
BTAIyK OOIIUfrHOTO OTTOHEHTA

Ha .ql4cepralliftHy po6ory @apmyuuoi lOnii Bir<mopieuu
<@asoBi pinnonaru, crpyKrypa i uacrueocri curasin cllcreM rurauy i

sanisa s d-NaerartaMu, p-eJIeMeHTaMu i P3M), UIo IIoAaHa na sgo6yrrr
HayKoBoro cryrleHt,{oKTopa xiNli.rHrlx HayK
sa cneqiamHicrro'02.00.04 - $isravHa xiMis.

Po:po6rca HoBrD( ra BAocKoHaJTeHIUI iuryro.rnx rexHoJlorifi qpyuryerbct Ha

pe3yJrbrarax Syn4arvreHTuurbHrrrx HayKoBltx 4ocni4Neut. 3na.IHa poJlb rrp]I IIboMy

HaJre)Kurb 4iarpanrarvr Sa:onrx pinnonar, lr1o tuicrsru B€DKJIIIBy ilr$opnaaqiro upo

xapaKTep nsae\aoAii rouuonenrin cI{creM}I Ta $a:oni reperBopeHHrl B

reM[eparypHo-KoHrleHrpaqifinorvry inrepnani. ,{iarpauu cralry e neo6xiAnoro

in$oprvrauifinoro ocHoBoro, f,Ky BrrKoplrcroBylorb uayronqi Ta rexHoJlorl{ rpn

porpo6ui HoBr,rx rnrarepialie ig saAaHHMu eKcruryaraqifisunru xapaKreprlcrl{KutMl{.

florpi6Ho siArairum, r{o rvrrar- e ocHoBoro 6aramox KoHcrpyKtliftruax ra

SynKrlioH€urbHrrrx rr,rarepialin. Xaporraiqni rnraubni cruanu ri4irpalorn uoruiury

poJrb y aepoKocMiunifi, asrolao6ire6y4innifi ra xirrai.rHifi rlpoMlIcJlosocri.

EararoroMnoHerrrHi crulanra Ha ouroni cI{creMI{ Ti-Sn Marorb [paKTI/ttIHe

3acrocyBaHHr y n<ocri rcicrxosrrx ilaruranrarin ra naarepialia sy6ru,rx KopoHoK.

Baxlme [paKrrlrqHe 3HarreHrur Murrorb Sasz faficnepa ra nalin-fafictepa y crlcreMil(

Ti-M-Sn, Ae M - Co, Ni, Fe. CrrraBrr Ha ocHoBi uepexi.Filr'd Nagrads (IIM) ra

pi4rciqroseMeJrbHrix vreralin (P3M) IIr4poKo BllKopl{croByrorbct rura s6epiraHHf, Bo.ryilo,

a crroJryKr.r IIM ra P3M e [epcueKTuBHuMI{ Nrfl nupo6nurpna uaruirou'tKlnr

ruarepianiB ra rlor)Drurm uocrifuta< uarnirin.
Blacrnnocri cunasin ricno uonosgani s ix xiN,Ii.rHuIra i Sasonuu cKJIaAoM,

crpyKTyporo ra repMoAr,rHani.rHul{Ll BJlacrllBocrauu Sas, a raKox is Sasonriraz
rreperBopeHHnMrr npu suini crrrla4y ra reMrepurypv. II5 in$opnaaqix Aognonse
oqisuru [epcrreKTueHicrr ik npoMllcJloBoro BktKopLIcraHH{ Ta 3arlporrolryBaru

ouruualrni yMoBrr eupo6nuqrBa ra ercnnyaraqii. Towry Allceprauifiua po6ora

@apryruuoi IO.B., Korpa rpkrcBrqeua uo6y,uoni giarparr,r crany y uricruaAqsryt

rpr,rKoMIIoHeHrHax crlcreMax Ti-{V, Zr, Co,Ni, Ga}-Sn, Zr-Co-Sn, Ti-{V, Cr}-Si, Fe-

