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The object of research is the technological route of machin-
ing of an aluminum alloy casting. The research carried out is
based on the basic principles of functionally oriented design
of technological processes in the manufacture of products. The
main hypothesis of the study is the need for a systematic ap-
proach to study the effect of cutting modes of a certain method
of machining on the provision of quality parameters in the
technological system (machine — device — tool — workpiece).
In traditional automated systems for technological prepara-
tion of production, an object-oriented principle of designing
technological processes is implemented, which provides for
the step-by-step implementation of interrelated stages based
on a prototyping algorithm without a functional analysis of
the operational characteristics of the product. The process-
ing of functional, mating surfaces, ensuring that the product
performs its service purpose, must be implemented according
to the principle of function-oriented design (FODT). A cha-
racteristic feature of FOT is the technological provision of ef-
fective operational characteristics of the product in compliance
with the parameters of accuracy and quality of the surface layer
of the product intended by the designer. The paper deals with
the influence of the structural and geometric parameters of
end mills manufactured by Sandvick (Sandviken, Sweden) on
the formation of microrelief parameters of an aluminum alloy
casting profile during machining on a numerically controlled
vertical milling center (CNC) HAAS MINIMILL (USA).
An atypical option for the FOT principle of the technological
route of machining the surfaces of workpieces of machine-
building products has been applied. Its feature is ignoring

the requirements of the manufacturer of metal-cutting tools,
which is an important element of the technological system
(machine — tool — device — workpiece), regarding its use for
a particular machine tool at a certain technological transi-
tion of machining. The performance criteria were the height
and step characteristics of the microrelief of the profile of the
surface layer of the workpiece being processed. The operating
conditions of machine-building products have been deter-
mined, which make it possible to establish, in case of deviation
from the manufacturer’s recommendations at the stage of tech-
nological preparation of production, the rational elements of
a certain technological system: a metal-cutting machine —
a device — a metal-cutting tool — a workpiece and processing
modes to ensure the necessary operational characteristics.

Keywords: mechanical surface treatment, surface quality
parameters, surface microprofile, functionally oriented de-
sign, technological route.

References

1. Kusyi, Ya., Stupnytskyy, V. (2020). Optimization of the Techno-
logical Process Based on Analysis of Technological Damageability
of Casting. Advances in Design, Simulation and Manufacturing II1.
The Innovation Exchange, DSMIE-2020. Vol. 1: Manufacturing and
Materials Engineering. Kharkiv, 276-284. doi: http://doi.org/
10.1007/978-3-030-50794-7_27

2. Gubaydulina, R. H., Gruby, S. V., Davlatov, G. D. (2016).
Analysis of the Lifecycle of Mechanical Engineering Products.
IOP Conference Series: Materials Science and Engineering, 142,
012060. doi: http://doi.org/10.1088/1757-899x/142/1,/012060

3. Aftanaziv, I. S., Shevchuk, L. I., Strohan, O. 1., Kuk, A. M., Sam-
sin, I. L. (2019). Improving reliability of drill pipe by strength-
ening of thread connections of its elements. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 4, 22-29. doi: http://
doi.org/10.29202/nvngu,/2019-4/8

4. Pronikov, A. S. (2002). Parametricheskaia nadezhnost mashin.
Moscow: Izd-vo MGTU im. N. E. Baumana, 560.

5. Suslov, A. G., Dalskii, A. M. (2002). Nauchnye osnovy tekhnologii
mashinostroeniia. Moscow: Mashinostroenie, 684.

B. Suslov, A. G. (2000). Kachestoo poverkhnostnogo sloia detalei
mashin. Moscow: Mashinostroenie, 320.

7. Kheifetz, M. L., Vasilyev, A. S., Klimenko, S. A. (2019). Technolo-
gical Control of the Heredity of Operational Quality Parameters
for Machine Parts. Advanced Materials & Technologies, 2 (14),
8-18. doi: http://doi.org/10.17277 /amt.2019.02.pp.008-018

8. Stupnytskyy, V. (2013). Features of Functionally-Oriented Engi-
neering Technologies in Concurrent Environment. International
Journal of Engineering Research & Technology, 2 (9), 1181-1186.

9. Lachmayer, R., Mozgova, 1., Reimche, W,, Colditz, F, Mroz, G.,

Gottwald, P. (2014). Technical Inheritance: A Concept to

Adapt the Evolution of Nature to Product Engineering. Pro-

cedia Technology, 15, 178—187. doi: http://doi.org/10.1016/

j-protcy.2014.09.070

Kusyi, Y. M., Kuk, A. M. (2020). Investigation of the tech-

nological damageability of castings at the stage of design and

technological preparation of the machine Life Cycle. Journal of

Physics: Conference Series, 1426, 012034. doi: http://doi.org/

10.1088/1742-6596,/1426,/1,/012034

Beziazychnii, V. E, Kiselev, E. V. (2016). Raschet rezhimov re-

zaniia, obespechivaiuschikh kompleks trebuemykh parametrov

tochnosti obrabotki i kachestva poverkhnostnogo shara. Metallo-

obrabotka, 6 (96), 9-17.

10.

11.

48

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/1(58), 2021



I55N 2664-93969

ABSTRACTS AND REFERENCES: METALLURGICAL TECHNOLODGY ﬁ

12. Bratukhin, A. G., Dmitriev, V. G. (2007). CALS - strategiia nau-
koemkogo mashinostroeniia. Naukoemkie tekhnologii, 3, 10—25.

13. Dorosinskii, L. G., Zvereva, O. M. (2016). Informatsionnye tekh-
nologii podderzhki zhiznennogo tsikla izdeliia. Ulianovsk: Zebra, 243.

14. Yurchyshyn, I. 1., Lytvyniak, Ya. M., Hrytsai, I. Ye. et. al.; Yur-
chyshyn, 1. I. (Ed.) (2009). Tekhnolohiia mashynobuduvannia:
Posibnyk-dovidnyk dlia vykonannia koalifikatsiinykh robit. Lviv:
Vydavnytstvo Natsionalnoho universytetu «Lvivska politekh-
nika», 528.

15. Stupnytskyy, V., Hrytsay, 1. (2020). Comprehensive analysis
of the product’s operational properties formation considering
machining technology. Archive of mechanical engineering, 67 (2),
1-19. doi: http://doi.org/10.24425 /ame.2020.131688

16. Pekelis, G. D., Gelberg, B. T. (1984). Tekhnologiia remonta
metallorezhuschikh stankov. Moscow: Mashinostroenie, Leningr.
otd.-nie, 240.

17. Sulima, A. M., Shulov, V. A, Tagodkin, Tu. D. (1988). Poverkh-
nostnii sloi i ekspluatatsionnye svoistoa detalei mashin. Moscow:
Mashinostroenie, 240.

18. Demkin, N. B., Ryzhov, E. V. (1981). Kachestoo poverkhnosti
1 kontakt detalei mashin. Moscow: Mashinostroenie, 244.

19. Tascheritsyn, P. 1., Minakov, A. P. (1986). Uprochniaiuschaia
obrabotka nezhestkikh detalei v mashinostroenii. Minsk: Nauka
i tekhnika, 215.

20. Shyrokov, V. V,, Arendar, L. A, Kovalchyk, Yu. I, Vasyliv, Kh. B.,
Vasyliv, O. M. (2005). Kompiuternyi obrobitok profilohram fryktsi-
inykh poverkhon. Fizyko-khimichna mekhanika materialiv, 1, 93—96.

21. Kusyi, Ya. M., Topilnytskyi, V. H., Vasyliv, Kh. B. (2011).
Doslidzhennia mikroreliefu vibrozmitsnenykh vtulok burovykh
pomp. Visnyk Nats. un-tu «Loivska politekhnikas. Optymizatsiia
vyrobnychykh protsesiv i tekhnichnyi kontrol u mashynobuduvanni
ta pryladobuduvanni, 713, 171-175.

METALLURGICAL TECHNOLOGY

DOI: 10.15587/2706-5448.2021.229163

COMPLEX EFFECT OF SULFUR AND PHOSPHORUS
ON THE CHARACTERISTICS OF WHEEL STEEL OF
KP-T BRAND BEFORE AND AFTER MODIFICATION

pages 11-14

Serhii Polishko, PhD, Senior Researcher, Associate Professor, De-
partment of Production Technology, Oles Honchar Dnipro National
University, Dnipro, Ukraine, e-mail: polishkopsa@gmail.com,
ORCID: https.//orcid.org/0000-0003-4388-2317

The object of the research is KP-2 wheel steel modified by
the Al-Mg-Si-Fe-C-Ca-Ti-Ce system. One of the most prob-
lematic places in the smelting of modern steel is the stability
of the chemical composition due to the use of uncontrolled
content of scrap, charge and standard modifiers, which are
made by the fused method.

