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ITocie nosiBieHust B Poccun ONTOBOTrO PhIHKA 3JIEKTPOIHEPIUH M MOLIHOCTH YYAaCTHUKH JaH-
HOTO PBIHKA (PYHKIIMOHUPYIOT B KOHKYPEHTHBIX YCIOBUSX, I/l KaXKABIH eHb CTAJIKHBAIOTCS C
npobiaeMamu GOPMHUPOBAHUS PHIHOYHOW CTPATErUH M IUIAHUPOBAHHS OYXYyIUX (DHHAHCOBBIX
MOTOKOB. B 9THX yCIIOBHSX NPOrHO3UPOBAHHE LIEHBI HA JJICKTPOIHEPTHIO CTAHOBUTCSI HEOTh-
eMJIeMOM M TIOBCEIHEBHOH 3a/1aueil 17151 OOJIBIIMHCTBA YYaCTHUKOB PHIHKA.

Ha ceropusmuiuii JeHb IPOrHO3HPOBAHKE LIEHB! HA JIEKTPOAHEPTHIO IIPOU3BOAUTCS HA OCHO-
BE YMO3PUTEJILHOTO aHAIM3a MPEIBIAYIINX 3HAYCHUI [IeHbl (Tak KaK BEJMYHHA LIEHBI HMEeT
HEKYI0 IMKINYHOCTb) M 3HAHUH JKCIEpTa 0 MPEAMETHON 001aCTh (HarnpuMep, pEMOHT KaKOu-
160 I'DC BiuseT Ha NEPETOKHU SIEKTPOIHEPTHHU U €€ LIEHY).

CymiecTByeT HECKOJBKO 3aKPBITBIX 3apyOeXHBIX MPOrPaMMHBIX HPOSKTOB AJIs IPOTHO3H-
poBaHus LeH Ha snekTposHepruio («Energy-Forecast: Prices» ot kommnanum StatSoft [1],
«Energy price forecasting» ot komnanuu AleaSoft [2]), ogHako OHU 00JNaJaIOT OYEHB
OTrpaHUYEHHBIM KOJMYECTBOM HCIIOJIB3YEMBIX MOJENIeil U He UMEIOT BO3MOXXHOCTH CTPO-
uTh 00beMHEHHbIe IPOrHo3bl. [103TOMy 1UIs pelieHus: JTaHHOU MpoOIeMbl pa3pabaTbiBa-
eTcsl HOBasl IPOrpaMMHasi CHCTeMa, KOTOpas MO3BOIHUT YNPOCTHTDH 3aJady IIPOTHO3UPO-
BaHUs L[EHbl Ha JJIEKTPOIHEPIHIO PabOTHHKAM CIIelMaIH3MpoBaHHOTO oTiena Hosocu-
oupckoit 'DC.

B macrosmeil paboTe paccMaTpHBAeTCS BO3MOXKHOCTh HPHMEHEHHs aHCaMOJIEBBIX allro-
PUTMOB JUI KPAaTKOCPOYHOT'O NPOTHO3UPOBAHMS LIEH Ha JJEKTpodHepruio. O0bequHeHne
IIPOTHO30B 3aPEKOMEHI0BAJIO0 ceOs KaK I0IX0/l, KOTOPHIi Hanboee Mojae3eH B CIeAyIomuX
CHUTYaIHsAX: HMEeTCsS HEeONpeelIeHHOCTs B BbIOOpEe HamOoIee TOYHOTO METOJa IPOTHO3H-
POBaHHMs, MMEETCsI HEONPEAEICHHOCTb, CBA3aHHAs C CHTYalHel NPOrHO3UpOBaHMsI, HEOO-
X0AUMO M30€XaTh OOJMBIINX CYOBEKTUBHBIX OIIMOOK MPOrHO3upoBaHUs. Takke OJHUM M3
JIOCTOMHCTB aHCaMOJICBOTO MOJX0a ABISIETCS TO, YTO IO CPABHEHHUIO C YACTHBIMH IIPOTHO-
3aMH 00bEANHEHNE IIPOrHO30B HE MOJXKET OBITh XYK€, YeM YaCTHBIC IPOrHO3bI, BXOISIINE B
€ro COCTaB.

