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o$iuiiluoro oroHerrra Ha lluceplarriilrry, poSoly fEfEHbKOi Attoc.r'acii

OrerccaHspin Hn <[IPC) flBll OCO EI 14 BOCTE IZ EJI E KTI,O H H Oi CTP y ItTy Pt4 I]

MA|HITHUX TA HAAIPOI]IAHI4X BJACT14I]OCTflX IrIApyt]ATI,IX

CIIOJIyK IIEI'}EXIAHI4X METAIII] 3 METAfOi4,tnAl4>>. noAauoi Ha slo6yr"rtr

HayKoBoro cryneHq KaHA:anara $irraxo-laarerua'rnqFrlrx HayK ir crrcrtialsrroc'ri 01.04.07 -

tpi:raxa rBepAoro ri-na

lrzceprauir Jlereulxoi Auaclacii O;texczru4pier-rr.r rrpucBrlreHa aupirueHHr<t na)rrHeol

upo6,rervll4 cyqacHol (li:lrxlr raepilor-o rirrtt - a caN.rc.'r-eope'ruLnrot\4Y,,'tocJli,qxenHK) eJteK't'porrrrr4x

eHeprerHqHHX cuexrpin cI(JIaAHHX cIIoJryr( nepexi,lnHx ue'liuriB. rrlo N4aK)'r'b He'lB14qal.irri t'|li'tu.rrri

BrIacrHBocli. B lauifr 4rzcepr-aqii 'r'aKolr( rlzpirrr\'('rbcr rrpo6.;leMa Br.rlnJtcItnl 'te'l'txy

TepMOAauauiqnnx. HaAupoui4l'ttzx i ivtiirtti'r-ttnr n.rrLIc'[r{noc'r'cr.i rrrLrp\/uri'l'Lrx crrojr)/K lrepcxiilrlzx

N.lerarie 3 oco6rueocr'rrMr4 [x ereK'fporrrrol'c.r'pyKr-yprl. I] oc'rarrrri poKH. v:n'r:xy'J
AocliA>lceHHlMH $i:rzLIHI,rx rBHuI y cKnaAlJHX Mal'epizrlax 'ra lraA3nt'tqailHHM 3poc't'oN{ t<i;rr,xctc,'r-i

eKcttepuMeHTzLIIbHhx AaH14x. crae oqeBr4/1uorc seoSxilrric-rs tro€]rrrJar{rrfl cyrrac}thx

eKcrtepaMeHTaJIbH14x n4eloAie 3leope'rl4Lrr-rHMH po3paxyFrKaM14 r{a ocnoei rcnarrronor leopii

TBepAoro rira. tle oco6:rHeo aKTyeurbno,rlJrr{ r}HriLtelr{r tnapyBa't'rlx-r'a xnerti-/tnosnviptrHX

c14creM. Ae Ba)I(JIl,tnicru npaxvBaHHr ueorlopirtrror''o porncl;1i.;ry 3apfl)roscli i cniuoncti' r'yc'rr4trH

BHKJIHKa€ norpe6v R 3acrocyBanui zl,{eKgzlruHX 'feoperHrtrrHX vrelcl4ie. IIportec, o'l'pHMalrut

HoBI4x ltarepialie NaeroAov'npo6 inclnurroK c /lv)Ke /lopolltul. iclill14Mi:]artin tlbor-o lrportecv 6e'.r

MareN,tarvLIHofo MOAeinoBeutnt 'l IrHt(opHclaHnflNr N4c'r'g,r1in rcraFlr'oncli' x,rcxetrrir<l,r 'r'3cplt14r 'r'i:r rrc

n pe.qcTaBl fl €]'bcr{ Nt o)riJt 14 llo I o.

B tuceplaqii A.O. JlerentrcoI nus.tetti oco6lrnRoc'r'i aui'ro'r'porriT ercK'r'polrnolo

BnoptAI(yBarIHq B leKOaroHaJIbuHX l re'rpar'ol{aJrbuHX chcr-eN,tax rla clcuoni [epcxiAl-rzx ne'r'a,nin.

