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The object of research is organic additives of methylhy-
droxyethyl cellulose of medium and high viscosity, namely,
their nature of the effect on the physical and mechanical du-
rability under the destructive action of various sulfate-ionic
media. The need to study the nature of the effect of this addi-
tive on resistance to aggressive media is also associated main-
ly with the expansion of the range of building mixtures to
create competitive products without losing product quality
and to improve the mechanical and rheological properties.

In the course of the study, cellulose ethers of medium
(17000-23000 mPa-s) and high (20000-30000 mPa-s) vis-
cosity were used. Additives were added to the cement in the
amount of 0.25, 0.5 and 0.75 wt. %. It was found that the in-
troduction of cellulose ether into cement leads to an increase
in the normal density of the dough and an extension of the
setting time of solutions, in turn, affects the process of strength
gain of the latter, in comparison with control samples without
additives. With the introduction of the additive, the rate of
water separation of the mixtures also significantly decreases,
indicating the water-retention capacity of the additive. For the
concentration of additives in the amount of 0.25 wt. %. This
decrease is 2 times less than for control samples. For a concen-
tration of 0.5-0.75 wt. % water loss is reduced by 3 times com-
pared to samples without additive. Significant changes also
occur during the early strength gain of the samples with an in-
crease in the additive concentration. The destructive effect of
an aggressive sulfate medium was determined by the change in
compressive strength. With prolonged exposure to an aggres-
sive environment on control and test samples, it is noted that

the introduction of this additive of organic origin negatively
affects the strength characteristics of cement mixtures with
cellulose ethers with an increase in the additive content. The
above results indicate the advisability of using cellulose ethers
of medium viscosity in dry building mixtures as such, which
will provide the necessary storage time for the fluidity of the
solution and sufficient strength of the final material.

Keywords: dry building mixtures, methyl hydroxyethyl
cellulose, normal density, setting time, water separation, ag-
gressive environment.
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THE CONDITIONS OF THE WATER PRESSURE MODE
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The object of research is water-driven gas-condensate
reservoirs. Using the main hydrodynamic modeling tools
Eclipse and Petrel from Schlumberger (USA), the study was
carried out to improve the existing technologies for the dis-

placement of residual gas reserves by carbon dioxide from the
water-driven gas-condensate reservoirs. The carbon dioxide
injection technology was tested in the V-16 reservoir of the
Hadiach oil and gas condensate field (Ukraine). According to
the study results, it was found that due to the injection of non-
hydrocarbon gas, the cumulative water production are reduced
compared to the depletion. Based on the obtained modeling
results, the calculation of the predicted hydrocarbon recovery
factors at the moment of carbon dioxide breakthrough into the
production well was carried out according to the cumulative
formation water production. According to the calculations, it
was found that the implementation of the enhanced gas recov-
ery technology provides significantly higher ultimate hydro-
carbon recovery compared to the depletion. The predicted gas
recovery factor when injecting carbon dioxide into the V-16
reservoir increases by 2.95 % of the residual gas reserves, and
the condensate recovery factor for these conditions by 1.24 %.
Based on the study results, the technological efficiency of us-
ing carbon dioxide as an injection agent to increase the hydro-
carbon recovery from water-driven reservoirs was established.
According to the simulation results, the implementation of the
technology of carbon dioxide injection into the V-16 reservoir
of the Hadiach oil and gas condensate field can significantly
increase the hydrocarbon recovery from the deposit, thereby
increasing the production capacity of the field.

Keywords: 3D model of the field, gas condensate reservoir,
water drive, residual gas, carbon dioxide injection.
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The object of research is the problems of rocket fuel ap-
plication, the state of art and prospects. These problems are
characteristic of almost the entire range of brands of modern
rocket fuels suitable for application. These are problems with
the basic physic-chemical and operational properties, technical
requirements for the quality of rocket fuel, problems with the
functioning of the refueling infrastructure, as well as ensuring
the purity of rocket fuels.

Given the ban on the use of highly toxic poisonous rocket
fuels based on nitric acid, there is a problem of replacing them with
less toxic. This problem is aggravated by the lack of production
of their own petroleum-based hydrocarbon rocket fuels in many
countries. In general, it leads to acute problems with the supply-
ing spacecraft and rocket carriers with rocket fuels. In particular,
such a problem arises in Ukraine with Ukrainian-made missiles.

The constant attention to the problem of the aviation and
rocket fuels quality results from many factors. The research
has used a comprehensive approach to fuel quality assessment,
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analysis of world experience, synthesis of results and retrospec-
tives, historical-evolutionary and logical approach. High level
of fuels purity provides high reliability, safety of flights, in-
creases technical resource of engine units. Therefore, expenses
for achievement and maintenance of necessary level of purity
of fuel and working liquids are quite justified.

The result of the research is a classification of liquid rocket
fuels based on their component composition and chemical struc-
ture. Requirements to energy, kinetic, operational characteristics,
ecological and economic properties of liquid rocket fuels (LRF)
are formulated. Given the unsatisfactory environmental condi-
tions, the use of kerosene as a rocket fuel is more relevant com-
pared to heptyl rocket fuel. Jet fuels T-1, T-6, T-8B are well suited
for space technology of many countries, but very few countries
can produce them. Purchasing in neighboring countries is not
always possible for a number of reasons. Comparative analysis
shows that liquid rocket fuel RP-1 in most respects is an analogue
of jet fuel T-1 and T-6 and can be used as a substitute for rocket
carriers. However, the problem of development of standards and
regulations on quality control of LRF during their storage and
operation is not solved. In particular, there is no clear regulation
for the process of refueling LRF missiles at low temperatures.
There are no regulations on the content of free and dissolved wa-
ter and mechanical impurities in the LRE, unlike aviation fuels.

One of the promising types of rocket fuels are hydrogen
fuel cells. The results of the research can be applied in the
field of spacecraft operation, as well as refueling infrastruc-
ture and cleanliness of rocket fuels. The research results can
also be used by chemical experts, specialists in the field of
operation of refueling and storage of LRE

Keywords: liquid rocket fuel, rocket carrier, refueling ob-
ject, fuel tank, fuel purity, fuel cell.
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The object of research is to support the functioning of
a heat pump power supply based on a grid-type wind-solar
electric system using hybrid solar collectors.

One of the most problematic areas is the harmonization of
energy production and consumption in the context of distri-
buted energy generation using renewable sources. Connect-
ing to Smart Grid technologies will prevent the peak load of
the power system in conditions of voltage regulation when
connecting the heat pump power supply.

An integrated system has been developed to support the
operation of heat pump power supply based on predicting
changes in the temperature of local water when measuring
voltage from hybrid solar collectors at the input to the grid
inverter, voltage at the output of the frequency converter
and voltage frequency. The adoption of advanced decisions
to maintain the temperature of local water by changing the
power of the electric motor of the heat pump compressor is
based on establishing the ratio of the voltage at the input
to the grid inverter and the voltage at the output of the fre-
quency converter are measured. The change in the refrigerant
flow rate according to the frequency control of the electric
motor of the heat pump compressor occurs in accordance
with the change in the thermal power of the low-potential
energy source — the lower section of the two-section storage
tank connected to hybrid solar collectors. The architecture,
the mathematical substantiation of the architecture of the
technological system, the mathematical substantiation of
supporting the functioning of the heat pump power supply
are proposed. The basis of the technological system is a dy-
namic subsystem, which includes the following components:
wind power plants, photovoltaic solar panels, hybrid solar
collectors, grid inverter, two-section storage tank, heat pump,
frequency converter. The operating parameters of the heat
pump system, the parameters of heat exchange in the con-
denser of the heat pump, the time constants and coefficients
of the mathematical model of the dynamics of the tempera-
ture of local water for the established levels of functioning are
determined according to the coordination of production and
consumption of energy.

Keywords: wind-solar power system, photovoltaic solar
panels, hybrid solar collectors, heat pump, grid inverter.

References

1. Bondarchuk, A. (2019). Study into predicted efficiency of
the application of hybrid solar collectors to supply energy to
multi-apartment buildings. Eastern-European Jowrnal of En-
terprise Technologies, 4 (8 (100)), 69-77. doi: http://doi.org/
10.15587,/1729-4061.2019.174502

10.

11

12.

13.

14.

1.

16.

17.

18.

. Shahriari, M., Blumsack, S. (2018). The capacity value of optimal

wind and solar portfolios. Energy, 148, 992—1005. doi: http://
doi.org/10.1016/j.energy.2017.12.121

. Li, Y, Yang, W,, He, P, Chen, C., Wang, X. (2019). Design and

management of a distributed hybrid energy system through
smart contract and blockchain. Applied Energy, 248, 390—405.
doi: http://doi.org/10.1016/j.apenergy.2019.04.132

. Saad, A. A., Faddel, S., Mohammed, O. (2019). A secured

distributed control system for future interconnected smart
grids. Applied Energy, 243, 57-70. doi: http://doi.org/10.1016/
j-apenergy.2019.03.185

. Perera, A. T. D., Nik, V. M., Wickramasinghe, P. U., Scartez-

zini, J.-L. (2019). Redefining energy system flexibility for dis-
tributed energy system design. Applied Energy, 253, 113572.
doi: http://doi.org/10.1016/j.apenergy.2019.113572

. Mak, D., Choeum, D., Choi, D.-H. (2020). Sensitivity analysis of

volt-VAR optimization to data changes in distribution networks
with distributed energy resources. Applied Energy, 261, 114331.
doi: http://doi.org/10.1016/j.apenergy.2019.114331

. Xiqiao, L., Yukun, L., Xianhong, B. (2019). Smart grid service

evaluation system. Procedia CIRP, 83, 440—444. doi: http://
doi.org/10.1016 /j.procir.2019.04.138

