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The object of research in the work is charged magnetic conduc-
tors of electric machines and transformers.

Laminated magnetic wire together with windings are important
active parts of electric machines that participate in electromechani-
cal energy conversion.

The reliability of the entire machine is mainly determined by
the actual condition of the inter-sheet insulation. Violation of the
insulation causes parasitic eddy current circuits, which increases the
specific losses, and also significantly affects the additional heating of
the magnet wire and winding.

The normative method for determining the quality of the
charged core is the assessment of specific losses at a frequency of
50 Hz and an induction of 1 T, which should not exceed 2.5-4 W /kg.
To determine local damage to the core, methods of local heating and
fixation of overheating sites are used, which should not exceed 45 °C
compared to the main part of the magnetic core.

In the work, a two-dimensional field mathematical model of
a charged magnetic circuit is developed. This makes it possible
to carry out electromagnetic calculations in a near-real magnetic
conductor, taking into account the variability of magnetic per-
meability, hysteresis, and the interaction of currents in adjacent
plates of the magnetic conductor with each other, the so-called
“proximity effect”.

On the basis of the developed models, graphs of current dis-
tribution and distribution of magnetic induction in one, two and
three sheets were obtained. The resulting graphs show how the ef-
fect of current displacement increases with increasing frequency,
where at a frequency of 100 kHz the magnetic induction density
in the middle of the sheet goes to zero. The results of the research
confirm the correctness of the model development in comparison
with the classical calculation models also given, which allows
them to be used for further research of high-frequency processes
in charged magnetic circuits of electric machines.

Keywords: charged magnetic wire, high-frequency remagnetiza-
tion processes, eddy currents, surface effect.
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The 5G communication system requires an antenna as a receiving
device that has high performance including wide bandwidth and high
gain. Microstrip antennas have advantages such as low cost, suitable
for high frequencies and easy to integrate with other devices. One of
the disadvantages of microstrip antennas is their narrow bandwidth
and low gain. Therefore, microstrip antennas with wide bandwidth and
high gain are especially needed to support 5G communication systems.
This paper provides a solution by proposed a wide bandwidth and high
gain microstrip antenna operating at a resonant frequency of 3.5 GHz
for a 5G communication system. The proposed antenna was developed
in four stages starting from a single element, a two-element series array,
a 4-element series array and a 4x2-element planar series array. A series
planar array technique is proposed to increase the gain and bandwidth
of the microstrip antenna simultaneously. In this paper, simulations and
measurements from the proposed antenna are displayed and compared
comprehensively to show the performance improvement from each
stage of the development of the proposed model. Based on the measure-
ment results, the designed antenna has an impedance bandwidth (IBW)
of 0.6 GHz and fractional bandwidth (FBW) of 17.14 % with a fre-
quency range of 3.11-3.71 GHz and maximum gain of 12.2dB at a
resonant frequency of 3.5 GHz. The bandwidth and gain of the antennas
increased by 205 % and 99.03 % compared to single element antennas,
respectively. Therefore, the proposed antenna can be recommended to
be used as a receiving antenna for 5G communication systems.

Keywords: antenna, microstrip, planar, series, array, bandwidth,
gain, 5G, communication system, high frequencies.
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In order to improve the heat transfer characteristics of min-
iature thermosyphons, a study of the processes of heat transfer
by them using water and nanofluids as heat carriers was carried
out. A water mixture based on nanoparticles of Ukrainian natural
aluminosilicate — attapulgite with the addition of 0.1 % carbon
nanotubes was used as nanofluids. The data of the study of the
maximum heat flow and the minimum thermal resistance of cop-
per thermosyphons with an internal diameter of 5mm and a
length of 700 mm are presented. Orientation of thermosyphons in
space: vertical. The length of the heating zone varied from 50 mm
to 200 mm, with the same amount of heat-carrier. The fill factor
varied from 0.44 to 1.93.

A comparison was performed of the heat transfer capabilities of
thermosyphons with water and with a nanofluid with a mass concen-
tration of 0.5 %. It has been shown that nanofluid thermosyphons
transmit 53 % more heat flow compared to water, and thermal resis-
tances are reduced by 25 %.

