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AHOTALIA

bozza M. C. ABromaru3zariis npoiiecy KepyBaHHsI alaliTUBHOIO CUCTEMOIO
NEPEPUBYACTOrO TEII03a0e3MeueHHsl OyANHKY 13 3aCTOCYBAaHHSM ONTHUMAJIbHUX
yCTaBOK peryisitopa. - Kpamidikaiiiiina HaykoBa npaiisi Ha paBax pyKOIUCY.

Hucepraris Ha 3100yTTs HAYKOBOTO CTYIEHIO JTIOKTOpa (hiocodii
3a cremanbHicTIO 151 «ABTOMaTH3allis Ta KOMII IOTEPHO-IHTETPOBaH1
TexHoJorii». — Hamionanpuuii TexHI4YHUM yHiBepcuTeT YKpaiHu «KuiBCcbkuii
noJiiTexHiuHui 1HCTUTYT iMeHi Iropst Cikopceskoro», Kuis, 2025.

VY nucepraiiiiHii poOOTI 3aMpONOHOBAHO MMOJAIBIINN PO3BUTOK
MiAX0Ay 3 AaBTOMAaTW3alli NpPOLECY KEepyBaHHS aJalTHBHOIO CHCTEMOIO
MepEepUBYACTOIO  TEIuIo3abe3neueHHss OyAuMHKY Ha 0a3l  TerjIoHACOCHO1
yctanoBku (THY) 13 3acTocyBaHHSIM ONTUMAaJbHUX YCTaBOK pEryJIsATOpA.
3okpemMa, Bu3HaueHO ymoBH (opmyBanHs yctaBku anst IIIJ[-perymstopa 3
ypaxyBaHHSIM 3MIHHOTO Tpadiky 00irpiBy OyIiBIIi, TMHAMIKHA TEIJIOBUX PEKUMIB
B OyaiB/II Ta 30BHIMIHIX YMOB, IO J03BOJISIE€ MIABUIIUTH €HEProe(eKTUBHICTD
CUCTEMHU TeIU103a0e3neYeHHS.

Po3po6aeno maremaruuny mozaens THY, sxa mgae 3Mory A0CIHIIKyBaTH
AMHAMIYHI ~ PEKUMU  pOOOTHM  CHUCTEMH TEIUI03a0e3MedyeHHs i 4ac
NepepUBYACTOTO OO0IrpiBy, 30KpeMa IpU MEpPeXojil BiJ HIYHOTO PEXKUMY 3i
3HIDKCHOI0 YCTaBKOIO JO €Tally pPAaHKOBOTO pO3IrpiBy, IO 3abe3nedye
KOM(pOpPTHY TeMmIieparypy Ha MOMEHT MO4YaTKy poOodoro aHs. 3ampONOHOBAHO
QITOPUTMHU oNTUMIi3alli pexumiB podotn THY, 3aBasku SKUM I1JIBUIILY€E€ThCS
e(eKTUBHICTh CUCTEMU TEII03a0e3MeYeHHS.

Takox 3ampormoOHOBAaHO METOJOJIOTII0 1HTErparii aHaJITUYHUX Ta
Heriponnux wmozeneit THY B cepemoBume MATLAB/Simulink, mo ngae
MO>KJIUBICTh TPUCKOPHUTH TPOIEC MOJEIIOBAHHS CUCTEMH Yy 3MIHHUX YMOBax
ekcruryararii. JlocmipkeHo BIUIMB TapaMeTpiB IMEepepHBUACTOrO0 OOIrpiBy Ha
koedimient mneperBopenHst (COP), cnoxuBanus enekrpoeHeprii THY Ta

KOM(OPTHI TEMIEPATypHI YMOBH y OyaiBIIL.



PesynpTatn  mOCHIIDKEHHS ~ NEMOHCTPYIOTh, IO  3aCTOCYyBaHHS
3aMpONOHOBAHOIO MiIXO0y AO3BOJISIE€ MIHIMI3yBaTH CIIOKUBAHHS €JIEKTPOCHEPT i
THY, 3a0e3neunTH THYYKE YMPaBIiHHSA TEMIIEPATYpHUMH pEXKHUMaMH Ta
ONTUMI3YBaTH EHEPrOCIOXHUBAHHs, IO CHOpUSE€ TMiABUIICHHIO 3arajibHOi
e(eKTUBHOCTI CHCTEMU TeT103a0e3MeueHHs Oy TMHKY .

[lepmunii po3mia TOKyMEHTa MIiCTUTh JACTaIbHUI OMUC MPOOIEMaTHKH Ta
aKTyaJIbHOCT1 JOCII/PKEHHS, MPUCBAYEHOTO aBTOMATH30BAHOMY KepyBaHHIO
THY y cucremax Temno3abe3neueHns OyaiBenb. OCHOBHHIM aKLIEHT 3pO0JIEHO Ha
HEOOX1THOCT1 MiJABUIIEHHS €HEpProe(eKTUBHOCTI 3a PaxyHOK YIOCKOHAJICHHS
aJIITOPUTMIB K€PYBaHHS, 1110 T03BOJISIIOTh ONTUMI3yBaTH BUTPATH €JIEKTPOEHEPT1i
0e3 BTpaTH TEIIOBOro KoMpopTy.

Y  BCTymHIA YacTHHI  PO3TISAIAETHCA  3pPOCTAHHS  TMOMUTY  Ha
eHeproeeKTHUBHI TEXHOJOrIl B YMOBaxX I700aibHOI TEHIEHIT O CKOPOYEHHS
BUKOPHUCTAHHS BHUKOMHOTO manuBa. (OcobnuBa yBara NpUIIJICHA BIUIMBY
NEPEepUBYACTOTO PEKUMY OOIrpiBy HAa 3MEHILEHHS EHEProClOoKHBaHHS.
Haronomieno, mo TpaauiiiiHi CHUCTEMH MPAIlOIOTh y PEXKUMI MOCTIHHOTO
HaBAaHTKEHHs, 110 HE 3aBXKAU € JOIUIBHUM, OCOOJIMBO B YMOBAax 3MiHHHX
TEMIIEPATyPHUX YMOB Ta BIACYTHOCTI JItofiel y Oy1iBJIl B HIYHMIA Yac.

Jlami  oOrpyHTOBYETHhCS HEOOXIJHICTh BHUKOPUCTAHHS MaTeMaTHYHHUX
MoOJIeIeil 11l MPOTHO3YBaHHS Ta KEPYBAaHHS TEIJIOBUMH PEXHMaMH B OyiBIIi.
Onucano, mo BUKOpUCTaHHA mnakery Matlab, Simulink, Simscape nans
MOJICJTFOBAHHS JO3BOJISIE CTBOPIOBATH JUHAMIYHI MOJIEINI, SIKI BpaXOBYIOTh 3MIHU
YMOB  HaBKOJMIIHBOTO  CEPENOBHUINA, TEIUIOTEXHIYHI  XapaKTEPUCTUKH
OTOPO/DKYBAJIBHUX KOHCTPYKIIH Oy/iBil Ta OWHAMIYHI MPOIECH TEIJIOBUX
PEKUMIB.

Y KkoHTekcTi (OpMyBaHHS KEpyIOUMX aJTOpPUTMIB MIAKPECTIOETHCS
BXJIMBICTh TPABHIIBHOTO BHOOpPY YCTaBKM TeMIepaTypd B HIUYHUN Yac Ta
BUIIEPEKAIOYOTO TMPOTPiBY, MO0 0 MOMEHTY IOYaTKy poOO0dYoro HS

3a0e3MneyuTH KOMPOPTHUN TEIUIOBUN PEKUM BCEPEIMHI TPUMILLICHHS.



TakuMm 4MHOM, MEPIIMK PO3JUJI BUCBITIIOE OCHOBHI BUKJIMKUA y cdepi
Teruio3aldesneyeHHs: OyAiBeNb, OKPECIIOe METY JTOCHIKEHHS Ta OOIPYHTOBYE
BUOIp METOAIB Ta 3ac001B /I peasizalli eneproedexruBHoro ynpasiinas THY.

Jpyruii po3ain aucepralii NpUCBSYEHUN po3poOlll aHATITUYHOI MOJAEI
THY, sika € OCHOBHUM IHCTPYMEHTOM JUIsl OCIIPKCHHS ii poOOTH, OIIHKH
e()EeKTUBHOCTI Ta ONTUMI3AIll] PEKUMIB eKCILTyaTalli. Y po3/iiai po3rsiialoThCs
cyuyacHl meroau MmozemoBanHs THY, ixHi mepeBarm Ta HEIOJIKHM, a TaKOX
BH3HAUYAIOTHCA KIIFOUOB1 €Taly CTBOPEHHS aHAIITUYHOI MOJIETII.

AHalli3 METOJIB MOJICTIOBAHHS OXOIUTFOE TPW OCHOBHI TIJIXOJIH:
aHaJIITUYHI, eMIIIPUYHI Ta T1IOpUIHI MoJeNi. AHAMITHUHI MoJeTi 06a3yloThCs Ha
GI3MYHUX TPUHIMIAX, TAKUX SK 3aKOHM TEPMOIMHAMIKH, TeIUIonepenadi Ta
riApoAMHAMIKM, 110 3a0e3leuye BHUCOKY TOYHICTb, ajlé BHMAarae 3Ha4HHX
OoOUYMCTIOBAILHUX pecypciB. Emmipuuni Mopmeni, mnoOymoBaHi Ha OCHOBI
eKCIIEPUMEHTAJIbHUX JIaHWX, MBI Y peali3allii, aje MEHI yHIBepCaJlbHI Ta
MEHII a/IallTUBHI JI0 3MIHHUX YMOB eKcIutyaTarii. ['10puaHi Mojeni noeaHyoTh
obuaBa TMIAXOAM, JIO3BOJISIIOYM OTpUMaTH OajaHC MIDK TOYHICTIO Ta
00UYHCITIOBAJIBHOIO CKJIAAHICTIO, 1[0 POOUTH X HANOUIBII MEPCIIEKTUBHUMHU JIJIS
MOJICITFOBAHHS CKJIATHUX CHCTEM.

HacTtynHa yacTiHa po3/ily MpUCBSYEHA eTaraM CTBOPEHHS aHAJTITHYHOI
mozen THY. OcHoBoro st MmonenmtoBaHHs € pyHIaMeHTanbH1 (Pi3udHI 3aKOHU:
30epekeHHsl eHeprii, TeIulonepenayi, piBHAHHSA CTaHy Ta TiIPOJUHAMIKU
noTokKiB. Po3po0ka aHami THIHOT MO/IENTi BKIIFOUa€E MaTEMAaTHYHUH OTIC OCHOBHHUX
komroHneHntiB ~ THY:  BumapHumka, KoMmpecopa, KOHJEHcaTtopa  Ta
PO3IIUPIOBATILHOTO BEHTWIIA. {151 KOKHOTO 3 HUX (POPMYIIOIOTHCS PiBHIHHS
EHEepPreTUYHUX OajaHCIB 3 BUKOPUCTAHHSIM (PYHKIIOHAJIIBHUX 3aJIEKHOCTEH SIK1
BU3HAUYAIOTh TEIUIO(131MYHI BIACTUBOCTI POOOYMX TiJ.

Oco0nmBy yBary MPUAIIEHO BHUKOPUCTAHHIO MPOTPAMHOTO TAKETy
CoolProp, sikuif 103BOJIIE TOYHO PO3PAXOBYBATHU TEIUIO(MI3UYHI BIACTHBOCTI

poOounx Tid, SKI BUKOPUCTOBYIOThCs B THY. InTerpamiss mporo makera B



MATLAB/Simulink/Simscape 3a0e3nedye BHCOKY TOYHICTh PO3PaxyHKIB Yy
peaJlbHOMY dYaci, M0 KPUTHYHO BAXKIMBO /JIS TUHAMIYHOTO MOJEITIOBAHHS.
JleTanbHO po3risiAaeTbest anroputM BukopuctanHs CoolProp nist Bu3HaueHHs
Ter10(13UYHUX TTapaMeTpiB poOOUMX CepeIOBUIN y pi3HUX KoMmrnoHeHTax THY.

Peanizaris moneni B MATLAB Bkitouae po3poOKy MOIyJIBHOI CTPYKTYPH,
y AKIH OoKpeMi (DYHKI[IOHAJIbHI OJIOKM OIMHUCYIOTh POOOTY KOXKHOTO €JIeMEHTa
cuctemMu. Mogens iHTerpoBaHa B cepenoBumie Simulink, mo mo3Bosse
NPOBOAWTH CUMYJISLIT AWHAMIYHUX pexumiB podbotu THY Tta anamizyBatu
e(eKTUBHICTh KEPYBAHHs TEIUIOBUMHU MporecaMu. [[j1s TecTyBaHHs Ta Bajiganii
BUKOPHCTOBYIOTHCS €KCIIEPUMEHTAJIbH1 1aH1, 110 J03BOJISIIOTH OLIHUTH OXUOKY
MOJIEJIIOBaHHS Ta MEPEBIPUTH aJIEKBATHICTh OTPUMAHUX PE3YJIbTATIB.

Oxkpemuil TiAPO3IiaA MPUCBIYEHUNM Ballijaimii MoJelNi, $SKa BKIIOYAE
MOPIBHSIHHS PO3PaXyHKOBUX 3HAYEHD 13 EKCIIEPUMEHTAIbHUMU JaHUMH. AHAII3
NOXHUOOK MOKA3Yye, 110 MOJIETb Ma€ BUCOKY TOUHICTh, OCOOJIMBO Y HOMIHAIBHUX 1
YACTKOBHX PEKUMaX POOOTH.

BucHOBKM 10 po3aily y3arajibHIOIOTH OCHOBHI PE3yJbTaTH PO3POOKU
aHajmitTiuHoi moxaem THY, migkpecmroroun ii MpakTHUUHY 3HAYYLIICTh IS
ONTUMI3AIII] PEKUMIB pOOOTH TAKUMH YCTAaHOBKAMHU. 3a3HAYA€ETHCS, 110 MOJEIIb
MOke OyTH BUKOpHCTaHa JJi1 PO3POOKH 1HTEIEKTyalbHUX aJTrOPUTMIB
KepyBaHHsI, 1110 JO3BOJUTH MIABUIINTH eHeproeeKTUBHICTh cucTeMu. BogHovac
HAroJIOUIY€eThCS Ha 11 TOJIOBHOMY HENONIKY — 3HAYHUX OOYMCIIOBAIBHUX
BUTpaTax, WI0 YCKJIAIHIOE BUKOPUCTaHHS MOJENl JUIsl JIOBTOTPUBAIUX
cumyisinid. TomMy B HAcTymHUX JOCTDKEHHSX TIependavyaeTscs 3aMiHa
aHATITUYHOI MOJIEJII HA MOJIEJIb MAIIMHHOTO HAaBYaHHS.

TpeTiit po3aun auceprarlii NpUCBIYCHUN po3poOIll Ta iHTerpali Mojaenl
MamHHOro HaByaHHs ana THY y cepemoBume Simulink. Tpaauuiiini
aHaJITUYHI MOJIEN1, He3Ba)Kal0uy Ha CBOIO TOYHICTBH, MAlOTh 3HAYHI OOMEIKEHHS
y HMIBUAKOJIT, IO YCKIAJAHIOE X BUKOPUCTAHHS JUIsS YIPABIIHHS B PEAJbHOMY

yaci. BI/IKOpI/ICTaHHﬂ MCTOI[iB MallIMHHOI'O HaB4YaHHsA JO3BOJISI€ 3MCHIIINTH



OOYHUCITIOBAJIBHY CKJIQJHICTh Ta aJanTyBaTU MOJENb 0 3MIHHMX YMOB. Lls
METO/OJIOTISI TMOEAHYE TOYHICTh aAHATITUYHUX MOJEIEeH 13 MIBUIKOIIEIO
HEUPOHHUX MEPEK, 110 POOUTH ii MEPCTIEKTUBHUM M1X0/I0M 110 KepyBaHHs THY.

OnHuM 13 KIIFOYOBHUX €TamiB JOCHIIKEHHS € BUOIp MOEN MAaIIuHHOIO
HaByaHHs. Byno mpoBeneHe MOpIBHAHHA IBOX MiAXOJiB: aaroputMy Random
Forest 1 neiiponnoi mepexxi LSTM. Anroputm Random Forest € npocTium y
peaiizaiii Ta MEHII BHUMOTJIMBHUM JO JAaHHUX, ajie¢ BIH HE BPAXOBY€E YaCOBUX
3aleHOCTe y poboTi cucremu. Hatomicts LSTM nosBomsie MomenroBatu
CKJIaJIHI TMHAMIYHI MPOIIECH Ta aHaJl13yBaTH 3MIiHHI, 1[0 MalOTh JOBIOCTPOKOBI
3anexxHocTi. TectyBanHs mokaszano, mo LSTM 3nauno nepeBepirye Random
Forest y TO4YHOCTI IPOrHO3YBaHHS TEIJIOBUX PEKUMIB CUCTEMHU, X04a OTPEOye
O171bI1IEe O0OUYHCITIOBATILHUX PECYPCIB 1] YaC HaBUAHHS.

Po3pobka HeipoHHOT Mozem mnepemdavaia Kijbka eTamiB: 30ip 1
MiTOTOBKA TPEHYBAJIBHUX JaHUX, BUOIp apXiTEKTypH HEUPOHHOI Mepexi, il
HaBYaHHS Ta modanbiia iHTerpauis y Simulink. Bymo BukopucTaHo Benukuii
o0csr JaHux, OTpUMaHMX 13 aHamTuaHoi Mojeni THY, o mictunu iHbopmariio
PO TEMIEPATYPHI PEKUMHU Y BUIAPHUKY, KOHJEHCATOP1, KOMIIPECOPI, TEIJIOBE
HABaHTa)XCHHS Ta MAacOBY BHUTpaTy TeruioHocid. JlaHi Oynau HopMami3oBaHi Ta
CTPYKTypOBaHi1 1151 €eKTUBHOTO HaBYAHHS MOJIEJII.

Bubip apxitektypu HeiipoHHOI Mepexi 3ynuHuBcsa Ha LSTM, ockinbku
el TUI Mepex e(PeKTUBHO MPAIIOE 3 YACOBUMH psaaMu. Mojens ckiaaanacs 3
OJIHOTO IPUXOBAHOTO 1IApY 3 I’ SIThbMa HEMpOHaMHU, 1110 3a0e3MeUniIo OalaHC M1k
MIBUAKICTIO poOOTH Ta TOYHICTIO MpoTHO3yBaHHSA. Jlns 3amobiraHHs
NepeHaBYaHHIO BUKOPUCTOBYBAIMCS TEXHIKUA pEryJisipu3allii, 30KkpemMa paHHI’
3ynuH. OnTumizaiisi BUKOHYBajlacs 3a JOMOMOror airoputMy Adam, a
byHKIi€IO BTpAT OyJ0 00paHO CepeTHhOKBAIPATUYHY MTOMUIIKY.

[licns HaBUaHHS MOl OyJia KOHBEpTOBaHA y (popmaTt, mpuaaTHUM Asis
BukopuctanHa y Simulink. I{e nepeabauano Tpancdopmariiro HeHpOHHOT MEpexKi

y C-xom 13 BHKOpUCTaHHAM Oi0mioTeku keras2c, MmO JO3BOJWIO OTPUMATH



KOMITAaKTHUM Ta MBUAKOIr0uui koA. [logankia iHTerpamis Mmoaeni y Simulink
BUKOHYyBanacs uepe3 S-QyHKII0, sika 3a0e3rneunna 3B’S30K MK HEHMPOHHOIO
MOJCIUII0 Ta MOJEISAMU 1HIIMX THIIB, CTBOPEHHX BOYJIOBaHMMH 3aco0amMu
Matlab/Simulink.

TectyBanHs 1HTErpOBaHOI MOieII B cepenoBuii Simulink miaTBepamo ii
e(eKTUBHICTb. byJ10 TpoBEIeHO MOPIBHSAHHS TPHOX peajtizalliii: BUX1IHOI MOJEI
Ha Python, 11 exBiBanenTa Ha MoBi C Ta KiHLIeBOro 0;10Ky S-pyHkii y Simulink.
Bci Tpu BapianTu nokasanu O0JIM3bKi pe3yJbTaTH 3a TOYHICTIO, IO CBITYHUTH MPO
KOPEKTHICTh TEpPEeTBOPEHHs Ta 1HTerpauii wmojeni. BoaHouac 3Ha4yHO
MOKpaIuiacs MBHIKICTh OOYUCICHB: SKIMIO Monaens y Python morpebysana
3HAYHOTO Yacy JJIs KOXKHOI iTeparliii, To peam3aiis y C-KoJli 103BOJIMIIa CYTTEBO
IPUCKOPUTU Tpoliec, a OJOK S-PyHKIT 3a0€3MeUnB MOXKIUBICTH POOOTH B
pealbHOMY Yaci.

BucHoBKku po3aiiny MiAKPECTIOTh JAOIIBHICTh BUKOPUCTAHHS METO/IIB
MAIIMHHOTO HaBYaHHS Ais onrtumizamii podotu THY Tta cuntesy cucrtem
yIpaBJiiHHs. 3apPOINIOHOBAHUH IMIAX1]1 IOEIHY€ TOYHICTh aHATITUYHUX MOJIeen
13 TPOAYKTUBHICTIO HEHWPOHHUX MEpPEX, 0 PpoOUTh HOTro e(eKTUBHUM
THCTPYMEHTOM IS AOCTipKeHb. [HTerparis moaen B Simulink BigkpuBae HOBI
MOKJIMBOCTI i onTumizamii ynpaemiHHs THY, no3Bossitoun amantyBaTH
CUCTEMY /IO 3MIHHUX YMOB €KCILTyaTaIlii Ta MpOrHO3yBaTH ii poOOTY 3 BUCOKOIO
TOYHICTIO. MaiOyTHI  JOCHIIPKEHHS MOXYTh OyTH  CHOpsIMOBaHI  Ha
BJIOCKOHAJICHHSI MOJIeJi, 30KpeMa Ha ii ajanTaiiito Ao pizHux tumiB THY Ta
PO3IIUPEHHS] MOXJIMBOCTEH KEpPyBaHHS 3a JIOMOMOTOIO0 IHTEIEKTyalhbHUX
aJTOPUTMIB.

UeTBepTuii po3ail gucepTaliii MPUCBIYEHUM PO3pOOIIl MOJEIl CUCTEMH
Tero3adesneueHHss OynuHKy. OCHOBHOIO METOIO IBOTO €Taly € CTBOPEHHS
3arajibHOi Mojeni, sika 00’eqnye THY, cuctemy omanends ta Oyaimo. Taka
MoJenb 3a0e3nedye BIATBOPEHHS JMHAMIKH TEIJIOBHUX PEXHUMIB Yy OYIUHKY,

yepe3 BIUIMB 30BHIIIHIX ()aKTOPIB Ta pOOOTYy CHCTEMH TEIUI03a0e3NeUeHHs.



Takox € MOXKJIMBICTb 1HTErpaIlii pI3HUX aJTOPUTMIB KEPYBAHHS Ta iX aHAI3Y IS
OIIHKY €(DEeKTUBHOCTI Ta ONTHUMI3allii pOOOTH CUCTEMH.

Mogens BpaxoBy€ KOHCTPYKTHBHI OCOOJMBOCTI OyAiBi, TEriogi3uyHi
XapaKTEPUCTUKHU OTOPOJIXKYBaJIbHUX KOHCTPYKI[IH, BHYTPIIIHI JpKepesia TEeIJIOTH.
BukopucTtanss KIIMaTUYHHUX JAAHUX K1 TPEJCTaBICHI TATIOBUM METPOJIOTTYHUM
POKOM, Ja€ MOXJIMBICTh JOCIIJIUTH JUHAMIKY TEIUIOBOIO PEXHUMY OyIiBII
BIIPOJIOBK OMAJIIOBAJILHOTO CE30HY.

Mopens THY peanizoBana Ha ocHOBI HelipoHHOI Mmepexi LSTM nae
MOKJIMBICTh TOCTIIUTH TUHAMIKY 3MIH PEKHUMIB pOOOTH YCTAHOBKHU Ta CUCTEMH
Teruio3alde3neyeHHs: 3arajioM. Mojaenb CHUCTEMH ONajleHHs Mo0yaoBaHa 3
ypaxyBaHHSAM TMOCTIITHOI BUTpATH TEIJIOHOCIS Ta poOOTH 3a TeMIlepaTypHUM
rpadiKoM 3 METOIO MiATPUMAHHS B IPUMIIIEHHIX TETIOBOTO KOM(OpTY.

OaHuM 13 KIIOYOBUX €TalllB JOCHIKEHHS € Y3TOJKEHHS TEIUIOBUX
pexumiB moaeni THY 3 monpenmto 6ynunky. Lei npouec nependadae 38’30k
MK (I3MUHUMHU TIapaMeTpaMu CUCTEMH, TAKUMHU SIK TEMIepaTypa TEIUIOHOCIs,
TEIJIOBE HABAHTAXKEHHS Ta 30BHIIIHI KJIIMaTU4YHI yMOBU. TeMmepaTypa BoJIu Ha
Buxozi 3 THY Ta ii macoBa BUTpaTa BUCTYIAOTh BXITHUMH MapamMeTpaMu s
Moeln OyJIHWHKY, SiKa, y CBOIO Yepry, TeHEPy€E CUTHAJ 3BOPOTHOTO 3B’S3KY IS
PEryJIOBaHHS pPEXHMY poOOTH Kommpecopa. TakuM YHMHOM, MOJENb Ja€
MOKJIUBICTh JOCTIUTH B3a€MO3B’SI30K MK TEIJIOBUM PEKAMOM OYIIIBIII Ta
pexxumoMm pobotn THY, mo € BaXIuBUM ISl OLIHKH €(PEKTUBHOCTI poOOTH
CHUCTEMH Ta MOIIYKY NUIAXIB i onTumizarii.

JlochipKeHHsT TUHAMIYHUX PEXHUMIB POOOTH CHUCTEMH NPOBOAUTHCA 3
Bukopuctanusam [1IJ[-perynsaropa, sikuii 3a0e3nedye KepyBaHHS TEMIIEpaTy PO
terionocis Ha Buxoal 3 THY. Perynsarop Bu3Hauae HeoOXigHE 3HAYEHHS
TEMITepaTypy BOJM 3aJIC)KHO BiJl 30BHIIIHIX YMOB, JTO3BOJISIFOUM KOMITICHCYBATH
TEIUIOB1 BTPATH Ta 3a0€3MEUYUTH CTA0IIbHUN TeTuioBUi KoMbopT y OyaiBmi. Jis
peanizaii 1iporo anroputmy y MATLAB Simulink po3po6ieHo Ta HatamToBaHO

[II-koHTpONEp, SIKUK AMHAMIYHO PETYJIIOE MapaMeTpU CUCTEMH Y BIINOBIAb HA



3MIHY HaBaHTaXEHHS. Pe3ynbraT TecTyBaHHA MOJEIl MIATBEPAWIN i
edekTuBHICTh. BusiBneno, mo snpoBamkenns [11/]-konTponepa nae MOXIMBICTD
3a0€3MeYUTH TOYHICTh PEryJIIOBaHHS TeMIEepaTypd, 13 MaKCHMaJbHUM
BIIXWJIEHHSIM BiJ ycTaBku 70 0,5°C, 110 € JoCTaTHIM.

3arajgoM, pe3yJibTaTh MOJIEIIOBAHHS MIATBEPIKYIOTH BUCOKY TOUHICTH
PO3p00JICHOT IHTETPOBAHOI MOJIEJI CUCTEMH Terio3abe3nedeHHs Oy aiBil Ha 0a3i
THY. Otpumani pgaHi MOXyTh OyTH BHUKOPHUCTaHI [JIsl MOJAAJBIIOTO
BJIOCKOHAJICHHSI QJTOPUTMIB KEpPyBaHHS, 30KpeMa IUIIXOM 3aCTOCYBaHHS
NPOTHO3YIOYMX MOJeNeil 13 3aCTOCYBaHHSIM MAIIMHHOTO HABYaHHS IS
MPOTHO3YBAHHSA TEIJIOBUX PEXKHUMIB Ta aJallTUBHOTO peryiitoBaHHa poootu THY.
TakuM 4YMHOM, TIpOBEACHE JOCHIKEHHS Ja€ MOXJIMUBICTh PO3BHUBATH
IHTEJIEKTYaJIbHI CHCTEMHU TeIio3a0e3NeueHHs, sKi OpIEHTOBaHI Ha Cy4acHi
BHMOTH CTQJIOTO PO3BUTKY Ta JekapOoHizarii[1].

I[Psatuit po3min aucepranii MPUCBIYEHO PO3POOII Ta JOCTIIHKEHHIO
aNITOPUTMIB KepyBaHHA nepepuByacTuM o0irpisoM Ha 6a3i THY. OcHoBHa yBara
npuiIeHa po3poOIll alalTUBHUX METOJIB KEPYBaHHS, SIK1 JAIOTh MOXJIUBICTh
3MEHIIUTH EHEProClOXMBAaHHA B HIYHUM TEpioJ] 3a pPAaXyHOK 3HUKEHHS
TEMIIEPATyPHOI YCTaBKH, a TAKOXK 3a0€3MeUnTH HEOOX1THUI piBEHb KOMPOPTY B
OPUMILICHHSIX /10 MOYaTKy poO0YOro AHs IUISXOM 3aBYACHOIO IMEpPeXoay B
PEXUM PO3ITPIBY.

Y  po3nuni  OOTpyHTOBAHO  aKTyallbHICTh  JOCHIIKEHb y  chepi
eHeproe(eKTUBHOTO YIPAaBIIIHHS TEIJI03a0€3MeUEHHsAM, 30KpeMa BPaXOBYIOUYHU
HEOOX1IHICTh OaNaHCyBaHHS MK €KOHOMIEIO €JIEKTpOeHeprii Ta KoMpopToOM B
npuminieHHsX. Po3po0ieHo MmaTeMaTU4H1 MO 1J1s1 pO3PaXyHKY ONTUMAIbHUX
napametpiB podotu THY, mo nae 3mory edpexkTuBHO ajnantyBaTd CUCTEMY /10
3MIHHUX 30BHIITHIX YMOB.

[lepenbaueno BUKOPHUCTAHHS cepeloBuUIIa MO/JIETTIOBaHHS
MATLAB/Simulink ayis MmoentoBaHHSI CUCTEMU TEIUT03a0€3MeUeHHS OYIMHKY 3

THY. Bukopuctano moaens OyaiBii 3 i Ternopi3uuHUMU XapaKTEPUCTUKAMH,
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Monenb THY Ta anroputMm KepyBaHHsS TEMIIEPATypHUM pexuMoM. [IpoBeneHo
YHUCIIEHH] CIIeHapli MOJEIIOBAaHHS JJIs aHali3y BIUIUBY TEMIIEpaTypH HIYHOI
YCTaBKM Ta Yacy IOYaTKy pO3IrpiBy Ha 3arajibHe €HEProCloXUBAaHHSA Ta
KOMQOPTHI YMOBH B OYyI1BJIi.

PesynbpTatu mocnikeHb MoKa3aidd 3HAYHWNM MOTEHI{AN MepeprUBYACTOTO
KepyBaHHs. 30KpeMa, ONITUMaJIbHI TapaMeTpU KepyBaHHs, BUBHAUCHI JJI PI3HUX
TEMIIEpPaTyp 30BHIIIHHOTO CEPEAOBHINA, AAIOTh MOXKIUBICTh JOCSIITU CYTTEBOI
€KOHOMIi eHeprii 6e3 MOTipIIeHHs TeIIOBOro KOM(OPTY y NpUMIILIEHHSIX. AHATI3
MOKa3zye, IO 13 3pPOCTAHHSIM TEMIEpPaTypu HABKOJHUIIHBOTO CEpelOBUILA
HEOOX1THUN Yac po3irpiBy 3MEHILYEThCA, a TEMIEpaTypa HIYHOI yCTaBKH MOXeE
OyTH 3HIKEHA 0€3 HeraTUBHUX HACHIJIKIB 11 KOMBOPTY.

Po3pobiieHo anroputM mepepuBYACTOrO KEepyBaHHS, IO BKJIIOYAE OJIOKU
300py JAaHUX, PO3PAXYHKY ONTHUMAJIbHUX MapaMEeTPiB, aJaNTUBHOTO YIPABIIHHS
pexxumamu poo6ot THY Tta ananmizy epexkTUBHOCTI. AJTOPUTM peasli30oBaHO B
MATLAB/Simulink, a pe3ynbTaTé MOZAENIOBaHHS CBIIYaTh MPO MOXKIIMBICTDH
3HMKEHHSI €HEPrOCIOKUBaHHS cucTeMu 10 18% y MOpiBHSHHI 3 TPAIUIIHHUMU
METO/IaMH 0e3MepepBHOIO KEPYyBaHHS.

Y ¢iHanbHIM YacTHHI PO3AUTY MNPEACTABICHO TOPIBHIBHUNA aHami3
e(eKTUBHOCTI Oe3mepepBHOrO Ta IEepepuUBUACTOrO pexuMiB pobdotu THY.
BusiBneno, mo mnpu mnepepuBYACTOMY YINPABIiHHI CEpeqHsl TemIeparypa B
MPUMIIIEHH] 3aJUIIAEThCS B JIOMYCTUMUX MEXaX, a CEepelHs TeMIlepaTypa
TEIJIOHOCIST 3MEHIIYEThCSA, 110 3HUKYE HABAHTAXKEHHS Ha OOJaJHAHHS Ta
MOJIOBXKYE TEPMIH HWOTO CIY)KOM. TakuM YHHOM, 3aMpONOHOBAaHI AJITOPUTMHU
yIpaBJiHHS € ePEKTUBHUM PIIICHHSM JIJII oNTUMI3allli eHeprocmnoxkupanus THY
y cucTeMax Teruiozabe3neueHHs Oy1iBeb.

HaykoBa HOBM3HAa OTpPUMaHHUX peE3yJIbTATIB AMCEPTAIiHOI poOOTH
3aKJIIOYAETHCS B HACTYMTHOMY: BHSBIIEHO 1 KUIBKICHO OILIIHEHO ONTUMAaJbHI
3HaYeHHs MapaMmeTpiB MepepuBYacTOro 00irpiBy OyauHky Ha 6asi THY, ski

3a0e3MeyyloTh MiJABHUILEHHS E€HEePreTU4YHO1 €()EeKTUBHOCTI CUCTEMH KEPyBaHHS
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Ter103a0e3neueHHsIM; BIOCKOHAJICHO CHCTeMY KEpyBaHHS IE€pPepUBUYACTHM
o0irpiBoM Termo3abe3neuenHss OyauHky Ha 6a31 THY, ska BpaxoBye BIIUB
TEMIIEPATypH 30BHIMIHBOTO CEPEIOBHINA, MPSIMOi BOJU B yMOBAaX 3HIKEHOTO
TEIJIOBOTO HAaBAaHTAXEHHs, MPAMOI BOJU B YMOBax pPO3IrpiBy, a TaKOX Yacy
pO3IrpiBy 1 Ja€ MOMJIUBICTh 3HU3UTU CHOXHUBaHHS enektpoeneprii THY;
YAOCKOHAJIEHO MIJIXOAM J0 1HTerpallii aHaJITUYHUX Ta HEUPOHHUX MoJeled y
cepenouiii. MATLAB/Simulink 3a paxyHok po3poOieHHs cremiaabHUX
QJITOPUTMIB, IO CYTTEBO 3MEHIIWIIO 3aTPAaTH MAIIMHHOTO Yacy AJIs IMITalliifHOTO
MOJIEJIFOBaHHS JUHAMIYHUX IPOIIECIB y CUCTEMaxX Teruio3abe3nedyeHHs; Ha0yau
MOTAJTBIIIOTO PO3BUTKY MXOIHU IO TOCIIKEHHS BIUTUBY THUITY poO0OYOro Tija Ha
xapaktepuctuku THY 3a paxyHok iHTerpaiii O010710T€K 3 JAOCHIIKCHHS
BJIACTUBOCTEN poOouux TN B Mojeni THY, mo namo MOXKIUBICTH OLIIHIOBATH
e(eKTUBHICTh 3aCTOCYBaHHS HOBUX THIIIB poOOYMX TUI (30Kpema CyMilieil) Ha
TuHaMivHy xapaktepuctuku THY.

OtpumMaHi pe3yJbTaTH AUCEPTALIHOI pPOOOTH MalTh 1 MNPAKTUYHE
3HAa4YeHHS, SKE TOJISITae B PO3POOJICHHI METOAMKY IHTETrpallii CKIaJOBUX CUCTEMHU
teriozabesneueHnss — THY, cucremu omnaneHHss Ta OyaiBili — B €IUHY
KOMIUIEKCHY MOJIEJIb; METOAMKH po3poOku HeiipoHHOi mozeni THY, sika 36epirae
TOYHICTh aHAJIITUYHOI MOJIEJI Ta MPHU I[bOMY ICTOTHO CKOPOUYY€E Yac OOUYHUCIICHbD,
10 J1a€ MOKJIMBICTh €()EeKTHUBHO 3aCTOCOBYBATH 11 /UL AUHAMIYHOTO KE€PYBaHHS
CHUCTEMOIO0 Teruio3ale3neueHHs; po3po0JeHl alropuTMy MEPEepUBYACTOTO
KepyBaHHs pexumamMu pob6otu THY, skuii MiHIMI3ye €HEProBUTpaTH Ta
3a0e3neuye KoM(GOPTHUH TETIOBUI pexXUM y OyIiBIi.

PazoMm 3 1mM pe3ymbraTd poOOTH BUKOPHCTOBYIOTHCS B
HaBYAJIbHOMY Tipolieci kadenpu aBTOMaTH3allli EHEPreTUYHUX MPOIECIB
HarmionanesHOTo TEXHIYHOTO YHIBepcUTeTY YKpainu «KuiBChbKHUl MOMI TEXHIYHUNA
iHcTUTYT iMeH1 Iropst Cikopebkoroy. Lle miaTBepaKy€eTbest BIAMOBIIHUM YHHOM

oopMieHUM aKkToM (107aTOK b).
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ABSTRACT

Bohza, M. S. Automation of the Control Process of an Adaptive
Intermittent Heating System for a House Using Optimal Controller Setpoints. —
A Qualifying Scientific Work in Manuscript Form.

Dissertation for the Awarding of the Degree of Doctor of Philosophy in the
Specialty 151 “Automation and Computer-Integrated Technologies”. — National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, 2025.

In this dissertation, a further development of the approach for automating
the control process of an adaptive intermittent heating system for a house based
on a heat pump unit (HPU) using optimal controller setpoints is proposed. In
particular, the conditions for forming the setpoint for the PID controller are
determined by taking into account the building’s variable heating schedule, the
dynamics of the internal thermal regimes, and the external conditions. This
approach increases the energy efficiency of the heating system.

A mathematical model of the HPU is developed, which enables
investigation of the dynamic operating modes of the heating system during
intermittent heating—specifically during the transition from a nighttime mode
with a reduced setpoint to a morning preheating stage, ensuring a comfortable
temperature at the start of the workday. Optimization algorithms for the operating
modes of the HPU are proposed, thereby enhancing the system’s efficiency.

A methodology for integrating analytical and neural network models of the
HPU within the MATLAB/Simulink environment is also proposed. This
integration accelerates the modeling process under varying operating conditions.

The influence of intermittent heating parameters on the coefficient of
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performance (COP), the HPU’s electrical consumption, and the indoor thermal
comfort is investigated.

The research results demonstrate that the proposed approach minimizes the
HPU’s electrical consumption, provides flexible control of temperature regimes,
and optimizes energy use, which collectively contribute to the overall efficiency
of the building’s heating system.

The first chapter provides a detailed description of the issues and relevance
of the study dedicated to the automated control of the HPU in building heating
systems. The primary emphasis is on the necessity to improve energy efficiency
by refining control algorithms that optimize electricity consumption without
compromising thermal comfort.

The introduction discusses the growing demand for energy-efficient
technologies against the global trend of reducing fossil fuel usage. Special
attention is paid to the effect of intermittent heating on lowering energy
consumption. It is noted that traditional systems operate under a continuous load,
which is not always appropriate—especially under varying temperature
conditions and when buildings are unoccupied during the night.

The chapter then substantiates the need for mathematical models to
forecast and control a building’s thermal regimes. It explains that using
MATLAB, Simulink, and Simscape enables the creation of dynamic models that
account for environmental changes, the thermal characteristics of building
envelopes, and the dynamics of thermal processes.

Within the context of developing control algorithms, the importance of

selecting the correct nighttime temperature setpoint and implementing preheating



16

is highlighted, ensuring that a comfortable thermal regime is achieved by the start
of the workday.

The second chapter is dedicated to the development of an analytical model
of the HPU, which serves as the primary tool for investigating its operation,
evaluating its efficiency, and optimizing its operating modes. This chapter
reviews modern HPU modeling methods, their advantages and limitations, and
outlines the key stages in creating the analytical model.

The analysis covers three primary approaches: analytical, empirical, and
hybrid models.

Analytical models are based on physical principles—such as the laws of
thermodynamics, heat transfer, and fluid dynamics—which provide high
accuracy but demand significant computational resources.

Empirical models, built on experimental data, are faster to implement but
are less universal and adaptable to changing operating conditions.

Hybrid models combine both approaches, achieving a balance between
accuracy and computational complexity, making them promising for modeling
complex systems.

The chapter then details the stages of creating the analytical HPU model.
Fundamental physical laws (energy conservation, heat transfer, state equations,
and fluid dynamics) form the basis of the modeling. The development includes a
mathematical description of the main HPU components—the evaporator,
compressor, condenser, and expansion valve—with energy balance equations
formulated using functional dependencies that determine the thermophysical

properties of the working fluids.
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Special emphasis is placed on the use of the CoolProp software package,
which enables accurate calculation of the thermophysical properties of the
working fluids employed in the HPU. Integration of CoolProp into
MATLAB/Simulink/Simscape ensures high real-time calculation accuracy,
which is critical for dynamic modeling. The algorithm for using CoolProp to
determine the thermophysical parameters in various HPU components is
examined in detail.

Implementation in MATLAB involves developing a modular structure in
which separate functional blocks describe the operation of each component. The
model is integrated into Simulink, allowing for simulations of dynamic operating
modes and analysis of thermal process control efficiency. Experimental data is
used for testing and validation, which assesses the modeling error and confirms
the adequacy of the results.

A subsection is devoted to model validation, comparing calculated values
with experimental data. Error analysis indicates that the model is highly accurate,
particularly under nominal and partial operating conditions.

The chapter’s conclusions summarize the main results of developing the
analytical HPU model, emphasizing its practical significance for optimizing
operating modes. It is noted that while the model can be used to develop
intelligent control algorithms to further enhance energy efficiency, its major
drawback is the significant computational expense, which complicates its use in
long-term simulations. Therefore, future research proposes replacing the
analytical model with a machine learning model.

The third chapter focuses on the development and integration of a machine

learning model for the HPU within the Simulink environment. While traditional
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analytical models offer high accuracy, their speed limitations hinder real-time
control. Machine learning methods reduce computational complexity and adapt
the model to changing conditions. This approach combines the accuracy of
analytical models with the speed of neural networks, making it a promising
strategy for HPU control.

A key stage in the study is the selection of the machine learning model. A
comparison was conducted between the Random Forest algorithm and the LSTM
neural network. The Random Forest algorithm is simpler to implement and less
data-demanding but does not account for temporal dependencies. In contrast, the
LSTM network can model complex dynamic processes and analyze variables
with long-term dependencies. Testing revealed that LSTM significantly
outperforms Random Forest in predicting thermal regimes, although it requires
greater computational resources during training.

The development of the neural model involved several steps: data
collection and preparation, selection of the neural network architecture, training,
and subsequent integration into Simulink. A large volume of data obtained from
the analytical HPU model—encompassing temperature regimes in the evaporator,
condenser, compressor, thermal load, and the mass flow rate of the heat transfer
fluid—was used. The data were normalized and structured for efficient model
training.

The chosen neural network architecture is based on LSTM, which
effectively processes time series data. The model comprises one hidden layer with
five neurons, balancing speed and prediction accuracy. Regularization

techniques, such as early stopping, are employed to prevent overfitting.
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Optimization is performed using the Adam algorithm, with mean squared error
as the loss function.

After training, the model is converted into a format suitable for Simulink
use. This involves transforming the neural network into C-code via the keras2c
library, yielding compact, high-performance code. The model is then integrated
into Simulink through an S-function, which facilitates communication between
the neural model and other models developed using MATLAB/Simulink’s built-
in tools.

Testing in the Simulink environment confirmed the integrated model’s
effectiveness. A comparison among the original Python model, its C-code
equivalent, and the final S-function block showed comparable accuracy across all
implementations, confirming the correctness of the conversion and integration.
Moreover, computational speed was significantly improved: while the Python
model required substantial time per iteration, the C-code implementation greatly
accelerated the process, and the S-function block enabled real-time operation.

The chapter concludes by emphasizing the feasibility of using machine
learning methods to optimize HPU performance and control system synthesis.
The proposed approach combines the accuracy of analytical models with the
performance of neural networks, making it an effective research tool. Integration
into Simulink opens new possibilities for optimizing HPU control by enabling
adaptation to changing operating conditions and highly accurate system operation
predictions. Future research may focus on further improving the model,
particularly by adapting it to various types of HPUs and enhancing control

capabilities through intelligent algorithms.
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The fourth chapter is devoted to developing a model of the house heating
system. The primary goal is to create a comprehensive model that integrates the
HPU, the heating system, and the building. This model reproduces the dynamics
of the building’s thermal regimes under the influence of external factors and the
operation of the heating system. It also allows for integrating various control
algorithms and analyzing their efficiency to optimize system performance.

The model accounts for the building’s structural features, the
thermophysical characteristics of the building envelope, and internal heat sources.
The use of climatic data represented by a typical meteorological year enables the
study of the building’s thermal dynamics throughout the heating season.

The HPU model, implemented using an LSTM neural network, facilitates
the study of dynamic changes in the unit’s operating modes and the overall
heating system. The heating system model is designed with a constant flow of
heat transfer fluid and operates according to a temperature schedule to maintain
thermal comfort indoors.

A key aspect of the study is harmonizing the thermal regimes of the HPU
model with that of the building model. This involves linking the system’s physical
parameters—such as the heat transfer fluid temperature, thermal load, and
external climatic conditions. The water temperature at the HPU outlet and its
mass flow rate serve as input parameters for the building model, which in turn
generates a feedback signal to regulate the compressor’s operating mode. This
interconnected modeling enables the investigation of the relationship between the
building’s thermal regime and the HPU’s performance, which is critical for

assessing system efficiency and identifying optimization opportunities.
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Dynamic operating modes of the system are studied using a PID controller
that regulates the heat transfer fluid temperature at the HPU outlet. The controller
determines the required water temperature based on external conditions,
compensating for heat losses and ensuring stable thermal comfort. In
MATLAB/Simulink, a PID controller is developed and tuned to dynamically
adjust system parameters in response to load changes. Testing confirmed its
effectiveness, demonstrating temperature regulation accuracy with a maximum
deviation from the setpoint of 0.5°C, which is deemed acceptable.

