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IHO®OPMAIIMHA CUCTEMA PO?.HQ)_IIJILHOT EJEKTPUYHOI MEPEXKI
HA BA3I KOHIENLIi SMART METERING
13 3BACTOCYBAHHSIM TUITOBUX I'PA®IKIB HABAHTAKEHHS

AxkmyansHicmo memu 0ocnioyncenna. Buxopucmanns ingpopmayitinux cucmem ma 6a3 OaHux cmae Hegio €MHOI0
CKIA006OI0  OIsIbHOC  eHepeemuyHux KoMmnauii. Ingopmayis npo eupobHUYymMeo ma CcnodCUBaHHs eleKmpoeHepaii
30epieaemocs 6 azpecoganomy euensol. Lle ne oae 3mozu usHauamu ckiadosi 6ANIAHCOBUX GUMPAM eleKmpoeHepeil Memooom
noeneMeHmHUX pOo3PAXyHKI6 ma auanisyeamu ix cmpykmypy. Taxkum uuHom, 600CKOHANEHHS MAMeMamuyHo2o0 ma
NpOSPaAMHO20 3a0e3neyerHs IHGOPMAYitiHuX cucmem 00Ky eleKmpoeHepeii 3 Memoro ni08uueHHsl A0eK8aAMHOCHI GUIHAYEHHS
empam ejieKmpoenepzii' y po3noOilbHUX MePedCax € aKmyanbHuM 3a60AHHAM.

Ilocmanoexa npoonemu. Ochawjennsi po3noOiIbHUX eNeKMPUYHUX Mepedc 3aco0amu MOHIMOPUH2Y IXHIX napamempie
Yacmo GUABNAEMbCA HeOOCMAMHIM OJisl PO36 S13Y6AHHA 300aY NIAHY8AHHS MA 6e0eHHs pexcumie. Tomy memoro 00cniOHceHHs
€ aHANI3 MONCIUBOCHI 3ACMOCY8AHHA CUCIIEMHO20 NIOX00Y 00 cmeopenHs iHgopmayitinux cucmem PEM 3 euxopucmarnnsam
OaHUX ABMOMAMU308AHUX CUCMEM KOMEPYITHO20 0ONIKY elekxmpoenepeii ma iHuux HaseHux odxcepell inopmayii Ons niogu-
WeHHs MOYHOCII MOOENIOBAHHS XAPAKMEPHUX PeICUMIE Mepedc Md CKAA008UX DANAHCY eleKmpoeHepail.

Ananiz ocmaunix oocnioxcenv i nyonikauiil. Huwni euxopucmogyromecsi Oexiibka niOXo0ie Onsi nepesipku ma
GIOHOBNEHHSI OAHUX U000 enekmpuunux Hasanmayicenv y cucmemax ACKOE ma Smart Metering: 1) mexnonoein eenuxux
odanux (Big Data Technology — data management); 2) enobanere o6yucieHts Ha OCHOGI He 6MPAYeHUx OAHUX, 3) CIAMUCMUYHI
Memoou; 4) wmyyHi HeUpoHHi Mepedxci; 5) kiacmepHull aHaniz; 6) 3aCMOCY8AHHA MemoOi8 OYIHIO6AHHA CMAHY;
7) GUKOpUCMAHHS MUNOGUX 2paiKie elekmpuuHux Haeanmadicenv. Haeedeni nioxoou moocymo kombinyeamucs Ous
OMPUMAHHA O00AMKOBUX Nepesae.

Buoinenna neoocnioyncenux wacmun 3azansnoi npoonemu. Heobxionoio ymogoio 0t GUKOPUCMAHHS HASGHUX NIOX00i6
€ HasAgHICMb HeempaueHux Oanux. Lle pobums NPUHYUNOBO HEMONICTUBGUM 3ACTOCYBAHHS GIOOMUX NIOX00I8 ONIsi OOCHIONCEHHSL
pedcumHux napamempie PEM 3 nputinamuoro moynicmio.

Ilocmanoeka 3ae0anna. Omoice, OCHOBHUM 3A60AHHAM € OOCTIONCEHHS MONCIUGOCT] GUKOPUCTIAHHS CUCTEMHO20 NiO-
X00y 00 nobyoosu ingopmayiinux cucmem PEM i3 3acmocysannsm mexnonoeii Smart Metering, a makooic memooieé ma aneo-
DpUMMIB, K BUKOPUCMOBYIOUU HAABHY THpOpMayilo, azpe208aHy 3a YACOBUMU NePioOaMiL, OA0YNb 3MOZY BUSHAUAMU PeHCUMHIT
napamempu PEM 3 HeobxioHo0 mounicmio.

Buknao ocnoenozo mamepiany. /[ poseopmants azpe208anux OAHUX ) 2paiku HABAHMANCEHHS MA 2eHePYBAHHH, )
PpOOOmI 3aNPONOHOBAHO GUKOPUCMOBYBAMU MUNOGL PAIKU eHep2o0OMIHY Cnodcueawie ma micyegux Oxcepen eHepeii. J{ns
V32000iCeHHsL GUMIPSHUX NAPAMEMPIE Ped UMy ma ncegOO0BUMIPIOBAHb, PO3PAXOBAHUX 30 MUNOBUMU SPAPIKAMU, 3ANPONOHOBAHO
BGUKOPUCIIOBYBAMIL ANCOPUMM HA OCHOGI Memoody HaumeHuiux keaopamie. OyiHIO8AHHS MOYHOCMI NPOBOOUNOCS WLISXOM
3icmaegneHHs 6mpam enexmpoenep2ii Oisk YLIKOM CROCMEPENHCHOT MepediCi 3 pe3yibmamamit iMimayitiHux po3paxyHkKie.

Buchnoexku 6i0nogiono 00 cmammi. Bcmanoéneno, wo 3aCMOCY8AHHS MUNOGUX 2pADIKI6 HABAHMANCEHHS MaA
2EHEPYBAHHSL OAE 3MO2Y BIOHOBNIOEAMU ZPAPDIKU eHeP2OOOMIHY CRONCUBAYIE MA Micyedux Oxcepell eHepell 3 NPUHAMHON
mounicmio. Buxopucmanna munosux epagixie HABAHMANCEHHS MA 2eHePYBAHHS (NCe800BUMIPIOBAHb) 0AE 3MO2Y 3SMEHUUMU
eapmicme cucmem MOHIMOPUHSY POZNOOINLHUX MEPEiC.

Kniouosi cnosa: poznoodinena erekmpuuna mepesica; OaiaHc eiekmpoenepeii; empamu eieKmpoeHepeii; 6I0H0GNeHHs.
napamempie pexcumy;, munoguil 2papix HA6AHMANCEHH, OYIHIOBAHHA CIAHY.

Puc.: 6. bion.: 18.

