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The object of the study is the distributed generation (DG) sys-
tem for remote areas where extending power lines is challenging or
impossible. The study demonstrates how integrating electrical and
thermal energy modules based on renewable energy sources (RES)
into a common DG bus can ensure continuous energy supply. This
approach provides both heat and electricity to consumers, indepen-
dent of weather conditions an advantage over traditional systems
reliant on variable sources like wind and solar energy. Numerical
assessments suggest that the proposed system can improve local
renewable resource utilization by approximately 20—-30 % compared
to single-source renewable setups. This enhanced efficiency results
in a more stable power output, with fewer interruptions caused by
low wind speeds or reduced solar irradiance. Economically, reducing
dependence on diesel generators by about 15-25 % can translate
into substantial fuel cost savings. In addition, shifting energy pro-
duction away from non-renewable sources may cut greenhouse gas
emissions by an estimated 10—20 %, contributing to environmental
protection targets. In this research received lies in its solution
for off-grid energy delivery in rural areas, which generally rely on
expensive and frequently unreliable centralized energy infrastruc-
ture. By leveraging renewable energy sources and implementing
a cogenerative DG system, the study significantly reduces reliance
on traditional energy grids and enhances energy independence for
remote facilities. The research highlights the practical value of
the proposed solution, particularly for rural areas far from power

lines and with limited access to traditional electricity systems. The
suggested system not only provides continuous energy, but it also
coincides with worldwide trends toward sustainable and decentra-
lized energy solutions.

Keywords: cogeneration distributed generation, renewable ener-
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The object of this study is thin-film photovoltaic modules with-
out physical damage, manufactured by CIGS technology, affected by
potential-induced degradation, after restoration. The possibility of
improving the efficiency of the array of restored photovoltaic mo-
dules of the Q.SMART UF L 105 type has been established exper-
imentally, under natural lighting conditions, up to 50 % and higher
with respect to the new reference photovoltaic panel. An expression
for evaluating the efficiency of restored photovoltaic panels has been
derived. It is proposed to use a relative indicator — the efficiency in-
dex, which is calculated based on the specific generation data of pho-
tovoltaic modules. During the experiment, photovoltaic panels were
connected to the OpenSCADA dispatch control and data collection
system. Experimental studies were carried out in the autumn-winter
period under three weather scenarios: clear day, variable cloudiness,
continuous cloudiness. The specific monthly generation of photovol-
taic modules was defined as the amount of energy produced during
the month per unit of power, which is 100 W. During the experiment,
minute and hourly fluctuations in the generation of photovoltaic
modules were recorded. Based on the results of calculating the
efficiency index, it was concluded that the generation of electrical
energy by exhausted photovoltaic modules after restoration under
real operating conditions allows for the possibility of their secon-
dary application.

The results of the research could be used as a basis for evaluating
the efficiency of restored photovoltaic modules while the resulting
statistical data on their performance could be used to devise rules
and standards for the secondary application of exhausted photovol-
taic panels.

Keywords: photovoltaic module, potential-induced degrada-
tion, photovoltaic generation, SCADA system, restoration efficiency.
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This study introduces a structural design and static analysis of
a Mobile Battery Swap Station for electric motorcycles, powered by
solar energy, to address the critical need for sustainable and off-grid
charging infrastructure. As the adoption of electric motorcycles
continues to grow, driven by the demand for eco-friendly transpor-
tation alternatives, the lack of widespread and accessible charging
infrastructure poses a significant barrier to their widespread use. In
many regions, the expansion of traditional grid-connected charging
stations is hindered by high installation costs, space limitations in
urban environments, and logistical challenges in remote or under-
served areas. The design focuses on a robust, mobile frame made
from hollow iron of AIST 1010 steel, supporting the integration of
photovoltaic (PV) panels to supply renewable energy directly to the
battery-swapping system. Using Finite Element Analysis (FEA),
the station’s structural integrity was evaluated under a uniformly
distributed load of 700 kg, simulating real-world loading conditions
for components essential to electric motorcycle operations, including
PV mounts and battery racks. Results show a maximum displace-
ment of 4.541 mm, a peak stress of 57.716 MPa, and a Factor of
Safety (FOS) of 2.9, confirming the design’s ability to securely and
stably support the necessary equipment for battery swapping. This
mobile, solar-powered solution advances sustainable infrastructure
for electric motorcycles, enabling flexible, grid-independent battery
swapping that is particularly beneficial in urban areas and remote
locations. This station contributes to greener mobility solutions
tailored for electric motorcycles, aligning with broader efforts to
support eco-friendly transportation systems.

Keywords: battery swap, EV infrastructure, solar-powered
charging, mobile station, electric motorcycle.
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This study explores the use of Failure Mode and Effects Analy-
sis (FMEA) to identify and mitigate risks in Solar Power Plants
(PLTS) in Indonesia’s new National Capital City (IKN). As renewable
energy is vital to Indonesia’s sustainability goals, managing risks in
PLTS is essential for ensuring reliable and efficient energy production.

The research identifies key challenges such as PV Array module
failures, shading effects, and control system disruptions, which
significantly impact electricity generation. Using the Risk Priority
Number (RPN) methodology, the study ranks PV Array modules
as the highest risk component (RPN 192), followed by Control and
Management Systems (RPN 140) and PV Circuit Breakers and
Video Monitoring Systems (RPN 120). These findings underline the
need for targeted mitigation strategies.

Recommendations include regular PV module inspections,
hotspot monitoring technology, firmware updates, and enhanced
fire protection systems. Preventive measures like grounding current
maintenance and fire sensor upgrades further minimize operational
disruptions, ensuring component durability and system efficiency.

