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1. Axrtyamsoer Ha pa3paboTenus: B AHCEPTANMOHHHA TPYX Npod/ieM B HAy9HO U
HAyYHO-IpWiIokHO oTHomeHue. CTemen W HHBA HA AKTYAJHOCTTA Ha mpoGieMa u
KOHKPETHHTE 3a/1a4H, pa3spadoTeHH B {UCEPTALHATA,

IlpencTaBeHEAT ME 32 DENCH3HMS NUCEPTANMOHEH TPYZ HA TeMa: , TeXHONOTHYHO
OCHTYpSIBaHE Ha TOYHOCTTa ¥ MPOH3BOJUTENHOCTTA Ha KOMOMHIpaHo 06paboTBane Ha OTBOPH
OT XHJIPO ¥ MHEBMOIIMIHH/PH “ pellaBa akTyaleH IMpoOeM Upe3 CHBMECTSBAHE Ha IPOIECHTE
Ha pasane u III1J] mpu 06paboTka Ha OTBOPH ¢ Pa3IMYH JHAMETPH H IbIDKHHA.

IlobHInaBaHeTo Ha IPOM3BOAUTENHOCTTA C TaPAHTHAPAHE Ha 3a[a/IeHaTa TOYHOCT H IPAIIABOCT
Ha oOpaGoTBanuTe 4pe3 pssana u [I1J] nOBspxHUEE € IpoGieM, pernaBaH OT JECETUIIETHSI.
JlucepTanHOHHUAT TPYA BKIIOYBA 5 TIaBH

B nspBa raBa Ha AuCepTAlMOHHENA TPY/ © HAPaBeHa KIaCH(DUKAIMS Ha HHCTPYMEHTHTE 3a
KOMOWHHMpPaHO 06paGoTBaHe Ha OTBOPH, M CA Pa3IICaHH H3BECTHH 10 MOMEHTA KOHCTPYKIIUH
Ha HHCTPYMEHTH NPEIHASHAYCHH 32 TakaBa 00paboTka Ha OTBOpH. AHalIM3UPaHH ca (aKkTopuTe
OKa3BAllli BIMSHIE HA KaYeCTBOTO Ha 00paboTBaHATE IOBEPXHUHH U (PU3UKO-MEXaHHIHHUTE HM
ceoficrea. Ha Tasm Gasa ca HanmpaBeHM H3BOAM W € (GOpMyIHpaHA IEITA: TEOPETUYHO U
CKCIEPUMCHTANIHO H3CIE[BaHE Ha Mpoleca KoMOMHHpaHO 0OpaboTBane Ha OTBOpH. 3a
IOCTHIraHETO Ha Ta3H NN B AMCEPTALMOHHAS TPYJ Ca PEIICHM CIEIHUTE 3a1a9M: HANPABEH e
aHATN3 Ha H3BECTHHUTE METOMH M YCTPOiCTEa 3a 06paboTka Ha INIa/Ki NHJIMHAPHYHHE OTBOPH C
KOMOWHHpaHH MHCTPYMEHTH; pa3paboTeHH ca TeXHOJOTHYHHTE OCHOBH HA EIHO IIPOXOHOTO
00paboTBaHe; HAlapeHH Ca EKCIEPUMEHTATHH W3CIEHBAHHS Ha MHKpopeneda u
MHKPOTBBPAOCTTA Ha 00paboTBaHUTE MOBLPXHIHH 1 Ha Ta3u 6a3a 11a ce W3BENAT PerpeCHOHHITE
MOJIe/I Ha CHIMHTE. ToBa € Ch3AaN0 BB3MOXKHOCTTA Ja Ce U3ciensa paboTocmocobHOCTTa Ha
NPEIOKCHUTE PCIICHHS B MPOM3BOACTBEHH YCIOBHS M Ce Jaje 3akIIOYEHHE 3a TAXHATA
€(EKTUBHOCT.

B raBa BTOpa € HANPaBEeHO AHATHTHYHO OIpE/ENSHe Ha T€OMETPHYHHTE MapaMeTpH Ha
TOBBPXHOCTHHSA CIIOH Npu KomOmHMpaHo obpaGoTeaHe upes pszame u IIIIJI. Pasrmenmano e
BIMSHUCTO Ha TEXHOJOTHYHUTE MapaMeTpH BBDXY MHKpopeneda H MHKPOTBBPIOCTTA Ha
00paboTBaHATE IOBBPXHAHE H (aKTOPHTE OKA3BAIIM BIMHIE BEPXY KOCBEHHTE TOKA34TE/H HA
obpabotka. M3scHen e Mexanmn3Ma Ha e OpMIpaHe BUCOUMHATA Ha 'PAIABHHNTE B 3aBHCHMOCT
OT pajiuyca Ha Ae(pOpMHUpPAIIHTE eIeMEHTH. FI3BBpIIeHo € AHATATHYHO PeCMSITaHe Ha CTENeHTs,



