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The object of the study is a compact heptagonal broadband
antenna specially designed for use in the 5G millimeter band us-
ing Koch fractals to improve performance. As a result of the study,
the most important problem of achieving higher gain, improving
bandwidth and reducing interference at higher frequencies, which is
necessary for the effective functioning of 5G networks, was solved.
As a result, the maximum realized gain of 5 dB was obtained at a
frequency of 27.58 GHz with an impressive bandwidth in the range
from 26.5 to 40 GHz.

The use of Koch fractal geometry and defective ground
planes significantly improves impedance matching and expands
bandwidth, which explains the excellent antenna performance
compared to traditional designs. The features and distinguishing
features of the results obtained, thanks to which they allowed
solving the problem under study, are its compact dimensions (on-
ly 9 mm by 9 mm) and the ability to maintain VSWR at a level of
less than 2 in the entire frequency spectrum. These features make
the antenna particularly suitable for millimeter-band integration
and flexible applications such as portable devices and wearable
home appliances.

The field of practical application of the results includes inte-
gration into portable and wearable devices, improving the perfor-
mance and connectivity of Internet of Things applications. The
conditions of practical use require compliance with 5G network
standards and compatibility with millimeter-wave technologies.
This characterizes the antenna as a significant achievement in
antenna technology, demonstrating its potential for widespread
adoption in next-generation wireless communication systems and
paving the way for more reliable and high-performance wireless
networks.

Keywords: heptagonal, Koch fractal, defective ground, 5G, wide
band, high gain.
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The paper considers a parallel electromagnetic oscillating circuit
with a nonlinear inductance under conditions of excitation of fer-
roresonances. Physical mechanisms of dynamic self-regulation of the
system of spin magnetic moments of ferromagnetic and ferrimagnetic
dielectrics in the surrounding magnetic field are established. Tt is
shown that upon entering the magnetic saturation regime, the effect
of dynamic antiferroresonance is observed, due to the cyclic reversal
of magnetization in the internal magnetic field. This effect has a col-
lector character and corresponds to the maximum potential energy
of the magnetic moment in the field and the antiparallel orientation
of the moment with respect to the field. Such regimes are realized in
thermodynamically non-equilibrium conditions and are correlated
with unstable equilibrium positions of the corresponding mechani-
cal analogues. The resulting forms of oscillations correlate with the
dynamics of an inverted pendulum and have a significantly non-
harmonic character. Autosynchronization of frequencies and nonlin-
ear mixing of such forms with quasi-static modes imitating the time
form of external excitation of oscillations were revealed. It is shown
that the nonlinearity of ferromagnetic elements self-limits the height
of resonance maxima. And on the other hand, it contributes to the
cascade transport of energy by the spectrum of disturbances, which
can have negative consequences when exciting low-frequency ferro-
resonances in power grids. The effect of dynamic antiferroresonance
has the opposite direction to the known quasi-static behavior of the
system of spin magnetic moments in an external field and must be
taken into account when calculating and operating electrical systems
with nonlinear inductances. Examples of collector self-oscillating
modes similar in their physical mechanisms in nonlinear contact
tribodynamics systems are given.

Keywords: ferroresonance, oscillating circuit, magnetization dy-
namics, collector system, magnetic moment, contact tribodynamics.
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This paper considers a heat conduction process for an isotropic
medium with local external and internal thermal heating. Tt was nec-
essary to construct linear and non-linear mathematical models for
determining the temperature field, and consequently, for the analysis
of temperature regimes in these heat-active environments. To solve
the linear boundary value problems and the resulting linearized
boundary value problems with respect to the Kirchhoff transforma-
tion, the Henkel integral transformation method was used, as a result
of which the analytical solutions to these problems were obtained.
For a heat-sensitive environment, as an example, a linear dependence
of the coefficient of thermal conductivity of the structural mate-
rial of the structure on temperature, which is often used in many
practical problems, was chosen. As a result, analytical relations for
determining the temperature distribution in this environment were
established. To determine the numerical values of the temperature
and analyze the heat exchange processes in the given structure,
caused by the external heat load, a geometric image of the tempera-
ture distribution was constructed depending on spatial coordinates.
The resulting linear and non-linear mathematical models testify to
their adequacy to the real physical process. They make it possible to
analyze heat-active media regarding their thermal resistance. As a
result, it becomes possible to increase it and protect it from overheat-
ing, which can cause the destruction of not only individual nodes and
their elements but the entire structure as well.

