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The object of research is the processes of pulse explosive
loading in an explicit formulation for simulation of complex
nonlinear dynamics of solids, gases, and their interactions.
One of the most problematic areas of modern studies of non-
linear dynamic loads of materials using a numerical analysis
is that such studies usually do not take into account the
characteristic transition of the stationary deformation zone
of the loaded material to the unsteady one and the front pres-
sure and shockwave velocity variation by time.

The work is aimed at developing a mathematical model of
a pulsed load of materials by a shockwave, developing a mathe-
matical apparatus for calculating the parameters of a shock-
wave, creating analytical dependences of the interaction of
a shockwave with a loaded surface. A study of dynamic explo-
sive loading using software based on an explicit method for
solving the equations of continuum mechanics is proposed.

In this work, the stress-state equation at a point of the
material under pulsed load conditions was further develo-
ped, methods for determining the principal stresses and the
invariant of the stress tensor, taking into account the pulsed
nature of the load, were established. The character of the be-
havior of the shockwave formed as a result of the detonation
of the explosive has been established. Analytical dependences
of the interaction of a shockwave with a loaded surface are
compiled. A mathematical apparatus has been developed for
calculating such parameters of the shockwave as the detona-
tion front pressure and its change in time and the velocity of
the shockwave at the moment when it reaches the surface.

Mathematical dependences have been developed and pro-
posed, which, in contrast to the existing ones, make it possible
to determine the current values of stresses and strains passing
through the points of the actual stress curve, as well as the
intensity of stresses and strains under pulse loading of metals.

On the basis of theoretical and experimental studies of
the parameters of body material deformation under the ac-
tion of explosive loading, the mechanisms of destruction of
the KrAZ «Shrek» and KrAZ <«Fiona» specialized armored
vehicles body were clarified to establish the compliance of the
declared landmine resistance of vehicles with the STANAG
4569 standardization agreement.

Keywords: anti-vehicle mines, pulse explosive loading,
armored vehicles, mathematical model of deformation, finite
element method.
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The object of research is gas-dynamic vortex processes in
heterogeneous polydisperse flows. One of the most problem-
atic issues in engine building is the completeness of combus-
tion and the rate of fuel burnout in the given coordinates
on the allotted hourly interval in the combustion chamber.
These indicators, in turn, determine stringent requirements
for used fuels in terms of thermophysical parameters that
affect sawing, evaporation and mixing with an oxidizer. In
the course of the study, methods of mathematical model-
ing were used based on the theory of similarity. Methods
have been developed for preparing a combustible mixture
for detonation-free combustion of a cheap alternative fuel.
A method for assessing the quality of spraying low cetane fuel
is proposed. A mathematical model is obtained for calculating
the change in the parameters of the quality of atomization
and the differential characteristics of fuel injection. This is
necessary for theoretical studies of gas-dynamic processes in
additional power systems for diesel engines in an unsteady
three-dimensional flow with variable parameters of a poly-
disperse flow of a combustible mixture. It has been proven
that with a decrease in the camshaft rotational speed, the
injection speed will be insufficient to achieve the required
spray quality due to a decrease in the speed. This made it pos-
sible to redesign the additional system using a separate dual
fuel supply. Research samples of an additional power supply
system for the AM3-24 OH diesel engine (Yaroslavl Motor
Plant, Russia) have been developed. Comparative tests of the
engine operation on stable gas condensate with the main fuel
equipment and an additional system have been carried out.
Oscillograms of the tests were obtained and analyzed.

The research results provided the basis for the use of low ce-
tane cheap gas condensate in diesel engines. This will improve the
economic, power and environmental performance of the engines.
Compared to standard cetane fuels, the price of fuel will decrease
by 40 %, engine power will increase by 20 %, and the environ-
mental performance of exhaust gases will decrease by 10-30 %.

Keywords: additional power supply system, fuel equip-
ment, alternative fuel, atomization quality, induction period,
combustion efficiency.
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The object of research is the processes of controlling the
state of side rocks to prevent the collapse of the stratified
rock strata in the coal-rock massif containing the workings.
The studies carried out made it possible to establish the influ-
ence of the rigidity of the guard structures of mine workings
on the stability of side rocks in the coal-rock massif. It is
proved that as a result of the action of an external compres-
sive load on the supporting lateral rocks, the structure, in the
form of a model of bunches made of wooden posts, increases
its rigidity until the destruction of the security structure.
After that, there is an increase in the convergence of side
rocks and their destruction. The change in the stiffness of
the crushed rock in the filling massif model, which is used to
support the lateral rocks, occurs as a result of the compaction
of the original material. This is due to repackaging of crushed
rock fractions of different sizes and its additional grinding.
As aresult of this interaction of the side rocks with the filling
massif, the integrity of the roof and soil is ensured and con-
vergence is limited. To assess the stability of side rocks, it is
proposed to use a dimensionless stress concentration factor k.
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This coefficient takes into account the rigidity of the guard
structures of the mine workings and the flexural rigidity of
the side rocks. It was found that when the values of the coef-
ficient & are close to zero (k—0), there is a loss of stability of
the guard structures of mine workings and the destruction
of side rocks in the coal-rock massif. The preservation of
the integrity of the side rocks and the stability of security
structures is ensured at values of £>0.1, which corresponds
to the parameters of the pliable supporting structures. Most
favorably on the condition of side rocks in the coal-rock mas-
sif is influenced by the method of backing up the mined-out
space of crushed rock. The use of this method excludes the
collapse of side rocks. When solving the problem of stability
of mine workings at the stage of making technical decisions, it
is necessary to predetermine the issues of rigidity of security
structures with deformation characteristics of side rocks.
Keywords: side rocks, protective structure, deformation
characteristics, mine workings, crushed rock, filling massif.
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The object of research is the control of the process of
formation of a spraying air flow and the transfer of particles
of liquid metal from electrodes during arc spraying. One of
the problem areas of the arc spraying process is the oxida-
tion of the sprayed metal particles by the oxygen of the air
flow during their transportation to the sprayed surface. This
leads to the formation of a sufficiently large amount of oxides
of chemical elements, which significantly deteriorate the
adhesion strength and burn out alloying elements that are
necessary to obtain a wear-resistant and corrosion-resistant
coating. The suitability and durability of coatings during use
depends on the strength of adhesion to the substrate.

In the course of the study, methods were used to deter-
mine the adhesion strength of the coating to the base — the
Steffens method and methods for studying the microstruc-
ture of coatings were taken as the basis. The data was pro-
cessed and dependencies were plotted.

The proposed method makes it possible to improve the
quality of the resulting coating in terms of such an indicator
as improvements in chemical composition. And also to influ-

ence the chemical composition by controlling the process of
transfer of molten metal using a pulsating air flow.

The obtained results of approbation of the method allow
us to consider it effective, as evidenced by the quality of the
obtained coatings. This is due to the fact that the correct-
ness of the formulation and solution of the problem provided
adequate results. In contrast to the existing methods, the
proposed one makes it possible to significantly influence
the amount of harmful oxygen involved in the formation of
a sprayed coating, which makes it possible to obtain a sprayed
layer with the required performance characteristics. And also
allows to improve its quality without significant capital costs.
In addition, the issues of resource and energy saving are being
addressed, since the burnout of chemical elements decreases
and the air consumption during arc metallization decreases.
To solve this problem, a simple design of the pulsator is pro-
posed, which provides the ability to control the spray flow by
adjusting the level of overlapping of the holes.

Keywords: pulsating spray flow, sprayed surface, adhesion
strength, wear-resistant and corrosion-resistant coating.
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The object of research is the process of circular and sur-
face grinding of titanium alloy and corrosion-resistant steel,
namely, the cutting forces arising from mechanical processing.
One of the most problematic areas in work is the selection
of the required grinding modes, material and grinding wheel
grain size.

In the course of the experiment, we used samples of VT8
titanium alloy and 12X18N9T steel, on which the grinding
process was studied with wheels made of various materials
(electrocorundum, cubic boron nitride (CBN), diamond).
The values of the cutting forces P, and P, were obtained in
the latitude of permissible modes, which are most often used
in circular and flat grinding, and can reach maximum values,
respectively, P,=27N, P,=15.5N. The data were obtained
at a low wheel speed from electrocorundum, about 15 m/s
and grain size 8. By reducing the grain size of the wheel,
we get the effect of increasing the energy consumption of
the grinding process, due to the increase in the values of
the cutting forces. If we compare the cutting forces aris-
ing from grinding with different wheels, then the follow-
ing can be noted. Compared to electrocorundum wheels,
when using CBN wheels, the cutting forces are reduced by
20-25 %, and when grinding with diamond wheels (despite
the high wear of the diamond wheel), the effect of cutting
forces is reduced by 25-30 %. This is due to the fact that
cutting conditions are the most favorable for diamond and
CBN grains, which makes it possible to use more intense
cutting conditions.

