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The article describes the model of multi-service networks optimal development, that consists of the model of the optimal 

service nodes placement in network structure and the model of optimal technical devices choice from a variety of alternative  
devices from different manufacturers. A formal statement of the problem of placement of nodes is considered, the objective 

function and optimization criteria are described. To solve this problem are encouraged to use the modified Gomory method, 

which uses branch and bound method to generate the solution graph. Formalized algorithm method is presented, it is concluded 

that the mechanism of alpha-beta pruning can be used to speed up the algorithm. An example of practical implementation of this 

algorithm is solved for the placement problem of three nodes. The conclusion about the possibility of using the method 

developed to speed up the optimization algorithm is made 
 

Key words: linear programming, discrete programming, multiservice networks 

 

References  
1. Elizarov, D.Je., Burkovskij V.L. Optimizacionnye modeli formirovanija struktury razvivajushhihsja 

mul'tiservisnyh setej informacionnogo obsluzhivanija naselenija [Optimization models of structure formation in 

developing multi-service networks of information services to the population] // Vestnik Voronezhskogo 

gosudarstvennogo tehnicheskogo universiteta. – 2015.-T. 11. - № 4. – P. 20-23. 

2. Stepanov, S.N. Osnovy teletrafika mul'tiservisnyh setej [Basics of teletraffic in multiservice networks]. – M.: 

Jeko-Trendz, 2010. - 392 p. 

3. Elizarov D.Je., Burkovskij V.L., Voropaev A.P. Obobshhennaja optimizacionnaja model' razvitija 

mul'tiservisnyh setej [Generalized optimization model of multi-service networks] // Vestnik Voronezhskogo 

gosudarstvennogo tehnicheskogo universiteta. – 2015-T. 11, - №3. - P 28-30.  
4. Elizarov D.Je., Burkovskij V.L. Model' optimal'nogo razvitija struktury mul'tiservisnyh setej na osnove 

apparata dinamicheskogo programmirovanija [Model of optimal development of the structure of multi-service networks 

based on dynamic programming] // Vestnik Voronezhskogo gosudarstvennogo tehnicheskogo universiteta. – 2016-T. 12, 

- №1. - P 21-24. 

5. Elizarov D.Je., Burkovskij V.L. Modifikacija metoda Bellmana reshenija dinamicheskoj zadachi o rance 

[Modification of Bellman’s method for dynamic knapsack problem] // Vestnik Voronezhskogo gosudarstvennogo 

tehnicheskogo universiteta. – 2015.-T. 11. - № 5. – P. 31-33.  
6. Elizarov D.Je., Burkovskij V.L. Algoritmizacja reshenija zadachi dinamicheskoj optimizacii struktury 

mul'tiservisnyh setej [Algorithmic solution of dynamic optimization of multi-network design problems] // Vestnik 

Voronezhskogo gosudarstvennogo tehnicheskogo universiteta. – 2015-T. 11, - №6. - P 59-61.  
7. Korbut A.A. Finkel'shtejn Ju.Ju.Diskretnoe programmirovanie [Discrete programming].– M.: Nauka, 1969. – 

367 p. 

8. Elizarov D.Je., Burkovskij V.L. Modeli proektirovanija razvivajushhihsja mul'tiservisnyh setej [Models of 

developing the design of multiservice networks] // Perspektivnye issledovanija i razrabotki v oblasti informacionnyh 

tehnologij. - 2014. – P. 4.  
9. Burkovskij, V. L. Matvienko I. M., Burkovskij A. V. Analiz razvivajushhihsja informacionnyh sistem na 

osnove apparata modelirovanija i optimizacii [Analysis of developing information systems based on modeling and 

optimization of the machine]: monografija. – Voronezh: GOU VPO VGTU, 2009. – 136 p. 