To eliminate this problem, multifunctional modifiers were
used during the study. This is due to the fact that the KP-2 steel
modification method proposed in this article, has a number of
features. In this case, the influence modifiers of multifunctio-
nal action on the installation of vacuum processing of steel on
desulfurization of wheel steel KP-2, obtained under the condi-
tions of the open joint-stock company Interpipe NTRP (Dni-
pro, Ukraine), was established. In particular, when treating
a steel melt with multifunctional modifiers, not only a refin-
ing effect occurs, but also an increase in the stability of the
chemical composition and level of mechanical characteristics
of the KP-2 wheel steel. This is confirmed by the coefficients
of variation and interfusion difference presented in the ar-
ticle (span), obtained by statistical processing of a large data
set — 442 serial smeltings and 1 modified (6 wheels).

Thanks to the multifunctional modification, the level of me-
chanical characteristics and the quality of the finished wheels
really increases. Compared with similar mass-produced mate-
rials, such as FeSi, FeCa, FeMn, SiCa, the use of new multi-
functional modifiers in KP-2 wheel steel provides a significant
reduction in the mass fraction of sulfur than in the same metal
that is processed in the traditional way. It has been established
that the use of multifunctional modifiers changes the shape of
non-metallic inclusions to globular and reduces their number,
which also increases the level of mechanical properties of KP-2
wheel steel. The obtained coefficients of variation prove that

the mechanical characteristics of KP-2 modified steel are more
stable than in serial melts of the same steel. This will increase
the demand and quality of these railway wheels.

Keywords: modifiers of multifunctional action, chemical
composition of steel, mechanical characteristics of steel, non-
metallic inclusions.
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The object of research is low-melting clays of the Kyiv
region (Ukraine). The work is devoted to the study of obtain-
ing ceramic materials resistant to low temperatures. Frost
resistance is one of the most important characteristics for re-
gions in which ceramic materials are used with frequent tem-
perature transitions through 0 °C. The production of frost-
resistant ceramic wall materials is determined by the type of
raw materials and technological production parameters. The
main technological methods for increasing frost resistance
are: the use of less dispersed clays; batch homogenization;
formation of raw material without textural defects and pre-
vention of cracks during drying and firing.

The work shows that the existing methods for increasing
frost resistance can be implemented by reducing water ab-
sorption due to the creation of a microporous structure with
predominantly closed pores by increased pressure of a semi-dry
method of formation. An increase in the pressing pressure leads
to an increase in the number of contacts of the molecules of the
ceramic mass at the stage of formation. Due to this, the strength
of the molded samples at a pressing pressure of more than
30 MPa is higher compared to samples molded by the plastic
method. It was also found that an increase in the pressing pres-
sure makes it possible to speed up the drying process of ceramic
products, reducing energy consumption for their production.
Due to an increase in the pressing pressure to 50 MPa, the
strength of samples obtained by semi-dry pressing is 55.4 MPa,

while for samples during plastic formation it is 22.9 MPa. Water
absorption, on the contrary, for dry pressing is 9.3 %, while for
plastic pressing it is 12.2 % at a firing temperature of 1000 °C.

It is shown that increasing the pressing pressure is an ef-
fective way to improve the quality of ceramic materials based
on local low-plasticity clay raw materials. Saving natural and
energy resources, developing new sources of raw materials
and comprehensive improvement of products with environ-
mental friendliness of production remain important today.

Keywords: ceramic materials, clay raw materials, frost
resistance of ceramic materials, water absorption of ceramic
products.
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The object of research is HfBy, ZrBy and ceramics com-
position HfB,-30 % SiC and ZrB,-20 % SiC, ZrB,-20 % SiC-
4 % SigNy4 obtained under high pressure, their mechanical
characteristics before and after heating to high temperatures
and temperatures of beginning of melting. The research was
conducted in order to create new effective refractory materi-
als for use in the aerospace industry. Therefore, the melting
temperatures of sintered materials and the effect of heating
on their mechanical properties were also studied. Additives
(ZrBy-20 % SiC and HfB»-30 % SiC) although led to a de-
crease in specific gravity. But increased hardness (by 17 %
and 46% in the case of ZrB, and HfB,, respectively) and
fracture toughness (by 40 % and 21 % in the case of ZrB, and
HfB,, respectively). However, significantly reduced the onset
of melting temperature in vacuum to 2150-2160 °C.

Materials sintered from ZrB, and HfB, was not melted
after heating to 2970 °C. After heating to a melting point of
2150-2160 °C (in the case of materials with additives) and
to temperatures of 2970 °C (in the case of materials sintered
with ZrBy or HfB,), the hardness and fracture toughness
decreased. Thus, the hardness of the material prepared from
ZrB, decreased by 19 % and its fracture toughness — by 18 %,
and of that prepared from ZrBy — 20 % SiC — by 46 % and
32 %, respectively. The hardness of the material prepared
from HfB, decreased by 46 %, its fracture toughness — by
55 %, and of that prepared from HfB-30 % SiC, after heating
decreased by 40 %, but its fracture toughness increased by
15 %. The sintered HfB, (with a density of 10.4 g/cm?) before
heating showed a hardness of H(9.8 N)=21.27+0.84 GPa,
Hy(49N)=19.29+1.34 and H(98N)=19.17+0.5, and frac-
ture toughness K;c(9.8 N)=0.47 MH-m®>, and ZrB, with
a density of 6.2 g/cm® was characterized by Hy(9.8 N)=
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=17.66£0.60 GPa, H(49N)=15.25+1.22 GPa and H(98 N)=
=15.32+0.36 GPa, K{(9.8N)=4.3 MH-m%>. Material sin-
tered with HfB,-30 % SiC (density 6.21 g/cm®) had
Hy(9.8N)=38.1£1.4 GPa, H(49 N)=27.7+2.8 GPa, and
Kic(9.8N)=8.1 MH-m®3, K; (49 H)=6.8 MH-m"3. The sin-
tered with ZrBy-20 % SiC material had density of 5.04 g/cm?,
Hy(9.8N)=24.2+1.9 GPa, Hy(49 N)=16.7+2.8 GPa,
Kic(49 H)=7.1 MH-m®5. The SiC addition to the initial
mixture significantly reduces the elasticity of the materials.

Keywords: zirconium diboride, hafnium diboride, silicon
carbide, silicon nitride, ultrahigh-temperature ceramics, re-
fractory borides.
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The object of research is technologies for waste aviation
oils and lubricants recycling and utilization. The work is
devoted to the analysis of the current state and the assess-
ment of the technological potential in the field of processing
and disposal of aviation lubricants. The current state and
dynamics of the market for the production and consumption
of aviation lubricants are considered. The main properties
and functions of aviation oils and lubricants are analyzed,
the main technical requirements for them are formulated.
A complex of physical and chemical processes that occur
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in lubricants during their operation and long-term stor-
age, and lead to a loss of their quality, is considered. It is
shown that the main factors of quality deterioration are
high-temperature destruction, oxidation, polymerization
and condensation of hydrocarbons, mixing with fuel, and
pollution with inorganic compounds. The main ecological as
well as economic problems associated with the accamulation
of waste lubricants are considered, their negative impact on
the components of the environment and human health is
described. So, the main negative effects are associated with
their improper storage, discharge into water bodies or soils,
as well as with their burning and the formation of toxic emis-
sions. On the basis of this, the need for the development and
implementation of integrated technologies for the disposal
of waste lubricating materials is shown. The main directions,
methods and technologies that are used for their utilization
are presented. So, depending on the composition, quality
and properties of waste lubricants, technologies for restor-
ing their quality, processing technologies using them as raw
materials for the production of similar petroleum products,
technologies for obtaining low-quality fuels for stationary
equipment based on them can be used. It is shown that the
development and application of effective technologies for
the disposal of used lubricants has a number of positive
effects: minimization of the negative impact on the environ-
ment, savings and expansion of oil resources for the produc-
tion of commercial petroleum products, and, as a result,
saving money.

