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KuiB, Ykpaina

Peghepam — B cTATTIi PO3IIIAHYTO 32124y NPOrHO3YBAHHS JUCKPETHUX 3HAYEHb NMOTY:KHOCTi CIIOKMBAHHS eJIeKTPHYHOI
eHeprii, 1Ika BUPIIIYEThCS 3 BUKOPHUCTAHHAM OJHOIO 3 METOAIB IITYYHHX HeHPOHHUX Mepe:k - 00MexkeHol ManmHu Bonb-
nMaHa. B nboMy MeToai nporno3yBaHHs 37iliCHIOETHCS ILISIXOM Mi/UIAIITYBaHHSA BaroBux GyHkuiii mapis HelipoHHoi Me-
pexi TaKuM YMHOM, 00 MiHiMi3yBaTH BiicTaHb MiK peaJLHUMH Ta PO3PAXYHKOBHMHM 3HAYEHHSIMH. Y KOkHil ¢a3i HaB-
YaHHS Mepeki 3a A0MOMOrol0 BiIMoOBiTHUX MaTeMAaTHYHUX (YHKLiH Po3paxoBYIOThbes i 3MiHIOIOThCs KoedimieHTH Bar 3
YPaxyBaHHSIM iX NOTOYHMX 3HaYeHb. B pe3yabTari mic/isi HABYAHHS cCHCTeMAa 31aTHA e)eKTHBHO NMPOrHO3yBaTH 4acoBi 3a-
JIEJKHOCTI MOTY/KHOCTi CIIOKHBAHHS eJIeKTPHYHOI eHeprii, 1110 € BasKIMBHM IPH PO3podLi cHcTeMi KepyBaHHS eJ1eKTPOCIo-
JKHBAHHAM MPOMHUCJIOBHX TA MOOYTOBUX 00’ €KTIB.

Kniouosi cnosa — neiponna mepesca; oomexcena mawuna bonvymana; konmpacmua ousepzenyis.

L. Beryi Ockinbku 0o0car 0asu gaHUX TpadikiB CIOKUBAHHA
MOBUHEH OYyTH NOCUTH 3HAYHUM, 10O NPOTHO3YBAHHS
Oyn0 TOCTOBIpHHUM, TO ISt 0OpOOKM uX rpadikis momi-
JIBHO 3aCTOCYBATH CyYacHI MaTeMaTW4HI IMiJIXOIH, 30K-
pema, mry4si HeliporHi Mepexi (HM) [1]. Po3pobmi Ta
JIOCITI/PKEHHIO METOJIiB ITPOTHO3yBaHHs Ha 0a3i HEHpOH-
HHUX MEpEeX MPHUCBIYECHO 3HAYHY KUIBKICTh CyJacHHX JIO-
cmimkers [1]. 3actocyBanass HM 103BoIsE T ABUITUTH
eQeKTUBHICTH POOOTH CHCTEMHU KEPYBaHHS €JIEKTPOCIO-
KMBaHHSIM [UIS JOCTATHBO CKIAaJHUX 33 CTPYKTYPOIO
MPOMUCIOBAX Ta  TOOYTOBUX  ENEKTPOTEXHIYHUX
00’exriB, Hampukiag, MicroGrid [***]. [Ipuxmazn momxio-
HOro rpadiky Ta pe3yabTaTH MIPOrHO3yBAaHHSI MOYKHA CITO-
crepiratu Ha puc.1 [1].

3amaua eHeproe()eKTUBHOI'O KEPYBAaHHS CIIOKHBAaH-
HSIM Ta TeHepamni€ero eJeKTPUIHOI eHepril € Haa3BUYaiHO
aKTYyaJIbHOIO SIK JUIS BEJIHWKHX EJIEKTPOTEXHIYHUX KOM-
IUIEKCIB, TaK i U TOKambHUX 00’ €kTiB Ty MicroGrid
ab6o SmartHouse [1]. Ilix gac po3poOku cucteM Kepy-
BaHHS BHMHHMKA€ HEOOXIIHICTb NPOTHO3YBAHHS 3HAYECHBb
TIOTY)KHOCTI CIIO’KMBaHHS eNeKTpu4HOI eHeprii. Yacosa
3aJIKHICTh EJIEKTPOCTIOKUBAHHS Ha 33JJaHOMY 1HTepBaJli
(Haituacrimie — IpoTsroM 100M) MOXe OyTH NpencTaB-
JICHa Y BUTJISAL AUCKPETHOTO YUCIIOBOrO psimy. Ha mifmc-
TaBi (opmyBaHHS 0a3W JaHUX MOOOBUX 3aJICKHOCTEH
CIIOXKMBAHHSA IS Pi3HUX YMOB (po00di/BUXiHI JHI, pi3HI
TTOPH POKY, TOIIO) BUSBISAETHCS MOXKIMBHM MPOBECTH ii

