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1. OOma xapakTepucTHKA HA IUCEPTALUOHHUS TPY/

JlucepTalmOHHUAT TPyl € 0(OPMEH B YBOJI, YETUPH IJ1aBH, OLIEHKA HA Bb3MOKHOCTHUTE 32
WHYCTPUAIIHO MIPWIOKEHNE Ha TBJIOOKAaTa KpUOTeHHAa 00paboTKa, CHUCHK C MPUHOCH, CITHU-
ChK C IMyOJMKALIMK HA JOKTOPAHTA [0 JUCEPTALMOHHUS TPYA, CHUCHK C YJacTHsI B HAyYHOMU3-
CJIEIOBATEINICKU MPOEKTH 1 Oubnuorpadus. OTaeaHo € TpeIocTaBeHa U MOAIUcaHa OT JOKTO-
paHTa JeKIapanus 3a OpUTHHAIHOCT Ha mpeactaBeHus Tpyd. OOmmsaT o6em Ha AucepTaiu-
onnus Tpyn e 186 crpanunu, kato Birousa 119 ¢purypu u 52 tabnunu. CiuchbKbT HA U3MOJ-
3BaHAaTa JUTEpaTypa chabpka 193 nureparypHu M3TOYHHKA, TpeobiaaaBamara 9act oT Ko-
HUTO ca oT nmociaeqauTe 10 TOQWHM ¥ TO Ha aHTJIMHCKH €3UK.

JlucepTalinoOHHUAT TPy € (OKYyCHpPaH BhPXY U3CJIEIBAHETO Ha BB3CHCTBUETO HA ABI0O0-
Kata KpuoreHHa oopabotka ([IKO) BbpXy MUKPOCTPYKTypaTa, MEXaHUYHHUTE U €KCIUIOATaI-
OHHU CBOMCTBA KAaKTO HA HAKOU TEPMUYHO YSKYAE€MHU, TaKa M Ha HEYsKYaBaIll CE€ TEPMUYHO
alyMMHHEBH cIlIaBu. M3cnenBaneTo uMa 3a el j1a uaeHTu(UIupa OnTUMAIHU YCIOBHUS Ha
JIKO, a cpl10 1 Aa U35CHU MEXaHU3MUTE CTOSIIM 3a]1 HAOJI0JaBaHUTE IIPOMEHHU B XapakTe-
PUCTUKHTE Ha HAKOW aIyMHUHHEBH CIUIABH.

B mppBa riasa e pasrienaHa CTpyKTypHaTa XapaKTepUCTUKA U ChbCTaBa HA Pa3IMYHU ajly-
MUHHEBH CIUIaBU, BKIFOUHUTEIIHO MOJIXOAUTE 32 00paboTKaTa UM U TEXHUTE cBoMcTBA. OCHOB-
HUAT (OKYC € BbpXY aJyMHHHEBO-MarHe3WeBH, aJyMUHUEBO-MEIHH, allyMUHUEBO-CUIIUIIHU-
€BU CIUIaBU U JIp., KAKTO U TAXHOTO MPWIOKEHUE B Pa3IM4YHU UHAYCTpUaIHU o0nacTH. OOCH-
JICHU ca TEXHUTE JIETUPALIN CbCTAaBKH, YCIOBHUATA 32 TOIIMHHATA UM 00paboTKa M eKCIuIoa-
TAI[MOHHU XapaKTEPUCTUKHU KaTO MEXaHUYHA SIKOCT, YMOPHA SIKOCT U KOPO3HMOHHA YCTOHYH-
BOCT. BKitoueHu ca teMriepaTypHUTE IMANa30HU 33 PA3IMYHU TOIUIMHHU 00pabOTKH U yCIIO-
BHUS 32 TAXHOTO MPUJIOKEHHE. AHAJIM3UPaHU ca U (a30BUTE ChCTOSIHUS U ITPOLIECUTE HA KPHUC-
Tanu3anus U Kpuctayuiorpadckara CTpykTypa Ha crutaBute. OnucaHy ca U peuia J0BbPIIH-
TEJHHU TEXHOJOTUYHU 00paboTKH, 6a3upaHu HA METO/IU 33 MOBBPXHOCTHO TUIACTUYHO Aedop-
MHUpaHe U AMaMaHTHO 3arjlaKJaHe, KaKTo U MOJIOKHUTEIHUTE ePeKTH OT TIXHOTO MPHIIOKE-
Hue. [1aBata 3aBbpIIBa C €AMHAACCET U3BO/IA HA Oa3aTa Ha KOMTO ca NOCTAaBEHH IIETa U 3a-
JauuTe Ha HACTOSIIAaTa HAyYHO-U3CIIe0BaTeICcKa padboTa.

Bropa riaBa e nmocBeTeHa Ha pa3IMYHUTE CTaHJAPTU3UPAHU MeToau (kaTo Hanmpumep EN
ISO 6507-1:2006, EN ISO 6892-1:2020, EN 1SO 4287 u ap.), o6paboTBaiiy MalluHyi U U3-
MEpBATEIHH CPEACTBA, U3MOI3BAHU I10 BpEME Ha H3CIICBAHUITA 32 OTIPEICIITHE U U3MEPBaHe
Ha XapaKTEePUCTUKUTE Ha TEPMUYHO YSKUYAEMUTE U HEYSIKYAEMU alTyMUHHUEBH CILIABU — 00EKT
Ha HacTofmara padota. Onucanu ca TEXHOJOTHYHHUTE MpoliecH 3a o0paboTKa ¢ mojupalia
MamHa MoPao 260E u nznonssanero Ha peaktuBu kaTo NaOH+NaF 3a noaroroBka Ha MUK-
pouutugose.

