
BrAryK
o$iuifiuoro oroHeHra Ha Auceprallifiuy po6ory OpraruHua l{. B.

<OasoBi i crpyxrypHi neperBopeHHq rrpu aKTr4BoBaHoMy BoAHeM cuHresi curanie

Ha ocHoBi qrapxouiro), IroAauoi ua:4o6yrrx HayKoBoro cry[eHs AoKTopa

Siloco$ii sa cneqialrsicto 105 - Ilpraxna4na $i:r,ma ra HaHoMarepiann

(Ilprapoanuui Hayr<n)

LJnpronifi ra fioro crrJraBrr, 3aBA{Kr4'yuiranruoMy KoMrlneKcy sracrl4rocreil

e ocHoBHr4M KoHcrpyKrtifiuuu nrarepianoM aKTHBHI{x 3oH aroMHI,Ix pearropin.

Csiroea [paKTr4Ka noKa3a-[a, u]o saNaiHa ur4pKoniro s {AepHHx peaKTopax iHruurrau

MeraJIaMr4 3apa3 rexHi.rHo ra eKoHonai.rHo HeMoxJIlIBa. Taxox 3aBAqKI4 cBoifi

ancorifi crifirocri rporu r<opo:ii crrJraBu Ha ocHoei qrapxouiro 3HaxoALIrb

3acrocyBaHHfl B o6lacrxx, He roB'f3aHr,Ix 3 flAepHoro eHeprerl4Kolo, Ha[pHKnaA, B

vreAuurani. IliAeuqeuHs eKcnnyaraqifinrax BJracruBocrefi cnranin Ha ocuoni

qraproHiro 3a paxyHoK neryBaHH{ oJroBorra ra nio6ieu, mupoKo BuKopl4croByerbcfl

3apa3 rrpn Bt4po6unurni flAepHr4x vrarepianiB, a crrJrarin, reroBaHl4x rHTaI{oM Ta

uio6ieu, Br4Kopr4croByerbcq rrpr4 suroroereuHi uarepiarin, 6iocyuicnrax i:
opraui:uou nloArrHr4. I-{e rig6ynaerrcx roMy, tuo 3a paxyHoK BiAnosiAHoro

neryBaHH{ Ta repMo-Mexaui.rHoi o6po6qi y rlr4x cnJlaBax MoxHa crBopHTI4

neo6xiguy crpyKTypy is KoMrrneKcoM BJracraBocrefi, qxi sa6e:ueqarr neBHe

Br4Kopr4cr atufl, unx Marepi anin.

TpaarauifrHo, orpr4MaHH.s neo6xiAsr4x crpyKrypHlrx crauin s siAuosiAHr4M

KoMnJreKconr Sisraxo-ruexasir{Hux BJracrr4Bocrefi 4auIax rraarepiarin Aocqraerbcfl 3a

AonoMororo cKnaAHlrx i eucoronapricuux rexHororifi BaKyyMHoro rvt'tfl Ta

repMoMexani.{uoi o6po6xra :runrin, uro 3HarrHo niAnuuye co6irapricrr rinqenoro

rpoAyKry. tI, npo6nenra BrrMarae po:po6xz HoBr4x NteroAis BrrroroBJIeHHq

cnlanin Ha ocHoBi rrupxouiro eiAHocr{o [pocrr4Mr4 TexHorori.{Hraura niAxo AaM:a.

llepcrexurBHr4M rrrJrrxoM 4n.u rr,rpirueHHr Aanoi upoSreuu e BI4KopucraHH,

nopo[rKoBux ueroAin BHroroBJreHH.f, curanin 3 Br4Kopr4craHH-flM rigpra4y

qrapxoniro a sKocri ruxi4uoro ropoxrKy. flopourronufi MeroA cr4HTe3y Ao3Bonfl€

KoHrponroBaru po:rraip 3epeH, yHHKarr4 cerperaqil ereueurin, [oKpaIrIyBarI4

o4nopiguicrr crpyKrypr4 ra 3HH3r4rH co6inapricrr, npo4yxuii. flopourxonrafi

MeroA Br{roroBJreHH{ qraprouieBux crrJraein raxox .(o3Bonfl€ perynroBaua o6'erra

nop B cHHTe3oBaHkrx cfrJraBax, ilIo, e oAuiei cropoHrr, Ao3Bonre uiAeLItIIHrIa



r'riqnicrr KoHgTpyKqifinrax cnranin, a, : iuruoi, 4o:nolfle o[TI4Ml3yBarH BenI4rIHHy

MoAynro I0nry ruarepiany. Torvry crBopeHH{ 6axasrax sasono-cTpyKrypHl{x

craHie ir rourpoJrboBaHuM sruicroNa nop B crIJIaBax qrapr<ouiro, QI'IHTe3oBaHr'Ix 3a

lopoIxKoBI4MI4 ni4xo.4auu, e BaxJIHBoIo HayKoBolo ra [paKTur{Horo 3aAaqerc'

flpore, oco6rusocri cus're3y rlllpKoHieeux curanis ra BTIJII4B BoAHro Ha rIpoUecLI

xiMi.{Hoi rouoreuisarlii Ta arrranauii cuirauus cucreM r{acrl4HoK Ha ocuoBi

nopolxKy ri4pIa4y qupxoniro, a raKox Sa:onrax reperBopeHb ra eBonloqii

vrixpocrpyKrypr{ niA qac sopnrynaHHf, cnrraeis He 6yno AerzlnbHo AocniANeno.

