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Abstract. The scientific article deals with the system of equations of mathematical models with the 
help of which we can optimize costs for educational services in the system “enterprise – institution”. 
We have developed a technique of making connections between the cost of educational services, 
payroll, gross profit, net profit of the company. The appropriate method has been complemented by 
correlation coefficients which helped to establish or restore the trend of positive changes at the plant 
on production. 
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Formulation of the problem 
 
The sphere of professional training is very specific and it has its own special characteristic risks. 

We have to draw special attention to risks in the context of education quality (quality of training). 
Educational services (ES) of complex educational institution (EI) – the enterprises shall comply with 
standards and regulations, it must be provided with the necessary resources quality (education, 
human resources, contingent entrants, logistical support, financial, etc.). Quality performance of the 
EI (including current and final results of teaching, which students received during training courses, 
characteristics of graduate’s career, etc.) is one more important part of the educational process. 

Educational risks  are challenges or threats to the functioning and development of the education 
system such a degree that can lead to significant losses, including: internal and external risks; 
political, legal, economic, social, demographic and other risks; risks associated with the parameters 
of quality or adequacy of resources (training level and number of students, the quality and number 
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of staff, quality management, qualitative and quantitative indicators of logistics, adequacy of 
resources, quality marketing, etc.) [1]. 

Education risk characterizes situation from different positions of subjects of education market. 
Therefore, this category should be considered from the position of perspective definitive 
components: of sources and factors of risk, level of risk, index of risk, risk analysis, risks 
management. 

Most of the leading educational institutions implement their own system of assessment and risks 
management. However, they face significant challenges. The main problems are: 

 flaws of used standardized methodologies of teaching; 
 inefficient system investment in ES at the enterprise; 
 lack of comparative database of economic indicators in the field of risks management; 
 lack of specialists and structures for risks management; 
 lack of a systematic approach for projects and programs to provide business education. 

In its educational activities EI are faced with aggregate of different types of risks that differ by 
location and time of occurrence, such risks are interconnected with each other and they influence on 
the activities of educational institutions. This change of one type of risk can cause a change in the 
majority of others. Therefore it is important and problematic not only to identify risks of educational 
activities, but also to organize and to analyze, assess interdependencies of components and measure 
of impact on achieving of the main goal of EI  providing quality of educational services which are 
able to satisfy the requirements of the labor market and ensure a high level of education and 
professional potential at enterprise. 

 
The analysis of current researching and 
publications. There was studied the need to 
form such a direction of economics as an 
educational risk management features of 
creating educational and scientific cluster in 
management system tools of educational risks 
[1]. Creation of a cluster acts as a real 
opportunity to change approaches to 
management and organization of educational 
and research activities, increasing its capacity 
at the sectoral and regional levels to ensure 
the development of national economy and 
education [1]. The realization of idea of 
regional education and research cluster allows 
strengthening synergistic unity of educational 
institutions, research institutions and 
businesses to target their operation on 
common development goals of the region [1]. 
EI are faced with risks and challenges, which 
are submitted to a higher  namely the 
regional level. [1].The system is strengthened 
by enlarging its capacity increase, including in 
a form of responding to current risks [1]. 

 Functions of knowledge management and 
justification approaches (that regarding their 
management in the enterprise) have been 
determined by author in this paper [2]. In 
modern enterprises implementing, 
maintaining and development of system of 
knowledge management (SKM) provides 
communications between employees, who 
know the essential “recipes”, have the 
competence, experience and provides a solid 
foundation for effective transformation of 

information into a strategic intangible asset of 
a company [2]. It (SKM) brings together 
specific, unique, rare knowledge, which is 
owned by every single employee. SKM is a 
key success factor in competing of enterprises 
in process of development of the “new” 
economy [2]. 

It has been investigated the process of 
knowledge management of enterprise and its 
features [3]. Despite the obvious importance 
of a personalized and informative approach to 
knowledge management for domestic 
enterprises operating in a shortage of reliable 
information, it was found that compliance 
exactly informational approach provided 
insight in its broader sense is a priority. 
However, under the information 
(technological) approach is proposed to 
understand such an approach. which considers 
information technology as an effective tool 
that ensures detection of hidden dependencies 
and rules in accumulated enterprise data and 
information, their transformation into an array 
of knowledge, and obtaining the sufficient 
reliable information necessary for 
implementation of enterprise knowledge 
management process [3]. 

In forming projects that improve the 
quality of ES it is advisable to consider the 
tools of transformation processes, in particular 

 reengineering [4]. According to theory of 
Manhanelli / Kleins, the project for the 
reengineering is considered to be a radical 
increase of competitiveness, and means  the 
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introduction of new information technology 
(IT) [4]. The phase of development involves 
not only the active use of IT, but also the 
social construction. Phase completion by 
Manhanelli / Klein is explicitly missing. 
Obviously performance assessment is 
expected to produce at the stage of 
implementation. 

