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BIAI'YK
Odiuiitnoro ononenta I'peuanioka Mukosnn [BaHoBH4a, 10KTOpa TEXHIYHUX HAYK,
MPOBIAHOTO HAYKOBOrO cniBpo6iTHMKa [HCTUTYTY Mpobsiem MaTepiano3HaBCcTBa
iM. 1. M. ®panuesuua HAH Ykpainu Ha gqucepraliiiie 10C/1KEHHA
Jlixauwkoro Piuapna ®enoposuua Ha Temy: «OjiepiKaHHs KapoMiLHHX CrijaBiB
cucrem Cu-V ta Cu-Cr-Zr-V B yMOBax eJIeKTPOHHO-ITPOMEHEBOT JIMBAPHOT
TeXHOJIOI1» 1pejicTaBjieHe Ha 3100y TTs HayKOBOIO CTyNeHs J10KTOpa dinocodii
3a crietianpHicTio 136 «Metanypris»,

ranysb 3HaHb 13 — MeXaHiuHa iHxeHepis.

Ha pos3rnsa odiuiiHOMy OmMoHeHTy Oy HaxaHi HACTYITHI MaTepiaju:

JucepTalis 3aralbHUM 00’ eMoM 159 cTopiHOK MAalIMHOMHUCHOTO TEKCTY, WO
BKTIOYae 131 CTOPIHKY OCHOBHOTO TEKCTY BKIIOYarouu 11 TabJHIb, 75 PUCYHKIB,
CMMCOK BUKOPMCTaHWX Mxkepen 3i 160 HafiMeHyBaHb, a TaKOX [N0JaTOK Ha 3
CTOpIHKaX.

AKTyaabHicTh Temu auceptauii. CydacHa MPOMMUCIIOBICTb  MOCTIHHO
notpebyc iHHOBALIHUX MaTepiailiB Ta epeKTHBHUX CMOCOOIB iX BUPOOHULTBA.
FileKTpOTeXHiuHa rajiy3b, K OJiHa 3 HaiOUIbI PO3BHHEHHX, OpIEHTYETHCA Ha
BMKOPUCTAHHS CIUIaBiB, 110 MOXYyTh MaTH OiNbll  BUCOKI  eKCIUTyaTaLlikHI
xapakTepUCTUKM, HIK KjlacHuHa Mijb Ta OpoH3M. 3pocTatouuil iHTEpeC B LbOMY
nuTaHHi BuHMKae o cruiaiB Ha ocHoBi cucremd Cu-Cr-Zr, B sKuX 4epes
nedopmaiiiny i TepMiuHy 00poOKY peanizy€eTbcsi MEXaHi3M JMCIepcifHoro
3MiLHEHHS HEepO3YMHHAMH, ab0 MalopO3YMHHHUMH inTepmertaiigamMu. Cxoxuni
MexaHi3M MOXKHA peani3yBaTH B MiJHMX CIUlaBax MOHOTCKTHHIHHX  CHCTCM,

sokpema — Cu-V. B Ginblocti BHUMAIKiB nmepesiiyeHi CIUIaBH OAEPXKYIOTH



METO/IAMM  [HOPOIIKOBOT ~ MeTalyprii  Ta MijialoTh IHTEHCHMBHIA [J1aCTHYHIN
aedopmattii. Lle poObuTh BapTicTh rOTOBUX BUPOOIB HaA3BUYalHO BUCOKOIO. Takum
YUHOM, po3poOKka Oifblll JCWIEBUX, B MEpIIY Uepry JMBAPHUX, TEXHOJOTIH
BUPOOHHUTBA MIAHMX CIUIABIB BKA3aHUX CHCTEM € HaJA3BHYAHHO aAKTyalbHONO
3aiaucto. JloBosi BaanuM B ULOMY TJIaHI MOXHA BBAXKATH €JIEKTPOHHO-TTPOMCHEBY
auBapHy  texHosorito  (EITJIT), ska BHKopucTOBYBajach [Jsi IPOBEAEHHA
MpeacTaBAeHUX A0chipkeHb. JlaHuii cnoci6 mac GaraTo rmepesar, KoM MoBa ke
PO NNABJIEHHs1 BUCOKOPEAKUIHHMX | TyrornjaBKux MeTaliB, siKi, BiacHe, 1 ¢
OCHOBHHUMM KOMIOHEHTaMH crabiB gociimkysanux cuctem Cu-V ta Cu-Cr-Zr-V.
EIJIT Takox € Oinbll JeleBUM i MPOJAYKTHBHUM pilleHHSM iX BUPOOHMLITBA B
[TOPIBHSIHHI 3 TOPOLIKOBOIO METaJlypri€to.

