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This paper discusses the implementation of a Proportional-Inte-
gral-Derivative (PID) controller for regulating the speed of a closed
loop four quadrant chopper fed DC motor. The PID controller is
combined with a Dual Fuzzy Logic Controller to form a DFPID
controller for enhancing the performance of speed control of the
DC motor. The DFLC is optimized using a metaheuristic algorithm
known as Harmony Search Algorithm (HSA). The major aim of this
research is to gain an effective control over the speed of the motor
in the closed loop environment. For achieving this, the parameters
for the DFPID are selected through time domain analysis which
aims to satisfy the requisites such as settling time and peak over-
shoot. Initially, the fuzzy logic controller in the DFPID controls the
coefficients of the PID achievement gain an effective control over
the system error and rate of error change. Further, the DFPID is im-
proved by the HAS for obtaining a precise correction. The solutions
obtained by tuning the DFPID controller are evaluated from sim-
ulation analysis conducted on a MATLAB/SIMULINK platform.
The closed loop performance is analyzed in both time and frequency
domain analysis and the performance of DFPID is optimized using
the HSA algorithm to obtain precise value of the control process.
As observed from the Simulation analysis, the DFPID-HSA gen-
erates optimized control signals to the DC motor for controlling
the speed. The performance of the intended speed control approach
is analyzed in terms of different evaluation metrics such as motor
speed, torque and armature current. Experimental outcomes show
that the proposed approach achieves better control performance and
faster speed of DC motor compared to conventional PID controllers
and SMC controllers.

Keywords: PID controller, dc motor, dual fuzzy logic controller,
sliding mode control, optimization.
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The object of this study is photovoltaic modules in various

installation options. The physical model of the Earth’s illumination
by a parallel flow of solar rays has been refined. The dependence of
the cosine of the angle of incidence of the Sun’s rays on the angular
length of the day, as well as the average annual efficiency of the
installation of photovoltaic modules, both fixed and with various
tracking options, was determined. Refinement of the physical model



implies determining the angle of inclination as the angle between
the inclined axis of the Earth and its projection on a vertical plane,
perpendicular to the line connecting the centers of the Earth and the
Sun. This line passes through the center of the Earth. The concept
of the average annual efficiency of the installation of photovoltaic
modules is introduced as the annual weighted average value of the
cosine of the angle of incidence of solar rays on the plane of the
photovoltaic module. Various options for installing photovoltaic
modules were analyzed: fixed horizontal on the equator; stationary,
installed at an angle to the horizon; one that performs tracking in
horizontal (vertical) planes; with full tracking. The efficiency of
installing a photovoltaic module at each latitude can be equal to the
efficiency of installing this module at the equator, that is, 47.93 %
when installing the module at an angle of inclination to the horizon
equal to the latitude. Tracking in the vertical plane makes it possible
to increase the efficiency of the photovoltaic module installation by
up to 50 %. Compared to full tracking, tracking in the horizontal
plane at an angle of latitude makes it possible to obtain the efficiency
of the installation of the photovoltaic module at the level of 97.93 %.

The results could be used as a basis for evaluating the efficiency
of the installation of photovoltaic modules at different latitudes with
different techniques of their installation, as well as for the subse-
quent generation of electricity.

Keywords: photovoltaic module, angle of incidence of solar rays,
angle of inclination, angle of inclination to the horizon, efficiency of
module installation.
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This study focuses on optimizing the performance of micro-hy-
dro power generation, specifically the breastshot type waterwheel.
The limited availability of non-renewable energy sources and the
high cost of developing renewable energy sources in the energy
sector pose challenges, making it essential to find new energy
sources and improve energy efficiency. The 2004—2022 national
electricity plan aims to increase electricity access in rural areas,
including remote regions like Bogor Regency, where access to
electricity is limited. Many residents have constructed their own
micro hydroelectric power generators, but their vulnerability to
natural disasters is a concern. The study investigates the poten-
tial of breastshot waterwheel technology for micro hydroelectric
power generation.