HA YSKJaBaHe Ha MOBbPXHUHUTE B 3aBHCHMOCT OT TEXHOJNOTHIHATE MapaMeTpn Ha 00padoTKa.
OmnpeneneHo € PabOTHOTO YCHIMETO MPH JIOBBPLIBAMIO ysixuasama obpabotka. Ha Oaza
AHATHTIGHY 3C/IEIBARMS Ca TIONYUeHN rpadHdHu 3aBHCHMOCTH 32 HOMUHATHOTO KOHTaKTHO
HASraHe B 30HATA HA eIACTWYHO-IIACTHYHATA Je(opmais. Pasrieana ¢ NpHHITAIHA cxema
3a ompeJelisHe Ha HOMHUHATHATA KOHTAKTHA IUIOLT H3ACHABAIIA dopMupaHeTo Ha ciejara oT
neopMHUpaIATe EIEMEHTH NPH TIACTHYIHO nedopMupane Ha IMIMHIPHYIHU TOBHPXHAHH.
AHaIM3MpaHa € M3XOJHA CXEMa H3sCHSBAIlA MCXaHH3Ma Ha CIaCTHTHH nedopmanun
BB3HMKBAIY TpH IUIacTHYHO Aedopmupane. I1apa BTOpa 3aBBpUIBA C o0oIIeHH M3BOJH, &
MMEHHO: (popMupaHa € (PU3NIHATA KApTHHA Ha IPOLeca eNacTHIHO-IIACTHYHA nedopManus Ha
BHCOUMHHATE Ha TPAllaBUHHUTE HA M3XOTHUTE NOBBPXHUHH obpaborsann upe3 pasane u [T
IlonyueHr ca TEOPETHYHH 3aBHCHMOCTH, YCTAHOBABAIM B3aMMOBPB3KATA HA PEIKMMHTIC Ha
06paboTKa K TeOMETPMYHATE IIAPaMETPH Ha JeQOpMUpAluTe YacTH Ha HHCTPYMCHTA C
apaMeTpHUTE Ha H3XOIHATa ¥ MOJIyYeHaTa FpaIaBoCT 3a CTATHYHI MCTOIM Ha oGpaboTBaHe Upe3
[II1]]; YcranoBeHa € BB3MOKHOCTTA 32 YIPABICHAE HAa HOCCINATA CII0COOHOCT Ha IpallaBHHHTE
Ha NOBBPXHHHHTE (IIapaMeTspa tp) MIpH obpaborsare upes pasame u IIIIJ[; Passutn ca
OrpaHMMHTETHATE KPHTEPHH W Ca MONyYeHHM TEOPETHYHH 3aBHCHMOCTH 32 TIpecMsITaHe Ha
MaKCHMAIHHS W MHHUMATHHS paguyc Ha paOOTHHTe NMOBBPXHHMHM Ha Ha nehopMHUpaIIUTE
eIeMEHTH B 3aBUCHMOCT OT IIapaMETpHTe HA M3XOJHHUTE rparaBiHH H BBJIHOOOPa3HOCTTA HA
o6paboTBanaTa NOBBPXHHMHA; TeOpeTHYHO € YCTAHOBEHO, He JICHBT Ha CIIaCTHYHHTE
nedopmanun B GOPMHPAHHTE YCHITHS Ha 00paboTBane € OT 15 mo 25%.

B rmiaBa Tpera ,EKCICPHMEHTAIHH H3CICIBAHHA HA IpanaBoCcTTa Ha KOMOHHHPaHO
00paboTBaHe HA IOBBPXHHHHTE Ha OTBOPH OT XH/paBIHTHH WIVIHHAPH ca IpPEe/CTaBECHH
TeXHOJOTMYHH, TEOMETPHYHH, €HEProcHnoBM H (QHIWYHM TapaMeTpd BIMACIIHM  Ha
mukpopeneda. ChCTaBeH € ITaH Ha eKCIICPUMCHTa, m36panu ca eKCIepPHMEHTAHA 00pasii 1 €
OlIFcaHa METOAMKATa Ha H3ceapaneTo. [locodenn ca ynpasIseMUTe TeXHOIOTHYHA TapaMETpH:
CTErHaTOCT, TIOABaHe; YECTOTa Ha BBpTeHe; Opod Ha MPEXOMUTEe W HAYAIHA TPANABOCT, LIPH
CHLOTBETHHTE UM HEUBA Ha Bapupane. HarmpaBenu ca JUCISPCHOHEH H PETPECHOHCH aHAIM3H Ha
eKCITepUMEHTATHATe NaHHH, M Ca W3BE[CHH DPETPeCHOHHH MOJEIH TPE/ICTABCHH TPUMEPHA
rpaMKF IOKa3Ballld 3aBHCHMOCTTa MEMXIY daxtopure Ha oOpaboTka. lIpencraBenn ca
eKCTICPIMEHTAIHY pe3y/ITaTH OTHOCHO BIMAHHECTO HA CTErHATOCTTa BBPXY moJIydaBaHara
TpanaBocT.