Overall, the simulation results confirm the high accuracy of the integrated
model of the building’s heating system based on the HPU. The obtained data can
be used to further improve control algorithms, particularly by applying predictive
models with machine learning for forecasting thermal regimes and adaptive
control of HPU operation. Thus, this research contributes to the development of
intelligent heating systems that meet modern requirements for sustainable
development and decarbonization.

The fifth chapter is dedicated to the development and investigation of
control algorithms for intermittent heating based on the HPU. The primary focus
is on developing adaptive control methods that reduce energy consumption
during nighttime by lowering the temperature setpoint, while ensuring the
necessary comfort in the premises by initiating preheating prior to the workday.

This chapter substantiates the relevance of research in energy-efficient
heating control, particularly given the need to balance energy savings with indoor
comfort. Mathematical models are developed to calculate the optimal operating
parameters of the HPU, allowing for effective adaptation to changing external

conditions.



22

The simulation of the building heating system with the HPU is carried out
using the MATLAB/Simulink environment. The building model-—encompassing
its thermophysical characteristics—along with the HPU model and the
temperature control algorithm, are integrated. Numerous simulation scenarios are
conducted to analyze the impact of the nighttime setpoint temperature and the
preheating start time on overall energy consumption and indoor comfort.

The research results indicate a significant potential for intermittent control.
In particular, the optimal control parameters determined for various external
temperatures enable substantial energy savings without compromising indoor
thermal comfort. Analysis shows that as the ambient temperature increases, the
required preheating time decreases, and the nighttime setpoint temperature can
be reduced without negatively affecting comfort.

An intermittent control algorithm is developed, comprising blocks for data
collection, optimal parameter calculation, adaptive control of the HPU operating
modes, and efficiency analysis. The algorithm 1is implemented in
MATLAB/Simulink, and simulation results indicate that energy consumption can
be reduced by up to 18% compared to traditional continuous control methods.

The final section of the chapter presents a comparative analysis of the
efficiency of continuous versus intermittent HPU operation. It is found that under
intermittent control, the average indoor temperature remains within acceptable
limits, while the average temperature of the heat transfer fluid decreases—
reducing equipment load and extending its service life. Thus, the proposed control
algorithms provide an effective solution for optimizing the HPU’s energy
consumption in building heating systems.

The scientific novelty of the dissertation is summarized as follows:
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— Optimal values of the intermittent heating parameters for a house based on
the HPU, which enhance the energy efficiency of the heating control
system, have been identified and quantitatively evaluated.

— The control system for intermittent heating of a house based on the HPU
has been improved by accounting for the effects of external temperature,
direct water during low thermal load and preheating, as well as preheating
duration, thereby reducing the HPU’s energy consumption.

— Approaches to integrating analytical and neural network models within
MATLAB/Simulink have been refined by developing specialized
algorithms that significantly reduce computational time for simulating
dynamic processes in heating systems.

— The research has further advanced methods for investigating the impact of
the type of working fluid on HPU characteristics through the integration of
libraries for studying working fluid properties, which allows evaluation of
the effectiveness of new types of working fluids (including mixtures) on

the dynamic performance of the HPU.

The practical significance of the dissertation lies in the development of a
methodology for integrating the components of the heating system—the HPU,
the heating system, and the building—into a single comprehensive model; a
methodology for developing a neural model of the HPU that preserves the
accuracy of the analytical model while significantly reducing computation time,
thereby enabling its effective use for dynamic control; and the development of
intermittent control algorithms for HPU operation that minimize energy

consumption while ensuring a comfortable thermal regime in the building.
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Furthermore, the results of the work are applied in the educational process
of the Department of Automation of Energy Processes at the National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, as confirmed

by the appropriately formatted certification act.

Keywords: Heat pump system, automation, control systems, adaptive control,
optimal control, mathematical modeling, neural networks, machine learning,

energy efficiency, forecasting.
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HEPEJIIK YMOBHHUX ITIO3HAYEHb
THY - TermioHacoCHa yCTaHOBKA
HITHM - mry4yHa HEMPOHHA MEpEXka
COP (Coefficient of Performance) — xoedirieHT mepeTBOpeHHs
TEIUIOHACOCHOI YCTaHOBKU
PID-peryasitop — nponopiiifHo-1HTeTpalbHO- AU EPEHIIIHUN PEryIaTOp
MPC (Model Predictive Control) — MOJeIbHO-ITPOTHO3Y0YE KEPYBAHHS
LSTM (Long Short-Term Memory) — 10Brorprsajia KOpOTKO4acHa IaM sThb,
apXiTeKTypa HEHPOHHOT Mepexi
MATLAB/Simulink — nmporpamtue cepenoBuuie A1 MOACIIIOBAaHHS Ta
CUMYJISILIIT TMHAMIYHUX CUCTEM
CoolProp — 6i6m10TeKa 4151 pO3paxyHKy TEPMOJUHAMIYHUX BJIACTUBOCTEH
po0OOYMX TiJT
S-pynkuis (S-function) — kopuctyBaibka QyHKIIIS I PO3MIHUPEHHS
MoxmBocTer Simulink
MSE (Mean Squared Error) — cepeIHbOKBaIpaTUYHA TIOMUIIKA
Random Forest — anroputM MalmHHOr0 HaBYaHHS Ha OCHOBI aHCAMOJIIO JIepeB
pilIeHb
GridSearchCV — meTon onTuMi3aiiii rineprnapamMeTpiB MO/IeJi MalllMHHOTO
HABYaHHS
ON/OFF-peryiloBaHHSl — METOJ KEPYBaHHs, SIKUI MPaLIOE 33 TPUHLIUIIOM
YBIMKHEHHS/BUMKHEHHSI
Simscape — 616;m0Teka MATLAB 1 pizuunoro MmoentoBaHHs
S-function MEX — crnioci6 inTerpartii C-koay B Simulink yepe3 mexaHi3zm
MEX-daiinis
IWEC (International Weather for Energy Calculations) — mixkanaponHi
NoTo HI (paiiiau 11 eHEPreTUYHUX PO3pPaxyHKIB
nZEB (Nearly Zero Energy Building) — 6yniBmni 3 maiike Hy1bOBUM

CHCPIrOCIIOKUBAHHAM
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DOE-2, BLAST — nporpamHi IpoAyKTH JJIsl EHEPTETUUHOTO MOJICIIFOBAHHS
OyIiBeIb

FEM (Finite Element Method) — MmeTo 1 CKIHUEHHUX €JIEMEHTIB

FVM (Finite Volume Method) — MeTo ckiHUeHHUX 00’ €MIB

EnergyPlus — nporpamue 3a0e3nedeHHs sl eHepreTHYHOro aHami3y Oy/1iBenb
DesignBuilder — rpadiunuii pegaktop Ayt CTBOpEHHS TeoMeTpii Oy iBIl y
EnergyPlus

HVAC (Heating, Ventilation, and Air Conditioning) — cuctema onajaeHHs,
BEHTWJISIIIIT Ta KOHIUIIIOHYBaHHS

DOE (Department of Energy, USA) — MinictepctBo enepretuku CIIA, sike
po3podmiio EnergyPlus
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BCTYII

OOrpyHTyBaHHS BUOOPY TEMU AOCTiIKEHHS

AKTyanbHICTh TUTaHb CHEPTrOS(PEKTUBHOCTI B CYUYaCHUX YMOBaX MOCTIHHO
3pocTae yepe3 30UTbIIEHHS BApTOCTI €HEPrOHOCIIB, OOMEKEHICTh MPUPOTHUX
pECYpCiB, a TaKOX E€KOJOrIYHI BUKJIMKHU, MOB’S3aHI 3 BUKUJAMU MAPHUKOBHX
ra3iB. bymiBmi 3anuimarOThCs OJHUM 13 HAWOUIBIINX CHOXKHWBAYiB TETUIOBOI
eHeprii: Ha o0O0IrpiB Ta KOHAMLIOHYBaHHA B 0aratboX KpaiHax TMpUIaaae
noHaimenie 40% 3araJlbHUX €HEproBUTpaT. 3 OrJisay Ha 1€, BIOCKOHAJICHHS
CHUCTEM ONajeHHsd, BeHTWIAlii Ta kouauuioHyBaHHs (OBiK), 3okpema i3
3actocyBaHHaM THY, € Bu3HayaJlbHUM YWMHHUKOM MiABUIICHHS 3arajbHOi
eneproedexktuBHocTi[2], [3], [4].

THY, sax oguH 13 HaWOUIBII MEPCHEKTUBHUX HAMNpsIMIB y raiysi
BIJTHOBJIIOBAHOI €HEPreTHKH, 3a0€3MeUyI0Th MOKIUBICTh 3HAYHOTO 3HUKEHHS
CTHOKMBAHHS MaJUBHO-EHEPTETUYHUX PECYPCIB 1 CIIPHUSIOTH MEPEXOAY A0 OLIbII
YUCTUX TEXHOJIOT1H TeruionocTayaHHs. YTiMm, caMi o co01 THY He rapanTyioTh
ONTUMAJILHOT €PEKTUBHOCTI, SIKIIO iXHsI poOOTa HE CKOOPJMHOBAHA 31 3SMIHHUMU
YyMOBaMH €KCIUTyaTalli Ta KOJMBAaHHSAMHU TEIUIOBOTO HABaHTaXXEHHS. oMy
BAXJIMBUM € PO3pOOJIEHHS CHUCTEMM KEPYBaHHs, IO JIa€ 3MOTY B PEXUMI
peaslbHOTO yacy ajaanTtyBaTH pexxumu pobotn THY no 30BHIMHIX (akTopiB
(30Kpema 3MiHM MOTOAM Ta rpadika BUKOpUCTAHHS OyAiBIIi) Ta BHYTPIIIHIX 3MIH
(cnenudika TerodizMUHUX BIACTUBOCTEN camoro o0’ekta)[5], [6].

3aBASIKM BIPOBAIKEHHIO aIalITUBHOI CUCTEMH KEpPYBaHHS BiTOYBa€ThCS
ONTUMI3allisl BUTPAT eJIEeKTPOCHEeprii mpu 30epexkeHHI KOMGOPTHOTO TETUIOBOTO
pexuMy npoTiaroM ao006u. OcoOIMBOTO 3HaUYCHHS 1€ HaOyBa€e sl KOMEPIIHHUX
Ta aJIMIHICTpaTUBHUX OyiBesb 3 (piKCOBaHUM poOOUMM TpadiKoM: KOJIU BACHD
HEOOX1THO MIATPUMYBATH 3aJIaHUI TeMIIepaTypHU PiBEHb, a B HIYHUU TIEP10]

notpe6ba B KOMMOPTHIA TeMmeparypi 3HIDKYETbCS. BiamoBigHO, 1CHYE
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MOXKJIMBICTh TIEPEXO0Jy Ha 3HIDKEHI TeMIlepaTypHi1 YCTaBKH, IO 3a0e3nedye
CYTT€EBY €KOHOMIIO eHeprii[7], [8].

[Ipote, mpocTe 3HUKEHHS TEMIIEPATypH BHOY1 0€3 ypaxyBaHHS TUHAMIKU
OynmiBiAl Ta CKJIQJAHUX TEPEeXiJHUX TMPOLECIB MOXKE IMPU3BECTH [0
HEKOHTPOJIbOBAaHUX BTPAT TEIUIa UM, HABIAKHU, 10 HAIMIPHUX BUTPAT Ha PO3ITpiB
npuMilieHHs BpaHill. OKpiM TOTo, B OYIIBJISIX 31 3HAYHOIO TEIJIOBOIO 1HEPTHICTIO
MOTPiOCH HAJIGKHUN PO3paXyHOK Yacy Ta TMOTYXKHOCTI JJIsl BiJHOBJIEHHS
KOM(OPTHOT TemmepaTypu Ha MOYATOK POOOYOro AHS. TaKMM YWHOM, MOCTAE
3aBAaHHS pO3pOOUTH aITOPUTMH 1 METOAU, IO AaBTOMATU3YIOTh MPOLEC
BU3HAYCHHS ONTHMAJIBHOI HIYHOI YCTaBKM TEMIIEpaTypd Ta TPHUBAJIOCTI
NepeyCKOBOr0 PO3IrpiBY, OPIEHTYIOUNUCHh HA TapaHTOBaHY FOTOBHICTH OYIiBII
710 eKCIUTyaTallii y Bu3HaueHut yac (Hanpukiaf, 1o 8:00 pauky)[9], [10], [11].

binpuricTs icHytounx cucteM kepyBanas THY peanizyrors abo ¢ikcoBaHi
rpadiku TEMIIEpATypPHUX YCTABOK, a00 OOMEXYIOThCS JIMIIE «JICHHUM/HIYHUM)Y
pexxuMoMm 0e3 AomaTKoBuX anantaiiil. lle mpu3BoauTH A0 HEZOCTATHHOTO
BpaxyBaHHs peajbHUX YMOB €KCIUTyarallii, HACJIJKOM 4YOTO € HEBUIIPaBJaHI
MEPEBUTPATH €HEPrii ad0 HeIOTpUMaHHs TeMreparypHoro kompopty[12], [13],
[14]. Came ToMy po3p0o0JIeHHST OaraTope>kKMMHOI CHCTEMH, 110 3a0€3Mevye:

1. HomiHanpHUI peXUM MiATPUMaHHS KOM(OPTY BIPOIOBK POOOUMX
TOJIVH.

2. 3HIDKEHUH PEeXUM - y HIYHMHA a0o 1HIIMI HepoOouui mepioj, KOJIu
JIOIYCTUMUI MEHILIUNA PIBEHb TEMIIEPATYyPH.

3. Pexxum posirpiBy - KOpPOTKOYACHE MiJBHIIEHHS MOTY>KHOCTI Tepen
OYaTKOM poOOYOTo JHS JUIS BITHOBJICHHS MOTPIOHOI TeMmepaTypH.

— € aKTyaJIbHUM 3 HayKOBOI'O Ta MPaAKTUYHOTO MOTJISIY.

KpiMm TOrO, BpaxyBaHHS OWHAMIYHMX XapaKTEPUCTUK OY[iBII BUMAarae
CTBOPEHHS  BIAMOBIIHUX MaTeMAaTHYHUX MOJEJIEH 1 aJropuTMmiB, IO
J03BOJSITUME TOYHO PO3PAXOBYBATH MOMEHT TMEPEXOy Ha 3HWIKEHUU DPEKUM,

BEIIMYMHY HIYHOI YCTaBKM, a TaKOX Yac HEOOXITTHOTO BHUIICPEDKCHHS IS
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posirpiBy Bpanui. Bci mi Qaktopu nexxarb B OCHOBI aJalTHBHOI CTparerii
KEpyBaHHS, SIKa Ma€ OyTH THYYKOIO 1 3/IJaTHOIO IIBUIKO pearyBaTh Ha 3MIHU
30BHINIHIX Ta BHYTpiHIX yMoB[15], [16].

Taka  MomenpHO-Opi€EHTOBaHa  CHCTeMa  KepyBaHHA  3abe3mnedye
MiJBUIICHHS 3arajibHOi EHEpProeeKTUBHOCTI Ta TMPOJOBKEHHSI TEPMiHY
eKCIUTyaTallii 00JaJHaHHS 3aB/ISIKM 3MEHIIICHHIO YaCTOTH BUCOKOHABAHTAXKEHUX
NepexigHUX peKuMiB. BoHa Takoxk CIIpHsie 3HIKEHHIO €KCIUTyaTalliiHUX BUTpAT
1 BIAMOBIIHOMY CKOPOUYEHHIO BUKHJIIB MAPHUKOBUX Ta3iB. B ymoBax cyuyacHHX
SHepreTHYHUX KPU3 Ta Opi€HTAIli HA CTalWid PO3BUTOK II€ Ma€ CTpaTeriyHe
3HAYCHHS JIJIs Tary3i Terio3adesneuenns[17], [18], [19].

Otmxe, BUOIp TeMHM IHUCEpPTAIiiHOT POOOTH «ABTOMATH3allisl IPOIIECY
KepYBaHHS aJalTHBHOIO CHUCTEMOI0 TIEPEPUBYACTOTO TEII03a0e3MeUCHHS
OyauHKy Ha ©0a31 TEIUIOHACOCHOI YCTaHOBKW» 3YMOBJIGHHH HACTYIHUMU
(dhaxTopamu:

o HeoOXimHiCTh  MIABUIIEHHA  €HEProeeKTUBHOCTI B  CHUCTEMax
Terio3abe3neueHHs OyiBelib, 0 € KIUYOBOK 3a7a4ei0 JUIsl €KOHOMIKH
Ta EKOJIOrIi.

e [lepcneKTUBHICTH BUKOPUCTAHHS TEIJIOHACOCHUX TEXHOJIOTIH, K1 34aTHI
3MEHIIUTH 3aJIKHICTh B/l TPAIULIINHUX €HEPTOHOCIIB.

® [HTerpoBaHICTh 3 KOHIIEMIII€I0 pOo3yMHUX OyaiBens (Smart Buildings), ne
THYYKICTh Ta amantuBHICTE cucteM OBK wmaroTe QyHmamentanbhe
3HaYeHHS.

e HenocratHiii piBeHb PO3pOOKH €(PEKTHUBHUX aJaNTHBHUX aJITrOPUTMIB
KEpyBaHHS 3 ypaxXyBaHHSM PI3HUX PEKUMIB POOOTH MPOTITOM 00U
(neHHUM, HIYHUM, PO3ITPIB).

e HaykoBo-npakThyHa HOBU3HA y (POpMyBaHH1 Ta IEPEBIPIIl ANTOPUTMY, IO
0a3yeTbcs HA MaTeMaTHYHUX MOJEISAX TEIUIOBUX IPOIIECIB 1 Ja€ 3MOTY
3a3/lalerib BU3HAYAaTH ONTHUMAalbHI YCTaBKM Ta 4Yac NEPEXOoay MIK

peKUMaMHU.
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TakuM YWMHOM, Tema JAOCHIDKEHHS € aKTyaJlbHOK W Mae Ha MeTi
3alpoNOHYBAaTH KOMIUIEKCHE PO3B’S3aHHS 3aBAAHHS ONTHUMAJIbHOTO KEPyBaHHS
THY. 3aBasku 11bOMy MOXKHA JOCATTH ICTOTHOI €KOHOMIi €HEepropecypcis,
MIBULIUTH HAAIMHICTh TEIJIONOCTAaYaHHS ¥ MOKPAIIMTH YMOBHU IepeOyBaHHS
monen y Oy miBi.

Meta gocJiiazKeHHs

[TinBumeHHs eHepreTuyHOi €()eKTUBHOCTI TEII03a0e3NneyeHHs] Oy IUHKY
[UIIXOM YJIOCKOHAJICHHS] CHCTEMU KepyBaHHS IepepruBYaACTHM 00IrpiBoM Ha 6a3i
THY.

3aBIaHHS 10CJi/KEHHSA

JInst TOCATHEHHS BUIIE3a3HAYC€HOI METU HEOOXiJHO BHPIIIUTH HACTYIIHI
3aBAAaHHS JTOCIIIKESHHS:

® Amani3 iICHyI0YOi JiTepaTypHu Ta BU3HAYCHHS HEBUPIIICHUX 3aBAaHb
e Po3pobieHHs Ta peamizaliis aHATITHYHOT MOJENl IS JTOCIIIKEHHS

AMHAMIYHUX pexumiB poootu THY.

e CTBOpeHHs Ta peanmizalis Ha 0a3zl po3poOJieHOT aHANITHYHOI MOJENI

HEHPOHHOI MOJIEJIl 3 METOO0 3MEHIIEHHS! MAIIMHHOTO Yacy pPO3pPaxyHKY.

e Iurerpamis HeilponHoi momemi THY B 3aranpHy MoOpenb CHCTEMHU

Terio3abe3neueHHs Oy IMHKY.

e Bu3HayeHHS Ta JOCHIIKCHHS BIUIMBY TapaMeTpiB IMEPEePUBUYACTOTO
00IrpiBy Ha eHepreTuyHy edexruBHicTh THY.
® Po03po0seHHs CUCTeMH KepyBaHHS NMEPEPUBYACTUM OOITPIBOM 3 METOIO

MiIBUIIEHHS eHepreTndHo1 edektuBHOCTI THY.

O0’eKT HocaiKeHHs

TexHonoriuyHuil mpoiiec nepepruBYaCTOro Tero3ade3neyeHHs Oy ANHKY.
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IIpeamer nociaigKeHHsE

MareMaTtryHi MOJIEIIi Ta CUCTEMHU KePyBaHHS MEPEPUBYACTHM OTAJICHHSIM
OynuHky Ha ocHoBl THY, cipsiMoBaHi Ha ONITUMI3aIIi0 YCTaBKU JIJISI 11 IBUILICHHS
e(eKTUBHOCTI poOOoTH, 3a0e3meueHHs] KOMGOPTHOTO TEMIEPATYPHOTO PEKUMY
Ta 3MEHIIICHHS] €HEPTOCTIOKUBAHHSI.

MeToau D0CaiZKeHHSA

[Ipu pocmimxkeHHI CcUCTEMH Teruio3abe3nedeHHs OyAiBmi Ha 0asl
THYBukopuctani METOAM CHCTEMHOTO aHami3y A BU3HAYEHHS OCHOBHHX
napaMeTpiB 1 YMOB pOOOTH CUCTEMH.

Matematnuna mozens THY mobynoBana Ha OCHOBI (yHIaMEHTAIbHUX
3aKOHIB TEIUIOOOMIHY Ta 30epekeHHs eHeprii. J[lns cTBopeHHs Mojen
3aCTOCOBaH1 METO/IM aHATITUYHOTO MOJIEJIFOBAaHHS 3 BpaXyBaHHSIM BJIaCTUBOCTEN
poOOUMX T 1 XapaKTEPUCTUK MPOLECIB TEINIOOOMIHY.

Meroau MaliMHHOTO HaBYaHHS, 30KpeMa HEMPOHH1 Mepexi, BUKOPUCTaHI
st mooynoBu mozeni THY, sika 3a6e3nedye ToOUHICTh 1 MIBUAKOII0. IMiTaltiiine
MOJIEJIIOBaHHS peai30BaHE B YHIBEPCAILHOMY CEPEIOBUII MOJIETIOBaHHS, 1110
JI03BOJIIE 1HTErPYBAaTH PI3HI MIAXOAU 1 METOAM JUIsl JOCHIKEHHS poOoTH
CUCTEMH.

JIyist aHani3y 3aKOHOMIPHOCTEH BIUIMBY 4acy J00H, TEMIEPATypH MPsSMOi
BOJM Ta IHIIUX TapaMeTPiB 3aCTOCOBAHO METOJIM CTATUCTUYHOTO aHami3y 1
MPOTHO3YBaHHS, 110 103BOJIMJIO ONTUMI3yBaTH pexxuMu kepyBanHs THY.

HaykoBa HOBH3Ha OTPUMAHUX Pe3yJbTATiB:

1. Brnepiie BusiBIEHO 1 KUTBKICHO OI[IHEHO ONTUMAaJIbHI 3HAYSHHS TapaMeTpiB
nepepuByacToro oo0irpiey OyaunHky Ha 6a3i THY, saxi 3abe3neuyroTh
MiBULIECHHS. ~ €HEPreTMYyHoi  e€(PEeKTUBHOCTI  CUCTEMHU  KEpyBaHHS
Ter03ade3neyeHHsIM.

2. YI0CKOHAJIEHO CUCTEMY KepyBaHHS MEepEepUBUYACTHM OOIrpiBOM OYIAUHKY
Ha ©0a31 THY, sxa BpaxoBye BIUIUB TEMIEPATypU 30BHIIIHBOTO

ccpcaoBuiia, HpHMOI BOAM B  YMOBAax 3HHXCHOI'O  TCIIJIOBOIO
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HaBaHTaXEHHs, MPSMOI BOJIU B yMOBaX pO3IrpiBy, a TAaKOXK 4acy po3irpiBy
1 Ja€ MOXJIMBICTh 3HU3UTHU CIIOKUBaHHS enekTpoeneprii THY.

3. ViockoHaIeHO WIAXOAW A0 IHTErpamii aHaJTHYHUX Ta HEUPOHHHUX
mozeneit y cepenosuiii MATLAB/Simulink 3a paxyHok po3poOieHHs
CHeIlaJTbHUX AJITOPUTMIB, IO CYTTEBO 3MEHIIMIO 3aTPAaTH MAITUHHOTO
qacy JIs IMITaliifHOTO MOJIeJTFOBAHHS JTUHAMIYHHUX MPOIIECIB y CUCTEMaX
TEeI103a0e3MeUeHHS.

4. Jlictanu mMoAasbIIOro PO3BUTKY MIAXOAMU 10 AOCTIIKEHHS BIUIUBY THITY
pobouoro Tijia Ha xapakTepucTukd THY 3a paxyHok iHTerpaiii 610110Tek
3 JIOCHIJDKEHHS BIIACTUBOCTEN poOoumx Tim B mozem THY, mo mamo
MOXJIMBICTh OIIIHIOBAaTH €()eKTUBHICTh 3aCTOCYBaHHS HOBHUX THIIIB

pobounx T (30KpeMa cyMiliei) Ha TMHaMIuHy Xapaktepuctuku THY.

Oco0ucTuii BHeCOK 3100yBaua
3m00yBa4  CaMOCTIHHO TMpoOaHaTi3yBaB OCOOJHMBOCTI MOJCITIOBAHHS
TEIUIOBUX MPOIIECIB Y CUCTEMAaX TeII03a0e3neueHHs 3 BAKOPUCTAHHSIM TETUIOBUX
HACOCIB Ta PO3IMVITHYB MOJKJIMBOCTI 3aCTOCYBaHHS METOJIB ONTHUMI3aIil s
MiBUIICHHA €HEeproe()eKTUBHOCTI CHUCTEM OMAaJIeHHS, BPaxOBYIOYHM 3MiHHI
peXUMH poOOTH Ta crieludiky cydacHUX Oy/1BeJIb.
3100yBa4 chopMyITFOBAB METY Ta 3aBIaHHS JOCIIIIKEHHS.
B omy0OnikoBaHMX HAyKOBHX TMpalsX 31 CIIBaBTOpaMH OCOOMCTO
3100yBavy HajaekaTh TaKli BHECKHU:
e Po3pobnennss Ta iHTerpauis HedponHoi mozaeni THVYy cepenosuie
MATLAB Simulink myist MogentoBaHHsI cUCTeMHU onajieHHst 0yaiBmi[20],
[21], [22], [23].
e OOrpyHTyBaHHS JOLIIBHOCTI 3aCTOCYBaHHS aJIrOPUTMIB 1HTEPBaJIHLHOTO
yOopaBiiHHS JJig  onTumizamii po6otu THY 13 meToro 3meHIIeHHS

CTHIOKMBAHHS €JIEKTPOCHEPTil MiJl Yac HIYHOTO PEXUMY.
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e Po3po06ieHHs Ta peaizallisi METOAUKHA MOJICIIFOBAHHS TEIIJIOBUX ITPOIIECIB
OyaiBial 3 ypaxyBaHHSM BIUIMBY 30BHIIIHIX (aKTOpiB (TeMrepaTypu
HABKOJIMIITHBOTO CEPE0BUIIA, COHSIYHOT paaiallii).

e Po3po06ieHHs MiIxXoaiB A0 OIiHKU edekTuBHOCTI podotu THY 3a pizHuMH
IITOpUTMaMH yIPABIIiHHS Ta aHaJ13 OTPUMAHUX PE3YJIbTATIB 3 TOUKH 30py
eHepro3oepekeHHss Ta 3a0e3neueHHs KOMQOPTHOrO MIKPOKIIMATy B
OyiBIIL.

Anpo0auisa martepiaJjiB aucepramii
PesynpTatt gocmimkeHb aucepTallii BUCBITIIOBATIKMCS HAa HACTYITHHUX
KOH(EepeH1isIX, KOHTpecax, CUMIIO31yMax, CeMiHapax 1 MIKojax:

e XXI MixHapoaHili HAYKOBO-TIPAKTUYHIM KOH(EPEHIi MOJIOIUX
y4eHHUX 1 CTyJIeHTIB «CydacHi Mpo0OJieMH HAyKOBOTO 3a0€3MeUCHHS
eHepretuku» (23-26 kBitHa 2024 p., m. Kuis, KIII im. Irops
Cikopcrkoro), Tom 2, c. 18-20.

e X MixHapoaHI HAYKOBO-MPAKTHUHIA KOH(MEpEeHIT MOI0AnX
YYEHUX, aCHIPaHTIB 1 CTYJIEHTIB «ABTOMATHU3allisl Ta KOMIT FOTEPHO-
iHTerpoBaHni TexHoJsorii — 2024» (16 tpasus 2024 p., m. Kuig, KIII
im. Iropst Cikopcrkoro), c. 85-87.

e XXI MixHapoaHili HAYKOBO-TIPAKTUYHIM KOH(EPEHIi MOJIOIUX
y4eHuX 1 cTyeHTiB «CydacHi mpoOIeMu HaAyKOBOTO 3a0e3MeueHHs
eHepretuku» (25-28 kBitHa 2023 p., m. Kuis, KIII im. Irops
CikopceKkoro), ToM 2, c. 4-5.

e X MixHapoaHI HAYKOBO-NMPAKTHUHIA KOH(MEpEeHIT MOI0ANuX
y4EeHUX, acIipaHTiB i ctyaeHTiB «Modeling, control and information
technologies — 2024» (2024 p., M. Kuis, KIII im. Irops
Cikopcpkoro), c. 83-85.

Crpykrypa nuceprauii
Jucepraliisi CKIala€eTbCsl 13 BCTYIYy, 5 pO3ALUIIB, BUCHOBKY Ta CIHUCKY

BHKOPUCTAHUX ZKCPCII.
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OO0csar nucepramii

3aranpHu 00csr aucepTalii ckianae 172 cTopiHkax, 3 HUX OCHOBHUMN
TEKCT po0OTH BUKJIAJEHO Ha 121 cTopiHKaX APYKOBAHOTO TEKCTY, Y TOMY YMCII
36 pucyHkiB, 9 Tabnuipe Ta 24 dopmyn. Y CHUCKY BUKOPUCTAHHUX JKEpEN
MIPEACTABIECHO 87 JHKEpell.

Jucepraliisi CKIAga€eThCs 13 BCTYIy, S5 PO3MILIIB, BHCHOBKY, CIIUCKY
BUKOPHUCTAHUX JIKEPET Ta JOJATKIB.

3B’A30K po0OTHM 3 HAYKOBMMM NpOrpaMamMi, IUIAHAMH, TeMaMH,
rpaHTamMM

Huceprariiitna po6oTta Oysia BUKOHAHA B paMKaX HAYKOBO-T€XHIYHOI
poOOTH 3a JAep>KaBHUM 3aMOBJIEHHAM «Po3poOJieHHS 1HTENEeKTyalbHOI
HU3BKOTEMIIEPATYpHOi CHUCTEMU Teruio3abesneueHHss OyxaiBenb Ha 0asi
KOHJICHCAIIHHOT MOJyJIbHOI KoTenbHi» (Haka3 MOH VYkpainm Nel213 Bin
09.10.2023, nepxxaBHuii peectpamitnuit Homep 0123U104476).

IIpakTUYHe 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB

Po3pobnena Heiiponna wMozenr THY, iHTerpoBana y cepenoBHIIE
MATLAB Simulink, mo3Bosie 3Ha4HO MPUCKOPHUTH MPOIIEC MOJCITIOBAHHS Ta
JAOCHDKEHHSI JUHAMIYHUX XapaKTEPUCTUK CHCTEMU Ter103abe3neueHHs
Oy TiBII.

3anpornoHOBAaHO AJITOPUTM OMNTHUMI3allli 1IHTEPBAILHOTO YIPABIIHHSA, IO
3a0e3neuye 3MEHIICHHs CIoKMBaHHA enekTpoeHeprii THY mix wac HiyHOTrO
pexuMy, 30epirarour KoM(QOPTHUN MIKPOKJIIMAT Y IPUMIIICHHI.

Po3po6reni migxoau A0 MOJETIOBAHHS TEIUIOBUX MPOIECIB OyiBenb 3
ypaxyBaHHSAM 30BHIIIHIX BIUIUBIB J103BOJISIIOTH aJalITyBaTH CUCTEMY YIIPaBIiHHS
JUTSL PI3HUX KJIIIMATUYHUX YMOB, MiJBUIIYIOUH 11 YHIBEPCAIbHICTD.

3anmpornoHOBaHa MeETOJAMKAa OLIHKK eHeproedexktuBHocti THY 13
3aCTOCYBaHHSAM 1HTEPBAJIBHOTO YIPABIiHHSA MOYKE BUKOPHUCTOBYBATUCH IS
BUOOpY ONTHMAJbHUX PEXKHUMIB POOOTH CHCTEMH, 3MEHIIYIOYM BUTpAaTH HA

E€HEepropecypcH.
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PesynpTatn MOCHIIHDKEHHS CHOPUSTUMYTH 3HIDKCHHIO EKCIUTyaTalliiiHUX
BUTPAT, OKPAIICHHIO TOKA3HUKIB €HeProe()eKTUBHOCTI Ta 3MEHIIICHHIO BUKH/IIB
COz, 1110 € aKTyaJIbHUM JIJIsl Cy4YaCHUX CUCTEM TEI103a0e3MeUeHHS.

HanpampoBaHi maTepiain BUKOPHCTOBYIOTHCS B HABYAIBHOMY MPOIIECI
Kadenapu aBTOMaTH3aIlli €HEPreTUYHUX MpoIeciB HarioHambHOTO TEXHIYHOTO
yHiBepcuTeTy VYKpainun «KuiBChbKUH TMOMITEXHIYHUM 1HCTUTYT i1MeH1 Irops
CikOpChKOTOY» JIJIs HABYAHHS CTY/ICHTIB METO/IaM MOJICTIOBAHHS Ta ONTHUMI3arlii

TETJIOBUX MPOIIECIB.
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Po3ain 1. AHAJITHYHHI OTJISII CHCTEM TeI103a0e3neuyeHHs Ta

MeTO/IB iX yIpaBJIiHHA

1.1. CyuacHi TenaeHIi y cdepi Teriozadbe3neueHHs

Eneprernuna e(eKTHUBHICTh Ta CKOPOUYEHHS BUKH/I1B BYTJIEKUCIIOTO ra3y €
OJTHUMHU 3 KJIIOYOBHUX MPIOPUTETIB Cy4aCHOI EHEPreTHKU. 3POCTaHHS IiH Ha
€HEProHOCii, BAMOTY €KOJIOTTYHOTO 3aKOHOJJABCTBA, a TAKOK MI>KHAPO/IHI YTOJIU
110710 00pOTHOU 31 3MIHOIO KIIMaTy CTUMYJIIOIOTH PO3BUTOK €HEProe(heKTUBHUX
TEXHOJIOT1H y cdepi Teruonocrtayanus. Cepea HUX TEXHOJOTIH BaKJIMBE MiCIle
zaitmarote THY,  saxi  3abesneuyioTh  epeKkTMBHE  BUKOPHUCTaHHS
HU3BKOMIOTEHITIITHOT TeTIOBOT €Heprii HAaBKOJUITHLOTO cepenoBuial24], [25].

VY 611bIIOCTI KpaiH CBITY CEKTOP >KMTIIOBOTO Ta KOMEPIIMHOTO OIajIeHHS
CTAHOBUTh 3HAYHy YACTUHY C€HEPrOCIOXUBAaHHS. TpajMiliiiHi cUCTEMU
TEIUIONOCTAYaHHs, [0 NPaLoTh HAa BUKOMHOMY NaiuBl (ras, BYTrULIsf),
CYNpPOBOXKYIOTbCSI 3HAYHUMU BHUKUJAMU TMAPHUKOBUX Ta3iB 1 BHUCOKUMU
eKCIUTyaTaliiHUMH BUTpaTaMu[26].

OCHOBHUMU BUKJIMKAMHU €:

e 3pocTaHHs eHepreTMYHMX BuTpaT: IlocTiiHe NIABUINEHHS I[iH Ha
€HEeproHOCii BUMarae BIPOBAKEHHsI O1IbIII €EKOHOMIYHUX TEXHOJIOTIH.

e FExosoriudi oOMexeHHsi: BUKOpUCTaHHS BUKOIHOIO IMajuBa CTBOPIOE
3HaYHE EKOJIOTIYHE HABAHTAXKEHHS, 110 OCOOJIUBO BIAYYTHO Yy BEIUKHUX
MiCTax.

e [lonut Ha eHeproedekTuBHI pimeHHs: CriokuBayl Bce O1IbIIE MParHyTh
3HWKYBaTH €HEPrOCMOXKUBAHHS Ta €KCIUTyaTalliliHi BUTPATH.

THY € cydacHOO BIANOBIAAI0 Ha BHUIE3a3HAYCHI BUKIUKU. BoHHM
OpaliolTh 332 MPUHLMIIOM TEPETBOPEHHS HU3bKOMOTEHIINHOI  eHeprii
HABKOJIMIIIHBOTO cepeAoBUIa (IPYHTY, BOAU UM MOBITPS) Y BUCOKOTIOTEHIIIIHY
TEIUIOBY E€HEprito, HEOOXITHY JJisi OOIrpiBy MPHUMIIICHb. 3aBASKH ILOMY,

koediuient tpanchopmanii THY (COP, Coefficient of Performance) 3nauno
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nepeBuIIye 1, 1Mo o3Hayae, M0 BOHU 3a0€3MeUy0Th 3HAYHO OIbIIE TEIIOBOI
eHeprii, HDK CHOXHUBaIOTh enekTpuuHoi (puc. 1.1). Jlng nopiBHAHHA
epextuBHOCTI THY 3 IHIIMMU TEXHOJOTIAIMH JOLIJIBHO BUKOPUCTOBYBATH

HacTynHy GopMyny koedimieHTa Tpanchopmaii[27], [28](1.1):

Qheat
CoP = (1.1)
Wel
ac:
Qhea — KIJIBKICTBb TeIJia, 10 reHEepYyEThCA YCTAHOBKOIO, KBT * roj,
Wel — CIIOKHMBdHA €JIEKTPHUYHA l'IOTy}KHiCTb, KBT * roa.
EdekTUBHICTb BOAAHUX HarpiBayis
B EdféicimeaicTb

EnekTpuyHuUin
BOAOHarpisay
Fasosuit
BOAOHarpisay
MpoToyHui

BOAOHarpisay

CoHAYHUMN
Harpisay

THY

Pucynok 1.1. I'padik nopiBasiaas epextuBHocTI THY 3 iHIIMMU
MeTOJaMHU OnajieHHsI[29]

3aBASKM BHCOKIM €(QEKTUBHOCTI Ta MOXKIMBOCTI BHUKOPHUCTOBYBAaTH
BIJIHOBJIOBaHY eHeprito, THY cTaioTh KI0UYOBUM €1EMEHTOM CyYaCHHUX CUCTEM

Te103a0€e3eYeHHS.



42

Po3zButok THY akTuBHO MIATPUMYETHCS Ha MIKHApPOJHOMY PIBHI uepes
BIIPOBA/KEHHS CTaHAAPTIB eHeproedekTuBHOCTI, Takux sK upextuBa €C 3
eHepretudyHoi edexktuBHOCTI OyaiBens (EPBD). V Garatbox kpaiHax iCHYIOTh
nmporpamMu cyocuaidi Ha BcTaHoBieHHS THY, ki CTUMyIIOIOTH mepexia Ha
eHeproomasHi Texaomorii[30].

B Vxkpaini, BignosigHo 10 Jlep:kaBHO1 mporpaMu eHeproedeKTUBHOCTI,
Bukopuctanud THY crae negani nonmymnspHimuM. Lle mosCHIOETbCS 3pOCTaHHAM
IIIH Ha Ta3, HEOOXIJHICTIO 3MEHIIEHHS 3aJeKHOCTI BiJ IMIIOPTHHUX
E€HepropecypciB Ta IHTETPaIE€l0 B MIKHAPOIHY €HEPreTUYHY CIiabHOTY([31].

le oaniero cyudacHoro TeHAeHuieo € iHTerpamis THY y «posymHi»
CUCTEMHU YIIPaBJIIHHS EHEPri€lo, AKl JT03BOJSIOTh ABTOMATUYHO PETYJIIOBATH
TeMIepaTypy B 3aJIe’KHOCTI BiJl 4acy J0OM, MPUCYTHOCTI JIOJIeH y MPUMIIIECHH1
abo 3miH 30BHImHIX yMOB (Puc. 1.2.). [HTepBanbHUII KOHTPOJb, SIK OAUH 13
miaxoaiB o onrtumizaiii podotu THY, mae 3Mory 3HMXKYBaTH CIOXKHWBaHHS

eHeprii B HIYHUN yac 1 3a0e3medyBaTd TEIUIOBUN KOM(OPT y roaunu mik[32],

[33].

PoswwpiosansHuii
Gak. Boiinep 300n.

PVT moaynb

N

Tennoakymyaarop 300 n.

NIML TV1IOId

1

1

1

1

OnanexHa nopa4a 1

> 1

.

OnaneHHs 380POTHA BOAA -----
,

N N - ————

@

MOHITOPUHT Y peanbHomy yaci Meuwkateus

——

THY Tuny
"Mosirpa-Bopa”

Pucynok 1.2. Cxema iaTerparii THY y cucremy po3ymHoro Oyauuky|[32]

THY € inHOBaLIWHUM pillIeHHSIM Y cdepi TEIUIONoCTayaHHsl, 10 T03BOJISIE
OJIHOYACHO BHUPIIIYBAaTH €KOJIOT1YHI, €KOHOMIUHI Ta €HEPreTUYHI BUKJIUKH. [X

IITUPOKE 3aCTOCYBAHHS € KIIOUEM 0 JOCATHEHHS IUJIEH CTajJoro PO3BUTKY B
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eHepreTulli. 3aBIsKU BIPOBAIKEHHIO CyJaCHUX TEXHOJOT1H yIpaBIiHHS, TaKUX
AK 1HTepBaJbHUN KOHTpoJb, THY 3a0e3neuyioTs MakcUMallbHy €()EeKTHBHICTD
pobOTH cHCTeM Teruio3abe3neueHHs, Mo POOUTh iX OCHOBHMM HAaIPSIMOM

PO3BUTKY Y IiH Tamy3i.

1.2 OcobmuBocti THY y cucremax Temnozabe3nedeHHs

THY € TtexHonorielo, ska J03BOJsiE €(EKTUBHO BUKOPHUCTOBYBATH
HU3BKOIMOTEHIIIHY TEIUIOBY €HErpil0 3 HaBKOJMIIHBOTO CepenoBuila (TPyHT,
MOBITPS, BOJAA) MAJSl OMAJCHHS MPHUMIIIEHb, Taps4oro BOJONOCTAa4YaHHS alo
OXOJIOJKEHHSI.

OcHoBuuii npuniun podotn THY 6a3yerscsi Ha BUKOPUCTAHHI LIUKITY
KapHo, B Mexax £KOro TeIUIO MEPEHOCHUTHCS BiJ JDPKepela 3 HU3BKOIO
TEMIepaTypolo 10 cepefoBuina 3 Buiow Temmneparyporo (Puc. 1.3). Lle
JOCATAEThCSL 32 PAXyHOK POOOTH KOMIPECIHHOTO UUKIY B BUKOPHCTAHHSA

X0JIOJI0AreHTY, 110 3MIHIOE CBil arperaTHUil CTaH y mnpoiieci poootu[34].

u‘atfr in Q outT water,out

air,out 1 ar,m
Qin

Pucynox 1.3. Cxema THY i3 3a3naueHHsIM
OCHOBHHUX KOMITIOHEHTIB: kKomnpecop - CM, Bunapuuk - EV, konaencarop

- CD, po3muproBaiibHuil kinanan - EXV
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ITponec pynkiionyBands THY ckinamgaeTbcst 3 HACTYMHUX €TalliB:

1. Y  BumapHUKy  HHM3BKONOTEHIIHE  TEIJIO  MepeaaeTbes
XOJIOJOAreHTY, 10 BUIIAPOBYETHCA 3 HU3BKOTO TUCKY.

2. Kommpecop  cTHCKae  XOJOJOAareHT,  MIJBUIIYIOYHM  HOro
TEMIEPATypy 1 TUCK.

3. YV KoHIeHcaTopi rapsyuil XOJOJI0areHT IMepeae TeIulo CUCTEMI
OnajeHHs

4. Yepe3 po3UIMPIOBAIBLHUNM KJIamaH XOJOJ0Aar€HT MOBEPTAETHCS 0

BI/IXiI[HOI‘O CTaHy, 3aBEPUIYIOYH UKIIL.

THY knacudikyroTbcs 32 TUIIOM JpKeperia Teria Ta CepeoBHINa, J10 SKOTO
nepenaerbes Terno. OCHOBHI TUIH BKITIOYAIOTh:

1. IoBiTps-Boga: BukopuCTOBY€e TEMJIOBY €HEPril0 30BHIIIHBOTO IMOBITPS
JUIsl HarpiBy BOJM, sKa IUPKYyJI0€ y cuctemi onaneHHs. el tun
XapaKTEPU3yEThCS TIPOCTOTOIO0 BCTAHOBJICHHS, aje HOro e(eKTHUBHICTH
3aJIeKUTh BiJl 30BHIIIHBOI TEMIIEPATYPHU.

2. Boma-Boja: BukopuctoBye Temio miA3eMHUX ab0 MOBEPXHEBUX BOJI.
Bucoka edexkTuBHICTh 3a0e3MmeuyeThcsi CTAOUIBPHOI TEMIIEPaTypOIO
JDKepena.

3. I'pynt-Boga: JxepenoM Teruia € TPYHT, TEIJIO SIKOTO MOTJIMHAETHCS Yepe3
reoTepMaibHi 30HAM ab0 KkonekTtopu. Lleit Tum 3abe3meuye cTabiibHY
€(eKTUBHICTh TPOTATOM POKY, aje BHUMAarae 3HAYHUX KamiTaJIbHUX
BKJIAJICHB JJIs1 OypIHHS CBEPJIOBHH.

