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Pazinkoe B. O. Metonu Ta 3acobu MiABHILEHHS KOE(DilllEHTY KOPUCHOI Jii
COHSYHUX (poToenekTpuyHuX rmaneneu. — Kpamidikariitna HaykoBa mparis Ha IpaBax
PYKOTIHCY.

Hucepramiss Ha 3100yTTS HAyKOBOTO CTymeHS mAokTtopa dinocodii 3a
cnemianbHicTiO 141 — EnexTpoeHepreTika, e1eKTPOTEXHIKA Ta €JIeKTpOMEXaHIka. —
Hamionansuuit yniBepcutet «Onecbka nomitexaikay MOH VYkpainu, Ozneca, 2025.

Ha croroanimHiii 1eHb B YKpaiHi CKJIajacs Ba)KKa CUTYaIlisl B eHepreTUYHIN
CUCTEMI, SIKa CIPUYMHEHA MAaCOBHUM IIOIIKOUKEHHSAM TI€HEPYIOUUX EJIEMEHTIB B
HACIZIOK BOPOXKMX arak. Pa3oM 3 ThM Bce Ouiblie 1 OuIblle ypsia KpaiHu Ta
JiepKaBHA IOJIITUKA B Tally31 €JIEKTPOCHEPTETUKA CXUIISETHCS 0 TOOYI0BH MEPEK
3 PO3NOAIEHO0 reHepanito. Hailduipmumid npiopuTeT HAJA€THCS BITHOBIIOBAILHUM
JUKepesiaM €Heprii, sIKI Mal0Th HU3KY IepeBar, 30KpemMa HalOUIbIll akTyaslbHl B HAII
Jac 11¢ aBTOHOMHICTb, €KOJIOT1YHICTh Ta CTabUIBHICTh po0oTH. Cepen pi3HUX JHKEpel
BIJIHOBJIIOBAJIbHOI E€HEPreTHKM HAMOUTBIIOr0 MOMIMPEHHS OTPUMYIOTh COHSAYHI
dboToenekTpuyHI TaHeNl, SKI OKpIM BCIX 3a3HAYEHUX TIepeBar TakKoX IIe 1
MOKJIMBICTb BCTAQHOBJIEHHSI Ha OyOb SKUX BIIKPUTHX JIISHKAX MICIIEBOCTI.
BincoTok enexTpocTaHiiil, siki OyayloThCcsl Ha Aaxax OyIUHKIB Ta KOMYHaJIbHUX
YCTaHOB 3 KO)KHUM POKOM CTPIMKO 3pOCTa€ Ta Ma€ TEHJICHIIIO A0 MOJAlbIIOro
30uIbIIeHHS. Pazom 3 TuM pobOoTa (POTOENEeKTPUUHUX MMAHENIeH 3alIeKUTh BiJl
Oarateox (akTopiB, SIKI MOXYTh CIPUYMHSATH 1 3MEHIIEHHS PIBHS TeHEparlii
eNekTpuuHoi eHeprii. Jlani ¢akropu MOXKHA MIHIMI3yBaTH, a TaKOX JOJATKOBO
BUKOPHMCTOBYBATH 1 TY YaCTUHY €HEPrli, sIKa EPETBOPIOETHCS Y TEIUIOBY MPU POOOTI
dboToeNneKTpUYHOI TaHedl, THM CaMUM MIABUIIYIOYHM CyMapHi €HEpreTHYHi
MOKa3HUKU (HOTOCTEKTPUIHHX TTaHEeH.

Hucepraiiisi npucBsu€Ha po3poOIl METOAY MiJABUIICHHS EHEPreTUYHOTO
KoedillieHTa KOPUCHOI Jii COHSYHMX (POTOCTCKTPUUYHUX TAHENEH IUIIXOM
MEepPeTBOPEHHS iX y TIOpWAHUN KoJiekTop. Po3poOsieHnii MeToj Ta KOHIIETIIis

BIIHOCUTBCS JI0 PO3BUTKY €(PEKTUBHOCTI BIJHOBIIOBAIHHOI EHEPTEeTUKH, III0



BIJINOBIJIA€ AKTyaJbHUM HampsMaMm JOCHIJKEHb, SIKI TPOBOASTHCS HAYKOBLSIMHU Y
BCHOMY CBITI.

O0’eKTOM [JOCTIIKEHHsI € TIPOLECH TMEPETBOPEHHS COHSYHOI E€Heprii y
(GOTOETEKTPUYHHX TTAHEISAX.

