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PELEH3UA

BbPXY AMCepTaluMoHeH TpyA 3a npugobueane Ha obpasoeaTesiHa U Hay4Ha cTeneH L AOKTOP"

ABTOp Ha AUCEPTALMOHHUA TPYA: Mar. XK. [1eTko Toaopos [letkoB
Tema Ha SUCepPTaLMOHHUA TPYA: ,PaspaboTeaHe W NpuiokeHUe Ha HOB METOA 3a TEPMOANHAMUYHA
[JUArHOCTUKA U KOHTPON Ha 0BeMHM XMAPABAUYHU e/IEMEHTU U cucTemm”

PeueHseHT: K-+ | panr o.p. npod. a-p HOausx Bacunes MocKos, dakyntet UHKeHepeH, Bucuwe
BoeHHOMOpPCKO Yuuauue - Hukona MokHkoBs Banuapos

Tasu peueHsua e M3roTBeHa BbB Bpb3ka ¢ obABeHaTa npoueaypa 3a nybavyHa 3awuTa Ha
AMCepTaUMoHeH Tpya Ha Tema ,Pa3paborBaHe 1 NpuaoKeHwe Ha HOB METOA, 3a TepMoAnHaMHUYHa
[MArHOCTUKA M KOHTPON Ha OBeMHM XMAPABAVYHWU ENIEMEHTUA W cuctemmn” 3a npupgobusaHe Ha
obpasogatenHa W HayyHa cTeneH LAOKTOPR™ 10 Hay4Ha crneumanHoct ,KopabHu mawnHn u
MexaHusmmn’, npodecuoHanHo Hanpasaexune 5.5, ,TpaHcnopT, kopabonnasaHe W asuauma‘.
[cepTaumoHHUAT TPy e pa3paboTeH OT Mar.uHx. Metrko Topopos eTkoB, AOKTOPAHT KbM KaTeapa
LKopabHu MalnHW W mexaHusmn” Ha Bucwero BOEHHOMOPCKO Yuunmuie - Hukona Mowkos
Banuapos. PeueH3nATa @ M3rotBeHa B ChOTBETCTBUE CbC 3PACPB, npaBunHuKa Ha MuUHUCTEPCKUA
CHBET 33 HEerOBOTO NPUJIAraHe, u CbOTBETHVA BbTPEILUEH NPAaBUIHUK Ha BBMY.

1. 0610 ONUCaHKEe Ha AUCEPTALMOHHWA TPYA U NpeAcTaBeHuTe maTepuani.

TeKCTbT Ha AMCEPTALUMOHHUA TPYA Ce cbeTou oT 126 cTpaHuum, B T. 4. 51 ¢urypu n 11
Tabinun. OCHOBHWTE Pe3y/TaTi M U3BOAM Ca MOCOYEHM B KPas Ha BCAKA rnasa. Cblunute, 3ae4HO €
npuHocute, ca 0606wern B nocneanna Vil pasgen Ha AUCEPTAUNOHHUA TPYA. Lintrpanu ca obwo 97
AUTEPATYPHU UBTOYHUKE, OT KOUTO 28 Ha KMpuauua U 69 Ha natuHMua. OdopmAHETO € CbracHo
06ABEHNTE U3UCKBaHKA De3 3abenexku.

JokTopaHTbT ce e oby4aBan 1 e 3apbpuin/i BBMY npes nepnoga 2004r.-2009r., cneg KoeTo e
nocTbnun Ha pabota 8 cuctemata Ha MO. Cnea 2011r. npeMMHaBa B pe3epBa, Kato ynpaxHaAsa
rpaaaHcKa MHxeHepHa npodecws B chepara Ha Tbprosua NpoeKTUpaHe, N3NUTBaHe, BbBEXAAHE
B EKCMIOATALMA M CEPBU3HO 0BCNYXKBAHE HA XUAPABAUYHU ENeMEHTU U CUCTEMW [0 HAYanoTo Ha
2023r. MNpeacTaBeHn ca AUCepTaLMOHHNA TPYA, CHOTBETHUTE NPUNOKEHNA KbM HETO, asTopedepar,
KOMUA Ha NyBanKauMuTe Ha aBTopa no Temara Ha AMcepTauunaTd, asToOMnOrpadma U NHAMBUAYANEH
yyebeH nnaH 3a MOArOTOBKA Ha AOKTOPaHTa, KOETO M34epnsa MbAHMA Habop M3KCKBaH OT 3aKoHa.
[IoKyMeHTUTE Ca pa3paboTeHn u peann3npaHi BbB BUA U COOK CNOPEA N3UCKBAHWA.