Ak mokazaHo Ha Pucynky 1.4, cnoxkuBanus THY tuny «moBiTpsi-Boga» €
BUIIIUM y 000X BUIIAJKaX, 0co0MBO y Bunaaky 1, e cyBopiiin 30BHIIIHI \ YMOBH
3HWKYIOTh CE30HHUU KOEe(ILIEHT MPOAYKTUBHOCTI €1 CHCTEMH, L0 3MYIIYy€E
BUKOpUCTOBYBath Mojenb THY, 3maTtHy 3a0e3neduTd HEOOXITHMM MOTIK

30BHINIHKOTO MOBITPs[35].
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VY Bunanky 2 pi3HMIIS MK JBOMa CUCTEMaMH HE HACTUIBKU CYTTEBA, OCKUIBKU

KJIIMaTU4HI YMOBU Ta TEOJIOTIYHUN KOHTEKCT € M'SKIIMMH, IO 3MEHIIY€E

HAaBAHTAXEHHS HA CUCTEMY OmajieHH:[35].

[KWh]

5000

4000

3000

CiueHb Niotnin BepeseHb KsireHb TpaBeHb YepeeHb Junexs CepneHb BepeceHb ¥oeTteHb
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Pucynox 1.4. I'padik mopiBHSIHHS MICSYHOTO CIIOKUBAHHS PI3HUX

BapianTiB THY B pi3aux joxanisax|[35]

[Tpu 3actocyBanni THY y cucremax Temio3abe3nedeHHs BaKJIUBO

BpPaxOBYBaTH TaKl aCIIEKTH:

1. 3anexHicts Big 30BHIHIX yMoB: Hampuknaa, THY “nositps-Boai”

IeMOHCTPYI0Th 3HMKEHHSI COP 3a HU3bKUX 30BHILIHIX TEMIEPaTyp, IO

MOXKC BUMAaraT BUKOPHUCTAHHA AOAAaTKOBUX IXKEPCII TCILIA.

2. HeoOxignHicTh perymsipHoro obOciyroByBanHs: Cucrema

ITIOBHMHHA

MEePIOUYHO TEPEBIPATUCS Il YHUKHEHHS BUTOKIB XOJOJOAareHTy Ta

3a0e3nedeHHs CTabUTLHOCTI pOOOTH KOMIIpPEcopa.
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3. Inrerpamnis B icHyroui cuctemu: Bceranonenns THY wmoke Bumaratu
MoOJIepHi3allli TeIIOBUX Mepex a00 BCTAaHOBIEHHS Oy(epHuX €eMHOCTEH

JUTs 30epiraHHs TETUIOBOI €HEprii.

OcobmuBicTio pobotn THY y cucremax Temnmo3a0e3neueHHs €
HEOOXIJHICTh BpaxXyBaHHA JAMHAMIYHMX 3MIH TEIUIOBOIO HAaBaHTaXEHHS,
3YMOBJICHUX TMOTOJAHMMH YMOBaMH a00 3MIHHUM TpagikoM CIOXUBaHHS.
OnTtumanehe ynpasninas THY moxe 3a0e3meunTi 3HaYHY €KOHOMIIO €Heprii,
10 OCOOJIMBO BaXKJIMBO TIiJ] 4aC HIYHOTO 3HIDKEHHS TeMIiepatypu abo B yMOBax
MKOBUX HABAHTAKCHb.

Hns  omucy B3aeMojlli  MIDK ~ TEMIIEpATypOI  30BHIINIHBOTO

cepenoBuia 1 notykHicTio THY BukopuctoByeThcs HacTymHe piBHSHHA (1.2)

(Puc. 1.5):
PTHY = f(TSOBH! anont) (12)

ae:
Pryy - motyxHicte THY;
T,opn - TEMIIEpATYpa 30BHINIHHOTO CEPEIOBUIIA;

Qcrosus - TETUIOBE HABAHTAKEHHSI CUCTEMH.
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—{— Datasheet COP
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COP

-10 -5 0 5 10 15 20
ambient [ C]

Pucynok 1.5. I'padik, mo imoctpye 3anexuicts COP nositpsinoro THY

B1JI TeMIIEpaTypy 30BHIIIHBOTO cepenoBuInal36]

OcHoBHuMu niepeBaramu THY e:
e Brucoka eHeproeeKTUBHICTh Ta 3HMKEHHS €KCILTyaTallliHUX BUTPAT;
e MiHiMaJIbHUN BIUIUB HA JOBKULIA,
e MOXIMBICTh IHTErpaIlil y pO3YMHI1 CUCTEMH YIIPaBIiHHS OYiBIICIO.
Henoniku BKIIIOYAIOTh:
e Bucoka BapTICTh MOYATKOBOTO BCTAHOBJICHHSA, OCOOJMBO THUMIB ‘“‘BOja-
BOoJIa” Ta “TpyHT-BOAA”;
e 3ajexHICTh €(EeKTUBHOCTI BiJl 30BHIIIHIX YMOB Ayia THY Tumy “nositpsi-
BoJIa” .
THY € OCHOBOIO Cy4YacHUX eHeproe(peKTUBHUX CHUCTEM
Temno3abe3neueH s, I1X BHCOKA e(eKTHBHICTh, T'HYUYKICTh i €KOJIOTIUHICTb
poOJIATH iX KJIOYOBUM KOMIIOHEHTOM Yy TEPEXOl JI0 CTAMX E€HEPreTUYHUX

cucteMm. OHak 175 3a06e3nedeHHs cTabuTbHOI Ta ePeKTUBHOT poOOTH HEOOX1THO
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BpaxoByBaTH cneludiky excruryarailii koxHoro tuy THY, a Takox anantyBaTu

NITOPUTM KEPYBAHHS M1 TWHAMIUHI PEKUMHU POOOTH CHCTEMHU.

1.3 MeToau Ta 3ac00M MOAEIIIOBAHHS CUCTEM TEINI03a0€3IeYEeHHS

MopenroBaHHSI CHUCTEM TeIUI03a0e3MeUeHHs] € BaXJIMBUM €TaloM ix
pO3pOOKH, aHAMI3y Ta ONTUMI3aIlli. 3aBIAKH MOJEISIM MOXHA MPOTHO3YBAaTU
MOBE/IIHKY CUCTEMH, OI[IHIOBATU €(PEKTUBHICTh PI3HUX QJITOPUTMIB YIIPABIIIHHS
Ta aHaji3yBaTH BIUIMB 30BHIMHIX (akTopiB. OCHOBHMMH MiAXOJaMHU [0
MOJICIIIOBAHHS ~ TEIUIOBUX  TPOIECIB € aHANTHYHUNA, YUCEIhHUN Ta
HEUPOMEPEKEBUN.

1. AnHamiTnuHui miaxig 0Oa3yerbcs Ha  MaTeMaTHYHUX — PIBHSHHAX
Terionepeaayi, TEPMOJAWMHAMIKK Ta TiapoauHamiku. BiH mo03Bosie
OTpUMATH TOYHI PIIICHHS, ajieé CTa€ OOMEKECHHM IS CKIAJHUX CHUCTEM
yepe3 HEeNIHIMHOCTI mporeciB Ta OaratodakTtopHicTh[37]. OcHOBHI
PIBHSIHHS, SIKI BAKOPUCTOBYIOTHCSI B aHATITUYHOMY IM1JIXO/1, BKIIFOYAIOTh:

a. PiBusuns temwmonepenayi (1.3):

o _ avr (1.3)
at =Qa .

ne T - Ttemmeparypa, @ - koediuieHT mposigHocTi, V?-

oneparop Jlannaca

b. bananc eneprii nig THY (1.4):
QCI/ICTeMa = QBI/IHapHI/IK + VVKOMIIpECOp' (14)

2. YucenpHuil miaxin 0a3yeTbCsi Ha BUKOPUCTAHHI TUCKPETH3AIlil PiIBHSIHbD,
0 OMUCYIOTh TEIIOBI Tporiecu. HalOiapn mommmpeHnMU METOIaMH €

MmetoA KinueBux pizHuilb (FDM), meton kinneBux enementiB (FEM) ta
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meron KiHueBux o0’emiB (FVM). Lleit miaxin 3a0e3nedye TOUYHICTh AJIS
CKJIQJIHUX CUCTEM, ajie TOTpeOy€e 3HAUYHUX 00U CITIOBAILHUX pecypciB[38].

3. HetipomepexeBuii miaxia 3aCTOCOBY€ETBCS ISl MOJIETIOBAaHHS HEIHIMHUX
3QJIEKHOCTEHN y cucTeMax, skl CKJIaJIHO omnucatu aHaimituuHo. s THY
BUKOpUCTOBYIOThCs IIIHM, siki HaBUaloTbCcs HAa pealbHUX MJAHUX 1
JT03BOJITIOTHCSI MOJICITIOBATH 3aJIEKHOCTI MIXK TTapaMeTpaMu cucteMu|[39].
MATLAB Simulink € ogaum 13 HaWMOTY>XHIIIMX 1HCTPYMEHTIB MJIst
MOJICJIFOBAHHS MHAMIYHUX CHCTeM. Moro CEPEIOBHUIIE JTO3BOJISIE CTBOPIOBATH
MOJIEJ1 TEIJIOBUX MPOIECIB, IHTETpyBaTH (p13MYHI KOMIIOHEHTH Ta Peali3oByBaTH

anroputmu ynpasminaa THY [40].

OcHOBHUMU TepeBaraMu BUkopucTanus Simulink e:
e Bigyamzamis Mozemi: KOMIOHEHTH CHCTEMH TpPEICTaBIEHI Y
BUTJISIII OJIOKIB, IO CIPOIIYE TOOYI0BY MOJACIICH.
e [urerpamis (i3MUHUX CUTHAMIB: MOXIUBICTh BUKOPHCTOBYBAaTH
010;110TeKH, TaK1 sIK Simscape, 1711 poOoTH 3 (13UIHUMU CUTHAJIAMHU.
e ['myukicth: InTerparis 3 moBoto mporpamyBanHsi MATLAB mis

CTBOpPEHHS KOPUCTYBAIIbKUX aJTOPUTMIB.

Y moaemoBanai THY B Simulink BuKopucTOBY€ThCSI B3a€MOIISI KITBKOX
nigcucteM (puc. 1.6):
e TermnoBe HaBaHTaXeHHs OyiBii: Bu3Hauae 3MIHHICTH TEIJIOBUX
noTped 3aJIeXKHO BiJl 30BHIITHBOI TEMIIEPATYPH.
e THY: Mopenb, sika BpaxoBye BCi OCHOBHI KoMmIoHeHTH THY
(BUNapHUK, KOHJEHCATOP, KOMITPECOP).
e (Cucrema ympaBliHHA: AJNTOPUTM ONTUMAJIBLHOTO YIIPaBIIHHS,

HaIlpUuKJIama, iHTepBaJIBHOFO KOHTPOJIXO.
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Pucynok 1.6. Cxema moneni cuctemu B cepenoBuiiiit MATLAB Simulink

JIist  TOYHOTO MOJIEIOBaHHS POOOTH CHUCTEMH TeII03a0e3meueHHs
BXJIMBO BPaxOBYBAaTH 30BHIIIHI (paKTOPH, Taki SK TeMmrepaTypa 30BHIIIHbOTO
noBITpA Ta coHsuHa pamiamia. Ll dakTopy BmIMBaOTh Ha TEIJIOBE
HaBaHTaxkeHHA OyxiBiai Ta edekTuBHICTE THY. Marematuuno 1e MoxHa

ormmcatu piBHsSHHIM (1.5) (puc. 1.7):

QHOTpe6 = f(TBOBH’ ICOH)' (15)

ae:
Quorpes — MOTpeda B TETwIi,
T,;05 — TEMIIEpATypa 30BHIIIHBOIO CEPEJOBHUINA,

I.on — IHTEHCUBHICTh COHSITYHOTO BUIPOMIHIOBaHHS.
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TemnepaTtypa ycTaBKU cUCTEMU
Tenno3abesneyeHHsA
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Temnepartypa ycraBky, °C
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TemnepaTypa oTO4yH4Oro cepegosuia, °C

[y
o

Pucynok 1.7. I'padika 3anexHOCTI TeMrnepaTypH NpsMOoi BOJIU BiJ
30BHILIHBOI TEMIIEPATYPHU

MopemntoBanus THY noBuHHO BpaxoByBaTH JMHAMIUHI PEXKUMHU ii pOOOTH,
30KpeMa 3MIHM TEMIIEpAaTypu 30BHIIIHBOTO TIOBITPS Ta IMEpIOAU IMKOBHUX
HAaBaHTAXKEHb. JIJIsI OTO cHCTeMa PO3MISNAETHCS Y BUTIISL MOCIITOBHOCTI
TETUIOBUX PEKUMIB.

ANTOPUTM MOJCIIOBAHHS JWHAMIYHUX PEXKHUMIB MOXXHA OIUCATH
HACTYITHUMU €Taramu:

e Po3paxyHOK TeIIoBHX MOTPeO OyiBIIl B KOKHUI YaCOBUN MOMEHT.
e Busnauyenns pobounx napamerpis THY.
e OriHka epeKTUBHOCTI pOOOTH CUCTEMHU 3a 3aJaHUMN MEPIOJI.

KoskeH i3 poO3rNIIHYTHX IIXOJIB Ma€ CBOi MepeBard Ta OOMEXEHHS.
AHaniTHUHUH miaxi] 3a0e3neuye BUCOKY TOUHICTD AJI MPOCTUX CUCTEM, TOJI SIK
YUCeIbHI METOU JI03BOJISIFOTh MOJIETIOBATH CKJIaJH1 0aratoakTOpHi MPOIECH.
HetipomepesxeBi mojeni eheKTHBHI TSl 3a7]a4 MPOTHO3YBAHHS Ta ONTHUMI3AIlI],
0COOJIMBO B YMOBaX 3MIHHUX PEKHUMIB POOOTH CUCTEMHU.

MeTtoau MOJIEIIOBAHHS € HEBIJ'€MHOI YaCTHUHOIO MPOLECY PO3POOKHU Ta
aHamizy cucteMm Teruo3abesneuenHss 3 THY. Buxopucranns MATLAB

Simulink, 3 ypaxyBaHHSAM 30BHIIIHIX BIUIUBIB Ta JUHAMIYHUX PEKUMIB pOOOTH,
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JI03BOJISIE CTBOPIOBATH THYYKI Ta €(PEKTUBHI MOJIEJI1, SIK1 BIAMOBIAAIOTh Cy4acCHUM
BUMOT'aM €HEProe(peKTUBHOCTI. 3aBASKU MOEAHAHHIO PI3HUX MIAXOJIB MOXKHA

JOCSITTH BUCOKOI TOYHOCTI MOJIETIOBaHHS Ta onTuMi3zailii podotu THY.

1.4. [linxoau no xkepyBanus THY

Edexrusne ynpapninas THY e BaxiuBuM 3aBaaHHsAM 111 3a0€31€UCHHS
ONTUMAJILHOI POOOTH cucTeMH Tersio3abe3neueHHs. ['onoBHa MeTa yHpaBiIiHHS
MoJIsSITa€ 'y JIOCATHEHHI HEOOXIHOTO PIBHA TeMIEpaTypHOro KomMdopTy 3
MIHIMQJIbHUMH BUTpatamu eHeprii. Lle nocsiraeTbcsi NUISXOM peryJaroBaHHS
pexxumiB THY 3anexxHo Bif 3MiH 30BHIIIHIX Ta BHYTPIIIHIX YMOB.

Kirouoni acniektu ynpasiinasg THY BkirodaroTs:

e OnTuUMI3aIlo TEMIIEPATYPHOTO PEXKUMY Ha BUXO/Il CUCTEMH;

e PerymoBaHHS MOTY>KHOCTI KOMIIpECOpa 3aJIEKHO Bl TEIUIOBOTO
HABaHTAXKEHHS;

® 3HWXKEHHS CHEProCMOKUBAHHA B MEPIOAM 3HIKEHOTO TEIUIOBOTO
HaBaHTaXeHHs (HIYHUM Yyac abo BIICYTHICTh JIFOJEH);

Ha crorosni icHye kinbka miaxoaiB yrpasiinas THY, koxeH 3 skux mae
cBOi mepeBarn Ta oOMexxkeHHsA. OCHOBHI MIAXOAM MOXKHa Kiacu(iKyBaTu
HACTYTHUM YHHOM:

e [IponopuiitHo-iHTerpanbHO-AU(epeHIIiiiHEe peryTIoBaHHS
[IId-perynaropu € TpaguLiMHUM MIiAXOJOM JO YIPABIIHHA
TEIJIOBUMU cucTeMaMmu. BoHu 3a0e3medyoTh TOYHE MiATPUMaHHS
3aJlaHO0i TeMIepaTypu NUIIXOM MOTOYHOTO BimxuieHHs (P),
iHTerpamii nomnepeaHii mommiok (I) Ta mporHo3yBaHHS 3MiHH
(D)[41]. Anroputm poOOTH pETyIATOpPA MOXKHA OMKMCATH PIBHSIHHIM
(1.6):

t de(t)
u(t) = Kpe(t) + Kif e(t)dt + K, T

o

(1.6)
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e:
e U(t) - ynpaBIsAIOYUN CUTHAT;
e ¢(t) - moMmika (pIBHUIA MDK 3aJaHOK0 Ta TOTOYHOIO
TEMIIEPATYypOIO);
e K,.K;, Kp - xoedinieHtn nponopuiiHoi, iHTerpaibHoi,

auQepeHLiaIbHOi CKIaJ0BUX.

Henoniku [TIJ[-perynaropiB BKIIOYAIOTh:

Hemniniitaicts 06’ exta kepyBanns - THY ta cuctema
TeT103a0€3MeUeHHSI YaCTO MAalOTh CYTTEBY HEJHIMHY TUHAMIKY,
30KpeMa uepe3 3MiHy (Di3UIHUX BIACTHUBOCTEH poOOYOro Tija,
YMOB 30BHIIIHBOTO CEPENOBHUILA, TOIIO, 110 MPU3BOAUTH JI0
noripueHHs epexktuBHocTi 111/ peryntoBanHs, HaTaITOBAHOIO 3a
JHEapr30BaHOI0 MOJIEIITIO;

BiacyTHicTh MeXaHi3My BpaxyBaHHs TEIUIOBOI 1HEPINT Oy iRl Ta
pi3HUX (paKTOpiB cepenoBuUIIa - 331 e(PeKTUBHOI poOOTH B
PEeXHUMI 3HIKEHOT YCTaBKU Ha HIY Ta MPOTPaMOBAHOTO PO3IrPiBY
Ha paHOK HEOOX1JHO OLIHIOBATH TEIJIOEMHICTh Oy 1B, IIBUJIKICTh
BTpAT Teria Ta nporuo3 noroau. [11J[-perynsatopu He BpaxoByIOTh
IIUX TTapaMeTpPiB Ta HE MOXKYTh “Tiepe10aunTy’’ BIUTUB 3aIi3HEHHS
HAKOMMYEHHS TeIJia B KOHCTPYKIIIAX Oy iBIl, 10 MPU3BOAUTH J0
CUCTEMAaTUYHOTO HEJOTPIBY a0 MeperpiBy MPUMIIIECHHS.
3pocCTaHHsl €HEPrOBUTPAT Yy pa3l HEMPaBUIBLHOTO HaTAIITyBaHHS -
[Ipu BincyTHOCTI KOPEKTHOI METOUKH 1eHTU(]IKAIllT TapaMeTpiB
[T I-perynstopa abo mpu iIrHoOpyBaHH1 crieliiKu HIYHOTO
PEXKUMY MOXKYTh BUHUKATH YaCTl YBIMKHEHHS/BUMKHEHHS
KOMITpecopa 4YM 1HII1 HeCTaO1IbH1 pexumu podoTH. Lle 3Hnxye

3arajibHy e(PeKTUBHICTh CUCTEMH, IT1JIBUIIYE MIBUIKICTh
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3HOIIYBaHHS 00J1aJHAHHS Ta MPU3BOAUTH JI0 3POCTAHHS

eKCIUTyaTalliiHIX BUTpAT.

e MopensHo-iporuosyroue yrpaniiHasa (Model Predictive Control, MPC)

MonensHo-niporuosytoue kepyBanHs (Model Predictive Control,
MPC) € cygacaum nigxoaom Ao ynpasiinas THY, skuii 6a3yeTbes Ha
BUKOPHUCTAHHI MaTEMaTUYHOT MOJIEJIl CUCTEMH JIJIsl TPOTHO3YBaHHS 11
MOBeiHKH B MaitOyTHhOMYy. OcHOBHA MeTa MPC — 3abe3neunTtu
ONTUMAaJIbHY POOOTY CUCTEMH B yMOBaxX 3MIHHUX 30BHIIIHIX 1
BHYTPINIHIX ()aKTOPIB, TAKUX K TEMIIEpaTypa HAaBKOJIHUIIIHHOTO
CEpEeIOBHUINA, TMHAMIKA TEIJIOBOTO HABAHTAKEHHS Ta OOMEKEHHS
noTyHocTi[42], [43].

OcnogH1 ocobiuBocTi MPC:

e [IpornosyBaHHs MailOyTHIX cTaHiB cuctemu: Ha ocHOBI
MaTEMaTUYHOI MOJIEJ] Ta MOTOYHUX JAHUX CUCTEMA MPOTHO3YE
MalOyTHI 3HaYEHHSI MapaMeTpiB (HApPUKIIA[, TEMIIepaTypH
TETUIOHOCIS).

e OnTuMizalis Kepyoyoro BIUTMBY: BUKOPUCTOBYETHCS 1IHOBA
GyHKITIS 1711 BU3HAYCHHS ONITUMAJIBHUX 3HaY€Hb KePYIOUnX
CUTHAJIIB HAa IEBHOMY T'OPU30HTI Yacy.

e Peanizailisi NpUHIMITY 3BOPOTHOTO 3B’ s13Ky: Ha KokHOMY Kpo1i
PO3paxXOBYETHCS ONTUMAIBHUN KEPYIOUUM BILUIUB, ajie
peani3yeThCs JIMILE NEPIINA eIEMEHT ONTUMAIbHOI TPAEKTOPI],
TICIISE YOTO AJITOPUTM TTOBTOPIOETHCS.

Mognens THY BimoOpakae ocCHOBHI (Di3U4YHI TMPOIECH, IO
B1/10YBaIOTHCSI B CUCTEMI: TETUIOOOMIH, EHEPrOCIIOKMBAHHS KOMIIpECopa,
3anmexHicTh  Koedimienta Tpancdopmartii (COP) Big 30BHINIHBOT
TeMrepatypu. Y 3arajbHOMY BHIJISJl JIWHAMIYHA MOJEIb CUCTEMHU

onucyetbes piBHAHHAMU (1.7, 1.8):

X1 = f Xk, Ug), (1.7)
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Vi = g (X, ug) (1.8)
ae:
® Xx; — CTaH CUCTeMU;
® U, — Kepyrui Aii;
® Yy, — BUXIJHI IapaMeTpU CUCTEMUY;
e f, g - HemiHINHI QYHKIIIT, [0 ONUCYIOTh TUHAMIKY CHCTEMU;
Ha ocHOB1 MOTOYHOTO CTaHy X}, Ta MPOTHO31B 3MiH 30BHIIIHIX
YMOB (TeMIIepaTypu 30BHINIHBOTO TOBITPS, TEIJIOBOTO HABAHTAXKCHHS )
OOYHUCITIOIOTHCS MOMKJIUBI MAlOyTHI CTaHU CHUCTEMH Xj 41, Xk42, - Xk+ N
1e N — TrOpu30HT MPOTHO3YBaHHH.
Jlnsi  BU3HAUYEHHS ONTHMAJIBHOTO KEPYIOUOTO  BIUIMBY
BUKOPHUCTOBYETHCS IUIHOBA (PYHKIIIS, KA MIHIMI3y€ €HEProCHOKUBAHHS

Ta BIAXWIEHHS TeMmeparypud Bia 3amaHoro 3HadyeHHs (1.9):

] = legzl(a(Tsaa(k) - Td)aKT(k))z + .BPTHY(k)Z)r (1.9)
T,a; (k) - 3anana Temmeparypa,
Tpaxr (k) - haxkTuuna Temneparypa;
Prpy (K)- TOTYXHICTH KOMITpECOpPa;
a, [ - BaroBl Koe(ili€HTH, 10 BHU3HAYAIOTH HPIOPUTETU MIXK
TEIJIOBUM KOM(OPTOM 1 eHeproe(eKTUBHICTIO.
3 oTpUMaHO1 TPAEKTOPIT KEPYIOUUX TIH Uy, U 41, - - - U+ BUKOHYETHCS
JIMIIE EPIIUI KPOK Uy, , MICIS YOTO MPOIEC MTOBTOPIOETHCA.
Ha ocHoBI 11b0r0 MOkHa c(hOpMYyBaTH HACTYIHUM CIIUCOK KITFOYOBHUX
nepesar MIIK y cucrema temno3abesneuenns Ha 6a3i THY:
e VYpaxyBaHHs AMHAMIYHUX 3MiH Ta MporHo3iB. MPC-perynstopu OyayoTh
MPOTHO3M MaOyTHIX 3MiH TeMIIepaTypH, HABAaHTAXKEHHS Ta 30BHINTHIX

dakTopiB, 110 Ja€ 3MOTY 3a3/1aJeri/lb pearyBaTi Ha MailOyTHI KOJIMBAHHS.
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e Omnrumizaliis 3 ypaxyBaHHsIM oOMexeHb. 3a nonomororo MPC moxHa
BpaxoBYBaTH KOHKPETH1 TEXHIYHI JIIMITH (MaKCUMaJbHA MOTYXHICTb
kommnpecopa THY, mBUAKICT 3MIHM TeMIIEpaTypH TOIO) Ta
3a0e31euyBaTi ONTUMATbHUNA KOMIIPOMIC MIXK IIBUJIKICTIO PO3ITPIBY,
KOM(pOPTOM 1 BUTpATaMU €HEPTii.

e 3MEHIICHHS NepenaiB 1 MKOBUX HABAHTAXXEHb. 3aB/ISIKU TITUOIIOMY
aHami3y 1 mependaveHH0 MalOyTHIX CTaHIB CHUCTEMa IJIABHO NIEPEXOAUTh
BiJl HIYHOTO PEKUMY IO PAHKOBOTO PO3ITpiBY, MIHIMI3YIOUH Pi3Ki
KOJIMBaHHS B poOOTI 001aTHAHHS.

CdopmoBaHuUii CIIMCOK HEJOJIIKIB Ta TOTCHIIIMHUX MOANbBIIIA MOKPAICHb:

e Bucoki BuMoru 10 oounciroBaibHUX pecypciB. Bukopucranns MPC-
PEryJIITOpIB BUMAarae rnepioguyHoro po3B’a3aHHs 3a]1a4 ONTUMI3AIlli B
peanbHOMY Yaci, 1Mo moTpedye MOTYKHOTO TPOTrPaMHO-aNapaTHOTO
3a0€3MeUeHHS.

e HeoOxigHiCcTh TOYHOT MaTeMaTUIHOI Mojeni. J[s edekTruBHOT poOOTH
MPC notpibHa agekBaTHa MOJieab cuctemu (quHamika THY, Termosi
BTpatu OyAiBii), a i moOy/10Ba Ta aKTyai3allisl BAMararoTh CyTTEBUX
3aTpar 4acy Ta pecypcis.

e CkJaJHICTh PO3TOPTAHHS Ta HANAIITYBaHHS. BripoBakeHHS CUCTEMU HA
6a31 MPC-perynaropiB yCKIaHIOETLCS Yepe3 OTpedy y
CHeIiaTi30BaHOMY MPOTPaMHOMY 3a0e3meueHH1 1 KBamihiKOBaHUX

(haxiBISIX 13 TEOPIi KEPYBaHHS Ta MOJICJFOBAHHS TETUIOBUX MPOIIECIB.

MojenbHO-TIPOrHO3YyI04€e KePYyBaHHS € MEPCHEKTUBHUM M1IX0I0M
no ynpasiainag THY, ske n03Bojsie 3a0e3MEUYUTH BHCOKWN PIBEHb
TEIUIOBOTO KOM(OPTY MNpU MiHIMAIbHUX BUTpATax e€Heprii. 3aBAsKu
IIPOTHO3YBAHHIO MaOyTHIX CTaHIB CUCTEMHU Ta ONITUMI3allli KEPYIOUUX J1i
MPC 3a6e3neuye aganraiio A0 3MIHHUX YMOB, 10 € KPUTUYHO BaXKJIMBUM

1 €(pEeKTUBHOI pOOOTH Cy4yaCHUX CHCTEM TETIONOCTaYaHHS.
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e JloriyHe Ta peneiiHe KepyBaHHS
I[li meTroam peami3yroThCs Yepe3 aBTOMAaTHUYHE BMHUKaHHA abo
BUMHKaHHS KommoHeHTiB THY mnpu JocsrHeHHI MHOpOTroBUX
3Ha4YeHb TEMIIEPaATyp, TUCKY YU BOJIOTOCTI[44]:

e J[BopiBHEBE peleiiHE KepyBaHHsS: KOMIIPECOp Mpaloe Ha
MOBHY MOTY>KHICTb J0 JOCATHEHHS 33JJaHUX YMOB 1 IOBHICTIO
BUKITIOUAETHCS MPH 1X MEPEBUILICHHI.

e PereiiHe KepyBaHHS Ha JEKUIbKAa PIBHIB: 3aCTOCOBYETHCS Y
BEIIMKMX CHCTEMax 13 KUIbKOMa KOMIIpecopamMu abo 3
M1ATPUMKOIO JEKUIBKOX PIBHIB MOTY>KHOCTI.

[Tonpu mpocToTy, peneitHe KepyBaHHS MOXKE MTPU3BOUTH JIO YACTUX
YBIMKHEHb/BUMKHEHb, 1[0 3HIDKYE pecypc oOnagHaHHS Ta

€KOHOMIYHY €(DEKTUBHICTD.

Takum yuHOM, He3BakarouuW Ha Te, o kiacuuHi [IIJ[-perynsropu i
HaJajal € OCHOBOIO cucTeM kepyBaHHs THY 3aBasku mpocToTi Ta HaAIMHOCTI,
BOHM YacTO JIEMOHCTPYIOTh OOMEXKEHYy THYYKICTh Yy pa3l CyTT€BUX 3MiH
30BHINIHIX 1 BHYTPIIIHIX yMOB. [HTENEKTyanbHI MIAXOAM — HEYITKa JIOTIKa,
HEHUPOHHI MEpeXl Ta eKCTpeMalibHE KePYBaHHA — JAl0Th 3MOTY IiJBUIIYBAaTU
TOYHICTb PETYJIOBAHHA 1 eHeproe()eKTUBHICTh, €()EKTUBHO pearytoun Ha 3MiHHI
peXUMHU HaBaHTaXXeHHs. HalOinbll NEepCrneKTHBHUM HANpPSIMOM PO3BUTKY
BBAJKAETHCSI KOMIUJIEKCHE TOEJIHAHHSA KJIACHYHUX 1 “pO3yMHHX’ METOAIB, LIO
J03BOJIUTh CTBOPUTU aJanTUBHI cuctemu kepyBanHs THY, onrumizoBaHi

OJIHOYACHO 3a KPUTEPIIMH HaAIHHOCTI, EHEPrOCTIOKUBAHHS Ta KOMDOPTY.



58

1.5 IlepcriekTHBY BIPOBAKEHHSI IEPEPUBYACTOTO 0OIrPIBY

3acTocyBaHHS MEpepuBYACTOro oOIrpiBy B cuctemax kepyBanHsa THY
CIIpSIMOBaHE Ha MIJBUIICHHS €HEProe(peKTHUBHOCTI y OYMIBIAX, J€ TEIUIOBUM
PEXKUM MPOTITOM J100M 3a3Ha€ CyTTEBUX 3MiH. CyTh TaKOro MiIX0ay MOJSTrae y
dbopMyBaHHI 3HMKEHOI TEMIIEPaTypHOi YCTaBKM HA HIYHHM MEpioj, KOIH Yy
MPUMIILICHH] HEMae€ JII0JIeH, Ta B 3aBUaCHOMY IE€pPEX0Jii 10 PEeKUMY PO3IrpiBY
Harepea0IHI PaHKOBOTO BHXOAY OOJIaHAHHS HAa HOMIHAJbHE HABAHTAYKCHHI.
[Ipu pomy 3 8-1 roauHU paHKy 10 3aBepiieHHs podoyoro aus THY mpaitoe B
pexumi  3a0e3nedeHHs KoMQopTHOI Temmneparypu. Hibkue posrisiHyTo
MEPCTIEKTUBH BIPOBAIKEHHS 1HTEPBAIBLHOTO KOHTPOJIIO, HABEIEHO CXEMY HOTro
peanizalii Ta 00IPYHTOBAHO JOIIBHICTh aIrOpUTMy (DOPMYBaHHS yCTaBKHU JIJIs
PID-perynstopal45].
3a3Buyail y OyAiBiIsIX aAMIHICTPATUBHOTO YU BUPOOHUYOTO MPU3HAYEHHS
npoTsroM HiyHUX ToauH (Hampukiana, 3 20:00 mo 8:00) He BUMaraerbcs
MiATPUMYyBaTH HOMIHAJIBHUHN piBEHb TeMIepaTypHoro komgoprty. Lle nae 3mory
3MEHIINUTH CIIOKUBAHHS €Heprii, 3HIKYIOUM YCTaBKY Ha JIeKlJIbKa IpajayciB, abo
HaBITh BUMHMKATHU YacTuHy o0sagHanus THY, k1o 1e 703BoIsie TEXHOJIOTTYHUI
pernament. OaHak noBHe BigkatodeHHs THY Moxe mpusBecTd 10 HAAMIPHOTO
OXOJIOJDKCHHSI MPUMIIIEHHS Ta TpUBaJoi (ha3u MpOrpiBy BpaHIll, 110, CBOEKO
4Yeproro, CIpUIMHSE MKOBI HABaHTAXKEHHS Ha cucteMy[45].
HatomicTh 1HTepBaJIbHUI KOHTPOJIb TMOKJIMKAHWA 30anaHcyBaTH Il
npotiecu (puc. 1.8):
e Hiynuii pexxuMm (3HWKEHA ycTaBKa): Y HIYHUN 4ac TeMmmeparypa
1oJiayl TEIUIOHOCISt 3HUKYETHCS 10 ONTUMAJIBLHOTO 3HAYEHHS, IO
JI03BOJISIE MIHIMI3yBaTH BUTPATH €HEPT1i.
e PexuM paHKOBOTO po3irpiBy: 3a MEBHUI Yac /10 MOYaTKy poOOYOro
mas THY mepexoauTh y pekuM MiJBUIIEHOT MOTY>KHOCTI st

nocsirHeHHst KoM opTHOI TemmepaTypu a0 8:00.
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e JleHHuil pexuM (HOMIHAJIBHUU piBeHb Komdopry): Cucrema
KEepyBaHHsI yTPUMYE LIJTbOBY TEMIEpPaTypy Ha piBHi, KOM(OPTHOMY
JUTs IepeOyBaHHs JTH0IeH yrpo10Bk podoyoro aHs (3 8:00 go 20:00

a00 1HIIIOr0 MEePio 1y aKTUBHOT'O BUKOPUCTAHHS Oy IIBII) .

NonepegHin
posirpis

R R e s e e e L S

HomiHanbHuit
pexum

3HMKEeHa
ycraeka

Temneparypa B npumiweHHi, °C

Yac, rog.
Pucynoxk 1.8. I'padik 1o60Boro TemrneparypHoro rpadika poOoTH

CHUCTEMHU 3 NMO3HAYEHHSM HIYHOTO PEXHUMY, PO3ITPIBY Ta AEHHOTO PEXKUMY

Knacuunuit PID-perynsarop miarpumye mnapaMmerp (TeMmreparypy) Ha
OCHOBI (PIKCOBAHOTO 3HAYEHHS YCTaBKH, pearyroud Ha BIAXWICHHS (aKTUIHOL
TEMIEpaTypu BiA 3aAaHoi. Y pa3l IHTEPBAILHOTO KOHTPOJIO MPOMOHYETHCS
JMHAMIYHa 3MiHA [BOTO IIJILOBOIO 3HAYEHHS 3TiAHO 3 rpadikoM J1000BOTO
nUKIy. THUMOBa 3alieKHICTh YCTaBKM BIJI Yacy J0OM MOXE ONHCYBAaTUCA

dyukiiero (1.10):
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Tnight' t € [tnightstart' tpreheatstart ﬁ‘amp (t)
Tset(t) = ﬁ‘amp (t) t € [tpreheatstart' tdaystart Tday' (1-10)
TdaY’ t € [tdaYStart’ tnightstart

Jc:

Thignt — 3HWIKEHA TeMIIEpATypa yCTaBKH [iJIs1 HIYHOTO Tepiofy;
Tgay — MeHHUH (HOMiHa/IbHUI) TEMJIOBUM PEKUM;
thight—star ~— YaC MOYATKY HIYHOTO PEKHUMY;

tpreheat—start — 4aC MOYATKY (BUIIEPE/PKEHHS) PO3IrpiBy;

tday-start — YacIepexoAy Ji0 JEHHOTO PEeXXUMY;
Tprenear — TEMIIEPATYPA YCTABKH B PEXKUMI PO3irpiBy;

Jlo mepeBar nepepruBYacToro o0irpiBy MoKHa BITHECTH HACTYTIHE:

e [linBuiieHHs eHeproeeKTUBHOCTI - 3HIKEHHS TEMITEpaTypH BHOY1
3MEHIIy€ BUTPATH €JIEKTPOEHEPrii, TO/1 SIK CBOEUACHUI HArpiB Jae
3MOTy He TiepeBaHTaxyBaTd THY B mikoBi MOMEHTH.

e ['HyuYKiCTb HaJjalITyBaHHSI - TMEpPEepUBYACTHI OOIrpiB MOXKHA
Y3TOJUTH 13 3MIHHUM PO3KJIaJIOM BUKOPUCTaHHS Oy[iBii (BUXI1IHI
JTH1, CBSITA).

e 30ecpekeHHS KOMGPOPTHUX YMOB - TPABWIBHO OOYHCICHHM dYac
MOYaTKy PO3IrpIBY Ja€ 3MOTY JIOCSATTH 3aJaHOi TEMIIEpaTypu came

JI0 TIOYaTKy nepeOyBaHHs JI0JIeH y Oy aiBil.

CyTTeBUM OOMEXKEHHSM, SIKE HEOOXIHO BpaxyBaTh i 3a0e3MeueHHS
TEMIIEPATypPHOTO KOMGOPTY 1€ 1HEPLIHHIM CUCTEMH ONajeHHsa Ta OyAMHKY. 3a
BEJIMKOI TEIIOBOI 1HEpIi OyIiBIl MOXE TpaIUITHCh HEAOrpiB abo Meperpis,
SKIIIO 1€ He BPaXOBaHO aJlTOPUTMOM KEPYBaHHHI.

[HTepBaNbHUIT  KOHTPOJb € €(QEKTUBHUM IMIIXOJO0M  IIiIBUIIEHHS

aJanTUBHOCTI KIIACUYHUX CUCTEM KepyBaHH Teruio3ade3neyeHHsM Ha 6a3i THY
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Ta 3MEHILUEHHS BUTpaT €JIEKTPOCHEPrii, OCOOIMBO B KOMEPLUIMHHUX YU
aJIMIHICTpATUBHUX OYyAIBISX 3 YITKO BHU3HAYEHHUM PO3KIJIAJJOM KOPHUCTYBAHHS.
[ToeqHaHHS 1HTEPBAIBHOIO MIAXOAY 13 CYYaCHUMHU QJITOPUTMAMH MOXE
BJIOCKOHAJIUTH Ta MOJIMIINATH €(EeKTUBHICTh poOoTH CUCTEM
Teruio3alde3neyeHHs1, 6epydu 0 yBarv 30BHIIIHI Ta BHYTPIIIHI YUHHUKH.

OTxe, mepepuBYACTUN KOHTPOJIb 3JaTEH HE JIMLIE 3HU3UTH BUTPATH
€JIEKTPOCHEPTi] 32 paXyHOK KEPOBAHOTO 3HMKEHHS YCTaBKU BIPOJIOBXK HIYHOTO
nepiogy, a U 3a0e3meunTd KOMGOPTHUN pPIBEHb TEMIEPATYPHOTO PEKUMY
OynmiBal 3aBJSKM BYACHOMY pO3IrpiBy.  3aBASKH pPO3pOOIN aIrOpUTMIB
dbopmyBanHs TeMieparypHoi yctaBku ais [ /-perynstopa neit meTos1 103BoIsIE
aJanTyBaTH CHUCTEMY JO 3MIHHMX YMOB €KCIulyaTalii, 10 poOUTh HOro
NEPCIEKTUBHUM HAmNpsMOM pPO3BUTKY CyYaCHUX CHCTEM TEIJIONOCTAaYaHHS.
[lomanpimi  JOCHIPKEHHS MOXYTh OyTH CHOpSMOBaHI Ha BJAOCKOHAJICHHS
QJITOPUTMIB PO3PAXyHKY YCTABOK 1 IHTETpalil0 1HTEPBAJILHOI'O KOHTPOJIO 3

IHTEJIEKTYaIbHUMH CUCTEMAMH YIIPABIIHHA Oy 11BISIMU.

1.6 BucHoBKku 10 po3auty

VY nepuioMy po3aisii BUKOHAHO aHAIITUYHHUM OTJISIT Cy4acHUX TEHICHIIIMH,
METO/I1B MoJIetoBaHHs Ta ynpasiinHi THY y cucremax Temno3abe3neuenns. Ha
OCHOBI aHaJI3y JITepaTypHUX JKEpes 1 pe3yibTaTiB MOMEPEIHIX TOCHTIKEHb

c(hopMyITLOBAHO HACTYITHI BUCHOBKHU:

1.6.1. CyyacHuii cTaH 1 nepciuekTuBu po3BUTKy THY

1. 3nauenns THY - THY € ki1t040BUM €J1EMEHTOM CYy4YaCHUX CUCTEM
TEIUIONOCTAYaHHs 3aBASKHA BUCOKIN eHeproe()eKTUBHOCTI, €KOJOTTYHOCTI
Ta MOXJIMBOCTI BHUKOPUCTAHHS BIJIHOBIIOBAHUX JUKEpEN EHEPrIi.
3poctaroyi BUMOTM 70 3MeHmieHHs BuUKUAIB CO: Ta exoHOMIi
€HEPropecypCiB MiBUINYIOTh AaKTyaJIbHICTh BIpoBa/pkeHHs THY B

KHUTJIOBUX, KOMEPIIMHUX 1 MPOMUCIIOBUX 00’ €EKTaX.
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2. Inrerpamiss THY y po3yMHi cuctemMu KepyBaHHS OYJIWHKOM -
Cy4yacHI TEHJEHLIi PO3BUTKY CHUCTEM TEIUIONOCTAa4YaHHs CIPSMOBaHI Ha
inTerpamiro THY B aBTOMaTH30BaHi Ta "po3ymHI" CUCTEMH yIpaBJIiHHS,
0 JO03BOJIAE€ TIJABUIIUTH EHEProeeKTUBHICTL 1 KOMMOPTHICTH

eKCIUTyaTarlii.

1.6.2. Metoau MozentoBanHs Ta ynpasiiHas THY

3. MopenioBaHHS TEIUIOBHX MPOLIECIB - METOIM MOJAEITIOBAHHS,
3okpema BukopuctanHsi MATLAB Simulink, n03BossitoTh €(peKTHBHO
aHaJti3yBaTy TerioBi mporeck B THY Ta cuctemax tero3abe3neueHHs 3
ypaxyBaHHSIM JMHAMIYHUX 3MiH 30BHIMHIX (akTopiB. I[HTerpamis
(b13UYHUX MOJIEINEH 1 AITOPUTMIB YIIPABIIIHHS CIIPHUsiE€ ONTUMI3allli poOOTH
CUCTEMH.

4. Mertonu ympaBiiHHS - OCHOBHI MiaXxoau a0 ympasiias THY
BKJIIOYAKOTh KiacuuHi Metoau (PID-perymnstopu), mnepepuBYacTi Ta
1HTeNeKTyanbHi MeToau. KokeH 3 MeTo/1iB Mae CBOi IlepeBaru Ta HeI0MIKH,

10 BU3HAYAIOTHCS CHENM(PIKO0 YMOB €KCIUTyaTallii Ta 3aBJaHb CUCTEMH.

1.6.3 IlepepuBuacte kepyBaHHs SIK IEPCIEKTUBHUN TT1IX1]]

5. OcoOnuBOCTI MEpPEpPUBYACTOTO KOHTPOJIIO - TEPEPUBUYACTE
KepyBaHHS nependayae anganraiito podotu THY 3anexHo Big yacy q00u.
VY HIYHUH TIepioA peali3y€eThCs 3HUKEHA TEMIIEpaTypa Mo1adl TeMIOHOCIS
Ui eKOHOMIi eHeprii, a 3aBYacCHUU Mepexil 0 PEeXKUMYy pO3IrpiBy
3a0e3neuye KOMOOPTHUI TETIOBUN PEXHUM J10 TOYATKY POOOYOro JHS.

6. IlepeBaru mepepuBYACTOrO KEpPyBaHHS - 1M MIIXiA TO3BOJISE
3HIJKYBATU E€HEProCroKMBaHHS Ta 3a0e3nedyBaTh TeMIepaTypHUi
KOMQOPT, ONTUMI3YIOUM €KCIUTyaTalliiiHi BUTpaTu. Po3pobka anropurmy
dopmyBanHs yctaBok st [11J[-perynaropy € Kir0o4oBUM 3aBIaHHIM IS

BIIPOBA/P’KCHHA iHTGpBaHBHOFO KOHTPOJIIO.
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1.6.4. Iloganpin HaOPsIMUA JOCITIKEHb

7. Po3pobka aganTUBHOTO MepepuBYacToro Koutpoito anst THY -
HEOOX1IHICTh CTBOPEHHS aJTOPUTMIB, SIKI BPaXOBYIOTh JHUHAMIYHI 3MIHH
TEIJIOBOTO HABAHTAXKEHHS MPOTATOM J000BOTO Imkiry. OCHOBHA yBara
Oyne mnpuauvieHa (QOPMYBaHHIO ONTHUMAIBHUX YCTABOK JUISI HIYHOIO
peXKUMY, TIEPEXITHOTO PO3ITPIBy Ta ACHHOTO MEPIONy 3 BUKOPUCTAHHSIM
JaHUX TPO TETUIOB1 MpOIecH B Oy iBIIL.
8. IHTerpamis anropuTMy BpaxyBaHHS 30BHIIIHIX YMOB Yy CUCTEMY
KOHTPOJIIO - BPaxyBaHHS TEMIIEpaTypy 30BHIIIHBOTO CEPEIOBHINA IS
3aByacHoro mnepexony THY B pexum posirpiy. lle m03BoiuThH
ONTUMI3yBaTh POOOTY CUCTEMH Ta 3HU3UTU IMIKOBI HABAaHTAXKEHHS Ha
KOMITPECop.
9. Orminka €HEpPreTMYHoi Ta EKOHOMIYHOI  e(EeKTHUBHOCTI
MePEPUBYACTOTO KEPyBaHHS - BHUKOHAHHS NIETATbLHOTO aHAIi3y BIUTUBY
IHTEpBAJIILHOTO YIPABIIIHHA Ha EHEProCHOXHBAaHHS Ta EKCIUTyaTalliiHi
Butpatu THY. I{e 103B0IUTE OOTPYyHTYBATH BIIPOBAKEHHS PO3POOTICHUX
MiXO0/IB Y peaJbHUX yMOBAaX.
3arajioM, aHadi3 HAyKOBMX MyOJiKaiiid 1 MPaKTHYHOTO JIOCBIAY
exkcrutyaramii THY cBimuuTh, 1m0 ONTHMAJIbHI PE3yJbTaTU JAa€ TMOEIHAHHS
KJIACHYHUX METO/IIB PETYJIOBaHHS 3 €JIEMEHTAMU 1HTEJIEKTyaThbHUX aJITOPUTMIB.
Takuil riOpuaIHUN MIAX1 Aa€ 3MOTY MiABUIIUTHA CTIMKICTh 1 MIBUJKICTh PeaKIlii
CUCTEMH Ha JWHAMI4YHI 3MIHM HaBaHTa)XEHHA, 30epiralouv TpH IHOMY
YHIBEPCAJIBHICTh 1 3pO3yMUIICTh peaiizalii. ¥ pamkKax I[bOro JOCHIKCHHS
0coONMBY yBary Oyjae NPUAUICHO PO3POOJICHHIO aJIrOpUTMy aJdalTHBHOTO
(dbopMyBaHHS YCTAaBOK JJISl pEKUMY HIYHOTO 3HMKEHHS i pAaHKOBOTO PO3IrpiBy, a
TaKO0X MOPIBHSHHIO PE3YJIbTATIB JIJIs PI3HUX KOHDIrypariu.

