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BbPXY THCEPTAUMOHEH TPY 3a NpuaobHBaHe Ha 06pazoBaTe/na 1 HAYYHa CTencH
»nlOKTOpP®

06uacT Ha BHCIIe 06pasyBanue — 5. TeXHHYECKH HayKH
Ipo(GEeCHOHANHO HanpasieHue — 5.1, MamuaHO HHKEHEPCTBO
CIHCLHMATHOCT — pi3aHE HA MATEPUAHTE H PEXKEIIU HHCTPYMEHTH

ABTOD Ha JHCEPTALMOHHHAS TpyA: Mar. urxk. [Inamen ITnamenos KacaGop
Tema na gucepraunonnns Tpya: ,Mscnenpane u ONTHMH3aLUA Ha cTabHIIHOCTTA Ha
aHTHBUOPALMOHHN HHCTPYMEHTH”

Yien Ha xypuTo: npod. 1-p umk. [anuaa Usanosa Hukomryena

1. Aktyannocr nHa paspaGorenns B AHCEPTAUHOHHMH TPYI HPOGJIeM B HAYYHO M
HAy4HO-IIPUJIOKHO OTHOMeHMe. CTeNeH H HHBA HA AKTYAIHOCTTa HA NPOdIcMA H
KOHKPETHHMTE 3a1a4H, Pa3pab0oTeHH B AHCEPTAIMATA.

PaspaGorennst micepranmonen Tpy ¢ HacodeH KbM H3CICBAHE C 11 ONTHMH3Hpatie
Ha TEXHONOTHYHUTE NapaMeTpH Ha MeXaHWdYHaTa 06paboTka IpH pascTbprBale Ha IbIG0KH
OTBOpU. BeposTHOCTTA 3a BL3HMKBaHE Ha BHOpaluy npu Takasa oOpaboTka ocobeHo npu
HECTAa0MIIHU ¥ TBITH 3aTOTOBKH € TONAMA , KOETO HANAra Ha 6233 KNACHUECKITe pelleHus Ha
CLIIECTBYBALATE Pa3CTbPIBAIM IIAHTY Ja Ce IPEIIOKAT PelIeHHs Bh3IeHCTRALY B T0CoKa
HaMaliBaHC Ha BHOpaUMOHHMTE aMIUTATYd. OCHOBHATA LEN HAa HM3C/CNBANKSTA B
JAMCCPTALMOHHHUSA TPY/ € /A C€ aHAIM3HPa M ONTHMH3Upa CTabHIIHOCTTa HA AHTHBHOPALYIOHEA
Inaxra, u3nosssaka npu o6paborkara Ha 0TBOpH. Upes IpHiaraie Ha CHBPEMEHHH METOTH 44
MOIelnupaHe, 4YHCIIEHU CHMYJIallHH H €KCIICpHMCHTAJIHH H3CJICIBaHHui, € HAIIPABEHO
HICHTHDHUIMpPaHE Ha KIIOYOBUTE IIaPAMETPH, BIHSELIH BBPXY BHUODALIHOHHOTO [IOBE/IEHHE Ha
HHCTpyMeHTa. Ha Ta3u 6asa ca paspaGorenu Ha edextupnu CTpaTerHu 3a HaMalsBaie Ha
AUHAMHYHUTE HECTAOUITHOCTH Bb3HUKBAIIM [IPH PA3CTHPIBAHE HA JIbIGOKH OTBOPH .

Crenen Ha nosmasane. HapacTsaiure B MHIYCTPHATA M3MCKBAHETO 33 [10-FOMsMA
TOYHOCT, N0-BHCOKA POU3BOAMTE/HOCT H MUHMMaNEH Gpak npu 06paboTkata npasy Temara
H3KITIOYMTEIHO PENeBaHTHA.

