BIAI'YK
oiIiiTHOTO OTIOHEHTA Ha JUCepTaIlliHy poOoTy
bor3zu Mukonu CepriiioBuua
Ha TeMy «KABTOMATU3ALIS ITPOLIECY KEPYBAHHSA AJIAIITTUBHOIO
CUCTEMOIO ITEPEPUBYACTOI'O TEITVIO3ABE3ITEYEHHA BYIMHKY HA
BA3I TEIIJIOHACOCHOI YCTAHOBKW»
MIPEICTABIICHY Ha 3700y TTS CTYIEHs TOKTopa ¢imocodii
B raily3i 3HaHb 15 — ABTOMaTH3AaIs Ta NPHIa00y 1yBaHHS
3a criemianbHIcTIO 151 «ABTOMaTH3al1ig Ta KOMI IOTEPHO-IHTETPOBaH1 TEXHOJIOT 1)

AKTYaJILHICTh TeMH JHCEePTALii.

Hucepramiitna po6ota borzu Mukonu CeprifioBuda «ABToMaTH3allis IPOLIECY
KEepyBaHHS aJalTUBHOIO CHUCTEMOIO MEPEPUBYACTOTO TEII03a0e3MeUeHHs OYyIUHKY
Ha 0a3l TEIJIOHACOCHOI YCTAHOBKI» € aKTYaJIbHOIO 3 OIJIsy Ha Cy4yacHI BUMOTH J10
MIIBHUINCHHS EHEeproe)eKTUBHOCTI Ta EKOJOTIYHOI CTaJoCTI B OYIIBHUIITBI M
eHepretuul. B yMoBax 3pocTaHHsS BapTOCTI €HEPropecypciB, NOCHIEHHS BHUMOT JI0
CKOPOYEHHSI BHKHUIB Ta MEPEXOAY JO BIIHOBIIOBAHUX JIKEPENl €Heprii, 0coOIMBOI
Barn HaOyBa€ BJOCKOHAJIECHHS CHCTEM ONaJleHHA OyAiBelb, SIKI € OCHOBHHUMH
CIO’KMBA4YaMHM TEIUIOBOI €HEprii.

BukopucTaHHs TEMJOHACOCHUX YCTAHOBOK SIK €HEProe(eKTUBHOIO Kepera
TEIUIONOCTAYaHHsI € IEPCIIEKTUBHUM HANPSIMOM, OJIHAaK €(eKTUBHICTh IXHBOT poOOTH
3HaYHOIO MIPOIO 3aJI€KUTh B1Jl 3JaTHOCTI CUCTEMU KEPYBaHHS aJalTyBaTUCS JI0 3MIH
30BHIIIHIX YMOB 1 TEIJIOBOTO HABAHTAKEHHA. Y I[bOMY KOHTEKCTI PO3pOOJICHHS
aJIalITUBHOI 0araTopeXMMHOI CUCTEMH KEpyBaHHS, OPIEHTOBAHOI Ha MEpEepUBYACTE
TEIU103a0€3MEYEHHS], € AKTYaJIbHUM SIK 3 HAyKOBOI, TaK 1 3 IPAaKTUYHOI TOUKH 30pYy.

Pesynbrat mociimpkeHHs BIAMOBIAAIOTH CyYaCHUM TMifXxojam 10 (OpMyBaHHS
«pO3yMHUX OyJIiBelb» Ta JO3BOJISIIOTH TMIJBUIIATH €()EKTUBHICTh YIPaBIIHHSA
TEIJIOCTIOKUBAHHAM 33 PaxXyHOK ONTHMI3allli PEXKUMIB pOOOTH CUCTEMH, 3MEHILEHHS
€HEeproBUTpaT Ta 3ade3neyeHHs1 KOM(POPTHUX YMOB NepeOyBaHHS KOPUCTYBaUiB.

Ouninka O0oOrpyHTOBAHOCTI HAYKOBHX Ppe3yJbTaTiB  aucepramii, ix
JAOCTOBIPHOCTI TA HOBU3HHU.

OTtpumaHni 3100yBaueM HaAyKOBI PE3yIbTaTH 3aCIYTOBYIOTh BUCOKOI OLIIHKH.

PoGoTa mae 4iTKy CTPyKTypy, Marepiajl MOAaHO 3pO3yMiJO 1 B JIOTIYHIN
ITOCJTIJOBHOCTI, 3aBJAaHHS JOCIIPKCHHS YITKO BU3HAYECHI.

HaykoBi TmonOXeHHs, BHUCHOBKM Ta pPEKOMEHJAIli y JOCTaTHIH Mipi
oOrpyHTOBaHi. JIOCTOBIPHICTH OTPUMAHUX PE3YJHTATIB MiATBEPKYETHCSI KOPEKTHUM
BUKOPUCTAHHSM METOJIB CHUCTEMHOTO aHali3y Uil BU3HAYEHHS OCHOBHUX
nmapamMeTpiB Ta YMOB POOOTH CHUCTEMH, METOJIIB aHAJITUYHOTO MOJCIIOBAHHS, IIIO
0a3yloTbcs Ha (PyHIAMEHTAIBHUX 3aKOHAX TEIJIOOOMIHYy Ta 30€peKeHHsI €Heprii,
METO/IIB MAIIMHHOTO HaBuYaHHA, 30Kkpema HeWponHux wepex (LSTM), nansa
MOJICJIIOBAaHHSl HENHIMHUX 3aJIeKHOCTEH, M0 3a0e3MeuyroTh BHCOKY TOYHICTh Ta
MIBUJIKOJIIFO, IMITAIlIHHOTO MOJICJIIOBAHHS, pEali30BaHOTO B  YHIBEPCAJIbLHOMY
cepenounii MATLAB/Simulink, mo m03Bojisie 1HTErpyBaTh pi3HI MIIXOAH Ta



METOJIM JIJISl JOCIIIJIKEHHSI pOOOTH CUCTEMH, @ TAKOK METOJU CTATUCTUYHOTO aHAIIi3y
1 IPOTrHO3YBaHHS, 110 JO3BOJIMIIO ONTUMI3yBaTH pekuMu kepyBanus THY.