OTxe, pe3yabTaTH, OTPUMaHI y IIbOMY PO3ALT, 3aKIaJat0Th TEOPETUIHE

OIATPYHTS.  JUIs  pO3pOOKM Ta BIPOBAMKEHHS MPAKTUYHO OPIEHTOBAHUX
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anroput™MiB kepyBaHHs THY s migBuilieHHS eHeproe(peKTUBHOCTI Ta PiBHS
aBTOMATHU3AIlil CUCTEM TETUIONOCTaYaHHS.

Ha ocHOBI oOTpuMaHuUX BHCHOBKIB Oyji0 c(hOpMYJIbOBAaHO METY
JUCEPTALIITHOTO  JOCHIDKEHHs, a came: [MIJBUIIEHHS  EHEePreTUYHOI
e(eKTUBHOCTI Teruio3a0e3neyeHHs] OyIUHKY UIUISIXOM PO3pOOKH CHCTEMHU
KepyBaHHS MepepuBUacTUM 00irpiBoM Ha 6a3i THY.

Jlns BUKOHAHHS TOCTAaBJICHOT METH HEOOXITHO BUPIIIUTH HACTYIHI
3aBIaHHS JTOCTIKCHHS:

1. Po3pobiieHHs Ta peamizaiiisi aHATITUIHOT MOJEI JIJIsL TOCI1IKEHHS
AMHAMIYHUX pexumiB poootu THY;

2. CrtBopeHHs Ta peatizailisi Ha 6a3i po3po0IeHOT aHAII TUYHOT MOJIE1
HEHPOHHOI MOJENl 3 METOI 3MEHIIEHHS MAIIMHHOTO Yacy
PO3paxyHKY;

3. Inrerpauis HeilponHoi moaeni THY B 3aranbHy MoOJelb CUCTEMH
Tero3abe3neueHHs Oy IMHKY;

4. BusHaueHHs Ta AOCHIHPKEHHs BILTMBY MapaMeTpPiB MepepUBYACTOrO
001irpiBy Ha eHepreTuuHy edextuBHicTh THY;

5. Iarerpamist OTpUMaHUX MOJENEH Ta PO3POOJIEHHS CHUCTEMHU
KepyBaHHSl TE€PEPUBUYACTUM OOIrPIBOM 3 METOK IIiJBUILCHHS

eHepreTnuHoi epextuBHOCTI THY
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Pozain 2. Po3poOka ananituunoi moaeni THY

2.1. Anam3 cy4acHUX MeToiB MojientoBanHs THY

MogpemtoBanus THY Biairpae KirouoBYy poJib y IPOIIEC] iX MPOCKTYBaHHS,
ontuMizaiii Ta BrnpoBaKeHHs. EdekTuBHI MareMaTH4Hi MOJAENI J03BOJSIOTH
OI[IHUTU POTYKTUBHICTh, EHEPTreTUUHY €(DEKTUBHICTH Ta aIANITUBHICTh CUCTEMH
70 3MIHHMX YMOB eKcmuryatamii. B ymoBax 3pocraioumx BHMOT 10
€HEPro30epekKeHHSI Ta 3HIDKCHHS BYIJICIICBUX BHKHUIIB CTBOPEHHS TOYHHX
mozeneit THY crae HeBiI'€éMHOIO CKIIaIOBOIO CTAJIOTO PO3BUTKY €HEPTreTUYHUX
cucTeM. Y 1bOMY PO3ILUII PO3TISAAIOTECS CydacHl MeToau moaemoBanHs THY,
BKJIFOYAIOUM aHAIITHYHI, €MIIpUYHI Ta TIOpUIHI MAXOAH, 1X OCOOJMBOCTI,
nepeBaru i 0OMexeHHs.

Metoau moaentoBanHs THY MoxHa yMOBHO MOMAITUTH Ha TPU OCHOBHI

IPYIH, KOXKHA 3 AKUX Ma€ crienudiuai 0coOIUBOCTI i 3aCTOCYBaHHS:

1. AHajniTH4Hi Moaeni AHaMITUYHUM MiaX11 6a3ye€Tbcs HA BUKOPUCTAHH1
(dbyHIaMEeHTaIbHUX 3aKOHIB TEPMOJUHAMIKH, TEIJIONEpeaayl Ta
rigponuHamMiku. OCHOBHI €IEMEHTH TaKHX MOJIEJICH BKIIOYAIOTh:

® PiBHSIHHS €HEPreTUUHOTO OajaHCy, 10 OMUCYE IEPEPO3MOILT
TEIIOBOI €Heprii Mi>k KOMITOHEHTAMU;

e PiBHsHHS Teruionepeaayl, ki BpaxoBYIOTh (i3U4YH1 BIACTUBOCTI
po6odYoro Tina;

e PiBHSAHHS CTaHy, 10 OMUCYIOTh TEIIO(I3UYHI BJACTUBOCTI

poOoUMX TiJI.

AHamiTu4Hl  MoOjeal 3a0e3NeuyloTh BHCOKHMU piBEHb TOYHOCTI W
JeTajizalii, J03BOJISI0UH IMITYBaTH IIMPOKUM CHEKTp pexuMiB podotu THY.
OCHOBHMIA HEOMIK LIHOTO MiAXO0Ty MOJISATAE y CKIAJHOCTI HOT0 peanisariii.

Peanizamis aHamiTHUHUX MoOAeed Uit 0araTOKOMIIOHEHTHHX CHCTEM BHMAarae
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3HAYHUX OOUYHCIIIOBAILHUX PECYPCIB 1 IITUOOKUX 3HAHb (DI3UYHUX IMPOIIECIB, 1110

MOX€ YCKJIQHIOBATH X 3aCTOCYBAHHS B PEAJIbBHUX YMOBAX.

2. Emmnipuuni moaenai EMnipuuni mojeni 0a3yroTbes Ha aHai31
€KCIIEpUMEHTAJIbHUX JIAHUX 1 allPOKCUMAIIiT 3aJIEKHOCTEN MiX
KJIFOUOBUMH ITapaMeTpamMu CUCTEMU. J[0 Takux Mojienielt HaleKarh:

e Perpeciiini Mojiel, SKi BAKOPUCTOBYIOTHCS JJIsI OIKUCY
3aJIe)KHOCTEN MK BXITHUMH Ta BUX1IHUMHU TapaMeTpamu
CUCTEMU;

e HeiipoHHi Mepexi, 37aTHI HABYATHCS HA BEJIMKUX 00csTaxX JaHUX
JUIA IPOrHO3YyBaHHA npoaykTuBHocTi THY;

® AJropuTMH MAaIIMHHOT'O HaBYaHHS, 10 3HAXOJSTh 3aCTOCYBaHHS
JUTSL aHAJTI3y BEJIMKUX JAHUX 1 aJianTallii MoJieiei 10 HOBUX YMOB

eKCIUTyaTarlii.

EmMmipuuni Mozeni € mpocTiuMU Yy peaiizallii, 3a0e3nedyrodu IIBUIKI
oOuncnenHs. [IpoTe X TOUHICTH 3HAYHOIO MIPOIO 3aJICKUTD BiJl IKOCTI i 00CsATY
BUXITHUX JaHHUX. Y pa3i HeJOCTaTHROI peNpPEe3eHTAaTUBHOCTI HABUAIBHHUX JAHUX
MOJIEJTl MOKYTh IEMOHCTPYBATH HU3bKY TOUHICTh Y HeTmiepea0auyBaHUX YMOBaX.
KpiMm Toro, emmipuuHi MOAENl YacTO HE BPaxOBYIOTh (PyHIaMEHTATbHUX
(b13WYHUX 3aKOHOMIPHOCTEH MpoIeciB, 0 OOMEXYe iX 3acTOCyBaHHS IS

MOJIETIIOBAHHS CKJIQJHUX CIICHAPIiB.

3. I'iopuani moaeJi ['iOpunHi Mozemni NOEAHYIOTh y 001 mepeBaru
aHAJIITHYHOIO Ta eMIIPUYHOTO MiaxoaiB. Hanmpukian, GyHaaMeHTanbH1
PIBHSIHHS MOKYTh OyTH JOTIOBHEHI EMITIPUUYHUMU KOPETSAIISAMU A5
BpaxyBaHHs HEHIMHUX YU CKJIAJHUX TporieciB. ['10puaHi Mozeni
320€3MeUyI0Th KOMIIPOMIC MK TOYHICTIO ¥ CKJIaJIHICTIO, JO3BOJISTFOUH

aJanTyBaTHCS 10 3MIHHUX YMOB €KCIUTyaTarlii. BoHu TakoX 103BOJISIOTH
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BpPaxoOBYBATH B3aeMOJIi10 Mk kKomMnoHeHTamMu THY, 110 mae kputnune

3HAa4YCHHA AJIs1 KOMIIJICKCHOI'O aHaniBy CHCTCM.

AHamTHYHI MoJeNll 3a0e3MeuyyroTh BHCOKY TOYHICTH 1 J€TaldbHICTh
MOJICITIOBAHHS, 110 POOUTH iX KOPUCHUMU I (PyHIaMEHTAIbHUX AOCIIHKCHb 1
MPOEKTyBaHHSI HOBUX cucTeM. [Ipore iX CkimagHICTh 1 3HAYHI OOYMCITIOBAIBHI
BUTPATH MOXKYTh CTaTH TEPEIIKOI0I0 TSI BAKOPUCTAHHS Y BEIIMKUX CHCTEMax
peanapHOTO Yacy.

Emmipuyai Mopem € edeKTUBHUMH JJis IIBHJIKOTO aHamizy u
TPOrHO3YBAHHS. X IPOCTOTA i aJaNTHBHICTH J03BONISAIOTH IIBUJIKO pearyBaTH Ha
3MIHy yYMOB €KCIUTyaTallii, MpoTe BOHW MAarOTh OOMEXEHY YHIBEPCAIBHICTH 1
3aJIEKHICTH BlJI HABYAIBbHUX JAHUX.

[M6puanHi Moaenl MPOINOHYIOTh ONTUMAJILHUM OajlaHC MK TOYHICTIO M
CKIanHiCcTIO. BOHM 0COOIMBO MEpPCIEeKTHBHI TSI MOJCTIOBAHHS CKJIQIHUX
cucteMm, Takux gk THY, ne HeoOXiHO BpaxoByBaTH B3a€EMO/IIF0 KOMIIOHEHTIB 1

3MIHHICTb 30BHIIIHIX YMOB.

Jlns ctBOpeHHs i peanizaiii Mmoaesnedt THY mupoko 3acToCOBYIOThCS

Crieliaxi30BaHi MporpaMHi MaKeTu:

e MATLAB/Simulink: 3a06e3nedye yHiBepcallbH1 IHCTPYMEHTH IS
noOy1I0BM MaTeMaTUYHUX MOJIEJIeH, iHTerparlrii 3 010J10TeKaMu, TaKUMHU
sk CoolProp, Ta mpoBeeHHST AMHAMIYHUX CUMYJISIINA[46];

e TRNSYS: noTy»Huil IHCTPYMEHT AJis1 JOBTOTPUBATINX CUMYJISLIH,
30KpeMa MOJIETIOBAHHS CE30HHUX PEXUMIB poOOTH cuctemu[47];

e EES (Engineering Equation Solver): BUKOpHCTOBYETBCS JJIsI IIBUJIKOTO
PO3B'sI3aHHS TEPMOJUHAMIYHUX PIBHSHB Ta OIIHKU €(PEKTUBHOCTI

cuctem[48];
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e EnergyPlus: crienianizyeTrbes Ha MojientoBanHi cucteM HVAC,

Buroaroun THY, 3 MOKITMBICTIO 1HTETpAIlli B CKJIa/IHI €HePTeTHYHI

mozem OyiBenb[49].

KoskeH 13 IUX 1HCTpYMEHTIB Ma€ CBOi MepeBaru Ta HEJO0JIKU 3aJI€KHO Bl

IIUJICH 1 CKJIaAHOCTI 3a/1a4i MoaetoBaHHs (Tadm. 2.1).

Ta6muns 2.1. [TopiBHSHHS pI3HUX TPOTPAMHUX TaKETIB

HVAC ra OyniBenbHuX

CHEPTCTUYHUX CUCTEM

MO>KIIMBICTD 1HTErpawii
3 IHIIUMHU

IHCTpYMEHTAMH

IIporpamumii naker OcHoBHA IlepeBaru HenoJutiku
(pyHKIiOHANBHICTH
MATLAB/Simulink [MonentoBanHs TuHaMiYHUX |YHiBepcalbHICTB, Brcoka BapTicTbh
CHCTEM, IHTeTparis CHYYKiCTh, MIATPUMKA  [TiEH3ii
010,T10TEK, TAKHX SIK PI3HUX IHCTPYMEHTIB
CoolProp
TRNSYS Hosrotpusaini cumyinsnii, |[loryxxHuii ans ananizy |(Bucoka ckmagHicTh
MOJIEIIIOBAaHHS CE30HHUX CHEPTeTUYHHUX CUCTEM  |AJIS IOYATKOBOTO
pexXuMiB OCBOEHHS
EES Po3B'sa3anng [IpocroTa ObmexeHi
TEPMOJIMHAMIYHUX PIBHSIHD | BUKOPUCTAHHS, MOYJINBOCTI JAJIst
HIBUIKICTh OOYHCICHb | KOMIIEKCHOTO
MO/ICJIFOBAHHS
EnergyPlus MopemoBaHHSI CUCTEM Bucoka neramizanis, CkagHicTh

HaJIAaIITYBaHHSA OJId

IIOYAaTKIiBI[IB
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Metoau monemtoBanHs THY oXOIUTO0Th HIMPOKUM CHIEKTP MiAXOMIIB, IO
J03BOJISIIOTh  €(DEKTHBHO BHPINIYBATH 3a/adyl ONTUMI3alii, MPOEKTYBaHHSA U
yOpaBJiHHI. AHaTITAYHI MOJIeJl 3a0e3Meuy0Th IITMOOKe PO3yMIHHS (PI3MUHHUX
IpOIIECiB, TOAI SK E€MIIPUYHI MOJEN MPOIOHYIOTh MIBHUAKICTH 1 MPOCTOTY
peamizamii. ['iOpuaauii miaxix € HAWOIBII TEPCHEKTUBHUM IS 3a1ad, 0
BHMAararoTh OJIHOYACHO BHUCOKOI TOYHOCTI Ta aJanTUBHOCTI. Y paMmkax Ie€l
poOOTH MOIITPHUM € BHUKOPUCTAHHS AHATITUYHOTO MIIXOMy 3 IHTETPAIli€lo
nporpamHoro makety CoolProp, mo 3a0e3nedye TOYHICTH pO3PaXyHKIB
TeIUI0(I3UYHUX BJIACTUBOCTEH. MailOyTHIN PO3BUTOK TiIOpUIHUX MoJeen
703BOJIUTh MiABUIIMTUA edexTuBHICT, THY, BpaxoByrouum 3MiHHI yMOBHU

eKCIUTyaTallii Ta CKJIaJ{H1 B3a€MO/IIi MK KOMIIOHEHTaMH.

2.2. OcHOBHI eTanu CTBOpeHHs aHamiTHaHO1 Mozeni THY

Amnamitnayae MojemoBanHs THY € OCHOBOIO 1t OCTIDKEHHS 1X
eHepreTUUHOi €(heKTUBHOCTI, OI[IHKM BIUIMBY 30BHIIIHIX YMOB Ta ONTHMI3allli
TEIJIOTEXHIYHUX TponeciB. [ 1nboka mMaTeMaTHyHa MOJEIb JO3BOJISE HE JIMILE
MIPOTHO3YBATH MOBEAIHKY CHCTEMH, a i BUSBIISATH KIIOYOB1 3aKOHOMIPHOCTI, IO
CHOPUSIOTh BIOCKOHAJIEHHIO KOHCTPYKIiI Ta pexuMiB podoTu. B ymoBax
MOCTIHOTO 3pPOCTaHHS BUMOT JI0 €HEproe(eKTHUBHOCTI Ta CTAJOTO PO3BUTKY,
CTBOpEHHsI aHamTHuHUX ™Mojenedt THY € BaxiamBuM 3aBHaHHSAM SIK IS
HAYKOBUX JIOCHIIKEHb, TaK 1 JIJISl MPAKTUYHOTO 3aCTOCYBAHHS B €HEpreTuil. ¥
IIbOMY PO3JIIJI PO3TISAIAIOTHCSI OCHOBHI eTamu cTBopeHHs mozem THY tumy
"moBITpA-BOAA" 3 aKIEHTOM Ha (Pi3UYHI MPUHIUIHN, MAaTEeMAaTUYHI METOIU Ta
CydacHe MporpamMHe 3a0e3MeueHHs.

Po3pobka aHamiTHYHOT MOEII TOYNHAETHCSA 3 BUSHAUCHHS YITKUX IIUICH,

SIK1 BKJTFOYAKOTh:;

e JlocaimkeHHs TeNJOBUX MPOLECiB: BUBUEHHS TeIUIoNepeaayl Ta

CHCPIrCTUIHUX IICPCTBOPCHDL Y KIIFOYOBUX KOMIIOHCHTAX CUCTCMHU.
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e Moje/l0BaHHSI BIUIMBY 30BHIllIHiX YMOB: OIliIHKA BIUTUBY 3MiH
TEMIIEPaTypH MOBITPSI, BOJIOTOCTI, IIBUAKOCTI BITPY Ha pOOOTY CUCTEMH.

e Po3paxyHok nokasHukiB e)eKTUBHOCTI: BU3HAUEHHS Koe(DilieHTa
nepetBopeHHs eHeprii (COP), crioxuBaHHS €JeKTpOSHEeprii, TEMI0BO1
MOTY>KHOCTI Ta 1HIINX KIFOUYOBUX MapaMeTpiB.

e 3ale3meuyeHHs IHTerpaumii 3 CHCTEeMaMM AaBTOMAaTH3allil: CTBOPEHHS
MOJIeIl, 31aTHOT aIanTyBaTHCh IO 30BHIMIHIX 3MiH 1 3a0e3meuyBaTH

onTuMajbHe ynpasiiHHsa podororo THY.

OcHoBoro 1151 o0y 10BU MoeNi € hyHIaMeHTaIbHI (Pi3UYHI 3aKOHH, 110

omucyroTh QyHkiionyBanHs THY. Cepen ocHOBHUX (I3UYHHUX TTPUHITUIIIB:

1. 3akon 30epe:xxenHs eHeprii: Lleli 3aKkOH € OCHOBOIO J1JIsI TEMJIOBOIO
OaslaHCcy M1 KOMIIOHEHTaMH CUCTeMU. BiH 103BOJIsIE MOJIETIOBATH
NEepepo3MOI €HEPrii Mi’K BUTTAPHUKOM, KOMITPECOPOM, KOH/IEHCATOPOM
1 ApOCETbHUM BEHTHUJIEM.

2. 3akoHu Temonepenayi: [lepenaua terna Mixx pobOYNM cepeIOBUIIEM 1
MOBITPSAM Y BUIIAPHUKY Ta MIXK XOJI0JI0Ar€HTOM 1 TeIJIOHOCIEM Y
KOHJICHCATOP1 OMUCYEThCA uepe3 NudepeHIiaibHi PIBHSIHHS
TEIUIONPOBIIHOCTI.

3. MaremaTu4Hi MojeJIi 1 BUSHAYEHHS TeNJI0(QIi3HIHNX
BJIACTUBOCTEI: Bu3HadaroTh mapamMeTpu cTaHy poOOYMX PEYOBHH 32
BHUXITHUMHU YMOBaMH 4epe3 PIBHSIHHS B3aEMO3B 3Ky XapaKTCPUCTHUK.

4. PiBHsIHHA riapoanHaMiku: Bu3HauyaroTh MIBUIKICT, TUCK 1 00'€eMH
MOTOKIB Y TEIJIOOOMIHHUKAX, 110 BIUTUBAIOTH HAa TETJIOBI BTPATU 1

e(hEeKTUBHICTb CUCTEMHU.

CTBOpEHHsI MaTeMaTUYHOI MOJIENI BKIIIOUYA€ (pOPMYITIOBAHHS PIBHSHB IS

KO’KHOT'O 3 KOMITOHEHTIB CUCTEMHU.

1. Moaeanb BUNIapHHUKA:
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O PiBHAHHS €eHEPreTUYHOTO OaNaHCy Ta PIBHSHHS TEIUIoNepeaayl.

2. Moaesb KoMIpecopa:
O  AKyMyJSIiiiHI BIACTUBOCTI HE BPaXOBYIOTHCS, MOJICTIOBAHHS
pealli30BaHO Ha OCHOB1 €HEPTeTUYHOI0 OallaHCy 3 ypaxXyBaHHSIM

130€HTPOIIMHOrO KoedillieHTa KOPUCHOT Jii.

3. Moaeab KoHAeHCATOpA:

O PiBHSIHHS €HEPreTUUHOTO OajJaHCy Ta pIBHAHHA TEIUIONEpeayi.

4. JpocejibHUH BEHTWIb:
o JlpocenbHHI BEHTUIIb MOJENIOETHCA B YMOBAX 130€HTPOMIIHOTO

PO3LIMPEHHS.

HaCTYHHI/IM €TarioM € OIIMC Ta iHTCFpaHiH KOMITOHCHTIB B 3araJlbHy MOJ€CJIb

13 BpaxyBaHHSIM:

® VY3roKeHHs BUXITHUX 1 BXITHUX TTapaMeTpiB JJis 3a0e3MeueHHS
MOCIIJOBHOCTI pOOOTH CHCTEMHU.

e JloTpuMaHHS EHEPreTUYHOTO OAJIAHCY MiXK yCiMa KOMIIOHCHTAMH.

e MoenoBaHHS JMHAMIYHOI B3a€MOIii Mi>kK KOMIIOHEHTaMH B YMOBax

3MIHHHMX 30BHIIIHIX ()AKTOPIB.

Bximaumu mapameTpamu i po3paxyHKY €:

e TEMIIEpaTypa Ta THCK TEIUIOHOCIS HU3bKOTEMIIEPAaTypHOIO JKepesa Ha
BXO/Il y BUITAPHUK;

e IUIOLIA TEIUIONEPEIayi BUMAPHUKA TAa KOHJEHCATOPa;

e TEIUIOBA MOTYKHICTh KOHAEHCATOPA,;

e 00’eM poOOUMX TSI B BUIAPHUKY Ta KOHJIEHCATOPI;

e KoedIlIEHTH TeIIonepeaayl B 00JacTi BUIApHUKA Ta KOHIAEHCATOPA.
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Peamizamiss  agamiTHdHOl MOAEHl  3MIMCHIOETHCA 3a  JOIOMOTOIO

MATLAB/Simulink, sxuii Haja€ MOKJIMBOCTI JJIs:

e [loOymoBHM MojIeNIe KOMITOHEHTIB 13 3aCTOCYBaHHAM JUdEpeHIIaTbHUX
PIBHSHB.

e [urerparii 6i6mioTek, Takux ik CoolProp, 1uist TOYUHOTO pO3paxyHKy
TeT10()13UYHUX BJIACTUBOCTEN POOOYMX CEPEIOBHIII.

o Cumymsuli AUHAMIYHUX PEXKUMIB pOOOTH CHCTEMH Ta aHAJI3Y

e(heKTUBHOCTI poOOTH 32 3MIHHUX YMOB.

Kpim toro, MATLAB no3Bossie mpoBOJUTH OINTHUMI3AIl0 MapaMeTpiB
podoru THY nna 3abesneuenHs maxkcumansHoro COP y 3agaHux ymoBax

eKCIUTyaTarlii.
Bamigaris Mozenl € KIIFOUOBHM €TaroM, 1[0 BKIIFOYAE:

o [lopiBHSHHS pe3yNbTAaTIB MOJICIIOBAHHS 3 €KCTICPUMEHTAIBHUMHY TAHUMHA
JUTSL OIIIHKM TOYHOCTI PO3PaxyHKIB.

e Amnaii3 moXxuOOK MOJEI B PI3HUX PEKUMaxX poOOTH.

e Anmnpo0arlio MoJieJli Ha OCHOBI CIIEHApIiB peaJIbHUX YMOB €KCILTyaTallii

JUTSl BU3HAYEHHS 11 YHIBEPCAJIbHOCTI.

[Ipomec ctBOpeHHs aHamiThdHOi Moxaemi THY Bkiowae Kinbka
MOCTIJOBHUX €TaIliB, KOKEH 13 KX CIPSIMOBAHUM HA IMIJABUIIEHHS TOYHOCTI
rHy4ykocti wmogneni. Bukopucramnas MATLAB/Simulink y mnoegnanni 3
CydyacHUMH O10J10TeKaMu Ui PO3pPaXyHKY TeIIO(PI3UYHUX BIIACTUBOCTEN
3a0e3neuye MOKIIMBICTh MOJICTIOBAHHS CKJIQJHUX TEIUIOTEXHIYHHUX IPOIECIB Y
peanpbHUX YMOBax ekciutyaTarii. Po3poOnena Momens € OCHOBOKO IS

nojaanbioro BaockonajgeHus THY 1 ontumizarnii ix po6oTwu.

2.3. Bukopucranus nporpamuoro nakety CoolProp
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CoolProp € cydyacHUM 1HCTPYMEHTOM JJisi PO3PaxyHKIB TEII0(i3NIHUX
BJIACTMBOCTEH pOOOYMX CEpEAOBHUIL, SKHI aKTUBHO BUKOPHCTOBYETHCA B
SHEePreTHIN, XOJIOAUIFHIX CHCTEMaX 1 CUCTeMaX KOHAUIIIOHYyBaHHs MOBiTps. Llei
NporpaMHUl TIAaKeT HajJae TOYHI JaHi JJIs IIUPOKOTO CIIEKTpa PEUYOBHH,
BKJIFOUAIOYH XOJIOJI0Ar€HTH, BOJY, MOBITPS Ta 1HIII poOoYi Tijia, 10 pOOUTH HOTO
He3aMIHHMM Yy mporeci mMoaemtoBanHss THY. ¥V mpomy po3mainal po3risiHyTO
kmouoBi  MoxumBocTi  CoolProp, #oro iHTerpamiro 13  CepeIOBHIIEM
MATLAB/Simulink, a TakoX BUKOPHCTaHHS I[bOTO MAKETYy JIJIsl PO3PAXYHKIB Yy
MeKax CTBOpeHHs aHamTu4aHoi mojent THY[50].

CoolProp miarpumye mMHPOKUN cHeKkTp CGYHKIINA Ui BU3HAYCHHS
TEPMOJMHAMIYHUX 1 TEIUIO(PI3MYHUX BIACTUBOCTEH poOouux cepenonuiil. Jlo

HOro OCHOBHMX MOXJIHUBOCTEH Hanexath[50]:

e Po3paxyHOK TepMOJAMHAMIYHUX MAPAMeETPIB: TUCKY, TEMIIEPATYpPH,
EHTaJIbIIIi, eHTPOIIIi, IUIBHOCT1, TETUIOEMHOCTI TOIIO.

e MoaenoBaHHs (pa30BHUX NePeXOAiB: BU3HAYECHHS TOYOK HACUYEHHS,
(ha30BUX pPIBHOBAT 1 KPUTUYHHUX IMapaMETPIB.

e Beauka 6a3a 1aHux mo po6ounM Tiiam: 610110TEKa MICTUTD JIaH1 JIJIs
nona 100 pobouunx TisI, BKIOYAIOUH K CTaHAApTHI podoui Tina (R-
134a, R-410A), Tak 1 HOB1 €KOJIOTIYHO O€3IEeUHI CYMIIIi.

e Bucoka TOYHICTh: BUKOPUCTAHHS €KCTICPUMEHTAILHUX JTAHUX 1

CKJIQITHUX MOJIEeH /71l 00YMCIIeHb TeTUIO(I3UIHIX BIIACTUBOCTEH.

CoolProp gnerko inrerpyerbcs 13 MATLAB/Simulink, mo mo3BoJse
BUKOPHCTOBYBATH MOTO MOKJIMBOCTI O€3MOCEPETHBO B MPOIIEC] MOICITIOBAHHS

(puc. 2.1). OcHOBHI eTanu iHTErparii BKJIOYal0Th:

1. Imcransuia nakery: CoolProp noctymnnuii sik 010110TEKa Ta Mae

inTepdeiicu s MATLAB depes (yHKIIIT 30BHIIIHIX BUKJIHKIB.
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3aBaHTa)XXE€HHS W HaNAIITyBaHHS MMaKeTa 31HCHIOETHCS 3a JI0ITOMOT 010
odiIiiHOT JOKYMEHTAITI].

2. Buxopucrannst pynkuii: MATLAB no3Bossie BUkimkatu QyHKIIii
CoolProp ayst oTpMaHHs BIACTUBOCTEN poOOUYMX CepeIOBUIILI.
Hanpukian:

h = CoolProp.PropsSI('H', 'T', 300, 'P', 101325, 'R134a");
Lle#t kox po3paxoBye eHTambIII0 Xon0g0areHTy R-134a npu Temnepatypi
300 K i tucky 101325 Ila.

3. Inrterpauis 3 Simulink: /{55 Bukopuctanus B Simulink, ¢pyHkiii
CoolProp moxxna oobropuytn B MATLAB Function Blocks. Le
3abe3reuye po3paxyHOK TeII0(PI3UUHUX BIIACTUBOCTEM TT1]T Yac

CUMYJISALIIT CUCTEMH.
ro_EV_h_evap_Des = py.CoolProp.CoolProp.PropsSI('D','T',0.5 * ...
(T_EV_h_in_Des + T_EV_h_out_Des),'P',p_EV_in_Des,wf_EV_h);

c_p_EV_h_evap_Des = py.CoolProp.CoolProp.PropsSI('C','T',0.5 * ...
(T_EV_h_in_Des + T_EV_h_out_Des),'P',p_EV_in_Des,wf_EV_h);

ro_CD_c_cond_Des = py.CoolProp.CoolProp.PropsSI('D','T',0.5 * ...
(T_CD_c_in Des + T_CD_c_out _Des),'P',p_CD_in Des,wf EV_h);

c_p CD_c_cond Des = py.CoolProp.CoolProp.PropsSI('C','T',0.5 * ...
(T_CD_c_in_Des + T_CD_c_out_Des),'P',p_CD_in_Des,wf_EV_h);

Pucynoxk 2.1. Ilpuknan interpaiii Ta Bukopuctands CoolProp y

MATLAB/Simulink.

CoolProp Bimirpae kito4doBy poiib y 3abe3mnedeHHi TouyHOcTi moxaeni THY
3aBJSIKM OOYMCIICHHIO TapaMeTpiB, SIK1 3MIHIOIOTHCS 3aJI€KHO BiJl YMOB POOOTH.

OcnoBHi etanu Bukopuctanus CoolProp y mogeni THY Bkimto4aroTs:

1. Po3paxyHok mapameTpiB po60o40ro rijia:

o Temneparypa Ta TUCK Y BUIIAPHUKY i KOHJIEHCATOPI.
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o EHTanbmis Ta eHTpoIis Ha BXO1 1 BUXOII KOMIIpecopa.
2. Bu3HauyeHHS BJACTHBOCTEH TEIUIOHOCIs:

o IinpHICTD, TEIIOEMHICTB 1 TEIUIONPOBIIHICTH BOH, 1110

[UPKYJTIOE B CHCTEMI OTIaJICHHSI.

3. MogaearwBanHs (a30BUX NepexoaiB:

O AHai3 MpoleciB BUMAPOBYBAHHS Ta KOHACHCAIlIT X0JI00areHTy.
4. Innamiuni po3paxynku: CoolProp m03Boisie BUKOHYBAaTH TUHAMIYHI

OOYHCIIEHHS B 3aJI€KHOCTI B/l 3MIHHM TEMIIEPaTypH, TUCKY Ta 1HIINX

napaMeTpiB y peajbHOMY Yaci Mij] 4ac CUMYJISIIIT CUCTEMU.

CoolProp € moTyXHUM IHCTPYMEHTOM JJIsl PO3PaXyHKIB TEIUIO(QI3HUHUX
BJIACTUBOCTEH, 110 3HAYHO MIJBUIINY€E TOUHICTh MojentoBanHsa THY. Iaterparis
nporo makera 3 MATLAB/Simulink 3a06e3nedyye 3py4dHicTh 1 €DEKTUBHICTD Y
mporeci po3poOKH aHATITUYHMX MOJENEH, 03BOJSIOUN  JIOCHIKYBaTH
NOBEAIHKY CUCTEMHU B pEaJbHMX YMOBAax €KCIUTyaTailii. 3aBAsKd THYYKOCTI U
touHoCcTi CoolProp, #oro BHKOpUCTaHHS CHpPUAE CTBOPEHHIO HATIMHUX 1

edextuBHux THY.

2.4. MareMaTi4Ha MOJIEJIF OCHOBHUX KOMITIOHEHTIB THY

Po3pobka maremaTudHOi Mojell OCHOBHUX KomrioHeHTiB THY e
BXJIMBUM KPOKOM i 3a0e3neueHHs 11 epeKTUBHOI poOOTH, ONTUMI3ALI]
€HEeprocroKUBaHHs Ta ajanTauli 10 3MIHHUX YMOB eKcIUTyaranli. Taka Mojenb
HE JIMIIE J103BOJISIE JETaJbHO aHANI3yBaTH (PI3WUHI MPOLECH B CHCTEMI, alie U
3a0e3rneyye OCHOBY JJIsi BIPOBA/KEHHS 1HTENEKTYalbHHX aJTOPUTMIB
KepyBaHHs. Y 1[bOMY pO3AUIl MPEJICTaBICHO JETajlbHE MaTeMaTUYHE
MOJICITIOBAHHS KJIIOYOBMX KoMmmoHeHTIB THY: BumapHmka, komrmpecopa,
KOH/IEHCATOpa Ta IPOCEIbHOIO BEHTUIIS, 13 BpaXyBaHHAM Cy4aCHUX MIJIXOIB J0

eHepreTuyHoro a”amzy[22], [23].

2.4.1. Monenb BUNIapHUKa
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Bunapauk € ogauMm 13 kirouoBux komnoHeHTiB THY, BianoBigaaisHuM 3a
abcopOIito Termjaa 3 HAaBKOJMIIHBOTO CEPEAOBHINA Ta HOTO TMepeaady a0
xoJjiogoareHTy. EHepreTrunumii 6amanc poO0Y0ro Tijia y BUIAPHHUKY OIMHCYETHCS

HACTYIHUM piBHSHHAM (2.1)[22], [23]:

dT
fEV
Cwr.evMwr ey # = Gyr (hEV,in— hEV,out) +
T ivin + T,
kEVAEV< air,in > aur,out wf,EV); (2.1)

ne:
Cwf,Ey - TEIUIOEMHICTL pOO0YOTO Tifa B 00s1acTi Bunapuuka, Jix/(kr-K);
M,, s gy — Maca po6040ro Tijia B 06/1aCTi BUIIAaPHUKA, KT;
Ty s gy — TEMIlepaTypa po6040ro TiJia B 06J1aCTi BUNapHuka, K;
G - BUTpaTa pobOYOro Tijia Yepe3 BUNIAPHUK, KI/C;
hev in, REy oy — IUTOMA €HTAJIBIISA POOOYOTO TiIAa HA BXOJI Ta BUXO/I 3
BUIMAPHUKA, BIATOBITHO, JIK/KT;
kgy - xoedirienT Teruonepeaadi B oonacti Bunapanka, Br/(m2-K);
Agy - IIomIa Tersonepeaayi, M2;
Tair.in » Taur,out - TEMIIEPATYPH IOBITPS HA BXOJ1 Ta BUXOA]1 3 BUNIAPHUKA,

BiamosigHo, K.

2.4.2. Mopaenb koMIIpecopa

Kommpecop 3abe3neuye CTUCHEHHSI XOJOAOAreHTY, IO MPU3BOAMUTH JI0
1BUIIICHHS HOTO TUCKY 1 TeMIepaTypHy, HEOOX1THUX JIJIs1 pOOOTH KOHJIEHCATOPa.
[IpuiimaeTbcs , 10 B KOMIPECOpl MepexijHl MPOIEecH He BiAOYBalOThCA. Y

TAaKOMY BHUIIAJIKY eHepFeTI/I‘-IHI/Iﬁ OajaHc ObOI'0 CJIICMCHTA OIMMCYETHCA HACTYITHUM

piBHsHHAM (2.2)[22], [23]:
Wem = wa(hCM,out - hCM,in) (2.2)
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He G, 5 — BuTpaTa pobO4Oro Tija Y€PE3 KOMIIPECOP, KI/C;

hcum in — TATOMA €HTAJIBIIA pOOOYOrO TiIa HA BXOJ1 Y KOMIIPECOD,

JIx/KT;

hcm outr — TMTOMA EHTaIIBIIA POOOYOro TiJIa HA BUXO/I 3

KOMITpecopa 1 BU3Havajsacs 3a GopMyJioro:

heM,outis — Rem,in
+
Uis

hCM,out = hCM,in

b

hcm outis - TATOMA EHTAJIBIILA POOOYOTO TijIa HA BUXOI 3

KOMITpecopa Micis 130€HTPOIINHOTO CTUCHEHHS, JIK/KT;

Uis — 130enTpomiitauit KKJ[ kommpecopa.

2.4.3. Mopaenb KOHAEHCATOPA

Konnencarop BUKOHY€ niepeaady Teria Bil XOJI0A0areHTy 10 TEIIOHOCIS.
Le no3BoIsIE€ 3aBEPIIMTH LUK TEIUIONEpeaayi B cuctemi. EnepreTnunuii 0ananc

poO0OUYOTO TIJIa B KOHJEHCATOPl BUPAKAETHCS HACTYITHUM PiBHSIHHAM (2.3)[22],

[23]:

dwa,CD

CWf,CDMWf,CD T - wa(hCD,in - hCD,out) -

(2.3)

Twater,in + Twater,out)
)

kepAco (wa,CD - >

, 1€ Cyyr,cp — TEIUIOEMHICTH POOOYOTO Tisia B 00JaCTi KOHAEHCATOPA,

M, cp — Maca poboyoro Tisia B 00JaCTi KOHIEHCATOPA, KT
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T f,cp — TEMIIEpaTypa pob0oUOro Tijia B 00JIACTI KOHAEHCATOPA, KT
Gy — BUTpaTa poOOYOrO TiNla YePE3 KOHAEHCATOP, KI/C;

h¢p ins Aep out — TATOMA €HTANBIISA POOOYOro Tija HAa BXOJII Ta BUXOJI 3

KOHJIEHCATOpa, BIIMOBITHO, JI)K/KT;
kcp — xoediieHT Temionepeaayi B 00acTi kKouaeHcaropa, Br/(m?xK);
Acp - TUIOINA TETUIonepeaadi, M,

Twater.in» Twater,out — TEMIIEPATYPH BOAM HA BXOJ1 Ta BUXOI 3

KOHJIEHCATOpa BiAMOBiAHO, K;

2.4.4. Monenb ApOCeIbHOTO BEHTHIIS

JIpocesbHUN BEHTHIIb PETYJIIOE TUCK XOJOJ0AareHTy, CTBOPIOOYN YMOBH

JUIsl HoTO BUMApoBYBaHHA y BUnapHUKy. OcHOBHI piBHAHHSA (2.4)[22], [23]:

hEXV,in = hEXV,out; (2.4)

He hexy in Ta hgxy oy¢ — MUTOMA EHTAIBIIA POOOYOTO TiIa HA
BXO/I1 Ta BUXO/1 3 PO3IMIMPIOBAIILHOTO BEHTHJIS, BITIOBITHO

kJK/KT;

2.4.5. TnTerpailisi KOMIOHEHTIB Yy 3arajibHy MOJIEb

[nTerpariis KOMNOHEHTIB 3a0€3Meuye CUCTEMHMM MIAX1]T IO MOJISTFOBAHHS
THY. Po3pobnena MarematnyHa MOJEIh OCHOBHHMX KOMIOHeHTIB THY

3abe3reuye TOUYHUM OMUC TEIUIOTEXHIYHUX 1 TEPMOJMHAMIYHUX MPOIIECIB, IO
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B1I0yBalOThCSI B cucTeMi. BoHa € OCHOBOW sl aHali3dy, ONTUMI3allli Ta
BIIPOBA/DKCHHS CYyYaCHMX CHCTEM AaBTOMATH30BAHOTO KEPYBaHHS. 3aBISKA
aJanTUBHOCTI MOJIEJI 10 3MIHHMX YMOB €KCILTyaTarlii, BOHa JI03BOJISE JTOCATTH

M1BUIICHHS eHeproepeKTUBHOCTI, CTa0LILHOCTI Ta ToBroBiuHocti THY.

2.5. Peamizamis moaemni B cepenopuiii MATLAB

CepenoBunie MATLAB € ki1l040BUM 1HCTPYMEHTOM 71l MOJICJIIOBAHHS,
aHajizy Ta CHUMYJSIIT CKJIQJHUX TEXHIYHMX CHCTeM, Bkiarodaroun THY.
MATLAB 3abe3neuye BUCOKHUI piBEHb THYUYKOCTI, IHTErpauli 3 J10JaTKOBUMHU
6i6miotekamu (CoolProp) Ta MOXIUBICTH pearmizarlii SK CTaTUYHUX, TaK 1
JUHAMIYHUX MOJeieil. ¥ KOHTEKCTI MOMEPEeAHbO PO3IVITHYTOI MaTeMaTHYHO1
moneni komrnoHeHTiB THY, MATLAB nanae HeoOXigHi 1HCTpyMEHTH I iX
peanizaiii y BUIIIAAI PyHKIIIOHATBHUX MOJMAYJIB, SIKI B3aEMOJIIOTH Y 3arajbHId
CTpyKTypl cuctemu. Peamizamis Mozeni 3a0esnedye TOYHICTb PO3PAXyHKIB,
Bi3yauti3allito mpoIeciB 1 ontuMizaiiito napameTpiB podbotu THY nns nocsrHeHHs

MakcuMalibHOTO KoedirienTa eneproedexktuBHocti (COP)[22], [23].

2.5.1. OcHoBHI eTamnu peaiizailii Moaei

Peanizanis marematnunoi mogemni THY y MATLAB Bkirodae Taki KJItO4OBi

cTammu:

1. Po3poOka MoayJIbHOI CTPYKTYPH: MoJielb MOIIISAE€THCS HA OKPEMI
KOMITOHEHTH: BUITAPHUK, KOMIIPECOP, KOHIEHCATOP 1 IPOCETbHUN
BeHTWIb. Lle 103B0IsIE CTBOPUTH MOYJII 3 YITKO BU3HAUYCHUMH BX1THUMHU
Ta BUXITHUMU TTapaMeTPaMH JIJIsi KOKHOTO KOMIOHEHTA. TaKuil miaxif
CITPOIIY€ TECTYBaHHS Ta BJOCKOHAJICHHS OKPEMHUX YaCTUH CHCTEMHU.

2. Peasizanis MaTeMAaTHYHUX PiBHSAHB: [[715 KO)KHOTO KOMIIOHEHTA

peai3yloThcsi MaTeMaTH4HI PiBHSAHHSA y BUrJsiAl pynkuiit MATLAB.
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PeasnizoBani GyHKIIIT BUKOPUCTOBYIOTBCS SIK OKpeM1 OJIOKH y 3arajabHii

MOJIEI.

3. Inrterpanisa B Simulink: KomnoneHnTn 06’ €1HyIOThCS B CEpEIOBHUIIII
Simulink. /{751 1boro cTBOPrOETHCS OJIOK-CXeMa, Jie KOKEH MOTYJIb
MOB’sI3aHUM 13 CYCITHIMU Yepe3 BiANOBIIHI CUTHAIIH, 1110 3a0e3neuye
EHEepPreTUYHUM 1 TepMOAMHAMIUHMK Oantanc y cuctemi. bioku Simulink
JI03BOJISIIOTH Bi3yalli3yBaTH MPOIECH Ta aHATI3yBaTH X B3aEMOIIO.

4. Napamerpu3zauisi MoaeJi: [loyaTkoBi 3HaUEHHA TApaMETPiB, TAKUX K
IJI01a TeTI000MiHY, Koe(DIIIEHTH Terionepeaayi, BUTpaTa
X0JIOJ0AreHTy TOUIO, 3aJal0ThCs yepe3 cTpykrypu aanux MATLAB. Ie
3abe3reuye THYUYKICTh MOJIEI Ta MOXKJIMBICTD IIBUIKO1 aJarTallii 10 3MiH
YMOB €KCILTyaTarii.

5. TectyBaHH1 i Bajgigauisi: Mozenb nepeBipseThCs B PI3HUX PEKUMAX
poOOTH JIJIst OIIIHKK TOYHOCTI peanizanii. s Bamigamii pe3ynbTaTiB
BUKOPHCTOBYIOTHCSI €KCIIEPUMEHTAJIbHI 1aH1 Ta TOPIBHSAHHSA 3

aHATITUYHUMH PO3paXyHKaMHu.