3ol(peMa Aocni4xeuo esorrcuiK) Heo/tFtclpi,ilrror-o po:rrro71ilrv eneKTpollroi'i crrirrg3oi' t'yc'r'Htr14. zl

TaI(olK HaAIrpoBilHrax ra ptaruiTl{ttx uJletcrHnocr-cti u14x cHc'reM rri,4 gn-rrunotr scc6iqnclpc-t'l'r4cKy.

Eynu AeranbHo /tocliit)Kelti e,rc'xrpclnni crpyK'rvpI{ pi3HON,raHi'rnux xraciB rrretpyBzlr-HX crro.rrvli.

3oKpeMa HoeirHix llaAnpoBilurlxin ItNizBzCl. RI{h+B+. i FreSe('l'e). arrru(lepoHaarnirnHX clorryK

FeGez i Fe'fe. el 'raKO)r( cnoJrvri rpzirfri'r'r, '] 3d-Nre'ra,rurivr Lr M(16. Bnaxaxr. ulo nogt43rra i

aKTyanbHicrl Altceplaqiiruoi po6oln. tK c'l'ot{Kr 3opv rbyrr;ralrcn'r'iutr,uor (li'rrzrg.r T'Bcp/tor-ct'r'iira.

rarc i 'l roLIKI4 3opy flpaKTHrrr{14x 'lac'r'oc)lnclHr,. ue r}Hl(jr}iKaro'r'r) cvN4rnB\i.
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BianoniAuic.r.s o6pauifi cneltialluuoc'ri. IlpellNle'l'oN,{ /locJli/l>ttetll, itHcep'fartiiluol

po6o,rn A.O. JlereHsrcoi e Aer-a,.ri e:rex'rporrrroi'c'r'pyr<'t',vph i rtopc.trqr(ir IlHtlll]Ietl14x c'rco6lltsOc't'et'i

eneKTposHoi clpyr(TypH :l aHoNrariqNrr.i lt rrponBax N{zu'rri'rttnx 't'tl ttaAllpoBi,rlnux lljlilc'l'l"ltltlc't'cl'i

crronyK nepexi4uHX Meralie .: veraloiAarvrH. VcrriruHe erapittleHHs IlocrallJleHHX :laAa'{ cTaro

MOIKJTHBHT\r 3aBAqK14 sHKop14c'r'aHlno rraAir,iurzx 'r-eopcl-t{L{t{HX Me'l'o,lI{l(. Ilto 6allyto'l'scl }la

ueroAororii reopir $yuxuioHary eneKlporrHoi ln crriuosol rvcl'unu (D[i'f). Ile ,IIO:IUOJIHJIO

[poBecrr4 KoMnrer(c-He reoperHqHe .qociillt)(er-rHq eJreKTpot'lHt'lx c'rpyKTyp I tepN'lo,rlhl'laMlqFlLlx

BJracrHBocrefr Bhsqa€Mr,rx crronyK. Begvvrr-rnrro. AHcep'rettlitt A.O. Ileretluxtli IlollFIic l't<-r

ei1noeiAac cne11iaJII'Hocri 0I.04.07 - {ri:nKa r}}cpJtort.r li:tlt.

Mery Atrcep.Tartifinoi po6ol'll - i(cl'[uu,tre ,iloc;ri/l;ncttr'tr oc06:tl'ttlclc't'eil eJlcK'l'pol{FII'lx

eHepferl,IqHHX cnex,rpin aHirolporrFrhx Me'ralreBHX cr.tcl'eM ua ctcttttsi IIcpexi,lIlll'lx N{erailitl la

ixutoro BnnHBy Ha r-rajurponi4rli i H,talHi'r'rri nrrzrc'rusoc'r'i -- Blra)Kelto,l(octl'Ilv'l'olo' luccp'r'zrttiq r:

:axiHqettoto HayKollolo ptl6tl'l'tltt-t.

HoeH:Ha orpr4MaHux HayKoBux pc:]v.nr,'[a'r'il]. 3etcni,rl'lyttt" Itto nci iloJlo)l(eHIltl ra

pe3ynbrarn. rxi crfoptrynsonaui aBT'opoN,t iIHcep'fartii u rt1,'ttxri (ltavKOlla IIoIl143Ila)). e lloll14MH.

