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Cmammio  npucesiyeHo  po38 A3aHHIO  AKMYAIbHOI  HAVYKOBO-HPUKIAOHOI  3a0aui  NAAHYBAHHA
eHepeoepheKMUBHUX PENCUMIB eNeKMPOMEXHIUHUX KOMIIEKCIE BY2IIbHUX WAXM 34 PAXYHOK PO3GUMK) Md
600CKOHANEHHSl MamMeMamuyHux mooened i Memoodie 6a2amohaKxmopHoz0 NPOSHO3VEAHHS IXHbO2O
EeKMPOCHONCUBAHHS 3 YDAXYBAHHAM MEXHONOSIYHUX XAPAKMEPUCTHUK.

Knwuosi cnosa: nianysanus enepeoeexmusHUX PedCUMIB, NPOSHO3YVBAHHS eNeKMPOCHONCUBAHHSL,
eeKMPOMEXHIYHULL KOMNIIEKC, 8V2LNbHI WaXmu, Hetupomepedci, bazamomaposuti nepcenmpon.

Beryn

Cran eKkOHOMIKM YKpaiHM CBOTOJIHI XapakTEePHU3YeETbCs AehOPMOBAHOIO  CTPYKTYPOIO
BUPOOHHUIITBA, Yy SAKIM BUCOKY MHTOMY Bary CKIaJal0Thb TEXHOJIOT EHEProeMHUX Ta
MaTeplaIOEMHUX BHUIIB Tpoaykuii [1], Tomy po3B’s3aHHsS mpoOJIeM WIABUIICHHS pPIBHS
€(eKTUBHOCTI MIPOMUCIOBUX KOMIUIEKCIB MOXJIMBE JIMILE 332 CYTTEBOTO 3HMIKEHHS €HEproBUTpPAT
Ha BHUPOOHMUTBO OJMHHULI mpoxaykuii. CTpykTypa NpPOMHCIOBOTO BHPOOHMIITBA JOBOJI
€HeproeMHa, KPUTHYHA 3aJ€KHICTh IaJUBHO-EHEPreTUYHOTO KOMIUIEKCY BIJ IOCTauyaHHs
eHeproHociiB 3 Pocii, BUCOKa 3HOIIEHICTb OCHOBHUX BHPOOHMUYMX (POHIIB Ta HU3BKUH PIBEHb
€KOJIOTTYHOT OEe3MeKH MIANMPUEMCTB 3yMOBIIIOIOTH MEPIIOUEPTOBY HEOOXIIHICTH CEPENHbO- Ta
JOBrOTEPMIHOBOIO IJIAHYBAHHS 1 IPOTHO3YBaHHs 00CSTIB eHepro3oepekenHns [1, 2].

BaxnuBoro ramys33to mnamuBHo-eHepretuuHoro kommiekcy (IIEK) VYkpainu € ByruibHa
MIPOMUCIIOBICTb. AKTYaJIbHICTh 1i (DYHKIIOHYBaHHS 3yMOBJIEHAa THM, IO BYIUUIL — €IMHUN
HaI[IOHAJIbHUN €HEProHOCIH, KU 37aTeH 3a0e3NeUnTH €HEepPreTUYHy Oe3MeKy Ta 3aJl0BOJIbHUTU
Cy4acHI HOTpeOU 3a paxyHOK BJIIACHUX pecypciB [3].

s 3abe3nedeHHs peHTaOeIbHOCTI BYTUIBHOI IMPOMMCIOBOCTI HEOOXIAHI BIPOBAKEHHS
eHepro30epiralbHUX TEXHOJOTIH 1 MiIBUILIEHHS €()eKTUBHOCTI BUKOPUCTAHHS €IEKTPUYHOI eHepril
€JIEKTPOTEXHIYHUMH KOMIUIEKCAMH BYTUIBHMX LIAXT, LI0 JO3BOJIMTH 3MEHLIUTH COOIBapTICTh
BUJI0OYTKY BYriuIsl Ta MIABUIIUTU HOTO AKICTH [4].

Y 3B’A3Ky 13 CTPYKTypHOIO IepeOyJoBOI0 €EKOHOMIKM YKpaiHH ICTOTHO 3pOCTa€ poJib
MEPCIEKTUBHOTO IUIAHYBAHHS PO3BUTKY BHMPOOHUYUX CHCTEM, TOOTO HAyKOBOOOIPYHTOBAaHUX
nporHo3iB [5]. ['osioBHUMHU (YHKIIIMU IPOTHO3YBAHHS € BUSBIICHHS Ta aHAJ3 3aKOHOMIPHOCTEH 1
TEHJICHIIIN CIIOKMBAHHS €JIEKTPUYHOI €HEeprii; OL[IHIOBAaHHS BIUIMBY LIUX TEHICHIINH y MallOyTHbOMY;
nependOavyeHHsl CHUTYyalid, 10 NOTPeOyIOTh PO3B’S3aHHS; BUSBIEHHS MOXJIMBUX AaJbTEPHATHB
PO3BUTKY B MEpPCHEKTUBI; HAKONUYEHHs 1HGopmalii Juisi BCeOIMHO OOIPYHTOBAHOrO BHOOPY
HanpsMy AJs pO3p00OJIeHHS! ONTUMAJILHOTO IJIAHOBOTO PILIECHHS.

be3s mnporHo3yBaHHs HEMOXJIUBE €(EKTUBHE MEpPCHEKTUBHE IUJIAHYBaHHSA CIIOXUBaHHS
€JIEKTPOCHEPrii, OCKUIbKM BOHO IOBHUHHE 3JIMCHIOBATHUCA 3 YPAaxyBaHHSM TEMIIB 1 IPOIMOPLIH
PO3BUTKY, BU3HAYEHHUX Ha MEPCIEKTUBY.

[lin yac po3poOieHHs NPOrHO3IB Ta MEPCHEKTUBHUX IUIAHIB CHOKUBAHHS €JIEKTPOEHeprii
HEOOXITHO BpaxoBYBaTH YMHHUK HEBU3HAYEHOCTi, 3yMOBJIEHHI THUM, 110 Ha €HEProeKOHOMIYHI
MIPOLIECH BIUIMBAIOTh PI3HI YMHHHUKHU. YHACIHI0K [[bOTO HEMA€E MMOBHOTO 30IT'y IOCTABJIEHOT METH Ta
OCTAaTOYHHX PE3YJIbTATIB.

OTxe, po3B’s3aHHs 3aBJaHHs MIABUIIECHHS peHTa0eIbHOCTI BYTUIbHOI Tally31 YKpaiHu BUMarae
PO3pOOJICHHSI HOBOTO OPTaHI3aIllfHO-METOAUYHOTO 3a0€3MeUYeHHSs, MOIaIbIIOTO BIOCKOHAJICHHS
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CUCTEeMM IUIaHYBaHHA Ta MOHITOPUHTY €JIEKTPOCIIOKUBAHHS EJIEKTPOTEXHIYHUX KOMILIEKCIB
BYTUIbHMX IIAXT, 3@ paxyHOK 4YOro CTaHe MOXJMBUM Iepexiy J0 e(PEeKTUBHOIO
€HeproBUKOPHUCTAHHA. BUXoAsun 3 11bOT0, CTaTTIO NMPUCBAYEHO BJOCKOHAJICHHIO MAaTeMAaTUYHUX
Mozenel Ta MeTo/iB 0araTopakTOPHOTO NPOrHO3YBAHHS EJIEKTPOCHOKUBAHHS BYTUIBHUX IIAXT
JUI PO3B’SI3aHHA 3a/1a4l [JIaHYBaHHS iXHIX €HEeproe()eKTUBHUX PEKHUMIB.