2. AKTyanHOCT Ha pazpaboTteHus npobaem 8 AUCSPTALUOHHUA TPYA.

XWAPABNUUHUTE €NEeMEHTM W CUCTEMH 33 3ajBWKBaHe U ynpasieHne HammupaT Bce Mo-
LWIMPOKO Pa3npocTpaHeHue B chepaTa Ha KOPaboniasaHeTo 1 MOPCKUA TpaHcnopT. ChieBpeMeHHO
C TOBa, NPEA, NPOVUIBOAUTENNTE W EKCMIOATATOPUTE HA XMOPABANYHA TeXHWka ce NOCTaBAT ACHU
LeAU M 33Jauy 33 HenpexbcHaTo MoBUliaBaHe Ha aeKTUBHOCTTA Ha eHepronpeobpasysaTeHus
NpoLec U MUHUMU3UPaHe Ha 3arybute Ha eHeprva. NaguHooBPa3HO HapacTBaT U3UCKBAHWUATA 33




EKOMIOTMUHO CbOTBETCTBUE Ha XWAPABANHHOTO obopyagaHe, T.K..obuyanHuTe paboTHU TEYHOCTH,
KOWTO CE WU3MON3BaT 33 NPEHOC Ha eHeprus, ce ABABAT OnaceH 3ambpcuTen 3a MOPCKUTE MbTUULA.
AKTyanHocTTa Ha npobnema, pasrnefaH B HaCTOAWNA AMCePTALMOHEH TPY/, Kacae n3nosiaBaHeTo Ha
TEPMOAMHAMUYHWUA MOAXOA KaTo anTepHatUseH, 6bp3, TO4EH U HaAEKAEeH MeTos, KOMTO NecHO
MOMKe A3 bbae afanTupaH v usnonssat 3a AMArHOCTULMPaHe Ha KOHKPETEH XNAPABANHEH enemeHT
WK XMAPOCUCTEMATa KaTo UAND, MOCPEACTBOM M3NON3BAHE HA [OCTBIHU W3MepBaTe/HA npubopu
3a Temnepartypa. B AUCEPTAUMOHHUA TPYA €3 KOHCTATUPaHu Y OTYETEHW OMHAMUYHUTE Pearuun 1
NPOMEHM B MOBEAEHUETO, C KOWTO Ce Xapakrepusnpar [OYTU BCUUKM CbBPEMEHHW M3MEPUTENHNU
npubopw 3a TemnepaTypa, U KOUTO BHACAT A0MbAHUTENHO 33aTPYAHEHWE B MOHUTOPUHTA 1 KOHTpONA
Ha XUApPaBAUYHOTO 0BopyABaHe OT nepcoHaa. CuyuTam, ye paspaboTeHaTta Tema B AUCEPTALUUOHHUA
TPYA, € aKTyaNHa 1 NepCrnekTUBHA OT reAHa TOHKA Ha MPAKTUYECKOTO U BHEAPABAHE U NPUNOKEHWE.

3. Mo3HaBaHe ChCTOAHUETO Ha npoﬁnema OT AOKTOpAHTA.

[MCcepTauyMOHHUAT TPyA € NOCBETEH Ha paspaboTBaHe U NPWIOKEHUE HA HOB METOA 3a
TePMOAMHAMMUYHA ANArHOCTMKE N KOHTPO/I Ha 0BEeMHM XMAPABAUYHN @NeMEHTM N chcTemu. Tosu Tun
KopabHW CnOMaraTenHu CuCTemMM, Kato CTpykTypa v GYHKUVMOHANHOCT Ce pa3nn4aBart CbleCTBEHO
npu Kopabute € TPaHCNOPTHO NpeAHasHadeHne w goenHuTe Kopabu, Hanpumep, HO 3anaseat
OCHOBHUTE CW MPUAMKM NPU eKcnaoatauus 8 AUMHaMUHHWU paboThn pexwumun. OT apyra CTpaHa,
OCHOBHM GAKTOPU 33 MOAAbPIKAHE HARGHAHOCTTA W HezonacHocTTa Ha Kopaba ca npasuiHata
TEXHWYECKA eKCMoaTalpaA W NpeBaHTUBHA NOAAPBNKKA, € Uen npeeeHuuMA 3a u3baArsaHe Ha
HENpeaBMaeHU PEMOHTU 1 Bb3HNUKBAHE Ha 2BapuitHn cuTyalum Ha 6opaa.

JLOKTOPaHTLT Mar.mHX. leTko Topopoe [leTkoB € Hanpaswi 3agbnboyeH ob63op Ha Han-
4ECTO WU3MNON3BAHUTE U NO3HATU METOAM 33 TeXHWHECKa anarHocTuka v obenysksarie. Ha Tasu 6asza e
popmynupan v3soau onpeaenalm TAXHATA CHULHOCT W NPUIOKUMOCT. NeduHupann ca 1 ca
06061LeHN OCHOBHUTE GaKTopK BAUAELLA NPU uabopa Ha W3MepsaTesiHa anapartypa u UHCTPYMEHTHU
3a m3amepBaHe Ha Temnepatypa. Tosa My @ NO3BOAMNC [Aa CuHTe3upa 06xBaTHO Uen Ha
uscneasaHeTo W Hay4yHo oB6oCHOBaHW 33aadu 3@ U3Mb/IHEHWe, Npu peasusauuAata B
AMCepTauMoHHUA TPYA.

