EXPLORING SENSITIVITY OF MATHEMATICAL
MODEL FOR THE SYSTEM OF VOLTAGE
SYMMETRIZATION (p. 4-8)

Vitaliy Gnilitsky,
Alexander Polishchuk, Ruslan Petrosyan

Contemporary control systems of symmetrization de-
vices widely use microprocessor devices, the algorithms of
work of which are based on mathematical models of voltage
symmetrization. Moreover, important elements of control
systems of such systems are the sensors of electrical magni-
tudes on whose error the error of calculation of parameters
of symmetrization devices depends. For a correct choice of
sensors of electric magnitudes, it is necessary to solve the
inverse problem of sensitivity of mathematical model of the
appropriate control systems. Therefore, the development of
methods that study sensitivity of mathematical models of
symmetrization devices control systems is a rather relevant
task for electric power industry.

We examined existing methods of determining sensitivity
of mathematical models. The algorithm for solving the inverse
problem of sensitivity for mathematical models, presented in
the form of a “black box”, is proposed. It is revealed that the
error in accuracy of sensors of electric magnitudes, which are
necessary for practical implementation of the system of voltage
symmetrization based on the examined model, must not ex-
ceed 0.5 %. Contemporary sensors of electric magnitudes and
network analyzers, the measurement errors of which for the
real values of voltages and currents do not exceed 0.2 %, for the
shift angles between phase voltages and coefficients of powers
do not exceed 0.5 %, are fully applicable for the development
of such a system of voltage symmetrization.

The resulting algorithm may be used when studying other
mathematical models of the voltages and currents symmetriza-
tion systems, represented in the form of a “black box”. Results
of such research might be applied to assess the accuracy of
sensors of electric magnitudes of the voltages and currents
symmetrization systems, the mathematical models of which
are examined.

This work is the result of continuing research, part of
which is described in other papers of authors.

Keywords: reactive power, voltage symmetrization, asym-
metry, mathematical model, sensitivity.
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RESEARCH INTO THE INFLUENCE OF CLIMATIC
FACTORS ON THE LOSSES OF ELECTRIC ENERGY
IN OVERHEAD POWER TRANSMISSION LINES

(p. 9-19)

Vladimir Bakulevskiy

The problem of improving the accuracy in the calcula-
tions of technical energy losses in the overhead transmission
lines of voltage 6-35 kV was examined by taking into ac-
count climatic factors. The influence of climatic factors on
the losses of electricity in the overhead transmission lines
of voltage 6-35 kV was explored. We improved the model
of thermal processes in the PTL wires through a fuller ac-
count of meteofactors. The approaches to calculating the
losses of active power in PTL were analyzed and examined.
We substantiated expediency of applying the approach in
which the losses are calculated taking into account the aver-
age monthly air temperature. It was investigated, calculated
and proposed to include, in the basic equation of thermal
balance for the PTL wires, the heat transfer coefficients that
take into account the impact of precipitation (rain, snow).
We improved the basic equation of thermal balance for
sustained thermal mode for the PTL wires with regard to
the proposed approach to the selection of temperature and
calculated heat transfer coefficients at atmospheric precipi-
tation on the surface of the wires. The expression is proposed
for determining technical energy losses in the overhead PTL
of voltage 6—35 kV. We designed a model of neural network
for forecasting and calculating technical energy losses in the
overhead power transmission lines of voltage 6-35 kV, which
has advantages in comparison with traditional models and
will make it possible to reduce error when calculating and
forecasting load electric power losses in PTL.



Results of the study may be useful for forecasting and
calculation of energy losses in the overhead PTL of voltage
6—-35 kV in power supply and designing organizations.

Keywords: neural networks, electric power losses, over-
head power transmission lines, climatic factors.
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APPLICATION OF GRAPHIC APPARATUS
OF C-CURVES FOR THE ANALYSIS AND
OPTIMIZATION OF SUPERCRITICAL CYCLES OF
THERMOTRANSFORMERS (p. 20-25)

Dionis Kharlampidi, Victoria Tarasova,
Mikhail Kuznetsov, Sergey Omelichkin

The method of the generalized analysis and optimization
of supercritical cycles, allowing the directed search of the
most rational flow diagrams of RM and HP at the stage of pre-
design development, taking into account the structural and
topological features of their equipment was proposed.

