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EHEPI'ETUYHUNA MEHEJ[)KMEHT: HOBI IIPIOPUTETU
XXI CTOJITTA

Posenanymo posgumok memo0onozii meHeOIcmMeHmy, NOHAMMS eHEPLOMEHEOHCMEHM Y CYUACHUX YMOBAX
mpancopmayii enepeemuyno2o cekmopy 32i0Ho eumoz beszgyaneyesoi exonomiku. Poskpumo nosi sikicui pucu,
HOGI cghepu 3aCmMOCyB8aN sl eHEP2EMUUHO20 MEHEONCMENNTY ma cucmem enepeemuyno2o menedxcmenmy (CEM)
npu 30iliCHenHi eHepeemuuno20 nepexody ma peanizayii konyenyii Smart Grid. Bemanoeneno, wo cyuacnuii
eHepeemUuYHULl MEeHeONCMEeHMm — Ye NPOAKMUBHA, OP2aHi308aAHA MA CUCMEMAMUYHA KOOPOUHAYIs 3aKynie,
nepemeopeHHs, po3nooiny ma GUKOPUCMAHHA eHepeii 0151 3a00601eHHs 8UMO2, bepyul 00 Y8azu eKoJIo2iuni ma
exonomiuni yini. Ha eéiominny 6i0 ¢popmysannss CEM 32iono cepii cmanoapmie ISO 50000, cboeo0ni nabysae
axmyanvrocmi nooyoosa CEM, axa 3abe3neyye cucmemny (KOMNJIEKCHY) OnRMumizayilo napamempis, CmpyKmypu
ma pedxicumie PisHOMAHIMHUX MEXHIYHUX 00 €KMI8 3a CYKYNHICMIO MEeXHIYHUX, eKOHOMIYHUX Md eKOJIO2IYHUX
Kpumepiis.

IHokaszano, wjo CEM — ye Habacamo Oinbuwie, HidC npocme mexHiuHe DilieHHs O MOHIMOPUH2Y
napamempie ma CMAaHy eHepeemuyHux cucmem. 3a60saKu GCeOIMHUM NPOSHO3AM NONUMY HA eHepeilo mda
npono3uyii ysa cucmema 8UBOOUMb YNPAGIiHHA eHepRielo Ha abCONIOMHO HO8UIL PiBeHb, 0036014104lU ONepamopam
00 ’exmy (nionpuemcma, 6y0igens i iHMeNIeKMYaIbHUX MePedc Ma CUCEM) USHAYAMU CINPANESIUHUL HANPAMOK
YNpasninua eHepeicio, 30IUCHI08amu 1020 peanizayilo ma oocsieamu yinel AK enepeoe@exmuenocmi, max i
eHepeemuuHoi 00CMYnHOCI ma exo102iunoi (coyianvnocmi) nputinamuocmi. Oxapaxmepuzogarno cxknadosi CEM
ons Smart Grid, soxkpema: monimopune (paxmuune eupobHuymeo enepeii, haxmuunuil NONUM Ha eHepeilo, CMaH
3apA0y HaKxonuuysaua oas 30epicants enepeii, He8UIHAYeHICMb YiHu), NPOZHO3 (8UPOOHUYMEO eHepeii, honum Ha
eHepaito, MoOiIbHe 30epicants OaHUX, HEGUSHAUEHICHb), KePYB8AHHA AKICIMIO eleKmpoenepeil (MiHimizayis empam,
NOKA3HUKU AKOCMI efleKmpoeHepeii, Hadiunicmy / Komgopmuicmy),; nianyeanus / oucnemuepusayis / eapmicmo
(onepayiini sumpamu, 3smenutenst ukudig 1, maxcumizayis npubymky).

3anpononosano, wo nepcnekmuguum Hanpsamkom € posenad CEM sk cucmemu ingopmayiino-
KOMYHIKAYIUHUX MEeXHONI02IU, AKA HA CUCHEMHOMY PIGHI NOEOHYEMBCS 3 CUNOBUMU eHeP2eMUYHUMU NPOYecamu,
U0 BUKOPUCIIOBYIOMbCSL ONEPATNOPAMU eKMPOCHEPLEMUUHUX CUCTEM MA Mepedic OJisl MOHIMOPUH2Y, KOHMPOJIO
ma onmumizayii npoOYKmueHocmi 8UpoOHUYMEa, nepedayi ma CNOXCUBAHHS eHeP2eMUYHUX PeCcypCi8 Y cucmemax
piznoeo iepapxiunoeo pieua (axk OEC Ykpainu, max pe2ioHanoHux ma JOKAAbHUX CUCEMAX, HA KOHKPEMHUX
eHepeemuyHUx 00’cKmax uu oKpemux eHepeomexHonoziti mowo). Ha ocuosi ananizy nepcnexmuenux cgep
sacmocysanus CEM na o06’ekmax enepeemuyHO020 ceKmMopa U3HAYEHO CYYACHI chepu HAYKOBO-MEXHIUHUX
0ocniddceHb npu nody008i cucmem eHepPeOMEHEONCMEHMY OJisl eHEePeMUUHUX, eleKMPOeHepeemuyHuUx ma
eNeKMPOMEXHIYHUX CUCTeM, KI 00YinbHO 30TlcHIo8amu 8 YKpaini.

KatouoBi cioBa: enepeemuuna mpancghopmayis, meHeOICMeHM, EHEPLOMEHEONCMEHM, CUCHEMU
enepeemuuno20 menedcmennmy, Smart Grid.

Beryn

Ha crporomgni QopmyBaHHs 0e3ByIieneBoi €HEPreTHKH XapaKTepH3YEThCS HACTYMHUMH O3HAKaMH
eHepreTHuHoi Tpancdopmarii [1, 2]:

1) mepexin 70 GUIBII THYYKOi apXiTEKTYPH €HEPTeTHIHUX CHCTEM 3a PaxXyHOK 3POCTaHHS YaCTKU JDKEper
posocepemkenoi renepanii (API'), y Tomy umcni # BimHOBMIOBaHUX mkepen eneprii (BJE), B eneprobamanci,
PO3BUTKY iHTENeKTyallbHUX Mepex [3] 1 cucteM (Smart Grid) y B3a€MO3B'SI3Ky 3 BIOCKOHAJIEHHSIM TEXHOJIOTIN Ta

puHKY cucteMm HakormdeHHA eHeprii (CHE), mosiBM akTHBHUX CHOXMBAYiB (prosumer Ta prosumage);
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2) mepexim MO0 HOBOTO MakeTy TEXHOJIOTii: TeHeparlis enekTpoeHeprii Ha 06a3i BJIE, 3acrocyBaHHS
npuctpoiB cuioBoi enekrponiku, CHE, BogueBoi enepreruku, mudposux rmiatpopm (Cloud-texnonorii) Ta
Benukux nanux (Big Data), Iutepuety peueit (Internet of Things), diHaHCOBHX TEXHOJOTIH 3 PO3IMIHPEHUMH
MOXITUBOCTSIMH, 30KpeMa, OJIOKUEHH;

3) mepexin 10 HOBUX Oi3HecC-MoOJelNiel eIeKTPOCHEPTeTHKH: BiJ| TPaJULiHHOTO JIAHIIOKKa (opMyBaHHS
JI0O/IaHOT BapTOCTI «TeHepallist — TpeaAnHT — nepeaada — 36y 1o mogeni «larepHety eneprii» (Internet of Energy)
Ta HaJaHHS NOCIYT y SMS-CEPEIOBHILI, 8 TAKOX MEPEXi/ 0 PO3BUTKY HOBHX CepBiciB TUIly «Energy as a Servicex»
JUTSL CUCTEM «BUPOOHHUK — CIIOXKHBAY» €HEpTii;

4) TpaHcdopMmallisi CHCTEMH pPETyJIIOBaHHS PHHKY eJIeKTpoeHepreTuku [4], 30KkpeMa, Mepexim Bix
miarpuvku BJIE i KOHKypeHIi Ha pHHKY €eKTPOCHEepTii 0 MpiOpUTETy MiATPUMKH CHOXHBada, TMEepexil I0
«THYYKOTO» PHHKY, IHTETpallil IOKaJbHHUX PillleHb, a TAKOXK BiJI IIOCTaYaHHS €HEPTii 10 CTBOPEHHS EHEPTeTHIHNX
xa0iB.

Hocrynna ta uncra enepris (Affordable and Clean Energy) snauutbes cepen cimuaamsru Llineit cragoro
po3eutky (Sustainable Development Goals) ITporpamu po3sutky OOH.

CyyacHWil PO3BUTOK EHEPreTUYHOI'0 CEKTOPY MOMKEMO OXapaKTepU3yBaTH SIK IOETalHy peati3allilo
xonuenuii 3D (Decarbonization, Decentralization, Digitalization), ckiamosi sikoi nepenbayarots [1, 2, 5]:

Jexapoonizayin (Decarbonization) — BinMOBa BiJl TpamuIlifHUX JHKEpES CHEpPrii (BUKOITHOIO MAajKBa:
HadTH, KaM'sSTHOTO BYT1JLIS,, MPUPOAHOTO rasy, Topdy Ta iH.) Ta nepexin Ha BJIE, HOBI TexHOJNOT1i HAKOTTUYSHHS
eHepril; CTBOpeHHs HOBUX pUHKIB U1 BJIE-renepaltii Ta HOBUX clIOC00iB 30epeKeHHs HaUINILIKY €JIeKTPOSHEePrii;

[Meyenmpanizauin (Decentralization) — napomryBanHsa dactku JIPI' (Bxmouaroun BJIE, mHakommuayBadgi
€Heprii TOIo), AKi YTBOPIOIOTH JIOKAJIBHI KJIacTepd BHPOOHHUITBA / CHOXHMBAHHA Ta MiAKIIOYEHI O 3araibHOL
MEpEe’Ki UM IPamoi0Th aBTOHOMHO, a TAKOX BIPOBA/UKEHHS HOBUX JOIATKIB CIPSIMOBAHUX Ha PO3LIMPEHHS MEX
Ta AWHAMIKH PO3BHTKY €HEPIeTHYHOI CHCTEMH;

Jioscumanizauin (Digitalization) — niepexin o peanizamii koHuernuii Smart Grid enekTpuuHUX MeEpex,
CTBOpPEHHSI Ta BIPOBAPKCHHS HOBHX Oi3HEC-MOJieNield, CepBICIB Ta PUHKIB Ha OCHOBI IIU(POBUX TEXHOJOTIH;
BUKOPHCTAaHHSI HOBUX METOMIB KepyBaHHS, L0 OpPIEHTOBaHI Ha IOKpalleHHs moctadanHs Bin BJIE-renepauii,
3MEHILIEHHS BIUTUBY MEPEKEBUX OOMEKEHb, 3HIKYIOUH HEOOXIAHICTh TOCUIICHHS MEPEKi Ta MOJIETIYI0YH YMOBH
yuacTi Takoi reHepaii Ha pUHKY, TOCHUJICHHS THYYKOCTI €JIEKTPOSHEPTETUYHOT CHCTEMHU.

[Tpu mepexoni Bifi €HEPreTHYHUX CHCTEM, 3aCHOBAaHMX Ha BHKOITHOMY MaJUBi, A0 IHTENEKTyalbHUX 1
CTIHKHMX SHEPTeTHYHUX CHCTEM MOXKEMO BHIUIATH JIBi CTOPOHH Tpoiiecis [6]:

— mudposuii nepexia (Digital Transition) — incrpymenTu Ta pimenns: wryunuit intenekr (Artificial
Intelligence, Al), Benmki jani, IHTepHET peueif, IHTENEKTyalnbHI JaTYMKH, OHJIAWH-TIATHOPMH,
OaraToyHKIIOHATBHI MIPUCTPOI, MAIIMHHE HABYAHHS, HU(PPOBI OIM3HIOKY;

— eHepreruunuii nepexin (Energy Transition) — iHcTpyMeHTH Ta pillieHHS: BITPOBA Ta COHsIYHA €HEPTETHKA,
«3EJICHUI» BOJICHb, TEIUIOBI HACOCH, EHEPro30epeKeHHS, 3aX0A1 3 €Heproe(heKTHBHOCTI.

CKIIa/I0Bi IHTEIEKTYAFHIX Ta CTIHKUX CHEPTETHYHHUX CHCTEM OJIM3bKOTO MalOyTHBOTO:

— peBourowis i3 3actocyBaHHsAM BJIE: THy4Ki eHepreTH4Hi CHCTEMH, JEeLEHTpaTi30BaHe BUPOOHHUIITBO
eJIeKTpOeHeprii, nokpaiieHe kepyBanus BJIE Ta mepexeBoro iHGpacTpyKTyporo.

— eHepro30epexeHHs Ta eeKTUBHICTh: e(heKTHBHE KepyBaHHsI, Kpallli Oy/IiBIli, BIOCKOHAJIEHI IPOMHCIIOBI
MPOLIECH, YUCTIIIUH 1 pO3YMHININI TPaHCIIOPT Ta MOOUIBHICTD, CTale BACOKOE(PEKTUBHE ClIILCbKE TOCHOAAPCTRO.

Lle Bce moeaHyeThcs e(heKTHBHUM KepyBaHHSAM SIK CHIOBHMH, Tak 1 iH(opmauiiiHumu npouecamu. Ha
CHOTO/IHI TEXHOJIOTIYHHUI MPOTPEC Y PO3BUTKY TEXHOJIOTIH TeHepallii, nepetadi Ta CIIOKUBAHHS €JIEKTPOSHEPTii
OKpeMHUX 00’€KTiB 0OYMOBIIIO€ BH3HAYCHHS SK IEPCIIEKTUBHOTO HAMPAMKY MOOYIOBY 0arato(yHKIIOHATBHUX
CHCTEM KepyBaHHS, SIKi OTPIMaJI Ha3By €HEPreTHYHOT0 MEHE/DKMEHTY.

[IpoBenenunit aHamiz miATBEP/UKYe, MO0 (OPMYBaHHS CYyYaCHHX IHTENEKTYIbHHX EHEPreTHYHHX Ta
€JIEKTPOECHEPTETHYHNX CHCTEM PI3HOMaHITHOTO NMpPU3HA4YECHHS 0a3y€ThCS HAa TAaKOMY Ba)KIIMBOMY EJIEMEHTI 5K
KepyBaHHS — MEHEDKMEHTI, SKHH B CyJacHUX YMOBaxX HaOyBa€e HOBHX PHC, CKIAJIOBUX Ta cep 3acTOCYBaHHA. Y
Hamii KpaiHi Ha CbOTOIHI TaKMK MiAXix peanidyeThes B pamkax «KoHIemmii BIpoBayKeHHS «PO3YMHHUX MEPEx»
B YkpaiHi 10 2035 poky», cxBaieHii posnopspkeHHsM KMV Bin 14 sxoBtHst 2022 p. Ne 908-p.

TenpeHnii po3BUTKYy Teopii €HEProMeHEIP)KMEHTy Ta BIacHe OCOOJMBOCTI  3aCTOCYBaHHS
E€HeprOMEeHEDKMEHTY, 30KpeMa, (opMyBaHHS cHCTeMH eHepretudaHoro wenemkmenty (CEM)  [Energy
Management System (EMS)] B eHepreTHUHMX Ta €JIEKTPOEHEPTETHYHHUX CUCTEMAX PO3IIISIAI0THCS B CTATTI.

1. 3aranbHa XapaKTepHCTHKA MeTOA0JI0Tii MeHeKMEeHTY

Menemxment (anen. Management — ymnpaeiiHHS, CHCTeMa YOPaBIiHHA) — 1€ CYKYITHICTb Cy4YaCHHX
TEXHOJIOT1H, NPUHIMIIIB, METOJIiB, 3aC00iB Ta (JOPM MiSIBHOCTI, CIIPSIMOBAHMX Ha MiJBUILCHHS €(EKTHBHOCTI
poboTH pi3HHX 00'€KTiB, 30KpeMa, MiINPHEMCTB 4YM eJeKTpoeHepreTuyHux cucteM [7-10]. Hagani Gyzemo
BUKOPHCTOBYBATH SIK aHAJIOT TEPMiHY MEHE/DKMEHT J[Ba BU3HAUCHHSI:

— YIPpaBIIiHHA — MEHE/PKMEHT 3araJibHUX cUcTeM (IiINpUEMCTBA, OpraHi3allii, yCTaHOBH i3 3aJIy4eHHSIM
JIIO/IVHN);

8 ISSN 2308-7382 (Online)



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexnonozii, ekonozia. 2024. No 1

— KepyBaHHI — MEHEDKMEHT TEXHIYHHX CHCTEM (€HEPreTHYHHX, EJIEKTPOCHEPTeTHYHHX Ta
CJIEKTPOTEXHIUHHUX ).

MeHeKMEHT TPEeACTaBISETBCS SIK MPOLEC, 3aBEepLIabHOI0 a00 pe3yJIbTaTUBHOIO TOYKOIO SIKOTO €
KOHKPETHHH pe3yJbTaT y BUTJII OTPUMAHOI POAYKIIT Ta TOCATHYTHX pe3YibTaTiB. MEHEIPKMEHT € CHCTEMOIO,
110 CKJIAJA€ThCS 3 OKPEMHUX YACTHH, EJIEMEHTIB, CTPYKTYpa SIKMX CIIPSIMOBaHa HAa 00POOKY pecypciB, sKi BXOASThH
1o 11 ckitafy, Ta ix Tpanchopmalis B KiHIIEBUI pe3yJibTar.

KoHIIemIIi0 MEHEXKMEHTY BapTO KOMIUIEKCHO PO3IJIAAATH SIK TEOPETHUHY MmiathopMy ympaemiHHs [7].
MokeMO BHAUTUTH HACTYIIHI TIiAXOIW JO MEHEKMEHTY: TMpOIeCHUH, (QYHKIIOHAIBHUN, CHCTEMHHIA,
CUTYaLIHHNHN, XOJiCTUIHHMH.

IIpouecHuii miaXia TpakTye yrnpaBIiHHI SIK cepiro Oe3rmocepeiHiX B3aeMoIoB's3anux aii. L{i aii, koxkHa 3
SIKUX cama 10 co0i BXKe € MPOIeCOM, 3HAYHOIO MipOI0 BU3HAYAIOTh YCIIiX AiSUTLHOCTI oprasizarii. Bonu gictamu
Ha3By «ympaBiiHChKI (yHKIii». ITporecHuit migximx O6a3yeTbcs Ha BU3HAYCHHI (DYHKIIH MEHEHKMEHTY, SKi
pPO3TIIAMAIOTECS K B3a€EMONOB'sI3aHI. YTIPaBIiHHSA CHPUAMAETHCA SK TIPOIEC, SK cepis Oe3rnmepepBHUX
B3aeMo3aNieKHUX Mii. Li 1if, KokHa 3 SIKMX TaKOoX € IPOLECOM, Ha3MBAIOTh YIpaBIiHCEKUMH QyHKIisMu. Cyma
BCcix (QyHKLIH i € mpouecoMm ympasiiHHs. Ilpouec ynpaBiniHHS MiCTHTh (YHKIII IUIaHyBaHHS, OpraHi3yBaHHS,
MOTHBaIii, KOHTPOIOBAHHS Ta peryitoBanHs [7, 8].

@Dyukyin nnaanyeanusa nependavae pilleHHS NPO Te, SIKUMHU MaroTh OyTH 1l 00’ekrta (opraniszauii,
MIANPUEMCTBA) 1 O CITijl 3poOuTH, 11100 KocsarTH ix. [lepemyciM Tpeba BiANOBICTH HA TakKi NUTAHHS: CTaH CHPAaB,
OaxkaHi pe3yJIbTaTH, IUISIXH JOCATHEHH 1X. [IaHnyBaHHsI — 11e OAMH 3 CIIOCO0IB, 32 JI0IIOMOTOI0 SIKOTO KEPIBHUIITBO
CHPSIMOBY€E 3YCHIIIS BCIX YJICHIB KOJIEKTHBY HA JIOCATHEHHS HOTO 3arajllbHUX LiIeH.

@ynukyin opeanizyeanns. OpraHizyBaTH — O3HAYA€ CTBOPHUTH JESIKY CTPYKTYPY 3 METOIO JOCSTHEHHS
neBHOT MeTH. CroM BXOJHTH PO3MOILT (PYHKIIH MiXK eleMeHTaMu 00’€kTa (CHCTEMH), JeeryBaHHs 3aBIaHb 1
MOBHOBaKEHb. DYHKIlA OpraHi3yBaHHsA 3a0e3ledye OpraHi3oBaHICTh, TUCIMILIIHY, BIANOBIAIBHICTH 3a
MOKJTaJIeH1 (PyHKITIOHATBLHI 000B’SI3KK Ha PiBHI IMiIMTPUEMCTBA K 00’ €KTA.

@ynxyian momusyeannsn. KepiBHUK Mae 3aBXIM MaM'sTaTH, 10 HaBiTh NMPEKPACHO CKJIAJACHUH IUIaH,
HalJJOCKOHAJIIIIA CTPYKTYpa OpraHi3aiii BTpayaroTh 3MICT, SIKIIIO NPaliBHUKH HE BUKOHYIOTh IOpY4eHYy iM poOoTy
a00 BUKOHYIOTb 11 HEsKiCHO, Oe3iHiniaTuBHO. DyHKIIISI MOTHUBYBaHHS CIPsIMOBaHA Ha 3a0e3NeueHHs] BUKOHAHHS
npaliBHUKaMy TiINPUEMCTBA JeJeroBaHuX iM 000B'3KiB. [yt 1boro Ha 00’ekTi (MIAMPHEMCTBI) MatOTh OyTH
CTBOPEHI YMOBH JIJIsl MaTepiallbHOT Ta MOPAJILHOT 3alliKaBJICHOCTI MPA[iBHUKIB Y BAKOHAHHI POOIT.

@yuKyis KOHMPOIIO6AHHA — TIC TIPOIEC 3a0C3MEeUYCHHS TOCSITHEHHSI 00 €KTOM CBOIX Ifiyicil. IcHye Tpu
ACTIEKTH YIPaBJIIHCHKOTO KOHTPOJIO: BCTAHOBJICHHS CTAaHJAPTIB, 3MIiHU TOTO, 10 Oyn0 (hpaKTHIHO AOCATHYTO 32
BINOBITHUN TIepioJ], MOPIBHAHHSA AOCATHYTOTO 3 OUYIKYBaHUM pe3yJNbTaTOM. Po3risHyTI (YHKIIi yIpaBIiHHS
MaroTh 3arajlbHy XapakTepHCTHKY: BCI BOHM IOTPEOYIOTh NMPUHHATTS pimieHHs. ToMy NPUHHATTS pilleHHS i
KOMYHIKAI[iT HAJIe)KaTh J0 CIOJYyYHHX MPOIECiB yrpasiinas [8].

Dynukyin pezyntoeanna — BUJ yIPaBIiHCHKOI AiSIIBHOCTI, CIIPSIMOBAaHUH Ha YyCYHEHHs BIAXWJIEHB, 3001B,
HEJIOJIIKiB TOMIO B KEPOBaHIi CHCTEMI IIJIIXOM PO3POOIICHHS 1 BIPOBAKCHHS KEPYIOUOK0 CUCTEMOIO BiATIOBITHUX
3axO0/iB.

OcCoO0JIMBICTh PEryJIOBaHHS MOJISITAE B TOMY, 110, Ha BIAMIHY Bijl DYHKIIH NIIaHyBaHHs, OpraHi3yBaHHs Ta
MOTHBYBAHHSI, SIKI YJOCKOHAJIIOIOTBCSI Oe3MocepeiHb0 B KEePYIOUill CHCTeMi opraHizailii, peryitoBaHHs, SIK i
KOHTPOJIFOBAHHSI, BIOCKOHAJIIOETHCS Y KEPYIOUiil Ta KepoBaHiil cucTemax.

Cucremunii minxin. Cuctema po3risgaeThCsl SIK A€sSKa MUTICTh, IO CKJIAAAETHCS 13 B3a€MO3AJICIKHUX
4acTHH (CYKYITHICTh B3a€MOIIOB'3aHUX EJIEMEHTIB), KOXKHA 3 SKHX IEBHOIO MIpOI0 XapaKTepu3ye IiJie Ta Mae
posrisiaTi 00’ €KT (HANpHUKIAM, IMIAIPHEMCTBO) 31 CKIaJHUKAMH, SK JIOJH, CTPYKTYpa, 3aBIaHHS, TEXHOJIOTIs,
IO OpPIEHTOBAHI HA JOCATHEHHS NEBHHX IIiJICH 1 TICHO MEepeIUieTe i 3 30BHIMTHIM CBITOM (KOXKEH 13 SIKMX POOHTH
CBill BHECOK Y XapaKTePUCTHKY IILIOTO 00’ €KTa, € CACTEMAaMH B YIIPaBJIiHHI). BUXiTHIM MOI0KEHHIM CHCTEMHOTO
MiIX0/y € TIOHATTSI METH, HasBHICTb SIKOi — HalBaXJIMBIIIa 03HAKAa BUCOKOTO PiBHS 00’€KTa, SIKMM JlaHa CUCTEMa
Binpi3HA€ThCA 3 iHMMX. CHCTEMHHIA MiIXi — CIIOCi0 MUCIIEHHS IOI0 OpPTaHi3allii Aiid 4M yrpaBIiHH:I, a He HA0ip
NPUHIKITIB JJIs1 YIPABIISFOUUX.

Tumm cucteMm: 3aKpuUTi — MalOTh JKOPCTKI (pikcoBaHi Mexi, ii mii He3ale)xHiI BiJg HABKOJUIIHBOTO
30BHIIIHBOTO CEPENOBUINA; BIIKPUTI — XapaKTePH3YIOTBCS B3a€MOJIEI0 3 HABKOJMIIHIM (30BHIIIHIM)
CepeZOBHUINEM Ta 37aTHI alalTyBaTHCA (TIPUCTOCOBYBATHUCS) 10 HBOTO.

Curyaniiinuii miaxig rpyHTyeTbCs Ha TOMY, IO HPIOPUTETHICTH METOMIB YIPABIiHHS BU3HAYAETHCS
curyarieto. Yepes Te, 10 iCHye HM3Ka BU3HAYAJIBHHUX CKJIQAHHKIB K y caMOMYy 00’ €KTi, TaK 1 y 30BHIITHbOMY
CepeIOBHIL, HE ICHY€ €JMHOTO «KPAILIoro» MeTony ynpasiinHs. ll{ono koHKpeTHOT cuTyanii HalieeKTHBHIIINM
€ TOM, 1110 HaHOLIBIII TOBHO BiNOBIfAE ii CyTI.

®Oynkuionansumii miaxia. [locraBneHa 3a1aua MEHEKMEHTY PO3TIIAIA€THCS K CyKYIHICTh (QYHKIIH, SKi
HeoOXi1/THO BUKOHYBATH JUIS 3aJI0BOJICHHS YIIPaBiIsA0o4oi cucteMH. [1icist BUSHaYeHHsI HEOOXIJHUX YIPaBIiHCEKUX
(yHKIIH po3po0IIsSEThCS IEKIIbKa albTepHATUBHUX BapiaHTIB i 0OMpaeThcs Kpamui 3 Hux. [Ipu BpoBapKkeHHI
(hyHKIIOHATBHOTO MiIXOAY WIYTh BiJl 3BOPOTHHOTO — BiJl HEOOXITHIX PE3yIIbTATIB.

Xoaictuunuii migxig nepexbadae po3yMiHHSA B3a€MOBITHOCHH MiX Cy0'€KTaMHU K CHCTEMH, A€ KOXKEH
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KOMITOHEHT BIUTMBA€E Ha €()EeKTUBHICTh BCHOTO JiaHITiora. CKII1aJ0Bi XOJICTHYHOTO ITiIXO0/Ty: BHIA MPIOPUTETHICTH
IJIOTO HaJl HOTO CKIaJ0BUMH; aKTHBHICTH CTOCOBHO €JIEMEHTA, BUXOSYH 13 3MICTY I[1JIOT0; BCTAHOBJIEHHS 3MICTY
CKJIJIOBOT 32 paxyHOK BHUBUCHHS I 3aB’SI3KiB B Me)Kax IIJIOT0; YTOYHEHHS BIIACTHBOCTEH OJTHOTO i3 €JIEMEHTIB
IIISIXOM BHBYEHHS MPUPOAM YCIX IHIIMX CKJIAJOBHX; 3aCTOCYBAHHS 3aXO[iB, IO BIUIMBAIOTh Ha (i3UuHy Ta
iHpopMailiHy CKJIan0Bi 00 €KTa KepyBaHHS.

Ha cporoani mocrana 3araipHONPHUITHATOI TaK Ha3BaHa Mmipamija MeHeIKMeHTyY (auB. puc. 1) [9, 10]:

— Bepxniii pisens — incTUTYLIHHUIT piBeHb (ynpaBninHs Buuoi sanku (Top Management));

— Cepeodnii pieens — ypaBiiHChKUi piBeHb (ynpasiins cepennnoi danku (Middle Management));

— Huoieniii pigens — Texuiunmii piseHs (yupasiidasa Hu30Boi Tanku (Down Management)).

YrpaBiiHHS BHINOI JIAHKH
(Top Management)

HCTUTYUiliHH i
piBeHb

YrpasJiHHsI cepeHbOI JIAHKH

YnpaBaiHchbKH i .
(Middle Management)

piBeHb

. L. YupagsiiiHHsI HU30BOI JJAHKH
Texniunmii piBeHn (Down Management)

Pucynox 1 — ITipamioa menedscmenmy

IIpu po3rmsani 06'ekTa, K TEXHIYHOI CUCTEMHM, 3HAUIIUINA CBill pO3BUTOK (C(HOPMYBAJIKCH) TaKi HAPSAMKH
MEHEKMEHTE SIK 1HKEeHepHHI, TeXHIUYHMI Ta TexHoaorignuii [10-13].

Inocenepuuin menedscmenm (anen. Engineering Management) — ramy3p MEHEKMEHTY 1 HayKoBa
JUCUMILTIHA, SIKa BUBYAE Ta 3aCTOCOBYE IHXKCHEPHI NMPHHUMIIM B IUIaHYBaHHI 1 ONEPaTUBHOMY YIpAaBIiHHI B
MPOMUCIIOBOCTI Ta Ha BUPOOHHMUTBI. [HXXEHEpHHH MEHEKMEHT IMO€qHye B co0l YIpPaBIiHCBKY, TEXHIYHY,
HAayKOBY, EKOHOMIYHY Ta IIPaBOBY CKJIa/IOBI.

Texuiunuit meneodncmenm — 1 CUCTEMAaTHUHI [ii, SKi 3MIHCHIOIOTBCS JJIS PO3TOPTAHHS CUCTEMHU abo
mporiecy Ta i 30aJaHCYBaHHsS iX BapTOCTi, €(EKTUBHOCTI Ta MOJIMBOCTI MiJTPUMKH MPOTITOM >KUTTEBOTO
LUKIY, METOIO SIKOTO € 301JIbIIEHHS! TEPMiHY €KCIUTyarallii iHKEeHEepHUX MepeX 1 KOHCTPYKTUBHHX €JIEMEHTIB
00'eKTa, MIIBUIYIOYH IX eKCIDTyaTaliliHi SKOCTIi 32 paXyHOK CBOEYACHOTO OOCITYTOBYBaHHS Ta MPOQiTaKTHIHIX
3axO0JIiB, 0, B CBOIO Uepry, 30UIBIIY€E TEPMiH iX eKCIDTyaTallii, a BiIOBITHO i MPHOYTKOBICTh 00'€KTA.

Texnonoziunuii meHedyscmenm — YIPABIIHHA TEXHOJNOTTYHUMH pECypcaMd e€JIEMEHTIB 00 eKTa:
BUSBJICHHS T4 KOMEpLiiHa OLiHKAa TEXHOJIOTTYHUX MOXKJIUBOCTEIl; YIPaBIiHHS JOCIIUKEHHIMU Ta pO3poOKaMHu;
IHTETpallisl TEXHOJOTI] y CIUIBPHY MisSUTbHICTh KOMIIAHIl; CTpaTeriYHe KepyBaHHS IHTEICKTYaIbHOIO BIACHICTIO;
HiITPEMKa KOHKYPEHTOCIIPOMOXKHOCTI, NPOCYBaHHS PHHKY HOBUX MPOJIYKTiB; YNpPAaBIiHHS MOTOYHHMH Ta
paavKaIbHUMH IHHOBALISIMU; YIPABIIHHS XUTTEBUM IMKJIOM HPOJYKTY Ta aCOPTUMEHTOM MPOAYKIIi, y TOMYy
YHCJII YNPaBJIiHHS TpOIecaMM 3aMiHM 3acTapiiuX TEXHOJOrid Ta oOnaaHaHHS; (OPMYBaHHS IHHOBAIHHOT
KyJIbTYypH NIEPCOHAITY; YIPABIiHHS SKICTIO NPOIYKIIIT; YIPABIIHHS IHTEJIIEKTYaIbHOIO BJIACHICTIO TOIIO.

[Ipu pearnizamii 3aB1aHb MeHEKMEHTY peanizyeTtbes nuki Jeminra PDCA (Plan — Do — Check — Act) sik
YOTHPHUETAITHHUH MIAXIA 0 BAOCKOHAICHHS (Oe3epepBHOTO MOJIIMIIICHHS MPOIIECiB) MPOLECiB i 3aBnaus [14, 15]:

Ilpoexkmyesanns: Ghopmaizallisi CTpaTerii, IPOSKTYBaHHs Oi3HEC-TIPOIIECiB, MPOCKTYBAHHS OpTaHi3aIliiftHO1
CTPYKTYDH, iMiTalliliiHe MOIETIOBaHHA Ta (DYHKI[IOHAJIBHO-BApTICHOTO aHaJIi3y, po3poOKa TEXHIYHOTO 3aBJaHHS Ha
BIPOBAJPKEHHS CHCTEMH;

Bnpoeaodiicenna: hopMyBaHHS PEriIaMeHTYIOHO1 JTOKyMEHTalil (aIrOpUTMIB), TOBEAEHHS JOKyMEHTaIil
JI0 CTIiBpOOITHHKIB (€JIEMEHTIB CUCTEMHU);

Konmpons: XOHTPOJIb NOKA3HKKIB, KOHTPOJIIHT Oi3HEC-TIPOIECIB 3 YpaxyBaHHIM JaHHX CHUCTEM;

Amnaniz: ananai3 IOKa3HUKIB, aHAJII3 HEBIAMOBIIHOCTEH Ta HOr0 HACTIAKIB.

Peamizamis mukry PDCA Bumarae mnpuaumaTé 3HayHy yBary oOCOOJIMBOCTSAM BH3HAYEHHS IOHATH
«IPOLENypi» Ta «IPOLECY»:

Ilpouedypa — nis 4u B3aEMOIIOB’sI3aHA TOCTIAOBHICTh JiH JJIT OTpUMaHHS BUTOMU ab00 BUKOHAHHS
3000B'3aHHS.

Ipouyec (nat. Processus — pyx; anrit. Process, nim. Prozess):

— IIOCJIi/IOBHA 3MiHa ITPEAMETIB 1 SIBHIIL, 10 BiZOYBAETHCS 3aKOHOMIPHHUM TTOPSIAKOM;

— CYKYITHICTb PsIIy TIOCIIIIOBHUX Jil, CHPSIMOBaHNX Ha JOCATHEHHS MEBHOTO PE3yJIbTaTy;
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— MOCITiZIOBHA 3MiHA CTaHiB 00'€KTy B 4aci.

Tak, «eupodnuuuii npoyec» (anen. Manufacturing Process) — 1e cuctemaTHyHe Ta IiJIECIPSIMOBaHE
3MIHIOBaHHS B 4aci i MpocTopi KiJIbKICHUX Ta SKICHUX XapaKTEPUCTHK 3ac00iB BUPOOHUIITBA 1 poOOYOi criu, A
OTpHUMaHHS FOTOBOI IPOJYKIIIT 3 BUXiZHOT CHPOBUHH, 3T1IHO i3 33/1aHOI0 ITPOTPAMOI0; « MEXHON0ZIUHUIL NPOYEeCH
— YacTHMHAa BHPOOHHUYOIO MPOILECY, CYKYIHICTh TEXHOJIOTIYHHMX OIEpalliif, siki BUKOHYIOThCS IUIAHOMIPHO M
MIOCJIIZIOBHO B 4aci Ta IPOCTOPI Ha/l OJJTHOPIAHUMH 200 aHAIOTIYHIMH IIPEIMETAMH, Y PE3YJIBTATI SIKUX 3MIHIOE€THCS
arperaTHUd CTaH, Miclle PO3TallyBaHHS UM BJIACTHBOCTI IpeIMeTa Ipalli, [0 Mae 3aKiHueHUH 3a BUPOOHHYMM
NPU3HAYCHHIM XapakTep.

2. 3aranbHe MOHATTA eHEProMeHeXKMEeHTY: BITUYM3HAHMIA Ta 3aKOPIOHHUIA T0CBi

e y 1994 p. 3akonom Ykpainu «IIpo eneprosdepe:xkenns» (Bimomocti Bepxosruoi Pamnm Ykpainn
(BBP), 1994, Ne 30, c1.283) (M. KuiB 1 mumas 1994 poky Ne 74/94-BP); {3akoH BTpaTHB YHHHICTH Ha MiICTaBi
3akony Ne Bim 21.10.2021} Gymo yHOPMOBAaHO HH3KY MOHSATH Ta BH3HA4YeHb. Tak, OyJIO BH3HAUYCHO, IO
«enepezo3zbepericennn» — e NIAIBHICTD (OpraHizamiiiHa, HAyKOBa, MPaKTHYHA, iH(pOpMaIlliiiHa), siKa CpsMOBaHa
Ha palioHaJbHE BUKOPHUCTAHHS Ta €KOHOMHE BHUTpayaHHs IEPBHHHOI Ta NEPETBOPEHOI eHeprii i MpUpOIHUX
EHEePreTUYHUX PEeCypCiB B HAI[IOHAJBLHOMY T'OCIIONAPCTBI 1 sIKa peasli3yeTbcss 3 BUKOPUCTAHHSAM TEXHIUHHX,
€KOHOMIYHHX Ta MPaBOBUX MeTOoAiB [16].

3rinHo 3akoHy Ykpainu «IIpo eHepro30epexeHHS» MeHedHcmenm 3 enepeo3teperceHHs — 1ie cucreMa
YIpaBJIiHHS, CIIPSIMOBaHa Ha 3a0€3MeYEeHHS PallioHaTbHOT0 BUKOPUCTAHHS CIIOYKMBaYaMH ITalMBHO-€HEPIeTUYHIX
pecypciB (cucTemMa ympaBJIiHHS, sKa 3abe3rnedye poOoTy cy0’e€KTa TOCIONapIOBaHHs, MPHU SKil CIIOKHBAEThCS
TITbKK HeOOXiTHA /I BUPOOHUIITBA KiJIbKICTh TAJIMBA 1 €HEPTii).

Cucmema enepzemuunozo meneoyicmenmy — 4aCTUHA 3arajbHOI CUCTEMH YIPABJIIHHS IiIIPHEMCTBOM,
sIKa BKITI0YA€E B ceOe OpraHi3alliitHy cTpyKTypy, GYHKIIT yIpaBiiHHA, 000B’ I3KH Ta BiAMOBIJAIBHICTb, TPOLICIYPH,
MPOLIECH, pecypcH Al GOPMyBaHHS, BIPOBAKCHHS, TOCATHEHHS [IJIEH MOJIITHKN €HEPro30epexeHHsL.

VY mopanemii 10 — 15 pokiB B YkpaiHi B 3ajexHOCTI Bif cdepu 3acTocyBaHHs Oyjo copmoBaHa Ta
3aCTOCOBYBaNach HU3Ka BU3HAUCHD, SKi XapaKTePH3yBaJIHl CHEPTETUUHUI MCHEKMEHT 3 pi3HHUX cTopin [14-16].

Enepzemuunuii meneosycmenm € epeKTUBHUM IHCTPYMEHTOM JUIsl MiJBHIIEHHS KOHKYPEHTO3IATHOCTI
HIANPUEMCTBA, IIUIIXOM CKOPOUSHHS BUIATKIB Ha ITPUA0aHHS SHEPIreTUUHHUX PecypciB i iX HepallioHaIbHUX BTpar.

Enepzomeneoicmenm — 1e cucreMa, 110 BKIOYAE: MOHITOPHHI €HEPrOCHOXHMBAHHS; aHAJI3 ICHYIOUUX
MOKa3HHUKIB SIK OCHOBU JJIsl CKJaJaHHS HOBUX OIOJDKETIB Ta PO3paxyHKIB, pO3pOOJICHHS IHHOBALliHHUX,
0e3BIAXOJHHX, Ta TPUOYTKOBUX TEXHOJIOTIi; ITIAHYBaHHS HOBUX CHEPro30epirarounx 3aXo/iB, iX po3po0IeHHs Ta
BIPOBAKEHHS; OPTraHi3allilo BIPOBAKEHHS CHCTEM €HEPTeTHYHOTO MEHE/KMEHTY y €KOHOMIKY KpaiHH.

Enepzemuunuii meneodycmenm — 1€ TOCTIHHO Jif04a cUCTeMa KEPyBaHHS CHEPrOCIOXKHBAHHSM, SKa
JIO3BOJISIE 3HAYHO ONTHMI3yBaTH 0OCSATH €HEpProBUTpAT, NMPOTHO3YBATH 1 KOHTPOJIIOBATH NPOIECH BHUPOOJICHHS,
TPaHCIIOPTYBAaHHS Ta BUKOPHUCTaHHS HEOOXiJHOI KiJIBKOCTI €HEepropecypciB uisi 3a0e3ledeHHs TocrogapchbKol
JSIIBHOCTI 00'€KTIB.

Enepzemuunuii menedyncmenm — 1e YIOPaBIiHCbKA 1 TEXHIYHA JISUIBHICTH IIEPCOHANLY OO0’ €KTY
rOCIIOJIAPIOBAaHHS, 110 HalpaBlieHa Ha pallioHaJbHE BHUKOPHCTAHHS €Heprii, i3 BpaxyBaHHSIM COIaJbHUX,
TEXHIYHUX, €KOHOMIYHHX 1 EKOJIOTIYHHMX acCIeKTiB 3 MeTolo 3a0e3neueHHs epEeKTUBHMX NULIXIB peajizaiii
eHepro30epiratouoi cTparerii cyd’eKTy rocrolaproBaHHsI.

Enepeemuunuii menedxyncmenm 5K Hayka pPO3MNIAAaBCS 3a HU3KOI HampsMiB, 3okpema [14, 15]:
opraHizatlis 00JIiKy eHeproHOCIiB i 3a0€3IeYCHHS CII0KUBAYiB ITOCTIHHOT iHPOPMAIIi€I0 IPO PIBEHB CIIOKUBAHHS;
MOHITOPHHT PHHKY IEpPEIOBHX TEXHOJIOTIH Ta eHeproe()eKTHBHOTO OOJaIHAHHS; OpraHi3allis eHepreTHYHOTO
ayIWTy; CKJIaJaHHS eHeprodajaHciB Ta po3poOka paliOHAIBHUX CXeM BHUPOOHMITBA, TPAaHCIIOPTYBaHHS,
30epiraHHs Ta CIIOKUBAaHHSI CHEPTOHOCITB 3 MiHIMAaJIbHIMH BTpaTaMu Ta ()iHAHCOBUMHU BUTPATaMH Ha BCIiX PIBHAIX.

B pesynbrati Oyna copmoBaHa OaraTopiBHeBa CTPyKTypa eHeproMeHepKkMenTy Ykpainu [14, 15, 17, 18],
CKJIJIOBHMHU SIKOT OYJI0 BU3HAYEHO:

1) Pigenv 0epricasnozo ynpasiinnsa enepzomenedrncmenmom (3ao0aui): po3po0Ka eHEPreTUIHOI MOTITHKA
Ta CTpaTerii Ha MiJICTaBi EKOHOMIYHOI CTpaTerii AepKaBH; CKIIaJJaHHs Ta aHaJi3 eHeproOaJaHciB BUPOOHMIITBA Ta
CHOXWBAHHSA CHEPropecypciB; BHUSBICHHS Ta (IHAHCYBaHHA pO3p0oOOK (YHIAMEHTAIBHUX TEXHOJOTIH
BHUPOOHHUIITBA €HEPTii; po3poOKa eHepreTHUHOi 0a3u Ta y4acTh y 3aKOHOABYiH iHIIIaTHBI 3 I[IHOBOI Ta IMOJIaTKOBOT
MOJTITUKY;

2) Tanyseeuii pisenv (Mminicmepcmea) yYnpaeiinns enepzoeexmuenicmio: po3poOKa Trairy3eBUX
€HepreTUYHUX OaJaHCIB; MPOTHO3YBAHHS PO3BUTKY Taily3i; IOCIIPKEHHS TEXHOJIOTTYHUX 0COOIMBOCTEH Tary3i B
cdepi BUpOOHHIITBA Ta BUKOPUCTAHHS €Heprii; 3aiiicHenHs Ta ¢pinancysanHs H/IKP B eneprernuniii cepi mis
KOHKPETHOI rairy3i; po3poOka Ta BBEJCHHS B Aif0 TaTy3eBUX CTAHAAPTIB 3 EHEPIOMEHEIKMEHTY;

3) Pecionanvhuit pieenv ynpagiinns enepzoeexmuenicmio: po3podOKa EHEPreTHYHUX OalaHCiB
MPOTHO3YBaHHA PO3BUTKY PETriOHy Ha OCHOBI eHeproaynuTy; iHdopmamiiiHa Ta OCBITHS AisIBHICTE y cdepi
MiBUILICHHS €HEeproe()eKTHBHOCTI; aHaJ i3 MOTEHIaly MICIEBUX EHEPropecypciB IUIAXiB 3MEHIICHHS
CIOXWMBAaHHA €Heprii B OIO/KETHIN 1 comianpHii cdepax; aHaM3 pe3yabTaTiB MapKETHHTY €Heproe(eKTHBHUX
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TEXHOJIOTi 1 ycTaTKyBaHHS; BH3HAY€HHS OO’€KTiB JUIsl TJIOTHOTO BIPOBADKEHHS; OIIHKA Pe3yJIbTaTiB
MOHITOPUHTY Ta p0o3p0o0Ka IPOrpaMy BIPOBAKEHHS 3 BU3HAUCHHM JDKepesna (GpiHaHCyBaHHS;

4) Pigenv nionpuemcmea/opzanizaui/ycmanosu ynpaeiinua enepzoepekmuenicmio: 30ip Ta aHami3
iHpopMauii npo jKepesna Ta HaNpsiIMU BUKOPUCTaHHS CHEPreTHYHHUX PEeCypciB; po3po0Ka eHepreTHYHoI cTparerii
MiANPUEMCTBA Ta IUIAHIB IIOJMO 1i BTUJIGHHS; 3alyYeHHS NEPCOHAYy MiJANPUEMCTBA 10 BHUKOHAHHS IiJIeH
eHepreTuyuHoi crparerii. [Ipyu 1poMy opranizaniiHO-eKOHOMIYHHHA MEXaHi3M €Hepro30epexeHHs MPOMHUCIOBUX
MiATPUEMCTB PO3TIIAIABCS K CYKYITHICTh CKOHOMIYHHX, OpraHi3aliiHIX, MOTHBAIIHHUX METO/IB 1 CITOCO0IB, SKi
HampaBJIeHI Ha eKOHOMIYHO OOIPpyHTOBaHE BHABICHHA Ta MaKCHMalbHE BHKOPHUCTaHHS ITOTEHIlATy
eHeproz0epekeHHs. 3 METOI0 MiHiMi3amii MUTOMHX BHUTpPAaT Ha BHPOOHHWNTBO MPOAYKIIl Ta 3MEHIICHHS
€KOJIOTIYHOTO HABaHTAXKECHHSI Ha HABKOJIMIITHE CEPEIOBHIIIE.

BiiacHe, KoM TOBOPUTH NPO MEHEDKMEHT SK YNpaBIiHHA, TO 3TiIHO MipaMimy ymnpaBiiHHA (puc. 1)
GHEPreTUYHUH MEHEDKMEHT B YKpaiHi, B TiepeBaKalodid OUIBIIOCTI BHUMAAKIB, pPO3TIISIAaBCS K
B3a€EMOITOB’SI3aHICTH IUJICH Ta 3a7ad I CEPETHBOTO Ta BEPXHHOTO PiBHA. HIKHBOMY — TEXHIYHOMY PIiBHIO —
yBara ()akTUYHO He HpuauIacs (e He CTOCYEThCS KOHKPETHHX 3aXOiB BIIPOBA/KEHHS €HEProe(eKTUBHUX
TEXHOJIOT1H, MaTepialliB Ta 00JIaJHaHHS).

3ziono 3axony Ykpainu «IIpo eneprermuny edexruBHicTs» (Binomocti BepxoBnoi Pagu Ykpainn
(BBP), 2022, No 2, ct. 8) (M. KuiB 21 xoBtas 2021 poky Ne 1818-1X) oxpemi 6a3oBi BuU3Ha4eHHs y cdepi
eHepro30epeKeHHs Ta eHeproe(eKTHBHOCTI 0yJI0 YTOUHEHO:

Exonomin enepeii — 00CSIT CKOPOYCHHS CIIOKUBAHHS CHEPTil, SIKMI BU3HAYAETHCS MUITXOM 3iCTaBICHHS
00CSTIB CITOKUBaHHS, BUMIPSIHAX Ta/ab0 pO3paxoBaHUX JIO Ta MICIs BIIPOBAKCHHS €HEproe()eKTHBHHUX 3aXO0/iB
13 3a0e3neueHAIM HOpMaJIi3allil 30BHIIIHIX 1 BHYTPIIIHIX YMOB, SIKi BIUTMBAIOTh HA €HEPTOCIOKIBAHHS.