N3cnepBaHuaTa B AUcEpTALMOHHMUA TPYA €a nnaHUpaHu cned 0BCToeH W KPUTUYEH aHaNNS
Ha fOCTbNHUA 06em pa3paboTky, HaNUHHaTa AuTepaTypa U HayuHu nyBavkauun. B ob3opHaTa vacT e
OTAENEHO CrEUMAnHO BHUMaHVe Ha Temn Of: Mexanukata Ha dnynan, TepmoanHamuKaTa,
E/IeKTPOTEXHUYECKU  MAWNHW - U BNIEKTRVHECKH uamepsaHua, Teopua Ha ynpasaesue W
agTomaTu3auma, Tepmorpadcky aHanus. HanpageH e cpasHUTENEeH aHanu3 Ha noabpaxu
TemnepaTypHu AaTinLLM, KaTo Ca OTYETEHV BPEMEKOHCTAHTUTE Ha npnbopuTe B peanHu AMHaAMUIHN
paboTHK ycnosua. JJOKTOPaHTLT € [LeMOHCTPVIPaN KOMI/IEKCHO NO3HABAHE Ha npobnematvikarta no
Temara Ha AMcepTaunoHHWA TpyA, KOETO € HeoBX0AMMO YCNOBWE 33 YCNELWHOTO NOCTUraHe Ha uenta
¥ 3agauuTe.

4. MocTaBeHy 3a4aumn U LenesbobpasHocT Ha pazpaboTeHnA 1 NPeA/IoKeH MeTOA.

MoctaBeHaTa Uen B AucepTalvoHHus TPyA € PaspaboTBaHe W npunoxenue B
eKCT/I0ATAUMOHHIM YCIOBUA Ha HOB TEPMOANHAMMHEH METO/, 3@ AMArHOCTUKA U KOHTPOA Ha obemHu
XMAPABNAUYHY €/IEMEHTU U CUCTEMMU, NPU HEeYCTaHOBEHW PEXUMU HA paboTa“ n ca Gopmynupaxn net
3a4auu, 4pe3 KouTto ga bvae peanusupara. OCHOBHUTE M3CAEABaHMA Ca CBBP3aHN C U3ydaBaHe Ha
BAVUSHMETO Ha OUHAMUYHWTE DEXMUMHN dbaKTopy BbLPXY EHEepruiHuTe pasxoan w oTMYTaHe Ha
npomeHuTe B TONAUHHUTE GaNaHCK Ha OTAENHWUTE XUAPABAUYHN €/IEMEHTU U xuppocvictemu. Mpasu
sneuaTneHre nobpe GOpPMyNMpaHaTa Uen 1 3a4a4i, Kakto W NPUNOXEHUA cuctemaTnieH NoAxXoA



npu peanu1snpaHeTo um. VI3nomeHneTo e NOrrMYecku nocnenosaTesHo M CBPB3aHO, KaTo u3BoauTe ca
HanpasBeHn 0B60CHOBaHO, B Cbrnacune n norsbpAKaeHUe C nonyvyeHuTe eKkcnepumeHTaiHu pe3syntatu.
M23n0A3B2aHUAT KOMIJIEKCEH NOAXOoA Ha u3cneaBaHe e rnoaxonau, v oTroBapAa Hanb/IHO Ha uenta u
3aa4nTe Ha TEOPETUYHOTO U ekcnepumeHTaIHo MnacnensaHe.

5. AHa/IU3 W OLLEHKA Ha M3CNeABAHVATA B AUCEPTALMOHHNA TRYA

ExcnepumeHTanHata [ENHOCT, N3BbpLieHa oT AOKTOpaHTa Mar.MHX. Metko Topopos MeTkoB
1 OTpaseHa B AUCEPTALWOHHWA TPYA, € 33K/1I04BA B U3CAeABaHE Ha BAUAHWUETO Hd OAMHAMUYHUTE
XapaKTepUCTUKK HA 3MepBaTe/IHA ceH3opy 3a TemMnepaTypa Bbpxy TOYHOCTTa W BpPEMEnoCToAHHUTE
Ha rnpouecuTe. W3cneasanuaTa ca NPOBELEHY Ha TepuTopuATa Ha KaTeppa ,KopabHn mawurHA U
MexaHuammn” kom daryntet MHxeHepeH Ha BBEMY, ¢ nomolyTa Ha CbleCcTBYBaLLA U3NUTBaTEIHU
CTeHAoB8e, HO U BbpPXYy HOBOM3TPAAEH OonUTeH CTeHAa, KaTo AaHHUTE €A 3anucaHn U apxuBuUpaHn B
unbpos BULL.