B I71aBa YeTBBPTA € HANPABEHO CKCIICPHMEHTATHO H3C/IE[BAHE HA MHUKPOTBEPIOCTTA C
m3meppatenen amapar Leica VMHT Auto Ha oGpasiiy, U3BENCH € PEerpecHOHEH MOJEN 3a
BIHAHAETO HA TEXHOJOTHYHHTE IApaMeTpH BBPXY MHKpOTBBpAOCTTa. Hanpapennm ca H
CBOTBETHITE H3BOIH: TI0-BHCOKHTE CTOMHOCTH HA CTETHATOCTTA BOST IO [IO-BHCOKH CTOHHOCTH
Ha MHKPOTBBPIOCTTA; HA4alHATa TPANaBOCT M TIOJABAHETO OKA3BAT OCHOBHO BITUSHHE 32
CTOHHOCTTA MEKPOTBBPIOCTTA H KOCHUIHEHTA HA YAKIABAHE.

B r1aBa 1eTa € H3BBPIIEHa MHOTOKPHTEPHAIHA ONTHMH3AIHS Ha 1apaMeTPUTE BIIHACIIA Ha
TpamaBoCTTa ¥ MEKPOTREPIOCTTA, KATO Ca pasriie/aHy BapHaHTH Ha 3CIACABAHCTO Ha TpH H Ha
II€T yIpaBisieMn Gakropa.

CTereHTa M HHBOTO Ha aKkTyalIHOCTTa Ha IpoGiieMa, paspaboTeH B AMCEPTANMOHHIS TPYL €
H3KTIOUMTEIHO BHCOKA M Td CE YCTAHOBSBA OT (opMyiMpaHaTa eI H OT TaM OTIHTHO
Ne)MHEPAHUTE U BIIOCNCACTBHE PEIICHH 3a1a%H.

7. CremeH HA M03HABAHE CHCTOSIHAETO HA MP00JaeMa H TBOPYECKA HHTEPIPCTALHST Ha
JAATEPATYPHUS MATEPHAJL.
JIOKTOpaHTHT HMa J00pH TO3HAHHS B 001acTTa HA PSA3AHETO H oGpaboTBaHeTo Ha
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MaTepHAIIITE Ype3 IUIACTHYHA Nedopmaius. Te3u O3HaHUs Ca My AallH BE3MOKHOCT ob6croitHo
ca W3cledBa BIMSHHETO Ha pa3zIAYHUTE TEXHOJOTHYHHM [apaMeTpd BBPXY KAYCCTBEHHTE
TI0KA3aTeTi Ha TOBBPXHAENTE 06paborsany upes pssane u I Ilpasu 106po BOeUaTICHHE
OGIIHpHAS TUTEpaTypeH 0630p, obxBamaut 28 CTPaHHIM, KaTo ca IUTHpany 134 H3TOIHNKA, 71
OT KOHTO ¢a H4 JATHHHI@A. B IUTepaTypHOTO IpoydYBaHe ca pasrie/aHd paspaboTKH B
W3CIIeBaHATa 00IacT M Ha Tasu 6asa ca Ipe(HaYepTaHN OCHOBHHTE 3aJIaud KoiTo TpsabBa 1a ce
pemar.

JlaBaM BHCOKA OLIEHKA 110 OTHOLIEHHE CTEIIEHTa Ha I03HABAHE CHCTOSHUETO Ha IpoliieMa 1
TBOpPYECKATA HHTEPIIPETALNS Ha JINTEPATYPHUS MaTepHall.

