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o$uqnubHoro o[roHeHTa Ha AuccepraunoHHyro pa6ory

BapaHonofi Mapuu CepreeBHhl

<<Marnnrnufi ropflAon u odruenHoe B3aumoAeficrure B AByMepHbIx aroMHbtx

crpyKTypax BaH-Aep-BaaJrbcoBcnoro rrrra Ir rBepAblx pacrBopax ZnO

c [epexoAHbIMH SJreMeHTaMIr)>,

rrpeAcraBJreHHotrt na coracKaHue yveHofi rasAn4ara Qrasuro-MareMarl4rrecKzx HayK,

ro crequarrbHocrn 05.16.08 - HaHorexHoJlorwv HaHoMarepHaJIbI (no orpacmvr)

1. Coorsercrnrre Alcceprall[[ cleq[aJlbltocrrl Ir orpacn[ BayKrr' no roropofi ona

IIPCACTABJICHA K 3AIIIIITE

Co.qepxanne .qucceptaquonnofi pa6oru rIoJIHocrbIo coorBercrByer orpacnlr

<r[usuxo-uarervrarr,rqecKl,Ie HayKx). flpe,qcraanennrre s Hefi pe3ynbrarEl Bxo.utr B o6lacru

uccre.qonanuft, npeAycMorpeHHble nac[oproM crleqrraJlrHocru 05.16.08 <Glauorexsoloruu

r.r HaHoMarepr.ra;rrr (no orpacmru)> (pa:,qen III.2), r uactnocru:
o rrynKr 2 <CsoftcrBa HaHocrpyKryp r HarrocrpyKrypnpoBauHllx MarepIlaJIoB),
o rrynrr 4 <MsroAu ald'ufirsa crpyKryphl tt csoficrB HaHoc"rpyKryp u

HaHOCTpyKTypUpOBaHHbIX MaTepI4aJroB),

. flyHrff 5 <BrusHxe Bueruur.rx sog.ueftcrsufi na csofictsa HaHocrpyKryp ]r

HaHocTpyr(rypupoBa.rrHblx MaTep[aroB),
o rryurr 7 <3aro"o*tep"ocnr QynrquonrpoBaHfit I,r npI,IMeHeHI,Ie HauocrpyKryp [r

HaHOCTpyKTypVpOBaHHhIX MarepwlJroB).

2, Arrya.nrnocrb reMbl Arrccepraqrrl

flpo6reruofi Hll3KoparMepHoro MarHerIEMa flBretcs coxpaHeHl,Ie,qaJlbHero

MarHr.rrHoro [optAKa upr ronevxofi TeMrleparype. Yuopr,qo'rexnoe npocrpancrBeHHoe

pacnonoxeHl,re MarHI.ftHErx MoMeIITOB aTOMOB B TBepAOM TeJre BO3MOXHO, Kor,qa 3HaqeHI{e
gHepmu MarHuruoro ssauMoAeficrBlat arounofi crpyKryprl rlpeBhrlnaer 3HaqeHI{e

xaparrepuofi guepruu rerrnoBrlx $nyrryallxfi k6T. Cwrcuat MarHltfirat aHl{3orporu{t x

6olrruoe 3HaqeHr.re gHeprxrr o6uenuoro ssaul{oAeficrBut (pepporvrarurrnoro rl4[a Moxer

Ha6nroAul]bcs, B Hlr3Kopa3MepHbrx Ma|HI,ITHbIX CHCTeMaX, npn STOM BbICOKOTeMrIepaTypHhIR

