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Cemeniti A.A. KomOiHOBaHI cCHCTEeMH TEIUIO3a0€3MEUEHHS B PEXKUMI
NEePEepUBYACTOTO OMAJEHHS 3 BIJHOBIIOBAIILHUMM JKEpPEIaMH €Heprii. —
KBamidikariitna HaykoBa Tpailsi Ha MpaBax PYKOIHCY.

Hucepraniss Ha 3700yTTS HAyKOBOTO CTymeHs JokTopa (inocodii 3a
cnenianpHicTIO 144 — Tennmoenepreruka. — Harionaneauii yHiBepcuteT “Opnechbka
nomitexuika” MOH VYxkpainu, Ogneca, 2025.

VY BCTyni MOKa3aHO aKTYyaJbHICTh Ta OCOOJMBOCTI 3aCTOCYBAaHHS PEKUMY
IepepuBYACTOrO oOmajeHHs OyaiBeslb Yy TMO€IHAaHHI 3 BiJHOBIIOBAIbHUMU
JOKepenaMu SHEpTil B €IMHIN CUCTEeMI — KOMOIHOBaHIN CUCTEMI TeIl103a0e3neueHHS
(KCT3), 110 € A01iIbHUM 3aBJISIKA B3aEMOKOMITCHCAIllT OOMEXKEHb, [0 XapaKTepHI
JUTSl TIEPEPUBUYACTOTO PEKUMY OMAJICHHS Ta BIHOBIIOBAIBHUX JKEPEN €HEepTii.
[lepeBaru Ko>kHO1 3 MOETHAHUX B OJIHIM CHCTEM1 TEXHOJIOTIi TAaKOX B MEBHINA Mipi
JIOTIOBHIOIOTH OJTHE OJTHOTO.

He3Bakatoun Ha BIIHOCHY pPO3MOBCIODKEHICTh PEXUMY MEPEPUBUYACTOTO
onanenHs (PI10) OyaiBesnb BiICyTHIM KOMIUIEKCHUAM TT1X1 IIIO10 MiABUILEHHS HOTO
e(eKTHUBHOCTI, 30KpeMa 3aCTOCYBaHHS TIOPUIHUX CHCTEM 3 BIAHOBIIIOBAJIHLHUMU
JOKepenaMu eHeprii, 1o € J0BOJI JoIUIbHUM mnpu Bukopuctandi PITIO. [lns
OOTpyHTYBaHHs pilieHb 1070 TmiaBuileHHs edekTtuBHOcTi PIIO HeoOxiaHO
BUKOHATH OOTPYHTYBaHHs Ta o0OpaTu Kputepli epeKTHUBHOCTI (yHKIIOHYBAHHS
KCT3, ompamtoBatu wmatematuudi Mmojeni KCT3 Oynisens B PIIO Ta
abTEPHATUBHUX JHKEPEJ eHeprii pi3HUX KOoHDIrypariliii, BA3HAYUTH MapaMeTPH, 1110
BIUIMBAIOTh Ha ii €()eKTUBHICTh. ICHYIOUI METOAM 1 MIAXOAM IOJO ITiIBUIICHHS
edextuBHOCTI PIIO HepocTaTHi A1 pO3B’sI3aHHS MTOCTABIICHUX 3aB/laHb.

Hampsim pocnimpkers gaHoi poOOTH MICTUTH PIIICHHS TaKUX MUTaHb, SK
po3poOka 1 pociimkeHHss HoBux cxeM KCT3; po3pobOka TEOpeTUUYHHX OCHOB
ctBopeHHs TermnoBux cxeM KCT3; pexxuMiB poOOTH cHCTEM; PO3BUTOK METO/IB X
aHaIi3y; BU3HAYEHHS ONTUMAIbHUX MTapaMeTpiB PYHKI[IOHYBaHHS CUCTEMU, BUOIp 1

OOIpYHTYBaHHSI TEXHOJOTIYHUX MPOLECIB, K1 HAUKPAIIUM YAHOM 00’ € THYIOThCS 3



EHEPreTUYHUMHU 1 EKCIUTyaTalllHHUMHU MOKJIMBOCTSIMU MEPBUHHMX JIKEPEI eHEeprii,
110 BUKopucToBytoThest B KCT3.

Busnaueno 00'exT, mpeaMeT, 3a/1a4ul Ta METOIU TOCIIIKEHHS; CPOPMYTLOBAHO
HAyKOBY HOBHU3HY Ta NpPaKTHYHE 3HAYEHHS OTPUMAHUX B POOOTI pe3ynbTaTiB;
3a3Ha4€HO 0COOMCTUI BHECOK 37100yBaya.

