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SMART GRID CUCTEMM TA TEXHOJIOI'TI
SMART GRID SYSTEM AND TECHNOLOGY
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BUKOPUCTAHHS TEXHOJIOI'TI SMART GRID JIJISI
NIABUINEHHA E@EKTUBHOCTI EJIEKTPOIIOCTAYAHHA
CIHO’KUBAYIB

B cmammi pozensioaemocsa numanns suxopucmanus mexuonoziti Smart Grid 015 niosuweHHs HadiuHo-cmi
eNeKMmpoOnoCmauanisa  cnoxcusavis. Poszenawymi  ocnoeni npobnemu, saki icHylomb Ha Oanuil uac 8
enekmpoenepeemuynii  2anysi. JlocniodceHo epekmueHicms 6npPOBAONCEHH ABMOMAMU308AHOT CUC-memu
KOHMPONIO ABAPIIHUX PeXHCUMI6 NOBIMPAHUX JIHIll 3 8PAXYBAHHAM Memeonapamempie ma 3poOaeHUll aHali3
OCHOBHUX MOJICIUGOCMEN Oanoi cucmemu. 3anponoHo8aHo Mooenb RPOSHO3VEAHMS 0JHCeNeOHO-NAMOPO3€8UX
BIOKIAOEHb HA NOBIMPAHUX JIHIAX.

Knrwouoei cnosa: iHTENEKTyanbHI MEpeXi, THYYKi CHCTEMH NTEPEAaBaHHs €JIEKTPOCHEPTii, aBTOMaTH30BaHA
cUCcTeMa, HEHPOHHA MEpEKa.

Bucoxka BapTicTh OpraHiyHUX BHIIB NMAIMBA, OOMEXKEHICTh X PECypCiB Ta MOCTIHHE 3pOCTaHHS MIOMUTY Ha
EJIEKTPUYHY €HEprilo (3a IPOrHo3aMu Ha 2,2% MIOpiYHO) CHOHYKAE A0 MOLIYKY BUPIIICHHS MUTaHb €()EeKTHBHOTO
€HEepProBUKOPHCTAaHHS Ta eHepro3ade3neueHHs 1 PO3BUTKY albTePHATHBHUX JUKEped eyekTpoeHeprii. Ha cboromui
EHEeprisl € OJHUM 13 MepIoYeproBux (akTopiB ICHYBaHHs CYCHIIBCTBA, 1[0 B CBOIO YEPry IOTPEOYE PO3BUTKY
«EHEPreTHYHOT0 MUCIICHHS» Y CBITi, B TOMY 4HCIIi i B YKpaiHi.

OCHOBHUMH TpOOJIEMaMH €JIEKTPOCHEPreTHYHOI Tamy3i YKpaiHM € 3HayHa 3HOUICHICTH 00Ja/-HaHHSI
EJIEKTPOMEPEKEBOTO KOMIUIEKCY, a TAKOXK BiJOMYa pO3’€IHAHICTD B Ll cdepi. [linBUIIEHHS HAMIHHOCTI CHCTEM
€JICKTPOIIOCTAYAHHSI HEMOXJIMBe 0e3 pedOopMyBaHHS €JIEKTPOCHEPTeTHKH Ta BIIPO-BAJUKEHHS CYYacHHX
TexHouyorii. OnmHIEI0 3 TaKUX TEXHOJOTIH € TexHoiorii koHmemmii Smart Grid, mo mo3BoisE SPEKTHBHO
BUKOPUCTOBYBATH Pi3HI JDKepelia TeHepallii, B TOMy YHCIII €HEprif0 COHIS Ta BITPY, 3MEHIIUTH BTPATH NpHU
nepenayi eJIeKTpUYHOT eHeprii, 3poOuTH Mepexi rHyukumH [3].

