PE®EPAT

Maricrepcbka po6oTa MICTUTh 86 CTOPiHOK, 26 pUCYHKIB, 6 TaOauIb Ta 25
610iorpadiuHMX HaliMEHYBaHb 3a MEPETIKOM MOCUIIAHb.

AKTyasIbHIiCTh TeMH. B 3B’s3Ky 3 mnpoiiecoM pedepyBaHHIM €HEPreTUKH
VYkpainu 3rigHO ToJIoKeHb KoHmeniii Smart Grid KI0Y0oBUMH NMUTAHHSMH, IO
NIJUISITAI0Th  BUPIIIEHHIO, € 1HTEerpamis JpKepen po30CepelkKeHoi TreHepanli,
pO3poOKa aIropuTMIB Ta CUCTEM KEPYBAHHS €JIEKTPOCHEPTETUYHUMH CHUCTEMaMU
Ta MOCWIEHHS 1H(OpPMAIIHOI CKIAJOBOi Yy IMpolecax KEpyBaHHS CUCTEMaMU
enexkTponoctayanHs. Tomy poOota marictpa “‘/lociipkeHHS MyJIbTHAreHTHHX
CUCTEM KEpyBaHHS CHOXXHBa4aMH  €JIIGKTPUYHOI €Heprii B  JIOKaJbHUX
eJIEKTPOCHEPTETUYHNX CHUCTEeMax’’, M0 BUPINIYE 3a7aul KEpyBaHHS CIOKMBauYaMHU
€JIEKTPOCHEPT1i B JIOKAIBHUX €JIEKTPOCHEPTETUYHUX CUCTEMAX € aKTYaJIbHOIO.

Mera i 3amaui pocaigxennsi. JlocnipkeHHsST poOOTH  JIOKAJIBHUX
CJIEKTPOCHEPTeTUYHMUX CUCTEM Ta po3poOKa aJIropuTMiB Ta  CHCTEMH
MYJIbTHAr€HTHOTO KEpPyBaHHS B3a€MOJIli aKTMBHUX CIIOKHBAYiB 3 €JIEMEHTaMU
JIOKJIbHOT €JIEKTPOCHEPTeTUIHOT CHCTEMH.

006’exktom nociimkennsi. [Iporecn kepyBaHHS Ta B3a€MOJIl AKTHBHHUX
CIHOXKUBAYIB E€JIEKTPOCHEPTii 3 JOKAJBHUMHU €JIIEKTPOCHEPIeTUYHUMH CHCTEMax B
yMOBax J110epali30BaHOr0 PUHKY €JIEKTPOCHEPrii Y KpaiHu.

Mpenmer pgocaimkennsi. Metonqu Ta 3acobu  MOOYIOBH  CHCTEM
MYJBTHATCHTHOTO KEPYBaHHS EJIEKTPOCHEPTeTUYHUMU 00 €KTaMU B JIOKAIBHHUX
CIIEKTPOCHEPTETUYHNX  CHUCTEeMax 3a HasIBHOCTI  aKTMBHUX  CIIOKHBAdiB
CJIEKTPOCHEPT1, DKEpeNT PO30CEPe/KEHOT TeHepallli Ta 3aco0iB  aKyMyJIsIii
€JICKTPOCHEPT 1.

HaykoBa HOBHM3HA oJiep:KaHMX Pe3yJabTATIB MOJATae y po3poOIli BIACHOT
CUCTEeMH KEpyBaHHs aKTHBHHUMH CIIO)KMBaue€M 3a JOMOMOTOI BHKOPHUCTAHHS

MyJIbTUAT€HTHUX CHUCTEM KEpyBaHHA Ta ajroOpuUTMIB ONTHUMI3alii MpPOLECIB



5

reHepanii eJeKTPOCHEepPrii, 3apsKEHHS Ta PO3PS/KEHHS 3aco0iB aKyMyJsiii
CJIEKTPOEHEPT1i AKTUBHUX CIIOKUBAYIB €JIEKTPOEHEPT1i.

IIpakTHYHe 3HAYeHHH Pe3yJbTATIB IMOJATAE y PO3POOII AITOPUTMIB Ta
CUCTEMHU MYJIbTHATCHTHOTO KEPYBaHHS JIOKAUIBHUMH E€JIEKTPOCHEPTECTHIHUMHU
CUCTEMaMH, MI0 NPHUBOJUTHL JIO MOJEpHI3allli eJeKTPOCUCTEMU YKpaiHW,
MIIBUIEHHS HAIIAHOCTI Ta EHEProe(PeKTUBHOCTI EIEKTPOMEPEX 3a PaxXyHOK
BUKOPUCTAHHS MYJIbTHAr€HTHUX CUCTEM KEpPYBaHHS CIIOKMBayaMu €JIEKTPOCHEPril
B JIOKQJIbHHUX €JIEKTPOCHEPIeTUYHUX CHCTEMaX Ta BIPOBA/KEHHI MEXaHI3MIB
JEIEHTPATI30BAHOTO KEpPyBaHHS AaKTUBHHMH CIIOKMBadyaMH, IO Tiepemdadae
ONTUMI3AII0 PEXKUMY POOOTH JKEepell PO30CepeKeHOi TreHepallii Ta 3acoOiB
HAKOIWYEHHS €JIEKTPOEHEPTIi, MIIBUILIEHHS €HEProe(PeKTUBHOCTI EIEKTPOCUCTEMHU
Ta TOKAa3HUKIB SIKOCTI €JIEKTPONOCTaYaHHS. 3MEHIIEHHS BTPAT €JIEKTPOEHEPrli,
MIJBUIICHHS HAIIMHOCTI €JIEKTPOMEPEKl Ta MAKCHUMI3aIlil0 BUTOJIW BiJl aKTUBHOI

B3aeMO/I11 U1d BC1X 00’ €KTIB B3aEMO/II].

KuarwuoBi cioBa: nokanvha enekmpoenepeemuyna cucmemd, aKMUHULL
CNoHCUBAY, BIOHOBNIOBAHI 0dCepena eHepeii, MyIbMmuUa2eHmHa CUcCmema KepyesaHHs,

3acoou akymynayii eiekmpoenepeii.



ABSTRACT

The master's dissertation is performed on the topic "Study of multi-agent
control systems for electric energy consumers in local electric power systems".
Contains 86 pages, 26 figures, 6 tables and 25 bibliographic references.

Actuality of theme. In connection with the energy utilization process in
Ukraine in accordance with the provisions of the Smart Grid concept, the key
issues to be solved are the integration of distributed generation sources, the
development of algorithms and control systems for power systems and the
strengthening of the information component in the processes of managing power
supply systems. Therefore, the scientific thesis "Study of multi-agent control
systems for electric energy consumers in local electric power systems", which
solves the problems of controlling electricity consumers in local electric power
systems, is relevant.

Purpose and tasks of the research. Research of work of local electric
power systems and development of algorithms and systems of multi-agent control
of interaction of active consumers with elements of local electric power system.

The object of research. Processes of control and interaction of active
consumers of electricity with local electric power systems in conditions of
liberalized electricity market of Ukraine.

Subject of research. Methods and means of constructing multi-agent
control systems of electric power objects in local electric power systems in the
presence of active consumers of electricity, sources of distributed generation and
means of accumulation of electricity.

The scientific novelty of the obtained results is to develop its own active
consumer control system by using multi-agent control systems and algorithms for
optimizing the generation of electricity, charging and discharging of the means of

accumulation of electric power of active consumers of electric power.
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The practical significance of the results is the development of algorithms
and multi-agent control system of local electric power systems, which leads to the
modernization of the Ukrainian electricity system, increasing the reliability and
energy efficiency of the electricity grids by using multi-agent systems for
controlling electricity consumers in local electric power systems and introducing
decentralized control mechanisms for active consumers, which involves
optimization operating mode sources of dispersed generation t means electricity
savings, energy efficiency and quality electric power supply. reduction of electric
power losses, increase of reliability of the power grid and maximization of benefits

from active interaction for all objects of interaction.

Key words: local electric power system, active consumer, renewable
energy sources, multiagent control system, means of accumulation of electric

power.
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BCTYII

binpiricTs kpaiH cBiTy mepeOyBaloTh B CTaHI €HEPIETUYHOrO MEPEXOy 3
TpaJMIIITHOT €HEepPreTHKH, OCHOBAHOI Ha BUKOPHUCTAHHI BHKOITHOTO IajiiBa Ta
3aCTaplIuX TEXHOJOTIH, 0 I1HHOBAIIIHOI, 3 BUKOPUCTAHHSIM HETPAAUIIMHUX
BiHOBMIOBaHUX Jokepen eHeprii (HBJIE) Ta mnpuHOMmiB  parioHaJbHOTO
BUKOPHUCTaHHA eHepropecypciB. Poszputok HBJIE BmnuBae Ha BcCl  acmnekTu
eHepretuuHoi cdepu kpainu. 3 O0oky Ttero3adesneyenHs HBJIE mominmryroTs
CUTYALl}0 Ha PUHKY, aJie 3 EJIEKTPOCHEPreTUKOIO LIeH MpoLec Mae Oe3714 acleKTiB.

[IIupoke BOPOBAKEHHSI TEXHOJIOTIH BIAHOBIIOBAJIBHOI €HEPIETUKHU Ta JI0
KJIIEHTOOPIEHTOBAHOTO MIAXOJY 3TiJHO 3 MOJOXKEHHsSMM KoHUemniii Smart Grid
CIIPUYHMHSE MOSBY HOBUX I'PABIIIB HA PUHKY, 1[0 MOXKYTh K MOJIMIIUTHA CUTYAIIIIO,
TaK 1 YUHUTU HETaTUBHHUI BIUIMB HA €JEKTPOCHEpPreTHUHy cuctemy [86]. Taki
rpaBIli OTpUMaJIM HAa3BY aKTUBHMUX CHOXXHMBauiB. ¥ Mexkax Smart Grid kiHieBuit
CHOKHMBAa4 PO3IJISJAETHCS B SIKOCTI MapTHEpa CYO'€KTIB €JNEKTPOSHEPTreTUKH B
YaCTHHI 3a0e3MedYeHHsT HalIMHOI pOOOTH E€JIEKTPOCHEPTETUUHOI CUCTEMH, Ha0yBae
CTaTyCy «aKTUBHOTOY» 1 CTa€ OJTHAM 3 OCHOBHHUX €JIEMEHTIB B eHeprocuctemu [86].
[TomupenHs JpKepen  po3ocepe/keHoi reHepaiii — enektpoeneprii  (JIPT),
ocHoBannx Ha BukopuctanHi HBJIE, 3MmeHmiye waBanTtaxkeHHs 3 OOKy
BUPOOHMIITBA  €JEKTPOEHEPTii (I TOKPUTTS TOMUTY  €JIEeKTPOCUCTEMHU
BUKOPUCTOBYEThCSI MEHIIA KIUIBKICTh €JIEKTPOCTaHLIW, W0 MpaloTh 3
BUKOPUCTAHHAM  TPAAUINIAHUX  TEXHOJIOT1 BUPOOHUIITBA  E€JIEKTPOCHEPTii)
30UTBIIYETHCS MPOIMYCKHA CIPOMOXHICTh MariCTpajJbHUX Ta PO3MNOAUTBUUX
CJICKTpOMEpEXK, ajle BOAHOYUAC 1€ CHPUYMHSAE HU3KY MpobOsiem. Haitbinbiioro
npobiemoro € HemepeabauyBaHicTh pobotu [IPI" Ta BimcyTHICTP HOpPMATHBHO-
npaBoBoi  0a3u, 110 pEryjio€ JiSUIbHICTh TPaBLIB  E€HEPrOPUHKY,  MIO
BUKOPHUCTOBYIOTh TakKl YCTaHOBKM. B CBOIO yepry e CHpuYHHsE TOTIPIIECHHS
CUTYyallil B €JIEKTPOCUCTEMI 1 IOSIBY TAKUX HETaTUBHUX HACIIJKIB SIK: TOTIPIICHHS

SKOCTI TIOCTa4YaHHS eJIeKTpoeHepri'l'; I[I/IC68.J'IaHC CICKTPOCUCTCMHU, IIOsABaA
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3BOPOTHUX MEPETOKIB €IEKTPOCHEPTIi B TIOKAIBHUX CHCTEMaX €JEKTPOIIOCTauYaHHS;
npoOeMu 3 MPOTrHO3YBaHHSAM PEXHUMIB eleKTporocTadaHHs. BkazaHi mpoOiemu
MOBHHHI BHPINIYBaTUCh Ha JCpKAaBHOMY piBHI, ajie MOCTymoBa Jibepamizaris
PUHKY MOTpeOy€e BUPIIICHHS [[HOTO MUTAHH] B PETIOHATBHUX MEXax.

CydacHi  TeHAEHIIi  PO3BUTKY  EINEKTPOCHEPreTUYHUX  CHCTEM
BU3HAUYAIOTHCA pIBHEM iX iHTenekTyamizamii. [lpu posropranHi MexaHI3MiB
BINpOBaDKCHHS KoHueniii Smart Grid HeoOXigHO BpaxoBYBaTH KOHKPETHI
MOXJIMBOCTI 1 TTOTpeOn KOXXHOi Kpainu Ta perioHy. Ha manuii momeHT B CIIIA,
Anonii, IliBgenHii Kopei Ta B €BpONEMCbKUX KpaiHaX CIOCTEPIraeThes
NIJBUIIEHUN 1HTEpEC JO0 TMpoOJieM CKOPOYECHHS BUTpaT Ha TEHepalilo
CJIEKTpOEHEPTii Ta Ha 11 BUKOPUCTAHHS. 3ajaya IIBUJIKOTO OHOBJICHHS
CJIEKTPUYHUX MEpEeX 13 BpaxyBaHHSIM BHMOI MOTpeOye 3a0e3lnedeHHs
BIIPOBA/DKEHHSI ~ HOBMX  HIPHUHLMIIB  KEpPyBaHHA  EHEPreTMYHHMH  Ta
1H(OpMaIITHUMU TIPOLIECAMU B €JIEKTpoMepekax. ToMy BaXKJIMBO OLIIHUTH CTaH
EJIEKTPUYHUX MEPEK, MOKIMBOCTI JI0 BIIPOBAKEHHS MPUHLHUIIIB KOHLIENIi Smart
Grid Ta ii moTeHI1an y TiABUIIEHH] €HEpProe()eKTUBHOCTI Ta HaIMHOCTI MEPEK.

PO3BUTOK eNeKTpOeHEepreTUKM YKpaiHu B paMmkax koHuenumii Smart Grid
OOyMOBUB aKTyaJbHICTh JOCIIIPKEHHS TPHUHIMIIB TOOYAOBH IHTENEKTYyaTbHUX
CIIEKTPUIHUX MEpeX. [l CydacHUX eJIeKTPUYHUX MEPEXK € aKTyaJbHUM MUTAHHS
noOy10BU IHTEJIEKTYaIbHUX CUCTEM KEepyBaHHSI JOKaJIbHUMU
CJIEKTPOCHEPTETUYHNMU CHUCTEMaMHU 3 BpaxyBaHHSM B3aeMojii i1 OCHOBHUX
€JIEMEHTIB.

3 momenty cBoei nosisu JIEC rnuboko BuBYeHI B jitepaTypi 1 Oyno
BUSIBJICHO OaraTo mpoOsieM Ta HeAOJiKiB. MOHITOPUMHI Ta KEpyBaHHS MEPEKEIO
MOXXYTh OyTH HAJA3BUYANHO CKJIAJHUMHU, IO SBIISE€ COOOO IIKaBUI apryMEeHT IS
JOCIIKeHb. JIMHaMiKa €JIEeKTPOSHEPTreTUYHOI CUCTEMH € CKJIAJHOI HaBIiTh HA
MEHIIINX MacIITadax, 3aBAsgKu 6araTbOM MapameTpam, 10 BIUTMBAIOTh HA CUCTEMY.
besneka mepexeBoi poOOTH — HE €JMHE, [0 MA€ 3HAYCHHS, EKOHOMIYHA CTOPOHA
npo0JieMr TaKOX TyKe akTyalbHa. TakuM 4uHOM, 111 poboTa Oyae 30cepemKenHa

Ha TOMY, K KOHTpPOJIOBATH pOOOTY aKkTUBHHX croxuBayiB ycepenuni JIEC 3
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BUKOPUCTAHHAM MYJBTHAr€HTHOTO TMIJIXOQy pPO3POOKH CHUCTEM KEepyBaHHS,
HaMaralouyuch 3a0e3MeunTy 0e3neKy Mepexi, J0TPUMYIOUHCH CIIUIBHOI METH.

B npencraBneniit Marictepchkiil poOOTI pO3TIASHYTO OCOOIMBOCTI POOOTH
JOKAJIbHUX €JIEKTPOCHEPTeTUYHNX CHUCTEM Ta 3a3HAUYECHO NepeBaru BUKOPHUCTAHHS
MYJIbTUAT€HTHUX CHUCTEM KepyBaHHS HHMH. lIpencraBiieHO XapaKTEepUCTUKHU
OJHOPITHUX 1 HEOJHOPIAHMX areHTIB MYJbTHAr€HTHOI CHUCTEMH KEpyBaHHS Ta
0COONMMBOCTI 1X B3aeMoOAli Ta (OpMai30BaHO JIOKAJIbHY 1HTEICKTYaJbHY
CJIEKTPOCHEPTETUYHY CUCTEMY Y BUIJISIII MYJbTUAr€HTHOI CUCTEMU Ta HABEACHO il
CTPYKTYpY. I TOKaIbHOI €JIEKTPOEHEPTeTUYHOI CUCTEMH (POPMaJIi30BaHO 0a30BY
CYKYINHICTh areHTIB, BHU3HAYEHO iX (YHKIIOHAIbHI OOOB’S3KH Ta HABEJICHO
MaTeMaTU4Hl OMHCU areHTIB MYJIbTUAreHTHUX cUCTeM. Bu3HadeHO KpuTepii, 1110
BIUIMBAIOTh Ha MAISUIBHICTH PI3HUX THINB areHTIB MYJbTUAr€HTHOI CHCTEMH. 3a
pe3yibTaTaMu  JIOCHIDKEHb 3alpoONoOHOBaHO ¢dopmMalizallifo pilleHHsS 3aaad
KepyBaHHA 1 OIIHKA edekTuBHOCTI (QyHKUioHyBaHHsA JIEC Ha oOCHOBI
MYJBTHAr€HTHOI CUCTEMHU, 1110 JO3BOJIE 3BECTU PIILIEHHS TEXHOJOTTYHUX 3aBJIaHb
JI0 JOCJIKEHHST y3arajibHeHoi MatematudyHoi mozeni JIEC Ta nmae mMoxIuBICTBH
3B'SI3aTH  BAXJIMBI TMMapaMeTpu pEaTbHOTO CTaHy CHUCTEMH 3 YHCEIbHUMHU
XapaKTEPUCTHUKAMHU KPUTEPIiB ONTUMAIBHOCTI 1 PYHKIIIOHYBaHHS.

Jlng BupimieHHs 3adadi  MYJbTHAreHTHOTO KEPYBaHHsS MPOIECaMu
B3a€MO/I1i aKTUBHOI'O CIOKMBaya 3 JIOKAJIBbHOIO €JIEKTPOCHEPTETUYHOIO CUCTEMOIO
Oys0 po3po0JieHO Ta MOPIBHSHO TPU AJITOPUTMHU JICLIEHTPATI30BAHOTO KEPYyBaHHS
aKTUBHUM CIIO)KMBA4Ye€M 3a CKJIQJIOBUMH BHPOOHHUIITBA €IEKTPOCHEPTii Ta
MpollecCaMH  3apSAIKH/PO3PAIKA  3acO0IB  aKyMyJAIil  eJIeKTPOCHeprii, IIo
JIO3BOJIAIOTH  MIJIBUIIUTH HAAIAHICTE Ta ONTUMI3YBaTH pPOOOTY JIOKaJbHOI
€JIEKTPOCHEPTETUYHOT CUCTEMMU.

MeTow  JoCHiTKeHHA € pO3poOKa  aJIrOpUuTMIB Ta  CHUCTEMHU
MYJIbTHAT€HTHOTO KEPYBAHHS B3a€MOJIE€I0 AKTHUBHUX CIIOXHUBAYiB 3 00’ €KTaMu
JIOKAJIbHOT €JeKTPOEHEPreTUYHOI CUCTEMH, 110 J03BOJISIE ONITUMI3YBaTH poOOTY Ta

MIJBUIIUTH HAAIWHICTh JIOKAIHHUX €JICKTPOCHEPTCTUUHUX CUCTEM.
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O0’exkt nocaimxenns. Ilpomecu kepyBaHHS Ta B3a€EMOJIlT aKTHUBHHUX
CIIO’KHUBAYIB €JIEKTPOEHEPTIi 3 JIOKAJbHUMHU €JIEKTPOCHEPTreTUYHUMH CUCTEMAaMH B
YMOBaX J1i0epali30BaHOTO PUHKY €JIEKTPOCHEPTii Y KpaiHu.

IIpeamer pgocaimxenHst. Merogu Ta 3acoOu NOOYyIOBH  CHUCTEM
MYJIbTUAT€HTHOTO KEPYBaHHS €JIEKTPOCHEPTETUYHUMHU 00’ €KTaMU B JIOKAJbHUX
CJIEKTPOCHEPTeTUYHUX  CHUCTeMaxX 3a HasABHOCTI  aKTMBHHX  CIOXKHBadiB
CJIEKTPOCHEPT1i, JDKEpeNl Ppo30cepe/KEeH0i TreHepalii Ta 3aco0iB  aKyMyJIsiii
CJICKTPOCHEPTi.

HaykoBa HOBH3HA oJ1ep:KaHUX Pe3yJabTaTIB MOJATAaE y pO3poOIli BIACHOT
CUCTEMHU KEpYBaHHsS aKTHMBHUMH CIIO)KMBAu€M 3a JOMNOMOIOI BHKOPUCTAHHS
MyJIbTHAT€HTHUX CHCTEM KEpyBaHHS Ta alrOPUTMIB ONTHMI3alli MPOLECIB
reHepaiii eJIeKTpoeHeprii Ta AuHamMiku poOOTH 3ac00iB  aKyMyJIOBaHHS
CJIEKTPOCHEPT1i, 1110 HAsIBHI y BIIACHOCTI aKTUBHUX CIIOKUBAYiB.

IlpakTuyHe 3HA4YeHHsl Ppe3yJbTATIB TOJATaE y  MOJEpHI3aLii
eJIEKTpOCUCTEMU  YKpaiHM 3  METOK  MiJABMILEHHS  HaaIWHOCTI  Ta
eHeproe()eKTUBHOCTI EIEKTPOMEPEK 32 PaXyHOK BUKOPHUCTAHHS MYJIbTHATCHTHUX
CUCTEM KepyBaHHS CTIO’KUBAaYaMH CJIIEKTpOCHeprii B JIOKAJIbHUX
€JIEKTPOCHEPTETUYHUX cHUCTEMax Ta BIIPOBAKCHHI1 MEXaHi3MiB
JCIICHTPATI30BaHOTO KEpPyBaHHS AaKTUBHUMH CIOXHBadyaMH, IO Tepeadadae
ONTUMI3AII0 PEXKUMY POOOTH JKEepell PO30Cepe/KeHOi TreHepalrii Ta 3aco0iB
HAKOIIWYEHHS eJIEKTPOCHEPTIi, MiBUILIEHHS €HEProePEKTUBHOCTI €IEKTPOCUCTEMHU
Ta TOKAa3HUKIB SIKOCTI €JIEKTPONOCTaYaHHS. 3MEHIIEHHS BTpPAT EJIEKTPOEHEPrli,
MIJBUINCHHS HAIIMHOCTI €JIEKTPOMEPEKl Ta MAKCHMI3aIlil0 BUTOIW BiJi aKTUBHOI

B3acMO/Iil U1d BC1X 00’ €KTIB B3aEMO/II].

Kuro4uoBi cioBa: sokanvha enexmpoenepeemuyna cucmemd, aKmMueHUll
CnoJ#CUBaY, 8IOHOBNIOBAHI 0dcepend eHepeii, MyIbmuUazeHmua cucmema KepyesaHHs,

3acobu aKymyno8anHs e1eKmpoeHepeaii.
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PO3JLT 1

AHAJI3 JIOKAJIBHUX EJIEKTPOEHEPT'OTUYHUX CUCTEM

1.1 3araabHa XapaKTEpUCTUKA JOKAJbHHUX CJICKTPOCHECPTCTUIHUX

CUCTEM

[Tix nokaneHOIO enekTpoeHepreTnyHoro cuctemoro (JIEC) mependadaerbes
JOKaJIbHa PO3MOLIbHA Mepexka HU3bKOI HaIllpYTH, sika 00'€IHy€, HAPUKJIaa, OAUH
ab0  KUIbKAa  PO30CEPEKEHUX  CHEPreTMYHUX  O00'€eKTiB,  HaillyacTiiie
BukopuctoBytoun Virtual Power Plant (VPP), nakonuuyBaui eHeprii, majvBHI
€JIEMEHTH, KOT€HEepallilo, eJIEKTPOMOOLIl, CUCTEMY KEPYBaHHS IOIMUTOM, SIKa MOXKE
IpaIlOBaTH 1301bOBAaHO a00 MIJKIIOYAIYHUCh 10 LEHTPaJbHOI €HEPrOCHUCTEMHU.
Cnopomena cxema JIEC mnpeacraBneHa Ha puc. 1.1. Came po3ocepemxeHa
eHepretuka Ta 11 camoopranizauis B JIEC 3 BuUKOpUCTaHHSM e(EKTUBHUX
TEXHOJIOTIYHUX PIIIEHb IHTEJIEKTYaJlbHOTO KEpyBaHHSA, HA JYMKY EKCIEpTIB, €
E€HEPTreTUKOI0 MailOyTHHOTO.

EneprocucreMu €BOMIOLIOHYBAIM 3 HEAOCTATHHO PO3BUHEHUX PO3PI3HEHUX
CUCTEM B LIEHTPAJI30BaHy E€HEProCHUCTEMY, IO MPaLIO€ HA BUKOIMHOMY MaJMBI,
MOTIM B IIEHTPAJi30BaHy CHCTEMY 3 BUKOPHUCTAHHSAM BiJHOBIIOBAaHUX JDKEpPET
eneprii (B/IE), HaOmuxarouuch O OCTAHHBOTO €Tamy, — 10 PO30CEPEKEHOI
€JIEKTPOCHEPTETUYHOI CUCTEMH 3 BUKOPUCTaHHSIM VPP.

KinneBa cxema epomoriii JIEC 300pakena Ha puc. 1.2 Bkitoyae B cebe
nepeBaru TOMNEpPEJHIX eTamiB: JOJAaTKOBI JKepena >KUBJICHHS, PO3MIIIEHI
Oe3nocepelHbO OISl CHOXKMBAYiB, MOMJIMBICTH KEpyBaTH OOCSTaMH CIIOXKHUTOI
eHeprii BiJ JOJATKOBUX JKEpEs, a TaKOXK MPHUCYTHs OaraTopiBHEBa apXiTEKTypa

kepyBanHs: npuctpiit — JIEC — mepexa.
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Takox BaxnuBuM enemeHToM JIEC € arperatop, mo o00'eqHye HHU3KY
CIIO’KMBAUIB 3 PI3HUMH XapaKTEPUCTUKAMH, IO 3a0e3MeUylOTh BiJMOBIIHICTh
BUMOT PUHKY Ta pe3epBYBaHHS OKPEMHUX OCI0 SK YAaCTHHY arperoBaHoOro o0'ekra,
IO MiJBUILYE HAAIMHICTh Ta 3HIKYE PU3MK I OKPEeMHX CIOXKKBauiB. Tak sk
arperaTop Moxke o0'€JHaTH PECypcH OJHOTO KOPHUCTyBaya 3 pecypcamu IHIIUX
CTHOXKMBAYiB, BIH MOK€ HaJaTH iX MOTYXHICTh Y BIJIMOBIAHOCTI JO BUMOI PUHKY,
K1 3a0€3IeuyloTh TMOTPeOH CIOKMBayiB. ATrperyBaHHS MOXKE JOCSTaTH PiBHS
e(eKTUBHOCTI, JOCTATHbO [IJISi 33J0BOJICHHS BUMOTI, MPUTAMAHHUM PI3HUM
CErMEHTaM PHUHKY, 1 MOXe 3a0€3MeUnTH XapaKTepUCTUKHU, BIAMOBIIHI TeHepauli i
HaBITh nepeBaxatu iX. OJTHUM 3 KIIFOUOBHUX MepeBar arperaiii — 1e po3noaijieHui
XapaKTep arperoBaHOr0 HABaHTAXKEHHS, M0 3a0e3ledye MOCTaBKY arperaTopom
3asBJIEHOTO 00'eMy, 1110 HE BUMarae BUKOHaHHS CBOiX 00OB'A3KIB.