Kaacudikanis eleKTpoTeXHiYHMX KOMILJIEKCIB BYTVIBHUX IIAXT 32 e(peKTHBHICTIO
BUKOPHCTAHHS eJ1eKTPOeHeprii

Enepretnuna ehekTHBHICT, BUPOOHHUIITBA CTAHOBUTH OJWH 3 OCHOBHHX CKJIAJHUKIB 3arajibHO1
e(eKTUBHOCTI (HacamIepe, eKOHOMIYHOI, IO 3yMOBJIEHO 3POCTAaHHAM I[IH Ha €HEPrOHOCI), OLIIHKa
ii 3arajJjom Mo rainysi, 10 OKpeMHUX BYIJIEBUIOOYBHUX HIANPUEMCTBAX, 10 BUPOOHUYUX IIPOIIECAX €
Iy’)K€ BaXKJIMBOIO 1 HEOOXITHOIO, OCKUIBKU JI03BOJISIE BUSBUTU PE3E€PBU MIIBUILEHHS €(EKTUBHOCTI
(GYHKII0HYBaHHS MIANPUEMCTB.

[TokazHukoMm, 10 xapakTepu3ye e(peKTUBHICTh BUKOPUCTAHHS €IEKTPUYHOI €Heprii, € ii muToMe
cnokuBaHHs. EQexTuBHICTh QyHKIIOHYBaHHS Oy/1b-KOi BUPOOHMUYOT CUCTEMH B Cy4aCHUX YMOBax
y OuUIpIIOCTI BHMAJKIB BHU3HAYAIOTh CTAHOM 1i EHEPreTUYHOTO TIOCHOJAapCTBA, OCKUIBKHU
€HepropecypcH CKJIAJaroTh BEJIMKY YacTKy B CcOOIBapTOCTI Oyab-iKOi MPOAYKLIl IPOMHUCIOBOTO
mignpueMcTBa [5].

KoHTponpH1 3Ha4YeHHS NMHUTOMOIO CIIOKMBAHHS €JIEKTPOCHEPrii BHU3HAUYAIOTh 3arajioM Jyis
OKpeMOro BYriuibHOTO 00’eqHaHHS. Uepes Te, 110 BYTUIbHI IIAXTH PO3TAIIOBAHI B PI3HUX TPHUYO-
reoJIOTTYHUX YMOBAaX, MalOTh pi3HE 00JIalHaHHS TOIO, IPUPOJHO IEHTU(DIKYBATH OJHOPIIHI KJIacH
00’€KTIB, U1l SIKUX BU3HAYAIOTh MOKa3HUKU €(DEKTUBHOCTI CIIO’KUBAHHSI €JIEKTPOCHEPTii.

VY Bunaaky 3 BYrUIbHMMM LIaXTaMU JOLUIBHO BPaxOBYBAaTH TIPHUYO-TEOJIOTTYHI YMOBH, IO
BIIMBAIOTh Ha iXHIO poOOTY. 3aiaya Kiacu@ikalii eIeKTPOTEXHIYHMX KOMIUIEKCIB BYIUIbHUX IIAXT
3a CTyIE€HEM OJHOPIAHOCTI MOXKe OyTH PO3B’s3aHa 3 BUKOPUCTaHHSM MeTOiB YekaHOBCHKOTO [7]
Ta KJIACTEpHOTO aHamzy [8].

Mamemamuune Gopmyniosanna 3aoaui. Hexalt 3amana BuOIpKa MOMNEPEIHBO OOPOOICHHX
BEKTOPIB NaHux X, . [IpocTip BekTOpiB Nanux mosHadeno E . KoxxHoMy Kiacy Oyje BIANOBIIATH

nesike sapo a. llpocrtip sigep mo3HaueHo A. s xkoxHUX x€ E 1 a€ A BU3HAYAKOTH MIPY
OomuspkocTi  d(x,a). Jna koxHoro Habopy 3 k dAunep a,,...a, 1 OyIOb-KOTO pO30UTTA

{xp }: P UP U...UP, Ha k KiaciB BU3HAYaIOTh KPUTEPIH SIKOCTI [7]:

k
D =D(a,a,..,a,,P,P,,...,P)=Y.> d(x,a). (1)

i=1 xeb,
[ToTpiOHO 3HalTH HAOIp 4,...,a, 1 PO3OUTTA {xp}, 10 MIHIMI3y10Th D .

Ha koxxHoMy Kpolll i erami adropuTMmy 3MEHILIYEThCS KPUTEpik sikocTi D, 3BiJCH BUILIMBA€E
30DKHICTh QITOPUTMY — HICISl CKIHYEHOT KUIBKOCTI KPOKIB pO30UTTS {x p} B)KE€ HE 3MIHIOETHCSI.

VY SKOCTI TEXHOJOTTYHMX MapaMeTpiB, SKI CYTTEBO BIUIMBAIOTh HAa pPIBEHb EHEPreTUYHOI
e(EeKTUBHOCTI BYTIUIbHUX HIANPHEMCTB, Oyno BimiOpaHo Taki: X; — piuHui oOcsAr BUAOOYTKY
KOPUCHUX KONAQIWH, T; X, — pIYHUN pIBEHb NIPOBEJIEHHS MIATOTOBYUX BHUPOOOK, M; X; —
CepeHbOIMHAMIYHA TOTY)KHICTh IUIACTIB KOPUCHUX KONAIMH, M; X; — CEepeIHbOPIYHUM IPUTIK
BOJM B IIAXTY, M*/To; X5 — CEPe/IHs 4HCEIbHICTh BUPOOHUUOIrO NEPCOHAIY, YOL.; Xy — IIHOMHA

3aJIATaHHs] TUIAcTiB, M; X; — KUIBKICTb BYTUIBHMX IUIACTIB, SIKI PO3pOONSIOTH, MT.; Xg—
ra30HacCHYEHICTh INJIACTIB, M3/T; Xy — yCTaHOBJICHA MOTYKHICTb OCHOBHOTO IIIAXTHOTO 00JIaTHAHHS
(OHIO0), xBr.

