BIAI'YK
odiniiinoro ononenra [Tpurynosoi Anens I'eopriiBHU
Ha qucepralliiiny po6oty [lexTsaperka Bomoaumupa AnatoniiioBuya
3a TeMOI: «3aKOHOMIpHOCTI ~Ta  MeXaHi3MH  B3a€MOJli  BOAHIO 3
6araTOKOMIIOHEHTHHMH CIIaBaMH THTaHy Ha ocHOBi ¢a3 Jlaeca Ta OLIK-
TBEpJOTO PO3YHHY», OAAHOI Ha 3100YTTs HayKOBOTO CTYTEHs JOKTOpa TeXHIYHUX
HAyK 3a crenianpHicTio 05.16.01 — MeTan03HaBCTBO Ta TepMidHa 00poOka MeTaliB

AKTyaJIbHICTh TeMH AHcepTaliiHoi poboTH

ExoHoMika YKpaiHi 3Ha4HOIO MipOIO 3aJI€XKHUTh BiJl CTaHy €HEPreTHKH, sKa
€ CTpaTeriyuHo BaXIMBOK Taly33i0 mpoMucioBocTi. CBiToBa TeHAEHLis il
PO3BHTKY — BMKODHCTAHHS aJbTEPHATUBHMX 1 HETpajUUiMHUX JUKepen eHeprii,
30KpeMa BOJIHIO, IKUH € HaiGiIbII OIIMPEHIM eJIeMEHTOM Ha TIOBEPXHi 3eMili 1 B
KocMoci. Mae HaiO1IbIIl BUCOKY TEIUIOTY 3TOPsSHHSA, a MPOAYKT 3rOPSHHS — BOJAA
3HOBY BBOJHTHCS 10 000POTY.

CkopoveHHss BHUKHIB JIOKCHIY BYIJIEI0, IOB's3aHe 3 BHKOPUCTAHHSIM
TpaJULiHUX BUIB NAJINBA, TOCSITAETHCS 3aBISKH MAJUBHUM €JIEMEHTaM BHCOKOI
edekTHBHOCTI. 3abe3rnedeHHs BUPOOHHITBA BOJIHIO EHEPTi€l0, OJEPKAHOI 3
HEBYIJIELIEBUX  JDKEpeNl, CKOpO4dye BHKUAM  JIOKCHOY  BYIJICLIO, CIpUsE
MOJMIIeHHI0 cTaHy aoBKius. ITosutusHuii nocBin Snowii, CIIA, HimeyunHw,
Benuko6puranii ITiBnennoi Kopes i Kurtato cBimyaTh Npo NepCHEKTUBHICTH
BOJIHEBOI EHEpPreTHKU, OCOBJIUBICTIO SIKOT € BUKOPHCTAHHS BOJHIO SIK 3aC00y s
aKyMYJIIOBaHHs, TPAHCIOPTYBaHHS, BHUPOOHHITBa i croxxuBaHHs eHeprii. Lli
NUATaHHA € KIIOYOBMMHM IIPU CTAHOBJEHHI BOJHEBOI €HEpreTHKH 1 B 6ararbox
TIPOMHCIIOBO PO3BHHEHHMX KpalHaX BiJTHOCSTHCS 1O NPIOPUTETHHX.

He pauBis4uMCh Ha Te, IIO BOJEHb BBAXKAETHCS HANHPO3MOBCIOKEHILINM
€IEMEHTOM Yy BCECBITi, Y BUIBHIN (OopMi BiH Maiike He 3yCTpidaeThbCsl, TOX HOro
MOTPiOGHO BUPOOJIATH B TPOLECI €NeKTpoJi3y BOAM abo IHIIMM CIOCOOOM.
CyyacHOIO TeHAEHIi€l0 O0e3rMeYHoro HaKONMMYeHHS, TPAaHCIOPTYBaHHS Ta
30epiraHHs BOJHIO Y 3B’S3aHOMY CTaHi € BUKOPHCTaHHS aJCOpPOLIHHMX METOJIB,
3aCHOBaHMX Ha  3JaTHOCTI METaJeBUX TiAPUAIB IOIVIMHATH  BOJCHb.
[lepcieKTUBHHM KJIaCOM MaTepiaiiB s BHUpIIIeHHS 1Li€i mnpobiemu €
0araTOKOMITIOHEHTHI CIUIaBH THUTaHy Ha ocHOBi (a3 JlaBeca tumy AB i1 AB, Ta
OLIK-tBepmoro po3uuHy. ToMy po3poOneHHs (i3UKO-TEXHONOTIYHUX 3acaj
CTBOpPeHHsT ab0 yIOCKOHAlIEeHHSI ICHYIOYMX MaTepialiB-aKyMyJISTOPiB BOIHIO Ha
OCHOBI THTaHy 3 IIiJIBUIIEHOIO BOIHEBOIO EMHICTIO Ta IPHUCKOPEHOI0 KiHETHKOO



copbuii-necopbuii BOAHIO LUILIXOM oNTHMizamii iX XimigHoro Ta (asoBo-
CTPYKTypPHOTO CTaHy € aKTyalbHOK HayKOBO-NPaKTH4HOK0 3axadero.  [Ipo
aKTyalbHICTB 1 CBO€YACHICTh AWMCepTaliiHOl poOOTH TaKoX  CBIIYUTH
BiAMOBiAHICTS il 3arajbHOAEPKABHUM IPiOpUTETaM, BHU3HAUYEHUM 3aKOHOM
Vkpainu «IIpo mpiopuTeTHI HAMpsSMH PO3BUTKY HAayKH 1 TEXHIKH» 3a HANpSIMOM:
HOBi peyoBMHM i Marepianu, 3akoHoM Ykpainu «IIpo mnpiopHTeTHI HampsMu
iHHOBAL[IHOI  JiSVIBHOCTI» 3a HANPSIMOM: OCBOEHHS HOBUX TEXHOJOTiM
TPaHCIIOPTYBaHHS eHeprii, BIIPOBAKEHHS eHeproe(heKTUBHHUX,
pecypco30epirarourx TeXHOJOTi i, OCBOEHHS aJlbTePHATHBHUX JKEPEI eHeprii.

3B'130K poOOTH 3 HAYKOBHMH NPOrpaMamMH, IVIAHAMH, TEMAMH

Jucepraniiina po6ora BukKoHaHa B IHCTUTYTI Metanodizuku im. I'.B.
KypmtomoBa HAH VYkpainu BigmoBiZHO 10 IUIaHIB HAyKOBO-JOCHIAHUX POOIT 3a
temamu: 0112U001127 “®i3uko-TeXHOJOriYHI 3acajid CTBOPEHHS HOBHUX
MaTepialliB Ha OCHOBI 3a1i3a, KOOAIbTY, HIKENI0 Ta TUTaHY AJIsl TOTPed eHepPreTUKH
ta MamuHOOymyBaHHs” (2012-2014), 01110005364 “BruuB ¢dazoBux Ta
CTPYKTYPHHX CTaHiB Ha BOJHEBO-COpOLiifHI BIACTUBOCTI rerepodasHUX CIUIaBiB
cucreM Ti-Fe-Mn Tta Ti-Zr-Mn-V” (2011-2015), 0116U006683 “CrtBOpeHH:
0araTOKOMIIOHEHTHUX TeTepodasHUX BOJHEBOCOPOLIMHMX MaTepianiB Ha OCHOBI
MmarHiro Ta TUTaHy” (2016-2018), 01150003007 “da3oBi piBHOBaru B
0araTOKOMIIOHEHTHHX €BTEKTHYHHX cruiaBax Ha ocHoBi Al, Co, Ni Ta Ti,
NEepCIEeKTUBHUX JUIsi BUKOPUCTAHHS B €HEpreTHLi Ta MamuHOOyayBanHi” (2015-
2019), 0118U100164 “®izuyHe MeTaN0O3HABCTBO BOJHECTIMKUX KOHCTPYKLIMHUX
MarepiaiiB i MaTepiaiiB-HaKonudyBa4iB BoxHio” (2018-2019) Ta 0120U103313
«BnnuB (a3oBoro Ta CTPYKTYPHOTO CTaHIB €BTEKTHYHHMX CILUIaBIB Ha OCHOBI
HIKEJIO Ta TUTaHy Ha X (izuko-mexaHiuHi BractuBocti» (2020-2024 pp.).