MopepHizalliss 1 pO3BUTOK €JIEKTPOSHEPreTHYHOi rany3i YKpaiHM TOB’s3aHi 3 BHPILICHHSM IHTaHb
KEpYBaHHS peKUMaMH POOOTH B €HEProCHCTEMi, CTBOPEHHIO Oibll e()eKTUBHUX 3aCO0IB TPaHC-IIOPTYBaHHS i
PO3MOAICHHS €IeKTPOSHEPTii, M0 MoTpedye 3aCTOCYBaHHS HOBHX TEXHOJIOTiH. HaiOinbll MepCHeKTUBHAM Ha
CHOTOJIHIIIHINM ZIeHb € peaizallisi MPOeKTiB THyYKUX CHCTEM IepeNaBaHHs €JIeKTPOCHEprii 3MiHHOTO CTpyMY
(FACTS - Flexible Alternating Current Transmission Systems) i ctBopennst miathopmu Smart Grid [2]. 3rizHo
[2] Tepmin Smart Grid Bu3HaUYa€e eNeKTpHYHI MepeXi K IHTEIEKTyallbHi eeKTPOMEPEkKi SKi BUKOPUCTOBYIOTH
MIBUAKO3POCTAIOUNI KOMIIIEKC CyJacHHX TEXHOJIOTiH, TEXHOJIOTIYHMX TIPOIECiB, YIalITyBaHb Ta JOJATKIB, 32
JIOTIOMOT010 SIKHX CTBOPIOIOTHCS €JIEKTPOHHI KOMYHIKaIlil HOBOTO MOKOJIIHHSI.

[ ckopoyeHHs BHUTpaT eHeprii Ta 30epeXeHHs [OBKULIS BXKE peali30BaHUI psiJi TPOEKTIB 3
BIPOBA/KCHHS IHTENIEKTYallbHUX MEpPEeX y Pi3HMX KpaiHax cBity. B konmenuii Smart Grid 3Hauna yBara
NPUAUIIETECS THUTaHHIO Oe3NpoBifHOrO OOMiHY iH(pOpMAIli€lo, IO J03BOJSE IPOTHO3YBaTH TI€HEpalio
eJIeKTpOeHepTii, BU3HAUATH ii JOCTYIHICTD, €(pEeKTHBHO BUKOPHCTOBYBATH Ta KEPYBATH i1 CIIOKUBAHHSM.

KonnenrtyansHi BH3HAYSHHS 1HTENIEKTYaJbHOI MepeXi BKa3ylOTh Ha BAXIIUBY POJb ii B MOJANBIIOMY
TEXHOJIOTIYHOMY, €KOHOMIYHOMY Ta €KOJOTiYHOMY PO3BUTKY CyCHiIbCTBa. KpiM BHpimIeHHS 3amad 3HIDKCHHS
HABaHTAXKCHHS HA HABKOJIUILHE CEPEIOBHIIE, 3MEHILICHHS! €HEPreTUYHOr0 e(iluTy 32 paXyHOK BUKOPUCTAHHS
TIOHOBITIOBAHUX JIXKEPEJ €HePTii, M ABUIIEHHS IKOCTi Ta HaAiHHOCTI pOOOTH €HEPTrOCHCTEMH B KOHIICTIIIT e € IIIe
OJIVH AyXe BaXIUBUH actiekT: Smart Grid € kaTanrizaTopoM eKOHOMIYHOTO TiTiHoMYy.

OnHUM 13 OCHOBHHX IIOKa3HHKIB, SKHH HEOOXiIHHMH Ui MoOjepHi3aumii i MOJanbIIoro pO3BUTKY
€HEeprocucTeM 3 METOIO MiJIBUICHHS e()eKTUBHOCTI YIPABIIHHS peKUMaMH iX poOoTH Ha 6a3i miaThopMu

Smart Grid € KOHTPOJIb TOTOYHUX HAPaMETPiB MOTOYHOTO cTany noBiTpssHuUX JiHil (ITJ]) 3 ypa-xyBanHIM
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MeTeomaHnX [6]. BukopucTaHHA MeTEOmaHMX [O3BOJSIE TPOBOIAWTH MOHITOPHHT MapaMeTpiB
HaBKOJIMITHBOTO CepefoBUINa B paioHi posMimieHHs 1] i, BiImOBiqHO, KOHTPOIOBATH iX IMOTOYHUI CTaH, IO
JO3BOJIUTH IIONTHMI3yBaTW BHKOPUCTAHHS iX peaJbHOI NPOIYCKHOI 3MaTHOCTi, KOHTPOJIOBAaTH piBEHb
TEXHOJIOTIYHUX BTpPaT, BUKOHYBATH OLIIHKY TPAHUYHHUX 3HaYCHb JJOBIOCTPOKOBUX 1 KOPOTKO-CTPOKOBHX CTPYMIB
HaBaHTAXXCHHSI, PETyJIIOBATH MEPETOKH MOTYKHOCTI Ha MOBITPSHUX JIHIAX, a Ta-KOX JaBaTH OLIHKY MOTOJAHUM
YMOBaM Y BIANOBIZHUX palioHax Juisi aBapiiHUX Opuras.