QeppouarHerr,r3M, Koropbrfi rro3BoJIHT Ilcrloilb3oBarb 3Tu Marepl{uulhl B ycrpoficrBax

cuI{rrTpoHI,IKI,I, 3KC[epI{MeHT{IJTBHO He pe{IJIIBOBaH,

.{r.rccepraquonnar pa6ma [ocBrrrleHa r.rccJreAoBaHLIKr HrI3Kopa3MepHEIx MarHImHErx

cr.rcreM B ,uByMepHhlx BaH-Aep-BaaJIECOBEIX aTOMHbIX CTpyKrypaX C O6Uefi Qopuylofi
MAX3 (M: Cr, A: Ge, Si X: S, Se, Te) I,I rBepAEIx pacrBopoB ZnO c uarnwntofr

rrprrMeclro (Cr, Mn, Fe, Co, Ni). Yrasauuue o6terrrr [ccJIeAoBaH]It oTJII{qaIOTCt

crpyrrypofi tl [crorrHlKoM MarHerr.BMa. CoeAunenuq MAX3 o6na4alor co6crnennuu



MarHeTIr3MOM, a MaTHLITHEIe aToMEI IMeIOT Ol(rag.qplrqecKoe OKpyxeHI{e. MarHCTurlvr s

TBep4brx pacrB opax ZnO rBJrtercr npr4MecHbrM, a MarHurHbre aroMhl npuMecu (3aMelIeHI,It)

HaxO.UrTcr B TeTpa3ApI,IqeCKoM oKpyXeHuU, Tarue pa3lfirla A B O6lelc1ax UCCJIeAOBaHI'II

rro3BoJII,IJrtr BbrnoJIHIiTb cpaBHeHr4e lpusu.recrurx MexaHr43MoB Qopnruponamlr MarH TIIoro

rroprAKa.

ZccnerosaHr,Ie BbrnoJIHeIro c rIoMoIrIbIo KoMrlblorepHoro MoAeJII'IpoBaHlIt'

OCHOBAIIHOTO HA KBAHTOBOMCXAHIqCCKI'TX METOAAX, IITO 'BJI'ETC' SOOCKN'IBHEIM

InHCTpyMerrroM, rrocKoJlbKy c ero rroMorublo Bo3MoxHo onpeAeJrrlTl QIAaUVeCTT'le

MexaHI,I3Mbr, Korophle oKa3bIBaK)T Brrr4'.P,t4'. Ha SHeprulo MarHlrrlroro B3lllrMoAeficrBllt

aroMHofi crpyKryphr.

. Tarnru o6pa3oM, AI,IccepraIIuoHHaJI pa6ora Bapanoeofi M. C. xgrsercr aKryaJlbHofi,

rrro o6ycroBneHo seo6xoAtttuoctlro uccne4onauufi yclorraft u oco6eHHocrefi

Hr,r3KOpa3MepHbIX MarHrrHhrx clrcTeM, KOTOpBIe [pUBOAfr K rrOBbrIIIeH]IrO SHepruu

MarHrrTHoro sgafiMoAeficrBl{t . aroMHofi crpyKryphl c IIenEIo I'rx flpar(TuqecKoro

rrcloJrE3oBaHut B ycrpoficrBax cnI,IHTpoHlrKIr.

3. CreneHb HoBH3Hbr pe3yJrbraroB, HayqHblx rloJroxeHufi, Koropble BblHocqrcfl Ha

3arrl LrTy AlrccepTa IIU r

OorogHue HayqHEre pe3yJrbrarEr r,r rroJroxeHwr, Kcnophre BElHoctrct Ha 3alrllrry,

o6ra4aror nayvnofi nonugnofi :

l) flpegloNen rroAxoA K opraHu3aul{u MHoroypoBHeBoro MoAen4poBalrut

MlrKpocKonltqecKxx MafHllrHbrx napaMerpoB Hrl3Kopa3MepHbrx MamI'ITrrErx clrcreM,

mruqaroquficr oi panee I,I3BecrHbIx yqeroM oco6ennoctefi KoHrqerHblx aroMulrx

crpyKTyp (.qnylrepuoro MAX3 r.r o6terunoro ZnO) c repuQuqupoaanHhlMl'I fiapaMerpaMl{

KBaHTOBOMeXaHI,IqeCKOTO MOAeJTIpOBaHI,I' Ha aTOMHOM ypOBHe,

2) flonyuenn LI Teoperl,rllecKl,I o6ocrosaxbl:
- 3itBrrclrMocrtl MarHr,ITHbIx napaMerpoB or crpyKryprr rr SJreIopoHHErx cgoficts g

