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We performed a statistical analysis of the time series of the vol-
umes of cargo transportation. Studies have shown sufficiently high 
accuracy of prediction relative to the actual values of a railway trans-
port system based on the mathematical apparatus of artificial neural 
network. The experiment revealed that the mean absolute percent-
age error for the volumes of transportation of grain and the products 
of flour mills amounted to 5.56 %. Given that railway transport is a 
fairly inert system, indicator of 5.56 % is sufficient for management 
decision making. By having predicted the level of cargo transporta-
tion, we determined the required number of wagons of a particular 
type, which would conform to the conditions of transportation of 
this particular cargo.

The optimal technology of organization of railway wagon 
flows implies minimization of operational costs for the trans-
portation of cargo. In order to find the best variant to move the 
wagons, we proposed to take into account irregularity factor, or 
seasonality. The application on the railway network of the result 
of solution of the proposed model enables the dispatcher, the one 
who handles wagons, to make rational management decisions. 
Such technology makes it possible to take both long-term and 
operational decisions directly in the system of organization of 
railway wagon flows.

To automate management decision-making by operational per-
sonnel of railway transport, we simulated organization of wagon 
flows using the software. The simulation was carried out on a virtual 
polygon of railways. The procedure for obtaining rational decisions 
when managing freight rolling stock is universal and makes it pos-
sible to perform calculations for polygons of any size and at arbitrary 
time of planning. 

Keywords: railway transport, artificial neural networks, irregu-
larity factor, management of transportation.
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We proposed an algorithm and a procedure of a multi-criterion 
analysis of the objects of transportation-logistics systems using the 
vector optimization of functionals, which provide a more complete 
representation of the properties of objects and processes. The algo-
rithm is based on a statistical analysis of empirical data, analysis of 
the influential factors and qualitative characteristics of the processes, 
which makes it possible to more reasonably define the form of a qual-
ity function and to form criteria.

The essence of the proposed procedure of a multi-criterion 
analysis is the vector optimization of functionals whose equations are 
introduced with the characteristics of rate of change in the examined 
processes. In contrast to the existing procedures that characterize a 
state of the system and separate elements, the given technique allows 
us to more fully and objectively estimate dynamic properties of the 
transportation and logistics processes.

Using the movement of cargo flows through the customs ware-
house as an example, we have shown the statement of separate math-
ematical models for simultaneous and independent optimization of 
several parameters and functionals and the formation of a complete 
set of effective plans for subsequent analysis by a decision-maker.

Keywords: improvement of transportation-logistics systems, 
vector optimization, functional criteria, effective solutions.
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iterative solution of the system of equations of the Markov model 
forms a “trajectory” of development of virtual or actual projects 
based on the characteristics of role communications. The practical 
aspects of assessment of effectiveness of the “trajectory” of projects 
development were explored using the developed Markov model. 
Evaluation of results of change in the distribution of probabilities 
of states of a project in coordinates of probabilities of states of the 
system in steps revealed a significant effect on the progress and ef-
fectiveness of a project in the case of variation of competences of only 
one member of the team project. These results reflect the essential 
property of teamwork: effectiveness of projects depends on the co-
herence of roles of all project performers.

