BIJII'YK
odiriiiHoro onoxnenra Ha Jiuceprauiiny podory Opuiunya /1. B.
«®a30Bi i CTPYKTYPHI [IEPETBOPEHHS! ITPH aKTMBOBAHOMY BOJHEM CHHTE31 CIUIaBiB
Ha OCHOBI IIMPKOHIIO», TOJJAHOI Ha 3100y TTS HAyKOBOI'O CTyIEHs JIOKTOpa
dinocodii 3a cneniansaicTio 105 — Ipukiiasna dizuka ra HaHOMaTepiaiu

(ITpupoaHnyl HayKH)

I upKoHiii Ta HOro CIUTaBH, 3aB/ASKU YHIKAIbHOMY KOMILIEKCY BJIACTUBOCTEH
€ OCHOBHMM KOHCTPYKIIIHHHM MaTepiajloM aKTHBHUX 30H aTOMHHUX PEaKTOPIB.
CriToBa NpaKTUKa 10Ka3aja, 10 3aMiHa [IMPKOHII0 B SIIEPHUX peaKTopax IHUINMU
MeTajlaMi 3apa3 TEeXHIYHO Ta €KOHOMIYHO HEMOXJIMBA. TakoXk 3aBIdKH CBOIU
BUCOKIN CTIMKOCTI NPOTH KOpO3ii CIUIaBM Ha OCHOBI LIMPKOHIIO 3HAXOJMTh
3aCTOCYBaHHs B 00J1ACTSAX, HE TIOB'SI3aHUX 3 sIJIEPHOIO €HEPIEeTUKOKO, HAIIPUKIIA/, B
MenuIMHI. 1liABUINEHHs eKcILIyaTaliiHuX BIACTUBOCTEH CIUIaBIB Ha OCHOBI
[IUPKOHIIO 3@ paXyHOK JIeI'yBaHHS! OJOBOM Ta HI001€M, LIMPOKO BUKOPUCTOBYETHCS
3apa3 Ip¥ BUPOOHHUIITBI SACPHUX MaTepiaiiB, a CIUIABIB, JIETOBAHUX TUTAHOM Ta
Hi00i€eM, BHUKOPHCTOBYETHCS [P BUIOTOBJICHHI MartepiaiiB, OlocymicHUX I3
opratnizMom JtoauHu. lle BinOyBaeThbcs TOMy, 110 3a pPaxyHOK BIJINOBIIHOIO
JIEryBaHHS Ta TepMO-MeXaHiuyHoI oOpoOll y LMX CIulaBaX MOXKHa CTBOPUTH
HEOOXIHY CTPYKTYpY 13 KOMIUIEKCOM BJIAaCTMBOCTEH, $KI 3abe3ledarh MEBHE
BUKOPUCTAHHS ITUX MaTepialliB.

TpaguiiiiHo, oTpuMaHHs HEOOXIIHUX CTPYKTYPHHMX CTaHiB 3 BIJANOBIIHUM
KOMITJIEKCOM (Di3MKO-MEXaHIYHUX BJIACTUBOCTEH JJAHUX MaTepiajiB J0CIAraeThes 3a
JIOTIOMOTOIO  CKJIQJTHUX 1 BHUCOKOBAPTICHUX TEXHOJIONH BaKyyMHOI'O JIUTTS Ta
TepMOMeEXaHivHOT 0OPOOKH 3JIMBKIB, 1[0 3HAYHO ITiJIBUIILYE COOIBAPTICTh KIHIIEBOI'O
npojykty. lls mnpoGiiema Bumarac po3poOKM HOBHMX METOJIIB BMIOTOBJIEHHS
CIJIaBiB HA OCHOBI IIMPKOHIIO BIJIHOCHO IPOCTUMH TEXHOJIOIYHUMH M1AXOaMHU.

[lepcnieKTUBHUM IUTSIXOM JIJISl BUPIIIICHHS JaHOI POOJIEMU € BUKOPUCTaHHS
TOPOIIKOBUX METOJIIB BUI'OTOBJICHHS CIUIaBIB 3 BUKOPUCTAHHSM  TLAPUIY
IIUPKOHIIO B SIKOCTI BUXiTHOTO TopollKy. [TopoiikoBuii MeTo/i CHHTE3Y J03BOJIsIE
KOHTPOJIIOBATH PO3MIp 3€peH, YHUKATH cerperamii eJEeMEHTIB, I1OKpallyBaTH
OJIHOPIJIHICTh CTPYKTYpPH Ta 3HU3UTH coOiBapTicTh npoaykuii. Ilopoinkosui
METOJI BUI'OTOBJICHHS IIUPKOHIEBUX CILIABIB TAKOX JIO3BOJISIE PEryJIIOBaTH 00’ €M