Enepzemuuna epexmuenicms — KiTbKiCHE CITIBBITHOIICHHS MiXK pOOOTOIO, MOCIYraMH, TOBapaMu abo
EHEpTi€lo0 Ha BUXOJI Ta BUTPAUCHOIO SHEPTi€I0 Ha BXOJ.

Cucmema enepzemuunozo MeHeOICMeHny — CUCTEMA YIPABIiHHSA, [0 BU3HAYAE CHEPICTUYHY MONITHKY
Ta LiJTi, GHEePreTHYHI 3aBAaHHsI, TUIAHU JIiil Ta MIPOLIECH JJIsl TOCSTHEHHS LJIeH Ta eHepreTHYHNX 3aBaHb.

3rigHo cranpapty JACTY ISO 50001-2020 «Cucremu €HEpreTMHYHOrO MEHEKMEHTy. Bumorum ta
HACTaHOBA I110JI0 BUKOPUCTAHHS»:

— Enepzemuuna epexmusnicms, enepzoepekmuenicmos — criBBigHoIeHHs (KoedilieHT) abo iHIIMI
KiJIbKICHHI B3a€MO3B’ 130K MK OTPUMAaHUM Pe3yJIbTaTOM (BUX1AHUI MOKa3HUK), TOOTO MiXK BAKOHaHOIO POOOTOIO,
MOCJTyTaMH, BUPOOJICHUMH TOBAPAMU YU SHEPTI€I0, 1 BXIJHUM MOKa3HHUKOM, TOOTO BXiJJTHUM PiBHEM €HEPrOBHUTPAT.

—  Cucmema eHepzemMUUHO20 MEHEONCMEHMY, CUCMEMA  eHepzoMenedycmenmy —  HaOip
B33a€MOIIOB’I3aHUX 200 B3a€EMOJIIHHIX €JIEMEHTIB, [0 BU3HAYAIOTh CHEPTeTUYHY MOJITHKY Ta eHEPTeTHYHI MiJi, a
TaKOX MPOLECH 1 IPOLEYPH I AOCITHEHHS 1€l ONITHKY Ta IUX LiIeH.

VY cBoto uepry, JlepkaBHe areHTCTBO 3 €Heproe)eKTUBHOCTI Ta eHepro3oepexeHHst YKpaiHu Ha ChbOTOIHI
PO3IIISIa€ EHEPTETUYHNI MEHEPKMEHT SIK OCHOBY ITiJBHIICHHS €Heproe()eKTHBHOCTI, KOMIIOHEHT €HEePreTHIHO
Oe3nexn Ta cTabiTbHOT POOOTH OpraHy, MiANPUEMCTBA, YCTaHOBH [ 19]. EHeproMmeHe KMEHT — He TiTbKH KOHTPOITh
3a CHoXuBaHHSAM eHeprii. Ile cuctema, 10 /103BOJISIE MOJENIOBATH 1 IPOTHO3YBaTH EHEPrOCIIOKUBAHHS B
3aJIeXKHOCTI BiJl 30BHILIHIX 1 BHYTPIIIHIX YMOB Ta iX MiHIMBOCTI. CHCTEMa €HEPrOMEHEKMEHTY MO3UI[IOHYETHCS
He JIMIIE sSIK IHCTPYMEHT 3HW)KEHHs BHUTpAaT Ha €HEeprito, aje W sSK cTpareriyHa iHiliaTHBa, CIpsSMOBaHA Ha
CTBOPEHHSI CTIHKOI, KOHKYPEHTOCIIPOMOXKHOI Ta BIAMOBIaIbHOI CUCTEMH JUIsl OyIb SKOTO 00’ €KTY.

binbur geranbHi Ta KOHKPETU30BaHI BU3HAUCHHS «CHEPIeTUYHOIO MEHE/PKMEHTY» MOAAI0Th 3aKOPJOHHI
JoKepena, 110 00yMOBIICHO OUIbII 3HAYHUMH pe3yIbTaTaMu (SK B HAYKOBIH, Tak i B TexHivHil chepax) [20-25].

» Enepzemuunuii meneddycmenm — 11€¢ iIHCTPYMEHT YIIPaBIIiHHS, 110 3a0e31edye MOCTiHHE TOCIIKEHHS Ta
reHepaiito indopmarii mpo Po3moaia Ta PiBHI CIOXKUBAHHS CHEPrii, a TAKOXK MPO ONTUMAIbHE BHKOPHCTAHHS
€Hepropecypcis.

» Enepzemuunuii menedycmenm BKIIOYAE TUIAHYBAHHS Ta €KCIUTyaTallil0 YCTAaHOBOK BHPOOHMITBA Ta
CIIO)KMBaHHS €HEprii, a TaKOXK po3I1o i Ta 30epiraHus eHeprii. MeToro € 30epexeHHs pecypciB, 3aXHUCT KIIiMaTy
Ta €KOHOMIs KOWITIB, 2 KOPUCTYBaui, y CBOIO YEpry, MAlOTh MOCTIHHNI JOCTYN A0 HEOOXiAHOT IM eHeprii.

» Enepzemuunuii menedycmenm BKIIOYAE, 30KpeMa, HE3HAUHI Jii, Taki SIK MOHITOPHHI HIOMICSYHUX
PaxyHKIB 3a €JIEKTPOEHEPTiI0 Ta OHOBJIEHHS JI0 eHepro3oepirarounx jgamil. Lle Moxe o3HavyaTH OinbIn MaciuTabOHi
BIOCKOHAJICHHS, Taki SIK JIOJlaBaHHsS 130JIAIii, BCTAHOBJICHHS CBITJIOBIIOMBAIOUOro MOKPUTTS Aaxy abo
BAocKoHaNeHHs oOmanHaHHd HVAC (omasieHHS Ta OXOJIOKEHHS) ISl ONTHMI3alii eHeproeeKTHBHOCTI.
EnepretnuHuii MEHEDKMEHT TaKOX BKJIIOYA€E OB CKIIAJHI J1ii, Taki K CTBOpPEHHs (piHAHCOBHX NPOTHO3IB JUIs
BBEJ/ICHHS B €KCIUTyaTallilo MOCIyT BiJHOBJIIOBAHOT €HEpPril Ta BHECCHHS! IHIIMX yJOCKOHAJIEHb JJIsl CTIOYKHBaHHS
YHCTOI €Heprii Ta 3HIKEHHS BUTPAT Ha EHEPTifo B HAHOIMK9i POKH.

» Enepzemuunuii menedxcmenm — 1i¢ TPOIIEC MOHITOPHHTY Ta KOHTPOJIIO €HEPreTHYHUX aKTHBIB IS
MiHiMi3a1ii crokuBaHHS Ta MakcuMmizamii edekTuBHOCTI Ta poboTu. Lle BKIIIOYae ONTHUMI3aIlil0 BUKOPUCTAHHS
eHeprii I TOCATHEHHS HAaHKPaIMX MOXJIMBUX Pe3yJIbTaTiB 3 eKOHOMIYHOTO Ta €KOJOTi9HOTO OOKY, a TaKoX ii
30epeKCHHS.

* Enepzemuunuii meHeOdycmenm — 1€ TPOAKTUBHUNA 1 CHUCTEMaTHYHHH MOHITOPHHT, KOHTpPOJIb i
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OTITHMI3allisl CIOKWBaHHS €HEpPrii IMiIIPUEMCTBOM IJs €KOHOMil BHKOPHCTAaHHS Ta 3MCHIICHHs BHUTpaT Ha
eHeprito. EHepreTn4Hnii MeHEe)KMEHT BKJIIOYA€ IUIAHYBaHHS 1 EKCIUTyaTallilo YCTaHOBOK BHPOOHHIITBA Ta
CIIO’KMBaHHS €HEprii, a TAKOXX PO3MOALT Ta 30epiraHHs eHeprii.

* Enepzemuunuii meneddycmenm — 1 TPOAKTUBHA, OpPraHi3oBaHA Ta CUCTEMATHYHA KOODPIUHALLIS
3aKyMiBJl, NMEPEeTBOPEHHS, PO3MOALTY Ta BHKOPHUCTaHHS €HEprii Ui 3a/JI0BOJICHHS BHMOT, Oepy4H 10 yBaru
€KOJIOTIYHI Ta €KOHOMIYHI IiJli; CHCTeMaTh4Ha crpoba ONTHMI3yBaTH e€Heproe(eKTHBHICTH AJISI KOHKPETHHX
MOJITHYHHUX, CKOHOMIYHHUX 1 CKOJIOTIUHUX I[iJICH 3a TOMIOMOTO0 METO/IiB IPOCKTYBAHHS Ta YIPABIiHHS.

* Enepcemuunuii  menediycmenm TOB’SI3aHUH 3 TUIAHYBaHHSIM, MOHITOPDHHTOM Ta KEpyBaHHIM
MOB’SI3aHUMH 3 €HEPri€l0 MpoLecaMu 3 METOI0 30epeXeHHs €HEPreTHYHHX pecypciB Ta €KOHOMii BUTpar Ha
€HEeprilo Ta 3aXUCTY HaBKOJHUIIHBOTO CEPEIOBUINA.

* Enepcemuunuii menedicmenm — N BUKOPHCTaHHS Ta 3aCTOCYBaHHS TEXHOJIOTi, BKJIIOYAIOYH
IUIaHyBaHHS Ta (YHKIIOHYBaHHS SK BUPOOHMITBA, TaK 1 CHOXHMBAaHHS CHEpPril 3 METOI IiJBUILCHHS
eHeproe(eKTUBHOCTI opraHizaiii. OCHOBHUMH IIJISIMH €HEPrOMEHEIDKMEHTY € 30epeXeHHs pecypciB, eKOHOMIS
Oro/KeTy Ta 3amoOiraHHs 3MiHI KIIMaTy, a TaKoX 3a0€3IeYeHHS JISTKOTO Ta BKOPIHEHOTO JOCTYITY IS BCIiX IO
CHEPTeTHYHOTO CIEKTPY.

» Enepzomenedscmenm BU3HATAETHCA K peatizamis pi3HOMaHITHHX ONTHUMI3aIiifHAX 3aX0/iB HA OCHOBI
JNaHUX JUIA 3HIDKCHHS BHTpAT Ha IOCTa4yaHHA eHepril. Takoro 3HMKCHHS BHTpPAT MOXHA JOCATTH LUIIXOM
onTuMi3aIlii BUKOpPHCTAaHHS a00 HaBiTh MOJEpHI3allil iICHYIOUHMX CIIOKHBAdiB €Heprii. [HIIO MOMIMBICTIO €
JOJATKOBE OTPUMAaHHSA MJOXOMAIB BiJ BJIAaCHHX YCTAHOBOK 3 BHPOOHHMITBA e€JEKTpOeHepril (Hampukuan,
(hoTOENeKTPUIHI CHCTEMH Ha J1aXy) a00 BiJl MAPKETHHTY THYYIKHX CIIOKUBAUiB, TAKUX SIK EIEKTPOMOOLIBHICT 00
eNeKkTpu(]iKoBaHEe TEIUIONOCTaYaHHA. 3 Mi€l MPUYNHE SHEPTOMEHEIKMEHT aXX HiSK HE € CHHOHIMOM TEpMiHYy
eHeproe()eKTUBHICTh, HABITh HE3BAXKAIOUM HA Te, [0 MK LIMMH ABOMa chepaMu LIIKOM Moxe OyTH 30ir.

Sk mpukian 3a3HauyuMo, o nepmol komiuiekcHoro CEM € cucrema eHeproMeHemKMEHTY s
npoMuCIoBOCTI (BupoGHuITBa) Enerize E3, po3pobiena kommaniero Yokogawa (Smowist) [26]. Ls cucrema €
HepIIoto, Y SKiil BIanocs Bi3yasi3yBaTH Kio4oBi mokasuuku edexrusrocti (Key Performance Indicators, KPI) y
cepi eHepro30eperKeHHS.

Enerize E3 momentoe cTopoHy eHepromoctadaHHs (00JagHaHHs, MIO ITOCTAYAE€ E€HEPriil0) Ta CTOPOHY
CHOXWBaHHS (00JaIHAHHS, IO CIIOKUBAE Ta BUPOOHWYE 00JIaTHAHHS) 3aBOY, MI00:

— BUSIBHTH BiIXOJH B €HEProIocTayaJbHOMY OOJNaHAaHHI Ta IX KiJIbKiCHE BUKOPHCTAHHS;

— MiIBUIICHHS 0013HAHOCTI eHepro30epeskeHH B €HEPrOCIOKUBAIOYUX MiAPO3IiIax;

— BUSBIICHHS BIIXOIB 1 MTiIBUIIICHHS €()EKTHBHOCTI BUPOOHNYOT isSITPHOCTI.

Kommnanis Yokogawa copmysana nmokasauku KPI mis mocTiitHOT DisTbHOCTI Y cepi eHepro30epesKeHHS
SK KJIIOYOBI TOKAa3HUKH e()eKTHBHOCTI BUKOPHUCTAHHS €Heprii Ta 3ampornoHyBasia BukopuctoByBaTH KPI mus
BU3HAYCHHS TOYOK, Ji¢ MOXHA 30eperTd eHepriio, i BUKOPUCTOBYBATH iX sIK Kputepii ympasminas. Enerize E3
0a3yeThbCst Ha TPHOX KIIIOYOBUX CKJIAJJOBUX CHEPrOMEHEKMEHTY I INPUEMCTBA, KOXKEH 3 SIKUX BKIIIOYAE BAKIIMBI
enepretnuni KPI: po3nizHaBaHHS NOTOKY €HEprii; yTOUHEHHSI CUCTEM YNPABIiHHS CIIOKHUBYMMH ITiAPO3J1JIaMu;
IHTerpallis OTOKY SHEeprii Ta MOTOKY BUPOOHHUIITBA TOBApPIB (IuB. puc. 2) [26].
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equipment equipment and production equipment
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Pucynox 2 — Ilomoxu enepeii na sasooax Enerize E3 (komnania Yokogawa)

3. CucremaTu3ailiss BUMOr /10 eHepromeHexkMeHTy XXI cTomiTTs

MoXeMO CTBEpAKYBATH, IO eHEP2EMUYHIUI MEHEOIHCMERM CHOTOIHI MaE PO3TIAAATUCS SIK IPOAKTUBHUI
1 CHUCTeMaTHWYHWHA MOHITOPHHI, KOHTPOJIb 1 ONTHMI3allisl CIIOKMBAaHHA €Heprii 00’€KTOM Uil eKOHOMIl
BUKOPHCTAHHS Ta 3MEHIIECHHS BUTpPAT Ha €Heprio. BiH BKIIOYae IUIaHYBaHHSA Ta EKCIUTyaTallil0 YCTaHOBOK
BHUPOOHHUIITBA Ta CIIOKUBAHHS €HEPrii, a TAKOXK PO3MOoIiI Ta 30epiranHas eHeprii. MeToro € 30epekeHHS pecypciB,

ISSN 2308-7382 (Online) 13



ISSN 1813-5420 (Print). Enepeemuxa: ekonomixa, mexmnonozii, ekonozis. 2024. N 1

3aXHCT KJIIMATy Ta €KOHOMIs KOIIITiB, @ KOPUCTYBadi MalOTh MOCTIHHUI TOCTYM 10 HEoOXigHOi iM eHeprii. To6TO,
eHepzemuYHUIL MEHEOHCMEHN — Ye NPOAKMUGHA, OP2AHI306aAHA MA CUCMEMAMUYHA KOOPOUHAYIA 3aKyni6i,
nepemeopenHns, po3nooiny ma UKOPUCHAHHA eHep2ii 0N 3a0060J1eHHA 6UMO2, Depyuu 00 yeazu eKoa02iuHi
ma exonomiuni yini . Ha eiominny 6io0 popmysanns CEM 32iono cepii cmandapmis 1SO 50000, cvozooni
Haoysae akmyanvnocmi nooyoosa CEM, aka 3abe3neuye cucmemny (KOMRIeKCHy) onmumizayilo napamempie,
CIPYKmypu ma pexcumis pisHOMAHIMHUX MEXHIYHUX 00’ €KMi6 3a CYKYNHICHII0 MeXHIYHUX, eKOHOMIYHUX ma
eK0102iuHuUX Kpumepiie.

Croronai CEM xapakTepHu3yloThCs pi3HOMaHITHICTIO, CHCTEMHICTIO, KOMIDIEKCHICTIO. MOKeMO BUALITATH
Taki pi3Hi aCHEKTH €HEPTeTUIHOTO MEHEDKMEHTY:

—3a HampsAMKaMH THITy OO'€KTYy YNpPaBIiHHSA 3 BPaxyBaHHSIM, II0 CHEPrOMEHEIXMEHT € YaCTHHOIO
yrpasiiaasa o6'ekrom (Facility Management);

— GHEPreTHYHNI MEHEDKMEHT Y IIPOMHCIIOBOCTI Ta IAJIMBHO-EHEPTETHIHOMY KOMIUIEKCI;

— YIIpaBIiHHA €HEPTi€l0 B JIOTICTHYHMUX OIEPaIlisax i Ha TPaHCIOPTI;

— CHEPreTHYHHUH MEHEPKMEHT Oy/1iBelIb Ta CHOPY/I;

— CHEpreTHYHMUI MEHEPKMEHT Y TPOLieci 3aKyIiBIIi eHeprii;

— 0COOMCTHI eHepreTHYHNI MEHEKMEHT.

Hampukinan, Ha  CcbOrogHi  3HAaxOAATh  3aCTOCYBaHHS — Taki  HAampsSMKA — PO3BUTKY  CHCTEM
eHepromenemxkmenty: HEMS —  cucremu eHeproMmeHe/kMeHTY B OyamiBmsax, IPMS —  cucremu
€HEeproMeHeKMEHTY At iHaycTpii, PMS — cucremu eHepromeHeKMeHTY B ejekrpoenepreruui, EMCS —
CHCTEMH KEPYBaHHS JJISI CHCTEM eHeproMeHemkMeHTy, EMPS — 3acobu nporpaMHoro 3a0e3nedeHHs ATl CHCTEM
eHeproMeHe/KMeHTy Ta inmr. [21-25].

Jo mepeBar cyuacamx CEM pi3HHX 00’€KTiB MOXXEMO BITHECTH: C€KOHOMIYHI pIIIEHHs, MpPOCTOTa
HaJIAIITYBaHHSA Ta OOCIYrOBYBAaHHS, MOJMJIMBICTh BHU3HAUHUTH €(PEKTHBHE CICKTPOOONAJHAHHSI, Bi3zyami3allis
€HEProCIOKUBaHHS, MOXKJIMBICTh MEPETIIAY SICKTPHYHHUX JAaHHX 1 3BITIB PO €HEPrONOCTAYaHHS B PEATEHOMY
yaci, 3HWKEHHsI BapTOCTI eHeprii, MEHIIMH BIUIMB HAa HaBKOJIMIIHE CEPEIOBUILE, MiJBUIIECHHS E€HEPreTHYHOT
6e3MeKH TOIIO.

VY cBOIO uepry, € akTyaJbHUMH HU3Ka IIUTaHb, SIKi 1€ TOTPIOHO BUPIIKMTH ITpyU peaiizauii cyyachux CEM:
PO3BHUTOK CHEPreTHYHOI 0a3u, MPUCTOCYBAHHS 10 HASBHOI CHEPreTUUHOI Oa3u, oreparliiiHa eKOHOMIsl, 3HHKCHHS
(hiHaHCOBUX BUTpaT, po3poOKa JOrOBOPIB (ITOPUTMIB, MEXaHi3MiB) Ha TeXHi4HEe OOCIyroBYBaHHS, KOHTPOJIb
SIKOCTI, 3HW)KEHHS TPYAOMICTKOCTI, (POPMYyBaHHS HOBUX «TEXHIYHUX)» 3HAHB, MiIBUILEHHS MAaCIITA00BAaHOCTI NPH
[EHTPAII30BaHOMY OOMEKeHHI. BaknmBo po3poOuTH mepenoBe NporpaMHe 3a0e3Ne4eHHS 3 THYYKOIO
apXiTEeKTypoIo, SIKE JO3BOJSITUME MPAIIOBATH 3 PI3SHUMH HAJIAIITYBAaHHSIMH KOMIIOHEHTIB, a TAKOX 3JIiCHIOBaTH
MIPOTHO3M HAa OCHOBI iHTEJICKTYaIbHOI ONTHUMI3allil, IKi CIIPHSAIOTH CAMOOIITHMI30BaHI CHCTEMI.

Cucrema eHEproMeHEeKMEHTY — Ie Habarato OuTbIIe, HiXK TPOCTE TEXHIYHE PIICHHS ISl MOHITOPHHTY
rapaMeTpiB Ta CTaHy EHEPreTHYHUX CHCTeM. 3aBASKH BCEOIYHUM ITPOTHO3aM ITONUTY Ha €HEPTilo Ta MPOIO3HLii
Il CHCTeMa BUBOJMUTDH YNPABIIHHS CHEPri€l0 Ha aOCOJIOTHO HOBHH PiBEHb, JO3BOJISIOUM ONEpaTropaM 00’ €KTy
(mignpuemcTB, Oy IiBelb 1 IHTENEKTyalbHUX MEPEX Ta CUCTEM) BU3HAUATH CTPATEriyHUN HANPSIMOK YIpaBIIiHHS
eHeprieto, 3MIHCHIOBATH HMOro peasi3alilo Ta JOCSATaTH LiJIeH SK eHeproe()eKTUBHOCTI, TaK i €HepreTUYHOI
JIOCTYITHOCTI Ta €KOJIOTIUHOI (CouiaNbHOCTI) MpUHHIATHOCTI. [Ipu IbOMY BpaxoBY€ThCS, 110 CKIIAJAHICTh CUCTEMH,
sgKa Kepye, He MOXe OyTH HMXKYe CKIIQJHOCTI CHCTEMH, KO BOHAa Kepye (0a3oBa Teopema KiOepHETHKH,
chopmynboBana Binbsimom Poccom Emi6i). 3a3HaunmMo, 110 SKIO K HABIAKH, TO CUCTEMa, SIKO KEpYIOTh, Oy/1e
po3BHUBaTUCS (MIHATH CTaHN) BHIIQJAKOBAM YHHOM, 200 KaTacTpO(igHO CIIPOCTUTHCS.

Moskemo ctBepmkyBaTh, 1o CEM 3arajiom OXOIUTIOE TP KOHIICTIIIl:

— CEM sk mexHon02in: TEXHOJOTIYHUHA MPOAYKT, 9YaCTO XMApHUMA, KU BHKOPHUCTOBYIOTH IS 300Dy,
aHaNi3y Ta pearyBaHHS Ha CIIOKMBAHHS Ta BUTPATH €HEPTii;

— CEM sk cmpameczia: KOXXHa BHYTPIIIHS 3allikaBJIeHa CTOpOHa (TiJcHCcTeMa JIaHIora MocTayaHHs /
3aKymiBesb / CTaJoOro PpO3BHUTKY (HANpHKIIaJ, MEHEDKEp 3 CEHEpreTHKH abo MEHeMKep 3 TEeXHIYHOTo
00CITyTOBYBaHHS)) OTPUMY€ BUI'OJTY BiJl pi3HHUX CTpaTerTiH, o6 NpuiiMaTi MpaBWiIbHI PIlICHHS OO0 YTIPABIIHHS
€Heprieio y CBOiH 30Hi BiIOBIJaIBHOCTI,

— CEM sk npouec: cucteMa, NIpUAHATa 00’ €KTOM ST YIIPABIIiHHS Ta BUKOHAHHS HEOOXITHUX IiH 11010
CBOET €HePTii.

EnepreTnuHN MEHEIKMEHT pO3IIIAJAETECS B CHUCTEMI YIPABIIHHA HE TUIBKH MiAIPHEMCTBOM
(oprasizarii€ro, yCTaHOBOIO), a OiJIBIII ITUPIIIE — TEXHIYHUM (TEXHOJIOTTYHUM) 00’ €KTOM. [IOHATTS «eHepreTUUHNH
MEHE/DKMEHT» Ta «CHUCTEMH EHEPreTUYHOrO MEHEIPKMEHT» HAIOBHIOETHCS HOBHM 3MicTOM. MeEHEKMEHT
(mpouec, cucrema): (1) ympaBiiHChKa HisUTBHICTB; (2) KepyBaHHS 00’€KTOM. BakiwBe 3HaueHHS Mae st
MYJbTHAr€HTHUX cUcTeM Ta TpaH3akTuBHUX cucteM. Cranmapt IEC 61970 MixHapomHOI eleKTpOTeXHIUHOT
komicii Bu3HaunB EMS sk «komm’roTepHy cucteMy, sika MICTHTh IIPOrpamMHy IUatopMy, 10 HaJae OCHOBHI
MOCJIYTH MIATPUMKH, 1 Habip mporpam, 1o 3a0e3nedyoTh (yHKIIOHAIbHICTE, HEOOXiIHY Ul e(peKTHUBHOI poOOTH
00’exTiB BHpOOHHMITBA Ta Ilepenadi eJeKTpoeHeprii uisi 3a0be3nedeHHs Oe3leKH. EHEeprornocTayaHHs 3a
MiHIMaJBHUX BUTPAT».
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EnepreTnuHnit MEHEKMEHT B Cy9aCHUX IHTEJICKTYaIbHUX €IEKTPOCHEePTeTHIHNX cucTemax (Smart Grid)
[27] 3abe3neuye MATPUMKY CTaOUIBHOCTI MK HONMTOM 1 IPOMO3HUINEI0 3 JOTPUMAHHSAM YCIX CHCTEMHHX
00OMeXeHb JIJIsl EKOHOMIYHO1, Ha/liiHOT Ta 0e3neYHOT POOOTH EJIEKTPOSHEPTETHYHOT CUCTEMU. BiH Takox BKitouae
ONTHUMI3AIliI0, KA 3a0e3Ieuye 3HIKCHHS BapTOCTI BUPOOHMIITBA eiekTpoeHeprii. Takum unnom, CEM kepye i
3MEHIIYE 10 MiHIMyMy KUIbKICTh 1 LiHY eHeprii, HeoOXiqHi JJIsi KOHKPETHOTO 3aCTOCYBaHHs, IPYIYIOYH BCi
CHCTEeMaTH4HI IPOLETYyPH PAa3OM.

3 Touku 30py nodyxosu Smart Grid Mi>kHapoJHOO eNEeKTPOTEXHIYHOIO KOoMiciero B Mexax crannapty IEC
63097 «Smart Grid standardization Road Map» (Jlopo»Hs kaprTa i3 cTaHmapTH3aIIl B chepi «PO3yMHHX MEPEK»)
[28] BH3HAaYEHO Mepeik OCHOBHHMX CHCTEM, IO BigHOCATHCS a0 chepm Smart Grid: cucrema ympaBiiHHSA
reaepyBaHHsAM enekTpoereprii; cuctemu FACTS ta HVDC mis mepex; cucTteMa eleKTpOSHEePTeTHIHOTO
MEHEDKMEHTY; CHCTeMa 3armoOiraHHs BiAKIIOYCHHSM; PO3BHHECHA CHCTEMa YIIPABIIHHSA PO3IOAUIOM; CHCTEMa
aBTOMAaTH3alii pO3MOJiNy;, CHCTeMa aBTOMAaTH3allil WiJACTAHINl; CHCTeMa YOPABIIHHA PO3IOAUICHIMHA
eHepropecypcaMm; CHCTeMa YIPaBIiHHA HAKONHWYCHHSAM EIIEKTPOCHEpPTii; po3BHHEHa iH(pacTpyKTypa
BUMIPIOBaHHS; CUCTEMa JONOMDKHOIO MiApO3/ily, TMOB'SI3aHa 13 BHUMIPIOBaHHSM; PUHKOBA CHCTEMa; CHUCTEMa
YIpPaBJiHHS CIIOKMBAHHSIM / HaBaHTaKCHHSAM; CUCTEMM aBTOMarHu3alii OyiBelb; IPOMHCIOBA CHUCTEMa
aBTOMarH3ailii; cucrema E-mobility; cuctemu mikpomepex.

HaBenenuit nepenik ¢yHKIioHatpHUX cucteM Smart Grid peanizyeTbest y BUIIISI BiAMOBIAHUX CHCTEM
€HEepPreTUYHOr0 MEHEPKMEHTY Ha OCHOBI BHM3HaueHHMX cranaapriB [29, 30] mono 3abe3mnedeHHs KepyBaHHS
€HEepPreTHIHUMHU 00’ €KTaMH Ta IpolecaMu iHpopManiifHoi B3aeMOIil, MOB’sI3aHOT i3 TAKMM KEPYBaHHSIM.

OTxe, TO BigHOMICHHIO 10 00’ekTiB eHepreTmyHoro cexropa, CEM — me cucrema iHdopMaIliiao-
KOMYHIKAI[IfHUX TEXHOJIOTiH, sIKa Ha CHCTEMHOMY DPiBHI MOEIHYETHCS 3 CHJIOBUMH €HEPTeTUYHIMH MPOLIECAMH,
II0 BUKOPUCTOBYIOTHCS ONIEPaTOPaMH €JIEKTPOSHEPTETHIHNX CHCTEM Ta MEPEXK I MOHITOPUHTY, KOHTPOJIIO Ta
onTHMi3amii MPOJYKTUBHOCTI BHPOOHHITBA, Iepeladi Ta CIIOKMBAHHS EHEPIeTHYHUX PECypCiB y CHUCTEMax
pizHOTO iepapxiuHoro piBHA (1k OEC VkpaiHu, Tak perioHaJbHHUX 1 JIOKaJbHHUX CHCTEMaX, Ha KOHKPETHHX
SHEPreTHYHHUX 00’ €KTaX YU OKPEMHUX SHEProTeXHOIOTiAX To1o) [31].

EMS koopauHye poOOTy 3 IHIIMMH CUCTEMaMH, TAKMMH SIK pO3LIMPeHa iH(PaCTPYKTypa BUMIPIOBaHHS
(AMI), nnaHyBaHHS TEXHIYHOTO OOCIYrOBYBaHHsS, KEpyBaHHsS BiJKIIOYCHHIMH, KEPyBaHHS PO3IMOIIIOM
eJIEKTPOEHEePrii Ta CHCTEeMaMK POTHO3YBaHHS TIOTO/TH, 11100 310paTH BENUKY KiJbKICTh JAaHUX Y PealbHOMY 4aci.
3i0paHi gaHi TOYHO 0OPOOIIAIOTHCS AJIsL TeHepallii BIAMOBIAHUX KEPYIOUUX CUTHAIIIB JUIsl IOCATHEHHS 3a3/1aJ1eTi /b
BU3HAYCHUX EKOHOMIYHHUX 200 TEXHIYHUX Iinei. OIHaK Lie iepapXidyHe NPUHHATTS PillieHb, BKIIOYAI0UH II0JICHHE,
MOTOIMHHE IUIaHYyBaHHS Ta / YM IUIAaHYBAaHHSA B PEXHMMI peanbHOro yacy. Crucrema eHEeproMeHEeDKMEHTY — IIe
CHCTEMa, sIKa BAKOPHUCTOBYETHCS ONEPATOPAMHU €IEKTPUIHUX MEPEX ULl MOHITOPUHTY, KOHTPOJIIO Ta ONTHUMI3amii
poboTH cucTeMu nepesadi Ta TeHepallii, 3 METOI0 EKOHOMIT 3arajIbHAX eKCIITyaTalliiHUX BUTPAT.

[Mupoxo 3acTocoByBaHa a enekTpoeHepreruili cuctema SCADA (cucreMa IUCTIIETIEPCHKOTO KePyBaHHS
Ta 300py nanux — Supervisory Control and Data Acquisition, SCADA), xo4a i 103BOJIsI€ TIepersiiaTi AaHi B
pearpHOMY Yaci, OTHaK IHCTPYMEHTH aHalli3y y Hiit MatoTh oOMexeHHs [32]. V cBoro yepry, CEM mictuts Habip
IHCTPYMEHTIB, sIKI JOINOMOXYTh IpOAHANI3yBaTH EHEPreTH4Hi JaHi OLIbII KOMIUIEKCHO (HanmpuKiaa, 3a
nonomororo CEM e MOXIHBICTB 3aCTOCOBYBATH Tapudu JUis epeTBOPEHHS eHeprii y Butparu abo Buxkunu CO2
JUISL PO3LIMPEHOT0 3BITYBaHHS).

CporosHi €HEpreTHYHWH MEHEKMEHT — II¢ IUIaHyBaHHS (CHCTeMa EHEPreTHYHOI0 MEHEIKMEHTY),
nepeBipka (pearyBaHHs Ha IOIMT — aJlTOPUTM BEJIMKUX JaHMX), Jis (edekTHBHA poOOTa), IOBTOPHA MEpeBipKa
(MoHiTOpHHT). Y CBOIO 4epry, eHepreTHUHUI MEHEIKMEHT MOKEMO PO3IUINTH SIK €eHEPrOMEHEPKMEHT AJIs MicTa,
OymiBii, mpoMucioBoi Mikpomepexi Ttomo, ae CEM mnepenbavae ¢yHKIii: BUMiprOBaHHS, ineHTHQIKAII,
PO3BHUTKY, BIIPOBA)KyBaHHs, HABYAHHS, OL[IHIOBAaHHS.

BesnepepBHuit muki crpaterii enepromenemkMenty (ki PDCA) croromHi HaOyBae HOBHX OOpHCIB,
3Ba)KalOYM Ha HOBI BUMOTH IIO/0 MOXIIMBOCTEH eHepro3OepexeHHs, 3a0e3rnedeHHs (iHAHCOBUX CTHMYIJIIB,
KepyBaHHs €Hepro30epiraloyuMu i eHeproe()eKTUBHIUMHU IPOEKTAMHU Ta KOMIUIEKCHE BiJICTEKEHHS Pe3yJbTaTiB
[33, 34]. CyuacHwuii KOHTYp B3aeMOJIi MOKe OyTH MpeACTaBIeHUN CKIanoBuMu (auB. puc. 3) [34]: Ouinits, e
Bu 3apa3; Kynyiite exosoriuno uncTy (3eneHy) eHeprito; Po3yMHO KepyiiTe CBOEIO eHeprieto; Y CyHbTe BiIXO/IH;
3MeHIIiTh onuT; ['eHepyiiTe BIacHy eHepriio.

MoeMO CTBEp/IXKYBaTH, 1110 EHEPrOMEHE/PKMEHT MOCTIHHO PO3BUBAETHCS 3 MOSIBOIO HOBHX TEXHOJOTIH 1
Mepes0BoOro J0CBiay (auB. puc. 4) [35]. 3riaHo puc. 4 eHepreTHYHUI MEHEIKMEHT HA CHOTO/IHI MA€ BKITFOYATH:
Mepexi (Smart, mikpomepexi, ICHEHTPATi30BaHi), IHTErparlisi BiJHOBIIOBAHOI EHEPreTHKH; OJIOKYEHH;
MOHITOPHUHT, LiJeNoKIananHs Ta 3BitHicT (Monitoring, Targeting & Reporting, MT&R); nekap6owizariis; Smart
TEXHOJOTIi (OCBITJICHHS, JIUWIbHUKH, Mepexi, OyaiBii); pilieHHs ans kepyBanHs nomuroMm (Demand Side
Management, DSM); uundposizauis; pimeHHs uIs 30epiraHHs eHeprii; pekyneparis Tera; eKOHOMiKa
MOJICpHi3allil; TOBTOPHE BBEICHHS B €KCIUTyaTallilo; po3ocepe/pkeHi eHepretuyHi pecypen (Distributed Energy
Resources, DERS); ruyukicte Ha croponi nomuty (Demand Side Flexibility, DSF); crpaTeriunuii enepreTHaH1A
menemxkMeHT (CTEM); cucremMu eHepreTH4HOTO MEHEDKMEHTY.
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Pucynox 3 — Cyuacnuii koumyp 63aemooii 6 pamkax cucmemu eHepeemuiHo20 MeHeoHCMeHmy

MOXJITHBI THUIHA CHCTEM €HEPreTUYHOr0 MEHEKMEHTY: CUCTeMa eHepromeHepkmenty rpomaau (CEMS);
crcTeMa eHeproMeHe/PKMeHTy BupoOHunTBa (FEMS); cictema enepromenepkmenty oyaisii (BEMS); nomanus
cuctemMa eHepromenepxmenty (HEMS); cuctemu enepreruunoro menemxmenty BJIE (mamusuuii enement (FC),
¢doroBonbraika (PV)); cucrema eHeproMeHeKMEHTY eneKkTpudHoro aBromobins (PHEV), cuctem 3apsmxanus
eJIEKTPOMOOUTIB. SIK TNpHKIaa 3a3HAUYMMO, MO KPHUTEPISAMH YCIIIIHOI CHUCTEMH EHEPrOMEHEPKMEHTY B
MPOMUCIIOBOCTI €: e()eKTHBHA IOJITHKA, JTOBIOCTPOKOBA CTpATETis, PO3MOJILUI BUTPAT Ha €HEPril0, MOHITOPHHT
BUTPAT HAa EHEPTilo, MATPUMKA MEHEXKMEHTY, CHEPrOMEHEIPKMEHT, KpUTepii OKymHOCTI. [HTerpalist cy4acHux
TEXHOJIOTIH TeHepallii eJIeKTPOSHEprii B MEpeXi pO3MOMIIYy €JIEeKTPOCHEpPrii BIAKPHBAE IIIAX JJIS IIHPOKOTO
PO3BUTKY MIKPOMEPEXK, K CaMOIIATPUMYBAHOI CHCTEMH, IIO CKIAAETHCS 3 PO30CEPEHKEHUX E€HEPTeTHIHMX
pecypciB, SKi MOKYTh MPAIIOBATH B aBTOHOMHOMY PEKUMI i yac 300iB y Mepexi.

CporofHi BaXXJIMBHM HAaIPSIMKOM DPO3BHUTKY EJIEKTPHYHHX MEpPEeX B YKpaiHI € 3arpoBapKCHHS
MIKpoMepeX. 3TriJIHO BU3HAYEHHS B elxekrporexHiunomy ciaoBaukoBi IEC 60050 (International Electrotechnical
Vocabulary — IEV) [36] MikpoMepeka — rpylia B3aEMOIIOB’ I3aHUX HABAaHTAXXEHb 1 PO3IOMUICHUX CHEPTETHYHMX
pecypciB 13 BU3HAYEHUMH €JICKTPUYHUMH MEXaMH, 1110 YTBOPIOIOTH JIOKAIBHY €JIEKTPOSHEPreTHYHY CUCTEMY Ha
PIBHI PO3MOJIUIBHUX MEPEXK, sIKa JIi€ SIK €NUHUI KepoBaHH 00’ €KT 1 37aTHA MPAIIOBATH B PEXKHUMI NPUETHAHHS
JI0 Mepexi ado B OCTPIBHOMY pEXHUMI

CEM wMikpomepexxi — cucrema 3a0e3nedyeHHs (yHKIIOHYBaHHS Ta KEPyBaHHS JDKEpelamMu
po30cepepKeHOi TeHepallii 1 HaBaHTaxeHb MikpoMepexki [23, 24, 37]. Binnosigao CEM MikpoMepeki BaxinBa
JUISL  ONTUMAJILHOTO BHUKOPHCTaHHS PO30CEPE/KEHUX EHEPreTHYHUX pEeCypCiB PO3YMHHM, 3aXHUILEHUM,
Y3rOKEHIM 1 CHHXpOHi30BaHMM criocoboMm. Taka CEM Bimirpae BaKIWBY poiib y 3a0e3ledeHHI POOOTH
MIKpOMEpeXi y MOTOMUHHOMY a00 HIOXBIJIMHHOMY YacOBOMY MacmTadi 3amis 3a0e3leueHHsS KepyBaHHS
00’€exTaMu, 10 BXOAATH 10 11 cKiamy, Ta 3abe3nedeHns B3aemoii 3 CEM omepatopiB cucteM po3noaity.

JocinimkeHHs 3 KepyBaHHS MiKpOMEPEXKEI0 Ha IToYaTKy OyJin 30cepe/DKEHO Ha ITOTOKaX eNeKTPOeHeprii Ta
omrumizarii mpomeciB Binoopy eneprii Binm BJIE. Ommax y wmipy Oumpmoro mnponumkHeHHs BJIE mocrae
HEOOXI1THICTh PO3IIIAATH B3aEMO3B 130K HU3KU MIKPOMEPEX, MEXaHi13MH Ta MIAXO0IHM 10 IX KOHTPOIIO. lepapxiuHe
pO3IIOJIiNIeHe KEepYBaHHs PO30CEPEIDKEHHMH EHEPreTHYHHMH pPecypcamMH, IO BHUPILIYETbCS B MeXax
MiKpoMepexi, 0e3yMOBHO NOTpeOye MOEJHAHHS B OJIHE 11iJIe MOHITOPHHTY Ta KOHTPOJIIO (KepYyBaHHS).

VY cBow uepry, MikpoMepexa, SK JOKaJlbHa CHEPreTHYHa CHUCTEeMa, siKa BKIIOYAE TPU KIHOUOBI
KOMITOHEHTH: T'eHepallis, 30epiraHHs Ta nonut (i Bce 1e B paMKax OOMEKeHOI Ta KOHTPOJILOBAHOT Mepexi),
notpedye CEM sk e(peKTHBHOIO Ta ONTHMAIBLHOTO IHCTPYMEHTY 4epe3 CTOXacCTHYHY NPUPOIY 3MiHH
SJISKTPUYHMX HaBaHTaXeHb Ta reHepauii BJIE. Kpim Toro, cuctema eHeproMeHePKMEHTY BiIOBIIA€ 3a HA/LilHY,
0e3neuHy Ta eKOHOMIUHY poOOTY MiKpoMepexi y Oyb-IKOMY CTaHi IiJKII0YEHHs 10 Mepexi abo BiAKIIIOUYEHHS.

Lle mae 3MoOry KOOpAMHYBaTH IONMT 1 IOCTAQYaHHS EJICKTPOEHEprii, 3MEHIIYI0YH HOTpedy y NOpormx
3amacax eHeprii. AKTUBHO KEpYyIOUH Ta pearyroud Ha KOJMBAHHS IOIHTY, MIKPOMEPEXi MOXKYTh JIOCSTTH OLIbII
30aJJaHCOBAaHOTO Ta HAJIHHOTO EHEepProrocTayaHHs, HE IOKJIaJalouich BHUKIIOYHO Ha TPaaMLiiHI pe3epBHI
OJIHUIII TeHepallii eneKTpoeHeprii.

VY iHTeNeKTyalbHIH eJIeKTPOCHEPreTHdHI CHUCTeMi (€JIeKTPOMEpexi) EHEPrOMEHEIKMEHT MiATPUMYE
CTaOUTBHICTh MOMHUTY Ta MPOIO3UIIii, JOTPUMYIOUHCH YCiX CHCTEMHHX OOMEXEHb ISl eKOHOMIYHO e(eKTHBHOI,
HafaiiiHOT Ta Oe3meuHoi poOotu enekTpuuHoi cuctemu [22, 32, 38]. Cucmema inmenexkmyanvhozo
enepzomenedcmenmy (CIEM) € oHi€rO 3 IEPEIOBUX TEXHOJIOTIH, SIka BUKOPUCTOBYE 3B’ SI30K, SIKHiA 3a0e31edye
Iatepuet peueii (IoT), o6 BigcTeXyBaTH, BUMIPIOBATH, KOHTPOJIOBATH Ta ONTHUMI3yBaTH CIIOKMBAHHS €HEPTIi B
OyniBIax abo oicHUX KOMIUIEKcaX. BUKOPHUCTaHHS IHTENEKTyaJbHOTO KEPyBaHHS €HEPrielo B MIKpOMEpEeKax
MOX€ e(QEeKTUBHO IOKPAIIMTH OajaHC MiX IIONMUTOM 1 HPOMO3MIIEI0 Ta 3MEHIIUTH ITIKOBE HAaBaHTa)KECHHS
npoTsAroM HesarulaHoBaHux mepioniB. Ilpum mpomy CEM 31aTHa He TUIBKM PO3MOAUIATH HABAHTAXKECHHS 4H
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3a0e3mneuyBaTi OOMIH €HEpri€lo MiXK pi3HUMH HasBHHUMH TeHepaTopaMu (IiIcHcTeMaMu), ajle i eKOHOMIYHO
3a0e3rneuyBaTy HABaHTAXKEHHsI HaJIHHUM, Oe3MeyHUM Ta e(hEeKTHBHUM CIIOCOOOM 3a BCIX YMOB, HEOOXIIHHUX IS
poboTH enexTpoMepexi. Sk NMpHUKia, IHTEIEeKTyaIbHUH €HEPrOMEHEPKMEHT eJISKTPOMOOINIEeH Mpalltoe IUITXOM
iHTerpamii IHTEJEKTyaJlbHUX CHCTEM KEpyBaHHS €HEpri€cl0 Juisl ONTHMI3alil Tpouecy 3apspKaHHSI
estlekTpoMoOiiB. Li ccTeMy MOXYTh PeryioBaTH MIBUAKICTh 3aps/KaHHs, KOHTPOJIIOBATH Tpadik 3apspKaHHs
(yorictiyHi onepariii) Ta HaBiTh KOHTPOJIIOBATH CIIOKMBAHHS €HEPTil OKPEMHMH €JIeKTPOMOOLIAMH.

Be3ymMoOBHO, CydacHi CHCTEMHM €HEPreTHYHOTO MEHEKMEHTY 0a3ylOThCs Ha BHKOPHCTaHI omepauiid 3
IHTETEKTYaTbHUMH JIYMIbHUKaMH, 30KpeMa i3 TeXHOJIOT1sIMH:

CHCTeMB eHEpreTnInoro Lurerpanisn
Iayaxicers qa MCHCTEMCHTY BLIHOB TIOBATLINX
cropoui nonwry  Crpaveriaunit Mepeaxa xaepea
eneprevanni (Smart, Microgrid,
Memeament aenentpashonani)
Posocepersenl
axepeaa caepril > ~
a baokuciin
-]
\
LHosTopie npeIennn / P:Hlil’r'E’l'lllllllll"l Mouiropuur,
B eKCILIVATALIO < MEHE DKMEH s nlrenoraaienns,
. JUKMEHT seitnicrs
Exomomina T s e
voepnizanii [ Aexapborhania
Smart rexuoaorii
llmbnonlmlla (ocnivaenwn, Fmisnnkm,
Pexynepanis tenas sepeini, Dyainai)
Plwenns xan

Pimenns 1an

ddepiranuan cueprii
KepPVBAHRS NONNTOM

PucyHok 4 — Cxnadosi «po3sunymozco» eHepeomMeneotCMeHmy

AMR (Automated Meter Reading) — aucrasiiiiHe 34WTyBaHHS TOKAa3iB JIYMJIBHHKIB — MEpeaoBi
TEXHOJIOTT, sIKi 320e3MeYy0Th MOXKIJIMBICTh JUCTAHIIIHOIO 3YMTYBaHHS JAHWX, 10 HakKomnuueHi Smart Meter.
Taki JTYMILHUKY JTO3BOJSAIOTH HE TIIBKU BUMIPIOBATH Ta OOJIKOBYBATH EJICKTPHUUHY €HEPTit0, a i 00YHCITIOBATH
mapaMeTpH PEeXUMIB EIEKTPOCIIOKHUBAHHS, 30epiraTu 00YNCIIeHI 3HAUCHHsI TapaMeTpPiB, a TaKOXK 3a0e3MedyroTh
JOCTYIl 10 wiel 0a3m [maHuxX 4dYepe3 UUPPOBI KOMYyHIKamiiiHi iHTepdelicn. 3aBIsSKH 3aCTOCYBaHHIO
OaraTo(yHKIIOHATFHUX EJIEKTPOHHUX JIYMIBHUKIB BUMIpSHA EIEKTPOSHEPTis MOXe OyTH po3mojileHa 3a
iHTepBaNaMu yacy (iHTepBaiamu J0OH, TapubHUMH 30HAMH, H00aMu, MicsAIsIMH Tomo). Bnposamkenas AMR
CYTTEBO CKOPOUYE TEPMiHH 300pY HaHUX, HiABUIIYE TOCTOBIPHICTH OONIKY Ta JO3BOJISIE AaBTOMATH3YBATH IPOIIEC
PO3paxyHKIB 3a €JIEKTPOCHEPTiI0.

AMM (Advanced Meter Management) — po3BuHyTa cHCTeMa KEpyBaHHS JIYWIBHHKAMH (CHCTEMa
IHTEJIEKTyalbHUX BUMIPDIOBaHb) € CHCTEMOIO JMCTAHIIHHOTO 3YMTYBaHHS JaHMX OOJIKY 3 PO3BHHEHUMH
(HYHKIIOHATIBHUMH MOYJIMBOCTSIMU II0/I0 HaaHHsI KJIIIEHTAM CEPBICHHUX MOCIYT 1H()OPMAIIITHOI MEepEexKero.

InrenekryansHa He3ajdexkHa Smart mepexa (IuB. puc. 5) mMae HH3KY ocobmuBocteit [39]: KOHTPOJb i
MOHITOPHHT Y PEXHMMi PEaJbHOI0 Yacy, MiIKIFUEHE 10 MEPEXki CXOBHUIIE eHeprii, 1udpoBa HEOOCIyroByBaHa
MiJCTaHINSA, pO3MHpeHa cucrteMa BuMiproBaHHA (AMS), crucTemMa eHEPreTHYHOTO MEHEIKMEHTY, CHCTeMa
MEHE/DKMEHTY PHUHKY, IHTerpOBaHMii TirabiTHuit 38’530k Ha ocHoBi IP, koHTposs momuty (Demand respond
control, DRC), renepariist BiIHOBIIOBaHOI eHEPTil.

CxuaoBi CEM ms Smart Grid (CIEM) npeacrasnena Ha puc. 6.