Touy Meroro Anceprauifiuoi poSorra Opraruraua A.B. e BcraHoBJIeHHfl

saxoHor\dipnocrefi $opnlynaHHfl crpyr<rypno-sa3oBllx c'rauis cnranis ua ocHoei

qHpxoniro npra ix c1aHresi s SararoxoMrIoHeHTHI4x cl4creM HaBoAHeHux nopourxin;

Br43HatreHH, $amopir i uexasisN{iB Bnnr,rBy Ha arrusaqirc cnixanus i

rouoreuiearlii Anf, orpvMaHHr o4lropi4HHx curasie Bl43Har{eHofo $a:onoro

cKnaAy i: KoHrponboBaHI4M sl\aicroN'I rop Ta Si:uxo-rraexasiqsuuu

xapaKTepl4 CTI4KaMH, .4OCTaTHilvua Ang npaKTHt{HOrO BI4KOpHCTaHH''

Po6o.ra Br,rKoHaHa B paMKaX TeMaTI4KI4 4epx6ro4xeTHl4x HayKoBo-

AocniAnux po6ir, xri $inaHcyB€Lnr4cr HAH Yrpainn i npoeogvltr4cfl' y siuairi

, Sisraxu rurirrnocri Ta ulacruqnocri HeroMoreHHI4x MerzuIeBI'Ix rr,rarepianin

Iucruryry nrerano$i 3krKt4iu. f .8. KyparovroBa HAH Yrpaiura z 2012 no 2021 pir'

flrzcepraqir crla4aerbcr si ncryny , Tt'rrv po:4inin, splcHoeriB Ta c[LIcKy

Br4Kopr4craH6x Axepen z 223 rocr4JraHb. O6cqr Al4ceprallii crnaAae 185 cropinox.

y ncryni Br,rKnaAeHo reMy, arryalrHicrr Ta HayKoBy HOBH3Hy

Ar4ceprallifinoi poSoru, a TaKox MeTy ra ocHoBHi aae4auuq AocliAxeHr'

y nepruovry por4ini HaneAeHo aHaJliru'a:auil orrtqA lirepaTypHklx AaHHx,

fipr4cBsr{eurafi icuyroqr4M crrJraBaM Ta nepc[eKTI4BHI4M KoMno3I4IriqNa Ha ocHosi

qr,rprouiro, MeroAaM ix o'rpuu aalfl ra $axr:opaM, IrIo Bl43Harralorb KoMrIJIexc ix

Si:raxo-rvrexaHi'Iuux xapaKTepl4crl4K.

IloKagauo, rrlo Br4Kopr4craHHr ri4pra4iB III,IpKoHiro ra ruraHy, flK craproBl4x

nopotxKoBr4x LIacrHHoK, e nepcneKTI4BHI4M AiIs cI4HTe3y cnnaeis Ha ocHosi uux

Meralis is Heo6xi4unv Sa:onu\a CKJIaAoM, n'rirpocrpyKTyporo ra KoMnJIeKCoM

si:rxo-uexaHi.{Hrax xapaKrepHcrr4K. flracepraurou apo6leuo BIIcHOBOK, IIIO

ycniruHe 3acrocyBaHH{ rigpu4noro ni4xoly BVMarae [poBeAeHHf

crrCreMaTH3oBaHI{x AocliAxeur Sa:ou'rx [eperBopeHb i eSex:rin, u1o ix

cy[poBoAxyloTb, a TaKox garoHoldipuocrefi eBonloqii cTpyKTypI4 IIppI



BaKyyMHoMy HarpiBaHHi rereporeHHux cyMilllefi, ulo Micrqrr piaui neryralrni

AoMiIIIKH
y apyroMy po3Ai.ni onucaHo MeroAr4Kr4 eKCrepHMeHTaJIbHI4x AOCnIAXeHb

Ta BI4KopHcraHi MaTepianra. Eyno BI4KopI'IcraHo uacrynHi MeToAI4 AocniAxeHb

BJracTI4BocTefi OAepxaHl,Ix o6'ex'ris: peHrreHiBcbKa 4z@paxqir, oIIrHrIHa Ta

pacrpoBa uirpocrouix, EDX aHilIi3, AI4JraTOMeTpif, rolIIO. BraropracTaHri4 B

poSori KoMrrJreKc M9TOAiB AOCniAXeHb e r(ocraTHiM AIL OTpI'IMaHHf, AOCTOBipHI4X

eKcrrepr4MeHTaJu,Hr4x AaHr4X, SXi niAnoeiAarorr rocTaBJIeHr{M B poSori 3aAarIaM'