Takke B cTaThe IPUBOIATCS PE3yJIbTAaThl CPABHUTEIFHOTO aHAIH3a TOYHOCTH IPOTHO3HPOBA-
HUS BpeMeHHOTo psina (BP) neH Ha 2JIeKTpOIHEPrHio ¢ HOMOLIBIO OJJMHOYHBIX ¥ aHCAMOIEBOM
MOJIEJIeH.

i Crartbs noydeHa 18 cenrsopst 2019 r.
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BBEJIEHUE

Jlo HeaBHETO BpeMEHH B cepe MEKTPOIHEPTETHKHN 331a4a IPOTHOZUPOBAHHS
CBOIMJIACH K OTpENEeNICHNIO OyayIIero pacxoaa 3Hepruu. Tak Kak OoTpacik IOCTO-
STHHO TpEeTepreBacT MHOKECTBO HM3MEHEHHH, Kak, HampuMep, pedopMHUpOBAaHHUE
OTpaciy W CO3JaHHE ONTOBOTO PBHIHKA DJIEKTPOdHEprHH U MomHocTH (OPOM), 3a-
Jlada TIPOTHO3MPOBAHMS CTaHOBHTCS Bc€ Oonee akTyanpHO. Kpome Toro, mosBu-
Jlach HEOOXOJMMOCTh B KPaTKOCPOYHOM INPOTHO3MPOBAHWUU CBOOOIHOM IIEHBI Ha
3JIEKTPOIHEPTHIO «pBIHKA Ha cyTku Biiepem (PCB) [3-5].

3ajaua MPOrHO3UPOBAHMUS CBOOOTHBIX MOYACOBBIX IIEH HA JIIEKTPOIHEPTHIO SIB-
nsiercst HoBo st Poccun. Ha Hacrosimuii MOMEHT He cymiecTByeT 3()(eKTHBHBIX
QITOPUTMOB U METOAUK JJIsl IporHOo3upoBaHus 1ieH PCB.

OOBIYHO TTPY MPOTHO3WPOBAHUH MPOLIECCOB, ONHCHIBAIOIINX TUHAMHKY pa3BH-
THsI 00BEKTa WM CHCTEMBI B PA3HBIX MPEAMETHBIX 00JIacTAX, MPEANOYTEHHE OTAa-
ercss Ooiee TOYHOMY IPOTHO3Y, MOJYYEHHOMY IYTEM HCIIOJIB30BAHUSI TOTO WIIH
nHoro meroxa. OIHAKO Ka)kKAbIA MPOTHO3, IOJYYEHHBI ¢ MOMOIIBIO OJHOTO W3
METO/IOB, COJEPKUT IOJIE3HYI0 HH(OPMAIIHIO, KOTOpas OTCYTCTBYET B APYTUX MPO-
THO3aX, TOSTOMY TPYAHO OTIATh MPEAIOYTEHHE KaKOMY-TH00 13 HUX [4].

ITpeamnomnaraercst, 9TO MPOTHO3bI, MOTyYEHHBIE Pa3HBIMH METOJAMH, ONHCHIBA-
0T JIUIIb OJIHY CTOPOHY IMHAMUKH HCCIIELYyeMOro Ipolecca, 0To0paxaeMoro Hc-
CJICAYEMBIM BPECMCHHBIM PSAJIOM. HOSTOMy 06’I)CZ[I/IHGHI/IG HE3aBUCUMO OT IOJTYUYCH-
HBIX MPOTHO30B ITO3BOJISIET TMPHBJIEKATH JOMOJHUTENBHYIO HH(OPMAIHIO, KOTOpast
MOJKET CIIOCOOCTBOBATh OoJiee MOJTHOMY M TOYHOMY OIMCAHHUIO IIPOTHO3HPYEMOTO
IpoIIecca, M TI03BOJISIET TEM CAMBIM IMOJIYYUTh O0Jiee TOYHBIE ITPOTHO3HI [6—8].

1. IOCTAHOBKA 3AJTAYMN

B pamkax naHHOW pabOTHI INTAHUPYETCS PELIUTH CIEAYIOIINE 3aIa4H.

1. Pa3paboraTh pa3iuuHble MOJENH, AITOPUTMBI HCCIIEOBAHNS U IPOTHO3UPO-
BaHMS BPEMEHHOTO psAja LEH Ha 3JIEKTPOIHEPIHI0 Ha OCHOBE aHCAMOJIEBBIX Me-
TOJIOB.

