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PEUEH3UA

BbPXY AUCEPTALMOHEH TPyA, 3a NpugobusaHe Ha obpasoBaTenHa v Hay4dHa
cTeneH ,aokTop”

ABTOp Ha OucepTaLUOHHUA TpyA: Mar. nHX. Hagexpa Bacunesa

Tema Ha gucepTaumoHeH TpyAa: ,MoagenupaHe n nscnegBaHe Ha XMOpPUOHW
TOMMANHHN cucTemmn”
PeueH3eHT: npod. A.H. uHxX. CTaHucnaea LlaHkoBa TaweBa

1. AKTyariHoctT Ha pa3paboTBaHUA B AuUcepTaLUOHHUA Tpyn
npobnemMm B Hay4YHO U HaYYHOMPUINOXHO OTHOLWeEHUe. CTeneH U HUBa Ha
aKTyariHocTta Ha npobnemMa M KOHKpeTHMTe 3agayum, paspaboTeHu B
auceprauusTa.

EHepreTukata B cBeTOBEH Mawlab e HacodYeHa KbM M3MNON3BaHETO Ha
Bb30OHOBAEMMN EHEPrUNHN N3TOYHULM, C LUen HamanasaHe emucunte Ha CO2 m
3aMbpcsBaHETO Ha OKofHaTa cpepa. [loBuwaBaHeTo Ha TemnepaTypaTta Ha
3eMHaTa MOBBbPXHOCT OKasBa HebNaronpuATHO BIIMAHWE BbPXY XMBOTA Ha
3emsaTa. B ronsma yact ot gupektuBute Ha EC ca cBbp3aHu ¢ paspaborBaHe
HOBW CUCTEMM U3NOM3BaLy Bb3OOHOBSEMU €HEPrUAHM UITOYHULIM U 3EeneHW
TexHornormn. Bcuuko ToBa oOycnaBs BbBEXAAHETO M U3MNOM3BaHETO Ha
XUOPUAHU TOMMUHHKM cucTemu. Bb3moxHOCTTa 3a onons3oTBOpsiBaHE Ha
oTnagHaTta TOMNMHA W CbYeTaBaHETO W C Bb30OOHOBAEMU EHEeprunHu
M3TOYHULM CBbLUO BOAAT AO ynoTpebaTta Ha XMOpPMAHWM TOMMIUHHW CUCTEMM.
Cuutam, 4Ye B AuUcepTauMoHHUA TPyA NpeacTtaBeH 3a M3MNOoNn3BaHeTo Ha
XUOPUAHU TONNIMHHA CUCTEMMU, KaKTO 3a OTOMMeHue, Taka U 3a oxnaxaaHe Ha
crpagn e 06GescnopHo akTtyaneH. CuMynupaHeTo npu MPOEKTUPaHe Ha
XUOPUOHU TOMMMHHU CUCTEMU € HOB METOJ 3a U3crnefBaHe Ha To3n Tun
CUCTEMU, KOWTO MO3BOINsBa MOBMLAaBaHe edeKkTMBHOCTTa Ha paboTata Ha
nopobHU cucTemMu.

2. CteneH Ha nMo3HaBaHe CLCTOSAHMETO Ha npobnema u
TBOpYECKa MHTepnpeTauus Ha nuTepaTypHuUs MaTepuan.

OT HanpaBeHoTOo 6Gubnuorpadcko npoyysaHe nNo TemaTukata B
AVCEPTALUMNOHHNA TPyA, NoapobHO ca NpeAcTaBeHW enemMeHTUTE OT KouTo €
nsrpageHa xvbpugHaTta TONMMHHA CUCTEMA, KaKTO U MHOXECTBO NpUMepun Ha
XUOPUOHWN TOMMMHHA CUCTEMU B PA3NUYHN CTPaAHWU U HAYMHM Ha NPUNOXKEHNETO
um. PasrnefaHu ca MeToaMTe WU CpeacTBaTa 3a cumynupaHe Ha xubpuaHu
TONMWHHU cucTemn. Bcumuko TOBa MokasBa 3aAbnboYeHU Mo3HaHWA Mo
nsbpaHaTa TemaTuka Ha gucepTauuaTa U 3a U3MNOM3BaHETO U NPUNOXEHNeTOo



Ha XI/I6pVILI,HVI TONMNMUHHU CUCTEMMN.

