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The object of research is the technological process of in-
creasing the service life of pointed cultivator shares of tillage
machines through the use of a progressive method of vibration
hardening. One of the most problematic areas is the inadequate
study of the investigated technological process of restoring
the working bodies of agricultural machines. In order to gain
a deeper understanding of the process of vibration processing
of the material of these machine parts during their restoration,
it is necessary to conduct further experimental studies.

In the course of the study, it has been found that the use
of vibration deformation of the surface layer of the material of
parts contributes to an increase in their resource. The optimal
parameters of vibration hardening of the cutting elements
of the cultivator shares of tillage machines have been deter-
mined, which makes it possible to increase their durability.
The main parameters of vibration hardening are revealed: the
vibration amplitude of the processing tool is 0.75 mm; vibra-
tion frequency — 1400 min~'; hardening time — 30s.

As a research result, the assessment of the change in linear
wear along the width of the cutting element of the cultivator
duckfoot of tillage machines was carried out. In cultivators
with tines restored by welding angle plates made of 45 steel
(GOST 1050-2013, GB 699-88), sormite surfacing and vibra-
tion hardening, the linear wear rate by weight of cutting ele-
ments is 35-43 % less than in new tines. A study of changes in
the wear of the cutting edge of cultivator shares was carried out,
which, when restored by welding corner plates made of steel 45
(GOST 1050-2013, GB 699-88), surfacing with sormite and
vibration hardening, is 1.57—1.68 times less than in new shares.

In comparison with existing technologies, the developed
technology provides a reduction in the wear of cutting ele-
ments by 10-17 %, in comparison with new ones made of
65G steel (GOST 14959-2016, GB 1222). The coefficient
of technical utilization of the cultivator with tines restored
according to the developed technology, in comparison with
the new ones, is 1.07 times higher.

Keywords: vibrations, linear wear, cultivator share, cut-
ting edge, tillage machines, vibration hardening.
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The object of research is a mathematical model describ-
ing the movement of a robot with five degrees of freedom for
a warehouse. The work was aimed at analyzing the kinematic
structure of the manipulator, on the basis of which the base and
local coordinate systems were selected, as well as further for-
malized recording of the kinematic equations in matrix form.
It is noted that one of the most problematic places is that the
algorithms for controlling the robot most often contain local
rules for the interaction of robots between themselves and the
external environment, and emergent behavior is manifested as
a result of the application of these rules, which does not have
a formal description. Therefore, it is important to modernize
the models describing the motion of a robot with five degrees
of freedom for a warehouse. Using the matrix method, the se-
quence of constructing coordinate systems is described and its
mathematical description is given, which will make it possible
to eliminate this drawback in the future. The computer imple-
mentation of the developed algorithms was carried out using
methods for processing matrix data structures. The principle
of constructing a kinematic model of a robot is presented, with
the help of which the main coordinate transformation matri-
ces are obtained for robot with five degrees of freedom, and

the possibility of taking into account the size of the gaps in the
joints is shown. The resulting model is obtained, which is pro-
posed for use in building control algorithms for a robot with
an automatic gap selection, as well as in robot calibration.
This is due to the fact that the proposed model has a number
of features, in particular, the basic coordinate system and the
coordinate system of each link of robot with five degrees of
freedom are taken into account. This makes it possible to
obtain the values of the indicators for the projection of the
robot position vector in the initial state, in the rotation of the
fourth link at a well-defined angle and in the case of a verti-
cally straightened manipulator. Compared to similar known
studies, this provides advantages such as minimizing errors
in position, speed and motion accuracy.

Keywords: robot control algorithm, degrees of freedom,
orthonormal coordinate system, Denavit-Hartenberg trans-
formations.

References

1. Hulianytskyi, L. F. (2015). Dynamichna zadacha poshuku nai-
korotshoho shliakhu dlia zadachi pobudovy marshrutu. Matema-
tychne modelivoannia v ekonomitsi, 2, 39—50.

2. Kheilo, S. V. (2014). Razrabotka nauchnykh osnoo sozdaniia ma-
nipuliatsionnykh mekhanizmoo parallelnoi struktury dlia robotote-
khnicheskikh sistem predpriiatii tekstilnoi i legkoi promyshlennosti.
Moscow, 292.

3. Eraki, M. T. Kh. (2019). Avtomatizirovannaia sistema upravleniia
tekhnologicheskim manipuliatorom dlia rozliva i markirooki pische-
oykh produktov. Moscow, 120.

4. Melnyk, A. A. (2018). Kinematychna model robota z shistma
stupeniamy svobody i mozhlyvistiu obliku zazoru v suhlobakh.
Naukovi pratsi DonNTU, 10 (180), 112-120.

5. Galemov, R. T, Sochnev, A. N. (2015). Modernizatsiia siste-
my upravleniia promyshlennogo robota «TUR-10K». Prospekt
Sovobodnii-2015. Krasnoiarsk, 8—11.

B. Zaritskyib, O. V. (2015). Klasyfikatsiia suchasnykh informatsii-
nykh system modeliuvannia. Visnyk Chernihivskoho Derzhaonoho
Tekhnolohichnoho unstytutu, 1 (77), 98-107.

7. Syriamkin, V. I. (Ed.) (2018). Kollektivy intellektualnykh robotoo.
Stery primeneniia. Tomsk: STT, 140.

8. Siciliano, B., Khatib, O. (2008). Handbook of robotics. Berlin
Heidelberg: Springer-Verlag, 1611. doi: http://doi.org/10.3390/
app11073105

9. Pivniak, H. H., Protsenko, S. M., Stadnik, M. 1., Tkachov, V. V.
(2007). Detsentralizovane keruvannia. Donetsk: Natsionalnyi
hirnychyi universytet, 107.

10. Hunchenko, Yu. O., Muliar, I. V. (2015). Metod pobudovy in-
telektualnykh system planuvannia peremishchennia mobilnoho
robota v nevidomomu seredovyshchi. Zbimyk naukooykh prats
Viiskovoho instytutu KNU im. T. Sheochenka, 50, 23-28.

11. Angelo, J. A. (2007). Robotics: A Reference Guide to the New
Technology. Westport: Greenwood Press, 417.

TECHNOLOGY AND SYSTEM OF POWER SUPPLY

DOI: 10.15587/2706-5448.2021.239476

DEVELOPMENT OF THE SYSTEM OF ENERGY AND
RESOURCE SAVING DURING THE OPERATION OF THE
GAS PUMPING UNIT

pages 18-24

Mykhail Kologrivov, PhD, Associate Professor, Department of
Oil and Gas Technologies, Engineering and Heat Power Engineer-

ing, Odessa National Academy of Food Technologies, Odessa,
Ukraine, ORCID: https.//orcid.org/0000-0003-1959-8615
Vitalii Buzouskyi, PhD, Assistant, Department of Oil and Gas
Technologies, Engineering and Heat Power Engineering, Odes-
sa National Academy of Food Technologies, Odessa, Ukraine,
e-mail: buzovskiy.v@gmail.com, ORCID: https://orcid.org/0000-
0001-6718-5001

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/1(61), 2021

53—)



(— ABSTRACTS AND REFERENCES: TECHNOLOGY AND SYSTEM OF POWER SUPPLY

I55N 2664-9969

The object of research is the fuel gas system of a gas
turbine engine. The study of the use of secondary energy
resources of the gas-pumping unit at the compressor station
of the main pipeline has been carried out. The work of a gas
turbine engine, including the work of the fuel gas system,
is considered. The main drawback of the fuel gas system is
revealed — ineffective use of excess gas pressure. An infor-
mational analysis of the options that eliminate the identified
drawback is carried out. It is shown that in order to eliminate
the disadvantage, it is advisable to use a turbo-expander at
the compressor station to utilize the excess pressure of the
fuel gas. It is also shown that the operation of a fuel gas tur-
boexpander to drive an additional air compressor as part of
a gas turbine engine is impractical. An expander-generator set
with the generation of additional electricity at the compres-
sor station is recommended for use.