Keywords: role model, discrete states, transition probabilities, 
Markov chains, project trajectory.
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Known approaches to project team management typically rely 
on intuitive decisions of project managers, rather than regularities 
and laws of role interaction between project participants. To resolve 
this contradiction, it is necessary to generalize and develop applied 
aspects of the use of the Markov chains to represent and model the 
projects as a system of role communications in a project team. To 
construct a Markov chain, we used a well-known role model of a 
project team by R. Belbin, which represents the structure of project 
participants only qualitatively. We developed a graphical representa-
tion of the cognitive structure of the role model, which is similar 
to a directed graph with vertices – states of the project, and arcs 
that represent communication links between project participants. 
Construction of the graph enables us to create a matrix of transition 
probabilities for communications of a project. To finish the method of 
transformation of a role model, it is necessary to pass to the develop-
ment of analytical stepwise method to solve the system of equations 
of the Markov chain with discrete states and time. It is shown that 
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Economic-mathematical model for the formation of a group of 
employees (project team) for the generation of new organizational 
knowledge was created. The model implies construction of a inte-
grated assessment for possible project teams and selection of the 
best one. The model allows taking into account both individual and 
group indicators of employees. Individual indicators include profes-
sional knowledge, education, working experience, intelligence, logi-
cal intellect, creative intelligence, self-organization and knowledge, 
interest and experience in solving similar tasks. The group indicators 
include social interaction in pairs between group members. The de-
veloped model allows taking into account both positive and negative 
synergistic effect of social interaction. Therefore, considering not on-
ly professional and intellectual components, but also synergic effect 
of social interaction of team members allows formation of the optimal 
composition of a project team. The specified feature distinguishes the 
present model from other analogues. The model includes seven stag-
es: from determining the number and all the possible combinations 
of employees to formation of a project team. The model implies the 
application of elements of combinatorics to determine the number of 
possible combinations of groups. In addition, we used expert knowl-
edge and the method of direct assessment for selecting indicators 
of integrated assessment and selection of weight coefficients. The 
Harrington scale enabled us to establish the level of experience and 
knowledge in solving similar tasks. A group of employees was consid-
ered as an additive system, so for each group, integral indicator was 
calculated. The model was implemented on the example, in which 3 
employees were selected out of 10 employees of a department. Each 
of the employees had their indicators of professional, intellectual 
and social component. According to results of modeling, the highest 
effectiveness in generation of new organizational knowledge was 
demonstrated by the group, which has a positive synergistic effect of 
interaction between employees in a project team.

Keywords: project team, economic-mathematical modeling, 
weight coefficients, integrated assessment.
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University. It is possible to develop a project of benchmarking imple-
mentation of successful experience of development and realization of 
competitive advantages and competencies of HEI-model, as well as 
to compare the activity of HEI with others. 

Performed analysis of activity of 14 institutions of higher educa-
tion in Ukraine allowed us to comprehend the situation in the mar-
ket of educational services and the level of competition. Application 
of instruments of process-oriented approach of benchmarking makes 
it possible:

– to determine the best HEI for each of the proposed 4P compo-
nent – marketing subsystems; 

– to substantiate standard strategies in each benchmarking 
subsystem by comparison of competitive competences of the top 
universities.

Implementation of the proposed conceptual model of manage-
ment of a project of competitive-integrative benchmarking allows 
adaptation of best practices of model HEIs based on partnership and 
cooperation. 

Keywords: project management, competitive-integrative 
benchmarking, process-oriented approach, 4P-subsystems, higher 
education institutions (HEIs).
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The proposed approach to management of a project of com-
petitive-integrative benchmarking makes it possibleh to increase 
competitiveness of Ukrainian higher educational institutions. Man-
agement of projects of HEI development of this type allows us to in-
troduce the service ecosystem of provision for qualified personnel in 
industry, transport, without which it is impossible to implement high 
technologies. Ecosystem of benchmarking of HEI is an interaction of 
four components: functional marketing subsystems (personnel man-
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We studied approaches to determining the whiteness of different 
materials and developed a procedure for highly efficient determin-
ing of whiteness based on using a flatbed scanner with subsequent 
processing of color pixel coordinates, which combined high produc-
tivity, affordable price and acceptable accuracy, which, for the case of 
applying the flatbed scanner Epson Perfection V200 Photo (Japan), 
matches the accuracy of basic techniques. To enhance effectiveness of 
the implementation of the developed procedure, we created an algo-
rithm and realized it in the software “Whiteness” for determining the 
whiteness of primary kaolins using a scanned image of the sample.

