BIATI'YK
o(iLifHOrO ONIOHEeHTA Ha AUCepTaLiliHy poOoTy
Ha JUcepTaliiiHy poboTy
Xowmsika Auapis OneroBuya
Ha TeMy «IHTeseKkTya/ibHA cHCTeMa Pery/JIIOBaHHS PeKUMIB pOGOTH COHSAYHON
eJIeKTPOCTaHUiD», TOlaHy Ha 3100y TTS CTyIeHs JoKTopa dimocodil
B rajy3i 3HaHb 14 Enextpuyna iHxeHepis
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AKTyaJbHICTh TEMH JHcepTANil.

JucepTraniline MOCHII)KEHHS IPUCBIYEHO BHPIIICHHIO BaXIIUBOTO HAYKOBO-
IPUKIaJHOTO 3aBJIaHHS MiABHUINEHHS €(EeKTUBHOCTI POOOTH €HEePreTHYHOI CHCTEMHU
VYkpaiHu, 10 ckiamy sKoi BXOJSTH BimHOBIOBaHi mkepena eneprii (BJIE), muisxom
pO3pO0JIEHHST Mozeneil i MEeTOJiB MOHITOPHHIY, IPOTHO3YBaHHS Ta KOHTPOJIIO
pobotu coHsuHuX enekrpocraniiii (CEC) i3 3acTOoCyBaHHSAM €NEMEHTIB LITYYHOI'O
1HTeNneKkTy. IcHye Kinbka 00’€KTUBHMX (DAKTOpiB, IO YCKJIAHIOIOTH INHPOKE
BukopuctanHg BJIE, 3okpema CEC, B 00’enHaHiii eHEpreTM4Hid CHCTEMI.
OCHOBHUMH 13 HUX € HerapaHTOBaHa IIOTYXHICTb Ta IpoOJieMH, TOB’s3aHi 3i
CTablni3alli€el0 YacTOTU B EHEProCUCTEMi, 1€ BOHM (QYHKIIOHYIOTh. ABTOPOM
HOCIiIXKYIOTECS pi3Hi pexkumu pobotd CEC Ta iX BIUIMB Ha Mepexy, 30Kpema
3allpONIOHOBAHO HOBI QJITOPUTMH Ta METOAM MOHITOPHUHTY ¥ MPOTHO3yBaHHS
COHAYHOI reHepauii. I{e 103Bossie BUBHAUYUTH YMOBHU €(EKTUBHOI Ta CTiiiKOI poOOTH
CEC B 00’enHaniit eHeprocuctemi YKpaiHu.

Pesynprat  pucepTaumifHOro  MOCHIKEHHS  MOXYTh 3HAWTH  IIHPOKe
3aCTOCYBaHHs SIK cepel olepaTopiB cucTeMH Iepenadi B YkpaiHi, Tak ¥ cepen
oneparopiB cucremMu mnepenadi ENTSO-E. BnpoBamkeHHST pe3ynbTaTiB IBOTO
IOCIIJDKEHHS CIIPUSATAME 3MEHIIIEHHIO BUTpAT Ha OallaHCYyBaHHS €HEPrOCUCTEMHU Ta
301IBIIeHHS i1 CTiIHKOT pOOOTH.

TaxuM 4MHOM, HaHe AucepTalliiiHe TOCIiHKSHHS € aKTyaJlbHUM.

Ouninka OOIrpyHTOBAaHOCTI HAayKOBHMX pe3yJbTaTiB  aucepranii, ix
AOCTOBIPHOCTi TA HOBH3HH.

J10 OCHOBHUX HayKOBHX pe3yJIbTaTiB AUCEpTallii MOXKHA BIIHECTH TaKi:

1. ABTOpPOM 3ampoIllOHOBAHO METOJ] pearyBaHHS Ha 3MiHY BEJIMYUHU
reHepauii eNeKTpUYHOI eHeprii COHSYHHUMH EJIeKTPOCTAHI[sIMH Ha OCHOBI
KOPOTKOYAaCHOI'O IPOTHO3YBaHHS 3 BUKOPUCTAHHSM HEUPOHHUX MEpex, IO
JO3BOJIUTh 3MIHUTH MiAXiJ M0 OalaHCyBaHHS €HEPrOCUCTEMH Ta 3[EIIEBUTH MPOLIEC
3a paxyHOK aKTHBaIlil OiTBIN MOBUIBHMX, MPOTE MEHIEBIINX PE3ePBiB BiIHOBICHHS
YaCTOTH.




