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AKTyanbHocTb paboTbi 00y CrioBieHa TpebOBaHMAMY AEVICTBYIOLEro 3aKOHOAATENbCTBA K MPOrHO3MPOBAHMIO 31EKTPONOTPEOEHNS Ha
DbIHKE «Ha CyTK Briepen» Ans CybbekToB OMTOBOrO PhiHKa 1EKTPOIHEprum v MowHocT (OPSM). bonbluasi YacTb 3eKTPOIHepriv B
Poccum npou3BoamTCca nyTem CKUraHvs TBepAbIX Mofe3HbIX muckonaemesix. 1o AaHHeIM otyeta OAO «CucTemHbIv onepatop EavHou
SHepreTuyeckon cucteMel» 3a 2015 1. gons BbipaboTKy 3MeKTPOIHEPryM no Tvnam dnekTpoctaHumy ESC Poccum coctasnser: 59,8 % —
L/ TENTI0BbIX NEKTPOCTaHLMK, 15,6 % — [/15 BETPSHbIX 1 CONHEYHbIX IMEKTPOCTaHLMM, 19 % = 715 aTOMHbIX 31EKTPOCTaHUM 1 5,6 % —
L7151 SN1eKTPOCTaHUMV MPOMbILUAEHHBIX TPeAnpUATUN. [1py 3TOM OBHOW 13 OCHOBHBIX 3aaY, CBSI3aHHbIX C reHepaLmen 3MeKTpu4eckon
3HEeprm u ee noTpebneHnem, ABISETCA 3aAa4a NOAAEPXaHNSA banaHca MOLUHOCTe. C 0OBHOV CTOPOHBI, NPy YBENNYEH N NIaHOBOM Ha-
IPY3K1 MOTYT BO3HWKHYTb nepebou B oCTaBKe 3NeKTPOIHEPTVN, C APYrovi CTOPOHbI, YMEHbLLIEHIME 3NeKTPONOTpebneHys npuBeneT Tak-
Xe K ymeHbLueHuio KT/ 5neKTpoCTaHLmii, 1 B KOHEYHOM CYeTe ~ K MOBBILLEHMIO CTOMMOCTY Ha 3/IeKTPOIHEPriio Kak As1s CybbekTa onTo-
BOro PbIHKa 3N1EKTPOIHEPTN Y MOLLHOCTY, TaK U [1715 KOHEYHOro NoTpebuTeNs. YBenmdeHme TO4HOCTU MPOrHO3MPOBaHMA SEKTPONOoTpe-
breHus nossonset cobnogats banaHc MOLHOCTEN 1 3GPEKTUBHO MCMONb30BaTb reopecypChl ANls reHepaLmm 3eKTpOIHeprim, C yqe-
TOM crieumngumku notpebutens. [ns peluenus 3tux 3agaq 8 Poccvm 8 2004 r. Obin BBEAEH ONTOBbIV PbIHOK S1EKTPOIHEPIVN 1 MOLYHOCTY,
KOTOPbIN yHKLMOHMPYET 1 Ceryac. B cooTBETCTBIM C npaBunamu B3auMOREVICTBUS MEXLY CyObEKTOM ONTOBOrO PhiHKA 3/1EKTPOIHED-
v v MouHocTv 1 OAO «ATC», CYObeKTbI OMTOBOIO PbIHKA NEKTPOIHEPIVN U MOLHOCTY 00S3aHbI OCYLLECTBIATL €XEAHEBHbIN M04a-
COBOVI MPOrHO3 B PEXUME «Ha CyTKM Briepen». [ins obecreyeHns Ka4eCTBEHHOrO MPOrHO3MpOBaHus 3NeKTPONoTpebneHns cybbekTam
ONTOBOrO PhIHKa 3MEKTPOIHEPryv 1 MOLLHOCTU HEODXOAMMO MOArOTOBUTE HOpMaTVBHylo ba3sy, pa3pabotaTe METOAVKY MOCTPOeHUSs
MPOrHo3a 31eKTPonoTPebIeHIs, a Takxe NMPoCYUTaTb PUCKM, CBA3aHHbIE C TOYHOCTbIO UCMOMb3yeMbix Modenen. C OHOM CTOPOHbI,
CIOXHOCTb PeLLAEMOV 3aAa4m XapakTepu3yeTcs HanmumeM [aHHbIX M0 TOYKaM MoCTaBky, Tak Kak He BCerga CyObekT OrToBOro phiHKa
31EKTPOIHEPTN M MOLLHOCTY MMEET BOIMOXHOCTL CObpaTh AaHHble 0 NoTpebeHm OTAeNbHbIX 3HEProoObLEKTOB B MOYaCOBOM PEXM-
Me. C pyrovi CTOPOHbI, BHEAPEHME CUCTEM KOMMEPYECKOrO y4eTa Mo3BOMSET PELIMTL 3Ty MpobieMy C BIOXEHMEM OOMbLINX MHBECTU-
Ui Ha yCTaHOBKY aBTOMAaTU3MpPOBaHHON CUCTEMbI KOMMEPYECKOTO y4eTa 3eKTPOIHePriu, HO, Kak rpasusio, CyObekT ONTOBOro phiHKa
371EKTPOIHEP N Y MOLYHOCTU UAET Ha Takue JOArOCPOYHO OKynaemble 3aTpatsl. Pabota MOXeT ObiTb 110/1€3Ha Kak CreLnanicram sHep-
rocObITOBbIX KOMNAHMI, KOTOPbIE 3aHNMAIOTCS MOCTPOEHMEM MPOrHO3HbIX MOAENEN, Tak 1 Crienanicram CybbekToB OMTOBOro PhiHKa
3MeKTPOSHEPTMN 1 MOLLIHOCTY, KOTOPbIE OCYLUECTBIIAIOT MPOrHO3bl Ha OMTOBOM PbIHKE 31EKTPOIHEPIMN 1 MOLLHOCTY B PEXUME «Ha CyT-
Ku Briepen».