IIpenmMeTomM AoOCHiIzKEHHSI € METOJ MIABUIICHHS CyMapHOI €HepPreTU4HOl
e(eKTUBHOCTI (POTOENEKTPUUYHUX TMaHENeH 3a paxyHOK IX TMEpPEeTBOPEHHS Y
riOpUIHUI KOJIEKTOP.

HaykoBa HOBU3HA Ofiep>KaHUX PE3YJIbTATIB MOJIATAE B HACTYITHOMY:

1. Bnepiie ~ 3amponoHOBaHO ~ METOHI  MIJIBUIIEHHS ~ E€HEPreTHYHHUX
XapaKTEepPUCTUK (POTOCIEKTPUYHUX MaHENEeH HUIIXOM IIEPETBOPEHHS 1X Y rOpuIHUN
KOJIEKTOpP, IO BIAPI3HSIETHCA Bl ICHYIOUMX KOHCTPYKLIN (YHKIIOHATBHUM
1JIXO/IOM JIO OpraHi3aliitHOi CTPYKTYpH 1 JO3BOJISIE CTBOPUTH TOPUIHUIA KOJIEKTOP
Ha OCHOBI1 Oyb-5IKO1 (POTOEIEKTPUYHOT TAHEI.

2. Brepme  3anmpOIlOHOBaHO  METOA  TNPOTHO3YBAaHHS  €HEPrETHUYHHX
XapaKTepUCTUK (DOTOETEKTPUYHUX TMaHEeNeH, K1 MPAIOI0Th B PEKUMI TOPUTHOTO
KOJIEKTOPY, 110 0a3yeThCs Ha KOMIUIEKCHOMY PO3MIIAl (DAKTOPIB Ta YMHHUKIB, 1110
BIUIMBAIOTh HA PEXXKUM POOOTH.

3. OTpuMaB MOAAJIBIIOrO PO3BUTKY METOA  OLIHKKA  E€HEPreTHYHOl
€(PEeKTUBHOCTI BUKOPUCTAHHSA TIOpUIHUX KOJIEKTOPIB Ta (HOTOETIEKTPUUHUX
MaHeJIeH, 10 MPAIIOIOTh K TOPUIHUN KOJICKTOP.

IIpakTuyHe 3HAYEHHN OJEP)KAHUX PE3YJBTATIB MOJATAE€ Y BUKOPHCTAHHI
3allpOIIOHOBAHUX  METOMAIB, IO  JO3BOJSIOTH  OI[IHIOBaTH  €HEPreTHYHI
XapaKTEepPUCTUKU Ta BUKOHYBATH aHaMI3 1 TMOPIBHAHHS €()EKTUBHOCTI poOOTH
riOpUIHUX KOJEKTOPIB.

Pesynbratn Ta wmarepianu aucepTaiiiHoi poOOTH BUKOPHUCTOBYIOTHCS B
HaBYAJBLHOMY TIpolieci Kadeapw eNeKTPOIOoCTadaHHs Ta EHEePreTUYHOTO
MEHEKMEHTY 30KpeMa MpW BHUKJIAJaHHI JUCHUIUTIH «EHEpreTH4Hi CUCTeMH Ta
KoMmIuiekcn», «Enepro3oepexxenns OymiBens Ta crnopyn», «Exeproz6epiraroui
PEeXUMHU Ta TEXHOJOTI», a TaKOXK BUKOPHUCTOBYIOTHCS TNpU (POPMYyBaHHI TeM

KBaT(iKaiifHUX POOIT Ta KOHKYPCHUX CTYJIEHTCHKUX HAYKOBUX POOIT.



Pesynbratnt aucepraiiiinoi po6oTH Oynu BIPOBAIKEHI TPH BUKOHAHHI
HAyKOBO-JIOCTIAHUIIBKOT poOoTu Nel878-55 Ha Temy: «Po3poOsieHHS MPOEKTHHX
pilieHb 3 OymiBHHUIITBA Ta MpUEAHAHHS (DOTOCNEKTPUYHUX CTaHIIN», ska Oyna
BUKOHaHa y 2023 polll, a TakoX y HAyKOBO-IOCTIAHUIIBKIA poboTi Nel871-55 Ha
TeMy  «OOIpyHTYBaHHA  Ta  pO3pOOJIEHHS  CHCTEMHU  BHYTPILIIHHOTO
eJIEKTPOTIOCTAaYaHHsI 1 KOMEPILIMHOTO OOJIKY €NeKTPOCHEepTii aaMiHICTpaTUBHOI
OymiBii 3a agpecoro M. Opmeca, Byna. Akagemika [nymiko, 27 3 3acTocyBaHHSM
(boToeNneKTpUIHOI CTaHIIii», Ska Oyaa BukoHaHa y 2022 p.