v rperuoMy po3Ai.ni onracauo pe3ynbrarl,I AocniANeur eBonlouii $a:onoro

cKnaAy ra MiKpocrpyKrypr{ uiA .IaC CIIHTe3y HH3bKoJIeroBaHI4X cl-cnnaBiB Zr-1,5Sn

ra zr-lNb ig cyrvriruefi Ha ocHoBi riapraay III4pKoHiIo 3 AoAaBaHH.f,M qacrIIHoK

BilnosiAHHX MeTaJrin. IlorasaHo, ulo KoxeH 3 BKa3aHI4X neryBanbHlIx eJIeMeHTiB,

xri cyrreno ni4pisHflIoTbcf, Tor{KaMI'I IIJIaBJIeHHx, 4nQy:ifiHoro pyxnunicrlo Ta C[ i

B cra6ili3yloqolo Aiero Ha Kpllcraniuuy rparKy qraproHiro, BHocI4rb xapaxrepui

oco6nr,IBocri n rpoUec SopvryeaHHfl cllnasie AaHI4i\4 MeroAoM'

flracep.raHrovr 6yno rroKa3aHo, rqo oa3oBe nepeTBopeHHfl ri4pra4y ul4pKoHiro

B MeTaJr crBoproe rIr4pKOHieBy MaTpHIITO 3 BeJII4KOTO rilrricrro 4esexrin, uo

. aKrr,rBye ii peaxqilo 3 pi,qKHM oJIoBOM, yTBoplorcr{I4 rBepAi iurepr'reraniAl4 Ha

rrpoMixHr4x craAiax xiuiqnoi rouoreHi3auii. floxa:auo, rIIo npl4 HafpieaHui Ao

reMreparyp icuynawux B-Zr 4ra$y:ir, aKrlIBoBaHa Sa3oBI4M neperBopeHHf,M ZtH2

B MeraJr, [pr4cKoproe rrpouecz xirvri.rHoi rouoresisauii is urnra.4rl4M po3trI4HeHHflM

iHrepueraniAuux 0* i QopnaynaHHflM o4nopi4Horo rBepAoro po3r{r'rHy Zr-Sn ra

KOHCOniAauii qacrvHoK i3 yrBopeHH.sM MacI4BHOro crnaBy.

EynO IIOKa3aHo, trIO IIIJIflXOM 3MeH[IeHHq 3arartbHoi [opl4CroCri C[naBy e

niAerau{eHH{ Ar4crepcHocri nuxi4urax qacrl4HoK sn i ix pinuouipHl4fi po3noAin n

r'ra'rpraqi Zr.Ife cflpr4.f,no g6ilrureuHlo rIIaToMoi unorqi rloBepxHi yrBopeHl4x rlop,

ix xparqoMy 3aniKoByBaHHro i Aogsorzno Aocflrru rycrtlHrl clJIaBy 6,37 rlcw3

(g7,3oh ri4 reoperl,IilHoro 3HarIeHHr).

IloKasauo, UIo BI4KopI,IcTaHHq rlopolxKoBoro ri4pu4y IlI4pKoHi[o 3a6e3[e'{ye

AOCr4rb JrerKe AOCqTHeHH' Manoropl4cTl,Ix CraHiB y CIInaBax Zr-1Nb (rywuua99o/o

ni4 reoperHr{Horo 3HarreHHfl), a onrurvrisallierc poauipin qacrl4HoK, TepMir{Hux ra

qacoBr4x rlapaMerpiB cI4HTe3y, AocqrHyTo AocrarHboi oAHopiAHocTi

cQoprvronaHoro TBepAoro po3r{I4Hy. OAnax, Syno BI43HarleHo, II{o xil'liqua i

crpyKrypHa oAHopiluictr crnaBy Moxe Syrlu AocfrHyra JII4rIe rpl4 rpoBeAeHHi



cr,rHre3y npu reMfleparypax, cyrreBo BI4IIII4X 3a 1000oC, qepe3 HI'I3bKy IxBI4AKicrb

au$y:ifiHoro po3r{HHeHHq qacruHoK nio6iro B UllpKoHiesifi urarpuqi'

Bnnpo6yBaHHq Ha po3TflI cnlasie s ourlaN{i3oBaHolo naixpoCrpyKrypo}o

(vriuirvri:oBaHllM el\aicroN,I rop ra IIoBHolo vrirpocrpyKrypHolo o4nopi4Hicto)

noKa3aJII{, IIIo ix II0Ka3HIIKI4 uiUnocri i ulacrur{HocTi e [OpiBHsHuMI4 is

siAnOniAHI4i\4I4 1IOKa3HI4KaMV IILI1 MaTepialiB, OTpI4MaHI4x 3a cTaHAapTHI4MI4

rexHoJlorisuu: Anq cl,lHre3oBaHoro cIInaBy Zr-1,5Sn AocflrHyTo Mexi vriUuocri

561 MIIa, upH Br4AoBxeHHi 12-1306, Anf, cnnaBy zr-lNb - 605 MfIa' l4-lgoh

eiAuoeiAHo.