Llenb paboTbl: npyMeHeHe METOAMKM MPOrHO3MPOBAHMS C UCMOb30BaHNEM HEPOHHOU CETV N1 MOCTPOEHUS MPOrHOCTUYECKMX MO-
aenei ans 000 «OMckas 3HeprocobIToBas KOMMNaHNs».

Mertoabl nccnegoBaHus: Mogeny Xonta—BuHtepca, ARIMA, HelpoHHbIe ceTu, TeMnepaTypHO-BETPOBOM MHAEKC.

Pe3ynbTatbl. bbiv paccMOTPeHbl METOAbI MOCTPOEHMS MPOrHOCTUYECKMX Modenev. Pa3paboTaHa METoAvKa NOCTPOeHYs MporHosa
000 «Omckas 3HeprocbbIToBas KOMIaHNA» C UCMOMb30BAHNEM HEVPOHHOV CETU C y4ETOM TEMINEPATYPHO-BETPOBOIO MHAEKCA U Bbife-
JleHvieM 0BLMX TUMOB AHEN M0 3eKTPONOTPEDNEHMIO.

KntoyeBble cnoBa:
AHanv3 [aHHbIX, HeﬁpOHHbIE‘ CeTvi, NPOorHo3npoBaHne, 9}76‘KTpOI’IOTpE‘6}7€HME‘, OrToBbIN PbIHOK 3J7IEKTPOSHEPIv 1 MOLLHOCTH.

AJNTropuTMBI TOCTPOEHNA KPATKOCPOUHBIX IIPOTHO-
30B asnexTpomorpebmenusa (JII) HA DPHIHKE Ha CYTKHU
Buepes (PCB) aBiai0TCA aKTYaIbHBIME, & METOABI UX
peanusanyy — BOCTPeOOBAHHBIMU [IJIA CY0BEKTOB
OIITOBOI'0 DBIHKA BJIEKTPOIHEPIMU U MOIIHOCTHU
(OPSM). B xoHEUHOM CueTe OT ATOTO 3aBUCUT HKOHO-
muueckuil apderr cyorexra OPOM, a pusa sHeproc-