YCTaHOBEHO €, Ye CTOMHOCTWTE Ha Noay4eHuTe pe3ynTaTu 3a Temnepatypara Ha pabortHaTa
TEYHOCT, HaNfAraHeTo W pasxoda Ha paboTHa TEYHOCT, KaKTo W obopotuTe Ha MbpBUHHATA
3a/BWKBALLA /IEKTPUUECKa MallnHa Ce xapaKkTepu3aupaT ¢ onpeaeneHa crenex Ha HEeyCTaHOBEHOCT,
0coBeHO KOraTo MaluMHHWA arperart npemuHasa npes AVHaAMUYHW NPexoaHu paboTHU pexnMn.
Mpasu BnevatTneHne, Ye AOKTOPaHTLT e npuberyan u o 3anuc v n3cneaBaHe Ha eNeKTpuHeckuTe
Be/MUMHY, KOETO NPeanoaara MbaHo NPOCNeAABAHE Ha eHepronpeobpa3syBaTenHus Npouec B npete
paboTHM MAWMHW Ha 33ABNKBALIVA eNeKTPO-XV1ApasNuieH Bb3es. MpeanOXeHUAT WHTerpaneH
nokasaTten Ha pexuma — UWKNO0B KN — npugobusa cMuchA e[MHCTBEHO NpWU pasriexiaHe Ha
npouecute B ABete paboTHA MaWKHK, OT KbAETO NpPOM3THYa U BACOKATa CTEMNeH Ha [OCTOBEPHOCT U
TOYHOCT NpW CbBMnageHue Ha eKCrepuMeHTanHo CHetute AaHHn W pesyntatuie OT MOAENHU
eKCMepUMEHTI B Nporpamia cpesa Python Scipy.

Pesyntatute ca cuctemaTmmpadu  wno ca HanpasBeHu KOPEKTHU “3Boan Kacaeln
eKcnaoarayuoHHUTE OUHBMUYHN PEeXUMN Ha pa6o1‘a Ha KOpEGHMTe crnomaratesiHu XA PaBAUIHA
enemMeHTn U CucTemMu.

MpeAcTaBeHuaT MaTEMaTU4YECKU anapar, Makap i C/IOEH No CBOATA CHLYHOCT, ako BbAe
WHTErpupaH Kato nporpameH MoAen B onpefeneH KoHTponepeH NPOAYKT u/vunun Scada cuctema,
Moe da 6bpe u3Non3saH KaTo AAeKBaTeH WHCTPYMEHT 33 v3BbpliBaHe Ha eKcnpecHa
TepMOAMHAMUUYHA OUEHKA MO OTHOWEHNWE Hd TexXHMUECKATa AMArHOCTUKA Ha KOpabHW MaMHW ¢
CHOPBIKEHNA.

OT Ka3aHOTO MO-rOpe MOXe Aa Ce 3akatoun, He € WM3N0N3BaH KOMMIEKCEH MOAXOA NpH
olUeHABaHe Ha pesyntatute OT nposeaeHnUTe eKCrepuMeHTanHu nscnegsanva. VsnonssaHute
YTBBPAEHU M3CNEA0BATENCKN METOAN, KaKTO ¥ BMAA 1 Ka4eCTBOTO HA NPeaCTaBeHnTe pesyntatn HE
JaBaT OCHOBaHVe 33 CbMHeHue B AOCTOBEPHOCTTA UM, @ NO-CKOPO [OKa3BaT TAXHaATa OPUrMHANHOCT
W AOCTOBEPHOCT.

6. MPUHOCK Ha JOKTOPAHTA.

[LOKTOPaHTLT & Gopmyanpan NpUHOCH, KOWTO Ca pasdeneHu Ha ABe rpynu — HaydHO-
NPUAOKHI 1 TaKKBa C ANPEKTHO NPaKTUYECKO NPUNOMKEHHE.

B Ta3| YacT NpremMam npeTeHLMUTE Ha KaHANnAaTa, ye B NPEACTABEHNA AUCepTaLNOHEH TRYA
AMMCBAT YWUCTO HAy4HW MPUHOCH, KaTo npeAcTaseHuTe NPUHOCK ca rpynupaHu N CTPYKTYpUpaHu 8
KOPEKTHa NOCNe0BATENHOCT CbI/IAaCHO U3OKEHUETO B AUCEPTALUOHHNA TPYA.



BcuuKK NpuUHOCKH Ca oboCcHOBaAHKM U MMaT HECBbMHEHO 3HavYeHue 3a pa3BUTMETO Ha mertoauTe
33 TeXHUYEecKka AuarHocTuka, TeXHN4YeCKo O6Cﬂ\/H<BaHe M PemMoOHT Ha KOpa6HMTe cnomaraTtesiHu
XUAPABAUYHU eJIeMEeHTU U cucTemn.