y qerBeproMy posqiri 6yno ,4ooniAxeHo ocHoBHi saxoHol\aipHocri

QopuynaHHf, crpyKTypHo-Oa3oBr,rx craHis rrpr4 cllHTegi sucoroJreroBaHux culanis

cprcreMr4 Zr-Ti-Nb, Ha nplrKnagi 4rox KoMro3HIIrfr.59Zr-19Ti-22Nb ru352r-39Ti-

26Nb (vac.o/o). Eylo BcraHoBJreHO, I]Io npl4 BllKopucranni n qxocri craproBl4x

uarepianie cyvriru ert qacruuox ztH2+TiH2+Nb czneprerl,Ir{Ha Ais AsOx ri4pra4in

(Zr iTi)sa6esue.rye aKrrrBoBaHe SopuynaHH{ rI4raH-IIHpKoHieeoi rvrar:puqi qe nil

qac HarpieaHHq ra Aecop6qii eoaHrc, B rofi qac xx pinnorraipnrafi po:no4in n

vrarpuqi uio6irc BI4Marae rpI4BaJII4x (3-4 ro4raH) uarpuMoK rpu reMlleparypax

1250-1350"C. 6yno c$opvroeaHo oAHopiaui reepli po3qHHI4, ulo Marorb 3aAaHy

o4nooa:uy B OUK crpyKrypy Zr.OAnax BenI4r{I4Hy ocraror{Hol ropl4crocrl Ha

pirHi 6-ll% He BAaJlocr, 3HL13k1'tu slaiuorc uapavrerpin npoqecy cIIHTe3y'

,Il,o4arrOnuuu .4I4naToMeTpHr{HIlMI4 AocniAxeHHqMu i pospaxyHKaMl4 6yno

noKa3aHo, ulo s6i;trureuHg o6',errluoi qacTKI4 IIyCTOT B CTIJIaBaX nos'q3aHe i:

KapAunanbHoro eiANaiuoro y "repnai.rHoi Aunarauii qacrzHoK nio6iro ra ri4prz4y

sio6iro (nesHauHe po3lxupeuna) ra ri4pngie Ti Ta Zr (cyrrene 3MeHIIIeHHfl

o5'ervry), tqo npIaBoAI4Tb Ao nopymeHH.fl iurerpanruoi qilicsocri cnpeconaHoi

cr,rcreMl4 IIpH HafpieaHui.

34oSynauevr :po6neno Br4cHoBoK, rIIo uoresuifiuuru IrrJIf,xoM 3HHxeHHq

o6'euuoi qacTKr4 IIOp e BT4KOpVCTAHHL y cTapToBI4X CyVriurax BI4KJI]OqHO

HaBOAHeHr,rx [opouKoBt4x rracrr4HoK, a CaMe BBeAeHHfl nio6iro y cyuirui y nrarnr4i

qacrr4HoK HaBoAHeHux niraryp Zr-Nb ra Ti-Nb, rxi AeMoHcrpylorb noAi6nicrr

o5'euuux e$exrir uiA qac 4ecop6uii s uI'Ix BoAHro'

Eyno noKa3aHo, uo HaBOAHeHi nirarypra rpu uarpinauni ua craaii

4ecop6qii : HHx BoAHIo rporBnflIorb o6'euui eSexrz, noli6si Ao riApn4ie

qrapxoHiro i rHrauy, ilIo crprs€ :6epexeuuro iHrerpanrHoi Uinicnocri



c[pecoBaHyx cucreM i cyrresifi axrusauii ix yca4rra, a orxe, 3MeHrueHuro o6'euy

nop uix qacruHKaMu, y nopinHxHni g euuaAKoM, Konu BI4KopI4craHo noporuxosufi

nio6ifi. Tarox BrrKoprrcraHHq niraryp sa6esue.rye crBopeuuq 6imu pienouipurax

4u@yaifiHrax noroKiB trpr4 po3BrrrKy xiMi.{Hoi ronlorenieaqii, Iqo npl4cKoplo€

AocqrHeHHq uirpocrpyr<rypHoi oAuopirurocri ra 3Hl{xye neraflaeHl4fi npoflB

e$exry (Dpenrela.

CrrlaeT, cfirrrcsoBarri Opurrtm,leu /l.tl. 3a IIoBoro lextloloricto

:a6e:rre.lylorF, 3MCr{uteHI{q nopt4c1oc1i y 3 pa:u (7io 1-2o ), uo IlpuBoll}'Ilb /Io

3poc'faHllq llert4LIHHtl ntit(llocri ua 25-30% 'ra Bu/IoBxeHH, sa60-10o/o.