{La, Ce, Nd}-C i Fe-{La Ce}-{Mn, Co, Ni}, yIoImeHHIo reMllep€ilypn i uula,ry

eBTeKTrrK B ABoKoMrroHeHTHr,D( clrcreM€x {Fe,Co,Ni\-La, BcrttrroBJleHnro 3tlr€ulbHlrx

saxouonaipuocrefi 6yAonu AiarpaM crarry Fe-P3M, Co-P3M ra Fe-Co-P3M 3 Meroro

rrporno3y 6ylonu 4iarpau crarry HeBIrBqeHnx e 6esueperlHo aKTyaJrbHoIo. MoNlra

siArvriuru, 1qo Alrceprarlifiny po6ory BLIKoHaHo B paMKax siAolusrx rervr ni,4,qirry

Qisuunoi xivrii neopraniuHr,rx Marepiarin Iucruryry npo6lervr uatepialosHancrra iNd.

I. M. Opauqenuva }IAH Yrpaiuu: 0103U005 196, 0100U006338, 0110tJ002347,

0113U000310, 01 16U003506 ra 01 19U100778.

O6rpyuronanicrn ra Aocronipnicrr HayKoBI{x pesylrrarin i nracuonrin,

orpr4MaHrrx B 4zcepraqii @apryruuoi IO.B., ui4rnep4Neui ix roperuuicrrc,



2

AeraIIbHInM aHaJri3oM Ta BucoKr{M pinueru BaeMoy3roAx<enoiri nelzroro o6cary
eKcrrepuMeHT€ulbuux AaHa)q no6y,qonannx 4iarparra craHy, upoercqift [oBepxoub
niltni4ycy ta cori,4yca, 3anporroHoBaHl{x cxeM SasouEx rreperBopeHb 3a yracri
pi4rcoi ra rBep,qlrx Sa:. Ercuepnuenrarrni AocniAxenns 6yno sAiftcHeHo 3
BLIKoprIcraHHflM KoMlJreKcy B3aeMo.qoloBnroroqux, cfracHr,rx Si:nro-xiMi.rnax
uero.qin 4ocni4xenru ra AorroBHeHo CALPHAD-uo4elroBaHHflM. O.qno.racue
BrlKopr4craHHrr qrrx Meroain i o4epxaui sa ik AorroMororo y3roAxeni .qaui, sri ue
cyflepeqarb niAouutvt reoperurlHllM ronqemlis\,r i ui4xo4arvr, BK€lsyrorb Ha
4ocronipnicm oAepxanl.{x pesynrratin, sxi AeraJrbHo o6ronoproBaJrucfl Ha
npo$irnurx Ha)rKosrx NrixHapoAHlrx rouQeperu\rflx Q2 reerr Aorroniaefi). Tarcox
orpwvrani pesyJlrTaru npofiuurn .qerarlbHe perlercyBanrur rrpu oQopnalenni
ny6rircaqift y $axonnx Bl{coKopeftrznroslrx HayKoBr,rx Br{AaHHf,x (17 crarefi y
peIIeH3oBaHax x(ypHaJrax 1-ro ra 2-ro rnapruris ra 6 y HayKoBr.rx Nypnanax).

Ilparcrnvna qiunicrr po6oru o6yMoureHa BeJrrrKrrM MacuBoM KopeKTHr,[x ra
4ocronipurlrx eKcrrepuMeHTtlJlbHax,qarlrrx crocoBHo xapaKTepy $a-:onnx pinnorar,