Modeling the operation of the utilization system made
it possible to recommend constructive proposals for its im-
provement. A schematic diagram of a system for the complex
utilization of excess pressure of fuel gas and heat of combus-
tion products from the operation of a gas turbine engine is
proposed. The system of complex utilization includes parts-
generator unit, heat exchanger for cooling process gas and
heat exchanger for firing gas. Regenerative heating of fuel gas
up to 250 °C reduces energy consumption for heating it up to
the ignition temperature.

A model of a robot installation of the type GPU 16,/56-1.44
(Ukraine) is carried out. It is determined that when a compo-
nent engine of the J-59 (Ukraine) type with a shaft power of
16 MW operates, it is possible to additionally receive 102 kW
of electricity and save 64 m?/h of fuel gas. It is revealed that
the subcooling of the process gas does not play a significant
role in reducing energy consumption during its transporta-
tion. It is recommended to use the process gas to heat the
cold fuel gas stream downstream of the turboexpander to
positive temperatures. The integrated utilization system is
not a simple connection of an expander-generator set and two
heat exchangers along the flow of the fuel gas. As a result of
its operation, a significant reduction in the consumption of
fuel gas and electricity is achieved. The disadvantages that
hinder the implementation of a comprehensive disposal sys-
tem are identified. This is the use of equipment for generating
electricity at a compressor station. It is uncharacteristic for
the operation of the station and requires additional qualifica-
tions in service. It is also required that the characteristics of
industrial expander-generator sets correspond to the fuel gas
consumption of a gas turbine engine.

Keywords: fuel gas, gas turbine engine, disposal system,
overpressure, thermal emissions, expander.
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The object of research is the electrical complex for the
preparation of thermal energy at the enterprise. The electro-
technical complex is a heat supply unit that provides thermal
energy to the building of the enterprise for the needs of heat-
ing, ventilation and hot water supply. One of the identified
shortcomings of this facility is the overconsumption of energy
resources for heating, caused by the lack of the ability to con-
trol consumption. Modernization of heat points and equip-
ping them with automation means will provide quantitative
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and qualitative control of the heat carrier depending on the
outside air temperature.

In the course of the study, the method of statistical data
analysis was used to analyze the heat load of buildings for
heating, ventilation and hot water supply, and the distri-
bution of heat loads by the temperature of the indoor air.
Also, an improved discounted method for evaluating the
effectiveness of investment projects was used when calculat-
ing economic indicators and a method for calculating heat
consumption for heating according to aggregated indicators
when determining energy consumption for heating.

On the basis of the analysis of the heat load and a certain
structure of its distribution according to the temperature
of the internal air, it was found that more energy resources
are consumed for heating. The largest consumer is defined
as a building with an internal temperature T;,=16 °C. Cal-
culations of the commercial attractiveness of the proposed
technical solutions for buildings with an internal temperature
T;,=18 °C have confirmed the feasibility of their implemen-
tation in terms of their payback, which does not exceed the
period of 3.5 heated seasons.

Thanks to the modernization of heat points and the in-
troduction of automated monitoring and regulation systems,
optimal heat energy consumption will be ensured depending
on the ambient temperature. Unlike other similar studies, the
feasibility of introducing automated systems is determined
by an improved discounted method, which allows not only
to take into account the change in the value of money in the
future, but also the required minimum percentage of thermal
energy savings to break even projects.

Keywords: automation of heating units, load distribution,
electrical complex, energy demand, efficiency assessment,
discounted method.

References

1. Zarubizhnyi dosvid z pidvyshchennia enerhetychnoi efektyonosti
ta vprovadzhennia nooykh tekhnolohii vyrobnytstoa elektrychnoi
enerhii (2014). Viddil informatsiino-analitychnoho zabezpechen-
nia zarubizhnoiu informatsiieiu VP NTTSE DP «NEK «Ukr-
enerho». Kyiv. Available at: https://ua.energy/wp-content/
uploads/2018/01/4.-Efektyvn_vyrobn_elektroenergiyi.pdf

2. Derzhavna sluzhba statystyky. Available at: http://www.ukrstat.
gov.ua/

3. Ilin, R. A, Stoliarov, D. V. (2015). Kompleksnaia moderni-
zatsiia teplovykh punktov v sistemakh tsentralizovannogo teplo-
snabzheniia. Simvol nauki, 12-1, 42—45.

4. Mironov, N., Petrosova, D. (2015). Economic Efficiency of
Automated Individual Heating Substation (IHS). Applied Me-
chanics and Materials, 725-726, 1285-1291. doi: http://doi.org/
10.4028 /www.scientific.net/amm.725-726.1285

5. Demirovic, N. (2016). Techniques to Achieve Energy Effi-
cient Heating Substation. ERK’2014, Portoroz, A, 205-208.
doi: http://doi.org/10.13140/RG.2.1.4146.7924

B. Vit&zslav, M., Havlasek, M. (2016). Integration of Air to Water
Heat Pumps into Industrial District Heating Substations. Che-
mical Engineering Transactions, 52, 739—744. doi: http://doi.org/
10.3303/CET1652124

7. Zvonareva, Y. N, Ziganshin, S. G., Izmaylova, E. V,, Gavrilov, A. S.,
Moryashev, A. V., Kolcun, M. (2019). Efficiency of systems of
heat supply with introduction of automated individual heating
substations. E3S Web of Conferences, 124, 01026. doi: http://
doi.org/10.1051 /e3sconf/201912401026

8. Gustafsson, J., Delsing, J., van Deventer, J. (2010). Improved
district heating substation efficiency with a new control strategy.

Applied Energy, 87 (6), 1996—2004. doi: http://doi.org/10.1016/
j-apenergy.2009.12.015

9. Castro Flores, J. F (2016). Energetic and exergetic analysis of al-
ternative low-temperature based district heating substations ar-
rangements. International Journal of Thermodynamics, 19 (2), 71.
doi: http://doi.org/10.5541 /ijot.5000148882

10. Gadd, H., Werner, S. (2013). Heat load patterns in district heating
substations. Applied Energy, 108, 176—183. doi: http://doi.org/
10.1016//j.apenergy.2013.02.062

11. Noussan, M., Jarre, M., Poggio, A. (2017). Real operation data
analysis on district heating load patterns. Energy, 129, 70-78.
doi: http://doi.org/10.1016/j.energy.2017.04.079

12. Perekrest, A. L., Romanenko, S. S., Naida, V. V. (2012). Op-
tymizatsiia protsesu teplopostachannia navchalnoho zakladu.
Enerhozberezhennia, enerhetyka, enerhoaudyt, 11 (105), 2-8.

13. Perekrest, A., Khovrak, I., Chebotareva, Ye. (2016). Peculiarities
of assessing economic efficiency of implementing energy saving
solutions in civil building. Electromechanical and energy saving
systems, 2 (34), 124—-132.