Opulrglueu /1.8. raKox 6yrro po:po6-ueuo lsoclalifirry Me'roltl4Ky

nepepo6nu Zr-'l'i-Nb ctt.lrasiB i: rresallol]irbtIeIIHMH B,'Iacl'HBocrrMra (atlcoxa

nopucric'rb, rreorlropiltrrui.r po:nolilr xinai.{ruax cler,lcu'ris, r'ott1o). IIs ve'roituxa

rroJrrr-ac y rroB'ropsoMy rrarro4rre tttti IlopHC'rHx tteo,luopiiIIILIx ctt.ltaeiR lxi,

3aRAqKH oKpr4xLrerrHrc npr4 lracr{qeHlli no/Inev. JIeI'Ko IIepeBorrlbc, y HaeoAHeHIail

,,reronaHHu loporrroK gaAarroi /lr4crlepcItoc't'i, ItpH AHCneprysassi ,IKoro,

o/Igorracrro ei;t6ynae'rscr xaorr4LIIre nepct'lirrryBaIIIIfl froro Llacrl4IIoK. llc

:a6e:rrc.lyc nHpigruoBalrlrfl KorrrlcrllpalliT JICI-vrla-IIF,tIHX cJICMeu'rig n cuclevi la,

siltrrosilrro. 5i.;rsrrr pintronriprri ,ta$y:il.itti uoloxu IIpH IIoB'ropliovy cunre:i.

y 1'Rronry po:ailri 6ylo AoclriANetro BtIJIHIt rapruoi 'ra xo:roAHoi

ДeфOpMaЦ iЙ  Ha eBoЛ Ю ЦlIO MlKpOcTpyК TypИ  Ta xapaК TepИ cTИ KИ  β CΠЛaBiB

cr.rcreMg Zr-Ti-Nb. lloxaaano, rro xonoAHa .qe$opN,Iaqia rpoKaryBaHHf,M He

:a6esneuye cyrr€Boro Bnnr4By Ha uixpocrpyKTypy ct4Hre3oBaHl4x P cnraeie

cr{creM6 Zr-Ti-Nb ro npu.ruui ix nepeAqacHoro pyfinyeanna nuacli4ox

HeraTVBHoro BrrnkrBy 3anr4rxKoBrrx [op flK KoHlleHTparopie HanpyxeHr. 3 inuroro

6oxy, MeroAaMr4 rapf,r{oro npecyBaHnr 6yno AocqrHyro npaKTV'IHo 6esnopl4crl4x

crasin cnraeie 59Zr-l9Ti-22Nb ra 35Zt-40Ti-25Nb, uo Ao3Bonuno cyrreBo

niA3raul6'u4 KoMrrJrexc ix rraexaniqru4x xapaKTepl4cruK. 3orpenaa rnepAicrr 3pocna

: 1 59- 1 85 HV rc 291-298 HV, ruiunicrr - ao 945 MlIa, oAHoqacHo MoAynb lOnra

niAeruuscs s 55 fIIa ao 6l-72 fIIa.
34o6ynauenr 6yno rroKa3aHo, fro3aruBHrafr enrlaB Ha yrBopeHHq Heo6xiAuIax

crpyKrypuo-Sa:onux craHie curaeie Zr-Ti-Nb, iuteucrlBHoi aeSoprvraqii

rpyriHurna nil Br4coKr4M rlrcKoM, fl:rra Ha ri4uiuy nie ae$opnaauii eoro'{inHsM He

rrpr4BoAlrrb Ao yrBopeHHf, co Sasu, xxa ni4erlqye MoAynb npyxuocri rraarepiany,

Π pИ iHTeHcИ BHoT ДёфopMaЦ iI KpyTiHHЯ M ΠiД BИcoKИM TИCKOM 3a6e3ΠeЧycTЬ cЯ



$opuynaHH, rpaKrr4r{Ho 6e:nopucrr4x craHin, eSexrHBHe noapi6ueHHfl 3epeH Ao

200-500 HaHoMerpis :ra uiAsuqeHHfl rBepAocri a 150-200 HV r cI4Hre3oBaHoMy

craui ao 300-350 HV nicrq 4eSopnrallifiHoi o6po6xH.

Hanpuxiuqi opuriuanbHrzx pos4inin aBrop Hasie 6 eucuorrir, qxi

nigo6paxarorb yci uafi6inrur earoNri pe3ynbrarl4 po6orra ra c@optrynloBaB

noJroxeHux, xxi Bl43Harlarcm if nayroBy HoBI43Hy:

1. BcraHoereHo 3araJnui :axououipnocri Sasonux neperBopeHb ra SoprvrynaHHr

wrixpocrpyKrypu cnraeiB cprcreM Zr-Sn, Zr-Nb, Zr-Ti-Nb npu ix cuHre:i is

rereporeHuzx cyuiruefi ua ocHoni ri4pra4y qlapxoniro. BcrauoBJIeHo BIIJII4B

qacTr4HoK, IIIo irlicrqrr leryealrui eJIeMeHTI4 (S.t, Nb, Ti), Ha npouecll

$oplrynaHHfl MacvBHr4x xir,tiquo i rtaixpocrpyKrypHo o4nopi4ul4x ul4pKoHiesux

curanis.

