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logical-mathematical model allows, in general, to construct a description of the subject area of a corporate automated information sys-

tem. And then this generalized model can be transferred to absolutely any specific subject area. The advantage of constructing a descrip-
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tion of the domain in the form of a semantic model of a predicate type is a holistic view of the entire subject domain, the presentation of 

information in a holistic form is better perceived. When constructing such a graph, it becomes possible to restore the missing logical links 

in their entirety. 

Conclusions.To conclude about o-

mated information system, marked by its advantages and disadvantages, as well as methods of its elimination. 

Key words: model, description, subject area, automated information system, mathematical justification, semantic model, 

logic, predicate. 

 

. 

 

-

 

-

 

 

  

  

  

M )  

 

M )  

 

 

KM )  

 

M M , KM

 (M ). 

 5, 6, 

-

 

 

 



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

12     Выпуск #1, 2019 

-

 

 

 (3): 

                                ̅̅̅̅ ̅      ̅̅̅̅ ̅    
 (1) 

                          ̅̅ ̅̅  ̅ (2) 

                              ̅̅ ̅̅        ̅̅ ̅̅  (3) 

 

. 

-

  

                                ̅̅̅̅ ̅  (4) 

                                 ̅̅̅̅ ̅      ̅̅̅̅ ̅     (5) 

 

                     ̅̅̅̅ ̅      ̅̅̅̅ ̅     (6) 

 

 

P={P, N, (T1,T2)} (7) 

  1  2   

-  

 

                                  ̅̅̅̅ ̅      ̅̅̅̅ ̅          ̅̅ ̅̅̅ 

   

                           ̅̅̅̅ ̅      ̅̅̅̅ ̅           ̅̅ ̅̅̅  

(8) 

           ̅̅̅̅ ̅      ̅̅̅̅ ̅           ̅̅ ̅̅̅  (9) 

                          ̅̅̅̅ ̅      ̅̅̅̅ ̅     (10) 

                     ̅̅ ̅̅̅ (11) 

ij i j  

 

-

-

 

                                ̅̅ ̅̅ ̅ (12) 

                 ̅̅̅̅ ̅      ̅̅ ̅̅ ̅ (13) 

 

 

                       ̅̅̅̅ ̅      ̅̅ ̅̅  ̅ (14) 

 

(             (         ))                 
     ̅̅ ̅̅  ̅     ̅̅̅̅ ̅      ̅̅̅̅ ̅     

 (15) 

                                   ̅̅̅̅ ̅      ̅̅ ̅̅ ̅        ̅̅ ̅̅ ̅̅ ̅̅ ̅ (16) 

l 

i  



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     13 

 

 

                ̅̅ ̅̅ ̅̅ ̅̅ ̅ (17) 

            ̅̅̅̅ ̅      ̅̅̅̅ ̅            ̅̅ ̅̅ ̅̅ ̅̅ ̅ (18) 

                       ̅̅̅̅ ̅      ̅̅ ̅̅  ̅       ̅̅ ̅̅ ̅̅ ̅̅ ̅ (19) 

                       ̅̅ ̅̅ ̅̅ ̅̅ ̅ (20) 

i l 

l i 

 

-

-

 

                            ̅̅̅̅ ̅ (21) 

                            ̅̅ ̅̅  (22) 

- -

 

                    ̅̅̅̅ ̅      ̅̅ ̅̅  (23) 

                     ̅̅̅̅ ̅      ̅̅ ̅̅  (24) 

i j (25), (26), 

 i j(27), (28). 

                                     ̅̅̅̅ ̅      ̅̅̅̅ ̅ (25) 

                                  ̅̅̅̅ ̅      ̅̅̅̅ ̅        ̅̅ ̅̅ ̅̅ ̅̅  (26) 

(        )                            ̅̅ ̅̅  ̅     ̅̅ ̅̅  (27) 

                                  ̅̅ ̅̅  ̅     ̅̅ ̅̅         ̅̅ ̅̅ ̅̅ ̅̅  (28) 

-  

 

               ̅̅ ̅̅ ̅̅ ̅̅       ̅̅̅̅ ̅  (29) 

                                      ̅̅̅̅ ̅      ̅̅ ̅̅  ̅     ̅̅ ̅̅         ̅̅ ̅̅ ̅̅ ̅̅  (30) 

             ̅̅ ̅̅         ̅̅ ̅̅ ̅̅ ̅̅             ̅̅ ̅̅ ̅̅ ̅̅  (31) 

                       ̅̅ ̅̅ ̅̅ ̅̅  (32) 

 l  

i  

j   

  

 

 

 

 

   



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

14     Выпуск #1, 2019 

   

  

 

 

-

-

 

 

 

1.     

-

.  

2.     // 

- . 16. . 51-53. 

3.    

-

 . 36-40. 

4.    .   

5.     .

  

6.      

7.   .

 

8.   .   

9.     

. 2012. . 7. . . 90-105. 

10. 

. 83-99. 

11. Batra D., Marakas G.M. Conceptual data modelling in theory and practice, European Journal of Information Systems. 

1995. p. 185-193, DOI: 10.1057/ejis.1995.21 

12. William J Kettinger, Yuan LiTheinfological equation extended: towards conceptual clarity in the relationship between 

data, information and knowledge, European Journal of Information Systems. 2010.p. 409 -421. DOI: 10.1057/ejis.2010.25 

13. J.W. Wang, H.F. Wang, J.L. Ding, K. Furuta, T. Kanno, W.H. Ip, W.J. Zhang On domain modelling of the service sy s-

tem with its application to enterprise information systems, Enterprise Information Systems. 2016. p. 1 -16, DOI: 

10.1080/17517575.2013.810784 

14. Bahram LotfiSadigh, HakkiOzgur Unver, ShahrzadNikghadam, Erdogan Dogdu, A. Murat Ozbayoglu, S. EnginKilic. 

An ontology-based multi-agent virtual enterprise system (OMAVE): part 1: domain modelling and rule management, International 

Journal of Computer Integrated Manufacturing, 2017. p. 320-343, DOI: 10.1080/0951192X.2016.1145811 

 

REFERENCES 

1. Maslenikov K. Yu., Revunkov G. I., Satova M. V. Opisanie predmetnoi oblasti kak neot"emlemyi elementprotsessa 

proektirovaniya avtomatizirovannoi informatsionnoi sistemy // Internet-zhurnal NAUKOVEDENIE. T.9.  

2. Revunkov G. I., Maslenikov K. Yu. Postroenie modeli predmetnoi oblasti avtomatizirovannykh sistem // 

Informatsionno-izmeritel'nye i upravlyayushchie sistemy. T. 14. S. 51-53. 

3. Maslenikov K. Yu., Revunkov G. I. Postroenie opisaniya ponyatiinoi modeli predmetnoi oblasti s pomoshch'yu 

semanticheskoi modeli predikatnogo tipa // Mezhdunarodnyi nauchno-issledovatel'skii zhurnal Uspekhi sovremennoi nauki. 2017. 

S. 36-40. 

4. Belousov A. I., Tkachev S. B. Diskretnaya matematika. M.: Izdatel'stvo MGTU im. N. E. Baumana, 2015. 744 s. 



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     15 

5. Boyarintseva T. E., Zolotova N. V., Ismagilov R. S. Matematicheskaya logika i teoriya algoritmov. M.: Izdatel'stvo MGTU 

im. N. E. Baumana, 2011. 48 s. 

6. Zykov A. G., Polyakov V. I., Skorubskii V. I. Matematicheskaya logika. SPb.: NIU ITMO, 2013. 131 s. 

7. Bolotova L. S. Sistemy iskusstvennogo intellekta: modeli i tekhnologii, osnovannye na znaniyakh. M .: Finansy i statistika, 

2012. 664 s. 

8. Devyatkov V. V. Sistemy iskusstvennogo intellekta. M.: Izdatel'stvo MGTU im. N. E. Baumana, 2001. 352 s. 

9. Gavrilova T. A., Leshcheva I. A., Kudryavtsev D. V. Ispol'zovanie modelei inzhenerii znanii dlya podgotovki spetsialistov 

v oblasti informatsionnykh tekhnologii. Sistemnoeprogrammirovanie, 2012. T. 7. . S. 90 105. 

10. Gapanyuk Yu. E., Samokhvalov E. N., Revunkov G. I. Ispol'zovanie metagrafov dlya opisaniya semantiki i pragmatiki 

S. 83-99. 

11. Batra D., Marakas G. M. Conceptual data modelling in theory and practice, European Journal of Information Systems. 

1995. p. 185-193, DOI: 10.1057/ejis.1995.21 

12. William J Kettinger, Yuan LiTheinfological equation extended: towards conceptual clarity in the relationship between 

data, information and knowledge, European Journal of Information Systems. 2010.p. 409 -421. DOI: 10.1057/ejis.2010.25 

13. J.W. Wang, H.F. Wang, J.L. Ding, K. Furuta, T. Kanno, W.H. Ip, W.J. Zhang On domain modelling of the service 

system with its application to enterprise information systems, Enterprise Information Systems. 2016. p. 1 -16, DOI: 

10.1080/17517575.2013.810784 

14. Bahram LotfiSadigh, HakkiOzgur Unver, ShahrzadNikghadam, Erdogan Dogdu, A. Murat Ozbayoglu, S. EnginKilic. An 

ontology-based multi-agent virtual enterprise system (OMAVE): part 1: domain modelling and rule management, International 

Journal of Computer Integrated Manufacturing, 2017. p. 320-343, DOI: 10.1080/0951192X.2016.1145811  

 

 

 

. . .   

(   ),  

Maslenikov Konstantin Yurievich, Assistant, Department of Information Processing and Control Systems  

Bauman Moscow State Technical University (BMSTU), Moscow 

 

,  

.     

 ),  

Revunkov Georgiy Ivanovich, Ph.D in Tech.Sci., Associate Professor, Department of Information  

Processing and Control Systems Bauman Moscow State Technical University (BMSTU), Moscow 

 

  

  



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

16     Выпуск #1, 2019 

 
, - - ,  

e-mail: anatoly.kolesnikov@gmail.com 

 

 

 

 

. 

 

 

 

 

 

  

  

 

 

-  

  

 

. 

 

Annotation. The article presents a method for creating a system with specified stability properties. The system parameters are 

obtained under the conditions of the energy balance between the power supplied and dissipated in the process of self -oscillations. 

The effect of stabilization of initially unstable system due to the installation of dynamic self-oscillation dampener is considered. 

The example of calculation of parameters of dynamic dampener of self-oscillations is given. The method for assessing the sustainability of 

the system required the orthogonality property of own forms of fluctuations.  

The characteristic difference of the proposed method from other known stability criteria is that the energy balance conditions 

are recorded directly in the parameters of the dynamic system itself. 

Materials and methods. The currently existing methods for assessing the stability of systems imply first the obligatory assign-

ment of all the parameters of the system, and then performing an analysis of its stability using known criteria: root, frequency, algebraic, 

etc. 

of system parameters ensuring its stability, and cannot be con-

sidered as the most rational. 
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The method of assessing stability described in this article allows determining the minimum damping in a dynamic self-

oscillation suppressor, which provides stability for each of two possible forms of self-oscillations. In a certain sense (in terms of weight 

and dimensions) such damping can be considered optimal. 

From the condition of ensuring stability, simple analytical expressions follow to calculate the elastic and inertial generated dy-

namic self-oscillation damper. 

Conclusion. The method of energy balance in combination with the decomposition of oscillations in their own forms allows us 

to record the stability conditions of the system in its physical parameters. Such analytical expressions establish a connecti on between 

inertial, elastic and dissipative parameters of the system. 

Summary. The problems of stabilization of unstable dynamic systems can be solved by installing an elastic -dissipative self-

oscillation damper. 

The parameters of the self-oscillation damper are calculated from the ratios that provide the stability conditions of the system 

during oscillations with each of the natural frequencies. 

Key words: friction self-oscillations, energy balance, dynamic system, stability, natural frequency, damping. 
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 ROS . 

 

Abstract. The article contains an analysis of the functionality of existing information management systems of robotic systems. 

Analysis of the architectures of Robotics Operation System, Player, Marie, Orocos and Microsoft Robotics Developer Studio sho wed that 

none of the existing systems can fully meet all the requirements arising in the development of software for robotic systems.  

Materials and methods. The article discusses software solutions and the functionality of the developed RoboStudio infor-

mation management system, whose architecture is based on the systems studied and satisfies a set of requirements: modularity,  hard-

ware independence, redundancy, the presence of a graphical interface and emulation of robotic systems. To control the information sys-

tem, rScript was developed, interpreted in real time of the system operation, through which all the connected modules and equipment are 

controlled, thanks to which the information system provides great opportunities for managing and programming  robotic systems. 

Results. The graphical user interface allows you to concentrate on solving problems directly, simplifies the educational process, 

and the emulator of robotic systems allows you to debug and test the developed scenarios remotely, without t he risk of damaging expen-

sive equipment. 

Experimental studies of the system functionality were carried out using the full-size anthropomorphic robot AR-601E and the 

Mechatronics stand produced by the Android Technological Scientific and Production Associat ion. 

Conclusion. Architecture and features of the software implementation of the information management system of robotic sys-

tems RoboStudio, which allows for full and one-time control of all electronic components of the robotic system, which increases the  safety 

of expensive equipment, as well as allows flexible configuration of the system to work with a variety of robotic equipment without chang-

es in the source code. 

Key words: information system, robotics, ROS, control system, Android robot . 
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Abstracts. Actualisation of the problem of complex protection of information objects is the result of the rapid development of 

information technologies, which not only led to the modernization of information relations, but also revealed the necessity to create 

complex information security systems as a significant component of the information security concept of the particular region and the 

whole state. Information security, in fact, is the protection of subjects and objects of information relations from internal and ex ternal 

threats. The problems of organizing complex protection of subjects / objects of information relations should be studied bec ause of an 

intensity of information flows, increasing requirements for the level of protection for confidential information, the growing  number of 

attacks on data storage systems and communication links, etc. 

Key words: methods of description of complex systems; mathematical modeling of complex protection systems; determin-

istic models; methods for optimizing the complex protection of an object.  

 

Introduction. The information security management system of an object is a complex dynamic system of co l-

lecting, processing, storing and transmitting of information. Fuzzy structure of its subsystems, the multiple nature of the 

system elements require developers to take into account all factors (including weak formalized), which affect the quality 

of information security. 

Information security of subjects and objects of information relations means a flexible and rapid response to 

threats and attacks. 

Traditional methods of information security management are mostly oriented towards the use of narrowly sp e-

problem of ensuring information security in certain areas: 

 protection of computer networks; 

 anti-virus protection; 

 cryptographic methods of data protection; 

 technical means of protection, etc. 

 The expediency of such an approach requires additional study, but to develop complex protection of in-

formatization objects, it is necessary to implement the principles of a systems approach, adapt the mathematical app a-

ratus of operations research and decision theory to solve information security system problems. That is why the creation 

https://translate.academic.ru/communications%20links/ru/en/
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of models, methods and algorithms for complex protection of information objects, which are to predict development 

n-

ion, of great theoretical and applied interest. 

