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The object of the research is an emergency control system for
ensuring the stability of electric power systems (EPS) in case of
emergency unbalances. The relevance of the problem of ensuring EPS
stability is due to the need to improve the efficiency of emergency
control to reduce the risk of system accidents with significant damage.
To solve this problem, we propose an algorithm for selecting the volume
of control actions based on the principles of adaptive control for pre-
dicting the post-emergency mode with an acceptable stability margin.
The algorithm of forming the volume of control actions is based on
the dependence of the value of control actions on the value of stability
reserves estimation by the value of the Jacobi determinant. To build
this dependence, the algorithm of searching for the limiting mode by
the trajectory of change in the equilibrium position of the steady state
of the system from the initial to the limiting one is used. In contrast
to the existing algorithms, the proposed algorithm establishes a func-
tional dependence of the control value on the current parameters of
the regime or the stability margin, which increases the efficiency of
calculations for selecting control actions. Realization of the proposed
algorithm is carried out on the basis of the functional scheme accord-
ing to the data of the vector measurement system.

The advantage and novelty of the proposed algorithm is the pos-
sibility of eliminating the disadvantages of existing systems of mode
automation, the main of which are:

— the necessity to perform numerous variant calculations for
selecting the volume of control actions;

— possible excessive volume of control actions in case of a mis-
match of the actual mode with the calculated one.

Keywords: power system stability, stability margin, emergency
control systems, control actions.
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The object of research is a three-phase electricity metering unit,
which includes a digital meter and measuring current transformers.
The reduction of non-technological energy losses is restrained due
to the insufficient accuracy of the accounting of electric energy in
distribution power networks under a reduced load current of the
metering unit. The possibility of representing the dependence of
the relative error of electricity measurement on current values by
a fuzzy function at reduced load has been confirmed. The bound-
aries of such a function are approximated with sufficient accuracy

by the sum of two exponents, which is explained by its significant
nonlinearity in the range of reduced current. The proposed EMRL
software allows to estimate the real consumption and the most
possible level of underaccounting based on the array of electrici-
ty meter readings. The accuracy of estimating by the EMRL the
amount of electricity consumed with a probability of 0.7 can be
estimated with a relative error not exceeding 2 %. The probability of
psychophysical assessments of the accuracy of EMRL «very good»
and «good» is at least 0.833. The trend of a significant decrease in
the relative value of underaccounting with an increase in the level
of electricity consumption was revealed. With a daily consump-
tion of up to 10 kW-h, the amount of underaccounting can reach
18 %, and with a consumption of more than 20 kW-h, it does not
exceed 6 %. The adequacy of the results of estimating the amount
of consumed electricity at reduced load using the EMRL was
confirmed by experimental data at a significance level of 0.05. The
software capabilities allow to increase the accuracy of the account-
ing of electrical energy in distribution networks with a reduced load
current of the metering unit. The program can be used as part of
automated systems of commercial electricity metering or advanced
metering infrastructure to determine the most possible underac-
counting due to the operation of metering units at a reduced load.

Keywords: current transformer, electricity meter, reduced load,
measurement uncertainty, membership function.
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The object of this research is a model of a wind turbine with re-
tractable blades. This model allows for the adjustment of the turbine’s
screw radius by extending or retracting the blades, providing a basis
for examining the impact of blade radius on turbine performance.

The primary problem addressed by this study is to determine how
changes in the screw radius, achieved by altering the blade length, affect
the wind turbine’s performance, specifically its electrical output (volt-
age and current) and rotational speed, under constant wind conditions.

The experimental results showed that when the turbine blades
are fully extended (R1), the wind turbine generates higher voltage
and current compared to when the blades are retracted (R2). This
confirms that the turbine’s electrical output is significantly influ-
enced by the screw radius.

These results are explained by the aerodynamic principles gov-
erning wind turbines. An increased screw radius allows the turbine
blades to capture more wind energy, leading to greater force applied
to the blades, thus increasing the rotational speed and the amount
of electrical energy generated. The linear relationship between the



screw radius and the turbine’s performance was as summed to simpli-
fy the analysis, though the actual relationship may be more complex.