3araibHa  XapaKTepPHCTHKA  AuceprauiiiHoi  podoru. Jluceprallis
CKJAaNaeThCs 31 BCTYINy, YOTHPHOX PpO3MiJiB, 3arajlbHUX BUCHOBKIB, CITMCKY
BUKOPHUCTAHOT JIiTepaTypH Ta J0AATKIB.

Y nepwomMy po3aiii mMpoaHani30BaHO METOAM OIEPKaHHSA Cy4acHHX
’KapOMILIHUX eJIeKTPOTEXHIUHUX CIUIaBiB Ha OCHOBI Miai. JOCIIIKEHO BIIIUB
JeryBaHHs eJIeMEHTaMHM, W10 MiABHUIIYIOTH JapoMiUHicTh craBy. Ilposenena
OUiHKa BIUIMBY JIETYIOUHX €NEMEHTIB Ha KOHIYKTHBHI BiacTHBOCTI. Omnucano
0CcOOAMBOCTI  MiABMIUEHHS MILHOCTI Ta IHIIMX XapaKTepPUCTHUK  CIJIaBIB
3aCTOCOBYBaHHAM JedopmMaliiiHol Ta TepMiuHOl 00pobok. JlocnikeHHs
MOKa3ajld, WO CTBOPEHHS HHU3bKOJErOBAaHWUX MIAHUX CIIABIB 3 HEPO3YMHHUMMU
yaCTMHKaMM € [epCrneKTHBHOW 3aaayeto. [IpoaHanizoBaHO MOXJIMBUN BIIIUB
BaHa/il0 Ha 3MiHY (Pi3MUHMX, MEXaHIYHHUX Ta eKCIUlyaTallHHUX XapaKTePUCTUK siK
yuctoi miji, Tak i crnasiB Cu-Cr-Zr.

Y apyromy po3aiji aBTOPOM OIMUCaH1 Marepiajii, 00JiaJHaHHs Ta METO/IMKH
[IPUIOTYBaHHs  pO3IUIABIB, 110  BMKOPWUCTOBYBAIWCh  [IPU  I[POBE/EHHI
CKCMEPUMEHTIB, @ TAKOK MCTOAWKHM Ta METOAM aHai3y, [0 3aCTOCOBYBAIUCH AJIs
JOCIIIKEHHS BIACTUBOCTEH | CTPYKTYPH OZIepIKaHUX 3pa3KiB.

Y TpeTbomy po3aijsi po3rNISHYTO OCOOMMBOCTI PO3MOAITY HEPO3UHHHHX

4ACTHHOK BaHAMil0 B MiJi NpH 3ajMBLi Ta KpUCTai3alii CrlaBiB CUCTEM Cu-V 3a



JIONIOMOIOI0  KOMIT IOTEPHOIO  MOJIeIIOBaHHs B cepe/loBuill  Ansys. ABTOPOM
323HAYACTLCS, U0 OCHOBHUM (PAKTOPOM, SIKMH BIUIMBA€ Ha 1X PO3MOMIIJ, € CHUIIM
KOHBCKTHBHUX TOTOKIB, 110 BHHUKAIOTL MMPH OXOJIOJUKEHHI posriaBy y (opmi.
3MOCILOBANT  KOHBEKTHBHI  MMOTOKH B PO3MJIaBi 3@ yMOB, HaOJMIKEHUX [10
CKCTICPUMEHTANLHNX,  MaloTh  cripanenoniony — ¢opmy. Lle  sasuwme  0Oyno
NTBEPDKEHO eKernepuMenTanbHo. Takox Oysio po3risHyTO BIUIMB Pi3HMX YMOB
3AIMBKH HA pO3NOJAIN BKIIOYeHb BaHaailo. BusiBieHo, WO Taki (akTopH, sK
Temreparypa neperpiBy posmjaBy, LUBHAKICTb 3aJMBKM Ta 0COOIMBOCTI MIABO/Y
po3NnaBy 10 AMBApHOT (POPMM, MOXKYTb MPU3BECTH [0 3MiHA IeoMeTpil Ta
PO3MIpPIB KOHBEKTHBHMX T[OTOKIB, @ OTXKE — /0 3MIHM pPO3MOIITY BKJIKOYEHD
BaHa/lit0 B 00 €Mi BUJIMBKIB.

