BIAT'YK
Ha JucepTaliiny poborty
BepeTtineuuka Onexcanapa Bitaniiosuya
32 TEMOIO «PelHKJIIHI HeOPHKETOBAHOI CTPY:KKH KAPOMILIHUX CIJIABIB i
Hep:KaBilYol cTaJli METOIOM eJIEKTPOLJIAKOBOI TUIeIbHOI IJIABKKY,
sKa MpeIcTaBlieHa Ha 3400y TTs HayKOBOI'O CTyIIeHs JOKTopa ¢irocodii 3a
crierianpHicTiO 136 «MeTanypris»

1. AKTyaJbHICTHL TEMH AHcepTALil TA i1 00IPYHTOBAHICTD.

HesBaxcaroun Ha PO3BUTOK HOBUX TEXHOJOTIYHHUX IIPOLIECIB OTpPUMaHHS
BHCOKOSIKICHMX BHUPOOIB 3 MiHIMQJIbHUM IPHUILYyCKOM Ha MeXaHi4Hy oOpoOKy abo
HaBiTh 0e3 HBOTO (JIUTTS MO MOJENSAX, 10 BUILIABISIOTHCS, pI3HI METOIU
IIacTUYHOI JedopMallii, TOPOIIKOBa METTyprisl 1 T.MM.), TEXHOJOTIi OTpUMaHHS
BHPOOIB 3 BUKOPHUCTAHHSAM CIOCO0IB MexaHI4HOI 00pobku (TokapHa, CBEpITiHHS,
CTpyTaHHs) BCe IlI€ JOCTAaTHBhO LIMPOKO po3noBcrokeHi. [Ipu ix 3acTocyBaHHI B
cTpyXKy Moxke nepexoautu no 30-40 % wmeramy 3arotoBkud. Tomy mnpobiema
nepepoOku  (PEUHUKIIHTY) CTPYXXKKOBHX BIOXOAIB JOCI € aKTyalbHOI, He
BUPIIIIEHOI0O OCTAaTOYHO. A Il O3Hauya€e TOTIPIIeHHS eKOJOriYyHOi OOCTaHOBKH i
BTPATy BEJUKOI KIJTBKOCTI JIETYIOUMX €JIEMEHTIB, HecTauy SKUX Y MPOMHCIOBOCTI
JIOBOOUTECS BHUpiUryBaTH abo BUAOOYBaHHSIM BCe OIIbIIMX  KIJIBKOCTEM
depocnnasiB abo IX MOCTayaHHAM 110 iMITOPTY. | Xo4a B AaHui yac 3aporoHOBaHi
1 BUKOPUCTOBYIOTBCS Pi3HI CIIOCOOU TepepoOKH CTPYIKKH, I10sIBa HOBOI TEXHOJOTI1
I03BOJISIE 3pOOUTH YE€ProBUN KPOK IO PO3IIUPEHHS MOXIUBOCTEM BUpPIILIEHHS L€l
CKJIaHOT 3a/1a4i Cy4yacHOr0 MalllMHOOY Iy BAaHHS.

AKTyanbHICTh TeMH IIATBEPIKYETbCS TaKOXX BHMKOHAHMM KOMIUIEKCOM
HayKOBO-ZIOCHIHUX Ta TOCHOAApUUX poOOIT, SKi BUKOHYBAIWCh Yy Bifmimi
«ITnazmoBo-akoBoi  MeTanyprii» [HCTUTYTY enekTposBaproBands iM. €.0.
IJaroma HAH Vkpaimu. A came: «JlocnmimkeHHs mpoleciB IUIaBiIeHHS Ta
KpUCTalli3alii MeTaly IpH I1a3MOBO-AYIOBi Ta eJNeKTPOLLIAKOBiA BHIUIABLY
3JIUBKIB 13 BIIXOJIB TYTOIUIaBKUX, BUCOKOPEAKIIIMHUX 1 KapOMILHUX METaNliB Ta
CIIaBiB 1 IUIa3MOBO-1HIYKIIMHOMY BHPOIIyBaHHI KpPYIHHUX TMpodiab0BaHUX
MOHOKpHCTaJiB Bojbdpamy Ta Monioneny» (2018-2020 pp., Ne n/p 0118U100514;
Ne 1.6.2.1.20.1); «BumnmaBka i3 BigxomiB crami 12XI18H10T mocmimHux