2.5.2. Peamizarisa Mmojeni

CrpykTypHa cxema JAuHaAMIYHOi Mojeni  jpociimpkyBanoi THY,
po3pobieHoi B cepenosun Simulink, npeacrasiena Ha puc. 2.2. I{ro moxens
MO>KHA PO3IJIAIaTH SIK CYKYITHICTh OKpEMHUX OJIOKIB, KOXKEH 3 SIKUX BIAMOBIIAE 32
MO/JICTIOBAHHSI OCHOBHUX KOMITOHEHTIB CHCTEMH: KOMIIpECopa, KOHIeHCaTopa,
PO3IIKMPIOBATILHOTO BEHTWISI Ta BUMAPHUKA. Y TPOLECI CTBOPEHHS AMHAMIUHUX
MO/IEJIeH IIMX KOMITOHEHTIB BUKOPUCTAHO PIBHSHHS Ta MATEMaTHYHI 3aJIEKHOCTI,
HaBeJIeH1 y nornepeaHboMy po3aii[22], [23].

Peanizaiis 3anponoHOBaHOi MOJIENl JA03BOJISIE OTPUMATH AMHAMIKY 3MiH

IMIMPOKOTO CIEKTPY MapaMeTpiB, TaKUX SK THCK, TeMIlepaTypa, BHUTpATH,
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EHTaJbIISl Ta EHTPOMis y KIIOYOBUX Toukax cuctemu. lle, cBo€ro yeproro,

3a0e3neyye MOMKJIUBICTh BUKOHAHHS JAMHAMIYHOTO aHAJI3y PEXUMIB poOOTH

THY[22], [23].

)
[ : y |
*—b T.water,in Twi,.CD=T,CD,out l ‘
] T,water,out oh J
101 T.CD,in )
P G wf A.CD
| 1 PiBHsiHHA eHepreTuyHoro 6anaxcy pobo4oro Tina B KOHAEHcaTopi BKN/BUKN
' \
I 1 k.CD G,water
P»ACD
‘ Lb T.water,in J
»1 T.wf,CD=T,CD,out T,water,out
» T.CD,out=T.w.g
PiBHAHHA eHepreTuyHOro 6anancy Boaw, WO HArpiBacTLCA B KOHAEHCATOPI T.CD,in p—
_‘cL sxn/BuKkn
S ’ Tair,out »Twiev S
rs | T.air,in ey
Mogens KEY KoMnpecopa
PO3LWMPIOBANBHOIO TWEV AEV
BEHTUNA
3 PiBHAHHA eHepreTuyHoro 6anaxcy TennoHocis §‘ IWEC-temp.xisx
> HU3LKOTEMNEPaTyPHOro AXepena, Wo OXONOAXYETLCA Y BUNAPHUKY DataSheet
55_ | Signal1
= [ 111
e h,EXV,out=h,EV,in
LJ T.air,out
Lb kEV
AEV TwWiEV=TEV,out
l »| Tairin
Lb Gwf

PiBHsAIHHA eHepreTuuHoro 6anancy po6o4oro Tina y BUNapHuKy

Pucynox 2.2. Ctpykrypna cxema mozeni THY Ta B3aemomis 1i

KOMIIOHEHTIB B cepeaoBui Simulink

Taxkum yrHOM, pO3p0OJIEHa MOMENh 3a0e3neuye AeTaIbHE AOCTIHKCHHS
TEIUIOBUX IPOLIECIB y BUMIAPHUKY, JO3BOJISIOYN aHANI3yBaTH 3MiHY MapaMeETpiB

y peajibHOMY 4aci Ta OILiHIOBaTH ePeKTUBHICTH pobotn THY.

2.5.3. Pe3ynbTaTi MOJIEIIIOBAHHS

PeanizoBana monens THY y MATLAB no3sonsie gociiautu ii poOoTy B

PI3HUX YMOBax:
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1. HominanbHui pexkum podoru: Moaens BuzHauae COP, criokuBaHHS
€JIEKTPOCHEPTii, TEeTJIOB1 MOTYKHOCTI BUMIAPHHUKA Ta KOHJEHCATOPA.

2. YacTKoBe HABAHTAKeHHsI: AHATI3YEThCA €PEKTUBHICTh CUCTEMU MPHU
3MiH1 TEIUIOBUX HABAHTA>KEHb, TAKUX SIK 3MEHIICHHS! BUTPATH
TETJIOHOCIS.

3. Junamiuni ymoBu: OIIHIOETHCS PEAKIlisA CUCTEMHU Ha 3MIHU 30BHIITHIX

napaMmeTpiB, TAKUX K TeMIiepaTtypa abo TUCK.

Peanizanis mogeni THY y MATLAB ctBopuna epexTUBHUI IHCTPYMEHT
JUISL aHami3y, ONTHUMI3aIlli Ta JOCHIDKEHHS poOOTH cucteMu. IHTerparris
CoolProp 3abe3neunna TOYHICTH Yy pO3paxyHKax TEPMOJIMHAMIYHHUX
BJIACTUBOCTEH, ToAl sk Simulink mo3Bojmia peanizyBaTH KOMILIEKCHY OJIOK-
CXeMy MOJIeJl 3 HA0YHOIO Bi3yaui3aliero. Mojienib BiIKpUBA€ NEPCIEKTUBU IS
nonanbinoi ontumizanii THY, 30kpeMa BpoBaKeHHS MEPEIOBUX aITOPUTMIB

aBTOMATU30BAHOIO KEPYBaHHS Ta aanTalii 70 3MIHHUX YMOB €KCIUTyaTallli.

2.6. PesynpTaTn Bamigaiii aHaTiTHYHOT MOJACITI

Baninariis aHamiTHYHOT MOJIETI € KPUTHYHUM €TarioM JOCIIDKSHHS, 10
JI03BOJISIE€ OIIHUTH 11 3IaTHICTh TOYHO BIJOOpa)kaTh peasibHi (Hi3UYHI MPOIIECH,
K1 B110yBaroThes B THY. EdexTuBHICTE MOIEI BUBHAYAETHCS 11 BIJMIOBIIHICTIO
EKCIIEPUMEHTAILHUM JaHUM 1 TECOPETUIHUM PO3pPaXyHKaM, a TAKOXK 3/IaTHICTIO
KOPEKTHO BIJTBOPIOBATH CTAaTU4YHI W JUHAMIYHI PEKUMU POOOTU CHUCTEMHU. Y
BOMY PO3IUTI HABEJEHO MAETajJbHHUI aHami3 pe3ynbTaTiB Bajigauii Mojeni,
30KpeMa TOPIBHSIHHS PO3PaXyHKOBHUX JAHUX 13 pEAIbHUMH, OIIHKY MOXHOOK 1

BIJIMOBIAHICTH MOJIEJI PI3HUM clieHapisaM ekcrutyaTtanii THY.

2.6.1. MetonoJiorist Bamigarmii

Bamipamis po3po6ieHoi Mojeni 3aiiicHIOBajacs IUISXOM IOPIBHSHHS

YU CCIbHUX peBYJIBTaTiB 13 CKCIICPUMCHTAJIbLHUMHU JaHHWUMH, HABCIACHHMHU B
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nomepeaHix  JoCHiKeHHsAX  [52]. JAnsg  OIIHKKM  TOYHOCTI  MOJei

BUKOPHUCTOBYBABCS HacTylHUM noka3sHuk[50] (2.5):

N
1 NSRS\
MAPE=—Z ' Ll % 100%, 2.
N L AY, 0% (2:5)
i=

xp,i

Jle AY — 3MiHa AOCIIKYBAaHOTO TTapaMeTpa MOPIBHSIHO 3 HOTr0 MOYaTKOBUM
3HAYCHHSM, I THIEKCH «M» Ta «eXp» MO3HAYAOTh Pe3yJIbTaT MOJEII Ta

€KCIIEPUMEHTY BIJINOBIAHO;

1— 1-uil po3paxyHKOBHUIl a00 eKCIIEPUMEHTAIbHUAN Pe3yIbTaT Y 3aJaHIUil MOMEHT

qacy;
N — 3arajpHa KUJIbKICTh PO3PAaXyHKOBUX Ta EKCIIEPUMEHTAIBHUX PE3YJIbTATIB.

2.6.4. Anani3 noxubok

B sAkocTi TecTOBMX 3MIHHHUX BHKOPHUCTOBYBAJUCS TEMIIEpaTypHI
XapaKTePUCTHKH TEIIOHOCIS Ha BUXOJI1 3 BUTIAPHHUKA Ta KOHIEHCATOPa, BUTpATa
poOOUOTo TiNa, a TAKOXK TMHAMIKA PEakKilii CUCTEMH Ha 30ypeHHSI.

[TopiBHSIHHS €KCIIEPUMEHTAIBHUX JAaHUX 3 Pe3yJbTaTaMH MOJICTIOBAHHS
IUI AMHAMIKHU 3MIHM TEMIIEPaTypy TETJIOHOCIS Ha BUXO/I1 3 BUMTAPHHUKA [TOKA3aJI0
cepennro abcomoTHy nporeHTHy nmoxuoky (MAPE) 10,5%. Ile cBiguntsh mpo e,
110 MOJIENTh JOCUTh TOYHO BiITBOPIOE PEAKI[it0 CUCTEMH Ha 30ypeHHSs, ONUCaH1 Yy
BapianTi Nel (puc. 2.3). 30kpema, 3poCTaHHs TEMITEpaTypPH TEIUIOHOCIS Ha BXO/II
B KOHJICHCATOp MPHU3BOAWIO 10 TMiABUINCHHS TEeMIEepaTypu KOHJIEHcalli Ta
3HIDKEHHST XOJIOJOTPOTyKTUBHOCTI BUMAPHUKA, 0 MOACIUTI0 OYyJI0 KOPEKTHO
BimoOpakeHo. HeBiAmoBiAHOCTI MOXKYTh OyTH TMOB’s13aH1 31 CKIAAHICTIO TOYHO1

IMITaIlii epexiJHuX MpoIeciB a00 eKCIepUMEHTATLHUMH MOXUOKAMHU.
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Pucynok 2.3. IlopiBHAHHSA pe3yNbTaTiB PO3paxyHKIB 3 BUZHAUCHHS
JMHAMIKUA 3MIHHM TeMIIEpaTypH TETUIOHOCIS HU3bKOTIOTEHIIIMHOTO JKepesa Ha
BUXO/I1 3 BUTIAPHHUKA 32 PO3POOJIECHOIO MOJICIUTIO 3 EKCTIEPUMEHTAILHUMH

JaHUMH, 110 HaBeZeHO B [51] 30ypeHHs BiMoBiAat0Th BapianTy Nel

s npyroro tumy 30ypeHs (Bapiant Ne2) cepenns noxudka MAPE cknana
8,3%, 10 € KpallluM pe3yJbTaToM NopiBHIHO 3 BapianTtoM Nel. Ha pucynky 2.4
BUJHO, 110 MOJENb €(PEKTUBHO BIJICTEXKYE TUHAMIKY 3POCTaHHS TEMIEpaTypu
TEIUIOHOCISI Ha BUXOJl 3 BUMNApHUKA MpPH 3MiHI MapaMeTpiB Ha BXOAl B
KOH/JEHCATOp. 3MEHILIEHHS MOXUOKH Moxe OyTH OOyMOBJIEHE MEHII
IHTEHCUBHUMH a00 Ouibll  mependaduyBaHUMH  30ypeHHSIMH, a TaKOX

ONTUMI3AIIIE€I0 ATOPUTMIB MOJIEI JIJIsl JAHOTO TUITY BIUIMBIB.
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Pucynok 2.4. IlopiBHAHHSA pe3yJIbTaTiB PO3paxyHKIB 3 BUZHAUCHHS
JMHAMIKUA 3MIHHM TeMIIEpaTypH TETUIOHOCIS HU3bKOTIOTEHIIIMHOTO JKepena Ha
BUXO/I1 3 BUTIAPHHUKA 32 PO3POOJIECHOI0 MOJICIUTIO 3 €KCTIEPUMEHTAILHUMH

JAHUMH, 1110 HaBeaeHO B [S1] 30ypeHHs BIAMOBIa0ThH BapiaHTy Ne2

PesynpTaT Bamijgamii aHaTITAYHOT MOJETI MIATBEPAWUIN 1i BHCOKY
TOYHICTb 1 HAAIWHICTb [Tl IIMPOKOTO Aiana3ony pexxuMiB poootu THY. OcHoBHi
MOKa3HWKU — TeIIoBa MOTykHicTh, COP 1 auHaMiuHI peakiiii — BiANOBIIAIN
EKCIIEPUMEHTAJbHUM 1 TEOPETMYHUM 3HAYCHHSM 13 TMOXHOKOI, IO He
MEePEBUIIyE JOMyCTUMI MeXi. Mojenb BHSBUJIA CBOKO €(PEKTUBHICTh Y
HOMIHAJIbHUX 1 YACTKOBUX PEXKUMaX POOOTH, a TAKOX MPU JUHAMIYHHUX 3MiHAX
30BHIMHIX yMmoB. [lomanmpine BIOCKOHANEHHS MOJENI, 30KpeMa s
EKCTpEMaJIbHUX PEKUMIB, JO3BOJIUTH PO3IIMPHUTH 11 3aCTOCYBaHHS B aHaJI3i Ta

ontuMmizaiii THY, niaBuitytoun ix eHeproeeKTUBHICTb Ta aAANTUBHICTb.
2.7. BUCHOBKH 710 pO3JILITY

2.7.1 OcHOBHI pe3ynbTaTH

Ha ocHoBi mpoBeaeHoro anamizy W Bamijamii anamitugHoi moxeni THY

OTPHMMAHO HACTYIIHI KJIFOYOB1 pe3yJIbTaTH:
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1. Bucoka TouHicTh MoAe0BaHHA: Po3po0ieHa Mozenb nokaszana
BHCOKY BIANOBITHICTh €KCIEPUMEHTAIBHUM 1 TCOPETHUHUM JaHUM. Y
HOMIHAJIbHUX PEXHUMax poOOTH MOXHOKA B pO3paxyHKax TEIIOBOI
IOTY>KHOCTI HE NIepEeBUIIlyBaja JOMyCTUMUX MeX. Taki pe3ynbTaTtu
HiATBEPHKYIOTh aIeKBaTHICTh (D13MYHUX MPUIYLICHbB, 3aKIaICHUX Y
MOJIENb.

2. KopekTHicTh BiITBOpeHHS IMHAMIYHOI MOBeiHKU: MoJenb yCHilHO
BIITBOpWJIA TMHAMIYHI MPOIIECH B peasibHuX ymoBax pobotu THY. Yac
cTaliizallii mapaMeTpiB MIiC/s 3MIHU 30BHIIITHIX YMOB (TeMIiepaTypu abo
TEIUIOBUX HABAHTAXKEHB) BIAMOBIAB €KCIIEPUMEHTATLHIUM 3HAUCHHSAM,
1110 103BOJIsIE BUKOPUCTOBYBATH MOJIENb JUIS TOCIIJKEHHS TUHAMIYHUX
XapaKTEPUCTUK CUCTEMHU.

3. Hoxubka monemoBanHns: [IpoBenenuii anani3 mokasas, 110 CEpeaHs
abcourroTHa miporieHTHa noxuoka (MAPE) He nepeBuiirye 10MyCcTUMHUX
Mex. MakcuManbHi HOXHUOKH CIIOCTEPITrannucs B €KCTPEMAIbHUX
peXuMax, 1o MiAKPECTIOE HEOOX1AHICTh TI0JATKOBOTO BJOCKOHAJICHHS
MOJIEI.

4. ®dizuyHa o0rpyHTOBaHiCTh: Brcoka BiMOBIIHICTh TEOPETHUHUM
pO3paxyHKaM MiATBEPKYE Pi3MuHy OOTPYHTOBAHICTh MOJIEI.
Pesynbratu TemnoBoi notyskHocTi i COP y3romxkyroThes 3 KIaCHUHUMU
PIBHSHHSMU TEPMOAMHAMIKH 1 TEIJIONEepeaayi, 1o 3ade3neuye

HAJIAHICTh MOJIEII JIs MPOTHO3yBaHHS.

2.7.2 TlpakTyHE 3HAYEHHS

[IpoBeneHe AOCTHIKEHHS IEMOHCTPYE IMHUPOKI MOMXJIMBOCTI 3aCTOCYBaHHS

aHamituuHoi Mojeni THY j1s BupilieHHs] HU3KU TIPUKIIAIHUX 3a0a4:
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1. OnTumizauia po6oru THY: Mojaenb 103B0J1si€ BU3HAYATH ONTUMAJIbHI
napameTpu poboTH, 3a0e3Meuy0dn MaKCUMaIIbHY €HEProeeKTUBHICTS 1
MIHIMI3YIOYU BUTPATU €HEPTIi.

2. ABTomMaTtu3oBaHe KepyBaHHsi: Ha 0CHOB1 MojieNli MOXYTh OyTH
pPO3p0o0IIeH] aIaNTUBHI aJrOPUTMHU KEPYBAHHS, III0 BPaXOBYIOTh 3MiHH1
30BHIIITHI YMOBH ¥ 3a0€3M€4yIOTh CTa0IbHICTh POOOTH CUCTEMH.

3. MoxauBicTh po60TH 3 Pi3HUMHU POOOUYMMH TijlaMu: 3aBISIKU BUCOKIN
TOYHOCTI MOJICJTIOBAHHS MOJICJIb MOXHA aIaNTyBaTH JJIsl poOOTH 3
PI3HUMHU POOOUYHUMHM TIIAMU, BKJIFOYAIOUU CYYaCHI CYMIIIll XOJI0/I0areHTIB,
10 JO03BOJISIE MIIBUIIUTH YHIBEPCAIBHICTD 1 €HEProePeKTUBHICTh
CUCTEMHU.

4. OcsiTHi ii JocaigHUbKI 3aBAaHHsA: MoeNb CIIyTye HaBYaIbHUM 1
JOCIITHUIIBKIM THCTPYMEHTOM JIJI aHAJTI3Y CKIIATHUX TETUTOTEXHIYHUX

IIPOIIECIB.
2.7.3 PexomeHpalii jis MOJaIbIIIOTO PO3BUTKY

Ha ocHOBI1 OTpUMaHUX Pe3yJbTaTiB PEKOMEHY€E€ThCS BUKOHATU HACTYTIHI KPOKU

JUTST BIOCKOHAJIEHHS MOJIE:

1. Po3mupeHHsi po6o4oro aiana3zony: Mojenb Ciuij afanTyBaTH s
poOOTH B €KCTPEMAIBHUX YMOBAX, TAKUX SIK Jy’Ke HU3bKI a00 BUCOKI]
TEeMITepaTypH, 10 JO3BOJIMTH 3a0C3MEUUTH 11 YHIBEPCAITbHICTD.

2. Inrerpamis HeJiHiiiHMX 3aexHocTel: JlomaBaHHs 10 MOIET CKITATHUX
(GIBUYHMX 3aJIEKHOCTEH, TAKUX SIK BIUTUB JeTpajallii Marepiaiin
TEII00OMIHHUKIB 200 3MiHA BJIACTUBOCTEN XOJIOA0ATCHTY 3 4acOM,
3a0e3MeYuTh ii O1IbIITY TOYHICTb.

3. AnanTanis a1 inmux TuniB THY: Po3poOka MoaymiB s pi3HUX
koH(pirypamiit THY, Takux sx "Boma-Boga" abo "rpyHT-Boaa", TO3BOJIUTH

po3muputu cepy 3acToOCyBaHHS MOJIETII.
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4. 3acTrocyBaHHSl IITYYHOIO iHTEJEKTY: [HTETpaIlisi METO/[iB MAIlIMHHOTO
HABUYaHHS Ta ONTHUMI3AIIMHNX aJTOPUTMIB JO3BOJIHUTH MPOTHO3YBATH

poOOTY cUCTeMH i MIABUIIUTH €(EKTUBHICTh 1i KEpYyBaHHS.

Po3po6aena ananituuna moaens THY minTBepauna cBoro eEeKTUBHICTS 1
TOYHICTb, 1110 JT03BOJISIE BUKOPUCTOBYBATH i JIJIsl TOCIIHKEHHS, ONTUMI3AIlil Ta
asroMmatu3aiii THY. [loganeiiuii po3BUTOK MOJIEN, 30KpeMa PO3MIMPEHHS 1l
3aCTOCYBaHHA Ha eKCTpeMaJbHI YMOBM U 1HTerpamiss 3 Cy4YacHUMHU
THCTpYMEHTaMH ONTUMI3allii, COpUATAME MiIBUIEHHIO €HeproeeKTUBHOCTI Ta
HAJIAHOCTI TEIUIOTEXHIYHUX CHUCTeM. BOHa € BaXUJIMBUM 1HCTPYMEHTOM IS
PO3BUTKY CYYaCHUX CHEPreTUYHHX TEXHOJIOTi, OpIEHTOBAaHMX Ha CTIMKICTH 1

€KOJIOTIYHICTb.

2.7.4 KinrouoBuii HeOIIK MOAEIL

He3Bakaroun Ha TOCSATHYTI pe3ysbTaTH, po3po0JieHa aHATITUYHA MOJIEIh
Mae mneBHI oOMmexeHHs. OCHOBHMM HENOJIIKOM € BHCOKI BHUMOTHA O
00YHCITIOBAJIBHUX PECYPCIB 1 TpUBAJMiL yac po3paxyHkiB. Hanpukiaz, mpu kpotii
inTerpanii 0,5 cekynn moaentoBanns 120 cexyna po6otu THY nmorpebysano 11
cekyH]1 peanbHoro vacy (Tabmuist 2.1), TOal K IS CUMYJISIT OHOTO MICSIIS
Oyno motpiOHO ABI m00u oOuucieHsb. [IpoBeneHHs MomemOBaHHS HA OUTBITHI

NepioJl B OJHOMY 3aIyCKY BUSBHIIOCS HEMOXKIIMBUM Yepe3 OOMEKEHHS PECypPCIB.
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Tabnuusg 2.2. TpuBanicTs po3paxyHkiB Mmoaen THY 3anexHo Bifg

IPOMIXKKY 4acy

120 11

600 85

6000 470

1 micsaup 2 nodu
OmnanroBabHAN TTEP10/T [Tomuiika

Jlnst BUpileHHs i€l mpoOjeMHu B HACTYITHOMY PO3/IUI Oy/1e PO3IJISHYTO
MOXJIMBICTh 3aMIHM aHAJITHYHOI MOJIEl Ha HeWpoHHy. ['eHepallis qaHux s
HaBYaHHS HEHPOHHOI MO/IEJl BAKOHYBAaTUMEThLCS HA OCHOB1 aHAIITUYHOT MOJIETI,
110 JT03BOJIUTH 30€pErTH TOYHICTh, ajie 3HAYHO 3HU3UTH O0YUCITIOBAIbHI BUTPATH
Ta MIPUCKOPUTH PO3PAXyHKH.

VY oMy po3mini Oys0 MpoBEAEHO NeTaabHUN aHai3 Cy4acHHX METOMIB
MoaemtoBanHa THY Ta po3poOiieHO aHAMTHYHY MOJACHb sl OIIHKH iX
EHEepPreTUYHUX xapakTepucThK. OCHOBHI BHCHOBKH MOXHA C(HOPMYIIOBATH

HAaCTYIIHUM YHMHOM:

1. Po3poOka ananituunoi moaesai THY
o byno po3pobrmeno anamithuyHy Moaenb THY Ha ocHOBI
dbyHIaMeHTaIbHUX (PI3MYHUX PIBHSIHB, BKIIOYAIOYH PIBHSHHS
TeIuIonepenayi, TePMOJUHAMIYHUX MPOIECIB Ta EHEPreTUYHOTOo

OanaHcy.
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O 3anponoHOBaHa MOJEIb JO3BOJISIE JOCIIIKYBATH IMHAMIKY pOOOTH
THY B ymoBax 3MIHHOTO TEIUIOBOIO HABAaHTAXXEHHS Ta PI3HUX
KJIIMaTUYHUX YMOB.

o Bukopucranns mnporpamHoro mnakery CoolProp y MATLAB
3a0e3Meymyio BUCOKY TOYHICTh PO3PaXyHKIB TEIIO(PI3ZUIHUX
napaMeTpiB poOOYMX CEPEIOBHIIL.

2. OuiHka TOYHOCTI Ta e(peKTUBHOCTI MoeJi

o IlpoBemeHo Bamimamiro MOl NUISIXOM  TMOPIBHSHHS 3
€KCIIEpUMEHTAJbHUMU JaHUMH, WI0 MATBEPAUIO 1i BHUCOKY
TOYHICTb.

0 Mogenps YCHIIIHO BIATBOPIOE JWHAMIYHI TIPOIIECH, 30KpeMa
peakmito THY Ha 3MiHy 30BHINIHBOI TeMmmepaTypud Ta
HABAHTAXKCHHSI.

3. IlepeBaru Ta 00MesKeHHSI AaHAJITUYHOI MO

o (OCHOBHI IIEepeBaru:

m Bucoka TOYHICTP MOJENIOBAHHA, 10 MIATBEPIKEHA
BaJII 1AL €IO.

m MOXIMBICTh aHai3y BIUIUBY pI3HUX (akTopiB (3MiHA
TeMmrneparypu, pobo4Yoro Tija, PEKUMIB poOOOTH) Ha
npoayktuBHicTh THY.

m VYHIBEpCaIbHICTh — MOJENh MOXE OyTH ajamnToBaHa s
inmux tumnie THY (Boga-Boaa, rpyHT-BOJA).

o T'osi0BHUIT HEOJTIK:

m Bucoki oOuuciioBanbHI  BUTpaTH, 110  YCKIIAJIHIOE
BUKOPUCTAHHS MO JJIsl JOBTOTPUBAIUX CUMYJISALIIM.

m Hanpuknazn, cumyssiiist ogHoro micsis poootu THY 3aiimae
JB1 J100M OOYMCIICHb, 110 € HENPUUHATHUM JJI 3ajad
peanapHOrO Yacy.

4. IlepcneKTHBH MOAAJBIIOI0 PO3BUTKY
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o Jlnga ycyHeHHs NpoOJieMH BHCOKHMX OOYMCIIOBAJIbHUX BUTpAT y
HACTYyIHUX PO3JUIax Oy/e po3riIsHyTa 3aMiHa aHATITUIHOI MOJIET1
Ha HEUPOHHY.

o [I'eHepallis HaBYAJLHUX JAHUX JUIsl HABYaHHS HeHpomepexi Oyne
0azyBaTucsa Ha 1M aHATITHYHIA MOJENI, 10 JAO3BOJUTH 30epertu
TOYHICTh, aj€ CYTT€BO 3HU3UTH BUTPATH Ha OOYUCIEHHS Ta
MPUCKOPUTH CUMYJISIIII.

o Takox mnependadaeTbCsi MONAbIIE TOCIIHKEHHS MOXKIMBOCTEH
1HTerpari miei Mojiesl y CHCTeMH aBToOMaTUHIHOTO KepyBanHs THY,
IO CHOPHUSATHUME MIABUILEHHIO €Heproe(eKTUBHOCTI OyIiBETbHUX
CUCTEM.

Po3po6nena anamitmuna monaenb THY mokaszana BHCOKY TOYHICTh Yy
MPOTHO3YBaHHI i pOOOTH Ta JO3BOJIAE aHATI3yBaTH €HEPreTHUHY €(EeKTUBHICTD
y PpI3HUX yMOBax ekcruryaramii. BogHodac, ii BHCOkKa oOOYHCITIOBaJIbHA
CKJIQIHICTh € TOJOBHUM HEIOJIKOM, SKUH TOTpedye omTuMizaili depe3
BUKOPUCTAHHS MAIIMHHOTO HaBuaHHA. [lojanbuni gocimigkeHHs OyIyTh
30cepeKeHl Ha po3po0iii HeipoMepeskeBoi mojeni THY, 1m0 103BOIUTE 3HaYHO
MPUCKOPUTH PO3PAXYHKH Ta 3pOOUTH MOJAENH MPUAATHOIO JIJISl BUKOPUCTAHHS Y

p€ajlbHUX CUCTEMAX KCPYBAHHSI.
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Po3zain 3. Po3poOka Ta iHTerpamisi MoaeJ i MAIIMHHOTO HABYAHHS

THY B cepenoBuime Simulink

3.1 IToctanoBka 3aBnaHHA

Po3pobka edextuBHuX anroputmiB kepyBaHHs THY € BaxiauBum
3aBJaHHSAM JJIs1 TABUILEHHS €HEPTeTUYHOI €EeKTUBHOCTI Cy4acHUX OY/IiBEIb.
[HTEeHCUMBHUI ~ PO3BUTOK  TEXHOJIOTIM  Terso3ade3neyeHHss  00yMOBIIIOE
HEOOX1IHICTh PO3POOKH aJANTUBHUX CHUCTEM, 3/JaTHUX BPaxoBYBaTH AMHAMIUHI
3MIHM YMOB eKCIUTyaTallli, TaKdX SIK 30BHIIIHA TEMIIepaTypa, TEIUIOBe
HABAHTAXKEHHS T4 EHEPTeTUYHI BUTPATH.

Amnamitnuni mozem pob6otu THY Oasyrorbes Ha (yHAaMeHTaIbHHX
(h13WYHUX MPUHIMIAX 1 T03BOJISIIOTH TPOBOJAUTH TOYHHUH aHai3 MporieciB. O1HaK
iXHS CKJIQAHICTh Ta BHMCOKI OOYMCIIOBaJbHI BUTPATH 3HAYHO OOMEXKYIOTh
MOJKJIUBICTh iX 3aCTOCYBaHHS ISl 3aJa4 peajdbHOro yacy. 3 i1HIIOro OOKYy,
CydacHi METOJIM MAIlIMHHOTO HAaBYaHHS, 30KpeMa PEKypEHTHI HEHPOHHI Mepexi
tuny Long Short-Term Memory (LSTM), 3a0e3neuytoTh 3Ha4Hy THYYKICTh Ta
aganTuBHICTB. [{1 Moaeni JeMOHCTPYIOTh 3AaTHICTh BPaXOBYBaTH HEIIHIWHICTh
Ta CKJIAJHI B3a€EMO3B'SI3KM MDK MapaMeTpaMyd CHUCTEMHM, IO pOOUTh iX
NEPCTIIEKTUBHUM BHOOPOM /s iHTerpallii y cuctemu kepyBanus THY[52].

KirouoBa mnepeBara 1bOro MiAXOAY TOJATa€ y TMOEIHAHHI BUCOKOI
TOYHOCTI, 0 BJACTUBA aHATITUYHUM MOJIEISIM, 3 HU3bKUMHU O0YNCITIOBATbHUMU
BUTpATaMU, XapaKTEPHUMH JIJIs1 METO/IIB MAIIIMHHOTO HaBYaHHs. BripoBaykeHHs
Takux Mojenel y cepenouine Simulink 3a0e3nedynTh HOBI MOMJIMBOCTI ISt

JOCTIIKEHHS Ta ONTUMI3alli peKUMIB pOOOTH CUCTEMH TEII03a0e3MeueHHS.
ITocTanoBka nmpodJjemMu

OcHOBHUMU BUKJIHNKAaMH, 11O BU3HAYAKOTh aKTyaJIBHiCTB ,Z[OCJ'IiI[}KCHHH, €:
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1. HeoOXxigHicTh TOUHOT0 MOAEIOBAHHS. [CHYIOUI METOIU HE 3aBXKIU
3[1aTHI BpaxyBaTH CKJIAJHI HEMH1MH1 3a1exHOCT1 y poboTi THY, mo
NPU3BOAUTH 10 HETOUHOCTEHN Y MPOTrHO3axX €(hEeKTUBHOCTI Ta
€HEProCIOKUBaHHS.

2. Bucoki 00unc/II0BaIbHI BATPATH AHAJITHYHUX MOJIeel, sKi
YCKJIaJTHIOIOTh 1X 1HTETPAIlilo B pealibHi CUCTEMU KEPYBaHHS, OCOOJIMBO
JUTSE 337149 ONIEPATUBHOTO aHAI3Y.

3. JunamivynicTb yMoB ekcryaTaunii. Cucremu THY noBunHi
aZanTyBaTHUCS 10 3MiH TEIUIOBOTO HABAHTAXXEHHS, KIIIMaTUYHUX YMOB Ta
€HEPTreTUYHUX BUMOT, 0 CTBOPIOE JIOJATKOBI BUMOTH J0 MOJICIICH.

4. O0MeKeHICTh KJIACHYHUX AJITOPUTMIB KEPYBaHHS, SIK1 HE 3aBXKIU
3a0€3Me4y0Th ONTUMAIbHY NPOAYKTUBHICTD Yy CKIQJAHUX JUHAMIYHUX

CEpeIOBHILAX.
MeTta po3ainy

Mertoro € popMysroBaHHS 3aBIaHHS JJIsl po3poOKu HeiiponHoi moaeni THY, ska

BI/IITIOBIIATUME TAKUM BUMOTaM:

e 3abe3MevyeHHs] BUCOKOT TOYHOCTI IPOTHO3YBaHHS KITFOUOBHUX MTapaMeTpiB
poOOTH CHCTEMU.

e CkopoueHHS 00UHCITIOBAILHUX BUTPAT JIJISI MOXKJIMBOCTI peaizalii
MOJIeTIl Y pealbHOMY 4aci.

e [urerpaiis y cepenonuiie Simulink a5 MoientOBaHHS Ta aHAII3y
JTUHAMIYHUX MPOIIECIB.

e ['Hyuka ajganTaiis 10 3MIHHHX YMOB €KCILTyaTali.
OcHOBHI eTanu po3pooOKu
Jlns peanizaliii mocTaBIEHOT METH Mepe10auyeHO HACTYITHI €Taru:

1. AHaJuai3 BXiTHMX JaHUX:
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© Bu3HavYeHHS KIIOYOBUX MapaMeTPiB, IO BIUIUBAIOTh HA POOOTY
THY, Takux sik Temneparypa KOHJIEHCAaTOpa, BUIIaPHUKA, MacOBa
BUTpAaTa TEIIOHOCIS.

O AHaJi3 Ce30HHUX 3MIH MapaMeTpiB I 3a0e3MeueHHs
YHIBEpCATBHOCTI MOJIETI.

o @opMyBaHHA TPEHYBaJIbHUX HA0OPIB JAHUX 13 BPAXyBaHHAM

PI3HUX PEXKHUMIB POOOTH.

2. Bubip Ta onTuMi3alisi apXiTeKTYpu HEHPOHHOI MePe:XKi:
o Bubip apxitektypu LSTM n1s1 MoentoBaHHs 4aCOBUX
3aJIEKHOCTEM.
0 BwuzHaueHHS ONTUMAJIBLHOI CTPYKTYPHU Mepexi (KUIbKICTh I1apiB,
KUTbKICTh HEHPOHIB, (DYHKIIIA aKTHUBALIii).
o Po3poOka anropuTmiB HaBYaHHS JIJIs1 JOCSATHEHHS OallaHCy MIXK

TOYHICTIO Ta MIBUIKOJIIEI0 MOJIEII.

3. InTerpauist MoaeJiy cepenoBumie Simulink:
o Kouseprartis HeiipoHHOI Mozeni B C-Ko/ 32 JOTIOMOTO10
010J110TEKH.
o Po3pobka S-pyHkuii 17151 BupoBamkeHHs mojaeni y Simulink.
o IlpoBeneHHs TeCTyBaHb IHTETPOBAHOI MOJIEI I MEPEBIPKH Tl
MPOJIYKTUBHOCTI Ta KOPEKTHOCTI.
4. OuniHka pe3yJibTaTiB:
o IlopiBHSHHS IHTETPOBAHOI MO/IENI 3 AHATITUYHUMHU METOJIaMH Ta
THIIMMHA MOJIETISIMU MAIIMHHOTO HaBYaHHS, TAKUMHU sIKk Random

Forest.
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© BwuzHaueHHs BIUIUBY pi3HUX (haKTOPIB HA TOUHICTH Ta
IPOAYKTHUBHICTH MOJIEIIL.
o Po3pobka pekoMeHaaIiif o100 MOKpaIIeHHs: 00YNCITIOBAIBHOT

e(hEeKTUBHOCTI.
OuikyBaHi pe3yJbTaTu
Po3po6iena Moens MOBUHHA:

1. Jocarta TOYHOCTI MPOTHO3YBaHHS, €KBIBAJICHTHOI aHAIITUYHUM
MOJIEJISIM, 13 CYTTE€BO MEHIITUMHU BUTpaTaMU OOYUCITIOBAILHUX PECYPCIB.

2. JleMOHCTpYBaTH 3IaTHICTh alaiTyBaTHCS 10 3MiHHUX YMOB €KCILTyaTartii
6e3 BTpatu €(heKTUBHOCTI.

3. InrerpyBarucs y cepenonuiie Simulink, 3a06e3nedyroun MOKIUBICTh
KOMIUJIEKCHOT'O aHaJli3y JUHAMIYHUX MPOIIECIB.

4. BiakpuTH NEpCIEeKTUBH ISl BOPOBAIKEHHS B IHTEJIEKTYyalbHI CUCTEMU

KEepyBaHHs PEaJIbHOTO Yacy.

BucHoBok

[TocTaBrieHe 3aBIaHHSI OpiEHTOBaHE Ha CTBOPEHHSI BUCOKOIPOYKTUBHOI
HEWPOHHOI Mojeli s MonaemtoBaHHss poootu THY. 3ampomonoBanuii miaxin
0a3yeTbCcsl Ha CHHEPrii TOYHOCTI AHAIITUYHMX METOAIB Ta e(EKTUBHOCTI
MaITMHHOTO HaB4aHHs. [HTErpartis mozaeni y cepenosuie Simulink 3a6e3mneuye
HOB1 MO>KJIUBOCTI JIJIs1 TOCJIJPKEHHS Ta M1ABUILIEHHS €eHEPTeTUYHOI €PEeKTUBHOCTI
OyniBenb. Ile mocmipkeHHs 3akianae GyHIAMEHT JJIS MOJATBIIOTO PO3BUTKY
CyYacHHUX €HEProe(eKTHUBHUX CHCTEM TEIUI03a0e3MEeUeHHS, OPIEHTOBAHMX Ha

peabHI YMOBH €KCILTyaTallii.
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3.2 IlopiBasuusa Random Forest Ta Heiiponnoi mepexi LSTM

Jlist MopenroBaHHA JAWHAMIYHUX Xapaktepuctuk THY ximouoBuM
3aBJaHHSIM € BHOIp TIAX0Hay, SKHM 3a0€3MeUYnTh BUCOKUM PIBEHb TOYHOCTI
IIPOTHO3YBAHHA 3 ypaXyBaHHSAIM OOMEKEHHX OOYHCIIOBAIBHUX pecypciB. JlBa
HalnomupeHin Meroau B ik ramy3i — Random Forest (RF) 1 LSTM. RF €
KJIACHYHUM aJITOPUTMOM aHCAMOJICBOTO HaBYaHHS, IO BIJOMHUN CBOEIO
MPOCTOTOIO 1 MIBUAKICTIO. Y cBoto uepry, LSTM e cydacHuMm migxomom asis
poOOTH 3 YAaCOBHMH psIaMH, 3AaTHUM BPaxOBYBAaTH CKJIAIHI 3alIeKHOCTI Y
MOCTIAOBHOCTAX AaHUX. lle mopiBHSAHHS J03BOJISE€ OLIHUTH CHJIBHI Ta CJIa0Ki
CTOPOHH KOXXHOTO METOMy Y KOHTEKCTI IX 3acTOCyBaHHSA IS 3ajady

MoaemtoBanHsa THY[53].

3.2.1 Metogomorist HOpiBHAHHS

JIns BUKOHAHHS aHajizy OyJO BHUKOPHUCTAaHO EKCIIEpUMEHTAIbHI JaHi, IO
MICTHITU KJTF0uoBi mapameTpu podotu THY, Taki sik TemmepaTypa KoHAeHcaTopa
1 BUITapHUKa, MacoBa BUTpaTa TETUIOHOCIS, 30BHIIIHS TEMIIEpaTypa, a TAKOXK JIaHi
Ipo TEIUIOBE HaBaHTakeHHs. J[aHi Oynu posnoaiieHi Ha TpeHyBanbHy (80%) 1
TecToBYy (20%) BuOipKu. OuiHIOBaHHSA 000X MoOjeNed MPOBOIUIOCS 3a TaKUMU

KPUTEPISIMU:

1. TounicTh: BUMiproBanacs 3a gornomororo RMSE (Root Mean Squared
Error) 1 MAE (Mean Absolute Error)[54].

2. O0uuca0BaIbHA eeKTUBHICTD: OLIIHIOBAIACA 33 CEPEIHIM YacoM,
HEOOXI1THUM JIsl OOYMCIICHHS OJTHOTO TIPOTHO3Y.

3. I'nyukicTh: BU3HaUanacs 3aTHICTIO MOJIETI aIaliTyBaTHUCS 10 3MiHHUX
30BHIIIHIX YMOB, BKJIIOUalOUX CE€30HHI Ta JOOOB1 KOJMBAHHS.

4. CrillkicTh: nepeBipsuacs 31aTHICTh MOENEH 30epiraTu MpoJyKTUBHICTh

3a HasIBHOCTI IIIyMiB 200 HETIOBHOTHU JAHUX.
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3.2.2 Xapakrepuctuka Random Forest

Random Forest € ancamOneBUM METOJOM MAIIMHHOTO HABYaHHS, SIKUH
dbopMye CYKyIHICTh JACPEB PIllIeHb, KOKHE 3 SKUX 0a3yeThCs Ha BUIAJIKOBIM

miAMHOXKUHI JaHuX (puc. 3.1)[55]. OcHOBHI nepeBaru bOro MiaXoay:

o CriilikicTh 10 MepeHaBYaHHS 3aB/IIKH YCEPETHEHHIO IPOTHO31B MIXK
JI€pPEBAMHU.

e Bucoka NpoayKTHUBHICTD MiJ Yac TPEHYBaHHS Ta BUKOHAHHS MPOTHO31B.

e HeBumornusicth 10 BXigHux nanux: RF epextuBHO mpairioe HaBiTh 3a

HasIBHOCTI IITyMiB a00 HEMOBHUX HAOOPIB JIaHUX.

Habip aaHux

Aepeso piweHb 1 Aepeso piweHb 2 Aepeso piweHb N
Pesynbrar 1 Pe3ynbrar 2 Pesynbratr N
YcepeaHeHHA

I

®diHanbHUI pe3ynbrat

Pucynok 3.1. Cxema apxitektypu Random Forest, 1o iatocTpye npoiec
moOyIOBH JIEPEB PIlICHb.

OOMexeHHSI METOLY MOJISITaloTh Y MOro He3JaTHOCTI BpaXOBYBaTH YacoB1
3aJIe)KHOCTI, III0 CYTTEBO OOMEXKY€ HOTO 3aCTOCYBaHHS y 3aJja4ax, /e JaHl MaloTh

MOCJIIIOBHUN XapaKTep.
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3.2.3 Xapakrtepuctuka LSTM

LSTM € TunoM peKypeHTHUX HEUPOHHUX MEPEeX, CIeIiadbHO
po3poOJIeHNX 11 aHami3dy TnocmigoBHuUX gaHux (puc 3.2). OcHOBHI

xapakrepuctuku LSTM BritouaroTs[56]:

e Bucoka TOYHICTH MPOrHO3YBAHHS, OCOOJIMBO IS 3a/1a4 3 YACOBUMU
pAAaMHU.

e 3JaTHICTH BPaXOBYBaTH JOBrOTPHMBAJ 3aJ1€5KHOCTI, 1110 € KIIIOYOBUM
I MOJICTTIOBAHHS TMHAMIKY CKJIQJHUX CHCTEM.

e ['nyukicThb i aganTUBHICTH /10 3MiH ITApaMETPIB Y pealbHOMY Yacl.
HesBaxarouu Ha mepeBaru, 1eii MeTo/I Ma€ Taki HEIOTIKH:

e Bucoki 00unc/I0OBaIBHI BUTPATH Y TIPOIIEC] TPEHYBAHHS, 1110 MOXKE
OyTU KpUTUYHUM y PECYPCHO OOMEKEHUX CEPEIOBUIIAX.
e YyTumBicTh 10 HAJAIUITYBAHb rinepnapaMerpiB, sika BUMarae

peTeNbHOI ONTHUMI3allii.
fe = o(Ws - [Ae—1, x¢] + by)
i = a(Wj - [he—q, %] + by) @
Cp = tanh(W, - [he—1, x¢] + b

=

X

)

b Co=fi*Cooq +ic* G,

0
% i; _”Ht t ¥ \Ot = o (W, [h¢-1,x¢] + by)
A A
he—q J » h; = o, * tanh(C,)

Pucynok 3.2. Mexani3m po6otu komipku LSTM[56]
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3.2.4 Pe3ynbTaT NOPIBHSHHS

PesynbpraTtn tectyBanHsa (puc. 3.3) o00x Mojeneld AEeMOHCTPYIOTh iXHIi

CUJIBHI Ta CJIa0K1 CTOPOHHU:

I. To4HiCTH MPOTHO3YBAHHS:
o RMSE gnst LSTM cranoBuio 25.23 BT, 1110 3Ha4HO Kpaiiie
nopiBHsHO 3 RF (RMSE = 48.15 Br).
o MAE mna LSTM Takox OyB HIDKYUM, 110 CBITIUTH TIPO Kparry
BIJIMTOBITHICTh MOJIEINI JIO PeATbHUX JTaHUX.
2. O0unciaBajibHa e)eKTHUBHICTD!
o RF norpedysas numie 0.005 ¢ nis 060uncaeHHs: OJHOTO MPOTHO3Y,
tomi sik LSTM — 0.35 c. Ile po6uts RF 3Ha4HO mIBHAIIMM 1151
OTIEpaTUBHUX 3a/ady.
3. T'HYYKICTB i AJaNTUBHICTH:
o LSTM noka3aya 34aTHICTh €(pEKTUBHO aJanTyBaTUCS 10 3MIHHUX
YMOB, BPaXOBYIOUH YaCOBI 3aJI€KHOCTI.
o RF geMoHCTpyBaB CTaOUIBHICTD JIUIIIE 32 BITHOCHO CTATUYHUX
YMOB.
4. CTiHMKIiCTb 10 HIYMiB:
o RF mpartoBaB HaaiiHiIIE 32 YMOB HU3bKO1 SIKOCT1 IaHUX, TOA1 SIK

LSTM Bumarana nonepeaaboi 00poOKH Ta HoOpMai3alii JaHUX.
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Pucynoxk 3.3. [TopiBasinas TouHocTi RF Ta LSTM

Pesynbratt mOCHiKEHHS CBiAYaTh, MO OOWMIBA METOIU MAIOTh YITKI
obmacti 3actocyBaHHs. Random Forest migxomuTs 1js 3amad, ae BaKiInBa
MIBUKICTB 1 CTIHKICTD, & YaCOBI 3aJ1€KHOCTI HE € BU3HAYAJILHUMH. Y TOH JKe Jac,
LSTM e onTumaibHUM BUOOPOM TSI 3314, 1110 BUMAraroTh BUCOKOI TOYHOCTI Ta
BpaxyBaHHsI MOCIIII0BHOCTI HaHuX[20].

