BIJITYK

OdimiiiHOTO OMMOHEHTA
Ha JucepTaniiay poooty Iniawenka €ezenia Bonooumuposuua

«["16puHE 3BaprOBaHHs CTasIel 3 BUKOPUCTAHHAM IJIa3MOBO1 YT Ta
BUITPOMIHIOBaHHSI BOJIOKOHHOTO JIa3epay,

110 TI0JIaHa Ha 3100yTTS HAYKOBOTO CTyIEHs AJOKTopa (iocodii B rary3i 3HaHb

13 MexaHniuHa iHXeHepis 3a cnerianbHicTio 131 Matepiano3HaBCTRBO.

1. AkTyajabHicTb po0oTH.

Huceprauniitna pobora €. lLuismeHka NpuUCBsSYEHA PO3LIMPEHHIO YSBIICHb
PO OCOOJIMBOCTI JIA3€PHO-TJIA3MOBOTO 3BApPIOBAHHS Ta MOTJMOJIECHHIO HAYKOBHUX
OCHOB  JIa3€PHO-IJIA3MOBOIO  3BAPIOBAaHHS 3 BUKOPUCTaHHSIM BOJIOKOHHOIO
Ja3epHOT0 BUIIPOMIHIOBAHHS. B ocTaHHI AecATUpiuus sl MOKpPALIEHHS SKOCTI
OJIEp’)KyBaHMX 3BapHUX 3 €lHaHb Ta MIABUIIECHHS MPOAYKTUBHOCTI IOYaJIH
3aCTOCYBaTH TIOpUJIHI Jla3epHO-AYroBi mporiecu. OMHAK MPOIECH 3BaprOBAHHS 3
MOETHAHHSM JIA3€pPHOTO BUIIPOMIHIOBAHHS Ta Jyrd HEIJIABKOro ejaekTponay (y T.u.
Ja3epHO-TUIa3MOB1) MOKHU-II0 HE OTPUMAIM 3HAYHOTO 3aCTOCYBAHHS, BHACIIIOK
OOMEKEHOT KIJTBKOCTI pe3yJbTaTiB JOCHIKEeHb Tnpouecy. CrnocTepiraerbecs
HEJOCTaTHS KUIbKICTb a00 BIJCYTHICTh PE3YyJIbTATIB JOCHIKEHb MPOLIECIB
Ja3epHO-TNIa3MOBUX 3BaplOBaHHS CTajlel 13 BUKOPUCTAHHSIM BOJOKOHHOTO Ja3epa,
II0JI0: BHUABJICHHS MOJIMBOCTI Ta CTYINEHIO B3a€MOIl BHUIPOMIHIOBaHHS
BOJIOKOHHOTO Jia3epa 13 CTUCHEHOIO AYrOBOIO IUIa3MOIO 1 TOPIBHSHHS TakKoi
B3a€EMOJIi JUIsl 1HIIUX THIMIB JIA3€PHOTO BHUIIPOMIHIOBAHHS; BCTAHOBJICHHS
O0COOJIMBOCTEH CTPYKTYpOYTBOPEHHS 3BapHHX 3'€HaHb B PE3yJbTaTl CHUIBHOT Mii
Ja3epHOTO BUMPOMIHIOBAHHS 1 TUIa3MOBOi JyTH; JOCIHIIKEHHS OCOOJMBOCTEH
NPOTIKaHHS TepMmojeopMaliiHUX TpoLeciB, (POPMYBaHHA PIBHS 1 pPO3MNOALLY
3QJIMIITIKOBUX HAMPYKEHb Ta BU3HAYCHHS (HI3UKO-MEXaHIYHUX BJIACTUBOCTEH

OJICP>)KYBaHUX 3'€THAHbD.



B cwry BumesazHaueHoro pgucepramiiiHa poOota [mismenka €.B. €

CBO€YACHOIO Ta aKTyaJIbHOIO.
2. Oninka 3MicTy Ta 3aBepuIeHOCTI AucepTAaii.