Sa.eonrx reperBopeHb ra repMoAl{HaraiqHoi .cra6inrnocri Sas B rrrr4poKoMy
reMreparypHo-KoHrleurpauiftHorvry inrepnani B Aocri,qNeunx 6inapnux ra
TpI{KoMrroHeHTHrrx crrcreMax. Orpurvraui ercnepuMeHTaJrbHi ra rraoAemni ,4ani, a
TaKox p$yJrbrarLr ix anarisy ra y3aralrbHeHrur, e Ayxe BzDKJrr{BHM Aoni.qHur<oBrrM
rvrarepianoM AJUr pospo6rcu ra BAocKoHaJIeHH.fl KoHcrpyKrtifiHnx ra SynrcqioHamnr,rx
uarepianin, ocxinrrur Ao3BoJrflrorb qirenaupaureHo nu6uparu onruuanrurEft
xinaiqHr,rfi cKrraA Ta yMoBr,r orpuMaHIUI crurasin na ocnoni AocniANeHr{x cr{creM.

3ara"rrrni Aani rpo crpyKTypy po6oru.
Y ecmyni o6lpynroBano aKTy€ulbnicrr po6oru ra ii sn'ssox is uayronunan

TeMaMr.t, oKpecJreHo MeTy i saBAaHHg ,4ocliANeHIUI, Blr3HarreHo HayKoBy HoBlr3I{y

oAepxaHr.rx pe3yJrbraris ra ixne upar<rnrrue 3naqeHrrrr, 3a3HarreHo oco6ucrufi suecoK
s4o6yraua, u raKox HaBeAeHo iu$oprr,rauiro rpo rry6rircaqiro pesyrnrarin

AocriAxeHrur B HayKoBrrx Br{Aanrurx ra aupo6aqiro n'a uiNHapogunx rcoH$epenuisx.
Y n ep wony p os dini HaBeAeHo pe3yJrbr€rrr4 eKcnepuMenTaJrbHoro AocriAXeHHf,

(pasornr pinuonar y rpraKoMrroHeHrHllx cl{creMax Ti-{V,Cr}-Si i Ti-{Zr,Y}-Sn.
fli4cucrenry Ti{i5Si3-V5SirV Aocni.erceuo n imepnani urasnerilu-Kpzcradsaqii ra n
TBepAor\fy uraHi npz 1300, 1200 ra900 oC. TaroN no6y4onano isoreprvri.mi nepepiru npz
r{D( reMrrepaqpax. flona.:ano, ulo B pinnonaran Ha [oBepxHi codrycy n .qocni.prqfranifi
rorqerrpaqiftnifi o6racri,qauoi cr4creMrr 6epyo yrasrb nacryruri Sasu: T15S13, (BTi,$,
V3Si ra %S13. Bsranonneno, rr1o croJryKlr Tl5Sl3 ra VsSrr yrBoplororb
xnasi6iuapny eBTerclrKy, ffia rp?IaHryJIIoe cl4crer,ry Ti-V- S i.

flo6y4onano rpoeKrlii nonepxom niroirycy, conirycy, giarparwr uraBxoc'ri ra
isorepui.mi uepepi:u upu 1450 ra 1550 oC.4nx crlcreMr{ Ti-Cr-Si. Taxox orpr.nraauo 4ald
4na nonireprrai.ruor uepepisin npu isoxoHllerrparix 10Si ra 50Ti. ErcuepnraeHrarlbHo

AoBeAeHo, ruo rpervnrifi cra6inirye Qasy Jlaneca TiCrz, fi<a y 6iuapuifi cucreui
yrBoptosrbc{ y rBepAoMy craui, B y 

'norpiftrifi 
cucreui Ti-Cr-Si rrJraBl4rbct

KOHrpyeHrHo.
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{oui4meru1a, sAificHeui rs4onx uorireprvriwrorc pcpl3y TiSn3-V, Ao3BoJn4rIu
cKoperyBarrr uoaepxui conirycy i irixnirycy y uorpifuiifi cucrervri Ti-V-Sn, ocxilrrn
nireparypui.qani uicruull Hey3ropKenocri. V nuua4ry cplcreMu Ti-Zr-Sn upoerqii
noBepxoHr coli4ycy, lirni4ycy ra isorepui.{Huft nepepi: upu 1000 oC sAiftcHeuo no

ncifi rolulerrpauifuifi o6racri. Orprnvrana in$oprr,raqis Aoseorl4fla ytoqnuul o6raclb
uepnru*roirpucrarrisaqli(Tizr)5Sns**, araKox ronoxeHlul BepIIIHH rpnSasruot o6lacrefi
Tr3Sn + Ti2Sn + (Ti,Zr)5Sryra(BZr,BTl) + ZraSn+ (Zr,Ti)5Sn3.