2. Ha npraxlaAi cltHre3y crnauy Zr-l,5Sn uora3aHo, Iqo SopNayBaHH{ pi4xoi

S*, cr-c'ra6ili3aropa oJroBa B npoqeci cI4HTe3y e TTI4HHHKoM yrBopeHHq

AoAarKoBr{x [op, rrpn AucneprysaHHi craproBux r{acrl4HoK oJIoBa 6ilrrua

rrr4roMa noBepxH.rr nop, yrBopeHr4x Ha uicqi piaxoi buzr, crpuqe ix rparqovry

sa,rironynaHHro. Ilpra 4ogasauHi B-cra6ini3aropa uio6iro cl4Hre3 ni46ynaerrcr

noeHicto rnep4oQa:uurur rrrJrrxoM, €ue npo6leunrau MoMeHToM e HI,I3bKa

urera4ricrn 4raSysifiuoro po3r{krHeHH{ B qrapxouii qacruHoK nio6iro, uo
BrrMarae reMneparyp craHre3y He Huxcqe 1200"C AJtfl locflrHeHH.rl xiuiqsoi

o4uopi4uocri curanis Zr-Nb.

3. flpu cusre:i BucoKoneroBaHrrx B curaBie cI4creMI4 Zr-Ti-Nb 6yno

BcraHoBJreHo, rqo npucyrnic:rr sua.ruoi r<inrrocri qacruHoK Hio6iro B

noporrrKonifr cucrenai cnpr,rukrHfle niAeurueHnil sNlicr nop B riHrlesux ctIJIaBax.

B ocuoni AaHoro {Br4rua e ueni4noniAnicrr o6'eusux eSexrin rurix

rracrr4HKavrra nio6iro ra r{acrr4HKaMl4 rigpla4in ZrH2 i TiH2 sa craAii aecop6uii

BoAHro : o6ox ri4plr4in, uo BeAe Ao [opyueHHf, iurerpalrsocri cupeconauoi

cr4creMr4 r{acrr{Hox, Ta rroAaJrbrxoMy upoani e0exry @penxenfl {rpkt po3B}ITKy

azsy:ifi Ho-KoHrpomosaHoi xinriqnoi rouoresieauii cI4creMV.

4. BcraHosreHo, ulo ruJrflxoM 3Hr,rxeHHq nopucrocri eucoKoileroBanrax B cnrasin

clrcreMr4 Zr-Ti-Nb e Br4Kopr4craHHr rereporeHulax cynriutefi, ulo cKnaAarorbcfl

BlrKJuor{Ho 3 HaBoAHeHr4x nopourxin, 3oKpeMa , ilpv ene4euui uio6iro y nrarna4i

r{acrr4HoK HaBoAHeHrax riraryp cr4creM Zr-Nb ra Ti-Nb. OAsaxona none4iuxa

HaBoAHeHr4x rracrr,rHoK npr4 ix xoiunarrynaHui ra uoAi6ni o5'ervrui e$exru uig
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qac BaKyyMHoro HarpiBaHH-f, Ha craAii Aecop6qii soAHro sa6e:ue.{ylorb

:6epeNeuur iurerpalruocri cr4creMr4 qacrrrHoK Ta 3Hllxeus.s o6'eruHoi.Iacrru

[op, tuo cyrreBo ni4nurqye iraexaHi.rui nracuasocri cHHre3oBaHI4x cnraein.

I\trs AocflrHeHH-s uosHicrrc oAnopiAHr4x crpyKrypHl4x crauin is HI43bKoro

o6'etrsorc qacrKoro nop [pH nuropucrauHi neryBaJIbHI,Ix eleueH:rin, uo
xapaKTepu3ylorbcq HI,I3bKoro tusu4ricrro 4HSy:ifiuoro po3qI4HeHH, B

qupr<ouienifi ruarpuqi, a6o npu HeMoxJrr{socri BI4KopI4craHH.rI AocrarHbo

Ar4cnepcHr4x qacrr4HoK, 3arrponoHoBaHa AnoxcraAifiua cxeMa cI,IHTe3y 3

Blrxopr4craHH.rrM Tr4Mr{acoBoro neryBaHHf, rrarepiary BoAHeM, xxa :a6eg[eqye

orprrMaHHfl crpyroypHr4x crasin s 6axaHoro o4Hopi4uic'rro ra Bl4coKoro

ai4uocuoro rycrr4Hoto.