2. PO3BHHYTO METOJ| paHTOBHX KOEQILIEHTIB y3rOKEHOCTI Ta 3aPOIIOHOBAHO
KpUTepii 10 O6araToKpuTepialbHOrO aHali3y e(eKTHBHOCTI pOOOTH eNeKTPOCTaHIIiH,
10 JO3BOJWIO 301NBLINTH IIBUJKICTH pearyBaHHS IHCIETYCPCHKOTO TepCOHAITY
oleparopa CHCTeMH Iiepe/layi Ha BIAXWJICHHS B EHEProCUCTeMi 3a paxXyHOK
PaH)XyBaHHSI COHSYHHUX €JIEKTPOCTaHIIIN 3a e(eKTUBHICTIO iX poOOTH Ta BILIUBOM Ha
€HEeprocUcTeMy.

3. CTBOpeHO HOBUU METOJ| aKTHBAIlil JOMOMDKHHMX MOCIYT AJISI KOMIIEHCAIll
HeOaJlaHCIB B E€HEProcHUcTeMi, IO Ja€ 3MOry OUIbLI JEIIeBO KOMIIEHCYBaTH
HeOallaHCU B E€HEeProCUCTeMi 3a PaXyHOK KOPOTKOUACHOTO MPOTHO3YBaHHS 3MIHU
BEJIMUMHU I'eHepallil eeKTPUIHOI eHepril Ha COHIYHUX €JIEKTPOCTAHLIISIX.

JIo mpakTUYHUX Pe3yNbTaTiB POOOTH CIiJ BIIHECTH CTBOPEHHS HEHPOHHOI
PyXy, ILIO IO3BOJHJIO OTPUMYBAaTH IPOTHO3HI 3HA4YEHHs TeHepallil eNeKTpUYHOl
€Heprii Ha COHSYHMX eJEKTPOCTAHIIIAX B PEXUMI peaJlbHOIO0 4acy Ta FOPU30HTOM
IIPOTHO3YBaHHS B 15 XBUJIMH 3a paXyHOK BUKOPUCTaHHSI 3TOPTKOBUX HEWPOHHHUX
MEpPEeX B CepPeIOBHUIII NporpamyBanHs Python; cTBopeHHS iHTEIEKTyalbHOI CUCTEMU
Ha 0a3i HelpoHHOI MepeXxi IS aHaiizy mosiokeHHss COHIS 1 XMap, Ta HOJaNbIIOro
OaraToKpuTepialbHUN aJITOPUTM aHajli3y e(QeKTUBHOCTI BXE 3HAMIIOB CBOE
3acTocyBaHHs B po6oTi HEK «Yxkpeneproy.

OcHoBHI HaykoBi pe3yibTatd XoMmsika A.O. TOCTaTHHOIO OOIPYHTOBaHI, a IXH
JOCTOBIPHICTh HE BHUKJIMKAE CyMHIBiB. ABTOp qucepTallii 3p03yMiJI0 OKPECIUB METY
po6OTH, JIOTIYHO CHOPMYITIOBAB 3aBAaHHS JOCITIKSHHS Ta LUISIXU 1 METOAU IXHBOTO
BUKOHaHHS. JIOCTOBIpHICTP TNPaKTUYHOI YACTHHU JHUCEepTalil MiATBepKEeHa
BIJIMOBITHUM aKTOM BITIPOBAJ[>KEHHS.

Ampo0ariisi OCHOBHUX HAYKOBHX IIOJIO)KEHb Ta IPUKIAQJHUX aCIHEKTIB
nucepraniinol podotu Xomsika A.O. BUKOHaHA IUISIXOM JIOMOBiAeH Ta 0OrOBOpeHb
Ha HU3LI MDXXHAPOIHUX Ta BITYU3HSHUX HAYKOBO-TEXHIYHUX KOH(EPEeHLIH.