Blleptlle oTpHMaH VMV TA KOpeKTHO CrpOpuvnbor]aHHN{H illlTopoM.

Ilepwuii potditt AncepTartii rrpt4cBflrtfltr.ill /le'r'zurbFIoMy on Hcy 'l'eopc'f HttllHX lvlel'oltiB

AocriAxceur. 3oxperr,1a, orrHcaHa leopin (lyrrxrtiona.lry ryc'rHII14. Octtosna yBal'a npa;1i-ulelrbctl

AerarqM rroBHolro-reHrrialur-roro Me'ro/ty IrP-[,MTO. flxltli BHKopHc'l'oByerl)ct y Hzrcl'ytl]{14x

po:4inax arzceprauii. y rtborvry po:,rirri 'r'zil(o)r( r{a/re1ni silonlocli rpo pezuri:ar1ii ve-rcl;titl

o6.{LrcrroearbHoi rf i:raxra Arfl po3pzrxvrrrcin pirn()Nrarri'r'tu,tx uJluc't-rlnoc't'eii 
.rl}ep/tHX l'i-rt. a'raKo)l(. Illo

BBa)r(alo Balr1;tHBHrr.l ,opr,rt'iruL-,,,"i llorronHc,,1l11 .rto tllttc tliJ-tol\4HX ttlc't'tli\in.

y dpyzottty posdLui rrpune,,lerri pe3vjn,l'it't'u po']paxvltttitt r-'JICI('l'potttttli c't'pll('1'vpLl l

repMOAHHaviLrHHX xapaK'repHcruK cr.roryr 6oporap6iitis YNi:Bz(1. LaNi:l]:(l i LuNi2tl2Cl' Ili

cnoJrvKH wicrs-rs ser\{zrrr-ri'rrri rpraFrureu'nri rrepcri,r(tti H,te't'aLlu Y. I-a il.u.3ollltittltli ettexlptltttti

o6orourcu flKHX aualrori.*ri pit-trricrlo3eN,reJrbu14N4 cJleMerl'raM. [Jtlsn:letti t<ope:rqttii rraAnponiluux

ra varsiTrlt'Ix Brlac'ru tloc'reil IrHX crloJryK.

Tpemiti posdLa uicrHrt pe3yJil)'r'arH po'rpaxyrrxirr 3 ilepilIHX npt'tttllttttitl eilcK'fpottutlt

crpyKTypn. r yc'ranH ereKlpol{Hr4x c'r'anin i 'r'epvo,rluuaviqnHX xitpaK'fepnc'T'hK clloxvK p(),lic'Blax

6opra;1in RRh+B+ 3 HeMalni'r'nnvr,r 't pL{BaJtcrllln.rNtH Ilcpcxi;tttnvt't MC'rAraN'{H Y i Lrr.

BcranoeJreHo HaqeHicrb R fycrnni c'lexrporrnHX c'rartin n o(lox cttc'rcMar Lrirc,v rra pinrri Oepn'ri

Er, a raKo)r( rrceBAorrti.;rF{rr}a B panoni I ctl rrH)r(tre crrcpriT cDcplri. ['olparvttxt't \4al'lliTrroI

cnpnriulrJraBOOT-i ,lloc.triArrcgnx 69pr.r:tin po:tiro nriil'l\'t()'l'l' llzl ilpHcy I'lllc'l'l) 'lllzltf lll'lx

AiavarrriTHHX eHecKiB ereK'[porrin n;loni;trroc li n i'x ctrpnritttt t'JIt4r]lc'l-l).

Vemaepmuit posdin c'rocyelbcrr /locJn/I)r(eFrb oco6:tuttoc'rcit eJtcl('l'p()t|FtclT c]'pyK'l'ypl4
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crronyKg FeSe, uo e npeAcraBrrI,rKOM KJracv nr-rnir-uix:turi:roetvictntx Hel/rnpoBiltltnltitt.