moJaNbery oOpoOKy 3 METO0 IPOTHO3YBAHHS €IEKTPO- Takum 9uHOM, 3a1ada po3poOKH METOIY IPOTHO3Y-
CIIOXXMBAHHSA y Pi3HI MOMEHTH Yacy IMMOTOYHOI 100u [1]. BAaHHA JUCKPETHOI'O YMCIOBOTO PANY CIOXKMBAHHSA €IIEK-
TPUYHOI eHeprii Ha 6a3i 3acTOCyBaHHS IITYYHHUX HEUPOH-

s ‘ ‘ . . HHUX MEPEX € aKTYaIbHOIO.

L — Lighting consumption
Total energy consumption

4
Prediction II.  OBMEXEHA MAIIWHA BOJIBIIMAHA

Jnist BUpIIIEHHS TOCTaBJIEHOI 3a1adi cepes MaTeMa-
TUYHUX METOJIB OITMCY IITYYHUX HEHPOHHHUX MEpEex
1 JIOLITBHO PO3IIIIHYTH CTPYKTYPY Tak 3BaHOI «oOMexe-
1 Hoi Mamman bonmsrivana» (OMB) [2]. OMB siBiste co6oro
e, y Wt T thn e i CTOXACTHYHY WITY4HY HEMPOHHY MEpPEXKY, HABYAHHS SIKOI
i it A I ‘ L (I \‘H[ 0 1 3IHCHIOEThCA «0€3 BUMTENs» 32 ITOPUTMOM 3BOPOT-

F s WHUHMHLIJLHHJF““HM‘“. Nl ‘r-a'~UA. 'UUUM HOrO POSTIOBCIOLKCHHS MOMMIKH [2]. SlK i immui HM,
o 168 D £ a2 w0 1008 I OMB cknafaeTscst 3 BUAUMUX 1 MMPUXOBAHMX OlHAPHUX
mapiB HeWpoHiB (puc.2). Bumumunil map mnpexncrasisie
Puc. 1 I'pa¢ix cioxxuBaHHS eIeKTPHYHOL eHeprii faTcbkoro odicy JlaHi, B TOH Yac K MPUXOBaHMH 3a0e3revye HaBYaHHs.

3 nepeﬂ6aquH;1M HTYyYHUX HeﬁpOHHPIX MEPEK

Energy consumption [KW]

Time Ihl
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EnexTpoHHi cucTeMU Ta CUTHAIH

Puc.2 Crpykrypa HM: BuauMi Ta IpHXOBaHi IIapd HEHpPOHIB i
3B’SI3KU MK HUMH

[opiBHAHO 3 IHIIMMH CTPYKTypaMH HEHPOHHHX
Mepex, OOMEeXeHa MalrHa bBosbIMaHa yMOXIIMBIIIOE
e(QeKTUBHININN aJITOPUTMHU TPEHYBAHHS, HI’K JTOCTYITHUI
JUIS 3aTaJIbHOTO KJIacy HEHPOHHUX MeEpex, 30Kpema,
QITOPUTM «KOHTpPACTHa JUBEPTEeHIIis [3].

Merto/ CTOXaCTUYHOTO MAIIMHHOTO HABYAHHS YCITi-
IITHO 3aCTOCOBYETHCS [UISI MOJISIIIOBAHHS YaCOBUX PIIIB,
SIKI XapaKTepU3yIOThCs 3HAYHNM CTETICHEM HecTallioHap-
HOCTI Ta (paKTHIHO HE MOXKYTh OyTH allpOKCUMOBAaHI aHa-
JMITAYHAMHA 3a1exHOCTsIMHA. Came 1M yMOBaM BiJIIIOBI-
Jla€ TUMOBHH Tpadik MOTYKHOCTI CIIOKUBAHHS €IIEKTPH-
4yHOi eHeprii. Tomy 3actocyBanust OMbB mist mporaosy-
BaHHS 4aCOBOTO PSY €JICKTPOCIIOKMBAHHS € BHIIPAB/A-
HHM.