Materials and methods 

System analysis of the problem of complex protection of subjects and objects of information relations. Co m-

plex protection of an object is a system of dynamically linked elements, the management of which should be based on a 

scientific basis. The total framework of the theory of systems and the logic of the systems approach, in relation to the 

problems of information security management, make it possible to classify and identify control objects by the levels of 

complexity of them: 

Level 1  the level of a static structure or the level of bases. At this level of complexity, the subjects of info r-

mation exchange in the information protection system are considered in statics; 

Level 2  a simple dynamic system with predefined, mandatory actions, such as user identification, authoriza-

tion in the system, etc .; 

Level 3  the cybernetic system, i.e. a "thermostat" system in which the transmission and analysis of infor-

mation constitutes an essential part of the system, providing the ability to control the system;  

Level 4  open system, self-preserving structure. At this level of the object security system, the object of prote c-

tion is divided into its constituent parts, and the individual protection mechanisms are formed for each component.  

Level 5  in a complex system, functions are differentiated: it is the division of objects of protection, respective-

ly, the definition of the subjects implementing this protection; 

Level 6  mobility, awareness and teleological behavior. At this level the receivers of information and a highly 

developed system of response to external influences appear. For information security systems, a profile of a potential 

attacker is determined at this level of complexity, a system for identifying and diagnosing attacks is built, statistics on 

reflected and realized threats are collected, and so on; 

Level 7  At this level the ability of the system to analyze the situation, the ability to adapt, and self-study are 

added to all previous conditions. In the information security management system of a facility, this level of complexity 

presupposes the existence of a complex information protection plan, which allows for managing either by rejection or 

perturbation; 

Level 8  management of the complex protection system of an object at this level of complexity requires taking 

into account the influence of behavioral factors that have a significant impact on the effectiveness of protection. Su ch 

factors should include professional incompetence of information exchange participants in terms of information secur i-

ty, lack of responsibility when working with confidential information, etc. 

Level 9  unknowable systems. The probabilistic nature of the interaction in the "object of protection - means 

and methods of protection - the attacker" make a part of the protection system "closed" for study. 

The solution of problems of complex systems managing is based on the integration of formal and informal 

modeling methods, the nature of which requires the decomposition of the control object, which, as a rule, practically 

does not take into account interconnections with other subsystems. As a consequence, the solution of individual local 

problems does not provide a complete picture of the system as a whole. When forming a complex plan, we need a fun-

damentally different approach, based on a study of the decision-making process that unites the system of relations, the 

organizational structure, and the development of the system and the effect of uncertainties. This approach allows you to 

create and explore more complex models of behavior in the process of administrative management, that is, it will allow 

you to use the results of research in the field of special management issues. 

Hierarchical security management system of an info-communication facility has a hierarchical structure: 

 at the first level, there is a system of material processes and distribution; 

– at the second level  the processes of making programmed decisions; 

 at the third level, non-programmable decision making processes, which are necessary for managing the pro-

cesses of the lower levels, their re-planning and reassessment of the system parameters. 

The main attention in the hierarchical structure should be given to the analysis of information flows and the 

synthesis of the information model of the control object. 

All existing methods for describing complex systems can be divided into two classes: quantitative (analytical) 

and qualitative, which, as a rule, are subjective. 

 

https://translate.academic.ru/Total%20Cost%20Management%20Framework/ru/en/
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Quantitative methods for describing systems 

The main task of modeling, as a tool for describing a complex system, is to correctly interpret the goals of the 

system, its properties, parameters, characteristics, behavior in certain conditions. Understanding of the structure of a 

complex system allows the researcher to independently determine the level of elementaryness of the system, to identify 

the main structural elements (subsystems and relations between them), to determine the le vel of description of the sys-

tem. 

Such research is possible only if there is a mathematical description of the process of functioning of the system, 

i.e. its mathematical model. 

odels for them. The mathemat-

ical model (MM) describes some simplified process, which presents the main phenomena involved in the real process 

and the main factors acting on the real system. 

What phenomena are the main ones, what factors are the main factors  essentially depends on the purpose of 

the model, what research it is for. Therefore, the process of functioning of the same real object can receive different 

mathematical descriptions depending on the task. 

As there are a lot of mathematical models of a complex system and all of them are determined by the adopted 

level of abstraction, consideration of tasks at any one level of abstraction allows you to give answers to a certain group of  

questions, and to get answers to other questions, you must conduct research at another level of abstraction. Each of the 

possible levels of abstraction has limited capabilities that are unique to this level. To get the maximum completeness of 

information, it is necessary to study the same system using different types of m odels. 

By convention, the first four levels relate to the highest levels of system description, and the last four  to the 

lowest [1]. 

The highest levels of systems description 

The linguistic level of description is the highest level of abstraction, which operates with terms and functors. 

Terms are identifiers of system components, their names. Functors - statements that define the relationship between 

terms. So, the system of complex protection of information objects at the linguistic level of description can be represent-

ed as a set of identifiers, classifiers and unified forms of presentation of documents to be protected. This part of the sy s-

tem, defined as terms, must be supplemented with a description of the links; in this case, the role of the functor is played 

by the information model of the protected object. 

Lower levels of system description 

The logical-mathematical level of the description of systems is widely used to describe complex systems associ-

ated with information processing, formalizing the activities of devices in which information acts as a property of objects 

and phenomena (processes) to generate a variety of states. For the system of complex protection of information objects, 

the logical-mathematical description level should contain algorithms for collecting, processing, storing and transmitting 

data and specific modules providing the necessary level of security. 

At the dynamic level of the abstract description of syst t-

continuous nature can take place. The main purpose of such a description is to establish the relationship between the 

input and output of the system, to determine its state. The system of complex protection of information objects repr e-

rdingly, a set of goals at 

the output. 

For example, the problem to be solved: provide a high level of document security. As a solution to the problem 

- the development of cryptographic protection algorithms; use of secure data transmission channels; increa sing the per-

sonal responsibility of participants in the data transfer process. 

For example, problems that need to be addressed: the high level of confidentiality of the documents to be pr o-

tected; as a solution to the problem: the development of cryptographic protection algorithms; use of secure data trans-

mission channels; increasing the personal responsibility of participants in the data transfer process.  

The heuristic level of the abstract description of systems provides for the search for a satisfactory s olution of 

control problems due to the presence in a complex system of a person who is able to generalize the experience of solving 

similar problems, to build an algorithm that cuts out "unsuitable" solutions using game methods, simulation modeling, 

brainstorming and other methods which are based on human intellectual activity.  

 

https://translate.academic.ru/by%20convention/ru/en/
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Qualitative methods for describing systems 

If it is not possible to identify patterns of development of a complex system using analytical methods, qualit a-

tive description methods are applied. 

Brainstorming is a group method for solving creative problems, based on a special technology of searching for 

alternative solutions. The method involves the free expression of ideas in the process of discussing the problem; any 

ideas are welcomed, even if they, at first glance, look absurd. The number of ideas should be as large as possible, that is, 

the mechanism for generating alternatives allows for their combination, addition, development, use of part of the alte r-

native, etc. The effectiveness of the procedure largely depends on the quantitative and qualitative composition of the 

participants, their professional competence, occupation, sphere of professional interests, work experience. Interesting 

results are given by groups of participants, which include experts from various fields. 

Brain relay is a special method of solving creative problems, which is based on the method of active sociological 

testing, analysis and control [2]. 

Scenario method. A scenario as a description of the development of a situation, taking into account the initial 

state of the system and plausible proposals for its development, can be: pessimistic, optimistic, most likely taking into 

account the coefficient of optimism / pessimism. The main idea of the method is to analyze the capabilities of a complex 

system and identify ways of development with minimizing loss / damage. The multivariance of the method allows us to 

group alternatives into classes and determine the optimal strategy based on the principle of mixed strat egies. In design 

of a scenario, quantitative methods of operations research, system analysis methods (decomposition and aggregation), 

and structural correlation analysis methods can be used. 

The method of scenario, as a practical implementation of the sequential resolution of uncertainty method, 

aimed at determining the most likely paths for the development of a system / complex situation / problem, is carried out 

in several stages: 

 problematization: setting a task / issue; 

 identification of factors, external influences, etc .; 

 determining the expected parameters of the system; 

 formation of development proposals and their selection; 

 comparative analysis of system parameters taking into account the influence of external influences;  

 generation of a probabilistic order of events; 

 impact analysis; 

 adjusting behavior strategies. 

Methods of expert assessments. Examination is a procedure that allows you to get a competent conclusion on 

the studied problem. To quantify the degree of consistency of expert opinions, the coefficient of concordance is used. 
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the group of the totality of experts. Additional information on the coincidence of expert opinions can be obtained by 

determining the degree of agreement in a pair of experts A and B by calculating the coefficient of pair rank correlation:  
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where  i  
is the difference (in absolute value) of the values of the ranks of the assessments of the i -th property, ap-

pointed by experts A and B: i A BR R
i i

  ; T TA B и  indicators of related ranks of assessments of experts A and B. 

The coefficient of pair rank correlation takes values 1< <+1.  

The value  = +1 corresponds to the complete coincidence of assessments in the ranks of the two experts 

(complete consistency of the opinions of the two experts), and  = 1  two mutually opposite opinions of the experts. 

The Delphi method is a well-known method of individual peer review, which does not involve a collective dis-

cussion procedure. 

This format of the peer review procedure is intended to reduce the desire of the participants in the examination 

to join the opinion of the most authoritative e

opinions and follow the majority opinion.The idea of the method is to organize a multi-step (iterative) expert survey, 

while at the first iteration the experts may not argue the answers; after processing the results of the first iteration, ques-

tions can be refined, modified, and the answers of the experts should be reasoned; the third, fourth iterations, in essence, 

the repetition of the previous steps. Stable, unchanging expert answers are a sign of the completion of the examination 

process. 

Disadvantages of the method: the complexity; Experts are not always ready to work in a multi-step format. 

Advantages of the method: an individual mode of operation reduces the psychological pressure on the expert, 

which increases the objectivity of the expert assessment. The procedure can be used as an introductory, "immersive" in 

conducting the method of scenarios. 

Method "objective tree" The idea of the "objective tree" method involves building a hierarchical structure, at the 

top level of which is a global object, then the global object is decomposed into sub -objects, down to the elementary level, 

which is determined by the researcher. So, with regard to the information security management system, the objective 

tree can have the following form: the global object is to minimize the damage from threats.  

Objectives of the first level: 

 1  self-determination in position; 

 2  self-determination in a situation. 

Second level objects: 

1.1 analysis of opportunities; 1.2 preference analysis; 1.3 - forecast of results. 

2.1  analysis of the sources of threats; 2.2  forecast of possible damage. 

Advantages of the method in its invariance with respect to the subject area; Tree-like hierarchical structures 

can be used not only within the framework of the object-setting of the subject of management of a complex system; A 

possible area of application of this method is the construction of a hierarchy of directions for the development of a 

predication c-

curately define the concept of a tree as a connected digraph, each pair of nodes of which is connected by a single chain.  

Morphological methods. o-

lutions to a problem or system implementation by combining selected elements or their signs. Currently, there are three 

known methods of morphological research: the method of systematic field coverage, the method of denial and design, 

the morphological box method. 

The most common is the morphological box method. Its idea is to build a matrix containing possible solutions 

to the problem and their parameters; analysis of possible combinations of options, their evaluation allows you to make a 

choice in favor of the best option. The matrix can be two-dimensional and three-dimensional.  

 

 

 

https://translate.academic.ru/objective%20tree/ru/en/
https://translate.academic.ru/predication%20graph/ru/en/
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Methods of system analysis: decomposition and aggregation 

Techniques that implement system analysis procedures under specific conditions are intended to formalize the 

system research process, in cases where the researcher does not have sufficient information about the system, which 

allows to choose an adequate method of a formalized system representation. 

Principles of complex protection system modeling 

The concept of information security of an object, implemented in a complex information protection plan, e n-

sures effective protection, subject to certain fundamental principles: 

 systematic and integrated approach; 

 compliance with current legislation; 

 unambiguous understanding by developers and users; 

 continuity, timeliness and sufficiency; 

 economic feasibility; 

 separation of functions and delegation of authority; 

 accordance of user rights to official authority and personal responsibility; 

 protection system flexibility; 

 mandatory control. 

Analysis of the problem of managing information security of objects highlights the development of models and 

algorithms for information security [3, 5]. 

Defining the process of forming a complex plan of information protection of an object as a complex dynamic 

system, we will assume that effective management should be based on the principles of classical management of com-

plex systems, methods of system analysis using mathematical modeling of information objects, information exchange 

processes. 

Information security management systems have certain specific features: 

 to assess the quality of information security is difficult to apply direct measurement methods; 

 the task of assessing the quality of information protection is complex, its solution requires various methods, 

which should be based on a systematic approach; 

 models and algorithms for managing information security of an object should have a scientific basis and use 

modern technologies. The analysis of management methods for complex protection of information objects that are used 

in real practice, served as the basis for the choice of modeling as a tool for synthesizing an information security man-

agement system for an object. 

The conceptual model of the information security system is based on the life cycle of the system:  

1. Determining the need for the final product. 

2. Planning the trajectory of the control object. . 

3. Control of the actual state of the control object, analysis of the need / feasibility of forming control actions.  

4. Regulation. 

Table 1 presents a conceptual model of managing information security of an object in the form of life cycle 

stages. 

 

Table 1 

Stages of the process of the information security management of an object 

Stage name  Stage content  

Risk  

analysis  

1. Determine the object of protection. 

2. Determine the profile of the attacker. 

3. Analysis of problems and their source (threat; vulnerability; violators). 

4. Creating a quality management system for training specialists.  

 

Policy  

Formation  

1. The system of views on the problem of information security:  

 goals and objectives of protection. 

 analysis of the current state and security threats; 

 legal basis of the object information security management system; 

 organizational, technological procedures, methods and means of ensuring the information security of an ob-

ject. 
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Planning  1. Determination of the required level of security of the object. 

2. Accounting of resources that require protection: information, tasks, documents, communication systems, serv-

ers, etc. 

3. Training of staff responsible for ensuring the security of information and its processing in each unit.  

4. Drawing up a comprehensive plan of information protection using physical and technical (software and hard-

ware) tools to protect system resources and continuous administrative support for their use.  

Implementation 

of a compre-

hensive plan  

1. Practical actions to ensure the security of information; coordination of actions of persons responsible for en-

suring information security in the units. 

2. Identification, reflection and liquidation of the consequences of the implementation of various types of infor-

mation security threats. 

3. Making management decisions aimed at improving the legal, regulatory, technical and organizational support 

for the information security of an object. 

Intrusion  

Detection  

1. Development of a mechanism for rapid response to security threats.  

2. Accounting for potential and realized threats. 

3. Identification of sources of threats. 

4. Identification of the causes and conditions conducive to the realization of the threat.  

Analysis  

and control  

1. Development of a system for assessing the quality of protection of information objects.  

2. Development of technology for assessing the quality of protection of information objects.  

3. Creation of a quality control system for the protection of information objects.  

4. Monitoring the compliance by all parties of information relations with the requirements for maintaining in-

formation security at workplaces / in departments / at the facility as a whole.  

5. The accumulation of statistics, analysis of the situation and making changes to improve the quality of training.  

 

To create a model suitable for solving specific problems, we need to determine the level of the hierarchy on 

which the control object is located, goals and objectives. The qualitative description of the object is transformed into a 

system of formalized indicators that are to be measured using the method of expert assessments, the method of analyz-

ing hierarchies, and the methods of game social simulation. 

Information security system management, as a rule, takes place under conditions of uncertainty under the in-

fluence of objective factors: an increase in the number of informatization objects; great people attraction to the info r-

mation processing; avalanche-like growth in the number of information services; low awareness of the subjects of in-

formation relations about the appropriateness and the need to protect data / information / objects of informatization, 

etc. 

