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The article is devoted to the problems of mathematical modelling of the processes

of organizing multipurpose learning. Under the multipurpose training is understood such

an organization of the educational process, in which in one group specialists are trained in

several related areas of activity, trajectory of training for which at certain intervals intersect.

In order to reduce the total training time, as well as the cost or resources required in the

training process, it is expedient to carry out the dynamic grouping of students by subgroups

in order to master certain competences.

The development of the mathematical apparatus used to optimize the multipurpose

learning process has not been completely studied at present. To reduce the dimension of

the overall task of optimizing the process of organizing multipurpose training, its step-by-

step solution is proposed. The article describes the approach to calculating estimates of the

possibility of training specialists in the areas of training and selection of training modules

available in the educational organization. The paper considers the options for optimizing the

selection of modules for training specialists on the following criteria: minimizing the total

duration of training, the cost of training and resources used for training. The algorithm

with the help of which it is possible to form an optimal group of students is proposed.

Keywords: multipurpose training simulation; �eld of training; optimization; assignment

problem.

Introduction

The accelerated rate of introducing scienti�c and technological achievements into
various areas of human activity calls for improved training (retraining) of specialists
obtaining both basic and specialized competences [1]. Some of the competences may apply
to several specialists, and another is unique and is expressed, for example, in just one
specialist. The issue of training and retraining of such specialists is rather expensive.
In this situation, good prospects are shown by formation of the specialist multipurpose
training groups in close areas of activity [2, 3]. Their formation is grounded by the fact that
the training paths of the mentioned groups of specialists partially intersect. This makes it
possible to create temporary subgroups for mastering some competences [4].

In this case, some specialists may have formed certain competences prior to the
beginning of the training, which is the ground for selecting for them such �elds of
training that will be covered within the shortest period of time and (or) will require
minimal resources. Apart from this, there may exist some restrictions characterizing the
quali�cation requirements to the abilities to perform certain roles, which complement those
requirements to the specialists that are not accounted for the competences (availability
of �eld-speci�c education, record of service, practical experience associated with the role,
etc.) [5].

For simulation of the specialist group multipurpose training it is necessary to use
the sets L = l1, ..., l|L| � trainees, N = n1, ..., n|N | � �elds of training, K = k1, ..., k|K| �
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competences that exist or must be formed in the trainees, M = m1, ...,m|M | � training
modules, each allowing forming one or several competences.

The general problem of organizing the multipurpose training has a large dimension,
which makes it almost impossible implement the global optimization. In this case,
it is expedient to use various reduction methods involving sequential optimization of
individual groups of the general problem parameters. This paper considers three options for
optimizing the choice of modules for training the specialists: by the criteria of minimization
of the total training duration, the training cost, and the resources used for training. The
mentioned task particularly requires specialists distribution optimization by the �elds of
training.

1. Problem Statement and Formalization

Each �eld of training ni, i = 1, ..., |N | is associated with a list of competences the
specialist should have.

We will assume that the competences kj, j = 1, ..., |K| have restrictions imposed on the
sequence of their formation. In order to simplify the mathematical model of the training
process, we will consider each level of formation [6] of a competence to be an independent
competence, which can take the following values: 1 � competence is formed, 0 � competence
is not formed.

By the training module mk, k = 1, ..., |M | we will understand a discipline, a
subdiscipline, a separate topic etc. The modules are executed in a certain sequence and
are aimed at forming one or several interconnected competences. The modules also include
individual work modules, and their purpose is to improve the existing competences.

A set of modules is characterized by the times of execution T = (t(m1), ..., t(m|M |)),
the cost C = (c(m1), ..., c(m|M |)), and requires the known in advance set of resources

R⃗ = (r⃗(m1), ..., r⃗(m|M |)) [7, 8]. Several alternative options of the training modules can be
used for obtaining some competences. For example, availability of simulators allows saving
the training time, but increases the involved resources and limits the number of trainees
simultaneously mastering the respective module.

We should assign to the resources the availability in the educational organization that
performs the training process of the following: material and technical basis (laboratories,
simulators etc.), competent academic sta� with an appropriate level of training, technical
means for training, etc.

Taking into account the necessity to solve the resource minimization problem, it can
be represented in a scalar form as a generalized resource

R =

|M |∑
k=1

αkr(mk),

representing a weighted sum of various kinds of resource. The weight coe�cients αk are
assigned subject to the importance of certain kinds of resource, which can be implemented,
for example, using the hierarchy analysis method [9].

Let us consider the issue of choice of the optimal option for distribution of the trainees
by the �elds of training. The aforementioned grouping should correspond to one of the
three options of the training process optimization:
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1) minimization of the total time T with restrictions on the cost Ĉ and the resource
ˆ⃗
R, allocated for the educational process for the given group of trainees;

2) minimization of the training cost C with restrictions on the total time T̂ and the

resource
ˆ⃗
R;

3) minimization of the generalized resource R for ensuring the educational process in
the given group with restrictions on the time T̂ and the training cost Ĉ.

