
BrAryK
o0iuiftHoro orIoHeHTa Ha Aucepraqiro Kosam.ryKa Iropx BaculroBr4qa

<<Honi riApllgu crabi"rri3oBanux inrepruera.rri.rHr{x crroJryK Ha oc11oni TuraHyo
I{uprcoHiro ra IaQHiro>>,

noAaHy na s4o6yrrfl HayKoBoro cryneH.f, KaH Au$ara xivri.{Hlrx HayK
si cneuiarrbHocri 02.00.01 - neopraHi.rHa xinai,fl

llpo6nen'ra rouryKy aJlbrepH aTuBHr4x rlrepeJr eueprii saJrr4ruaerbc.rr
HaA3Bnr{aftHo aKryanbHolo uorrpn re, Iqo 3a ocranni 4ecxrzpivu.rr B uboMy HarrprMKy
Aoc,flrlryro 3HaqHI4x ycnixin. Ocrinmu 3HaqHa qacrr4Ha uaup.aurin cyvacuoi
eHeprerLrKr4 uepe46arrae BI4KopI4cTaHH,t BoAHro ,aK erolorir{Ho rrrrcroro eHeproHocix,
HaA3BHrrafiuo BilKTIIIBI{M 3aBAaHHflM e yAocKoHirJreHHr ra [oilryK HSBHX e$-rrrauHr,rx
cIIcreM s6epiraHH-fl BoAHIo. Kpiu roro, AocnirxeHH.rr cKJraAHrrx Heoprani.rHgx cgcreM,
trIo cKJlaAarorbc-f, 3 KoMrloHeutin, cyrreBo ni4uiunux 3a cnoinau BJracrgBocTflMrr,
3aBlI(AI4 BI4KJII4KaIn niABHIrIeHy yBary cepeA HayKoBUin, ocrciJrbKr4 pe3ynbr urn raKux
AocniANeHb AaIoG 6arato uinuoi insopvrauii.rrK B SyngaMeHraJrbHoMy acuerri, rar i
3 ToqKH 3opy [paKTHtrHoro BIrKopI4craHHt. Tonry reMa Ar4cepraqifinoi po6orrz
KosalFryKa I.8., uo upl4cB.[rreHa AeraJrbHoMy 4ocni4xeHHro crpyKTypkr Ta
BJlacrl4Bocreft HoBI4x ri4pu4iB Ha ocHoei iHrepnaerari.rHrax c[onyK Trrrany, ur4pKoniro
Ta ra0Hiro, cralirisosaHnx KI4cHeM Ta iHruzuut p-eJreMeHTaMr4 , e, 6esnepeqHo,
aKTyaJrbHoro. llpo aKTyiurbnicrr po6orvr cai4.rzrr raKo)K rofi Sarr, trlo BoHa
BI4KolryBtLIIacb B paMKax qinoi HH3KI4 gepx6roA)KerHr4x reM, a raKox iH4rani4yiurbHoro
nniNnapoAHoro rpaHTy INTAS.

[racepranr rlocraBlrB co6i 3a MeTy cl4HTe3yBurv ra Bn3la.rrurpr Kpr,rcraJri.ryry
crpyKTypy HoBrrx ri4pl,rgin Ha ocHosi iurepnrerzuri.rHr,rx Qas Zr(Hf\MO", r-6as si
crpyKTyporo rl{ry H$MoaB ra ry-ba3 ai crpyxrypolo rrrrry Ti2Ni ra z'ncyBarvr BnJrkrB
JIefKI4x HeMeraJIeBHX arouir nrileuHt (O, S, N, Si) na crpyKTypy ra BoAeHbcop6qifiHi
BJlacrklBocri H0BI'IX ri4pz4nzx rraarepialin. I cnia 3asHaqvrrvr, 1110 BuKopr4craBrrrtr
KoMrrJIeKc cyqacHfix, qacTo ap6irpaNHLIX uero4in cI4HTe3y ra 4ocni4NeHH,rr
nrarepianin, nin ycuiuruo Bilopasc.f, ig ur{M 3aBAaHH.rrM.

