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1. AkTyanHocT Ha pa3paGoTeHMsi B JMCEePTALMOHHUS TPyA npobjieM B HAY4YHO H

HAy'THO-NIPAI0KHO oOTHOMeHHe. CTeneH H HHBA Ha AKTYAJHOCTTAa Ha npobiema

H KOHKPEeTHHTe 3a]1a4H, pa3paboTeHH B JHCEPTAIMATA.

Hucepranuonen Tpya Ha Tema: ., TexHonormumo OCHUI'ypsBaHE Ha TOYHOCTTA H
POM3BOAUTENHOCTTa HAa KOMOMHMpaHO o0paboTBaHe Ha OTBOpM OT XHAPO H
ITHCBMOLMIIMHIPH “, Pa3pabOTeH OT NOKTOpAaHTa, Ipejjiara pelleHus Ha aKTyaleH
npoOJIEM B MAlIMHOCTPOEHETO, & HMEHHO KOMOWHHpaHATa 00paboTka upes pszame u
TNIOBBPXHOCTHO MJIACTHYHA Ae)opMalis, Ha OTBOPH C Pa3iMYHK JUAMETPH H TbIDKHHA.

BhbIpexu HAMHUEETO Ha pemIia paspaboTKH H 6 IMKAIMHE [0 TeMaTa, e YCTaHOBEHO,
€ ChIICCTBYBA HEACHOTA 110 AKTYAJIHH BBIPOCH CBBP3aHHU C MOBHIIABAHE HAa TOYHOCTTA
1 IIPOU3BOAUTENTHOCTTA Ha nporeca. Tosa e mpeanocraska 3a GpopMynmpaneTo Ha 1enTa
H 337auniTe B pa3paboTeHus OT JIOKTOPAaHTa HAy4YeH TPYA N3 OBOaT HACOYEHH KBM
AOUBIHATEIHOTO H3ACHABAHE HA SBJICHUATA U IIPOLECHTE CBBP3aHH C TO3H BHJ
00paboTKa, B KOHTEKCTa HA IPOM3BOACTBOTO HA €NEMEHTH OT XHAPO H MHEBMO
3a/IBMDKBAIIATE CHCTEMH.

Jluceprauronnus Tpya e paspaboTeH B mer riiasu. B mepBa riasa, »JIHTEpaTypeH
0030p“ e HampaBeHO 3aTBI00YEHO H3CIEBAHE U CHCTEMATH3HpPAHE Ha TEOPETHIHUTE
OCHOBM Ha METONUTE, TPOLECHTE M HMHCTPYMEHTHTE 3a KOMOMHHpaHa obpaborka.
JloKTOpanTa € HampaBun KiacHuKakA Ha HHCTPYMEHTHTE 3a KOMOHHHPAHO
obpaboTBaHe Ha OTBOpH, 4pe3 pssane u IIIIJ], u e aHaIU3Hpal CHIIECTBYBAIIH
KOHCTPYKTHBHU pemeHHs. M3BEPINEH € KpUTHYeH aHAM3 HAa KayecTBOTO, (hH3UKO-
MEXaHHYHUTE CBOHCTBA U TOYHOCTTA Ha 0OpabOTEHHTE ¢ PasIHYHE METOU OTBOPH KaTo
Ca U3BC/ICHH II€NITa U OCHOBHHTE 3a/1a4d Ha JMCEPTAIHOHHUS TPYH: YCHhBHPIICHCTBAHE
Ha TEXHOJIOTHYHUTE MOJXOU IIPH KOMOMHUpaHO 00paboTBaHe HAa OTBOPH.

I'naBa BTOpa pasriexaa BIHAHHETO Ha TeOMETPHYHUTE [IAPAMETPH Ha H3MOI3BAHUTE
HHCTPYMEHTH BBPXY MHKPOI€OMETPHATa H MHKPOTBBPAOCTTa Ha o6paboreHHTe
NOBbPXHHHA. ONHCaH € MexXaHu3Ma Ha (OpMEpaHe Ha MHKDOTeOMETpHSIa Ha
NOBBpXHOCTHMS cioil. Ha 6aza momyduenutTe rpaduunu Mojend Ha MexXaHM3Ma Ha
Aeopmupane e IpeIoNeHa METOIMKA 38 aHATMTHYHO ONpeieNsHe Ha rPaaBoCTTa Ha
MOBBPXHOCTHHSA CJIoM. Ha Tasu 0aza e ycraHOBeHa Bph3KATA MEX)[y BUCOYMHATA HA
rpallaBUHUTE U paauyca Ha AedopMHpaIUTe eTEMEHTH, KOETO Ce J0Ka3Ba U OT (DH3UKO-
MEXaHUYHUS MOJie Ha iepopMupane. OnpeseneHa e CTeNeHTa Ha YIKYaBaHe ¢ ITOMOIITA
Ha H3YMCIHTENHO-aHAIUTHYEH Mojel. CThlBaiiki BBPXY pasIiIeJaHHTe aHATUTHUHU
3aBUCHUMOCTH €4 IOCTPOEHH TIpayHH 3aBUCHMOCTH 32 HOMHHAJTHOTO KOHTAKTHO
Hal[iraHe M 30HaTa Ha €JaCTHYHO- IUIacTH4Ha Jedopmanus. Ch3nafeHa e MpHHIAIHA
CXeMa 3a OIpeieNssHe Ha HOMHHAIHATA KOHTaKTHA ILIOMI ITpH (JOpMHpaHe Ha ClIeaara OT