INop B CHUHTE30BaHUX ClUlaBax, 110, 3 OJ],HiGI CTOpOHH, JA0O3BOJIAE TIi}IBI/IHIHTI/I



MiLIHICTh KOHCTPYKIIHHMX CIUIaBiB, &, 3 IHIIOI, 103BOJIAC OIITHMIi3yBaTH BEJIMYUHY
monymo IOHry wmarepiainy. Tomy CTBOpEHHS Oaxxanux (HazoBO-CTPYKTYPHHUX
CTaHiB i3 KOHTPOJHOBAaHMM BMICTOM TIOp B CILIaBax LUPKOHIIO, CUHTE30BaHMX 32
[IOPOIIKOBUMHU IiIX0/[aMH, € BAXKIIMBOIO HAYKOBOK Ta MPAKTHHHOIO 3a1atclo.
[IpoTe, 0COBIMBOCTI CHHTE3Y IIMPKOHIEBUX CTJIaBiB Ta BIUIMB BOJIHIO Ha MPOLECH
XiMigHOT TOMOTreHi3allii Ta axkTuBallii CITIIKaHHsg CUCTEM YaCTHHOK Ha OCHOBI
OPOILIKY TiPULY LHMPKOHIIO, a TaKOKXK }a3zoBUX [EpeTBOPEHL Ta E€BOJIOLT
MiKpOCTPYKTYpH MiJ 4ac popMyBaHHs CIUIaBiB HE OYJI0 JeTalbHO JIOCIIIKEHO.

Tomy MeTolo aucepraiiiinoi poboru Opuimya JI.B. € BCTaHOBJIEHHS
3akoHoMipHOCTell (opMyBaHHS CTPYKTYPHO-(a30BUX CTaHiB CIUIABIB Ha OCHOBI
LIPKOHIIO MPH X CHHTE3i 3 6araTOKOMIIOHEHTHUX CHCTEM HABOJHCHUX TOPOILIKIB;
Bu3HaueHHs (aKTOpiB | MexaHi3MiB BIUIMBY Ha aKTUBAIIIO CIIKaHHA 1
roMoreHizalii Juiss OTPUMAHHs OJHOPIIHMX CIUIABIB BHU3HAYEHOTO ¢dazoBoro
CKifaly i3  KOHTpOJbOBAaHMM  BMICTOM  TIOp  Ta (izruKo-MexXaHIYHUMHU
XapaKTepUCTUKAMHU, JIOCTATHIMK JUIsl IIPAKTHYHOIO BUKOPUCTaHHA.

Po6oTa BMKOHAaHa B paMKax TEMAaTHKM JIEPKOIOJKETHHX HAyKOBO-
nocainHnx pobiT, axi ¢inancysanuch HAH VYikpaiuu i TpoBoaMIKCS Y Bijai
disvky  MinHOCTI Ta NJACTMYHOCTI HErOMOTEHHHMX — METANlCBHX maTepiajiB
[ncturyTy Metanodizuky im. I'.B. Kypatomosa HAH Vkpainu 3 2012 mo 2021 pik.

Jlucepraltisi CKJ1a1acThest 31 BCTYILY, 1'SITH PO3ALITIB, BHCHOBKIB Ta CITUCKY
BUKOpPHUCTAHUX Jkepell 3 223 1ocuab. OGcsr cepraii ckiaiae 185 cTopiHOK.

Y Berymi BHKJIAIEHO TEMy, AKTYaibHICTh Ta HAayKOBY —HOBM3HY
JMcepTalifHOT poOOTH, @ TAKOXK METY Ta OCHOBHI 3aBJaHHs JIOCJIJKEHD.

VY nepmioMy posjiti HaBeJEHO aHaNITUUHWH OIS jmiTepaTypHUX JIaHMX,
[PUCBAYCHUI ICHYIOUMM CljlaBaM Ta TIEePCHEKTHBHUM KOMITO3HIIisIM Ha OCHOBI
LIPKOHII0, METO/[aM iX OTPUMAaHHs Ta (akTopam, 110 BH3HAYAKOTh KOMILICKC ix
(i3MKO-MEeXaHIYHUX XapaKTePUCTHK.

[Toka3aHo, 10 BUKOPUCTAHHS TLAPHU/IIB IIMPKOHIIO Ta TUTaHY, AK CTAPTOBUX
MOPOIIKOBUX YAaCTHHOK, € NMEPCICKTUBHUM JUIS CUHTE3Y CIUIaBiB Ha OCHOBI IMX
MeTasliB 13 HeoOXijHUM (Pa30BHM CKIAJIOM, MIKPOCTPYKTYPOIO Ta KOMIIICKCOM
Di3uKo-MeXaHiYHUX XapaKTepUCTHK. JlucepTanToM 3p00JICHO BUCHOBOK, 110
ycmilmmHe — 3acTOCyBaHHs  TiJPUJIHOTO MifxoAy  BUMara€  [pOBE/ICHHA
CHCTEMATH30BAHMX IOCHi/pKeHb (a3oBUX IeperTBopeHb 1 edekTiB, 1o IX

CYNIPOBOJUKYIOTh, @ Takok 3aKOHOMIpHOCTEH eBOJIIOLIT  CTPYKTYpH  TpH



BAKYYMHOMY HarpiBaHHi reTepOreHHUX cyMilneif, 1o MicTATh pi3Hl JieryBajibHi
JIOMIIIIKH.