The results of the study allow predicting the perfor-
mance of the grinding wheel, reducing the energy con-
sumption of production, and also adjusting the process-
ing mode of the part to obtain the necessary quality
indicators of the surface layer and the geometric dimensions
of the part.

Keywords: titanium alloy VTS, cutting forces, technical
strength, structural strength, reduction of energy consump-
tion for grinding.
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The object of research is a circuit that simulates a light-
ning 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 struck tower is necessary further to determine

the lightning performance of transmission line by various
methods. The lightning current has several maxima, in the
case of a positive impulse polarity and, accordingly, several
minima, in the case of a negative polarity, which are generally
being called peaks. In addition, the lightning current impulse
has a non-constant steepness in the entire area of current
rise up to the first peak. The approximation of the real light-
ning current by simplified mathematical expressions cannot
take into account all its real features. 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 circuit
simulation. For an in-depth study of how the shape of the
lightning current impulse affects the shape of the voltage
at the top of the tower struck, digitized oscillograms of real
lightning currents were used. The simulation was carried out
for 7 negative lightning impulses with the first peak varying
from —33.380 kA to —74.188 kA. In the case of positive light-
ning, 3 oscillograms were used with the first peak varying
from +38.461 kA to +41.012 kA.

The article shows that the shape of the front of the light-
ning current impulse and the amplitude of the first peak of
the lightning current have a decisive effect on the maximum
voltage value at the top of a power transmission line tower
struck by lightning. The maximum voltage occurs precisely
at the front of the current wave before the first peak of the
lightning current. Therefore, the back flashover of the insula-
tion from the tower to the phase conductor is most likely at
a moment in time at the front of the current wave. By the
time the maximum current is reached, the voltage at the top
of the tower will be reduced by several tens of percent, com-
pared to the maximum voltage at the tower, which occurs
much earlier at the front of the current wave.

The conducted research contributes to the development
of methods for calculating the lightning performance of
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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 the military radio communi-
cation system. One of the most problematic areas in the
management of military radio resources is the interference
of military radio systems and facilities. A number of works
have been devoted to the research of ways to increase the
noise immunity of military radio communication systems
and facilities. However, the known works contain some re-
sults of research by scientists aimed at increasing the noise
immunity of military radio systems and facilities and do not
have a comprehensive approach. In this article, the problem
of developing a method of structural-parametric synthesis of
the noise protection subsystem of special purpose radio com-
munication systems is solved.

The scientific problem is solved by formalizing the prob-
lem of structural-parametric synthesis of the noise protection
subsystem of military radio communication systems, start-
ing with its mathematical description and synthesis of the
quantitative and qualitative structure of the noise protection
subsystem. In the course of the research, the authors used the
main provisions of the queuing theory, the theory of automa-
tion, the theory of complex technical systems and general sci-
entific methods of cognition, namely analysis and synthesis.
The novelty of this technique is the synthesis of the structure
of the military radio system and the parameters of the radio
system in the context of electronic conflict. This technique
is multi-criteria, in which the parameters are different in
importance. The basis of this technique is the principle of
nonlinear scheme of A. Voronin compromises. This technique
allows to:

— to synthesize the structure of the radio communication
system in the conditions of electronic conflict;

— to determine the optimal number of radio communica-
tion devices to ensure management tasks in the conditions of
electronic conflict;

— to substantiate a set of mechanisms to increase the noise
immunity of the noise protection subsystem in the conditions
of electronic conflict.

The results of the research should be used at the stage of
planning and operational management of the structure and
parameters of military radio communication systems.

Keywords: military radio communication system, hier-
archical decomposition, functional structure of networks,
electronic suppression, destabilizing factors.
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The object of research is the Raspberry Pi single-board
computer. The work examines the optimization of archi-
tecture-independent hardware platforms using its example.
The research is based on an integrated scientific approach
based on a system-analytical, structural-functional, empirical
and typological approach. It is emphasized that the entire
Raspberry Pi line uses APM-architecture processors. The
genesis of Raspberry Pi is given, the parameters of the last
build are determined. It is noted that the latest version is
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dated November 2020. It is equipped with wireless WiFi and
Bluetooth modules (2xUSB 3.0 and 1xXUSB 2.0 ports type A,
5.0, BLE), which expand the boundaries of mini-PC applica-
tion in the field of Ethernet technologies and has a frequency
of 1.8 GHz. The appearance of one of the popular Raspberry
Pi B+boards has been formed, with the separation of the main
blocks. The basic principles of improving the performance of
the Raspberry Pi single board computer are determined, each
of which is based on a specific mechanism. The first is the
addition of ZRAM as a compressed random access memory
block device. The principle of ZRAM operation is described,
the mechanism for activating ZRAM on the Raspberry Pi is
given. To improve the performance of the Raspberry Pi single
board computer, the use of an NVMe disk is justified. It is em-
phasized that the NVMe disk is reliable and has a high data
transfer rate. Connecting it to the Raspberry Pi single board
computer is the optimal solution to improve performance.
The tuning sequence is presented, the numerical result of
the NVMe disk operation based on the Raspberry Pi single-
board computer is proposed. It is proposed, as a principle to
improve performance, the installation of an ICE Tower CPU
based on Raspberry Pi. It is noted that the ICE Tower CPU is
a cooling system that is designed to cool the Raspberry Pi.
The principles of tuning ICE Tower CPU and the result of
fluctuations in temperature components using the rpi-moni-
tor are described. As part of the study, performance improve-
ments were obtained from 26 % to 34 %, which is mainly in
line with the expected theoretical improvement of 34 %.

Keywords: Raspberry Pi single-board computer, ARM
architecture, bandwidth, architecture-independent platform,
ICE Tower CPU.
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The object of research is thermal processes in Langevin-
type piezoceramic electroacoustic transducers (PET), taking
into account the housing. The piezoceramic electroacoustic
transducers heat up during operation. Overheating of the
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converter leads to negative consequences, accompanied by
a change in the parameters, characteristics of the device, as
well as the failure of the converter. Or limitation on the dura-
tion and mode of operation, output power, current, amplitude
and speed of oscillation of the converter.

The paper investigates the effect of the housing on the
temperature field of a Langevin-type PET by the finite ele-
ment method, using modeling in SolidWorks. The results of
temperature reduction of such cooling methods are shown:

— filling the housing cavity with electrical insulating
liquid, gas, a mixture of thermal paste;

— use of holes in the housing;

— changing the shape of the rear cover to have radiator
side fins, vertical radiator fins, cylindrical radiator fins;

— heat-resistant layer;

— use of active air cooling at three different speeds.

The most efficient 53 % and a uniform temperature field
were found when filling with a mixture of thermal paste, but
this solution is accompanied by additional experiments and
a preparatory stage with the mixture. The cooling efficiency
of 47 % was provided by active cooling — blowing with air,
and this method requires additional equipment. Filling with
insulating liquid gave a cooling efficiency of 27 % — an opti-
mal result that does not require expensive investments. Slow
blowing of the housing or adding only holes resulted in a de-
crease in the maximum heating temperature from 10 to 20 %,
therefore, if the PET design allows the presence of holes,
then it is necessary to rationally place them. Changing the
shape of the back plate, heat-absorbing element, filling the
housing with gas gave an efficiency decrease in the maximum
temperature by 6-8 % compared to a closed housing with air.

The research results make it possible to choose the op-
timal option for reducing the heating temperature of the
Langevin-type PET to increase its efficiency and long-term
trouble-free operation.

Keywords: piezoceramic electroacoustic transducer, Lan-
gevin-type transducer, rod transducer, transducer heating,
transducer thermal field.
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The object of research is the process of management and
treatment of crushed stone production waste. Modern ap-
proaches to the disposal of crushed stone production waste
are analyzed. It is revealed that crushed stone production
wastes are mainly used in the construction industry, and
their volumes of use are insufficient to neutralize the im-
pact of dumps on the environment. The chemical composi-
tion of crushed stone production wastes was analyzed and

an experiment was carried out to determine the possibility
of their use as fertilizers for the cultivation of industrial
energy crops. For the experiment, an energy crop was cho-
sen — sorghum. Sorghum seeds were placed in two types of
soil: regular peat substrate and peat substrate with the ad-
dition of rock in a ratio of 60:40. Waste from crushed stone
production — rock, which includes: quartzite — 90-98 %,
pyrophyllite — 1-9 %, ore mineral — 0.3—1 %. The results
of the experiment showed an increase in the biomass of sor-
ghum grown on a peat substrate with the addition of rock,
1.5 times, compared with that grown on a conventional
peat substrate. Accordingly, the energy yield of sorghum
per hectare of field will also grow by 50 %. In addition to
increasing the biomass of sorghum, as a result of the experi-
ment, an increase in the number of secondary and tertiary
roots was found when it was grown on a peat substrate
with the addition of rock. A more developed root system
allows the plant to receive more moisture and nutrients,
thereby increasing its endurance and drought resistance.
The results obtained can be explained by the positive effect
of silica, of which more than 90 % of the rock is composed,
on the growth and development of plants. It is proposed to
increase the level of environmental safety of mining regions
through the use of crushed stone waste as fertilizers for
industrial energy crops and the transition to alternative
energy sources, in particular biofuels made on the basis of
these crops.