The aim of this work is to develop 
methods for evaluating investment resources 
of complex of educational services at 

companies and educational institutions on the 
basis of the project approach, taking into 
account the risks caused by political 
instability, economic crisis, inflation and more 
progressive. 

The main material. We have proposed to 
determine the structure of complex costs of 
enterprises and EI on educational projects 
based on investment costs and risks by a 
formula, which is similar to [5], the relevant 
regional programs  formula (1): 

 

,   , PBPPPBPBPBPBPBPBPBPBPB DSRZVIWMPSSSIL  (1) 

 

where PBL – the costs of creating new 
workplaces for faculty members; PBSI, PBSS – 
the costs of risk of information supply of 
scientific and educational process; PBP – the 
costs which are associated with the risk of 
insufficient quality of training; PBM – costs of 
insufficient adaptability of graduates of EI in 
the workplace; PBW – the risk of non-
compliance results in relation to the invested 
funds; PBVI – the risk of insufficient theoretical 
basis of academic disciplines; PBZ – the risk of 
lack of experience; PD – the risk of lack of 
qualifications; PSR – the risk of lack of 
theoretical and practical training of company 
employees. 

It is advisable to consider the relationship 
between teachers and listeners of courses of 
academic institutions (the staff of enterprises) 
for the effective risks reducing. It should 
include the following steps:: 

– the planning measures to reduce the 
risks of relationships, exposure to factors that 
create risk, conditions of adaptation, etc.; 

– the interaction between structural units 
of EI and business environment to reduce 
risks; 

– the regulation of relations to adjust risk 
levels in areas of educational services and 
academic disciplines; 

– the risk analysis of relationships, their 
causes, complications and consequences of 
the occurrence of risk events; 

– the motivation of subjects of internal and 
external environment of EI for action to 
reduce the risk of relationship; 

– the control over the timeliness and 
control over optimality implementation of 
measures to reduce risks.  

The need for improvement of methods of 
investment project management in the field of 
educational services to enterprises associated 

with the introduction of advanced information 
technology (IT), providing the possibility of 
building a set of programs actually performed 
procedures in terms of teaching. IT processes 
should consider the adoption of new solutions 
to modern teaching methods and guidelines 
for an effective use of the full potential of 
information accumulated by the participants of 
the investment process at each stage of the 
implementation of the educational project. 

It should be noted the need to develop a 
comprehensive information model and solving 
problems in the management of educational 
investment projects. Experience shows that 
the construction of this model should identify 
the flow of information to form hierarchical 
levels of the project, organize training 
approaches to information and streamline 
decision-making idea about problem situations 
and possible solutions. Tactics of cluster 
approach will be useful in this regard. 

Creating a cluster acts as a real 
opportunity to change approaches to 
management and organization of educational 
and research activities, increasing its capacity 
at the sectoral and regional levels to ensure 
the development of national economy and 
education [1]. The idea of regional education 
and research cluster allows strengthen 
synergistic unity of schools, research 
institutions and businesses and target their 
operation on common development goals of 
the region [1]. All the risks and challenges 
encountered by individual EI, are submitted to 
a higher - namely regional level [1]. Due to 
the consolidation of the system it is becomes 
stronger, its capacity is increasing, including 
responding to current risks [1]. 

Formulation of the problem. If at the 
time interval t [0,T], which is planned during 
the educational project, is given the ratio Y(t) 
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= F (K(t), L(t)), where Y(t) has been given– 
educational product which was created at the 
level of EI, K(t) – fixed assets (capital, 
investments), L(t) – workforce, F(K, L) – 
linear-homogeneous production function [6], 

moreover L(t) = L0 exp{ t} , L0 > 0 ,  > 0 
(L0 ,  – dynamic process parameters). All 
educational products are advisable to 
represent as 4 components similarly as in 
formula (2) [6]: 

 

Y(t) = (t) + I (t) +C(t) + N(t),     (2) 

 

where I(t) – accumulation, C(t) – consumption, N(t) – tax deductions, (t) – production costs 
with rate of information capacity , that (t) = Y(t) , 0   < 1. It should be noted that in the 
work [6] parameter  makes sense of material consumption of released products at enterprise. In 
the case of the educational project knowledge gained training courses (extension courses) or other 
educational event will be produce. We have considered the following educational activities: extension 
courses; seminars and conferences; teaching; retraining. 

It should be noted that in recent years much of enterprises encourage to the audience of 
extension courses to pay learning process by itself, citing the situation of difficult financial situation 
of the company. In particular, this applies to pharmacies that are privately owned. 

Let D(t) – profit that is taxed at the rate u, such that 0  u < 1. Then D(t) = Y(t) –  (t) = (1– 
)Y(t), N(t) = uD(t) = (1– )uY(t).  