3. CbhoTBeTCTBME Ha u36paHaTa MeTogukKka Ha wui3cnegBaHe C
nocraBeHarta uen v 3agaiv Ha guceptTaulmnoHHUA TpyAa.

B matepuanu n metoau Ha guceprauusaTa € npeacrtaBeHa METoAukaTa Ha
n3crnefBaHUsATa, KOWTO ca nNpeacTaBeHW KaTo Tpu OTAENHUM eTana B
Cb3[aBaHETO Ha MoAena 3a cumynauunTe Ha xmbpugHaTa TonnnMHHa cuctema
M e npeacTaBeH obekta Ha wuscnegBaHeTo. [eTalnHo ca OGACHEHM U
pasrnefaHn BCUYKM KOMMOHEHTM BKMOYBAHW B u3crieaBaHua 0OekT.
MpepctaBeH e nporpamHusa NpoayKT C KOUTO LUe Ce U3BBPLUM CUMYITMPAHETO
Ha XMbpuaHaTa TONNMMHHA CUCTEMA B PasnUuHK pexumMmn Ha padoTa. OBAcHeHM
ca U MaTemaTU4HUTE MOAENW Ha OCHOBHUTE KOMMOHEHTUM B WU3cneaBaHus
obekt. CuMynauuMoHHWTE Mogenu ca BanuaupaHu C nomolyta Ha
eKCrMepuMeHTanHn pgaHHW, MnonyyYeHn OT paboTaTa Ha ChbliecTsyBalla
XnbpugHa TonNMHHA NHCTanaums.

4. KpaTka aHanuTu4yHa xapakrepucTuka Ha ecTeCTBOTO U OLieHKa
Ha AOCTOBepHOCTTa Ha MaTepuana, BbpXy KOWTO ce rpagAar npuHocure
Ha AucepTauuoOHHUA Tpya.

MpencTaBeHUSAT MU AucepTaumnoHeH Tpya € B obem oT 172 craHgapTHM
MaLLMHOMMUCHM CTPaHWuuy, B ToBa uucro 79 6posi durypu n cxemm, 20 bpos
Tabnuum n 140 nuTepaTypHU KU3TOuHMUM, oT kouTo 10 Ha kmpunuua, n 130
natuHuua. MNpeacTaBeH € CNUChK Ha 03HAYEHUS, CbKPALLEHUst 1 U3Non3BaHuTe
MHOEKCU B AMUCEpPTaUMOHHWMAT Tpya. [AucepTtauuata € odgopMeHa B 4eTvpu
OTAENHW rNaBKW, KOWTO ca CBbP3aHW B JorMyecka nocnejoBaTenHocT.
3akntoueHue, bubnuorpadpcka cnpaeka, nyérnmkaLum n NpUHOCH.

MpaBunHo € dopmynvpaHa LenTa Ha OWCEPTauUMOHHUAT Tpya Aa ce
cb3gade M Banuaupa CUMynauuoHeH Mofen Ha (yHKUMOHMpaHeTo Ha
XxnbpwuaHa ToOnfMHa cucTeMa, KOWTO Aa nossonAsBa peanusnpaHeTo Ha
pasnuyHM pexuvmn Ha pabota u aencTBa Npy PasfiMyHN KNMMaTU4YHN YCNOBUS.
Ha 6asa nocTaBeHaTa Len Ha guceprauusTa, npaBWnHO ca ornpegeneHu
3ggaunte, Kouto TpsbBa Aa ce WU3MbMHAT 3a MOCTUraHeTo Ha UuenTta Ha
aucepTtauundaTa.

B pesyntatuTte € npeAcTaBeHO Cb34aBaHETO Ha CUMYNaLUMOHHN MOAEenH
Ha wW3cnedBaHaTa cucTemMa npu pasnuyHu  pexuMu Ha pabortata .
MpencTaBeHn ca KOMMOHEHTWUTE BKIIOYEHW B pasrnexpaHaTa uHcTanaums, a
ToBa ca: 36p. CrbHYeBM KornekTopu; 2 6p. BepTUKanHW TOMNOOOMEHHULM;
TepMornoMna BOAA-BOAA; KOHBEKTOp;, fBa TOMNWHHW  akymynatopa C
BmecTumocT oT 200 | 1 300 |; naTeHTeH TonNnMMHEH akyMynaTop U nsmepeaTtesnHn
npuodopw.