Y dpyeony pozdini HaBeAeHo pe3yJrbrarra 4ocni4NeHrrf, $asonnx pinnonar y

rpr4KoMrroueHrHrrx crrcreMax Ti-{Co, Ni, Ga}-SniZr-Co-Sn. [nr c]IcreM Ti-Co-Sn
ra Ti-Ni-Sn rpoeKuii uonepxoHr cori.rycy, nircni4ycy i aiarpaMl,I rrJlaBxocri BuBrIeHo
uo ncift Kor{rleHTpaqifuifi o6lacri. V nrua,qcy Ti-NiSn AoAarKoBo 6yno no6y4onauo
isoreprvri.nri uepepisz npu 500, 900, 1050 ra 1100 oC. flor<asano, Iqo crlorryKa TiCo2Sn
ruraBrrrbcr KoHrpyeHTHo. TanoN 6yro ncranoBrleno, Iqo crpyKTypld eBTeKTI{K cI{creMI{
Ti-Co-Sn y AerKlrx Br.rla,qKax e HaHoposruipnznau, oco6rnBo 3a yvacri c[oJryKu
Ti3Sn, qo po6urr ix nepcueKTrrBHuMr4 AJII 3acrocyBaHb y xxocri rlorJluHaqin eoAnro.

3nafiAeuo HoBy cnoJryKy TizNizSn ra BcraHoBJIeHo ii rcpucraniuny crpyKrypy.
Orpnvrani eKclepr4Mernanrui Aani AosnoJII{JIu BcrttrroBlrrkI, u1o TNi2Sn ruraBu'tbcfl,

KourpyeHrHo, a TNiSn i TizNizSnyrBoplorcrbct 3a rIepHreKrarIHLIMI4 pealcqi.rnru.

.Ilprr roro, uto6 sAificrurm aHaris rcousirypaqii o6racrefi roMoreHHocri $as rr,riN

reoMa crroJryKEtMrr, orora 3 rKrlx Mae He3arronneni 2b nosw\i n peuriqi (Tr5sn3), Apyra -

sauonueni (TisGa+), 6yno ,qocni,rymeno $asoni pinHonaru y cucrerrai Ti-Ga-Sn. MoNara

nirorairrr'n, u1o 4iarpaMa crarry anx qiei cr{creMlr y dreparypi ni,qcyrHfl, roMy upoexqii

rroBepxorrb drcu,rycy, coJrl,rycy ra isorepvri.{nd uepepis npu 1300 oC 6yno orpl{Mano

Brreplue. Fyno gnafiAeno HoBy uorpiftny crloJryKy Ti5GaSn2 ra BcraHoBJIeHo ii

rcpucraniwry crpyKTypy ra o6nacm roMoreHHocri. flora3arlo, trlo crIoJryKLI Ti5Sn3 ra

TrsGa+ yrBoprororb rrliN codoro Heuepepnrud p{A rnepruD( pos.unin tr ilpla reMreparypil(

coni,aycy rar i upu 1300 "C. flpu rnaicri raniro Ao L2 n.Yo Trs(Sn, Gu)r* e Sa:orc
BnpoBapxeuHf,, a rrpLr 6imruorrry - Qa:oro saMirlerfiIf,.

flpu AocniANenni $asonnx pinuonar y cucreMi Zr-Co-Sn BI/BHaqeHo

rpucraniuny crpyKTypy norpifinoi cuonyru Zr5Co6Sn1s, roKa3aHo, Ir1o cepeA

6inapulrx crroJryK Ousa Jlaneca ZrCo2 uae Hafiurupury o6lacm roMoreHHocti upll

reMrreparypi coni4ycy, i pos.rnH.fle Ao 14,5 % Sn. Bcrauonleno, luo cnonyKrl

ZrCo2Sn Ta ZrCoSn IIJIaBJIflTbct KoHlpyeurHo, a Zt6Co1,65S1ll,35, Zr5Co6Sn13

yrBoprorc Tbcfl 3a [gpuTeKTLrqHI{MII peaXqiluU.