Pesynbratun aucepraniitnoi pobotu BrnpoBamkeHi TOB «TK ITPOEKT», a
caM€ BHUKOPUCTAaHI TMpHU po3poOIll BIACHOT MPOEKTHOI JOKYMEHTaIlii Jis
MPOTHO3YBaHHS E€HEPreTHYHUX TMOKA3HUKIB JAXOBHX COHSYHHUX EJICKTPOCTAHIIH,
TOB  «IliBneHHa  eHepreTMyHa  KOMIIAHIsH»  BUKOPUCTOBYE  pE3YJIBTATH
JUCEPTALITHOTO JOCTIJKEHHS JJIsl OIIHKA EKOHOMIYHMX Ta €HEPreTUYHUX
MOKa3HHKIB MMPOEKTIB IreII0CHEPTETHKHU.

Y BeTyni HaBOIUTHCS aKTyaJIbHICTh MPEICTABICHOI pOOOTH, (POPMYITIOETHCS
OCHOBHa Me€Ta JlaHOi poOOTH Ta 3ajadi JOCIIIKEHHS, BUCBITIIOIOTHCS OCHOBHI
3acaJd BIPOBAKEHHSA Ta PO3BUTKY BITHOBIIOBAJIHLHOI €HEPIETHKHU, HABOJIUTHCSA
iHbopMaliss 1Tpo  anmpoOalil0  OTPUMAHUX  PE3YyNlbTaTiB  JUCEPTALiHHOTO
JTOCHIKEHHS, 3arajibHy CTPYKTYpy poOOTH a TakoX 1H(opmarllis mpo myosikarii
aBTOpPA 3a TEMOIO JAUCEPTALlii.

Y nmnepmomy po3gii Ha TMIACTaBl BIOAKPUTUX JITEPATYpHUX JKEpen
MPOBOAMUTHCS aHaMI3 ICHYIOUMX (DOTOCTNEKTPUYHUX TMaHeNlel 3 ypaxyBaHHSIM
0COOJIMBOCTEM X TEXHOJIOTTYHOTO MPOILECY BUPOOHUIITBA, @ TAKOXK 3 3a3HAUYEHHSIM
OCHOBHHX I€pEBar Ta HEAOJIKIB PI3HUX KOHCTPYKLIH. OCHOBHUM HEIOIIKOM, KU
OyB BHOKPEMJICHHI y BCIX BIJIOMHUX KOHCTPYKIISIX (POTOCNEKTPUYHUX IMAHENEH €
3aJIKHICTh PIBHS TeHepalli eJIeKTPUYHOI €Heprii BiJl poboyoi TemiepaTrypu
HaITIBIPOBITHUKOBUX eJeMeHTiB. Illnsxom aHamizy nitepaTypHHX pkepena Oylio
BCTAHOBJICHO, 1110 OJTHUAM 13 HaWOIIBII Cy4YaCHUX Ta MEPCIEKTUBHUX METOJIB, SKHMA
JT03BOJISIE YACTKOBO JIIKBIYBaTH LIEH HEIOJIK 1 30UTbIIUTH CyMapHy €(eKTUBHICTh

COHSIYHMX (DOTOCTIEKTPUYHUX TIaHEJIeH € TIOPUIHUIA KOJIEKTOP — MPHUCTPIH, KU



KOHCTPYKTUBHO TIO€JHYE y €001 JIBI YacTUHU WO JO3BOJISIIOTH OJHOYACHO
OTPUMYBATH SIK EJIEKTPUYHY TaK 1 TEIUIOBY €HEprito. 3 OmisAy KOHCTPYKIIIH
riOpUAHUX KOJEKTOpiB Oylno BCTAaHOBIEHO, IO HAYKOBIIl 30CEPEIMINCA Ha
CTBOPEHHI TIOBITPSIHUX Ta BOJSHMX TIOPUJAHUX KOJEKTOPIB, B CBOIO 4YEpry
BUKOPUCTAHHS TMOBITPSHUX TIOPUIHUX KOJEKTOPIB HE € MOULUIBHUM JJIsi HAIIOTO
MOMIPHOTO KJIMary, 1 BUKIHMKAE€ TI€BHI CKJIATHOINI B YacCTHHI BUKOPHUCTAHHS
TEIUIOHOCISI, B TOM Yac K BOJASHI € OUIbII MEepPCIEeKTHUBHI. ICHYIO4l KOHCTPYKIIii
BOJSHUX TIOPUIHUX KOJEKTOPIB TaKOXK Majd ps HEJONIKIB TMOB’SI3aHUX 3
HEMOKJIUBICTIO iX BIIPOBA/PKEHHS HA ICHYIOUMX (DOTOETEKTPUUYHHUX IMAHENAX, a
TaKOX IOB’sI3aH1 3 TEMIEPAaTYpHUM PEKUMOM, SKUH 31€0UIbLIOTO CIHUpaBCs Ha
TEMIEPATypy TETIOHOCIS, IKYy HAMararoThCsl BABOJUTH Ha 3HAUCHHS HEOOX1THE JJIs
0e31ocepeIHbOro BOA03a00py.