Y 4deTBepTOMY pO31iJli HABEAECHO Pe3ysIbTaTH €KCIIEPUMEHTAIbHUX IMJIaBOK
3paskiB crnnasiB cucrteM Cu-V ta Cu-Cr-Zr-V. [lns cruaBiB Cu-V BCTaHOBIIEHO,
0 MpH BMICTI BaHafiio moHag | %mac. BKIIOYEHHS LbOrO €jlieMeHTa MaroTh
criipaienoaiOHui po3nonin B 06’emi BunBKa. [Ipu Bmicti Banazito 0,1-0,3 Y%mac.
po3Mip BKJIFOUEHb CTaHOBUTH 0,5-2 MKM, 1X ¢opMa € cdhepuuHoIo, a po3moain
piBHOMipHHH. MexaHniuHi BnactuBocTi crmaBy Cu-0,2V 3HauHO Kpalli, HDXK Yy Mil
mapku M3 B nutomy crani (o, = 240 MIla). Ilicas iHAYKUIHHOTO MeperuiaBy
cniaBu 3 BMicTOM BaHafiio a0 0,3 %mac. 30epiratloTb COpUITIMBY CTPYKTYpy Ta
MpaKTUYHO He 3MiHIOW0Tb cBoiX BrnactuBoctei. [na cnnasiB  Cu-Cr-Zr-V
BCTAHOBJIEHO, L0 MPU BMICTI LMpKOHit0 10 0,3 YoMac. crocTepiracTbCsl yTBOPEHHS
KOMIJIeKCHUX BKJIIOYEHb Ha OCHOBI LMPKOHIIO Ta BaHalllo, Kl 3HAXOAATbCS Y
MJIOIMHI 3epHa. TakuM YMHOM, UMPKOHIM MNMEpexXoAuTh 31 CBOro KJIACHYHOI'O
po3TallyBaHHS Ha Mexax 3epeH B iX 00’eM. AHaJli3 MeXaHIYHMX BJIACTHBOCTEH
ciagy  Cu-0,03Cr-0,057r-0,07V  nokazaB, 1O LeH CIUlaB Mae KOMILIEKC
mexaHidyHux BjiactuBocteid Ha piBHl criaBy Cu-0,1Cr-0,1Zr, wo cBiguurh 1po
MOJKJMBICTb 3HMIXKEHHS KIJIBKOCTI XpOMY Ta LMPKOHIIO TpH JEryBaHHI TaKHX
CMJIaBIB 3 paxyHOK nomaBaHHs BaHazito 10 0,1 %mac. JleroBaHi BaHafieM CIUIaBU
BUPI3HSIOTLCS BUCOKUMHU MOKazHUKaMK xapominHocti. s cknany Cu-0,2V npu

300 °C wmiunicts ckyagana 150 MIla, BignocHe noxosxenust — 23%, a BIAHOCHE



sgyskenus — 25%. Jlas crmasy Cu-0,03Cr-0,05Zr-0,07V npu 500 °C ui jadi
cTanosasTL Bianosiano 135 MlIla, 26% ta 31%. Lle BKasye Ha BHCOKY
CTabINLHICTL BJIACTHBOCTEMN, SIKI € JOCHTH BUCOKUMHU ISl TAKOTO HU3BKOTO BMICTY
NCTYIOUUX  KOMMOHeHTiB y  crmasi.  Takox — mpuBemeHi  JOCHTIIKEHHS
3HOCOCTIIKOCTI Ta eniekTponposiaHocti. IlokazaHo, 1O €KCMEpUMEHTATbHUH
cnnag Cu-0,03Cr-0,05Zr-0,07V uynoso nposiBisic cebe B mapi TepTa 3 YUCTOM
MUULIO, HA 1O BKA3y€ HU3bKWUM MOKA3HUK B3a€MHOro 3HouyBaHHs. [Ipu nbomy
€IeKTPONPOBIIHICTb LBOIO CIIABY MaJjlo BiAPI3HACTLCSA B Mial mapku M3.

