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O INOAI'OTOBKE MATUCTPOB HA ®AKYJIBTETE
HAYK O MATEPUAJTAX MTI'Y

@dakynbTeT HAyK O MaTepHaliax — 3TO MEXIUCUMUIUIMHAPHOE Yy4ueOHOoe
3aBe/ICHHE, 3a/ladyell KOTOPOro SIBJISETCA MOATOTOBKA BBICOKOKBAIM(DUIIMPOBAHHBIX
CHEUAIKNCTOB, CIOCOOHBIX TPOBOJUTH MCCIEIOBAHUS B CMEXHBIX 00JacTsIX XUMUH,
¢u3uku U MexaHukd. 3a Bpemsi oOyuenuss Ha DOHM cryaeHTsl mpuoOpeTaroT
YCWJICHHYIO OOILEHAay4YHYIO TMOATOTOBKY M XOPOIIME HABBIKM JKCIEPUMEHTAIbHOU
paboTHI.

dakyapTeT HAayK O Marepuajgax MpPOBOAUT OOYy4YEeHHUE CTYJIEHTOB IO
JIBYXCTyneH4YaTol (OakajgaBp-MarucTp) CHUCTEME TMOJITOTOBKHU CHEIUMAIUCTOB. B
2009 roay mporien BeIMTYCK MEPBbIX MarucTpoB no HanpasiaeHuto 020100 — «Xumus»
(maructepckas nporpamMma «Xumusi TBepjaoro tenay). C 2013 roma BBIMYCKaIUCh
MarucTpbl, MPOMIEANINE TMOJATOTOBKY IO YKa3aHHOW Nporpamme, peanu3yeMon B
paMKax COOCTBEHHOro oOpasoBatenbHOTO cTaHgapra MIY (OC MIY) 1o
HanpaBieHuto «Xumus». C 2015 roga mnoATOTOBKA MArvCTpPOB BEIETCS IO
HaIpaBJIeHUI0 «XUMUs, PU3NKa U MEXaHUKa MaTtepuaioB», U B 2017 roay BrepBbie
BBINYILIEHBI CTYJAEHTHI, IOATOTOBJIEHHBIE IO 3TOW NMPOTPaMME.

[Iporpamma MOATOTOBKM MAarucTpoOB BKJIOYaeT B ceOs 0a30ByI0 4acTh,
COCTOSIIYI0 W3 IUKJIA OOIIEeKYJIbTYpHOH NOATOTOBKH («Puiocodckue BOMPOCHI
€CTECTBO3HAHUA», «AHIIIMUCKUN S3bIK B cepe mpodeccHOHATBHOrO OOIICHUSY,
«KoMmmbloTepHble  TEXHOJOTMM B  Hayke H  00pa3oBaHHMHM»), a  TakKke
npodeccuonanbHoro nukina («llepcrnexkTuBHBIE HEOPraHMYECKHME MaTepUalbl CO
cnenuanbHbIMU - QYHKIUAMEY, «COBpEeMEHHbIE MPOOJIEMbl MaTepUaIOBEICHUS,
«McTopuss M MeTOmOJOTHUs HayKHu O Marepuainax», «MeToluka NpenoiaBaHus
€CTECTBEHHOHAYYHBIX JIUCLHUIUIMHY», CHEUNPAKTUKYM <«MeToabpl JAUarHOCTHKHU
MarepuaaoB», 4 3ad.ea./80 yacoB a0OpAaTOPHBIX 3aHATHH, B paMKaX KOTOPOTO
3HAKOMSTCSI C OCHOBHBIMU TPUHIMIAMH PAOOThl COBPEMEHHBIX MPHUOOPOB,
MPUMEHSEMBIX TPU UCCIENOBAHUHA (PU3UKO-XUMHUYECKUX U MEXaHWUYECKHX CBOWCTB
MarepuanoB). BapuaTuBHasi 4YacThb MOJATOTOBKU COJAEPKUT JIEKIHOHHBIE KYPCHI
JUCUUIUIMH MarucTepCKOW mporpammsbl (Takue Kak, «CympamMosIeKyysipHash XUMHUS»,
«buoneoprannueckas xumusi», «Koopaunanvonnas  xumusa. CoBpeMEHHbIE
acriekTbl», «Hanoxumus», «MetamioopraHudeckass XuMHs», 6 3a4.ell.), CHEeIKYypPChI
mo BeIOOPY cTydeHTa (5 3a4.el.), a TaKkKe MPAKTHYECKUE 3aHSITHS, MO3BOJSIONINE
CTyIEHTaM OCBOUTH Pa3HOOOpa3Hble METOAbl CHUHTE3a BEIIECTB M MATEpHAIIOB B
pamkax «KadenpanbHoro cneunmpaktukyMa» (5 3ad.en., 108 yacoB nabopaTopHBIX
3aHATHI). MarucTpanTbl BTOPOTO TOJla OOYYECHHS TPOXOJAT 3aKITIOYUTEIBHYIO,
paCUIMPEHHYI0 4YacThb CHEHIPAaKTUKyMa IO COBPEMEHHbIM mpubopam it
JUArHOCTUKA  MartepuasnioB (Tak  Ha3biBaeMbld  «lIpuOOpHBIA  TpaKTUKyM,
18 3au.en./180 wacoB mabopaTOpPHBIX 3aHITHI), OCHOBHOW 3aJadeil KOTOPOTO
SBJISIETCS TOATOTOBKA BBICOKOKBATU(UIIMPOBAHHBIX IMOJb30BaTENeil (OMepaTopon)
JUISL CaMOCTOSATENIbHOM paboThl Ha CJOKHOM Hay4yHoM oOopymoBanuu. Cremyer
OTMETUTh, YTO OOBEKTAMH AaHAJUTUYECKOTO HCCJIEAOBAaHUS B XOJE BBINOJIHEHUS
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3a/1ay CTCIIPAKTUKYMOB SIBISIFOTCS, B 3HAUUTEIILHOU Mepe, BEIIeCTBA U MaTEPHAIIHI,
co3gaBaeMble B paMKaX MPUOPUTETHBIX IS (haKyJabTeTa HAyYHBIX HAINpaBIICHUH,
pa3BuBaeMbIX Ha (pakynbTEeTCKUX Kadeapax HaHOMATepHUasaoB (3aB. kadeapon — ui.-
kopp. PAH, npod., naxuH EA. TymuiuH) ©u  MEXIUCUUIUIMHAPHOTO
MarepuanoBeqenus (3aB. kadenpoit — akaa. PAH, npod., n.¢.-m.H. B.M. Hesnes), a
Takke B J1a0OpPaTOPUU HOBBIX MaTEPUANIOB IS COJIHEUHOM DHEPreTUKH (3aB.
naboparopueit — k.x.H. A.b. Tapacos).