¥ BeTymi oOTpyHTOBAHO aKTyallbHICTh JUcEpTalii, chOpMyIbOBaHO METY Ta
3aBJAaHHS JIOCHIJIP)KE€Hb, BH3HAUYEHO HAYKOBY HOBHU3HY Ta MpaKTUYHE 3HAYCHHS
OTpUMaHUX pe3ynbTariB. HaBegaeHo iHQoOpMaIliio IM0A0 OCOOMCTOTO BHECKY
3mo0yBaya Ta KUIBKOCTI IyOJiKaiii, ampoOariiii pe3yiapTaTiB Ta HaBEICHO
BIJIOTNOCTI IIOAO CTPYKTYPH Ta 00CITY qucepTaliifHoi poOOTH.

Y mnepmomy Ppo3aiili MPOBEAECHO KPUTUYHUN aHalll3 CY4YaCHOrO CTaHy
Ja3epHUX, ITUIA3MOBUX Ta TIOPUIHUX TEXHOJIOTIM. 3a pe3ylbTaTaMHu OTJISAY
MOTOYHOTO CTaHy O0’eMy  JOCHIDKEHHS  JIa3€pHO-IUIA3MOBUX  MPOLECIB
chopMyIbOBaHA METa 1 3aBIaHHS AUCEPTAIIHHOT pOOOTH.

Y apyromy po3aiji npuBeneHO onmuc oOpaHUX METOIUK IS JOCTIIKEHHS
IPOLIECIB 3BaproBaHHS Ta €(EKTUBHOCTI IMepeAadl €Heprii npu MOoegHaHHI
Ja3epHOTO BUIIPOMIHIOBAHHS 3 IUIa3MOBOIO Ayroro. Bkazani wmatepianu, 0
3aCTOCOBYBaJIMCSL M  4ac  JociiikeHb. llpuBegeno omuc  oOpaHOTO
7a00paTOPHOTO  3BAPIOBAIBHOTO  OOJAJHAHHS; METOAMK ISl JTOCHIIKEHHS
MIKPOCTPYKTYPH, MEXaHIYHUX BIACTUBOCTEH, TEPMIYHHUX IUKJIIB MPU 3BapIOBaHHI,
METOJMKHM TPOTHO3YBAHHS HAIPYy>KEHO-AE(POPMOBAHOIO CTaHy Ta BepHUQIKalli
OTPUMAaHUX PE3yJbTaTIB.

Y Tperbomy po3aisii IPOBEIEHO EKCIEPUMEHTAIBHY OLIHKY €()eKTUBHOCTI
IpOIeCy Ja3epHO-TUIa3MOBOTO 3BapIOBaHHS 3 BHUKOPUCTAHHSIM BOJIOKOHHOTO
JoKEpesia BUIPOMIHIOBAHHS, 3 TOYKH 30py €(PEKTHBHOCTI Tepeaadi eHeprii Bij
JoKepena HarpiBy. Ha oCHOBI 4oro, oTpuMaHO MOJAbIINNA PO3BUTOK YSBJICHB PO
MEXaHI3M TPOTIKaHHS TIOPUIHOTO TPOLECY MPU BUKOPUCTAHHI BOJOKOHHOTO
Ja3epHOTO BUIPOMIHIOBaHHS. BUCBITIEHO TOJIOBHI BIIMIHHOCTI y TMPOSBIICHHI
CUHEPreTUYHOTO €deKTy MPHU 3BapIOBAHHI HEP)KABIIOUMX CTajied Pi3HUX TOBIIHUH 3

BUKOPUCTAHHSAM BOJIOKOHHOTO Ja3epy. A TaKoX, PO3TISHYTO €(dEeKTHUBHICTh



3aCTOCYBAaHHS PI3HMX THIIIB JKEpEN Ja3epHOro BHUIPOMIHIOBAHHS B MpPOLEC]
riOpUIHOTO JTa3ePHO-TIIIA3MOBOTO 3BAPIOBAHHSI.