PasrnegaHu ca neT pexuma Ha paGota Ha xwubpupgHaTta TonnuHHa



cuctema. B nmbpBMA pexum ce u3BbplUBa 3apexnaHe Ha TOonnMHHUTE
aKyMynaTtopu OT CITbHYEBUA KOMNEKTOpP; MpWU BTOPU PEXUM Ce 3apexaaT ABaTa
BEPTUKaNHMW TOMMOOOMEHHNKA OT CNMbHYEBWS KOMEKTOP; B TPETUA PEXUM
CNMbHYEBUA KONEKTOP 3apexna BOOHWUTE pesepBoapu C BoAa, KOATO ce nojasa
KbM KOHBEKTOpa; YETBBLPTUS pPEeXUM € OTOMneHMe CbC 3eMHO 0OasupaHa
TEpMornomna; a NETUAT PEXMM € OToMNNeHne cbe 3eMHO BasnpaHa Tepmonomna
noAnomMorHarta oT CclibHYeBUA KonekTop. [NpeactaBeHn ca ekcrnepuMeHTanHuTe
pesynraTti OT pasrnefaHuTe NeT pexumMa Ha paboTta Ha xubpugHaTta TonnuHHA
cucTtemMa U ca HanpaBeHW CUMYIaUMOHHUTE MOAENUN 3a OTAENHUTE PEXMMU,
KOUTO ca CUMynupaHu W BanugupaHu npu padotaTta Ha uHcTanauusata. OT
HanpaBeHUTe U3BOAM MO BaXKHU ca:

e CumyrnaumnTe Ha pexumute 1, 2 1 3 nokassaTt BucokaTa epeKTUBHOCT
Ha paboTaTa Ha CNMbHYEBUTE KONEKTOPMU, KOETO Ce AbIKN Ha GrnaronpuaTHOTO
UM pasnonoxeHue. CbBnNageHUWETOo Ha CUMYJIMPaAHUTE CTOWHOCTM Ha
NPOMEHNIMBUTE B MNOCOYEHUTE MO-TOPE PEeXMMM C peanHo U3MEPEHUTE €
OTNNYHO.

e Pexumute 4 wn 5 npeacrtaBAT Manko MNO-HUCKA TOYHOCT Ha
BepudmrkaLns Ha HSKOU OT KOMMNOHEHTUTE.

* Bcuukn nscneasaHu pexnmmn Ha paboTa nokassaT fo6bp noTeHUnan 3a
HamansBaHe Ha eHepruiHuTe pasxoan. OT npeacTtaBeHUTe pesynTaTn Moxe da
Ce HanpasBu 3aKn4yeHune, 4ye cuctemata € WUKOHOMUYECKA W EKOMOrn4Ho
ycTon4ymBa.

PasrnegaHa e ebeKkTMBHOCTTa Ha xubpugHara TONSIMHHA CUCTEMA, KOETO
BKMOUBA KoedUuLMEHTa Ha MOKpUTME Ha cuctemata B rp. [lnoeaue 3a
OTOMJIUTENHUA CE30H, a CbWO Taka € HanpaBeHO U CpaBHEHWEe Ha
edPEeKTUBHOCTTA Ha cucTemMata Mmexay ABa rpaga (rp. lNnosave n rp. XensuHkn),
KOUTO ca C pasfinyeH Knumar.

Cb3nageHa € cuMmynauua Ha cucTemaTta Mo M3Mons3BaHUAT METoh Ha
,cuBaTa KyTus“, KOUTO AOKasBa CBOATa MPUMOXUMOCT MNpU MoAEnupaHe Ha
CMOXHW TOMMUHHWU NPOLEeCcH, KaTo No3BorsiBa cucTeMarta fa ce aganTtupa KbMm
pas3nnYHM KNMMaTU4YHK ocobeHocTw.

Mpu cpaBHEHMETO MexZy TemnepaTypHuTe xapaktepuctukn Ha XTC B
MnoBaMB N XensvHKW € yCTaHOBEHO, Y€ cUcTemMarta ycnelwuHo ce cnpass Aa
nopabpxa Hyxgute oT 20 °C npes sUMHUTE MECELM W B ABaTa rpaga.

B Mnoegue, nopaau yMepeHO-KOHTUHEHTaNHWSA KnuMmaTt, chbH4YeBaTa
paguauus e no-obunHa, KOeTo noaAbpxa CTabunHO HUBO Ha MOLLHOCT npes
roguHata. B XensuHku, KbOEeTO KNMMaTLT € MNO-CTYAEH WM umMa no-marnko
CrbHUYEeBa eHeprus, cuctemata TpsbBa da KOMMNEHCMpa Te3W YCroBus 4pes

yBENU4YEHO HaTOBapBaHe Ha Tepmonomnara.