Keywords: utilization of rock dumps, energy characteris-
tics of sorghum, physicochemical characteristics of sorghum.
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Wimuxk C. B.

OG6’ €KTOM IOCIIIZKEHHS € MPOIECH IMITYIbCHOTO BUOYXOBOTO HaBaHTaKEHHS B sIBHIH TIOCTAHOBIL IJIs1 MOJETIOBAHHS CKJIaHOI HeJHIHHOT
JIMHAMIKY TBEP/MX TiJ, Ta3iB i X B3aemozii. OfH1M 3 HAfOLIBIT TPOGIEMATUYHIX MICI[b CYYaCHUX JIOCJ/UKEHb HEeJTHIHHIX ANHAMIYHIX Ha-
BaHTaKeHb MaTepiasiB 3a JOIOMOTOIO YHCETbHOTO aHai3y € Te, IO TaKi J0CTi/PKeH s 3a3Bu4all He BpaXOBYIOTh XapaKTePHUIT Iepexij craiio-
HAPHOTO ocepe/IKy AehopMallii HaBaHTaKyBaHOTO MaTepiasly /10 HeCTallioOHapPHOTO Ta 3MiHY y yaci TUCKY (DPOHTY Ta HIBUKOCTI y/IapHOI XBUJI.

Po6ota HaitisieHa Ha po3poOKy MareMaTHYHOI MOJIE/I IMITYJIbCHOTO HABAHTAKEHHST MaTepiajliB yAapHOIO XBHUJICIO, YTBOPEHOIO BHACJIIOK
JIeTOHAIliT 3apsijty BUOYXOBOI PEYOBUHU, PO3POOKY MATEMATUYHOIO allapaTy PO3paxyHKy MapaMeTpiB YAapHOI XBIJI, CTBOPEHHST aHAI TUYHUX
3aJIeKHOCTEN B3aEMOJIIT yIapHOT XBUJII 13 HABAHTAKYBAHOWO MOBEPXHE. [IPOMOHYETHCS OCTIKEHHS IMHAMIYHOTO BUOYXOBOTO HAaBaHTa-
JKEHHS 13 3aCTOCYBaHHSIM IIPOrPAMHIX KOMILIEKCIB, 1[0 BUKOPUCTOBYIOTD IBHUIT METO/L PillleHHs PIBHSHD MEXaHIKM CYIiJIBHOTO Cepe/IOBUIIA.

¥V po6ori oTpuMaiy OAAJIBIINI PO3BUTOK PIBHSIHHS HAIIPY/KEHOTO CTAHY B TOYI MaTepialy 32 yMOB IMILyJIbCHOTO HABAHTAYKEHHsI, BCTA-
HOBJIEHO CITIOCOOW BIH3HAYEHD TOJIOBHIX HAMPY:KEHb Ta iHBapiaHT TEH30pa HATIPYKEHD 3 YPaxyBaHHIM IMITyIbCHOTO XapaKTepy HABAHTaKEHHSI.
BceranosiieHo xapakrep HOBEAIHKY YAAPHOT XBUJI, 110 YTBOPIOETHCA BHACIIAOK JieToHallii BUOYxoBoi peuoBntn. CKIaseHo aHaiTHYHI 3a1exk-
HOCTI B3a€MOZi yIapHOT XBUJI i3 HABAHTAXKYBAHOIO TTOBepXHel0. Po3po6ieHo MaTeMaTHIHUIT alapaT po3paxyHKy TaKUX IapaMeTpiB yaapHol
XBUJT, SIK TUCK (DPOHTY /IETOHAIIIT Ta OTO 3MiHa B Yaci, Ta MBUAKICTb YAAPHOI XBUJII B MOMEHT BUXO/Y HA TIOBEPXHIO.

Po3po6JieHi Ta 3ampONOHOBAHI MaTeMaTUYHI 3aJIe5KHOCTI, sIKi, Ha BIAMIHY B/l iICHYIOUMX, 03BOJISIOTh BU3HAYATH TIOTOYHI 3HAUCHHST Ha-
TIPY>KeHb Ta gaedopMalliif, Mo MpoXo/sATh Yepe3 TOUKN KPUBOi MIHCHUX HANPY’KEeHb, & TAKOK IHTEHCHBHOCTI HANPY:KeHb Ta AedopMartiii mpu
IMITyJIbCHOMY HaBaHTa)KeHHI MeTaJIiB.

Ha ocHOBI TEOPETHYHNX Ta eKCIEPIMEHTATBHIX OCTI/UKEHb TTapaMeTpis GopMO3MiHN MaTepiaxy Ky30Ba Il i€f0 BHOYXOBOTO HaBaHTa-
JKEHHsI BUKOHAHE 3'siCyBaHHs MeXaHi3MiB pyiiHyBaHHs Ky30Ba crieliaiizoBanux 6ponboBanux aBromobinis KpA3 «Shrek» ta KpA3 «Fiona»
ULl BCTAHOBJIEHHST BIZIMOBIZHOCTI 3asIBJIEHOI TPOTUMIHHOI CTiiiKOCTI aBTOMOGLTIB yropi 3i cranaaprusaiii STANAG 4569.

Kmouosi cnosa: IPOTUTAHKOBI MiHH, IMITYJIbCHE BUOYXOBE HaBaHTasKeHHs!, OPOHbOBaHA TEXHIKA, MaTeMaTHYHAa MOJIENb ehopMaitii, MeToj
CKIHUEHHUX €JIeMEHTIB.

DOI: 10.15587/2706-5448.2021.232050
YAOCKOHANIEHHA MPOLECIB CYMILUOYTBOPEHHA B AU3ENBHUX ABUI'YHAX cropinku 16-18

Kuay6 1. B.

OG6’'e€KTOM OCIKEHHS € Ta30ANHAMIYHI BUXPOBI IPOIECH Y TETEPOTEHHUX TIOJIAMCIIEPCHUX ToTOKaX. OJHUM 3 HAROLIbII TPOOIEMHIX
MUTAHb JBUTYHOOY/YBAHHS € MOBHOTA 3rOPSIHHS Ta MIBU/KICTH BUTOPSIHHS MAJIKMBA B 33/laHUX KOOP/AMHATAX Ha Bi/BEJCHOMY TOAUHHOMY
inTepBasi 1o Kamepi 3ropsiubs. Lli mokasHukM, B CBOIO Yepry, BU3HAYAIOTH JKOPCTKI BUMOTU JI0 BUKOPHUCTAHWX TAJIUB M0 TETIOMi3UUHUX
IapameTpax, sIKi BIJIMBAIOTh Ha PO3NUJIIOBAHHS, BUIIAPOBYBAHHS Ta 3MIIIyBaHHS 3 OKUCIIOBaYeM. B X0/l IpOBe/ileHHS TOCII/IKEHHST BUKO-
PHCTOBYBAJIMCS METO/M MaTeMaTHYHOrO MOJENIOBAHHS Ha MijcTasi Teopii moaibrocTi. Po3pobieno cnocobu miAroToBKU MajbHOI CyMmiri
Juist Ge3/1eTOHAIIITHOTO 3rOPSIHHS JIEIIEeBOr0 aJITEPHATHBHOIO MAJIMBA. 3AIPOIIOHOBAHO METOIUKY OIHKHU SIKOCTI POIMUIIOBAHHST HIU3bKOIIE-
TaHOBUX TaanB. OTPIMaHO MaTeMaTUYHy MOZIETh PO3PAXYHKY 3MIHM MapaMeTpiB SKOCTI pO3NNIeHH: Ta AndepeHIiaTbHoi XapaKTepHCTHKN
YIpPUCKYBaHHs nanuBa. [le HeoOXiHO /st TEOPETUYHUX MOCi/KEHb Ta30IMHAMIYHUX MIPOIECIB Y AOAATKOBIX CUCTEMAX JKUBJICHHS IN3€JIiB
TIPU HecTal[loHapHIN TPUBUMIPHII Teuil 3 TepeMiHHUME HapaMeTpaMH TOJIIMCIIEPCHOTO MOTOKY TajbHOI cyMirii. /J[oBeseHo, 1o mpu 3MeH-
TeHH] YacToTi 06epTaHHsI KYJTauKOBOTO BAIY IIBUIKICT YIIPICKYBaHHs Oy/le HEIOCTATHHOIO /7SI peasti3ailii HeoOXiIHOT TKOCTI PO3ITHIIEHHS
BHACJII/IOK 3MEHIIIeHHs mBuaKocTi. e 103800 nepeoopMuTi KOHCTPYKILIO 10/JATKOBOI CUCTEMH 3 BUKOPUCTAHHAM PO3/IiJIbHOI 110/1Biii-
HOI nofavi nassa. Po3pobsieHo MOCTiHUIBKI 3pa3Ki I0AaTKOBOI CUCTEeMH JKUBJIeHHs ansenbroro asuryna IM3—-24 OH (Spociasebkuit
MOTOpHUI 3aBoj, Pocis). Bukonano nopiBHsibHi BUIIPOOYBaHHS PoOOTH ABUTYHA Ha cTabiIbHOMY Ta30KOH/EHCATI OCHOBHOIO TAJUBHOIO
arapaTypolo Ta J0/[aTKOBOIO cicTeMo10. OTPUMAHO OCIMIIOrPaMi BUTIPOOYBAHb i BUKOHAHO IX aHaJIi3.