. Chaikovskaya, E. (2017). Development of energy-saving tech-

nology to support functioning of the lead-acid batteries. Eastern-
European Journal of Enterprise Technologies, 4 (8 (88)), 56—64.
doi: http://doi.org/10.15587/1729-4061.2017.108578

. Chaikovskaya, E. (2019). Development of energy-saving techno-

logy to maintain the functioning of a wind-solar electrical system.
Eastern-European Journal of Enterprise Technologies, 4 (8 (100)),
57-68. doi: http://doi.org/10.15587 /1729-4061.2019.174099
Dincer, I, Rosen, M. A., Ahmadi, P. (2017). Modeling and Opti-
mization of Heat Pump Systems. Optimization of Energy Systems,
183-198. doi: http://doi.org/10.1002,/9781118894484.ch6
Underwood, C. P. (2016). Heat pump modelling. Advances in
Ground-Source Heat Pump Systems, 387—421. doi: http://doi.org/
10.1016,/b978-0-08-100311-4.00014-5

Li, Y., Yu, J. (2016). Theoretical analysis on optimal configurations
of heat exchanger and compressor in a two-stage compression
air source heat pump system. Applied Thermal Engineering, 96,
682-689. doi: http://doi.org/10.1016/j.applthermaleng.2015.11.132
Matuska, T, Sourek, B., Sedlar, J. (2016). Heat Pump System
Performance with PV System Adapted Control. Proceedings of
EuroSun2016. doi: http://doi.org/10.18086 /eurosun.2016.08.06
Yan, G., Bai, T, Yu, J. (2016). Energy and exergy efficiency analysis
of solar driven ejector—compressor heat pump cycle. Solar Energy,
125, 243-255. doi: http://doi.org/10.1016/j.solener.2015.12.021
Van Leeuwen, R. P, Gebhardt, 1., de Wit, J. B,, Smit, G. J. M.
(2016). A Predictive Model for Smart Control of a Domestic
Heat Pump and Thermal Storage. Proceedings of the 5th In-
ternational Conference on Smart Cities and Green ICT Systems.
doi: http://doi.org/10.5220,/0005762201360145

Chaikovskaya, E. (2020). Development of Smart Grid technology
for maintaining the functioning of a biogas cogeneration system.
Eastern-European Journal of Enterprise Technologies, 3 (8 (105)),
56-68. doi: http://doi.org/10.15587 /1729-4061.2020.205123
Jiang, S. (2017). Air-Source Heat Pump Systems. Handbook of
Energy Systems in Green Buildings, 1-44. doi: http://doi.org/
10.1007,/978-3-662-49088-4_2-1

Rees, S. J. (2016). An introduction to ground-source heat pump
technology. Advances in Ground-Source Heat Pump Systems,
1-25. doi: http://doi.org/10.1016,/b978-0-08-100311-4.00001-7

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(56), 2020

71—)



(— ABSTRACTS AND REFERENCES: REPORTS DN RESEARCH PROJECTS

I55N 2664-9969

19. Suzuki, M., Yoneyama, K., Amemiya, S., Oe, M. (2016). Develop-
ment of a Spiral Type Heat Exchanger for Ground Source Heat
Pump System. Energy Procedia, 96, 503—510. doi: http://doi.org/
10.1016//j.egypro.2016.09.091

20. Chaikovskaya, E. (2018). Development of energy-saving techno-
logy for maintaining the functioning of heat pump power supply.
Eastern-European Journal of Enterprise Technologies, 4 (8 (94)),
13-24. doi: http://doi.org/10.15587/1729-4061.2018.139473

REPORTS ON RESEARCH PROJECTS

DOI: 10.15587/2706-5448.2020.218171

IMPROVEMENT OF THE CONTROL PROCESS OF
THE HEAT TREATMENT OF IRON ORE PELLETS IN
THE PREHEATING AREA OF THE CONVEYOR-TYPE
ROASTING MACHINE

pages 34-39

Mytrofanov Oleksandr, Postgraduate Student, Department of
Automation, Computer Science and Technology, Kryvyi Rih Na-
tional University, Kryoyi Rih, Ukraine, ORCID: http://orcid.org/
0000-0003-4093-8223, e-mail: mitrofanov.322@gmail.com

The object of research is the process of heat treatment
of iron ore pellets. To study it, a technological zone of pre-
heating of a conveyor-type roasting machine was used. Tech-
nological process control is performed on the basis of fuzzy
and incomplete information about the state of this zone. One
of the main requirements regarding the functioning of the
technological preheating zone is to ensure the regulatory
values of the thermal and gas modes when changing the speed
of movement of the conveyor belt carts. Efficiency improve-
ment of control of these modes is provided thanks to the
automatic control system, implemented on the basis of fuzzy
and incomplete information on the state of the technological
parameters of the zone.

In the course of the study, the analysis of scientific and
technical information was carried out and the analytical
method determined the importance of improving the process
of controlling the thermal process of processing iron ore pel-
lets in the technological preheating zone. On the basis of ex-
perimental studies, the features of the technological process
have been taken into account, it requires the improvement of
the process of controlling the operation of the technological
preheating zone. The mathematical model uses the tempera-
ture of the coolant of the gas-air flow, the flow rate of natural
gas and air, the temperature of the pellet bed and their mass
on the carriages of the conveyor belt of the machine. At the
same time, the output technological parameters of the drying
zone and the input parameters of the firing zone are taken
into account.

On the basis of solving systems of fuzzy functions and the
principles of parametric identification, a mathematical model
is proposed that approximates the dynamics of the thermal
process of processing iron ore pellets in the technological
preheating zone. The characteristics of transient processes of
heat treatment of pellets obtained on mathematical models
are analyzed taking into account the variable parameters of
the adjacent technological zones of the machine, the con-
sumption of natural gas and air. On the basis of mathematical
modeling, studies have been carried out to determine the
optimal distribution of the coolants of the gas-air flow over
the technological preheating zone. The hardware and soft-
ware for the automatic control system for the heat treatment
of pellets taking into account the variable parameters of the

coolants of the gas-air flows in the technological preheating
zone has been implemented.

Keywords: conveyor-type roasting machine, iron ore
pellets, technological preheating zone, heat treatment,
fuzzy logic.
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The object of research is the effect of sintering under
pressure (10 MPa—4.1 GPa) on the formation of the structure
and properties of ZrB,, HfB,, and composites on their bases.
It has been found that high pressure consolidation results in
an improvement of mechanical characteristics. In particular,
the hardness and fracture toughness of the materials sintered
under 4.1 GPa pressure are higher than those of the materials
obtained under hot pressing conditions at 20-30 MPa and
spark-plasma sintering at 50 MPa.

High-pressure sintered HfB, demonstrated hardness
Hy (9.8N)=21.3£0.8 GPa, Hy (49 N)=19.3+1.3 GPa, and
Hy (98 N)=19.2+0.5 GPa and fracture toughness K¢ (49 N)=
=7.2 MPa-m® and K¢ (98 N)=5.7 MPam’®, The HfB, si-
ntered by hot pressing at 1850 °C and 30 MPa demon-
strated hardness: Hy (9.8 N)=19.0 GPa, Hy (49 N)=18.7 GPa,
and Hy (98 N)=18.1 GPa, Kic (9.8 N)=7.7 MPa-m®3,
Kic (49 N)=6.6 MPa-m®? and K;c (98 N)=5.3 MPa-m’?. High
pressure sintered ZrBj; (¢=0.3167 nm, ¢=0.3528 nm, y=
=6.2 g/cm?®) demonstrated Hy (9.8 N)=17.7+0.6 GPa,
Hy (49 N)=15.4%1.2 GPa, and Hy (98 N)=15.3+0.36 GPa
and Kic (9.8 N)=4.3 MPa-m®’, K¢ (49 N)=4.2 MPa-m®’ and
Kic (98 N)=4.0 MPa-m®>. Addition of 20 wt. % of SiC to
ZrBy and sintering under high pressure (4.1 GPa) allowed
essential increase of hardness to Hy (9.8 N)=24.2+0.7 GPa,
Hy (49 N)=16.7£0.5 GPa, and Hy (98 N)=17.6£0.4 GPa and
fracture toughness to Kic (49 N)=7.1 MPa-m®?, Kic (98 N)=
=6.2 MPa-m®?; the material density was y=5.03 g/cm?. Addi-
tions of SiC and Si3Ny to ZrB, lead to some increase in frac-
ture toughness (up to Kic (98 N)=9.2 MPa-m??).

The developed ZrB,- and HfBy-based materials and com-
posites can be used for aerospace applications, in cutting and
refractory industries, etc.

Keywords: zirconium diboride, hafnium diboride, hot
pressing, ultra-high temperature ceramics, high quasi iso-
static pressure.
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The object of research is the ultimate bending strength of
float glass sheet 4 mm thick. The paper confirms that the main
factor affecting the increase in glass strength is the dynamics
of stress formation in the surface and inner layers of glass.
Rapid cooling of float glass with an air flow for 8—10s at
arate of 25 °C/s leads to the appearance in the glass of an ave-
rage temperature difference in the surface zone of 30 °C/mm.
It was found that during thermal hardening at temperatures
exceeding the glass transition temperature limit, there is an
abrupt increase in the glass bending strength. A comparative
analysis of the results of measuring the bending strength of
glass for float glass and heat-strengthened glass indicates
that this indicator is significantly improved. The statistical
analysis of the results shows that the scatter of the values of
the bending strength of annealed glass falls within the range
of 30—50 MPa, and the most probable value is 40 MPa. At the
same time, the spread in the values of the bending strength of
thermally hardened glass is in the range of 100—160 MPa and
is 135 MPa. The work proved that thermal hardening of float
glass sheets increases its flexural strength by about 3.5 times.
The peculiarities of the change in the type of the hardening
stress diagram over time have also been studied: thermal
hardening causes a more gentle course of the residual stress
curve compared to hardening. In this case, the coordinate
of the critical tensile stress 6., can be located on the lower
surface of the glass, which will make it possible to fracture at
lower loads compared to quenching, but the fracture mecha-
nism will be identical as for annealed glass. In this case, the
destruction mechanism will be approximately the same as
in the case of annealed glass, but its actual strength will be
2-3 times higher.

