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PEIIEH3UA

Ha nucepranusara Ha {apuna Hukonosa Kaumesa Ha Tema: ,,3cienBane Ha
(H3MYHH NPOLECH P 3aBapsiBaHe HA MATEPHAJIM ¢ KOHIEHTPHPaHH
eHepreTHYHH NOTONHM”, [Ipe/CTaBEHA 3a [IPUCHK/IaHe Ha oOpasoBareinsa U HaydHa
cTenel “moxrop”

Jucepranmara Kacae HM3KIIOYMTEIHO BakHa 00Jacr, CBbp3aHa CbC
ChEMHABAHETO Ha €HOPOIHM ¥ Pa3HOPOIHM METATHHU IUIOCKOCTH, NPOoGMIH, TPHOH,
AETal M Jp. IOCPEJICTBOM €JIEKTOHHO-IBYEBO 3aBapsBaHe. CpaBHEHO C JApPYTHUTE
merony, EJI3 uMa penuita mpeauMcTBa, NOpad KOETO IOHACTOSIIEM Ce Hajlara Karo
BHCOKOTEXHOJIOIMYEH METOX 3a CheIMHSIBaHE Ha METal M CIUIABH, BKITFOYUTEIIHO
TaKMBa ChC CI0XKHA (opMa, BUCOKH TeMIIEpaTypH Ha TOIIEHe, BUCOKA KPEXKOCT.

3[paBHHATa Ha KOMIIO3MIMHUTE, CBBP3aHH Ype3 3aBapsBaHe, ce ONpeels TIaBHO
OT Ka4eCTBOTO M 3[paBHHAaTa Ha 3aBapbyHud IeB. Ilocneaaure ca PyHKIUS He caMo
Ha (QopMara W pa3MepuTe My, HO M Ha IpPOIECHTe IIPH 3aBapsBaHe, KOHTO ca
onpejleJIM 38 MUKPOCTPYKTYpara, pecll. eKCIUIOaTal[MOHHUTE CBOWCTBA.

CTpyKTypHHTE IPOMEHH IIPH 3aBapsBaHETO Ce ABDKAT Ha PSI3KOTO IUKIMYHO
TEMENapaTypHO BB3IAEHCTBHE, BKIIOYBAI0 BUCOKOCKOPOCTHO HAarpsBaHe [0
TEMIEpaTypH, IIpeBHINABAal¥ TeMIeparypuTe Ha TOINEHEe H  IIOCIE[BaIlo
BHCOKOCKOpocTHO oxnaxnaHe. IIpw ToBa B 3l m 3TB  BB3HMKBAT CIIONKHH
HeeIHOPOIHY HeCTallMOHAPHY TOILUIMHHY I0JeTa. Bp3aeicTBAeT0 UM BBPXY MaTepuia
Ce ChCTOM HE camoO B IMKIMYHOTO U3MEHEeHHe Ha obeMa (pa3mupsBaHe - CBUBAHe) HA
CBHIIECTBYBAIIMTE B 3aBapsgBaHUTE MaTepuand a3y, Ipd Koero ce QopMHpar
OCTaTb4HH MaKpOHAIIPEKEHUs], HO M B IIPOBOKMpaHE Ha KOMIUIEKC OT CHI'BTCTBAIIM
CIIOJKHHM IIPOMEHM B 3aBapsiBaHUTE MaTephald KaTo: Ga30BH IpOMeHH (TIOMMOpHHA
(a30BH NpexoaH, paslafane Ha IPECUTEHU TBBPAU PAa3TBOPH C OT/AEIIHE Ha YACTHUIIN
Ha BTOpH (a3H, XUMHYHO B3aUMOJCHCTBHE MEXIY KOMIIOHCHTHTE Ha