Merton nependadyae BUKOHAHHS TaKUX €TaIliB:
Etan 1. ®opMyBaHHS MaTpulll CIIOCTEPEIKEHb.
Matous MHOXUHY 3 7 €JIEMEHTIB, 110 ONHCaHl # O3HaKaMH, KOXHY OJUHHUII0 MOKHA
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IHTEpPIPETYBATH K TOUKY # BUMIPHOT'O MPOCTOPY 3 KOOPAUHATAMH, 1110 TOPIBHIOIOTH 3HAUEHHSM 71
O3HaK JuIsd 00’€KTa, IKUH PO3IIIAaatoTh. MaTpHIls CIOCTEPEKEHD MAa€ TaKUM BUTJISLL

X” X]Z X]k X]n
X2] X22 X2k in
X = ; ()
Xl.] xi2 . xik . Xl-n
_xml xm2 xmk xmn_

Ae m — KUIBKICTb INAXT; 7 — KUIBKICTh TE€XHOJIOTIYHMX IapaMeTpiB; X, — 3HAYEHHsA O3HAKH k I
OJIMHULI .
Tabnuus 1

IIpuxyiax cykynmHocTi piYHHX TEXHOJIOTiYHUX MapaMeTpPiB JJIsl BYTiJIbHUX IIAXT

TexHonoriuHi nmapamerpu

Piunuit oOcsr BUIOOYTKY
KOPUCHOT KOTAIUHH, T
TIpoBeeHH s MiArOTOBYMX
BHPOOOK, M
CepenHbOIMHAMIYHA
MOTY>XKHICTh TUTACTIB, M
CepeTHbOPIYHUH TPUTIK

3
BOJH, M /TO,
CepenHs KUTBKICTh
MpaIiBHUKIB, YOJI.
I'ubuHa 3aaranas
KOPUCHOT KOMAIUHU, M
KinpkicTh ByTiTBHUX
IJIACTIB, IIT.
T'a3oHACHYEHICTS IIJIACTIB,
M/T

TlopsiakoBUil HOMED AXTH
& | EnekTpocnokuBaHHs, KBT ron
— | YcTanoBICHA TOTYXKHICTB
OouiIo, kBt

—
—

3 7 8
14201712 47022 537 728 370 2
9434076 121105 1891 | 1,14 | 243 828 380 1
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13 16730100 452800 2601 | 1,18 | 31,98 | 1145 | 495 2 4,6 | 550

Etan 2. Jlns 3HaueHb, BKJIOYEHMX Yy MATPULIO CIIOCTEPEKEHb, HEOOXIIHO BHUKOHATU
HOpMaJIi3allil0 03HAK, OCKUIbKM BOHM € HEOAHOpinHUMHU. CTaHIAapTU3aLil0 03HAK BUKOHYIOTH 3a
BHUpA3aMU:

X, —X
_ ik k
2, =% 3)
Sk
- 1 1 & _ O
[IPUIOMY X :_zxik’ Sk = _Z(xik —%)" |
m i m i

ne k = 1,2, ...,n; x,— 3HaUE€HHs O3HAKU Kk JJs OIOMHULI i; X, — CepelHE apU(PMETHYHE 3HAYCHHS

O3HAKH k; §, — CTAHJAAPTHE BIIXUIICHHS O3HAKM Kk JUISl OJMHMIL i.

Etan 3. Po3paxyHOK elleMEHTIB MaTpHIll BIACTaHEH 3 ypaXyBaHHSM YCIX €JIE€MEHTIB MaTpHIl
CIIOCTEPEKEHD 32 BUPA30OM:

1 n
d,. :—z z,—zy| (r,s=L12,..m). 4)
n

k=1

Etan 4. HactynmauMm eramnom € BiIOOpa)KeHHsI MaTpulll BiACTaHeW y rpadiyHomy Burisal. s
[IOTO BUJIUISIFOTH JIBA KJIACH 00’ €KTIB, SIKI MAIOTh Taki rpadiuHi TO3HAYCHHS:
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Skmo d, <1.

Sxmo d, >1.

BHecenHs B MaTpullo BiICTaHeW BIANOBIIHUX TpaduHUX CHUMBOJIB JI03BOJISIE OTPUMATH
HEBIIOPsIKOBaHy AlarpaMmy YekanHoBcbkoro. [[jist BUSBICHHS TPYIl OJAHOTUIIHUX 00’ €KTIB HEOOXITHO
BUKOHATH IE€PECTAHOBKU CTOBMIB Ta psAAkiB. [Ipouiec mepemiumieHHS pPSIKIB 1 BUANOBIIHUX 1M
CTOBIII[IB BEJIETHCS 10 MOMEHTY OTPUMAaHHS BIIOPSIKOBAHOI aiarpamu (Tadi. 2), y sSKif CKymueHHs
3HAKIB, 10 BIAMOBIAAIOTH HAWMEHIIIMM BiFICTAHSIM, PO3MIIIIEHO B3J0BX TOJOBHOI AiaroHal.

Taomus 2

BrnopsinkoBana giarpama YekaHoBCHKOro

Homep maxtu
11219 1]12]5 6 | 7 8 | 13

—
W

Buxonsuu 3 pesynbTariB aHanizy (Tali. 2), MOXKHA BUAUIMTH YOTHUPH KJIACH BYTUIbHMX LIAXT:
nepmuii knac — 1, 3, 10; opyruit — 4, 11; tpetiit — 2, 9, 12; gerBeptnit — 5, 6, 7, 8, 13. Cmig
BII3HAYUTH, L]0 3aCTOCYBaHHS IIbOTO METOJYy HE MOTpeldye CKIaTHUX MaTeMaTHYHUX MPOLELYp.
O0’ekTn 3a HEBENUKUX OOCATIB iH(OpMaIii JIETKO MiAMAIOTHCS Kiacudikallii, Mo JT03BOJISIE
BUKOPUCTOBYBATH METOJ JUIS MOIEPEIHBO1 Ki1acu(Dikallii eHepreTUYHUX 00’ €KTIB.

Heiipomepe:xeBe MO/1eTIOBAHHS €J1€KTPOCIOKMBAHHSA €JIeKTPOTEXHIYHUX KOMILIEKCIB
BYTiJIbHUX IIAXT HA OCHOBi HEBNOPSAIKOBAHOI MHOKHHY BXiIHUX JJaHUX

JUis  epeKTUBHOIO NPOTHO3YBAHHS  E€JIEKTPOCHOKMBAHHS  CKJIQJHUX  EJIIEKTPOTEXHIUHUX
KOMILJIEKCIB OOOB’SI3KOBUM € BpPaxyBaHHS 3B’SI3KIB MDK CIIO)KMBaHHSIM €JIEKTPOEHEeprii Ta
OCHOBHHUMH TeXHOJOTTUHUMH akTtopamu [5]. OTxe, moOyaoBy HEUPOHHOI Mepexi HEOOXiTHO
3MIIICHIOBATH 3 ypaxyBaHHSIM Ha0Opy 1H(HOPMATUBHUX TEXHOJIOTTYHUX [TapaMETPIB.

Hexaii TexHOJOrIUHI MapaMeTpu KOHKPETHOI BYTUIbHOI IIAXTH, @ TaKOXX PIYHUNA BHUIOOYTOK
KOPHCHUX KOIIMH 3aJaHO BEKTOpOM mapamerpiB x° € X, ski MaoTb N, KOMIIOHEHTIB.
KOMIIOHEeHTH [03HAYMMO HIKHIM IHZCKCOM: X° = (X),...,Xy )" . Po3B’A3K0M 3ajaui OyJe MHOKHMHA

BEKTODIB {y‘...ys } €JIEKTPOCIIOKUBAHHS, KOKEH BeKTop )’ 3 N, KommoHeHTamu; y° = f(x’), ne

s=1...5 — Homep o0pa3y. Heitponna mepexa dhopmye BimoOpaxenus X — Y mis Vxe X, sike €
B110OpaXEHHSAM JOBUIbHOI KUTBKOCTI TOUOK:

x' =y

, (5)
=y’
Je MHOXMHA BekTopiB x'..x° — ¢opmamizoBama ymoBa 3amaui, a MHOXuHA )'..)° —
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(dhopmanizoBaHU PO3B’SI30K.