Keywords: temperature field, thermal conductivity of material,
convective heat exchange, heat flow, thermal resistance of structures.
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A wide range of applications such as healthcare, human com-
fort, agriculture, food processing and storage, and electronics
manufacturing also require fast and accurate measurement of hu-
midity and temperature. Optical fiber-based sensors have several
advantages over electronic sensors, and much research has been
conducted in this area in recent years. This paper describes the
current trends in fiber optic temperature and humidity sensors.
The evolution of optical structures aimed at humidity detection
is presented, as well as a new design of an optical sensor used for
this purpose.

The main methods of humidity determination using fiber-
optic laser reflection based on Optical fiber humidity sensor (FPI)
were analyzed and experimental results were obtained. Based on
temperature-sensitive strain variation, a method for temperature
determination based on the specific spectral back-reflection effect
of fiber Bragg gratings (FBGs) is considered. Experimental analyses
were conducted on the light reflection of humidity-sensitive agarose



using optical fibers based on the Fabry-Perot Interferometer (FPI).

It exhibits a good linear response to relative humidity, ranging from

25 % to 95 %. During temperature measurement, the deformation

changes of the Fiber Bragg Grating fibers showed excellent perfor-

mance, ranging from —5 °C to 70 °C.

New structures, such as resonators, are being explored to im-

prove the resolution of fiber optic temperature and humidity sensors.

In addition, recent studies on polymer optical fibers show that the

sensitivity of this type of sensor has not yet been achieved. Thus,

materials sensitive to humidity and temperature still need to be

investigated to improve sensitivity and resolution.

Keywords: Fabry-Perot interferometer, fiber Bragg Grating,

relative humidity, optical fibers.
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The object of the study is the development of a device capable
of accurately and reliably measuring heat flux density in various en-
vironments. The development of a heat flux density meter designed
for non-destructive analysis of thermal processes in various fields of
application is presented.

The developed device is intended for evaluating the thermal
insulation condition of underground pipelines. The functionality
of the heat flow device relies on comparing standard temperature
values with experimental ones measured on the soil surface. To
ensure accurate and reliable measurement of heat flux density, the
basis is a thermoelectric battery converter, which uses the auxiliary
wall method. The heat flow density measuring device is constructed
in the shape of a restricted cylinder, with one base serving as the
working surface, while the second base establishes thermal contact
with the body at ambient temperature. Embedded heaters enable the
generation of heat flow through the thermoelectric sensor in direc-
tions perpendicular to its base. For calibrating the heat flux device,
experiments were conducted using a standard copper-constantan
calibration table. Temperature increments were determined from
thermo electromotive force, and tests were performed on an existing
heating network. The conducted measurements validate the funda-
mental feasibility of employing the proposed device for implement-
ing the non-destructive thermal testing method on underground
heating mains.

The results of the experiment can be used not only for research,
but also for monitoring and regulating processes in various fields of
science and technology. The developed heat flux meter promises a
significant contribution to the development of modern methods for
analyzing thermal processes.

The dimensions of the thermoelectric battery converter are also
determined and the coefficient (kq) should be in the range from 4.0
to 12.0 W/(m?>mV), and the electrical resistance should be in the
range of 12—20 kOhm.

Keywords: heat flow meter, thermoelectric battery converter,
copper-constantan thermocouple, non-destructive method.
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The Indonesian government has targeted 2.1 million two-
wheeled electric vehicles and 2,200 four-wheeled electric vehi-
cles (EV) by 2025. This is hampered by limited electricity supply
and EV charging, which takes long time. Multi device interleaved
DC-DC bidirectional converter has been applied and assessed as
the most suitable method for battery EV and plug-in hybrid EV
because it produces high power >10 kW. For power below 10 kW,
it is recommended to use a sinusoidal, Z-Source, and boost amplifier
type converter. The smart charging (SC) system will be applied to
electric vehicles, which only require a minimum charging power of
around 169 W for four lead acid batteries. This paper focuses on an
SC system that is capable of charging the battery quickly while still
paying attention to the state of health (SoH) of the battery. The SC
developed uses a DC-DC boost converter to increase the voltage
produced by the switch mode power supply (SMPS). Estimated
charging time is less than 30 minutes and still pay attention to the
battery SoH. SC will also use pulse width modulation (PWM) as a
duty power cycle regulator. This research applies a multi-layer per-
ceptron (MLP) classifier to a neural network (NN). The results of
the research show that smart charging can charge up to 600 W with
an estimated charging time of around 11 minutes. The charging con-
dition is above 60 % and the power duty cycle setting is 100 %. The
power estimation results processed using the ant colony optimiza-
tion (ACO) based neural network method show a root mean square
deviation value of 0.010013430 for charging four lead acid batteries.
These results are useful to help solve the problem of capacity require-
ments and battery charging speed for EVs, with good SoH.

