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BbLPXY IHCEPTALHOHEH TPY/ 3a NPHA0GHBAaHe Ha 00pa3oBaTe/IHA H HAy4YHA
crenel "JlokTop' B 06s1acT Ha BHCLIe oOpaszoBanue 5. TexHHYeCKH HAYKH
npogecHoHa Ho HanpaBienue 5.1. Mamuuno HH/KEHEePCTBO

Hayuna cneunannocr ,, ABromMatusipanu cuctemi 3a 00paboTka Ha

HH(pOpMaLs U ynpaBieHue"
ABTOP: Mar. HHK. JloMHHNKA Jlotapu
Tema Exos1oruyna ycroiiunsoct na uugpoBU3NpaHo

AMCKPETHO NMPOU3BOACTBO B KOHTeKeTa Ha Industry 4.0

Peuensent: npo¢. a-p nn. Aumutsp lamsinos

LLAKTya/HOCT Ha paspaboTBanus B AHCEPTALHOHHHS TPY/] NpodJiem.

Bsaumogeiictenetro Ha edektute ot Hanpeasawarta rnobanusauma u
Industry 4.0 ¢ HeobxoAMMOoCTTa OT necteHe Ha €Heprua, pecypcm u BoAa,
MPUYMHEHN OT noTpebneHUeTo Ha orpaHuMyeHun W3Konaemm ropusa, e
dBaHrapAHa M3cnefoBaTe/ICka TEMa M € YacT OT HAKOW BayKHU CbobparkeHuns s
obnacTtra Ha npoMULWAEHOTO (AnckpeTHo) npoussoacTso.  [lormaHato or Tasu
cTpana npoOiiema e aktyaies. [lpunimnure na NPHIOKEHHUE U3UCKBAHUATA HA
Uuaycrpus 4.0 ca  mskmountento AKTYaJIHH  KakTo B HAy4yeH, Taka M B
IPWIOKCH ~ HA4YMH Ha pasrjiexiaaHe M H3c/eaBaHe. OnpejieneHo  Takasa
pa3padoTka € HaBpeMmeHHa, MOJCpHA W 110/Ie3Ha 3a HayKata M 0coOCHO 3a
MpakTUKaTa. st HAMHpPa CBOETO MACTO M B 061aCTTA HA BUCOKO TEXHOJIOTMUHUTE
CHCTEMH, QYHKIHOHHPALIH KATO KOMIIOHEHT B Kubep cucremure.

[Ipoyuen u anannsupan e MpodJiemMa 3a ChbCTOSIHHETO HA WHIIy CTpHATHATA
ABTOMATH3alns  Ha ChINECTBYBAIUM JeiHHOCTH W mpouecn. Ha Tasm 6asa ca
HIICHCHH MCTOMTE M BB3MOKHOCTHTE 3a 10100psiBaHe e(CKTUBHOCTTA UM
dpe€3 HOBH CbBPECMCHHM TCXHMUYECKH PCLICHMS B YCJIOBMSTA HA €KOJOIMYHA
cpeaa.  OT Tasu rieiHa TouKa JAOKTOPATHT Ch/IbPIKA 3HAYUTECIHU PE3E€pPBH B
HOBHILABAHE HA TeOpeTHYecKaTa M MHpakTHYecKata My Ce(PEKTHBHOCT 110
OTHOLICHME Ha HEroBaTa MamabHOCT, a ChIO TaKa U KaTo M0/X0J 3a pelaBane
Ha KOHKPETHUTE 3aja4u OT TakbB Xapaktep. Olie noseye, ye NpodJaeMbT ¢
HPHIATaHETO M M3M0/I3BAHETO HA HOBH (DOPMHM . MOJAXOAM M METOMH 3a
AHTHTAIN3ALNS  HA  BHCOKO aBTOMATH3MPAHUTE  TEXHOJIOTMYHH CHCTEMM
CBUCTAHN € CKOJOTHYHUTE 1po0IeMi ¢ eHa Kpauka Harpe/l U B MOBUIIIABAHE
ABTOMATH3allMOHHOTO MM HHUBO. B TO3M  CMHCBIL paspaboTBanero H
PUJIAraHeTO HA HOBM  MOJAXOJM 33 YChBBPUICHCTBAHE HA ABTOMATHU3UPAHUTE



HHIIYCTPHAJIHH CHCTEMH 3a YIIPABICHHE € He Camo AKTYaJIHO, HO M MOJIE3HO 34
HayKaTa u NpakTHKaTa npe/uloKeHie | MPUJIOKEHHE