Mpu npoBeAeHW pasroBOpU C HayuyHWTE DBKOBOAMTENN HA [AOKTOPAHTa, AMUCKyTUPaxme
HeroeuTe AOE0BM  KayecTBa W HErosute crnocoBHOCTM 3@ NAaHWpaHe W NpoBeXJaHe Ha
CUCTEMAaTU3NPaHU HAYYHU U HAYHHO-NIPUIOXKHN u3cneBaHna. 3aTebpanxa ce MouTe MbpBOHAYaNHU
gneuatneHua 3a gobpara nNoaroToBka W BUCOKWTE npo¢GecMoHanHn Kadyectsa Ha Mar.uHx. MNeTtxko
Topopos MMeTkos. Cuutam, 4e pobpe nosHaBam HaydHuTe u3cneABaHUA W TemaTtukata Ha
npobaemuTe, pasrnexnaHu ot npod. Neivo Lumos Tomos 1 npod. boxoc PyneH AnpaxamaH 1 Ha
nO-ronsMaTa 4acT oT TexHute AOKTopaHTh. C yBepeHoCT mora [a TBbPAA, Ye B npesnoXKeHua 3a
peugHavpaHe AuCepTauvoHeH Tpya, /vt coBCTBEHVA MOYEpK Ha [OKTOpaHTa, KakTo B
U3NOMEHWeTO, Taka M 8 MNpoBeXAaHeTo Ha excnepumenTute U obobuiaaHeTo Ha noay4eHuTe
pesyatatv. JIMUHUAT NPUHOC HA Mar.uHX. Metko Topopos [1eTKOB 3@ YCNEWHOoTO peanusmpaHe Ha
Le/Ta 1 334a4NTe B AUCEPTALMOHHNA TPY L, HE NOANEHN HA ChMHEHNE.

7. NMy6anKauum Ha AOKTOPAHTa NO Temara Ha AuceprauuaTa.

My6AMKYBaHUTE OT AOKTOpaHTa Mar.MHX. Metko Tozopos MNeTkos TpyAoBe NO Temata Ha
aucepraumaTa ca net. Moxe Aa ce cyuTa, He pesyntatute OT u3cneaBaHuATa Ha AOKTOpaHTa ca
MOAYYUIN CBOATA [NIACHOCT Cpes, cneumanuctTe. EgHa ot nybavkaumumte Ha [AOKTOpPaHTa €
CaMOCTOATEeNHa, npu ocTaHanute B CbaBToOPCTBO C Hay4HWUTE PbKOBOAWUTENN. MybnykauumTe
OTpa3fBaT M3LANO 3asBEHWUTE NPUHOCK B AVCePTAUUOHHNA TRYA. NMybanKkaunaTa Ha [AOKTOPAHTA,
KOATO MMa KacaTe/CTBO KbM rnasa Tpera oT AMCepTauMOoHHUA Tpya vma Aee MHAEKCUPaHU
LMTUPaHUA B SCOPUS.

8. AsTopedepar Ha JOKTOpaHTa.

AsTopedepaTbT Cbabpika martepuana ot OCHOBHOTO U3/IOMEHUE B NAKOHUYEH W ACEH BUA,
KaTo ca NpeacTaBeHU CbUlHOCTTa, UenTe, 3afadnte U MeToAonoruATa Ha npoBeaeHuTe Hay4HO-
NPUNOMKHY U EKCTIEPUMEHTA/THA uacneasarus. B kpaa Ha ceama rnasa ca MOCOYEHW U NPUHOCUTE Ha
JOKTOpaHTa B paspaboTeHua ancepTalnoHeH Tpy A, U3noxeHueTo e NpeACTaBeHo B pamkuTe Ha 32
cTpaHuuy. Ipadpurute U NOBEHETO cxemu ca uepHo-6enu, KoeTo 3aTpyAHABa TAXHOTO afeKsaTHOo
gbanpuemare — ocobeHo Wo ce racae A0 TepmorpapckuTe MeToau Ha nHbpayepseHO n3MepBaHe
Ha OTAENAHaTa TOM/IMHA OT XNAPaBANYHN MalUMHHK B3 1 00eKTH, TEKCTLT @ 0pOPMEH W N3rOTBEH
CHINACHO M3UCKBaHWUATA Ha MNpaBUAHMKA, NPUeT BbLB BBMY.

9. KpuTruHu Genexmkn n npenopurn KbM JOKTOPaHTA.

LLle oTBenema HAKOM HETOUHOCTH, KOUTO N0 CHWECTBO /1a Ca MaN0BaXXHW, HO MoraT Ad 6baaT
u3berHarTu, a UMeHHa:

- 3aABeHaTa Tema Ha guceptauusTa € PazpaboTeaHe 1 NPUNOKEHWE B eKCNA0aTALMOHHN
YCNOBUA HA HOB TEPMOAMHAMUYEH MeTOZ, 33 AMArHoCTUKa U KOHTPOA Ha oBeMHN XMAPABAUYHN
eNeMeHTM U CUCTeMM, MpWU HEeyCTaHOBEHM pemmmu  Ha pabota”, aokato B aucepTaumaTa ca
pa3rNeKAAHU PA3AUYHU METOANKK, KATO He CTaBa [lOKpait ACHO Aann AOKTOPAHTLT pasrpaHuyasa
NOHATUATA METOL U METOAVKA.

- ChluecreyBat HAKOU TEXHUYECKWU 1 revatH rpeLuKki, KOUTO [LOKTOPAHTLT € nponycHan aa
OTCTpaHu B LUANOCTHUA TEKCT Ha AMCEpTaU,HOHHMH TPVL4, npuaoKeHnaTa KbM HEro u aBToped)epaTa.