The influence of the concentration of nanoparticles on the
heat transfer characteristics of thermosyphons is shown. Nano-
fluids with concentrations (0.1 %, 0.5 %, 0.7 %) showed the same
level of thermal resistances, with an increase in maximum heat
flows compared to distilled water. Thus, when compared with the
lowest concentration (0.1 %), the use of 0.5 % nanofluid gives an
advantage of up to 40 %, and 0.7 % — an advantage of up to 51 %.
This is explained by the appearance of a specific porous structure
of anisometric nanoparticles on the heating surface, which
contributes to the appearance of additional centers of vaporization
during boiling and improves the heat transfer characteristics of
thermosyphons.

Thus, the use of such thermosyphons with nanofluids when cool-
ing elements of electronic equipment could improve their functional
characteristics.

Keywords: miniature thermosyphon, nanofluids, concentration,
filling factor, heat flow, thermal resistance.
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This paper reports a study of a gas sensor based on nano-
structured zinc oxide in order to establish the conditions for its
production and operating characteristics under the influence of
the target gas ethanol. The studied samples were produced by
magnetron sputtering on direct current. The method of forming
the device structure was chosen among others due to the fact that
it has a high rate of deposition at low values of the working gas
pressure, there is no overheating of the substrate, a low degree of
contamination of the obtained films, the possibility of obtaining
samples of uniform thickness on a large area of the substrate. A
VUP-5M vacuum unit with an original material-saving magne-
tron was used to obtain the films. Studies of the effect of tem-
perature on the resistance of a gas sensor based on ZnO have been
carried out. It was established that the change in the resistance
of the tested sample depends on the temperature of the substrate.
The resistance of the gas sensor in atmospheric air decreases with
increasing substrate temperature from room temperature (25 °C)
to 200 °C. A further increase in temperature from 200 °C leads to
an increase in the resistance of the structure until it stabilizes in
the temperature range of 300—400 °C. It was established that the
operating temperature range of the gas sensor based on ZnO is
within 300—400 °C. The characteristics of the gas sensor based on
7ZnO were studied and the working temperature of the sensor was
determined for the rapid identification of ethanol in atmospheric
air at a target gas concentration of 500 ppm. It was established
that for rapid operation of the instrument structure, the tempera-
ture of the substrate should be 400 °C, a decrease or increase in
temperature leads to a decrease in the sensitivity of the sensor to
the target gas. It was established that the gas sensor demonstrates
stability and a consistent sensitivity response upon repeated ex-
posure to the target gas.

Keywords: ZnO, gas sensor, magnetron sputtering, operating
temperature, sensitivity, reaction stability.
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PO3POBKA BUCOKOUYACTOTHOI MOJIEJI IEPEMATHIYYBAHHS HNIMXTOBAHUX MATHITOIIPOBO/IIB
EJIEKTPOMEXAHIYHUX I ETEKTPOMATHITHUX ITEPETBOPIOBAYIB EHEPTII (c. 6-15)

B. B. Uymak, O. JI. Tumouryk, M. A. KoBazrenko, B. A. Baxenos, €. C. Irnatiok, A. C. CryzimeHko

O06’ekTOM 0CIIIFKEH ST B POOOTI € MIUXTOBAHI MATHITOIIPOBO/N EJEKTPHYHUX MAIINH i TpaHchOpMaTopiB.

[TuxToBaHUIl MATHITOMPOBI/ Pa30M 3 0OMOTKAMU € BaKJIMBUMU AKTUBHUMH YACTUHAMU €JICKTPIYHIX MAIIUH, [0 IPUAMAIOTH y4acTh B
€JIEKTPOMeXaHiYHOMY HePeTBOPEHHIO eHeprii.

Hagniitaicts po60TH BCi€l MAlIMHU TOJOBHUM YMHOM BU3HAYAETHCS (DAKTUUHUM CTAHOM MIKJIMCTOBOI i30usmii. ITopyuieHHs 130l
BUKJIMKAE MapasuTHI KOHTYPH BUXPOBUX CTPYMIB, IO 301JbIIyE MUTOMI BTPATH, a TAaKOXK CYTTEBO BIINBAE HA JO/IATKOBE HATPiBAHHS
MarHiTOTIPOBO/Y T2 OOMOTKH.