2.CTeneH Ha mo3HaBaHe CbCTOSIHHETO Ha npodJeMa H TBOpYecKa
HHTEpNpeTauus Ha JIMTepaTypen mMartepuaJ
JncepratmonnusT tpya e B odem or 203 CTPaHULIM, KaTO BKIIOYBA YBO/L. 6 [JIaBH 3a
PCLLIABAHE Ha (OPMYIMPAHUTE OCHOBHM 3a/aui. CIIHCHK HA OCHOBHHTE [IPUHOCH,
CIIMCBK HA 1MyOIMKALMKTE 110 MCEpTaIsITa H H3110/13BaHA Jaureparypa. [lntnpann ca
0010 298 jiTeparypHI H3TOUHMIL, KaTo BCHYKH ca Ha jatunuia . Paborara BKousa
000 onpeiesien Gpoii urypu u tabamim. karo HoMepara Ha UIypHTE U Tad MIHTe
B aBTopepepara ChOTBETCTBAT Ha Te3u B AMCEPTALMOHHUS TPY/L.  AHAIM3HMPaHO €
AOCTUIHATOTO J0Cera B Tasd o01acT M Ha 6asara Ha aHATHTHYHM H3BOJIM ca
hopmysmpann nesmre 1 3anadite Ha Ancepratmonnms tpyst. Ipu topa npoGrnemsb e
CBCACH M KOHKPETM3MPAaH —camo JI0 NPELIaraHeto Ha Mojaxol M METO0JI0THS 34
HAMHPAHC W npWiaraHe  peiieHust  nesenm CKOJIOIMYHA  YCTOMYMBOCT Ha
LHPPOBU3NPAHO MCKPETHO MPOM3BOICTBO B KOHTEKCTa Ha Industry 4.0 Eto 3amo
CMSITaM, ue Taka popmy:Mpanara e Ha AMCEPTALMOHHHS TPY/L HAITL/HO OTTOBapsi Ha
paspaboTkara Ha J0KTOpara. [lokpuBa m31s710 chiHoOCTTa Ha U3BbplIeHara padoTa 3a
AHAIMTHYHO W3C/IC/IBAHE M MPUJIAraHe Ha HOBM METOMM 34 HPHIOKEHHE Ha
ABTOMATH3MPAHH TIPOLIECH B CUCTEMHTE Ha Wnnycrpus 4.0. Wi cb3nasa ce emn HOB
MO/IXONL HaJIOKWII ce B TeopusTa U npaktikara . [1{o ce otacs JI0 JIUTepaty pHara
OCBCIOMCHOCT Ha JloKTopaHTa 15 € j00pa. Ilpuiokena e J100pa [0C1e/10BaTeTHOCT
KAKTO 110 OTHOIICHME HAa  CTPYKIypara, Taka M B HAacoKa Ha oOxBara Ha
HH(OPMAIIOHHS Malephal B 00JacTTa Ha aBTOMAT3MpaHUTE CHCTEMH  3a
yHpasjieHue.. JIokroparst B 1031 ¢ci Bl PEIl, TOCICA0BATE/IHOCT HA M3JIOKCHHE |
CBIUIHOCT HAMB/IHO M34YEPIIBA MPE/BAPUTETHO 3a/1a1€HOTO YCJIOBHE Jla OTTOBOPH Ha
M3HCKBaHWSATA 3a 110JlyyaBaHe Ha oOpasoBare/Hara M Hay4yHa CTerneH “J0KTop™ .
OueHkara mMu e, ue AOKTOPaHTBT 1100pe 103HaBa CHCTOSIHMETO Ha mpodliema |
AHATMTHYHO M TBOPYECKH OLICHSBA W HHTCPIpETHpa  0030pHO-HHPOPMAITOHHUS
Marepuail. Msnomspa moaxoasimM nocTaHOBKM BbB BCHUKH eTari Ha pabora - or
aHa/za 10 u3BOMTE M hopmymMpoBkmTe. Hermo roseue - or To3u rojs 00em
uHbopmars, Toii MuOrO CHOAYHIHBO ¢ KOHKpCTH3Hpall Hpod/iema J10 H300p caMo Ha
KOMIIOHCHTHTE, CBbP3aHU C €KOIOTHSTA U BHCOKO ABTOMATH3HUPAHUTE CHCTEMH 3a
VIpaBJICHHE..

3.ChorBeTcTBHE Ha H30paHATA MeTOAMKA Ha M3CJeIBAHE
MOoCTaBeHATa LeJl M 321a4H HA IMCePTALHOHHHSI TPYA

Meronnkara 3a usciensane e CHOJIYY/IMBO M30paHa W 1oaxo/dia 3a
TaKbB BUIL e M 3a1aun. Ta e noaxoasina  3a TakaBa J1CiiHOCT. CBbp3aHa ¢
H3HO/3BAHCTO HA aHAIMTHYHA HHpOpMaLUs U CPaBHHUTEJIHH TEXHUYECKH
aHam3. Tst jlaBa OTrOBOp Ha MMOCTaBEHATA L] KAKTO ¢ 1300pa Ha 3ajaunTe 3a
PCUIABAHC, Taka W ¢ TAXHATA CIOKHOCT. 0OXBAT M [0C/IEI0BATEIHOCT HA
paspaborsane. JloGpe ca wuscieaBanu u AHAJIM3UPAHU  O0COOCHOCTHTE Ha
CHBPCMECHHHTE yCIIOBHSL, B T.4. €TANUTE 32 NPAKTHYECKO 1 TCOPETHYHO Pa3BUTHE
Hd dBTOMATH3MPAHUTE MPOM3BOJACTBEHH  CHCTEMH. M CHCTEMHATa 1