 
 

ON ADUANCED TYPES OF CONTROL OPERATION IN THE DEFENCE SPHERE BASED 

ON EMPLOYMENT OF CSRP-TECHNOLOGIES 
 

P.A. Korobeynikov, Adjunct of the Air Forces Education and Research Centre ‘Air Forces Academy’, Vo-

ronezh, Russian Federation, e-mail: panich07@mail.ru  
O.G. Nikitin, Candidate of Technical Sciences, Doctoral Candidate of the Air Forces Education and Re-

search Centre ‘Air Forces Academy’, Voronezh, Russian Federation, e-mail: nikson601@yandex.ru 
 

Developed proposals for improving the working methods of officials of management bodies in the defense sector 

through the introduction in their work of intellectual systems of support of decision-making Consideration; the principles of in-

tellectual systems of decision support, allowing to speak about the application of the new method of work of the officials - with 

the help of "virtual headquarters" built based on the standard functioning of GSRP systems. It is shown that the DSS is a com-

ponent of the management subsystem, in which one of the decisions taken and implemented by the officials in "manual" mode, 

and the other part of the decisions taken and implemented by technical machines using the technology of "delayed decisions", 

namely that, for each sample of the situation in advance is justified, is formed and stored in the library pending solutions opti-



mal, or close to it. Further, on comparison between the current situation stored in the knowledge base of typical situations cor-

responding rational solution is automatically selected. The use of such DSS will change the approach to organization of work of 

the management bodies, to optimize their number with a simultaneous increase in the efficiency and validity of decisions 
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In the submitted article the description of objects with the structurally variable form of government, their main features is 

considered. The purpose and problems of optimization of objects of this type are defined, techniques of their decision are 

considered. The descriptive problem definition of structural optimization with variability elements is offered, the optimizing 

model of objects of the considered type is under construction and described. As the mathematical device for the solution of the 

described class of tasks use of population algorithms (algorithm of behavior of monkeys) is considered, theoretical bases of 

construction and the principles of their functioning are studied, need of their application is proved. Procedures of numerical op-

timization of objects with the structurally variable form of government which cornerstone the device of population algorithms is 

are developed. By the received results of development conclusions about efficiency of the offered technique of the solution of 

problems of structural optimization with use of variable components are drawn 
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population-based algorithm 
 

References 
 

1. Karpenko A.P. Populjacionnye algoritmy optimizacii. Obzor novyh i maloizvestnyh algoritmov [Population 

algorithms of optimization. Review of new and little-known algorithms.] Application to academic periodical "Infor-

mation Technologies" N 7/2012. – 30p. 

2. Lvovich Ya.E. Prinjatie reshenij v jekspertno-virtual'noj srede : monografija [Decision-making in the expert 

and virtual environment: monography.] Voronezh: IPTs "Scientific Book", 2010. – 140p. 
 
 
 
 

OPTIMAL CALENDAR SCHEDULING OF WORK IN SYSTEM OF ACCIDENT-FREE 

MANAGEMENT OF NUCLEAR POWER PLANTS 
 

S.A. Tkalich, Candidate of Technical Sciences, Assistant Professor, Voronezh State Technical University, 

Voronezh, Russian Federation, e-mail: sergeytkalich@mail.ru  
V.L. Burkovsky, Doctor of Technical Sciences, Full Professor, Voronezh State Technical University, Voro-

nezh, Russian Federation, e-mail: Bvl@vorstu.ru 



 
The possibility of optimal scheduling of maintenance work in the complex of measures on creation of system trouble-free 

management of extreme productions. The main parameters considered indicator of lead time, which reflects the temporal distance 

of the object to the alleged failure, the degree of proximity of the object to the emergency determined prediction system, the 

degree of influence of the accident a separate object on the functioning of the whole system, determined by an expert. The 

mathematical formulation of the problem is reduced to finding the extremum of the objective function: the degree of the accident 

served system. The solution of the task performed by the method of undetermined Lagrange multipliers. An algorithm for 

minimizing the degree of emergency systems. An example of the implementation of the solution found for the four classes of 

safety equipment of NPP. From the analysis of the graphs to their proximity to the emergency, the amount of resources used in 

equipment maintenance and the amount of time available conclusions about the importance of safety equipment classes 
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The present work is devoted to the development of heat transfer enhancement techniques in microchannel heat exchang-ers, 

thermal stabilization of hybrid systems. One of the possible schemes for thermal stabilization of the hybrid system was proposed. 