Keywords:aviation lubricants, quality change, waste lubri-
cants, waste oil mixtures, quality restoration.
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The object of the research is a circuit that simulates
a lightning strike to a tower of 220 kV power transmission
line, taking into consideration the reflection of a current
wave from 10 nearest towers. Computation of the voltage
arising at the top of the stricken tower is necessary further to
determine the lightning performance of transmission line by
various methods. For Indian conditions, the average number
of lightning strikes to this power line per 100 kilometers per
year is about 77, which is a fairly high figure. As a rule, for
the tasks of lightning protection, the lightning current is
approximated by some analytical expression. In most cases,
such expressions are various combinations of exponential
functions. However, the waveform of real lightning currents
on oscillograms differs significantly from the waveform at-
tributed to them and approximated by relatively simple ex-
ponential expressions. For a more detailed study of transient
processes caused by thunderstorm activity, there is a need to
use oscillograms of real lightning currents when modeling.

The problem of determining the voltage at the top of
the stricken transmission line tower was solved using cir-
cuit simulation. To simulate the lightning current, digitized
oscillograms of real lightning currents with peak values of
—5.256 kA and —133.586 kA were applied.

The article shows that the proposed approach gives
a more accurate and visual representation of the transient
process at the top of the stricken tower than the approxima-
tion of the lightning current by simple exponential expres-
sions. Applying a simplified exponential description of the
lightning current leads not only to a simplification of the
nature of the transient process at the tower top, but also to an
underestimation of the results to 8.8 %. The selection of the
equivalent circuit for the power line towers also affects the re-
sult. Representation of towers in the equivalent circuit with
lumped inductances leads to slightly higher values compared
to application of surge impedances in the circuit. In this case,
the smaller the current amplitude, the greater the difference
(8.6 % in the domain of low currents and 1.9 % in the domain
of high currents). Since this leads to some reserve during the
computations of lightning performance, it is recommended
to use an equivalent circuit with lumped inductance for
a transmission line tower.

The conducted research contributes to the development
of methods for calculating the lightning performance of
power lines and extends the scope of application of circuit
simulation programs.

Keywords: lightning flash, lightning performance, power
line, wave reflection, oscillograms of real lightning currents.
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The object of research is a pulsating current traction
motor. To improve the accuracy of its mathematical model,
it is necessary to use the values of the parameters that are
determined in experimental studies of the electric motor.
In particular, it is important to use in the model of the elec-
tric motor inductance obtained experimentally. A method
is proposed for calculating the inductance of the armature
winding, main poles, additional poles and compensation
winding and the total inductance of the traction motor
armature circuit. The calculations are based on the results
of the indirect inductance measurement method, in which
the electrical values of various modes of power supply of
the electric motor windings are directly measured, and the
inductances are determined by auxiliary calculations. The
inductances of the traction motor armature circuit have
a non-linear dependence on the current flowing through
them. The main difference of the study is that the measure-
ments of the electrical parameters required for calculating
the inductance are carried out over the entire range of ope-
rating currents of the windings. The essence of the proposed
technique is to measure the active power in the armature

winding, the winding of the main and additional poles, and
the compensation winding, as well as in the armature circle
as a whole when they are supplied with alternating current.
According to the obtained values of active power losses and
phase displacement, the corresponding reactive power losses
are determined, with the help of which the inductances of
the motor windings are calculated. Approbation of the metho-
dology for calculating the conduction inductance for an
electric motor of a pulsating current NB-418K6 (country of
origin Russia), is used on electric locomotives of the VL8OT
and VL80k series (country of origin Russia). A scheme for
measuring electrical parameters necessary for calculating
inductance is proposed. The graphical dependences of the
inductance on the armature current, built on the basis of cal-
culations, confirmed the hypothesis about the nonlinear de-
pendence of these inductances on the armature current. For
further application of the results obtained in the simulation
of the operation of the traction electric motor NB-418K®6,
a polynomial approximation of the total inductance of the
armature circuit was performed.

Keywords: pulsating current traction motor, armature
current, total inductance of the armature winding.
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The object of research is the oil industry. One of the
most problematic issues in the industry is the transition of
deposits to a late or final stage of their development. A sig-
nificant number of deposits in Ukraine, USA, Russia, Poland,
Azerbaijan began to be developed in the middle of the 19th
century. To date, all the «old» fields are mostly depleted
both in terms of hydrocarbon reserves and energy potential
(reservoir pressure), and some are still in development, but
in the so-called «late stage». At the same time, a significant
number of relatively «young» fields have also entered the late
stage of development, which is characterized, first of all, by
a significant production of oil reserves, a progressive increase
in water cut in wells, and an increase in the share of hard-
to-recover reserves. As well as the transition to mechanized
methods of oil production and the gradual increase in the
stock of marginal wells, physical and moral deterioration of
fixed assets of oil production with the threat of their mass
retirement, deterioration of the ecological balance of the
environment, and the like. Therefore, this work is devoted to
the consideration of the principles of stabilizing and increas-
ing oil production at a late stage of field development (using
the example of Ukrainian fields). In the process of research,
the original methods of classical scientific research were used,
the main of which are analysis and synthesis, induction and
deduction. An example of this is the proposed distribution of
the structure of oil reserves into active and hard-to-recover
ones. The study is based on statistical processing of a signifi-
cant array of real information about the state and problems

of oil production, which is typical and characteristic not only
of Ukrainian fields. A wide range of directions for invest-
ment activities in the field of oil production was obtained.
These are, mainly, directions for increasing the resource base,
enhancing the completeness of its production, organizing
a controlled and controlled displacement of oil by water,
including with the use of «reverse» technology, unification
of equipment for oil production, and ensuring environmental
protection. Owing to the comprehensive application of these
investment directions for improving the systems of field de-
velopment at a later stage, it is possible to stabilize and gra-
dually increase production, the value of which is determined
by the relevant design documents.

Keywords: late stage of development, high water cut, pro-
duction from oil reserves, low-debit fund.

References

1. Tartiev, A. F. (2006). Ekonomicheskaia otsenka proektnykh reshe-
nii pri razrabotke neftianykh mestorozhdenii dlia pozdnei stadii
ekspluatatsii. Moscow: VNIIOENG, 159.

2. Doroshenko, V. M., Titlov, O. S., Sahala, T. A., Bilenko, N. O.
(2019). Osnovy naukovykh doslidzhen. Odessa, 156.

3. Nafta i haz Prykarpattia. Narysy istorii (2004). Krakiv-Kyiv:
Naukova dumka, 570.

4. Nafta i haz Ukrainy (1997). Kyiv: Naukova dumka, 375.

5. Hryshchanenko, V. P, Zarubin, Yu. O., Prokopiv, V. Y., Boiko, V. S,
Stohnii, O. V,, Hunda, M. V. et. al. (2015). Naukove ta tekhnolo-
hichne zabezpechennia vdoskonalennia system rozrobky rodovyshch
nafty i hazu. Kyiv: DP «Naukanaftohaz» Natsionalnoi aktsioner-
noi kompanii «Naftohaz Ukrainy», 488.

8. Doroshenko, V., Titlov, O. (2021). Analysis of the directions
for improving the development systems for oil fields at the
later stage. Technology audit and production reserves, 1 (1 (57)),
34-38. doi: http://doi.org/10.15587 /2706-5448.2021.225466

7. Boiko, V. S., Kondrat, R. M., Yaremiichuk, R. S. (Eds.) (1996).
Dovidnyk z naftohazovoi spravy. Kyiv: Lviv, 620.

8. Zarubin, Tu. A, Boiko, V. S., Grishaganenko, V. P, Shvidkii, O. A.
(2012). Nauchnye osnovy sovershenstvovaniia sistem razrabotki
mestorozhdenii nefti i gaza. GEOPETROL. Zakopane, 33—36.

9. Al-Obaidi Obaidi, S. H., Khalaf, E H. (2019). Development Of
Traditional Water Flooding To Increase Oil Recovery. Interna-
tional journal of scientific & technology research, 8 (1), 177—181.
doi: http://doi.org/10.31224 /osf.io /cd537

10. Pominov, V. (1983). Conventional techniques for increasing
the recovery of oil and gas from underground deposits: the
stale and prospects. Improved Techniques for the Extraction of
Primary Forms of Energy. London, 66-76. doi: http://doi.org/
10.1007,/978-94-009-6649-9 5

;SS

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/1(58), 2021



INHOTALL]
MECHANICAL ENGINEERING TECHNOLOGY

DOI: 10.15587/2706-5448.2021.229180
BIUTHB KOHCTPYKTHBHHX I FTEOMETPHYHUX NMAPAMETPIB KIHUEBMX ®PE3 HA XAPAKTEPHCTHKH
MIKPONPOPINID NOBEPXOHbD BHIMBKA cropinku 6-10

Kycuii . M, Kyk A. M., Tonineuymuskuii B. I, Pe6ot [I. I, Boiiko M. B.