HanpaseHoTo wuscnegBaHe nogyeptaBa agantmBHocTTa Ha XTC npwm
pasfMyHU KNMMaTUYHWN YCNOBUSA U AEMOHCTPMpPA HENHaTa ePeKTUBHOCT.

3. Hay4Hu n/vnu HayYHOMPUITOXHU npuHocu Ha

AUcepTaLUoOHHUSA TpyA:

[Mogkpenam HanpaBeHUTE NMPUHOCK B AUCEPTAUMOHHUA TPYA, Ye Te ca

Hay4HO-MPUIIOXHU N NPUMOXHKW, KaKTO cneasa:

Hay4Ho-npunoXxHu npuHocu

1. Cb3gageHn ca CcUMynauuoHHW MoAenn Ha ¢YHKUMOHMPAHETO Ha
paboTata Ha xubpugHaTa TONMMHHA CUCTEMa 3a OTOMMEeHue u
oxnakgaHe Ha crpagu B net 6asoBum pexumma Ha pabota B cpegaTta
TRNSYS.

2. HanpaseHo e BepudunumpaHe Ha YHKUMOHUPaAHETO Ha paboTaTta Ha
XnbpugHaTta TonnmMHHa CUCTEMa 3a NeTTe pexuma Ha paboTa, Ha 6asa
CpaBHEHWE Ha CUMynauuoOHHUTE MOAENU U eKCnepuMeHTanHo
nscrieqBaHUTE CTOMHOCTMW.

3. Cb3gapeH e mogen nosBosnisiBaly uscnegBaHe Ha paboTtaTta Ha neTTe
pexuma Ha paboTa, C Luen Bb3MOXHOCT 3a onTUMU3NpaHe, oTYuTaHe
Ha KOHKPETHW KMMMaTUYHW YCNOBUS U BBb3MOXHOCT 3a ONTUMarneH
n36op Ha KpUTEpUM 3a NPeMrHaBaHe OT eAuH pPexumM Ha paboTa KbM
Apyr.

NMpunoxHu npuHocu

1. Cb3gageH e anroputbM Ha MeTogMka 3a wu3ducnaBaHe Ha
Koe(MLUMEHT Ha MNOKPUTWE Ha XWOPUAHW TOMMUHHM CUCTEMMU C LEen
noBuLLIaBaHe Ha eHepriunHaTa U NPOAYKTUBHOCT.

2. YcTaHOBEHO e, Ye Mo-BUCOKUS KOeMULIMEHT Ha MOKpUTME nokassa, 4ye
XxnbpuagHaTta TOMNMIMHHA cucTeMa MoXe [a Mokpue no-ronama vact oT
TOMMUHHWUTE HYXOW Ha NPOCTPAHCTBOTO KOETO OOCryXBa, KOETO
O3Ha4aBa 4ye e no-edekTnsHa.

3. PaspaboTteHn ca cumynauuoHHU Mofernu 3a OTOMNMUTENHUA CEe30H Ha
ABa rpaga C pasnuuHu knumatudHu ycnosus (rp.flnosamB u rp.
XeHsenku). HanpaBeHns aHanns Ha egeKkTUBHOCTTa Ha XubpugHWUTe
TOMMWHHA CWUCTEMW nMoKasa, 4Ye Hes3aBUCMMO OT pasfinyHuTE
KNMMaTU4YHK ycnoBus B ABaTa rpaga (rp.lnosame n rp. XeHsernku)
cucTemaTta ycnewllHo ce cnpaesa c NogAbpXaHETO Ha TemnepaTtypa oT
20°C npes oTONNUTENHUSA CE30H.

4. YcTtaHoBU ce, Ye npu paboTtaTta Ha xubpuaHata TOMMMHHa cUCTeEMa B
rpajfloBe C pasnuyHyl KNMMaTUYHN YCNOBUA 3a rp. XeH3enku, KbaeTo
KnMMaTa e no-CTyAEeH U MMma no-Marko CiibHYeBa paguaums ce Hanara



TEe3n ycnoeua Oa cCe KoOMMeHCcupaT OT Nno-ronamMo HaToBapBaHE Ha
Tepmonomnara.