B nucepraunonnus Tpya SCHO € apryMEHTHDAHO MHEHHETO, Ye aHTHBUOpallMOHH 1M
INaHTH ¢ HACTPOCH MAacoB JeMI(ep IpPEACTaBNABAT KIOYOBA MOCOKA 33 Pa3BHTHE C MEJ
nofi00psiBaHE HA AMILTHTYIHO-YECTOTHATA XAPAKTEDPHCTHKA, HAMALIBAHE Ha BHOpaLdUTe,
PEAYKIHA Ha TPANIaBOCT H [IOBHIIABAHE HA Pa3MEPHATa TOYHOCT B IIpOIeca Ha PasTHPrEade ra
Ienboku oTBopH. ToBa e Ge3copHO akTyasneH npoGlieM, KakTo KOHLIETITYanHo, TaKa 4 B YHCTO
HH)XEHEPHO MIPUI0XKEHHE.

2. CpcrosiHHeT0 Ha mpobaema M TBOPYECKA HMHTEDIPETAIMsi HA JIHTeDATYDHUH
MaTepHAJL

ABTOPBT JEMOHCTPHDAa MHOTO HOGPO TEOPETHYHO ¥ MPAKTHYECKH [O3HABAHE Ha
BHODALOHHKTE SBICHUA — NPHHYNEHH, CAMOBB3GYMKIALA Ce, CITy4aliHH U HeJHHeHHH
BHOpalliH, C ACHH MATEMaTHYECKH MOJEH U HHXCHEPEH KOHTEKCT . JlurepaTypuust 0030p e
IIMPOKO 0OXBATeH, OKPUBAIN BCHYKH aCHEKTH Ha TEMATHKATA, I[PABHIHO CTPYKTYPHPaH H
BKIIIOYBa BKHH HalPaBICHH, KaTo: JuHaMmuka Ha MITW/J] cucTemu; peskelny ciid u TAXHATE
BpB3Ka C BBL3HUKBAlMTe BHOpAlMM; BIMSHMETO Ha I€OMETPHATA Ha HHCTPYMEHTA BBPXY
BB3HHKBAHETO U Pa3BHTHETO HA BI/IGP&I.IPII’ITB; BHJIOBETE METOH 34 KOHTPO.I ¥ YIIpaBneHUe Ha
BHOpAaLUUTE; CHBDEMEHHH CXeMH Ha peamnsanus Ha HaCTpOEeH MacoB jemidep B
HHCTpYMEHTAIHATa KOHCTPYKLHUS.



ABTOPBT He camo 06pe 06o0maBa HHGpOPMALMSTA, HO CBHINO TAKA [IPARH 38ILIO0UEH
COOCTBEH HMHKCHEDHO-KDHUTHYEH aHANH3 32 BIMSHHE Ha Macara, I'€OMETpHATa H
MO3HIMOHUPAHETO Ha JeMI(epHpalys eleMEHT; aHaIH3Hpa [IPeIMMCTBA. HEJOCTATLIHN H
pasriex/ia KOMIPOMHCHTE KOHTO Tpsa6Ba Na ce HanpaBsT IIpH U360pa Ha MaTepUa Ha TAJIOTO
H JeMiepHHs eIEMEHT.

3. CroTBercTHe Ha M30paHATA METOAMKA HA M3CJIEIBAHE ¢ NOCTABCHATA LEN H
3a/1a49H4 HA AHCEPTALHOHHHUSA TPY/

Meronukara e mocnesoBarenHa, TEXHHIECKH H3IbpKaHA H HABIHO CHOTEETCTRA Ha
nenute. Ts BKMOYBa B cefe CH aHaIMTHYHA YacT, 06XBalaIa U3YUC/ISBAHETO HA CHJIMTE Ha
pA3aHe npu 6a30BHS XXMM H3IION3BAH 33 AKOCTHUTE W3YUCICHUS; pa3paboTBaHE Ha CTATHY MU
4 IVHaMHYHH MOJIEIIM Ha KOpaBHHATa, MacaTa U coOCTBEHa YeCcTOTa Ha LIAHraTa, M34HC/IeHN A
CBBP3aHH C MpEI[M3HATa HACTPOMKa Ha MacoBUsA JeMIIpep.