It is, in fact, unique because it is based on a synthesis of
modern methods of thermodynamics, system engineering,
and graphic optimization techniques. The main advantage
of the method consists in the visual presentation of the
results that greatly facilitates the flow diagram selection
process in the design of the refrigeration unit, making it
formalized and controlled.

Introduction of the criterion of complexity to the ther-
moeconomic analysis allowed identifying a rational compli-
cation limit of the flow diagram of the refrigerating machine
when the introduction of additional equipment in the flow
diagram structure in order to reduce the internal irrevers-
ibility in a cycle does not lead to the expected efficiency
improvement of the unit.

It is proposed to use the graphic apparatus of C-curves to
determine the minimum cost of the design and operation of the
system over the entire lifecycle.

Introduction of the replacement cost factor to the eco-
nomic analysis allowed using not the cost of reference fuel
on the world market as the variable parameter in the opti-
mization, but the estimated operation time of the unit. This
made it possible to make a choice not only in favor of cheap
and structurally simple but also complicated two-stage flow
diagrams. Such an approach shall promote the introduction
of efficient expensive technologies of thermotransformation
in practice since in this case the contribution of the capital
component is offset.

It is proposed to use the total equivalent warming impact
factor to analyze the environmental indicators of flow dia-
grams of different complexity using the apparatus of C-curves.

Keywords: exergy destruction, thermoeconomic analysis,
supercritical cycle, C-curves.



References

1. Bratuta, E. G., Sherstuk, A. V., Kharlampidi, D. Kh. (2011).
Optimalnie usloviya realizatsii sverhkriticheskih tsiklov
holodilnyh mashin and teplovyh nasosov. Technicheskie gasi,
6,9-14.

2. Sarkar, J., Bhattacharyya, S., Gopal, M. R. (2006). Simu-
lation of a transcritical COy heat pump cycle for simul-
taneous cooling and heating applications. International
Journal of Refrigeration, 29 (5), 735-743. doi: 10.1016/
j.ijrefrig.2005.12.006

3. Cecchinato, L., Corradi, M., Minetto, S. (2010). A critical
approach to the determination of optimal heat rejection
pressure in transcritical systems. Applied Thermal Engi-
neering, 30 (13), 1812-1823. doi: 10.1016/j.appltherma-
leng.2010.04.015

4. Yang, L., Li, H., Cai, S.-W,, Shao, L.-L., Zhang, C.-L.
(2015). Minimizing COP loss from optimal high pressure
correlation for transcritical COy cycle. Applied Thermal
Engineering, 89, 656—662. doi: 10.1016/j.appltherma-
leng.2015.06.023

5. Tsatsaronis, Dzh. (2002). Vzaimodeystvie termodinamiki i
ekonomiki dlya minimizatsii stoimosti energopreobrazuyus-
chey sistemyi. Odessa: Negotsiant, 152.

6. Fazelpour, F, Morosuk, T. (2014). Exergoeconomic analy-
sis of carbon dioxide transcritical refrigeration machines.
International Journal of Refrigeration, 38, 128-139.
doi: 10.1016//j.ijrefrig.2013.09.016

7. Rezayan, O., Behbahaninia, A. (2011). Thermoeconomic
optimization and exergy analysis of COy/NHj cascade re-
frigeration systems. Energy, 36 (2), 888-895. doi: 10.1016/
j.energy.2010.12.022

8. Matsevytiy, Y. M., Bratuta, E. G., Kharlampidi, D. Kh., Tara-
sova, V. A. (2014). Systemno-structurniy analis parocom-
pressornih thermotransformatorov. Kharkiv: A. N. Podgorny
Institute problem in machinery of NAS of Ukraine, 269.

9. Yantovsky, Ye. I. (1988). Flows of energy and exergy. Mos-
cow: Nauka, 144.

10. Morandin, M., Mercangdz, M., Hemrle, J., Maréchal, F,
Favrat, D. (2013). Thermoeconomic design optimization
of a thermo-electric energy storage system based on tran-
scritical COy cycles. Energy, 58, 571-587. doi: 10.1016/
j.energy.2013.05.038

11. Tarasova, V. O., Kharlampidi, D. Kh. (2013). Analiz
ecologo-energetichnih characteristic suchasnih chileriv i
teplovih nasosiv pri roboti z nepovnim navantazhennyam.
Energosberegenie. Energetika. Energoaudit, 11 (117),
35-41.