3. CroorBeTcTBHE HA mﬁpaHaTa METOAHMKA Ha H3CJIeABaHE ¢ IIocCTaBeHaTa LeJad H
3aJa9i HA JHCEPTAMOHHUI TPYA.

Cp3manenara MeTOIMKA 32 IIPOBEXKIaHE Ha €KCIEPHUMEHTAITHHUTE U3CIICIBaHHL crmocobcTBa
34 IIOCTHUTaHE Ha OCHOBHATA LICJI HA TUCCPTATHOHHHSA TPYI:

Iesi: TeopeTHUHO U eKCIIEPUMEHTAITHO H3CTIeIBaHe Ha porieca KOMOMHHPaHO 00paboTBane
Ha OTBOPH.

3aga4u 32 H3NbJIHEHHE 32 peaIH3HpPaHe HA IOCTABEHATA IeJI:

- Jla ce IpOBeJe aHANM3 HA M3BECTHHUTE METOXM M ycTpolicTBa 3a o6paboTka Ha riaaxu
MIIHHIPAYHE OTBOPH ¢ KOMOMHHPAaHH MHCTPYMEHTH,

- Ja ce pa3paboTAT TeXHOJIOTHIHHTE OCHOBH Ha SAHONPOXOAHOTO 0OpaboTBaHe.

~ Ja ce TIPOBEJAT EKCIEePHMEHTATHH M3CiIeIBaHMs Ha MHKpopeneda U MUKPOTEBPIOCTTA
Ha 0o6paboTeanuTe MOBBPXHMHH. Ha Tasm 6aza 1a ce H3BEHAT PErpeCHOHHHTE MOJENH Ha
CBIIUTE.

- Jla ce m3cnensa paboTocmocoOHOCTTA HA TMPE/UIOKEeHHTE PEIeHHS B IPOH3BOJCTBEHH
YCJIOBHS | C€ /i€ 3aKII0UeHHe 3a TAXHaTa e()eKTUBHOCT.

V3BBpIICHUST IUIAHHPAH €KCIEPHMEHT H IIOTy9EHHTE PETPECHMOHHM MOJENH ca Namd
BBE3MOXKHOCT 32 TIOBHIIABAHE HA PAKTHYECKATA IIPHIOKHAMOCT Ha CKCICPHMCHTA.

M36paHara MeTOJMKA 33 CKCIICPHMEHTAITHHTE H3CIEIBAHHA HAIBIHO KOPECIOHIHpa Ha
NOCTAaBeHATa Lea M 3amaun. [IpumaraHeTo Ha ch3JaJeHaTa METOJHKA € Jiajla BB3MOXKHOCT 32
IIOJIyYaBAHETO Ha TEOPETHYHH M eKCIICPHMEHTAIHH 3aBHCHMOCTH OTYHTAIlV BIHSHHETO Ha
TEeXHOJIOTHYHHTE IapaMeTpH Ha rporeca KoMOuaupano o6paborpane upe3 pssane u [T

4. Kparka aHAaJINTHYHA XAPAKTEPHCTHKA M OLEHKA HA JOCTOBEPHOCTTA HA
MaTepHaJa, BbPXy KOITOo ce rpajsT MPHHOCHTE Ha JHCEPTANHOHNM TPy,

TlpenoxeHuTe IPHHOCH B TUCEPTAIHOHHHSA TPY/] ¢a 000C00EHH KaTo HayIHO-TIPHIIOKHHE (4
6pos) W mpmioxkuHd (2 Opos) mpusHocH. CuuraM, 49e Te OTpa3sdBaT ChIBPKAHHETO Ha
JECepTallHOHHHA TPYA.

IToTy4eHHTE TEOPETHIHH U eKCIIEPUMEHTAIHHA MOJIEIIH MOTAT Ja C€ M3II0JI3BaT 3a Ch3/[aBaHe
Ha METOJMKH 3a yIpaBJICHHE Ha pexuMuTe Ha 00paboTka npu Mammng ¢ LITIY.

ChIBpXKAHHETO HA [PUHOCHTE OTYMTA HAITBIHO PE3yNTaTHTE OT EKCICPHMEHTATHHTE
M3CIICABAHMA ¥ U3BEACHUTE OT TSAX ONTHMH3AIIMOHHHE MOJIEIH.



5. Ilpunocu Ha AHcePTANMOHHUS TPYA

[Ipu pa3paGoTBAHETO HA JHMCEPTAIIMOHHHS TPYJ CA TOCTUTHATH HAyJHO-TIPHIONHA H
MIPUJIOKHE TPHHOCH.