14. Chebotarova, Ye. (2020). Avtomatyzatsiia rozrakhunku prohno-
zovanykh pokaznykiv vprovadzhennia enerhozberihaiuchykh
rishen. Kontrol i upravlinnia v skladnykh systemakh (KUSS-2020).
Available at: http://ir.lib.vntu.edu.ua//handle/123456789,/30638

DOI: 10.15587/2706-5448.2021.241372

INVESTIGATION OF THE INFLUENCE OF THE
HETEROGENEOUS PERMEABILITY DISTRIBUTION ON
THE OIL PHASE DISPLACEMENT PROCESSES

pages 33-40

Michail Lubkov, Doctor of Physical and Mathematical Sciences,
Director, Poltava Gravimetric Observatory within S. I. Subbotin
Institute of Geophysics of the National Academy of Sciences
of Ukraine, Poltava, Ukraine, ORCID: https.//orcid.org/0000-
0002-2680-9508

Oksana Zakharchuk, Postgraduate Student, Department of Oil
and Gas Engineering and Technology, National University «Yuri
Kondratyuk Poltava Polytechnics, Poltava, Ukraine, e-mail:
oksana.zakharchuk@nupp.edu.ua, ORCID: https://orcid.org/
0000-0002-4229-1964

Viktoriia Dmytrenko, PhD, Associate Professor, Department
of Oil and Gas Engineering and Technology, National Univer-
sity «Yuri Kondratyuk Poltava Polytechnics, Poltava, Ukraine,
ORCID: https://orcid.org/0000-0002-1678-2575

Oleksandr Petrash, PhD, Associate Professor, Department of
Oil and Gas Engineering and Technology, National Univer-
sity «Yuri Kondratyuk Poltava Polytechnic», Poltava, Ukraine,
ORCID: http://orcid.org/0000-0001-8151-6460

The object of research is the filtration processes of
displacement of the oil phase under the influence of an
injection well in a heterogeneous porous medium. It is pos-
sible to evaluate and take into account the effect of reservoir
heterogeneity on the distribution of reservoir pressure (and,
consequently, on the intensity of the filtration process) using
numerical modeling of filtration processes based on the piezo-
electric equation. To solve the non-stationary anisotropic
problem of piezoconductivity, it is proposed to apply the com-
bined finite-element-difference method of M. Lubkov, which
makes it possible to take into account the inhomogeneous
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distribution of permeability inside the anisotropic oil-bearing
formation and at its boundaries, and to adequately calculate
the distribution of reservoir pressure. The use of the com-
bined finite-element-difference method allows to combine
the advantages of the finite-element method and the finite
difference method: to model geometrically complex areas, to
find the value at any point of the object under study. At the
same time, the use of an implicit difference scheme when find-
ing the nodal values of the grid provides high reliability and
convergence of the results.

The simulation results show that the distribution of the
pressure field between the production and injection wells
significantly depends on their location, both in the isotropic
landslide and in the anisotropic oil-bearing reservoir. It is
shown that the distance between the wells of more than 1 km
levels out the effectiveness of the impact of the injection well
on the oil filtration process. The influence of the permeability
of the oil phase in the shear direction dominates the influence
of the permeability in the axial directions (affects the pres-
sure decrease by 4-9.5 %). In the case of a landslide-isotropic
reservoir, the wells should be located in the shear (diagonal)
direction, which will provide the lowest level of drop in the
average reservoir pressure (by 4 %).

Based on the information obtained, for the effective use
of anisotropic low-permeability formations, it is necessary to
place production and injection wells in areas with relatively
low anisotropy of the formation permeability, especially to
avoid places with the presence of landslide permeability of
the formation. The location of the wells is important so that,
on the one hand, there is no blockage of oil from the side of
reduced permeability, and on the other hand, rapid depletion
of the formation from the side of increased permeability does
not occur. And also the mutual exchange between the produc-
tion and injection wells did not stop. When placing a system
of production and injection wells in anisotropic formations of
an oil field, it is necessary to carry out a systematic analysis of
the surrounding anisotropy of the formations in order to place
them in such a way that would ensure effective dynamics of
filtration processes around these wells. Using the method
used, it is possible to predict the impact of an injection well on
the distribution of reservoir pressure in the reservoir.

Keywords: oil-bearing reservoirs, anisotropic filtration
processes, piezoconductivity equation, finite element-diffe-
rence method, reservoir pressure distribution.
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The object of research is the technological processes of
the development of deposits and the extraction of solid mi-
nerals by underground and open-pit methods. The improve-
ment of technological processes is achieved through the use
of existing original technical solutions, which are currently
advisable to use in practice. The work is aimed at increasing
the efficiency of explosive energy use, improving the techno-
logical processes of mining operations in coal mines and open
pits of mining enterprises.

In the course of the study, an analysis of technical lite-
rature on mining topics was used, a search for copyright
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certificates for inventions and patents on the same topic was
carried out. There was a search for innovative solutions that
are expedient to apply at the present time. In the course of
the analysis, the work shows ideas, methods of coal mining,
systems for the development of coal seams, methods of de-
struction of rocks, microbiological reclamation and other new
technologies and devices. The most promising technologies
have been proposed for in-depth study, implementation and
use in appropriate mining and geological conditions. The pro-
posed technologies, for various reasons, have not yet found
wide practical application at mining enterprises. Due to the
application of the proposed technical solutions and technolo-
gies in practice in the conditions of existing coal mines and
open pits, significant economic, environmental and financial
effects can be obtained.

This study was carried out in order to bring to a wide
circle of specialists technical solutions that can contribute
to a significant improvement in the technology of mining
solid minerals, both in underground and open-pit mining all
over the world.

Keyworids: systems of underground mining of coal seams,
interference of blast waves, open-pit mining.
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The object of this research is the hydrodynamics of the
stationary layer of crushed cotton stalks. One of the most
problematic areas is the influence of the physical and mecha-
nical characteristics of the stationary layer of crushed cotton
stalks on the hydrodynamics of filtration drying.

In the course of research, methods of physical and mathe-
matical modeling are used. Sieve analysis is used to determine
the granulometric composition of the polydisperse mixture
of crushed cotton stalks.

The granulometric composition of the crushed stalks of
cotton is determined and the graphical dependence of the
percentage of each fraction is presented. The hydrodynamics
of gas flow filtration through a stationary layer of crushed
cotton stalks are experimentally investigated, and a graphi-
cal dependence of pressure losses on the fictitious rate of gas
flow filtration is presented. It is found that pressure losses in
the stationary layer of crushed cotton stalks are parabolic,
which indicates the influence of both inertial and viscous
components on pressure losses. The unknown coefficients
of the modified Ergun equation are determined on the basis
of experimental data. The correlation dependence between
the experimental and theoretically calculated values is pre-
sented and it is shown that the maximum relative error is
9.6 %, which is quite acceptable for practical calculations.
The results of experimental studies are also presented in
the form of a graphical dependence of the Euler number on the
Reynolds number. Based on the generalization of the ex-
perimental data, the calculated dependences are obtained

in the form of dimensionless complexes, which describe the
hydrodynamics of the gas flow filtration through a stationary
layer of crushed cotton stalks. This makes it possible to pre-
dict the energy costs for creating a differential pressure, with
an accuracy sufficient for practical calculations. The ratio of
the experimental values of pressure losses to the theoreti-
cally calculated ones, depending on the Reynolds number, is
graphically presented. It is shown that the maximum relative
error does not exceed 8 %. The proposed generalizations of
experimental data will make it possible to determine the
energy consumption for creating a pressure drop at the design
stage of the drying equipment, as well as to calculate the op-
timal process parameters and predict its economic feasibility.