MHOTOKOMIIOHEHTHHM CILIaBU ¢ (opMEpaHe Ha HOBH (haszu), BE3HMKBaHE Ha aMOpGhHH



obslacTy ¢ IIOCTe[BAlll TIPEXOJ B KPHUCTATHO CBCTOSHHE, (HKCHpaHe Ha
CBPBXPAaBHOBECHO KOIMYECTBO Je)eKTH B KpUCTAIHATA CTPYKTypa C IOCISABAIIO
[pepasnpeeicHie W aHUXWIaIus, IUlacTHdHa aedopaMims ¢ BBbBeXJIaHe Ha:
CTPYKTYpPHH JehEeKTH, IPEeHMYIIECTBEHH KpHCTATOPpadCKH OPHEHTAIIMH, OCTATHYHH
HaIIpEXKEHUs | JIp., PEKPUCTAIM3AIMS C pelakcalrs Ha Halpe)KeHusiTa, IOBUIIaBaHe
CHBBPIIEHCTBOTO Ha CIPyKTyparta, (popMupaHe Ha KpucTaiorpadcku TEeKCTYPH H T.H.
MexaHu3MHATE W KMHETUKATa Ha BCEKM OT TOpen30pOeHUTE BH3MOXKHH IIPOIECH IIPH
3aBapsABaie Ha IPOMHMIIIEHO IIPOM3BEACHH MaTepHalld, IIe ONPEAeTAT pe3yITAPaIus
MEXaHU3bM Ha CTIPyKIypooOpa3yBaHe M B YAaCTHOCT MeXaHW3Ma Ha (GopMmupaHe Ha
Pe3yNTaHTHHUTE OCTAaThYHM MaKpoHamnpexeHus u Mukponedopmanmu. Kom or Tesm
IIPOIECH, KaK M B KakBa CTEIeH IIe IIPOTeKaT, 3aBHCH OT: a) mapaMeTpHTe Ha
KOHKpeTHHS M3XOJeH MaTepHaJ (XMMHYCH M (a3oB ChCTaB, HAYMH Ha 0OpaboTKa:
nedopmManus, TepMooOpaboTKa U Ip.; CTPYKTYPHH mapamepd - ¢opMa W pasMep Ha
IIOJIMKPUCTATTHUTE 3BbpPHA, METAIOrpa(CKu TEKCTYPH, pa3Mep M paslpejelieHHe Ha
YacTUIIM OT BTOpH (a3M, jedeKTH Ha KpPUCTAIHHS CTpPOEXK, HaTIWYHe Ha
IIPEUMYIIECTBEHH KPUACTAIOTpa)CKi OPUEHTAINH, OCTATHYHA HAIPESKCHHUSI U T.H. ) U
0) mapamMerpuTe Ha BB3HHKBAINMTE HECTANHOHAPHH TOIUIMHHH IoJleTa —
CKOPOCTH Ha HarpssaHe M OXJaXIaHe, TEMIIEpaTypd W TeMIEepaTypHH TapIueHTH,
HEXOMOI'€HHOCT ¥ aHW30TPONKATA HA Te3W mapaMeTpu. llopamwm — H3KIIFOUHTETHATA
CIIOXKHOCT Ha IIPOIECHUTE B pPEAJHO 3aBapsBaHUTE IPOMUIIICHM MaTepUald U
3aBHCHMOCTTa MM OT BB3HHMKBAIUTE CJIOKHM TOIUIMHHM II0JeTa, M3ydaBaHETO Ha
MeXaHu3Ma ¥ KHAHeTHKara Ha (QopMHpaHe Ha OCTarb4HHd HAIpeKEHUus U
MHKpoziehOopMalliy, KaKBaTo € IIOCTaBeHara Iell, CIIOPe/l MEH € MHOTO CIIOXKHA 3a/1a4a
JIOPH 34 CIIEIMAIINACT, HO IIPEIM3BUKATEIICTBOTO CH 3aCIyXKaBa.

