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Mathematical modeling

Development of models of call center with the 
system of interactive voice response

page 4–12

The analysis of literature indicates no serious research of call 
center, which would take into account the impact of interactive 
voice response (IVR), but at the same time, experience shows 
that its introduction significantly affects the operational costs of 
the system owner.

That is why the development of adequate models of func
tioning call center is quite urgent task when designing for leading 
to the improvement of operation and, therefore, reduces the cash 
costs of their operation.

The work was performed statistical analysis, and the data 
on the work of the Call-center, a queuing system. IVR system 
performance was investigated on the developed simulation model 
in the system GPSS World, experimental studies of developed 
methods and algorithms are conducted.

Number of calls that were serviced, the percentage of lost 
calls of operators, histogram average waiting time in the queue at 
different values of the number of working operators, histogram 
queue length are obtained. They allow predicting the workload 
of the Call-center, and calculating based on the number of opera-
tors required.

The research results show that changing the length of the 
IVR only a few seconds significantly affects the quality para
meters of call-center such as the percentage of lost or rejected 
calls, average wait time, average queue length for operators. 
With increasing served IVR calls that left behind this system, the 
average call time in the queue and the average queue length to 
operators significantly reduced, and the simulation model allows 
tracking statistics module.

Developed and statistical simulation models can be used 
in the design and operation of call-centers. In the future, it is 
proposed researching models on the more complex models of call 
distribution than normal, or exponential.

Keywords: call center, IVR system, simulation model, GPSS 
World.
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Systems and control processes

Using synthetic jet generators in the systems of 
control of separated flows of turbomachines

page 13–20

The article presents the features of the use of pulse-periodic 
systems, which are presented in the form of generators of syn-
thetic jets and can be used to eliminate flow separation of blade 
rows of turbomachines.

It is known that the control system of separated flows cha
racterized by greater efficiency in the modes of operation of 
stages of turbomachines that are close to resonance. Therefore, 
ensuring the flexibility of the control system of separated flows 
and the possibility of its adjustment under certain operating con-
ditions of stages of turbomachines, greatly expand the range of 
effectiveness of the latter. Such flexibility of the control system of 
separated flow can be achieved by using a moving element, which 
is used as a vibration exciter. With moving parts can configure 
the system to the required frequency range, the moving element 
can also play the role of a diagnostic element of the system.

It should be noted that the integral separated wake on the 
stages of axial turbomachines has a requirement for control 

method for the presence of feedback, which in turn needs a sha
ping procedure and settings.

Adjusting the natural frequency of the control system of 
separated flows will provide expansion of its range of effective 
work, as well as increase the efficiency of stages of turbomachines 
in general. The study results can be used for the selection of con-
figuration of moving parts of repetitively pulsed systems.

Keywords: generators of synthetic jets, pulse-periodic sys-
tems, blade rows, separated flows, moving element.
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Developing of devices and methods of timekeeping 
for training 4 x 100 m relay teams

page 20–23

This work is devoted to the development of the method 
of timekeeping cross sections at a distance during training 
4 x 100 m relay teams. Specificity of training is that the measured 
time of running athlete with the baton over zone of 20 m. By vir-
tue of the fact that the transmitting and receiving cross section 
of start and end of zone, resulting in redundancy of temporal in-
formation. Existing methods of timing do not allow fixing it. It is 
developed a method for a single time field and measuring equip-
ment, allowing providing a preliminary analysis of the received 
signals, providing higher reliability and accuracy of the data. It 
minimizes the appearance of artifacts that are conceptually solves 
the problem of reliability and accuracy of information transfer 
and ultimately the effectiveness of training athletes.

Keywords: electron-optical systems, optical beam, one tempo-
rary space, optical target.
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Development of principles of binary relations 
in the theory of economic management
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This article gives an analysis of the contents of binary rela-
tions in the form of cause-and-effect relationships. It is shown 
that this form of relationship is the basis for modeling and cogni-
tion of the laws of relations among between elements of various 
systems. At the same time there is shown the possibility of using 
the relationship in the form of dialectical unity of opposites of 
categories «single — general» for the discovery of new laws for 
the systems in the form of organized whole. It has been shown 
that the principle of forming an organized whole from its parts 
is the principle of the dialectical unity of opposites of qualitative 
and quantitative characteristics of their states. There are estab-
lished rules for the formation and implementation of the activity 
of an organized whole.