Keywords: cotton stalks, particle size distribution, poro-
sity, pressure loss, stationary layer, fibrous particles.
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Hynuikos A. A, llyanikos I. A., lyauux B. B., Muxaiinivenxo B. B., Bypnaxa 0. A., Kauuzsey 0. B.

OO6’€KTOM JIOCIIIZKEHHST € TEXHOJOTTYHUI TIPOIeC MIABUIIECHHS TePMiHYy CJIYKOM CTPLIIACTHX KYJIBTHBATOPHUX JIAll ITPYHTOOOPOOHUX
MalllMH 332 PaxyHOK 3aCTOCYBAaHHs MPOTPECHBHOrO MeTOAy BiGpaiiiiinoro aminmenns. OnuuM 3 HaROLIbIT TPOGIEMHUX MICIb € HeHaJexK-
He BUBYEHHSI JOCJI/PKYBAHOTO TEXHOJOTIYHOTO MPOIIECY BiHOBJIEHHsT POGOYNX OPraHiB CilTbCHKOTOCIOMAPCHKUX MAIIMH. 3 METOW OLIbII
rMGOKUX ySABJIEHB PO MPOIIeC BiGpatiiinoi 06poOKN MaTepiaxy JaHUX JeTaneil MANIMH IPU iX BiAHOBJIEHHI HEOOXiIHE IPOBEICHHS TTOIAb-
MIUX eKCTIePUMEHTAIbHIX J0CTIPKEHb.

B xozii IOCTiKeHHsT BCTAHOBJIEHO, 1110 BUKOPUCTAHHST BiOpaIliiiHOro Ae)OpMyBaHHS MOBEPXHEBOTO MIAPY MaTepiaay JeTaneil CIpusie
MIBUIIEHHIO 1X pecypcy. BusnaueHo onTHMasbHI TTapamMeTpy BiOpaIliitHOro 3MIiIIHEHHS PIsKYYNX €JIEMEHTIB KyJIBTHBATOPHUX JIAll IPYHTOO-
OPOOHKX MAIlUH, 110 J03BOJISE MABUIIUTH IX IOBrOBIYHICTb. BUsBIeHO OCHOBHI ITapamMeTpH BiGpaiiiHoro 3MillHeHHS: aMILIITy/1a KOJIUBaHb
06pobHoTo incTpyMenTy — 0,75 Mm; wactoTta Kommsanb — 1400 x5 wac sminmens — 30 c.

B pesyabraTi nociigkeHts MPOBeAEHO OIHKY 3MiHW JIiHIHHOTO 3HOCY TI0 MIMPUHI PIXKYYOTrO eJeMeHTa CTPIIYacTUX KyJBTUBATOPHUX
JIall TPYHTOOOPOOHUX MalliH. Y KyJbTUBATOPIB 3 JIallaMy, BiTHOBJIEHUMH IIPUBAPIOBAHHAM KyTOBUX muiactuH 3i craii 45 (TOCT 1050-2013,
GB 699-88), namaBieHHsIM COPMAiiTOM 1 BiOpaIiitHiM 3MIITHEHHIM, BEJIMYMHA JIHITHOrO 3HOCY 110 Maci PiKY4YMX eJeMeHTIB MeHIle Ha
35-43 %, wixk y HoBux Jamn. [IpoBeseHo A0CHi/UKeHHsT 3MIHE 3HOCY PikKy4oi KPOMKU KyJIBTHBATOPHMX JIAll, KA [IPU BiJHOBJIEHHI IPU-
BapioBanHsM KyToBux Tiactur 3i crami 45 (TOCT 1050-2013, GB 699-88), narapientsmM copMmaiiToM i BiOpamiiiHuM 3MilHEHHSIM,
B 1,57—1,68 pasu MeHIiie, HiK Y HOBUX JIaIl.

VY 1OpiBHSHHI 3 ICHYIOUMME TEXHOJIOTIAMHU, PO3POOJIEHA TEXHOJOTIs 3a0e3Ieuye 3HUKEHHs 3HOCY piKyunx enaemeHTiB Ha 10—17 %,
B nopiBusinni 3 HoBuMu 3i crami 650 (FTOCT 14959-2016, GB 1222). KoedirienT TeXHiYHOr0 BUKOPUCTAHHS KYJIBTHBATOPHOTO arperary
3 JIaTlaMU, BiJHOBJIEHUMU 3a PO3POGJIEHO0 TEXHOJIOTIE, B IOPiBHsAHHI 3 HOBuMH, B 1,07 pasu Buiie.

Kmow4oei crosa: BiGparriiini KoTHMBaHHS, JHIHII 3HOC, KyJIBTHBATOPHA JIalla, PisKyda KPOMKa, TPYHTO0OPOOH] MaliHu, Bibpartiiite 3MilTHEHHST.
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CTBOPEHHA MOJENI PYXY POBOTA C T'ATEMA CTYNNIEHAMM CBOBOAN INA CKIAJICHKOr0o
NMPUMILUEHHA cropinku 12-17

lligeys B. C., Tka4uos B. B.

O0’eKTOM JIOCITIIKEHHST € MATeMaTHIHA MOJIEJb, M0 OINCYE PYX podoTa 3 I'SITbMa CTYMEHSIMU CBOOO/H TSI CKIIAJCHKOTO PHMIIIEHHS.
Po6ora Gysia HampaBJieHa Ha aHaJi3 KIHEMATUYHOI CTPYKTYPU MAaHIIyJIsITOpPa, HA OCHOBI SIKOTO GyJI0 06paHo 6a30BY Ta JIOKATIbHI CHCTEMU
KOOP/IMHAT, & TAKOXK M0JIaJIblile IPOBeieHHs (OPMATi30BAHOTO 3aIINCY PIBHSAHD KIHEMATUKN B MATPHUYHOMY BHUIJISL. 3a3HAYEHO, 1[0 OIHIM
3 HaWGITBII TPOGJIEMHUX MICITh € T€ 110, AITOPUTMH YITPABJIiHHS pOOOTOM HafyacTile MiCTATh JJOKaIbHI MpaBH/Ia B3aeMO/i1 poOOTIB MiK CO-
6010 Ta 30BHIIIHIM CEPEIOBUILIEM, & EMEPIIKEHTHA MOBE/IIHKA, 110 BUSIBJISIETHCS B PE3YJIbTATI 3aCTOCYBAHHS [IUX [IPABUIIL, He MA€ (hOPMAIBHOTO
orucy. ToMy BakIMBUM € MOZICPHI3aIlisi MOZEJIEH, 110 ONUCYIOTh PyX po0oTa 3 I'SIThbMa CTYIEHSIMU CBOOOAM /ISl CKJIACHKOTO IPUMIIICHHSL.
3a [I0MOMOr00 MATPUYHOTO METO/Y OIICAHO MOC/II0OBHICTH TTOOYAIOBH CHCTEM KOODPJMHAT Ta HABEIEHO HOTO MaTteMaTUYHHUIL OITHC, IO 103-
BOJIMTH B IEPCIIEKTHBI yCYyHYTH Januii Hegosik. Komir'iorepra peasizaitist po3po0eHnX aJrOPUTMIB TPOBOJIMIIACS 3 BUKOPUCTAHHIM METO/IB
06pOOKM MATPIYHIX CTPYKTYP AanuX. [IpencTtaBieHo MPUHIIIT MOOYAI0BH KiHEMATHYHOI MOZiei Po6OTa, 3a JOTOMOTOIO SIKOTO OTPHMAHO 0C-
HOBHI MaTpPUILi IIEPETBOPEHHS KOOPANHAT POOOTA 3 I'SIThMa CTYIEHSIMHI CBOOOIH, OKA3aHA MOKJIUBICTh OOJIIKY BEJIMYMHN 3a30PiB B CyTrI00aX.
OTpuMaHO Pe3yIBTYIOUY MOJEb, SIKA POTIOHYETHCS /TSI BUKOPHCTAHHSI TIPU TTIOOYI0BI &JITOPUTMIB YIIPABIIHHS POOOTOM 3 aBTOMATHIHIM
BUOOPOM 3a30Dy, & TAKOK TIpU Kasnibpysauui pobora. Ile moB’s13aHO 3 THM, 1110 3alIPOTIOHOBAHA MOJIENb MA€E Psijl OCOOIUBOCTEl, 30KpeMa, Bpa-
XOBYIOTbCsI 6a30Ba CHCTEMa KOOPJAMHAT | cHCTeMa KOOPAMHAT KOKHOI JIaHKN Po6OTa 3 II'IThbMa CTYEHsIMH cBOGOM. 3aBIsKN [bOoMY 3a0estie-
IYETHCST MOKIINBICTD OTPUMAHHS 3HAYEHD TIOKA3HUKIB /7SI TPOEKIIil BEKTOPY TIOJIOKEHHS po6OTa B TOYaTKOBOMY CTaHi, B TOBOPOTI 4eTBEPTOI
JIAaHKM Ha Y4iTKO BU3HAYCHMI KYT Ta y BUIA/IKy BEPTUKAJIbHO BUIIPAMIICHOTO MaHiIlyiATopa. Y IIOPiBHAHHI 3 aHAJIOTIYUHUMHU BiIOMUMH JIOCJTi-
JUKEHHSIMU, T1e 3a0e311euye Taki mepeBar, ik MiHiMi3ailiio ITOMIIIOK 110 TI0JIOKEHHIO, TBU/KOCTI Ta TOYHOCTI PYXY.