Keywords: smart charging, ant colony optimization, machine
learning, lead acid battery.
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PO3POBKA HOBOTO JIN3AIHY MIHIATIOPH30BAHOI CEMUKYTHOI ®PAKTAJIbHOI IIIMPOKOCMYTOBOI
AHTEHH KOXA /14 3ACTOCYBAHD JIJIA1 XBUJIb 5G MM TA IoT (c. 6-14)

Ruslan Kassym, Turdybek Balgynbek, Tansaule Serikov, Patam Ahmetova, Gani Sergazin, Kasymbek Ozhikenov,
Tanirnazar Sultangaziyev, Pramod Kumar, Akmaral Tlenshiyeva, Nursultan Yernazarov

OO6’e€KTOM JIOCTIKEHHST € KOMITAKTHA CEMUKYTHA IIPOKOCMYTOBA AHTEHa, CITEIaTbHO PO3pobIeHa /Uit BUKOPUCTAHHS B MUTIMETPOBOMY
mianasoni 5G 3 Bukopucranusam (pakranis Koxa /s miaBUIIEHHST TPOLYKTHUBHOCTI. Y pe3yJ/ibraTi A0CTiKeH s Oy10 BUPIIIEHO HAiBaKIMBIIILY
1pobJieMy JOCATHEHHsT OLIBIIOTO TIOCUJIEHHST, TTOKPAIIEHHS [POITYCKHOI 3IaTHOCTI Ta 3MEHIEHHST TIEPEIIKO/] HA BUCOKUX YaCcTOTaX, 10 HEOOXiTHO
1utst epekTUBHOTO (hyHKITIOHYBanHst Mepesk 5G. Y pesysibrari Oys10 OTpUMaHO MaKCUMabHe peastizoBade rnocuierds 5 b na vacrori 27,58 TTir i3
BPAKAIOYOIO0 CMYTOIO MIPOITyCKaHHsI B fianasomi Bix 26,5 mo 40 [Tt

Buxopucranns dpakranbaoi reomerpii Koxa ta eeKTHUX IITONIMH 3a3eMJICHHS 3HAYHO TTOKPAIIY€E Y3TO/UKEHHS IMIIeIaHCy Ta PO3IIUPIOE
CMYTY TIPOITYCKaHHs, 1[0 TIOSICHIOE Yy/I0BI XapaKTEPUCTUKY AHTCHU TIOPIBHSAHO 3 TPAAUIIHUMU KOHCTPYKIisiMu. OcoOIMBOCTAMY T BiIMIHHY-
MM PUCAMK OTPHMAHUX PE3yJIBTaTiB, 3aBAAKN SIKUM BOHU JIO3BOJIMIIN BUPIIINTHU AOCTI/UKYBaHy TPOOIEMy, € HOro KOMITaKTHI po3mipn (BChoro 9
MM Ha 9 MM) i MoskauBicTb miaTpumyBatn KCB na piBHi Menite 2 Ha Bciii yactori. criektp. Ili oco6mBocTi podJsiTh aHTeHy 0coOJMBO IPUAATHOKO
JUISL iHTerpartii MiiMeTpoBOTo AiarasoHy Ta THYYKUX JA0AATKIB, TAKHX K IIOPTATHBHI IIPUCTPOI Ta MOGYTOBA TEXHIKA, 1110 HOCUTHCSI.

Cdepa 1IpakTHUHOTO 3aCTOCYBAHHS Pe3yJIBTAaTiB BKJIIOUAE iHTErpallito B OPTATUBHI Ta HOCUMI IIPUCTPO], MOKPAIIEHHS NPOJYKTUBHOCTI Ta
MIKTIOYeHHsT 10/1aTKiB [HTepHeTy pedeil. YMOBU MPaKTHYHOTO BUKOPUCTAHHS BIMAraloTh BiAMOBIAHOCTI cTanaapTaM Mepeski 5G i cymicHocTi
3 TEXHOJIOTISIMU MiTiMeTpoBoro aiarasomny. Ile Xapakrepusye aHTeny SK 3Ha4YHe AOCATHEHHS B aHTEHHNX TEXHOJOTISX, I€MOHCTPYIOYN ii T0-
TEHITJ JIUIsT IMTPOKOTO BIIPOBAIIKEHHST B CUCTEMAX OE3/[POTOBOTO 3B'SI3KY HACTYITHOTO MOKOJIHHST Ta TPOKJIAAAI0YH TIUISIX 10 OLTHIT HAMIHHUX i
BUCOKOIPOAYKTUBHUX (GE3/[POTOBUX MEPEK.