B nepmiomy po3aiii aucepTaliiiHoi poOOTH BUKOHAHO aHAJIi3 JIITEpaTypHUX
JDKepen Ta TEpPCIEeKTUBHMX HAIpPSMKIB MIABUIICHHA €(QEKTUBHOCTI CHCTEM
tertozabde3neuenHs OyniBenas B PI1O. ¥V BimoMux myOikaIisax iCHyrOTb METOIUKH
MOPIBHSUIBHOTO aHaJli3y, OLIIHKK €()EKTUBHOCTI Ta ONTHUMI3allil CUCTEM ONaJICHHS Y
NEePEPUBYACTOMY PEXKHMi, a00 X €JIEeMEHTIB, ajie HE BUSIBICHO MaTEeMaTHYHHUX
MOJIeIel 100 ONTUMI3AIlll MapaMeTpiB, PEKUMIB HABAHTAXXEHHS 1 CXEMHHX
pimieHs o110 3anpononoBanoi aBropom KCT3.

Omxe, OIHUM 3 BHU3HAYAJbHUX YMHHHUKIB €()EKTHBHOCTI PEXKUMY
MEepEepPUBUACTOIO OMAICHHS € e()EKTHUBHICTh HATOMY, SIKa IMOJATa€E B JOCSITHEHHI
KOM(pOPTHOI TeMIEepaTypy y IPUMIIIEHHS 3a MiHIMAJIbHUN Yac Ta 3 MiHIMaJIbHOIO
BUTPATOIO eHepropecypciB. B cBoro uepry, CKOpOYeHHs 4acy HATOIy MOKJIMBE 32
YMOBHU: MAaKCUMAJIbHOI OTY>KHOCTI CUCTEMH OTTAJICHHS 111 4aCc HATOMY; ONTHUMI3aIlii
yacy MoYyaTKy Haronmy. BUKOHaHHS IMX YMOB mMOTpeOye po3B’s3aHHS 3aaadi
ONTUMAJILHOTO YIIPaBJIiHHS Ta 3a0e3MeUYeHHS BIIMOBIAHUX TEXHIYHUX PIIICHB 1010
M1BUIIEHHS e(DEKTUBHOCTI HATOITY.

Takum 4MHOM, MOXHa C(POPMYIIIOBATH MEPCIIEKTUBHI HAMPSAMKH IT1IBUILIEHHS
e(EeKTUBHOCTI CHUCTEM Temio3a0e3neueHHs Oy/IBelIb B PEXUMI MEPEPUBUACTOTO
omajieHHs: 30UIBIICHHS TOTY)KHOCTI CHUCTEMH OIAaJieHHS B PEXUMI HaTOILY;
BUKOPUCTAaHHS MaJOIHEPIIMHUX CHUCTEM OIAJICHHS; BUKOPUCTAHHS aKyMYJISATOPiB
Terjia MIOJI0 HATOMy MPHUMIIIEHb;, TEPMOMOJIEpHI3allisl OyaiBeNb; 3aCTOCYBaHHS
KOMOIHOBAaHHUX CHCTEM TeIuio3abe3nedeHHs] 3 albTePHATUBHUMHU JDKEpesiaMu
eneprii. HaBegeno xongirypamito KCT, mo BpaxoBye NepCHEKTHBHI HANMPSIMKHU
MiBUIIEHHS e()EKTUBHOCTI CUCTEM Teruio3abe3nedenns Oyaisens B PITO.

ChopmynbOBaHO mepuwiuii nyHKm HAYKO60I HOBU3HU — TEOPETHUIHO

OOTPYHTOBAHO TEXHIYHY MOJKJIUBICTb CTBOPEHHS MEPCHEKTUBHUX KOMOIHOBaHMUX



cucteM e€(heKTUBHOIO Terio3ade3neueHHsl Oy/iBeab B PEXUMI NEPEPUBYACTOTO
OTIAJICHHSI 3 AIbTEPHATUBHUMH JIXKEPEJIaMU €HEPTii, 0 3a0€3MeUyI0Th KOMIIJICKCHE
TEIJIONOCTAYaHHsl CIOXUBAYIB NPH MIABUIIEHHI €(PEKTUBHOCTI BUKOPUCTAHHS
PI3HUX JDKEPEeT eHeprii.

3ams  KOMIUIEKCHOI OINIHKA €(eKTHBHOCTI CHCTEM TeII03a0e3meueHHs
oyniens B PI1O 3anpomnoHoBaHO MPOBOAUTH 1i 32 HACTYITHUMU TpylaMu KpUTEPIiB:
MOPIBHSHHSA 32 CEHEPreTMYHWMH TIOKa3HUKaMH; TMOPIBHSHHS 33 TEXHIYHUMHU
MOKa3HUKAaMU; MOPIBHAHHS 32 EKOHOMIYHUMH TMOKa3HUKaMHU.

CdopMynibOBaHO Opy2uil nyHKm HAYK080i HO8U3HU - 3aTIPOIIOHOBAHO CUCTEMY
KPUTEPIiB  KOMIUIEKCHOT  OLIHKKM  €(QEKTUBHOCTI KOMOIHOBAaHHUX  CHCTEM
Ter103a0€e3MeueHHs, TEOPETUYHO OOTPYHTOBAHUM BHUOIpP KpUTEPIiB, pO3pOOICHO
METOAUKY 1X PO3PaxyHKY.