Y BHCHOBKAX BHKJaJeHI HaMOUIbW BaXJIMBI HAyKOBI Ta MpaKTU4HI
pe3y/ibTaTH, ojlepXaHi B iMcepTaliiHOMY JIOCIIiJKEHHI.

CryniHib  0OGIrpyHTOBAHOCTI HAYKOBHMX M0JI0K€Hb, BHCHOBKIB i
pekomeHaauii, chopmMy/IbOBAHUX Yy AHcepTalil, iX JOCTOBIPHICTL | HOBH3HA
MIATBEP/UKYETHCS 3aCTOCYBAHHSIM CyYaCHHX METOIB JIOCHIKEHHS, TaKUX SK
CHCTEeMHHH  aHami3  iHdopMaulifHUX  JKepend, eNeKTPOHHA  MIKpOCKOTMis,
BM3HAUCHHS JIOKAJIBHOTO XIMIYHOTO CKJady CTPYKTYypHO-(a30BUX CKJIaJ0BUX
MaTepiany, MeXaHiuHi BMMpOOyBaHHS, B TOMY YHCIi 3a BMCOKHX TeMmrepartyp,
BH3HAUCHHS €JICKTPONPOBIAHOCTI Ta 3HOCOCTIHKOCTI AOCITIIKY BAHMX 3Pa3KiB.

B npaktuyHomy 3HaveHHi  BaXJIMBICT  POGOTH MiATBEPIKYETHCS
MOTEHUIHHO LIMPOKOI Cc(Eeporo 3acTOCyBaHHS TaKUX CIUIABIB B TPaHCMOPTHIH
rajy3l B sKOCTI KOHTAKTHHX eJIeMEHTIB CTpyMONpHUiiMadiB Ta neTanei JIBUTYHIB.

HaykoBa HoBM3HA poGoTu monsrae y po3poOGJeHHI HOBOI TeXHONIOri
OJep’KaHHs  MIOHMX  CIUIaBiB, JIErOBaHWUX  BaHajieM  Ta MOKpaLLEHHS
€JIEKTPOTEXHIYHUX BJIACTMBOCTEH HU3bKOJIETOBAHUX XPOM-LIMPKOHIEBUX OpOH3

HIJIAXOM J10laBaAHH S BaHaLliPOI

Brepiue onepkano 3pasku crnnasis cucremun Cu-V 3 Bmictom BaHaio

0,2-2 mac.% B ymoBax ejileKTpOHHO-IPOMEHEBOT JinBapHot TexHostorii. Ctpykrypa

3Pa3KiB  XapakTepH3yBaaucs PiBHOMIPHHM po3MoniIOM BKIOYEHb BaHAAIIO Ta

BHUCOKOIO  npibHOAMCHEpCHICTIO.  Biumouenns wmanu  manu po3Mipu  OIU3BKO

I-3 mMkm. Haiikpamuii kommiekce CTPYKTYPHHUX XapaKTEPUCTUK Ta MEXAHIYHUX



BilactuBocteit Bianosinae cuay Cu-0,2V, skuit MOKIMBO 1ia1aBaTH BTOPHHHIA
nepepoOul 6¢3 BTpaTH BIACTUBOCTEH,

Beranosneno, wo nopasanns go 0,1 mac.% BaHanito MoxkKe CyTTEBO 3HU3HTH
BMICT XPOMY Ta UMPKOHIIO B HKapoMiLHUX OpoH3ax 6e3 BTpaTh MILHOCTI, W10
MOMITHO 3 TOPIBHSAHHS BJIACTUBOCTCH BiJIOMOTO crtapy  Cu-0,4Cr-0,1Zr Ta
eKkcnepumMenTanbHoro cnaary Cu-0,03Cr-0,05Zr-0,07V.