IloxasaHo, rqo B yMoBax po3BHrKy Ko€Lnecqeuqii nop ua SiHanrnifi craaii

cr4HTe3y, orpkTMarr4 npaKTr,rqHo 6eanopucri crauu cI,IHTe3oBaHrIx cnraein Ha

ocuoni qupxoniro MoxHa, 3acrocoByroql4 AoAarKoBe xonoAHe ra raprqe

ae$opuyBaHHr, LIIo e eSexu4BHHM MeroAoM Anfl Nlo4ra$irauii ix

u i xpocrpyKrypu ra niAnrauleHH.s Ir,rexaniqul4x xapaKrepl4crl4K.

[paxruuHe 3HaqeHHfl orpuMaHlrx pesynrrarin.

1. Pospo6neHo pexuMrr ra Brr3Har{eHo rexHoJlori.IHi lapaMerpl4 cI4HTe3y 3

6araroxoMrroHeHTHrrx cr4creM HaBoAHeHrrx noporuxin HH3bKoneroBaHI4x cL-

qupxouierux cn;ranin, uo BI4KoppIcroBylorbcrl B a4epuifr eHepreruqi, Ta

Br4coKoJreroBaHr4x B cnnanie crrcreMlz Zr-Ti-Nb 3 HI43bKaM MoAyneu lOura 4lx
MeAr,rr{Horo BHKopHcTaHHfl .

2. BcranoBreno uexaui:l,ru perynroBaHHf, riuuenoi uopncrocri B

cr4HTe3oBat:zx crrJraBax cucreMr4 Zr-Ti-Nb, lr1o sa6esneqye orpl4MauHfi. 6axanux

crpyKTypHr4x craHir is peryJrEoBaHoro o6'euuoro qacrKolo ra po:naipaMl4 rlop, Ta,

siAnosiAHo, KoMrrJreKcoM Sisr,rr<o-uexauiqsux xapaKTepncruK, B 3aJlexHocri siA

yMoB Ta Br4Mor Ao ix [paxTl4r{Horo BI,IKopI4craHHs.

3. 3rilno Bn3HarreHr4x orrrr,rMisoeaHtax napaMerpin orpralaaHo Hrr3bxolerorani

o-crrJraBr4 Ta Br4coKoJreroeaui B-cnnanrz Ha ocuosi qnpxouiro s iuexaHirIHI4MH

xapaKrepr.tc"tvrKaMlvI. AocTaTuivrra D,nf ix upaxrzuHoi excnnyaraqii B xgepHifi

eHeprervui ra e N{eAzIIuui.

fiocronipHicrr HayKo Brrx rloJrozmeH b, BlrcHonrcip ra peKoMeulaqifi .

flocronipuicrr eKcnepuMeHraJrbHr4x pe:ynrrarin Bl43Harlaerbcfl

Br4Kopr4craHHf,M cyqacHrlx 4o6pe eiAoNarax crpyKrypHl4x MeroAin AocniAxeur:

6.



peHTreHiBcbKoro aHani3y; MeroAaMrr onrr4r{Hoi Ta cKaHy}oqoi enexrpouuoi

nrirpocrouii s EDX auarisoNr. BzuiproBaHH.f, po:uipir qacruHoK elrxi4uax

uopoumin sAificHrosEurocr 3a .qonoMorolo cr4ToBoro auani:y ra MeroAin na^:epuoi

guSparcqi\. [ls.qocliAxenns o6'eMHHx e$exrie niA qac crlHre3y BI4KopI{craHo

Br{coKoreMueparypHy Ar4naroMerpiro. iltrs oqinru $i:zxo-vrexaniqsux

xapaKTepurc'tvtK cr,rHTe3oBaHrrx rr,rarepianis eusua.{alu ix rycrl,IHy ri4pocrarurrHl4M

cnoco6ou, nuuiproBarrtl MoAynb lOura Mero.qoM pe3oHaHcHl4x KoJII4BaHb, a raKox

npoBoAr4nz anupo6yBaHHf, Ha rBep,qicm :a BirrepcoM Ta po3Tf,r npu riuuaurifi

revrueparypi. HaeeAeHi B Ar4ceprarlifiHifi po6ori pe3ynbrarl4 y3roAxylorbcfl 3

i c uyro.runrr4 rroJr o xeHHf, Mr4 S i suxu rr4 erari e ra nirep aryp HuMlzl l.aHlanr,r4.

Oco6ucrufi sHecor r4o6ynaua.

OcnoeHi eKcnepr4Menralrsi 4ani 4anoi po6orz 6yno orprlMaHo :4o6ynaueu

oco6ucro a6o za 6esuocepeAuroi fioro yuacri. 3orpeua, HI4M npoBeAeHo: aHaris

lireparyp:nux AaH:ax, pospo6Ky MeroAr4Kr{ npoBeAeHH.rI eKcrIeprIMeHTy, ui4roronry

eKcnepr4MeHrturbHrrx spasrir, .qr4JraroMerpuuHi 4ocri4xennx, MeraJrolpaQivui

AocliAxeHHtr, Br4Miprcnauru MoAynf, lOura ra rBepAocri cuure3oBaHax cnraeie.