OcCHOBHI  JTOCHTI/DKEHHS J1TaHOi pPOOOTH CHpsIMOBaHI HA  IIiJIBUICHHS
€()eKTUBHOCTI PAaHKOBOTO HATOIYy MPUMIIIEHHS, ajJi¢ B BIJOMHUX IMyOJIKaIlisAX HE
3aMporOHOBaHO MOKA3HUKIB, 1110 OLIIHIOIOTH LIeH Mpoliec. ABTOPOM 3alpOIOHOBAHO
YHIBEpCAIbHUN TOKa3HUK, SKUW XapaKTepU3ye BIIACTHUBOCTI MPHUMIIICHb 100
€(heKTUBHOCTI HATOITy Ta € MTUTOMUM TMOKA3HUKOM, KWW HE 3aJI€KUTh Bl PO3MIPY
MPUMIIICHHS 1 JOCUTBH TPOCTO PO3PAXOBYETHCS.

ChopmynboBaHO mpemiii HNYHKmM  HAYKO80I HOBU3HU —  BIIEpIIE
3aMpoNOHOBAHO MOKAa3HUK €()EeKTHUBHOCTI HATOIy NMPUMIIICHHS, KU OJHO3HAYHO
XapakTepu3ye 1HEPIiHI Ta KOHCTPYKTHUBHI BJIACTUBOCTI MPUMIIIECHHS, CHUCTEMH
OMAaJICHHS Ta iX TEIIOBY €()EeKTUBHICTb.

Y onapyromy po3aiji BHKOHaHO aHami3 yMOB (YHKIIIOBAaHHS CHUCTEM
tersio3adesneyenHss OyxaiBens B PIIO, 3 ypaxyBaHHSM SKUX 3alpONOHOBAHO
OCHOBHI TIOJIO)KEHHS, III0 BHU3HAYAIOTh MPUHIUNKA TMOOYJOBH MaTeMaTHYHHUX
mozeneit KCT3.

CdopmynboBaHo 3a1auy komiuiekcHoi ontumizaiii KCT3, a came - BUBHaUUTH
Take TO€JHAHHSA TEIUIOTEXHIYHUX, BUTPATHUX, KOHCTPYKTHUBHHX, PEKUMHHUX

napaMeTpiB Ta KOHQpIrypaii cucTemMu, IpH sIKOMY 3aJiaHl 00’ €MU eJIeKTPUYHOI Ta



TEIJIOBOI eHeprii 3a0e3MeuyroThCsl 3a MIHIMAJIBHUMU BUTpaTaMu IMPHU BUKOHAHHI
yCiX 30BHIIIHIX 1 BHYTPIIIHIX 0OMEXeHb 11 (yHKI[IOHYBaHHS.

Hns ouinku edextuBHocTi (¢yHKIitoBaHHs KCT3 B PIIO HeoOximHO
pO3poOUTH MaTEeMaTHYHY MOJENb CKIAJOBHX EJIEMEHTIB CHUCTEMH, BKIIOYAIOUU
BITHOBJIIOBAJIbHI JKEpeNia €HEeprii, M YOoro 3aCTOCOBAHO I1HCTPyMEHTapii
MaTEMaTUYHOTO MOJIETIOBAHHS, & cCaMe, MOJIEIIOBAHHS TEIJIOBOTO PEXUMY OYIIBIIL,
MOJICJIIOBaHHSI BITPOYCTAaHOBKHM, MOJIEIIOBAHHS CHUCTEMH aKyMYJIOBAaHHS TeIUIa,
MOJICJIFOBaHHSI CUCTEMU OMAIIOBAHHA Ta MOJICJIFOBAHHS TEIJIOBOIO HACOCY.

Po3pobnena maremaTdyHa MOJZIENb € OCHOBOIO MJisi MOJANBIIOIO aHami3y,
JNOCTI/PKEHHSI,  MOJICNIOBAHHS Ta  ONTUMI3alli  TEXHIYHUX, BUTPATHUX,
KOHCTPYKTHUBHUX, KOMIIOHYBaJIbHUX, PEXKUMHHUX NTaPAMETPIB Ta BIUIMBY HA CUCTEMY
30BHIIIHIX YMOB.

CdhopmynboBaHO uemeepmuil HyHKm HAYKOGOI HO6U3HU — PO3POOIICHO
MaTeMaTUYHy MOJIeNIb TEIUIOBUX TIPOIIECIB Ta PEKUMIB (PYHKIIOHYBaHHS
KOMOIHOBAaHHMX CHCTEM TeIUio3a0e3leueHHsT 3  pamKHUpPYBaHHSIM  BIUIMBY
BU3HAYAJLHUX MapaMeTpiB Ha €(DEKTUBHICTh CUCTEMHU.