OO6’€KTOM [OCIIIFKEHHS € TEXHOJOTTYHIN MapIIpyT MeXaHIYHOro 06pOOJIEHHS BUINBKA i3 aJIOMIHIEBOTO CILIABY.

[Tposeseni pocuizkeHHst 6a3yOThCSI Ha OCHOBHUX HPUHIMNAX (DYHKIHOHAIBbHO-OPIEHTOBAHOTO MPOEKTYBAHHS TEXHOJOTTIHUX
MpoIeciB pu BUTOTOBJAEHH] BUPOGiB. OCHOBHA TiOTe3a MOCHIKEHHS MOJSITac B He0OXiTHOCTI CHCTEMHOTO THAXOY IS JAOCTIIZKEHHS
BIUINBY PEKUMIB Pi3aHHsI BUSHAYECHOTO METO/Y MeXaHi4HOI 06pOOKU Ha 3a0e3eUeHH s ITapaMeTpiB AKOCTI B TEXHOJOTIUHIN cuctemi (Bep-
CTaT — MPUCTPiil — THCTPYMEHT — 3aroToBKa). Y TPaAWIIHHKX aBTOMATH30BAHUX CHCTEMaxX TEXHOJOTIYHOI MiArOTOBKM BUPOOHUIITBA
peaizyeTbest 00'€KTHO-OPIEHTOBAHUIT MPUHIUIT TIPOEKTYBAHHS TEXHOJOTIYHUX MPOIECB, sIKUil Iependayae MOKPOKOBE BUKOHAHHS
B3a€EMOIIOB'I3aHUX €TaIliB Ha OCHOBI aJTOPUTMY NMPOTOTUIYBaHHsA (Ge3 (DYHKIIOHATBLHOTO aHAM3y eKCILIyaTalliiiHuX XapaKTePUCTUK BU-
poby. O6pobirents GYHKIIOHATBHIX, CIPSIKEHNX MOBEPXOHb, M0 3a6e3MeYyioTh BUKOHAHHS BUPOOOM HI0TO CIy:k60BOTO MPH3HAUEHHS,
HeOOXIiIHO peasnizoByBaTu 3rifHo npuHIMny GyHKIioHAIbHO-0pieHTOBaHoro npoektyBants (DOIT). Xapakreproto ocobausictio DOTI
€ TeXHOJIOTiuHe 3a0e3MeveHs HaileeKTUBHIMNX eKCIUIYaTalliiiHIX XapaKTepUCTHK BUPOOY 13 TOTPUMAHHSM TPU3HAYEHNX KOHCTPYK-
TOPOM MapaMeTpiB TOYHOCTI Ta SKOCTI MOBEPXHEBOrO Mmapy BupoOy. Y poGOoTi PO3IJISIHYTO MUTAHHS BIIMBY KOHCTPYKTHBHUX i TeOMe-
TpUUYHMX napameTpis Kinnesux ¢pes dipmu «Sandvick» (Canpsiken, [Isenis) Ha GopmyBaHHs mapaMerpis Mikpopeabedy mpodinsa
BIJIMBKA i3 aTIOMiHI€BOTO CIJIABY TIPH MeXaHITHOMY 06pOOJIEHHI Ha BEPTUKATBHO-(PE3ePHOMY IIEHTPI 3 YUCTOBIM ITPOTPAMHIM KepyBaH-
M (YI11K) HAAS MINIMILL (CIIA). 3acrocosano Herunosuii Bapiant st npuunuiny @OII texHoorivnoro MapipyTy MexaniaHoro
06po6JieHHs OBEPXOHb 3ar0TOBOK MAITHHOOYAIBHIX BUPOGiB. FI0ro 0cobimBicTio € irHopyBamHs BUMOT BUPOOHHKA METajopi3aibHOro
IHCTPYMEHTY, SIKUIl € BaKJIMBUM €JIEMEHTOM TEXHOJIOTiUHOI cucreMy (BepcTar — iHCTPYMEHT — IMPHCTPiil — 3aroToBKa), CTOCOBHO HOTO
3aCTOCYBAHHS /I KOHKPETHOTO BEPCTaTa Ha BU3HAYEHOMY TEXHOJIOTIYHOMY Mepexoii MexaHniunoro o6pobaenns. Kpurepisvu edexrus-
HOCTI OyJIM BHCOTHI Ta KPOKOBI XapaKTePUCTUKKU MiKpopeabedy mpodisist moBepxXHeBOro mapy o0pobIIoBaHOTO MaTepiany 3aroTOBKH.
Busnaueni ymoBu exciuryaTanii MaLLll/lHO6yLliBHl/lX BUPOOGIB J103BOJISAIOTh BCTAHOBUTH TIPU BIJAXUJIEHHI BiJl peKoMeHaniil BUpoOHrKa Ha
eTari TeXHOJIOTIYHOT TATOTOBKH BUPOOHUIITBA HAWPAIiOHAJIBHII €JeMEHTH TEeBHOI TEXHOJOTIYHOT CHCTEMU: METAJIOPi3aJbHUN Bep-
CTaT — MPUCTPINl — METANOPI3aIbHUI IHCTPYMEHT — 3arOTOBKA Ta PEXXKUMU 0OPOGIEHH s JIUist 3a0e3MeYeHHsT HeOOXiIHNX eKCITyaTaliiHux
XapaKTepUCTUK.

Kmouosi cnosa: MexaHiuna 0OpoOKa TOBEPXOHbB, TTApaMeTPH SIKOCTI MOBEPXHi, MIKponpodiib noBepxHi, GyHKIIOHATIbHO-OpiEHTOBAHE
MIPOEKTYBAHHS, TEXHOJIOTTYHNIT MapIIPYT.
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KOMNNEKCHUMH BINUB CIPKH TA ©0CP®0PY HA BNIACTHBOCTI KO/MICHOI CTANII MAPKH KI-T A0 TA MICNAA
MOJOUPIKYBAHHA cropinxu 11-14

Momniunco C. 0.

O06’ekrom nocaimkennst € KosicHa ctanb KIT-2, mogudikosana cucremoro Al-Mg-Si-Fe-C-Ca-Ti-Ce. OntuM 3 HallGib mpodieMHnx
MiCIb ITPU BUILIABIL CyYacHUX cTajell € cTabiibHICTh XIMIYHOTO CKJIajly Yepe3 BUKOPHCTAHHs HEKOHTPOJIbOBAHUX 3a 3MICTOM JIOMIB, MIUXTH
Ta CTaHIaPTHUX MOAUMIKATOPIB, SIKi BUTOTOBJSAIOTHCS MIABJIEHUM CIIOCOOOM.

Jlist yeyHeHHs1 i€l mpobJieMu B X0 OC/IDKEHHsT BUKOPUCTOBYBaJcs OaraTodyHKIioHaabHi Moaudikaropu. Ile nmos’szano 3 TuM, 1o
3alPONOHOBaHMil B aniil po6oti Metox moaudikysantst cram KII-2 mae psa ocobnuBocteii. B naHoMy BUIAIKy BCTAHOBJIEHO BILIMB MOJN-
(ikaropis GaraToyHKIIIOHATBHOI /il HA YCTAaHOBII BakyyMHOI 06poOKHU crasi Ha gecyabdyparito KoxicHoi cram mapku KII-2, orpumanoi
B YMOBax BiJIKPUTOTO aKitioneproro ToBapuctsa «Iureprmaiin HT3» (m. [ninpo, Ykpaina). 3okpema, mipr 06po0ili cTajeBoro posiiaBy Oara-
ToyHKIIOHAIBHUMEI MO (iKaTOpaMu BiLl6yBa€TbC$I He TiJbKy padiHyoya /s, ajne TaKoX Ii[BUICHHS ¢TabiIbHOCTI XIMIYHOTO CKJIaZly Ta
PIBHSI MEXaHIYHNX XapaKTepUCTHK KomicHoi ctami mapku KII-2. [le miaTBepaskeHo IpeACTaBIeHnME B IOCi/KeHHI KoedillieHTaMn Bapiaitii
Ta MEKILIABOYHOI Pi3HUIN (PO3MAXOM), OTPHMMAHUMU METOJAMU CTATUCTHYHOT OGPOOKU BENMKOr0 MACHBY JAHUX — 442 cepiiHUX IJIaBOK
i 1 mogudikosanoi (6 Koic).