2. HccnenoBath TOYHOCTH pa3pabOTaHHBIX MOJIEINEH, arOPUTMOB U UX 3 deK-
THUBHOCTB JUIS PEIICHHS 3a/1a91 TPOTHO3WPOBAHNUS [IEH Ha JIEKTPOIHEPTHIO.

3. Pa3paboTats mporpaMMHYIO CHCTEMY JUIS IPOTHO3MPOBAHMSA IIEH HA 3JEK-
TPOIHEPIUIO HA OCHOBE MPEATI0KEHHBIX MOJIENICH U alNTOPUTMOB.
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B macrosme#t pabore OyneT MCHOIB30BaHA METOIUKA OFHO(DAKTOPHOTO MPO-
THO3MPOBAHM, TaK KakK ITOKa OTCYTCTBYET NOIONHUTENbHAas MHPOPMAIHI O BaX-
HBIX 9K30T'CHHBIX (hakTopax. [Ipu 3TOM HEeKOTOpbIe (PAKTOPBI OMOCPEIOBAHHO YIiKE
YYTEHBl B PETPOCHEKTHBHOM BpeMeHHOM paAny (BP) men Ha anexTposHepruio
(HampuMep, BIMSHUE TeMIEpaTypsl Bo3ayxa). Ilpyu HU3KUX TemmepaTypax Bo3pac-
TaeT SHEPronoTpedIeHne U, KaK CIIE/ICTBHE, BO3PACTAET [IEHa Ha AIIEKTPOIHEPTHIO,
YTO HAXOIUT OTpakeHue B mpeapictopuu BP men. Yacte dakTopoB (Hampumep,
SHEPronoTPeOICHNE) TOXKE MPOTHO3UPYETCs, X UCIIOJIE30BAHHE MPUBEICT K TOMY,
YTO, TIO CYTH, OYJeT BBHIIIOJTHEH MMPOTHO3 HAa OCHOBE MPOTHO3HOTO 3HAYCHUS (DaKTo-
pa, a 3TO OTPHUIIATEIHHO CKAXKETCS HA TOUHOCTH.

JIs HaX0XKIeHNS YaCTHBIX MTPOTHO30B OYIYT HCITONB30BaThCs MeToabsl ARIMA
(Mozenp aBTOPETPECCHH CKOJB3SIIEro cpeaHero) m XombTa—BuHTepca (TpoitHOE
SKCIIOHEHIMAJIBHOE CTIaKMBaHME) Kak Haubouee momyisipaele [9]. B kauectBe aH-
cam0OJeBoit Mofenu OyZeT HCIoIp30BaThCs yke roToBas moaens OPERA w3 oxgHo-
uMeHHoro nakera R. ®dyHkuus komOunupoBanus n3 nakera OPERA Bbrumciser
BE€Ca OJUHOYHBIX ITPOTHO30B ITPU UX O6’Be}II/IHeHI/II/I, OCHOBBIBAsICh HA TOM, HACKOJIb-
KO XOpPOIIIO OHU paboTaau Ha o0ydJaromiei Beioopke [10].

B nanpHelieM iaHUPyeTCsl UCIOJIB30BaTh COOCTBEHHBIC aHCAMOJICBBIC MOIe-
JI1, IOCTPOEHHBIE HA OCHOBE CIEAYIOMUX MeToA0B [11-14]:

® MeTOoJ]a MUHUMH3AIUHU TUCTICPCHH OIITHOOK;

® METOJ]a PETPOCIEKTHBHEBIX IPOTHO30B;

® aJanTUBHOTO METOJA.

