DOI: 10.15587/1729-4061.2021.243143
IMPROVEMENT OF ELECTROMAGNETIC
COMPATIBILITY AND EFFICIENCY OF POWER
SUPPLY CIRCUITS OF ELECTRIC ARC FURNACES IN
NONLINEAR ASYMMETRIC MODES (p. 6-16)

Volodymyr Turkovskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-1869-8139

Anton Malinovskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0001-9765-3494

Andrii Muzychak
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-6330-1076

Olexandr Turkovskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-1402-1588

AC steel arc furnaces are the most powerful units connected to the
electrical grid, the operating mode of which is dynamic, asymmetrical
and nonlinear.

That is why these furnaces cause the entire possible range of nega-
tive effects on the quality of electricity in the grid, in particular, fluctua-
tions, asymmetry and nonsinusoidal voltage.

Known proposals for improving the electromagnetic compatibility
of electric arc furnaces are mainly focused on eliminating the conse-
quences of their negative impact on the power grid.

The proposed approach and the corresponding technical solution
are aimed at reducing the level of generation of a negative factor and at
the same time reduce fluctuations, asymmetry and nonsinusoidal volt-
age. This result is obtained due to the fact that the proposed solution
takes into account the peculiarities of the range of modes natural for arc
furnaces. Optimal for such consumers is the use of a constant current
power supply system I=const in the range of modes from operational
short circuit to maximum load and the system U=const in the whole other
range of modes. The implementation of such a system is carried out on
the basis of a resonant converter «constant current — constant voltage».

Studies have found that the use of such a power supply system, in
comparison with the traditional circuit, makes it possible to reduce the
nonsinusoidal voltage in a lowpower grid from 3.2 % to 2.1 % and the
unbalance coefficient from 3.66 to 1.35 %. Previously published data on
a significant reduction in voltage fluctuations was also confirmed.

The positive effect of such a system on the energy performance of
the furnace itself is shown, manifested in an increase in the arc power by
12.5 %, and the electrical efficiency by 5.1 %. This improves the produc-
tivity and efficiency of electric arc furnaces.

Keywords: arc furnace, arc model, nonsinusoidality, asymmetry,
furnace productivity, efficiency.

References

1. Salor, O., Gultekin, B., Buhan, S., Boyrazoglu, B., Inan, T., Atalik, T.
et. al. (2010). Electrical Power Quality of Iron and Steel Industry in
Turkey. IEEE Transactions on Industry Applications, 46 (1), 60—80.
doi: https://doi.org/10.1109/tia.2009.2036547

2. Lukasik, Z., Olczykowski, Z. (2020). Estimating the Impact of Arc
Furnaces on the Quality of Power in Supply Systems. Energies,
13 (6), 1462. doi: https://doi.org/10.3390/en13061462

13.

. Deaconu, S. I, Popa, G. N., Tihomir, L. (2010). Comparative
Study for EAF’s Reactive Energy Compensation Methods and

Power Factor Improvement. WSEAS Transactions on Systems,
9 (9), 979-988. Available at: https://www.researchgate.net/publica-
tion/228399802 Comparative study for EAF’s reactive energy
compensation_methods_and power_factor_improvement

. Pérez-Donsioén, M., Jar Pereira, S., Soares Oliveira, F. T. (2019). Har-

monics and Flicker in an Iron and Steel Industry with AC arc fur-
naces. Renewable Energy and Power Quality Journal, 17, 417-422.
doi: https://doi.org/10.24084 /repqj17.329

. Larsson, T.,, Poumarede, C. (1999). STATCOM, an efficient means

for flicker mitigation. IEEE Power Engineering Society. 1999 Win-
ter Meeting (Cat. No.99CH36233). doi: https://doi.org/10.1109/
pesw.1999.747380

. Parniani, M., Mokhtari, H., Hejri, M. (2002). Effects of dynamic reac-

tive compensation in arc furnace operation characteristics and its eco-
nomic benefits. IEEE/PES Transmission and Distribution Conference
and Exhibition. doi: https://doi.org/10.1109,/tdc.2002.1177621

. Varetsky, Y., Konoval, V., Hanzelka, Z. (2020). A Method of Evaluat-

ing FACTS Device Impact on Voltage Flicker in the EAF Supply
System. 2020 12th International Conference and Exhibition on
Electrical Power Quality and Utilisation- (EPQU). doi: https://
doi.org/10.1109/epqu50182.2020.9220317

. Paranchuk, Ya., Paranchuk, R. (2016). Neural network system for

continuous voltage monitoring in electric arc furnace. Naukovyi Vis-
nyk Natsionalnoho Hirnychoho Universytetu, 2, 74-80. Available
at:  http://nv.nmu.org.ua/index.php/en/component/jdownloads/
finish/60-02,/8475-2016-02-paranchuk /0

. Ghiormez, L., Panoiu, M., Panoiu, C. (2013). Harmonics Analysis of the

3-Phase Electric Arc Furnace Using Models of the Electric Arc. AWER-
Procedia Information Technology & Computer Science, 3, 424—430.

. Garcia-Segura, R., Vazquez Castillo, J., Martell-Chavez, F, Longoria-

Gandara, O., Ortegon Aguilar, J. (2017). Electric Arc Furnace
Modeling with Artificial Neural Networks and Arc Length with
Variable Voltage Gradient. Energies, 10 (9), 1424. doi: https://
doi.org/10.3390,/en10091424

. O'Neill-Carrillo, E., Heydt, G. T, Kostelich, E. J., Venkata, S. S., Sun-

daram, A. (1999). Nonlinear deterministic modeling of highly vary-
ing loads. IEEE Transactions on Power Delivery, 14 (2), 537-542.
doi: https://doi.org/10.1109/61.754100

. Sidorets, V. N., Pentegov, 1. V. (2013). Determinirovanniy haos v

nelineynyh tsepyah s elektricheskoy dugoy. Kyiv: Mezhdunarod-
naya assotsiatsiya «Svarka», 272. doi: https://doi.org/10.13140/
RG.2.1.3777.4883

Pentegov, 1. V. (1976). Matematicheskaya model’ stolba din-
amicheskoy elektricheskoy dugi. Avtomaticheskaya svarka,
6, 8-12. Available at: https://www.researchgate.net/profile/
Igor-Pentegov/publication/320710346_Mathematical Mod-
el of a Column_of a Dynamic_ Electric Arc_ Matemati-
ceskaa _model stolba_dinamiceskoj elektriceskoj dugi/
links/59{6{7700f7e9b553ebd4753 /Mathematical-Model-of-a-Col-
umn-of-a-Dynamic-Electric-Arc-Matematiceskaa-model-stolba-
dinamiceskoj-elektriceskoj-dugi.pdf

. Savitski, A., Hal'tof, M. (2016). Problemy opredeleniya parametrov

matematicheskih modeley elektricheskih dug v tsepyah s istochni-
kami toka. Elektrichestvo, 1, 25-34.

. Fomin, A. V. (2009). Construction of imitating model arc the steel-

smelting furnace. Izvestiya Tul’skogo gosudarstvennogo universiteta.
Tekhnicheskie nauki, 3, 315-321.