Y apyromy po3aii  OpOBEACHO MOCTIIKEHHS PI3HUX METOIB OLIHKU
HAJXOJKEHHS COHSYHOI 1HCOIIALIT HAa TOBEPXHI0. OCKIIBKH IHTEHCUBHICTh COHSIYHOT
pamiamii Ha MoBepXxHiI (OTOETEKTPUYHOI IMAHENl € KIIUOBUM (PaKTOpOM, SKHA
BILUIMBAE HA TEMIIEPATYPYy KPEMHIEBUX €JIEMEHTIB Ta piBEHb IeHepallii eJ1eKTPUYHOT
eHeprii BiJl (HOTOENEKTPUYHUX TMaHENe TOMY BH3HAUCHHS HANOUIbII TOYHUX
3HAYEHb COHSYHOI 1HCOJALII € OJHIEI0 13 MPIOPUTETHHUX 3aAad ISl IPOBEIEHHS
MOJAJBIIOT0 KOPEKTHOTo AociikeHHsa. Hacammepen Oynau mpoaHaii3oBaHi BCl
BIUTMBOBI ()aKTOPH, SIK1 BIUTUBAIOTH HA PIBE€Hb COHSIYHOI 1HCOJIALIIT TPOTSATOM POKY Ta
oOpaHi JyIsi aHami3y JEKIJIbKa eMMIIPUYHUX MOJAENEH, 10 0a3yrThCid Ha PI3HHUX
METEOPOJIOTTYHUX JaHUX, a TAKOK 00paHO TPU TOYHI MOJIEJI OLIHKK MOTOJIMHHHUX
3HA4€Hb HAJXOMKEHb COHSYHOI pajialii Ha mnoBepxHIO. Po3paxyHok 3a mumu
MOJIETISIMU B1JOYBaBCS Ha OCHOBI METEOPOJIOTIYHHUX JAHMX, SIKI OyJau OTpHMaHi 3
BIJIKpUTUX 1HPOPMAIIHHUX PECYPCIB, PO3PAXYHOK TOUHUX MOJENIed BUKOHYBaBCS
JUTst reorpadiyHux kKoopauHat micta Oneca. 3a pe3ynbraraMyu IpopaxyHKiB 3a BCIMa
MOJICJISIMU OyJIO BU3HAYEHO PIBHI COHSYHOI 1HCOJISIIT JJI1 KOXKHOTO JIHS POKY, a
TaKO)XK OTPUMAaHI Pe3yabTaTh OyJiv CIIBCTABIICHHI 3 JAaHUMH, SIKI HaBOMSTHCS B
HanionansHOMY yNpaBiiHHI 3 a8pOHABTUKH 1 JOCIHIKEHHS KOCMIYHOTO MPOCTOPY

Ta EeKCIICPUMEHTAILHUMU JaHUMHU, SKi Oyldu OTpuMaHi 3a JOIOMOTOIO



METEOpOJIOTIYHOTO  TOCTY  BCTaHOBJIEHOro Ha Tepuropii  HamioHansHOrO
yHiBepcuTeTy «Opecbka MOJITEXHIKa». 3a pe3yabTaTaMH CHIBCTaBIECHHSA Oyio
BU3HAYCHO, IO HAaWOUIBII TOYHOWO, SK BiAmoBigHO 1m0 manux HACA Tak 1y
BIJIMOBIJTHOCTI JI0 €KCIIEPUMEHTAIBHUX JaHuX € Mozenb Hottel, sika qae HaitmeHry
NOXUOKY yCepeHEHUX 3HAYCHb.