ANALYTICAL STUDY OF THE PROCESSES OF
THERMAL CONDUCTIVITY AT HIGH INTENSITY
HEATING (p. 26-31)

Natalia Kolesnychenko,
Natalya Volgusheva, Iryna Boshkova

The analytical study of the processes of thermal con-
ductivity at high intensity heating of dense bodies, similar
to clay and plastic materials, was conducted. The condi-
tions of applicability for the hyperbolic and parabolic
equation of thermal conductivity for the composition of
mathematical models of high intensity heating were ex-
plored. It was found that for the small Fourier numbers,
the solution of hyperbolic equation of thermal conductiv-
ity makes it possible to determine thickness of the thermal

layer and its change over time. Based on the example of
manufacturing technical ceramics, it was demonstrated
that the possible heating rates are considerably below the
boundary rate, within which the velocity of heat propaga-
tion may be accepted as infinitely high. The conclusion
was drawn that in the course of construction of mathemat-
ical models for the processes of thermal treatment in the
technologies for the production of technical ceramics and
the products similar to them in the intensity of heating,
it is rational to take the thermal conductivity equation of
parabolic type as the basis. The analytical solution, which
makes it possible to calculate temperature field of the
semi-restricted array under conditions of microwave heat-
ing, was obtained on the basis of the equation of thermal
conductivity with internal heat sources, taking into con-
sideration heat exchange with the environment. Results of
computational experiment testify to the correctness of the
proposed dependency.

Keywords: thermal conductivity, parabolic type, hyper-
bolic type, velocity of heat propagation, microwave heating.
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OBTAINING ANISOTROPIC HEXAFERRITES FOR
THE BASE LAYERS OF MICROSTRIP SHF DEVICES
BY THE RADIATION-THERMAL SINTERING

(p. 32-39)

Vladimir Kostishyn, Igor Isaev, Sergey Scherbakov,
Alexey Nalogin, Eugene Belokon, Alexander Bryazgin

The technology of obtaining anisotropic polycrystalline
hexagonal ferrites by the thermal radiation sintering is de-
veloped. Using the thermal radiation sintering, we obtained
the samples of anisotropic polycrystalline hexaferrites Ba-
Fe15049, BaFeys y Al,Oy9 (with the Ni, Ti, Mn additives),
SrFe;»019 and SrFeqy 4AliO1g (with the Ca, Si additives) for
the base layers of the microstrip ferrite untying instruments
of the short-wave part of the millimeter wavelength range.
The essence of the RTS technology is the obtaining, by the
method of classical ceramic technology, by pressing in the

strong magnetic field, of raw billets with their consequent
sintering in the beam of fast electrons. The use of differ-
ent compositions and alloying additives makes it possible
to control the electromagnetic and magnetic properties of
hexaferrites.

The advantages of the RTS technology consist in high
energy efficiency, high values of operating characteristics
of the obtained material and low duration of the process of
sintering.

It was established that the RTS technology may prove to
be an alternative technology when obtaining the high-quali-
ty polycrystalline hexaferrites M of elementary and complex
substituted compositions.

Owing to the low energy- and time costs, high values of
the performance parameters, the RTS technology of aniso-
tropic hexaferrites may find wide application when obtain-
ing permanent anisotropic magnets and various miniature
SHF-devices.

