbIX 3aHATUI B AWUCTAHLMOHHDIM Nepu1og, ...

14%
M yBenuuuiach

M yMeHbLIWAACh

He U3MeHHNacb

HHTEepECHO BBISICHUTD, HACKOJILKO YCHEUIHO YC8aU8Aemcs y4eOHblll Mamepua B IEPHOJT
AIEKTPOHHOT'O 00yYeHUs. 3/1eCh OKA3aTeH BBITIISAAT OJIaronpusaTtHo: 73 % y4acTHUKOB
YTBEPIKIAIOT, YTO YCBAHUBAKT MaTepHall OTIIMYHO HIIH XOPOIIO. BBIMOTHEHNE TpaKTHYe-
CKHX 3aJlaHui cuuTaeT ycnemHbM 60 % pecrnoH1eHTOB.

OI[HI/IM U3 KIKHYECBBIX BOHpOCOB 6])1.]'[ ((C‘-II/ITaeTC JIM BbI, YTO Ka4CCTBO 06y‘IeHI/IH BO
BpeMS[ JUCTAHIIUOHHOT'O O6y‘-IeHI/I$I HOBBICI/UIOCB?)). Ha HECTO 6BI.]'[I/I HOHy‘IeHBI HeyTeI_HI/I-
TEJbHBIE OTBETHI. TaK, TOJIBKO 24 % OIPOIIEHHBIX CUUTAIOT, YTO O0YUCHNE C Ka4eCTBEH-
HOW TOYKH 3PEHUS YIIyUIIHIOCH.

KaK Bbl OLeHUBaeTe YycBOeHWe yuebHoro
maTepuana B AWCTaHLMOHHbII nepuog?

24% H OT/IMYHO
M XopoLwo

Y/A0BNETBOPUTENBHO
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CuuTaeTe U Bbl, YTO KayecTso obyyeHuUA BO
BpeMsA AUCTaHLMOHHOTo 06yyeHua
NOBbICMNOCH?

maa
B cKopee [a, Yem HeT

39% CKOpee HeT, Yem Aa

W3 noJ0XKUTEIBHBIX CTOPOH JTUCTAHIIMOHKU OTMEYAETCS BO3MOXKHOCTD He mpamuniv
epema Ha dopoey (82 %), BOZMOKHOCTB NO8MOPHO20 NPOCMOMPA Y4ebHO20 Mamepudid
(68 %).

HpaBuTcA N1 BamM OTCYTCTBME HEOBXOAMMOCTH
TpaTUTb BpeMsA Ha A0POry K MecTy y4ébbi?

15% e

M cropee A3, Yem HeT
CKOpee HeT, Yuem A3

W Het

CTyIeHThl OTMEYalOT, YTO MPENoAaBaTeIbCKUN COCTaB OTIMYAJNICS BBICOKOW OTBET-

CTBEHHOCTBIO, BCE HEOOXOJMMbIE MaTepHaJIbl OHU T10JTy4Yall CBOEBPEMEHHO.
[onoxxuTenbHBIE OTBETHI B OOJBIIMHCTBE CIy4acB MOJTYYEHBI M Ha BOIPOC, JETYe JIH

CTaJIo cosmewjams yuéoy u auunyio oeamenvHocms (62 %), a Takke 0 BOSMOXKHOCTH UHOU-

sudyanvrnozo memna ooydenus (53 %). KocBeHHO 3T0 yKa3bIBaeT Ha BO3MOXHOE HESIBHOC

OTCYTCTBHE CTYACHTOB Ha 3aHSATHH.

W3 MPHYCOB TUCTaHIIMOHHOTO OOYYEHHSI CTYICHTHI OTMEYAIOT TEXHUIECKHE TIepedon B
mpouecce BocipounsBeaeHus marepuana (48 %) n mexsatky obmenus (50 %).