B mporeci HaBuaHHS INTYYHOI HEHPOHHOI Mepexi
3MIHIOIOTBCSI BaroBi KoeimieHTH HEWPOHIB pI3HUX
mrapiB. BiAmmoBiTHO 3MiHIOEThCS 1 3BayKEHA CyMa 3HAYCHb
BUXI/IHUX CUTHAJIIB HEHPOHIB, sKa HAJaJli HaJXOIUTH HAa
Omok aktuBarii. B 3anmexxHocTi Bix QyHKII, 3aKiaIeHOT
y Oiok axtuBaii, opMmyeTbes BUXignuii curaai. Orxe,
pe3ynbTaToM KOXHOI (pa3W HaBYaHHS € 3MiHa BaroBHX
Koe(ilieHTiB Ta mapamerpiB GyHKIIT akTHUBaLii.

3B’A3KM MK HEHpOHAaMU Pi3HUX MIapiB 320€311eUyI0Th
MIPOXOKEHHS! CUTHANTYy BiJl BXOMy A0 BuXomy. Y 3’el-
HaHHI BHUXOAY i-ro HeWpoHy i3 BXOAOM
J-TO TIepIInii BBAXKAETHCS TOTIEPEAHUKOM JIPYroro, a JApy-
TUH - HACTYITHUKOM Nepuioro. 3'e€IHaHHIO IUX ABOX HEM-
POHIB IPU3HAYAETHCA Bara Wy [2].

Barosa ¢ynkuist OMbB Mae HacTynHui BUTTISA

E(v,h) = = X%, X7, vibywy; — X2, via; — X, hyiby,
Jie [ — HOMEp HEHUpPOHY BUAMMOIO Iapy, j — HOMEpP Hel-
POHY NPUXOBAHOIO APy, W;; — Bara 3'eHaHus; V; i h; -
CTaH [-TO BHAWMOIO 1 j-TO TPHUXOBAHOTO HEHWPOHY;
a; i bj— BaroBi KOEDILliEHTH YIEPEPKEHb BUAMMUX i
MIPUXOBAHUX ILAPIB.

Bupas XL, X, v;hjw;; BU3HAUAE 3aranbHy EHEPriio
3B’S3Ky MiX HEUpOHAMHU Pi3HUX LIAPIB, ), 1%, V;a; — €He-
prito BuauMoro mapy, .71 h;b; — eneprito npuxosanoro
mapy [2].

CristbHa WMOBIPHICTH CTaHY NMPUXOBAHOTO 1 BHIH-
MOT'O [IapiB BU3HAYAETHCS BUPA3OM:

exp(—E(v,h)) 1
- 7 =3 exp(— X1, Y1 vilywy; —

m n

i=1 Vi — Zj:l h]-b]-),
ne Z = Y, exp(—E(v,h)) — ue cyma Bar o BcimM MOX-
JIMBUM TIApaM BHIMMUX W IPHUXOBAHUX 3’ €HAHE.

P(v,h) =

IMOBipHICTE cTaHy BHAMMOrO MHIapy BU3HAYAETHCS
LIJISIXOM J0JIaBaHHS IMOBIPHOCTEH CTaHIB ITPUXOBAHOTO

mapy:
pO) = ) Pil)
h

[Ticns mepeTBOpeHb OTPUMAEMO:

1
p(v) = ;Zh(eXp(_ i 27:1 vihywy; — X, via; —
- 27:1 h;b))).
s Oyab-SKOrO MPUXOBAHOTO HEWPOHA j YMOBHA
HMOBIPHICTh CTaHY BU3HAYAETHCS SIK:

P(hjp;) = sig (b + X viw;;) .
Jis Oyb-sIKOro BUANMOrO HeMpoHa i yMOBHA IMOBI-
PHICTb CTaHY BU3HAYAETHCS SIK:

p(vin) = sig (a; + X hjw;)).
ne sig(*) — curmononiOHa (hYHKIIiSI aKTUBAIIiT, TII0 BU3HA-
4aeThCs BUpa3oM [3]:
A(T)

a(u) = m.