Keywords: sheet float glass, thermal hardening, stress dia-
gram, bending strength.
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The object of research is the effect of gamma radiation
on the characteristics of the operation amplifier, and con-
sequently the behavior of the output voltage waveforms
of Schmitt trigger circuit. One of the most problematic
is the effect of the circuit elements, reference voltage, in-
put frequency, input DC-voltage and bias voltage effects,
on the operation of the proposed Schmitt trigger circuit.
In the course of the research, the used Op Amp can be
exposed to different types of radiation. As a result of the
research it is shown that the threshold levels of Schmitt
trigger circuit increased when operates in nuclear radiation
environment.

From the experimental work, computer simulation, and
results analysis, the conclusions could be deduced, that Ope-
ration of operational amplifiers in gamma radiation environ-
ment show serious changes on their electrical characteristics.
As a result, the Schmitt trigger circuit exposed to gamma
radiation range from 3 kGy up to 20 kGy, at 10 Hz, where,
its output voltage waveforms are shown to be independent
on the gamma-dose. On the other hand, at frequency of
4.0 kHz, a severe effect are noticed, where the lower threshold
level (VETF) increase from —5.35 V up to —3.58 V, while the
upper threshold voltage level (VUTF) is slightly increased from
421V to 5V, as a function of the same gamma doses. The
obtained experimental results are shown to be in close agree-
ment with those obtained from programming the Schmitt
trigger equations to computer.

In the future, the proposed approaches show that, when-
ever the Op Amp circuits are used in gamma radiation

environment, it preferable to be operate at low frequency
levels, where the output voltage waveform of Schmitt trig-
ger circuit are shown to be independent on gamma dose but
at high frequency the effect increased as a function of same
gamma dose.

Keywords: Schmitt trigger, Op-Amps, threshold levels,
radiation environment, electronic circuit, gamma radiation.
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The object of research is numerous and analytical ther-
mohydraulic calculations of a shell-and-tube heat exchanger
of a counterflow type. To determine the thermally stressed
state of heat exchangers, calculations of the temperature
fields of their elements are performed. At the same time, it
is not a trivial task to perform numerical thermohydraulic
calculations for a heat exchanger that has a large number of
heat exchange tubes. This statement is due to the fact that
the calculation model will contain a large number of finite
elements. Difficulties in performing these calculations may
arise when using electronic computers with limited technical
parameters. Such calculations may take quite a long time, or
may not be performed at all.

The authors proposed an approach to determining the
temperature fields in individual elements of a heat exchanger.
It consists of a combination of analytical and numerical ther-
mohydraulic calculations of individual elements of the heat
exchanger and the internal bodies in contact with them. This
allows to reduce the time and bit depth of calculations.

To validate the above-mentioned approach, two calcula-
tion models of a shell-and-tube heat exchanger of a counter-
flow type were built. As the first calculation model, the entire
body of the heat exchanger was constructed, taking into
account the bodies of its coolant and cooling water. For this
model, only numerical thermohydraulic calculations were
performed. As the second calculation model, a part of the heat
exchanger was built, taking into account all the bodies of the
coolant and cooling water, belonging to it. With the help of
analytical thermal calculations, the temperatures at the inlet
to the shell-and-tube spaces of the second design model were
determined. Subsequently, the results obtained analytically
served as boundary conditions for performing numerical ther-
mohydraulic calculations.

As a result of the calculations performed, a comparison of
the obtained results of the distribution of temperature fields
in the above-mentioned calculation models is made. Based
on the analysis of the results, it was concluded that it is pos-
sible to use a combined method (a combination of analytical
and numerical thermohydraulic calculations) for determin-
ing the temperature fields in individual elements of heat
exchangers.

Keywords: shell-and-tube heat exchanger, thermal-hy-
draulic calculations, thermo-stress-strain state, temperature
field calculation, finite elements.
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The object of research is hydrocarbon solvents for the eli-
mination of paraffin-hydrate deposits. The chemical methods of
control of paraffin-hydrate deposits, in particular, application
of hydrocarbon solvents are considered in the article. Studies
of the effect of various chemical reagents on the dissolution of
hydrate formations using a laboratory installation at different
thermo-baric regimes, closest to the real conditions of the pipe
space of oil and gas wells: the temperature varied discretely
from —10 to +40 °C and pressure from 0 to 10 MPa. To study
the effect of hydrocarbon solvents on the process of removing
hydrate formations, the most rational methods of regression
analysis and mathematical planning of the experiment were
used — simplex-grid planning. The G-criterion of plan optima-
lity was used, which includes 22 experiments. The synthesis
of the plan was implemented by numerical methods on a soft-
ware-controlled device for information processing. The use
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of such methods makes it possible to reasonably organize
experimental research, adjust the time, equipment, materials
and perform the required number of experiments. The results
of measurements are shown in the diagrams for each solvent
separately. The obtained data allowed to a priori substantiate
the choice of the optimal variant of application of chemical
reagents for complete dissolution and removal of paraffin-
hydrate formations from the surface of the internal well
equipment. Analysis of the data shows that the solubility re-
agents butyl cellosolve and ethylacetat solvents, which can be
recommended for wide application in the oil and gas industry,
are characterized by the highest solubility and efficiency for
removal of paraffin-hydrate deposits from the surface of well
equipment. An important fact is that the consumption of the
proposed solvents per one well operation is not more than 4 m?,
which is 2-3 times less than in other known analogues. The
use of new solvents also allows to increase the inter-cleaning
period of the well more than 2—3 times, which reduces the cost
of extracted products.

Keywords: paraffin-hydrate deposits, hydrocarbon sol-
vent, internal well equipment, chemical reagent, well clean-
ing interval.
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BIUTHB CYNbPAT-IOHHUX CEPEOBHLL HA ®I3HKO-MEXAHIYHY AOBroBIMHICTD LEMEHTHUX BHPOEIB,
MOJHPIKOBAHUX EPIPAMHU LEMWONO3K  cropinku 6-12

Kosanenxo H. 0., Knumenko A. B, Toxapuyk B. B, Ceigepcuxkuii B. A.

OG6’ eKTOM A0CIPKEHHS € OpraHiui 106aBKU METHIITIIPOKCUETHIIIIENION031 CEePEAHbOT Ta BUCOKOI B'I3KOCTI, a caMe iX XapaKkTep BILIUBY
Ha Pi3UKO-MeXaHIuHy JOBTOBIYHICTB I/ PyHHYIOUOIO Ai€t0 pisHUX Cy/bdar-ionHux cepenosuil. HeoOXiHICTh BUBUEHHS XapaKTepy BILIUBY
Jafoi 106aBKM Ha CTIHKICTD 70 BIUIMBY arpecHBHUX CEPEIOBUII TAKOK TTOB'sI3aHa 3/1e6iIBIIIOT0 Yepe3 PO3MINPEHHsT ACOPTUMEHTY OY/IiBesTb-
HUX CyMillteil UIst CTBOPEHHS KOHKYPEHTOCIIPOMOKHOI TIPOLYKIIiT 6€3 BTPaTu SAKOCTI MPOAYKILI Ta JJist MOJIMIIEHHS] MEXaHIKO-PEOJIOrTUHIX
BJIACTUBOCTEH.

Y xomi gocuipkenns BukopucToByBasucst edipu mnemosnosu cepennboi (17000-23000 mlla-c) Ta Bucokoi (20000—-30000 mIla-c) B'si3kocTi.
Jlobasku BBOMIIKCS B 1tleMeHT B Kizbkocti 0,25, 0,5 ta 0,75 mac. %. Beranosiieno, 1o BBezeHHst eipy HET0M031 B IEMEHT MTPU3BOIUTH JI0
361TBIITEHHST HOPMATBHOI TYCTOTH TiCTa Ta MOIOBKEHHS CTPOKIB TY’KABJIEHHs PO3YHHIB, 110 ¥ CBOIO YePry BILIMBAE Ha MPOTIEC HabOpy MiIHOCTI
OCTaHHIX, B IOPIBHSHHI 0 KOHTPOJIBbHUX 3paskis 6e3 nodasku. [Ipu BBeeHH] 100aBKK TAKOXK 3HAUHO 3MEHILYETbCS NOKA3HUK BOAOBIIIICHHS
cyMilIelt, 110 CBiYNTD PO BOAOYTPUMYBAIBHY 3IaTHICTh m06aBKi. [lyist KoHmenTparii 106aBok y kimbkocti 0,25 Mac. % 11e 3MEHIIEHHST CKIa-
Ja€ B 2 pa3u MeHllle, HiX JiUIst KOHTPOJIbHUX 3paskiB. [luist konuentparii 0,5-0,75 mac. % BOJOBiyIIeH ST 3MEHIIYETBCSI B 3 pa3u, B MOPIBHSHHI
i3 3paskamu Ge3 noGasku. CyTTeBi 3MiHM BinOyBatOThCs i 1mi yac HAOOPY PaHHBOI MIITHOCTI 3pa3KiB MpH 30LIBIIEHH] KOHIEHTpaIli 100aBKu.
Pyitiyiounii BIUIMB arpecUBHOTO CyJIb(MATHOTO CePeIOBUITA BU3HAYABCS 10 3MiHi MIITHOCTI Ha cTHCK. [Ipn moBroTprBazoMy BILTHBI arpeCHBHOTO
cepeJIoBUINA Ha KOHTPOJIbHI Ta JOCTIIHI 3paski BiAMIUA€ThCsl, 110 BBEACHHA JAAHOI J0OABKU OPraHiyHOro MOXO/PKEHHST HEraTUBHO BILIMBAE Ha
XapaKTePUCTUKK MIITHOCTI IIEMEHTHUX CYMillel 3 ehipaMu 11eJI0I031 TIPK 3pocTanHi BMicTy m00aBky. HaBeseri pesysisraT BKasyloTh Ha /10-
HIBHICTD BUKOPUCTOBYBaHHS e(ipiB LEM0I031 cepeiHboi B'I3KOCTI B CyXuX OyiBEeIbHUX CYMilIax sk TaKKX, 10 3abe3edarh HeoOXiiHi CTPOKU
30epiratHHst PyXJIUBOCTI PO3UMHY Ta JOCTATHIO MIIHICTh KiHIIEBOTO MaTepiay.