TepMiH J0OKalibHA €NEKTPOCHEPreTUYHA CUCTEMA Ma€ aHAJIOTIYHE 3HAYCHHS
3 TepMmiHOM Mikpomepexi abo «Microgrid». Mikpomepexi cHoYaTKy
CTBOpIOBAJMCS i 3abe3nedeHHs: Oe3rnepebiitHoro eHepromnoctayaHHsi 00'€KTiB,
BIIJAJICHUX BIJ LEHTPAIbHOI Mepexi, ado Takux, L0 MalTh CTpaTeriuHe
3HaueHHs. Y npanui 4dac JIEC cnpuilMaeTrbcsi sk NEpIMid KPOK Ha MUISIXY M0
IHHOBAIIHHOTO Ta €()EKTUBHOTO BHUKOPUCTAHHS €HEPropecypciB Ha JOKAJLHOMY
piBHI Ui oTpuMaHHS KomepuiiiHoi Buroau. Y CIIA BoHM oTpuManu Ha3By
PO3BHHEHHUX JIOKaJIbHUX eHeprocucteM (Advanced Microgrid).

Jlist moOynoBu cuctem kepyBanHs JIEC HeoOXiHO BpaxoByBaTH 3arajbHy
CTPYKTYpPY B3a€MOBIJJHOCHH BCepelnHI 00’ e1HaHOi eHeprocucremu. Ha puc. 1.3 Ta
puc. 1.4 HaBeaeHO CcXeMy B3aEMOBITHOCHMH Ha Ji0epaii3oBaHOMY pPHUHKY
enekTpoeHeprii Ykpainu. JliOepamizaiis puUHKY €JIEKTPOCHEPrii MpU3BOAUTH [0
3MIHM MEXaHI3My I[IHOYTBOPEHHsS Ha puHKY. 30uibmienHs pom BJE y
eHeprobananci Tpu 3aJUIICHHI B dil JIIOYUX «3€JIeHUX» Tapu(diB 3yMOBHTH
HEOOXIIHICTh TONIYKY JiKepen (iHaHCYBaHHS JOpPOroi «3ejieHoi» eHeprii. B
YMOBax IE€pexXoJy Ha HOBUW PHHOK EJIEKTPUYHOI EHeprii, TakuM KepeaoM
MOXYTh CTaTH Tapudu IJi1 HACEJICHHS, SIKi 1 0€3 TOro 3pOCTaTUMYTh y 3B S3KY 13

CKaCyBaHHSIM MEPEXPECHOT0 CYOCHIIFOBAHHS.
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3a11s1 YHUKHEHHS OYIKYBaHHUX TOJITUYHMX Ta EKOHOMIYHHUX PH3HUKIB,
3yMOBJICHUX 3pOCTaHHSIM TapudiB, VYKpaiHa IJlaHye pa3oM 3 BBEICHHSIM
JT10epali3oBaHOTO0 PUHKY EJIEKTPOCHEPTii 3ampoBaguTH MEXaHI3M ayKIlIOHIB IS
BJIE.

BaxxnuBUM €1€MEHTOM «aKTUBHOT0» €HEPrOKOMIUIEKCY MallOyTHBOTO € Tak
3BaHU# «prosumenr» (producer + consumer) a00 aKTUBHHUMA CIIOKUBA4Y — CIIOKHABAYI,
110 3'ABWJIMCS 332 PaXyHOK PO3BUTKY TE€XHOJIOT1H MOOYTOBUX T'€HEPAaTOPiB €Heprii
(conssyHUX Oarapei) 1 «pPO3yMHHUX» JIUMUIBHUKIB, €HEProe(EeKTHUBHUX PIIICHb 1
KepyBaHHS TIOTMTOM, 1 5Ki, 3 9aCOM, MOXYTh CTaTH MOBHOIIIHHUMH yYaCHUKaMH
puHKy. €Bporneicbkuii [lapmaMeHT BifHIC 10 KaTeropii akTMBHOTO CIOKHMBayda
HIMPOKE KOJIO CYO'€KTIB:

1) moOyTOB1 aKTHUBHI CHOXKHBA4Yl — 0COOU, 5IKI BUPOOJIAIOTH €JIEKTPOCHEPTIIO
Ha CBOIM BJIACHOCTI, TOJIOBHMM YHMHOM NUISIXOM 3a PaxyHOK BCTaHOBJICHHS
coHsiuHuX PV maneneit Ha cBOiX Jaxax abo KOreHepaiiHuX YCTaHOBOK;

2) KOJICKTUBHUU AaKTUBHUM CHOXKMBA4 — KOOIEPATHUBU BiJHOBIIOBAHOI
CHEPreTUKHU IIiJI KEPIBHUIITBOM OCIO, JKMTIIOBI acomiaiii, ¢goHau, OjaroiiHi
oprasizaiii, fKi HE € KOMEpPUIMHMMH CyO0'€KTaMu, aje BHUPOOJSIOTH EHEpTiio,
MpU3HAYEHY JUIsl BIIACHOTO CIOKUBAaHHS, TOJIOBHUM YHMHOM 3a JOTIOMOTOIO
coHstuHux PV naneneil 1 BITpoBUX TypOiH;

3) KoOMepIiiiHI aKTHUBHI CIIOKHMBa4l — Majll Ta CEPeaHl MiANPHEMCTBA,
yHiBepMaru, ogicHi OyaiBii, TPOMUCIOBICTh Ta 1HII CYO'€KTH TAITPUEMHHUIILKOT
JUSTIBHOCT1, OCHOBHA JISTIBHICTD SIKUX HE € BUPOOHUIITBOM E€JIEKTPOEHEPTii, alie AKi
CIIO’KUBAIOTh EJIEKTPOCHEPTit0, SIKY BOHH BHPOOJISAIOTH, TOJIOBHMM YHHOM 3a
paxyHok PV ycTaHoBOK Ta KoreHeparii Ha aaxy, 110 HTPU3BOJUTH 1O 1CTOTHOI
C€KOHOMI1 KOIIITIB;

4) KOMyHaJIbHI aKTHUBHI CIOKMBa4l — IIIKOJH, JIIKApHI Ta 1HIII JEp>KaBHI
YCTAHOBM, SKI CaMOCTIMHO BHPOOJIAIOTH  €JIEKTPOCHEPTil0.  «IOOYTOBHII»
(rpoMansiHM 3 HASBHICTIO BJIACHOI MIKpOTEHepaIllii), «KOJICKTUBHHID (00'e¢THaHHS

HEKOMEPIIHHOTO XapaKTepy), KKOMEPIIHHUI.



18

Cucremu JIEC miakimouaroTh 10 CUCTEMH Mepeaadl eneKTpOeHeprii B TOYII
3arajbHOTO MiJAKIIOYEHHS, OTXKE BOHA SIBJII€E COOOI0 KOHTPOJHOBAHY IMiJICUCTEMY
3aranbHOl  Mepexi. JIEC 3a0esnmedyioTb BHCOKE NPOHUKHEHHS JIKEpen
po30CcepeKEHOl TeHeparlii 1 Mpu 1IbOMY HE BUMara€e 3MiHH KOHCTPYKIII CHCTEMHU
posnojiny. ['oIoBHOIO OCOOIMBICTIO TaKUX CHUCTEM € 3a0e3ledeHHs CTaOUIbHOI
poOOTH TpPH HECHPAaBHOCTSAX Ta MOPYLICHHSIX PEXKHUMIB Mepexi. ABTOHOMHA
poboTa 3IIACHIOETHCS IIUISXOM PO3MUKAHHS CTAaTUYHOTO IEepeMHKayda, Mo
Biakmouae JIEC Bim ocHoBHOT Mepexi. Jkepena PI' 1 BiANMOBIIHI HaBaHTa)KCHHS
MOXXYTb OyTH aBTOHOMHO BIJIOKPEMJIEHI BIJ CUCTEMHU PO3MOJLTY, MO0 130JIF0BATH
Microgrid Bin mopyieHs mia 4dac aBapiil y mepexi. Kpim toro, cucremu JIEC
MOXXHa HAaBMHCHO BIJAKIIOUUTH, KOJM B CHUCTEMI MaJal0Th TOKA3HUKU SKOCTI
enektpoeneprii. Ilicis i3omoBannsa JIEC Bix 0CHOBHOT Mepexi JKepena sKUBICHHS
CUCTEMHU HECYTh BIJINOBIJAIBHICTh 3a MIATPUMAHHS HAMpPYrd 1 YacTOTH, MpPH
NEepPEeTOKaxX MOTY>KHOCTI BCEPEANH] BUAUIICHUX CUCTEM.

Crpykrypa JIEC 1 cucremMu KepyBaHHS HEIO 3aJCKHUTh BIJl KUIBKOCTI,
MOTYXHOCTI 1 pOAy pO30CEPEIKEHUX EHEPropecypciB, K1 BXOAATh B Hei. DyHKIil
KEepPYBaHHS PO30CEPEHPKEHUMHU E€HEepPropecypcaMu MOXKYTh BUKOHYBATH JIOKaJIbHI
CUCTEMU KepyBaHHS KOxKHOTo arperary. OmHaK 31 3pOCTaHHSAM KiTBKOCTI 00'€KTIB
kepyBaHHd B JIEC HeMOXIuBO 001iTHCS 0€3 aBTOMAaTH30BaHOI 1H(POpPMAIIIHO-
KEpyI4oi CHCTeMH, sSKa TMOBHHHA 31MCHIOBATH KOOPJAMHOBAHE 1 ONTHUMAaJbHE
KEpyBaHHS BCiMa PO30CEPEIKEHUMU €HEepPropecypcaMu, MiHIMI3yIOUH BUTPATH Ha
NaJIMBO, 3aKYIIBIIIO €HEPrii HA PUHKAX 1 TEXHIYHE OOCIyrOBYBaHHS OOJagHAHHS,
MIBUIIYIOYN JTOXOJAW BiJ MPOJaXy EHEprii Ta HaJaHHS CUCTEMHHUX IMOCIYT
(L1iHO3aJIe)KHE CIIOKMBAHHSI, PETYJIOBaHHS 4acTOTH 1 Harpyru) [42]. Taki cucremu
KepyBaHHA OoTpuMaiu 3araibHy Ha3By Distributed Energy Resource Management
System (DERMS).

Came DERMS BianoBijae 3a B3a€MOJII0 3 «BEJIMKOI» E€HEPTOCHUCTEMOIO,
Ky, B CBOI0 uepry, BimoOpaxkae DMS (Distribured Management System)

eHepreTnyHoi komnaHii. DMS BCTaHOBIIOE «MeX1» 1 HOpMHU, 11100 NpU MPUETHAHHI
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JIEC, BoHa He 3aBJajia MIKOJW MEPEXl Yepe3 MOXKIMBI 3aMHUKaHHS, MOPYIICHHS
HaIpYyTru, HENPABWIbHY TOMOJIOTIIO.

[TostBa BITHOBIIIOBAHMX Ta PO30CEPEDKEHUX JKEpeNl eHeprii mpu3Beia o
3HaYHUX 3MiH y poOOTI Ta MiaHyBaHHI cuUCTeM posnonauny. Ilpu migkimoyeHHi
PO3MOAUICHUX JKEpeNl €Heprii, MIUHU HaBaHTaXEHHS CTaloTh TaK 3BAHUMHU
IIIMHAMY aKTUBHUX CIIOKWBAYiB. AKTUBHUN CIIOKWBAa4Y BU3HAYAETHCS K CTIOKUBAY
CJIEKTPOEHEPT1i 3 MOXKIIMBICTIO MICLIEBOIO BUPOOHUIITBA eHeprii. OCKUIbKY €HepTis
BUPOOJIIETECA 1 CIOKUBAETHCS  JIOKAJIBHO, TOSIBA AKTUBHUX CIIOKMBAYiB
MPU3BOAUTE /10 3MIHU MOTOKIB aKTUBHOI MOTYHOCTI B PO3MOAUIBHUX MEpPExkax,
BKJIIOYAIOYM MOXJIMBY TMIOSIBY NPOTUJIICKHUX TMMOTOKIB aKTUBHOI €HEprii Bij
aKTUBHUX CIIOXKUBaudiB J0 eJekTpocTaHIii. Kpim sokaabHOro BUpPOOHHUIITBA
aKTUBHOI TOTY)XHOCT1, AaKTHBHI CIIOXKMBadl TaKOX CIPUUYUHSAIOTH MICLIEBE
BUPOOHUIITBO PEAKTHUBHOI MOTYXKHOCTI 3a JIOMOMOTOI0 CHUJIOBUX EJIEKTPOHHUX
npucTpoiB. Ilpum wicieBoMy BHpPOOHMIITBI PEAKTUBHOI MOTYXHOCTI MOXHA
KOHTPOJIIOBAaTH TOTOKM PEAKTHUBHOI MOTY)XHOCTI B PO3MOJUIBHIA Mepexi, IIo
N03BOJIsIE Oe3M0cepeAHO KOHTPOJIIOBATH BTPATH AKTHUBHOI MOTY>KHOCTI B CUCTEMI
PO3MOILTY.

SIKo eneKkTpoeHepreTUka PO3BUBAETHCS B HAIPSMKY MOOYIOBH MiCIIEBUX
IEHTPIB OOMIHY €JICKTPOEHEPTIEI0, TO iX reorpadiyHe po3TallyBaHHs Ta PO3MOJLI
TeHEepaTopiB JIy)K€ BAXKIIUBI 3 TOUKH 30py €(EKTUBHOCTI TOPTIBJII Ta CTIMKOCTI
MICIIEBUX €HEPreTUYHUX PHUHKIB. 30Kpema, KIacTepHu3allis PO30CepeIKeHNX
TeHEepaTopiB Ha JIOKAJbHUX EHEPTreTHYHUX PUHKAX € TyKe Ba)JIMBOK Yepes
3pOCTaHHS CIIOKMBAHHS CJICKTPOCHEPTii B 3aJCKHOCTI BiJ BIACTaHI MIX
MPOJABISIMU Ta MOKyNIsAMU. KpiM TOro, JOKadhbHUN €HEPreTUYHUN PUHOK CTaE
“HecripaBeJIMBUM, SIKIIO PO3MOAIICHI T'e€HEepaTOpH €HEeprii 30Cepe/KeHI Ha
MIEBHOMY JIOKAJIbLHOMY €HEPTeTUYHOMY PUHKY.

[lin 4ac BUKOHAHHS MariCTEepChbKOi JucepTaiii OyJio MPOBEICHO
KOMITAapaTUBHUN aHAJII3 JITEPATYPHUX JKEPEN 3a 3alMpPOINOHOBAHUMU KPUTEPISIMU

pO3MO/ILTyY, 1110 HaBeaAeHo B Taou. 1.1.
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Tabmuis 1.1 — Po3noain miTepaTypHux JKepes 3a KpUTepisiMu

PiBeHb TOCTIHKEHHS Ta BIPOBAHKCHHS PE3yJIbTATIB

ITpoGiemu, 110 ) JlokanbHa Enepronocrayaisna
) Kinnesui crioxubag o
BUPIIIYIOTHCS EHEPrOCUCTEMHU oprasizanis
1. KepyBanus
[4,7,8,12,13,15,18,26] [4,5,7,8,9,12,15,21] [8,9,31,32,33,34]
IIOIIUTOM Ha
€HEepPropecypcH 20 22 6
2. B3aemounis 3
[1,10,11,22,23,24,29] [1,6,10,11,22,24,29] [1,6,10,24]
aKTUBHUM
CIIO’KMBAYEM 8 10 4
3. Mogeini ta
_ [10,22,23,24,27,31] [6,10,22,23,24,27,30] [6,10,24,30,31,34]
PHHKOBI IIPOLIECH B
8 10 7

CHEepPreTHII

4. laTenekryanpHi

CUCTCMU KECPYBAHHS

[16,17,19,21,29,36]

[3,4,8,16,17,19,21]

[3,8,17,28,33,36]

E€HEePTreTUYHUMH
00’eKTaMHt Ta 6 12 6
nporecamu
5. KoMmnencaris
) [14,16,19,21] [5,14,16,19,21]
PEaKTUBHOI _
MOTY>KHOCTI 4 5
6. MynbTHAreHTHi
[17,18,19,20,21,37] [17,18,19,20,21] [17]

CUCTEMH KepyBaHHS
B €HEPTEeTHIIL 6 5 1
7. MonenroBaHHS
Ta pekoHdirypamis | [15,16,19,20,21,25,26] [2,9,14,15,19,20,21] [2,28,33]
CHCTEM 10 11 3
€JIEKTPOTIOCTAYaHHS
8. list mxepen

[11,13,20,21,25] [5,11,13,20,21,25] [31,32,34]
pPO30CepeKEHOT

8 10 3

reHepartii
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[IpoBenenuii aHami3 mMoKaszaB, MO JJII BUPIMICHHS 3a/ad, OB S3aHUX 3
aHaII30M CTPYKTYpH, TapaMeTpiB, PEKUMIB Ta IIPOLIECIB HA EHEPTeTUYHUX PUHKAX
B JIEC, B3aemozii eleMEHTIB EJEKTPUYHOI CHCTEMHU Ta CTBOPEHHSAM CHCTEM
KOHTPOJIIO €HEPTEeTUYHUMH TIPOIECaMU JOMUIBHO PO3TIITHYTH HACTYITHI MUTAHHS:
aHaji3 MoJieJeil PUHKOBUX IPOIIECIB; MPUUHATTS ONTUMAJbLHUX PIIICHh HA PiBHI
HE3aJIe)KHOTO CHCTEMHOTO olepaTopa Ta orepaTopa CHCTEMU PO3MOILTY; aHai3
Mojiesiell KepyBaHHSI KIHIIEBUM CIIOKMBayeM; OINTHUMI3allis B3aEMOJIi JKepen
po3ocepeKeHO01 TeHeparlii 1 eIeKTpOMeperkKi Ta 1HIII.

BignocHo mnpoGieM, 110 BUPIIIYIOTBCS B JITEPATYPHUX JDKEpeEax,
3aMpONOHOBAHI HACTYITHI KpUTEPIi:

— KEepyBaHHS MOMMTOM Ha EHEPTOPECYPCH;

— B3a€EMOJIiSI 3 AKTUBHUM CITOKHBAYEM;

— MOJIEJI Ta pUHKOBI MPOIIECH B CHEPTETHIII;

— IHTEJIEKTyaJIbHI CHUCTEMH KEPYBaHHsS EHEPreTUYHHMMH O00’€KTaMu Ta
poLecamy;

— KOMIIEHCAIllsl ~ PEaKTUBHOI  MOTYKHOCTI 3  METOK  IiJIBUIICHHS
eHeproe()eKTUBHOCTI Ta HaJIMHOCTI EJIEKTPUUYHUX MEPEK;

— MYJIbTUAre€HTHI CUCTEMU KEPyBaHHS B €HEPTETHII],

— MOJICJTIOBaHHS Ta PEKOHPITypallisi CUCTEM eJIEKTPONOCTavYaHHs;

— JIis1 IKEPEN pOo30CePeKEHOT TeHepaiii.

1.2 CraH anbTepHATHUBHOI eHEPreTUKHU TA FHYYKOI reHepauii B YKpaiHi

bmmszbko 80% cymapHOTO CBITOBOTO CIOXKHWBAHHS €HEPTii ChOTO/IHI MMOKH II1e
3a0€e3MeuyeThCsl 32 PaXyHOK BUKOITHUX OpPraHIYHUX pecypciB: HadTH, BYruuis i
MPUPOIHOTO Ta3y. Y BUPOOHUIITBI HAMOUIBII IIHHOTO BUAY €HEPTil — eJIeKTPUIHOI
— BYruuisl, ra3 i HadTa TakoXX € OCHOBHMMH IEPBUHHHUMHM JKEpellaMy €Heprii
(6umbimie 65%), Xoua 3HAYHUI BHECOK B II€H CEKTOpP €HEPreTUKH BHOCSTH TAKOX

TpaJMIIiiTHI T1Ipo- Ta aTOMHI esnekTpocTaHilii (B cymi nonan 30%).
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Pecypcu BigHOBmroBanmpHUX kepen eneprii (BJIE) B Oaratro pasis
NEePEeBEPIIYIOTh CHOTOIHIIIHIN 1 MPOrHO30BaHUI Ha AOCTYIMHUHN JJIA OTJISLY TIEPioj
yacy piBeHb eHeprocnoxuBaHHs. Bukopucranns BJIE, sk mpaBuio, He poOUTH
CEpHO3HOT0 HETATUBHOTO BIUIMBY Ha HABKOJIUIITHE CEPEIOBUIIE, B OUTBIIOCTI CBOTH
BOHU € €KOJIOTIYHO YMCTUMHU 1 MOBCIOJHO JOCTYITHUMHM JiKepeinamu eHeprii. Ha
BIIMiHY BiJl BUKOIIHUX (B TOMY YHCII A/IepHUX) ManuB, pecypcu B/IE Oinpii-menmn
PIBHOMIPHO pO3MOJUJICHI IO TEpUTOpli 3eMHOI KyJi, HE mepedyBaroTh Y
MOHOIIOJILHOMY BOJIOJIIHHI OOMEKEHOTO YHCJa KpaiH 1 TOMY pO3IJISIIAIOThCS K
JDKepena eHeprii, BUKOPHCTAHHS SIKUX CHOpPUS€ MIBUIIEHHIO EHEePreTUYHOI
Oe3neku 0aratbOX KpaiH, 3HKEHHS 3aJ€KHOCTI BIJ IMIIOPTY E€HEPreTUYHUX
pecypciB 1 BIAMOBIHO 3MIITHEHHIO MOJIITUYHOI CTAOUTBHOCTI B CBITI.

BaxxnmBo MIIKPECIUTH, 110 YacTKa 0OCSTIB BUKOPUCTAHHS B1JIHOBIIOBAHUX
JDKepen eHeprii, ska Mpurazae Ha KpaiHu, 110 PO3BUBAIOTHCS CTAHOBUTH MEHIIIE
40%, B TOI 4Yac K Ha pO3BHHEHI KpaiHu — Ouibiie 60%. Llelt gakT cnpocToBye
NOIIUPEHy AyMKy, mo BukopuctanHs BJIE - monst xpaiH, mo po3BHUBaIOTHCA 31
c1a00 PO3BMHEHOI EHEPreTHUYHOI0 1HPPACTPYyKTyporo. OCHOBHMM MOTHBOM
MPUCKOPEHOI0 PO3BUTKY BiHOBIIOBaHOI eHepreTuku B €Bpomi, CIIIA 1 6arathox
IHITUX KpaiHax € TypOoTa Mpo EHEPreTUUHY Oe3MeKy 1 €KOJIOT1YHa CTYpOOBAaHICTb.
Tak, B €BpomneiicbkoMy CO031 NMpUHHATA Mporpama AocsirHeHHs Bkiaany BJIE B
enepretTuaHuii 6amanc g0 2020 poky 10 20%, a mo 2040 poxy — 10 40%.

B MaiiOyTHROMY €HeprocrnokuBaHHs Oyje TUTbKHM 301IbITyBaTUCA. B manwmii
yac 85% BCIX €HEpProyCTaHOBOK MPALOIOTh HA BUKOITHOMY OPraHIYHOMY MajMBI.
3amacu KOPUCHHUX KOMAJIMH Ha 3eMJIl JIOCUTh BEJIHMKI, ajge HaWOUIbII JOCTYIHI
pO/IOBHINIA JCIIEBUX 1 JIETKO BUAOOYBHUX Ha(TH 1 IPUPOAHOTO ra3y B JaHUM vac
B)KE€ Mailke BUUepIiaHi. 30UIbIIEHHS BUIOOYTKY BUMAarae Bce OUIBIIMX BUTPAT, AK1
OyAyTh HEYXWIbHO 3pocTaTH. TakuM YHWHOM, OJHAa YacTUHAa NpPoOJeM €
€KOHOMIYHOM0. [HIIIa yacTuHa npooeM - nmodiTuyHa. Benuka yacTuHa eHeprii, 1o
CTIO’)KUBAETHCS PO3BUHCHUMH KpaiHaMH, IMIOPTYETHCS 3 IHIIUX PETIOHIB CBITY, 1
TOMY TIOCTa€ MUTAHHS PO EHEPTeTUYHY O€3MeKy UX KpaiH. [CHYyIOTh TaKoX MEBHI

TEXHOJIOTIYHI TPYAHOII, TIOB'SI3aHI 3 HEOOXIJHICTIO PO3BIAKA 1 BHAOOYTKY
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BUKOITHOTO TMajWBa Yy BiAJaleHux pailoHax. OpHAK TOJOBHOK BCE-TaKu
MPEICTABIAETHCS €KOoJIoTiuHa MpobsiemMa. OCKUIbKM BUKOIIHE OpraHiyHe MajuBO
BCE 1€ 3aJUIIAE€THCA HAWOUIBII JIEHMIEBUM JDKEPENIOM EHEeprii, To OUIbIIICTh
CHepreTUYHUX O0'€KTIB Mpalfoe came Ha HboMy. Lle mpHU3BOAUTE 1O BEIUYE3HUX
BUKHU/IIB IIKIUIMBUX PEYOBHMH B aTtMocepy, 1 MU MBHUAKO HAOIMIKAEMOCS 0
CHUTYaIlii, KOJIU II€ MO€ BUKIMKATH KaTacTPO(IuHI HACIIIKH.

3anmydatu nIpUpOAHI JuKepena NIl TeHepallii eHeprii, Takl K BITep Ta COHIIE
Ha ChOTOJHINIHIN IEHb MPAKTUKYIOTh 0araTto Kpaid B ¢BiTi. OCKIJIBKH X MOTEHITIAI
MPAKTUYHO HEBUUYEPITHUM, Ta HE 3aBJAIOThH IIKOIU HABKOJIUIITHHOMY CEPEIOBHUIILY.
OnHMM 13 HENONIKIB TaKUX CUCTEM € JOCHUTh Jopore oOnanHaHHA. [HBecTOpH
MOBEPTAIOTh KOLITH Y KpalloMy BUNAAKY yepe3 5-6 abo i Outbie (1o 10-12) pokis.
[IpoTe 1 11e HE € MPUYMHOIO BIJIMOBH BiJl TaKoi 1/1€i.

OcTaHHIMU pOKaMH CIIOCTEPIra€ThCs SIBHO BUPAKEHA TEHJICHIIISI PO3POOKH 1
BUKOPUCTAaHHS MEPEXKEBUX BITPOYCTAHOBOK BCE OUIBIIOI OJMHHYHOI MOTYKHOCTI.
Tak saxmio e B 1996 p cepeqHsi MOTYKHICTh BCTAHOBIIIOBAaHUX BITPOTYpOiH Oyia
Ha piBHi 500-750 kBt, To B maHui 4Yac BITPOBI E€JIEKTPOCTAHIII CTBOPIOIOTHCS
NEePEeBAXHO 3 OAMHOYHUX BITpOArperariB NoTyxHicTio 1-2 MBT. BenyThcst akTUBHI
PO3pOOKH BITPOYCTAaHOBOK OJIMHUYHOIO TIOTYXKHICTIO OibIie 5 MBT.