YV apyromy po3iji ornucaHo METOJMKHM eKCIEPUMEHTAlbHUX JIOCJILJIKEHD
Ta BUKOpHMCTaHI MaTepiaiu. byjao BHKOPHUCTAHO HACTYIIHI METOJM JIOCIHI/UKCHb
BIACTMBOCTEN OJ[epiKaHUX O0‘€KTiB: PEHTIEHIBChKA audpakilis, ONTHYHA Ta
pactposa Mikpockomist, EDX aHasi3, JWJIaTOMETpis, Tomo. Bukxopucranud B
POGOTI KOMIUIEKC METO/IiB JIOCII/UKEHD € JIOCTaTHIM /171 OTPUMAaHHS JOCTOBIPHHUX
eKCIIePUMEHTAJILHUX JIaHKX, AKi BiNOBIIAIOTH IOCTABICHUM B po0OTI 3a7a4am.

Y TperbomMy po3/iii OIMCaHO PE3yJIbTaTH JIOCITIKEHDb €BOItolT (pa3zoBOro
CKJIaJTy Ta MIKPOCTPYKTYPH II1JI 4ac CUHTE3Y HU3bKOJICIOBaHMX a-criasiB Zr-1,55n
ta Zr-1Nb i3 cymimeil Ha OCHOBI TI'IpHUITY LIUPKOHIKO 3 J0AaBaHHIM YaCTUHOK
BifnosiHnX Metanis. [lokaszaHo, H10 KOXKEH 3 BKa3aHMX JICTyBaJlbHUX eJIEMEHTIB,
SIKI CYTTEBO BIJIPI3HAIOTHCS TOYKAMM IIJIABJICHHA, ndy3iiiHOI0 pyXJIHMBICTIO Ta O i
B crabini3zyrodolo i€t Ha KpUCTallidiy rpaTKy HUPKOHIIO, BHOCHTH XapaKkTepHI
0co6IMBOCTI B mpotiec pOpMyBaHHs CIUIABIB JAHUM METOJIOM.

JlrcepTanToM OyJIO OKa3aHo, 10 (pa3oBe NepeTBOPCHHA rigpuay IUPKOHIIO
B MeTaJl CTBOPIOE IMPKOHIEBY MATPHULIO 3 BEJIHUKOIO KinbKicTIO JedeKTiB, 110
aKTHBYE 11 peaxilifo 3 PIIKUM OJIOBOM, YyTBOPIOIOUH TBEpAi IHTEpMeTalian Ha
IPOMIXKHMX CTaJisX XIMI4HOT romorenizanii. ITokasaHo, 1110 TpU HarpibaHHi 110
TeMmriepatyp icHyBaHus B-Zr judys3is, aKTHBOBAHA dazosum neperBopeHHsm ZrH,
B MeTaJl, TPUCKOPIOE MPOIIECH XIMIYHOT roMoreHizaiii i3 HIBUJKUM PO3YMHEHHAM
inTepMeTaiHUX (a3 1 popmMyBaHHAM OJHOPIZHOTO TBEPAOro po3umby Zr-Sn Ta
KOHCOJI a1l YaCTUHOK 13 YTBOPEHHSIM MacUBHOTO CILIaBY.

Byio nokasaHo, 10 HUISXOM 3MEHIICHHS 3araJibHOI [IOPUCTOCTI CILIaBy €
[iIBHILEHHS IMCIIEPCHOCTI BUXIJHUX YaCTUHOK Sn 1 iX piBHOMIpHHI PO3MOJILI B
marpuii Zr. e cnpusiio 36iMbIIEHHIO THTOMOT TUIOLLI ITOBEPXHI YTBOPEHMX TIOD,
X Kpaliomy 3ajiKOByBaHHIO 1 JI03BOJIMIIO JIOCAITH TYCTHHH CILIaBy 6,37 r/em’
(97,3% B1J TEOPETUIHOTO 3HAUCHHS).

[Toka3aHo, 1110 BUKOPUCTaHHS TOPOINKOBOrO TiIPHIY IIMPKOHIIO 3a0e31eUye
JIOCHTb JIErKe JOCATHEHHSI MaJIONIOPUCTHX CTaHIB Y CrjlaBax Zr-1Nb (rycruna 99%
Bijl TEOPETUUHOTO 3HAUCHHS), @ ONTHMI3ALIEI0 pO3MIpiB YaCTUHOK, TEPMIYHHX Ta
YyacOBMX  lApaMeTpiB  CHHTE3y,  JOCATHYTO JIOCTaTHROI  OJIHOPIZHOCTI
chopmoBaHoro TBepioro posumhy. OnHak, 6y10 BM3HAYEHO, IO XiMmiuHa I

CTPYKTYpHa OJIHOPLIHICTh CILIABY MOKE OyTH JOCSTHYTa JIMIIE MPH [POBEJICHHI
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CUHTE3y IIpH TeMIlepaTypax, CyTTE€BO BUIIKMX 3a 1000°C, uepe3 HU3bKY HIBUIKICTH
Judy3iHHOTO PO3UMHEHHS YACTHHOK Hi0010 B [MPKOHI€BIH MaTpPHLIL.