HaykoBa HOBHM3HA pe3yJbTaTiB AMCEPTALIMHOTO JOCHIKEHHS IOJISIrae B
HACTYITHOMY:

- BIepUIC BUSBICHO Ta KUIBKICHO OOIPYHTOBAaHO ONTHMAaJbHI MapaMeTpu
MEepPEepUBYACTOrO TeII03a0e3nedeHHs] OyIWHKY 3 BHKOPHUCTaHHSIM TEIJIOHACOCHOT
YCTaHOBKH, 10 JJO3BOJISIE MIABUIUTH €HEProe(heKTUBHICTh CUCTEMU KEPYBaHHS,

- YJIOCKOHAJICHO AQJITOPUTM KEpyBaHHS MEPEpUBYACTUM OOITPIBOM, SAKHIA
BpaxoBy€ KOMIUIEKCHUN BIUIMB TEMIIEPATyPH 30BHIIIHBOTO CEPEIOBUIIA, TApaMETPIB
npsiMOi BOJU TPHU 3HIKEHOMY HABAaHTAXEHHI W y PEXUMI pO3IrpiBy, a TaKOXK
TPUBAIIICTh PO3ITPIBY, 110 3a0e3MeUy€e 3MEHILICHHS CIIO)KMBAHHS CJICKTPOCHEPTI;

- YJIOCKOHAQJIEHO METOJMKY IHTErpaiii aHaJITHYHUX Ta HeHpoMepeKeBUuX
mozenert 'y cepenoBuili MATLAB/Simulink mmsixom po3pobku  edekTUBHUX
AJTOPUTMIB, 110 TO3BOJIUJIO ICTOTHO CKOPOTUTH MAITMHHUM Yac IMiJ1 Yac IMITaIliifHOTro
MO/JICTIOBAHHS TEIJIOBUX MPOLIECIB;

- PO3BUHEHO MiAXOJM JO OLIHIOBAHHS BIUIMBY POOOYOTO Tijla HAa JMHAMIYHI
XapaKTEPUCTHKHU TEIUIOHACOCHOI YCTAHOBKM ILISAXOM IHTErparii 010110TeK 3 (p13uKo-
XIMIYHUMHU BJACTHBOCTSIMU POOOYMX T y MOJENb, IO AAJO 3MOTY JOCHIIUTH
€()EeKTUBHICTh BUKOPUCTAHHSA HOBUX CYMIIIEBUX areHTIB.

HaykoBi gocnipkeHHss Oy BUKOHaHI 3700yBayeM Ha Kadeapi aBToMaTu3arlil
eneprernynux mnporeciB KIII im. Iropss Cikopcbkoro B paMkax B paMKax HayKOBO-
TEXHIYHOI POOOTH 3a JEepKAaBHUM 3aMOBJICHHSIM «PO3pO0JIEHHS 1HTENEKTyaabHOl
HU3BKOTEMIIEPATYpPHOI ~ CHCTeMH  Teruio3albe3medeHHss  OyaiBens  Ha  0asi
KOHJICHCAIIIHHOT MOIyJNbHOI KoTenbHI» (Haka3 MOH Vkpainum Nel213 Bix
09.10.2023, nepxaBuuil peectpamiitnuit Homep 0123U104476) min KepiBHUIITBOM
npogecopa kagenpu ABromarusaliii eHepreTUUHuX nponeciB HapuanbHO-HAyKOBOTO
iHCcTUTYTY atomHoi Ta TerioBoi eHepretuku KIII im. Irops Cikopcbkoro, m.T.H.,
npodecopa Bononryka Bonogumupa AnatoniioBuya.

Otxe, B auMcepTauliiiHii poOOTI MOCTAaBJICHE HAYKOBE 3aBJAHHS PO3POOJICHHS
aBTOMATHU30BaHOI CHCTEMHM KEpyBaHHS aJalTHBHOI0 CHUCTEMOIO IE€pPEepHUBUYACTOTO
Terio-3a0e3neyeHHs OyauHKYy Ha 0a31 TEIIOHACOCHOI YCTaHOBKM BUKOHAHO
MOBHICTIO, 37100yBay TOBHOIO MIPOI0 OBOJIOJIIB METOJI0JIOT1€0 HAYKOBOI JISIIBHOCTI.

Ouinka 3MmicTy auceprauii, il 3aBeplICHICT, Ta AOTPUMAHHA NPUHLIUIIB
aKaJeMi4HoI 100p0YeCHOCTI.

3a cBoOiM 3MicTOM nucepTaliiiHa pobora 3mo00yBadya borsu M. C. moBHICTIO
BianmoBigae CraHaapTy BHUINOI OCBITH 31 crmemiajbHOCTI 151 — «ABTOMaru3ailis Ta
KOMII' FOTEPHO-IHTETrPOBaHl TEXHOJIOTI(» Ta HaNpsMKaM JOCIIKEHb BIJIIOBIIHO JI0
OCBITHBOT IPOTPaMH « ABTOMATH3AIIISl Ta KOMIT FOTEPHO-IHTETPOBAH1 TEXHOIOT11».