B po6ori eneprue AocniAxeHo crpyKrypy ra BoAeHbcop6qifini xaparreprrcrrlK?r
clronyK Z4MO* (M : Fe, Co Ta Ni) 3aJIe)KHo eia nnaicry Orcnreuy. Ha ocgosi
AeTIIJIbHHX crpyKrypHHx 4ocli.4NeHr BH-tBJIeHo uepepo3uoAin aronais Orczreny B
npoqeci HaBoAHroBaHH{ 3 oKTaeApI4tIHI4x B TerpaeApr4rrHi nycror u raix noeepHeHHfl y
ezxigHi rIoJIo)KeHHt uicrs repMorecop6ii BorHro. Ksagroeo-xiMi.r HvrMr4
po3paxyHKaMH rloKa3aHo, Iqo srireHH.r Oxcureny a6o Hirporeny rprr3BoAkrrb Ao
3HI'IXeHH-fl eHeprii yrnopeHH,a ra cra6inigaUii cronyK Zr3NiO ra Zr3NiN, ua uilcrani
rroro nepeg6ar{eHo Moxnl4Bicrr yrBopeHnx cy6nirpragin Zr3Ni(Co)N.

CunresoBaHo Hoei 4efirepu4r.r ZreYaSD-y ra HfeMoaSiD15.7 si crpyKryporc
rl4ry H$MoaB, o raKox BcraHoBJIeHo icHynauH.tr HerrepepBHoro rBepAoro po:vuny si
crpyKTyporc rr4ny Ti2Ni B cncreui TiaFe2ox - zraFe2C'*. MeroAaun
peHrreHocrpyKrypHoro aHanisy ra nefirponorpafii Br,r3HarreHo crpyKTypy no4nenoi
ui4rpaffiu nr'r6paHl{x Aeftrepra gin (Ti,Zr)aFe2O*Dr, 3oKpeMa rroKa3aHo BrrJrr4B Oncurreny
ra saN'IiueHH.fl Ti ua Zt na crpyKrypy rapo3rroAin fi4poreHy B rycrorax. Ha upnrnali
TiaFe2Ox Blreplue BcraHoBJIeHo 3aJle)KHicrr cxzruuocri Ao Ar4clponopqiogyBaHH.r{
TaKOfO Tvrny crroJryK niA nnricry wa'inisyrouofo eJreMeHry.



llparuzqHe 3HaqeHrul orep)KaHr,rx pe3yJrbrarie noJrrrae y roMy, ruo BoHr4
Mo)Kyrb 6yru BI4KopI,IcraHi ,aK 4oeigroskrir nnarepian 1rrfl cueqialicrin y ranysi
HeopraHi'rHoi xinaii, xinrii rBepAoro rina ra ri4purAHoro naarepiano3HaBcrna. Bi4paAHo,
trlo gHQpaKIIifiHi Ta crpyrrypHi xapaKrepvrcrvrKvr Hrr3Kr4 HoBr4x inrepnaerari.rHrax
crlonyK ra ix ri4pu4iB pKe rlolroBHvrru 6rey eraJloHHvrx 1anr4x MiNnapoAHoro rIeHTpy
4nSparcuifiurax AaHrrx ICDD.

[racepraqifina po6ora Koearu.ryKa I.B. Br4KJraAeHa Ha 173 cropinrax i
cKJlaAaeffics is Bcryrry, 4-x poslinis, BI4cHoBKin, cnucKy Br4Kopr4craHoi nireparyp n ra
AoAarxin.

y ncryni o6rpynroBaHo aKryaJrbuicrr po6oru, il 3s'fl3orc 3 HayKoBraMpr
rlporpaMaMvl" ITJIaHaMI4 Ta reMaMIa, Blr3Harraerbc.fl MeTa ra 3aBAaHH.fl AocniANeHH.f,,
IroKa3aHa HayKoBa HoBI43Ha ra [paKTkrrrua qiHuicrr orpr,rMaHtrxpe3ynbraris.

B repruoMy por4i.rri ananisyrorbc,fl nireparypni Aaui crocoBHo $asonux
4iarpana no4nifiHl4x cl4crexn Ti-M, Zr-M ra Hf-M, Ae M-Fe, Co, Ni. llpuBoA,rrrbc.rr
crpyxrypHi xapaKTeptrcrr4Kr4 rloreHUifiHrax rorJruHa.ris BoAHro ua ocsoni vu}pautax
6iHapHIax iHrepvrerari'rHlax crIoJIyK Ta ix orccnreH-Molz$ircoeaHr4x 6opr. Koporyo
po3rJlflrryro Qisnro-xirvriqHi oco6lneocri npoqecin f[[P 1rrfl" Ila;,iLrrx Marepianin ra
MolKJII4Bicrs ix sacrocyBaHHfl flK rerepin ra aKyMyn,flropin BoAHro. Ha ocHoni ananisy
nireparypHl{x AaHHX c$opnryJlboBaHo ocnosHi saAa.ri AocniAxeHHfl.