12X18H10T gochmimHuMX HEpXKaBitOYMX  BIUIMBOK 1  JOCHUKEHHS  BIUIUBY
TEXHOJIOTIYHUX NapaMeTpiB Ha skicTb Metary» (Jorosip Ne 515 Bin 08.01.2020 p.).

A HaVKOBa HOBHU3HAa OTPHMAHNX De3VﬂbTaTiB.

- BIepUIe eKCIHepUMEHTAlbHO BH3HAYEHO BIUIMB CIIIBBIIHOLIEHHS MK
JiaMeTpoM CTPYMOTIABIIHOTO eNeKTpoja i PO3MIpOM IIIaBUIIBHOTO IMPOCTOPY Ha
YMOBM IlJIaBJ€HHS HEOPHKETOBAHOI CTPYKKH Ta BCTAHOBJIEHO, IO MaKCHMallbHE
3aJTy4eHHs CTPYKKHU Ha TUIABKY JAOCSTAETLCs [IPH yKa3aHoOMY ciBBigHowmenHi Bix 0,5
1o 0,56;

- BHepllle TEPMOJMHAMIUHMMH PO3paxyHKaMU OOIpYHTOBAHO Ta IPAaKTHYHO
MiATBEp)KEHO, 10 [pH  eNeKTpoIuIakoBid mmaBmi  cram  12X18HIOT 3
BuKopucTaHHAM 1miaky AH-295 mns 36epexeHHs B MeTalli KOHIEHTpalUil THTaHY B
Mexax, HeOOXiIHUX 3a TeXHIYHUMU YMOBaMH, HeOOXiIHO BBOJHUTHU B LIIAK BIA 5 10 8
% Ti0»;

- Briepllle BU3HAYEHO BIUIMB J0GABOK OKCHIY THUTAHY Ha €JIEKTPOIPOBIIHICTS
umaky AH-295 Ta BcTanosiero, wio uuak AH-295 + 8 % TiO, npu Temneparypi
1600 °C mae nuromy enekrponpoBiauicte 1,0-1,2 Om!em™!, 1m0 3HAXOIUTHCS Ha
piBHI IUTOMOT eJieKTpoIpoBigHOCTi nutaky AH®D-6.

Brakaro, mio y guceprauii Ge3cyMHIBHO € HOBM3Ha y BHKOHAaHHX HayKOBO-
focHiHux poboTax, BOHM cOpMyJLOBaHI 3aJOBINBHO i y JIOCTaTHiA Mipi
BHCBITJIIOIOTH OCHOBHI pe3yJIbTaTH MMPOBeIeHUX aBTOPOM JOCIIHKEHb.

3. CTpyKTYpa Ta 3MICT AHCEDTALII.

Huceprauiiina po6ora Beperinbuuka O.B. cknanaeTses 3 a”Horauii, BCTyIy, 5
PO3J1iJTiB, 3arajIbHUX BUCHOBKIB, CITUCKY BHKOPHCTAHMX JDKEpen Ta JOAATKIB (aKTIB
JOCIIHO-BUPOOHMYMX ~ BHUIPOOYBaHb OTPHMaHHMX Yy JMCepTaliiHOi  poboTH
pe3yJbTaTiB).