We established main types of correlation relationship between 
quality indicators of kaolins for Zhezhelivsky and Velyko-Gadomi-
netsky deposit. The constructed models of correlation pairs provide 
a possibility to develop integrated indicators of deposit quality that 
will make it possible to simplify the process of building a model of 
geospatial variability of quality indicators and improve effectiveness 
of quality control at separate technological areas of a deposit.
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The method of optimization of traffic of urban passenger trans-
port (UPT) at transportation hubs (TH) is proposed, which implies 
modeling of operation of a stop point, taking into account individual 
characteristics of traffic parameters and time of servicing the ve-
hicles. Software implementation of the simulation model is created in 
the PyCharm environment. The algorithm of the program includes 
a procedure for the formation of all possible combinations of shifting 
of time of departure of vehicles from the starting stop point within 
the traffic interval on the UPT routes, which pass through TH. For 
every combination, calculation of waiting time and of the number 
of vehicles in a queue is performed. Employing the minimal values 
of these indicators, we choose a combination that provides optimal 
coordination of traffic at TH for each number of service places at a 
stop point. Efficiency of the algorithm in the lookup and assessment 
of all possible combinations of values of input factors, implied by the 
presented method of optimization, may be guaranteed if the follow-
ing limitations are satisfied: the number of routes is up to 5, traffic 
interval is up to 30 min.

Based on results of the studies, it was established that it is pos-
sible to decrease unproductive downtime by up to 50 % even for a 
single service place if a change is made in the traffic schedule for the 
purpose of synchronization. In addition, when adding one service 
place, we observed a nonlinear decrease in the waiting time of ve-
hicles in a queue. 
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We improved efficiency of mathematical modeling of geospatial 
variability of quality indicators to control technological processes of 
extraction and processing of primary kaolins, based on determining 
the optimal models of variograms for various areas of research using 
a devised plane criterion. We established directions that are charac-
terized by maximal values of correlation degree and anisotropy indi-
cators, and found the ranges of autocorrelation of data for selected 
quality indicators. We developed a procedure for a geostatistical 
calculation of reserves at Velyko-Gadominetsky deposit of primary 
kaolins taking into account the grade differentiation to improve ef-
fectiveness of quality control over raw materials. The main types of 
interrelations between quality indicators of kaolins are established. 
We determined the volume of kaolin field at Velyko-Gadominetsky 
deposit by industries and grades. A procedure is proposed to estimate 
an error in determining the volume of operations performed at a de-
posit to enhance efficiency of control processes in the exploration of 
deposits. The implementation of the developed procedures to deter-
mine the volume of Velyko Gadominetsky deposit of primary kaolins 
with respect to the grade differentiation using the proposed method-
ology is characterized by minimal values of relative mean-weighted 
error in determining the total amount of grade, which ranges from 
0.001 % to 1.067 %.

Keywords: geometrization, geostatistical analysis, kaolins, 
whiteness of kaolins, grade differentiation, variogram analysis, Simp-
son method, management, quality control, technological processes.

References 

1.	 Kaoliny. Kirovogradskoe rudoupravlenie dobycha vtorichnyh kao-

linov v Ukraine. Available at: http://kaolincentre.com.ua/kaolin-

info.html

2.	 Sitnova, M. (2007). Obzor rynka kaolina v SNG. Nedelya gornya-

ka-2006, 375–381. Available at: http://giab-online.ru/files/Da-

ta/2007/10/50_Sitnova24.pdf

3.	 Sobolevs’kyy, R. V., Vashchuk, O. M., Tolkach, O. M. (2015). Otsin-

ka dostovirnosti heometryzatsiyi yakisnykh pokaznykiv Velyko-

Hadomynets’koho rodovyshcha pervynnykh kaoliniv na osnovi pid-

boru optymal’noyi modeli variohramy za ploshchynnym kryteriyem. 

Visnyk KrNu im. Mykhayla Ostrohrads’koho, 1, 57–64.

