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BIII'YK L ob HAS
ogiuifiHoro onoHenTa A.1.H., npod. ['onoska Jleonina ®enoposuya Ha aucepTaliiiy
poboty Lnnsiierko €preHis BomomumupoBuua: «['i6puaHe 3BaprOBaHHS CTaled 3
BMKODHCTAHHIM IUIa3MOBOI AYrH Ta BHIIPOMIHIOBaHHA BOJIOKOHHOIO Jjasepa’, LIO
Mpe/icTaBleHa Ha 3100y TTa HAyKOBOrO CTYIeHs JOKTopa (inocodii 3a cnenianpHiCTIO

132 — Marepiaio3HaBCTBO.

3arajibHa CTPYKTYpa po0oTH.

JHucepraniiina po6ora BukoHaHa B IHCTUTYTI enekTpospaproBaHHsa im. €.0.
[Tatona HAH VYxpainu, mnpucBsueHa BUPIIIEHHIO aKTyalbHOI HAyKOBO-TEXHIYHOL
3a/aui BU3HAUEHHs 0COBIHMBOCTEM Ta IMiABUIIEHHS e(eKTUBHOCTI ITpoLiecy TibpuaHOIO
J1a3epHO-IJIa3MOBOTO 3BapIOBAaHHs CTaled 3 BUKOPHCTaHHAM BOJIOKOHHOMO JUKepena
JTa3epHOTO BUMTPOMIHIOBaHHS.

PoboTa, ska pelieH3yeThes, BHKIaieHa Ha 219 cTopiHKax JApyKOBaHOTO TEKCTY,
BKJIFOYAIOYM CITHCOK LIMTOBaHOI JiTeparypd 3 115 HaliMeHyBaHp, 134 pucyHka, 29

TabnuLb, OJIUH JOJATOK, MICTHTh BCTYII, I1’ATh PO3ALIIB, 3arajbHi BUCHOBKH.

AKTYAIBHICTL 06panol TeMu AHcepTauii.

JIns 3BaproBaHHS MaTepiaiiB WHPOKO 3aCTOCOBYIOTHCH BHCOKOKOHLIEHTPOBAHI
JKepena eHeprii (eJeKTpUYHUA PO3pA, IUIa3Ma, Jla3epHe BUNPOMiHIOBaHHA # iHII),
AKi CTPIMKO pO3LIMPIOIOTH MeXi CBOro BHKOpHCTaHHA. [Ipore, Maroum Beuki
TNOTEHIi}H] pe3epBd 3 NPOAYKTHBHOCTI 3BapIOBaHHS, 3 TOYKH 30py MOKIHBOCTEN
KOHIIEHTpallii eHepril, li METOM MAKOTh NIEBHI TPaHUIII 3aCTOCYBAHHS.

Tak, TPOIYKTHBHICTH OOPOOGKH HYrOBUM pO3PAAOM OOMEKYETHCS 3 OIHIET
CTODOHM CTiMKIiCTIO eNneKTponiB, TOOTO TIpPaHMYHAMH 3HAUYEHHAMHM IyCTHHH
[IOTY)KHOCT], 3 1HINOT - HecTabiTbHUM FOPIHHSAM €NEKTPHYHOI IyTH, DM NEPEBHILCHHI
BH3HAYEHHX KPUTHYHUX UIBUIKOCTEHN 3BAPIOBAHHS.

TTpoaykTHBHICTh 06pOGKH Na3epHUM BHUNPOMIHIOBaHHAM TakOk OOMekeHa AK
OTYKHICTIO a3ePHOTO BUIPOMIHIOBAHHS, TaK i BapTICTIO BIAMOBIAHOIO JIa3€PHOIC
yCTaTKyBaHH4.

Ha gouineHICTh KOMOGIHYBaHHS JIa3epHOTO JDKepena eHeprii 3 Ginbi JeeBuMH



TaKUMH, SK €JIeKTpUYHa Ayra, TUIa3MOBHI CTpyMiHb ¥ iHIII, Brepiie 1me B 1979 poi
3BEpHYB yBary npoBigHui (haxiBeip B 001acTi J1a3epHOi TeXHOJor1i mpodecop Binbsim
Crin. IloTimM 1€l HanpSAMOK JTOCHIIPKEHb OYB PO3BHUHYTHUW WOro yYHSMH, BUCHUMH
Himeuuunu, Anonii, Kurato 1 Ykpainu. byno nokazano, 1o 15t KoMOiHa1list 103BOJISIE
3HAYHO PO3IMIMPUTH TEXHOJOTIYHI MOMKIMBOCTI IK 00OpPOOKH €JIEKTPUYHOIO JIYTO10, TaK
1 0OpoOKHM Ja3epHUM BUIIPOMIHEHHSIM. Pe3yipTaTh HayKOBUX TOCHTIIKEHB 1 JIOCBIA
BUKOPHUCTAHHS TAKUX FOPUIHUX JXKEPEI eHeprii B IPOMUCIOBOCTI CBITYUTH TOMY, IO
Jla3epHE BUIPOMIHIOBAHHS CHIpUsie cTa01Ii3allii MpoIecy ropiHHs eeKTPUYHOL TyTH 1
TaKUM YUHOM, J03BOJISIE B 3-4 pasu MiABUIINTH MIBUAKICTH 3BAPIOBAHHSA, TOJETIIUTH
npolec  MIANAJIOBaHHS  Jyrd, 3HA4YHO 30UIBIIMTH, BHACHIJOK HAsSBHOCTI
CUHEPreTUYHOr0 €(eKTy, €EHEproBKJaJ y TPOLEC 3BAPIOBAHHS, MIJBULIUTH
IPOIYKTUBHICTh OOPOOKH, MPAKTUYHO HE 30UIBIIYIOYU HOr0 BapTOCTI, .