Many factors affecting the quality of protection of objects and subjects of information relations requires the d e-

velopment of methodological bases for the formation of a complex protection of an informatization object, especially 

mean a quantitative indicator reflecting the amount of damage caused by attackers to the object of protection. General 

view of the mathematical model: 

W = min F {Ai, xj} 

where W is an indicator of the quality of information security; 

Ai   active and passive factors that ensure the implementation of a complex protection plan (resources, methods, 

tools, technologies); 

xj  controlled variables, with which you can get the extremum of the utility function;  

F  functional, which determines the type of relationship between the criterion of efficiency and the other factors 

of the model. 

Results. The system analysis of the problem of assessing the quality of protection and managing the security of 

an object allows to divide the existing approaches into classes: class A are methods for assessing the degree of compli-

ance of the result with the user's system of preferences. Of course, this is a subjective approach, which, in fact, is nothin g 

more than a statement of fact that does not provide the ability to conduct operational management of the information 

security system. Class B includes methods for assessing the quality of information protection, which are based on mat h-

ematical models and algorithms that provide the ability to compare quantitative indicators of a comprehensive plan of 

information protection, both in terms of the costs of implementing the plan and in terms of the results obtained.  
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Despite the obvious differences in methods for assessing the quality of information protection which belon g to 

different classes, their basis is the general principles of systems theory, control theories and methods for researching 

operations [4]. 

It is the general systemological basis that allows to build a sequence of actions necessary to evaluate the qualit y 

of information protection at an object: 

 definition of the standard; 

 calculation of the trajectory of the control object; 

 formation of a set of methods / means of assessing the state of the system (observation, measurement, etc.)  

 creation of a mechanism for implementing control actions; 

 comparison of the actual state (behavior) of the system with the standard;  

 analysis of existing deviations; 

 development of control actions; 

 return the system to the previously calculated trajectory of movement / correction of the trajectory. 

Model of complex protection system for an info-communication facility 

Problem statement. It is possible to include events from m groups into the complex protection system; each of 

the measures provides at least two protection functions (a and b), and creates certain inconveniences (d) for users. The 

main objective of this task is to draw up such a work plan, which would ensure all consumer requirements for the qual i-

ty of a comprehensive action plan with a minimum of expenses for its implementation. 

Conventions used in this model: 

i  the number of the production site (i = 1, 2, ..., m) 

ai  the effectiveness of the first protection function in the i-th group of measures; 

bi  effectiveness of the second protection function in the i-th group of events; 

di  -th group of events; 

Ki
max and Ki

min, respectively, the maximum possible and minimum necessary amount of implemented prote c-

tion functions on the i-th segment; 

ci  the cost of implementing a plan of protection measures at the i-th site; 

pl  the planned volume of implemented information security functions at the facility;  

pl  the planned number of events; 

min and max respectively the minimum and maximum allowable values of measures implementing the second 

protection function 

dmax  the maximum allowable number of "inconveniences" for the user associated with the implementation of 

measures to protect information 

As managed variables, it is proposed to accept the number of activities from the i-group, which will be included 

in the integrated information protection plan of the area  xi. We will solve the problem, minimizing the cost of imple-

menting the plan, subject to the restrictions on the number of activities of each group, on the total volume of functions, 

on the quality of protection. This mathematical model is not unique for this type of problem. Changing the optimality 

criterion, we can formulate other variants of the model. 

First version of the problem statement. Efficiency criteria  the cost of implementing a complex protection plan 

Mathematical model of the problem 

a) objective function: minimum cost of implementing an integrated information protection plan 





m

i

iixc
1

                                                 min 

b)  limiting the number of events in each group 

        m) ..., 2,  1,(i                 maxmin  KxK i  

c)  restriction on the total amount of work 

                                                         
1





m

i

плi кx  

d)  restriction on the quality of protection 
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e)  boundary conditions ensuring the positivity of the solution: 

0ix  

Second version of the problem statement. The criterion of efficiency is the total volume of the implemented pro-

tection functions or the deviation of the quality indicator of the protection from the planned quality level. 

Mathematical model of the problem 

                                                  max
1




m

i

ix

 
or minimum of quality deviation from the planned target: 

                                             mina - a пл 
 

Where                                           

1

1








m

i

i

m

i

ii

x

ax

a .

 
Solving the same problem according to various optimality criteria allows us to make a comparative analysis of 

the solutions obtained and to increase the validity of the solution. 

As an illustrative material, the task of forming a complex protection plan for an object is given.  

It is proposed to include three types of measures in the protection plan: legislative measures (No. 1), organiza-

tional and technical measures (No. 2), and technological measures (No. 3). Each of the groups of measures allows you to 

implement two types of functions: protection against unauthorized access, protection against infections. The numerical 

values of the parameters for each group of protections are given in Table 3. The minimum and maxim um values of the 

implemented functions are presented in terms of value. 

Table 3 

The numerical values of the parameters for each group of protective equipment 

 

Group 

number 

Minimum number  

of implemented  

functions 

m 

Protection 

against 

unauthorized 

access % 

Malware 

protecti

on % 

Total number  

of implemented 

functions 

% 

Maximum number  

of implemented  

functions 

Costs  

of implementation  

of the plan 

(m.u.) 

1 2 3 4 5 6 7 

1 22 14 2 75 24 14 

2 25 20 0,8 60 28 10 

3 15 16 1,2 75 17 12 

Plan       

 

 

https://translate.academic.ru/infection/ru/en/
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Mathematical model of the problem 

Performance criterion 

W=14x1 + 10x2 + 12x3  

System of restrictions 

a) the total number of implemented functions  

0,75 x1 + 0,6 x2 + 0,75 x3  

b) by the number of implemented functions for each group 

1  

25 2   

3   

c) restrictions on the implementation of the protection function from unauthorized access  

0,14x1 + 0,2x2 + 0,16x3 1 + x2 + x3) 

d) restrictions on the implementation of the protection function against malicious software 

0,02x1 + 0,008x2 + 0,12x3 1 + x2 + x3) 

Boundary conditions: 1÷9  

After reducing the system of restrictions to the canonical form 

0,75 x1 + 0,6 x2 + 0,75 x3  x4 = 35 

x1 + x5 = 24 

x1 - x6 = 22 

x2 + x7 = 28 

x2  x8 = 25 

x3 + x9 = 17 

x3  x10 = 12 

-0,03 x1 + 0,03 x2  0,01 x3 + x11 = 0 

0,008 x1 - 0,006 x2  0,002 x3 + x12 = 0 

The problem is solved using standard software. 

Conclusion. Thus, it can be argued that the mathematical model of the information security system allows you 

to find a set of components, their quantitative ratio that meets the specified technological requirements for the quality of 

object protection, as well as the requirements of the adopted criterion (minimum cost price or maximum profit) ).  

Modeling, as an indispensable condition for the scientific substantiation of the effectiveness of protection, d e-

termining the price of an issue and the degree of risk, allows the decision maker to form the concept of complex protec-

tion of information objects, to determine strategic and tactical solutions to problems associated with maintaining the 

level of security of an object. 
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Abstracts. In today's world, nuclear power is highly dependent on the closing components of the nuclear fuel cycle and, in pa r-

ticular, on the long-term storage of spent nuclear fuel (SNF) and the possibility of its processing.  

Materials and methods, results. The paper describes the methodology and results of thermal calculation of the canister load-

ed with ampoules with spent nuclear fuel (SNF) RBMK-1000, modeling was performed using the ANSYS Fluent package, numerical 

modeling of directly convective heat exchange in the inter-module space and flow around the storage slot was performed. The maximum 

temperature of fuel rods with different methods of loading SNF into the canister has been determined. The proposed layout of the PT 

inside the storage case, sustained a shorter period compared to the nominal load. A justification of the thermal safety of the proposed 

load was made. 
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Abstracts. He article is devoted to the development of an optical-electronic system for monitoring the angles of installation of 

the controlled wheels of a car.  

Materials and methods. An optoelectronic circuit of a stand that implements a kinematic method for controlling the position 

of the axis of rotation using the dependence of the change of the trajectory of the luminous mark in a rotating mirror on the  position of 

the axis of rotation and the angle of inclination of the normal vector of the mirror to the axis of rotation is proposed. 

Result. Analytical dependences are obtained, allowing to simplify the procedure for calculating the monitored parameters 

(convergence and camber angles) and to ensure the required accuracy of control. Experimental evaluation of the accuracy of the control 

device. On the basis of the conducted research, recommendations on the choice of parameters of the device that implements the  control of 

the position of the rotating plane are given. 

Conclusion. The use of the proposed optical-electronic control system,as shown by theoretical and experimental studies, will 

reduce the time spent on diagnosis and improve the accuracy of the control procedure by eliminating the influence of subjective errors. 

Key words: optical control, car wheel mounting control, rotation axis position, mirror transducer, rotating single mirror. 

 

. 

 

  

 

 

mailto:doz-ku@rambler.ru


 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     57 

 

 

D 

 

 

.  

  

 

 

 

 

 

 

X Y  Z  

XYZ Z XX  

 YY   . 

X Y. 

 3.  

 



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

58     Выпуск #1, 2019 

 
.  

 

 
.  

 

стенд с беговыми 

 барабанами 

устройства 

контроля  

положения 

плоскости 
вращения  

колеса 

зеркальные преобразователи  

с устройством фиксации его  

на ободе колесе 

блок обработки  

информации 

вычислительный блок устройства контроля 

положения плоскости 

вращения колеса 



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     59 

 
.  

 

r1
 r1



1  

tg
r

l b tg
2 1

1

( )
( )

 
 

 


  
 ; 

        (1) 

tg
r

l b tg
2 1

1

( )
( )

 
 

 


  
 

2: 

tg
r

l b tg
2 2

2

( )
( )

 
 

 


  
 

 (2)  

tg
r

l b tg
2 2

2

( )
( )

 
 

 


  
, 

  Z,  - Z Z, l  

X, b1 b2  

 

 

b = b1 + b2 ,                                                                                         (3) 

b  1 2   

 

 
  









 

 





















1

4 1 2 2 1

arccos arccos








b

r r b

b

r r b
 ,                                                    (4) 

 
  









 

 





















1

4 1 2 2 1

arccos arccos








b

r r b

b

r r b
 ,                                                     (5) 

b

r

tg

r

tg

tg tg1

1 1

2 2











  

( ) ( )

( ) ( )

   

   
 ,                                                                       (6) 

Z

z

r1

r1

o1

o2

r2

r2

b2

b1

C

Xx





O



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

60     Выпуск #1, 2019 

l
r

tg
b tg




  1

1
2( )

( )
 

   .                                                                      (7) 

. 

  - 5

 030 2  

 

 1) 

 

 

 

 

  

l  

  b= 

; 

  

bx by ; 

   = 

1  = 1. 

x =   

 

20 , 5. 

 
.  = f (  = f ()  



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     61 

 
.  = f (  = f() 

 

 

  

 ; 

  

 

 

20  

. -

 

 

 

1.   . 413  

2. G01B11/275 Measuring arrangements characterised by the use of optical means for measuring 

angles or tapers; for testing the alignment of axes for testing wheel alignment Daniel B. January, 1995-12-28 

3. Bosch FWA 9000  -automotive-  

4.  012202054A1 GermanG01B11/2755, Measuring arrangements characterised by the use of optical means 

for measuring angles or tapers; for testing the alignment of axes for testing wheel alignment using photoelectric detection m eans  

5.    

- .  

6. -  

 8. -89. 

 

REFERENCES 

1. Tipazh i tekhnicheskaya ekspluatatsiya oborudovaniya dlya avtoservisa / Pershin V. A.i dr. Rostov: Feniks, 2008. 413 s. 

cal means for measuring angles 

or tapers; for testing the alignment of axes for testing wheel alignment Daniel B. January, 1995 -12-28 

3. Bosch FWA 9000  Rezhim dostupa: http://www.fwa9000.com/en/bosch-automotive-aftermarket/ ot 22.04.2018 

12202054A1 GermanG01B11/2755, Measuring arrangements characterised by the use of optical means for 

measuring angles or tapers; for testing the alignment of axes for testing wheel alignment using photoelectric detection means 

5. Sarvin A.A., Kul'chitskii A.A., Naumova A.K. Opticheskie metody beskontaktnykh izmerenii lineinykh peremeshchenii 

SPb.: Izd-vo SZTU, 2011, 195 s. 

6. Optiko-elektronnyi kinematicheskii kontrol' polozheniya ploskosti vrashcheniya Kul'chitskii A.  A., Sarvin A. A. (stat'ya). 

Mezhvuz. sb. Mashinostroenie i avtomatizatsiya proizvodstva Vyp. 8. SPb.: SZPI, 1998. S. 86-89. 

 

 

,  

https://patents.google.com/?q=G01B11%2f275
https://patents.google.com/?inventor=Daniel+B.+January
https://patents.google.com/?before=priority:19951228
https://patents.google.com/patent/DE102012202054A1/de
https://patents.google.com/patent/DE102012202054A1/de


СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

62     Выпуск #1, 2019 

 

 

- -  

-mail: doz-ku@rambler.ru 

Kulchitskiy Alexander Alexandrovich, Candidate of Technical Sciences, Associate Professor, Department  

automation of technological processes and production, Saint-Petersburg, E-mail: doz-ku@rambler.ru 

 

,  

- -  

E-mail: erke7@mail.ru 

Mansurova Olga Karybekovna, Candidate of Technical Sciences, Associate Professor,  

Department automation of technological processes and production, Saint-Petersburg, E-mail: erke7@mail.ru 

 

 

- -  

 E-mail: abit@cde.ifmo.ru 

Boltunov Georgy Ivanovich, Candidate of Technical Sciences, Senior Researcher, Department of Control  

Systems And Informatics, Saint-Petersburg, ITMO University, E-mail: abit@cde.ifmo.ru 

 

 

  



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     63 

 . .  [A. G. Losev] 

. .  [E. A. Mazepa] 

. .  [Kh. M. Suleymanova] 

 

 

DOI 10.33236/2307-

-2019-25-1-63-71 

 

  

 

 ANALYSIS OF THE DATA OF MICROWAVE RADIOMETRY  

AND THE HYPOTHESIS ON THERMOASYMMETRY 

 
 , E-mail: allosev59@gmail.com 

 

. 

 

. 

 - 

 

. -

-

   

 

. 

- 

 

  

 

 

Annotation. One of the urgent tasks facing medicine, mathematics, computer science and information technology is the devel-

opment and implementation of effective decision support systems. Such systems, using the methods and algorithms of machine le arning, 

should help specialists in the problems of diagnosis, disease prognosis, etc. 

Materials and methods. This study is devoted to the analysis of statistical verification of one of the main assumptions of the 

data mining of microwave radiometry  the hypothesis of "mirror" symmetry of temperature fields of the right and left mammary glands 

of patients. 

The article presents the following results. First, it is shown that the temperature data of the mammary glands obtained by mi-

crowave radiometry can be attributed to the normal distribution. Second, steam room revealed a low correlation relationship with each 

other quantities describing a point-by-point thermoasymmetry right and left mammary glands. The validity of the "mirror" symmetry 

hypothesis in the group of healthy patients is also shown. Asymmetry of data was revealed in the group of "Patients" at points 0 and 6. In 

addition, a statistically significant difference between the thermometric data in the group of patients and healthy patients was proved by 

the value characterizing the asymmetry of the temperature fields of the mammary glands. 