IHTenexTyanbHUH ~ €HEPreTMYHMH  MEHEDKMEHT  XapaKTepH3YEThCS  CKJIQJIOBHUMH:  KepyBaHHA
HaBaHTaXeHHsM Ha nmonut (Demand Load Management, DLM), kiGepOe3mnieka 3B’ 3Ky, pe3epBHE AyOIOBaHHS
SCADA, reorpadiuna inpopmarniiina cuctema (GIS), SCADA, 6a3a maHux, MCHEIPKMEHT BUPOOHHMIITBA CHEPTII,
nporuo3yBanus. CIEM 3a6e3neuye ta Bxirouae [38, 39]:

— KepyBaHHA NaHUMH: JaHi PO CIOKMBAHHSA €Heprii, JaHi mpo 3001 B eNeKTPOMEpexi, MaHi Ipo
BUPOOHUIITBO €HEPTii;

— CHUCTeMa JUCTIeTYEPChKOro KOHTPOIIIo Ta 300py (SCADA): cuctemu reHepaiiii Ta mepeaadi, JJIIYMIbHAKH
Ta JaTYUKU SHEpril;

—chcTeMa aBTOMaTH3alii Ta KepyBanHs posmoninom (Distribution Automation and Control, DAC):
crcTeMa po3IoJIiTy, i IKITIOYeHe HaBaHTaKeHHS;

— IIPOTHO3YBaHHS: IIPOTHO3 KPHUBOI NOIHUTY Ha €HEPrito, MPOTHO3 BUPOOHUIITBA EHEPTIii.

[Ipu oMy mo€HAHHS KEPYBaHHS SIKICTIO €JIEKTPOCHEPTii 3 CHCTEMOIO €HEPrOMEHEPKMEHTY B CHCTEMax
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CHEPrOMEHEKMEHTY BKIIIOYAE!

— KepyBaHH SIKICTIO €JIEKTPOSHEPTii: TOYHICTb, IHUKALliS SIKOCTi, 3MEHILICHHS BTPaT;

— IUTAaHYBaHHs: MEXKI eKCIUTyaTallii, 3MEHIICHHS BUKUIIB NapHUKOBHUX Ta3iB, 30UIbIICHHS BHUTOX 1
npuOyTKiB;

— IIPOTHO3: HEBU3HAUCHICTh, T€HEpallisi CHeprii, IIOUT Ha EHEeprilo;

— MOHITOPHHT: TepeadadyBaHICTh I[IHH, TOYHICTh reHepalii eHeprii, TOYHICTh MONUTY Ha EHEPTiIo
(Accuracy of demand of energy).

I'enepanis
BiIHOB.TIOBaH 01
CHEDEL Kontpous i
KonTtpoan q
MOHITOPHHT Yy
MONUTY .
pexumi
peabHOro Yacy
InTerpoBanuii
riradiTHuit 5
s Ilinkarouene xo
3B’5130K Ha .
X He3anexna Mepeski cxoBuIe
ocHoBi IP enenrii
Smart mepe:xa P
Cucrema
MeHeKMeHTy Iudposa
PHHKY HeoOCIyroByBaH
a migcTaHmis
Cucrema
Pozmmpena

CHEepPreTH4IHoro

MEHEIKMEeHTY LI

BHMipIOBaHHs

Pucynok 5 — Inmenexmyanvna nesareacna Smart cucmema

[lpn mobymoei CEM mms Microgrid BpaxoByeThCst 0COGNMBOCTI KepyBaHHS (LICHTpaTi30BaHe YU
JICLIEHTpAIi30BaHe), a caMi CUCTEMHU PO3MIIAAIOTHCS SIK MyJIbTHATCHTHI.

Jus hopmysanns 3aranpauX KmodoBuXx KPI 8 CEM HeoOxinHO 31iHCHIOBAaTH BiINOBITHE MOJCTIOBAHHS,
30kpema [39, 40]:

— 3YMTYBaHHS OCHOBHHX IIOKAa3HHKIB: CTpyM, IHcOalaHC CTpyMy, Hampyra, AucOalaHc Hampyrd,
MOTY>KHICTP (aKTHBHA, YSIBHA PEaKTHBHA), YaCTOTA, KOSQIIIEHT MOTYKHOCTI;

— 3UMTYBaHHs NOKa3HUKIB €Heprii: akTUBHA EHEpris, peakTHBHA CHEepTis, HOBHA EHEpPris;

— SIKICTh €JIEKTPOCHEPTii: KOe(iIlieHTH CIIOTBOPEHB HAIIPYTH Ta CTPYMY, KPecT-(PaKTop CTPyMY;

— NIPOTHO3YBaHHS (MOKAa3HUKH aJIrOPUTMY): CepelHsl KBaJpaTH4YHA IIOMMJIKA, CEpeaHs aOCOoJI0THA
MOMUJIKA, CepeTHbOKBAIPATHYHA TIOMMIIKA;

— miarpamu: JiarpaMa TrapMOHIK, JiarpamMa Hanpyrd CTpyMy, Jiarpama TOTYXHOCTi, Jiarpama
MPOTHO30BaHKX MPOQ1iIiB, KpUBa HABAHTAXKEHHS, KPUBA I'eHepallii;

— KPI mikpomepesx: CTabuIbHICTh HANIPYTH B EIEKTPOMEPEXKi, 3arajibHa reHepallis, 3arajbHe MiJKII0YeHe
HaBaHTAXXCHHS, HATIHHICT TeHeparlii, 1edinuT reHeparii;

— (iHAHCOBI KITFOYOBI TOKA3HHKH €(PEKTHBHOCTI: KaIliTATLHUH 3amac, pidvHAN eKCIDTyaTamiiHui 3arac,
BapTICTh TEXHIYHOTO 0OCIYTOBYBaHHS, BApTICTh TeHEpallii, BAPTICTH 3aMIIllCHHS,

— HaBKOJHITHE cepepoBuine: BUKUAU CO2, nedinut eHeprii.

4. llepcneKTUBHI HAIPSIMKH PO3BUTKY Ta CTPYKTYPH CUCTEM eHeproMeHeI;KMeHTY

Cucrema eHeproMmeHeqxkMeHTy Ta omtumizauii (CEMO) (Energy Management and Optimization
System, EMOS) [41].

CporosnHi TNHTaHHA EHEPrOMEHEKMEHTY CTald HACKPi3HUMH TeMaMH, SIKi CTOCYIOThCS KOXKHOTO.
Hampukian, Ha KOPIOpaTHBHOMY PiBHI II€ MOXE CTOCYBATHCS YIPaBIIHHSI PU3MKOM HECTAOUTBHOCTI I[iH Ha
€HepronocTayaHHs, JOTPUMaHHs BUMOT LIOJI0 CTaJOr0 PO3BUTKY Ta 3POCTAIOUYMX MOTPEd y 3BITHOCTI, a TAKOXK
3MEHINICHHSI CTIOXUBAHHS €Heprii mpu 30epekeHHI ONTUMAIBHOI MPOMyKTUBHOCTI. Uepe3 1e icHye moTpeba B
OJTHOMY YHIKJIbHOMY TEXHOJIOTIYHOMY CEPEIOBHILII 200 CHCTEMI, SIKY MOKE BUKOPHUCTOBYBATH OY/1b-SIKUH 00’ €KT.

CEMO (EMOS) mosxe 3anponoHyBaTd MOAYJIBHHHN 1 THYYKHI IMiAXiJ JUI1 HEOAHOPIAHUX OpraHizamii 3
JIeKIIbKOMa BY3JIaMM, SKMM IIOTPiOHO MpaifoBaTd 3 PI3HUMH PIBHAMH 3pUIOCTi, IO O3HA4Ya€ Kpamly Ta
JIOBI'OCTPOKOBY Mi/ITPUMKY.

CEMO - 1e noBHa iHTerpoBaHa mponosullis. Bona Briowae 3Bnuaiini QyHkuii CEM, onHak BoHM
6e3rmocepeIHBO MOB’sI3aHi 3 po3MmMUPeHNMHU MoxuBocTaMH onTuMizanii. CEMO mponoHye rio0ansHe pilieHHs,
SIK€ MOXK€ 3a/I0BOJBHUATH TOTPEOH BCiX KIIOYOBUX KOPHCTYBAYiB B OJHOMY CEMaHTUYHOMY CepenoBHIi. Takum
YHUHOM YCi Il KOPUCTYBadl MOXKYTh y3TOKYBaTH CBO1 3yCHIIIS, KOHTPOJIOBATH PE3yIbTATH Ta JUINTHCS IIJIIMH.
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CEMO pnae xopucTyBauaM MOXKJIMBICTP BUKOHYBAaTH KOHKDETHI Aii, sIKi € OUBII MPOCYHYTHMH 3aBISKHA HOTO
BPa)Xal0YUM TEXHOJIOTIYHUM MOKIIUBOCTSIM.

KibepGesneka

10
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JyOJTI0BAHHS
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Pucynok 6 — Cucmema enepeomenedcmenmy ons Smart Grid (CIEM)

Indopmaniiina cucrema enepromenemxmenty (ICEM) (Energy Management Information System,
EMIS) — e cucrema kepyBaHHS MPOIYKTHUBHICTIO, KA JO3BOJISIE OKPEMHM 0c00aM i OpraHizallisM IuiaHyBaTH,
NpUMaTH PilICHHS Ta BXXWUBATH €(EKTUBHMX 3aXOMIB Ul YIPAaBIiHHSI BUKOPHUCTAHHSM €HEpPril Ta BUTpaTaMu
[42].

ICEM (EMIS) pobuTts eneproedeKTHBHICTh BUAMMOIO ISl Pi3HUX PIBHIB OpraHizallii, IepeTBOPIOIOYH JIaHi
PO SHEePreTUYHI Ta KOMYHaJIbHI OCIYTH B IIEHTpax 00JiKy eHeprii B iHpopMalliro npo eHeproeekTuBHIcTh. Lle
3MIHACHIOETBCS 32 JIOTIOMOTOI0 DiBHSHB €()EKTUBHOCTI, SKi TOPIBHIOIOTBCA 3 CHEPreTHYHHMHU MIJTHOBUMHU
nokasHukamu opranizamii. ICEM — 1me mocTifiHe BIOCKOHAJCHHS, IHTETpalis, 3B’S30K, ONTHMi30BaHA
MPOAYKTUBHICTE: (3pOCTaHHS 3a CTYIICHIMH OXOIUICHHS Ta 3HAYYIIOCTi): IeHTpH 001iKy ereprii (Energy Account
Centers, EAC), BumiptoBanHs Ta BXifni maui (Metering & Inputs), 36ip nanux ta 3BityBanus (Data Capture &
Reporting), cucremu kepyBanHs: Jiroau ta nporeaypu (People & Procedures).

Mopnenai CEM [iisi kepyBaHHSI eHEpri€l0 B iHTeJeKTyajlbHOMY cmiBTOBapucTBi (Smart community)
[43]:

— po3Butok TexHoinorii HEMS (aBromarmsanis Ta kepyBaHHs, Smart npuctpoi, matumku ta Smart
JIYMTBHUKY, METOJ] ONITHMI3allii, 30epiranHs eHeprii, CucTeMa 3B's13KY);

— cucteMu eHepromenemkmenty Oymisens (Building Energy Management System, BEMS): momaruiit
EHEeproMeHe/Kep, COHsYHA (OTOENEKTPUYHA CHUCTEMA, BITPOBI EHEPrOyCTAaHOBKU HEBEJHMKOI IOTY)KHOCTI,
eHeproe(eKTHBHE OCBITJICHHS, NPHUIAAM pearyBaHHS Ha TOMUT, HAKONWYCHHS CHepTii, (UIBTpalis BOIH,
BOJIOHArpiBad 3 TEIUIOBUM HACOCOM, T€OTEPMAIIbHI TETIJIOBI HACOCH, PO3YMHHUH JTIUMIIBHHUK.

Interpauis nonuty Ta npono3unii (IITIT) (Demand and Supply Integration, DSI) [44].

Crpykrypa cuctemu iHTerparnii nmonury Ta mpormo3umii ITIIT (DSI) posrmsnaerscs sk 30amaHCyBaHHS
PHHKOBOIT iH(poOpMalii MO0 MOMUTY Ta MPOMO3HULIH 1 Oi3HEC-aHAJIITHKHU 3a IOTTOMOTOI0 IHTErPOBAaHHUX HPOILECIB
YIpPaBJiHHS 3HAHHSIMH JUIS CTPATETIYHOTO YIPaBIiHHS AiSUIBHICTIO TOIMUTY Ta MPOIIO3MIIT 3 METOI0 CTBOPEHHS
BUIIOI I[IHHOCTI ISl KIi€HTIB (auB. puc. 7). OZHOYACHO BPaxOBYIOYM 3aCTOCOBHI PHHKOBI 3MiHH, IO
BiOyBArOThCA K y BUXITHHX, TaK 1 B 3BOPOTHHUX HAIIPSIMKAX, MiAIPUEMCTBA TOTOBI 3aIiTH Ta BUKOPHCTOBYBATH
omeparii, OpieHTOBaHiI Ha e(heKTUBHICTH, 30epiraroun BiAIOBITHUN piBeHb MPOIYKTUBHOCTI.

SIk mpuKIIa] KOMIUIEKCHOTO ITiIXOAY HaBEJEMO CHCTEMY KEePYBAaHHSI €HEPronocTauaHHsIM i MONUTOM
NEC (NEC’s Energy Supply & Demand Management System) posBunymacsi sk ruiatrdhopMa yIpaBIiHHS
€Heprielo, sKa MOB’sM3aHa 3 MU CHCTEeMaMH, 00 3pOOHTH MOXKIIMBHM JTOCATHEHHS PO3IIUPEHOTO YIIPaBIiHHA
eHepriero [45].

Cucrema kepyBaHHs1 eHepromocTayanHsaM i nonutom Big Nippon Electric Corporation BukopucroBye
MOHITOPUHI' 0ajaHCy IOCTaYaHHS/TONMUTY JUId onTuMi3anii OajaHCy MK BHPOOHHMIITBOM 1 CIIOKMBaHHSM
estekTpoeHeprii. OnHak 1e aunie oxHa 3 QYHKLIH KepyBaHHs €HEpriero, JUIs JOCSTHEHHS SIKOI MOKJIMKaHa IS
cucrema. Cucrema enepromeremxmMenTy NEC oxorutioe Tpu ukiu: 301p 1 Bizyaiizalis, aHaii3 i IporHO3yBaHHS,
KOHTPOJIb 1 ONTUMI3aIlisl.
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Pucynok 7 — Konyenmyanvha ocnoea inmezpayii nonumy ma npono3uyii

Mera cuctemu enepromenekmMenTy NEC — cripusitu crabinizanii Ta ontumizanii 3araibHOT eHepreTH4HO
CHCTEMH, 30CEPEKYIOYHCh Ha TPhOX OCHOBHHX LIUISIX:

1) aBToMaTuuHui 30ip Ta Bizyasi3alis pI3HOMaHITHUX 1 HEBU3HAYCHUX JJAHUX PEAJBHOTO CBITY Ha J0JIaTOK
IO KiJTBKOCTI BUPOOIICHOT Ta CIIOKUTOI CHepTii;

2) CTBOPHUTH TUTaH ONTHMAaJIBHOTO YIPABIiHHS €HEPTIE€I0 BiIMOBITHO 10 BUTPAT 1 BUMOT, BUKOPUCTOBYIOUN
aHaJi3 BEIMKUX JAaHHUX JUIS TPOTHO3YBaHHS Maii0yTHHOTO;

3) BHOPOBAIPKCHHS IHTEIEKTYaIbHOI CHCTEMH KEPYBaHHS C€HEPTi€l0 HA OCHOBI TEXHOJIOTIi HAKOMMYECHHS
enekrpoeHeprii NEC.

Cxamosi CEM mist Smart Grid srizso konuenii miatgopmu enepromenemxmenty NEC:

— MOHITOPHUHT: (haKTHYHE BUPOOHHITBO eHepril, (aKTHYHHI MOMUT Ha EHEprito, ctaH 3apsay (State of
Charge, SoC) nakonuuyBaya st 30epiraHHst eHeprii, HEBU3HAYEHICTD LIHH;

— IIPOTHO3: BUPOOHMIITBO €HEPTii, IONUT HAa EHEPTit0, MOOLIbHE 30epiraHHs JaHUX, HEBU3HAYCHICTD;

— KepyBaHHsI SKICTIO €JIEKTPOSHEPTrii: MiHIMi3allisl BTpaT, HOKA3HUKH SIKOCTI eJIeKTPOeHepril, HaliiHICTh /
KOM(OPTHICTB;

— IDTAHYBaHHS / AUCIIETYSPU3allisl / BAPTICTh: ONlepalliiiHi BUTpaTH, 3MeHIeHH BUKUIB [1I°, Makcumizais
IpUOYTKY.

[Iomo mepcreKTHBHOT KOHIIETIIIIT CHCTEMH KepyBaHHs eHeprieto Hitachi [46].

Konuenuisi cucremn kepyBanHsi eHepriero Hitachi — BHecOK y CTBOpEHHsSI THYYKOi €HEpreTHMYHOL
IHQpacTpyKTypH, SKa MOXE NPHCTOCYBAaTHCS JO TIIOIIMPEHHS BiJHOBIIOBaHOI €Heprii Ta ocoOnmBocTEeH
KoHKpeTHHX Teputopii. Hitachi crpuse macoBomy BnpoBamkenHto BJIE, sike odikyeTbcs B MailOyTHBOMY, i
HIMPOKOMY Jiarna3oHy MOTped BIANOBIJHO J0 XapaKTEepUCTHK TEPUTOPIl, TAKUX SK «MicClieB€ BUPOOHMITBO Ta
MICLIEBHI THUII CIIOXKMBaHHS» Ta «OCTPIBHUII THUI» 3a JOIOMOIOI0 MOEAHAHHS «0a30BUX MOJIENei» KepyBaHHS
e”eprieto. Hitachi peanizye BHCOKOHaJiiiHy eHepreTH4Hy iH(GPACTPYKTYpy 3 MOXKIMBICTIO PO3IIUPEHHS Ta
THYYKOCTI 3a JIONIOMOT010 KOH(iryparii «<aBTOHOMHOT JICIEHTPaIi30BaHOT» CUCTEMH.

HaBenemo dYotupu Qakrtopu «0a30BOi MoOjeNi» EHEProMEeHEIKMEHTY, 10 JO3BOJSIE€ MacoBO
BukopuctoByBatu BJIE (n1uB. puc. 8):

Ilocmauannua: TpagMuiiiHe BUPOOHUIITBO E€JIEKTPOEHEPTii, SK-OT TEIJIOBa Ta BiJHOBJIIOBAHA EHEPIis
(nanpuxiazn, poToenekTpruyHa (COHAYHA) Ta BITPOBA);

Ilonum: nomaiHi croXXnBadi, BEJIMKI CIIO’KUBAaYi, Taki K Gadpuku Ta ohicH, a TAKOX CTAHIIT IS 3aps KN
€JIEKTPOMOOIIIB, 5IKi, SIK OUIKY€ThCsI, 301IbIIATECS B MAli0y THHOMY;

3bepicannsa: GyHKuis A7 TOM SKIIEHHS KOJIMBaHb MOMKUTY HA EJIEKTPOEHEPTi0 Ta BUXIIHOI MOTYXHOCTI
o0agHaHHAM TSI HAKOTIMYECHHS SHEeprii, TAKUM SK 30epiraHHs eJIeKTPOCHEPrii Ta TeTI0BO1 eHepril;

Kepysanna: Bcs (yHKIS onTHMi3amii IOUIIXOM KOOPIMHALII BHIIEBKAa3aHUX TPHOX (AKTOPIB i3
KepyBaHH:IM cTaliii3alieto Mepexi, KepyBaHHIM reHepanieio, DSM Ta kepyBaHHAM €JIEKTPONOCTauYaHHIM.

Ckiaznosi po3sunytoi CEIl HaBeneHo Ha puc. 9.

3Haiiim cBo€ 3actocyBaHHs Taki mepcrektuBHi CEM sk nuHamigna Ta Ha ocHOBI [HTEpHeT peueii [47].

Junamiuna cucmema enepzomenedscmenmy (aurin. Dynamic Energy Management System, DEMS)
CKJIQIA€THCSl 3 BUCOKOE(EKTHBHUX KiHIIEBUX IIPUCTPOIB, OCHAIIEHUX PO3LIMPEHHMH 3aco0amMM KepyBaHHS Ta
KOMYHIKAI[ITHUIMHA MO>JIMBOCTSIMU, $IKi JIO3BOJIIOTH MPHCTPOSM JHHAMIYHO B3a€EMOJISTH 13 30BHINIHIMUA
CHTHAJIaMH Ta PETYJIIOBATH CBOIO IPOAYKTHBHICTB Y BiMOBiAb Ha 11l curHaiu [48].
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Pucynok 8 — Cucmema enepeomenedsncmenmy 3 6UOLIEHHAM HOMUPLOX Gakmopie «6az060i mooeniy

CydacHa mpakTHKa KepyBaHHS BHKOPUCTaHHSAM eHeprii: eneproedexruBHi kiHuesi mpuctpoi (End-Use
Devices); oOMexeHi po3IOijeHi eHepreTHIHI pecypeH; JIOKaIbHI CTAHAAPTHI CHCTEMH YIPaBIiHHS; 6a30BHi
JIBOCTOPOHHIH 3B's130K. JOHaTKOBUI MOTEHIIaN AWHAMIYHOTO KEpyBaHHS €Hepricro: Smart eHeproeeKTHBHI
KiHIIeBI TpHUCTPO1; SMart pozocepemkeHi eHepreTHIHI PecypcH; epeaoBi CUCTEMHU KepyBaHHS BCiMa OyIiBIAMHA
(Advanced Whole-Building Control Systems); inTerposana koMyHikaIliifiHa apxiTekTypa.

Cucmema enepzomenedsycmenmy na ocnosi Inmepnuem peueii (Internet of Things in Energy Management
System, 1oT EMS) [49].
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Tosnauenns: AMI —Advanced Metering Infrastructure; BEMS — Building Energy Management
System; CEMS — Community Energy Management System; D-EMS - Distributed Energy
Management System; DMS — Distribution Management System; DSM — Demand Side Management;
EMS — Energy Management System; EV-EMS — Electric Vehicle Energy Management System;
FEMS — Factory Energy Management System; HEMS — Home Energy Management System.

Pucynok 9 — Cxradosi po3sunymoi cucmemiu eHepeomMeHe0HCMeHmy

CucreMn eHEproMeHeKMEHTY Ha OCHOBI loT BHKOPHCTOBYIOTH JaHi PO €HEPTOCIIOKUBAHHSA B PEXKUMI
peasbHOro 4acy, 100 JOMOMOITH OTITUMI3YBaT BUKOPHUCTAHHS €JIEKTPOCHEPTil, JMHAMIYHO HepPEeKIIFoUaTHCs Ha
€KOHOMHIII Ta pecypcoeeKTHBHIII PEXHMH, a TAKOXK PO3pOOIISITH ePEeKTUBHY Ta CTIHKY CTPATETII0 CIIOKMBAHHS
SHeprii Ha OCHOBI CIEIlialli30BaHUX MOJENeH BHKOpHCTaHHI. XMmapHa cucrema s CEM mpomnonye Taki
IepeBarn: THyYKa CTPYKTypa Ta IIBHIKE PO3TOPTAHHS; Oe3leKa: BKIIOYEHO AaBTOMATHYHE OHOBICHHS Ta
00CITyrOBYBaHHS DIllICHHS; 3HIDKCHHS BHUTPAT 1 CKOHOMisS Ha 0araThOX IpeAMETax; MOCTYI 3 OyAb-SKOTO
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MIPUCTPOIO 3 Oy Ib-AKOTO MiCIIs Ta B OyAb-SIKUH Yac; pO3NIMpEHa CITiBIIpalld; KpaIiuid KOHTPOJIb BILTUBY U(PPOBOTO
pilLICHHS Ha BYTJICLb.

Kitouosi momentit CEM Ha ocuosi 10T [50]:

— TporpaMHe 3a0e3ledyeHHs Ui YIPaBJiHHS €HEPri€lo J03BOJISIE IPOMUCIOBUM IpynaM i KOMIIaHisIM
MOTJIMONTH aHalli3 CBOIX €HEPreTHMYHHX JaHMX; KpPIM TOTO, BiH MOXe 1IeHTH(]IKyBaTH MOXJIMBI apeiidu, ski
MOXYTb J0OJATKOBO 3MEHIIINUTH BIUIMB BYTJIEIIO T4 BUTPATH HA MOCTiHHII OCHOBI;

—cucrema CEM 3a0e3neuye 4iTKUA OTIISA] CIIOKMBAaHHS K Y BCbOMY CBITI, TaK i 3a reorpaiqyHiuM perioHOM
1 U1 KOJKHOTO MICIISI 32 TUIIOM €HEpTii; MPOCTi Ta HaJamITOBYBaHi iH(QOpMAIiifHi aHeNi J03BOJSIOTh KOXKHIHM
3amiKaBIeHIH CTOPOHI MIBUAKO BU3HAYATH CBOI MPOOJIEMH Ta 3a MOTPeOU OTPUMYBATH TOCTYII 10 3BITiB;

— nepesar CEM moJsratoTs TOJIOBHUM YHHOM y BUMIPIOBAaHHI CITOKWBaHHSA €HEPTii, 3HIDKCHHI BUTPAT,
3MCEHIICHH]I OTped i BUKKIIB BYTJICIIO; BOHM TAaKOXX JO3BOJIIIOTH TPyIaM JIeTIIEe MOBaXaTH 3aKOHOJAaBCTBO Ta
3aTy4aTy KOMaHIH O €KOJIOTIYHO CBIIOMOTO HiIXOIY;

— CEM mpomnonye Oararo mepeBar Ui KOKHOI CKJIaIoBOi 00’€KTa, BiJl TEXHIYHOTO OOCITyTOBYBaHHS 10
ynpaBiiHHs, BKIroyarouu ¢inancy, IT 1 gaHfor mocrauyaHHs;

— i7easbHUM € XMapHe MporpamMHe 3a0e3NeueHHs Ul YNpaBIiHHS EHEprielo; Le 3ade3nedye IMIBUIKE
PO3ropTaHHs, EKOHOMIYHO e(peKTUBHY MacIITaO0BaHICTh 1 MOXKIIMBICTD MPALIOBATH Oy/b-/€ Ta 3 0y 1b-SIKOTO TUILY
TepMiHay.

Inmezposana cucmema meneoxyncmenmy (Integrated Management System, IMS) nionpuemcmea
(opzanizauii, ycmanoeu)

[lignpuemcTBa (OpraHizamii 4W YCTAaHOBH) YaCTO 30CEPEMKYIOTBCS Ha IHIWBIAyalbHHX CHCTEMaxX
VOpaBIiHHS, YacTO PO3IOUICHUX, a 1HOAI HaBiTh TaKWX, IO KOHQIIKTYIOTH MK coboto. Komanma 3 sikocTti
3aliMaeThCsl CHCTEMOKO YIPABIiHHS SKICTIO, YaCTO MEHEIDKEP 3 OXOPOHH HABKOJIHMIIHEOTO CEPEIOBHUIIA, OXOPOHU
300pOB’s Ta OE3IEKH 3aiiMaeThCs MUTAaHHAMHU OE3MEKH, 310POB s, HABKOJIHIIIHHOTO CEPEIOBHUINA Ta SIKOCTI TOLIO.

InrerpoBana cucrema menemkMmenty (Integrated Management System, IMS) 06’emqHye Bci cuctemu Ta
MpPOLIECH OpraHi3alil B €AMHY TIOBHY CTPYKTYPY, IO JO3BOJISIE OpPraHi3alil MpawioBaTy SK €JJMHE LiJe 3 €UHUMH
isMu. IMS e moeqHaHHS, K OKPEMHUX CKJIAJ0BUX, TAKUX CHCTEM MeHemkMeHTy sk QMS, EMS, SMS, EnMS,
FSMS ta ISMS [51]:

QMS - cucmema ynpasninns axicmio (QMS — Quality Management System)

Cucrema ympasininas sikictio (CYS) — ue Habip NMONITHK, NPOLECiB 1 Mpoueayp, HEOOXiAHUX s
TUIAaHYBaHHS Ta BUKOHAHHs (BUPOOHHIITBO, po3po0Ka, 00CIyroByBaHHs) B OCHOBHI# cepi TisuTbHOCTI opraHizaii
(To0TO cepax, SKi MOXKYTh BIUIMBATH HA 3/aTHICTH OpTaHi3aIlil 3a10BONBHATH BUMorH KiieHTiB). [SO 9001:2015
€ mpukiagoM cuctemu yrpasiiHHs sKkicTio (ISO 9001 Cucremu ymparmiHHS sikicTio; AS9100 AepokocmiuHa
MPOMHUCIOBICTH i 000poHa; ISO 13485 Menuuni mpuctpoi; IATF 16949 ABToMOOTEHA IPOMUCIIOBICTB).

EMS - Cucmema ynpaeninna nasxonuwnim cepedosuwem (EMS — Environmental Management
System)

Cucrema ynpaBiiHHA HaBKOJHIIHIM cepenoBumeM (EMS) Bu3Hadae Ta MOCTIHHO MOKpAIIy€e €KOJIOTIYHY
no3utiiro ta epextuBHicTh opranizaiii (ISO 14001 Cucremu ynpapiiiHHS HABKOJIUIIHIM CEPEIOBUILEM).

SMS — cucmema ynpaeninna o6eznexoro (SMS — Safety Management System)

SMS (a6o OHSMS) Bu3Ha4ae Ta MOCTIHHO MOKPAIIYE MO3UINIO Ta TPOAYKTHBHICTH OpTaHizallii B ramysi
OXOpOHH 370pOB’s Ta Oe3neku. BoHa BiNOBIIa€ IUIaHy Ta yIPaBJISIEThCS TAK CaMO, SIK OyAb-SIKMI 1HIITHNA acTIeKT
6i3Hecy, HAMPUKIIaI, MapkeTuHToBiI un imkeHepHi ¢yHkii (ISO 45001 Cucremu yrpaBiiHHS OXOPOHOFO Mparli Ta
0e31eKo10).

ENMS - cucmema enepzemuunozo menedyncmenmy (ENMS — Energy Management System)

EnMS Bu3Havae Ta mocTiiiHO TMOKpallye BUKOPHCTaHHsS eHeprii opranizamiero ta B (ISO 50001
Cucrema yrpaBIiHHs €HEPTi€r0).

FSMS — Cucmema ynpasninnsn 6e3nexoro xapuosux npodykmis (FSMS — Food Safety Management
System)

Cucrema ympaBiiHHS O€3MEKOI0 Xap4OBHUX NPOMYKTIB IMMIATBEPIXKYE, IO KOpropamii B XapyoBii
MIPOMHUCIIOBOCTI JOTPUMYIOTHCS TIEBHUX HPOUEAYpP 1 BKa3iBOK, mo0 3abe3meunty Oe3neKy CBOIX MPOIYKTIB IUIs
crioxuBauis (cepTudikaris xapuosoi 6e3mexu FSSC 22000; 1ISO 22000; SQF).

ISMS — Cucmema ynpasninns ingpopmauiiinoro 6e3nexoro (ISMS — Information Security Management
System)

Cuctema ynpaBniHHS iHQOpMariifHOIO Oe3MMeKol0 BU3HAYae, SK Balla OpraHi3aiis TOBHUHHA
OpraHi30ByBaTH Ta KepyBaTH CBO€I iHpopmauiiiHow 6e3nekoro (1ISO 27000 Cucrema ynpasniHHS 0€3MEKO0 B
IarepHeri).

B ineam mianpmeMcTBy (opranisamii, ycraHoBi) nominbHo Math IMS, sika oJHOYAacHO BHpIiHIye Bci
BU3Ha4eHi 1. OxHaK Moke OyTH Ba)KKO 3a/I0BOJILHUTH ITOTPEOH PI3HUX CHCTEM MEHE/KMEHTY, 1110 MPaIIOI0Th
B paMKax OJHOTO MiANPHEMCTBA. [HTErpOBaHi CTAaHIAPTH CTBOPHIM CIOCIO iHTerpamii KUTBKOX BiIMOBiTHHX
cucTeM y Oynb-sIKy OpraHi3allilo, He3aJIe)XHO Bij 11 pHHKY. [HTerpamis KiTbKOX CHCTEM MEHE/DKMEHTY B €IHHY
cucteMy (SIKi CIiJIbHO BUKOPHCTOBYIOTH TOKYMEHTAIi10, TIOJITHKH, IPOLIEAYPHU Ta MIPOIIECH) MAE CEHC.
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IMS Moe mpuHECTH KOPUCTH MiANIPHUEMCTBY 3aBASKH ITiIBUIEHHIO €()eKTUBHOCTI 1 pe3yIbTaTUBHOCTI Ta
CKOPOYEHHIO BUTpAT, MiHiMi3ytoun 3601 y poboti miznpuemctsa [51]. e Takox CBiqUUTH MPO BiqAaHIiCTh Ha
MiANPUEMCTBI MiABUIICHHIO TPOMYKTHBHOCTI, 3aJOBOJICHHIO CIIBPOOITHUKIB Ta KII€HTIB 1 MOCTIHHOMY
BIOCKOHaJICHHI0. 3aBasku IMS cucremMu ynpaBiiHHS MiIPHEMCTBA MIPALIOIOTH Pa30M, MPUIOMY KOKHA (DYHKIIis
00’eTHaHA B OJIHY METY: MOKPAIICHHS MPOJYKTHBHOCTI BCi€i opraHizaiii. 3aMiCTh pO3PI3HEHOCTI 3’SABISETHCS
MOXIIMBICTh CKOOPAWHOBATHU 3YCHILIS, IPH SIKUX Pe3yJIbTaTH MOCTAIOTh OUIBIINUMH, HIXK CyMa HOT0 YacTuH, 1 € He
TUIBKU O1IBLI TPOXYKTUBHUMH, ane it OUIbIl e)eKTUBHUMU. [HTErpoBaHa cucTeMa HaJae YiTKe, €UHE YSIBICHHS
PO TIANPHUEMCTBO B IIJIOMY, IPO Te, SAK Ii CKJIAJO0BiI BINIMBAIOTH OJHA HA OIHY, 1 TOB’sI3aHi 3 UM PHU3HKH.
EdekTuBHICTD nOCATaEThCS 3aBISKA MEHIIIM KUTBKOCTI AyOITiKaTiB, 1 CTa€ JIETIIe 3anpoBaKyBaTH HOBI CHCTEMH
B Maif0yTHEOMY.

Buginumo 10 mepeBar iHTETpOBaHMX CHCTEMa MEHEKMEHTY: MOKPAMICHHS NPOAYKTHBHOCTI; YCYHEHHS
HAQ/UIAINKIB, TMiA3BITHICTh, BCTAHOBJCHHSA Y3TOIDKEHOCTI, 3MEHIIEHHS OIOpOKpaTii, 3HIKEHHS BHUTpAT,
ONITUMI3yHTE MPOLIECH Ta PECYPCH, CKOPOUSHHS TEXHIYHOTO 00CIYTOBYBaHHS, IHTEIPOBaHI ayJUTH, HOICTTICHHS
NPUHHATTS PillIeHb.

Ha 3aBepuieHHs HaBegeMo cydacHi 00JacTi HayKOBO-TEXHIYHUX JOCIIJUKEHb NMPHU TOOYIOBI CHCTEM
€HEPrOMEHEKMEHTY Ul €HEPreTHYHHX, €JIEKTPOCHEPreTUYHHUX Ta eJNEKTPOTEXHIYHUX CHCTEM, SIKi JOLIIBHO
3MiHCHIOBATH B Y KpaiHi:

1) eHeproMeHeKMEHT JIOKAILHUX PHHKIB, arperaTopiB Ta BIpTyaJIbHUX €NEKTPOCTAHIIIN;

2) peiituHr HenepeabaueHUX 0OCTABHH;

3) kepyBaHHSI OOMEXEHHAMH Ta NIEPEBaHTaA)KCHHAMH;

4) aHami3 Oe3MeKH;

5) ekOHOMIYHa JHCIIETYSPH3aLlis 3 KOHTPOJIEM BUKHUIIB;

6) yIpaBIiHHS MOUTOM;

7) onrTuManbHa PoOOTa PO3MOIUTEHUX MEPEX Y PEXKAMI pealbHOTO Jacy

8) cucremu 17100a1EHOTO MOHITOPHHTY Ta KOHTPOJTIO;

9) 3acTOCYBaHHS METO/IIB ONTHMI3allii B CHEPrOCHCTEMAX;

10) owiHKa Ta KOHTPOJIb CTA0ITBHOCTI HANPYTH;

11) ouiHKa CTaHy €HEPrOCHCTEMHU;

12) po3poOka TEXHOJIOTIH mepenadi BUCOKOI MOTYXKHOCTI AJIsl MEpEeBaHTaXEHUX PaiOHIB (HanmpuKia,
MICBKHX);

13) po3poOka TeXHOIOTiHf eKOHOMIYHO e(eKTHBHOI eKCITyaTalii Ta KepyBaHHS CHEPrOCUCTEMAaMHU;

14) pimeHHs TEXHIYHAX MPOOIIEM B IHTETpallil BiITHOBIIIOBAHOI CHEPTETHUKY;

15) mporuo3 notyxHocTi mKepen B/IE;

16) iHTerparnis cucTeM HaKOIIYSHHS €HEepTii 3 CHCTeMaMU BiTHOBIIFOBAHOI €HEPTIi.

17) 3abe3nedeHHs (GyHKI[IOHYBAaHHS Ta ONTHUMI3allisi POOOTH MiKpOMEPEK;

18) ontumizartisi poOOTH CIIOKUBAYIB €JIEKTPUYHOI SHEPTii Ha pO3APiOHOMY PHHKY.

BucHoBku

1. Po3risiHyTO pO3BHTOK METOJOJIOTIT MEHEKMEHTY, HOHSTTSI €HEPrOMEHE/PKMEHT y Cy4acHUX YMOBax.
Po3kpuTo HOBI sIKiCHI pHCH, HOBI C()epH 3aCTOCYBAHHSI €HEPTETUYHOIO MEHEJDKMEHTY Ta CUCTEM €HEPreTHYHOTO
MEHEKMEHTY ITpH 3A1HCHEHH] eHepreTHYHOTo Mepexo/ay Ta peanizaiii koHuenuii Smart Grid.

2. Tloka3aHO, IIO CHUCTEMHM EHEPreTHYHOr0 MEHEDKMEHTY MaloTh pO3INIAaTHCS He JHIIe SK
EHeproe(peKTHBHOTO YIPABIIHHSA €HEPreTHYHUMH MpOoIlecaMi Ha MiATNPHEMCTBI (OpraHisalii, yCTaHOBH), e Y
KOHTYpl YOpaBIiHHA € (QaxiBenb — eHepromeHemkep. Lle o00ymMoBIrOE HEOOXiMHICTE CHCTeMAaTH3aIil
BUKOPHCTAHHS BIINIOBITHUX CHCTEM EHEPrOMEHEKMEHTY JUI DI3HMX EHEPreTHYHHX OO’€KTIB Ta CHCTEM,
MiATOTOBKY (PaxiBIiB eHEProMEHeKepiB 3a chepamH iX 3aCTOCYBaHHS.

3. BcraHoBNEHO, IO CydacHHWH EHEPreTHYHHH MEHEPKMEHT — II€ IPOaKTHBHA, OpraHi3oBaHa Ta
CHCTEMaTH4YHa KOOPZWHAIIS 3aKyIiBIi, MEPETBOPSHHS, PO3MOALUTY Ta BUKOPHCTAaHHS €HEpTii A 3a70BOJICHHS
BUMOT, Oepyur J0 yBaru eKOJOTiuHi Ta ekoHOMiuHi 11imi. OxapakrepusoBano ckmanosi CEM mas Smart Grid,
30KpeMa: MOHITOPHHT ((pakTHIHE BHPOOHWLTBO eHeprii, (akTHYHWH NONMUT HA EHeprilo, CTaH 3apsamy
HaKONMYyBada i 30epiraHHsA eHeprii, HeBH3HAYCHICTh I[iHM); MPOTHO3 (BHPOOHHNITBO EHEprii, MONHUT Ha
eHepriro, MoOipHE 30epiraHHs JaHWX, HEBU3HAYCHICTb); KePYBaHHS SIKICTIO €JeKTPOeHeprii (MiHIMi3allis BTpAT,
MOKAa3HUKH SKOCTI eNeKTpOeHeprii, HaliifHICTh / KOM(OPTHICTS); IUIaHyBaHHS / AWUCHETYepU3allisi / BapTiCTh
(onepauiitni BuTpary, 3MeHnIeHHs BukuaiB I1I°, Mmakcnmizanis npuoyTKy).

4. 3anpomnoHOBaHO, IO TNEPCHEKTUBHMM HampsiMkoMm € po3rsigy CEM sk cucremn iHpOpManiiHo-
KOMYHIKaI[IfHUX TEXHOJIOTiH, sIka HA CHCTEMHOMY DiBHI IOETHYETBHCSI 3 CHJIOBUMH €HEPreTHYHUMH IPOLIECAMH,
1110 BUKOPUCTOBYIOTHCS OIIEPaTOPAMH EJIEKTPOSHEPTETHYHNX CUCTEM Ta MEPEK /ISl MOHITOPHUHTY, KOHTPOJIIO Ta
onTHMi3anii MpPOJYKTUBHOCTI BHPOOHUIITBA, Iepeladi Ta CIOKMBAHHS EHEPreTHMYHHX PECypCiB y cHCTeMax
pisHoro iepapxiynoro piBHS (ssk OEC VYkpaiHu, Tak perioHaJibHUX Ta JIOKAJBbHUX CHCTEMax, Ha KOHKPETHHX
EHEepPreTUYHNX 00’ €KTaX UM OKPEMHUX EHEPrOTEXHOJIOTIH TOIIIO).
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5. Ha ocHoBi anamizy nepcrnektuBHHX cep 3actocyBanHs CEM Ha 00’€KTax €HEpPreTHYHOTO CEKTopa
BU3HAYEHO CYYacHI 00JIaCTI HAYKOBO-TEXHIUHUX OCHTIKCHb MPH MOOYMOBI CHCTEM CHEPrOMCHEIKMCHTY IS
CHEPIreTUYHUX, CIICKTPOCHEPTETHYHHX Ta CIICKTPOTEXHIYHUX CHUCTEM, SIKi JOIIIBHO 3MIHCHIOBATH B Y KpaiHi.
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ENERGY MANAGEMENT: NEW PRIORITIES OF THE 21ST CENTURY

The development of management methodology and the concept of energy management in modern conditions
of transforming the energy sector by the requirements of the carbon-free economy are considered. New qualitative
features and new areas of application of energy management and energy management systems (EMS) in the
implementation of the energy transition and implementation of the Smart Grid concept have been revealed. It has
been established that modern energy management is a proactive, organized, and systematic coordination of the
purchase, transformation, distribution, and use of energy to meet requirements, taking into account environmental
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and economic goals. In contrast to the formation of the EMS according to the 1SO 50000 series of standards, today
the construction of the EMS is becoming more relevant, which provides systemic (complex) optimization of the
parameters, structure, and modes of various technical objects according to a set of technical, economic and
environmental criteria.

It is shown that EMS is much more than a simple technical solution for monitoring the parameters and
state of energy systems. With comprehensive forecasts of energy demand and supply, this system takes energy
management to a completely new level, allowing operators of facilities (enterprises, buildings, and smart networks
and systems) to determine the strategic direction of energy management, implement it, and achieve both energy
efficiency and energy availability and environmental (social) acceptability. The components of EMS for Smart
Grid are characterized, in particular: monitoring (actual energy production, actual energy demand, state of
charge of energy storage, price uncertainty); forecast (energy production, energy demand, mobile data storage,
uncertainty); power quality management (loss minimization, power quality indicators, and reliability/comfort);
planning/dispatch/cost (operating costs, reduction of GHG emissions, profit maximization).

It is proposed that a promising direction is to consider the SEM as a system of information and
communication technologies, which at the system level is combined with power energy processes used by operators
of electric power systems and networks to monitor, control, and optimize the productivity of production,
transmission, and consumption of energy resources in systems of various hierarchical levels. level (as UES of
Ukraine, regional and local systems, on specific energy facilities or individual energy technologies, etc.). Based
on the analysis of prospective areas of application of EMS at energy sector facilities, modern areas of scientific
and technical research in the construction of energy management systems for energy, electric power, and
electrotechnical systems, which are practical to carry out in Ukraine, have been determined.

Keywords: energy transformation, management, energy management, energy management systems, Smart
Grid.
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REGIONAL ENERGY MANAGEMENT SYSTEMS BASED ON ESCOs:
FEATURES OF CREATION AND APPLICATION

Excessive consumption and inefficient use of fuel and energy resources, unsatisfactorily high energy
intensity of production of goods and services and their associated low competitiveness in domestic and foreign
markets, in the context of a shortage of own energy resources and constant growth of prices for them, puts the
problem of improving energy efficiency and energy saving of the regional and, as a result, national economy in the
category of primary importance and relevance. The solution to this problem is achieved by creating a regional
energy management system in regions (districts) on the platform of regional energy service companies, which
allows, through a unified energy policy for the development and implementation of energy efficiency and energy
saving projects in the region and the introduction of renewable energy sources, to more effectively address the
problems of attracting foreign investment in the recovery and innovative development of the regional economy.

Keywords: energy management, energy service companies, energy efficiency, energy saving, regional
management system.

Introduction

Energy efficiency and energy saving are crucial factors for sustainable economic development and the
competitiveness of goods and services produced in any sector of the economy. These factors directly affect the
energy security and environmental condition of the region and the welfare of its residents. At the same time, the
current state of development of the country's regional economic systems is characterized by excessive consumption
and inefficient use of fuel and energy resources (FER), unsatisfactorily high energy intensity of production of
goods and services and their associated low competitiveness in domestic and foreign markets. This, in the context
of a shortage of domestic energy resources and a constant increase in their prices, puts the problem of improving
energy efficiency and energy saving (EE) of the regional and, accordingly, national economy in the category of
priority importance and relevance.

The solution to this problem requires a systematically coordinated national and regional energy policy and
the introduction of energy-saving, low-waste and zero-waste technologies, equipment, devices and materials,
effective systems and means of controlling energy consumption, energy efficiency and environmental protection,
and the development of relevant regulatory, methodological and information and advisory materials.

Energy management systems (EMS) are used worldwide as a productive tool for solving this problem,
where among the fundamental methods and mechanisms for their implementation on the basis of energy service
companies (ESCOs), the main focus is on mechanisms of economic incentives for enterprises and institutions to
improve EE, the methodology of integrated resource planning, and the use of performance contracting. It is these
methods and mechanisms implemented on the basis of ESCOs that ensure a guaranteed result from the realization
of EE measures (projects) for the rational use of resources and budget savings for their purchase, which is crucial
for business decisions on the feasibility of implementing EE projects [1-7].

Purpose and objectives of the study.

The aim of the study is to identify, on the basis of SWOT analysis, the strengths, weaknesses, opportunities
and threats to the implementation of the tasks of improving the regional system of management of the efficiency
of fuel and energy resources and reducing the corresponding financial costs in the budgetary sphere and for the
population through the implementation of a set of organizational and technical measures and energy-efficient
investment projects.

Material and results of the research.

At present, one of the main factors of competitiveness of goods and services produced in the regions of
Ukraine is the reduction of energy intensity of production and, accordingly, the growth of its energy efficiency.
Therefore, to manage the energy efficient behavior of enterprises, it is necessary to create appropriate regional
energy management mechanisms that meet the requirements of the socio-economic and environmental
environment of the region. The required level of energy efficiency is achieved in the process of systematic
organizational and managerial activities at the regional level aimed at analyzing, monitoring and planning the
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behavior of enterprises in relation to the used energy resources, including their selection, assessment of efficiency,
economy and environmental friendliness, implementation of staff motivation measures, etc. [§]

The combination of the regional energy supply system with the regional economic system allows for the
fullest use of the potential for efficient use of the region's natural resources in the context of the specifics of its
production, distribution, exchange and consumption of materials, goods and services, with internal and external
relations. The latter, in addition to the systemic properties of the territory, determine the conditions of reproduction
of the gross regional product and fixed assets, optimal distribution of labor force, formation of population incomes
and their commodity supply, sources of investment, etc. At the same time, the mechanisms of the region's transition
to sustainable development should be aimed at achieving natural and economic balance, taking into account the
peculiarities and originality of natural resources, economic and social conditions.

Regional energy management on the basis of ESCOs is a special type of business activity carried out within
the territorially united urban and rural communities of a region (oblast, district) in accordance with the goals and
on the basis of regional policy mechanisms, and consists in uniting and combining the efforts of local authorities,
heads of enterprises and organizations, and small and medium-sized businesses to effectively meet the needs of
end users (primarily the population) in fuel and energy resources of local origin.

A regional energy management system (REMS) based on a regional ESCO combines and focuses the
activities of local EMSs established at enterprises and organizations in the region, and through their jointly
coordinated interaction contributes to additional benefits in terms of improving business efficiency, saving energy
resources and preserving the environment.

Among the main tasks of the REMS are the following:

¢ monitoring the flow of fuel, energy, water and related financial flows in the region;

e optimization of budget expenditures for the purchase of fuel and energy resources;

¢ improving the quality of energy services;

e initiating, preparing and monitoring the implementation of energy service projects;

e attracting investment in technological upgrades and energy-efficient modernization of regional
infrastructure;

e shaping the economical behavior of energy consumers and promoting energy efficiency;

e motivation for energy and water conservation by the population and utility workers.

The regional ESCO (RESCO) is the central executive element of the REMS, responsible for the
development and implementation of EE projects within the region. For this purpose, it is authorized to redistribute
a share of resources of local energy service companies attracted on voluntary mutually beneficial terms and fixed
by energy service agreements with each of them.

RESCO is an energy service company that provides energy services, i.e., carries out measures that allow
for a guaranteed increase in energy efficiency and energy savings. A typical list of RESCO services includes:
energy audit; feasibility study of proposed EE measures; attraction of financial resources for project
implementation; management of financial and technical risks associated with the implementation of energy saving
measures; supply, installation, operation and maintenance of equipment; supervision of energy saving measures
and control of achieved savings; conducting trainings for customer's personnel aimed at changing people's
behavior aimed at efficient use of energy resources.