3HauHUM PUBOK B PO3pOOIl 1 3aCTOCYBaHHI TaKHil KOMOIHOBAaHUM IMpoIleC
3BaprOBaHHs HaOyB 3 MOSIBOIO BOJIOKOHHUX JIa3€piB, MOTYXHICTh BUIIPOMIHEHHSI IKHX
B OnmxkHIA 1HPpadepBOHIM 00JACTI CIEKTPY CTPIMKO 3pocia 1 3apa3 MPOJOBKYE
3pOCTaTH MPAKTHYHO 33 eKCIIOHEHTOI0. [ToTyxHicTh BunpominerHs Bix 0,5 mo 20 kBT,
K. K. 1. Oimbmre (40...60)%, pexuM BUIPOMIHIOBAHHS — SIK IMIYJIbCHHUH, TaK 1
Oe3rnepepBHUii, Ta0apUTHI PO3MIPU — YMOBHO, B MeXaX PO3MIpiB MUCbMOBOIO CTOJIA.
Taki, ¥ 1HIII OCOOJMBOCTI BHUIPOMIHEHHS BOJIOKOHHHMX Jia3epiB 1 BIIACTHUBOCTI
M1a3MOBO1 yTy 0€3yMOBHO BILUIMBAOTh Ha POpMYBaHHS IOPUAHOTO JKepena eHeprii,
HOro TMPOCTOPOBO-YACOBHUM PO3MOJIII 1HTEHCHMBHOCTI, MEXaHI3M PO3IIaBJICHHS
3BaprOBaJIbHUX CKIIAJIOBUX, OCOOJMBOCTI Teyli po3IJIaBy Ta WOro KpucTamsamli u
1HIIIE.

VY BITYM3HSHUX 1 3aKOPJAOHHHX IyONIKaIliIX MICTUThCS 1HQOpMAIlis, sKa
YaCTKOBO BHUCBITJIFOE OKpEMI MMHUTaHHS KOMIUIEKCHOTO 3aCTOCYBaHHS Ja3€pHOIO
BUMPOMIHEHHS 1 TUIa3MOBOI Jyrd TIPH  BHPIMIEHHI KOHKPETHUX 3aBIaHb
MPOMUCIIOBOCTI. Be3yMOBHO 11 pe3ynbTaTH € BaXJIMBUMH, aj€ BOHHM PO3PI3HEHI,
CTOCYIOThCSI KOHKPETHUX MaTepiajiB, KOHKPETHUX YMOB €KCIuTyaTalii BUpoOy 1 T. 1H.

OOpana Tema nucepTariii, sika 3apa3 po3MIISIA€THCS, OXOIUTIOE MPAKTHIHO BECh
nepesik MUTaHb, SIKI MOTPIOHO BHUPIMIUTH B MPOLECT TOCTIIKEHHS 1 BIPOBAKEHHI

pPE3yNbTATIB POOOTH Y IPOMHUCIIOBICTD, IO OE3yMOBHO € CBITUYEHHSM ii aKTyaJIbHOCTI.



MeTto10 po0OTH € BCTAaHOBJICHHSI 3aKOHOMIPHOCTEH BIUIMBY BUIIPOMIHIOBAHHS
BOJIOKOHHOTO Jla3epa 1 IJIa3MOBOi JyTW Ha €(EeKTHUBHICTh MPOLIECYy 3BapIOBAHHA,
0COOMBOCTI  CTPYKTYpHO-(Ga30BUX TMEPETBOPEHb, (OPMYBaHHS  HAIMPYKEHO-
nedhopMoBaHOTO CTaHy Ta (Di3WKO-MEXaHIYHUX BJIACTHBOCTEH OTPUMAHHUX 3BApHUX
3’€JTHaHb ¥ po3poOKa Ha X OCHOBI 0Q30BUX TEXHOJIOTIYHUX IPOIECIB 1 0OJa HAHHS

I JIA3CPHO-IJIa3MOBOTI'O 3BAPIOBAHHA.

Y Berymi aBTOpOM OOTPYHTOBAHO AaKTyalbHICTh TEMH IUCEpTaliifiHOI poOOTH,
copMyITHOBAaHO METY, BU3HAUEHO 3a7adl 1 METOAW JOCHI)KEHb, BI3HAYEHO HAYKOBY

HOBHU3HY Ta IIPAKTUYIHC 3aCTOCYBAHHA OTPUMAHHNX pGSYJIBTaTiB.

Y nepumiomy po3aiii npoBeneHO KPUTUYHUN aHalli3 CIOCOOIB BUTOTOBJICHHS
HEPO3’€MHMX KOHCTPYKIII TIUIIXOM 3acCTOCYBaHHS TIPOIECIB 3BaplOBaHHS 3
BUKOPUCTAHHSM JIa3€pPHOTO BUMPOMIHEHHS 1 MJIa3MOBOI JYTH, a TAKOX 1X KOMOiHAII{
B OJIHOMY TMpOIECl, KUK OTpUMaB Ha3By TIOpUIHOTO, TPU SKOMY 3a PaxyHOK
CIIOJIYYCHHSI JIBOX JDKEpET CHeprii JOCATaloTh IMOKPAIICHHS SKOCTI OJep)KyBaHHX
3’€IHaHb, 00 MIBUIIEHHS MTPOIYKTUBHOCTI X BUTOTOBJICHHS.