Conclusion. The paper is devoted to the statistical verification of one of the main assumptions of intelligent analysis of micro-

wave radiometry data - the hypothesis of "mirror" symmetry of temperature fields of the right and left mammary glands of patients. 

Key words: data analysis, microwave radiometry, hypothesis of "mirror" symmetry of temperature fields. 
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Abstract. This article discusses methods for describing and modeling the properties of new nanostructured materials that co n-

tain systems and structures with sizes from tens to thousands of angstroms (or 1-100 nm). For such systems, the characteristic quantum 

interference effects: giant enhancement of the dielectric permittivity, abnormal conductivity, a giant heat resistance, etc. These p henome-

na belong to a new, existing 20-25 years, the field of physics of low-dimensional and nanostructured systems (mesoscopic physics).  

Materials and methods. To understand the electrophysical properties of silicon carbide ceramics, it is of great interest for re-

searchers to study the behavior of dielectric permittivity in the SiC-AlN system, as well as the thermal conductivity of triglycin sulfate 

crystals. 

In the present work shows the application of methods of dynamic green functions (MDFG) and formulas of the type Kubo -

Greenwoods modeling and description of the properties of mesoscopic systems (nanostructured materials, wide band  gap semiconduc-

tors). Within the framework of the presented approach, models are proposed, calculations are carried out and interpretation o f a num-

ber of anomalous effects in wide-band materials of power electronics is given. 

Results. The results of calculations of properties and mesoscopic effects in wide-band semiconductors and nanostructured ma-

terials of specific systems allow us to hope that the approach of MDF and formulas of the Cubo -Greenwood type are applicable to de-

scribe a wide range of properties in nanostructured and mesoscopic materials. In this work the calculations of the dependence of the 

thermal conductivity K(T) for crystals of tryglycinsulfate (TGS) and are shown [1-2] that the anomalous behavior of the curve K(T) near 

TC in TGS crystals due to the rather narrow temperature range, which pronounced critical fluctuations in uniaxial crystals of  TGS. 
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Conclusion. Despite the progress made in the study of structural, elastic, thermal, electrical properties of SIC -based ceramics, 

the behavior of the dielectric properties of silicon carbide ceramics has not been sufficiently studied. In this regard, it s hould be noted a 

small number of works aimed at theoretical research, modeling and interpretation of the effect of a giant increase in the dielectric con-

stant of SIC-AlN systems, as well as other composite materials [1-5]. 

Key words: nanostructured material, dielectric permeability, nanoscale solid solutions. 
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Abstract. The Use of solar and wind energy as an alternative source is an actual and promising direction of renewable energy 

sources.  

Materials and methods. The problem of maximizing the profit from the sale of electricity in a system with solar-wind power 

plants is formulated, taking into account the limitations on the technical indicators of the charge -discharge process of the battery. A new 

approach to finding the total cost of a combined micro-power plant with subsequent optimization through multivariate analysis of the 

results was applied. The mathematical model of calculation of the total annual cost of the combined installation on the basis of RES is 

derived on the basis of the additive law of summation of costs.  

Results. A comparative assessment of the daily control of the system in the implementation of the accumulated energy accord-

ing to the Directive rules and optimized algorithm is given 

Conclusion. Experimental studies allow us to draw the following conclusions: 

 The improvement of the VMS is reduced to the optimization of the battery charge-discharge cycle, technically implemented 

with the help of the BMS control subsystem. 

1.Of the known optimization methods, dynamic programming is the preferred method. The stat ement of the problem by the 

DP method consists of a target function that maximizes the daily profit from the sale of electricity to consumers, and limiting inequalities 

for the technical indicators of the charge-discharge cycle of the battery. 
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2. An example is given to optimize Svaws into account the differentiated tariffs for electricity and the cost of production of e n-

ergy showed the advantages of planning the charge-discharge cycles of the battery of the DP method compared with the traditional pre-

scriptive rules for the accumulation and sale of energy. 

Key words: Solar and Wind Power Generation System, Power Supply, Energy Storage System, Accumulator Charge and 

Discharge, Electrical Energy Cost, Dynamic Programming Method. 

 

. 

  

-

-  

 -

 

. -

-

 

 

 

  

 

 

- -

-

  

   

          

    -       

 . 1 [8]. 

 

~
=

...

Iзар

Iраз
Распределитель 

энергии
Аккумулятор Нагрузка

Ветрогенератор

Солнечные 
панели

 
. 1. -  

 

 

BMS) [9].  



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     81 

, 11 BMS -

зарI  

разрI ,  

-  

 

  maxC
-

 

 SOC) 
maxCCSOC  ,  

t

dttIC
0

  

 tI     1,0SOC   

100%   ;  

 DOD) SOCDOD  %100 ; 

  (opencircuitvoltage, OCV)
OCVU    

0I ; 

 SOH)  

SOC

 

 зарI разрI C C  

 

-

nI nn tCI ном

nI  n- номC  

t=n  

- (Ni-

  55,02,0 II разр  . 
55 II разр 

 

 

-

SOH [13]. 

   

 . 2 



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

82     Выпуск #1, 2019 

-

 

 

0

  |            |           |            |            |           |            |            |            |            |           |            |    

2 4 6 8 10 12 14 16 18 20 22 24 t

  
| 

  
  
  
  
  
 |

  
  
  
  
  
 |

  
  
  
  
  
  
| 

  
 

0,05

0,10

0,15

0,20

0,10,1 0,1

0,15 0,15

0,05

0,2 0,2

0,04 0,04
0,02 0,02

$/kWhPrice

 
. 2.  

 

]. 

EEG 

 

 

 

-

 

    

 

   [20] [21] 

  

 

     

 

   

 

 

 

-  

 



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     83 

n-   lп sW  

 

 

l- SOC k-  

         llksmck
u

lk SWpccufSW  ,,max ,                                                         (1) 

 lS   l- SOC(l); 

  lk SW   l- k-    smck pccuf ,,   

u k- cc   the cost charge); mc   

SOC (the cost of maintenance sp   

the profits from the sale cc  mc  

sp    

 

      
u

n

k

llnsmck SWpccufF max,,
1

** 



.                                                        (2) 

 

   tSOCStSOC l maxmin  ;                                                                      (3) 

   tSOHtSOC max ;                                                                             (4) 

        UtkPlkSkStSOC load  ,1minmin
.                                        (5)  

SOC 

t

k- SOC  lkS ,1  

tSOCUIUPload  раз U  

   kSlkSSOC min,1  ; t  - SOC . 

 

 

 

 

 

 

 

 
kWh  

00-  04-  08-  12-  16-  20-  

 0,4 0,16 0,08 0,08 0,16 0,4 

 
0,2 0,4 0,6 0,8 0,8 0,6 

 

 

    



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

84     Выпуск #1, 2019 

k, l k+1, l

k+1, l+1

k+1, l-1

ps

cc

cm

 
. 3.  

 

. 

-t  k=1, 2, 

- SOC . 

SOC 90 -
NSOCSOC max15,0  9,0;...;3,0;15,0lS  

6,...,2,1l . 

 

  |            |           |            |            |           |            |            |            |            |           |            |    
4 8 12 16 20 24 t

  
| 

  
  
  
  
  
  
  
  
  
  
  
 |

  
  
  
  
  
  
  
  
  
  
  

  
 |

  
  
  
  
  
  
  
  
  
  
  

  
| 

  
  
  
  
  
  
  
  
  
  
  
  
| 

  
  

  
  
  
  
  
  
  
  
  
 |

  

1

3

2

- 0,16

l

4 8

4

k1 2 3 4 5 6 7 8

- 0,4

- 0,08

- 0,4

- 0,16

0,8

0,6

- 0,08

2,4

1,2

0,8

0,4

1,6

2,0

- 0,01 - 0,01

- 0,01 - 0,01

5

6

SOC

0,90

0,75

0,60

0,45

0,30

0,15

0

- 0,01 - 0,01 - 0,01 - 0,01 - 0,01

0,8

0,6

0,2 0,4

У
с

р
е

д
н

е
н

н
а

я
 с

т
о

и
м

о
с

т
ь

 н
а

к
о

п
л

е
н

н
о

й
 э

л
е

к
т
р

о
э
н

е
р

ги
и

 
. 4.  

 

 

 
4зар 15,0 III разр 

(32-

t  

lS ) 

 luk

*
 k

  lk SW   luk

*
 

. 2 5. 

 

 



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     85 

 

n- n-1)-  

lS  

      lnnln sWufsW 1  
*u  

n-  lS  

      lnnln sWufsW   11
 *u  

(n-1)-

 
)( spu  )( mcu  )( ccu  )( spu  )( mcu  )( ccu  

1 - 0,39 0,64 )( ccu  1 - 0,63 0,64 )( ccu  

2 0,8 0,64 1,04 )( ccu  2 0,84 1,03 1,04 )( ccu  

3 1,2 1,04 1,44 )( ccu  3 1,24 1,34 1,44 )( ccu  

4 1,6 1,44 1,84 )( ccu  4 1,64 1,83 1,84 )( ccu  

5 2,0 1,84 2,24 )( ccu  5 2,04 2,23 2,0 )( mcu  

6 2,4 2,39 - )( spu  6 2,44 2,39 - )( spu  

 

 

- -  

lS  

      ll sWufsW 766   *u  

 lS  

      ll sWufsW 655   *u  

 )( spu  )( mcu  )( ccu  )( spu  )( mcu  )( ccu  

1 - 0,63 0,64 )( ccu  1 - 0,63 1,08 )( ccu  

2 1,24 1,03 1,04 )( spu  2 1,44 1,23 1,48 )( ccu  

3 1,64 1,43 1,44 )( spu  3 2,04 1,63 1,88 )( spu  

4 2,04 1,83 1,83 )( spu  4 2,44 2,03 2,28 )( spu  

5 2,44 2,22 2,04 )( spu  

 

 

- -  

lS  

      ll sWufsW 544   *u  

 lS  

      ll sWufsW 433   *u  

 )( spu  )( mcu  )( ccu  )( spu  )( mcu  )( ccu  

1 - 1,07 1,40 )( ccu  1 - 1,39 1,88 )( ccu  

2 1,88 1,47 1,96 )( ccu  2 1,46 1,95 2,28 )( ccu  

3 2,28 2,03 2,36 )( ccu  

 

 

 - -  

ls  

      ll sWufsW 322   *u  

 ls  

      ll sWufsW 211   *u  

 )( spu  )( mcu  )( ccu  )( spu  )( mcu  )( ccu  

1 - 1,87 2,12 )( ccu  1 - - 1,72 )( ccu  

 

 

 

 

 



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

86     Выпуск #1, 2019 

  |            |           |            |            |           |            |            |            |            |           |            |    
4 8 12 16 20 24 t

  
| 

  
  
  
  
  
  
  
  
  
  
  
 |

  
  
  
  
  
  
  
  
  
  
  

  
 |

  
  

  
  
  
  
  
  
  
  
  
  
| 

 

1

3

2

2,12

- 0,16

l

2,28

2,36

1,64

0,64

1,72
4 8

1,04

1,44

4 1,6

k1 2 3 4 5 6 7 8

- 0,4

- 0,08
0,8

- 0,4
0,8

- 0,4

- 0,16

2,44

1,64

0,8

0,6
2,24

2,16

2,0

1,6

- 0,08

SOC

0,60

0,45

0,30

0,15

 
. 5.  

 

 

. 

 

. 

%60SOC  ( 4l

4зар 15,0 III разр 

 

 

  |            |           |            |            |           |            |            |            |            |           |            |    

8 12 16 20 24 t

  
| 

  
  
  
  

  
  
  
  
  
  
  
 |

  
  
  
  
  
  
  
  
  
  
  

  
 |

  
  
  
  
  
  
  
  
  
  
  

  
| 

  
  
  
  
  
  
  
  
  
  
  
  
| 

  
  
  
  
  
  
  
  
  
  
  

 |
  

1

3

2

- 0,16

l

4 8

k
1 2 3 4 5 6

- 0,08

- 0,4 - 0,16

0,8

0,6

- 0,08

2,4

1,2

0,8

0,4

1,6

2,0

- 0,01 - 0,01 - 0,01

5

6

SOC

0,90

0,75

0,6

0,45

0,30

0,15

0

- 0,01 - 0,01 - 0,01

- 0,01

0,8

0,6

0,2

0,4

У
с

р
е

д
н

е
н

н
а

я
 с

т
о

и
м

о
с

т
ь

 н
а

к
о

п
л

е
н

н
о

й
 э

л
е

к
т
р

о
э
н

е
р

ги
и

- 0,4

0,6 0,2

 
. 6.  

 

 

. 

 



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     87 

12 16 20 24 40 08 t

  
| 

  
  
  
  
  
  
  
  
  
  
  

 |
  
  
  
  
  
  
  
  
  
  
  
  

 |
  
  

  
  
  
  
  
  
  
  
  
  
| 

 

1

3

2

l

3,24

1,48

0,64

8

1,04

1,44

1,6

k1 2 3 4 5 6

0,8

- 0,4

0,8

- 0,4

- 0,16

2,44

1,64

0,8

0,6

2,24

- 0,08

0,8

3,16

5

0,62,84

0

SOC

0,75

0,45

0,30

0,15

0,6

 
. 7.  

 

 

 

 

 

1. 

-

. -

BMS. 

2. 

-  

3. 

-

 

 

 

1.  -

-108. 

2.  

    .  59-66. 

3.   

 -55. 

4.            -

  //     -123. 

5. Kanchev H., Lu D., Colas F., Lazarov V., FrancoisB. Energy Management and Operational Planning of a Microgrid 

Witha PV-Based Active Generator for Smart Grid Applications. IEEE Transactions on Industrial Electronics. 2011, Volume: No.10 , 

P.4583 4592. DOI: 10.1109/TIE.2011.2119451. 

https://cyberleninka.ru/journal/n/vestnik-astrahanskogo-gosudarstvennogo-tehnicheskogo-universiteta
https://cyberleninka.ru/journal/n/izvestiya-orenburgskogo-gosudarstvennogo-agrarnogo-universiteta
https://cyberleninka.ru/journal/n/vestnik-donskogo-gosudarstvennogo-tehnicheskogo-universiteta
https://ieeexplore.ieee.org/author/37590805400
https://ieeexplore.ieee.org/author/37533455600
https://ieeexplore.ieee.org/author/37601473000
https://ieeexplore.ieee.org/author/37296694900
https://ieeexplore.ieee.org/author/37270029700
https://doi.org/10.1109/TIE.2011.2119451


СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

88     Выпуск #1, 2019 

6. Mohammadi S, Mozafari B, Solimani S. Optimal operation management of microgrids using the point estimate method 

and firefly algorithm while considering uncertainty. Turkish Journal of Electrical Engineering & Computer Sciences. 2014; 22:  P.735-

753. doi:10.3906/elk-1207-131. 

7. Riffonneau Y, Bacha S, Barruel F, Ploix S. Optimal power flow management for grid connected PV systems with batter-

ies. IEEE Transactions on Sustainable Energy. 2011; Volume: 2 , Issue: 3 , P.309-320. DOI: 10.1109/TSTE.2011.2114901. 

8. Kaabeche A., Belhamel M., Ibtiouen R. Sizing optimization of grid-independent hybrid photovoltaic/ wind power gen-

eration system. Energy, 2011, vol.36, pp. 1214 1222. DOI: 10.1016/j.energy.2010.11.024. 