Nle)OpMHUpAIIUTE ENIEMERTH TPH IUIACTHYHO NehopMUpaHe Ha BBTPEINHH WIMHIPAYHH
MOBLPXHUHM. Karo 3akmoueHwe Ha riaea BTOpa , JIOKTOpaHTa € KOHKpEeTH3Hupal H
OCHOBHHTE H3BOAM OT aHAUTHIHHUTE M3CIEIBAHMS.

I'masa Tpera pasrnexna excrepyMeHTATHH W3CIEIBAHHS Ha rpamnaBocTTa Ha
KOMOHHMpPaHO 00paboTBane Ha OBBLPXHUHHTE HA OTBODPH 32 XHJPABIMYHH [UIVH]IPU.
JlokropanTa e aHamM3Wpan NO  TIPYyOH, NapaMeTpUTe  BIMSICIMA  BHPXY
paborociocobHocTTa  Ha KOMOMHUPaHHTE HMHCTPYMEHTH B KOHTEKCTa Ha
TIPOU3BOACTBEHM ycioBHs. M30paH € BHABT H TreOMETpHATa Ha W3MIOJI3BAHUTE
CKCIICPUMEHTAIHM 00paslli M eKCHEePUMEHTATHATA ITOCTAHOBKA. Cunresupan e
ONTHMAJICH KOMIIO3MIMOHCH IUIaH C €JHa LEHTpalHa TOYKa, KaTo ca ONpelelleHH
NPC/BAPUTENHO LENEeBH (PYHKIMHU- IPAlaBOCT U MHKPO-TBBPAOCT HA IMOBBPXHOCTHHS
Cio#t Ha obpaborBaHara noBbpxHHHA. Ha 6Gaza Ha pesynTaTHTe OT [JBaTa aHAIM3A Ca
NOTy4eHH TrpaQMYHd 3aBHCHMOCTH OTYMTAIIH BIMSHHETO HA TEXHOJOTHYHHTE
lIapaMeTpu BBPXY KaueCTBEHUTE MOKaszarelM Ha oOpaloTBaHHTE NOBBLPXHHHH. B
3aK/IIOYCHUE HA I7IaBaTa ca HalpaBeHH H3BOJIH.

B rmapa uyersspra e Hampaseno CKCIICPEMCHTAIHO H3CJICABaHE Ha
MHKPOTBBPAOCTTA HA IOBLPXHOCTHHSI CJI0# Ha 00paboTBaHaTa moBbpXHUHA . [Ipunoxen
¢ KOMOMHHpaH MOJXOJ, OCHOBAaBalll CE Ha CHHTE3 Ha pe3ylnTaTH OT peajieH U YUCIICH
CKCIIEPUMEHT, KOETO € CTaHJapT NpH H3CIcABaHE Ha NpOLEeca Ha MOBBPXHOCTHO
miactuyHa Jedopmanna. Ha 6asa Ha m3MepeHata MHKDOTBHDIOCT Ha 06paGoTeHHTE
BBTPEIHY MUIMHAPHYHM 00pasiy H IPOBEJEHHS [UIAHHPAH eKCIIEPHMEHT ca MOJIyYeHH
TPUMEPHU TpaQHUUHH MOJENH 3a ONpejeNsHe HA BIHSHUETO HA TEXHOIOTHYHHTE
NapaMeTpy BbPXY yAK4aBaHETO. MI3BBpINEH € TUCTIEpPCHOHEH M PErPECHOHEH aHATH3H H
Ca IIOyYCHH aHATMTHYHH 3aBUCUMOCTH 338 OTYHTAHE 3aBHCMMOCTTa MEXy 00paboTka u
(H3UKO-MEXaHUYHUTE XapaKTePHUCTHKH Ha IIOBBPXHOCTHHS ciloH. I'y1aBa derBBpTa
3aBBbpIIBa CBC CIICAHUTE H3BOAU: II0-BHCOKATA CTEIrHATOCT IOBHIIIABA MHKPOTBBPAOCTTA;
ONTAMAIHM CTOMHOCTH HAa MHMKPOTBBPAOCTTA M KOoeUIHEHTa Ha YyAKYaBaHE Ce
nonxyyasar mpd moxasade 2000 mm/min, Kokaro 4ecTroTata Ha BBPTEHE MMa Ciabo
BIUsHHE, ¢ MakcuMyM npu 800 min™'; yBenmuuaBaHeTO Ha Opos IPOXOAHM BOAH O
HamaliiBaHe Ha MHUKPOTBBPIOCTTA MOPaJH NpEeHaKIeNBaHe, a MO-HUCKATa IpalmaBoCcT €
CBBbp3aHa ¢ II0-BHCOKA MUKPOTBEPIOCT U I0-H3PA3€HO YAKIABaHE.