KmouoBi cioBa: renraronanbunii, hpakran Koxa, nedekrHa ocioBa, 5G, mmpoka cMyra, BUCOKHI KOe(hII[iEHT MOCHIIEHHS.
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BCTAHOBJIEHHSI MEXAHI3MIB HEJIIHIFTHOI KOJIEKTOPHOI TPUBOJHMHAMIKY HAMATHIYEHOCTI B
GOEPOPE3OHAHCHUX PEKHNMAX (c. 15-24)

10. II. 3acna, O. B. /luxa, C. A. Mariox, M. O. [Tuxa, O. O. JIurBuHoB

B po6oti posrisigaeTbes napaseibHuil eJeKTPOMATHITHII KOMMBAILHUN KOHTYD 3 HEJIHIHOIO {HAYKTUBHICTIO B yMOBaX 30Y/UKCHHS
(epopesonancis. BeranoBmooTses (isndni MexaHi3sMH AUHAMIYHOI CAMOPETYJISAIIS CHCTEMH CITIHOBUX MATrHITHIX MOMEHTIB (pepOMaruiTHIX
Ta (hepUMarHiTHUX JieJeKTPUKIB y MAarHiTHOMY 1101 oToueHHs. [lokasano, 110 3 BUXOJOM Ha PEKUM MATHITHOTO HACUYEHHS CIIOCTEPITAETh-
cst edext nuHAMiuHOTO aHTH()EPOPE3OHAHCY, OOYMOBJICHUI IIUKIIYHUM [EPEBOPOTOM HAMATHIYEHOCTI y BHYTPINIHBOMY MArHiTHOMY MOJI.
[leit edexT Mae KOJEKTOPHMIT XapaKTep Ta BiANOBIIA€ MAKCUMYMY MOTEHIITHOI eHeprii MarHiTHOrO MOMEHTY B IOJI Ta aHTHUIAPaJIe/bHIi
Opi€HTaIlii MOMEHTY MIO/I0 TIOJIsI. Takoro poay peskUMHU peasisyloThesl B TEPMOANHAMIUHO HEPIBHOBAKHIX YMOBAX Ta CIIIBBIHOCSATHCS 3 He-
CTITKUMU MTOJIOKEHHSIMU PIBHOBATU BiJIIIOBIHUX MeXaHiYHIX aHasioriB. OTpuMani hopMi KOJIMBAHb KOPETIOIOTH 3 TMHAMIKOIO TIepeBepHy-
TOr0 MasITHUKA i MAIOTh CYTTEBO HETAPMOHIUHUIT XapakTep. BusBiena aBTocHHXPOHI3aIlisl YaCTOT Ta HeJliHiliHe 3MilllyBaHHs TakuxX Gopm i3
KBa3iCTATUYHUMU MOJAMH, 11O HACJIZYIOTh 4acoBY (hOPMY 30BHINIHBOTO 30Y/KEHHS KOMBaHb., [[0Ka3aHO, 110 HETIHIHHICTH (hepOMAarHiTHUX
€JIEMEHTIB CaMOOOMEIKYE BHCOTY PE3OHAHCHUX MAKCUMYMiB. A 3 iHIIOI CTOPOHY 1 HEJIHIHICTD CIIPUSE KAaCKaJHOMY TPAHCIIOPTY eHepril
CTIEKTPOM 30y PEHD, 1[0 MOKE MATH HETATHBHI HACIIKI TIPH 30yIPKEHH] HI3bKOYACTOTHUX (hePOPE3OHAHCIB B EHEPTETHUHIX €TEKTPOMEPEKAX.
Edext nunamiynoro antugepope3oHancy Ma€ IPOTHICKHUN HAIIPSIM IIO/I0 BiZIOMOT KBa3icTaTUYHOI TIOBEIIHKY CUCTEMHU CITIHOBUX MATHITHUX
MOMEHTIB Y 30BHINIHBOMY TI0JIi Ta TIOBMHEH OYTH BPAXOBaHMUII TIPU PO3PAXYHKAX i eKCILIyaTallii eIeKTPOTEXHIYHUX CUCTEM 3 HEJTIHIHHUMY TH-
nyKTuBHOCTsIMU. HaBezieHi mpukirain aHamoriganux 3a cBOIMM (hisHIHIMI MeXaHi3MaM1 KOJIEKTOPHUX aBTOKOJIMBATBHUX PEKIMIB B CHCTEMAX
HeJHITHOT KOHTaKTHOT TPUOOANHAMIKH.