Otxe, B aucepTaliliHiii poOOTI MOCTaBlIeHE HAayKOBE 3aBJAHHS BHUKOHAHO B
MMOBHOMY 00cCs3i, 3100yBa4 ITOBHOIO MipOK OBOJIOAIB METOAOJOTIE0 HAayKOBOI
TiSTBHOCTI.

Ouinka 3micTy amcepranii, ii 3aBepmieHicTh Ta JOTPUMAHHS NPUHLUIIB
aKa/JeMi4yHOl 100poYeCHOCTI.

Hucepraniiina poboTa HamrcaHa YKpaiHCBKOIO MOBOIO. BukianeHHs Marepiaiy
MOXJIUBO  OXapakTepu3yBaTH JIOTIYHICTIO IOJAaHHS Ha 3MICTOBHOMY Ta
(aKTOJIOTIYHOMY PiBHSIX.

HucepTariiss ckiamaeTbes i3 aHOTaIil, 3MICTy, MepeiKy YMOBHHMX IO3HAU€Hb,
OCHOBHOI 4YaCTWHHW, BHUCHOBKIB, CIIMCKY BHUKOPHUCTaHMX JDKepen, Lo Haiuigye 122
HallMeHyBaHHS Ta 4 JOJATKiB. 3araapHuil oocsr quceprarlii 249 cTOpiHOK.




Y nepuomy po3misli po3risiHyTO MPOOIEMATHKY KepyBaHHS €HEPrOCHCTEMOIO
VkpaiH{, BIUIMB BiJHOBIIOBAIBHUX JDKEpEN €Heprii Ha CTIHKICTh Ta CKIaJHICTH
IIPOrHO3YBaHHS PO3BUTKY EHEPrOCUCTEMH. PO3TISHYTO OKpeMi IOJIOKEHHS Ta
BHMOI'Y €BPOIIEMCHKOr0 3aKOHO/IaBCTBA B paMKax HOro iMIUIeMeHTallii B yKpalHCBKe,
npoaHaiizoBaHo EHepretuuny crparerito 10 2050 poky.

Y Ipyromy po3fini po3risHYTO MpoOjeMy COHSUYHUX EJNeKTPOCTAHINM 00
IIBAJIKOCTI 3MIHM TeHepallii eleKTpUYHOI eHeprii, SKa Mocilae BUCOKE Micle cepef
PU3MKIB TSI ©HEeProCUCTEMH, IICiIs TNpoOJeMH 3MEHIIeHHS iHepIiHOCTI
€HEePrOCUCTEMU Ta 3MEHIIeHHS O00epTOBUX pe3epBiB. ABTOPOM JIETATBHO
IIPOAHAI30BaHO PEXHUM POOOTH COHSYHOI eneKkTpocTaHiii 3a mepiox 3 01.10.2022
poky mo 27.09.2023 pix. Ha ocHOBi maHmx Oyja CTBOpeHa MATPHIlA BiIHOCHHX
3Ha4YeHb IS 0Oy JOBU TPUBUMIpHOTO rpadiky, Mo BiqoOpa)kae BETUUUHY TeHeparlil
€JIEKTPUYHOI €HEPrii Ha COHSYHIN eJIeKTPOCTaHIlii ycepenHeHy Ha 15-XBHIIMHHOMY
iHTepBaJli BIIHOCHO MaKCUMAJIBHOT'O 3HaYeHHS reHepallii eJeKTPHYHOT eHeprii.

