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OT3bIB
OTEIIE CTBEHHOTO HAYTIHOIO KOHCYJIbTAHTA

Ha Ar{cceprarlrroHHyro paoory Ovrap on ofi Xtaucau EarAarKrrsrr
(dlpeAerbr eQQercruBHocrrr MeraJrJroopraHrrqecKrrx repoBcKrrroB Ha ocHoBe CHsNHTSnII
u CH3NHTPbIT als QoronoruTal{Krr)>, rpeAcraBJreHHyro Ha concKaHue crerreHn AoKTopa
QurocoQun (PhD) no o6pa3oBarerrbHofi nporpaMMe (8D05303 - TexnuqecKaq Qnurrca>>

ConneqHar gHeprerr{Ka craHoBr,rrcr Bce 6oree [epcneKTrrBHbrM Br.rAoM [onyqeHl4r rrncrofi
gJIeKTpOSHeprlrI{, He TOJIbKO 6rarO4ap' ylyqrueHr4ro cyxlecTByrouux KpeMHpreBbrx rexHoJrorHft,
HO H BCJIeACTBIIe rIOSBreHI,I.f, HOBbfX, TaKI,IX KaK TeXHOJTO|UT [epOBCKI{THbX COJIHeqHbTX
gJIeMeHToB. llocleAslle orJlllqarcTcfl oTHocr4TeJrbHoft [pocToTofi r,r3foToBJreHr.rr pr BbrcoKoft
e(f(fexrr.rnnocrbro (foronpeo6pa3oBaHEr, Koropiu upeBbrrxaer 25yo Anfl orAenbHbrx
lonylpoBoAHrIKoBbIX IlepexoAoB u 32oA Anfl TaHAeMHbTX KpeMHr.reBOnepoBcKtITHbx coJrHeqHbrx
gJIeMeHToB. OAuaxo Ans BHeApeHur AaHHoft TexHonon{r,r B rrpoMbrrlneHHocrb Heo6xoAlrMo
peuLITb ptA npo6neM, TaKHX KaK crpyKTypHrur Hecra6r.rnbHocrb (foroupeo6pa3oBarenefi, a
TaKXe OlpeAenlrTb rrpeAenbr ux ycrofiqunoft s(fseKTr,rBHocrr.r. B csqsu c gTr,rM B rrocJreAHee

,{ectTp1neTl,Ie Ha6nloAaeTcq pocr aKTr4BHocTrz no r43yqeHr.rrc npoqeccoB Ael'palla\krv

QoroartunHblx [epoBcKLITHbIX Marepr4arnoB noA Bo3AeficrBr4eM ycnoBlrfi orpyNarouefi cpeAbr r.r

prupa6orKr4 nrrconoe$ QeKTr.rBHbrx nep o BcKrzrHbx crpyKryp.
,{nccepraqldoHHiul pa6ora Orvraponoft X.E. Ha reMy <Ilpe.uelrr eQQexrranuocur

MerzrnnooplaHllqecKl{x repoBcKLIroB Ha ocHoBe CHgNHISnI3 vt CH:NH:PbII !.nfl
([orononrral{Kll)) uocBtlrleHa trr4cJreHHoMy Lr sKcnepr4MeHTanbHoMy r{ccJreAoBaHr4ro
nepoBcKLITHbx coJrHeqHbrx gJreMeHToB c rlenbro Bbrpa6orKu peKoMeHAarll,tft ro
ycoBepllreHcTBoBaHrrro ux cTpyKTypbr v, KaK cJreAcTBr{e, BbrxoAHbx TexHr.rlrecKr.rx
xapaKTeplrcTr.rK.

B uepnou pa3Aene AuccepralllaoHHofi pa6orbr npeAcraBnen rparrufi Jrr.rreparypHbrfi o63op
no llccneAoBaHllro apxl{TeKTypbl nepoBcKlrTHbrx coJrHeqHbrx SJreMeHToB, I{x KJlaccn$zraulil,r,
MeroAoB rr3f oroBJreH vs. v rrvcreHHbrx prccle.{onanrafi .