Crynentst ®HM HMEIOT YHUKQJIBHYIO BO3MOXHOCTH OCYIIECTBIISITh HAYYHYIO
NESATENbHOCTh W BBINOJHATh KBaNU(HUKAIUMOHHBIE pabOThl HE TONBKO B
noapasneseHusIX MOCKOBCKOIO YHUBEPCHUTETa, HO M B KPYNHEWIIMX HAay4YHBIX
nenTpax Poccuu, B 3apyOeXHBIX HAay4HbIX LEeHTpaxX. HamanuTe HayyHble KOHTAKThI
IIO3BOJISIIOT CTAXXKUPOBKHU, KOTOPBIE B PaMKax Hay4HO-IIPOU3BOJCTBEHHOW IPAKTUKHU
OPOXOJAT BCE MaruCTPaHThI EPBOTo roja o0yueHus. Takue cTaXKUPOBKH MO3BOJIAIOT
CTYJI€HTaM 3HAKOMHUTBCS C PabOTOM BEeAYUIMX HAYUYHBIX KOJUIEKTUBOB, Pa3BUBAaTh
CBOU HAaBBIKH MATEPUATIOBEI0B-UCCIEI0BATEIEH B paMKaxX Pa3HbIX Hay4YHBIX LIKOJI, a
BO BpeMs 3apyOeKHbIX CTaXMPOBOK — €€ M TPAKTUKOBAThCS B OOILIEHUHU Ha
MHOCTPAHHBIX s3bIKaX. Bo Bpemsi MpakTHKW CTYAEHTHI OOOTaIlaloTCid HAyYHBIMHU
UACSIMH, 3aKJIaJbIBAIOT (YHJAMEHT CBOEW HAyYyHOW pemyTaluu JUisl CIeAYIOIIUX
ypOBHEM 00pazoBaHus (acCUpaHTypa, JOKTOPAHTYpA).

MaructpaHTel-BeIyCKHUKA 2024 rojga MNpOXOAWIM MPAKTUKY B TaKUX
KPYMHBIX y4eOHO-HAyYHBIX M Hay4HbIX IeHTpax Poccum kak MHcTUTYyT 0011l u
Heoprannueckoir xumuu uM. H.C. KypnakoBa PAH, MuctutyT MeTamuiyprum u
MmarepuanoBefeHuss uM. A.A. baiikoBa PAH, ®uU3UKO-TEXHUYECKUN HHCTUTYT HM.
A.®. Nobdpe PAH, MHCTUTYT CHHTETHYECKHX TMOJMMEPHBIX MartepuanoB um. H.C.
EnukomonoBa PAH, Uuctutyr Hedrexummdeckoro cuHre3a um. A.B. Tomuuena
PAH, UucTuUTyT pamuoTexHuku H 3ekTpoHuku uM. B.A. KortenpHukoBa PAH,
NHCTUTYT Teonoruu pPYIAHBIX MECTOPOXKICHUM, NeTporpaduu, MUHEPAIOTHH U
reoxumun PAH, ®UIl Konsckuit nayunsii nentp PAH, HUIl «KypuatoBckuit
uactutyt», [HHUM KM «Ilpomereity, HUTY MUCUC, VYuusepcuter UTMO,
AO «Cnektpockonuueckue cucreme», AO «BHUUXT», OO0 «K-miroc», OO0
«bentonut Xakacun», OO0 «TexHOJIOTHUYECKUE CHUCTEMBI 3aIIUTHBIX MOKPBITHI,
OOO HIIL] «Jlazepsr u anmaparypa TM» u ap. 3apyOeKHYIO CTaXXHPOBKY CTYACHTHI-
BBITYCKHUKH Tmpoxoaunu B Hankunckom yHuBepcurere (Kurait), Hayuno-
TEXHOJIOTHYECKOM YHUBepcuTeTe mMeHH Kopoiss AOmamisl (CaymoBckas ApaBws),
EBpa3zuiickom HarmonanbHoM yHuBepcutere um. JIL.H. I'ymunena (Kazaxcran).

