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Abstract. The article provides a structured analysis of the areas of application 

of mathematical methods and models in personnel management tasks. A technology 

is proposed that, together with neural network algorithms for predicting the success 

of a person in a company, allows the use of fuzzy expert technologies. It is 

emphasized that the practical use of the proposed methods and models makes it 

possible to move from solving individual problems of personnel management to a 

systematic approach to solving a complex of problems of human resource 

management. 

Keywords: management of personnel development, forecasting the success of a 

person in a company, neural network technologies, fuzzy linguistic technologies. 

 

The neural network is rapidly entering production and management activities. 

Fierce competition poses problems for modern business that can be effectively solved 

with modern data analysis tools. Neural network technology allows you to analyze 

information, predict development and minimize risks when making decisions, which 

allows you to build a business on a strictly scientific basis competently and 

effectively. 

Neural networks are designed similarly to the human nervous system, but in 

fact they use statistical analysis to recognize patterns from a large amount of 

information through adaptive learning [8]. Neural networks are a powerful modeling 

technique that can reproduce extremely complex dependencies. Neural networks 

learn by example. A neural network user selects representative data and then runs a 



learning algorithm that automatically perceives the data structure. Efficiency of work 

is achieved, firstly, from the parallelization of information processing, and secondly, 

from the ability to self-learn, i.e. create generalizations [7]. The term generalization 

refers to the ability to obtain a reasonable result based on data that was not 

encountered in the learning process. These properties allow neural networks to solve 

complex problems that are considered intractable today. However, in practice, when 

working autonomously, neural networks cannot provide ready-made solutions. They 

need to be integrated into complex systems [5]. 

Mathematical models and methods allow making decisions both in conditions 

when the influencing factors are known, and in conditions of limited availability of 

information, therefore, the possibility of real application of neural networks and their 

interaction with the company's information system. 

Modern mathematical methods and models open up new opportunities for 

formalization, constructive development and increasing the efficiency of the 

company's personnel management methods. 

The main areas of application of mathematical methods and models in 

personnel management problems are shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mathematical models and methods in personnel management problems 

Methods and 

directions of 

modeling 

Scope of application in tasks of personnel management 

Game theory 

methods 

- optimal coordination of the interests of the managing center and agents; 

- analysis of conflict situations; 

- formation of optimal information management strategies 

Math modeling 

- optimal planning of career growth processes and personnel renewal; 

- study of stochastic processes of career growth in a company using the methods 

of queuing theory; 

- development of effective mechanisms of motivation; 

- development of optimal schemes for the allocation of resources to meet the 

multi-level needs of personnel; 

- development of optimal strategies for professional adaptation of personnel in the 

company; 

- development of optimal vocational training strategies 

- study of the influence of innovative processes and technologies on the 

efficiency of personnel by means of a numerical experiment based on an 

algorithmic description of processes based on established normative, statistical, 

analytical and logical dependencies 

Simulation 

modeling 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Spheres of application of mathematical models and methods in tasks of 

personnel management (Author's development) 

The personnel development management system is a complex of organizational 

structures, methods, organizational and economic measures and resources that serve 

to fulfill the tasks of training, retraining and advanced training of personnel; 

organization of inventive and rationalization work; professional adaptation; 

evaluating candidates for a vacant position; ongoing periodic evaluation of personnel; 

business career planning; work with the personnel reserve. 

Neural network models and methods as applied to the task of predicting the 

success of new candidates in various areas of professional activity in a company is 

one of the most urgent tasks of recruiting personnel [1]. The task of forecasting when 

hiring is set as follows: according to the input characteristics of the candidate used in 

the standard selection, to obtain an assessment of the special criteria of success in 

professional activity. Parameters of professional knowledge, skills, and abilities are 

- development of information systems and technologies for personnel 

management; 

- analysis of information needs of personnel; 

- development of evaluation algorithms and information processing programs; 

- development of information management algorithms 

- forecasting the success of personnel in the company in the hiring process; 

- assessment of the performance of management personnel; 

- identification of agents' preferences 

- examination of management decisions in the field of personnel management; 

- formation of systems for business assessment of personnel; 

- identification of agents' preferences; 

- identification of the strengths and weaknesses of the personnel management 

system; 

- formation of competence models of specialists 

- development of systems for business assessment of personnel; 

- development and reengineering of organizational structures; 

- development of strategies to improve the efficiency and quality of personnel 

management 

- structuring information in relation to the tasks of analysis, forecasting and 

assessment of the effectiveness of the personnel management system 

Semiotic models 

Neural network 

models 

Expert methods 

and technologies 

Functional 

modeling 

Cognitive 

modelinga 



used as input characteristics of candidates; autobiography data; characteristics 

associated with the peculiarities of the psycho-motivational mechanism of 

professional activity, purposefulness, activity, performance, cultural level, value 

orientations in life, value orientations in achieving goals, moral qualities; the level of 

professional flexibility, mobility, sociability, tolerance, computer literacy, proficiency 

in a foreign language, the employee's attitude to himself, the ability to establish 

business relationships, efficiency, discipline, confidence in success.  

