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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets
it apart from other research databases. The inclusion of News of NAS RK. Series of
geology and technical sciences in the Emerging Sources Citation Index demonstrates our
dedication to providing the most relevant and influential content of geology and engineering
sciences to our community.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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A.R. Fazylova'*, G. Balbayev?, B. Tultayev’
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Almaty, Kazakhstan;
?Academy of Logistics and Transport, Almaty, Kazakhstan.
E-mail: sharf 06@inbox.ru

SYSTEM OF SHORT-TERM FORECASTING OF WIND TURBINE
OUTPUT POWER CONSUMPTION

Abstract. When solving the problems of increasing the efficiency, reliability
and optimization of the operation of wind turbines, it is necessary to consider
the problems of forecasting and calculating electricity consumption. The stage
of forecasting the consumption of electrical energy will increase the efficiency
of the wind turbine by adjusting the process of automating the storage, load,
accumulation and analysis of data necessary for building and training a
system for predicting the consumption of electrical energy based on artificial
intelligence. This article considers a system for predicting the consumption of
the output power of a wind turbine, taking into account various parameters. In
order to increase the speed of forecasting the consumption of output power,
the method of artificial neural networks was applied. To develop a high-
quality forecast database, a static base of output power consumption of the past
period was created. This will allow you to find coefficients that characterize
the change in power consumption depending on various conditions (seasonal
changes, weekends and holidays, time of day, etc.). Thus, in this work, not
only weather conditions, time of year, but also day parameters are taken into
account (working, weekend, first day of the week, last, etc.).

Key words: short-term forecasting, neural network, power consumption,
power output, wind turbine.
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A.P. ®a3piioBa'’, I'. ban6aes?, b. TyabTaes’

'ABTOMATHKA KOHE aKMapaTThIK TeXHOJorustap HHCTUTYTHI, K. CorbacB
aThIHJIAFbl YHUBEpCUTET, AnMarsl, Kazakcras;
2JlorucTHKa JKoHE KoK akaaeMusichl, Anmarsl, KazakcraH.

E-mail: sharf 06@inbox.ru

"KEJI TEHEPATOPBIHBIH HIBIFBIC KYATBIH TYTBIHYBIH
KBICKA MEP3IM/II BOJIXKAY KYWECI

AnHoranusi. JKen reHeparopiapblHBIH THIMAUIITIH, CEHIMIITITIH >KOHE
KYMBICBIH OHTaWJIaHABIPY MOCEJeNepiH IIeNly Ke3lHAE IEKTP IHEepPrHusiChIH
TYTBIHY/BI OOJDKAy JKOHE €CeNTey MaceseliepiH KapacThlpy KaxKeT. DIIEKTp
SHEPTHSICBIH TYTBHIHYIBI OOJDKAy KE3€HI JKacaHJbl HWHTECIUICKT HETi3iHAe
AIIEKTP SHEPTHUSACHIH TYTHIHYIBI OOJDKAy KYHWECIH Kypy *KOHE OKBITY Ke3iHIe
KQXKETTI JEepeKTepAl CaKTayabl, JKYKTEMEHI >KHHAKTay[bl JKOHE TasJayabl
aBTOMATTAHJBIPY MPOLECIH peTTey eceOiHeH XKell IeHepaTopbl KYMBICHIHBIH
naiaanel acep Ko3hPUIMEHTIH yIFaiiTyFa MyMKIHIIK Oepeni. byn makanana
OpTYpAl mapaMmeTpiepAl €CKepe OTBIPBIN, el TEeHEPATOPBIHBIH MIBIFBIC
KyaTbIH TYTBIHY/BI O0JIKay Kyheci KapacToipbutra. LIbIFy KyaThlH TYTBIHYIBI
OOJDKayIIbIH KBUIIAMIBIFBIH apTTRIPY YIIIH JKaCaHIbl HEHPOHMABIK KeIiiep
oici KommaHbUINbl. BOJKaMHBIH camaibl JEepeKKOPBIH d3ipiiey YIIiH OTKEH
KE3C€HHIH MLIBIFBIC KyaThIH TYTBHIHYIBIH CTAaTHUKAJIBIK 0a3achl KYpBULIBL. By
OpTYpJi JKarmaimapra ( MayCBIMABIK ©3repicTep, IeMallbic KOHE MepeKe
KYHZEpi, KYH yakbIThl KoHE T.0.) OailaHBICThI KyaTThl TYTHIHY/BIH ©3TepyiH
CUNATTaUThIH KOXPPUIMEHTTEepAl TabyFa MyMKiHIIK Oepeni.Ocpunaiiima, 0y
KYMBIC TEK aya-paiblH, *BbIJI ME3TUIH FaHAa €MeC, COHBIMEH KaTap KYHHIH
rapameTpIIepiH Ae eckepeil (>KyYMBbIC, IeMaJIbIC, alTaHbIH O1p1HII KYH1, COHFBI
JKOHE T.0.).