It is shown that the fundamental rule of the formation 
and implementation of the activity of a dialectically organized 
whole, and also its cognition, is the rule of duality. Cognition of  
a dialectical by organized whole is only possible by simulta
neously exploring ways of forming characteristics of the states of 
its parts, and the mechanism of realization of its integrated activity.

The possibility and necessity of introduction to the set  
theory of dialectical relationship in the form of «single — ge
neral» and an appropriate label for this relationship. This will 
form the set-theoretic mathematical models for dialectically 
organized wholes.

It is important the rule action for cognition dialectically 
organized whole. Activity of a dialectically organized whole has  
a dual character: on the one hand the integrated activity is 
realized in the form of «unit operations», the result of which is  
a «philosophical zero», characterized by the category of «general» 
and on the other hand there is realized the physical process of 
getting a specific result, characterized by the category of «single».

Keywords: system, the whole activity, integrity, category, con-
cept, mechanism, motion, control, compliance, dialectic.
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Process control of ore crushing using block-
oriented predictive model

page 28–32

The problem of developing a system of predictive ore cru
shing control is considered.

A method of forming forecasting control of ore crushing, 
which is based on static nonlinearities inverting input-output of 
block-oriented model and approximation of trajectories of cont
rol systems of orthonormal Laguerre functions, allowing reduce 
the problem of determining the sequence of actions to control the 
problem of quadratic programming. By means of simulation it is 
found that the proposed system provides higher quality control 
of transients and calculated load on the control unit as compared 
to non-linear predictive control.

Using the proposed system will improve the efficiency of 
ore dressing in mining enterprises through the formation and 
stabilization of the required granulate characteristics of crush 
ore, which will reduce energy consumption in the next stages of 
processing, and as a result, reduce the cost of the final product.

Keywords: fragmentation process, control of forecasting mo
dels, quality control, computational load, simulation.
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Development of a model for international cargo 
delivery process

page 33–36

In the conditions of growing level of competition and 
transportation volumes, the task of the assessment of demand 
parameters impact on carriers expenses becomes particular im-
portant when choosing the optimal technological schemes. At 
the same time the random nature of the transportation process 
and the limitations imposed by existing laws and acts regula
ting international road transport should be taken into account 
in the mathematical model. Existing methods of rationalization 
of cargo delivery process have some disadvantages due to which 
their use in the conditions of transport enterprises at the con-
temporary market is inefficient. The majority of existing methods 
and models for rationalization of the delivery schemes do not 
consider the probabilistic characteristics of transport process 
parameters, and that reduces the efficiency of managerial and 
organizational decisions. The proposed mathematical models 
allow us to take into account the random nature of the process 
of international cargo delivery, if the appropriate statistical 
data on time parameters and speed of the vehicle are available. 
Proposed approach allows defining the impact of stochastic de-
mand parameters on operating costs of the transport firm and, as  
a result, — choosing the appropriate rational schemes of trans-
port servicing.

Keywords: international cargo delivery, mathematical model, 
Markov’s chains, regression analisys.
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Research and development the measurer of the 
low frequency vibrations for the control system 
of normalized parameters of production factors

page 36–40

It is developed and researched the measurer low-frequency 
vibrations (frequencies less than 1 Hz) based on bimorph with 
optoelectronic control for the control system of normalized pa-
rameters of the production factors.

Development and research are conducted to add the auto
mated information-measuring system by the channel of para
meter control of the low-frequency vibrations (up to 1 Hz), 
for automation of measurement and control process, improve 
accuracy and performance monitoring of normalized parameters, 
as well as to provide automatic compensation of the nonlinearity 
of the piezoelectric bimorph piezoelectric element in the process 
of monitoring and calibration. The computer simulation of the 
matching device and bimorph piezoelectric element is conducted 
to investigate the processes, optimization of parameters and 
evaluation of frequency characteristics of the device.