AKTyaJbHICTh TeMH T0CTizKeHHsI. BukoprcTanus iHpopMaIliitHiux cucteM Ta 6a3 JTaHUX
CTa€ HEBIJI'EMHOIO CKJIAJIOBOIO JisUIBHOCTI €HEepreTHUHNX KoMmaHiil. Ha enxekTpoHHy ocHOBY
MEPEXOIUTh JOKYMEHTOOOIT, 3pocTae KiIbKICTh HOBOTO OOJaJHAHHS, BIIPOBAIKYIOTHCS
cucteMd 300py Ta KEpyBaHHS JaHHMH, 30KpeMa, KepyBaHHS TpPaHCIOPTYBaHHSM Ta
PO3MOJILIIOM €JICKTPOSHEPTii.

Ha#i6inpm BijioMor0 iHGOPMAIIHHOIO CHCTEMOIO PO3MOIAUIBHUAX EICKTPUIHHX MEpeX €
aBTOMATH30BaHa CUCTeMa KoMmepItiiHoro 00Ky enekrpoeneprii (ACKOE). Bona 3a6e3mneuye
o0k enextpuunoi eHeprii (EE) Ha oCHOBI JlaHWX, IO OJEp)KyBaHi Oe3MOcepeIHbO Bif
JTIYAJIEHUKIB 1/a00 BUMIpIOBAIBHHX IepeTBoproBadiB. Macope inTerpyBanHs 10 ACKOE
IHTeNEeKTyalbHUX MPUJIaJIiB 00JIIKY 3 MOKIIMBICTIO 30€piranHs i IepeiaBaHHs JaHUX Ha OCHOBI
TexHOJOoTii Smart Metering nae 3MOTy BUPIIIyBaTH KOMIUIEKC HOBHX aKTyalbHUX 3aBJaHb.

© Tomamescokwii FO. B., Bypukin O. b., Kymuk B. B., Manorynko 1O. B., I'puauk B. A., 2020
229



Ne 3(21), 2020 TEXHIYHI HAYKU TA TEXHOJIOT'IT
TECHNICAL SCIENCES AND TECHNOLOGIES

Hampukoian, BijiianeHe 3HATTS MOKa3aHb 13 MPIIIAIB 001Ky, aBToMaTHYHe (DiKCYBaHHS 1X 3a
MEeBHUI TPOMIXKOK Hacy, BUSBJICHHs ocepenkiB BTpaT EE, a Takok MUTTEBe MUCTaHIliiTHE
0oOMe)KeHHS] HABaHTa)KEHHS Ta TIPUITMHEHHS eJIEKTPOTIOCTauYaHHSI.

3actocyBaHHS iHQOpMaIii, HaKONMHMYEHOI cUcTeMaMu Smart Metering, MTigBHUIIYE
CIOCTEPEKHICT PO3MOAUTHLHOI elleKTpudaHOo1 Mepexi (PEM) 3aBsikn BHKOPHCTAHHIO BUMIPSTHAX
rpadikiB enekTpocnokuBaHHs. HassBHICTh CHHXpOHI30BaHO1 iH(pOpMaIlii mpo BUMIpsHI peXKUMHI
napamMeTpyd pO3MOJUIBHOI €JeKTPUYHOI Mepexi Jlae 3MOry BH3HAuaTh OOCSTU CHOMXKHUTOL
eJIeKTpoeHeprii craniapTHUMU aireOpaiyaumu Metonamu [1]. Ilporte, mocuTh wacto uepes
BiMOBY amapaTHoOro abo iHdopmariiitHoro 3a0e3nedeHHs I[i JaHi MOXYTh HE HAJIXOJIUTH
npoTaroM yciei go6u abo i1 yactunu. Ilin yac BUMipioBaHb, a TakoX mepenadi iH(opmarii
CITIOCTEPIraeThCs BIUTUB €IEKTPOMArHITHUX 3aBaJl BiJl 3aCO00IB aBTOMAaTHYHOTO PETYIIOBAHHS,
PO3CHHXPOHI3aIlsl ad0 CIpsAMOBaHI aTakk Ha iH(GOPMAIHHI Mepexi CTOPOHHIMH 0cO0aMU Y
BHTJISAIl pyYHOTO a00 «BipyCHOTO» BTpy4aHHs [2-4]. Lle mpu3BoaUTE 10 BTPATH OKPEMHX MTAKETIB
iHpopmarrii. TakuM drHOM, HEOOXITHOIO YMOBOKO (DYHKITIOHYBaHHS 1H(POPMAIIHHOI CHCTEMH
PEM € MOXTHBICTh BiIHOBJICHHS BTpadeHoi iHpopMarrii.

IToctanoBka mpo6JeMu. MeToro JOCTIKEHHS € aHalli3 MOMJIMBOCTI 3aCTOCYBaHHS
CHCTEMHOI'0 MiXO0Jly A0 CTBOpeHHs iHpopmaniiHux cucreM PEM i3 BUKOpUCTaHHSM JaHUX
aBTOMATH30BAaHUX CHUCTEM KOMEpPLIMHOTO OOJIKYy eJeKTpOeHeprii Ta IHIINX HasBHHUX JDKepell
iH(popMarii 1 aBTOMaTH3AaIli1 KepyBaHHS PO3NOUIBHUME €JIeKTPUIHUMHI MEpEKaMH.

AHaJi3 ocTaHHIX J0caiKeHb i myOJikaniii. Ha choroiHi BUKOPUCTOBYIOThCS JeKiIbKa
TiIXOTiB JJIS TIEPEBIPKH Ta BiTHOBJICHHS JaHUX II0/I0 €JICKTPUIHAX HABAHTAXKEHD y CHCTEMax
ACKOE Tta Smart Metering:

1) TexHONOTIs BeNMKuUX AaHuX (Big Data Technology — data management) [5];

2) rirobanpHe 00YHCIICHHS Ha OCHOBI HEe BTpaueHUX JIaHUX [6];

3) cratuctuuni Mmetoaw [7, 8];

4) mtyyHi HelipoHHI Mepexi [3];

5) xnactepHuit ananis [3, 9];

6) 3acToCcyBaHHSI METO/IiB OIliHIOBaHHs cTaHy [10];

7) BUKOPUCTAHHS TUIIOBHX TpadikiB eNeKTpUYHUX HaBaHTaxkeHb [3; 11; 12].

Hageneni miixou MoKy Th KOMOIHYBaTUCS, JUIsI OTPUMAaHHS JOAATKOBUX IepeBar.

Heo0xiHOIO YMOBOIO JIJIsl BUKOPUCTAHHS HaBEJICHHUX ITiIXO/IB € HAsBHICTh HEBTPAUCHIX
nmaHuX. ToOTO JUIsi YacTHHHM MepeXki HeoOXiqHI BUMIpIOBaHHS B 00°€Max, JOCTaTHIX IS
BiJIHOBJICHHS iH(popMaIlii, a00 BeIUKHN HAOIp PETPOCIICKTHBHUX JAHWUX JUIS BiTTHOBJICHHS
BTpaveHO1 iHpopMaIlii Ta BUSBJICHHS BUKUIIB Y BAMIPIOBAHHSIX.

BiamoBigHO 70 TPOBEJACHOrO aHamizy JUIS MOJAIBINOrO JIOCTIDKCHHS BOAYaeThCS
3aCcTOCYBaHHSI KOMOIHOBAHOTO IT1IX0/Ty METO/IiB OIiHKH cTaHy [10] A gacoBoi CHHXpOHi3aIlii
iH(popMarlii Ta 3aCTOCYBaHHS TUIIOBUX I'padikiB €JIEKTPUUHUX HABAHTAKEHb JUISI BITHOBICHHS
arperoBaHnoi B uaci ingopmartii [11; 12] mpo o611ik eIexTpoeHeprii.