OCHOBHUTE nMpPUHOCKM Ha puUcepTauMoHHMA Tpya wWwe oboratar
CbLUECTBYBALUUTE 3HAHWUS 3a W3MNON3BaHE W MPUIOXEHNE Ha XMBPWUAHK
TOMMUHHA CUCTEMU U OonpedensHe Ha TaAxHaTa e(MEKTUBHOCT, KakTo WU

MeToAu 3a TAXHaTa onTumusauusaTa c orned Ha Haun-edekTMBHa paboTa

Ha cucTtemara.

6. OueHKa 3a cTerneHTa Ha FIMYHOTO yyacTue Ha AucepTaHTa B

npuHocure.

MpenctaBeHUAT MW 3a peueH3upaHe AgucepTauuMoHeH Tpya W
nyonukauumTe KbM HEro nokaseart, Ye hopMynupaHUTe Hay4YHO-NPUMOXHU U
MPUNOXHU NpUHOCKM B paboTUTe ca NMYHO LEeNyio Ha Mar. UHX. Hagexnaa
Bacunesa, nop PbKOBOACTBOTO Ha HEWHWTE HayyHU pbkosBoguTenu. B
ANCEPTAUNOHHUA TpYA NUNcBaT efieMEHTU Ha nnarmaTcrso.

7.MpeueHka Ha ny6nukauuuTe No gucepTaLMOHHUA TPYA:

Mo pokTopaHTypaTa ca nybnukyeBaHu obuwo 7 6p. Hay4yHu nybnuvkauuu,
KOUTO Ca Ha aHIMWIACKN e3UK W oTpassaBaT pesynraTtute oT AucepTauuoHHUSA
Tpya. JOKTopaHTLT € camocToATeneH asBTop B efAHa oT nybnukauuuTe, B
ApyruTe yyacTBa B konektuB. [lBe oT nyGnukauuute ca B cBETOBHaTa Oasa
AaHHU Scopus, a ApyruTe ca c Hay4YHO peLeH3npaHe.

Mpe3 nepuop ot 2019 go 2023 r. AoKTOpaHTKaTa € B3ena y4yacTue B
uscriegosatenckn npoekt BGO5MOP001-1.002-0023-C01  LleHTbp 3a
KOMMETEHTHOCT ,MIHTENUreHTHN MeXaTPOHHU, €KO- U eHeprocnecTtssalln
CMCTEMW U TEXHONOINMK" Ha ONTBXHOCT - U3cregosaTen.
8.ManonsBaHe Ha pe3ynrtatute OT AUCepTaUMOHHUA TPpyAa B HayyHaTa u
coumanHata npakTuka. Hanumyme Ha nocTUrHat npPsAK MKOHOMWYECKM
edrekT 1 np.

MornyyeHWUTe 3aKnOYeHNsA Bb3 OCHOBa Ha NPOBeAEHUTE EeKCNEPUMEHTU U
BEPUMMKALMA Ha EKCMEPUMEHTaNHUTE AaHHW MokassaT, 4Ye Te moraT Aa
HaMepAT oTpakeHue B npakTukata. CumynupaHeTo Ha pabotara Ha XTC no
MeToauKaTa npeacraBeHa B guceprtauudaTa U oLeHdaBaHeTO Ha cucrtemarta
ypes koeduUMeHTa Ha MOKPUTUE, CbLIO LE HaMepAT MnpusioXKeHne B
WHXXeHepHaTa npakTuka.
9.0ueHKa Ha CLOTBETCTBMETO Ha aBTopedepaTta C U3MCKBaHUSATA 3a
M3roTBSIHETO My, KakTO M Ha ajeKBaTHOCTTa Ha OTpassiBaHe Ha
OCHOBHUTE NMONOXEeHUA U NPUHOCUTE Ha AUCepPTaLMOHHUSA TPpyA.

ABTOpedepaTbT OTpasfABa CbAbPKATENHO CbLUECTBEHW MOMEHTU OT
OVCEPTaLUMOHHNA TPyA, CMaseHn ca M3NCKBaHWATa B CbOTBETCTBME C
obpaseLia 3a U3roTesiIHE Ha asTopedepaTnTe No AucepTaumoHHUTE TPyAoBe,



nocoyeH B canta "PasButue Ha AC - PaboTHu gokymeHTn".[lpeactaBeHmAT
aBTopedepat e B 06eM oT 32 cTp. TEKCT, CTPYKTypupaH B 4 rnasu. lNocoueHu
ca o6wo 140 nutepaTypHU U3TOYHMUM, OoT kouTo: 10 Ha kmpunuua, 119 Ha
natnHuda n 11 uHTepHeT agpeca.
10.MHeHus, NpenopbKU 1 Benexku.