Heiipomepexee MOI€NIIOBaHHSI BUKOHYBAJIA 34 JAHUMU MO eleKkTpocnoxkuBanHsa 13 maxrt A1
«BomunpByrums» ta Il «JIsBiBByrumis» 3a micte pokiB (2009 — 2013 pp.). Ha Bxig noaasanu
TEXHOJIOTTYHI MapaMeTpH, fKi MalTh YIUIUB Ha €JIEKTPOCIOXUBaHHA waxT (Tabn. 1), 3HaueHHS
SAKUX 3a(DIKCOBAHO 3a TOM K€ Mepiol.

[lepen moyaTkoM MNPOTHO3YBaHHS Oy/IO BHUKOHAHO IMPOLEIYypY MaclITa0yBaHHS JaHUX 13
Buxkopuctanusam mnaxketry STATISTICA Neural Networks [9] MIHIMAakCHOIO (YHKLIEIO: BOHA
3HAXOJIUTh MIHIMAJIbHE Ta MaKCUMaJlbHE 3HAYEHHS 3MIHHOT 32 HABYaJIbHOI MHO>KMHOIO Ta BUKOHYE
JiHIHE NepeTBOpeHHs (13 3aCTOCYBAHHSM KOE(QILIEHTIB MaciiTaldy 1 3CyBy) TaKUM YMHOM, 100
3Ha4yeHHs Oynu B miama3oHi [—1,1]. TlepepaxyHOk 3Ha4eHb O3HAK X JUIS i-TO MPHUKIATY B IHTEpPBAJ
[a, b] 3ailicHIOETHCS 3T1IHO 3 BUpazom [9]:

~ (x,=x_)(b—-a
xl:( 1 mln) ( )+a’ (6)
(xmax - xmin )
ae XX, —MIHIMaJbHE Ta MAKCUMalbHE BUOIPKOBE 3HAYECHHS O3HAKU.

VY sxocTi mporHO3HOT Mojem Oyiao BUOpaHO OaraTomapoBUM MEPHENTPOH, SKHH Mae TakKy
apxirekrypy: N,—N,—N,, ne N, =9 — KUIbKICTb HEUPOHIB y BXitHOMY 1api; N, =10 — KuIbKICTh

HEWPOHIB y cxoBaHOMY mmapi; N, =1 — KUIbKICTh HEHPOHIB y BUXIJHOMY mmapi (puc. 1).

OyHKLIOHYBaHHS HEHPOHA I BUXIIHOTO LIapy BU3HAYAIOTh CMIBBIIHOIIEHHAM [10]:

J
77O =0 Y w0y 0+ |, (7)
I=1

2 o o .
ae wlk( ) — Bara 3B’s13Ky /-r0 BEXOJLy HEHpOHA CXOBAHOTO IIapy 3 k-MM HEHPOHOM BHXIIHOTO IIapy;

bk(z) — TOPIT A-ro HeWpoHa BUXIIHOTO 1apy; ¢(®) — (yHKIIiA akTUBallii HefpoHa.
VY sikocTi QyHKIIIT aKTUBAIIIT UTsT BCIX IIapiB BUOPAHO CUTMOITHY (DYHKIIIO:

(L) _ 1
OO =

(®)

Jie a — rapameTp HaXujily CUTMOiAHOT (QyHKIIII.
HaBuanHs HeWpOHHOI Mepexi 3BOIUTHCS J0 MIHIMIZalll CepeIHbOKBAIPATUYHOI MOXHOKHU.

1 2 . . o
HaJ'IaHITYBaHHSI Bar Wl.].()Ta W/'k( )HpOBOI[I/ITBCﬂ mCid 1moJgadl Ha HCEHUPOH KOXHOIO IpUKIaAdy

(mocniioBHUN pekuM HaBuaHHs). HamamryBanHs Bar mapy L 311MCHIOETBCS 3TIAHO 3 BUPa3oM
[10]:

L L L L
w(t+1) = ocwfj )(t)+175]( )(t)y; (), 9)

g
1ie 1] — mapameTp, KU BIANOBIIa€ 3a MIBUAKICTh HABUAHHS; @ — NOCTIHHA MOMEHTY (a =1); 5;“

— JIOKAJIbHUM TPAJIEHT j -T0 HelpoHa mapy L .

O6csar
€NeKTPOCN OXKUBaHHS

Puc. 1. Apxitektypa HeipOHHOI Mepexi

Hayxkosi npaui BHTY, 2014, Ne 2 5



EHEPI'ETHUKA TA EJIEKTPOTEXHIKA

JlokanbHMiA TpagieHT YISl BUXITHOTO IIAPY:
5.7 (1) =e, (1), (10)

ne e, (f) —noxubka k -ro HeipoHa BUXIJHOTO 1IApy; a Jjs CXOBAHOTIO IIapy:

5,-(])(0 _ i5,(2)(t)wﬂ(2)(t)yj(])(t). (11)

HaBuanHs HelipoHHOI Mepexi Oysi0 MPOBEACHO Y JBa €Talu: MEepUINil eTan — 3a alrOpUTMOM
o0epHEHOro po3mnoBcroKeHHs noxudku (100 irepartiit), Apyruii eTan — 3a METO/I0M CIIBIPSKHUX
rpazienTiB (360 irepaniii). Konrposbaa noxubka ckiana 3,06%, a HapuaiabHa — 3,89%.

Pe3ynbratu mporHo3yBaHHS €JIEKTPOCIONKHBAHHS €JIEKTPOTEXHIUHUX KOMILJIEKCIB BYIUIBHUX
11aXT HEHPOHHOIO MEPEKEI0 HaBeIeHO B Tal. 3.

Amnanizyroun faHi Ta0i. 3, MOKHa CTBEpPKYBaTH, 110 BUOpaHa HEHPOHHA Mepexa 3abe3nedye
JIOCTaTHIO aJIeKBATHICTh MPOTHO3YBaHHS (cepesHs BiJHOCHA MoxuOKa nporuo3yBaHHs Ha 2013 pik
ckiana 3,5%) crokuBaHHs €IEeKTPOCHEPTii Ha IIaXTI.

Tabmmg 3
PesynbraTn npornosyBanns Ha 2013 pik
Homep ®EC, IIEC, BigHocHa moxuOka,
Hazga maxtu
MIaXTH kBTrox kBTrox %
1 [ITaxTa Nel HB 14201712 14732066 3,6
2 «byxaHcpKay 9434076 9522435 1,6
3 [ITaxTa Ne5 HB 4907198 5038191 2,6
4 [ITaxTa N9 HB 10298560 11133578 7,5
5 «BeIMKOMOCTIBCLKAY 11750028 12447064 5,6
6 «benaro3pkan 11689227 11807300 1,0
7 «MexupiuaHChKay 17094030 18360934 6,9
8 «BinpomKeHH 17176641 17350142 1,0
9 «JIicoBay 22264800 23535729 5,4
10 «3apiuHay 16099488 16683407 3,5
11 «Bizeiicpkay 17729496 18821121 5,8
12 «CTtenoBay 42022410 42220848 0,47
13 «YepBoHOTpaJChKa» 16730100 16933300 1,2

[Tpumitka: ®EC — pakrtuune enexrpocnoxuBanis; [IEC — nporuo3oBaHe eneKkTpoCnoKUBaHHS.