Y tperbomy po3aiii chopMyIbOBAaHO KOMIUIEKCHUM MiJX1J IIOJAO0 aHAIIZY
pexumiB pobotu KCT3 Tta Bukonano kinacudikarito KCT3 BiamoBimHo 10
MNOTYXHOCTI TPaJAULIIMHUX JIXKepes eHeprii Ta (G13UYHOI NPUPOIH AIbTEPHATUBHUX
Joxepen eneprii, mo interposadi 10 KCT3, 3a skuMu 3M1HCHUMO aHAII3 PEKUMIB
poboTu Bu3HaueHux koHpirypariit KCT3.

Ha migcraBi aHamizy mpoBeACHUX EKCHEPUMEHTATbHHUX JOCTIIKEHb, OyI0
BHUCYHYTO TPHUIYIICHHS TPO T, IO MPOIEC MPOrpiBy MOBITpS B OyIiBIl Ha
MIOYAaTKOBOMY €Talll BU3HAYAETHCS IIBUJIKMM HArpiBaHHSM MOBITPS B MPUMILLIEHHI
Ta BCTAHOBJICHHSIM TEIJIOBOTO OajaHCy MK HUM 1 BITHOCHO XOJIOJHUMH CTIHAMU
IIPY JOCSITHEHHI BU3HAYEHOT TPAHUYHOI P13HUIII TEMIIEPATYP MOBITPS 1 BHYTPIIIHBOT
noBepxHi cTiH. OAHOYACHO B1AOYBA€THCS MOCTYNOBHUI MPOTPIB CTIH BIJIMO, MPOTE
1iel TpolIieC y ASCATKU pa3iB IHEpIiHHIMUN. TakuM YuHOM, THHAMIKA MTOATBIIIOTO
HarpiBaHHs MOBITPS B MPUMIIICHHI BU3HAYAETHCS JUHAMIKOIO MPOTPIBY CTIH MpU

30epexeHH1 MOCTIHHOT PI3HULI TEMIIEPATYP M1k CTIHAMM 1 HOBITPSM MIPU HE3MIHHIN



MOTYXKHOCTI CHCTEMH OINaJieHHs. 3alpONOHOBAHO EKCIEPUMEHTAIbHY MOJIEIb
JUHAMIKU MIPOTPIBY MOBITPS y MPUMIILIEHH], 110 3 BUCOKOIO TOYHICTIO alpOKCUMYE
OTpHUMaH1 eKCIIEPUMEHTAJIbHI JIaH1 11010 AMHAMIKH HArpiBy MOBITPS Y MPUMIIIEHHI.

VY 3B’513Ky 3 TUM, 10 HE 3aBXIU MOXKIIUBO [TPOBECTU EKCIIEPUMEHT 3 AUHAMIKU
MPOTPIBY MOBITPS Y IPUMIIIICHHS BiMTOBITHO TAKOX OYJIO PO3POOJICHO aHATITHIHY
MOJIe/Ib JWHAMIKA HArpiBy TMOBITPS y NPUMIIMIEHHI Ha 0a3l Termio}i3uaHuX
napaMeTpiB  MNPUMIIICHHS Ta 3 BHUKOPUCTAHHSAM TeOpii HECTAaI[lOHapHOIO
teriooOminy. Ilpu mepeBipil aaeKBAaTHOCTI 3alPOIOHOBAHOI PO3PaxXyHKOBOL
MOJieJll PO3O1KHICTh EKCIIEPUMEHTY 3 pO3paxyHKaMu He nepeBuinye 2-3 %.

Po3risiHyTO NPUHIMINK ONTUMAIBLHOTO YIPaBIiHHS (MIPUHIUI MaKCUMyMY
[TonTpsirina) moa0 onTuMizailli HaBaHTaxkeHHs PI1O OyiBens Ta migBUILIEHHS HOTO
e(eKTHUBHOCTI TIi]] 9aC paHKOBOTO HATOITY Ta, BIAMOBITHO, 3pPO0JIEHO BUCHOBOK, 1110
TEIJIOBE HABAHTAXKEHHS CHUCTEMHU OMNAJEHHS TOBUHHE OyTH MaKCHUMAaJbHO
MO>KJIMBUM 32 TEXHIYHUMH YMOBaMH.

301IbIIEHHS TPUBAJIOCTI HEPOOOUOro 4Yacy, 3a paxyHOK 3MEHILICHHS
TPUBAJIOCTI PAHKOBOI'O HATOIY JI0 MiHIMAQJILHOTO 3HAYEHHS, € BaXXJIMBOIO 3a]1a4€lO
ontumMizanii PITO. 3anpornoHoBaHO METOAMKY IIOJAO0 BHU3HAYEHHSI ONTUMAJILHOI
TPUBAJIOCTI PAaHKOBOTO HATOITy MPUMILICHHS 32 MOIIYKOM YMOBHOTO €KCTPEMYMY
¢bynkuii O0araTbOX 3MIHHHUX 3a METOJaMHu BaplalliiHOIO OOYMCIIOBaHHS Ta
BHU3HAYEHO YMOBH ii MPAKTUYHOTO 3aCTOCYBaHHS y TEIUIOTEXHIUHiH 1abopaTtopii HY
«OnecpKa MOJITEXHIKA.