PesysraTn 10CITiIKeHD A HiICTaBy I BUKOPUCTAHHS B IN3€IbHIX IBUTYHAX HU3bKOIIETAHOBOTO JIEIIEBOTO ra3oKoHeHcary. Lle 103Bosmth
MOKPAIIUTH €KOHOMIUHI, OTYKHOCHI Ta eKOJIOTIUHI OKa3HUKK POOOTH ABUTYHIB. Y MOPIBHSHHI i3 CTAHIAPTHUMU BUCOKOIIETOHOBUMU MATMBAMU
TiHA MATBHOTO 3MeHITTHCsT Ha 40 %, TOTYKHICTD IBUTYHA 3pocTe Ha 20 %, a eKOJIOTIvHI MOKA3HUKN Bi/IITPAIlbOBAHNX ra3iB mokparisthest Ha 10-30 %.

Kmouosi cnosa: dodamkosa cucmema Hueienis, NAIUGHA ANapamypa, AibmepuamueHe NAiU60, AKicmo PO3NUIIOBANHS, THOYKUIIHULL nepiod,
NOBHOMA 320PAHHAL.

DOI: 10.15587/2706-5448.2021.235403 .
BIUTHB MOPCTKOCTI OXOPOHHMX CIOPYA I'IPHHYMX BUPOEOK HA CTIMKICTD BIYHKX NOPIA Y
BYTNENOPOAHOMY MACGHBI cropinku 19-22

Kopons A. B.

OG6’e€KTOM IOCIIIFKEHHST € MPOIECH YIIPABJIiHHI CTaHOM GIUHKUX MOPIL IS 3ar0biranis o6BaseHb PO3MIAPOBAHOI MOPOAHOI TOBII B ByTJIe-
IIOPO/IHOMY MACHBI, 1110 BMilllae BupoOxu. ITpoBe/eHi 0CTiIKEH S J03BOMMIN BCTAHOBUTH BILIUB JKOPCTKOCTI OXOPOHHUX CIOPY/L FipHUYUX
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BUPOOOK Ha CTIHKICTH GOKOBHX MOPIJL y ByTJenopogHomy Macusi. /loBe/ieHO, 1110 B pe3yJIbTarTi il 30BHIITHBOTO CTUCKAIOUOTO HaBAaHTAKEHHS Ha
miaATpUMyIody GiuHi TOPO/H KOHCTPYKINIO, Y BUTJISI MOJE KYIIB 3 IePeB’THUX CTIHOK, 11 JKOPCTKICTh 301/IBITYETHCS /10 MOMEHTY PYHHYBaH-
Hs1 OXOPOHHOI criopyau. ITic/is 1boTo crnocTepiraeThes MOCUIEHHsT KOHBEPreH T 6iuHuX Mopi i ixX pyiiHyBaHHs. 3MiHa )KOPCTKOCTI ApoOIEHOT
TIOPO/IH B MOJIEJI 3aKJIAJHOTO MACHBY, SIKIIT BUKOPHCTOBYETHCST VTSI IATPIMKH OIYHIIX TTOPiJL, BiOYBAETHCS B Pe3y/IbTaT] YIIIBHEHHS BUXI/-
Horo mMarepiaiy. [le 06ymoBJIeHO TepenakyBaniam Gpaxitiil ApoOaeHol HOPoAN PI3HUX PO3MIPIB i 1T
TaKoi B3a€MOi1 GIYHUX MOPI/ 3 3aKIAHUM MACUBOM 3a0€3I1eUy0OThC ITICHICTD TIOKPIBJI Ta Mi0MBY, Ta 0OMEKYEThCs KOHBepreHiis. s
OLIHKK CTIHKOCTI GIYHUX TIOPIiJI 3aITPOINOHOBAHO BUKOPUCTOBYBATH 6e3p03MipHUil KoedilieHT KoHtenTpanii Hanpyxenb k. leil koedimient
BPAXOBY€ KOPCTKICTH OXOPOHHUX CIIOPY/ TIPHUYKMX BUPOOOK 1 3TMHAIbHY KOPCTKICTH OiYHMX 1Opij. BeranosieHo, 1o Mpu 3HAYEHHAX KO-
edimienta k 6imsbkux a0 nyns (k—0) BinOyBaeTbest BrpaTa CTIHKOCTI OXOPOHHUX CIOPY/ TIPHIMYUX BUPOOOK i pyiHyBaHHs OIYHUX T1OPiz
B BYIVICIIOPOAHOMY MacuBi. 36epeskeHHst MiJICHOCTI GIYHIX MOPIJ i CTIiKiCTh OXOPOHHUX CHOPY/L 3abe3nedyeThes py 3Hadennsx k> 0,1, o
BI/IIIOBI/Ia€ TapaMeTpaM I/ IATANBUX MiATPUMYIOUNX KOHCTPYKITIi. Haii6igbur cipusaTMBo Ha cTaH GiuHUX MOPiz B BYTJICTIOPO/THOMY MaCHUBI
BIUTHBAE CTIOCI6 OXOPOHH 3aKJIA[KOI0 BHPOOJIEHOTO TTPOCTOPY APOOIEHOI TOPO/IH. 3aCTOCYBAHHSI IHOTO CIOCOOY BUKIIOUAE OOBATEHHS 6id-
Hux nopiz. [pu Bupinrerni npobaeMu cTIHKOCTI TIpHUYNX BUPOOOK Ha CTajlii IPUHHATTSA TEXHIYHUX PillleHb HEOOXIAHO BU3HAYATH MUTAHHS
JKOPCTKOCTI OXOPOHHUX CHOPYL 3 ehopMaIliiHuMK XapaKTeprcTUKaMu OIYHUX MOPijL.

Kmouosi cnosa: Giuni 0PO/IM, OXOPOHHE CIOPYKEHHs, AedopMalliiiHi XapakTepucTHKH, TipHruda BUpoOKa, ApobJeHa Mopoja, 3aK/aj-
HUI MacuB.

MATERIALS SCIENCE
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BHKOPHCTAHHA NMYNLCYHYOro PONUAIOBANLHOr0 NOBITPAHOIO NOTOKY AIA ENEKTPOAYI'OBOTD
HATNMNEHHA PI3HUX THIIB MPOBONMOKK  cropinku 23-27

Posnos B. 0., 3axapoea I. B.

OO6’€KTOM JIOCJI/IZKEHHS € YIPABJIIHHS IIPOIecOM (hOPMYBaHHS PO3IUIIOBAIBHOTO OTOKY MOBITPS Ta TEPEHECEHHIM YACTHHOK PiAKOTO
MeTaJy eleKTPOAIB TP AYyroBoMy HamaeHH]. OHUM i3 TPOGIEMHUX MiCIh TIPOIECY yTOBOTO HAMJIEHHS € OKMCIEHHST YaCTHHOK PO3ITHIIO-
BaJIBHOTO MeTasly KICHEM HOBITPSHOTO TIOTOKY B IIPOIeci TPAHCTIOPTYBAHHS /[0 HAIMJIIOBAHOI oBepxHi. [le mpusBoanTsh 110 TOTO, 1110 YTBOPIO-
€TbCS1 IOCUTD BEJINKA KibKICTh OKHUCJIIB XIMIUHUX €JIEMEHTIB, SIKi 3HAYHO [OTiPUIYIOTb MIiIIHICTD 3UCIJIEHHS Ta BUTOPSIIOTD JIETYIOUi eJIeMEeHTH,
sIKi HEeOOXI/[HI JIUIsT OTPUMAHHSI 3HOCOCTIHIKOTO Ta KOPO3iHHOCTIKOTO mOKpUTTst. [IpuaaTHiCTh i CTIHKICTh TOKPUTTIB B TPOIIECi eKCITyaTallii
3aJI€KUTD BiJi MII[HOCTI 3UEIJIEHHS 3 OCHOBOIO.