Ouinka 3MicTy, CTPYKTYPH Ta 3aBepUIEHOCTI JucepTauiiiHoi po6oTH

Hucepraniiina poboTa ckiagaeTbcss 3 aHOTAllii Ha YKpaiHCHKiM Ta
aHITIACHKIM MOBaX, BCTYNy, II'SITH pO3ZLTiB, 3arajbHUX BHCHOBKIB, CITHCKY
BUKOpPHCTaHUX JKepen 3 240 HaiiMeHyBaHb Ta IBOX aoaarkiB. IToBHmit obcsr
poboTu craHOBUTH 278 CTOPIHOK, KW MicTHTh 24 Tabmuui Ta 77 PHCYHKIB.
Ctpyktypa poGOTH € JIOTiYHOW, BIANOBiJa€ BHUMOTaM, IO BHCYBAIOTHCSA IO
JOKTOPCBKHX AUCepTaliil. 3a CBOIM 3MiCTOM Ta HAIPSAMOM JOCHIiIXKEHb BOHA SIBIISE
co0010 caMOCTiliHy 3aBepllieHy HayKOBY IpPALIio.



Y Beryni 06IpyHTOBaHO aKTyaJbHICTh JMCepTaliifHOl poOOTH, BKa3aHO il
3B'30K 3 HAYKOBHMHM MPOrpaMaMH, IUIAHAMU Ta TeMaMH; CHOPMYJIbOBAHO METY i
3a7a4i  JOCHi[PKEeHb, BH3HAYEHO O00’€KT, MNpeaMeT i MeTOau JOCIHiKEHb,
NIPEeCTaBIeHO OCHOBHI HAyKOBi IIOJIOXKEHHS, IO BHHOCATBCS Ha 3aXHCT,
0GIPYHTOBAHO NPAKTHYHE 3HAYEHHS OJEPXKAHHX Pe3yNbTaTiB, OLlIHEHO OCOOMCTHIA
BHECOK 3700yBaua IpM TPOBENEHI eKCIePHMEHTATbHUX JOCITiDKEHb 1
myOJTiKamisx i3 criBaBTOPaMHu.

Y nepmomy posaini «OcHoeni munu mamepianié 0ns 36epicanns 600HIO Y
36’I3aHOMY CMaHi ma NepcneKmueu ix 6UKOpUCMAHHA» Ha MiJACTaBi OIJIANLY
HayKOBO-TEXHIYHOI iH(popMalil 3a TeMaTUKOI AMCepTaliliHOi poOOTH MOKa3aHO
mepeBard 30epiraHHs Ta TPAHCIOPTYBaHHS BOAHIO Yy 3B’S3aHOMY CTaHi,
PO3IISHYTO TIpEepOTaTMBH i HENONIKM BHKOPHUCTaHHS aicOpOUiMHMX MeTOAIB
HaKOIMYEHHS BOJHIO B LIEOJITaX, BYIVIELEBUX Marepianax (akTHBOBaHE BYTiJLIS,
HaHOTPYOKHM, HAHOBOJIOKHA, TTOJIIMEpH) Ta y TiJpuaax Merajlax. BcraHOBIEHO, 110
HalTepCreKTUBHIIMME 3 HasSBHUX Ha ChOrOJHI € iHTepMeranin tumy AB, (¢asa
JlaBeca) Ta cru1aBM Ha #oro ocHoBi. [Toka3saHo, 1o po3pobneHHs (i3HKO-XiMIYHHX
3acaj] CTBOPEHHS MaTepiajiB-COpPOEHTIB BOJHIO HA OCHOBI TUTaHy 3 IIiJBUILIEHOIO
BOJHEBOIO €MHICTIO Ta MPHCKOPEHOK KiHETHKOK copbuii-gecopOuii BoaHIO,
BiJIKpMBa€ MIMPOKI MOXIIMBOCTI JUIi aKTHBHOTO PO3BUTKY BOJHEBOI €HEPrE€THKH.
Ha ocHOBI aHasizy cTaHy mpobieMu chopMyIbOBaHO 3a/1aui JOCIIIKEHb.

Y npyromy posaini «Mamepianu, anapamypa, memoouku OOCNiONCEHb)
HaBeJIEHO XapaKTepHCTUKH MaTepiaiiB, criocobu ix BUroroBneHHs. OOIpyHTOBaHO
BUOIp MeTOAiB JoCiimKeHHs, cepen skux: Meron CiBeprca, rpaBiMETpHUYHHUM Ta
00’emHu#t MeTon, nudepeHUIRHUN TepMiyHMN aHai3, CBITJIOBa Ta CKaHyOua
eJIeKTPOHHA MIKPOCKOII, JIOKaNbHUI peHTreHocnekTpanbuuii aHamiz (EDAX),
PEeHTreHIBChbKHIA (ha30BHiA aHalli3, Mac-CIIeKTpOCKoris ra3iB. OnucaHo amnapaTypHe
Ta MeTOAWYHEe 3a0e3nedeHHs MPOBEIeHHs eKCIIEPUMEHTIB, BU3HAYEHHS XIMIYHOTO
Ta ra30BOr0 aHaJi3y.

Y Tperbomy posaini «/Jocniodcenns oO0HOpazHuxX cnaagieé Ha OCHO8I
inmepmemanioy muny AB,» BHU3Ha4e€HO BIUIMB YaCTKOBOI a00 IOBHOI 3aMiHH
KOMIIOHEHTIB CIUIaBy IpHU JIeTyBaHHI Ha  MIKpPOCTPYKTypy, (a3oBuit ckia,
BOJHEBY €MHICTh Ta KIHETHKY IpoleciB copOuii-gecopOiii BOAHIO CIUIaBiB Ha
ocHOBI iHTepMmetaniny tTuny AB, (das3a JlaBeca).

JocnipkeHHs MpoBeneHo Ha 6a30Bii koMno3uiii — cruiai Tijs4Zr30,Mnss 4
31 crpykryporo ¢asu JlaBeca Tumy Cl14, ckmam sikoro BiamoBimae ¢opmyii
(Tig34Zr966)Mn; , BcTaHOBIIEHO, 10 JIeTyBaHHS BaHAi€EM HE NPU3BOAHUTH 10 3MiHH
CTpYKTypH 1 (a3zoBoro cknany cmiaBy (Tig34Zr6)Mn;, 1 CyTTEBO HE BILIMBAE HA
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XapakTep BUILIEHHS BOJHIO IIiJl YaC HarpiBaHHsl, alie IPU3BOIUTE /10 301JIbIIEHHS
3araNbHOI KUIBKOCTI TiZpOyTBOPIOIOYOTO KOMIIOHEHTY B cruiasi. Lle 3abesmeuye
MiIBMIIEHHS cTabiibHOI BOAHEBOI eMHocTi cruiaBy Ha 10 %, mpu MiJBHILIEHHI
TepMiuHOI CTabiIBHOCTI OTPHUMAHOIO TiIPUAY.

YacTkoBa 3aMiHa MapraHijo Ha BaHagii Ta Xpom  (cruiaB
(Tig34Z10.66)MngosVo,12Cro11), fAKi 31aTHi B3aEMOMIATH 3 BOJHEM, I IBHUIITY €
BOJHEBY eMHicTh Ha 15 %. Ilpu 1pOMY MOKpAIIly€ThCs KiHETHKa MpOLECy
necopOIlii BOJHIO — CYTTEBO 3HWXKYEThCS TepMiyHa CTabilbHICTE OTPHMAHOrO
rizpuay. Ilpouec riapysanHs BinGyBaerbcst mpu MeHmomy Thcky — 0,23 MIla.
Ileii moKasHMK 3HauHO HK4e nopiBHsHO 3i crumaBoM (Tig34Zro66)Mny 2, SKUH
3JaTHWI TIOTJIMHATH BOJEHb NpHU KiMHaTHi# Temmeparypi i Tucky 0,6 MIla. Ile
I03BOJISIE 3pOOUTH TIPOLIEC HACHYEHHS BOAHEM O1IbII Ge3MeYHIM.

Ha npuxnazi criasis (Tio34Zr066)Mnge6Vo,12Cro,11 T2 (Tig34Zr0,66)Mny 1 Vo,
[OKa3aHo, IO JIETyBaHHSA CIUIaBy MeTalaMd 3 OiIBIINM aTOMHHM pajiiycoM,
3JATHMMH yTBOPIOBAaTH CTilKy XiMi4HY CIIOJYKY 3 BOJHEM, O4iKYBaHO IPU3BOIHUTE
10 30inblIeHHs 06’€My eleMeHTapHOI KOMIpKH, a BiNOBITHO i 10 30UIbIICHHS
pajiycy TeTpaeOpHYHHMX MDKBY3IIB, Je JIOKAali3yloThCs AaTOMH BOJHIO IIpH
pozunHeHHi. OCTaHHE TO3WTHBHO BIUIMBAa€ Ha BOJHEBY €MHICTh. AKTHBOBaHI
NMepIIMM LMKIOM copOLis-fecopOlis BOIHIO CIUIaBH Ha ocHOBI (asu Jlaseca,
HE3aJIe)KHO BiJ 1X BHXiJHOrO XiMiYHOro CKIamy, MPHU HACTYIHHX IMKJIaX 3/aTHi
TIOTJIMHATH BOJEHb BXKE INpPH KiMHATHIA TeMmIepaTypi Ta BiJHOCHO HEBHCOKOMY
ticky 0,21 MIla. YacTkoBa 3aMiHa Maprafiffo 3 TEMIIEpaTyporo IUIaBIECHHA
1246 °C Ha BaHajilf Ta XpoM BiANoBiAHO 3 Temreparypamu miasieHHs 1910 °C i
1907 °C, mpu3BOAUTH IO 3HIDKEHHS BTPAT MapraHilo Ha BUIOPaHHS, a TaKOX
TIOKpaIlly€ MpoLec OTPUMaHHS CILIaBY.