Hay4Ho-npHJI0KHATE IPUHOCH Ca

L [TonyyeHn ca TEOPETHYHM 3aBHCHMOCTH HAa B3aMMOBPB3KaTA Ha DPOXMMHATE Ha
06paboTka M TeOMETPUYHHTE €NEMEHTH HA WHCTPYMEHTA C IMapaMeTPUTe Ha H3XOAHATA U
HOJIy4aBaHaTa IPpalaBoCT;

2. V3BeneHH ca TEOPETHYHH 3aBHCHMOCTH 32 IIPECMATAHE HA MUHHAMAIHUSA H
MaKCHMAJTHHS pajuyc Ha TeopMUpaluTe NMIMHAPAYHE HHCTPYMEHTH;
3, [IpoBemleH e perpecHoHeH aHANMM2 H ca [ONYyYeHH TPHHM3MEPHH MOIETH,

crmocoGeTRaIM ONPEIEIISIHETO Ha ONTHMATHH TEXHOIOTHYHH NapaMeTpH Ha DPeXHMHTE Ha
06paboTKa IIpy KOHKPETHH NPOU3BOACTBEHH YCIIOBHS,

4. IIpenmoxeHa € METOAMKA 3 OLECHKA MHKPOTBBPIOCTTA HA YAKICHHS CIIOH MaTepHal
cien pssage w IIIIJ] HAa BETpemHM POTANMOHHM MoBspXHHHH. Ha 6aza Ha merdaxropeH
TTAHUPAH CKCTIEPUMEHT Ca FeHepHpaHH rpaduIHH 3aBUCHMOCTH 32 BIUSHAETO HA PEXXUMHTE Ha
06paboTka BEPXY MHKPOTBEPIOCTTA.

Ipuno:kHuTE IPHHOCH Ca:

Ls HanpapeHaTa MHOIOKpHTEPHAIHA ONTHMH3AIMA HA PeXHMHATEe Ha 00paboTka IpH
psasane u [III]] Ha OTBOPH OT XHAPABIMYHA M [HEBMATHYIHH ILIIHHAPA H ca IOTYYCHH
AHAMTHYHMA MOEIH 3a OIpPEAeIITHE Ha ONTHMAaIHA MHKPOTBEPIOCT U I'PanaBocCT;

2. VeTaHOBEHM ca JONYCTHMHTE HHMBAa Ha CTErHATOCTTA, TONAaBaHETO H CHIIATa Ha
nebopMEpaHe, OCHTYPSBAIIH ONTHMAIHO KA49€CTBO Ha 00paboTeHNTE IOBBPXHIHH.

¥

6. OueHka 32 CTENEHTA HA JIMYHO YIACTHE HA JHCEPTAHTA B IPHHOCHTE

JlucepTaHOHHAS TPYI € Pa3paboTeHa Mol PEKOBOACTBOTO Ha HAaYYHHUS PBKOBOIHTENH - JIOIL.
n-p wumk. Amren JumutpoB Jlemrepos. OCHOBHHST NPHHOC IPH H3BBPIIBAHETO HA
EKCIIEpUMEHTAIHNTE U CTaTHCTHYEecKaTa 00paboTKa Ha pesyaTaTHTe CUMTaM , e € JIMIHO JETI0
Ha TOKTOPAHTA.

7. IIpemeHka Ha MyGIHKAIHMATE IO ANCEPTANHOHHMS TPY/

IIo CHABPIKAHUETO HA JUCCPTANHOHHHU TPY/I ¢a IyOIMKyBaHH 2 Hay4Ha CTATHH, OTIEIATAHH
B HAIMOHAIHM CIMCAHMS, 2 HAy4EeHH JOKIamM W 2 IyOIMKanmus KOHTO mpejcTom Ja Obmar
OTIeYaTaHu, BcHYKH ca Ha OBJITapcku e3uK. B TpH OT TAX, TOKTOPAHTHT € Ha IIBPBO MACTO.
[Ily6nmukanuuTe OTpPassgBaT B JOCTATBYHA CTCNCH Xapakrepa Ha AHCEPTALMOHHMA TPYZ,
CHOTBETHO QOPMYJIMpPAHHTE IIPUHOCH U HAITBJIHO OKPHBAT CHIABPIKAHHETO HA IUCEPTAllHOHHAS
TpyA.

JIumcRar JaHHM 3@ NUTHPAHHS HA HAy4HHTE MyONMKAlMH M IMPAKTHYCCKA pealn3anusd Ha
[OJIyYEHHTE PE3YJITATH.