Tpera rnaBa npeacTaBs MOJy4eHUTE PE3yJTaTH clie]] MpUIaraHe Ha METOAUKUTE OT BTOpa
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riaBa. Te moka3BaT ye JpJI00KaTa KpuoreHHa oO0padoTKa BiHsie TIOJIOKUTEITHO BbPXY MeXa-
HUYHUTE CBOMCTBA Ha M3CienBaHuTe anrymuHueBH ciuiaBu AlSi7Mg, AISiMgMn u AIMg6,
0CO0EHO Ha MUKPOTBBPAOCTTA, MEXaHUYHATA SIKOCT ¥ NTO100psIBa YCTOMYMBOCTTA HA KOPO3US
Ha U3CJEeBAHUTE ATYMUHUEBH CIUIaBH, OCOOEHO KOraTo ce€ Mpujara cjiej KOHBEHLHOHAIHA
TOIUIMHHA 00paboTKa. MUKPOCTPYKTYpPHUTE IPOMEHH, KaTo (a3zoBa AUCIEPCUs U TOBULIEHA
TUTBTHOCT HA JUCIIOKAIMATA ca MpUYMHATA 3a Te3u noaoOpenus. [IpoBeneHus] peHTIeHOB
I paKIMOHEeH aHallu3 He TToKa3Ba HOBH ¢azoBu oOpazyBanus ciuen IKO B kosiTo U Aa € ot
u3cneaBaHuTe ciuiaBu. YcraHoBeHO € 4ye JIKO He mpoMeHs ChIIECTBEHO MOBBbPXHOCTHATA
rpanaBocT Ha o0pa3uuTe, 00padOTEeHN Ype3 AMAMAaHTHO 3arjlaXaaHe, KOeTo Mpeamnosara, 4e
CBILIOTO MOJKE JIa C€ M3II0JI3Ba KaTO OKOHYATeJTHAa YUCTOBa 00paboTKa Ha AeTailnu, u3pado-
TEHU OT U3CJIEABAHUTE ATYMUHUEBHU cIUaBU. [1o OTHOLIEHNE HA MPOIBIKUTEIHOCTTA 3a 00-
pabotka ¢ JIKO craBa sicHo ue npu 24 yaca mpecToii Ha 00pa3uTe BOAH J0 MO-100pHU SIKOCTHU
CBOIICTBa, a mpu 48 yaca ce HabI01aBa MO100psSIBaHE HA MJIACTUYHOCTTA HA CILJIAaBUTE.

YeTBbpTa IiaBa € MOCBETEHA Ha U3CIIEABAHUS HA MEXaHUYHUTE CBOMCTBA (SIKOCT Ha OITbH
Rm, TBbpaocT HV1 u oTHOCUTENHO yaAb/DKeHNE A) Ha allyMHUHHEBH cIiiaBH oT Buja AlSi7Mg,
AISIMgMn, u Al-Mg ¢ 4.5% u 6% Mg) nipu pa3iInyHu TEPMHYHHE ChCTOSIHUS U TIPUJIaraHe Ha
nbiooka kpuoreHHa oopadotka (KO c npoasmxurennoct 0, 24, u 48 yaca). 3a Bcsika CIIaB
ca chbOpaHU EKCHEPUMEHTAJHU JaHHU U Ca U3BEJACHU MOJMHOMHHM PETPECHOHHU MOJENH
(BKITIOUMTENIHO KBaIpaTUYHU U C UHTEPAKLUUU MEXIY MPEAUKTOPUTE) 3a 3aBUCUMOCTUTE Rm
=f(HV1)u A = f(HV1, Rm). MonenuTe noka3BaT OTHOCHTEIHO BHCOKA JICCKPUIITUBHA CITO-
COOHOCT (CpeHO CpeTHOKBaapaTUYHO OTKIoHEeHHEe R? okono 0.92—0.96 3a oTaennute ciy-
Yau), KaTo KOe(pUIUEHTUTE U TEXHUTE JOBEPUTEITHN UHTEPBAIU Ca OTYETECHU U UHTEPIIPETH-
panu cratuctuiecku. [Ipoenenu ca 1 ANOVA aHanu3u M JONBIHUTEIHH AUATHOCTUYHH
TECTOBE 32 HOPMAITHOCT M XOMOCKEIACTUIHOCT Ha ocTaTbuuTe (1o Metoau Ha Shapiro—Wilk,
Kolmogorov—Smirnov, Jarque—Bera u 1p.) 3a Bajuaupane Ha MOJIYyYCHUTE CTOXAaCTUYHH MO-
JIeJIA, KaTO MIOBEYETO MOJIYYEHU PE3YNITATU MOAKPEIST CTATUCTUYECKA 3HAUMMOCT Ha CIelu-
buynuTe peuKkTOpu Ha Mojenute (Hali-Beue HV1 u Rm). Pesynratute ca Buzyanusupanu
ype3 3D nmoBbpXHUHA HA OTKIWK 3a QyHKIMOoHaNmHATa 3aBucuMocT A = f(HV1, Rm) xoeto
M3SICHSIBA XapaKTepa Ha B3aMMOBPbH3KATa UM .

B pesynarar e ycranoBeHo, ue 3a cruiaBta AISIMgMn (6082), npoabimkurenHocTTa oT 48
yaca JIKO uma ontumaneH edekr 3a yBennyaBaHe Ha IUIACTUYHOCTTA, O€3 TOBa J1a HamMalsiBa
3HAYUTENHO AKocTTa. 3a cruiaBu AIMg6 u AlMg4.5 ontumanHa npoabpkuTenHocT Ha JIKO
e 24 yaca mpu Temriepatypa -196° C, ocobeHo cien npuiiaraie Ha MpeABapUTEITHO JUAMAHTHO
zarnaxaane. JIKO e npeasiokeHa KaTo OKOHUaTesnHa 00paboTka 3a mogoOpsiBaHe Ha yCTOM-
YMBOCTTA Ha KOpo3us, 6€3 ToBa Jja BiMsie Ha IpanaBOCTTa Ha MOBbPXHUHUTE HA JETalIN OT
Te3U cIuiaBU. [ 1aBaTa 3aBbpIlIBa C OIIEHKA Ha Bb3MOKHOCTUTE U MIPENOPHKHU 3a UHAYCTPHAIHO
MpUJIoKeHHe Ha pa3paboreHara meroauka 3a JIKO, cbueraHa ¢ TOBBPIIUTENEH MpOIEC 3a
MexaHu4Ha 00paboTKa — AMAMAHTHO 3aryiaKJaHe.

2. AKTyaJIHOCT Ha nmpodJiema

Maxkap aucepTaliOHHUST TPY/ Aa € HACOYeH B 00JIaCT, KOATO HE € MPUHIIUITHO HOBA, OC-
TaBa aKTyaJleH, Thil KaTO aJJyMUHHUEBUTE CIUIaBU KbM JHEIIIHA JaTa ca IIMPOKO U3I0JI3BaHU B
aBTOMOOWMJIHATA, aBUAIMOHHATA, CTPOUTENIHATA, MOpCKaTa U peluua APyru UHAYCTPUH, TO-
paau KOMOMHAIMATA OT MAJIKO TETJI0 U JOOPH TEXHUYECKHU MOKa3aTeNH.