Bo nropol,t pffiAeJIe rrpeAcraBneHbr pe3ynbrarbr pa3pa6oraHuofi o6o6qeHHofi qucneHHoft

MOAeII,I MeTaJInOOpfaHI{qeCKOIO nepOBCKr{THOfO COJIHeTIHOTO SJreMeHTa Ha OCHOBe COeAr.rHeHI{fi

Merl{Jl-aMMor^r4fr-irop^vA onoBa (CH3NH3SnI3) z MerIaJI-aMMoHLIfi-fioAHA cBlrHrla (CH3NH3PbI3).
O6napyNeno BJruflH:ae nnorHocrr4 o6rensrx u noBepxHocrHbx AetbeKToB Ha ocHoBHbre

XapaKTepI4CTI,IKLI COIHeTIHOTO gneMeHTa.
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B rpetreu pa3Aene I,I3JIoxeHbI p$ynbrarbr cpaBHeHr4r rronrreHHbrx sKcrrepr.rMeHTaJrbHbrx
o6pasqon c pe3yJlbraraMl,I tII{cJIeHHoro uccneAoBaHvfl., B KoropoM ocHoBHoe BHr,rMaHr{e
yAeJltnocb I'I3yqeHLIrc BlrusP^vrfl. o6reunrx rI [oBepxHocrHbrx 4eSerron B rrorJrorqanqeM cnoe
Ha xapaKTeprIcrLIKLI yctpoftcrna. .{aHurre p$ynbrarbr 6ulu rroJrf{eHbr B nepr{oA uayvnoft
craxl'IpoBKIl Orr,raponoft X. n la6oparopuu SorooneKTpurrecKr.rx rBJreuuir u npz6opoe TOO
<@uguxo-rexnu'recKnfi I4HcrlaTyr). llo pe3ynbraraM 3KcnepzMeHTaJrbHbrx pa6or 6ulo
ycraHoBJIeHo o6pa:oBaHue e o6pasqax ge$erron, oKa3brBarorlnx BrrvtfiHvre Ha ero Bbrxo.rlHbre
TexHr{qecKr4e xapaKTepr{cTr{Kr{.

B'rerneproM pa3Aene npLIBeAeHbI r4ccneAoBalLrfl, AerpaAarlulr [epoBcKrrrHoro Marepr{ana
B ycroBl'Isx nosrrmeHHoft BJIaxHocrLI BcJreAcrBr.re rrEApararllroHHoro pa3JroxeHr.rt
Kpr,rcrannr.recxofi crpyKrypbr o6pasqa.

Pesylmarrt, [oJIyseHHbIe B AaHHoft 4raccepraqlrrl, [peAcraBJrrror rleHHocrb Ans, pa3p;urkrfl
neponcrntnofi $toronrraur<u. Onu 6yayr BecbMa noJre3Hbr Infr rrry6oxoro rroHr.rMaHr4t
MexaHI'I3Ma AerpaAarlul4, qro rlo3BoJrr.rr npu1rtuzurbc.f, K cra6umnocrr.r KpeMHeBbrx coJrHeqHbrx
gJIeMeHToB. Tarxe [peAnoxeHa HoBaJI onraMarbHa.q nucorcoeQ$eKTr.rBHar crpyrflypa
rlepoBcKrlTHoro coJIHelIHoro gJreMeHTa, Koropair rro3Bonrer npu6lasrarbcr K Teoperr.rqecKoMy
rpeAeJly Illoxnz-Knaftsepa.