Y TperboMy po3aiii HAaBOOUTHCS JETATBHUIM OMHUC KOHCTPYKIIII MPUCTPOIO,
AKUW peaiidye METOJA MiJABUIICHHS CYyMapHOi €HEepreTU4YHOi e(EeKTUBHOCTI
COHSIYHMX (DOTOCTEKTPUIHUX IMaHENIeH 3a PaXyHOK iX MEPETBOPEHHS y T1OpUIHHMA
KOJICKTOP, OCHOBH1 CKJIaJIOB1 YaCTUHM, IPUHIIMIIA Ta MEXaHI3MU HOro peaizarii.
BiamoBiiHO 10 KOHCTPYKTUBHHUX OCOOJMBOCTEH MPOBOAUTHCS aHAII3 MOMIJIMBOTO
3MEHILICHHS HAJIXOMKEHHS COHAYHOI pajiallii Ha HaIBIPOBIAHUKOBI €JIEMEHTH 3a
pPaxyHOK BCTAHOBJICHHS JIOJATKOBUX INApIB, SIKI CKJIQJalOThCsl 3 HElJeanbHO
Mpo30pux MarepiaiiB. B pe3ynbrari IochigxeHHs OyJI0 BCTAHOBJIEHO, IO MpHU
TOBIIMHAX JTOMATKOBUX IIApPiB, SKi KOHIIEITYaJIhbHO MOXXYTh BHKOPHUCTOBYBATHCS B
JTAHOMY TPHUCTPOI BTPATH IHTEHCUBHOCTI COHSYHOI pajiaiii y BUIUMOMY CHEKTpP1
CKJIaIaloTh AecATi goimi Br/M%, 10 € MEHIIMM 3a BiJHOCHY MOXMOKY PO3paxyHKiB
IIPU MOJIETTIOBAHH1 COHSTYHUX HAIXOIKEHb, a OT’KE BCTAHOBJICHHSI JAHOTO MPUCTPOIO
CYTTEBO HE TMOBMHHO BIUIMBAaTHU HA BEJMYMHY 1HCOJSALII HA TOBEPXHI
HaIIBIPOBITHUKOBUX €JIEMEHTIB (oToenekTpuuHoi mnaHeml. OCKiIbKU AaHui
NPUCTPI HE CTBOPIOE BIUIMBY Ha pPoOOTY (HOTOENEKTPUYHOI TMaHedi TO B
MOJANBIIOMY  TPOBOJUTHCS  JETadbHE  MOJACIIOBAHHA  POOOTH  JIUIIIE
dotoenexkTpuuHoi maHeni. B gkocTi 00’€kTa MOJENIOBAHHS 3aCTOCOBYETHCS
KpeMHi€eBa (OTOENEKTPUYHA TaHEeNb. 3a pe3ylbTaTaMu MOJEIIOBaHHS OyIlo
orpuMaHo -V Tta P-V XapakTepUCTUKH KPEMHI€BOI (DOTOENEKTPpUYHOI MaHen i, a
TaKOXX MOJICTIOBaHHSA POOOTH JAaHOI MaHelNl MPU PI3HUX TEMIlepaTypax Ta Pi3HHX
PIBHSIX 1HCOJSLII, TO3BOJIMIIM BUPAXYBATU CEPEIHINA TeMIlepaTypHUl Koe(ilieHT
MOTY>HOCTI Moneni sikuit ckiaB 0,55%/K, nanuii koedilieHT € ayxe OIM3bKUM J10
peaTbHUX MOKA3HUKIB, SIK1 3a3HAYAIOTHCS BUPOOHUKAMHU, X04a MPAKTUYHI 3HAYEHHS
JTAHOTO TOKAa3HUKA KOJIMBAIOTHCS B 3JIEKHOCTI B1JI XIMIYHOTO CKJIaJy MaTepiairy Ta

BUPOOHHMKA.



Hactynaum eramom Oyno  BH3HAYEHO MAKCUMAJIbHY TEMIIEpaTypy
HaITIBIIPOBITHUKOBUX €JIEMEHTIB (DOTOCICKTPUYHOT YACTUHU 32 PaXyHOK OaaHCHOT
MOJIeTi, B pe3yabTari Oysl0 BCTAaHOBJICHO, IO Ha OCHOBI JaHWX TPO COHSYHI
HaJXO/KeHHsT 3a Moxeiutto Hottel, MakcumanbHa TeMmreparypa maHelsi CKiajiae
Tpoxu Oinbine 60 °C, mo € AOCUTh aJeKBAaTHUM IMOKAa3HUKOM. TakoX OTpHUMaH1
pesyapTati 3 OanmaHCHOT Mojeni Oylno CIIBCTaBJICHHI 3 EKCIEPUMEHTATbHUMU
JAHUMHM JUJIA JIeKIJIbKOX JHIB, 3 YpaXyBaHHSM OCOOJIMBOCTEH HaIiBIIPOBITHUKOBHX
€JIEMEHTIB, 3a3Hau€Ha MoOJeJb TOKa3ajda BIJHOCHY HEBEIHKY MOXHOKY 3
EKCIIEPUMEHTAIbHUMU JaHUMU.