KmouoBi cioBa: hepope3oHaHc, KOJIMBAIBHNIN KOHTYP, IMHAMIKa HAMArHi4YeHOCTi, KOJIEKTOPHA CUCTEMa, MarHiTHIII MOMEHT, KOHTaKTHA
TpUOOIMHAMIKA.
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PO3POBJEHHSI MATEMATUYHUX MO/IEJE TEIJIOIPOBIZIHOCTI Y OKPEMUX EJTJEMEHTAX
TA BY3JIAX EJJEKTPOHHUX IIPUCTPOIB IIPU JIOKAJIbBHOMY HATPIBAHHI 3 YPAXYBAHHSIM
TEPMOUYTJIUBOCTI (c. 25-35)

B. L. I'aBpum, E. A. I:xxymens, C. I. Kauan, II. B. Cepaiok, B. 0. Maiixep

PosrasamnyTo mporiec TeTsIONPOBIAHOCTI /71 i30TPOITHOTO CepeIOBUINA 3 JIOKATbHIM 30BHIIITHIM Ta BHYTPINTHIM TETIJIOBIM HaTrPiBaHHAM.
[ToTpi6HO po3pobuTH JiHiliHI Ta HeJiHITHI MaTeMaTHYHI MO/IeJIi BU3HAYEHHS TEMIIEPaTyPHOTO TI0JIs1, @ B MOAAJIBIIOMY 1 aHaJIi3y TemMieparyp-



HUX PEXUMIB B IUX TEIJIOAKTUBHUX cepefoBuinax. /st po3s’sa3yBaHHs JiHIHHUX KPAlOBUX 3324 i OTPUMAHKX JIHEAPU30BAHUX KPAITOBUX
3a/1a4 BiHOCHO TIepetBopents Kipxroda BUKOPHCTAHO METO/] IHTErpaibHOTO TIepeTBOPEHHs [eHKeIs, BHACIIOK YOTO OTPUMAHO aHAJI THYHI
PO3B’sA3KY X 3a4a4. [/ TepMOYyTIMBOrO CEPEIOBHING, SIK MPUKJIaj, BUOPaHO JHIHHY 3aJeKHICTh KoedillieHTa TerIonpoBiHOCTI KOH-
CTPYKIIITHOTO MaTepialy CTPYKTYPHU Bifl TEMIIEPATYPH, SIKY YaCTO BUKOPHCTOBYIOTH ¥ 6AraTboX MPaKTHYHUX 3a1adax. Y Pe3yJbTaTi OTpH-
MaHO aHAJITUYHI CIIiBBiJTHONIEHHS JUIS BU3HAYEHH:S PO3IOJITY TeMIepaTypH y I[bOMYy cepefoBHI. /[y BU3HAYEHHS YMCJIOBUX 3HAYCHb
TEeMIIEpPaTypH Ta AaHAJII3Y TeIIOOOMIHHUX MPOIECiB Y HABEAEH N KOHCTPYKILT, 3yMOBJICHNX 30BHIIIHIM TEIIOBUM HABAHTaKEHHSIM, BUKOHAHO
reoMeTprYHe 300paKeHHsT PO3MOALTY TEMIIEPATYPH 3aJEKHO BiJl TPOCTOPOBUX KoopauHat. Pozpobueni Jiniiini ta wesminiiini MaremMaruyi
MOJIeJTi CBiZTYaTh TPO iX aleKBaTHICTh peaabHoMy (izuaHomy mporiecy. Bonn mafoTh 3MOTy anajisyBaTi TETIOAKTUBHI cepeloBUIIA MO0 iX
TEPMOCTINKOCTI. IK HACI/IOK, CTa€ MOKJIMBUM ii IIIBUIIUTHU i 3aXUCTUTHU BiJl lleperpiBaHHg, dKe MOKe CIIPUYMHUTU PYHHYBAaHHS He TiJIbKKU
OKPEMUX BY3JIiB Ta IX eJIeMEHTIB, a I Bci€l KOHCTPYKIII.

Ka04oBi cioBa: TeMmepatypHe T10J1€, TEITONPOBIHICT MaTepialy, KOHBEKTUBHMIT TEMIOOOMIH, TEMIOBUH TIOTIK, TEPMOCTIHKICTD KOH-
CTPYKIIIA.
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YIOCKOHAJIEHHA BOJIOKOHHO-OIITUYHHUX METO/11B BUMIPIOBAHHSA TEMIIEPATYPU TA BOJIOI'OCTI B
MIKPOEJIEKTPOHHUX CXEMAX (c. 36-44)

Anar Khabay, Murat Baktybayev, Serikbek Ibekeyev, Nurlan Sarsenbayev, Nuridin Junussov, Nurzhan Zhumakhan