[Toka3aHo, 10 CHiJIbHE BUKOPUCTAHHS BUIPOMIHEHHS BOJIOKOHHOTO Jiazepa i
TJIa3MHU JJO3BOJISIE 3HAYHO 3MEHIIIUTH JIA3€PHY CKIIAJIOBY 3arajibHOTO JKEpeia eHeprii,
3HM3UTH BAPTICTh 00JIaJHAHHA 1 COOIBApTICTh Mporiecy 3BaproBaHHs. [lokazaHo, 110
MIJBUIIICHHS! €(PEKTUBHOCTI 3BAPIOBAHHS TIOPUAHUM JKEPEIOM E€HEpTii MOB’A3aHO0 3
HASIBHICTh CHHEPTETUYHOTO €(PEKTy, MEXaHI13M SIKOTO (TepMIYHUH, TIpOIMHAMIYHUN
YM 1HIIMI) MOKU 110 HE BCTAHOBJIEHO.

Ha miacraBi BUKOHAHOTO aHaii3y BU3HAYeHa MeTa Ta cOpMyJIbOBaHI 3aBIaHHS

JIOCITIJIKEHb.

Y apyromy po3aiii HaBeIEeHO JaHI MPO KOMIUIEKC OOJIagHAHHSA, SKUH OyJo
CTBOPEHO J1J151 TA0OPATOPHUX AOCIIHKEHbB, [0 BKIIOYAE T10pUAHY Ja3€pHO-TIIIA3MOBY
TOJIOBKY, SIKa JIO3BOJISIJIa BUKOHYBATH JIOCHIJDKEHHS TPHhOX CIOCOOIB 3BapIOBAHHS:
na3zepHoro (i3 motyxHictio 10 2,0 xkBT), mmasmoBoro (mpu ctpymi mo 100 A) 1
riOpuaHOro JazepHo-Tuia3mMoBoro. Ilpu  AoCHiKeHHI TPOLECiB  3BaprOBaHHS

3aCTOCOBYBaHCS BOJIOKOHHUH stazep mozeni MFSC 2000W 3 nosxkuuoro xBuii 1080



HM, MOTYXKHICTIO BHUNpoMiHIOBaHHA 10 2,0 kBT. OOnagHaHHs IJIs TJIa3MOBOTO
3BaplOBaHHs OyJI0 YKOMIUIEKTOBAaHE IUIa3MOBUM MOJYJIEM 3 MaKCHUMaJlbHUM
3HAYEHHSAM 3BapIOBaIbHOTO cTpyMy 320 A Ta TpbOX-KOOPAMHATHUM MaHIMTYJISTOPOM.

ExcniepyuMeHTanbHl  JOCHIIKEHHS MPOBOAWINCH HA JIMCTOBHX  3pa3Kax
Hepkasitouoi AISI 304 1 ByrneneBoi craneit 0912C

KinbkicTh MOTJIMHYTOI €Heprii , BHU3HAYaJd 3a JIOMIOMOTOI0  METOAY
KaJIOpUMETPYBaHHSI.

BusznayeHHs! TEpMIYHHUX [IUKIIIB MPY 3BapIOBAaHHI IPOBOJIAIIH 32 JOTIOMOTOI0
¢ikcarii TemMnepaTypu B peaJiIbHOMY 4acl IiJl YaC BUKOHAHHS JIa3€pHOT0, MJ1a3MOBOTO
Ta TriOpUIHOrO 3BAPIOBAHHS,

CTpyKTypHI 3MIHM Yy MeTajll MIBIB Ta 30HAX TEPMIYHOIO BIUIUBY BUBYAIHCS
MeTojIoM cBiTioBOi Mikpockomii  ( Neophot-32 ). MikpoTBepaicTh MeTalry
BUMIproBazacs Ha MikpoTrBepaomipi [IMT-3 npu naBanTaxensi 0,1 kr.

MexaHiuHl BHUNpOOYBaHHS 3BapHMX 3’€/lHAHb Ha CTAaTUYHE OJHOBICHE
po3tarHeHHs: npoBoguiaucsa 3riqHo BuUMOr ['OCT 6996-66. MilHICTh 3BapHUX
3’€JJHAHb OIIIHIOBAJIaCh 3a pe3yJibTaTaMH BHUIPOOYBaHb TPHOX 3pPa3KiB 3 KOKHOTO
3’€IHaHHA B YMOBaX OJTHOBICHOT'O PO3TSTHEHHSI.

Hampyxxennii cTtaH 3pa3kiB 3BapHUX 3’€JHAHb BHUMIPIOBABCS METOJOM
CJIEKTPOHHOT  CHeKTp-iHTepdepomerpii. MeTton 0Oa3yeTbcsi Ha  BUMIpPIOBaHHI
NepeMIIIICHb ITPU MPYKHOMY PO3BaHTAXKEHH1 00’ €My MeTally B IOCIIPKYBaHUX TOUKaX
Ha TOBEpPXHI pa3ka, BUKIUKAHUX CBEPJUICHHSIM HEHACKPI3HUX OTBOPIB JiaMETPOM

OJIN3BKO 1-TO MM.

Y TpeTnoMy po3aiJii HaBeIeHO BU3HAUYEHHS €()eKTUBHOCTI MOTJIMHAHHS €HEepTii
Ta TPOIJIABJICHHS TpH TIOpUIHOMY JA3€pHO-TUIA3MOBOTO  3BapIOBaHHI 3
BUKOPHUCTAHHSAM BUIIPOMIHIOBaHHSI BOJIOKOHHOTO J1a3epa. BctaHoBEHO, 1110 B poleci
Ja3epHO-TNIA3MOBOTO 3BapIOBaHHS CTajlel, 3 BUKOPHCTAHHSAM BHUIPOMIHIOBaHHS
BOJIOKOHHOTO J1a3epy, MOTJIMHYTa METajJOM €HEpris € ONM3bKOI 0 apu(pMeTHIHO1
CyMH TIOTJIMHYTUX €HEprii Mpu OKpeMid [ii JIa3epHOro BUIPOMIHIOBAHHS Ta
1a3MoBoi ayru. el moka3zHuK 115 1a3epHO-TUIa3MOBOT0 3BaprOBaHHs € Ha 6% BUILIM

BiJl CyMHU MOKa3HUKIB JIJIs1 OKPEMHUX CKJIAZIOBHX IPOIIECY.