Temara 3a CTpYKTYpHUTE XapaKTEPUCTUKH, JIETUPAHETO, TOIUIMHHATA 00paboTKa U mpu-
JIO’)KEHUETO Ha JIOBBPIUIMTEIHM MpollecH 0a3upaHy Ha IlacTH4YHA AedopMalus Ha MOBBPX-
HOCTHHMSI CIIOM Ha aJlyMHHHUEBHTE CIUJIaBU € BCE OlLe MHOro akryainHa. Oco0eHO OTUYUTalKU
¢akTa ye rnpe3 MocIeTHUTE TOAMHU ChIECTBYBA 3HAUUTEICH HAyYeH HHTEPEC KbM U3IT0JI3Ba-
HETO Ha KPUOTE€HHO TpETHpaHe Ha Marepuain. To ce mpuiiara 3a yBeJn4aBaHE Ha AKOCTTa U
MJIACTUYHOCTTA Ha aJyMHHHMEBHUTE CIUIaBH, MOJ00psABaHEe HA YCTOMYMBOCTTA UM HAa ymMopa U
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KOpO3Hsl, KaKTO M 3a MOJy4YyaBaHE Ha MO-€JHOPOJHA MUKPOCTPYKTypa 3a IO-BUCOKA MeXa-
HUYHa AKocT. Ta3u uscienoBaTesicka 00J1acT € akTyalHa, Thil KaTO ChU€TaBa TPAIULUOHHUTE
METO/H 32 00pabOTKa KaTO NOBBPXHOCTHO IIACTUYHO J1€(POPMUPAHE ChC CPABHUTEIHO HOB
o/IX0J1, KakbBTO ce siBsiBa JIKO 3a nmoBuIaBaHe Ha €KCILUIOATALIMOHHUTE XapaKTEPUCTUKU Ha
3aCTBIIEHUTE B pa0doTaTa aJyMHHHEBH CIUIaBH, 32 KOUTO B JUTEPATypPHUTE M3TOYHHUIM BCE
Olle HsMA JIaHHU OT MPOBEAEHU MOJ0OHU u3cienBaHus. OCBEH TOBA, B JOCTBIIHUTE U3TOY-
HUIIM, Kacaellld KPMOTeHHU 00pabOTKU HEe ca OTKPUTH JaHHM 33 U3BBPILIBAHU U3CIIEABAHUS
ChC KOHKPETHUTE MapKu AJIlyMUHUEBHU CIUIABH, BbPXY KOUTO c€ € (POKyCUpall JOKTOPaHTA.

3. CremneH Ha MO3HABaHe HA CbCTOSTHMETO HA NMPodJIeMa U TBOPYECKA MHTEepHpeTaAluns

HA JJUTEpPaTypPHHUS MaTepual.

B nHacrosmus qucepTaniMoOHHUS TPYJ € HalpaBeH MOAPOOCH JMTepaTypeH 0030p oT 63
CTpaHHIM Oa3upaH BbPXY ToysiM Habop oT jureparypuu u3roununu (193 6p.). JlokropaHTa
JIEMOHCTPUPA MHOTO J10Opa CTENEeH Ha TEOPETUYHO U MPUJIOKHO MMO3HABaHE HA TepMOOoOpa-
00TKaTa Ha aTyMUHUEBH ciaBu. HpopManusTa € akTyanHa, TEXHUYECKH U3AbprKaHa U J10-
II'BJIHEHA C IPUMEPH U peepeHTHHU JaHHU. B paborara TepmooOpaboTKaTa ce pasriexaa KaTo
KIIF0YOB (haKTOp, KOWTO KOHTpoimpa oOpaszyBaHeTo Ha yskdaBamu (asu (Hamp. CuAls,
Mg-Si1), npepasnpeesieHueTo Ha MpUMeCH M BTOpUYHHU (a3 M NpoMsHATa B 3bpHEHATa
CTPYKTypa Ha aJyMHHHEBUTE ciulaBu. OCOOEHO BHUMAHUE € OTAEJIEHO Ha U3KYCTBEHOTO U
ectectBeHO ctapeeHe (T6 u TS cbCTOsSHUA), TEMIIEPATYPHUTE PEKUMHU — B HAKOU CIUIABU Ca
crioMeHatu cToiHocTH okoJio 480—-500°C, kakTo U (pa30BUTE MPEXOIU IPU HATPSBAHE U KPU-
oreHusupane. JIokTopaHTa [oKa3Ba BUCOKO paBHHUILE Ha pa3OupaHe Ha TeMaTUKaTa Ha Iucep-
TalUsATa Ype3 BKIIOYBAHETO HAa KOHKPETHU (Pa30BU JuarpaMu U cbCTaBM Ha (a3u 3a alnymu-
HUEBUTE CIUJIaBU, KOUTO M3CJE/IBa, ONMUCAaHUE HA e(hEeKTUTE OT TepMOOOpadOTKa BEPXY MeXa-
HUYHUTE UM CBOMCTBA — SIKOCT, TBBP/IOCT, TNIACTHYHOCT. [IpritoskeHn ca MHOKECTBO TaOIUITH
C mapameTpHu ciieq] TepMoodpaboTka 3a paznuuau ENAW crnasu kato Hanp. 6082, 7075 u nip.
ChIIeBpEeMEHHO ca pasriie/laHd U IPYTd TeXHOJOTUYHH MPOIIECH, KaTO TUAMAHTHO 3arjax-
JlaHe, KaTo pa3jinyeH Cr1oco0 3a JOMBbIHUTEIHO NOJ00psIBaHEe HA XapaKTEPUCTUKUTE B IOBBP-
XHOCTHHS clioil Ha nertaitnure. Kato pesynrar ca nepuHupaHu 1enTa Ha AUCEPTAIIMOHHUS
TPYJ ¥ KOHKPETHUTE HAYYHOM3CIIEIOBATEJICKH 3a/1a4u. ToBa MU 1aBa OCHOBAHHUE J1a 3aKJII0Ya,
Yye CTETEHTa Ha MO3HAaBaHEe Ha MpobjemMaTHKaTa OT IOKTOPaHTa, CBhpP3aHa ¢ METOJIUTE 32 T0-
NoOpsiBaHE HAa €KCIUTOATAIlMOHHUTE XapaKTePUCTUKU Ha aJyMUHHEBUTE CILIaBH, € 3a](bji00-
YeHa U Ha MHOTO J0OpO HUBO.