7

OBITOBOI KOMIIAHWY — 1 KOHEUHBIN Tapu( AJIs mMOTpe-
Outensa. 3a BpeMa (pyHKuonupoanua OPOM 6vLI0
IPeIJI0KEHO 00JIbIII0e KOJUUECTBO METOZ0B KPAaTKOC-
pounoro nporuosuposanud III. B Hauase GpyHKITO-
uupoBauus OPOM, B 2006 roxy, moas mpuobpeTae-
MO¥ 3JIEKTPOIHEPIUM HA PHIHKE «HA CYTKHU BIEpe[»
cocTaBisIa JUIb 5 % , a 9KCIePTh He 001aaIy NH-
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CTPYMEHTAM¥ U JOCTATOUHBIM OMBITOM ITOCTPOEHUS
MogieJiell KpaTKOCPOUHOro mporHosupoBanus I, mo-
9TOMY IIUPOKOE PACIPOCTPAHEHUE TIOJYUUIU CTATH-
cruueckue MetTofbl. Oco0oi MOMyISPHOCTHIO MOJIb30-
Basca Meron Xoara—Burrepca [1]. dTor MmeTox He Ha-
KJIagbIBaeT KaKUX-Iu00 CIOMKHBIX TpeOOBaHWUI KaK
KO BXOJHBIM JJaHHBIM, TaK 1 K €T0 MPOorpaMMHO# pea-
JIUBAIUY U JaeT OKUJAeMble De3yJbTaThl, €CJIU B
CTPYKTYpe IAaHHBIX €CTh CJIOKUBIINECA TPEH] U Ce-
30HHOCTB. CyIecTBYeT 6OJIbIIIOE KOJMUYECTBO PA3HO-
BUHOCTEH sTOr0 MeToza [2—-4]. B pabore [5] aBTOpHI
TPeTIOKUIN YCOBEPITEHCTBOBATh METO ] ITYTEM OfHO-
BPEMEHHOT0 MCII0Jb30BAHNA CPasy ABYX MapaMeTpoB
CE30HHOI KOMIIOHEHTHI — JIJI THEBHOTO ¥ HEJETBLHOTO
I[IKJIOB.

B pabore [6] aBTophI onmpatoresa Ha MeToq ARIMA
(MHTETPUPOBAHHOTO CKOJNB3SIIEr0 CPeJHero), KOTo-
pble SABJIAIOTCS YCOBEPIIEHCTBOBAHUEM MeTOna XOJ-
ra—Bunrepca. [Ipu sTom B pabore [ 7] aBTOPHI TOKA3EI-
BAIOT, UTO TOYHOCTH TAKMX METOJIOB OCTABJIAET KeJaTh
JIYUIIIero U CpeqHss omuoKa cocrasiser 9,59 %.

B pa6ore [8] ObL1 IpeT03KeH METO IIABHBIX KOM-
TOHEHT JJI KPATKOCPOUHOTO mporrosupoBanus Ill.
[TpuHIMT JTaHHOTO METO/la COCTOUT B Tpeo0pasoBaHNN
OIHOMEPHOT0 psAja B MHOroMepHsIii. Ilocie mpeobpa-
30BaHUS BDEMEHHOM PAJ paccMaTpUBaeTcd Kak Habop
IIPOCTBIX COCTABJIAIIINX — CE30HHBIX, CYTOUHBIX U
IITyMOBBIX KOMIIOHEHTOB psAja. B ucrounuxe [9] mpo-
M3BeJieH aHAIU3 CYIeCTBYOIUX METO0B TPOTHO3H-
DOBaHUS U TIPEJICTaBIeHA UX KIacCuuranms.