YerBepTHii Ppo3aii MPUCBAYEHO JOCIIPKEHHIO BIUIMBY YMOB JIa3epHO-
IUTa3MOBOTO 3BAPIOBAHHS Ha CTPYKTYPY 1 BIACTUBOCTI 3BapPHUX 3’ €THAHB 31 CTaJICH.
Buznaueno oco6i1MBOCTI (pOopMyBaHHS MIKPOCTPYKTYPHU Ta CyOCTPYKYpPH 3BapHUX
MIBIB iX BIUIMB Ha PO3MOJIIM MIKPOTBEPAOCTI Ta XapakTep pyWHYBaHHSA 1
MOKa3HUKM MEXaHIYHUX XapaKTepUCTHUK 3BapHUX 3’€AHaHb. [IpoBeneHo
MOPIBHSUIBHUIM  aHaJli3 JUIsI TPbhOX TEXHOJOTIH: TIOpUIHOrO, JIa3epHOTO Ta
IUTa3MOBOTO  3BaplOBaHHs. BHKOHAHO MOJENIOBAaHHS METOAOM CKIHUYEHHHX
€JIEMEHTIB TMOKAa3HUKIB 3aJMIIKOBOTO HAIMpPYKEHO-Ae()OPMOBAHOTO CTaHy Ta
MOPIBHSHO PO3PAXYHKOBI PE3yJbTaTH 3 JAHUMU OTPUMAaHI €KCIEPUMEHTATHLHUM
METO/I0M BUMIPIOBaHHS.

Y rm’aroMmy Ppo3gini, NpPUBEICHO ONHMC TEXHOJOTIYHUX OCOOIMBOCTEN
Ja3epHO-TIa3MOBOI'O 3BAPIOBAHHS Ta PO3POOJEHOI TEXHOJOrIT JABOCTOPOHHBOIO
riOpUTHOTO 3BApPIOBAaHHS HEPKaBilOYOi cTail TOBIIMHOK 10 MM, Ta BUSBIIEHI
3aKOHOMIPHOCTI TIiJT 4ac BHUKOHAHHS TEXHOJOTIYHUX eKcrepuMeHTIB. OIliHeHO
MOJKJIMBICTh 3aCTOCYBaHHS JIa3epHO-TIA3MOBOTO MPOIIECY B PEXUMI pi3aHHS, Ta
BHCBITJICHO OCHOBHI CKJQJHOIII [Js Horo peanmizamii. Hapegeno 6a30Bi
TEXHOJIOT14HI MPUHOMH JIa3€PHO-TIJIA3MOBOTO 3BAPIOBAHHS Ta PO3POOKHU JOCIITHO
IPOMHUCIIOBOTO  OOJNIagHAHHS  JUIsl  JIa3€pPHO-TUIa3MOBOTO  3BApIOBAaHHA 3

BUKOPUCTAHHAM PI3HUX MOTY>KHOCTEH JIa3epHUX Ta TUIA3MOBUX JIKEPEIL.

3. CTtyninb OOIPYHTOBAHOCTI HAYKOBHX /0CJIiJIKeHb Ta BHCHOBKIB, iX
HAYKOBA HOBH3HA Ta 0CTOBIPHICTb.

OCHOBHI pe3yibTaTH JUCEpTallii € JOCTOBIPHUMH Ta OOIpYHTOBaHUMH.
[TonoxeHHsT HAYKOBOI HOBM3HU Ta BHUCHOBKH, C(HOPMYJHOBaHI B JHUCEPTAIlAHIN
po0OoTi, BianoBigaroTh BciM BuMoram MOH VYkpainu moao aqucepraiiitHux pooir.

CryniHb OOIPYHTOBAaHOCTI HAyKOBUX TOJIOKEHb, C(HOPMYIbOBAHUX Y

JYCepTaliiHIii poOOoTi, BUCHOBKIB Ta IPAKTUIYHUX PEKOMEHAAI € JIOCHUTH



BUCOKHM. HayKoOB1 MOJIOKEHHS Ta BUCHOBKH, 3pO0JICHI TI0 pe3ybTaTaM poOOTH HE

cylepeyaTrh Cy4yaCHUM YSBICHHSIM MPO JIa3epHO-TIIIa3MOBI TIPOIIECH.