Bropusar eranm obemaBa NPOEKTHPAaHETO HA KOHCTPYKLHATA: Ha JMLE C4 SCHO
AeduHMpaHH rabapuTH Ha MHCTPYMEHTa H KOMIIOHEHTMTE My, B3€TH Ca B IIPCABH]
OrpaHHYHTEIHATE YCIOBMs 3a pa3sMEpHTe Ha KyXMHATa Ha JeMIlpepupalnara cUcTeMa M
HEHHOTO PasIoJI0oKEHHE 10 HAIIPaBICHHE Ha Th/DKMHATA Ha TAJIOTO HAa HHCTPYMEHTA. 06ChIeHa
€ ONTHMH3allMs HA MacaTa Ha JAeMN(epHpalIis eNeMEHT W KOpaBXHaTa Ha €I1acCTOMEDHHAT
€IIEMEHT

B TpeTua eran e HampaBeHO CTHMYJIAIIMOHHO — YHCIEHO MOJEIHMpaHe [0 METOo1a Ha
KpaifHuTe eneMeHTH. HanpaBeH e MoJalleH aHAIM3 Ha TAJIOTO, OTJE/I€H MOJAJIEH aHalld3 Ha
nemmgepupainara CHCTEMa, KaKTo0 M MOJAJIEH aHallM3 Ha 1[AJ1aTa MHCTPYMEHTAIIHA CHCTEMA.
W3prpined e ¥ aHANHU3 HA XaPMOHHUYHHA OTKIIMK HA CHCTEMATA.

YeTBBPTHAT €Tall BKIIOYBA €KCIIEPUMEHTAIHH H3CIEBAHMSA BAIUAKPALH HAIPARCHH S
CTHMYIIAlMOHEH aHajIK3. M3BbpIIeHo € cHEMaHe Ha aMIUTATYIHO, YECTOTa XapAKTEPHCTHKA H
ONpefieNiiHe HAa COOCTBEHHTE 4YECTOTH HA TWAIOTO HA HHCTPYMEHTA W Ha [4laTa
HHCTpyMEHTallHA CHCTEMa, ype3 NpHUHYJCHO BB3OyXkaaHe ¢ MojaleH dyk. Hampasen e
CPaBHMTENICH aHAIM3 Ha JHHAMHMYHOTO MOBEACHHE HAa MHCTPYMEHTA C IPHIIOKEH HACTPOCH
MacoB zeMiipeper eneMeHT H 0e3 Hero. AHAIM3UPAHO € BIHAHHUETO HA PEKHMA Ha pA3aie
BBpPXY JHHAMHYHOTO IIOBEJEHHE HA HHCTPYMEHTA U € M3BEJIEH PErPECHOHEH MO,1eJ H3I0I3BaH
3a ONTHMHM3ALMA HA PEXKUMHUTE Ha pA3aHe Ha aHTHBUOpAIMOHHATA IIaHTa.

Moxe apryMeHTHpaHO [a ce 3aKIIIOYH , Y€ NPEAI0KEHATA OT ABTOPA METOACIOIHATA €
NpaBUIHO oAOpaHa, 106pe apryMEeHTHpaHa U IPAKO 00CIyKBa LENHTE HA H3C/IEIBAHETO.

4. Kparka aHaIMTHYHA XapaKTEPHCTHKA HA €CTECTBOTO M OUEHKAS 1A
JOCTOBEPHOCTTA HA MAaTEpPHAJA, BLPXY KOHTO ce rpajasT IMPHHOCHTE pa
JAMCEPTALMOHHHKS TPYA,.

MatepuansT, BbpXy KOHTO JUCEPTALMOHHHUAT TPYJ M3rPax,/1i CBOMTE PE3VITATH, C€
XapaKTepH3Hpa C HH)KeHepHa JOCTOBEPHOCT M KOPEKTHO MoAOpaHa H3CIeloBATeICKa OCHOBA.
ABTOpBET OOOCHOBaBa pa3pafoTKaTa €IHOBPEMEHHO BBPXY TEOPETHUHH MOJENH. HUCIeHH
CHMYJIALlWH W €KCIIEPUMEHTAHH H3MUTBAHHU, KaTO OCHTYpSBa HENPEKLCHATA IIPOCIICANMOCT
MEXIy OTACIHUTE HUBa Ha aHalu3a. ToBa Ch3/1aBa SCHA JIOrHyecka IHHUS OT BUOpalloHHHTe
MOZEIIH A0 PEAIHOTO IOBSACHHE Ha H3paboTeHUA IPOTOTHII Ha aHTHBUOPAIIHOHHATA [LaHTa.