This study has allowed determining the timing of the con-
trol algorithm implemented by a microcontroller, the frequency 
change of control action and a maximum frequency of external 
influence on the piezoelectric transducer, i.e. the maximum 
frequency of measured vibrations. To automate the process of 
measuring and improving the accuracy and productivity of nor-
malized control parameters it is necessary use a microcontroller 
with integrated module of width-pulse modulation included in 
the circuit of the position adjusting of bimorph piezoelectric 
element. BPE matching with a microcontroller can be achieved 
with a pulsed matching device.

The results of studies are useful for the development of 
devices to expand the functionality of the control system of pro-
duction factors and can be used in sanitary-hygiene inspection 
of workplaces.

Keywords: low-frequency vibrations, bimorph piezoelectric 
element, photodetector, measurement, control, nonlinearity, 
compensation, modeling.
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Forming and analysis of requirements to 
information-analytical system of management by 
safety of labour in enterprise

page 41–45

The article examines the features of formation and analysis 
of functional requirements for the information and analytical 
system of safety management in the enterprise. We consider tes
ting the previously developed technology accelerated the design 
of information systems.

This subject of research due to the need to reduce the time 
required to perform the work on the formation and analysis of 
system requirements. The proposed organization of work allows 
formalizing and partially automated.

The possibility of using the technology accelerated the de-
sign of information systems for the implementation of the forma-
tion and analysis of system requirements. This technology makes 
it possible to unify the work on the creation and processing of 
functional requirements.

These results confirm the universality of the methods used 
with functional requirements. It shows a description of the 
method of allocating requirements of a mathematical model of 
a functional problem. Results of development of data schemes 
and of information and analytical system can be re-used to create 
similar systems for other companies.

Keywords: formation of functional requirements, hierarchy of 
the frames, synthesis of architecture, safety management.
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Development of cognitive model for analysis of 
technological complex of the dairy factory

page 46–50

The expediency of cognitive modeling approaches to research 
and improve the management of complex systems. Identified 
dairy processing facility as a complex semistructured organizing 
technology system. For the study of systems of this class of me
thods to effectively use cognitive approach based on expert assess-
ments, qualitative methods of analysis and fuzzy inference rules.

On the basis of expert assessments, developed a fuzzy cogni-
tive map of the complex functioning of the dairy and conducted 
its structural analysis. The studies prepared by the generalized 
static characteristics of the structure of the fuzzy cognitive map, 
such as consonances, dissonance and the influence of one factor 
on another. The findings are an initial step for the creation of an 
automated control system of technological complex dairy plant, 
and will be used to create resource management scenarios.

Keywords: fuzzy cognitive map, cognitive analysis, static 
modeling, diversified milk production.
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Quality assurance of Allium ursinum plant 
preservation

page 51–55

It is conducted research aimed at ensuring the preservation 
process of Allium ursinum plant which is listed in the Red Book 
of Ukraine on the example of Mezyn National Park. It is estab-
lished samples of fifty units in measuring the height of plants 
Allium ursinum. Relative error of the arithmetic mean value is 
equal to four per cent. It was built histogram of selective distri-
bution, which corresponds to a classic type of distribution and 
has a maximum, and this gives grounds to use plant height as  
a control index of process quality. Also it was studied the life 
cycle of plants and found the relationship between plant height 
and period of development. The control algorithm of the preser-
vation quality of the plants is developed. The dependence can be 
used for quality monitoring process.

Keywords: process quality, plant preservation, mathematical 
model of the growth dynamics, control algorithm.
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Development of metrological software for 
control of casting process of copper anodes 

page 55–60

Cast copper anodes — an intermediate product of the process 
of electrolytic copper production. The state of the surface de-
pends on the competitiveness of the product, and, therefore, this 
state should be constantly monitored by direct measurement of 
each casting. The methods of such measurements were proposed. 
These methods consist in obtaining maps of the object, and 
computer classification in the group, the boundaries of which are 
determined by spectral analysis of metal.

The work is devoted to the creation of metrological support 
of process control of casting copper anodes, which provides ac-
curate, fast, reliable and high quality measurement of electrolytic 
anode surface at an intermediate stage of the manufacturing pro-
cess of pure electrolytic copper.