Tyiiin ce3mep: Kbicka Mep3iMmal Oospkay, HEHPOHABIK e, dYHEPTHSIHBI
TYTBIHY, IIBIFY KyaTbl, )K€JI TeHEPaTOPBHI.
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A.P. ®a3pioBa'’, I'. banb6aes?, b. TyabTaes’

"MHCTUTYT aBTOMATUKH U HH)OPMAI[HOHHBIX TEXHOJIOTHH, AJIMaTHI,
Kazaxcras;
?AxasieMust JJOTUCTHKH U TpaHcHopra, AnmMarsl, Kazaxcras.
E-mail: sharf 06@inbox.ru

CUCTEMA KPATKOBPEMEHHOI'O IPOI'HO3UPOBAHUA
MOTPEBJEHUS BEIXOAHONH MOIIHOCTHU BETPOTEHEPATOPA

Annoranmusi. [lpu pemenun npoOnem mnoBbIIIEHUS 3()PPEKTUBHOCTH,
HAJEeKHOCTH M ONTHUMH3ALUMU pabOThl BETPOTEHEPATOPOB HEOOXOAMMO
paccmarpuBarh poOIeMbl IPOTHO3a U pacyeTa MOTPEOICHUS IEKTPOIHEPTHH.
Ortan NpOTHO3UPOBAHUS IOTPEOJIEHUS SNEKTPUUYECKOM SHEPruu MO3BOJIUT
YBEIUYUTHh KOA(D(PHUIIMEHT TOJIE3HOTO JCHCTBHS pabOThl BETporeHeparopa 3a
CUeT HaJIaJIKM Tpoliecca aBTOMATU3allMU XpaHEHMsI, Harpy3KH, HAKOIICHUS
U aHallu3a JaHHBIX, HEOOXOIUMBIX MPU MOCTPOEHUU U OOYUEHHH CUCTEMBI
MIPOrHO3UPOBaHUS  MOTPEOJNICHUsS  AJIEKTPUUYECKOW HHepruum Ha  0Oase
HUCKYCCTBEHHOIO HMHTEJUIEKTa. B 1aHHON cTaTbe paccMOTpeHa CHCTEMa
MPOTHO3UPOBAHUS TOTPEONICHNUS BBIXOJHOW MOIIHOCTH BETPOTEHEpaTropa ¢
Y4E€TOM pa3inyHbIX napameTpoB. C Ieblo MOBBIIIEHUS ObICTPOAECHCTBUA
MPOTHO3a  MOTPEeOJeHUs  BBIXOAHOM  MOIIHOCTH, MPUMEHEH  METOJ]
HMCKYCCTBEHHBIX HEHWPOHHBIX ceTeil. [[ns pa3paboTku KauyecTBEHHOW Oasbl
JAHHBIX TPOTHO3a Cco37aHa cTarhyeckas 0a3a mNOTpeOsIeHHs] BBIXOAHOM
MOIIHOCTH HPOMIEIIEr0 Mepuoja. ITO MO3BOJIUT HANTH KO3((ULHEHTHI,
XapakTepHu3yolue U3MEHEHUE MOTPeONIeHUs MOIIHOCTH B 3aBHCHUMOCTH OT
Pa3INYHBIX YCIOBUH (CE30HHBIE U3MEHEHUS, BBIXOAHBIEC U MPA3HUYHbIE JHHU,
BpEMEHHU JHS U T.1.). TakuM oOpa3om, B JaHHOH paboTe y4YTEHBI HE TOJBKO
METEOyCJIOBUs, BpeMsl roja, HO M mapameTpsl AHs (paOounii, BBIXOJHOM,
MIePBbIH I€Hb HEENU, OCISAHUMN U TN).