The finding soft its study can be practically applied in the design
and operation of wind turbines. Turbines with adjust table blade
lengths can optimize performance across varying wind conditions,
maximizing efficiency and power output. These results are particu-
larly useful in environments where wind speed is variable, as turbine
scan adjust their blade radius to maintain optimal performance. The
study assumes consistent wind conditions and uniform air flow for
the results to be accurate, so these conditions should be considered
when implementing the findings in real-world scenarios.

Keywords: wind turbine, wind wheels, length of the blades,
critical speed, turbine safety.
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The paper discusses issues related to the design of a hydrody-
namic throttle type heater. The maximum angular velocities for
cylindrical and conical shapes are determined from the condition of
non-spilling of liquid from a rotating vessel.

Theoretical studies have shown that the conical shape of the
skirt is more optimal, since with an increase in the liquid level in
the vessel within 0.02—0.09 m, the angular velocity decreases from
37.566 rad/s to 17.709 rad /s, respectively. In addition, with a taper
of the vessel walls of 5° and a liquid level height of 0.02 m, the volume
of the liquid is 11.0-107° m?. If to increase the liquid level to 0.09 m,
then the volume of liquid will increase to 55.0-10-° m?®. At a taper
of 10°, respectively, there is also an increase in the volume of liquid
from 6.0-107> m® to 42.0-107° m?.

To establish a small increase in the temperature of the liquid
when it is forced through the throttle holes, a transparent mock-up
was made. Experimental studies have shown the locking of air during
the formation of a ring of liquid in the rotor cavity. In addition, it was
found that the smaller the inner radius of the liquid ring, the higher
the temperature of the pressed liquid through the throttle openings.
For this purpose, a system for removing air from its rotor was provided
in the hydrodynamic heater.

When the rotor is running, the lateral outer walls of the coni-
cal skirt interact with the liquid, forcing it to rotate. The rotating
liquid, rising along the walls of the housing, begins to interact with
the lower part of the rotor, which negatively affects the operation of
the hydrodynamic heater as a whole. For this purpose, a special flow
directing cylinder was provided in the housing.

When the liquid is forced through the throttle opening, there is
a decrease in pressure and an increase in the velocity of the liquid.
This leads to an increase in its kinetic energy, which is then converted
into thermal energy due to friction between the liquid molecules.
This principle is used in various systems such as heating systems, in-
dustrial processes or laboratory research. However, creating pressure
in front of the throttle openings using the inertial forces of a rotating
mass of liquid is a promising direction.

Keywords: rotor drum, liquid temperature, cylinder rotation,
liquid level, thermal energy.
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®OPMYBAHHS KEPYIOUHNX BIIVIUBIB ¥V PE;KUMI PEAJIbHOTO YACY J1JI51 IPOTHO3YBAHHS MICTASIABAPIMHUX
EJJEKTPUYHUX PEKUMIB 3 YPAXYBAHHSAM JIOIYCTUMUX 3ATIACIB CTIITKOCTI (c. 6-18)

Karmel Tokhtibakiev, Alexandr Gunin, Yerlan Kenessov, Daniil Vassilyev, Anur Bektimirov