The study involved testing a micro hydro power plant with 6, 8,
and 10 blades and blade angles of 0°, 30°, and 45°. The current
research focuses on performance optimization, including the use of
ANOVA analysis to know the significant impact of blade number and
angle on the waterwheel’s rotation.

The maximum rotational speed was achieved with 10 blades
and an angle of attack of 0°, 30°, and 45°, with respective speeds of
153.59 RPM, 155.84 RPM, and 164.95 RPM. The study indicates
that the higher the number and angle of attack of blades, the greater
the rotation of the breastshot type waterwheel. ANOVA tests showed
that the number of blades had a significant impact on the water-
wheel’s rotation, with an F-test value of 6.32 and a p-value of 0.012.
On the other hand, the angle of attack of the blade had no significant
impact, with an F-test value of 3.20 and a p-value of 0.067.

Keywords: breastshot waterwheel, ANOVA analysis, blade num-
ber, angle of attack.
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This study reports the design of new models of energy-saving en-
closing structures with air channels. To calculate the thermophysical
parameters of external fences, the Maple computer algebra system
was used; the value of thermal resistance of structures was deter-
mined on the basis of a finite-element method in ANSYS. The result

of the structure analysis showed that the value of thermal inertia of
the traditional design and the average value of the thermal inertia
of the developed structures were equal. However, the vibration am-
plitude of the designed enclosing structures was up to 20.72 % more
efficient than the traditional one. At the same time, it was revealed
that the air gaps did not affect the thermal inertia of the strucure, and
its parameters depended only on the total thickness of the material.
The analysis showed that the vapor permeability of the inner wall of
the designed structures was equal to the traditional one. However,
the value of resistance to vapor permeation of the fence of the deve-
loped structures was 3.21 % more effective. At the same time, the use
of a closed air layer with a heat-reflecting screen makes it possible to
shift the possible condensation zone towards the outer surface of the
fence. An analysis of the check for the non-condensation of conden-
sate in the ventilated air gap showed that condensate did not fall out
in the ventilated air gap in all the considered schemes, and the results
of the analysis by the air permeability value showed that all fencing
schemes met the requirements for air permeability. Solving the prob-
lems of energy saving in construction through the development of
new energy-efficient designs of enclosing structures help reduce the
cost of thermal energy of buildings, which is an urgent task all over
the world today.

Keywords: heat resistance of an external fence, humidity regime
of an external fence, air regime of an external fence, closed air chan-
nels, heat-reflecting screen.
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3 HEUYITKOIO JIOTIKOIO 3 OIITUMI3AIIIEIO 3A IOIIOMOTOIO AJITOPUTMY HARMONY SEARCH (c. 6-14)