MonyyeHuTe pesyaTaTv ca MHTePeCcH! 1 MoMe3HU 33 WWMPOK KPbr cneuuanncty obnacrra Ha
KopabonnasaHeTto U KopabopemoHTa. O Moe MHEeHWe aBTOPbT € MOCTbLNW/ MPaBUAHO KaTo ce e
OPVIEHTUPAA KbM MyB/AUKYBAHE Ha MO-BaXKHUTE HAYYHO-TNIPUIOMHU TNPUHOCK B MEXAYHapOa4HU
CNUCAHUA U U3LAHUA C UMNAKT-PaKTOP.

HanpaBernute 3abenexku No MNPEeACTaBeHWs MU PeLeH3WA AUCEPTaUMOHeH TPpyh He
omMasioBaXkasar cBbplleHaTa paboTa oT cTpaHa Ha JOKTOpaHTa.

3ARJTIONMEHWUE

MpeacTaBeHUsT TEKCT Ha AMcepTaumnsTa oT mar.uHxX. lMetko Togopos lNeTkos npeacTasnAsa
LANOCTHO 3aBbplueH Tpya € MoAdYepTaH Hay4YHO-MPUNOXKEH Xxapaktep. [llonyyeHuTe pesynTaTu
HeCbMHEHO LLe JONb/HAT HaanyHaTa 6as3a oT AaHHU BbpXY TeMUTe Ha TeXHUYecKaTa AnarHoCcT1Ka Ha
KopabHy  cnomaratenH  XMAPaBANYHM  MalMHKW W CbOPBXEHWA, KaTo  M3rpajeHute
eKCnepumMeHTanHn CTeHgoBe morat Aa O6baat ycneuHo usnosisBaHyn B npoueca Ha npakTU4ecko
obyueHue Ha KypcaHtuTe n crygeHTute oT BBMY. ObembT Ha gncepraunATta € HanbaHO A0CTaTbYEH,
NONYYEHMTE Pe3ynTatv ca AOCTOBEPHW, a rMpOoBeAEeHUTE aHaiM3vM M HanpaseHwute w3BOoAWM Ca
Noryyecky cebpsaHu 1 nobpe obocHosaHu. Marwmmk. lNeTko Togopos [1eTKoB e 4eMOHCTpMpan
ceoute ymeHua aa Gopmyavpa Tesm v ga npasv obocHoBaHu n3sogn. Cumtam, Ye OOKTOPAHTLT
YO0BNAETEOPABA BCUYKM M3MCKBAHUA Ha 3aKOHA 3a PasBUTME HA aKaAEMWYHMA CbCTas B Penybaunka
BEbarapus, Ha MpasuaHUKa 3a HErOBOTO NMpusiaraHe, KakTo U Ha NpueTua BbB BBMY [pasunHuk, 1
YTBBPAEHUTE B TAX KOUTEPUM 3a NONyYaBaHe Ha 06pa3oBaTesiHa U Hay4Ha CTeneH ,A0KTop”.

BcuuKo ToBa MU JaBa OCHOBaHMe, 0e3 HMKAKBO CbMHeHUe, Aa NpeasioXa Ha yBarkaemoTo
Hay4HOo sKypy Aa Npucham Ha mar.uHX. Metko Togopos Metkos obpasosaTenHarta v Hay4Ha cTenex
LOOKTOP® MO HaydHa cneumanHoct ,KopabHu MawmHu 1 mexaHusmu“, npodecroHanHo
Hanpasnexue 5.5. , TpaHcnopT, Kopabonnasaxe v asuauua”.

01.09.2023 r. PEUEHZOHT! suvvucinossssnsssesssssosssmmnnnssosanrrmnannnnsesassnnasas

rp.BapHa /K-H | paur o.p. npod. a-p KOanan Bacunes Mockos/
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This review was prepared in connection with the announced procedure for the public
defense of a dissertation thesis on the topic "Development and application of a new method for
thermodynamic diagnostics and control of volumetric hydraulic elements and systems" for the
acquisition of an educational and scientific degree "doctor” in a scientific specialty " Marine
machinery and mechanisms", professional direction 5.5. "Transport, Shipping and Aviation". The
dissertation was developed by M.Eng. petko Todorov Petkov, doctoral student at the Department of
“Ship Engines and Mechanisms" of the Naval Acaademy - Nikola Yonkov Vaptsarov. The review was
prepared in accordance with the RSASR, the regulations of the Council of Ministers for its
implementation, and the relevant internal regulations of the NVNA.

1. General description of the dissertation work and the presented materials.

The text of the dissertation consists of 126 pages, including 51 figures and 11 tables. The
main results and conclusions are indicated at the end of each chapter . The same, together with the
contributions, are summarized in the last VII section of the dissertation work. A total of 97 literary
sources are cited, of which 28 are in Cyrillic and 69 are in Latin. The layout is in accordance with the
announced requirements without any comments.