OpraHu3allMoOHHATa UM Bpb3Ka € aBTOMATH3ALMOHHUTE HUBA HA TE3H OT
Muaycerpus 4.0. M3cieBann ca OCHOBHUTE eTani. B KOMTO Bb3HIKBAT Smart-
KOHUCIUMH  BOJICUIM 10 ObP30 YChBLPUICHCTBAHE HA  ChBPEMEHHH CHCTEMM.

Ha Tasn Gasa m no to3m naumn 106pe ca (GopMmyMpaHu U OCHOBHHTE

3a1a4u, CBJAbpIKAIIH CBIIHOCTTA Ha AOKTOpara. M'S‘]Cpﬂa'lt‘.'ll'lo Ca H3ACHCHH
TCOPCTHKO-MECTOOJIOMMUYCCKHTE  aCleKTH Ha MoJAX0/la 3a peuaBaHe Ha
npo(’mema. Ha JIUIE €© BB3MOKHOCT 34 ThpCCHC HA HOBH (l.)OpMH U HAYHUHH 3a

BKJIHOYBAHE HA MOJICPHU PEUICHHUS B TO3M €KOJOTHYHO JUIMTAIN3alHOHEH
npouec. Teopernyeckn e 060CHOBaH W300PBLT Ha MOAX0/1a U CHOJIYYJIMBO
ca (hopMyJIMpaHH YCIOBUSTA H BB3MOKHOCTHTE 32 arnpoOHpaHe u npujaraie Ha
noaxoaa B mnpaktukata. JloOpe e Qopmyimpana nocie10BaTeHOCTTa Ha
PCAIM3ALNATA HA MOAXOJa M M3MCKBAHMATA 110 OTHOUICHHE HA YCJIOBHSATA 3a
HCTOBOTO NPHJIOKEHUC C OYAKBAHUTE TEXHHYECKH M MKOHOMHYECKH e(eKTH.
CronmyuiuBo ca onpejesneHH TpaHHLHTE HAa 00XBATA M BBH3IMOKHOCTHTE 34
OLCHABAHC Ha NpaKTH4eCcKaTa My NpuaoKkUMocT. HanpaBen € u onuT 3a oleHka
Ha TCOpETHYCCKATA 1 MPAKTHYECKATa MPUIOKHMOCT Ha pa3paboTeHust 11podJiem
upe3 anpodupane Ha noaxoja.. CrnoayuwiuBu u MPUEMIIMBH Ca OLCHKUTE M
AOKA3aTe/ICTBATA KAKTO 10 OTIC/IHH I7IaBH, TaKa U KaTo LSIIOCTHO MPE/ICTaBsHE.
4.0ueHKa Ha eCTECTBOTO H 1I0CTOBEPHOCTTA HA MarepHaJjia

MarepuaiabsT, BbpXy KoiiTo e M3IrpajicH JIOKTOpata € J0CTOBCPEH.
Oasupail ce Ha ChbBpPEMEHHH npodJieMu 0T aBToOMaru3auMoHaTa M
CKojloruyecka  npaxktuka. Tosa ca aktyalHu npoGsieMH. KOMTO H3HCKBAT
HCNPCKBCHATO HAOJIOJICHHE, aHAIN3 M pELICHHE, M KOMTO 3a B ObjCIIE C
Pa3BUTHECTO M IIPUJIOKEHHUCTO HA HOBM C [0 BHCOKO TEXHHUYECKO HHBO
ABTOMATH3NPAHU CHUCTEMH 3a YIPABJICHHE U KHOEP-CUCTEMUTE 1iIe NIPU100HuBaT
BCE M10-roJIsIMa 3HAYUMOCT.

S. [IpHHOCH HA IHCePTALHOHHUS TPy

[IpuHocHTe ca ¢ HayuHO MPUIOKEH U NPUIOKEH Xapakrep.

5.1.Hay4HO- NPUNOKHU NPUHOCHK.

1. leduHupar e noaxops 3a paspaboTsaHe U BHeApABaHE HA AWUIMTaNHM
PEWeHnA B ANCKPETHOTO NPOU3BOACTBO, 6a3MpaH Ha XONMCTUYHUAT nornep,
BbPXYy NPOM3BOACTBEHMA NPOLEC M NOCNeABaLLad CneuManmsauma Ha TemuTe u
TAXHOTO pa3npejenfHe KbM CbOTBETHM BU3HEC AW NPOU3BOACTBEHU 06NaCTU.
Tosa BoAM A0 NogobpeHa yCToMUMBOCT BB BCUYKM (asu, A0 MUHUMU3UPAHE
Ha 3arybaTta Ha pecypcu 1 3aMbpCABaHETO Ha OKO/HATa cpeaa, MoBMLWasaHe Ha
eeKTMBHOCTTa, BbBEXKAAHE Ha MHOBATUBHMU NPOLLECH U BU3HEC Mmoaenu.