HucepramiitHa po0oTa € 3aBEpIICHOI0 HAYKOBOKO MpaIrelo 1 CBIIYUTH MPO
HasIBHICTh OCOOMCTOr0 BHECKY 3/100yBaya y HaykoBuil HampsMm «EHepretuka Ta
eHeproe()eKTUBHICTHY.

PosrasHyBImM 3BIT MOAIOHOCTI 3a pe3yJbTaTaMU MEPEeBIPKU aucepTaliiiHOl
poOOTH HA TEKCTOBI CHIBMaAiHHS, MOKHA 3pOOMTH BHUCHOBOK, IO JHMCEpTalliiiHa
po6ota bor3su Mukonu CepriiioBuya € pe3yiabTaTOM CaMOCTIMHUX AOCIIIHKEHb
3100yBaya 1 He MICTUTh €JIEMEHTIB (aibcudikaiii, koMmnusuii, padpukarii, miariaty



Ta 3amno3uyeHb. BukopucrtaHi iaei, pe3yiabTaTH 1 TEKCTH IHIIMX aBTOPIB MalOTh
HaJICXKH1 ITOCUJIAaHHS Ha BIJMIOBIIHE JIKEPEIO.

MoBa Ta cTH/Ib BUKJIAEHHS Pe3yJabTaTiB.

Huceprariiitna po6ota 3100yBaua borsu M. C. Hanrcana ykpaiHChKOIO MOBOIO 1
NMOBHICTIO  BiamoBigae CraHmapTy BHINOI OCBITH 3a cremiagpHicTIO 151
ABTOMAaTH3AIliS Ta KOMIT IOTEPHO IHTETPOBaH1 TEXHOJIOTII Ta HAIpsIMaM JTOCIIKEHb
y BIONOBIAHOCTI JO OCBITHBOI mporpamMu ABTOMATH3allsl Ta KOMI IOTEPHO
iHTerpoBaHi TexHoyOrii. Bukiang pe3ynbraTiB  JAOCHIIKEHb, BHCHOBKIB Ta
pPEeKOMEH Al € TTOCIIOBHUM, YITKUM 1 JOCTYITHUM JJIsl CIPUMHATTS. KoskeH po3in
JaycepTallii JIOT1YHO IMOB’SI3aHMM 3 HACTYIHHM, a B LUIOMY (OPMYEThCS 3aKIHUCHE
HAYKOBE JAOCIIIHKCHHS.

JucepTallisi CKJIaIa€ThCsl 3 BCTYMY, 5 PO3ALTIB, BUCHOBKIB, CIIMCKY JIiTEpaTypH
Ta JOAATKIB. 3arajJbHuM o0csar aucepTallii 172 cTOpiHKH.

¥ Berymi aucepTaiiii OOTpYHTOBY€ETHCS aKTYaJbHICTh JOCIHIIKEHHS, 3yMOBJIEHA
3pOCTaHHSIM BapTOCTI EHEPrOHOCIIB, OOMEXKEHICTIO MPUPOJHUX PECypCiB Ta
€KOJIOTTYHUMHU BUKIUKAaMHU, [0 POOUTH BIOCKOHAJICHHS CHUCTEM TEI03a0e3MeueHHs
(OBIiK) nHa 6a3i TermonacocHux yctaHoBok (THY) kputuuHo BaxnuBuM. Brusnaueno,
mo THY, nonpu cBiif moTeHIian, HE TapaHTYyIOTh ONTUMAJIbHOI €(PEKTUBHOCTI O€3
aJanTUBHOTO KEPYBAaHHS B yMOBaX 3MIHHMX 30BHILIHIX Ta BHYTPIIIHIX (DAKTOpIB.
30KpemMa, MIIKPECTIOEThCA HEOOXITHICTh PO3POOKH aNrOpUTMIB ISl ONTHUMI3aLli
HIYHOI yCTaBKM TEeMIIEpaTypd Ta TPHUBAJIOCTI TMEPEAIYyCKOBOTO pO3IrpiBYy Jis
KOMEPIIINHUX Ta aaMiHICTpaTUBHUX OyniBenb. ChopMoBaHa MeTa poOOTH, 00'€EKT Ta
OpeaMeT T0CIiKeHHs. BU3HaueH1 MeToiu AOCIIKEHHS.

Y  nepmioMy  po3mili  NpPOBEACHO — AHANITUYHUM  OIVIAJ  CHUCTEM
TEIU103a0€3MeYeHHs] Ta METOMAIB iX ynpaBiliHHA. Po3risgaerbes 3pocTarouuil MOMUT
Ha eHeproedexTuBHI TexHoJorii Ta ponb THY y cKopodeHHI BHUKOPHUCTaHHSA
BUKOITHOTO TajnuBa. HarosomryeTses, 1Mo TpagulliiHi CUCTEMU TPAIIOIOTh Y PEKUMI
IMOCTIMHOTO HABAaHTAXKCHHS, IO HE 3aBXIW JOLILHO, OCOOJHMBO 3a 3MIHHUX
TEMIIEpaTypHUX YMOB Ta BIACYTHOCTI Jrojled y OyniBill B HIYHUM dac.
OOrpyHTOBY€ETBbCSI HEOOXIJHICTH BUKOPUCTAHHS MAaTeMaTUYHHX MoOJENed s
MPOTHO3YBAaHHS Ta KEPyBaHHS TEIUIOBUMHU peXUMaMH B OyiBii, 3 aKIIEHTOM Ha
MATLAB, Simulink, Simscape a1 CTBOpEHHS JAMHAMIYHMX  MOJENEH.
BUCBITIIOIOTHCS OCHOBHI BUKIIMKH Yy cepi Terao3ade3rneyeHHsl Ta 00TpyHTOBY€EThCS
BUOIp MeToniB Juisl peanizailii eHeproedextuBHoro ynpasiainHs THY. PosrmsiHyTo
ocoomBocti THY, ix kmacudikamiro 3a tumom mkeperna temna ('moBiTps-Bona”,
"Boma-Bona", "IpyHT-BoJIa") Ta BAXKIIMBICTh BPaXyBaHHS IMHAMIYHUX 3MiH TETLIOBOTO
HaBaHTaxeHHs. Cepen minxoniB 10 kepyBanns THY Bumineno I11J[-perymoBanns (3
Horo HemOMIKaMH IIOJAO0 HEIIHIMHOCTI Ta I1HEPHIMHOCTI 00'€kTa), MOJEIBHO-
nporuozytoue kepyBanHsa (MPC) sik nepcrieKTHBHUH TIX1/1, [0 BPaXOBY€E TMHAMIYHI
3MIHU Ta TPOTHO3H, a TAKOXK JIOT1YHE Ta peseitHe kepyBaHHs. [limkpecatoeTrses, 1m0
nepepuBYacTe KEpyBaHHS € TIEPCIEKTUBHUM MIAXOAOM Ui TIiABHUINCHHS
eHeproe()eKTUBHOCTI, MiHIMI3allli CIIOKUBAHHS €IEKTPOEHEPrii B HIYHUWA NEPIoJ Ta
3a0e3nedeHHst KoM(pOPTy BIEHb 32 PaXyHOK 3aBYACHOTO PO3ITPIBY.