B Hacrosmiee BpeMsA, TPH IIOCTPOEHUM KPATKO-
CPOUHBIX TPOrHO30B JII, MIPOKOE pacmpocTpaHeHe
HOJTYYILJIN METOIBI CTPYKTYPHBIX MOJEJIEH, TAKMe KaK
HelpOHHbIEe CeTH, METO/I OIOPHBIX BeKTOpoB [10-14].
CymecTByeT 60JIBIIIOE KOJMUECTBO IOAX0/I0B, CBA3AH-
HBIX ¢ (hopMupoBaHUWEM o0ydaiomieil BHIOODKH, MIO-
CTPOEHMEM CTPYKTYPHI HEHPOHHOH ceTH, BHIOOPOM
GYHROUM aKTUBAIWM HeiipoHoB. Kak mpasuio,
Cy0'BEKT OIITOBOTO PHIHKA HJIEKTPOSHEPTUY U MOII[HO-
CTH TIPY COCTABJIEHUN MPOTHO3a OLEePUPYET JAaHHBIMI
ABTOMATU3UPOBAHHON CUCTEMBI KOMMEDPUECKOT0 yue-
ta ssekTposneprun (ACKYI) B popmare XML 80020.
Omuako 1emecoo0pasHo MCIIOJB30BATh (DAKTUUECKLE
JTaHHBIE METEOIEHTDA.

®parmenT perpocneKTuBHbIX AaHHBIX 000 «OM-
CKas 9HeprocOsITOBAsS KoMmmauusa» 06 III, moayuen-
HBIX myTeM mpeobpasoBanusa makera XML 80020 B Ta-
OJIMYHBIN BUJ, IPeaCTaBIeH B Tab. 1.

Tabnuuya 1. PetpocrnekTviBHble gaHHble OO0 «OMckas sHeproc-
bbITOBas KOMMaHUs» 0b 3nekTpornoTpebneHm

Table 1.  Retrospective data of LLC «Omsk Energy Retail Com-
pany» on electric energy consumption
[ata  [Hac cytok|Temnepatypa, °C|3nektporiotpednenite, MBT /4
Date Hour |Temperature, °C|  Electricity load, MWh
1:00AM 718290,0
01.01.2015 | 2:00AM 12 695724,0
3:0M 678426,0

OueBUIHO, UTO TIPU PaspaboTKe MOJIENN TPOTHO-
3UPOBAHUSA, Ie1eco00pPasHo CTPYIIMPOBATh AHU He-
nenu, cxoxkue 1o III. B pabore [15] 6511 mpentoKen
IIOIXO/, TO3BOJIAIINI BEIICIUTh CAEIYIOI[HAEe THIIBI
IHel B Hefee:

+ pabouuii IeHb;
*  BBIXOZHOH JIeHb;
* TIPa3THUYHBIN JEHb.

Takoll mogXxofx OIpaBAaH, IOCKOJBKY XapakTep
OIl mo aTum pHaIM pasauuaercs. Tak, HanpuMmep, B pa-
6oune guu III B 6OIBINEH CTEIIEHN 3aBHUCUT OT TEXHO-
JIOTMUYECKHUX IIPOIECCOB IIPOMBIILICHHBIX IIPEeIIPH-
THUH, IJIAHOB BRITYCKA IPOAYKINM, TpaduKa pabouero
BpPEeMeHU, B TO BpeMs KaK B BBIXOJHbBIE U MPA3THUY-
HbIe THY OOJBLINI BeC UMEIOT COIMANbHbIE IBICHIN,
IIePHOJ CBETOBOTO JHSA ¥ APyrue (PaKTOpEI.

IIpenno:xeHHas MaTeMaTUUECKAd MOJEIb IPOTHO-
supyemoro oobema A1 — 370 PYHKIIKS OT CIeIYIOIINX
IepeMeHHEBIX:

VZas(t) :{M ' NvT

cp! n' h’Vlsa}’