Bunginenns HegocizKeHNX YaCTHH 3arajbHOI mpodaemu. OCHAICHHS PO3MOALUTEHUX
mepex 3acobamu ACKOE nocuts Butpatse, Tomy 3ae6inbmoro ob6aik EE mpoBoautses 3a
y4acTi MepcoHaly CIIyOHM KoMepIiiiHoOTo 001Ky enekTpoeHeprii PEM abo crmoxuBadiB. Ta-
KW croci0 300py i 0OpoOJIeHHST KOMEPIIIHHUX BUMIPIB € JHKEPEIIOM ITOMHIIOK i CIIOTBOPEHB
KoMepIiitHux ganux. Kpim Toro, arperyBanHs iH(popMaIlii Mpru3BOIUTE JI0 CKJIAJTHOCTI aJIeKBa-
THOTO OIiHIOBaHHS cTpyKTypH O0anancy EE Ta BunineHHs Hee()eKTUBHUX ITiICHCTEM Ta ellieMe-
HTIB eNIEKTPUYHUX MepeX. e poOuTh MPUHIMITOBO HEMOKIIUBUM 3aCTOCYBAHHSI BiIOMHX ITiJT-
XOJIIB JUTSI TOCIiHDKeHHS peKUuMHUX mapameTpiB PEM 13 mpuifHITHOIO TOUHICTIO.

ITocTanoBka 3aBaaHHA. TaKuM YWHOM, OCHOBHHMM 3aBJIaHHSM € JIOCIIIKEHHS MOXJIUBO-
CT1 BUKOPUCTAHHS CUCTEMHOTI0 MiJX01y /10 moOya0BH iHpopmaniiinux cucteM PEM i3 3acto-
CYBaHHSIM TexHoJIOTii Smart Metering, a Tako>X METO/IiB Ta AJITOPUTMIB, SIKi BAKOPUCTOBYIOUH
HasiBHY iH(OpMallito, arperoBaHy 3a YaCOBUMHU IMepioamMHu, 1aayTh 3MOT'Y BU3HAUATH PEKUMHI
napameTpu PEM 3 HE0OXiTHOIO TOYHICTIO.
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Jnst nocsrHeHHst MeTH OyJIv TTOCTaBJIEH] TakKi 3aB/IaHHS:

— IIpoaHaTi3yBaTH HASBHICTH JDKEpeN JUIS ITJIBHINCHHS CHocTepexHOCTI EM B ymoBax
HEMOBHOI BHXiHOT iH(pop™Maii;

— MpoaHali3yBaTd MOXJHMBOCTI BukopucTaHHs iH(popmanii ACKOE nans migBuimeHHs
cnoctepexknocti PEM B yMoBax HemoBHOI BUXi/iHOT iH(opMarli;

— pO3poOUTH METOJl OIIIHIOBaHHS IapaMeTpPiB PEKUMIB PO3MOIUIBHUX MeEpex 13
BukopucTanasM iHpopmarii ACKOE Ta iHmmx;

— IIEPEeBIpUTH AJICKBATHICTh PO3POOJICHOTO METOY Ta MOJKIIHBICTH HOTO 3aCTOCYBAHHS Y
iHpopMamniiHux cucreMax PEM 3 BUKOpUCTaHHSIM HATypHOTO €KCIICPUMEHTY.

AHaJli3 MOKIHBOCTI BUKOpHcTaHHA HasgBHOI iHpopmanii ACKOE Tta inmmux kepen
AJISl HiIBHIIEHHS CIIOCTEPEKHOCTI eJIeKTPUYHHX MepexK

BignosigHo no xonnentii moOynosu [13] aBToMaTH30BaHi CUCTEMHU KOMEPIIHHOTO OOJIKY
eJIeKTpoeHeprii Ui Tmo0yTy 1 cepr TOCIyr € iepapXidHOIO CHUCTeMoro. BoHa 3abesmeuye
aBToMaTi3oBaHui 00K EE Ha OCHOBI JTaHWX, IO HAJIXOAATH OE3MOCEPETHBO BiJl JTIUAIHHHUKIB
i/abo BuMiproBastbHUX MTepeTBoproBaviB EE. OcHoBHOIO MeToro cTBoperHss ACKOE € BupinreHHS
NUTaHb (PiHAHCOBUX BIIHOCHMH Ha OCHOBI TOYHOI Ta ONEpPaTUBHO OJIEPXKYyBaHOI iH(opMaIlii,
BUPIIICHHS] MUTaHb MiJBUNICHHS ¢(PEKTUBHOCTI Ta PAIliOHAJBHOTO BHUKOPHCTAHHS MAIMBHO-
SHEPreTUYHUX PECYpPCiB, a TaKOXK eHepro3oepekeHHs. OTxke, HAIBHICTH IMOBHOI iH(pOpMaIlii B
0a3i garnx ACKOE s Bciei PEM Moxe 3a0e3neunTs 11 COCTEPeX HICTh JUISl PO3B’sI3aHHS
TEXHIYHHX 337124, HAITPHUKJIA, aHATI3Y CTPYKTYPH TEXHOJIOTT9HIX BUTpAT eylekTpoeHeprii (TBE).

OnHak Ha ChOTOJHI B OLIBINOCTI eHepronocTavaibHuX KoMmnadiii BcraHosieHHs ACKOE
nepeadadeHo JuIne s mnepuMmerpa (y TOUYKaxX KOMepLiHOro oOJdiKy HepeTikaHb Bija/no
CYCIIHIX €JeKTPHYHHX Mepek) Ta IOPHIUYHUX CII0KMBadiB. TakuM YHMHOM, ISl OKPEMHUX
¢parmentiB PEM criocTepexHIicTh 3a0e31edyeThes JIMINE Y BUIAIAKY €JICKTPOITOCTadYaHHS
IOPUINYHAX CITOXKHBAYIB.

Bomuouac jis 6amancyBanHs enektpoeneprii y PEM wHa BBojax mingcrantiii 110-35 kB,
a TaKoXX Ha TOJIOBHHX [iNsHKax IHiHii 20-6 kB mepenbaueHo BuMipioBaibHI 3acoOu
TEeXHIYHOTO OOJIKY.

JlomaTkoBUM JKepesoM iHpopMaIlii mpo COKUBaHHS €IEKTPOCHEPTIl € OLTIHTOBI CUCTEMHU
EHEeprorocTadaIbHUX OpraHizamiid. Y HuX 30epiraetbes iHpoOpMaIis Ipo KOPUCHUAN BiJITyCK
EE y Toukax mpogaxy mpoTsroM 00JIiKOBOTO TIEpioay.