AByMepHbrx aToMHbrx cTpyKTypax MAX3 c yqeToM c1aMMeIp11I4 KplcraJullqecKoro IIoJIt,

KOTOphre AOnOJIIUTTOT IBBeCTHbIe paHee TeopeTruecKl,Ie [peAcTaBneHI{t o HoBoM KIIaCCe

MaTepwIJroB.
- 3aBr,rcr4Mocrrt u Mexauv3Mbr o6uennoro ssaulroAeficrBnr or cocraBa lr crpyKTypbl B

KBa3I,IOAHOMepHbIX r,r KBUBlIHynbMepHbIX MarHITIIEIX CI4CTeMaX, BBBBaHHBIe BK]IIOqeHI'IeM B

crpyrcrypy o6teunoro ZnO npwtecu [epexo.qHoro sJleMerrra.

3) Bnepnne BhrloJIHeHo cpaBHeHI{e MexaHIr3MoB o6vennoro s3auMoAeficrsfit g

Hr,r3ropa3MepH6rx MarHltrHbrx cltcreMzur Ha ocnoBe AByMepHbIx cnoer MAX3 u o6reuxoro

ZnO c pastwvtrofi parrvrepnocruo MarHLITHoro sgazMoAeficrsut, no pe3yJIBTaTaM KOmporO

ycTaHoBJreHo, qTo MexaHu3M Qoprr,rupOraur,rr Qepporuarurnroro uoptAKa Bo Bcex o6terrax

uccJreAoBaHI,It o,qI,IHaKoB tt o6yclomen cynepo6uenHrrlvr sgam,ro,qeficrBxeM MexAy

op6lrra:rauu pa3Hofi cuMMerptu.I.



4. O6ocnonanHocrb n AocroBepnocrb BbrBoAoB u penouen4aqnftt

cQopnry.nrponaHHbrx B Atrcceprarlrlrr

OcnosHEIr{ r,rHcrpyMeHToM ArrccepralluoHHoro uccJIeAoBaHI{t r.wtfletca

KBarrroBoMexaHuqecKoe KoMnrlorepHoe MoAeJrxpoBaHr,re. Ollguxo-uartnaarr.recKl,Ifi

annapar, ucnoJrb3yeMoro [porpaMMHoro cpeAcrBa, 6a:upyercr Ha MeroAe reopru

tpynrquonana rrJrorHocrr,r, roroprrfi no3llqlroHltpyercr KaK conpeuennrrfi Lr

3acJryxrrBarouILrtrr AoBepul.
B pa6ore [peAcraBJreHbr cpaBneHr{r crpyKTypbr, gneKrpoHHbrx }r Marr rlrrbrx croftcrn,

TIOJTIIEHHbIX C IOMOIIIbIO KBAIITOBOMCXAHI{tICCKOTO MO.qCNI4POBAIIfi' C IBBECTHEIMI{

gKcnepr,rMeHTaJlbHbrMu AaHHrIMIT. Bunounen aHaJII,I3 Bo3MoxHEIx ucrorlntlKoB
norpeurrocrefi u nogo6panu flapaMerpbl Mo. .qeJrr,rpoBaHfir, Korophre yMeub rarcT rx

Blrurruve. B cnyuarx, rorAa na6lto.qiuorct pacxoxaeHr,r.s c Apyfl.rMx reopernqecK Mli
pa6orarrau, yKa3aHbr nptl.llrHBl, BEI3BrBiuoIuue lrx.

5. Hay.rnar, flpaKTflqecKafl, 3KonoMrrqecKas rr coq[arbnas 3HaqltMocrb
p$yJrbTaToB

Hayvuan 3Haqurtocmb pgynbraroB pa6orrr 3aKfforlaerct B pa3Bvr n

rpyH4aruenra.nrnrrx gsauufi s o6racr[ r.rccleAoBaHl,It HLI3Kopa3MepHEIx Ma.rHImHhIx cficreM,

Koropbre MoryT [pfiMeHrrbcr B coBpeMenxux ycrpoficrro( cnuHrpoHI{KI,I.