rae V,,, — 00beM oTpedIeHusA 9JIeKTPOIHEPT UM, KOTO-
PBII HEOOXOAMMO CIIPOIHO3UPOBATH B (popmare X-1
(1a cyTku Bmepex), MBrT; ¢ — wacoBoit uHTEpBAJ Bpe-
MeHu; M — TOPAIKOBLII HOMEP MecArna B rogy; N —
OPAAKOBLIH IeHb MecsIa (Heo0X0MUM IJIA OTCIENKIH-
BaHUA CYTOYHOU NMHAMHUKH IOTPEOJIeHUsS SHEepPIun);
T, — cpesHecyTouHas TeMIepaTypa OKpPYXKaioIlero
BO3AyXa (ZAHHBIA IapaMeTp ABJIAETCS BaXKHEHIINM,
OT Hero HaIpIMYI0 3aBUCUT IOTPeOIeHNe dJIeKTpUUe-
cKoil sHeprun), C; n — MOPALKOBLIA HOMED JHS B He-
nene; h — IpusHAK, YKASLIBAIOIIWE HA TO, ABJIAETCA
JIX JIeHb BRIXOAHBIM Wiu pabouuM (mpu A=1 — BBIXOJ-
HOH neHb, h=0 — pabounii 1eHb), KaK N3BECTHO, JUHA-
MHKA TOTPEeOJIeHNS 3JIeKTPOSHEPTUN CUIBLHO PasJiy-
YyaeTcsA B BBIXOAHOUN u pabouuii aeHb; V., — 00BeM 10-
TPeOJeHHON SHePTUY 34 IPOIILIbIe CYTKY, aHAJIOTTY-
HbIe TEKYIeMy BpeMeHHOMY nepuoxay, MBT.

IIpu cosganuu obyuaromieil BHIOOPKYM BXOJHBIE
CUTHAJIBI HEPOHHOH! CeTH MPeACTABIAIOTCSA HmapaMe-
tpamu t, Vi, N, T, n, h, a sTaJOHHbIE 3HAUEHUS —
napamerpom V, . ®@parmeHT o0ydarIneid BBIOOPKU
naaubix 06 I 000 «Omckas sHEProcOLITOBAA KOM-
IaHKA» I0Ka3aH B Ta0JI. 2.

Tabnuya 2. GparmeHT 0byqatoLLesi BbIOOPKY [1151 HEVIDOHHOM CETU

Table 2.  Fragment of a training sample for neural network
Bxopbl HerpoceTn Bbixof, HerpoceTu
Hata Input of neural network Output of neural network
Date
t| Vis | N Tcp n h Vi
111282 1296
21282 1275
311266 1260
1.04.16 1 2 7 1
411254 1264
511247 1251
6 (1244 1237
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CTpyKTypa HeHpPOHHOM ceTu A1 KPATKOCPOUHOIO
nporHosupoBanusa Jll B peskuMe «HA CyTKU BIIEpe[»
npencrasiena Ha puc. 1. OHa cocTouT U3 6 BXOZHBIX
HeHPOHOB IIePBOTO CJI0S, D HEHPOHOB CKPBITOTO CJIOS 1
1 BeIxomHOrO Helipona. PYHKIMA aKTUBAIIUU HEHPO-
Ha — curmoun [16]. I{na HacTpoiiKM BeCOB HEMPOHHOM
CETH UCIIOJIB3YETCA AJITOPUTM O0YUEHUS C YUUTEIEM,
MBBECTHBIN KaK aJropuTM 00PaTHOTO PACIpOCTPaHe-
Hua omubru [17, 18].

Bxonnoit croit
Input layer

CKpEITHI 1011
Hidden layer

Berxoq=oil cxoit
Output layer

ITporxos
Forecast

Janneie
Data

Puc. 1. Cxema HevipoHHOW CeTw A/ MOCTPOeHMA nporHo3a 1

Fig. 1. Diagram of neural network for building forecast of elec-

tricity consumption

KonruecTBo HEHPOHOB BXOJHOTO CJIOS CETH OIpe-
JeJIdeTcda BXOAHBIMU IIapaMeTpaMu, IIpeacTaBJI€HHBI-
Mmu B Taba. 2. MeTon ompeneneHus KOJIHMUeCTBA Hell-
DOHOB CKPBITOTO CJIOA TOAPOOHO paccmoTpeH B [19].

Process

) Process » Loop »

Generate Macro Print to Console

thr n hr
thr thr

Multiply (2)
inp j out, thr ; thr
aut thr ihr

out

Loop (2)

inp O out
inp out
T
=

Set Rale

ne_g

Append (4)

Remove Attribute R...

