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The paper discusses the combined methods of increasing heat
transfer, effects of adding nanofluids and ultrasonic vibration in the
radiator using radiator coolant (RC) as a base fluid. The aim of the
study is to determine the effect of nanoparticles in fluids (nanofluid)
and ultrasonic vibration on the overall heat transfer coefficient in
the radiator. Aluminum oxide nanoparticles of 20—50 nm in size pro-
duced by Zhejiang Ultrafine powder & Chemical Co, Ltd China were
used, and the volume concentration of the nanoparticles varied from
0.25 %, 0.30 % and 0.35 %. By adjusting the fluid flow temperature
of the radiator from 60 °C to 80 °C, the fluid flow rate varies from
7 to 11 Ipm. The results showed that the addition of nanoparticles
and ultrasonic vibration to the radiator coolant increases the overall
heat transfer coefficient by 62.7 % at a flow rate of 10 liter per minute
and temperature of 80 °C for 0.30 % particles volume concentration
compared to pure RC without vibration. The effect of ultrasonic
vibration on pure radiator coolant without vibration increases the
overall heat transfer coefficient by 9.8 % from 385.3 W/m?°C to
423.3 W/m?°C at a flow rate of 9 liter per minute at a temperature
of 70 °C. The presence of particles in the cooling fluid improves the
overall heat transfer coefficient due to the effect of ultrasonic vibra-
tions, nanofluids with a volume concentration of 0.25 % and 0.30 %
increased about 10.1 % and 15.7 %, respectively, compared to no
vibration. While, the effect of nanoparticles on pure radiator cool-
ant at 70 °C enhanced the overall heat transfer coefficient by about
39.6 % at a particle volume concentration of 0.35 % compared to RC,
which is 390.4 W/m?°C to 545.1 W,/m?2°C at 70 °C at a flow rate of
10 liter per minute.

Keywords: nanofluid, aluminum oxide, radiator coolant, ultra-
sonic vibration, overall heat transfer coefficient.
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Early detection of faults in DC motors extends their life and lowers
their power usage. There are a variety of traditional and soft comput-
ing techniques for detecting faults in DC motors. Many diagnostic
techniques have been developed in the past to detect such fault-related
patterns. These methods for detecting the aforementioned potential fail-
ures of motors can be utilized in a variety of scientific and technological
domains. Motor Power Pattern Analysis (MPPA) is a technology that
analyzes the current and voltage provided to an electric motor using
particular patterns and protocols to assess the operational status of the
motors without disrupting production. Engineers and researchers, par-
ticularly in industries, face a difficult challenge in monitoring spinning
types of equipment. In this work, we are going to explain how to use the
motor power pattern/signature analysis (MPPA) of a power signal driv-
ing a servo to find mechanical defects in a gear train. A hardware setup
is used to simplify the demonstration of obtaining spectral metrics from
the power consumption signals. A DC motor, a set of metal or nylon
drive gears, and a control circuit are employed. The speed control circuit
was eliminated to allow direct monitoring of the DC motor’s current
profiles. Infrared (IR) photo-interrupters with a 35 mm diameter, eight-
holed, standard servo wheel were employed to gather the tachometer
signal at the servo’s output. The mean value of the measurements was
318V for the healthy profile, while it was 330V for the faulty gears
power data. The proposed power consumption profile analysis approach
succeeds to recognize the mechanical faults in the gear-box of a DC
servomotor via examining the mean level of the power consumption
pattern as well as the extraction of the Power Spectral Density (PSD)
through comparing faulty and healthy profiles.

Keywords: monitoring, DC servomotor, power consumption,
pattern recognition, power profile, mechanical faults.
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This paper has proposed and substantiated the application of
an additional diagnostic parameter for assessing the state of stator
windings of induction motors during operation. The dependences of
the values of phase shifts between phase currents and phase voltages
have been obtained. These dependences showed that when an inter-
turn short circuit occurs in the stator windings, the phase shifts are
the same for all phases of the motor. That has made it possible to
obtain the dependence of the change in phase shift on the change in
the engine shaft rotation frequency.

This study’s result has established the dependence of the rates of
change of the phase angle on the engine shaft rotation frequency for
both one and two damaged phases with varying degrees of damage.
When analyzing these dependences, it was found that with an increase
in the number of damaged phases of the electric motor, the linear sec-
tion of the dependences decreases. In addition, with an increase in the
degree of phase damage, the angle of inclination of the linear sections
of the characteristics decreases. That has made it possible to determine
an additional parameter for diagnosing the place and degree of an
inter-turn short circuit of the windings in an induction motor with a
squirrel-cage rotor. The values of the additional parameter, termed by
this paper’s authors as a “phase criterion” can be used to assess the con-
dition and degree of damage to the stator winding of induction motors.
The values of the phase criteria for various types of damage were: when
phase A is damaged by 90 %, £=0.634, (deg)?/(rpm)% when phase A is
damaged by 80 %, £=0.393, (deg)?/(rpm)% when phase A is damaged
by 80 % and phase B is damaged by 90 %, £=0.25, (deg)®/(rpm)?
when phase A is damaged by 80 % and phase B is damaged by 90 %,
£=0.173, (deg)?/(rpm)>.

The results of this research could be used to select an effective
method for diagnosing an inter-turn short circuit in the stator wind-
ing when building a diagnostic system for induction motors as part
of drives of transport equipment.

Keywords: transport infrastructure, induction motor, inter-turn
short circuit, phase currents, diagnostic parameters.
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Among the transformer-less DC-DC converters, the superior-
ity of the conventional Cuk converter is obvious in its good prop-

erties. However, the output power is limited for all transformer-
less converter types including the conventional Cuk converter.
In order to get more supplied power from this converter, some
changes in its design were necessary. One of these modifications
is to add a transformer to transfer more power and to separate the
output side from the input side. Supply of some applications such
as the DC link of modular multilevel inverters, e. g. cascaded H-
bridge (CHB) topologies required more than one output. Hence,
this paper is concerned with the design, analysis and simulation
of an isolated dual-output modified Cuk converter. The proposed
converter is designed to deliver a total output power of 2,000 W
using only one modulating switch. A complete design and detailed
analysis of the high-frequency transformer with the ANSYS
Maxwell platform is presented in this paper. The modeling and
simulation results of the high-frequency transformer are validated
by the experimental implementation results and good agreement
was obtained with a small percentage of errors less than 4 %. A
set of analytical equations has been derived and presented in this
paper to represent a mathematical model of the converter. In ad-
dition, the entire converter circuit was simulated and analyzed
with MATLAB/Simulink. The simulation results were checked
and compared to the findings of the mathematical model, yielding
an excellent match with a percentage error of less than 2.15 %.
Finally, when the presented converter was tested under various
loads, including unbalanced load situations, a reasonable output
voltage regulation was achieved, with the two output voltages
being nearly identical with a deviation of less than 0.25 % under a
severe unbalanced load condition of 150 %.