HopMarnBHUM METOIOM BU3HAUYEHHSI SKOCTI IIMXTOBAHOTO OCEp/is € OliHKa nuToMux Brpar Ha yactori 50 It ra imayxuii 1 Tor, saki ne
noBuHHI nepesuntyBat 2,5—4 Br/kr. /L1 BusHayeHHst MiCIIEBUX TOIMIKOKEHb OCEP/sl BUKOPUCTOBYIOTh METO/M JIOKAJIBHOTO HArpiBy Ta
(dikcanii micib ieperpiBy, siki He oBuHHi iepeBuiyBartu 45 °C B MOPIBHIHHI 3 0CHOBHOIO YaCTHHOIO MATHITOIIPOBO/LY.

Y po6oti po3pobsieHO ABOMIPHY MOJBOBY MaTeMATHYHY MOJEJNb IMMXTOBAHOrO MaruitompoBomy. lle mae MOKIMBICTD 3aificHIOBATH
€JIEKTPOMATHITHI PO3PAXYHKH B HAGIMKEHOMY JI0 PEabHOTO MArHITOTIPOBO/I 3 BpaXyBaHHSM 3MiHHOCTI MAarHiTHOT IIPOHUKHOCTI, TicTepe3ucy
Ta B3AEMOJiT CTPYMIB Y CYMIPKHHX IUIACTHHAX MArHITOIIPOBOY Mixk c00010, Tak 3BaHUil «eeKT OIM3bKOCTI>.

Ha ocnosi pospobienux Mojesieii oTpuMano rpadiku posmojiay CTpyMy Ta PO3MOALT MArHiTHOI iHAYKIHT B OXHOMY, JABOX Ta TPHOX
smcrax. Ha orpumanux rpadikax mokasato, sik 3i 301/IbIIEHHSIM 9aCTOTH TIOCUITIOETHCS e(eKT BUTICHEHHs cTpyMmy, e Ha dactori 100 kI
IyCTHHA MarHITHOT THAYKIT B cepeiuni ucTa nmpsMye 10 HyJst. PesyabsraTu JoCIiKeHb MATBEPKYIOTh PaBUILHICTD PO3POOKKH MO
B TOPIBHAHHI 3 TAKOXK IPUBEACHUIMNI KJIACHYHUMK MOJIEJIAIMHU PO3PAXyHKY, IO /[03BOJISIE BUKOPUCTOBYBATH iX LTS MOAAIBIINX JOCJi/IKEHb
BHUCOKOYACTOTHUX IIPOIECIB B MINXTOBAHMX MAarHiTOIPOBO/IAX €JIEKTPUYHNUX MAIINH.

KmouoBi cioBa: mmxToBaHnii MariiTOPOBI/], BUCOKOYACTOTHI MPOTIECH TIePEMarHiqTyBaHHsI, BUXPOBi CTPYMH, TIOBEPXHEBUH e(eKT.
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HIMPOKOCMYTOBA TA MIKPOCMYTOBA AHTEHA 3 BUCOKHM NIOCUJIEHHAM 3 BUKOPUCTAHHAM
IJIAHAPHOTO CEPITHOTO MACHBY 442 /17151 CACTEMU 3B’SI3KY 5G (c. 16-24)

Syah Alam, Indra Surjati, Lydia Sari, Yuli Kurnia Ningsih, Suryadi, Galang Trihantoro, Teguh Firmansyah, Zahriladha Zakaria