B xo1i 1ocmi/IpKeH ST BAKOPUCTOBYBAJIMCST METO/IM BUSHAYEHHST MIITHOCTI 3Y€IUIEHHSI TOKPHUTTS 3 OCHOBOIO — 32 OCHOBY B3sTO MeTo «CTe-
(ercar, MeTOIM BUBYEHHSI MIKPOCTPYKTYpH HOKPUTTIB. [lani 06pobisics ta Gyau nobyposani rpadiky 3a1esKHOCTEI.

3anponoHoBaHuil B poOOTI METOL T03BOJISIE MIBUIIATHU SIKICTh OJEP/KYBAHOTO TTOKPUTTS 38 TAKUM MTOKA3HUKOM, SIK MOJITIIIEHHS 32 XiMid-
HIM CKJIQ/IOM. A TaKOXX BIIJTMBATH HA XIMIYHWIT CKJIAJ IMJITXOM YTIPABJIiHHS TIPOIIECOM TIepeHeceHHs PO3IJIABIEHOT0 MeTaly 3aCTOCYBaHHAM
IIyJIbCYIOYOTO IIOTOKY IOBITPSI.

Otpumani pesyJsraTit anpoOaliii MeTojry J03BOJSAIOTh BBAKATH HOTO e(DEeKTUBHIM, TIPO IO CBIYUTD SIKICTh O/IEPIKYBAHNUX TOKPHUTTIB.
Ile 1moB’g3aHO 3 TUM, 110 KOPEKTHICTH TOCTAHOBKK Ta PillleHHs 3ajiaui 3a0e3neunsiv oTpUMaHHs ajleKBaTHUX pesyJsbraris. Ha Biaminy Biax
ICHYIOUMX METOZIB, 3aI[POTIOHOBAHUIT I03BOJISIE 3HAYHO BIIMBATU HA KiJIBKICTh MIKIIMBOTO KUCHIO, SIKUiT Gepe y4acThb B IIPOIeCi yTBOPEHHS
HAIITIOBAHOTO TIOKPUTTSI, 110 A€ MOKJINBICTD OTPUMATH HATIMIEHHIT TTap 3 HEOOXITHUMI €KCIUTyaTalliiiHiMI XapaKTePUCTHKAMU. A TaKOX
JI03BOJISIE THABUIUTH HOr0 sKiCTh 6€3 iICTOTHUX KarmiTaabHUX BUTpaT. KpiM TOro, BUPINIYIOThCS MUTAHHS PECYPCO- Ta €HEPro30epesKeHHs,
OCKITTBKN 3HMIKYETHCST BUTOPSIHHS XiMITHIX €JIEMEHTIB 1 3MEHITYIOThCSI BUTPATH TTOBITPSI TIPH AyTOBIiN MeTasi3aitii. /L Bupimenss nocrtas-
JIEHOTO 3aBJaHHS 3aMPOIIOHOBAHA TIPOCTA KOHCTPYKILiS TIYJIbCATOPa, 110 3a6e3Meuye MOKINBICTD YIPABIiHHS PO3IMIIIOBATLHUM OTOKOM
MIJISIXOM PETYJIIOBAHHS PiBHS IEPEKPUTTSI OTBOPIB.

Kmo4ogi cnosa: 1y TbCyI0UMii PO3MIJTIOBATBHUN MOTIK, HATTMITIOBAHA TIOBEPXIHST, MIITHICTh 3UeTTIEHHST, 3HOCOCTiIKe Ta KOPO3ifHOCTiliKe TOKPUTTSI.

DOI: 10.15587/2706-5448.2021.235421 - o
AHAII3 CMN PI3AHHA NMPH LUUTIGYBAHHI THTAHOBOI'O CIUIABY TA KOPO3IMHOCTIMKOI CTANI KPYTAMH 3
ANMMA3Y, ENEXTPOKOPYHAY TA KYBIYHOI'0O HITPHAY BOPY cropinku 27-33

Ne6epes B. I, Yymauenxo T. B, Becnanosa A. B, Hikonaesa T. B, Omensuenxo E. I.

OG6’'€KTOM JIOCIIIKEHHS € TIPOIIeC KPYTJIOro Ta MI0CKOTO HITi(hyBaHHs THTAHOBOTO CILJIaBY Ta KOPO3IHHOCTIHKOI cTas, a came CuJI pisaH-
Hsl, 110 BUHUKAIOTH [IPU MexaHiuuuii 06pobii. OgHuM 3 Haiibiibi 1pobieMHIX Micllb B po6oTi € miabip HeoOXiAHNX pekUMIB HLTidyBaHHS,
MaTepiay Ta 3epHUCTOCTI MTihyBaTHHOTO KpyTa.

B xo/1i ekcriepiMeHTy BUKOPUCTOBYBAINUCH 3pa3ku TutaHoBoro civiapy BTS8 ta crami 12X18HIT, Ha skux gocipkyBascst mpoiec 1ui-
(dyBanns Kpyramu 3 pisnux marepianis (esekTpokopynz, Ky6iunuit nitpuz 6opy (KHB), anmas). OTpumano BeJmdynnu cui pisanus P, ta
P, B mmpoTi I01yCTUMUX PEKUMIB, sIKi HalluacTille 3aCTOCOBYIOTLCS IIPU KPYIVIOMY Ta IJIOCKOMY ILTi(hyBaHHI, Ta MOXKYTb JI0CATaTH MaKCH-
MaJbHUX 3HaueHsb, Biamosigno, P,=27 H, P,=15,5 H. /lani oTpumani Tpi HeBesMKiit ITBUAKOCTI KpyTa 3 eeKTPOKOPYHY, TTOpsAKy 15 M/c
Ta 3epPHUCTICTIO 8. 3MEHINYIOUN 3€PHUCTICTH KPyTa, OTPUMYEMO eeKT 36i/IblIIeHHs] eHEePIreTUYHUX BUTPAT MPOItecy HiTidyBaHHsl, 32 PAXYHOK
3POCTAHHS BEJIMYMH CHJI Pi3aHHsL. SIKIIO TOPIBHIOBATH CUJIH Pi3aHHS, 1[0 BUHUKAIOTH IIPH NLTihyBaHHI PISHUMHU KPyTraMu, TO MOKJINBO Bi/JI3HA-
YUTH HACTYITHE. Y MOPIBHIAHHI 3 €JIEKTPOKOPYHIOBUMHU KpyraMu, pu Bukopuctanni kpyris 3 KHDB cuim pizanns smenmryiorsest na 20-25 %,
a, 3jilicHOYN HTiYBaHHA aIMa3HUMKM Kpyramn (He3Ba)Kaloun Ha BUCOKMII 3HOC aJIMa3HOTO Kpyra), BILIMB CHJI Pi3aHHS 3HUKYETHCS
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Ha 25-30 %. [Le noB’s13aHO 3 THM, 1[0 YMOBU pisaHHs HAHOLIbII CpUAT/INBI anMasHumu Ta 3epHamu 3 KHB, 1110 1a€ MOKIMBICTH BUKOPUCTO-
BYBaTH OLJIBIIT HAITPYKEH] PESKUMU Pi3aHHsl.
Pesyabratu 10CITZKEHHS I03BOJISIOTH TIPOTHO3YBATHU TIPANE3/IATHICTD NUTI(HYBAIbHOTO KPyTa, 3MEHIIUTH €HEPro3aTpaTi BUPOOHUIITB], & Ta-
KOK CKOPETYBATH PEKIM 0OPOOKH ZI€Tal /ISt OTPIMAHHS HeOOXIZHIX MOKA3HNKIB SKOCTI TIOBEPXHEBOTO MIAPY T4 TEOMETPUIHIX PO3MIPIB J€TAII.
Kmovosi cneBa: Tutanosuii criaB BT8, cuimy pisanus, TexHivyna MilHicTh, KOHCTPYKTUBHA MillHiCTh, 3MEHIIIEHHsI €HEePTOBUTPAT Ha ILTi(DYyBAHHSI.