Tomy MoHiTOpUHT aBapiitaux mapametpiB [1J] i MeTeoymMoB y Miclsix 1X ekcruryararii, 30ip 1 30epiranss
CTaTHCTHYHMX JIAHHUX, TPOTHO3HA OLIIHKA TeXHi4HOro cTany [1J] € akTyalbHUMU 3aBAaHHIMHU Ha Cy4acHOMY €Talli.

OmnepaTHBHUH CIieIiali30BaHUN TEXHIYHIH 1 METEOPOIOTIYHIIA MOHITOPHHT MOYJINBO 3IIHCHATH OUITXOM
BIIPOBA/KCHHS aBTOMAaTH30BaHOI CHCTEMH KOHTPOJIIO aBapiifHIX PEXMMIB MOBITPSHUX JiHIN 1 METeomapaMeTpiB
y 3aJlaHUX TOYKAX EJEKTPUYHHX Mepex, fka po3poOiieHa kadenporo EnekrpornocradyaHHS Ta SHEPreTHYHOTO
meHemkMenTy XHTYCI im. [lerpa Bacmnenka i TOB «HET» i BmpoBamkena B enexTpudHi mepexi AK
«XapkiBoOIEHEPTOY.

MOXIIBOCTI CHCTEMH:

- CHTHaJTi3alist po aBapiiiHuil cTaH JIiHii;

- BU3HAUYCHHSI OC3KOHTAKTHUM CIIOCOOOM B PEaIbHOMY PEXKUMI 4acy aBapiiiHuX cTaHiB (MiK(a3He KOPOTKE
3aMHUKaHHS 1 BIICYTHICTh HAlIPyTH) B TOYKAaX YCTAHOBKHM JATYMKIB Ha JIiHii;

- BU3HAUCHHS NEPEBHUILICHHS 3a/IaHUX KPUTUYHUX 3HAU€Hb METEOPOJIOTIYHUX NapaMeTpiB (Temreparypa i
BIZIHOCHA BOJIOTICTh) B TOYKaX YCTaHOBKHU JATYHKIB Ha JIiHIi;

- 30ip 1 30epiranHs B 0a3i qanux iHdopMariii npo cran aiastHok [10 Hanpyroro 6-10 kB.

ABTOMaTH30BaHa cUCTeMa MOOYJOBaHA 32 i€papXiyHUM IMPUHIHIIOM i Ma€ MIKPOKOHTPOJICP HHKHBEOTO
piBHA (aBTOMaTH30BaHi O010KU BuHOCHI (BB)), 1m0 BcTaHOBNEHI HAa 00'€KTaX ENEKTPUIHAX Mepex (Omopax JiHii
enekTponepenadi i T.11.), 610ku qucrierdepcerbki (B/I), mpr3sHadeHi A1 BCTAHOBIICHHS HA AUCTIETYSPCHKAX ITYHKTaX
(TIICTaHIIAX) CHEPTOCUCTEMH.

Mix mpuctposimu HikHBOTO piBHS BB 1 B/ 3a0e3neuennii 6e31poTOBHI CTUTFHIKOBHUH 3B'SI30K AJIS 300py
MepBUHHOI TEXHIYHOT i MeTeopoJIoTivHOT iHpopMarlii.