CBiTOBa €HEpreTHka pPO3BUBAETHCA MO NUISIXY IUBEpcUIKaiii Jxepen 1
CUCTEM EHEpronocTayaHHs, cepell SKUX, 0€3yMOBHO, 3HaWIyTh CBO€ MicLEe IS
IIUPOKOTO TPAKTUYHOTO BHUKOPUCTAHHA 1 (POTOETIEKTPUYHI TEpPETBOPIOBaYi
consiunoi eneprii (PEII). ®EII Oe3nepepBHO yAOCKOHAIIOIOTHCA, a iX BapTICTh
3HIKYEThCS. Pazom 3 tmMm mopiBHioBatn @OFEIl 3 iHmmM#H cuctemamu
NEPETBOPEHHS €HEPrii TUIBKM 3 TOYKM 30py I1HBECTULIMHMX BUTpAT JIOCUTh
ckiagHo. BaxnmnBo BpaxoByBaty, 110, ockiibku @FEII He moTpedytoTh 0y 1b-IKOTO
najgnuBa, BOHM XapaKTEPHU3YIOTHCS BUKIIOYHO HU3BKUMHU EKCIUTyaTalliiHUMU
BUTpaTaMH, OJHAK BHUPOOJIEHHA ejekTpoeHeprii 3a ponomororo DEIT moxnusa
Tinbku B coHstuHi fHI. Cepemust moTyxkHicTh DEIl, ocHameHux npuctposmMu
CTE)KEHHS 32 COHIIEM, BHUSBIISETHCS MEHIIE TOJOBHHH MIKOBOI MOTYKHOCTI, IIO

JIOCSITAETHCS  OMIBIIHI TIpU sICHOMY HeO1, a cepeanss noryxHicth DEIT 6e3
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IPUCTPOIB CTEKEHHS CKIAJa€e Maibke 4YeTBEPTY YAaCTUHY MIKOBOI MOTYXHOCTI.
Uepes MIHIMBOCTI TOTOKY COHsSYHOro BurpoMiHioBaHHs @DEII, sk mpasuio,
OCHAIIYIOTbCA aKyMyJISITOpaMHU €eHeprii abo pe3epBHUMHU €IEKTPOreHepaTopamu,
BUKOPHUCTAHHS SKUX ICTOTHO 301IbIIIy€ KamiTallbHI BUTpaTH. BUHATOK CKIIagaroTh
@®FEIl, mo BUKOPUCTOBYIOTHCA [JIsi TOKPUTTSA IMMIKOBUX HaBaHTaXEHb, SKi
30iratloTbCsi 3 TMEpPIOIOM  MaKCHMAJIBbHOI  IHTEHCHBHOCTI  COHSYHOTO
BUNpoMiHIOBaHHs, a TakoxX DEIL, sxi mig'eqHani 10 eIeKTPUYHOI MEPEXi 1 TOMY
HE NOTPeOYIOTh BUKOPUCTAHHS aKyMYJISATOPIB.

EdexTuBHICTh (OTOETEKTPUUHUX YCTAHOBOK MEPETBOPEHHS €HEPrii 1ICTOTHO
HUKYe, HDK eQEeKTHBHICTh TEIUIOBUX a00 TiIpOENeKTPOCTAHIlIH. Y HOBUX
Kpuctamyaux KpemHieBux neperBoproBauiB KKJ[ ®EIT moxe nocsratu 20%, a
JUISL HEIOPOTMX TOHKOIUTIBKOBUX IEPETBOPIOBAaYiB BChbOro Onm3bko 5%. OpHak
KKJ[ ¢oToenekTpuuHuX YCTAaHOBOK I'pa€ BCE X HE HAMrOJIOBHINIY pOjb. binbin
BAKJIMBOIO XapaKTEPUCTHKOK € I[iHA MIKOBOI MHOTYXHOCTI. DOToeneKTpuyHa
ycraHoBKka 3 Hu3bkuM KK/ Morna 6 OyTH IIIKOM KOHKYPEHTOCIIPOMOKHOIO, IKOU
BapTicTh | BT 1i mikoBOi MOTY>KHOCTI Oyia 01au3bKo 20 HEeHTIB (SKILO Taka BapTICTh
KOJIU-HEOYIb BUSBUTHCA JOCSIKHOIO). TpaauIliiiHi Tigpo TEIUIOBI €IeKTPOCTaHIIIT
MarTh MUTOMY BapTicTh Ha piBHI 1 gon., a AEC - na piBHi 5 mon. 3a 1 Br
BCTAHOBJIEHOT MOTY>KHOCTI. AJi€ 111 eHeproycTaHoBKH Ha BiaMiHy Big OEII MoXyTh
mparoBaT 0e3MepepBHO 1, TAKUM YHHOM, BUPOOJIATH HabaraTo OijIbIle eHeprii.

B Vkpaini cranom Ha ki"ens 2017, moyatok 2018 poky BcTaHOBJIEHA MTIKOBA
MOTYXHICTh COHSIYHHUX €JIEKTPOCTaHI1i cTaHoBUTH 742 MBT. Ha kiHenp nepuioro
niBpiyust 2018 poky Omm3pko 4660 MpUBATHUX JOMOTOCIOAAPCTB BCTAHOBHUIIH
COHSIYHI MMaHeJIl 3arajbHOI0 MOTYXKHICTIO Maibke 90 MBT. Jlinepamu BcTaHOBIEHUX
npuBatHux CEC € KuiBcbka, [HinmponerpoBcbka, TepHomiabchbka 00JaCTI.
[TosicHIO€TBCS Taka MOMYJSPHICTh TaK 3BaHUM ‘‘3eJIeHUM Tapudom’. Horo CyTh
MOJISITa€ B TOMY, IIO PI3HUIIO MK BUPOOJIEHOIO Ta CIOKUTOIO E€JIEKTPOCHEPTIEI0
3a PAaxXyHOK COHSYHUX €JEKTPOCTaHIli, CHOXUBAa4 TMPOJAE Y MEPEXKY.
3aKOHOJIaBUYO BCTAHOBJIEHO, IO €JIEKTPOEHEPTis, KOTPa MOCTAYAETHCS 10 MEPEXKI

no “zeneHomy tapudy”, nmoBunHa 100% OyTu KymieHa y crnoxuBada. Tomy, B
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VYkpaiHi COHSYHA EJIEKTPOCHEPreTUKa O03BOJIAE HE JIMIIE MIKIYBaTUCSA PO
eKOJIOT1YHUH CTaH, a i 3apOOUTH IPOIIli IPUBATHUM JIOMOTOCIIOAAPCTBAM.
BcranoBiena mOTYXHICTh 00 €KTIB BIAHOBIIOBAIBHOI EHEPIeTUKH, IO

NPaLo0Th 3a “3eeHuM’” TapudoM B YKpaiHi, mokazano Ha puc. 1.5.

(3 ypaxysaHHs CEC AOMOrocrnoaAapcTs)
(ctaHom Ha 01.01.2019 poky)
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= CEC @ CEC gomorocnoaapcTs @ BEC B MTEC M biomaca [@ bioras

Pucynok 1.5 — BctaHoBiieHa MOTYXHICTh 00’ €KTIB BIAHOBIIOBAILHOI €HEPTETUKU,

10 MPAIIOI0Th 32 “3eNeHuM’” Taprudom B YKpaiHi

18 cepnus 2017 poky KaGinerom MiHicTpiB YkpaiHu OyJio CXBajeHO
Eneprernuny crpaterito Ykpainm Ha mnepion g0 2035 poky. 3pocraroua
KOHKYPEHIII Ha CBITOBUX €HEPreTUYHUX PUHKAaX Ta CTPIMKUN HayKOBO-TEXHIYHUN
nporpec 'y po3Butky BJIE Ta BuUKOpHCTaHHI albTEPHATUBHHX BHJIIB IaJIMBA
pPO3UIUPIOIOT ISl YKpaiHu MOKJIMBOCTI MO0 BHOOPY JDKepen 1 MIIsAXiB
MOCTaYaHHsS TEPBUHHUX EHEPreTHUYHUX PECYpCIB, ONTHMI3allii EHEePreTUYHOTOo
MIKCY Ta, B TIEPCIIEKTHBI, 3MEHIICHHS BUKHUIIB MapHUKOBUX Ta3iB. OCHOBHI
MOKa3HUKM 3TiIHO MIHICTEpCTBA EHEPreTUKM Ta BYTUIBHOI MPOMMCIOBOCTI
VYkpainu HaBeseHi B Ta0. 1.2.

3rigHo 1i€i cTparterii, AyXe BaXKIWBUM TUTAaHHAM € 3alpOBAKEHHS

BIJIHOBJIIOBJIbHUX Ta aJIbTEPHATUBHUX JHKEpPEJT €Heprii Ha TepUTopli Y KpaiHu.
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Tabmums 1.2 —OcHoBHI moka3Huku EnepretnuyHoi crpaterii YkpaiHu [0

2035 poky

[TokazHuk 2015 pik 2035 pik
Eneproemuicts BBII Ykpainu 0.28 013

T.H.¢./Tic $ CIIIA | t.H.e./THc § CIIIA

IMmiopTO3anexHICTh KpaiHu 51,6 % <33%
[aTerpauis 3 eneprocucremoro €sponu | Hi Tak
3abe3nedyeHHs Ta3oM ImnopT Excniopt
Brpatu eneprii >12% <7.5%
Yactka BJIE 4% 25%

['0710BHOIO TPOOJIEMOI0 BHUKOPUCTAHHS BHILEPO3IISHYTUX JUKEpEd €
IMOBIPHICHUI XapakTep iX BUXIJHOI MOTYXHOCTI. SIK BiZIOMO, €JIEKTPOECHEPris SIK
TOBAap Ma€ CBOIO OCOOJIMBICTh, @ CaM€ HEPO3PUBHICTh Yy 4aci T€HEpyBaHHS 31
CHOKUBaHHSAM. ToMy, IMOBIPHICHHH XapakTep poOOTH CTBOPIOE MPOOIeMHU
BUKOPUCTaHHS COHLSA Ta BITPY fK Jpkepena eHeprii. Lle mutanHs BUpinlyeThCs 3a
JOTIOMOTO0  MPOTHO3YBAaHHS  Ta  3alpOBA/KEHHS  CHUCTEM  aKyMyJsLii
eJeKTpoeHeprii. XapakTtep 3MiHu piBHS reHepoBaHoi notyxHocti BEC ta CEC

IIPEACTABIICHO Ha puc. 1.6.
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Pucynok 1.6 — Ocepeanena cymapsa notysxHictb BEC ta CEC
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1.3 B3aemoaisl 3 aKTUBHUM CHOKHBAYEM

[TosiBa akKTUBHUX CIOKMBAYiB 3MIHIOE POJIi KIHIIEBUX CIIOKUBAUIB Y CUCTEMI
pO3MOily eHeprii BiJi MACHBHOTO MNPUAOAHHS ENEKTPOEHEprii, A0 aKTUBHOTO
IJIaHyBaHHS TIOMUTY Ta TEeHepallil BIAMOBIAHO N0 1HAWMBiAYyalbHHX moTped. Lle
TaKO)X pOOWUTH MOXIUBMM BHBUeHHS MicueBux BJIE, a Takox mepeBaru sk
rpaBiiB, Tak 1 cucreMd. OJHAaK HOBUM ClLIEHApid NPUHOCUTH HAI3BUYANHY
CKJIaJIHICTh BHBYEHHS Ta KepyBaHHsA. BuUHHMKae HEOOXIJHICTH PO3POOKH HOBHUX
MIJXO0/IB Ta IHCTPYMEHTIB ISl PO3YMIHHSI CUCTEMHU PO3MOJLITY €Heprii, 0COOIMBO
JUISL TUX, XTO MpUHAMAaEe TMOJITUYHI pPIilIeHHS. 3amporoHOBaHA YOTHPHUIIAPOBA
CTPYKTypa MOX€ BHMBYATH IHTEPAKTHUBHY MOBEAIHKY AKTUBHHUX CIIOXKHBAdiB TIiJ
KEpIBHUITBOM MiKkpo-rpaBliB. HoBa iHTeneKkTyanbHa MEPEXa MOKE BIIKPUTH HOBE
OaueHHd  (YHKIIIOHYBaHHS  €HEProCUCTEM 1  JIO3BOJUTH  CTBOPUTH
CaMOOPTraHi30BaHy CIUIBHOTY aKTUBHHMX CIIOKHMBA4iB 3 aOCOJIIOTHO HOBUM
MiaxoaoM. BakiuBe 3HaueHHS B paMKax 3JUTTA MalTh COILIAIbHI Ta TEXHIYHI
B3a€MO/IIi, SIKI BIUTMBAIOTh HA TJIOOAIbHY MPOAYKTHBHICTH Ta MOTPEOU MPArHyTH
JI0 MAKpOKOHTPOJIIO BJIACHUX 3alliKaBJICHUX MIKpPO-TPABIIIB, sIKI B3a€EMOJIIOTH Ha
COIIIAJILHOMY Ta MEpEKEeBOMY piBHSX. PerymioBanHs Moke OyTH 3HiMICHEHE 3a
JIOTIOMOT'OI0  30BHIIIHBOTO CTUMYJIIOBaHHSI K 3 TOYKM 30py IIIHOBUX, TaK 1
COIIIAJIbHUX I[IHHOCTeH. [HOA1 coIianbHI I[IHHOCTI MOXYTh OYyTH OiIbII
¢(heKTUBHUMU, HI)K IIIHOBI CUTHAJIU. Pe3ynbTaTH MOKa3yoTh, IO JJII MaKCUMIi3arlii
€(EeKTUBHOCTI MOJITUKH CJIIJI PETENIbHO PO3BUBATH BIAMNOBIAHY COI[aIbHY
KYJIbTYpY.

YotupuiiapoBa CTpykTypa o0O0'€lHye colllalbHy MEpexy, IepeaoBi
iH(poOpMaIliiiHI Ta KOMYHIKallliHI TEXHOJIOT1i, €HEProcUCTeMHU, B TOMY YHCIHI
CepellHI Ta HU3bKI PIBHI HAMPYTH, & TAKOX PIMIEHHS PI3HOMAHITHUX TPAaBIlB y
pI3HUX MaclTadax:

1. V coumianbHOMYy MIapi aKTHUBHHM CIOXKMBad BHUPIIIYE CBOi COLIAJbHI
yno/100aHHs Ha KOKHOMY COLIaJIbHOMY IHTE€pBaJll Yacy: KepOBAaHUI BUTOJAaMH YU

kepoBaHuii komdopToMm. [loTiM BiH 3HAXOAUTH y CBOEMY CYCIUIBHOMY KOJIi
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MOJieJb aKTUBHOTO CIIOXHUBava 3 TUMH K BUT0JIaMH, KUl OTPUMaB MaKCUMAaJbHY
KOpPUCTh a00 KOMQOPT BiJl OCTAHHLOTO 1HTEpBaIy 4acy kKepyBaHHs. [licias mporo
BiH HAJAIITOBYE CBIf CTaH JJO MOJIEJICH aKTUBHOTO CITO’KMBAYa;

2. IndopmarniitHO-KOMYyHIKAIIHHUN TEXHOJOTIYHUIA IIap HaJxae 3acolu
KOMYHIKaIii g 300py Ta Tiepenadi JaHUX I0JI0 OMNEpaTUBHUX CTaHIB,
CaMOOPTaHI30BaHUX TOPTIB, PE3YyIbTATIB PUHKY MICIIEBUX TPOMAa Ta MOTOYHOTO
pPEXKUMY pEryJIIOBaHHS;

3. Ha ¢i3zuynomy piBHI, KOPUCTyBaul MOXYTh T€HEPYBATH 1 CIOKUBATH 3
EJIEKTpOMEpeX1 enekTpoeHeprito. KpiM Toro, TpaauiiiiHi TreHeparopu 1
HABAHTAKEHHA TaKOX M1’ €JHAHHI JO0 I[boro mapy. EkxcrutyaramiiiHa Oe3mexa
[[LOTO IIAPY MOKJIATAETHCA Ha MICIIEBOTO KOOPIANHATOPA €EKTPOCHEPTii;

4. PiBeHb NPUUHATTS PILIEHb € BIPTYaJbHUM 1 NPHUBATHUM MICLHEM IS
IpaBIliB, SKUW aHai3ye Ta YyTOUYHIOE 1H(GOpMaIli0 3 piBHSA 1HPOPMAIIIITHO-
KOMYHIKAI[IHUX TEXHOJOrM, a MOTIM pearye Ha OCHOBI 1HAMBIAYaJIbHI 1Tl Ta
OOMEKEHHS.

CrpykTypa MOJAEIIOBAaHHS MICTUTh HAWOUIBII TUMOBI XapaKTEPUCTUKU Ta
B3a€MO/IIi KOKHOTO TpaBlisl, a0CTparoBaHi Biji KOKHOTO I1apy Ha puc. 1.8. Takum
YMHOM, TPAaBIll MOXYTh OyTH pO3JAUIEHI Ha JBI 3arajbHi TPyNH: MIKPO-TPaBIii,
TOOTO aKTHBHI CIIO>KHMBAYi, 1 MAaKpO-TrpaBLl, BKIIOYAIOYU arperaTop HaBaHTaKEHHS,
JOKaJIbHUM ~ KOOPAMHATOp  €JIEKTPOeHeprii Ta  perymdarop. Makpo-Trpasiii
BCTAHOBJIIOIOTH MPaBHJIa, KOHTPOJIIOIOThH BCIO CUCTEMY, 30UparoTh 1H(OpMAaIIio Ta
BUIAIOTh HEOOX1HI CUTHAJIH.

AKTHBHI CIOXUWBa4dl HanalTh i1HOOpMAIlI0O TPO OCTaHHIA KOMQOpT i
KOPHUCTh Ta CTaBJCHHS O HUX B KOXXHOMY COLIIAJIbHOMY IHTE€pBaJll 4acy B TOMY X
KOHTPOJILHOMY IHTEpBaJl 4Yacy B OJHAKOBOMY KOJII CYCHiIbCTBA. B KOXHOMY
KOHTPOJIBHOMY IHTEpBaJl Yacy aKTHBHI CIIOXHBadl aHaJI3yIOTh ICTOPUYHI LIIHH,
o0 mepeadauyuTi MOKIIMBI KOJIMBAaHHS IIIH Ha CIOXXKMBAHHSA Ta TeHepallio. Ha
OCHOBI1 HEMIOJJABHO OHOBJICHOI COIIAJIbHOI 1H(pOpMaIlii Ta EKOHOMIYHUX CUTHAIIIB
BIJl MaKpoO-TPAaBI[IB AKTUBHI CIOXKMBaudl pPO3PaXxOBYIOTh BJACHY TEHEpalilo Ta

MOMUT, BPAaXxOBYIOUM JIMITH TE€Hepalli Ta MOMUTY HAa HACTYMHUN KOHTPOJIbHHM
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iHTepBan yacy. llicms camo3abe3nmedeHHsT poJib  aKTUBHOTO — CIIOXKHMBaua

BU3HAYAETHCS K MpOJaBelb (FeHepallisi B HAIUIIKY) a00 TMOKymenb (aedimut
nokomiHH). [1i1 9ac y9acti B TOPriBili B KOKHOMY KOHTPOJIBHOMY 1HTEpBal 4acy,
CIOXXMBAa4 BUKOPHCTOBYE CTpaTeriio, IO HE 3MEHIIye MpPUOYTOK, 100
chopMyBaTH KiHIEBY I[IHOBY MPOMO3UIIII0. ¥ KOKHOMY KOHTPOJILHOMY 1HTEpBai
gacy CcaMOOpraHi30BaHI MEPETOBOPH OO INH 1 KITBKOCTI Cepell aKTHBHUX

CIIO’KMBAYIB B MEXaxX OJHOTO KOJjla KOMYHIKaIlli a00 Ha OJIHIM IIKWHI PO3TJIAAAI0Th

TaKoX OajlaHCyBaJIbHI IpeMii 1 IUKIIYHUHN 3apsij.
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Pucynok 1.7 — bararomapoBa CTpyKTypa CUMYJIIOBaHHS JUISl CHCTEM PO3IOILITY

eJIeKTpOoeHepTil
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Arperatop HaBaHTa)XCHHS HaJa€ MOCIYTH Bl 1IMEHI aKTUBHUX CIOKHBAaYiB,
Oepe yJacTh Y pUHKY MICIIEBUX IpOMaJ Ha OCHOBI MOJM(IKOBAaHUX BY3JIOBHUX IIiH,
a TakoXX 30mpae iHpOpPMAaIlilo PO CaMOOPTraHi30BaHI KPOC-ITUHHI YyroaW Ta iXHi
BIJIMOBITHI KOPUTYBaJIbHI CTABKH IS TIOJIAHHS 10 PUHKY MiciieBUX rpomaz. [licis
OTPUMaHHSI YTOYHEHHX OOCSTIB CIIOKMBAHHS Ta TEHEpallii Ta BY3JIOBUX IIH Bij
pPUHKY MICIIEBUX TpOMaJ, arperaTop HaBaHTAKCHHSA IIepEepaxoBye I[iHU Ha
CIIOKMBAaHHS Ta TeHepallito, o0 oTpuMaTu Iuiaty 3a nociayry. IloTim yrouHeHi
oOcsir Ta 3MIHEHI I[IHU BIANIPABIISIOTHCSA Ha3a ] A0 BIATOBITHUX MTOCEPEIHUKIB.

JlokanbHUI KOOPAMHATOP E€IEKTPOEHEPTli KEpye PUHKOM MICHEBHUX T'POMa,
BUKOPHCTOBYIOUM KOTHPYBAHHS 3 arperaTopa HaBaHTaXKCHHS, MaJIUX TPATUIIAHAX
TEHEpaToOpiB 1 HaBaHTaXXEHb B OJIHIA TpoOMajl, CIPSMOBAHY Ha 3a0e3MeyYeHHS
HaWOUIbII €(PEKTUBHUX CTUMYIIB, 11100 CIOHYKATH MOBEAIHKY YYaCHUKIB PUHKY J10
OaxxaHOro pe3yJbTaTy (HANpUKIA], MaKCHUMI3allll0 COLIAJLHOTO HAIJUIIKY,
MIHIMi3alisl 3araJIbHUX 30MTKIB TOILO) MPU JOTPUMAHHI ONEPATUBHUX OOMEKEHD.
OOMIH eHepri€lo 3 IHIIMMU TPOMaJIaMU TaKOXK PO3IIIANIAE€ThCA K OJHE 3 3aB/IaHb
JIOKAJIbHOTO KOOPAWHATOPA EIEKTPOCHEPTi.

OOMIH eHepri€l 3 IHIIUMH TPOMaJaMHU TAKOX PO3TISAAETHCA K OIHE 3
3aBJaHb JIOKAJIBHOTO KOOpPJMHATOpa enekTpoeHeprii. OCKUIbKU JTOKaIbHUMN
KOOPAMHATOP EJNEeKTPOCHEeprii He MOXe Oe3MocepeHbO KepyBaTH TMOMUTOM 1
reHEepalli€l0 aKTUBHUX CIIOKUBayiB, BIH BUKOPUCTOBYE BY3JIOBI I[IHU SIK
CKOHOMIYHI CTUMYJIW JJIS TPUHHATTS PillIeHb aKTHBHUX CIIOKUBAYIB IIIOJI0
iIXHBOTO NOMUTY Ta TeHepallii, 10 MPUBOAUTH BCIO CUCTEMY A0 0aXKaHOTO CTaHY.

Perynsarop, sk equHuii Makpo-rpaBellb, 10 POOHUTH MOMITHKY B CHUCTEMI,
BIJINOBIJIA€ 32 MOHITOPUHT (DYHKI[IOHYBAaHHS PUHKY Ta €(QEKTUBHICTh BCIET
CUCTEMU. «3arajbHUN KOHTPOJBY» CHUCTEMH MOKE BUKOHYBATHUCS PETYJISTOPOM

JMHIc 3a J0IIOMOI'OXO IIpaBUJI.
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1.4 KomneHcamis peakTHBHOI TMOTYKHOCTI /JJ  MNiJABUIIEHHS

eHeproeeKTHBHOCTI Ta HAXIMHOCTI eJIEKTPUYHUX MEpPex

AHamITUYHUN METOJ 1O T[OCTa4YaHHS PEaKTUBHOI TMOTY)KHOCTI Ta
E€HEPreTUYHOro apOiTpaKy, BKIIOYAIOYM BUTPATU PEAKTUBHOI MOTY>XHOCTI Ta
BTpATH B JIHISX, IO J03BOJIsIE €PEKTUBHO OOPOOISATH BETUKY KUIBKICTh 3MIHHHX,
Jaoud  Maibke ontuMmanbHe pimeHHs B 100 pasiB mBHALIE TOPIBHAHO 3
ICHYIOUUMH MeToJlaMH. JlaHui MeTO | 03BOJIIE MIHIMI3yBaTH 3arajibHy BapTiCTh
JIEC, mo nigKIo4yaeTbcss A0 E€IEKTPOMEpEeXkl, sIka MICTUTh (DOTOEIEKTPHUYHI
MOAYJl, aKyMyJsITOpHI CHCTeMH 30epiraHHsi e€Heprii Ta eJeKTPOCTaHIii 3
EJIEKTPUYHOIO 3aPSAIKOI0 3 MOKIIMBICTIO TEHEPYBAHHS PEAKTUBHOT MOTY>KHOCTI.

Jlauwii MeTox MIAXOAWTHh SIK JJIs TMOCTayaHHS ENEeKTPOCHEPTii Ha JeHb
Harepes, Tak 1 B pexXuMI peajabHOro 4acy y BEJIMKUX cucTeMax. Takoxk Moxe OyTH
BUKOPUCTAHUMN JIJIsl 3araJIbHOL IUCTIeTYepU3allii €HEPTii 3 pI3HUMU MMapaMeTpaMu Ta
pi3HUMH GYHKIISIMU BUTpAT.

[lepenbauaerscsa, mo I[ISO Mae KOHTpPOJIb HaJl CHUCTEMaMH aKyMYJISLIi
€JIEKTPOEHEPTii 1 Ma€ MpaBO 3alydyaTd HEBUKOPUCTAHY MOTYXKHICTh 1HBEPTOPIB
(GOTOENEKTPUYHUX CHUCTEM 1 EJIEKTPUYHUX OOPTOBUX 3apsIHUX MPHUCTPOIB, IO
HaJieXaTh TPETIA CTOPOHI, ISl 3a0e3MeUeHHs] PEaKTHUBHOIO eHepriero. BapTicTh
aKTUBHOI TOTYKHOCTI 3 €JIGKTPOMEpEXi BKE BKIIOYAaE B ce0e YUCTy BapTICTh
3apSAIKA aKyMYJISATOPHUX CHCTEM 30epiraHHs eHeprii Ta enexTpoMooiis. OcTaHHii
BHUPAXOBYETHCA 3 LUILOBOT (DYHKIIi, OCKIJIBKH BapTICTh 3apAJIKH €IEKTPUYHOTO
TPAHCTIOPTHOTO 3acO0y OIJIAYY€ThCA MPUBATHUMH BiIacHUKamu. DoToenekTpuyHi
CHUCTEMH OIUIaYyIOThCS 3a TOTYXKHICTIO, SIKY BOHH BHUPOOJSIOTH IS TOKPUTTS
OCHOBHUX  1HBecTHIIA. KOXXeH  po3NmojiieHnid  €HepreTUYHU  pecypc
KOMITCHCYEThCSI 32 BUPOOHUIITBO PEAKTUBHOI MOTYXKHOCTI. SIK HACHIJOK, IIJIbOBA

(byHKILIS] BAPAKAETHCS SIK:

. Pari ri A :
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ne cP9d, i cPPYy — e BigmoBigHO IiHOK aKTHBHOI MOTYKHOCTI 3 Mepexi i Big PV;
cQorid j ¢OX; — BIiAMOBiIHO BUTPATH PEAKTUBHOI MOTYXKHOCTI 3 Mepexi i 3
pO30CepeIKEHNX KEpeN eHeprii (e 1HAeKe X 1 BepXHiil iHAeKC X MOXYTh OyTH
PV /BESS / EV). AkTuBHa 1 peakTHBHA MOTY>KHICTh, IpHUI0aHa B MEPEX1, MAIOTh
cumBon P9Y i Q9% pigmomimmo. PPVy: mpencraBnse akTUBHY MOTYXKHICTb,
BUPOOJICHY MEBHOIO (POTOBOJBTAIYHOI YCTaHOBKOK. IlosmtmsHi PBESS; i PEY,
ABISIIOTH  co0oro 3apsaky BESS 1 EV  BigmoBimHO, 1 po3MIsaaroThes SIK
HAaBaHTA)KEHHS, B TOM uac sk nosutuBHud Q: sABIse €060 reHeparicro
pPEaKTUBHOI TMOTYXKHOCTI 3 pO30CepeKeHHUX jpkepen eHeprii. [Hmekc t mokasye

3HAUEHHA 3MIHHUX Y MOMEHT 4acy t; H — TpuBaicte nepioay dacy.