The effectiveness of coordinated cooperation between RESCO and local EMSs largely depends on their
ability to take into account the absolute and comparative advantages of cooperation between enterprises and
organizations located in different territorial and economic zones of the region's internal and possibly external
markets. Fig. 1 shows a structural and functional diagram of the proposed mechanism of cooperation between
RESCO and enterprises operating in different economic zones. The boundary line in Fig. 1 conditionally separates
the two zones where enterprises (RESCO's clients) are located or carry out business activities within the framework
of local EMS projects.

The organization of a REMS based on cloud-based virtual energy management computer technologies
opens up fundamentally new opportunities that allow remote control of various energy-consuming equipment,
such as heating, ventilation, air conditioning systems, etc., collecting operational data on the efficiency of each
unit of the identified energy-intensive equipment and generating specific recommendations in real time to find and
use the most attractive energy saving opportunities at the enterprise (company, organization). Such opportunities
also include the interaction of REMS with suppliers of fuel and energy resources and communal services, as well
as with manufacturers and suppliers of energy-efficient equipment and materials and, most importantly, with
consumers of the services provided (Fig. 2).

Within the virtually organized RESCO community, these difficulties are largely overcome by [9]:

e Systematic coordination of interaction between the community members (clients) based on the principle
of relative organizational and functional independence of each of them,

e Systemic ranking of projects submitted by clients to identify the possibility, feasibility and priority of
their financing, in whole or in part, at the expense of the community (RESCO),
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e Integration and further optimization of the parameters of financial, economic and energy resources
provided by project clients,

o Integrated attraction of investments in a set of projects of the community members and provision of
prompt assistance to participants in cases of unforeseen expenses (losses, etc.).

Economic zone 1 Boundarv Line | Economic zone 2
Currency 1 M Currency 2
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Figure 1. Structural and functional diagram of the RESCO mechanism for cooperation between enterprises
operating in different economic zones
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Figure 2. Participants (service providers and customers) of REMS.

REMSs based on cloud information and communication technologies used by system operators to monitor,
control and optimize the parameters of business activities of an organization (company), including those related to
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the actions of personnel to control the operating modes of technological and auxiliary equipment [10]. The main
advantages of using such REMSs are their capabilities for further development of the service market, which are
realized by: improving the efficiency of service provision; more sustainable and reliable investment attraction; use
of renewable energy sources, energy storage; introduction of virtually organized systems of automated control of
energy facilities of customers, etc.

The implementation of energy management services in the environment of virtually organized local EMSs
allows to expand the scope and improve the quality of energy service provision by specialized companies by
combining their resources, capabilities and information. The list of the latter usually includes various service-
oriented organizations, consulting and research institutes, construction and installation organizations, industry
associations, governmental organizations and independent consultants providing specialized legal or insurance
services, marketing expertise, etc. This allows the members of the virtual business community of local EMSs
united under the responsibility of the REMS to reduce business costs and risks, increase the efficiency and
flexibility of data and modern technology exchange, facilitate access to new markets and improve the conditions
for financing joint projects.

Among other advantages of using virtual energy management services, we would like to highlight their
potential for further development of the energy service market, which is realized through:

1. Improving the efficiency of service delivery,

2. More sustainable and reliable investment attraction,

3. Use of renewable energy sources, cogeneration, heat pumps, energy storage, etc,

4. Managing the workload of project customers (clients),

5. Organizing portfolio supplies of equipment and materials,

6. Use of distributed generation,

7. Simplifying the procedure for effective search and selection of partners and establishing fair competition.

An analysis of the international experience of developed countries, as well as Ukraine, shows the
effectiveness of creating and operating regionally oriented energy management systems based on ESCOs in the
form of a municipal enterprise or a limited liability company. In any case, they are responsible, in whole or in part,
for energy management and planning, energy service project management (preparation of such projects, support
of energy service procurement, protection of community interests), conclusion and implementation of energy
service contracts, supervision of their implementation, mediation between the municipality and business in the
field of energy efficiency and energy supply, attraction of financing for EE projects, conducting information
campaigns and trainings in the field of energy efficiency.

Establishing a community-based RECSO in the form of a municipal enterprise to implement energy service
projects has a number of advantages. First, a municipal RESCO selects objects for investment in energy efficiency
measures taking into account the interests of the community, second, it keeps the saved funds in the community,
and third, it has the ability to attract external financing for projects. lL.e., its effective operation increases the
community's ability to attract loans and grants from Ukrainian banks and international financial institutions by
using the mechanism of local guarantees of debt obligations that significantly improves the RESCO 's
creditworthiness, reduces the cost of financing the energy efficiency projects. And finally, a municipal RESCO
increases the institutional capacity of the community in the field of energy efficiency. According to the relevant
decision of the council of the respective territorial community, the RESCO may have the status of a municipal
company with its own staff, which usually includes the positions of director (also known as regional energy
manager), regional energy auditor and investment project finance specialist. Their primary task should be to form
teams of qualified specialists in engineering, energy efficiency and construction for the regional and local EMS.

In practice, other options are also possible, for example, the creation of RESCO as separate unit at the
operating utility company of the region.

Conclusions.

The creation of a regional energy management system in oblasts (districts) on the platform of a regional
ESCO, which coordinates the activities of local EMSs, is undoubtedly necessary, since the era of energy efficiency
and energy saving projects and even the implementation of renewable energy sources funded by grants from
international organizations is already over, and existing local ESCOs are not able to offer projects large enough in
terms of funding to be attractive to investors, both external and internal.

It is important that the systemic combination of two usually separate approaches (EMS and ESCO) allows
for a unified energy policy for the development and implementation of EE and RES projects in the region to more
effectively address the problems of attracting investment in the recovery and innovative development of the
regional economy.

In our opinion, the establishment of a regional ESCO in the form of a municipal enterprise is more attractive
than in the form of a limited liability company, mainly due to the wider possibilities to support ESCO activities in
terms of using local debt guarantee mechanisms to improve the creditworthiness of ESCOs and create favorable
conditions for attracting loans and grants from Ukrainian banks and international financial institutions for the
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implementation of large-scale EE and RES projects at the regional level. It should also be noted that despite the
fact that ESCO projects are self-sustaining (they pay for themselves through energy savings achieved as a result
of their implementation), project customers should also take an active part in their financing.
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TucruryT 3aranbnoi eneprernku HAH Ykpainn

TucruryT razsy HAH Yxkpainu

3 XMepHHIbKA 00JacHA BilichbKOBa aaMiHicTpanis

CIIEHU®IKA CTBOPEHHA PEI'TOHAJIBHUX CUCTEM EHEPTETUYHOI'O
MEHE/ZKMEHTY HA BA3I ECKO

Haowmipne cnooicusanna ma neeghexmushe 6UKOPUCHAHHI NATUBHO-EHEPLEMULHUX PECYPCi8, He3A008INbHO
BUCOKULL PIBEHb eHeP2OEMHOCMI GUPOOHUYMBA MOGApie [ nocaye [ NO8’a3aHa 3 YuM HU3bKa ix
KOHKYPEHMOCHPOMONCHICING  HA  GHYMPIUWHLOMY Md 306HIWHIX DPUHKAX, 6 YMO8ax Oeiyumy 61aCHUX
eHepeopecypcie i nOCmiliHo20 3pOCMAHHA YiH HA HUX, BUCYBAE NPOONeMy NiOguUWjeHHs eHepeoepeKkmusHocmi ma
eHepeo3depedcents pecioHanvHol i, K HACHI00K, HAYIOHANLHOI eKOHOMIKU ) Kame2opii nepuiouepeosoi
3Hauywocmi ma akmyaneHocmi. Bupiwenns yiei npobiemu 00cA2A€EMbCA WNAXOM CMEOPEHHS Pe2iOHANbHOT
cucmemu eHepeemuidHo20 MeHeONCMEHNY 8 obracmsax (PaloHax) Ha niamgopmi pecioHaIbHUX eHepeoCcePBiCHUX
KOMNAHitl, KA KOOPOUHYE QiSIbHICIb MICYEBUX CUCHEM eHePeMUYHO20 MEHEOICMEHNY, WO O0360JIAE 30 PAXYHOK
npoeedenHs €OUHOI eHepeemudHOi NONIMuKY 3 pO3poOKU Ma 6NPOBAOICEHHS 8 Pe2iOHi NPOEeKmie 3 NiOGUUeHHS
eHepzoepekmueHoCmi ma eHep2o30epedicents [ 8NPOBAOINCEHHs. BIOHOBMIOBAHUX Odicepell eHepeil Oinbu
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TOPOLOGY OF EFFICIENT USE OF ENERGY BY A CHARGING
STATION FOR ELECTRIC VEHICLES

Presents the results of the research of semiconductor converters of charging stations for electric vehicles
based on lithium-ion cells. Basic energy parameters and charge-discharge characteristics of lithium-ion and
lithium-iron-phosphate batteries are given. The topology of the proposed charging station for electric vehicles
based on active rectifier circuits is presented. The parameters of the substitution circuits the battery compartment
of the Tesla S electric vehicle are described. The method of fast battery charging with constant voltage and
constant current is described, which provides a greater number of battery charge-discharge cycles. A simulation
model of the proposed charging station structure with an automatic control system is presented. The efficiency of
the proposed charging station system was calculated for different parameters of the charge current and switching
frequency.

Keywords: active rectifier, charging station, energy efficiency, electric vehicle, lithium-ion battery.

Introduction

Over the last decade, the number of electric vehicles in Europe has increased more than 20 times. This is
due to the fact that electric vehicles are an environmentally friendly form of transport, and it is much cheaper to
drive 100 km in an electric car than in a car with an internal combustion engine [1, 2].

Charging stations are an important component of electric vehicle infrastructure. Further development and
improvement of power converters for charging stations of electric vehicles with lithium-ion, lithium-iron-
phosphate and other types of batteries will lead to an increase in the energy efficiency of charging stations, better
electromagnetic compatibility between charging stations and the power network, lower emissions of harmonics
and components of reactive power [3, 4].

The power circuit with fast charging consists of three stages, namely: an input filter to reduce input
harmonics and optimize the power factor, a rectifier for cyclic DC currents, and a DC-DC converter to transfer
energy to the battery for fast DC charging from a hybrid electric vehicle [5, 6].

Analysis of Recent Research and Publications

In paper [7] converters with 9-phase power systems for charging stations of electric vehicles are considered.
However, their disadvantages include low efficiency, which reaches 91 %. In addition, the converter presented in
this article requires electromechanical phase separation, which significantly increases the cost of the system and
increases its weight and size indicators.

The paper [8] presents a study of the efficiency of a charging station for electric vehicles based on a
converter consisting of a rectifier and a parallel three-channel buck converter. However, the disadvantage of this
topology is that the power source is not galvanically isolated from the load. Studies also show that the peak
efficiency of the converter is lower than 92 %. In addition, there is no data on the integral value of the efficiency
of the entire process of charging the battery of an electric vehicle.

A general drawback of the considered systems is the very concept of multi-stage energy conversion, which
causes power losses in converters and, accordingly, a decrease in the efficiency of the charging station [9, 10].

Thus, the issue of further improving the energy efficiency of charging stations for electric vehicles is an
urgent and unsolved task.

Purpose and Objectives of the Study

The purpose of the study is to increase the energy performance of the electric vehicles charging station by
using an active rectifier that works in the power factor correction mode. To achieve this purpose, the following
tasks are set:

— analyze the basic energy parameters and charge-discharge characteristics of batteries used in electric
vehicles;

— present the proposed structure of a charging station for electric vehicles based on an active rectifier;

—conduct a study of energy indicators, namely power losses and electricity quality indicators in the
developed simulation model of a charging station based on an active rectifier.

Main Material of the Study
Traditional charging stations for electric vehicles include a two-stage energy conversion and consist of an
input AC/DC rectifier and an output DC/DC converter [11, 12]. In this topology, an input rectifier is used to create
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a DC voltage circuit. Then the DC/DC converter regulates the voltage and charging current of electric vehicles in

a certain range. DC/DC converters are also used for galvanic isolation of electric vehicles from the network.

The most common element of electric vehicle batteries are lithium-ion batteries [13, 14]. The main

parameters of lithium-ion and lithium-iron-phosphate batteries are given in Table 1.

Table 1 — Parameters of lithium-ion and lithium-iron-phosphate batteries

Parameter Li-lon Li-Fe-POg4 Li-Ti-O
Specific energy, Wh/kg 100...265 90...160 60...110
Energy density, Wh/L 240...693 325 170...180
Charge / discharge efficiency, % 80...90 >90 -
Energy / consumer price, Wh/US$ 7.6 1...4 -
Cycle durability 400...1200 2750...12000 >15000
Capacity, A-h 2.6 - —
Max voltage, V 4.2 35 2.7
Nominal voltage, V 3.7 3.2 24
Discharge-cut voltage, V 3 2.1 15
Max charge voltage, V 4.2 3.65 -
Internal impedance of single battery, mOhm <70 <15 —

Operating temperature, °C

0...+45 (charge)

—20...+60 (discharge)

Recommended charge current, A

0.52 (standart, 0.2C)

1.3 (fast, 0.5C)

The charge-discharge characteristics of the LIR18650 lithium-ion battery at currents from 0.52 A to 7.2 A
are shown in Fig. 1.
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Figure 1 — Charge-discharge characteristics:
a — lithium-ion battery LIR18650; b — lithium-iron-phosphate battery LF280

As can be seen from Fig. 1 lithium-ion batteries allow to deliver a fairly large current, but due to the
presence of internal active resistance, at high currents there is a significant drop in the voltage delivered by the
storage device.

At the same time, the amount of internal power losses in the battery will also increase, which will lead to
its overheating. At the same time, the operating range of lithium-ion batteries in charge mode is from —20 °C to
+45 °C, and in discharge mode from —20 °C to +60 °C. When the temperature regime is exceeded, the battery loses
a significant part of its capacity, and with a significant exaggeration of the temperature, the battery may catch fire
and destroy. The recommended charging mode for Li-Ion batteries is the CV—-CC (constant voltage — constant
current) mode, which is shown in Fig. 2 [15, 16].
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Figure 2 — Characteristics of the Li-lon battery charge mode
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Thus, there are several promising types of storage batteries, between which there is a fairly close correlation
between cost and operational characteristics, namely, the resource of the amount of charge-discharge, charge time,
degradation, and others.

At the same time, the main requirements of charging station systems are regulation and stabilization of
charging current and voltage. In addition, it is also important to ensure the requirements for increasing the
efficiency of the converter, and to ensure the requirements for electromagnetic compatibility [17].

Based on the recommended charge modes of lithium-ion storage devices, there are requirements for
regulation and feedback of the output current and output voltage to the converters implementing the charge. In
addition, in the case of power supply from the general industrial electrical network, electromagnetic compatibility
requirements are imposed on them, namely the limitation of the harmonic spectrum of higher harmonics of currents
that are consumed from the electrical network or generated to it. The topology of a single-link transformation of a
charging station for electric vehicles is shown in Fig. 3.
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Figure 3 — Structural diagram of a single-link charging station for electric vehicles

Promising topologies that can provide the listed requirements for charge-discharge modes of powerful
storage devices are an active three-phase voltage rectifier, the circuits of which are shown in Fig. 4, 5.
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These topologies have significant advantages over conventional diode and thyristor rectifiers. These
advantages are threefold: the ability to operate in near-unity power factor mode, the ability to generate a sinusoidal
form of current drawn from the network, and the ability to provide power factor correction. A simulation model
was developed to study the energy and electromagnetic compatibility of electric vehicle charging stations and the
power network (Fig. 6).
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Figure 6 — A model of a charging station for electric vehicles

The structure of the proposed charging station consists of an input transformer, a three-level active rectifier
and a load. The Tesla S electric car is chosen as the load. The battery compartment of the Tesla S has a capacity
of 85 kW-h and consists of 7104 lithium-ion batteries of the Panasonic NCR18650b type (16 blocks containing
74 cells in 6 groups) [18, 19]. In the battery compartment, individual NCR-18650b batteries are connected in
parallel in groups of 74 pieces. When connected in parallel, the voltage of the group is equal to the voltage of each
element (4.2 V), and the capacity of the group is equal to the total capacity of the element (250 A-h). Then the six
groups are connected in series, forming a module. The voltage of the module is equal to the sum of the voltages
of the groups and is 25.2 V. The modules are connected in series, forming a battery. The battery contains a total
of 16 modules (a total of 96 groups). The total voltage of all modules is 400 V. The equivalent resistance of the
battery is also calculated. The average battery resistance Rncr = 37 mQ is based on the equivalent battery resistance
Roat = 27 mQ. The simulation results, that is, the oscillograms of the input current and input voltage of the active
rectifier, are shown in Fig. 7.
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Figure 7 — Oscillograms of the input current and voltage of the active rectifier

The paper evaluates the efficiency of the proposed charging station. The efficiency was estimated based on
the total energy losses and useful energy received by the battery during the full charge interval. The efficiency is
calculated using the expression:

e ®
E. +AE;
Where E: is the useful energy transferred to the battery during charging; AEs is the total energy losses in the
considered system.

Table 2 shows the values of efficiency, power factor, and harmonic distortion factor of the charging station

system at different charge currents and PWM frequency.
Based on the conducted research, it can be seen that the efficiency of the proposed structure of the charging station
is quite high. The dynamics of the fact that the higher the charge current, the lower the efficiency is clearly visible.
With different parameters of the charge current and switching frequency, the efficiency of the charging station,
taking into account the power losses in the battery of the electric vehicle, ranges from 91.3 % to 95.6 %.
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Table 2 — Parameters of energy indicators of the charging station

PWM frequency, Charge current in CC Efficiency, Charging time, Power THD,
kHz mode, A % s,-10° factor %
150 (0.6C) 95.6 6.55 0.985 11.8
200 (0.8C) 94.8 5.18 0.987 9.8
5 250 (10) 93.9 4.38 0.989 7.2
300 (1.2C) 93.1 3.84 0.991 6.0
350 (1.4C) 92.2 3.47 0.992 5.1
400 (1.60) 914 3.2 0.992 4.5
150 (0.6C) 954 6.55 0.987 6.1
200 (0.8C) 945 5.19 0.99 4.6
10 250 (10) 93.7 4.38 0.991 3.7
300 (1.2C) 92.9 3.85 0.992 3.1
350 (1.4C) 921 3.48 0.992 2.7
400 (1.6C) 91.3 3.2 0.993 2.5

Conducted studies of the energy indicators of the charging station based on a three-level active rectifier
showed that the power factor of the charging station lies in the range from 0.985 to 0.993. The coefficient of
harmonic distortion in the charging process ranges is 2.5...11.8 %.

Conclusions

On the basis of the conducted research, the following conclusions can be drawn:

— basic energy parameters and charge-discharge characteristics of lithium-ion and lithium-iron-phosphate
batteries used in electric vehicles are presented. The main requirements for charging station systems are regulation
and stabilization of the charging current and voltage, increasing the efficiency of the converter and ensuring
electromagnetic compatibility;

— the proposed structure of an electric vehicle charging station, consisting of an input transformer, a three-
level active rectifier and a load, provides relative to the known technical solutions of charging stations,
improvement of the parameters of efficiency, power factor and harmonic distortion factor. The obtained results
are explained by the fact that the proposed charging station implements a single-stage conversion of electricity in
an active rectifier with power factor correction;

— the calculation of the efficiency of the charge process of the proposed system was vehicleried out at
different parameters of the charge current and switching frequency. Taking into account the power losses in the
battery of the electric vehicle, the maximum efficiency of the system is achieved in the mode of minimum charging
current.
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lYkpainchbkuii AepkaBHAi yHIBEPCHTET 3a/Ii3HHYHOTO TPAHCIOPTY

TOMOJIOTIA EPEKTUBHOI'O BUKOPUCTAHHSA EHEPI'II 3APSTHOIO
CTAHULIEIO EJIEKTPOMOBLJIIB

Hageoeno pesynomamu 0ocniodcenns HAnienposioHUKOBUX NEPemeoprosadie 3apsaoHux Cmanyitl OJs
enekmpomobinie Ha 0cHO8i Aimili-ionHux enemenmis. Hagedeno 6a3zosi enepeemuyni napamempu ma 3apsoHo-
PO3DAOHI Xapakmepucmuxky Jimiti-ioHHux ma aimii-3anizo-gocamuux axymyaismopis. Haseoeno mononoezirno
3anponoHo6anol 3apsoHoi cmanyii O enekmpomobinié Ha OCHOBI cXeM aKmugHozo eunpsamiadd. Onucano
napamempu cxemu 3aMiWeHHs aKyMyIsimopHoz2o 6iociky enekmpomooina Tesla S. Onucano memoo weuoxkozo
3apsady bamapei nOCMIUHOK0 HANPY20l0 | NOCMIUHUM CIPYMOM, NPU SIKOMY 3a0e3neuyemspcsi OLibula KilbKicny
Yukaie 3apsady-pospady bamapei. Ilpedcmasneno imimayitiHy MoOenb 3anponoHO8AHOI CMPYKMypu 3apsaoHol
cmanyii 3 cucmemoro asmomamuyno2o Kepysanns. Ilposedeno pospaxynox KKJ[ 3anpononosanoi cucmemu
3apsa0HOI cmanyii npu pisHUX napamempax cmpymy 3apsaoy ma 4acmomu Komymayii.

Kuro4oBi ciioBa: akmusnuil gunpamany, 3apsaoHa CMmaHnyis, e1ekmpomooine, enepeoeekmueHicmn, 1imiti-
ionHULl HaKONUYY6ay.
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P.B. T'o10BKO?, cTyeHT

3axignoykpainchbkuii HanionanbLHUli yHiBepeuTeT

TEPMOJUHAMIYHI IMIIEPATUBU MOJEPHI3AILIIL
EJEKTPOIIPUBOAY HACOCHHUX AI'PEI'ATIB MEPEXI
HEHTPAJII3OBAHOI'O TEIIVIOITIOCTAYAHHSA B KOHTEKCTI
HIABUIMEHHA EHEPI'OE®EKTUBHOCTI

Bcemanosneno 63aemo36:430k mepmoOuHamivHux ma 2iopasiiuHux napamempis Mmepexci YyeHmpanizo8aHo2o
menjonocmavanns. Busnaueno 3anedcHicmv CRONCUBAHOT eNeKMPUUHOL NOMYIUCHOCHI eNeKmpPpOonpuUeooom
HACOCHO20 azpezamy 8i0 2i0pasniuHo20 HANOpPy ma KiibKocmi nodaui mennoHocisa. Joeedeno, wo cucmema
Pe2yIbo8an020 eneKmponpugody Mac nepesazu Hao CUCMEMOI0 Hepe2yibo8aH020 eNeKmponpusooy 6 KOHMeKCmi
enenz20eqheKmueHOCmi HACOCHO20 azpezamy ma Mepedxici YeHMpAaniz08ano20 MenIonoCMA4ants 3a2aioM.
Busnaueno nioxoou ma xkpumepii 0o cunmesy cucmemu pe2yio6ano2o e1ekmponpuooy, 6 momy Yuci cucmemu
11020 asmomamuyno2o Kepysants. Ilpoananizoeanozo memoou pe2ynoéanis ma 00paHo HAubibuL NPUIHAMHUL
eapianm enexmponpugooy: KeposaHull nepemsopio8a Yacmomu — ACUHXPOHHUL O8UZYH 3 KOPOMKO3AMKHEHUM
pomopom. 3 YypaxyeanHaAM 6uiye HABEOEeHO20, CUHME308AHO eHep203bepiearoyy eneKmpoMexaniuny cucmemy
Mepeoxci yenmpanizasanozo menaonocmavanns. Ocodaugicmio yiei cucmemu € me, wo OOMPUMAHHA RAPAMEMPIE
2I0pABNIHO20 MA MEMNEPAMYPHO20 PEICUMIB 8 MEPEICT YeHMPANi306aHO20 MENIONOCMAYAHHA 3a0e3netycmbCsl
3a 0ONOMO20I0 eKCMPEeMANbHUX CUCEM aGMOMAMUYHO20 KepyeanHa. IIpu ybomy 3a60aHHA  DEANCUMHUX
napamempis 30ICHIOEMbCA MEMNEPAMYPHUM Pe2YISIMOPOM MeNI000MIHHO20 NYHKMY Mmepedici. Pezyniosanns
Hanopy ma npooyKMueHOCMi HACOCHO20 azpe2amy 30IUCHIOEMbCA 3d PAXYHOK 3MIHU, 3d NEBHUM 3AKOHOM,
yacmomu ma Hanpy2u HCUGIEHHA ACUHXPOHHO20 OBUZYHA.

KoarouoBi cioBa: mepmoounamiuni napamempu, Hacochuu azpezam, pe2ylbO8AHUL eleKmpOnpusio,
enepao3bepizaioua enekmpoMexanidna cucmema YeHmpanizo6ano20 menionoCmaianHsi.

Beryn. Ha cyudacHoMy erami B €JIEKTPONPUBOJI ~ HAaCOCHHMX arperatiB CHCTEM LEHTPalTi30BaHOTO
TEIJIONOCTaYaHHs, IIMPOKO 3aCTOCOBYIOTbCS TpU(A3HI ACHHXPOHHI EJNEKTPOJBUIYHH, SIKI IKHBIISITHCS
Oe3nocepesiHbO BiJ eleKTpUuHOi Mepexi. Taka cropolneHa cucTeMa eNIEKTPONPUBOJY HACOCHHX arperariB
JI03BOJISIE 3HAYHO 3MEHIIMTH KalliTalbHI IHBECTHIII, IO B YMOBaX OOMexeHOCTi (IHAHCOBUX pecypciB
HiANPUEMCTB KOMYHAJIbHOT TEIJIOGHEPTeTUKH YKpaiHHW, Biflirpae Ba)kiIMBY poiib. [IpoTe, BOHa HE I03BOJISIE
MOBHOIIIHHO PETYIIIOBATH TEXHOJIOT19HI IIPOIIECH, 00YMOBIICHI 3MIHOIO TEPMOTUHAMITHHX ITAPAMETPIB B TEIJIOBUX
Mepekax CHCTeM LEHTPaIi30BAaHOTO TEIUIONOCTAYaHHS, M0 MPU3BOJUTH IO MOJATKOBHX EKCIUTyaTaIliifHMX
BUTPAT.Ta 3HIKCHHS [TOKa3HUKIB eHeproedeKkTUBHOCTI. [lepMaHeHTHe MiABUINEHHS 1IiH Ha €HEProHO i1, 30KpemMa
Ha SIIEKTPOCHEPTII0 TIIBKH 3aTOCTPIOE ITF0 TipobieMy. OTHIM i3 HApsIMiB BUPIMICHHS Hi€1 TPOOIeMH, MOXKE CTaTH
MOJIEpHI3allisl eNEKTPOIPUBO/IIB HACOCHHUX arperariB, sKi eKCIUIyaTyIOThCS, B TEIEPIIIHIA Yac, 3 ypaXyBaHHIM
BUMOT OOYMOBJICHHX TEPMOJMHAMIYHUMH NapaMeTpaMy MEepexi HEeHTPali30BaHOTO TEIUIONOCTauyaHHsI.

[TutanHs eHeproeeKTHBHOCTI €IEKTPONPHUBOJY HACOCHHMX arpertiB, B OCHOBHOMY pPO3IJISIAIOTHCS B
mpaiix 3apyODKHHX BYEHHX, 1 BOHHM CTOCOIOTBHCS 3IeOUIBIIOr0 POOOTH HACOCHHX arperatiB B CHCTEMax
BOJIONIOCTAYaHHs, SIKi HE CTaBJATh BUMOT [0 TEPMOAMHAMIYHMX IapamerpiB, a Juile A0 TijapaBiiuHux. Ha
MPaKTHI, OUIbIY YaCTUHY Yacy BIILEHTPOBI HACOCHI YCTAHOBKH €KCILIyaTyIOThCSI IPH HU3BKHX ab0 cepelHix
HaBaHTAXEHHX, IO BiA0YBA€ThCS Uepe3 3MiHy TEXHOJOTIYHUX MapaMeTpiB, MPHU bOMY HACOCH HPOEKTYIOThCS
TAKAM YHHOM, IIO0 3a0BOJNIBHATH MAaKCHMaJbHI HaBaHTaxeHHs [1]. ¥ myOmikamii [2] omineHo, mo 75%
BIZIEHTPOBUX HACOCHMX arperariB MaroTh 3aBHIIEHY MOTYXHICTh €JIEKTPOIPUBOJY, YUMao iX OLIbII, HDK Ha
20%. VY my6mnikauii [3] Bkasyerbes, mo gumie 20% eNeKTpOIBUTYHIB Yy HAaCOCHHMX arperarax NpamioloTh 3a
HOMIHaJIBHOI NOTYXHOCTI. Y myOmikamisix [4, 5] MpOBOAUTHCS TMOPIBHSHHS €HEPrOCIOKMBAHHS HACOCHOTO
arperary 3 eJeKTPOJBUTYHaMHM Pi3HHUX THIIB Ta kiaciB [E 3 4acTOTHO-peryip0BaHHM IPUBOJIOM, OCKIJIBKH TPH
YaCTOTHOMY PETYIIIOBaHHI JOCSTAETHCS 3HAUHA EKOHOMIsI €HepTii, 0COOIMBO B YMOBaX MaJluX HAaBaHTaKCHb.

Y nmaHiii pobOOTi HOCHIIKYETHCS BIDIMB TEPMOJUHAMIYHMX MapaMeTpiB Mepeki MEeHTPali30BaHOTO
TEIUTOTIOCTaYaHHs, TAKHX SIK TEMIeparypa, THCK Ta 00’€M HoJadi TeIIOHOCIS Ha TiApaBIidHi IapaMeTpH, a caMme
Ha TiApaBNiYHWNA Hamip, TiAPaBIIYHUN OIip MEpexi Ta BUTPATH TEIUIOHOCIS Ui 3a0e3ledeHHs HEeoOXiTHOTOo
TemmeparypHoro rpadika. ¥ 3B’SA3Ky 3 IUM pO3IIIIIAETHCA pobdoua rimore3a, 0 Ha3BaHI MapaMeTpu MIPsSMO
BIUIMBAIOTh Ha CIIOKMBAaHY HACOCHUMH arperataMy eJeKTPHYHY T[OTY)KHICTh, Ta BHM3HAYalOTh 5K IX
eHeproe()eKTUBHICTD, TaK 1 3araJIbHU PiBeHb €HEProeeKTUBHOCTI MEPEIKi IEHTPATi30BaHOTO TEITIONOCTaYaHHS.
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Merta podoTu. Metoro poOOTH € OOTPYHTYBaHHS B32€EMO3B’S3Ky TEPMOAMHAMIUYHUX Ta TiIpaBIIivHUX
napaMeTpiB TEIUIOMEPEeXi Ta BU3HAYEHHs MiAXOJIB 10 BUOOpPY TUIy Ta CHHTE3Y CTPYKTYPH €JIEKTPOIPHBOILY
HACOCHUX arperariB Juisl MiJIBUIIEHHS TX eHeproe()eKTUBHOCTI Ta eHeproe)eKTHBHOCTI MEPEKi LICHTPaTi30BaHOTO
TEIJIONOCTaYaHHs 3aTrajioM.

Marepian i pe3yabTaTi podoTH. Sk 00 €KT mociikeHHS B JaHid poOOTi 00paHO peanbHy HaHOULIbII
THUIIOBY MEPEXKY LIEHTPai30BaHOI CUCTEMH TEIUIONOCTaYaHHs MiANPUEMCTBA KOMYHaJIbHOI TEIJIOCHEPTeTUKH, e
Ma€ Miclle KUTbKICHO-SKICHUH METOX PETYJIOBaHHS TEeMIIEpaTypHOTo pexxuMy. [Ipu mpomy mojada TEIUIOHOCIS
PEryIIOEThCS 3a JOIIOMOT0I0 3aCYBKH, TOOTO Mae MicLie IpOCeNbHE PeryJIloBaHHS NPOLYKTHBHOCTI HACOCHOTO
arperaty. OOCTeXEeHHS peabHOI TeIUIOBOI Mepeski IOKa3ajy, 1o 3a TeMIepaTypHoro rpadika 95-70 dakrudani
BUTpATH Ta IOaya TeIoHocis cknanae 1063 m3/rox., MakcHMaibpHa mogada (Butpara) Temmonocis 1200 m3/rox.,
nepenan THCKy Ha Hacoci 12/4.8 atmocdep.

) PBTp.AB. lgpaBnivuna
P p Prigp. cucremMa
Enextpruuna 1 Ex. aBuryH Mex Hacoc
Mepexa TETIOMEPEK]

Pucynox1- Cmpyxkmypa munogozo Hacochozo azpezamy mepedici YeHmpanizoeano2o menionoCmaianHs

B Mepexi BCTaHOBJIEHO HACOCHHM arperar, Ji¢ B SIKOCTI Hacoca BUKOPUCTOBYETHLCS BiJLIEHTPOBUI Hacoc
I1H-400-105 [6]. [Anst npuBOJy Hacoca BUKOPHCTOBYETHCS ACHHXPOHHHM ABHUTYH Kiacy e(eKTH(HOCTI THITY
1LE1503-3AB52-2AA4 notyxHicTio 200kBT Ta o6epramu 1450 [7]. Tlpu 1pomy ist 3a0€3MEUCHHS PEKHUMY
poboTH Mae Miciie mapaieiibHa po0oTa TPhOX HACOCHUX arperaris.

ligpaBiiyHa HOTYXKHICTh BU3HAYAEThCS BUTpaTOro Q Ta HanopoM Hacoca Hy,,.. Hamip Hacoca 3anexuts Bix
BUTPATH BIiINOBiIHO 1o xapaktepucTHkd Q-H Hacoca mpu 3amaHiii yactoTi oOepraHHsA Hacoca n. OTe,
HEeoOXi/THa eNIEKTPUYHA NOTY)KHICTh eJIEKTPONPUBOAY P; 3ale:KUTh BiJl BUTpATH TemsIoHocis Q Ta Hanmopy Hacoca
H[8]:

Pl = ng HHaC+ z:PJBTp.HElC + ZPBTP.AB (1)7
Jie p —LIUIbHICTH TEMJIOHOCIS, § — NPUCKOPEHHS BUILHOTO MaliHHS.

OTxe 1J1sl BU3HAUCHHS CIIOXKMBAHHS €JIEKTPOEHEPTii eJIeKTPONPHBOIOM HACOCHOTO arperatry HeoOXiJHO
po3paxyBaTd Taki mapamMeTpH, SK HaIip Ta Mojady TEIUIOHOCIA. 3a yMOBH, IO 4acTOTa OOepTaHHS HAcoca He
PErYIIIOETHCS, HOTO MPOAYKTHBHICTH Ta HAMIp 3MIHIOIOTHCS JPOCEIOBAHHIM, HACIIAKOM YOTO € 3HAYHI BTPATH
€JICKTPOEHEPTii B €NEeKTPONpPHBOIi. 3MiHA YaCTOTH 00epTaHHS PoOOUOro Koyeca Hacoca MPHU3BOAUTH A0 3MiHU
BCiX HOTr0 XapaKTEpUCTHK i, B IEpIly Yepry HOro MpoAyKTHBHOCTI Ta Hamopy. IlepepaxyHOK XapaKTEepHUCTHK
Hacoca Ha iHIIy YacTOTy 00epTaHHS 34IHCHIOETHCS 32 JOOMOT 010 (hOpMyIT IpUBECHHS,

PoGoTa HacocHOTO arperary po3riIigaeTbes B peKUMaX, A€ BUTpATa TEINIOHOCIS MPOTATOM HUKITYy poOOTH
HACOCHOTO arperaTty 3MIiHIOETHCS BIANOBIHO IO TiApaBIiYHOTO HaBaHTaKeHHs, xapakTepHoro mamst HVAC
nmonatkiB. TumoBwii UK poOOTH Hacoca (puc. 2), BU3HAYCHUN periaaMeHToM €Bpocoro3y [9] i moninenuii Ha 4
pexxuMu. OCOOIMBICTIO LIMKITY € Te, 1110 OUIBIY YaCTHHY 4Yacy HAcoC MpPAIIoe 3 BUTPATOI HAbaraTo MEHILO 3a
HoMiHanbHY. Hanpuknan, 3 BuTpatoro 25 % Bil HOMiHAIBHOIO 3HAYCHHS HACOC MPALOE BIAHOCHUI ac t;/ty = 44
%, ne ty — cyMapHui yac poOOTH, MPUHHATHH piBHUM 24 roauHaM, ti — yac poOOTH Hacoca B JAHOMY PEXHMI.
Lleii nmpo¢inb HABAHTAXKEHHS € TUIIOBUM U HACOCHHX CHUCTEM 13 OTPEOO0 y 3MiHI BUTPATH B IIUPOKUX MEXKaX.

JocnijpkeHHsT TpoBeZeHI B TEIUIOBHX MeEpeXax MiANPUEMCTB KOMYHAIIBHOI TEIJIOCHEPIeTUKH B
CepeHbOCTATUCTUYHOMY BHUMIpi MIiATBEP/KYIOTh Takuii mnpodiah HaBaHTAXKEHHS MEPEXKEBUX HACOCHUX
arperaris.

Y nmepmomy BapiaHTI JOCHIKEHHS JO MOJEpHI3allii, eIeKTPOJIBUTYH BMHKA€ETHCA y MEPEKY
6e3nocepeiHbO, TOOTO MIBUAKICTD IBUTYHA HE PETYIIOETHCS MPOTATOM LHUKITY, a I01a4a TeIUIOHOCisS HacocoM Q
PETYIIIOETHCS 32 JIOTIOMOTOI0 3aCyBKH, TOOTO Mae Micle JpocesibHe peryioBanHs. Hamip TeruoHocis y oMy
BUTIAJIKY 3MIHIOETBCA BiANOBiAHO 10 kKpuBoi Q—H Hacoca, a pob6oda ToUKa € TOUKOIO MEPETHHY XapaKTEPUCTHKI
Hacoca Ta XapakTePUCTUKH T1IpaBIidHOT CHCTEMHU.

Ha puc. 3 HaBemeHO HamipHi XapaKTEPHCTUKH HAcoca 3a PI3HMX YacTOT OOepTaHHS Ta TiApaBiidHi
XapaKTePUCTH TETIOMEPEXKi 3a PI3HUX TEIUIOBUX Ta T'iAPABIIYHUX PEKHUMIB poOOTH.

3 puc.3 BUIHO, IO TP 3MiHHI YaCTOTH 00EpPTaHHS Hacoca, HOro HallipHa XapaKTepHUCTHKA ePEMIIaeThCs
T0 T1IPaBIIYHUX XapaKTEPUCTHKAX TPYyOOTPOBOIY MEPEXi IIEHTPATI30BAHOTO TEIIJIONOCTaYaHHs, 1[0 IPU3BOIUTH
JI0 3MEHIIEHHS HOro NPOJYKTHBHOCTI Ta HAmopy, a OTXKE JO 3MEHIIEHHS CHOXHBAHOI EJeKTPOIPHUBOAOM
€JIEKTPUYHOT MOTYXHOCTI. TakuM YHHOM PEeryJIbOBaHHUH THII €JIEKTPOIPHBO/LY, B KOHTEKCTI €Heproe()eKTHBHOCTI,
Mae IepeBaru rnepej He peryJIbOBaHNM.
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CuHTE3 CTPYKTYpH PETYIHOBAHOTO €JIEKTPOIIPHBOAY 3MIMCHIOETHCS 3a ACKIIBKOMa KPUTEPisMH, a caMe:
TEXHOJIOTIYHUMH BUMOTaMH; 32 TSPMIHOM OKYITHOCTi; BUMOTOFO JIO HaIIHHOCTI B €KCILTyaTallii, TOIIO.
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Pucynok 2 - Yacoea 3anesicnicmo sumpamu mennonocis 3a yuki [9]

3 TEXHOJIOTIYHOT TOUKHU 30pY JJIsL TOCATHEHHS MOTPIOHOr0 3HAYESHHSI I0/1a4i TEIUIOHOCIS B MEPEXi, HACOCHI
arperaté 00’€HYIOTbCS B HACOCHY CTaHII0, B JAHOMY JOCIIDKEHI MOBa iifie po Tpu HacocHi arperatu. [Ipu
I[bOMY KOJKEH 3 HACOCHHUX arperariB BIUIMBA€ Ha poOOTY IHIIMX HACOCHMX arperartiB wiei rpynu. Lle npusBoanThb
JI0 TOTO, IO I0Jla4a, THUCK, IOTYXHICTh 1 KOeQIIlieHT KOPUCHOI Nii HACOCHOI CTaHINI CYTTEBO 3aJICKUTHh Bill
PEXKNMIB HABaHTAXKEHHS HACOCHUX arperaTis, [0 MPALIOIOTh CIUIBHO.
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Pucynox 3 - Hanipui xapakmepucmuxu nacoca: (1) — npu yacmomi obepmanna nl; (1-a) -
npu uacmomi obepmannsn n2; n2<nl[6]. I'iopasriuni xapaxmepucmuku mMepexci 3a pisHux
mennosux nasanmadicensv: 2-a; 2-6,; 2-6; 2-c [pospaxosano aemopamu]

HacocHa cTasiist TeruioMepexi mpamroe 3a 3MiHHUM TpadikoM, 11e 03HaYae, M0 CUCTeMa aBTOMATUIHOTO
KepyBaHHS Ma€ 3a0e3NeYuTH MOTPiOHI MapaMeTpH, OCKIIBKH HEBIIMOBIIHICTH MapaMeTpiB NPH3BOIUTH [0
3HIKEHHA Koe(imieHTa KOpPMCHOI [ii HACOCHHUX arperaTiB, i J0 MOJATKOBHX BHTpaT enekTpoeneprii. o
0COOIMBOCTEHW POOOTH HACOCHHMX CTAaHINH CIiJ| BIIHECTH Te, III0 BOHU OCHANICHHI OOJIAJJHAHHSM, K€ 3a3BHYA
Ma€ 3aBHIICHY MOTYXHICTh, TOMY HACOCHI arperaTtd CTaHI[l HPAIO0Th 13 3HIKCHUM 3HAYCHHSM KoedilieHTa
KopucHOI aii. KpiM Toro 3Ha4Ha MPOTSDKHICTH TEIUIOTPACH Ta Pi3HA BHCOTA IMOJAdYi TEIUIOHOCIS CIPHYUHSIOTH
HEPIBHOMIPHICTh PO3MOAUTY THCKY, IO NPU3BOJAUTH JO BHTOKIB TEIUIOHOCIS, Ta IO 3HWKCHHSI
EHEeproe(peKTHUBHOCTI TerioMepexi. TakuM YWHOM, SK IOKAa3ylTh pE3yNbTaTH aHali3y TEePMOJMHAMIYHUX
nmapaMmeTpiB, fKi OTPUMaHi B JaHOMY JIOCIi/PKECHHI, Ui NTOCSTHEHHS €HEProeeKTUBHOTO PEXUMY poOOTH
HACOCHMX CTaHIIIH, IXHIO MPOAYKTHBHICTh HEOOXITHO PETyIIOBATH 3MiHOIO TIPOTYKTHBHOCTI HACOCHHUX arperaris,
10 MPAIIOIOTH Y 1X CKIIA.
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IcHYIOTh pi3HI METOIW PETYJIOBAaHHS HACOCHHUX arperariB, sIKi MPaIOOTh y CKJIalli HACOCHUX CTAaHIIIH.
CyuacHUii cTaH PO3BUTKY TEXHIKH JIO3BOJISIE pEalli30BYBATH Pi3HI METOIH PETYIIIOBAHHS €JIEKTPOIPHUBOY, & CaMe:
YaCTOTHE PEryJIIOBaHHS MIBUAKOCTI 0OEPTaHHS aCHHXPOHHUX €JIEKTPOJBUTYHIB 3 KOPOTKO3aMKHEHUM POTOPOM;
CJICKTPONIPUBIA Ha 0a3i aCHHXPOHHOTO BEHTHJIBHOIO KacKajay; €JEKTPOIPHBIN Ha OCHOBI BHKOPUCTAHHS
€JIEKTPOJIBUI'YHIB IOCTIHHOTO CTPYMY; €IE€KTPOIPHBIJ] 3 BUKOPUCTAHHAM EJIEKTPOMarHiTHUX Myt koB3aHHs[12].
AHaii3 pe3ynbpTaTiB MPaKTHYHOTO BUKOPUCTAHHS €JISKTPOIIPUBO/IIB HACOCHUX arperariB IOKa3ye, 10 B Aiana3oHi
MOTY>KHOCTCH ENEKTPOIPHUBOAIB HEOOXiTHUX JJISI MEPEKi ICHTPaTi30BAHOTO TEIUIONOCTAYaHHS, HAWOUIBIIT
NPUHHATHAM BapiaHTOM € CHCTEMa eJISKTPOIPUBOAY KEPOBAHWH IEpPETBOPIOBAY YaCTOTH — ACHHXPOHHUI
eJIEKTPOABHUTYH 3 KOPOTKO3aMKHEHHM poTopoM[13].

VY BHUmanKy SKIIO0 Ha HACOCHIM CTaHIlI BCTAHOBJICHO PETYNhOBaHI 1 HE PETyIIOBaHHI €IEKTPOIPHUBOAN
HACOCHHX arperartiB HeoOXiTHO 3aCTOCOBYBATH HE JIMIIE 3MiHYy YacTOTH OOepTaHHS HACOCHHX arperartiB, aje i
3MiHY KUTBKOCTI MIPAIIOI0YNX HEPETYThOBAHUX EIEKTPONpruBOIiB[14].

Bume HaBeneHe BHCyBae BHUMOTM [0 3aCTOCYBaHHS Ha HACOCHHMX CTAHILIAX CY4YacHHX CHCTEM
aBTomarm3anii[ 15]. Cepen Takux BUMOT CJIiJl Ha3BaTH: MIATPUMAHH 33JJaHOTO 3HAYCHHS TUCKY Ha BUXOJII IPpyNu
HACOCHHX arperariB; KOHTPOJIb 32 pOOOTOI0 HAcOCIB 1 MEpEMHUKaHHs Ha pe3epBHHUI HAacoc MpH aBapii podo4oro;
NepeMUKaHHs Ha poOOTY HAcOCIB Bil MEpexi IPpH aBapil nepeTBOproBada YacTOTH; aBTOMATHYHE ITiAKIFOUCHHS
OJTHOTO 200 JBOX JOJATKOBUX HACOCIB NPH HEJOCTATHIH MPOJYKTHBHOCTI po0O0YOro (sl CTaHIIH 3 KUIBKICTO
HacociB OUIbIIOI0 2); aBTOMATHYHE YepryBaHHs BBIMKHEHHX HACOCIB 4epe3 3aJaHi IHTepBalM 4Yacy s
3a0e3re4eHHs] PIBHOMIPHOTO 3aBaHTa)KEHHS HACOCIB; 3a0€3II€YeHHs ONIEPAaTUBHOIO KEPYBaHHS PEKUMOM POOOTH
HepeTBOPIOBaYa YaCTOTH OE3MOCePEIHBO 3 MTaHei KepyBaHHS CTaHIIii; MOXKIUBICTD 3aIlyCKY 1 3yIIMHKH KOXXHOTO
Hacoca KHOIKaMH B PEXXHUMI PyYHOr0 KepyBaHHS NPSMUM ITyCKOM BiJl MEpexXi; BUaya Ha TUCHETYCPCHKUI Ty IbT
CUTHAJIIB TIPO PEXXUMH POOOTH cTaHMii[ 16].

3 ypaxyBaHHAM BHMOTI MOXe OYTH CHHTE30BaHa (yHKIIOHalbHA CXeMa eHepro3oepirawdoi
SJICKTPOMEXaHIYHOT CHCTEMH aBTOMATHYHOTO KepYBaHH: HACOCHOTO arperary.