8. HMinonsBaHe HA Pe3YJTATHTE OT JHCEPTAIMOHHHA TPYX B HAYYHATa H CONHMAJIHA
NPAKTHKA

Ilo/lydeHNTE AHATHTMYHA W  CKCIEPHMEHTATHH  DE3YNTaTH [0  paspaboTeHMs
JFCepTAIMOHHHMS TPYX MOTAT Ja MOCIYXKAT 3a Ch3JIaBaHETO Ha CHCTEMaA 3a YNpPaBJICHAC HA
peXHMHTE Ha KoMOMHHpaHaTa obpaborka upes pssane u IIIJ] Ha OTBOPH OT XHIPABJIMYHH
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nwHApH. ['oj1aMa 9acT OT TAX e MPUIIAaraT B IIPOM3BOACTBEHNTE GMPMH H3BBPIIBAIIA TAKHUBA
obpaboTku.

9. OueHKa Ha CHOTBETCTBHETO HA ABTOPedepaTa ¢ H3HCKBAHUITA 32 H3TOTBSIHETO MY,
KAKT0 H Ha aJeKBAaTHOCTTAa Ha OTpa3siBaHe HA OCHOBHHTE I0JIOKeHUS] H MPHHOCHTE HA
AHCEPTANMOHHHSI TPYX

AsropeepaTsT OTpassBa CBHITHOCTTA HA JMCEPTALMHOHHMS TPYX W € HAIpPAaBEH CIOpPE
H3UCKBAHUSTE, YCTAHOBEHH IIpe3 TONMHHUTE. T0oli 0TpassiBa afleKBaTHO OCHOBHUTE IIOJOKEHHS 1
IPHHOCH Ha TPYAa.

10. MueHus, NpenopbKA H GeIEKKH

JucepTannOHHUAT TPy € pa3paboTeH B ChOTBETCTBHE ¢ aKTYaJICH POM3BOACTBEH IPobIeM
Ha HHAycTpHanHa pupma. ChIBPIKAHHETO MU € CTPYKTYPHPAHO CHITIACHO H3HCKBaHMATa Ha TV
Codus. IIpakTnuyeckaTa peanm3anus Ha HOTYHEHHTE PE3yNTATH B PEATHH YCIOBHS IOBHIIABA
3HAYUTCIIHO AaKTYauHOCTTa Ha pa3paboTkara W ce sBABA TPEANOCTABKA 34 IIOCIICIBAIIH
EKCIIEpUMEHTAITHU U3CIIEABAHNS.

WsumcaBaneTo Ha HKOHOMH4YecKaTa e(eKTHBHOCT Ha paszpaborkara OH HOBHIIHIIO
aKTYaTHOCTTa HA H3BBPIICHHUTE W3CICABAHMS M JJ0 BB3MOXHOCT 3a HaOeNns3BaHETO HA
CJIC[BAlH HAYYHH H3CIICABaHHsA B TazH o0sacT. BKimo4BaHETO Ha YacT OT H3CHCIBAHHATA B
nporpamara 3a J1a0OpaToOpHH  YOPaKHEHHS [0 JUCIHIUIMHAra , TexHomorms Ha
M&HIHHOCTPOGHGTO“ ¢ CIIOMOT'HC 3a H3IUI'dHC Ha HUBOTO Ha YCBOABAHC HA MaTCpHAIA.

11. 3akmodeHse ¢ sCHA MOJOKHTEIHA WJIH OTPHUATEJIHA ONEHKA HA
AHCePTAIHOHHHS TPY/I.

BB3 ocHOBa Ha 3aI103HABAHETO C NPEACTABCHHS JIHMCEPTAMOHEH TPYI U CBBP3aHHUTE C HETO
nyONMKaMy B IPHHOCH, CUATaM 4e JUCEPTAllHOHHHAT TPYH OTrOBaps HA M3HUCKBAHUATA Ha
3axoHa 3a pa3BHTHE Ha aKaJJeMHIHAS CheTaB B Pemy6muka Boirapus. IlocTuraatate pe3ynraTu
MH JaBaT OCHOBAHHE Ja IpeUIokKa Ha yBaKacMOTO HaywHO JKYpH Ja MPHACHIN 00pa3oBaTeHaTa
| Hay4yHa cremeH ,Jlokrop” Ha Mar. mEx. ['tomion Dxeman Kapamka B obmact Ha BHCLIE
obpasoBarme - 5. TexHmdeckn Hayku, npodecHoHaIHO Hampasienue - 5.1, MammaHO
HHXXEHEPCTBO, JOKTOPCKA Iporpama ,,TeXHOIOrHs Ha MallTHHOCTPOEHETO”,

rp. Codus Penenzenr:
20.02.2026 . (mpod. a-p urK. 'amiHa HEKOIIITEa)
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1. Actuality of the problem developed in the dissertation in scientific and applied
scientific terms. Degree and levels of relevance of the problem and specific tasks
developed in the dissertation.