3asagku GaratodyHKIIOHATBHIN MoaMIKallil AiiCHO MABUIYETHCS PiBEHb MEXaHIYHUX XapaKTePUCTHK i IKOCTI TOTOBUX KoJiic. Y 1o-
PIBHsIHHI 3 TTORiGHUMY cepiliHumu Matepiamamu, Takumu sk FeSi, FeCa, FeMn, SiCa, 3actocyBanHst HOBUX Moar]ikaTopis 6aratodyHKI[io-
HasbHOI i1 B kosticHiil crasi KII-2 3abesnieuye 3HauHe 3HUKEHHS MACOBOI YACTKY CIPKH, HIsK B TOMY JK MeTaJl, SIKUii 00poOJISIOTh Tpajniliii-
HUM CIIOCOOOM.

BcTaHOoBIIEHO, 10 TIPU 3aCTOCYBaHHI HaratodyHKIIOHATBHIX MOAN(DIKATOPIB 3BMIHIOETCST (hOPMA HEMETATEBHUX BKJIIOYEHD Ha IJI00YISPHY
Ta 3HIKYETHCS 1X KiJIBKIiCTh, IO TAKOXK MiIBUIIYE PiBeHb MeXaHIUHUX BiacTHBOCTel KosricHoi ctanmi KII-2. Otpumani xkoedimientn Bapiarii
JOBOJATD, 110 MeXaHiuHi XapakTepucTuky MoaudikoBanoi crani KII-2 crabinpHinm, Hisk B cepiliHux maaBkax Tiel Kk crai. e miaBumuTh
TIOTINT i SIKiCTh HA I 3aTi3HIYHI KoJIeca.

Kmiouosi cnosa: GararoyHKIlioHaIbHI MOAKMIKATOPH, XIMIYHUI CKJIaJ CTasli, MeXaHiYHi BJJaCTUBOCTI CTasli, HeMeTaseBl BKIIOUeHHs.
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BIUTHB THCKY NPECYBAHHA HA MOPO30CTIMKICTD KEPAMIKM  cropinkn 15-20

Cy66ora I. C., Cnackonoea JI. M., lllonom A. E.

OG6’exTOM JI0CIIKEHHSI € JierKoTTaBka rimHa Kuisebkoi obsracti (Ykpaina). PoboTa mpucBstyena [0/ PKeHHIO OTPUMAHHST KepaMiyHIX
MaTepiayiB, CTIHKIX 10 HU3bKUX TeMIepaTyp. Mopo3ocTiliKicTh € O[[Hi€10 3 HABAKIUBININX XapPAKTePUCTUK JIJIS PETIOHIB, B SIKUX KepPaMivHi
Marepiajau BUKOPHCTOBYIOTBCS MIPU YacTUX Tepexojgax Temmeparyp depes 0 °C. BupoOHUIITBO MOPO30CTIHKNUX CTIHOBUX KepaMiuHUX MaTe-
piasiB 06yMOBJIEHO BUIOM CHPOBHHH Ta TEXHOJOTIYHUMH MapamMeTpaMi BUPOOHUIITBA. OCHOBHIMI TEXHOJOTTYHUMYU TPUIOMAMHU TTiABH-
[IEHHsT MOPO3OCTIHIKOCTI €: BUKOPUCTAHHsI MEHII [MCIIEPCHUX TJIMH; TOMOTEHI3alist mmxTu; GopMyBaHHs CUPIIO 6e3 TeKCTYpHUX nedeKTiB
1 TToTIepeKeH S TPIMNH T1i/T Yac CYNIiHHS Ta BUTATY.

B po6ori nokasano, 110 icHy04i crioco6u MifABUIIEH T MOPO30CTIKOCTI MOKYTh PeasizyBaTHCs MIJISIXOM 3MEHIIEHHs BOAOIOTINHAHHS
BHACJIIOK CTBOPEHHS MIKPOTIOPUCTOI CTPYKTYPH 3 IEPEBAKHO 3aKPUTHMHE MOPAMHU THABUIIEHIM THCKOM HAIBCYXOTO CII0CO0Y (hOPMyBaHHS.
[TiABUIEHHS THCKY TIPECYBaHHSA TPU3BOANTD /10 301JbIICHHS YHCAa KOHTAKTIB MOJIEKYJ KepaMiuHol Macy Ha crafii (hopMyBaHHsT. 3aB/IsKu
[[bOMY MIIHICTH BihOpMOBAHKX 3pas3KiB 1IpU THCKY npecyBants nonazn 30 MIla Ginbiia y opiBHsIHHI 31 3paskaMu, BifOPMOBaHUMI TLIAC-
THYHUM cI0c060M. TakoK BCTAHOBJIEHO, 1O THABUIIEHHS TUCKY TIPECYBAHHsI I03BOJISIE TPUCKOPUTH TIPOTIEC CYITIHHS KepaMiyHuX BUPOOIB,
BHIKYIOUM €HEPrOBUTPATH Ha IX BUPOOHUIITBO. 3aBAAKK MiIBUIIEHHIO TUCKY npecyBarHs 10 50 MIla MilHicTh 3pasKkiB, OTpUMaHKUX HarliB-
CYXUM ITPECYBAHHSIM, CTaHOBUTH 55,4 MITa, mpu Tomy, 110 /ist 3pas3kis npu miactuaaomy opmysanni — 22,9 MITa. Bogonorsimnanns, HaBma-
KM, JIJIs CYXOTro TIpecyBaHHs cTaHoBUTD 9,3 %, B TOIl yac sik uist miactuanoro — 12,2 % npu remneparypi Bunany 1000 °C.

[Toxazano, 1110 361/bIIeHHS THUCKY IIPeCyBaHHs € e(DeKTUBHIM €1oco6OM IIBUIIEHHS AKOCTI KepaMidHUX MaTepiajiB Ha OCHOBI MicIeBOi
MAJTOTIIIACTIHYHOI TIIMHUCTOI CHPOBUHH. EKOHOMIST TPUPOIHIIX Ta EHEPrOPECyPCiB, OCBOEHHST HOBUX JXKEPEJT CHPOBHHH Ta KOMIIJIEKCHE B/[OCKO-
HAJIEHHS MTPOYKIIT MPH eKOJOTTYHOCTI BUPOGHUIITBA 3aJHINAIOTHCS BAKTUBUMU i CHOTO/IHI.

Kmouosi cmoBa: kepamiuHi Marepiajy, TJIMHICTA CHPOBHHA, MOPO3OCTIHKICTh KepaMiuHUX MaTepiajiB, BOAOIOITIMHAHHS KepaMiuHUX
BUPOOIB.
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BIUIMB HATPIBY 10 BUCOKKX TEMITIEPATYP HA MEXAHIYHI XAPAKTEPUCTHKH TYI'ONMABKHX MATEPIANIB
HA OCHOBI BOPHAIB cropinku 21-25

Noxarxina A. C., Mpixua T. 0., Mowins B. €., Bapeiysxuit 1. I, Bopumcxkui 0. L, fesix /. M., Moxomapros C. C., Haber R., Tanaxo T. /., Bongap A. A.

