Jlo cnienianizosanoi paau I® 26.232.03
B Di3HKO-TEXHONOMYHOMY HCTHTYTi METaJIiB Ta CIUIaBiB HAH Yxkpainu

oynbBap Akajiemika BepHajicpkoro, 34, Kuis, 03142

BIZAI'YK
OdgiuiiiHoro ononeHTa MiHiLBKOTO Anartojist BsiueciaBopuua, 10KTOpa TEXHIYHUX
Hayk, npodecopa kadepu BUCOKoTEMITEpaTy pHUX MarepiasiB Ta NOPOLIKOBOI
meTtainyprii HalioHalbHOTo TeXHIYHOTO yHiBepcuTeTy YKpaiHu
"KHiBCLKHH TTONMiTeXHiuHMi iHCTUTYT iMeHi Iropst CikopcbKoro”
Ha qucepTaiitHe nocnimkenns Jlixaupkoro Pidapaa ®denopoBUYa HA TEMY:
«Onep>xaHHs XapOMIlIHUX CIIaBiB CHCTEM Cu-V Tta Cu-Cr-Zr-V B yMOBax
eJIeKTPOHHO-TIPOMEHEBOI JIUBapHOL TEXHOJIOTI1» MpeaCcTaBiIeHe Ha 3000y TTS
HAyKOBOTO CTyTeHs 0KTopa (inocodil 3a crewianbHiCTIO 136 «MeTtarypris»,

ranyss 3HaHb 13 — MexaHiyHa 1HXXeHepis.

Ha posrnsn odiliiiHOMy ONOHEHTY OyNn HaaHi HACTYIIHI MaTeplaliy:
_JHCepTallis 3aralbHUM 00’eMoM 159 CTOPIHOK MAIIMHOIMUCHOTO TEKCTY,
mo Bkmouae 131 CTOPIHKM OCHOBHOTO TEeKCTy BKmodaouu 11 Tadmuie, 75
PHCYHKiB, CTIMCOK BUKOPHCTaHUX JuKepeln 31 160 HaMeHyBaHb, a TakoXk NOJATOK
Ha 3 CTOpiHKax.
AKTyaJbHicThb TeMH AucepTamii. 3aragbHo BiZIOMO, 1O B €JIEKTPOTEXHILI
MigHI CIUIABM TIpaloTh KIOYOBY poib. KommaHii B ychoMy CBITI aKTUBHO
PO3BHBAIOTH MOXJIMBOCTI OlepXKaHHs HOBHX MiJHHMX CIUIaBiB, 11O Manu O Kpaiie
noeqHaHHs Qi3UYHUX Ta eKCIUTyaTalliiHMX BJIACTUBOCTEH IJIsi BUKOPUCTAHHS B
pizHux ymoBax. OOHUM 3 BaXJIMBHUX AacMeKTiB PO3BUTKY LBOIO HAMNPAMKY €
OTPYMaHHs KAPOMIIHUX €JIeKTPOTeXHIYHMX cruiaBiB. Ha naHui MOMeHT Taki
MaTepiaid OJepXKyroTh ab0 MeTOJaMH iHTEHCHMBHOI MIACTUYHOI Aedopmarii
lIapyBaTUX 3aroTOBOK, a00 MeToJaMH MOPOIIKOBOI MeTalyprii, O MOB’SA3aHO 3
OCOOJIMBICTIO CHCTEM JIETyBaHHS MiJli TAKUMH €JlEMEHTaMH, K XpOM, BOJbhpam,