Keywords: isolated Cuk converter, DC-DC converter, double-
output high-power converter, high-frequency transformer.
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This paper proposes an approach to modeling the process of
artificial ventilation of human lungs by their controlled filling
with a fixed volume of air, using an incentive spirometer Coach
2. This makes it possible to simulate the ventilation process for
a healthy person and to link the assigned respiratory volume to
measurement data. The results of experimental studies of the
developed system of multifrequency electric impedance tomog-
raphy are presented. The tests were performed for the frequency
range from 50 kHz to 400 kHz (with a pitch of 50 kHz) at as-
signed respiratory volumes from 500 ml to 4,000 ml (with a pitch
of 500 ml) for five inhalation/exhalation cycles. The scheme of
research: active inhalation — passive exhalation, the number of
tested volunteers — 3 people from the developers of the system.
As a result, the dependences of the measured values of changes
in potentials on the frequency of injected current for different
respiratory volumes in three test participants without pathologies
of the respiratory function and the external respiration function
were obtained. The obtained results of the experimental studies
show that there is a dependence of the value of the measurement
data both on the volume of inhaled air and on the frequency of the
injected current. This feature can be used to develop a number of
medical devices for personalized monitoring of human lung func-
tion. It was also revealed that there are frequencies at which the
maximum spread of measurement data according to the results
of a series of repeated experiments is observed. At the same time,
the nature of the change in the measurement data of the EIT at
an increase in the volume of inhaled air is the same for all test
participants. It is assumed that this feature can also be used to
increase the EIT personalization degree.

Keywords: electric impedance tomography, multifrequency,
measurement data, respiratory volumes, experimental studies, con-
ductivity.
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The results of mathematical modeling of stationary physical
processes in the electron-hole plasma of the active region (i-region)
of integral p-i-n-structures are presented. The mathematical model
is written in the framework of the hydrodynamic thermal approxi-
mation, taking into account the phenomenological data on the
effect on the dynamic characteristics of charge carriers of heating
of the electron-hole plasma as a result of the release of Joule heat
in the volume of the i-th region and the release of recombination
energy. The model is based on a nonlinear boundary value problem
on a given spatial domain with curvilinear sections of the bound-
ary for the system of equations for the continuity of the current of
charge carriers, Poisson, and thermal conductivity. The statement
of the problem contains a naturally formed small parameter, which

made it possible to use asymptotic methods for its analytical-nu-
merical solution. A model nonlinear boundary value problem with
a small parameter is reduced to a sequence of linear boundary value
problems by the methods of perturbation theory, and the physical
domain of the problem with curvilinear sections of the boundary
is reduced to the canonical form by the method of conformal map-
pings. Stationary distributions of charge carrier concentrations and
the corresponding temperature field in the active region of p-i-n-
structures are obtained in the form of asymptotic series in powers
of a small parameter. The process of refining solutions is iterative,
with the alternate fixation of unknown tasks at different stages of
the iterative process. The asymptotic series describing the behav-
ior of the plasma concentration and potential in the region under
study, in contrast to the classical ones, contain boundary layer cor-
rections. It was found that boundary functions play a key role in
describing the electrostatic plasma field. The proposed approach to
solving the corresponding nonlinear problem can significantly save
computing resources.

Keywords: asymptotic series, boundary layer correction, con-
formal mappings, singularity, electron-hole plasma, p-i-n-structure.
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The paper considers the features of the formation of an acoustic
field by a spherical source with complicated properties in a regular
plane-parallel waveguide, which is of practical importance in marine in-
strumentation and oceanographic research. The calculation algorithm is
based on the use of the Helmholtz equation and the Fourier method for
each partial region and the conjugation conditions on their boundaries.
The presented calculation allows one to get rid of the idealized bound-
ary conditions on the source surface, with the subsequent determination
of the excitation coefficients of the waveguide modes within the frame-
work of the Sturm-Liouville problem. In this case, the attraction of the
boundary conditions on the surface and the bottom of the sea, as well as
the Sommerfeld conditions, makes it possible to obtain the real distribu-
tion of the field in the vertical sections of the waveguide.

The obtained frequency dependences of the pressure and vibra-
tional velocity components show their amplitude-phase differences,
which reach 90 degrees, which partially explains the appearance of
singular points in the intensity field in a regular waveguide. It has
been determined that multiple reflections of sound waves from the
boundaries of the working space and the space of the waveguide cause
oscillations of the pressure components with a change in the ampli-
tude level up to 6 dB. It was found that with an increase in the size
of the source, a kind of resonance is formed in the working space, the
frequency of which depends on the depth of the sea and corresponds
to the region kr=x=5.8. It was found that when the acoustic field is
formed in the working space, the frequency response of the impedance
components is represented as a multiresonant dependence formed on
the basis of the frequency characteristics of the lower modes and their
combinations. Experimental studies have shown that the results of
calculations of the mode composition of the acoustic field of the emit-
ter, obtained in the conditions of the pool, correspond to the spatial
characteristics of the mode components of the acoustic field with an
error of up to 3 dB.