 
Accordingly [6]: 

G(t) = D(t) – N(t) = (1 – )(1 – u)Y(t),    (3) 

 

is the profit remaining after payment of taxes and directed to accumulation and consumption, ie [6]: 
 

G(t) = I (t) +C(t) = (1  )(1 u)Y(t).    (4) 

 

Let s(t) – is the rate of accumulation, 0  s0  s(t)  s1  1,  )(ts  = (1  s(t)) – is 

consumption norm, ie [6]: 

 

I(t) = s(t)G(t) = (1  )(1  u)s(t)Y(t),    (5) 

C(t) = (1  s(t))G(t) = (1  )(1  u)(1  s(t))Y(t).   (6) 

 

If the rate of depreciation of fixed assets > 0, then K (t) true differential equation with (5), (6) 
and it takes the form [6]: 
 

)(  )( ),()(11)(
tKtLtKFtsu

t
tK

,   L(t) = L0 exp{ t}.  (7) 

 

We turn to normalized (unit) relative quantities of labor and get the light uniformity of linear 
F(K(t),L(t)) [6] (k(t) – capital-labor, y(t) – average labor productivity, i(t), c(t), n(t) – specific 
accumulation, consumption and tax payments per unit of labor) [6]: 
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Then the balance equation (2) with view (5), (6), (8) will be converted and becomes a [6]: 

 

y(t) = y(t) + i(t) + c(t) + n(t);     (9) 

i(t) = (1 )(1 u)s(t)y(t),   c(t) = (1 )(1 u)(1 s(t))y(t),   n(t) = (1 )uy(t). (10) 

 

Taking as an optimality criterion specific consumption of discounting over the entire planning 
period, we arrive at the optimal control problem of investment resources of educational services 
similarly as in [6] 

 

k(t) = (1 )(1  u)s(t) f (k(t))  k(t);    (11) 

t [0,T],  k(0) = k0 , k(T)  kT > 0;    (12) 

maxexp)(111
0

dttktftsuJ
T

;   (13) 

0  s0  s(t)  s1  1,  =  + ,  > 0,  > 0,  > 0, 0   < 1, 0  u < 1. (14) 

 

Equation (11) follows from (7) with (8) and that L (t) = L0 exp { t}. Criterion (13), where > 0 - 
discount rate, it follows from (10). Condition k (T)  kT> 0 in (12) is a condition for economic 
horizon, which stipulates that by the end of the plan period T level of capital-labor ratio k (T) can not 
fall below the value of kT. 

We use linear-homogeneous production function [6]. 
 

F(K, L) = AK L  , f (k) = Ak  , A > 0,  > 0,  > 0,  +  = 1,  (15) 

 

where   coefficient of elasticity of fixed assets, which in this case relating to investment 
resources, educational services,  - coefficient of elasticity of the labor force. 

To optimize the mechanisms of investment resources of ES at enterprises we can use just as in 
[7] functionality as considering the inverse relation FB and risks Rz. Functional as J(FB, Rz) [7] 
summarizes the criteria (13) and characterizing the labor potential of staff PLPS, which in work [8] is 
presented in the form of three components: 
 

PLPS= w1 PLP+w2 PTO+w3 PCL;  w1=0,47;  w2=0,35;  w1=0,18.  (16) 

 

Here PLPS  human resources component of the labor potential (LP); PTO  educational 
component; PCL  the creative part of LP; w1, w2, w3  weight ratios, which are determined by an 
expert in work [8]. 

Partial decoupling of new mathematical model, which is based on a system of mathematical 
relations (1) - (17) we will present in a similar [6] 

1
1   ;11   ;   ; n

Au
kss

n

. (17) 

 

The novelty of the proposed model (1) - (17) lies in the fact that the ratio of [6] applied to the 
analysis of the company of ES, which have some specificity, and supplemented by information about 
risks (1), the criterion of quality [7] working capacity of staff ( 16) [8]. 
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For cost analysis for educational services (SES) will use as an example of the data presented in 
Tables 1 and 2. 

Table 1 
The economic performance of the company "Matai Ukraine" 

(L’vivska Bischna Street, 11, Sokol’niki, Pustomyty district, Lviv region) 

Year II 
AW,  

UAN 

SES,  

UAN 
GP, UAN 

NP,  

UAN 
L, people 

2010 1,0 1018 101,8 650 127 309 

2011 1,046 1250 124,7 618 17 308 

2012 0,998 2209 227,7 620 – 187 228 

2013 1,005 2139 218,9 2895 1006 260 

2014 1,249 1931 203,9 4308 1413 175 

2015 1,433 2137 209,6 4580 1458 136 

 

Table 2 
The economic performance of the company JSC "Concern-Electron" 

(Storozhenko Street, 32, Lviv) 