Approaches to the creation of heat exchanger design for cooling the electronic module. As possible design solutions for heat 

exchangers for cooling the electronic module offered three models: - model with a flat channel - channel model with a flat-filled 

porous medium and solid model with porous inserts with inter-channel transpiration cooling. For all three models produced thermal-

hydraulic calculations. In order to improve the efficiency of the heat exchanger to the preferred methods for in-intensification of heat 

transfer: the use of nanofluids as coolant, the implementation of pulsations in transit and presence of phase transition  
Key words: intensification, microchannel heat exchanger, a hybrid system of thermal stabilization 
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The article discusses the possibility of using the transformer-thyristor voltage regulator as a current-limiting device during 

short circuits in electrical networks. A mathematical model of discrete transformer-thyristor short-circuit current limiting device 

with an analog microcontroller control and locking semiconductor thyristor switched keys as a natural and artificial 

disconnection of thyristor keys External device (switching devices). Conducted by mathematical simulation of the modified 

voltage regulator shown that gates off the external device reduces the maximum current flowing in the circuit of the 

autotransformer, to a predetermined value. This is achieved by increasing the resistance of the inductance of the transformer, 

caused by opening of the primary winding. Another option is the construction of such a device with a locking keys in a natural 

way (in the case of locking the passage of current through zero) is not effective, due to the current increase during the half-cycle 

before the shutdown valve and reaches the critical values for the device installed on the input threshold. The resulting device 

and a description of discrete control function allows you to use the resulting program code and a power converter circuit further 

laboratory prototyping and modeling of 3-phase version of the device 
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Considered heating system, consisting of two heat pumps with a series-connected evaporators and condensers. 

This connection scheme allows to achieve the conditions that the temperature of the condensation are very close to the 

coolant temperature at each heat pump. The most favorable mode of operation of the station relative to the order of series-

connected heat pumps, at the outlet of the capacitors which is the difference between the temperatures of the coolant and 

refrigerant are different. Given several options for the ratio of the parameters of the system. The first time that the efficiency 

and the finite temperature difference between working fluid and the coolant of the first heat pump slightly more than the 

same values of the other. The second case in which the efficiency of the first heat pump to a greater extent differs from the 

value of another. On the basis of the mathematical model with the use of perturbation theory analytical dependences of the 

temperatures of condensation of working fluids heat pumps that minimize fuel consumption. Using results, it is possible to 

determine the influence of various parameters in a thermal power plant, consisting of heat pumps,condensers which are 

connected in series, and evaporators in parallel, and the peak boiler to cover the load of heating and hot water supply 
 

Key words: heat pump, heating system, refrigerant, energy saving 
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The article deals with improving the accuracy of prediction of the level of consumption of the regional power system . 

Analyzed the functional relationship between the individual parts of it and revealed the most significant relationship, provides a 

complete and easy to use a mathematical model of the process being analyzed transport of electrical energy. It described in de-

tail the process of forming the dispatching schedule and the importance of improving its accuracy. Noted the basic economic 

incentives improve the accuracy of forecasting production and consumption of electric energy in the regional system. The inter-

relation of activities carried out by the administrator of trading network and system operator of the unified energy system. We 

describe the steps of creating the elements software package designed to increase the accuracy characteristics of the dispatch 

schedule. Their implementation is organized through the use of multi-functional programming language - C #. In the process of 

writing software Windows Forms interface was used, allowing to develop smart clients - applications with advanced graphical 

functionality. Described as a classic structure prediction , and algorithms that implement the apparatus of fuzzy neural networks 