Ockinpku  iH(poOpMariiiiHe 3a0e3nedeHHs (iHAHCOBHX  B3aeMopo3paxyHkiB PEM
IPYHTYETbCS Ha JaHUX OOJIKy, OTpUMAHMX 13 PI3HHX JDKEped 13 pI3HUM CTYINEHEeM
JIOCTOBIPHOCTI, 3pOCTaEe KOMepIiifHa CKJIaJ0Ba BTpAT €JIeKTPOEHEPrii.

Jiist cTBOpEHHS HAJIEXKHOTO iH(pOpMAIifHOTO 3a0e3MeYeHHs Ta ITiIBUIIICHHSI JOCTOBIPHOCTI
JTaHUX O0JIIKY eeKTpoeHeprii y [12] 3ampormoHoBaHO BUKOPUCTOBYBATH YCEPEIHEHI 3a YaCcOM
Ta CYKYITHICTIO eJleKTponpuiiMadiB TumoBi rpadiku HaBanTaxkeHHs (TTH). s koxuoro TT'H
3a3HAYCHO TEPeNIiK KOJIB CITOKMBAYiB 3T1IHO 3 KaTeropisMU BHJIIB €KOHOMIYHOI JiSTTBHOCTI
(KBEJl), mo mae 3Mmory BHW3HA4YaTH MJisi KOHKPETHOTO croxuBawa BigmoBimamii TI'H.
Bukopucranust KBE]] y OiniHrosiii cucteMi 3abe3neuye MOXKIUBICTh 3icTaBlIeHHs iH(popMarii
IOZI0 €JIeKTPOCIIOKUBAHHS 3a MepioJl IHTErpyBaHHS 3 TUIOBUM IpadiKoM HaBaHTaKEHH
CIOXXHMBAYa.

TurmoBi Tpadikk IMONAIOTECS Yy BHUIJISII MOTOJUHHUX XapPaKTEPHCTHK MaTeMaTHYHOTO
OYiKYBaHHS Ta CEPEeTHHOKBAJPATUIHOTO BiIXMICHHS aKTHBHOTO i PEaKTUBHOTO HABAHTAKEHB, a
TaKOXX XapaKTEePUCTUKH Koe(illieHTa KOpesiilii akTHBHOTO i peaKTUBHOTO HaBaHTaXKeHb (puc. 1).
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Puc. 1. Ilooanus inghopmayii 6 anbOomi munogux epagixie elekmpuiHux HaGaHMA}CEHb!
a—y mabauuniti popmi; 6 — 6 inmepnpemosaniti epapiyniil hopmi

MaremaTruHe OYiKyBaHHS HaBaHTA)XEHHS HOPMYETHCS BIJIHOCHO MaKCUMAaJIBLHOTO
3HAUEHHS 1 MOJaeThes y BijmcoTkaxX. Takmm umHOM, TT'H mae 3Mory poskiacth 3Ha4eHHS
CyMapHOi CITOKHTOI eHeprii 3a OOJIKOBHU Tepio IO BHUTJISAY IMOBIPHOTO ITOTOAMHHOTO
rpadika HaBaHTAXXCHHS, JOIMOBHIOOYM 0a3y mJaHWX iHQopmariiiHoi cuctemun PEM
TICEBJIOBUMIPIOBAaHHSIMH.

Metoa oniHIOBAHHSA NMApaMeTPIB PeKUMY PO3NOAIILHUX Mepexk i3 BUKOPHCTAHHAM
arperoBaHHX y 4Yaci JaHHX 00JIiKy eJIeKTpOoeHeprii.

3amadyy BHUKOpHMCTaHHsS arperoBaHoi B uaci iHQopmaiii aBTOMaTH30BAHUX CHCTEM
KOMEPIIHHOro OOJIKYy eJeKTpOeHeprii MOXHa po3MIsgaTH K 3a/4ady MiHiMi3alil moxubok
BUMIipIOBaHHs pexxuMHuX mapamerpiB PEM y Teopii onintoBanus crany (OC) enekTpuuHOL
Mepexi [17]. Jlng aHamizy JOCTOBIpHOCTI BHMIpIOBaHOI iH(opMaIlii po3poOJeHo KijdbKa
migxoxaiB. Kimacuana mist enexrpoenepretukn 3aaada OC [14—18] BUKOPHCTOBYE SIK PiBHSHHS
CTaHy PIBHSHHS YCTAJIEHOTO PEXHAMY. 3MIHHAMHU IUX DPIBHSHBb € 3HAYCHHS aKTHBHOI Ta
PEaKTUBHOI TOTYKHOCTEH, CTPYyMiB 1 HAmpyr, a YMOBHO IIOCTIHHUMH Koe(]illieHTaMHu —
nmapaMmeTpH 3acTymHoi cxemu PEM. 3HadeHHs CTpyMiB, HAlIPYT Ta MOTYKHOCTEH BBAXKAIOTHCS
TeJeBUMIipaMU i3 3a/1aHOIO BiporiaHicTio [14].

PexxuM enekTpuuHOI Mepexi, IO XapaKTepU3yeThCs MMM IapaMeTpaMu, BiNOBiTae
NIEBHOMY MOMEHTY (TIIPOMDKKY) dacy ¥ TMOCTiiHO 3MiHIO€Thcsl. HacmigkoM 1poro €
HEOOXiTHICTh NEePIOIMYHOTO0 KOPUTYBAaHHS HECHHXPOHI30BaHUX Ta MOMIJIKOBUX TeJIEBHUMIpiB
TakK, 00 y CYKYIHOCTI 3 BipOTiIHUMH IapaMeTpaMH PeXUMY BUMIpsIHI 3HAYSHHS BiANIOBIAAIH
yMOBaM BHKOHaHHs Oanmancy moTykKHOCTi y PEM.

OcoONMHMBOCTI CHUCTEMH TEXHIYHOTO MOHITOPHUHTY CYYacHUX PpO3MOAUTEHUX MEpeX,
30KpeMa, HEJIOCTATHS KIUIBbKICTh 3ac00iB CHHXPOHI30BAHOTO TEJICBHMIPIOBAHHS PEKHUMHHIX
napameTpiB, He JTAIOTh 3MOTH 0e3MocepeTHhO0 BUKOPUCTOBYBATH METO/IM OI[iIHIOBAHHS CTaHY B
TaKUX MEpexkax.

Ha croroani amapatHa yacTMHa cHCTeMH TexHI4HOro MoHiTopuHry PEM cknanaerbes
MEPEeBaXHO 3 BUMIPIOBAJBHUX HPUCTPOIB, BCTAHOBIEHUX HA BBOJAX TPaHCHOPMATOPHUX
migcranmii 110-35 kB Ta Ha ronoBHUX nisHKax JdiHii 20-6 kB. e He 3a0e3meuye HeoOXiTHOT
CIIOCTEPEKHOCTI HABITh ISl XapaKTEPHUX PEXHUMiB. BiZIIOBITHO 10 CyKYITHOCTI BUMIPIOBAaHUX
napametpiB y PEM, ix TouyHOCTI Ta MOXKIMBOCTI CHHXpPOHI3allii, JUIsl OI[IHIOBAaHHS CTaHy
JIOIJTEHO 3aCTOCOBYBATH ITJIXOJM, IO 0a3yrOThCS HAa METOJI HaWMEHINUX KBajapartiB. Sk
MOJIyJII ycTajeHoro pexumy PEM Haitvacrimne BUKOPUCTOBYIOTH PiBHSHHS Y (opMi OamaHCy
CTPYMIB, SIK ()YHKIII1 BY3JIOBAX HAIpyT y MOJSIPHUX Ta MPSIMOKYTHHX KOOPIUHATAX.