O6’extom pocaimkents € HfBy, ZrBy ta kepamiunmii cxmag HiBy-30 % SiC ta ZrBy-20 % SiC, ZrBy-20 % SiC-4 % SizNy, orpumani
/I BACOKUM THCKOM, iX MeXaHi4Hi XapaKTepUCTUKN /IO Ta IICJIs HArPiBy JI0 BUCOKKMX TeMIEpATyp Ta TeMIeparyp Mmoyatky riasienns. /lo-
CJIJIKEHHsT HAlIpaBJieHe Ha CTBOPEHHS] HOBUX e(DeKTUBHHX TYTOIUIABKUX MaTepiasiB /Uil BUKOPUCTAHHS B aePOKOCMIUHiil IPOMUCIOBOCTI.
ToMy Takoxk OyJiM JOCHIKEHI TEMIIEPaTypy [JIABJIEHHS CIICYEeHUX MaTepiaiB i BIUIMB HArpiBy Ha ix MexaHiudi xapaktepuctuku. JJoGas-
ku (ZrBy-20 % SiC ta HfBy-30 % SiC) xo4a i MpHBOANIN 10 3MEHIIEHHST TATOMOI TYCTHH, ajie 301IbInyBam TBepaicTs (Ha 17 % 146 % y Bu-
najky ZrBy ta HfBy, Bignosiano) ta rpimunoctiiikicts (Ha 40 % 121 % y Bunaaxy ZrB, ta HfBy, Bignosiano). OHak BOHM iCTOTHO 3HIKYBa-
JIV TEMIIEPaTy Py MoYaTKy TiaBjaeHus y Bakyymi 10 2150—2160 °C. Matepianu, ciiedeni Tisibku 3 ZrBy ta HfBy, He Baasocs posmiaBuTy i npu
Harpisi 10 2970 °C. ITicaist HarpiBy 10 moyarky Temieparypu miasaerns 2150—2160 °C (y Bunaaky Marepiaiis 3 1o6aBKamit) i 10 TeMIIEpaTyp
2970 °C (y Bunaziky Marepiaiis, criedennx 3 ZrBy abo HfBy) TBepaicts i TpinunocTiiikicts 3MenutyBamich. Tak, TBepaicTh MaTepiany 3 ZrBy
3MmeHIyBasach Ha 19 %, Tpimunocriiikicrs — Ha 18 %, a, Burotossenoro 3 ZrBy-20 % SiC, — na 46 % i 32 %, Bianosigto. TeepauicTs MaTepiany
3 HfBy 3amenmyBasacs Ha 46 %, Tpinmanoctiiikicts — Ha 55 %, a urorossenoro 3 HfBy-30 % SiC micsist narpisy 3amennryBasach Ha 40 %, ojHak
Tpimunocrifikicts spocrana na 15 %. Cuevennit HfBy (3 ryctunoio 10,42 r/cM®) 0 narpisy nemonctpysas teepaicth Hy(9,8 H)=
=21,27+0,84 I'Tla, Hy(49 H)=19,29+1,34 i H(98 H)=19,17+0,5, i rpimunocriiikicts K; (9,8 H)=6,47 MH-M"5, a ZrB, ryctunoro 6,2 r/cm®
xapakrepusyBascst H(9,8 H)=17,66+0,60 T'Tla, H(49 H)=15,25+1,22 T'Tla i H(98 H)=15,32£0,36 T'Tla, K{¢(9,8 H)=4,3 MH-Mm"’. Mare-
pian, crevennii 3 HfB»-30 % SiC (rycrunomo 6,21 r/cvm?), mas Hi(9,8 H)=38,1+1,4 I'lla, Hy(49 H)=27,7+2,8 I'lla, a K{(9,8 H)=8,1 MH-M"5,
Kic(49 H)=6,8 MH-M%. Criewennii 3 ZrBy-20 % SiC Matepian MaB ryctuny 5,04 r/em®, Hi(9,8 H)=24,2+1,9 I'lla, Hy(49 H)=16,7+2,8 I'lla,
Kic(49 H)=7,1 MH-M*. JlogaBanmus SiC 1o BUXiZHOI cyMilli 3HAYHO 3HIKYE eACTIHYHICTL MaTepiaris.

Kmovoei cnosa: 1u6opu UPKOHIO, Anbopu radHio, kKapOiz KpeMHI, HITPUI KPEMHI, YIBTPABUCOKOTEMIIEPATYPHA KepaMiKa, TyTror-
JIaBKi Gopun.
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AHAN3 TEXHONOrMYHOr0 MOTEHUWIANY YTHMI3ALII BIAMPALIBOBAHUX ABIALIMHKX MACTHNBHKUX
MATEPIANMIB cropinku 26-32

Boituenxo C. B, Aixoenesa A. B, Kale U.,, Nagy A.

OG6’eKTOM JOCIKEHHS € TEXHOJIOTT epepoOKy Ta yTUJIi3allii BinpanboBanux aBialiiinux Maces i 3MalyBaabHUX Matepiasis. PoGora
MIPHICBSIYEHA AHAIIBY CYYaCHOTO CTAHY Ta OIIHKH TEXHOJOTIYHOIO MOTEHIaxy B 00acTi mepepodKy Ta yTuiiisalii aBiariiinx MacTHIbHIX
Marepiasis. Po3risgiyTo cydacHuii ctan i AMHAMIKY PUHKY BUPOOHHUIITBA Ta CIIOKMBAHHSI aBialliiiHIX MacTUIbHIX Marepiasis. [Ipoanasizo-
BaHO OCHOBHI BsIacTUBOCTI Ta (DyHKIT aBialiiinnx MacTni, chopMyIbOBaHi OCHOBHI TEXHIUHI BUMOTH 710 HUX. PO3I/IsHyTO KOMILTEeKe (hizuko-
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XIMIYHUX MPOIIECIB, SKi TPOTIKAIOTH B MACTUJIBHIX MaTepiaiax Iiji yac ix eKcIuryararii Ta TpuBagoro 30epiraHHsi, i IPU3BOAATS 10 BTPATU
ix sxocti. [lokazaHo, M0 OCHOBHUMHN YMHHUKAMU TOTIPIIEHHS SKOCTI € BUCOKOTEMIIEPATYPHA ECTPYKILis, OKUCJIEHH, MOJiMepu3aitis Ta
KOHJIEHCAIlisl BYIJIEBOHIB, 3MilllyBaHHs 3 MaJWBOM, 3a0pyHEHHS HEOPraHiYHUMMU CHOJTyKaMU. PO3IJISIHYTO OCHOBHI €KOJIOTTYHI, a TaKokK
€KOHOMIYHI 11poOJIeMH, TIOB’sI3aH] 3 aKyMYJISAIIEIO BIAIPAIIbOBAHUX MACTHJIBHUX MATEpPiaJIiB, ONMCAHO IX HEraTMBHUIT BIVIUB HA KOMIIOHEHTH
HaBKOJIMIITHBOTO CEPEIOBHINA Ta 370poB’s JnoauHn. Tak, OCHOBHI HeraTuBHi eeKTH TOB’sI3aHi 3 X HENPaBUIbHUM 30epiraHHsiM, 3JHBOM
B BO/HI 06'€KTH ab0 TPYHT, @ TAKOK 3 IX CHATIOBAHHAM i (HOPMYBAHHAM TOKCUYHUX BUKKIIB. Ha OCHOBI 1bOTO MOKa3aHO HEOOXiAHICTH PO3-
POOKH Ta BIPOBAKEHHST KOMIIJIEKCHUX TEXHOJIOTIH yTUITI3alli BiAIpaliboBaHUX MACTHABHUX MarepiamiB. [IpeacTaBieHo oCHOBHI HAIPsIM-
KU, METO/IM Ta TEXHOJIOTIi, gKi 3aCTOCOBYIOTbCS /Ui iX yTuiisaiii. Tak, B 3aj1e;KHOCTI Bijl CKJIaJLy, SKOCTi Ta BJIACTUBOCTEN BiIIPAllbOBAHUX
MaCTHJIBHUX MaTepiaiB MOKYTh 3aCTOCOBYBATUCS] TEXHOJIOTII BiTHOBJIEHHS iX SIKOCTI, TEXHOJIOTII 11epepoOKN 3 IX BUKOPUCTAHHAM B SIKOCTI
CUPOBUHU JIJIsl BUPOOHUIITBA aHAJIOTIYHUX HADTONPOLYKTIB, TEXHOJIOTT OTPUMaHHSA HU3bKOSIKICHUX TIAJIUB /sl CTalllOHAPHOT TeXHIKM Ha iX
ocuoBi. TTokasano, o po3poOKa Ta 3acTOCyBaHHs e(DEKTUBHUX TEXHOJOTIH yTUI3aIli BiANPAbOBAHUX MACTUIBHUX MaTepPialiB Mae Psj
TIO3UTUBHUX e(eKTiB: MiHIMi3aIlis HeraTHBHOTO BILIMBY HA HABKOJIMIIIHE CEPEIOBUIIE, EKOHOMIS Ta PO3MINPEHHS CUPOBUHHUX PECYPCIiB /7S
BUPOGHUIITBA TOBAPHUX HAPTOIPOLYKTIB i, SIK PE3YJIBTAT, EKOHOMIsI KOIIITIB.

Kmiouosi cnosa: agianiiini MacTUIIbHI MaTepiasy, 3MiHa SIKOCTI, Bi/[IIpaIiboBaHi MACTIUJIbHI MaTepiasi, CyMill BiipaboBaHux HadToIpo-
NYKTiB, Bi/IHOBJIEHHS SIKOCT.