I'naBa mera onucBa ONTHMH3AIHS HA apaMETPUTE BIMACIIA Ha TPANaBOCTTa U
MHUKpPOTBBPAOCTTa. OnTHMH3anusATa € MHOIOKpHTEpHaiHa, Karo II0 €TalHO ca
pasriefiand eKCIEpUMEHTH Ha BIHSHHETO HA TPU M IET YIpaBisgBamim (paxropa.
H3Beneny ca BEKTOPUTE Ha ONTHMATHHTE PEINCHHS , HOKA3BalM ONTHMAIHATE TOYKH B
IIPOCTPAHCTBOTO Ha (PaKTOPHUTE.

2. CreneH Ha NO3HaBaHe ChCTOSIHHETO Ha NMPoG/ieMa H TBOPYECKA HHTEPIPETALHS

Ha JUTepPaTyPHHUS MaTepHA.

Hanpasenus o6cToeH 0030p U aHaIM3 Ha HHCTPYMEHTHTE, METOJHUTE W IPOLECHTe
CBbp3aHH ¢ KOMOHMHHMpaHaTa o00pabOTKa Ha OTBOpH, 4pe3 psA3aHe M IUIACTHYHA
Jedopmanus, MH JaBaT OCHOBaHHE Jia BIPBaM, Y€ JOKTOPAHTA IPUTEXABa 3a1bI004eHH
MO3HAHWA B TeMarTHKaTa Ha NHCEepTauMOHHUA Tpyl. OLeHsBaM Karo IIOJNIOKUTEIHO
¢opMmynapaHaTa OT DOKTOpaHTa LeJl Ha JUCePTALMOHHUS TPYA H PEAH3HPAaHETO My B
KOHKPETHH IIPOM3BOACTBEHM YyCIoBHS. Karo mnpaBuinHH W TOYHH ONpEAeIsIM



(opmynrpanara e ¥ IOCTAaBEHHTE 3a/1aUM 332 PEIIABAHETO H .

Mertonvkara Ha M3BBpPIIEHHTE H3CIEIBAHHS IOKA3BA BE3MOKHOCTTA MY A IIPIIOKH
pasriieflaHuTe TEOPETHYHM IOCTAHOBKHM B YCJIOBHATA HA pPEalHM EKCIEPHMEHTH.
AHAIM3BT Ha MOTYUCHHTE PE3yIITaTH TOBOPH 38 BHCOKO HHBO HA KPHTHYHO MUCIICHE ¥
MHTEPIpPETaNs Ha pe3ynTartuTe. JIOKTOpaHTET MOKa3Ba yMeno GopaseHe ¢ MeTOIUTE 3a
CTaTHCTHYECKA 00paboTKa M ONTHMU3AIIKS Ha IPOLIECHTE.

3. KpaTtka aHAIMTHYHA XaPAKTEPHCTHKA H ONEHKA HA J0CTOBEPHOCTTA HA

MaTepHajia, BbPXY KOATO ce rpaiaT NPHHOCHTE HA THCEPTALMOHHHIS TPYI.

B pucepranmonsms Tpy/ JOKTOPAHTHT OCOYBA KAKTO HAYYHO-IPHIIOKHH (4 6pos),
TaKa M IPHIOKHU HpuHOCH (2 Opost). CumraMm, 4e Te OTpassBaT ChALPKAHHETO HA
JHCEPTAHOHHESA TPY/L.

OueHsiBaM TNpPUHOCHTE HA IHCEPTAlAOHHHS TPYH KATO PEATHH H HAI'BIHO
OTpa3sBaIlK PE3YNTATHTE OT €KCIIEPHMEHTAIHHUTE M3CIEABAHAA M M3BEACHHUTE OT TAX
ONTHMM3AIIIOHHA MOJIEH.