2. PE3YJIBTATBI MOJAEJINPOBAHUA

Jns mccnemoBanus Mopenel OBUT MCIIONB30BaH ModacoBod psin meH PCB Ha
3JIEKTPOIHEPTHIO 3a NEpBbIE ABe Heenu MapTa 2017 rona. JlaHHBIM BpeMEHHOU psij
OBLT pazfeneH Ha aBe JacTw: nepuon ¢ 1 maprta 2017 roma mo 13 mapra 2017 roma
HCIIOJTB30BAJICSI B KadecTBe oOydaromiei dactu, naHHble 3a 14 mapta 2017 ronma
(1o yacam) UCTIOITHL30BAIMCH B KA9E€CTBE TECTOBOM YacTH.

s peanuzanyy JaHHOTO BBIYHCIUTEIBHOTO SKCIIEPHUMEHTa OBIIT BBIOPAH S3bIK
pOTPaMMHUPOBAHKs BBICOKOTO YpOBHS — R. BeIOOp s3bIKa 00YCIIOBIIEH HATHYHEM
0O0JIBIIIOT0 KOJIMYECTBA MOMYJICH, pealu3yIOIIUX aJrOPUTMbI PEIICHHS 3a1ad aHa-
JIM3a JaHHBIX.

Pe3ynbraThl MpUMEHEHUs Pa3IMYHBIX METOJOB Ha OOydaromield 4yacTd Mpel-
CTaBJICHBI B Ta0J. 1, I TECTOBOM YacTH — B Ta0II. 2.

Ha pucynke npencraBiieH rpadhuk U3MCHEHUS [IEH Ha 3JCKTPOIHEPTHIO TECTO-
BOI 4aCTH C HAJIO)KEHUEM ITPOTHO3HBIX MOJICIIECH BpEMEHHOTO Psijia.
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Tab6auna 1
XapakTepucTUKH OIIMOOK MozeJieii Ha o0yuaromeii yactu BP
Mognens
Crarucrayeckast ETS ARIMA OPERA
XapaKTepPUCTHKA
MAE 10.84 12.88 10.39
MPE —0.03 0.01 0.02
MAPE 1.20 1.42 1.15
RMSE 15.65 18.52 14.93
DETERM 0.94 0.92 0.95
Tabnuma 2
XapaKkTepucTHKH OLIMOOK MojeJieil Ha TecTOBOii yactu BP
Monens
Crarucrayeckast ETS ARIMA OPERA
XapaKTepUCTHKA
MAE 17.64 16.00 11.57
MPE -1.83 0.89 -0.39
MAPE 1.99 1.77 1.30
RMSE 20.56 17.64 14.12
DETERM 0.90 0.86 0.89
— Real data
--- ETS
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Ha ocHOBe NpUBEICHHBIX Pe3yJIbTaTOB MOXKHO C/IENATh BBIBOJ, UYTO aHCAMOIe-
Bas MOJEJb MPEBOCXOANT IO TOYHOCTH OJWHOYHBIE MOJEIH IOYTH 10 BCEM XapaK-
TEepUCTUKaM Kak Ha oOydvarollei 4acTh, TaKk W Ha TecToBoil. Ha TecToBoil yacTu
aHcamOJIeBbIe METO/IbI TToKa3anu cedst 3 dexTHBHEE OJMHOYHBIX METOIOB MPOTHO-
3upoBanus. CleJoBaTeNbHO, UCIONb30BaHUE aHCAaMOJIEBBIX METOAOB B IIPOTHO3H-
pPOBaHMM BPEMEHHOTO psifa IIeH Ha JIEKTPOIHEPTHIO SBISIETCS LIeIeCO00pa3HbIM
pelIeHueEM.

2. CPEJICTBA JJIsI PA3PABOTKH IMPOTPAMMHOM CUCTEMBI

B pesynbraTte manmpHeel paboThl INTAHUPYETCS CO37aTh MporpaMMHoe obec-
TICYeHNE VISl IPOTHO3UPOBAHMUS LIEH Ha AICKTPOIHEPTHIO C MIPUMEHEHHEM PA3IIHy-
HBIX aHCAMOJIEBBIX aITOPUTMOB.

Jns peanuzanuy mporpaMMHOTO OOECTIEYEHHS], BBIMOJIHAIOIIET0 MPOTHO3UPO-
BaHHUE LICH Ha JIEKTPOIHEPIHIO Ha OCHOBE aHCaMOJIEBOTo MOAX0/a, Oblia BEIOpaHa
CBsI3KA U3 JIByX SI3BIKOB IPOTrPaMMHUPOBaHMS BBICOKOTO ypoBHA — Java u R. Takxke
Oynet ucronb3oBan Renjin [15] — nHaTepnperarop s s3bika R, ucnosnb3yromuii B
Ka4yecTBE Cpellbl BHINOJHEHUs] BUPTyalbHylo MamuHy Java (JVM) u umeromuii 0a-
3y OMONMHOTEK sA3bIKa R, CKOMITMIIMPOBAaHHBIX B BHIE jar-QaiioB (To ecTh i pabo-
TBI JJAHHOTO TIPOTPaMMHOTO oOecneueHnsi He OyaeT TpeOOBaHWS WMETh yCTaHOB-
JeHHoe 1apo R Ha koMmbroTepe).