3a yMOBH HasBHOTO IJIaHY BUAOOYTKY BYrUUIsl Ta IHIIMX TEXHOJIOIYHUX MapaMeTpiB OTpUMaHa
Ha ocHoBl IIIHM OGaratodaxkTopHa Mojenb €IeKTPOCHOKUBAHHS € aJeKBAaTHOIO Ta IMPUUHSTHOIO
JUI TUTAHYBaHHS Ha PIK CHOKMBAHHS €JIEKTPOEHEprii /Uil KOXHOI BYrUIbHOI LIAXTU Ta BCHOIO
BYT'UTBHOT'O TIANPUEMCTBA. AJle JUIsl TOKPAIIEHHS SKOCT1 MPOTHO3HOT MOEI MOTPIOHO 3AIMCHUTH
MONEePeHIO KiIacu(IKalilo BYTUIBHUX LIAXT METOJAaMU KJIACTEPHOrO aHallidy 3 ypaXyBaHHSAM
TEXHOJIOTTYHUX MapaMeTpiB, 10 BIUIMBAIOTh Ha PIBEHb iXHbOT EHEPIeTUYHOI €()EKTUBHOCTI.

Heiipomepe:xeBe MO/1eTIOBaHHS €J1€KTPOCIOKMBAHHSA €JIeKTPOTEXHIYHUX KOMILIEKCIB
BYTiJIbHUX IIAXT HA OCHOBI BIOPSIKOBAHOT MHOKUHHU BXiTHMX JaHUX

Heiiponni Mepexi MarOTh 3JaTHICTh agalTyBaTUCS JO 3MiH HABKOJMIIHLOTO cepenoBUIa. [liqBUIeHHs
aJIalITUBHOCTI CHCTeMH 3a0esredye 1i CTIMKICTh y HecTallioHapHOMY cepenoBuli. Jlyiss BHUKOpHCTaHHS
repeBar aJarnTUBHOCTI OCHOBHI MapaMeTpy CUCTEMH MaloTh OyTH JTIOCUTH CTaOLIBHUMHE, 00 MOXKHA OyIIo HE
BpPaxOBYBAaTH 30BHIIIHI MEPEIIKOAM, 1 JOCHTh THYYKHMH, 00 3a0€3MEUnTH pEeakilil0o Ha ICTOTHI 3MIHHU
CepeloBHIIA.

Jliia 3a0e3neyeHHs alanTUBHOCTI 3allpOIIOHOBAHOI MPOTHO3HOI Moieii OyJiI0 BUKOHAHO nepedip
nepeniky HeipoMepekeBUuX KOH(Irypamii 1 BuOip HalKpamioi 3a KpUTEpIsIMU MIHIMYMY IIOXHOKHU Ha
Hayxkogi npami BHTY, 2014, Ne 2 6
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BHXO/I1 MEPEX1 1 MAKCUMYMY 1i IPOIYKTHBHOCTI.

Ha xokxHOMY Kpolll anropuTMy HaBYaHHS pO3paxoBYBaJd MOXUOKY JUIsl BCbOIO Habopy
CIIOCTEPEKEHb 13 KOHTPOJIHHOT MHOXKMHHM W TIOPIBHIOBAJIN 3 MOXMOKOIO HA HAaBYAJIbHIA MHOXKHHI.
Sk mpaBwiio, moxuOKa Ha KOHTPOJIBbHIM MHOXUHI NEpEeBUIIYE MOXUOKY Ha HaBYaJbHIN, MpPOTE
BAKJIMBUM HE caM (PaKT BIIMIHHOCTI, @ TEHJICHIIs] 3MIHU TOXUOOK.

TecToBYy MHOXHHY BUKOPUCTOBYBAIM IIiCJS 3aBEPIICHHS HaBUaHHSA I PO3PaXyHKY
MIPOJIyKTUBHOCTI OTPUMAHO1 Mepexi 1 1i HOXMOKM Ha HOBUX JaHUX. SIKiCHAa Mepe)ka Mae OJHAKOKO
HU3bKY OXUOKY Ha BCIX TPbOX MIAMHOKHHAX.

JUis KOKHOrO 3 YOTHPhOX KJIACiB BYTUIBHMX IIaXT, BUJUIEHUX Ha IMiACTaBl MONEPEIHBOT
knacudikarmii 3a momomoroto STATISTICA Neural Networks, Oyno moOymoBaHO Ta BHUOpaHO
HaWKpaIlli MOl HEHPOHHUX MEPEK.

BulOip Halikpamoi apxiTeKTypu HEHpoOHHOT Mepexi JJii HPOTHO3YBaHHS  PIYHOIO
€JIEKTPOCTIOKMBAHHS E€JIEKTPOTEXHIYHUX KOMIUIEKCIB BYTrUIbHMX mIaxT JIbBIBChKO-BoOJIMHCBHKOTO
OaceifHy [ KOXKHOTO 3 KJlacy MOJaHo Ha puc. 2 — 5.

INoxnOxu:

HaByanbHa — 2,5%;
KOHTpoJbHA — 1,93%;
. tectoBa — 3,75%

I\

Y

LT/
754
7

CrocTepexes

Mopens
o BM8-10-1

90+300°G-
103000
90+300's
£0+300'1
£0+308'1
£0+300C
10+308C
0+300e
0+305E
10+300%
10+308%
0+300's
0+305'8

Mepenbatieni

6)
BIT 8-10-1

a)
Puc. 2. Apxitektypa HEHPOHHOI MEpeXi JUIsl IIPOrHO3YBAHHS €JIEKTPOCIIOKUBAHHS BYTUIBHUX IIAXT | KIIacy:
a) crpykrypa Ta tun LIIHM; 0) rpadik 3a/ie)kKHOCTI TPOrHO30BaHKMX 3HAYCHb BiJ AIMCHUX

e [Moxuoxu:
HaBuaipHa — 1,7%:;
1,8E7}

koHTpoJbHA — 0,3%);

1,6E7|
= TecToBa — 5,6%
1,3E7|

Crocrepexer

XK
SN
%‘;Xé 1,1E7]
V550,958 &
o
ST ‘
775NN 9E6
e
N 8E6 o

e
|

\\\ 7E6 Monerns

o BMg7-1

6E6 8E6 1E7 1267 14E7  16E7  18ET
7E6 9E6 11E7 137 1567 17E7  19E7

MepenGaveni

6)

Puc. 3. Apxitektypa HEHPOHHOI MEpeXi JUIsl IIPOrHO3yBAHHS €JIEKTPOCIIOKUBAHHS BYTIIBHUX IAXT 2 KIJIACY:
a) crpykrypa Ta tun LHIHM; 0) rpadik 3a/1e)KHOCTI TPOrHO30BaHMX 3HAYCHD BiJ AIMCHUX
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IToxuOxku:

ot HaB4ajabHa — 1,67%;
KOHTpOJibHA — 4,64%;
TecToBa — 2,69%

CrocTepexeri
o
&
A
0

Mogerns
o BN67-1

0 5E6 1E7 1SE7T 267 25E7 JE7 B5E7 4ET 45E7 SET
Mepenbavieri

6)