BucHoBku:

1. B manoMy po3auni Bu3HadeHO (DaKTOPU 1 YMHHUKU BIUIMBY Ha poOOTYy
JOKAJIbHUX EJEKTPOCHEPTeTUYHUX CHUCTeM. PO3MNIAHYTO MNpHHIMIN MOOYA0BU
JIOKaJIbHUX CHUCTEM EJIEKTPOINOCTAaYaHHs 3riiHO 3 KoHuemnmiero Smart Grid.
JlocniKeHo MUTaHHS CTBOPEHHS Ta OpraHi3auii JIOKAIbHUX PUHKIB €JIEKTPUYHOI
eHeprii 3 popMaJizaliero yYaCHUKIB PUHKY Ta MPAaBUII HOro (GyHKIIOHYBaHHS.

2. [IpoBeneno orisi Ta kKiaacupiKoBaHO JITEpaTypH1 JpKepesia 32 OCHOBHUMU
npoOsieMamu, 1m0 OyJau TOPYIIEHI B JOCHTIKCHHSIX 3apyODKHUX BUeHHX. Byro
PO3MJISHYTO  TepeoBl  TexHosorii peam3amii  koHnemnmii Smart Grid B
CHEPreTUYHUX CHUCTEMax IHIIUX KpaiH, II0 JO03BOJSE OIHUTH MOMKJIUBOCTI
BIIPOBAKEHHS Miepe1oBUX TexHouorii nodyaosu JIEC B ymoBax Ykpainu.

3. BuaisnieHo nepcnekTUBHI HAMPSMKH 3aCTOCYBAaHHS MEPEIOBUX TEXHOJOTIN
B €HEpreTUYHil ramy3i YKpaiHu 3riHo 3 1 pO3BUTKOM Yy paMKax KOHLeMNLii Smart
Grid. [ns edexktuBHoro ¢ynkuionyBanHss JIEC HaBemeHo mnpoOieMu, sKi
HEOOX1THO BUPIIIUTH, Ta IX BUPIIICHHS, [0 ONTUMI3YIOTh €HEPTreTUYHI MPOIIECH B
JOKaJIbHUX  eJeKTpoMepexax. Jlo mnuTanp, 1m0 MOJISTaId  BUPIIMICHHIO
BIJIHOCWJINCh: ONTHUMAaJIbHA PEKOH(Irypailisi eIeKTPUYHUX MEpeXk, TeHepallis Ta

KOMIIEHCAllisl pEaKTUBHOI MOTY>KHOCTI Ta OaJIaHCYBaHHSI MOTY>KHOCTI B MEPEXKI.



33

4.3 TOYKM 30py KEpyBaHHS AaKTUBHHUMH CIOXXKMBadamMH Oyla HaBeaeHa
CTpaTerisi Ha OCHOB1 YOTHPHILIAPOBOI CTPYKTYPH CUCTEMHU PO3IOJILTY, 1110 BKIIOYAE
TEXHOJOT14HI, 1H(OpMalliifHi, oOpraHi3alliiHI Ta COLIaJbHI MPOLECH A Yac
KEepyBaHHs aKTUBHUMHU CIOXHBauaMu. Takoxk Oylio pO3IISIHYTO MPOLEAYpPY
amanTamii CTaHy aKTUBHOTO CIIO)KMBaya, BIANOBIAHO 1O BJIACHOI BUTOAU Ta
CTaHJApPTHUX BHM3HAUYECHUX MOJENCH TMOBEMIHKM aKTUBHMX CHOXuBauiB. lle
N03BOJIs€ 3A1CHIOBAaTH KOHTpoub JIEC 3 BpaxyBaHHSIM IPOTHO30BAHOI IMOBEIIHKU

00’ €KTIB CUCTEMHU.



34

PO3/ILI 2

MYJIBbTUAT'EHTHI CUCTEMU KEPYBAHHSA TA ®OPMAJII3ALIA
AKTHUBHOI'O CITOKUBAYA

2.1 MyabTHAreHTHI CHCTEMH KepyBaHHS B JIOKAJILHUX

CJICKTPOCHEPTCTUIHHUX CUCTEMAX

2.1.1. 3araJpHa XapaKTepUCTHKA MYJIbTHATEHTHHUX CHCTEM

JlocnipKeHHs, 10 PO3BUBAIOTHCS B JaHUM dYac, TOB'A3aHl 3 HAIpPsIMOM
"iHTeNneKTyanbH1 Mepexi" abo Smart Grid, 30kpema, CripsMOBaH1 Ha JTOCIIHKESHHS
TakKMX iX BJIACTHUBOCTEH SK HAMIHHICTh, CKOJOTIYHICTh, CKOHOMIYHICTL 1
HaJIAIITOBYBaHICTh Ha KOHKpeTHI yMoBHU pobotu. JIEC € pizHoBumom Smart Grid,
K1 TpUTaMaHH1 Takl 0COOJIMBOCTI: €qUHE 00'€THAHHS PI3HOPITHUX PO3MOALICHUX
1 ILEHTPaJI30BaHUX JDKEpeNn  €Heprii, IOHOBIIOBAaHUX JOKEpENI  EeHeprii,
HAKOIMWYyBaviB €Heprii 1 pisHOTUIHUX crioxuBaviB. [Ipu nromy JIEC dyHKionye
K MpU TIOpUIHOMY €HEProlOCTa4aHHi, TaK 1 y BHMAAKaX, KOJHU 3a0€3MeuyeThCs
HaJIiHE TIOCTa4aHHS CIIOKMBadyaM 3a YMOBH IIOBHOTO BIIJIUJICHHS BiJ
[EHTPAII30BAaHOTO  JDKEpena, TOOTO B  «OCTPIBHOMY» pexumi. Baxiaupo
BIJI3HAUUTH, 110 Microgrid siBisie co00r0 KOMOIHAIII0 KEPOBAHUX 1 HEKEPOBAHUX
JDKEepeN eHeprii, 10 YCKIaJHIOE JocsrHeHHs OamaHcy mnotykHocTi B JIEC,
NIJBUIIYE AKTYyaJbHICTh PEryJIOBaHHS HANPYTH Ta CIIBBIJHOIIECHHS AaKTUBHOI 1
PEaKTUBHOI MOTY>KHOCTI B CUCTEMI.

JIEC Britouae B cebe HU3KY IU(DPOBUX MPUCTPOIB, MO KEPYIOTh MOTOKAMU
eHeprii Ta iHpopmallii. YCKIaJHEHHS 3aBJAaHb KEPYBAHHS IMOJSATA€ TAKOXK B TOMY,
0 SIK TIOTOKU €HEepTii, Tak 1 MOTOKW iH(opMallii € nBoHanpaBieHuMU a6o. Kpim
TOTO, OKpemi BiracHukU Oi3Hec-mpoueciB (cy0'exktu JIEC abo areHTH) B pamkax

JJEC Moxyts wMaTtu cBoi creuudiuyHi Kputepli e(PEeKTUBHOCTI  CBOTO



35

¢dbyHkIionyBaHHs. 3arajgbHOBU3HAHO, 110 KepyBaHHa JIEC He moxe OyTtu cTporo
IIEHTpaJIi30BaHUM a00 JCIEHTPaTI30BaHUM.

MynpTHareHTHUN Mmiaxiag Sk MeTon (opmanizamii pi3HUX MTpoIeciB 1 ix
B3a€MO/IIi B CHCTeMaxX CKJIQJHOI KOHQIrypaiii MpencTaBIseThCs MEPCIEKTUBHUM
JUTsl BAKOPUCTAHHS MPU BUPIIIEHHI 3aBAaHb oNnTUMalibHOTO KepyBaHHs JIEC.

ATEHTHO-OpIEHTOBaHI CHCTEMHU BIPOBAIKEHI B 00JACTI €NEKTPOTEXHIKU;
OyJau TPUUHATI SK HOBI KOHIICMIi CHUCTEM YIPaBIiHHS MPOTATOM OCTaHHIX
necatuiTh. g koHuemnmis BurmBae 3 iHpopmatuku. [Iupoke BUKOpUCTaHHS
TEXHOJIOT1i areHTa B EJEKTPUYHIA o00JacTi NPHU3BENIO A0 HEOJHO3HAYHOIO
BUKOPUCTAHHS Ta 1HTEPHpETallii MOHATh «areHT» 1 «MYJIbTHAT€HTHI CUCTEMU»; 1€
0COOJIMBO OYEBUAHO B JOCHIIHUX POOOTaX 3 IHTEICKTYyaJIbHUX MEPEK. 3arajibHe
pPO3YyMIHHSI TEpPMIHY IHTEJIEKTyajJbHa MepeXa B HAyKOBO-JOCIAHUX poOoTax
OXOILTIOE PO3pOOKY HOBHMX CTpAaTEriil ympaBiliHHS MOTYXHICTIO Ta CUCTEM 3B'SI3KY
JUIsl BUpIIIeHHsS Iiiei mpoOnemu. Lle moB'si3aHo 3 PO3MIMPEHHSIM BUKOPUCTAHHS
BITHOBIIIOBAaHUX JKEpeNn eHeprii (Hampukiaa, (OTOEIEKTPUUYHUX CUCTEM,
BITPOBUX TypOiH, CHCTEM KOMOIHOBAHOTO TEIUIONOCTAYaHHS) Ta HOBHX
CIICKTPUYHUX HABAaHTAXKEHb (HAMPHUKIIAA, TEIJIOBUX HACOCIB Ta EINEKTPUYHUX
TPaHCTIOPTHUX 3aCO0IB).

MynbtuarentHi cucremu kepyBanHsi (MACK) € ofHMM 3 HOBITHIX MIJIXO/1B
KEepyBaHHA ISl pO3pOOKH MPOTPaMHMX JOJATKIB y Tady3l IITY4HOTO 1HTEIEKTY.
MACK ckiagaetscsi 3 psAay OKpeMHX CyO'€KTiB, 3BaHMX areHTaMu, € areHTd
B3a€EMOJIII0OTh MK co00r0. KoxHa cTpyktypa Moxke OyTu arentom. Hampukian,
areHT MoXe OyTH TPUCTPOEM, KOMIT'IOTEPHOIO CHUCTEMOIO, MPOTPaMHHUM
3abe3rneueHHsIM abo opradizaimieto, 1o ix Bojomaie. KoxkeH areHT Moxe K
CaMOCTIMHO TIpalloBaTu [Jisi JOCSATHEHHS II€BHOT OCOOUCTOI METH, TaK 1
B3a€MOMISATH 3 IHIIMM areHTOM, 100 BUPIIMIMTU CHUIbHY MeTy. Buxopucranhs
MAC B 1HXUHIPUHTY €EHEPrOCUCTEM CTa€ JOCUTh TMOIIMPEHUM SBHUIIEM 1
MPE/CTABIICHE B JITEpaTypl PI3HUMHU 3aCTOCYBAaHHSIMH B PI3HHX apXiTEKTypax.
AreHTH — pO3CIfHI KOMIIOHEHTH pO3paxyHKy B eHeprocucreMi. BoHu 3matHi

OTPUMYBATH JIaHi IPO HAMPYTY, CTPYM Ta CTaH CUCTEMHU 1 JISITH HA IPUBOJIU, 11100
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3MIHUTH CTaH EHEProcucTeMu. SIK mpaBWiio, TPW THIHM CTPATETIA KOHTPOJIO
BUKOPUCTOBYIOThC Juisi KoHTponto areHTiB y MACK. Ile uenTtpanizoBaHi,
JIEIICHTpaTi30BaH1 Ta TIOpUAHI cTpaTerii KOOpAUHAILIIi.

Jo nmepeBar MACK BigHOCSTS:

— PO3BUTOK 3aco0iB ajamTalii 10 3MiH CEpeJOBHINA, MOXKIUBICTh
Moaudikamii i CTpykTypu 1 TmapameTpiB Oe3mocepeaHh0 B MPOIIECi
(byHKITIOHYBaHHS,

—3aCTOCYBaHHSl JMHAMIYHOTO MOJICIIOBAHHS B peaJbHOMY daci 3
MIPOTHO3YBAHHSM CTaHY €HEPTOCUCTEMU;

— oprasizaiiisi po3MOJAUIEHOTO 1H(OPMAIIITHO-TEXHOJIOTIYHOTO TPOCTODY,
CUHXPOHI30BAHOIO OOMIHOM 1 ONTHUMI3ali€l0 B3aEMOMAII MDK  PI3HUMH
MiJICUCTEMaMHU, MOXJIUBICTh 1HPOpPMAIIHHOTO OOMIHY HE TUIBKU JaHUMH, aje M
3HAHHIMU;

—3aCTOCYBaHHSI MapajieJbHUX OOYMCIICHb, SKI  JO3BOJISIIOTH  PI3KO
M1JBUIIUTH MIBUAKO/IIO Ta Ha MOPSAJO0K EKOHOMHUTH O0UHCIIIOBAIBHI PECYPCH;

— 3[JaTHICTh 3JIIMCHIOBATH KEpPYBaHHSA CTAHOM TEXHIYHUX KOMIUIEKCIB 1
CUCTEM Ha OCHOBI PO3MOAUICHHX MEpPEXEBUX IHPOpPMALIHHUX MEpPEeX 1 THYUKOl
1H(}pacTpyKTypu 0OOUUCTIOBAILHUX KOMIIOHEHTIB.

Moxmusocti MACK:

— monudikaiiss CTPYKTYypu 1 TmapameTpiB Oe3mocepeHh0 B  Ipolieci
GyHKIIOHYBaHHS;

—3aCTOCYBaHHS JAMHAMIYHOTO MOJICIIOBAaHHSI B pEaJbHOMY dYaci 3
MIPOTHO3YBAHHSM CTaHYy;

— oprasizailisi po3MOJUICHOT0 KEPYBaHHS 3 ONTHMI3AIIEI0 B3aEMOJIT MIXK
M ICUCTEMaMHU;

— MOXJIUBICTh OOMIHY $K JlaHUMH, TaK 1 3HAHHAMH; T[apajeibHi
OOYHCIICHHS, 10 MJABUIIYIOTh IIBUJAKICT OOYMCIIEHh TPU  EKOHOMIl

O0YHUCITIOBAILHUX PECYPCiB;
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— KepyBaHHS CTAaHOM TEXHIYHMX KOMIUIEKCIB 1 CHCTEM Ha OCHOBI
PO3MOIIIEHUX MEpeKeBUX 1HGOpPMALIMHUX Mepek 1 THYYKOH 1H(PPACTPYKTypH
O00YHMCITIOBATLHUX KOMIIOHCHTIB.

Habynu mommpenns tpu tunu apxirektypu MACK. Apxitrekrypa MACK
Ha MPUHIMIAX [ITYYHOTO IHTENEKTY BUKOPUCTOBYE METO/IU 1 3aCO0M CUMBOJILHOTO
npenacTaBieHHs 3HaHb. OOMEXEHICTh apXITEKTypu — BIJACYTHICTh MiJCHCTEMHU
MOJICTIOBaHHS JIJI MPOTHO3YBAHHS CBOEI MOBEIHKH, MOBEIIHKUA 1HIIUX areHTIB 1
30BHIIIHBOTO CEpEIOBUIIA. 3a0e3MeuyeThCsi CTBOPEHHSI TOYHOI 1 MOBHOI MOJENI
CKJIaJHOrO  0araTopiBHEBOrO0 Ta 0araTo3B's3HOTO JUHAMIYHOTO  00'€KTa,
pPENpPE3eHTOBAHOI CIUJIBHOTOIO B3a€MOJIIOYMX AareHTiB, a TaKOX CHCTEMHU
KEepyBaHHA TaKUM O0'€KTOM Yy AaHIi apXiTeKTypi HeMoxumBo. Ha puc. 2.1 Ta 2.2
HABEJICHO MPUKIIAJ apXITEKTypH 1HPOpMaLIiHUX 3B’ A3KiB MK eneMeHTaMu MAC

KEepyBaHHA Ta BHYTPIIIHIO CTPYKTYPY CUCTEMU JIOKAIBHOTO KEPYBaHHSI.

LleHTpanisoiBaHe | S ~ T T T Tm-m=e-ao . e
KepyBaHHA TEmead Basza
. 4 [AaHnX

¢- -~ MporHosyBaHHA

-------
-----------------

Pucynox 2.1 — Apxitekrypa iHpopmaiiitaux B3aemo3B’si3kiB MACK

PeakTuBHa apxiTeKTypa BUKOPHUCTOBYE METOAM 1 3aCO0M CHUMBOJIBHOTO
npejacTaBieHHs 3HaHb. OOMEXEHICTh apXITEeKTypu — BIJACYTHICTh MiJCHUCTEMHU
MOJICTIOBaHHS /i1 IPOTHO3YBAHHS CBOEI MOBEIHKH, IMOBEAIHKMA 1HIITUX areHTIB 1
30BHIITHBOTO cepeaoBuiia. CTBOPEHHS TOYHOI 1 IMOBHOI MOJEII CKJIATHOTO
OaratopiBHEBOro Ta 0araTro3B'si3HOr0 JUHAMIYHOTO O0'€KTa, PEnpe3eHTOBAHOL
CHIJIBHOTOIO B3a€EMOJIIOYUX areHTIB, @ TAKOK CUCTEMU KEPYBaHHS TaKUM 00'€KTOM

y JlaH1i apXITEeKTypl HEMOKIHBO.
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Pucynok 2.2 — BHyTpilIHA CTPYKTypa CUCTEMU JOKaJIbHOTO KepyBaHHsI MACK

['OpuaHa apxiTekTypa peanidye IMHAMIuHy opraHizamiiny monaens MACK
IEM 1 MiCTUTh MEHTAJIbHY Ta PEAKTUBHY IMIJICUCTEMH 3 IOMOBHEHHSM ii CHCTEMOIO
MojietoBaHHs. JlaHa MOJeNb 103BOJIA€ 3a0€3MEUUTH areHTy MOXJIMBICTh BUOODPY
CTpaTerii HOCATHEHHS LIJIeH 1 MEeBHUX A y pamMKax oOpaHOi cTparerii, a TaKOX
3a0€3MeYUTH MOMKIIMBICTh THYYKOI KOPUTYBAHHS l€papXiid B CTPYKTYpl CHCTEMHU
1HTEJIEKTYaIbHOTO KePYBaHHH.

Opranizaniiitna Mmogenbs MACK onmcyetscs OaraTopakTOpHUM BEKTOPOM
crany Bciei cykynmHocTi areHTiB MACK, ToMy J0IiIbHO BUKOPHUCTOBYBATH
riopunny apxitektypy MACK, [0MOBHEHY CHCTEMOIO MOJIEIIOBAHHS, IO
JIO3BOJIIE areHTy 3a0e3MeyuTd BUOIp cTpaTerii 1 BUKOHATH [ii ST JOCSATHEHHS
el oOpaHoi cTparterii 1 THY4Ky KOPUTYBaHHS 1€papXiii B CTPYKTYpi CHCTEMH
1HTEJIEKTYaIbHOTO KePYBaHHS.

Apxitexktypa MACK Mae MicTUTH:

— creuiani3oBaHi 0a3u 3HaHb (OHTOJOTINA) Il MOJAHHS 1HGOpPMAIITHUX
noTpeO (GyHKIIOHYBAaHHS PI3HUX arcHTIB;

— MOJIeJIi TPOIECiB (DYHKIIIOHATEHO TOBHOI MIJICUCTEMH CIICIiali30BaHUX
areHTiB, 3a0€3MeUyI0Th NOIIYK, YSIBICHHS, 0OpOOKY Ta po3noaieHHs 1H(hopMaIlii;

— MIJCUCTEMY MPOTHO3YIOYOT0 MOJIETIOBAHHS;

— nijicucreMy (GOpMYyBaHHS KPUTEPIiB 1 0OMEKEHb;
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— MiJICHCTEMY MOJICIIOBAHHS Ta KOOPJWHAII B3aEMOJIi MK areHTamH,
opraHizaiii  KOOTIEPAaTUBHOI'O  TMOBEAIHKHM, 3a0e3medyeHHs  1HGOpMaIIiHO-
TEXHOJIOTTYHOT B3a€EMOIIT 1 CyMICHOCTI areHTiB;

— migcucteMmy GopMyBaHHS KEPYIOUMX BILTUBIB 1 peasizailii KepyBaHHS;

— MJICUCTEMY aHaJi3y 1 IJIaHyBaHHSI.

2.1.2 ®opmadizanis JIEC y BUrsiii MyJIbTHATEHTHOI CHCTEMU

MynbTHareHTHa CUCTEMA € IHTEJIEKTYaJIbHOK PO3MOIIEHOI JTUHAMIYHOIO
CUCTEMOIO KEpyBaHHsI, /1€ Ma€ MICIIE€ Y3TO/KEHA 1 HEY3TrOPKEeHa CI1IbHA MOBEAIHKA
1 B3aeMoJis areHTiB. [Ipy bOMy KOXEH areHT Mae MEBHY CTYIIHb aBTOHOMIi y
BCTAHOBJICHIH 1€papX14YHiil CUCTEMI.

dopMyItOBaHHsS MOHATTS "areHT' B HAYKOBO-TEXHIYHIN JiTepaTypi Mae
O0arato pi3HUX IHTEpPOpETAaliil, 1HOAI OOYMOBIEHHMX KOHKPETHOIO MPEIMETHOIO
obnmactio. OpHe 3 HaWOUIBII 3arajJibHONPUIHATUX  BU3HauYeHb '"areHra"
MIPEICTABIICHO B, JI€ aBTOP BHU3HAUMB "areHTa" K MpOrpaMHO-anapaTHUM CyO0'eKT,
110 3HAXOJUTHCSA B JAECSIKOMY HaBKOJUIIHBOMY CEPEIOBHINI 1 3[aTHUN aBTOHOMHO
pearyBatu Ha 3MiHM B I[bOMY cepefoBuini. KpiMm Toro, takox chopmysabOBaH1
BJIACTUBOCTI "IHTENEKTyalbHUX areHTIB", fKl MOBUHHI BOJIOAITH PEAKTHUBHICTIO,
[IJIECIPSIMOBAHOIO TIOBEIIHKOIO 1 B3a€EMOJMIEI0 3 I1HIIUMHU IHTEJIEKTYaJIbHUMU
arentamu. Ciif 3a3HA4YUTH, 10 Ar€HTH MOXYTh OyTH OJHOPIiJIHI, TOOTO Ti, IO
MarTh 3arajibHi HECYNEpEeuHi I, 3JaTHUMU BUKOHYBAaTH OJHOTHIIHI Jii, Ta Ti,
IO OMNEpyITh 3arajJibHUMU OOJIACTAMHU 3HaHHA. B iHIIOMY BHMajaKy, areHTH
BBaXalOThCs  HeogHopigHuMmMu. Crtpyktypa MAC 3 OgHOpIAHMMU — Ta
HEOHOPITHUMU areHTaMHU MoKaszaHa Ha puc. 2.3.

Ha puc. 2.4 npuBeneHo gopmaiizoBane MpeacTaBIeHHs areHTa, IpuiHATe B
JaHii poOOTI 3 ypaxyBaHHSM OCHOBHUX (DYHKIIIOHAJIbHUX XapaKTEPUCTHK,
OpUTaMaHHUX areHTy: '"MipkyBaHHA", '"caMmoHasmamTyBaHHA", "omTumizaris'",

"KoMyHiKkalsn", "aKTUBHICTB", BBEICHUX Ha OCHOBI 3allPOMOHOBAHOTO B pPOOOTI

MIJIXOY.



Pucynok 2.3 — Ctpykrypa MAC 3 ognopigaumu areHtamu (Ne 1, No 4),
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logo posrasimy cuctem tumy JIEC, mo MaoTh B CKIal
pi3HOGYHKITIOHANTBHI Cy0'eKTH, OyJAeMO BBakaTH, IO areHTH BHU3HAYEHI B KJjaci
Ki0ep-(pi3UYHUX CUCTEM, a TaKOXK €, B 3arajJlLHOMy BHIMAJKY, HEOJHOPITHUMHU
enementamu MAC.

Ha puc. 2.4 npuiinari HacTymHi mo3HadeHHs: Aj — arent; Z(t) — BekTop
BXIJTHUX OOMEXEHB 1 YCTaBOK, MOB'sI3aHMUNA 3 (YHKIIOHATHLHOK XapaKTEPHUCTUKOIO
"komyHikanis", npu npomy Z(t) = (L, DS, DR), ne L — TexHomoriuni o6MexeHHs
arenta, D¢ — BexTop BXimHuX komann, DR — Bextop BXigHux pexomennamiii; S(t) —
BEKTOp CTaHIB areHTa, MOB'SI3aHUN 3 MO0 (PYHKIIOHAIBHOI PUCOIO "aKTHBHICTB'";
X(t) — BekTOp mapameTpiB i KOHCTAHT areHTa, MOB'A3aHUH 3 HOro (PYHKIIIOHAIBHOT
XapaKTEPUCTUKOK '"caMOHamamTyBaHHsA" (1100 mHapameTpiB) 1 '"MIpKyBaHHS"
(momo koHctaHT); U(f) — BekTOp BHYTpINIHIX T€HEPOBAHWX KEPYBaHb arcHTa,
MOB'sI3aHUH 3 HOro (PYHKIIOHATBHOI XapaKTEPUCTUKOIO "onTumizaris'.

3acTocyBaHHSI MYJIBTHAr€HTHOTO MIAXOAY € TEPCIEKTUBHOIO TEXHOJOTIEO
JUISL KepyBaHHS 1 TNPUUHSATTS PIIIEHHS B CHUCTEMax, Ji€ ICHYe€ pO3IOALICHE
KepyBaHHS 1 HEBU3HAUCHICTh, TIOB'SI3aHa 3 HACTyNHUMH (aKTopaMu: 3
peasli3oBaHUM KOXKHUM areHTOM 3aKOHOM KepyBaHHs, cliabo mepeadadyBaHOIO
MOBEJIHKOIO  30BHIIIHBOTO  CEPENOBUINA, MOXIMBUMH  BTpaTamMu  BiJ
CIIOCTEPEXKEHHS 1 KepyBaHHs 00'€eKTaMu.

Mynbtuarentae Binoopaxenus JIEC go3sosse:

— BpaxOBYBaTH IHTEPAKTUBHUI XapakTep B3a€MOli Pi3HUX KOMIIOHEHTIB
JIEC;

— OyayBaT MOJIeNi IOBEIIHKM CUCTEMH B YMOBaX BEJIMKOTO YKcia Cy0'eKTiB
1 TEXHOJIOTTYHUX ITIJCUCTEM;

— OTpUMYBaTH 1H(GOPMAIIIO0 AOCTATHHOIO OOCATY JJisi BUKOHAHHS areHTOM
CBOTO (hYHKIIIOHATLHOTO IPU3HAYCHHS;

— HaJlaBaTH MOJIMBOCTI PO3MIMPEHHS (DYHKIIIOHAJTIBHOCTI Ta IiJIBUILIEHHS

e(peKTUBHOCTI PyHKILIOHYBaHHs areHTiB 1 cucteMu MAC B LijoMy.
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Takum unnom, mynbruareHTHe ysBieHHsS JIEC moxe OyTu epexkTUBHUM
IHCTPYMEHTOM KEpYyBaHHS IOTOKaMHM €HEprii, SKICTIO EHEPronocTayaHHs Ta
eKOHOMIYHOIO e¢ekTuBHICTIO ¢yHKIionyBanHs JIEC mo BinHOmIEHHIO [0

CKJIa/IOBUX CYO'€KTIB.