J1st OLICHKHU neuxouzuueckozo énuanusa yaanéHHon GopMbl Ipeuiarannuch ClIeayo-
1€ BOTIPOCHI:

1. YcrpauBaer nu Bac gomamHas ooctanoBka? Ilomyueno 69 % MOJTOKUTENBHBIX OT-
BETOB.

2. CTaJKMBaIKCh JIH BBl C YaCTBIMU TONOBHBIMU OossiMu? [Tomydeno 42 % MoJoxKUTeIb-
HBIX OTBETOB.

3. 3ameuanu yu Bbl yxyaumenue cHa? [loaydeno 64 % Mon0XKUTEIBHBIX OTBETOB.
UyBcTByeTe 11 BBl NOBBIIEHHYHO ycTanocTs? [lomyueno 52 % MON0XKUTENBHBIX OTBE-
TOB. 3aMETUM, YTO 3TO MOXKET OBITh N3-3a HAPYIICHUS PSKUMA JTHS, YXyAIICHHUS Kade-
CTBA CHA M OTCYTCTBUSI HECOOXOANMOTO YPOBHS COIIMAIN3AIINN U OOIICHNSI.

5. 3ameuanu I BBI 32 cO0OH "acTyro cMeHy HacTpoeHus? [lomydeno 44 % moiaoxuTems-
HBIX OTBETOB.

6. Oy THIN JIH Bl MOBBIIIICHUE TPEBOKHOCTH U B3BOoJIHOBaHHOCTH? [lommyueno 62 % mo-
JIOKUTETBHBIX OTBETOB. PAaKTOPOM MOXKET CIYKHUTh PE3KHI Mepexo]l Ha COBEPIICHHO
HOBYIO U emé He MccileoBaHHy0 GopMy oOydeHus B mepBoe BpeMs. OHAKO OIpoc
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OBUT MPEJUIOKEH 110 HCTEYSHUIO HECKOJILKUX MECSIIIEB YalEHKHU, a COCTOSIHUE TPEBOXK-

HOCTH BCE elI€ COXPaHUIIOCh.

[ToMumMoO OTMEYEHHBIX TpU onpoce (GaKkTOPOB, YUACTHUKH B Ipoliecce Oecebl OTMe-
TWIA HEAOCTATOYHBIA YPOBEHB OOpAaTHOH CBs3W. B WacTHOCTH, 0TMEYanoch, 4TO Mperno-
JlaBaTes HEePEeIKO MPOIYCKAIOT MMHChMa, HE YYUTHIBAIOT CIEUU(UKY IIaTGOpM JUCTaH-
IHOHHOTO oOpa3oBaHus. Ilpu Bcell cpaBeIMBOCTH 3aMEUYaHUA, IPUBEIAEM CIICIYIOIIHE
paccyxnenust u3 padoTsl [6]. Tak Kak B TUCTAaHIIMOHHOM peXHMe JadopaTopHas pabora
OOBIYHO CTAHOBHUTCS PACHIMPEHHOMN TOMAIIHEH, PEro1aBaTeslb BEIHYKACH HE TOJIBKO €&
MIPOBEPHUTH U BBISIBUTH HENOCTATKH, HO POKOMMEHTHPOBATh U OOCYIUTH COBMECTHO CO
cryaeaToM. Eciu B rpynme 15 genmoBek, mo 3 paboTsI Ha KaKIOTO, IPH IBYX-TPEX MOIX0-
Jlax BBIXOJUT MOJ COTHIO MJIM OOJIbIIE KOHTAKTOB. B TakoM IOTOKE HE MyAPEHO MOTEePSITh
KaKO€-TO MHCHMO.

Haxowner, Ha ocieIHWi, IIaBHBIH, BOIIPOC B HccieioBaHUN: «XoTenu Obl Bel iepeiitu
Ha TOJHEIN online-popMaTt?» — pOBHO MOJOBHHA PECHOHACHTOB OTBETHJIA ITOJIOKUTEIh-
HO. DTO COBCEM HE MHOTO C YYETOM TOT'0, YTO yJOOCTBO yJaIEHHOTO 00YYEHHST OTMETHIIO
85 % pecroHIeHTOB.

Takum oOpa3oM, ynanéHHoe o0ydeHHe NMPUTOJHO, CKOPEe BCEro, B CiIydae JOIOJIHHU-
TEJIBHBIX 3aHATHH, MO0 K€ Ha KPATKOCPOUYHBIM MEPHOI, CBSI3aHHBIN C SMHIEMUOIOTHYIe-
CKUMH, 9KOJIOTHYECKUMHU ¥ MPOYMMH MPOOIEMaMH.