CdhopmynbOBaHO n’amuit nyHKkm HAayKo60oi HOBU3HU — BJIOCKOHAJICHO
MaTeMaTUYHy MOJEINb JUHAMIKA TPOTrPiBY MOBITPS y MPUMIIIEHHI, 110 BPaXOBYE
MaJIOIHEPIIHY CKIIAJ0BY MPOIECY Ta 3HAYHO MiABHUIINYE TOYHICTh MOJICITIOBAHHS Y
MOYaTKOBUH MPOMIKOK Yacy HaTOIy MPUMILICHHS.

Y 4erBepTOMY PO3AiJIi 32 pe3ysibTaTaMu 4YKcenbHOTO MonenoBanHs KCT3
pI3HUX KOH(Irypailiii BU3HAUYEHO 3aJ€KHOCTI MOKA3HUKIB IIOJ0 KOMIUIEKCHOTO
aHayi3zy e(QEeKTUBHOCTI CHCTeMU Ta il CKJIaJOBHUX 4YaCTHH, BUKOHAHO aHaili3
epexktuBHOCcTI KCT3 B pexuMi mepepuBYacTOro OMAJCHHS B MOPIBHAHHI 3

LJI0A000BUM PEKUMOM.



HaBeneno pesynabTatu MopentoBaHHs pexumiB  pobdotu KCT3 3
BITPOYCTAHOBKOIO MIATBEPKYIOTh MOXKJIUBICTh CTBOPEHHS BHCOKOE()EKTHBHHX
ABTOHOMHHMX CHUCTEM OMNAaJIeHHS Ha 0a3l CydYaCHMX EHEpPreTUYHUX TEXHOJIOTIN 3
BUKOPHUCTAHHAM aJIbTEPHATUBHUX JHKEpEN €Heprii Ta 3 ypaxyBaHHAM iX MICIIEBOTO
MOTEHITIaTY.

3a pe3ynbTaTamMu MOJCNIOBAHHSA JUHAMIKU 3apsay-po3psiay TEmIOBOIO
aKyMyJsITopa JUIsl CUCTEMH TEpPEepUBYACTOrO OMAJCHHS 3 EJEKTPUYHUM KOTJIOM
M1ITBEPPKEHO MOXIIMBICTh 3aCTOCYBaHHS 0aKy-aKyMyJITOpa Teria JJisl peajizarii
€(heKTUBHOI CUCTEMU TEIJI03a0€3MeUeHHS.

3a pesynbpTaTamMu ontuMizaiii pexxkumiB HaBaHTaxkeHHS KCT3 3 TemioBum
aKyMYJIIOBaHHSM MPU 3MiHI TeMIEpaTypy 30BHINIHBOTO MOBITps Bifg -15 °C mo +5
°C oTpuMaHO ONTHUMAJIBHI TApaMETPH peXUMIB poOoTH ocHOBHUX eneMeHTIB KCT.
3ams nocsirHeHHs MakcuMaibHOi edektuBHOocTi PIIO npu monentoBanni KCT3
OyJ0 TaKOXX BpPaxOBaHO OCHOBHI HAIpsSIMHU YJIOCKOHAJICHHS TeIjio3a0e3nedeHHs
oyaisens B PI1O, m1o A03BOJMMIO OTpUMATH 3HUKEHHSI €HEeproBuTpar Ha 25,2 % B
MOPIBHSHHI 3 PEXKUMOM I1JI0JI00O0BOTO OMajieHHs. 3aBIsSKH JOOOBIN aKymyJIsilii
TeIja Ta ONTHUMI3alli MOTYXHOCTI IeHeparopa Terja BAAJIOCS 3MEHUIUTH HOro
MaKCHUMaJbHY MOTYXHICTh B MOPIBHSIHHI 3 MaKCUMAaJIbHOIO MOTY>KHICTIO CUCTEMHU
OMAaJICHHS B 3aJIEXKHOCTI BiJl 30BHIIIHIX YMOB B 2,4 — 5,6 pa3iB.

CdopmMynboBaHO uwtocmuii nyHKm HaAyKo80i HO8U3HU — OJICPKAHO aHATII TUYH1
3aJIEKHOCT] JUIsl HAYKOBOTO IMPOEKTYBaHHS KOMOIHOBaHUX CUCTEM €(EKTUBHOIO
Terso3abe3neyeHHss OyAiBeldb B PEXHUMI  [EPEPUBYACTOrO  OMAJIEHHA 3
ATBTEPHATUBHUMH JDKEpellaMd  CHEprii pI3HMX KJIAaciB 3 ypaxyBaHHSIM iX
KOH(DIrypaiiiii i pupoiy BiTHOBIIOBAHUX JIXKEPEII EHEPTii YNCETbHUMU METOIAMH.