16. Golestani, S., Samet, H. (2016). Generalised Cassie—Mayr electric
arc furnace models. IET Generation, Transmission & Distribution,
10 (13), 33643373 doi: https://doi.org/10.1049/iet-gtd.2016.0405
17. Kolagar, A. D., Pahlavani, M. R. A. (2021). Identification of Plasma
Arc Model Parameters in an Electric Arc Furnace Plant via Mea-

surement at the Secondary Side of the Transformer. Journal of The
Institution of Engineers (India): Series B, 102 (5), 1079—1089. doi:
https://doi.org/10.1007 /s40031-021-00622-5

18. Seker, M., Memmedov, A. (2017). An Experimental Approach for
Understanding V-1 Characteristic of Electric Arc Furnace Load. Ele-
ktronika Ir Elektrotechnika, 23 (3). doi: https://doi.org/10.5755/
j01.eie.23.3.18328

19. Nikolaev, A. A. (2017). Development of an improved method for se-
lecting the power of a static var compensator for electric arc furnaces.
Vestnik of Nosov Magnitogorsk State Technical University, 15 (3),
74-94. doi: https://doi.org/10.18503,/1995-2732-2017-15-3-74-94

20. Volkov, L. V. (1974). Sistemy neizmennogo toka na osnove induktiv-
no-emkostnyh preobrazovateley. Kyiv: Naukova dumka, 216.

21. Malinovskyi, A. A., Turkovskyi, V. H., Muzychak, A. Z.,
Turkovskyi, Y. V. (2019). Peculiarities of the reactive power flow in
the arc furnace supply circuit with improved electromagnetic compat-
ibility. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu,
2,79-86. doi: https://doi.org/10.29202 /nvngu,/2019-2/10

22. Turkovskyi, V., Malinovskyi, A., Muzychak, A., Turkovskyi, O.
(2020). Using the constant current — constant voltage convert-
ers to effectively reduce voltage fluctuations in the power sup-
ply systems for electric arc furnaces. Eastern-European Journal
of Enterprise Technologies, 6 (8 (108)), 54—63. doi: https://
doi.org/10.15587,/1729-4061.2020.219439

23. Turkovskiy, V. G., Zhovnir, Yu. M. (2001). Obosnovanie effektivnosti
primeneniya ustanovki stabilizatsii rezhima dugovoy staleplavil'noy
pechi peremennogo toka. Promyshlennya energetika, 5, 40—44.

24. Kibzun, A. 1., Goryainova, E. R., Naumov, A. V., Sirotin, A. N. (2002).
Teoriya veroyatnostey i matematicheskaya statistika. Moscow: Fiz-
matgiz, 202.

DOI: 10.15587/1729-4061.2021.240233
ANALYSIS OF LOSS ON SINGLE-PHASE DRY
TRANSFORMERS WITH NON-LINEAR LOAD (p. 17-22)

Harrij Mukti Khristiana

Brawijaya University, Malang, Indonesia

State Polytechnic of Malang, Malang, Jawa-Timur, Indonesia
ORCID: https://orcid.org/0000-0001-9859-2881

Sudjito Soeparman
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0003-3490-7543

Slamet Wahyudi
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0003-4479-0895

Rini Nur Hasanah
Brawijaya University, Malang, Indonesia
ORCID: https://orcid.org/0000-0002-6002-6558

The paper studies power losses in transformers due to non-linear
loads. The research aims to analyze the power loss in a single-phase
dry transformer under a non-linear load. The research uses an SW43W
Power supply type, FlukeView Power Quality Analyzer asa DC or AC
power supply on the primary side of the transformer. The non-linear
load is connected to the secondary side. The loading test of the dry
transformer was carried out at non-linear loads. The load variations
used 0 %; 12.5 %; 25 %; 37.5 %; 50 %; 62.5 %; 75 %; 87.5 % and 100 %, as
well as variations in the THD value by adjusting the ignition angle (a).

The non-linear loads used are Half-Wave Rectifier and Controlled Half-
Wave Rectifier with resistive loads with variations in THD values. The
results showed that the transformer losses comprised Ppg j0aq and Pjoag.
The operation of the transformer with constant input voltage and fre-
quency with THDv<5 % resulted in a constant Py, 10,4 value at all load
values. The greater the percentage of the load, the higher the load. The
increase in THD because of non-linear load will increase the load on the
transformer. The value of the derating factor is obtained by connecting
the increase in losses (AP ggses), Which is influenced by THD and the in-
crease in temperature T(°C) in dry transformers. When the transformer
is loaded with a non-linear load, the derating factor<1. THD and derat-
ing factor form a linear relationship, when THD increases, the derating
factor value decreases. Linear load on the transformer causes a decrease
in its capacity, but if it gets a non-linear load with THD=39.1 %, it can
withstand a load of 84.294 %, besides the increase in total harmonic
distortion will increase losses and reduce transformer capacity.

Keywords: Dry Transformer, Single-Phase, Non-Linear Load, Loss,
Derating factor, Total Harmonic Distortion.

References

1. Grady, M. (2012). Understanding Power System Harmonics. Avail-
able at: https://web.ecs.baylor.edu/faculty/grady/understanding_
power_system_harmonics_grady_april 2012.pdf

2. Mehrdad, M., Stanek, E. K., Jannati, A. S. Influence of Voltage and
Current Harmonics on Behavior of Electric Devices. Available at:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.519.417
1&rep=rep1&type=pdf

3. Rexhepi, V. (2017). An Analysis of Power Transformer Outages and
Reliability Monitoring. Energy Procedia, 141, 418—-422. doi: https://
doi.org/10.1016 /j.egypro.2017.11.053

4. Godina, R., Rodrigues, E., Matias, J., Cataldo, J. (2015). Effect of
Loads and Other Key Factors on Oil-Transformer Ageing: Sustain-
ability Benefits and Challenges. Energies, 8 (10), 12147-12186. doi:
https://doi.org/10.3390/en81012147

5. Sadati, S. B., Tahani, A., Darvishi, B., Dargahi, M., Yousefi, H.
(2008). Comparison of distribution transformer losses and capac-
ity under linear and harmonic loads. 2008 IEEE 2nd Interna-
tional Power and Energy Conference. doi: https://doi.org/10.1109/
pecon.2008.4762661

6. Jayasinghe, R.N, Lucas, J. R., Perera, K. B. I. M. (2003). Power system
harmonic effects on distribution transformers and new design consid-
erations for K factor transformers. IEE Sri Lanka Annual Sessions.

7. EL Sebaay, A., Ramadan, M., Adma, M. A. A. (2017). Studying the
Effect of Non-Linear Loads Harmonics on Electric Generator Power
Rating Selection. European Scientific Journal, ES]J, 13 (18), 548. doi:
https://doi.org/10.19044 /esj.2017.v13n18p548

8. Kim, J.-G., Kim, J.-M. (2017). A study on the current & load unbal-
ance factor in using linear & nonlinear load. The Transactions of The
Korean Institute of Electrical Engineers, 66 (8), 1291-1296. doi:
https://doi.org/10.5370/KIEE.2017.66.8.1291

9. Dalila, M. S., Khalid, M. N., Md Shah, M. (2009). Distribution trans-
former losses evaluation under non-linear load. 2009 Australasian
Universities Power Engineering Conference.