J11st mepeBipKy po3MOJILTY TEIIOBO1T €HEPTii B310BXK (DOTOETEKTPUYHOI MTaHei
OyJ0 MpPOMOAENbOBAHA i poOOTa 3 BUKOPUCTAHHS 3a3HAYEHOI KOHCTPYKIIT
IPUCTPOIO, B PE3YIbTATI MOJIEIIOBAaHHS OyJI0 BU3HAUYEHO, 1110 TEIUIOHOCIH, sIKuit Oyne
LHUPKYJIIOBATU B IPUCTPOI 3aTEH BIJBOUTH 3HAYHY YACTUHY TEIJIOBOI €HEprii.

Tako)k HABOAWTHCS OMHC MPOBEIACHOTO EKCIEPUMEHTY 3  JIBOMa
(GOTOENEKTPUYHUMH TAHEISIMU OJHAKOBUMH 3a KOHCTPYKIII€O, K1 IPALIOIOTh B
OHOMY 1 TOMY 7 MICII ajie¢ Ha IOBEPXHIO O/IHIET 3 [UX MaHesel OyJI0 BCTAaHOBJIEHO
OPUCTPIN 3a3HAUYEHOI KOHCTPYKLIi. Pe3ynbraT eKkcnepuMEeHTy MOKa3aid, IO
OYiKyBaHUM €(DEKT B1J BUKOPUCTAHHS TaHOTO METOAY LILJIKOM MOXKJIUBHIA.

Y d4erBepTOMy pO3aiii OUTBII IETAJBHO PO3MISIAETHCS MOXKINBA cdepa
3aCTOCYBaHHSl JaHOTO MPHUCTPOIO 3 BHU3HAYEHHSIM POOOYOi CXEMHU BiJIBEICHHS
TEIJIOHOCIS B1/I CTBOPEHOIO IOPUAHOIO KoJeKTopy. i po3paxyHKy €KOHOMIYHOTO
edeKTy NpuiMaeThCs pealibHuil 00’ €KT po3TaroBanuii B MicTi Ojieca 3 iCHYyI04O0
JTaXOBOIO COHSIYHOIO €JIEKTPOCTAHIIIELO.

OxkpiMm Oe3mocepeHbOro 30UIBIIEHHS] TeHepalii eJeKTPUYHOI €Heprii Ta
MOJKJTMBOCTI JTIOAATKOBOTO OTPUMAHHS TETUIOBOT €HEPTii pO3MISIAETHCS MOKIUBICTD
OTpUMaHHs e€(eKTy 3a paxyHOK 3MEHILIEHHsS pu3uKy yTtBopeHHs PID perpanparii
(OTOCNIEKTPUYHUX  TIaHEJIC, OCHOBHMM YHWHHHUKOM SIKOT €  37e01IbII0TO0
TEMIIepaTypHi KOJWBAaHHS TOBEpPXHi, SK TMPU BUKOPUCTAHHI MPUCTPOIO CYTTEBO

SMCHIIAKOTHCA.



IIpoBonNTHCS €KOHOMIYHA OLIIHKA peajizalii JaHOr0 METOY 3a JO0INOMOIOK0
3aIllpOIIOHOBAHOTO IPUCTPOIO BUXOJISYH 3 IBOX OCHOBHUX ACIEKTIB, 11€ COO1BAPTICTh
IPUCTPOIO 1 MUTOMA BaPTICTh OIMHUII OTPUMAHOI eHeprii. 3a pe3y/IbTaTaMH aHai3y
PUHKY MaTepiaiiB CTBOPEHHS JaHOTO MPUCTPOIO HE € 0COOIMBO KalliTal BUTPATHUM,
ajie 3 ypaxyBaHHSIM €KOHOMIi eHeprii Ta CTaBKU JUCKOHTY Ha piBHI 20% TepMmiH
OKYITHOCTI ckiagae 9,5 pokiB. /laHuil moka3HUK HE € CUIIBHO MPUBAOIUBUM TPOTE 3
ypaxyBaHHSIM CTPIMKOi 1H(QJISIIT Ha eHEProHOCIT BIH MOYKE CTPIMKO 3MEHIITYBaTHUCH.
AHani3 mUTOMOI BapTOCTI OJUHMII €HEprii MpPOBOAUBCS Ui TMOPIBHSHHS 3
ICHYIOUMM T10pUIHUM KOJIEKTOPOM, SIKUHM IPEACTABICHUN Ha PUHKY, 3a JIOIIOMOTO0
3a3HaYEHMX BUILE MOJeNel OyJIo MOPaXxOBaHO KUIBKICTh €HEprii, IKy BOHU MOXYTh
3reHepyBaty 3a 20 pokKiB, 1 1151 eHepris Oyiia NOpIBHSIHA 3 MUTOMOIO BAPTICTIO 000X
KOHCTPYKIIIM, B pe3y/bTaTi MPOIOHOBAHA CHCTEMAa BHUSBWIIACH Mailke B JBa pa3u
JICIIEBIIO0 32 ICHYIO9Y KOHCTPYKIIiIO, sIKa MPEICTaBlIeHa HA PUHKY.