Keywords: acoustic field, acoustic plane-parallel waveguide,
spherical source, partial regions.
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Sensors used in rocket and space technology are subject to
extreme external influences in terms of temperature, vibration,
and shock. Therefore, the choice of the type of sensors is justified
precisely by the resistance to such factors, as well as the ability to
ensure the temporal and parametric stability of measurements. A
new type of sensors — fiber-optic ones — meets these conditions.
The basis for the selection and further improvement of such sen-
sors were such requirements as minimum power consumption, high
accuracy and stability of measurements, the ability to combine
several measurements in one sensor. It is noted that for space infra-
structure the factor of the possibility of simultaneous measurement
of several parameters with one sensor is one of the important qual-
ity indicators. This is due to the possibility of reducing the number
of sensors themselves, which reduces the mass and size parameters
of space technology. This applies, first of all, to measurements of
pressure and temperature, since they, in aggregate, account for at
least 40% of all measurements in space products. The path of choos-
ing the types of methods and sensor designs led to the combination
of the amplitude conversion method and optical communication
in one sensor. In this case, amplitude modulation of pressure and
temperature is carried out by a microelectromechanical unit (mod-
ule), and the modulated optical signal is transmitted by an optical
module. Such a modular composition of the sensor makes it possible
to dispense with optical analyzers (interrogators) and carry out
further processing based on standard interfaces. A limitation of the
proposed methods and designs is the need for microelectromechani-
cal structures that measure certain physical quantities. Such struc-
tures for fiber-optic sensors are not mass-produced; therefore, their



manufacture can be established at instrument-making enterprises
with microelectronic equipment.

Keywords: fiber-optic sensor, photodiode, laser light-emitting
diode, Bragg grating, combined.
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AHAJII3 BII/IUBY YJIbTPA3BYKOBHX KOJIMBAHb HA HAHOPIZIVHY B AIKOCTI XOJIOJOATEHTY
PAJIIATOPA IBUT'YHA (c. 6-13)

Sudarmadji Sudarmadji, Santoso Santoso, Sugeng Hadi Susilo

V cTarTi posrasganThes KOMOIHOBaHI MeTOAM 30IIbIIEHHS TEMIoNepeadi, BIVINE A0aBAHHS HAHOPIAWH | yIBTPa3ByKOBUX KOJIH-
BaHb B pajiaTopi 3 BUKOPUCTAHHAM XoJofoareHTy paaiatopa (XP) B axocti ocHOBHOI piznnu. MeTolo gocikenns 6yJao BUSHAYUTH
BIINB HAHOYACTHHOK B pi/inHax (HAHOPi/MHI) i yIbTPa3ByKOBUX KOJIMBaHb HA 3arajpbHuil KoedilieHT Temnsonepeaadi B pajgiatopi. Bu-
KOPUCTOBYBAJINCS HAHOYACTHHKY OKCHLY agioMiniio posmipom 20-50 um supobmuirsa Zhejiang Ultrafine powder & Chemical Co, Ltd,
Kuraii 3 06’emHuo010 KonlenTpaieo 0,25 %, 0,30 % i 0,35 %. Peryiowouu TeMiepaTypy HoToKy pimuuu B pagiaropi sig 60 °C o 80 °C,
MIBUJIKICTD MTOTOKY PiAMHN BapifoeThes Bif 7 10 11 1/xB. Pesynbratn mokasam, mo Jo/jaBaHHsa HAHOYACTUHOK 1 y/IBTPa3BYKOBUX KOJIN-
BaHb B XOJIO0ATEHT pajiiaTopa 361blirye 3araabHuii koedirient remonepeaayi va 62,7 % mpu mBuAKOCTI TOTOKY 10 JTiTPiB 3a XBUIUHY
i remneparypi 80 °C mis 06’emuoi konuentpaii yacturok 0,30 % B nopiBHsAHHI 3 unctum XP 6e3 BiGparii. Biums yibrpasBykoBux
KOJIMBAHb Ha YUCTHI X0JI0/10areHT pajiaTopa 6e3 Bibpaitii 36inbinye saranpuuii koedinient tenmonepenayi na 9,8 % 3 385,3 Br/m*°C
10 423,3 Br/m2-°C nipu mBUAKOCTI T0TOKY 9 1iTpiB 3a xBusuny npu remiepatypi 70 °C. IIpucyTHicTh YacTHHOK B OXOJIOKYI0Ui i pinmi
MiIBUIYE 3arajbHuii KoedIilieHT Teraonepeaadi 3a paxyHoK BIUIMBY YJIBTPa3BYKOBUX KOJMBAaHb, HAHOPIAWH 3 00'€MHOI0 KOHI[EHTPa-
i€ 0,25 % i 0,30 % npubausuo na 10,1 % i 15,7 % BiAmOBiAHO MOPIBHAHO 3 BiAcyTHiCTIO BiGpallii. ¥ Toii yac SK BIJIMB HAHOYACTHHOK
Ha yucTuil xonomoarent pagiatopa npu 70 °C 36inpmumB 3araapuuii koedinient Termmonepeaadi npubausno ma 39,6 % npu 06’emuiii
KoHIenTpaiii yactunok 0,35 % B nopisusanni 3 XP, axuii cranosuts 390,4 Br/M%°C 1o 545,1 Br/m2°C npu 70 °C 1npu mBHAKOCT 10~
toky 10 JiTpiB 3a XBUJINHY.

KiouoBi ciroBa: mamopiania, OKCUA aJIOMiHiT0, XOJI0J0aTeHT PaliaTopa, yIbTPa3BYKOBI KOJWBAHHS, 3aTaJbHIH KOEDIIEHT TeTI0-
nepejayi.
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AHAJI3 TIATHOCTUKU HECIIPABHOCTEM JIBUTYHIB IIOCTIMTHOTO CTPYMY 3A JIOIIOMOTOIO
PO3IMI3HABAHHS OBPA3IB CIOKHUBAHOT MOTYKHOCTI (c. 14-20)

Hasan Shakir Majdi, Sameera Sadey Shijer, Abduljabbar Owaid Hanfesh, Laith Jaafer Habeeb, Ahmad H. Sabry