[TokazaHo, 110 HAWOIBIIIE BKJIAJICHHS TEIJIOBOI €HEPTil Y 3BaprOBaHUN 3pa30K
BiIOYBa€ThCS TPH JIa3epHO-TJIA3MOBOMY 3BaproBaHHI.  EHepria, mo mnorauHyTa
METajoM, TMpHU Ja3epHO-IIa3MOBOMY 3BaproBaHHi, Ha 1-3 kK mepeBHIllye CyMy
eHepriil Jja3epHoi Ta IUIa3MOBOI CKJIAIOBUX, MPH OKpeMmiil ix maii. EQexTuBHICTH
nepeaadl eHeprii mpH Jia3epHO-TJIa3MOBOMY 3BapIOBaHHI CTaHOBUTH 66-67%, 110
MEPEeBUIIY€E aHAIOTIYHI MOKA3HUKH IJIA3MOBOIO Ta TEIUIOMPOBIAHICHOTO JA3€PHOTO
3BaproBaHHs. Peamizamiss cuHeEpreTuyHoro e(eKkTy TMpu Ja3epHO-TIIa3MOBOMY
3BaplOBaHHI B T. Y. 3 BUKOPUCTAHHSM BOJOKOHHOIO Ja3€pHOT0 BHUIPOMIHIOBAHHS
BIIOYBA€ThCS TOJIOBHMM YHMHOM 3a pPaxyHOK T1IPOJIMHAMIYHHUX MPOLECIB B
3BapIOBajIbHINA BaHHI.

[TopiBHSIHHSA TIJIOI TOTIEPEYHUX TEepepPi3y MPoBapiB, BUKOHAHUX B IUIACTHHI 13
HepxkaBitouoi crtam  AISI304 nazepHuM, IMJ1a3MOBUM Ta JIa3€pHO-TLIA3MOBUM
3BapIOBaHHSM CBIIYUTH IMPO HAABHICTH MPHU JIA3€PHO-TJIA3MOBOMY 3BaprOBaHHI 3
BUKOPHUCTAHHSAM BOJOKOHHOTO Jlazepa CHHEpreTndHoro edekry. BusnaueHo, mio
MPOSIBJICHHS IILOTO €(DEKTY 3aJIeKUTh BiJ] IIBUIKOCTI 3BAPIOBAHHS.

Ha BinmiHy Big riGpuaHOTO 3BapIOBaHHS 3 BUKOPUCTAHHAM BUIIPOMIHIOBAHHS
CO,-nazepa, mpu TiOPUTHOMY 3BaprOBaHHI 13 BUKOPUCTAHHSM BUIPOMIHIOBaHHS
BOJIOKOHHOTO Jia3epa, IUIa3MOBa CKJIaJioBa HE3HAYHO BIUIMBAE Ha TIHOUHY
MPOIUIABJICHHS, OJHAK BOHA CIPHUSE YCYHEHHIO XapaKTepHUX I JIA3epHOTO
3BaproBaHHs Je(QeKTiB (OpMYBaHHsS IMOBEPXHI 3BAPHOrO IIBA, a TAKOX MIABUIILYE
e(heKTUBHICTb MpoIlecy 3BaproBaHHsd. B miamazoni mBuakocren 0,25...4,0 M/XB nipu
MOTYXHOCTI BUIPOMIHIOBaHHS BOJOKOHHOro naszepa Big 0,8 nmo 2,0 kBt Ta
3BaproBajibHOMY cTpymi 10 100 A mae micue npsiMO MPOMOpIiiiHE 301TbIIESHHS
TIMOWHY TIPOTUIABIICHHS BiJT 2 10 8 MM.

3’sicoBaHO, 110 JIA3€pHO-TIJIa3MOBE 3BaplOBaHHS HEpIKaBilouoi cTajmi 3
BUKOPUCTAHHSM BHIPOMIHIOBAHHS BOJIOKOHHOTO Jla3epa BIAPI3HAETHCA  Bij
aHAJIOTIYHUX TMPOIECIB 3 BUKOPHUCTAHHSAM BUIpOMiHIOBaHHS aiogHoro, Nd:YAG-,
CO»-na3epiB, a came, — J103BOJIsIE€ 30UTBIIUTH TIMOUHY MporuaBieHHs. [lokazano, 1o
IpU BUKOPHUCTaHHI MMOTYXKHOCTI Jia3epa 1 Iia3mMu 1o ~2 kBT npu mBuakocti ~1,5 M/xB.

rMOuHa MpoBapy 3 BUKOPHUCTAHHSIM BOJOKOHHOTO ja3epa B TiOpUIHOMY MpOIEC]



301IbIIYEThCS MOPIBHAHO 3 BUKOPUCTAHHSIM JioaHoro nazepa Ha 60%, Nd:YAG-

na3epa — Ha 30%, CO;-na3zepa — Ha 40%.