Teoperwunara wacT CTBIBA BBPXY KIACHYECKHTE MOJEIH 32 [IPUHYIEHH,
caMoBB30yxmamu ce W ciuydaidHu BuOpanuu. Mozenure ce NpPEACTapRsT ¢ A0CTaTh4ia
MaTeMaTH4yecKa CTPOrocT, a M30paHWTEe 3aBHCHMOCTH aJ€KBATHO ONMCBAT JMHAMUKATA Ha
CHCTeMaTa MalllHHa-IpPHCIOCO0IeHHe-HHCTPYMEHT—AeTall. Bakro € na ce otOenexu, ue
ABTOPBHT MOCIIEJOBATENIHO H3II0JI3Ba [TapaMETPH, PEAlMCTHYHH 3a Pa3CThprBailld ONepalui,
KaTo pexelld CHIM, JBIOOYHHA Ha pA3aHE M IEeOMETPHA Ha MHCTPYMEHTA. M3BICYEHH OT
YTBBDACHM M3TOYHMIM M TEXHOJOTWYHM Karano3H. T03M MOJIXOJ MHHEMH3HpA DHCKa OT
abCTpaKIKK, KOUTO HAMAT €KBUBAIEHT B ACHCTBUTEIHM IIPOU3BOJICTBEHH YCIOBHSL.



HuciieHoTO MOZIEHpAKE Ypes MeTOMa Ha KpallHUTE eeMEHTH [OBHILABA Ol HOREUE
AOCTOBEPHOCTTA M HANCKAHOCTTA MPE/NIOKEHATA METOIuKA. POPMUPAHETO Ha TEOMETPHYEH
MOJIel C A€TalJIeH aHTMBMOpAMOHEH MOAyN, Ae(UHUpaHETO Ha PEATHCTHYHH I'PaHMYEH
ycnmoBus M M300pBT Ha IOAXOAAINA MpeEka IO3BOJSBAT IIOCTHraHe Ha pesyiaTatu ¢
HEOo0X0IMMaTa TOYHOCT M cTabHIHOCT. OCOGEHO BaskKHO €, Ue MOJATHUAT aHATH3 HA TAIOTO Ha
HHCTPYMEHTa, Ha caMus JieMiiiepeH eJIEMEHT M Ha obeIHHeHaTa CHCTeMa T0Ka3Ra BLTpelIHa
KOHCHCTEHTHOCT — COGCTBEHHTE YECTOTH Ha OT/IC/IHATE KOMIIOHEHTH Ce CBIVIACYBAT JIOTHYECKH
H HE [IPOTHBOPEYAT HA AHAUTHYHHTE OLEHKH. XapMOHHUYHUAT OTKIMK U BPEMEBHUST aHaJIN3
JONBJBAT Ta3H KapTHHa, KaTo BH3yaJIHO IIPEACTABAT YECTOTHHTE JAHana3oHH., KbJeTo
CHCTEMaTa € 0COOCHO YyBCTBHTENHA, M []aBAT BE3MOXKHOCT Ja C€ [IPOCIENH KiK HACTPOEHH
MacoB JIeMII(ep pearHo BIlHsAe BbPXY 3aTHXBAHETO Ha BUGpAIUKTE.

IIpoBenenuTe H3MepBaHMs Ha YECTOTHH XapaKTEPHCTHKH 4pe3 BB30yuIaHe ¢ MOJIaIcH
YK IIOKa3BaT ChIIECTBEHO CHBIAJICHUE C YHCIIeHHTE Mojien. Habmonasanure oTkIOHeHHS ca
B PpaMKMTC Ha JONYCTAMHTE HHMKCHEPHM TIDaHHIH M [0-CKOPO I[IOTEBLPIKIABAT
PEATUCTHYHOCTTa HA JONYCKaHHSATa, OTKOJKOTO Ja paskpupal crmaboctu. Ocobero
TIOka3aTeHo ¢, 4e EKCICPUMEHTATHO yCTaHOBEHATa ITbpBa coGCTBEHa 4ecToTa Ha Gopinadrara
CbBlajla C Ta3W, HM3ION3BaHA IpPM HACTpOiikara Ha Jemmdepupamara cucrema. Topa
ACMOHCTpHpa IPCLUU3HOCT IPH NIPEMUHABAHETO OT AHATHTHYEH MOJIE] KbM (YM3HYECKH 0BEKT
¥ IOTBBPIK/IaBa IPHIIOKHMOCTTa Ha pa3paboTeHaTa METOUKA.