4. Hayynu v HAy4HO NPHUJIOKHY NPUHOCH HA JUCEPTALMOHHMS TPy

JIOKTOPAHTBT € OCOYHI CIIEHUTE IPHHOCH HA JMCEPTALMOHHNS TPYL:

Hayuno-npunoocru

1. IlomydyeHH ca TEOPETHYHH 3aBHCHMOCTH Ha B3aHMMOBPB3KATA HA PEKMMHTE Ha
00paboTKa U reOMETPHUHHTE eTEeMEHTH Ha MHCTPYMEHTA C TApAMETPHTe Ha U3XOJIHATA H
IOTy4aBaHaTa IparaBocT;

2 W3Beneny ca TEOPETUYHM 3aBHCHMOCTH 32 NPECMATAHE HA MHHHMAIHHS H
MaKCHMAIHUs paguyc Ha qedhopMUpAITHTe IHIHHAPHYHN HHCTPYMEHTH;
3 IlpoBesieH € perpecHOHeH aHaNW3 M Ca MONYYEHH TPUH3MEPHHM MOJEIH,

CIOCOOCTBAIM ONIPENENAHETO HA ONTHMAIHA TEXHOIOTHYHH NAPAMETPH HA PEXHAMUTE
Ha 00paboTKa NIpY KOHKPETHHU TIPOM3BOICTBEHH YCIOBHSL,

4. IlpennokeHa € MeTOIMKa 3a OLEHKA MHUKPOTBBPAOCTTA HA YSKYEHHS CJIOM
Marepuan ciex pssade u IIIIJ] Ha BeTpemHM poranuoHHM MoBbpXxHUHH. Ha 6a3za Ha
er(akTOpeH IUIAHHPaH EKCHEePHMEHT Ca TIeHepHpaHH IpauyHM 3aBHCHMOCTH 33
BIIHSHHETO HAa PEXUMUTE Ha 00paboTKa BBpXY MHKPOTBBP/IOCTTA.

Tpunoscnu

1.  HanpaBenata MHOTOKpHTEpHAIHA ONITHMU3ALHS HA peXUMUTe HA 06paborka
npu pszade u IIIIJ] Ha OTBOpH OT XMIpPABNIMYHH W IHEBMATHYHH LMIAHAPH U ca
NOTyYeHH aAHATMTHYHH MOJENM 3a ONpeAeisiHE Ha ONTHUMAalHAa MHKPOTBBPAOCT H
rpamnaBsocT;

2. YcraHOBEHH ca IOMYCTHUMHTE HUBA HA CTETHATOCTTA, IIOJ]ABAHETO M CHJIaTa Ha
nebopMupaHe, OCUTYPABALIH ONTHMAIHO KadeCTBO Ha 00pabOTeHHTEe MOBEPXHHHH.

IIpremaM Taka HANPaBEHOTO pasperelieHue.
5. OueHKA 3a CTENMEHTA HA JHYHO YYACTHE HA JUCEPTAHTA B IPHHOCHTE

CunraM, e OCHOBAHMSAT MPHUHOC IIPH Pa3paboTBaHETO HA MUCEPTAIMOHHHA TPYH B
TOBa YHCJIO WU3BBPIIBAHE HA EKCIIEPUMEHTHTE M CTaTHCTHYecKaTa oOpaboTka Ha
pe3yJITaTUTE € JIMYHO JEN0 Ha JOKTOpaHTa, MOANIoMaran OT Hay4HHs pbKoBoauTeln. Te
ca MPOBEJIEHH B IPOM3BOACTBEHH yCiioBus. TOBa MU JlaBa OCHOBaHHE Ja M OLIEHS KaTo



MHOTO JI00pH.
6. Ilpeunenxa Ha nmyOJHKANMHTE M0 AUCEPTAHOHHHUA TPYA

BbB BpB3Ka ¢ TeMaTHKaTa HA JMCEPTAIMOHHHS TPYA ca MyONHMKyBaHH 2 HaydHa
CTaTHH, OTIIEYaTaHH B HANMOHAIHA HEHMHIEKCUPAHH CIHCAHUSA, 2 HaydeHH AOKIaId U 2
myOMHKays MpUeTH 3a Ieyar.