3aMiHa BHCOKOYHCTOrO THTaHy WOIMAHOTO HA TUTAHOBY r'yOKy mapku TI'-
110 3i 36iibIIEHAM BMICTOM JOMIIIIOK HE BIUIMBA€E Ha CTPYKTYpY, (a3oBHH CKiIa
Ta KiHETUKY TpolueciB copOuii-gecopbuii BoaHio craBy cucremu Ti-Zr-Mn-V-Cr,
ajle TPUBOAUTH IO 3HWXKEHHS cO0IBapTOCTI OTPUMAHOrO Trigpuay Oe3 BTpaTH
MIOKa3HHUKIB BOJHEBOI EMHOCTI Ta KiHETHKH copOitii-necop6uii BoaHto. Po3pobiaeno
TEXHOJIOTIYHY CXeMY OTPUMAaHHS MacHBHOTO 3JIMTKA CIUIaBy 3 BUCOKOIO BOJHEBOIO
EMHICTIO I JaHOTO KJIacy MarepiayiB-COpOeHTIB Ta M’ SIKHMH TepMOOapUIHUMHU
YMOBAaMHU TiJIpyBaHHS-JIETiApPyBaHHs, $SKy PEKOMEHJOBAaHO Ul BUIOTOBJIEHHS
Marepiany-copOeHTy BOIHIO AJIS CTalliOHAPHUX Ta MOOUIBHUX JDKEpe BOJAHEBOIO
MaJuBa.

Y yerBepTomy po3aini «Jocniddcenns zemepogasnux cniaeié Ha OCHOBI
inmepmemanioy» pO3IJIAHYTO HOBHM KJiac MEPCIEKTHBHUX MaTepianiB-COpOEHTIB



BOHIO, CTPYKTYpa fKMX MOEIHYe [Bi (asu — iHTepMmeTasil THITY AB, (da3a
JlaBeca) a6o AB, 1110 34aTHUH 3 BHCOKOIO IIBUIKICTIO B3a€EMOJISATH 3 BOAHEM IIPH
kiMHaTHI# TemmepaTypi, Ta OLK-TBepauii pO3YHMH, SKHM XapaKTE€PHU3YETHCH
BHCOKOIO BojiHeBOO eMHicTiO (H/Me ~ 2).

TocimkeHHs, npoBeeHi Ha crulaBaX TigZrye3Mnss; Ta Tiy63Z136 4Mny7 3,
sIKi BiEpI3HAIOTBCA 06 eMHOIO yacTKowo dasu Jlapeca Tumy C14 ta OLIK-TBepaoro
pO3YMHY, IIOKa3aid, L0 TOPIBHAHO 31 CIUIABOM Tiys4Zr30,Mnsy 4, B3ATHH 32
6a30BuiA, 3HWKEHHS KITBKOCTI MApraHIlio, KW Mae MEHIINI aTOMHHI pajliyc HIXK
THTaH Ta IUPKOHiM, MPU3BOAUTH 10 30inbIIEHHS 00’€My eleMeHTapHOl KOMIpKHU
dasu JlaBeca Ha 5 — 6 %. Ilpum mpomy paiiyc TeTpaeapUiHOrO MIXKBY3JIs1
36inbIIyeThes Ha 2 %. HassHicTio y (asoBoMy ckiajii rerepodasHux CILIaBiB 10
35 % OL[K-TBepIOro po3uMHy MO3MTHBHO BIUIMBA€ HA BOJHEBY €MHICTb JAHOL
hasu Ta crulaBy B Uisomy. Bapiamis 06’€MHOro CrHiBBiTHOIIEHHS MK (a3oio
JlaBeca Ta OL[K-TBEpAMM PO3YMHOM J03BOJISIE B JOCHTh IIMPOKOMY iHTepBali
3MiHIOBaTH BOJHEBY €MHICTh CIUIaBy, jocsraroud 3HadeHp H/Me ~ 1,45.
YTBOpeHHs O-Tifipuay MiABUILY€E TepMidHy CTabilbHICTh MPOMYKTIB [iApYBaHHI.
Ile noTpebye Ginbll BUCOKUX TEMIEpaTyp Ul BHALIEHHS YCBOTO NOTIMHYTOrO
BOJIHIO, TOMY € He0aXXaHOIO XapaKTEePUCTHKOKO [UIS IPAKTHYHOTO BUKOPUCTAHHS.

Ha npuknani jeryBanHs ciuiaBiB cuctemu Ti-Zr-Mn BaHaziem, sKuii Mae
GinplMii aTOMHHMI pajiyc y MOpIBHSHHI 3 MapraHieM, ojep)Kaja MOAabIINN
PO3BHTOK ifies poOOTH, 110 YacTKOBa 3aMiHAa KOMIIOHEHTy CIUIaBy, SIKMH He
B3a€MOJi€ 3 BOJHEM, Ha €JIEeMEHT i3 OLTBIINM aTOMHHMM pajilyCcOM Ta 3[aTHUM
YTBOPIOBAaTH CTilKy XiMi4Hy CIONYKY 3 BOJHEM IpHU3Be/e N0 30iiblIeHHs 00’ eMy
KpUCTANiYHOi TIpaTKW iHTepMeTaligy i BiAMOBiAHO xO 30iNbIIEHHS pasiycy
TeTpaefpHIHOr0 MiXKBY3IIsl, 1€ JIOKANI3yIOThCSL aTOMU BOJIHIO TIPU PO3YUHEHHI, 110
MO3UTUBHO BIUIMBA€ Ha BOJHEBY €MHICTh ClulaBy. TepMiuHa oOpoOka CIIaBiB
cuctemu Ti-Zr-Mn-V, mo Bkmouae Bignan y Bakyymi 10° Ta npu Temmepatypi
900 °C mpomosx 30 roauH, He 3MiHIOE KPUCTaIiYHy CTPYKTYpy Ta (pa3oBHi
CKJIaJ| CIUIaBY, ajie MPUBOAUTH JO KOAryJssiii (a30BUX CKJIaJOBUX, L0 MOKpAILye
BOJJHEBOCOPOLIiiiHI BIACTUBOCTI — BABIYi CKOPOUYYEThCS iHKYOaLiiHUHA nepios, py
HEe3MIHHOCTI 1HIIMX MapaMeTpiB.

3aMiHa IUPKOHIIO, SKUH € TiIpUA0YTBOPIOIOYMM KOMIIOHEHTOM, Ha 3ali30,
0 HE B3a€MOJIE€ 3 BOJHEM Ta Ma€ MEHIIWN AaTOMHMU pajlyC, NMPU3BOAUTH IO
3MEHIIEHHs 00’ €My eJleMeHTapHOI KOMIpKH i BiAMOBIMHO pajiyCy TeTpaeApHYHHX
MiXBY37TiB. VY  pe3yinbTarTi 3MEHLIyeTbCS  3arajibHa BOJHEBAa  EMHICT,
MOTipIIYIOTBCS  BOAHEBOCOPOLiiHI  BracTHBoCTi crutaBiB. HesanexHo Bif
BUXigHOrO (ha30BOro CKJIALy Ta JOCII[KYBaHOI CHUCTEMHM JIETyBaHHSA IIpU



HaCHYEHHI CIUIaBiB BOJHEM JEKOMIIO3MIiIOBaHHS (a3 He BinOyBaeThCs, IiApUIH
YTBOPIOIOTECS TUTBKH Ha OCHOBI BHXiHHX (ha3.

Bu3sHayeHo, IO TPOBEJECHHs MEPLIOro LUKITY COpOLis-aecopOuis BOXHIO
CIUIaBaMH aKTHBYe peasi3alliio Jpyroro Ta MOJAIBIIMX LHMKIIB copOuii, sKi
peanisyloThbcsi IpW  KiIMHATHiH  TemmepaTypi Ta  HEBHCOKOMY  THCKY
(0,23 MITa), npu 11bOMy BOJHEBa EMHICTh MaTepialliB 3aIMIIAETbCS HE3MIHHOIO, a
yac JOCATHEHHS il MaKCHUMaJIbHO MOXKJIMBOT'O 3HAYEHHS CYyTTEBO CKOPOYYETHCS.