ELECTRICAL ENGINEERING AND INDUSTRIAL
ELECTRONICS
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ANBTEPHATHBHA OUIHKA HANPYTH HA BEPLUMHI ONOPH NIHII ENEKTPONEPEAABAHHA, YPAMEHOI
BNUCKABKOKH) cropinku 33-39

Tpouenxo E. 0., Dixit M. M., Bpakesuunxuit B. 0., Fapax A. 0.

OG’ eKTOM JIOCTI/DKEHHS € CXeMa, sika MOJIEJTIOE yaap GJMCKaBKY B ONOPY JiHii enekrponepenadi kiacy 220 kB 3 ypaxyBanHsam BinOUTTst
xBuIi cTpymy Big 10 Haiibikunx ornop. Po3paxyHOK MOTeHI{aty, 110 BUHUKAE Ha BEPIINHI yPakeHOi 0lopH, HeOOXIIHMUIT B HOAAIBIIOMY
JUIS1 BUBHAYEHHsT OJIMCKaBKO3aXMCTy JIiHIT PI3HUMU MeToaMu. B cepenrboMy [uist yMOB THIT KiJIbKICTh PO3PsiiiB OJMCKABKU B JaHy JHHIO
enekrporepesnadi Ha 100 KiloMeTpiB B pik CTaHOBUTH GJHM3bKO 77, MO € IOCUTHh BUCOKUM MOKAa3HUKOM. SIK TIpaBuJIo, B 3aa4aX GINCKaBKO-
3aXHUCTy CTPYM OJMCKABKU OTUCYIOTH IESKUM aHATI THIHUM BUPA3OM. Y GLTbIIOCTI BUMAIKIB TaKi BUPA3y € PIsHUMU KOMOIHAIISIMU eKCIIOHEH-
niitnux ynkiiit. OxHak hopma cTpyMiB peasbHUX GJIMCKABOK Ha OCIUJIOrPaMax iCTOTHO BiPI3HSEThCS Bijl Tiel (hopMHu, AKY iM IPUITUCYIOTH
i aIMPOKCUMYIOTD Bi/IHOCHO TIPOCTHUMH €KCIIOHEHTHUMU BupaszaMu. JLjist GiJIbI IeTaabHOTO JIOCIIDKEHHST ePeXijIHIX MPOIeciB, 06yMOBJ1€HMX
TPO30BOIO MSIIBHICTIO, iICHYE HEOOXIAHICTD TPH MOJIETIOBAHHI BUKOPHUCTOBYBATH OCIIIJIOTPAMHI PEAJIbHIX CTPYMiB OJIMCKABKIL.

3aB/IaHHs BUSHAYEHHsI HATIPYTH HA BEPUINHI YPasKeHOI OIOPH JIiHii eJIeKTporiepeiaBatHst 6yJI0 BUPIIIEHO 32 IOTIOMOTOI0 CXEMOTEXHIYHOTO
MOJIeTIOBaHHS. [[JIs MOZIE/TIOBaHHS CTPyMY OIMCKaBKU GyJn BUKOPHUCTaHi onmdpoBaHi OCIMIOrpaMu PEabHUX CTPYMIB OIMCKABOK 3 TIKOBH-
MU 3HadeHHAMU —5,256 kKA 1 —133,586 KA.

VY pauiit poboTi TOKa3aHo, 110 3aIPONOHOBAHUI Ti/IXi/L 1a€ GBI TOYHE | HAOUHE YSIBJICHHS [IPO TEPEXiJIHUIT IPOIleC HA BEPIINHI ypasKe-
HOI OTIOpH, HiK AIIPOKCHMAITisI CTPYMY OJIFCKABKI IMPOCTUMU €KCIIOHEHIIHHIMI BIPa3aMi. BHKOPHCTaHHSI CIIPOIEHOTO €KCITOHEHIIATbHOTO
OIKCY CTPYMY OJIMCKABKU TIPU3BOAUTH He TiJILKHU [0 CIIPOIIEHHST XapaKTepy IePeXi[HOro MPOIeCy Ha BEPUINHI OTOPH, ajie i 10 3aHIKEHHS
pesyabratis 10 8,8 %. Bubip cxemu 3aMinieHHs Omop JIiHIl €eKTporepeayl TakKok BIUIMBAE HA Pe3yJIbTar. [Ipe/IcTaBIeH s ONop Ha eKBiBa-
JIEHTHIH CXeMi 30CepelKeHNMHU 1HAYKTHBHOCTSIMI TPI3BOIUTD /10 JIETIO OLIBITIX 3HAYEHD Y TIOPIBHSIHHI 3 BUKOPHCTAHHSIM Y CXeMi XBUTBOBUX
onopis. [Ipu 1bOMY, UMM MEHIIIE AMILTITYIa CTPYMY, TUM Ginbiia pisauis (8,6 % B o6uacti Mmamux crpymis i 1,9 % B 061acTi BeIMKUX CTPYMIB).
OCKITBKI 1€ TTIPU3BONTD JI0 JIESIKOTO 3aIacy B PO3paxyHKax OJIICKaBKO3AXICTY, MOJKHA PEKOMEH/IYBATH CXEMY 3aMilleHHsT OTTOPH JIiHil eJeK-
Tpoliepeiadi 3a JI0II0OMOT010 30Cepe/KeHNX 1HAYKIBHOCTEI.

ITpoBesieHe NOCTIKEHHsT pOOUTh BHECOK B PO3BUTOK METOJIB PO3PAaXyHKY OJMCKaBKO3aXMCTY JIiHIIT eJleKTponepeaad i posumpenHs 06-
JIacTi 3aCTOCYBAHHS IPOTPaM CXEMOTEXHIUHOTO MO/Ie/TIOBAHHS.

Kmovoei cnoa: yiap OincKaBku, GJIMCKABKO3AXUCT, JIiHis €JEKTPONEPEABaHHs, BiIGUTTS XBUJIb, OCHUJIOTPAME PEAJbHUX CTPYMIB
OJIIICKABKIL.
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BH3HAYEHHA IHAYKTHBHOCTEH TATOBOro ENEKTPOABHI'YHA NYNLCYHYOIr0 CTPYMY  cropinku 40-43

Tynax C. 0., Tka4uenxo B. I, Canpoxozsa C. H0., Cnisax 0. M., Pa6os E. C., OcTposepx 0. 0.