Jlist cucremu 38'13ky 5G 11oTpiGHa aHTeHa SIK TPUIMATBHUI TIPUCTPIH i3 BUCOKOTIO MPOAYKTUBHICTIO, BKIIOYAIOUH IITMPOKY CMYTY MPOITYC-
KaHHA Ta BUCOKe rocuieHHs. MikpocMyroBi aHTeHU MalOTh Taki 1epeBar, sIk Hu3bKa BapTiCTb, IIPUAATHICTD /IS BUCOKUX YaCTOT 1 JIETKiCTD
inTerpartii 3 inmmMu TpucTposamMu. OHUM 3 HEIOMIKIB MiKPOCMYTOBUX aHTEH € 1X By3bKa CMYTa IPOITYCKAHH i MU Koedilli€HT MiJCuIeH-
Hs. ToMy MIKPOCMYTOBI aHTEHH 3 MIMPOKOIO CMYTOIO MPOITYCKAHHST Ta BUCOKMM KOeDilliEHTOM MiAICHIeHHS 0COOMMBO HEOOXITHI TS THATPUM-
ki cucteM 3B’13Ky 5G. Y 11iil cTarTi 3alPOMOHOBAHO MIKPOCMY’KKOBY aHTEHY 3 IIHPOKOIO CMYTOIO TIPOITYCKAHHS Ta BUCOKUM KoedilieHToM
MOCUJIEHHST, sIKA TIPAITIOE Ha pe3oHancHiil yactori 3,5 [T uist cucremu 383Ky 5G. 3anporioHoBana antena 6yJia po3pobJeHa B YOTHPH eTarlu,
MOYUHAIOYH 3 OJIHOTO €JIEMEHTa, ABOEJEMEHTHOI TTOCJIiIOBHOI PENIiTKHU, 4-eJIEMEHTHOI MOCJiI0BHOI PeNiTKN Ta 4 2-eJIeMEHTHOI TJIOCKOT T0-
catigtoBHOI periTku. Jljist ogHodacHoro 36iblien s KoedilienTa miACHIeH s Ta CMYTH MPOMYCKAHHI MIKPOCMYTOBOI aHTEHH 3alPONOHOBAHO
MOCJIIOBHY TJIAHAPHY PENIiTKY. Y 1bOMY JOKYMEHTI MOZIETIOBAHHST Ta BUMIPIOBAHHSI 3aIIPOIIOHOBAHOT aHTEHHU BiI0OPasKAIOTHCS Ta BCeOITHO
HMOPIBHIOIOTHCS, OO MOKA3aTH IIOKPAIIECHHS TTPOAYKTUBHOCTI Ha KOKHOMY eTalli po3poOKH 3alipOIIOHOBaHOoi Moziesii. Buxoasuu 3 pesy/ibraTis
BUMipIOBaHb, CIIPOEKTOBAHA aHTeHA Ma€ cMyTy Tporryckanis iMneznancy 0,6 I'Ti i dpaxuiiiny emyry nponyckauns 17,14 % 3 yactornnm jia-
nazorom 3,11-3,71 I'Tir i makcumanbuum nocuienssM 12,2 1B Ha pesonancuiil wacrori 3,5 T, Cmyra mporyckaHHst Ta HOCHICHHS aHTEH
3pocain Ha 205 % 199,03 % nopiBHSHO 3 0iHOEJIEMEHTHIMH aHTEHAMH BilNOBiHO. ToMy 3aliporioHoBany aHTeHy MOKHA PEKOMEH/IyBaTH BH-
KOPHCTOBYBATH sIK TIPUIMAJIbHY aHTEHY /IS CHCTeM 3B's13Ky 5G.

Kiouosi cioBa: antena, MikpoCMyToBa, IIJIaHapHa, cepist, PEIIiTKa, CMyTa IPOIYCKaHHs, TTocuieHHs, 5G, cuctemMa 383Ky, BUCOKI YaCTOTH.
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INOKPAINIEHHA TEIIVIOIIEPEJJABAJIbHUX XAPAKTEPUCTUK MIHIATIOPHHUX /IBO®A3HUX
TEPMOCHU®OHIB 3 HAHOPIZTUHAMM HA BA3I YKPATHCBKUX MPUPOJHUX AJTIOMOCHJIIKATIB (c. 25-33)

B. I0. Kpagenp, /1. I, I'ypos, B. H. Mopapy

3 MeTOIO MiJIBUIIEHHS TEIIONePEAABAIBHIX XapaKTePUCTHK MiHIaTIOPHUX TePMOCUDOHIB MPOBEAEHO JOCI/UKEHHS MPOLECiB mepepadyi
TEIJIOTH HUMHU NPU BUKOPUCTAHHI BOJAM 1 HAHOPIAMH SK TEIUIOHOCITB. B sKOCTI HaHOPIAMH 3aCTOCOBYBAJMCS BOJHA CyMmill Ha Oasi