By leveraging the FMEA framework, this study systematically
identifies and prioritizes risks while providing actionable solutions
to enhance operational resilience. The results align with Indonesia’s
vision of achieving 80 % renewable energy utilization in IKN by 2045.

This research offers broader applicability for renewable energy
systems in similar contexts, contributing to clean energy initiatives,
reducing fossil fuel dependency, and supporting sustainable urban
planning. It serves as a critical resource for integrating renewable
energy into Indonesia’s green and resilient capital city vision.

Keywords: solar power plant (PLTS), failure mode and effects
analysis (FMEA), asset management, risk analysis.
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Single-hole injections of liquid hydrocarbon fuels (isooctane and
dodecane) under high turbulence have been investigated using di-
rect numerical simulation based on the statistical model considering
the droplets’ atomization, distribution, and combustion. The study
objects are the heat and mass transfer processes during atomization
and combustion of liquid fuels injections within the combustion
chambers of thermal engines. The temperature and carbon dioxide
concentration distributions of the fuel-air mixture, the distributions
of the droplets, their velocities, and the Sauter mean radius within
the isooctane and dodecane oxidation in the engine’s combustion
space were obtained. An investigation of the oxidizer’s initial tem-
perature influence on the droplets” atomization and combustion pro-
cesses showed that the optimal temperature for both fuels is 900 K.
The obtained modeling results were confirmed in good agreement
with theoretical and experimental data.

Thanks to the integrated use of approaches from statistical theory,
numerical algorithms and 3D computer modeling techniques, the re-
sults obtained are distinguished by high accuracy, efficiency in reduc-
ing computational resources, scientific novelty in the type of droplet
atomization and suitability for practical application for technological
solutions not only for single-hole, but also for multi-hole injections of
liquid fuels and studying the jet-to-jet interaction phenomena.

The obtained research results can be applied in miscellaneous
internal combustion engines development with different atomization
types, which will allow us to contemporaneously settle the concerns
of streamlining the combustion process, improving the completeness
of fuel combustion and reducing emissions of harmful substances.

Keywords: liquid fuel, atomization, combustion, emissions, single-
hole injection, thermal engines.
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The object of the study is a sustainable energy complex designed
to convert biomass and livestock waste into thermal energy. The
problem being solved is the reduction of environmental pollution in
the agricultural sector of Kazakhstan through effective waste ma-
nagement. The complex includes a biofuel production plant, a biogas
synthesis plant, and an optimized heat generator in the form of
a biogas-fired hot water boiler.

The problem being solved is the need to use renewable energy
sources that reduce the impact of agricultural waste on the envi-
ronment while providing a reliable source of energy. Existing biogas
technologies are often inefficient, especially in the processing of va-
rious agricultural wastes, and require innovation to meet the unique
needs of rural farms.

The main result of the study was the creation of an experimental
biogas-powered heat generator with a capacity of 21.9 kW. The com-
plex successfully recycles waste by producing biogas, which feeds



a hot water boiler, providing thermal energy and reducing depen-
dence on traditional fuels. Laboratory tests have confirmed the high
efficiency of the biogas system, and optimal fermentation parameters
have been determined for the effective production of biogas.

The results show that the thermophilic operating mode (52—55 °C)

ensures maximum biogas output, and the modular design of the
system and the low-pressure gas tank increase practicality for small
and medium farms. The complex offers an environmentally friendly
solution by converting biomass into energy, which can be used in
agricultural enterprises with access to organic waste. This innovative
system not only promotes sustainability but also enhances energy
independence for rural communities.

Keywords: biogas production, thermal energy generation, bio-

mass utilization, renewable energy sources, waste recycling, agricul-
tural waste management.
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The object of this study is the process of anaerobic fermentation
of wastewater sludge from aquaculture. It was established that the
exponential dependence adequately describes the experimental
data on the change in the level of decomposition of dry organic
matter (DOM) and the specific yield of biomethane per unit of de-
composed DOM of aquaculture wastewater sediment depending on
the time of anaerobic fermentation. The maximum level of DOM de-
composition during anaerobic fermentation achieved in 38 days was
0.74 relative units at a process speed of 0.108 relative units per day.
The integrated level of DOM decomposition over 21 days of anaero-
bic fermentation can reach only 0.43 relative units, and the integra-
ted level of DOM decomposition is set at the level of 0.033 relative
units per day. The output of biogas and biomethane during anae-
robic fermentation over 21 days of anaerobic fermentation reached
4.083 and 2.627 1, respectively. At the same time, the concentration
of biomethane in biogas on day 7 of fermentation reached 74-75 %
and remained at this level until day 21. The maximum level of spe-
cific yield of biomethane during anaerobic fermentation reached

on day 38 was 803.936 ml in terms of normal conditions per gram
of decomposed DOM with a rate of change of the specific yield of
biomethane of 0.207 ml in terms of normal conditions per gram of de-
composed DOM per day. The integrated specific yield of biomethane
over 21 days of anaerobic fermentation could reach 580-590 ml in
terms of normal conditions per gram of decomposed DOM. With
a fermentation time of 21 days, the specific output of biomethane
has an optimal value depending on the periodicity of loading the
reactor, which is 1.48—1.49 m? of biomethane per one m? of biomass
in the reactor in one day with a periodicity of loading the reactor
once per time from 4.5 to 6 days. The research results could be used
to determine the volume of biomethane production and electricity
based on it during the anaerobic fermentation of aquaculture waste-
water sludge.