Cuutam, Yye obpasoBaTenHuTe LEnn Ha auceprauusaTa ca M3MbrHEHW.
Hsamam 3abenexku OTHOCHO KONWYECTBOTO W Ka4yecTBOTO Ha M3BbplLUeHaTa B
auncepraumsaTa pabota.

N3roTBux MHEHWe 3a npeaBapuTenHoTo obcbxaaHe Ha AucepTaLnoHHNS
Tpya npen PKC Ha kategpa ,MexaHuka“ npu dpakyntet ,MalumHocTpoeHe u
ypenocTpoeHe" cbrnacHo 3anoses NeOX-5.4-09/13.03.2025 r. HanpaseHuTe B
Hero nNpenopbKM 1 3abenexkn ca n3LAno oTCTpaHeHW B HACTOALLMUS BapuaHT Ha
AncepTaunoHHNa TpyAa,.

11.3akno4yeHue ¢ ICHa NOJIoXKUTErHa UIu oTpuLaTenHa oueHka Ha
aucepTauMoOHHUSA TPYA.

MpeacTaBeHUAT AUCEPTALMOHEH TPYA € pa3paboTeH Ha BUCOKO HUBO Npu
N3Mon3BaHe Ha CbBPEMEHHW METOAM 3a uscriegsaHe. Tol oTroBapA Ha
W3UCKBAHMATA 3a NpUCLXAaHe Ha obpasoBaTesiHa W HayyHa CTeneH ,AoKTop”
cbrnacHo 3PACPB, MpaBunHuka 3a npunaraHeTo My KakTo u Ha lNpaBunHuka
3a npupobusaHe Ha Hay4yHu cTeneHn B TY —Codus.

B 3akniouyeHue Mmora Aa 3asiBd, Ye AucepTauuoHHUA Tpyn Ha WHX.
Hapexga Bacuneea npepcraensiBa MHTEpAWCUMNNMHAPEH TPYA, C BCUYKK
HeoBX0o4AMMM YacTU Ha efHa 3aBbpLUeHa HayyHa pa3paboTka.

Bb3 OCHOBa Ha HanpaBeHWs aHanuW3 Ha MpeAcTaBeHUTe MU MaTepuanu
nspasssam cBoATa MNONOXUTEJTHA oLleHKa 3a paspaboTeHns
AncepTaumoHeH Tpya. Mpeanaram Ha Hay4yHOTO Xypu Aa MPUCHAWU Hay4yHaTa
obpasoBaTesiHaTa CTeneH ,A0KTOp" Ha UHX. Hapgexna Bacunesa B obnact Ha
BUCLLe oBpasoBaHue 5. TeXHNYECKN HayKK, MPOECHOHaNHO HanpaBnexHme 54,
EHepreTvka no [AOKTOopcka nporpama ,EHepronpeobpasysaiyn TexHomoru u
cucrtemu”.

Hara: PELUEH3EHT:
18.08.2025 r. Inpod. A.H. uux. C. Tawesa/
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Author of the dissertation: M.Sc. Eng. Nadezhda Vasileva

Topic of the dissertation: “Modeling and research of hybrid heating
systems”

Reviewer: Prof. DSc. Eng. Stanislava Tsankova Tasheva

1. Relevance of the problem developed in the dissertation work in
scientific and applied science terms. Degree and levels of
relevance of the problem and the specific tasks developed in
the dissertation.

The global energy sector is focused on the use of renewable energy
sources, with the aim of reducing CO2 emissions and environmental
pollution. The increase in the temperature of the Earth's surface has an
adverse effect on life on Earth. A large part of the EU directives are
related to the development of new systems using renewable energy
sources and green technologies. All this determines the introduction
and use of hybrid heating systems. The possibility of utilizing waste
heat and combining it with renewable energy sources also leads to the
use of hybrid heating systems. | believe that the thesis presented on
the use of hybrid thermal systems, both for heating and cooling
buildings, is undoubtedly relevant. Simulation in the design of hybrid
thermal systems is a new method for studying this type of systems,
which allows increasing the efficiency of the operation of such systems.
2. Degree of knowledge of the state of the problem and creative

interpretation of the literary material.