PospaxyHKr4 3 rrepuux npr,rHrlhnie ereK'rpr-rHr-rcti' c'r'pyr(r'vpn 'rit IrerpaMal'tti'rtroi ctlpt4iitttt't'.lluttt-rc'ri

npoBogr,r rt1cfl Ans aHani:y BrnHBy rhcKy Ha uarHirui Ta ua4npoei4ui BJlacrueocri FeSe.

XapaxrepHoro oco6ruBicrro HaArpoBiAHuxa F-eSe € eKcnepHMeHTarbl{o BcraHoBle Hnti

ureunx1afi :picr reMneparypu HaAnpoBiAnoro nepexoAy T, B yMoBax rucKy. 3orcpeua, a

rrr{poKoMy iurepnari rHcxie crocrepiraracr HeMoFIoroHHa ttc'reeAiHrca 7'r(P). IlponcleHi

po3paxyHKu BrrJr:nBy rrlcKy Ha noBeAiHl(y rycrl4Hl,r eJIeKTpor{HI4x claHis rra piurri Oepvi N(81,,P)

AeMoHcrpyrorb HeMoHoroHHy none4iHrcy B o6racri HH3bKHX lucrcis, Lqo qrcicHo Kopenrcc 3

noseAinKoto T"(P).

y n'nmouy posdini TeoperrzqHo Aoclilxerri oco6ll,tnt'lc't'i ocFloBrtoro cratJy 30r{HI'tx

aurucfepoMarHeruxie FeTe i FeGez. BcraHonneHi oco6rHnoc,r'i MarFlirsolo nnoptr,qKyBaHl{fi B

FeTe iFeGez. AoselerJo. ruo ocLroBrJoMv clarry Fe'fe ni,Trrt-rniltae'(lpvclpotlzl,t{a 6ixorriHeapua

AOM $a.:a. Ans cronyKu FeGez BcraHoBrreFra xo:tiueaplta AOM Qa:la. srcii.i eiAucleiAae

noBepxHx Oepvri, uro y3roAxyerbcr 3 eKclleplrN4eHTzLnbHHMH AaLIHMH no ecpercTy Ae I-aa;a - Batt

Anr$eua.

y wocmorfly posdini AocriAxeHa esorrouis eJleKlpouuttI crpyKrypt4 rpatf ily npH

igreprcansuii rvrarHi'rHnvu aroMaMH nepexi2llrnx 3d-ve'rzuis V. Cr, Mn, Fe. Co. Ni. @aKrnqso.

o6'erroru AocliA>r<eHr 6ynn ereKTpoHHi cnercrpra ra MarHirni BracrzBoct'i cnolyr< rpa(liry ':i

crexiouerpl{rrHo}o t|oprurynoro MCr, .

He [oBTop[oK)Lru r]HcJreFnJHX erzcrrosxis poSora. fl xtl't'is 6u ningua'lltt'H tlaii6ilsttl

eaxJrraei - 
Ha urifi nourl'- pe:yrbra't't4 poSo'rn

l. Als cilonyKH FeSe Brrepure eclaHoBJIeHo lleMono'rot"n{y ralextricll l'yc'r'HIIH

eneKTpoHHt4x cranis Ha pinui Oepvi eil lucrcy. ttto srcicso KoperKxr 3 xapaKrepr{oro

noseriFrKolo reMneparypr4.HaAnpoBi.truoro nepexoAy uiel cilonyKH.'l'ara 3ror,a Ao3BOnqe

npqilyc'fvrv, uro B ruexaHi3Mi eraHhKHeHlrr FraArpoBiAnocli B cnonyui FeSe tIeBHy poJlb

ni4irpae noeeAiuKa rycrr4Hu eJreKrpoHHHX craHiB Ha pinrri Oepnri.

2. llr cnonyrc YRh+B+ i LuRh+B4 BCroHoBreFra npupoAa 3HaqHoro Aiz:rttal'Hirnc)ro BrtecKy

elercrpoHie nponilHocli, uo noe'q3aua '\ Hznrsrtic'rrc-r rceellittttpoA)KertHX eJlet('rpotlt'tHX

craHie 3 aHoMaJrbHo MaJrorc ecpercr?IBnoK) Macoto no6lu:ty pinur Oepui.