Puc. 4. Apxitektypa HEHPOHHOI MEpeXi JUIsl IIPOrHO3yBAHHS €JIEKTPOCIIOKUBAHHS BYTIIBHUX IAXT 3 KJIACY:
a) crpykrypa Ta tun LHIHM; 0) rpadik 3a/1e)KHOCTI TPOrHO30BaHMX 3HAYCHD BiJ AIMCHUX

a IToxuOxu:

o HaByayibHa — 5,15%;
ST KOHTpoJIbHA — 3,43%);
“ TecToBa — 6,14%

Crocrepexer
m
q

E Monens
26| o BM18-13-1

E6 21 6

4 8 1267 1
-2E6 266 6E6 1E7 T 14E7

Mepenbavieni
BIT 8-13-1 0)
a)
Puc. 5. ApxiTektypa HEHpOHHOI MEpEeXi ISl IPOrHO3yBaHHS €JIEKTPOCIIOKUBAHHS BYTUIBHUX IIAXT 4 KIIACy:
a) crpykrypa Ta tun LHIHM; 0) rpadik 3a1e)KHOCTI TPOrHO30BaHMX 3HAYCHD BiJl AIMCHUX

E7  2ET7-
18E7 2267

Sk BUIHO 3 puc. 2 — 5, AKICTh IPOTHO3Y €JIEKTPOCIIOKUBAHHS BYI'UJIbHUX IIAXT IMOKpAIIUIacs 3a
paxyHOK po30UTTS BYTUIbHMX IIAXT HAa OJHOPIAHI KJacu Ta BUOOpY BIAMOBIAHMX KOHQIrypariit
HEHPOHHUX MEPEeX ISl OKPEMHX KJIaciB €JIEKTPOTEXHIYHUX KOMILIEKCIB.

BucHoBxku

1. EQexTUBHICTb CHOXHMBAHHS EJNEKTPUYHOI €Heprii eIeKTPOTEXHIYHUMH KOMIUIEKCAMHU
BYT'UTbHUX IIAXT 3aJI€KUTh BII HU3KM YMHHHKIB, 3 SIKUX MOYKHA BHAUTUTH €KOHOMIYHY, TEXHIYHY Ta
TEXHOJIOTYHY rpynu. [lokazaHo, 110 OLIHIOBaHHS CTYNEHIO BIUIMBY IUX (pakTOpiB Ha €PEKTUBHICTD
€JIEKTPOCIIOKMBAHHS HEOOX1IHO BUKOHYBATHU 3a JIOIOMOTOI0 €KCIIEPTHO-CTATUCTUYHOI pOoLeaypHU
Kiacuikarii.

2. IIporHo3yBaHHsl PIYHOTO €JIEKTPOCIOKMBAHHS BYTUIbHUX IIAXT Ha OCHOBI HEBIOPSAKOBAHOT
MHOXMHHM BXIIHUX JaHMX 3a JOMOMOIOI0 HITYYHHX HEHPOHHHUX MEpeX IOoKa3auo, Lo Ui
3a0€e3MeYeHHs] HAJIEKHOI TOYHOCTI HEOOXITHO MPOBOAUTH IOMNEPEIHE CTPYKTYpYBAHHS
€JIEKTPOTEXHIUHUX KOMIUIEKCIB BYTUIbHUX IIaXT HA OJHOPIIHI KJIacH 3a €eHEeproepeKTUBHICTIO Ta 3a
TEXHOJIOTIYHUMHU TlapameTpamu. [l miABUINEHHS SAKOCTI (OpMyBaHHS TPOTHO3HOI MOJEi
HEOOX1THO MadUpaTH ii apXITEKTypy OKPEMO UIsl KOJKHOIO KJIacy.

2. MopentoBaHHsI PIYHOrO €JIEKTPOCIIOKMBAHHS BYTUIBHMX IIIaXT HAa OCHOB1 BIOPSAKOBaHOL
CUCTEeMH OO €KTIB Ta MHOXXHMHHU BXIJHMX JaHUX 32 JONOMOIOI0 IITyYHHUX HEUPOHHHX MEPEx
J03BOJIMJIO OTPUMATH MOXUOKY IIPOrHO3Y Ha piBHI 3 — 4 %.
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ENERGETICS AND ELECTRICAL ENGINEERING

L. N. Dobrovolska, Cand. Sc. (Eng.), Assist. Prof.; V. I. Volynets;
I. O. Bandura, Cand. Sc. (Eng.)

MULTIFACTORAL FORECAST OF ELECTRICAL ENGINEERING COMPLEXS OF
COAL MINES CONSUMPTION FOR PLANNING THEIR ENERGY EFFICIENT MODES

The paper considers the solution of urgent scientific-applied problem of planning energy efficient modes of
electrical engineering complexes of coal mines as a result of development and improvement of mathematical
models and methods of multifactoral forecast of their energy consumption, taking into account
technological characteristics.

Key words: energy efficient modes planning, electric energy consumption, electrical engineering
complex, coal mines, neural networks, multilayer perceptron.

Introduction

Nowadays the state of Ukrainian economy is characterized by the deformed structure of
production, considerable share in it occupy technologies of power-intensive and material consuming
types of production [1], that is why the problems of increasing the efficiency of industrial complexes
can be solved only by means of considerable reduction of energy expenses per unit of output. Energy
consuming structure of industrial production, critical dependence of fuel-and energy complex on
energy sources supply from Russia, high level of wear of basic production assets and low level of
ecological security of enterprises stipulate urgent necessity of medium-term and long-term planning
and forecast of energy consumption volumes [1, 2].

The important branch of fuel and energy complex (FEC) of Ukraine is coal industry. The
importance of its functioning is stipulated by the fact that coal is the only energy source, produced in
Ukraine, and it can provide energy security and meet the existing needs at the expense of own
resources [3].

To provide profitability of coal industry it is necessary to introduce energy saving technologies
and improve the efficiency of electric energy usage by electrical engineering complexes of coal mines
that will reduce the cost of coal mining and increase its quality [4].

Due to structural reforms of Ukrainian economy the role of long term planning of production
systems development i. e. scientifically substantiated forecasts will grow [5]. Main functions of the
forecast are identification and analysis of regularities and tendencies of electric energy consumption;
evaluation of the impact of these tendencies in future; assumption of situations, requiring solution;
identification of possible alternatives of the development; accumulation of the information for
substantiated choice of the direction of optimal planned solutions.

Without the forecast the efficient long-term planning of electric energy consumption is impossible,
because the planning must be performed, taking into account rates and proportions of the
development, determined for prospects.

During development of the forecasts and long-term plans of energy consumptions the uncertainty
factor must be taken into account, stipulated by the fact that energy economic processes are
influenced by many factors. That is why, there is no full coincidence of the set aim and final results.

Hence, the solution of the problem of coal industry of Ukraine profitability requires the
development of new organization methodical support, further improvement of the system of planning
and monitoring of energy consumption by electrical engineering complexes of coal mines, as a result
the transition to efficient energy consumption will become possible. The paper considers the problem
of improvement of mathematical models and methods of multifactoral forecast of coal mines energy
consumption for the solution of the problem of their energy efficient modes planning.
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Classification of electrical engineering complexes of coal mines by their energy usage efficiency

Energy efficiency of production — is one of main components of general efficiency (first of all,
economic efficiency, that is stipulated by prices growth for energy sources).