AJropuT™M IPOrHO3UPOBAHUA ObLIT PeaJH30BaH C HC-
M0JIb30BaHNEM HHM)OPMAIMOHHON aHAJIUTHUECKON
cucreMbl Rapidminer, kotropas umeer ¢Bo0OOLHO-pac-
npocrpansemyio LGPL (Lesser General Public Licen-
se) — Bepcuio cucTeMbl. VICXOMHBIH KOA IIAT(OPMEI
HAXOAUTCSA B OTKPBITOM JocTyme. Kpome Toro, aHamu-
tuueckas miatrdopma Rapidminer mosBosser peanu-
30BaTh BO3MOMKHOCTh PaspabOTKU COOCTBEHHOTO OIIe-
paropa B BHujfie pa3pabaThIBAEMOTO aJITOPUTMa MOJe-
JIY, eCJIU TIPEICTABJIEHHBIX B CHCTEME OIIePaTOPOB He-
JTocTaTouHo. PacimupeHue, peanusyrollee ajJropuTM
TI0JT30BATEJISA, B 9TOM CJIyUae MUIIETCS Ha A3bIKE java
B BH/Ie OTAEJIbHO IOAIKI0UaeMoil OubnoTKeKu. [Ipu-
Mep mpoliiecca IporaosupoBanus 11 ¢ UCIOTb30BAHE-
eM aHaJIMTHYecKoil cucrembl Rapidminer mpezcra-
BJIEH Ha puc. 2.

Peann3oBaHHBIM AJITOPUTM WMEET MOLYJIbHYIO
CTPYKTYPY. [1a paspaboTKm COOCTBEHHOTO OIEepaTo-
pa Heo0XOJMMO Peann30BaTh 00bSIBICHHEIN B CHCTEME
unTepdeiic. Bosmee mompodHas mH(GOpMAaIuA 00 wuC-
0JTh30BaHUY HHTep(elica 1 pacIIuPeHus peannsa-
1uu npezcrasieHa B [20].

Ha puc. 3 msobpa:xkena UML-guarpamma moctpo-
enusd mporuosa Il ¢ yueToM TeMIepaTypHO-BETPOBO-
ro ungexca. Kax 6b110 mokasano B [21], TemmepaTyp-
HO-BETPOBOH WHIEKC Ieec000pasHo MCIIO0JNb30BATh
npu T,=-20..22 'C u cropocTH BeTpa BhIIIE 2 M/C.
Taxum 06pasom, pu 00ecIIeUeHNN dTUX YCIOBUH 3HA-
YEHUS TEMIIEPATypPhl IPeo0pasyioTCA M IO3BOJIAIOT
moryunuTh Oosiee TouHbIM mporuo3 JIl Ha 3amaHHBIN
[IepUOL BPEeMEeHN.

B Gioke «IIpegBapuresbHas 00paboTKa» IIPOHC-
XOIUT IPOBEPKA Ha YCJIOBUE IPUMEHEHUs TeMIlepa-
TYPHO-BETPOBOTO MHAEKCA, U B CJIyuae HEOOXOJUMO-
CTU JaHHBIE O TEMIIEPATYPe OKPYIKAIOIIEN CPe/bI IIpe-
00pasyoTcd B TEMIIEPATYPY € YUETOM JAHHOTO UHEK-

+a-‘m

Generate 1D (2) Validation Write Model

(=g ™

=y =

£i3

ea R

i)

Read Model
b oon
4

Apply Model (2)

Subprocess (2)

set Role (2)

Filter Examples (3)  Remove Attribute R...