I Perymmmop 4 Perymirop
| ATy TeMIIepaTypu
, - o [ —— A patyp l—— - ————
(P KLU ] TeTIOHOCIS |
|
|
| H
I' o . o | »
—» [leperBOproBauy a o | ACHHXPOHHHMH o o | Biguertposnit |
I - ' I
YacTOTH CJIEKTPOIBUTYH Hacoc
> TPOABUTY 0 -
a
Yy
FRCT R MaThHEaR
__I . F. FreT et
[HETVIATR pervITTo) > JTaTTHE
SYWA[ITITE < qu.'[ KT
2 ETPar 3 :

PucyHok. 4 - @yukyionanvha cxema enepeo3depicaioyoi eneKmpomexanivHoi cucmemu HACOCHO20
azpezamy mepexci Yyenmpanizo8ano2o menionoCmauants

Oco0MBICTIO 11i€l CUCTEMH € Te, L0 CTadlIi3allis napaMmerpiB TipaBiiuHoOi XxapakTepucTuku Q ado H
3MIMCHIOETRCS 32 JOTMOMOTOK OCHOBHOTO peryisitopa 1, a iX 3aBIaHHS — EKCTPEMATbHUMH CHCTEMaMH
aBromarnuHoro perymtoBanHsa KKJI enextponpuBony ta KK/ Hacoca (perymsaropamu 2; 3). B3aemo3B's30k
TEeMIEPAaTypHOTO pPEXUMY 3 TiJpaBliyHUM 3a0e3reuye TeMIepaTypHuil peryisrop (perymstop 4).
TEIUIOOOMIHHOTO MYHKTY MepekXi LEHTPAli30BaHOTO TEIUIONOCTayaHHS. PerynioBaHHS Hamopy Ta
NPOAYKTUBHOCTI 3/IMCHIOETBCS 3a PaxyHOK 3MiHH, 332 TEBHHM 3aKOHOM YaCTOTH Ta HAMpPYTH >KUBIICHHSI
ACHHXPOHHOTO EIEKTPOABUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

BucnoBku: J[ocmipkeHHS TIPOBE/ICHH] B peajbHiN TUIOBIM Mepeski IEHTPaIi30BaHOTO TEIJIONOCTaYaHHs,
MiATBEPIKYIOTh TINOTE3y MPO Te, M0 TePMOIUHAMIYHI apaMeTpH, a caMe TeMIlepaTypHHUi rpadik, mapameTpu
30BHIIIHBOTO CEPEIOBHIIE, TEXHOIOTIYHI 0COOIMBOCTI PYHKIIIOHYBaHHSI MEPEKi, MAIOTh BU3HAYAJIHHHUHN BIJIB Ha
TiApaBIiYHANA pekuM poOOTH HACOCHOTO arperary, a OTKe Ha O00CAT CIIOKMBAHOI HOTO EJIeKTPOIIPHBOAOM
enexkTpoeHeprii. BixnosigHo 10 150r0 GOPMYIOTECS BUMOTH 0 THITY PETyJIbOBAHOTO EIEKTPOIPHUBOY Ta CHHTE3Y
HOr0 aBTOMAaTH30BaHOT CUCTEMH KepyBaHHs. HaliGinbI MPUHHATHAM BapiaHTOM PETyJILOBAHOTO €JIEKTPOIIPUBOTY
3 TOYKH 30py 3abe3nedeHHs] eHeproe(eKTUBHOCTI € eJIEKTPOIIPHUBI]T , 38 CHCTEMOIO, KEPOBAaHUI MEePEeTBOPIOBAY
YaCTOTH — ACUHXPOHHUH €JIEKTPOABUTYH 3 KOPOTKO3aMKHEHHM POTOPOM, MPU IbOMY aBTOMAaTH30BaHAa CUCTEMa
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KEepyBaHHS €JIEKTPOIPUBOIOM TIO0Y/IOBaHA HA OCHOBI €KCTPUMAIBHHX peryJsaTopiB. [lomanbim mociimpKeHHS
MaroTh OyTH CHpPSIMOBAHHI HAa BH3HAYCHHS BIUIMBY OKPEMHUX CKJIAIOBHX CHUCTEMH CIICKTPONPUBOIY Ha HOTO
BiJIMIOBIJIHICTh TEPMOIMHAMIYHUAM, TEXHOJIOTIYHAM BUMOTaM Ta BUMOTaM 010 CHEPrOCPEKTHBHOCTI.
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THERMODYNAMIC IMPERATIVES THE MODERNIZATION OF THE ELECTRIC
DRIVE OF PUMP UNITS OF THE CENTRALIZED HEAT SUPPLY NETWORK IN
THE CONTEXT OF INCREASEING ENERGY EFFICIENCY

The relationship between thermodynamic and hydraulic parameters of the heat supply network has been
established. The dependence of the electric power consumed by the electric drive of the pump unit on the pressure
and supply of the coolant was determined. It is proved that the regulated electric drive system has advantages over
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the non-regulated electric drive system in the context of energy efficiency of the pumping unit and the district
heating network in general. Approaches and criteria for the synthesis of a regulated electric drive system,
including its automatic control system, were determined, regulation methods were analyzed, and the most
acceptable version of the electric drive was chosen: a controlled frequency converter - an asynchronous motor
with a short-circuited rotor, taking into account the above, an energy-saving mechanical system of a centralized
heat supply network was synthesized. The peculiarity of this system is that the protection of parameters of hydraulic
and temperature regimes in the network of centralized heat supply is ensured with the help of extreme automatic
control systems. At the same time, the assignment of mode parameters is provided by the temperature controller
of the heat exchange point of the network. Regulation of the pressure and productivity of the pumping unit is
carried out by changing, according to a certain law, the frequency and power supply of the asynchronous motor.

Keywords: thermodynamic parameters, pump unit, adjustable electric drive, energy-saving
electromechanical system of the pump unit.
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E®EKTHUBHICTD BITPOBA/I’KEHH
CUCTEMMUM EHEPTETUYHOI'O MEHE/UKMEHTY
Y TOB «<HAYKOBO-BUPOBHHUYA ®IPMA «3OH/I)»

Jocniooceno  epexmuenicmo  cucmemu  eHepeemuunozo Meneodxcmenmy y  TOB «HAYVKOBO-
BUPOFHUYA ®IPMA «30H]]». Ilpogedeno amaniz cnoocu8aHms NAIUGHO-EHEPIEMUYHUX pecypcié 3
VPAXYSaHHSIM CMPYKIMYPU EeHEePZOCRONCUBAHHSL A 6APMOCH, BUSHAYAIOYU NEPCNEKMUEHI HANPSIMKU O/
smenwennsi gumpam. Onucano KOHCMPYKMUGHI Ma eKCHAyamayitiii HeoONiKU CUcmemu ONnAeHHs md
8nPOBaAOdCEHi 3axX00U Ol PayiOHAIbHO2O BUKOPUCAHHA 2a3y. Poszenanymi acnexmu oceiminenHs, eKkirouaruu
nepexio Ha c8imao0ioOHi 1aMNU Ma BUKOPUCMAHHA NPUPOOHO20 oc8imaenHs. Buaeneno npobiemu meniosmpam
ma OnucaHo 3axodu 3 YmenieHHs OYyOieii, 6Kmouaryu eKOHOMIYHull auaniz. Onucano 3axodu, excumi
RIONPUEMCMBOM O/l 300e3NeUeHHsl Pe3ePEHO20 JHCUBLEHH 8 YMOBAX MPUBAIUX BUMKHEHb eleKmpoeHepeii, a
MAKoC NPoananizosano ixuio egexmusnicmos. Ocobauga ysaea npudinsiemvcs 6ubOpy ma 3acCmOCY8AHHIO
azpeeamie  Oe3NePepeHO20  HCUBNEHHA OA  NIOMPUMAHHA — (DYHKYIOHYBAHHA  KPUMUYHUX — CHOMCUBAYIS.
3anpononosano 6UKOpUCMAHHA CREYiANbHUX O0axX08UX C8iMma0600i8. 3poONEHO BUCHOBOK NPO BAIHCIUBICHID
KOMRIIEKCHO20 NiOX00Y 00 YNPAGIIHHI eHeP20edheKmUHICmI0 RIONPUEMCIIBA 8 YMOBAX CYYACHUX GUKIUKIG.

Kawu4oBi ciioBa: enepeemuunuii MeneodcMenm, enepeemuyte aHanizy6anHs, enepeoe@ekmuehi 3axoou,
eexmusHicmb YRpAaeiiHHsL

Beryn

Opranizanii Ta mianpueMcTBa YKpaiHH BUTpadaloTh 3HaYHI (DIHAHCOBI pecypcH Ha OIUIATYy CIIOKHBAHOT
eHeprii. J[epimT eHepreTHYHNX pecypciB, pa3oM i3 HeCTaOUTBHICTIO IiH HA HUX, CTaB OCHOBHOIO CKJIATHICTIO JIJIS
BCiX c(ep MPOMICIOBOCTI.

Kpim Toro, 3aBepmenns 2022 poky ta mogatok 2023 poky ctaiu s YKpaiHu cepHO3HIM BHIIPOOYBaHHIM
[1]. Pocificpki 3arapOHUKHU pO3MOYAIH BiifHY IIPOTH HAIIOT CHEPTETHYHOI CHCTEMH, HAHOCSYU PYIHHIBHI yIapH K
mo 00'ekTax reHeparlii, Tak 1 MO PO3MOAUILHHM IiACTaHIlisiM. 1le BHKIMKAIO IJIAHOBE Ta 4YacTO aBapiitHe
BIZIKJIIOUEHHS €JIEKTPOCHEPrii y BCiX perioHax kpaiHu. BrnpoBa/pkeHHs! pe3epBHOTO JKUBJIEHHS CTAJO HE IPOCTO
KOPHCHOIO OIILIEI0 Ha BCSKUI BHIIAJIOK, ajleé i HAarallbHOIO JKUTTEBOK HEOOXIMHICTIO. Y BHIIAJIKy BIICYTHOCTI
EJIEKTPOIIOCTaYaHHSI JJIsl TOOYTOBUX CHOXKHBAYIB 1€ YaCTO MPU3BOJIUTS JIMIIIE 10 HE3PYUYHOCTEM, aje Juis 00'€KTiB
iHQpacTPyKTypH Ta BUPOOHHYUX IiJIIPHEMCTB 11€ MOXKE MaTH Cepilo3HI HEraTHBHI HACII/IKH.

Tomy npaBuiIbHE yHpaBiiHHs Ta e()eKTHBHE BUKOPHCTAHHS €HEepril mpuBepTae Bce Olnbliie yBaru B chepi
Oi3Hecy. KommeTeHTHHIT MEHEIKMEHT 3aBXKIU PO3TIIAJAE MOXIIMBOCTI €HEpro30epexeHHs 3 MiHiMaTbHUMHU
BUTpaTaMH. BIpoBaKeHHS CHCTEMH €HEPIOMEHEKMEHTY MOJKe 3a0€3MeUNTH IPaBUIbHMI X1 10 BUSBICHHS
MOXJIMBOCTEH 1 M JTPHUMKH TTOKPAIIECHb.

MeTta Ta 3aBIaHHA

Mertoro poOOTH € OLIHIOBaHHS €(EKTUBHOCTI BIIPOBA/KEHOI CUCTEMH €HEPTeTHYHOTO MEHE/DKMEHTY Y
TOB «<HAYKOBO-BUPOBHUYA ®IPMA «30Hd». Inst nocarHeHHs 1iel METH HeO0OXiAHO NpoaHasi3yBaTH, K
cHCTeMa EHEePreTHYHOI0 MEHE/PKMEHTY MOXKE JIONOMOITH KOMIIaHii MPOTHCTOSTH TPYIHOIIAM, 3YMOBJIEHHM
€HEePreTUYHO HeCTaOUIBHICTIO Ta BIIICBKOBUM KOH(IIIKTOM.

MarepiaJ i pe3yJibTaTH A0CJTiT:KEHD

OcnoBHoto crierianizanieto TOB «HAYKOBO-BUPOBHUYA ®IPMA «30OH/» € HepyiHiBHHN
KOHTpPOJIb, BUIMPOOYBaHHA Ta EKCIEepTHE OOCTEeKeHHS (TEeXHIUYHE iarHOCTyBaHHS) MAallWH, MEXaHi3MiB,
yCTaTKyBaHH ITiABUIIEHOIO Hebesnekn. dipMa BUKOHY€E OBHHUIM LUK poOIT y IiH Tamy3i, HOYnHaIOYH BiJ cTail
HayKOBHUX JIOCIIIJ)KEHb.

TOB «HayxkoBo-BupoOHnua ¢ipmMa «30HA» HaleKaTh aAMIHICTPaTHBHUH KOpIyC, JIaOOpaTOpHIi,
BUPOOHMYI Ta CKJIA[ACHKI HPMMIIIEHHS 3aralbHOI0 IUIOmE0 HoHan 750 M2, TpaHCHOPTHI 3aco0H; OCIiIHE
BUPOOHMIITBO 3 ITAPKOM BEpPCTATHOTO 00JIa{HAHHS; TEXHIYHI 3aco0M (TIPHIIaH, aTeCTOBaHI 3pa3Ky, CTalliOHapHi
Ta mepeHocHi ycraHoBkM) W TexHosorii HKTJ/] anst HamaHHs mociyr i HaByaHHS (axiBLiB; BUIPOOYBaJIbHE
o0agHaHHA Ta KOHTPOJIBHO-BUMIPIOBAJIBHI MPHUIIAIU IS IPOBEIEHHS BUIPOOYBaHb; BHYTPIIIHSI KOMIT IOTEpHA
Mepexa.

Y TOB «HAYKOBO-BUPOBHNYA ®IPMA «30H/» BmnpoBamkeHO cepTHU(IKOBaHYy CHCTEMY
EHEepPreTUYHOTO MEHEKMEHTY, sika e(eKTHBHO (DYyHKIIIOHY€E Ta MOCTiifHO mominmryetscs. KepiBHUITBO hipmu
HECe BiATIOBIAIBHICTh 332 MATPUMaHHA (YHKLIIOHYBAaHHS CHCTEMH €HEPreTHYHOI'O0 MEHEIKMEHTY Ta BHILIAE
HeoOXiTHI pecypcH.
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OCHOBHUMH 3a/1a4aM¥ CHCTEMH €HEpreTHIHOTO MeHemkMeHTy TOB e:

— MATPUMaHHSA BUTpPAT Ha EHEProHOCii Ha MiHIMAJIbHO-MOXIMBOMY (3 BpaxyBaHHSM ICHYIOUOTO
TEXHIYHOTO CTaHy) pPiBHI 3 OJJHOYACHUM IiATPHUMaHHSAM YMOB IlepeOyBaHHs IEpCOHAy Ha piBHI, IO BiANOBiaE
JUIOYMM HOPMAaTHBHHM JIOKYMEHTaM;

— MJAroTOBKAa Ta BIPOBA/DKCHHS TEXHIYHMX Ta OpraHi3allilHUX 3axOAiB IIOJNO 3HIDKEHHS BHUTpaT Ha
€HEeproHoCi] Ta MOKPAILEHHS YMOB IIepe0yBaHHs [IEPCOHAIY;

— BIIPOBAUKEHHSI CUCTEMHU CTUMYJIIOBAHHS OIIA/IHOI'0 BUKOPUCTAHHS €HEPropecypciB Ha BCiX PiBHAIX.

Jis  crmocTepekeHHS 3a TCHICHINEI0 BHUKOPUCTAHHS ITaJMBHO-CHEPTETHYHUX pecypciB  (ipmoro
MIPOBOIUTHCS TOCTIHE aHATiI3yBaHHS CIIOKUBAHHS MaTUBHO-EHEPTETUYHUX PECYPCIB 3 PO3OMBKOIO MO MICSIIIX
SK B HATypalbHUX OIMHHIAX, TaK 1 y TPOIIOBOMY BHpakeHHi. KpiM TOro, BaXTMBHUM MpH IIPOBEICHHI
aHaI3yBaHHS € 3HAHHS CTPYKTYpPH CHEPrOCIIOKMBAHHS — YaCTKH KOXKHOTO 3 BU/IIB €HEPTrOPECYPCiB B 3arajJbHUX
BUTpATax.

Jis BCTaHOBIEGHHS €(QEKTHBHOCTI MPUUHATHX DIICHb 3 BIPOBAHKCHHS 3aXOMiB IIOJO IIiABHIICHHS
CHEProc()eKTUBHOCTI HA AHOMY IiIPUEMCTBI MPOAHATI30BAHO CIIOKHMBAHHS CHEPTii 3a OCTaHHI IT’SITh POKIB.
Cranom Ha kiHens 2018 poky 0aaHC eHeprocnoXKMBaHHS B HATypaJIbHUX OJUHUIIX (PUCYHOK 1) IOKa3yBas, 110
OiIbIITY YacTKy 3aiiMa€ CIOXKMBAaHHS MPUPOAHOTO razy, a came 70%. CrioxkuBaHHs eneKTpoeHeprii 3aiimae 30%.
Tomy 3axoau 3 eHeproeeKTUBHOCTI MOTPIOHO CHPSIMOBYBATH HA 3MEHILIECHHS CIIO)KUBAHHS [IPUPOIHOTO ra3y B
nepiy 4epry.

3 iHmoro 00Ky, MpoaHai3yBaBIIX JaHi B TPOIIOBOMY BHpakKeHHI (PUCYHOK 2), CTaJlo 3pO3yMLIHM, IO 3
METOO0 €KOHOMIT KOIITIB AOIIJIHHO BIPOBAKYBATH 3aX0/IH IJIsl SMEHIIICHHS CIIO)KUBAHHS €IeKTpOeHeprii. Arke,
K BUIHO 3 OamaHCy eHeprocmoxuaHHS 3a 2018 p. B rpuBHiX, 38% mNpumagaoTh Ha OIUIATY 3a CHOXHTHH
npupogHuil ra3, 61% Ha omary 3a CHOXWTY eNeKTpoeHeprito Ta Jymme 1% Ha omiary 3a XOJIOJHE
BOJIONIOCTAYaHHS.

Tipwpaaumi res |
|

Npupoguni ras

70%

PI/ICyHOK 1 - bananc E€HePcOCNnONCUBAHHA 6 PI/ICYHOK 2 - bananuc E€HEeP2OCNONCUBAHHS 6
HamypailbHux OOMHML{}DC epoutogomy BMPLZDICBHHi

3arajbpHUI BUCHOBOK II0JISITAE B TOMY, 1110 €()eKTHBHE YIpaBIliHHS eHeproeeKTHBHICTIO Ha (hipMi BUMarae
KOMIUIEKCHOTO TiJIXO/ly, 30Pi€HTOBAHOTO Ha KOHKDPETHI JlaHi LI0JI0 BUTpAT Ta eHeprocrnoxuBaHHsi. OOujiBa
aCIeKTH, TOOTO BUTPATH B IPOIIax Ta 3MEHIIEHHS CIIOKHMBaHHS, € BXJIMBUMHU 1 B3aeMOINOB's13aHnMH. HanexHe
PO3yMIHHSI IUX KpPUTEPIiB [O3BOJISIE BCTAHOBJIIOBATH IEPUIOYEPrOBICTh 3aXOJIB 3 €Heproe(eKTHBHOCTI,
CIPSIMOBAHMX Ha MOKpAIIEHHS €KOHOMIYHOI Ta €KOJIOTIYHOI CTIHKOCTI.

OnHak, KpiM aHai3yBaHHSA CIIOKMBAHHS IaJHMBHO-EHEPIeTUYHUX PECYpPCIB aKTYaJIbHUM € TIUTaHHA
00CTe)XXEHHS CTaHy CaMHUX CHCTEeM eHeprozabesnedeHHs Qipmu. B cTarTi po3risiHeMO cuCTeMy ONaJICHHS Ta
rapsidoro BOAOIIOCTAuaHHsI, CHCTEMY €JIeKTp0o3a0e3eYeHHS Ta CUCTEMY OCBITIICHHS.

Ha ¢ipmi BUKOPHCTOBYETBCS cucTeMa ONaJIeHHsI Ha IPUPOJHOMY rasi. BripoBapkeHa ABoTpyOHA cuctema
OITaJieHHs 3a3Haja peKOHCTPYKIil y 2014 pomi. Toxi OyB BcTaHOBICHUI HOBHUI Ta30Buil KoTen gipmu Vaillant 3
MaKCHUMaJbHOI TEIUIOBOIO MOTYXHICTI0 80 KBT. HarpiBampHi eleMeHTH — CTajJeBi BOISHI pamiaTopu pi3HOI
MOTYKHOCTI (3aJIEXKHO BiJl TUIOII OKpeMoro kabineTy). Yci pagiaTopu 00IaHaHI TEPMOPETYISITOPAMH.

Bomnouac, 3a mepiog poOOTH 1€l CHCTEMH OMalieHHS OyJI0 BUSBICHO HHM3KY HEJOJIKiB. 30Kpema,
TEPMOPETYISITOPH (TEPMOTOJIOBKH) 3MOHTOBaHI MiJ KyToM 45 TpaayciB 0 BEpTUKaJi, TOJMI SK BOHH MArOTh
BCTAHOBJIIOBATHCS TOPU3OHTANbHO. TakoXk, 3a pe3yJbTaTaMu I[POBEACHOTO TEIUIOBI3IMHOrO 00CTEXEHHS
BUSIBJICHO CYTT€EBY HETIPOIOPIIIHHICTh TEMIIEPATypH padiaToOpiB y Pi3HUX YacTHHAX Kopmycy. Tak, kabiHeTH, AKi
pO3TamIoBaHi Aaji BiJl KOTEJBHOTO NMPHUMIMICHHS, HArpiBalOThCA 3HAYHO TipIie, HDK Ti, SKi € OJMKIUMH 10
JUKepesia Teria.

Crneundika aisiapHOCTI (DipMH NOJIATAE B YACTUX BiJPSIKSHHSX IIEPCOHATY, TOMY 3 METOIO PalliOHAJIBHOTO
CIIO)KMBaHHS [IPUPOJIHOTO ra3y OyJio NPUHHATO PilIeHHs MiATPUMYBATH TEIUIOBUH PEXHUM HA 3HW)KEHOMY piBHI, a
y KabiHeTax, Je 3aJIMIIAIICh IPaliBHUKH, IOTPiBaTH 32 JONOMOT0I0 €JIeKTPUIHUX 00irpiBadis.

Tak 5K B aIMiHICTPAaTHBHOMY KOPITyCi IIEpCOHAI ITepedyBae TOCUTh TPUBAINI Yac, y CaHBY3J1ax, B KIMHATI
JUIA pO3irpiBaHHS 1XKi, a TaKOXX B CaHBY3JI rapJepoOHOi KIMHATH Ha HEpIIOMY IOBepci mependadeHe rapsde
BOJIONIOCTa4YaHHs. B ycix BuUmaakax rapsde BOJOINOCTAa4aHHs 3a0€3MEeYyEThCsl BOISHUMH EJIEKTpOHArpiBayamMu
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HaKONTMIyBaJIbHOTO THITY. B KiMHATI po3irpiBaHHs ii — HarpiBad 00’ eMoM 15 71, cio’kuBaHa MOTyXHICTH 1,6 KBT.
CanBy3041 (IBa TyaJleTH) OCHallleHI HarpiBaueM Boau 00’emoM 30 1, motyxHicTio 2 KBT. Y rapaepoOHii (nBi
KIMHATH 3 madamMu AJst CIeHOoAATY MPalliBHUKIB) € yMUBAJILHUK Ta JyIIOBa KaliHa, siKi 3a0€31eYyI0ThCs rapsuolo
BOJIOIO 32 JONIOMOT'OI0 HarpiBaya BoJu 00’emoM 50 J1, moTyxkHicTIO 2 KBT.

TakuM 4YMHOM, Tapsiye BOJONOCTadyaHHS 3a0€3MEYYETHCS BHUKIIIOYHO 3a JOTIOMOTON0 E€JIEeKTPOEHEpTii.
BonHouac, 6iu3bKe po3TanryBaHHs CIIOKHWBAUiB TEIUIOT BOJIM JI0 HArpiBaviB 3MEHIIY€E TEIIOBTPATH, CIIPUYMHEHI
OKpEeMHMH BTpaTaMH TeIjia B TpyOOIpoOBOIax.

Cucrema OCBITJIIGHHS aIMIHKOPIyCY (ipMH BHKOHaHA B OCHOBHOMY 3 BUKOPHCTAHHSIM HAKJIaJHHUX
CTENTbOBHX CBITWJIBHWKIB Ha YOTHpH Jammu 3 mokojem G13. IlodaTkoBO IIi CBITMIBHUKH OyIM OCHAIIEHi
ra30pO3pSAIHIMH JIAMIIAMH, TOMY JI0 iX KOMIUIEKTY BXOJIHJIX CIICLiaIbHi elNeKTPHYHI CTapTepH IS Fa30PpO3PAHIX
mamrr. [lizHimme OiMBIIICTP TA30pO3PSIHUX JaMIl OyiH 3aMiHEHI Ha CBITJIONIONHI TaKOTO 3K THIOPO3MIpY.
BinmoBimHO, yce MOOaTKoOBE €NEeKTPOOONIAaIHAHHS CBITHIBHHKA OyJI0 EMOHTOBAHO, a IIOKOJI JIAMIT 3’€JXHAaHI
napanenpHo. Ha et yac Ha mianmpueMCTBi 3aMiHEHI yci JIaMITH PO3KapiOBaHHS Ha CBiTIOAionHI. ['a3opo3psamHi
JIaMIIH 111€ BUKOPUCTOBYIOTHCS Y KUIBKOX KaOlHETax.

Takox, BayKJIMBE 3HAYECHHsI Ma€ 1 MPUPOJIHE OCBITIIEHHs. 30KpeMa, y CBITIy NOpy J00H MpH SICHIA mOoroi
BUKOPHCTOBYBaTH JO/JATKOBE IUTYYHE OCBITJIIEHHS HEMae MOTpeOH, 0coOJMMBO y KabiHeTaX, pO3TallOBaHUX 3
niBieHHOro 00Ky. BogHOUac, KOpUIOp Ipyroro MoBepXy, sSK NPaBUIIO, HE OTPUMYE JOCTATHBO OCBITJICHHS KpPi3b
CKJIIHHA ABepeil kabiHeTiB. 1[0 mpobiieMy 4acTKOBO BHUIIIYy€ ITYYHE OCBiTICHH:. [IpoTe, y Kopumgopi Oyio 6
JIOLJIbHO BUKOPUCTOBYBATH JIATYMKU PYXY JJII BMUKaHHS-BUMHKAHHS OCBITJICHHSI.

3a pesynmbTaTaMH aHANI3yBaHHS PI3HHX 3aXO[iB 3 IJBUINECHHSI CHEProe(eKTHBHOCTI caMe YTCIUICHHS
OymiBii (ipMu cTar0 HAKONTUMANBHIIINM i3 BapiaHTIB, aJKe I JO3BOJLLIO IUITXOM 3MEHIICHHS TEIUIOBTPAT
30BHIIIHIMH  OTOPODKYBAJIbHUMH KOHCTPYKLISMH Biipasy OTpPUMAaTH CKOHOMil MpPUPOJHOTO Trazy Ta
eleKkTpoeHeprii. 3axin momo yTemieHHsA peanizoBaHo B 2020 pomi. B sKkocTi yTemmorodoro marepiany
32CTOCOBAHO MIHOMOIICTHPOJIBHI INHTH TerutonpoBigHicTio 0,04 Bt/(M-K), ToBImHOIO 0,15 M. [Inomma yrenneHas
cknana 337,67 m% TlpoBeneHuii TexHiKO-€KOHOMIYHHMI aHaJi3 3aNpPONOHOBAHUX 3aXOMIB IIi/TBEPAMB HOro
e(eKTUBHICTh Ta OKYHHICTh (Tabmuus 1). Kpim TOro, oTpumaHo 10JaTKOBY LIyMOI3OJLSILIIO BiJl BYJIUIN Ta
MOKPALIEHO €CTETUYHUI BUTIISA KOPITYCY.

Taomuus 1. Pe3ynbTaTi po3paxyHKy TeXHIKO-€KOHOMIUHHX ITOKa3HUKIB

3aranbHa . . .
. QH.use QH.use . ExoHowmis B TepMiH OKyNHOCTI
BapTiCTh Exonomis
Br'rox Brrox KoIlTax 3axo1y
MIPOBEICHHS . eHeprii .
(mo (ITicns . (BT'ron'rpH) B eHeproepeKTHBHOCTI
YTENIeHHS (Bt'ron) B pix :
YTEIUICHHS) | YTEIUICHHS) pIK (poxwm)
(rpH)
547025,4 414345193,8 | 328602055 85743,13886 60457,6622 9,01

Juis minTBepIKeHHS e(QEKTUBHOCTI PO3TIITHEMO IUHAMIKY 3MIHHM CIIOKHBAaHHS EIEKTPOCHEpTii Ta
MPUPOHOTO a3y 3a OCTaHHI 5 pokiB. Pe3ynbraTt nogano Ha pucyHkax 3-4.

AHai3yl0un JUHAMIKY CIIO)KUBaHHA 0admMMo, IO yTEIUIEHHS OyIiBIi Namo MO3UTHBHUN edekT st
3HIDKCHHSI CIIOKMBAHHS EJIEKTPOEHEprii 3a paxyHOK BiZIMOBM BiJ JOTpiBy TNpPHMIIIEHb EIEKTPHIHUMHU
HarpiBauamu. OfiHaK, SIK TOKa3ye JUHAMIKa B TPOIIOBOMY BHUPa)KEHHI 3HaYHWH BIUIMB MaroTh Tapu(u HA Ti 4n
iHIII eHeproHocii. 3pocTaHHsA Tapudy Ha TPUPONHHUIM ra3 Hano 3Ha4He 30uTbIneHHs omiatd. lllo me pa3
HiATBepANIIO e(heKTUBHICTh 3aX0/1y 11010 €KOHOMIT MPUPOIHOTO ra3y Ta AOLIIBHICTh KOMIUIEKCHOTO IiIX0AY 10
BCTaHOBJICHHSI NIEPIIOYEPTOBOCTI BIPOBAKEHHSI 3aX0/1iB 3 €HeproeeKTHBHOCTI.

SIkicHe BHPOBAPKEHHS CHUCTEM EHEPreTHYHOr0 MEHE/DKMEHTY 3aKialae y TOMYy 4YHCIi (yHIaMeHT
KPHU30BOTO pearyBaHHs Ha €HEPreTHYHI BUKIIMKH.

TOB «<HAYKOBO-BUPOBHNYA ®IPMA «30H/I» He mpunmHsAIa CBO€I MiSUTHOCTI HI Ha MOYATKY
POCIHCBKOTO BTOPTHEHHS, Hi MiJ| Yac I[UIECHIPSAMOBAHOI aTakW Ha eHeprocucreMy Ykpainu. Yacti i TpuBaii
BUMKHEHHS €JICKTPOEHEPTii 3MyCHIN KEPIBHUITBO IMiANPHUEMCTBA B JIOBOJII CTUCIHMH TEPMiH BIIPOBAJUTH MEBHI
pIlIEHHS IOJI0 PE3EPBHOIO >KMBICHHS CIIOKMBAYiB €JICKTpOeHeprii, 0e3 SKnX HEMOXJIMBa IisIIbHICTH
mignpueMcTBa. TakUMHU CIIOKMBaYaMu € MepekeBe Ta cepBepHe oOuanHanHs, [IK okpemux poOGoumx Micup Ta
crcTeMa onajeHHs (ra30BHH KOTeN 3 BOYI0BaHUM LIUPKYJISIIHHEM HACOCOM).

Tak sik crcTeMa OIajieHHs IIOBMHHA OYTH MOCTIHHO YBIMKHEHA B XOJIOHY MOPY POKY, TOMY ISl Hel Oyiio
BHOpAHO arperar pe3epBHOIO KMBJICHHA Ha akyMyjsTopax. bymo oOpaHo cucreMy, sika CKIaJaeTbes OKPEMO 3
resneBoro akymyssitopa (12 B, 250 A-ron) ta inBepropa/3apsiaHoro npuctporo KEMOT PROsinus-800. Ockinbku
CTIO’KMBaHa eNIEKTPUIHA TIOTYKHICTh KOTJIa CTAaHOBUTH He Oinbire 260 Bt, ToMmy Taka cucreMa 3abe3nedye poooTy
ra30BOTO KOTJIa BIPOJIOBXK 5-6 TOIUH.

Poboty cepBepHOTO, MepekeBoro obmanHaHHs, a Takoxk [TIK okpeMux mpariiBHUKIB BAATOCS 3a0€3MEYUTH
3a JOIOMOT0I0 OEH3WHOBOTO T€HEPaTopa 3 BHXITHOIO €JIEKTPHYHOI0 MOTyXHicTio 1,8 kBT. Take pimennas 6ymo
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TOMI THUTIOBUM JIIJIsl OUTBIIOCTI Manux Oi3HeciB. CHpHsd IIbOMY 3Ha4HA BIIACHA TEPUTOPis pipMu Ta aHTapH
BEJIMKOI IUIOI, 1110 JIaBajlo 3MOTY BUKOPHCTOBYBATH OCH3MHOBHI I'€HEPATOp TPUBAIMH Yac y BIANOBITHOCTI 1O
Bcix BuUMOTr Oesmeku. [loTyxHOCTI reHeparopa BHCTayajo SKpa3 A pOOOTH CEpBEPHOTO Ta MEPEKEBOrO
obyasiHaHHs, a TakoX Ha pobory no mecsatu IIK (mepeBaxkHo Tumy HOyTOYK). OOMIH NaHMMH 3 cepBepamMH
31ilicHIOBaBCS 3 BUKOpHUCTaHHSIM Oe3npoBinHoi mepexi (WiFi). CepBepHe o0iagHaHHS OBOAMIOCH TaKOX
NepeMUuKaTH Bpy4YHY J10 TI0/I0BKYyBaya, SKUH ITPUETHAHUI JI0 TeHepaTopa.

74737 AT 7183731 LR FLHU ]

e Ll
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E7 164,005
4% TR 3350 L
. O R 2733858
14777 1158 pLrL el ]
I . Ee 2303 I 1335 1604 1586
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Pucynok 3 — JluHaMika CTIOKUBaHHS €JIEKTPOCHEPTil Pucynok 4 — JIluHamika Crio>KUBaHHS MIPUPOTHOTO

ra3y

[TpoBeneHo anaii3 poOOTH MiANPHEMCTBA B MEPiOJ] TPUBAIMX aBapiiHUX BUMKHEHb elleKTpoeHeprii. byo
BUSBJICHO HHM3KY SK HE3HAYHHMX, TaK 1 CYTTEBUX HEOJIKIB ONMMCAHHWX BHINE 3aXOIB INOMO 3a0e3redeHHs
EJIEKTPOEHEPTIEI0 CIIOKMBaUiB MmignpreMcTBa. Lle i He AMBHO, BpaxOBYIOYH HEIiATOTOBJICHICTh MiIPHEMCTBA 10
TaKOro PO3BUTKY MoAii. OTKe, BUSIBICHO HACTYITHI HEIOMIKH:

— TaK SIK eJIEKTpOMepeka IiIMPHEMCTBA He nependadac mia’ eJHaHHS PE3ePBHUX DKEPEIT eIeKTPOeHEPTii,
TO TIEPEMHUKAHHS cepBepiB, KoMmIT 1oTepHoi Mepexki Ta I1K Ha pesepBHE KHUBJIECHHS 3MIHCHIOBATIOCS «BPYYHY» 3i
3HAYHOIO IIEPEPBOIO 1 3 AETKUMH HE3PYIHOCTSIMH;

— JIOBOIUIIOCS POOHTH IMIIPOBi30BaHY MEpPEXKY JKUBJICHHS B aKTOBOMY 3ali, Jiec OyJI0 opraHizoBaHo pobodi
MICI[sI OUTBIIOCTI TPAamiBHUKIB, a 3a JOIIOMOTOI PO3rally’KyBadiB BIaBaiocs mojmaTu >xuBieHHS Ha [IK ycix
MPaIiBHUKIB Ta 3a0€31eYNTH HEOOXiTHUI PiBEHb OCBITICHHS;

— IIpH PO3MillleHH] NpaliBHUKIB (moHaa 10 4oil.) y aKTOBOMY 3aJli HEMOJKJIMBO 3a0€3MEeYUTH TOTPUMaHHS
CaHITapHO-TiriEHIYHAX HOPM IL0/10 MiHIMAJILHOT MO IPMMIILIEHHS Ha OJ[HOTO TIpaliBHUKa (He MeHme 6 M) [2],
MiHIMaJILHOT'O MTOBITPOOOMIHY, MiHIMAJIBbHUX BiJICTaHEH TOILO;

— 3Ha4yHa BapTICTh EJIEKTPOEHEPril, 0 BUPOOISIEThCS OCH3MHOBUM reHepatopoM (6am3bko 36 rpH 3a 1
kBr-ro npu tapudi Big 5 1o 6 rpa./kBT-roa ans mianpuemcts y 2022 pomi);

— HE3pYYHOCTI, MOB’s13aHi 3 poO0TOI0 OEH3MHOBOTO TeHepaTopa (3aMiHa MacTHiIa, JOJNHUBAaHHS MAJTBHOTO,
00JTiK MOTOTOIVMH POOOTH TeHepaToOpa, YacTi MePEMIIICHHS 3 IPUMIIICHHS HA30BHI 1 HABIIAKH, ITyM Ta IIKiJ[IHBI
BUKHIM TIPHU POOOTI TeHEpaTopa);

— HEMOXJIMBICTh BHKODHCTaHHS OEH3MHOBOTO TEHEpaTopa IIANPHUEMCTBAMHM, SKi pO3TAlIOBaHI B
OaraTonoBepxoBHUX 0QiCHUX OyMiBIIIX;

— OMe)xeHHH 9ac poOOTH ra30BOTO KOTJIA BiI aKyMyJIATOPHOI Oarapei.

TakuM 4MHOM, OCHOBHUII aKIIEHT 3p00JIEHO Ha 3aCTOCYBaHHI arperartiB Oe3nepepBHoro xusieHHs (ABX).
ChopMysibOBaHO HACTYIIHI OCHOBHI BUMOTH JO CHCTEMH PE3EPBHOTO KHMBJICHHS JISI MaJHMX IMiJIPUEMCTB Ha
ocHoBi ABX:

—4gac HemepepBHOi poboTu crnoxuBauiB Bifi ABJK NOBHHEH CTaHOBUTH He MeHIIe 8 roj (TpHUBaJiCTh
pobodoro aHs);

— ABX mae OyTH iHTErpOBaHMH y BHYTPIIIHIO €IIEKTPOMEPEXKY, 3a0e3nedyoun HaaiifHe KUBJICHHS I
B)XJIMBUX CIIO)KHBAYIB;

—B ocHoBI ABX Mae Oytm cucreMa MOJBIHOTO NMEPETBOPEHHS, IO 3a0€3MEYNUTh HAMOUIBII SIKiCHI
napaMeTpH BUXIJHOTO eIEKTPHYHOTO CTPYMY;

—TIIepeBary CiiJl HaJgaBaTH JITIH-IOHHMM aKyMyJSITOpHMM OaTtapesM, TakK sK Taki aKyMyJSTOpH
XapaKTepU3yIThCSI BEJIMKUM DPECypcoM poOOTH, 3HAUHOIO TTIMOMHOIO PO3PSIDKAHHSA Ta BHCOKHMH CTPyMaMH
3apsKaHHA 1 pO3pAKaHHST,

— cucTeMa MOBUHHA Iepe0adaTi MOXKIIUBICT MIAKIIOUEHHS JO0JATKOBUX MPUCTPOIB KHUBICHHS, Y TOMY
YKCITi BIZIHOBHUX JDKEPES, TOOTO OyTH MPHUIAATHOIO JI0 PO3IIUPEHHS cripoMoskHocTel (future-ready);
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— KepyBaHHS CHCTEMOIO Ma€ Bi0OyBaTHCS aBTOMAaTHYHO 3a JOIIOMOTOIO JIOTIYHOTO KOHTPOJIEPa, a TAKOXK 3
MOXIIMBICTIO BIJIaJIGHOTO KEPYBaHHS Ta MOHITOPHHTY (ISl IIbOTO MOXXHA BHKOPUCTATH TEXHOJIOTI] IHTEPHETY
peueit);

—yci pO3CTKH JiHIi PE3epPBHOTO JKUBJICHHS IMOBHHHI OyTH OOJAaIHaHI 3aXHUCTOM BiJ TEPCBHUIICHHS

CIO’KMBaHOI MOTYXHOCTI (B MeXax MaKCUMaJIbHOT CIIOXHUBaHOI noTy>kHocTi [1K).
Ha ocHoOBI aHami3y crio)XXuBadviB e€JEKTPOCHEPTii, siki MOTPeOyIOTh PE3EPBHOIO XKMBJICHHS, T4 BUBYMBIIN Pi3Hi
Bapiautu ABXK, Oyno oOpaHo HaiiOinbm ontumanbHe pimeHHs. Takum pimenHsMm craB ABXK BupoGHuITBa
xommanii Schneider Electric mix 6permom APC, a came Smart-UPS Ultra On-Line Li-lon 10 kBA (pucyHok 5).
e cyuacHe pimeHHS MOAO0 PEe3ePBHOTO JKUBJICHHS HEBENMKUX O(QiCiB, B OCHOBI SKOTO € CHCTeMa MOJBIIHOTO
MIEPETBOPEHHS EJIEKTPHUYHOTO CTPYyMY, JiTil-lOHHa aKyMyIISITOpHa Oatapes, KOPIlyC TOPH3OHTAIBHOTO YU
BEepTUKAIBHOTO TUMy. OIUH 3 HaBaXXJIMBIIINX NapaMeTpiB YCTAaHOBKHU € (hopMa HAIMPYTH, SKa € MAKCHMAIBHO
HaOJIKEHOIO /10 1/1eallbHOi CHHYCOIIH.

3a 10moMOror0 TaKoi cUCTeMH Oy/ie MOIINBO 3a0€3MEeUNTH HeTlepepBHe kuBiIeHHs podounx [1K, cepsepi
Ta Mepexi. Takox, CTae MOXKIMBUM OpraHi3yBaTH HEOOXIAHUH PiBEHb OCBITIICHHSI poOOYMX Miclib. |, 1110 BaxkiHMBO,
He OyJe moTpeOu MpariBHUKaM NEPEHOCUTH CBOi poOoUi Micls B O/IMH 3all, ie Oyze Opak IPOCTOpY Ta CBIKOTO
noBiTpsi. [IpoTe, m00 MakCHMManbHO BHUKOPHUCTATH IEpeBard MPOMNOHOBAHOI CHCTEMH, JOBEIETHCS 3AIHCHUTH
PEKOHCTPYKIIiI0 BHYTPIIIHBOT €JIEKTPOMEPEXKI 3 ypaxyBaHHSAM YCiX aCHEKTiB Ta TEXHIYHUX HIOAHCIB.

3 MeTo10 301JIbLICHHS TPUBAIOCTI POOOTH 00Ja HAHHS BHUKJIIOYHO BiJl CUCTEMH PE3EPBHOTO JKUBJICHHS,
BapTO BXKHTH JIEsIKi EHEpProoma Hi 3axoau. 30KpemMa, He TIOBUHHI BMUKATHUCS €JIEKTPUYHI HarpiBalbHI pUIaIu,
eIEeKTPOYaHUKH, MIKPOXBHIIBOBI I€4i, €MICKTPUYHI HArpiBadi BOIH TOIIIO.

[Ipo6seMOr0 cTae BUKOPUCTAHHS JIa3epPHUX TIPMHTEPiB. IX Ge3nocepenHe BUKOPUCTAHHS MOMKIMBE JIUIIE
mpH YBIMKHEHHI enekTpoeHeprii 330BHI. [Ipm >xuBieHHi Bim ABXK BapTo KOpHCTYBaTHCS TPHHTEpaMHU
CTPYMEHEBOT'O THILY, SIKi CIIO)KHUBAIOTh CYTTEBO MEHILE SIEKTPOCHEPTil, HiX JIa3epHi.

LItyyHe OCBITJIEHHS TOBMHHO 3a0e3ledyBaTHCS JIHMIIE 3 BHKOPHUCTAHHSAM CHEProe()eKTHBHUX
CBITNIOAIONHMX JlamIl. TakoXX IOUIFHO MaKCHMallbHO BHKOPUCTOBYBaTH IPHPOJHE OCBITICHHS. PiBeHb
OCBITJICHOCTI Ha poOOYOMY CTOJIi B 30HI po3TallyBaHHS IOKyMeHTiB Mae Oyt B Mexax 300-500 sk [3], a
koediienT npupoaHoi oceitiaeHocti (KI10) mae 6ytu He Hxue Hixk 1,5%.

Buxopsuu 3 HaBeAGHUX BHUILE YMOB, BAPTO PO3IIISTHYTH MOXKJIMBICTh BUKOPUCTAHHS CIIEIialbHUX JaXOBUX
CBITJIOBOJIIB (pHCYHOK 6). [|aXxOBi CBITJIIOBOAN BMOHTOBYIOTBCS MIJK JaXOM Ta CTEJICE0 IPUMILIEHHSI, IO JIa€ 3MOTY
MO/IaBaTH JCHHE CBITJIO Y HAWMEHII OCBITJIEHI YaCTHHH OyAMHKY. JlaXoBi CBITIOBOM 31aTHI MPOBOAUTH 10 99%
ICHHOTO CBiTNa B cepenuHy mnpuMmimeHHs [4]. Take pimeHHs Moxe 3HauHO 30umbmuTH KIIO 1 3HH3WTH
BUKOPHUCTAHHS IITYYHOTO OCBITJIICHHS, a, OTXKE, 30UIBIINTH TPUBANICTH poOOTH OONagHAHHS BiJ aKyMYJISATOPIB
ABX.

[— —

Pucynok 5 — 3acanvnuii euenso ABXK Smart-UPS Pucynok 6 — Jlaxosuii céimnosoo VELUX TGR
Ultra On-Line Li-Ion 10 kBA

BucHoBku

IIpoBeneHunii aHami3 CHOXWBAHHSA NAJIMBHO-EHEPTETHYHUX PECYpCiB HAYKOBO-BHPOOHWUOIO (hipMOIO
«30H1» 3 pO30MBKOIO 3a MICSISIMHU Ta B ITPOIIOBOMY BHPaXECHHI HA/IA€ JICTAIBHUH OIS Ta BU3HAYAE CTPYKTYPY
€HEProCI0oXKUBaHH, 1[0 € BAKIMBUM KPOKOM JUIsl pO3p0oOKH epeKTUBHUX cTparterii ynpasiiHHA. KommiekcHui
MiJIX1]] 10 BCTAHOBJICHHS IPIOPUTETHOCTI 3aX0/IiB 3 €HEProe(EKTUBHOCTI € KIIFOUOBUM JJISl JOCATHEHHS YCITIITHAX
pe3yabrariB. JluHamika 3MiHM CHOXKMBAHHS €HEpril MATBEPIDKYE, O e()EeKTUBHICTh 3aXO0JiB HE 0OMEKYETHCS
JMIIEe EKOHOMIEIO pecypciB, aje TaKoX JoNoMarae BUPIIIyBaTH MPOOJIeMH €KOHOMIYHOI CTIHKOCTI Ta CTaioro
PO3BHTKY MiNpHeEMCTBA. BaxkinnBo BpaxoByBaTH BIUIMB TapH(iB HA pillICHHS 3 €HeProe(eKTUBHOCTI, OCKUIBKH
3MiHH B IiHaX Ha €HEPTrOHOCI{ MOXKYTh CYTTEBO BIUTMBAaTH HA €KOHOMIYHI BUTOAM Bifl TPOBEICHUX 3aXOJIiB.

Kpim Toro, curyamis B KpaiHi CTBOPIOE BCE€ HOBI BHKJIHMKH I Oi3HECY, B TOMY YHCIIi €HEpreTHYHI.
3anponoHOBaHI TEXHIYHI pilleHHs 3a0e3redaTs HelepepBHy PoOOTyY MiANPHEMCTBA P aBapiiiHUX BUMKHEHHSX
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eJIeKTpoeHeprii 6e3 3MiHM PO3TalTyBaHHS POOOYUX MiCIlb, 3 JOTPUMAaHHSM YyCiX CaHITApHUX HOPM B KPH30BIi
nepionu.

OTxe, BIpOBaKeHa cucTeMa eHepreruuHoro MeHexkMeHTy y TOB "HAYKOBO-BPOBHUYA ®IPMA
«30H/1» nponemMoHCTpyBaa cBOXO €(peKTHBHICTh Ta MOCTiiHE MOJIMIIEHHS, 0 CBIAYUTH PO BUCOKUH piBEHBb
YIpaBJIiHHS eHeproeeKTUBHICTIO Ha MiANPUEMCTBI.
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EFFICIENCY OF IMPLEMENTATION OF THE ENERGY MANAGEMENT
SYSTEM AT 'RESEARCH AND PRODUCTION COMPANY 'ZOND' LTD

To ensure the correct approach to energy management and efficient use by enterprises and organizations,
an energy management system is being implemented. The article is about effectiveness of the energy management
system at the 'ZOND' LLC. An analysis of the use of fuel and energy resources is carried out, taking into account
the structure of energy consumption and cost. It is established that in order to ensure rational consumption, it is
necessary to apply a comprehensive approach to analyzing and prioritizing the proposed energy efficiency
measures. The constructive and operational shortcomings of the heating system are described. The implemented
measures for the rational use of gas are presented. Lighting aspects are considered, including the transition to
LED lamps and the use of natural light. Significant heat losses by external envelope structures are revealed and
the implemented measures for the building insulation with polystyrene insulation boards (EPS) are described. The
results of the economic analysis are presented. The effectiveness of the measures taken by the enterprise to ensure
backup power supply in the conditions of prolonged power outages is analyzed. The analysis of the enterprise's
work during prolonged emergency power outages is carried out. A number of both minor and significant
shortcomings of the described measures to provide electricity to the company's consumers have been identified.
Particular attention is paid to the selection and use of uninterruptible power supply units to keep critical
consumers running. The use of special skylights, also known as solar daylight tubes or light tubes, to reduce the
use of artificial lighting is proposed. A conclusion is made about the effectiveness of an integrated approach to
managing the energy efficiency of an enterprise in the context of modern challenges and a high level of energy
efficiency management at this enterprise is confirmed.

Keywords: energy management, energy analysis, energy efficiency measures, management efficiency
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lYkpaincbknii 1ep:kaBHuil yHiBEpCHTET HAYKH i TEXHOJIOTII

HNIABAIEHHS AKOCTI TEXHIYHOI'O OBC1YT'OBYBAHHS
I PEMOHTY OBJIAJJTHAHHSA TATOBUX ITIIACTAHIIN

Y cmammi pozenanymo numannua mexuiuno2o o0CIy206y6aHHA I PEMOHMY MA0GUX NIOCMAHYILL.

Onucana 3arajpHa NpoOiieMa yI0CKOHAICHHS CUCTEMH TEXHIYHOTO OOCIyrOBYBaHHS 1 PEMOHTY TSATOBHX
MICTaHIIH eneKTpr]iKOBaHUX 3aJTi3HUIIB.

[TpoBenenuii anani3 METOIB 1 3ac00iB TEXHIYHOTO 0OCITyTrOByBaHHs 1 pEMOHTY 00JIaIHAHHS MMiJICTAHIIIH.

Ilpoananizoeani npuyunu nopywenns pooomu obraonwanusa TII ma posnodin nopywenv pobomu
obnaonanna TII 3¢ munamu ycmamxy8auHs.

Haseodeni pezyriomamu obcmesicens mpancgopmamopis.

KawuoBi cioBa: msacosa  nidcmanyis,  HalitiHicmb, mMexHiuHe  0OCIY208Y8AHHA,  PEMOHM,
mpaHncgopmamop, cunoge 0O1a0HAHHS.