1. Cmamuu noo neuam

1.  Kapamxa, I'., JlenrepoB, A. — OnpeJiensgHe Ha 0coBaTa CHJa HA HHCTPYMEHTA
npu I1T1]] Ha MOBBPXHUHU HAa OTBOPH OT XU PO — U MTHEBMOLMIMHIPH, ,, MaIIMHOCTPOEHE
1 MamuHo3Hanue™, I'oguaa XX, Kaura 1, 2025

2. Kapamxka, I'., JlenrepoB, A. - AHaIMTHYHO ONpeJeNsHE HA TOYHOCTTA HA
pexelnara 4acT Ha HHCTPYMEHTHTE 3a KoMOuHUpaHo 0OpaboTBane Ha OTBOPH OT XUAPO
— W MHEBMOUIMIMHJpH, ,MamuHocrpoeHne u MammnosHanue”, I'oquaa XX, Knaura 1,
2025

3. Jlenrepos, A., Kapamxka, I'. - PazpaborBane Ha cucTeMa 3a yIpaBlIeHHE Ha
mpoileca KOMOUHHpPaHO 00paboTBaHe HA OTBOPH OT MMHEBHO — XUAPABIAYHY ITUIHH/IPH,
Mnanexku dopym ,.Hayka, Texunonoruu, uHoparuu, O6msuec” 2024, ecen, CO60pHHK
JIOKJIATH

4. JleBuyapos, I'., Kapamgxa, I'., Jlearepos, A. — EkcliepuMeHTaIHO H3CIeBaHe
Ha rpanasocrra np [1I1)] Ha PEHINHK LUIHHAPUYHYE IOBBPXHUHH, Muajgexka dhopym
~Hayka, TexHonoruu, uHoBanuu, ousnec” 2024, ecen, CO0pHUK NOKIAIA

2. Cmamuu npuemu 3a omnevdameane

1. Kapamxa, I'., Jlenrepo, A. — IloBWimaBaHe Ha TOYHOCTTA Ha OTBOPH
obpaboTBaHe ¢ eIHOOMIOPHH ¥ JBYOIIOPHH pa3CThpraaiy 6opmanru, Mnanexxu Gopym
.~Hayka, Texnonoruu, unoBanuu, 6usnec* 2025, ecen, CO0pHHK TOKIAIH

2.  JlenrepoB A, Kapamka I'., Xamxuctoiikos JI., AHaIMTHYHO OIpEJENsHE Ha
cunara Ha gedopmupane npu koMOHHIpaHo 0OpaboTease Ha OTBOPH, ,,MalIMHOCTPOEHE
¥ MammHo3Hauwue”, 'oqmua 26, Kuura 1, 2026

JluricBaT AaHHY 3a IHTHPAHHUS Ha HAYYHUTE IMyOIUKAKMK U [IPAKTHYeCKa peann3amus
Ha ITOJIy4YEHUTE pe3ylITaTH.

7. H3mo/3BaHe HA pe3YJTATHTEe OT AWCEPTALMOHHHS TPYA B Hay4YHaTa M
COLMAJTHA MPAKTHKA

AHAINTUYHUTE W EKCIEPUMEHTAIHHM pE3yNITard MMar IPaKTHYeCKa 3HAYMMOCT H
MOraT Ja C€ M3IOJI3BAaT Karo OTIpaBHAa TOYKa 3a pa3paboTBaHe Ha METOAWKA 3a
onpe/eisHe Ha PAlMOHATIHE PeXUMH Ha 00paboTka, pu koMOuHKUpaHo psasane u III1]1.
IMomy4enuTe MOAEIN MOraT Jja IIOCITYXaT 3a pa3paboTBaHe HA CHCTEMA 3a YIIPABICHHE U
KOHTPOJI HA Ka4eCTBOTO HA OTBOPHTE U Ja CIOCOOCTBAaT 3a YBEIMYABAHETO Ha
IIPOU3BOJUTEIHOCTTA.

8. Omenka HA CBHOTBETCTBHETO HAa aBTopedepaTa ¢ HIHMCKBAHHATA 34
H3rOTBSIHETO MY, KAKTO M HAa AaJeKBATHOCTTA HAa OTpa3sBaHe HA OCHOBHHTE
TI0JI0KEeHHS] ¥ MPHHOCHTE HAa AUCEPTALMOHHHUS TPYA.

Cuutam, ue aBropedeparsT clieBa ChIBPKAHHETO HA JUCEPTAIMOHHHMS TPYA U €



pazpaboteH ceriacHo obmonpuerute uzucksanus HA TY Codus. Crpykrypupad e
CbI'NIaCHO IIpCIIOpBKAaTa Jna Ce OTpa3dgBaT OCHOBHHUTE IIOJOXCHHUA H IPHHOCH B

JUCePTaMOHHUS TPYI.