MO10eH, UMPKOHIM Ta iH. BummaBka Takux crniaBiB B YMOBaXx €JIEKTPOHHO-



NPOMEHEBOT JINBAPHOT TEXHOJIOTTT (ETTTT) Mmoxe 6y e(peKTUBHUM plIIEHHAM Ui

ONCPKAHNS  MIUTIX  OKAPOMIlIHAX  KOMIO3UIIHA - 3 NMoTPIOHUM  KOMIJIEKCOM

MEXAHIUHMX  BracTHBOCTE. B npejcrapieHoMy  JIOCHIJDKEHH]  pO3riis/aiuch
TEXHONOMYHI acnekTH ojepxannsi BUpobis 3 MijgHnx crinasis cucrem Cu-V o Ta
Cu-Cr-Zr-V 3a nonomoroto mMetoay ETUIT. Moxiusicts crBopeHHs crijiagis Mijl
3 BaHALIEM TaKUM CrocobOM € YHIKalbHOW, ajke B OiIbIIOCTI BUMAIKiB Taki
KOMIO3MIIT HEMOXIIMBO O/lepXaTH JIMBAPHUMU Ta MeTajlypridiHUMU MeTOdaMH.
OnepXaHHs TakMX CIUIaBiB caMMX-M10-cobi, a Takok JoJaBaHHd BaHalifo 0
BizoMux crasiB cuctreMu Cu-Cr-Zr, 103B0OJIS€ 3HU3UTH BMICT XpPOMY Ta LHUPKOHIIO
Ge3 BTpAT MILHOCTI Ta enekTponposiaHocTi. Lli nepeBaru 3yMOBIIOIOThH BETUKHH
inTepec a0 BuUKopucTtaHHs metoay EIUIT nng BuUroroBiieHHs JIMTHUX 3aroTOBOK,
HariB-abpHKaTiB Ta roTOBUX BUpO6iB 3i cruiasis cucteM Cu-V ta Cu-Cr-Zr-V.
3arajibHa  XapaKTepHcTHKA AMcepTauiiiHoi poboTu. Jluceprauis
CKJIANa€ThCs 31 BCTYIy, YOTHPHEOX pPO3MiNiB, 3arajbHUX BHUCHOBKIB, CIIHCKY
BUKOPUCTAHOI JIITEpaTypH Ta NOAATKIB.

Y nepmomy po3aijgi aBTOp aHaNi3y€ Cy4YaCHI METOAW BHUIOTOBIICHHS

)KapOMII[HUX eJICKTPOTeXHIYHUX CIUIaBiB Ha OCHOBI Mili. B HbOMY [eTanbHO

pPO3MVISHYTO BIUIMB BHOOpY Ta KUIBKOCTI JIETYIOUMX KOMIIOHEHTIB Ha

XapaKTepUCTUKH LMX cIuiaBiB. ONMUCaHO pillleHHs UIs MiABUIIEHHS MEXaHIYHUX Ta
eKCIUTyaTalliiHUX BIAaCTUBOCTEH CIUIaBiB, BKIIOYAIOYH JehOpMalliiiHy, TEpMidHy
00pobKy Ta 00poOKy po3miaBiB TNpH BHKOPUCTAHHI JIMBAPHUX METOJIB.

Y3arajbHEHO BUCHOBKM CTOCOBHO CTBOPEHHS HU3bKOJIETOBAHUX MiJHUX CIUIABIB 3
HEpO3YMHHUMH 3MILUHIOIOYMMH YacTUHKaMH y 1X CTPYKTypi. BusnaueHo wuini
OTPUMaHH: HaniBQaOpHKaTiB 3 HAHOINbII MEPCIEKTUBHUX CIUIABiB Ta PO3IIISHYTO
JIMBApHI MPOLECH AK TEXHONOriYHO e(eKTUBHI Ta EKOHOMIYHO MOULNbHI IS
MO/1aJIbLLIOr0 MPOMKCJIOBOIO BUPILLIEHHS MUTaHb BUPOOHUIITBA OOPAaHHUX CILIABIB.

Y apyromy posaini aBrop onmucye Mmarepianu Ta oOnagHaHHs, w10
BHKOPUCTOBYBAJIUCh NIpH MPOBEJEHHI EKCTIEPUMEHTIB, a TaKOX METOIMKH Ta

MCTONM aHamsy, 10 3aCTOCOBYBANUCH IS JOCII/DKEHHS CTPYKTYPHO-(a3oBKX



XapaKTepUCTHK, MeXaHiuHMX Ta  eKcrulyaTalliifHuX BJIACTMBOCTEH OJIEpKaHNX
CTUIaBIB.