Mertox OIiHIOBaHHS CTaHy Ha OCHOBI METOIYy HaWMEHINUX KBaJpaTiB I'PYHTYETbCS Ha
JiHeapu3alii B3a€MO3B'SI3Ky MIXK BUMIPIOBAaHHSMHU Ta 3MIHHUMH CTaHY €JICKTPUIHOI MEPEKi.
HeniniliHi CHiBBIAHOIIEHHS MK BEKTOPOM CTaHy Ta BUMIPSHUMH €JEKTPUYHUMHU 3MIHHUMHU
MO>KHA Mo/IaTy B Takomy Bursi [18]:
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z = h(x) +v, (D
Jie Z — BEKTOP CHHXPOHI30BAaHO BHMIPSHHUX IMApaMeTpiB €IEKTPHUYHHUX MEpPEeX; X — BEKTOp
sMmiHHEX cTaHy PEM; h(x) — BekTopHa (yHKIIiS, SKa TOB’SI3y€ BUMIPIOBaHHS 31 3MIHHUMU
CTaHy Ha OCHOBI OanaHcoBHX piBHSHB Ui PEM; v — BeKTOp BIIXWJIEHb MK BUMIPSTHUMH Ta
PO3paxyHKOBHMH HapaMeTPaMH PEKUMY.

s dopmyBaHHS BEKTOpY CTaHy X MOXXHAa BHKOPHCTOBYBAaTM HECKIHUYEHHY KiJIbKiCTh
KOMOiHaIliii 3Ha4YeHb 3MIHHHUX, OJIHAK IPAKTUYHY IIIHHICTP Mae€ Taka KOMOIHaIis, IIo
3abe3mnedye MiHiMi3aIlilo a0COJIOTHUX 3HAUYEHb BEKTOpa V. 3 OMIAIY Ha 1€ HiJIboBa (YHKIIis
3a/1a4i BU3HAYCHHS BeKTOpa cTany PEM y 3araapHOMY BUTIISIL:

Mz — h(x)] T .
J(x)= Z% =[z—h(x)]" W[z —-h(x)] > min, ©)
i=1 O;
Jie 6 — CTaHJapTHE BIIXUJIEHHS KOXKHOTO BUMIPIOBaHHS; W = diag [0' 12 ,O 22 yeee s 0'31 Il

oOepHeHa JiaroHaJbHA MATPHIlSI OYiKyBaHHUX (OI[IHEHUX) CEPEeTHHOKBAPATUYHIX BiIXUICHB
OKPEMHX BUMIPIOBaHb.

3a3BUyYaif sIK 3MIHHHN CTaH X; MpUUMaloTh MOAYb U; Ta pa3Huit KyT J; HapyTu B He3ase-
*HUX By3iaax PEM. BumiproBanumu mapamerpamu B PEM € Moty Halpyra B OKpeMHX BY3-

. B . .
nax U}, akruBHi P;” Ta peaxTuHi QB MOTYKHOCTI y By3/1aX HaBaHTa)KEHHS Ta FeHEPYBaHHS,
o ocHameHi 3acobamu ACKOE, aktuBHI Pf Ta peaKTHUBHI Qj MOTYKHOCTI, III0 TPOTIKAIOTh

JiHIIMHU Ta TpaHCcPopMaTOpPaMH, IO OCHAIIEHI 3ac00aMU TeJIEBUMiPIOBAHHS.

Ocob6nuBictio PEM € HeocTaTHICTh BEKTOPY crioCTepeskeHHs Z. T0OTO, BAKOPUCTOBYIOUH
CYTO BHIMIpSIHI ITapaMeTpHu He BIA€eThes ieHTU(iKyBaTH ctaH PEM, amke 3amada (2) He Mae
po3B’si3KiB. JlomOBHEHHS BeKTOpy z iH(oOpMali€lo 3 THHOBUX TpadikiB HaBaHTaKEHHS
(ncepmoBuMipamu) s By3nmiB PEM, nmacte 3MoOry 3allyduTd pecypcH HasSBHUX 3ac00iB
BUMIPIOBaHHS Ta MOHITOPUHTY JUIsI 3a0€3MEUeHHS CIIOCTEPEKHOCTI eNEeKTPUYHOT Mepexi 6e3
JI0AAaTKOBHX (DiHAHCOBHX BUTpAT.

Sk ouiKyBaHI CepeIHbOKBAJApAaTHYHI BIAXWICHHS IICEBAOBUMIpIOBaHHS W; s
HECIIOCTEPE)KHUX BY3JTIB IPOIOHYETHCS BHKOPHUCTOBYBaTH 3HAUCHHS, HaBEJCHI B arjaci
TUTMIOBUX TI'padikiB HaBaHTaXKEHHS JUIS CIIOXKHUBAya, BIAMOBITHO 110 Horo koay KBE]] [12].

MOXJIMBICTS  3aCTOCYBaHHS IIPOIIOHOBAHOTO TIAXOAY B iH(pOpMAIiiHIA CcHCTeMi
PO3MOALTBHOI eleKTpuuHoi Mepexi 3 BukopuctanHsM TI'H Tta 6asu nanmx ACKOE Gyrna
IIepeBipeHa Ha MPUKIIAJ pealbHUX MIChKHX ellekTpoMepex 10 kB.

IlepeBipka ajnexkBaTHOCTI Ppo3po0/IeHOr0 MeTOAy 3 BHKOPHCTAHHAM HATYPHOIO
eKCIepHMeHTY.

Jlns mepeBipKM aJeKBaTHOCTI BiTBOPEHHS JHHAMIKH PEXHMY YacTKOBO CIIOCTEPEKHOI
PEM Ha ocnogi TI'H 6y:10 Bukopuctano ¢pparMeHT BiIHHHIIBKAX MiCBKHX €IICKTPHIHUX MEPEIK
10 kB — ¢igep ®-165 mincranmii 110/10 kB «3axigHa». digep MICTUTh 5 CHOXUBATHHHUX
mijacTaHmii (puc. 2) 3 Tpanchopmaropamu 10/0,4 kB pizHuX moTtykHOCTel. Bin mifacranmiii
¢binepa OTpUMYIOTH JKUBJEHHs mpomucioBi (17 %) Tta mnoOyroBi (83%) cmoxxuBadi.
BHKOpUCTOBYIOUH €eKTPOHHI JIYMIBHHUKH, I (igepa Oyiio 3a0e3nedeH0 CHHXPOHI30BaHY
peecTpallito mapaMeTpiB HaJXO/DKEHHS Ta BIJIMYCKY €JIEKTpOeHeprii 3 MiBroJAWHHUM
iHTepBasioM mpoTsaroM 22 mi0. TakuMm 4uHOM OyjI0 3a0e3leueHO IMOBHY CIIOCTEPEIKHICTh
Mepexi JUIsl BU3HaYeHHs O0ajJaHCOBUX BTpaT elekTpoeHeprii. KpiM Toro, oTpumaHno naHi J1ist
OIIIHFOBAHHS PO3IOTY HABAaHTAKEHHS MK IMicTaHIisAMuU Ut 1056 MiBroJuHHUX MEPioIiB.
[Ipukiazg pe3ysabpTarTiB BUMipIOBaHb HAaBEIEHO Ha pUC. 3.
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O T1C 110/10 kB
‘ w3axigna” ®-165