OG’'eKTOM JIOCTIPKEHHsI € cHcTeMa TIPOTHaBapiiiHOl aBTOMATUKM Juisi 3abesriedents cTiiikocti enextpoeHepretnunux cucreM (EEC)
npu aBapiiinux aucOanancax. AKTyanbHicTh npobaemu 3abesnedents criiikocti EEC symosiiena HeoOXiaHICTIO MiABUIIEHHS eeKTUBHOC-
Ti poTHaBapiiiHOi aBTOMATHKM JUIsT 3HIDKEHHSI PU3NKY BUHUKHEHHS CHCTEMHUX aBapiil 3i sHaunnMu 36utkamu. [list BUpPIMIEHHS 1aHOTO
3aBJIaHHST TIPOTIOHYETHCST AITOPUTM BIOOPY 06CSTY KEPYIOUNX BILUIMBIB HA OCHOBI MPUHIIUIIB afalTUBHOTO YIIPABJIHHS ISl TPOTHO3YBAHHS
MicIAaBapiiiHOrO PEKIMY 3 MIPUITHATHIM 3aMacOM CTIHKOCTI. Asroput™ (GopMyBaHHS 00CATY KEPYIOUNX BILIUBIB 3aCHOBAHUN HA 3aJI€KHOCTI
BEJITYNHN KePYIOUNX BIJIMBIB Bi/l BEMUMHIT OIIHKI 3alTaciB CTIHKOCTI 3a 3HAUeHHSIM BU3HauHMKA SIK06i. [l71sT OOy I0BY 3a/1e5KHOCTI BIKO-
PHUCTOBYETBCS aJTOPUTM IOUIYKY IPAHUYHOTO PEKIMY 32 TPAEKTOPIEI0 3MiHU PIBHOBAKHOTO MOJIOKEHHS CTAJIOTO CTAaHY CUCTEMH Bijl BUXijl-
HOTO 710 Tpann4Horo. Ha BiMiHy BiJ iCHYIOUNX aJTOPUTMIB, 3aIIPOTIOHOBAHUIT AJITOPUTM /IO3BOJISIE BCTAHOBUTH (DYHKI[IOHATBHY 3aJI€KHICTD
BEJIMYUHN YIIPABJIIHHS Bijl MOTOYHUX MapaMeTpiB peskuMy abo 3aracy CTIKOCTI, 10 J03BOJISIE MABUIIUTH e(heKTUBHICTb PO3PaXyHKIB MpU
BUOOPI Kepyiounx BIMBIB. Peastizaitist 3a1poroHOBAHOTO aJITOPUTMY 3/IHCHIOETHCS Ha OCHOBI (DYHKIIIOHATBHOT CXeMHU 32 JIAHUMU CHCTEMU
BEKTOPHUX BUMipIOBaHb.

Ocob6IUBOCTSIME 3aIIPOIIOHOBAHOTO AJITOPUTMY € MOKJIMBICTD YCYHEHHST HEIOMIKIB ICHYIOUNX CHCTEM PEKUMHOI aBTOMATUKH, OCHOBHH-
MH 3 SKHX €:

— HeOOXi/IHICTH TIPOBENIEHHS YUCIEHHUX BapiaHTHUX PO3PaxyHKIB Jist BUGOPY 00CATY KEPYIOUNX BILIMBIB;

— MOKJIMBUI HJUTMITKOBUIT 0OCAT KePyIOUMX BIUIMBIB ITPU HEBIAMOBIIHOCTI (PAKTHIHOTO PEKMMY PO3PAXyHKOBOMY.

KurouoBi ciioBa: cTiiiKicTh €HeProCHCTEMH, 3a1Tac CTIHKOCTI, CUCTEMU TPOTHABAPIITHOI aBTOMATHKH, KEPYIOUi BILTHBU.
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MIABUIIEHHS TOYHOCTI OBJIKY EJEKTPUYHOI EHEPTII ITPU 3HUKEHOMY HABAHTAKEHHI (c. 19-30)