10. Azbar, N. M., Jaffal, H. M., Freegah, B. (2020). Enhancement of
the Thermal Performance Characteristics of an Electrical Power
Transformer. Engineering Science & Technology, 2 (1), 94—112. doi:
https://doi.org/10.37256 /est.132020487

11. Zynal, H. I, Yass, A. A. (2012). The Effect of Harmonic Distortion
on a Three phase Transformer Losses. Canadian Journal on Electrical
and Electronics Engineering, 3 (5), 255-261. Available at: https://
citeseerx.ist.psu.edu/viewdoc/download ?doi=10.1.1.408.5299 &rep
=repl&type=pdf

12. Singh, J., Singh, S., Singh, A. (2017). Effect of Harmonics on Dis-
tribution Transformer Losses and Capacity. International Journal of



Engineering Technology Science and Research, 4 (6), 48—55. Avail-
able at: http://www.ijetsr.com/images/short _pdf/1497277266 _iet-
ed683_ijetsr.pdf

13. Sajani, T. (2018). Design of the power feeding system for electri-
fied railways case study: panadura- veyangoda railway sector. Uni-
versity of Moratuwa. Available at: http://dllib.uom.lk/bitstream/
handle/123/13427 /Full-thesis.pdf?sequence=1

14. Papechen, P, Sebastian, S. (2016). A New RS Based Encryp-
tion Scheme for Wireless Communication. International Journal
of Innovative Research in Electrical, Electronics, Instrumentation
and Control Engineering, 4 (6), 268-272. Available at: https://
www.ijireeice.com/upload/2016 /june-16/IJIREEICE%2061.pdf

15. Olivares-Galvan, J. C., Georgilakis, P. S., Ocon-Valdez, R. (2009). A Re-
view of Transformer Losses. Electric Power Components and Systems,
37(9),1046—1062. doi: https://doi.org,/10.1080,/15325000902918990

DOI: 10.15587 /1729-4061.2021.243112
DETERMINATION OF FEATURES OF FORMATION

OF ENERGY SUPPLY SYSTEMS WITH THE USE OF
RENEWABLE ENERGY SOURCES IN THE TRANSITION
PERIOD (p. 23-29)

Liliya Nakashydze
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID https://orcid.org/0000-0003-3990-6718

Volodimir Gabrinets

Dniprovsky National University of Railway Transport named after
Academician V. Lazaryan, Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-6115-7162

Yurii Mitikov
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-4787-603X

Sergey Alekseyenko
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0003-0320-989X

Iryna Liashenko

Dniprovsky National University of Railway Transport named after
Academician V. Lazaryan, Dnipro, Ukraine

ORCID https://orcid.org/0000-0002-7816-2339

An urgent scientific and practical problem is the formation of
energy efficient systems for ensuring climatic conditions in premises
based on the use of renewable energy sources. The work has improved
the technical and methodological approach to the calculations of en-
ergy supply and storage systems when using energy-active fences. The
special effectiveness of these fences has been shown in the transitional
periods of the year, that is, in spring and autumn.

A mathematical model has been developed to reliably predict the
process of ensuring temperature comfortable conditions (heat bal-
ance) when using nonparametric statistics methods. It will improve
the quality of forecasting the effect of external air temperature during
the transitional periods of the year. The temperature inside the room is
taken into account in the presence of a multilayer energy-active fence.

To determine the approach to the use of heat in energy supply sys-
tems during the transition period, thermal parameters from the inner
and outer sides of the building structure are considered. This makes
it possible to take into account changes in the heat transfer of these
structures when designing a power supply system and determining the
optimal modes of its functioning in various natural conditions.

The function of energy-active fences associated with the gen-
eration of additional heat into the system, obtained through the
conversion of solar radiation energy, is considered. To increase this
generation, special multilayer designs of energy-active fencing have

been proposed. The proposed thermal modernization with the use of
energy-active fences allows, on average, over the cold period of the
year, to reduce energy consumption by 3.5 times for industrial and
residential buildings.

Keywords: energetic fences, solar radiation, multilayer struc-
tures, energy conversion, thermal modernization, convection.
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The influence of the ambient air temperature on changes in the
parameters and thermophysical characteristics of the gas pumped
through the underground pipeline was investigated. This was done
because there are no scientifically sound recommendations for the
optimal gas temperature after coolers at the compressor station. The
presence of the site of inversion of heat exchange between gas and
soil — a change in the direction of heat exchange along the length of
the gas pipeline was revealed. It was proved that the air temperature
above the soil surface should be substituted into the formula for
calculating the change in gas temperature along the length of the
pipeline between compressor stations. This made it possible to deter-
mine quantitative changes in the thermophysical and hydraulic char-
acteristics of the gas along the pipe length, in particular, the change
in density, viscosity, heat capacity, flow regime. It is shown that the
change in air temperature during the year leads to a change in the
gas pressure at the end of the gas pipeline section up to 0.15 MPa. A
change in air temperature by 10 °C leads to a change in gas tempera-
ture by approximately 5 °C. Analytical studies made it possible to
develop practical recommendations for the power-saving operation
of air coolers at compressor stations. It was determined that the op-
timum gas temperature at the cooler outlet will be the temperature
at which the heat exchange inversion point along the length of the
gas pipeline coincides with the location of the subsequent station.
It is shown how to control gas cooling in air coolers. In particular,
by shutting down one of several operating devices and changing the
speed of the fan drive. The developed recommendations will make
it possible to quickly regulate the temperature mode of the under-
ground gas pipeline operation at optimal power consumption for the
operation of the gas cooling system after gas compression.

Keywords: underground gas pipeline, gas temperature, ambient
air, air cooler, power consumption.
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This paper reports a comparative analysis of the thermal regime
control means while minimizing a set of basic parameters in various
combinations with the indicators of reliability and dynamics of the
functioning of a single-stage thermoelectric cooler. The connection
has been established between the optimal relative operating current
corresponding to the minimum of the set on the relative temperature
difference and heat sink capacity of the radiator. The results of calcu-
lating the main parameters, reliability indicators, time of entering the
stationary mode of operation for various current modes of operation at
a fixed temperature difference, thermal load at different geometry of the
branches of thermoelements are given. A comparative analysis of the



main parameters, indicators of the reliability and operational dynamics
of a single-stage cooler under various characteristic current modes of
operation has been carried out. Minimizing the set of basic parameters in
conjunction with the reliability indicators and operational dynamics of
the cooling thermoelement provides a decrease in the refrigeration coef-
ficient up to 40 % compared to the maximum cooling capacity mode,
as well as the optimal heat sink capacity of the radiator, the amount of
energy expended, the time of entering the stationary mode, the relative
intensity of failures. The analysis of the influence of the temperature
difference at a predefined thermal load on the relative operating cur-
rent, the time it takes for the cooler to enter the stationary thermal
regime, the heat sink capacity of the radiator, the relative intensity of
failures has been performed. The devised method of optimal control
over the thermal regime of a single-stage thermoelectric cooler based
on minimizing the set of basic parameters makes it possible to search for
and select compromise solutions, taking into consideration the weight
of each of the limiting factors.