Oco6muBoi yBaru 3aciyroBye 3naTHicTh LSTM BpaxoByBaTu HemiHIHI
B3a€MO3B'SI3KH MK IMapaMeTpamu, 1o KputudHo s cuctem THY . He3Baxkaroun
Ha BUCOKI OOYHUCITIOBaIbHI BUTPATH, TIEPEBAaru y TOUYHOCTI pOOJIATS ii 11eaibHUM

THCTPYMEHTOM JJIs IHTErpalii y CuCTEMH peanbHoro yacy[20].

3.2.5 BucHOBOK

[TopiBasinast Random Forest Ta LSTM nokasano, 1o K0oKeH METoJ Mae
CBOi TepeBaru 3aJie)kHO Bij crienudiku 3amadi. Random Forest nmemoHcTpye
BHUCOKY HIBHAKOJIIIO Ta CTIHKICTH O ILIYMiB, IO pOOUTH MOTO 1/1€aIbHUM IS
nonepeanboro aHam3y ganux. Haromicts LSTM 3a6e3nedye BUCOKY TOUHICTb 1
THYYKICTh, 110 HEOOXITHO Ui 3aJad MOJCIIOBAHHS TUHAMIYHMX CHCTEM. 3

orjisiy Ha motpedbu cucrtem kepyBanHs THY, LSTM e kpamum BUOOpOM Jist
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JOBIOCTPOKOBOTO 3acTocyBaHHsA. llojanmpimi JOCHIIKEHHS MOXYTh OYyTH
COpsMOBaHI Ha ontuMizamito apxitekrypu LSTM  nans  3MmeHIIeHHs

00UYHCITIOBAILHUX BUTPAT 0€3 BTPAaTH TOYHOCTI.

3.3 Po3po0ka Heltponnoi moaen THY

EdextuBue kepyBamHs THY € omauM 13 KJIIOYOBHX HampsiMiB Yy
M1JBUIICHH] EHEPreTUYHOI €(PEKTUBHOCTI CUCTEM TeI103a0e3neueHHs Oy 11BEIb.
Cy4acHi T€XHOJOTII 103BOJISIIOTE MojenoBaTi poboty THY 3 Bukopuctanusim
MAIIMHHOTO HaBYaHHA, 30KpeMa HEHpOHHUX Mepex, Takux sk LSTM, ski
JEMOHCTPYIOTh BHCOKY TOYHICTh 1 3JaTHICTh OOpOOJSATH 4YacoBl PsJIH.
BrpoBajkeHHsT Takux MoOJENEHl CIpHsie MIABUIICHHIO €(PEKTUBHOCTI poOOTU
CUCTeMH 3a PaxyHOK aJamnTariii g0 3MIHHUX 30BHINIHIX yMOB 1 JIUHAMIKH

TEIUIOBUX TPOILIECIB.
OCHOBHOIO METOI0 € CTBOpeHHs HeliponHoi Moaeni THY, sika:

1. 3abe3neuye TOYHE MPOTHO3YBAHHS MapaMETPiB, TAKUX K TEMIICPATYPH,
TETIJIOBE HABAHTAXXEHHS Ta €HEPTrOCTIOKMBAHHSI.

2. TligBuinye rHyYKICTb 1 aIaNTUBHICTH A0 3MiH YMOB POOOTH.

3. Interpyetnes B cepeaopuiie Simulink asist 1ocaipKeHHs Ta ONTUMI3aIi1

CHUCTEMH TEIUI03a0€3IICYEeHH.

3.3.1 IMigroroBka qaHux

[TinroToBKa AaHUX € KPUTUYHO BAXIJIMBUM €TATIOM JIJISI CTBOPEHHS TOYHOT
Mozelni. byio BUKOpUCTAaHO BEMKUN MAacWB JaHWX, OTPUMAHUX 13 aHATITHYHOI

mozeni THY (puc 3.4), 1110 BKJIIOYa€ HACTYIIHI TApaMETPH:

e TemmepaTypa Ha BXO/I1 Ta BUXO/11 KOHJEHCATOPA 1 BUMIAPHUKA.
e MacoBa BUTpaTa TeIUIOHOCIS.

e 30BHIIIHS TeMIlepaTypa.
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e TerioBe HABaHTAXKECHHS.
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Pucynok 3.4. TpenyBanbHi qaHi ans Heiipornoi moneni THY

OO0csar nanux ckiazgas moHax 100,000 3anuciB, KOKEH 13 IKMX OXOILIIOBAB
MOBHUI Ha01p 3MIHHHX JAJIsl 4aCOBUX iHTepBaliB y 1 XxBununy. CTpyKTypa JaHUX
3abe3reuyBajia BUCOKY PO3JUJIbHY 3/IaTHICTh 1 MOXJIMBICTH TOYHOTO aHaIi3y
JTUHAMIKU TETUIOBHUX IMPOIIECIB.

Jlani Oyny cTaHmapTU30BaHI i 3a0e3MeUeHHsT CTa0lIbHOCTI HAaBUYAHHS.
Le#t nmiaxia A03BOJIMB 3BECTH MApaMETPH 10 €IMHOTO MaclITaly, 10 MOJETIINIO0
mpolec onTuMizaiii. AHamI3 KOpensaii MK napaMmeTpaMu J03BOJIUB 3MEHIIUTH

KUTBbKICTh 3MIHHHX, 30€pIriiy Mpyu IbOMY BUCOKUN PiBEHb 1IHPOPMATHUBHOCTI.

3.3.2 Bubip apxiTeKTypu HEHPOHHOI Mepexi
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Jlns mozaentoBaHHs 0yJio 00paHO peKypeHTHY HeilpoHHy Mmepexy LSTM
yepe3 11 3JaTHICTh OOpoOIATH 4YacoBl 3aleXHOCTI. OCHOBHI XapaKTEpUCTUKU

obOpaHnoi apxiTekTypu (puc. 3.5):

e Bxiguuii map: npuiimae OCHOBHI IMapaMeTPU CUCTEMHU.
o IlpuxoBaHuii map: ckinaaaerscs 3 5 HeliponiB LSTM.
e BuxinHuii map: reHepye NporHo3 TeMnepaTypu npsMoi BOAU apaMeTpiB

pob6otu THY.

T_CD_c_out_setpoint T_CD_cond_c_out T_COD_c_in m_CD_c

) @
9. &) 3

/',.\‘
&
&)
7\
\w/

77\ N M -
(-2) 1) Bxianuit wap

O @, (7 /‘) (\: LSTM wap

i /\ T_CD_cond_c_out (t+1) BuxigHui wap

Pucynox 3.5. O6pana apxitexkrypa LSTM mopeni
Jl7is1 yHUKHEHHSI TIEpeHaBUaHHS 3aCTOCOBAHO MEXaHi3M PaHHbOI 3yMTHHKH
(Early Stopping), 1mo 103BOJWIO0 NPUINUHUTA HABYaHHS TMPU BIJICYTHOCTI
MOKpallleHb Ha BamgauidHux aanux[57]. Mepexa Oyna omTumizoBaHa IJis

JOCSITHEHHS 0ajlaHCy MK IIBHJIKICTIO pOOOTH Ta TOYHICTIO.

3.3.3 TpenyBaHHs MoJiei

Monens Oyna peanizoBana B TensorFlow 13 BUKOpUCTaHHSIM aITrOpUTMY.
Adam (Adaptive Moment Estimation) — 11e monyasipHU aaropuT™M ONTUMI3AII],
KU IMAPOKO BHUKOPUCTOBYETHCS B TIMOOKOMY HAaBYaHHI 3aBJISKH CBOIH

e(eKTUBHOCTI Ta MBUJIKIM afanTaiii 7o pl3HUX yMOB HaBuaHHA. BiH moeaHye B
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co01 mepeBar METOJ[IB MOMEHTY Ta aJIallTUBHOI'O MacliTa0yBaHHs T'paji€HTa,

takux ik RMSprop[58], [59], [60].

OcHoBHi xapakTepuctuku Adam:

e AIaNTHBHE MACHITA0yBaHHSI TPAiEHTA: KOKEH MapaMeTp Ma€ BIACHY
IIBUIKICTh HABYAHHSI, IO JI03BOJISE Kpalle MPUCTOCOBYBATHUCS 10
CKJIaIHUX (DYHKIIIHA BTpAT.

o BpaxyBaHHsI MOMEHTY: BUKOPUCTOBY€E €KCTIOHEHITIHHO 3BaKCHE
CEpEeIHE TOTIEPETHIX TPAIIe€HTIB (TIEPIIUi MOMEHT) Ta KBaJIpaTiB
I'Paai€HTIB (IPYTUid MOMEHT), 10 JOTIOMArae 3riaj»KyBaTh OHOBJICHHSI
napaMmeTpis.

o IIBuaka Ta cradinbHa 30iKHICTH: 100pe MPAITIOE 3 HEPIBHOMIPHO

MacITabOBaHUMH Fpaﬂi€HTaMI/I Tda ITYMHUMH OHOBJICHHAMMU.

dopmysiu OHOBJIEHHS MapameTpiB B Adam[59]:

1. Or1iHKa cepeaHbOT0 3HAUCHHA rpaaieHTa (nepmmuii MoMeHT)(3.1):
my = fime_q + (1 — B1)gs (3.1)
2. OriHKa cepeaHboro KBajapara rpajienTa (apyruii MoMeHT)(3.2):
Ve = Bove—q + (1= Br)gi (3.2)

3. Kopexkis 3mimenss (3.3):

mg Ut

—~ — —’ oy — - - 3.3
TR T G2
4. OnoBnenns napametpis (3.4):
a ——~
Op= 01— ——m (3.4)
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Me:
J¢- TpamieHT PyHKITT BTpaT y MOMEHT 4Yacy t,
P1, B, - KoeditienTn 3rinapKyBadHs (3a3Buyait 0.9 1 0.999),
€ - Majla KOHCTaHTa JIsl 3aro0iraHHs IIJICHHIO HA HYJIb,
« - IBUJKICTH HABYAHHS.
HanamryBanHs nporiecy TpeHyBaHHS:
e Posmip nakerty: 32.

e Kinpkicth enmox: 200.

e @ymukiis BTpat: MSE (Mean Squared Error).

Meton paHHBOI 3yNMHKKM OyB BHUKOPUCTAaHWM JUid  3amoOiraHHs
nepeHaByaHHio. Y pe3ynbTati Moaenb gocsria MSE Ha piai 0.02 Ha TecToBi

BUOIpIIi, 1110 CBITYUTH MPO ii BUCOKY TOUHICTH (pHUC. 3.6).

MSE Ha TpeHyBaNnbHUX Ta BanigauinHUX AaHU X

0.30
—— Training loss
— Validation loss

0.25 A

0.20 A

0.15 A

0.10 A

0.05 A

0.00

Pucynox 3.6. I'padix HaBuaHHS (3a7€KHICTh TOXUOKHA MOJICTIOBAHHS BiJT €110X )

3.3.4 Tnrerpamis B Simulink
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Jlns konBepTariii LSTM-Mozeni B MmoBy C OyJio BUKOPUCTaHO 010110TEKY
keras2c[18], sika mo3BoJIsie mepeTBOpIOBaTH Moedi, ctBopeHi B Keras, y C-xo,
110 JIETKO 1HTErpyeThCs B MpoekTu. bibmioreka keras2c renepye tpu okpemi C-
(aitnu Ha ocHOBI BuxigHOT Moaeni Keras. Li daiim BKIIOUAOTBCS 0 MPOEKTY
pazoM 13 BUXITHUM KoaoMm Oi0mioreku keras2c, skmit moctynmHuii Ha GitHub.
Buxigauit koa keras2c MiCTUTh YMCIICHHI MaTeMaTH4HI oreparlii, He0OOX11H1 s
00poOku pizHux mapiB Moxaemi[61], [62]. OcHOBHI eTamu IILOTO MPOIIECY

BK/IKOYaJIHN:

1. T'enepanir C-koay i3 TensorFlow 3 ypaxyBaHHsM crienudikarii
HEHPOHHOT MOJIETI.

2. Po3podky S-pyHkiuii, sika 3a0e3neuye iHTErpaiito Mojei B Simulink,
BKJTFOYAIOUHM 1HIIIAJII3AIlII0 TTapaMeTpiB, 00pOOKY BX1THMX CUTHAIIIB 1
reHepalio MpOrHo3is.

3. TecryBanns MmoaeJi B cepenoBumli Simulink 17151 mepeBipku ii
KOPEKTHOI poOOTH, CYMICHOCTI 3 1HIIKMMU KOMIIOHEHTaMU CUCTEMH Ta

CTab1JIbHOCTI B YMOBaX peajbHOIO Yacy.

[Ticnst konBepTarnii HeriponHoi Mozieni THY B MoBy C, HACTyITHUM KPOKOM
Oyna Ti iHTerpamist B cepemoBuiie Simulink[19] nns BUKopucTaHHS y Momemi
cuctemu omnaneHHs. s mporo OyB 3acTtocoBaHuit O5iok S-function, sikuit
J103BOJIsIE BUKOHYBATH KOopuCTyBalbkuii C-xox 6e3nocepenubo B Simulink. 11106
IHTErpyBaTl HEMPOHHY MEPEXY B 1€l 0JI0K, HEOOX1AHO OyJI0 HAaMUCATH OKPEMUI
C-daiin, B sxomMy OyJiM BUBHAUYE€HI OCHOBHI IMapaMETPH Ta Jorika poOOTH OJIOKY.
Y HbOMY MPOMHCAHO AUPEKTUBH , SIKI BU3HAUAIOTh HA3BY Ta piBEHb S-(yHKINT
BIIMOBIAHO, METOAW JUIS  1HIIami3amii  po3MipiB  S-QyHKINi, YacToT
JTUCKpETH3allii, 00YMCICHHS BUXO/1B S-QYyHKIII1, 3aBEpIICHHS poO0TH S-DyHKIII1
Ta BUMOT'H /IO BXITHUX Ta BUX1IHUX MapaMeTPiB, a TAKOXK JIOTIKY 0OpOOKH TaHUX.
3okpema, BKJIIOUECHO (PYHKII sl CTaHAApTU3allli BXIIHUX JaHUX, BUKIHUKY

HEWPOHHOI MOJIeJTi Ta 00pOOKH BUXITHUX 3HAYCHB[21].
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ITicns manucanHsg uporo (Qainy, pazoMm 13 creHepoBanumu keras2c C-
¢aiimamu, OyJ0 MPOBEACHO KOMITUIAIIIO 3a jomoMoror komanan MEX vy
cepenouiiii MATLAB. Ile no3Boiuiao oTpuMaTd CKOMITUIbOBaHUW daiin 3
PO3IIMPEHHSIM .mexw64’, sSKuii MokKHa Oe3rmocepeHhO BHUKOPHUCTOBYBATH B
Simulink. [lnsx no mporo Qaitnmy Oyno BkazaHo y BiamoBigHOMY S-function
6stomi B Mojieni Simulink, 1o 3a6e3meunsio KOpeKTHY poO0Ty HEUPOHHOT Mepexki
mig gac cumydsanii. Takum yuaoMm, Moaenb THY Ha oCHOBI HEMpOHHOT MepexKi
Oyna ycmimHO IMITIEMEHTOBaHa B cepeaosume Simulink 1 roroBa 1o
BUKOPUCTAHHS i1 TPOTHO3YBAHHS TEMIEPATYpHUX PEXKUMIB y CHUCTEMI
onaneHHs[21].

HeiiponHna Mojies1b € peKypeHTHOI0, IO 03HAYae ii 3JaTHICTh BpaXOBYBaTH
MOCJIIJIOBHICTh MOMNEPEHIX 3HA4Y€Hb JJii TOYHOIO MPOTHO3YBaHHsS. B maHomy
BUIIAJKy MOJENb MOTpeOye M'ATH MOMEpPEeAHIX 3HaYeHb AJI KOXKHOTO BXITHOTO
napameTpa, o 3a0e3neyye MOXKIMBICTh BpaxyBaHHs AUHAMIKH MPOLECY Y Yaci.
Jnsa peanmizamii uporo Oyno Bukopuctano Onoku MATLAB Function® B
Simulink, sixi BuKonytoTh ¢yHkIii uepru tumy FIFO (First-In, First-Out) Ha n'a1b

eneMeHTIB. Peaizaliis Takoro mijaxoay 300pakeHa Ha puc. 3.7.

O—f 4

T_CD_c_out_setpoint ffo_queue

O— 4

T_CD_cond_c_out fifo_queue

u y matlab_gen2c 1)

T_CD_cond_c out+ 1

NN input

mCD ¢ fifo_queue

Pucynok 3.7. BukopucTtanHs HEMpOHHOI Mepexi uepe3 610k S-function

[li Omokm 3abe3medyroTh 30EPEKEHHS Ta OHOBJICHHS IOCHIJIOBHOCTI

OCTaHHIX M'ATH 3HAY€Hb KOXKHOTO mapameTpa mij vac cumyssiiii. Kpim Toro,
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BOHM peai3ylOTh IHIIIAMI3AI0 [MOYaTKOBUMU 3HAYEHHSMH, IO J03BOJISIE
MOJIeJTi KOPEKTHO (PYHKI[IOHYBATH 3 CaAMOT0 MOYaTKy cuMyJsiii. KokeHn HoBui
BXIJIHUW CHUTHAJI JOJAETHCS JO YEeprH, a HaicTapilie 3HA4YCHHS BHIAISETHCS,
30epirarouv TaKMM YMHOM aKTyallbHUH HaOlp NaHUX JJIs pEKypEeHTHOT HEHpOHHOT
Mepexi.

3aBIsSKHM TaKOMY IMJAXOJY MOJENb OTPUMY€ BCl HEOOXIJHI JaHl IJis
MIPOTHO3YBAHHS HACTYITHOTO 3HAYCHHS BUX1THOT TEMIIEPATypH 3 BUTIAPHHUKA, ITI0
703BOJISIE 111 €PEKTUBHO BPAaXOBYBATH THMYACOBI 3QJICKHOCTI MK 3HAYCHHSIMU
napaMeTpiB 1 3a0e3nedyBaTy OiIbII TOUHI pe3ysibTaTH B cuctemi THY.

[Tpu inTerpamnii moaeni THY Ha ocHOBI HEHPOHHOT MEpEXi B CEPETOBHIIE
Simulink, ocobnuBa yBara mpuausuiacs 3a0€3MEUYEHHI0 BUCOKOI TOYHOCTI Ta
MIBUJKOCTI poOOTH. BpaxoByrouu, 110 Mojelb MOBUHHA (DYHKIIOHYBAaTH B
Simulink, kpuTHYHO BakJIMBO OyJIO HE JuUIIEe 30€perTH TOYHICTh MPOTHO3IB,
JTOCSATHYTY TMiJ dYac TpeHyBaHHsS Mojem B cepenoBuili Python, ame #
ONTUMI3YBaTH MIBUIKICTh OOUKCICHB Micis TpaHchopmaiii Mmoaeni Ha MoBy C Ta
il iHTerpamii y Bursiai 6yoky S-function.

JI71s1 OLIIHKKM TOYHOCTI Ta IIBHUIKOCTI pOOOTH PI3HUX Bepciid Mozeni 0yio
MIPOBEJICHO CEPil0 TECTIB, B SIKUX MOPIBHIOBAJKCS TPHU peajizallli: opuriHaibHa
mozenb Ha Python, tpanchopmoBana Moaens Ha MoBi C, 1 KiHIIEBHM OJ0K S-
function B Simulink. fIx TectoBuit Habip Oyno Bukopucrano 10,000 map gaHux 3
BaJifamiifHOro Habopy, IO JO3BOJMJIO 3AIACHUTH OO0'€KTHBHY OIIHKY
POJTYKTUBHOCTI KOXKHOI peai3aliii.

Ha ertami mopiBHSHHS TOYHOCTI BCl TpU peaii3aiii Mmokas3aau OJM3bKi
pe3ysbTaTH, MIATBEPIKYIOUH, IO MepeTBOpeHHs Moxaeni Ha MoBy C Ta i
nojablia iHTerpaiis B Simulink He mpu3Besn 10 3HAYHUX BTpAT y TOUHOCTI. Lle
CTJIO0 MOXJIMBUM 3aBISKH PETEILHOMY HAIANMITYBaHHIO Tpolecy 0OpoOKu
JTaHUX, 10 OyJ0 3IMCHEHO Oe3MOoCepeIHhO Mepes 1 MICHs BUKIMKY MOJEI,

3a0e3neuyroun KOpeKTHY 00poOKy JaHWX Ha KOKHOMY €Tarll.
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Ilogo mBUAKOCTI POOOTH, TECTyBaHHA IMOKA3aj0 3HAUYHI MOKPAIICHHS
nicis Tpancopmariii mozeni Ha MoBy C. SIkiio opurinaabHa Mozens Ha Python,
yepe3 BUKOPUCTAHHS IHTEPIPETOBAHOI MOBHM MpPOrpaMyBaHHs, MOTpeOyBalia
O1bIIIE Yacy Ha KOXKHY iTepailito, To Bepcia Ha C mpoIeMOHCTpyBasia MOMITHE
CKOpOUYeHHsI 4acy oOuuncieHb. lle MOACHIOETHCS ONMTUMI3AIIEID KOIy T
crienniKy HU3BKOPIBHEBUX OIepalliid, XxapakTepHuXx st MoBH C, 1110 103BOJISIE
e(eKTUBHIIIE BUKOPUCTOBYBATH OOYUCITIOBAIbHI PECYPCH.

bnox S-function, sikuit 6yB cTBOpeHHiI Ha OCHOBI 3reHepoBaHoro C-koxy,
TaKOX MOKa3aB BUCOKI PE3yJIbTATH LIOJ0 IMIBUAKOCTI poOOTH, 110 pOOUTH HOTO
171eaibHUM JUIS IHTETpallii B peajibHi CUCTEMH, /1€ BaXKIMBO 3a0e31e4nT 00poOKy
JAHUX Y PEXKUMI peaibHOTO Yacy. Bukopuctanus MEX-koMIuisiii 103BOIHIO
CTBOPUTH BHUCOKONPOIYKTUBHMM OJIOK, 10 MOXe OyTH Oe3rnocepeaHbo
iHTerpoBaHuii B Mojenb Simulink, 30epiraroum mpu 1bOMY BCl TepeBaru
OpUT1HAIBHOI HEUPOHHOT MEPEeXKi Ta 3a0e3nmeuyour HeOOXi1HY TPOAYKTHUBHICTh
JUTS BUKOPHUCTAHHS B peaJbHUX yMOBax. Pe3ynbratu TOPIBHSHHA MOJCICH

rmokasano B TaOmum 3.1.

Tabmuis 3.1. Pe3ynbpTaTu TeCTyBaHHS MOJIEIICH

10000 itepariii OpurinanbHa MOJICNb Mopens Ha C Mopnens B S-Function
RMSE, K 1.735089¢-03 1.735122e-03 1.735122e-03
Cepenniii yac Ha 8.45e-02 7.85e-06 5.2e-05

iTeparilo, cex.

Takum 4YwHOM, yCi I €Tanmyd Ta peTejabHa IepeBipKa Ha TOYHICTDH 1
MIBUAKICTH pOOOTH JTO3BOJIIN IHTErpyBaTH HeponHy monaenb THY B Simulink

3 MIHIMQJIBHUMHU BTPAaTaMH SIKOCTI 1 3 MAKCUMAJIBHOKO €()eKTHUBHICTIO.
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3.3.5 BucHOBOK

VY xomi maHoro eramy 0yJio yCHIITHO po3p00JIEHO Ta IHTErPOBAHO MOJEIH
THY Ha ocHOBI HelpoHHOI Mepexi B cepenoBuine Simulink g1 yncenbHOro
JOCIIKEHHS! TAKOi YCTAHOBKH B CKJIAJ[l CUCTEMU TeIi03abe3neyeHHs: Oy IMHKY.
Busnaueno, mo tpaauuiiai Mmetoau monentoBanHs THY maoTh oOMexeHHs y
BpaxyBaHHI HEJIHIMHUX MPOILIECIB, 1110 MPU3BOIUTH JI0 MOXUOOK Yy MPOrHO3yBaHHI
€HEeprocrnoXuBaHHs Ta e(EeKTHUBHOCTI CHUCTEMH B IIoMy. BukopucranHs
pekypeHTHOi HeWpoHHOi Mepexi Ttumy LSTM 1o3BONHMIO BUPINIMTH ITIO
npo0Oiemy, 3a0€e3MeUMBIIN TOUHIIIE MOJEITIOBAHHS TEIJIOBUX PEXUMIB CUCTEMU
TEeI103a0e3MeYeHHS.

Po3pobka mojeni BKiItoUaga Kijibka BaKJIMBUX €TarmiB: 301p 1 MATOTOBKA
TPEHYBAJIBHUX JaHUX, T00yJ0Ba Ta ONTUMI3AIllI HEUPOHHOI MEpexi,
KOHBepTallist Mozieni B koJ Ha MoBl C 3 BUKOpUCTaHHAM 010110Teku keras2c Ta
1HTerpais 1poro koay B cepeaopuile Simulink 3a gomomororo S-¢GyHKIIII.
[IpoBeneHi TecTu Mokasaiu, 10 IHTETPOBaHA MOJIEb 3/1aTHA 30epiraTi BUCOKY
TOYHICTh MPOTHO3YBAHHS, IPU LIbOMY 3HAYHO 3HUKYIOUYHU Yac OOYHCIIEHb, 11O €
KPUTUYHUM J1JI1 BUKOPUCTAHHS B PEXKUMI PEAIbHOTO Yacy.

[TopiBHSIHHS TpHOX peaiizamiii Moaeni — opwuriHaiabHoi Ha Python,
TpancopmoBanoi Ha MoBi C Ta iHTerpoBanoi y Burisial S-pyskiii B Simulink
— TMOKa3ajo, M0 3ampONMOHOBAaHWHN MIAXIT JO3BOJIIE JOCSTTA BHCOKOI
€(EeKTUBHOCTI Ta MIBUAKOCTI pOOOTH O€3 3HAUHUX BTPAT y TOUHOCTI.

Takum yuHOM, po3pobiieHa HelipoHHa Mozaenb THY € mepcnexkTuBHUM
THCTPYMEHTOM JUTS H1ABUIICHHSA eHeproe(peKTUBHOCTI CUCTEM
Terio3abesneueHHs: OyauHKiB. [HTEerparis miei Mojeni B cepeaopuiie Simulink
BIJIKpMBA€E HOB1 MOXJIMBOCTI JyIisl onTuMizalii podotu THY, no3Bosnsitoun GibIin
TOYHO MPOTHO3YBATH iXHIO POOOTY B yMOBaxX JUHAMIYHUX 3MIH HapaMeTpiB Ta
3abe3neuyBat  e(PEKTUBHE BUKOPUCTAHHS  eHepropecypciB. MaiOyTHi

JOCIIKEHHSI MOKYTh OyTH CIpsIMOBaH1 Ha MOAAJIBIIE BIOCKOHAIICHHS MOJIENI,
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30KpeMa Ha ajanTaiiiro A0 pizHux tTurniB THY Tta yMoB ekcruyarariii, a Takox Ha

THTErpaIlifo 3 IHITUMU KOMIIOHEHTAMHU CUCTEMHU KePyBaHHS.

3.4 BucHoBKH 70 pO3aLTY

Y xomi pgochipkeHHS OyJi0 po3po0JI€HO Ta IHTETPOBAHO MOJECIb
mammaHoro HaBuaHHs THY y cepenoBumie Simulink. OcHOBHI pe3ynbTaT Ta

BUCHOBKH MOKHa C(I)OpMy.]'II-OBaTI/I HAaCTYITHUM YHUHOM!

1. EdexkTuBHiCTH HEHIPOHHOI MO

o Bukopucranus LSTM-mepe:ki 103BOIMIO JOCSATTH BUCOKOI
TOYHOCTI ITPOTHO3YBaHHA JUHAMIYHUX napameTpiB poootu THY.

o IlopiBusinus 3 Random Forest nokasano, ujo LSTM 3nauno
Kpalie MOJIEJIIOE YacOBI1 3aI€KHOCTI, 3a0€3Meuy0ur 3M eHIIIeHH S
cepeanboi noxudku (RMSE) 3 48.15 Bt no 25.23 Br.

2. 3MeHIIeHHs] 00YUCIIOBAJBHUX BUTPAT

o Kongeprartiig monenit LSTM y C-kox 3a nonomororo keras2c
JI03BOJIAJIA 3HU3UTH BUTPATH HA OOYHCIICHHS.

o Inrerparisa y Simulink yepe3 S-¢pyHkuiro 3a06e3neunsia mBUAKY Ta
e(eKTUBHY pOOOTY MOJIENI B PEKUMI peajlbHOTO Yacy.

o TlopiBHSAHHS IPOAYKTUBHOCTI MOKA3aJo, 10 CEPEeAHIi yac
BUKOHAHHS OJTHOTO MPOTHO3Y I Mojiell y popMmaTi S-pyHKmii
3meHmuBcsH 3 8.45e-02 ¢ (Python) no 5.2e-05 c.

3. T'HyYKiCTh Ta aJaNITUBHICTH

0 Mogenp aganTyeTbes 10 3MIHHUX 30BHILIHIX YMOB, TAKHX SIK
TeMIrepaTypa KOHIeHCaTOpa, BUIApHUKA, MacOBa BUTpaTa
TETUIOHOCIS Ta KJIIMaTUYHI YMOBH.

o Bukopucranns mexaHizmiB Dropout Ta HopMmaJstizanii BXigHux
JAAHUX TTOKPAIIIIIO CTIHKICTh MOJIENI 10 TITYMiB.

4. Imrerpauis B cepenoBume Simulink
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O 3anponoHOBaHA METOJMKA JTO3BOJISIE pEaTi30ByBATU CKIIATHI
anroputMu KepyBaHHs B Simulink, 10 BigKpuBae MOXKIUBOCTI s
MOJAJIBIIIOI aBTOMATHU3AIIi1 Ta onTuUMi3alii poootu THY.

o CTBOpeHa MOJICJb YCIIIITHO MiATBEPAUIA KOPEKTHICTH
pe3yJIbTaTiB, IEMOHCTPYIOUM BUCOKY BIAMOBITHICTh MIX
IPOrHO30BaHUMU Ta (AKTUUHUMH 3HAYEHHSIMU TapaMeTpiB

poootu THY.

IMoaanbiui nepcneKTuBU

e Bpockonanenns apxirekrypu LSTM nist 3MeHIIeHHST 00UNCIIOBATbHUX
BUTpAT 0€3 BTpaTH TOUHOCTI.

e BukopuctanHs riOpuaHuX NiAX0AiB, 110 MOEIHYIOTh aHAIITUYHI METOAU
Ta MAIIMHHE HaBYaHHSA, UIsI TTIOKpalleHHsA KepyBaHHsa THY.

e [HTerpaiis po3po0aeHOi MO/IET] B iHTeeKTyalbHi CHCTEeMH
KepyBaHHSs, 1110 J103BOJIUTH peaii3yBaTl aBTOMaTUYHE PETYIIOBAHHS

TETUIOBUX PEXKUMIB y OYIBIIAX 3 MIHIMAJIBHUM €HEProCTIOKMUBAHHSIM.

Takum umHOM, po3poOiena HelponHa moneinb THY € mepcnekTuBHUM
pIIEHHAM JUIsl MiJABMILEHHS IIBUAKOCTI IPOTHO3YBAHHA B CHCTEMax
teruiozabesneueHns. [urterparis y Simulink 1o3Bosisie  qocmikyBaTH Ta
ontuMizyBatu pexxumu podotu THY, 3a0e3neuyroun eekTUBHE BUKOPUCTAHHS

E€HepropecypciB Ta cTabUIBHUHN TEMIOBUN KOMGBOPT y Oy AiBIIsX.
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Po3zain 4. Moaesb cucremu Temno3zadesnedyeHHs: OyAUHKY i3

Bukopucranuam THY

4.1 IlocTaHoBKa 3aBOaHHS

CTBOpEHHS CydyacHUX €HEproe(eKTHBHUX CHUCTEM TEIUI03a0e3MeYCHHS
OyniBenb 13 BukopuctaHHsM THY € crpareriyHo BaXJIMBHUM 3aBAaHHSIM Yy
KOHTEKCTI TJ00adbHOTO MEPEXOy OO0 CTAJOro PO3BUTKY. 3HAYHE 3HIKEHHS
€HEeProCIOXKUBAHHS Ta BUKHIIB TTAPHUKOBUX Ta3iB € KIFOYOBUMH HIJIIMU IIOTO
HAMpsSIMKY, 10 BIJINOBiAa€ MIKHAPOJHUM CTaHAApTaM €HEProeeKTUBHOCTI.
THY, 3aBasiku cBoOEMY BUCOKOMY KOe(ILIEHTY MEPETBOPEHHS €HEprii, € OJHUM
13 HAWIMEepCINEeKTUBHIMIUX PIIIEHb JJIs TEIUIOBOro 3a0e3MeyYeHHs >KUTIOBHX 1
rpomaacbkux OynaiBenb. [Ipore iXxHA e(QeKTUBHICTH TICHO TIOB'AI3aHa 13
BIIPOBA/DKCHHSIM ~ QIAlITUBHUX ~QJITOPUTMIB KEepyBaHHS, SKi BpPaxOBYIOTb
TMHAMIYHI YMOBH €KCIUTyaTarlii, Taki SK 3MiHHa TeMIepaTypa 30BHIIIHBOTO

CEpeIOBHUIIA, COHSIYHA paiallis Ta TETUIOBE HABAHTAXKCHHS Oy TiBITi.
Merta Ta 3aB1aHHs PO3POOKH MOJIEI

OCHOBHOIO METOIO IIHOTO €TaIy JOCIIKCHHS € Po3po0Ka 1HTErpOBaHOT
< '
MOJIeJIl CUCTeMH Telio3adesneueHHss OyauHKy, ska o0'ennye THY, cucremy
omajieHHs Ta TEIUIOTEeXHIYHY Mojenb Oyniemi. Ilg wMomenp MmoBUHHA

3a0e3neyyBaTH:

1. TouHicTb MoaenOBaHHs. PeanicTiuHe BIATBOPEHHS TUHAMIYHUX
TETJIOBUX MPOIIECIB y OYAMHKY 3 ypaxyBaHHSIM TEIJIOBUX BTPAT,
1HEpLIMHOCTI OyA1BEIbHUX KOHCTPYKIIIH Ta BIUIMBY 30BHILIHIX (PaKTOPIB.

2. T'Hy4kicTh y HaJIalITyBaHHI mapaMeTpiB. MOXJIMBICTh ajanTaiii 10

PI3HUX apXITEeKTYPHHUX pillleHb, KJIIMaTHUYHUX yMOB Ta TumniB THY.
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3. IHTerpamiro Cy4acHUX aJropuTMiB KepyBaHHs. 30KpeMma,
MIPOTHO3YIOYOTO KePyBaHHS, sIKe 0a3y€eThCs HA MATMHHOMY HaBYaHHI,
nopsif 13 kacuuaumu I/ -perynastopamu.

4. OuiHky eHeproe(eKTUBHOCTI cucTeMH. 3a0e3NeUeHHs aHATI3Y
3aJIe)KHOCTI MK CTPATETi€I0 KePYBAHHS, EHEPTrOCTIOKUBAHHSIM 1
TEIUIOBUM KOM(OpPTOM y Oy IiBIi.

5. Po3muproBaHicTh MoaeJi. CyMiCHICTb 13 1OAATKOBUMH KOMIIOHEHTAMH,

TaKUMU K BEHTWIAIIIHI CUCTEMU YH BiTHOBIIOBAaH1 J)Kepesia eHeprii.
Bumoru xo moaesti

s mocsATHEeHHS 3a3HAYEHUX IIJIEM MOJACIh IOBHMHHA BIANOBIZATH TaKUM

BUMOT'aM:

o Jleranizamisi pismuHUX npoueciB. YpaxyBaHHs TeIIoNepeaadl uepes
OTOPOIXKYBaJIbHI KOHCTPYKIIIi, aKyMYJIsLlii Teruia B Oy IiBeIbHIX
Marepiajiax, a TakoX B3aeEMOJ11 MK KIMHAaTaMH.

e BukopucTtaHHs peajbHUX KJIIMATHYHHUX JaHUX. Mojien» MOBUHHA
BpaxoBYBaTH CE30HHI 1 J0OOB1 KOJUBAHHS TEMIIEPATYPH, COHIUHY
pajiianiio Ta 1HII KIIMaTHYH1 BIUIUBH.

e CymicHicTh KOMNOHeHTIB. 3a0e3neueHHs €(PEKTUBHOT B3aEMOIIT MK
mozaensimu THY, cuctremu onaneHHs Ta OyaiBil B €IMHOMY CEPEIOBUIIL.

e Moje/l0BaHHS B peaJibHOMY 4aci. ['apanTyBaHHS BUCOKOI IIBUIKOAI1
JUTS 3ACTOCYBAHHS B CUCTEMaX aBTOMATHYHOTO KePyBaHHS.

e I'myukicThb i MacimiTaboBaHicTh. MOXIUBICTh J0/IaBaHHS HOBUX

MOJYJIB JIJIsl pO3LIMPEHHS (QYHKI[IOHAITY.
OO0rpyHTyBaHHs BUOOPY cepe0BHILA MOAEJTIOBAHHS

Jlns peamizaiii mocTaBiIeHUX 3aBAaHb 00paHo cepenoBuiie MATLAB

Simulink, sike Mae Taki mepeBaru:
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1. IIupokwuii Ha6ip O0idaioTek. [HcTpymMenTu Simulink 103BOJIAIOTH
MOJIETIIOBATH CKJIaaHI (P13UUHI MPOLECH, TaKl SIK TETUIONMPOBIAHICTD,
KOHBEKIIiSl Ta aKyMYJISILIisl Teria.

2. InTerpauis 3 inmumu miaatgopmamu. Bukopuctanus S-dyHkirii
J03BOJISIE ITHTETPYBATH MOJIeN, peani3oBani Ha Python a6o C++,
HaIPHUKJIaJ HEMPOHHI MEPEXi, CTBOPEHi 3a tonomoror TensorFlow.

3. I'myukicTs y peanizauii anropurmiB. MATLAB Simulink 3a6e3neuye
HIATPUMKY PI3HOMAHITHUX MIJIXO/IB O aBBTOMAaTUYHOTO KEPyBaHHS,
BKJIFOUHO 13 MPOTHO3YIOUHUM KEPYBAHHSIM.

4. Bizyaaizauisi pe3yasrtartiB. [Inatdopma 103Bossi€ €PeKTUBHO
aHai3yBaTH Pe3yJIbTaTH MOJIEIIOBAHHS 32 JI0NIOMOT0I0 1HTEPAKTUBHHUX
rpadikiB.

5. MacmradoBaHicTh. Jlerka aganrariisi 10 3MiH apXiTEKTypPH MOJENI, 110

J03BOJISIE BPAXOBYBAaTH HOBI BUMOTH JI0 IOCIIi/PKEHb.
CTpyKTypa iHTerpoBaHoi MoaeJti
[nTerpoBana Mozienb BKIIOYA€E TPU OCHOBHI MiJCUCTEMHU:

1. THY. Mogaens po3pobiieHa 3 BUKOPUCTAaHHSAM HEHPOHHOI MEPEX1 THUITY
LSTM, 110 103B0oJIsIE MPOTHO3YBAaTH AUHAMIYHI XapakTepuctuku THY.
Takwuit mijaxia 3a0e3nedye BUCOKY TOUHICTh IPU MiHIMAJIbHUX BUTpATax
O0YHCITIOBAIBHUX PECYPCIB.

2. Cucrema onajeHHsi. Bukopuctanus pikcoBaHOi BUTpaTH TEIUIOHOCIS 3
MO>KJIMBICTIO PETYJIFOBaHHS TEMIIEPATypU BOJIU HA BUXO/II 3
kouAeHcaropa THY nns miarpumaHHs cTabiIbHOTO TEMIOBOTO
KoMQopTYy.

3. Moaeasn OyaiBJi. BpaxyBaHHs TEIJIOBUX BTpaT, IHEPIIIHHOCTI
OTOPOIXKYBAJIbHUX KOHCTPYKIIiH, a TAKOK BITUBY 30BHIIIHIX (PaKTOPIB,

TaKUX SIK COHSYHA paJliallisl Ta BHYTPIIIHI JpKepea Teria.
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OuikyBaHi pe3yjabTaTn
Po3pol6ka iHTerpoBaHoi MOJIEI JI03BOJIUTh:

e [IpoBoauTH aHasi3 AMHAMIKH POOOTH CHCTEMH TEII03a0e3MeYeHHS 3a
PI3HUX YMOB €KCIUTyaTaIlii, BKIFOYHO 3 EKCTPEMATbHUMU KIIMAaTHYHUMU
BIUTMBAMH.

e OriHioBaTH €(DEKTUBHICTH PI3HUX AITOPUTMIB K€PyBaHHsI, 30KpeMa
ONITUMI3AIIII0 TEMIIEPATYPHUX YCTABOK y pealbHOMY 4aci.

® 3HW3UTH CHEPTrOCIOKUBAHHS CUCTEMHU 0€3 KOMITPOMICY 3 pIBHEM
TEIIOBOTO KOMQOPTY.

e 3iiiCHIOBATH MOPIBHSIBHUHN aHami3 pizHux TumiB THY Ta ix amanrartii

710 KOHKPETHUX YMOB €KCILTyaTallii.

TaxuM YMHOM, TOCTAHOBKA 3aBJIaHHS € BU3HAYAIBHUM €TaIloM Y PO3pooTIIi
IHTErPOBAHOT MOJIETII CHCTEMH TeII03a0e3MeUueHHs, siIka CTaHe OCHOBOIO JIJISt
JIOCIIKEHHSA 1HHOBAILIHHAX aJrOpPUTMIB KEepyBaHHS, [T IBUILIEHHSA
eHeproepeKTUBHOCTI Ta 3a0€3MeUYeHHs] BUCOKOTO PIBHS TEIIOBOTO KOM(OPTY B

Oy iBJISIX.

4.2 MonentoBaHHS TEIUIOBUX PEXKUMIB B OYJIMHKY

MopnenroBaHHSI TEIUIOBUX TMPOIECiB Yy OyAiBISIX € OCHOBOKO ISt
JOCTDKEHHSI Ta OonTUMIi3alli cucteM Teruio3albesneueHHs. BoHO 103Bossie
BpaxyBaTh KOHCTPYKTHBHI ~ OCOOJIMBOCTI  Oy/iBeNb, BIUIMB  30BHIIIHIX
KJIIMaTUYHUX YMOB Ta JWHAMIYHY B3a€MOII0 MK MPUMIIICHHAMH. [ '0J0BHOIO
METOI0 MOJIETIIOBAHHS € CTBOPEHHSI TOYHOI IMHAMIYHOI MOJIeni, sika 3abe3neuye
MOXJIMBICTh ~aHamizy eHeproedgexktuBHocTi pobotu THY, onrumizamii
CHOKMBAHHS €Heprii Ta 3a0e3neueHHs KOM(POPTHUX YMOB Ui MEIIKAHIB

Oy TiBII.
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OcHoBHI mapamMeTpu Mojei

Jlnst po3poOKM eHepreTUYHOi Mojei OyAuHKY OyJI0 BpaxOBaHO TakKi OCHOBHI

napameTpu:

1. T'eomeTpist OyaiB.i: 3aranpHa 1ioma, 00'eM, BUCOTa CTEb Ta
KOHCTPYKTHBHI OCOOJIMBOCTI (CTIHH, AaX, MIJJIOTA).

2. TensorexHiuHi xapakrepucTuku: BpaxoBaHo Ter1o130s1iitH1
BJIACTMBOCTI MaTepiajiB, TEIUIONPOBIAHICTh, TEMNIOEMHICTD Ta TEILIOBY
1HEpLIHHICTD OYIBEIbHUX KOHCTPYKIIIH.

3. Kaimatuuni ymoBu: Bukopucrano nmoroauHHi gaHi 1y micta Kuesa,
BKJIFOUAIOYH 1000B1 Ta CE30HHI KOJUBAHHS TEMIEPaTypH, COHIUHY

pajialliio Ta BITpOBE HABAaHTAXKCHHS.

MeTo010J10Tis CTBOPEHHS MOJEJII

Mopnens O6ynunky (puc. 4.1) 6yna ctBopena y cepenosuini MATLAB
Simulink 3 Bukopucranuam 06i6miorex Simscape/Foundation Library/Thermal.
KOHCTpYKTHBHI €JeMEHTH MOJACIIOBAINCS K OaraToniapoBl TEIUIOTEXHIYHI

CHCTCMU, K1 BpaxXOBYIOTb HACTYIIHEC:

1. KonBexkTuBHUI Tem1000MiH: BinoOpakae nepegauy Termia Mix
MOBEPXHSIMH KOHCTPYKIIIM Ta MOBITPSAM Y IPUMIIIEHHSIX.

2. TenjonpoBigHicTh: Po3paxyHOK TEMIOBUX MOTOKIB Yepe3 Oy1iBeNbH1
MaTepiaiu, BKIYAIUH LEry, OETOH Ta TEIJI0130J1HH] IIapH.

3. TenjoakymyJoBajibHA €MHiCTh: BpaxoBye 31aTHICTh MaTepiaiB
aKyMYJIIOBAaTH TEILIO, 110 BU3HAYAE 1HEPLIHHICT TEMIEPATYPHUX 3MiH.

4. Coustuna paaiamisi: OLiHIOE TEIJIOHAIXOKEHHSI Yepe3 BiKHA Ta

30BHIIIHI CTIHM 3aJICXKHO BIJ Opi€HTAIlli OyAiBJI1 Ta TOTOJJHUX YMOB.
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Pucynok 4.1. [1nan 6yauHkKy

MaTteMaTH4Hi OCHOBH MO/JEJTIOBAHHSA

KonBekTuBHMIA TEMIO0OMIH — MOJEIIOE TETNIOOOMIH B TETJIOBIN Mepexi
IUISIXOM KOHBEKI[li, CIIPUYMHEHOW pyxoMm piavHHu. [IIBUAKICTH TETIOOOMIHY
NpoMopLiiHa PI3HUII TeMrmepaTyp, Koe(dilieHTy TemIooOMiHy Ta TUIOIII

MOBEPXHi, IKa 3HaXOAUTHCS B KOHTAKTI 3 pianHO0[63](4.1):

Q = aFAT (4.1)

( - TemIoBa MOTYXKHICTb, 110 NePeaeThes depe3 KoHBekmio (BT),
a - xoedimienT Temnonepenayi (Br/(m?-K)),

F - mioma temwmooOMiny (M?),

AT — pi3HHUILIA TeMIIepaTyp Mk TerIoHocieM 1 moBepxHero (K).