4.	 Opredelenie termina «Belizna bumagi». Available at: http://www.

artwebmedia.ru/glossary/definit/whitenesspaper/?q=352&n=488

5.	 Platov, Yu. T., Sorokin, D. A. (2003). Postroenie modeli cvetora-

zlichiya farfora. Plekhanovskie chteniya. Moscow: Izd-vo REHA im. 

G. V. Plekhanova, 296–297.

6.	 Sherstobitova, A. S. (2011). Vliyanie konfiguracii integriruyushchey 

sfery na fotometricheskuyu pogreshnost’ izmereniya koehfficientov 

otrazheniya. Nauchno-tekhnicheskiy vestnik SPb GU ITMO, 74 (4), 

16–19.

7.	 Gordyuhina, S. S., Grigor’ev, A. A. (2009). Ustanovka dlya opredele-

niya porogov po cvetovoy nasyshchennosti. Molodye svetotekhniki 

Rossii. Moscow: Vigma, 23–24.

8.	 Bityukov, V. K., Hvostov, A. A., Ponomareva, E. I., Rebrikov, D. I. 

(2008). Formirovanie cvetovogo spektra poverhnosti po cvetovym 

modelyam cifrovyh izobrazheniy. Vestnik Voronezhskoy gosudarst-

vennoy tekhnologicheskoy akademii, 2, 40–44.

9.	 Issledovanie dopustimyh otkloneniy cveta svecheniya ehkranov 

cherno-belyh kineskopov (1973). No. Gos. per. 74003307, inv. No. B 

291611, etap 1. Kuybyshev.

10.	 Mosuro, G. O., Bayewu, O. O., Oloruntola, M. O. (2011). Аpplication 

of geophysical and statistical methods in the estimation of clay de-

posit reserve of edofe and environs, southwestern, Nigeria. Mineral 

Wealth, 160, 41–48.



82

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 3/3 ( 87 ) 2017

conceptual analysis. Human Resource Management Review, 26 (3), 

181–197. doi: 10.1016/j.hrmr.2015.12.003 

2.	 Bohlouli, M., Mittas, N., Kakarontzas, G., Theodosiou, T., Angelis, L.,  

Fathi, M. (2017). Competence assessment as an expert system 

for human resource management: A mathematical approach. 

Expert Systems with Applications, 70, 83–102. doi: 10.1016/ 

j.eswa.2016.10.046

3.	 Lannoo, S., Verhofstadt, E. (2016). What drives the drivers? Pre-

dicting turnover intentions in the Belgian bus and coach industry. 

Transportation Research Part A: Policy and Practice, 91, 251–259. 

doi: 10.1016/j.tra.2016.06.024 

4.	 Becker, K., Smidt, M. (2016). A risk perspective on human resource 

management: A review and directions for future research. Human 

Resource Management Review, 26 (2), 149–165. doi: 10.1016/j.

hrmr.2015.12.001 

5.	 Bakker, A. B., Demerouti, E. (2007). The Job Demands‐Resources 

model: state of the art. Journal of Managerial Psychology, 22 (3), 

309–328. doi: 10.1108/02683940710733115 

6.	 Shahpouri, S., Namdari, K., Abedi, A. (2016). Mediating role 

of work engagement in the relationship between job resources 

and personal resources with turnover intention among female 

nurses. Applied Nursing Research, 30, 216–221. doi: 10.1016/ 

j.apnr.2015.10.008 

7.	 Osman, I., Noordin, F., Daud, N., Othman, M. Z. (2016). The Dynam-

ic Role of Social Exchange and Personality in Predicting Turnover 

Intentions among Professional Workers. Procedia Economics and 

Finance, 35, 541–552. doi: 10.1016/s2212-5671(16)00067-8 

8.	 Daud, N. (2016). Determinants of Job Satisfaction: How Satis-

fied are the New Generation Employees in Malaysia? Procedia –  

Social and Behavioral Sciences, 219, 208–213. doi: 10.1016/j.sbspro. 