Ifparcmuuecxaa 3Havuuocmb pe3ynbraroB pa6orrr cocrotrr s o6ocHosaHHux
peKoMex.uauurx rto yflyrrrrreHr{rc OyHKrIr,IoHaJIbHbIx xapaKTepl,IcrrlK coeAunenufi MAX3, a

raxxe ZnO c upuveclro nepexoAHbrx gJreMerrroB gnr npr.rMeHeHr,rr B KaqecrBe MarepI{aJIoB

ycrpoficm crurrrpoHr,rKfi, pa6oratoqr.rx [p]r ycJIoBLII4 Halrvqva Ht3Kopa3MepHoro

MaTHIITITOTO [OprAKa.

Sxououuuecrcat 3Haquuocmb cocrol,IT B ToM, tITo ucllonb3yeMoe MHoroypoBHeBoe

MOAeJrLrpOBaHr4e HH3KOpa3MepHbIX MATHHTHbIX CHCTCM OCHOBAHO HA

KBarrroBoMexaHlrqecKr{x MeTo,uax, Koropble oTHoctTct K nepBonpuHul{IlHbrM MeTo.qaM

MoAeirr,rpoBaHr{r. 3ro sHaqnr, qro ,qflt npoBeAeHl/rt uccJIeAoBaHLIt ne rpe6yrorcr

.qoporocronrrlxe 3Kc[epnMeHThr, a BhrBoAbr pa6oru rro3Borlrror BrIAenI{Tb IIepcneKTr{BHEre

AJrr grcnepl,IMeHfturbHhrx lrccJle.qosaHl,Ift obrerru u fipe.qMerbl

Co4uaauuan 3Haqui,tocmb pa6oru 3aKflroqaercr B ToM, qro p$yJIETarrI I{cltonr3ylorct

flprr rroAroroBKe cfleqfiaJr]rcroB Ha I r II cryrleruIx BBIclIero o6pasorannr, 'rro

rro.qrBepx,qeHo rpeMr ar$aMu BHe.qpeHl,rt p$ynlTaroB HI4P r yue6nuft upouecc xaQeapn

MrrKpo- u HaHogJreKrpoHr,rKfi yqpexAeHur o6pasoranur <Benopyccxufi rocyAapcrrennr'rfi

yHr,rBepc[Ter uuQopuarnxu I,I pa,quogJleKrpoHl,IKtr)) lI oAHtIM aKToM rrparcrlrqecKoro

r.rcnoJrb3oBaHrur pe3yJrbraroB I,IccJreAoBaHIlt r yue6Hov [poqecce raQe4pu

<I4Hrerrerryamnue u MexarpoHHble cl4creMhl)) Eelopyccroro HaqtoHaJlbHoro

TexH[qecKoro yHuBepcrneTa.



6. Ilolxora ony6nnrorarus ocHoBubrx no.roxeuufi , p$yJrbraroB

Alcceprarlfil n nay.rnofi Iteqartr
OcnosHbile pe3ynbrarBl Ar,rcceprarlrroHHbrx uccnegonaHufi ony6ruronanrr B

l8 uay.rnux pa6orax o6rquru o6reuonr 5,6 arropcroro nucra.l4s ttux 7 qareit o6reuona 4,2
urBTopcKoro Jrr,rcra B perleH3upyeMbrx HayrIHbIx xypHaJl:x B coorBercrBr.rfi c nynrroru 18
flonoxenur o flpncyxAeHrur yrreHhlx crenegefi u npr4cBoeHurl ] reHbrx raauufi, 5
rry6nuxauufi B Marepuarr€x r.r c6opnurax TpyAoB HayqHr,rx ron(pepenqufi o6renrou
0,8 ar:ropcroro tucra, 6 Te3r{coB .uoriraAoB Ha HayrrHrrx Korr$epeHrll,ux o6relrou
0,6 arropcroro m,rcra.