The general scheme of a neural network algorithm that solves the problem of 

predicting the success of candidates is shown in Fig. 2 [3, p. 123]. 

Along with neural network algorithms, fuzzy expert technologies can be used 

to predict the success of a person in a company [4]. This article proposes one such 

technology. It is assumed that the company assesses a set of specific competencies in 

the recruitment process. All competencies are represented as linguistic variables. 

Three models based on the competence database are introduced into consideration: 

the employer model, the applicant model and the evaluation model. The models of 

the employer and the applicant are sets of assessments of the linguistic importance of 

the analyzed competencies, and the assessment model is the level of expression 

(term) of each competence in the applicant.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. General scheme of the neural network mechanism 
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Output resulting parameters Y 

 

Formation of data blocks for training, tuning and assessing the 

effectiveness of the network: a set of pairs (X, Y) for training the 

network; sets of pairs (X*, Y*) for network testing; validation set of 

pairs (X**, Y**) 

Selection of the type of activation functions of the network (in the 

work, two-layer neural networks with sigmoidal activation 

functions are used) 

Data coding according to the type of activation functions 

Defining network parameters 

Parameters used by the HR 

department in the selection 

for this position 

Method of 

obtaining 

information 

Measureme

nt result 

Parameters characterizing the 

degree of satisfaction of the 

employer and criteria for the 

success of professional 

activity 

Method of 

obtaining 

information 

Measureme

nt result 

Estimation of the complexity of the approximation problem using a neural network: 

1) calculation of the sample Lipschitz constant ; 

2) calculating the Lipschitz constant of the network ; 

3) if , then data preprocessing is carried out 

Network training by backpropagation of errors on data (X, Y) 

Data network testing (X*, Y*) for tuning 

Evaluating network performance 

on test data 

low 

satisfactory 

Data network testing (X**, Y**) to evaluate performance 

Evaluating network efficiency 

based on validation set data 

low 

satisfactory 
Symptoms of the following 

problems: 

- insufficient information content of 

the input parameters; 

- insufficient validity of 

measurement methods; 

- insufficient relevance of success 

criteria 

Application of the network to predict the success of a 

candidate in a chosen type of professional activity: 

1. Entering characteristics X. 

2. Interpretation of Y's answer. 



 

 

The structure of models for the manager profession is shown in Fig. 3 [3, p. 

126]. 
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Fig. 3. The structure of the model for predicting the success of a person in a 

company 

Linguistic correlations between different models are calculated, for this the 

components of the models are ranked in a special way. On the basis of the obtained 

linguistic correlations, the rules of fuzzy inference are built and the success of a 

person in the company is assessed [3, p. 126]. 

Evaluation models in personnel management are the certification and business 

assessment of personnel, which can be further used in personnel development tasks. 

The task of using highly qualified personnel is especially important in the formation 

of the staff of innovative companies [9]. 

Consider an expert mechanism for the formation of models of competencies of 

specialists, which allows taking into account the opinion of the head of the company 

and a group of experts regarding the importance of various general and nuclear 

competencies, assessing the consistency within the expert group and consistency with 

the opinion of the head, building a hierarchical model of competencies and a 

mechanism for obtaining a comprehensive assessment of competence [2]. 

 

Employer 
 

Job seeker 

- the need for dominance; 

- analytical thinking; 

- the ability to abstract; 

- a tendency to work in a team; 

- ability to delegate authority; 

- the ability to clearly influence subordinates; 

- consistency of thinking; 

- justice; 

- the ability to take responsibility; 

- the ability to select the necessary 

information 

Survey 

center 



Suppose there is some hierarchical model of competencies [3, p. 128]. To 

obtain a comprehensive assessment of competence in accordance with the 

hierarchical model, it is necessary to expertly determine the relationship of preference 

between different competencies. To identify preference relationships, a formalized 

algorithm for the activities of an expert group headed by the head of the company is 

used. All experts fill in the matrices of the preference relationship between the 

competencies of the lower level of the hierarchy in the linguistic scale. Various 

aspects of the consistency of the opinion of experts are assessed, a group of experts is 

singled out, coordinated with each other and with the opinion of the head. For this 

group, a group preference relation is built between the competencies of the lower 

level, and the preference relation between the competences of higher levels is built 

according to special rules. Linguistic logical convolution matrices are formed in 

relation to the preference relation between the competencies, and using the complex 

assessment mechanism, an assessment of the upper level of the hierarchy is obtained 

- the employee's competence. 