Hpyruii po3ain npucBsyeHO po3podii aHamitThyHoi Moxenmt THY, ska e
OCHOBHUM IHCTPYMEHTOM JJIsl JOCIIJKEHHS i1 poOOTH Ta onTuUMI3allli. AHaIITHUYHI



Mozeni 0a3yroThbcs Ha (PyHIaMEHTAIbHUX 3aKOHAX TEPMOJMHAMIKH, Terionepeaayi
Ta TIAPOJWHAMIKH, 3a0€3Meuyloud BUCOKY TOYHICTb, IMPOTE€ BUMAraroTh 3HAYHUX
OoOYHCITIOBAILHUX pecypciB. JleTanbHO ONUCAHO €Talmu CTBOPEHHS MOJENi, M0
BKJIIOUAIOTh MaTEMaTUYHUU OMNHC BUMAPHUKA, KOMIIpecopa, KOHJeHcaTtopa Ta
PO3IIUPIOBATILHOTO BEHTHIISA, 3 BUKOPUCTAHHAM (PYHKITIOHAJIBHUX 3aJIEKHOCTEH IS
BU3HAYCHHS TEIIO(PI3MYHUX BIACTUBOCTEH poboumx Tin. OcobOnauBy yBary
PUJIITICHO 1HTerparii IPOrPamMHOro NaKeTy CoolProp y
MATLAB/Simulink/Simscape, mo 3a0e3nedye BHCOKY TOYHICTh pPO3paxyHKIB
TerI0(i3MYHUX BIACTUBOCTEH poOOYMX T y peanbHOMy daci. Bamigamis
AHATITUYHOI MOJIENI IIUIIXOM MOPIBHSHHSA 3 €KCIEPUMEHTAIbBHUMH JaHUMU MTOKa3alia
BHUCOKY TOYHICTB, 30KpeMa, cepelHs abconoTHa mpoiieHTHa noxuoka (MAPE) ne
nepesunryBaia 10,5%. OgHak, OCHOBHUM HEAOJIIKOM aHAJTITUYHOI MOJIEN1 BUSBUIINCH
3HAYHI OOYMCIIOBAJIbHI BUTPATH, 110 POOUTH ii HENMPUIATHOIO HJIsi JOBTOTPHUBAIMX
CUMYJISILIN  (MOJENMOBaHHS OJHOro Micsis poboru THY 3aiimano aBi go6wu
oOuuciens). Yepes 1e, y MNOJAIBIIMX JOCTIHKCHHIX Tepen0adaeThCcsi 3aMiHa
aHATITUYHOI MOJIEJ1 HAa MOJIeNIb MAITUHHOTO HABYaHHSI.

Y TperboMy po3aii onucaHO PO3pPOOKY Ta IHTErpaIilo MOJAEII MAIIMHHOTO
HaBuaHHa a1 THY B cepenosumie Simulink. Mera nonsirasia y cTBOpeHH1 MOJeN,
gka O TMOe€aHyBajla BHUCOKY TOYHICTh AaHAJTITUYHUX MOJEIEH 3 HUBBKUMU
OOYUCITIOBAILBHUMHA BUTpaTaMH. bByJio mpoBeleHEe MOPIBHSAHHA JIBOX MIAXOMIB:
Random Forest Ta HeiiponHoi Mmepexi LSTM. TectyBanHs mokasano, mo LSTM
3Ha4yHO nepepepinye Random Forest y TOYHOCTI MPOTrHO3YBaHHS TEILUIOBUX PEXKUMIB
CUCTEMHU, 3MeHIyoun cepennio noxudbky (RMSE) 3 48.15 Bt no 25.23 Br, xoua i
notpedye OuIbllle OOYMCITIOBANIBHUX PECYpCiB il dYac HaB4yaHHSI. Po3poOka
HEHPOHHOI MOJIell BKJIIOYaia 301p Ta MArOTOBKY TpeHyBadbHUX naHux (mouaza 100
000 3anuciB 3 aHaMITUYHOI MOJIeni), BUOip apxiTektypu LSTM 3 onHMM npuxoBaHUM
mIapoM Ta M'siIThMa HEWPOHAMH, a TAKOXK TPEHYBAHHS MOJENl 3 BUKOPUCTAHHSIM
anmroputMy Adam. Inrterpamiss mozemi B Simulink Oyna peamizoBana uepes
konBepTaniro LSTM-moneni y C-kox 3a gomomororo 0i0mioTeku keras2¢c™ Ta
MOIaJIBIIIOTO BIPOBAKEHHS uepe3 S-pyHkiito. Lle 703BOMMI0 cyTTEBO MPUCKOPHUTH
OOYHUCIICHHS: CEepeHIN Yac BUKOHAHHS OJIHOTO MPOrHo3y 3MeHmMBcs 3 8.45¢-02 c
(Python) no 5.2e-05 ¢ (S-dyskuist). TakuM YuHOM, HEWpPOHHA MOJEIbL CTajla
MPHUIATHOIO JIJIS1 BAKOPUCTAHHS B PEXKUMI pEaTbHOTO Yacy.