P -10 xB
MB-10 xB

\ JIP - 10 kB

AAB-3%120

AAB-3%120

2*AALIB-3%120

2*AAIIB-3%120 AAIIB-3*120

456
400+250

2*AALIB-3%120
2*AAIB-3*120

2+AATIB-3*120
0,36
Puc. 2. @paemenm cnocmepescnoi enexkmpuyunoi mepesici 10 kB

457
400

455
2%400

3 puc. 2 BUJHO, 1110 10 BUOIpKH YBIHIILIH sIK poOOUi, TaK i CBATKOBI JIHI (puc. 3, 6), a mepenik
CHOXMBauiB (Qifiepa MICTUTh IOPUIMYHUX Ta MOOYTOBUX aOOHEHTIB. OCTaHHE Ja€ 3MOry
pOOHTH y3araJlbHEHHs 3a pe3yJIbTaTaMH aHalli3y OCHOBHOI Ta TECTOBOI BUOIPOK.

200 HanxomkeHHs eeKTpoeHeprii 0 Binmyck enexrpoeneprii
’5. 600 £ 80
< 70
4 500 2
£ ool Al N | o]
2 0 Lpdfnd LU U U AT AN AL ) 2
o o/ A" =
o VI VARVIR VM VS YA VI L] g w0
2 100 VAVGAVAVEVEVEVEVEVEVEVEE S
g
3 "tiistrieisiiiicriiazz 4 '
'cﬁ&i'cﬁﬁéﬂéﬁoﬁdsoeéﬁoﬁoeos
—R. kBAp*r —R.kBAp*n

Puc. 3. [Ipuxnao eumipsnux 3uavenb nNpomsa2om 0OUHAOYAMU OHIG:
a — HaOX00JICeHHs eflekmpoeHep2ii 3 20106HOT OLIAHKU ¢hidepa,
6 — gionyck enexkmpoenepeii no TII-543

O1iHIOBaHHS CTaHY €JICKTPUIHOT MEPEXKi 32 YMOBH JIOCTATHHOI KUTBKOCTI JJAHUX Ta MMOBHOI
CIIOCTEPEIKHOCTI OyTa BUKOHAHA HA OCHOBI 3Ba)KEHMX HaiiMeHIuX kBaapatiB (WLS) [18] y
nporpamaomy cepenoBuini MathCad 15 (Mathsoft, CIIIA). Takum unHOM OYyJ10 TOBEEHO, 11O
3a HAABHOCTI TOBHOI iH(OpMaIii Tpo HATXOHKEHHS Ta CIIOXKUBAHHS eJICKTPOSHEprii
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pe3yJIbTaTH PO3PaxyHKIB MPAKTHYHO 30IraloThCcsl 3 BUMIPSHUMH 3HAYCHHSIMH (pHC. 3).
MakcrMaabHa BiJIHOCHA MOXHMOKa MOJICIIOBaHHS OyJjia oO4YMCIeHa Ha OCHOBI 3iCTaBJICHHS
BEKTOpPY BHMIPSHUX MapaMeTpiB Z, TOOTO OCepeHEHUX IOTY)KHOCTEH HaBaHTa)KEHHS Ha
MiBrOJJMHHOMY 1HTEpBaJIi, Ta IX pO3paxXyHKOBUX 3Ha4eHb h(X):
z,—h(x)
J— 1 1
5max_ 100’ (3)

Z.

1
i cranoBmia MeHme 3a 0,01 % (puc. 4, a).

JUi1 eKCepuMeHTaNbHOTO MiATBepKEHHSI MOKIMBOCTI Bukopuctanus TI'H 3 meroro
(hopMyBaHHS IICEBIOBUMIPIB OyJI0 BAKOHAHO 3aMiHy BUMIPSHHUX TpadikiB 3MiHH MOTYKHOCTEH
quist By3miB TI1-458, TII-543. TI1-455 ta TII-456 Ha BiATBOpEHI HA OCHOBI THIIOBUX I'padikiB
ta cymapHoro croxxuBanHs EE (iHpopmaris 3 ACKOE). Ilicas onintoBanHs crany PEM Tta
Bu3HaueHHs h(x) Oys0 po3paxoBaHO BiIHOCHI MOXMOKH OI[IHIOBAHHSI MiBrOJMHHUX PEKUMIB
(puc. 4, 6—2).

Ha puc. 4, 6, 6 mokazano niarpaMu 3MiHU BiTHOCHOI MOXUOKU OIIHIOBAHHS PEXKHUMIB IS
BHITQJIKy BUKOPHCTAHHS IICEBJIOBHMIpPIB Yy BY3Ji 3 HaWOUIBIIAM €JICKTPOCIOKABAHHSIM
(TI1-458) Ta y By3m 3 HaiiMeHIUM enekTpocnoxuBanHsMm (TII-543), BimnosigHo. [ns
KoKHOro 3 48 BuMiproBaHb J00OBOro rpadika BiJIHOCHA TOXHOKA iX BIITBOPEHHS HE
nepesutrye 0,01 %. To6to BukopuctoByroun TI'H Ta oriHroBaHHs cTaHy iH(poOpMalio Mpo
3MiHH €JIEKTPOCIIOKUBAHHS Y By3J1ax PEM 0ys10 BiJIHOBJICHO 3 BUCOKOIO TOYHICTIO.

6x10” T T T T : : : T
. 3, % 0.01 8, %
4x10” =
155 23 50007+ 1
— 5107 B 456 Y
456 e <\ PP
) 457 AT IY BT AT A A R P
457 0 .k- 7 0 r ‘/cl\\lﬁ,\;{f\' x);\d‘r 1
458 Lo, ol ! -~
el =re s v \
-2x107 4 543
543 5105 L |
4107 4
-9 . | . | N 20.01 I . | 1 N
61075 10 20 30 40 30 210 10 20 30 40 50
a 9]
0,01 ; ; ; ; 6
3, % 5% T T T T
5107 1 4 i 1
o o :: : ..
455 455 R ) TR
— -2 HRECE | AR 1
456 0 | =y TR T Ty oy (g e e | 456 o & .
457 457 0 |
N |
a5 a0 |
28 S
543 543 [y
0,01 [ 1
-4
0,015 L ! L L il 6 . .
: 0 10 20 30 40 50 0 10 20
6 Pes

Puc. 4. Maxcumanoui 6ionocui noxubku mMooenio8ants OUHAMIKU eJleKMPOCNONCUBAHHSL.
a — 0711 abconomno cnocmepedcHoi mepedici; 6 — 3a giocymuocmi eumipie y ¢y3ni TI-458;
6 — 3a eiocymuocmi eumipie y ey3ni TI1-543; 2 — 3a siocymnocmi eumipis y eyznax TII-455

ma TII-456
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Ha puc. 4, 2 nokazaHo jaiarpamu 3MiHM BITHOCHOI MOXHMOKH 3a BiJICYTHOCTI BHMIpSTHOI
inpopmarii g By3nmiB TII-455 ta TI1-456, sxi Mar0Th HAHOUTBITY KiTBKICTH IMPUETHAHAX
minii. L1i By3nu Oyiu BifiOpaHi, OCKUTBKY HAsBHICTH TEJIEBUMIPIB JJISl HUX ICTOTHO BILTUBA€E HA
nepeTikanHs eHeprii y EM. BukopucTanHs 1ceBIOBUMIPIB Y BKa3aHUX By3j1aX MPH3BEJIO 0
3pOCTaHHsI BIIHOCHOI MOXUOKH OIIIHIOBaHHS JMHAMIKHU €JIEKTPOCIIOKHUBAHHS /10 5 %o.