(based on Mamdani algorithm ) within the software developed for the task in the elements of the Unified Energy System  
Key words : power system , improve the accuracy of forecasting , optimization algorithms , software package 
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Analysis of input common-mode voltage range and transfer functions of well-known rail-to-rail amplifiers is done. It is 

found, that at low supply voltage of 1,8 ± 5% and typical threshold voltages of 0,9 V, input voltage range is 0,9-1,3 V depend-

ing on type of amplifier. It is shown, that rail-to-rail amplifiers based on two differential pairs of PMOS and NMOS transistors, 

don’t have internal scale area with similar transfer function, where PMOS and NMOS transistors are simultaneously in active 

region. In rail-to-rail amplifiers with one differential pair internal scale area is about 400 mV, which is achieved at the cost of 

input resistance reduction. New rail-to-rail amplifier with input voltage range equal to supply voltage and high input resistance 

is considered in this paper. Two versions are offered, one of which has noise neutralizer. Amplifiers are intended for use in low-

voltage comparators and operational amplifiers  
Key words: CMOS, amplifier, range, comparator, operational amplifier 
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The programmable logic integrated circuit (PLD) such as field programmable gate arrays (FPGAs) structure with the logi-

cal blocks on the basis of adaptive logic modules of 5578 series developed as part of the import substitution of foreign electron-

ic components programme is considered. According to architectural solutions, new domestic FPGAs are intermediate notched 

up a series of low-budget between the Altera Cyclone II FPGA and high-performance series of Stratix III. Special aspects of the 

organization of local and global wiring resources, block for digital signal processing and modes of user memory block are 

reported. There are examples of the design of digital filters with finite impulse response using CAD Altera Quartus II FPGA and 

programming issues with the configuration data development environment. 
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The monitoring system developed is a control and technical complex to collect, transfer, process, store, output and strate-

gically analyze data. This article considers a conception model the system of interest involving a block-module system struc-

ture. This enables forming a hierarchical structure in a flexible, simple, and application-dependent way. The ways to implement 

a signal recording unit for a versatile system to monitor various parameters are considered. The basic components of the re- 
 

cording unit are reviewed. Their functional tasks are described. The main software-driven part of the versatile system is imple-

mented within the SoC (System on Chip) integrated circuits. Systems on Chip development steps are determined. The SoC 

block diagram derived from the system decomposition is shown. The architecture features of the SoC basic blocks are de-

scribed. The controlled recording unit operation is shown based on the 1874VE96T microcontroller. A system operation in con-

junction with various sensors and actuators is demonstrated 
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Were given calculated dependences definitions of hold time of workpieces from the titan under their pressure welding. 

Have been researched the influence of the mechanical characteristics of titanium alloys ductility and creep state in the contact 

zone the workpieces being joined, as well as the technological process. Were given the method and results of experimental 

studies, which allowed to establish the mechanical constants of titanium alloys and create mathematical models and materials 

OT4-1 VT6. Using the obtained models established the influence of process parameters of welding workpieces (temperature, 

pressure) for the time necessary to obtain a high-quality connection. 

Conducted study of stress-strain states of material in the field of elastic-plastic joining workpieces in the vicinity of the 
contact zone.  

Revealed the kinematics indentation of structural elements, and the dependence of the deformation of the metal from a 

ratio of sizes of workpieces. Shows the dependence of the vertical movement of the metal sheet from a time point corresponding 
to the center of the filler, and it is directly proportional to the increase in test time. 

Obtained results are necessary for optimization of technological processes of welding workpieces made of titanium alloys. 
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Process of getting parts mating, manufactured with use of hydroabrasive method in current-conducting fluid medium 

during effect of external electric field is viewed in the article. Capabilities of developed combined method for finish machining 

of airfoils of aircraft and rocket engines are presented.  
The problem of getting with required accuracy final airfoil of mating surfaces areas was decided with the use of 

combined hydroabrasive-jet treatment with anodic removal from surface of separation tolerances, sufficient for removal of 

overact layer. From the theory of dimensional electrochemical machining it is known that speed of material removal with use of 

anodic dissolution will be higher on concentrators of the field, which are microroughnesses. That is why, application of the 

electric field helps to reduce roughness. Removal of waste products and recovery of abrasive cutting properties is performed 

simultaneously. This leads to stabilization process of metal separation, improve quality of machined surface, performance, 

improve tool life, makes it possible to reduce cost of machining. However, previously obtained results don’t provide 

achievement of required technological parameters during finish dimensional machining of surfaces, type turbine and 

compressor airfoils, turbo pump assemblies. It is required to establish regularities for jet control and create jet moving process 

through the surface working area. Description of the surface working area is usually prescribed by table method, consecutive 

combination of points. It is necessary to establish parameters for each point during designing of combined machining mode. 