From the bibliographic research conducted on the topic of the
dissertation, the elements from which the hybrid heating system is built
are presented in detail, as well as numerous examples of hybrid heating
systems in different countries and methods of their application. The
methods and tools for simulating hybrid heating systems are examined.
All this shows in-depth knowledge of the chosen topic of the dissertation
and the use and application of hybrid heating systems.

3. Compliance of the chosen research methodology with the set
goal and objectives of the dissertation.



In the materials and methods of the dissertation, the research
methodology is presented, which is presented as three separate stages
in the creation of the model for the simulations of the hybrid heating
system and the object of the study is presented. All components
included in the research object are explained and discussed in detail.
The software product that will be used to simulate the hybrid heating
system in different operating modes is presented. The mathematical
models of the main components in the research object are also
explained. The simulation models are validated using experimental
data obtained from the operation of an existing hybrid heating
installation.

4. A brief analytical characterization of the nature and assessment
of the credibility of the material on which the contributions of
the dissertation are built.

The dissertation presented to me is 172 standard typewritten pages
long, including 79 figures and diagrams, 20 tables and 140 literary
sources, of which 10 are in Cyrillic and 130 in Latin. A list of symbols,
abbreviations and indices used in the dissertation is presented. The
dissertation is structured in four separate chapters, which are
connected in a logical sequence. Conclusion, bibliography, publications
and contributions.

The goal of the dissertation is correctly formulated to create and
validate a simulation model of the functioning of a hybrid heat system,
which allows the implementation of different operating modes and
operates under different climatic conditions. Based on the set goal of
the dissertation, the tasks that must be completed to achieve the goal
of the dissertation have been correctly defined.

The results present the creation of simulation models of the studied
system in different modes of its operation. The components included in
the installation under consideration are presented, and these are: 3
solar collectors; 2 vertical heat exchangers; water-water heat pump;
convector; two heat accumulators with a capacity of 200 | and 300 I;
latent heat accumulator and measuring instruments.

Five operating modes of the hybrid heating system have been
considered. In the first mode, the thermal accumulators are charged by
the solar collector; in the second mode, the two vertical heat
exchangers are charged by the solar collector; in the third mode, the
solar collector charges the water tanks with water, which is fed to the
convector; the fourth mode is heating with a ground-based heat pump;
and the fifth mode is heating with a ground-based heat pump assisted



by the solar collector. The experimental results of the five operating
modes of the hybrid heating system are presented and the simulation
models for the individual modes are made, which are simulated and
validated during the operation of the installation. From the conclusions
drawn from this chapter, it turns out that:

* The simulations of modes 1, 2 and 3 show the high efficiency of the
solar collectors, which is due to their favorable location. The
coincidence of the simulated values of the variables in the above modes
with the actually measured ones is excellent.

* Modes 4 and 5 present slightly lower verification accuracy of some
of the components.

* All studied operating modes show good potential for reducing
energy costs. From the presented results, it can be concluded that the
system is economically and environmentally sustainable.

The efficiency of the hybrid heating system was examined, which
includes the coverage coefficient of the system in the city of Plovdiv for
the heating season, and a comparison of the efficiency of the system
between two cities (Plovdiv and Helsinki) with different climates was
also made.

A simulation of the system was created using the "gray box" method,
which proves its applicability in modeling complex thermal processes,
allowing the system to adapt to different climatic features.

When comparing the temperature characteristics of the HTS in
Plovdiv and Helsinki, it was found that the system successfully
manages to maintain the needs of 20 °C during the winter months in
both cities.

In Plovdiv, due to the temperate continental climate, solar radiation
is more abundant, which maintains a stable power level throughout the
year. In Helsinki, where the climate is colder and there is less solar
energy, the system must compensate for these conditions by increasing
the load on the heat pump.

The study highlights the adaptability of the HTS in different climatic
conditions and demonstrates its effectiveness.

5. Scientific and/or applied scientific contributions of the
dissertation:

| support the contributions made in the dissertation work that they
are scientifically applied and applicable, as follows:

Scientific and applied contributions



. Simulation models of the functioning of the hybrid thermal system

for heating and cooling buildings in five basic operating modes have
been created in the TRNSYS environment.

Verification of the functioning of the hybrid heating system for the
five operating modes was carried out, based on a comparison of the
simulation models and the experimentally studied values.