Y  Berymi  BMCBITIIEHO — MpoOneMH — HepepoOKM — CTalleBOI  CTPYXKKH,
OOIPYHTOBAHO AKTyalbHICTh TeMH, C()OPMYJIBOBAHO METY Ta 3ajadi MOCIIKCHHS,
BUCBITJICHO HAYKOBY HOBM3HY Ta IpaKT{4yHe 3HAYEHHsS OJIep)KaHMX DE3YJIbTaris.
[IpescTaBneno indopMalito Mpo 38’ 120K poSOTH 3 HAYKOBAMU TEMAaMH Ta JaHi 1po

ny6ikaniro i anpobartito pe3yIbTaTiB AucepTaLil.



V nepumiomMy pos3ziisi Bi3HAYEHO BaXUIUBICTh PELMKIIIHTY CTaleBOl CTPYXKKH,
0COOJMBO BHCOKOJIEIrOBaHOI, BHKOHAHO aHai3 ICHYIOYMX TEXHOJOIN nepepo61<ﬁ
MeTalleBUX BIIXO/IB 1 MOKa3aHi NMpOOJIeMH TIaBKH CTAIBHOI CTPYXKKH B TPaIULIAHMX
elIeKTPONYTOBUX Ta IHAYKLIMHUX nedax. HaBenmeno mnpuKkiaad 3acTOCYBaHHS
eJeKTPOLIIAKOBUX ~ TEXHOJIOTIH  Ju1d  1epepoOKM  CTajeBol  CTPYXKKH Y
HeOpUKETOBAHOMY BHIIISIII Ta ITOKA3aHO IepeBard Ta MepCHeKTHBHICTh TAKOTO BHLY
IUIABKHU JUISl PELUKIIIHTY CTPYXKKH BUCOKOJIETOBAaHMX CTaNlel Ta CIUIaBiB.

Y papyroMy po3dini  HaBeJEHO HaHi ILIOAO0 METONMKHK IPOBENCHHS
eKCTIepUMEHTIB Ta [OCII/DKEHb 3 eJIeKTPOLIJIAKOBOI IepepoOKH CTPYKKH, OIHUC
BUKOPUCTAHOTO OOJIaHAHHS, BMICTY i XapaKTEpHCTHK BUKOPUCTOBYBAaHHX CTajei,
CIUTaBiB 1 IIJIAKIB.

Y TpeThboMy pO3/UIi HaBeJEeHO pe3yNbTaTH eKCHEPUMEHTIB 3 I1epepoOKH
6pHKEeTOBaHOI Ta HEOPUKETOBAHOI CTPYKKU pisHMMH Meroxamu — EILIL ITIT Ta
ELNTII. Tlokasano, o HaiiMeHmi nuTomi BUTpatu enekrpoeseprii 0,55-0,65
kBT ron/kr OynM mpH CHifbHIN IuIaBLli HEOPUKETOBAHOI CTPYXKH Ta BUTPaTHOIO
eJIEKTPOJIY 3 KYCKOBOIO GPYXTY B elEKTPOLUIAKOBIH TUTeNbHIH reul emHicTio 120 kr.
BusnayeHo BaxuBHi Uit TexHosorii EIUTII BruiMB BiHOIIEHHS HiameTpa
BUTPATHOrO eNeKTpoja JO Jiamerpy [UIABHIBHOTO TIPOCTOPY HA  KUIBKICTH
[EPETLIABIIIOBAHOT CTPYXKKKM | BCTAHOBICHO, IO MAKCHMAajlbHA KiIBKICTh CTPYXKH
nepepobIAETECS TPU CTYTIeH] 3aTI0BHEHHS! TIaBUIILHOTO TipocTopy Bix 0,5 1o 0,56.