To achieve this, the method was developed for intelligent 
image recognition of each pixel of a digital image of the surface 
of the copper anode by comparing its RGB-decomposition with 
box of the current smelting quality, as well as the method of de-
termining the RGB-coordinates of the box quality for metal by 
melting current by obtaining prior treatment and spectrogram 
of the metal.

Production tests of the proposed methods with positive tech-
nical and economic effect are realized.

Keywords: cast copper anode, methods for measuring quality, 
display processing, box quality, spectral analysis.

References

1.	 In: Solncev, Ju. P. (2003). Metally i splavy. SPb.: NPO «Profes-
sional», 420.

2.	 Cygankova, O. V., Egorov, S. G. (2014). K voprosu kachestva 
mednyh anodov ognevogo rafinirovanija. Metalurgіja, 1(31), 
104–108.

3.	 Konovalov, A. N. (2011). Issledovanie osobennostei plavki i ras
kisleniia medi s tsel’iu polucheniia lityh elektrodov iz hromovyh 
bronz. Moskva, 109.

4.	 Egorov, S. G. (2009). Alternativnye metody rafinirovanija medi. 
Metalurgіja, 20, 70–77.

5.	 Savenkov, Ju. D., Dubodelov, V. I., Shpakovskij, V. A., Kozha-
nov, V. A., Shtepan, E. V. (2008). Rafinirovannaja med’ Ukrainy. 
Dnepropetrovsk: ART-PRESS, 176.

6.	 Cygankova, O. V., Chervonyj, I. F., Egorov, S. G. (2012). K vo-
prosu o precizionnom ognevom rafinirovanii medi iz vtorichnogo 
syr’ja. Metalurgіja, 3 (28), 79–83.

7.	 Ligatury (master splavy) na osnove medi. (2011). Available: 
http://lityo.com.ua/materialy/shihta/98-kompanii/ooo-sas- 
inzhenernaja-kompanija/360-ligatury-master-splavy-na-os-
nove-mediju. Last accessed 02.11.2011.

8.	 Copper: Preliminary Data for July 2013. (2013). Available: 
http://www.icsg.org/index.php/press-releases/finish/114-month-



abstracts and References

79Technology audit and production reserves — № 4/3(24), 2015

ISSN 2226-3780

ly-press-release/1626-2013-10-22-monthly-press-release. Last 
accessed 20.11.2013.

9.	 Copper: Market Forecast 2013–2014. (2013). Available: http://
www.icsg.org/index.php/press-releases/finish/113-forecast-
press-release/1605-2013-10-icsg-forecast-press-release. Last ac-
cessed 20.11.2013.

10.	 Osobennosti plavki mednyh splavov. (2011). Available: http://
nagrada.pp.ua/liteika/103-plavcu. Last accessed 27.07.2015.

11.	 The World Copper Factbook 2013. (2013). Available: http://
www.icsg.org/index.php/press-releases/finish/170-publications-
press-releases/1188-2013-world-copper-factbook. Last accessed 
20.11.2013.

12.	 GOST 767-91. Mezhgosudarstvennyj standart. Anody med-
nye. (1992). M.: Izdatel’stvo standartov, 16.

13.	 GOST 31382-2009. Mezhgosudarstvennyj standart. Med. Metody 
analiza. (2010). M.: Standartinform, 28.

14.	 Metody spektral’nogo analiza. Jemissionnyj i absorbcionnyj 
metody. (2014). Available: http://studme.org/1685030328693/
bzhd/metody_spektralnogo _analiza_emissionnyy_absorbtsion-
nyy_metody. Last accessed 03.10.2014.

15.	 GOST 9717.1-82 — GOST 9717.3-82. Med. Metody spektral’nogo 
analiza. (1982). M.: Izdatel’stvo standartov, 7.

16.	 Prokopovich, I. V., Shihireva, Ju. V., Duhanina, M. A., Shma-
raev, A. V. (2013). Informacionnyj metod izmerenija teplovyh  
parametrov po infrokrasnym potokam ot poverhnosti de-
tail. Materіali mіzhnarodnoi naukovo-praktichnoi konferencіi 
«Іnformacіjnі tehnologії ta іnformacіjna bezpeka v naucі, tehnіcі 
ta navchannі «Іnfoteh-2013»», Sevastopol, 53–54.