The doctoral student studied and graduated from the NVNA in the period 2004-2009, after
which he started working in the Ministry of Defense system. After 2011 goes into the reserve,
exercising a civil engineering profession in the field of trade with, design, testing, commissioning and
servicing of hydraulic elements and systems until the beginning of 2023. The dissertation, the
relevant appendices to it, an abstract, copies of the author's publications on the subject of the
dissertation, an autobiography and an individual study plan for the preparation of the doctoral
student are presented, which exhausts the full set required by law. The documents were developed
and implemented in the form and time frame according to requirements.

7. Relevance of the developed problem in the dissertation work.

Hydraulic elements and systems for propulsion and control are becoming more and more
widespread in the field of shipping and marine transport. At the same time, manufacturers and
operators of hydraulic equipment are set clear goals and objectives to continuously increase the
efficiency of the energy conversion process and minimize energy losses. The requirements for
environmental compliance of hydraulic equipment are increasing exponentially, because common




working fluids that are used to transfer energy are a dangerous pollutant for sea lanes. The
relevance of the problem addressed in this dissertation concerns the use of the thermodynamic
approach as an alternative, fast, accurate and reliable method that can be easily adapted and used
to diagnose a specific hydraulic element or the hydrosystem as a whole, by using accessible
measuring instruments for temperature. In the dissertation work, the dynamic reactions and
changes in behavior that characterize almost all modern temperature measuring instruments, and
which introduce additional difficulty into the monitoring and control of the hydraulic equipment by
personnel, have been identified and accounted for. | believe that the topic developed in the
dissertation is current and promising from the point of view of practical implementation and
application.

3. Knowing the state of the problem from the PhD student.

The dissertation is dedicated to the development and application of a new method for
thermodynamic diagnostics and control of volumetric hydraulic elements and systems. This type of
ship's auxiliary systems, such as structure and functionality, differ significantly in transport ships and
warships, for example, but retain their basic similarities when operating in dynamic operating
modes. On the other hand, the main factors for maintaining the reliability and safety of the ship are
the correct technical operation and preventive maintenance, with the aim of prevention to avoid
unforeseen repairs and the occurrence of emergency situations on board.

The doctoral student M.Eng. Petko Todorov Petkov has made a thorough review of the most
commonly used and known methods for technical diagnostics and service. On this basis, he
formulated conclusions determining their nature and applicability. The main factors affecting the
choice of measuring equipment and tools for temperature measurement are defined and
summarized. This has allowed him to comprehensively synthesize the purpose of the research and
scientifically based tasks to be performed, in the implementation in the dissertation work.

The research in the dissertation thesis is planned after a thorough and critical analysis of the
accessible volume of developments, available literature and scientific publications. In the review
part, special attention is paid to topics from: Fluid Mechanics, Thermodynamics, Electrotechnical
Machines and Electrical Measurements, Theory of Control and Automation, Thermographic Analysis.
A comparative analysis of selected temperature sensors was made, taking into account the time
constants of the instruments in real dynamic working conditions. The doctoral student
demonstrated a complex knowledge of the issues on the topic of the dissertation work, which is a
necessary condition for the successful achievement of the goal and tasks.

4. Tasks and expediency of the developed and proposed method.

The goal set in the dissertation work is "Development and application in operating
conditions of a new thermodynamic method for diagnosis and control of volumetric hydraulic
elements and systems, under undetermined operating modes" and five tasks are formulated
through which it will be realized. The main research is related to the study of the influence of
dynamic mode factors on the energy costs and reading of the changes in the heat balances of the
individual hydraulic elements and hydrosystems. The well-formulated goal and tasks, as well as the
applied systematic approach to their implementation, are impressive. The presentation is logically
consistent and connected, and the conclusions are made in a reasonable manner, in agreement and
confirmation with the obtained experimental results. The complex research approach used is
appropriate and fully meets the purpose and tasks of the theoretical and experimental research.

5. Analysis and evaluation of research in the dissertation work.



The experimental activity carried out by the doctoral student, M.Eng. Petko Todorov Petkov
and reflected in the dissertation work, is conctuded in a study of the influence of the dynamic
characteristics of temperature measuring sensors on the accuracy and time constants of the
processes. The research was conducted on the territory of the Department of "Ship Engines and
Mechanisms" at the Faculty of Engineering of VWMU, with the help of existing test stands, but also
on a newly built test stand, with the data recorded and archived in digital form.

it was found that the values of the obtained results for the temperature of the working fluid,
the pressure and consumption of the working fluid, as well as the revolutions of the primary drive
electric machine are characterized by a certain degree of uncertainty, especially when the machine
unit passes through dynamic transient operating modes. It is worth noting that the doctoral student
also resorted to recording and studying the electrical quantities, which implies full tracking of the
energy conversion process in the two working machines of the driving electro-hydraulic unit. The
proposed integral indicator of the mode - cycle efficiency - only makes sense when considering the
processes in the two working machines, from which the high degree of reliability and accuracy in
matching the experimentally recorded data and the results of model experiments in the Python
programming environment derives . SCipy .