Y w’sitomy posaini «Jocnioocennsn 2emepogpaznux cnnagie na ocrosi OLIK-
meep0020 po3uuny» BUBYEHO KIIAC NMEPCIEKTHBHUX MaTepialliB-COPOEHTIB BOJHIO,
rerepoasnux cruiaBiB Ha ocHoBi OLIK-tBepmoro posumny. IlokasaHo, 1o
BBEJICHHS [0 CIUIaBy €JE€MEHTY 3 TeMIepaTypolo IUIABIeHHS, BUIIOIO 332 OCHOBHI
eJIEMEHTH CIUIaBY, 3MiHIOE TeMIlepaTypH (a3oBUX NEPETBOPEHb, @ TAKOX BIUIMBAE
Ha TEXHOJIOTIYHI YMOBH OTPUMAaHHs CIUIaBiB. PO3risHYTO pi3HI BapiaHTH
JIeryBaHHs, 30KpeMa: 3aMiHy TiJpHJOyTBOPIOIOYOIO0 KOMIIOHEHTY CIUIaBy Ha
eJIEMEHT, SKHWM B3a€EMOJI€ 3 BOJHEM, MPOTe Ma€ MEHUIMH aTOMHHUK pazuiyc;
BBEJICHHS JIETYIOUOrO €JIEMEHTY, SKUH 3aMillye BCi KOMIIOHEHTH CIUIaBY;
NI0flaBaHHs [0 CIUIaBy ABOX HOBHX KOMITOHEHTIB. Tako)X BCTaHOBIEHO, IO B
OKpEMHX BHIIaJKaX BBEJECHHS €JIEMEHTY, 3JaTHOTO B3a€EMOJIATH 3 BOJHEM Ta 3i
3HAYHO OiJBIIMM AaTOMHHM pPajiycoM IOpPiBHSHO 3 OCHOBHHUMH KOMIIOHEHTaMHU
CILIaBY, MOXE, HABIIAKH, HETATHBHO BIUIMHYTH SK Ha BOJIHEBY EMHICTh CILIABY, TakK
i Ha KIHETHYHI MapaMeTpH NpoleciB copOuii-necopbuii BOAHIO.

BusHayeHo, 10 MOMepenaHs TepMiyHa oOpobOka cruiaBiB Ha ocHoBI OLIK-
TBEPJIOrO PO3YMHY, IO MOJArae Yy Bigmami B BakyyMi mpu Temmepatypi 900 °C
BrpooBx 10-70 roauH, € epeKTUBHUM CIIOCOOOM BIUIMBY Ha KiHETHKY IIPOILECY
rizpyBaHHs ©0e3 CyTT€BOi BTpaTH BOAHEBOI €MHOCTI. EKcrnepuMeHTalIbHO
NIOBE/IEHO, [0 TepMi4Ha CTAOUIBHICTH TiAPHIIB, OTPUMAHUX Ha OCHOBI (a3u
JlaBeca tumy C15 y nopiBasHHI 3 C14, 3Ha4HO HUXKYA.

3anmponoHoBaHO croci®6 HacU4YeHHs BOJHEM MarHiro 0e3 MonepeaHboro
NOBrOTPUBAJIOrO IepeMillyBaHHS abo po3MentoBaHHsA. BcTaHOBIEHO, IO
3aCTOCYBaHHS Yy SIKOCTI JKepesa BOJHIO CyMillli TiApuaiB Ha ocHOBI ¢a3u JlaBeca
ta OLIK-TBepmoro posdnHy, He NOTpeOye CTBOPEHHS OCOOIMBHX YMOB JUIs
IQuUcoLianii MOJeKyJ BOJHIO, OCKUIBKH BOJIEHb, SKUil BHUISETHCS i3 3a3HAYEHHUX
TIAPUIIB NPU HArpiBaHHI, 3HAXOAUTHCS B ATOMAPHOMY CTaHi i B MiCLSX HIIIEHOTO
KOHTaKTy MiX YaCTUHKaMH 3J1aTeH AU(YHIyBaTH B MarHii.

Ha mpuxnazni rerepodaznux crmaBax Ha ocHoBi OL[K-TBepmoro po3umHy
cucreMu Ti-Zr-Mn-V mnoka3zaHo, 10 CYyTTEBHM (DaKTOpPOM BIUIUBY Ha aKTHBAIlIO
npolecy TOrJIMHAHHSA BOJAHIO MNpPHU KIMHATHIM TeMmepaTypi Ta THUCKY BOJHIO



0,6 MITa € po3mip kpucraiitis (asu Jlaseca. [Tpu miomi noBepxHi 3epeH BHX1AHOL
JIATOI CTPYKTYpPH 2+8 MKM’ IpoLeC B3a€MO/IIT 3 BOJAHEM IIPU NEPIIOMY rigpyBaHHi
BinGyBaeThCs NpH HarpiBanHi 10 Temmepatypu 520 °C, Tozi sK 30LIBIICHHS TUTONI]
kpucranitiB 1o 80+320 MKM® TiCJIS Bifmany A03BOJISE HACHYYBAaTH CIUIABH NPHU
KiMHaTHi# Temmeparypi. B3aemonis criaBy 3 BOAHEM Ha IOYAaTKOBHX eTarax
HABOJHEHHS TNPUBOJMTH IO YTBOPEHHs TiIPHUIiB 3 CYTTEBO OLIBIIAM MHTOMHM
00’eMoM, HiX BHXimHi ¢a3u. BHacnigok nporo pyWHYyeEThCS MOBEPXHS CIUIABY 3
YTBOPEHHSM TPIlUKH, [0 3HAYHO IIiJBHIIYy€ IIBUIKICTH MOTIMHAHHS BOJAHIO HA
HaCTYITHOMY €Talli.

BBenenns 1o cmiaBiB cucremu Ti-Zr-Mn-V-Ho enemeHTty, sKkuii Mae
GinbIMit aTOMHHMH pajiyc i YTBOPIOE 3 BOJHEM CTiHKy XiMiYHY CIIOJyKYy, ale He
Ma€e IOCTAaTHHOI B3aEMHOI PO3YMHHOCTI 3 OCHOBHMMH KOMIIOHEHTaMM CILIaBY,
Moripiiye BOJHEBOCOPOUiiHI BIACTHBOCTI, 3HMXYE KUIBKICTh IOTIHHYTOTO
BojHio. Ilpu HacuyeHHi BogHeM ciuiaBiB Ha ocHoBi OLIK-tBepmoro posumHy
TiIpUIM TAaKoX YTBOPIOKOTBCS TUTBKM Ha 0Oasi BuXigmumx ¢as. Ilicmst mukiry
copO11isi-fiecopb1lisi, He3aIeXHO BiJl YMOB [EPLIOTO IiPyBaHHS, MPOLEC B3aEMOII
3 BOJIHEM Bi0yBaeThCs BXKe MPU KiMHATHi# Temnepatypi Ta Tucky 0,23 Mlla.

Ha mificTaBi mpoBeieHUX eKCIIepUMEHTAIBHUX JOCTiIKEHb ChOPMYIbOBAHO
KpHTepii BUGOPY JIETyBATBHUX €NEMEHTIB 1UIsl MaTepiaiB-aKyMyJISTOPiB BOJHIO Ha
OCHOBI THTAHOBHX CILIaBiB 3i CTpyKTyporo (a3 JlaBeca Ta rerepoda3sHuX CIIaBiB,
0 CKIafaloThcs 3 iHTepMeTanigy Ta cmiBicHytodoro 3 HuM OLIK-TBepmoro
pO3YHHY.

VY noaaTkax HaBeJeHO aKTH POMHCIIOBHX BUIPOOYBaHb 3 peKOMEHAALISAMU
IO/I0 BIPOBADKEHHS pe3yJbTaTiB qUCepTaLiiiHOl poOOTH.

KoXHHii 3 pO3MiNiB Mae BHMCHOBKM. 3arajbHi BHCHOBKH Y IOBHi# Mipi
BiZI0OpaXkaroTh MiJCYMKH JUCEPTaLiifHOI pOOOTH.