flrc sayeelrceHHn do Llbo?o posdtny Mo)KHa ni4rrairrarn HH3bKy ,sricrr AerKr4x
inrocrpauifi, a TaKox( rleBrry xaorl,IrrHicrr y no4aui ge.rrKr4x cTpyKTypHkrx AaHr4x.
3or<pevra, He spo:ynrilo, is.sroi is rprox ry6lirauifrl24-26f nzxri noop.ur4Harkraroiuin
y crpyKrypi Ti2Ni, rpI4BeAeHi y ra6nuui 1.2 (c. 17).Hayiuto 6yno HaroJrouryBarrr, rllo
(An,[ cuonyxrt TiNi si crpyKTyporc CsCl orplrMaHo 4n$paruorpaMr{ 3 BucoKoto
posdinuHoto sdamuicmlo, pe3yJlbrarlr yroqHeHHf, fKr4x rrpelcrasneHi y ra6l. 112>>,

flKIrIo sci aroNlu y rJiir crpyKrypi suaxo4.rrbc.fl y SiricoBaHr{x uoszqixx. [ucepraHry
Bapro 6yno 6 yui$iKyBaru B)KHBaHH.n rl4x .IIa iHurux oAr{Hr4rls. Tar: y AerKHx l,ricqxx
Al{cepraUii sua'reHH,tl uixaroMHux eiAAanefi, pagiycin rycror, Torrlo rprrBoA flTbefl, y
HM, roAi .flK y iHruI,tx B A. [oai6He crocyerbc,fl i4 TeMrrep arypu, KoJrr4 aBrop
a6coruorHo 6escl4creMHo BHKopI{cToBye flK rpa4ycu I-{enrci,a, rar i Kenrsiuu, qacTo y
cyci4uix per{eHH{x rIpI4 onnci oAniei i riei N Sasonoi 4iarp aMkr (uanpuxla4, Ha c.
17-19 ra in.). Hassu xinai'rHl{x eJleMenris (arouin) unuryrucx isoai is rporrr4cHoi, a
inoai ig Naanoi nirepn.

y ApyroMy porgiri orll4cyerbc-t MeroruKa eKcrrepr4MeHry, 3oKpeMa rporle4ypr4
rlpl{roryBaHH.fl HouiHa;lruo qzcrlrx IMC ra ik cra6inisoBaHux $opr, cHHTe3y ix
ri4pn4in ra 4efirepu4in, AocniANeHH.rr ik crpyKrypHr4x ra BoreHb-cop6uifiHr{x
xapaKTepkIcrl{K. -flr rIo3I4TI4Buuit MoMeHT Tyr cni4 ni4:nauvrru BHKopncraHHt
uaficyuafiriruux rrnero4ie crpyr<rypnoi xapaKTeprE:aqii uarepialin, TaKrrx flK
nefirpouorpaSix ra guQpaKui,s clrHxporpoHHoro Br4rrpovril*os aH*fl.3 Br{Kopr4craHH.flM
yuir<anlHoro o6nagnaHH.a uponigur,rx enponefictrnx ocepe4rin <<large scale
facilities>.

OcHosHnfi pos4in po6oTvr - <<Pery.ubrarrr eKcrreplrMeHTy>>, Tyr HaBoArrbc.rr
pe3ynbrarl,I cI4HTe3y HOBHX rigpll4in cra6ini3oBaHnx crronyK Ha ocHosi Tr4Tarry,
qrapronirc Ta ra$uiro ra ixHi crpyr<rypHi [apaMerpv, ensHa.reHi MeroAaM]r
peHrreHocrpyKrypHoro ananisy ra uefirpouorpaQii. Ananisyemcr BrrJrHB K?rcHeBoro
uo4raSiKyBaHH.[ Ha crpyKrypy, BoAeHbcop6UifiHi ra Siszxo-xinri.rHi BJracrprBocri



clJIaBiB. BiapaaHo, Iqo 3a BI{KJIaAoM eKcrlepl4MeHTilrbHr{x pe3yJrbrarin, .f,K rrpaBprJro,
cni4ye ix o6roBopeHH,fl, BI4cHosxH is flKofo rracro BrlKopncroByrorbc.fi 11pu nocrauoeqi
3aBAaHb Anfl noIaJIbIrInx AocniANeHb. Pos4in go6pe inrccrposa1uir; rropflI is
siAnosiAHI4MI4 ra6rn'Iuvrwvr AaHuMu HaBoA.rrrbc,r Heo6xiruri rpa$iuni inrocrpaqii -
eKcrepl4ueHrzulrni Ta po3paxosaHi gla$parcrorpaMrr, rrpoexrlii Kprdcr€rJri.rHprx
crpyKTyp, rpvni ri4pynaHHf, ra Aecop6uii BoAHro, rolrlo.