4. CpOTBeTCTBHE HA H30paHATA METOAUKA HA H3CJeIBaAHE M MOCTABEHATA LeJ U 32/1a4U

HA TUCEPTANMOHHHUSA TPYH

[IpencraBennTe B AMCEPTAIIMOHHUS TPY/A PE3YATATH ca MOJTYYCHH Bb3 OCHOBA Ha 3a/IbJI-
O0OYeH aHaJIM3 Ha JUTEepaTypHUTE M3TOuHUIM. Ha Ga3zata Ha TAx B Hadanorto Ha ['naBa 2 e
npeacTaBeHa noapooHa 00k cxema (¢ur. 2.2) Ha U3NOI3BAaHUTE MaTEPUATU U METOJTUTE 3a
M3MMTBAHE, BKIIIOYBAIIM METOJIUKU 332 M3MEpPBaHE Ha TBBPAOCT, OTHOCUTEIHO yIbJDKaBaHE,
uACHTU(UIIMpPaHE HAa CTPYKTypaTa Ha CIJIaBUTE, U3MEPBAaHE Ha IParaBoCT U KOPO30YCTONYH-
BOCT, KOMTO Ca pa3riieany NoApoOHO B MOCIEIBAIINTE TIaBH. M3noa3BaHnTe METOIU ca pe-
JICBAaHTHU U CTIOMArar 3a peliaBaHe Ha MOCTABCHUTE B AUCEPTAIIMOHHHUS TPY/I 1€ U 33 IaUH.

5. TlpuHocu no aucepTanuoHHaTa padora

ITpuemam GopmynupaHuTe OT JOKTOPAHTa IPUHOCH, KOUTO ca 000011eHu B pa3zaen ,,[Ipu-
HOCH Ha JUCEPTALMOHHUS TPYA* U MOrat Ja ObJIaT CUCTEMAaTHU3UPAHH KaTO HAy4YHU, HAY4YHO-
IIPUJIOKHHU U NIPUIIOKHU, KAKTO CIIEABA!

Hayunu npunocu:

1. TlorBBpAeHO €, ue mpunaranero Ha JIKO Boau no nucneprupane, no-paBHOMEPHO pas-
IIPEIEIICHUE U YBEIMYaBAHE KOJWYECTBOTO HA OTHEJIICHUTE OT TBBPAMS PA3TBOP BTOPUYHHU
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¢a3u, KaKTO M JJ0 OBUIIABaHE HA IUTPTHOCTTA HA AUCIOKAIIMUATE, KOETO € OCHOBEH (PaKTop 3a
10/100psiIBaHE Ha IKOCTHUTE XaPAaKTEPUCTUKU HA AJIlyMUHUEBUTE CIUIABH.

2. Jloka3zaHo e, ye MOCJIeI0BaTEeIHOCTTa Ha MpUJIaraHe Ha TepMUYHAa 00paboTKa BBPXY
QTyMUHUEBH CIUIaBU (3aKkajiiBaHe + M3KycTBeHO crapeeHe) u JJKO oka3Ba chIeCTBEHO BIIH-
SHUE BbPXY KpaillHUsI pe3yJTaT, KaTo Haii- OJIaronpusTHU XapaKTEPUCTUKH CE€ MOCTUraT MpU
u3pbpiiBaHe Ha [IKO ciesn crapeeHe, B KOHTPAcT ¢ KOHBEHIIMOHAIHUTE CXEMH, IPU KOUTO
JKO ce npunara cieq 3akajisiBaHe, Ipeu Mpolieca Ha cTapeeHe.

3. TlotBwpaeno e, ye JIKO He BiomaBa KOpPO3MOHHATA YCTOMYMBOCT HAa aTyMUHUEBUTE
CIUIaBH, a JJOPHU BOJMU JO JEKO MOA0OPsIBaHE, KOETO € OT 3HAaYEHHUE MPU EKCII0ATALIUS B arpe-
CUBHHU CpeJIu.

Hayuno-npunoxcuu npunocu:

1. VYcraHoBeHa e cienM(pUYHATA PEAKIMS HA Pa3JINYHU IPYIU TEPMUYHO YSAKYAEMH aly-
MuHHMEBH ciiaBu crpsMo JIKO, karo 3a nespcku crutaBu ot tuna AlSi7Mg ce otunTa MoBH-
IIaBaHe Ha sKocTTa 0e3 3aryba Ha IUNIACTUYHOCT, 10KaTO MPU Je(POPMHUPYEMHU CILUIaBU OT CHUC-
temata AlISiMgMn edexTuTe ca HaCOUEHM OCHOBHO KbM IOAOOpPSIBAHE HA IJIACTUYHOCTTA
IIpY 3ama3BaHe Ha SIKOCTTAa U TBbPAOCTTA.

2. YCTaHOBEHO € U, 4e IPU TePMUYHO HEYSKYaeMH Je(POPMHUPYEMH CIUIaBH OT CHUCTE-
Mmata Al-Mg (AIMg6, AIMg4.,5), epextsT oT IKO e no-u3paseH cieq ysskyaBaHe 4ype3 Ijiac-
TUYHA Jehopmalysi, OTKOJIKOTO B OTTPSITO ChCTOSHUE.

3. Pa3paboreH e MHOBATHUBEH, €KOJIOTUYHO YUCT U NKOHOMUYECKH 0OOCHOBAH TEXHOJIO-
T'MYEH IPOLEC 3a ySIKYaBaHe Ha TEPMUYHO HEYSKYaeMHU U 3a yCUJIBaHe Ha e(heKTa OT cTapeeHe
IIPY TEPMUYHO YSIKYaeMHU ATYMUHHEBU CIUIaBU upe3 npuiarane Ha [JKO.

4. Jlokazana e npuioxkumoctta Ha JIKO kato okoHuaTenHa o0paboTka, mpeaBu TOBA,
Yye He MPeIu3BHUKBa MOBUIIABAaHE HA I'PallaBOCTTA HAa MOBBPXHUHHU MOBBPXHOCTHO YSKYCHH
Yype3 TMaMaHTHO 3arjlakJaaHe aTyMUHHUEBH CIUIABH;

5. Cb31aieHu ca perpecCuOHHU MOJIETH, KOMTO OMUCBAT Bpbh3KaTa MEXy TapaMeTpUTE
Ha /IKO u nony4yeHuTe MEXaHUYHU U €KCILIOATALIMOHHU XapaKTEPUCTUKHU HA M3CIIE/IBAHUTE
TEPMHUYHO YYKYaEMH U TEPMUYHO HEYUKYAEMU ATyMUHUEBHU CIIIaBU. MoeIuTe 03BOJIABAT
MPOrHO3MPAHE HAa OYAKBAHU PE3YNITATU U MOANOMaraT u30opa Ha ONTHUMAJIHU TEXHOJIOTUYHU
PEXUMH Upe3 KOJIMUECTBEHA OLICHKA Ha BIUACIIUTE (AaKTOPH.

Ilpunosicnu npunocu:

1. Pa3paboTeHu ca mpakTUUECKH HACOKH 32 M300p Ha TEXHOJIOTUYEH PEKUM 32 yIKYaBaHE
¢ KO, ¢ xouTo ce naBa Bb3MOXHOCT B IIMPOK JIMAIIA30H Ja C€ MPOMEHAT CBOMCTBATa Ha
TEPMHUYHO YSIKYAEMHU U TEPMUYHO HEYSIKYAEMH AJTlyMUHUEBH CILIABHU, CIIOPE U3UCKBAHUTE €K-
CIUIOATAl[MOHHU XapaKTEPUCTUKH.