Salam Ibrahim Khather, Muhammed A Ibrahim, Mustafa Hussein Ibrahim

VY 1boMy JIOKYMEHTI 00TOBOPIOETLCsT peastizailisi poropitiiino-inrerpaabuo-mnoxigroro (IT1/1) koHTposepa [uist peryIioBaHHsT MBUIKOCTI
JIBUT'YHA HOCTIITHOTO CTPyMY 3 YOTHPHKBAPAaHTHUM IIePEPUBHUKOM 3aMKHYTOro 1ukiy. [1I/[-konTposep noexHyeTses 3 MOABIHHIM KOHTPO-
JIepoM HediTKol Jioriku, 1106 yrBoputy KouTposep T/ ast nigsuiients eeKTHBHOCTI KepyBaHHs IIBUKICTIO IBUTYHA TIOCTIHOTO CTPYMY.
DFLC ontumizoBano 3a 0MOMOT0I0 METAEBPUCTUIHOTO JITOPUTMY, BiIOMOTO SIK anroputM rapmoniitroro nomyky (AL'Tl). OcroBHoio MeToio
1[bOTO JIOCJTI/UKEHHsI € OTPUMaHHs! e(heKTUBHOTO KOHTPOJIIO HAJL IIBUKICTIO IBUTYHA B CePEOBHUIIL 3aMKHYyTOT0 1nKkJry. [1106 gocsirtu 1poro, na-
pamerpu st [TITT/T BuGUparoThCs 3a IOTIOMOTOI0 aHAJII3Y B 4acOBiil 061acTi, SIKMii Ma€ Ha MeTi 33/[0BOJILHUTH TaKi BUMOTH, SIK 4ac BCTAHOBJICH-
Hs Ta MiKoBe nepesutnents. CriodaTky Koutposep Hewitkoi joriku B [T1I11/] konTposioe koedinienTtu nocsiraenss 1111, epexTrBHIiT KOHTPOJID
HaJl CHCTEMHOIO TTOMIJIKOIO Ta IMIBU/KICTIO 3MiHN moMuiku. Kpim toro, IITII/] BrockonamoeTrbes 3a gornomoroio AI'TI rst orpuMaHHs TOUHOI
Kopexkiii. Pimmentst, orpumani nursixom nananrryBanis kontposepa [TTTL/], oriniooTses 3a 10TTOMOT0I0 aHasli3y MOIETIOBAHS, TIPOBEAEHOTO HA
wiatopmi MATLAB/SIMULINK. IIpoyKTHBHICTb 3aMKHYTOTO I[MKJIY QHAJIIZYETLCS SIK Y YacOBiil, Tak i B 4acTOTHiil 06J1acTi, a IPO/YKTHB-
micth [III1/] ontrmisyeThes 3a moromoroio anroputmy ATl 171 oTpuMants TOYHOTO 3HAUEHHS TIPoIecy KepyBaHHs. SIK BUAHO 3 aHAJIIZY MO-
nemosanss, [IITI/]-AT'TI renepye ontnmisoBani Kepytodi CUTHAJIM JIJIs IBUTYHA TOCTIHHOTO CTPYMY JU/Ist KepyBaHH MBU/IKICTIO. EdexTuBHICTD
Tepe6auyBaHOTO IMAXOY PETYJIIOBAHHS MIBUAKOCT] AHATIZYETHCS 3 TOUKH 30PY PI3HUX OIIHOYHNX MOKA3HUKIB, TAKWX SIK IIBU/KICTh IBUTYHA,
KPYTHUIT MOMEHT i CTPYM sIKOpsi. EKCIIepUMEHTAIbHI PE3yJIBTaTh MOKa3yI0Th, M0 3alPONOHOBAHMI Mi/Xi 3a0e3meuye Kpaly MpOLyKTUB-
HICTB KepyBaHHsI Ta GLIbILY MBUAKICTH ABUIYHA IIOCTIHHOTO CTPYMY NOPiBHsIHO 3i 3Buuaiinumu IT1/{-koHTposepamu ta koutposaepamn SMC.

Kumouosi caosa: [11/[-konTposiep, IBUTYH MOCTIHHOTO CTPYMY, HOABIHHUIT PETYJISTOP HEUITKOI JIOTIKM, KEPYBAHHS KOB3HUM PEXKUMOM,
OIITUMI3allis.
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BUABJEHHA EOEKTUBHOCTI YCTAHOBKH HEPYXOMUX COHAYHUX ®OTOEJEKTPUYHUX MOAYJIB TA
MOJVJIB 13 PIBHUMHI BAPIAHTAMU TPEKIHI'Y (c. 15-25)