9. MHeHus, NpenopbLKH U feieRKH

JUCepTAMOHHUAT TPYA € pa3paboTeH B CHOTBETCTBHE C OOIIOHAI[MOHATHHUTE
u3KcKBanud ¥ u3nckBanuaTa Ha TY Codus. TeMara orpasssa akTyalieH IPOU3BOACTBEH
npobJeM B YCIOBHATA HA KOHKPETHO IPOU3BO/ICTBO, KOSTO 5 MIPABH OIIE M0- aKTYaJIHA |
uHTepecHa. CTpyKTypaTa Ha NUCEPTANUOHHHS TPYA € nobpe ohopMeHa M IIOETAMHO
OIlUCBA PE3YNTaTHTE OT pEINIaBaHETO Ha 3aJaYdTe 3a IIOCTHIaHEeTO Ha IeNTa Ha
JHMCEPTAIAOHHUA TPYI.

K®M JoxTOpanTypaTa OUX OTIPABUI CIIEAHUTE 3a0€NEKKH U MPENOPHKH:

- HM3nonsBanu ca crapu 0O3Ha4YeHHUs Ha copToBere TBBpa ciuias ( BK6 );

- JlomycHaTH ca HIKOM HETOYHOCTH IpH H3ACHSABAHE HA KOHCTPYKIIMHTE Ha
uHcTpyMeHTuTe ( ur.1.61 );

- bu 6mio nobpe na ce oObpHe BHEMMaHHE Ha MoAUGUUHpaHHS MeToH .,Split
Sleeve‘* u MeTonsT ,,JluaManTHO 3arnaxnaHe’;

- He e obscHeHa KOHCTpyKLHATa Ha HMHCTPYMEHTa, C KOMTO Ce W3BBpLIBAT
€KCIIEpHMEHTAIHUTE H3CIIe/IBaHNS;

- He e nocoyena nemxuHaTa Ha 00pa3IMTe, U3MON3BAHM 33 EKCIIEPUMEHTATHOTO
U3CIIe/IBaHE;

- bux npenopsyan Ha JOKTOpaHTa, B OBjeme, Ja NPOTBIDKA C pa3NIdpsIBaHE Ha
o0xBata OT M3CNEIBAaHW Marepuany Ha 00paboTka, a ChHINO TaKa Ja H3CieqBa
npolleca Ha U3HOCBaHE Ha KOMOMHUPAHUS WHCTPYMEHT, ABJITOTPAfHOCTTa MY H
BIMAHMETO Ha H3HOCBAHETO My BbpPXYy KauecrBara Ha oOpaborsanara
NOBBPXHUHA,;

10. 3axmioyeHHe ¢ SiICHA TOJIOKHTETHA MIM OTPHIATEIHA OLEHKA Ha
JHCEPTALMOHHHSA TPY.

IlpencraBeHusT OUCEPTAIMOHEH ,,TeXHOJNOTMYHO OCHTYypsBaHE Ha TOYHOCTTA H
IPOM3BOAMTENHOCTTa Ha KoMmOuHHMpaHo o0paboTBaHe Ha OTBOPH OT XHAPO H
MHEeBMOIMIHHAPH® ¢ aBTop Mar. umHX. I'romron [Dxeman Kapamxa otroBaps Ha
M3HCKBaHUATA Ha 3aKOHA 3a pa3sBUTHE Ha akaJleMHIHus cheTaB B Perrybmuka Briarapus.
ITocturnarure pesynTard MH JjaBaT OCHOBaHHE Jia MPEIOKA HA YBaKAEMOTO HAYIHO
XYypH Jla IpUCHAN oOpa3oBaTenHaTa ¥ HaydHa CTeleH ,,JlokTop” Ha Mar. HHXK. ['ToHI0Nn
Jixeman Kapamxa B obmact Ha Bucme oOpasoBanme - 5. Texmmdecknm Haykw,
npodecHoHANHO HanpapieHue - 5.1, MaumHHO HMHXEHEpPCTBO, HOIE‘HOPCKEI porpama
» ] EXHOJIOTHS Ha MAIIHHOCTPOSHETO” .

—

rp. I'abpogo Peueriaeli';:
28.02.2026 . (momu. g-p uH
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1. Relevance of the problem developed in the dissertation in scientific and applied
scientific terms. Degree and levels of relevance of the problem and the specific
tasks developed in the dissertation.

The dissertation on "Technological assurance of accuracy and productivity of combined
processing of holes in hydraulic and pneumatic cylinders," developed by the doctoral
candidate, offers solutions to a current problem in mechanical engineering, namely the
combined processing through cutting and surface plastic deformation of holes with
various diameters and lengths.Despite the existence of numerous developments and
publications on the topic, it has been established that there is uncertainty regarding
current issues related to increasing the accuracy and productivity of the process. This
provides a prerequisite for formulating the aim and tasks of the scientific work
developed by the doctoral candidate to be directed towards further clarification of the
phenomena and processes associated with this type of processing, in the context of
manufacturing elements of hydraulic and pneumatic drive systems.