9. Pistoia G. (ed.). Lithium-Ion Batteries: Advances and Applications. Newnes, 2014. 634 p. 

10. Robert Foster, MajidGhassemi, Alma Cota. Solarenergy: RenewableEnergyandtheEnvironment. CRCPress, Tay-

lor&FrancisGroup, 2010. 382 p. 

11.  -

 -44. 

12.  

(117). 2013. -257. 

13. 

converters in an isl . Electron, vol. 22, pp. 1919 1927, Sep. 2007. 

14. J.K. Gruber, F. Huerta, P. Matatagui, M. Prodanovic. Advanced building energy management based on a two-stage re-

ceding horizon optimization. AppliedEnergy, 2015, Volume160, p.194-205.doi: 10.1016/j.apenergy.2015.09.049. 

15. WangC., NehrirM. H. Powermanagementofastand-alonewind/ photovoltaic/fuelcellenergysystem, IEEE Transactions 

on Energy Conversion. 2008, vol. 23, no. 3, pp. 957 967. DOI: 10.1109/TEC.2007.914200. 

16. Li J., Danzer M.A. Optimal chargecontrol strategies for stationary photo voltaicbattery systems, Journal of Power 

Sources.2014, Volume 258, p.365-373. doi:10.1016/j.jpowsour.2014.02.066. 

17. Purvins A., Sumner M. Optimal management of stationary lithium-ion battery system in electricity distribution grids, 

Journal of Power Sources,2013, Volume 242, P.742-755. doi:10.1016/j.jpowsour.2013.05.097. 

18. RanaweeraI, MidtardOM. Optimization of operational cost for a grid-supporting PV system with battery storage. Re-

newable Energy. 2016; 88: 262-272. doi.org/10.1016/j.renene.2015.11.044. 

19. Kaabeche A., Belhamel M., Ibtiouen R. Sizing optimization of grid-independent hybrid photovoltaic/ wind power gen-

eration system. Energy, 2011, vol.36, pp. 1214 1222. DOI: 10.1016/j.energy.2010.11.024. 

20. Lu B., Shahidehpour M. Short term scheduling of battery in a grid connected PV/battery system.  IEEE Transactions on 

Power Systems. 2005, vol. 20, no. 2, pp. 1053 1061. DOI: 10.1109/TPWRS.2005.846060. 

21. Nottrott A., Kleissl J., Washom B. Energy dispatch schedule optimization and cost benefit analysis forgrid-connected, 

photovoltaic-battery storage systems, Renewable Energy. 2013, vol.55, p. 230-240. DOI:10.1016/j.renene.2012.12.036. 

22. Ratnam E.L., Weller S.R., Kellett C.M. An optimization-based approach to scheduling residential battery storage with 

solar pv: assessing customer benefit, Renewable Energy .2015, vol.75, p.123-134. Doi:10.1016/j.renene.2014.09.008. 

23. -based maintenance optimization applied to wind turbine 

83, Jul. 2010. 

24. Li J., Danzer M.A. Optimal charge control strategies for stationary photovoltaic battery systems, Journal of Power 

Sources.2014, Volume 258, p.365-373. doi: 10.1016/j.jpowsour.2014.02.066. 

 

REFERENCES 

1. Shishkin N. D., Manchenko E. A Sistemnyi analiz i algoritmy rascheta kombinirovannykh solnechno-vetrovykh ustanovok // 

Vestnik Astrakhanskogo gosudarstvennogo tekhnicheskogo universiteta. Seriya: Upravlenie, vychislitel'naya tekhnika i informatika. 

-108. 

2. Shishkin N. D. Kompleksnaya otsenka effektivnosti energoustanovok s ispol'zovaniem vozobnovlyaemykh istochnikov 

energii // Vestnik Astrakhan -66. 

3. Grin'ko D. V. Razrabotka matematicheskoi modeli obshchei stoimosti kombinirovannoi ustanovki na osnove 

vozobnovlyaemykh istochnikov energii // Izvestiya Orenburgskogo gosudarstvennogo agrarnogo universiteta. 2014.  S.52-55. 

4. Uskov A. E. Opredelenie optimal'noi gruppy potrebitelei dlya elektrosnabzheniya s ispol'zovaniem vetro-solnechnykh el-

ektrostantsii // Vestnik Donskogo gosudarstvennogo tekhnicheskogo universiteta. 201 -123. 

5. Kanchev H., Lu D., Colas F., Lazarov V., FrancoisB. Energy Management and Operational Planning of a Microgrid Witha 

PV-Based Active Generator for Smart Grid Applications. IEEE Transactions on Industrial Electronics. 2011, Volume: No.1 0 , 

P.4583 4592. DOI: 10.1109/TIE.2011.2119451. 

6. Mohammadi S, Mozafari B, Solimani S. Optimal operation management of microgrids using the point estimate method 

and firefly algorithm while considering uncertainty. Turkish Journal of Electrical Engineerin g & Computer Sciences. 2014; 22: P.735-

753. oi:10.3906/elk-1207-131. 

https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=5896026
https://doi.org/10.1109/TSTE.2011.2114901
http://dx.doi.org/10.1016/j.energy.2010.11.024
https://www.sciencedirect.com/science/journal/03787753/242/supp/C
https://www.sciencedirect.com/science/journal/03787753/242/supp/C
https://www.sciencedirect.com/science/journal/03787753/242/supp/C
https://doi.org/10.1016/j.jpowsour.2013.05.097
http://dx.doi.org/10.1016/j.energy.2010.11.024
https://doi.org/10.1109/TPWRS.2005.846060
https://www.sciencedirect.com/science/journal/03787753/242/supp/C


 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     89 

7. Riffonneau Y, Bacha S, Barruel F, Ploix S. Optimal power flow management for grid connected PV systems with batteries. 

IEEE Transactions on Sustainable Energy. 2011; Volume: 2, Issue: 3, P.309-320. DOI: 10.1109/TSTE.2011.2114901. 

8. Kaabeche A., Belhamel M., Ibtiouen R. Sizing optimization of grid-independent hybrid photovoltaic/ wind power genera-

tion system. Energy, 2011, vol.36, pp. 1214 1222. DOI: 10.1016/j.energy.2010.11.024. 

9. Pistoia G. (ed.). Lithium-Ion Batteries: Advances and Applications. Newnes, 2014. 634 p. 

10. Robert Foster, MajidGhassemi, Alma Cota. Solarenergy: RenewableEnergyandtheEnvironment. CRCPress, Tay-

lor&FrancisGroup, 2010. 382p. 

11. Kozyukov D. A., Tsygankov B. K. Kontrollery zaryada-razryada akkumulyatornykh batarei solnechnykh fotoelektrich-

-44. 

12. Chupin D. . 2013. 

S. 253-257. 

1927, Sep. 2007. 

14. J. K. Gruber, F. Huerta, P. Matatagui, M. Prodanovic. Advanced building energy management based on a two-stage re-

ceding horizon optimization. AppliedEnergy, 2015, Volume160, p.194-205.doi: 10.1016/j.apenergy.2015.09.049. 

15. WangC., NehrirM. H. Powermanagementofastand-alonewind/ photovoltaic/fuelcellenergysystem, IEEE Transactions 

on Energy Conversion. 2008, vol. 23, no. 3, pp. 957 967. DOI: 10.1109/TEC.2007.914200. 

16. Li J., Danzer M.A. Optimal chargecontrol strategies for stationary photo voltaicbattery systems, Journal of Power 

Sources.2014, Volume 258, p.365-373. doi:10.1016/j.jpowsour.2014.02.066. 

17. Purvins A., Sumner M. Optimal management of stationary lithium-ion battery system in electricity distribution grids, 

Journal of Power Sources,2013, Volume 242, P.742-755. doi:10.1016/j.jpowsour.2013.05.097. 

18. Ranaweera I, Midtard O. M. Optimization of operational cost for a grid-supporting PV system with battery storage. Re-

newable Energy. 2016; 88: 262-272. doi.org/10.1016/j.renene.2015.11.044. 

19. Kaabeche A., Belhamel M., Ibtiouen R. Sizing optimization of grid-independent hybrid photovoltaic/ wind power gen-

eration system. Energy, 2011, vol.36, pp. 1214 1222. DOI: 10.1016/j.energy.2010.11.024. 

20. Lu B., Shahidehpour M. Short term scheduling of battery in a grid connected PV/battery system. IEEE Transactions on 

Power Systems. 2005, vol. 20, no. 2, pp. 1053 1061. DOI: 10.1109/TPWRS.2005.846060. 

21. Nottrott A., Kleissl J., Washom B. Energy dispatch schedule optimization and cost benefit analysis forgrid-connected, 

photovoltaic-battery storage systems, Renewable Energy. 2013, vol.55, p. 230-240. DOI:10.1016/j.renene.2012.12.036. 

22. Ratnam E. L., Weller S. R., Kellett C. M. An optimization-based approach to scheduling residential battery storage with 

solar pv: assessing customer benefit, Renewable Energy .2015, vol.75, p.123-134. Doi:10.1016/j.renene.2014.09.008. 

-based maintenance optimization applied to wind turbine 

y, vol. 1, no. 2, pp. 77 83, Jul. 2010. 

24. Li J., Danzer M.A. Optimal charge control strategies for stationary photovoltaic battery systems, Journal of Power 

Sources.2014, Volume 258, p.365-373. doi: 10.1016/j.jpowsour.2014.02.066. 

 

 

 

 

-  1, fovin@mail.ru  

Fedorenko Vladimir Vasil`evich, Doctor of Technical Sciences, Professor of Department of Applied  

Mathematics and Mathematical Modeling, Institute of Mathematics and Natural Sciences, North-Caucasus 

Federal University, Stavropol, Pushkina str. 1, fovin@mail.ru 

 

 

-  

 1, vvs_stv@mail.ru 

Samoylenko Vladimir Valer`evich, Candidate of Technical Sciences, Associate Professor of Department  

of Construction of Oil and Gas Wells, Institute of Oil and Gas, North-Caucasus Federal University,  

Stavropol, Pushkina str. 1, vvs_stv@mail.ru 

 

    

-  

 1, azabws@mail.ru 



СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

90     Выпуск #1, 2019 

AzabVahibSaleh Ali, PhD Student of Department of Applied Mathematics and Mathematical Modeling,  

Institute of Mathematics and Natural Sciences, North-Caucasus Federal University, Stavropol, Pushkina str. 1, 

azabws@mail.ru 

 

 

-  

 1, stvirishka@mail.ru  

Samoylenko Irina Vladimirovna, Master's Degree Student of Department of Applied Mathematics  

and Mathematical Modeling, Institute of Mathematics and Natural Sciences, North-Caucasus Federal  

University, Stavropol, Pushkina str. 1, stvirishka@mail.ru 

 

 

  



 

СОВР ЕМЕННАЯ  НАУКА  И  ИННОВАЦИИ  

Выпуск #1, 2019     91 

 

 

 

 

519. 876. 5 

DOI 10.33236/2307-

-2019-25-1-91-99 

 

. .  [M. M. Mardoyan]1 

. .  [G. L. Bondareva]2  

. .  [E. S. Levitskiy]2 

 

 

 

  

 

 THE USE OF DISTRIBUTED CONTROL SYSTEMS IN THE OPERATION  

OF ESSENTUKI MINERAL WATER FIELD 

 
1  -

-mail: micam@yandex.ru. 
2 -mail: bondarevagl@kavminkr.ru 

 
 

 

 

 

. 

 

 

: 

 

 

Abstract. The article describes the Essentuki Deposit, given the existing problems in the operation of wells, indicated the need 

for mathematical modeling in the determination of rational modes of production wells.  

Methods and results. The graphs of regime observations showing the dependence of changes in hydrodynamic and hydro-

chemical parameters of production wells depending on the volume of mineral water flow rate are presented. The hydrogeological  section 

of the site is presented, the mathematical model is made, the physical characteristics are given.  

Conclusion. A mathematical model of the field site is presented, which allows to develop a distributed controller that ensures 

the operation of the site in accordance with the specified parameters. 

Key words: mineral water, hydrolithosphere, Essentuki field, mathematical model, multilayer reservoirs system, aquifer, 

Darcy's law, hydrodynamic process. 
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Abstract. Flour confectionery products are high-calorie products with a pleasant taste and attractive appearance. The high 

nutritional value of flour products containing a significant amount of carbohydrates, fats, and proteins, is primarily due to  the nutri-

tional and biological value of the raw materials used. A promising direction to improve the nutritional value of flour confec tionery prod-

ucts is the development of recipes from non-traditional types of flour, characterized by a high content of proteins, vitamins, mineral 

compounds, dietary fiber. 

Methods and results. The use in nutrition of various anatomical parts of grain crops improves the balance of micro and mac-

ro elements, amino acids, vitamins, enzymes, carbohydrates and fats and has a positive effect on human health. 

The aim was to study the consumer characteristics of functional wafers using non-traditional types of flour. As the main raw 

material for the production of wafer sheets were used types of flour: oatmeal, millet, corn flour, whole -grain buckwheat flour from green 

buckwheat. The choice of this raw material is due to the rich mineral and vitaimn composition of the types of flour used. The  organolep-

tic (taste, smell, surface condition, form, color) and physico-chemical (moisture content, alkalinity, water absorbing ability, ash content) 

parameters of experimental product samples were studied. The calculation of food and energy value of products is made.  

Conclusion. On the basis of the conducted researches the expediency of use in technology of wafers of the whole-wheat buck-

wheat flour received from green buckwheat and also its combined use in combination with oat or millet flour is established. The products 

are characterized by light brown color, pleasant taste and aroma, have increased po rosity and high nutritional values. 

Key words: wafers, flour types, enrichment, quality, nutritional value. 
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Abstract. Features of the climate of the Kola Peninsula and the lack of income providing the human body with nutrients and 

biologically active compounds dictate the need to search for new ingredients and products of functional orientation with the use of raw 

sources of the Kola Peninsula. 

Materials and methods. The expediency of the use of domesticated reindeer meat in the creation of food, studied the possibil-

ity of expanding the market of frozen ready meals, confirmed and determined the mode and duration of storage of the product.  

Results. The recipe of the main dish "Venison stewed in berry sauce with mushrooms"was developed. The functional product 

to the level of pollution by chemical elements is investigated. The optimal storage mode and duration of the finished product  according 

SanPiN 2.3.2.1324-03. 

Conclusion. The experiments confirm the compliance of the developed culinary dish with the requirements of SanPiN 

2.3.2.1324-03 for a long shelf life. The prolonged shelf life of the dish  three months-has been confirmed. The developed semi-finished 

products can be used for various categories of the population and types of food (rational, functional and specialized) because of the low 

fat content (7.5 g/100 g product) and high protein content (19.5 g/100 g product).   

The conducted experiments confirmed the expediency and relevance of the use of domesticated reindeer meat in the creation of 

new dishes. 

Key words: domesticated reindeer meat, shock freezing, semi-finished products, microbiological research, safety indicators. 
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Abstract. Currently, in Russia and, in particular, in the regions of the North Caucasus Federal district there is an active in-

crease of the food sector market. Strong competition between enterprises stimulates the development of new forms and methods of work. 

Not only the number of guests of the region, but also health and mood depends on the organization of all the requirements providing 

quality of services and safety in catering.  