2. Onpepenenn ca Tpute cTbnb6a Ha XOAUCTUYHUAT noaxon Kbm
€KO/MIMYHATa  yCTOMYMBOCT, KOETO MOXe Ja 6bae MnocTUrHato ypes
noBuWwaBaHe Ha OCBEAOMEHOCTTa M BbBeXAaHe Ha NpobsemuTe Ha OKONHATa
cpefa B 06pazoBaHMNeTO M eeAHEBUETO (CouManHa yCTOMYMBOCT), BbBEXKAaHE
Ha MHOBATMBHM BM3HEC MOAEM (MKOHOMMYECKa YCTOMYMBOCT) U XOAUCTUYEH




nornes Ha Temata B NPOW3BOACTBEHMA CeKTOp (crpagu, npouecu, pabpuku u
Ap.).

3. YcTaHOBEHO €, Ye HaW-BaHUTe OTNPaBHM TOYKM 33 3HAUMTENHO
noBULLIABaHe Ha €KON0rMYHaTa YCTOMYMBOCT Ypes aurutanmsauma s Industry 4.0
ca:

® MWHHMH3HPAHE HA OTNAIbINTE (Ha CHEPIUsl, BO/IA H PECypCH)
® HamajlgBaHC Ha MOTPEOJIEHMETO yYpe3 NOBHINABaHE Ha e(EKTHBHOCTTA Ha
MHCTAJIALMUTEe U CrpaauTe, ONTHMHU3UpPAHE HAa BEPUTHTE 3a JIOCTABKH M
110/100psiBaHe Ha Jn3aiiHa N HHKCHEPUHIA C aKLIEHT BLPXY YCTOIMMBOCTTA.
® HaMalsBaHC HA 3aMbpPCABAHCTO UPE3 M3I0JI3BAHC Ha Bb30OHOBIEMA
CHECPIrUs, ICHEPUPAHC HA CHHEPTUYHH eEKTH U U3I10/3BaHe HA HHOBATHBHH
MPOLECH U MaTepHAJIH.
¢ ONTUMHM3MPAHE HA M3IMOJ3BAHETO HA MATCPUAIIN UPE3 Ola3BaHe, ClO1eIsHE,
JM3UHI U MOJI00PEHH METOAM 3a PEUHKIMpaHe. KaKTo M M3I10J13BaHe Ha
[poLecH 1 00opy/IBaHe 3a NeCTeHE Ha PeCy peH.
5.2.11pHJ10KHH IPHHOCH
1.ApantvpaHn 3a npaktMyecka ynotpeba 3a nosBMWaBaHe  Ha
edeKTMBHOCTTa Ha AMCKPETHOTO NMPOW3BOACTBO Ca MHTEMIEHTHU CUCTEMM 33
ynpasneHue Ha eHepruAata “ nogobpeHo naaHWpaHe W KOHTPOA Ha
NPOU3BOACTBOTO Ype3 HabngeHUe Ha UMPPOBOTO NPOM3BOACTBO Ha BCUUKM
eTanu.

2. ﬂ,OKa3aHO €, 4e npunaraHeTo Ha KpbroBa MKOHOMUKA U KpPbroso
ynpas/sieHne € CUIHO NPEeNnOPbBUNTE/THO 33 XO/IMCTUYHUA npernegn

3. EKCNepMMeHTMPaHO e B peasiHu yC/lI0BMA M [0Ka3aHO Ha NpPaKTUKa, ye
metoauTe Lean Green u Green loT moraT 3Ha4MTeNHO Aa HamanAaT 3arybaTa Ha
pecypcu, Ypes usnonssaHe Ha poboTu, U ronsma YacT OT eHepruaTa MoXke Aa
6bae cnecrexa.

4. N3BbplUiEHa e eMNMpPUYHA NPOBEPKa Ha TeopeTnyHaTa GOPMYyAMPOBKA Ha
npobnema 3a onpeaensHe Ha TOUKWUTE Ha 3aryba Ha AMIMTAAM3AUMA HA UANATA
BepuMra Ha CTOMHOCTTa, KOATO TMOKasa, 4Ye 3a npakTuyecka ynotpeba
WHOBATUBHUAT 6OM3HEC MoAen B KOMBMHAUMA C  HAKONKO AUIUTaNHM
MPUNOXKEHUA € YECTO NPUNATraHO U CUIHO NPENOPBUYNTENHO pPeLleHune.