Y m’saTomy po3aiii HaBeACHO €KCIIEPUMEHTAIbHI JTOCTIPKCHHS TTOKa3HUKIB
epexktuBHOCTI KCT3, mo Oyno mMpoBeACHO Yy MPUMIMIECHHSX TerIoTeXHIYHOT
naboparopii HY «Opecbka MOJNITEXHIKA», B SKUX BIPOBAKEHO OUIBIIICTD
npomnosuiiil moao miasuiieHHs epexkruBHocTi KCT3 B PIIO, ki mpencraBieHo y

naHii po6ori. Ilpu npomy Oysio 3acTacoBaHO CUCTEMY MOHITOPUHIY €HEPreTUYHOI



e(EeKTUBHOCTI CUCTEMHU OMAJIEHHS, 110 MICTUTh €JIEKTPUYHI Ta TEIJIOBI JIYMIbHUKH,
IpUIaAN KOHTPOJIIO MIKPOKIIMATY Y IPUMILIEHHSX, TOIIO.

Excnepumentanbhi gociikenns KCT3 3 remioBum HacocoMm B PIIO, nosenu
BUCOKY €(QEeKTHUBHICTh CHUCTEMH 3a HACTyIMHUMHU TIOKa3HWKAMHU: TTOKa3HUK
e(EKTUBHOCTI HATOIly NPUMIIIEHHS CKIaB: Eu, = 21-28 xJx/(°C-M);
CepeIHbOMICSIYHA TUTOMA TEIJIOBA MOTYX HICTh CUCTEMH 3 TEIUIOBUM HACOCOM — 5,5
— 10 B1/M?; cepeHbOMICIYHA TUTOMA €JIEKTPHYHA TOTYXKHICTh CUCTEMHU ONAJIEHHS
3 TemIoBUM HacocoM — 1,8 — 4.3 Br/m?; cepenHboMicsiuHa mUTOMa coOiBAPTICTH
ONaJeHHA B IepepuBdyacToMy pexumi — 2.3 — 10 rpu/(m> Micsus); epeKTUBHE
3HaueHHsA KoedirieHTy Haromy npumimeHas — 2.0-3.0; xkoedimieHT 3amimieHHs
aNbTepHATUBHUMU JkepenamMu — 23-51 %; cepeaHbOMICAYHUNA KOEQILIEHT
nepeTBopeHHs TermtoBoro Hacocy COP — 1,8 —2.8.

ExcniepyuMeHTanbHl TOCHIKEHHS 1HEPIIMHUX BJIACTUBOCTEH OMAIOBAIBHUX
NPUCTPOIB CBiYaTh MPO CHIBCTaBHY TEIUIOBY I1HEPIINHICTh 1H(PPaAYEPBOHUX
narpisauiB UFO, ¢ankoitniB, pamiaTopiB, IO IOBOAUTH iX BUKOPUCTAHHS Y
edpextuBHUX KCT3 npu PIIO. Temnna migyora mae iHEpIiHHICTE Y 6-7 pa3iB BUIILY
3a 1HII ONaJtOBajbHI MPUJIaAU Ta HE 3a0e3rneuye ePeKTHUBHI MOKA3HUKHA HATOIY
IPUMIIIEHHS.

Kniouosi cnosa: nepepuBUacTHil peXuUM OIAJICHHS, KOMOIHOBaHI CHUCTEMH
TEI03a0e3MeueHHs], PAHKOBUW HATOM, albTEPHATHUBHI JDKEpela eHeprii,
MaTeMaTUyHE MOJIETIOBaHHS, TEIUIOBUM HACOC, TEIUIOBUM  aKyMyJsiTop,
eHepreTuyHa  e(EKTHUBHICTb, BITPOYCTaHOBKA, ONTUMIZAIS  PEXKUMIB

HABAHTAKEHHS, TEIJIOBA MOTYXKHICTh, TETIOBA 130JIAIT141.
CIACOK MMYBJIKAIIA 31OBYBAYA 3A TEMOIO TUCEPTAILII

HaykoBi mnpani, B sIKHX OmyO0JIiKOBaHi OCHOBHI HayKOBI pe3yJIbTaTH
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ABSTRACT

Semenii A.A. Combined heat supply systems in intermittent heating mode with
renewable energy sources. — Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 144 - Thermal Power Engineering. - Odesa Polytechnic National
University of the Ministry of Education and Science of Ukraine, Odesa, 2025.

The introduction shows the relevance and features of using intermittent
heating of buildings in combination with renewable energy sources in a single
system - a combined heat supply system (CHSS), which is expedient due to the
mutual compensation of limitations characteristic of intermittent heating and
renewable energy sources. The advantages of each of the technologies combined in
one system also complement each other to a certain extent.