Y mpemoouy pozdini npunegeui pesynbrarl{ AocriANeuna Qa^aonux pinuoBar y

cr,rcreMax Fe-{La, Ce}-C i Fe-{La, Ce, Nd}-{Co, Ni}, a raKox n o6ruexyto'lrx

cracreMax {Fe,Co J.{i } -La.

Vro.ureno BurJrgA darpamr crrcreMll La-Fe, npo mcy y nireparypi rraicflaractr

cyreperrrrrrBa iH$oprraaUtx.Ha ocuoni $optull rcpruoi nir<nirycy BKa:laHo npo nroNrumic-m

p6ruapyBams. piwwt s Msracra6irnnonry srani ra cra6irisaqii L-L poeurapynaruu

4orvriurrcarw. I{e 6yno uisHirue uixrnepprceno eKcrlepl4MerrrulJlbuo rprt ,qocri4Kerffii
c?rcreMrr La-Fe-C, .qe yrBopro erbcfl.3ar/ffGryfl.m I(yroJI uearraiurynanocd Y Purrcorrry c'rdlri.



4

trnfl crrcreM La-Co, La-Ni yroqgeHo 4iarpaun crar{y ra nupirueno
cyrepeqHocri uloAo reM[epurypu innapianrurx pinnonar ra cKnaAy eBreKrr4K. B
6iHapnift cucrenri Ce-Ni 6yro sHaftAeHo HoBy crlorryKy Ce5Ni1e, rKa yrBoproerbc.rr 3a
nepureKTrrrrHoro peaxqiero, Ta Bri3uarleuo ii xpncrarriurry crpyKTypy.

,{.ux cucrervr La-Co-Fe, La-Fe-Ni, Ce-Co-Fe ra Ce-Fe-Ni nodygonarro npoelalii
rroBepxoHb dleirycy i cori.rycy isorepriuri uepepisn npn aercirmKox reMrreparypoc
fligrnep4r<eno iuryranna norpifoioi cronyKl,I (Co,Fe)17La2, rqo yrBoprocrbcr 3a
reprreKrzruroro pearuiero. Vro.nreso Kor{rleHrpwtiiler'llii 4ianasou iT o6nacri
roMoreHHocri. BcranoBJreHo, u{o isocrexionaerpuwri cnorryrur Ce2Fes, Ce2Cos ra Qa:n
Jlaseca Fe2Ce, Co2Ce yrBoprorcrb HerrepepBHipxgurBepAux posunnin Ce2(Co,Fe)17 ra
Ce(Co,Fe)2. Y crEcrenai Ce-Fe-Ni isocrpyrrypni Sasu llaneca Fe2Ce i Ni2Ce rex
yrBoprororb Herepepsnufr prA rBepAax po3quHin Ce(Ni,Fe)2.

Tar<ox y rperbonay pos4iri npone4eHo alr€uis 6y4onu ra cQoprvrynroBaHo
ocuonni sar<oHouipsocri 4iarpau crarry crlcreM Fe-P3M, Co-P3M ra Fe-Co-P3M,
BlrKoprlcroByroqr nassHi rireparypui,qasi: Ide 4aro 3Mory spo6nrn rporHo3 6y,uonur