Hopmysanbna koncranta A(T) BBOIUTECS 111 YMOBH
HOpMaTi3anii po3noiy HIMOBipHOCTI:

fol oc(wdu = 1.

[Mapamerp T BU3HAYa€e BIIOPSIKOBAHICTH HEHPOHHOI
Mepexi. Sxmo 7 cnpsimyBatu 10 0, CTOXaCTHYHUH Hew-
pOH Iepeliie B 3BUYAllHMN HEMPOH 3 IMepenaBalIbHOI
¢yHkmieto Xeicaiina (MOporoBoro (YHKIIEO), TpH
Oynp-KOMY IHIIOMY 3HaueHHI mapamerpa T HeilpoH
aKTHBYETHCS 3 MiMoBipHicTio P(u) [3].

AJNTOpPUTMOM, IO 3aCTOCOBYETHCS IJISI TPEHYBAHHS
OMB, T00TO M1 ONITHMI3aNii BEKTOpa BaroBux Koediri-
€HTIB, € aJrOpUTM «KOHTpacTHa ausepreHuis» (CD —
Contrast Divergence) [4]. Lei aJITOPUTM
3piiicHioc BubipKy 3a [i66cOoM, MO BHKOPHCTOBYETHCS
y Tpoleaypi TPagieHTHOTO CITYCKY JJIs  OOYHCIICHHS
YTOYHEHCHHUX BarOBHUX KOCQIIiEHTIB.

[Ipn onTMMi3oBaHMX 3HAYEHHSAX Bar MiHIMI3yETHCS
Bigcranb Kyns0aka-Jletidnepa (D, ) [1] Mix po3nozinom
BXIIHUX JaHHUX 1 HAOIMDKEHHAM MOJIENL:

C Dy, < Dy (Po ()| |Peo (1)) = D (0 ()] oo ()

Iie pa(X) € po3IoAisoM JlaHIfora MapkoBa, 10 BUKOHY-
eTbest 1L n KpokiB [1]. HaBuanns Moxke OyTH BUKOHaAHO
3a JOIIOMOT'0I0 OJTHOTO KpOKy BuOipku 'i60ca. Ha mpomy
KpOIli BHKOHYIOTBCSI omeparii: 1) OHOBJIEHHS Bar BCiX
MIPUXOBAHUX HEHPOHIB, 2) OHOBJIEHHS Bar BCIX BUIMMHUX
HelipoHiB. Lle BinOyBaeThCs 3rigHO BUpas3iB:

T+1

wii™ = wiy + al((yvi), gy, wrydo = (o)
N

1
— (k) (k) _ k).
(R v pnpwwy)o = Nz i P(hj = 1jv®;w)
N k=1
1
_ (k)(n) (K)(m) _ .
(hjvi)n = szi " P(hj Y= 1p®m;w)
k=1
Jie T-iTeparnis, o - 3MiHa KoegimieHTiB Bar, N - 3aranbHa
KIJIBKICTh BXIJHHX €K3EMIULIPIB, BepXHill iHAekc (n) -
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KIJIBKICTh CTaHiB, OTPUMAHUX MICIIS N iTepariii BUOipku
I'i66ca 3 nanirora Mapkosa, mouunatouu 3 Py, () [5].

BUCHOBKHI

MaremaTuuHui amapaT MTYIHOI HEHPOHHOI Mepexi
31 CTpYKTYpOIo 00MexeHoi MamuHn bospimana € edek-
TUBHAM METOJIOM ISl IPOTHO3YBaHHS Ipadiky MOTYX-
HOCTI €JIEKTPUYHOTO CIIOXHMBAHHS, OCKIJIBKH JIO3BOJISIE
MIHIMI3yBaTH BiJCTaHb MK PEAJIbHUMH Ta PO3paxyHKO-
BHMMH 3HAYCHHSIMHM YacOBHX psAiB. [licist HaBUaHHS TaKoi
cucreMH Ha c(hopMoBaHiit 6a3i naHuX rpadikis 1060BOrO
€JIEKTPOCNIOKMBAHHA BOHa Oyae 3/1aTHA 3IHCHIOBATH
MIPOTHO3YBAaHHA B MeXax 3aJaHO0i MOXNOKH.