V qerneproMy pos4ini ananisyrorbcr oco6rnsocri crpyKTypr.r ckrHre3oBaHr4x
ri4pz4iu IMC Ha ocHosi Ti, Zr i Hf ra Mo)KJIHBocri rpaKTr,rqHoro 3acrocyBaHHfl
cpIHTe3oBaHI4x ri4pnguux vrarepianin ,f,K rerepin, eJreKTpoAHrrx Lru
BoAeHbaKyMynrolorrl4x naarepianin. Easyoql4cb Ha reopeTnqHr4x pe3ynbrarax, Bflep111e
cl4Hre3oBaHo 4exilrxa cy6nirpulis Ha ocHosi Zr3Ni Ta Z4Co si crpyKryporc
BKJrroqeHH.rr Ao rrrry Re3B.

Olnar qefi pos4in .4uceprallii e 3HarrHoro naipolo orrrrcoBrzrr,r. Y HboMy 6paxye
uopinn-rJrbHl'Ix xapaKTepI4cTpIK Ta BJIacHe aHiur izy oco1nulocmeit ennuey p-ereMemnie
Ha cmQ6inisaryirc IMC ma tx eodeuuucop1qiitui anacmoreocmi, xoqa caMe raKy Ha3By
uae qefi pos4in.

B qinon'ry Ao gracepraqii Mo)KHa BIacrroBHTr4 rrle Ae,srci iurui 3ayBa)KeHH.rr ra
no6axaHHrr.

l. Anrop He po3DI flAae Mo)KJIIrBoro BrIJIr4By peamHoi crpyKryplr 3pa3KiB (po3MipiB
KprlcrtlJlirie, Al4crepurocri nopollrKy, uircpoHarrpy)KeHbe rorqo) Ha
BoAeHbcop6uifiHi xapaxrepl4crl4Kz MaTepianin, xoqa, ,flK npaBnJro, naix Hr4Mr{ icnye
ricHufi 38'.s3oK.

2. Ilina HIa3Ka 3ayBOKeHb crocyerbc,r oSopnnneHH.rr rpa6i.rHoro ra inuroro
ilrccrparlrBHoro naarepiany, .f,Ke BI4KoHaHo AocraTr HeA6ano. Tax, cepel pracynxin
TpanJl-flrorbc,s rpaQirz ssarari 6es uiAuncie (nosuavenr) Ao ocefi KoopAgnar (Puc.
l.I2' 1.I4, 3.9 Ta in.), a6o )K is Hffipo3yruirunaz (npzuaftnaHi Anfl onoHenra)
ilo3HaqeHH-flMlr. PeuTeHiscKa Ta HefirpoHua 4z@paxrorpaMrr, rrprdBelegi Ha
Przcyur<y 3.36a,6, nonain.sFri vricqsrvrn. Ha PncyHrax 3.5, 3.6, 3.35, 3.41,3.42 ra y
ui4uucax Ao HI4x He era3aHi 4onairuroni 0a:". Malrurorc 3.34 He eiAnosiaae
ni4nracy Ao Hboro, a so6paxeni eriucoiAz aroMHoro 3cyBy He niguonigarorb
rrucroBl'IM 3HarreHH.flM, HaBeAeHLIM y ra6nuqi 3.18. V rercri gncepraUii ni4cylre
fIocHJIaHH-fl ua Pnc. 3.14.I HaeuaKH, Ha c. 86 3raAyerbcfl rrpo st<uitctPuc. 1.2.2.d,
rIIo B3arani ni4cyruifi y Al4cepraqii. llo4i6ne crocyerbc.fl Ta6nr,rUi 1.2.L, nxa4ei.ri
3raAyerbc,fl y rercri Ha c. 84, 85 ronpr4 ii ni4cyrsicrr.