KuroueBble cjioBa: KpaTKOCpOYHOE MPOTHO3UWPOBAHHUE, HEHPOHHAS CETh,
SHEPronoTpedieHue, BHIX0IHAs MOIIHOCTh, BETPOT€HEPaTop.

Introduction. The forecast of electrical energy consumption today remains
a topical issue in the use and development of wind turbines. So, at the stage of
development of wind turbines, this will allow designing the energy complex
for the needs of the consumer as accurately as possible, and at the stage of
operation, this will allow us to evaluate the capabilities of the wind generator
and optimize its operation (Ahmad, 2017). The system for forecasting the
consumption of the output power of a wind generator will be relevant for any
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type of wind generators (Alina Fazylova, 2020). By solving the problem of
forecasting, the problem of setting the level of consumption and distribution of
electrical energy between wind generators in a single network is solved. Also,
forecasting can solve the problems of scheduling repair work and the problem
of calculating the operating modes of wind turbines (A.L. Yang, 2020). The first
step is to maintain monthly statistics on the volume of electricity consumption
and the planned level of consumption in the future for each wind turbine or
wind turbine substation. It is also necessary to have a system for collecting and
analyzing data for a single control room. One of the most important indicators
of the forecast of electrical energy consumption is its quality, which affects the
reliability of wind turbines, and also determines the power level of the network
and affects the process of transmission and redistribution of electricity between
wind turbines (Singh, P., 2017). The novelty of this work is the development of
a method for predicting the consumption of output power for various weather
conditions, seasonal changes, time intervals (days of the week, working and
weekend days, etc.). The forecasting method under study is reliable only for
a short-term forecast, since a long-term forecast carries an additional error
associated with a sharp and unplanned change in climatic conditions. While
the short-term forecast of climatic conditions is more reliable. The purpose of
this work is a short-term forecast of the consumption of generated power, based
on data from previous periods of time and an analysis of various factors that
affect the change in the level of consumption of electrical energy. Checking
the correct operation of the intelligent neural network, taking into account the
listed parameters, will show the response of the artificial neural network when
various parameters are changed. As an example, an object with an electrical
energy consumption of up to 9000 kWh per day was chosen. To develop a
mathematical model for predicting the consumption of output power in the
climatic conditions of the city of Almaty based on artificial neural networks,
the MATLAB Neural Network Toolbox software was used.

Research materials and methods. To develop a model for predicting the
level of consumption of the output power of wind turbines, the first step is to
determine the software where the artificial neural network is built. To do this,
it is necessary to study the existing structures, as well as to determine the static
and dynamic parameters that affect the consumption forecast. To date, a large
number of software is known that allows modeling and developing artificial
neural networks. One of the popular programs is the software product Statistica
Automated Neural Networks (Nikolenko S., 2016). This software is able to
automatically determine the optimal network parameters and is able to create
applications for predicting power consumption (Basilio de Braganca Pereira,
2016). However, this software requires extensive user training to operate it.
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Therefore, the Mathlab software product was chosen with the Neural Network
Toolbox (Y. Zhang, 2017), which includes packages for training and creating
artificial neural networks (C.U. Yeom, 2017). The main advantage of this
software product is that it contains network templates, which allows you to
interpret existing models for your tasks (Taylor J.W, 2012). Also, this software
is affordable and does not require deep knowledge in programming.