V ugerBepromMy poO3Zii 3 ypaxyBaHHAM MOXIMBOIO BHUrapy THTaHa IpH
eNeKTPOIINAKOBOT UIABKKM BHUKOHAHO TEPMOJMHAMIYHMH aHali3 MOBEMIHKA LbOrM
eNeMeHTy Npu BUKoprcTanHi marky AH-295. Tlokasano, mo npu temreparypi 1600
°C piBHOBaXHWI CTaH M0 TUTaHy, Npu koHueHtpauii B crani 12X18H10T 0,8 % Ti,
nactae npu Bmicti B muani AH-295 6musexo 5 % TiO,. DkcriepuMeHTaIbHO
MiATBEpPDKEHO BILTMB BBEIEHHS OKCHIY THTaHa y HIIAaK HAa BMIiCTy THTaHy y MeTall.
Pexomengosano mpy EILTIT crani 12X18H10T nobasnenns y mnak AH-295 Bin 5
no 8 % TiO, st 36epesxenus smicry B merani 0,7-0,8 % Ti, wo B1JINIOBLJIAE

BEMOIaM TEXHIYHMX YMOB Ha L(F0 MapKy CTal.



YV m’aToMy pO3jiii HaBeIeHO pe3yNbTaTH MepepoOKH 3a PO3pOOIIEHOI0
TEXHOJIOTICI0 B €JEKTPOLIIAKOBIN TUresbHIM redi emHicTio 120 Kr HeOpHKETOBaHOI
CTPYIKKH apoMillHuX cruiaBiB Ha HikeneBiit ocHoBi E1602 Ta EI437h i mepxasirouct
ctam 12X18H10T. IMokazaHo, mo XiMiYyHUN CKJIa] BUIUIABIEHUX CIUIABIB Ta CTall, B
TOMY YMCIIi 332 BMICTOM THTaHy Ta alIOMiHIIO, BIANOBIAAIOTL BUMOTaM TEXHIYHHX
YMOB Ha JiaHi Mapku MeTany. Buxonani Ha 3aBoai «3ops»-«Maumpoex
meTanorpadivuni  JOCHIDKEHHS Ta BUIPOOYBaHHS MEXaHIUHMX BJIACTHBOCTEH
[OKa3ald BUCOKY AKICTh JKapOMILHMX  HIKeJeBUX  CIUIABIB,  OTPMMaHMX
eNeKTPOIIIAKOBOK THIENbHOK [UIABKOI 31 CTPY)KKM. 3 OTPUMAHOrO IpH ILIaBL
ctpyxkn ctam 12X18H10T meTany BUIOTOBJIEHO MOCIHIJHO-TIPOMHMCIIOBY NapTik)
JINTHX 3arOTOBOK Y BUIJISAI TOBCTOCTIHHUX IUIMT po3mipoM 360x400x65...100 mm, 3
AKUX BUTOTOBJICHO HOXI [UIsl 3HSITTSI Ipara IMpH KOHTAKTHO-CTUKOBOMY 3BaplOBaHHI
peitok peiikozpaproBanbHumy MatmHamu K922, K930 ta K950. JocnimkeHHst sIKOCTI
HepXaBilouoi cTaji MoKasaio, 1O MeTal IPH eleKTPOILIAKOBIH THUTeNbHIH IaBLi
padiHyeTbcsi Bij Cipku, rasziB | HeMeTamuHMX AOMILIOK, 32 XiMIYHMM CKJaIOM I
MEeXaHIYHUMHM BJIACTUBOCTSIMH [IOBHICTIO BIJIMOBIJI@a€ BUMOTaM, LIO [0 HBOTO
npe/1’ SIBISFOTHCS .

YV BucHoBKax aMcepraniiinol poGoTH B IOCTaTHIA Mipi BIIOOPaXarTh

HalBaXMBili iT HAYKOBI Ta MPAKTAYHI PE3YILTATH.

4. [IlpakTHyHa HiHHICTH POOOTH.