Berym.

CyuacHe eNeKTPOTeXHIYHE YCTaTKyBaHHS Ma€ BHCOKI PO3paxyHKOBI MOKa3HMKHM HaJIidHOCTI, OJHaK B
HpolLeci eKcIuTyaTarii i BIJIMBOM Pi3HUX YNHHHUKIB, YMOB 1 pe)KHMiB poOoTu crad obnanHanHs TI1 6e3nepepBHO
MOTIPIIYEThCS, 3HUKYETHCSA EKCIUTyaTalliiiHa HaMIHHICTh 1 30UIBINYEThCS HeOe3leKka BUHUKHECHHS BIMOB.
HaniiigicTe cHIOBOro o0JagHaHHs TATOBUX ITIACTAHLIN 3aJIEKUTHL HE JIMIIE BiJl IKOCTI BUTOTOBJIEHHS, aj€ 1 BiJ
HAayKOBO - OOIPYHTOBAHOI eKCIuTyaTallii, IPaBUILHOIO TEXHIYHOTO OOCIyrOBYBaHHS i CBOEYaCHOI'O PEMOHTY. Y
OCHOBI TIPOIIECY EKCIUTyaTallii eIeKTPOyCTaTKyBaHHS TATOBUX IIJCTAaHIIN JIKaTh MOCTIMTOBHI B 9Yaci 3MiHA
TEXHIYHOTO cTaHy oonagHaHHs TI1, HasBHICTE pe3epBy, CBOEYACHICTh PEMOHTY, IKiCHE TeXHIYHE 00CITyTOBYBaHHS
Ta 30epiraHHsi, IpOBEeICHHSI MOHITOPHUHTY CTaHy TEXHIYHOTO O0JIaJHAHHS, TOMIO.

Ha cporopnimmHiii 1geHp 3HayHa 4YacTHHA OOJAaJHAHHS EJIEKTPOSHEPreTUYHOI iH(pacTpyKTypu
3aJI3HUYHOTO TPAHCTIOPTY YKpaiH! BiKe BUUEpIIAa CBiif pecypc i HoTpedye 3aMiHu ab0 IMOeTarmHOi peKOHCTPYKITIT
Ta oHOBJIeHH:. binbmie 70% miacTaHIii MalOTh TepMiH eKcIuTyaTarii ourbie 70 pokis.

HeoOxinHo miaBHIIyBaTH €(QEKTUBHICTH BUKOPHCTAaHHS ICHYIOHOro OOJIaHAHHSI, 3aCTOCOBYBATH HOBI
METOJIY JIarHOCTyBaHHs (DAaKTHYHOTO TEXHIYHOTO CTaHy OOJaJHaHHS, CKOPOUYBaTH €KCIUTyaTalliiiHi BUTpaTH i
MIEPEXOIUTH Ha pecypco30epirarodi Ta eHeprozdepirarodi TEXHOIOTII.

HagiitHa po®oTa IpHCTPOiB €IEKTPOIIOCTAYaHHS Ipa€ BAXIMBY POJb 3 NMUTAHb BHUPIMIEHHS MpoOIeMH
Oe3mexkn pyxy Ha 3ami3HUIX YKpaiHu. Ilpm mpomy OLIBIIOCTI BiIMOB €JEKTPOYCTAaTKyBaHHS JUCTAHIIIH
EJIEKTPOIIOCTAYaHHSI [Iepely€e TOi ab0 IHIIUI BUI HAKOIIMYEHHUX YIIKO/KEHb.

BpaxoByroun BHUIIEpPO3MIITHYTE Ta pe3yJbTaTH aHali3y CTaHy TexHiuHoi ekcruryatanii TII nHa meil uac
npobiiema 3abe3neyeHHs Ha/liHHOCTI eJIeKTPOYCTaTKyBaHHS Ta 3HIKEHHsI aBapiiiHoCTi cuitoBoro obsagHanHs T11
B IIPOIIECi eKCIUTyaTallil CTae MEepIIOYEeproBHM 3aBIAHHSIM CHCTEMH EJIEKTPOIIOCTAYaHHs eNeKTpH]IiKoBaHNUX
3aI3HULb.

P03BHUTOK MIBUAKICHOTO PYXY Ta 3pOCTaHHS HOTO IHTEHCHBHOCTI, 32CTOCYBaHHSI €JIEKTPOPYXOMOTO CKJIaLy
HOBOTO TOKOJIIHHS BUMAararTh 3aMiHHM 3acTapiioro oOJiaJHaHHS HWU3bKOI eKCIUTyaTallidHoi HaAiifHOCTI Ha
BHCOKOTEXHOJIOT19HI MPHUCTPOT MiABHIIEHOT HATIMHOCTI 1 301IBIIIEHOT0 pecypcy, BIPOBAHKEHHSI HOBHX METOJIB
JIIaTHOCTYBAaHHsSI TEXHIYHOTO cTaHy oOnamHaHHs TII Ta BIOCKOHAJNEHHS iCHYHOUYOI CHCTEMH TEXHIYHOTO
00CITyroBYBaHHS 1 PEMOHTY MPUCTPOIB €JIEKTPOIIOCTAYaHHS eJIEKTPU(IKOBAHUX 3UTI3HUIL Y KpaiHU.
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3a3HaveHi 00CTaBUHM TOKAa3ylOTh Ha HEOOXIMHICTH PO3POOKH HAyKOBO-OOTPYHTOBAHOTO KOMITIEKCY
METOJIB 1 3aco0iB, CIIPSIMOBaHHMX HA MIJBUIIEHHS HaJiHHOCTI cucreMu TexHiuHOI ekcrutyarauii (CTE). danuii
KOMIUIEKC TIOBMHEH Oa3yBaTHCS Ha JETaJbHOMY aHali3i BUXoAy 3 Jsaay einekrtpoobnagnanus CTE 3i
3aCTOCYBAHHSM Cy4acHUX MaTeMaTHYHHUX MoJeJel 1 MeTOiB.

Meta Ta 3aBJaHHSA I[OCJIi)])KeHI).

Merta. IlpoBectn aHami3 METOHIB 1 3ac00iB TEXHIYHOTO OOCIyroBYBaHHS 1 PEMOHTY OOIagHAaHHS
MiACTaHIIH.
3aBaanns. JlocninuTu IpUYUHA MOPYIICHHS POOOTH 00TaJHAHHS TATOBHX ITiJCTAHITII

MartepiaJ i pe3yabTaTH 10CTiTKEHD.

Ha meit wac po3pobneHa BemmKa KUTBKICTh iH(GOpPMAmiHHUX CHCTEM, METOIIB 1 3ac00iB KOHTPOIIO
TEXHIYHOTO CTaHy i JiarHOCTYyBaHHs enekTpoobrnaananns [1]. Ix mupoke BIpoBamKkeHHs CTBOPIOE YMOBH Ui
peaizanii HOBOT TEXHOJIOTIT eKcIuTyaTalii eneKTpooOIafHaHHS 3 YpaXyBaHHIM TEXHIYHOTO CTaHY.

3arajgpHa mnpoOneMa ynockoHaneHHsi cucteMu TO 1 P enekrpooOmamnanHs y Tomy umcnmi TII
eNeKTPU(IKOBAHUX 3aTi3HUIb SK MPABUIO BKIOYAE B ceOe BUPIIICHHS HACTYIHUX 3aBaaHsb [1-3]:

* MiJBUINCHHS HAMIMHOCTI CJIEKTPOIMOCTAYaHHS 3aji3HUIL 1 OE3BIIMOBHOCTI pPOOOTH CHCTEMHU
€JIEKTPOIIOCTAYaHHS;

* MiJBUIIEHHS €()EKTUBHOCTI BUTPATH CHEPropecypciB 3i 30epeeHHsIM HEOoOXiJHHUX MapameTpiB SKOCTI
EJIEKTPUYHOT eHeprii;

* aBTOMATH30BaHE yNPABJIiHHS 1| MOHITOPUHI CTaHy EJIEKTPOTEXHIYHOTO YCTATKyBaHHS;

* po3poOka cucTeMd 300py 1 OOpOOKM JaHUX CTaHy EJEKTPOTEXHIYHOIO YCTAaTKyBaHHS (BHCOKO
IHTErpoBaHi KOMIUIEKCH OIIEPATHBHOIO  YIPABIiHHA B PEXKHMI peabHOrO0 4Yacy INpH yXBaJCHHI pillleHb
nposeaeHus TO i P;

* 3aCTOCYBaHHS BEJIHMKOI KUTBKOCTI JaT4MKIB, sIKI BUMIPIOIOTh MOTOYHI PEXKUMHI MapamMeTpH JUisl OL[IHKH
CTaHy O0JIaTHAHHS B PI3HUX PEXKUMAax POOOTH €JIeKTPOIIOCTauaHHs;

* onrtuMizalito ctpokis nposenenHs TO i P;

* BU3HAUYeHHs ontuMaibHoro oocsry TO i P;

* BHOIip pauioHanbHOI cTpaterii nposenenHs TO i P;

* BHOIp CTpaTerii yIpaBIiHHA CTAHAMH MPOILIECY SKCIUTyaTallil eJIeKTpooOIa HAHHS;

* po3poOKa Ta 3aCTOCYBaHHSI aBTOMATHIHOI OIIHKY IOTOYHOT CHTYaIIil i To0yZ0BH NMporHo3is podotu T11;

* muranyBaHHA TO 1 P enexTpooGuiaHanHs 3 ypaXyBaHHSIM (PaKTHYHOTO TEXHIYHOTO CTaHy.

TakuM YMHOM, OCHOBHHUM TIPUHIMIIOM HOBOi TEXHOJIOTIl YNpaBJIIHHS TEXHIYHMM CTaHOM
enekrpoobmagHanHs € Metoq TO 1 P enexTpoobnamHaHHs, 3aCHOBaHUH Ha IHAWBITyadbHOMY CIIOCTEPEKCHHI 3a
pearsHIMHA 3MiHAMH TEXHIYHOTO CTaHy oONagHaHHS B mpoteci ekcruryaranii. Toxi cuctema TO i P sBisie coboro
CYKYIIHICTh MpaBWi, 110 3a0e3nedyyloTh 3allaHe Ta SKICHE YIPaBIiHHS BUPOOHHYOIO EKCILUIyaTaliero
eJIeKTpOOoOIIaIHAaHHS Ha OCHOBI KOHTPOJIIO HOT0 TEXHIYHOTO CTaHy.

11106 mpoBecTH OLIIHKY HOPMaJIbHOT pOOOTH CHCTEMH TSATOBOTO EJIEKTPOIIOCTaYaHHS MOXKHA BUKOPUCTATH
0e31iu cy4acHMX METOJIIB. Y IbOMY HaIlpsIMi SIHOHCHKI BUEHI, B II€Pi0J CTAHOBJICHHSI HAYKH IIPO SKICTh, BiAiOpaiu
CIM OCHOBHHMX METO[IB. 3aciyra BYEHHX IIOJSIra€ B TOMY, IO BOHHM 3a0e3Me4YMiIM IPOCTOTY, HAOYHICTB,
Bizyajizalito 0araTbOX CTATHCTHMYHHUX METOMIB, NEPETBOPHBIIM iX (aKTHUYHO B €(EKTHBHI IHCTPYMEHTH
OTIepPaTUBHOT'O KOHTPOIIO SKOCTI [1].

PO3rIISSHEMO OJIMH 3 TAKMX METOJIIB, a came 3aKoH Ilapero. Moro mpuHImn 3acHoBaHMit Ha BiTOKpeMIIeHi
BOXJIMBUX (PAKTOPIB BiJ MAJO3HAUYIIMX 1 HECYTTEBHX Ta J03BOJIAE CHOKYCYBATH 3yCHIIISI | pECypCH Ha YCYHEHHS
HaOLTbII 3HaYMMuX TipobieM. [ToOynoBana niarpama IlapeTo 3 mpUYHH MOPYIICHH HOPMAIHHOT POOOTH CHCTEMHU
TSAFOBOTO EJIEKTPOIOCTaYaHHs eJIeKTPU(iKOBaHHXK 3aTi3HUIb YKpaiHH, MpeAcTaBieHa Ha puc. 1 [1].

AHami3 nmiarpaMy IMOKa3aB, III0 OCHOBHHMM OOJIaHAHHSIM 3 MPUYHHU SIKOTO 3IiHCHIOETHCS 79,59 %
nopymeHs HopManbHoi pobotn TII enexTpudikoBaHHMX 3ami3HMIE YKpaiHM 3a IOCHIIKyBaHMHA Iepiof €:
BUMHKadi, TpaHC(HOPMATOpH (SIK CHIIOBi, TaK 1 BHUMIpPIOBaJbHi), IPUCTPOi PEIEHHOTO 3aXUCTYy, i30JATOPH Ta
MPUCTPOi TUCTaHIiHOTO 1 TeneynpaBmiHHA. Takok 6aduMO IO OCHOBHI MOPYIIEHHS HOpMaibHOI podotn TII
BiJIOYBAIOTHCS 32 paXyHOK BUXOJyY 3 Jaay BUMHUKadiB (29,58 %) Ta tpancdopmatopis (20,21 %).

BaxmuBuM  HampsMoMm  pimeHHS ~OpoOJeMH — MiABHUINEHHS  HAMIHHOCTI CHCTEMH  TATOBOTO
CJICKTPOIIOCTaYaHHS € e(QEeKTHBHE Ta SKICHE JiarHOCTYBaHHA (DAaKTMYHOTO TEXHIYHOIO CTaHy CHJIOBHX
tpancdopmaropie TII 3 meroro moBHOro BHMKOpHcTaHHs Horo pecypcy. Tpancdopmaropu TII aucranmii
€JICKTPOIIOCTaYaHHS 00YMOBJIEHI 0COOIMBOIO 3HAUYILICTIO Y 3a0e3MedeHHi HaJiifHOi pOOOTH CHCTEMH TSTOBOTO
€JICKTPOIIOCTAYaHHS 3aJi3HHIb, BUCOKOIO BapTICTIO, HEOE3NEKOI0 BUHHMKHEHHS YIIKO/KEHb, SKi BUKJIMKAIOTh
3HauHi Hacniaku. Jliarpama posmnoxiny mopyueHs pobotn obnagnanus TII 3a Tunamu ycraTkyBaHHS (puc. 2)
MOKa3ye, [0 TOLIKOKEHHS TpaHc(opMaTopiB BiJHOCATHCS 0 OCHOBHHMX 3HAYyIIMX IPOOJIEM IOpYLIEHHS
TSATOBOTO EJIEKTPOIIOCTAYAHHSI.
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Ha 1ieii yac Ha 3ami3HuIX YKpainu 3 422 MOHWKYBaJIBHHUX Ta TATOBUX TpaHchopmaropiB Hampyroro 110-
220 xB. 3Haxonutbes B exciuryaranii 337 tpanchopMaTopiB 31 CTPOKOM CIIy»OH MOHaJ 25 POKIB, IO CKJIA/IAE
79% Bin 3aranpHOT KiJIbKOCTI MOHMKYBANIbHHUX Ta TArOBUX TpaHchopmaTopis (tadm. 1) [1].
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Pucynok 1 — Ilpuuunu nopywenus pobomu obnaonanns TI1

[TpoBenemo anaiiz giarpamu puc. 1. baunmo, mo 80 % npuunH mopyiieHs HOPMaIbHOI POOOTH CHCTEMH
TSATOBOTO €JICKTPOIIOCTAYaHHs eNeKTPU(DIKOBAaHMX 3ali3HHIL YKpalHH 3a JOCIHIDKYBaHHH MeEpioN CKIAIaroTh:
HOLIKOKCHHS OCHOBHOTO CHIIOBOrO o0OsanHants TII; BiIKITFOYCHHS KUBJICHHS SHEPrOCHCTEMORO; NIEPEBAHTAXKEHHS
Ta MIePeHaNPyTa; Ta BIUTMB METEOPOJIOTTYHHX YMOB. 3 HUX 43 % CKJIaIat0Th BiIMOBU OCHOBHOTO CHUJIOBOTO 00JIaTHAHHS
TII.

s BusiBnenHst obnagHanus TT1, ctaHy sSKoro HeoOXiJHO MPHUIUTUTH MEPIIOYEProBy yBary Ipu IpOBEICHHI
MOHITOpHHTY, AiarHoctyBaHHI Ta TO i P, Oynma moOymoBana miarpama [lapero mo pe3ysibTaTtaM JOCHIIKEHHS SIKi
HaBejieHi Ha puc 2 [1].

Tabauns 1 — TpanchopMaTopu 3 MOHATHOPMATHBHIM CTPOKOM SKCILTyaTallil

Ha3zga 3aai3Huni [TiBnenna [TiBnenHo- Opnechbka VYkp3anizHUls
3aJ3HUIL 3axinHa 3aITI3HUIIS
3aIi3HUL
KinbkicTb 48 (70% Bim |43 (60% Bim | 37 (59% Bim | 337 (79%  Bin
TpaHcopmaTopiB  3i | 3arayibHOI 3araJibHOL 3araJibHOL 3arajibHO1
CTPOKOM eKCIUTyaTamii | KiTbKOCTI Mo | KUTBKOCTI Mo | KUTBKOCTI o | KUTBKOCTI 1o
noHaj 25 pokis, mT. 3aJTI3HUII) 3aJI3HMLI) 3aJI3HHMLI) VYkp3anizHuIii)

Tepmin cimyx0u TpancdopMaropa CKIanae He MeHIe 25 pOKiB, NMpu oMy 4epe3 12 pokiB HeoOXirHO
BUKOHYBATH KaIliTaJIbHUH PEMOHT.

[IpoBenenuit aHaii3 TeXHIYHOTO cTaHy cmiloBHX TpaHchopmaropis TII mokasas, 1o 3a 8 pokiB BinOyocs
30 momkomKeHb Ta BiAMOB TpaHcdopmaropiB [1-3]. I3 uncna momkomkeHnx 3amiHeHi 17 TpaHcdhopmaropis.
AHaiti3 po3moAiay BiAMOB i MOIIKOMKEHb CHIIOBHX TPaHC(OPMATOPIB 3al€XKHO Bif mepioxy ixX ekcIuryartarii
MPEeICTaBICHO Ha puC. 3.
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PucyHnok 2 — Po3nooin nopyuenv pobomu obnadounanns TII 3a munamu ycmamkyeanHs

[IpoBenemo aHasi3 BiAOBIIHO /10 pHC. 3:

1. Po3moxin Mae 4iTKO BHpakKeHHH MaKCHMyM, HAWOLNbIIAa KiTBKICTH BiIMOB 1 IOINTKOKCHb CHIIOBHX
TpaHchopmartopi cioctepiraerbes micis 10 1 30 pokis. [TomrkomkyBaHicTh TpancopmaTopiB Ha piBHI 15...20 %
B epti 10...15 pokiB poOOTH MOSICHIOETHCS, B OCHOBHOMY, IIPOSIBOM ICTOTHHX 3aBOJICHKUX Ae(DeKTiB KOHCTPYKIIiT
1 BUTOTOBJIEHHS;

2. MakcuMyM NOIIKO/UKYBaHOCTI CWIIOBHX TpaHcopmaropiB B mepiox ekcmayaramii 10...15 poki
30iraeThCst 3 TEPMIHOM KaiTaJIbHOTO PEMOHTY, SKHH B yMOBAaX TATOBUX MiACTaHIIH, SIK IPaBHUII0, HE TPOBOAUTHCS
yepe3 BiJICYTHICTh PEMOHTHOI 0a3u;

3. 3HIDKEHHST MOMIKOJKyBaHocTi 1o  25..30 pokam ekciuryaTaiil MOSICHIOETBCS — BHUPOOJIEHUM
BUOpPAKOBYBaHHIM OOJIAHAHHS 3 ICTOTHUMH Ae(PeKTaMH MNUIIXOM HOro 3aMiHM 1 YacTKOBO MPOBEACHHIM
PEMOHTIB;

4. 3pocTaHHs MOMIKOPKYBaHOCTI micis 30 pokiB eKcruryaTauii CBIIYUTh MPO HEJOCKOHANICTh CHCTEMHU
niarHocryBanHs Ta TO 1 P.

MomeoTeyBaHicTE
TpaHCopMaTopie, ¥
1]
18
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o | I I I I I I I CHCTLTYATALL.

POKH
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- L. [~ =] ()

[

PI/ICyHOK 3 - Po3nodm 610M03 i nomkodwcenb CUNLOBUX mpauc¢0pﬂ4amopze

[IponoBkuTH TepMiH eKcIuTyartauii TpaHcopMaTopa Ta MOBHICTIO BHKOPHCTATH 3aJMIIKOBHH pecypcy
MOXJIMBO 33 YMOBH MPOBE/ICHHS SIKICHOTO 1 CBOEYAaCHOTO Z[laFHOCTYBaHHH PaHHBLOro ycyHeHHﬂ BUSIBIICHHX
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MOKa3ye, IO 1 MicIasI HOPMATHBHOTO TEPMiHY CIIy>)KOM 3Ha4HAa YacTWHA TpaHC(hOpMAaTopiB 30epirae cBOIO
npane3JaTHICTh MpPU JOTPUMAHHI JIONMYyCTHMUX HABaHTa)XYBalIbHUX pPEXHMIB, CBOEYACHOMY IIPOBE/ICHHI
BUNPOOYBaHb, 1IarHOCTYyBaHH:, TEXHIYHOTO 00CIYyrOBYyBaHHs PEMOHTIB 1 SIKICHOMY TX BUKOHaHHI, 3 1HIIIOTO OOKY
TEpMiH CItyk0u TpaHcdopMaTopa 3aJIeXKHUTh BiJf HOr0 3aJTUIIKOBOTO PECypey.

[linTBepIKEHHSM IIBOTO € Pe3yIBTaTH OOCTEKECHB OLIbINE TBOXCOT TPAHC(HOPMATOPIB MOTYKHICTIO Bif 6,3
1o 1000 MBr, Buroronennx B Ykpaini, IlBerii i benbrii i BcraHOBIEHNX B pi3HUX KJIIMaTWYHUX 30Hax [1].
Maibke 70% 3 o0cTexkeHHX TpaHCHOPMATOPIB MaJT HANIPAIFOBAHHS Oijblie 25 poKiB. BIM3bk0 MONOBUHY 3 HUX
BiTHOCHUTBCS 10 BenuKuX (Oinbme 100 MBT). Y3aramsHeHi pe3yiabTaTH KOMIUICKCHUX 1IaTHOCTUYHHUX 00CTEeKEHb
TpeCTaBJICHI Ha puc. 4.

Pesynpratnn oOcTekeHp mokasyloTh mo 30 % TpaHCpOpMaTopiB, 3 UHCIa OOCTEKEHUX, MOXKYTb
MPOJOBXKYBAaTH EKCIUTyaTyBaTHCs 0e3 skux oOMmexkeHb. | ycporo smme 2 % wmaroTh OyTH 3aMiHeHi. [Hmi
TpaHchopMaTopu BHMararoTh abo0 KamiTaabHOro peMoHTy (15 %), abo BIZHOCHO HEBEINHMKHX 1 HE JOPOTHX
BiZIHOBHHX peMOHTIB (23%), abo mpocTo miaBuieHoro kKoutpoio (30 %) [1].

Tomy mopsiz 3 IIIAaHOBOIO 3aMIHOIO 3aCTapijIoro o0JiaHaHHS HaWBa)KJIMBIIIMM 3aBJaHHIM € BUKOPUCTaHHS
MOBHOTO po0oYoro pecypcy TpaHcdopmaropiB 3a paXyHOK KOMIUIEKCHOTO 3aCTOCYBaHHSI CY4acHHX METOZIB
JIiarHOCTYBaHHsI Ta TEXHOJIOT1H PEMOHTY 3a ()aKTHYHUM TEXHIYHMM CTAaHOM OOJIaIHAHHSI.

® Excrityarams 6¢3 oOMeseHs
® [hapsmeRni KoRTpoan

¥ 3aMmiua TpancdopMaropa

¥ KamitaisHHA peMOHT

B 3aMina BBOMIB 1 PEMOHT
OKPeMHX By31iB

Pucynox 4 — Pezynomamu obcmedicenvb mpancghopmamopis

BucHoBku

Icnyroua cucrema I1ITP ob6nannanus TII He BiAmOBigae cyyacHUM yMOBaM HOTo eKcIuTyarari.

HeobxinHe ynockonaneHss icHyro4oi cuctremu TO i P ta niarHocTyBaHHS €J1€KTpOYCTaTKyBaHHS IIUIIXOM
po3pobkH 1 3acTocyBaHHs ii HOBUX (hopM, 10 3a0e3medytoTh 3HWKeHHs BuTpar Ha TO i P npu ogHOUacHOMy
301IBIICHAI HAMIHHOCTI eKCIUTyaTalii exeKTpoo0IIaTHaHHS.

3amada BIocKoHaJeHHs icHyrowoi cuctemu TO i P momsrae B mepexoni Big cuctemu I[P 3 sxopcTroro
CTPYKTYPOIO PEMOHTHOTO IIMKIy, A0 CHCTEMH, KOTpa BpaxOBYE JOCATHYTHH €JEeKTPOYCTaTKyBaHHIM
MDKPEMOHTHUI pecypc, SIKU BU3HAYa€ThCS pe3yIbTaTaMH A1arHOCTYBAHHS 3 BAKOPUCTAHHSAM CyYaCHHX METOIIB.
Haii6isb111 IPOrpECHBHOIO B IIbOMY PO3YMIHHI € CHCTEMa TEXHIYHOTO 00CIYroBYBaHHS i pEMOHTY, 3aCHOBaHa Ha
BCTAHOBJICHHI ()aKTUYHOTO TEXHIYHOTO CTaHy OOJIa[IHAHHS 3 BUKOPHCTAHHSIM Cy4acHHX 3acOO0IB JiarHOCTHKH,
Jedekrockorii i aBTOMaTH30BaHOTO KOHTPOJIIO B €IEKTPONIOCTAYaHH] 3aJIi3HHILb.

Ha nouarkoBomy etani BupoBapkeHHs cuctemu TO i P enekrpoycrarkyBaHHs 3a (JaKTUYHUM TEXHIYHUM
CTaHOM JIOLJILHO 30epertd IUIaHyBaHHS OCHOBHUX PEMOHTHHMX MOKa3HHKIB. [Ipy mopanpiiomy riMOOKOMy
PO3BUTKY 1 BIPOBa/PKEHHI METOMIB 1 3acO0iB TEXHIYHOI MIarHOCTUKA MOXKHA OyJe BIIMOBHTHCS Bif
PErJIaMEHTHOTO KaJICHAAPHOTO IUIAaHYBAHHS TEPMiHIB PEMOHTY, 3aMiHMBIIM HOTO Ha KaJeHJapHE IUIaHyBaHHSI
JIIarHOCTUYHUX TEPEBiPOK.
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IMPROVING THE QUALITY OF MAINTENANCE AND REPAIR OF TRACTION
SUBSTATIONS EQUIPMENT

The article deals with maintenance and repair of traction substations.

The general problem of improving the maintenance and repair system of traction substations of electrified
railways is described.

An analysis of methods and means of maintenance and repair of substation equipment was carried out.

The causes of malfunctions of the traction substations equipment are analyzed/

The distribution of malfunctions of TP equipment by types of equipment was analyzed.

The results of transformer inspections are presented.
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OCOBJIMBOCTI IIOBY1OBU CUCTEM SMART-MOHITOPUHI'Y
MICROGRID CUCTEM

YV Oaniii cmammi npogedeno ananiz ochognux eumoz 0o cucmem kepyeéanus ¢ Microgrid cucmemax.
Busnaueno ocnosni yini  enposadacennss Microgrid cucmem ma, na ocnoei npogedenoz2o amanisy,
cucmemamu3oeano eumocu 00 cucmem SMmart-wonimopuney. Ilpoananizosano ckiadosi cucmem Smart-
MOHIMOPUHRY, AKI 8KAIOUAIOMb. KOMYHIKAYIUHY NPOSPAMHY NIAM@OOPMY, anapamuy KOMYHIKAyiuHy niamgopmy
ma munu obradunanns Oxcepen PI' ons Microgrid cucmem. 3anpononosano no6yooey cucmem Smart-
monimopuney oas Microgrid cucmem 3oiticniosamu na ocnosi mooeni SGAM 3 ypaxyeannsim pisnomanimuux
Moodeneil acpezysanus pisHomunuux odcepen PI'y pamxax Microgrid cucmem. 3anpononosana cmpykmypa
cucmemu Smart-monimopuney oas Microgrid cucmem 3 pisnomunnumu odxcepenamu PI” 0ae 3mocy epexmusno
azpezysamu Odcepera PI' ma axkmusnux cnoocueauie ma 30IUCHIOGAMU eDEKMUSHY OUCHEMYepU3aYilo
2EHEPYBANLHUX NOMYNHCHOCMEU HA OCHOBL PUHKOBUX MEXAHIZMIG IX 63A€MOOIT 3i CNOJNCUBAUAMU MA MIXC COOOI0.

Kawuosi caoBa: Microgrid, cucmemu monimopuney, 6i0HO6MI06ANbHI Odicepena eHepeii, cumemu
HAKONUYeHHs eHepeii, AKMUBHI CNONCUBAYI.

Beryn. Hespaxkaroun Ha Te, mo JokainbHI Microgrid cucTeMH TpONOHYIOTH WU psa meperar, ix
BIPOBAKCHHS TOB’s3aHe 3 OaraTbMa mpodiemamu. Li BUKIMKHM MOXXKHAa CTPYKTYpPYBaTH HACTYHHHUM UYHHOM:
JIBOHATIPABJICHAH TOTIK €NEKTPOCHEPTIi; IpoOIeMH 3 SAKICTIO eISKTPOCHEPTil; HI3bKa IHEPIIHHICTD; 130IbOBAHIH
pPEeXMM pOOOTH; CKOOpPAMHOBAaHE KEPyBaHHS [CKUIbKOMa JDKepenamMu po3ocepemxeHoi rerepamii (PI);
HAKOIIMYEHHS €HEpPTii; eKOHOMIYHA Ta HaAiiHa poOOTa; TEXHOJIOTIYHI BHKIMKH Ta KibepOesmeka; perynsaTopHi
6ap’epu [1-7].

Inrerpanis mxepen PI' B Mepexxy Microgrid cucreM MOYMHAETHCS 3 B3a€EMO3B’S3KY MK Pi3HOTHITHUMU
mokepenamu PI' Ta cuctemamu HakonumdeHHs eHeprii (CHE) abo ix arperyBaHHs y Todli NpH€EIHAaHHS,
opranizoBaHoi sik Microgrid cucrema abo arperauii onepatopamu cuctem posnogity (OCP) abo ctopoHHIME
arperatopaMmu, SKUMH MO)KHA KepyBaTW JUIS HaJlaHHS IMOCIHYr Kii€HTaM Ta Mepexi. Microgrid cuctemu B
OCHOBHOMY CTBODIOIOThCS JUIsi 3a0e3NeueHHs] CTIMKOT Ta HaaiiiHOT pOoOOTH KPUTHYHUX IH(PPACTPYKTYPHUX
00’exTiB. BOHM MOXYTh Ha/IaBaTH MMOCITYTH MEPEXi, alle B OCHOBHOMY BOHH 30CEPEKYIOThCS Ha 00CITyroByBaHHI
CIIO)KMBAUiB y MeXax CBOIX KOPJOHIB, KOJH BOHH SIBJIAIOTH COOOIO TOBHICTIO JIOKAJbHI CUCTEMH. ATperoBaHi
mxepena PI', 3 iHmoro ©0Ky, He *KUBJIATH OKpEMi HABAaHTAXEHHs, a HAJAIOTh MOCIYTH CUCTEMaM pO3IMOJUTY Ta
nepeaadi Ta 0epyTh ydacTb y poOoTi puHKIB enekrpoeHeprii. OCP/peryimorodi opraHy MOBHHHI OpaTH y4acTs y
BU3HAYCHHI omepariil mpueaHanHs/inTerparii mxepen PI' y Microgrid cucremax uu iX arperyBaHHi.

Iarerpamis mxepen PI' € omauMm i3 BaxkimBuX 3aBmaHb Microgrid, ockinbku mkepena PIT ta cucremu
HakonnmdyeHHs eHeprii (CHE) € KoHKypeHTHHMH anbTepHaTUBAMU ISl KEPYBaHHS FeHEPYBAaHHSIM Y MiKOBI TOJMHA
Ha PHHKY eJeKTpUuHOi eHeprii VYkpainu. Jlns 3a0e3neueHHs edexkTHBHOI NpoLEAypH arperyBaHHs
PO30Cepe/PKEHNX ~ EeHEepreTMYHuX pecypciB, IHpopmarniiiHo-komyHikauiiHi  TexHomorii  (IKT) mnoBunHi
3a0e3nevyBaTy JBOCTOPOHHIH 3B’5130K MIX 3allikaBIeHUMH Cy0’€KTaMu, TOOTO CII0KMBAYaMHU <> arperatopom Ta
Biaacuukamu PI'/CHE « arperatopom.

OKpeMOI0 3aJ1a4yelo € peryJIroBaHHs [[IHOYTBOPEHHS Ta BUCTABJICHHs PaxyHKIB y peaiibHOMy 4aci. J{ns 11
BUKOHAHHS TOBUHHI BUKOPUCTOBYBATHCS Smart CHCTEMH MOHITOPHHTY, KOTpi 3/1aTHI 3a0€31eYUTH ABOCTOPOHHIN
NOTIK iH(popMaIii MiXk 03HAUEHUMH cy0’eKTaMu.

€ 181 ocHOBHI i Microgrid cuctem moOA0 YIpaBiliHHI €Hepropecypcamy, siKi IIOBUHHI OyTH BpaxoBaHi
npu MOOYIOBI BiINIOBITHOI CHCTEMH MOHITOPHHTY, - IIe MOXKIIHBa iHTerparis mkepen PIT ta 3maTHiCTh cucteMu
HakonuuyBatu exepriro (Puc. 1) [1, 8].

CyuacHi apxitektypu Microgrid cucrem oBHHHI BianoBigati Moeni apxitekrypu Smart Grid (SGAM),
SKa CKJIAJIA€ThCA 3 TPHOX BHMIpiB: JOMEHH, 30HM Ta PiBHI cymicHOCTi [9]. BiH 30cepemkenuii Ha CyMiCHOCTI
apXiTeKTyp PO3YMHHX MEPEX IIITXOM MOJETIOBAHHS EJIeKTPUYHUX 3’ €qHaHb, iH(POpPMAIifHUX TOTOKIB i
KOMYHIKaI[iifTHUX TEXHOIOTIA MiX (pi3MIHUMH KOMIIOHEHTaMH Ta MPOTPAMHUMH JOJATKaMH, BPaXxOBYIOUH MpHU
I[bOMY iCHYIOUi HOpMaTHBHI Ta 0i3Hec-00MeXeHHA. Y Ci BaXKJIMBI aCTIEKTH 1HTEIEKTyaJIbHOI MEepeKi MpeICTaBICH]
Ha ITSITH PIBHAX CYMICHOCTi: KOMIIOHGHTHOMY, KOMYyHIKamiiHOMY, iH(popMamiiHOMY, (YyHKIiIOHAJHHOMY Ta
6i3Hec-piBHI. ['opm3oHTaNpHA Bich SGAM cTpyKTypoBaHa Ha II’ATh JJOMEHIB. BOHa CKIamaeThes 3 TPaAUIIIHHAX
€JIEMEHTIB Yy JIAHILIOXKKY IIOCTa4daHHS eHepril: reHepamnii, repexadi Ta poO3NOJIUTY, a TaKOX JABOX JOCHTh
JIEIEHTpaIi30BaHMX JIOMEHIB, po3ocepekeHi eneprernuHi pecypeu (PI' ta CHE (DER)) ta «Customer Premise».
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OcranHilt ToMeH BKItoYae (IPOMHUCIIOBUX, KOMEPIIIMHNX 1 KHUTIOBUX) CIIOKHUBadiB. TpeTiii BUMIp IpecTaBIsie
iepapXi4yHi 30HHU yNPAaBJIiHHSI EHEPrOCUCTEMOIO B IHTENIEKTYyallbHii Mepexi. BiH Bkitouae: nporec (nepeTBopeHHs
eHeprii Ta 3anydeHe ¢izuuHe 0O0JagHAHHS), moyie (OONagHAHHS U 3aXUCTY, KOHTPOJIIO Ta MOHITOPUHIY
€HEepreTUYHOi CHCTEMH), CTaHMLil0 (PiBeHb IUIOMIMHHOI arperauii AJsl piBHS MOJIs), eKCILIyaranio (omeparito
KEpyBaHHS EHEPrOCHCTEMOI0), MIANPUEMCTBO (KOMeEpIliiiHE Ta OpraHi3aliiiHi NpOLECH, MOCIyrd Ta
iHppacTpyKTypH), 1 PuHOK (MOXIHMBI pHHKOBI omnepariii) [9].

JABocTopoHHii
; T BriporazxeHHSA
iHG opMaLiiTHmi ;
' : S cucremu Tapudie
3B'A30K MEK IMiTi
: : Ta OMIaTH B
BaacaukoM PT Ta Microgrid cicrem 5
peKHMi peaIbHOro
oneparopoM JIEC
: X gacy
licrogrid cucrem .
JABocTOpOHHIi OnTaMmizauis
ind opMauiiiHmi reHepYBaHHA
3B'A30K MK InTerpauis 1xepen ea1.ed. Minimizauis
onepaTopoM PI ta CHE BHTPAT Ha
Microgrid cucrem TreHepyYBaHHA Ta
Ta CHOKHBaYeM 3HIKeHHsA [T

Pucynok 1 — Ocrosni yini enposadaicenns Microgrid cucmem

OCKiTBKY TeHepallisi cTae OiIbII JeIeHTPaTi30BaHOI0 3aBISKH IHTETpalii 3HAYHOI KUTBKOCTI mKkepen PL,
SHEepPreTUYHI PUHKH Ta eIEKTPOMEpPEeXi MOBUHHI aJanTyBaTUCS Ha PiBHI CHCTEM Iepenadi Ta po3nomiry. Takum
yrHOM, Microgrid cucTeMu Ta OB’ s3aHa 3 HUIMHU KOHLCTILIS JIOKJIBHUX EHEPTeTHIHNX PHUHKIB CTAIOTh BCE OLIBII
BaKJIMBUMH JIJIsI CTIMKOT Ta HaAIHHOT poOoTH eHepreTuyHux cuctem [10-12].

BrpoBamkyroun Mozmedmi  3MIHHOTO IIHOYTBOPCHHS Ui JIOKAIbHUX CHEPreTHYHHX  PHHKIB,
omnepatop / arperatop Microgrid (MGA) cucTeMu MOBHHEH BPaXxOBYBAaTH XapaKTEPUCTUKHU PI3HHUX TUIIIB JHKEPE]
PI' ta LCOE nns xoxHoro tumy mxepen PI, 1mo0 CTUMyNIOBaTH KOXXHOTO MICLEBOTO Y4YacHHKa PHHKY
€JIEKTPOEHEePTii OKpeMo.

VY BIINOBIZHOCTI JI0 OKPECIEHUX CTPYKTYPHUX OCOOJIIMBOCTEH, CydacHUH po3BUTOK Microgrid cuctem 1uis
BUPIIICHHS 33a]]a4 KepyBaHHs €HEPreTHYHUMH TIOTOKaMU Ta ONTHUMI3allii pe)KUMIB IeHEpyBaHHs Ta CHOXKUBaHHS
EJIEKTPUYHOT eHeprii HEeMOXIIMBHIA 0e3 HassBHOCTI CHCTEM Smart-MOHITOPUHTY Ta KepyBaHHS.

BpaxoByroun BHIIe3a3Hau€He, BUIMOTH 10 MOHITOPUHTY Ta KepyBaHHs Microgrid cucTteM BH3HAYAIOTHCS
HACTYITHHUM:

1. IIpodiss i MPOrHO30BaHICTh TCHEPYBAHHS B/l pI3HOTHITHUX JpKepen P Ta 3aMnMmikoBoro HaBaHTaKEHHS
€ JIBOMa KJIIOYOBHMHM IOKa3HHUKaMHU 3aBAaHb, IO CTOSITh Hepe] HIIMMHU eJIeMEHTaMH eJIeKTPOeHEPreTHIHOI
CHCTEMHU.

2. Ixepena PI" mominstoThCs Ha AUCTIETYCPU30BAHI Ta HEAUCIIETYCPU30BaHi (KEpOBaHi Ta HEKKEPOBaHi) i
TEXHIYHI 3acCO0M CHCTEeMH MOHITOPUHIY IIOBHHHI 3a0e3neuyBaTH JOCTATHICTH iH(opMauii s NpuidHATTS
KEpYIOUHUX DIllIeHb, 1[0 B CBOK Yepry, NacTh 3MOTY, HA OCHOBI ICHYIOUMX METOMIB KepyBaHHS ONTHUMIi3yBaTH
eJIeKTpOeHepreTHyHi mporecu B Microgrid cucremi.

3. ApxiTekTypa cucTeMH Smart-MOHITOPUHT'Y, 3aB/ISIKH Cy4aCHIM KOMYHIKaIliHHUM TEXHOJIOT1SIM TOBUHHA
3abe3nedyBary (yHKIIi 3 KOOpAWHALIT Ta KepyBaHHS Jkepenamu PT.

Meta po6oTu. MeToro JaHOTO IOCTKEHHS € PO3po0Ka CTPYKTYPH CHCTeMH SMart-MOHITOPHHTY Ui
Microgrid cucteMm 3 jKepenamMu po3ocepeikeHoi reHeparlii, KoTpa J1acTh 3MOTY BpPaxOBYIOUH OCOOJIMBOCTI
PI3HOTHUITHHX JKEepeJl TeHeparlii mpu ix poOoTi.

MartepiaJ i pe3yIbTaTH J0CJHiTKEHHS.

Smart-monitopunr Microgrid cucrem e GararouijiboBa CKIagHa CHCTEMa MOHITOPHHIY Ta KOHTPOJIO:
PO3IOJI MOTY>KHOCTI HAaBaHTAXEHHS, PETYJIIOBAaHHS HANPYTW/4acTOTH Ta SKOCTI €JIEeKTPOEHEeprii, y4acTb y
JIOKUIBHUX PUHKAX, KOPOTKO- Ta JOBrOCTPOKOBE IIaHYBAHHS.

MosKHa BUIUTHTH TpH piBHS Smart-mMonitopunry [13].:

- IepIINi piBeHb — € 6a30BUM, I1€ MOHITOPHHT Y PeaTbHOMY Yaci apaMeTpiB MEepeki: 9acTOTH, HAallPyTH,
ctpyMiB. [lIBuake iHGOpMyBaHHS MO0 HASBHOCTI HEBIAMOBIMHOCTEH y CHUCTEMi, TaKOX 30ip JaHUX 3 YCIX
JIaTYUKiB B cucteMi. L{eli piBeHb BBAXKAIOTHCS HAWCKIIAHIIIIMHU.
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- Ipyruil piBeHb — € MPOJOBKEHHIM TIEPIIOr0 PiBHA, B HHOMY BiOYBa€ThCS aHANi3 SKOCTI MapaMeTpiB
EJIEKTPUYHOT €Heprii Ta sIKOCTI eHepronocTayaHHs, BiANOBIAHICT CTaHIapTaM BCiX mapamerpiB mepexi. Kpim
TOTO, BiH KOHTPOJIIOE CHHXPOHI3AI[iI0 Ta 0OMIH €JIEKTPOCHEPTi€0 MIXK eJIEeMEHTaMH JIOKJIBHOI CHCTEMHU

- TpeTiii piBEeHb — HAa OCHOBI OTPUMAaHUX JAaHUX, POPMYIOTHCS 3TiJHO aITOPUTMIB 1H(OpPMALs A ydacTi
y PHHKaxX eJleKTpoeHeprii. BukoHyeThcs 3aranbHa nepeBipka JaHUX Ta BUPILIYETHCS, SIKI KPOKM 3pOOUTH Jiati.

Mopnenp Takoi komruiekcHoi Microgrid cucTeMd OXOIMNIIOE HAMPSAMKH BiJ CXEMOTEXHIYHOTO Ta
TEXHOJIOTIYHOTO aX a0 (OpMyBaHHS BIIOBIIHMX Oi3HEC-NPOIECiB, 30KpeMa: PO3BUTOK iH(OpMaIiiHO-
KomyHikamiitaux TexHonorii (IKT); mommpenns mxepen pozocepemkenoi reneparii (JPT), y romy uncai BJE,
(hopMyBaHHS PI3HUX 32 THIIOM Ta IOTYKHICTIO JIOKaJHHUX CHICTEM €HEpro3a0de3neyeHHsT; PO3BUTOK €HEPTEeTHIHIX
KOOIIEpaTHBIB, arperaTopiB HABAHTAKEHb Ta TEHEPATOPIB €IEKTPOCHEPTi1 IPH IIMPOKOMY 3aCTOCYBaHHI aKTHBHHUX
cHoXxuBaviB (Prosumer); ypisHOMaHITHEHHS HaBaHTa)KEHb MIPH IIBUAKOMY PO3BUTKY TEXHOJIOTIH HEpEeTBOPEHHS
Ta HAKONMYCHHS eJEeKTPOeHeprii; (opMyBaHHS HOBHMX PHHKOBHX MEXaHI3MiB Ta HOBHX Oi3Hec-Mojeneil 3
BPaxyBaHHSIM IOJIOKEHb KJIIEHTOOPIEHTOBAHOTO TMiAXoxy Koumemmii Smart Grid; HasBHICTH CHCTEMH
JIBOCTOPOHHBOTO OOMiHY €HEpTi€ro Ta iHpOpMaIli€lo B peajJbHOMY 4aci BIITHOCHO TOYKH NPUETHAHHS.

[Ipyr po3BUTKY NMHAMIYHOTO I[IHOYTBOPEHHS HEOOXITHO BPaxoOBYBaTH TEXHIYHI MOMIIMBOCTI Smart-
MumibHUKIB. EdpexTHBHE nMHaMiYHE IIHOYTBOPEHHS MOXIIMBE 32 YMOBHM BHKOPHCTaHHS Smart-Ji4MIBHUKIB 3
MIiHIMAJIPHUMHA BHUMOTAaMH, IO JAlOTh 3MOTY HAQJIHHO BIFCTIIKOBYBAaTH CIIOKMBAHHS B KOHKPETHI YacOBi
IHTEpBaJH, 110 BiJNOBIAAIOTH IHTEPBaIaM, BU3HAYCHUX PUHKOBUMH BIJIHOCHHAMH.

3arasom, cucteMa kepyBaHHsi Microgrid cucTemu MOBHHHA BiIMOBIAATH HACTYITHUM BUMOTaM:

1. ExcmryaTamis microgrid B IOIyCTUMHUX MeXax (IIEpBUHHE i BTOPMHHE KEPYBAaHHSA B 000X PEKUMAxX
pobotn).

2. Po3nomin axTHBHOI Ta pPEaKTUBHOI MOTYXKHOCTI (IIEpBHHHE 1 BTOpPMHHE KEpPyBaHHSI B PEKUMI
MAKITIOYCHHS 10 MEPEXKi).

3. BesnepebiitHe minkITIOYeHHS Ta BiIKIFOYCHHS Bill OCHOBHOI Mepexi (TIEpBUHHE 1 BTOpUHHE KepyBaHHS B
000X pexumMax poOoTH).

4. YyacTh y pUHKY 3 ONTHMI3aIli€l0 IoKambHOI Microgrid crucTemu Ta 00MiH €JIEKTPOCHEPTIE0 3 MEPEKEIO
(TpeTHHHE KepyBaHHS B i30JIbOBAHOMY PEXHUMI).

5. be3nepeOiiiHe KUBJICHHS YyTJIUBUX HaBaHTaXKCHb, TAKUX SK MEAWYHE OOJaIHAHHS Ta KOMIT'IOTEPHI
cepBepH (B 000X pOOOUHX PEIKUMAX).

6. PoboTa 3 “uoprum myckom” (black start) y pasi Oynab-sKol 3arajbHOi MOMWIKH (B 130JIbOBAaHOMY
pexuMi).

7. [ligBumieHHsS TPOMYKTHBHOCTI Ta HAIIHHOCTI CHCTEeMH MHUISIXOM 3a0e3leYeHHS MiITPUMKHA CHCTEM
aKyMYJIFOBaHHS CHeEprii (IIepBUHHE 1 BTOpHHHE KepyBaHHs B 000X peXHMax pPOOOTH).

3 Toukm 30py peanmizamii, cHCTeMH KepyBaHHs Microgrid cucTeMH TOIINAEThCS Ha Bl KaTeropii,
[EHTpaJi30BaHi Ta AeneHTpaiizoBaHi [ 14]. KojkHa BUKOPHUCTOBYETHCS B 3aJIeKHOCTI Big THITy Microgrid cucremu,
MEpEKEBUX YMOB Ta PiBHIO KE€PyBaHHsS. B OCTaHHIX MOCHIIKEHHSIX Cepes PI3HUX CTPYKTYp CHCTEM KepyBaHHS,
iepapxiyHa MOJeNIb BHUSIBHJIACS HAWOLIbLI IIMPOKO BXKMBAHOK B IEHTPAJII30BAHUX Ta JELEHTPaTi30BaHUX
CTPYKTYpax. lepapxidHe kepyBaHHs Ma€ TPH PiBHI KepyBaHHsI, BKJIFOUAIOUH IIEPBHUHHE, BTOPHUHHE 1 TPETUHHE (AMB.
puc. 2)[15].

3aranom, cuctema kepyBants Microgrid moBiHHa MAaTH HACTYITHI XapaKTEPHUCTHKH:

BuxinHe kepyBaHHS: HaNpyru Ta cTpyMu 0J10KiB PI” OBMHHI BiIC/IIKOBYBATH X €TaJIOHHI 3HAYEHHS, a
KOJINBAaHHSI IOBHHHI OyTH MOBHICTIO 3aTyXalOUNMH (TIEPBIHHE 1 BTOPHHHE KepyBaHHS B 000X pexXuMax poOOTH).