2. Pa3paboteH e TexHOJOTHYEH mpoliec 3a yskuaBane upe3 JIKO, ¢ npoabmkuTenHocT 24
qaca, KOMTO BOJIM /10 AOMBIHUTEHO MOBUIIIABAHE HA SKOCTHUTE MEXaHUYHU XapaKTePUCTUKU
Ha TEPMUYHO U MEXAHUYHO YSIKYCHU AJIyMHUHHMEBH CIUIaBU, KAKTO U HAa aJJyMUHHEBH CIUIaBH B
OTIPSITO ChCTOSIHUE, KaTO ChIIIEBPEMEHHO HE OHMKaBa MacTu4HocTTa. [IponechT e nmoaxo-
IS 32 BHEJIPSIBaHE B MHAYCTPHUAIIHU YCIOBHS, KbACTO C€ U3UCKBA yBEJMYaBaHE Ha SKOCTTA
0e3 BIIOIIaBaHE HA IUIACTUYHOCTTA HA MaTepHaa.

3. Paszpaboren e TexHoNMOTHYEH mpotec 3a ysk4yaBaHe upe3 JJKO, ¢ mpoabmkurennoct 48
yaca, Ipy KOWTO ce MOBUIIaBa Ha MJIACTUYHOCTTA HA TEPMHUYHO U MEXAHUYHO YSKUEHU ajly-
MUHUEBH CIIJIaBU, KAKTO ¥ HA AIYMUHUEBH CIIJIABU B OTTPSITO ChCTOSIHUE, KATO ChIIEBPEMEHHO
JIEKO TOBUIIIABA U AKOCTHUTE MEXaHUYHH XapakTepuCTHKH. [IpomechT € 0co0eHO Moaxo sl
3a MPWJIOKEHHUS, IPU KOUTO CE U3UCKBA ChYETaHHE MEXY N0100peHa IIACTUYHOCT U 10CTa-
ThYHA AKOCT, KATO HApUMEp B TPAHCIIOPTHATA U aBUALIMOHHATA UHYCTPUSL.

[TocTUrHaTuTE HAYYHOU3CIIEJOBATEICKH PE3YJITATH €A AKTYaJIHU M 3HAYMMH B HAy4eH U
HAyYHO-TIPUJIOKEH aCTIeKT M C yCIIeX MOTrar J1a Ce U3MOI3BaT 3a ObICHIN HAYYHO-TIPAKTUIECKH
pa3paboTKHU.



6. OneHka Ha CTENEHTA HA JIUYHO y4acTHe HA JOKTOPAHTAa B IPUHOCUTE

Cuutam, ye TOKTOPAHTHT JIMYHO € yJacTBaJ IIPU U3BBPIIBAHE HA OTJEIHUTE €Tallu OT U3-
ClIeBaHUATA B JUCEPTALlMOHHUA TPYZ B 3HAuMTeNHA creneH. IlpencraBenure HaydyHu, Ha-
YYHO- MPUJIOKHU U MPUIOKHHU MPUHOCH Cca JIMYHO Jesio Ha mar. uHxk. [lnamen CtosiHOB, IO
Hay4HOTO M METOJNYECKO PHKOBOJCTBO Ha HETOBUTE HAYYHU PBKOBOAUTENHM J0L. /laHnerna
Cnacosa u nou. {usa Aumutpos. [loka3aTencTBo 3a TOBA ca MyOJUKALMUTE HA JOKTOPAaHTa
Y yY4aCTHUETO B J1BA U3CIEHOBATECIICKU IIPOCKTH.

7. TIpeueHka HA MyOJIMKAIMHUTE MO JUCEPTAIMOHHUS TPY/

[TonyueHnuTte OT aBTOpa pe3yATaTH OT JUCEPTAIMOHHOTO HU3CJIeIBaHE ca MyOIMKyBaHH B 4
Hay4YHM cTatuu. Ml yeTupuTe cratum ca JAOKJIaJBaHU Ha MEXKJYHAPOJHHU Hay4HH KOH(pEepeH-
UM, TpoBeieHu B birapus u ['bpiius, eqHaTa ot kouto e nHaekcupana B b/ Scopus. Eqnara
MyOJIMKaIMs BCE OIEe HE € M3/1aJieHa, HO € MpHeTa 3a MyOJMKyBaHe OT u3narens. B enna ot
CTaTUUTE JTOKTOpaHTa € camocTrosiTencH aBTtop. [lyOnmkanuure ca HampaBeHH B IepHoaa
2024-2025 rogrHa ¥ TOKPUBAT TEMATUKATa HA MPE/ICTABEHATA TUCEPTAIIMOHHA paboTa KaTo
OTpa3siBaT OCHOBHUTE MOCTUTHATH PE3YyITaTH U puHocH. He ca mpencraBeHu JaHHU 32 KOH-
CTaTUPaHU ITUTUPAHUS JO MOMEHTA Ha MyOIUKAIIMUTE TI0 TUCepTallMOHHUS Tpya. JlokTopan-
THT UMa YJYacTUE U B 2 HAyYHH MPOCKTA C TEMATHKA, CBbp3aHa C TeMaTa Ha JIOKTOPAHTCKUS
TpyA.

OrneHsiBaM yOJIMKaITMOHHATA JICHHOCT Ha JJOKTOPAaHTa KaTo IOCTaThYHA M CUUTaM, Y€ pe-
3yJATaTUTE OT paboTara Mo AUCEPTALMOHHMS TPY/ ca CTaHAIHM B OCTAThYHA CTEIMEH JTOCTOS-
HUE Ha OBJIrapckata u MeXJIyHapoJHaTa HaydyHa OOIIHOCT.

[lybnukanuure mo AUCEepTAIMOHHUS TPY/l B KOJIMYECTBEHO U KQU€CTBEHO OTHOIIEHUE Ha-
IIBJIHO YJIOBJIETBOPSABAT M3UCKBAaHMITA 3a PHI00MBaHEe Ha 00pa3oBaTeIHA U HaAyYHA CTEICH

»»J JOKTOP*.