PaHHE BUABJIEHHS HECTTPABHOCTEN B IBUTYHAX TIOCTIHOTO CTPYMY TIPOJIOBKYE TEPMiH iXHBOI CITy:KOU | BHUKYE €HEPTOCTIOKMBAHHS.
Icrye 6essiy TpaguIiitHuX i METOAIB M IKUX 00UYMCIEHD [k BUSABJIEHHS HeclpaBHOCTe! B IBUTYHAX MOCTiiiHOTO cTpyMmy. Paniuie 6yio
PO3POOIIEHO BENUKY KiJbKICTh METO/IIB AIarHOCTUKY /Ui BUSIBJCHHS 00pa3iB, MOB’SI3aHUX 3 HECHPABHOCTAMMU.. 1[I METOM BUSIBJIECHHS
BUINE3TAAHNX MOTEHI[INHNX BiIMOB [BUTYHIB MOKYTb BUKOPHCTOBYBATHCS B PI3HMX Taay3sdX HAayKW i TeXHiKH. AHaJi3 CTPYKTYpH
noryxkuocti asuryna (ACIL/]) — e TexHoJIOTId, siIKa aHAII3y€E CTPYM 1 HAIIPYTY, 1[0 HOAAIOTHCS Ha €JIeKTPO/BUTYH, 3 BUKOPUCTAHHAM
[EBHUX CXeM i POTOKOJIIB UIsl OL[iHKK POGOYOro cTaHy ABUTYHIB (e3 nmepepuBants BUPOOGHUITBA. [HKEHEPH Ta JOCTIAHUKH, 0COOIUBO
B IIPOMUCJIOBOCTI, CTHKAIOTHCS 31 CKJAQJHUM 3aBIaHHAM MOHITOPUHTY 00epTOBUX THUMIB obaagHanus. Y Aauiii pobori Mu 36upaeMocs
MOSICHUTH, SIK BUKOPUCTOBYBATH aHAJI3 CTPYKTYPH /XapakTeprcTuk notyskuocti asuryna (ACII/[) curaany notyskHOCTI, 1110 TPUBOUTH
B JIII0 CEPBONPUBI, sl MOMYKY MeXaHiuHuX AedekTiB B 3yOuactiii nepepayi. st cipolents AeMOHCTpallii OTpUMaHHs CIIEeKTPasib-
HUX [IOKAa3HUKIB CUTHAJIB CIIOXKUBAHOI IIOTYKHOCTI BUKOPUCTOBYETLCA allapaTHa yCTaHOBKA. BUKOPUCTOBYETbCS JBUTYH IIOCTiiHOrO
cTpyMmy, Habip MeTanmeBUX ab0 HEJIOHOBUX TIPUBOHUX MEXAHI3MIB i JAHINOT YIpaBaiHHs. JIAHIIOT peryIioBaHHs MBUAKOCTI GyJI0 BU-
KJIIOUEHO 17151 3a6e3MeyeHHs] MOKINBOCTI IIPSMOTO YIPaBIiHHS TPOGIIsIMU CTPYMY ABUTYHA MOCTIHHOTO cTpyMy. [lJist OTPUMAHHS CUT-
HaJly TaXOMeTpa Ha BUXOJI CePBONPUBOLY BUKoprcToByBasucs indpadepsoni (19) doronepepusaui giamerpom 35 MM 3i cTaHIapTHIM
cepBO-KoJIecoM 3 BichMoMa oTBopamu. Cepeie 3nadendst BUMipioBanb ckiano 318 B nis cipaBroro mpodisio, B Toil yac sk 3a JaHUMU
IIOTY’KHOCTI HeclpaBHUX Tiepesiad BoHO cTanoBuio 330 B. 3anpononosannii MeTo | aHaIi3y Hpodiiio CIOKUBAHOI OTYKHOCTI 103BOJISIE
BUSIBUTH MeXaHiuHi HeCpaBHOCTI B KOPOOII Mepeiad CepBOABUTYHA TOCTIHHOTO CTPYMY HIISIXOM BUBYEHHS CEPEIHBOTO PIiBIHS CTPYK-
TYPH CHOKUBAHOI MOTYKHOCTI, & TAKOK BUJIYUYEHHS CIIEKTPaIbHOI miibHOCTI moTyskHOoCcTi (CLIIT) muissxomM MopiBHSIHHS HECIPABHUX i
CHPAaBHUX TTPOdiIiB.

KouoBi cioBa: MOHITOPUHT, CEPBOABUTYH MOCTIHHOIO CTPYMY, CIIOKMBaHa TIOTYKHICTD, PO3Ii3HaBaHHsa 06pasiB, TPOMIIb MOTYKHOCTI,
MeXaHiuHi HeCIPaBHOCTI.
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BU3HAYEHHA TOJATKOBOTI'O JIATHOCTUYHOT'O ITAPAMETPA JJI HNIABUINEHHSA TOYHOCTI
OLNIHOBAHHA CTAHY OBMOTOK CTATOPA ACHHXPOHHOTO ABHUI'YHA (c. 21-29)

0. B. I'y6apesuy, C. O. T'ynak, O. A. axki, 1O. I. SIkycesny

3anpornonoBano i 06TpyHTOBAHO BHKOPHCTAHTS JOJATKOBOTO MiarHOCTIHYHOTO TTapaMeTPy /ISt OI[IHKHU CTAHy OOMOTOK CTaTOPa aCHHXPOH-
HUX JIBUTYHIB B [IepioJ] eKcIuIyaTaiii. bysu orpuMani 3asie;kHOCTI 3HaUeHb (DAa30BUX 3CYBiB MiXK (pa3HUMU CTPyMaMu Ta (Ja3HUMU HATIPYTAMHU.




ITi 3a/1€KHOCTI TIOKA3aJIH, 10 TIPU BUHUKHEHHI MI’KBUTKOBOTO 3aMUKaHHsI B 0OMOTKax craropa (hasHi 3CyBU OIHAKOBI s BCIX (a3 ABUryHA.
Ile 103BOJIMIIO OTPUMATH 3AJIEKHOCTI 3MIHM (a30BOTO 3CYBY Bi/l 3MIHI 4aCTOTH 0OEPTAHIIS BALY ABUTYHA.