Kmowogi cnoBa: aJIropKUT™ YIIPABJiHHS POOOTOM, CTYIIEH] CBOGO/IM, OPTOHOPMOBAHA CUCTEMa KOOP/IMHAT, IiepeTBopenHst [lenasita-XaprenGepra.

TECHNOLOGY AND SYSTEM OF POWER SUPPLY
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PO3POBEKA CHCTEMH EHEPI'O- I PECYPCOSEEPEMEHHA ATPETATY IIA NEPEKAYYBAHHA 'A3Y  cropinxu 18-24

Konorpueoe M. M., Byzoscuxwit B. IT.

OO6’eKTOM JIOCTII/IKEHHST € CHCTeMa MaJUBHOTO Tady Ta3oTypOIHHOTO ABUTYHA. [IPOBEIEHO AOCTIIKEHHS BUKODHCTAHHS BTOPHMHHUX
€HepPreTUYHNX PECYPCIB Ta30MepeKadyBaJbHOTO arperaty Ha KOMITPECOPHIN CTaHINi MaricTpagbHOTO TPyOOmpoBOAY. PosrisiyTo poboty
razoTypOIHHOIO JBUIYHA, B TOMY YKCJi poOOTa CHCTEMI MAJIUBHOTO ra3y. BUsIBIEHO OCHOBHUIA HEOIIK POOOTH CHCTEMU MaJMBHOTO ra3y —
HeeheKTUBHE BUKOPHCTAHHS HA/TMIIIKOBOTO THCKY rasy. [IpoBeseno indopmariiiinnit aHamis BapiaHTiB, sSIKi yCyBaOTh BUSBJIEHUI HEJOJIK.
[Tokaszano, Mo AJIsl yCYHEHHsI HeJIoJIKy Ha KOMIPECOPHii cTaHIlii A0MiJIbHO BUKOPHCTOBYBATH TYpOOAeTaHAep YTUIIi3allii HaJJIMIITKOBOTO
THCKY TIAJIMBHOTO rasy. TaKoxk MOKas3aHo, 1o podota TypbojgeTaH/Iepa MATUBHOTO Tagy IS TIPUBO/LY HOAATKOBOTO MOBITPSIHOTO KOMIIPECOPa
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B CKJIa/li Ta30TypOIHHOTO ABUTYHA HEOMiIbHA. PEKOMEHIOBAHO 10 3aCTOCYBAHHS JIeTaH/eP-TEHEPATOPHUIT arperar 3 BUPOOJIECHHSAM JI0aTKO-
BOI €JIEKTPOEHEPTii Ha KOMIIPECOPHill CTaHTIii.

MogemoBaHHsa poOOTH CHCTEMU YTUJTI3allii 103BOJIUIO PEKOMEH/IYBATH KOHCTPYKTHBHI IIPOTIO3UILT /11 T1 y10CKOHATIEHH ST, 3alpOIoHOBa-
HO TPHUHIIIOBY CXEMY CHCTEMI KOMIIIEKCHOI yTuItizanil Ha/THIIKOBOTO THCKY MAJMBHOTO Ta3y Ta TEIUIOTH HPOAYKTIB 3TOPSIHHS B po6oTn
razoryp6inoro asuryna. CucremMa KOMILIEKCHOT yTHIIi3allii BK/IIOYa€E JeTaH/iep-TeHepaTOpHuil arperat, TermIo0OMIHHUK MI0XO0M0[KEHHS
TEXHOJIOTIYHOTO Ta3y Ta TEIIOOOMIHHUK MiIrpiBy MaJMBHOTO rasy. PereHepaTuBHuUil miAirpis maausHoro rasy a0 250 °C 3HUKYE BUTpATU
eHeprii it HOTo MiAITPiBY /10 TeMIlepaTypu 3aiiMaHHs.

TIposeneno mozmemoBantst poboru ycranosku tumy [TIY 16/56-1,44 (Ykpaina). BusHaueno, 1o npu po6oTi KOMILIEKTYIOUOTO ABH-
ryna trmy J7K-59 (Ykpaina) 3 motysknicTio Ha Bamy 16 MBT MoxsmBo momatkoBo otpmmysati 102 kBt emektpoeneprii ta exonoMuTn
64 M°/Toz1 TATMBHOTO Ta3y. BUABIEHO, 10 11iI0X0I0KeHHS TeXHOJIOTIYHOTO ra3y He BiIirpac CyTTEBOI PO B 3HIDKEHHI eHeproBUTPAT IPU
HOro TpaHCIOpTyBaHHI. PEKOMEHIOBAaHO BUKOPUCTOBYBATH TEXHOIOTIYHUI Ta3 I HATPIBY XOJIOAHOTO MOTOKY TTAJMBHOTO Ta3y Tic/s TypOo-
JleTanjiepa 0 HO3NTHBHUX TemriepaTyp. CrcreMa KOMIIZIEKCHOI yTIITi3allii He € IPOCTUM 3'€IHaHHsM JleTaH/iep-reHepaTopHOTo arperary Ta
JIBOX TEIIOOOMIHHUKIB 110 XO/Y TIOTOKY TIAJIMBHOTO Ta3y. B pe3ybraTi ii po60TH I0CATAETHCs ICTOTHE 3HIKEHHS CIIOKMBAHHSI TAJIMBHOTO ragy
Ta esleKTpoeHeprii Ha cranilii. Hazsani Hemoiku, sIKi MTepenIko/pKaloTh BIPOBALKEHHIO CUCTEMH KOMILTeKcHOl yTuiisarii. Ile 3acTocyBanus
Ha KOMIPECOPHiii cramIii obmaHaHHs JJIsk OTPUMaHHs eleKTpoeHeprii. BoHo € Hexapakrepuum Jiyist poOOTH CTaHIlii Ta BUMArae J104aTKoBOI
kBasidikanii B o6cayroByBanni. Takok 110TpiGHA BIMOBIAHICTD XaPAKTEPUCTHUK MTPOMUCJIOBUX JCTAHACP-TEHEPATOPHUX arperatis BUTpaTi
MAJIMBHOTO Ta3y Ta3oTypOiHHOTO ABHUTYHA.