YV TperhomMy pO3LiAi  aBToOp OMMCYE  MPOBE/ACHHA TEOPETUUHOIO  Ta
KOMIT IOTEPHOTO  MOZIEJIIOBAHHS MpoleciB  3alMBKK  Ta kpucTasizailii criaBiB
cicremi Cu-V 3a Pi3sHMX TEXHOJOMYHUX YMOB. AHajii3 rpoiiecy yTBOpeHHs Ta
pYXy HEpPO3UHHHHX JHMCHEPCHUX BKIOUCHD BaHajiilo B MiJAHOMY pO3IUIaBl B
npoleci OXONOKEHHS BKasaB Ha  MepeBvKaHHi BIUIMBY Y X PO3MOJLT
KOHBEKTMBHUX MOTOKIB, fIKi BUHMKAIOTh 4epe3 Pi3HHIIO TemriepaTypHHUX TOJIiB.
Komn'torepHe MOJEIOBaHHA B cepe0BUIL Ansys MoKa3ajio criipasienogibHu# pyx
KOHBEKTHBHHMX MOTOKIB, L0 Aaii OyJ0 miATBepIKEHO eKCIIepUMEHTAIEHO. TaKkoxK
6yJM CTBOPEHI MOJIEN 3alIMBaHHs TIpH pi3HHMX TemIepaTypax rieperpiBy po3mnjaBy,
[IBMIKOCTEH Ta OCOGIMBOCTEH CaMOro MpoLecy 3aJWBKH METATy i 1X BIUIMB Ha
rpolec KpUcTanisallii Ta MOXKIMBICTE YTBOPEHHA nedexTiB.

V 4eTBepTOMY PO3Aiji aBTOP NPOBiB EKCIIEPUMEHTAIbHY BUILIABKY CIIJIaBIB
cucrem Cu-V ta Cu-Cr-Zr-V. B cnnaBax 3 BMicTOM BaHamito Oinmbine 1% Mac.
6y0 BMSBIEHO CIipaenoliOHuH poO3MOi BKIIOYEHb. EKCIEpUMEHTANBHO
NiATBEPIKEHO, IO [1OJaBaHH] paHamito y Mige y Mexax 0,1-0,3 mac.%
NpU3BOANTE O  (GOpMyBaHHS piBHOMIPHO  PO3MOIUIEHUX  HEPO3YHUHHHX
IMILHIOIOUHMX BKJIIOYeHb BaHaAilo JiaMeTpoM 0,5-2 MKM. MexaHi4Hi BIACTUBOCTI
cruiapy Cu-0,2V y IMTOMY CTaHi (05 = 240 MIIa) nepeBULIYIOTH € BUILIMMH HIK Y
migi mapku M3. Ilicng meperuiaBiasiHHS IHAYKIIMHUM CIIOCOOOM OJIePXKaHHUX B
ymoBax EIUIT 3paskiB cruiaBiB Cu-V NpakTHYHO MOBHICTIO 30€piratloTbcs 1X
CTPYKTYpHi 0COOJIMBOCTI Ta pracTuBocTi. Jl0faBaHHs BaHA/IO 10 CIUIaBIB CUCTEM
Cu-Cr-Zr npu BMmicTi mupkonito no 0,3 mac.% nNpuU3BOAUTH 10 YTBOPEHHS
NepBUHHMX IHTEPMETalliIHUX BKIJIIOYEeHb, MI0 CrpHsi€ 3MCHILICHHIO BMICTY
LUPKOHIIO Ha MeXaxX 3epeH 1 IO3UTHBHO BIUIMBAE HA MIIHICT Ta
eJIEKTPOIPOBIIHICTh CIIaBy. Awnaii3 MeXaHIYHHX BJIACTUBOCTEM
ekoHoMHojleroBaHoro cruraBy  Cu-0,03Cr-0,05Zr-0,07V  moka3aB MOXIJIHBICTb

3MEHILEHHs] KiTbKOCTI XpOMYy Ta ILMPKOHIIO TaKMX CIUIaBiB IPH JIeryBaHHI

. 0 . ~ o
pa"aziem 10 0,1 mac.% 3i 30epexkeHHSM KOMIUIEKCY BIAaCTUBOCTEH. JleroBaHl



BaHAMEM  CIUIABH  BiJI3HAYAIOTHCS  BUCOKOIO  MILHICTIO  MPU  MiJIBULIEHUX
temnepatypax (1o 300 °C), nokaszyioun crabijibHICTh BJIACTUBOCTEN NPH HU3HKOMY
BMICTI JIETYIOUMX KOMIOHEHTIB. EJeKTpornpoBijiHicTh JIOCH/IKYBaHUX CIUIaBiB

BIPI3HACTLCS BiJL €NIEKTPOTEXHIUHOT Mijti He Gisibie Hixk Ha 8%.