'{nccepraq}IoHHa-tl 
pa6ora Ouaponoft X.E. srrnoJrHeHa B coorBercrBr.r}r c rrJraHoM HaytrHo-

I'IccJIeAoBareJrbcKI{x pa6or IIo [porpaMMe rpauToBofo (pzuanczpoBaHkrfl, Mr.rurcrepcrna
o6paronauvr,vnapvr Pecny6nuxu Kasaxcran e o6racru ecrecrBeHHbrx HayK B paMKax npoeKra
(AP05133651 - llpousBoAcrBo I,I LIccJIeAoBaHr.re [epcneKrr,rBHbx soso6uosrf,eMbrx r,rcroqHr.rxoB
Ha ocHoBe ru6xrax opf aHr.rqecKr.rx nonynpoB oAHr4 KOBbTX Marepr4aJroB )).

flolyueHurre n nactosulefi Al{cceprarlzoHuofi pa6ore pe3ynbrarbr orpaxeHbr B
coorBercrByloqux ny6lzraqraxx Oltaponofi }I{.8.. llo ocHoBHbrM pe3ynbraraM
Al{cceprallzonnoft pa6otrr ony6ruanonasrr 15 [errarHbrx pa6or: 4 n Nypnanax r,r3 [epeqHt
KKCOH MHBO PK ans ony6nzronaHl,Ir ocHoBHbrx pe3yJrbraroB Ar{cceprarluv Ha coprcKaHr.re
crerleHl4 PhD, 2 B xypHanax AanbHero sapy6eNrr c BbrcoKr{M l.rrrlnaxr-QaxropoM, BxoArrqux B
MexAyHapoAHbIe 6asrr AaHHsrx Web of Science (Clarivate Analyics, CIIIA) u Scopus (Elsevier,
Hu4epnan4rr) u 9 pa6or B Marepr4anax Mex4yuapoAHbrx HayqHbrx r<on(bepeHrlr,rft.

.{uccepraquoHHa.s pa6ora Ouaponofi X. flBlrfl.ercfl. 3aKoHqeHHbrM HayrrHo-
I{ccne.[oBareJrbcKr,rM TpyAoM, BbrrronHeHHbrM Ha BbrcoKoM HayrrHoM ypoBHe. 3a rpeur pa6orrr
HaA AI{ccepraII}IoHHofi pa6oroft Xancas rporBvna rpyaonro6ue, yropcrBo B Aocrr.rxeHrrr.r
locraBJleHHbrx qelefi, orBercrBeHHo rloAorxna K BbrnoJIHeHuIo HecraHAaprHbrx
lrccneAoBaTeJrbcKr{x 3aIaq.

Ha ocHoBaHI{[ BbIIIreLI3JIoxeHHoro cqr4Tzrro, qro Al{cceprarlr{oHHarr pa6ora
Ouaponoft X. E. Ha reMy <flpe4enu e(f(perrunuocrrz MeraJrnoopraHurrecKr.rx nepoBcKr.rroB Ha
ocHoBe CH3NH3SnI3 vI CH3NH3PbI3 Lnfl Qoronomraptnvr>>, coorBercrByer BceM
rnanu(furaqlloHHblM tpe6onaun{M, npeAbsBnreMbrM K Ar{ccepraqr4f,M Ha cor4cKaHr.re creneHr4
AoKropa (pr,uoco(fzn (PhD), a ee aBrop 3acJry)KaBaer rpncyxreHr,rs creneHr.r AoKropa
Sunoco(puu (PhD) uo o6pa:onaremnoft rporpaMMe (8D05303 - Texnu.recrar Qusuxa>.

Oreqecrsennrrft
uayrurrft KoHcyJrbraHT,
PhD
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IIIKIPI

Kyu eneprerl'IKacbl rpeirlHlafi TexHoJlorurnapbrH Nerir4ipy ece6iHes FaHa eMec, coHbrMeH
f,cbr cr.rrKrbr xaqa qrpnepiniq nafiga 6olyuHa

eulipyaiq nepcrreKrrznalrr rypiue afiualyra.
MAhrJrbrFbrMeH xeHe Sororypneuaipyaiq xorapbr
rrrafi errisrirllrix aybrcynap yltiu 25yo xewe
epi yuriu 32% -AaH aca.{br. .{ereuueu 6y,r