Kmouosi cnoBa: nanvBHUiT 1a3, rasoTypOIHHMIL ABUIYH, CHCTEMa yTHII3AI, HAJUIMIIKOBUI TUCK, TEIIOBI BUKM/M, I€TAH/EP.
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MOJEPHI3ANIA ENEXKTPOTEXHIYHOr'O KOMITEKCY MPHIOTYBAHHA TEIUIOBOI EHEPTII B YMOBAX
NPOMUCNIOBOr'0 MANPHEMCTBA cropinku 25-32

Ye6oTaproza E. 0., Mepexpect A. JI.

OO6’€KTOM JOCIIIKEHHS € eJIEKTPOTEXHIUHIIT KOMILIEKC TIPUTOTYBAHHsI TEIIIOBOI eHeprii Ha mianpueMcTBi. EnekTpoTexHivHmii KoMIeke
npezcTaBisie co60I0 TEIIOBI MyHKTH, 110 3a0e31e4yI0Th TEIIOBOIO eHeprieio Oy/IiBii MiANPUEMCTBA IUIst TTOTPed ONAIeHHsI, BEHTUIIAIIT Ta
rapsuoro Bogonoctadyantst. OJHUM 3 BUSIBJICHUX HEIOJIKIB IaHOrO 00’€KTY € MEPEBUTPATH EHEPropecypey Ha OIMAJEHHS, 110 BUKJIMKAHA
BIICYTHICTIO MOJKJIMBOCTI KEPYBAHHS CIOKMBaHHIM. MO/IEPHI3aIlis TEMIOBUX ITyHKTIB Ta OCHAIIEHHS iX 3ac00aM1 aBTOMATU3AILIT J03BOJISATH
3a6e3MednTH KiNbKIiCHO-sIKICHE KepyBaHHs TEIJIOHOCIEM B 3aJIe;KHOCTI Bijl TEMIIEPAaTyPH 30BHIIIHBOTO TIOBITPSI.

B xoni focikeHHsT BEKOPUCTOBYBABCS METO/[ CTATUCTUYHOTO aHAJII3Y IaHUX [IPHU aHAJIi31 TEIJIOBOIO HaBaHTAXKEHHSI 6y/_liB€Jlb 3a ollaJieH-
HSIM, BEHTHUJIAIIETO Ta TAPSTYNM BOAOTIOCTAYAHHAM, Ta PO3IOIIIY TEIIJIOBIX HaBaHTAKeHb 3a TEMIIEPATYPOIO BHYTPIMIHBOTO MOBITPs. Takoxk Bu-
KOPHUCTOBYBAJIUCS YIOCKOHATIEHUI IMCKOHTOBAHUI METOJT OIiHKY e(PeKTUBHOCTI iHBECTUIIIHUX POEKTIB IIPU PO3PAXYHKY €KOHOMIYHUX I10-
Ka3HHUKIB Ta METOMKA PO3PAXYHKY BUTPAT TEIJIA HA OMAJIEHHS 32 YKPYTHEHUMH TIOKa3HUKAMU TP BU3HAYECHHI €HEPrornoTpeOn Ha OTIaJIeHHSI.

Ha ocHoBi npoBe/ieHOT0 aHai3y TEIJIOBOTO HaBAHTAKEHHS Ta BU3HAYEHOI CTPYKTYPH HOTO PO3IOJiTY 3a TeMIlepaTypoio BHYTPIIIHbO-
rO MOBITPs 3'ICOBAHO, WO HAlOLIbIIE BUTPAT €HEPrOPECYPCiB MPUXOAUTHCS HA OnajieHHs. HaiiGiabimm croKnBaueM BUSHAUEHO OymiBIi
3 BHYTPINTHBOIO Temrepatypoio Ty, =16 °C. TIposeeHi po3paxyHKy KOMePIiHHOT MPUBaGIMBOCTI IPOMOHOBAHUX TEXHIYHUX PillleHb st Oy-
NiBeJIb 3 BHYTPILIHBOIO TeMIlepaTypoio Ty, =18 °C miaTBepAnIu AOIIbHICTD iX BIPOBAKEHHS 3 TOYKHU 30PY 1X OKYIHOCTI, sIKa He TIePEBUIIYE
TepMiH 3,5 OMATIOBAHIX CE30HIB.

3aBgKku MoJepHizallii iCHYI0YMX TEIVIOBUX MYHKTIB i BIPOBAZKEHHIO aBTOMATH30BAaHUX CHCTEM MOHITOPUHIY Ta peryJioBaHHs Oyje
3abe31e4eHO ONTHMAJIbHE CIIOKUBAHHS TEIJIOBOT €HEPTii B 3aJIeKHOCTI Bijl TeMIlepaTypu 30BHIIIHBOTO cepenoBuina. Ha BiaMiny Big iHmmx
AQHAJIOTIYHNX JIOCJI/IKEeHb, TOIIIBHICTD BIPOBA/KEHHS aBTOMATH30BaHUX CHCTEM BU3HAYAETHCS YOCKOHATIEHUM IICKOHTOBAHIM METOJIOM,
1110 HAJIA€ MOKJIUBICTD He TIBKU BPAaXyBaTU 3MiHY BAPTOCTI Ipolieil y MallbyTHhOMY, a i HeoOXiIHMIA MiHIMAIBHUI BiZICOTOK €KOHOMIT TEILIO-
BOI eHeprii st 6e336UTKOBOCTI MIPOEKTIB.

Kmo4oBi cnoBa: aBTOMATU3AIIS TEIUVIOBKUX BY3JIiB, PO3IIO/IIT HABAHTAKEHHS, €JIEKTPOTEXHIYHIN KOMILIEKC, eHepronoTpeda, orinka edex-
TUBHOCTI, IMCKOHTOBAHUI METO/I.
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NOCNIAMEHHA BIUIHBY HEOAHOPIAHOI'0 PO3NOALUTY MPOHHKHOCTI HA NMPOLECH BUTICHEHHA
HADPTOBOI ®A3U  cropinku 33-40

Ny6xos M. B., 3axapuyx 0. 0., imupenxo B. I, Merpaw 0. B.