C. B. Bacuneup, K. C. Bacurens, B. B. Inbuyk

O06’ekrom fnocipkentst € TpudasHuii By304 00JIKY eJeKTPOEHEPTIi, 110 BKI0Yae nbpOBIi JIYNIbHUK Ta BUMIPIOBaIbHI Tpanchopma-
TOPU CTPYMY. SHUIKEHHST HETEXHOJOTTYHUX BTPAT €HEPrii CTPUMYETHCS Yepe3 HeIOCTATHIO TOYHICTD 00Ky eJIEKTPUYHOI €HepPrii B PO3IO/IiIb-
HUX eJIeKTpoMepeskax Mpu 3MEHIIEHOMY CTPYMi HaBaHTaKeHHSA Byssa 00JiKy. ITiATBep/XKEeHO MOKIMBICTD MOAAHHA 3aJeKHOCTI BIAHOCHOT
TMOXMOKN BUMIPIOBAHHS €JIEKTPOEHEPTii B/l BEJIMYNH CTPYMIB HEUITKOIO (QYHKINE MPH 3HIDKEHOMY HaBaHTakeHHI. Mexki Takol dyHKii
3 IOCTaTHBOIO TOYHICTIO AIIPOKCHMYIOTHCSI CYMOIO IBOX €KCIIOHEHT, TII0 MOSICHIOETHCS i1 CYTTEBOIO HEMHIITHICTIO B 061aCTi 3HIZKEHOTO CTPYMY.
3arnporionoBana KoMmi'forepHa rporpama EMRL 3a MacnBoM 10Ka3iB JIiunIbHIKA €JI€KTPOEHEPTil /I03BOJISIE OIIHUTH PeasbHe CIOKNBAHHS
Ta HalGLIbIT MOKIMBUI piBeHb HeA0001iKy. TOUHICTb OMIHIOBAHHS CIIOKUTOrO 06CATY eekTpoeneprii mporpamoio EMRL 3 imosipuictio 0,7
MOKe 6yTy1 olliHeHa BiZIHOCHOIO ITOXUOKOIO, 110 He nepesuiye 2 %. Imosipuictp ncuxodisuunnx orinok tounocti EMRL «ryske nobpa» Ta
«106pa» € He Mente 0,833. BusiieHo TeHAEHIIO CYTTEBOTO 3MEHINEHHSI BIIHOCHOI BEJIMYMHN HEZLO000JIKY 1TPU 301IbIIEHHS PIBHS CIIOKHU-
BaHHs esekTpoereprii. [Ipu no6osomy crioxkusanti 10 10 kBr-rog Besmunna Hen0006iKy Moxke nocsiratit 18 %, a mpu crioskuBaHHi Gisbiie
20 kBr-roa — He mepesuntye 6 %. Ipu pisni sHauymocti 0,05 miATBEPKEHO aleKBATHICTD PE3YJIBTATIB OIIHKU 0OCATY CTIOKUTOI €JTEKTPOEHEP-
Tii Ipy 3HIKEHOMY HaBaHTa)keHHi 3a monomoroio porpamu EMRL excnepumentanbaM qaniM. MoKITHBOCTI TIPOTrpaMy T03BOJISTIOTD MTiT-
BUIIUTU TOUHICTH OOJIIKY €JeKTPUYHOT eHeprii B PO3IMOAITbHUX eJIEKTPOMEPEKAX TIPU 3HIKEHOMY CTPYMi HaBaHTaKeHHsI By3Jia 001Ky, [Ipo-
rpaMa Moke BUKOPUCTOBYBATHCS Y CKJIa/li aBTOMATH30BAHUX CHCTEM KOMEPIIHHOTO 00Ky esleKTpoeHeprii abo mepegoBoi BUMIPIOBaIbHOT
iH(pacTPYKTYpH Uil BU3HAYCHHS HAROLIBII MOKIMBOTO HEA00OIKY Yepes3 (DYyHKI[OHYBaHHs BY3JIiB 0OJIIKY [P 3HUKEHOMY HaBaHTayKEeHHI.

KumouoBi cioBa: tparncopMaTop cTpyMy, JUHIBHIK €JeKTPOEeHePTil, 3HIKeHe HABAHTAKEHHSI, HEBU3HAYEHICTh BUMIPIOBaHHS, (DYHKITisT
TIPUHAJIEKHOCTI.
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PETYJIIOBAHHA IMMOTYKHOCTI BITPOBOI TYPBIHU CHEIMIAJIbHOT KOHCTPYKIIII MIJIIXOM 3MIHU TOBKUHU
JIOTIATEM (c. 31-41)

Pyotr Antipov, Sultanbek Issenov, Marat Koshumbayev, Marat Auelbek, Gulim Nurmaganbetova, Dauren Issabekov

OO6’€KTOM JIOCTIIKEHHST € MOJIESTb BITPOT€HEPATOPA 3 BUCYBHIMI JIOMATSIMI. 1[s1 MOJIENb TO3BOJISIE PETYITIOBATH PAiyC TBUHTA TypOiHH,
BUCYBatoul ab0 BTATYIOUN JIONATI, CTBOPIOKOYN OCHOBY JIJIsI BU3HAYEHHS BILIMBY pajiiyca JIONaTi Ha MPOAYKTUBHICTb TypOiHM.

OcHoBHa TPoO6IIEMA, sSTKa PO3TIISIAAETHCS B IIBOMY JOCIIIKEHH], TTOJISITAE B TOMY, 00 BUSHAYNTH, SIK 3MIiHW B Pajiyci ITHeKa, TOCSITHYTI
3MIHOIO JIOBKUHK JIONATi, BIVIMBAIOTh HA MPOAYKTUBHICTD BITPAHOI TypOiHM, 30KpeMa Ha il eJIeKTPUUYHY MOTYKHICTh (HAIPYTy Ta CTPyM)
i mBHAKICTH 0OEPTAHHS 3a TOCTIHHUX YMOB BIiTpY.