Year II 
AW, 

 UAN 

SES,  

UAN 
NP, UAN 

L,  

people 

2011 1,0 2431 97,3 638,8 1027 

2012 0,998 2893 113,9 753,5 900 

2013 1,005 3642 109,5 – 414,8 889 

2014 1,249 3266 102,0 28,3 788 

2015 1,433 2731 104,8 44,0 706 

 

The following designations are presented in 
Table. 1 and 2: II – inflation index [9]; AW – 
average wage per employee in 1 month; SES 
– spending on educational services per 1 
month, ie the month during which the 
employee is trained with the separation of 
production; GP - monthly average gross profit 
per employee of the enterprise; NP – the 
monthly average net profit per employee of 
the enterprise. In calculating it was accepted 
following assumption: that employees were 

trained (extension courses, seminars, 
conferences, training with transferred to 
another area of work; extension courses) 
within one month of the job. It should be 
noted that in the table. 1 and 2 W for numeric 
data AW, SES, GP, NP are presented 
considering inflation. The nature of 
relationships of SES with AW, GP, NP for 
mentioned firms we investigated with help of 
coefficient Kx,y of pair correlation [10, . 42]. 

 
The calculation results are as follows: 

) For the company “Matai-Ukraine”:   ;1,0/
6

1

6

1
1

i
i

i
iMM AWSESWW  

KSES,AW = 0,995;   KNP,AW = 0,476;   KSES,AW= 0,464;   KSES,GP = 0,552. (18) 

 

B) For the company JSC "“Concern-Electron”":  ;07,0/
5

1

5

1 i
i

i
iE AWSESW  

KSES,AW = 0,834;   KNP,AW = – 0,777;   KSES,NP = – 0,98.   (19) 
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In determining the parameters WM and WE we use summation over the years i. 
For ratio (7) of the Table. 1 and 2 we received respectively options : 
 

M1 = M = – 0,163 1/year;   2 =  = – 0,075 1/year;    = 1,0 1/year.  (20) 
 
Here M is presented for “Matai Ukraine” and  - for "Concern-Electron" and  - normalizing 

factor, with which you can, for example, give M in dimensionless form M  = M /  = – 0,163. 
Let’s consider the example of calculating the numerical value of A from (15) using M1 = M =–

0,163, and adopting values that are often encountered in practice: 
 

 k =0,5; =0,1; u=0,16; = =0,5; =0,5;  =0,1; = + M = – 0,063. (21) 
We substitute (21) to (17) and we will obtain: 

A = 0,212;     s  = – 0,85;    s  = 1,85.   (22) 

 

The negative value of s  indicates a negative rate of accumulation (loss). 
 
 

Results and conclusions  
 
We have developed a system of equations of mathematical models through which you can carry 

out cost optimization for educational services in the complex “enterprise – institution” and establish 
connections between the cost of educational services, payroll, gross profit, net profit enterprise and 
create recommendations for management of potential risks classification which laid down in the ratio 
(1). 

The author has considered information on the cost of educational services and benefits of two 
companies. For the first (1) and second (2) firms were observed unstable growth and losses in one 
of the years. The official version of the negative business for two companies  are losses (negative 
net profit) as a result of reorganization procedures. 

We have found that the firm “Matai Ukraine” was funded more SES (WM> WE) and less bothered 
about keeping workers (136/309 = 0.44), that was more dynamic (negative PE experienced more 
per year in 2012 . versus “Concern-Electron”), and SES after the crisis in 2012 were approximately 
2-fold greater than “Concern-Electron” and for the past 4 years (2012 2015 years.) total GPs' Matai-
Ukraine "were i = 860 UAN, that were 2 times higher than “Concern-Electron” ( i  = 430 
UAN). Such policies of SES have led to some positive results for the “Matai Ukraine”, in particular in 
2015 NP1 / NP2 = 1458 / 44 33. 

Despite some financial difficulties, both companies did not go bankrupt and completely reopened. 
During the following years after 2012 (for "Matai Ukraine") and after 2013 (for "Concern-Electron") 
have been observed positive trends in net profit (NP). The corresponding trend can be described 

using numerical values A , s , s  , k  and other options that appear in the proposed mathematical 
model, and based on changes in these parameters, and based on the analysis of correlations you can 
formulate recommendations for optimizing the learning process procedures (including staff training), 
production company and ensure the conditions of release from crisis. 

The prospect of research. The results M,  (20), the type of relationship WM i WE , and 

correlation coefficients (18), (19) can be used to evaluate changes in following parameters s , , s  , 
k  in time for educational institutions that has trained employees of these two companies. But we 
need to have sufficient information about educational institutions (EI). In particular, the known 
values of capital-labor ratio k  of EI using the ratio (17) we can find and change of parameter to 
specify A limits, which is included in (15). 
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