The dissertation submitted to me for review on the topic: "Technological assurance of
accuracy and productivity of combined machining of holes from hydro and pneumatic cylinders"
solves a current problem by combining the processes of cutting and PPD when machining holes
of different diameters and lengths.

Increasing productivity while ensuring the specified accuracy and roughness of the surfaces
processed by cutting and machining is a problem that has been solved for decades. The
dissertation includes 5 chapters.

In the first chapter of the dissertation, a classification of tools for combined hole machining
is made, and known designs of tools intended for such hole machining are considered. The factors
influencing the quality of the machined surfaces and their physical and mechanical properties are
analyzed. On this basis, conclusions are drawn and the goal is formulated: theoretical and
experimental study of the process of combined hole machining. To achieve this goal, the
following tasks are solved in the dissertation: an analysis of the known methods and devices for
machining smooth cylindrical holes with combined tools is made; the technological foundations
of single-pass machining are developed; experimental studies of the microrelief and
microhardness of the machined surfaces are carried out and on this basis the regression models
of the same are derived. This has created the opportunity to study the operability of the proposed
solutions in production conditions and to draw a conclusion about their effectiveness.

In chapter two, an analytical determination of the geometric parameters of the surface layer
in combined processing by cutting and PPD is made. The influence of technological parameters
on the microrelief and microhardness of the processed surfaces and the factors influencing the
indirect processing indicators are considered. The mechanism of deformation of the height of the
roughness depending on the radius of the deforming elements is clarified. An analytical
calculation of the degree of surface hardening depending on the technological processing
parameters is performed. The working effort in finishing hardening processing is determined.
Based on analytical studies, graphical dependencies for the nominal contact pressure in the zone
of elastic-plastic deformation are obtained. A principle scheme for determining the nominal
contact area is considered, clarifying the formation of the trace of the deforming elements during
plastic deformation of cylindrical surfaces. An initial scheme is analyzed, clarifying the



mechanism of elastic deformations occurring during plastic deformation. Chapter two ends with
generalized conclusions, namely: the physical picture of the process of elastic-plastic
deformation of the heights of the roughness of the initial surfaces processed by cutting and PPD
has been formed; Theoretical dependencies have been obtained, establishing the relationship of
the processing modes and the geometric parameters of the deforming parts of the tool with the
parameters of the initial and resulting roughness for static methods of processing by PPD; The
possibility of controlling the bearing capacity of the surface roughness (the parameter t_p) when
processing by cutting and PPD has been established; The limiting criteria have been developed
and theoretical dependencies have been obtained for calculating the maximum and minimum
radius of the working surfaces of the deforming elements depending on the parameters of the
initial roughness and the waviness of the processed surface; It has been theoretically established
that the share of elastic deformations in the formed processing efforts is from 15 to 25%.

In chapter three, “Experimental studies of the roughness of combined machining of the
surfaces of hydraulic cylinder holes”, technological, geometric, energy-power and physical
parameters affecting the microrelief are presented. An experimental plan is drawn up,
experimental samples are selected and the research methodology is described. The controllable
technological parameters are indicated: tightness; feed; rotation frequency; number of transitions
and initial roughness, at their respective levels of variation. Dispersion and regression analyses
of the experimental data are performed, and regression models are derived, three-dimensional
graphs are presented showing the dependence between the machining factors. Experimental
results are presented regarding the influence of tightness on the obtained roughness.

In chapter four, an experimental study of microhardness with a Leica VMHT Auto measuring
device was carried out on samples, a regression model was derived for the influence of
technological parameters on microhardness. The corresponding conclusions were also made:
higher values of tightness lead to higher values of microhardness; initial roughness and feed have
a major influence on the value of microhardness and the strengthening coefficient.

In chapter five, a multi-criteria optimization of the parameters affecting roughness and
microhardness is performed, and variants of the study of three and five controllable factors are
considered.

The degree and level of relevance of the problem developed in the dissertation is extremely
high and it is established by the formulated goal and the excellently defined and subsequently
solved tasks.

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

The doctoral student has good knowledge in the field of cutting and processing of materials
by plastic deformation. This knowledge has given him the opportunity to thoroughly study the
influence of various technological parameters on the quality indicators of surfaces processed by
cutting and PPD. The extensive literature review is impressive, covering 28 pages, citing 134
sources, 71 of which are in Latin. The literature review examines developments in the research
area and on this basis the main tasks that need to be solved are outlined.

I give a high score in terms of the degree of knowledge of the state of the problem and the
crea}tive interpretation of the literary material.