4iarpau,HeBlrBrreHrrx 6iHaprury,Tauorpifiunx cl4creM Fe ra Co s P3M.
Vemeepmuil posdin npLrcB.rrqeuo nopinHrrJrbHoMy auarisy AocriANeHI,rx ra

cuopi4nenrx clrcreM. flpone4eurafi anaris Aosnornn ik uoAinuru na Ani rpynu. ,{o
uepuoi niAnocsrrcx cr{creMu Ti-Mry-vI -p-eJreMeHr, Fe-MWI-P3M ra TlSn-Ga g

rrpornKHrrurE o6nacrflvru roMoreHHocri Qa": Ha ocHoBi 6iuapnnx cronyK. ,{o .{pyroi
rpywr ni4nocxrn clrcreMrr is uorpifiullMu crloJryl(avru Ti-Mwt-Sru Zr-Co-Sn. TaroN y
rlboMy po:4ini .qeraJrbHo o6ronoproerbct neo6xiAnicrn nepenipru nireparypmrx

AaHrirx, qo roBoprrb npo icuynannx uorpifinrx crroJryK y cncreMax ueputoi qpyflI{,

ocrhrru BoHrl Moxyrb 6ywt cra6hrnunan [poAoBXeHH-flMLI ueracra6inrnrx npn
reMrreparypi cori4ycy Sas ua ouroni 6inapnnx crloJryK.

Ha ouroni rraeraloxiMi.rHr,rx BJracruBocrefi, posuipnoro $arcropy, enerrpounoi
6ygonu KoMrroHeHris sdficHeHo auaJris $oprvrynaHH.f, norpifiuux inrepuerari.IH[x
cloJryK y crrcreMax Ti-MvII'vqh-1Si,Sn1. flora.:aHo ssaeuogn's3orc reMneparypl{
yrBopenrrr{ $as faficnepara Hauir-fafiuepa y AaHID( cl{creMtx ra rimxocri BaIIeITTHID(
enerrpouin MeraJry MVII'\'IUb.

Hayrona HoBI{3Ha po6oru.
@apryrunoro IO.B. orprlMaHo BeJruKLrfi uacr,rn eKclepHMeHT€uIbHnx AaHI{x,

st<uit AorroBnroe, yroqHroe ra po3rurrprce KoHllenrpaqifini ra rerr,rueparypui
iHrepnann Sasonrx pinHonar n uricrna,qrl.f,u.I TpI{KoMnoHeHTHIrrx cl4creMax ra AeflKLrx
o6naeNyrounx uoAnifimx. 3Aificseuo ix 4eralrrurfi, cl4creMaru'ruuir aualig ra

o6ronopeuua, uo6yAonano rpoeKrlii noaepxons rirslAycy i coni.uycy, aiarpawru
rmannocri, isoreprui.rui ra uorirepuiuni uepepi:u, peanqifini cxeun. flo6yaona

4iarpanru crarry AJr.f, cucrerrau Ti-Ga-Sn 6yla sAificHeHa Brleptue.
Aaropona Brreprue gHafiAeno noni norpifiui TiNi2Sn, Ti5GaSn2 ra uo4nifilry

Ce5Nile crroJryKr{, a raKo}K BcraHoBJreno ik rpncraniwry crpyKTypy ra rpucraliuuy
crpyKrypy crorryKlr Zr5Co6Sn1s. Buepqe BcraHoBJIeHo xapaKrep i reuneparypy
yrBopeuHrr uorpifinnx crorryK: TiCo2Sn, TiNi2Sn, ZrCozSn, ZrCoSn, Ti5GaSn2,
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Zr6Co1,65Solp5, Zr5Co6Sn1s, TiNiSn, Ti2Ni2Sn, (Co,Fe)17La2,La3,67FeC6, Fe11i\dn6Ce2i
Fe5I\4n7Ce. Taxox Brr3HaqeHo Kouibirypaqiro o6nacrefi roMoreHHocri qrx rorpiftHux
crloJryK. Bueprue BlrKoHaHo rropiBrrflJlryufr, ananis 6yAonn ra 3aroHorraipnocrefi
4iarparra crarry cr{creM Fe-P3M, Co-P3M ra Fe-Co-P3M. 3po6leno rporHo3
xapaKrepy ssaeMoAii ra 6ygony giarparvr craHy HeBr{BqeHax clrcrerr,r Fe-P3M-Co.
Bneprue po3p€xoBaHo eHrtlrrruiro yrBopeHrur uorpifinux crrorryK Ti5GaSn2, TiNi2Sn,
TiNi2Sn TizNizSn ra Ti5NiSn3.