[ Iupokuii CIIEKTP 3aCTOCYBAHB, TAKHX SIK OXOPOHA 3/[0POB'sI, 3a0e311edeH st KoM(bOPTY JIOANHI, CLITbChKe TOCIIOIAPCTBO, 00POOKa Ta 30epiraHmst
MIPOJIYKTIB XapuyBaHHs Ta BUPOOHUIITBO €JIEKTPOHIKH, TAKOK BUMATa€ IIBHJIKOTO T TOYHOTO BUMIPIOBAHHSI BOJIOTOCTI Ta TeMiiepaTypi. JlaTanku
Ha OCHOBI OIITOBOJIOKHA MAIOTh Psi/i IIepeBar Iepejl eJIeKTPOHHUMU JJaTYNKaMi, 1 B OCTaHHI POKU B 1iilf rasysi 6y]10 MPOBEACHO GAraTo JA0CiKEHb.
115t cTaTTs ormcye cyyacHi TeH/EH T Y BOJIOKOHHO-ONTHYHIUX J[ATYMKAX TeEMIIepaTypH Ta BosiorocTi. [IpezictaBieHo eBOTIONiio ONTUYHUX CTPYKTYP,
CIPSIMOBAHNX HA BUSABJIEHHS BOJIOTOCTI, @ TAKOXK HOBY KOHCTPYKIIIIO ONITHYHOTO IATYNKA, SIKII BUKOPUCTOBYETDCS IS 1Ti€1 METH.

I[IpoaHaTi30BaHO OCHOBHI METOIN BH3HAYEHHSI BOJIOTOCTI 3a JOMOMOTOI0 BOJIOKOHHO-OITUYHOTO JIA3€PHOTO BIIOUTTS HA OCHOBI OMTOBOJIO-
KOHHOTO JIATYMKA BOJIOTOCTI T2 OTPUMAHO €KCIIePUMEHTAIbHI pe3yJsIsTaTi. PO3IJIsIHYTO MeTo/| BU3HAYEHHSI TeMIepaTypH, 3aCHOBAaHMIT Ha 3MiHi
nedopmartii, Iy TIMBOI 10 TEMIIEpaTypH, Ha OCHOBI CIIENM(DIYHOTO CIIEKTPATBHOTO eheKTy 3BOPOTHOTO BIIOUTTST BOIOKOHHUX OPETTIBCHKHX PEITITOK.
ByJ10 IpoBezIerio eKCrieprMenTaTbHIN aHali3 BilOUTTSI CBIT/Ia 4y TIIIBOIO /10 BOJIOTH arapo3oio 3a 0TOMOT0I0 ONTUYHIX BOJIOKOH Ha OCHOBI iHTep-
epomerpa Dabpi-Tlepo. Bin geMoHCTPYE XOPOIILY JiHIHY PeaKIliio Ha BiTHOCHY BOJIOTICTh ¥ Aianas3oHi Bin 25 % mo 95 %. Ilin yac BumipioBaHHs
TemIeparypu 3minu gedopmariii BOJIOKOH BOJIOKOHHUX OPErTIBCHKIX PEINiTOK MOKA3aIM Yy/I0Bi XapakTepucTuku B aianaszoni six —5 °C 10 70 °C.

JLOCITIIZKYIOTHCST HOBI CTPYKTYPH, Taki sSIK pe30HATOPH, 11100 MOKPAIIUTH PO3/IJIBHY 3/aTHICTh BOJOKOHHO-ONTHYHUX JAATYUKIB TEMIIEPATy-
pu Ta Bostorocti. Kpim Toro, Hemo/aBHi Z0CIKeHHS HOTIMEePHIX ONTHYHUX BOJTOKOH ITOKA3YIOTh, IO Yy TAUBICTH IIbOTO THITY JaTYHKa IIje He
pocsirHyTa. TAKMM YIHOM, MaTepiasiu, Ty TIUBI 10 BOJIOTOCTI Ta TEMIIEPATYPH, BCE Tile TOTPeGYIOTh IOCTiKEHHST IS TOKPAIEHHST Ty TITUBOCTI
Ta PO3/IJIBHOI 3/IaTHOCTI.

Kimouogi cioa: intepdepomerp Mabdpi-Tlepo, BosokoHHa GperriBebka penriTka, Bi/IHOCHA BOJIOTICTh, OIITUYHI BOJIOKHA.
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BHUMIPIOBAHHA I'YCTHHH TEILIOBOI'O IOTOKY IIPA HEPYIHIBHOMY KOHTPO.II (c. 44-51)

Dana Karabekova, Perizat Kissabekova, Ayanbergen Khassenov, Volodymyr Kucheruk, Arystan Kudussov

O06’ekToM IOCTIKEHHST € PO3POOKa PUCTPOIO, 3JATHOTO TOYHO Ta HAIIIHO BUMIPIOBATH TYCTHHY TEILUIOBOTO TOTOKY Y PI3HUX cepeil-
oBumiax. [IpejcTaBieHo po3poOKy BUMIPIOBaYa TYCTHHE TEIJIOBOTO TIOTOKY, IPU3HAYEHOTO J7Isl HEPYITHIBHOTO aHAMI3y TEIIOBUX MPOIECIB Y
pisHux cepax 3acTOCyBaHHS.