Despite the relative prevalence of the intermittent heating mode (IHM) of
buildings, there is no comprehensive approach to increase its efficiency, in
particular, the use of hybrid systems with renewable energy sources, which is quite
appropriate when using IHM. In order to substantiate decisions on improving the
efficiency of the IHM, it is necessary to perform a justification and select the criteria
for the effectiveness of the KST functioning, to develop mathematical models of the
CHSS of buildings in the THM and alternative energy sources of various
configurations, to determine the parameters that affect its effectiveness. The existing
methods and approaches to increase the effectiveness of IHM are insufficient to

solve the tasks.
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The research direction of this work contains solutions to such issues as
development and research of new CHSS schemes; development of theoretical
foundations for creating thermal schemes of CHSS; systems operation modes;
development of methods of their analysis; determination of optimal parameters of
system functioning, selection and justification of technological processes, which are
best combined with energy and operational capabilities of primary energy sources
used in CHSS.

The object, subject, tasks and research methods are defined; the scientific
novelty and practical significance of the results obtained in the work are formulated;
personal contribution of the acquirer is indicated.

In the first section analysis of literary sources and promising directions for
improving the efficiency of heat supply systems of buildings in [HM. In known
publications, there are methods of comparative analysis, efficiency assessment and
optimization of heating systems in intermittent mode, or their elements, but no
mathematical models for optimizing parameters, load modes and circuit solutions
for the proposed CHSS by the author have been found.

Therefore, one of the determining factors of the effectiveness of the intermittent
heating mode is the efficiency of the heating, which consists in achieving a
comfortable temperature in the room in the minimum time and with the minimum
consumption of energy resources. In turn, the reduction of the flooding time is
possible under the condition of: the maximum power of the heating system during
flooding; optimization of the flood start time. Fulfillment of these conditions
requires solving the problem of optimal management and providing appropriate
technical solutions to increase the efficiency of the flood.

Thus, it is possible to formulate promising directions for increasing the
efficiency of building heat supply systems in intermittent heating mode: increasing
the capacity of the heating system in flood mode; use of low-inertia heating systems;
the use of heat accumulators in relation to the flooding of premises; thermal
modernization of buildings; application of combined heat supply systems with

alternative energy sources. The configuration of the CHSS is presented, which takes



12

into account promising directions for increasing the efficiency of the heat supply
systems of buildings in the THM.

The first point of scientific novelty is formulated the technical possibility of
creating promising combined systems of effective heat supply of buildings in the
mode of intermittent heating with alternative energy sources that provide
comprehensive heat supply to consumers while increasing the efficiency of the use
of various energy sources is theoretically substantiated.

In order to comprehensively assess the effectiveness of the heat supply systems
of buildings in IHM, it is proposed to conduct it according to the following groups
of criteria: comparison by energy indicators; comparison by technical indicators;
comparison by economic indicators.

The second point of scientific novelty is formulated - a system of criteria for
comprehensive evaluation of the efficiency of combined heat supply systems is
proposed, a theoretically justified selection of criteria is developed, and a
methodology for their calculation is developed.

The main researches of this work are aimed at increasing the efficiency of the
morning heating of the room, but no indicators evaluating this process have been
proposed in known publications. The author proposed a universal indicator that
characterizes the properties of the premises in terms of the efficiency of flooding
and 1is a specific indicator that does not depend on the size of the premises and is
quite simply calculated.

The third point of scientific novelty was formulated - for the first time, an
indicator of the effectiveness of the heating of the room was proposed, which
unambiguously characterizes the inertial and constructive properties of the room, the
heating system and their thermal efficiency.

In the second section analysis of the operating conditions of the heat supply
systems of buildings in the IHM was performed, taking into account the main
provisions that determine the principles of building mathematical models of CHSS.

The task of complex optimization of the KST is formulated, namely, to

determine such a combination of thermal technical, consumption, structural, mode
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parameters and configuration of the system, in which the specified volumes of
electric and thermal energy are provided at minimum costs while meeting all
external and internal limitations of its functioning.

In order to evaluate the effectiveness of the operation of the CHSS in the IHM,
it is necessary to develop a mathematical model of the system's constituent elements,
including renewable energy sources, for which a mathematical modeling toolkit is
used, namely, modeling of the thermal regime of the building, modeling of the wind
turbine, modeling of the heat storage system, modeling of the heating system and
modeling of the heat pump .

The developed mathematical model is the basis for further analysis, research,
modeling and optimization of technical, cost, constructive, compositional, regime
parameters and the influence of external conditions on the system.

The fourth point of scientific innovation was formulated - a mathematical
model of thermal processes and modes of operation of combined heat supply systems
was developed, with a ranking of the influence of determining parameters on the
efficiency of the system.

In the third section comprehensive approach to the analysis of the CHSS
operating modes was formulated and the CHSS classification was performed
according to the power of traditional energy sources and the physical nature of
alternative energy sources integrated into the CHSS, according to which we will
analyze the operating modes of the specified CHS configurations.