Y d4erBepTOMy PpoO31ijdi BCTaHOBJIEHO 3aKOHOMIPHOCTI BIUTUBY MapaMeTpiB
PEXKUMIB JIA3€PHOTO, MJIA3MOBOT0, JJA3€PHO-TIIA3MOBOTO 3BapIOBAaHHSA 3pa3KiB 31 CTall
AISI 304 pizHOT TOBIIMHU Ha MIKPOTBEPAICTh Ta MapaMeTpH 3€PEHHOI CTPYKTYpHU
CyOCTpYKTYpH 3BapHMX 3’€AHaHb. l[lokazaHo, 10 MIKPOTBEPAICTh, NapameTpu
3epeHHOT Ta CyO3epeHHOi CTPYKTyp Marepiaay 3BapHUX 3 €IHAHb PI3HATHCS 3a
po3MipaMu KPUCTATITIB, 3€pEH, Cy03epeH, M0 OB’ SI3aHO0 3 PI3HUMHU TEMITEPaTyPHUMHU
yMOBaMH (pOpMyBaHHS 3BapHHUX IIBIB.

[IpoBeneHo neranbHe TOCTIHKEHHS PI3HUX BapiaHTIB JIA3€pHOTO, MIa3MOBOTO 1
Ja3epHO-TVIa3MOBOIO 3BApIOBAHHS 3pa3KiB TOBIIMHOIO 6 MM 1 2 MM IpHU Pi3HUX
BUCOKHX, CEPEIHIX 1 HU3BKUX MIBUAKOCTSIX OOpoOKH. [l  KOXKHOTO BapiaHTy
3BaprOBaHHS BU3HA4Y€HI1 0COOIMBOCTI POPMYBaHHS 3BAPHOIO IIBA 1 30HH TEPMIYHOIO
BIUIMBY. XapaKTep MIKPOCTPYKTYpPH Ha PI3HUX IUISHKAX TOCIIIPKYBaHOI 30HHU Ta
pO310AUT MIKpOTBEpAOCTL. TakuM 4YMHOM OYJI0 CTBOPEHO 0a3y NaHUX JJIsl ONTUMI3aLli
MPOLIECIB 3BAPIOBAHHSI.

[Tokazano, mo mpu 3BaproBanHi ctami AISI 304 HaiibuIbIl CcHpuUsSTIMBA
CTPYKTYpa, C TOUKH 30py (h13UKO-MEXaHIYHUX XAPAKTEPUCTUK, (POPMYETHCA B METAI1
3BapHUX 3’€JJHaHb, 110 OTPUMAaHI JIa3epHO-TIJIA3MOBUM 3BAPIOBAHHSIM.

JlocmiKeHHsT HaAMpy»KEHOTO CTaHy TOKa3ald, 00 MaKCHUMallbHi, MIKOBI
3HAUEHHA HamnpyXeHb CKOHLEeHTpoBaHi B 3TB. MakcumanbHi HanmpyXeHHs
YTBOPIOIOTHCA y 3pa3Ky MICHs Ja3epHOTO 3BAPIOBAHHS, MICHS IJIA3MOBOTO — MEHIIT 1
micisl Ja3epHO-IIa3MOBOro — cepeAHi mikoBi. CepeAHe 3HAYEHHS HAIpPY>KEHb MpU
Ja3epHO-TUIa3MOBOMY 3BaproBaHHI ckmamae 173 Mlla, mo € na 20% Oinbiie
HaIpYy>KeHb TPH JIa3epHOMY 3BaproBaHHl Ta Ha 40% wmeHme npu miaazmMoBomy. 10.
BcraHoBieHo, 1m0 HampyXeHO-AC(POPMOBAHHIA CTaH MPH JIa3epHO-TIA3MOBOMY
3BapIOBaHHI, € MEHII JIOKAJII30BaHUM HIXK TPH JIA3EPHOMY, Ta XapaKTEePU3YETHCS
HUOKYMM  PIBHEM 3aJMIIKOBUX HAIPY>K€Hb BIJHOCHO BapiaHTy I1a3MOBOTO

3BAPIOBAHH:.



B upomy po3mini BHUKIAAeH! pe3yJabTaTH CIIBCTABICHHS pPE3yJbTaTiB
pPO3paxyHKOBOI METOJUKMA MPOTHO3YBAaHHSA HANPYKEHO-Ie(POPMOBAHOTO CTaHY
3BapHUX  3’€HaHb,  OTPUMAHUX  JIA3€pHO-TUIA3MOBUM  3BApPIOBAaHHAM 1
eKCIIEPUMEHTAJIbHUX JaHHX.

[To pe3ynbrataM MeXaHIYHUX BUMPOOYBAHb BUSIBICHO IO MPHU OJHOBICHOMY
PO3TATHEHH1 3BapHUX 3’€/lHaHb 13 craii AISI 304 ToBmuHOIO 2 Ta 6 MM, OTpUMaHUX
Ja3epHO-TNIa3MOBUM 3BapIOBAHHSM, iX pyHHYBaHHS B11I0yBa€ThCA B 30H1 IEPEXOAY Bl
JHI{ CIUIaBJICHHS 10 30HU TEPMIYHOTO BIUIMBY, B SIKIH CIOCTEPIra€ThCsl TEHJICHIIIS
30UTbLIEHHS! JOBXUHU KpuUCTamiTiB. [loka3aHo, mo MILHICTh 3BAPHUX 3’ €HAHb
OTPUMaHUX Ja3€pHO-TIJIA3MOBUM 3BApPIOBAHHSIM CTAaHOBUTH ~97% Bil MIIHOCTI

OCHOBHOI'O MCTaly.