5. KombuHaumata oT MHOBATUBHM MPOU3BOACTBEHMU CUCTEMM U METOAM Ype3
AUTUTann3npaHu Bpb3kn upes CPS (kubep-dusmyecku cuctemn) u Hosw,
UHTEUTEHTHWU, OUTUTANIM3MPAHN U MPEKOBU MPOU3BOACTBEHM TEXHONOTUU U
MaTepuanan e CUNHO NPenopbUYUTE/IeH.

[Ipnemam Benuku 8 npunocu. Te ca HayuHO NPUITIOKHU U TTPUITOKHHI U CE
CBCIKIAT J10 JIOKA3BaHE C HOBM CPEIACTBA HAa CHUICCTBEHW HOBH CTpaHH B
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ChUICCTBYBAlH Hay4HH llpO6J]CMll H TCOpHH. Or 1ax 3 ca €  HayyHo
[TPUITOIKCH XapakTep u 3 :€ [TPHJIOIKCH

XapakTep Ha npuHOCHT

Benuky npunocn ca ¢ mayuno npuioxken n NpUJIoKeH Xapaktep. Te ca or
TaKoBa CCTECTBO, Y€ OCBEH TEOPETUYHATA UM TOJIC3HOCT MOTAT J1a ce H3M0/13BaT
M B TIpakTHkara. 0cobeHo 3a pabota che cryienture Tsxnata MPHITOKUMOCT
0e3cnopHo e Obe Moje3Ha M 3a  CHeHalHCTHTC, 3aHUMABAIllH Cce C TE3H
MpoOJIeMH.

3HayumocT Ha MPpHHOCHTE

AHAIM3BLT HA IIPHHOCHTEC IOKa3Ba 4€ T¢ ca 3HAYUMH KaKTO 3a HayKara, Taka
H 3a npaxktukara. Te e JAOTIpUHEecaTr 3a pastiupsiBaHEe Ha I[103HAHUATA B
obmnactra Ha IMPHITOKCHHUECTO Ha  YCBBBPUICHCTBAHH ABTOMATH3HPpAHH
IIPOU3BOJACTBEHH CHCTEMH 3a yhpaslieHe u uie odorarsar HAYYHHUTE
H3CIe/IBaHus B Ta3u 00J1acT. Ille AOINPHHECAT M 3a M3SICHIBAHETO U
(bop.mipanem Ha H3UCKBAHHS 3a Chb3/laBaHe Ha YCJIOBHA 3a MOBUIIIABAHE Ha
MCTOIMYCCKHUTE MO3HAHUS 110 TO3H ﬂpO6II€M. ToBa HecbMHEHO ¢ U roasmara
TCOPCTHKO-TNIPAKTHYECKA [10JIE3HOCT Ha JAOKTOpara, a CKCIICPUMCHTAJ/IHUTE
pPE3yJITaTu JloKas3Bar I10 663(2]']0})6” HA4YuH C(beKTIIBHOCTl"d 0T OBJCLIOTO MY
IIPHIIOKEHHE B [IpaKkTHKara.

6.0Ouenka 3a CTENEeHTAa HA JIHYHO yYdyacTHue Ha AHCEPTAHTA B IPHHOCHTE

OueHkara mu e, ue AHCCPTALMOHHUSA TPYJL M IPUHOCHTE ¢a JIMYHO /110 Ha
AOKTOPAHTKATa C MOMOIITA HA HETOBUTE HAYYHH  PbKOBOJAUTEIN. M3Opanns
METOIMHECKN HHCTPYMEHTAPHYM € CKCHCPHUMEHTHPAH KaTo pesyJratiure ca ot
cepara Ha u3bpanu (upmu. Ipremam. ue Te ca J0CTATBUHM 33 TAKHB BHIL
Hay4HO u3cseaBane .Ilpu ToBa e ce oborarsaT 3HanusTa OT MPUJIOKEHUETO Ha
Ta3h MCTOJ10JI0THA B TBPCEHETO HA €PEKTHBHU pellCHMS.

7.1lpeuenka Ha nySaHKauUHTE MO AHCEPTAUHOHHHSA TPYA
OcHOBHH IMMOCTHIKCHHSI H pe3yiararu  oT AUCCPTAIIMOHHW A Py ca
myOJanKyBanu B 6 Ha Gpoii HayyHH myoauKannn, 4 0T KOMTO €a CaMOCTOSTEITHH,
O1 6 nyGamkaunn, 4 ca caMoCTosITe/IHM, a OcTaHAINTE 2 B CbaBTOPCTRO:
Ot Hanpasenute 06110 6 nyGHMKaIN [IPCLCHABAM, Y€ BCHUYKHUTE €A CBbP3aHH C
AokTopata. Ilpuemam, ye Benukute ca ot npodiiemMaTHKaTa Ha JIOKTOpaTa
8.M3noasBane wHa pesyarature or AHCEPTAUHOHHHS TpPya B
HAYYHATA H COLHAJIHATA NPAKTHKA
Pesysitatite o1 ekcneprmenTa ca noJokHTeIHN 1 MOraT Ce M3MoJI3Bart
B lIpaKTHKaTa . a CbUO Taka M B y4yeOuus npouec. Hsma oumano
IPHJIOKCHH JIOKYMEHTH 3a H3I10/13BaHE HA pe3yJITaTHTE B [IpaKTHKATa, HO Cce
3Hac, ue Te e ObaaT npejocTaBeHM 3a M3M0J3BAHE OT CTONAHCKH bupmu,
KOUTO Ca 3aHHTEPECOBAHM OT PELICHUETO HA TO3H MPOOIIEM. Hayunure u3Boau u
MTOCTAHOBKKH  MOraTt Ja ObJaT U3M0JA3BaHN H KaTO OCHOBA 34 [pO/Ib/I’KaBaHe Ha