A model has been created allowing for the study of the operation of
the five operating modes, with the aim of enabling optimization,
taking into account specific climatic conditions and the possibility of
optimal selection of criteria for switching from one operating mode
to another.

Applied Contributions

1.

An algorithm for a methodology for calculating the coverage factor
of hybrid heating systems has been created in order to increase
energy efficiency and productivity.

It has been found that a higher coverage ratio indicates that the
hybrid heating system can cover a greater portion of the heating
needs of the space it serves, meaning that it is more efficient.
Simulation models have been developed for the heating season of
two cities with different climatic conditions (Plovdiv and Henselki).
The analysis of the efficiency of the hybrid heating systems showed
that regardless of the different climatic conditions in the two cities
(Plovdiv and Henselki), the system successfully copes with
maintaining a temperature of 200C during the heating season.

It was found that when operating the hybrid heating system in cities
with different climatic conditions for the city of Henselki, where the
climate is colder and there is less solar radiation, these conditions
need to be compensated by a greater load on the heat pump.

The main contributions of the dissertation will enrich the existing

knowledge on the use and application of hybrid thermal systems and
determining their efficiency, as well as methods for their optimization in
order to achieve the most efficient operation of the system.

6.Assessment of the degree of personal participation of the
dissertation candidate in the contributions.
The dissertation work presented to me for review and the

publications to it show that the formulated scientific-applied and applied
contributions in the works are the personal work of M. Eng. Nadezhda
Vasileva, under the guidance of her scientific supervisors. The
dissertation work lacks elements of plagiarism.

7.Evaluation of the publications on the dissertation:



A total of 7 scientific publications have been published during the

doctoral studies, which are in English and reflect the results of the
dissertation. The doctoral student is an independent author in one of
the publications, in the others he participates in a team. Two of the
publications are in the global database Scopus, and the others are
peer-reviewed.
During the period from 2019 to 2023, the doctoral student participated
in the research project BGO5SMOP001-1.002-0023-C01 Competence
Center "Intelligent Mechatronic, Eco- and Energy-Saving Systems and
Technologies" in the position of researcher.

8. Use of the results of the dissertation work in scientific and
social practice. Presence of achieved direct economic effect, etc.

The conclusions obtained based on the conducted experiments and
verification of the experimental data show that they can be reflected in
practice. The simulation of the operation of the HTS using the
methodology presented in the dissertation and the evaluation of the
system using the coverage coefficient will also find application in
engineering practice.

9.Assessment of the compliance of the abstract with the
requirements for its preparation, as well as the adequacy of
reflecting the main points and contributions of the dissertation
work.

The abstract reflects substantively significant moments of the
dissertation work, the requirements have been met in accordance with
the template for preparing abstracts for dissertation works, specified on
the website "Development of AS - Working Documents". The presented
abstract is 32 pages long, structured in 4 chapters. A total of 140 literary
sources are cited, of which: 10 in Cyrillic, 119 in Latin and 11 Internet
addresses.

10.0pinions, recommendations and notes.

| believe that the educational goals of the dissertation have been
met. | have no comments regarding the quantity and quality of the work
done in the dissertation.

| prepared an opinion for the preliminary discussion of the
dissertation work before the RKS of the Department of Mechanics at
the Faculty of Mechanical Engineering and Instrumentation according
to order No. 0OX-5.4-09/13.03.2025. The recommendations and
remarks made therein have been completely removed in the current
version of the dissertation work.



11.Conclusion with a clear positive or negative assessment of

the dissertation.

The presented dissertation has been developed at a high level using
modern research methods. It meets the requirements for awarding the
educational and scientific degree "doctor" according to the Law on the
Education and Scientific Research of the Republic of Bulgaria, the
Regulations for its implementation, as well as the Regulations for the
acquisition of scientific degrees at the Technical University of Sofia.

In conclusion, | can state that the dissertation work of Eng.
Nadezhda Vasileva is an interdisciplinary work, with all the necessary
parts of a complete scientific work.

Based on the analysis of the materials presented to me, | express
my POSITIVE assessment of the developed dissertation. | propose to
the scientific jury to award the scientific and educational degree
"Doctor" to Eng. Nadezhda Vasileva in the field of higher education 5.
Technical Sciences, professional field 5.4. Energy in the doctoral
program "Energy Conversion Technologies and Systems".

Data: REVIEWER:
18.08.2025 r. /Prof. DSc. Eng. S. Tasheva/