Keywords: anaerobic fermentation of sediment, specific yield of
biomethane, recirculation system of aquaculture, biomethane.
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CTBOPEHH$ PO3MOALIEHOI EHEPTETUYHOI CUCTEMM JIJ151 BUPOBHMIITBA TEILJIOBOI TA EJJEKTPUYHOI
EHEPTII (c. 6-15)

Nassim Rustamov, Kamalbek Berkimbayev, Zagipa Abdikulova, Oxana Meirbekova, Zhanibek Issabekov, Shokhrukh Babakhan,
Perizat Rakhmetova

OG’exToM jrocaipkents € cucreMa posnoginenoi renepaitii (PT) maas Bigganenux paiionis, ge posimupeHHs JiHil erexTporepenad
€ CKITaIHIM a00 HeMOKINBUM. J{OCTIi/PKEHHST IEMOHCTPYE, SIK iHTETPAaIlist MOYJIiB eJIEKTPUYHOI Ta TEIIIOBOI €HePril Ha OCHOBI BiZIHOBIIIOBAHNX
mekepedt exeprii (BJIE) y saranbny muny PT Moske 3abesneunTu 6esnepepsHe enepronocradannst. el migxix 3abesnedye sk Terio, Tak i enex-
TPOEHEPTiIo JIJIsl CHOXKUBAUIB, He3aJIe)KHO BiJl IOTOHUX YMOB, 110 € IIePeBarolo Iepe/| TPaJnuIifHIMI CUCTeMaM, 1110 3aJIeKaTh B/l 3MIHHUX
JpKepeJt, TAaKUX SK eHepris BITPy Ta COHI. UncesbHi OI[IHKH CBi9aTh PO Te, M0 3aITPOTIOHOBAHA CHCTeMa MOsKe MOKPAIIUTH BUKOPUCTAHHS
MiCIIeBUX BiIHOBJIIOBaHUX pecypci npubansao Ha 20—30 % MOPIBHSIHO 3 yCTAHOBKAMU 3 OHOTO JUKepesa BiIHOBJIOBaHOI eHeprii. [ls mia-
BuiieHa eexTUBHICTb 3a6e31edye Oiblin cTabiIbHy BUXIAHY TOTYKHICTD i3 MEHINOIO KiJBKICTIO EPepB, CIPHYUHEHUX HU3bKOIO IIBU/IKICTIO
BiTPY 260 3MEHIIIEHHSIM COHSTYHOTO BUIIPOMIHIOBAHHS. 3 €KOHOMIYHOTO MOTJISILY 3MEHIEHHsT 3aJIEKHOCTI BiJl AN3€Ib-reHepaTopiB MPUOIII3HO
Ha 15-25 % MosKe NPU3BECTH 10 3HAYHOI eKOHOMIT BUTpaT Ha manuBo. KpiM Toro, repeseeHHs: BUPOOHUIITBA eHEpril 3 HEBiTHOBIIOBAHNX
JKEPEJT MOJKe CKOPOTUTH BUKU/IH TAPHIKOBHUX Ta3iB mpubin3so Ha 10—20 %, Cpusioun TOCATHEHHIO TiJTell 3aXICTy HABKOIMIITHBOTO CEPEIO-
BUIa. Y [bOMY AOCTIKEHHI 6yJI0 OTPUMAHO PillleHHsI /7St TOCTAYaHHS eJIEKTPOEHEPTIT 1032 MEPEKEI0 B CLIbCHKIIT MiCIIEBOCTI, siKa 3a3BUYail
TIOKJIATAETHCS Ha JOPOTY Ta YaCTO HEHAMIIHYy IEeHTPATi30BaHy eHepreTHYHy iHGpPacTpyKTypy. BukopucToByioun BiJHOBJIIOBaHI /Kepesa
eHeprii Ta BIPOBAKYIOUN KorenepaTuBHy cuctemy Pl mocstipkents 3HAUHO 3MEHIITYE 3aJIeKHICTD Bifl TPAAULIINHUX €HEPreTUYHUX MEPEesK
i miBUIILy € eHeproHe3aseKHiCTb BifianeHnx 00’ ekTiB. JloCTiKeH s AKPECTIOE TPAKTUYHY [IIHHICTD 3alIPONOHOBAHOTO PillIEHHsI, 0COOJINBO
JUIST CLITbCHKUX PailoHiB, PO3TANIOBAHKX JaJIeKO B/ JiHIH eslekTpornepeiay i 3 00MeKEHUM OCTYTIOM 10 TPAAUIIHHUX CHCTEM eJIeKTPOEHEprii.
3arnporoHoBaHa cUcTeMa He TiJIbKU 3a6e311eqye 6esrepepBHe eHEPronocTayants, ajie i 36iracTbes 31 CBITOBMMU TEHACHIISIMU 10 CTIAKMX
1 IETIeHTPaJTi30BAaHIX €HEPTeTUIHHX PillleHb.