Parameters must to take into account geometry of machined area of the detail and position of fluid jet.  
Modern structures of high technology transport products are contain a lot of elements, to which direct access of metal 

cutting tool is limited. It is necessary to create new technological methods and devices for finish machining. Combined process 

decides this problem and increase technological opportunities for manufacturers of future products in the article presented here 
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By the structural materials used in rocket for the manufacture of "hot machines" (combustion chambers, gas generators, 

heat exchangers), meet high requirements on the thermal conductivity, heat resistance and heat resistance. Currently, the 

specified requirements are met by heat-resistant bronze in combination with the thermal barrier coating, for example alloys 

Narloy Z, bronze or BrHTsrT BrH08 that provide heat flux to eat 36 106 kcal / m2chas. For developed new rocket engine needs 

a new structural material with high thermal conductivity while maintaining its mechanical properties. The most promising 

material is pure copper, with the introduction in its metal matrix carbon nanoparticles (nanotubes, fullerenes), which can 

significantly increase the heat resistance.  
This article describes in detail the first technology of obtaining, structure and properties of the composite with a mass 

fraction of 0.5% CNTs obtained by mechanical alloying. For comparison, the properties of the sample of copper powder ICP-1 

without the addition of carbon nanoparticles. For mechanical alloying using a planetary mill "pulverisette 5» (FRITSC ). 

doping process was carried out for 30 minutes while heating took place capsules with the composition to 60-80 ° C. Next, heat 



treatment was performed in a vacuum, and annealing the composition. Pre-compression was carried out in a steel capsule force 

of 100 ton, cylindrical preform was obtained as a result. It was further held hot isostatic pressing (HIP) in gazostat QVINTUS-

250. For mechanical testing the samples were fabricated with cylindrical working portion 5 mm thick.  
The results of strength tests have shown that the limit of the composite strength after HIP at ~ 11% higher than in sample 

ICP-1 (non-alloy particles) and 2 times higher than the yield strength of the M2 brand copper. The thermal conductivity of the 
composite sample of the test was 289 W / m • K, which is ~ 20% higher than the thermal conductivity of the traditionally used  

Br 08 bronze (239 W / m • K). These results demonstrate the fundamental possibility of producing a copper composite material 

reinforced with nano-sized particles of carbon - CNT by mechanical alloying, however, there is need to clarify the technology 

of its receipt 
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Metal oxide film composition (SnO2)х ∙ (ZnO)1-х for х = 0,3; 0,5, which corresponds to the ZnO and SnO2 ratio of 2: 1 

(x = 0,3) ZTO2 and 1:1 (x = 0,5) ZTO1, made by ion beam sputtering in Ar atmosphere. The elemental and phase composition, 

the structure of the films are studied, electrical and optical properties in the amorphous state are measured. The properties of 

amorphous films ZTO1 and ZTO2 allow to use them in transparent electronics as channel (ZTO1) or as a transparent conduc-

tive source, drain and gate contacts (ZTO2). After heat treatment at 580 ° C for 6 hours ZTO1 film is not crystallized, as the 

film is a ZTO2 have crystalline phase Zn2SnO4. The possibility of using films ZTO1 and ZTO2 in transparent electronics and 

gas sensorics discussed  
Key words: thin films, ion-beam sputtering, elemental and phase composition, electric and optical properties 
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Results of technological process mathematical simulation of aviation products production of polymeric composite 

materials are given. Results of technological process multiple-factor research of the automated calculation of polymeric 

composite material experimental samples with the set operational characteristics by means of specialized computer means for 

parametrical researches and nonlinear optimization are presented. The complex of the operating parameters making the greatest 

impact on results of the studied technological process regarding mechanical properties of the received samples is determined. 

The adaptive neural network models providing forecasting of technological process results of the automated calculation, 

allowing carrying out an assessment of the operating parameters influence on strength characteristics of samples are created. 

Introduction in production of the developed techniques of the multiple-factor analysis will allow receiving material with the set 

operational characteristics and to lower financial and time expenditure at production of products from polymeric composite 

materials 
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