Kmouosi crosa: cyxi OyiBesbHi CyMillli, METHIITIIPOKCHETHIIIIETI0I03a, HOPMAJIbHA TYCTHHA, CTPOKHU Ty KaBJIEHHS, BOIOBIIIJICHHSI, arpe-
CHBHE CepejIOBHIILE.

TECHNOLOGY AND SYSTEM OF POWER SUPPLY
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ANPOBAUIA TEXHONOrII HATHITAHHA AIOKCHAY BYTNENN B NOKMAAJZ FOPH30HTY B-16 FAAALBKOr0
POOOBHLUA (YKPAIHA) B YMOBAX NPOABY BOAOHAIIPHOIO PEMMMY  cropinxku 13-18

Kpusyna C. B, MaTkiscukuit C. B, Kouppar 0. P, Bikman E. C.

OO6’€KTOM JIOCTI/KEHHST € Ta30KOHIEHCATHI MOKJIAJIH, 110 PO3POGJISIIOTHCS B YMOBAX IMPOSIBY BOIOHAMIPHOTO pexkuMy. JlJist yIIOCKOHAIEH-
HsI ICHYIOUMX TEXHOJIOTiH BUTICHEHHSI 3a/IUIIIKOBHUX 3alaciB razy JIOKCHAOM BYTJIEIIO 3 POJOBHUII, 1O PO3POOISIIOTHCS IPU BOAOHAIIPHOMY
PEKUMI, TIPOBEAEHO AOCI/KEHHsI 3 BUKOPUCTAHHIM OCHOBHUX IHCTPYMEHTIB TigpoanHaMiuroro mogemosantst Eclipse Ta Petrel kommanii
Schlumberger (CIITA). TexHOJIOTiI0 HATHITAHHS JIOKCHTLY BYTJIEIIO apOOOBAHO 10 YMOB MOKJIaLy Topr3onTy B-16 Tazsibkoro HahTorasokoH-
JleHcaTHOTO pooBuina (YKpaina). 3TiIHO 3 pe3yJbTaTaMi IPOBEIEHIX JOCTIPKEeHb BCTAHOBIIEHO, 110 3aBASKN HATHITAHHIO HEBYTJIEBO[HEBOTO
razy 3HIDKYIOTHCS 0OCSTH BIIOOYTKY TIACTOBOI BO/M MOPIBHSIHO 3 BApiaHTOM PO3POOKH Ha BUCHaKeHHsI. Ha OCHOBI OTPUMAaHUX Pe3ysIbTaTiB
MO/IEJIIOBAHHS 3/1iHICHEHO PO3PaXyHOK BEJUYMHN POTHO3HNX KOE(DII[iEHTIB BIJIYYeHHS BYIJIEBO/IHIB HA MOMEHT ITPOPHBY /LIOKCHU/LY BYTJICIIO
y BUIOOYBHI CBEPIITOBIHN 32 BEIMTYNHOIO HAKOMIMYEHOTO BUAOOYTKY TIITACTOBOI BOM. 3Ti/IHO POBEIEHNX PO3PAXYHKIB BCTAHOBJIEHO, 1110 BIIPO-
BaJUKEHHS TEXHOJIOTTT BTOPUHHOTO BUAOOYTKY BYIJICBOAHIB 3a6e31euy€e 3HaYHO BUII KiHIIEBI KOe(DIIEHTH BYIIEBOJHEBUIYYEHHS OPIBHSHO
3 PO3POOKOTO MOKJIALY Ha BUCHAKEHHsT. [IporiHo3nuii KoedillieHT ra3oBIIyYeH sl TIPU HATHITAHHI JIOKCU/LY BYTJIEIO B OKJIa] ropusonty B-16
3611y €eThCsT Ha 2,95 % Bijl BEIMYMHI 3aTUIITKOBUX 3aI1aciB rasy, a KoebillieHT BUIyYeHHs] KOHJIEH ATy ISt IIMX YMOB Ha 1,24 %. 3a pesyiibra-
TaM1 [POBEJICHUX JIOCII/IKEHb BCTAHOBJIEHO TEXHOJIOTIUHY eheKTUBHICTh BUKOPUCTAHHS JIOKCH/LY BYTJIEIIO B SIKOCTI areHTy HArHITAHHS /IS
T IBUIIEHHST BYTJIEBOIHEBUIIYYEHHS 3 TOKIAIIB, ST SIKMX XapaKTePHUIT BOXOHATIPHUIT peKUM PO3POOKH. 3TiIHO 3 pe3ysIbTaTaMi MOJEITIO-
BaHH: BIIPOBA/IPKCHHS TEXHOJIOTI] HATHITAHHS JIOKCH/IY BYIJIEIO B MOKJI/] ropusonTy B-16 Tasipkoro HadhTorasoKoH/1eHCaTHOTO POIOBUINA
JIO3BOJISIE 3HAYHO 301/IBIINTH BYTJICBOAHEBUITYICHHS 3 OKJIA/IB, THM CAMUM I IBUIIUTH BUAOOYBHI MOXKJIMBOCTI POJIOBHIIIA.

Kmouogi cnoBa: 3D Moziesib poIoBHIIA, TA30KOHAEHCATHUI TIOKITIAJT, BOJOHAIII PHUN PEKUM, 3aIIeMJICHIT Ta3, HATHITAHHS [IOKCU/TY BYTJIEIIIO.

DOI: 10.15587/2706-5448.2020.218358 . N
AHAJI3 PAKETHUX NMAJIMB TA NMPOB/MEM IX BAKOPHCTAHHA HA NMPHKNARI YKPAIHU  cropinku 19-27

Tpothimos I I, Boituenxo C. B., Wamancnywii C. #.

O06’ektoM mocaiKeHHst € Ppo6JIeMU BUKOPUCTaHHsI PAKETHUX TAJIKB, CyYaCHUIl CTaH Ta MepCrleKTHBa. 3rajani mpobaeMu XxapakrepHi
HPAKTUYHO /IS YCIET HOMEHKJIATYPU TOBAPHUX MAPOK CYYACHUX PAKETHUX MAIUB ITPUAATHUX st BUKOpHcTantst. [le mpobseMu 3 0CHOBHUMUI
(hiBMKO-XIMIYHUMH Ta eKCIITyaTalliiiHUMK BJaCTUBOCTSMM, TEXHIYHUMHU BUMOTAMH JI0 IKOCTI PAKETHOTO MaIuBa, MpodaeMu (hyHKITIOHYBaHHS
iHPACTPYKTYPH 3aMPaBKu, a TAKOK 3a0€3IIEUEHHST YMCTOTU PAKETHUX MAJIUB.
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3 orsAny Ha 3a60pOHY BUKOPUCTAHHS CUJIBHOIOYUX OTPYWHUX PAKETHUX MAJIMB HA OCHOBI a30THOI KUCJIOTH, BUHUKJIA TTPoGJIeMa 1X 3aMi-
HII Ha MEHII oTPyiiHi. B 6aratpox kpainax st mpobreMa MmorInOII0ETHCS BiICY THICTIO BHPOOHIIITBA BAACHUX BYTJIEBOHEBUX PAKETHIIX MTATHB
Ha HaTOBI OCHOBI. B IiJIOMY I1€ IPU3BOANTD 10 BUHUKHEHHSI TOCTPHX MPo6ieM 3abe3reueH st PAKETHIME MaJIMBAMI KOCMIYHUX JITATbHUX
arapaTis i pakeToHOCiiB. 30KpeMa Taka pobJieMa BUHUKAE B YKPaiHi 3 PAKETOHOCISIME YKPAiHCHKOTO BUPOOHUIITBA.

[Tocriitia yBara 10 mpo6ieMu SIKoCTi aBialliiiHuX i pakeTHUX MaJIuB BUKJIMKaHa GararbMa (hakropamu. B poboTi BUKOPHCTAHO KOMILIEKCHUI
TI/IX1J] 10 OL[HIOBAHHS SIKOCTI 1TaJINBa, aHAJI3 CBITOBOI'O /IOCBiLY, CHHTE3 Pe3yJILTaTiB 1 PeTPOCIEeKTUBHY, ICTOPUKO-€BOJIIOIIHHUIT Ta JIOTTYHMIA 1Tif1-
Xijl. 32 BUCOKMX PIBHIB YHCTOTH TTAJIMB TAPAHTYETHCS Ge3IeKa MoJIbOTiB, 3a0e31e4y€EThCsT HaliHHICTh, 301IbIITYE€ThCs TEXHIUHUIT pecypce arperaTis
CHCTEM, B PE3YJIBTATi YOr0 BUTPATH Ha JOCSTHEHHsI Ta THTPUMAHHS HEOOXIZHOTO PIBHS YUCTOTH MAJINBA Ta POOOYMX PI/IMH IIJIKOM BUTIPAB/IAHI.

