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oft iqifinoro ofioHenra na 4racepraqiro

CMOn-flHII, Pycrara BoroAzrunpoBr.rqa

<Mexanignrlr rrJracrr,rrrHoi 4e{oprvrarlii nanorpzcraniqHoro ruralay,

orpr,rMaHoro t<piorrtexaniqHoro ft parrvrentaqiero :epna>

loAauy na:4o6y:rrx HayKoBoro cryrrenfl KaHAI,IAara lfiszxo-uateMarl,IuH[x HayK

ga cneqianrsicrro 01.04.07 - Si:uxa rnepAoro rira

Arcrya;rrnicrr reprn. .(ocnigxenna (lisuro-ruexaniqHrrx BJracrlrBocrefi naHorpracrani.rHrrx

ra ynbrpa,qpi6no:epnucrzx Marepianin e oAHt4M 3 BaxJrr,rBux HarrprMKir cy.rauroi ftiszxu

TBepAoro rira, npo uo csiA.rurr mr,rpoKe ni4o6paxeHn, rlboro HaIrpf,MKy B TeMarI,Iui uaynoaux

xon$epenqifi i eerr,rxa rimricrr ny6niKarlifi e xypHurrrax. O.4epxanns ra iHrepnperaqix.

eKcrreprrMeHTirJrbHrrx AaHr.rx rrpo oco6ffasocri noee.qinxra xapaKTepracrr{K rvriqnocri i

rrJracrr,rqHosri qux rraarepianie n ruupoxifi o6racri TeMfieparyp, BKJltoqaro.ru HI,Igrri, Mae He

rimxu BeJrr,rKe HayKoBe, a fi upuxra,uHe 3HaqeHHf, BpaxoBylorlll [epcleKT]IBI,I 3acrocyBauur,

3oKpeMa, fIIIy Meraflie i cnraein fiK Koucrpyrqiftnr.rx ra OynrqiouaJrbHr{x uarepiarin 4rx

xpiorennoi rexuiru, Me,{[qr.rH]r, aepoKocMiqnifi ra inruvx ranysefi upouracronocri.

Y sn'xsxy 3 rIr{M, .uucepraqifina po6o:ra CrraorrHqi P.B., n mift uponeAeno KoMrrJreKcHe

,uocri,qNeunf, 3aKoHorraipnocrefi i MexanisNris rracrrauuoi 4e@oprr,raqii n inrepnari reurneparyp

4,2-395 K o6'erranoro HauoKpracrani.rHoro rr.rrirny rexni.rHoi qlrcrorr,r 3 MoHo- i rereporeuuoi

(6iuo4ansnoro) uixpoctpyrryporc, orprrMaHoro 3 3acrocyBaHH-rrM inrencrasHoi nnacrrarmoi

4e([oprrtarlii (IIID rpoKarKorc rrp\t Hr,r36Kux (x77 K) reuueparypax i noAanrruoro nigualy rpr4

uorraipnrx i uilsurqeHr.rx reMneparypax, 6esyiuoBHo, e aKTy:rnBuoro.

Ar:ryamnicrb Auceprauii uilrsepAxye ueperix gepx6ro4xerHr{x HAP (}ls}lb 4epxannoi

peecrpauii 0112U002638, 0110U006594, 0115U001160, 0118U003109) m iraoroAixnraft rpanr

HAH Yxpaihu (Ilb 0111U007047) n parr,rrax BLIKoHaHH, {Kr.rx B siaairi $israru peanbur,rx xpracranin

OTIHT irra. E.L Bepxina HAH Yxpainu upo:rxroru 2010-2020pp. :go6yrauerra 6yto o.{epxarro

ourosni nayroni pe3yJrrrarrr.

Crpyrrypa Arrcepraqii, ouronni nayxoni i upaxruuni peryJrbrarn i ii nosusHa.

.{ucepraqis Cr{onf,Hqs P.B. crpyKTypoBa*a y rpanuqifinrafi cuoci6, ra cKJraAaerbc.f, 3 anoraqii

AepxaBuolo ra anruificbKoro MoBitr\{[, Bcryrry, ['.flTr,r pos4inin, 3arulJrbHr,rx nucnonrin, nepeniry

BraKoplrcrarrrrx Axepen (207 nafiuenynannr), a raKox ,{oAarris si cwrcKoM [parlB, rqo

ony6niroaano 3a reMoro 4zcepraqii, ra ni4olraoctefi upo anpo6aqiro pesynrraris 4acepraqii.