{o gucepraqifiHoi po6oru Mo)I(Ha rpo6urn rarci saynaxeHus:
1. 3raNaroqlr Ha BeJruxufi o6csr rraarepiarry, Ao KoxHoro pos4iJry Ar{ceprarlii cria
6yno 6 uo.{aru y3araJrbHeHHt, Iqo aKIIeHTyIorb yBary na cuipnux (no riAuouennro
4o dreparypnllx AaHLrx) ra cxra4Hltx tIrITaHFUrx, rlo BurHuKJrrr upr.r iurepuperaqii ra
anarisi eKcrrepr.rMeHT€r.JlbHax AaHax.
2. V po6ori BKa3yerbcr, Iqo ni4cytnicru posluapyBannfl, y pi4rorvry craHi Ans
clrcreM Ce-Fe-C, Fe-Nd-C, na sin\aury ni4 cnurerwz La-Fe-C, o6ynaoalena $oprraoro
rEmoi dxnirycy niruoni.uuor uolpiftuu< cr4creM Ce-Fe, Fe-Nd m La-Fe. flruf,r BrrrurB
Marorb repMo4trrarrai.uri sracrrBocri nimrosi4nD( 6inapruor posruanin Ha norrBy o6rac"ri
uesrrriurynanoc'ri y piprlil?
3. Y po6ori BcrzrrroBJreHoo rrlo rcpennrifi cra6inisye Sasy Jlaneca TiCr2. .flra npnpo4a
cra6irigaqii qiei Qa:z? ILr e upruuwt vn1tnisaqii irurxD( Sa: Jlaneca y dreparypi?
4. flpu o6roropeuui npuqr.rHn pisuoi xhrr<ocri norpifinnx croJryr( y cllcreM€x
Ti-M-Si ra Ti-M-Sn (M - Mn, Fe, Co, Ni, Cu) 3ra.ry€rbcx posrvripnufi Saxrop. Cria
6yno HaBecrLt 3HaqeHHfl aroMHax pa4iycin siAuoniAur{x KoMrlonenrin.
5. llorury repMoAr{Hauique MoAeJrroBalns,6yro BuKoHaHo rimxu AJrtr cl4crenav Ti-
Ni-Sn?
6. AocliaNesi crrcreMr4 roAirreno Ha ABa runr 3a cna6roro ra nouirnoro
uorpifinoro B3aeMo.qieio KoMnoHeHTin, tqo [potBnf,erbcr y ni4cyrnocri a6o yrnopeHi
uorpifinnx cr-roJryr(. .f,r ue y3ro,qxyerbcfl 3 H€urBHrlMr.r repMoAI4Harai.IHuMIa
BJracrnBocrtrMr4 crrJraBin rignoniAur{x cr{creM y rBep,AoMy ra piaroivry crauax?
7. y 'raltulflx 3.6 ra 3.11 cni,q 6yno HaBecrrr 4onipui inrepnalu Nrfl.
roe$irlieurin ropeuqifisrx uoriHor,ris "rerraneparypa pinnonaru - reMnepurypa
TIJIaBJIeHH,I P3M,,

,{ucepraqifiHa po6ora ra anrope$epar oQopuneni HuneJrcHutvt qultroM,

rraarepial Br{KJraAeHo .rirKo i rcuo, hrocrpauii ekIKoHaHi na uareNHoMy pinni. flpore

cniA si.{N{LrLrrLr Aesri HerorrHocri: n anropetfepari gr{ pos4ireHHf, lliroi ra,4po6onoi
qacrr{Hr,r qr{ceJr BtrKoprlcroByerbct i r<pamca (rr uanpnKlraq y m6nuqi l, cr.t4,
rrerBeproMy Br.rcHoBKy, cr.30), i t<oua, go puc.3.2 (gucepr€rqit, cr. 382) cnia 6yno