VY TpeTbOMy pO3Jijii 3aIpOINOHOBAHO MOJEPHI3AIlI0 COHSYHUX eJeKTPOCTaHIIiH
32 paxyHOK BCTaHOBJIGHHS YCTaHOBOK 30epiranus eHeprii, Grid-Forming iaBepTopiB
Ta BIIPOBAJKEHHS KOPOTKOCTPOKOBOTO IIPOTHO3YBaHHS Ha OCHOBI INTYYHOTO
iHTeJIeKTy. ABTOPOM PO3pOOIICHO HEUPOHHY MEPEXxy JUIS aHali3y TOJIOXKEHHS XMap i
Conns Ha HeOi, IO JO3BOJIMTH OllepaTopaM CHCTEMH PO3IOAUTYy 1 OIeparopy
CUCTEMM IIepefiadyi OTPUMYBATH [OCTOBIpHY MpPOTHO3HY iH(opmalilo o 3MiHi
BEJIMYMHM TeHepalii eJeKTPpUYHOI eHeprii Ha COHSYHIA eNeKTpocTaHuii B
KOPOTKOCTPOKOBIH mepcrekTuBi. Po3mi3HaBaHHS XMap peai3oBaHO 3a JOIIOMOTO0
3rOpPTKOBOI HEMPOHHOI Mepexi Ha Python.

Y derBepTOMy pPO3[iJi OMNMCAHO 3aMpPONOHOBAHUNM METOJ  PaHTOBUX
KOE(ILIEHTIB y3ro/HKEHOCTI 1 mapaMeTpu s 0araTOKPUTEPialbHOTO AITOPUTMY
aHaJi3y €(EeKTUBHOCTI POOOTH COHSYHHMX EJIEKTPOCTAHLINA. BIpoBa/KeHHS TaKux
METOJ[IB 1 aJrOpUTMIB MO3BOJHUTH AHUCIIETYEpaM OllepaTopa CHUCTeMH Ilepeiadi B
pealpHOMY 4Yaci BIICTIIKOBYBaTH COHSYHI eNEeKTPOCTaHLii, 0 HaibiibIIe
BIUIMBAIOTh Ha CTiHKicTh eHeprocucteMu. [IpoaHanizoBaHO IiHU, 110 CKJIAJIWCh Ha
PUHKY AONOMDKHHMX MOCIYT B Pi3HUX KpaiHax €BpoOmH M pe3epBy IMiATPUMKH
YaCTOTH Ta I[IHM Ha PUHKY Ha H0Oy Hamepe], MoKa3aHo iX 3aJie)HICTh BiJl CYTTEBHUX
BIIMIHHOCTE y TepUTOpiaJbHOMY pO3TalllyBaHHI, CUTyallii B €HEprocHucTeMi,
JOCTYIly IO albTepHATHUBHUX JKepesl eHeprii, pi3HOro piBHS MPOMPalbOBAHOCTI
HalllOHAJIbHOTO 3aKOHOAABCTBa, 3a0e3MEeUeHOCTI pe3epBaMU Ta KOHKYPEHLII0 Ha
PUHKY €JIEKTPUYHOI €Heprii.

YV noparkax HaBeneHl TaOJUIll 3 BUXIJHMMH JaHHMH Ta HEOCHOBHUMU
pO3paxyHKaMH, a TaKoX akT BIpoBaJkeHHs B poboumit mporec HEK «Ykpeneproy»
OKpPEMHUX PE3YJIbTATIB AUCEPTAIIHHOT pOOOTH.

3a CBOIM 3MiCTOM JucepraiiiiHa poboTta 3m00yBaya Xomsika A.O. MOBHICTIO
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eJIEKTpOMEXaHika Ta HampsMaMm JOCHi/DKeHb BiAMOBIAHO 10 ranysi 3HaHp 14
EnextpuyHa imxeHepis.

PosrimsHyBIIM 3BIT mOAiOHOCTI 3a pe3ynbTaTaMu IEPeBIPKHM TUCEpPTaIliiHOl
poOOTH Ha TEKCTOBI CIHIBIAAiHHS, MOXXHa 3pOOWUTH BHCHOBOK, IO JUCEpTalliiiHa
pobora Xomsika A.O. € pe3yabTaTOM CaMOCTIMHMX IOCHiIPKeHb 3100yBava i He
MICTUTh eJeMeHTIB Qanbcubikamii, komminsguii, ¢abpukamii, mIariaty Ta
3ano3u4eHb. Bukopucrani inei, pe3yibTaTy 1 TEKCTH iHIIUX aBTOPIB MAOTh HAJIEXKHI
IIOCUJIaHHS Ha BIJIIOBIIHE JIKEPEIIO.