KmiouoBi cioBa: korenepailiiia posmo/ijieHa reHepaltisi, BiJHOBJIIOBaHI JuKepesaa eHeprii, aBroHOMHa eHepris, 6ioras, ejeKTpuyHa Ta
TEIJIOBA €Hepris.
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BU3HAYEHHSI EOEKTUBHOCTI ®OTOEJEKTPUYHUX MOJIYJIIB IICJISI BIHOBJIEHHS B IPUPOJTHUX YMOBAX
OCBITJIEHOCTI (c. 16-24)

I. O. IlIsexuukosa, A. C. Tpuxue6, C. O. Tpuxieo, C. A. lemimonkosa, B. M. IlaBienko

OO0’eKTOM JOCIPKEHHSI € TOHKOILTIBKOBI €3 (hisMYHNX MONKOIKEHb (HOTOETEKTPUYHI MOMYJIi, BUTOTOBJIeH] 3a TexHomoriero CIGS,
YPakeHi OTeHIIi i1 HO-1H/IyKOBAHOIO JeTPAIAILEI0, TiCT BiTHOBIEHH. BeTanosiieno ekcriepnMeHTaIbHIM HIJIIXOM MOSKJINBICTD TTiIBUIIEHHS
edextuBHOCTI MacuBy BigHOBIeHNX hoToesekTprunux Moayais Tury Q.SMART UF L 105 B npupoanux ymoBax ocsitieHocti 10 50 % i Bu-
1Ie TI0 BiTHOIIEHHIO 710 HOBOI eTATOHHO1 (hoToeekTpuaHoi nanesi. OTpuMaHo BUPa3 IS OLiHKHA e(eKTUBHOCTI BiTHOBIEHUX (POTOETEKTPUY-
HUX T1aHeJieil. 3alPOIIOHOBAHO BUKOPUCTAHHS BiJIHOCHOTO ITOKa3HUKA — iHAEKCY epeKTUBHOCTI, SIKMil PO3PaXOBYETHCS 3a JAHUMH ITUTOMOI
reHepaitii horoesekTpuaHnX Moy, 11i yac mpoBeseHHs ekcriepuMeHTy (hOTOETEKTPUYHI MAHE I Mi/IKJII0YaINCh 0 CUCTEMH JIFCIIeTYep-
CBKOTO KOHTPOJTIO Ta 360py Aanux OpenSCADA. ExcriepuMenTanbii I0CTiZKEeHHsI TIPOBOAMINCH B IIEPIOJ] OCiHb-3UMa 32 TPhOMA MOTOIHUMU
CIleHapIisSIMU: SICHUIL /IeHb, 3MiHHA XMapHICTb, CylliJbHa XMapHicTh. [InToMa MicsuHa reHepaitist pOTOENIEKTPUYHIX MOJLYJIIB BUSHAYA/IACh SK
KUIBKICTD eHeprii, BUPOOIEHOI TIPOTATOM MiCsI Ha OAMHMILIO TOTYKHOCTI, sika ctanoButh 100 Br. ITig yac eKcriepuMenTy peecTpyBainch
MOXBUJIMHHI Ta TIOTOJIMHHI KOJIMBAHHS FeHepallii (hOTOENTEKTPUYHIX MOAYJIIB. 3a Pe3yJIbTaTaMu PO3PAXYHKY iHAEKCY eeKTUBHOCTI 3p06IeHO
BUCHOBOK TIPO T€, IO BUPOOHUIITBO €JIEKTPUYHOI eHepril BiApaboBaHMK (hOTOENEKTPIMIHIMI MOLY/ISIMU TTCJIS BITHOBJIEHHST B PEATbHIX
YMOBaX eKCILTyaTailii 3a6e3mnedye MOKIUBICTh IX BTOPUHHOTO BUKOPHCTAHHSI.

PesynbraTi 10CIIPKEHHS MOXKYTh Oy TH TOKJIa/IeHI B OCHOBY OIIIHKHM e(heKTUBHOCTI BIAHOBJIEHUX (hOTOENEKTPIIHIX MOYJIIB, & OTPUMAaHI
CTATUCTUYHI TaHi MO0 iX TPOLYKTUBHOCTI MOKYTH OyTH BUKOPUCTAHI TPU PO3POGJIEHH] TIPABHJI Ta CTAHIAPTIB ST BTOPUHHOTO 3aCTOCYBaH-
HSI BIZIPAI[bOBaHUX (DOTOEJIEKTPUYHUX TTaHEeJIei.

KmouoBi ciioBa: dhoToesreKTpuaHIi MOy J1b, TIOTEHITINHO-1HYKOBaHa ferpajaitisi, horoenekrpuyna renepaitis, cucrema SCADA, edek-
TUBHICTb BiJIHOBJICHHSL.
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OIIIHKA KOHCTPYKTHUBHOI EOEKTUBHOCTI MOBLJIbHOI COHSIYHOI CTAHIIII 3AMIHU AKYMYJISITOPIB
JJI1 ETEKTPOMOTOIUKIIIB (c. 25-33)

Sonki Prasetya, Haolia Rahman, Muhammad Todaro, Muhammad Hidayat Tullah, Eka Prasetyono, Jazuli Fadil,
Mochammad Ari Bagus Nugroho, Teguh Suprianto, Lauhil Mahfudz Hayusman, Fuad Zainuri

VY oMy JI0CIIiKEHH] TPeICTaBIeHO CTPYKTYPHUN [IU3aiH i CTaTHYHUI aHasi3 MOOLIBLHOI CTaHIi 3aMiHI AaKYMYJISITOPIB [JIsT €JIeKTPpUY-
HUX MOTOIMKJIIB, SIKi MPAIIOIOTH Bi/I COHSAYHOI eHeprii, o6 3a/l0BOJBHUTH KPUTHYHY TIOTPpeOy B CTI#iKiil i aBTOHOMHII 3apsHiii indpacTpyk-
Typi. OCKiJIbKU BIIPOBA/PKEHHS €JIEKTPUYHUX MOTOIMKJIIIB IIPOJIOBKYE 3POCTATH YepPes3 MONUT HAa eKOJIOTIYHO YMCTI TPAHCIOPTHI ajlbrepHa-
THBH, BiZICYyTHICTD TIONIMPEHOI Ta JOCTYIHOI 3apsAAHOi iH(pPACTPYKTYPH CTBOPIOE CEPHO3HY MEePemKopy /I iX IMHPOKOTO BUKOPHCTAHHS.
V¥ HaraTbox perioHax posMUPEHHIO TPAAUIIHHUX TAKIIOYEHUX 10 MEPEsK] 3aps/[HUX CTaHIiii 3aBaKaloTh BUCOKI BUTPATH Ha BCTAHOBJECHHS,