HAHOYACTHHOK YKPATHCHKOTO TPUPOHOTO AJIOMOCHIIKATY — aTaiy brity 3 gogasanusam 0,1 % Byriernesux Hanotpyook. IIpuBoasaThbest nami
JOCJIJIKEHHST MAKCUMAJIBHOTO TEILIOBOTO TIOTOKY 1 MiHIMAJILHOTO TEPMIYHOTO OTIOPY MiHUX TePMOCU(DOHIB, 3 BHYTPIIIHIM JiaMeTPOM 5 MM,
nosskrHoio 700 mm. OpienTaitist TepmocuoHiB y mpocropi: Beprukaabha. J[oBkiHa 3001 HArpiBy 3miHioBasacs Bix 50 MM g0 200 MM, mipu
O/IHAKOBOI KiJIbKOCTI Terionocist. Koeditient 3anosuents aminoBasces Bizx 0.44 1o 1,93.

[TpoBoMIOCS TOPIBHSHHS TEMIONEPENABATLHIX 316HOCTE TEPMOCH(DOHIB 3 BOZIOIO Ta 3 HAHOPIIMHOIO i3 MACOBOTO KOHIIeHTpaIrieio 0,5 %.
TTokasano, 1o TepMocudoHN 3 HAHOPIAMHOIO IepeAAIOTb Ha 53 % OLIbIINIT TEIIOBUIA MOTIK Y ITOPIBHAHHI 3 BOJOIO, & TEPMIUYHI ONOPH 3HIKYT
10Thes Ha 25 %.

[Tokasano BIuIMB KOHI[EHTPAIlii HAHOYACTHHOK Ha TEIIoNepe/laBabHi XapakTepucTukn TepmMocudonis. Hanopigunn 3 konmenTparisamm
(0,1 %; 0,5 %; 0,7 %) 1mokaszaiu OJHAKOBUII PiBEHb TEPMIUYHUX OMOPIB, TPU MiJBUIIEHHI MAKCUMATILHUX TEIJIOBUX IIOTOKIB y MOPIBHSHHI i3
JIMCTUILOBAHOIO Boo10. Tak, mpu mopiBusnni 3 HaiiMennoio kourenrparieio (0,1 %), Bukopucranus 0,5 % HaHOPIAMHU [a€ TiepeBary /10
40 %, a 0.7 % — nepesary 10 51 %. Ile TOSCHIOETHCS BUHUKHEHHSIM CHEI(ITHOT TIOPUCTOI CTPYKTYPH 3 AHU30METPUYHUX HAHOYACTUHOK Ha
IIOBEPXHI HArpPiBY, sSIKa CHPUSIE 1OABI 0ATKOBUX IIEHTPIB APOYTBOPEHHS [IPU KUIIIHHI 1 ITi/IBUIEHH] TeIJIoNnepe/laBa/IbHUX XapaKTePUCTUK
TepMOCU(OHIB.

TakuMm 4nHOM, 3aCTOCYBaHHS TAKMX TEPMOCU(DOHIB 3 HAHOPIIMHAMHU TP OXOJIO/KEHHI €JIEMEHTIB eJIeKTPOHHOI TEXHIKN MOJKe Ii/[BUIUTH
iX QyHKITIOHAIbHI XapaKTePUCTUKH.

KmoyoBi cioBa: Miniatiopnuii TepMocndo, HaHOPiINHN, KOHIIEHTpaIlis, KoedillienT 3aToBHEeHH, TEMIOBUIA TTOTIK, TePMiYHWIi OMip.
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PO3POBKA TEXHOJIOTTYHUX PIINEHDb T'A3OBUX CEHCOPIB HA OCHOBI OKCHUJY IUHKY J1JIA
BUKOPUCTAHHSA HA OBEKTAX KPUTUYHOI IHOPACTPYKTYPH (p. 34-40)