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

the dissertation work
The created methodology for conducting experimental research contributes to achieving the
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main goal of the dissertation:

'‘Goal: Theoretical and experimental study of the combined hole machining process.

Tasks to be performed to achieve the set goal:

- to conduct an analysis of the known methods and devices for machining smooth cylindrical
holes with combined tools.

- to develop the technological foundations of single-pass machining.

- to conduct experimental studies of the microrelief and microhardness of the machined
surfaces. On this basis, to derive the regression models of the same.

- To study the operability of the proposed solutions in production conditions and to draw a
conclusion about their effectiveness.

The planned experiment carried out and the obtained regression models have made it
possible to increase the practical applicability of the experiment.

The selected methodology for experimental studies fully corresponds to the set goal and tasks.
The application of the created methodology has made it possible to obtain theoretical and
experimental dependencies taking into account the influence of the technological parameters of
the ‘combined machining process by cutting and PPD.

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

The proposed contributions in the dissertation are divided into scientific and applied (4
pieces) and applied (2 pieces) contributions. I believe that they reflect the content of the
dissertation.

The obtained theoretical and experimental models can be used to create methodologies for
controlling the processing modes of CNC machines.

The content of the contributions fully takes into account the results of experimental studies
and the optimization models derived from them.

5. Contributions of the dissertation

In the development of the dissertation, scientific - applied contributions have been achieved.

The scientific - applied contributions are:

1. Theoretical dependences of the relationship between the processing modes and the
geometric elements of the tool with the parameters of the initial and resulting roughness were
obtained;

2. Theoretical dependences were derived for calculating the minimum and maximum radius
of the deforming cylindrical tools;

3. A regression analysis was conducted and three-dimensional models were obtained,
facilitating the determination of optimal technolo gical parameters of the processing modes under
specific production conditions;

4., A methodology was proposed for assessing the microhardness of the reinforced layer of
material after cutting and PPD of internal rotational surfaces. Based on a five-factor planned
experiment, graphical dependences were generated for the influence of the processing modes on
the microhardness.

The applied contributions are:

1. The multi-criteria optimization of the processing modes for cutting and PPD of holes from
hydraulic and pneumatic cylinders was performed and analytical models were obtained for
determining optimal microhardness and roughness;

2. The permissible levels of tightness, feed and deformation force were established, ensuring
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optimal quality of the processed surfaces.

'6. Assessment of the degree of personal participation of the doctoral candidate in the
contributions

The dissertation was developed under the supervision of the scientific supervisor - Assoc.
Prof, Dr. Eng. Angel Dimitrov Lengerov. 1 believe that the main contribution in carrying out the
experimental and statistical processing of the results is the personal work of the doctoral

candidate.

7. Assessment of publications on the dissertation work

Rased on the content of the dissertation work, 2 scientific articles have been published,
printed in national journals, 2 learned reports and 2 publications that are yet to be printed. All are
in Bulgarian. In three of them, the doctoral student is in first place. The publications sufficiently
reflect the nature of the dissertation work, the respectively formulated contributions and fully
cover the content of the dissertation work.

There is a lack of data on the citations of the scientific publications and the practical
implementation of the obtained results.

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

The analytical and experimental results obtained in the developed dissertation can serve to
create a system for controlling the modes of combined processing by cutting and PPD of holes
in hydraulic cylinders. A large part of them is applied in manufacturing companies performing
such processing.

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 the essence of the dissertation work and is prepared according to the
requirements established over the years. It adequately reflects the main points and contributions
of the work.

10. Opinions, recommendations and notes

The dissertation work was developed in accordance with a current production problem of an
industrial company. My content is structured according to the requirements of the Technical
University of Sofia. The practical implementation of the obtained results in real conditions
significantly increases the relevance of the development and is a prerequisite for subsequent
experimental research.

Calculating the economic efficiency of the development would increase the relevance of the
research carried out and provide an opportunity to identify further scientific research in this arca.
The inclusion of part of the research in the program for laboratory exercises in the discipline
"Mechanical Engineering Technology" will help to raise the level of mastery of the material.

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

Based on the familiarization with the presented dissertation work and the related publications
and contributions, I believe that the dissertation work meets the requirements of the Act on the
Development of the 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
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"Doctor" to M. Eng. Giinyul Dzhema Karadzha in the field of higher education - 5. T echnical‘
sciences, professional field - 5.1. Mechanical engineering, doctoral program "Technology of

mechanical engineering".

'Soﬁa Jury member:
Date: 23.02. 2026 (Prof. PhD Eng. G. Nikolcheva)