Results and discussion. The next step is to choose an artificial neural
network training algorithm and its architecture to predict the wind turbine
output power consumption (C.C. Aggarwal, 2018). The most popular method
is the Levenberg-Marquardt algorithm, this method is based on minimizing
the mean square error. The essence of this method is that the learning process
continues until the error reaches the minimum value. This method was tested
in (Nikolenko S., 2018) and this model showed a large error compared to other
models for building a system for predicting output power consumption. In
this regard, this model had to be abandoned. A prediction algorithm based on
the Bayesian model is also known. This model differs from the Levenberg-
Marquardt algorithm, first of all, by a large network training time. In (Ribeiro
T.H., 2016), a study of this algorithm was carried out, where it was found that
the error has a smaller value with a larger value of the elapsed time (Serban
[.V., 2016). Thus, it is necessary to form an artificial neural network capable
of selecting weight coefficients so that the standard deviation error is minimal.
The selected artificial neural network model was built in the Mathlab software
environment in the Neural Network Toolbox application (Figure 1). Based on
the artificial neural network shown in Figure 1, an artificial neural network will
be developed to predict the consumption of the output power of the wind turbine
(P. Suksawang, 2018). To improve the accuracy of the artificial neural network,
it is necessary to modernize the circuit shown in Figure 1, so that the input data
is processed by the network, taking into account weight coefficients, then the
feedback network returns to the input, this will change the backpropagation
error. The modified scheme of the artificial neural network is shown in Figure 2.

T Network: retworkl S

Tran | Simudate Ad apt | Rewstia: ew/tdit Weights,

Layer

558 H.@ﬁ}

Figure 1 - General scheme of the artificial neural network of data forward
propagation and error back propagation
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Main results and analysis. Data on the actual consumption of electricity
were taken at the Almaty plant of rubber shoes “ARGO” and entered in Table
1. When testing the network shown in Figure 2, the parameters of weather
conditions, the time of year and the nature of the day (working / day off, first
working day and day off) were taken into account. When testing an artificial
neural network, taking into account the maximum covered parameters, it is
possible to clearly prove the correctness and ability of the network to rebuild
when the nature of the data changes. The network settings window is shown
in Figure 3.

1B Network: networkl =

view Tflln Smuiate ! Adapl ‘ Reintishze Weights I View/Edit Wﬂgﬂb

5ol ol

Figure 2 - Modified scheme of an artificial neural network with feedback

T Network: networkl Lo )

View Tran S-muau]kdapt] Remmal::'ulfesgmi Wiew/Edit We-ghti-

Training Info Training Parsmeters
Training Data Training Resuldts

Inputs p Outputs networkl_outputs

Targets [ TT—— Errors networkl _emors

@« €44

Final laput Deley Sates networkl inputStste:
Final Layer Delay State networkl_layerstate

W) Train Network |

Figure 3 - Network settings window

For the first test, a day off on June 13, 2021 was chosen. This period is
considered summer and electricity consumption in it is lower, as it is included
in the unheated season. After training the artificial neural network in the first
test, it was experimentally found that the prediction error per day is 2.3%
(Figure 4). It is necessary to take into account the fact that at the stage of
forecasting the consumption of the output power of a wind turbine, special
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attention is paid to the level of energy consumption during peak hours, where
the maximum consumption of electrical energy occurs. During the summer,
there is a significant consumption of electricity due to the increase in the use
of climate control equipment for the production room. Upon completion of the
training of the artificial neural network, as well as the formation of forecast
and actual energy consumption graphs, it was found that on June 13, 2021, the
maximum electricity consumption per day was 387 kWh, and according to the
result of forecasting for this period, 357 kWh of energy, which corresponds to
a prediction error of 2% and is acceptable for short-term forecasting (Goldberg
Y.A., 2017) similar experiment was carried out in winter. A feature of the
winter period is the increase in energy consumption due to the fact that during
this period an additional burden of energy consumption is borne by pumps
used in the central heating system. For the second test, the first working day
was chosen on December 6, 2021 and the last working day on December 10,
2021 (Figure 5). It can be seen that in the first 10 days the error is greater than
in the next, this is due to the peculiarity of the learning process of artificial
neural networks. The average forecast error per day for the second experiment
was 2.27%, and for the third experiment 2.3% (Figure 6), which corresponds
to the forecast error for the summer period, despite the increase in the level
of electricity consumption. This suggests that the developed neural network,
according to the forecast of output power consumption, works equally
effectively under various conditions. The forecast data are listed in Table 1.