V BHCHOBKAX BHKJIQJeHi HAWOUIbII BaXJIUBI HAYKOBI Ta IPaKTUYHI

pe3yabTaTH, OJIEpXKaHi B iUcepTalliiHoOMy JI0CIIiJDKEHH.

Cryninb  OGIPpYHTOBAHOCTI  HAYKOBHX  MOJIOXKEHb, BHCHOBKIB 1|

TCOPETUIHOMY Ta HAayKOBO-IIPAKTUYHOMY aclieKrax l'IilITBepII)KyeTbCSI

BUKOPMCTAHHSM METOJiB CHCTEMHOrO aHaji3y akTyalbHUX JDKepe iHdopmaii,
3aCTOCYBAaHHSIM Cy4YacHHX 3aCO0iB MOJIEJIOBAHHS, IUIAHYBAaHHAM €KCIIEPHMEHTIB,

OGTPYHTYBaHHAM MiAOOpPY CKJIaiB €KCIIEPUMEHTANBHUX CIUIABiB, BAKOPUCTAHHAM
CyyacHOro OONajHAaHHA [ TpPOBENEHHs MIKPOCTPYKTypHOTO  aHafisy,
MeXaHIYHMX BHIPOOYBaHb, B TOMY YHCIi 3a BHCOKHX TEMIEpaTyp, BH3HA4CHHS

eJIeKTPOTIPOBIIHOCTI Ta 3HOCOCTIHKOCTI OCHiI)KYBaHHX 3Pa3KiB.

B npakTHYHOMY 3HAYeHHi  BaXIUBICTH  POOOTH TMiATBEPUKYETHCS
IIMPOKMMH MOKJTMBOCTSIMH 3aCTOCYBaHHS OJIEPXKaHMX CILIABIB B 0araTboX ramy3sx

B SKOCTI KOHTAKTHHMX Map, JAeTaneidl IBUIYHIB, BUCOKOCTPYMOBHX KOMYTAaTOpIB,

TOLIO.

HaykoBa HOBH3HA POGOTHM MOJArac y po3poOLli HOBUX TEXHOIOTIYHWX
nigxoaiB ozaepxanHs cruaBiB cucreMd Cu-V BHCOKONPOLYKTHBHUM JIMBAPHHUM
CrIoco60M, a TaKoX B MOXJIMBOCTI MOKPAIEHHs eKCIUTyaTaliiH1X BJIACTUBOCTEH

HU3bKOJIETOBAHMX XPOM-IIMPKOHIEBUX OpOH3 MpH CIpPOLIEHI Ta 31CLUEBIEHI iX

BUPOOHMLITBA:
Bnepiie ojepxaHo 3pasku cruiaBiB cucteMd Cu-V 3 BMICTOM BaHajiio

0,2-2 Mac.% B yMOBax eJIeKTPOHHO-TIPOMEHEBOI JIMBapHOi TexHouorii. CTpyKTypa
3pa3KiB XapaKTepu3yBaJiuCs PiBHOMIPHMM pO3MOALIOM BKIIKOYEHb BaHAIIO T

BUCOKOIO JpibHOAMCIIEpCHiCTIO. BKioueHHs Maid Majnu  po3Mipu  OJiM3bKC



-3 MkM. Haiikpaiii KOMIUIEKC CTPYKTYPHUX XapakTEpUCTUK Ta MeXaHiyHUX

nacTuBocreil sipnosinac cnnasy Cu-0,2V, sikuii MOXKIMBO Mmijij1aBaTv BTOPUHHIN

v

nepepoOui 6e3 BTpaTH BIACTHBOCTEN.