2.1.3 Cunre3 moaesai MAC JIOKaIbHOI eJIEKTPOEHEePreTHYHOI CHCTEeMH

Ha arenTiB MOXyTh NOKJIAmaTUCh Pi3HI O0OOB’SI3KH, SKI BOHM MAarOTh
BUKOHYBAaTH B 3aje:KHOCTI Bif lepapxii MAC Ta cerMeHTy eJleKTpOCHCTEMHU 3a
AKUW BiANoBigae kokeH areHT. Hampuknan, ¢yskiii MAC TexHOJIOT1YHOTO
KEepyBaHHA Ha P1BHI KOOPJAMHATOPA:

— IHTEJIEKTyalbHa MIATPUMKA NPUUHATTS AUCIETUYEPCHKUX pllieHb (Y popmi
K EKCIePTHO-aHAIITUYHUX TOBIAOMIIEHb 3 OYIb-SKOTO HEOOX1AHOro mpodiuIto
3alMTIB, TaK 1 pPEKOMEHAALll 3 YHpaBIiHHA, L0 OTPUMYIOTBCA Ha OCHOBI
aJIalTUBHUX AJITOPUTMIB);

— ONTUMI3AIIIS CKJIaY 1 KUTbKOCTI MPaIIOI0u0ro 00iagHaHHS,

— po3po0ka OanaHCIB €1eKTPOCHEPTii Ta MOTY>KHOCTI,

— KOPOTKOCTPOKOBE IJIaHyBaHHS;

— peryJloBaHHS HaNpyrd, HE JAOMYCKAIOYM ii 3HM)KEHHS 1 KOJIMBAHHS, TUM
camuM, nomararounch Bucokoro KKJ[ OaraTbox BHAIB €IEKTPUYHUX MAIIHUH 1
IIPUCTPOIB;

— KOHTPOJIb TAPMOHIMHOTO CKJaJy 1 HeOaJllaHCy CTPYMIB 1 HANpyT, 3aXOAH
MO JIIKBIJAIT JKEpeT MOPYIICHD SIKOCTI €JIEKTPOCHEPTii, TUM CaMHUM 301IbIIICHHS
pecypcy poboTu o0aagHaHHS, HAIIMHICTh €HEPronoCTayaHHs;

— MOHITOPMHI TOTOYHOIO TEXHIYHOIO CTaHy 3 METOK 3amo0iraHHs
aBapifHUX BIAKJIIOUYEHb; HEAOMYIIEHHS HAJIHOPMAaTUBHOTO 3aBaHTAKEHHS Ha
TPaHUYHHUX PEKUMaX.

Ha ocHoBi Buie HaBeaeHOro (HOpPMalli30BAaHOTO VYSBIEHHS AarcHTa

MPOMOHYEThCSI HACTYMHUN HAOIp areHTiB, SKI B1AOOpaKalOTh OCHOBHI CYO'€KTH
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JIEC. 3ayBaxxumo, 110 BIJNOBIAHUN MEpENiK areHTiB B TaOIUIl HE € BUUEPITHUM B

3araJIbHOMY BUIIAOKY.

B tabmuui 2.1 3anpononoBano 6a3zoBuit nepenik areHTiB MAC 3 Touku 30py

iX ()YHKIIIOHATBHOTO 3aCTOCYBaHHS, IEPETIIK iX 3aBJaHb.

Tabmuis 2.1 — ®opmanizoBani arentu B ckiaaai MAC JIEC

AreHT OyHKI110HATBHICTD
Ilentp kepyBaHHs 1 3B's3ky | BimnoBimaneHuii 3a kepyBanusa JIEC, a Takox
JIEC, LIK3-arenT BIJICTEKEHHSI Ta  IUIAHYBAaHHI  PEXHUMIB
PO30CEpPE/KEHUX 1 BITHOBIIOBAHUX JKEpes
eHeprii
PosnoninibHa  enekTpoMepeka, | 3AIMCHIOE  30BHIIIHE EHEPronocTayaHHs, a

III0 BKJIIOYAE M1JICTaHIIIIO,

PEM-arent

TaKOX MPUMOM HAJIUIIKIB €JIEKTPOSHEprii B

JIEC

Poznoxineni renepartopu,

DER -arentr

Biacrexye, kepye 3reHepOBaHOI0 MOTYKHICTIO

BIAMOBIAHOTO  TeHepaTopa  abo

rpynu
reHepaTopiB, BAPTOCTI 1 I[IHI Ta OTPUMYE BIJ

HBOTO 3aIIlUTH

BigHoBmroBaH1 JKepena eHeprii

BJIE-arenT

Biacrexye, kepye 3reHepoBaHOIO TMOTYKHICTIO

Bigmosigaoro B/IE

HakonuuyBaui enekTpoeHeprii, | BiacTtexye 1 MporHosye craH HaKONMWYYyBayiB
ESS- arent eJICKTpOEHEPTii, Kepye 3apsaoM / po3psaoM
HAKOIMYyBaydiB
[Tonut cnokuBaua | Bigcrexxye, peryiatoe MNomuT / CHOXKUBAaHHSA

enektpoeneprii, DR -arenris

€JIEKTPOCHEPTii, CTaHy 1 CKJIaAy HaBaHTaKEHHS

baza pgaHux peanpbHOTO 4acy,

bJIPU-arent

3niiicHIOE 301p, 30epiraHHs 1 0OMIH JaHUMHU

Cucrema IMITAIIHHOTO
MOJIETIOBAHHA,

SIM-arent

3MIACHIOE ~ MOJETIOBaHHA 1  TECTyBaHHS

ITPOIIOHOBAHUX 3MIH B peKNMax

¢yukionyBanus JIEC
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Koxen cy6'ext B JIEC mae cBoi mpiopuTeTH, siKi MOXYTb BIIPI3HATUCS BiJ
MPIOPUTETIB THIUX CyO’ekTiB. Hampukian, 1iHa Ha eJIeKTpOeHEeprio Moxe OyTH
NPIOPUTETHUM KPHUTEPIEM JJIsl HAaceNeHHs, a 3a0e3neueHHs cTaOuUIbHOl, HaAIiHOT
SKOCTI EHEpPrornocTauyaHHs Moke OyTH OUIbII 3HAYYIIUM JUIS TMPOMUCIOBHX
mianpueMcTB. MeToro JOCHipkeHb Ha OcHOBiI 3actocyBaHHS MAC e momryk
pilieHsp, o 3a0e3MeuyoTh IPIOPUTETH areHTIB NUIIXoM onTumizalii podotu JIEC

B peaJbHOMY 4aci.

2.2 O0’e¢qHAHHA AKTHBHUX CIOKNBAYiB

AKTUBHUI CcHOXHMBa4 ab0 «prosumer» — I€ TOW, XTO BOJHOYAC €
CIOKMBA4Y€M 1 BUPOOHUKOM MEBHOTO TOBAPY. Y €HEPreTHYHOMY CEKTOP1 BIH YaCTO
BUKOPDHCTOBYETbCA  JJII  TIO3HAYEHHS  CIOXMBaudiB  (JIOMOrocroaapcTs,
MIJNPUEMCTB, TPOMaJl, OpraHi3allii TOIIO), SKI COUPAIOThCS HAa CUCTEMHU THYYKOI
re’epaiiii i1 BApOOHUIITBA €JIEKTPOCHEPrii Ta/abo KOMOIHYBaHHS iX 3 CHCTEMaMH
KEepPYBaHHsI €HEPTi€l0, HAKOMMYCHHSIM EHEprii Ta €JIeKTPUYHUMH TPaHCIOPTHUMHU
3aco0amu. TexHoorii, o 00epTalOThCsl HABKOJIO 1€ aKTUBHOIO CIIOXKHBayda, B
OCTaHHI JIECATUIIITTS CHOCTEpIradv BUAATHUN MPOIEC MOJIMIIECHHS 1 3pOCTaHHS.
JIOoCTYIHICTh T€HEpaTOPHUX YCTAaHOBOK, K1 MIPOMOHYIOTh Pi3HI pO3MIpH MpHU Oy b-
SAKUX OUTBIII HU3BKUX IIHAX, 3pOCTAIOUMI MOTEHIIIaJl MPUCTPOIB 30€piraHHs JaHUX
1 PO3IMOBCIOJIPKEHHS MPUCTPOIB I1HTEIEKTYaIbHOTO BHMIPIOBAHHS, JIOMOMAraroTh
PO3IIMPIOBATH YHCIIO AKTUBHHUX CTIOKUBAYIB 10 BCbOMY CBITY.

€IuHI TeHepaTopw BiJHOBIIOBAHUX JDKEPENT EHEprii, SKUMU KepyITh
CIOKMBaYl, SIK1 J1I0Th 1HAUBITYAJIbHO, 3aHAJITO MaJi, 1100 KOHKYpPYBaTH Ha PUHKY,
1 1X mpomo3ullisi HemepeadaduyBaHa a00 HEBIANOBIAHA [Js1 €(EKTUBHOTO
3a710BOJICHHS Tpodiato monuty. OnHaK Kpallll pe3yJbTaTd MOKHA JTOCSTTH, KOJU
KOpUCTYBaui, SKI MarOTh OJHAKOBl IIUII Ta MOTHBAIlli, PO3TAlIOBaHI B OHIN
oOnacti, 3'€eqHaHl pa3oM fAK crHulbHOTa. Ll CyKymHICTH aKTUBHUX CIIOKHBayiB
CJICKTPOEHEPTii — 1€ Te, 10 HA3UBAEThCSA EJIEKTPUUHE 00’ €IHAHHS AKTUBHUX

cnokuauiB (OAC).
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barato HemomikiB 1 BHUKJIMKIB 3yCTpPIHalOThCS HA PI3HUX PIBHAX, KOJHU
HaeTbcsl Mpo KOHIICMIN0, BiJ pO3po0KH 0a30BUX IMOJIOKEHb JI0 JAOLUIBHOCTI, 1100
3poOUTH ii E€KOHOMIYHO BHUTIHOIO albTEPHATUBOIO TPAJULIMHUM CTPATETIsIM.
EdextuBHa KooOpauHaIls IHTEpPECIB KOXKHOIO 4YJI€HA CHUIBHOTH MOXeE OyTH
BXKKOIO, 1 PO301’KHOCTI MK WiICHAMHU CIIJIbHOTH, MIBHUIIE 32 BCE, BUHUKATUMYTh.
Hwxue mpencraBiaeHi [eski MOMyJIsSpHI TEXHOJOTil [Jisi BUPOOHMIITBA Ta
30epiraHHsl €Heprii, a TaKoX ACSAKI MOXJIMBI I, SKI Ma€ JOCATTH 00’ €IHAHHS
aAKTUBHHX CIIOKMBAYiB.

Cama KOHIENIIS CHUIBHOTH JEKUIBKOX  EJIEKTPUYHUX  CIIOXKHBauiB
nependayae, M0 BOHM MAlOTh HaMip TEPECiiyBaTH HU3KY CIUIBHUX LUIEH.
Ockuibkn EPC Bce mie nepeOyBarOTh y CBOEMY PaHHbOMY CTaHl, 1 OCKUIBKH
BIJICYTHI MpPaBUJIa, TO HE 30BCIM 3pO3yMLIO, KOO MOXE OyTH MOJITUKA TPOMAJIH.
MeTo10 ciJIbHOTH MOKe OyTH, HAIIPUKJIIA, MAKCUMI3allisl CIIOKUBAHHS «3EJICHO»
eHeprii, BUpOOJICHOTI pO30CepeKEHUMH TeHEpaTOpaMHu, JIJisi MiHIMI3allli OOMIHY 3
dbinepom abo s onTUMI3AIli 3arabHUX BUTPAT BCi€l rpomaan. SIkoro 6 He Oyia
MeTa, OJIHAK, ICHY€E yKe Majo JOCTIIKEeHb, sIKI aHAII3YIOTh PO3MO/LT €HEeprii MK
CHOKMBA4YaMH, 1, CXOXeE, HE ICHY€ MXOJHHUX METOAIB, AKi O 1IeHTU(]IKyBaIH
CIIO’KMBaYiB, SIKI HE JIIOTH 3T1IHO 3 yrojor. Iloganbiie BUBYCHHS ITUX aCIICKTIB

Mae BUpilIaJibHE 3HaUeHHs 11 po3pooku HoBux OAC.

2.2.1 3aco0u BUpPOOHUIITBA eJIeKTPOEeHePrii

PeBomtornisi, Ky COpUYMHWIM BIJHOBIIOBaHI JDKEpela €Heprii, Bke
NpoMIlIa CBOIO PAaHHIO CTaJll0, 1 il MOYaduM CHOpUMaTH CEpHO3HO Maiike BCl.
He3Baxkatoun Ha Te, 110 OUIBIIICTh BCTAHOBJICHUX IIJIH 1€ HE JOCSATHYTO,
nepexiJi 10 HU3bKOBYTJIEIIEBOI €EKOHOMIKH, 3/TA€THCS, 3apa3 MEHII BIIAJICHUMA, HIXK
paHime. 3arajbHa BCTAHOBJIEHA MOTYXHICTb, MOB'S3aHa 3 BIAHOBIIOBAHUMU
JpKepenaMu, aocsiria 2 muibiioHiB MBT Ha kineup 2016 poky, 3a0esneuyroud B

bOMY X potii 24,5% cBITOBOr0 BUPOOHUIITBA €IEKTPOCHEPTi.
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HaBiTh SIKII0 BOHU HE € €IMHUM BapiaHTOM, BIAHOBIIOBAHI JKepea eHepril
Ta €KOJIOTIYHI TeHepaTopu CTaJId OJIHIEI0 3 MEPUIMX pedei, SKl MPUXOIATh Ha
JTYMKY, KOJIM JIOJIM TOBOPSATH MPO Mali, PO3MOAUIECHI TeHEepyIodl YCTaHOBKH, a
otxe, npo JIEC.

Haiibinpi1  mepCrneKTUBHUMHM 1 TMOMIMPEHUMH TEXHOJIOTISIMH  ICHYIOUHX
CHCTEM MIKpOTeHepallii €:

— (oTOBOIBTATYHI TTAHEIII,

— MaJil BITpPOYCTaHOBKH;

— MaJll KOTeHepauiiiHl yCTaHOBKU;

— MAJIUBH1 KOMIPKU;

— MIKpOTYpOIHHU.

BoHu 1 fesiki 3 iXHIX XapaKTEPUCTHK OYyTh MPEACTABIEHI HUXKYE.

DomoenekmpuyHi ycmanoKu

Consuni  ¢otoenexktpuudi (PV) mnanem 3a3Buuail po3risiiarOThCs  SIK
00MMYYsl «BITHOBIIIOBAHOI PEBOJIONI». EleKTpuyHa MOTY)XHICTH BCTAHOBJICHUX
COHSIYHHUX (POTOENEKTPUUYHUX YCTaHOBOK y 2016 pori Oyna OutbLIow0, HIXK Oy/ab-
sKa 1HIIA TEXHOJIOTIs (3araibHa MOTyXHICTh nepeina 300 I'Bt). Ha cphoronni
COHsiuH1 (oToenekTpuyHi cucreMu Ha 70% nemeBmn, HiK y 2008 pomi. Y
HimeuunHi 11IHM Ha THIOBI CUCTEMH JKUTJIIOBUX OYJIMHKIB Ha Jaxy riomiero Big 10
10 100 kBt / rox cranoBunm 61u3pko 14000 € / kBt y 1990 porti. 1o crocyeThes
4yacy OKYMHOCTI €HEprii COHSYHOI (POTOETEKTPUYHOI CHUCTEMH, TO BOHA CHIIBHO
3aJIeKUTh BiJl Miciisl po3taintyBaHHs: y [liBHIuHIM €Bpormi BoHa MeHIE 3 POKiB, a
Ha MiBAHI — OJU3bKO 1,5 POKIB.

B Tomy > 9mcni MEHII MOMyJsSpHUN THUIT COHSYHUX TaHeNeH, mo o0'eaHye
PV naneni 3 conssunuM kosiektopom, 3BaHuM PV/T konexropom. Oxpim mepeBaru
BUPOOHMIITBA TEIUIOBOI E€HEPrii, HASBHICTh COHSYHOTO KOJIEKTOpA 3HHKYE
TEMIIEpaTypy BHINEBKa3aHUX (OTOCNEKTPUYHUX TaHEeJNeH, IMiJBUIIYIOYN iX
CNeKTpUYHY €(GEeKTUBHICTh. ['OJJOBHUM HEAOJIKOM € iX I1Ha, OCKIJIbKM BOHHU €

O1BII TOPOTUMHM, HIXK TPAJIUIIIIHI COHSAYHI (POTOCTEKTPUUHI CUCTEMHU.
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Ha puc. 2.5 300paxxeno croporeHy cxemy mnpuenHanHs PV ycraHoBok Ta

3ac001B aKyMYJIIOBaHHS €JIEKTPOCHEPTIi 10 €JIEKTPOCHEPTE€TUYHOT CUCTEMHU.

PoToeAEKTPUYHI MOAYAI ABTOHOMHMWI iHBEPTOP EAekTpUYHA MepeXxa
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Pucynok 2.5 — CnporieHa cxema npuegHants PV yctaHoBoOk Ta 3aco01B

aKyMYJIFOBaHHS €JIEKTPOEHEPTii

Mani eimposi mypoinu

[IpoTsiroM OCTaHHBOTO JECATWIITTS 1HTEpEC JO BITPOBUX TYpOiH
MIPOJIOBAKYBAaB 3HAYHO 30UIbLIYBaTUCS B yChbOMY CBITI. KOHKYypeHIi Ha pUHKY Ta
Kpamy TOKAa3HUKU 3HU3WIM KalliTallbHI BUTPATH, POOJISYM X KOHKYPEHTHOIO
IbTEPHATUBOIO [JIsi BUPOOHUIITBA €JEKTPOCHEPrii, HaBITh Yy MOPIBHSAHHI 3
TpaJAMIITHUMU  €JIeKTpocTaHUissMHU.  llepcnexkTWBHI ~ HOBI  KOHCTPYKII1
XapaKTEePU3yIOThCS PO3MIpaMH  POTOpPaMU 3HAYHO OUIBIIMMH, HDK paHIIIe,
OCKITbKM KO€(IIIEHT MOTY>KHOCTI 30UIBIIYETHCS 3 po3MipoM. Benuki BITpOBI
CJIEKTPOCTaHIIIi, SIK Ha CyIIi, TaKk 1 Ha Oepe3i, MOXKYTh 3a0e3MMEeUnTH BUHSATKOBI
pe3yNbTaTH, SKIIO BOHU PO3MINICHI B MOTPIOHOMY MICIll, aye ixXx po3mip 1
MOTYXKHICTh 3a3BUYail He BiAMoBinalTh BuMoram i pecypcam EPC. Ilotpebu B
KUTJIOBOMY CEKTOpP1 Ta HEBEJIMKHX KOPUCTYBadiB MOXYTh OYTHM BHpINIEHI 3a
JIOTIOMOTOI0 MEHIIIUX CHCTEM, SIKi MpPAIfolOTh 3 OJHAKOBUMH TMpuHIMMIaMu. [li
HEBENMKI BITPOBI TypOiHM abo0 MIKPO-BITPOBI TypOIHU, TOTYXKHICTh SKHX

CTaHOBHUTL OJIM3BKO I[eKiJ'H)KOX KBT, MOXYTb AOIIOMOITH 3aA0BOJIbBHUTHU
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(mpuHaAiMHI YaCTKOBO) BHYTPIIIHIM MOMUT, OCOOJUBO SKIIO BOHU BCTaHOBJIEHI
pa3oM 3 IHIIMMHU eHeprobyiokamu. He3Bakaroum Ha CBif MOTEHIa)I, MaJli BITPOBI
TypOIHM MaroTh Oarato HeAOMiKiB: €()EeKTHBHICTh LIUX MPUCTPOIB MEHIIE, HIXK Y
3BHUAHUX BITPOBUX TypOiH, mpoOieMa BHUPOOHMIITBA IIyMYy CTa€ OyXKe
aKTyaJbHOIO B OKOJIHUIIAX, & B MPUMICHKUX MICISIX — B OUIBIIOCT] BUITAJIKIB JIMIIIE
HU3bKa IIBHJKICTh BITPY 3 BHCOKOIO TypOyneHTHicTIO. LI XapakrtepucTuku
pOOJISITH MaJil BITPOBI TYpOIHH BaXKKO MPUHHATHUMU ISl TPOMAJICHKOT TYMKH.

Ha pwuc.2.6 300pakeHO CHOpOIIEHY CXeMy TpPUEIHAHHS BITPOBOI

€JIEKTPOCTAHLII IO €eKTPOECHEPTETUYHOI CUCTEMM.

m
3N

Cnos=uead

_ o o lana B poSenerTpHUHA YCTAHDEKA
30 - Toyxa zaraneHsore NpUESHAaHHA

HELd

M-Touka Ng¥NKYeEHRAR

O i i e s e e v i s i i i vl

Pucynok 2.6 — Cnpouena cxema niakintodeHHs BEC 1o enektpoenepreTuuHo1

CHUCTCEMHU

Koeenepayiiini ycmanoexu

Korenepamiss — 1mne BHpPOOHHUIITBO OJIHOYACHO JBOX (opM eHeprii, sK
MpaBuiIo, €IEKTPUYHOI Ta TemioBoi. lle crapa koHuemniisa, sSKy MOXHA 3HAWUTH
HaBITh Ha paHHIX eJleKTpocTaHlisX. OCTaHHIM YacoM 3pOCTAl0YMil 1HTEpec
CTIO’KMBAYiB (Ta IHBECTOPIB) J0 CTIMKOCTI HaJla€ JOJATKOBUM IMITyJIbC KOTE€HEpaIlii,

TOMY 1110, HaBITh SIKIIO BiH HE Tiepeadavyae BUKOPUCTAHHS BIAHOBIIOBAHUX JHKEpPel
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eHeprii, BiH € AyXe eeKTUBHUM CIIOCOOOM 3MEHIICHHS BUKHU/IB ByTJIeLt0. binbIie
TOT0, LI€ J03BOJISIE 3a01aIUTH HEUMOBIpHY cyMmy rpoueii. KomOiHOBaHa cucrema
TEIUIOBOT Ta ENEKTPUYHOI €Heprii TakoK Moxke OyTu po3poOjeHa Ha MEHIIHNX
MacmTadbax, mo pobuts il npuBadimBor aisi BopoBakeHHs B EPC. Ille ogna
nepeBara KoreHepaiii Hojsirae B TOMY, 110 BOHa MoXe OyTH 3acTOCOBaHa 3
BEJIMKUM  CHEKTpOM  cucTeM  (BIOIHOBIIOBAHMX  JDKEpeNl  eHeprii  Ta
HEB1THOBJIIOBAaHUX JDKEPEI eHeprii).

MikpoTypOiHH OJHa 3 TEXHOJIOTIH po30cCepeKeHol TeHeparlii, sAKi He

MOKJIAJIal0ThCA Ha TOHOBJIOBAHI JKEpena, € OJHa, sKa JayXe Jo0pe BiAmoBiJae
xapaktepuctukam OAC. MikpoTypOiHHM — 116 B OCHOBHOMY HEBENUKI Bepcii TypOiH
3TOPSIHHS, K1 MOKHA 3HAUTH B €JIEKTPOCTAHIISX. Ix Buximg Moxe MEPEXOIUTH BiJ]
10 kBT 10 AekuIbKox coTeHb KBT. OCHOBHUMU NepeBaraMu € I0MyCTUM1 BUTPATH,
Xxopoiia e(eKTUBHICTh, JIETKa YCTaHOBKAa Ta BHCOKa HaJidHICTb. Ha puHky
JOCTYITHUWA IIUPOKHUM CIIEKTP MOZENEH 3 PI3HUMHU (PYHKUIAMH. BUIbIIICTh 3 HUX
KUBUTHCS BIJ] TMAJTUBHUX PECYpPCIB, TaKUX SK MPUPOJHMUM ra3 abo au3enb, 1, Ha
BIJIMIHY B1Jl (POTOEJIEKTPUYHHUX NaHeNeil abo BITPOBUX TypOiH, MOXHA 3aITyCKaTH,
KOJIU 11€ HEOOXI1IHO.

Buxopucrannas manvBa B MIKpOTypOiHaxX cTae OuUTbll €(EeKTHBHUM, KOJH
NPUCTPIA 1HTETPYETHCA B CHUCTEMY KOTE€HEpallii, JocsIraroud e(OEeKTUBHOCTI [0
80%. Y npomMy BUNIAAKY TEIUIOBA €HEPrisi, BUPOOJeHa TypOiHOIO, HE BTPAdYa€ThCA
OlsibllIe, ajie BOHAa MOXKe OyTH BUKOPHUCTaHA JIJIsl HarpiBaHHS.

Ha puc. 2.7 300paxk€HO TPUHIMUIIOBY CXEeMy pOOOTH KOTe€HepaliitHo1

YCTaHOBKH.
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Enextpoenepria
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P
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Pesepsyap sxamumbHOI Boan

Pucynok 2.7 — IIpuHuumnoBa cxema poOOTH KOT€HepaliiiHOi yCTaHOBKH

Inmmii BapianT reHepyBaHHs eHeprii BcepenuHi JIEC mpexacraBieHuit

NaJMBHUMU ejieMeHTaMu. [lamvBHI €eMEeHTH € MPUCTPOSIMH, IO MEePETBOPIOIOTH

XIMIYHY €HEprilo MajvuBa B E€JIEKTPUYHY 1 MOXYTh OYTH JIETKO 1HTETpOBaHI B
CUCTEMU KOMOIHOBAHOTO BHPOOHMIITBA TEIUIOBOI Ta €JIEKTPUYHOI eHeprii. BoHu
3a3BUYail TIOPIBHIOIOTHCS 3 aKyMYJISITOPHUMU OaTtapesiMu, OCKUTbKY TIEPETBOPEHHS
3MIACHIOETBCS 3@  JOMOMOIOK  €JEKTPOXIMIYHUX  IMPOLECiB, aje BOHU
BIIPI3HSAIOTHCS THM, 1110 MAJIMBHUM €JIEMEHTaM HEOOXiJHE MPOTIKaHHS Yepe3 HUX
nanuBa. IcHye OaraTo pi3HUX TMAJWBHUX €JIEMEHTIB, 1 OUIBIIICTh 3 HHUX
MPEACTABIIAE€ E€KOJOTYHO YHMCTY MOXJIMBICTh TE€HEPYBaTH EHEPril0 3 TapHOI0
e(eKTUBHICTIO. [X pUHOK IIBUKO 3pOCTaE, JOCHTITHUKN PO3POOIAIOTH BCE OiIbIIE i
ounpiie TexHonorii. Cepen MOTOYHUX JOCTYNMHUX MAJTUBHUX €JIEMEHTIB HalOUIbII
pexkomenioBanuMu i JIEC € nanuBHi enementu ¢gocdopuoi kuciaotu (PAFC),
po3mutaBieni kapbonatHi nanuBHi exemeHTd (MCFC) 1 TBepai oxcuaH1 TanvBHI

enementu (SOFC).

Tnwi mexnonoeaii 6upoonuymea enexkmpoenepeii
Te, o Oys0 MpeACTaBICHO B IbOMY PO3/LIi, € JUIIE HE3HAYHOK YaCTHHOIO
HAsBHUX TEXHOJOTINH st pos3ocepemxeHoi renepamii (PIY). bararo iammx

croco0iB, sIKi BUKOPUCTOBYIOTHCS JJIi BUPOOHHUIITBA EJIEKTPUYHOI €HEeprii Ha
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BEIIUKUX EJIEKTPOCTAHIIISIX, MOXYTh 3aCTOCOBYBATHCS TaKOXX Ha MEHIIHNX
MmacmTabax. Y JesSKHX BHITaJKaXx MOKJIMBUMHU € ajJbTCpHATHBH, TakKi SK Maii
TiAPOEIeKTPOCTaHIIIi, TeoTepMalibHa eHepris abo pecypcu Giomacu. KokeH 3 HUX
XapaKTEPHU3YEThCS TIEpeBaraMu 1 HEJOJIIKaMH, 1 HEMOKJIMBO MiATBEPAUTH, KU 3
HUX HaWKpalui, OCKUIBKM 3aJeKUTh BiJ HE3IYEHHUX IapaMeTpiB. Xopolia
IPOMO3UILS MPO Te, SIK BUPOOJATH E€HEPTiI0 B TPOMAJIl, IMOJIATAE B TOMY, 1100
MOKJIaJIaTUCS] Ha OUIbII HDK OJHY TEXHOJOTiIO: TIOpHIHI CHUCTEMU € XOPOIIUM
METOJIOM, 1100 KOMIIEHCYBATH HEIOJIKH OJIHIE] TeXHOJIOTIi 3 mepeBaraMu IHIIOIN,

MIJBUIYIOYHM HAAIHHICTh T'eHEepallii.