The problem is solved in two steps:
at the �rst step, we determine the estimates of the ability to form in the trainees the

competences corresponding to the respective �elds of training;
at the second step, we determine the optimal option for trainees grouping based on

their �elds of training.

2. Estimates of the Training Ability in the Respective Fields

Let the test results show that a trainee lj has a set of competencesK(lj) ⊆ K and the s-
th �eld of training requires possession of the set of competencesK0

s ⊆ K. Then, for training
of the specialist lj in the s-th �eld, require that he masters the set of competences Ks(lj) =
K0

s \K0(lj). Apart from this, we should take into account the additional restrictions ojs
on the possibility to train lj in the s-th �eld of training:

ojs =

{
1, if the j-th trainee can be assigned to the s-th �eld of training,

0, it otherwise.

Considering the relation between the competences and the training modules for each
kp ∈ Ks(lj) to be speci�ed, we will �nd the set of all modules ensuring obtaining of
the given competence M(kp) ⊆ M . Considering that the modules can form several
competences simultaneously, their abilities to form competences may be partially or even
fully duplicated. Therefore, alternative options of training in these modules are possible.
Now let us turn to �nding and estimation of the mentioned alternative options.

A part of the competences may be formed by a non-alternative method. The respective
modules M ′(kp) ⊆ M are necessarily included in the training programme.

After this, all the competences K ′
s(lj) ⊆ Ks(lj) are determined, whose formation is

ensured by the modules of the set M ′(kp).
Admissibility of using the modules M ′(kp) for training in the s-th �eld of training

is determined as a result of checking the restrictions for the respective training process
option.

Let us denote M̃(kp) = M(kp)\M ′(kp), K̃s(lj) = Ks(lj)\K ′
s(lj). The problem reduces

to �nding the modules from the set M̃(kp), which form the set of competences K̃s(lj) in
accordance with one of the above-mentioned options of the training process optimization.

The solution of the problem is such a subset M ′′(kp) of the set M̃(kp), which ensures
obtaining the entire set of competencies K̃s(lj) and minimizes either the estimate of the
total training time of the specialist lj in the s-th �eld of training, which is determined by
the formula

Tjs =
∑

mk∈M ′(kp)

t(mk) +
∑

mk∈M ′′(kp)

t(mk),
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or the estimate of the training cost by the formula

Cjs =
∑

mk∈M ′(kp)

c(mk) +
∑

mk∈M ′′(kp)

c(mk),

or the estimate of the generalized resource

Rjs =
∑

mk∈M ′(kp)

r(mk) +
∑

mk∈M ′′(kp)

r(mk).

If the number of such subsets 2|M̃(kp)| is not great, then the subset M ′′(kp), ensuring
obtaining of the minimal values, can be found as the exact solution of the problem by the
exhaustive method. If the problem solution time is inadmissibly great, then the last found
solution can be chosen as an approximate one.

Let us consider a numerical example that elucidates the described method.
Suppose that for training of the trainee lj it is required to master the competences

k1, k2, k3, k4. This can be ensured with the help of the modules, whose description and
abilities to form competences are represented in Table 1.

Table 1

Description of training modules

Notation Time, conventional units Generalized resource k1 k2 k3 k4
m1 10 5 1 0 0 0
m2 6 5 0 1 0 0
m3 6 5 0 0 1 1
m4 10 15 0 1 1 1
m5 8 12 0 1 0 1

The competence k1 can only be obtained using the module m1. Therefore, it is
mandatory to choose this module.

The other competences can be obtained by three methods:
the 1st method � with the help of the modules m2 and m3,
the 2nd method � with the help of the module m4,
the 3rd method � with the help of the modules m3 and m5.
The �rst competence forming method ensures minimization of the resource costs (15

conventional units), while the second method ensures minimization of the total time (18
conventional units of time). The third method is ine�cient by any of the criteria.