Y uyerBepTOMYy po3aiji po3poOJICHO MOJENIb CHUCTEMH TeI103a0e3MeueHHs
OynuHkKy 13 BukopuctanHsaMm THY. OcHOoBHA MeTa — CTBOPEHHSI KOMILUIEKCHOT MOJIEI,
mo o6'ennye THY, cucremy omaneHHs Ta OyIiBIIIO, JJIsi BIATBOPEHHS JMHAMIKA
TEIJIOBUX PEXUMIB. Mojelnb BpaxoBy€ KOHCTPYKTHBHI OCOOJMBOCTI OymiBii,
TerIo(i3uyHl  XapaKTePUCTUKU  OTOPODKYBAIBHUX  KOHCTPYKIM, BHYTPIIIHI
JpKepenia Terula Ta KIIMAaTH4HI JaHl (TUHoBUI MeTposoridyauil pik). Mogens THY
peanizoBaHa Ha OCHOBI HeipoHHOT Mepexi LSTM, mo mo3Bossie AOCTiKyBaTH
IMHAMIKY 3MIH pPEXHUMIB pPOOOTH YCTAaHOBKM Ta CHCTEMH Temi03a0e3neueHHs
3arajioM. BaxJMBUM e€TanmoM € Y3ro[KeHHs TeIJIOBUX pexumiB moxaem THY 3
MOJIeJUTI0 OyJIMHKY, Jie TemIiepaTypa Boau Ha Buxojl 3 THY rta ii MmacoBa BuTparta €
BXIJTHUMH TlapaMeTpaMu JJIsi MojeNl OYJIUHKY, 5IKa, Y CBOIO 4epry, reHepy€e CUTHAI
3BOPOTHOTO 3B’S3KY [IJISl PETYJIOBAaHHSA PEXHUMY poOOTH KoMmIpecopa. [locmimkeHHs
JUHAMIYHUX PEXHUMIB TPOBOAUTHCS 3 BUKopucTaHHsM [IIJ[-perynsaropa, sikwuii



3abe3reuye KepyBaHHS TEeMIEpaTyporo TerioHocis Ha Buxoai 3 THY. Pesynbratu
TECTyBaHHS MOJACT MMATBEPAWIM 11 €(PEKTHUBHICTh, 3a0€3MEUMUBIIN TOUYHICTh
pEryJIIoBaHHs TEMIEPATYPH 3 MAKCUMAJIbHUM BIAXUIIEHHSM Bija yctaBku 10 0,5°C.

II’siTHii po3aia npucBsSYeHO PO3poOIIl Ta TOCHITKEHHIO aAITOPUTMIB KEpyBaHHS
nepepuByacTuM 00irpiBom Ha 6a3i THY. OcHoBHa yBara mpuiilieHa po3pooiii
aJanTUBHUX METOJMIB KEPYyBaHHS, SIKi JIO3BOJISIOTh 3MEHIIUTH C€HEPTOCTIOKUBAHHS B
HIYHHI 1epioJT 32 paXyHOK 3HMKEHHS TEMIIEPATyPHOI yCTaBKH, a TAKOXK 3a0€3MEUUTH
HeoOX1THUN piBeHb KOM(OPTY B MPHUMIMIEHHSIX 10 TOYaTKy poOOYOro JHS IHUIIXOM
3aBUACHOTO MEPEX0y B PeXHUM po3irpiBy. JlocimkeHHs 6a3yBalncs Ha YUCETbHOMY
mozenmoBanHi B MATLAB/Simulink i3 3amy4eHHSIM 1HTErpOBaHUX AHANITUYHUX 1
HEHPOHHUX MoJieell. Byno nmpoBeaeHo cepito eKCriepuMEHTaAIbHUX JOCIHIIKEHb MPU
pI3HHX Temmeparypax 30BHIIIHbOTO cepenoBumia (-10°C, -5°C, 0°C, +3°C) nus
BHU3HAYCHHS ONTUMAJIbHUX MMapaMeTpiB KepyBaHHA (TeMIEpaTypu HIYHOI yCTaBKU Ta
yacy BKJIIOYEHHS po3irpiBy). Ha ocHOBI oTpuManux maHux Oyiau po3poOlieHi
MOJIIHOMIANIbHI ~ MOJIEJII  JIJIE  aBTOMATUYHOTO PO3PAaXyHKYy IIUX TMapaMeTpiB.
Po3pobiienunii anropuTM NepepruBYacTOro KepyBaHHS peaiizoBaHo y Simulink, sikwuii
nepeadayae TpU PEKUMU pOOOTH: HIYHUM, PO3irpiBy Ta JeHHUW. [lopiBHAIBHUI
aHayi3 TI0Ka3aB, IMIO BIPOBAKEHHSI aJITOPUTMY MEPEPUBUACTOTO KEPyBaHHS
J03BOJISIE 3HU3WUTU CHOXXKHUBAHHS eJeKTpoeHeprii 1o 18% 'y TmOpiBHSAHHI 3
TPaIUIIHHUMU METOJaMU Oe3MepepBHOTO KEPYBaHHS, MPHU IbOMY 3a0e3meuyroun
koMmboptHy Temnepatypy (19.9 °C) no nouarky po6odoro aHs. Takoxk 3a3HaA4AETHCH,
[0 CepeaHs TeMIeparypa TeIUIOHOCIa 3MmeHmmiacs Ha 14%, 1o 3HIKYye
HaBaHTA)KEHHsS Ha 00 HAHHSI.