I. A. Tony6, H. M. IluBenkogra, O. A. fIpemenxko, O. A. Mapyc, 1. C. Omapos, A. A. Tory6enko

O6’ekToM oCTiKeH s € (POTOETEeKTPUYHI MOAYJI B PI3HUX BapiaHTaX YCTAHOBKW. YTOUHEHO (Di3UUHY MOJEIb OCBITJIEHOCTI 3eMJIi mapa-
JIEJTBHUM MTOTOKOM COHSTYHUX TIPOMeHiB. Buznauena sasexnicts KocuHyca KyTa 1ma/iiHast ipoMeniB COHILS BiJ KyTOBOI ITPOTSIKHOCTI IHST, & TAKOK
cepeHbopiuHa e(PeKTHUBHICTD YCTAHOBKU (DOTOEJIEKTPIUUHMX MOJYJIIB SIK HEPYXOMUX, TaK i 3 PI3HUMU BapiaHTaMU TPEKiHTY. YTouHeHHsT (hisndHoi
MOJieJti OJISITa€E y BUSHAYEHH] KyTa CXUJICHHSI, SIK KyTa MK MOXUJIOI0 Biccio 3eMiti Ta 11 TPOEKITi€0 Ha BePTUKAIbHY TUIOINHY, TIePHEHNKYISPHY
Jstinii, mo 3'eanye nentpu 3emuti Ta Contrt. s stinist mpoxoanTh Yepes 1enTp 3emiti. BBeeno mousTTs cepetHbopiunoi eheKTHBHOCTI YCTAaHOBKA
doToesIeKTPUYHUX MOJIYJIIB SIK BEJIMYMHN PIYHOTO CepeIHbO3BAKEHOTO 3HAYEHHs KOCHHYCA KyTa IajliHHS COHAYHMX HPOMEHIB Ha IUIONINHY
doroesnextprunoro mozyJis. IlpoanasnizoBano pisHi BapiaHTH BCTAaHOBIEHHS (DOTOEEKTPUUYHIX MOJTYJTiB: HEPYXOMUI TOPU3OHTAILHUI HA €KBa-
TOPIi; HEPYXOMUIl, BCTAHOBJIEHUIT TTiJl KYyTOM /IO TOPU3OHTY; TAKWIA, 110 3/[11ICHIOE TPEKIHT Y TOPU3OHTAIbHIN (BEPTUKAIBbHIN ) TIJIONITHAX; 13 TTOB-
HuM Tpekinrom. EdekTiBHiCTh yeTaHOBKN (hOTOETEKTPUYHOTO MOLYJIsl HA KOKHIH MIUPOTI MOXKe OPiBHIOBATH €(heKTUBHOCT] YCTAHOBKH 1{bOTO
MOIYJIsI Ha eKBaTopi, T06T0 47,93 % Tpu yCTAHOBIT MOYJIS I/ KYTOM HAXUITY 10 TOPU3OHTY, SIKUiT IOPIBHIOE MHPOTi. TPEKIiHT Y BepTHKATBHIN
IIOIIMHI JI03BOJISIE THABUIIATH e(DeKTUBHICTD YCTAHOBKU (HOTOETEKTPUIHOro MoayJist 10 50 %. TIOpiBHIHO i3 MOBHUM TPEKiHIOM, TPEKiHT
Y TOPU3OHTAJIBHIN MUIONMHI T1i/{ KyTOM IIMPOTH TO3BOJISIE OTPUMATH ePeKTUBHICTh YCTAHOBKH (hOTOENEKTPIIHOTO MO/yJIst Ha piHi 97,93 %.

Pesysbratt MOKYTh GyTH MOKJIAAEHI B OCHOBY OIIHKU eEeKTUBHOCTI YCTAaHOBKY (hOTOENEKTPUYHUX MOJYJIB HA PISHUX MIUPOTAX TIPU
PI3HUX crocO6ax IX BCTAHOBJIEHHS, 8 TAKOK TIPU MOAATBINOMY BUPOGHHUIITEI €JIEKTPOEHEPTI.

KiiouoBi cioBa: hoToesieKTpUIHUN MOZLYJIb, KYT TTA/IiHHST COHSYHUX [TPOMEHIB, KyT CXUJIEHHS, KyT HAXHJLY /[0 TOPU30HTY, e)eKTHBHICTh
YCTaHOBKH MOJLYJIiB.
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BU3HAYEHHS BILINBY KIJIBKOCTI TA KYTA ATAKHU JIOIIATEIT HA MIKPOTIJIPOEJIEKTPOCTAHIIIIO 13
CEPEJIHHOBIMHOIO IIPOTYPBIHOIO 3 BUKOPUCTAHHAM ANOVA (c. 26-31)

Adi Syuriadi, Ahmad Indra Siswantara, Dewin Purnama, Gun Gun Ramdlan Gunadi, Iwan Susanto, Sulaksana Permana