ELECTRICAL ENGINEERING AND INDUSTRIAL
ELECTRONICS

DOI: 10.15587/2706-5448.2021.232821 . . .
OLIHKA ®0PMH HANIPYTH HA BEPLUKHI ONOPY NIHII ENEKTPONEPEAAYI, YPAMEHOI BIMCKABKOX) HETATHBHOI
TA MO3UTUBHOI MOMAPHOCTI cropinku 34-39

Tpouenxo E. 0., Dixit M. M., Bpakeauunxuit B. 0., Tapax A. 0.

OG6’eKTOM JIOCIIIFKEHHST € CXeMa, sIKa MOJIENIOE yaap OJMCKaBKU B ONOPY JiHii esekrporepeaadi kaacy 220 kB 3 ypaxyBaHHsAM BigOUTTsI
XBuJIi ctpymy Big 10 Halibmkaux onop. Po3paxyHok moTeHIiaty, o BUHUKAE Ha BEPIIMHI YpaKeHOI OMOPH, HeOOXIIHUIT B MOAAIBIIOMY [
BUBHAYEHHS GJIMCKABKO3aXUCTY JIiHii pisHuMu Metogamu. CTpyM OJIMCKAaBKY MA€ KiJibKa MAKCUMYMIB, B pasi O3UTHBHOI TOJISIPHOCTI IMITYJIbCY
i, BIAOBIIHO, KibKa MiHIMyMiB, B pa3i HeraTUBHOI MOJISIPHOCTI, sIKi y3araibHeHo Ha3uBaioTh mikaMu. KpiM Toro, iMIyJibe cTpymy GJIMCKaBKU
Ma€ HETOCTIHy KPYyTH3HY y BCill 06/1acTi HAPOCTAHHS CTPYMY JI0 IEPIIOTO iKY, ATPOKCUMAILS PEATTBHOTO CTPYMY OJIMCKABKH CIIPOIIEHUMI
MareMaTHYHUMHU BUPa3aMi He MOKe BpaxyBaTH BCi Horo peasbii ocobimuBocTi. st GIIbIn AeTalbHOrO MOCTIKEHHS MepeXiHUX MpPOIeciB,
06YMOBJIEHIX TPO30BOIO JIiSLIBHICTIO, iCHY€ HEOOXIIHICTh PK MOIETIOBAHHI BUKOPHCTOBYBATU OCIUJIOTPAMU PEATLHUX CTPYMIB OIMCKaBKU.

3aBIaHHs BU3HAYCHHST HATIPYTH Ha BEPIIMHI ypakeHol omopu JIiHii eJekTporepeaadi 6yJi0 BUPINIEHO 3a J0MOMOTOI0 CXEMOTEXHIYHOTO
MozesoBaHHsI. J[Jist TOramuGIeHOro OCIPKEHHST TOTO, SIK GopMa IMITYJIbCy cTPyMy OJICKABKU BILIMBA€E Ha (GOPMY HANPYTH HA BEPIIKHI ypa-
JKEHOI 01opH, Oy BUKOPHUCTaHi o1npOBaHi OCIIIOTPaMU PEATbHUX CTPYMiB OuckaBku. MoemoBanHs GyJ10 TPOBEEHO ISt 7 IMITYJTbCIB
HeraTHBHOT GJIMCKABKY 3 TIEPIITM MKOM, 1110 BapiioeTbes Bix —33.380 KA 10 —74.188 kA. Y pasi mo3utuBHOi 6MCKaBKU GYJI0 BUKOPUCTAHO 3
OCITMJIOTPAMHU 3 TIEPIIUM ITiKOM, 1[0 BapioeThes Bix +38.461 kA o +41.012 kA.

VY paniii po6oti mokaszamo, 1o Gopma GPOHTY IMITYJIbCY CTPYMY OJIMCKaBKK Ta aMILITY/A TIePIIoro MKy cTpyMy OJMCKaBKH MaiOTh BHPI-
IaJIbHe 3HAYEHHS Ha MAKCUMAJIbHe 3HAUEHHsI HAIIPYTH HA BEPILIHI OO JIiHil eleKTPoIepeiadi, ypaskeHol OickaBkoio. MakciMaibHa HApyTra
BHHHKAE caMe Ha (HPOHTI XBUJI CTPYMY TIepeT IEPIINM IHKOM cTpyMy OmicKkaBku. ToMy, 3BOPOTHE HEPEKPHUTT 13071111 3 o1topu Ha (hasHHit TpoBij
Hal6iLIbIT HMOBIPHO B MOMEHT Yacy Ha (hpoHTi XBUJIi cTpymy. [0 MOMEHTY JIOCATHEHHsSI MAaKCUMyMy CTPYMy Harpyra Ha BEpIIHHI ornopu Oy/e
3HIJKEHA Ha KiJIbKa JIECSATKIB BiZICOTKIB, B IOPIBHAHHI 3 MAKCHMAJIbHOIO HATIPYTOIO Ha OTIOPI, sIKa BUHUKAE 3HAYHO PaHilie Ha (PPOHTI XBUJI CTPYMY.

I[IpoBesnere MoCTiKeHHsT pOOUTH BHECOK B PO3BUTOK METO/IIB PO3PAXYHKY OJIMCKaBKO3aXMCTY JIiHI{T eJleKTporepeiad i posmmpentst 06-
JIACTi 3aCTOCYBAHHS IIPOIPAM CXEMOTEXHIUHOIO MO/IC/IIOBAHHSI.

Kmouosi cnoga: yjiap GJ1CKaBKH, OIICKaBKO3AXMCT, JIHISI €/IEKTPOTIEPeIABAHHST, BIIOUTTS XBIIIb, OCIIIIOTPAMI PEATBHIX CTPYMiB OIHCKABKIL.
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PO3POEKA METOAMKH CTPYKTYPHO-MAPAMETPHYHOI'0 CHHTE3Y MIZICHCTEMH 3ABAJI03AXUCTY CUCTEM
PAAIO3B A3KY CNEWIANIBHOr0 NPU3HAYEHHA  cropinkuk 40-44

Uhnuauskuii A. B, Facax B. I, Facax A. I, Kpasuyk C. M., lllignoscukuii 10. /1, Onanax A. B, Mognincexuii 0. C., Ko6unuxcekmii 0. 0.,
BezcTpounwii 1. M., Oubincexmii A. 0.

OO0’eKTOM JOCHIIKEHHST € CHCTeMa BIHCHhKOBOTO Pajiioss’si3ky. OaHuM 3 HAOLIbII IPOOGJEMHIX MICIb [IPU YIIPABJIIHHI Pagiiopecypcom
BICHKOBUX PalioMEPEK € 3aBaI03aXUIIEHICTh CHCTEM Ta 3ac00iB BIICHKOBOTO Paiio3B’si3Ky. JlOCTiIPKEHHIO IUISIXIB M/IBUIIIEHHS 3aBa103a-
XMIEHOCTI cucTeM Ta 3aco0iB BiliChKOBOTO Pajlio3s’a3Ky MPUCBsSYeHO HU3KY poobitT. [IpoTe Bigomi po6OTH MICTATH OKpeMi pe3yJIibraTu J10CIi-
JUKeHb BUCHHUX, 1110 CIIPSAMOBaHI Ha IiBUIECHHS 3aBa/l03aXUIIEHOCT] CHCTEM Ta 3ac00iB BificbKOBOTO Pajiio3B'sI3Ky Ta He MAIOTh KOMILIIEKCHOTO
miaxomy. Y maniit po6oTi BUpIilIeHO 3aBAaHHST 3 PO3POOKH METOAUKH CTPYKTYPHO-TIAPAMETPUYHOTO CHHTE3Y TTiACUCTEMU 3aBAI03aXUCTY CHC-
TeM Pajlio3B’sI3Ky Clelia/IbHOIO IIPU3HAUCHHS.