TexHoJlofuf,Hbl eHepKacinrce euri:y yruiu $ororypneri4ipriunepaiu KypbrnbrMAbrK rypa(cbr3Abrrbrcllfl(rbl 6ipxarap Mecenenep4i urerny KepeK, coHbrMeH (arap onapAbrr{ Typa(Tbr ruinrai-rririHirrruerin aHbIKTay (axer. ocrrran 6afiraurrcrrr coH.br oHxbrn.qbr(Ta KoprlaraH opraxarAaftnapblHblll ecepiHeu Qoroaxrunri neponcxr{T Marepr.ranAapbrHbrr{ AerpaAaur4f, npoqecrepin
3eprrey Neue tniu,qiriri xorapbl repoBcKlzrri 4yprurrnaaupa"i esipney 6tftrrgura 6encenAirix
aprybr 6afir<anaAu.

<Oorononrral4Ka yruin CH3NH3SnI3 NeHe CH3NH3pbI3Herl3r nrarrep4irl ruinalinix urexrepi> ra4rrprr6rr 6ofi4rua.{I{cce KyH .eJ err.renmepiHiq 4yp"rl"ron"rrn xa(capry xoHe
6ofirrtua ycbrHbrcrap4rr esipley Ma(carbrHAa
HAJIfAH.

eniuiu4e rtepoBcKlrrri nyu eleueumepiuiq
onapAbIII NixrenyiH, guaipy s4icrepin xeHe caHAut4 ,eprt.ynepiu ..prt.y
a eAe6netrir< nroly 6epilren.

Eriurui 6oniure Karaft' Merr4rr annao'nfi ftorulj (cH3NH3snI3) Neue KopracbrH Merrzrrauuonufi fioaraai (CH:NH:PbI:) xocrr.nbrcrapbr uerisiHleri r KyHoJreMeHrrepiniq esip-nenren xaJrrrbrJraHFaH caHrrrK MoAen KyH
srel,IeHriHir{ Herisri cr4rrarraMaJrapbrHa relelrAir Neue 6erri ^"":.aHbIKTaJIAbI 

'\vJrvarrA'\ T\e'v vwrrr ecepl

Yudnrui 6enimAe aJrhrHFaH rcNipu6erix ylrinepgi caHABrK 3eprrey Herrzxelepiuen
carlblcrblpy Herl4xenepi 6epinreu, oHAa 6actrt H 3ap ciqlpriu r(a6arrarrr'renelrAix Nene 6errix

crrrrarraMaJrapbrHa ecepin 3eprreyfe ayAapbrnraH. Byr ueruNerep x. B.
TexHr.rKaJrbrK rrHcrrrryr> X[IC_Hiq Oorogrexrprir xy6rrnrrcrip MeH

KYpbIJIrbInap 3eprxaHacblHAa TbIJIbIMI4 TaFbInbIMAaMaIaH oryi 6apucbrHAa aJrbrHarr. TeNip'6enix



x$\,tblcrapAbll{ Herl4xenepi 6oftunua ynrilep4e oHbrr{ rrrbrFbrc rexHuKaJrbr( cr4narraManapbrHa
ecep ereriu aKaynapAblq uaftIa 6onyu aHbrKTanAbr.

Teprinuri 6eniuae xorapbl bIJIraJIAbrJrbK NarAaftuu4a ynriuiu rpucranAbr( (ypbrnbrMbrHbrH
rI{AparaIIuflJIbI( bllblpaybl canAapbrHaH nepoBcKrrr MareprranbrHbrF{ AefpaAaur{.scbrHbrH
3eprreynepi 6epinren.

Eyl gucceprallntnblK xg\.rblcra aJIbIHFaH Herr.rxenep nepoBcKr4TTi Qrononrrar,rKaHbr raMbrry
yruin KSIarr 6onuu ra6ruta,qrr. Onap 4erpalLarryrfl uexanu:uiH reper{ ryciny yuriH ore nafi4anir
6ona4rr, 6yn rperr.lnuft ryu gJleMeHTTepiuiq rypaxrbrJrbrrbrHa xaKbrHAayra r.rp,rrinair< 6epeai.
Con4aft-a4 [loKnu-Ksaftsepaiu reoprrsnbrK urerine ]KaKbrHAayFa rnryuninairc 6eperin )Kar{a
or{rafilrr xoFapbl rHiu4inirri neponcrcur KyH sreueHriniq (ypbrnbrMbr ycbrHbrnraH.