BanancyBanHs mortyxkHocti: Omoku PIT y Microgrid cuctemMu TOBHHHI MaTH MOMKIHBOCTI IS
KOMITeHcalii pantoBoro nucOalaHCy aKTUBHOI MOTYXXHOCTI Ta 30€peXeHHs BiIXWIEHHS YacTOTH 1 Halpyru B
NPUHHATHOMY Jiana3oHi (IepBUHHE 1 BTOPUHHE KePYBaHHS B 000X peKUMax poOOTH).

Yupapainas nomurom (DSM): Binnoigai DSM MeTonm nmoBuHHI OyTH po3poOIeHi U YIpaBIiHHS
HaBaHTAXECHHSM (TPETHHHE KEpYyBaHHS B 000X pexxuMax poOoTH).

Exonomiuna qucneryepu3anisi: HajexHa AucneTdepuzaiis 6;okiB PI” B mokamsumx Microgrid cucremax
3HIKYE eKCIUTyaTalliifHi BUTPATH Ta 301IbIIye 3arabHUI IpUOYTOK (TIEpBUHHE, BTOPUHHE 1 TPETUHHE KEPyBaHHS
B 130JIbOBAHOMY PEXHMI).

OyHKIT KepyBaHHs po3ocepemkernmu enepropecypcamu (DER) MOXyTh BUKOHYBATH JIOKAIBHI CHCTEMA
KepyBaHH: Ko>kHOTO arperary [16]. OxHak 31 3pocTaHHAM KiTBKOCTI 00'eXTiB KepyBaHHs B Microgrid HeMOKIHBO
o0ifiTrcs Ge3 aBTOMaTH30BaHOI iH(OpPMAIiitHO-KEpyI0d0i CHCTEMH, SKa Mae€ 3AiHCHIOBATH KOOPAWHYyIOYE i
ONTHMAJIbHE KEpyBaHHS BCiMa pPO30CEPEPKEHHMH EHEpPropecypcamMi, MiHIMI3yl0Ud BHTpaTH Ha IIE€PBHHHE
NaJIMBO, 3aKyIIBIIO €HEeprii Ha pUHKAX BiJl «TPEThOI CTOPOHM» 1 TEXHiYHEe OOCIyroByBaHHS OOJaJHAHHS,
MiBUIYIOYH JOXOJIM BiJ IPOAAXy €Heprii Ta HaJgaHHS CHUCTEMHHX HOCHyr (I[iHO3aJie’KHE CIIO’KUBAaHHS,
perymoBaHHs 4acToTH 1 Hanpyru). Cucremu Binowmi, sik Distributed Energy Resource Management System
(DERMS) BiANOBiIalOTh 3a B3a€EMOJIII0 3 «3arajlbHOI0» CHEPrOCHUCTEMOIO, SIKY, B CBOIO Yepry, MPEICTaBIIIE
cucreMa kepyBanHs DMS eneprernynoi kommnasii [16].
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Pucynok 2 — Cucmema xepysanns ons Microgrid cucmem — uacosi pamku ma ooiacmo il

Iepuri Texronorii DERMS 3'seunmcs nume B 2014 pomi. Tak, Ha mogatky 2017 poky kommaHis Siemens
3amycrtiiia Bnacay DERMS, mio ckitagaeTses 3 mporpam 300py 1 HalaHHS TaHUX 1 Bi3yalli3allil eHeprociucTeMH Bif
TUTaHyBaHHS JI0 IPOTHO3YBaHHSA. 3a OCHOBY B3sITa aJanTallis IIPOrpaMHHX 3aco0iB CHCTEMH KepyBaHHS Spectrum
7 Utilidata [16].

Hus Microgrid Tta BipryansHux enektpocraniiit (VPP) cucrema kepyBaHHS pO30CEpEKEHUMHU
enepropecypcamu (DERMS) ontumansHO kepye (yHKIIOHYBaHHSIM PO30CEpPEDKEHUMH €Hepropecypcamu s
HaJIaHHSI MEPEKEBUX MOCIYT, TOJIETIIYE aTbTEPHATUBH, J03BOJISIE PO30CEPEIIKEHUM €Hepropecypcam rnpuiiMaTH
yuacTtb Ha puHkax. DERMS no3Bosisie miBUIINTH cUTYaliiiHy 00i3HaHICTh NpH 301bIIeHH] nponnkHeHHs: DER,
3a0e3neuyroud MOJISJIIOBAHHS, arperyBaHHs Ta TPyIyBaHHs po3ocepelbkeHux eHepropecypciB. DERMS takox
MOKpAIlye BUKOPUCTAHHS PO30CEPEPKEHNX EHepropecypcis, 3abe3rnedyrodn iX 3B'SI30K, MPOTHO3YBAaHHS iX
pOo0OTH, MOKPAIIYE MOCIYTH HAIHHOCTI MEPEkKi Ta KEPYBaHHs 0OMEKEHHSIMH PO30CEPEPKEHIX CHEPrOPECYPCiB.
Bunnkae nmpo6iemMa moOyJ0BH HOBUX aJITOPUTMIB O0JIIKY Ta KepyBaHHS, KOJH IIPH ITOOYTOBI CHCTEMH KepyBaHHS
HEOOXIHO, TIOPSIZ 3 TEXHITHUM (TEXHOJIOTIYHUM ) KOHTYPOM, BUKOPHCTOBYBAaTH €KOHOMIYHHI KOHTYP KEPyBaHHI.
3BHYaiiHO, HA BUIIMX PIBHAX 1€papxil TaKUX KOHTYPIB Oy/e «KiJTbKay, IPUUOMY 3’ SIBISIETHCS KOHTYP KEpyBaHHS,
B SKM{ BKIIIOYECHO JIFOJMHY, HANpPHKIaA, aucrerdyepa. OfHaK HA caMOMy HIDKYOMY piBHi, a came Microgrid —
JUICTIeTYEp BIACYTHIA. Y IIbOMY BUIAIKy (YHKIII, sIKi MOKJIAAAfOTECS HA JUCIETIepa HAa BEPXHIX PIBHAX (KOIHU
iCHy€e HeoOXiHICTh 6araToBapiaHTHHX PO3PaxyHKIB 3a HU3KOIO, 4aCTO CYIEPEWINBUX, KPUTEPIiB Ta 0OMEKEHB ),
MIOKJTIAIEHO Ha CHCTeMy KepyBaHHA (11 apo — KOHTpouep).

Ha cporonui po3po06ieHo 1Ba OCHOBHI MiIXOH 10 3aTy9EHHS CIIOKHUBAYiB JI0 KEPYBaHHS HAaBAaHTAXCHHAM:!
HesiBHe KepyBaHHs mommtoMm (implicit demand response, price-based demand response), 3acHOBaHe Ha
3aCTOCYBaHHI PIi3HUX BUAIB TU(PEpPEHIIHOBAHUX 3a YacoM TapH(]iB Ha eNeKTPOSHEepriro abo MOBEIiHKOBHX
CTUMYIIiB; siBHe KepyBanHs momutoM (explicit demand response, incentive-based demand response, event-based
demand response), 110 nependayae Ge3nocepeHe KepyBaHHS HABAHTAKEHHIM CIIOXKHBAYa.

Just ontuMansHOTO yHKIIOHYBaHHS Microgrid Ha neprroMy eTari BaskIuBO 3a0e31eYuTH OanaHC ITOIHTY
Ta IpPOMO3MLii 3 BHKOPUCTaHHAM ((OpPMYyBaHHSIM) BIANOBIIHUX (YHKILIH MONMUTY Ta MPOIMO3MLIH, a TaKoX
CTBOPEHHsI CyYacHHMX IHHOBalidHMX Oi3Hec-moxeneii Microgrid. Hampukian, 1Ba OCHOBHMX HOBHMX TDaBI
npezcTaBieHi OizHec-Mozaesumo E+ s mocsrHeHHs nini onTuMizanii eHeprompoieciB B Microgrid: akTMBHUMIMA
cnoxuBau (prosumer) Ta APM (MeHemkep arperoBaHMX aKTUBHHMX CHOXHBauiB, Aggregated Prosumers’
Manager) [17, 18]. [Ipoctomepu € ¢iznaanmu ab0 IOPUANIHUMEA 0CO0aMU, 3JaTHUMH CTBOPIOBATH Pi3HI TOTOBIpHI
BigHocmHM 3 APM, OCP abo arperarop (Commercial Aggregator (CA)). APM moke B3aeMOZISATH 3 iHIITUMH
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areHTaMHt B €JICKTPOEHEPTETUIHINM crucTeMi Ta TicHo criBmpamoe 3 OCP ans kepyBaHHS Ta onTuMizaiii podoTy
PO3IOITBHOT MepexKi, MPONOHYI0YH JONOMDKHI HOCIYTH, 10 CTOCYIOTHCS SIKOCTI IapaMeTpiB PEKUMIB MEpexi
a00 KoMIeHcallii peakTHBHOI HOTY KHOCTI.

BrpoBamkeHHsT Takoi cuctemu Smart-moniTopunry misi Microgrid cucteM BHMarae TpbOX OCHOBHHX
KOMITOHEHTIB [17]:

1) xomynikayitina npocpamua nramg@opma — CIyKUTb OCHOBOIO JUIS ONEPaTopa MEPEKi Uil HaJCHIaHHS
PHHKOBHX CHT'HAJIIB CTOPOHHIM arperartopam, kiieHtaMm Jukepen PIT abo nampsimy Bnacuukam mxepen PI'. 3a
JIOTIOMOTOI0 BiAmoBigHOI TporpaMHuoi miatdopmu i-it OCP abo cTopoHHIN arperaTop MOXyTh Oe3mocepeaHbo
KepyBaTH OKpEeMUMH Jkepenamu PI', HancuiiaTi curHaiy crio)kuBayaM i HaJCHIIATH 3alIMTH Ha HaJaHHS HOCIYT
TPETIMH CTOPOHAMHL.

2) anapamna komymikayitina naamgopma — nae 3Mory BiacHukam ukepeln PI” pearysatu Ha 3amuti OCP,
arperaTopiB TpeThOi CTOpoHH, ab0 KmieHTiB miepen PI'. Axmo mxkepeno PI' BinmoBinae Ha BiOIOBIAHHI 3aIuT,
KOMyHiKkaIiitHa uiaTdopma BifcTexye 3reHepoBai PI' y mepexy o0caru en.eH. Ta Haacwuiae AaHi Hazan 1o OCP
abo cropoHHBOro arperaropa. QOTOENEKTPUYHI MOIYJl Ta aKyMYJSATOpPHI Oarapei, OCHaIIEeHI CYaCHUMH
iHBEpTOpaMH, CyMICHI 3 IIUMU IIaTdopMamuy, K 1 JesIKi IPUCTPOT, Taki K IHTEIEKTya bHi TEPMOCTATH Ta 3apsiIHi
HPUCTPOT VIS €JIEKTPOMOOITIB.

3) obnaonanus oxcepen PIT — DotoenekTpuuHi cuctemH, BiTpoBi ycranoBku, CHE, emexrpomo0bini,
po3yMHa NoOyTOBa TexHiKa, IU3eNibHI reHepatopu Ta iH. Tun jxepena PI, skuii mae mpaBo OpaTu y4acTb B
arperauii, 3aJeXHTh BiJ| THUIy KOMYHIKaliiHOI miaatopMHu, peryiasTopHuX (akTopiB i MiCIsl poO3TallyBaHHS
(BUMOTH IOJI0 PO3MIIIICHHS, HABKOJIHIITHHOTO CEPEIOBHIIA Ta 1HII BUMOTH JUIS YYACTi y MPOIIECi arperyBaHHs:).

Camy mpouenypy arperyBaHHsA it Microgrid cucteMun MokHa (opMallizyBaTH y BHTIIAII BiIIIOBiTHOT
puHKOBOT MoJieni (puc. 2) y pamkax nmobyaoBu Microgrid cuctemu Ha ocHOBi Mojeni SGAM [2, 9].

@ 2 3

Hazaunsa nporxosy Virozxenns rpadixy IMiaTeepTKeHHA rpadixy
TeHepYBaHHA Bix poGoTH KepoBaHHX poGoTH KepoBaHHX
HeKepoBaHHX Txepea PT axepea PT' ta CHE axepea PT ta CHE
Ta pesepeie CHE
arperatopy MGA
(DER) QIGA) (DER)
v
()] 4
YV punaaky zeinnty YV pumaaky gediunty
MOTYKHOCTI - MeXaHi3MH MOTYKHOCTI - IOMIYK
DSM a1 cnoxHBagiB 30BHIIIHIX TKepea

TOCTaYaHHSA e1.eH. +
mexanizvu DSM

MGA) MGA)
v v
(6) )
Peakuis Ha Peaxuis Ha A = :
; ; Peaaizauia 3anoi Mogeai
3aMpONOHOBAHI 3aMpONOHOBAHI iR aeTE w2
smexaHizmu DSM. smexaHizyu DSM. Bnans BIAD
. ) Z TIPHHIIHIIOM
3HILKeHHS CNOKHBaHHA Ha npudyTok MGA i 2 o
L z Ha 700y Hamepex
(itoro BapTicTh)
(cnoxuBadi) MGA)

PucyHok 2 — Punkosa mooens acpezysanus ma 63aemooii docepen PI"ma CHE 3 onepamopom Microgrid

Ha puc. 3 306pakeHa apxitektypa cucremu Smart-mouitropuary Microgrid cucremu, KoTpa BpaxoBye yci
tunm jpxepen PIT ta CHE ta ocobmmBocTi iX (yHKIioOHYBaHHS. JlaHa cHCTeMa Ipalioe HETIepepBHO B MEBHUX
yacoBuX iHTepBanax t € [1, 2, ..., T], 3abe3neuyroun 0OMiH iHOpMAIiHHUMU MIOTOKAMH, SIKi TO3BOJISIIOTH B CBOIO
Yyepry KepyBaTH €HEproloTOKaMHM 3a0e3Meuyoun oNnTHManbHe (QYHKIIOHYBaHHS CUCTEMH MOHITOPHMHTY Ha BCIX
TPBOX PIiHSX, & BiATaK i onTManbHy podoty Microgrid cucremu.

VYHiBepcanbHICTh Takoi cMcTeMH SMart-MOHITOPHHTY Ta BiANOBIAHICTH 1i BUMOraM KepyBaHHS MOXKHa
npoinrocTpyBaT Ha npukiaai Microgrid cucremu 3 mxepenamu PI' nBox tumiB (tumn T1 ta T2). V sikocti Tamy T1
obepemo HekepoBaHe mkepena eHeprii, - CDEY, a B sxocti mxepena tuny T2 obepemo MI'EC. Ha Puc. 4, a)
HaBeJIeHO NMPOTHO3HI 3HAYEeHHS T€HEpYBaHHA eJIeKTpoeHeprii reneparopamu tumy T1 Ta T2 Ta mporHo3HNUii rpadik
HABaHTAXCHHS BiAMOBiAHO 10 sikux arperatropom (MGA) BusHauaroThCst crparerii po6otu mkepen tumis T1 Ta
T2. Ha Puc. 4, 6) HaBeneHo 3Moep0BaHi Tpadiku paktuanoi poboTn reHeparopis TumiB T1 Ta T2 ta pakruanuit
rpadik HaBaHTaXXeHb, 110 Ja€ 3MOTY arperaropy/omneparopy Microgrid kepysatu pesxxumamu poboTn mxepen PT’
y peaslbHOMY Haci Ta 31iHCHIOBATH PO3PAaXyHKH 3 KOXKHUM 3 areHTIB.
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Pucynok 4 — Moodeniosanns npocnosnux (a) ma paxmuynux (6) sHaueHb 2eHepyS8anHs Ma CHONCUBAHHSL
enexmpoenepezii 8 Microgrid cucmemi 3 PI” 6i0no6ioHo 00 HaA6HOI CMPYKMypu cucmemu MOHIMOPpUHEY

PesynbraTi MOJENIOBaHHS HAarsIHO UIIOCTPYIOTH PoOOTY cuctemMu Smart-MoHiTopuHTry Microgrid
3aIIPOIIOHOBAHOI CTPYKTYPH.

BucnoBkmu.

3anponoHoBaHa CTPYKTypa CHUCTEMH Smart-MoHiTOpuHTY Microgrid CHCTEMH € BHTIIHOIO, OCKUIBKH:
CTOXKMBaul BXKE MAalOTh IEBHY iHQPACTPYKTypy MAJsl €KCIIOPTY eJIEKTpOeHeprii B Mepexy, TOMY HaIaHHs
JIOTIOMDKHHX MOCIYT JIJIsl MEPEXi € JIJIsl HUX BiIHOCHO JICHICBIIMM Ta BUTIHAM; MOHITOPUHT €HEPrOCIIOKUBAHHS
TeHEPYBAJIbHUX YCTAHOBOK 1 3B’SI30K 3 30BHIIIHHOIO SHEPrOCHCTEMOIO JIONIOMAra€ MpOTHO3YyBAaTH MOXKIJIMBUIMA
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EKCITOPT/IMITOPT  €JIEKTPOCHEprii omeparopom/arperaropoMm Microgrid cucremm m0/3 Mepexi. Takox 3a
JIOTIOMOT'OI0  3aIIPOTIOHOBAHOT CHCTEMH MOHITOPUHTY MOXKHA OTpUMATH 1H(GOPMAII0 MIOJ0 CTaHy 3apsiay
akymyssitopie okpemux CHE a6o aktuBHuX croxuBauiB (Prosumer), sika € KOpHCHOIO omepatopy Microgrid
CUCTEMH JUIsI ONTUMAIILHOI JHCIETUEpU3allii; MPSAMUN KOHTPOJb HAJ PECypcaMU CIIOKUBAYiB Ja€ 3MOTY
CHUCTEMHOMY OIEepaTopy CKOPUCTATHUCS NEpeBaraMy THYYKOCTI TIOMUTY CIIOXKUBAUIB y PEKHMMI PEaTbHOTO Yacy;
arperarfis pisHOTUIIHEX JKepen P yTBoproe po3ocepe/KeHI eHEPreTUYHUN Pecype T HalaHHsI JJOTTOMIKHIX
MOCJYT HA PUHKY CJICKTPUYHOI CHEPTii.
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FEATURES OF CREATION OF THE SMART MONITORING SYSTEMS FOR
MICROGRIDS

In this paper, an analysis of the main requirements for control systems in Microgrid is conducted. The main
objectives of the implementation of Microgrid systems were determined and, based on the performed analysis, the
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requirements for Smart-monitoring systems were systematized. The components of Smart-monitoring systems,
which include: communication software platform, hardware communication platform and types of equipment of
DG sources for Microgrid systems were analyzed. It is proposed to build Smart-monitoring systems for Microgrid
systems on the basis of the SGAM model, taking into account various models of aggregation of different types of
DG sources within the framework of Microgrid systems. The proposed structure of the Smart-monitoring system
for Microgrid systems with various DG sources makes it possible to effectively aggregate DG sources and
prosumers and to carry out effective dispatching of generating capacities based on market mechanisms of their
interaction with consumers and among themselves.

Keywords: Microgrid, monitoring systems, renewable energy sources, energy storage systems, prosumers.
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"Hauionanbnuii Texuignnii ynisepcurer Ykpainu

«KniBcskmii mostitexniunuii inerutyt imeni Iropsi Cikopcskoro»

KEPYBAHHS HIBUJIKICTIO CHHXPOHHOTI'O ABUI'YHA C
MOCTIMHUMHA MATHITAMHU Y KOB3HOMY PEXKHUMI

Y pobomi pozenamyma Huska ancopummis Kepy8aHHs WBUOKICINIO CUHXPOHHO20 O8U2YHA 3 NOCMIUHUMU
MacHimamu 8 KOB3HOMY pedicumi, sKi 3a0e3neuyioms acmamusm nepuio2o, 0py2020 ma mpemvbo2o nopsoxy. vV
KOB3HOMY PedtCUMi cucmema Kepy8anHsa 80100i€ 81ACMUBOCMAMU, AKI HEOOCANHCHI NPU 3ACMOCY8AHHT KIACUYHUX
HenepepeHux aicopummis Kepy8anus. Aneopummu Kepy8aHHs po3poOieHo HA OCHOBI Memoody 360pOMHUX 3a0ay
OUHAMIKU Y NOEOHAKHI 3 MIHIMI3AYIEIO TOKANbHUX DYHKYIOHANIE MUMMEBUX 3HAYEeHb eHepeii. [0es memody noaseae
8 360POMHOCHI NPAMO20 Memo9y JIANYyHoea 0151 00CAi0NCeH A CMIUKOCMI. 3aMKHYMUll KOHMYP Kepy8aHHs Mae
Hanepeo 3adany @yuxkyiio Jlanynosa, 6 sikocmi sikoi eucmynae mummege 3nauenmsi enepeii. Ocobaugicmio
aneopummie KepyeanHs € BIOCYMHICMb Y HUX napamempis 0b'exkma ma onepayiil Ougheperyito8anis, Wo noiecuye
ix npakmuyny peanizayiro. Cucmema Kepy8anHs CKI1A0AEMbCA 3 080X Pe2yNAMOpi6 CKIA008UX CMPYMY CIamopa
ma pezynamopa weuokocmi deuzyna. Bci pezynamopa npayioroms 6 ko83Homy peocumi. Cuznanu Ha uxooi
pe2ynaAmopie CKIaoo8ux Cmpymy cmamopa ma WEUOKOCHI 3MIHIOIOMbCA CMPUOKOM 8i0 MAKCUMANLHO20 00
MIHIMATbHO2O 3HAYeHHA. Pezynemamu moodentoganns noxazanu npaye30amuicms aicopummie KepyeawHs md
8UCOKY AKicmb KepysauHs. Tpaekmopia nycky O08ucyHa c@opmosana 3 XapakmepHux OLISIHOK HOCMIUHOZ20,
JUHIUHO3POCMAOY020 Ma NAPAOONIYHO20 CUSHANY Ol BUSHAYEHHA NOKAZHUKIE SAKOCMI KepYBAHHS MPbOX
CUHME308AHUX Pe2YIAMOPIE UWEUOKOCHII.

KitrouoBi ciioBa: e1ekmponpugoo, CUHXPOHHULL 08USYH 3 NOCTNILIHUMY MASHIMAMU, Al20PUMM KepyB8aHHs.,
KOB3HULL PECUM.

Beryn

CUHXPOHHI JBUTYHH 3 NOCTIHHMMH Mar"iTaMy MaiOTh HIMPOKE 3aCTOCOBYIOTHCS B €JIEKTPONPHBOIAX Ta
SJICKTPOMEXaHIYHUX CHCTEMaXxX Pi3HOTO MPU3HAYECHHS, 30KPEMa B YCTAHOBKAX 3 BUCOKUMH BHMOTAaMH JI0 SKOCTI
kepyBaHHs [1-5]. BHacninok HarpiBanHsi oOMOTOK ABHMIyHa ab0 3MIHM KiHEMaTHKH MEXaHI3My Mapamerpu
EJIEKTPOIIPUBO/IA MOXYTh 3MiHIOBaTUCS. [lapaMeTpu eIeKTponpHBoIa TaKOXK MOXKYTh OYyTH HETOYHO BU3HAYEHI
Ha OCHOBI ICHYIOYHMX MeTO/MK. Ha JIoKanbHI KOHTYpH KepyBaHHsI €JIEKTPOIIPUBO/A 0T KOOPAMHATHI 30ypeHHsI
BHACJIIJIOK BHYTPIIIHIX eJIEKTPOMEXaHIYHUX B3a€MO3B’SI3KIB €JeKTpoABUTyHa. L{i mapaMeTpuyHi Ta KOOpIUHATHI
30ypeHHs] MOXYTb HPH3BOJMTH IO HEIOMYCTHMOrO IOTIPIICHHS 3alaHOi SIKOCTI KepyBaHHS KOOpPJHHATAMH
EJIEKTPONIPUBO/Ia. B 3aieHOCTI BiJ TEXHOJOTIYHHUX BHMOT AITOPUTMHU KEPyBaHHS MOBHHHI 3a0e3reuyBaTH
BiJIIpAIfOBaHHA 3aJaHUX TPAa€eKTOpi pyxy Oe3 yCTaJeHMX TIOXHOOK, 30KpeMa y BHUIJIII IOCTIHHOTO,
JHIHHO3pOCTaYoro abo MmapaboIiyHOTO CHTHAITY, IO BiAMOBINAE acTaTU3My CHCTEMH IEPIIOTO, APYroro adbo
TPETHOTO MOPSIIKY 32 KEPYIOUOIO Mi€lO0.

BupimmTy 3agady CHHTE3y aJITOPUTMIB KEPYBaHHS B YMOBaxX NapaMeTpUYHHUX Ta KOOPAWHATHHUX 30ypeHb
MOXHa JEeKUIbKOMa METOJaMM Teopil aBTOMAaTHYHOTO KEpyBaHHs, 30KpeMa: METOIU KEPyBaHHS 3 BEIHKHM
KOe(ilieHTOM TMiACHICHHS pPO3IMKHYTOI CHCTEMH, aJaNTHBHI Ta ONTHUMAalbHI METOAM KepyBaHHI 3
ineHTH(IKallI€0 MapaMeTpiB y peanbHOMY 4Yaci [6-9]; iHTenekTyanbHi Mertoau kepysanHs [10-13]; meromu
3BOPOTHHX 33Jad IWHAMIKH y TO€THAHHI 3 MiHIMI3alli€l0 JOKAJIbHUX (DYHKIIOHAJIB MUTTEBUX 3HAYEHb €HEPTiil
[14-16]; meToau Teopii cucteM i3 3MIHHOIO CTPYKTYPOIO Y KOB3HOMY peskumi [17-20].

Y KOB3HHX PEXHMax CHCTEMH BOJIOJIIOTh BIACTUBOCTSAMH, SIKi HEJJOCSHKHI IPH 3aCTOCYBaHHI KIIACHYHUX
HeMepepBHUX alroputMiB KepyBaHHs. CHHTE3 aJIrOpPUTMIB KepyBaHHsS Y KOB3HHUX DEXKHMax KIACHYHUMH
METOAAaMH{ OB ’S3aHO 3 TPYIHOIIAMH MNPH BHU3HAYEHHI PIBHAHHSA Ta MPaAKTHUYHIM peamizamii rimeproBepxHi
nepexmoueHHs [1, 18, 20]. 3MeHIINTH TPYAHOLLI CHHTE3y MOMIIMBO MPU 3aCTOCYBaHHI iiel METOAy 3BOPOTHHX
3a/1a4 IMHAMIKH Y TIOEHAHHI 3 MiHIMi3ali€ro TOoKanbHUX (QyHKIIOHANIB MUTTEBUX 3Ha4eHb eHeprii [14, 16]. B
OCHOBY METOJy IOKJIaJeHO i/1et0 000pOoTHOCTI mpsiMoro merony JlsmyHoBa 3 mociikeHHs cTiiikocTi. Meron
JI03BOJISIE 3HAXOIUTH 3aKOH KEPYBaHHS, y SKOMY 3aMKHYTHH KOHTYp Ma€ Harepes 3anaHy QyHkuio JlsmyHosa, B
SKOCTI SIKOi BUCTYIIa€ MUTTEBE 3HAUCHHS eHeprii. XapakTepHOI0 OCOOJIMBICTIO ONTHMI3allii € 3HaXOKEHHS He
a0COIOTHOTO MiHIMYMY (YHKITIOHATY SIKOCTI, SIK Y KJJACHYHUX CUCTEMAX, & JIEIKOr0 MiHIMaJIbHOTO 3HAYEHHSI, 110
3a0e3medye T0ITyCTUMY 3a TEXHIYHIMH YMOBaMH AWHAMidHy MOXHOKY cucteMu. OTpiUMaHi aIrOpUTMHU KepyBaHHS
3a0e3MeuyroTh cl1abKy 4y TJIMBICTh JJO TapaMeTPUIHUX 30ypeHb, a TAKOXK 3/IIHCHIOIOTh JUHAMIYHY JEKOMIIO3HIIIO
B33a€MOTIOB'SI3aHOT CHCTEMH 1 HE MICTITh AU(EPEHIIHHIX JIAHOK, 10 3a0e3Meuye iX MPaKTU4Hy peajti3alliio.
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Merta Ta 3aBIaHHS

Mertoto poOoTH € po3poOKa Ta OCHIPKEHHS allTOPUTMIB KepyBaHHS MIBUAKICTIO CHHXPOHHOTO JBUTYHA 3
MOCTIHHMMHU MarHiTaMy y KOB3HOMY PEXHMI Ha OCHOBI KOHIEIII 3BOPOTHHUX 3a/a4 AMHAMIKH Y TOE€JHAHHI 3
MiHIMI3aIli€l0 JOKAIPHUX (YHKIIOHATIB MUTTEBMX 3HA4Y€Hb €HEprii, siKi 3a0e3neuyloTh acTaTHU3M IIEepLIOro,
JPYroro Ta TPEThOro MOpsAAKY. [ IOCATHEHHS METH B poOOTi BHPILNIEHO HACTYIHI 3aBJaHHS: OTPUMAaHO
MaTeMaTUYHy MOJIeNIb CHHXPOHHOIO JBHI'YHA BIAMOBIZHO A0 YMOB KOHIEMIIl 3BOPOTHHMX 3ajay JAWHAMIKH;
PO3pOOJICHO aIrOPUTMH KEPYBaHHS LIBHIKICTIO Ta CKJIQJIOBHMH CTPyMYy CTaropa JBUTYHA, IO 3a0e3NeuyloTh
POOOTY PeryasaTopiB y KOBZHOMY PEKHMIi; TIPOBEICHO JOCIIIKEHHS aJTOPUTMIB KEpyBaHHS Ta 3IIHCHEHO aHANTI3
MTOKAa3HHKIB SKOCTI KEpyBaHHSI.

MartepiaJ i pe3yJabTaTn 10CTiTKEHDb
JlnHamigHa MOIENIb CHHXPOHHOTO IBWTYHA 3 TIOCTIHHMMH MarditaMd B cHcTeMi koopauHaT d-Q, sika
Opi€HTOBaHA 3a MarHiTHOIO BiCCIO POTOPA, MPEICTABISIETHCS BiToMOt0 cructeMoro pisHsHb (1) [4, 8, 15].

di . .
L, d—:+ Ry =Ug +L,Z o,i;
di, . . _
L, E—F Ri, =u, - L, Z, 01, —yZ,o;
d )
DM -M,;
dt

3 : .
Mzzizp[wfh+(Ld—LQMh],

Ae iy,i,Ta Uy, u, — CTPyMH Ta HANpPyru cTaTopa 3a ocsmu d Ta ( BIANOBIAHO; , — KyTOBA LIBHAKICTH
poropa; Z  — KUIBKICTh IIap IOJIOCIB JBHIYHa; J — momenT inepuii; M, M, — eNeKTpOMAarHiTHHH MOMEHT
JBUT'YHA Ta MOMEHT HAaBAaHTA)KEHHS; \  — IOTOKO3YEIUICHHS BiJl MOCTIHHUX MAarHiTiB; L, L, — IHAYKTUBHOCTI

craropa 3a ocsiMu d Ta ; R, — eleKTpHYHuii omip craTopa.

3riIHO 3 METOI0M AWHAMIYHOT AEKOMITO3HUIIIT, 3alIPOIIOHOBAaHUM Y [14], nist BUpilIeHHS 3a/1a4i KepyBaHHS
Ha OCHOBI KOHIIETIIii 3BOPOTHUX 33724 JMHAMIKH BUXiTHA CHCTEMA PiBHAHB (1) IepeTBOPIOETHCS IO CUCTEMH BULY

Q).

di, R,.
i _5|d :iud—i_iFl;
dt L, ¢ ¢ L
di, R, .
—+ i, :iuq+iF2;
dt L 'L L,
do, 1
c=Z[M-M,]; )
3 . .
M =§Zp|:\yf|q + (L, —Lq)ldlq:|;
R =L,Z,o,i;
F=-LZoi-v,Zo.

Koopnunatai 06ypenns Fi, F2 TpakTyroThesl Ik HEBH3HAUeHi, IpoTe 0OMEXKeHi 3a BeIuuMHO F <F’,
F, <F. PiBH Kepyouoi Hampyru HOCTaTHbO i iX KoMmeHcauii U, > Flo, U, >F,. Takum dunHOM,

B3a€MOTIOB'sI3aHA HENMiHIHHA cHcTeMa 3-TO HOPSIIKY IEPETBOPIOETHCS HA CUCTEMY 3 3-X JTiHIHHUX PiBHAHB MEPIIOTO
nopsAaKy. B pe3ynbTari 3aBnaHHs kepyBaHHS 00'ekTOM (1) 3BOIUTHCS 10 BUPIIMIEHHS TPHOX JIOKATHHHUX 3aBIaHb
KepyBaHHsI JIHIHHUMH NiICHCTEMaMH (2): KepyBaHHs CTpPyMaMH iy, i, 32 0CsIMH d-g Ta mBHAKICTIO ©, .

OyHKI[IOHATbHA CXe€Ma CHCTEMH BEKTOPHOTO KEpyBaHHS IIBHJIKICTIO 3 OPIEHTAILI€I0 3a TOJNEM pPOTOpa
MICTHTb 3aMKHYTHII KOHTYp PEryJIIOBaHHS CTPYMY i, 110 0ci O, 3aMKHYTHil KOHTYp PEryJIOBaHHS CTPYMY i, 1o ocl

J Ta 30BHIilLIHiH 10 HHOrO 3aMKHYTHIl KOHTYp PEryJIlOBaHHs IIBUIKOCTI pOoTOpa , .
Baxana sKkicTe OyIb-KOTO 3aMKHYTOTO KOHTYpPY KEpyBaHHS 3TiHO 3 KOHIIETIIEI 3BOPOTHOI 3ajadi

muHaMikd [14-15] 3amaerscs 3BuuUaitHuM AudepeHIialbHUM PiBHIHHSIM HACTYITHOTO BUTJISTY

d'y d'y "X dix” .
F+..+0LiW—k..—ﬂxoy:BlT+..+ﬁjw+..+ﬁox. (3)
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3a monoMororo KoedilieHTIB piBHIHHA o Ta fj 3a1aeThca OaKaHUN XapaKTep 1 TPHUBAIICTH MEPEXiTHOTO
MpoIiecy BUXITHOI KOOPIWMHATH Y TiJ 9ac pyXy IO 3afaHiil Tpaekropii x*, ne: x* — nudepenmiiioBana 3a gacoMm
HEeOOXiHy KUTBbKIiCTh pasiB ¢yHKis, npuaomy I<r. ITopsmok r piBHsHHS (3) MOXe OYTH Pi3HHM IUIS KOKHOTO
3aMKHYTOT'O KOHTYpPY KE€pyBaHHS 3TiJJHO 3 BUMOTaMH JIO SKOCTi KepyBaHHs. THIIOBO MOpsIOK I' JOpiBHIOE abo
OinbIIie TOPSIIKY 00'€KTa KepyBaHH:. 3B'SI130K Mixk KoedillieHTaMu piBHAHHS (3) 1 OakaHUMHU TTOKa3HUKaMU SKOCT1
KEpyBaHHS, TAKUMH SIK 4ac PETYJIFOBaHHS, BUJI IIEPEX1THOTO MPOLIECY, IIepeperyIIOBaHH JIETKO BCTAHOBIIIOETHCS
3a JI0IIOMOTOI0 BiJIOMHX METOJIIB T€Opii aBTOMAaTHYHOTO KEPYBaHHSI.

Mogens 10KamTbHOrO 00°€KTa KepyBaHHSA CTPYMOM i, 3a KEPYIOUOIO JIi€0 HAa OCHOBI MEPLIOTO PiBHAHHS

cucTeMu (2) IPeCTaBISETHCS PIBHSAHHSM, SIKE B ONIEPaTOpHii (OpMi Ma€e BUTIISI

(s+ a9 )ig =boigly (4)

ne by, = i Qg = % — koedimientu piBasuust; S=d/dt — omeparop Jlamaca.

L,

JliBa yactuHu piBHSHHA (4) Mae nepmui mopsiiok N=1, a npasa HyapoBui M=0. Hanpyra xepyBaHHs MOKe
npuiiMaTy TinkkH ABa Gikcosani 3HaueHHs +U,; ab6o —U,, Tobtou, =0, =U sign(u,) .

3ajayero CUHTE3Y € OTPUMAaHHS 0a’kaHoT IKOCTI KepyBaHHS 3aMKHYTOT0 KOHTYPY PETyIIOBaHHS CTPyMY |
. baxana sixicTe 3amaerbcst AueEpeHLiaNbHIM DIBHSHHSAM 3aMKHYTOTO KOHTYpY BUny (3), TOPSAOK SIKOTO
JIOPIBHIOE TIOPSAKY piBHsIHHS (4), To6TO =1 Ta I=0

(8+0ig ) Ya = Otgigly s (%)
nei, — 3ajaHuil CTpyM; Yy, — BHXiJHa KOOpAUHATA NIPH PyCi MO 3a/aHill TPAEKTOPii CTpyMy.
‘YMoBa BiZICYTHOCTI omepamiii Au)epeHIiloBaHHs B aITOPUTMI KEPYBAHHS BHKOHYETHCS
rn+l-m-1

(6)
1>1+0-0-1.
Ha ocHosi piBHsAHHA (5) OTpuMye€Thcs 6axkaHa nepeapanbHa QYHKIiA 3aMKHYTOTO KOHTYPY CTPyMY
WE (s) = Y (s) _ _ %oid ©)

ig(s)  s+aygy
Binnosinzo 10 (7) nepenapanbHa QyHKIis po3IMKHYTOTO KOHTYPY PETYJIIOBAHHA CTPYMY i, Ma€ BUIJIAA
WS (s Oy,
Vv|dR (S) — id E ) — 0id (8)
1WS(s) s
Amnaiiz QyHKIi (8) mokasye, 1o cucreMa KepyBaHHS CTPYMOM Oy MaTH acTaTHU3M IEPIIOro MOPSAKY
v=1, a 3a71aHa JOOPOTHICTb 3a MBUJKICTIO JOPIBHIOE D} = oy,

Baxxana TpuBasicThb MOHOTOHHOTO INEPEXiITHOro mporecy ctpyMmy tig=3/ Olgig 3alaeThes 3a IOMOMOTOHO
€MMHOTO Koe(irieHTa Oloig. DYHKIIIS KepYIOU0T HAPYTH Uy, IOBUHHA 3a0€3IIEUUTH SKICTh KEPYBAHHS CTPYMOM Ig,
sska 0 HAOJIKAETHCS 10 OakaHOl sIKOCTI, 3amanol piBHSHHAM (5). CTymiHb HAOMMKEHHS PEaJbHOTO MPOIECY
KEpyBaHHS CTPYMOM JI0 0a)KaHOTO OIL[HIOETHCS JIOKAIbHUM (YHKI[IOHAJIOM, KU XapakTepu3ye HOPMOBaHY 3a
IHIYKTHBHICTIO MUTTEBY €HEPTit0 MepIoi NOXiHOT MAarHITHOTO TOJIs, SIKa BUCTyNae GyHKIieto JIsmyHoBa

G(u,) =§[y'd 0 -i,u)T ©)

Minimizauis ¢pyHKioHay (9) 3aiHCHIOETBCS 3a IPaliEHTHUM 3aKOHOM TEPIIOT0 HOPSIKY

du, ) __, dG(u,) (10)
dt du,
e A¢>0 — xoHcTaHTA.
3 ypaxyBaHHAM (4) moxigHa (yHKIIOHATA JOPiBHIOE
dG(uy) 1, .
— =y, —y ) 11
du, L, (yd ¢ ) ()
Micas migcranoBku (11) B (10) 3HAXOOUTHCS AJITOPUTM KEPyBaHHS CTPYMOM ig
Uy (1) =Ky (¥, _i.d ) (12)
ae k, =X, /L, —KoHCTaHTa.
YMoBa 301>kHOCTI nporiecy MiHiMizauiil ¢pyHkuionany (9) npu t—oo
dG(u
( d) < 0,
dt (13)
G(uy,) >0

BUKOHYETHCS BiJIMOBIHO 0 MpaBHiia 3HAKIB
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sign(k,) = sign(1/ L, ). (14)
3MiHHA Y, B anroputMi kepysaHHs (12) € 3a1aHOI0 NOXiZHOIO CTPYMY, K4 BU3HAYAETHCA B PEANLHOMY
vaci 3 piBHAHHSA (5) UUTIXOM 3aMUKAHHS CHCTEMH KepYBaHHs 3BOPOTHHM 3B'S3KOM 3a CTPYMOM Yy=id
Vg = Ooiq (ig —ig)- (15)
AJITOPHUTM KepyBaHHS CTPYMOM Iy HaOyBae OCTaTOYHOrO BUTJLSIIY MICIsl IHTErpyBaHHs 000X yacTuH (12) 3
ypaxyBaHHsM (14)

Ug (8) = Ky (g —ig);
Yo = g [ (i3 —1,)dt; (16)
u, =U,sign(uy).
Jlnst BAHUKHEHHS KOB3HOTO PEKHMY MPH HYJIHOBUX MOYATKOBHUX YMOBaX MOBHHHA BUKOHYBATHCS HACTYITHA
ymoBa [16]
‘(O(‘Oid — g )iy ‘ < ‘boid Uy ‘ (17)
CuHTe3 aNropuT™My KepyBaHHs CTPyMOM i, 31iHCHIOETHCS HA OCHOBI APYTOrO PiBHAHHS CUCTEMH (2), sIKe B
orepatopHiit popMi Mae BUTIISA
(5 + 8y )iy = byigUg (18)

e by, = i g = R _ KOeQIIi€HTH PIBHIHHS.
L, L,

BaxkaHe DIBHSHHS 3aMKHYTOrO KOHTYDY PETYJIOBAHHS CTPYMYy i, 3aJa€TbCsi NEPLIOTO MOPSAKY Ta
3a0e3neuye acTaTu3M MepLIoro nopsaky v=1
(s+04iq) Yy = aOiqi;' (19)
Ilpouenypa cuHTe3y alNrOpuTMy KEepyBaHHs CTPYMOM i, 3IIHCHIOETBCS aHamoriqHo 1o (9)-(16). B
pe3ynbTaTi OTPUMYETBCS aJTOPUTM KepyBaHHS HACTYITHOTO BHIJLSILY
Uy (1) = Kq (g —1g);
Yo = dgig | (i —ig)dlt; (20)
u, =U,sign(u,).
CHHTe3 anropuT™My KepyBaHHs MIBUJKICTIO ®, 30IHCHIOETBCSA HA OCHOBI TPETHOTO T4 YETBEPTOTO PIBHAHHS
cuctemu (2), sike B oriepaTopHiii Gpopmi mpu ig=0 Mae BUTISIA

so, = by, i’ (21)

0w 'q

ne by, =——-Z vy —xoediuieHT piBHAHHS; i; — 3aJaHuii CTPyM 110 0Ci Q.

J2
Juss  3a0e3medeHHs acTaTH3My NepHIoro IMOopsAKy v=1 OaxkaHe pIBHSAHHS 3aMKHYTOI'O KOHTYpY

peryJtoBaHHA WBUIKICTIO o, BUAY (3) Ma€ BUIIAA

(22)

Iporenypa cuHTE3y AaNrOPUTMY KepyBaHHS IMBHAKICTIO ®, 3MIHCHIOETBCS aHamoridvHo mo (9)-(16).

(s+a,)Y, = (X'Om(’o:'

CrymiHb HaOJMKEHHS PEANbHOTO MpOLECYy KEepyBaHHA MIBHIKICTIO O 0a)KaHOrO OLIHIOETBCS JIOKAJIbHUM
¢dyakmioHanoM Buxmy (9), sSKWiA XapaKTepu3ye HOPMOBaHE 32 MOMEHTOM IHEpINi MHUTTEBE 3HAYCHHS IEPIIOL
NOXiZAHOT KiHeTMYHO! eHeprii. 3a pe3yJbTaTaMd CHHTE3y OTPUMYETHCS AITOPHTM KEPYBaHHS peryisropa
IIBUJIKOCTI, IKUii 3a0e3Medye acTaTu3M MepIIoro Nopsaaky v=1 3a Kkepyrouoro i€

ih(0) =k, (v, ~0,)

y(o = a’OmJ. (O‘)r - (’Or )dt’ (23)
I, =1,sign(iy).
zie |, — CTPyM KepyBaHHsl, KHii PHiMa€ TiIbKH 1Ba (PikcoBaHi 3HAYCHHS +|; a6o —I .

3a TEXHOJOTIYHUMHM BHMOTAaMH JCSIKHNX MEXaHi3MiB alTrOpUTM KEepyBaHHS IIBUAKICTIO ITOBHHEH
3a0e3medyBaTd acTaTU3M JAPYToro MOPSAKY V=2 3a Kepyrodow Ji€ro. B mpoMmy BHIAagKy MOpSIOK OakaHOTO
PIBHSHHSA 3aMKHYTOTO KOHTYPY BHIY (3) BHOMpAEThCSA HA OWHUIIO OiIbIIe Bif mopsAaky o0’ exty (21)
(8* +o,S+ay,)Y, = (0,,S+a,,)o. (24)
[Ticns mpoBeneHHS cHHTE3Y aHANOTIYHO 10 (9)-(16) anropuT™M KepyBaHHS PETYJATOpa MIBUAKOCTI, SIKHHA
3abe3nedye acTaTu3M JPyroro MOpsAKy v=2 3a KEpYyIOUoI0 Ji€0, TPUHMA€e BUIIISA
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I, (1) =k, (Y, —o,);
y, = j f, dt;
fm = aOmJ. ((Dr - mr)dt oy, (('Or - wr);
I, = 1,sign(i,).
SIKI110 32 TEXHOJIOTIYHUMH BUMOTaMH JITOPUTM KEPYBaHHS [IBUAKICTIO MOBUHEH 3a0€31euyBaTH aCTaTU3M
TPETHOTO MOPSAKY V=3 3a KepyIdUOIO Mdi€l0, TO MOPSAIOK OakaHOTO PIiBHSHHS 3aMKHYTOT'O KOHTYpY BHIY (3)

BHOMpAaeTHCS Ha /1Ba OIbINE Bix mopsaaKy o0’ ekty (21)
(8° + 0y, 8% + 04,5+ ay,) Y, = (015,8% + 0y, S+ 0L, )00, (26)

(25)

[Ticns mpoBeneHHS cHHTE3Y aHANOTivHO 10 (9)-(16) anropuT™m KepyBaHHS PeTyIsSTOpa IMIBHIAKOCTI, SKHH
3a0e3neuye acTaTH3M TPETHOr0 MOPSIAKY V=3 3a KePYIOUOI0 Ai€f0, MpUiiMa€e BHIIISL

i©) =k, (Y, -o,);

Y, = I f,dt;

fuo = [ fodt+a,, (@ —o,); (27)
oo = 0tg,, [ (0 0, )dt + a1y, (@] — 0, );

i, =1,sign(i,).

OcoOGIHBICTIO aNrOpUTMIB KepyBaHHs cTpymoM 1o oci d (16), ctpymom mo oci ¢ (20) Ta mBuakictio (23),
(25) abo (27) € BiACYTHICTh B HUX MapaMeTpPiB CJICKTPOABUTYHA, IO XaPAKTEPHO JUIS KIACHUYHHUX aJITOPHUTMIB
KepyBaHHS. Po3po0ieHi anropuTMHM KEepyBaHHS MICTSTh TUIBKM KOEQIUIEHTH Oloid, Oloigy Olow, Ollw, 02w, 38
JIOTIOMOTOI0 SIKUX 3aJla€Thcsl OakaHMH 4yac Ta BHJ IEPeXiITHUX NpoleciB cTpyMiB Ta mBHaKocTi. [IBuakomis
BHYTPIIIHBOTO KOHTYpPY CTpPyMy IO OcCi (| MOBHHHAa OyTH OLTBIIOI 3a MIBHIKOMAII0 30BHIIIHBOTO KOHTYDPY
KepYyBaHHSI MIBUIKICTIO U1 3MEHIICHHS HOTO BIUTHBY.

[IpoBeseHO NOCTIKEHHS aNTOPUTMIB KEpYBaHHS LIBHAKICTIO CHHXPOHHOTO IBHUTYHAa 3 IOCTIHHHMH
MarHiTaMH y KOB3HOMY PEXHMi IIILIXOM MojeiroBaHHsA. [lapamerpu perynsTopiB ctpymy (16) ta (20) maroTh
HacTymHi 3HaueHHs: 0o1g=1000; kg=200; 001¢=1000; k;=200. Ilapamerpu TpbOX peryisiTopiB mBHAKOCTI (23),
(25) Ta (27) BiamoBimaroTh AWHAMIYHUM BiacTHBOCTAM (inbTpa BarrepBopra 1-ro, 2-ro Ta 3-rO0 MOPSAAKY IpH
3a0e3MeueHHl 0JHAKOBOTO Yacy TPHBAIOCTI mepexiaHol ¢yHkuii: peryisitop (23) coe=100; ke=200, perymnsrop
(25) 000=100%, 010=141; ke=200, peryasrtop (27) c00=100% 01c=20000; 02,=200; k=200. Ilapamerpu
CHHXPOHHOTO IBUTYHA IIPECTaBIeHo y Tadu. 1.