Hayxkose 3aBpanus BUpilIeno 3a omoMoroio ¢gopMasisaliii 3aBanHsa CTPYKTYPHO-TTapaMeTPIYHOTO CUHTE3Y MiZICHCTeMN 3aBa/[03aXNCTy
CUCTEM BiliCbKOBOTO PA/i03B’sI3KY, MOYNHAIOUN 3 ii MATEMATHYHOTO OIUCY Ta CHHTE3Y KUJIbKICHOI Ta SIKICHOI CTPYKTYPH IiICCTEMU 3aBa/10-
3axucty. B Xoi MpoBeseHOro MOCITiKEHHsT aBTOpaMy poOOTH OYJIM BUKOPUCTaHI OCHOBHI MOJIOXKEHHST TEOPii MacoBOTO OOCJIYTOBYBaHHS,
Teopii aBTOMAaTU3allii, Teopii CKIAAHNX TEXHIYHUX CUCTEM, & TAKOK 3aTaIbHOHAYKOBI METOIM TTi3HAHHS, a caMe aHasizy Ta cuaredy. HoBuzna
3a3HAYEHOT METONKH [TOJISITAE B CHHTE31 CTPYKTYPU CHCTEMN BiliCHKOBOTO Pa/lio3B’sI3Ky Ta apaMeTpiB CHCTEMH Pajiio3B 13Ky B YMOBaX pajiio-
€JIEKTPOHHOTO KOHMITIKTY. 3a3HaueHa MeTOIMKA € 6AraTOKPHUTEPIATbHOIO, B SIKill TAapaMeTpH € PI3HUMI 32 3HAYMMICTIO. B OCHOBY 3a3HaueHO0
METOJIMKY TIOKJIAICHII TPUHITUIT HeJliHiitHOT cxemu KomtipoMiciB A. H. Boponina. 3agnauena MeTonka 103BOJISIE:

— CHHTe3yBaT! CTPYKTYPy CHCTEMH Pa/[io3B’sI3Ky B YMOBaX Pa/lioeleKTPOHHOTO KOH(DIIKTY;

— BU3HAYUTH ONTUMAJILHY KiIBKICTb 32C001B Pajtio3s’si3Ky /17ist 3a0€31eUeHHs 3aB/IaHb YIPABJIHHS B YMOBaX Pa/lioelIeKTPOHHOTO KOH(IIKTY;

— oOrpyHTyBaTH HaGip MEXaHi3MiB TIBUIIIEHHS 3aBa/I03aXUIIEHOCT] ITACKCTEMH 3aBaJI03aXUCTY B YMOBAX PaJiOCIEKTPOHHOTO KOHMIIIKTY.

PesymnbraTi 10CTizZKEHHSA OIIIBHO BUKOPUCTOBYBAT! HA €Talll IJTAHYBAHHSA Ta OIePaTHBHOTO YIIPaBJIiHHS CTPYKTYPOIO Ta ITapaMeTpaMi
poboTH cucTeM BIiCBKOBOTO Paio3B s3Ky.
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KmouoBi cnoBa: cricrema BilicbKOBOTO pajiio3s’si3Ky, iepapxiuHa JeKoMIT03u1list, (PyHKIlIOHAIIbHA CTPYKTYPa MePesK, PajlioesieKTPOHHE T10-
JaBJIeHHs, lecTabimizyoui hakropu.
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PO3POBKA METOAY ONTHMISALII MPOAYKTHBHOCTI APXITEKTYPHO-HE3ANIEM(HUX ANTAPATHHX
INATPOPM cropinku 45-49

DOyna . T.

OG6’ekTOM H0CTiFKEHH € oAHomIaTHuil komm'iorep Raspberry Pi. ¥ po6oTi pociifzKyeTbest onTUMizallis apXiTeKTypHO-He3alesKHIX
arapatHux miaTdopm Ha Horo npukaaLi. B 0CHOBY HOCII/DKEHHS MOKIaJAeHO KOMIIEKCHUN HAYKOBHH Mi/Xi/, SIK1il GA3y€EThCs HA CHCTEM-
HO-aHAITUIHOMY, CTPYKTYPHO-(DYHKIIOHATLHOMY, eMIIPHYHOMY Ta THIOJoTiuHoMY migxomi. ITixkpecaeno, mo Bes miniiika Raspberry Pi
3acrocoBye mporecopu 3 APM-apxitekryporo. HasegeHo renesuc Raspberry Pi, BusHaueno mapamerpy octaHHboi 36ipku. HarosorieHo,
o ocraHHst Bepcist garyerbest aucronagoMm 2020 poky. Bona ocnamena Gesgporosumu WiFi ta Bluetooth moxymsvu (2xUSB 3.0 Ta
1xUSB 2.0 noprtu tunty A, 5.0, BLE), siki posumupioiors mexi sactocysanns Mini-ITK B o6acti Ethernet-rexuosoriii Ta mae yacrory 1.8 I'Tir.
ChopmoBano 30BHiIIHI BUTJISA oHi€eT 3 oy sipuux miat Raspberry Pi B+, 3 Bijjokpemsientsim ocHoBHUX 6JIOKiB. Busnaueno ocHOBHI
NPUHIMIN THABUIIEHHS TPOAYKTUBHOCTI ofiHOIIaTHOTO KoMITIoTepa Raspberry Pi, KojkeH 3 SIKHX IPYHTYETbCS Ha EBHOMY MeXaHizmi. Y
nepiomy Bapianti — e gogasannst ZRAM y sikocTi 6;I0K0BOTO MPUCTPOIO HA OCHOBI CTUCHEHOTO OIIEPATHBHO 3a1aM’SITOBYIOUOTO TPUCTPOIO.
Omnmwcano npunnmn aii ZRAM, nasegeno mMexanizm aktusaiii ZRAM wa Raspberry Pi. [lyist migiBUIEHHS TPOAYKTUBHOCTI OHOIMIATHOTO
komir'iorepa Raspberry Pi o6rpynrosano sactocyBantsg NVMe-aucka. Iliakpecieno, o NVMe-auck € HaAiitHuM, Ma€ BUCOKY MIBUAKICTD
nepeayi ganux. Iigkaouyerns foro g0 ogHomIaTHoro Komir'orepa Raspberry Pi € onrumaabHuM pillieHHAM ISt THABUIEHHST TIPOYK-
TuBHOCTI. HaBezeno mociloBHicTh HaAIITyBaH s, 3alPONOHOBAHO YKceabHUIT pesysbrar pobotn NVMe-aucky wa 6Gasi 0AHOIIATHOTO
komm'torepa Raspberry Pi. 3anponoHoBaHo, y SIKOCTi NIPUHIUITY TABUIEHHS MPoAyKTHBHOCTI, BcTanosieHHss ICE Tower CPU Ha Gasi
Raspberry Pi. 3asuaueno, mo ICE Tower CPU — 1e oxosio/pkyioua cucreMa, sika pusHadena st oxosoukerns Raspberry Pi. Onucano
npunnunu Hanamrysanus ICE Tower CPU rta pesysbrar KoJMBaHHS TeMIepaTypHUX CKJIQHUKIB 3a JIOIIOMOTOIO rpi-monitor. Y pamkax
MIPOBEJIEHOTO JIOCIIIKEHHS OTPUMAHO TOJIIIIEHHS TIPOLyKTUBHOCTI Bist 26 % 110 34 %, 1110 B OCHOBHOMY BIi/ITIOBI/Ia€ O4iKyBAHOMY TEOPETHY-
HOMYy noJiinientio Ha 34 %.

Kmovoei cnoga: onHoTaTHIH KoM iotep Raspberry Pi, APM-apxiTekTypa, IPONyCKHA 3/[aTHICTh, apXiTEKTyPHO-He3aIeskHa 1aTdhopma,
ICE Tower CPU.
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JOCNIAMEHHA BIUVTKBY KOPNYCY HA EPEKTHBHICTD OXOMOAMEHHA T'E30KEPAMIYHOr0
ENEKTPOAKYCTHYHOr'O NEPETBOPIOBAYA THIY NAHMEBEHA cropinku 50-55

NMepuesceska /. B, fiposaenko 0. I, fpozpenxo K. C., Neiiko 0. T

OG6’e€KTOM JIOCIIIJIKEHHST € TETJIOBI MPOIeCH B I'€30KepaMiyHoOMy ejiekTpoakycTnanoMy neperBopiosaui (ITEIT) tumny Jlamskesena 3 ypa-
xyBaHHsM Kopiiycy. [Ipu poboTi m'e3okepamMiuti eJeKTpoakyCcTH4Hi 1epeTBopioBadi HarpiBaioThest. [leperpis meperBopioBaya HPU3BOAUTD
710 HETaTUBHUX HACJIiJIKIB, IO CYTPOBOXKYIOTHCS 3MIHOIO MapaMeTpiB, XapaKTepPUCTUK MPHUJaLy, TAKOXK BUXOJOM 3 Jay IepeTBoploBava.
AG0 0OMEKEHHSIM HA TPUBAJICTD 1 PEXKUM POGOTH, BUXI/IHY TIOTYKHICTb, CTPYM, aMILTITY/y Ta IIBU/KICTh KOJUBAHb IEPETBOPIOBAYA.