B I'naBa 1 e HampaBeH HojpoOeH M J0CTaThYHO MH(MOPMATHBEH IIperien Ha
3HAHMSTA 3a ChIIHOCTTAa Ha Iponecure Ipu EJI3, 3a Bp3HUKBaHETO M METOJHMTE 34
XapakTepusdpaHe Ha TOIUIMHHMTE I[0JIeTa, OCTAaThUHUTE HalpeXeHus W

MI’IKpO,I[G(bOpMaIII/II’I. H3noxeHneTo e crerHaro ¥ B JIOrHYEH Hay4CH CTHJI, KaTO JIM9H



Japbara Ha Ipenojaparels [Ja asHaiuMsupa, obobmiasa M oOscHsBa. Brumanwue
3acIoy’XKBaT IUCKyTHpaHWTe I[Ba Mojerla 3a (opMHpaHe K pasnpene/ieHde Ha
OCTAaThb4YHM M aKpOHAIIpPEeXKEHUs IIpH 3aBapsBaHe — M JBaTa CHIHO HACAIM3UPAHU U
OIIPOCTEHH ¥ OTYUTAIIM OCBEH BIMSHHUETO HA TEMIIEpATypHMS I'PaJIWeHT, €IUHCTBEHO
BIIMSIHHETO Ha €BEHTYyaHa IUIaCTUYHA TedOopMaIis W TBBPIOTETeH (Ha30B IPexo]l.
B I'maga II ca onrcany u3cie/BaguTe Mareprany, TEXHOJIOIMITA Ha 3aBapsBaHe
¥ CBIHOCTTA Ha METOAWTe Ha u3cienBaHe. OchlllecTBeHaTa TEXHOIOTHIHA 00paboTKa
BleYaTiIiBa ¢ obemMa U pa3HOo0OpaszymeTo Ha 3aBapsBaHUTE YEPHH W IBETHH METalH,
KaKTO M C KOJIMYECTBOTO U IMANIA30HA HA BAPUPAHUTE TEXHOJIOTMYHY HapaMeTpu. Tazu
4acT OT paboTara € KOJEKTHMBHA M BHCOKOIPO(dECHOHATHA, KOETO € XapaKTepHO 3a
rpynara Ha peKoBoauTess npod. n¢p3H Ilersp Ilerpos, Ha K0eTo HEeOHOKPATHO U C
yJIOBOJCTBHE CbM Omia cuzeresl. KbM Tasm yact mmMaM HsKoH 3aleie:xkn: B
Tabmiua 2.3 oTchCTBAT TaHHU 32 KOeQUIMEHTHTE Ha JIMHEWHO pa3lupeHne, BIIPEKH
4e Te, TeMIlepaTypHEs palleHT U Moayna Ha FOHT, ca onpenensamy 3a MaKCHUMAaTHUTE
HaIpPEKEHUs ,,Ha OIbH”, GopMHpaHu B pe3yarar Ha 3akamsBanero B 3III; B Tabmurm
2.3 1 2.4 e ca NUTUPAHU ChOTBETHUTE U3TOYHHUIIN.
Cuoermanmara vact (ImaBu 1T u IV) BrmouBa pesysrarare OT IPOBEACHHUTE
KOHKPETHH YHCIICH! B peasiHi (PM3NYHM EKCIIEPUMEHTH, 3 UMEHHO:
- Cp3naBaHe Ha MOJIENI, XapaKTepU3upaHe U aHaIA3 Ha TEMIIEpaTyPHUATE
IojieTa, BB3HUKBaIM OpH 3aBapsBaHeTo (I 1asa III);
- YcBosiBaHEe W NPHIOXKEHWE Ha MeToja Ha AUQPaKIMs Ha HEyTPOHH 3a
OLIEHKA Ha OCTAaTbYHU MaKpOHAIPEKEHHUS U eIACTUIHN MUKpOaehOopMaIii
B TPHUTE I'TIaBHHU 3a IpoduTe Haupasienus (I 'nasa [V) .
3a XapakTepusWpaHe Ha TOIUIMHHUTE IIojeTa € IpeIoKeH MOoJel 3a
TOIUIONpEIaBale M METOJ 3a pelllaBaHe Ha YpaBHEHUETO 3a TOIUIONPOBOMHOCT 4pe3
U3II0/13Bane pyHKIMKTE Ha I"priiH 3a cirydail che i 0e3 ocluianys Ha eJIeKTPOHHMSI
1b4. PermennsiTa faBar olieHKa Ha TeMIeparypara BbB BCsiKa TOYKA HA MaTepralia BbLB