8. M3moJsi3BaHe HA NMOJIyYeHUTE Pe3yJITaTH

He ca npencraBenn naHHM (CepTHPUKATH, YIOCTOBEPEHHUS 32 MMATCHTH W/UJIW TIOJIE3HU MO-
JIENN) 3a MPAKTUYECKO BHEIPSIBAHE HA MOJYYCHUTE PE3YJITaTH OT HAYYHUTE U3CIICIBAHUS U
pa3paboTKu B IUCEpTAallMOHHMS Tpyd. HezaBucruMo oT ToBa, cuuTaM 4e U3CJIeIBaHUSATA B JIU-
CEepTallMOHHUS TPY/ U MOCTUTHATUTE PE3YJTATH MOTAT Jla C€ M3MOJI3BAT YCIEITHO KaKTO KaTo
0a3a 3a cieaBaIi HayYHO-U3CIeI0OBATEICKU 1IETU U 3a/1a41, CBbP3aHU C IPUJIAraHeTo Ha Me-
toga JIKO 3a apyru BujoBe MaTepHalid, KaKTO U 3a pellIaBaHE Ha MPAKTUYECKU MPOOIEMU,
CBBP3aHHM C IIOCTUTAHETO HA CHEIU(DUYHNA SKCIUIOATAIIMOHHN XapaKTepPUCTHKU Ha U3CIIe/[Ba-
HUTE AJTyMUHUEBH CILIaBH.

9. MHeHus, 320€JIeKKH U NPeNnopbKH

JluceprarmoHHus Tpya € oopMeH ChIIaCHO M3UCKBaHMsTa Ha [IpaBrIIHHMKA 3a TIpHIIaraHe
Ha 3aKkoHa U cboTBeTHUS [IpaBriHuK Ha TexHUYeCKus yHUBEpCcHTET — BapHa.

CuuTam BCUYKHU 3a0€ICKKH U IPETIOPHKHU OT MPESABAPUTEITHUS MU TIPETJIC Ha IbPBUS Ba-
PHUAHT Ha AUCEpTAIMATa 32 B3E€TH MPEBUJ] OT JTIOKTOPAHTA U BHEJIPEHU KaTO KOPEKINH U JI0-
IIBJIHEHUS KbM NpepaboTeHaTa 1 BepCusl.

[IpenopbKUTE MU KbM aBTOpPA Ha JIUCEPTAIMOHHHS TPY/]I Ca CICTHUTE:

- Jla IPOABJDKYM C HAYYHUTE WU3CICABAHUS 110 TeMaTa Ha JUCEPTAIMOHHUS CH TPYJI KaTo
T'Yl HACOYH KbM pa3pabOTBaHe M BHEAPSIBAaHE HA METO/IU 32 MTPAKTUIECKO Npuioxkenue Ha JJKO
u nuamanTtHO [1I1]] 3a moBuIIaBaHe HA KAYECTBEHUTE U CKCIUIOATAIIMOHHHU XapaKTCPUCTUKH
Ha PEaJTHU JICTAlIM OT AIlyMUHUEBHU CIUIABH.
- Jla mpeHacouu MyOJUKYyBaHETO Ha PE3YITATUTE OT OBACIINTE CH HAYYHU U3CIICABAHUS
B MEXIYHAPOJHU W3IAHWs, WHICKCHPAHU B CBETOBHO m3BecTHUTE 0a3u maHHu SCOPUS
u/vm WOS u Hail Beue B CHIMCaHMsI, TIOMAIAIIHN B IT0-BUCOK KBAPTHJI HA UMIIAKT, B ChOTBET-
HaTa Hay4YHa 00JIacT.
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3akiilouenme

JlucepTalluoOHHUSAT TPy OTroBapsi Ha U3UCKBAHUATA Ha 3aKOHA 32 Pa3BUTHE HA aKaJ[eMHUY-
Husi cbeTaB B PenyOnuka bwarapust, [IpaBuiiHrka 3a npuiarane Ha 3akoHa U choTBeTHHS [pa-
BWIHHK Ha TexHnueckus yausepcuteT — Bapna. [IpoBenennre HayuyHU U3CiieIBaHUs ca B aK-
TyajHa 00JIacT U TPETUpPAT MpobIeMaTHKa, KOATO € OOEKT Ha 3aCHJICH U3CJIeI0BATEIICKH WH-
tepec. [lomydeHnTe pe3ynTatu CbIbpKaT HAYYHH, HAYYHO-TIPUIIOKHU U IPUIIOKHU IPUHOCH,
KOUTO Cca OTIOBECTEHH JI0 TOJIsiMa CTETIEH W HalpaBeHH JOCTOSHUE Ha 3aMHTEepecoBaHaTa Ha-
y4Ha OOIIHOCT 4pe3 JOKIAIBAHETO UM Ipe] MEXAYHAPOJAHA ayAUTOPUS U U3JIaraHETO UM B
Hay4YHHU KOH(EPEHIIUU U CIIHCAHUSI.

[TocTurHaTuTe pe3yaTaTH B IUCEPTALIMOHHUS TPY/ MU J1aBaT OCHOBAaHHE Jla IPEIJI0Ka Ha
YICHOBETE HA HAYYHOTO KYpH /1a Ob/ie MPUA0OUTA 00pa30oBaTeIHA U HAYYHA CTeleH ,,/J[0K-
Top* oT Mar. uH:k. [Inamen UBanoB CTosiHOB B 00J1acT Ha BUcIIe oOpa3oBanue 5. ,, TexHu-
YeCKHU HayKH'‘, MpodeCHOHATHO HampaBieHue 5.1 ,,MalmHHO WHKEHEPCTBO™ U JIOKTOPCKA
nporpama ,, TexHOJorusl Ha MAaIIMHOCTPOUTETHUTE MaTeprain’.

05.01.2026 1. H3roTBuiI:
rp. Bapna /mpod. a1-p urx. Crosia CnaBos/
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1. General characteristics of the dissertation

The dissertation is formed into an introduction, four chapters, an assessment of the possi-
bilities for industrial application of deep cryogenic processing, a list of contributions, a list of
publications of the doctoral student on the dissertation, a list of participation in research pro-
jects and a bibliography. Separately, a declaration of originality of the submitted work was
provided and signed by the doctoral student. The total volume of the dissertation is 186 pages,
including 119 figures and 52 tables. The list of references contains 193 literary sources, the
majority of which are from the last 10 years and in English.

The dissertation is focused on the study of the impact of deep cryogenic treatment (DCT)
on the microstructure, mechanical and operational properties of both thermally hardened and
non-thermally hardened aluminum alloys. The study aims to identify optimal conditions for
DCTs and to clarify the mechanisms behind the observed changes in the characteristics of
some aluminum alloys.