I4r uau6oree 3HaquMblx ny6nuraqr,rfi cJreAyer Bbl.qeJrl,rrb cJreAyloque:
1. Magnetic properties of vacancies and doped chromium in a ZnO crystal / V. N.

Jafarova, G. S. Orudzhev, S. S. Huseynova, V. R. Stempitsky, M. S. Baranava //
Semiconductors. - 2018. - Vol. 52. Ns 8. - P. 1047-1050.

2. Baranava, M. S. Direct exchange interaction of cobalt chains in zinc oxide: model
approach / M. S. Baranava, A. L. Danilyuk, V. R. Stempitsky // Materials Physics and
Mechanics. - 2018. - Vol. 39. - P. 15-20.

3. Magnetic interactions in Cr2Ge2Te6 and Cr2Si2Te6 monolayers: ab initio study / M.
S. Baranava, D. C. Hvazdouski, V. A. Skachkova, V. R. Stempitsky, A. L. Danilyuk //
Materials Today: Proceedings. -2020. - Vol. 20, P.342 - 347.

4. Fapanona, M. C. 3nertponnue csoftcrBa KBaB[,qByMepHrrx xaJIBXoreH[AoB
nepexo.[Hbrx MeraurJroB c Hx3Kopa3MepHbIM MarHerrlgtrrou / M. C. Eapauosa, fL A.
flpocrypona //,{oKrraAbr EfyI4P. -2020. - T. 18, Ns 7. - C. 87 -95.

5. Baranava, M. S. Influence of exchange-correlation functional on the structural and
electronic propertieb of periodic structures with transition metal atoms I M. S. Baranava //

.4ox.nalu EfyI4P. -2021. - T. 19, Ne 8. - C. 87 -91.

6. Fapauora, M. C. Husxopasnrepnr,rfi MarHerLI3M B coeAfiHeHlltx c pauuvnofi
psMepHocrbro MarHrrHoro ggaruuo.ueficrsnt / M. C. Eapauona /l lotoraaw EfyI4P. - 2022.
-T.20,Ns4.-C.62-70.

7.Baranava, M. S. Magnetic properties of low-dimensional MAX3 (M: Cr, A : Ge,
Si and X: S, Se, Te) systems / M. S. Baranava, V. R. Stempitsky // Materials Physics and
Mechanics. - 2022. - Vol. 49. - P. 73-84.

7. Coorsercrnre oQopu;renufl Aficceprau[n rpe6onanxnru BAK

O{opl,rneuun .4r.Iccepralluu u aaropeQepara coorBercrByer Zncrpyrqzt o noptAKe

olfopnrnenux allcceprallfitl, Arrccepralluu B BxAe lra) ruoro AoKJraAa, arropet[epara

.uucceprarllru u nydr,uraquir. tro reMe .qxcceprallwr, yrnepx.qennofi flocranosneHuell

Br,rcnrefi arrecrar.IuouHoft ronrr.rccutt Pecny6nlrru Eenapycr or 28.02.2014 Ns 3.

ArropeQepar rroJruocrbrc coorBercrByer coAepxaHtllo Al{cceprallfioHuofi pa6oru,

BKlrroqaer BbrBo,qbl I{ rroJroxeHr,Ir, KoTopbre BEIIroc.flTct Ha 3aIIIITry.



8. Coornercrnue nayunoft nna;ruQnnaqul colcKarefls yrEnofi crerrenn, Ha

KOTOpyrc OH rr peTerrAyeT

Analug co.uepx(aHlrr Ar{ccepraul,rr4 u anropetpepara, BKJIIoquI cr€rreHb IroBtr3HhI

fionyqeHuBrx pe3ynbraroB lr 3arq[r[aeMbrx noroxeurafi, o6oorosaHHocrb rr .uocroBepHocrb
BbrBoAoB u peKoMeHAaur,rfi, nayruyro t,t [paKTuqecKyro 3naqr.rMocrb pa6orrr, notHory

orry6naxonanuocrr,I pByJrETaroB B uayvnofi tteqarl.t llo3Bonrror cAeJrarb BbIBoA, rrro

HayqHar rna;ruQrraqnx Eapanorofi Mapun CepreeBHlr coorBercrByer yreuofi srenenll

KaHAr,rAara (f nsuxo-ruareruaruqecKrx HayK no cneqwlJrbnocrrr 05.16.08 - <<Hanorexsolloruu
r,r HaHoMareplraJrbr (IIo orpacmM)D.