HoBH3HAa HAyKOBHX M0JI0K€eHb, BACHOBKIB i pekoMeHauii

Juceprauiiina pobora JlexTspeHka B.A. MiCTHTh HAcTyHHI IOJOXEHHS
HAyKOBOI HOBU3HH:

1. Toka3aHo, 110 OCHOBHUMH KpHTEpisIMH BUOOpPY JIEryBaJIbHOIO €JIEMEHTY
Iasi 30iNMbIIEHHS BOJHEBOI €MHOCTI TNPH JOJATKOBOMY JieryBaHHI CIUIaBy €
3[aTHICT YTBOPIOBATH CTiMKy XiMiYHY CIONyKy 3 BOZHEM (BiJ €MHE 3HAYeHHS
3MiHM BiJIbHOI eHeprii mpu (GopMyBaHHI XiMIUHOI CIIONYKH), OUIBIIMI aTOMHMA
pamiyc y MOpiBHSHHI 3 KOMIIOHEHTOM CIUIaBY, SIKMH BiH 3aMily€, a TAKOX BHCOKa
B3a€EMHA PO3YMHHICTD 3 OCHOBHMMHU KOMIIOHEHTaMH CIUIaBy. Bu3HaueHo, mIO



yacTKOBAa 3aMiHa B cIulaBaX cucTeMH Ti-Zr-Mn Maprasiuo, SKMd He YTBOPIOE
TipuaM, Ha eNeMEeHTH, IO 3JaTHi B3a€EMO/ISTH 3 BOJAHEM Ta MAlOTh OUIBIIHMM
ATOMHHI pajiiyc, NPU3BOAMTH 1O 3POCTAHHSA 00’€My eleMeHTapHOI KOMipKH, a,
BIMOBIZHO, i 10 36IMbLIEHHS pajiycy MiXBY3miB, sKi € MICIAMH JOKali3ail
aTOMIB BOJHIO B KPUCTANIUHiil IpaTii, 110 MO3UTHBHO BIUIMBAE HA Ii/(BHIICHHS
BOJHEBOI E€MHOCTi CIUIaBy. BCTaHOBNEHO, WO [OBHA 3aMiHa LMPKOHIIO, Ha
eeMeHT, KMl He B3a€MOJi€ 3 BOAHEM | Mae MEHIIMH aTOMHMH papiyc,
[PU3BOAMTH 1O 3MEHIIEHHS pajiiyCy TeTpaeJpudyHOrO MiKBY3Js 1 3araibHOl
KUTBKOCTi TipMI0yTBOPIOIOYOr0 KOMIIOHEHTY CIUIaBy, 1, SIK pPe3ymbTaT, [0
HEMOYIMBOCTI HACHYyBaTH JaHi CIUIaBU MPH KIMHATHi# TeMrepaTypi, a Takox 10
3HM)KEHHS 3arajibHOI KiJIbKOCTI MOTIMHYTOIO BOIHIO.

2. Briepiie moka3aHo, 10 MOBHA 3aMiHa BUCOKOYMCTOTO HOJMIHOTO TUTaHY
K OCHOBM CIUIaBY Ha BiHOCHO JemeBy TuTaHoBy rybky TI-110 3 cyrreBo
GiNBIIMM BMICTOM JOMIIIOK BTiNeHHS (KMCEHb, a30T) He IOripuiye
BOJHEBOCOPOLIiiHI BIACTHBOCTI CIUIaBy, aje IpH LbOMY CYTTEBO 3HHXKYE
coBiBapTiCTh OTPUMAHOTO TiAPUAY, WO POOUTH HOTO KOHKYPEHTO3HATHHM i3
MaTepianaMu-cOpOEeHTaMH BOJHIO Ha OCHOBI iHIIMX XiMiYHUX €IEMEHTIB.

3. Brepiue eKCriepUMEHTAIbHO BCTAHOBJIEHO MEXaHi3M HAaCHYeHHs BOJHEM
mpH M’SKHX TepMOGapHYHMX YMOBAaX TIiApyBaHHS reTepodasHMX CIUIaBiB 3i
cTpyktypoto ¢asu JlaBeca ta OL[K-TBepaoro pos3urHy Ha OCHOBI TUTaHy, Ta
BU3HAayeHa poiib ()a30BHX CKIANOBHX y IboMy mpoueci. Ilokaszano, mo Ha
MI0YaTKOBOMY €eTalli MOIJIMHAHHS BOJAHIO KIIOYOBY poib rpae (asa Jlaseca,
HECKOMITIEHCOBaHI MXKaTOMHI 3B’SI3K¥ Ha MOBEPXHi SIKOI IMOJIETIIYIOTh AUCOLIaLliI0
MOJIEKYJT BOAHIO (XeMOCOpPOLiI0), CIPHUSIOYM IPOHUKHEHHIO aTOMAapHOro BOJHIO B
KPUCTaiYHy IpaTKy, B mojaibiiomy (asa JlaBeca ciyrye NOHOPOM BOJHIO JUIS
OLIK-TBEepIOro poO34nHy, B SKOMY HAKOMHYYETHCS OCHOBHA KIJIBKICTH LIOIO
eJIEMEHTY.

4 JloBeneHa MOXIUBICTh 30iNBIIEHHS BOJHEBOI €MHOCTI YTBOPEHHUX
rigpuaiB Ha ocHoBI ¢a3u Jlaeca Ta OLIK-TBepmoro po3uuHy 3aBISKH
JOJaTKOBOMY 3allOBHEHHIO TE€TPaeApPHUHMX MIXBY3JiB KPUCTAIIYHOI I'PAaTKH IpH
3MiHI TepMOOAPHUYHUX YMOB TipyBaHHS.

5. Iloka3aHo, O e€)EeKTUBHUM IUISXOM MPUCKOPEHHS KIHETHKH MpOLECY
MOIJIMHAHHS BOJHIO € YKpyNHEeHHS (Ga30BUX CKJIAIOBUX B rerepodasHux
CTPYKTYpaXx i OYMILEHHs IOBEPXHi BiJ 6ap’€pHUX OKCHIHKX IUTiBOK IIPU TEPMiuHiH
00po01Ii DOCTiKyBaHUX MaTepialliB y BaKyyMi.

6. BcraHoBIEHO, 10 MPH HACHYEHHI BOIHEM JOCII/DKyBaHHX MaTepiajiB
HE3aJIeXKHO BiJl BHXIOHOI CTPYKTYpH, (pa3oBoro Ta XIiMIYHOTO CKJIamy



JIeKOMIIO3HLIi0BaHHS (a3 He BinGysaeThes. [Ipy TifpyBaHHI yTBOPIOIOTECS TLIBKH
rigpuau Ha ocHOBi (a3u JlaBeca Ta OLIK-TBepaoro po3uuHy.

7. TlokasaHo, WO TOMEpEHs AaKTUBALis MarepialiB IHKIOM COpOLis-
fecopObIlisi BOJHIO € KOPUCHOIO JUIs BCIX JOCIIIDKYBaHUX CIUIaBiB, HE3AJIEXKHO BiJ
iX BHXifHOrO ()a30BOro Ta XiMi4HOrO ckiamy. BCTaHOBNIEHO, IO MEPIIAH LUK
B3aeMOZii 3 BOJHEM IPU3BOAWTH 1O UCIEPryBaHHS MAacCHBHOTO MaTepiaiy,
NepeTBOPIOIOYM HOro Ha MOPOIIOK i3 po3MipoM dacTUHOK Bix 1 g0 100 MM,
36LIBIIYIOYN Ha 2-3 TIOPSIKH MUTOMY IOBEPXHIO Ta YTBOPIOKOYH HOBI IOBEHINbHI
MOBEpXHi, 10 MPU HACTYNHHX LHUKJIaX copOuis-IecopOlis CYTTEBO NPUCKOPIOE
KiHETHKY TiJpyBaHHs, THM CAMHUM CKOPOYYIOYH Yac, HEOOXiAHMM IS IOCATHEHHS
MaKCHMAJIBHO MOXIMBOI KOHILIEHTpALlii MOTIMHYTOr0 BOJHIO B MaTepialli.

HaBefieHi pe3y/bTaTH AOCIiIKEHb, iX aHANi3 Ta BUCHOBKHM Y KOMILIEKCI €
CYTTEBUMH JUIi PO3BUTKY TeOpii Ta TEXHONOTil CTBOpeHHS (YHKIIOHAIbHHX
MaTepiagiB-aKyMyJISTOPiB BOJHIO BENHKOI €MHOCTI. JlucepTaHTOM OTpHUMaHO
pe3ynbTaTH, aHali3 SKMX CBIAYMTH IPO BiIMOBIIHICTH IX KPHUTEPiHO HAayKOBOI
HOBU3HH. HOBH3HY OJ€pXKaHHX pe3yJbTaTiB MiATBEPVKEHO 3HAYHOKO KiIBKICTIO
ny6nikaniil y ¢paxoBUx BUAAHHSX, SKi BXOAATH 10 MIKHAPOIHMX HAyKOMETPUUHHX
6a3 nauux Web of Science Ta Scopus, a Takox 5 mateHTaM# YKpaiHH Ha BUHAXI]I.
OGrpyHTOBaHICTh peKOMeHAALiN, chHOpMyIbOBaHMX Yy HHMCepTaliiiHiii pobori,
i ATBEPAKEHO MO3UTUBHUMHU pe3yibTaTaMu JOCITiTHO-TIPOMHUCIIOBHX
BUIIPOOYBaHb.