4. TloJi0skeHHSI HAYKOBOI HOBHM3HHM Ta NMPAKTHU4YHE 3HAYEHHS Pe3yJbTaTiB
podoTHu.
Jlo mosiokeHb HayKOBO1 HOBM3HH, II0 OyJlM OTpUMAaHI 3a pe3yJibTaTaMu
BUKOHAHHS JAUCEPTAllii BIIHOCUTHCS HACTYIIHE:

o Brnepiie BCTaHOBIIEHO, IO B MpPOIIECI 3BApIOBAaHHS HEJIETOBAaHUX 1
JeroBaHux (HEp)KaBllOYMX) CTalled TpU BUKOPUCTAHHI IUJIa3MOBOI  JyTH 1
BUIIPOMIHIOBaHHS ~ BOJIOKOHHOTO  Jla3epa, B  NOPIBHSAHHI 13  IUJIa3MOBUM
3BapIOBaHHSAM, MA€ MICII€ 3pDOCTaHHS HAIlPyTH Ha Jy31 Ha BeauuuHy 1-3 B, a Takox
30UTbIIEHHSI MOTJIMHYTOI MeTajloM eHeprii Ha 6% BIIHOCHO CyMH OKpeMOi Aii
CKJIaJIOBUX, MPU IOMY CIOCTEpiraeTbcs 301ablieHHs B 2,06-2,25 pa3u mioii
MONIEPEYHOrO TMepepi3y MpoBapy MOPIBHIHO 13 CYMOIO IIOIL Iepepi3iB JIa3epHOTO 1
MJ1a3MOBOTO TIPOBAPIB, a TAKOXK IMiABUINCHHS TTUOMHU TporiaBieHHs Ha 20-30%
BIJTHOCHO JIa3€pHOT0 3BapIOBAaHHSI.

o OTtpumanio MOJaNbIIUNA PO3BUTOK VYSBIEHHA TPO BIUIMB THUITY
Ja3epHOTO BUIIPOMIHIOBAHHS HAa €(EKTUBHICTH MPOLECY TIOPHUIHOTO Ja3epHO-
MJ1a3MOBOTO 3BaprOBaHHS, a caMe€ MOKa3aHO, 110 BUKOPUCTAHHS BUIIPOMIHIOBAHHS
BOJIOKOHHOTO Jiazepa TpH TOTYXHOCTI ja3epa 1 1uazmMu mo ~2 kBT rnmbuna
MpoBapy  HEpXkKaBitouoi CTajl 30LIBLIYETHCS, MOPIBHAHO 13 3aCTOCYBaHHIM
niogHoro naszepa — Ha 60%, Nd:Y AG-nazepa — Ha 30%, CO;-na3epa — Ha 40%.

o OTpumanio TOAANBIIMK PO3BUTOK YSBJIEHHS MPO OCOOJIMBOCTI
dbopMyBaHHS CTPYKTYpH 3BapHUX 3’€HaHb, OTPUMAHUX 3 BHKOPHUCTAHHSIM
BOJIOKOHHOTO JIa3epa, a caMe — Ha MPUKJIaIl HePXKABIF0YOi CTalll MOKa3aHo, 10 MpH
riOpUIHOMY Ja3€pHO-TIJIA3MOBOMY 3BapIOBaHHI B METaJIl 111Ba, MO JIHI1 CTUIaBICHHS
1 B 30HI TEPMIYHOrO BIUIMBY (OPMYETHCS 3€pEHHA CTPYKTypa, OJu3bKa [0
JIa3epHOTO 3BAPIOBAHHS 13 po3MipaMu B 2-3 pa3u MEHIIIUMHU, HIK TIPH TUIA3MOBOMY

3BapIOBaHHI, TP I[LOMY IS riOpUJIHOTO TMPOLIECY B 3BapHOMY IIIBI



CIIOCTEPIraeThCsl BUOBXKEHHS 3epeH (B ~1,7 pa3) Ta miABUILIEHHS MIKPOTBEPAOCTI
(na 20...40%) mopiBHSHO 13 Ja3epHUM 3BapIOBAHHSIM.

o Opeprkano nmofanblivii PO3BUTOK YSBIECHHS PO CTPYKTYPOYTBOPEHHS
IpU T1OpUAHOMY JIa3epHO-TIA3MOBOMY 3BapIOBaHHI HEPIKaBilO4yOoi CTalll, 30KpeMa
BUSBIICHO (DOpMyBaHHsI CyO03epeHHOI CTPYKTypd B 3BapHOMY IIBiI 3 poO3MipaMu
cy03epeH MEHIIMMH MOPIBHSHO 13 J1a3epHUM (B 1,6 pa3iB) Ta mia3MoBuUM (B 2 pasu)
3BApIOBAHHSIM, MpPH LBOMY Yy BCIX 30HaX 3BapHOTO 3’€JHAHHS, OTPHUMAHOTO
Ja3epHO-TNIA3MOBUM CIOCOOOM, CHOCTEPIraeThecsi (opMyBaHHS Oe3rpai€eHTHUX
KOMIpUacTUX CTPYKTYp MHEpPEBaKHO pPIBHOOCHOI (OpMH, a MpH JIa3epHOMY
3BapIOBaHHI B METaJIl IBa (POPMYIOTHCSI CyOCTPYKTYpH MOJOBKEHO1 (POPMH.