Rename (2) Generate Attributes Collect (2)

exa KE] exa exa [F7 exa mod lab
e e L
ori ori unl mod

ari

wa [T ea
e

R

Puc. 2. OparmeHT anroputmMa nporHo3MpoBaHuMsA C UCMOMb30BaHNEM HEVPOHHOM CETU

Fig. 2. fragment of prediction algorithm using neural network
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ca. Jlasmee mpoBepsAeTCS IPUHAIIEKHOCTD K TUILY THSA
1 13 cOPMUPOBAHHON BBIOOPKY JAHHBIX BHIOMPAIOT-
Cs TOJIBKO PETPOCTIEK TUBHbIE TaHHBIE 10 BEIOPAHHOMY
tuny guA. Duabtp 1 ygander us obyuaroieii BEIOOD-
KU JTaHHBIE, OTHOCAII[HECS K MPa3fHUYHBIM U BBHIXO/-
HBIM JHAM, QUIBTD 2 — TaHHBIE IO Pa00UUM JHAM U
TIpasgHUKAM, QUIbTP 3 yAAIIeT U3 BRIOOPKY paboue
U BBIXOJIHBIE THU.

KosnuuecTBO TaHHBIX B BHIOOPKE OIPEIEIAETCS 10

(opmyne

3ampoc Ha mporHo3
Forecast request

3amycx mpomecca RM
RM process
running

the database

Brifop ropmoHTa
PETPOCIEKTHEHELN JAHHELX. JATEl
Selecting the horizon
of retrospective data, the date

$opuMBpOEaHEE

[fez TeMmepaTypEO-EETPOBOrO HETEKCA]
[without temperature and wind index

IpeapapuTeannasa obpadoTka
Preliminary processing

Bridopea gassen 1 B]]
Selecting data from

ofyTatromeit BuGOpEE

Formation of tramning sample

[c TeMmepaTypEO-BETPOBEIM HHASKCOM)]
[with temperature and wind mdex]

S =30M,,-48+30M,,-T,

roe M, — Beibopka us 30 fHei 10 TPOrHOSHOTO THS Te-
Kymiero roga; M, — Bei0opka u3 30 qHel mpeabIAyIe-
T'0 T0/Ia TIOCJIe TPOTHO3HOTO JHS, BKJIIOUAS aHATOT Y-
HBIH TPOTHOZHOMY JIeHb B IPONLIOM rofy; T, — KOJIH-
YECTBO JUCKPETHBIX PABHBIX WHTEDPBAJIOB, HA KOTO-
pble pasbuBaioTcsa 24 uvaca (C IUCKPETHBIM MHTEPBa-
qoM 1 yac). Heo6xoxumoe KosmuectBo pHed (30) 6p110
HaWJeHO SMIUPUUECKH.
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Fig. 3. UML-diagram of the forecasting method considering temperature and wind index
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Fig. 4. Forecast of consumption on 06/19/2016, excluding temperature and wind index
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Fig. 5. Forecast of consumption on 01/17/2016, considering temperature and wind index

Ha puc. 4 u 5 oroOpaskeHbl JaHHbIE IPOrHO3a 0e3
yueTa TeMIepaTypHO-BETPOBOr0 MHAEKCA M C YUETOM
COOTBETCTBEHHO.