The purpose of the study. To consider the issues of ensuring the safety of products and services in the work of modern food 

sectors. On the example of non-compliance with the established requirements of food companies, the recommendations for innovative 

development of services and safety, taking into account the Russian and European experience, were worked out . 

Materials, methods, results. The article deals with the safety of products and services in the work of modern food companies. 

On the example of non-compliance with the established requirements of food companies, the recommendations for the innovative devel-

opment of services and safety, taking into account the Russian and European experience, were worked out.  

Conclusion. In the North Caucasus the development of safe forms of production and service organization will facilitate the 

development of culinary tourism and gastronomic tours; it will permit to make conditions for the stability of the economic sectors.  

Key words: food sectors, safety of products and services, European experience, analysis, development of work.  

 

Introduction. Different ways of attracting visitors are used in food sector. At the same time, enterprises are 

obliged to comply with the established state standards including sanitary, fire regulations, technical documents, other 

rules and regulations which are mandatory requirements for the safety of services for life, health, environment and 

property. [1]. The organization of work of the enterprises of the Hospitality Industry in Russia is constantly improving, 

there are new forms in the organization of production and service. Restaurant is a food company that provides the con-

sumer with food and leisure services or without leisure, with a wide range of dishes of complex manufacture, including 

specialties, alcoholic, soft, hot and other drinks, confectionery and bakery products, purchase d goods [2]. 
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 Restaurant business is one of the most difficult in the implementation of quality and safety management, ta k-

ing into account European standards. The providing of safety and services in the operation of food facilities begins at 

the stage of location selection and design. Placement and layout of production facilities of food and equipment in these 

areas should ensure consistency of technological processes of production and sales of products and meet the requir e-

ments of regulatory documents.  

The development of gastronomic tourism in the North Caucasus Federal district determines the necessity to 

design the menu for the stable operation of food companies and to expand actively new forms of work with guests. The 

perspective in gastronomic tours is the expansion of specialized enterprises with national cuisine, the development and 

use of the menu "Caucasus feast". Here, together with tourists, you can cook popular dishes of the mountain peoples, 

dishes of Russian and Cossack cuisine. This form allows the resort guests to learn more about the culture and traditions 

of the indigenous people of the region and does not require high cost.  When forming the national menu, it is necessary 

to take into account natural resources of the region, use products grown in the Federal district. This will help to stabilize 

economic development and to support domestic producers. The range of dishes for guests should include easy -to-cook, 

but delicious and spectacular to serve: hychiny, Ossetian pies. 

This range of menu creates the conditions for opening a small family restaurants and cafes with delicious local 

cuisine. Available sources of information confirm the interest in the development of national cuisine in the regions.  In 

many cities of Russia, Belarus, Kazakhstan, Georgia, etc., there are open restaurants of national and local cuisine with 

very interesting concepts: coffee shops, pubs and fast food [1, 2, 6, 7]. 

Materials and methods. Modern development of society defines new directions in the development of food 

enterprises. The menu should take into account the interest of consumers to functional products for healthy eating, a 

range of sports dishes and drinks, dishes and drinks for children, products for consumers with disabilities. [4,5].  

 Popular in the restaurant menu are dishes from ecological food raw materials in the author's presentation and 

original design. The art of decorating restaurant dishes becomes an obligatory part of modern restaurant cooking.  

New types of food products are widely used in the work of modern food sectors. The author's presentation of 

dishes using food safety involves the prevention and elimination of potential hazards that may arise at any time from the 

place of production and to the place of consumption of products.  

Since food safety hazards can happen at any stage of the process, proper risk control must be exercised in the 

operation of the food chain, from food supply to marketing. In fact, food safety can only be supported by the joint e f-

forts of all parties involved: governments, producers, trade organizations and final consumers. 

Results. According to the World Health Organization [8], 97 percent of all food poisoning is associated with 

violation of technological processes and requirements of sanitary norms and regulations.  Table 1 presents the analysis of 

violations in the work of food enterprises. 

 

Table 1 

Analysis of violations in the work of public catering enterprises 

 Review of identified violations Comment 

1.  the mandatory requirements of the sanitary legislation: 

- to collect garbage and food waste on the territory only 

one container is available  

the hard surface area is not equipped 

To collect garbage and food waste, separate containers 

with lids should be equipped, installed on sites with a 

hard coating. (2.6 SP 2.3.6.1079-01) 

2.  the production room of the organization of public food 

is not equipped  

with wash basin with hot and cold water to enable staff 

to wash hands 

At public catering enterprises, water supply should be 

provided from a centralized water supply system, with hot 

and cold water supply (article 11, article 17 Federal Law of 

-FZ, p. 3.1, SP 2.3.6.1079-01) 

3.  there is no toilet and sinks for visitors to wash hands The organization must provide separate toilets and sinks 

for staff and visitors (p.3.14 SP 2.3.6.1079-01). 

4.  used cutting boards and knives have no special marking The inventory for different types of material (fish, meat, 

vegetables, raw or cooked products) should be marked 

and kept separately (article 11, article 17 of the Federal 

Law of 30.03.1999 g No. 52-FZ, paragraph 6.5 SP 

2.3.6.1079-01). 
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5.  for washing dishes and kitchen utensils, glassware and 

Cutlery only one 2-slot washing tub is available 

treatment of ware is carried out without taking into 

account the concentration and volume of used the in-

struction about rules of washing of ware and stock is 

absent 

Washing of the dining room and kitchen utensils shall be 

made separately in two-section and three-section tubs. 

For the treatment and disinfection of ware certified means 

must be used. There should be instructions for staff to use 

them properly (PP. 3.1, 6.11, 6.21, 6.14, 6.15, 6.16 SP 

2.3.6.1079-01) 

6.  - the results of the daily assessment of the quality of 

semi-finished products and dishes with indication of the 

time of manufacture of the product, its name, results are 

not provided organoleptic assessment, including assess-

ment of the degree of readiness, time of permission for 

the distribution (sale) of products, name of manufactur-

er of product name and surname, of person who carried 

out the organoleptic assessment are not provided  

In the organization on a daily basis should be carried out 

Brackage control (organoleptic assessment) of the fin-

ished product, with the entry of the results in the "Brack-

age journal". (p. 15.1 SP 2.3.6.1079-01) 

7.  - the documents confirming quality and safety of food 

and raw materials are not provided  

- sale of finished products manufactured outside the 

public food organization is carried out in the absence of 

supporting documents  

(bill of lading, quality and safety certificates, declaration 

 

Accompanying documentation (certificates, declarations 

of conformity, vet. certificates, etc.) must be kept until the 

full sale of raw materials. Also marking labels from the 

manufacturer of production (after packing, repacking) 

should be kept. To be able to identify: the manufacturer, 

storage conditions, shelf life (clause 1, article 13, part 9, 

article 17 TR CU 021/2011, p. 1, part 4.1, Art. 4 TR CU 

022/2011). 

8.   - frozen semi-cooked products (dumplings), packed 

butter is not marked with the name and expiration date 

of products, marking labels of packaging places are ab-

sent  

- containers with ready meals stored in the refrigeration 

equipment do not have a label indicating the name and 

address of the organization-manufacturer, date and hour 

of manufacture, storage conditions and shelf life 

To control the shelf life, the workpiece must be marked, 

with the date, time of manufacturing and responsible 

person who made the workpiece (part 4.12, Art. 4 TR CU 

022/2011). 

 

Conclusion. Planned inspections which can be carried out no more than 1 time in 3 years in the same ente r-

prise (organization) on the basis of the approved plan. The specified plan is placed in the General access on the website 

of Rospotrebnadzor (consumer watchdog).  

Unscheduled inspections are usually carried out on the basis of complaints received from consumers, as well as 

from public authorities, after the signals about low-quality products and, as a result, mass poisoning and diseases. Also 

such action can be carried out for control of execution of earlier issued instructions about elimination of the revealed 

violations.  

 Successful activity which has a favorable impact and a positive result providing safety of production and se r-

vices delivered to consumers of the enterprise. The absence of complaints about the work of the catering company is a 

guarantee to avoid unscheduled inspections, to create conditions for the stability of the enterprise.  
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Annotation. Search of food, sposobstvuyuschih to reduce the risk of developing cancer  one of the important areas of the food 

industry. 

Materials and methods. The aim of this work is: 1) to compare the content of phenols, flavonoids, coffee beans, green tea, 

plants Ivan-tea (Chamaenerion angustifolium, comparison of antioxidant activity of extracts obtained from these types of vegetable raw 

materials obtained by:several methods of extraction (infusion, microwave irradiation, ultrasonic treatment; 2) the choice  of optimal 

extraction technology from the studied. 

Results. The total content of phenols in the studied objects, in particular for willow-tea Chamegiop aggustifolium ranges 922 

mg ha/100 g  for the extract of willow-herb (Chamaenerion angustifolium) obtained by infusion; 1486 mg ha/100 g for the extract of 

willow-herb obtained using ultrasonic treatment. The content of phenols in coffee bean extracts was 1437 mg ha/100 g and 1387 mg 

ha/100 g in green tea extracts obtained by ultrasound treatment.  It was experimentally determined that the total content of phenols in 

the ultrasonic extract of Ivan-tea is greater in comparison with extracts of coffee beans and green tea.  

Conclusion. In order to obtain the maximum content of antioxidants from vegetable raw materials: coffee beans, green tea, 

Ivan tea, it is recommended to use the method of ultrasonic treatment.  

Key words: Chamaenerion angustifolium, green tea, coffee grains, phenolic compounds, antioxidant activity, extraction . 
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Abstract. The paper explores the possibility of using flour produced from seeds of amaranth and chickpea in the production 

technology of pollock minced systems are considered.  

Materials and methods. The chemical composition of amaranth and chickpea flour was studied, which substantiates the e x-

pediency of its use as protein-containing and structure-forming additives in the production of fish molded products.  

Results. The effect of flour from seeds of amaranth and chickpea on the functional and technological indicators, in particular, 

the water-holding capacity of minced pollock systems, the weight loss of products during heat treatment and the organoleptic properties  

of the finished product were investigated. On the basis of the conducted research, the optimal content of the introduction of vegetable 

additives in the fish stuffing systems in the amount of 10.0% by weight of raw materials was established. The study of the ch emical com-

position showed that the addition of pollock from amaranth seeds and chickpea to the mincemeat of pollock enhances the nutritional 

value of the minced compositions in comparison with the control sample.  

Conclusion. On the basis of the research obtained, it seems promising to produce minced meat from pollock using amaranth 

and chickpea flour in an amount of 10.0% by weight of raw materials, which allows to improve their functional and technologic al prop-

erties, nutritional value and expand the range of protein-containing additives from domestic raw materials in the fish industry.  

Key words: amaranth flour, chickpea flour, fish farce, functional and technological properties. 
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Abstract. For wet thermolabile materials, which include wheat gluten, the static balance between the product and the envi-

ronment, occurs under the condition that the state of the "wet body  gas" does not change over time under the influence of various in-

ternal factors. At this equilibrium, the amount of moisture in the hygroscopic product depends on its type, type and energy o f moisture 

contained in it, and a number of parameters, in particular, the temperature and partial pressure of water vap or over the surface of the 

product and is important in the study of the hygroscopicity of raw materials.  

Materials and methods. The article discusses two main groups of methods for obtaining sorption isotherms  static and dy-

namic, which is used for the experimental determination of hygroscopic properties are used. Within the framework of this empirical 
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study of the hygroscopic characteristics of wheat gluten, its hygroscopicity was determined, which characterizes  the equilibrium moisture 

of the product, by means of the tensometric method of Van Bamelin. The error analysis based on statistical analysis revealed that the 

error interval of the results tends to increase at different temperatures with an increase in the relative humidity of the air.  

Results. After the implementation of a series of experiments on a desiccator pilot plant, the isotherms of moisture sorption by 

wheat gluten were obtained at air temperatures of 298K and 313K. Mathematical processing of exp erimental data is presented in the 

form of a generalized logarithmic dependence of the logarithm of water activity on temperature and moisture content. Based on the ob-

tained generalized approximating equation of sorption isotherms and knowing the relationship between the moisture content of the 

material under study and the known values of the numerical values of the water activity index, you can determine the numerical values 

of the free energy, the associated energy and the internal energy (thermal effect) of the sorption process. In the process of removing mois-

ture, the heat of evaporation associated with the material can be represented as the sum of: the heat of vaporization of free  moisture, 

heat of wetting and heat, taking into account the entropy component in the Gibbs-Helmholtz equation. 

The article also graphically presents the dependence of the specific heat energy of evaporation on the equilibrium moisture d ur-

ing the sorption of water vapor with wheat gluten. The nature of the dependences of t he specific heat energy of evaporation on the equi-

librium moisture content for the product under investigation is typical for most protein polymers and is due to various energ y forms of 

the association of moisture with the material. The inflection points on the curves correspond to the boundaries between the various forms 

of the connection of moisture with the material. 

Conclusion. The Functional dependence 23 allows, knowing the numerical values of the empirical coefficients, to determine 

the numerical values of the specific thermal energy of evaporation for substitution in the differential heat transfer equation in the simu-

lation of heat and mass transfer drying processes of the studied product.  

Key words: Thermodynamic analysis, gluten, gluten, sorption isotherms, moisture content, adsorption, thermal effect, en-

tropy. 
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Abstract. Hydrobionts  a promising food raw material for fish meal, fish oil, protein. 

Materials and methods Larvae of the black lion (Hermetia illucens L.) are a promising raw material, today there are a number 

of projects aimed at growing the black lion. We offer a technological scheme of growing black lion larvae (Hermetia illucens L.) on a new 

substrate  waste of fish-breeding installations of closed water supply.  

Results. The fundamentals of the method of theoretical calculation of the material balance of the system. The theoretical eva l-

uation of the proposed technology efficiency is carried out. The residual protein content in the excrement of diffe rent fish species was 

calculated. The bases of calculation of material balance of cultivation of a larva of a black lion on a substrate from waste of fish farms 

are defined. The technique is to determine the specific amount of protein per 1 kg of larva gro wn. 

Conclusion. The results allowed us to obtain an empirical dependence of the productivity of the economy for growing black l i-

on larvae on the productivity of the hatchery  the source of the substrate. Fish for sturgeon farms, with a capacity of 100 t/h, the perfor-

mance of the larvae of the black livingi may be of the order of 2700 t/d, or 7.4 tons/day. . 

Key words: fish flour, alternative source, protein, feed production, waste treatment. 
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INFLUENCE OF GRAPE SEED FLOUR ON THE QUALITY OF SAUSAGE BREAD 
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Abstract. Grape seeds are one of the sources of natural antioxidants, and also contain a complex of essential and functional 

components involved in the full development of the human body. Grape seed extract is a valuable source of vitamins, minerals,  fatty 

acids, tannins, etc.  

Materials and methods. The purpose of this research was to study the effect of grape seed flour on the quality of sausage bread 

Results. A study of the quality and nutritional value of flour from grape seeds was carried out. The effect of various dosages of 

non-traditional plant raw materials on the organoleptic, physicochemical, microbiological indices and nutritional value of sausag e bread 

has been studied. The practical possibility of using flour from grape seeds to increase the mineral value of meat bread is established. 

Conclusion. The influence of different dosages of unconventional vegetable raw materials on organoleptic, physico -chemical, 

microbiological parameters and nutritional value of sausage bread was studied. The practical possibility of replacing beef in the formula-

tion of food products with flour from grape seeds in an amount of up to 7.0 % for the preparation of meat products of high mineral value 

while maintaining its consumer characteristics, microbiological safety and the content of initially missing dietary fibers. 