o OTpuMano moJAaJbIIMKA PO3BUTOK YSABIEHHS NP0 OCOOJIMBOCTI
MPOTIKaHHS TepMoaePopMalliifHUX MPOIeCiB Mpu (popMyBaHHI 3BapHUX IIBIB 13
BUKOPHUCTAHHSAM KOHIICHTPOBAHHUX J/DKEpEN €Heprii, a came BCTAaHOBIICHO, IO B
CTHKOBHX 3 €JHAHHSIX 13 HEPKaB1I0YOI CTall TOBIIMHOIO 2 MM XapakTep PO3NOALLY
HaIpy>XKeHb IPU Ja3€pHO-IJIA3MOBOMY 3BapIOBaHHI OJIM3bKUH 10 PO3MOALLY NpHU
Ja3epHOMY 3BapIOBaHHI, IIPU IbOMY MIKOBI 3HAUYE€HHS HANIPYXEHb CKOHIIEHTPOBaHI
30HI TEPMIYHOTO BIUIMBY 1 B OUIBIIINA Mipl 3ajeXaTh BiJ TMOTOHHUX EHEPrii

3BapIOBaHHS, HIXK B1Jl MAKCUMAJIbHOI TEMIIEpATypy HarpiBy 3BaplOBAJIbHOI BAHHH.

5. IloBHOTa BHKJIQAY pe3yJabTATIiB JUcepPTaliiHOI po00TH B MyOTiKamiaX.
OcCHOBHI TMOJIOKEHHS Ta AUCepTamiiHoi pobotn [mismenka €.B. Bukmaneni y 32
poborax, 3 HUX 4 CTaTTI y HAyKOBO IMEPIOAUYHUX BHUIAHHSIX, IO BXOJATH JIO
HAayKOMETPHUUYHOI 0a3u Scopus, 6 cTateil y (haxoBuX BUAAHHIX YKpaiHH, S cTaTeil y
HAyKOBO TMEpIOAVNYHUX BUAAHHSAX IHIONUX JepkaB, 15 myOumikamii y 30ipHUKax
HAyKOBUX TMpallb 1 maTtepiayiax KoHdeEepeHIid, orpumaHo | mareHT YkpaiHu Ha

KOpPUCHY MOJiesib Ta 1 mateHT YKpaiHu Ha BUHAXI/I.

6. 3ayBa:keHHs MO qUCEPTAIIil.
6.1. Ilpu nmociiKEeHHSX CHHEPreTUYHOTO e(EeKTy HEAOCTaTHhO YBaru

IPUJIIJICHO BIUIMBY PO3MOIUTY KOHIIGHTpAIIll eHeprii Ha MOBEpXHi. 30KpeMa SKIIO B



YMOBAaX IIa3MOBOTO JKEpena MOKIUBUMN JuIie ['ayCOBChKMIA pO3IOALT €HEprii, TO
IPU JIa3€PHOMY MOXKIJIMBO BUKOPUCTOBYBATH 1 IPYT1 PO3MOILIH.

6.2. Ha wmiil mornsiz HEJOCTaTHHO CHUCTEMATHYHO PO3IJISIHYTO BIUIMB
0co0MuBOCTEeM (DOKYCYBaHHS JIa3epHOTO MPOMEHI0 Yy TiOpHUIHOMY 3BapHOMY
mpolieci, 30KpeMa B3a€EMO/IIA J1a3€pHOTO0 IMPOMEHI0 3 TIOBEPXHEI0 3pa3ka B
nodokycHoi, pokycHoi Ta 3apoKycHOT 00IacTAX Aii.