Onaapona Xaucas BarAarKrrgblHblr{ Arrccepraur.rrJrbrr( x{$lbrcbr I(a:a4cran Pecny6nuxacrr
Bililt xeHe TrIJIrIM rulunncrpniriuiq xaparbrnbrcrany rbrnbrMAapbr crrJracbrHAalbr rpaHTrbr(
(apxblnaHAupy 6argapJlaMacbl 6ofirmura fbrJrbrMr{-3eprrey xocrapbrHa cefirec (AP05133651 -
Zrenaai opraHI'IKa[bI( xaprblnafi err<isriru ruarepuanAap HerisiHAe nepcrreKrr4eri xauaprbrJrarbrH
res4ep.ui en4ipy xeHe 3eprrey> No6acbr a{cbrHAa xy3ere acbrpbrnaAbr.

Ocu ALIccepraIII{tnbIK xs4brcra aJrbrHraH Herr.rxenep )t.E. Ouaponauuq ruicri
6acrurnrl4apblHAa xepcerirren. [ucceprarlnrnbrK )KyMbrcrbrr{ Herisri "rtr*.nlpi 6ofirrnura l5
6acna xSvIbIcbI xapusnaHFaH: PhD goxropbr AopexeciH any yruiu gucceprarllrrHbu Herisri
Herl'Ixenepin Napaxlay ylriu 4-i I(araacrau Pecny6ruxacu Binirta xoHe rbrJrbrM MLrgtrcrpniriuirt
Einivr xeHe FsIJIrIM canacbluAa cauaHbl KaMraMacbn ery KoMLrreri ycuurau 6acruuu4apla, Web
of Science (Clarivate Analytics, AKIII) xeHe Scopus (Elsevier, Hv4epnan4) xanlrxapamrx
AepeKTep 6agacrrua enrisirreH Iaunaxr-$aKTopbr xorapbr urereuix xypHanlapAa 2 xaue
Xanrr4apanbl( rbIJIbIMz ron(fepeHrlr{rnapAbrr{ Marepr4an4ap xr{HarbrHAa 9 na(ana.

}(. E. Ovaponaublr{ Al{ccepralll4tnbrK xsvrbrcbr xoFapbr FbrJrbrMr,r Aer{reftAe opbrHAaJrFaH,
atKTiInFaH FbIJIbIMI,I-3eprrey xp,{brcbr 6omrn ra6sura4u. ,{nccepmqvflnbr( xS4brcneH xyMbrc
icrey 6apsrcrrn4a Xancas eq6ex4opru4, arra 4ofirau Ma(carrapbrHa xeryAe ra6auArrnrrx
TaHbITTbI, craHAaprrbl eMec 3eprrey rancbrpManapbrH opbrHAayFa xayanKeprxilircneu KapaAbr.

Xorapsqa afirrrlrangapAbl ryfiin4efi KeJre, Orrrapona XaHcas EarlarxrrgbrHbrr{
<@orosonbravlKa yl[in CH3NH3SnI3 ]KeHe CH3NH3PbI3 nerigin,{eri rraerannopraHr4KanbrK
rIepoBcKLITrepAir{ rr,rirr,r4inirc merrepi> ra4rrpu6trHAafbr Ar.rcceprarlurnbr( xp{brcbr (funoco(pul
AoKropbr (PhD) rbrJrbrMr{ 4epeNeciu aay yruiu Aucceprarlns.napra 4oftrrraruH 6aplrry 6ilirrinir<
rilIarlrapblna ceftxec xele4i, aJI oHbrr{ aBropbr (8D05303 - Texsuranrr4 (fz:uxu 6iniu 6epy
6ar4apnanaacrr 6oftsruura $uroco6ur 4oxropu (phD) 4epeNeciu 6epyre naftu( Aen ecerreftrrriu.
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