HaykoBe Ta npaKkTH4YHe 3HAYeHHsS poOOTH

HaykoBe 3Ha4yeHHs JMCEPTAL[iiHOI pPOOOTH TONAra€ y BCTaHOBJIEHHI
(GyHIaMEHTATbHUX 3aKOHOMIpDHOCTEf Ta MeXaHi3MiB B3a€MOJil BOJHIO 3
6araTOKOMIIOHEHTHMMH CIUIaBaMH THTaHy Ha ocHoBi ¢a3 JlaBeca ta OLIK-
TBepaoro po3urHy. OpepkaHi HayKOBi pe3yJbTaTH INOAO XIMIYHOIO CKJIamy
CIUIaBiB Ha OCHOBI THTaHy, e€(EKTHBHHX CIOCOOIB JIeryBaHHS Ta TEpMIYHOL
00poOKM 103BONHIN CHOPMYTIOBATH INPAKTUYHI peKOMeHJalil 3 OJep)KaHHS
MaTepialiB MiJABHIIEHOI BOJHEBOI €MHOCTI IpPH OJHOYACHOMY MOKpAIEHHI
KIHETUKU TIpoleciB copOuii-gecopOuii. BaxaTuBUM 3 TOYKHM 30py HPAKTHYHOIO
BUKOPHUCTAHHS € (haKT, 0 NPUCYTHICTH y cruiaBi nopsia 3 ¢a3zoro JlaBeca tumy C14
¢da3u Jlaseca Tumy Cl15, He mnoripuryroud KIiHETHKH IOTJIMHAHHS BOJHIO,
MPU3BOIUTH 0 1HTEHCH(iKalil mpolecy BUAUIEHHS BOAHIO. Yumalsie npakTU4HE
3HAYEHHS MAa€ BHCHOBOK IIOJO MOXIIMBOCTI 3HW)KEHHS co0iBapTocTi Ta
KOHKYPEHTO3IaTHOCTI CIUIaBY-aKyMyJIATOPY BOJHIO 0e3 TMOriplieHHs Horo



10

BO/IHEBOCOPOIiHMX XapaKTEePHUCTHK Ta 3HIKEHHs KUIBKOCTI MOTJIHHYTOTO BOJHIO
IUISXOM 3aMiHM BMCOKOYMCTHX BHXIJHHMX MaTepialiB Ha €JIeMEHTH TeXHIYHOI
YHCTOTH i3 36iIbIIEHMM BMICTOM JOMIIIOK, IPA YMOBI BiIOBiZHOCTI (ha3oBOro
cknagy. Po3poGiieHO TEeXHOJOriuHy CXeMy OTPHMaHHA MAaCHBHHX 3JIUBKIB
METOJOM iHAyKIiiHOI IwiaBku B TUIIAX 3 Al,Os, sika MOXe OyTH 3acTOCOBaHa B
npomuciosocti. JlaHa cxema 3a0esmedye BifCYTHICTB CYTTE€BOI B3a€EMOJII MIX
MaTepialoM THIJIIO Ta PO3IIABOM, 30epiraiouu HOMyCTHMHH BMICT JOMILIOK
QMIOMIHII0O B CIUIaBi, 3aBISKH 4YOMY JOCATA€ThCS HEOOXiZHA HWOro CTPYKTYpa,
hasoBuif cK1aa Ta BOAHEBOCOPOIIiiHi BIaCTHBOCTI.

Pesynpratu BunpoOyBanb Ha TOB «3amopi3bkuit TUTaHO-MarHi€BUii
komGina (akt Bix 09.11.2020) i TOB «HEC PHJI LIEHTP» (axt Bix 10.08.2020)
MOKA3aJ1H, 110 BUKOPUCTAHHS HOBHX MaTepiasiB-aKyMyJISTOPiB BOJHIO Ha OCHOBI
TWTaHy s 30epiraHHs Ta BHIOOYTKYy BOJHIO B TEXHOJOTIYHHX PEKHMAax
ri[pyBaHHs Ma€ 3HAYHi MEPCHIEKTHBH, IO 103BOTHUTE 301MBIIATH IIPOJAYKTHBHICTD
BUPOOHMITBA  TiIpOBAaHOi ~THTAaHOBOI ~TyOKHM, CIpUATAME  IIJBHIICHHIO
eKOHOMIYHOCTI TEXHOJOTIYHMX MPOIECIB i MiBULIEHHIO Ge3MeKH BUPOOHHIITBA.

Y wiloMy HayKoBi Ta MpaKTHYHi pe3y/ibTaTH, OJpXKaHi B AMCEpTALliiHiA
po6OTi, € 3HAYHMM BHECKOM B TEOPil0 Ta IPAKTHKY METAJO3HABCTBA i TEPMidHOL
06po6KM CIUIaBiB Ha OCHOBi TWTaHy. Bu3HaueHi Kputepii BHOOpY JeryBalbHHX
eJIEMEHTIB s 301JIbLIEHHS KiJIBKOCTI TIOTJIMHYTOTO BOJIHIO
6araTOKOMIIOHEHTHUMH CIIaBaMHM THTaHy Ta IOKpAIeHHsS KiHeTHKH IMPOLECIB
cop61ii-necopOuii BiIKPMBAIOTh HOBI MEPCIIEKTHBH Y CTBOPEHHI Ta IIiBHMILIECHHI
NPOAYKTUBHOCTI MaTepiajiB-HaKOMHYyBayiB BOIHIO.

OGrpyHTOBaHICTL HAYKOBHX I10J102KeHb, BACHOBKIB Ta peKOMeHaui,
copmysibOBaHHX B AHcepTAlii, iX A0CTOBIpHICTH

HanpsiM, mMeTa i 3amadi JOCITiIKeHb, HayKOBI IOJOXKEHHs, BUCHOBKH Ta
peKoMeH Iallii, 0 BHKJIAJEHO B AMCEpTaliiiHiii po6OTi, IPyHTYIOTbCS Ha aHaisi
Cy4acHOro CTaHy MpobJieMH CTBOPEHHS MEPCIIEKTUBHUX MaTepialiB Ui BOXHEBOL
EHEepreTUKHM, Ha YSBJIEHHSX MPO BILUIMB XiMiYHOTO CKJIaJy, JeryBaHHs Ta TEPMiIYHOL
06poOKH Ha BOJHEBOCOPOLIMHI BIACTHBOCTI CIUIaBiB Ha OCHOBI iHTepMeTairy
tuny AB; ta OLIT-TBepaoro po3uuny.

Po6oTra MicTUTh OOIpyHTOBaHi, paHillle He 3aXHILEHI HayKOBI MOJIOXKEHHS,
AKiCHI eKCIepUMEHTalbHi pe3yNbTaTH, sIKi He BCTYNAIOTh y INPOTHpIdYs i3
ICHYIOYMMH TEOPETUYHHUMH YSBJICHHSIMU Ta CBITOBHM JIOCBIiZIOM, y3TOJDKYIOTHCS 3
BIJOMMMHM KOHILIEMI[iIAMH, Oa3ylOTbCS Ha HAayKOBHX OCHOBAaX MeETaJIO3HABCTBA,
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dDyHIaMEHTaNbHUX IOJNIOXKEHHAX Teopii (ha3soBUX NEPETBOPEHb i TepmiuHOI
06po6KH. Y IinoMy L€ AO3BOJHMJIO YCMHIIIHO BHMPIIIATH MOCTaBIEHY HAyKOBY
mpoGieMy CTBOPEHHS HOBHX MaTepialliB-aKyMyJIATOPiB BOJHIO.

Anaparypa Ta o6/a/iHaHHs, 10 BUKOPHCTAHO B POGOTi, BHCOKOL HaIiHHOCTI
Ta PO3/ILIBHOI 3JaTHOCTI, CTAHIAPTU30BAHO, PETYIAPHO MPOXOMAATH METPOJIOTIUHY
MOBipKy. Y TO€IHAHHI 3 Cy4YaCHAMH METOJaMM Ta METOAMKaMH JOCITIKEeHb 1
06pO6IEHHS pe3ybTaTiB 3 BUKOPUCTAHHAM MPOrPaMHKX 3aco0iB, 1e 3a0e31eYnIIo
ollepXKaHHsA HaAiiHMX 1 OOIPYHTOBAaHMX pe3yJIbTATiB, JOCTOBIPHICTh SKHUX HE
BUKJIMKA€ CYMHIBY.