Po3pobienuii nprCTpiii MpUsHAYEHMH /IS OLIHKK CTaHy TEIUIoi30JIsIIi miaseMHnx TpyoornpoBoiB. MDYHKIIOHAIBHICTH MTPUCTPOIO BUMi-
PIOBaHHS TEIUIOBOTO MOTOKY 3aCHOBAaHA Ha IIOPIBHSIHHI CTaH/IAPTHHX 3HAYEHb TEMIICPATYpPH 3 €KCIIePUMEHTAIbHIMH, BUMIDSHIMH Ha TTOBEPXHI
rpyHTy. JI7151 3a6e31edeHHs] TOYHOTO Ta HAIIFIHOTO BUMIPIOBAHHS TYCTHHH TEILIOBOTO TIOTOKY B OCHOBI JIEKUTh TEPMOETIEKTPUUHII aKyMYyJIITOPHUI
TIepeTBOPIOBAY, B AKOMY BUKOPHCTOBYETHCS METOZ MOTIOMIKHOI cTinKi. [IprcTpiit BUMipioBaHHS TYCTHHH TETIZIOBOTO MOTOKY BUKOHAHO y (hopmi
06MeReHOT0 TIUTHIPA, OJIHA OCHOBA SIKOTO CITYJKUTh POOOUOI0 TIOBEPXHEID, a APyTa 3abe3Medye TeMIOBUil KOHTAKT 3 KOPIYCOM 33 TEMIIEPATYpU
HABKOJIUIIHBOTO CcepeloBuilia. BOymoBaHi Harpisadi 703BOJISIIOTh FeHEPYBATH TEIVIOBHII MOTIK YePe3 TEPMOEJNEKTPIYHMUIT ATUMK Y HAIIPSIMKAX,
MEPIEHNKYJISIPHUX /10 11010 0cHOBU. JI71s1 KatibpyBaHHs IPUCTPOIO BUMIPIOBAHHST TETLIIOBOIO TIOTOKY TPOBEIEH] €KCIIEPUMEHTH 3 BUKOPUCTAHHAM
CTaHAAPTHOI KaMGPyBAIbHOI TaGIIIT UTsT MiJHO-KOHCTAHTAHOBOI TepMomnapit. IIiBIIIeH s TeMITepaTypy BU3HAYAIOCS 32 TEPMOEIEKTPOPYIIIii-
HOIO CIJIOI0, BUTIPOOYBAHHST TPOBOIIJINCS Ha iCHYI09iil TerioMepeski. [IpoBeieri BIMIPIOBAHHS TH/TBEPKYIOTH IPUHITUTIOBY MOKJIMBICTD BUKO-
PHCTAHHS 3aIIPOIIOHOBAHOTO TIPUCTPOIO /IS peastisallii MeToly TeIIoBOro HepyiHiBHOTO KOHTPOJIIO Ha TTiI3EMHUX TEILI0TPacax.

Pe3yJisraTi eKCIepUMEeHTY MOKYTh Oy TH BUKOPUCTaHI He TIIbKU /UL HAyKOBHX JIOCI/IPKEHD, i€ i sl KOHTPOJIIO Ta PEryJIIOBAHHS [IPOLie-
ciB y pisHUX 001aCTSIX HAYKY i TeXHIKN. PO3p0o0IIeHIIT BIMIPIOBAY TEIJIOBOTO MOTOKY 3POOHTH 3HAYHIIT BHECOK ¥ PO3BUTOK CYyJaCHUX METOIIB
aHaJi3y TeTJIOBUX MPOIECiB.

Takosk BU3HAYEHO PO3MIPU TEPMOETEKTPUYHOTO aKyMYJISITOPHOTO TlepeTBopioBaua, KoedirienT (kq) MOBUHEH 3HAXOAUTICS B MEKAX Bijl
4,0 no 12,0 Br/(m*>MB), enexrpuanmii omip — 12—-20 kOm.