[laHe JOCIKEHHSI CIPSIMOBAHE Ha ONTUMI3AI[0 TPOLYKTUBHOCTI MiKPOTIIPOENEKTPOCTAHILIT, 30KpeMa 13 cepetHboOINHO0 TIAPOTYP-
6in010. O6MesKeHa JOCTYNMHICTh HEBIIHOBIIOBAHUX JIZKePeJI eHepril Ta BICOKa BapTicTh PO3POOKU BiJIHOBIIOBAHKX JIZKEpeJl eHepril B eHep-
FeTUYHOMY CEKTOPI CTBOPIOIOTH POOJIEMH, 110 POOUTH HEOOXIIHUM MOIIYK HOBUX [JKEPEJ €HEPrii Ta MmiBUIeHHs eHeproeeKTHBHOCTI.
Harnionanpunit mman enexkrponoctayanus Ha 2004-2022 pokn cnpsaMoBaHUil Ha PO3IIMPEHHS JOCTYIY 0 €JI€KTPOEHEpPTil B CibChKilt
MicieBocTi, BKIIOYaoun BijzaieHi perionu, taki sk Boropebke PereHTeTBo, 3 06MEKEHUM JI0CTYIIOM /10 eJieKTpoeHeprii. Bararo sxurenis
no0yyBain BJAACHI MIKPOTIIPOENEKTPOCTAHILI], aie X BPas3JMBICTh M0 CTUXIHUX JIMX BUKJIUKAE 3aHEMOKOEHHS. Y POOOTI BUBYAETHCS
MOTEHIaJl TeXHOJIOTIi cepeiHbOGIHHOT riAPOTYPOIHN /ISt MIKPOTIIPOETEKTPOCTAHIIIT.

JlociisKeH S BKIIIOYAI0 BUIIPOOYBaHHs MikporiapoeaekTpocTaniiii 3 6, 8 i 10 monaramu i kyramu naxuiry gonareit 0°, 30° 1 45°. Tlotoune
JOCJI/IKEHHS 30cepeKeHo Ha ONTUMI3allii MPOayKTHBHOCTI, BKIIOYAIOYN BUKOPHCTaHHA Anctepciiinoro ananizy (ANOVA) 11 BUsSHaYeHHS
3HAYHOTO BIUIMBY KIJIBKOCTI Ta KyTa HAXUIIy Jomareil Ha 00epTaHHs TypOiHN.



MakcuMaabHa MBUAKICTH 00epTaHHs gocsaranacs npyu Bukopucranii 10 sonareit i kyrax ataku 0°, 30° 1 45° 1ipy BIAOBIAHUX MIBUAKOC-
Tax 153,59 06,/x8, 155,84 06/x8 i 164,95 06,/xB. JIOCITiIZKEHHS TOKA3YE, 110 YUM Oiblle KiTbKICTh Ta KyT aTaku Jonarei, TuM Giibine obep-
TaHHs cepeAnbobiiHol TiapoTypbinm. Jucnepciiinuii ananiza (ANOVA) 1okasas, 1m0 KiJbKicTh Jonareil Mae€ 3HaYHUN BIUIMB Ha oOepTaHHs
Typ6iHu, npu 1boMy 3HaueHHs F-tecty cranosuio 6,32, a p-3nauenns 0,012, 3 inmoro 60Ky, KyT aTaku JIONaTi He MaB ICTOTHOTO BILIUBY, IIPU
npoMy 3HaueHHs F-tecty cranosuio 3,20, a p-snavenns 0,067.

KiouoBi caoBa: cepennbobiiina rizporypbina, aucnepciituuii ananis (ANOVA), KiJbKicTb JonaTell, KyT aTaki.
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BUABJIEHHA OCOBJIUBOCTEM TEIIO®I3UYHUX TAPAMETPIB PO3POBJIEHUX EHEPTO3BEPITAIOUNX
KOHCTPYKIIIY 30BHIIITHHOTO OTOPOJI;KEHHA 3 IIOBITPIHUMU KAHAJIAMU (c. 32-43)

Askhat Tagybayev, Nurlan Zhangabay, Ulanbator Suleimenov, K. B. Aspamos, B. B. Ycnenckuii, Altynsary Umbitaliyev