HayuHata paboTa B pasiuupenme na 06xsara na ThpceHeto. 3a nesnra. B Objielle.
TpsidBa  ja  ce AOYCHBBPIIEHCTBA  METOL0J0THSATA 34 pakTHyecKara
HPHJIOKHMOCT Ha npeanoxenusita . OCBeH Topa. B CJICABALIMTE TOJAMHU Ja ce
IPOABIKK  padoTata B Tasu Hacoka Karto CC  HaNpaBsAT JIOMbJIHUTEIHH
M3CACABAHNA J1a ce 10pa3paboTaT U NPeToKaT H HOBI pelLICHMSI.

9. ABTOpedepar

3a aBTopedepara ca crazenu BCHYKH ~ M3MCKBAaHMS Ha 3aKkoHa 3a
PA3BUTHC Ha aKaJICMUYHUS CbeTa B P i [paBuanuka 3a npuioxkennero My B
TY-Codus 3a ojydaBane Ha oOpasoBaTe/iHata u HaydHa cTernen . JloKTop™.
Chtbpika BCHUKH MOCTAHOBKH Ha 3aKOHA W NpaBUJIHUKA.

10. Muenne u  Genteskn

3a Taka npejicraBenns TPYZ UMam ClIe/IHUTE TeXHMYCCKH 3a0e1eiKKn 1
MPE/UIOKEHMUS.

1. la ce orcrpanst AONYCHATHTE TEXHUYECKH IPELLIKH, ¢ OTCTPAHSIBAHETO
Ha KOUTO CaMo L€ Creyesin o oOTHOICHHe Ha NPErae/IHOCT

2. Ilpn yerenero ua AOKTOpara He cbM 3abesizan jga ce M3Moa3BaT
AYHIN NOJIXO/IM M M3M0/I3BaH 4y Kl mMarepuall.

3. Ilpenopbuyam Ha AOKTOpaHTa  1a  npoAb/km jaa  pabotu 1o
NpOOJIEMUTE HA YETBBPTA  TeXHHUECKa PEBOJIIOLMS M 110 KOHKPETHO 10
CTCIICHTA Ha NPUIOJIHOCT 3a LM(POBH3aIMSL.

4. Jla nanpasu onut 1a MOJCIIHpAHE  TO3H MpoIEeC U Bb3MOKHOCT 34
[ITABHO NIPEMHUHABAHE KbM M3UCKBAHUATA HA [1eTa TEXHHYCCKA PEBOJIIOLIMS >
I1.3aka04enne

3aKJIIOYCHHET MU € MOJ0KHTENHO 1 [IpUEeMam JIOKTOpaTa 3a 3aBbpllicH
KaTto My Jnasam MHOro jobpa  ouenka. Jlokasano e ye JOKTOPAHTHT
lpuTeKaBa I0OpH 3HAHUS M M3110/13BA MOJACPHH  M3CJIC0BATEICKH METO/IH B
HAaYyqHOTO W3C/e/BaHe HAYUYHUS aHAIN3 W HaydHUTE U3BOH . CamMOCTOSTETHO
PCIliaBa ClIOKHU  HAyuyHH npobieMH. KakKBHTO ca MpodiieMUTe, CBLP3aHH ¢
uudpoBuzamaTa  Ha CBUICCTBYBAIMTE CHCTEMHM 3a aBTOMATH3alUSl W
YHPaBJICHUE HA NIPOLECH U JICHHOCTH.

B 3akiiouenmue, fMipel1araM Ha 4YjleHOBeTe HA HAYYHOTO KYpH 1a
NPHCBLAAT  Ha  mar.uuk.  JoMeHMKa Jlorapu  noayyaBane ma
obpasoBarte/HaTta wu Hay4yHa crenen “Jloktop* no npogecHoHanHO
HanpagJeHue 5.1 Mawunnno HH’KEHEePCTRBO.