¥ pesyabrati gocaimkeHHs chopMoBaHO KiIacHbIKaIlio PiAKIX paKeTHUX MAINB, 3aCHOBAHY Ha IX KOMIIOHEHTHOMY CKJIal Ta XiMiuHil
6yn0Bi. CHopMyIbOBAHO BUMOTH JI0 €HEPreTHYHUX, KIHETHYHUX, eKCIIyaTalliiHuX XapaKTePUCTHK, €KOJOTIYHUX Ta €KOHOMIYHUX BJIACTH-
Bocreil pifknx pakerHux manaus (PPII). 3 orusiy Ha He3a10BI/IbHMIT CTaH HABKOJIMIIIHBOTO CEPEIOBUINA, BUKOPUCTAHHS Tacy siK PAKeTHOTO
TIaJIBa Ha ChOTO/HI € MEPCIEKTUBHUM Y TIOPIBHAHHI 3 TEMTUIOBUM pakeTHNM TasnnBoM. Peaktusni nasmsa T-1, T-6, T-8B Bpasno miaxonars
JUISE KOCMIUHOT TeXHIKKM BUPOOHUITBA HaraThoX KpaiH, ajie JaJeKo He y KOKHIN KpaiHi BoHM BUPOOJIIOTHCA. 3aKyIiBJIA 5K Y CYCIAHIX KpalHax
He 3aBKIM MOJKJIMBA 3 psity nipuant. [TopiBHAIBHMIT aHaIIi3 TOKa3ye, 10 piaKe pakeTHe nagnBo RP-1 3a GiIbIicTIO MOKA3HUKIB € AHAJIOTOM
peaxtuBHoro nasusa T-11T-6 i koM MOske BUKOPHCTOBYBATHUCS SIK 3aMiHHUK JIJIs1 pakeToHociiB. [IpoTe Ha choroii He Bupiiiena i yacto me
BUPINIYy€THCsE MPoGIeMa PO3POOKI HOPMATUBHUX JOKYMEHTIB 3 KOHTPOJIt0 sikocti PPII npu ix 36epiranti Ta ekciuryaraitii. 30kpema, BiaCyTHs
YiTKa HOPMaTUBHA JOKYMEHTAIlisI 710 Tipoitecy 3anpasierns pakeT PPII 3a amspkux remmnepatyp. Ha BiaMiny mo aBiamiiinux majws, BiZCyTHI
perylaMeHTH Ta iHIIi HOPMATUBHI JIOKYMEHTH 32 3MiCTOM BiJIbHOI 1 PO3YMHEHOI BOJIM Ta MeXaHiyHuX jominiok B PPIL.

OpHi€ro 3 IePCIEeKTUBHIX cep BUKOPUCTAHHS PAKETHUX MAJINB € BUKOPUCTAHHS MAJMBHUX KOMIpOK. Pe3ysbraTut 1oCi/KeHb MOKYTh
GyTH 3aCTOCOBaHI B 06JIACTI eKCILTyaTarii KOCMIYHIX alaparis, a TakoK iHGPACTPYKTYPH 3apaBJieHHs Ta 3a0e3MeYeHHs] YUNCTOTH PAKETHUX
nasuB. Pe3ysisraTi A0Ci/PKeH s MOKYTh OyTH 3aCTOCOBaHI eKciepraMn XiMMoTostoramy, (haxiBigMu B rajtysi excityararii 3aco0is 3ampas-
JIEHHS Ta 30epiTaHHst PIIKNX PAKETHIX TTAJIIB.

Kmouosi cnosa: pijke pakeTHe MaJUBO, PAKeTOHOCIH, 06’ €KT 3allpaBKu, MAJMBHIN OaK, YNCTOTA TIAJIMBa, NaJMBHA KOMIpPKA.

ALTERNATIVE AND RENEWABLE ENERGY SOURCES

DOI: 10.15587/2706-5448.2020.220269
KOMIIEKCHE MATEMATHYHE MOAE/TIOBAHHA TEIUIOHACOCHOr0 EHEPTONOCTAYAHHA HA OCHOBI
MEPEMEEO! BITPO-COHAYHOI ENEXTPHYHOI CHCTEMM  cropinku 28-33

Yaitkoncuxka E. E.

OG6’ eKTOM JIOCIKEHHS € TATPUMKA (DYHKI[OHYBAHHS TEINIOHACOCHOTO eHEProIocTaYatHs Ha OCHOBI MEpPeKeBOi BITPO-COHAYHOT eseK-
TPUYHOI CUCTEMU 3 BUKOPUCTAHHIM TiGPUIHUX COHSUHUX KOJIEKTOPIB.

OpiuM 3 HARGLIBIITIX TIPOOIEMHUX MICIlb € Y3roJPKeHHsI BAPOOHUIITBA Ta CIIOKUBAHHS eHeprii B yMOBaX PO3IO/iIeHo0i TeHepaltii eneprii
3 BUKOPUCTAHHSIM BiTHOBJIIOBaHUX JuKepelt. [Ipuennants 1o Smart Grid TexHOJIOTIi 103BOIUTD 3aM00IITH THIKOBIM HABAHTAKEHHSIM eHepre-
TUYHOI CUCTEMH B YMOBAaX PEryJIIOBaHHS HAIPYTH TIPH IAKIIOYEHH] TEIIIOHACOCHOTO €HEProIIOCTauaHHsI.

Po3pobiieHo iHTErpoBaHy cucTeMy MiATPUMKN (DYHKIIOHYBAHHS TEIVIOHACOCHOTO EHEProMOCTaYaHHsT HAa OCHOBI MPOTHO3YBAHHS 3MiHI
TeMIIepaTypy MiCIIeBOI BOJAM MPU BUMIPIOBAHHI HAIPYTH Biji NiOPUAHUX COHSYHUX KOJEKTOPIB Ha BXO/I B MEpPEXKEBHil iHBEPTOP, HAIIPYTH HA
BUXO/Ii i3 TIepeTBOPIOBAaYA YACTOTH Ta YaCTOTH HAanpyTH. [IpnitHATTA BUNepeKyounx pineHs Ha MiATPUMKY TeMIIePATyPU MiCIIeBOi BOJH 1110~
JI0 3MIHU MOTYKHOCTI €JIEKTPOIBUTYHA KOMITPECOPA TEIIOBOI0 Hacoca 6a3yeThCs Ha BCTAHOBJICHHI CITIBBIZIHONIEHHSI HATTPYTH HA BXOJI B Mepe-
SKEBUI IHBEPTOP Ta HANIPYTH HAa BUXO/I i3 TIEPETBOPIOBAYA YACTOTH, 1[0 BUMIPIOIOTHCS. 3MiHA BUTPATH XOJIOJATEHTY II0/I0 YACTOTHOTO yIIPaB-
JIHHHS eJIEKTPOABUTYHOM KOMIIPECOPa TEIJIOBOTO Hacoca BiI0yBa€ThC B Y3TOMKEHH] 31 3MIHOIO TENJIOBOI MOTY;KHOCTI HU3BKOIIOTEHIIHHOTO
JKepeJia eHeprii — HUJKHBOT CeKIIil IBOCEKIIITHOTO GaKka-HAKOMIMyBaya, [ IKIUYEHOT0 10 NGPUAHUX COHSYHUX KOJIEKTOPIB. 3allPONIOHOBAHO
apXiTeKTYpy, MaTeMaTHYHe OOTPYHTYBAHIS aPXiTEKTYPU TEXHOJIOTIUHOI CHCTEMIT, MAaTEMATHYIHe OOTPYHTYBAHHS MATPIMKH (OyHKITIOHYBAHIS
TEIJIOHACOCHOTO eHepronocTadanHg. OCHOBOIO TEXHOJIOTIUHOI CHCTEMU € INHAMIYHA ITICUCTEMA, 110 BKJIIOYA€ HACTYITHI CKJIA/I0BI: BiTpOEHEeP-
reTHYHY YCTAHOBKY, (POTOENEKTPUYHI COHSUHI ITaneJI, riGpU/Hi COHsTYHI KOJIEKTOPH, MEPEXKEBHUIA IHBEPTOP, ABOCEKIIHMI Gak-HAKOIINYYBaY,
TEIUIOBHI HACOC, TIEPETBOPIOBAY YaCTOTH. BU3HAUEHO PEKUMHI TAPAMETPH TEMIIOHACOCHOI CUCTEMU, TAPAMETPH TEMIO0OMIHY B KOHAEHCATOPI
TEIJIOBOTO HACOCY, HOCTIiiHI Yyacy Ta KoeilieHTn MaTeMaTH4HOI MOJe/I AMHAMIKK TeMIIepaTypH MicIieBOl BOJM /Il BCTAHOBJICHUX PiBHIB
(hyHKITIOMYBAHIIS MI0/10 Y3TOKEHST BUPOOHUIITBA Ta CIIOKUBAHHS €Hepril.

Kmouosi cnosa: BiTPO-COHsIUHA eJIEKTPUYHA cUcTeMa, (DOTOETEKTPUYHI COHAUHI TIaHes i, TiOPUIHI COHAUYHI KOJEKTOPH, TEIIOBUIi HAcoC,

REPORTS ON RESEARCH PROJECTS
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YAOCKOHAMEHHA MPOLECY KEPYBAHHA TEPMIYHUM OEPOBMEHHAM 3AM30PYHUX OBKOTHLUIB Y TEXHO/IOTTHHIA
30HI NONMEPEMHLOr0 HArPIBAHHA BUIMAMIMOBANBHOI MALIMHY KOHBEEPHOI'0 TMITY  cropivku 34-39

MepeKeBHUI iHBEPTOP.

Mutpodhanos 0. B.