AoAarr,r orruc - rKoMy P3M siAnoniAalorb HaBe,qeui 4aHi reMrleparyp uraBreHns
ni.quoeiAHlrx 6inapunx iurepueranigin, raKox nr4cyrnifi orrlac uo3HaqeHr 4o puc. 3.6
(4rncepraqix, cr. 409).
' 

B qinorvry, TeKcr AkIceprallifinoi' po6orn ceiA'Izrr [po Bl{coxnfi nayronzfi
pineHt aBropa Ar{ceprarlifinoi po6orv: xrt erccnepl4MeHrlulbuufi, rar i reopernuuufi.
3asnaqeni saynaxeHrrrr He Marorb [pLIHIII4rIoBoro 3HarIeHrIt i ne gMeHlrrylorb
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3araJrbHoi rro3rrrrrBHoi orliHxu {pyHToBHoi nenuxoi ra upaxruuuo r<opzuroi po6orn.

Heo6xiruro-silsaiTr.ru,r, IrIo oqrosHi rlonoxeHrrrr 4rceprauii Oapryumoi IO.B. n
nonsift rraipi niao6paxeni y snaicri anrope$epary.

3ar<,ttrorttra oqinrca ducepma4ifiruo'i pofiomu Ha oqroni nurqerrEKJraAeHoro
BBaxaro, Iqo Ar{cepraqifina po6ora @aprymnoi IO.B. e 3aBeprueHlrM HayKoBLrM
Aocni,{NeHHrM. Po6ora uicrmr noei nayKoBo o6qpynrorani pesynbrarsl, xri y
cyrynnocri e BaxJrLrBLrMLr Nrfl. po3BurKy $isuuuoi xinrii, rr,rerarryprii ra
nrarepiaro3uaBcrBa. 3a arryanrnicto reMur, o6csrou eKcrrepr{MeHTarrbHoro
naarepiarry, r iru6uuoro fioro ocMr{cJIeHHfl Ta iurepuperaqii, uayxoBo}o HoBr43rroK),
Teopernqnuvr i [paxTktquuM 3HarreHHrM orpuMaHrrx p$ynbrarin, o6qpynronanicto
nprcnonris, xricuo o$oprvueuux po6ora uonnicrro ei4uoni4ae BlrMoraM 9, 10, 72,13
<flopx4rcy [pncyAx(eH]ur HayKoBr,rx cryuenin>>, 3arBepAxeHoro rocraHoBoro KMV Ns
567 vin24.07.2013 p. si suinaura, BHeceHrrMu sriAuo s flocraHoBoro KMy Ns 656 si,{
19.08.2015 p., J'{b 1159 nit 30.I2.20I5 p. rqNr 567 siy27.07.2016p", aAr4cepraHr-
(Dapryruna IO.riq Bircropinna - 3acrryroBye rpucyAx(eHrur HayKoBoro cryreHrl

AoKropa xinai.rHr'rx HayK sa cnerliamnicrto 02.00.04 - ([isuuna xirui.a.

O$iqifiHuft ononesr
AorIeHr ra$e4pra (fisnvHoi xiruii
Kuincrroro uaqionalrbHoro yninepcurery
irr,reni T apaca T I Tes.IgHK4,

A.X.H., AOqeHT

flilnr.rc A.X.H., AorleHra Poixa O.C. sacniaupo.
B.Ieuufi ceKperap HayKoBo-Aocri.qnoi 'glacrunu

Kni'ncnroro naqionaJrbnoro yuinepcnrery
inreni T apaca T T Iss.rsHK4,
K.Q.H., AorIeHr

Poirc O.C.
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