Keywords: thermoelectric cooler, set of basic indicators, geometry
of thermoelements, dynamic characteristics, reliability indicators.
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This paper reports an experimental study into the combustion of
alternative gases in the form of a mixture of propane-butane with air
and carbon dioxide after a stabilizing flat module whose both sides are
flown around with an airflow. The ballasted fuel was fed by jets into the
airflow from the holes located on the side walls of the stabilizer. In this
case, the fuel and air were partially premixed. It was established that
when ballasting fuel with inert admixtures, the length of the torch and
the maximum temperature gradually decreased while nitrogen oxide
emissions decreased. With an increase in the content of ballast in fuel,
combustion breaks. The dependence of torch stability on the relative
consumption of ballast has been established. To stabilize the combus-
tion, highly reactive fuel is supplied to the recirculation zone after a
stabilizer from a separate collector. Ballasted fuel passes through the
next torches of high-temperature fuel; the all fuel combustion process



takes place. The combined scheme of mixture formation makes it pos-
sible to adjust fuel consumption in the zones and thus maintain a stable
burner power. In the case of supplying all fuel to the recirculation zone
after the stabilizer, a so-called “rich” detachment is possible when the
torch is detached from the stabilizer. When working under such modes,
highly reactive fuel is supplied from the holes on the side walls of the
stabilizer, which are placed closer to its detachment edges than the holes
for the supply of ballasted fuel. At the same time, the jets of ballasted
fuel also pass between the torches of highly reactive fuel so there is joint
combustion of all fuel.

Keywords: burner device, combustion stability, ballasted fuel gas,

torch length, stabilizer, ballasting, fuel gas, combustion characteristics.
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Ammonia has great prospects in the context of the transition to car-
bon-free energy. It can be used as fuel in gas turbines, fuel cells, internal
combustion engines, and burned together with coal. However, indus-
trial production of ammonia is based on the Haber-Bosh process, which
involves the use of natural gas and coal, which, in this case, does not
make it really carbon-free. This study proposes a method to produce am-
monia, which is environmentally friendly and does not require the use of
fossil fuels. It is based on the approach to adjusting the concentration of
ammonium nitrogen in a biogas reactor and implies the sorption of am-
monia from the gas phase with a solution of monoammonium phosphate,
obtaining diammonium phosphate, and subsequently heating it with the
release of ammonia. The factors influencing the extraction of ammonia
from waste have been considered, as well as the influence of temperature
on the release of ammonia from the solution of diammonium phosphate;
the energy efficiency of the method has been assessed. With increasing
temperature, the degree of ammonia and the degree of sorbent regenera-
tion increased. Under laboratory conditions, 111 J /g of ammonia energy
was spent. The higher the concentration of (NH,),HPOy in the solu-
tion, the less energy is required to obtain a unit of ammonia mass. The
total amount of ammonia released varies depending on the temperature.
Sorbent regeneration can be carried out using thermal energy obtained
at a cogeneration plant. The possibility of using this method to produce
ammonia at an industrial scale has been estimated by analyzing the ways
of ammonia utilization as a fuel. The potential for ammonia production
in the main livestock industries in Europe and the United States is up
to 11,482,651.15 and 11,582,169.5 tons per year, respectively. Applying
this solution also makes it possible to improve the efficiency of biogas
production from waste with high nitrogen content. The proposed
method of ammonia production could potentially contribute to the
development of carbon-free energy.

Keywords: ammonia production, carbon-free energy, anaerobic
digestion, ammonium nitrogen, ammonium phosphates.
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OIABUIIEHHS ETEKTPOMATHITHOI CYMICHOCTI TA EOEKTUBHOCTI CXEM KUBJEHHS JYTOBUX
CTAJIEIIABUJIbHUX IIEYEN Y HEJIHIAHUX HECUMETPUYHUX PEKUMAX (c. 6-16)

B.T. TypkoBcbkuii, A. A. ManxinoBcbkuii, A. 3. Mysuuak, O. B. Typkoscbkuii

JIyroBi craseniaBuibHi medi 3MiHHOTO CTPYMY € HAHMOTYKHIMIMMHU YCTAHOBKAMNU CepeJl MPUEAHAHNX /10 eJIEKTPUYHIX MePesK, PesKIM
PoOGOTH AKUX € AMHAMIYHUM, HeCUMETPUYHNM i Hesiniinum. CaMe ToMy 1 1edi BUKJUKAIOTh YBECh MOKJIUBUIA CIIEKTP HEraTUBHOTO BILIUBY
Ha SKICTDb €JIeKTPOeHeprii y MepesKi KUBJICHHS, 30KpeMa, KOJTMBAHHS, HECHMETPIIo Ta HECHHYCOIHICTb HAIIPYTH.

Binowmi mpono3uiiii 3 mokpanieHHs eJIeKTPOMarHiTHOI CyMiCHOCTI [yTOBUX eJIeKTpoIledeli IlepeBaskHO OPIEHTOBAHI Ha YCYHEHHS HACII/IKIB
HEeraTUBHOTO iX BIJIMBY HAa MEPEKi €HEPrOCHUCTEeM.

[IpononoBanmii miXiz Ta BiMOBIHE TeXHIUHe BUPINIECHHS CKePOBaHi Ha 3HIDKEHHS PIBHS TeHepYBaHHS HeraTUBHOTO (HakToOpy I OHO-
YaCHO J103BOJIAIOTH 3HU3UTH KOJUBAHHS, HECUMETPIiIo 1 HecuHycoifHicTh Hanpyru. Takuil pesyJsTaT OTpUMaHU BHACIIIOK TOrO, 1[0 IIPOIIO-
HOBaHe PIllleHHsT BPAXOBYE 0COOIMBOCTI PUPOAHOTO /I7IsT IyTOBUX TIedeil iarma3ony peskumiB. OMTHMATBHIM /IS TAKHX CTIOKUBAYIB € BIKO-
PUCTaHHS CUCTEMH JKUBJICHHS CTAJI0T0 CTPyMy [=const y jiana3oni pe;k1MiB Bijl eKCITyaTaIliiiHoro KOpOTKOTO 3aMUKAaHHS 10 MAKCUMATbHOTO
HaBaHTa)KeHHs Ta cucTeMu U=const B ycili inmmiii obacti pexxnmis. Peastizaitist Takoi cucteMu 3MiHCHIOETHCS Ha OCHOBI PE3OHAHCHOTO TIepe-
TBOPIOBAYa «CTAIUI CTPYM — CTajia HaTIpyTay.