Opzrinanrni poa4inra (3-5) rrricrxrr oco6rcri roporri Br{cHoBKr,r. Po6ora BVKJTaAeHa sa l4I
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ApyxoBaHr{x apKyrrriB, Micrurb 47 pwcywxis ta 9 ra6nnqr. Cnracor nireparypnl4x Axepen AocI,ITb

rroBHo nigo6paxae cyracnzft cta.n upo6lerrau, axifi nprlcBrqeHa guceptaqix.

Y ncryui o6rpyuroralro aKryarrrnicrr o6panoi 4zceptarlifittoi teuu, c$oprraylrosaui if

Mera, HayKoBa HoBu3Ha i npaxruvna rlinnicrr, uane4eni 4ani upo uy6nixaqii ta aupo6aqiro

peaynrrariB Al{ceprallifinoi po6orN i in.

Ilepmufi porgil <HaHocrpyrrypni MerirJrr,r: sarconorraipnocri uracrra.nroi ae(boprrlallii (ornsa

nireparypu)> rraicu.r:rr dreparypni aani uo ,uo icuyrovux uretoAin orplIMaHH, o6'errannx

HaHocrpyKTypHr{x rraarepianin, B[Jrr,rBy cy6rr.rirponHoro ra HzuloMaclflta6uoro poeuipy sepna na'x

Qi:uro-uexaniqHi sracrilsocri. flpoananisosari upo6rervrni rll{riurH-f, norla.{eni B ocHoBy

3aBAaHH, 4Iacepraqifinoro 4ocli.uxeHHfl .

B ApyroMy po:gini <O6'err ra Mero.ur.rKa rrpoBeAeHH, AocniAxenr> npeAcraBJleHo

xapaKrepr,rcrr,rKr,r rraarepiary, ulo Aocni.uxyBaBc, (uaran BTI-0), MeroAy orpLIMaHH, HK ctany ra

o6ua,qnarns, Anfl, AocliAxenH{ crpyKTypr4 i BI,I3HaqeHH, rycrLIHI,I i uexaniqrulx BJlacrllsocrefi

spasrin.

B rperronry por4ini <Xapaxrept4crunvt rraiqsocti HauoKpl,Icraliqnoro rLITaHy)) BUKJIaAeHo

pe3yn6rarr,r uopinnxnrnux Aocni.qxenr e inrepnari rerraueparyp 4,2-395 K xaparTepllcrl,IK

rraiqnocr:i rr.rriury B 3zrrrexHocd ri1 posrraipy 3epHa e Aiara3oHi 2Iraxrvr - 35 nrra. flpoana-nisoBauo

Mexauisrvrr 3epHorpaur{rrHoro sN,riqHeHHg 4nx pisnnx Aiauagonis posrraipy 3epHa i reuneparypuux

iu:repnanin.

B qerBeproMy pos4i.ui <,{e$opruaqiftue gruiqnenns ra pe3epB uracru.rHocti

HaHoKpt4crzuriqnoro rr,rrauy)) po3r'Jrf,Hyro BrrJrr{B posruipy 3epHa B HaHoMerpoBoMy Aianasoni na

roxanisarliro rrJracrr{.nroi 4eQopuaqii, nracr[.rHicm, 4e(fopuaqifine :uiqnennx i rrmra4xicny

qyrnlrBocri aeQopuyroqoro Harpyxeuu, n inrepnani reuneparyp 4,2293 K. flpoananigosaHo

ruirpocrpyrrypnuft acrreKT upo6rerrrn, ulo Ao3Bonfle rlil3laavtvtrl{ ocHoBI{ pearisallii niAeI,IqeHHs

Hr{3bxoreMrleparypHoro pe3epBy rlJlacrl{uHocd HK r}IraHy.

rl'qrrft porgil <<Kineruxa ilracrvqHoi 4eSopnraqii HK rLIraHy)) ruicrurr pe3yn6Tarl{

analiay B paMKzx icuyrouux uolelefi TepMoarrr{sHoi uracrruHoi ae(boprraaqii pesynrrarin

eKcrrep[MeHTaJrbHr,rx AocliAxenr rraexani.nux xapaxTepilcrr{K TI{TaHy rIpLI 3MeHlrlenni poarraipy

3epHa.{o HaHoMerpoBr.rx 3HarreHB rrprr MoHoMoAzrnEHoMy posuo4ini sa poarraipauu.