BCCKH BpPCMCBH MOMCHT, T.C. IIO3BOJIABAT II'BJIHO XaAPaKTCPH3HMpaHC Ha TOIIMHOTO



Hoje, BKJI. HeroBara HEXOMOI'€HOCT M €BEHTyallHa aHW30TPOIMs, KOUTO ca OCOOEHO
BKHM 3a M3ACHSABaHE MexaHu3Ma Ha (QopMupaHe Ha OCTarbyHM HAalpPeXEHUs H
Mukponedopmaruu. IlpemiaraausaT Moaell € MHOTOKPAaTHO IIPEI3HO IIPOBEpSBaH U
DOTBBpPKIAaBaH Ype3 CpaBHSABaHE C pe3yJITaTd OT JPYrd MOJEIM M HAYMHUA Ha
pelllaBafe Ha YpPaBHEHHMETO 3a TOIUIONPOBOIHOCT M € PE3YJNTATH OT KOHKPETHH
Gu3MYHYN eKCIIepMMEHTH. B Ta3W 9acT OT JucepTanusra JIMYH KOMIETEHTHOCTTa Ha
JIOKTOpaHTKaTa MO BbOPOCA MW OTIAYHATA KOMITIOTBPHA T'PaMOTHOCT. BHCOKO
OIIEHSABaM IIOJYUYEHUTE BaXKHM 33 HAyKaTa U IpaKTHKaTa pe3yaTaTH: NPOTHO3UPaHUAT
| IOTBBPIEH MapTeH3uTeH (a3oB Mpexojl 3a KOHCTPYKIMOHHATa CTOMaHa,
JEMOHCTPUPAHUTE BB3MOXKHOCT 32 XapakTepusmpane dopmara u pazmepute Ha 3111 u
3TB u 3a onenka Ha geiaooumHara Ha 3111 ot MomuocTTa Ha u3rounuka. C orien Ha
IpecieaBaHara men obade cmsTaMm, de OM TpsOBajo moBede Ja ce Habjerse Ha
HEXOMOTCHHOCTTa W aHM30TPONHUATA Ha TOILNIMHHOTO 110J1e (Ype3 1IoBeYe 3aBUCHMOCTH
¥ aHaM3a MM 3a KOHKPETHHUTE MaTepHald, 4pe3 BKIIIOYBaHE Ha Ta3u MHGOpMalus B
M3BOUTE B Kpasi Ha rjaBata 4 T.H.), T. €. OT UHUCIEHUTE EKCIIEPHMEHTH, KOHUTO
OYEBHJIHO Ca CHJIaTa Ha JOKTOpPAHTKAaTa, /1a Ce M3MBKHE MaKCMMyM HHGbopMamus 3a
TOILUIMHHOTO IIOJIEe, KOETO € €IWH OT pelnaBamydre (akTopd 3a MeXaHU3MHUTe Ha
dbopMupane Ha OCTaTHYHU MaKPOHAIIPEKEHHUSS ¥ MAKPOIe(hOpMAaITHH.

B I'maBa IV ca npexncraBeHH pe3yiTaTHTe OT OILIGHKAaTa Ha OCTAThIHHUTE
MakKpoHalpe;KeH!sl 1 Muxpoaedopmanmu. ExcriepuMmentuTe ca ochinecTBeHn B JlyOHa
gpe3 pEerucTpUpaHe II0 METoja ,.BpeMe Ha [peiurase” Ha JUppakTorpamu IIpu
B3aMMOJIEMCTBHE C IIOJIMXPOMATHYEH HEYTPOHEH CHOII, IIOJy4YeH OT UMIyJiceH OBp3
peaktop (MBP 2). He cmaraMm 1a KOMEHTHpaM HE MAalIKOTO HETOYHOCTH B
TEPMHUHOJIOTHATA M HU3JI0KEHHMETO, KOMTO IMOKa3BaT, 4€ HE BCHYKO OT IIPOBEIECHUTE
EKCIEPUMEHTH Y M3YHUCIEHUS € YCBOCHO, Thil KaTo OTYMTaM MHOTOTO CIelubuyHH
OCOOEHOCTH KaKTO B M3IIOI3BAHMS METO Ha PerCTpalys Ha TU(GPAKTOrpaMHTe, Taka
Y B TBHKOCTHTE IIpY 00paboTKara MM 3a OllCHKa Ha OCTaThbYHUTE MAKPOHANPEKEHUS 1