B po6oTi mpoBeaeHo AOCHIIKEHHS BILIMBY KOPITyCy Ha Temmepartyphe nose ITEIT tumy JlaH)KeBeHa METONOM CKiHYEHUX €JIEMEHTIB,
3a foromoroio MoziemoBarHst B SolidWorks. TTokasaHo pesysisraTi 3MeHIIEHHST TEMIIEPATYPH TAKUX METOIB OXOTOKEHHSI:

— 3aII0BHCHHSI [IOPOKHUHY KOPILYCY €JICKTPOi30JIALIIIHOIO PIANHOIO, Ta30M, CYMIIIIIIIO TEPMOIIACTH;

— BUKOPHCTAHHS OTBOPIB B KOPIIYCi;

— 3MiHa (OPMU THJIBHOI HAKJIAJKU Ha Taky, 1[0 Ma€ pajiaTopHi 60KoBi peGpa, BepTUKaAbHI pagiaTopHi peOpa, MHIIHAPUYHI pagiaTop-
Hi pe6pa;

— TETIOPO3CIIoU it 1ap;

— BUKOPHCTAHHS aKTMBHOTO OXOJIO/KEHHSI ITOBITPSIM 3 TPhOMA PI3HUMHM IIBUAKOCTSIMH.

Busiiena maitbinbina eekTuBHICTh 53 % Ta piBHOMIpHE TeMIIepaTypHe TOJIe TIPH 3alIOBHEHH] CYMITIII TePMOTIACTH, aJie TaKe PillleHHsI
CYIPOBO/UKYETHCS IOIATKOBUMU €KCIIEPUMEHTAMHU Ta IArOTOBYUM eTtaroM 3 cyMintmo. Edexrushicts oxonomkents 47 % 1aio akTupHe
OXOJIOJIPKEHHST — OOYB TOBITPSIM, Ta JUIsI TAKOTO CIOCO0Y HeOOXiTHO T0AaTKOBe 00 TaHAHHS. 3allOBHEHHS €IeKTPOI30MISIINHOI0 PiIHOI0
nano ebeKTUBHICTh OXOJOKEHHS 27 % — ONTHUMAJIbHUN PE3YJIbTaT, sIKIil He ToTpeGye A0pOoroBapTiCHUX BKJajieHb. [1oBibHe 0OMyBaHHS
Kopiycy abo 01aBaHHsI TIJIBKU OTBOPIB JaJ0 3MEHIIEHHs TEMIEPaTypu MakUCMaIbHOro HarpiBy Big 10 10 20 %, TOMY, SIKIIO KOHCTPYK-
izt TTEIT 1o3BoJIsi€ HasiBHICTH OTBOPIB, TO HEOOXIZHO PaIlioHANBHO IX po3TamoByBaTi. 3MiHa (HOPMU THIBHOI HAKJIAIKH, TEILIOPO3CIIOUMI
€JIEMEHT, 3alOBHEHHsI KOPILYCY Ta3oM a0 e(heKTUBHICTb 3MEHIIEHHs MAaKCUMaJIbHOI Temreparypu Ha 6—8 % y MOpPIBHIHHI 3 3aKPUTHM
KOPITYCOM 3 TTOBITPSIM.

PesyabraTu 10CIIIKEHD Q0T MOKJIUBICTH 0OPATH ONTUMAIBHUIT BapiaHT 3MeHIIeHHs TeMieparypu HarpiBy [TEIT Tury JlanxeBeH st
nigBuIeHHs eeKTUBHOCTI H0ro poboTH Ta TpuBaIoi Ge3BiKa3HOI pOOOTH.

KmouoBi cnoBa: 11'e30KepaMivHUIl eJIeKTPOAKYCTHYHUI IIepeTBOPIOBaY, IepeTBopioBay Tuily JlamkeBeHa, CTPIIKHEBHUII IepeTBOPIOBAY,
HarpiB IepeTBOPIOBAYA, TEIJIOBE 0JIC IIEPETBOPIOBAYA.
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BHKOPHCTAHHA BIAXOAIE BAPOEHMLTBA LWEBEHID AK AOEPUB ANA BUPOLYBAHHA TEXHIMHUX
EHEPTETHYHUX KYNBTYP cropinku 56-58

Boxpapenxo A. 0., Tsepaa 0. f., Penin M. B., Tkauyk K. K., Kothanos 0. E., Kothanosa 0. B.

OG6’ eKTOM JIOCIIKEH ST € MPOIeC YIPaBJIiHHA Ta OBO/PKEHHS 3 BiaxogamMu BupoOHuiTsa mebenio. [IpoanamizoBano cydacHi miaxoam
JI0 yTUJIi3alil Bixoais BupobHUIITBA eheHIo. Bussieno, mo Biaxoau BUpOOHUIITBA MEOEHIO, B OCHOBHOMY, BUKOPUCTOBYIOTbCS Y 6ylliBeJlb-
Hill Tamysi, a 00CsATH BUKOPUCTAHHS € HEOCTATHIMHE, 1106 HeHTpaIi3yBaTh BIUIMB Bi/[BAJIiB Ha HABKOJMIIHE cepegoBuiie. IIpoanasiizoBano
XIMIYHUI CKJIaJ] BiIXO/IiB BUPOGHUIITBA 1IEGEHIO Ta TIPOBEIEHO EKCIIEPUMEHT JIJIsl BUSHAYUEHHST MOJKJIUBOCTI X BUKOPUCTAHHS SIK IOOPUB ISt
BUPOIILYBAHHST TEXHIYHUX €HEPTeTHIHUX KyJIbTYP. JLJIst IpoBesieH st 10cIiy 0O0paHo eHepreTudHy KyJasrypy — copro. Hacinuuu copro posmi-
HLyBaJIM Y JIBA TUIH TPYHTY: 3BUUYal o1l TOpd stiuii cyberpar i Topd’siHuii cyGeTparT 3 ogaBaHHsIM TipehKol opoau B criBBigHomeni 60:40.
Binxonu BupoOHUIITBA MeGEHI0 — ripchKa MOPO/a, 0 CKAaLy sAKoi BXoaaTh: kBapiutT — 90-98 %, nipodinit — 1-9 %, pyanuii minepan —
0,3—1 %. Pesybrati eKCIepUMEHTY TTOKA3aJH 301TbIMeHHsT 6i0Mach cOpro, BUPOIIEHOTO Ha TOPG STHOMY CyOCTpaTi 3 [0[aBaHHsIM TipCHKOT
nopoau, y 1,5 pasa, y IOPIiBHSIHHI 3 BUPOIIEHUM Ha 3BUYaiiHOMY TOp( ' ssHoMy cyOeTpari. Bianosiano enepreruanuii Buxia copro 3 1 ra moss
Tako 3pocte Ha 50 %. Oxpim 30ibieHHsT 6 ioMach cOpro, B pe3yJIbTaTi eKCIePUMEHTY BCTAHOBJIECHO 301IbINEHHS KiJTbKOCTI BTOPUHHUX Ta
TPETUHHUX KOPIHIIB 32 yMOBHU BUPOIIYBaHHs HOT0 Ha TOp( stHoMy cybeTpari 3 0JaBaHHsIM TipChKoi Mopo/u. Bijbii possrHena Koperesa cu-
CTeMa JIA€ MOKJIUBICTD POCHMHI OTPUMYBATH OiJIbIIE BOJOTY Ta JKUBUJIBHUX PEYOBHH, THM CAMHUM ITi/[BUIILYIOUH TI BATPUBAJICTD 1 TIOCYXOCTIli-
KicTh. OTpHUMaHi pe3y IbTaTi MOKHA TTOSICHUTH TIO3UTHBHIAM BILTMBOM KPeMHe3eMY, 3 sIKoro Oirbi Hixk Ha 90 % ckiazeHa Tipchka mopoza, Ha
PICT i POZBUTOK POCJIUH. 3alPONIOHOBAHO ITi/IBUIILYBATH PiBEHb €KOJIOTIUHOI Ge3MeKn TipHIIOA00YBHIUX PEriOHIB 32 PAXyHOK BUKOPUCTAHHS
BIZIXO/IiB BUPOOHUIITBA MIEHEHIO K A0OPUB /ISt TEXHIYHUX €HEPreTUYHUX KYJIBTYP Ta MepPexojly Ha aJbrepHaTHBHI JsKepesa eHeprii, 30KpemMa
6ioImainBo, BUTOTOBJIEHE HA OCHOBI IIUX KYJIBTYD.

Kmiouosi cnoBa: yTiiiizaiiis Bi/iBasiiB TipChKUX 110Pijl, eHEPreTUYHi XapaKTePUCTHKI COPro, (hisNKO-XiMiuHI XapaKTepUCTUKN COPTO.
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