BunpoGyBaHHs Ha pO3TAT CIUIABIB 3 ONTHMi30BaHOKO MiKpPOCTPYKTYPOIO
(MiHIMI30BaHUM BMICTOM TIIOp Ta ITOBHOIO MIiKPOCTPYKTYPHOIO OJIHOPI/HICTIO)
[oKa3aaW, MO iX IOKAa3HUKM MILHOCTI 1 IJIaCTHYHOCTI € TIOPIBHSIHUMH 13
BIAMOBIIHMMHM TIOKa3HMKAMH [IMX MaTepialliB, OTPMMaHMX 32 CTaHIapTHUMHU
TeXHOJIOTISIMI: JUIsi CHHTE30BaHOro cruiaBy Zr-1,58n 10CATHYTO MeXi MIIHOCTI
561 MIla, ipu BujoBKeHHi 12-13%, 115 crasy Zr-1Nb — 605 Mlla, 14-19%
Bi/IMOBIJHO.

Y uerBeproMy Ppo3jidi Oylo JOCIIUKEHO OCHOBHI 3aKOHOMIpPHOCTI
dhopMyBaHHsS CTPYKTYpPHO-(a30BuX CTaHIB [PH CUHTE31 BUCOKOJICTOBAHUX CILJIaBIB
cuctemu Zr-Ti-Nb, Ha TpUKIaji ABOX KOMIIO3UIIIHA 597r-19Ti-22Nb Ta 35Zr-39Ti-
26Nb (mac.%). byno BCTaHOBJICHO, IO TIPH BUKOPUCTAHHI B SIKOCTI CTapTOBUX
MarepiajiiB CyMilled 4acTHHOK 7rH,+TiH,+Nb cunepreruuna aist ABOX TiJIpUJUB
(Zr i Ti) 3abe3redye aKTuBOBaHe QOPMYyBaHHSL TUTAH-IMPKOHIEBOT MATPHUIL LIE MMi]]
yac HarpiBaHHs Ta JecopOuil BOJHIO, B TOH 4ac sK PIBHOMIpHUHE pO3MOALT B
MaTpuili HioGil0 BHMarae TpuBannx (3-4 FOJIMH) BUTPUMOK IIpU TeMmIleparypax
1250-1350°C. Bysio chopMOBaHO OJHOPI/IHI TBEP/Il PO3UMHH, 11O MAIOTH 3a/1aHy
ojanodasny B OLIK crpykrypy Zr. OjiHaK BeJMYMHY OCTAaTO4YHOI TTOPUCTOCTI Ha
piBai 6-11% He BAAJOCh 3HHU3UTH 3MIHOKO IapaMeTpiB IIPOIeCcy CHHTE3Y.
JIOJaTKOBUMHI  JIMJIATOMETPHYHUMH  JLOCIIIJDKEHHAMY i pospaxyHkamu Oyio
[OKa3aHo, 1110 301IbIIeHHs 00 €MHOI 4YacTKW IMyCTOT B CILIaBax 1oB’s3aHe 13
KapJMHAILHOIO BIIMIHOIO y TepMI4HOL amiaTaiii 4acTMHOK HioOilo Ta TiApHIy
Hiobito (He3HauHe poslvpents) Ta rigpuais Ti 1a Zr (cyTTeEBE 3MEHIICHHS
06’eMy), 1110 MPUBOJAUTEL JIO TOPYLUEHHS iHTerpasbHOI IUJIICHOCTI CIpecoBaHol
CHCTEMM NP HArpiBaHHI.

3106yBadeM 3pobjieHO BUCHOBOK, IO MOTCHIIAHMM HUIAXOM 3HIKEHHA
06’eMHOT 9ACTKM [Op € BUKODHCTAHHs y CTapTOBMX CyMilllaX BUKJIHOYHO
HABOJIHEHMX MMOPOITKOBUX YACTUHOK, a CaM¢ BBC/ICHHS HIOOIt0 Y CyMilli y BUITISI
yacTHHOK HapoaHenux Jsiraryp Zr-Nb ta Ti-Nb, siki J€MOHCTPYIOTH 110J1IOHICTh
06’eMHNX e(eKTiB Mij 4ac aecopOuii 3 HUX BOHIO.

Byno mokaszaHo, IO HABOJHEHI JiraTypu MpH HarpiBaHHi Ha cTaiil
necopOIlil 3 HUX BOJIHIO MPOABIAIOTH 06 emui edextH, MoAiOHI 0 TijgpuiiB

IIMPKOHIIO 1 THUTaHy, UIO CHpHSE 30epekKEHHIO  IHTErpajibHOT 1L1JIICHOCTI



MOp MiX 4aCTUHKAMHM, y TIOPIBHSHHI 3 BUIIA/IKOM, KOJIM BUKOPHCTAHO MOPOLIKOBHH
Hi06ii. TakoX BUKOPUCTAHHS Jiratyp 3adesledye CTBOPEHHs Oibll PiBHOMIPHHIX
qady3ifiHIX MOTOKIB NpPH DO3BUTKY XiMiYHOi roMoOreHisauii, IO HPHCKOPIOE
JIOCATHEHHS. MiKpOCTPYKTYPHOT OJHOPIJHOCTI Ta 3HKXYE HEraTUBHUH NpOSB
edexty DpeHkKelis.

Cnnasu, cunresoBani  Opumuyem  JI.B.  3a  HOBOIO — TEXHOJIOTI€RO
3a6e3MeuyloTh 3MeHIIeH s nopuctocti y 3 pasu (o 1-2%), 110 NPUBOAMTE 110
3pOCTaHHs BEITUYUHH MirmocTi Ha 25-30% Tta BugoBxkeHHs Ha 60-70%.