Hucepraniiina pobora B OunpmIid Mipi odopmiieHa BIAIOBIAHO BUMOT Hakaszy
MOH Vxpainu Big 12 ciung 2017 p. Ne 40 «IIpo 3aTBepikeHHS BUMOI' [0
oopMIIeHHS JHcepTallil» Ta MICTHTh BCi HEOOXiJHI CTPYKTYpHI eleMeHTH
BIANOBIAHO 10 po3miny Il mporo sx Hakasy. BUCHOBKHM y po3fisiaxX, a TAKOX 3arajibHi
BHCHOBKM BIJIOBIJAIOTh OTPUMaHWM Y JAWCepTalii HAyKOBHM 1 TNPaKTHYHUM
pe3yJbTaram.

OnpuironHeHHs pe3yabTaTiB AUCepPTaLiiiHOT po6oTH

3a TeMoro AucepTallii ommy6ikoBaHO 7 HAYKOBHX Ipalsx, Cepel IKuX: 3 cTarTl y
nepiofnYHUX (PaxOBUX BHIAHHIX YKpaiHu, 4 MaTepianud Ta Te3W 3a pe3yJIbTaTaMu
MIXXHapOJHUX Ta BITYM3HIHUX HAYKOBO-ITPAKTHYHMX KOH(EPESHIIiH.

[TyOnikamii 3700yBavya BHKOHAHI Ha BHCOKOMY HAyKOBOMY piBHI, (akTiB
NOpYLIEHHS IPUHIIUIIB aKaJIeMiqHOI JOOPOUECHOCTI HE BUSIBICHO.

TakuM 4MHOM, OCHOBHI HayKOBi pe3yJbTaTH, ONKCaHI B AUCEPTAIiifHIi poOoTi,
MOBHICTIO BUCBITJIEHI Y HAYKOBHX ITyOJTIKaIlisIX 3100yBaya.

Heponiku Ta 3ayBaeHHs 10 AUcepTaliiiHOT po6oTH.

1. Tperiii TyHKT HayKOBOI HOBH3HH CTOCY€ETHCS IPAKTHMYHOI 3HAYUMOCTI
pobGoTH 1 y TMOmaHOMY BHUIUIANI HE MICTUTh O3HAaK HAYKOBOI HOBH3HH.
HaromicTh acmeKkT BHCBITJIIGHHH Yy MpakTUYHIM 3HAUYUMOCTI poOOTH, IO
CTOCYETBCS CTBOPEHHS METONY AaKTWUBAIil JOMOMIXHUX TIOCIYT MJIs
KOMIIeHcallil HeOalaHCiB B €HEProcucTeMi B yMOBaxX 3MIHU BEJTUYUHU
reHepaiii eJeKTpUYHOI eHeprii Ha COHSYHUX EJEKTPOCTaHINNX, Mae
eJIeMEeHTH HayKOBOI HOBU3HHU.

2. ABTOpPOM NIPOMOHYETHCS 3MIHUTH MHiAXiA OO0 OajlaHCyBaHHS €HEProCUCTEMU
Ta 3ACLICBUTH IMPOLEC 3a PaxyHOK aKTWBalili OUIbLI MOBIITBHUX, MPOTE
JELIeBIINX pe3epBiB BIAHOBJIICHHS YacCTOTH, B TOM K€ Yac MPOIMOHYETHCS 3
METOI0 MIATPUMKU YaCTOTH, PE3epPBiB BiTHOBJICHHS YacTOTH 1 pe3epBiB
3aMillleHHs, sKi HeoOXimaHi s 3abe3redyeHHs cTabiNbHOI Ta Oe3mepebifiHol
pOOOTH EHeprocucTeMH, 3aCTOCOBYBATH CHUCTEMH HAKOMWYEHHS €Heprii Ta
Grid-Forming iHBepTOpH, IO B CBOK YepPry CyIEepeyYUTh 3asBIEHIM Ol
3MIeLIEBIIEHHS TIpollecy. TOo, 3aJUIIMIOCS HEe3pO3yMUINM, SIKi caMe IUISIXU




3[IELIEBIEHHS Tpollecy OallaHCyBaHHS EHEPrOCUCTEMHU IIPOIIOHYIOTHCS B
po6oOTi.