MHKpO,ZIe(l)OpMaHI/IH. I—IPI/IHOC’ET Ha JOKTOpaHTKaTa B Tasyd 4Yacl € IJIdBHO B



obpaboTkaTa 1Upe3 KOMIIOThbpPHA IporpaMa, OasupaHa Ha MeToja Ha PurBensa Ha
aHaIM3HpaHus AU(paKIMOHeH UK (He e nepuHupaH ¢ MunepoBUTe CH HMHIEKCH B
JHcepTanysiTa), B OLEHKHTe, B Tpa@UyIHOTO IIpeICTaBsHE Ha 3aBUHUCHMOCTHTE U B
AHAJIM3UPAHETO HM. JubpakMOHHNUTE EKCIIEpIMEHTH Ca OCBIIeCTBEHH OT
npodecronanucTy B Jaboparopusita B /IlyOHa ¥ ToBa criopeil MeH € HOpPMaiHO, Thi
KaTo MMEHHO Te3H eKCIIepHMEHTH He ca 3a HauuHaen B obiactra. He mora na me
yloMmeHa obade, 4e CHJIHO HEOYaKBaHO 3a MEH € HeBKJIIOYBAHETO B JMCEpPTAIUITa Ha
HUTO €IHa JdudpakTorpaMa M HENPOBEXAHETO Ha KadecTBeH Ga3oB aHamm3. 3a
CIIELIMAMCTHTE B 00JaCTTa € IIOYTH IIOCTYIaTHBHO, Y€ BCEKH aHaIM3 Upe3 PeHTICHOBA
WA HEYTPOHHA JM(paKIys 3all04Ba C KadecTBeH ¢a30B aHanmu3. B ciydas Toa Om
IIOMOTHAJIO HE caMo Io-700pe naa ce pasbepe CBIMHOCTTa Ha WU3IOI3BHUSA
nudpakIXOHeH METOM, HO M Ja ce MoJydd HH(popMalms 3a (pa30oBus ChCcTaB (KOKTO
Ja ce CpaBHM C TO3M Ha U3XOIHHUTE IIpoOH, 3a KOUTO 3a ChKaleHHe HsiMma abComOTHO
HyukakBa HHGopmainus!!). CellecTBeH NPOIyCK € W OTChCTBHETO HA IAHHH 32
H3IIONI3BaHUTE IIPH IIPECMATAHMATA CTOMHOCTH Ha Moya Ha IOHT u xoeduIrenTa Ha
IloaccoH, CHOTBETCTBAIlM HAa AaHAIU3UPAHOTO KpHcTaIorpad)cko HarpaBleHHE,
0cOoOCHO OTYMTAMKH KM3ABEHATa aHM3OTPOIMS Ha TE3H [OKA3ATENM U OIPAaHHYEHOCTTa
Ha TaK¥Ba CIPaBOYHHU JaHHH 0COOEHO 3a MHOTOKOMIOHHEHTHHUTE CIIABH.

B xpas ma TasM dacT ca IpeACTaBEHH MHOXECTBO 3aBHCHMOCTH 3a
pasnpesielIeHHeT0 Ha OCTaThbYHUTE HAlpeKeHWs B 3aBHCHUMOCT OT Marepuaita U
TEXHOJIOIHYHHTE IapaMeTpy IIpU 3aBapsBaHe. BujbT Ha rpaQuKuTe € KOMILUIMIUPAH,
MHOI'O IIO-CJIOKEH M pa3lIddeH OT IpEJCTaBeHUTE B JIACKYTHPAHHUTE HICaTH3UPaHH
Mojemd. KommuuupaHu ca ¥ 3aBHCHMOCTHTE M paslpe/ieleHHeTo Ha
MHKpOIe(QOpMalvuTe, IPeIU3BUKaHN OT JIeheKTUTe Ha KPUCTAIHUS CTPOEXK, KOETO
CBOTBETCTBA Ha CIOXHOCTTA ¥ HESTHOPOAHOCTTA Ha IPOTUYALIUTE IPOLIECH.