The evaluation of the efficiency of the whole coal mining branch, of separate coal enterprise, of
production processes is very important and necessary task as it enables to reveal reserves of
efficiency increase of enterprises operation. The index, characterizing the efficiency of electric
energy usage is its specific consumption. Operation efficiency of any production system in greater
part of cases is determined by the state of its energy facilities, as energy resources occupy
considerable share in the cost of any production of industrial enterprise [5].

Control values of specific consumption of electric energy are determined on the whole for
separate coal association. Taking into account the fact that coal mines operate in different mining
geological conditions, have different equipment, etc, it is expedient to identify homogeneous classes
of objects, for which indices of the efficiency of electric energy consumption are determined.

In case of coal mines, mining-geological conditions, influencing mines operation, should be taken
into account. The problem of classification of electric engineering complexes of coal mines bythe
degree of homogeneity can be solved applying Chekanovskiy methods [7] and cluster analysis[§].

Mathematical statement of the problem. Let the sample of preprocessed data vectors {x p} be set.

Space of data vectors is denoted by E . Certain nucleus a will correspond to each class.The space
of nuclei is denoted by A. For each x€ E and a € A the degree of proximity d(x,a) is

determined. For each set of k nuclei a,,...,a, and any division {xp} =PUP,U...UP, into k

classes quality criterion is determined [7]:

k
D =D(a,a,,...a;,B,B,,...B) =Y > d(x,a,). (1)

i=1 xeP,
We are to find the set a,,...,a, and division {xp} , which minimize D .

At each step and stage of the algorithm quality criterion D decreases, the convergence of

algorithm follows from here — after finite number of division steps {xp} it does not change.

As technological parameters, which considerably influence the level of energy efficiency of coal
mining enterprises, the following ones were chosen: X; — annual volume of mineral resources mining,
t; X, — annual level of development workings realization, m; X; — average dynamic thickness of
mineral resources seam, m; X, — average annual water inflow in the mine, m’/h; X — average number
of production staff, men; X — depth of seam occurrence, m; X; — number of mined coal seams, p-es;
Xs — gas saturation of seams, m’/t; X, — installed power of main mine equipment (MME), kW.

Method provides the realization of the following stages:

Stage 1. Formation of observations matrix.

Having the set of m elements, which are described by # signs, each unit can be interpreted as a
point of m — dimensional space, with coordinates, equal to values of n signs of the considered
object. Observation matrix has the following form:

x” xlz x]k xln
le x22 x2k x2n
X = : (2)
xl-] xl-z xik xl-n
L xm 1 xm 2 xmk xmn
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where m — number of mines; n — number of technological parameters; X, — value of k sign for unit i.

Table 1

Example of the aggregate of annual technological parameters for coal mines
2 'g“ Technological parameters
g & E 5 3 & 4 | .=
5 g 5.~ |2 El B o g g E |E=
< 2 4= = 2 g e S < | B g S £
o 5 £ o 2 g|E S| 3= 5, Z 6 El & 2 S o
s S sE |2RlEgst| 22 |24 B |5 |:%
5 s k= 5 8| > | 8 E = S 9 = S| 82
2 ) L g < 9|5 g =B 5 og S ., ax | z g
g 5 £ o <« E|loB|§&| 2 |28 88 | 8|35
2 5 28 |2E|2z 2| 22 |EE| 5 |E |5
= S = S o8 3| % s 8, 5| © 51
— ) =} S 2|0 < .8 = =9 = 2 L
3 2 5% |E7|z2E& 5 25 [S°| 2 5 |E2
5 151 s & 5 <ol 2 <% |s ' - &=
% 9 g " ) S| < 53 3 s z 8

= < 0 a z O =
1 2 3 4 5 6 7 8 9 10 11
1 14201712 47022 537 | 1.28 | 142 728 370 11.4 | 492
2 9434076 121105 1891 | 1.14 | 243 828 380 1 4.7 | 382
13 16730100 452800 2601 | 1.18 | 31.98 | 1145 495 2 4.6 | 550

Stage 2. For values, included in observation matrix, it is necessary to perform the normalization of
signs, as they are non uniform. Standardization of signs is performed by the expressions:
X, —X,
_ ik — Mk
Zy == ; 3)
Sk

1 m 1 m
¥ — . _ —\2
and X, __ink’ S = _Z(xik —%)" |
m i m i
where k = 1,2, ...,n; x, — value of sign k for unit i; X, — arithmetic mean of sign k values; 5, —

standard deviation of & sign for unit i.
Stage 3. Calculation of elements of of distances matrix with the account of all elements of
observation matrix by the expression:

1 n
d :—z z,—z,| (r,s=12,..,m). 4

rs
N =

Stage 4. The next stage is presentation of distances matrix in graphical form. Two classes of
objects are allocated, they have the following graphic designations:

, Ifd <1.
, Ifd >1.

Introduction of corresponding graphic symbols into distances matrix enables to obtain non-
ordered diagram of Checranovskiy. To reveal the groups of uniform objects it is necessary to
perform permutation of columns and rows. The process of rows and corresponding columns
transport is realized to the moment of obtaining ordered diagram (Table 2), where concentration of
signs, corresponding to the least distances, are located along main diagonal.
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Table 2

Ordered Chekanovskiy diagram

Number of the mine

4 |11 |2 |9 ([12] 5 6 [ 7 8 |13

Proceeding from the results of the analysis (Table 2) four classes of coal mines can be
distinguished: first class — 1, 3, 10; second — 4, 11; third — 2, 9, 12; fourth — 5, 6, 7, 8, 13. It should
be noted, that the application of this method does not require complex mathematical procedures.
Objects, in case of small volumes of information can be easily classified, that enables to apply the
method for prior classification of energy objects.

Neural networking modeling of electrical engineering complexes of coal mines electric energy
consumption on the basis of non ordered set of initial data

For efficient forecast of energy consumption by large electrical engineering complexes obligatory
condition is registration of relations between consumption of electric energy and basic technological
factors [5]. Hence, the construction of artificial neural network (ANN) must be realized, taking into
consideration the set of information technological parameters.

Let technological parameters of coal mine and annual output of mineral resources be set by the

vector of parameters x° € X , that has N, components. Components are designated by the low
p i p p g y

index: x* =(x] ,...,xf\,l )" The solution of the problem will be the set of vectors { yoP } of energy

consumption. Each vector )° has N, components; y* = f(x"), where s =1...5 — number of the

image. Neural network forms representation X — Y for Vx € X , that is representation of random
number of points:

x' =y

; )

x*—y°

where the set of vectors x'...x° — formal condition of the problem, and set yl... yS — formalized

solution.

Neural networking modeling was carried out, using data of energy consumption of 13 mines of
State Enterprise «Volynvugillay and State Enterprise «Lvivvugillay during the period of 6 years
(2009 — 2013). Technological parameters, influencing the energy consumption of the mines were
sent to the input (Table 1), values of these parameters are registered for the same period of time.