TakuM 9MHOM, 3a pe3ysibTaTaMH PO3paxyHKIB OyJI0 BCTAHOBJICHO, IO iH(OpPMAIIIO TIPO
JIMHAMIKy ereKTpocnoxkuBaHHs y PEM MoXHa BiIHOBHTH 3 TPHUHSTHOIO TOYHICTIO 3aBJISIKH
BHKOPHUCTaHHIO TUIIOBUX TpadikiB HaBaHTakeHHs Ta iH(popmarlii ACKOE. Otpumani pe3y/ibTaTa
TaKOXX JAIOTh MiZICTaBU JJIsl IOCTAHOBKH 33/1a4l ONTHMI3allil CTPYKTYpH iH(OpMaIiifHOI cucTeMI
Ha Oa3i Smart Metering, 30KkpeMa MiHIMi3aMii KUTHKOCTI BHMIPIOBAJIBHHX IPHCTPOIB 3
3a0e3MeyeHHsIM 3a/1aH01 TOUHICTIO BIITBOPEeHHsI HapaMeTpiB pexxumy PEM.

Indopmaniiina cucrema po3moaiIbHOT eJIEKTPHYIHOT Mepeski Ha 6a3i KoHmenii Smart
Metering

HasBHicTh 1ocToBipHOT iH(pOpMarrii mpo pexxumu PEM cTBoproe mepeyMoBH IS i BH-
HIeHHS €()eKTUBHOCTI pO3pOOJICHHS €JIeKTPOOIIAJHUX 3aX0/(iB B YMOBaxX HEJIOCKOHAJIOCTI BH-
XigHO1 iH(popMaIllii Ta aJpecHOro eHeprornocTadyaHHs CIIOKHUBAYIB 3aBJISKH BIOCKOHAJICHHIO
MaTeMaTHYHUX MOJIEJIeH Ta 3aCTOCYBAHHIO TEXHOJIOTiH KOMITTOTEPHUX €KCIIEPTHUX CHCTEM.

OTpumani pe3yJbTaTH MiATBEP/UKYIOTh BAXKJIMBICTH BPaxyBaHHS B3a€EMO3B’SI3KIB MiX
nmapamerpamu pexumy EM Ta xapaktepuctukamu HaBaHTaxeHHs. [loxmOka, sika BHHHUKae
BHACJIIJIOK MiHIMi3amii BiIXUJICHb NICEBJIOBUMIpIB Ta pealbHUX BUMIPIB NMapaMeTpPiB PEKUMY
PEM, po3moinsieTbest 3TiTHO 3 BArOBUMH Koe(illieHTaMH — 3aJaHAX CePeTHbOKBAIPATHIHIX
BiJIXWJICHb TTapaMeTpiB.

AHaTI3yI0uH pe3yJIbTaTH eKCIIEPUMEHTIB MOYKHA OTPHMATH BUCHOBOK ITPO JIOMUIBHICT 3a-
CTOCYBaHHS B JOCTI)KyBaHOMY ()parMeHTi eJIeKTPUYHOI Mepexi JIuIe 3-X BUMIiPIOBATBHUX
npucTpoiB Smart Metering, 1Mo JacTh 3MOTY CYTTEBO 3MEHIIATH BUTPATHA HA BIPOBAKEHHS
iHpopMariitHoi cuctemu (puc. 5).

NcC 110/10 kB "3axigHa" ®-165 MC 110/10 kB "3axigHa" ®-165
LLP - 10kB P - 10xB
MB - 10kB MB - 10kB
P - 10xB nP - 10xB

456
400+250

456
400+250

2*AALLB-3*120

Puc. 5. Bubip micys ecmanogients sumiposaivhux npucmpois Smart Metering
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PesynpraTi po3paxyHKy BiTHOCHHX IOXHOOK MOJEITIOBAHHS JUHAMIKH EJIEKTPOCIIOKH-
BaHHS BKa3yIOTh Ha Te, IO BiJICYTHICTh BUMIPIOBaHb Y JBOX HAWOLIBIN BaXKJIMBHUX 3 MOTIISIY
iH(OpPMATUBHOCTI By3JlaX MPU3BEIYTh JI0 3POCTAHHS BIIHOCHOT TOXUOKH OI[IHIOBAHHS PEKUMY
10 5 %. Otmxe, 3a1aBIy HEOOXIIHY TOYHICTH MOJICITIOBAHHS, MOYKHA OTPUMATH BiJIIOBIIHY
CTPYKTYpY iH(popManiiinoi cucremu PEM 3 MiHiMalbHUME BUTpaTaMu, a TAKOK MOCIITI0BHICT
BIIPOBA/KEHHS 3aco0iB iH(OpMaIiifHOT cHcTeMHu. 3acToCcyBaHHS Takoi iH(OPMAIIHHOT CHC-
TEMH JJacTh 3MOTY BU3HadaTH cTpykTypy TBE B MiciieBuX (JIOKaIbHUX) NEKTPUYHIX MEpeKax
Hamnpyroro 0,38-110 kB eHepronocradalbHUX KOMIaHI# i3 KiJTbKICHAM OI[iIHIOBAaHHSM TEXHIU-
HUX PO3PaxyHKOBUX BTpAT €JIEKTPOCHEPril B €IeMEHTaX MEpeXk, BUTPAT eleKTpoeHeprii Ha
BJIaCHI MOTpeOH MiJCTAHIIIM Ta HETEXHIYHUX BTPAT i3 HEOOX1THOIO TOYHICTIO.

[IpononoBana indopMmariiiina cuctemMa po3NOIIEHOI eeKTPUYHOT Mepexi Ha 0a3i KOHIle-
i Smart Metering Mae BUTIISAN, TIOKa3aHUi Ha puc. 6. [HpopMmartiiiHi 3B’ I3KH BUMiPIOBATTBHIX
MPUCTPOIB 3 6a3010 TAaHUX ONIEPATUBHO-1H(POPMAIIHHOTO KOMILIEKCY JAIOTh 3MOTY Ha piBHI /-
CIIETYEPCHKOTO KepYBaHHS BPaXOBYBATH eKCILTyaTalliiHi ocoOauBocTi criokuBadiB EE ta jo-
KaJIbHOI €JIEKTPUYHOI CUCTEMHU.