Ileit 610Kk BUKOPUCTOBYEThCS B Simulink 11 MojentoBaHHS TEIUIOBUX

MPOLIECIB y CUCTEMaX OMAJICHHS, OXOJIOKEHHSI Ta TEIIOOOMIHY.
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[TpoBinHMI TEMIOOOMIH — 1€l OJIOK MOJEIIOE TEIJIOOOMIH B TEIJIOBIM
Mepexi TMPOBIAHICTIO dYepe3 Immap Marepiany. LBuAKICTh TemIo0OMiHY
perymoeTbess  3akoHoM Dyp’e 1 mpomopiiiHa  pI3HUIN  TeMIepaTyp,
TETUIONPOBITHOCTI MaTepiajy, IO, HOPMaIbHOT 10 HAMPSIMKY TeIjIonepeaayi,
1 o0epHEHO MpomopIliiHa TOBITUHI T1apy[64](4.2):

A
Q = SFAT (4.2)

Q - norik terwtoru (Br),

A — xoedimieHT TertonpoBigHOCTI MaTepiany (Bt/(m-K)),
0 — TOBIIMHA LIapy Martepiany (M),
F — moma remooominy (m?),

AT — pi3HuIA TeMnepaTyp MK JBoMa noBepxHsimu matepiainy (K).

Lleit 6110k BUKOPUCTOBYETHCS ISl MOJICIIOBAHHS Tepeadi Teria yepes
CTIHM, TEIUIOI30JAIII0, TEIUIONPOBIIHI €JIEMEHTH Yy CHUCTEeMaxX OMaJeHHs,
oxonomxkenus ta THY.

TemnoBa maca — 1eif 610K MOJEINI0€ BHYTPIIIHE HAKOMWYCHHS €HEPTii B
Mozeni TerniaoBoi Mepexi. [IIBuaKICTh 301IbIIIEHHS] TEMIIEpATypH MIPOMOpIIiiiHa
IIBUJIKOCTI TEIUIOBOTO IOTOKY B MaTepiayl 1 OO€pHEHO MpormopiiiiiHa Maci i
TEIJIOEMHOCTI Matepiany[65](4.3):

Q0 = C,mAT (4.3)

Q - KUIBKICTh nepenanoi termiotu (BT),

C

» - IITOMa TEIIOEMHICTL Matepiaiy (Jx/(kr-K)),

m — Maca mMarepiaiy (Kr),

AT — 3mina Temnepatypu matepiainy (K).
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[eii 6510k 3aCTOCOBY€ETHCSI B MOJICIISIX TEIUIOOOMIHY, HAMPUKIIA, Y
cUCTeMax omajieHHs, oxojomkeHHs Ta THY, mo0 mpaBuibHO BpaxoByBaTu
TEIUI0AKyMYJIIOI0U1 BJIACTUBOCTI MartepialliB, TAKUX SK OCTOHHI CTIHU, BOJa B
CUCTEMAax OMaJjeHHs a00 IPYHT y T€OTEPMAIbHUX CUCTEMAX.

KonTtponboBane mkepeno temmeparypu (puc. 4.2) - 1ieil 010K T03BOJISIE
KOHTPOJIIOBAaTH TEMIIEpaTypy HE3aJIeKHO BiJ TEIUIOBOIO MOTOKY. Bin
BUKOPHUCTOBYETHCS TS 3aJIaHHSI TEMIIEPATypU B CUCTEMI TeIUIoNepeayi Ta Mae
TpU MOPTH: OCHOBHUM TEIUIOBMM MOPT A, Apyruid TeruioBuid nopt B Ta
CUTHAJIBHUUN TIOPT S, YEpE3 KU NEPEacThCsl Kepyrounil curnai. Temmneparypa
MK mopTamMud A Ta B BH3HAaua€eThCsl 3HAYEHHSIM CUTHAJIY Ha BXOAl S: AKIIO S
OlbIIe HYJIS, TEMIEpaTypa B opty B Oyje BuUIloro, HIX Y OpTy A, a SKIo S
MEHIIIE HyJIs, Temneparypa B nopty B Oyzae Hmkuoro. Leit 6510k 3acTOCOBY€ETHCS
JUTSL MOJISTTIOBAHHS JPKEPET TETUIOBO1 €HEPrii, TAKUX SIK KOTJH, pamaiatopu, THY,
a TaKOX JJIs peani3alli CUCTeM YIIPaBJIiHHS TEMIIEPATypPOIO B ONATIOBAIBHUX Ta
OXOJIO[KYBAJIbHUX CcHUCTeMaxX. BiH [03BOJIsi€ MOJENIOBAaTH TEPMOCTATHUHI
PEryJsiTOpY Ta aBTOMATHU30BaHI CUCTEMM TEII03a0e3MeUeHHs, 1110 0COOIMBO
KOPHUCHO TpU PO3poO0Ill Ta TOCTIIKEHHI JUHAMIYHUX CHUCTEM pPeryJIFOBaHHS

KiiMaTy B OyniBnsix ado THY [46].

Controlled temperature source

PucyHnok 4.2. EneMeHT KOHTPOJIbOBAHOTO JKEPEIIa TEMIIEPATYPHU

KoHTposiboBaHEe KEpesio TEIUIOBOTO MOTOKY (puc. 4.3) - 103BOJIsIE
MIATPUMYBATH KOHTPOJBOBAHY BEIWYMHY TEIUIOBOTO IOTOKY B MOJENI
TETJIOBO1 Mepexi. BiH mpaifioe He3aneXHO BiJl TEMIIEpaTypH Ta 3abe3nedye
3a/IaHUH TOTIK TETUIOTH MIXK JIBOMa TEIUIOBUMU MopTaMu A 1 B BiinmoBiaHO

710 BXIJTHOTO KEPYIOUOT0 CUTHAITY, MOJAHOTO Yepe3 mopT S. Skimo curnan
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NO3UTHBHUM, TEIUIO MepenaeThcsi BiAg mopTy A o mopty B, a skmo
HEraTUBHUN — Y 3BOPOTHOMY HampsiMKYy. Lleit 6510k BUKOPUCTOBY€ETHCS IS
MO/IECTFOBAHHS PI3HUX JIPKEPEIT EHEPrii B CUCTEMAX TEIUIONOCTaYaHH s, TAKUX
AK HarpiBajbpH1 enemeHTH, THY abo cuctemu 0X0JIOMKEHHS, a TAKOXK IS
pO3pOOKM 1 TeCcTyBaHHS ajrOpUTMIB KEPYBAaHHSA TEIJIOHACOCHUMH

YCTaHOBKaMH Ta IHIIMMH CUCTEMaMH eHepF033663HC‘ICHH}I.

Controlled heat flow rate source

PucyHnok 4.3. EneMeHT KOHTPOJIBOBAHOTO JKEPEIIa TEMIIEPATYpPHU
BruiuB 30BHILIHIX YMOB

I[JI}I TOYHOI'O MOACIOBaAHHA TCIIIIOBHUX HpOHﬁCiB BpPaxXOBYBaJIUCA TaKl 30BHIIIHI

dakropu:

1. 3oBHimIHA TemMmepaTypa: [ KoJIMBaHHS BIUTMBAIOTH HA TEIUIOBI BTpaTH
4yepe3 OropoAKyBajbHI KOHCTPYKIIII.
2. Counstuna paaiamisi: Po3paxoBaHO TEIJTIOHAIXOPKEHHS 3aJIE)KHO BiJl

IHTEHCUBHOCTI BUIIPOMIHIOBAHHS Ta Opi€HTAIlil Oy IIBIi.

Ha puc. 4.4 300pakeHa cxeMa MOJCIIOE TEIUIOBI MPOIECU B OKpPEMIid
KIMHATI 13 BHUKOpUCTaHHSAM cepeaoBuma Simulink / Simscape. VY Hi
BPaxOBYIOTHCSI OCHOBHI TIPOIIECH TETUIOOOMIHY MiK KOMIIOHCHTaMH KIMHATH Ta
il 30BHIIIIHIM CEPEIOBHIIEM.

Y Mozeni mnepen0aueHO TEMIEPATypHUU CEHCOp, SKUM BHUMIPIOE
TeMmrepaTypy B npuMmilieHHi, Ta ooirpiBau (Heater), mo 3abe3neuye TeraioBui

MOTIK JJIsl MIATPUMaHHS KOM(POPTHOT TeMIiepaTypu. Takox BKIIOYEHO MOBITPSIHY
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temwoBy macy (Air thermal mass), sika BpaxOBY€ TEIJIOEMHICTh TOBITPS Y
MPUMIIIEHH] Ta HOT0 3AaTHICTh HAKOMUYIYBATH TETLIO.

[Ipornecu Temnonepenaydi MOACIIOIOTHCS Yepe3 KOHBEKIIMHUN TEMI000MiH
(A1r-IW convection, Air-floor convection, Air-roof convection), sikuii onucye
nepenavyy Terjia MK HOBITPAM y KIMHATI Ta MOBEPXHSIMH BHYTPILIHIX CTiH,
nijgoru Ta gaxy. BogHodac, temonepenaya dyepe3 koHctpykuii (Half TW-air
conduction, Half floor-air conduction, Half roof-air conduction) BpaxoBye
nepeaady TeTIOTH MK IIUMH TIOBEPXHSMHU Ta TETUIOBUMH MacaMu CTiH, IiJIOTH
Ta Jaxy.

Temnosi macu koncTpykuiit (IW thermal mass, Roof thermal mass, Floor
thermal mass) MOJEIIOIOT, HAKOMMYEHHS Ta BijJady TEIJIOTH BHYTPIIIHIMU
CTIHaMH, JJaXOM 1 MiJJIOroro, 110 3a0e3nedye 1HePIiHHICTh CUCTEMH OIaJICHHS.
Kpim Toro, moaens BpaxoBye BTpaTu uepe3 BikHa (Window-atmosphere leakage),
10 CUMYJIIOIOTh TETUIOB1 BTPATH YePe3 BEHTUIIALII0 200 HEIIIBHOCTI.

30BHILIHS TEMIIEpAaTypa MOAEIIOEThC yepe3 0ok Temperature source
atmosphere, sKuii 3a1a€ TeMIiepaTypy 30BHIIIHBOTO cepeoBHia. BoHa BrumBae
Ha TEIUIOBTPATU Yepe3 KOHCTPYKIl Ta BHU3HAYAE B3aEMOAII0 KIMHATH 13
30BHIIIHIM CEPEIOBHILEM.

Ils ™Momens mO3BOJISIE JAETAIbHO JOCHIIKYBaTH AWHAMIUHI MPOIECH
TEIUI00OMiHY B KIMHATI, OIIHIOBAaTH €(QEKTUBHICTh OMAJEHHS Ta BIUIKB

YTEIJIEHHS, a TAKOXK PO3POOJIATH CTpaTerii KepyBaHHs KJIIMaTOM y OyaiBIIL.
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Pucynox 4.4. Monens KiMHaTH
Cxema Ha pHUCYHKY 4.5 MOJENIOE CHUCTEMY TeIJIOMOCTadYaHHs
OyIWHKY 13 BUKOPHUCTAHHSIM PaJiaTOPHOTO OMAJICHHS Ta PO3MOIJIOM TETUIOBOI
eHeprii Mk kiMHaTamu. Bona mobynoBana y Simulink / Simscape Ta Bkitouae
KJTFOYOB1 €JIEMEHTH CUCTEMH OTAJICHHS Ta MOHITOPHHTY TEMIIEPATYPH.

Cucrema mictuth yotupu kiMmHaTi (Room 1, Room 2, Room 3, Room 4),
KOKHA 3 SIKUX OTPUMYE TEIUIO Yepe3 paaiaTtop, MiAKIIOYCHHUN 0 3araibHOTO
KOHTYPY TeIUIOHOCIs. ["apssuuii TeII0HO I HAAXOAUTh Yepe3 Bxif In, mpoxoauTh
yepe3 padiaTopH, HarpiBalOuu MOBITPS B KIMHATaX, a MOTIM BHUXOJUThH Yepe3
Buxinm Out. [loToku TemIOHOCISI MK paaiaTopaMH PO3MOJUIAIOTECS  3a
JIOTIOMOTOI0 TPYOOTNPOBO/IIB, SIKI MO3HAYEHI KOJHLOPOBUMH JIHISIMH (Tapsauid
MOTIK — YEPBOHUHN, OXOJIOPKECHUHN — )KOBTHH).

Mopnenp TakoX BKIIOYAE JAaTYUKH TEMIEPATypH, SIKI BHUMIPIOIOTh
TEeMITepaTypy y KOXHI{ KIMHATI Ta MepeIaloTh TaH1 JJIT OOYUCIICHHS CEPEIHbOI
temnepatypu (Indoor average). CurHanu 3 HaTUYMKIB NEpearOThCs HA OJIOKU
ycepenHeHHs Temmeparypu T _avg, siki 00YHCITIOI0Th CEPEIHIO0 TEMIIEPATYPY IS
BCHOTO OYAMHKY Ta OKpPEeMHX TPyl NpUMIIICHb (HAMPUKIAA, I TUTIIO1
KiIMHATH Ta iHIIKMX 30H). TeMmepaTypa 30BHIIIHBOTO CEPEIOBHUIIA MOJCTIOETHCS
yepe3 Bxiag T atm, 110 103BOJISE OLIIHUTH BIUTMB HaBKOJHUIIIHIX YMOB Ha CUCTEMY

OITAJICHHA.
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Pucynok 4.5. Mojenb cucteMu ornajieHHs! Oy IUHKY
Ils mMomens MO3BOJIAE aHANi3yBaTH €(PEKTUBHICTH OMAJICHHS, PO3IMOILI
Teljla MDK KIMHaTaMU Ta KOHTPOJIOBATH CEPEIHI0 TEMIEpaTypy BCepeauHi
OynuHkKy. BoHa Mosxe OyTu BUKOpHUCTaHa JIJIsl TOCIIKEHHS PI3HUX aJrOPUTMIB
KEepyBaHHS OTIATFOBATILHOIO CUCTEMOTO, TAKHUX SIK MEPEPUBYACTHI PEKUM pOOOTH
THY abo perymnioBaHHs TeMmIrepaTypu 3a 3aJlaHUMH TpadikaMHu CHOKHBaHHS

TCILI1A.

Pe3yabTaTH MO/I€JI0BAHHS
Po3pob6iena Mojens Oy IMHKY 3a0e3Mneuye:

1. AHaJji3 TemioBuX npoueciB: Bu3HaueHHs 3MiH TeMIepaTypu y
MPUMIIICHHSX 3aJI€KHO BiJl BHYTPIIIHIX Ta 30BHIIIHIX YMOB.

2. Ouinky eHeproegeKkTHBHOCTI: PO3paxyHOK TEIJIOBUX BTPAT YEPE3
KOHCTPYKTHBHI €JIEMEHTH OY/I1BJI1.

3. OnTumizauiio cucrem onajeHHsi: TecTyBaHHS PI3HUX AJITOPUTMIB
KepyBaHHs JIJIsl MiHIMI3allli €HEProCcIoKHUBaHHS.

4. JlocaigkeHHs cueHapiiB po0oTH: AHai3 MTOBEIIHKHA CUCTEMHU 3a PI3HUX

KJIIMaTUYHUX Ta €KCIUTyaTaliifHUX YMOB.
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IlepeBaru migxoay

1. YniBepcaabHicTh: Mojienb afanty€eTbes 10 Pi3HUX TUITIB Oy I1BEb 13
ypaxyBaHHSM crelupiKd KOHCTPYKTUBHUX €JIEMEHTIB.

2. TounicTh: IuHaMiuHMI TIX1] 10 BpaxyBaHHS TEIJIOBUX MOTOKIB
3a0e3neyye BUCOKY JeTalli3alliio pe3ybTaTiB.

3. InTerpauisi: Mojens MoXe OyTH 1HTErpOBaHa 13 CUCTEMaMHU

aBTOMATU30BaHOro KepyBanHs THY.

Po3pobnena aunamiuna mozens Oyauaky B MATLAB Simulink i3
BUKOPUCTaHHSAM 01010TeK Simscape € TMOTYXKHUM 1HCTPYMEHTOM  JJIst
JOCIIKEHHST TETJIOBUX TPOIECIB, ONTUMI3AIlli CUCTEM Terio3abe3nedeHHs Ta
PO3p0OKU e(PEKTUBHUX aITOPUTMIB K€pyBaHHsI. 3aBIsIKU TOYHOCTI Ta THYYKOCTI,
MOJIeh € YHIBEpCAIbHUM IHCTPYMEHTOM [Isl BUPIIIEHHS IIMPOKOTO CIIEKTpa

HAYKOBHX 1 MPAKTHUYHUX 3a/1a4.

4.3 Inrerpauis moaeni THY 3 mogenito OyauHKyY

InTerpamis mogeni THY 3 monpennio OyAMHKY € BaXKJIMBUM €TarioM y
JOCTIIKEHH1 KOMILJIEKCHUX CHCTEeM Tero3ade3neuenHs. Lleit mpouec no3Bossie
00'eTHaTH OKpeMi MOJIYJIl Y €AMHY TUHAMIYHY MOJIENh, SIKa BpaxOBY€ B3a€EMO/III0
MDK CHCTEMOIO OIAaJICHHs 1 TeIUIOBUMHU MpoliecamMu y OyiBimi. Take moe1HaHHS
CTBOPIOE OCHOBY JJISi MIPOBEJCHHS aHaNi3y €HeproeeKTUBHOCTI, OMTUMI3alli
po6otu THY Tta ominku kompopTy y IpuMillleHHsIX. Pe3ynbrat MoetoBaHHs
CHPHUSAIOTH PO3pOOIIl IHHOBAIIHUX M1IXO0/I1B 10 KEPYBAHHS €HEPrOCMOKUBAHHAM

1 HIIBUILEHHS IKOCTI OMMAJIOBAIILHUX CUCTEM.
CTtpykTypa iHTerpoBaHoi MojaeJi

[HTerpoBana Mosesnb BKJIIOYAE IBA OCHOBHI KOMITOHEHTH (puc. 4.6):
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1. Mogear THY: onucye pauHaMiuHI TPOLECH y  KOMIIPECOPI,
TErI000MIHHUKY, BUIIAPHUKY Ta IPOCEIbHOMY BEHTWI1. BpaxoByroThcs
30BHIIIIHS TeMIEpaTypa, TEIUIOBE HAaBAHTAXKEHHS 1 p0OOUNii CTaH CHCTEMH.

2. Moaesb OyIMHKY: MOJIENIOE TEIUIOBI MPOLECH BCEPENUHI MPUMIILEHb,
BKJIIOUAIOYU TEIUIOBTPATH, TEIUIOHAIXOKEHHS Yepe3 OropoJKyBalbHI

KOHCTPYKIIIT Ta B3a€EMOJI1I0 MK KIMHATAMH.
3B'A30K MK KOMIIOHEHTaMH 3a0€31eUy€EThCs 3a JOTOMOTOO:

e Temmeparypu TeIJIOHOCII Ta BHUTpPaTa TeIUVIOHOCIfA: BUXITHA
Temreparypa Boau 3 konaeHcaropa THY Ta macoBa BUTpaTa TEMJIOHOCIS
BUCTYMAIOTh BXITHUMU MapaMeTpaMHU Uil CUCTEMH OMaJIeHHs OyIMHKY.

o Tem0BOro HABaHTAKEHHA: MOJICTb OYJMHKY T€HEPY€E CUTHAII, SIKUH
Bkazye THY Ha HeoOXi1aHY TEIIOBY MOTYXHICTh JJIs MATPUMAaHHS
KOM(OPTHUX YMOB, 110 BU3HAYAETHCS K (QYHKIIIA TEMIEPATypu
3BOPOTHBOT BOJIM B CUCTEMI OTIAJICHHS.

e CurHaJjiiB KepyBaHHS: PETYIIOIOTH PEXKUM pOOOTH KOMIIpECOpa,

3aJIC)KHO Bi,II IIOTOYHOI'O TCIIJIIOBOT'O 6aJIchy.
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Pucynok 4.6. Cxema iHTETpOBaHOT MOJIEII CUCTEMH

Terio3abe3neueHHs OyauHky Ha 6a31 THY
B3aemonis Mixk KOMIIOHEHTAMH

Bzaemogis mixx monemnto THY 1 6yaunkom 6a3yeTbes Ha niepenadi pisuaHux

CUTHAJIB 1 MOJENbHUX MapaMeTpiB. OCHOBHUMU eJIeMEHTaMH IIi€1 B3aEMOJIIT €:

e 30BHINIHS TEMIIEpaTypa MOBITPs, L0 BU3HAUAE €PEKTUBHICTH pOOOTH
BUIIAPHUKA.

e TemmepaTypa BOJH, U0 MOBEPTAETHCS, TSI OLIHKH MOTOYHOTO CTaHY
TEII000MIHHHUKA.

e TeruioBe HaBaHTAXKEHHSI, II0 BU3HAYAE PEXKUM POOOTH KOMIIpecopa.
AJIropuTM iHTerpauii
[Iporuec iHTeTpallii BKIOYA€E Taki €Tamnu:

1. Po3poOka inTepdeiiciB nepexavi 1anux:
o Buxopucrtanus S-pyskiit MATLAB Simulink nms opranizarii

0OMIHY CUTHAJIaMU MK MOJIEIISIMH.
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o IleperBopeHHs (hI3UYHUX CUTHAIIB Y MOJICJIbHI TapaMeTpH.
2. HanamryBanus moneai THY:
O VYpaxyBaHHS 3aJI€KHOCTI TEIJIOBOT MOTY>KHOCTI BiJ] 30BHIIIHIX
YMOB.
o Peamnizaiiist anrOpuUTMIB PEryIIOBaHHS YaCTOTH KOMIIpECOpa JIst
HiATPUMAaHHS CTa01ILHOT TEMITEpATYPH TEIIJIOHOCIS.
3. HanamryBaHHsi MoJeJti OyAMHKY:
0 Po3paxyHOK TEIIOBUX BTpAT UY€pe3 OTOPOIKYBaJIbHI KOHCTPYKIIT 3
ypaxyBaHHSAM XapaKTEPUCTHK MaTepiaiB.
0 JluHaMIYHHI PO3paxyHOK TEIUIOBOTO HABAHTAXKEHHS 3aJIE)KHO Bif
3MiH KJIIMAaTUYHUX YMOB.
4. TecTyBaHHH iHTerparii:
O AHai3 y3roJykeHOCTi poOOTH 000X MOJEIEH.

o IlepeBipka TOYHOCTI pe3ybTaTiB 3a PI3HUX CIICHAPIIB.

PesynbraTty MOeTFOBaHHS TIOKA3aJIH, IO CePEAHE BIIXWICHHS TEMIIEPATyPH
B TpuMilleHHsIX He mnepeBuinyBaio 0,5°C, mo miATBEPIHKYE TOYHICTH 1

cTaOUILHICTh MOJIENI.
Pe3yabTaTi Moe1l0BaHHs
IaTerpoBana Moaenb 103BOJISE:

1. JochaiazKyBaTu AMHAMIYHY NOBeiHKY CHCTEMM: aHAJII3yBaTH 3MiHU
TEIUIOBOTO OaaHCy B PEKMMI PEaIbHOTO Yacy.

2. OnTuMi3yBaTH aJropuTMM KepPyYBaHHS: TECTYBATH PI3HI MIAXOAH JI0
perynoBaHHs poOOTH KOMIIpecopa 1 Hacoca.

3. OuinwBaTu eHeproeeKTUBHICTh: BU3HAYATH BIUIMB PI3HUX CIIEHAPIiB

eKCIUTyaTaIlii Ha CIIOKUBAaHHS €HEeprii.

IlepeBaru iHTErpoBaHOro MiIX0OXY
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1. KommiekcHicTb: MOJIEb BPaXOBY€E BC1 KIIFOUOBI aCIIEKTH B3a€MOJIIT MIXK
THY i cuctemoro onaieHHs.

2. TouHicTh: BUCOKa AeTami3allis J03BOJIsSI€ BpaxOBYyBaTH HaBITh HE3HAUHI
TEIJIOB1 BILJIUBHU.

3. 'nyukicTh: MOXIMBICTH aJanTallii MOJEJNI 0 PI3HUX TUIIIB Oy IIBENb 1
CHCTEM OIaJICHHS.

4. MacmTaGoBaHicTh: IHTETpallisl 10JaTKOBUX €HEPTOCUCTEM, TAKUX SIK

BEHTWIALIISI 00 BITHOBIIFOBAHI JIXKEPEJia EHEPTii.
BucHoBku

Inrerpamis monem THY 3 monemmio Oyaunky B MATLAB Simulink
CTBOPIOE TOTYXKHUM THCTPYMEHT JJIsi JOCIIPKEHHS, aHali3y Ta ONTUMI3alil
cucteM  Terio3adesneueHHs.  OTpuMaHi  pe3yJbTaTH  IMiATBEPKYIOTh
MO>KJIMBICTh 3aCTOCYBaHHS INi€l MOJENI IS PI3HOMAHITHUX MOCTITHHUIBKUAX 1
NPaKTUIHUX 3aBAaHb. MOJENb € yHiBepCaabHOIO IIAT(HOPMOIO JIJIsi pO3POOKH
IHHOBAIIMHUX IMAXOMIB JI0 KEPyBaHHS CUCTEMOIO TEII03a0e3MeueHHs Oy IUHKY

Ha 6a3i THY.

4.4 JlociimKeHHsT TUHAMIYHUX PEKUMIB poOOTH CUCTEMU

JlocmiKeHHs. TUHAMIYHHUX PEXUMIB pOOOTH CHCTEMH TeII03a0e3meueHHs
€ BXJIMBUM €TaroM i OuiHKU edekTuBHOCTI kepyBaHHs THY. Cucrtema
NMOBMHHA aJaNTUBHO pearyBaTd Ha 3MIHY 3OBHIIIHIX YMOB, TaKuX SK
TEeMIIepaTypa HaBKOJMIIIHBOTO CEPEJOBUINA, IS MIATPUMAHHS CTaOLIHHOTO
TeIIoBOoro komdopTy B mNpuMilieHHsAX. OAHUM 13 KJIACUYHHUX MIJAXOAIB 0
perymoBadHs € BrnpoBapkeHHs [1I/[-koHTponepa, skuii m03BOJSIE AUHAMIYHO
3MIHIOBAaTH TeMIepaTypy HpsMoi Boju, 1o mnojaetbess 3 THY B cucremy

OITAJICHHA.

Omnuc cucrteMu KepyBaHHS
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[TI/I-koHTpONEP BOPOBAIKEHO B CUCTEMY ISl KEPYBAHHS TEMIEPATYPOIO
npsimoi Boau Ha Buxozi 3 THY. Mera perymnsitopa — MiHIMI3YBaTy BIAXUJICHHS
TEMIIEPATypU B MPHUMIIIEHHAX B1J 33JaHUX KOM(OPTHHUX 3HAUYEHBb 3a PAXyHOK

ajlanTalii 10 3MiH 30BHIIIHBOT TEMIEPATYPH.
OCHOBHUMH KOMIIOHEHTAMH CUCTEMH €:

1. THY: renepye TEIIOBY €HEPTiIO JJIs OTAJICHHS Oy T1BIII.

2. Cucrema onajieHHsi OyIHHKY: 3a0e3meuye nepenady Teria 10
MPUMIILEHb.

3. II-koHTpoJep: peryioe Temieparypy npsmoi ogu THY 3anexHo Bij

3MIH TEMIEPATYPH HABKOJIUITHHOTO CEPEIOBHIIIA.
Aaroputrm poooru III/[-koHTpoJepa

ITI/I-koHTpoONIEp 0OYUCITIOE KEPYIOUMI CUTHA HA OCHOBI BIIXUJICHHS MK
3aJIaHOI0 TEMITEPATYPOIO MPSIMOi BOAU Ta (DAKTUIHOIO TEMITEPATypOIO, a TAKOK

BpPaxoBY€ MOXIJIHY 1 IHTETpaJ 1€l PI3HUIL.
ImnuiemenTanis y MATLAB Simulink

VY cepenoBunii MATLAB Simulink peanizoBano mozens IIIJ[-koHTposnepa,

IHTErPOBAHOTO B cUCTEMY Teruio3abe3neyeHHs. OCHOBHI KPOKHU:

1. Bxiani mani: 30BHIITHS TeMIiepaTypa Ta 3ajaHa TeMIeparypa
MPUMIILICHHS.

2. Po3paxyHok BigxuiaeHHs: BusHaueHHs pi3HUI Mk OaxaHOIO Ta
peaIbHOIO TEMIEPATYPOIO MPUMILIEHb.

3. Po3paxyHok Kkepyrouoro curnanay: Bukopucranns 6;oky PID
Controller y Simulink st o6uncieHHs curHanry Ha OCHOB1 (hopMyH

I I-perymsiii.
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4. Anpanrtauisa remmneparypu npsamoi Boau: Ilepenaya curnany no THY

JUIA 3MIHM TeMIIEpaTypH BOAM HAa BUXO/II.

TecTyBaHHSI cCUCTEMU

Jlns mepeBipku e(PeKTUBHOCTI pOOOTH CUCTEMH MPOBEICHO TECTYBaHHS B

yMOBax 3MIHHO1 30BHIIITHBOT TeMIepaTypu. BUkopuctano Tpu crieHapii:

1. CrabinbHa TeMnepaTypa: 30BHIILIHS TeMIEpaTypa 3aTHIIAETHCS
HE3MIHHOIO, MOJIEITh OIIIHIOE TOYHICTh MiATPUMAHHS 3a1aHO1
TEeMIIepaTypu MPUMIIIEHb.

2. 3mina Tremneparypu: J{060Bi KOJMBaHHS 30BHIIIHBOT TEMIIEPATYpH 3
amrutity10t0 10°C, OLIHIOETBCS aJaNTUBHICTh CHCTEMH.

3. ABapiiina curyanisi: Pi3ke 3umxeHHs temnepatypu Ha 15°C,

TECTYETHCS 3ATHICTh CUCTEMH IIBUIKO BITHOBIIOBATH CTA01THHICTb.
Pe3ybTaTH TeCTYBaHHS

Pesynpratn moaemoBanHs (puc. 4.7.) mokaszaid, 0 CUCTEMa MiATPUMYE
TeMrepaTypy HNpUMIIIeHb 13 cepeaHiM BiaxuiaeHHsMm He Outbmie 0,5°C, a ITIJI-
KOHTPOJIEp HIBUIKO pearye Ha 3MiHHM 30BHIIIHBOI TEMIIEpaTypH, 3a0e3neuyrodn

MJIABHY QJIANTAIlI0 TEMIIEPATypH MPSMOi BOJIH.
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Pucynok 4.7. Micue a1 rpadikiB TeMIiepaTypy MpUMIIIEHb 1 TPsIMOi

BOJIY 3a PI3HUX CIIEHAPIiB.
IlepeBaru Buxkopucranusa I1/I-kouTpoaepa

1. T'nyukicTb: MOXIMBICTE afganTallii 10 pi3HUX YMOB €KCILTyaTarli.

2. EdexkTuBHicTh: MiHIMIi3allisl €HEProCIOKUBAHHS 32 PaXyYHOK TOUYHOTO
PETYIIIOBaHHS TEMIIEPATYPH.

3. CrabinbHicTh: 3abe3neueHHss KOM(GOPTHUX YMOB HaBITh 32 3MIHHUX

KJIIMAaTUYHUX YMOB.
BucHoBkn

BnpoBamxenns III/[-koHTponepa B cuctemMy Teruio3a0e3nedeHHs ano
MOXJIMBICTh 3HAYHO MIABUIIUTA €(GEKTUBHICTh KEpPyBaHHS Ta 3a0e3MeuuTd
CTaOlIbHUN TemnoBUil KoMPOpT y OyauHKy. Mopaens miATBEpAuiIa CBOIO
3MATHICTh aJanTyBaTHCS JO 30BHINIHIX yMOB 1 MIATPUMYBATH 3ajaHl

TEeMITepaTypHi MapaMeTpy 3 BUCOKOIO TOUYHICTIO. OTpuMaHi pe3yabTaTH MOXYTh
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BUKOPHUCTaH1 Uil ToAaibiioi ontuMizamii podotn THY Ta cucrem

OITaJICHHA.

4.5 BUCHOBKH A0 PO3ILITY

Y npomy po3aiiai Oyiao po3MISIHYTO JOCHIIKEHHS JUHAMIYHUX PEXHMIB

poboTH cucTeMHu Terio3abesneueHHs OyauHKy 3 iHTerpamiero THY Ta

BnpoBaKeHHAM [IIJl-koHTposiepa Mg peryiaroBaHHS TEeMIEPATypu NPsMOl

BOJIH.

l.

OCHOBHHUMH JTOCITHEHHSAMU JOCIIIKEHHS €:

MogesoBaHHS aJanTHUBHOI cucTeMHu KepyBaHHsi: CTBOpEHO MOJEIb
cUCTeMH, sSKa 3a0esneyye CTaOUIBHICTH TEIMJIOBOTO KOMGOpPTYy B
NPUMIIIEHHSX 3aBASKH JUHAMIYHOMY DETYJIOBaHHIO TeMIIepaTypH
npsMoi BOAM 3 ypaxXyBaHHSAM 3MIH TeMIEpaTypud 30BHINIHBOTO
CepeIOBHIIA.

E¢exruBnicts Bukopucranus II/I-konrpoaepa: IIpogeMoHCTpOBaHO
3patHicTh [11/]-koHTpoNepa miaATpUMYyBaTH CTa0UIbHHUM TeMIepaTypHUAN
PEXKUM 13 MIHIMAJILHUMHM BIIXUJICHHSIMHU B1J] 3aJIaHUX IMapaMeTPiB HABITh
32 YMOB IIBUJKUX 3MiH 30BHIIIHIX ()aKTOPIB.

TecTtyBanHsi B quHAMiuHMX YMoBax: [IpoBenieHo cepito TeCTIB 13
MOJICTFOBAHHS PI3HUX CIIEHAPiiB pOOOTH CUCTEMHU, IO MATBEPAMIH il

e(eKTUBHICTb, CTIMKICTh Ta €HEProePEKTUBHICTb.

BusiBJsieHi nepeBaru

JlochipkeHHsT AMHAMIYHUX PEXHUMIB pOOOTH MIATBEPAMIIO HHU3KY IepeBar

BripoBakeHHs [11/]-konTposnepa B cuctemMy Tersio3ade3neyeHHs :

l.

Bucoka TounicTs perymoBanns: Crucrema 3abe3nedye cTaOlIbHIMN

TeMIepaTypHUM PEKUM 13 cepeHIM BIAXWIeHHM He Ounbie +0,3°C.



134

2. I'nmyukicTh: Mojens aganTyeThes 10 3MiH 30BHIIIHIX YMOB,
BpPaxoOBYIOUH CE30HH1 KOJMBAHHS TEMIIEPATypH Ta J000B1 3MIiHH.
3. EneproedekTuBHicTh: EKOHOMIS eHEprOpecypcCiB JOCATHYTA 32

pPaxyHOK TOYHOT'O K€pyBaHHsI TEMIIEpATypPHUMU MTapaMeTpaMHu.
PexoMenaanii /151 mogaJbIINX A0CILKEHD

1. InTerpauisi nporHo3Hux aaropuTMiB: BukoprucranHs MeTo/IiB
MAIIMHHOTO HaBYAHHS JIsl IPOTHO3YBAaHHSI TEIIJIOBOTO HAaBaHTAKEHHS
J03BOJIUTH MIABUILUTH €(PEKTUBHICTH POOOTH CUCTEMHU.

2. Onrumizanis napametpis II/I-konTposiepa: 3actocyBaHHs
aJIalTUBHUX aJITOPUTMIB HAJIAIITYBaHHS KOE(IIIE€HTIB, T03BOJIUTh
MOJIIIIUTH POOOTY B yMOBax HenepeadadyBaHUX 3MiH.

3. JlocaigxeHHs1 aJIbTEPHATUBHUX AJITOPUTMIB KepyBaHHsi: [TopiBHSIHHS
[TII-koHTpoNepa 3 IHIKUMHU MIAX0AaMU, TAKUMU K MOJIETILHO-
nporHo3yrwde kepyBanas (MPC), Mmoxxe BUSBUTH HOBI HUISXHU
M1IBUIIEHHS MPOTYKTUBHOCTI CHCTEMH.

4. InTerpauisi 3 BiZTHOBJIIOBAHMMH JIKepeIaMHu eHeprii: Moaenb Moxe
OyTu amanToBaHa JJIsl CHHXPOHi3allii poOOTH 3 COHIYHUMHU KOJIEKTOpaMH

a00 HIIMMHU JHKEepEeTaMy BiTHOBIIIOBAHOI €HEPTIii.
3arajbHMl BUCHOBOK

Po3po6ka 1 BrpoBapkeHHs cucteMu kepyBanHs THY 13 3acTocyBaHHAM
[MII-koHTponepa JO3BOJNWIM JOCATTH BHUCOKOTO PIBHS  CTaOUIBHOCTI,
eHeproe(peKTUBHOCTI Ta aJIalITUBHOCTI CUCTEMHM TeIli03a0e3nedueHHs OyIUHKY.
OTpuMaHi pe3ynbTaTi MiATBEPANIN AOLIIbHICT BUKOPUCTAHHS LBOTO MIIXOAY
JUISl CTBOPEHHSI Cy4acHHX eHeproeeKTHUBHUX cucteM onajeHHs. [loganbiii
JOCIIKEHHS B IbOMY HAIPSIMKY MOXYTb CIPUATH PO3LUITUPEHHIO MOXKIIUBOCTEN

TAaKUX CHCTEM 1 iX 1HTerpailii B KOMIIJIEKCHI €HepreTHUYH1 PIILICHHS.
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Po3gin 5. Po3podka Ta JOCHIAKEHHSI QJTOPUTMIB KepyBaHHS
nepepuB4acTum odirpisom Ha 6asi THY

CyvacHuil po3BUTOK €HEProe(eKTUBHUX TEXHOJOTIM Ta MpParHeHHs [0
3MEHIICHHSI CIOKMBAHHS EHEPropecypciB 3HAYHO IMiJIBUIIUIN MOMYJISAPHICTh
cucteM TeruiozabesneyeHHss Ha ©60a3i THY. OcHOBHUM BUKIUKOM Yy
BIIPOBA/PKEHHI TaKMX CHUCTEM € JOCSATHEHHS OajaHCy MIDK EHEPreTUYHOIO
e(eKTUBHICTIO Ta 3a0€3MEYeHHSIM CTAOUIBHOTO TEIIOBOro KoMpopTy aiis
kopuctyBauiB. OcoOnuBe 3HaUeHHA HaOyBae€ ONTUMI3alis poOOTH CHCTEMHU B
HIYHUH 11ep10/1, KOJIH 3HHKEHHSI aKTUBHOTO BUKOPUCTAHHSI TPUMILIEHB J103BOJISIE
CKOpPOTHUTH BHTpaTH €HEprii 3a yMOBHU 30€peKEeHHS MNPUHUHATHOTO PIBHSA
koMdopTy[66].

VY 3B'3Ky 3 IIUM, aKTyaJbHICTb JOCIIXKEHHSI aJaNTUBHUX aJTOPUTMIB
KepyBaHHs TemnepaTypHumu napamerpamu THY 3pocrae. YpaxyBaHHS BIIIUBY
30BHINIHIX YMOB, J0OOBOr0 TEIJIOBOI'O HABAHTAKEHHS Ta MOTPEO KOPUCTYBaUiB
CTBOPIOE MIATPYHTA AJI1 pO3poOKH €(hEeKTUBHUX MIAXOJIB J0 yNpaBiiHHs. Taka
ONTHUMI3allisl HE JIUIIE CIPUsIE 3HUKEHHIO €HEPrOCIIOKUBAaHHS, aje U MiABUIILYE
€KOHOMIYHY NpHuBa0IuBICTh BUKOpUCTaHHSI THY ni1sg moOyToBHX 1 MPOMHUCTIOBUX
noTpeo.

OmHyuM 13 KIOYOBUX AaCMHEKTIB TIJABHUINCHHS €()EKTUBHOCTI CHCTEM
Teru103a0e3MeyeHHs € BIPOBAKEHHSI AJITOPUTMIB aJallTUBHOTO IEPEPUBYACTOTO
KepyBaHHs. TpaauiiitHi miaxoau, uio nepeadadaroTs Oe3nepepBHe MiATPUMAaHHS
3aJ1aHOi TEMIEPATYpH Y MPUMIIIEHH], 4aCTO MPU3BOJASTH JI0 IEPEBUTPAT €HEPTII,
0cOo0MMBO B HIYHUHM Yac. Y 1IbOMY KOHTEKCTI IepepuBYacTe KepyBaHHS, SKE
0a3yeTbcs Ha 3MiHI TEMIIEpaTypu TEIJIOHOCIS BIAMOBIIHO J0 BCTaHOBJIEHUX

pe}KI/IMiB, A03BOJIAE€ CYTTEBO 3MCHIINTH CITOKHMBAaHHSA CHCpFﬁ.

Merta Ta 3aaa4i po3ainy

MeTor0 AaHOTO pO3/lTy € aHalli3 BIUIMBY HIYHOI YCTaBKH TEMIIEPATYypPHOTO

pexxuMy Ha eHeprocrnokuBanHs cuctemu THY Ta po3poOka pekoMeHaarlii moa0
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3ajaul;

1. Bu3HayeHHS ONTUMAILHUX MApaMeTPiB HIYHOT YCTaBKH, Ki
320€3MeUyI0Th MiHIMI3aIli}0 €HEPrOCIOKUBAHHS MPU 30epeKEHH1
KOM(OPTHUX YMOB.

2. JlocmipKEeHHS BIUIMBY Yacy IOYaTKy pPO3IrpiBy CUCTEMH Ha JIOCSITHEHHS
HEOOX1IHOT TeMIepaTypH Mepes aKTUBHOIO (Pa3oro 100u.

3. AHaui3 3aJeXHOCTEe MIXK TeMIepaTypHUMH MapaMeTpaMy CUCTEMH Ta
AKICTIO TETJI03a0€e3MeYEHHS.

4. Po3poOka Ta BIIPOBAKEHHSI BIOCKOHAJIEHUX METO/IIB IIEPEPUBUACTOTO

KEepyBaHHs y peajlbHUX YMOBAX eKCIUTyaTallii.

JlocnipkeHHs: 0a3yeThCcsi Ha BUKOPUCTAHHI MOJICTIOBAHHS Y CEPEIOBHIII
MATLAB/Simulink 13 3aiy4eHHAM IHTETPOBAHUX AHATITUYHUX 1 HEHPOHHHUX
mozenei. Takmii migxig 3a0e3medye BHUCOKY TOYHICTh pO3paxyHKIB Ta

MOJKJIUBICTh BpaxXyBaHHs HEJIHIHHUX 3aJIEKHOCTEH Y pOOOTI CUCTEMH.

OCHOBHI mepeyMOBH J0CJIiIKEHHS

[lepepuByacTe KepyBaHHS CUCTEMaMU TEMI03a0€3MEUEeHHs BPaXOBY€ JIEKUIbKa

KJIIFOYOBHX HpI/IHHI/IHiB:

1. OnTumizauisi TeMnepaTypHoOro pe;kumMy: BUOIp HIYHOT YCTaBKH, 110
MIHIMI3Y€ CIOKUBAHHS €Heprii 03 3HaYHOI0 3HUKEHHs KoM(popTy.

2. Yacosi HaJIalITYyBaHHA PO3IrPiBY: pO3paxyHOK ONTUMAIBHOTO Yacy
BKJIFOUEHHS] CUCTEMH IS TOCSITHEHHS 0a)KaHO1 TEeMIEPATypH.

3. MopenoBaHHs HeJliHiliHOCTeH: BpaxXyBaHHs BIUIMBY 30BHIIIHIX YMOB

Ta JUHAMIYHUX 3MIH TEIUIOBOTO HABAHTAKECHHS.
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4. InTerpamisi cydacHUX MojieJIeii: 3aCTOCYBaHHS aHAJITUYHHX Ta
HEHPOHHUX MOJENEH IS MiABUILIEHHS TOYHOCTI MTPOTHO31B 1

e()EeKTUBHOCTI aITOPUTMIB KepyBaHHS.

5.1 Metonoorist JOCTIIKEHHS

5.1.1 Ilipxia 1o mpoBeeHHS TOCTIKEHb

JIJIst TOCSATHEHHSI METH JIOCJIIDKEHHS OYyJI0 00paHO KOMIUIEKCHUN TAX1I,
SKUH TO€AHY€E YHUCETbHE MOJICIIOBAHHS, aHATITUYHHHA aHai3 Ta MOPIBHSIHHS
pe3yabTaTIB  MOJCIIOBAHHS 3  TEOPETUYHHMH  OliHKaMu. (OCHOBHUM
IHCTPYMEHTOM  JIOCJI/DKCHHsSI  CIYTyBajlo MOJETIOBAaHHS Yy  CEPEIOBHUIII
MATLAB/Simulink, 1mo mo03Bosisie BIATBOPUTH AUMHAMIKY POOOTH CHUCTEMU

tero3adesneueHHs Ha 6a3i THY B pisHux ymoBax ekcruryarartii (puc. 5.1).

yyyyyyyyyy

Pucynok 5.1. brok-cxema MOZIeNIIOBaHHS CHCTEMH TeIl103a0e3neyeHHs
Oyausky Ha 6a31 THY

Cucrema MOACIIOBAHHA OXOIIIOE!

1. Mopaenb OyAiBil 3 ypaxyBaHHSM i1 TEIIOGI3UIHUX XapaKTEPUCTHUK (OIIIp
TerIonepeadi, TeTIOEMHICTh, BIUTUB COHSIYHOTO BUIIPOMIHIOBAHHS Ta

30BHINIHBOI TEMIIEPATYPH ).
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2. Mopens THY, sika 6a3yeThCs Ha aHAUTITUHYHUX 3aJIEKHOCTIX 200
HEHPOHHUX MepeXkax JIJIsl MPOTHO3yBaHHS i1 MOBEIIHKU.
3. AJroput™m KepyBaHHS TEMIEPATypPOIO TEIIOHOCIS, 110 BKIIFOYAE

nepepUBYACTUN PEKUM POOOTH JIJIs ONITUMI3alliil CIIO)KMBAHHS €HEPT1i.

JUis  TOCHIPKEHHS BHUKOPUCTOBYBAJIUCS PI3HI ClEHapii eKcIuryaTarlii
CHCTEMH 3 METOIO OI[IHIOBAaHHSI BIUIMBY HIYHMX YCTAaBOK, YACOBHX HAJIAIITyBaHb

pO3IrpiBY Ta 30BHIMIHIX YMOB Ha €()eKTHUBHICTb pOOOTH CUCTEMHU.