Pesgysibrati eKCriepruMeHTY MOKa3aH, 110 KOJIK JonaTi TypOiHu moBHicTio BucyHyTi (R1), BiTpsiHa TypOiHa reHepye BUIILY HAIPYTY Ta CTPYM
MOPIBHSAHO 3 TUM, KoJu Jionati BrsarayTi (R2). Ile miaTBepKye, 1o Ha eIeKTPUYHY TIOTYKHICTh TYPOIHI CYTTEBO BILIMBAE PA/iyC IBUHTA.

I1i pe3y/braTi TTOSICHIOIOTHCST AePOAMHAMIYHUMMU TIPUHITMIIAME POOOTH BITPOBUX TYpOiH. 36iIbIIEHHUIT pajiyc TBUHTA J03BOJISIE JIOTATIM
TypOiHU BIOBJIIOBATH Gl eHEPril BITPY, 10 MPU3BOANTD 10 301IbIIEHHS CHUJIH, 110 NTPUKJIAJAAETHCS [0 JIONaTeii, TAKUM YMHOM 301/1bITy 04N
MBUAKICTH 0OEPTaHHsT Ta KilbKicTh BUPOOJIEHOT eeKTpuyHOl exeprii. JliHiliHe CriBBiHONIEHHST MiXK Pa/liycOM IBUHTA Ta MPOLYKTHBHICTIO
TypOiHu GyJI0 MACYyMOBAHO JJIst CIIPOIIEHHS aHai3y, Xoua (haKTUYHe CIIBBIAHOMEHHSA MOKe OYTH CKIIaJHIIINM.



Moro 3uaxozskenns Moxe GYTH HPAKTHYHO 3aCTOCOBAHE IIPH IIPOEKTYBAHHI Ta eKcIIyaralii Birposux Typ6in. Typ6inu 3 pery/ibopa-
HOIO JIOBXKMHOIO CTOJIOBHX JIOTIATEH MOKYTh ONTHMI3yBaTH IPOJYKTUBHICTD 32 PI3HUX YMOB BIiTPY, MAKCUMi3y0un e(heKTUBHICTD i BUXIZHY
noryskHicTe. i pesysbrati 0co6JMBO KOPUCHI B CEPEAOBHUINAX, /i€ NIBUAKICTD BITPY 3MiHHA, OCKIJIbKK CKaHyBaHHS TYPOIHU PEryJIioe pajiiyc
JIOIIATI LIS HIATPUMKH OITUMAJIBbHOI IPOAYKTUBHOCTI. JloC/isKeHHS IPUILYCKA€ IIOCTiiHI yMOBH BiTPY Ta piIBHOMIPHUIL IIOTIK MOBITPS 7151
TOTO, 06 pe3ybrati GyJIn TOYHUMU, TOMY Il YMOBH CJIi/l BDaXOBYBATH TIi/| 4ac BIIPOBA/IKEHHS PE3yJIbTaTiB y ClieHapil peasbHoro CBiTY.

KiiouoBi caioBa: BiTporenepaTop, BiTpoKoJieca, I0BKHHa JolaTel, KpUTHYHA IMBUAKICTb, Ge3lieka TypOiHu.

DOI: 10.15587/1729-4061.2024.310140
BIIIUB ®OPMI POTOPA HA EOEKTHUBHICTD I'TTPOAMTHAMIYHOI'O HATPIBAYA (c. 42-49)

Bekbolat Nussupbekov, Yerlan Oshanov, Mihail Ovcharov, Moldir Duisenbayeva, Adilzada Sharzadin, Aitkul Kongyrbayeva,
Makpal Amanzholova

VY po6GoTi posrisAaoThC TUTAH S, OB’ I3aHi 3 IPOEKTYBAHHAM IiZIPOMHAMIYHOTO HarpiBaya JpoCceibHOro THIty. MakcuMaabHi KyTOBi
LIBU/IKOCTI JUUIsT I HAPUYHKX | KOHIYHUX (JOPM BHU3HAYAIOTHCS 3 YMOBHM HEBUTIKAHHS Pi/IUHN 3 TIOCY/IMHH, 1110 obepraeThes.