B3anMHOTO NpHUmOKpHBaHE Ha TPUTE HMBA- TEOPUTHYHO-AHATMTHYLH HM3YHCIICHH i,
CHMyNanus HM3IIOJ3Ballld METoJa Ha Kpa.ﬁHHTC CIEMCHTH H CKCIIEpHMEHT IIOKa3Ba, ue
MaTepHATBT € NOCTaThYHO IIBJICH, NMOCIENOBATENIHO CTPYKTYPHPaH U MPOBEPEH 110 HAYMI,
KOHTO MHHHMH3HPA BEPOATHOCTTA OT I'PEIIHHU HHKEHEPHH 06061IeH s Hay4uute npunocu ne
ca 6a3upaHy Ha €IMHHYEH METOJI, 4 BEPXY MHTErPalliaTa Ha HIKOIKO B3aMMHO/IOIILJIBAIIH ce
H3TOYHHMKA Ha NaHHH. II0 TO3M HaYMH ce rapaHTHpa, Y€ M3BOJHMTE M Da3pabOTEHHTE
KOHCTPYKTHBHM DCLICHHA NMOYHBAT KaKTO Ha HAayyHa, Taka H Ha [IPAKTHYECKH [IPOBEpEHA
OCHOBA.

5. Hay4HH H HAYYHO IPHJIOMXHHU NPHHOCH HA JUCTAHIHOHHHA TPYyA

Ilo muceprauuoHHHAT TPyA ca GOPMYNMpPaHH HYETHPH HAYYHO-IPHIOKHH (4 6pos) u
TPH OpUIIOXKHH (3 O6post) IpHHOCH.

HayuHo- HpUIIOKHUTe IIPHHOCH Ca CBEP3aHH Hali-Bede C M3rpajenHata BHOpAIOHIA
MozienHa 6asa, KOATO OMKMCBA JWHAMHUKaTa Ha GOpINaHra ¢ HACTpoeH MacoB JeMiidep 4pes
aJanTHpaHe Ha KJIACHYECKH Bn6paunomm 3aBHCHMOCTH KBM pPCaIHHTE yCJIOBHA Ha
pascTepreane. MsmonsBanata MeTonMKa 3a HACTpOMBaHE Ha MacaTa, KOpaBHHATA M
AeMI(HPaHETO Ha HACTPOSHHA MacoB AEMII()ep JEMOHCTPHPA CIIOCOGHOCT 3a POTH O3UpaHe u
ONTHMH3AIKA HA JUHAMUYHOTO MOBEJIEHHE, KATO PE3YNTATHTE OT HES CE MOTBLPAKIABAT KAKTO
4pe3 FEM ananu3, Taka 4 4pe3 eKCIIEPUMEHTAIHA H3MEPBaHHUs.

Hannne e mo0pa chriacyBaHOCT MeXIY CHMYJALMOHHMTE M EKCIEPHMCHTAIHHTE
PE3yITaTH, KOETO II0Ka3Ba, 4e pa:spaGOTeHaTa METOJHKA € HE CaMO KOHUENTYaIHO TOYHA, HO H
IIpaKTHYECKH HaIeXIHa. KOHC’I‘pyICTHBHOTO PELICHHE Ha aHTHBPIG[)aLIHOIIHa'Ia miaHra,
Ga3upaHo Ha Te3H MOJIENH, IPE/ICTABISABA Hali-CHITHUA HAyYHO-TIPHJIOKEH pe3yiTar: ch3/1aJicH
€ peajieH HHCTPYMEHT, KOHTO IEMOHCTPHpa MOBHILIEHA YCTOMYMBOCT Ha BUOpAIIUMHM, 110-BUCOKA
co0CTBEHA YECTOTa M [10-HHCKH PabOTHH aMILIUTYIH B CPARHEHHE ChC CTAHNAPTHA INAHTA [IPH
AHAJIOTHYHHM YCIIOBHA.