Ho Ha ceropHsImHMI eHb AUCTAHINOHHOE 00pa30BaHNE UMEET OOJBbIIE HEIOCTATKOB,
YeM NPEUMYIIECTB, 4, KaK OTMEYAIOT PECTIOH/ICHTHI, KaueCTBO 00pa30BaHMs HE TOBBICHIIOCH.

Kpowme Toro, ynanéuusrii pe:xxum oO0ydeHus TpedyeT OT CTYACHTOB CaMOCTOATEIBHOM
KOHIIEHTPALIMK Ha 00pPa30BaTEILHOM ITPOLIECCE, YTO MOXKET OKA3aThCs 110/ CUITY HE KaKI0-
My. [l kompopTHOTO 00ydeHus B yAanéHHOM (GopMaTe HEOOXOIUMO HaJHIUE COOTBET-
CTBYIOIIEH TEXHUKH Y CTYZCHTA U YMEHHE €H TOJIb30BAThCSL.

Wrax, HeCMOTpS Ha Bce BO3MOXKHBIE ITPOOIEMBI B 00YIECHUH, TAKOH CTI0CO0 MOTyYCHHS
3HaHMH BCE e He KaTacTpoda, 6aroaaps yCHIUSIM CTYJICHTOB | TIperioiaBaTelieii OH oKa-
3aJ1 peabHyI0 MOJICPKKY YIeOHOMY IpoIeccy B TpyAHOU curyanun. Ceiqac Mbl MOKEM
CKa3aTh, YTO JUCTAaHIMOHHOE OO0yYeHHE MOXXHO BHEIPSTH B YHHUBEPCUTET, HO TOJHKO B
Ka4eCcTBE BCIIOMOTATEIBHOTO BHUJIa OOyUYEHNS, TaK KaK ISl CTYACHTOB OCTACTCS BayKHBIM
(axT B3aMMOJICHCTBHS C TPEIO/aBaTeIeM BXXKUBYIO, M Ba)KHa BKIIOUECHHOCTh B TPOIECC
oOpazoBaHus. PUCKHEM NPEAIIONIOXKHUTE, YTO AUCTAHIIMOHHOE OOYYEHHE HE OCTAaHOBUTCS
B CBOEM Pa3BUTUH, 1, BO3ZMOXKHO, U€pe3 HECKOJBKO JIET, MOCIE MOJIEPHU3AIUN OHO CTAHET
TapPMOHWYHBIM JIOTIOJTHEHHEM TPaIUIHOHHOTO.

[IpoBeneHHOE HCCieI0BaHUE MT0KA3aI0, YTO HA JJAHHBIH MOMEHT O0Oyd4aroluecs! Mmpo-
SIBIIIOT K JJAHHOW (opMe o0ydeHHs HeoJHO3HauHOe oTHomeHne. C OHOI CTOpPOHHI, BCe
MTOHUMAIOT €€ 3HAYMMOCTb, 11eJIECO00Pa3HOCTh, a MOPOI 1 HEOOXOAMMOCTh B CBSI3H C JITH-
JIEMHOJIOTHIECKOI 00CTaHOBKOI B CTpaHe, a C IPyTroil CTOPOHBI, OONBITHHCTBO CTYICHTOB
HE XOTeJo ObI MPOIOIDKATh CBOE 00yUeHHE B TUCTAaHIIMOHHOI (opme. Tem He MeHee, CTY-
JICHTBI HE TIPOSBIISIIOT MOTHOCTHIO HETATUBHOTO OTHOIIEHHS K 3JIEKTPOHHOMY OOYYEHHIO.
HecMoTps Ha oTCyTCTBHE XKeJIaHUs MOydaTh 0Opa3oBaHUE AUCTAHIIMOHHO, CTYACHTHI HE
OTPHIIAIOT TaKyI0 (OPMY M OTMEUAIOT €€ yI0OCTBO.
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4. UTOI

Her B Mupe coBepmencTBa. HeoxnnaHHbIH SKCIIEPUMEHT Ha JIOASX OBLT KECTOK, HO

MTOBOJA TS TIeCCUMU3Ma HeT. [IoMIMO SBHBIX ITOTEPh MBI ITOJTyYHIIN TIOJIE3HBIH OMBIT, KO-
TOPBIM NPUTOIUTCS U celyac, U B AaJIbHEHIIEM.
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