3i6pana indopmaris 30epiractecs Ha nepconansHomMy komm'torepi (I1K), no sikoro miakmrouennii 6ok b1
[Mporpamue 3a6e3nedenns [1K HuwxHBbOTO piBHS (hopMye Oa3y nqaHuX 3i10paHoi iHpOpMallii, ska BUKOPUCTOBYETHCS
JUISL OTIEPATHBHOTO KepyBaHHsI TUISTHKOIO €JIEKTPUYHOI MEPEXi 1 € CIIOIYYHOIO JIAHKOIO 3 1HIIMMH i€papXiqHUMH
PIBHSIMH CHUCTEMH KEpyBaHHS €HEPreTUYHOTO 00'€KTa.

Komnmerniriss moOymoBr aBTOMATH30BAaHOI CHCTEMH 0a3yeThCcs Ha BHUKOPUCTAHHI CTUTBHHUKOBOTO 3B'SI3KY
crarnapty GSM s nepexadi iHpopMariii Mi>k IPUCTPOSIMU HIDKHBOTO PIBHS ¥ JUCIIETYCPCHKUMH CTAHIISIMHU
eHeprocucreMu. [Ipy IbOMy aBTOMaTHYHO 3a0e3MeUy€eThCsl HACKPI3HA apecallis BCIX BY3JIiB MEPEXi 32 paxyHOK
NPHCBOEHHS A0OHEHTCHKUX HOMEPIB CTIIBHUKOBOMY 3B'I3Ky. Lle mae MOXIMBICTH HOCTYIy A0 HEPBHHHOI
iHpopMamii Ha OyIb-IKOMY piBHI i€papxii CHCTEMH KEpYBaHHS, a TaKOX MOXIIUBICTH JyOJTIOBaHHS KaHATIB
npUiAMaHHS 1HPOpMAIIii.

Jus TexnigyHOTO 3abe3mnedeHHs mepemadi iHpopMaiii BUKOPUCTOBYIOTECS GSM-MOIeMH CTITBHUKOBOTO
3B'I3KYy, 0 BOynoBaHi B 6soku BB i1 6noku BJI. BpaxoBytoun, mo GSM-MoznemMH, MatOTh OUIbIY YYTIHBICTH
npuiioMy, HiXk MOOLJIBHI Tene(OHH, 1 BAHOCHY aHTEHY, TO AJIbHICTB 3B’ 3Ky B Oy/ie OLbLIOI0.

s koHTpoOJI0 okeneAHol curyarii Ha [1JI 10 maHOi CHUCTEMHM BMUKAIOTHCS JaTYMKH MAacH MPOBOIY Ta
MIBUAKOCTI BITPY, L0 3a0e3edye OnepaTHBHUI MepCOHAIl eIeKTPOIIocTavaubHOI opranizauii iHopmariero mpo
yTBOpeHHs oxeneni Ha ITJ1.

Oco6snBoi yBaru noTpedye pearizaiist GyHKIT CHCTEMHU KOHTPOJIFO YTBOPEHHS OXKEJe/l, SKa MOJISrae y
KOPOTKOCTPOKOBOMY Ta JOBFOCTPOKOBOMY IIPOTHO31 0keNieJHO-aMopo3eBux Binknanens Ha I [5]. [onoBHuM
napaMeTpoM, KU MiAJIArae NPOrHO3YBaHHIO, € Bara NPOBOJY, BKPUTOIO OXKENESIIO.

Us ¢ynkmis moxe Oyt peanizoBaHa Ha OCHOBI HEWPOMEpPEKEBOTO MOJICIIOBAHHS, sIKE 0a3yeThcs Ha
YHCIIOBOMY aHaJli31 eKCIIEPUMEHTAIBHIX JaHUX, 110 ONMCYIOTh peajbHi nepioau 3neaeHinns [1J1 1 cynyTHi nbomy
MOro/iHi Ta iHIII yMOBHM. BumesrajgaHuii mifxiJ Mae BHCOKY T'HYYKICTb, 3[JaTHICTh OOpOOISATH HEUiTKY
HEeIOCTOBIpHY iHQOpMamifo, aganTyBaTHCS JO MIHIMBHX YMOB (YHKI[IOHYBaHHA, 3IaTHICTIO [0
CaMOBJJOCKOHAJICHHSA. Bci i BIACTHBOCTI € KOPHCHHMH IIPH IOOYAOBI CHCTEM HPOTHO3YBAaHHS OXEJIETHOTO
HABaHTAXKEHHSI, TaK K TYT JOBOJHUTHCS MaTH CIIPaBy 3 Pi3HOTO POJY HEBH3HAUEHICTIO, HECTAI[IOHAPHICTIO Ta
IHITAMH CKJIATHOII[AMHU.