2016.05.007 

9.	 Zhao, X. (R.), Ghiselli, R., Law, R., Ma, J. (2016). Motivating front-

line employees: Role of job characteristics in work and life satisfac-

tion. Journal of Hospitality and Tourism Management, 27, 27–38. 

doi: 10.1016/j.jhtm.2016.01.010 

10.	Mathieu, C., Babiak, P. (2016). Corporate psychopathy and abusive 

supervision: Their influence on employees’ job satisfaction and 

turnover intentions. Personality and Individual Differences, 91, 

102–106. doi: 10.1016/j.paid.2015.12.002 

11.	Trivellas, P., Gerogiannis, V., Svarna, S. (2013). Exploring Workplace 

Implications of Emotional Intelligence (WLEIS) in Hospitals: Job 

Satisfaction and Turnover Intentions. Procedia – Social and Behav-

ioral Sciences, 73, 701–709. doi: 10.1016/j.sbspro.2013.02.108 

12.	Valle, M. A., Ruz, G. A., Masias, V. H. (2017). Using self-organizing 

maps to model turnover of sales agents in a call center. Applied Soft 

Computing. doi: 10.1016/j.asoc.2017.03.011 

13.	Gloor, P. A., Colladon, A. F., Grippa, F., Giacomelli, G. (2017). 

Forecasting managerial turnover through e-mail based social 

network analysis. Computers in Human Behavior, 71, 343–352.  

doi: 10.1016/j.chb.2017.02.017

DOI: 10.15587/1729-4061.2017.103318
INFLUENCE OF DEMOGRAPHIC FACTORS 
AND FACTORS OF JOB SATISFACTION IN THE 
PROCESSES OF PERSONNEL MANAGEMENT: 
PREDICTION OF STAFF TURNOVER BASED ON 
LOGISTIC REGRESSION (p. 67-74)

Nataliia Manakova 
O. M. Beketov National University of  

urban economy in Kharkiv, Kharkiv, Ukraine 
ORCID: http://orcid.org/0000-0003-3645-7929

Inna Tsyhanenko 
O. M. Beketov National University of  

urban economy in Kharkiv, Kharkiv, Ukraine 
ORCID: http://orcid.org/0000-0002-9081-0378

Ganna Bielcheva 
Kharkiv National University of  

Radio Electronics, Kharkiv, Ukraine 
ORCID: http://orcid.org/ 0000-0002-1622-7635

Olga Shtelma 
O. M. Beketov National University of  

urban economy in Kharkiv, Kharkiv, Ukraine 
ORCID: http://orcid.org/0000-0002-0293-3504

Here a combined approach is considered to the prediction of 
intentions of an employee of a company to quit, on the basis of de-
mographic factors and job satisfaction factors. The developed method 
includes preliminary assessment of reliability of data from staff survey, 
an analysis of correlation dependence, construction of a regression 
model and a nonlinear predictor to assess a probability of staff turn-
over. This method allows an expert not only to identify the employees 
who fall into a zone of probable turnover, but also to adjust the pro-
cesses of human resource on the basis of the most critical factors. At 
the stages of the method, an employee of a company has a possibility 
to reduce the number of factors (by grouping, or discarding insignifi-
cant factors). Such a choice is made both on the basis of mathematical 
indicators and taking into account the experience of an expert from 
a human resource department. To preserve an expert component, 
authors of the present study refused applying the automated methods 
of reducing dimensionality, such as a Principal Component Analysis.

The developed method is implemented on the basis of a logistic 
regression analysis, which allowed us to select a group of individual 
factors and aspects of job satisfaction that affect staff turnover. In ad-
dition, it was found that salary level and marital status are significant 
predictors for the intentions of staff turnover. 

Keywords: prediction, logistic regression, personnel manage-
ment, staff turnover, job satisfaction.
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