3a pe3ynbTaTaMy JOCIiIKEHb, BUKOHAHWX OUCEPTAHTOM, 3alpONOHOBAHO Ta
OGIPYHTOBAHO 3aCTOCYBaHHS HOBOI TEXHOJIOTII Nepeiy CTPYKKH BHCOKOJIETOBAHUX
CIUIaBiB Ta HEPXKaBilOWOl CTali WLUIAXOM eJIEKTPOIUJAKOBOI TUIE/bHOI IUIABKI].
BUKOHAHO IOCIHiAHO-IIPOMHUCIIOBY MeEpeBipKy MeTaly, OTPUMAaHOro PpO3pOOJIEHOO
TEeXHOJIOTI€I0 TIeperuiaBy, IO IMiATBepAnia HOro BUCOKY SIKICTh Ta MOXIMBICTH
BUKOPUCTAHHS B OCHOBHOMY BUPOOHHIITBI.

5. QOrpyHTOBAHICTH HAYKOBMX _IOJIOjK€Hb Yy JaWcepramii __Ta__ix

NOCTOBIPHICTD.




CryniHb OOIPYHTOBAaHOCTI HAyKOBHX IIOJIOKE€Hb, C(QOPMYJIbOBAaHUX Y
JMcepTallifHii poOOTi, @ TAKOXX BUCHOBKIB Ta MPAKTUYHUX PE3yJIbTaTiB, € BUCOKOIO,
MeTa Ta 3aBJaHHs JOCJTIUKEHb IOCTaBieHl diTKO. JIOCTOBIpHICTH oOAepkKaHUX
pe3ylIbTaTiB He BUKIMKae CyMHIBIB. OCHOBHI HayKOBI Ta pe3yJbTaTH JOCHIIKEHb
JIOTIOBIAaNKCA Ha JBOX MDKHApPOIHUX KoH(pepeHUisx. OCHOBHUM 3MICT aucepTanii Ta
HAWBAXKITUBIII PE3YIBTATH OITyOJIIKOBaHO y 7 APYyKOBAaHMX Ipallb, B TOMY YHCIII OfHA
y BHIAHHI, fKa IHIEKCYETbCS B MIKHAPOJHUX HAyKOMETPUYHMX 0a3ax JaHuX
Scopus, 4 y BITYM3HSIHUX (PaxOBHUX HAyKOBHX IEPIOJUYHHUX BUAAHHAX Ta 2 Te3ax y
30ipHUKaX MIXKHAPOJHUX HAYKOBO-TEXHIUHUX KOHGMEPEHIIH.

6. 3ayBaxkeHHs N0 AUcepTALIHHIHA poOOTI.

1. OcHoBHI 3ayBaXeHHs 110 0(hOPMIIEHHIO TUCepTallii.

1.1. Crop.3 — abpesiarypa [TIT 6e3 nosicueHHs.
1.2 Crop.4 — KITFOYOBI €JIOBa: «PELUKIIIHI», a He TepepodKa.
1.3. Crop.17 - Ha3By | ryaBM Kpalle NMPeACTaBUTH 1HAKUIE, HAIPUKIIAI:

Biaxoau MalmMHOOYAiBHOTO BUPOOHUITBA y BUIVISAI METaNeBOl CTPY KM Ta iCHyIO4i
METOJIN i1 PeLUKIIIHTY.

1.4. Crop.34 - mist orpuMaHHs 3MUTKiB 13 BuKopucTaHHaM CIIK konona
YCTaHOBKM HeoOximHa; mpoBefeHi JjociimkeHHs 3 nepemnasy craii 0X18HIOT we
i ATBEPIWIIN NTepexij] By IJIewLo 3 ¢y TepyBaHHA B METAJl.