0OMesKEeHHsI TIPOCTOPY B MiCbKOMY Cepe/IOBHIIL Ta JIOTiCTHYHI IpobJieMu y BiaieHux abo HesocTaTHbo 3abesnedenux paitonax. Konerpykitis
30cepe/pKeHa Ha MillHii MOOiIBHIIT pami, BUTOTOBIIEHIH i3 opoxkuucToro yaByny ta craui AIST 1010, ska nijxrpumye interparitiio doroesnex-
tpuunux (DE) naneseii aist mogadi BiAHOBIIOBAHOI eHeprii Ge3nocepesinbo B cUcTeMy 3aMiHu Gatapeil. 3a 0TOMOroI0 aHasli3y CKiHYeHUX
€JIEMEHTIB CTPYKTypHA LiIiCHICTh cTaiil OyJsa oliHeHa i PiBHOMIPHO Po3MoAiTeHnM HaBaHTaskeHHsaM 700 Kr, iMiTyi0un peanbHi yMOBU
HABaHTAKEHHS JUIST KOMIIOHEHTIB, BasKJIMBUX JUUIsT POOOTH €JIEKTPUYHUX MOTOIMKJIIB, BKIIOYAIOUN KpirieHHst PV Tta akyMyJIsiTOpHi CTilKH.
PesysbraTul okasyoTh MakcHMasibHe 3MitieHHst 4,541 MM, ikoBe HaBaHTaxeHHs 57,716 MIla rta koedimienT mirHocTi 2,9, 1m0 MiATBEPIKYE
3IaTHICTD KOHCTPYKIIT HAAIWHO Ta cTabiIbHO TATPUMYBaTH HEOOXinHe 0bIaHaHH 115 3aMinu Garapeii. ITe MOGLIbHE PIllIeHHST HA COHSYHMX
baTapesix OKPAIYE CTIHKY iHbPACTPYKTYPY ISl €TEKTPUYHIX MOTOIMKIIB, 3a0€3Medyiour THYUKY, He3aJIeKHy Bill MEPEKI 3aMily aKyMy-
JIITOPIB, 10 0COOINBO KOPUCHO B MiChKUX paiioHax i BiamaneHnx micusx. 1ls cranIis cupusie po3po0ili eKOJIOriuHO YUCTUX TPAHCIOPTHUX
CHCTEeM, CTBOPEHUX /IS eJIEKTPIYHIX MOTOIUKJIIB.

KiouoBi ciioBa: 3amina akyMyJisiTopa, iHbpacTpyKTypa eJeKTpoMOOLIeil, 3apsijika Ha COHTUHUX GaTapesix, MOGIIbHA CTAHILs, €eKTPIY-
HUI MOTOIINKJL.
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BHUSBJIEHHS PU3UKIB JIJI51 ECEKTUBHOI'O OBCJIYTOBYBAHHS EJJEKTPOCTAHIIII HA BITHOBJIIOBAHIX
JUKEPEJAX EHEPTIT Y HOBII EKOJIOTTYHO YUCTINA CTOJIMUII IHOHESII (c. 34-43)

Faishal Arifin, Yudan Whulanza

Y 11bOMy JOCII/KEHHI PO3IJISIAETHCSI BUKOPUCTAHHS aHaJI3y BUIB Ta HacJi/ikiB BiamMoB (FMEA) /st BUSIBIEHHS 1 3HIDKEHHST PU3HKIB
Ha coustyanx enexrpocraniisax (PLTS) B wosiit namionanpniit crosuiti Inmonesii (IKN). 3 ormsamy Ha Te, 110 BigHOBIIOBaHI JsKepesa eHeprii
MAaIOTh BUPIIIAJIbHE 3HAUCHHS |71 JIOCSATHEHHS I1iJIeil ctasoro po3BuTKy IHponesii, ynpasiinug pusukamu B PLTS Binirpae ki1o4oBy posib
y 3abesredeHni HagiifHoro Ta e(heKTHBHOTO BUPOOHHUIITBA eHEpPTii.

YV xoai pocaijzkeHus 6yJI0 BUABICHO OCHOBHI POGJIEME, TaKi SIK BIIMOBH MOAYJIB COHAYHUX OaTapei, edextu 3ariHenus ta 300i
B poOOTI cuCTeM YIPaBJiHHSI, SIKi CYTTEBO BIUIMBAIOTH HA BUPOOHUIITBO €JEKTPOEHEPrii. 3 BUKOPUCTAHHIM METOJOJIOTI] BU3HAYCHHS
npiopurerHoro uuciaa pusuky (RPN), y mocuipkerni Mopy i COHAYHUX Gatapeil OMiHIOIOTHCS K KOMIOHEHT 3 HAWBUIIMM pPiBHEM pH-
3uky (RPN 192), 3a kUM caiayorh cuctemu KOHTposio ta yupasiinas (RPN 140), a takok aBToMaTH4Hi BUMUKa4i COHsSYHUX Gartapei
i cucremu Bigeocnocrepeskentsi (RPN 120). [/lani pesysbraTéi HaroomyoTh Ha HeoOXiAHOCTI PO3POOKU IIJTECTIPIAMOBAHUX CTpaTerii
OM AKIIIeHH HACJIIKIB.