Opunmuem J[.B. Takox Oyno po3pobiieHo JIBOCTAJIMHY METOJNUKY
nepepobku  Zr-Ti-Nb cmiaBiB i3 He3aJ0BIJIbHEHUMH BJIACTUBOCTAMH (BHUCOKa
[OPUCTICTh, HEOTHOPIAHNHA PO3NOJLN XiMiUHMX €JEMEHTIB, TOIIO). L MeTo/IMKa
rojArae y [OBTOPHOMY HABOJHEHHI IOPUCTHX HEOJHOPIIHMX CIUIABIB SKI,
3aBJISIKM OKPUXUEHHIO TTPM HACHYEHH] BOJHEM, JIETKO MePEBOAThCS Y HABOIHEHUHU
JleroBanHuii [OPOIIOK 3aJaHoi  JMCIepPCHOCTi, IIpH JMCIEpryBaHHl  SIKOro,
0JIHOYACHO BIJOYBa€Thcs XaoTHYHE MepeMillyBaHHs Horo uactuHok. lle
3a6e3neuye BUPIBHIOBAHHS KOHUEHTPAIT JeryBajlbHUX eJIeMEHTIB B CHCTEMI Ta,
BiAMOBIHO, GLIBI PiBHOMIpHI 1MdY3iiiHi IOTOKH P IIOBTOPHOMY CHUHTE3,

YV n’sitomy po3aiji  Gyso JIOCHI/DKEHO BIUIMB Taps4oi Ta XOJOAHOL
nedopMailii  Ha EeBOJIOLIIO MIKPOCTPYKTYPH Ta XapaKTEpUCTUKH B cruiaBiB
cuctemu Zr-Ti-Nb. ITokazano, 1o XosiojHa jedopmaliis [POKaTyBaHHSM He
3a6e3Meuy€e CYTTEBOTO BIUIMBY HA MIKPOCTPYKTYPY CMHTe30BaHMX [3 CIuiaBiB
cuctemu Zr-Ti-Nb 10 npuumsi iX TmepejyacHoro pyiHyBaHHsS —BHACIIiJIOK
HEraTMBHOrO BILIMBY 3AJMIIKOBUX 110D K KOHIEHTPATOPIB HAIPYXKEHb. 3 IHIIOTO
60Ky, METOJaMH rapsyoro MpecyBaHHs 6yJ10 I0CATHYTO NPAKTHYHO OE3MOPHCTHX
crani criaBiB 597r-19Ti-22Nb ta 35Zr-40Ti-25Nb, 110 A03BOJIMIO CYTTEBO
MiBUIMTH KOMIUIEKC X MEXaHIYHUX XapakTepUCTHK. 30KpeMa TBEpIICTh 3pociia
3 159-185 HV 10 291-298 HV, minnicTs — 10 945 Ml la, ojHouacHo Moaynh HOura
nigsuinmses 3 55 I'Tla o 61-72 I'lla.

3106yBadeM GyJI0 OKA3aHO, TIO3UTHBHUMN BIUIMB HA YyTBOPEHHS HEOOXIMHMX
cTpyKTypHO-(basoBux craniB cmnaBiB  Zr-Ti-Nb, inTeHcuBHOI nedopmarili
KPYTiHHAM Mijl BUCOKMM THCKOM, sIKa Ha BijMiHYy Bij sepopmartii BOJIOUIHHSIM HE
[PUBOJUTEL JI0 YTBOPEHHS ® (asu, sika MIJ[BUILYE MOJYJIb [pYy’KHOCTI MaTepiaiy,

[Ipu iHTeHCHBHOT Aedopmanii KPyTiHHAM IiJi BHCOKMM THCKOM 3a0e31euyeThes
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(GopMyBaHHs MPAKTHYHO GE3MIOPUCTHUX CTaHIB, eGeKTUBHE MOAPIOHEHHS 3epeH JI0

200-500 nanomeTpiB Ta TiABHIIEHHS TBepaocTi 3 150-200 HV B cuHTe30BaHOMY

ctani 10 300-350 HV micns nedopmaiiiiinoi 06poOKH.

Hanpukinii OpuriHaJibHUX pO3JIIB aBTOp HaBiB 6 BHUCHOBKIB, sKi

BijloOpaXkaroTh yci HaibibIl Baromi pesysbTaTh poOOTH Ta CHOpPMYIIOBaB

[1OJIOYKEHHS, Kl BU3HAYAIOTh 11 HAYKOBY HOBU3HY:

1.

BcTaHOBICHO 3arajibHi 3aKOHOMIPHOCTI (ha30BHX epeTBOPEeHb Ta (hOpMyBaHHH
MiKpOCTpYKTYpH crutaiB cucteM Zr-Sn, Zr-Nb, Zr-Ti-Nb npu ix cunresi i3
reTeporeHHMX CyMilieil Ha OCHOBI TiZpUIy LMPKOHit0. BcTaHoBIEHO BIUIMB
YacTUHOK, 110 MicTaTh JleryBanbHi enemeHTd (Sn, Nb, Ti), ma npouecu
(GopMyBaHHsS MACHBHUX XIMIUHO I MIKPOCTPYKTYPHO OJIHOPIAHUX HIMPKOHIEBUX
CIIaBIB.