OGoOlmeHnTe NPHIOKHE W HAYYHO- NPHIOKHA MPHHOCH OTPA3siBaT ANEKBATHO
NOIYYEHHUTE PpE3YJITaTH B JHCEPTAlHOHHHAA TPpYO H JOaeBart 00eKTHBHA npe/jcraga  sa
ChIBDIKAHUETO MY.

6. Ilpeunenxa Ha MyOJHKALMHTE 0 JUCEPTANMOHHMS TPY/



Ilo nucepraumonnus Tpya ca HanpaBeHH TPU Ha Gpoit NyGNMKALMH, KATO BCHUKH Ca B
CBaBTOPCTBO. B enHa myGnukamus AOKTOPAaHTBT € Ha IBPBO MACTO. ChLIALDKAHUEIO Ha
mybiMKal|uTe OTpa3sBa OGCTOMHO aHANW3a Ha CHLCTOSHHETO HA NPOGIEME, MOCTHIHATHTE
PE3yIITaTH OT HAlPaBEHHTE H3CJICABAHMA H NPEJIOKEHATE HAYYHO NPHIIOKHH M IIPHIOKHU
IIPUHOCH.

7. MHeHHe H NIPeNOPbLKH

JuceprauoRBuAT TekeT opopMs obmo BreuatieHHe 33 106pe CTPYKTYpHpaHa,
TEXHHYECKH OOOCHOBaHA M MOCIEIOBATENHA pabora, YCHOEIHO CTLYeTaBalla TCOPSTHYEH
QHAIU3, YUCIICHO MOJENHUPaHe ¥ EKCIIEPAMEHTANHA IIPOBepKa. ABTOPBLT JEMOHCTpHpa 106p0
HHBA Ha [I03HABaHE Ha [I03HABAHE HAa TEMATHKATa M B YACTHOCT IMHAMMYHHUTE 1POLIECH, KOHTO
ONpENeNAT CTabHIHOCTTA HAa pa3CTHPrBAlllis MHCTPYMEHT. M3pemenure pesyiratd ca
ybenuTensu u n06pe apryMenTupany. Jlorudecku 106pe CRBp3AHMTE AHAIUTHIHHA MOJCITH C
KOHKPETHO HHMKEHEPHO H3IIBIHEHME MOKa3Ba TEOPETHYHA IOATOTBEHOCT M HIKEHEpHE
KOMIIETEHTHOCT.

Karo 3a6enexka Mora jia oT6Genexa, 4e e H3CIENBAHA CaMO eHa aHTHBHOPAHOHNA
IIaHTa.

Kato mpenopbka kbM aBTOpa M HETOBHA TPYX OMX IIPENOpHYANa j1d C& MPOIbLIKH C
OBbzew no- 3a1b1004Y€eH aHAIH3 Ha JMHAMHYHATA XapaKTEPHCTHKA [0 OTHOLIEHHE HA MACOBOTO
OTHOIICHHE, KAKTO U Ha €IaCTOMEPHTE CICMCHTH M3IOJI3BAHE B KOHCTPYKIMATA, C OTNe] Ha
IOBJITOCPOYHATA UM YCTOMYHBOCT M HAJEKIHOCT.

8. 3akiaruenue

JMcepTalOHHUAT TPYA € pa3paGoTeH, CHINIACHO OOII0 HALMOHAJHHTE H3MCKBAHS U
CBIIACHO 3aKOHA 3a Pa3BUTHE HA aKaJCMMYHHMs ChCTas B Penybiuka bearapus. [Toaydenure
Pe3ynTaTu Ca OpUIHHAIHH, IPAKTHYECKH IIOJIE3HH H TOBA MH JlaBa OCHOBaHHE /14 IPSII0KA Ha
yBa:Ka€MOTO Hay4HO XYpPH Jia IPHCHIH 0Opa3oBaTeHaTa M Hay'Ha cTeneH ,,J[okTop™ Ha Mar.
umk. [Inamen [Tnamenos KacaGor B o6ract Ha Buciie o6pazoanue - 5. Texmuueckn Hayki,
npodecroHanHo HanpasieHue - 5.1. MammMHHO HHXEHEPCTBO, IOKTOPCKA Mporpama ,,Pasare
Ha MaTEPHAIIMTE U pekelld HHCTPYMEHTH.

rp. [Tnosmus Peuensent: Loyt =
10.12.2025 (mpog. a-p umxk. . Huxomruesa)
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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 specifie tasks
developed in the dissertation.