Tabmums 1 — [MapaMeTpu CHHXpOHHOTO ABHTYHA 3 TIOCTIHHUMH MarHiTaMH

ITapameTp [To3HauenHs 3HaueHHs
HowmiHaibHa HOTYXHICTh, KBT P, 9,42
Howminansauii Moment, Hm M, 20
HowmiHasipHa yactora o0epTaHHs, 00/XB Ny 4500
HowMiHanbHuUi cTpyM, A 1, 24,5
HowminaspHa Hanpyra, B U, 220
Enextpuunuii onip craropa, Om R, 0,19
IHnyKTHBHICTH cTaTOpa, M H Ly =L, 2,2
KispkicTh nap nosociB z, 4
TloToko3uerienHs Martitis, BO 72 0,12256
MowmenT inepuii, kr-m? J 0,0146

Ha puc. 1 moka3zaHO curHan 3aBHaHHS YaCTOTH OOEpTaHHs JBUTYHA MPHU IIYCKY B XOJOCTY JIO 3HAYCHHS
1000 06/xB. Curnan mpenctaBisie coOOK KOMOIHAIIO TOCTIHHOTO, JIHIHHO3POCTAIOYOro Ta MapaboIivHOTO
CUTHAIy IJIs BH3HAYCHHS IMOKA3HUKIB SIKOCTI KePyBaHHS TPHOX CHHTE30BAHUX PETYJISATOPIB IIBUAKOCTI, SKi
3a0e3IeuyoTh acTaTu3M IEpIIoro, JPyroro Ta TPEThOro MOPSAAKY 32 Kepylodoro jaiero. CHTHANI CKIIAQJAETHCS 3
YOTUPHOX XapaKTEePHUX AUISTHOK: B mepiox Bix Hyns 1 1o 0,2 ¢, a Takox Big 0,4 ¢ i g0 0,8 ¢ BiH 3MIHIOETECS 32
napaboigyHO0 3anexHicTio; Bij 0,2 ¢ i 10 0,4 ¢ — 3a JIIHIHHOHAPOCTAIOYOIO 3aJIekHICTIO; a Bix 0,6 ¢ i 10 0,8 ¢ BiH
€ He3MiHHUM. Ha puc. 2 mpezcTaBieHa OXiTHa CUTHATY 3aBAaHHS 4aCTOTH 0OepTaHHS JBUTYHA, siKa 3a0e3medye
(hopMyBaHHS 3a/1aHOI TPAEKTOPII HIBUIKOCTI, IpeACTaBIeHOI Ha puc. 1.

Ha puc. 3 mpencraBneHa moxubKka perymioBaHHS 9acTOTH OOEPTaHHS IBUTYHA MPH POOOTI aIropuTMy
KepyBaHH: MBHIKICTIO (23), sikuit 3a0e3neuye actaTusM 1-ro mopsaky. [Ipu He3MiHHOMY cHUTHAJI 3aBJaHHS Ha 4-
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My eTalli TPaeKTopii pO3roHy ycTajieHa MOXWOKa PEryIIOBaHHS BIJICYTHS, IO XapaKTEPHO IS PETYISITOPIB 3
acratu3aMoM 1-ro nopsaxy. [Ipu niHifHO3pOCTalOUOMYy CHrHajIl 3aBIJaHHS Ha 2-My €Talll TPaeKTopii po3roHy
yCTaJleHa BiIHOCHA OXHUOKa peryoBaHHs cTaHOBUTH 2,5 %. [Ipu nmapabosiuyHOMy cUrHami 3aBaHHs Ha 1-My Ta
2-My eTarni TpaeKkTopil po3roHy BiTHOCHA ITOXUOKa pETyJIFOBaHHS 3MIHIOETHCS B MEXKaX Bifl HYJIO 10 2,5 %.

2500
1000
900 s
/ 2000
800 /
700 // ~
% 1500
2 600 B
kg o
2 500 £
S 00 / X 1000
300 /
200 // 500
100 /
0 0
0 01 02 03 04 05 06 07 08 0 02 04 06 038
tc t,c
Pucynok 1 — I'paghix 3a0anoi wacmomu obepmanms Pucynok 2 — I'paghix noxionoi sadanoi vacmomu
08USYHA NPU NYCKY 0bepmanms 0BUZYHA NPU NYCKY

Ha puc. 4 mokasaHa moxuOKa peryjroBaHHS 4YacTOTH OOCpTaHHS JABUTYHA IPU POOOTI alropUTMy
KepyBaHH MBHUIKICTIO (25), AKkuii 3a0e3medye acTaTu3M 2-To mopsaKy. [loxnOka peryIroBaHHS BiICYTHS HA 2-My
eTarni TPaeKTopii PO3TrOHY MPH JiHIHHOHAPOCTAIOYOMY CHUTHAJI Ta 4-My eTalli po3roHy IpH HE3MIHHOMY CHTHAII
3aBJAHHS, IO XapaKTePHO MJIS PEryJsATOpiB 3 acTaTH3MOM 2-To mopsaky. Ilin yac mapa®oJigHOTO CHUTHATY
3aBJaHHSA Ha 1-My Ta 3-My erami TpaeKkTOpii pO3roHy YCTaleHE 3HAUCHHs BiHOCHOI IOXHOKH pETyIIOBaHHSI
nopiaroe 0,125 %.

30 15
25 /f_ 1
20 05
15
\
/ \

T/ \ ) |
\ v

i

SN

/
An, 06/xB

?

AN, 06/xB

0o 01 02 03 04 05 06 07 08 T 01 02z 03 04 05 o0s o7 08
t,c t,c
Pucynok 3 — I'paghix noxubxu pezynosanns PucyHok 4 — I'paghix noxubku pezynioganms
yacmomu 0OepmManHts 3 arOpUmmoM KepyeaHHs, yacmomu 06epmanis 3 an2OPUMMOM KepyGanHs,
wo 3abesneuye acmamuzm 1-20 nopsoxy wo 3abe3neuye acmamusm 2-20 NOPAOKy

Ha puc. 5 npencraBieHa moxuOka peryioBaHHS YacTOTH OOCpTaHHsS ABUTYHA IPHU POOOTI alropUTMy
KepyBaHHs IBHIKICTIO (27), Akl 3a0e3rnedye acTaTu3M 3-r0 TOPSAKY. YCTaJieHa IMOXHOKa PETyITIOBAaHHS
BIZICYTHS Ha BCIX eTamax TPaeKTOpil PO3TOHy JBHTYHA, IIO XapaKTEPHO Ui PETYNATOPIB 3 acTaTH3MOM 3-TO
nopsiaky. MakcumanbHa JUHAMIYHA BiJHOCHA MOXHMOKa Ha MOYATKy Ta B KiHII €TamiB MapaboiivyHOTO CHTHAITY
3aBaanHsa cranoButh 0,05 %.

Ha puc. 6 moka3zano rpa¢ik MOMEHTY ABHTYHA IIiJ 9ac po3roHy. Ha 2-Mmy etami TpaexTopii po3roHy mpu
JHIHHO3POCTAIOUOMY CUTHAJI 3aBJaHHs yCTaJleHHi MOMEHT JIBUTYHA CTaHOBHTSH 3,8 Hwm.

Ha puc. 7 mpencraBieHO XapakTep 3MiHM 33JaHOTO CTPYMY IO oci (, SIKHH (DOPMYEThCS Ha BUXOJ1
perysaTopa MBUIKOCTI, 10 MPAII0E€ B KOB3HOMY PEXUMI. 3aB/IaHHS CTPYMY 3MIHIOETHCS CTPHOKOM BiJ +49 A 1o
—49 A, w0 10PIBHIOE JBOKPATHOMY HOMiHAJIbHOMY 3HAYCHHIO CTPYMy ABUTYHA | =21, .

Ha puc. 8 mpezacraBnena Hampyra JBUTYHa 110 OCi (, sIka € BUXOJOM peEryJsropa CTpyMmy 1o oci (.
Perynstop crpymy mpaiioe y KoB3HOMY pexkumi. Hampyra 3miHtoroTscst crpudkom Bin +311 B mo —311 B, mo

JIOPIBHIOE HOMIHAJIBHOMY aMIUTITYZAHOMY 3Ha4eHHIO Uq =\/§UH. Hampyra neuryna mo oci d 3MiHIOETbCS

AHAJIOTTYHO.
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t,c
PucyHox 5 — I'paghix noxubku pezynioganms yacmomu 00epmanis 3 a120pUmmom Kepyeanis,
wo 3abe3neuye acmamusm 3-20 NOPAOKy

Takum, YMHOM, [OCHI/PKEHHS TMOKa3alu Mpale3laTHICTh CHHTE30BaHUX AITOPUTMIB KEpyBaHHS
MIBUAKICTIO CHHXPOHHOTO JABUTYHA 3 MOCTIHHMMHU MarHiTaM# y KOB3HOMY PEXHMI Ta BUCOKI MOKa3HUKH SIKOCTI
kepyBaHHS. OCOOJIMBICTIO aNTOPUTMIB KEPYBaHHS € BiJACYTHICTh y HHX MapamMerpiB 00'ekTa Ta omeparii
qudepeHIioBaHHA, 10 NOJNErulye iX MNpakTH4YHy peanizalito. [lapamerpu perynsTopiB TiIbKH MICTSThH
Koe(ilieHTH, 3a JOMOMOTOI0 SKUX 3aJa€ThCs OakaHa TPHUBATICTh Ta BHJ MNEpPEXiTHUX MPOIECIB CTPyMy i
IIBUJIKOCTI €JICKTPOIBUTYHA.

4

N/ \

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
t,c
Pucynox 6 — I'paghix momenmy cunxponnozo ogucyna

BucHoBkH

1. 3ampomnoHOBaHO METOJ CHHTE3y aJIrOPUTMIB KEpPyBaHHS IIBHJKICTIO CHHXPOHHOTO JBHUTYHa 3
MOCTIfHIMHU MarHiTaMH y KOB3HOMY PEXMMi Ha OCHOBI KOHIIEMIIil 3BOPOTHOI 3a/1adi JUHAMIKH y TO€IHAHHI 3
MiHIMi3aIli€l0 JOKaTbHUX (DYHKIIOHATIB MHTTEBUX 3HAUYEHb eHeprii. PO3risHyTO anropuTMu KepyBaHHS, SIKi
320€3MeuyIoTh BiAMPAIFOBaHHS 33/IaHUX TPAEKTOPIN pyXy 3 acTaTu3MoM 1-10, 2-T0 Ta 3-TO MOPSIIKY 32 KEPYIOUOI0
niero. Merox 3abe3medye NMPOCTy peali3amilo PeryJsTOpiB CHCTEMH KepyBaHHS, B AKHX BIICYTHI omepariii
mudepenniroBanHsi. CHIHAaIN Ha BUXOMAI PETYJATOPIB CKIAJOBHX CTPYMY CTaTopa Ta MIBHIKOCTI 3MiHIOIOTHCS
CTpUOKOM BiJ MaKCHMAaJbHOTO A0 MiHIMaldbHOro 3Ha4deHHSA. OCOONHMBICTIO PETYIATOPIB € BiACYTHICTH B HUX
napaMeTpiB CHHXPOHHOTO JIBUI'YHA, IO XapaKTepHO Ul KJIACMYHUX peryisropiB. Ilapamerpu perynstopis
MICTSITh TUTbKU KOe(illi€HTH, 32 TOMMOMOTOIO SIKMX 3aIa€ThCs OakaHa TPUBAIICTH Ta BHJ IEPEXITHUX MPOIIECIB
CTPYMY 1 IIBUJKOCTI €JIEKTPOJIBUTYHA.
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Pucynok 7 — Ipaghix sminu cmpymy 3a60arisi no oci q

2. JlocmimpKeHHS! anropuTMiB KepyBaHHs IIBUAKICTIO CHHXPOHHOTO IBHTYHA 3 MOCTIfHUMH MarHiTaMu y
KOB3HOMY DPEXHMi 3[iHCHEHO IIIIXOM MOJETIOBAaHHA. Pe3ynbTaTH MOMENIOBaHHS ITOKA3ajM IPaIe3laTHICTh
AITOPUTMIB KepyBaHHA. TpaekTopis IycKy OBUTYHa c(GOpPMOBaHa 3 XapaKTEepPHHX MAUISHOK IOCTIHHOTO,
JiHIHHO3POCTAIOUOr0 Ta MapabOJIIYHOrO CHUTHANY Il BU3HAYCHHS IIOKa3HHWKIB SKOCTI KEPyBaHHS TPHOX
CHHTE30BaHMX PETYISATOPIB MIBUAKOCTI, SIKi 320€31I€UyI0OTh acTaTU3M IIEPIIOTo, APYroro Ta TPETHOTO MOPSIIKY.
ANTOpUTM KepyBaHHs MIBUAKICTIO 3 acTaTU3MOM 1-ro mopsuky 3a0eslieuye HyJbOBY HOXHOKY pEryiIOBaHHS
TUIBKW NPU HE3MIHHOMY CUrHaji 3aBiaHHsA. [Ipu miHIHO3pOCTarOuOMY CHUTHAJI 3aBAaHHs ycTaleHa BiHOCHA
MOXHOKa PeryJItOBaHHs CTAHOBUTH 2,5 %, a npu napaboIiYHOMY CUTHAI 3aBJJaHHs MMOXUOKA 3MIHIOETHCS B ME¥KaX
BiJ HyJ1r0 10 2,5 %. ANTOpUTM KepyBaHHS MIBUAKICTIO 3 ACTATU3MOM 2-T0 MOPSIIKY 3a0€3Meuye HyIbOBY YCTAJICHY
MOXHUOKY pEeryJroBaHHs NMPU HE3MIHHOMY Ta JIiHIHHO3POCTAal0OYOMY CHTHAJl 3aBJaHHS, a IpU MapabosiuHOMY
CHTHAJl 3aBJaHHS yCTaJeHa BiHOCHAa moxuOka perymoBaHHA nopiBHIoe 0,125 %. AJTOpUTM KepyBaHHS
MIBUAKICTIO 3 aCTATU3MOM 3-TO NOPSJKY 3a0€31euye HyJIbOBY YCTalIEHy TOXHOKY PETYIIOBaHHS IPH HE3MIHHOMY,
JMHIHHO3POCTal0OUOMY Ta MapabOIIYHOMY CHTHAJI 3aBIAaHHA, a MaKCHMalbHa JWHAMiYHA BIJHOCHA IOXHOKa
cra"oButh 0,05 %.
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Pucynok 8 — I pagix sminu nanpyeu osuzyna no oci q
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SPEED CONTROL OF PERMANENT MAGNET SYNCHRONOUS MOTOR
IN SLIDING MODE

The paper examines a series of speed control algorithms for a synchronous permanent magnet motor in
sliding mode, providing asymptotic stability of the first, second, and third order. In the sliding mode, the control
system exhibits properties that are unattainable with classical continuous control algorithms. The control
algorithms are developed based on the inverse dynamics method combined with the minimization of local
instantaneous energy functionals. The key idea of the method lies in the reversibility of the direct Lyapunov method
for stability analysis. The closed-loop control system has a predefined Lyapunov function, represented by the
instantaneous energy. Notably, the control algorithms do not require knowledge of the object's parameters or
differentiation operations, which facilitates their practical implementation. The regulator parameters consist
solely of coefficients used to specify the desired duration and shape of current and motor speed transient processes.
The vector speed control system comprises two controllers for the stator current components and the motor speed
controller. All regulators operate in sliding mode. The output signals of the stator current component controllers
and speed vary discontinuously from maximum to minimum values. Simulation results demonstrate the
effectiveness and high-quality performance of the control algorithms. To determine the control performance
indicators for the three synthesized speed controllers, the motor startup trajectory is formed from characteristic
segments of constant, linearly increasing, and parabolic signals. The speed control algorithm with a first-order
asymptote ensures zero tracking error only for a constant reference signal. With a linearly increasing reference
signal, the steady-state relative tracking error is 2,5 %, while for a parabolic reference signal, the error varies
between zero and 2,5 %. The second-order asymptotic speed control algorithm ensures zero steady-state tracking
error for constant and linearly increasing reference signals, and for a parabolic reference signal, the steady-state
relative tracking error is 0,125 %. The third-order asymptotic speed control algorithm ensures zero steady-state
tracking error for constant, linearly increasing, and parabolic reference signals, with a maximum dynamic relative
tracking error of 0,05 %.

Keywords: electrical drive, synchronous motor with permanent magnets, control algorithm, sliding mode.
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?HanionanbHuii yHiBepcuTeT «3anopi3bka moiTexHika»

MATEMATHYHA MOJEJIb ®YHKINIOHYBAHHA CUCTEMHU
HNEPETBOPIOBAYA YACTOTH B CYJHOBIM ABTOHOMHIN
EHEPI'ETUYHIN CUCTEMI

B cmammi noxasano npoyec nobyooeu mooeni QyHKyionyeanHa cucmemu KepyeaHHs Nepemeoproeayem
yacmomu 051 CYOHOB0I ABMOHOMHOL ellekmpoeHepeemuyunoi cucmemu. /lana 3adaua eupiwyeanace OJis
CHPOWEHH MAMEMAMUYHO20 ONUCAHHS BKA3AHO20 Nepemeoplosaid 4acmomu O0as CYOHOB0I A8MOHOMHOT
eflekmpoenepeemuunol cucmemu. B pesynemami ompumano mamemamuuny MHONICUHY UMOBIPHUX KOMOIHAYIN
POOOYUX CMAHIE CUTIOBUX KIIOHIE | BIONOGIOHI 3HAUCHHS Y3A2ANbHEHUX 8eKIMOPI6 HANPY2U A8MOHOMHO20 IHEEPMOpa
npu BUKOPUCMAHHI WUPOMHO — IMRYAbCHOT MoOynayii. I[Iposedene Ha OCHOBI Yb020 MOOENO8AHHS NIOMBEPOULO
8IONOBIOHICMb OMPUMAHUX 3HAYEHb (DA3HOI Hanpyeu a8MOHOMHO20 IHEepMOpPA DedalbHUM eHepeemuyHUM
npoyecam. Ilokazano, wo eaxciugum € nooanvuie OOCHIONCeHHS MEXHIYHUX Md MemoOUUHUX @akmopis
niOBUUeHH s eHep2emMUYHOL e(heKMUBHOCTNE A MOYHOCMI MAMEMAMUYHO20 ONUCY PealbHUX TIAHOK eHep2emUuyHUX
cucmem, ujo 3abesneuums npoyec 0Ll AKICHO20 O0CIIONHCEHHS eHepPeeMUYHUX NPOYECi8 8 HUX.

KarouoBi cnoBa: mamemamuune onucauns, epekmugHicmy, pexcumu pooomu nepemsopro8aya uacmomi,
nepemeopiogay 4uacmomu, aegmoHOMHULL IHBEPMOP HANPY2U.

Beryn. PexxuM po0GOTH TpaHCHOPTHOTO MEpPETBOpIOBaYa YacTOTH BH3HAYa€ CTYIIHb BHKOPUCTAHHS
MOTY>KHOCTI Ta BCIET CHUJIH TATH, HAIIHHICTh 1 CKOHOMIYHICTh HOrO B KOHKPETHHX YMOBaX €KCILTyaTallii CyIHa, 1o
€ aKTyalbHOI 3ajaudero. HamaraHHs mOJINIIEHHSs BHUKOPHCTaHHS TATOBOI MOTY)XKHOCTI W CHIM TATH
CYTIPOBOJIKYETHCS BIOCKOHATIOBAHHSAM PEXHMIB KEpYyBaHHS CHEPTETHYHOIO YCTAHOBKOKO, paIliOHAIEHUM
BUKOPHUCTAHHSM IaJHBHO-CHEPTETHYHIX PECYPCIiB HA PyX CYAHA Ta 3a0€3MECUCHHS BIACHUX MOTpPEO.

JIoCHiDKeHHIO TIMTaHHS pAaliOHAJBHOTO KEpyBaHHSA IIEPETBOPIOBAYAMH YaCTOTH, BHKOPHUCTAHHIO
EHEPreTUYHUX PECYPCiB MPUCBIICHO 0arato pooit [1-7], M0 MOsSCHIOETHCS BaXIIUBICTIO JaHOT MPHUKIIAIHOT 33139l
Ta aKTyalli3ye BaXJIHMBICTh AHOTO MUTAHHA. [IpOTe 3 PO3BUTKOM CYYacHHX 3ac00iB MOOYJOBU MEPETBOPIOBAYIB
YaCTOTH, PO3BUTKOM HAYKOBOi 0a3d CTBOPEHHsS CHCTEM KepYBaHHS CHEPreTHYHHM YyCTaHOBKaMH 3aco0iB
TPAHCIOPTY JlaHa 33]a4a MOCTIHHO OTPUMYE OLTBII HOBI Ta Cy4acHI PillICHHS.

Merta Ta 3aBaanHs. MeTor0 1aHOi CTaTTi € mo0y10Ba Moaei (DyHKI[IOHYBAaHHS CHCTEMH MIEPETBOPIOBAYA
YaCTOTH B CyTHOBiil aBTOHOMHIH €JIEKTPOSHEPIeTHYHIH CHCTEMI.

3aBIaHH’IM CTaTTi € PO3BHTOK IHXKCHEPHO-TEXHIYHMX MIJXOMAIB, L0 CHPUSITHMYTh CKOPOYEHHIO Ta
CIPOIIECHHIO OITUCY CUCTEMH NIEPETBOPIOBaYa YaCTOTH B CyTHOBIi aBTOHOMHIH €JIEKTPOCHEPreTHYHIH CHCTEMI.

MartepiaJ i pe3y1bTaTH 10CTiIXKeHb.

Jis nu3ens — TEHEpaTOPHOTO IIePETBOPIOBAada YaCTOTH BHUKOPHUCTOBYIOTHCS B SIKOCTI HAIliBKEPOBAaHUX
CHJIOBUX KJIFOYiB TPAH3UCTOPH PI3HUX THUIIIB, IPUKIIAJX X BUKOPUCTAHHS HaBe/IeHO Ha puc. 1 [1-4].

I s 7 2

a) 0)

Pucynok 1 - Buxopucmanus pisnux munie mpan3ucmopHux Koyig 0isi aBMOHOMHO20 IHEepmopa
nanpyeu Ha ocnogi: a) IGBT; 6) GTO (abo IGCT).

Ha puc. 2 300paxkeHa cxema MepeTBOpOBava YacTOTH, KA PO3MOBCIODKEHA Y 3aCTOCYBaHHI B CYyHOBIH
JM3eNb-TeHePaTOPHIA SHePTeTHYHII cucTeMi 3MiHHOTO CTpyMy [5,6], sika BukoHaHa Ha IGBT cunoBux kimogax.

ABTOHOMHMH 1HBEpPTOpP HAaNpyrd Wi’€AHAHWH O IIMHK IIOCTIHHOTO CTpyMy, $Ka IIyHTOBaHa
KOHJIeHcaTopHHUM (ibTpoM C. BiH, BUKOPHCTOBYETHCS JUTsl KOMITEHCALlIT PEaKTHBHOI ITOTYKHOCTI HABaHTAXKCHHS,
HOro 3aCTOCYBAHHS € XapaKTePHOIO OCOOJIMBICTIO €T CXEMH.
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IIpu moOymoBi cXeMHW aBTOHOMHOTO iHBepTOopa Hampyrd Ha ocHoBi IGBT, BHKOpHCTOBYIOUHM IOCBIiX
3aCTOCYBaHHSI LIMX NEPETBOPIOBAdYiB yacToTH [1-6], crae 3po3ymisno, 0 Lie Ja€ psij NepeBar B IOPIBHSHHI 3
IHIIIUMU BHJIAMH CXEM JIJIS CYTHOBHX CHUCTEM:

— JIETKICTh KePYBaHHsI 3 HEBSIIUKUM BJIIACHHUM BUKOPUCTAHHSAM TOTYKHOCTI;

— MO>XJIUBICTB JI0 KEPOBAHOTO 3alUPaHHS;

— BHCOKa po0oyYa 4acToTa.

/o’ r A - B + C]
Lo B g | Ar
_t | I — .'/50 i
= :
Wuna nocmidnozo cmpymy = | %f:%j O

| | |

{
(]

x|
Ep———

PucyHok 2 - @yukyionanvHa cxema nepemsoprosaya 4acmomu cyoH080i Ou3enb-2eHepamopHol
eHep2emU4HOI cucmeMuy Ha OCHOBI A8MOHOMHO20 THEePMOpa HaANpy2u

3 puc. 2 6ayuMo, IO OO CXEMH aBTOHOMHOTO iHBEPTOpPa HANPYTHW BXOAATH INICTh TPAaH3HCTOPIB, SKI
NIYHTOBAHI Mi0JaMH, II¢ HEOOXIJHO JJIs OTPUMAaHHS TMPOBITHOCTI CTPyMYy aKTHBHO — IHAYKTHBHOIO
HAaBaHTAXXCHHSI, SIKUM € aCHHXPOHHHWH reHeparop. s Toro, mo0 mepeTBOPUTH MOCTiHHY HANpyry B 3MiHHY
TpudasHy, HeoOXiTHO 3pOOUTH NEpEMHUKaHHS TPAH3UCTOPIB, IEPEMUKAHHS SKUX MIOBUHHO IPOXOJUTH y MEBHIH
nociiioBHocTi. BogHoUac, Tpu TpaH3UCTOPH TOBMHHI OyTH BIiJKPUTI Y KOKEH MOMEHT 4acy B KOXHIH 3 a3
ABTOHOMHOTO 1HBEpPTOpa HAIPYTH 110 Yep3i, a IHIII 3aKPHTI.

Ko Biz cucTeMH KepOBaHMX 1HBEPTOPIB MPUXOANUTH KEPYIOUHH iMITyJIbC Ha 0a3y TpaH3UCTOpa, B CXeMi
BiOyBa€THCS BBIMKHCHHS TPAH3UCTOPIB. Bif 3amaHux mapaMeTpiB TPaH3UCTOPIB 3aJICKUTH, SIKY 3MIHHY HAIIPYTy
Ta 5iK01 (POPMU MOKITMBO OTPHUMATH, B i/IeaJJbHOMY BUIIQJIKy — CHHYCOifanbHa GhopMa 3MiHHOT HAIIPyT'H Ha BUXO/I,
a SKIO 30UThIIYBATH YM 3MEHIIYBATH YACTOTY IMOJadi IMIYJbCIB Ha KIFOYi IEPETBOPIOBAYA, MOMIIUBO
peryIoBaTH ii 4acTOTY, IIe i € OCHOBHA BiIMiHHICTB BiJf THPUCTOPHOTO iHBEPTOPA, B IKOMY BHXIi/IHA HAmpyra He
Ma€ MOXJIMBOCTI PEryJIIOBaHHS ii 4aCTOTH.

B Tabauii 1 HaBegeMo KOHKpETHI 3HaYeHHs cTaTopHuX Hanpyr Usa, Usb, Usc, a Takox 3HaAUEHHS BEKTOPY
CTaTOPHOI HANPYT'H aCHHXPOHHOTO IeHepaTopa y NMOKa3HUKOBIi GopMmi, B 3a1€:KHOCTI B/l MOCTIHHOI HAIIPYTH Ha
BXxozi inBepropy Ud, mist komOiHawii poO0YMX CHUIIOBUX KJIFOUiB TpH(a3HOro aBTOHOMHOI'O iHBEPTOpa HANPYTH,
SIKi MOXKYTh MaTH SIK BIAKPUTHUI, TaK 1 3aKpUTHI CTaH:

Js(l) :Us(l)ems“) ! @

JloriyHo, MmO SIKIIO >XMBUTH PO3IJSHYTHH BHIIE Tpu(a3sHUH aBTOHOMHHN IHBEPTOp HANpyru BiX
ACHMHXPOHHOTO I'eHepaTopa, CyMa BCiX MOXIIMBHX KOMOiHaMii CHIpalloBaHHs CHIIOBHX KITIOYiB, IIOJIOKEHHS SKUX
BIZIPI3HAIOTHCS, TA TIOKA3HUKIB (Da3HMUX CTATOPHUX HANPYT, JOPIBHIOE CEMH.

Harypansae uncmo 1 = 1, 2,..., 7 Bu3Hadae co00I0 yMOBHE NTO3HAYCHHS HOMeEpa BapiaHTy KOMOiHamii
3HaueHb (ha3HUX CTATOPHUX HANpPYr acHMHXpoHHOro reHeparopa Usa, Usb, Usc i BiAMOBiAHUX CTBOPIOBAHHX
y3araJlbHeHUX BEKTOpPiB craTopHoi Hampyru (1) acHHXpOHHOTO reHeparopa. Y tabnuii 1 mo3Haukoro "turroc"
MO3HAYCHI BIAKPUTI MOJIOKESHHS CTaHIB CHJIOBUX KIIIOUiB, a II03HAYKOIO "MiHyC" — 3aKpHTi CTaHU CHIIOBHUX KIIFOUIiB
B aBTOHOMHOMY 1HBEPTOpPI HANIPYTH, 3TiIHO 3 iX 300pakeHHsIM Ha puc. 2.4.

3arajgom 3Ha4Y€HHS BEKTOPIB CTaTOPHOI HAIPyTHW aCMHXPOHHOI'O IeHEepaTopa MOXIMBO 3HAWTH 3 BUpa3y
[1]:

- 2 | i-H7

Usy=—=<1-|=1|}U e , 2
"=3 7 |1V (2
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Ta6murs 1 - MoxxuBi koMOiHaIliT CTaHIB CHIIOBUX KITIOUIB 1 BiIMTOBIAHI 3HAYEHHS y3araabHEHUX
BEKTOPIB BUXIJHOT HAMPYTH TPU(a3HOTO aBTOHOMHOTO iHBEPTOpA HAMIPYTHU MPHU MIUPOTHO — IMITYIBCHOT

MOJTYJISALIT
No | 3HaueHHs GasHUX CTATOPHHMX HANPYT _ KomOGiHarist cuiioBUX KIIFOUiB
Usqy
Usa Usb Usc ) -Al | +A2 | -Bl | +B2 | -Cl | +C2
1 ZUTd —U?d _USd EUd + - - + - +
PN T VR TR R A I I I B
5 —U?" —U?" ZUT" %U[,e"“”’3 - + - + + -
6 U?d —ZUT" U?d %Udejs’”3 + - - + + -
+ - + - + -
7 0 0 0 0
- + - + - +

[lix gyac cuHTE3y MaTeMaTHYHOI MOJEII CyIHOBOI MU3€Nb-TeHEPATOPHOI EHEPreTHYHOI CUCTEMH CHIIOBI
KJIIOUl ITEpeTBOPIOBAYa YaCTOTH BBAXKAEMO iJ€albHUMH, TOOTO BOHM HE MAalOTh BJIACHOTO ONOPY Y BiAKPHUTOMY
CTaHI Ta 3HAYEHHs IXHHOTO OMOPY HPSIMY€E O HECKIHYCHHOCTI B 3aKPUTOMY CTaHi, Ta 4ac iX NEpEeMUKaHHS —
MUTTEBU.

SIKmIo po3rNISHYTH CTaHOM Ha CHOTOIHINIHIN JeHb IBHAKOMIIOYI crioBi kimodi Ha ocHOBi IGBT, GTO
(IGCT), To MOXJIMBO 3pOOMTH BUCHOBOK, 1110 BOHHU 3aCTOCOBYIOTBCS JIJIsl CTBOPEHHSI CTATUYHHX NIEPETBOPIOBAYiB
YaCTOTH, a X XapaKTEPUCTHKH JIMIIEe B YACTHHI, SKa HaBelleHa HIDKYE, HAOJIMKEHI 10 MapaMeTpiB ileabHUX
KIJIFOYiB:

— BIJIHOCHO HEBEJIMKI BEJIMUMHHU Yacy 3pi3y (3aTpUMKH, (POHTY) iX NEpEKIIIOUEHHS, SIKIIO TOPIBHIOBATH 3
(haKTMYHUMH YaCOBUMHM JIOB)KMHAMH ITPOBIJHOTO 1 HENPOBIJHOTO CTAaHIB 3a3HAYCHUX KIIOUIB, NMPH HMIMPOTHO —
IMITYJIbCHINA MOYJISIIIT;

— II0/I0 HEBEJIMKHX 3HAYCHb CTPYMIB, SIKi IPOCOYYIOTHCS Yepe3 3aUMHeHI KITF0Ui, SKIIO0 TOPIBHIOBATH X 3i
3HAYEHHSIM CTPYMY IPH BIIKpUTOMY (poO0OYOMY) TIOTOKEHHI.

BukopucToByrour 3aK0H KepyBaHHS KIIFOYaMH CHJIOBOTO MEPETBOPIOBaYa, BU3HAYAEMO BXIiHI Ta BUXiJIHI
rapaMeTpy TEepEeTBOPEHHs EJNEKTPUYHOI eHeprii, a came, SKICTb BHXIJHOI Hampyrn aBTOHOMHOTO iHBEpTOpa
Halpyru CyIHOBOi JAM3eNb-TeHepaTopHOi eHepreTndHoi cucremu. [Ipm 1mboMy HEOOXiZHO BpaxyBaTH, IO
BUpIIIANTbHE 3HAUYEHHS Ma€ ITOCIIIOBHICTh MOBOJDKEHHS B IIIJIOMY aBTOHOMHOTO 1HBEPTOpa HAIIPyTH, SIK JIAHKH
3aMKHYTOI CUCTEMH aBTOMAaTHYHOT'O KEpyBaHH:, a He Jinie (PakTop SKiCHOro rapMOHIHHOTO ckiiany chopMOBaHOT
BHXI1JTHOI HAIPYTH ISl )KUBJICHHA aCHHXPOHHOT'O T'eHeparopa, Ta (axrop 3abe3nedenHs Bucokoro KK/I.

B pesysnbrari MOJETIOBAHHS MEPETBOPIOBAYa YaCTOTH 3 TOYATKOBUMH JAHWMH, MOKa3aHWUMH B [7],
3i0paHoro 3a po3poOJIEHO0 MOJIEIIIIO, BCTAHOBJICHO (h)a3HY HANpyra aBTOHOMHOT'O iHBEPTOpa HAIIPYTH, MOKa3aHy
Ha pHc. 3, 110 TIOBHICTIO BiAMOBIIAE peaTbHIM €HEPreTHYHNUM Mporecam [ 7].

BucHoBku

Byno nposeneHo moOynoBy Mojeni (yHKIIOHYBAaHHS CHCTEMH IEpETBOpIOBaYa YacTOTH B CYJIHOBIH
ABTOHOMHIH €JIeKTPOCHEPreTHYHIA CHCTEMI 3aJUIsl CKOPOYEHHS Ta CIIPOIIEHHS OIKCY CUCTEMH IepeTBOpIoBaya
YacTOTH B CYZIHOBi/ aBTOHOMHIH €JIeKTpOeHepreTHUHii cucrtemi. B pe3ynpTari oTpuMano MareMaTHYHE PiBHSIHHS
1010 BU3HAYCHHS MOXJIMBAX KOMOIHAIIY CTaHIB CHJIOBHX KJTFOUiB 1 BIAIIOBIIHI 3HAYCHHS y3araJlbHCHUX BEKTOPIB
BUXIZIHOI Hampyru Tpu(azHOro aBTOHOMHOI'O IHBEPTOpa HANpPYTH IPU IIUPOTHO — IMIYJIBCHOT MOJYJISALIl.
IIpoBeneHe MOJENIOBAHHS MIATBEPAMIIO alIeKBATHICTh OTPUMAHMX 3HAa4YeHb (Da3HOI HANPYrH aBTOHOMHOTO
iHBepTOpa HAIPYTH, peajbHUM EHEPreTHYHUM MPOLIECcaM.

BaxxnmmBuMm € momamnbie AOCHIIPKEHHS TEXHIYHMX Ta METOIWYHUX (PAKTOPIB MiABUIEHHS €HEPreTHIHOI
e(eKTHBHOCTI Ta TOYHOCTI MaTEMaTHYHOTO OMHUCY PEaJbHHUX JIAHOK E€HEPTeTUYHUX CHUCTEM, IO 3a0e3MeYUThH
MpoIiec OUTBIN SKICHOTO JAOCIIHKEHHS €HePTeTUYHUX MPOIIECiB B HUX.
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MATHEMATICAL MODEL OF THE FREQUENCY CONVERTER SYSTEM
OPERATION IN A SHIP'S AUTONOMOUS POWER SYSTEM

The article shows the process of building a model of the frequency converter control system for a ship's
autonomous power system. This task was solved to simplify the mathematical description of the frequency
converter for the ship's autonomous power system. As a result, a mathematical set of probable combinations of
operating states of power switches and the corresponding values of generalised voltage vectors of the autonomous
inverter using pulse width modulation were obtained. The modelling carried out on the basis of this data confirmed
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the correspondence of the obtained values of the phase voltage of the autonomous inverter to real energy
processes. It is shown that it is important to further study the technical and methodological factors of increasing
energy efficiency and the accuracy of the mathematical description of real links of power systems, which will
ensure the process of a more qualitative study of energy processes in them.

Key words: mathematical description, efficiency, operating modes of a frequency converter, frequency
converter, autonomous voltage inverter.
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ANALYSIS OF TOPOLOGY OF THE AUTOTRANSFORMER
FORWARD-FLYBACK CONVERTER FOR PHOTOVOLTAIC PANEL

The analysis of converters controlling only a part of the output power in photovoltaic systems was carried
out. The architecture of distributed tracking of the maximum power is considered, which is one of the most
promising solutions for overcoming the shortcomings associated with a decrease in the energy efficiency of
photovoltaic panels. The topology of the autotransformer forward-flyback converter for photovoltaic panel is
given. The principle of operation of the converter and the flow of current in the circuit during switching are
presented. The method of calculating the output power of the converter in the DMPPT architecture with a series
connection, in which the circuit voltage is fixed by the central inverter, depends on the generated power of the
photovoltaic panels connected to one circuit, is obtained. The power generated by photovoltaic panels was
calculated depending on the state of their shading.

Keywords: autotransformer, efficiency, forward-flyback converter, photovoltaic panel, power losses, solar
power plant.

Introduction

The efficiency of solar energy production remains low due to the limitation of the efficiency of solar cells,
which are the basis of photovoltaic (PV) systems of electricity production [1, 2].

One of the most important goals of PV power plants is to obtain the maximum possible energy. Due to
phenomena related to solar power plant systems, phenomena of decreasing energy efficiency of PV panels usually
occur. The most common reasons for reducing energy efficiency are shadows, dirt, temperature changes, etc. [3,
4]. Thus, due to this problem, the power produced by the PV plant can be significantly reduced.

The architecture of distributed maximum power point tracking (DMPPT) is one of the most promising
solutions to overcome the shortcomings associated with the reduction of energy efficiency of photovoltaic panels
[5, 6]. This architecture has a DC-DC converter designed to track the maximum power point of each PV panel. To
provide the greatest flexibility, the converter must be able to step up and down the voltage.

Another desirable characteristic of the converters used in the DMPPT architecture is high efficiency, but
one of the main disadvantages is the high cost due to the large number of used converters [7, 8].

Analysis of Recent Research and Publications

In scientific studies, some authors have obtained high efficiency of converters that control only part of the
output power, for example, converters with a series connection, converters with parallel power processing, or
converters with direct energy transfer [9, 10]. However, for use in PV systems, such topologies of converters are
inefficient.

The papers [11, 12] give general approaches that are used for various purposes, for example, to reduce the
load, distribute power in proportion to the generator ratings, and increase the service life of batteries. However,
for modular sub-panel PV converters, the DC bus voltage is not regulated according to the load change.

There are also some studies devoted to topologies capable of both increasing and decreasing the output
power in PV panels [13, 14]. These topologies have the effect of increasing efficiency. But because the intensity
of sunlight hitting the panel varies with season, time and weather, the efficiency gains of the system itself are
limited.

Thus, the issue of the further search for highly efficient and inexpensive converters of electrical energy is
an actual unsolved task.

Purpose and Objectives of the Study

The purpose of the study is to analyze the system of energy conversion at solar power plants through the
use of distributed tracking of the maximum power of the photovoltaic panel, which will make it possible to increase
the energy efficiency of the converter. To achieve this purpose, the following tasks are set:

— consider the architecture of distributed tracking of the maximum power of the photovoltaic panel;

— present the topology of the autotransformer forward-flyback converter;

— give the results of calculating the power generated by photovoltaic panels.
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Main Material of the Study

In the architecture of photovoltaic installations of distributed tracking of maximum power, PV panels are
isolated from each other, reducing the impact of negative phenomena on electricity generation [15, 16].

One of the influences on electricity production is the shadow on the PV panel [17, 18]. In Fig. 1 show a
comparison of the characteristics of an unshaded and 3/4 shaded PV panel.
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Figure 1 — Features of the photovoltaic panel:
a — power produced by the photovoltaic panel; b — current-voltage characteristics of photovoltaic

elements; 1 —unshaded; 2 — 3/4 shaded

As can be seen, there is only one maximum power point for the unshaded PV panel, while the 3/4 shaded
PV panel has two maximum power points. In this case, in addition to reducing the power, the influence of the
shadow also changes the absolute voltage. Because of this behavior, if the DC-DC converter is only able to step
up or step down the output voltage, some PV panels may not operate at their maximum power point, even in
DMPPT architectures.

Since the lowest efficiency is achieved when the PV panels are shaded, more PV panels per circuit are

required if the DC converter is only capable of stepping down the voltage. On the contrary, when using a step-up

converter, fewer photovoltaic panels per circle and more circles are needed [19, 20].

So, to get more flexibility regarding the number of PV panels in circuit, a voltage converter is needed that
can both step up and step down the output voltage.

In Fig. 2 shows the topology of the autotransformer forward-flyback converter for PV panel.
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Figure 2 — Electrical diagram of the autotransformer forward-flyback converter

The main component of the topology of the autotransformer forward-flyback converter. The method of
connecting the autotransformer has two important consequences. On the one hand, due to the fact that the
magnetizing inductance of the autotransformer Ly demagnetizes the output filter, its size can be reduced. On the
other hand, there is a path when switch S is turned on with direct energy transfer from the input source to the output
filter without magnetic treatment by the autotransformer. Thus, the efficiency of the converter increases, since
only part of the energy is processed magnetically. This principle is similar to converters of serial connection.
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During switching on, part of the current transmitted to the load comes directly from the input source Un
(direct energy transfer), and the other part is magnetically processed by the autotransformer. While the switch S is
on, the inductor of the output filter L and the magnetizing inductance of the autotransformer L, accumulate energy.

During turn-off, the inductor of the output filter L gives the stored energy to the load through the diode D».
On the other hand, the magnetizing inductance of the autotransformer Ly gives the accumulated energy to the
auxiliary capacitor C,ux and the output filter through the demagnetization winding, the demagnetization diode Dq
and the diode D».

Input voltage, output voltage and voltage on the auxiliary capacitor Cux are represented by U;,, Uou and
Ucaux, respectively. The variables /. and /i m denote the current through the output inductance L and the magnetizing
inductance L. The coefficient of turns of the autotransformer of the secondary-primary side is denoted by n and
of the demagnetizing winding is denoted by nq. The conductivity mode is determined by the filter current of the
inductor /,. The value of the duty cycle is represented by T. In order to calculate the transfer function, the input-
output voltage balance is performed per second.

[(l+n)~Uin _Uout]'T = (Uout _UCaUX)'(l_T); (1)
0T

UCaux - 1-T Uin’ (2)

h:(1+n+nd)-T. 3)

in
As can be seen, the transfer function of the output voltage is similar to the function of the step-down
converter, but it is multiplied by (1 +n+nq). The voltage increase factor depends on the value of the
transformation factor of the autotransformer. These parameters also affect the overvoltages of the components of
the autotransformer forward-flyback converter. Therefore, both parameters must be chosen carefully to minimize
overvoltages in the converter components.
During operation, direct energy transfer occurs in the autotransformer forward-flyback converter. The
output power is determined by the expression:
P,=U Iout:(1+n+nd)~T‘Uin‘Iout:T-Uin-I0m+(n+nd)-T-Uin-I0m:Pn+Pm. 4)

out
The ratio between the power transmitted by the magnetic field Py and the power transmitted directly by Ph
is calculated from expression (4):

out ©

B =n+n,. (5)
n
Thus, the percentage share of direct and magnetic transfer power is kept constant regardless of the output
power and the ratio of output to input voltage. These power percentages depend only on the transmission values
of n and ng. This fact differs from other series-connected converters, such as series-inverting, where the higher the
ratio of the output voltage to the input voltage, the lower the percentage of forward power transferred.
The percentage ratios Pn, P relative to the output power are defined as:

1
n: 'Paut; (6)
1+n+n,
n+n
Pp=—"4.p. 7
m 1+n+nd out ()

Thus, the smaller the gear ratio, the smaller the percentage of power that is magnetically processed by the
autotransformer. Therefore, lower gear ratios are desirable for higher efficiency. However, because low values of
the transformation factor imply high voltage loads and a lower voltage rise factor, a trade-off between the
percentage of direct power transfer, voltage loading and voltage rise factor must be reached to achieve an optimal
design.

For the calculation, let's take a solar power plant with an average power of 100 kW. In the DMPPT
architecture, the choice of central inverter and PV panel is crucial. The inverter will fix the circuit voltage, while
depending on the characteristics of the PV panel, the circuit will consist of different number of PV panels. The
characteristics of the PV panel are also very important for the design of the DC converter. The FREESUN LVT
FS0100 from Power Electronics can be used as a central inverter. For this inverter, the nominal input voltage is
600 V, so it will also be the circuit voltage Ux. On the other hand, the PV panel SKJ60P6L from Silicon, capable
of generating up to 225 W, was chosen.

Once the circuit voltage is set and the PV panels are selected, there are many options for configuring the
PV panels. The chosen distribution of PV panels for a medium capacity solar power plant consists of a total of
450 PV panels distributed in 25 circles with 18 PV panels in each.
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As shown in Fig. 1, the shadow effect in the PV panel changes the current-voltage characteristic of the PV
cells, and can also drastically reduce the power produced by the PV panel. In addition, depending on the number
and position of the shaded panels, as well as the percentage of shading, the characteristics of the PV panel will
change.

The paper considers three options for shading PV panels. In the first option, there are no shaded PV panels,
so all PV panels in the circuit generate maximum power. For the second option, the percentage of shaded PV
panels is 25 %, and for the third option, it is 30 %. Assuming that all PV panels generate maximum power
regardless of the shading condition, the input voltage and power of the converter are established. The output power
of a DC-DC converter in a series-connected DMPPT architecture, in which the circuit voltage is fixed by the
central inverter, depends on the generated power of the PV panels connected to the same circuit.

U, - (8)
=U, =
where Py is the power generated by the entire circuit; Py ; is the power generated by the analyzed PV panel.
The shading effect involves a reduction in voltage and power at the point of maximum power. The values
obtained for the photovoltaic panel depending on the percentage of shaded modules are shown in Table 1.

U

out_i

Table 1 — The shading effect of the photovoltaic panel

Panel option 1 Panel option 2 Panel option 3
Parameter (100 % / 0 %) (75 % 125 %) (70 % / 30 %)
unshaded shaded | unshaded shaded unshaded shaded
Output power P, W 225 — 225 67.5 225 67.5
Input voltage U;,, V 29.3 — 29.3 15 29.3 15
Output voltage Uy, V 33.3 — 40.4 12.12 42.19 12.66
Circuit current Ik, A 6.75 - 5.57 5.57 5.33 5.33

As can be seen from Table 1, regardless of the converter topology, the higher the percentage of shaded PV
panels, the less power can be produced. Increasing the efficiency of the converter means that more energy can be
produced at the solar plant through the use of autotransformer forward-flyback converter.

The main features of the proposed converter are high efficiency and the ability to both increase and decrease
the output voltage relative to the input voltage.

Conclusions

On the basis of the conducted research, the following conclusions can be drawn:

— the advantage of the maximum power distributed tracking photovoltaic installations is that the PV panels
are isolated from each other, reducing the impact of negative phenomena on power generation;

— the main component of the topology of autotransformer forward-flyback converter, due to which the
efficiency of the converter increases, since only part of the energy is processed magnetically;

— the output power of forward-flyback converter in a series-connected DMPPT architecture depends on the
generated power of PV panels connected to the same circuit, with the ability to either step up or step down the
output voltage relative to the input.
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lYkpainchbkuii AepkaBHUAi yHIBEPCHTET 3a/Ii3HHYHOTO TPAHCIOPTY

AHAJII3 TOIOJIOT'Ti ABTOTPAHC®OPMATOPHOI'O ITPSIMOXOJIOBOI'O
IEPETBOPIOBAYA JJI51 ®OTOEJEKTPUUYHOI ITAHEJII

Ilpeocmasneno awnaniz nepemeoprosaud, AKul KOHMPONIOE NUULEHACMUHY GUXIOHOI NOMYHICHOCHI
@omoenekmpuunoi  cucmemu. Pozensnymo  apximexkmypy po3nooiieHo20 MOHIMOPUHZY —MAKCUMATLHOT
HOMYJICHOCMI, KA € OOHUM 3 HAUOLIbUL NePCNEeKMUBHUX PillieHb OJist ROOOJIAHHS. HeOOIKI8, NO8 SI3AHUX 3 MIHIUBOH)
enepeoeghexmugnicmio gpomoenekmpuynux nauenei. llpeocmagnieno Mmonoaoeio asmompaHc@OoOPMamopHo2o
nPAMOX0008020 NEPemeopioeaia NOCmilino20 Cmpymy o0as gomoenrexmpuynux nawnenei. Iloxazano npunyun
pobomu nepemaoprogaia i NPOMIKAHHA CMPYMY 8 KOl nid yac komymayii. Y nociioosno 3’ conanii apximexmypi
DMPPT, oenanpyza kommypy @ikcyemvca YeHmpaibHuM IHEEPMOPOM, OMPUMAHO MEMOOUKY PO3PAXYHKY
BUXIOHOI NOMYIICHOCI NEPemeoPIo6aUd 8 3aNeHCHOCHI 8I0 NOMYICHOCHI, WO 2eHEPYEMbCI YOMOeNeKMPUIHUMU
nauensamu, niOKmoYeHumu 00 Konmypy. Po3paxoeano nomysicricms, o 2enepyemubCs 3aminioeaibHoI0 CIMIHKOIO
gomoenexmpuunoi naneni.

KarouoBi caoBa: asmompancgpopmamop, KKJI, npsamoxooosuii nepemeoprosau, ¢homoenekmpuuna
nawenb, 6Mpamu HOMYAICHOCHI, COHAUHA eIeKMPOCMAHYIA.
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