KmoyoBi cioBa: BIMipioBay TEMJIOBOTO TTIOTOKY, TEPMOCICKTPUYHII aKyMyJIATOPHNI TIePEeTBOPIOBAY, MiHO-KOHCTaHTaHOBA TEPMOIIapa,
HEPYUHIBHUI METOJL.
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PO3POBKA ITPOIIECY PO3YMHOI 3APS/IKH HA OCHOBI MAIIIMHHOTO HABYAHHS 3 BUKOPUCTAHHSIM
OIITUMI3AIII MYPAIIIMHOI KOJIOHII 1J11 KOHTPOJIIO 3APSITHOI EMHOCTI CBUHIIEBO-KHMCJIOTHHUX
AKYMYJIATOPIB (c. 52-64)

Muslimin Selamat, Nawawi Zainuddin, Suprapto B. Yudho, Dewi Tresna

Vpsin Inponesii mocrasus 3a Mety 10 2025 poky Burycrutu 2,1 Mizbifora aBokosicnux Ta 2200 yoTrprkogicHuX esekTpoMobinis. Ilbomy
MEPETIKOJIKAIOTD OOMEKEHE eJIEKTPOIIOCTAYaHHs 1 TPUBAIA 3apsiKa eJeKTpoMoOLIiB. ByB 3acTocoBaHMil IBOHAIPABJIEHNUIT TIEPETBOPIOBAY
MOCTIHHOTO CTPYMY 3 UePryBaHHIM JAEKLIBKOX IPUCTPOIB Ta OIIHEHUIT SIK HAUOLIBIN M AXOASAIINET BapiaHT 1y aKyMyJISTOPHUX Ta TIOPUAHUX
€JIEKTPOMOGIIIB 3 MiABAPSKOIO 3aBIsIKN 3a0e31eueHn o BUCOKOi noTyskuocTi >10 kBr. ITpu noryskuocti menie 10 kBT pekoMeHy€eTbest Bii-
KOPHUCTOBYBATH CUHYCOIMAIBbHUN iMIIeIanCHU TiABUIIyI0ounii mepeTBopioBay. CucteMa po3ymuoi 3apsiaku (SC) 3acTOCOBYBATUMETHCS JIJIsT
€JIEKTPOMOOIIIB 3 MIHIMATILHOIO MOTY/KHICTIO 3apsiiky juiie 6iu3bko 169 BT i 4oOTUPHOX CBUHIEBO-KUCAOTHUX aKyMyJIsATOPiB. Y AaHiil
poboTi posrisgaectbest cucreMa SC, sika 3/1aTHA MBU/KO 3apsi/PKaThH aKyMyJIsiTOp, IIPHU 1[boMY 306epiraioun ioro nparnesiatsicts (SoH). ¥V
po3pobaeniit SC BUKOPUCTOBYETBCS i ABUITYIOUHMH MEPETBOPIOBAY MOCTIHHOTO CTPYMY /TSI 301/IbIIEHHS HATIPYTH, [0 BUPOOJISAETHCS IMITYIb-
cunM repesiom xkuBients (SMPS). Pospaxynkosuit uac 3apsakn cTanoBuTh MeHte 30 XBUJINH, TPH IIbOMY BapTo 3BepTaTn yBary Ha SoH
akymyssitopa. [Ipu SC Takok BUKOPUCTOBYBAaTUMETCsI IIMPOTHO-iMITy ibcHa Moyisitis (PWM) B sikocTi pery/isropa po6odoro mukiy. Y
JIOCJIIJIPKEHH] 3aCTOCOBYEThCS Kiacugikarop Ha ocHOBI Oaratomaposoro nepienrtpona (MLP) wst neitponnoi mepeski (NN). PegyJbsraru j10-
CIIIKEHHS TIOKA3yI0Th, 10 PO3yMHa 3apsaaKka Moke 3apsmkaru 10 600 Bt npu pospaxyHkoBomy uaci sapsakn 6msbko 11 xsumn. Pisenb
3apsiziku Tepesmuirye 60 %, a pobounii muka cranoButh 100 %. Pesyisratit OMIHKE MOTYKHOCTI, 00pOOJIEHI METOIOM HEHPOHHOI Mepexki
Ha OCHOBI ontuMmizarii mypamunoi kosonii (ACO), mokasyioTs 3nayenust cepenubokBagparunanoro Bigxuenns 0,010013430 mus 3apsiku
YOTHPHOX CBUHIIEBO-KUCIOTHUX aKyMyJsiTopiB. LIi pesysbraT MOKYTh 3aCTOCOBYBATHCS [JIsi BUPILIEHHS TIPOOJIEMU BUMOT JI0 EMHOCTI Ta
HIBU/IKOCTI 3apSIIKA aKyMYJISITOPIB /ISt €JIeKTPOMOGiIiB 3 rapauM SoH.

KmouoBi cioBa: posymMHa 3aps/ka, ONTUMI3aIlis MypPaITnHOi KOJIOHii, MalllMHHe HABYAHHS, CBUHIIEBO-KUCJIOTHUN aKKyMYJISTOP.