Y ’satomy po3aiii, IpUBEAECHO OMKUC TEXHOJOTTYHUX OCOOIMBOCTEHN JIa3€pHO-
MJIA3MOBOTO 3BapIOBaHHS Ta PO3POOJICHOI TEXHOJIOTII ABOCTOPOHHBOTO T1OpUIHOTO
3BaprOBaHHS HEP>KaBir0YOi CTasll TOBIMHOIO 10 MM, Ta BUSIBJICHI 3aKOHOMIPHOCTI ITi]T
4ac BUKOHAHHS TEXHOJIOTTYHHUX eKCNEepUMEHTIB. OLIIHEHO MOKJIUMBICTh 3aCTOCYBaHHS
JIA3€PHO-TIJIA3MOBOTO MPOIECY B PEKUMI Pi3aHHs, Ta BUCBITIEHO OCHOBHI CKJIAHOIIII
JUTst oro peasnizaiii. HaBegeHo 6a30Bi TEXHOJOTIYHI MPUMOMH JIa3€PHO-TIIA3MOBOTO
3BaplOBaHHS Ta pPO3pOOKH JIOCHIIHO MPOMHUCIOBOTO OOJIafHAHHSA MJiA Ja3epHO-
IUIa3MOBOIO 3BapOBaHHS 3 BUKOPUCTAHHSAM pPI3HMX MOTYXHOCTEH Jla3epHUX Ta

IJIa3MOBHUX IKCPCII.

HaykoBa HOBM3HA OTPMMAHMX pe3Y.JIbTATIB:

o B po6oTi mokasano, 110 B po11eci 3BaproBaHHs HEJIETOBAHUX 1 JIETOBAHMX
(HeprKaBirOYMX) CTajel MpU BUKOPHCTAHHI TUIA3MOBOI JYTH 1 BUIIPOMIHIOBaHHS
BOJIOKOHHOTO Jia3epa, B TMOPIBHSHHI 13 IUJIa3MOBUM 3BAapIOBAHHSM, Ma€ MICIE
30UTBLICHHS! TOTJIMHYTOI MeTalioM eHeprii Ha 6% BIZHOCHO CyMH OKpeMoi il
ckiafoBux. [Ipu mpoMy criocTepiraeTbes 301bIICHHS IO MTOMEPEYHOTO Mepepizy
MpOBapy MOPIBHSHO 13 CYMOIO ILIOI MEPEPi3iB Ja3epHOro 1 MIa3MoOBOIro MpoBapiB, a
TaKOXX MIABHUILEHHS TNIMOMHM mnporuiaBieHHs Ha 20-30% BIAHOCHO Ja3€pHOTO

3BapIOBaHHS.



o BaxnuBuM € pe3ynbrar, OTpUMAHUNA aBTOPOM, IO BHUKOPUCTAHHS
BUIIPOMIHIOBaHHS BOJIOKOHHOTO Jia3epa MpH MOTY>KHOCTI Jia3epa 1 miia3Mu 1no ~2 kBT
rMOWHA TIPOBapy HEP)KaBIIOYOI CTall 30LIBITYETHCS, MMOPIBHSIHO 13 3aCTOCYBaHHSAM
niomgaoro naszepa — Ha 60%, Nd: Y AG-nazepa — Ha 30%, CO,-na3epa — Ha 40%.

o HoBum pesynbratoM, OTpUMaHUM B POOOTI € Te, 10 NP TIOpUIHOMY
JIA3€pHO-TIJIA3MOBOMY 3BapIOBaHHI B MeETall IIBa, MO JiHII CIUIaBJIGHHS 1 B 30HI
TEPMIYHOTO BIUIMBY (OPMYEThCS 3€pEHHA CTPYKTypa, OJM3bKa A0 JIa3epHOIO
3BapIOBAHHS 13 pO3MipamMHu B 2-3 pa3u MEHIIMMU, HIXK TIPH MJIa3MOBOMY 3BapIOBaHHI.

o [IpencraBisie TeBHUN 1HTEpeC pe3yibTaT, IO CTOCYETHCA OIIIHKU
HaNpy>KEHOI'0 CTaHy 3BapHOrO I11IBa P Pi3HUX criocobax 3BaproBaHHs. [lokaszaHo, 10
B CTMKOBHX 3 €JHAHHAX 13 HEP)KaBIIOYOI CTaJll XapaKTep PO3MOJLTY HANpPYKEHb MpU
Ja3epHO-TUIa3MOBOMY 3BapIOBaHHI OJIM3bKUIL 10 pO3NOAUTY MpH Ja3epHOMY
3BaproBaHHI. [Ipm  1bOMY IIKOBI 3HAa4Y€HHS HAIpPY>KE€Hb CKOHILIEHTPOBAHI 30HI
TEPMIYHOTO BIUIMBY 1 B OUIBILINA MIp1 3aJI€3KaTh B1J] IOTOHHOI €HEPT1i 3BapIOBaHHs, HIXK

BiJl MAKCUMAaJILHOI TEMIIEpaTypy HarpiBy 3BaplOBAIbHOI BAHHH.

IIpakTHYHe 3HAYEHHSI OTPHMMAHMX Pe3yJbTaTiB.

- Po3po0eHo TeXHOJIOri JIa3epHO-TIIa3MOBOTO 3BapIOBAHHS HU3bKOBYTJIELEBUX
HU3bKOJIETOBAaHUX Ta HEPXKABIIOUMX CTaJeil TOBIIMHOIO 2-6 MM, 110 ONTUMI30BaHy 3a
KpUTEpIEM SKICHOTO ()OPMYBaHHS IIBIB MPHU MIHIMaJbHOMY BKJIAJaHHI MOTOHHOT
€Heprii.