VY jocuipkenti po3po6aeHo HOBI MOJIENI eHepro3Oepiraiounx KOHCTPYKINA 3 HOBITPAHUMU KaHajaMmu. J[is pospaxyHky Teroghisny-
HUX [apaMeTPiB 30BHINIHIX OrOPOJIZKEHb 3aCTOCOBYBAIACS CUCTEMA KOMIT'I0TepHOI anrebpu Maple, mpu 1boMy 3HaUEHHST TEPMIYHOTO OMOPY
KOHCTPYKILiil BUBHAYEHO Ha OCHOBI KiHTleBO-eseMeHTHOTO MeToxy ANSYS. Pesymbrar anasnidy KOHCTPYKIIii TOKa3aB, MO 3HAYEHHS TETIIOBOI
iHepuil TpaauIiiiHOT KOHCTPYKIII Ta ycepeaHeHe 3HaYeHHS TEIIOBOI iHepiii po3pobIeHnX KOHCTPYKINN A0piBHIOOTD. IIpore amiuiiTyna
KOJIMBaHHsI PO3pO0JIEHNX 30BHIIIHIX oropozkenb a0 20,72 % edexrusHime BiHOCHO Tpaguiiiinoi. IIpy bOMY BHUSBJIEHO, 1O TMOBITPSIHI
MIPOIIAPKY He BIIMBAIOTH HA TETUIOBY iHEPIIO OTOPOJIKEHI, a ii TapaMeTpH 3aJIeXKaTh JUIIe Bil CyMapHOi TOBIUHU Marepianay. AHasri3 mo-
Ka3aB, 10 3HAYEHHsI TAPOTPOHUKHEHHST BHYTPIITHBOI CTIHU PO3POOJIEHUX KOHCTPYKIIIH A0PiBHIOOTH Tpaauiittiil. [Ipote 3HaueHHs OMOPY
TIAPOIIPOHNKHEHHIO OTOPOJIPKEHHS PO3POOIEHIX KOHCTPYKILiit Ha 3,21 % edexruswinte. [Ipu 1boMy BUKOPHCTAHHS 3aMKHYTOTO TIOBITPSIHOTO
MIPOIIAPKY 3 TEIUIOBIAOUBAIOYUM €KPAHOM JIO3BOJISIE 3PYIIUTH MOKJIMBY 30HY KOHIeHCallil B GiK 30BHIIIHBOT TI0OBEPXHI OropouKeHHst. AHai3
TIepeBipKY Ha HeBUITQAaHHA KOH/IEHCATY Y BEHTUIOBAHOMY TTOBITPSHOMY ITPONIApKy ITOKa3aB, 10 y BeHTHILOBAHOMY MOBITPSHOMY IIPOIIap-
Ky y BCIX aHaJIi30BaHMX CXeMaX KOHJICHCAT He BUIIQJIAE, a PE3YJITaTH aHaJi3y 32 3HAYEHHSAM ITOBITPOIIPOHUKHOCTI 1TOKA3aJIH, 1110 BCi CXeMn
OTOPOJIKEHHS 3a/I0BOJIBHSAIOT BUMOTAM 110 MOBITPOIPOHUKHOCTI. Bupimmennst npobiem eHeprozbepexenHs y OyAiBHUITBI 4epe3 po3poOKy
HOBUX eHeproeeKTUBHIX KOHCTPYKIMH 30BHINTHIX OTOPOZKEHD CIIPISIE CKOPOYEHHIO BUTPAT HA TETIOBY €HEPTIIO OYIiBEb, IO € aKTyalb-
HUM 3aB/IaHHAM y BCbOMY CBiTi Ha CbOTO/IHIIIHIi 1eHb.

Koro4oBi cioBa: TensocTiiiKicTh 30BHIITHBOTO OTOPO/KEHHS, PEKUM BOJIOTOCTI 30BHIIITHIX OTOPO/IKEHD, MOBITPSTHUN PEKUM 30BHIIIHIX
OrOPOIKEHb, 3aMKHYTI TOBITPSIHI KaHA/IM, TEIIOBIAOMBAIOUNIT eKpaH.