6.3. JlocipkeHHsT BIUTUBY JOBXHHHU XBHJII Ha TMPOSBY CHHEPTETUYHOTO
eeKTy Ta Ppi3HI TEXHOJIOTIYHI (haKTOpU PO3MVIIHYTO B JIOCTAaTHHO BY3BKOMY
niama3oni (0,808...0,97 - 1,07 Mkm), 1110 pO3KpUBAE TUKUA YACTUHY SBUIIIA.

6.4. Ha 0a3i mpakTUYHHX JOCTIIKEHb OTPUMAHO 3arajlbHUN pe3yibTar
3aCTOCYBaHHS BHUIIPOMIHIOBAHHS BOJIOKOHHOTO Jia3epa IO 3pIBHAHHIO 3
BUKOPHUCTAHHAM BUIPOMiIHIOBaHHS giogHoro Ta Nd:YAG nasepiB y Ja3zepHo-
MJ1a3MOBOMY 3BapIOBaHHI $K HalOUIbIl e(EeKTUBHUNA 3 TMO3UIIN TIUOWHU
IPOIUIABJIEHHS 1 MIJBUIIEHHS €(QEKTUBHOCTI MPOLECY, OAHAK HNPUYUHHU IHX
nepeBar He 3'siCOBaHi.

6.5. Ilo Tekcty amceprallii CHOCTEpPIraloThbCsl HEHAYKOBI MOPIBHSIIBHI
Bupazu. Hanmpuknaa, ... B MeTall 3BapHUX IIBIB YTBOPIOETHCA NPHUOIU3ZHO
OJIHAKOBa 3a pO3MIpaMH KpHUCTAITIB CTpykTrypa (cropinka 180). Bincyrthi
YHCEJIbHI MOKA3HUKH.

6.6.  Psg pucyHKiB mpeacTaBlieHO Ha IHO3EMHOI MOBI (aHTJIHCHKOT).

6.7. Ha puc. 3.9, 3.10, 3.11 He BucTauae MO3HA4YEHb BUJIB MPOBApPIB B
ractuHi 31 ctani AISI304 (nazepHux, 1miaa3MoBUX abo J1a3epHO-TIa3MOBHUX ).

6.8. Ilpu O11bIIOI KIIBKOCTI BUCHOBKIB MO TJlaBaM psiJi 3 HUX HOCHUTh
JeKapariinuil xapakrep. Hanpuknan, BUCHOBKH A0 po3ainy 4: myHKTH 1 1 2;

BHUCHOBKH /10 pO3auty 5: myHKTH 11 2.

7. 3araJbHi BUCHOBKHM IO JUcCepTalliiiHii po0oTi.

PobGoTa BiamoBigae Bumoram myHKTIB 6, 8 Ta 9 «llopsaky npucymxeHHs

CTymneHsi JoKTopa (inocodii Ta ckacyBaHHsS pIIIEHHsS Pa30BOi CrHeIiaai30BaHOT



BUYEHOI pagu 3aknagy BMLLOI OCBITW, HAyKOBOI YCTAHOBM MpPO MPUCYLKEHHSA
CTyneHa AoKTopa inocodii», 3aTBepmkeHoro MNoctaHooto KabiHeTy MiHIcTpiB
YkpaiHn Ne 44 Big 12 ciyHa 2022 poky, a Ti aBTop - INNnsAHieHKO EBreHin
BonogumMmnpoBny - 3acnyroBye Ha MNPUCYIKEHHSI WNOMY HAyKOBOro CTYMeHs
[loKTOpa (hisiocodii 3a cneuianbHicTio 132 «Matepianio3HaBCTBO» raysi 3HaHb 13

«MexaHiuHa IHXeHepia».

OMiLiHNIA OMOHEHT:

[IOKTOP TeXHIYHMX HayK, npodecop, 3asidyBad Bigainy
«KOHUEHTPOBaAHNX eHEPreTUYHUX BMINBIB»
Pi3MKO-TEXHOONYHOrO IHCTUTYTY MeTasliB Ta Crn/aBsiB

NAH YkpaiHu z
Banepiin JINXOLLIBA

Mignuc Banepis JIMXOWMIBW 3acBigyyto:

KaHAMAAT TEXHIYHMX HayK,

n?y MeTasliB Ta Crn/jasiB

Bonognmmnp NAXHEHKO