3. BzsereHo $pycrpoeaurzir xapaKrep 6ixo;rirreapHoi'aulrztfepoNtill'lti'ruo'i (ta:tr,r clloilyl(t4

FeTe, ulo rtorcHloc cynepeL{Jtvt ni raHi uelilpouorpa(ri.tttt.tx ,;locJri,llircrtb t'a ']NIittv tttarrca

aHi:orponii uarui'moi crtpHtiHtt'rr untlc't'i.



4. Bnepnre BcraHoBJIeHa

Mera^ny (half-rnetal) e

raly:i cuinrpoHircu.
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MOx<JrHnic-'rr, peaxi:artii c'r'zrHy (leporr,tal'ni'ruclt'o [lollol]HFlr{oro

chcTeMax MnCr,. FeCr, 'ra C)clC1,. Llto MO)Ke 6y'rra BHKOpHc'l'atlo B

Hayxoea nm npaKntuqHa qinnicmt olpHMaHHX pe:lynbra'flB lloJl.srae B'roMy. LIlo BOHH

Mo)r(yrb 6yru Br4Kopr,rcrani Anf, po3Burr(y (rirurcu, rexHoJlorii ra AiarHocruKH FIOBHX IllapyBarHX

cnonyK uepexi4Hgx Meranie. OrpravraHi opr,rriualsui pe3ynbrarH TaKo)I( ctlpHfllorb oAeplI(aHHFo

syH4anreHTiurbHofo yflBneHHr rrpo enerflpoHr-ry clpyKTypy Art IIpaKTI4qHO aKTya-]1bHl'tx xBa:]i-

AsonraMipHHX $yHrcuioHzurbHHX uarepianie. i 6e:yMoBHo e uisuHv v trK.rlr $i:rHI(H rBep/Ioro'r'ira.

rax i 4nr $isuqHoro vrarepizuro3HaBcrBa'

Bci pe:yJrbrArr4. orpHMaHi s 4aceplauii. i il' sncnoRKH. 6c:yvctRFto. (' /Ioc'ronipnuurl i

HayrcoBo o6rpyn.roBaHuMr{, Marol'b .ri'rry (li:uurr-v irr I'epttpe tzrttitcl. e. ;to5pe

[poaHaJrigosaHaruu. BiporiaHicrr oAep)r(aH HX pe:ylsrar-ia :la6e:leq,vcrbcq BHl(op14craFl HqM

cyr{acHHX po3paxyHKoBr.rx veroAin ra aAeKBaTHHX tr,toAe-rreli. 
-['axc-l>t< 3a:]Haqy. u{o Ha l(opl4crb

xopexruocri Hr{3K}r pesynrrarin ceiAqHlr ixH,g y3roA}I{euicrs :} siAol,tLIMH :} lireparypH

eKcilep HMeHTILIIbH14MH AaH H M I'I.

Beaxarc ga ueo6xilHe TaKo)K BHcJtoBHTH HacTynHl 'layBall(eHHfl:

1. B Ar4cepraqii aeranbHo Br4BqaJracb eneKrpoHHa c'rpyKt',vpa croJtyKt'f FeTe B yMollax

aurra$epouaruirHoro BnoprAKyBaHHq. Olrrax 3clBclM tte po3t'JttlFIyra llpHLlhl{a IrepexoJly' B

$epovrarHirHy Qusy Fe-fe. qKa BHeBJreHa er{cnepr.rMcn-r'a.fn)uo ItiA ttltJIHIloM llr'lcoKoro I'l{ct(,v.

Z. BiAorvro, rqo B FeSe npu rr4cKax 6i.lsur Hix 0.9 [-fla BI,tHHKae arrrrac[repoMarHir"ne

BrropflAKyBaHHs 3 MaJTHMH rraarHirHrarraH MoNIeH'T'aMI4, lrci tte [epeBHttlyorb 0.2 Fn. I [s

uarHiruoBropqAKoBaHa cbzna cniaicuy€r 3 HaAnponi4uoro Qa::oto. Ane MoxnnBicrs snHHKHer{He

aurHrpepouarHirHol $atu e FeSe niA rncroM B /Inceprauil ne Syla po:lrJlqHyra.