Before the beginning of the forecast the procedure of data scaling, using the package
STATISTICA Neural Networks [9] of minimax function was performed: it finds minimal and maximal
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values of variable by trained set and performs linear transformation (using coefficients of scale and
shift), in such a way that values were within the range [~1,1]. Recalculation of signs values x for i
for example in the interval [a, b] was realized according to the expression [9]:

(‘xi _xmin) (b _a) +a
(‘xmax - xmin)
x_ . — minimal and maximal optional value of the sign.

min ? ““max

As forecast model multilayer perceptron was chosen, it has the following architecture:

; (6)

X, =
where x

N,—N; —N,, where N, =9 — number of neurons in the input layer; N, =10 — number of neurons

in the hidden layer; N, =1 — number of neurons in the output layer (Fig. 1).
Functionning of neuron for output layer is determined by the realation [10]:

72 (6= (D(iwlku)(t)yl(l)(t) + bk(z)ja )

I=1

(2

where W), ) — bond weight of the /' output of hidden layer neuron with " neuron of the output

layer; bk(z) — threshold of %" neuron of the output layer; () — function of neuron activation.
As activation function for all the layers sigma function was chosen:

PV (1)) = !

— ®)
1+ exp(—ay( )(t))

where a — parameter of sigma function slope.
Training of neural network is reduced to minimization of root-mean-square error. Adjustment of

and wjk(z)is performed after sending on the neuron each example (serial mode of

weights w;
teaching). Adjustment of the weights of L layer is realized in accordance with the expression [10]:
(L) — (L) (L) (L)
W+ 1) =l (0 + 181 (01 (1), ©)
where 17 — parameter, responsible of training rate; ¢ — constant of the moment (o =1); 5](,“ — local

gradient of j ™ neuron of L layer.

X1

X3

X4

X5 Volume of electric
energy consumption

X6
X7

X8

X9

Fig. 1. Architecture of neural network

Local gradient for output layer:
5,2 =e, (1), (10)

where e, (¢) —error of k" neuron of the output layer, and for hidden layer:
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5j(1)(t) _ iél(Z)(t)wjz(Z)(t)yj(l)(Z)' (11)
=1

Training of neural network was realized in two stages: the first stage — by the algorithm of back
propagation of the error (100 iterations), the second stage — by the method of conjugate gradients
(360 iterations). Control error was 3.06%, and training error — 3.89%.

The results of the forecast of electrical engineering complexes of coal mines energy consumption
by neural network are shown in Table 3.

Analyzing data of the Table 3 it can be stated, that the chosen neural network provides sufficient
adequacy of electric energy can consumption at the mine (average relative forecast error in 2013 was
3.5%).

Table 3
Results of the forecast for 2013
Number . AEC, FEC, Relative
of the Name of the mine error,
. kWh kWh o
mine %0
1 Mine Nel N.V. 14201712 14732066 3,6
2 «BVUZHANSKA» 9434076 9522435 1,6
3 Mine Ne5 N.V. 4907198 5038191 2,6
4 Mine Ne9 N.V. 10298560 11133578 7,5
5 «VELYKOMOSTVSKA» 11750028 12447064 5,6
6 «BENDYUZKA» 11689227 11807300 1,0
7 «MEZHYRYCHANSKA» 17094030 18360934 6,9
8 «Vidrodzhenia» 17176641 17350142 1,0
9 «LYSOVA» 22264800 23535729 5,4
10 «ZARICHNA» 16099488 16683407 3,5
11 «VYZEISKA» 17729496 18821121 5,8
12 «STEPOVA» 42022410 42220848 0,47
13 «Chervonogradska» 16730100 16933300 1,2

Note: AEC — actual energy consumption; FEC — forecast energy consumption.

On condition of available plan of coal mining and other technological parameters, multifactoral
model of electric energy consumption, obtained on the base of ANN is adequate and acceptable for
annual planning of electric energy consumption for each coal mine and coal enterprise. But for
improvement of the forecast model quality prior classification of coal mines by means of cluster
analysis method, taking into account technological parameters, influencing the level of their energy
efficiency should be done.

Neural networking modeling of electrical engineering complexes of coal mines energy
consumption on the basis of ordered set of initial data

Neural networks can be adapted to changing environment. Improvement of system adaptability,
provides its stability in non-stationary environment. To take use of the advantages of adaptability,
main parameters of the system must be rather stable, not take into account external noise, and rather
flexible, to provide the reaction on important changes of the environment.

To provide adaptability of the suggested forecast model, exhaustive search of neural networking
configuration list and choice of the best by the criteria of error minimum at the output of the network
and maximum of its performance was carried out.

At each step of training algorithm the error for the whole set of observations from the control set
was calculated and compared with the error at training set. As a rule, the error at the control set
exceeds the error at training set, but not the fact of difference is important, but the trend of error
change.
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Test set was used after completion of training for calculation of the performance of the obtained
network and its error on new data. Quality network has the same low error on all three subsets.

For each of four classes of coal mines, allocated on the basis of prior classification, the best
models of neural networks were constructed and chosen by means of STATISTICA Neural Networks.

The choice of the best architecture of neural network for the forecast of annual electric energy
consumption of electrical engineering complexes of Lviv-Volyn coal field coal mines for each of the
classes, is shown in Fig. 2 — 5.
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N
7o
Ui

Observed

15E7 Qﬁ
2

588 o Model
o BPE101

90+300°G
10-3000
90+300'
£20+300°)
20+305')
20+300
o T iomse
~ % 20+300°¢
20+306°
20+300'
20+306'
20+300'
20+306°

BP 8-10-1
a)

Fig. 2. Architecture of neural network for the forecast of electric energy consumption at coal mines of the 1% class
a) structure and type of ANN; b) graph of the forecast values dependence on real values
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Fig. 3. Architecture of neural network for the forecast of electric energy consumption at coal mines of the 2% class
a) structure and type of ANN; b) graph of the forecast values dependence on real values
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Fig. 4. Architecture of neural network for the forecast of electric energy consumption at coal mines of the 3% class
a) structure and type of ANN; b) graph of the forecast values dependence on real values
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Fig. 5. Architecture of neural network for the forecast of electric energy consumption at coal mines of the 4% class

a) structure and type of ANN; b) graph of the forecast values dependence on real values

As it is seen from Fig. 2 — 5, the forecast quality of coal mines electric energy consumption
improved due to division of coal mines into uniform classes and choice of corresponding
configurations of neural networks for separate classes of electrical engineering complexes.

Conclusions

1. The efficiency of energy consumption by electrical engineering complexes of coal mines
depends on the number of factors, among these factors we can distinguish economical, technical and
technological groups of factors. It is shown that the evaluation of the degree of influence of these
factors on the efficiency of energy consumption must be done by means of expert-statistical
classification procedure.

2. Forecast of annual energy consumption of coal mines on the basis of non-ordered set of initial
data by means of artificial neural networks showed that to provide the necessary accuracy it is
necessary to perform prior division of electrical engineering complexes of coal mines into uniform
classes, according to energy efficiency and technological parameters. To improve the quality of the
forecast model it is necessary to select its architecture separately for each class.

3. Modeling of annual energy consumption of coal mines on the base of ordered system of objects
and sets of initial data by means of artificial neural networks to allowed to obtain the forecast error
on the level of 3 — 4 %.
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