PexoMenzallii BRIIOYAIOTh PETYJSIPHI TIEPeBIPKI COHSYHIX MOJYJIB, TEXHOJIOTIT MOHITOPHHTY rapsiduX TOYOK, OHOBJIEHHS BOYJIOBAHOTO
MPOTrPaMHOro 3a6e3MeYeHHsI Ta BIOCKOHAIEHHST CHCTEM MTPOTUIIOKEKHOTO0 3axucTy. [IpodisakTidaHi 3aX0/1, Taki sk TEXHIYHe 06CIYTOBYBaH-
Hsl 3a3eMJICHHSI T2 MOIEPHI3AIlisl MOKEKHUX AaTYMKIB, MiHIMI3YIOTb HECIIPABHOCTI, 3a6e3Ie4yI0un J0OBrOBIYHICTh KOMIIOHEHTIB Ta eeKTHB-
HICTb CUCTEMH.

3 BuxopucranusaMm ctpykrypu FMEA, nane nocipkeHHs cCUCTEMAaTHYHO BUSIBIISIE Ta TIPIOPUTU3YE PUIUKH, HANAIOUN e(PEKTUBHI PillleHHs
JUIST THJIBUIIEHHST eKCILTyaTaliinHoi crifikocti. PesyspraTn Bifnosifaots koumenii [ngonesii moo pocsruennst 80 % BUKOPUCTAHHS BiZIHOB-
smoanux jpkepest eneprii 8 IKN 0 2045 poky.

JlaHe MOC/IIPKEHHS TPOIIOHYE G/l MMPOKE 3aCTOCYBAHHS €HEPTOCUCTEM HA BiTHOBJIIOBAHUX JIKEPEJIAX eHEPrii B aHATOTTYHUX KOHTEK-
CTax 3a CIPUSHHS Peai3alii iHiiaTuB y Ta’xy3i eKoJOTiYHO YICTOI eHepPreTHKH, 3MEHIIEeHHS 3aJI€;KHOCTI Bi/l BHKOITHOTO MAJIMBA Ta MiATPUMKN
CTilIKOTO MiCBLKOrO ILTaHyBaHHA. BOHO CJIy’KUTDb BaXKIMBUM PECYpPCOM JJIsl iHTerpalii BiTHOB/IOBAHUX JPKEPes eHepril B KOHIIEIII0 eKO0JI0-
TIYHO YMCTOI Ta CTiliKoi cTosmti Inponesii.

Kmouogi cioBa: consiuna enekrpoctaniiis (PLTS), ananiz Buzis ta nacminkis Bigmos (FMEA), ynpaBmiinns akTiBaMu, aHasi3 PU3UKiB.
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BU3HAYEHHS OIITUMAJIbHOI TEMIIEPATYPU OKUCJIEHHS HEI3OTEPMIYHIX BIIOPCKYBAHbD PIJIKUX
IIAJIUB 3 BUKOPUCTAHHSIM MOJIEJTIOBAHHSI HA OCHOBI CTATUCTUYHOTO PO3IO/ILITY KPATIEJIb

3A PO3MIPAMH (c. 44-55)

Aliya Askarova, Saltanat Bolegenova, Shynar Ospanova, Symbat Bolegenova, Gulzhakhan Baidullayeva, Kazyret Berdikhan,
Akbota Nussipzhan

3a J0TIOMOTOIO TIPSIMOTO YHCEJILHOTO MOJIETIOBAHHS Ha OCHOBI CTATUCTUYHOI MOZIEJI, 10 BPAXOBYE IIPOIECH PO3NUICHHS, PO3MOITY
Ta 3rOPSIHHS KPaIlesib, Oy JOCIIKEHI OHOCTPYMEHEBI BIIOPCKYBaHHs PIJIKUX BYIJIEBOJHEBUX NanuB (i300KTaHy i 70/ieKaHy) B yMOBax
BHUCOKOI TypOystenTHOCTI. O6’€KTaMK AOCITI/UKEHHS € MPOIECH TEIIOMAcOOOMIHY TIPU PO3NUJICHHI Ta 3rOPSIHHI BIIOPCKYBAHb PIIKUX TaIUB
y KaMepax 3ropsiHHs TEIUIOBUX JBUTYHIB. OTPHMaHO JlaHi PO PO3MO/LT TeMIIEPAaTypy Ta KOHIEHTPaIllii ByIJIEKUCJIOrO Ta3y B ITaJIMBOIIOBIT-
PpsiHill cyMilini, po3IoIiyI Kparesib, iX MIBUKOCTI Ta cepejiHiil pajiiyc 3ayTepa B MeKax OKHCJIEHHS i300KTaHy 1 /I0/leKaHy B KaMepi 3rOpsiHH
IBUTYHA. JlOoCTipKeH s BIIMBY MOYAaTKOBOI TeMIlepaTypy OKHUCIIOBaYa Ha MPOIecH PO3IMUJICHHS Ta 3TOPSHHS Kparesb ToKa3aso, 1o ONTH-
MaJIbHa TeMIlepaTypa s 060x Buzis nanusa cranosuth 900 K. ITixrsepmkeno rapHy BiJIIIOBIZIHICTb OTPUMAHUX Pe3yJ/IBTaTiB MO/IE/IOBAHHS
TEOPEeTUYHNM Ta eKCIIePUMEeHTATbHIM JJAaHNM.