- 3ampornoHOBaHO TEXHOJOTIYHI MPUHOMH TiOPUIHOTO JIa3E€PHO-TIIIA3MOBOTO
3BaprOBaHHS, SIKI I03BOJISIIOTH OTPUMYBATH 3BapHI 3’€JIHAHHS 3 HEPXKABIIOUMX CTaJleh
B JianasoHi 2...6 MM, 3 MIITHICTIO 10 97% Bix MIITHOCTI OCHOBHOTO METAITy.

- Po3pobneHo Ta BuUMpoOyBaHO TEXHOJIOTIIO JBOCTOPOHHBOTO JIA3€pPHO-
ma3MoBoro 3BaproBaHHs craii AISI 304 ToBuuHo0 10 MM B 1IHTEpBal MOTYKHOCTI
Ja3epHOTr0 BUIIPOMIHIOBaHHS 110 2 KBT.

- MopepHi3oBaHO Ta po3pO0JEHO HOBI AOCTIAHO-MPOMHUCIOBI KOHCTPYKIIIi

MJIa3MOTPOHIB JIJIs1 TIOPUIHOTO-JIa3€PHO TIa3MOBOTO 3BapIOBAHHS CTaJICH.



BrnpoBagkeHHS pPe3yJbLTATIB POOOTH.

Po3po6nena B IE3 im. €.0. [1aToHa TexHOMOTIS 1 3pa30K MPOMHUCIOBOTO 00JI1aHAHHSA
BripoBapkeHo Ha mignpuemctsi TOB «HaykoBo BupoOHuumii nientp «I[1JIA3EP» Ta
OpraHi30BaHO CepiliHe BUPOOHHUIITBO KOMIUIEKCIB JJIs JTa3€PHO-TIa3MOBOTO

3BapIOBaHHS CTAJICH 1 CTUIABIB.

IloBHOTA BMKJIAJY OCHOBHHX PpPe€3VJIbTATIB P000TH B HAYKOBHMX (haxoBHX

BHUIAAHHAX.

OcCHOBHI pe3yabTaTH JOCHIIKEHb AMCEpTallii OmyOJiKoBaHO B 15 HayKOBHX
pobotax, 4 3 SKUX - Yy HAyKOBO NEpPIOAMYHUX BUAAHHSX, IO BXOIATh JO HAYKO
METPUYHOI 0a3u maHux Scopus; 6 - y BHAAHHIX, Kl BXOAATh N0 mepeniky BAK
Vkpainu, sk (paxoBi, 5 - y HAyKOBO NEPIOJUYHUX BUIAHHSIX IHIIUX Jepxkas; 14 te3
JomoBiied B 30ipHUKAaxX MaTepiaiiB KoH@epeHiii. OTpuMano 1 maTeHT Ha BUHAXIA 1 1
NaTeHT Ha KOPUCHY Mojenb. Pe3ynbratd poOOTH JOCTATHBO HIMPOKO BHUCBITIIEHI
nyOJiKaIisiMU y BITYM3HAHUX Ta 3aKOPJIOHHUX BUJAHHSX.

BucHoBku gucepramii  BioOpa)aioTh HAMBaXIUBINII HAYKOBI Ta MpPaKTHYHI

pe3yabTaTu poooTH,

3ayBajkeHHsl TAa KOMEHTapi Mo aucepTamii

1. Ha BiamiHy Big TiOpUOHOTO 3BaprOBaHHS 3  BUKOPHUCTAHHSIM
BurnipominioBaHHsi CO»-na3epa, npu TiOpUIHOMY 3BapIOBaHHI 13 BUKOPUCTAHHSIM
BUIIPOMIHIOBaHHSI BOJIOKOHHOT'O Jla3epa, IUIa3MoBa CKJIAJ0Ba , CIHMPAIOYUCh HA
1H(OopMaIlit0 HaBEeJIEHY B JUCEPTAllil, HE3HAYHO BILIMBAE HA INIMOWHY MPOTUIABIICHHS.
Ile crtBepmxenns notpedye mosicHenHs. [Ipu nmii 7ma3epHOTO BUMIPOMIHEHHS Ha
pO3IUIaB, YTBOPEHUH TJIa3MOBOIO AYTOI0, P13KO 301IBIIYETHCS TPAJIIEHT TEMIIEPATYD,
0 OOYMOBJIIOE€ MIABUILEHHS IIBUJKOCTI IUPKYJALII PO3IJIaBy 1 1IHTEHCHBHOCTI
NOTJIMHAHHA HUM eHeprii mia3Mu. [TubuHa mporuiaBIiOBaHHS MOBUHHA 3POCTATH,
npudyoMy 1e Outblie, uuM npu il BunpomiHeHHs CO; nazepa, OCKUIBKH
BUITPOMIHEHHS 3 LI€I0 JIOBKUHOIO XBUJII Kpallle MOTJIMHAETHCSI METaJlaMU HABUTb IIPU
HAsIBHOCTI TypOyJIEHTHOCTI PO3ILIABY.

2. B po6oTi HaBeneHi aHi, sIKi CBIAYATh PO Te, 10 Meperada eHeprii

MJIa3MU €NIEKTPUYHOT IyTH METaly Mpyu KOMOIHOBaHIM il 3 Ta3epHUM



BUIIPOMIHIOBaHHSM BiOYBa€eThCsl OUIbII €EKTUBHO, YUM O€3 J1a3epHOTO
onpomintoBanHs. Lleit pakT aificHo mMae micie, ane notpedye oOrpyHTYBaHHS.

3. Slke criBBITHOIIIEHHS €HEPT1i JJa3epHOT0 BUIIPOMIHEHHS 1 IJIa3MOBO1 TyTH
€ ONTHUMAaJIBHUM MPHU 3BAPIOBAHHI MaJIO0 BYTJICLIEBHX, JIETOBAHUX 1 BUCOKOJIETOBAHUX
HepkaBitouux crane. € pizHuug ?. Sk 1o €, TO B 4OMy BOHA TOJIATAE.