3. [ocraTb qacro n po6ori sycrpiqarorbc.fl HeBAarri QopvrynroBaHH.rr ra Br4pa3u, rari ax
<Crpyrrypu IMC . .. He 3a3Harorb 3HarrHnx nepe6ydoe uemaniqHux amouie...> (c.
24), <ircocalpnuHi IIeHrpIa) (c. 28), (rpr4 rrrcKy BoAHro rcinurca 6ap>> (c. 3Z),
<rilpu4 cKnaly Z4FeHs, nKUil. ue edanocfl poswuQpyeam?i' (c. 34), <<ue eidanoca
9cmaHoeumu (uz ne Brr,aBJIeHo?) naaruirue BroprIKyBaHH,rr> (c. 34), <<Qirccyeanu
posirpin:pasrin>(c.77),((...BfIJII4BKI4cHIoHailozocmpyKmypy...>
rolrlo. A .src sposyiraiTvr raKkrfi nacax Ha c. 59: <Posu4enileHH.r D2 nosuqii' ua D2
ma D5 nosur4it e qiil nycmomi pesynumamu nepeuiu4eHHfl cauo1noKysaHHn dnn qtm
amoaie))? I usarali, reKcr Al4cepraqii prcHie rynxryarlifinr,rnru, op$orpa6ivnvr6r4
noMr,rJrK aMkr Ta noMr4JrKaMrr ApyKy.



llpore cni4 3a3Harrl4Trr, ulo [pl4BeAeni saynilKeHH.rr ro Aprcepraqii He Marorb
TIpI4HIII{rIoBoro xapaKTepy i He BTIJII'IBaroTr Ha 3araJrbHe [o3r{TrrBHe BpDKeHH.f, eilpo6orz, flKa BI4KoHaHa Ha BI'IcoKoMy npoQecifiHonay pinni. {ocronipHicrn oAepxaHr4xpesyJlbraris Ta [paBHilrHicm spo6leuux sncHosris He Br4KJrprKae cynaninin.Pesylrraru [ucwTaqiftuoi po6orn ory6nircosaHi y aBropr4rerHr4x HayKoBrrx)KypHaJIax, a TaKo)K aupo6osaHi Ha qucreHHr{x HayKoBr,rx rcon6epeHrlisx.Anrope0epar Apreeprallii ra ory6nirosani po6orn nonuicto ni4o6paNarorb sNaicr
rl4ceprauii' B xo4i BITKoHaHH-f, Al4ceprallifiHoi po6orz Irop Bacu6oBrrq rpo.,rBr4s ce6e
'[K BAyM[twvrtfr" canaocrifirHvtit AocniAH]rK ra spinufi HayKoBerlb. llpo noro ezcoK'fi
Saxonwfi pinenr cni4'rnrb TaKox( s4o6yrr.a iu4nni4yilJrbHoro naixnapoAHoro rpaHTyINTAS y 2007-2008 p.

Ha nircrasi rraqeBllKJlaAeHoro BBDKaro, trIo 4ncepraqia Koea6.ryKa Irop.rBaculroBl{qa <Hosi rigpugu cra6inisoBaHrrx inrepnaerari.rHnx croJryK Ha ocsoniTurany, IluproHilo ra fa0niro> e 3aBeprxeHlrM HayKoBr{M 4ocni^NeHH,,rM i saaKTyaJlbttictto, HayKoBoro HoBI43Hoa, o6rpynrosaHicrrc i Aocronipnicrro orp'MaHrrxpe3ynbraris Ta mn6nHoro spo6leuux sacHoerde siAuoei rae BrrMoraM rrynxrir<llopx4Ky IIpI4 cyAx(eHH,lI HayKoBrIX cryueuiB), 3arBeppKeHoro rrocraHoBoro Ka6irreryMiuicrpia Ynpaiura m- 567 nia 24 rrr4trlfl 2013 poKy si s1,riuaN,ru, BHece HwMvr
IIocraHoBaMu Ka6iHery MiHicrpin VxpaiHz ivq 656 sia 19 cepnns2015 p., JVs 1159 eia30 rpyanx 2015 p' ra lvs 567 sia 27 tunus, 2016 p. uloAo KaHArrAarcbKkrx Ar.rcepra rJiir,
a iT anrop 3acJlyroBye rpHcyAlKeHH.a HayKoBoro crytreH,fl KaHAuAara xiui.r'Hx HayK 3acueqianrHicto 02.00.0 I - neopraHi.rHa xiMi.s.

r

O$iuif"ufi onoHeHr,

AoKrop xinai'rHnx HayK, npo$ecop,
upo@ecop xaseapu nauinuponignnxosoi eneKrponirz
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