OO6’eKTOM JOCIIKEHHST € TIPOLIeC TePMIYHOI 00POOKH 3a/30PYAHUX OOKOTUIINIB. J[J1s1 HOTO BUBYEHHS BUKOPUCTAHA TEXHOJIOTYHA 30Ha 110~
MEPETHBOTO HATPIBAHHS OONMATIOBATLHOI MAIIMHU KOHBEEPHOTO THILY. YIIPABJIIHHS TEXHOJIOTTYHUM TIPOIECOM BUKOHAHO HA Ti/ICTaBi HEUiTKOT
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Ta HeroBHOI iHdopmarii po cran 1iei 30Hu. O/HIEIO 3 HANTOIOBHINIMX BUMOT 1010 (DYHKIIIOHYBAHHS TEXHOJIOTIYHOI 30HU MOIIEPEIHBOTO
HarpiBamHsi € 3a0e3MeveH s PErJIAMEHTHIX 3HAYEHb TEIIOBOTO Ta TA30BOTO PEKMMIB IIPH 3MiHi IMBUAKOCTI MePEMINeHHsT Bi3KiB KOHBEEPHOI
CTPIUKHU. YIOCKOHAJIEHHS e(heKTHUBHOCTI YIPABJIIHHS IIUMU PEKUMaMI 3a0e31eUyEThCs 3aB/ISIKM CUCTEMI aBTOMATHYHOTO KePyBaHHsI, peasri-
30BaHOi Ha OCHOBI HEUITKOI Ta HETMOBHOI iH(pOPMAILii PO CTaH TEXHOJOTIYHNUX ITapaMeTPiB 30HMU.

VY Xozi IpOBEICHHS AOCIiIPKEH ST BHKOHAHO aHAJi3 HAYKOBO-TEXHIYHOI iH(MOpMAIlii Ta aHAIITHYHUN METO/l BUSHAUYUB BAXKJIUBICTD y/I0-
CKOHAJICHHS TIPOIECY KePYBAHHS TEPMIYHUM MPOIECOM OOPOOKH 3a/i30pyAHUX OOKOTHIIIB Y TEXHOJIOTIUHIT 30HI TIOMEPEHBOrO HATPIBAHHSL.
Ha mifcraBi ekcreprMeHTaIbHIX TOCTIKEHb BPaXOBaHi OCOOIMBOCTI TEXHOJOTIYHOTO MPOIIECY, IO MOTPeOy€E YIOCKOHATEHHS TIPOIECy
KepyBaHHsI pOOOTO TEXHOJIOTTYHOT 30HU TIOMEPEHBOTO HarpiBaHHs. MaTeMaTiyHa MOJIEb BUKOPUCTOBYE TEMIIEPATyPy TEIMIOHOCIS Ta30-
MOBITPSIHOI TIOTOKY, BUTPATH MIPUPOTHOTO Ta3y Ta MOBITPsI, TEMIEPATYPyY IIapy OOKOTHIINIB i IX Macy Ha Bi3KaX KOHBEEPHOI CTPIYKM MAIIMHIL.
OHOoYACHO BPAaXOBYIOTHCS BUXIIHI TEXHOJIOTIYHI TapaMeTPH 30HU CYIIiHHS Ta BXi/[Hi TTapaMeTpU 30HU BUITATIOBAHHS.

Ha ocHoBi pimenHst cucreM HewiTKUX (YHKII Ta IMPUHIUINB HapaMeTpuyHoi ijieHTnikaiii 3arponoHoBaHa MaTeMaTUYHA MOJIEJb,
ANPOKCUMYIOYa MHAMIKY TEePMIYHOTO Mpoliecy 0OpOOKH 3ai30pyAHKX 0OKOTHUIINIB Y TEXHOJIOTIYHIl 30Hi monepearboro Harpisanus. I1po-
aHAII30BAHO XapPaKTEPUCTUKH MEPEXIHUX MPOIECIB TePMiYHOT 0GPOOKN OGKOTHIINIB, OTPHUMAHUX HA MATEMATHYHIX MOJEJISIX 3 YPaxyBaHHIM
3MIHHHX ITapaMeTpiB CYCi/THIX TeXHOJIOTIYHIX 30H MAIMHN, BUTPAT IPUPOJHOTO ra3y Ta nosiTps. Ha 0cHOBI MaTeMaTHYHOTO MO/IE/TIOBAaHHS
BUKOHAHI JI0CTI/PKEHHS 3 METOIO BU3HAYEHHS ONTHMAIBHOTO PO3IIO/ITY TEIJIOHOCIIB Ta30BO3/YIIHOTO TIOTOKY 32 TEXHOJIOTTYHOIO 30HOIO MOIIe-
PEHBOTO HAarpiBaHHs. PeasizoBaHo anapaTrHO-TporpaMHe 3a0e3MeYeHHs] CUCTEMU aBTOMATUYHOTO KEPYBaHHS TIPOIECOM TePMIYHOT 06poOKU
OOKOTHIIIB 3 ypaXyBaHHSAM 3MIHHUX MapaMeTPiB TEIIOHOCITB ra30MOBITPSIHUX MOTOKIB Y TEXHOJIOTTYHI 30HI OTIEPEIHBOTO HATPIBAHHSL.

Kmovosi cnoBa: BUTIATIOBAIbHA MAIITHA KOHBEEPHOTO THUITY, 3a/1i30PY/HI OOKOTHIIN, TEXHOIOTIYHA 30HA MOTIEPEAHBOTO HATPIBAHHS, TEP-
MiuHa 06po0Ka, HediTKa JoriKa.
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AOCNIMKEEHHA MEXAHIYHUX XAPAKTEPHCTHK MATEPIANMIB HA BA3I TYTOI/IABKMX BOPUAIB  cropinku 40-44

Mpixxa T. 0., MoxaTxina A. C., Mowins B. E., Bapeiuskuit I1. I, Bopumcexuii 0. I, Mowomapsos C. C., Xa6ep P, Tanaxo T. /.

O6’exToM ftocmikentst € BB crikanns i Tuckom (10 MITa—4,1 TTla) na dopmyBanus cTpykTypu Ta BaacTuBocTi ZrBy, HfBy,
a TaKOXX KOMIO3UTIB Ha iX 0CHOBI. BcTaHOBIIEHO, 10 KOHCOJTIIAIS il BICOKMM THCKOM IIPHBO/NTD /IO MOJIIIIIEHHS MEXaHIYHIX XapaKTe-
pHUCTHK. 30KpeMa, TBEPAICTb 1 B'I3KiCTh PYHHYBaHHS MaTepiasis, criedeHux mmij tickom 4,1 I'Tla, Bumi Hixk y MaTepiasis, OTpUMaHNX B YMOBaX
rapstaoro npecyBanns npu 20—30 MITa ta ickporiazmennoro crikamsst mpu 50 MITa.

Crieuenuit HfBy min BrcokuM TuckoMm aemonctpyBas tBepaicts Hy (9,8 H)=21,3+0,8 T'Tla, Hy (49 H)=19,3+1,3 T'Tla ta Hy (98 H)=
=19,240,5TTla ta B'askicts pyitmysanmas Kic (49 H)=7,2 MPa-m®® i Kjc (98 H)=5,7 MPa-m*®. HfB,, credenmii MeToIoM Tapsaoro
npecysannst npu 1850 °C i 30 Mlla, pemoncrpysaB TtBepaicts: Hy (9,8 H)=19,0 I'lla, Hy (49 H)=18,7 I'lla i Hy (98 H)=18,1 I'lla,
Kic (9,8 H)=7,7 MPa-m®’, Kic (49 H)=6,6 MPam® i K¢ (98 H)=5,3 MPa-m%’. Crievennii ZrB, mix Bucoxum Tickom (a=0,3167 1w,
c=0,3528 um, y=6,21/cM?) mpoxemonctpysas Hy (9,8 H)=17,7+0,6 T'la, Hy (49 H)=154+1,2 I'lla ta Hy (98 H)=15,3+0,36 I'Tla
i Kic (9,8 H)=4,3 MPa-m®5, K¢ (49 H)=4,2 MPa-m®’ i Kic (98 H)=4,0 MPa-m%°. Jlogasanus 20 mac. % SiC no ZrB, Ta cmikanus
mig BucokuM tuckoM (4,1 TTla) mosBoswmu cyrreBo 36imbmurn tBepaicts a0 Hy (9,8 H)=24,240,7 TTla, Hy (49 H)=16,7+0,5TTla Ta
Hy (98 H)=17,620,4 T'Tla i B'aisxicts pyitnysanus 10 Kic (49 H)=7,1 MPa-m®>, K¢ (98 H)=6,2 MPa-m*’; minpuicts Marepiany cranosuia
v=5,03 r/cm3. Jlopasans SiC Ta SigNy 10 ZrBy npusoaunts 10 aesikoro s6iibinenns B'sskocti pyiinysanns (10 Kic (98 H)=9,2 MPa-m%).

PospobJieni MaTepiaiu Ta KOMIo3uTH Ha 0cHOBI ZrBy Ta HfBy MoskyTh OyTH BUKOpHCTaHi B aepOKOCMIYHIN rasysi, B pisajibHiil Ta BoTHe-
TPUBKIil IPOMUCJIOBOCTI TOIIIO.

Kmouosi cnosa: 1160pU/L IMPKOHITO, AMOOPHU/ radhHilo, rapstue mpecyBaHHsl, YIBTPaBUCOKOTEMIIEpATypHa KepaMiKa, BUCOKHIT KBasiizocTa-
TUYHUI THCK.
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JOCMIMKEEHHA THHAMIKK YTBOPEHHA HANPYT B CKAI MPH TEPMIMHOMY 3MIUHEHHI  cropinku 45-48

Wep6ann B. 0., Mpamox H. B, linemausxixoe M. M.