The developed dissertation work is aimed at research with the aim of optimizing the
technological parameters of mechanical processing when boring deep holes. The probability of
vibrations occurring during such processing, especially with unstable and long workpieces, is
high, which requires, based on the classical solutions of the existing boring bars. to propose
solutions that affect the reduction of vibration amplitudes. The main goal of the research in the
dissertation work is to analyze and optimize the stability of an anti-vibration bar used in the
processing of holes. By applying modern modeling methods, numerical simulations and
experimental studies, the key parameters influencing the vibration behavior of the tool have
been identified. On this basis, effective strategies have been developed to reduce the dynamic
instabilities occurring during boring deep holes.

Level of knowledge. The growing demand in the industry for greater accuracy, higher
productivity and minimal scrap during processing makes the topic extremely relevant.

The thesis clearly argues the opinion that anti-vibration bars with a tuned mass damper represent
a key direction for development in order to improve the amplitude-frequency characteristic,
reduce vibrations, reduce roughness and increase dimensional accuracy in the process of deep
hole boring. This is undoubtedly a current problem, both conceptually and in a purely
engineering application.

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

The author demonstrates very good theoretical and practical knowledge of vibration
phenomena - forced, self-excited, random and nonlinear vibrations, with clear mathematical
models and engineering context. The literature review is wide-ranging. covering all aspects of
the topic, properly structured and includes important areas, such as: dynamics of MPID
systems; cutting forces and their relationship with the arising vibrations; the influence of tool
geometry on the occurrence and development of vibrations; types of methods for vibration
control and management; modern schemes for implementing a tuned mass damper in the tool
design.



The author not only summarizes the information well, but also makes a thorough
engineering-critical analysis of the influence of the mass, geometry and positioning of the
damping element; analyzes advantages, disadvantages and considers the compromises that must
be made when choosing the material of the body and the damping element.

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

The methodology is consistent, technically sound and fully consistent with the
objectives. It includes an analytical part covering the calculation of cutting forces in the basic
mode used for strength calculations; development of static and dynamic models of the stiffness,
mass and natural frequency of the bar, calculations related to the precise adjustment of the mass
damper.

The second stage promises the design of the structure: the dimensions of the instrument
and its components are clearly defined, the limiting conditions for the dimensions of the cavity
of the damping system and its location along the length of the instrument body are taken info
account, optimization of the mass of the damping element and the stiffness of the elastomer
element is discussed.

In the third stage, a stimulation-numerical modeling using the finite element method was
performed. A modal analysis of the body, a separate modal analysis of the damping system, as
well as a modal analysis of the entire instrument system were performed. An analysis of the
harmonic response of the system was also performed.

The fourth stage includes experimental studies validating the stimulation analysis. The
amplitude and frequency characteristics were recorded and the natural frequencies of the tool
body and the entire tool system were determined by forced excitation with a modal hammer. A
comparative analysis of the dynamic behavior of the tool with and without a tuned mass
damping element was performed. The influence of the cutting mode on the dynamic behavior
of the tool was analyzed and a regression model was derived for optimization of the cutting
modes of the anti-vibration bar.

It can be reasonably concluded that the methodology proposed by the author is correctiy
selected, well-argued and directly serves the objectives of the study.

4. A brief analytical characterization of the nature and assessment of the credibility

of the material on which the contributions of the dissertation are built.

The material on which the dissertation builds its results is characterized by engineering
credibility and a correctly selected research basis. The author bases the development
simultaneously on theoretical models, numerical simulations and experimental tests, ensuring
continuous traceability between the individual levels of analysis. This creates a clear logical
line from the vibration models to the real behavior of the manufactured prototype of the anti-
vibration bar.

The theoretical part is based on classical models for forced, sclf-excited and random
vibrations. The models are presented with sufficient mathematical rigor, and the selected
dependencies adequately describe the dynamics of the machine-fixture-tool-part system. It is
important to note that the author consistently uses parameters realistic for boring operations,
such as cutting forces, depth of cut and tool geometry, extracted from established sources and
technological catalogs. This approach minimizes the risk of abstractions that have no equivalent
in real production conditions.