HanpaseHure OT TOKTOpaHTKaTa KOMEHTapY Ha HOJYYEHUTE 3aBUCUMOCTH UMaT
II0-CKOPO KOHCTATHBEH XapakTep C OIMTH 3a OOsCHsBaHe Ha BHAA M TOJIEMUHATa Ha

HallpeXeHuATa B OTACIIHUTE YHAaCTBIIM B 3aBHCHMOCT OT TCXHOIOTHYHHUTE W HAKOH



TEPMOQU3UYHY IIapaMeTpd, OTKOJIKOTO Ha aHajlu3 Ha IPOIEeCHTe, MeXaHu3Ma H
KMHETHKaTa UM U 3aBHCHMOCTTAa MM OT TOIUIMHHOTO Iioje. OTChCTBUETO HA KAKBUTO U
Ja € JIaHHH 34 M3XOHHUTE MaTepHalld, KaKTo ¥ HEeH3UOJ3BaHeTo Ha (a30BU IuarpamMu
IIPH aHaK3a HAa MHOTOKOMIIOHeHTHHTe ciuiaBé (Hamp. Al-Mg, Cu-Fe u T.H.) He
IIO3BOJIIBA OT TE3HM 3aBHCHMOCTH Jla Ce IIpaBAT a[eKBaTHW IIPEIIIOJIONKEHHS 3a
KOHKPETHHTE PEaIU3UPaHy IIPOLIECH IIPH 3aBapsSBAHECTO.

SAKIIOYEHHUE: HMutepecna, Oyrmelma pasMECIH, OTPOMHa IO 00eM, TpyIHa,
UHTEPIUCIMIUIMHAPHA ¥ 101e3Ha paboTa. OCHOBHHTE TPHHOCH Ca B: IOCTHIHATOTO
apes  EJI3 ¢opmupare Ha 3III ¢ 1o-godpu mapaMeTpd B CpaBHEHHE C TE3HW IIPH
3aBapsBaHE Ype3 JPYIH METOAH; DPaspabOTEHHAT HAfEkK/IeH METoJ 3a IoApoOeH
aHalM3 Ha TEeMIIepaTypHHUTE I0JIeTa M 3a OIpele/IsIHEe Ha BAKHU XapaKTEpUCTUKH Ha
3I1L; momy4eHUTe CbC CHBPEMEHHM METOIH IIOJE3HH W OPHIMHAIHM PEe3yJTaTH 3a
XapakTepa, ToJIieMHHaTa H paslpefelIeHHEeTO Ha OCTAaThbYHHUTE MaKpOHANPEXKEHHS U
MHKpOae(OopMauy BbB QYHKIMS OT TeXHOJOTHIHUTE apaMeTpPH 3a IIMPOKa TaMa OT
KOMOMHAIMHK Ha 3aBapsBaHU Marepuand. M He Ha HOCIEMHO MACTO GE3CIOpEeH IPHHOC
€ CKOKOOOpa3sHOTO IIOBHIABaHe Ha KBaJu(UKaNMATa HA TOKTOPAHTKATA, KOSTO
napajeqHo ¢ paborara IO JMcCepTalMsra ¢ IpaKkTHKyBala npodecusrta Ha
VHUBEPCUTETCKHM IIpelofaBarel, KOeTo Oyad B MeH Haf-IbhIOOKO YBaXKEHHE.
Io3apaBnsgBaM Hay4HHsS PHKOBOAUTEN W JIOKTOPAHTKATA 38 MHTEPECHHUTE W IIOJIEC3HH
pe3yaTaTd, KaTo UM II0KejlaBaM HOBM TBOPYECKM yCIExXW. be3 HUKakBO ChMHEHHE

MOST riac e ,,JIA”.
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