3acTocyBaHHS 3alpPOIIOHOBAHOTO MiAXOAY € e(eKTH-
BHHUM TIpH PO3POOIII CUCTEMI KEpYBaHHS EJIEKTPOCHOXKH-
BaHHSM SIK BEJIUKUX, TaK i MAJIMX IPOMHCIOBUX Ta MO0Y-
TOBUX 00 €KTiB, 30kpema MicroGrid.
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Kues, Ykpanna

Peghepam — B cTaThbe PacCMOTPEHA 33/1a4a MPOrHO3MPOBAHNUS TUCKPETHBIX 3HAYEHUH MOIIHOCTH MOTPeOIeHHs JIeK-
TPHYECKOM YHEPIruH KOTOPAs pelaeTcsi ¢ HCIoJAb30BAHUEM OJHOI'0 U3 METO/I0B MCKYCCTBEHHBIX HEHPOHHBIX CceTel - orpa-
HUYeHHOH MamuHbl Boibnmana. B 3ToM MeTone IPOrHO03MPOBAHUSA OCYLIECTBIIAETCH MyTeM MOACTPOMKH BeCOBBIX (DYHK-
IMii c/10eB HeiliPOHHOM ceTH TaKUM 00pa30M, YTOObI MUHUMHU3HPOBATH PACCTOSTHHE MEKAY PeaIbHBIMU M PACUeTHBIMM 3HA-
yeHusiMu. B kaxnoii ¢ase o0yueHus ceTH ¢ MOMOIILIO COOTBETCTBYIOIIMX MaTeMAaTHYeCKUX (PYHKIMIL pacCUNTHIBAIOTCH U
H3MeHSAI0Te KO3((HUIHMEHThI BECOB ¢ Y4eTOM MX TeKYIIUX 3HaueHHUi. B pe3ynbTate mocie o0ydeHHs cucreMa cnocodHa
3¢(peKTHUBHO NMPOrHO3UPOBATH BPeMeHHbIE 3aBHCHMOCTH MOLIHOCTH MOTpeOJeHUsl 3IeKTPUUYeCKOil IHepruu, siBJseTcs
BaJKHBIM IIPH pa3padoTke cucTeMe YNPaBJIeHHs 3JIeKTPONoTped1eHreM NPOMbIILIEHHBIX U ObITOBBIX 00bEKTOB.

Knroueswvie cnoea — neiiponnas cemo; ocpanuuennas mawiuna bonovymana; konmpacmnasn oueepzenyusi.
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Abstract — in this article is considered a problem of predicting discrete values of power consumption of electric energy.
Since the volume of the consumption charts database must be sufficiently large to allow prediction to be reliable, it is advis-
able to apply modern mathematical approaches to processing these graphs, in particular, artificial neural networks. So it is
solved by using one of the methods of artificial neural networks - the restricted Boltzmann machine. Restricted Boltzmann
machine is a stochastic artificial neural network, the training of which is carried out "without a teacher" according to the
algorithm of the reverse error propagation. Compared to other structures of neural networks, a restricted Boltzmann ma-
chine enables more efficient training algorithms than is possible for a general class of neural networks, in particular, the
"contrast divergence'" algorithm. This algorithm performs Gibbs sampling, which is used in the gradient descent procedure
to calculate the refined weighting coefficients. In this method forecasting is carried out by adjusting the weight functions of
the layers of the neural network in such a way so if optimized weighting is used, we minimize the Kulbock-Leibler distance
between the distribution of input data and model approximation. In each phase of network training, weighting coefficients
are calculated and modified based on their current mathematical values using the appropriate mathematical functions such
as, one step of the Gibbs sample (updating the weights of all hidden and visible neurons). Accordingly, the weighed sum of
the values of the output signals of the neurons, which goes on to the activation block, also changes. Depending on the function
embedded in the activation block, an output signal is generated. Consequently, the result of each phase of the training is the
change in the weighting factors and parameters of the activation function. As a result, after training, the system is able to
effectively predict the time dependencies of the power consumption of electrical energy, which is important when developing
a power management system for industrial and household objects. After studying such a system on the current database of
graphs of daily electricity consumption, it will be able to make predictions within the specified error. Application of the
proposed approach is effective in developing a system for managing the consumption of both large and small industrial and
domestic objects, in particular Micro Grid.

Keywords — neural network; restricted Boltzmann machine; contrast divergence.
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