O06’ekroM pociKenHst € (inbrpaitiiini mpouecyu BuTiCHeHHs HadTOBOI (hasu Tij A€W HATHITANBHOI CBEPAJIOBUHU B HEOIHOPITHOMY
opucToMy cepenoBuiiti. OIMHUTH Ta BpaXyBaTH BILUTMB HEOAHOPIAHOCTI TJIACTAa HAa PO3MOJILJ TJIACTOBOTO THCKY (2 OT’Ke, Ha iHTEHCUBHICTDH
inprparniitnoro nporecy) MoXHa 3a JIOIIOMOT0I0 YHCEIbHOTO MO/IC/IIOBAHHS (Di/IBTPAIiIHNX IIPOIIECiB HA OCHOBI PIBHSHHS 11'€30IPOBIIHOCTI.
JInst po3B’sI3Ky HECTalliOHAPHOI aHI30TPOITHOI 3a/1a4i 1 €30TPOBITHOCTI MPOMOHYETHCS 3aCTOCYBATH KOMOIHOBaHMI CKiHUEHO-€JIEMEHTHO-Pi3-
nutesuii Meros Jlybkosa M. B., 1110 103B0JIsIe BpaXOBYBaTH HEOJHOPIHUI PO3IIO/II TIPOHUKHOCTI BCEPEANHI aHi30TPOITHOT0 HahTOHOCHOTO
IJIACTa Ta Ha HOTO MEKax, Ta aJIeKBATHO PO3PAXOBYBATH PO3MO/LI IJIACTOBOTO THCKY. 3aCTOCYBaHHSI KOMOIHOBAHOTO CKiHUEHO-€JIEMEHTHO-Pi3-
HUIIEBOTO METO/LY /I03BOJISIE TIOE/IHYBATH NIepeBark CKiHdeHo-eJIeMEeHTHOTO MeTO/Ly Ta MEeTO/Ly CKiHYeHNX Pi3HUIIh: MOZETIOBATA TEOMETPIUYHO
CKJIa/iHI 06J1aCTi, 3HAXOIUTH 3HAYCHHS B 6yub—su<iﬂ TOUII IOCJII/PKYBAHOTO o6'exra. [Tpu 1[bOMY 32CTOCYBAHHS HesIBHOI PI3HUIIEBOL CXeMU 11pU
3HAXO/UKEHHI BY3JIOBUX 3HAYECHB CITKU 3a0€31e4y€e BUCOKY HA/IITHICTD Ta CXOJUMICTD Pe3yJIbTaTiB.

PesyabraTun MOJIETIOBAHHS [TOKA3YI0Th, [0 PO3MO/IJ MOJIsi THCKY MK BUZOOYBHOIO Ta HATHITATLHOIO CBEPUIOBHHAMME CYTTEBO 3aJIEKUTh
Bijl X po3TallyBaHHs, SIK Y 3CyBHO-i30TPOITHOMY, TaK i y anizorporHoMy Hadronocnomy miacti. [Tokazano, 1o Bizictanb Mixk ¢BepAJIOBUHAMI
Gisbire 1 KM HiBesio€ eeKTUBHICTD BIUIMBY HATHITATBHOI CBepATOBUHM Ha (iabrpariiiinumii nporec naprtu. Brums nponukHocti HadTo-
BOi as3u y 3CyBHOMY HANPSMKY ZOMIHYE Hajl BIIMBOM IIPOHHKHOCTI Y OCBOBUX HAIpsIMKaX (BIUIMBAEC HA 3HIDKCHHS THUCKY Ha 4-9,5 %).
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V BuIa/Ky 3CYyBHO-I30TPOIHOTO IJIACTA CBEPAIOBUHM CJIi/l PO3TAIIOBYBATH Y 3CYBHOMY (iarOHaJILHOMY) HAIPSMKY, 10 3a0e31eYnTD Haii-
MEHIINI PiBeHb MaliHHs CEPEIHBOTO TIJIACTOBOTO TUCKY (Ha 4 %).

Buxoasuu 3 orpumanoi indopmartii, 715t epeKTUBHOIO BUKOPUCTAHHS aHI30TPONHKUX CJIaOO0NPOHUKHUX TIJIACTIB HEOOXIIHO PO3MIlIyBaTh
BUI00YBHI Ta HATHITAJIBHI CBEPJIOBHHU B 00JIACTSIX 3 BIHOCHO HU3bKOIO aHI30TPOMIEI0 TIPOHUKHOCTI TIACTa, OCOOMMBO YHUKATH MIcCIlb i3
HAsIBHICTIO 3CYBHOI MPOHMUKHOCTI MiacTa. BakinBe Take po3TallyBaHHs CBEPAIOBHH, 100 3 OIHIEI CTOPOHU He BinGyBaIOCh GJIOKYBaHHS
Had U 3 GOKY MOHMKEHOI IPOHUKHOCTI, @ 3 IHIIOI CTOPOHK HE BiAOYBAlOCh IMBUKE BUCHAKEHHS T11aCTa 3 GOKY MIBUIIEHOI TIPOHUKHOCTI.
A Takox He IPUIMHSIBCS B3aEMHUI 0OMIiH MisK BIIOOYBHOIO Ta HATHITATBHOIO CBepAIOBHHAME. [Ip1 po3milienHi cicTeMit BU0OyBHIX Ta
HArHITJIbHUX CBEPVIOBKH y aHI30TPOMHUX TIACTaX HAQTOBOTO POIOBUIIA HEOOXIZHO TPOBEIEHHS CUCTEMHOTO aHAJI3y HABKOJIUIIHBOI aHi-
30TPOTIT MJIACTIB 3 METOIO TAKOTO 1X po3MilieH s, sika O 3abe3nedyBaia eeKTUBHY AMHAMIKY MTPOIECiB (hibTpartii HAaBKOJIO 1IUX CBEPJIOBHH.
3a JI0NOMOTOI0 BUKOPHCTAHOTO METO/Ly MOKHA CIIPOTHO3YBATH BILJIMB HATHITAJIBHOI CBEP/JIOBUHHU HA PO3IOILJ MJIACTOBOTO THCKY B ILTACTI.

Kmiouosi cnoBa: HahTOHOCHI TIACTH, aHI30TPOIHI (DiJIBTPAILiiiHI TPOTIeCH, PIBHSAHHS 1T €30IIPOBIIHOCTI, CKiIHUEHO-€IeMEHTHO-PI3HUIIEBHI
METO/I, PO3TIO/IiJI TJIACTOBOTO THCKY.
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BAOCKOHANEHHA TEXHONOITYHUX MPOLECIB BUNOBYBAHHA TBEPAUX KOPUCHUX KOMANMKH cropinku 41-45

Hosak A. 1, Pecenxo E. B, llasnos E. E.

OG6’e€KTOM JOCIIIKEHH S € TEXHOJIOTTUHI IPo1iecH Po3pOOKH POJOBHIL i BHI0OYBAHHS TBEPANX KOPUCHUX KOTAIMH [i/[3eMHUM Ta BiIKPH-
THM criocobami. BockoHaseHHsT TEXHOTOTIYHNX TIPOTECIB TOCSTAETHCS MUISIXOM 3aCTOCYBAHHST HASIBHUX OPUTIHATBHUX TEXHIYHUX PIlllEHb,
SIKi JIONIJIBHO B IaHNI yac BUKOPUCTOBYBATH Ha pakTuili. PoboTa HarpaBjieHa Ha MiBUIIEHHS e(heKTUBHOCTI BUKOPUCTAHHS eHeprii BUOYXY,
B/IOCKOHAJICHHSI TEXHOJIOTTYHUX TIPOIECiB BUA0OYBHUX POOIT Ha BYTIIBHUX IIAXTaX Ta Kap €pax ripHUYNX M/ PUEMCTB.