Key words: sausage bread, grape seed meal, quality. 
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STUDY THE POSSIBILITY OF USING ORGANIC STIMULANT  

IN THE PRODUCTION OF WHEAT MALT 
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3  
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Abstract. The main type of raw materials used in the beverage and beverage technology of the beverage industry are  various 

types of cereals, used mainly in the malted form. 

Materials and methods. In order to optimize the process of malting and improve the quality of the malting product in the 

malt technology, various methods of grain processing are used. The paper shows the possibility of intensifying the malting process on the 

example of wheat through the use of a complex of organic acids.  

the 

original grain were determined, confirming the possibility of producing malt based on it.  

Results. The technology of wheat malt was developed, the parameters of the technological stages were determined, the dosage 

of the organic stimulator was recommended. The effect of a complex of organic acids on the change in the enzymatic activity of wheat 

(amylolytic and proteolytic) at all stages of malting has been investigated. The quality indicators of wheat malt, the content of amino 

acids in the finished malt were determined. 

Conclusion. The results indicate the feasibility of processing wheat with a complex of organic acids at the stage of soaking the 

grain. 

Key words: wheat malt, increased enzymatic activity, germination . 
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SOLUTION OF ENERGY RESOURCES SAVING TASKS BY REGULATION  

OF THE TEMPERATURE FIELD IN THE BAKERY CAMERA 

 

-  
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. 
 - 
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 -  3,7%  7,8% 
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Abstract. Global trends  priority directions of development of the food industry are resource saving and expansion of the 
range of the made food for fuller satisfaction of consumers. 

Materials and methods, results. The article deals with the theoretical substantiation of the possibilities of improving the bak-
ing equipment and provides recommendations for its retrofitting to ensure energy  resource-saving modes of its operation. As the object 

of investigation, the process of regulation of temperature fields in tunnel ovens of the conveyor type.  

Conclusion. Experimental studies have allowed to determine the power of the electric heater provides a minimum UPEC. This 
power was 12.3 KW. Control samples for comparing the quality of products were baked in a baking Cabinet SHPE -3 with a capacity of 

22.7 KW, in the first case, the decrease in the power of the electric heater was 15%, and in the second - 46%. UPEC was 3.7% in the first 

case and 7.8% in the second case. With an average charge of 6% for this type of product, the effects of resource saving in bo th cases are 

obvious. 

Key words: theoretical justification, energy-saving modes, regulation of temperature fields, baking chambers.  
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THE USE OF THREE PHASE AND DOMESTIC ELECTROLYZER  

FOR ELECTROCHEMICAL ACTIVATION (ECHO), DEVELOPMENT  

AND EVALUATION OF SOME PARAMETERS OF THEIR WORK FOR OPTIMAL 

FRACTIONS ECHO-WATER FOR SANITATION AND APPLICATION  

IN THE FOOD INDUSTRY 
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Abstract. Open electrochemical activation (ECHO) using semipermeable membranes requires a direct current with a potential 

difference. The processes occurring at ECHO are divided into physical (heat release, liquid - to-vapor conversion, separation of gas and 

liquid components) and chemical (formation of new strong covalent bonds and weak (hydrogen) donor-acceptor bonds). 

Materials and methods. In conducting the experiments was taken as aqueous solutions of salt of 0.5%. At the same time, o s-

mosis phenomena were observed, which shows the dependence of wettability and surface tension. To check the obtained fractions, we 

have tested various schematic diagrams of the connection of capacitive and inductive resistances to the rectifier for electro chemical acti-

vation. 

Results and discussion. In order to assess the probability of failure in the operation of the non-flowing electrolyzer to obtain 

fractions of electrochemically activated water, we have compiled its schematic diagram and replacement scheme to calculate th e proba-

bility of its failure-free operation.According to the laws of Kirchhoff and Ohm, the currents passing in each element of the device were 

calculated, and then, on the basis of reference data on the failure rate, their approximate durability was calculated.  

Conclusion. Obtaining electrochemically activated water is associated with an increase in resistance in the electrolyte, as well 

as emission on the electrode, which leads to changes in the current in the circuit. At the same time,electrochemically activa ted liquids are 

characterized by oxidation-reduction potential, which can be variously charged, and its ORP and pH can correlate, which has a benefi-

cial effect on biochemical processes, for a number of infectious diseases.  
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Abstract. In the modern world, the importance of scientific results is growing, ensuring the creation of fundamentally new 

technologies and products with new consumer properties. These research results become the basis of the country's competitiveness in 

world markets, determine the possibilities of creating a powerful economic and military potential of the state. This raises t he problem of 

developing a mathematical, algorithmic and software apparatus for modeling the characteristics of products made from such materials.  

Materials, methods, results. The interim results of the choice of the direction of research conducted in the TSPU named after 

L.N. Tolstoy in the development of a prototype of engineering software based on high-performance computing to evaluate the mechanical 

characteristics of a product manufactured using additive technologies (using selective laser sintering), taking into account the product 

manufacturing strategy. 

Conclusion. It was concluded that to increase the efficiency of calculations it is necessary to parallelize the computational pro-

cess. The rationale for the application of the mathematical apparatus of the Petri-Markov networks is presented, and mathematical de-

pendencies are obtained, allowing us to estimate the temporal computational complexity of algorithms for a wide class of parallel co m-

puting systems. 

Key words: additive technologies, Petri net, semi-Markov process, Petri-Markov net, algorithm, parallel computing system. 
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Abstract. Flour confectionery products are in great demand and popularity among the population. The main drawback of 

products is that their excessive consumption upsets the balance of diets for food substances and energy value, which is explained by the 

high content of fat, carbohydrates and low enough, and in some cases the complete absence of dietary fibers, minerals and vit amins. 

Materials, methods and results. Functional confectionery products enriched with products of berry raw materials processing 

were used as experimental samples. Organoleptic parameters were determined by evaluation according to the hedonic scale of pl easure. 

The analysis of physical and chemical parameters of experimental biscuits and cream with additives from processed berries.  

Conclusion. The addition of processed berries reduces the caloric content of confectionery products and enriches them with 

pectin substances (10% or more), vitamin C and fiber. That allows us to include ready-made biscuits and cream to functional foods. 

Key words: biscuit, cream, berries processing products, nutritional value. 
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STUDY OF BACTERIOPHAGES IN RUSSIAN DAIRY INDUSTRY  
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Abstract. For about 100 years in Russia, pure cultures of lactic acid microorganisms have been used for production. About 

three decades of their use in the conditions of the domestic dairy industry were used to study the phenomenon of phagolysis o f starter 

cultures. The publication is devoted to research on the use of bacteriophage in the milk processing industry of the Russian Federation.  

Materials and methods. The experiment used Lactobacillus test cultures, thermophilic lactic acid streptococci, bacteriophages, 

lysing test cultures of 375 lactococcal bacteriophage virions isolated at cheese factories in Russia, Belarus, Kazakhstan, Moldova; 1056 

collection cultures of the lactococcus species Lactococcuslactis subspecies: lactis, cremoris, diacetylactis. Sterile skimmed  milk (COM), 

broth from pancreatin hydrolyzed semi-liquid milk (0.65%) and dense (2.0%) agar are used as culture media for the cultivation and 

storage of lactococci and their bacteriophages in the presence of indicator cultures. hydrolyzed milk agar.  

The two-layer method of bacteriophage indication on a dense nutrient medium with the help of test cultures was used. The t i-

ter of bacteriophages was determined by sowing test cultures on a lawn and counting negative colonies (NCOE in 1 ml); phage resistance 

of lactococci was established by applying droplets of phage suspensions to the lawns of the strains under study with a content of at least  

1 × 106 NECL / ml; the ability of the bacteriophage to lyse the culture was determined after 24 hours of cultivation by the p resence of a 

lysis zone at the sites where the drops were applied; The morphology of bacteriophages was studied using electron microscopy with an 

accelerating voltage of 80 kV and a working magnification of 60,000 times on the screen.  
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Results. The studies have shown that at present, the determination of bacteriophage in serum (cottage cheese, cheese) as a 

condition for determining risk (identifying a hazard) and developing preventive effects that reduce the risk of genetic mutat ions between 

bacteriophages that lyse strains of domestic and foreign bacterial concentrates remains relevant.  

Conclusion. Phage monitoring due to the characteristics of the existing method of indication, which requires the presence of 

specific test strains, is proposed to be assigned to external laboratories  producers of starters (bacterial concentrates) for the dairy indus-

try. 

Key words: dairy industry, bacteriophage, phage monitoring, test strain. 

 

The history of using pure cultures in the Russian dairy business dates  back to the beginning of the 19th century. 

According to the opinion of S.A. Severin, Head of the Bacteriological and Agronomical Station of the Animal and Plant 

Acclimatization Society, stated in the Dairy Farm magazine in 1913, thanks to wide using the method of pure cultures in 

producing sour cream, cottage cheese, and even koumiss from cow's milk now (i.e. in 1913) "... it is time for introducing 

the method of pure cultures in our cheese making" [1]. 

By that time, there had already been separated attempts of using pure cultures in making some types of cheese 

in Russia. In 1901-

n k s  (Liflyandskiy) cheese curd and used pure cultures in its making, which resulted in a success. The labor atory 

began producing these cultures. 

In 1908 S.V. Parashchuk, Head of the Yaroslavl Laboratory improved the method of developing dry cultures by 

pre-centrifuging the liquid starter before drying. This technique allowed to increase the cell concentration a nd made it 

possible to distribute dry cultures in small portions, which significantly affected their cost.  

The experiments of using pure cultures that were not described in special literature had been carried out not 

only in scientific research, but also in practical cheese making. For example, S.A. Severin writes about the spread of 

practical using the pure culture of the usual lactic acid bacterium Bacterium lactis acidi (nowadays known as Lactococcus 

lactis subsp. Lactis) [1]. 

S. A. Korolev (1874-1932), Professor, Head of the Microbiology Department of the Vologda Dairy Farming In-

stitute puts forward prerequisites for the rational selection of cultures for cheese making. In his opinion, the species and 

race (strain) composition of the starter microflora is to be of great importance, since energy, and partly the process di-

rection, are determined not only by the number of active cells, but also by their specific features [2, 3].  

D.I. Ivanovsky (1864-1920) is well-known in Russia, since he discovered a filtering virus and became the 

founder of virology. The scientist paid his attention to the problems of soil microbiology.  

Thus, on an industrial scale, pure starter cultures have been actively used since the 1920s and 1930s. Only in the 

0 years after the beginning of using pure cultures in milk processing enterprises, cases of fermented 

microflora phagolysis have been recorded. N. N. Belousova gives the first detailed description of the virus that affects 

lactic acid cultures, i.e. bacteriophage [4, 5]. 

Lactic acid and fermented products of high quality can be produced only if the starter microflora is developed 

in them. One of the reasons for its weakening is bacteriophage [151, 162, etc.]. 5 15% of the total amount of products 

lose quality due to the lysis of microorganisms by phage fermenting. 

At the end of the last century, the phenomenon study was actively carried out in Ukraine [6, 7, 8] and, mainly, 

in the following four laboratories in Russia: 

1. All-Russian Scientific Research Institute of Butter and Cheese Making, (VNIIMS) in Uglich  nowadays it is 

a branch of Federal State Budgetary Scientific Institution Federal Scientific Centre of Food Systems named after  

V. M. Gorbatov of the Russian Academy of Sciences [9, 10]; 

2. Federal State Unitary Enterprise Experimental Biofactory of the Russian Academy of Agricultural Sciences [10];  

3. State Scientific Institution Siberian Research Institute of Cheese Making of the Russian Academy of Agricu l-

tural Sciences, in Barnaul [11]; 

4. Federal State Budgetary Scientific Institution All-Russian Research Institute of Dairy Industry (VNIMI), in 

Moscow [12]. 

Nowadays the most considerable systematic bacteriophage collection resulted from the long-term collaboration 

of VNIIMS and the Experimental Biofactory experts, with our participation as well, includes 375 virions of lactococci 

bacteriophages isolated at milk processing plants in Russia, Belarus, Kazakhstan and Moldova [13]. Among the bacter i-

ophages, there are no repeated isolates of the same phage, as it has been demonstrated by DNA / DNA hybridization 
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methods as well as the restriction analysis using EcoR I and EcoR Y endonucleases. The detected phages of thermophilic 

streptococcus are Streptococcus salivarius subsp. thermosphilus and some lactic acid rods, such as Lactobacillus planta-

rum, Lactobacillus casei, Lactobacillus helveticus. 

There is no information about phages lysing bifidobacteria. 

Classifications of lactococci bacteriophages in milk processing plants are most often described in earlier works, 

including our publications [13 17]. It should be noted that B2 phages were mostly widespread in the 90s, B1 phages [13, 

15] were spread abroad, but in the 21st century the collection has been increased with a comparatively large number of 

B1 morphotype phages [14]. There are phages, characterized by a morphological diversity, relating to the collar, basal 

plate and tail. 

This publication aims to inform the world scientific community and producers of pure cultures for the Russian 

dairy industry about the starter microflora phagolysis cases that we have registered while using imported starter cultures 

(DVS).  

On the one hand, all these cases could be attributed to an insufficient level of antiphage activities and the need 

for toughening mandatory phage monitoring [18 20]. 

On the other hand, it is a fact that the synthesis of restrictases and specific bacteria receptors belonging to the 

phage resistance mechanisms can be encoded not only by the bacterium chromosome, but also by bacterium plasmils, 

which can be relatively easily lost and acquired by cells of lactic acid microorganisms. The phage DNA can also be 

modified and become inaccessible to restrictases [14]. 

 

B1 Morphotype Bacteriophages 

 

 

  

B2 Morphotype Bacteriophages 

 
 

  

Fig. 1. Lactococci bacteriophages, isolated at the milk processing plants in Russia, Belarus, Kazakhstan and Moldova.  

 

At the turn of the century, DVS starters were considered a panacea for solving the problem of starter microflo-

ra phagolysis at dairy plants [14], but the problem remained unsolved. 

When fermented milk mixtures with a clear sign of phagolysis of DVS imported starter cultures in domestic 

test cultures were brought to dairy testing laboratory, the bacteriophage was not detected. Nevertheless, while using is o-

lated clones from the starter applied in these cases as test cultures, the bacteriophage lysed 80-100% of the clones. 

Domestic and foreign starter strains of lactic acid cultures are used for a long time sequentially or in parallel (in 

manufacture of different products) in one enterprise, which does not exclude the possibility of genetic material e x-

change and generating phages, having a new and broader spectrum of lytic activity. At present, it is no longer sufficient 

to carry out systematic monitoring of bacteriophages in production, where domestic test-cultures are used. 

It is using test cultures of each pure culture supplier that will allow a qualitative assessment of the phagolysis 

hazard. Another way is to use pure cultures, which a multistrain starter consists of, instead of test strains. However, this 

measure significantly complicates phage monitoring and the timely replacement of starter cultures by phage-resistant 

ones [20]. 

The common methods of developing such phage-resistant cultures are the following [21, 22]: 
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1) Natural selecting of practically valuable forms. A strain of microorganisms that possesses useful properties 

for humans is isolated from a natural or production source. Then the most productive strains are selected among them.  