The results have been systematized and correct conclusions have been made regarding the
operational dynamic modes of operation of the ship's auxiliary hydraulic elements and systems.

The presented mathematical apparatus, although complex in nature, if integrated as a
program model in a certain controller product and/or Scada system, can be used as an adequate tool
to perform an express thermodynamic assessment regarding the technical diagnostics of ship
machinery and equipment.

From the above, it can be concluded that a complex approach was used in evaluating the
results of the conducted experimental studies. The established research methods used, as well as
the type and quality of the results presented, do NOT give reason to doubt their credibility, but
rather show their originality and credibility.

6. Contributions of the PhD student.

The PhD student has formulated contributions that are divided into two groups - scientific
and applied and those with direct practical application.

In this part, | accept the candidate's claims that the presented dissertation lacks purely
scientific contributions, and the presented contributions are grouped and structured in a correct
sequence according to the exposition in the dissertation.

All contributions are justified and have an undoubted importance for the development of
methods for technical diagnostics, maintenance and repair of marine auxiliary hydraulic elements
and systems.

During conversations with the doctoral student’s scientific supervisors, we discussed his
business qualities and his abilities to plan and conduct systematic scientific and scientific-applied
research. My initial impressions of the good preparation and high professional qualities of M.Eng.
petko Todorov Petkov. | believe that | know well the scientific research and the topics of the
problems considered by Prof. Peycho Dimov Tomov and Prof. Bohos Rupen Aprahamyan and the
majority of their doctoral students. | can say with confidence that in the dissertation work proposed
for review, the doctoral student's own handwriting can be seen, both in the presentation and in
conducting the experiments and summarizing the obtained results. The personal contribution of



M.Eng. Petko Todorov petkov for the successful realization of the goal and tasks in the dissertation is
beyond doubt.

7. Publications of the doctoral student on the topic of the dissertation.

published by the PhD student, M.Eng. Petko Todorov petkov has five papers on the topic of
the dissertation. It can be considered that the results of the doctoral student's research have
received their publicity among specialists. One of the doctoral student's publications is independent,
the others are co-authored with the scientific supervisors. The publications fully reflect the claimed
contributions in the dissertation work. The PhD student's publication, which relates to chapter three
of the dissertation, has two indexed citations in Scopus .

3. Author's abstract of the PhD student.

The abstract contains the material from the main presentation in a concise and clear form,
presenting the essence, goals, tasks and methodology of the conducted scientific applied and
experimental research. At the end of the seventh chapter, the contributions of the doctoral student
in the developed dissertation work are indicated. The exposition is presented within 32 pages.
Graphs and most diagrams are black and white, which makes it difficult to perceive them adequately
- especially when it comes 10 thermographic methods of infrared measurement of heat released by
hydraulic machine units and objects. The text has been designed and prepared according to the
requirements of the Regulations adopted at the NVNA.

9. Critical notes and recommendations to the doctoral student.

| will point out some inaccuracies that are essentially unimportant but can be avoided,
namely:

- The stated topic of the dissertation is "Development and application in operating
conditions of a new thermodynamic method for diagnosis and control of volumetric hydraulic
elements and systems, under undetermined operating modes", while the dissertation examines
different methods, and it is not entirely clear whether the doctoral student distinguishes between
the concepts of method and methodology.

- There are some technical and typographical errors that the doctoral student failed to
correct in the overall text of the dissertation, its appendices and the abstract.

The obtained results are interesting and useful for a wide range of specialists in the field of
shipping and ship repair. In my opinion, the author did the right thing by focusing on publishing the
more important scientific and applied contributions in international journals and publications with
an impact factor.

The remarks made on the dissertation work presented to me for review do not detract from
the work done by the doctoral student.

CONCLUSION

The presented text of the dissertation by M.Eng. Petko Todorov Petkov represents a
completely finished work with a marked scientific and applied character. The obtained results will
undoubtedly supplement the available database on the topics of technical diagnostics of ship
auxiliary hydraulic machines and equipment, and the constructed experimental stands can be



successfully used in the process of practical training of the cadets and students of the VVMU. The
volume of the dissertation is completely sufficient, the results obtained are reliable, and the analyzes
conducted and the conclusions drawn are logically connected and well-founded. Mag. Eng. Petko
Todorov Petkov has demonstrated his skills in formulating these and drawing reasoned conclusions. |
believe that the doctoral student satisfies all the requirements of the Law on the Development of
the Academic Staff in the Republic of Bulgaria, the Regulations for its implementation, as well as the
Regulations adopted at the VVMU, and the criteria established therein for obtaining the educational
and scientific degree "doctor".

All this gives me reason, without any doubt, to propose to the respected Scientific Jury to
award M.Sc. Petko Todorov Petkov the educational and scientific degree "PhD" in the scientific
specialty "Ship engines and mechanisms", professional direction 5.5. "“Transport, Shipping and
Aviation".
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