Chapter One discusses the structural characteristics and composition of various aluminum
alloys, including approaches to their processing and their properties. The focus is on alumi-
num-magnesium, aluminum-copper, aluminum-silicon alloys, etc., as well as their application
in various industrial fields. Their alloying ingredients, their heat treatment conditions and per-
formance characteristics such as mechanical strength, fatigue strength and corrosion resistance
are discussed. The temperature ranges for different heat treatments and the conditions for their
application are included. The phase states and crystallization processes and the crystallo-
graphic structure of alloys are also analyzed. Several finishing technological treatments based
on methods of surface plastic deformation and diamond burnishing are also described, as well
as the positive effects of their application. The chapter ends with eleven conclusions based on
which the purpose and objectives of the current research work are set.

The second chapter is devoted to the various standardized methods (such as EN 1SO 6507-
1:2006, EN 1SO 6892-1:2020, EN I1SO 4287, etc.), processing machines and measuring in-
struments used during research to determine and measure the characteristics of thermally hard-
ened and non-hardening aluminum alloys — the subject of this work. The technological pro-
cesses for processing with a polishing machine MoPao 260E and the use of reagents such as
NaOH-+NaF for the preparation of microslices are described.

Chapter Three presents the results obtained after applying the methodologies from Chapter
Two. They show that deep cryogenic treatment has a positive effect on the mechanical prop-
erties of the studied aluminum alloys AlISi7Mg, AlISiMgMn and AIMg6, especially the micro-
hardness, mechanical strength and improves the corrosion resistance of the studied aluminum
alloys, especially when applied after conventional heat treatment. Increased density of dislo-
cations is the most probably reason for these improvements. The X-ray diffraction analysis
did not show any new phase formations after DCT in any of the studied alloys. It has been

7



found that the DCT does not significantly alter the surface’ roughness of the samples pro-
cessed by diamond burnishing, which suggests that it can be used as a final finishing of parts
made of the studied aluminum alloys. Regarding the duration of treatment with the DCT, it is
clear that the 24-hour residence of the samples leads to better strength properties, and at 48
hours, an improvement in the plasticity of alloys is observed.

Chapter 4 is devoted to research on the mechanical properties (tensile strength Rm, hard-
ness HV1 and relative elongation A) of aluminum alloys of the type AISi7Mg, AISiMgMn,
and Al-Mg with 4.5% and 6% Mg) under various thermal conditions and the application of
deep cryogenic treatment (DCR with a duration of 0, 24, and 48 hours). For each alloy, exper-
imental data were collected and polynomial regression models (including quadratic and with
interactions between predictors) were derived for the dependencies Rm = f(HV1) and A =
f(HV1, Rm). The models show a relatively high descriptive ability (mean coefficient of deter-
mination RZ about 0.92-0.96 for individual cases), with the coefficients and their confidence
intervals accounted for and interpreted statistically. ANOVA analyses and additional diagnos-
tic tests for normality and homoskedasticity of residuals (according to the methods of Shapiro—
Wilk, Kolmogorov—-Smirnov, Jarque—Bera, etc.) were also carried out to validate the obtained
stochastic models, and most of the results obtained support the statistical significance of the
specific predictors of the models (mostly HV1 and Rm). The results are visualized by a 3D
response surface for the functional dependency A = f(HV1, Rm), which clarifies the nature of
their relationship.

As a result, it was found that for the alloy AISiMgMn (6082), the duration of 48 hours of
CTR has an optimal effect of increasing ductility without significantly reducing strength. For
AlMg6 and AlMg4.5 alloys, the optimum duration of the DCP is 24 hours at a temperature of
-196° C, especially after applying diamond pre-burnishing. DCT is proposed as a final treat-
ment to improve corrosion resistance without affecting the surface’s roughness of parts made
of these alloys. The chapter concludes with an assessment of the possibilities and recommen-
dations for industrial application of the developed methodology for DCT, combined with a
finishing process for mechanical processing - diamond burnishing.

2. Actuality of the problem

Although the dissertation is focused on a field that is not fundamentally new, it remains
relevant, as aluminum alloys are widely used in automotive, aviation, construction, maritime
and several other industries due to the combination of low weight and good technical perfor-
mance.

The topic of structural characteristics, alloying, heat treatment and the application of fin-
ishing processes based on plastic deformation of the surface layer of aluminum alloys is still
very relevant. Especially since in recent years there has been considerable scientific interest
in the use of cryogenic treatment of materials. It is applied to increase the strength and ductility
of aluminum alloys, improve their resistance to fatigue and corrosion, as well as to obtain a
more uniform microstructure for higher mechanical strength. This research area is relevant
because it combines traditional processing methods such as surface plastic deformation with
a relatively new approach, such as the ACA for increasing the performance characteristics of
the aluminum alloys involved in the work, for which there is still no data from similar studies
conducted in the literature. In addition, in the available sources regarding cryogenic treat-
ments, there is no data on research carried out with the specific brands of aluminum alloys on
which the PhD student focused.

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

In this dissertation, a detailed literature review of 63 pages is made based on a large set of

literature sources (193 pcs.). The PhD student demonstrates a very good degree of theoretical
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and applied knowledge of heat treatment of aluminum alloys. The information is up-to-date,
scientifically sound and supplemented with examples and reference data. which controls the
formation of reinforcing phases (e.g. CuAl., Mg.Si), the redistribution of impurities and sec-
ondary phases and the change in the grain structure of aluminum alloys. Particular attention is
paid to artificial and natural aging (T6 and T5 states), temperature regimes — in some alloys
values around 480-500°C are mentioned, as well as phase transitions during heating and cry-
ogenization. The PhD student shows a high level of understanding of the topic of the disser-
tation through the inclusion of specific phase diagrams and phase compositions for the alumi-
num alloys he researches, a description of the effects of heat treatment on their mechanical
properties — strength, hardness, plasticity. Numerous post-heat treatment parameter tables are
attached for various ENAW-type alloys such as 6082, 7075, etc. At the same time, other tech-
nological processes, such as diamond burnishing, are also considered as a different way to
further improve the characteristics in the surface layer of the parts. As a result, the purpose of
the dissertation and the specific research tasks are defined. This gives me reason to conclude
that the degree of knowledge of the PhD student's knowledge of the problems related to the
methods for improving the performance characteristics of aluminum alloys is in-depth and at
a very good level.

4, Correspondence of the chosen research methodology and the set goal and objec-
tives of the dissertation

The results presented in the dissertation are obtained based on an in-depth analysis of the
literature sources. Based on them, a detailed flowchart (see Fig. 2.2) of the materials used, and
test methods are presented at the beginning of Chapter 2, including methodologies for meas-
uring hardness, relative elongation, identification of alloy structure, measurement of rough-
ness and corrosion resistance, which are discussed in detail in the following chapters. The
methods used are relevant and help to solve the goals and tasks set in the dissertation.