The dissertation is developed in five chapters. In the first chapter, "Literature
Review," an in-depth study and systematization of the theoretical foundations of the
methods, processes, and tools for combined processing has been made. The doctoral
candidate has classified the tools for combined processing of holes by cutting and SPD,
and has analyzed existing design solutions. A critical analysis of the quality, physico-
mechanical properties, and accuracy of holes processed by various methods has been
performed, and the aim and main tasks of the dissertation have been derived: improving
technological approaches in combined hole processing.

Chapter two examines the influence of geometric parameters of the used tools on the
microgeometry and microhardness of processed surfaces. The mechanism of formation
of the surface layer microgeometry is described. Based on obtained graphical models of
the deformation mechanism, a methodology for analytical determination of surface layer
roughness is proposed. On this basis, the relationship between the height of irregularities
and the radius of deforming elements is established, which is also proven by the physico-



mechanical deformation model. The degree of hardening is determined using a
computational-analytical model. Based on the considered analytical dependencies,
graphical dependencies for nominal contact pressure and the zone of elastic-plastic
deformation are constructed. A schematic diagram for determining the nominal contact
area during formation of the track from deforming elements in plastic deformation of
internal cylindrical surfaces is created. As a conclusion of Chapter Two, the doctoral
candidate specified the main findings from the analytical research.Chapter three examines
experimental studies of the roughness of combined processed surfaces of holes for
hydraulic cylinders. The doctoral candidate has analyzed by groups the parameters
affecting the performance of combined tools in the context of production conditions. The
type and geometry of the used experimental samples and the experimental setup were
selected. An optimal composite plan with one central point was synthesized, with
preliminary defined objective functions - roughness and microhardness of the surface
layer of the processed surface. Based on the results of both analyses, graphical
dependencies were obtained reflecting the influence of technological parameters on the
quality indicators of processed surfaces. In conclusion of the chapter, findings were
drawn.

In Chapter four, an experimental study of the microhardness of the surface layer of the
processed surface was carried out. A combined approach was applied, based on synthesis
of results from real and numerical experiments, which is standard in researching the
process of surface plastic deformation. Based on the measured microhardness of the
processed internal cylindrical samples and the conducted planned experiment, three-
dimensional graphical models were obtained for determining the influence of
technological parameters on hardening. Dispersion and regression analyses were
performed, and analytical dependencies were obtained for determining the relationship
between processing and the physico-mechanical characteristics of the surface layer.
Chapter Four concludes with the following findings: higher interference increases
microhardness; optimal values of microhardness and hardening coefficient are obtained
at a feed rate of 2000 mm/min, while rotational speed has a weak influence, with a
maximum at 800 min'; increasing the number of passes leads to decreased microhardness
due to over-hardening, and lower roughness is associated with higher microhardness and
more pronounced hardening.

Chapter five describes optimization of parameters affecting roughness and
microhardness. The optimization is multi-criteria, with experiments on the influence of
three and five control factors examined step by step. The vectors of optimal solutions
are derived, showing the optimal points in the factor space.

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

The comprehensive review and analysis of tools, methods, and processes related to
combined processing of holes by cutting and plastic deformation give me reason to
believe that the doctoral candidate possesses in-depth knowledge in the subject area of
the dissertation. I assess positively the aim of the dissertation formulated by the doctoral



candidate and its implementation in specific production conditions. I define as correct
and precise the formulated aim and the set tasks for its solution.

The methodology of the conducted research demonstrates his ability to apply the
considered theoretical principles in real experimental conditions. The analysis of
obtained results indicates a high level of critical thinking and interpretation of the
results. The doctoral candidate demonstrates skillful handling of methods for statistical
processing and process optimization.

3. Brief analytical characteristics and assessment of the reliability of the material
on which the contributions of the dissertation are based.

In the dissertation, the doctoral candidate indicates both scientific-applied contributions
(4 in number) and applied contributions (2 in number). I believe they reflect the content
of the dissertation.

I evaluate the contributions of the dissertation as real and fully reflecting the results of
the experimental research and the optimization models derived from them.

4. Scientific and applied scientific contributions of the dissertation
The doctoral candidate has indicated the following contributions of the dissertation:

Scientific-applied:

. Theoretical dependencies of the interrelationship between processing parameters and
geometric elements of the tool with the parameters of the initial and obtained roughness
have been derived;

. Theoretical dependencies for calculating the minimum and maximum radius of
deforming cylindrical tools have been derived;

. Regression analysis has been conducted and three-dimensional models have been
obtained, facilitating the determination of optimal technological parameters of
processing modes under specific production conditions;

. A methodology for assessing the microhardness of the hardened material layer after
cutting and surface plastic deformation of internal rotational surfaces has been
proposed. Based on a five-factor planned experiment, graphical dependencies for the
influence of processing modes on microhardness have been generated.