Ha npuxnaai cunTtedy cruiaBy Zr-1,5Sn nokasano, 1o (opmyBaHHs pPiJIKOL
(a3u o-crabinizaropa oJloBa B IIPOIECi CHHTE3y € YMHHUKOM YTBOPCHHS
JIOJAaTKOBUX TOp, TIPM JIMCIIEPIyBaHHI CTApPTOBMX YaCTHHOK 0JioBa Oliblia
NMMTOMA [IOBEPXHSI 110p, YTBOPEHUX Ha Miclll pijIkoi (aszu, cupuse 1X Kpauomy
3aikoByBanHio. Ilpu joaBanti B-cradinizaTopa HI00110 CHHTE3 BIAOYBAEThHCs
MOBHICTIO TBEPAO(GA3HUM IUISIXOM, ajle MPOOJIEMHUM MOMEHTOM € HHU3bKa
WBUAKICTS JU(y3iiHOr0 pO3YMHEHHS B LHPKOHII YACTHHOK HioOlIO, 11O
BUMarae Temiieparyp cunrtesy He Hikde 1200°C juis JOCATHECHHS XiMiuHOT
OJIHOPITHOCTI crutaBiB Zr-Nb.

Ilpu cunTe3l BHcoKoneroBaHux [ cmiaBiB cuctemu Zr-Ti-Nb  Oyino
BCTAHOBJIEHO, IO IPHMCYTHICTH 3HAYHOI KINBKOCTI YaCTUHOK HIOOIIO B
IOPOIIKOBIN CUCTEMI CIIPHUMHSIE TTIBUIICHHH BMICT 110p B KIHLEBHX CIIaBax.
B OCHOBI JIaHOTO SIBUIIA € HEBIANOBIAHICTE 00’eMHHX e(eKTIB MiXx
YyacTMHKaMH Hio0ito Ta yactunkamu rigpuais ZrH, i TiH, Ha ctanil aecopOuii
BOJIHIO 3 000X TiIPH/IIB, 1110 BeJie JI0 OPYHICHHS IHTErpajbHOCTI CIPECOBAHOT
CUCTEMM YaCTHHOK, Ta TOJaiblloMy TposiBi edekTy DpeHKells NpU PO3BUTKY
A y3iHHO-KOHTPOJILOBAHOT XIMIYHOT rOMOTI'€Hi3allli CUCTEMH.

BcTaHOBIEHO, 1[0 HIIAXOM 3HUKEHHS NOPUCTOCTI BUCOKOJIETOBAaHUX [3 CIIaBiB
cucremu Zr-Ti-Nb € BUKOpUCTaHHS TeTEPOreHHUX CyMILIEH, 1110 CKIIadaroThCs
BUKJIFOYHO 3 HABOJHEHUX NOPOIIIKIB, 30KpeMa, Mpy BBEJIeHH]I HI00110 y BUIIIALI
JaCTMHOK HaBoaHeHux Jiratyp cucrem Zr-Nb ta Ti-Nb. OnnHakoBa noseinka

HABOJHEHUX YaCTMHOK NPH IX KOMITAKTYBaHHI Ta 1o/ i0Hi 00’ eMHI edekTH 1ia
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yac BaKyyMHOI'O HarpiBaHHsi Ha crajii JjecopOIiil BOJHIO 3a0e3NedyloTh
30epeKeHHs IHTErpaibHOCTI CHCTEMH YaCTHHOK Ta 3HIKEHHs 00’ €MHOI YaCTKH
10p, 1O CYTTEBO ITiIBUIIY€ MEXaHIYHI BIIACTHBOCTI CUHTE30BaHMX CILIABIB.

5. Jlus NOCATHEHHS TIOBHICTIO OJIHOPIHUX CTPYKTYPHHX CTaHIB 13 HU3BKOIO
00’€MHOIO 4acTKOIO I10p NPH BUKOPHUCTAHHI JIEryBajbHUX €JIEMEHTIB, IO
XapaKTepU3yIOThCss HU3BKOIO IIBUJKICTIO JUQY31HHOrO pO3YMHEHHS B
LMPKOHI€BIM MaTpwuili, abo NpHU HEMOXKIMBOCTI BUKOPUCTaHHS JIOCTATHBO
JIACTIIEPCHMX YaCTHHOK, 3alpOTOHOBaHa JIBOXCTaJiHAa CXeMa CHHTE3y 3
BMKOPUCTAaHHAM THMYACOBOI'O JISTYBaHHs Marepially BOJIHEM, sKa 3a0e3reuye
OTPUMAHHSI CTPYKTYPHHUX CTaHiB 3 OakaHOK OJIHOPIJHICTIO Ta BHCOKOIO
BiJTHOCHOIO I'yCTHHOIO.