[Toxkaszano, 0 BaHauiii 3HMXKYE BMICT LMPKOHIIO Ha Mexkax 3epeH Miii,
3BSI3YIOUMCh 3 HUM Ta PO3TALLOBYIOUYHCH BCEPEIMHI 3epeH Y BUMIAI chepuuHuX
JAMCNEPCHUX  BKJIOYEHb, MiABHUILYIOYM €EKTPONpoBiAHicTs Matepiany. [lpu
LbOMy, nicas jaedopmalii Ta pekpucTanizauii JMCIepCHi YaCTUHKH 3MilHFOKOUYMX
a3z 3HaxonATBCS HA Mexax [MepeKpUCTalli30BaHWMX 3epeH, 10 BKaszye - Ha
CTPUMaHHS HUMM MpolleciB 30MpaibHOI  pekpucTamizauii  Ta M[iABHIIEHHS
BUCOKOTEMIIepaTypPHOT Mil[HOCTI.

[loBHOTA BHK/IAJeHHS AHcepTaUiliHOT Po0OTH y HAyYKOBHX (PaXOBHX
BHIAHHSAX

JlOCTOBIPHICTE ~ HAayKOBHX  TOJIOKEHb  AMCEpTallil  MiATBEPIKYETHCS
nmyOJiKaUis MU Ta BUCTYMAaMH Ha HAYKOBUX KOH(EPEHLIifAX.

Marepianu auceprauii MOBHO BUKJIaACHI y 12 HayKOBHUX Mmpausx. S craTei
3100yBaya ony0JiKOBaHO y HayKOBUX (paxoBUX BUJAHHSX YKpaiHh. Anpobdauito
aucepTauiiHol poOOTH MpeacTaBleHO Te3aMHu AOMOoBiAed y 30ipHMKaX MaTepiasiB

MikHapOJHMX HAayKOBO-MPAKTUYHUX KOH(EepeHLiN.

3ayBaskeHHs /10 AucepTalil
PoGora xapakrepu3yeTbcsi IMOOKMM pIBHEM 3HaHb | BIAMOBIJAE BUMOIaM,
O Mpel'sBAsSIOTbCS 0 pobiT Ha 3100yTTS HAyKOBOIO CTYMEHS «JIOKTOP
dinocodiin. [MpoTe, € Kijbka NpaBoOK Ta 3ayBakeHb BIJIHOCHO JaHOT AucepTaliiHol
poOOTH:
1. B Japyromy po3ziji  Mano ONUCYIOETBCS 3aCTOCOBAHMH  MpOUEC

acdopmauii Ta Tepmiynoi 00poOku. B winomy B amceprauiiniii po6oTi He



O0I'pYHTOBAHO BUOIP OJIHAKOBOIO THUIYy TepMidHOT 0OPOOKH IS CIUIABIB CHCTEM
Cu-V ta Cu-Cr-Zr-V,

2. B ueTBepTrOMY pO3AiNi JaHi €1eMEHTHOrO PO3MOAITY KOMIOHEHTIB
JCSKUX  3pa3KiB  JUIl  KOHKPETHHX €JE€MEHTIB HE HECYTh HISIKOT BHAMMOT
ipopmarnsnocTi. Moxnso, 6y10 6 BapTo iX NpubpaTH Ta 30iLMILLIMTH PO3Mip
OCHOBHHUX PUCYHKIB MIKPOCTPYKTYPH.

3. JlocnimKeHHs 3HOCOCTIHKOCTI craBiB MokHa OyJ10 NPOBECTH He JIHLLE 3
YUCTOK MILMIO, aje H 3 HU3bKOJIErOBAHOK MPOMHUCIOBOIO XPOM-LIMPKOHIEBOO
OpOH3010 UM 3 PO3POONEHUMH €KCEPUMEHTANbHUMU CIIaBaMU. J{OBroBiYHICTb
TAKMX KOHTAKTHHUX Map TEOPETUYHO Moria 6 OyTH CyTTEBO GiJIbLIOIO.

4. ABTOp J10CIIIZKY€ MajloJIeroBaHi CrijiaBi Ha oCHOBI Mijli 3 no6aBkamu Cr,
Zr, V | B KMX KOHLEHTpaLlsl JIEryIOUMX KOMIIOHEHTIB B OiJbLIOCTI BHMA/KIB He
nepesuutye | % mac. He 3po3ymisio, SIKHM YHHOM JMCEPTAHTY BJIAEThCS
KOHTPOJTIOBATH TaKi He3HauHi KOHUEHTpAUilHi [aiarma3’oHd TMpH  eleKTPOHHO-

MPOMEHEBIN MaBLi 3a3HAYCHUX CTIJIABIB.