13, Crop.4]1 — BHCHOBKH. I3 OCTaHHBONO NYHKTY HE 3pO3YyMIJIO sKa
eJIEKTPOIIIAKOBA TEXHOJIOTIS PIOPUTETHI LA

1.6. Crop.65 — B Tabn3.l. He mpencraBlieHl TEXHIKO-€KOHOMIYHI
pe3ynbraTy raBok EIIIT ta ITTL

1.7. Crop.74 Tabu. 3.4. Haounime 6yJyio 6 He BkazyBaTH HOMEpPH ILIABOK, a
3a3HAYUTH TEXHOJIOrIT (3apa3 1e po3TalioBaHo B TEKCTI)

1.8. Crop.104 — na Puc.5.2. He 3po3ymino, mo 300pa)keHo MopyY '3
OTPUMAaHUM 37THBKOM (i3 MiAPUCYHOYHOTO MIAMKCY HE SACHO).

2. 3ayBaXKeHHs] TEXHIYHOI'O XapakTepy

2l HasBy po6oTi TpeGa KOHKpETU3yBaTH, TaK sK y AMCepTalii Huaerbes

npo 1epepobKy CTPYXKH KOHKpeTHMX MeTaniB. Hanpuxnan, «Peuukiinr



HeOPUKETOBAHOI CTPYIKKH >KapOMIL[HUX CIUIaBiB Ta HEPXKaBilodoi CTald CrocoOoM
e7IeKTPOLIIAKOBOI THIeNbHOI MIaBKW», a00 «Po3pobneHHs TEXHOIOTIl PeLiKIUHTY
HeOpPUKETOBAaHOI CTPYXKKH >KapOMILHUX CIUIaBiB Ta HEpKaBirO4WOi CTamM CrocoOoM
€JIEKTPOIIIAKOBO1 TUIeIbHOI IIJIaBKK.

2.2. SIx pospoGiieHi pekoMeHzalii Ha OCHOBI  IIaBOK y THIVISAX PO3MIpOM
160x160 MM Ta 240x340 MM OyayTh BiIPI3HATHCS Ta KOPEryBaTUCS NPU [IPOBEJEHHI
IUIABOK y TUIJISAX 1HIIO! EMHOCTI.

2.3. Ctop. 117 - y BHCHOBKax II. 5 pekoMeHIyloTh B nuak AH-295 BBoautu
Bix 5 10 8% TiO,, xo4a peanbHO BBOAUTHCS 8%.

2.4. Ctop. 99-100 - yomych enektpornposinHicTs maky AH-295 + 8% TiO,
nopisuioeTbest 3 AH®-1T1, AH®-28 i AH®-32, sxi HeB1IOMO 3BIJIKH B3SUTUCS, & CBOI
BIIacHI BUMIipH 3 11e 6inpi «nanekuMm» dpmocamu AH®-21 i AHD-8.

3arajJbHUH BUCHOBOK

3aranom po6ora BeperinpHuka O.B. € 3aBeplieHol HayKOBOIO pOOOTOIO, fKa
3a KINBKICTIO BUKOHAHHUX JOCTIKEHb, IXHBOIO HOBHM3HOIO, HAyKOBOIO Ta.
MPAKTUYHOI 3HAYUMICTIO OTPUMAaHUX peéyn},TaTiB TIOBHICTIO BiJANOBIa€ BUMOTaM
110 pobiT Ha 3100y TTS HAYKOBOTO CTyINEeHs JOKTopa (inocodii Ta micis ypaxyBaHHs
BHCJIOBIIEHHUX 3ayBaK€Hb MOXKe OYTH MpeacTaBlIeHa AJIs 3aXUCTy B CIIeliali30BaHOl

suenol paau IE3 im. E.O. [1aTona.

PenienseHr:
MPOBIAHWIA HAYKOBUH CIiBPOOITHUK Bif. Ne2
IE3 im. €. O. Ilarona HAH VYkpainu,
I.T.H.
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;74“”’ Opiit KYCKOB

[lixmuc m™POBIIHOTO HAYKOBOTo CHiBpOOiTHHMKA Biminy Ne2 mokrtopa
texHiuHux Hayk HOpis KYCKOBA 3acBinuyro:

Yuenuii cexperap
[E3 im. €. O ITarona HAH VYkpaiuu

K.T.H. % KJIOUKOB
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