5003 (o Ty cR————
/mpod.j1-p nHK. Jlumutbp Jlamsitos/
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1. Relevance of the problem developed in the dissertation

The interaction of the effects of the advancing globalization and Industry 4.0
with the need to save energy . resources and water caused by the consumption of
limited fossil fuels is a cutting-edge research topic and is part of some important
considerations in the field of industrial (discrete) production. Seen from this side.
the problem is current . The principles ofapplication. the requirements of Industry
4.0 are extremely relevant both in a scientific and in an applied way of
consideration and research. Certainly such a development is timely. modern and
useful for science and especially for practice. It also finds its place in the field of
high-tech systems functioning as a component in Cyber-systems.

The problem of the state of industrial automation of existing activities and
processes has been studied and analyzed. On this basis. the methods and
possibilities for improving their effectiveness through new modern technical
solutions in the conditions of an ecological environment are clarified. From this
point of view. the doctorate contains significant reserves in increasing its
theoretical and practical effectiveness in terms of its scale. and also as an approach
to solving the specific tasks of this nature. Moreover. the problem with the
application and use of new forms, approaches and methods for digitization of
highly automated technological systems combined with environmental problems
is a step forward and in increasing their automation level. In this sense. the
development and application of new approaches to the improvement of automated
industrial control systems is not only relevant, but also a useful proposal and
application for science and practice.

2. Degree of knowledge of the state of the problem and creative
interpretation of literary material

The dissertation is in a volume of 203 pages, including an introduction. 6 chapters
for solving the formulated main tasks, a list of the main contributions. a list of publications




on the dissertation and used literature. A total of 298 literary sources are cited, all in Latin.
The work includes a certain number of figures and tables in total. and the numbers of the
figures and tables in the abstract correspond to those in the dissertation work. What has
been achieved so far in this area has been analyzed and the goals and objectives of the
dissertation work have been formulated on the basis of analytical conclusions. In doing
so. the problem is reduced and specified only to the proposal of an approach and
methodology for finding and implementing solutions aimed at the ecological
sustainability of digitized discrete production in the context of Industry 4.0. That is why |
think that the goal of the dissertation, as formulated in this way. fully corresponds to the
development of the doctorate. It fully covers the essence of the work done for analytical
research and application of new methods for applying automated processes in Industry
4.0 systems. Or a new approach is created that has become established in theory and
practice.

As for the literary awareness of the doctoral student. it is good. A good consistency
has been applied both in terms of structure and in the direction of the scope of the
information material in the field of automated control systems.. The PhD in its form. order.
sequence of exposition and substance completely exhausts the pre-set condition to meet
the requirements for obtaining the educational and scientific degree "doctor”. My
assessment is that the doctoral student knows the state of the problem well and analytically
and creatively evaluates and interprets the overview-informational material. Uses
appropriate statements in all stages of work - from analysis to conclusions and
formulations. Moreover, from this large volume of information, he has very successfully
narrowed down the problem to the selection of only the components related to ecology
and highly automated control systems.

3. Correspondence of the chosen research methodology with the set
goal and tasks of the dissertation work

Research methodology is successfully chosen and suitable for this type of
purpose and tasks. It is suitable for such activity related to the use of analytical
information and comparative technical analyses. It provides an answer to the set
goal both with the choice of the tasks to be solved and with their complexity.
scope and sequence of development. The features of modern conditions have been
well researched and analyzed. including the stages for practical and theoretical
development of automated production systems and their systemic and
organizational connection with the automation levels of those from Industry 4.0.
The main stages in which smart concepts arise. leading to the rapid improvement
of modern systems. have been studied.

On this basis and in this way. the main tasks containing the essence of the
doctorate are well formulated. The theoretical- methodological aspects of the
approach to solving the problem have been thoroughly clarified. There is an
opportunity to look for new forms and ways to include modern solutions in this
ecological digitalization process. The choice of the approach has been
theoretically justified and the conditions and possibilities for testing and applying
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the approach in practice have been successfully formulated. The sequence of the
implementation of the approach and the requirements regarding the conditions for
its application with the expected technical and economic effects are well
formulated. The limits of the scope and the possibilities for evaluating its practical
applicability have been successfully defined. An attempt was also made to assess
the theoretical and practical applicability of the developed problem by testing the
approach. Assessments and evidence are satisfactory and acceptable both for
individual chapters and as an overall presentation.

4. Assessment of the nature and credibility of the material
The material on which the doctorate is built is reliable, based on modern problems
from automation and environmental practice. These are current problems that
require continuous monitoring, analysis and solution. and which in the future.
with the development and application of new automated control systems with a
higher technical level and cyber systems, will gain more and more importance.

5. Contributions of the dissertation work

The contributions are of a scientifically applied and applied nature.

5.1. Scientific and applied contributions

I. An approach to developing and implementing digital is defined solutions in the
discrete production based on the holistic look on production process and follow-
up subject specialization and their allocation to relevant business or production
areas . This leads to improved sustainability in all phases, to minimizing resource
loss and environmental pollution environment . increasing efficiency. introducing
innovative processes and business models.

2. The three are defined ladder of the holistic approach to the ecological one
resistance that can Yes be achieved through raising awareness and introducing
environmental issues environment in education and everyday life (social
sustainability), introduction of innovative business models (economic
sustainability) and holistic view of the subject in the production sector (buildings.
processes, factories, etc.).