3araabHHUA BHCHOBOK

Huceprauifiny podoty «OnepxanHs kapomilHUX craaBiB cuctem Cu-V Ta
Cu-Cr-Zr-V B ymMOBaX eleKTpOHHO-IPOMEHEBOT JTUBAPHOI TEXHOJOTI» BUKOHAHO
Ha BMCOKOMY HayKoBOMY piBHI. PoGoTa mnpucBsiueHa BHUpPILIEHHIO BaKJIMBMX
HayKOBUX Ta [MPaKTUYHUX 3alad — OAEpXKaHHS JUTUX MIOHUX CIJ1aBiB
€JIEKTPOTEXHIYHOrO MPU3HAYEHHS 3 MiJABHILEHUMH MEXaHIYHUMU BIACTUBOCTSIMHU
Ta JKAPOMILHICTIO 33 JI0MIOMOrOI0 €€KTPOHHO-NIPOMEHEBOT JIMBApHOI TEXHOJIOTT,
K& MO’KE BUKOPHUCTOBYBATHCH SIK BUCOKOMPO/YKTHBHA aJIbTEPHATHMBA MOLIHPEHUM
TEXHOJIONSIM  1opowikoBoi Mertanyprii. JIo TOro , MOXIMBICTb [OAAIBILIONO
lIEpeIiaBy O/ICP)KAHUX B YMOBAX €JIEKTPOHHO-IIPOMEHEBOI JIMBAPHOT TEXHOJIONT
MIZHUX CIJIaBiB JIErOBAaHMX BaHAMieM IOATKOBO MiACHITIOE apryMeHTH LIO0J0
JOULTLHOCTI PO3POBICHNX TEXHOIOTIYHUX PillICHb.

BBaxaro, wo auceprauiiina po6ota 3106yBada cTyreHs AokTopa dinocodii

Jlixaupkoro Piyvapna ®enoposuua na Temy «OnepkaHHS KapOMILHHX CI1aBiB



cucrem Cu-Vorta Cu-Cr-Zr-V B ymoBax ejekTpoHHO-NpOMeHeBOl JINBAPHOT
TEXHOIIOTIT) BUKOHAHA 112 BUCOKOMY HAYKOBOMY PiBHi, He TMOpYLIYe MPUHLHIIB
AKAACMIMHOT  100pOUeCHOCTI  Ta € 3aKiHUCHUM  HAYKOBUM  JOCIiIKEHHSM
CYRVIHICTL TCOPCTHUHNX Ta MPAKTHUHUX PE3yJIbTaTiB AKOTO pO3B'A3ye HayKoBe
3ABAHHSL, 1O Ma€ iCTOTHE 3HAYCHHS s ranysi 3uaup 13 — Mexanivyna
IHKeHepis. Jluceprauiiina po6oTa 3a aKTyanbHICTIO, MPakTUYHOK LIHHICTIO Ta
HAQYKOBOK) HOBH3HOIO MOBHICTIO BIAMNOBiJac BMMOraM YMHHOIO 3aKOHO/aBCTBa
Yipainu, wo nependaueni B n.6-9 «llopsiiky npucymeHHs CTyMeHs H0KTOpa
(pinocodii Ta cxacyBaHHs pillieHHs pa3oBoi crellianizoBaHoi BUeHOT paay 3aKkaany
BHLIOT  OCBITH, HAYKOBOI YCTaHOBM [MpO [PUCY/KEHHS CTyMeHs J0KTopa
$inocodiin, 3arsepikeroro IMocraHoBoto Kabinery Minictpis Ykpainu Big 12
ciuns 2022 p. No 44,

3n100yBau Jlixaubkuit Piuapn ®ejiopoBuu 3aciiyroBye Ha MNPUCYDKEHHS
CTyneHs noktopa ¢inocodii B ramysi 3HaHb 13 — MexaHiuna imkeHepis 3a

creuianbHicTIO 136 «MeTamypris»

OdiuiHui onoHeHT, /
. T. H., IPOB. H. C. |
ITIM im. I. M. ®panueBuya HAH Ykpainu Mukona 'PEHAHIOK
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