Beranonneno, o aoaasanns j1o 0,1 mac.% Banajiito MOXe CyTT€BO 3HU3UTH
BMIiCT XPOMY Ta IMPKOHIIO B apoMillHux Oponsax 6e3 BTpaTtv MilHOCTI, 110

NOMITHO 3 TOPIBHAHHS BlAacTUBOCTEH BIZIOMOro CrijlaBy Cu-0,4Cr-0,17r Ta

excniepuMenTanbioro cnnasy Cu-0,03Cr-0,05Zr-0,07V.

[TokazaHo, 10 BaHajlili 3HMXYE BMICT LMPKOHIIO Ha Mexkax 3epeH Mi/i,
3B’S3YIOUMCh 3 HUM Ta pO3TallOBYIOYHCH BCEPE/IMHI 3epeH y BUITIAl CchepruaHnx
JIMCTIEPCHUX  BKIIIOYEHb, MiJBUILYIOUM €JIEKTPOTPOBiaHICT Matepiany. [lpu
bOMY, Ticis Aedopmalii Ta peKpucTaizaiii JUCTepCHi YaCTUHKM 3MIlHIOIOYHX

(ba3 3HaAXOOATBCA Ha MEXax l'IepCKpI/ICTaJ'Ii3OBaHHX 3€p€H, IO BKa3y€ Ha

CTPUMaHHS HHUMH TIPOLIECIB 30MpajbHOI peKpUCTalli3alii Ta IiIBUILEHHS

BHCOKOTEMIIEPATYPHOI MIIL[HOCTI.
IloBHOTa BHKJIAJEHHS IMCEpPTAUiAHOI Po0OTH y HAyKOBHX ¢axoBHx

BHIAAHHAX

JIOCTOBIpHICTP ~ HAyKOBHX  TOJIOKEHb  JAWCEepTallil  MIATBEPIUKYETHCSA

myOJIiKallisIMKM Ta BUCTYIIaMH Ha HAyKOBHX KOH(pEPEHIIsX.

Martepianu aucepTallii MOBHOIO MIpOIO BUKJIa/eHl y 12 HayKOBUX Mpausx. 5
craTeii 3q00yBaya OIMYyOJIKOBAaHO Yy HAyKOBMX (DaXxOBUX BHJAHHAX Y KpaiHH.
Arnipo6aliro aucepTauiiiHoi poOOTH NpPENCTaBIEHO Te3aMH JOMOBIIeH Y 301pHUKaX

marepiaiiB Mi>KHapoJJHUX HayKOBO-IIPAKTUYHUX KOH(EPEHLIIH.

3ayBaskeHHs1 10 Aucepraunii: pob0oTa Mae BHCOKMH HAyKOBHM pIBEHb 1
BIANOBIJa€ BMMOTaM, $IKi Npeq'sBISIOTECS A0 PoOIT Ha 3700yTTS HAYKOBOTO

CTyneHs «Jaoktopa ¢inocodiin. OnHak, y poOOTI € Jekiibka HEe3pO3yMilux

MUTaHb:
1. B nepwomy po3nini pobOTH aBTOp He TIOBHICTIO PO3KpUBAE

3aKOHOMIDHOCTI ~ 3HH)KEHHSI  €JIEKTPONMpPOBIHOCTI  MiJHMX  CIJaBiB  He

3arJM0JII0I0YMCh Y BIUTMB CTPYKTYPH CILUIaBIB Ha I1i BIACTUBOCTI.



2. B apyromy poyiisti Masio o6rpynToBaHo BUGIp KOHKPETHOIO HaNO1IbI1I
ONTHMANBHOTO TEXHONOMMHOTO pexcumy ojiepikanst crutapis cucremu Cu-V.
3. B uerBepTOMY po3jiijii MAJIo HOSICHIOETHCSE BUOIp pekKUMIB TEPMIYHOI

OOpPOOKH LISt PI3HUX CTINABIB.

4. Ui MOXIHBO B NOJQIBIIOMY OJIepKaHHs JIOCIIKYBaHUM CIOCOOOM
CnNaBiB Mini 3 jnojaBaHHsM MoJi6ieny, raguiio, abo Bojb(ppamy, Akl Tak Camo
31aTHI  MIABUILYBATH  €KCIulyatallifiHi  XapakTepucTukv — MIJHUX  CIJIaBIB

€JIEKTPOTEXHIYHOIO NMPU3HAYEHHS?