Hayxona rroBrrcHa. OcHosHi pesynrrari .qucepraqii orpurrrani e4o6yna.rerra Breprle ra B

uosHifi ruipi ni4o6paxeni n ory6nir<oBalrux po6otax. Ha uifi rorJl;trA, uafi6inuu BaxJII4BLIMI,I

pe3ynbrararur.r Ar4ceprarlii, qo cxJla,{ilrorb ii nayrony HoBI,I3Hy, e raKI,I.

i. 3 sacrocyBaHHflM IfI,{ upoxarKoro [pr4 77 Ki nignany Bnepme orpI,IMaHo HaHoKp]Icraniqni

3pa3Kr4 Trrrany BTl-0 : pisnrnrau rr.rrrilMlr posuoginy 3epeH sa posrraiparrau i slaaitlLeno ganexnocti
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MexanitrHr,rx xapaKrepricrr{K ni4 reuneparpil s o6racri 4,2-395 K ra posuipy eepna s riana3oHi

35nu-2rrtrrrr.

2. Brassreua Hr.r3rroreMrreparypua oco6rusicrB 3epHorpanr{rrHoro suiqnennr HK rutrany y

s[,ui s6irsrrreHn.f, a6comornoro 3HarreHH.f, rroKzr3Ht4Ka cryneHro s cuissi.uuoruenui Xorua-florva y

uopinn*rHi s fioro KJracurrHrrM 3HaqeHHrM, tt1o iloB'fl3y€Tbc, 3 tlotBoro 3u]Jlexuocri giarr,retpa

Aracroraqifiuoi nerri 3epnorpaur.rquoro Axepena nig posrraipy HaHoMacrrrraHoro 3epna.

3. BcrauoureHo, rrlo B HK rumni 3 MoHoMoAirJrBHorc 3epeHHoro crpyKryporo nny:rpimni

HanpyxeHHfl Br,r3nar{aerbc, B}rKJrrorrHo posrraiporra 3epHa Ha nporllBary 83 3puI3KaM, Ae raKII

HaflpyxeuHr o6yuoueni sr posrraiporra 3epHa, rar i nnyrpirunrosepeHHoro cy6crpyrryporo,

4. Buepme B o6'erranorvry HK rurani rrpll rsa3icraruqHoMy poarmyeanni Br,rrBJreHo

4ranarrai.rrre 3pocraHH{ posrraipy 3epeH ni4 cy6- .qo uirpotrrerpoBllx 3uaqeHb i rar<nfi ilpoqec Mae

arepuivny (scyury) rpupoAy.

[parcruune 3HarreHHfl orprrManr{x peyJrbrarin. Pesym:rarz Aocni,{xenr nomra6nroro:rr

yrBneHn.f, rrlo Ao aaxonorrripnocreft ([oprvrynanna 3 3acrocyBanuf,M crronfreuHt

Hr,r3rKoreMneparypHr,rx 4e$oprr,raqifinux surr,rsis i ri4na-nin crpyKrypHo craHy i ([i:axo-

rvrexaniqHr,rx BJracrr.rBocrefi rvreranis s |II{Y rpracrari.uro}o rparKoro. 3ua.rHzfi nayrorufi i

rrplrKJraAur,rfi inrepec Murrorb gani npo B3aeMo3B'r3oK B narrqrcry: yMoBr{ oAepxarrH, HK rr.rrany

- xapaKTepllcrrlrrr crpyKTypHoro crany - xapaKTepvcrr,rKr.r rraiqnocri i nnacrraqnocri, rqo e

BaxJIuBIIM Lnfl IIepcneKTLIB cTBopeHH-fl TI,ITaHoBLtx uatepialir s uorpi6nzu pinnervr

excnnyararlifi nux xapaKTepr{crr,rx Anf, urapo6in pisHoro rpr,r3HaqeHHr.

OrpuuaHi pe3ynbrarl,I TaKox 6y4yrr KoplrcHlrMr{ rJrf, $axinqin B o6nacri

Ha3bKoreMrleparypHoi $isur<u ruiqnocri i ulacrra.nrocri cy6rrairpoxpucra-ni.rHr,rx i
HaHocrpyKTypnr,rx rueranis i curaris.

.{ocronipnicrs orp}rMaHrrx perymrarin. Crynenr o6rpynronanocri HayKoBHx

rloJroxenb, nucnonrcin, cQopnryJrboBanrrx n gncepr:aqii'.