Y 3arajbHMX BHCHOBKAX y3arajbHIOIOTHCS PE3yibTaTH JOCTIIKEHHS MO BCIX
po3ainax. Ilinkpecmioerbesa, mo THY € mnepcrnekTMBHUM — pIillICHHSM IS
eHeproe()eKTUBHOTO TEII03a0e3MeYeHHSs, a ICHYI04Ul KJIAaCUYHI METOIU KePyBaHHS HE
BpPaxoBYIOTh AWHaMIYHMX 3MiH. Po3poOnena anamitnuna moxens THY moxazana
BHUCOKY TOYHICTh, MPOTE Maja 3Ha4Hi oOuucaoBasibHI BuTpaTu. llel Hemomik Oymo
YCYHEHO 3a JomoMororo HeitpomepexkeBoi Mojieni LSTM, sika nepesepiiuia Random
Forest 3a TOYHICTIO 1 3HAYHO MPUCKOPUIIA PO3PAXYHKHU. 3AIPOMNOHOBAHO aNTOPUTM
nepepuBYacTOro KepyBaHHs Ta anantuBHui [IIJ[-perynstop, sKi 103BOJIUIN
3MEHIIUTH BUTpaTu eHeprii 10 18% 6e3 Brpatu koMpopTy.

Y noparkax MicTUTbCS ABTOPCHKE CBIAOLTBO Ha KOMIT IOTEPHY Mporpamy
«EkcepreTnuHe IiarHOCTYBAaHHS HEMOJAJ0K Y KOMIIOHEHTaX TEIMJIOBOTO HAacOCY»
Ne123490 Bixg 05.02.2024 ta AKT 1pO BUKOPUCTAHHS pE3yJbTaTIB AUCEPTALIMHOI
poOOTH B HaBUYaJIbHOMY Tpoiieci Kadeapun ABTomaTH3allli €HEPreTUYHUX IPOIIECIB
HH IATE KIII im. Iropst Cikopcbkoro.

HuceprariitHa po6ota oopmieHa BiamoBiaHO 10 BuMor Hakazy MOH Ykpaiau
Biz 12 ciunst 2017 p. Ne 40 «IIpo 3aTBepmkeHHs BUMOT 10 O(OPMIICHHS JUCEPTAIIIi.

OnpuwiaHeHHs pe3yJIbTATIB JUCEPTALIITHOI po0oTH.

HaykoBi pesynpratu jauceprailii BHUCBITIEHI Yy 9 HayKoOBUX MyOIiKaIisax
3100yBayva, cepen sSKuX: 4 CTaTTl Yy HAyKOBUX BHUIAHHSX, BKJIIOYEHUX Ha JaTy
omyOJiKyBaHHS J0 MepeiKy HAayKoBUX (axoBHX BUAaHb YKpaiHu; 1 aBTOpChKe
CBIJIOIITBO Ha KOMII'IOTEpHY Imporpamy. Takoxk pe3yiapTaTH auceprauii Oyiu
anpoOoBaHi Ha 4 HAYKOBUX (DaxoBUX KOH(PEPEHIISX.



VYei myOumikanii 3100yBaya MarTh BHCOKHMNM HayKOBHM piBeHb. OcoOucTHii
BHECOK 3/100yBaya /10 MyOJIiKalliil 3a CIiBaBTOPCTBOM BaroMuii. Bukopucrai ijei,
pe3yJbTaTH 1 TEKCTH IHIIMX aBTOPIB MArOTh HAJCKHI IMOCWJIAHHS Ha BIAMOBIIHE
mkepeno. [lpuHnumiB akagemMiuHoi J0OpPOYECHOCTI y XKOMHIA 3 myOmikamiid He
MOPYIIEHO.

KinpkicTh Ta skicTh myOmikaiii Bianosimae «IlopsaKy MpUCYIKEHHS CTYIICHS
nokTopa (imocodii Ta ckacyBaHHS PIIICHHS Pa30BOi CIEMiali30BaHOI BUYCHOI paau
3aKjaay BUINOI OCBITH, HAyKOBOi yYCTaHOBHM MPO MPUCYKCHHS CTYIEHS TOKTOpa
dinocodiin, 3arBepmxenoro noctaHoBoro KMV Bin 12 ciuns 2022 p. Ne 44.

TakuM 4MHOM, HAyKOB1 Pe3yJbTaTH OMHUCAHI B JUCEPTAIlIiHIN poOOTI MOBHICTIO
BHUCBITJICHI Y HAYKOBUX ITyOJIIKaIlisAX 3100yBaya.

Henouiku Ta 3ayBaskeHHsI 10 JUCEPTALIHHOI pO0OTH.