Teopernui AOCTIPKEHHsT TIOKa3aJM, MO KOHiYHA (opMa CHIHUIN € GBI ONTUMAIBHOIO, OCKIIBKH TP 301IbIIEHH] PIBHS PiAnHN
B nocyauni B Mexkax 0,02—0,09 M kyTOBa MIBUAKICTH 3MEHIINYEThCs Binosiauo 3 37,566 pan/c no 17,709 pan/c. Kpim Toro, npu KoHyc-
HOCTi cTiHOK Tocy i 5° i Bucoti piBHa pigunu 0,02 M 06'eM pimmn cramoputs 11,0-107° M2, dxmto 36iabimrTn pisens pigunu 10 0,09 M,
10 06'eM pimmmu 36impmuTECH A0 55,0-10° M2 IIpu komycmocti 10° BiAMOBIAHO TakoX crocTepiracThes 36iMbIIeHHS 06'eMy pigmHmI
3 6,0-107° M3 710 42,0-107° M2,

JIJ1sT BCTAHOBJIEHHST HEBETMKOTO TI/IBHUINEHHST TEMIIEPATYPH PiZANHH TIPH i1 MPOAABIIOBAHHI Yepe3 IPOCesbHi OTBOPH OYB BUTOTOBJIEHMIT
nposopuii Maker. EKCriepUMEHTATIbHI JOCIIIKEHHS IOKa3au OJIOKYBaHHs MOBITPS TIPU YTBOPEHHI KiJbllsd PIAMHU B MOPOKHUHI POTOpA.
Kpim Toro, 6yJs10 BUSIBJIEHO, 1[0 YUM MEHIIIE BHYTPIIIHIi pajiiyc piIMHHOTO KiJIbIs, THM BHUIIE TEMIIEPATypa PiIMHH, 0 TPOJABIIOETHCS Yepes3
npocesibHi 0TBOPH. [[JIst IIbOTO B TipOAMHAMIYHOMY Harpisaui OyJia nepeabadena cucteMa BUJQJIEHHS OBITPs 3 HOro poTopa.

Kosu porop mpaiioe, GiuHi 30BHINIHI CTIHKM KOHIYHOI CITIHUIN B3aEMOIIOTH 3 PiAMHOI0, 3MyInytoun ii obeprarucs. OGeprosa pianHa,
T HIMAIOYICH TT0 CTIHKAX KOPIYCY, TOYNHAE B3AEMOISITI 3 HIZKHBOIO YaCTHHOIO POTOPA, IO HETATHBHO TO3HAYAETHCS HAa POOOTI TifipoHa-
MiYHOrO Harpisaua B 1izomy. Jljist boro B Kopityci OyB nepeadaueHuii cremiaibHIi HAPABJISIOUUI UJTIH/P.

Kount pizinHa BUTICHSETBCS Yepe3 OTBIp Apocesis, BiOYBAEThCS 3HUKEHHST THCKY Ta 301bIeH st mBuAKocTi pigunu. [le nmpusBoauTh
10 301/bIIeHHs 00 KiHEeTHMYHOI eHeprii, SKa MOTIM MepeTBOPIOETHCA B TEIJIOBY €HEPrilo 3a PaxXyHOK TEPTS MiK MOJIEKYJaMH PiAUHU.
Tleii MPUHIINTT BUKOPUCTOBYETHCS B PI3HUX CHUCTEMAX, TAKUX SIK CHCTEMH OTAJEHHS, TPOMUCIOBI mportecu abo J1abopaTOpHi AOCITIIKEHHS.
OpHaK CTBOPEHHSI THCKY TIepe/l IPOCETbHIMI OTBOPAMU 32 JIOMOMOTOI0 CUJT iHepIIii 06epTOBOI MACH PIZIMHU € TIEPCIEKTUBHUM HATIPSIMKOM.

Kouosi cinoBa: GapaGan potopa, TeMieparypa pifutu, 0GepTaHHs IUIIHPA, PIBEHb PIIMHE, TEIJIOBA €HEPTisL.