OCHOBOIO /i1l MOJICTFOBAHHSI € JJaHI aBTOMAaTHU30BAHOI CHCTEMHU KOHTPOJIIO aBapiifHUX PEKUMIB
MIOBITPSIHUX JTIHIN 1 METeonapamMeTpiB y 3aJJaHUX TOYKaX ENIEKTPUIHUX MEPEXK.

3a/jaua TPOTHO3YBAaHHS IOJIATA€ B CTBOPEHHI HA OCHOBI apXiBHHX JIAHWX CIIOCTEPEKEHb
MaTeMaTHYHOI MOJIENI BUTJIS LY

M(k+h)=F(M(K), ..., M(k-d), Mmax(K), ..., Mmax (k-d), T(Kk), ..., T(k-d), H(k), ..., H(k-d)), (1)
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ne k — HoMep TToTOYHOT TOMHM;

h — iHTepBaN MPOTHO3YBaHHSI, IPUHHATHI PIBHAM 2 TOANHAM;

d — TTopsMOK MOIEi, IO BiAMOBiTaE TIMOWHI BAKOPUCTAHHS apXiBHUX JaHHUX;

M(K), Mmax(K) — BizmoBigHO cepeiHst Ta MaKCMMaJIbHa Bara MpOBOY [UIs TOMUHU K;

T(k), H(k) — BimmoBigHO TemmepaTypa Ta BiHOCHA BOJIOTiCTh MOBITps, SKi BIUIMBAIOTh Ha TMPOILEC
YTBOPEHHS OXKelNe i, st roauHu K;

F(e) — mepeTBOpeHHs, sIKe MOBUHHO OYyTH 3HaWJICHE.

Hana 3amaua Moke OyTH BHpillleHAa 3 BHUKOPHUCTAHHSIM HEHPOHHOI Mepeki Ha OCHOBI TiOpHIHUX
HeHpoToNiOHUX eneMeHTiB, puc. 1 [7].

Pucynox 1 — HeitipoHHOT Mepexxi Ha OCHOBI TiOpHIHUX
HEHpOMOAIOHIX CICMEHTIB

BXifHMMHU CHTHANIaMH MEpPEeXi € MOTOYHI 3HAYEHHS MpOrHo3oBaHoi 3MiHHOT M(K) Ta iHINIMX Benu4uH
Mmax(K), T(K), H(K), sixi KOHTpOJIIOIOTBCSI JATYMKAMHU Ta MEPEAAIOTHCS KAHATIOM 3B’SI3KY HA JUCIETYCPCHKUIN
nyHKT. [lomaBatm Ha BXiJ TONepenHI BHMIPIOBaHHS HEMAae HEOOXITHOCTI, OCKUTBKH BOHH (OPMYIOTHCS
aBTOMATHYHO BcepenuHi riopuaaux Heifpormoniouux enxementieB HNU. CtpykTypa riOpuaHOT0 HEHpOIo1iOHOTO
eJIeMEeHTa HaBeJleHa Ha pucC. 2.

Xl._ Sl fl(X1)
f
XZ._ Sz 2 (XZ) 4
>y
X Sn fn (Xn)

Pucynox 2 — Ctpykrypa riOpuIHOro HelponoaioHOTo eeMeHTa

Bxigni curHanu X (I =1..., n) [EPETBOPIOIOTHCS 3 JIONIOMOTOK CHHAIICIB PI3HHUX THIIB S, B CHIHAIN

n
f, (Xi) , SIKI TOTIM OO0 ’€JHYIOTBCS B CHTHal BHYTPIIIHBOI akTuBamii U= Z f, (Xi ) . Buximauwit curnan
i-1
HeWpono1iOHOro eneMeHTa OPMYETHCS 3 IOTIOMOTOI0 HENiHIIHOT aKTHBYIOUOT (QYHKIIIT

y:w(u):yf@ fi(xi)j, 1)
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Jie B SIKOCTI I/ (U) BUKOPHCTOBYETHCSI CHTMOBH/IHA (QYHKIIis 200 TinepOoiyHuil TaHTeHC.