JlocikeHHAMY BCTAaHOBJICHO, 110 BUKOPUCTAHHS TaKOl CUCTEeMU JKUBJICHHS Yy IIOPIBHAHHI 3 TPAAULINHOIO CXEMOIO /[03BOJISIE 3HU3UTU
HEeCHHYCOI/IHICTb HAIIPYTU Y MAJOTIOTY:KHiiT Mepexi 3 3,2 % 10 2,1 % Ta koedinient necumerpii 3 3,66 10 1,35 %. [linTBeprkeno tTakox pamiire
oryGJIiKOBaHi faHi 10/10 CYTTEBOTO 3HMKEHHS KOJIMBAHb HAITPYTH.

[TokaszaHo MMO3UTUBHUII BIUIMB TAKOI CHCTEMH HA eHEPreTHYHi MOKa3HUKK POOGOTH BIACHE MYHOI YCTAHOBKH, 110 MPOSIBISAETHCS Y 3011b-
menni moTyxkuocti ayru Ha 12,5 %, a enexrpruanoro KK/ wa 5,1 %. Ile 103BoIsi€ MABUIMTY MPOAYKTHBHICTD Ta e(DEKTHBHICTD IyTOBUX
CTaJIeIITIABUJIBHUX T1€Yeil.

KmouoBi cioBa: myrosa 1mid, MO/IeTh AYTH, KOJTWBAHHS HAITPYTH, HECHHYCOIIHICTh, HECUMETPisl, TPOLYKTHBHICTD TTeYi.
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AHAJII3 BTPAT B OTHO®A3HUX CYXUX TPAHCOOPMATOPAX IIPU HEJITHITHOMY
HABAHTAKEHHI (c. 17-22)

Harrij Mukti Khristiana, Sudjito Soeparman, Slamet Wahyudi, Rini Nur Hasanah

VY po6GoTi POBOAMTHCS OCTIFKEHHsT BTPAT MOTYKHOCTI B TpaHchHOpPMATOpax MpU HEJTHIHHIX HaBaHTaKEHHAX. MeToIo JOCIiITKEHHS €
aHaJIi3 BTPAT MOTYKHOCTI B 0/IHO(A3HOMY cyXoMy TpaHchOpMaTOpi IIpH HeliHIFTHOMY HaBaHTaxKeHHI. /lOCIIiIPKeHHST BUKOPHCTOBYE JIKEPETIO
sxuienns SW43W, anasizatop sikocti enexrpoeneprii FlukeView B sikocti 1pkepesia mocTiiinoro abo 3MiHHOTO CTPYMY Ha TIepBUHHiET 0OMOTIL
tpanchopmaTopa. HesniHiliHe HaBaHTaKEHHS TAKTIOUEHE 10 BTOPHHHOI 0OMOTKM. BunpoGyBanHs cyxoro Tpanc$hopMaTopa Ha HaBaHTaKEHHS
[IPOBOINJIOCS TIPY HEJIIHINHIX HaBaHTaKeHHsX. BukopuctoByBaHi 3minu HaBantaskenns 0 %; 12.5 %; 25 %; 37.5 %; 50 %; 62.5 %; 75 %; 87,5 %
i 100 %, a Takosx 3aminm 3navenns KHC nuisixom perymmoBanus KyTa 3anamoBanns (o). B skocti HesiniiiHnX HaBaHTasKeHb BUKOPUCTOBYIOTh-
51 O/IHOTOJTYTIEPIO/IHUI BUIIPSIMIISTY | KePOBAHU O/HOMOJYTIEPIOIHII BUIIPSIMIISY 3 aKTUBHUME HABAHTAKEHHSIMU 11pu 3MiHi 3Havenbp KHC.
PesyuibraTit TIOKa3aJu, 1110 BTpatu B TpancdopmaTopi BkIoyaiorh P6es nas i Puas. [Ipu poboti TpancdopmaTopa 3 MOCTiiiHOIO BXiAHOIO Ha-
npyroio i vactoroio 3 KHCe<5 % 3uauennst POe3 Has € MOCTIfHUM [PU BCIX 3HAYECHHSIX HaBaHTaKeHHs. TuM Oijiblle BiICOTOK HaBaHTaKEHHI,
TUM Bulle HaBaHTaxeHHs. 36inbuierts KHC yepes HeniniliHe HaBAHTaKEHHs IPU3BE]IE 10 301/IbIICHHS] HABAHTAKEHHS HA TPaHCHOPMATOP.
3navenns koedilieHTa 3HUKEHHS MOTYKHOCTI OTPUMAHO HMIJISIXOM BCTAHOBJICHHST 3aJIeKHOCTI Mizk 30ibiiernsiM Brpar (APBTpar), Ha sike
srvmmBae KHC i nigsumennsm remneparypu T (°C) B cyxux tpancdopmaropax. [Ipu HeminiitHoMy HaBaHTaskeHHi Ha TpanchopmaTop, Koedi-
mient samkenns noryskaocTi<1. KHC i koedilienT 3HuKeHHs TTOTYKHOCTI yTBOPIOIOTD JIiHIHY 3ajieKHicTh, 1pu 36iabiienni KHC snavenms
KoedillieHTa 3HIKEHHS TTOTYKHOCTI 3MeHnIyeThes. JIiniiine naBantaskeHHs Ha TpanchOpMaTOp BUKINKAE 3HIKEHHS HOTO MOTYKHOCTI, OJ{HAK
npu HesiHiliHOMY HaBaHTaxkenHi 3 KHC=39,1 %, BiH 3naTHuil BuTpuMaTu HaBaHTtakeHHs1 B 84,294 %. Kpim Toro, 36inbuienHs koedinienTa
HeJIHITHUX CIIOTBOPEHD TIPHU3Be/Ie 10 301IbINeH s BTPAT i 3HMKEHHsI OTYKHOCTI TpaHchopMaTopa.

Kmouosi cioBa: cyxuii Tpanchopmarop, ofHoha3HNi, HesliHiliHe HaBaHTaKEHHSI, BTpaTh, Koedili€HT 3HUKEHHS OTYKHOCTI, Koedilti-
€HT HEJIHIITHUX CIIOTBOPEHb.
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BHU3HAYEHHS OCOBJIMBOCTEIl ®OPMYBAHHS CUCTEM EHEPTO3ABE3IEYEHHS 3 BUKOPUCTAHHSM
BIZITHOBJIIOBAHUX JIZKEPEJI EHEPTIi B IIEPEXIITHUI ITEPIO/] POKY (c. 23-29)

JI. B. Hakammunage, B. O. Ta6pinens, ¥0. O. Mirikos, C. B. Anekceenko, 1. C. JIsimenko

AKTyaJIbHOI0 HayKOBO-TIPAKTUYHOIO TIPO6JIeMOI0 € GopMyBaHHs eHeproeeKTUBHIX CHCTEM 3a0e3IeUeHH s KIIMATHYHIX YMOB B IIPUMi-
MIEHHSAX HA OCHOBI BUKOPUCTAHHST BiIHOBJIIOBAHUX JIKEPeJT eHepril. Y podoTi yI0CKOHANIEHO TeXHIKO-METOMOJOTTYHIN MXI/L 10 PO3PaxyHKiB
CHCTEM eHepro3adesIedyeH sl Ta aKyMyJIIOBAHHs IIPU 3aCTOCYBaHHI €HepProakTHUBHUX oropojkenb. [Tokasana ocobinBa eeKTUBHICTD HUX
OTOPOJIKEHD B TIEPEXi/IHi mepiogn poKy, ToOTO BECHU Ta OCEHi.