IoBHOTA ONY6.1iKyBAHHS OCHOBHHX I0JI0KeHb JHcepTauii

OCHOBHI pe3yJIbTaTH AMcepTalii BUKIAJeHO y 23 NpyKOBaHUX MNpaulsx, 3
SKUX 2 CTATTi OMy6IIIKOBAHO B iHO3EMHKX BUJAHHSAX, 14 cTaTeid y crieniani3oBaHuX
HAYKOBHMX BHJAHHSX, WO BiIHOCATHCSA 1O NepeliKy HayKOBHX (axOBHX BHIaHb
Vkpainu, 3aTBepakeHoro Hakasamu MOH VYkpainm, i BXOAATE 10 MIKHApOIHOI
HayKkoMeTpuyHoi 6a3su nmamux Web of Science Ta Scopus, 2 po3ainu y
KOJIEKTMBHUX MOHOrpadisx. 3a MaTepianamu aucepTalliliHOl po60TH OTpUMAHO S
naTeHTiB YKpaiHu Ha BUHAXI1J.

Bkasani my6iKallii, B IiJloMy, BioOpaaiOTh OCHOBHHI 3MiCT AucepTaLlii,
06’eM 1 XapakTep NpOBEIEHHUX TEOPETHYHHX 1 NPAKTHYHHX JOCIIDKEHb.
Ocobuctuii BHecok 3100yBaya B OMyOJiKOBaHi Mpali, LIO HAMKCaHO Y
CIiBaBTOPCTBI, Bil3HaueHo B auceprawii Ta aBTopedepari. Haykosi momoxeHHs,
BUCHOBKM Ta pEKOMEHJallii, BUKIaJeHi B JUcepTaliiiHiii poOOTi, MOBHICTIO
BioOpaXeHO B JpYKOBaHMX IpalsX, sKi BiJNOBifarOTh KBaliikauiiHuM
BHMOTaM, a iX KiIbKICTh HOCTaTHS I 3aXHMCTy JAMCEpTAalil, MOAaHoi Ha 3100y TTs
HayKOBOI'O CTYIIEHIO JOKTOpa TEXHIYHUX HayK.

Apropedepar 0pOpMIIEHO 3TiIHO Cy4aCHHX BHMMOT, BiH IJIEHTHYHHH 32
3MiCTOM 3 OCHOBHMMH IIOJIOKEHHSMM JMCEPTALil i JOCTaTHBO TOBHO BifoOpaxkae
OCHOBHI HayKOBi pe3yJIbTaTH, OTPUMaHi 3100yBaueM.

Anpob6auisi MaTepiaiiB Aucepranii

OCHOBHI  TONOXEHHS  JMCepTaliifHOl poOOTH  JOMOBiJanMca  Ta
oOrosoproBaiuch Ha 13 HaykoBUX KOHQEpeHLisX 3 IHTaHb Cy4acHOro
MaTepiaJo3HaBCcTBa, (i3MKH METATiB i TEXHONOTiH OTpHMMaHHA (QYHKIIOHAIBHHUX
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MaTepialliB [is iHHOBALi}HOI eHepreTHKH, AKi MPOXOAWIM B YKpaiHi Ta KpaiHax
€sponeitcskoro Corosy mpotsrom 2011 — 2020 pokis

Ouinka MOBH, CTHJIIO T2 0()OpMIIEHHS AUCepTalil

CTpyKTypa aucepTauiifHoi poOOTH € JOTiYHOIO, B Hili BAKOPUCTAHO CyYacHy
3araJbHOBH3HAHy HAYKOBY TepMiHONOrir0. MoBa i CTHIb AucepTalii B LiIOMY
3a6e3MedyioTh JOCTYIHICTh CIPUMHATTS BHKIAJEHHX MaTepialliB JOCIiIKEHb,
HayKOBHMX I10JI0’K€Hb, BUCHOBKIB i peKOMEH/Ialli}.

Jlucepraniio Ta aBTOpedepar HamUcaHo Ta OpOPMIEHO y BiIMOBIIHOCTI 3
BHMOTaMH 10 AOKTOPCHKMX mucepramiil. Texkct aucepramii Ta aBTopedepary
no0Ope MpOLTIOCTPOBAHO.

BianosianicTs 3MicTy auceprauii cneniajabHOCTI

3a HampsMaM¥ TPOBEAEHHX MOCIiIKeHb AUCepTallis BiANOBiJa€ MacmopTy
cnenianbHocTi 05.16.01 — Merano3HaBcTBa Ta TepMiyHa 0OpoOka meTaliB. Y
aBTOopedepari BimOOpaKeHO OCHOBHI IIOJIOXKEHHS JHWCepTalii,  I1X TeKCTH
1IeHTUYHI.

PexoMeHauii o010 MoJa/bIIoro BAKOPHCTAHHS pe3yJIbTaTiB podoTH

PesynpTaté aucepTauliiHOi poOOTH MOXYTh OyTH BHUKODUCTAaHHMH B
TEXHOJIOTIYHMX IMpPOLEcax, IO MOTPeOyIOTh IBUAKOrO HaCHYeHHs, 30epiraHHs Ta
TPAHCIIOPTYBaHHS 3HAYHUX OO’€MiB BOJHIO, 30KpeMa Uil BHUIOTOBIECHHS
MarepialliB-aKyMyJIsITOPiB BOJHIO [Uls NOTpe® BOIHEBOI €HEPreTHKH.

3ayBakeHHsI 10 poOoTi

1. 3rigHO 3 BUMOraMu 10 AUCepTalliii HayKOBi IMOJIOXKEHHS, 110 BUHOCATHCS Ha
3aXKCT, MOBUHHI OyTH apryMeHTOBaHUMH, KOPOTKHMH, YITKUMH, 13 3a3HAYEHHSIM
BIAMIHHOCTI OJEpXKaHUX pe3yJbTaTiB BiJ paHillle BIIOMUX 1 3 BHU3HAYEHHIM
CTYNEHIO iX HOBU3HM. Ha anb, OUIBLIICTH 3 IYHKTIB HOBH3HU OIIMCOBOIO
XapakTepy. 30Kpema, B MyHKTI 1, KpiM OCHOBHHUX KPHTEpPiiB BUOOpY JEryroumux
eJIeMeHTIB i 301IbIIEeHHS BOJHEBOI €MHOCTI MaTepialy-aKyMyJsATopy, L0 €
MpeIMETOM 3aXHCTy, HaBeJeHO eKCIepUMEHTAJbHI JaHi, Ha MiJCTaBl SIKUX Li
KpuTepii 0yJI0 BCTAHOBJIEHO.



13

2. IlynkT 2 HayKoBOi HOBHM3HM y HajJaHii pejakuii OLIBIION MIipOIO
BiTHOCHTBCS O MPAKTHYHOTO 3HAYEHHS OTPMMAHWX pe3ynbraTi. Y poboTi
[I0Ka3aHo, 10 THUTAH HOAMIHMIA i THTaHOBa ryOKa MalOTh OJHAKOBHH CKIIal, aie
Bi/IDI3HSIOTECA CKJIAZOM MAOMIIIOK, MPOTE MEXaHi3M IX BIUIMBY Ha 3[aTHICTh
CILUIaBy 10 HACHMYEHHS BOJHEM HE BH3HAUYEHO.

3. ExcrepuMEHTAIbHO BCTAHOBIIEHO, IO B CIUIaBi Ha OCHOBI THUTaHOBOI
ry6kd TOpIBHSHO 3i CIUIABOM, BHMTOTOBICHHM 3 THTaHy HONHMIHOrO, 00’eM
elleMEHTapHO! KOMIPKHM i pajiyc TeTpaefpuyHOro Mixsy3ns ¢dasu JlaBeca MeHu
(puc. 3.10), pa3oM 3 TUM CIUIaB Mae Haiibinbiry BogHeBy emuictio (Cy = 2,12, puc.
3.13). To6TO BHMHHKA€E JIOTiYHE NPOTHPIYYs, SAKOMY HE HaJaHO HAJIEKHOIO
TMOSICHEHHS.

4. Kepylouuch JiTepaTypHUMH [aHHMU Ta JiarpaMOl0 CTaHy CHCTEMH
Ti-Mn, y sixocTi 6a30BOro CIuiaBy Juisi NMPOBEAEHHsS NOCIIDKEHb 3 BH3HAYCHHS
MaTepiaiiB, 34aTHMX BHKOPUCTOBYBAaTHCS JUlsi 30epiraHHs Ta TPaHCIOPTYBaHH:A
BOJHIO B 3B’A3aHOMY cTaHi, BuOpano inTepMmeranin TiMn, cknamy, SKdH
BIAMOBiZmAa€E HIKHIM Mexi o6nacTi IOMOTEHHOCTI I[BOrO iHTEpPMeTaligy 3
MaKCUMaJbHUM BMIiCTOM THTaHy. [IpoTe OiLibll AOpEYHHMM Yy JaHOMY BHIAJKY
6yJs10 6 cKopuCTaTUCA Jiarpamoro crady cucreMu Ti-Mn-H.