2.2.2 CucremMH aKkyMyJisilil eJIeKTpoeHepril

BinHoBmoBaH1 po3ocepekeHl TIeHepaTopu He € JOCKOHaduMH. bararo
HEJIOJTIKIB, SIKI YaCTO MPUIHUCYIOTHCA IIUM TE€XHOJIOTIAM, 1€, HAIIPUKJIaJl, HEBUCOKA
HAJINHHICTh, OOMEXKEeHa SAKICTh EJIEKTPOEHEPrii 1 TPYAHOII B MPOTHO3YBaHHI 1
opraHizaiii BUpOOHHUIITBA. J[OLUIBHOIO, 110 JOMOMarae 3amoOirTH UM
npoOiemaM, € i1HTerpauis B Mepexy e(eKTUBHUX CHUCTeM 30epiraHHs eHeprii
(Energy Storage Systems). Kpim mepesar, siki BOHH HaJar0Th PO30CEPEIKECHUM
reHepaTopaM, BOHH, OJHAK, € TOTYXHUM I1HCTPYMEHTOM JJii PO3YMHOTO
KepyBaHHA eHeprieto. ESS moxkHa kmacudikyBatu 3a GOpMoOIO eHeprii, sIky BOHU
MaloTh: €JIEKTPOXIMIUHI, TEPMIUH1, XIMI4HI, €IEKTPUYIHI 400 MEXaHIYHI MPUCTPOI.

EnexTpoxiMiuHi GaTapei — 1€ Te, 0 3a3BHYail acOLIIOETHCS 3 KOHLEILIEO
3aracy eHeprii, 3aBIsKU iXHII NPUCYTHOCTI B 0aratboX 3arajbHUX 3aCTOCYBAHHSIX.
barapei 30epiratoTb eHeprito B eJIEKTPOXiMIUHIN (OpMi 1 MAIOTh CBOE MOXOKEHHS
Ha moyatky 19 cromitrsa. 3 TUX mip 3'ABWIMCS HE3JIYEHH1 TEXHOJIOTi, IO
30UTBIITMINA TIOTYKHICTh, IIUTHHICTh, TEPMIH CITYKOW 1 T.a1. OcTaHHI JECATHUIITTS
no0aYMIIM HOBI MOMITHI MOJIMIIEHHS, 3MEHIIEHHSI BAPTOCTI Oarapei 1 301IbIIeHHS
IPUIATHOCTI JJIs AKUTIOBOTO BUKOPUCTAHHS.

He3Baxatoun Ha Te, 110 0arapei KOPUCTYIOTHCS BEJIMKOIO MOMYJISPHICTIO,

96% eneKTpUYHOI €MHOCTI, 110 BCTAHOBIIIOETHCS y CBITI, MPEACTABICHA 1HIIOO
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cuctemoro: masi 'AEC. TAEC BukopucToBye rpaBiTaiiifHy €Heprito BOJIOHMHUIIIA,
10 3HAXOJUTHCA Ha MeBHIM BucoTi. Komu morpiOHa enekTpuyHa moTpeda, Boja
HAJXOJUTh y HIDKHIA pe3epByap, MPOTIKAIOYM uepe3 TypOiHy, 10 BHUPOOIIsie
CJIEKTPOCHEPTIIO.

bararo iHmmx TexHoznorid goctynHi mia ESS, Taki sk akyMyJrOBaHHS
eHeprii CTUCHEHOTO MOBITPs,, MAXOBUKHU 1 CYNEPKOHECHCATOPH, ajie BOHU BCE IIE
HiAXOASTh TIMBKU IS KOHKPETHUX 3acTOoCyBaHb. KopoTka XxapaKTepuCTHKa

JeSIKUX TEXHOJIOT1# 30epiraHHs eHeprii nmpeacrapieHa B Ta0. 2.2.

Tabnuusg 2.2 — TexHonorii akyMyJIsIlii eJ1eKTpOeHeprii

IiapHICT [iapHICT
Yac KinpkicTh
Tun eHeprii MOTYXHOCTI, .
pearyBaHHS IIUKJIIB
Bt*roa/kr B1/kr
MaxoBuK 5-30 400-1500 1 cex 20000
CTtucHeHe moBiTps 30-60 — 1-10 xB 100000
CBUHIIEBO-
_ 30-50 75-300 10 cexk 2000
KHCJIOTH1 OaTapei
JliTiii-i0HHI 75-200 150-300 10 cexk 10000
Harpiii-cipuani 100-250 100-230 10 cex 2500-6000
CyrnepkoHiIeHcaTop 5-10 5-10 I cex 100000

EnexTpuuHi TpaHCHOPTHI 3aco0u € 1€ OJHUM €JIEMEHTOM, OKpIM

BIJIHOBJIIOBaHUX JiKEpEJl €HEPrii, SKUH CHpHsie Mepexoy 10 OUIbII €KOJIOTIYHOTO
cepefoBuia Ta TNOOYIOBM Oiiabll  CTiHKOoro MaiOyTHboOro: EnexkTpudHi
TpancnoptHi 3acobu (EV). EmektpomoOini  MOXyTh OyTH  TOTY>KHUM
THCTPYMEHTOM €JICKTPUYHOT MEPEKI, 110 CHOXKUBAE a00 30epirae eneKTPOEHEPTIio
Ha BUMOTY, KOJU M €QHAHUN 0 Mepexi: 15l KoHIemiis Mae Ha3By Vehicle-to-
Grid (V2G). EnektpoMoOinai, MarOTh XOpOIIMH EKOHOMIYHUM ITOTCHINan SK
JIOTIOMIXKHY CIIYO0Y Il €HEPrOCUCTEMH, ajile TaKOXX MOXYTh OYTH BHKOPHUCTaHI

OKpeMl TpPaHCIOPTHI 3aco0H, SIKII0O BOHM BHKOPUCTOBYIOTHCA SIK MPHUCTPOI
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30epiranns B EPC. Ix BopoBamkeHHs B MIKpOCEPEIOBUIIIE € OUIBII CKIaJHUM, HIXK
3BUYAMHUN aKyMyJsaTOp, ajieé BOHM BCE 1€ MOXYTh 3a0e3MeunTH IliKaBi

MO>KJIMBOCTI Ta JOJIATKOBY MOTYXHICTb.

2.2.3 KepyBaHHS IOIIUTOM HA €eHEPropecypcu

HaituucTimoro eHepriero € Ta, SKy BU He BUKOPHUCTOBYETE, BCl MM ii 3HAEMO.
Opnum 3 kinrogoBux MoMeHTiB OAC € cripoba 3a70BOJILHUTH BHYTPIIIHIN MOMUT
aKTUBHUX CIIOHMBauiB €eKTUBHUM criocoOoM. Ile Henerke 3aBnaHHs, OCKIIBKH
MPOTHO3YBAaHHSA MallOyTHHOTO IMOMUTY 1 BUPOOHMIITBA HAJ3BUYAMHO BAXKKO, a B
JeSKUX BHUIMaAKaxX 1 HeMOKJIMBO. [IpoTe, koym Oliblne coKuBayiB 00'€ IHYIOTHCS B
OJIHIA TpoMaji, MOXxHa Oyyo O KOOpJWHYBAaTH 1 OPraHi30BYBaTH €Kl 3aBIAHHS 3
€HEeproBUTPAT, 100 3MEHIINUTHU 3arajibHe CIOXKUBAHHS, MKOBUM MOMMUT 1 BUTPATH.

Takuii miaxig Ha3uBaeTbed "KepyBaHHAM nonuTom" abo "Demand Management".

BucHoBku:

1. B manomy po3auil po3riasiHyTo OcHOBI xapaktepuctuku MAC cuctem
KepyBaHHS, HaBEJCHO TIepeBard BUKOPUCTAHHS iX B EHEPreTHYHIM ramysi.
3anpononoBaHo 0a3zoBuil mepenik areHTtiB  MAC JIEC, HaBemeHo ix
byHKII0HATBHI 000B’SI3KM Ta MaTEeMAaTH4YHI OTMMCH KOKHOTO areHTa, 10 J03BOJISIE
3actrocyBati MAC B JIEC 3 BpaxyBaHHSIM OCOOJMBOCTEH KOXHOTO 00’ €KTY
€JIEKTPOCHEPTETUYHOI CUCTEMMU.

2. 3anporoHoBaHa QopMaiizaiis pillleHHs 3a]ad KEPYBaHHS 1 OI[IHKH
edextuBHOCTI (PyHKuioHyBaHHs JIEC Ha OCHOBI MYJIbTHAreHTHOI CHUCTEMU
JIO3BOJIMJIAa 3BECTH  DINIEHHS TEXHOJOTIYHMX 3aBAaHb [0  JOCIIIKCHHS
y3aranpHeHoi MmareMatuuHoi moeni JIEC 3 BOynoBanoto THC. Ile nae MmoxiuBicTh
3B'sI3aTH  BaXKJIMBI mapameTpu peanpbHoro crany JIEC 3  4ywncenpHUMH
XapaKTEPUCTUKAMU KPUTEPIiB ONTUMATBHOCTI 11 (DYHKIIIOHYBaHHS — TEXHIYHUMH,

CKOHOMIYHHUMH, €KOJIOTTYHUMH.
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3. PosrasHyTO 0COOMMBOCTI POOOTH AKTHUBHUX CIIOKWBAYiB, HABEIEHO iX
XapaKTEPUCTHUKY 3 TOYKH 30py MOXKIMBOCTEH JI0 TeHepallii, HAKOITMYCHHS SHEepTil
Ta KEpyBaHHS BIJACHUM IIOMUTOM Ha eJeKTpoeHeprii. HaBemeHo mMOHATTA
0o0’eTHaHHS AKTUBHUX CIIOXHWBa4diB Ta HaBeAeHO CTpykTypy JIEC 3 akTuBHHM
CIIOKMBAYEM, IO JO3BOJAE OLIHIOBATH 3arajibHUN BIIMB [OBOX Ta OlJbIIE

aKTUBHUX criokuBaviB Bcepeauni JIEC.
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PO3JILI 3

METO/JIUYHI OCHOBHU KEPYBAHHS JIOKAJIbHUMUA
EJEKTPOEHEPTETUYHUMU CUCTEMAMM 3 AKTUBHUM
CIIO’KMBAYEM

3.1 MeToau KepyBaHHS AKTUBHUM CIIO:KHBaYeM

3.1.1 ®opmadnizanisi CHUIbHOTH-CIIOKUBAYA

Ilepmr  HIX po3riasmatd MNpoOJIEMH KOHTPOJO, Kpalle CcrnpoOyBaTh
dbopmaizyBaTu CIpOIIEHY MOJIeIb TUHAMIKK 00’ €IHAaHHS aKTUBHUX CIOKHUBAYiB
JUTsl BAKOPUCTaHHA B PO3pOOLI JEUEHTPaII30BaHOI CXEMHU KepyBaHHA. Po3risiHeMO
HU3BKOBOJIBTHY PO3MOIUIBUY MEpPExKy, ckianeHy 3 N € muH, Ae OJHa IIMHA €
KOPEHEBUM 3B's13K0M, TOUko10 3B's13ky MK JIEC Ta eHeprocucremMoro, Toai K 1HII
N — 1 munam € xutinom Npro € N Bcepenuni JIEC. Yucno rinok B mepexi L € N,
npudomy Rl i X, Biamosigno, omip i peaktuBHicTh |-0i rimkm (I € {1 ... L}). dus
IPOCTOTH PO3TIIIHEMO JIHIAHY Mepexy, MoAiOHy 1o Tiei, mo Ha Puc. 3.1, 3
OarapesMu 1 COHSYHUMH (POTOCICKTPUUYHUMH I[IaHENSIMU, BCTAHOBJICHUMHU Ha

KOYHIM IITHHI.

Bus 1 Bus 3 Bus M-1

Grid | Branch 1 / Branch 2 f Branch 3 | _ o _ | Branch L /
1 T 7 [— 4 T

Bus 0 ) Bus 2 ™ Bus N-2

Pucynok 3.1 — Cnporiene BiioOpakeHHs eeKTPUIHOT0 00’ € JHAHHS aKTUBHUX

CIIOKUBAYIB
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Sx 3a3Hauvanmocs padime, KOXEH aKTHBHUN CIIOKUBAa4 BCEpEIUHI
00’ € THaHHS MOX€E CIIOKUBATH, BUPOOJIATH ab0 30epiraTu enekTpoeHeprio. Takum
YUHOM, MU MOKEMO aCOIII0BAaTH T€HEPYIOUY MOTYXKHICTb Xpr i, EMHICTH 30€piranHs
Xbatti, €HEKTUBHICTD 3apsAKU 30€piraHHs #chi Ta €HEKTHUBHICTh BUBAHTAXKEHHS #]dis,i
mutst koxxHoi mmam | € {1. .., N - 1}

PosrnsnemMo moBeniHKy O0’€qHAaHHS HaJd MHOXXHMHOIO JIHCKPETHHX
npomixkkiB gacy t € {1,. .., T} 3 T € N sx yacoBHif TOPU30HT. 3BEPHITH yBary, 1o
BCl BEJIMYMHHM BBaKAIOTHCS 3a OJIMHUINIO, 1 BCl 3MiHHI, TIOB'SI3aHI 3 €HEPTIEIO,
NPUIMAIOTh CEpEHE 3HAYEHHS 3a IHTEPBAJ Yacy MK JBOMA MPOMIKKAMHU 4acy.
Ha koxxHomy mpomikky 4yacy t € {1,. .., T} akruBHmiA cnoxusad i € {1,..., N -
1} cHOXUBAa€ AaKTUBHY MOTYXHICTh Ploagi 1 peakTuBHy MOTYXHICTH Qload .
CrnoXuBaHHA HABAHTAKEHHAM 3aJIEKUTh Bl EJICKTPUYHHX MPUIAIIB, IO
3HAXOMATHCS 1 BUKOPUCTOBYIOTHCS B TPUMIIIEHHI, @ B TEKCTI 1i€i poOOTH MH
BBA)KAEMO, IO BOHA HE MOXXe OyTH MOJyJIhOBaHA CHCTEMOIO KEpyBaHHSI.
AKTUBHUM  CIIOXKHBayeM  O€3MOCEPEIHbO  KOHTPOJIOETHCS ~ BUPOOHHUIITBO
enextpoeneprii (aktuBHOi Pl Ta peaktuBHOi QlYyi) Ta MOTYXHiCTB, 10
oOMiHIO€TBECS 3 Oartapesmu  (30epiraerbes Pl abo  Buomuthes  Pls)).
3reHepoBaHa IMOTYXHICTh OOMEXKEHa MaKCUMAaJlbHMM IIOTCHINaloM, SKHH Jae

TEXHOJIOT1S Ta MOTO/AH1 YMOBH:

t tmax,

Ppr,i = Ppr,i > (3-1)
t t,

|Qpr,i| < Qp:ﬁax- (3'2)

AXyMyssSITOp Ha IIHMHI | XapaKTepU3YEThCS HAa KOKHOMY KpOIli Yacy 3a
paxyHOK eHeprii, mo 30epiraerbes SY. J[Bi 3MiHHI, MOB'A3aHi 3 MOTYXKHICTIO, IO
oOMiHIoeThCs 3 Oarapesmu, Pl (3apsaka Garapei) i Plyisi (pospsaka Garapei),
3aBXIU € MO3UTHUBHUMHU. UHMCTa MOTYXKHICTh, IO OOMIHIOETHCS 3 MPUCTPOEM, HE
MO>Ke TIEPEBUILYBATH MEXI1, IKi B OCHOBHOMY 3aJI€KaTh B1J] IPUCTPOIO 30epiraHHs
1 He MOX€E MPHU3BECTH JO TOro, IO CTaH 3apsay Oarapei mepeiie 10 3HAYEHb

MeHmux 0 a6o Buie 1. [[lunamika 0atapei onucy€eThCsl B HACTYITHUX PIBHSHHSX:

t t t,max.
Poni = Paisi < Byarer > (3.3)

C
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0 < St + Pt At _ Pctlis,i At < X (34)
= Opatt,i T Nenifcn, — Al = Apatt,i-
Ndis,i

[Mosnaunmo uepe3 P's; i Q'5; — i-Ty mOTyXHicTh, IO BBOJUTHECS B

PO3IIOIIBYY MEPEKY BiJl aKTHBHOTO CIIOKHMBava I-uii B iHTEpBaJ dacy t.
t _ pt t t t )

Psi; = Ppri + Paisi = Peni = Proaa,is (3.5)

t _ Nt t 3.6

Q6,i - Qpr,i - Qload,i- (36)

Konmu 11 3MiHHI BIAPI3HAIOTHCS BiJl HYJA, 1€ O3HA4ya€, M0 AKTUBHUM
croxkuBad i Mae Hamminok (sxmo P's; > 0) a6o aediuuT mOTYKHOCTI (AKIIO
P';;<0). VYV numx BuMmagkax BOHAa [OBMHHA OyTu  30alaHcoBaHa
HAJJTUIITKOM/ 1e(IIIUTOM 1HIIIOTO CIIOXKHMBada B Mexax o0’eaHaHHS abo ¢imepom.
KoHTposib BUpOOHHUIITBA €JIEKTPOCHEPrii Ta BUKOPUCTAHHS OaTapeil € BaKIIMBUM
€JIEMEHTOM JIJIs1 3MEHILICHHS MepEeHanpyru, IepeBaHTaXEHb JIIHIM, BTpAaT Mepexi Ta
BUTpaT. ['OBOpsSYM NpoO BUTPATH Ta JOXOIAU, MU MPHUIYCKAEMO, IO OOMIH
EJICKTPOEHEPTIEI0 MK CIIOKMBAaYaMU HE TIOB'sI3aHUM 3 Oyb-IKUMU BUTpaTamu (ix
I[IHA JIOPIBHIOE HYJIO), TOJl SK €HEpris, SKy OOMIHIOIOTH CIOKHMBadi 3
CJIEKTPOITOCTAYAILHOIO OPTaHi3aIli€l0 B MOMEHT 4acy 1, XapakTepu3yeTbes IMiHOO

Cte| .

3.1.2 /leneHTpaJjizoBaHa cxeMa KepyBaHHS

Sk 1 1HOI CUCTEMH, IO CKJIANAIOThCSA 3 JEKUIBKOX areHTiB, ICHYIOTh Bl
OCHOBHI cTparerii kepyBanHs st EPC, neHTpanizoBanuii 1 iepapXiyHUN MeXaH13M
abo posnomineHa cxema. LleHTpanizoBaHa cxema KepyBaHHS CBITYUTH MPO TE, IO
BCl OTpMMaHi AaHl 310paHi pa3oM 1 BIAIMpaBieHl 10 LEHTPAIbHOTO OpraHy, sSIKHM
OOUYHCITIOE 3aMOBJICHHS 1 KOOPAMHYE Jii aKTUBHUX CHOXKUBAYiB. (151 MOCATHEHHS
XOpOIINX Pe3yibTaTiB JlaHa CHCTEMa MOBMHHA MAaTH JIETaJbHY MOJENb MEpEexi,
e(eKTUBHI MPUCTPOi 3B'I3KYy Ta OOJaJHAHHSA, HEOOXiJHE Il OTPUMAHHS,

30epiranHs Ta 00poOku iHdopmarii. OctanHiit HasuBaeThes "Microgrid Central
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Controller" (MGCC) 1 Bimirpae BaxJIuBY poJib y CTPYKTYpl KepyBaHHs. ['00BHUM
HEJIOJIIKOM TOOYJIOBM Ta MIATPUMKH BCIX MEXaHI3MIB, 3allydeHUX JI0
IIEHTPATI30BaHOI CTpaTerii, € Te, M0 BOHA MOXe OyTH myxe mopororo. Kpim toro,
OCKUIBKHM Cy4acHI TEXHOJIOT1] 1HTEJEKTyadbHUX JIUYUIbHUKIB 3'SBIIIUCA HA PUHKY,
NUTaHHS KOH(IACHIIIHOCTI JJiIi OJHOTO aKTHUBHOTO CIIOXKMBAada 3pOCTa€ 4epes
0oOMiH 1H(pOpMAIII€I0 TPO OCOOUCTE CIOKUBAHHS 3 1HIIMMHU JIOABMH. MU 10ci He
3HAEMO, AK MailOyTHE pEryJIOBaHHA pO3IJISAaTUME 1€ MUTAaHHS SK TUIbKA
MOKa3HUK aKTUBHUX CIIOKMBAYiB 3pOCTE, TOMY MOK€ OyTH I[IKaBO JOCIIIUTH
MOXJIMBI MOJENI ACHEHTPATI30BaHUX CXEM KOHTPOJIIO, SIKi HE BHUMAararoTh BIJ
0COOM MOIIMPEHHS 3aHAITO BEJIMKUX 00CSTIB 1H(hOpMAaIIii.

[Tin "nmeueHTpasli30BaHOI CXEMOIO KEpyBaHHA" MU MaeMO Ha yBasi, IO
KOXeH okpemuil coxkubad y EPC npuiiMae aBTOHOMHI pillIeHHS 11010 B3aEMO/IIT 3
pemroro Mepexi. Mu XoueMo JOCHIIUTH, SIK IMPOEKTYBaTH PO3MOJUIEHI CXEMHU
KOHTPOJIIO, SIKI MOXYTh CHPHSTH JOCSATHEHHIO (IMpUHAWMHI YacTKOBO) UIIEH
CHUIbHOTH.  JIi4 ~ yHUKHEHHS  TOLIMPEHHS  aKTUBHUMM  CIIOKMBauyaMu
KOH(D1eHiiHOoi 1HdopMallli, MU MPUIIYCKAEMO, L0 BOHU MPUHAMAIOTh CBOI
pillIeHHs JIMIIE Ha OCHOBI MicueBHUX BUMIpiB. lle Henerke 3aBHaHHS, OCKUIbKU
YaCTKOBI JIaHI TIPO CTaH MEPEXKEBOI YCKIAJHIOE OOYUCICHHS EKOHOMIYHO
e(heKTUBHUX pillleHb. He TIIbKY BaXKKO MaKCUMI3yBaTH JOXOAH, aJie HEHAISXKH1 A1l
MOKYTh BUKJIMKAaTH TEPEHANPYXXEHHS, MaJlHHA Hampyrd adbo MepeBaHTAKEHHS
BCcepeauHi Mepexi, mo miapuBae Oesneky JIEC. 3amporoHoBaHa cTpaTeris
MOJIATa€ B TOMY, 1100 BIaTHUCS A0 METOJMK HABYAHHA, SIKI MOKYTh OyTH BHJIyYEHI
3 IIEHTPAJI30BaHUX, ONTHMAJIBHUX PIIICHb, MTA0JOHIB MPUUHSATTS PINICHb, SKI

OyyTh 3aCTOCOBYBATHCS Ha PIBHI €JMHOTO aKTUBHOT'O CIIOKMBAYa.

3.1.3 AuaroputMm «KOHTpPOJILOBAHOT0 HABYAHHSD)

«KontponroBane HaBuyaHHs» (Supervised learning) — omuH i3 crmocoOiB

MaIlllMHHOTO HaBYaHHS, B XOJl SKOr0 BHUIpPOOyBaHa CHCTEMa MPHUMYCOBO

HaB4Ya€TbCA 3a JOIIOMOI'OIO HpI/IKJIa,ZIiB «CTI/IMYJI-pCaKHiSI». 3 TOYKHU 30py
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KIOEpHETHUKH, € OJHUM 3 BHUJIB KIOEpPHETHYHOTO €KCIepuMeHTy. MK BXogamu 1
CTAJJOHHUMHU BUXOJIaMH (CTHUMYJI-pEaKIlis) MOXKE 1CHYBaTH JIesdKa 3aJICKHICTh, ajie
BOHA HEBioMa. Bimoma TITbKHM KiHIIEBA CYKYITHICTh MPEIEACHTIB - Tap «CTUMYJI-
peaxiis», 1110 HOCUTh Ha3By HaBYaJIbHOT BUOIpKU. Ha OCHOBI IIMX JaHUX MOTPIOHO
BIJIHOBUTH 3aJIGKHICTh (MOOyayBaTH MOJIEb BIIHOCHH  CTHUMYJI-PEAKIIis,
NPUJIATHUX I TPOTHO3YBaHHS), TOOTO TOOYAyBaTH aarOpPUTM, 3AaTHHHN IS
OyJIb-IKOTO0 00'€KTa BUAATH JOCUTh TOYHY BIAMOBIAb. /{7151 BUMIpIOBaHHS TOYHOCTI
BIMOBIZICH, Tak caMO sSK 1 B HaBYaHHI Ha TMIPUKIAIaX, MOXKE BBOJUTHUCS
(GyHKL10HAJT SIKOCTI.

Meronu «KontponboBaHoro HaBuanHs» (KH) maroTh cBOT KOpeH1 B CBITI
CTATUCTHKH. IXHS TONOBHA MeTa MOJIATae B TOMY, 00 TepedaunTy, Kuii BUXin ¥
CYKYNHOCTI BXIJIHMX JAHUX /, aAHAJI3yIOUM XapakTep HaBYaJIbHUX JIaHHX.
Metonuku (KH) BukopucroByroThCs B OaraThoxX 3ajadax 1 oOmactsx. Skio
BUXIJIHI JJaHI € TIEBHUM THUIIOM MITOK, MU HA3UBaEMO Iie 3adauero Kiacugixkayii,
1HaKIIIe, SKIIO BUXI1JIHI CKIAAal0ThCs 3 0€3MepPEepPBHUX 3MIHHUX, 1€ 3a0aua pezpecii.
Koxna 3amaua, moB's3aHa 3 KOHTPOJHOBAHMM HaBYaHHSIM, BKJIIOYAE, 30KpEMa,
HaBYaJIbHUM MPOLEC, IKU BUKOHYETHCS 3 BUKOPUCTAHHSAM Ha0Opy TaHUX BUOIPOK,
[0 MICTUTH HaAO1p BXOMIB 1 iX BimmoBimHi Buxoau. Anroput™m KH mocaimkye 111
JlaHl, HAMAaraeTbCs JI3HATHCS 3 HUX 1 CTBOPUTU (PYHKINIO OLIHKHU, 1100 3HAWUTH
BHUX1JHI JaHI, ITOB'SI3aHHUI 3 HOBUMH BX1JHUMH JAHUMHU.

Jliteparypa HanoBHeHa MeTtofamu 1 anroputMoM KH mutst 3actocyBanHs 110
NeKkuibkox 3amad. OpnHiero 3 nonymsipHux TexHik wmetoniB KH € ogun 3
JIEPEBOBUIHUX METOJIB, SIKUW € MPOCTUH Yy 3aCTOCYBaHHI Ta MPHUAATHUN SK IS
kiacudikaili, Tak 1 sl perpeciinux 3amad. Mojeinb, 1110 BUKOPHUCTOBYETHCS B
pO3poOIIl JeleHTpali30BaHO1 CTpaTerii KepyBaHHS, € JEPEBOBUIHUM METOIOM,
skl HasuBaeTbcsi Extremely Randomized Trees — ancamOneBuili Meron
MAalIMHHOTO HAaBYaHHS JUIs Kiacudikaiii, perpecii Ta IHIIMX 3aBlaHb, SKI
OTIEPYIOTH 3a JOTIOMOTOI0 TTOOY0BH YHCICHHUX JEPEB MPUUHATTS PIIICHb 1] 9ac

TpEeHYBaHHS MOJENl 1 HPOAYKYIOTh MOAy Juisl kiaciB (kinacudikamiit) abdo
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yCepeIHEeHUI MPOTHO3 (perpecis) modyaoBaHux aepeB. HempomikoM qaHoTo METOMY

€ CXHJIbHICTh A0 IICPCHABYaHHA.