9. Hegocrarrur Arrcceprarluonnofi pa6orrr

1. &u coeAunenufl x.nacca MAX3, Ha rlpuMepe recrogoft cTpyl(rypbl, IIyreM

cpurBHeHur pe3ynbTaToB KBarrToBoMexaHllqecKoro MoAeJr4poBaHr{r cTpyrcrypHbrx,
gJreKrpoHHbrx lr MarHI,ITrrbIx ceoficrs c gKcneplrMerrr{urbHbrMr{ 3HaqeHLIrMrl, npoBo.urrct

AocraroqHo no,qpo6nufi auaJrr{3 B runtuufl napaMslpa Xa66apaa Ha rloJr1'.raeMble
pe3yJrbrar6r. [ttt ZnO no,qo6nr,rfi anur4s npoBoArrct roJrbKo Mfl I{.ueaJIBHoro

6ecupuruecuoro Kprrcrzrffra. I,Ig rercra Aficceprarluu HerroHrrHo ncrroJrE3oBaJlct JIU

napaMErp Xa66aprc lnn aroMoB flpuMecv, nocKonbKy oHu raxxe orHoctrct K [epexoAHblM
gJreMeHTaM, a aroMHbre crpyrffyprr c rarofi nplrMecbro 6ygyr nnrerr 3uaqr.rrerruylo
HeAoorIeHKy o6rraenno-ropperrquonnofi cocraBrrroqeft $ynxqlronana uomroft sneprltu.

2. flpra cparneHfir{ paccqr,rraHHhrx flapaMerpoB c sKcrrepr4 MeHTaJrBHErMr,r He yKeraHo

npr rarofi renrnefarype rroJryqeHbr grcrleplrMeHTanbHbre 3HaqeHrur u c yretoru xarofi

TeMrreparyprr npoBorrrcr pacqerbr raxr.rx r$yruarvrerrraJrbHbrx napaMerpoB, (aK rrocrorrrurle
perrrerKr.r, st[(perrnruuI nrarnratrrrfi MoMeHT, ul{pr{Ha 3arrperqennofi ronu.

3. I,Is rercra Ar,rcceprarlwr ocraercr HenoHrrHBrM, rITo noApa3yMeBaJrocg rIoA

npoqeccoM ornfiMr,rlarlltfi gneMelrrapHofi [rr,r pacqerHbrx rqeeK, a r{MeHHo BbrrroJlutJlacb Jrz

onflIMn3aql,It ToJIEKO AJrr IIOCTO'HHbIX pelreTKU I,IJr]r B TOM TIIICJIe Om[MU3I,IpOBaJI Cb

rro3nqrur aroMoB. B qacrnocru rpe6yer no.rurenufi Boflpoc o rrrMLI3aIIuu AByMepHbrx
aToMHbrx crpyrcryp r,B-3a Bo3MoxHoro (cxJrotrhrBaHr,rr) Bar(yyMHoro cJrot.

4. B ma"ee, nocnrqensofi r.r3yrrenr,fio crpyr(ryplr, gneKrpoHHrrx r.r MarHrrrxrrx csoficrr

o6reuroro CrGeTe3, sHepreTr'rqecKr,re 3oHHbre AuarpaMMbr paccqr,rTaHrr 6es yuera cnrlnosofi

flonrpr.Barlurr, xorr Marepl{arl tBllterct Qepponrarneruxotr,t.
5. Pncymn, flpeAcraBneHHrre B rreqarHoM Bfi,qe Aficceprarluonnofi pa6mn, uornr 6rr

6uru 6oree un(poplrarrunrruu. Haupnuep, Ha pI{cyHKe 5.5 nro6paxenbl flapqflanbnrle