17.	 Saveleva, O. S., Stanovskyi, O. L., Purіch, D. O. (2009). Pіdvish
hennja nadіjnostі sistem distancіjnogo dіagnos-tuvannja. Nau-
kovi vіstі «Galic’ka akademіja», 15(1), 58–63.

18.	 Stanovskyi, A., Saveleva, O., Prokopovich I., Toropenko, A., Du-
hanina, M. (2014). Development of heat-mass exchange op-
timization methods using fractal convolutions of computer 
tomograms. Eastern-European Journal Of Enterprise Technologies, 
5(5(71)), 4–9. doi:10.15587/1729-4061.2014.27978

19.	 In: Iofis, E. A. (1981). Sintez cveta Fotokinotehnika. M.: Sovets-
kaja jenciklopedija, 342.

20.	 Svet i cvet. (2014). Available: http://www.myshared.ru/slide/ 
179154/. Last accessed 25.12.2014.

21.	 Chto takoe infrakrasnoe izluchenie. (2012). Available: http://www.
uborgsauna.ru/theory/whatir.htm. Last accessed 20.02.2012.

22.	 Bramson, M. A. (1964). Infrakrasnoe izluchenie nagretyh tel. M.: 
Nauka, 225.

23.	 Spektralnaja laboratorija. (2014). Available: http://www.rusca
stings.ru/work/168/172/192/1254. Last accessed 13.12.2014.

24.	 In: Klimishin, І. A., Korsun, A. O. (2003). Spektrograf. Astrono
mіchnij enciklopedichnij slovnik. Lvіv: LNU-GAO NANU, 449.

Model of occupational safety and health 
management of engineering enterprise

page 60–65

Society needs industrial technologies, it cannot exist with-
out benefits of civilization like a utopian myth of a society 
without dangers and threats. Thus, the problem of occupational 
injuries will always exist, but it still requires a permit a better 
understanding of its causes, and, consequently, better methods 
of prevention.

The model of project-based occupational safety and health 
management allows managing the processes of occupational 
safety of engineering enterprise, by evaluating the working en-
vironment of the enterprise and its level of labor protection for 
future projects of labor protection, which reduces the likelihood 
of accidents and / or accidents, as well as minimizing the effects 
of their occurrence

Thus, the justification for the applicability of the design-
oriented approach to occupational safety and health manage-
ment of engineering enterprise suggests a proactive occupational 
safety and health management.

The established relationship of categories of causes factors of 
injury / or accident in the enterprise: working conditions, work 
organization, natural (surrounding) factors of labor, psycho-
emotional status of the staff and each employee, as well as the 
functional state of employee’ organism.

This classification in conjunction with the factors of produc-
tion and productive working environment allows for a logical 
conclusion about the need to project labor protection to its ap-
proach that is proactive management.

The research results can be used by engineers in the field of 
occupational safety industrial safety, as well as decision support 
systems of engineering enterprises.

Keywords: safety, safety project, working conditions, proac-
tive management.
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Area of project management (PM) has a problem of sup-
port coordination of the project, which is that during the entire 
life cycle (LC) of the project, it included those and only those 
elements that contribute to the creation of its products. This 
state of the project is called agreed. The presented problem is 
solved within the framework of the overall CC process, part of 
which is CC process of the project. The complexity of effective 
implementation of the latter is due to the lack of research aimed 
at the CC processes of intangible objects, such as LC processes, 
team, risks, procurement, communications, etc. The conceptual 
unity of the CC processes of the product and the project allowed 
us to develop a conceptual model of a generalized CC process 
and formally describe it. On the basis of this formal description, 
in this study was an attempt to develop a model for evaluating 
the effectiveness of the generalized CC process. As a result, we 
have developed methods of determining the cost of the universal 
realization of the CC process and the damage caused by the error 
of the controlled object. Furthermore, it describes the relative 
performance efficiency of the process. It was found that, from  
a mathematical point of view, CC process can be represented as 
a system of mass service. It was also the given a substantiation of 
the method of simulation to calculate these performance indica-
tors. The results can be used to develop CC mathematical model 
to a particular object, and further optimization of this process for 
efficient implementation.

Keywords: configuration, configuration management, object, 
project, process, optimization.
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