5.1.2 Anroput™m A0CHIKEHHS
JlociiiKeHHST TPOBOIUIIOCS 32 HACTYITHUM aJITOPUTMOM:

1. ®opmyBaHHS BXiIHUX JAHUX:
O TeMIiepaTypHi pexuMH 30BHIIHBOTO cepenopuia (—10°C, —5°C,
0°C, +3°C);
o xapakrtepuctuku OyaiBii ta THY;
O 3MiHHI MapaMeTpy HIYHOI YCTABKH Ta 4acy po3irpisy.
2. MoaesoBaHHsI p0OOTH CUCTEMHU:
O yYuceIbHE MOJCIIOBAHHS JUHAMIKU TEMIEPATyp y MPUMIIICHHSAX;
O PpPO3paxyHOK €HEProCOKUBAHHS JIsi KOXKHOTO CIIEHaPIIO.
3. AHaJji3 pe3yJbTaTiB:
O OILIHKA 3aJIeKHOCTEN MK IMapaMeTpaMu CUCTEMHU Ta CIIOKUBAHHSIM
eHeprii;
O MOpPiBHSAHHS €(EKTUBHOCTI MEPEPUBUACTOrO Ta OE3NEPEPBHOTO
PEXUMIB pOOOTH.
4. TlopiBHSAHHSA pPe3yJbTATIB MOJAEJIIOBAHHSA 3 TEOPETUYHMMH OIIHKAMMU:
O TMOPIBHSAHHS PE3yJIbTaTIB UUCEIHHOTO MOJICTIOBAHHS 3
TeOpeTUYHUMH olliHKaMHu. OcobJiMBa yBara npuaisuiacs TOUHOCTI
BIJITBOPEHHS AUHAMIKH TEMIIEPATyp Y MPUMIIIEHHAX Ta OIIHII

eHeprocnoxkuanas THY y pizHux pexumax podotu.
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5.1.3 BUcHOBKH 10 METOI0I0T1]

3anpornoHoBaHa METOJOJIOTISA TO3BOJISIE OLIHUTH €(EKTUBHICTh CUCTEMU
TeIu103a0e3MeyeHHs 3 NepepuBYacCTHM KepyBaHHAM. [loeqHaHHS 4HMCENbHOTO
MOJIETIIOBAaHHS, EKCIIEPUMEHTaNbHOI Bepu(ikaiii Ta aHATITUYHOTO aHaTI3y
3abe3neuye BHCOKY TOYHICTh 1 HAAIMHICTh OTPUMAHUX pE3yJbTaTiB, IO €

OCHOBOIO JIJIsl IOJJANIBIIIOTO BJAOCKOHAJIEHHS aITOPUTMIB KEPYBaHHS.

5.2 ExcriepuMeHTalIbHE AOCHIKEHHS BIUIUBY TEMIEPATypHUX PEKUMIB

Ha CHCProCrOXKMBaHHA CUCTEMHU

JIyisi BU3HAYEHHSI ONTUMAIBHUX MMapaMeTPiB MEePEePUBYACTOTO KePyBaHHS
THY Oyno mpoBeaeHO cepito €KCIePUMEHTAIbHUX JOCTIHKEHb IMPU PI3HUX
TEeMIIEpaTypax 30BHIIIHBOTO cepenoBuina. OCHOBHOI METOK EKCIIEPUMEHTIB
OyJI0 BCTAaHOBJICHHS 3aJIC’KHOCTEH MDK TEMIEPAaTypHUMH yCTaBKaMH, YacoM

MOYaTKy PO3IrpiBy Ta EHEPTrOCIOKUBAHHSIM CUCTEMHU.

5.2.1 Pesynbratu nociigxeHs mpu temmepatypi -10°C

[Ipu temmepatypi 30BHIIIHBbOTO MOBITPs -10°C Oynm mocmikeH1 pi3Hi
KOMOIHAIlli Yacy BKJIIOYEHHS pO3IrpiBy Ta TeMIlepaTypu HIYHOI YCTaBKH.

Pe3ynbpTatn ekciepuMeHTIB MpeacTaBieHl B Tadbaui S.1.
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Tabmuis 5.1. PesynbsraTu gocmimkens npu -10°C

Yac BKJIIOYEHHS Bigxunenus Bifg
o Temmneparypa Cnoxxuta eHepris,

pO3irpiBy, TOAMHA| €HePreTUYHOTO

HIYHO1 ycTaBkH, °C | Ix

no6u ONTUMYMY

4 36,5 2,897E+07 7,3%

5 40 2,76 1E+07 2,3%

6 43,5 2,699E+07 0,0%

7 48,5 2,862E+07 6,0%

AHaJi3 OTpUMaHUX pe3yJIbTaTiB MOKa3aB, 110 ONTUMATBHUM PEXXUMOM €:

® TeMIieparypa HiuHOiI ycTaBku: 43.5°C

® Yac BKJIIOYEHHS Po3irpiBy: 6:00

e cnoxura enepris: 2.699E+07 JIx

3anexHicTb CNOXXMUBAHHA eHepril Big HIYHOI
YyCTaBKM Ta Yacy posirpisy npu -10°C

2.95E+07

2.90E+07

2.85E+07

2.80E+07

2.75E+07

Cnoxkura eHepria, X

2.70E+07

2.65E+07

36.5

3 4

40

43.5

5 6

Yac BKIOYEHHA posirpisy, rogMHa o6u

48.5

Pucynox 5.2. I'padik 3anexHOCTI €HEPrOCTIOKUBAHHS BiJl 4aCy BKIFOUCHHS

posirpiBy npu -10°C
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5.2.2 Pe3ynbTatu 1OCHIIKEHB TIpU TeMiepatypi -5°C

Excnepumentu mnpu Temmepatrypi -5°C  mokazaiu CyTTEBY 3MIHY

ONTUMAaJIbHUX MapaMeTpiB KepyBaHHs. Pe3yiabTaT npeacrapieHl B Tabmuil 5.2.

Tabmuns 5.2. PesynpTatu nocnimkens mpu -5°C

~ |Binxunenns BIJT
Yac BKJIIOYEHHs | Temneparypa Cnoxura eHepris,
o _ €HEPreTUYHOT O
po3irpiBy, roarHa 1001 |HiuHOi ycTaBky, °C | Jlx
ONTHUMYMY
4 20 2,50E+07 80,9%
5 20 2,11E+07 52,8%
6 20 1,67E+07 21,2%
7 29 1,38E+07 0,0%
7,5 35,5 1,453E+07 5,3%

OnTuMansHUN PEXUM NP JaHIN TeMmeparypi:

® TtemrepaTypa HiuHoi ycTaBku: 29°C
® yac BKJIFOYEHHs po3irpiBy: 7:00

e cnoxwura enepris: 1.38E+07 JIx
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3aneXxHiCTb CNOXUBAHHA eHeprii Big4 HIYHOI yCTaBKU
Ta Yacy posirpisy npu -5°C
2.6E+07

20
2.4E+07

i9, [

Cnoykurta eHepri

> 2.2E+07

20
2.0E+07
1.8E+07

20
1.6E+07

29
1.4E+07 35.5

1.2E+07
3 3.5 4 4.5 5 DD 6 6.5 7 7.5 8

Yac BKNKOYEHHA po3irpisy, roamHa aobtwm

Pucynoxk 5.3. I'padik 3a1eKHOCTI €HeprocroKUBaHHS BiJl YacCy BKIIIOUCHHS

po3irpiBy npu -5°C

5.2.3 Pe3ynbratu gocmimxens npu temmepatypi 0°C

[Ipu gocaimxeHH1 poOOTH CUCTEMH 32 TEMITEPATYPH 30BHIIITHHOTO MOBITPS
0°C cnoocrtepirajacsi CyTTeBa 3MIHA XapakTepy €EHEProClOoXMBaHHS Ta
ONTUMAJIbHUX TapaMeTpiB KepyBaHHs. Pe3ynbTaTu eKcriepruMEHTIB HaBEACHI B

Tadymmi 5.3.
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Tabmuis 5.3. PesynbraTu qocmimkers npu 0°C

Yac BKIIOUEHHSA

BinxuineHus Big

o Temneparypa| Crnoxxuta eHepris,

pO3irpiBy, roquHa| CHEPTreTUIHOTO
HIYHOI ycTaBKH, °C JIx

nobu ONTUMYMY

6 20 1,044E+07 46,9%

7 20 8,392E+06 18,1%

7,5 20,5 7,108E+06 0,0%

8 30,8 7,608E+06 7,0%

AHaJ3 eKCHepUMEHTAIbHUX JaHUX T0Ka3aB, mo mnpu Temmeparypi 0°C

ONITUMAJIbHUM PCIKHUMOM €

e TeMrieparypa HiuHOi ycTaBku: 20.5°C

® Yac BKJIIOYEHHS po3irpiBy: 7:30

e cnoxura enepris: 7.108E+06 [k

BaxxnuBo BiI3HAUWTH, IO MOpH J@aHIM TeMmmIepaTypi CIOCTEPIraeThes

3HayHE 3MEHILIEHHS HEOOX1THOTO 4Yacy BUIIEPEIKEHHsI PO3IrpiBy MOPIBHSIHO 3

Bi,ZI'EMHI/IMI/I TEMIICPATypaMHU. I_[e MMOACHIOETBCSA MCHIIMMHU TCIINIOBTPpaTaMU
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OynmiBial Ta, BIAMOBIAHO, MEHIIMM YacoM, HEOOXIAHUM I JIOCATHEHHS

KOM(OPTHOT TEMTIEpATYPH.

3anexHicTb CNOXXMBaAHHA eHepril Big HIYHOI
yCTaBKM Ta Yacy posirpisy npu 0°C

1.1E+07

20
1.0E+07

LK

9.0E+06

00
o
M
+
o
(&)

30.8

7.0E+06
20.5

Cnoykuta eHepria

6.0E+06

5.0E+06
5 55 6 6.5 7 7.5 8 8.5

Yac BK/IOYEHHA po3irpisy, roanHa aoom

Pucynok 5.4. Jlunamika teMneparypu Ta eHeprocnoxkuanus mpu 0°C

EKCHepI/IMeHTaHLHO BCTAHOBJICHO, IO BiI[XI/IJ'ICHH}I Bi,[[ OIITUMAJIBHOI'O

4acy BKJIIOYEHHS PO3IrpiBy MPU3BOIUTH J0 30UIbIICHHS €HEPrOCIOKUBAHHS:

e r1pu Okl paHHbOMY BKIIOUeHHI (6:00) - Ha 46.9%

e 1pu Okl Ni3HbOMY BKItOueHHI (8:00) - Ha 7.0%

5.2.4 Pe3ynbTatu 10CHiIKeHb IIpu TeMiepatypi +3°C

Hocmimkennss podotn cucremu npu Temmeparypi +3°C mpencrasisie
0COOJIMBUH 1HTEPEC, OCKIILKH 11€ 3HAYEHHS OJIM3bKE /10 TPAHUYHO1T TEMITEpaTypHU

OTIAJIIOBATILHOTO ce30HY. Pe3ynbTaTi ekcriepuMeHTIB HaBeAeHI B Tabuulll 5.4.
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Tabnuns 5.4 - PesynbraTu gocnipkens npu +3°C

Yac BKIIFOYEHHS

Bigxunenus Big

o Temneparypa Crnoxxuta eHepris,
po3IrpiBy, roanHa ' €HEPreTUYHOTO
HIYHO1 ycTaBky, °C |k
noou ONTUMYMY
7 20 6,11E+06 59,0%
7,5 20 5,14E+06 33,8%
8 23,7 3,84E+06 0,0%
8,1667 30,5 5,86E+06 52,4%

OntumanpH1 TapaMeTpu pexumy podotu rpu +3°C:

® TeMrIieparypa HiuHOi ycTaBku: 23.7°C

® Yac BKJIIOYEHHS po3irpiBy: 8:00

e cnoxura enepris: 3.84E+06 JIx
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3anexHicTb CNOXXMBAHHA eHepril BiJ HIYHOI yCTaBKMU
Ta Yacy posirpisy npu 3°C

0

é 6.E+06 305
< 6.E+06
o S5.E+06 2
o
@ 5.E+06
-
; 4 E+06
o 23.7
O 4.E+06

3.E+06

6.8 7 7.2 7.4 7.6 7.8 8 8.2 8.4

Yac BK/IOYEHHA po3irpisy, roamHa gobu

Pucynok 5.5. IlopiBHSHHSI €HEProCIOKUBAHHS MPHU PI3HUX PEKUMaX poOOTH

npu +3°C

[Ipy panHiii TemmepaTypi 30BHIIIHBOTO CEPEJIOBUINA BHUSIBIECHO HACTYIMHI

0COOJIMBOCTI:

1. CyTTeBe 3MEHILICHHS 3arajJbHOT0 €HEPrOCIOKUBAHHS CUCTEMHU
MOPIBHSHO 3 HUKYMMH TEMIIEPaTypPaMH.
2. 301IbIIeHHS YYTIUBOCTI CUCTEMH JI0 BIIXUJIEHB B1Jl ONITUMAIBHOTO
PEXKUMY:
O paHHE BKIIOYEHHS po3irpiBy (7:00) mpu3BOAUTH 0 IEPEBUTPATH
eneprii Ha 59.0%
O He3HauHe 3ami3HeHH (8:10) mpu3BOAUTH 10 301TBIICHHS
€HEeprocroxuBaHHs Ha 52.4%
3. 3MiHa XapakTepy 3aJeKHOCTI TEMIEPaTypH HIYHOI YCTaBKHU:
o mpu TemnepaTtypax Hux4de 0°C croctepiranocs mocTymnoBe
3HUKEHHS ONTUMAaIbHOT YCTaBKH
o mpu +3°C onTumanbHa ycTaBKa A€o miaBUINyeThes (23.7°C

nopiBHsHO 3 20.5°C mpu 0°C)

5.2.5 Y3aranpHeHHS pe3ybTaTiB eKCIIEPUMEHTATLHUX JTOCTIKCHD
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AHami3 OTpUMaHUX  pe3yJbTaTiB  JIO3BOJIUB  BCTAHOBUTH  HACTYIHI

3aKOHOMIPHOCTI:

1. OnTtumMasnbHa Temreparypa Hi4HOI YCTaBKH 3HUXKY€ETHCS 31 3pOCTaHHAM
TeMIepaTypH 30BHIIIHBOTO CEPEIOBHUIIIA.

2. HeoOximHuil yac BUNEPEHKEHHS PO3IrPiBY 3MEHIIYETHCS PU
M1JIBUIIICHH] 30BHIITHBOT TEMITIEPATYPH 32 HEJIIHIHHUM 3aKOHOM.

3. Enepretnuna e()eKTUBHICTH EPEPUBUYACTOIO PEKUMY 3POCTAE MPHU
HAOJIMKEHH] TeMIIepaTypH 30BHIIIHBOTO CEPEAOBHUIIA 10 PO3PAXYHKOBOT

TEMIICPATYypU CUCTCEMHU OITAJICHHS.

NG 2000
YcTaBKa Temnepartypu NpaMOoi BOAM B HIYHUI nepioj, N\

50.0 9000
& 8000 .
o o
= 7000 B
@] Qo
@© -—
'S 6000 @
(o]
g S
=
s 5000 :
S 4000 ¥
P =
a 2
a S~ 3000
o 15.0N =
2 z
2 &
T

N\ 1000

Yac sunepe/KeHHA po3irpisy CUCTEMHU, SeC

0:0 0
-12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00

TemnepaTtypa oTo4dy4oro cepeaosuiua, °C

Pucynok 5.6. Y3araibHeH1 3aJI€KHOCT1 ONITUMaIbHUX TTapaMeTpiB Bijg

TeMIiepaTypu

OTpuMaHi eKCIiepUMEHTaNbHI JaHi OyJid BUKOPUCTaHI AJi1 (POpPMYyBaHHS
MoJieNielt 11l HaJIaITYBaHHS MapaMeTpiB aJlaTUBHOI CHCTEMH KepyBaHHS, IO
OTKCaHO B HACTYMHUX MiAPO3/IiNax.

Ha ocHOBI mnpoBeaeHHUX MAOCHIKEHb Oy BHU3HAYEHI ONTUMAJIbHI

napameTpH MepepruBYaACTOrO PEKUMY POOOTH JIJISl PI3HUX TEMIEPATYPHUX YMOB,
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10 JO3BOJHNJIO 3a0e3IeYUTH MaKCHUMAaJIbHY CHEPICTUYHY C(I)CKTI/IBHiCTB CHUCTEMHU

Teru103a0e3neyeHHs Mpu 30epexeHH1 HEOOX1THOTO PIBHS TEIUIOBOTO KOMQOPTY.

5.3 Po3po0Oka Ta peanizalis alroOpuTMy epepuBYaACTOrO KepyBaHHS

Po3pobka Ta BnpoBakeHHS €(PEKTUBHUX aIropuTMiB KepyBaHHs THY
CTAHOBUTD OCHOBY 11 IBUTIEHHS eHeProe(heKTUBHOCTI CUCTEM
TeT103a0e3MeUeHHS OyliBEIb. Cnuparouuch Ha pe3yJibTaTu
EKCIIEPUMEHTAJIbHUX JOCHIIKEHb, OyJI0 po3pO0JIEHO Ta Peai3oBaHO aJrOpUTM
MEePEPUBYACTOTO KEPYBAaHHS, SKHM BPaxoOBYy€ AWMHAMIYHI 3MIHM 30BHINIHBO1
TEeMIlepaTypu W MIATPUMY€E ONTUMAJIbHUN OalaHC MK E€HEproBUTpAaTaMH Ta

TEIIOBUM KOM(OPTOM KOPUCTYBAUiB.

5.3.1 CrpykTypa aqropuT™My KepyBaHHS

Po3pobnennii anroputM 0a3yeTbcs Ha aNaNTUBHUX MPUHIUNAX 1

nependavae YOTUPHU KITFOYOB1 (PYHKITIOHATIBHI OJIOKH:

1. Baok 300py Ta 00poOKu nepBUHHOI iHopMawii
© BumiproBaHHs TeMIiepaTypy 30BHIIIHHOTO MOBITPSI.
O MOHITOPUHT TEMIIEPATyPH TEIIIOHOCIS.
o KoHTpoab TeMIiepaTypu B IPUMIIICHHI.
o0 OO0miK eHeprocIoKUBaHHS.

2. BJIOK po3paxyHKy ONTHMAJBHUX IApaMeTPiB
©0 Bu3HavyeHHS TeMIepaTypu HIYHOI YCTaBKH.
o Po3paxyHOK yacy BUNIEPEKEHHS pO3ITPIBY.
o dopmyBaHHS TEMIEPATypHOI YCTaBKH.

3. buaok kepyBanHs pe:xkumamu poooru THY
o IlepeMukaHHs M)XK OCHOBHUMH PEKHUMaMH.
o PerymtoBanus notyxHocti THY.

4. BJIOK MOHITOPHHIY Ta ONITUMI3awil



O AHaJli3 TOTOYHOI €PEKTUBHOCTI.
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o Kopekuist mapameTpiB Ha OCHOBI 3BOPOTHOTO 3B SI3KY.

@) cDOpMyBaHH}I 3BITHOCTI JJIA ITIo4aJIbIIIOTrO BJOCKOHAJICHHA.

5.3.2 Bu3zHaueHHs ONTUMAIbHUX apaMeTPiB PeKUMY

Ha ocHOBI

CKCIICPUMCHTAJIbHUX

JOCIIKEHD

OTpUMaHO  HaOIp

ONTUMAJIBHUX POOOYMX TMapaMeTpiB y pI3HUX TeMIepaTypHUX JlamazoHax

30BHINIHBOTO cepenoBuina (Tadm. 5.5).

Tabnums 5.5. OnTuManpHi napaMeTpu pexuMiB podOTH

¥YcraBka
YcraBka
Temmneparypa TeMnepaTypu Yac BunepemKeHHs
TEeMIIepaTypH o
OTOUYYIOUYOI'0 psIMO1 BOJIM B pO3IrpiBy CUCTEMH,
psIMOI BOJIU B _ o
cepenoBuIIa _ ' nepioj po3irpiBy sec
HIYHUU [IEP10]T
CUCTEMH
-10 43,5 65 8120,162
-5 29 65 4520,162
0 20,5 65 2720,162
3 23,7 65 920,162

OCHOBHI 3aKOHOMIPHOCTI:

1. I3 migBUIIEHHSM 30BHIIIHBOI TEMIIEPATYPH HIYHA YCTaBKa CyTTEBO

3HMKY€EThCS: Big 43.5 °C 3a -10 °C o 23.7 °C 3a +3 °C, mo aae 3Mory

pallioHaJIbHIIIE BUTpAYaTH SHEPTIIO.
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2. Temmeparypa po3irpiy 3anuiiaerbes ctanor (65 °C) aiis BChoro
Jiana3oHy, rapaHTYIO4H TOCTATHE HATPIBaHHS MPUMIIIEHB JI0 MTOYaTKy
po0OOYOTO JTHS.

3. Yac BunepemKeHHs po3irpiBy 3MEHIITY€EThCS 32 BUIIMX 30BHIIIHIX

temneparyp: Bix 8120 ¢ 3a -10 °C 50 920 ¢ 3a +3 °C.

Jlns  aBroMartuzailli  poO3paxyHKy mapameTpiB  Oyiu  po3poOJieHi
MOJTIHOMIAJIbHI MOJIEeNi TPEThOTO cTyneHs[67]. @opmyra 5.1 BUKOPHCTOBYETHCS

U1 PO3paxyHKy TeMIlepaTypH HIYHOI YCTaBKH.

T night est=asT3 + a,T* + a;,T +a, =

0.017372 x T3+ 0.38058 x T? —0.23141x T + 20.5, (5.1)

ne T night est — po3paxyHkoBa Temmeparypa HI4HOI ycTtaBku; T —

TeMmIepaTypa 30BHIIIHbOTO MOBITPS; A3, Ay, A1, Ag— KOSDIIEHTH TTOTTHOMY.
dopmyna 5.2 BUKOPUCTOBYETHLCS Ul PO3PAXYHKY Yacy BUIIEPEHKCHHS.

t_heat_est = b3T3 + szZ + blT + bO =

—5.0769 X T3 —40.1538 x T? —433.8462x T + 2720.162 (5.2)

net heat est — po3paxyHKOBUI Yac BUMNEPEKEHHS PO3IrpiBY; bs, by, by, by—

BIJIMTOBI1THI KOG(IIIEHTH.

3nayenHs RMSE Gmm3bke Hymo y mporieci Bepudikarii miaTBEepIKye
BHCOKY TOYHICTh OTPHMAaHHUX 3JICKHOCTEH 1 MOXJIMBICTH iX BUKOPUCTaHHS B

PEXHUMI PEaNbHOTO Yacy.
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5.3.3 Peanizariist anropuTMy KepyBaHHS

Po3pob6aenuii anroputm peanizopano y cepeaopuilli MATLAB/Simulink,

110 nepeadavae Tpu OCHOBHI pexuMU podotu (puc. 5.7):

1. Hiunuii pexxum (20:00 — gac po3irpiBy)

2. Pexum posirpiBy (4ac posirpisy — 8:00)
3. Jlennuit pexum (8:00 — 20:00)

W ONOVHE WN W

o b
W Nee

b
NoOwn s

‘W FUT - Approximated

function y = fen(x, t)

X KoHcTanTu

seconds_in_hour = 3600;

seconds_in_day = 24 * seconds_in_hour;

pT = [0.0173717948717949, ©.380576923076923, -0.231410256410257, 20.5000000000000]; X miunuit pexum
X Yacosi mexi gns pexmmis (8 cexympax 3 novatky gobu)

night_start = 20 * seconds_in_hour; ¥ 20:00

boost_start = 8 * seconds_in_hour; X ©9:00

boost_duration = calculate_boost_duration(x)*1; ¥ Pospaxywox wacy ¢opcyBaHHA
T_night_out = polyval(pT, x) + ©; X Moninom ana ycTasku miunoro pexumy
fprintf("T_night_out = Xf, boost_duration = %f\n", T_night_out, boost_duration);
% Noninommu

XpBoost = [-5.07692307692308, -40.1538461538461, -433.846153846154, 2720.162]; %X uac dopcysanHa

% PospaxyHox uacy mobu (8 cexymgax)
time_of_day = mod(t, seconds_in_day);

if time_of_day >= night_start || time_of_day < boost_start - boost_duration
% Hiunmuin pexum

y = T_night_out + 273.15; X Yctaexa & Kenbsinax
elseif time_of_day >= boost_start - boost_duration 88 time_of_day < boost_start
X Pexum $opcysanHa
y = 65 + 273.15; % Oixcosama ycrasxa 65°C
else
X fennuit pexum
y = -1.39121 * x + 320.78901; X Niniina sanexmicTe
end

if t > 3600%*24*100
y = 55.725 + 273.15;
end

end

function boost_time = calculate_boost_duration(x)

% Monimom ana pospaxyHKy uacy opcysamHs
pBoost = [-5.07692307692308, -40.1538461538461, -433.846153846154, 2720.162];
boost_time = polyval(pBoost, x); ¥ Pesynorar y cexymgax

end

Pucynok 5.7. Peanizanis anroputmy B Simulink

Ha pucynky 5.8 mpencraBiieHi pe3yibTaTH MOJEIIOBAHHA y BUIJIAIL

rpadikis:

e Bepxuiil rpadik mokasye temmepaTypy npsamoi Bogu THY, ne

BHUJIHO TEPIOJUYHE 3HMKEHHS Y HIYHUM 4ac 1 MiJABUIIECHHS BPaHIl

11 PO3ITpPIBY.
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e Jlpyruii rpadik  JAEMOHCTpyE  TeMIepaTypy  OTOUYYHYOTO
CepeIoBHINA

e Tperiii rpadik BimoOpaxkae cnoxubaHHs eHeprii THY, mo
3HWKY€EThCS 3aBJISKH MIEPEPUBUYACTOMY KEPYBAHHIO.

e HiokHili rpadik TemnepaTypy MOBITps B Oy IUHKY HIATPUMYETHCSA Y

3aJaHuX MEXKax

Temneparypa npamoi Boan THY, ‘C
T ‘ i |
1

7
=]

3
|

@
|
|

Cnoxmeanus e/esepril, x|

o

R
=

i

N
T

$

]

3
2
‘;
3
%

N
w
s

5
Time (seconds) x 108

Pucynok 5.8. Peanizauis anropurmy B Simulink

OcHOBHMIA BUCHOBOK: 3aBJISIKM PEasli30BaHUM 3aJIC)KHOCTSIM B allTOPUTMI
KepyBaHHS BAAIOCS CTA0IBLHO MIITPUMYBATH CEPEIHIO TEMIIEPATYPY MOBITPS Y
OPUMIIIEHH],  BOJHOYAC  3HIKYIOUM  EHEProCIOXHBAaHHSI  CHCTEMHU

Teru103a0e3IeYeHHSA



5.3.4 Pe3ynbpTaTtl BIPOBAHKEHHS

[TopiBHsIbHUN  aHAN3 poOOTH CHUCTEMHU B  Oe3NepepBHOMY
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Ta

MepepuBYACTOMY PEXKHUMI MPHU 30BHIIIHINA TemnepaTypi -10 °C HaBeeHO HUKYE:

1. be3nepepBHuii pe:xum (puc. 5.9)
o Cepenns Temneparypa noitps (20:00 — 8:00): 19.9 °C
o Temneparypa nHa moMeHT 8:00: 19.9 °C
o Cepenns Temmeparypa npsimoi Boau: 55.7 °C

o CnoxuBaHHs eHeprii: 3.99x10° JIx

3MiHa cepeAHbOI TemnepaTypu NOBITPA Ta TemnepaTypu
npamoi soan THY B Yaci 6e3 nepepurBYaCTOro pexumy

20.5

N
o

19.5

-
(o]

——— CepegHa TemneparTypa nositpa
18.5

18 Temnepartypa npamoi sogu THY

17.5
0 5000 10000 15000 20000 25000 30000 35000 40000

CepegHa Temneparypa nositps, °C

Yac, ¢

Pucynok 5.9. I'padik pobotu y Oe3nepepBHOMY pexuMi

2. IlepepuByacTtuii pe:kuMm (puc. 5.10)
o Cepenns Temreparypa nositps (20:00 — 8:00): 19.0 °C
o Temneparypa Ha MmoMeHT 8:00: 19.9 °C
o Cepenns Temrnepatypa npsmoi soau: 47.9 °C

o CnoxuBaHHs eHeprii: 3.27x10° JIx
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Temnepartypa npamoi soau THY, °C



3MmiHa cepeaHbOI TemnepaTypu NOBITPA Ta TemnepaTtypu

npamoi Boau THY B yaci 3 nepepuyacTum obirpisom
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Pucynok 5.10. I'padix poboTu y nepepuByacTomMy pesxumi
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[TopiBHSIHHSA OTpUMaHUX pe3yJbTaTiB 300pakeHo B Tabmumi X,

JEMOHCTPY€E KITFOYOB1 MOKA3HUKYU TTOPIBHIHHS:
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Temnepatypa npamoi sBogu THY, °C

1110

IIpu Ge3nepepBHOMY pexuMi cepeaHs TemnepaTrypa nopiTps 3 20:00 mo

8:00 cranoBuia 19,9 °C, a 3aranpHa Butpara eneprii — 3,99x10"9 Jx.

3 mepepuBYACTUM PEXKUMOM CEpEeAHs HIUHa TemIepaTypa TPOXH HIDKYa

(19 °C), naromicth Temreparypa B MoMeHT &8:00 mumiaerbest (HaKTUUHO

HeaminHoto (19,9 °C), a cepennst Temneparypa TEIIOHOCIS 3HUXKY€EThCs 10 47,9

°C. Ilpu oMy cioskuBaHHs eHeprii ckiuanae 3,27x10"9 JIx, mo mentie Ha 18%.



155

Tabmuis 5.6. [TopiBHSIHHS OTpUMaHUX PE3YJIbTATIB

Cepenns Cepenns Cnoxwuta
Temmeparypa Ha '
TemIeparypa TeMriepatypa 1. |e/enepris THY,
MoMeHT 8:00, °C
20:00 - 8:00, °C B. THY, °C JIx
bes
nepepuyacrtoro |19,9 19,9 55,7 3,99E+09
pexuMy
3 nepepuBYaACTUM
19 19,9 47,9 3,27E+09
PEKUMOM
[TopiBHsSIHHS 4,5% 0,0% 14,0% 18,0%

OCHOBHI BUCHOBKH:

® EHepFOCHO}KI/IBaHHH 3HMKEeHO Ha 18% 3aBISKH aJalITUBHOMY

[IEpEPUBUACTOMY KEPYBAHHIO.

e KomdoptHa Temmneparypa (19.9 °C) nocarayra 0 nmoyatky pooodoro

nHs 6€3 HaMIPHUX 3aTpaT €HEeprii.

o (Cepenns Temmneparypa TEIUIOHOCIS 3MeHmmacs Ha 14%, 1o 3HUKye

HaBaHTAXCHHA Ha O6J'Ia,Z[HaHH}I.

e VYV HiyHMII nepioJ TemrepaTypa B IPUMIIIEHH] 3HU3UIIACS BCHOTO Ha

4.5%, 110 NPUUHSITHO JIJIs1 OLJIBIIOCTI TUITIB Oy 1IBEIb.
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5.4 BUCHOBKH 10 PO31TY

VY xoni mpoBemeHUX AOCHIHKEHb OYJI0 PO3pOOJICHO Ta MPOTECTOBAHO
QITOpUTM  TiepepuBYacToro  kepyBamns THY  mms  3abe3nedeHHs
eHeproe(eKTUBHOTO  Teruio3adesneueHHss OyniBial. (OCHOBHI  pe3ysibTaTH

JOCTIIKEHHSI MOKHA C(OPMYIIFOBATH HACTYITHUM YHHOM:

I. Onrumizauis pexumy poooru THY

O Bwu3zHayeHo, 1110 BUKOPUCTAHHS MEPEPUBUYACTOTO PEKUMY JTO3BOJISE
3HU3UTH CIIOKUBaHHA eHeprii Ha 18% y nmopiBHsHHI 3
Oe3nepepBHUM PEKUMOM POOOTH, 3a0€3Meuy0UuH MPHU IbOMY
KOM(DOPTHUHN TeMIepaTypHUI PEeXUM Y TPUMIILLIEHHI.

o OntuManbHi TapaMeTpH HIYHOI yCTaBKU TEMIIEpaTypH 1 yacy
PO3IrpiBY BCTAHOBJIEHI JJISl PI3HUX 30BHIMIHIX TEMIIEPATYPHUX
YMOB, L0 JJO3BOJIsI€ 3a0€3MEUUTH PalliOHATbHE BUKOPUCTAHHS
E€Hepropecypcis.

2. JImHaMika TenJI0BHX NMPOLECIB Ta AJANTUBHICTH KEPYBaHHSA

o JlocmimKeHo 3aJeXHICTh MiXK MapaMeTpaMy IEpepruBIACTOTO
KepyBaHHS (HIYHA yCTaBKa, 4ac PO3IrpiBy) Ta €HEProcrnoXKMBaHHIM
CUCTEMH.

O BcraHoBNEHO, 0 IPH 3HIKEHHI TEMIIEpaTypH 30BHIIITHHOTO
CEPEIOBUILA YAC BUNIEPEKEHHS PO3IrpiBy 30i1bIIY€E€THCH, 1110
HEOOX1IHO BPaxoBYBATH MPH peatizallil alrOPUTMIB KEPYBaHHS.

3. AuaroputMiuHe 3a0e3ne4eHHs Ta peaJjizanisa B Simulink

o Po3pobiieHo anroputM nepepuBYaCTOro KepyBaHHsS Ha OCHOBI
aJanTUBHOTO M1X01y, KKl BpaXOBY€E 30BHIIIHI TeMIIEpaTypHi
YMOBH Ta TEIUIOBI HABAaHTa)KEHHSI.

o Peanizamis anroputmy y cepenopuini MATLAB/Simulink
JI03BOJIMJIA TIEPEBIPUTH HOTO €(DEKTUBHICTD Ta MiATBEPIAUTH

JOCTOBIPHICTh OTPUMAHUX MOJIEIICH.
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4. TIpakTHYHA HiHHICTH TA MEPCHEKTUBU BIPOBAIKEHHS

O 3amporoHOBaHa METOJIMKA MOXKe OyTH BUKOPHCTaHA AJIs
pEaJbHOrO BIIPOBAKECHHA B cUcTeMu KepyBaHHs THY, mio
J03BOJIUTH 3MEHIIUTH €HEProCHOKUBaHHS 0€3 BTpaTh KoMpopTy
11 KOPUCTYBaYiB.

o IlomaneIn AOCHIIKEHHS MOXXYTh OyTH CIIPSIMOBaH1 Ha
B/JIOCKOHAJICHHS AJAITUBHUX AJITOPUTMIB, BUKOPUCTAHHS
METO/I1B MAIlITMHHOTO HABYAHHS JIJISI TPOTHO3YBAHHS TETIJIOBUX

HaBaHTaXXEHb 1 TUHAMIYHY ONTUMI3AIlII0 TeMIIEPaTypPHUX yYCTaBOK.

Takum 4ynHOM, PE3yNbTaTH LBOTO PO3JLTY AEMOHCTPYIOTh €()EeKTHBHICTD
nigxony 1o mnepepuByactoro kepyBanHs THY Ta ioro mnoTeHmiam s

M1JBUIICHHS eHeproepeKTUBHOCTI CUCTEM TeII03a0e3neyeHHs Oy aiBelb.
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BUCHOBKH
VY Xoal BHUKOHAHOTO IOCHTIKEHHS OyJio po3po0JeHO Ta peaiz0BaHO
MareMaTu4H1 Ta Hehpomepexkenl moaeni THY y cucremi terozabesnedyeHHs
OyniBeab. Ha OCHOBI BHKOHAHMX TEOPETUYHUX 1 EKCIIEPUMEHTAIbHUX

JOCTII)KEHb OTPUMAHO HACTYITHI OCHOBHI BUCHOBKHU:

1. Anani3 cyyacHHX METO/IIB yIpaBiiHHS Ta MojaentoBanHs THY

e THY € nmepcnekTUBHUM  pIlIEHHSAM JUIsI  €Heproe(eKTUBHOIO
Teryo3adesneueHHss  OyfiBelb, OCKUIBKH — JO3BOJISIOTH  3MEHIIUTHU
3QJICKHICTh BIJl TPAAMIIIHHUX JDKEpESl €HEeprii Ta 3HU3UTH BUTPATH Ha
OTIAJICHHS.

e Icuyroui metonu kepyBanHs THY 31e011b1110r0 6a3y10THCS Ha KIIACUYHUX
nigxoaax, Takux sk [11J[-peryntoBanHs, ke HE BpaxoBYy€e JUHAMIYHI 3MIHU
30BHIIIHIX YMOB, TEIUIOBOT 1HEPUIMHOCTI Ta 3MIHHUKA rpadik
BUKOPHUCTAHHS OyIiBEIb .

e AHaJITUYHE MOJCITIOBAHHS J03BOJISE NOCHKyBatu mporecun y THY 3
BHUCOKOIO TOYHICTIO, TPOTE NOTpeOye 3HAUHUX 0OUUCIIIOBAILHUX PECYPCIB,
10 pOOUTH HOTO HEMPUAATHUM JUIS 3a/1a4 PEaTbHOTO Jacy.

e BukopucTaHHS METOJIIB MAalIMHHOTO HAaBYaHHS, 30KpeMa HEHUPOHHUX
Mepex, Ja€ 3MOTY 3MEHIIUTH OOYMCIIIOBAJIbHI BUTPATU MPU 30€peKeHHI

TOYHOCTI MPOTHO3yBaHHs nmapameTpiB podotu THY.

2. Po3po6ka ananituunoi mojeni THY

e Po3poGnena anamitmuHa Moaenb THY, mo  0a3yerbcs  Ha
byHIaMEHTaNbHUX PIBHAHHAX TEIUIONEpenavi, TEPMOJWHAMIKH Ta
E€HepreTHYHOTO OanaHcy.

e Mojenb BpaxoBye 3MiHY MapaMeTpiB TEIUIOHOCIS, pOOOYOro CepeoBUIIa
Ta HABKOJMIITHHOTO CEPEJIOBHINA, IO JO3BOJISIE BIATBOPIOBATU pealibHI

PEXKUMU pOOOTH CUCTEMH.
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Bukopucranns nporpamuoro nakera CoolProp y MATLAB no3Bosnuiio
MIIBUIIATA TOYHICTH OOYMCICHHS TEPMOJMHAMIYHHMX I[apaMeTpiB
po0oYoro cepeoBUIIIA.

Bamipamis wMoneni Tmokaszajia BHCOKY TOYHICTh Y MPOTrHO3YBaHHI
koediuienta neperBopeHHs eHeprii (COP) Ta TemnoBoi mOTYXHOCTI 3

noxu6kor (MAPE wue 6unbiie 10,5%).

3. Po3po0Oka Ta iHTerpailis Mojiesi MaluHHoro HaBuanus THY

3anponoHOBAaHO BUKOPHUCTAHHA PEKypeHTHOI HelpoHHoi mepexi LSTM
JUISL MOJICJTFOBAHHS HEJHIMHOT 1uHamiku pobotu THY.

[TopiBHsmpHUN aHaN3 ToKaszaB, mo LSTM mnepeBumye 3a TOYHICTIO
nporHo3yBaHHs MeToa Random Forest, 3MeHIIyroun cepeaHio MoXuoOKy
(RMSE) 3 48.15 Bt 10 25.23 Br.

Hns inrerpanii B MATLAB Simulink Gyno 3acTocoBaHO KOHBEPTAllilo
mozeni B C-koJ1 3a 1onoMororo keras2c ta peanizaiiiro yepe3 S-GyHKIIi1o,
0 JTO3BOJIMJIO 3MEHIITUTH CEPEIHIM Yac BUKOHAHHS OJHOTO MPOTHO3Y 3
8.45e-02 ¢ no 5.2e-05 c.

InTerparmis HelipoMepexxeBoi mogeni y Simulink mo3Bonwia 3HaAYHO
MPUIIBUAINIATA MOJEIIOBAHHS CUCTEMHU Teruio3abe3rnedeHHs: 0e3 BTpaTu

TOYHOCTI.

4. Po3po0Oka MoJiesIi CUCTEMH TeIi03a0e3nedueHHs Oy IMHKY

Po3pob6neno neranbHy Mozenb OyAiBii, IO BPaXxOBY€ TEIIOMPOBIIHICTS,
TEIUIOBY 1HEPIIII0 KOHCTPYKIIIM, COHSYHY pajiallito Ta BIUIUB BHYTPIIITHIX
JDKEpes Terua.

Bukopucranns Simscape / Foundation Library / Thermal y MATLAB
J03BOJIMJIO TIOOYTyBaTU (P13MYHO KOPEKTHY MOJIETh JTUHAMIKA TETLJIOBUX

MPOLIECIB.



160

InTerparnisa moneni Oyaunky 3 moaemwtro THY 3abe3neuyunna MOXKIUBICTD

aHaII3y PI3HUX AJITOPUTMIB KEPYBAHHS TETUI03a0€3MCUCHHSIM.

5. Ontumizauis kepyBanHs THY 3 BUKOpHCTaHHAM aJanTHBHUX

ANTOPUTMIB

3anpornoHOBAaHO AJITOPUTM IEPEPUBUACTOTO KEpyBaHHs, IO 3abe3neuye
ONTUMAaJIbHY 3MIHY TEMIIEPATypHOi YCTABKH Yy HIYHUMN 4Yac JJIsl 3SHUKEHHS
€HEeproCroXUBaHHS Ta IMOMEpPEIHE MPOTpiBaHHS MPUMILIEHHS Tepen
MOYaTKOM poOOYOro JAHS.

Po3po6aeno amantuBHmii IIIJI-perynsitop, KUl JUHAMIYHO Kepye
TEMIIEPATYPOIO MOaui TEIIOHOCIS 3aJIEXKHO BiJ] 30BHILIHBOI TEMIIEpaTypu
Ta TEIUIOBOIO HABAHTAKECHHSI.

JlociKeHHs MoKa3ajiu, 10 BIPOBAIXKEHHS aJIrOPUTMY NIEPEPUBUACTOTO

KEepyBaHHs JO03BOJIA€ 3MEHIIMTU BUTpatu eHeprii 1o 18% 06e3 BTpaTu

KoMQopTYy.

6. [IpakTuHe 3HaUYEHHA Ta BIPOBAHKEHHS pPE3yJIbTATIB

3anponoHOBaHa METOJAMKA MOXE OyTH BHUKOpPUCTaHA JUJIsl ONTUMI3Allil
pobotu THY y komepriifHuX OyaiBISX, IO JJ03BOJISE MIHIMI3YBaTH
€HEepProCroXKUBaHHS.

Po3po6ena Mosienb IHTerpy€EThCs Y 1HTENEKTYalIbHI CUCTEMU KEpYyBaHHSI
OymaiBisiMH, 3a0€3Meuyr0ud aBTOMAaTUYHE PETryIIOBAaHHS TEMIIEPaTypPHOTO
pPEeXUMY B 3aJI€KHOCTI Bij rpadika BUKOPUCTAHHS MPUMILIECHb.
BukopucranHs MeTOJlIB MallMHHOTO HaBYaHHS y MojentoBaHHi THY
JI03BOJISIE CYTTEBO CKOPOTHTH Yac PO3PaxyHKiB Ta BIOPOBAAUTH iX Y
CUCTEMU KE€pPYBaHHS B PEXKUMI pEaIbHOTO Yacy.

Pe3ynbrat MOCHIIKEHHS MOXYTh OyTH BHKOPUCTaHI JJi HaBYAIbHHUX

mijge y Kypcax 3 €HeproeeKTHMBHHX TEXHOJIOTIH Ta CHUCTEM
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aBToMatm3aili y HalioHaJlbHOMY TEXHIYHOMY YHIBEPCUTETI YKpaiHu

"KIII im. Iropst Cikopcrkoro".

[TepcniekTHBY MOJATBIIMX JOCIIKEHb

o [lomanpma onTUMi3alis HeHpoMepexKeBOi Mojeni M 3HUKEHHS
O0YHCITIOBAIBHUX BUTPAT 0€3 BTPAaTH TOYHOCTI.

e [HTerpawis METOAIB MPOTHO3YIOUOTO KEpyBaHHS Ha OCHOBI MAIIMHHOTO
HABYaHHS JIJIs1 IMHAMIYHOTO HajallTyBaHHs pexumiB poootu THY.

e Po3mupeHHs MoAeni AN BKIIOYEHHS  COHSYHHUX  KOJEKTOPIB,
aKyMYJIITOPIB TEIJIa Ta IHIIUX JKEPEN BiTHOBIIIOBAHOI €HEPTii.

e BnpoBamkeHHS po3poOJIECHUX AITOPUTMIB Y peaibHI CUCTEMU YIIPaBIIHHSA

JUTSl EKCTIEPUMEHTAJILHOTO MATBEPHKEHHS iX e(DEKTUBHOCTI.

Jucepraiiiiine AOCTIKEHHS MIATBEPIMIO €(EeKTUBHICTH PO3POOJIEHOTO
niaxony no ontuMizamii podotn THY miisixom BHKOPUCTaHHS MEPEPUBYACTOTO
KEepyBaHHs Ta aJalTUBHHUX aJITOPUTMIB. [HTerpallis aHadITUYHUX MOJENEH Ta
HeliponHux Mepexx y MATLAB Simulink go3Bosnmna cTBoputu yHiBepCcaIbHUI
THCTPYMEHT JIsl AOCIIJKEHHSI Ta BIPOBAKEHHS €HEproe(EeKTUBHUX PIIICHb Y

Cy4aCHHMX CHUCTeMax Terio3abe3nevyeHHs Oy 11Beb.
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JNOJATOK b
AKT m0po BUKOPHUCTAHHS B HaBYAJbHOMY TIpoleci Kadeapu
Aptomatuzanii enepretuunux mnporecis HH ITATE KIII im. Irops

CiKOpChKOTO pe3yJIbTaTiB AUCEPTALIAHOT POOOTH

3ATBEPLKYIO

Jupekrop Hasuasnbio-naykosoro
IucTuTyT atomMHoi Ta

TENNOBOI CHEPIETHKM
HauionanbHoro texuiynoro

yHiBepcutery YKpainu

2 )Bcu%ztliTexuiqniuﬁ IHCTUTYT
% *" — 4 y S . . "
LS A~ N\imefii Irops Cikopebkoro

| €sres MMCbMEHHUM

I1po BUKOpHCTAHHA B HaBYaIbHOMY MpoLeci Kadeapu
ABToMatH3aLii enepreTuunnx npouecis HH IATE KITI im. Irops Cikopcbkoro
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«ABTOMATH3ALLIA NPOLECY KepyBaHHS a1aNTHBHOIO CHCTEMOIO NEPepPHBYACTOrO
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