B pesyabrati mocaizizkeHb OTPUMAHO 3aJI€KHOCTI MIBUAKOCTEH 3MiHN (DAa30BOro KyTa Bijl 4acToTH 0OGepTaHHs BaJly ABUIYHA SIK JIJIS
ofHi€l, Tak i 7T ABOX MOIIKO/UKEHNX (a3 3 PI3HIM CTYIEHeM MOMIKOKeHHs. [Ipn anasmisi ux 3a1eKHOCTEN BCTAHOBIIEHO, 110 31 301b-
HIEHHSIM YUCJIa TONKOIKEHUX (a3 eleKTPOABUIYHA 3MEHIITYEThCA JiHiiina miagnka sanexnocteil. KpiM toro, 3i 36i1bIeHHsAM CTYTIEHS
HOIIKO/PKEHHS (ha3 3MEHIIYETbCA KyT HAXWILy JIHIHHUX AIJSTHOK XapakTepucTuk. Lle 7103BomIo BU3HAUNTH JIOAATKOBUIT HapaMeTp st
MIATHOCTHKU MICIIsT i CTYTIEHSI MisKBITKOBOTO 3aMUKAHHST 0OMOTOK aCHHXPOHHOTO [BUTYHA 3 KOPOTKO3aMKHEHIM POTOPOM. 3HAYEHHST 10~
JIATKOBOTO MapaMeTpa, Ha3BaHOTO aBTOpaMu «(hHaszoBHil KPUTEPiii» MOKYTh OYTH BUKOPUCTAHI IJIsL OI[IHKU CTAHY i CTYIEHS MOIIKOKEHHS
0OMOTKH CTaTOPa AaCHHXPOHHUX ABUTYHIB. 3HaYeHHsI (GazoBUX KPUTEPITB [JIs1 PI3HUX BUIIB YIIKOKEHD CKJIAJIM: TIPH MOMKO/UKEHHI (hazn
A na 90 %, £=0,634, (deg)?/(rpm)?; npu nomkokenni gpasu A na 80 % £=0,393, (deg)?/(rpm)?; npu nomkoaxkenni dpazu A na 80 % i pasu
B 1a 90 % £=0,25, (deg)?/(rpm)?% mpu nomkoskenti dasu A na 80 % i dhasu B ma 80 % £=0,173, (deg)?/(rpm)>.

Pesysbrati IpOBEIEHNX TOCI/KEHD MOXKYTh OYTH BUKOPUCTaHi i1 BUGOPY eDEKTHBHOTO METOMAY AIaTHOCTHKU MiKBUTKOBOTO
3aMUKaHHS B OOMOTIII CTaToOpa mpu MOOYA0BI CHCTEMH AIarHOCTUKK aCMHXPOHHUX JBUTYHIB B CKJIa/li IPUBOAIB TPAHCIIOPTHOTO yCTAT-
KyBammHs.

KmiouyoBi ciioBa: TpaHciopTHA iHPPACTPYKTYPA, ACHHXPOHHUI IBUTYH, MI’KBUTKOBE 3aMUKaHHs, (pa3Hi CTPyMU, iarHOCTUYHI TapaMeTpH.

DOI: 10.15587,/1729-4061.2021.238984
INPOEKTYBAHHSA TA MOAEJTIOBAHHA BICOKOIIOTYKHOI'O /IBOXBUXIZTHOTO I130JIbOBAHOTO
ITEPETBOPIOBAYA YYKA (c. 30-38)

Yasir M.Y. Ameen, Harith Al-Badrani, Mohamed N. Abdul Kadir

Cepen GesTpanchopMaTOPHUX EPETBOPIOBAYIB TTOCTIHOTO CTPYMy OYEBH/IHA MepeBara 3BMYaifHOro IepeTBopoBada UyKa 3aBIsKn
iforo rapauM BiracTUBOCTsIM. OJIHAK BUXIIHA TOTYKHICTh 0OOMesKeHa st BCiX TUIB 6e3TpanchopMaTOPHUX MTEPETBOPIOBAYIB, BKIIOYAIO-
uu 3BMUaiiHuii mepersoprosay Yyka. /[yt oTpuManHs GLIbIIOT MOTYKHOCTI Bijl HOTO IepeTBOPIOBaYa, MOTPiOHI Oy/ru Aestki 3MiHu B o0
KoHCTpyKItii. OHa 3 HUX MOJATaE B JoaBaiii Tpanchopmaropa st mepeaadi 6iabiiol TOTYKHOCTI i BiIIIEHHs BTOPUHHOT 0OMOTKI
BiJl IepBUHHOIL. JIJIs1 KUBJCHHS JeAKUX KOMIIOHEHTIB, TAaKUX K JIaHKa MOCTIHOTO CTPYyMy MOAYJbHUX GaraTopiBHEBUX IHBEPTOPIB, Ha-
npukaan kackagauii H-moctosuit (KHM), notpi6Ho Gimbiie ogHOro BUxomy. Tomy, 1aHa poOoTa MPUCBAYEHA TTPOEKTYBAHHIO, aHATIZY
Ta MOJIETIOBAHHIO 13071b0BAHOTO MOIM(IKOBAHOTO ABOBUXIAHOrO TTepeTBopioBavya Uyka. 3anpormonoBanuii mepeTBopioBay pPO3paxoBaHUii
Ha 3arajbHy BuxigHy noryxsicte 2000 BT 3 BUKOPHCTaHHAM TiJIBKM OJIHOTO MOJYJIIOIOYOTO IIepeMUKaya. 3a J0MOMOroio 1maatdopmu
ANSYS Maxwell npeacrasiena moBHa KOHCTPYKIiS 1 AeTaJbHUiT aHali3 BUCOKOYACTOTHOTO Tpanchopmaropa. Pesyiabratu Mojesio-
BaHHs BHCOKOYACTOTHOTO TpaHchOpMaTopa MiATBEPIKYIOTHCS PE3yabTaTaMi eKCIePUMEHTANbHOT peasisaitii, 6yJI0 0OTPUMAHO XOpOoTlie
V3TOJIKEHHSI 3 HEBEJMKIM BiZICOTKOM TTOMIJIOK MeHTie 4 %. {15 TTpeicTaBIeHHs] MATeMaTHIHOI MO/Iesi lepeTBOpioBavya OyB BUBeIEHIN
i npeacTaBaenuii Habip anaxiTHaHUX piBHAHL. KpiM Toro, 3a gonomoroio MATLAB/Simulink Gysia smozenboBana i npoananizoBana
BCsI CXeMa TepeTBopioBava. Pesybraru MoenioBanns Oysiu 1epesipeni i 3ictapieni 3 pedyjbraTaMi MaTeMaTHIHOI MOJIEJI, 10 a0
BiAMiHHUIT 36iT 3 poIleHTHOIO TOXUOKOI0 MeHTITe 2,15 %. Hapernti, mpu BUmpo6yBaHHi MpeCcTaBIeHOTO ePETBOPIOBAYA MTPU PI3HUX Ha-
BaHTAKEHHSX, BKJIIOYAI0YN HezbasancoBani, 6yJo JOCATHYTO PO3yMHE PEryJIOBaHHs BUXIAHOI HALPYTH, IPUYOMY ABI BUXIAHI HAIPYrH
6ysin Maitke imentiyni 3 Biaxuenmsm Mertre 0,25 % B yMoBax cepiiosnoro neszbamancoBanoro maBantaxens 150 %.