3aBIsgKU KOMILIEKCHOMY BUKOPUCTAHHIO MiJIXO/IiB CTATUCTUYHOI TeOPii, YMCETbHUX AJITOPUTMIB i MeTOAiB Komir'otepuoro 3D-moze-
JIIOBAHHS, OTPUMAHI PE3YJIbTaTH BiAPI3HIIOTHCSA BHCOKOIO TOYHICTIO, €(PEKTUBHICTIO CKOPOYEHHST OOUYMCIIOBATIBLHUX PECypCiB, HAyKOBOIO
HOBM3HOIO B THII PO3NNJICHHS KpaIleb Ta IPAKTUYHOIO 3aCTOCOBHICTIO B TEXHOJIOTTYHUX PIlIEHHAX HE TiABKH /IS OJHOCTPYMEHEBHUX, aje
i1 GaraTocTpyMEeHEBUX BIIOPCKYBAHb PiIKUX MAJIUB Ta BUBUYEHHS SIBHII B3AEMO/Iii CTPYMEHIB.

OTpuMani pe3yJsraTi J0CIi/DKeHb MOKYTh Oy TH BUKOPUCTaH] TPU po3po0ili pisHUX ABUTYHIB BHYTPIITHBOTO 3TOPSIHHS 3 PI3BHUMH THIIA-
MU PO3IMJICHHS, 1110 /{I03BOJIUThH O/IHOYACHO BUPIllyBaTH 3aBJaHHS ONTHMI3allil IIPOIeCy 3rOPSHHS, MiJIBUIIICHHS IIOBHOTU 3TOPSHHS [AJINBa
1 3BHIKEHHS BUKU/IIB MIKiIZTMBUX PEYOBUH.

KiiouoBi ciioBa: pijike 1ajiBo, po3NUJIeHHs, 3rOPSIHHS, BUKHU/M, OIHOCTPYMEHEBe BIOPCKYBAHHs, TEIIOBI IBUTYHU.
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PO3POBKA EKCITEPUMEHTAJIbHOTO EHEPTETUYHOTO KOMILJIEKCY HA BA3I KOTEJIbHOI YCTAHOBKHU
3 ABTOMATHU30BAHUM ITAJIbBHUKOM JIJII BUKOPHUCTAHHS B EHEPTETHIII (c. 56-635)

Ruslan Kassym, Balzhan Bakhtiyar, Amanzhol Tokmoldayev, Gulzhamal Tursunbayeva, Maxim Korobkov, Muratbek Issakhanov,
Gulzagira Manapova, Almagul Mergalimova, Almas Baimukhanbetov

OG6’€KTOM JIOCTIIPKEHHS € CTIHKUI eHepreTHYHUI KOMIIJIEKC, IPU3HAYEHUTT /LTSI TIEPETBOPEHHST 610MaCcH Ta BiIXO/1iB TBAPMHHUIITBA B TEII-
JIOBY eHepriio. BupinryBana 3asiaya moJisirae B 3HIGKEHH] 3a0pyAHEHHsT HABKOJUIIHBOTO CEPEMOBHUINA B CLIBCHKOTOCTIOAAPCHKOMY CEKTOPI
Kasaxcrany 3a paxyHOK e(eKTHBHOTO MOBOJIKEHH 3 Binxonamu. KoMiuieke Bkouae B cebe yeTaHOBKY 3 BUPOOHUIITBA GioTainBa, yCTAHOBKY
cuHTe3y 6Gioragy Ta ONTUMI30BaHMIi TEIJIOTEHEPATOP Y BUTJISI BOAOIPIHHOTO KOT/Ia Ha Giorasi.

Bupirmysana 3aaua 1moJsira€ B HeoOXiIHOCTI BUKOPUCTAHHST Bi/IHOBJIIOBAHUX JIKEPE Hepril, 10 3HUKYIOTh BILUIMB CLIbCHKOIOCTIOAAP-
CHKUX BIIXO/IIB HA HABKOJIMIIHE CEPENOBHINE, 3a0e3MedyIoun Py [bOMY HajliiiHe Jukepeno eHeprii. IcHyroui 6i0razoBi TeXHOJIOTIT 4acTo Hee-
(ekTrBHi, 0cO6MMBO TPH TIEPEPOOI PIBHUX CLIBLCHKOTOCIIOAAPCHKIX BIAXO/AIB, | BUMAraloTh iHHOBAIIN /JIst 3a/[0BOJICHHS YHIKQIbHIX TOTPE6
CiTbCHKUX (hEPMEPCHKIX TOCTIOAPCTB.

OCHOBHIM De3YJIBTaTOM JIOCIIIPKEHHST CTaJI0 CTBOPEHHST €KCIIEPUMEHTATBHOTO 6i0ra3oBOro TermsioreHepatopa motyxuictio 21,9 kBr.
Komiuieke yerimuo mepepobiiste Bifxoau, BUpoOasaioun 6ioras, skuii >KMBUTh BOAOTPIiiHMIA KOTEJ, 3a0€311eUyIoUur TeMIOBY €HEeprilo Ta 3HH-
JKYIOUHM 3JI€KHICTD Bil TpaAMIiiHUX BuiB namusa. JlaGopatopi BUIIPOOYBaHHs MATBEPAUIN BUCOKY ehekTHBHICTb 6iora3oBoi cuctemu,
a Takok OyJIM BU3HAYEH] ONTUMAJIbHI TapamMeTpr dhepMenTaiii s e(heKTHBHOrO BUPOOHUIITBA GioTasy.