IIJIorHocrn q cra 3reKrpouHblx cocrorHaft, flo uma:re sneprrfi rraoxno 6rrno 6n yrarrvuru

uacurra6 n, TaKvM o6pa:onr, ru6puauzagut d-op6wtateit nprMecfi c p-op6tnassto

KlrcJropoAa 6r,rna 6u oqes[.qHefi. Ha prcynxe 5.8 raeo6paxenbr rrJrocKocrrr 6er o6osuauenufi,

xmr n pa6ore qacro yfloMlrHaerct rurocKocrr (001) u nnocroctr (l l0).

flpe,qcrarnenuble 3aMerranfir He 3arparr,rBaror ocHoBHbIe IIoJIoxe HItt u BblBo.ubr rro

Ar,rcceprarluoHHofi pa6ore r.r reM caMbrM He cHl4xaKlr ueHHocrb nonyqeHHhlx pe3ynbraroB.



10. 3annrcqenue

,{uccepraquonuat pa6ora Eapanonofi Maprzn cepreeBrrbr Ha reuy <Marnr'.nrrfi
noprAoK u o6rueusoe nsarauo.qeficrrrae B AByMepHbrx ar.oMHbrx crpyKrypax BaH-Aep-
BaaJlbcoBcKoro rr,rna I,r rBep,qblx pacrnopax ZnO c nepexoAHbrMr,r gJIeMeHT{lMX)
rrpeAcraBJrrer cooofi saaepur€nrryro rranzQuraqraounyro pa6ory, coorBercrByer
rpe6onauuxna BAK Belapycu u n.20 floroxeuzs o flp[cyxreHlru yv€rux creuenefi u
npr,rcBoeHlrrl freHEIx 3BaHufi .

coucrarenr 3acJryxuBaer flpucy,'qqeHxr yr€noft crerreHu KaHAr.rAara Qusuro-
MareMarl4qecKux HayK rlo cnequiulrHocrl,I 05.16.08 - Hanotexnonoflfl{ r,I HaHoMarepr.raJrbl
(no orpacnrrr,r) la uoeute nayvuo o6ocuoaauuarc Desvtamamut, pewatowue eacrcuvto nqyun:tn
gadauy eaaeneHuu u meopemuqecxozo - o6ocuoeaut& uexauu?rtoa o6uenuozo
esautuodeficmeua e uuzrcoDasuepuotx nazuumuux cucmeum:

l) Mnoroypoanenrrft no4xog, rr.movarorquft gTanhr KBaHmBoMexaHuqecKoro
MO,4eJIr,IpOBaHr,rr CTpyKTypEr, SJreropoHHBIx rr MarHurHbrx cnoftcts lr onpe.qeJrer rr nolnofi
9Hepru[ aroMHbrx crpyrcryp, [yreM pacrrera r.rHTerpara o6ruesnoro asauuoAeficrrur c
lIc[oJIb3oBaHI,reM Mo.4eJlbnoro ftMlrJrbroHr,raHa fefisen6epra o6ecueqrasagr Bo3Moxgocrb
BbItBJIeHr,rr yclonzfi Qopnrnporanr,u HI,r3Kopa3MepHErx MarHlfrHhrx cllcreM B coeAlHeHr,rrx
ruua MAX3 (M:Cr; A:Ge, Si; X:S, Se, Te) u s o6relruou ZnO c rpuMecbro
lepexoAHbrx SneMeHToB,

2) @opuuponaHve Hr{3KoreMrreparypHoro @epporvrarlrmroro flopr,uKa B.qByMepnhrx
MarHr,nHlrx crrcreMax Ha ocHoBe MAX3 (M: Cr; A : Ge, Si; X = S, Se, Te) npoucxo4rr sa
cuer cynepo6ueHHoro B3ar.rMoAeftcrsus nreN4l o6ycnosreHsofi ru6puluguryeit sp33-
op6ura;refi qacru zokog cf* c p-op6urasaMr.r npoMexyroqHoro xaJrbKoreua rr.rouerynrpuofi
op6uralrro o I,t aroMHbrMr.r t2toplvtuntwu Apyrofi qacrr,r lrouoB Cr,*,
a arrrr,rQepponaarHurHoro [oprAKa - 3a cqer nptMoro o6uennoro rtauuo4eficrrux uex,qy
d-op6tnar'r,un oAHoft cuMMerpr,ur (tr) rByx lrouoB Cr3* u cynepo6uenHoro
lsaurr,rogeficrnrr uexgy op6rra;rrMfi, I,IMeKtIquMr,r pa3JrwH6le cr,IMMerpr4u Ha gTI{X I{OHaX
uepes ra6pr.rgr.rsaquro c p-op6uriurrMv xaJrbKoreHa.