KiouoBi cioBa: i3osboBanuii neperBopioBad Uyka, mepeTBOpoBay MOCTIHHOTO CTPYMY, ABOBUXIAHUIT BUCOKOTIOTYKHUI TIEPETBO-
ploBay, BUCOKOUACTOTHHUH TpaHchopmaTop.
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EKCIHHEPUMEHTAJIbHI 3AJIE;KHOCTI BUMIPIOBAJIBHUX JAHUX BIJI OBCSTIB BAUXYBAHOI'O
IOBITPA IIPU BATATOUYACTOTHOI EJIEKTPOIMIIEJIAHCHOI TOMOTIPA®DII (c. 39-50)

I'. K. Anekcansin

VY poboTi 3aIPONOHOBAHO TH/IXI/[ 10 MOJAETIOBAHHS IPOIECY MITYYHOI BEHTHJIAIT JIETeHIB JIIOANHU MIJISIXOM iX KePOBAHOTO HATIOBHEHHSI
(ikcoBannuM 06’eMOM MOBITPsI, 3a OMOMOTO0 HaBaHTaxyBaibHuM ciipomerpa Coach 2. Ile 103BoJsIE 3MOETIOBATH TIPOLEC BEHTHUIIATIIT
JUIST 37T0POBOI JIIOANHY i TPHB’SI3aTH 3aa€THCST TUXATBHIN 06CST 10 BUMIPIOBATBHUX AanuX. HaBeIeHo pe3ysbraTit eKCrepruMeHTATbHIX
JOCJIKEHb po3pobIieHol cucteMu 6arato4acToTHOI eJleKTpoiMiesancHoi Tomorpadii. Bunpobysans BUKOHYBaJIKMCS /IS Jialla30Hy yac-
tot Bix 50 kIt 10 400 kTix (3 kpokom 50 kTir) pu 3agat0Thest AuxaabHux obesriB Bix 500 mur 1o 4000 mar (3 kpokom 500 Mur) juist w'sitn
HUKJIB BAUXY /BUanxy. CxeMa BUKOHAHHS A0CTIZKEHb: AKTUBHUI BAUX — ITACUBHUI BUANX, KiJIbKICTH BUIPOOOBYBAaHUX J0OPOBOJIBIIB — 3
JIOJIMHU 3 YKCsia PO3POOHUKIB crcTeMu. B pesdysibraTi oTpuMani 3aesKHOCTI BUMIpSTHUX 3HAY€HD 3MiH TIOTEHINAIB BiJl YaCTOTH iHKEKTi-
PYEMOro CTPYMY LISl PI3HUX [UXaJbHUX 00CATIB Yy TPHOX BUIIPOOOBYBaHUX Ge3 MaToIoriil pecripaTopHoi GyHKINT i HhyHKIIT 30BHIITHBOTO
auxanHg. OTpuMaHi pe3yJibraTi eKCIIePUMEHTAIbHUX JIOCII/[PKEHD IT0KA3yI0Th, 1110 iCHYE 3a/IeKHICTh BEJIMYNHI BUMIPIOBAJIbHIX JAHUX K
BiJI 0OCATY BAMXYBAHOTO TOBITPSI, Tak i Bifl YacTOTH iHKeKTipyemMoro ctpymy. Jlana ocobauBicTh Moske OyTH BUKOPUCTAHA JIJIsi PO3POOKU
PSALy MEIUYHUX MPUCTPOIB MEPCOHATIZ0BAHOTO MOHITOPUHTY (DYHKIII JiereHiB Joaunu. TakoK BUSIBJIEHO, IO iCHYIOTb YACTOTH, HA SIKUX
CIIOCTEPIra€ThCsl MAKCUMAJIBHIM PO3KH/L BUMIPIOBAJBHUX JJAHUX 32 Pe3yJbTaTaMu cepii MOBTOPHUX fociifiB. Ilpn npomy xapakrep 3Minu
BuMipioBaabiux ganux EIT npu 36iabimenti o6cariB BAMXYBAHOTO TOBITPS OAHAKOBUI I BCix BUNpoboByBanux. [lepenbayaernes, 1o
naHa 0coOMMBICTh TAKOK MOKe OyTH BUKOPUCTAHA /TS IIBUIEHHS CTyTeHs nepconasnizanii EIT.

Kiouosi cioBa: esextpoimiiesancia romorpadist, 6araTo4acToTHICTh, BUMIPIOBAJIBHI [HaHi, AMXadbHi 00CATH, eKCIIepIMeHTaIbHi J10-
CJIIJIPKEHHS, IPOBI/IHICTb.
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PO3POBJIEHHS TA AHAJII3 MATEMATUYHOI MOJIEJII XAPAKTEPUCTHK ILJTA3BMH B AKTUBHIIA
OBJIACTI IHTETPAJIbHUX P-I-N-CTPYKTYP METOJIAMU TEOPIi 35YPEHb TA KOHOOPMHUX
BIZTOBPAKEHD (c. 51-61)