Jlnst HA/IHHOTO TIPOTHO3YBAHHS TIPOIeCy 3a0e3MeYeHHS] TeMIIEPaTyPHIX KOMMOPTHUX YMOB (TEIIOBOTO GalaHCy) MPH 3aCTOCYBAHHI
METO/IiB HEMAPAMETPUYHOI CTATUCTUKU PO3POOIEHA MaTEMATUYHA MOJIe/Ib. BOHA J03BOJIUTD TABUINUTH SIKICTh IIPOTHO3YBAHHSI BILUIUBY 30-
BHIIITHBOI TeMIIepaTypy HOBITPs y Tiepexini nepioau poky. [lo yBaru 6eperbest Temiieparypa Beepeanti IpUMIIeH st IPU HasiBHOCTI GaraTo-
IIAPOBOTO €HEPrOAKTHBHOTO OTOPOJIXKEHHSI.

Jlist BUSHAYEHHST TIXO/LY 1010 BUKOPUCTAHHS B CUCTEMAX €Hepro3abe3neyeHH s TEIIOTH B TePEXiTHIUIT TTepiof] PO3TJISIIAI0ThHCS TETIOB
TapaMeTpu 3 BHYTPIIIHbOI Ta 30BHINIHBOI CTOPOHM KOHCTPYKILii criopyzan. Ile 1ae MOKIMBICTh BpaXoBYBaTH 3MiHN TeTIONepeaBaHis IIIX
KOHCTPYKIIIT TPU IPOEKTYBAHHI CUCTEMU €HEPro3abe3IeyeH s Ta BU3HAYCHHS ONTUMATbHIX PEKUMIB il (DyHKIIIOHYBaHHS B PIHUX IPUPOJI-
HUX YMOBaXx.

PosristayTo iHIIy 33/1a4y €HEProaKTUBHOTO OTOPOJIKEHHS, HOB'SI3aHy 3 T€HEPYBAHHSM B CUCTEMY JIO/IATKOBOI TEILIOTH, SIKA OTPUMYETBCS
3aBIISIKU IEPETBOPEHHIO €HEPTii COHSITHOTO BUITPOMiHIOBaHHSI. JIIs1 HiIBUIIIEHHSI 1{bOTO TeHEPYBAHHsI GyJIN 3alIPONOHOBAHI CIIelia b i 6araromnia-
POBi KOHCTPYKIIil eHeproakKTHBHOTO OTOPOJKEHHS. 3ariporioHoBaHa TEPMOMO/IEPHI3allis 3 BAKOPUCTAHHAM eHeproaKTHBHIX OTOPOXK JI03BOJISE, B
CepeIHbOMY 32 XOJIOHUIA TIEPIO/T POKY, SMEHIIUTU €HEProBUTPATH B 3,5 pasu /it Oy/iBesib TPOMUCIOBOTO Ta KUTJIOBOTO [IPU3HAUCHHSL.

Kir04oBi ciroBa: eneproakTHBHe OTOPOUKEHHS, COHSYHE BUTPOMIHIOBAHHsI, 6araTomapoBi KOHCTPYKIIil, TEPETBOPEHHS €HEPTii, TEPMO-

MOJIepHi3allisi, KOHBEKIis.
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PO3POBKA MO/JIEJII OIITUMAJIBHOTO TEMIIEPATYPHOTO PE;KVIMY POBOTH MATICTPAJIBHOTO
TA3OIIPOBOJLY (c. 30-37)

M. M. Konorpusos, B. II. By3oBcbkuit

[TpoBesieHO OCI/KEHHS BIIMBY TeMIIepaTypH HABKOJIMIITHBOTO MOBITPS HA IPOIEC 3MIHU NapaMeTpiB i TertoisnyHuX XapakTepucTuK
rasy, o Tepekavy€eThes 1Mo migzeMHoMy Tpy6orpoBoy. Ile 3pobieHo ToMy, 110 HeEMAe HAyKOBO OOIPYHTOBAHNX PEKOMEHIAIIIN MO0 OIITH-
MaJIbHOI TeMIIepaTypH rasy IicJIsl alapaTiB OXOJO/KEHHST Ha KOMIIPECOPHiii cTaHIii. BcTaHOBIEHO HAsBHICTH MicIi iHBEpCil TEII00OMiHY
MIK Ta30M i TPYHTOM — 3MiHU HAMPSAMKY TEIIOOOMIHY 0 TOBKUHI ra30mnpoBoy. JloBesieHo, 1o B GOpMyIIy JUisi PO3PAaXyHKY 3MiHU TeMiie-
paTypH rasy o ZOBXKUHI TPYOOIPOBOAY MisK KOMIIPECOPHIMIT CTAHIISIMI CJTi/l MACTABJISTH TEMIIEPATYPY MOBITPST Ha/l TOBEPXHEIO TPYHTY.
3aBIIKK 1IbOMY CTAJI0 MOKJIMBUM BU3HAYEHHST KiJIbKICHUX 3MiH B TerIOMI3MYHUX i TipaBIiyHUX XapaKTEePUCTUKAX ragy 110 J0BKUHI TPyOH,
30KpeMa 3MiHU T'YCTUHU, B'SI3KOCTI, TEIMJIOEMHOCTI, pexkuMy Tedii. [lokazano, 1o 3mina remrepaTypu HOBiTPsI TPOTSITOM POKY MPU3BOIUTH /10
3MIHM THCKY ra3y B KiHii fisstHkn razonposoy 10 0,15 MIla. 3mina remnepatypu nositpst Ha 10 °C mpu3BOANTS 10 3MIiHN TEMIIEPATYPU Ta3y
opienToBHo Ha 5 °C. AHaTITHYHI ZOCTIIKEHHS JO3BOJUIM PO3POOUTH PAKTHYHI PeKOMEHAIT 11010 eHepro3bepiraouoi pobOTH araparis
TIOBITPSHOTO OXOJIO/KEHHS Ha KOMIIPECOPHUX CTaHIiAX. Busnadeno, 1o oNTHMaIbHOIO TeMIIepaTypolo ra3y Ha BUXOJI 3 amapaTiB 0X0JI0-
JUKEHHs OyJie TeMIiepaTypa, NpH sIKili Touka iHBepcii TermmooOMiHy 0 I0BKUHI Ta30MpPOBOLY 30Iira€ThCst 3 MiCIIeM PO3TAllyBaHHS HACTYITHOI
craniii. IlokazaHo K MOKJIMBO PeryJioBaTi OXOJIO0/UKEHH: Ta3y B alllapaTax MOBITPSHOTO OXOJIO/UKEHHs. 30KpeMa Bi/[KJIIOYeHHAM O/[HOTO 3
KUJIBKOX TIPAIIOI0YHX aIlapaTiB i 3MiHOIO yriciia 06epTiB IPUBO/LY BEHTUIISITOPA. PO3pobiieni pekoMeH Il I03BOJISTH OTIEPATUBHO PETyJIIOBATH
TeMIepaTypHUil PeKUM POOOTH MMiJIBEMHOTO Ia30IPOBOJLY [PH ONTUMAJIbHUX EHEPrOBUTPATaX Ha POOOTY CHCTEME OXOJIOKEHHS Tasy IMicJs
110TO KOMIIPIMYBAHHS.