3.2 AHaJIi3 OTOKY MOTYKHOCTi 3MiHHOT'0 CTPYMY

HocmimkenHss Ta  (QYHKI[IOHyBaHHS  OyAb-sIKOT ~ B3a€MOIOB'SI3aHOT
€JIEKTPOCHEPTETUYHOT CUCTEMU BHUMAararoTh IPOBEICHHS YHUCEIBbHOTO aHai3y IS
BU3HAYCHHS CTaHy MEpPEXKi, IMOYMHAIOYM 3 BIJOMHUX IapaMeTpiB — JlaHe
OOYHMCIIEHHSI HA3UBAETHCSA AHANIZ0M HNOMOKY NOMYHCHOCMI a00 O0O0CHIOHCEHHAM
NOMOKY HasaHmadxceHHs. AHaN3 TOTOKY TMOTY)KHOCTI JO3BOJISIE OOYHUCIUTH
CTPYMH, aKTUBHY Ta PEAaKTHUBHY IOTYXKHICTh, 11O MPOTIKA€ B TIJIKax, BTPaTH,
HaIllpyrd Ha UHaX. BiH BUKOPHUCTOBYETHCS HE TIIBKH JUISl aHaJi3y pOOOTH BKE
ICHYIOUMX MEpEXK, ajie 1 € MOTYKHUM METOJIOM JIJIsl TIOITYKY KOH]Irypariu, 1o
PU3BOJATH 10 KPUTUYHUX YMOB, a00 po3po0KHU HOBHUX eHeprocucteMm. Kpim toro,
BiH MOXXe OyTHM BKJIIOYEHHH B 1HIII crnocobou BupimeHHs 3aBaaHb JIEC,
eKOHOMIYHOI JucneTdepu3aiii abo sl BU3HAYCHHS ONMUMANLHO20 HNOMOKY
HOMYHCHOCTI, HAMOIbII e(eKTUBHOI KOHQIrypauli cuctemMu. Y Miil TJaBi
MPEICTABICHO OCHOBHY (hOpMyJIOBaHHS 3aj1ayli Ta crnoci® ii BHpINIEHHS MPU
3actocyBanHi1 10 JIEC.

BusnauenHst Ta po3B'si3aHHS PIBHAHD MMOTOKIB MOTY>KHOCTI €HEPrOCUCTEMHU
€ OCHOBHUMHU 3aBJaHHSIMHU TpU JOCII/PKCHHI HaBaHTaXeHHs. [laHumu,
HEOOXITHUMU IS iX BUKOHAHHS, € MaTPHIlI By3J0BUX mpoBigHocTe YBUS. ¥V
cucremi 3 N mmmH Ypgys € Matpuiiero N X N Takoro, Io:

UYsus=I. (37)

PiBusinns (3.7) BimoOpaxae matpuuny Gopmy 3akony Oma.

[CHYIOTh YOTHPH Pi3HI 3MiHHI, MOB'A3aHi 3 KoKHOO muHOoMI 1 € {0,..., N -
1}: cnoxuBaHa aKkTHMBHA MOTYXKHICTh Pj, ClOXMBaHA peakTHBHA MOTYXHICTH Qj,
BenmurHa Hanpyrd Ui 1 asza Hanpyru ¢;. 3ajie)kKHO Bij THUIY IIMHU I, 3MIiHHI, AKi
nepeadavyaroThCs BiJIOMUMMU:

— SIKIIIO IIKMHA 1 € CJIa0KO0 MIMHO0, TO BeanduHa Hanpyru U; 1 daza ¢;;
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— SKIIO IMHWHA 1 € mMUHOI 3 PV ycTaHoBKkoto, TO BenwmumHa Hanpyru U i
aKTHBHA MOTYXXHICTH Pj;

— sakmo muHa 1 € P-Q mmHOM, aKkTWBHA MOTYXKHICTH Pj 1 1HXKexIii
peakTUBHOI MOTYKHOCTI Q.

Mertoro aHami3y € OIliHKA PeIlTH:

— Np-y + Np-p (ha3u Hampyry;

— Np-p aMIUTITY AN HAIIPYTH.

Taxum unHOM, 3aranbHa KUIbKICTh HEBLIOMUX € Np -  + 2Np .

Jlns koxxuol e 1 € {0,. .., N - 1} Mo)kHa 3anmucaTi HACTYITHI PiBHSIHHS

CHCPICTUYIHOI'O 6aJ1chy:

P = 200 UiU; (Gijeos (6: — 6;) + Bysin(6: = 6)) ): (3.8)

Q: = X155 U (Gijsin(ﬂi —6;) — Byjcos(6; — Hj)); (3.9)

ne: Gjj — peasibHa YaCTUHA €IIEMEHTA, IO BIAMOBIAE I-My PSAAKY 1 J-My CTOBIIIIO B
Ysus; Bij — ysiBHa uacTuHa elleMeHTa, IO BiANOBIAA€ I-My PSIIIKY 1 J-My CTOBIIIIIO B
Ygus.

Tomy Mu maemo Habip piBHSIHB, SIKI MOKHA BUKOPUCTOBYBATH JIJIS TIOLTYKY
HEBIJOMUX 3MIHHUX. SIK TUIbKW 3HANJICH1 3HAUYEHHS IMX 3MIHHUX, OIL[IHKA PEIITH
HEOOIIHUX TapameTpiB (CTpyMy B BITKaxX, BTPAaTH TMOTYKHOCTI TOIIO) CTae
TPUBIATBHOIO 33]J1a4€l0, BUKOPHUCTOBYIOYM HACTYIHE TEOPETHUYHE CITIBBITHOIICHHS:

I, = (’D“;—fQ‘) (3.10)

3.2.1 Onrumizanisg noToky nory:xxuocti B JIEC

JlocmipKeHHsT TOTOKY MOTY>KHOCTI MoOke OyTH peasli3oBaHO B 3ajaul
onTuMizalii g TOWIYKY HaWOUIbIl e(EeKTUBHOTO Crnoco0y KepyBaHHS
E€HEPrOCUCTEMOIO TIPHU JOTPUMAHHI MEX POOOTH MEpPEXi Ta 1HIIMX 0OMexeHb. L
3aJja4a 3a3BUYail Ha3MBAEThCA 3a/1a4€H0 ONTUMAIBHOIO MOTOKY NOTYykHOCTI (OIIIT)

a6o «Optimal Power Flowy». Pe3ynbpTyroua ontumizaliiiina 3ajada € HEJIIHIMHOIO 1
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HEBUITYKJIOIO TpH 30UTBIIEHHI EKCIOHCHINIAJIbHO OOYMCITIOBAIBHUX BHTPAT,
HEeoOXiMHMX 11 BupimeHHs 3amadi OIIIl, ocobmuBo 3  BEIUKUMU
B3a€MOIIOB'SI3aHUMHU €HEeprocucreMamu. IcHye OaraTo cmoco6iB ii BupilIeHHS, 1
PO3pO0ICHO ASKUTbKA ITIXOMIB I 3MEHIIICHHS CKIIQHOCTI 3a/1a4i.

IlikaBuii MeTOJ 3 XOpOIIMMH BJIACTUBOCTSAMH 301KHOCTI, KM Jg00pe
30iraeTbcs 3 MepekaMu HU3bKO1 Hanpyru, po3podienuit diminom doprendaxepom
Ta 1H. Y JaHiil poOOTI aBTOpU MEPETBOPIOIOTH HEJIHIMHI PIBHAHHS TMOTOKY
MOTYXHOCT1 B JIIHIAHY 3a/ady, CIIMPAIOYUCh Ha MPUIYIIECHHS, K1 € 3araJlbHUMU
JUIsL  OUIBIIOCTI MeEpeX HHU3bKoi Hampyru. Llg miHiiiHAa 3amada iTepauiifHO
BUPILIYETHCS, OHOBIIIOIOYM KOXKHOTO pa3y Hanpyrd Ha I[IMHAX 3a JOMOMOTOI0
KOMOIHOBaHOT TEXHIKM MpsMoi Ta 3BOpoTHOI posroptku (I13P) abo «forward
backward sweep» (FBS). Lleit meton Ha3zuBaeTbesa «lIpsima Ta 3BOpOTHS pO3roTKa
— onTHUMalbHOro  MmoToKy  motyxHoct»  (II3P-OIIIl), 1 BiH Oyne
BUKOPUCTOBYBAaTUCA B  KOHTEKCTI  Il€i poOOTM Mg  NpEeACTaBICHHS
LEHTPaII30BaHOi CTpaTerii KepyBaHHS Ta CTBOPEHHS HaBYAJbHUX HAOOPIB, IO

BUKOPUCTOBYIOThCS MoAesutio KH npencrasneni B po3aini 2.3.

3.2.2 Aaropurm IT3P-OIIII

PosrisineMo HU3BKOBOJIBTHY PO3MOAUIBYY MEPEXKY 3 CIa0KO 3B'S3aHOIO
pajiaibHOIO  CTPYKTYpOlO, TMOMIOHOI0 A0 Tiei, mo dopmaizyBaiacs B
nonepeaHroMy posaui, ckimageroi 3 N € N mwmH, e mepiia muHa € TOYKOIO
3arajbHOTO 3B'SI3Ky MIXK LIEHTpaIbHOI Mepexkero ciTtkoro 1 JIEC, Tomi sk ivm N - 1
mHU € OyauHKaMu Npro € N € OyTUHKaMu aKTUBHUX CIIOXHUBAYiB, 1110 BXOISTH JI0
EPC. KoxHe HacTymHe CIiBBIIHOIICHHS 3allMCaHe JIJIs 3arajbHOro nepioay yacy t
i € miicaum npu Vt € {1,. . ., T} 3 T sk wacoBuid nmiama3oH 3amaui. Tormosoris
MEpexki BiTOOPaXKaeThCs IHKEKIIEO IMHU 10 MATPUIll cTpyMy posranyxeHHs Mf
€ Rf * VN, Bona nos'szye Bextop it € RV*! crpymy mmnu 1o Bekropa ibt € RE

CTpYMIB T'iJIKH yepe3 3akoHu Kipxroda.
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i, = Myi'. (3.11)

Hanpuxknaz, sSKio po3risgaTd HACTYIHY MPOCTY MEPEXKY, 10 MOKa3aHa Ha

puc. 3.2:
=
" Bus?2
Bus 0 Bus 1 sl ™
o
0 1 I3
Bus 3
L~>
Pucynok 3.2 — CrnpolieHa cxema eJeKTpoMepexi
BucHoBku:

1.B nmanomy po3aut Oyno ¢dopmanizoBaHO 00 €qHAHHS aKTUBHUX
CHOKMBA4YlB BCEPEAMHI JIOKAJIBHOI €JIeKTPOCHEPreTUYHoi cucteMu. HaeneHo
MaTeMaTU4yHl OINUCH TPOLECIB TeHepalli aKTUBHOI Ta pPEAaKTUBHOI EHeprii
AKTUBHUMH  CIIO)KMBa4aMH Ta JUHaAMIKM poOOOTH  3aco0iB  aKyMmyJIsilii
€JICKTPOCHEPT 1.

2. Jlns onTUMaNbHOI pOOOTH JIOKAIBHOI €IEKTPOECHEPTeTUYHOI CHUCTEMHU
OyJi0 3ampONOHOBAHO BIPOBAHKEHHS JICLIEHTPATI30BaHOI CHUCTEMH KEpYyBaHHS
aKTUBHUMH CIIO)KMBayaMu, 10 0a3yeTbcsi Ha BUKOPUCTaHHI aJITOPUTMIB
KOHTPOJIbOBAHOTO HABYaHHS Ta ONTHUMI3allli MOTOKY MHOTY)XKHOCTI Ta JI03BOJISIE
OIIIHUTU €(PEKTUBHICTD JICIICHTPAII30BaHUX METO1B KepityBaHHs B JIEC.

3. lns  anropuTMy KEpOBAHOTO HABYaHHS pPO3POOJIEHO MPOLEAYpPY

HaBYaHHS, 110 0a3yeThCsl HA BUKOPUCTAHHI CTATHCTUYHHUX OLIHIOBAadYiB TeHepari
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aKTUBHOI Ta PEaKTUBHOI €HEprii, MPOLECiB 3apsKEHHS Ta PO3PSIKEHHS 3ac00iB
aKyMyJidlii eneKkTpoeHeprii. Jlns mepeBipKM MPOTHO30BAHMX [if AKTHUBHOTO
CTHOXKMBaya 3alpONOHOBAHO aJTOPUTM MEPEBIPKH MPOTHO3Y BKa3aHUM MPOIIECIB,
IO 3JIACHIOIOTHCS aKTUBHUM crioxkuBadeM. Lle mo3Bossie chopmyBaTu cuctemy
KEepyBaHHs, III0 BpaxoByBaTHUMe 0co0muBoCTI poOoTH enemenTiB JIEC.

4. ]lns  onTumizamii TOTOKIB moTyxHOCTI Bcepenuni JIEC Oymna
chopMoBaHa onTUMI3alliifHa 3a7a4a MiHIMI3allll BTpaT aKTUBHOT'O CIIOXKUBaYa, 10
nepeadavae mATpUMKy HaaiiiHoro ctany JIEC. OnTtumizaiiiiHa 3aiadya BpaxoBye
IIPOTHO30BaH1 3HAYEHHS TeHepalii enekTpoeHeprii PV-ycraHoBKaMM aKTUBHOTO
CIOKMBaya, MOMIMBOCTI JI0 30epiraHHa eHeprii 3aco0aMu  aKyMyJAilii
€JIEKTPOEHEPTii, PIBEHb HANpPyr'W Ha IIMHAX aKTUBHUX CIIOKMBAYiB Ta BTpaTH

notyxHocTi Bcepeauni JIEC.
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PO3JILI 4

TECTOBA JIOKAJIBHA EJEKTPOEHEPI'ETUYHA CUCTEMA

CxemH KepyBaHHS MOJEIIOIOTHCS Ha JIIHIHHIA MEpExi, IO CKIATAEThCS 3
KOpeHEBOIro 3'eHaHHA, Ta Npro KUIBKICTIO aKTUBHUX CIOYKMBadYiB IMOAIOHO Ha
puc.3.1. KoxHa BiTKa, 1110 3B'A3y€ JBI IIUHU, MAa€ OJHAKOBY JIOBXKHHY, TaKUH K
aKTUBHUN Ta pEeakTUBHUU omip. MojaentoBaHHSI BUKOHYEThCS MPOTATOM TEPIOay,
[0 SBJISIE COOOK0 BECh PIK, 3 KPOKOM OJIHY TOAMHY. 3arajibHa XapaKTEepHUCTHUKa
nociimkyBanoi JIEC:

— Kumpkicts mmmH N = 15;

— KinbkicTh akTUBHUX cHIOKUBaYiB Npro = 14;

— KinekicTs BiTOK L = 14;

— At=lron.;

— Po3paxynkoBuii nepion T = 8760;

— AxtuBHui onip niHii Ryt = Rgz = ... = RgL = 0.025 Q;

— PeaktuBHuii omip miHIT Xg1 = Xg2 = . .. = Xg = 0.005 Q;

— Hominanena nanpyra mepexi U, = 400 V;

— MakcumansHo ponyctuma Hanpyra 1.10 B.o.;

— MinimanbHO nonmyctuMa Hampyra 0.90 B.o.

Kosxen cnokuBau BCepeUHi CINUIBHOTH BU3HAYAETHCA 1CHTUDIKALITHUM
HOMEpOM (HMOro TO3HMINS B3IOBXK MEPEXi), KiIIbKICTIO MEMIKAHIIB BiAMOBIIHOTO
YKUTJa, BCTAHOBJIEHOIO MOTYXHICTIO PV Ta 3aco0iB akymymsuii. L indopmaris

HaBeqeHa B Ta0i. 4.1.
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Tabmuis 4.1 — BxiaHi gani npo aktuBHUX crioxkuBaviB B JIEC

Ne  Kinbkicts xxuteniB B BcTaHoBIeHA OTYXHICTh Bcranosnena
OyaNHKY PV-ycTraHoBKH, NOTYXHICTh OaTapei,
kBT kBt*rong
1 1 2 2
2 1 2 2
3 2 3 2
4 2 3 2
5 2 3 2
6 3 3,5 5
7 3 3,5 3)
8 3 3,5 3)
9 4 5 6
10 4 5 6
11 4 5 6
12 4 5 6
13 5 7 8
14 5 7 8

4.1 Pe3yabTaTi MO/IeJIIOBaHHS cUCTeMH KepyBaHHsa AC

[lepm1 HIK po3rasgaTd  cUEHaApll TeCTyBaHHS, CLEHapli HaBYaHHS
ONMTUMI3YIOThCA 3a gomoMoroto ainroputmy [13P-OIIII 1 excrpanomtoeTbest HaOIp
s anroputmy KH. Takum umHOM, cuenapii S1, S2 1 S3 mMomentoroTbesi Ha
TECTOBIA Mepexi, Ka KOHTPOJIOEThCA TpbOMa CTpaTerisiMu KepyBaHHs. [HJEKc,
[0 BUKOPUCTOBYETHCS IS TIOPIBHSIHHS CXEM, — 1€ 3arajbHI BUTpaTH, sIKI Hece
rpomMaja npoTsAroM poky (To06To Takox 1inboBa QyHkiis [13P-OIIIT).

JIis HAOYHOCTI pe3yibTaTiB HUXKYE HABEACHO pe3ylbTaT KepyBaHHS
OJIHOTO aKTHBHOTO CIOKHUBaya, 110 3HAXOAUTKCA MijJ HOMepoM 6 y Tabu. 4.1. Ha

puc. 4.1 npeacraBieH1 3HAYEHHS! CIOKUBAHOI MOTY>KHOCTI Ta BJIACHOI T'eHepallli
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PV ycranoBkamu. Takox Oyno po3paxOBaHO MOTIK MOTY>KHOCTI 4epe3 HIMHY
aKTUBHOTO CIOXKMBada JI0 3JIMCHEHHS KEpyBaHHsS Ta MICIsA 3acCTOCYBAaHHS
anroputmy KH, 110 mokazano Ha puc. 4.2 Ta puc 4.3 BiANOBITHO.

PesynpraTom 3actocyBanHs anroputmy KH 1o TtectoBoi cxemm € Habip
pPEKOMEHJIallli aKTUBHOMY CIIOKMBady II0J0 3MIHM 3HA4Y€Hb BUPOOHUIITBA
aKTUBHOI Ta PEaKTHBHOI MOTY)KHOCTI, 3apSAIKUA Ta PO3PSIKH 3aCO0IB aKyMYyJISIii
eHeprii. [l BKazaHOro crokuBaya B po3pi3l OJHOrO JHS 4YepBHS Ha puc. 4.4

HABEJICHO CXEeMY KepyBaHHS MPOLIECOM 3apsIKU Ta PO3PsI>KEHHS OaTapei.

23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

]

[a—
>
[}

[a—

S

B CroKHBaHHA MIOTY/KHOCTIL. KBT B BupoOHHLTBO el1eKTpoeHeprii. KBT

Pucynok 4.1 — XapakTepucTrKa BIIaCHOTO CIIO’KMBAHHSI Ta TeHeparlil

eJ'IeKTpOCHepTﬁ dKTHUBHOI'O CITIOKHMBa4a
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Pucynok 4.3 — I1oTik NOTYXHOCTI 4epe3 MIMHY aKTUBHOTO CIIOKHBay4a MiCs

3aCTOCYBaHHS aJTOPUTMIB KEpYyBaHHS
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Pucynoxk 4.5 — IIporuo3oBani rpagiku B3a€MO/Ii1 aKTUBHOTO CIIOXKHBayva 3

Mepexero

Pe3ynbratom JeneHTpani3oBaHOIO KEpyBaHHS HEBEJECHUM aKTHBHUM

CIIO’KMBAYEM € aJITOPUTM POOOTH aKyMYJISITOpHOI OaTapei HaBeleHH Ha puc. 4.6.
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AJropuT™M HaLIICHUM Ha 3MEHIICHHS BUTPAT Ha KYIIIBIIO EIEeKTPOCHEpTii 3
Mepexi Ta 301IbIIIEHHS JTOXO0/IB B MPOJIa)Ki HAKOMWYEHO1 3ac00aMu aKyMyJIsIIii
Ta 3reHepoBanoi PV ycrtaHoBkamu enekTpoeHeprii. PimeHHs: mpo HaKomuueHHs Ta
po3psaKeHHs O6aTapei mpuiiMaiich OPIEHTYIOUNCH HA peaibHI LIHM Ha PUHKY. B
MPUKIIaJIl OyJI0 PO3MISIHYTO IiHK MOMeHTOM Ha 1 depBHs 2016 poky, 1110 HaBeeH1
B 0AaTKy A. 3a paxyHOK 3/1MCHEHHS KOHTPOJIIO aKTHBHOTO CIIO)KHMBauda OyIio
30UTBIIIEHO MPUOYTOK aKTUBHOTO CHOXKMBaya y BKa3zaHuil JieHb 3 3,6 rpH 10 5,72
rpH. Butpatn Ha KymiBitO eJIeKTpoeHeprii 0e3 3M1MCHEeHHST KepyBaHHS CKJIalaiu
12,5 rpH, 31 3xpiiicHeHHsAM kepyBaHHs 13,49 rpH. [loxomm Big mnpogaxi
CJIEKTPOCHEPTii B Mepexy Oe3 3MiiCHEeHHs KepyBaHHs ckiananu 16,11 rpH, 3a
PaxyHOK KepyBaHHS AOXOAH 3pociu 1019,22 rpH.

Pe3ynbpTaTi po3paxyHKy BUTpaT, JOXO/IB Ta MPUOYTKY HE € BPAKAIOUHMH,
ajie 11e MOSICHIOETbCS THUM, 1110 3arajlbHa BCTaHOBJIEHA MOTYXHICTh PV ycTaHOBOK
JTAHOTO AaKTUMBHOIO crHokuBada 3 KBT, a 3aranbHa €MHICTh aKyMyJSTOPHHX
Oarapeit 2 kBT*roa. 3a naHux ymMOB Maibke BCsSI 3T€HEpOBaHA EJIEKTPOEHEPTIs
BUTpAYyaJIach Ha MOKPUTTS BJIACHOTO CHOXKMBaHHS. [Ipy po3risial BCl€l CHUIBHOTH
aKTUBHMX CIIO)KMBAYiB BPAXOBYIOThCS TOKAa3HUKU HAAIMHOCTI MEPEXkK1, MOKIIUBICTh
0OMIHY €JICKTpOCHEPT1i MK aKkTUBHUMU criokuBadamu JIEC, 1m0 103BoJisi€ 3HaYHO
30UTBLINTH BUTOY Bl BOPOBAXKE€HHA cucteMu KepyBaHHs B JIEC.

UucenbHi  pe3yibTaTH  MOJEIIOBaHHS  HaBedAeHli B Tabn.  4.2.
[lenTpanizoBaHuil KOHTPOJIEP MOCATAE HAWKPAIIOTO pe3yibTaTy B KOXHOMY
cueHapii, BUTpaTH, Kl BUHUKaOTh npu anroputmi KH B cuenapisx S1 1 S3,
HUKY1, HIXK Ti, ki moHeciu Bin anroputMy [IBII, tomi sx B cuenapii S2 KH

MPU3BOAUTH 0 HAUTIPIIIOTO CepeJl TPhOX CTPATErTii.



CTBOpeHHA CTATHCTHIHHX
OIMHIOBAYIB

CTBOpeHHA HaDODY
TPeHYBAIBHHX CIIeHAPIiB
Ta iX pO3B 30K 3a
TIOTIOMOTO0 ANTOPHTMY
IT3P-OINI

|

BHTAT TpeHYBANBHHX
HAOOPIB 1 HABUAHHA
CTATHCTHYHHX OILIHIOBAYIB

I
BuropHCcTaHHS
CTATHCTHYHHX OIIIHKOBAYIB
Ha KOKHOMY IPOMIEKY
qacy AI8 OpPOrHO3VBAHHY
I1fi AKTHEHHX CIOKHBAYIE

|
[TepeBipKa IPOTrHO31B

3acToCyBaHHS
IepeBIPpeHOT0 MIPOTHO3Y
1719 KepYBaHHA aKTHBHHM
CIIOKHBATEM

Pucynok 4.6 — Y3aransHeHna crpykrypa KH-anroputmy, 1o KOHTpoIto€ Jii

dAKTHUBHOI'O CITIOXXHMBa4a

Tabnuusg 4.2 — 3aranbHi piuHi BUTPATH aKTUBHUX criokuBaviB B JIEC

3aranpH1 piuHi BUTPATH, TPH.

Cuenapiii S1 S2 S3

Anroputm [13P-OIIIT 1105,54 2121,16 1837,8
Anroputm KH 2711,44 7832,43 5123,09
Anroputwm [1BII 5143,32 6501,94 5807,77
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binbm rnmuboke po3yMiHHS MOBEAIHKU CTpaTerii Moxe OyTH OTPUMAHO 3
ypaxyBaHHSAM pIIIEHb AKTUBHUX CIOXHBAYIB Ta EJIEKTPUYHOTO CTAHy MEpexi
IPOTSATOM POKY.

OcHOBHa MpUYMHA, YOMY BHPOOHHUIITBO EJIEKTPOCHEPTrii 3a JOMOMOTOI0
PV-ycTaHOBOK BUMarae KOHTPOJIO Ta 3rOpTaHHs, MOJSTa€ B TOMY, 110 B JACSKHUX
BUIAJKaX T€HEPYyBaHHS 3aHAATO BEJIHMKOI MOTYXHOCTI Ta BBEACHHS ii B MEPEXY
MPU3BOJUTH J0 HAJIMIPHOT NIEpEHANpPyTru B Mepexi abo nepeBaHTakeHb. Konu 1ie
B110yBa€ThCs, IHBEPTOPU (HOTOCICKTPUUHUX OJIOKIB MMOBUHHI OyTH BIAKIIIOUYEHI, 1
CIOXMBAa4 BUTpaya€ COHSYHE BHUMPOMIHIOBaHHA. YacTKOBE CKOPOYCHHS
3arajbHOTO 00CATY BUPOOHUIITBA, 11100 3aMO0IrTH BIAKIIOYEHHIO, Y IIMX BUIAKAX
Oys0 O Kpamow ajabTEPHATUBOIO JJISI AKTUBHOTO crioxkuBada. Anroputm [IBIT He
HaJa€e [bOro BaplaHTy (KOJM ICHY€ pPHU3UK I[EpPEHANpPYrd, BiH BCTAaHOBIIOE
BUPOOHUIITBO 70 HyJsl), HA BigMiny Bix [I3P-OIIIIl 1 KH-anroputmiB. BincoTok
3arajbHOr0 MOTEHUIHHOTO BUPOOHUITBA, AKUH OyB (QakTUYHO BUPOOJIEHUH,

nokaszaHuil y tabnuii 4.3.

Tabmuua 4.3 — CkopoueHHs BHUpPOOHMIITBA eJekTpoeHeprii PV

YCTaHOBKaMH

PiuHe ckopoueHHs BUPOOHUIITBA €IEKTPOEHEPTi

Cuenapiit S1 S2 S3

Anroputm I[13P-OIIIT 7,01% 11,20% 9,69%
Anroputm KH 11,13% 32,78% 14,80%
Anroputm [1BIT 11,91% 13,46% 15,12%

[Hma BiAmoBiAHA BIAMIHHICTE MDK CXEMOK KEpyBaHHS  MOXE
CIIOCTEpITaTUCSl TPU BUKOPUCTaHHI cucTeM akymyismii. Anroputm [I3P-OIIIT
pO3paxoBye Ha Te, IO CIOXHBadl YacTO OOMIHIOIOTBHCS EJIEKTPOCHEPTIE0 3

Oarapesmu, MpUHAWMHI OJTHA CHCTEeMa 30epiraHHs BCEPEIMHI CIUIBHOTH 30epirae
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a0o0 BiIJa€ eIEKTPOCHEPrito OLIbIY YAaCTHHY 4acy, 00 KylmyBaTH €Heprito, KOJIH
BOHA € TJOCTYITHOIO Ta PO/IaBaTH KOJIH 1€ I0POTO

JIBa 1HIIMX aJTOPUTMHU 3aMICTh ITLOTO MAlOTh HA0araTo MEHIINY IepeBary
IPUCYTHOCTI 3acO0iB aKyMyJSIii, iX 3apsaKa Ta po3psiika BiOYBa€ThCA MEHII

e(hEKTUBHUM CITOCOOOM.
4.2 Oominna noryxHicts B JIEC

SAx oauH 3 KpuTepiiB Uil CTBOpeHHA cucremu kepyBanHs JIEC Ta
dbopMyBaHHS ONTHMI3AIIKHOI 3a7a4l ONTHUMAJIBLHOTO IMOTOKY IOTY>KHOCTI MOXKE
OyTu 3HaueHHs oOMiHHOI noTykHOCTI B JIEC. Ockunbku Bcepenuui JICE HasaBHI
pi3HopiaHi JPI' 3 pi3HHMH napameTpaMu yCTaHOBOK IeHepalli BcepeauHl Mepexl
BUHUKAIOTh MOTOKM OOMIHHOI TOTYKHOCTI, L0 MOXYTh UYUHUTH HETATUBHUIA
BILUIMB Ha IMOKAa3HUKU SKOCTI eyiekTpoeHeprii Tta HamiiHocTi JIEC. OuiHtoBaHHsS
BEJIMYMHU OOMIHHOI TMOTYXKHOCTI Ma€ Baromuii BIUIMB B pasi pobotu JIEC B
«OCTPIBHOMY» pE€XHUMI, OCKUIbKH, B Takomy Bunaiaky JIEC cama Binmosinae 3a
MOKa3HUKHU SKOCTI €JIEKTPOEHEPTTIi.