Table 1 - Comparison of the predicted value with the actual

hours |Forecast |Forecast |Forecast | Actual |Actual |Actual |Error |Error |Error at
for 13.06 | for 06.12 | for at 13.06 |at 06.12 |at 10.12 |at at 10.12
kW kW 10.12 kW kW kW 13.06 |06.12 |%
kW % %
1 350 375 380 346 368 368 -1.1 |-1.9 3.2
2 360 381 389 348 372 378 345 |24 |29
3 358 383 392 351 371 380 -1.99 |-3.2 3.1
4 361 379 373 355 368 361 -1.7 |-1.1 -3.6
5 345 395 384 331 384 372 -42 |-2.8 3.2
6 370 393 390 360 380 381 24 |34 |23
7 372 371 382 360 362 373 33 |25 2.4
8 368 364 397 361 355 388 -2.76 |-2.5 -2.3
9 374 355 402 364 354 395 -2.74 1-0.3 -1.8
10 375 386 393 369 369 381 -1.6 |-46 |-3.1
11 360 391 400 352 382 392 -2.27 |-1.8 -2
12 357 395 395 351 385 386 -1.7 |26 |23
13 358 396 382 351 387 371 -2 2.3 -2.96
14 368 383 386 361 375 385 -1.9 |-2.1 -0.2
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310

123456 7 8 9101112131415161718192021222324h
- predicted valie

Actual value

15 370 375 390 361 371 381 25 |-1.1 -2.36
16 350 376 385 342 367 377 23 |24 |-2.1
17 358 385 383 352 375 375 -1.7 1-2.6  |-2.1
18 364 390 405 354 383 389 -2.8 |-1.8 -4.1
19 371 393 368 363 384 361 22 |23 -1.9
20 358 379 379 351 370 370 -2 24 |24
21 358 375 375 351 370 372 -2 -1.3 -0.8
22 350 380 360 342 373 353 24 |-19 |-1.98
23 370 376 365 365 363 359 -1.37 1-3.6  |-1.7
24 365 373 360 361 367 358 -1.1 |-1.6 |-0.5
Sum [8690 9149 9215 8502 8935 9006
Mean | 362 381 384 354 372 375 23 |-2.27 |23
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Figure 4 - Graph of the predicted and actual value of electricity
consumption for 13.06.21
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Figure 5 - Graph of the predicted and actual value of electricity
consumption for 06.12.21
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Figure 4 - Graph of the predicted and actual value of electricity consumption
for 10.12.21

Conclusion. In the course of the work, a study was made of existing
methods and algorithms for predicting the consumption of electrical energy, as
well as methods for taking into account the influence of climatic conditions on
energy consumption. Non-standard algorithms for predicting the consumption
of the output power of a wind generator based on artificial neural networks
are considered. In the Mathlab software environment in the Neural Network
Toolbox application, an artificial neural network model was implemented and
a database was formulated for predicting output power consumption using the
example of the Almaty rubber shoe plant “ARGO”, in view of the availability
of data on actual energy consumption for various climatic conditions. Based
on the research results, an average output power consumption prediction error
of 2.3% was obtained for all three experimental studies, which proves the
effectiveness of the developed artificial neural network under various climatic
conditions and different levels of consumption.
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