Keywords: hexagonal ferrite, radiation-thermal sinter-
ing, pressing, magnetic field, texture
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IMPROVEMENT OF TECHNOLOGICAL-
MATHEMATICAL MODEL FOR THE MEDIUM-
TERM PREDICTION OF THE WORK OF A GAS
CONDENSATE FIELD (p. 40-48)

Mykhailo Kutia, Mykhailo Fyk,
Oleg Kravchenko, Stefan Palis, Ilya Fyk

Authors proposed analytical and algorithmic additions
to the mathematical model of the prediction of the work
of a gas-condensate field in the gas regime. The developed
technique of improved calculations of the gas-dynamic
parameters was verified by the actual history of a number
of real fields in Ukraine. It demonstrated good results by
accuracy in the course of medium-term prediction, which is
important for estimating the efficiency of the measures for
the intensification of well production. The new analytical
construction of the systems of equations of the plane-radial
inflow of gas to the well bottom and transport of gas by
the vertical column allowed us to make the algorithm of
iterative calculations more universal. The universality con-
sists, in particular, in the possibility to predict the results
of thermobaric changes in the gas flow and changes in the
design parameters of a well after technological measures for
the intensification of well production. The unique differ-
ence is the possibility of rapid evaluation of the prediction
of intensification of a well with the interference into both
the productive layer and the downhole equipment. Authors
emphasized the need for a similar further improvement of
the technological-mathematical model taking into account
the new technologies of intensification, including innova-
tive technological schemes of constructing the downhole
equipment, equipment for the column of wells, wellhead
equipment, multi-bottom and multi-row systems of extrac-
tion, extraction of gas with injection into the layer of special
chemical agents.

The certain properties of the adaption correction of
parameters made it possible to use the program realization
of the developed technological-mathematical model at the
Ukrainian-Swedish gas-extraction company TOV “Kar-
patygaz”.

Keywords: gas-condensate field, intensification of inflow,
Gas-field development indicators, mathematical model, gas-
dynamic calculation.

References

. Mirzadzhanzade, A. H., Kuznecov, O. L., Basniev, K. S,

Aliev, Z. S. (2003). Osnovy tehnologii dobychi nefti i gaza:
Nauchnoe izdanie. Moscow: Nedra, 880.

. Grishanenko, V. P, Zarubin, Yu. O., Doroshenko, V. M. et. al.

(2014). Naukovi osnovi vdoskonalennja sistem rozrobki
rodovish nafti i gazu. Kyiv, 454.

. Zakirov, S. N., Zakirov, Ye. S., Zakirov, L. S. et. al. (2004).

Novye principy i tehnologii razrabotki mestorozhdenii nefti
i gaza. Moscow: FGUP «PIK VINITI», 521.

. Deik, L. P. (2009). Osnovy razrabotki neftjanyh i gazovyh

mestorozhdenii. Moscow: OOO «Premium Inzhinirings, 570.

. Ertekin, T.,, Abou-Kassem, J. H., King, G. R. (2001). Basic

Applied Reservoir Simulation. Vol. 7. Texas: SPE, Richard-
son, 421.

. Kanevskaja, R. D. (2002). Matematicheskoe modelirovanie

gidrodinamicheskih processov razrabotki mestorozhdenii
uglevodorodov. Moscow-Izhevsk: Institut komp’yuternyh
issledovanii, 140.

. Forouzanfar, F, Reynolds, A. C. (2014). Joint optimization of

number of wells, well locations and controls using a gradient-
based algorithm. Chemical Engineering Research and De-
sign, 92 (7), 1315—1328. doi: 10.1016/j.cherd.2013.11.006

. Mirzadzhanzade, A. H., Hasanov, M. M., Bahtizin, R. N. (2005).

Modelirovanie processov neftegazodobychi. Nelineinost’, ner-
avnovesnost’, neopredelennost’. Izhevsk: «Izhevskii institut
komp’yuternyh issledovanii», 368.

. Fanchi, J. (2006). Principles of Applied Reservoir Simula-

tion, 3rd Edition. Elsevier GPP, 532.

. Nasrabadi, H., Morales, A., Zhu, D. (2012). Well place-

ment optimization: A survey with special focus on applica-
tion for gas/gas-condensate reservoirs. Journal of Natural
Gas Science and Engineering, 5, 6-16. doi: 10.1016/
i.jngse.2011.10.002

. Kutja, M. M., Skryl'nik, K. Yu., Shevchenko, V. V. (2014).

Obshaja model’ raschyota pokazatelei razrabotki gazo-
kondensatnogo mestorozhdenija. Visnik Nacional'nogo
tehnichnogo universitetu “KhPI”. Serija: Matematichne
modelyuvannja v tehnici ta tehnologijah, 39, 91-97.