Aupo6aqin pe:y.rrr,rarir 4Lrcepraqii

3a pesynrraraMu AocniAxenux ouy6riroBauo 13 uayr<oBzx rpalIb, y roMy

.rracri 7 crarefi y HayKoBnx Saxonrlx BzraaHnrx (s :e,ux 4 crari y BWAaHHf,x

inoseN{Hux AepxaB, 3 y B:apLa:a:uflx Yxpaiuz, BKJI}orIeHI{x Ao Iuixuapo4HI,tx

HayKoMerpurrHrrx 6az),6 res AonosiAefi n a6iprax uarepianin r<on$epenqifi.

3aynaxceHHfl Ao snaicry ra reKcry Auceprallii.

Hegnaxaro.ru Ha cyKyrruicrr oprariHanbHr,rx i naxrlrel4x pe3ynuaris Ao

po6oru e ps4 3ayBaxeHr i uo6axaur.

Y 4racepraqifiHifi po6ori BKa3yerbcr, rrlo rpr4cKopeHH-s clzHre3y cnJIaBy Zr-

1.5Sn o6yuonneuo Aiero NaexaHisNay piaxo$a3Horo cuiKaHHs, oAHaK He

BKa3aHo ni ueroA BI,I3HaiIeHH.rI THny MexaHigNay, 3d .aKI4M ni4Synaerrcx

cr4HTe3, aui HaBeAeHo rI{[ uexani:vry, 3a flKLIM ni46yraerrcx cI4HTe3

sraxiAHoro nopolxKoBoro vrarepiany.

Atts ocraroqHoro nupiureuux nosurusuocri nosoi rexsonorii

Br,rroroBJreHH-fl cnraeis HaBeAeHI4x 3HarreHb uilluocri Ta rnep4ocri

He,qocTaTHbo, neoSxiAuo 6yno HaBecTZ TaKox lani tro qurniuuol,ty

つ
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HaBaHTaxeHHro. Bi4cyrui uoxz6ru nul,riproeaHHf, napavrerpin uiqsocri ra

rBepAocri. Hauprar rrag, Puc. 4.25, Puc. 4.6, T a6t. 3 . 1, 5. I .

3. Tepnriu <iurerpalrsicrr cr4creMr,r)> ue ni4nosiAae :uicry reKcry. Kpaule

6yno 6 <in'rerpiulbHa qinicnisrb cI4creMI4D.

4. flpu HaBeAeHr4x Macrxra6ax ilutaroMerpl4tlHl4x KplrBIax (Pzc. 4.12) BaxKo

zpo6nru BlrcHoBKr4 rrloAo o6'enanux eSerrin rpl{ HarpieaHHi nio6irc ra

HaBoAHeHoro nio6iro, xri e cyrreBo MeHIrII4Mrr ei4 o6'eunux e$exrie iH[rux

cKnaAoBHx nopolxKosoi cucreNal4.

5. Po6ora uic'rurr AeqKy rinrxicm neAonixin ra rIoMI{JIoK pe4axqifiHoro

xapaKrepy.

Ilpore, spo6neui 3ayBaxeHH{ He BrrJrr4Barorb Ha 3araJlbHy no3I,ITI{BHy

oqiHr<y po6oru Opnurnua [.B. Marepianra Aucepral{ifiuoi po6orz ni4o6paxeni y

upoeignvrx Saxoeux HayKoBlrx xypHanax i upofiuura anpo6aqilo Ha uixuapoguax

ra pecny6niKaHcbKr,rx xon$epeuqiax. flracepraqifiua po6ora rpeAcraBnq€

3aBeprxeHy raaniQiraqifiuy npaqrc n o6racri npl{KnaAHoi Si:raxra, flKa 6asyemcr

Ha BeJrr4Kouy o6'enri .qocronipnux eKc[epHMeHTaJIbHI,Ix naarepialir, orpHMaHI4x

:4o6yeaueu oco6ucro a6o 3a 6e:uocepeAuroi fioro yracri. Matepianu

Ar4ceprauiftuoi poSorra e HoBr4MH fi opuriuarrbtr4Mr4 ra nosHicuo niAuoeiAalorr

Br4MoraM Ao Aucepraqifi ua :4o6yrrf cryneH, AoKropa Sinoco$ii, a ii arrop

Opuurrau tr.B. 3acnyroBye Ha rrpr4cyAxeHHfl HayKoBoro cryneHr AoKropa

Qinoco$ii sa cueqialruicrro 105 rprrKnaAHa Qisur<a ra HaHoMarepianr.r

(npupo4nIa.ri nayxra).

Crapurufi nayronufi cninpo6iruax
niaainy Si:rauuoro uarepiano3HaBcrBa

floueqrxoro Sisuro-rexniquoro incrrlryry
iM.0.0.「 a」IKiHa HAH yKpaiiHИ ,
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