3. It is found that the most important set off points for significantly
increasing the environmental sustainability through digitization in Industry 4.0
are:

* minimizing waste (of energy. water and resources):

 reducing consumption through increasing the efficiency of installations and
buildings, optimizing supply chains and improving design and engineering
with a focus on sustainability:

e reducing pollution through use of renewable energy. generating synergistic
effects and use of innovative processes and materials:




e optimizing the use of materials through preservation. sharing. leasing and
enhanced recycling methods as well as using processes and equipment to save
resources.

5.2. Applied Contributions

1. Adapted for practicality use to increase the efficiency of discrete production are

intelligent energy management systems and improved production planning and

control through monitoring the digital production of all stages.

2. It is proved that the application of circular economy and circular management
is highly recommended for the holistic review.

3. It is experimented in real conditions and proven in practice that the Lean Green
and Green loT methods can significantly reduce the waste of resources. through
the use of robots and much of the energy can be saved.

4. Empirical was performed verification of the theoretical formulation of the
problem of determining the loss points of digitization of the whole value chain
that showed that for practical use the innovative business model in combination
with several digital applications is common applied and strong recommended
answer .

5. The combination of innovative production systems and methods through
digitized connections via CPS (cyber-physical systems) and new. intelligent.
digitized and networked production technologies and materials is strong
recommended .

I accept all 8 contributions. They are scientifically applied and applied and come
down to proving by new means substantial new sides in existing scientific
problems and theories. Of these. 3 are scientifically applied and 5 applied.

Nature of Contributions

All contributions are scientifically applied and applied in nature. They are of
such a nature that. apart from their theoretical usefulness. they can also be used in
practice. especially for working with students. Their applicability will
undoubtedly be useful for specialists dealing with these problems.

Significance of Contributions

The analysis of the contributions shows that they are significant for both
science and practice. They will contribute to the expansion of knowledge in the
field of application of advanced automated production control systems and will
enrich scientific research in this area. They will also contribute to clarifying and
forming requirements for creating conditions for increasing methodological
knowledge on this problem. This is undoubtedly the great theoretical-practical
usefulness of the doctorate. and the experimental results indisputably prove the
effectiveness of its future application in practice.




6.Assessment of the degree of personal participation of the dissertation
student in the contributions

My assessment is that the dissertation work and the contributions are the
personal work of the doctoral student. The selected methodological tools have
been experimented with and the results are from the field of selected companies.
laccept that they are sufficient for this kind of scientific study. At the same time.
the knowledge from the application of this methodology in the search for effective
solutions will be enriched.

7.Evaluation of publications on the dissertation work

Main achievements and results of the dissertation work have been
published in 6 scientific publications. 4 of which are independent. Out of 6
publications, 4 are independent and the remaining 2 co-authored:
Of the total of 6 publications. 1 estimate that all of them are related to the
doctorate. I accept that they are all from the problems of the doctorate

8.Use of the results of the dissertation work in scientific and social
practice
The results of the experiment are positive and can be used in practice and also in
the learning process. There are no officially attached documents for using the
results in practice, but it is known that they will be made available for use by
business companies, who are interested in the solution of this problem. Scientific
conclusions and statements can also be used as a basis for continuing scientific
work in expanding the scope of the search. For this purpose. in the future, the
methodology for the practical applicability of the proposals should be refined. In
addition, in the coming years, the work in this direction should be continued by
conducting additional research to further develop and propose new solutions.

9.Abstract
When preparing the abstract. all the requirements of the law on the development
of the academic staff in the Republic of Belarus and the Regulations for its
application at TU-Sofia for obtaining the educational and scientific degree
"doctor" were observed. It contains all the provisions of the law and regulations.

10. Opinion and notes

For the work thus presented. I have the following technical remarks and
suggestions:

I. To remove the technical errors committed. with the removal of which
will only gain in terms of visibility.

2. When reading the doctorate. I did not notice that foreign approaches were
used and foreign material was used.



3. I recommend the PhD student to continue working on the problems of
the fourth technical revolution and more specifically on the degree of suitability
for digitization.

4. To make an attempt to model this process and the possibility of a smooth
transition to the requirements of the fifth technical revolution.

11. Conclusion

My conclusion is positive and | accept the doctorate as completed, giving
it a very good grade. It has been shown that the Ph.D has good knowledge and
uses modern research methods in scientific research, scientific analysis and
scientific conclusions. Independently solves complex scientific problems. such as
problems related to the digitalization of existing systems for automation and
management of processes and activities.

In conclusion, I propose to the members of the scientific jury to award
M.Sc. Domenica Lotteries for obtaining the educational and scientific degree
"Doctor" in professional direction 5.1 Mechanical engineering.

Reviewer: ...
/Prof. Dr. Eng. Dimitar Damianov/