3arajibHuii BHCHOBOK

Juceprauidiny po6oty «OnepxanHs xapoMinnHux criasiB cuctem Cu-V Ta
Cu-Cr-Zr-V B yMOBaxX eJeKTPOHHO-IIPOMEHEBOI JIMBApHOi TEXHOJIOTi(» BHKOHAHO
Ha BHCOKOMY HayKOBO-TEXHIYHOMY piBHi. BoHa MiCTHUTh HOBI PIIIEHHS Ba)JIMBUX
HayKOBMX Ta NpPaKTUYHHUX 3a7adi — oJep)KaHHS MigHMX crjaBiB cuctemMu Cu-V
€JIEKTPOTEXHIYHOIO TpU3HA4YeHHS, SKi MO0 CyTi € MeTaJlOMaTpUIHUMH
KOMIIO3UTaMH 1 MalOThb BHCOKHUH piB€Hb MIIIHOCTI Ta JKapOMII[HOCTI TIpH
30epeXXeHH]  eNEKTPOIPOBIJHOCTI Ha JOBOJi BHCOKOMY piBHi. CTBoOpeHe
TEXHOJIOTIYHE PpIlIEHHA iX OJIep)KaHHA B YMOBaX €JIEKTPOHHO-IPOMEHEBOI
JUBAapHOI TEXHOJOrli € JOCUTh e(EeKTHBHHUM, EKOHOMIYHO BHMTIIHHM Ta
BHCOKOIIPOY KTUBHUM crocooom, allbTepHAaTUBHUM OaratocTtaniiiHik
AeopmariiHii 06pobLi Ta METOaM MOPOIIKOBOT METaJyprii.

Beaxaro, wo auceprauiiina po6ora 3106yBaya cTymens NOKTOpa (uiocodii
Jlixanpkoro Piuapna ®egoposuua Ha Temy «OnepxxaHHs XapOMIL[HMX CII1aBiB
cucteM Cu-V ta Cu-Cr-Zr-V B ymoBax €JIEKTPOHHO-NIPOMEHEBOI  JIMBAPHOT
TEXHOJIOTI{» BUKOHAaHA Ha BHCOKOMY HayKOBOMY PpiBHi, HE NOPYIIY€E NPUHLMIIB
aKaJIeMi4HOI JI0OpOYECHOCTI Ta € 3aKiHYeHHM HAYKOBMM  JIOCTIDKEHHSM,
CYKYTHICTb TEOPETUYHHX Ta MPaKTHYHUX PE3yJIbTATIB SKOT0 PO3B'A3ye HayKoBe

3aBJIaHHA, IO Ma€ iCTOTHE 3HAYEHHsS s ranysi 3Hawb 13 — Mexaniuna
IHKeHepis. [luceprauiiina poGora 3a aKTYaJIbHICTIO, TMPaKTUYHOK LIHHICTIO Ta

HAyKOBOIO HOBH3HOIO MOBHICTIO BilMOBifae BuMoram YMHHOTO 3aKOHO/ABCTBA



Vkpaiuu, o nependaueni B 11.6-9 «llopsiiky npucypkeHHst cryrneHs JoKTopa
dinocodii Ta ckacyBaHHs pillIcHHsI Pa30BOi crieiiagi3oBaHOT BYEHOT pajin 3aKiiajty
MPUCYJDKEHHSI  CTYTNEHs  JOKTopa

BHILIOI OCBITH, HAyKOBOI YCTaAaHOBHU I1pO

dinocodiin, 3arBepmxenoro Iocranosoio Kabinery Miunicrpis Ykpainu Big 12

ciuns 2022 p. Ne 44.
3n06yBau Jlixaubkuii Piuapp ®denopoBuy 3aciyropye Ha MpUCyKEHHS

cTyneHs nokropa ¢inocodii B ranysi 3uanb 13 — Mexaniuna iHxkeHepis 3a

crietianbHIcTIO 136 «MeTtanypris»

OdiuiifHUM ONIOHEeHT,
I.T.H., po@d. kadbeapu BTMralIM

HTVYY «KIII im. Iropst CikopcbKoro Amnaronii MIHILIbKUU

[Tizmuc A. B. MiHilbKOro 3acBiuyo: ,
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