S3pIK mporpammMupoBanus R Oyer 3aiokeH B sape pazpabaTbiBaeMON Iporpam-
MBI Ul CTATHCTUYECKON 0OpabOTKM NaHHBIX. JOCTOMHCTBAMH AHHOTO SI3bIKA SIBIIS-
I0TCS INMPOKUH (DYHKIMOHAI /TSl BU3yaIU3alMy U Oorarasi 5KOCHCTeMa COBPEMEHHBIX
NIAKETOB, 00ECTICYNBAIOIINX HYXKHBIN HHCTPYMEHTapHHi 1151 OBICTPOTO CTapTa.

SI3pIk Java OyzmeT MCHOJIB30BaH I CO3/aHUS OM3HEC-CI0S IPOrpaMMBbl U I
MIPEAOCTaBIEHHsT I'papUIEecKOro IMoJIb30BaTEIbCKOr0 MHTEpdeiica s gocTyna K
¢GyHKIMSAM aHanmu3a AaHHBIX W3 R mocpenctBom Renjin. Taxoke ucmonb3oBaHue
si3pIKa Java o0ecneuuT KpocciuiaTpOpMEHHOCTh MTPOrPaMMHOTO 00ECIEYEeHHs, YTO
MO3BOJINT €My OJIMHAKOBO paboTaTh Ha Pa3HBIX OMNEPALMOHHBIX CHCTEMax
(Windows u Linux).

3AK/IIOYEHUE

B Hacrosimieit pabote Ha mpuMepe BPEMEHHOT'O psiia IIeH Ha 3JEKTPO3HEPTHI0
NOKa3aHO MPEUMYILECTBO HCIOIB30BaHUSI aHCaMOJIeBOro mojaxona At (opMUpo-
BaHUSI KPAaTKOCPOYHOTO MPOTHO3a. [lonydeHHbIe pe3yNbTaThl SBISIOTCS XOPOIICH
MIPEOCHLTKON JUIS €0 MCIOIh30BAHUS TPU PEIICHUU MPUKIIAJIHBIX 33724 MPOTHO-
3HPOBAHUS BPEMEHHBIX PSJIOB.
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After the emergence in Russia of a wholesale electricity and capacity market, the participants
in this market operate in competitive conditions, where every day they are faced with the
problems of forming a market strategy and planning future financial flows. Under these condi-
tions, forecasting the price of electricity becomes an integral and daily task for most market
participants.

Today, electricity price forecasting is based on a speculative analysis of previous price values
(since the price value has a certain cyclical nature) and expert knowledge about the subject ar-
ea (for example, repair of a hydroelectric power station affects electricity flows and its price).
There are several closed foreign software projects for forecasting electricity prices (Energy-
Forecast: Prices from StatSoft [1], Energy price forecasting from AleaSoft [2]), but they have
a very limited number of models used and do not have the ability to build combined forecasts.
Therefore, to solve this problem, a new software system is being developed that will simplify
the task of forecasting electricity prices for employees of the specialized department of the
Novosibirsk Hydroelectric Power Station.

In this paper, we consider the possibility of using ensemble algorithms for short-term forecast-
ing of electricity prices. Combining forecasts has established itself as an approach that is most
useful in the following situations: there is uncertainty in choosing the most accurate forecast-
ing method, there is uncertainty associated with the forecasting situation, and large subjective
forecasting errors must be avoided. One of the advantages of the ensemble approach is that, in
comparison with private forecasts, the combination of forecasts cannot be worse than the pri-
vate forecasts included in its composition.

The article also presents the results of a comparative analysis of the accuracy of forecasting
the time series (TS) of electricity prices using single and ensemble models.

Keywords: forecasting, ensemble algorithm, single model, forecasting model, combining
forecasts, time series, electricity price, RSV price, ARIMA, Holt-Winters model, OPERA,
Renjin
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