3a Aoctosipnicrr pesymra:rin i apryueurosaHicrr c(foprraynroBarrux eucHosxis rurcepraqii

cniguzrr BeJIEMI,I BeJII,IKa rimxicuo eKcrreprrMeHTaJrbHr.rx i pospaxynKoBr,rx Eauttx, oAepxanr.rx

rIpI{ KoMrIneKcHt4x .uocniAxennrx 4e([errHoro crany, Mexa:ri.rnzx BJracrrrBocrefi i Mexanisl{in

rIJIacrI,IqHoi ae(foprraallii HaHoKpl{craniqnoro rr,rrirHy 3 3acrocyBanH{M aupo6oranrax

eKcrrepr,rMeHTarrrnr{x uero4ir, Br{Kopr(craHHflM cyr{acurx o6nagHaHufl i npura4in, ri4ournx

TeopeTr{rmHx yrBJreHb.

Ouronni nayroni rroJroxeHufl Ta Br,rcHoBKr,r c(poprraynronani B ,qzcepraqii e

o6rpynronarrrrMr{. O:rprarvrani B po6ori .uani y3roAxyrorrc, 3 pe3ynbraraMr,r 4ocri4xeHr,

rrpelcraBneHr.rMr,r n uayroaifi nireparypi.
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[osHora BrrKJraAeHHfl ocHoBHHx HayrcoBrrx i nparrurrHrrx pery;rrrarin B

orry6rirconanux po6orax. 3anepmenicrr i crrlr B[KraAeHHs.

Pesynrra:rz .qplcepraqifinoi po6oru ouy6riroBarro n 7 uayroBlax rpaqrx y [poBignux

(faxonux xypHirnzx i 20 :resax Aouosi.uefi r s6ipnrarax uixnapo4Hl{x HayKoBI,Ix xoH$epenqift. Y

.qucepraqii orpr4MaHo pfiA HoBr.rx pesylrrariB, Ha.{aHo ix iurepuperaqiro i yaaranrneHHr.

,(ucepraqix € 3aBeprrreHoro HayKoBorc [parle]o, laarrvrcar,a xoporuorc HayKoBoro MoBoIo i

oQopunena si.uuosiAHo iuryrourau Br{MoraM. 3rraicr anrope(fepary Al,Icepratlii nosuo :ra o6'errfisHo

ni4o6paNae sN{icr ocHoBHI,Ix rloJloxeHr i crpyrtypy A}Icepralliftnoi po6oru.

Terraa po6oru ra cyrB 11 HayKoBrrx pesyrsratis uonHicuo siAfioni,uarc:rr racrlopry

cneqiamnocri 01 .04.07 - (lisraxa rBeploro :rila, ftisuro-MareMarl,Iyni nayru.

3aynaxennfl uo,qo ruicry po6orra.

1. 3 uepruoro a6saqy posginy 2 sur,ilur,ae, Iqo n dreparypi (fuaxuauno ni4cyrni Aani crocoeno

(fisrar<o-rvrexani.rHux BJracrrrBocrefi HK uerarin s III{Y rcpnc:rariunoro rparroro, 3oKpeMa rurany'i

quproniro. 3 qurra HeMoxHa rroroAlrrbcr. Hanoxy IpI,IKJIaAI,I. AaHi ilIoao HT uamny s posuipolra

3epna 80 nrra ouy6lirorano s Acta Mater. 61,167(2013). Peeyrutarra AocniAxesr HK qzpxoniro i

fioro cnlanin, rpoBe,qeHzx n HHI{ XOTI B ocranni poK}I, ony6nironano B xypuanax:

BAHT. Ilir4,l08 (2011); BAHT.Ilbl,41 (2016); BAHT.Ilb4,79 (2017); Funct. Mater.25,48(2018);

BAHT. Irb1,91 (2020).

2. B uepruoury a6sarli sa c.64 ftAerrcs rpo re, rqo eiAuan rrpu 723 K nprsno4l{rB Ao

yrBopeHHq -15% 3epen cy6rrrirpouHoro po3Mipy d:100-400 nrra. Y rofi xe qac na puc.2.46

HaBe,{eHa ricrorpaua posuo4iry OKP, rqo rraicrum BepxHro rpaHr,rqry Mexy d:200 urra.