MC 110/10 kB "3axigHa" ®-165

;

P - 10xB
MB - 10kB
NP - 10kB

MepexeBum
KoMyTaTop

GSM moaem

GPRS
1900 MMy

400+250

*AALLIB-3*120

Puc. 6. IIpononosana ingpopmayitina cucmema po3nooiibHoi eleKmpudHoi mepelci
Ha ba3zi konyenyii Smart Metering

BucHoBKH BiINOBiAHO 10 cTATTI.

1. HocipkenHss  MoxuBocTi  BukopucTanHs jganux ACKOE mmg  mijgBuIneHHS
cnioctepexkHocTi PEM noka3zanu HeoOXiIHICTh epeTBOPEHHS arperoBaHoi B yaci iHpopmarii
PO CIOXKUBAHHS €JIEKTpoeHeprii 10 (yHKIioHATIBEHOT Gopmu rpadika HaBaHTaxeHHS. J1Jis
PO3B’sI3aHHS 1i€l 3ajadl 3alpOIIOHOBAHO BUKOPHCTAHHS TUIMOBUX TpadikiB HaBaHTaKEHH
BIJIHOBIHO 10 BUAIB EKOHOMIYHOI TisJIGHOCTI CIIOKHUBAYiB.

2. 3amponOHOBAaHO METOJI PO3rOPTaHHS arperoBaHoi iHGopMmarii Mmpo CHOKXUBaHHS
elekTpoeHeprii y ¢opmy rpadika HaBaHTaKeHHS. MeTOJl TPYHTYEThCS Ha (GopMyBaHHI
NICEBJIOBUMHPIB  OCEPEAHEHUX TMOTYXKHOCTeH 13 BHUKOPUCTAHHSM TUIOBHX TIpadikiB
elekTpocnoxuBauHs. [loganpma MiHiMI3aIlis BiIXMIICHb MiX IICEBJIOBUMIpaMH Ta PeaTbHUMHU
BUMipamMH MOTYXHOCTEH y iHImHX By3:1ax PEM BHKOHY€ETHCSI METOIOM 3BaKCHUX HAMEHIIINX
KBQJIpaTiB Ta CIHpHSE€ HAOJIMIKCHHIO IICEBJOBUMIPIB JO (aKTHYHMX 3HAYCHH IapaMeTpiB
enexTpocnoxuanHs. [loka3aHo, 1O po3poOJeHUit MeToJ] MOKHA BUKOPHCTATH JUIS
BiJIHOBJICHHS BTpadeHoi iH(opMarlii, BiJOpakOBYBaHHS BHMIpIOBaHb Ta CHHXPOHi3aIlil
arperoBaHUX MMOKa3iB JIUMIbHUKIB €JIEKTPOEHEeprii.
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3. IlepeBipky ameKBaTHOCTI pPO3POOJIEHOTO METOAY BHUKOHAHO IIISXOM 3iCTaBIICHHS
pe3yIbTaTiB KOMIT IOTEPHOTO MOJIEIIOBAaHHS Ta HATYPHOTO E€KCIEepUMEHTy s (pparmMeHTa
peanbHoi PEM. 3a pe3yibTaTamu MOJENIOBaHHS BCTAHOBIIEHO, IO 3actocyBaHHs TI'H Ta
METOJIIB OIlIHIOBAHHS CTaHy Ja€ 3MOTY BiJTHOBIIIOBAaTH peajbHUil TpadiK CIOKHBAHHS 3
iMOBIpHICTIO He HIK4Ye 95 % 3a BiJICYTHOCTI BHMIpIOBaHb BIAIYCKY €NEKTPOCHEpPTii s
HaNOUIBII HAaBAHTAXKEHO] MiICTAHII].

4. Ha mpuxuiazi ¢pparMenTa eJeKTpoMepeski oKa3aHo MOKIIMBICTh ONTUMI3aLlii CTPYKTYpU
BHMIPIOBAJTGHOT ImiicucTeMH iH(popMariiiiHoi cuctemu PEM i3 3acTocyBaHHSIM TEXHOJIOTIT
Smart Metering. Oxnak BmiMB ocHameHocTi EM 3acobamu 00miKy eneKkTpoeHeprii Ha
aJCKBATHICTh OIIHIOBAHHS PEKAMHUX TapaMeTpiB Ta BTPAT eJCKTPOeHeprii moTpedye
MOJATTBINUX JOCIIIKCHB.
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Yurii Tomashevskyi, Oleksander Burykin, Volodymyr Kulyk,
Juliya Malogulko, Viadyslav Hrynyk

DISTRIBUTION ELECTRICAL NETWORK INFORMATION SYSTEM BASED
ON THE SMART METERING CONCEPT USING STANDARD LOAD SCHEDULES

Relevance of the research topic. The use of information systems and databases is becoming an integral part of energy
companies. Information on electricity production and consumption is stored in aggregate form. This doesn 't allow to determine
the components of the balance costs of electricity by element-by-element calculations and analyze their structure. Thus, the
improvement of mathematical and software information systems for electricity metering in order to increase the adequacy of
the determination of electricity losses in distribution networks is an urgent task.

Formulation of the problem. Equipping distribution networks with means of control of their parameters is often
insufficient to solve the problems of planning and maintenance of modes. Therefore, the aim of the study is to analyze the
possibility of applying a systems approach to the creation of EDN information systems using data from automated commercial
electricity metering systems and other available sources of information to improve the accuracy of modeling network modes
and electricity balance components.

Analysis of recent research and publications. Today, several approaches are used to check and recover data on electrical
loads in ASKOE and Smart Metering systems: 1) Big data technology - data management, 2) global calculation based on non-
lost data; 3) statistical methods; 4) artificial neural networks; 5) cluster analysis; 6) application of assessment methods, 7) the
use of standard schedules of electrical loads. These approaches can be combined to gain additional benefits.

Selection of previously unexplored parts of the general problem. A prerequisite for the use of existing approaches is the
availability of don’t lost data. This makes it fundamentally impossible to use known approaches to study the parameters of the
EDN mode with acceptable accuracy.

Setting objectives. Thus, the main task is to study the possibility of using a systems approach to building EDN information
systems using Smart Metering technology, as well as methods and algorithms that, using available information aggregated
over time, will determine the parameters of EDN mode with the required accuracy.

Presenting main material. To deploy aggregate data in load and generation graphs, it is proposed to use standard graphs of
energy exchange of consumers and local energy sources. To reconcile the parameters of the measured mode and pseudo-dimensions,
calculated according to typical graphs, it is proposed to use an algorithm based on the method of least squares. Accuracy assessment
was performed by comparing power losses for the fully observed network with the results of model calculations.

Conclusions in accordance with the article. It is established that the use of standard load and generation schedules makes it
possible to restore the energy exchange schedules of consumers and local energy sources with acceptable accuracy. The use of
standard load and generation schedules (pseudo-measurements) allows to reduce the cost of distribution network monitoring systems.

Keywords: electrical distribution network; electricity balance; electricity losses; restore mode settings; typical load
schedule; condition assessment.
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