3. Optimization of the Choice of Field of Training

Let us introduce variables:

X = {xjs}j=1,...,|L|;s=1,...,|N | , where

xjs =

{
1, if the j-th trainee is assigned to the s-th �eld of training,

0, if otherwise.
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When distributing the trainees by the �elds of training, the following conditions [10]
should be observed that take into account the quali�cation requirements:

1) only one trainee should be assigned to one �eld of training, i.e.

|L|∑
j=1

xjsojs = 1; (1)

2) each trainee can be assigned to no more than one �eld of training

|L|∑
j=1

xjsojs ≤ 1; (2)

3) each trainee can only be assigned to the �eld of training he is admitted to

∀j ∀s xjs ≤ ojs. (3)

Then, the problem of choosing the entire group of trainees has the following form:
1) �nd

X∗ = argmin
s∈N

|L|∑
j=1

xjsTjs (4)

with restrictions (1) � (3), if the training time is to be minimized;
2) �nd

X∗ = argmin
s∈N

|L|∑
j=1

xjsCjs (5)

with restrictions (1) � (3), if the training cost is to be minimized;
3) �nd

X∗ = argmin
s∈N

|L|∑
j=1

xjsRjs (6)

with restrictions (1) � (3), if the generalized resource required for training is to be
minimized.

These problems can be interpreted as assignment problems, which allows using an
algorithm based on the results of the work [11].

Step 0. Assign each trainee to the �eld of training in which he can be trained within
the shortest time (with the minimal cost or the minimal resource), where

x0
js =

{
1, if Tjs = min

k
Tks,

0, if otherwise.

If, in this case, all nodes of the set N are covered and restrictions (3) � (5) are ful�lled,
then the optimal distribution of the trainees by the �eld of training is found. If no trainee
is assigned to some �eld of training, then the problem is not solved. Hence, we proceed to
step k.
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Step k. Introduce the subsets of edges

F1 = {(j, s) | xjs = 1} ,
F2 = {(j, s) | xjs = 0} .

Form a net, where the set of nodes indicating the �elds of training to which several
trainees are assigned will be taken as the net input; and the set of nodes indicating the
�elds of training to which none of the trainees is assigned will be taken as the net output.
Change the directions of the edges from the subset F1 for the opposite ones, take their
length equal to (−Tjs), while the lengths of the edges from the subset F2 is equal to Tjs.
In the obtained net, �nd the path of the minimal length µk.

Then calculate:

xk
js =

{
x
(k−1)
js , if (j, s) /∈ µk,

1− x
(k−1)
js , if (j, s) ∈ µk.

Step k is repeated until the optimal value is found.

Conclusion

The described module and algorithm allow to determine the modules expedient to use
for the multipurpose specialists training in various �elds, which will later facilitate choosing
individual training paths for each of them. The said paths should represent sequences of
actions for implementation of the training modules. For each action, the subgroups of
trainees should be determined, whose choice optimization will ensure the optimization of
the entire multipurpose training process, which is the aim of the further researches.

References

1. Zimnyaya I.A. [Key Competences � the New Paradigm of the Result of Education]. The
Higher Education Today, 2003, no. 5, pp. 34�42. (in Russian)

2. Kiriakidis P., Barber P., Decota J.W. Research in Multidimention Education. Iasi, Lumen,
2011.

3. Kelly K.P., Johnson-Freese J. Getting to the Goal in Professional Military Education. ORBIS,
2014, vol. 58, no. 1, pp. 119�131. DOI: 10.1016/j.orbis.2013.11.009

4. Denks K.A., Yakunin Yu.Yu., Yareschenko D.I. [The Problem of Synthesizing Individual
Training Plans in the Space of Virtual Training Groups]. Economics, Statistics and

Informatics, 2015, no. 6, pp. 118�127. (in Russian)

5. Menshikh V.V., Sereda E.N. [Conceptual Model and Methods of Coaching Personnel in
Taking Quick Collective Decisions of Emergencies Break Out]. Trudy Academii upravlenia

MVD Rossii, 2016, no. 2, pp. 51�56. (in Russian)

6. Pakharenko N.V., Zolnikova I.N. [A Model for Determining the Formation Level of General
Cultural and Professional Competencies]. Modern Problems of Science and Education, 2012,
no. 6. Available at: https://www.science-education.ru/ru/article/view?id=7502 (accessed
February 9, 2018). (in Russian)

7. Menshikh V.V., Sereda E.N., Kopylov A.N. [Modelling of the Trajectory Selection Processes
for Training Police O�cers to Act in an Emergency]. Vestnik of Voronezh Institute of the

Ministry of Interior of Russia, 2016, no. 2, pp. 203�212. (in Russian)

32 Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2018, vol. 11, no. 1, pp. 27�34



ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ

8. Borodin D.K., Tokarev A.V. [Educational Process Planning Software]. Quality. Innovation.
Education, 2008, no. 8 (39), pp. 5�14. (in Russian)

9. Saaty T.L. Decision Making for Leaders: The Analytical Hierarchy Process for Decisions in

a Complex World. Wadsworth, 1988.