KurouoBi cioBa: erekmpuuna enepeis, mennosa enepeis, (homoenekmpuymi
COHAYHI nawneni, 2IOpUOHUL KONeKmop, eQeKmusHicms, 2eHepayis, eKOHOMIs,
BIOHOGNIOBANLHI Odicepena eHepeii, ONMUMATbHULL pedcumM pobomu, MaKCuMaibHa
HOMYJHCHICMb, eHep2emUYHi XapakmepucmuKku, empamu eleKmpudHoi eHepeaii,

memMnepamypHuil pexcum nameneu, COHAYHA THCONAYIA.
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ABSTRACT

Razinkov V. O. Methods and means of increasing the efficiency of solar
photovoltaic panels. — Qualification scientific work on manuscript rights.

Dissertation for the degree of Doctor of Philosophy in the specialty 141 —
Electric Power Engineering, Electrical Engineering and Electromechanics. — Odesa
National Polytechnic University , Ministry of Education and Science of Ukraine,
Odesa, 2025.

Currently, Ukraine is experiencing a challenging situation in its energy system
due to the widespread damage to generating elements caused by hostile attacks.
Consequently, the government and state policy in the field of electric power are

increasingly inclined toward the development of networks with distributed
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generation. Renewable energy sources, which offer several advantages, particularly
autonomy, environmental friendliness, and operational stability, are given the
highest priority. Among various renewable energy sources, solar photovoltaic panels
are gaining the most traction. They possess the unique advantage of being installable
on any open land areas. The percentage of power plants built on rooftops of houses
and communal facilities is rapidly increasing and is expected to continue to rise.
However, the performance of photovoltaic panels depends on many factors that can
reduce the level of electricity generation. These factors can be minimized, and the
additional energy that is converted into heat during the operation of photovoltaic
panels can be utilized, thereby improving the overall energy performance of the
panels.

The dissertation is dedicated to developing a method for increasing the energy
efficiency of solar photovoltaic panels by transforming them into a hybrid collector.
The developed method and concept relate to the advancement of renewable energy
efficiency, which aligns with current research trends pursued by scientists
worldwide.

The object of the study is the processes of solar energy conversion in
photovoltaic panels.

The subject of the study is a method for increasing the total energy efficiency
of photovoltaic panels by converting them into a hybrid collector.

The scientific novelty of the results obtained is as follows:

1. For the first time, a method for increasing the energy characteristics of
photovoltaic panels by converting them into a hybrid collector has been proposed,
which differs from existing designs in a functional approach to the organizational
structure and allows you to create a hybrid collector based on any photovoltaic panel.

2. For the first time, a method for predicting the energy characteristics of
photovoltaic panels operating in the hybrid collector mode has been proposed, which
i1s based on a comprehensive consideration of factors and factors affecting the

operating mode.



3. A method for assessing the energy efficiency of using hybrid collectors and
photovoltaic panels operating as a hybrid collector has been further developed.

The practical significance of the results obtained lies in the use of the
proposed methods that allow you to evaluate the energy characteristics and perform
analysis and comparison of the efficiency of hybrid collectors.

The results and materials of the dissertation are used in the educational process
of the Department of Power Supply and Energy Management, particularly in
teaching courses such as «Energy Systems and Complexes», «Energy Efficiency in
Buildings and Structures», «Energy-Saving Modes and Technologies». They are also
used in forming the topics of qualification works and student scientific competitions.

The dissertation results were implemented during the research project No.
1878-55 on the topic: «Development of design solutions for the construction and
connection of photovoltaic stations», carried out in 2023, and in the research project
No. 1871-55 on the topic «Justification and development of an internal power supply
and commercial metering system for an administrative building at 27 Akademika
Glushko St., Odesa, using a photovoltaic station», completed in 2022.

The results of the dissertation work were implemented by LLC «TK
PROJECT», namely used in the development of its own design documentation for
predicting the energy performance of rooftop solar power plants, LLC «Southern
Energy Company» uses the results of the dissertation research to assess the economic
and energy performance of solar energy projects.

In the introduction the relevance of the presented work, formulates the main
goal of the work and research tasks, highlights the main principles of renewable
energy development and implementation, provides information on the approbation
of the dissertation research results, the overall structure of the work, and information
on the author's publications on the dissertation topic.