H. B. Miuceka, B. M. I'Bo3zp, O. C. IlleBuenko, €. /I. CaenyxHuikos, P. K. Mypacos, B. B. Xpucruy, B. B. Crpirens, C. C. Kpusonic,
B. b. Porap, B. O. Jlunoswnii

IIpoBesneni gocipkeHHS Ta30BOTO CEHCOPY HA OCHOBI HAHOCTPYKTYPOBAHOIO OKCHJ/LY IIMHKY /IJISI BCTAHOBJICHHS YMOB HOTO OTPUMAaHHS
Ta poOOUYNX XapaKTEPUCTHK IIijl BIUIHBOM IIJIbOBOTO rady eranousy. JlociifzkyBani 3paski OyJiM BHTOTOBJIEHI METOIOM MAarHETPOHHOTO
PO3IUIIEHHST Ha TIOCTiiHOMY cTpyMi. MeToa (hopMyBaHHS IIPUIALOBOI CTPYKTYpU OYB 0OpaHUM CepPell IHINNX 3aBISKI TOMY, 10 MAE€ BUCOKY
MIBIZIKICTh OCAJIPKEHHsI TIPY HEBUCOKUX 3HAYEHHSIX THCKY POOOYOTrO Tasy, BiACYTHIi TeperpisB MiAKIaaK, HU3bKUH CTYIIHb 3a6pyAHEHHS
OTPUMAHMX ILTIBOK, MOXKJINBICTD OTPUMAHHSI PaBHOMIPDHUX 3a TOBIIMHOIO 3Pa3KiB Ha BeJIMKIl muromi miaxmaaku. [Lasa ogepskanHs IIIIBOK
BUKOPHCTOBYBAJIM BakyyMHy ycranoBky BYTI-5M 3 opurinasbiuM mMatepianosbepiraiounm Martitpornom. [Iposeieti 10cmiiKenHs BIUIUBY
TeMIIepaTypy Ha OTIip Ta30BOTO ceHcopy Ha ocHoBi ZnO. Beranosieno, 1o 3MiHa 0Mopy AOCIIZKYBAHOTO 3pas3Ka 3aJIeKUTh Bifl TeEMIIepaTypu
migkaaaku. Onip ra3oBoro ceHcopy B aTMOCHEPHOMY MOBITPI 3HUKYETHCS 31 3POCTSAHHSAM TeMIIEpATypH HiAKAaAKu Biji kimHatHOI (25 °C)
10 200 °C. TToganbire 36iabiiernst remiepatypu Big 200 °C HpusBOAUTD 0 3pOCTaHHsI ONOPY CTPYKTYPHU 10 MOMeHTa ioro crabijizaiii B
muarazoni temreparyp 300-400 °C. BeranosiieHo, 1o po6odnii TeMiepaTypHuil ianazoH rasoBoro ceHcopy Ha ocHoBi ZnO 3HAXOIUTBHCS B
Mmeskax 300-400 °C. [ocifzeHo XapaKTepuCTHKI Ta30BOTO ceHeopy Ha ocHoBi ZnO Ta BusHayeHa poboda Temiiepatypa ceHCopY s HBUIKOT
inentndikarii eranosy B arMmocdepHOMY MOBITPi TIPU KOHIEHTpaIlii 1i/iboBoro razy na pisii 500 ppm. Beranosieno, 1mo st ekcrpecHol
POGOTH TIPUIAIOBOI CTPYKTUPH TeMIleparypa iakiagkyu mosuta ckaanaru 400 °C, sHUKeHHs a00 MiABUIIEHHS TEMIIEPATYPU MPU3BOAUTD
JI0 3HMJKEHHSI 4yTJIUBOCTI CEHCOPY /10 IIJIBOBOTO rasdy. BecTaHOBIEHO, 110 Ta30BHii CEHCOP AEMOCTPYE CTabiIbHICTD 1 TOCHIAOBHY PeakIiio
YyTJAUBOCTI IPU TTOBTOPHOMY BILIMBI IIJTbOBOTO Ta3y.

Kmouosi ciosa: ZnO, razosuii ceHcop, MarHiTpoHHe po3MuIeHHs, poboya TeMiiepaTypa, 4y TIAUBICTb, cTablIbHICTh peakilii.