Hucepraiiitna po6oTa 3100yBaya Ma€ BUCOKUN HAYKOBHUI PIBEHb Ta MPAKTUYHY
3HAUYIIICTh, aJie Pa30M 3 TUM M€ JICsIKI HEJIOJIIKH 1 3ayBaKEHHSI:

1. Amnamitnuna wmonens THY wmae BHCOKY TOYHICTH, ajne HaJaMIpHO
pecypcoMicTKa IJsl 3aJlad pealbHOro dYacy. Xoya Mepexisy 10 HeHpOoMepexeBol
MOJIeJl B HACTYHMHUX pO3JUIaX BHUpINIYE 110 Mmpoodsiemy, Oyyio O JOIIIBHO
00rOBOpPUTH, YU PO3TISIAIUCS SKICh aTbTEPHATHBHI CTPATET1i, OKPIM MOBHOI 3aMIHH,
JUIS 3MEHIIEHHS OOYMCIIIOBAJIbHOTO HABAaHTAXKCHHSA aHAIITHYHOI Mojenl, ado uu
ICHYI0Th crnenu@iuHl cueHapii, e il NpsMe BHKOPUCTAHHSI MOXKE 3aJIUIIATUCA
HEOOX1HUM TOIPH 1€ OOMEKEHHS.

2. Pospobnena HelipomepekeBa MOJEIb 3 JOBTOTPUBAIOI KOPOTKOYACHOIO
nam'artio (LSTM), mpusHaueHa st CKOpOYEHHSI 4acy OOYMCIICHb, HAaBUAETHCA HA
JTaHUX, «OTpUMaHMX 3 aHamiTHuHOi Moaem THY». Takuif miaxia 3a CBOEK CYTTIO
Oo3Haya€e, IO TOYHICTh HEWPOHHOI  Mojedl  oOMeXeHa  TOYHICTIO  Ta
peIpe3eHTATUBHICTIO 0a30BOi  aHANITUYHOI Mojem. JIOIIJIbHO  PO3TIISHYTH
BUKOPHCTaHHS pealbHUX a00 TIOpUIHUX JaHMX IS IJABHINCHHS JOCTOBIPHOCTI
pe3yibTaTIB.

3. PoOota mnpexacraBisie MOpIBHSAHHA MK anroputMoM Random Forest Tta
HelipoHHOIO Mepexero LSTM. 3 ommpiny Ha MIBUAKWMKA PO3BUTOK MAIIMHHOTO
HaBYaHHA, OyJlo O LIHHO 3pO3YMITH, YM PO3IVISIAAIMCA IHIII CydacHl abo OuibII
CHellai30BaHl apXITEeKTYpu HEUPOHHUX MEpEX, Takli SIK PEKYpPEeHTHI HEHpPOHHI
Mepexi 3 MexaHI3MaMH yBard abo MoJieli Ha OCHOBI TpaHc(opMepiB, s LBOTO
3aBAaHHS, 1 YOMY BUOIp OYB 3BYKEHUH J0 UX IBOX KOHKPETHUX MOJEIEH.

4. Jluceprariisa 30cepekeHa TepeBaxXHO Ha 3aranbHi Mozeni THY tumy
«TOBITPA-BOZIA», 1 3a3Hayae, MO0 MaWOyTHI JOCHI/DKEHHS MOXKYTh BKIIIOUATH
«anmanramiro ii g0 pizHuX THNiB THY». BapTo yTouHUTH, SIKi 3MIHU HEOOXIIHI IS
ajanTarlii 10 CUCTEM «TPYHT-BOJIa» a00 «BOJIa-BOIAY.

5. Xoua amantuBHuit [II/{-perymsitop peanizoBaHuil mJii PETYIIOBAaHHS
TEMIIepaTypy TEIUIOHOCIS, BCTYITHI PO3JAUIN JUCEPTaIlli BUSHAIOTh (PyHIaMEHTAIbHI
oOMmesxeHHs Tpaguuiiaux [1IJ[-perynsaropis, BKIIIOUYAIOUH X «BIICYTHICTh MEXaHI3MY
BpaxyBaHHs TEIUIOBOI 1Hepuii OyaiBiai Ta pPi3HUX (AKTOPIB CEepeloBUIIA» Ta
CXWJIBHICTh J10 «3POCTaHHSI €HEProOBUTPAT Yy pa3l HEMPABUIBLHOTO HAJIAIITYBAHHS.
Byno O xopucHO naeranbHilIe PO3'SICHUTH, SIK CaMe€ 3alpONOHOBAHUM aJanTUBHUM



[T I-perynastop pojiae 1l TMpUTaMaHHI HEIOJIIKM B KOHTEKCTI IE€pEepHUBYACTOIrO
001IrpiBy.

6. EdextuBnicTs I1I/[-koHTpONIEpa MIAKPECTIOETHCS MIATPUMKOIO PETYIIOBAHHS
TEMIIEpPATypu 3 «MAaKCUMaJIbHUM BIAXWICHHAM Biag yctaBku n0 0,5°C, mo €
J0CTaTHIMY. X0ua 1€ € MPUIUHATHUM B paMKax IIbOT0 JOCTIIKEHHS, Oy10o O JOULTEHO
HaJaTh OUIBII YiTKe OOTPYHTYBaHHS I[bOTO KOHKPETHOTO TMOPOTY BIIXUJICHHS.
[locunanHss Ha BCTAHOBJIEHI CTAaHIAPTH TEIJIOBOrO KOM(OPTY B MNPHUMIIICHHI
(mampuknaz, ISO 7730 abo ASHRAE 55) a6o 00roBopeHHsI BIUIMBY BIAXWJICHHS Ha
0,5°C na MmemkaHuiB 3a0e3nevynsio O CHUJIBHINIY 30BHIIIHIO JOCTOBIPHICTH IIHOTO
KpUTEPIIO.