3) B xratuognoMepHElx lr KBa3I{HyJrEMepHbrx MarHI,ITHbrx ctrcreMax,
coopnrvponanurrx s o6reNrHor{ ZnO, arrrulpeppouarsurnrrfi flopr,qoK Qopruupyercr 3a cqer
nprMofo o6uesuoro sgauMo,qeftcrgflr ruexay d-op6rnaJrrMr.r lroHoB npflMecr.r r.r KocBeuHoro
cyuepo6rr,reHnoro rsauuogeftcraut Mex,qy qacrr.rrrHo 3ztrroJrHeHHhrMr.t d-op6ura.nrura nonon
flpr.rMecr.r oAnofi currauerp}Ill [ocpe,qcrBou rN6pr,l4toaquu c p-op6wrwtrMr{ Kr.rcJropoAa, a
Sepporr,raruuurrrfi nopr.qoK Qoprr,rrapyerc-r 3a crrer KocBeHHoro cynepo6naennoro
rsawrlogefictrul Mex,ry qacrl,rqHo 3arroJrHeHHhrMr4 . (rrycrrrrrar Ant Hlr3Kopa3MepHErx
MarHI'mHEIx cficreM c Cr) r,r nolnocTblo 3arloJlHeHnrrruu (uacruuHo 3arroJrHeHrrhrMrr AJrt
Hr.r3KopiBMepHbrx MarHrfrHbrx ctrcreM c cr) d-op6wrwanru pa.enofi clrMMsrpulr 6narogapa
ru6pu gutaguu c p - op6 trr.wl,r.wr Kr,rcnopoAa.

sa uoeate uqyuuo o6ocuoeauuwe meopemurtecxue pesJ)numamu. ucnonosoeauue
xomoputx o6ecnequeaem peweuue ea)rcuod nouKraduofi zadauu noBhrrrreHl{t reMrleparypbr
Kropu:



4. OoprraLrpoBaHue ycroftuuBoro BblcoKoreMrreparypHoro QepponrarHerr.r3Ma B

aroMHErx crpyKrypax CrGeSe:, CrGeTer, CrSiSe3, CrSiTe3 c reMrreparypofi Kropu n
Ar,rarr{BoHe m 59 ao 129 K, a raxxe s o6serunon ZnO c npr,rruecbro rrepexoAHED( gJreMeHmB

Cr, Fe, Co c reMrreparypofi Kropu B Ar.rarra3oHe or 59 ,qo 287 K o6ecnequBaetcx 3a cqer
yBen[qenur BeporrHocrn nprMoro r.r cyuepo6uenuoro s3a[Mo,qeftsrBufi uerr.uy
op6lrralruu pasnofi czuuerpr{r{, Kompoe Aocrr,rraercr rryTeM ta3MeueHut crpyrcrypu ulutru
yMeHbrrreH r BKJTaAoB rrprMoro o6nrensoro s3ar.rMo.(eftcrsur uexcgy op6rranrun o,qnofi
cr,rMMeTpIlu.

KauAraAar Srasuro-MareMarrdrrecKr,rx HayK,
craprxHfi HayqHbrfi coTpyAHr,rK
rocyAapcTBeHHofo HayrrHoro yqpe}I(Ae}Ivrs
<I4ucruryr Suszrco-opraHzrrecKofi xuurrr4
HaquouaJrbHofi aKaAeM r4v HayK B enapycu>