5. OCHOBHHM iHCTPYMEHTOM IOCIi[KeHHs (ha30BOro ckiaay CIUIaBiB €
PEHTTeHOCTPYKTYpHHM aHamis. Y poGOTi HaBeJeHO BEIUKY KIJIBKICTh
nudpakTorpam, ajge He BCi BOHM 3amoBinbHOI skocti. Ha puc. 3.5, 3.14, 3.19
nudpakTorpaMu, Ha SKUX He BCi JiHil iHTepdepenii po3mudposano. Ha neskux
nudpakTorpamax BifcyTHi mo3Hayku da3: OL[K-TBeproro po3uuny (puc. 3.3, 3.5,
3.9, 3.14, 3.19, 4.13), Ti(FeMn),H (puc. 4.28), Ti(FeMn), (puc. 4.23, 4.30),
0-TBEpPIOTro po3uuHy (puc.4.3), Ha SKi € MOCHIAaHHSA B TeKCTi abo y MiAmMCy mij
pucyHkoM. He 3po3yminuii 4acTo IMOBTOPIOBaHMHM BUpa3 «...BUSIBIEHO CIIiIH
rinpuny Ha ocHoBi OLIK-TBepmoro po3uuHy», MOCHJIAIOYUCH INpPH LBOMY Ha
nudpakTorpamy.

6. OpgHa 3 noka3oBuX 0a3 royoBHOI imei aucepTaiii HIOAO IiABHILEHHS
TIOTJIMHAHHS BOJHIO 32 PaXyHOK BBEJICHHS €JIEMEHTIB 3 BUCOKOIO CIOPIJHEHICTIO
IO BOJHIO 1 3IaTHICTIO 30iNblIyBaTH 00’€M eJleMEeHTapHOI KOMIpKU 1 pajiyc
TeTpaeIpUYHOro MiKBY3NIs ¢a3u JlaBeca IPYHTYEThCS Ha IOCITIDKEHHI 3MiHH
napaMeTpa KpUCTaliYHOI MPaTKH, SIKy BU3HAYaId 3 BUKOPUCTAHHSAM IIPOrPaMHOI0O
xkoMiuiekcy Rigaku, mo He 3a6e3mnedye JOCHTh BENHKOI TOYHICTH PO3PaxXyHKIB.
Jliss omep)kaHHS BHCOKOTOYMX MIaHHX IIOJO MapaMeTpiB IpaToK, SKi BKpai
HeoOXifHI B JaHOMYy BHIAAKy, Tpeba  3acTOCOBYBaTH IpELU3iiiHI MeTOaH
CTPYKTYPHOT'O aHali3y, siKi B poOOTi He 3aisHO.
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7. MIiKpocTpyKTypH, HaBeneHi Ha puc. 3.2, 4.2, 4.10, 4.17, 4.25
He3aO0BiIbHOI SAKOCTi, (a3M He MO3HAYeHo, a IX omuc B Tekcti (crop.135) He
Bianosisae 306paxenHam (puc. 4.2, 4.10). Tomy BH3MBae CyMHiB JOCTOBIPHICTB
iHbopMmalii 100 BENMYMHH IUIOIMH KOHKPETHMX (a3, BH3HAYCHHX 3
BHKOPHCTAHHAM Mporpamuoro 3abesnedenss Imagel (mus. crop.150).

8. BBezieHHs 10 CIUIaBYy €JIEMEHTIB 3 TEMIIEpaTypolO IJIaBJICHHS, BUIIOK 34
OCHOBHI KOMIIOHEHTH, 3MIHIOE TeMIlepaTypH MO4YaTKy IUIaBleHHs i (a3oBHX
MepeTBOPeHb, MPOTE €KCIePUMEHTAIbHE IiATBEP/DKEHHA IaHUMU TEPMI4HOrO
aHaJIi3y BIJICYTHE.

9. 3a pe3yspTaTaMK [OCIIKEHb HEe HaJaHO OCTATOYHMX BHUCHOBKIB IIOZIO
CKNaLy MaTepiamiB-aKyMyJATOpiB, sKi € HaiGiibll —IepCIeKTMBHUMHA 1
PEKOMEHIYIOTCS 10 BAKOPUCTAHHS.

10. YV TekcTi Auceprallii 3yCTpiUaroThCs OIKCKH, HEBIANO MOOYI0BaHI PEYeHHs,
pycH3MH. 30KpeMa, 3aMiCTh CIIOBOCTIONYYEHHs «4acTKa (asm» — «I0Jis aToMiBY.

PazoM 3 TuM, 3po6JieHi 3ayBa)KeHHsI He 3HIKYIOTh HayKOBOI Ta MPaKTUYHOL
IiHHOCTI JMcepTaniiiHoi po6otu. Ckopile BOHH € MobakaHHAMH 37100yBadesi
JUIs ypaxyBaHHs B OJAJIBIIIN HayKOBii poOoTi.

BucCHOBOK 110/10 BiAMOBiZHOCTI AMcepTaLil yCTAHOBJIEHHM BHMOIram

Jucepraniiina poGora Jlextapenka Bonomumupa AHaroniloBu4a, IO
MpejcTaBlieHa Ha 3100yTTS HayKOBOTO CTYIEHIO JOKTOpa TEXHIYHMX HayK, SIBIISE
co6or0 LiJicCHE Ta 3aBeplIEHE HAyKOBe JOCIiDKEHHs Ha TMpaBax pykomucy. Meta
Ta 3aBJaHHA pOOOTH € JOriyHUMH i oOrpyHToBaHUMH. CTpykTypa poOOTH
BiJNOBifae BHUMOraM JO JIOKTOPCHKMX nauceprtamiit. OpmepkaHi B aucepTanii
pe3ynbTaTH MalTh (yHJAMEHTAJIbHUN 1 NPUKIAJAHUNA XapakTep, IO I03BOJIUIO
BUDIIUMTH B@KIMBY HAYKOBO-TEXHIYHy TpoOieMy po3poOKH Martepiais-
aKyMyJISTOpiB BOJAHIO Ha 3acajiax BHUSBICHHX 3aKOHOMIpHOCTeH i MeXaHi3MiB
B3a€EMOJIii BOJHIO 3 0araTOKOMIIOHEHTHHMH CIUIaBaMH THTaHy Ha OCHOBI (a3
JlaBeca ta OL[T-TBepHOro po34uHy, BU3HAYEHUX KPUTEpiiB BUOOpPY JieryBallbHUX
€JIEMEHTIB, 3AaTHUX 301IbIIYBAaTH KUIBKICTh MOTJIMHYTOrO BOAHIO Ta IMOKPALYyBAaTH
KiHETUKYy  mpoueciB  copOuii-gecopbuii.  [ucepramis €  3aKiHYEHOIO
KBaTipiKaliiHOIO HAyKOBOIO pOOOTOIO i Ma€ BaXXJIMBE 3HAUEHHS Ui PO3BUTKY
BOAHEBOI €HEpPreTHKH YKpaiHH. 3a CBOEH aKTYalbHICTIO, HOBH3HOIO 1
IOCTOBIPHICTIO OTPMMaHHMX pe3yibTaTiB AucepraliiHa pobora [lextspenka B.A.
Bigmosizae BumoraM 1. 9, 10 «Ilopsaky mnpHCyIDKEHHS HayKOBHX CTYIIEHIB i
MPUCBOEHHS  BYEHOTO  3BaHHA  CTApPUIIOr0  HAYKOBOTO  CIHIBPOOITHHKA»,
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3arBepmxeroro [locranoBoro KabGinery MinictpiB Ykpainu Bixg 24.07.2013 p.
Ne 567 3i 3miHamu, a ii aBTOp 3aCIyroBy€ MPUCYIKEHHS IOMy HAyKOBOI'O CTYIICHS
JOKTOpa TeXHIYHMX Hayk 3a cneuiampHicTio 05.16.01 — Merano3HaBcTBO Ta
TepMiuyHa 00pobka MeTaiB.

OdiuiifHuit OMIOHEHT, 3aBiyI04a BiIilIOM

Di3UKO-TEXHOJIOTIYHOTO 1HCTHTYTY

MmetaniB Ta cruiaBiB HAH Vkpainuy,

IOKTOp TEXHIYHUX HayK, C.H.C.,

3acioyKeHUH Misi4 HAyKH 1 TEXHIKA -

Ykpainu A.T'. Ilpurynosa

Ilionuc o.m.n., c.H.c. A.I'. [Ipueynoeoi 3aceiouyro.

Buennii cekperap
TEXHOJIOTIYHOT'O 1HCTHUTYTY

ta crutaBiB HAH Vkpainy, B.JI. Jlaxaenko