2) Using of artificial mutagenesis, which allows increasing various mutations. As mutagens ionizing radiation, 

some chemicals, as well as ultraviolet radiation are used, although the latter has a low penetrating ability, but it is suff i-

cient for generating mutations in microorganisms. 

3) Genetic methods of recombination between shared species (intraspecific conjugation, transfor mation, trans-

duction, use of protoplasts, etc.) [23, 24]. 

4) Genetic engineering that uses a plasmid vector of a wide range of hosts, or a bacteriophage vector, etc. for 

developing starter cultures with desired properties [25 27]. 

5) Using of lysogenic cultures. 

A brief description of the bacteriophage's lytic cycle is as follows: phages adsorbed on the surface of the host 

cells make a hole in the bacterial cell with the help of their enzymes. The phages inject phage DNA stored in the phage 

head through the hole. After injection of the nucleic acid in the host cell, the synthesis of bacterial substances ceases, the 

cell's biosynthetic apparatus begins synthesizing phage components: nucleic acid, envelope proteins and lysozymes or 

endolysins [14]. There are no visible changes in the acid-forming activity of lactic acid bacteria cells, or this activity ris-

es. This period is known as latent. Only when new phage particles are formed in the cell, the host cell walls become lysed 

and it dies. The lactic acid process stops before phage-resistant mutants are formed. 
 

 
Fig. 2. Scheme of possible bacteriophage development ways 

 

Figure 2 shows the following: bacteriophage (1) becomes attached to the receptor of the bacterial sensory cell 

(3) and penetrates the nonphage DNA (2). This results in bacterial cell lysogenization (3a). The phage exists as a pr o-

phage (4). The lysogenic cell continues breaking down and forms lysogenic cell population (5). Under the action of the 

inductive factor (6) the lytic development of the sensory cell takes place (3). As a result, the phage DNA (2a), using the 

cell apparatus (3a) synthesizes heads (7, 8) and cerci (9) of new phage particles (10).  

However, bacteriophage lysogeny is a well-known phenomenon, which has been studied in the lambda-phage 

model quite thoroughly. In this case, DNA penetration into the bacterial cell is not accompanied by the f ormation of 

new phage particles inside it and there is no cell lysis. Such phages are known as moderate and cells carrying moderate 

phages (prophages) are lysogenic (Fig. 2). Lysogenic cells are protected from infecting by a homologous bacteriophage.  

If the lysogenic culture undergoes any stress (lack of nutrients, chemical or physical factors), the frequency of 

prophage release from the lysogenic cell increases hundreds of times. It should be noted, that the average size of lact o-

cocci bacteriophages is approximately 100 nm. If we transfer the nano degree to the macro level, it can be figuratively 

said that, in the event of war, a population group capable of giving offspring migrates, in search for safer living cond i-

tions. 

Using the scientific and practical approach, it is necessary to study the phenomenon of lysogeny and bacterio c-

inogenicity of lactic cultures simultaneously. It is known that bacteriocins, which suppress the development of putrefa c-

tive and pathogenic microflora in the product and our body, are "defective" phages, formed from prophages. It is as-

sumed that there is a natural mechanism that has existed, and maybe still exists, by which phages, which are active 
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against different species and families, could exchange successful "evolutionary findings" [29, 30]. Thus, the study of bac-

teriophages is also one of the steps in increasing the immunological value of fermented functional food products [31, 

32]. 

In recent years, the situation analysis shows great importance of bacteriophages, primarily lacto phages as fac-

tors that continue disrupting the technological, microbiological and biochemical processes of producing fermented 

dairy products, including cheeses. 

An important requisite in developing methods of preventing damage to fermented microflora by b acteriophag-

es is to study their biological characteristics. This problem seems to be a transnational one due to complexity of the tasks 

being solved [33, 34, 35]. 
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Abstract. A significant goal of political communication is to attract the attention of the respondent, to persuade and stimulate 

action. Consequently, the information impact of the subject on the object of communication pursues the goals set by the subje ct. 

Materials and methods, results. The goals pursued during the pre-election period dictate their specifics to the communication 

 

Political communication during the pre-election period allows the policy to successfully raise its rating by positioning itself as a 

fighter for justice, a benefactor and protector of the disadvantaged.  

Relevant information allows political technologists to correctly select ways to send a message, as well as to track th e extent to 

which the proposed technology is effective. 

Conclusion. An analysis of political communication in the pre-election period made it possible to identify competent varia-

tions of the personal impact on the recipient. It is proved that political communication is a kind of reflection of aspects of the political life 

of modern Russia. 

Key words: political communication, pre-election period, interactivity, social and political processes. 
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Abstract. "Islamic state" (IG or ISIL), the decline of which was approached by the forces of the Russian army in 2017, within 

three years of its existence demonstrated the formation of informal political practices of radical Islamists, which were not previously 

practiced by Islamists and were not predicted by the scientific community. As a result,  the informal political practices of radical Islamism 

have undergone not only quantitative but qualitative changes. The very same essence of the phenomenon under consideration has  not 

changed, it has remained at the level of terror, unacceptable practices prohibited by the laws of countries and peoples to combat "infidels" 

and secular governments. 

Materials and methods. As the main methodology in this study of functional-comparative analysis allows to focus on the 

General properties and current trends of the phenomenon and contributes to the disclosure of the functional essence of radical Islamism 

and the main characteristics of the practices.  

Results. Therefore, we will classify the informal political practices of radical Islamism as irrational, since they are based on il-

legitimacy and contradiction to the laws and rules adopted in society. We are talking about the irrational political activity  of political 

actors who deny the authority of the authorities in order to promote the interests of individual groups or organizations, when society 

does not accept the methods of the declared "struggle". 

Conclusion. Scientific and public attention allows us to consider all aspects of this problem, because these are political practic-

es, relying on which radical organizations are seeking to transform the political process at different levels and on different scales.  

Key words: radical Islamism, informal political practices of radical Islamism, extremism, terrorism. 
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Abstract. The inconsistency of modern science manifests itself especially in situations when it goes beyond its own competence 

and claims to solve ideological issues that lie in the field of theology and philosophy.  

Materials and methods, results, discussion. Philosophy as a discipline dealing with the ultimate philosophical issues and de-

veloping a universal conceptual language can perform an important function of" mediation " between theology and science. Chri stianity 

can be seen as a new paradigm in which modern science is born: the Biblical teaching of the old and New Testaments speaks of the possi-

bility of knowing God through creation. 

Conclusion.  The systematization of the experience of the correlation between the methodology of spiritual and natural scie n-

tific knowledge makes it possible to eliminate the contradictions of religious worldview and scientific knowledge in order to strengthen 

the positions of Christian denominations in the modern state and society, to realize the mission of social service of the Russian Orthodox 

Church and its interaction with state bodies, contributing to the stabilization of social and political relations.  

Key words: philosophical and philosophical dialogue, theology, natural science, spiritual and natural science knowledge, 

the religious factor, the socio-political relations. 
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Abstract. The Article is an intermediate result of reflection on the solution of theoretical and applied political science problem, 

involving the search (as far as possible objective) "index of democracy".  

Materials and methods. The method of verification of correctness of models of democracy index and quality of the estima-

tions received by this method by means of attraction of global researches of values and practices is used. Correlations both within models 

and cross-model correlations are analyzed.  

Results and conclusions. The possibility of concluding that cultural factors can set the boundaries of democratization possible 

in a particular socio-historical context is illustrated, and a sharp exit beyond these boundaries is undesirable. 

Key words: democracy models, index of democracy, political culture, values and practices. 
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Abstract. National States  a form of political organization of the nation in the modern world, within which unique types of 

political, social and economic culture are formed. 

Materials and methods, results. The article discusses 

ments of the 

ethnopolitical system and the principles of working with this research model. A model of the ethnopolitical system is proposed, which 

allows to determine the degree of adaptability of the political system of the national state in the conditions of actualization of the ethnic 

factor through the analysis of the functions and dysfunctions of its main structural elements. According to the classical theory of the p o-

litical system, its existence and development depends on the coherence of political decisions to the requirements of politica l subjects. 

Conclusion. The essence of the model of the ethnopolitical system is the study of the interaction of ethnic subjects with state 

political institutions on the principle of "demand - solution". In the case of the existence of this connection it is possible to state the exist-

ence of potentials of the political system to adapt. However, the reluctance of ethnic actors to demand the existing power st ructures indi-

cates an imbalance in the political system of the national state, which leads either to deep transformation processes. 

Key words: political system, ethnic group, research model of analysis, ethnopolitical system. 
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. Thus, our study proves the heuristic value and productivity of the concept "constellation of actors" used in the 

work, involved in the uncontrolled politicization of Islam in the Republic. Unlike another major Muslim Republic , Tatarstan,  where 

secular political leadership (which can be conceptualized as a "dominant institution") has become a key subject politicizing religion, 

Dagestan has developed a multi-factor system of politicization of Islam (which can be conceptualized in the concept o f "constellation of 

actors"). 
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Abstract. Post-Soviet development of Islam in Dagestan took place in specific political conditions than, for example, in anot h-

er large Muslim Republic  Tatarstan. The differences were due to the peculiarities of the development of the North Caucasus and, most 

importantly, the political situation in the region in the 1990s. 

Materials and methods. The article studies a combination of factors which identified the change in appearance of Dagestan 

Islam in post-Soviet period. The authors overcome the old stereotype, according to which Islam-Politics situation in post-Soviet Dagestan 

is evaluating as an endless battle between armed Salafis (who are otherwise called "Wahhabis") and state (in the face of secular authori-

ties, security forces and "official" Islam). An important feature of the transformation of Muslim politics in post-Soviet Dagestan can em-

phasize the unconditional transformation from religious-political polarization which took place at 1990s to politization of Islam and 

complication of regional policy at 2000 2010. 

Conclusion. The transformation from the religious-political opposition to the complication of the Islamo-political relations in 

the Republic could be written in the following successive stages, which were separate processes: 1) 2006 2010  the creation of the afore-

mentioned "forest theme"  the mobilization of the military police, and advocacy resources for the violent suppression of the "forest" of 
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armed groups of radical Islamists (2006 2010); 2) 2010 to 2013  attempt to implement "soft" lines of the fight against terrorism, which 

has replaced the former repressive paradigm of local politics. Part of the "soft strategy" was the civil dialogue, a key element of which was 

the efforts to support those who decided to "get out of the forest" and end the underground activities; 3) since 2013  the rejection of the 

"soft strategy" and a return to tough methods of combating terrorism, dictated by the need to ensure the security of the Soch i Olympics in 

2014. In the future, the hard course was continued due to the growing influence of ISIS in the world. 4) stabilization of elements of all 

these components in the "new course" of the next head of Dagestan Vladimir Vasiliev (with 2015. at the present time).  

Key words: Islam in Dagestan, globalization, anti-terror, polarization of Islam. 
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Abstract. The collapse of the USSR became a powerful detonator of global changes: the end of the bipolar configuration of ge-

opolitical forces, the fall of the Berlin wall, which put an end to the rigid division of the world into two opposing camps, coincided with 

the beginning of qualitative changes not only in the geostrategic structure that developed in the postwar decades, but also in the most 

Eurocentric (or rather, euroamericanocentric) world order of the New and Modern times.  

Materials and methods. The article is devoted to analysis of the paradigmatic crisis of the global civilization of living ar-

rangement, which particularly affected the interests of the shadow actors in the policy in terms of the geopolitics of uneven development 

of world society.  

Results. The amorphous and lumpenized population (the dominant mass of which is young people) forms an immense social 

reserve, ready to accept any ideology, including those involved in radical religious ideas. This makes it possible to conside r the activities 

of shadow actors in politics in the list of negative aspects of globalization.  

Conclusion.  The growth of manifestations of terrorism on the world stage is a manifestation of the symptoms of the inco m-

patibility of the world picture between the subjects of world politics, when terrorism is an organized movement in the international are-

na, closely linked to political goals and actions.  

Such trends in globalization suggest that terrorism has become a long-term factor. Accordingly, it requires the joint efforts of 

the entire world community to identify the negative factors of globalization that determine the threat of terrorism.  

Key words: globalization, uneven development, international terrorist organization. 
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Abstract. In any modern society, political decisions are made within the framework of a political process, which involves a va-

riety of procedures and a variety of institutions and/or factors, both formal and informal. That is why it attracts a huge and undimin-

ished research attention of political scientists, who consider it one of the main categories of their discipline. The General theory of the 

political process serves as a methodological basis for a wide variety of studies concerning both individual aspects of the process itself and 

other political science problems. The political process  a series of events that affect the development of the political course 

Materials and methods, results. This article examines the formal and informal factors of the non-institutional political pro-

cess. The author explores the stadial models of the political course, far from the real world with its influential political agents, ideo logies, 

turbulence and complexity. The article presents the method of articulation, the purpose of which is to achieve from the rel evant authority 

the Commission of some significant actions.  

Conclusion. Definition of "nainstalovaneho process", in which conventional political participation and the informal practice 

of distributing political benefits attach to a particular process nainstalovano form. 

Key words: non-institutionalized political process, flow model, stage model, stage, turbulence, complexity, interest articula-

tion, non-conventional political participation, praxisological procedure. 
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Abstract. Prospects for the creation of a personalized information space of tourist resources, considered the basis for digital 

transformations in the field of tourism in the regional spectrum. 

Purpose of the study. Consider optimizing the use of Tourism 4.0 software to create smooth travels in our region 

Materials and methods. Currently in Russia and, in particular, in the regions of the North Caucasus Federal District, there is 

an active development of the market of tourist services. Tourism creates seamless travel using the four core technologies of Industry 4.0, 

such as artificial intelligence, Internet information, big data analysis and cloud computing, to make trips more efficient, safer, greener 

while optimizing travel times and minimizing costs for travelers. 

Conclusion. The article discusses the issues of new requirements for the formation of sectoral struc tures in the region, which 

are aimed at the formation and implementation of various spheres of life as digital platforms . 

Key words: tourism, tourist destinations, industry 4.0, digitalization, tourism 4.0. 
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Absract. In its history, Russia has experienced two great turmoil (the beginning of XVII and XX centuries), and a lot of small-

er sociopolitical upheavals which degrees shook the its political and social foundations, forcing the authorities and society to find  new 

compromises, a balance of power, other forms of joint common life.  

Materials and methods. People of turmoil times had a set of distinctive characteristics that differed them from the citizens of 

peaceful time. This is especially true of the political elites, leading extremely destructive lifestyle at that time. Turmoil  is a very historical 

bifurcation point, the change of philosophical paradigms, updating outdated traditions and zeroing actualization of previous achieve-

ments and privileges.  

Results. Systemic conflict becomes fundamental stress for elitogenezis process, breaking the previous centuries spent elite 

breeding scheme and leaders. Vertical power weakens and breaks into fragments. The society itself is fragmented splitting a poorly inter-

acting structure ceases to perceive and understand the other, judging them as alien and hostile. The same fragmentation comprehends 

the historical person who has ceased to fulfill its former cultural codes, in a state of constant search for a new meaning of life .  

The anatomy of the Time of Troubles is a systematization of objective and subjective reasons that led to such a state is very  un-

stable state (political entropy). In the present study we reveal the mechanism of formation and existence of the   

Conclusion. Time of Troubles policy, give Comparative analysis of two Russian troubles of the XVII. and XX. centuries, their 

general and specific characteristics. 

Key words: autocracy, elite discord, revolution, hierarchy, falsification, political struggle, conflict, war, "person of troubled 

times", "people of troubled times." 
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