OO6’€KTOM JIOCIIIKEHHST € MesKa MII[HOCTI Ha BUTUH JICTOBOTO (hJI0AT-CKJIa TOBIMHOW 4 MM. Y POGOTI MiATBEPKEHO, 1110 OCHOBHUM YHH-
HUKOM, SIKMI1 BIJIMBAE HA Ii/IBUIIEHHST MII[HOCTI CKJIa, € AMHAMIKA YTBOPEHHSI HAIIPYT Y TIOBEPXHEBOMY Ta BHYTPIIIHBOMY I1apax ckia. CTpiM-
Ke OXOJIOJIZKEHHST JIMCTOBOTO (hJ10aT-cKJIa HOTOKOM ToBiTpst ipoTsiroM 8—10 ¢ i3 mBukictio 25 °C/c IPUBOAUTD 10 TIOSIBU Y CKJIi CEPETHBOTO
TemIiepaTypHoro rneperajay B nosepxsesiii 30Hi 30 °C/mM. BetaHOBIIEHO, 110 1M/ Yac TEPMIiYHOTO 3MillHEHHS [P 3HAYEHHSIX TeMIepaTypH,
110 TEPEBUIIYIOTh MEXKY TEMIIEPATYPU CKJIYBAHHS, BiOYBAETHCsT CTPUOKOTOAIOHE TH/ABUINEHHST MIIIHOCTI CKJIa Ha BUTUH. [10OpiBHSsIIBHITIA
aHaJi3 pe3yIbTaTiB BUMipy MIITHOCTI CKJIa Ha BUTUH JINCTOBOTO (hJI0aT-CKJIA TA TEPMIYHO 3MIIHEHOTO CKJIA CBIYUTD TIPO Te, IO Ieil TOKa3HUK
CYTTEBO MOKpantyeTbesi. CTaTUCTUYHNN aHali3 Pe3yJIbTaTiB MOKA3YeE, M0 PO3KU/L 3HAYEHb MII[HOCTI HA BUTHH Bi/[ITAJIEHOTO CKJIA IIPUIIAJIAE HA
inrepsan 30—50 MIla, a naiibiabur imoBipHe 3nadens ckiagae 40 MITa. ¥ Toii e yac, po3Kn/ 3Ha4eHb MIITHOCTI HA 3TMH TePMIYHO 3MillHe-
HOTO CKJI1a 3HaxoauThes B intepsani 100—160 MITa ra ckinanae 135 MITa. Y po6oti 10Be/ieHo, 110 TepMiuHe 3MilTHEHHS TUCTOBOTO (hJI0aT-CKIa
TH/BUIIY€E TTOKA3HUKU HOTO MIIIHOCTI Ha 3rui mpubmsno y 3,5 pasn. Takok BUBYEHO OCOOMMBOCTI 3MIHHU BUIJISIAY €IMOPH TapTYBATBHUX
HarpysKeHb y Yaci: TepMiyHe 3MiltHeHHs 00YMOBJIIOE OIIbII TTOJOTHIT XiJl KPUBOI 3a/IMIIKOBUX HAIPYT y MOPIBHAHHI 3 rapryBanuam. [Ipu
IIbOMY KOOPJMHATA KPUTUYHOTO HAIPY/KCHHS PO3TATY Gy MOXKE TICpeOyBaTH Ha HIDKHII ITOBEPXHI CKJI4, 110 06YMOBUTD MOKJIMBICTD HOTO
PyIHYBaHHS TIPU MEHIITUX HABAHTAKEHHAX Y MOPIBHSHHI 3 TAPTYBAHHAM, ajle MEXaHI3M PyiiHyBaHHs Oyiie iIeHTUYHUIT SIK IS BiANIaTIEHOTO
cksa. TIpu boMy MexaHi3M pyiiHyBaHHS Oyzie IPUOIN3HO TaKui jKe, SIK y BUIAJAKY BiNIANIEHOTO CKJIa, aje oro (akTuuHa MilHicTh Oyne
BUIIOIO B 2—3 pasu.

Kmouosi cnoea: 1icToBe (hJ10AT-CKII0, TEPMiuHE 3MIIIHEHHS, €MI0pa HAIIPY>KeHb, MIiIIHICTh HAa BUTHH.
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PO3POBKA TA AHANI3 POEOTH TPHI'EPHOI CXEMH LWIMITTA B PANIALIMHOMY CEPEIOBHIM  cropinku 49-57

Ahd El-Maksood A. M.

OG6’€KTOM JIOCJI/KEHHSI € BILIUB raMMa-BUIIPOMIHIOBAHHS HA XapaKTEPUCTHKK OTEPAIifHOTO MiICUIIOBAYA i, IK HACJIIOK, HA OBE/IHKY
(opm Buxiznoi wanpyru tpurreproi cxemu IImitra. OpHuM 3 Hai6GLIBIT TPOOIEMHKUX MICI[b € BIIMB €JIEMEHTIB CXeMHU, OMIOPHOI HAIIPYTH,
BXIIHOT 4aCTOTH, BXiZIHOI MOCTIHOT HAPYTW Ta HANPYTH 3CyBY Ha PoOOTY mporoHoBanoi Tpurreproi cxemu [mitra. B xXoai gocaimpkenns
BUKOPUCTOBYBABCA ONepaliifHuii MiaCHuIoBay, KU MOKe MilaBaTucs BITUBY PI3HUX BU/IB BUIIPOMiHIOBaHHA. B pesymbraTi foCmiaxKennb
MOKazao, 110 MOporosi piBmi KpuTrunoi cxemu [IIMiTTa MiABUILYIOTHCS TIPU POGOTI B CEPEAOBHUIIL SAEPHOTO BUTPOMIHIOBAHHSI.

Ha mizicraBi poBeieHnX eKCIePUMEHTIB, KOMIT IOTEPHOTO MOJIEJIIOBAHHS Ta aHAJI3Y PE3yJIBTaTiB MOKHA 3POOUTH BUCHOBOK, 1110 ITPU PO-
60Ti onepaniiHuX MiCKUII0BAYIB B CEPEJOBHUII raMMa-BUIIPOMIHIOBAHHS CIIOCTEPITAlOThCs CEPO3HI 3MIHU 1X eJIeKTPUYHUX XapaKTePUCTHUK.
B pesyasrari pocimkenns tpurrepua cxema IlImitra, 1m0 miIa€ThCsT BILIUBY TaMMa-BUIIPOMIiHIOBAHHSI, 3HAXOAUTHCS B [iara3oHi Big 3 10
20 xIp mpu gacroti 10 I, mpu boMy GopMET BUXITHIX CUTHAIB HATIPYTH He 3aJI€KaTh Bijl 1031 raMMa-BUITPOMiHIOBaHHsL. 3 iHIIOro GOKy, Ha
vactoti 4,0 kI11 criocTepiraerbes cepiiosnuii edext, koau HukHiil moporosuit pisens (VA1) 36inpmyersea 3 —5,35 B 10 —3,58 B, a Bepxuiii
rpannanuii pisens nanpyru (VUF) rpoxu s6inbiyerses 3 4,21 B 10 5 B, B 3a/eskH0CTI Bijt THX ke /103 raMma-Bunpominiosans. [Tokazato,
10 OTPUMaHi eKCIEePUMEHTANbHI Pe3yabTaTi M00pe Y3rOKYIOThCS 3 Pe3yIbTaTaMi, OTPUMAHUMHU TIPU [POTPaMyBaHHI PiBHSHL TPHUTEpa
IImirtTa HA KOMITTOTEPI.

B MaiibyTHBOMY TIPOTIOHOBAHI TH/AXO/AH TTOKa3yIOTh, 10 BCAKUN Pa3, KOJIU CXEMH OIepaIiitHoro MmjacuIioBaya BUKOPUCTOBYIOTBCS B Ce-
PeoBUINI raMMa-BUIIPOMIHIOBaHHS, Kpallle IpalioBaTi Ha HU3bKUX PiBHAX YaCTOTH, KOJIU IIOKa3aHO, 10 (popmMa BUXIiJHOI HANIPYTH CXeMU
tpurepa I1IMiTTa He 3a1€KNTD Bijl J03M TaMMa-BUITPOMIHIOBAHHSI, aJie IPU BUCOKIii 4acTOTi eheKT MOCHITIOBAaBCs B 3aI€KHOCTI BiJ| Ti€l X 1031
raMMa-BUIIPOMiHIOBaHHS.

Kmowvoei cnosa: tpurep [IImiTTa, onepariiini niacumoBayi, TOporosi pisHi, paxiariiina 06CTAHOBKA, €JIEKTPOHHA CXEMa, TAMMA-BUIIPOMi-
HIOBAaHHS.
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BM3HAYEHHA PO3NOALNY NOMIB TEMNEPATYP B KOHCTPYKUIAHUX ENEMEHTAX KOMYXOTPYEHHX
TEI/IOOBMIHHMKIB 3A [JONOMOrol) CYKYNMHOCTI AHANITHYHUX TA YMCENMBHUX TEIUIOrTAPABNIYHHX
PO3PAXYHHKIB cropinku 58-63

NMuporoe T. B, Koponsos 0. B.