BucnoBku. Opragizamisi MOHITOpHUHTY TTapaMeTpiB moToyHoro crany I1JI 3 ypaxyBaHHSIM MeETEOmaHUX B
PEXUMI peaTbHOTO Yacy J03BOJUTH HiABHIINTH ¢(EeKTHBHICTh aBTOMATH3AIli] 1 YIIPaBIiHHI PeXUMaMH poOOTH
eHeprocucteM Ha 6a3i mmarpopmu Smart Grid.

3acTocyBaHHS aBTOMAaTH30BAaHOI CHCTEMH KOHTPOIIIO aBapifHUX peXHWMIB TOBITPSIHAX JIHIA 1
MeTeomapaMeTpiB y 3aJaHUX TOYKAX EJNIEKTPUIHHX MEPEX i3 peaiizaliero (yHKIIi MPOTHO3yBaHHS yTBOPEHHS
O’KeIIeHO-TIAMOPO3EBHX BiKIIAJCHE 3a0e31edye 0O0CIyroBYIOUHN NMEpCOHANT eJIEKTPOMEpek iHPOopMaIliero mpo
CTaH TOBITPSHMX JIHIA €NeKTpONepeaaBaHHs B PEKHMI PEaTbHOTO Yacy, a TaKOX Ja€ MOXKJIMBICTh 3aBYaCHOI
MiATOTOBKY JI0 IPOBEACHHS BiIMOBIIHUX 3aXO0/iB /Ui OOPOTHOU 3 MPOTHO30BAHOIO OXKEJICTIO, III0 B CBOIO YEPry
Mi/BUIIY€ HAAIHHICTh POOOTH ENEKTPHYHUX MEPEX Ta €PEKTHBHICTD CHCTEM €JIEKTPOIIOCTayaHHs CIIOKHMBAYiB
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XapbKOBCKMIi HAIMOHANbHBII TEXHHYECKU YHHBEPCHTET CeJibCKOro xo3siiictea nmenu Ilerpa Bacuienka

HCIOJIb30BAHUE TEXHOJIOI' M SMART GRID /151 IOBBIIIEHUS Y®PEKTUBHOCTH
3JIEKTPOCHABKEHWS TOTPEBUTEJEN

B cmamve paccmampusaemcs éonpoc mexuonoeuu Smart Grid 6 a¢pgpexmusnocmu snexmpocnadice-Hus

nompebumerneii Ha coepemeHHoM smane. Paccmompenvt ocrosnvie npobOnemvl, Komopvle cyujecm-eyom 6

Hacmosiujee 6pemsi 8 dleKmpodHepeemuyeckou ompaciu. Hcecnedosana sggexmuenocms  GHe-OpeHus

A8MOMamMu3UPOBAHHOU CUCHEMbl KOHMPOJIsL ABAPUUHBIX PENCUMO8 8030VUIHBIX TUHULL U Me-Meonapamempos u

COenan aHaIu3 OCHOBHLIX BO3MOJICHOCMeU OaHHOU cucmemol. Ilpednoocena Mmo-Oeib NpPOSHOZUPOBAHUS
20/101€0HO-U3MOPO3EBbIX OMILONCEHU HA 8030YULHBIX TUHUSX.

Knroueevie cnosa. VlHTemnekTyanbHbIe CeTH, THOKHE CHCTEMBI MEpeAadydl 3JICKTPOIHEPTHH, aBTOMATH-

3UpOBaHHAsS CHCTEMa, HEMPOHHAS CETh.
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USING SMART GRID’S TECHNOLOGIES FOR INCREASING EFFICIENCY OF CONSUM-
ERS’ ELECTRIC SUPPLY

The article considers the issue of Smart Grid technology in the efficiency of consumers’ electric supply.

The main problems that currently exist in the energy sector are considered. The effectiveness of the implementation

of an automated monitoring system for emergency modes of overhead lines and meteorological parameters was

studied and made an analysis of the main capabilities of this sys-tem. A model for predicting icyfrost deposition
on power lines is proposed.
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