Applied:

. Multi-criteria optimization of processing modes in cutting and surface plastic
deformation of holes in hydraulic and pneumatic cylinders has been performed, and
analytical models for determining optimal microhardness and roughness have been
obtained;

. Permissible levels of interference, feed rate, and deforming force ensuring optimal
quality of processed surfaces have been established.



I accept this distribution.

5. Assessment of the degree of personal participation of the doctoral candidate in
the contributions

I consider that the fundamental contribution to the development of the dissertation,
including conducting the experiments and statistical processing of results, is the
personal work of the doctoral candidate, assisted by the scientific supervisor. They were
conducted in production conditions. This gives me reason to evaluate them as very
good.

6. Evaluation of publications related to the dissertation

In connection with the topic of the dissertation, 2 scientific articles have been published
in national non-indexed journals, 2 scientific reports, and 2 publications accepted for
printing.

1. Articles in print:

. Karadzha, G., Lengerov, A. — Determination of the axial force of the tool during surface
plastic deformation of hole surfaces in hydraulic and pneumatic cylinders, "Mechanical
Engineering and Machine Science," Year XX, Book 1, 2025

. Karadzha, G., Lengerov, A. - Analytical determination of the accuracy of the cutting
part of tools for combined processing of holes in hydraulic and pneumatic cylinders,
"Mechanical Engineering and Machine Science,” Year XX, Book 1, 2025

. Lengerov, A., Karadzha, G. - Development of a control system for the combined
processing process of holes in pneumatic-hydraulic cylinders, Youth Forum "Science,
Technologies, Innovations, Business" 2024, Autumn, Proceedings

. Levicharov, G., Karadzha, G., Lengerov, A. — Experimental study of roughness during
surface plastic deformation of external cylindrical surfaces, Youth Forum "Science,
Technologies, Innovations, Business" 2024, Autumn, Proceedings

2. Articles accepted for publication:

. Karadzha, G., Lengerov, A. — Improving the accuracy of holes processed with single-
support and double-support boring bars, Youth Forum "Science, Technologies,
Innovations, Business" 2025, Autumn, Proceedings

. Lengerov A., Karadzha G., Hadzhistoykov D., Analytical determination of the
deforming force during combined hole processing, "Mechanical Engineering and
Machine Science," Year 26, Book 1, 2026

There is no data on citations of scientific publications and practical implementation of
the obtained results.



7. Use of the dissertation results in scientific and social practice

The analytical and experimental results have practical significance and can be used as a
starting point for developing a methodology for determining rational processing modes
in combined cutting and surface plastic deformation. The obtained models can serve for
developing a system for control and quality assurance of holes and can contribute to
increasing productivity.

8. 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.

I consider that the abstract follows the content of the dissertation and is developed
according to the generally accepted requirements of the Technical University of Sofia. It
is structured according to the recommendation to reflect the main points and
contributions of the dissertation.

9. Opinions, recommendations and notes

The dissertation is developed in accordance with the national requirements and the
requirements of the Technical University of Sofia. The topic reflects a current
production problem in the conditions of specific production, which makes it even more
relevant and interesting. The structure of the dissertation is well-formed and describes
step by step the results of solving the tasks to achieve the aim of the dissertation.

I would like to address the following remarks and recommendations to the doctoral
candidate:

Old designations of carbide grades have been used (VK6);

Some inaccuracies have been made in clarifying the constructions of the tools (Fig.
1.61);

It would be good to pay attention to the modified "Split Sleeve" method and the
"Diamond Smoothing" method;

The construction of the tool with which the experimental studies are carried out is not
explained;

The length of the samples used for the experimental study is not indicated;

I would recommend to the doctoral candidate, in the future, to continue expanding the
range of processed materials studied, as well as to investigate the wear process of the
combined tool, its durability and the influence of its wear on the quality of the processed
surface.

10. Conclusion with a clear positive or negative assessment of the dissertation.

The presented dissertation "Technological assurance of accuracy and productivity of
combined processing of holes in hydraulic and pneumatic cylinders" by author Mag.
Eng. Gyunyl Dzhemal Karadzha meets the requirements of the Law on the
Development of Academic Staff in the Republic of Bulgaria. The achieved results give



me reason to propose to the esteemed Scientific Jury to award the educational and
scientific degree "Doctor" to Mag. Eng. Gyunyl Dzhemal Karadzha in the field of
higher education - 5. Technical Sciences, professional field - 5.1. Mechanical
Engineering, doctoral program "Mechanical Engineering Technology."

Gabrovo
28.02.2026
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