There is a set of competencies  X = {x1, x2, ..., xn}. 

Each competence corresponds to the degree of significance of the inclusion of 

this competence in the analysis from the position of the leader W = {w1, w2, ..., wn}, 

expressed in a linguistic scale. In this case, the V = {V1, V2, ..., V7} scale will be used 

to assess the importance of including competencies in the analysis from a manager's 

perspective. Competencies are assessed according to their importance by a group of 

experts E = {e1, e2, ...ep},each of which is characterized by their competence gk, also 

expressed in the linguistic scale V. The head of the company is considered as an e1 

expert, he is assigned a special role in the examination. 

Each expert ek forms his opinion in the form of a linguistic preference relation 

Pk, according to which any pair of competencies (xi, xj) is associated with a term of a 

linguistic variable C (term-set S = {S1, S2, ..., S9}), reflecting superiority in 

importance from the point of view of an expert of competence xi in comparison with 

competence xj. The preference relationships compiled by different experts may differ. 

To assess the closeness of the opinions of two experts, a special table of proximity 



D,is used, the elements of which d(Si, Sj), given in the linguistic scale V, show how 

close the terms Si and Sj of the S scale are. 

The main stages of the considered algorithm are given in [3, p. 127-129]. The 

algorithm partially uses the approach of assessing the consistency of expert 

judgments proposed by domestic researchers [6]. The competency model, built in 

accordance with the approach described above, allows long-term planning and 

forecasting of the necessary human resources, quickly and efficiently forming a 

personnel reserve. Training planning is also systematized and becomes more focused, 

a transition is made from solving individual problems to real human resource 

management. 

Thus, the introduction of the latest intelligent systems in personnel 

management allows us to make a qualitative leap in management and increase the 

efficiency of personnel selection for productive work in the company. 

References: 

1. Azarnova T.V. Neural network technologies for predicting the success of 

young specialists in the main directions of advertising / T.V. Azarnova, I.N. 

Ternovykh // Bulletin of INZHEKON. Ser.: Economics. 2012. Iss. 1 (52). P. 482-486. 

2. Azarnova T.V. The procedure for processing expert linguistic information in 

the formation of competency models for employees of the bank's collection unit / 

T.V. Azarnova, I.N. Ternovykh, R.V. Ryndin // Modern Economics: Solution 

Problems. 2012. № 3 (27). P. 117-128. 

3. Azarnova T.V., Stepin V.V., Shchepina I.N. Improving the efficiency of 

personnel development management methods based on neural network models and 

fuzzy expert technologies // Bulletin of VSU. Series: Economics and Management. 

2014. № 3. P. 121-130. 

4. Borisov A.N. Fuzzy information processing in decision-making systems / 

A.N. Borisov, A.V. Alekseev, G.V. Merkuriev. - M.: Radio and communication, 

1989. - 304 P. 

5. Jones M.T. Artificial Intelligence Programming in Applications / Transl. 

from Eng. A.I. Osipov. - 2-nd ed. - M.: DMK Press, 2011. - 312 P. 



6. Ledeneva T.M. Coordination of linguistic expert assessments in the group 

choice procedure / T.M. Ledeneva, K.S. Poghosyan // Vestnik VSU. Series: System 

Analysis and Information Technology. 2010. № 2. P. 125-130. 

7. Serebryakova T.A., Serebryakov V.G. The use of neural networks in the 

financial analysis of the activities of large economic structures // Electronic scientific 

publication "Scientific Notes of PNU", 2014. V. 5. № 4. P. 165. 

8. Fedotova E.L. Information technology in professional activities. - M.: ID 

"Forum": INFRA-M, 2018. - 367 P. 

9. Shchepina I.N. Innovative activity at the regional level: types of behavior of 

regions and their sustainability. - Voronezh: Publishing and polygraph. center of the 

Voronezh state. un-ty,2012. - 162 P. 

 