5. Contributions to the dissertation

| accept the contributions formulated by the PhD student, which are summarized in the
section "Contributions of the dissertation" and can be systematized as scientific, applied and
applied as follows:

Scientific contributions:

1. Ithas been confirmed that the application of DCTSs leads to dispersion, more uniform
distribution and increase in the number of secondary phases separated from the solid solution,
as well as to an increase in the density of dislocations, which is a major factor in improving
the strength characteristics of aluminum alloys.

2. It has been proven that the sequence of heat treatment application on aluminum al-
loys (quenching + artificial aging) and DCT has a significant impact on the result, with the
most favorable characteristics being achieved when performing DCT after aging, in contrast
to conventional schemes in which DCT is applied after quenching, before the aging process.

3. It has been confirmed that the DCT does not impair the corrosion resistance of alu-
minum alloys, but even leads to a slight improvement, which is important when operating in
aggressive environments.

Scientific and applied contributions:

1. The specific reaction of different groups of thermally hardened aluminum alloys to
DCTs has been established, and for casting alloys of the AISi7Mg type, an increase in strength
without loss of ductility is reported, while in the case of deformable alloys of the AISiMgMn
system, the effects are mainly aimed at improving plasticity while maintaining strength and
rigidity.

2. It has also been found that in thermally non-hardenable deformable alloys of the Al-
Mg system (AlIMg6, AlMg4,5), the effect of DCT is more pronounced after hardening by
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plastic deformation than in the annealed state.

3. An innovative, environmentally friendly and economically justified technological
process has been developed for strengthening thermally non-reinforcing and for enhancing the
aging effect of thermally reinforcing aluminum alloys through the application of DCTs.

4. The applicability of DCT as a final treatment has been proven, given that it does not
cause an increase in the roughness of surfaces superficially reinforced by diamond smoothing
aluminum alloys.

5. Regression models have been created, which describe the relationship between the
parameters of the SCO and the obtained mechanical and operational characteristics of the
thermally hardened and thermally non-hardenable aluminum alloys. The models allow pre-
dicting expected results and support the selection of optimal technological modes by quanti-
fying the influencing factors.

Applied contributions:

1. Practical guidelines have been developed for the selection of technological regime for
reinforcement with DCTs, which allow for a wide range of changes in the properties of ther-
mally reinforcing and thermally non-reinforcing aluminum alloys, according to the required
performance characteristics.

2. A technological process for hardening by means of DCT, with a duration of 24 hours,
has been developed, which leads to an additional increase in the strength mechanical charac-
teristics of thermally and mechanically strengthened aluminum alloys, as well as of aluminum
alloys in annealing state, while not reducing the ductility. The process is suitable for imple-
mentation in industrial conditions, where an increase in strength is required without deterio-
ration of the plasticity of the material.

3. A technological process for hardening by means of DCT, lasting 48 hours, has been
developed, which increases the ductility of thermally and mechanically strengthened alumi-
num alloys, as well as aluminum alloys in annealing state, while slightly increasing the
strength mechanical characteristics. The process is particularly suitable for applications where
a combination of improved ductility and sufficient strength is required, such as in the transport
and aviation industries.

The research results achieved are relevant and significant in scientific and scientifically
applied aspect and can be successfully used for future scientific and practical developments.

6. Assessment of the personal involvement degree of the PhD student in the contri-
butions

| believe that the PhD student has personally participated in the various stages of research
in the dissertation to a significant extent. The presented scientific, applied and applied contri-
butions are the personal work of Mag. Eng. Plamen Stoyanov, under the scientific and meth-
odological guidance of his scientific supervisors Assoc. Prof. Daniela Spasova and Assoc.
Prof. Diyan Dimitrov. Proof of this are the publications of the PhD student and the participa-
tion in two research projects during his training period.

7. Evaluation of the publications related to the dissertation
The results of the dissertation research obtained by the author have been published in 4
scientific articles. All four articles have been reported at international scientific conferences
held in Bulgaria and Greece, one of which is indexed in the Scopus database. One publication
has not yet been published but has been accepted for publication by the publisher. In one of
the articles, the PhD student is a single author. The publications are made in the period 2024-
2025 and cover the topics of the presented dissertation, reflecting the main results and contri-
butions achieved.
No data has been provided for citations found up to the time of publication of the disserta-
tion. The PhD student has also participated in 2 scientific projects with topics related to the
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topic of the doctoral thesis.

| assess the publication activity of the PhD student as sufficient, and | believe that the
results of the work on the dissertation have become sufficiently known to the Bulgarian and
international scientific community.

The publications on the dissertation in quantitative and qualitative terms fully satisfy the
requirements for acquiring the educational and scientific degree of "Doctor".

8. Application of the results obtained

No evidence (such as business innovation certificates and/or patent certificates) for the
practical implementation of the results of the research and development in the dissertation are
presented. Nevertheless, | believe that the research in the dissertation and the results achieved
can be successfully used both as a basis for further research purposes and tasks related to the
application of the CAT method for other types of materials, as well as for solving practical
problems related to the achievement of specific performance characteristics of the aluminum
alloys studied.

9. Opinions, remarks and recommendations

The dissertation is formatted in accordance with the requirements of the Regulations for the
Implementation of the Law and the relevant Regulations of the Technical University of Varna.

I consider all the remarks and recommendations from my preliminary review of the disser-
tation's first version to have been considered by the doctoral student and implemented as cor-
rections and additions to its revised version.

My recommendations to the author of the dissertation are as follows:

1. To continue with the research on the topic of his dissertation, directing them to the
development and implementation of methods for practical application of SCD and diamond
EDP to increase the quality and operational characteristics of real parts made of aluminum
alloys.

2. To redirect the publication of the results of its future research in international jour-
nals indexed to the world-renowned SCOPUS and/or WoS databases, and especially in jour-
nals falling into a higher quartile of impact in the relevant scientific field.

Conclusion

The dissertation meets the requirements of the Law on the Development of the Academic
Staff in the Republic of Bulgaria, the Regulations for the Implementation of the Law and the
relevant Regulations of the Technical University of VVarna. The scientific research conducted
is in a current field and deals with issues that are of increased research interest. The results
obtained contain scientific, applied and applied contributions, which have been made largely
public and made available to the interested scientific community through their reporting to an
international audience and their presentation in scientific conferences and journals.

The results achieved in the dissertation give me grounds to propose to the members of the
scientific jury to acquire an educational and scientific degree ""Doctor'* to Mag. Eng. Pla-
men lvanov Stoyanov in the field of higher education 5. "Technical Sciences", professional
field 5.1 "Mechanical Engineering” and doctoral program "Technology of machine-building
materials”.

05.01.2026 Prepared by:
Varna /Prof. Dr. Eng. Stoyan Slavov/
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