Based on the analysis of the experimental studies, it was suggested that the
process of heating the air in the building at the initial stage is determined by the rapid
heating of the air in the room and the establishment of a thermal balance between it
and the relatively cold walls when a certain limit of temperature difference between
the air and the inner surface of the walls is reached. At the same time, gradual
warming of the walls in depth occurs, but this process is ten times more inertial.
Thus, the dynamics of further heating of the air in the room is determined by the
dynamics of heating the walls while maintaining a constant temperature difference

between the walls and the air at a constant power of the heating system. An
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experimental model of the dynamics of air heating in the room is proposed, which
approximates the obtained experimental data on the dynamics of air heating in the
room with high accuracy.

Due to the fact that it is not always possible to conduct an experiment on the
dynamics of air heating in the room, accordingly, an analytical model of the
dynamics of air heating in the room was developed based on the thermophysical
parameters of the room and using the theory of non-stationary heat exchange. When
checking the adequacy of the proposed calculation model, the discrepancy between
the experiment and the calculations does not exceed 2-3%.

The principles of optimal control (Pontryagin's maximum principle) regarding
the optimization of the load on the RPO of buildings and increasing its efficiency
during the morning heat are considered and, accordingly, it is concluded that the
thermal load of the heating system should be as high as possible under technical
conditions.

Increasing the duration of non-working time, due to reducing the duration of
the morning rush hour to a minimum value, is an important task of optimizing ABM.
The methodology for determining the optimal duration of morning heating of the
room by searching for the conditional extremum of the function of many variables
using the methods of variation calculation is proposed, and the conditions of its
practical application in the heat engineering laboratory of NU "Odesa Polytechnic"
are determined.

The fifth point of scientific novelty has been formulated - the mathematical
model of the dynamics of air heating in the room has been improved, which takes
into account the low-inertia component of the process and significantly increases the
accuracy of the modeling during the initial period of time of flooding the room.

In the fourth section on the results of numerical simulation of the CHSS of
various configurations, the dependencies of the indicators regarding the
comprehensive analysis of the efficiency of the system and its components were
determined, the analysis of the efficiency of the CHSS in the intermittent heating

mode compared to the 24-hour mode was performed.



15

The results of modeling the operating modes of the CHSS with a wind turbine
are presented, confirming the possibility of creating highly efficient autonomous
heating systems based on modern energy technologies using alternative energy
sources and taking into account their local potential.

Based on the results of modeling the dynamics of charge-discharge of a heat
accumulator for an intermittent heating system with an electric boiler, the possibility
of using a heat accumulator tank for the implementation of an effective heat supply
system has been confirmed.

Based on the results of optimization of the load modes of the CHSS with heat
accumulation when the outside air temperature changes from -15 °C to +5 °C, the
optimal parameters of the operating modes of the main elements of the CHSS were
obtained. In order to achieve the maximum efficiency of the IHM, the main
directions of improving the heat supply of buildings in the IHM were also taken into
account when modeling the IHM, which made it possible to obtain a reduction in
energy consumption by 25.2 % compared to the 24-hour heating mode. Due to the
daily accumulation of heat and optimization of the power of the heat generator, it
was possible to reduce its maximum power compared to the maximum power of the
heating system, depending on the external conditions, by 2.4-5.6 times.

The sixth point of scientific novelty was formulated - analytical dependencies
were obtained for the scientific design of combined systems of effective heat supply
of buildings in the mode of intermittent heating with alternative energy sources of
different classes, taking into account their configurations and the nature of renewable
energy sources using numerical methods.

In the fifth chapter experimental studies of CHSS efficiency indicators are
presented, which were carried out in the premises of the Heat Engineering
Laboratory of NU "Odesa Polytechnic", in which most of the proposals for
improving the efficiency of CHSS in IHM, which are presented in this work, are
implemented. At the same time, a system for monitoring the energy efficiency of the
heating system was applied, which includes electric and heat meters, devices for

controlling the microclimate in the premises, etc.
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Experimental studies of CHSS with a heat pump in IHM proved the high
efficiency of the system according to the following indicators: the indicator of the
efficiency of heating the room was: E,, = 21-28 kJ/(°C-m?); average monthly
specific thermal power of the system with a heat pump - 5.5 - 10 W/m?; average
monthly specific electric power of the heating system with a heat pump — 1.8 — 4.3
W/m?; average monthly specific cost of heating in intermittent mode - 2.3 - 10
hryvnias/(m?-month); the effective value of the room flooding factor is 2.0-3.0; the
rate of replacement by alternative sources - 23-51 %; the average monthly
conversion factor of the COP heat pump is 1.8 - 2.8.

Experimental studies of the inertial properties of heating devices testify to the
comparable thermal inertia of UFO infrared heaters, fan coils, and radiators, which
proves their use in effective CHSS for IHM. A warm floor has an inertia 6-7 times
higher than other heating devices and does not provide effective indicators of heating
the room.

Key words: intermittent heating mode, combined heat supply systems, morning
heating, alternative energy sources, mathematical modeling, heat pump, heat
accumulator, energy efficiency, wind turbine, optimization of load modes, thermal

power, thermal insulation.
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