B xo/i soctiKens BAKOPUCTOBYBABCSI aHaJI3 TeXHIYHOI JliTepaTypu 3 TipHude-100yBHOI TeMaTUKK, 3[iHCHIOBABCSI MOIIYK aBTOPCHKIUX
CBI/IOITB Ha BUHAXO/IM Ta MATEHTH 3 Ti€T JK TeMaThKi. BigOyBaBcst HouyK iHHOBAIiHHNUX PillleHb, SIKi OIIIBHO 3aCTOCYBATH Y TeTIEPilHiil yac.
B nporteci nmposeenoro ananizy B po6oTi mokasano iei, cnocobu BupoOyTKy ByTiIs, CUCTeMU PO3POOKH BYTiJIBHUX MJIACTIB, CIOCOOU Pyil-
HYBaHHsI TiPCbKUX TOPiJ, MIKPOGIOIOriuHOI PeKyIBTUBALLI Ta IHIINX HOBUX TEXHOJIOTIN Ta pucTpois. Hallbiabin 1epeneKTUBHI TEXHOJIOT
3aIPONIOHOBAHI 10 TTOTINGIEHOTO BUBYEHHS, BIPOBA/IKEHHS Ta BUKOPUCTAHHS Y BiMOBIHUX TIPHIYO-TEOJOTIYHIX YMOBaX. 3arpoIIOHOBaHi
TEXHOJIOTI] 3 PI3HOMAHITHUX IIPUYMH [TOKH 110 HE 3HAWIIIN MINPOKOr0 MPAKTHYHOTO 3aCTOCYBAHHS HA TIPHUYUX ITJNPHEMCTBAX. 3aBIAKN
3aCTOCYBAHHIO 3aMPOMIOHOBAHMX TEXHIYHWX PIlIEHb Ta TEXHOJIOTII Ha TPAKTUIN B YMOBAX [IOYNX BYTLIBHUX NIAXT Ta Kap'€piB Moxe OyTn
OTPUMAHO 3HAYHUI eKOHOMIUHUI, €KOJOTIUHNH Ta hiHnancoBuii eeKTu.

Jlane 0C/IiIPKeHHA BAKOHAHO /LI TOTO, 11100 0BECTH JI0 IMPOKOro KoJa (haxiBIiB MiAr0OTOBIEeH] TeXHIYHI PilleHHs, SKi MO’KYTb CIIPUSTU
CYTTEBOMY B/IOCKOHAJIEHHIO TEXHOJIOTI BUIOOYBAHHS TBEPANX KOPICHNX KOTAJIIH, SIK Ha MA3€MHIX, TaK i HA BIIKPUTHX TipHUYNX po6GOTax
B YCbOMY CBITI.

Kmouosi cnoga: cucteMu 11i3eMHOI PO3pOOKH BYTiIbHUX IIACTIB, iHTepdepeHItis BUOYXOBUX XBUJIb, BIIKPUTA PO3POOKA POJOBHIIL.
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Zagira Koheyeva, Alisher Khussanov, Volodymyr Atamanyuk, Zoriana Hnativ, Botagoz Kaldyhayeva, Dauren Janahayev

OO6’€KTOM JIAHOTO JOCIIIZKEHHS € TIPOIMHAMIKA CTAI[lOHAPHOTO Iapy moApibHeHnx crebes 6aposHuKa. OIHIM 3 HAUGLIBIIT TPOOIEMHUX
MicIb € BB (Hi3UKO-MEXaHIYHUX XapPaKTEPUCTUK CTAIliOHAPHOTO Imapy TMoApiGHeHnXx crebesn GaBOBHUKA Ha TiAPOAMHAMIKY (igbTpariii-
HOTO CYTIiHHS.

B xoni pocripkerHs BUKOPUCTOBYBAIM MeTOAM (PiSMUHOrO Ta MaTeMaTUYHOTO MOJE/IOBaHHS. /lJIs1 BUSHAUCHHS IPaHYJIOMETPUYHOTO
CKJTaly TIOJIICIIEpCHOT cyMit oapibHennx crebesr GaBOBHUKA BUKOPUCTOBYBAJIN CUTOBHIT aHaIi3,

BusHaueHo rpaHyJIOMETPUYHKI CKJIaJ TOAPIGHEHUX cTebes GaBOBHUKA Ta TPENCTaBIeHO TpadiuHy 3ajleKHICTh BiICOTKOBOrO BMICTY
KOskHOI (ppakiii. EkcriepriMeHTaIbHO AOCIIPKEHO TiPOMHAMIKY (DilBTPYBAaHHS Ta30BOTO MOTOKY Kpi3h CTAIliOHAPHMIT Iap MOAPiGHEHNX
creben 6aBOBHUKA Ta TPeACTaBAeHo Tpadiuiy 3aIeKHICTh BTPAT TUCKY Bifl (iIKTUBHOT IBUAKOCTI (GLIBTPYBaHHS ra30BOro MOTOKY. BeTaHoB-
JIEHO, 1[0 BTPATH TUCKY B CTAIlIOHAPHOMY IIapi moapiGHeHnX cTebes GaBOBHUKA MAOTh TTapaboJiuHIi XapakTep, IO CBIAYUTh PO BILIUB Ha
BTPATH THCKY K iHEPIiNiHO1, TaK i B'sI3KiCHOI CKIa10BUX. Ha 0CHOBI excriepiMeHTaIbHUX JAHIX BU3HAYEHO HeBioMi koedirtieHTn Mmoandiko-
BaHoro piBHgaHHs Eprana. [IpejcraBieHo KopessiiitHy 3a/1e3KHICTb MiK eKCIIEPUMEHTAJIbHUMU Ta TEOPETUYHO PO3PAXOBAHUMU 3HAYCHHSMU
Ta MOKA3aHo, 110 MaKCUMaJlbHa BiIHOCHA MOXHOKa CTAaHOBUTH 9,6 %, 10 € IHJIKOM TPUIHATHO /s IPAKTHYHUX PO3PaxyHKiB. Pesyibratn
eKCIePUMEHTAILHUX JIOCTI/KEHb TAKOXK MpeJcTaBieHi y Burisiai rpadiunoi sanexnocti yncaa Eiinepa Bin uncaa Peiinosbaca. Ha ocnosi
y3araJbHEHHsI €KCIICPUMEHTAIBHUX JIAHUX OTPUMAHI PO3PAXYHKOBI 3aJICIKHOCTI y BUTJIsII GE3PO3MIPHUX KOMIJIEKCIB, SIKi OIIUCYIOTH Tijipo-
AMHAMIKY (iTBTPYBaHHS Ta30BOTO MOTOKY KPi3b CTamioHapHuil map moapibHennx creben 6aBoBrnka. lle fae 3Mory MporHO3yBaTH eHepre-
THYHI 3aTPaTH Ha CTBOPEHHSI Iiepera/ly TUCKIB, 3 JIOCTATHBOIO /IS IPAKTUYHUX PO3PaXyHKIiB TouHicTIO. [paciuHo 1pe/icTaBieHo BiIHOIIEHHS
eKCIepUMEeHTaIbHIX 3HaueHb BTPAT THCKY /0 TEOPETHYHO PO3PAXOBAaHWX 3aleXkHO Bij uncia Peiinombica. Ilokaszano, mo MakcnmasabHa
BiftHOCHA TIOXUOKa He TepeBuinye 8 %. 3anpornoHoBaHi y3araJbHEHHs €KCIIEPUMEHTAIBHUX JIAHIX [J03BOJISATH BU3HAYATH 3aTPATH €HEPTii 1151
CTBOPEHHS TIepenaiy THCKIB Ha eTalli MPOEKTYBAHHS CYIIMJIBHOTO OOMAIHAHHS, @ TAKOK PO3PaxyBaTH ONTHUMAJIbHI MAPAMETPU MPOTECY Ta
TPOTHO3YBATU HOTO €KOHOMIUHY JOIiTbHICTb.

Kmaouori cnosa: cre0ia GaBOBHUKA, TPAHYJIOMETPUYHUET CKJIA/L, TOPI3HICTH, BTPATH THCKY, CTAIlIOHAPHUIT AP, BOJOKHHCTI YACTUHKH.
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