A. 51. Bomb6a, 1. I1. Mopos, M. B. Boiiuypa

[IpuBeseHi pe3yibraTi MaTeMaTHYHOTO MOJIEJIIOBAHHS CTalliloHAaPHUX (Pi3MYHUX IIPOIECiB B €JIEKTPOHHO-/IIPKOBIil 11/1a3Mi aKTHUBHOI
oburacTi (i-06acTi) iHTErpabHUX P-i-N-CTPYKTYp. MaTeMaTHYHa MOEb 3alMcaHa B PAMKaX TiAPOJANHAMITHOTO TEIJIOBOTO HaOJIMIKEeH-
Hs 3 BpaxyBaHHAM (DEHOMEHOJIOTIYHIX JJAHUX IIPO BIINB Ha IMHAMIYHI XapaKTepUCTUKU HOCIiB 3aps/ly po3irpiBy eJIeKTpOHHO-1iPKOBOI
MJTa3MU BHACITIIOK BUALIEHHS B 00’eMi i-06aacTi J[5KOyIeBOro Temia Ta BUBiIbHEHHS eHeprii pexombinarii. OCHOBY Mozesti CKaanae He-
JiHiiiHa KpaitoBa 3ajaya Ha 3aaHiil TPOCTOPOBIH 061acTi 3 KPUBOJIIHIHHUMY AIMSTHKAMU TPAHWIL [JIsT CUCTEMU PIBHSHD HEePepPBHOCTI
ctpymy HociiB 3apsay, [Iyaccona ta renstonposigaocti. [loctanoBka 3a/jaui MicTUTB IPUPOJHUM YHHOM C(HOPMOBAHUIT MaJIHIl HapaMeTp,
110 3a6e3Mevy€e MOKINBICTD 3AIYIUTH ACUMITOTHIHI METO/I IS 11 aHaTiTHKO-Y4MCI0BOTO Po3B’si3anist. Moenbia neminiiina kpaiioBa
3a/laya 3 MaJMM TIapaMeTpoM TIpUBeeHa 0 MOCAIMOBHOCTI JIHIHHNX KpailoBUX 3aj/a4 MeTojaMu Teopii 30ypenb, a ¢isuyna obaactb
3aj1a4i 3 KPUBOMIHITHNMY JITSTHKAMI MeJKi [0 KAHOHITHOTO BUAY — METOOM KOH(MOPMHUX Binobpaxkenb. OTpUMaHO cTAIioHapHi po3-
MOJIJIM KOHIIEHTPAIiil HOCITB 3apsjly 1 BiANOBiAHe TeMiieparypie 1moJje B akTUBHIN 0061acTi p-i-n-CcTPyKTYp y BULJIAAI aCUMITOTHYHUX
psilliB 3a creneHsiMn MaJsioro rmapametpa. [Iporec yrouneHHsT pO3B’sI3KiB iTepaTUBHUIL, 3 OYeproBoio Gikcailieo HeBiIOMUX 3a/aui Ha
PI3HUX eTamax iTepariifHoro mpoiecy. ACUMITOTHYHI PSI/IH, SIKi OMICYIOTH MOBEAIHKY KOHIIEHTPAIli] MJIa3MH i MOTEHIATY Y TOCTiIKY -
BaHiit obsacti, Ha Bi/IMiHY Bi/l KJIACMYHUX, MICTSATb IPUMESKOBI HONpaBKu. BeraHoBieHo, 10 mpuMeskoBi GyHKIL BilirpaloTh KIIOYOBY
POJIb B OIHKCI €JEKTPOCTATUIHOTO TOJIS TIa3MU. 3alpOTIOHOBAHMIA TH/IXi/ 0 PO3B’sI3aHHs BiAMOBIAHOT HeliHIHHOI 3a1a4i 3a6e3neuye
MOKJIMBICTD CYTTEBOI €KOHOMIT OOUMCIIIOBANBHIX PECYPCIB.

Kio4oBi ciioBa: acuMIToTHYHUN Psijt, TPUMEKOBA MOTPaBKa, KOHGOPMHI BioOpaskeHHs1, CHHTYJISIPHICTD, €JIeKTPOHHO-/IIPKOBA T1J1a3-
Ma, p-i-N-CTPYKTYypa.
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3ACTOCYBAHHSA METOJY HACTKOBHUX OBJIACTEU B 3AJAYI BUITPOMIHEHHA 3BYKY COEPOIO B
XBHIEBOAI 3 AKYCTNYHO M’AKUMU I'PAHUIISAIMMI (c. 62-78)

0. B. Kop:xkuk, O. C. Yaiika, C. A. Haiina, T. M. JKexsickoBa, M. C. Haiina

B po6oti posrisayTi 0c06auBOCTI GOPMYBaHHS aKyCTHYHOTO MOJs CHEPUUHUM JIKEPEJIOM 3 YCKJIAIHEHUMU BJIACTUBOCTSIME B pe-
TYJSPHOMY TUIOCKOTIAPAJIETBHOMY XBHJIEBOII, M0 MA€ MPAKTHYHE 3HAYEHHS B MOPCHKOMY MPUIAL00yAyBaHH| Ta OKeaHoTpadidHuX 10-
CIJKEHHSAX. AJITOPUTM PO3B sI3Ky OYIYEThCS HA OCHOBI BUKOPUCTaHHS PiBHsAHHs [eabMrosbiist i Metogy Dyp'e miist KOKHOI 4acTKOBOI
06J1acTi Ta yMOB CHPSKEHHS Ha iX TpaHuisax. [IpeacTaBiennii po3paxyHoK A03B0JISAE MO30yTUCS iTeaNi30BaHNX TPAHUYHUX YMOB Ha 110-
BEPXHI JKepesia, 3 TOAANbIINM BU3HAYeHHIM KoedilieHTiB 30y/DKeHHsT MO/l XBIUJIeBOY B pamKax 3amgadi [Itypma-Jliysins. [pu npomy
3aJly4yeHHs TPAHNYHUX YMOB Ha IIOBEPXHI Ta JiHI MOPs, @ TAKOXK yMOBU 30MMepdesib/ia, Ha/la€ MOKJIMBICTh OTPUMATH PEasbHII PO3IIO/LT
TI0JII B BEPTUKAJIBHIX TIePeTHHAX XBUIEBOLY.