Kimouogi croBa: 11iiseMHuUIT ra301IpoBi/L, TeMIiepatypa rasy, HaBKOJIMIITHE MOBITPSI, allapaT MOBITPSHOTO OXOJIO/PKEHHST, eHEPreTHYHI BUTPATH.
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MOPIBHAJIBLHIIT AHAJII3 3ACOBIB YIIPABJIIHHSA TEILIOBUM PEKMMOM OXOJIO/IKYIOUOTO
TEPMOEJIEMEHTY ITPY MIHIMI3AIII KOMIIJIEKCY OCHOBHUX ITAPAMETPIB (c. 38-50)

B. II. 3aiixos, B. 1. Memepsxkos, 10. 1. KypasiboB

[TpoBeieHO MOPIBHAIBHNUIT aHAII3 3aCO6IB YIIPABJIIHHS TEIJIOBUM PEKUMOM TIPU MiHIMIi3allil KOMILIEKCY OCHOBHUX [TaPaMETPiB Y Pi3HUX
CHOJTyYeHHSAX 3 TTOKa3HUKaMI HaiifHOCTI i AnHaMikn (DYHKITIOHYyBaHHSA OJHOKACKAIHOTO TEPMOEJEKTPUYHOTO OXOJIO/[UKyBada. BusHaueHo
3B’SI30K OINTHMAJIBHOTO POOOUYOTO CTPYMY, SKUII BIAIOBiTAE MiHIMYyMY KOMIUIEKCY Bijl BIAHOCHOTO MEPENagy TeMIEPATypH i TeIIo BifBiaHy
crpomMoxkHOCTi pagiaropy. IIpeacrasieno pesysbratin po3paxyHKiB OCHOBHMX ITapaMeTpiB, MOKAa3HUKIB HAJIIHOCTI, Yacy BUXOJY Ha CTalli-



OHAPHUI PEeKUM POOOTH IS PISHUX TEIIOBUX PEKMMIB POGOTH NpH (HiKCOBAHOMY TIeperaji TeMIepaTyp, TEIJIOBOMY HaBaHTaKEHHI s
Ppi3Hiii reoMeTpii riJIok TepMoesieMeHTiB. BUKOHAHO TTOPIBHSIBHIIT aHAI3 OCHOBHUX TTAPAMETPIB, TOKA3HUKIB HAMIMHOCTI i AnHAMIKY (DYHK-
I[IOHYBAHHST OIHOKACKAHOTO OXOJIO/KYBAYa B PI3HUX XapaKTEPHUX CTPYMOBUX peknMax po6oTi. MiHiMI3allist KOMILTEKCY OCHOBHIX apa-
METPIB Y B3aEMO3B’SI3KY 3 MOKa3HMKAMU HAIITHOCTI 1 AMHAMIKOW0 (DYHKIIIOHYBAHHS OXOJIOIZKYIOUOTO TEPMOECJIEMEHTY 3a0e311euye: 3HIKCHHS
XOJIOMIILHOTO KoedittienTy 10 40 % MOPIBHSIBHO 3 PEKUMOM MaKCHMAIbHOI XOJIOMOMPOLYKTUBHOCTI, & TAKOXK ONTUMAJIbHY TEILIO BiBiIHY
CHPOMOXKHICTD pajiiaTopy, KiJIbKiCTh BUTPaYeHOi €Heprii, yac BUXO/AY Ha CTallioHapHUI PEKUM, BiIHOCHY iHTEHCHBHICTH BiaMoB. IIpoBeneno
aHaJIi3 BIUIMBY MEPENaLy TEMIIEPATYP MIPU 3aJaHOMY TEILIOBOMY HABaHTAKEHHI HA BIZIHOCHUIT pOGOUMIA CTPYM, Yac BUXO/LY OXOJIO/KYBAava Ha
CTAIliOHAPHUI TETTOBUI PEKUM, TETJIO BIZBIZHY CIIPOMOKHICTD pajiaTopy, BIIHOCHY iIHTeHCHBHICTD Bi/MOB. Po3po06JieH i METOI OTITHMAaIIb-
HOTO YIIPABJIHHS TEIUIOBUM PEXMMOM OJHOKACKA[HOTO TEPMOECIEKTPUUHOTO OXOJIO/PKyBaua Ha OCHOBI MiHIMizallil KOMILIEKCY OCHOBHUX
napaMeTpiB JIa€ CIPOMOKHICTD MOITYKY 1 BUOOPY KOMIIPOMICHUX PillleHb 3 ypaXyBaHHAM BaroMOCTi KOKHOTO 3 00MEKYBaIbHUX (DaKTOPIB.
KmoyoBi cioBa: TepMoeeKTpuaHuil 0X0JI0/1KyBay, KOMIJIEKC OCHOBHIX MOKAa3HNKIB, TeOMETPIis TePMOeJIeMEeHTIiB, IUHaMIuHI XapaKTe-

PUCTUKY, TOKAa3HUKK HAJ[IHHOCTI.
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BU3HAYEHHA OCHOBHUX XAPAKTEPUCTUK CTABIJIISBATOPHUX MIKPO®AKEJIbHUX ITAJIBHUKOBUX
MPUCTPOIB ITPU CITAJTIOBAHHI 3ABAJIACTOBAHUX ITAJTUBHUX TA3IB (c. 51-65)