4. B poGoTi BigmidaeThcs, MO MpH T1OpUIHOMY IPOLIEC B 3BAPHOMY IIIBi
criocTepiraeThcsi B ~1,7 pa3u 301IbIICHHS BUIOBKCHHS 3€pEH Ta IIiIBUIICHHS
MmikpoTBepaocTi (Ha 20...40%) y TOpIBHSHO 13 Jla3epHUM 3BapIOBaHHIM, aje
HOSICHEHHS YOMY 1I€ TaK, HEMae€, Xo4a 11€ He TaK OYEBUIHO.

5. [Ipn 3BaproBaHHI BHUKOPUCTOBYIOTHCA JIA3€pHI MYYKH 3 PI3HUM
PO3MOALIOM IHTEHCHUBHOCTI BUIIPOMIHEHHSI B 30HI (DOKYCYBaHHS y 3aJIEKHOCTI Bij
KOHCTPYKINi cucreMu (QokycyBaHHs (J1iH30Ba, J3epKajibHa). Ska cucreMma
(doxycyBaHHS HaMOUTbII e(eKTHBHA MpHU TIOPUIHOMY Ja3epHO - IJIA3MOBOMY
3BaprOBaHHI?

6. B tekcTi nuceprariii € nomwiku (ctop. 4, 5, 311 T.4.; HeBaAII
ctuiictiuHi Bupasu (Sk chigye ...) ctop.36; «Ilix yac nazepHoro 1ei ga3ep
IIPOJICMOHCTPYBAB. ..» CTOP.31; 3aHAATO TOYHI JaH1 «CIIOCTEPITAEThCS 301IbIIICHHS B

2,06-2,25 pa3u 1ol momepevHoro nepepizy npoBapy» cTop.3 i Take iHIIe.

BinzHaueHi HEJOJIKY Ta 3ayBaKEHHSI HE 3MEHIIYIOTh 3arajlbHOTO BUCOKOTO PIBHS
poOOTH, BIATOTO BUKOPUCTAHHS METOAIB JOCIHIJDKEHHS, TPEACTABICHHS 1
IHTEpIpeTanii iX pe3yJbTaTiB Ta I[IHHOCTI OTPUMAHUX JaHUX.

Hucepranist BianoBigae Bumoram JlemaprameHnty arecrtamii kaapis MOH
VYkpainn. Ha3Ba Ta 3micT pgucepramii BIAMOBIMAIOTE HANPSIMKY HAyKOBOTO
JOCIIJIKEHHSI OCBITHbO-HAayKoBO1 mporpamu  KIII im. Irops Cikopcekoro 3i

cneniaigbHocTi 132 Matepiaio3HaBCTBO.

3arajbHuUil BUCHOBOK.
Po3rnsHyTi Bullle pe3ynbTaTd Aal0Th IMIJCTaBU BBaXKaTH, IO AMCEpTalliiiHa poOoTa
Innsmenka €preniss  Bomogumwuposuua: «['i0puaHe 3BaproBaHHS —CcTaled 3

BHUKOPUCTAHHAM I1a3MOBO1 Ayru Ta BI/IHpOMiHIOBaHH}I BOJIOKOHHOTO JIa3epa”, AKa
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nojiasa Ha 3100y TTs cTynens Joktopa dinocodii, € 3aBepIICHO0 HayKOBO-A0C/1IHOK
pO3poOKOIO, fAKA IMPUCBAYEHA AKTYANbHIH 1pobiieMi MiJABMINEHHIO e(eKTHBHOCTI
3BapIOBAHHs MAll0 BYTJIELEBUX 1 JIeTOBaHMX CTAJEH KOMIUIEKCHHM BHUKOPHCTaHHAM
€Hepril 1a3epHOro BUMPOMiHEHHS i IUIa3MOBOI JYT' B ONHOMY FiGpHIHOMY ITpoLect.
3a 06cAroM BUKOHAHMX JOCIIIKEHB, iX HOBU3HOK, HAYKOBOKO Ta MPAKTHYHOK)
3HAUMMICTIO OJePXKaHUX Pe3yabTaTiB Mpe/CTarieHa poboTa BIANOBIAAE€ BUMOTaM IL.I1.
9, 10, 11 «Jlopsiaky NmpoBeNeHHS €KCIEPUMEHTY 3 MPHCY/KEHHs CTYIIEHS NOKTOpa
dinocodiin, 3aTBepmKeHOoMy noctaHoBolo Kabinety MinicTpis Ykpainu Bij 6 6epesnsi
2019 p. Ne 167, a i1 asrop Lnasmenko €rreHiil BonoauMupoRUd  3aCIyroBye
NpUCYKEHHs HOMY HayKOBOTO CTyIeHs Aokropa (inocodii 3a cneujansHicTio 132 -

Marepian03HaBCTBO.

Odinidiuuii OnoHeHT:

HOKTOP TeXHIYHHX HayK,

npotecop kadeapu nasepaol

TeXHiKH Ta (i3UKO-TeXHIYHUX P

TEXHONOT1H

HTVYY «KITI im. Irops Cikopcekoro» . Jleonin 'OJIOBKO

[Mianuc Jleonina N'OJIOBKA 3acBinuyto:
KaHIWO4T TEXHIYHUX HayK,

Buenuii cekperap

HauioHansHOro TEXHIYHOTO YHIBEPCHTETY
Vkpainu «KuiBCbKHH TOMITeXHIYHAH

f,ff,—y Banepis XOJISIBKC