3. 3acTocyBaHHS IITYYHOTO IHTEJIEKTY B pOOOTI OIEpaTopiB CHCTEMH
po3NOoAiNy ~ BUMaraTuMe  3ajJlyueHHS  3HA4HUX  OOYHCITIOBAJIBHUX
IOTY)KHOCTEH, 110 MOXe OyTH MepelkoJO 0 BIPOBAKEHHS
3aIpPOIIOHOBAHOI aBTOPOM 17€i.

4. 'V TekcTi mucepranii 3yCTpivarOThCS CTHJIICTUYHI Ta TpaMaTH4HI MMOMIUIKY,
30KpeMa, BIJICYTHI MOCWJIAHHS Ha Psii PUCYHKIB Ta TabJHLb; 3anmuc (GopMy
HEeOoOX1THO ToJjaBaTh y MaTeMaTUIHOMY (opMarTi.

HageneHi Bulre 3ayBakeHHs Ta MOOQKaHHS JKOJHUM YMHOM HE BIUIMBAIOTH Ha
3arajibHe IIO3UTUBHE BPa)XXEHHS BiJl [UCepTaliifHOI poOOTH.

BucHoBok npo aucepraniiiHy po6oty

BBaxaro, mo pgucepramiiina pobora Xomsika Awnapis OineroBudya Ha TeMy
«IHTeNneKkTyanpHa ~ CUCTeMa  pEryJIlOBaHHS  PEXUMIB  pOOOTH  COHSYHOL
€JIEKTPOCTAaHLIi1» BUKOHAHA Ha BUCOKOMY HAyKOBOMY DiBHi, He TOPYIIy€e MPUHIIUIIIB
aKkaJeMiuHoi 100pOUECHOCTI Ta € 3aKiHYCHUM HAYKOBHM IOCHiKEHHSAM, CYKyITHICT
TEOPETUYHUX Ta NPAKTUYHUX Pe3yJIbTAaTiB SKOTO PO3B'A3y€ HAYKOBO-TPAKTHYHE
3aBJIaHHS 3 IiABUIICHHS €(QEeKTUBHOCTI 3aCTOCYBaHHS PE3epPBiB €HEPrOCUCTEMHU IS
KOMIIeHcallll HeOallaHCiB, 10 BUHUKAIOTh NMPH 3MiHI HAaBAaHTA)XXEHHS Ha COHSYHUX
€JIEKTPOCTAHLISIX, [0 Ma€ ICTOTHe 3HAYCeHHs s Traixy3l 3HaHbp 14 Enextpuuna
1HXKeHepis, BianoBigae Bumoram [lopsaky IpuCyKeHHS CTyTeHs JokTopa dhimocodil
Ta CKacyBaHHS pillleHHS pa30BOi crelialli3oBaHOl BYEHOI paau 3akjiaay BHUIIOL
OCBITH, HAyKOBOI YCTAQHOBH TMpO TPHUCYIDKEHHS CTyINeHs JokTopa (dimocodil
(ITocranoBa Kab6inety MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44, 3i 3minamu), a
il aBrop Xomsk Annpiii OneroBuY 3acilyroBy€ Ha MPUCYJIKEHHS CTYIEHS JOKTOpa
¢inocodii B ramysi 3Hawp 14 EnekrpuuHa imXeHepis 3a creuianbHicTIO 141
EnexTpoeHepreTuka, eneKTPOTEXHIKa Ta eJeKTPOMEXaHiKa.

Odinifinuii onoHeHT:

3aCTyIIHUK AUPEKTOpa 3 HAYKOBOI POOOTH

JOKTOp TEXHIYHUX HAYyK,
CTapIIui JOCIIITHUK