In the first chapter analyzes existing photovoltaic panels based on open
literature sources, taking into account the features of their technological production
process and indicating the main advantages and disadvantages of various designs.

The main disadvantage highlighted in all known photovoltaic panel designs is the



dependence of electricity generation levels on the operating temperature of
semiconductor elements. Literature analysis has shown that one of the most modern
and promising methods for partially eliminating this disadvantage and increasing the
overall efficiency of solar photovoltaic panels is the hybrid collector — a device that
structurally combines two parts, allowing for the simultaneous generation of both
electrical and thermal energy. From the review of hybrid collector designs, it was
found that scientists focused on creating air and water hybrid collectors, with the
latter being more suitable for our temperate climate due to the complexities
associated with using air as a heat transfer medium.

In the second chapter investigates various methods for assessing solar
insolation on the surface. As the intensity of solar radiation on the surface of the
photovoltaic panel is a key factor affecting the temperature of silicon elements and
the level of electricity generation, determining the most accurate solar insolation
values is one of the priority tasks for conducting further correct research. Several
empirical models, based on different meteorological data, were analyzed, and three
accurate models for estimating hourly solar radiation were chosen. The calculations
for empirical models were based on meteorological data from open information
resources, and the accurate models were calculated for the geographical coordinates
of Odesa. The results for all models provided daily solar insolation levels for each
day of the year, and these results were compared with data from NASA and
experimental data obtained using a meteorological post at the Odesa National
Polytechnic University . The comparison showed that the Hottel model is the most
accurate, as it has the smallest error in average values.

In the third chapter provides a detailed description of the device design that
implements the method for increasing the overall energy efficiency of solar
photovoltaic panels by transforming them into a hybrid collector. The section
discusses the main components, principles, and mechanisms of its implementation.
The analysis of potential reductions in solar radiation on semiconductor elements
due to the installation of additional layers made of non-ideal transparent materials

was also conducted. The analysis concluded that the additional layers' thickness,



which can conceptually be used in this device, causes minimal solar radiation losses
in the visible spectrum, thus the installation of this device should not significantly
affect the insolation on the semiconductor elements of the photovoltaic panel. Given
the lack of negative impact on the photovoltaic panel's performance, detailed
modeling of the panel's operation was carried out. A silicon photovoltaic panel was
chosen for modeling. The results of the modeling provided 1I-V and P-V
characteristics of the silicon photovoltaic panel and allowed calculating the average
temperature coefficient of power, which was 0.55%/K, a value very close to real
indicators specified by manufacturers.

The next step involved determining the maximum temperature of the
semiconductor elements of the photovoltaic part based on the balance model. The
results indicated that, according to Hottel's solar input data, the maximum panel
temperature is slightly over 60°C, a fairly adequate indicator. The balance model's
results were compared with experimental data for several days, considering the
semiconductor elements' specifics. The model showed a relatively small error
compared to the experimental data.

To verify the distribution of thermal energy along the photovoltaic panel, its
operation using the specified device design was modeled. The modeling determined
that the coolant circulating in the device can remove a significant portion of the
thermal energy.

Additionally, an experiment was conducted with two identical photovoltaic
panels operating in the same location, with the specified device installed on one of
the panels. The experiment results showed that the expected effect from using this
method is entirely possible.

In the fourth chapter explores the possible application scope of this device
in more detail, defining the working scheme for the coolant extraction from the
hybrid collector. To calculate the economic effect, a real object located in Odesa with
an existing rooftop solar power plant was taken as a basis.

In addition to directly increasing electricity generation and obtaining

additional thermal energy, the possibility of reducing the risk of PID degradation of



photovoltaic panels, primarily caused by surface temperature fluctuations, is
considered. The economic assessment of the method's implementation using the
proposed device is conducted based on two main aspects: the device's cost and the
specific cost of energy produced. The market analysis of materials for the device's
construction shows that it is not particularly capital-intensive. However, considering
the saved energy and a discount rate of 20%, the payback period is 9.5 years. This
indicator is not particularly attractive, but given the rapid inflation of energy prices,
it can quickly decrease. The analysis of the specific cost of energy was conducted to
compare with the existing hybrid collector available on the market. Using the models
mentioned above, the amount of energy generated over 20 years was calculated and
compared with the specific cost of both designs. As a result, the proposed system
was found to be almost twice as cheap as the existing market design.

Keywords: electrical energy, thermal energy, photovoltaic solar panels, hybrid
collector, efficiency, generation, savings, renewable energy sources, optimal
operating mode, maximum power, energy characteristics, electrical energy losses,

temperature regime of panels, solar insolation.
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