7. HochimKeHHsS CTBEpPIKye, IO OYyJ0 «BHUSBICHO 1 KUIBKICHO OIIIHEHO
ONTUMAaJIbHI 3HAYEHHS IMapaMeTpiB MEPEpPUBYACTOTO OOIrpiBy» Ta BHUBEIACHO
MOJIIHOMIaJBHI MOJIeNl IS iX po3paxyHKy. Uum MoxkHaA JAeTalbHINIE MOSCHUTH
METOJIOJIOTII0 BHM3HAYEHHS IIMX ONTHUMAJIbHUX TOYOK JUIsl PI3HUX 30BHIIIHIX
TEMIEpaTyp Ta YMOB €KcIUTyartalii? 30KpeMa, Yd 3aCTOCOBYBABCS CHCTEMaTUYHMN
QITOPUTM OINTUMI3AIl|, UM 111 «ONTHUMAaJIbHI» 3HAUYC€HHs OyJIM OTpUMaHi B pe3yJbTati
BUYEPITHOTO MOJICITIOBAaHHS Ha OCHOBI MapaMeTPUIHOTO JOCITIIHKEHHS?

8. Exonowmis 10 18% — Barome JOCSTHEHHS, ajie Cij HagaTu cepeaHl 3HAaUCHHS
10 CE30HY a0 pI3HUX KJIIMATHYHUX YMOBAX, a HE JIMLIE MIKOBI CLIEHAPII.

9. Xoua pgucepramis ycmimHo 1HTerpye monaeni B MATLAB/Simulink Ta
JEMOHCTPY€E 1X TOTEeHIIal JJsi poOOTH B peajbHOMYy daci, Oyj1o O KOPHCHO
OOroBOpUTH MPAKTUYHI BHUKJIMKH, TMOB'SI3aHI 3 peali3alllel0 B peaJbHUX YMOBax.
[ToTpiOHO 3ramatvd MOKIIMBI TPYIHOINI BIPOBA/PKCHHS: BUMOTHU JO CEHCOPIB,
oOnagHaHHS, 3B 43Ky, a TAKOK PU3UKHU KiOepOe3neKH.

10. Jlns1 mokpaleHHs 3arajlbHOTO CIIPUMHATTA TEKCTY JAUcepTalii BapTo 0yio 6
peTeNbHIlIe BUYMTATH MOro Ha mpeaMeT okpemux opdorpadidHux MOMHUIOK Ta
CTHJIICTUYHUX HETOYHOCTEH.

BBaxkato, 1110 BUCJIOBIICHI 3ayBa)KCHHSI HE € BHU3HAYaJIbHUMHU 1 HE 3MEHIIYIOThH
3arajJbHy HAyKOBY HOBU3HY Ta MPAaKTHUYHY 3HAYMMICTh PE3YJIbTATIB T4 HE BILTUBAIOTH
Ha MO3UTUBHY OLIIHKY AMCEPTalIiHOI POOOTH.

BucHoBok npo gucepraniiiny pooory.

Braxaro, mo gucepraiiitna pobota 3a00yBaua cTymneHs Joktopa dinocodii
borsu Muxkomu CeprifioBuua Ha TeMy «ABTOMAaTHU3alllsl MPOLECY KEPyBAHHS
aJanTUBHOIO CUCTEMOIO MEPEpHUBYACTOrO TeIIo3ade3neyeHHs OyauMHKY Ha 0a3i
TEIUIOHACOCHOI YCTAaHOBKM» BHUKOHaHA Ha BUCOKOMY HayKOBOMY DiBHI, HE MOPYIIY€E
IMPUHIIMITB aKaJIeMIdHOT JOOPOUYECHOCTI Ta € 3aKIHYCHUM HAyKOBUM JOCIIIKCHHSM,
CYKYIIHICTh TEOPETHUYHUX Ta MPAKTUUYHUX PE3YJbTATIB SKOTO PO3B'A3Y€ HAYKOBE
3aBAaHHS, IO Ma€ ICTOTHE 3HAYEeHHs A Tanmy3t 15 — Aemomamuzayis ma
npunadobydyearnns. JlucepraiiiiiHa poO0Ta 3a aKTYaJbHICTIO, TPAKTUYHOIO I[IHHICTIO
Ta HAYKOBOKO HOBH3HOIO TOBHICTIO BIJMOBiJIa€ BUMOTaM YWHHOTO 3aKOHOJaBCTBA
VYkpainu, mo nepeadadeni B m.6 — 9 «llopsiaky mpuUCyIKEHHsI CTYIEHsI JTIOKTOpa
¢imocodii Ta ckacyBaHHS PIIEHHS Pa30BOI1 CHEI1aTi30BaHOI BUYEHOI pajid 3aKkjamy
BUIIOI OCBITH, HAYKOBO1 YCTAaHOBU NP0 MPUCYKEHHS CTYIEHs JOoKTopa (iutocodiin,
3arBepkeHoro Ilocranosoro Kabinery MinictpiB Ykpainu Bij 12 ciuns 2022 p. Ne
44,



3no0yBau borza Mukosa CeprilioBuy 3aciyroBye Ha NpPMCYIXKEHHS CTYIEHs
nokTopa (inocodii B ramysi 3HaHb 15 — ABTomaTu3alis Ta NpuaagoOyayBaHHS 3a
crietianbHicTio 151 «ABTOMATH3aLlis Ta KOMII FOTEPHO-iHTErPOBaHi TEXHOJIOTIT.

Od¢iuiliHuii onoHeHT:

npogecop kadeapu aBToMaTu3arlii

Ta KOMIT'FOTEpHUX TEXHOJIOTIH crcTeM
yIpaBiiHHA iM. ipod. A.IT. JlagaHoka
HauioHnanbHOro yHiBEpCHTETY Xap4oBUX

TEXHOJIOT1!
/ /(/ Harania JIVIIbBKA