Jlns ominku oOMiHHMX TporeciB B JIEC Oyno nmociikeHO cuctemy 3

JIBOMa IeHepaTOPaMH Ta CIIUIbHIM HABAHTAKEHHSM, IO [IOKA3aHo Ha puc. 4.7.
m/,‘a e A-1-4 C-C BB

| A G 1B
(0] u(\] ¢(1) 1L 1 1

Pucynox 4.7 — Cxema JIEC 3 nBoma renepatopamMu Ta CIUTbHUM HaBaHTAXEHHSIM

AP

A

Ha puc.4.7 areatn «A» Tta «B» € areHtamu TeHepailii 3 PI3HOPIIHUMHU

JUKepellaMu - elleKTpoeHeprii, areHt «Cy» Biairpae posib HaBaHTaxeHH. MAC
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kepyBanHs JIEC Moke TakoX BUKOPHCTOBYBATHUCH ISl KEPYBAHHS CHCTEMOIO B
«octpiBHOMY» pexuMmi poboru JIEC. KpiM BulleBKa3aHUX NapaMmeTpiB
ontuMizamii po6otu JIEC HeoOXigHO BpaxyBaTd SBHUINE OOMIHHHX IPOIIECIB
Bcepenuni JIEC.

Jlns  pmeramizarili KUTbKICHOI OIIIHKM B3a€EMHOTO BIUIMUBY BHKOPHUCTAEMO
noHATTa eHepreTuuHo-He3MiHHoro Tany (EHC). EHC cucremu — me cran, mio
xapakTtepuzyerbes iHTepBasioM (tis — t) pobGotu cucremu 7T, mIs SKOTO
HE3MIHHMMH € HanpsAMOK TIOTOKIB eHeprii uepe3 BHJUICHI (KOHTPOJIHOBAHI1)
nepetuHu. ['padiyHe mnpeacTaBIeHHsS ULUX MOPOUECIB MM  3A1MCHIOEMO 3a
noromororo rpada 3miau crany (I'3C) — I'sc{Vsc, Hic}, 110 Bu3HaYa€e BigHOIICHHS
MDK eJleMEeHTaMH BepMH Vic Ta Ayr Hzc. MHoOXuHa BepmMH Vic BKIIOYAE
enmeMeHTd cuctemu, a Ayru hsc (hsc e Hsc) BimoOpaaroTh HasBHI 3B’SI3KH MIiXK
eJIeMEHTaMU MHOKUH CHCTEMHU Ha BUJILJIEHOMY 1HTepBalli Egc.

Ilin yvac aHamizy JIOKaJbHUX CHUCTEM EJEKTPOINOCTAaYaHHS BHUHHUKAE
HEOOXITHICTh OI[IHUTH BIUIMB €JIEMEHTIB (IPYIl €JIEMEHTIB) Ha eleMEHTH (Tpymu
€JIEMEHTIB) MIIKIIYEeHUX 10 oxaHoro By3na cuctemMd. B JICE BuHukae
eHeprooOMiH He mnoB's3aHuid 3 mnopyumeHHsM [ISAE  (HecuHycoiganbHICTIO,
HECUMETPIEI0 TOIIO) Ta HASBHICTIO PEAaKTUBHUX €JIEMEHTI, a TOB'A3aHUN 3
B3a€EMOJIIEI0 JICKIIBKOX PI3HOTUIIHUX TIEHEpaTopiB. Y TakoOMy BHUIAIKYy €
JOIIJTLHUM TIPOBOJIUTH aHAJI3 B3aEMHHUX TTOTOKIB €HEPrii Ha MepioJii 3 BUAUICHHIM
EHC.

Ha puc. 4.8 — 4.10 naBeneHo pe3ynbTaTd PO3PaxXyHKY 3MiHH 3HAYCHHS
oominHoi notyxHocTi B JIEC mpu 3mini mapametpiB JIPI' Ta HaBanTtakeHHs. Sk
BUJIHO 3 BKa3aHUX PUCYHKIB 3MiHa mapamerpiB JIEC Moke BHUKIMKATH MOSBY
OOMIHHOI TOTYKHOCTI B MEpPEXi, 1110 BeAe 0 MOTIPUIEHHS CTaHy Mepexi. Buiie
CKazaHe BeJie JI0 TOTO, 0 Y «O0CTpIBHOMY» pexuMi pobotu JIEC, okpim onmcaHmx
BUILE KPUTEPIiB ONTHUMI3alIAHOI 3a7adi, HEOOXIJTHO BpPAaXOBYBaTH 3HAUYEHHS

OOMIHHOI MOTYXHOCTI I 3a0e31eueHHs cTablIbHOI Ta HaA1iiHO1 poboTu JIEC.
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Pucynok 4.10 — 3anexHicTh BenmuurHN 00MiHHOT ToTYy>kHOCTI B JIEC Bijg 3MiHK

KyTa HAaBAHTAKCHH:A

Bucnosknu:

1.B  gaHoMmy  po3aull  3aCTOCOBAaHO  3alpONOHOBaHI  METOIU
neuentpanizoaHoro kepyBanHs JIEC. 3rimHo 3 pe3ynbraTaMu JOCHIIKCHHS
MOXHa CTBEp/DKyBaTd, 1Mo Oarapei BIiAIrpaloTh BUPIIMIAIBHY pPOJb Y
MaiOyTHI I[IHU MOXe OyTH BUKOPUCTAHO JJIs ONITUMAJILHOTO KEPYBaHHSI 3aracamu
€Heprii, OnTUMi3alli 3aKymiBeldb Ta YHUKHEHHS BTPaTH MOTEHL1aTy BUPOOHHUIITBA,
KOJIK 1€ MOXJIMBO. ONTHUMAaJIbHY MOBEIIHKY JyXe BaXko (opmainizyBatu abo
IMITYBaTH.

2. PesynbraTtu, otpumani anroputmoM KH B cuenapii S1, MmoxkHa BBaxkatu
OUTBIII IPUAUHSATHUM, OCOOJMBO SIKIIO TopiBHIOBaTH 3 anroputmom [IBII. ¥V nBox
IHIMUX CIEHAPIAX PIMICHHS, TPUHHATI aJrOpUTMOM, 3aCHOBAHUM Ha MAIIMHHUX
pILIEHHSX, TPU3BEIU O MOTIPIICHHS PEe3yJIbTATIB: BiH 3alpPONOHYBAB CKOPOTUTU
BUPOOHUIITBO HABITH TOJi, KOJU 1€ HE OyJ0 HEOOXiMHUM (TpeTHHA 3arajibHOTO
MNOTEHIITHOrO BUPOOHUIITBA HE BUKOPUCTOBYETHCS B JAPYroMmy cCleHapii), 1
BUKOPUCTOBYBaTH Oarapei HEHaJeKHUM YMHOM. be3nmiu BXIJHUX JIaHUX

CTaTUCTUYHMUX OIIHOK MICTUTh Oarato 3MIHHHX, MOJKJIMBO, II[0 HECIIOJiBaHI
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3HAUCHHA JESKUX 3MIHHUX YCepeAWHl BXIHMX JaHUX BBEJIHM B OMaHY
nepeadayeHHss CTAaTUCTHMYHMX OIIIHOK TMPO ONTHUMajibHI Jl1i, $KI MOXHa
zanpornonyBatu. Anroput™ [1BII Baanocs peanizyBaru kpaie, Hixk KH y Bumanky
crieHapito S2.

3. KonTpacTHi MOKa3HWKU B TPhOX BHUIAJKAaX, HMOBIPHO, TOB'SA3aHI 3 THUM,
mo creHapid S1, 3 TOYkH 30py WLiH 1 TPOQITIB COHAYHOTO BHUIPOMIHIOBAHHS,
CXOKMM Ha JiBa ClieHapii HaBYaHHs, B TOW 4ac sk creHapii S2 1 S3 maroTh 6arato
BIIMIHHOCTEH y TOTEHIIIHTHOMY BUPOOHMIITBI, MPOdISIX HABAaHTAKCHHS Ta IIHU Ha
CJIEKTPOCHEPTII0 3 JAaHMX, 10 BUKOPUCTOBYIOTHCS Yy HaBYaJIbHOMY HaOOpI.
«SKiCTh» HaBUANBHOTO HAOOpY MIMCHO Ma€ KPUTUYHUN BIUIMB HAa METOIH,
3aCHOBAaHI Ha IMITalliiHOMY HaBuyaHHI. [IpoBeneHe MOAENIOBAaHHSA JIEMOHCTPYE,
OJIHAK, IO JCIEHTpali30BaHa CXeMa KEpyBaHHS, SKa BUKOPUCTOBYE TUIBKH
JIOKaJbHI BHUMIPIOBAHHS, PO3pPOOJICHI, CIHPAIOYUCh HA METOAM KEPOBAHOTO
HAaBUYaHHS, MOXE JaBaTH, y CTAHJAPTHUX BUMAJKax, Kpall pe3yJbTaTd, HIXK
MOTepeTHbO BU3HAUCHIN CTpaTeTti.

4. locmimxenns JIEC 3 1gBoMa areHTaMd TeHepailii Ta areHToM
HABAHTA)KEHHA B OCTPIBHOMY pEXKHMI MOKa3ajd, 110 BUKOPUCTaHHS OOMIHHOI
notyxHocTi B JIEC mna omrtumizamii pexumy poOOTH CHUCTEMH € BaKJIUBOIO
ckianoBoro. [lpu 3MiHI mapameTpiB TreHepalii Ta CHOXHBaHHS OOMiHHA
MOTYXHICTh TaKOX TMIJJIA€ThCSI BaroMUM 3MiHaM, IO MOXE CIPUYUHUTH
noripmeHHs: crany JIEC mpu po6oti B aBTOHOMHOMY pexumi. lle mosBosie
BUKOPHUCTATU BEJIIMYMHY OOMIHHOI MOTYKHOCTI, SIK OJUH 3 KPUTEPIiB ONTUMIZALIT

po6otu JIEC B aBTOHOMHOMY peKruMi poOOTH.
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BUCHOBKU

B pamkax marictepchkoi po60TH OyJO IOCHIIKEHO 0COOIUBOCTI poOOTH
JOKAJIbHUX EJEKTPOCHEPreTUYHUX CHUCTEM Ta BHU3HAYEHO. PO3IISIHYTO MPUHIIMIN
noOyZI0BH JIOKAJIBHUX CUCTEM EJIEKTPONOCTAYaHHs 3TiHO 3 KOHIEMIieo Smart
Grid Ta mocmipkeHO TMHTAaHHS CTBOPEHHS Ta OpTraHizallii JOKaJbHHX PHHKIB
CICKTPUYHOT eHeprii 3 dopmamizaiielo yJyacHUKIB PHHKY Ta TMPaBUI HOTo
dbyukiionyBanHs. IIpoaHami3oBaHO TMeEpeIOBUM JOCBIJ peatizaiii IOJI0KEHb
koHmemnii Smart Grid Ta BUIIJICHO IEPCIICKTHBHI HAMPSIMKH HOTO 3aCTOCYBAaHHS B
eHepreTuyHi ramy3i Ykpainu. Jns edextuBHoro ¢yskuionyBanus JIEC
HaBEJCHO MPOOJIEMH, SIKI HEOOXITHO BUPINIMTH, Ta METOAU iX BUPILICHHS, IO
ONTHUMI3YIOTh EHEPT€TUYHI ITPOLIECH B JIOKATBHUX €IIEKTPOMEPEIKAX.

B npyromy posnini Oyj0 po3riissHyTO OCHOBI Xapaktepuctuku MAC
CHCTEM KEpyBaHHs, HaBEJICHO MepeBaru BUKOPUCTAHHS 1X B €HEPreTUYHIN Trairys3i.
3anpornoHoBaHo 0a3oBui niepeinik areHTiB MAC JIOKaJIbHOI €J1eKTPOCHEPreTHYHOT
CHUCTEMHM HaBeJEHO iX (yHKI[IOHATBHI O0O0OB’3KH Ta MaTeMaTU4H1 OMUCH KOKHOTO
arenta, mo no3Boiisie 3actocyBatu MAC B JIEC 3 BpaxyBaHHSIM OCOOJIMBOCTEMN
KOXXHOTO 00’€KTY €JIEKTPOEHEPTeTUYHOT CUCTEMHU. 3alpornoHoBaHa GopmMaizarlis
pilleHHs 3a/Ja4 KepyBaHHS 1 OLIHKK edekTuBHOCTI (QyHKUIOHYyBaHHsA JIEC Ha
OCHOB1 MYJBTHAre€HTHOI CHUCTEMH JO3BOJIMJIA 3BECTH PIMICHHS TEXHOJOTIYHUX
3aBJaHb JI0 JOCIIKCHHS y3arajabHeHoi MaremaTtuyHoi mozem JIEC 3 BOymoBaHO1O
IHC. Ile nae MOXJIMBICTH 3B'SI3aTH BaXUIMBI MapameTpu peanbHoro crany JIEC 3
YUCETHPHUMHU XaPAKTEPUCTHUKAMU KPUTEPIiB ONTUMAIBHOCTI 1i (PYHKI[IOHYBaHHS —
TEXHIYHUMH, €KOHOMIYHUMHM, €KOJOriyHMMHU. OmucaHi XapakTepHi 0COOJMBOCTI
aKTUBHUX CIIOKUBaUIB eJIeKTpoeHeprii 109

B tpersomy po3gimi Oyno ¢dopmanizoBaHO 00’€THAHHS aKTHBHUX
CTIOKMBAYiB BCEPEIWHI JIOKAJIbHOI EeJEKTPOEHEpreTHUHO1 cucteMu. HaBemeHo
MaTeMaTU4yHl OINWCHU TIPOIECIB TeHepalli aKTUBHOI Ta pPEaKTUBHOI EHepril
aKTUBHUMH  CIIO)KMBa4aMH Ta JUHaMIKM poOOTHM  3aco0iB  aKymyJisLii

enexktpoeHeprii. s ontumanbHOT POOOTH JIOKAJbHOI E€JIEKTPOSCHEPreTUYHOT
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CUCTEMU Oyno 3aMpoIIOHOBAHO BIIPOBAIXKEHHS JCIeHTPaNT130BaHOl
MYJIbTHAr€HTHOT CUCTEMHU KEPYBaHHS aKTUBHUMU CIIOKMBayaMu, 110 0a3yeThCs Ha
BUKOPHUCTAHHI aJITOPUTMIB KOHTPOJIHOBAHOTO HAaBUAaHHS Ta ONTHMI3allii MOTOKY
MOTY>KHOCTI Ta JO3BOJISIE OLIHUTU E(PEKTUBHICTH JACLEHTPATI30BaHUX METO/IB
kepyBanHsa B JIEC. Jlns onmtumizanii moTokiB moTy»HOCTI Bcepenuni JIEC Oyna
chopMoBaHa oNTUMI3aIliitHa 3aa9a MiHIMI3aIlli BTpaT aKTUBHOTO CIIOYKMBAYa, 10
nepeadayae mATpUMKY HaaiitHoro ctany JIEC. OnTumizaliiiina 3aadya BpaxoBye
MIPOTHO30BaH1 3HAYCHHs TeHepallli enekTpoeHeprii PV-ycTaHoBKaMU aKTHBHOTO
CIOKHMBAaya, MOMKJIMBOCTI J10 30epiraHHd eHeprii 3aco0aMu  aKyMyJIALii
CJIEKTPOCHEPT1i, PIBEHb HANpPyrW Ha IIWHAX AaKTUBHUX CIIOKMBAYiB Ta BTpaTH
noTyxHocTi Bcepenuni JIEC.

B derBeproMy po3auni Oyslo 3acTOCOBAHO 3alpOIOHOBaHI METOIU
JELIeHTpaNi30BaHoro MynbruareHTHoro kepyBanHs JIEC. 3rinHo 3 pesynbratamu
JOCIIIJIPKEHHSI MOKHA CTBEPJIXKYBATH, 1110 OaTapei BIAIrparoTh BUPIMIAIBHY POJb Y
MaiOyTHI L[IHK MOXe OyTH BUKOPUCTAHO JJIs ONTUMAJILHOTO KEPYBAHHSI 3aIlacamu
€Heprii, OnTUMi3alli 3aKyMiBelb Ta YHUKHEHHS BTPaTH MOTEHL1aTy BUPOOHHUIITBA,
KOJU 11e¢ MOXJIKMBO. ONTHMalbHY TOBEIIHKY Oy>K€ BaXXKo (opmalizyBatu ado
IMITYBaTH TOMY BUKOPHUCTaHI METOAU KEPYBaHHS NOTPEOYIOTh OKPAILICHHS.

3 Touku 30py kepyBanHs JIEC B aBTOHOMHOMY pexumi poOOTH Oyiio
JOCIIIJIPKEHO BIUIMB OOMIHHOT TOTYXKHOCTI Ha cTaH cuctemMu. Ha mnpukiamni
crpoienoi cxemu JIEC Oyno po3paxoBaHO 3aJekHICTh OOMIHHOI MOTYHOCTI BiJl
3MiHN mmapaMeTpiB ii enmeMmeHTiB. Jlocmmkenas JIEC 3 nBoma areHTamu reHepariii
Ta areHTOM HABAaHTAKEHHS B OCTPIBHOMY PEKHUMi MOKa3al, 110 BUKOPUCTAHHS
obminHoi motyxHocTi B JIEC nnsg ontumizamii pexxumy poOOTH CUCTEMU €
BOXJIMBOIO CKJIai0Bor0. [Ipu 3MiHI mapaMeTpiB TeHepallii Ta CoKUBaHHS 0OMIHHA
MOTYXKHICTh TaKOX MIJJAEThCSA BaroMMM 3MiHaM, IO MOXE CIPUYUHUTH
noripmeHHss crany JIEC mpu pob6oti B aBTOHOMHOMY pexkumi. lle mo3Bosse
BUKOPHUCTATU BEJIIMYMHY OOMIHHOI MOTYKHOCTI, SIK OJUH 3 KPUTEPIiB ONTUMIZAIIT

po6otu JIEC B aBTOHOMHOMY peXUMI pOOOTH.
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Honmatox A
Tabmumst —  @OyskuioHanbHi  xapaktepuctuku — areHTiB  MACK
eJIEKTPOMEPEexKi
AreHT OyHKIIOHATBHI XapaKTePUCTUKU
[TigTpumka * PO3paxyHOK HEOOXIJHUX arperoBaHux i / abo

TEXHOJIOTTYHOTO KEepyBaHHS | MOX1IHUX 3HAYEHb (CEPEIHE,

Ha PiBHI TeHepalii 1HTEerpajgbHe, MOX1JHOO 1 T.11.)

* BEJICHHS apXiBiB

* KOHTPOJIb TEXHOJIOTTYHUX 1 PEKUMHUX MEXK

* (bopMmyBaHHs, mepenayda 1 peectparis (3amuc)
CUTHAJIIB PO (aKTU MOPYIICHHS 1

HOro  XapakTepucTUKax (4ac, TpPHUBAIICTh,
BEJIMYMHA 1 T.]I.)

* KOHTPOJIb CTaHYy KOMYTAIIHHOTO 00JIaTHAHHS

* KOHTPOJIb MOPYIIECHHS 33/JaHO0i CXEMHU pOOOTH
nijcTaHii (Tonosuorii), popmyBaHHs, repeaaya i
peecTpallis (3ammc) CUTHAIIB IIPO Mepexojax 1 ix
XapaKTEpUCTUKaX (Yac, BEIMYUHA PO3PUBAETHCS
CTpyMYy, 3HAUCHHS HAPYTH 1 T.1T.).

* JUCTaHIIiHE KepyBaHHSI KOMYTal[liHUMU
amapatamMy, KOHTPOJIb BHUKOHAHHS KOMAaH],
peecTpalliro (3amuc) KoMaHs 1 pe3ysIbTaTiB.

* ABTOMaTHUYHE BiJIHOBJICHHS CHEPrOMOCTaYaHHS
(301pKa 1muH), aBBTOMaTUYHE

311HCHEHHSA 3aJIaHUX MOCJIIJOBHOCTEN
NIePEMUKaHb

* IHTENIeKTyajdbHa TMIATPUMKA  NPUHHATTA

JMCTIETYEPChKUX pilieHsb (Y hopmi, K




EKCIIEPTHO-aHAITUYHUX TOBIIOMJIEHb 3 Oyb-
SKOTO HEOOXiTHOTO MpoUII0 3amuTiB, TaK 1
pEeKOMEH/Iallid 3 YIpPaBIiHHA, OJCPKYBAaHHX Ha
OCHOBI aJTalITUBHAX

aJTOPUTMIB);

* ONTHUMI3AIS CKJIATY 1 KUIBKOCTI MPAIIOI0u0Tro
001aJHaHHS;

* po3poOka OamaHCIB  €JIEKTPOCHEprii Ta

HOTY)KHOCTi, KOPOTKOCTPOKOBC INIAHYBAHHA;

ATEHT BJIaCHUK

. OnTumizariis BUTpAT Ha PEMOHT
eKCIUTyaTaIiitHOro 001aIHaHHS

* AHaJli3 pUHKY Ha OCHOBI 1H(QOpMaLii Bl 1HIIHX
areHTiB

* [Iporno3 cnoxuBanusa EE

* [Iporno3 nonury Ha EE

* PozpaxyHox ontumaipbHuX TapudiB Ha
HACTYITHUM MepioJl

* [Iporuo3s tapudin

* [linpaxyHOK BTpAT 3 BIIACHOI BUHU

* Po3paxyHok mrpadis

» OnTuMmi3zailisi BATPAT Ha CUCTEMHI IMOCTYTH

[linTpumMKu
TEXHOJIOTTYHOTO KepyBaHHS

Ha PIBHI CErMEHTa

IHTENEKTyaJIbHUM aHai3 JaHUX MOHITOPUHTY
(Data Mining) B pexumi

peaslbHOTO (PYHKITIOHYBaHHS;

. aBTOMATUYHE KepyBaHHSI MOTOKaMH
MOTY>KHOCT1 Ha OCHOBI aJJaITUBHUX

JITOPUTMIB TPOTHO3YBaHHS 3 BHUKOPUCTAaHHSIM
JTUHAMIYHUX Mojenel [3];

* MPOTHO3YBaHHSA CTaHy MEpexi, MPOIYCKHOI
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CIPOMO>KHOCTI MEPEXK, CIIO’KUBAHHS;

* TIPOTHO3 OOCATIB TOCTaBKHM 1 pe3epBiB
CHUCTEMHHUX I'€HEepaToOPiB, TIpOpecypciB,

00CSTiB OCTAaBOK T'€HEPATOPIB, 110 MPAIIOIOTH 13
BUMYIIIEHOTO  TpadikoM, TMOTYKHOCTI, IO
BUPOOJISIETbCA BCiMa 00'€eKTaMU TeHeparlii;

. KOOpAMHALIIS PEMOHTHHX KaMITaHii
MEpEXKEBOTr0 1 TeHEePYIYOro 00JIaIHaHHS;

* I[UIAHYBaHHSA pE€3€pBIB AKTUBHOI IMOTY>KHOCTI

TeHEePaTOPIB JJII PUHKY PEATTLHOTO

qacy.
KoMmepuiiinuii  areHT Ha | * AHaJi3 PUHKY HAa OCHOBI 1H(OpMalli BiJ BCIX
PIBHI CETMEHTa areHTiB
e [Iporno3 nonury Ha EE
* IlizpaxyHok BTpar (B TOMYy 4YHUCHi, B
BHCOKOBOJIBTHUX CKJIQJHO-3aMKHYTHX MEPEkKax)
* Po3paxyHok mrpadis
. BperyntoBanus pO301KHOCTEH MIDXK
y4aCHUKaMHU €HEeProoOMIHY
* [Iporao3 notped Ha CUCTEMHI MTOCITYTH
TexHoNOTIYHE KEpYBaHHS | IHTEICKTyallbHA MiATPUMKA NPUHAHITTS

Ha PiBHI KOOPJIMHATOPA

JTUCIIeTYepChKuX piteHsb (y Gpopmi sk
EKCTIIEPTHO-aHANITUYHUX TMOBIJOMJIEHb 3 OYIIb-
SAKOTO HEOOXigHOrO TpOUI0 3amuTiB, TakK 1
pEKOMEHAIi N0 YIIPaBJIiHHIO, OJCPKYBAaHUX Ha
OCHOBI aJIalITUBHUX AJITOPUTMIB);

* ONTHUMI3AIS CKJIATY 1 KUIBKOCTI MPAIIOI0YOTro
0013/ THAaHHS;

* po3poOka OanmaHCIB e€JIEKTpOeHeprii Ta

MOTYKHOCTI,
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* KOPOTKOCTPOKOBE TIAHYBaHHS,
* pPEeryJIOBaHHS HANpPYyTH, HE JOIMYCKalOUh HOTO
3HMKEHHSI 1 KOJIMBAHHSI, TUM CaMUM,
noMararounch Brucokoro KKJI Garathox BHIIB
CJIEKTPUYHUX MAIIUH 1 MPUCTPOIB;

* KOHTPOJIb TAPMOHIMHOTO CKJIaAy 1 HebasaHcy
CTPYMIB 1 HampyT, 3aX0I1 10

JIKBIJALIT JPKepesT MOPYIIeHb SIKOCT1, TUM CaMUM
30UTBLIEHHS pecypcy poOOTH

oOnaHaHHs, HAIMHICTh €HEProMOCTaYaHHS;

* MOHITOPUHI MOTOYHOIO TEXHIYHOIO CTaHy 3
METOI0 3an00IraHHs aBapiiHUX

BIJIKJIIOYECHb (TepeaBapiiHOMy BHUCHOBOK 3
poboTH); HEJIOMYIICHHS HaJTHOPMATHUBHOL

3dBAHTAXXCHHA HAa I'PAHUYHHUX PCIKHUMAX.

Komepmiiinuii  arest

piBHI KOOpAUHATOPA

Ha

* 3abe3neyeHHs (QYHKIIOHYBAaHHSA CHUCTEMU
PO3paxyHKIB BUOOPY CKJIaly BKIFOUEHOTO
reHepyoUuoro o0JaHaHHS Ha THXKIICHb BIIEPE]T;

* ¢dopMyBaHHS aKTyaji30BaHOI PO3PaXyHKOBOI
MOJIeN IS MIPOBECHHSA Kowmepiiithum
OTepaTOpOM KOHKYPEHTHOTO B1I00pY B PHUHKY
Ha 100y BIiepen;

* 3a0e3neueHHs (PyHKI1OHYBaHHs 0alaHCYIOUOTO
PUHKY - PO3PaXyYHOK 1 TOBEIACHHS

rpadikiB resepauli npu GakTHYHOMY yHPaBIIIHHI
€EC B pexxumi peanbHOTO

qacy;

* POTHO3 NMOTPeO Ha CUCTEMHI MOCITYTH.
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