O0’eKTOM JIOCTIKEHHS € YNCEJIbHI Ta AHATITHYHI TEIJIOTIAPABIIIYHI PO3PAXYHKH KOXKYXOTPYOHOTO TEINIOOOMIHHIKA 3BOPOTHHOTOTHOTO
Ty, [l BUSHAYEHHST TePMOHAIIPYKEHOTO CTaHy TeII00OMIHHUKIB BUKOHYIOTHCS PO3PaXyHKU TEMIIEPaTyPHUX MOJIB iX ejeMeHTiB. B Toit
JK€ Yac, BUKOHAHHS YMCENbHUX TEIIOTI[PABIIYHIX PO3PAXYHKIB TEIVIOOOMIHHWKA, SIKUII MA€ BEJUKY KiJTbKICTh TEIIOOOMIHHUX TPYOOK,
€ HeTPUBIaIbHIM 3aBIaHsaM. /larie TBEPKEHIST BUKJIUKAHO THM, 10 PO3PAaXYHKOBA MOJENb Oy/ie MICTUTH BEIUKY KiTbKICTb CKiHYEHHNX
eneMenTiB. CKJIQMHOCTI TIPY BUKOHAHHI IaHUX PO3PAXYHKIB MOKYTh BUHUKATU [PHU BUKOPUCTAHHI €JIEKTPOHHUX OOUKMCIIOBAIBHIX MAIIIH
3 OOMEKEHUMHU TEXHIYHUME MOKJINBOCTAME. Taki po3paxyHKH MOKYTh 3ailHATH JOCUTh TPUBAINI yac, ab0 B3arai He BUKOHATHUCH.

3anpornoHoBaHo MiAXi/ AJIsl BU3HAYEHHS PO3IMOALTY TIOJMIB TeMIIepaTyp B OKPEMUX eJIeMeHTax TerIoooMinauKa. lanuil miaxia moasrae
B IIOE/IHAHHI QHATITHYHUX Ta YUCEJTbHIX TEILIOTIPABIIYHIX PO3PAXYHKIB OKPEMUX €JIeMEHTIB TeIII00OMIHHUKA Ta TLJI CEPEOBUIIL, 10 KOH-
TaKTYIOTh 3 HUMH. lle 103BOIsI€ CKOPOTUTH Yac Ta PO3PSANICTh BUKOHAHIS PO3PAXyHKiB.

Jlns Basijanii BuiesazHayeHoro maxoiy moOyaoBaHo JBi po3paXyHKOBI MOJIENI KOKYXOTPYOHOTO TEIJIO0OMIHHUKA 3BOPOTHHOTOUHOTO
Ty, Y AKOCTI MEpIIoi po3paxyHKOBOI MOJIEN BUKOHyBaIacst MoOy/10Ba BChOTO KOPIIYCY TEIIOOOMIHHUKA, 3 BPaXyBaHHSM TiJl HOTO cepes-
oBHUII TPYOHOTO Ta MiKTpyOHOTO 1pocTopy. st a0l Mojiesi BUKOHAHO TiJIBKU YHCEIbHI TEIJIOTIAPaBIiuHi PO3paxXyHK. Y SAKOCTI APyroi
PO3PaxyHKOBOI Moziesi Oy/yBasacs 4acTHHA TEMJIO0OMIHHUKA, 3 BPaXyBaHHSAM BCIX TiJI CEpPEIOBHUII, 10 HAJIEKATh 0 Hel. 3a JI0MOMOro0
AHATITHYHNX TETJIOBUX PO3PAXYHKIB BU3HAYAINCS 3HAYEHHS TEMITEPATYP Ha BXO/I B MIKTPYOHHIT Ta TPYOHUI TIPOCTOPHU APYTOi PO3PAXyHKO-
BOi Mozieti. B mojiasbiiomMy pesysibrati, OTpUMaHi aHAJITUYHNM IIUISIXOM, CJIYTYBJIU B SIKOCTI TPAHMYHUX YMOB /IS BUKOHAHHS YHCEIbHIX
TEIIOTIZIPABIIYHIX PO3PAXyHKIB.

Y pesyzbraTi BUKOHAHMX PO3PAXYHKIB 3pOOJIEHO MOPIBHSAHHS OTPUMAHUX PE3YJIBTATIB PO3IOMIITY OB TEMIIEPATYD Y BUIIE3a3HAYEHIX
PO3PaxyHKOBUX MOJEsAX. Ha OCHOBI aHAI3y OTPUMAHUX PE3YJIBTATIB 3p00JIEHO BUCHOBOK I0/I0 MOKJIMBOCTI BAKOPUCTaHHS KOMOIHOBAHOTO
MeTo/y (TTOETHAHHS aHATITUYHNAX Ta YICEIbHUX TeTJIOTiZPaBIIYHIX PO3PAXYHKiB) BU3HAYEHH TeMIepaTypPHUX OB B OKPEMUX eJleMeHTax
TEIIO0OMIHHYIKIB.

Kmovoei cnosa: KOKyXOTPYGHNMIT TEIIOOOMIHHUK, TETIOTIAPABIIYHI PO3PaXyHKH, TEPMOHAIIPY/KEHU CTaH, PO3PaxyHOK TEMIIEPATyPHUX
[0JIiB, CKIHYEHH] eJIEMEHTH.
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JOCNIREEHHA BYTNIEBOAHEBUX PO3YMHHHKIB ANA BEOPOTLEH 3 MAPAPIHOTIAPATHUMH BIAKNANEHHAMH
Y HADPTOBUX CBEPIUIOBHHAX  cropinku 63-66

Nmuenxo A. B.
OG6’€KTOM JOCTIIPKEHHST € BYTJICBOIHEB] POZYMHHUKH JJIs1 JIKBiAaIii napadinorizpaTnux Bigkaanis. Y podoTi po3ristnyTi XiMidaHi MeTo

60poThOU 3 TapadiHOTIAPATHIMI BiZKTAMAMI, 30KPEMa, 3aCTOCYBAHHS BYTJIEBOHEBIX PO3UYMHHUKIB. [IPOBOMIIINCS OCTIIKEHHS BILUTUBY
PI3HUX XIMIYHHX PEAreHTIB Ha PO3UUHEHHSI T1IPATOYTBOPEHD 32 I0IIOMOTO0 1aO0PATOPHOT YCTAHOBKHU IIPU PI3HUX TEPMO-0APUUHUX PEKUMAX,
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HaNGIIbII HAGIMKEHHX 10 PEATbHUX YMOB TPYOHOTO TIPOCTOPY HA(TOra30BUX CBEPJIOBUH: TEMIIEPATypa 3MIHIOBAIACSA AUCKPETHO Big —10
1o +40 °C, a Tuck — Bix 0 1o 10 MITa. /[yt BUBYEHHS BIJIMBY BYTJIEBOAHEBUX PO3UMHHUKIB Ha TIPOTIEC BUAAJICHHS TiPATHIX YTBOPEHb OYJI0
3aCTOCOBAHO HAIGIIBII PAIiOHATIbHI METOIU PErPeciiiHOTO aHaIi3y Ta MATEMATIYHOTO MIJIAHYBaHHSI €KCIIEPUMEHTY — CHMILJIEKCHO-PelTiTIacTe
rranyBansst. Bukopucrano G-Kpurtepiil OnTHMaIbHOCTI 1AMy, 1110 BKJI0YaE B cebe 22 excriepumentn. CHHTE3 TJIaHy peasi3oByBaBCst Uu-
CeJIbHUMU METOAMK Ha IIPOrPaMHO-KEPOBAHOMY MIPUCTPOI /it 06poOKY iHdopMmaiiil. BUKopUCTaHHS TaKUX METOIB Ia€ MOKJIMBICTH OOIPYH-
TOBAHO BIIOPSIIKYBATU €KCIIEPUMEHTANIbHI IOCIPKEHHS, BPETYIIOBATHU Yac, 0OJIaIHAHHST, MATEPialn Ta BUKOHATU HEOOXi[HE YNCIIO AOCTIIB.
B po6ori pesysbraTu BUMIpIOBaHb HaBeIeHi Ha JiarpaMax /st KO)KHOTO PO3UMHHIKA okpeMo. OTpuMaHi ani 103BOJUIN anpiopHo 0OTPYHTY-
BaT BUGIP ONTUMAILHOIO BAPiaHTy 3aCTOCYBaHHsI XIMIYHIUX PEAreHTIiB /s IOBHOTO PO3YMHEHHS Ta BUA/IeHHsT TTapadiHOTiIPaTHIX YTBOPEHD
3 IOBEPXHI BHYTPIIHBOCBEPTIOBUHHOTO OOJIa/IHAH . AHAJII3 IAHUX MTOKA3YE, M0 HAHOLIBIIOI PO3UMHHOIO 3/IATHICTIO Ta e(HEeKTUBHICTIO ISt
BUJIAJIEHHS 3 IOBEPXHI BHY TPIlTHHOCBEPATIOBUHHOTO 00JIaiHaHHsT TapadiHOTIIPaTHUX BiKJIa/eHb XapaKTePU3YIOThCS PEATeHTH-POSYNHHITKI
Oy THJIIEJIO30IbB | eTUJIAIETAT, SIKi MOKHA PEKOMEH/IYBaTU /IS IIMPOKOTO 3aCTOCYBaHH:A y HadhTOrasosiii ranysi. Baxiusum (aktom € Te,
10 BUTpaTa 3aTPOTIOHOBAHIX PO3YMHHMUKIB Ha Oy CBEPTOBIHO-OMePAIlifo CTAHOBUTH He Gimbire 4 M?, Mo B 2—3 pas3i MeHITe B TIOPiBHSHHi
3 IHIIMMHY BiJJOMMMH aHAJIOTaM . 3aCTOCYBAHHSI HOBUX PO3UNHHUKIB JI03BOJISIE TAKOXK Oiub1IL, HixK B 2—3 pasu 30LIbIINTH MIsKOUNCHUIT TIepioj
CBEP/JIOBUHH, 1110 3HIKYE COBIBAPTICTD MPOAYKILii, sIKa BUAOOYBAETHCSI.

Kmouosi cnosa: napadinoriaparhi BifKIaau, ByrJIEeBOAHEBUH POZUMHHUK, BHYTPIIIHBOCBEPJIOBUHHE OOJIa[HaH s, XIMIYHIN peareHr,
MIXKOYMCHUH TIepiojl CBEPIOBUHM.

__ 82 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(56), 2020