. Kalugin, Y. 1., Yakovlev, V. V., Kalugin, A. Y. (2015).

Mathematical modeling and optimization of gas-con-
densate field development. Journal of Natural Gas Sci-
ence and Engineering, 27, 1195-1204. doi: 10.1016/
j.jngse.2015.09.063

. Fik, M. L, Sinyuk, A. B. (2014). Osobennosti konceptual’no-

tehnologicheskogo pohoda pri otkrytii vtorogo dyhanija
neftegazokondensatnyh mestorozhdenii. Geopetrol’ — 2014,
565-570.

. Vorkov, A. V., Ovchinnikova, S. A., Fedotenko, M. A. (2013).

Teplovoi raschet rasteplenija gruntov v priust’evyh zonah
skvazhin. Izvestija Samarskogo nauchnogo centra Rossiiskoi
akademii nauk, 15 (4-2), 323-326.

. Fik, M. 1. (2014). Utochnennja rozrahunku efektivnosti ro-

boti DKS v umovah faktichnih termogradientiv ta suchasnih
pokrittiv NKT. Naftogazova promislovist’ Ukraini, 1, 25-28.

. Aliev, Z. S., Bondarenko, V. V. (2002). Rukovodstvo po pro-

ektirovaniyu razrabotki gazovyh i gazoneftjanyh mestorozh-
denii. Pechora: Pechorskoe vremja, 895.

. Mangold, M., Feng, L., Khlopov, D., Palis, S., Benner, P,

Binev, D., Seidel-Morgenstern, A. (2015). Nonlinear model
reduction of a continuous fluidized bed crystallizer. Journal
of Computational and Applied Mathematics, 289, 253—266.
doi: 10.1016/j.cam.2015.01.028



18.

19.

20.

21.

22.

Fyk, M. 1., Hripko, E. I; Fyk I. M. (Ed.) (2015). Raz-
rabotka i yekspluatacija neftjanyh i gazovyh mestorozhdenii.
Kharkiv: Folio, 399.

Soldatkov, S. G., Marushenko, I. V,, Voronov, S. A. (2010). Yen-
ergosberegayushie tehnologii utilizacii plastovih poter’ gaza pri
yekspluatacii PHG. Gazovaja promyshlennost’, 9, 63—65.
Kravchenko, O. V., Veligockii, D. A., Avramenko, A. N,,
Habibullin, R. A. (2014). An improved technology of a
complex influence on productive layers of oil and gas wells.
Eastern-European Journal of Enterprise Technologies, 6
(5(72)), 4-9. doi: 10.15587/1729-4061.2014.29316
Chornii, M. I, Metoshop, I. M., Kuziv, I. M. (2013).
Geologichni osnovi rozkrittja i viprobuvannja produktivnih
plastiv. Ivano-Frankivs’k, 306.

Gladkov, E. A. (2012). Geologicheskoe i gidrodinamicheskoe
modelirovanie mestorozhdenii nefti i gaza. Tomskii po-
litehnicheskii universitet, 99.

23.

24.

25.

26.

Fesenko, Y. L., Kryvulia, S. V., Syniuk, B. B., Fyk, M. 1.
(2013). Applied aspects of maintaining gas production in a
gas condensate production field at a late stage of operation.
NAFTA-GAZ, ROK LXIX, 10, 744—-753.

Islam, M. R., Hossain, M. E., Moussavizadegan, H., Mus-
tafiz, S., Abou-Kassem, J. H. (2016). Advanced Petroleum
Reservoir Simulation. 2nd Edition. Scrivener Publishing
LLC, 572. doi: 10.1002/9781119038573

Khasanov, M., Khabibullin, R., Krasnov, V., Pashali, A.,
Guk, V. (2009). A simple mechanistic model for void
fraction and pressure-gradient prediction in vertical and
inclined gas/liquid flow. SPE Production & Operations,
165-170.

Khamitov, R. N., Kovalev, A. Yu. (2011). Upravlenie pogru-
zhnyimi dvigatelyami ustanovok elektrotsentrobezhnyih na-
sosov po minimumu summarnyih poter. Promyishlennaya
energetika, 1, 42—46.