OTrpumMaHi YaCTOTHI 3aJI€KHOCTI CKIAOBUX TUCKY Ta KOJUBAJILHOI MIBUAKOCTI MOKA3YIOTh X aMILHTYHO-(ha30Bi BiIMIHHOCTI, SIKi [10-
csraioTb 90 TpagyciB, M0 YACTKOBO MOSICHIOE BUHUKHEHHST 0COOIMBIX TOYOK B ITOJ1 IHTEHCHBHOCTI B PETYJISIPHOMY XBIJIEBOI. BusnadeHo,
1110 6AaraToOKpaTHICTh BiIOUTTST 3BYKOBHUX XBUJIb BiJl TPAHUIIL POOOUYOTO TIPOCTOPY i TPOCTOPY XBUJIEBOLY BUKIUKAIOTH OCIMJISIIII CKIAI0-
BUX TUCKIB 31 3MiHEHHSIM piBHs amIuiiTyau 10 6 aB. 3’scoBaHo, 110 31 3pOCTaHHIAM PO3MIPIB IKepesaa B poG0YOMY MPOCTOPI YTBOPIOETHCS
CBOEPIZIHUI PE30HAHC, YACTOTA AKOTO 3aJEKUTh BiJl IJIMOMHU MOpst 1 BimoBigae obacti kr=x=>5.8. Beranosieno, mo mij yac (hopMmyBaHHs
aKyCTUYHOTO TOJIst B POOOUOMY MTPOCTOPI YACTOTHA XaPAKTEPUCTHKA CKIATOBUX IMIIEIAHCY MOAAETHCS K 6araTope3oHaHCHA 3aJIEKHICTb,
YTBOpPEHA HA OCHOBI YACTOTHHUX XapaKTEPUCTUK HUXKHIX MO/ Ta X KoMOiHaIiil. EkcriepuMenTanbHi TOCTiUKEHHS MOKa3aIu BiAMOBIAHICT
PE3yJIbTaTiB PO3PAXYHKIB MOZIOBOTO CKJIA/ly aKyCTUYHOTO IOJIsi BUIIPOMIHIOBAYa, OTPUMAHUM B YMOBaxX OaceiiHy, IPOCTOPOBUM XapaKTe-
PHUCTHKAM MOJOBHUX CKJIAOBUX aKyCTHYHOTO T10JIs1 3 TIOXUOKOIO 10 3 1B.

Kio4osi cioBa: akycTude moJie, akyCTHYHUN MJIOCKOMapaiebHUI XBUAEBO, chepudne [IFKepesio, 4acTKOBI 001acTi.
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BATATO®YHKIIIOHAJIbHI BOJJOKOHHO-ONITHYHI JJATYAKU 7151 KOCMIYHOI
IHOPACTPYKTYPH (c. 80-89)

Petr Mikhailov, Zhomart Ualiyev, Assem Kabdoldina, Nurzhigit Smailov, Askar Khikmetov, Feruza Malikova

JlaTunkiy, 1o BUKOPUCTOBYIOTHCS B PAKeTHO-KOCMIUHIM TeXHili, CXUJIbHI 10 BILINBY €KCTPEMaJbHUX 30BHIIIHIX BILIMBIB 32 TeMIIe-
paryporio, Bibpaitisimu, yaapamu. Tomy BuGip THUITY IaTYNKIB OOIPYHTOBAHUN caMe CTIKICTIO 10 TaKuX (haKTOPiB, a TAKOK MOKJIUBICTIO
3abesredyBaTi THMYACOBY Ta MapaMeTpuyHy crabiabHicTh BUMIpiB. TakuMm ymMoBaM BiJIIOBifa€ HOBUII THUII JATYMKIB — ONTOBOJOKOHHI.
OcHOBOIO BUGOPY Ta MOAATBIIONO BAOCKOHATECHHS TAKMX TaTUMKIB OYyJIM TaKi BUMOTH, sIK MiHIMaJbHe eHEePrOCIIOKMBAHHS, BUCOKA TOU-
HiCTh Ta cTabiIbHICTh BUMIPIOBaHb, MOKJINUBICTH CYMIlllEHHSA B OJHOMY IaTYMKY KiJIbKOX BUMIipIoBaHb. BifgdHayeno, 1o ajs KocMivyHOl
iHdpacTpykTypH (HaKTOP MOKJIMBOCTI OJIHOYACHOTO BUMIPIOBAHHS KiJIbKOX IapaMeTpiB OJHUM JIATYMKOM € OJHUM i3 BaKJIMBUX I10-
KazHuKiB stkocTi. 1le 3 MOKJIMBICTIO 3HUKEHHST KiJIBKOCTI caMUX JaTYMKIB, M0 3HIKYE MacoraGapuTHi mapaMeTpu KOCMIYHOT TEXHIKH.
Ile crocyerbes, HacamIiepes, BUMIPIOBaHb THCKY Ta TEMIIEPATypPH, OCKIJILKY BOHU, PA30M, CTAHOBJIATD HoHaliMenIne 40 % Bcix BUMIpiB




y kocmiunux Bupobax. [lasx BuGopy TUIIB METO/IIB Ta KOHCTPYKIIN JaTYNKIB NPU3BIB 10 MOEIHAHHS aMILIITYHOTO METO/Y TIE€PETBO-
peHHs Ta ONTUYHOI KOMYHIKAIlii B ogHOMY AaTunKy. [Ipn mpoMy aMItiTyHa MOAYJIAIIS TUCKY Ta TeMIEPaTypH 3iHCHIOETHCS MiKpO-
€JIEKTPOMEXaHIYHUM OJIOKOM (MOJIyJIeM), a MPOMOIYJIbOBAHUI ONTUYHKMNA CUTHAJ MEePeIacTbCsl ONTUYHUM MOAyJeM. Taka MOjyJbHa
KOMIIO3HMIiS TaTYMKA T03BOJISIE BIIMOBUTHUCA Bi/l ONTHYHUX aHAMI3aTOPiB (IHTEPOTATOPiB) Ta 3AIHCHIOBATH MOAATBITY 0OPOOKY Ha OCHO-
Bi crangapTHux intepdeiiciB. OOMeKeHHIMH 3aPOMOHOBAHKX METOAIB Ta KOHCTPYKIINH € HeoOXiAHICTh Y MiKpoeJeKTpoMexaHiaHux
CTPYKTYPax, 0 BUMIPIOIOTH TIeBHI (hisuuHi BenunHu. Taki CTPYKTYPH IS BOJOKOHHO-ONTHYHUX JATYUKIB HEe BUPOOJISIOTHCS CEePIlHO,
TOMY iX BUTOTOBJIEHHS MOKe OYTH HATArOJKEHO Ha TiANPUEMCTBAX MPUIAAIB, 0 MAIOTh MiKPOETEeKTPOHHE 00IaIHAHHSI.
Kmo4oBi cioBa: BOJIOKOHHO-ONITUYHUI IaT4uK, (poToios, mazepuuii ceitaonion, rparku bperra, cyminienuii.