6. TlokazaHo, 110 B yMOBax PO3BUTKY KoajecleHII rnop Ha (iHaubHIA cTamil
CHHTE3y, OTPUMATH IMPaKTHYHO OE3MOPHCTI CTaHM CHHTE30BAaHMX CILIABIB Ha
OCHOBI IIMPKOHIIO MOXHa, 3aCTOCOBYIOYM JIOJATKOBE XOJIOJHE Ta rapsye
nedbopMyBaHHs, 110 € e(QEeKTUBHUM MeToAOM Juld Mojudikauii  1x
MIKpOCTPYKTYPH Ta MiJIBUIIICHHS MEXaHIUHUX XapaKTEPUCTHK.

IlpakTH4YHe 3HAYEHHS] OTPHMAHHX pPe3YJ/IbTATIB.

s Po3po6eHO peXuMHM Ta BH3HAYEHO TEXHOJIONYHI HapaMeTpd CHHTE3Y 3

6araToOKOMITOHEHTHUX CHCTEM HaBOJIHEHHWX TIOPOUIKIB HU3BKOJIErOBAHUX O~

LIUPKOHIEBUX ~ CIJIABIB, 1110 BUKOPUCTOBYIOTHCSL B SUIEPHIA eHepreTul, Ta

Bucokosieropanux [3 crasiB cucreMu Zr-Ti-Nb 3 nuspkum mojayiem fOura s

MEJUYHOTO BUKOPUCTAHHS.

2. BeraHoBiieHO — MEXaHi3MM  peTyJIIOBaHHS  KIHIIEBOI  [OPUCTOCTI B

cUHTe30BaHuX crutaBax cucreMu Zr-Ti-Nb, 1o 3abe3meuye oTpuMaHHs OakaHUX

CTPYKTYPHHUX CTaHiB i3 PeryJibOBaHOIO 00’ €MHOI YaCTKOIO Ta PO3Mipamu T1op, Ta,

BiAIOBIIHO, KOMIUIEKCOM (DI3UKO-MEXaHIUHMX XapaKTePUCTHUK, B 3aJI€KHOCTI Bij

YMOB Ta BUMOT JI0 1X IPAKTUUHOI'O BUKOPUCTAHHS.

3. 3rijiHo BU3HAUEHUX OITHMI30BaHUX MapaMeTpiB OTPUMAHO HU3bKOJEIrOBaHI

0-CIUTABM Ta BMCOKOJIErOBaHi [-CIUTaBM Ha OCHOBI ITUPKOHIIO 3 MeXaHIYHUMHU

XapaKTEpUCTHKAaMM, JIOCTATHIMKM JUIs X M[pakTHYHOI eKcrulyaralii B sJepHiH

eHepreTulll Ta B MeJIMIIMHI.

JlocTOBIpHiCTH HAYKOBHX I10JI02KeHb, BUCHOBKIB Ta peKOMeHAallil.

JlocTOBIpHICTH eKCIIepUMEHTATbHUX pe3yJIbTaTiB BU3HAYAETHCSA

BUKOPHMCTAHHAM Cy4acHHX JI00pe BIIOMHX CTPYKTYPHMX METOMAIB HOCIIIKEHD:
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PEHTTeHIBCHKOTO aHalli3y; MeToJaMM ONTHYHOI Ta CKaHyIO4YOl eIeKTPOHHOI
mikpockomnii 3 EDX anamizom. BumipioBaHHS poO3MipiB YacTHHOK BHXIJHHX
TIOPOILKIB 3AiMCHIOBANOCS 3a JOMIOMOTOI0 CHTOBOTO aHajli3y Ta METOMIB JIa3epHOI
nudpaxmii. Jlast mociimkeHHsT 00°€eMHUX e(QeKTIB IMiJ 4ac CHHTE3y BHKOPHCTAHO
BHCOKOTEMIIEPATYPHY  aunatomeTpiro. s oumiHkHM  (i3MKO-MEeXaHIYHUX
XapaKTEPUCTUK CHHTE30BaHUX MartepialliB BU3HAYAIU iX I'yCTUHY TiAPOCTATUHYHHM
croco0oM, BUMiptoBaiu Moy b KOHra MeTo oM pe30HaHCHUX KOJIUBaHb, a TAKOX
IIPOBOJIMIIM BUIIPpOOYBaHHs Ha TBepHiCTb 3a BikkepcoM Ta po3TsAr mpH KiMHATHIH
temneparypi. HaBeneni B aucepraliiiHill poOOTI pe3ynbTaTd y3rOUKYIOTHCS 3
iCHYFOUHMMHU MMOJIO)KEHHSIMHU (DI3UKH METaliB Ta JITEPAaTypPHUMH JaHUMH,
OcoOucTHii BHeCOK 3100yBaya.

OCHOBHI eKCIIepUMEHTAJIbHI aHi TaHoT poOOTH OyJI0 OTPUMAHO 3100yBadeM
ocobucro abo 3a Oe3nocepeHbOl HOro ydacTi. 30KpeMa, HUM IIPOBEEHO: aHalli3
NiTepaTypHHX JaHUX, pO3pOOKY METOIHUKH IIPOBEAEHHS eKCIIEPUMEHTY, MiATOTOBKY
eKCIIepUMEHTANBHUX 3pa3KiB, JHIATOMETPUYHI HOCHiIKEHHs, MeTarorpagivHi
NOCIiIKeHH s, BUMiproBaHHs MoyJist KOHra Ta TBep0oCTi CHHTE30BaHUX CILIABIB.
Anpobauisi pe3y/JbTaTiB AHcepTalil

3a pe3ysbTaTaMu JOCITiIKeHHs oly0JikoBaHO 13 HayKOBUX Ipallb, y TOMY
ypcni 7 craTei y HayKoBUX (DaXOBMX BHMIAHHSAX (3 HUX 4 cTaTi y BUIAHHAX
iHO3eMHUX Jep)KaB, 3 y BHAaHHIX YKpaiHW, BKIIOYEHUX JO MIDKHApOIHUX

HayKOMeTpUUYHHX 0a3), 6 Te3 1onoBiziel B 30ipkax MaTepiaiiB KOH(EPEHIIIH.