OG6’'€KTOM JIOCTII/IKEHHST € TATOBUI €JIEKTPOABUTYH TIYJIbCYIOYOTO CTpyMYy. JIJIst MiIBUIIIEHHST TOYHOCTI Oro MateMaTHyHoi Mojesi Heob-
Xi/{HO BUKOPUCTOBYBATU 3HAYEHHS I1apaMeTpiB, sKi BU3HAYEHHI IIPU €KCIIePUMEHTAIbHUX JIOCJII/UKEHHIX eJIEKTPO/IBUTYHA. 30KpeMa, BakK-
JIUBUM € BUKOPUCTAHHS B MOZIETI €JIeKTPO/IBUTYHA iHYKTUBHOCTEH, OTPUMAHNX €KCHEePHIMEHTATbHUM IIIXOM. 3alPOTTOHOBAHO METOINKY
PO3PaxyHKY iHAYKTUBHOCTI OOMOTKH SIKOPSI, TOJOBHUX MOJIOCIB, IOATKOBHX TIOJIOCIB i KOMIIEHCAI[IIHOT OGMOTKIY Ta TTIOBHOI 1HAYKTHBHOCTI
KOJIA SIKOPSI TSITOBOTO €JICKTPO/IBUTYHA. PO3paxyHKN 06a3yIOTbCS HAa PE3YJIBTaTaX HENPSMOTO METOAY BUMIDIOBaHHS IHAYKTHBHOCTEH, IIpU
SIKOMY 6e310CepeTHbO BUMIPIOIOTBCST €JIEKTPIYHI BETHYNHN PISHUX PEKUMIB JKUBJIEHHS 0OMOTOK €JTEeKTPOABUTYHA, a {HAYKTHBHOCTI BH-
3HAUAIOTLCS LHLISXOM JOIIOMIKHUX PO3PaxXyHKiB. IHAYKTUBHOCTI KOJIa SKOPsI TSATOBOTO JBUIYHA MAIOTh HEJIHIIHY 3aJI€KHICTh Bifl CTPYMY,
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o mporikae yepe3 Hux. OCHOBHA BiZAMIHHICTD JOCIIKEHHST MOJISITAE Y TOMY, 1110 BUMIPIOBAHHSI €JIEKTPUYHUX [APAMETPiB, HEOOXIIHUX J1JIsT
PO3PaXyHKY iHAYKTUBHOCTEH, 3/IHCHIOETHCS Y BChOMY Jianiaszoni po6ounx cTpymiB 0OMOTOK. CyTh 3aIlIPOIIOHOBAHOI METOIMKH TMOJISITAE Y BU-
MipIOBaHHI aKTHBHOI MOTYKHOCTI B 0OMOTILI IKOPst, 0OMOTIIi FOJIOBHUX Ta I0AaTKOBUX MOJIOCIB, Ta KOMIIEHCAIiiHIl 0OMOTIL, a TaKOXK Y KO
SIKOPST B IIIJTOMY TIPH X JKUBJICHHI 3MiHHUM CTPYMOM. 32 OTPUMAHNUMI 3HAYEHHSIMU BTPAT aKTUBHOI MOTYKHOCTI Ta 3cyBY (a3 BUZHAYAIOTHCS
BIZUMOBIHI BTPATH PEaKTUBHOI MOTY;KHOCTI, 32 JOTIOMOTOIO SIKMX PO3PaXOBYIOThCsI iHAYKTUBHOCTI 0OMOTOK €JeKTPOABUTYHA. Anpobariio
METO/IMKU PO3PAXyHKY iHIYKTHBHOCTEI TIPOBEAEHO ISt eJIEKTPOJABUTYHA MyJibeyiodoro crpymy HB-418K6 (kpaina Bupobuuk Pocist), 1o
BUKOPHCTOBYEThCS Ha esiekTpoBosax cepiit BJISOT ta BJISOK (kpaina Bupobuuk Pocist). 3anporonoBato cxeMy BUMIPIOBAHHST €JIEKTPHYHUX
napamerpiB, HeOOXIIHUX I PO3PAXyHKY iHAyKTUBHOCTEH. [padiuni 3amesKHOCTI IHAYKTUBHOCTI Bifl CTPyMy KOs, NOOYZI0BaHi Ha OCHOBI
PO3PaxyHKIB, MiTBEPANJIN TilIOTe3y IPO HETIHINHY 3aTeKHICTh IUX IHAYKTUBHOCTEH Bi cTpyMy sKOps. [l TOAAIBIIOT0 3aCTOCYBAaHHS
OTPUMaHKX Pe3YJIbTaTiB B iMiTaliiinoMy MozemoBarHi poboTu TsiroBoro esektpoasuryia HB-418K6 Bukonano mosinoMiaabHy anpokcuMa-
11i10 TIOBHOI iH[yKTUBHOCTI KOJIa SIKOPSI.
Kmo4oBi cnoBa: TSTOBHIT IBUTYH ITyJIbCYIOUOTO CTPYMY, CTPYM SIKOPST, TIOBHA IHAYKTHBHICTD OOMOTKHU SIKOPSI.

TECHNOLOGY AND SYSTEM OF POWER SUPPLY
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PO3rNAJA NPHHUMNIB CTABUTI3ALN TA HAPOWYBAHHA BUAOBYTKY HAPTH HA MI3HIK CTAAI PO3POBKH
POJOBHLL (HA MTPHKIAAI PONOBUIL YKPAIHH) cropinku 44-47

Hopowenxo B. M., TiTnos 0. C.

O6’exToM focaipkenns € HahToBuaoOyBHa rany3b. OAHUM 3 HaROGLAbIIT MTPOOGJEMHUX MUTAHb Taxy3i € mepexiji POAOBHUII B Ti3HIO abo
3aBepIIaIbHy CTaJIilo iX po3poOKu. 3Hauny KinbkicTs pogosuit Ykpainu, CIIIA, Pocii, [Tosbiti, Asepbaiizzkany TOIO po3noYany po3pooisTi
me B cepeuni XIX cromitra. Ha choroami Bei «ctapi» pojoBuina rnepeBaskHO BUCHAKUINCS SK 38 BeIMYNHOIO 3a1aciB BYTJIEBOAHIB, Tak i 32
€HePreTHYHKUM TIoTeHIiaoM (IJIACTOBUM THCKOM), a JiesKi repefyBaioTh B po3po0lli i gorerep, ajie y Tak 3BaHill «ImisHiil crazii». Boxmouac
3HAYHA KIJIBKICTb BIZIHOCHO «MOJIOJIMX» POJIOBUIIL TIEPEHIILIN TAKOK Y MI3HIO CTa/{I0 PO3POOKH, sIKa XapaKTEPU3YEThCS, HACAMIIEPE/], CYTTE-
BUM BHPOOJIEHHAM BHIOOYBHUX 3amaciB HadTH, TPOTPECYIOUNM 3POCTAHHSIM OGBOIHEHOCTI MPOAYKINI CBEPIOBUH, 301TbIIEHHM JACTKI
BaKKOBHUIOOYBHUX 3alaciB. A TAKOXK MEPEX0OIOM Ha MeXaHi30BaHi criocobu BugoOyTKy HaQTH Ta MOCTYNOBUM 301IbIIEHHSIM (HOHILY MaIo-
IebITHNX CBEPATIOBUH, (QiSHIHIM Ta MOPATBHIM 3HOIIEHHSIM OCHOBHIX 3aC00iB BUI0OYTKY HabTH i3 3arpo30I0 X MacOBOTO BUOYTTSI 3 JIa/LY,
MOTIPIIEHHAM eKOJIOTIUHOT piBHOBArK A0BKiIs Tolo. ToMy faHy poOOTy TPUCBAYEHO PO3IJISIAY NPUHIUIIB cTabiiizaltii Ta HapoILyBaHHs
BuI00yTKY HadTh Ha 1i3Hi cTazii po3pobku pogoBuIl (Ha MPUKJIai PoAOBHIL YKpaiHu). B mporeci 10¢/1i/pKeH ] BHKOPUCTAHO OPUTiHAJIbHI
METO/IM KJIACHYHOTO HAYKOBOTO JIOCTIIPKEHHSI, TOJIOBHUMM 3 SIKHX € aHali3 i cuHTe3, iyKiid Ta geaykiis. [Ipukiazom Toro € sarmpornoHoBa-
HU POSIIOAILT CTPYKTYPU BUAOOYBHUX 3araciB HahTH Ha aKTHBHI Ta BaKKOBUI0OYBHI. [[0C/HIIKEHHS TOOYI0BAHO HA CTATUCTUYHIIT 06pOOIT
3HAYHOTO MACHBY peayibHoi indopMmarii mpo cran i mpodsieMn BupoOyTKy HadTH, SIKa € TUIOBOIO 1 XapaKTePHOIO He TIIBKH JIJIsI POIOBHIIL
Vipainn. OTprMano MUPOKKIA CHIEKTP HAIPAMKIB /I IHBECTUIIIHOT AisibHOCTI B cepi BugoOyBans HapTu. Ile, B OCHOBHOMY, HAIPAMKU
1[0/10 HAPOTIYBaHHSI PECYPCHOI a3y, aKTUBI3allii MOBHOTH ii BUPOOJIEHHST, OpraHisaiii KOHTPOJBOBAHOTO Ta KEPOBAHOTO BUTHCKYBaHHS HahTH
BOJIOIO, Y TOMY YHCJI 3 3aCTOCYBAHHIAM «PEBEPCHOI» TeXHOJIOTT, yHidikarii obmaHanus s BugoOyBants HahTH, 3a0e3MedeH s OXOPOHU
HABKOJIMIIIHBOTO CepPe/IOBUINA. 3aB/sKH KOMILIEKCHOMY 3aCTOCYBAHHIO 3a3HAUEHMX IHBECTHIINHMX HAIPSIMKIB Y/IOCKOHAJIEHHS CHCTEM
PO3POOKH POOBHUII HA T3HIN cTazii 3a0e31edyeThesT MOKINBICTD cTabimisalli ta MoCTymoBOro HapOILyBaHHS BUIOOYTKY, BEJIIYNHA STKOTO
BU3HAYAETHCS BI/IOBIIHUMI TIPOEKTHUMH JJOKYMEHTaMU.

Kmovoei cnosa: 1i3Hs cTajtist po3poOKH, BUCOKA OOGBOAHEHICTD, BUPOOIeHHS BUI0OyBHUX 3anaciB HadT, Hu3bKoaeOiTHUIA (hOHL.
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