10. Menshikh V.V., Sereda E.N., Samorokovskiy A.F. [The Model of Group Formation for Role
Traning to Take Managerial Decisions]. Vestnik of Voronezh Institute of the Ministry of

Interior of Russia, 2015, no. 2, pp. 107�114. (in Russian)

11. Burkov V.N., Gorgidze I.A., Lovetskiy S.E. Prikladnyye zadachi teorii grafov [Applied
Problems of Graph Theory]. Tbilisi, Computantional Center of the Academy of Science of
Georgian Soviet Socilist Republic, 1974. (in Russian)

Received January 25, 2018

ÓÄÊ 519.168 DOI: 10.14529/mmp180103

ÎÏÒÈÌÈÇÀÖÈß ÂÛÁÎÐÀ ÌÎÄÓËÅÉ ÎÁÓ×ÅÍÈß
ÏÐÈ ÌÍÎÃÎÖÅËÅÂÎÉ ÏÎÄÃÎÒÎÂÊÅ ÑÏÅÖÈÀËÈÑÒÎÂ

Â.Â. Ìåíüøèõ, Å.Í. Ñåðåäà

Âîðîíåæñêèé èíñòèòóò ÌÂÄ Ðîññèè, ã. Âîðîíåæ, Ðîññèéñêàÿ Ôåäåðàöèÿ

Ñòàòüÿ ïîñâÿùåíà âîïðîñàì ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ ïðîöåññîâ îðãàíè-

çàöèè ìíîãîöåëåâîãî îáó÷åíèÿ. Ïîä ìíîãîöåëåâûì îáó÷åíèåì ïîíèìàåòñÿ òàêàÿ îð-

ãàíèçàöèÿ ó÷åáíîãî ïðîöåññà, ïðè êîòîðîé â îäíîé ãðóïïå ãîòîâÿòñÿ ñïåöèàëèñòû ïî

íåñêîëüêèì ðîäñòâåííûì íàïðàâëåíèÿì äåÿòåëüíîñòè, òðàåêòîðèè îáó÷åíèÿ ïî êîòî-

ðûì â îïðåäåëåííûå ïðîìåæóòêè âðåìåíè ïåðåñåêàþòñÿ. Ñ öåëüþ ñîêðàùåíèÿ îáùåãî

âðåìåíè îáó÷åíèÿ, à òàêæå ñòîèìîñòè èëè ðåñóðñîâ, òðåáóåìûõ â ïðîöåññå îáó÷åíèÿ,

äëÿ îñâîåíèÿ íåêîòîðûõ êîìïåòåíöèé öåëåñîîáðàçíî îñóùåñòâëÿòü äèíàìè÷åñêîå ïå-

ðåðàñïðåäåëåíèå îáó÷àþùèõñÿ ïî ïîäãðóïïàì.

Âîïðîñû ðàçðàáîòêè ìàòåìàòè÷åñêîãî àïïàðàòà, èñïîëüçóåìîãî äëÿ îïòèìèçàöèè

ïðîöåññà ìíîãîöåëåâîãî îáó÷åíèÿ, â íàñòîÿùåå âðåìÿ èçó÷åíû íåäîñòàòî÷íî. Äëÿ ñíè-

æåíèÿ ðàçìåðíîñòè îáùåé çàäà÷è îïòèìèçàöèè ïðîöåññà îðãàíèçàöèè ìíîãîöåëåâîãî

îáó÷åíèÿ ïðåäëîæåíî åå ïîýòàïíîå ðåøåíèå. Îïèñàí ïîäõîä ê âû÷èñëåíèþ îöåíîê âîç-

ìîæíîñòè îáó÷åíèÿ ñïåöèàëèñòîâ ïî èìåþùèìñÿ â îáðàçîâàòåëüíîé îðãàíèçàöèè íà-

ïðàâëåíèÿì ïîäãîòîâêè è âûáîðà ó÷åáíûõ ìîäóëåé. Â ðàáîòå ðàññìîòðåíû âàðèàíòû

îïòèìèçàöèè âûáîðà ìîäóëåé äëÿ ïîäãîòîâêè ñïåöèàëèñòîâ ïî ñëåäóþùèì êðèòåðèÿì:

ìèíèìèçàöèè îáùåé äëèòåëüíîñòè ïîäãîòîâêè, ñòîèìîñòè îáó÷åíèÿ è èñïîëüçóåìûõ

äëÿ îáó÷åíèÿ ðåñóðñîâ. Ïðåäëîæåí àëãîðèòì, ñ ïîìîùüþ êîòîðîãî âîçìîæíî ñôîðìè-

ðîâàòü îïòèìàëüíóþ ïî ñîñòàâó îáó÷àþùèõñÿ ãðóïïó.

Êëþ÷åâûå ñëîâà: ìîäåëèðîâàíèå ìíîãîöåëåâîãî îáó÷åíèÿ; íàïðàâëåíèå ïîäãîòîâ-

êè; îïòèìèçàöèÿ; çàäà÷à î íàçíà÷åíèÿõ.
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