3ayBajKeHHS 10 3MIiCTy Ta TEKCTY AHCepTailil.
HesBakaroun Ha CYKYIHICTh OPHTIHAIBHUX 1 BaKIMBUX Pe3yNbTaTiB 10
pobOoTH € psiji 3ayBakeHb 1 100aKaHb.

1. 'V gucepramiiiniii poOOTi BKa3y€eThCs, 10 MPUCKOPEHHS CUHTE3Y CILIaBy Zr-
1.5Sn oGyMOBIIEHO Ai€r0 MeXaHi3My piaKo(a3HOro CIiKaHHSA, OJHAK He
BKA3aHO Hi METOJ BH3HAYEHHS TUITy MeXaHi3My, 3a SKUM BiIOyBa€TbCA
CUHTE3, aHi HaBeJeHO THUIl MeXaHi3My, 3a SKUM BIJIOYBa€TbCs CHHTE3
BUXIJHOTO MTOPOLIKOBOTO MaTepiay.

2. Jlns  OCTAaTOYHOrO  BHpIIIEHHS  [O3UTHBHOCTI  HOBOI  TEXHOJOII]
BUTOTOBJIGHHSA CIUIABIB HAaBENEHWX 3HAYEeHb MILHOCTI Ta TBEPIOCTI

Hel0CTaTHbO, HEOOXimHO OyJI0 HaBeCTH TaKOX [aHi MO LHUKJIIYHOMY
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HaBAHTAKEHHIO. BigcyTHI MOXHOKM BUMIpIOBAHHS ITapaMeTpiB MILHOCTI Ta

tBepnocti. Hanpuknan, Puc. 4.25, Puc. 4.6, Ta6x. 3.1, 5.1.

3. TepMiH «iHTerpajibHiCTh CHCTEMHW» HeE BiJmoBijac 3MicTy Tekcry. Kpaiie
Oy110 6 «iHTerpanpHa 1iJIICHICTE CUCTEMU».

4. Tlpu HaBeleHUX Macuitabax AuiaToMeTpudHuX kpusux (Puc. 4.12) Baxko
3pOoOUTH BHMCHOBKM 1110J10 00’€MHMX e(eKTiB NpH HarpiBaHHi HioOi0 Ta
HABOIHEHOT'O Hi006i10, AKi € CYTTE€BO MEHIIIUMH BiJi 00’ €MHUX e(EKTIB IHUIUX
CKJIAJIOBUX MMOPOIIKOBOI CHCTEMH.

5. Po6oTta MicTUTh JIEIKY KiIbKICTh HEJOMIKIB Ta IOMMIOK PeAaKkUiiHOro
XapakTepy.

[Ipote, 3poOsieHi 3ayBakeHHs He BIUIMBAIOTh Ha 3arajbHy MO3UTHUBHY
oninky pobotu Opuinnda JI.B. Matepianu aucepraniiinoi po6otu Binobpaxeni y
NMpoBiHUX GaxoBUX HAYKOBHX JKypHAIax i MPOMIIIK anpodauiio Ha MIXHAPOHHUX
Ta pecnybiikaHchbkux —KoH¢epeHuisx. Juceprauiiina pobora mpejcTaBise
3aBeplleHy KpaiigikaiiiiHy rpaiio B obnacti NpukIanaHoil (Qi3UKH, siKa O0a3yeThest
HA BEJIMKOMY 00’€Mi JOCTOBIpHHUX EKCIIepHMEHTAJIbHUX MaTepiayiB, OTPUMaHUX
3106yBademM ocobucto abo 3a OGesnmocepenaHboi Horo ydacti. Marepianu
JcepTaliiinol pobOTH € HOBUMH ii OPHUIiIHAJIBHUMH Ta MOBHICTIO BIINOBIJIAIOTH
BUMOTraM JI0 JMcepTaliii Ha 3j00yTTS CTyMeHs JokTopa ¢inocodii, a ii aBTop
Opumu  J[.B. 3acnyroBye Ha NPUCYDKEHHS HAayKOBOTO CTYNCHs JOKTOpa
dinocodii 3a cnemianbHicTio 105 — npukinanHa disuka Ta HaHOMaTepianu

(IIPUPOIHU Y] HAYKH ).

Crapiimii HAyKOBHH CIiBPOOITHUK

BiJUIiTy (hi3MYHOIO MaTepialo3HaBCTBA
JIoHEBKOTO (Pi3UKO-TEXHIYHOTO IHCTUTYTY
im. O.0.I'ankina HAH VYkpainu,
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