3. B nireparypi e lani npo inrepKarrboBani cloryrcu rparfiry'rHIIy MCrz. nri ne 6yrz

posrnrHyri B 4uceprauii. Bianoeilni po3paxyHr(H enelilpoHuoi clpyKrypH i rt'tarHirsnx

BJracrqBocrefi MCrz AoltBo-[r,tJrr,r 6 Br4flBV:\4 r-rco6lusocri ego.ltrollii rlrax xapaKTepHcl'Ht( IlpH

iHreprcanruii rpaQiry ueranaMH.

qi 3ayBalKeHlryr rle crocv]o'rr,cr cvt'noc'r'i ,,tnccp'r'artii'JlelelrbKOi 4.O.. llc c'l'allilt'l'b ni;t

cyvHin iJ ocnoeHi nolo>lreHHr i eracHOBxn. i rre BnJrHllalo'I'r, rta 3afalIbtt)'tlr'{coKV ottittxv po6tl'r'rz.

OcuoeHi pe3ynbrarn Ar4ceprartifinoi po6clru Br.rKJraAeHo Il 7 c.ralrlx y $axoenx HayKoBI4x

Br4AaHHqx ra onpunloAHeHi Ha 6alarsox vixruapoAHlrx rcoHc[repeHuittx. Ony6nircoeaHi :]a
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MarepianaMr4 A'rceprauifrHoi po6orr,r nparli nosHicrro ni4o6pa>narcrb:lvicT i ocHoeHi norlorxeuHs

Arlcepraqil. Ue x( crocy€rbcq i anrope$epary'

Ha nilcraei euxnaAeHoro Br4ure BBa)r(aK), uro A'cep'auiilna po6ora JlereHsrcoi A'o' e:

3aBeprxeHr4M Hay6oBr4rnr AocriA)r(eHHflM e rary:ri $i'l,rr<H TRepAol'o ri-na' 3a arcryalusicrrc TeMH'

gN{icrorvr i o6,euoM, HayKoBHM pieHev i HOera:HoFO, rrpaKTuqHoro cnpqMoBasicrro Ahceprauiq

<rlpornu oco6rueocreir eneKTpoHsoi crpyr(TypH e MaTFTiTHHX ra HaAnpoeilHrax BJlacrnBocrflx

rrrapyBarr4x cnoJryK ilepexiAnrax ueraris 'r Mera,roTAaun> 3ailoRonbt{t€ BHMoraM MoH Yr<paIHn

.rlo KaHAr.rAarcbKHX AHceprauifr, 3oKpeMa nyHKraM 9. 1 l. l2 "flopqAKy rlpHcyr)(el{Ht lla}'KOllHX

cryneHie,,, ai1'aBTOp, Jlereusrca Anacrarcis o;rexcalllpiRHa.:]ZlcJl /fot y(: IlpHcyi"liKetlFItl Hayl(otlofo

cryneH, KaHAr.rAara $i:nxo-MareMar,LrF 4x r{ayK :la cneuieusuicrro 01.04'01 - rf i::nxa rBepAoro

rira.

O$iuifiHufi onoHeHr:

AoKTop Sisnxo-l'rareMarnqHl'Ix HayK' npo$ecop

naypear !,epxaeuoi npevii YxpaiHH 3 HayI(v ra rexuiru

:aniAyeaq eilairy reopiT Au saui qHLIX RJIacrH Bocrefr crclaAH HX CI4CTeM

Aoneutrco ro dl i rra rco -'rexs i tlHoro i n crury'ry

iM. O.O. fanxina HAH VrcpaiHH (rrr' KnIe)

lO. l'. ilattlxcsu't

flilnrac IO.f . flaurresuqa 3acBilvyro:

Bqeuufi ceKperap

Aoneusxoro $i:raKo-rexH iqHoro i n

ivr. O.O. fanrcina HAH VTPaIHIa

KaHAI,tAar rexHiqsllx HaYK
B. K). /{uralPeuxcl
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