3. Po6ora rraana 6 6inrm ,4oBepmeHraft xaparrep y qacrkrni crnopenH.f, ra Aocni,{xenns

6irvroAamnoro crpyKrypHoro craHy HK rvrany, ,Krrlo 6 6yno 3acrocoBano pieui reMrleparypHo-

.racosi pexuMr{ ni4uarir s oxorruqi 723 K.Ile 4ano 6 NaoNrr,rsicrr ouuaui3yBarr4 xapaxrepl{crl{Kla

ruiqgocti i u;ractra.*rouri, rqo e BaxJrHBr,rM, 3oKpeMa, AITr. [paKTI,IuHoro 3acrocysaHHs. TaKe

3ayBurxeHHx e, cxopiru, uo6axannrM npr,r [poAoBxeHni.uocni.qxenr HK rI,ITaHy.

4. B rercri i ui4uracy lo ra6t.3.2 cni4 6yno 6 sra3afl,r Benr,rrruHy Kprarr,rqHoro posrvripy 3epHa,

Iqo po3Mexye pieni 3ilJlexHocri :ruuy Xonna-Ilerqa.

5. B rexcri 4rcepraqii e nenni Heroqrrocri ra nouramu o$oprvueHH-n, 3oxpeMa:

- c.75: e neprrroruy a6sarli nasereHo 3HaseHHr Aznauiqroro MoAyff 3cyBy E=115IfIa i

108 fIIa spasrin s srxiAHolay crani i nicns ni4uary, si,qroniAuo, rqo nilnorilae AE=7 fIIa. fiali
rro reKcry: <Ananoriquzfi pe3yJrbrar, aJre B.{Bo€ rraenrunfi (LEx2) ....). -+ <Analoriqnraft

pe3ynbrar, ane n:rpzui ruenmufi (LEx2 fIIa) ....>.

- cc.93 i 99: Ha rroJrrx puc.4.l i puc.4.3 He HaBe,(eHo nirepra, rr1o BKa3yIorB Ha 3HaqeHH,

TeMrreparyp nunpo6yBarrur spaxin;
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- c.95: <<rouiurxa 3aHypeHH.rI)) -) <<,(ouiuma BIrpoBaAxeHHr);

- B rencri anroperfepary i 4racepmqii qacro-rycro BlIKopLIcraHo cJloBocronyqeHus. <<rrpu

xsa3icrarfilruoMy posrxai>. B nayronoi nireparypi nuxopracroByerbc, cJIoBocrIoJIyqeHH.fl (fiIpu

rcsa3icrarfiqnoMy poarxrynauni>.

3asnaqeni 3ayBiDKeHHfl He crocyrorbc, cyrHocri po6ora, ocHoBHI{x sficuosldn ra HayKoBrIx

rroJroxeHE, rrlo Br,rHocrTbc.,r Ha 3ixr.rcr, i ne snnzsarcTb Ha BrrcoKy oqinry 4ucepraqii s4o6yra.ra.

B -flxocri sararrrnoi ouisru 4racepraqii BBzrxuuo, rqo 3a axTyanbHoK), HoBrr3roro, pirneu ra

4ocronipuicrrc orpr,rMaHr,rx HayKoBr.rx peynrraris m ix rparrurlHoK) snauyudcrro 4zceptaqifiua

po6ora <MexaHieMr.r rrflacrrqHoi aeiboprraarlii HarroKpl,Icrari.ruoro r]ITaHy, orprlManoro

r<piorraexaniqnoro (fpanuenrarliero sepno ni,qnosiAae BHMoraM MOH Yrpainu Ao KaHAr,IAarcBKrIx

4uceprar1ift, 3oKpeMa nynxrin 9,ll,12 <flopr4Ky nprcyAxeun, HayKoBI,Ix ctynenin>, a iii anrop,

CruonsHeqr Pycnan BonolraurapoBlrq, 6egyMosHo, 3acJryroBye Ha rIplIcyAxeHH, HayKoBoro

cryrreHfl Kat4rt4ara lfierano-rraareMarr{qHnx HayK 3a cueqiansnicrro 01.04.07 - rfisrarca rBepAoro'

rina.

Orfiqifinzft orroHeHr

sari4yrav ui44iny ([isuxu mep.uoro rira

i xongencoBaHoro craHy peqoBlrHla

HHU <Xapriucrrr.rfi ft iauro-rexni.rHr.rft iucrzryr>

HAH Yrpainra,

AoKTop (f iaraxo-rr,rareMarr,rtrHrx HayK
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