PesynbraTi OKasyioTh, o TepModiabHuii pesxim pobotu (52—55 °C) 3abesiedye MakcUMaIbHUIT BUXiz 6iorasy, a MOy IbHA KOHCTPYK-
11iSI CHCTEMU Ta Ta3ToJIb/iep HU3BKOTO THCKY IiIBUILYIOTh TPAKTHYHICTD /ISl MaJINX i cepe/Hix (hepMepchKux rocrogapets. Kommieke aBise
€000 €KOJIOTTYHO YUCTE PIIIEHHS 33 PAXYHOK MEPETBOPEHHsI HioMacu B €HEPrio, sika Moke OyTH BUKOPHUCTaHA HA CLIBCHKOIOCTIOAAPCHKUX
MITPUEMCTBAX, IO MAIOTh JOCTYII /IO OPTaHiYHUX BiaxoxiB. Llsg inHoBamiiina cucteMa He TiITBKU CIIPHUIE CTAIOMY PO3BUTKY, a i MiABHUIIY€E
€HEePreTUYHY He3aJIeXKHICTh CLIbCHKUX IPOMAJIL.

Kio4oBi coBa: BupoOHUIITBO Giorasy, BUPOOIEHHS TEIIOBOi eHeprii, yruiisaris 6iomacu, BiIHOBIOBaHI [Kepesa eHeprii, mepepodka
BI/IXO/IiB, TOBO/IPKEHHS 3 CITbCHKOTOCTIOIAPCHKIMHI Bi/IXO/IAMH.
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BU3HAYEHHS IIOKA3HUKIB ITPOIECY AHAEPOBHOI ®EPMEHTAIIIi OCATY CTTYHHX BOJ AKBAKVJIBTYPH (c. 66-78)

I. A. Tony6, O. A. SIpemenxo, II. I1. Kyuepyk, O. A. Mapyc, H. M. Ilusenkosa, B. T. Hagukro, B. B. Uy6a, £. II. SIpom

O06’ekt nociKeHnss — nporec aHaepoOHOI (pepMeHTallii ocajly CTIYHUX BOJ aKBAaKYJIBTYPU. BCTAHOBJIEHO, 1[0 EKCIIOHEHITIAMbHA 3a/IeK-
HICTh JIEKBATHO OIMCYE eKCIEPUMEHTABbHI aHi 3MiHN PiBHsI po3kiIaLy cyxoi opraniunoi pedosurn (COP) Ta mTomoro Buxoay 6iomerany
Ha opuHuIo poskaaaeroi COP ocay cTiYHUX BOJ aKBaKyJIBTYPH B 3aJI€5KHOCTI Bijl yacy aHaepoOHOTo 30pojpKyBais. MakcuMaabHuii piBeHb
poskiaxy COP mij yac anaepoGHOTO 36po/KyBaHHst JocsrayTHii 3a 38 1i6 cranosus 0,74 Bign. ox npu msuakocti porecy 0,108 Bixm. oz
3a 100y. Iurerpanbiuii pisenb poskaaxy COP yuponossk 21 106u anaepobHOro 36poKyBaHHs Moxe gocsratu e 0,43 BifH. oz, a inre-
rpanbHuil piBenb poskaary COP BeranosmoeThes Ha pini 0,033 Bign. oa1. 3a 100y, Buxizn 6iorasy ta Giomerany i yac anaepoOHOT (hepmeH-
tamii Ha 21 7106y aHaepoGHOTro 36porKyBaHis Kocsaras 4,083 ta 2,627 o Bignosiano. [pu nbomy KoHienTpaiis 6iomerany B 6iorasi Ha 7 100y
36p0u>1<yBaHu51 nocsirana 74—75 % 1 TpuMasiacst Ha 1boMy piBHi 10 21 1001, MakcuMaibHuii piBeHb MUTOMOTO BUXO/LY 6iOMeTaHy mij; yac
aHaepoOHOro 30po/UKyBaHHs AocsrHy T Ha 38 100y crarnosus 803,936 M1 y nepepaxyHKy Ha HOPMaJIbHi yMOBHU Ha TpaM poskiajeroi COP
MIPU IBUAKOCTI 3MIHN BEJIMYMHU TUTOMOTO Buxoay Giomerary 0.207 Mii y nepepaxyHKy Ha HOpMaJbHi yMoBH Ha rpaM poskiagenoi COP 3a
100y. TarerpasbHuii TnTOMHUiT Buxin Giomerany ynpomosxk 21 1o6u anaepoGHOTO 30poKyBatHs MoKe pocsiraB 580—590 Mo y mepepaxyHKy
Ha HOpMaJsibHi yMoBH Ha rpam poskaageroi COP. Tlpu vaci 36pomkysanus 21 106a, muroMuil Buxig 6ioMeTany Mae€ ONTHMaJbHe 3HAYCHHS
B 3a71€KHOCTI Bi/l TEPiOIMYHOCTI 3aBaHTAKeHHS peakTopa, ske cTaHoBUTh 1,48—1,49 M> 6iomerany Ha oun M3 Giomacu B peakTopi 3a oy 106y
TIPU TIEPIOJIMYHOCTI 3aBaHTAKEH s PeakTopa OJIMH pas 3a yac Bij 4,5 10 6 1i6. Pesysbrati mociukenb MOKYTh OYTH BUKOPHCTAHI JJIsT BU3HA-
YyeHHs1 00cATiB BUPOOHUITBA GioMeTaHy Ta eJIeKTpOeHeprii Ha Horo 0CHOBI IpK aHaepoOGHOMY 30POKYBaHHI OCaLy CTIYHMX BOJ aKBAKYJIHTYPHU.

Kimouosi cioBa: anaepo6ua (hepmenTaltisi ocaxy, IMTOMUI BUXiZ GioMeTaHy, pelMpKyJIsIIiiiHa cucTeMa akBakyJIsTypu, GioMeTaH.