0. I0. Yepnoycenko, JI. C. ByroBcekuii, O. O. I'panoBcbka, O. C. Mopos, O. C. Crapuenko

By nipoBejieHi ekcriepuMenTanbHi A0CTiIKEHH s O/0 CaMOBAaHHsI aJlblepHaTUBHIX Ta3iB y BUIJISII CyMili mponan-6yTany 3 mosi-
TPSAM 1 JIBOOKMCOM BYTJICIIO 3a CTaOLI3aTOPHIM TIJIOCKUM MOJLYJIEM, sIKMid 0OTiKaBest 3 000X GOKIiB MOBITPSHUM TIOTOKOM. 3abajacToBame
MAJIMBO TI0/IABAJIOCh CTPYMEHSIMHE B [IOBITPSIHUIT OTIK i3 OTBOPIB, 1110 po3MilyBaiich Ha G0KOBUX cTiHKax crabiiizaTopa. [Ipu oMy Binbysa-
JIOCh YACTKOBE TOTIEPE/THE TIePEMITITyBaHHsI TAINBa i oBiTPsi. Beranosieno, mo mpu 6amacTyBanHi aTMBa IHEPTHIMIT IOMITITKAMU TOBKUHA
(bakesry i MakcUMaTbHA TEMIEpaTypa MOCTYIIOBO 3MEHIIYIOThCS, & BUKU/M OKCHUJIIB a30Ty 3HIKYIOThC. [Ipu 30iblieHHi BMicTy Ganacty B
nasuBi BiOyBaeThCa 3puB ropiniga. Beranosiena saneskHicThb criiikocti dhakesny Big BignocHoi surpatu Gasmacty. /s crabinizanii ropinms
B 30HY PEIMPKYJISII 32 cTabiTisaTopoM 3 OKPEMOTO KOJIEKTOPA TOAETHCSI BUCOKO PEAKIfiiiHe MaanBo. 3abasacToBaHe MaJnBO MPOXONTD
uepes Yepro.i (hakenn BUCOKOTEMIIEPATYPHOTO TIaIBa i BilGYBA€ThCsI IIPoIiec TOPIHHS BChoro MasinBa. KoMGiHOBaHa cxeMa CyMilieyTBOpeH-
HS JIO3BOJISIE PETYITIOBATH BUTPATY MAIMBA MO 30HAX i TAKUM YMHOM MATPIMYBATH CTabiIbHY MOTYKHICTh TTATBHIKA. Y pasi mojiadi BChbOro
MAJIMBA B 30Hy PEIMPKYJIALIT 3a cTabilIizaTopOM MOKINBA MOSBA TAK 3BAHOTO «0araToro» 3puBy, NPH SIKOMY BifI0YBA€ThCS BiipuB dakemry Bix
crabimizaTopa. [Ipu po6oTi Ha TaKKX pesKUMax BUCOKO peakiliiiHe MaJrBO MOAAETHCS 3 OTBOPIB Ha OOKOBMX CTiHKaX crabijizaropa, SKi po3-
MIIIYI0ThCST GIIIKYeE 10 HOTO 3PMBHIUX KPOMOK, HiIXK OTBOPH TT0fIadi 3a0a1acTOBAHOTO TastiBa. 1Ipu 1boMy cTpyMeHi 3a6aacTOBaHOTO TaInBa
TAKOK IIPOXOJATH MK (paKesaMu BUCOKO PEaKIiiiHOTO MaiuBa i BigOyBaeThCs CyMiCHE FOPIHHS BChOTO TTAINBA.

KiiouoBi ci1oBa: nmaibHUKOBHH IPUCTPIii, cTaicTh ropinHs, 3abajacToBanuii NaJluBHUI Tas, 1oBK1uHa hakesy, cTabiizaTop, GajacTyBaH-

HA, TTAJTUBHUI ra3, XapaKTepUCTUKN FOpiHHH.
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PO3POBKA METOY BUPOBHUIITBA AMIAKY /111 BE3BYTJIEHEBOI EHEPTETHUKH (c. 66-75)

C. O. KapnaH, €. b. lllanoBaos, P. A. Tapacenko, A. I. Camok

AMiaK Ma€ BeJIMKi epereKTHBI B KOHTEKCT] TIepexo/y A0 6e3ByT/eneBoi enepreTukit. JIoro Mosxia BUKOPHCTOBYBATH SIK IIAJIMBO B Fa30-
BUX TypOiHAX, MAIMBHUX €JIEMEHTaX, IBUTYHAX BHYTPIIIHBOTO 3TOPSIHHS 1 ClaioBaTti pa3om 3 Byriuisim. OHAK MPOMUCIOBE BUPOOGHUIITBO
amiaky 6asyerbest Ha nipotieci [abepa-Borna, sikuii nepenbadyae BUKOPHCTAHHS MPUPOIHOTO Ta3y Ta BYTiJUIsL, M0 Y TAKOMY BUTIAIKY He POOUTDH
HOTO [HHCHO 6E3BYTITENeBNM PIllleHHAM. Y IIbOMY JOCTIUKEHHI MPOTIOHYETHCS METO/] BUPOOHUIITBA aMiaKy, SIKIil € eKOJIOTiYHO YNCTHM 1 He
notpebye BUKOPUCTAHH BUKOITHOTO NMaauBa. Bin GasyeTbes Ha MIAXOl 0 PerysioBaHHs KOHIEHTpaIi aMOHIHHOTO a30Ty B 6iorasoBoMy
peaxTopi i moJisirae y cop0itii amiaky 3 TaszoBoi (hasu po3unHOM MOHOaMOHilochary, ogepxkanni anamoniiipocary Ta mogasbIIOMy HOTO
HarpiBaHHi 3 BU/JIEHHSIM amiaky. Po3risiHyTo hakTopu, siKi BIVIMBAIOTh HA BUJIYYEHHS aMiaky 3 BiJIXO/iB, IOCJI/IKEHO BIUIUB TEeMIepaTypi
Ha BUJIJIEHHS aMiaky 3 PO3uMHY AnaMoHilidocdary, a Takok olliHeHa eHepreTHdHa eeKTUBHICTD MeToy. 3i 30IIbIIEHHAM TeMIepaTypu
301/IbIIyBATaCh 1 CTYIiHb aMiaky Ta CTYIiHb peremepartii copbenty. Y mabopatopHnx ymoBax Oymo Butpadeno 111 [[x/r amiaky emeprili.
Yuwm sure konierrpanis (NH,),HPO, y posunHi, TuM MeHIie eHeprii moTpiGHO Ui OTPUMAHHST OJMHKI Macu aMiaky. 3arajbHa KiIbKiCTh
amiaKy, 110 BU/JISIETHCS, BIZPI3HAETHCS 3a/I€KHO Bijl TeMiepaTyp. Perenepaitisi copbenTty Mojke Oy TH 3iiicHeHa 3 BUKOPUCTAHHSIM TEIIOBOT
€Heprii, OTPUMAHOI Ha KOTEHEePAIiiHii ycTaHoBI. IIpOBEIECHO OLIHKY MOKINBOCTI 3aCTOCYBAHHS IAHOTO METO/TY /7T BUPOOHMIITBA aMiaKky B
MIPOMUCIOBOMY MacuiTabi IUISIXOM aHaJIi3y MUISXIB 3aCTOCYBaHHS aMiaky sk manuBa. [loTeHIias BUPOGHUIITBA aMiaKy B OCHOBHUX TaJIy3six
teapunHuiTBa y €spori i CIITA cranosuts 10 11482651,151 11582169,5 ToHu B piK, BiAmoBiaHo. BukopucTants [aHoro pillieH st TAKOX /10~
3BOJISAE 30LIBIMUTH e(heKTUBHICTD BUPOOHUIITBA 6i0r33y 3 BI/[XO/IiB 3 BUCOKUM BMiCTOM a30Ty. 3alIPOIIOHOBAHUIT METO]| BUPOOHUIITBA amiaky
TOTEHTIHHO MOJKe TIOCTIPUSITH PO3BUTKY Ge3BYTIIEIEBOI €HEPTETHKN.

Ka040Bi cii0Ba: BUpOOHUIITBO amiaKy, Ge3ByTJIelieBa eHepreTHKa, MeTaHoBa (hepMeHTAllis, aMOHIHUI a30T, (hocdaTn aMOoHi.