3akntoyeHune

Kax BujHO 13 TaHHBIX, TPUBEEHHBIX Ha PUC. 4 1
5, ucmoab3yeMas METOAUKA [aeT CPEAHIONn OUIHOKY
3,0...3,3 % ma unrepsane 1 rox. Takum oGpasom,
paccMOTpeHHasd MEeTOAUKA MOKeT OBITh MCIOIh30BAa-
Ha cyobexToM OPOM 0e3 60bHIINX MaTepHUaJbHBIX
3aTpaT U OCHOBBIBAETCS Ha OOIMX CTATUCTHYECKUX
MeTOJaX ¥ MeTOJax CTPYKTYPHBIX Mogeseii. IIpm
sToM cyoBeKTy OPOM H0CTaTOUHO UMETh PETPOCIIEK-
THUBHEIE TaHHBIE ]I B MHTEpBaJse He MeHee OJHOTO Io-
Ila, a TaKiKe JaHHBIE TIO0 CpefHe TeMIepaType OKpy-
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JKaIOIero BO3Ayxa u cpegHeii ckopoctu Betpa. IIpen-
CTaBJIeHHAS METOJMKA IIPOTHO3UPOBAHMUS 9JIEKTPOIIO-
TpeOJeHnus MOKEeT MCIOJb30BaThCcd CYObeKTaMu
OPSM. Ilpu aTtom, BO3MOKHO, TOTPEOYETCA DMIUPH-
YECKUM IIyTeM c(OPMUPOBATEH 00YUAOIIYI0 BEIOOPKY
C yueToM crmenu(uKu 3JIeKTpomoTpebieHusd. B Ha-
1IeM cJaydae B o0meM o0beMe 3JIeKTPOIOTPeOIeHns
000 «Omckas sHeprocObITOBAs KoMmaHusa» 75 %
TPUXOIUTCA Ha Iopuandeckue juma u 25 % — Ha
Gbusnueckue. [Ipu aTOM ceyeT yUuTHIBATh T THH,
IOCKOJIBKY Ha CIeNU(DUKY 3IeKTPOIOTPeOIeHN,
KaK OBLJIO CKa3aHO BHIIE, MOT'YT OKA3BIBATh BIMSIHIE
conMabHbIe ABIEHUS, W STOT (PAKT HYKHO TaKKe
VUNTHIBATH IPU PaspaboTKe METOAUKH MPOTHO3UPO-
Barus 1.
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USING NEURAL NETWORK FOR BUILDING SHORT-TERM FORECAST
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Relevance of the research is caused by the requirements of current legislation to «day-ahead» forecast of energy consumption in the
market for wholesale electricity and capacity market participants (WECM). Most of electricity in Russia is produced by combustion of so-
lid minerals. According to the report of JSC «System Operator of Unified Energy System» for 2015 the share of electricity production by
the types of UES power plants in Russia is: 59,8 % for thermal power plants, 15, 6 % for wind and solar power plants, 19 % for nuclear
power plants and 5,6 % for captive power plants. At the same time, one of the main problems associated with electric energy genera-
tion and its consumption is the problem of power balance maintenance. On the one hand, power delivery interruptions may occur when
increasing planned load, on the other hand decrease in electric energy consumption will reduce the efficiency of the power plants, and
increase the cost of electricity for wholesale electricity and capacity market participants, and for the end user. High accuracy in forecas-
ting electricity consumption allows keeping power balance and using geo assets effectively to generate electricity, taking into account
the specific character of the consumer. To solve these problems the wholesale market was introduced in Russia in 2004. It currently ope-
rates. The relevance of the discussed issue is caused by the current legislation of forecasting electricity consumption in the day-ahead
market to the wholesale electricity and capacity market participants. The wholesale electricity and capacity market was introduced in
2006, since that time, many companies received the status of the subject of WECM. According to the rules of interaction between the
subject of wholesale electricity and capacity market participants and OJSC «ATS», the subjects of wholesale electricity and capacity mar-
ket participants are required to carry out daily hourly «day-ahead» forecast. To ensure the quality of forecasting electricity consumption,
the subjects of wholesale electricity and capacity market participants should prepare a requlatory framework, to develop methodology
for building electricity consumption forecast and calculate the risks associated with the accuracy of the models used. On the one hand,
the complexity of the problem solved is characterized by occurrence of aggregate data of supply points, as it is not always possible for
the subject of wholesale electricity and capacity market participants to collect the data on individual consumption of power facilities in
hourly mode. On the other hand, the introduction of commercial accounting system can solve this problem by embedding a large invest-
ment for installation of the automated commercial power system, but as a rule, the subject of wholesale electricity and capacity market
participants goes to such a long-term cost-payback.

The main aim of the study is to apply the forecasting methodology using neural network for building predictive models for LLC «Omsk
Energy Retail Company».

The methods used in the study: Holt—Winters model, the ARIMA, neural networks, temperature and wind index.

The results. The authors have considered the methods of constructing the predictive models, the path of their evolution since the launch
of wholesale electricity and capacity market participants, and developed the method of constructing the forecast of «Omsk Energy Re-
tail Company» using neural network, taking into account the temperature and wind index and allocation of common types of days by
electric energy consumption.

Key words:
Data mining, neural network, forecasting, electricity load, wholesale electricity and capacity market.
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