Numerical modeling using the finite element method further increases the credibility and
reliability of the proposed methodology. The formation of a geometric model with a detailed
anti-vibration module, the definition of realistic boundary conditions and the selection of an
appropriate mesh allow achieving results with the necessary accuracy and stability. It is
especially important that the modal analysis of the instrument body, the damping element itself
and the combined system shows internal consistency — the natural frequencies of the individual
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components are logically consistent and do not contradict the analytical estimates. The
harmonic response and time analysis complement this picture by visually presenting the
frequency ranges where the system is particularly sensitive, and allow one to trace how the
tuned mass damper actually affects the vibration damping.

The frequency response measurements performed using a modal hammer excitation show
substantial agreement with the numerical models. The observed deviations are within the
permissible engineering limits and rather confirm the realistic assumptions than reveal
weaknesses. It is particularly significant that the experimentally determined first natural
frequency of the boring bar coincides with the one used in the tuning of the damping system.
This demonstrates the precision in the transition from an analytical model to a physical object
and confirms the applicability of the developed methodology.

The mutual overlap of the three levels - theoretical-analytical calculations, simulation using
the finite element method and experiment shows that the material is sufficiently complete,
consistently structured and verified in a way that minimizes the likelihood of erroneous
engineering generalizations. Scientific contributions are not based on a single method, but on
the integration of several mutually complementary data sources. In this way, it is guaranteed
that the conclusions and the developed constructive solutions rest on both a scientific and a
practically verified basis.

5. Scientific and scientifically applied contributions of remote work

The dissertation work has formulated four scientific-applied (4 pieces) and three applied
(3 pieces) contributions.

The scientific-applied contributions are mainly related to the buit vibration model basz,
which describes the dynamics of the boring bar with a tuned mass damper by adapting classical
vibration dependencies to the real conditions of boring. The methodology used for tuning the
mass, stiffness and damping of the tuned mass damper demonstrates the ability to predict and
optimize the dynamic behavior, and its results are confirmed both by FEM analysis and by
experimental measurements.

There is good agreement between the simulation and experimental results. which shows
that the developed methodology is not only conceptually accurate, but also practically reliable.
The constructive solution of the anti-vibration bar, based on these models. represents the
strongest scientific-applied result: a real instrument has been created that demonstrates
increased vibration resistance, higher natural frequency and lower operating amplitudes
compared to a standard bar under similar conditions.

The summarized applied and scientific-applied contributions adequately reflect the resulis
obtained in the dissertation work and provide an objective idea of its content.

6. Assessment of dissertation publications

Three publications have been made on the dissertation, all of which are co-authored. In one
publication, the doctoral student is in first place. The content of the publications reflects in
detail the analysis of the state of the problem, the results achieved from the research carried out
and the proposed scientific and applied contributions.

7. Opinion and recommendations

The dissertation text gives the general impression of a well-structured. technically sound
and consistent work, successfully combining theoretical analysis, numerical modeling ard
experimental verification. The author demonstrates a good level of knowledge of the subject
and in particular the dynamic processes that determine the stability of the boring tool. The
derived results are convincing and well-argued. The logically well-connected analytical models
with a specific engineering implementation show theoretical preparedness and engineering
competence.

As a note, | can note that only one anti-vibration bar was studied.



As a recommendation to the author and his work, I would recommend continuing with a
future more in-depth analysis of the dynamic characteristics in terms of mass ratio, as well as
the elastomer elements used in the structure, in view of their long-term stability and reliability.

8. Conclusion

The dissertation work has been developed in accordance with the general national
requirements and in accordance with the Act on the Development of the Academic Staff in the
Republic of Bulgaria. The results obtained are original, practically useful and this gives me
reason to propose to the esteemed scientific jury to award the educational and scientific degree
"Doctor" to M. Eng. Plamen Plamenov Kasabov in the field of higher education - 5. Technical
sciences, professional field - 5.1. Mechanical engineering, doctoral program "Cutting of
materials and cutting tools".

Plovdiv Reviewer:
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