BaxubiM (akTOpoM, CHOCOOCTBYIOIIMM Pa3BUTUIO TBOPUYECKON aKTUBHOCTHU
CTYJIEHTOB, SIBJISIETCS TO, YTO Hay4yHas paboTa BXOIUT B yuyeOHbIM mian. dopma
OTYETHOCTH — O0S3aTENbHBIE CTYJeHYECKHE KOH(PEPEHIINH, KOTOPHIE TMPOBOISTCS TI0
OKOHYaHUU KaxJaoro ceMectpa. O BBICOKOW HayyHOHM AaKTHUBHOCTH CTYJIEHTOB
CBUJIETEBCTBYET OOJBIIOE KOJIMYECTBO IMyOIMKAIIMK B HAYYHBIX KypHaAIaX, a TAaKKe
y4acTHe CTYJEHTOB B POCCHUUCKHX M MEXKIYHAPOJHBIX HAYYHBIX KOH(PEPECHITUSIX.
O6miee uwncno myONMWKAIUK BBITYCKHUKOB Maructpatypbl 3a 2013-2023 rogs
npejacTaBieHo B Tabnuie Hmwke. B 2024 romy marucrepckue KBalu(pUKAIIMOHHBIC
paboTsl OynyT 3amuinath 37 BeIMYCKHUKOB Maructparypsl @HM MI'Y. OoOuiee
YUCII0 MyOauKanuil BEIMTyCKHUKOB cocTapiseT 200, u3 Hux 47 crareit u 1 nmareHr.
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2013|2014 2015|2016 | 2017|2018 2019 | 2020 | 2021 | 2022 | 2023

Ywucno cTyaeHToB, 23 | 18 | 19 | 12 | 22 | 22 | 23 | 22 | 21 | 22 | 35
3aIUIIABIINX JTUTIIIOM

Yucio pabor, 1 0 3 0 1 2 1 1 4 1 5
BBITIOJTHEHHBIX B

nHctutyrax PAH

Ywucno cTyneHToB, 21 | 16 | 19 | 11 | 21 | 20 | 23 | 20 | 18 | 18 | 26

MMEIOIINX MyOJIUKaIINu

Oo6mee uncino myonukanuii, | 247 | 132 | 196 | 85 | 236 | 270 | 151 | 223 | 182 | 145 | 252

W3 HUX CTaTeH, 54 | 29 | 32 | 16 | 40 | 60 | 18 | 50 | 45 | 26 | 58
3asIBOK HA TIATCHT 0 1 7 3 7 1 2 0 0 0 0
MIATCHTOB 0 0 3 0 0 2 0 4 2 0 3
Uucno o1eHOK «OTIUIHOY 20 | 14 | 17 | 11 | 19 | 15 | 22 | 22 | 17 | 18 | 32
«XOPOTIIO» 1 3 2 1 3 6 1 0 3 4 3
«YIOBIL» 2 1 0 0 0 1 0 0 1 0 0
«CHEYJIOBIL» 0 0 0 0 0 0 0 0 0 0 0
Ywucno paboT, OTMEYSHHBIX 5 5 5 4 5 8 7 5 9 9 14
I'OK
Ywucno aumnioMoB 15 7 7 5 10 | 15 | 15 | 17 | 12 | 10 | 25
C OTIINYHEM
Uucio BBITYCKHHUKOB, 10 | 11 | 12 | 10 | 10 | 12 9 14 7 6 16
MOCTYIUBIINX B
acriupantypy ©HM

Maructepckue paboThl BBINOIHUINCH HAa Kadeapax HEOPraHUYeCKOW XUMHH,
¢uznuecko  XUMHUHU, JJICKTPOXUMHUHU, PAAUOXHUMHUHU,  BBICOKOMOJIEKYISPHBIX
COCIMHEHUN, XHMHYECKOM TEXHOJOTMHM W HOBBIX MATEpUANIOB, aHAJIUTHYECKOU
XUMUH,  MEIUIMHCKOMW  XMMHM M TOHKOIO  OPraHMYECKOro  CHHTE3a,
MexkadenpanbHOd  Ja00paTOPUU  MHTEJUICKTYadbHOTO XMMHYECKOro Ju3aiiHa
xumudeckoro ¢akynperera MI'Y, B mabopaTtopun HOBBIX MaT€pPUAIOB JJII COTHEYHON
SHEPreTMKH © Ha Kadeapax HAHOMATEPHATIOB U MEXAUCIUIUIMHAPHOTO
MaTepuanoBefieHus (QakynbreTa Hayk o wMmartepuanax MIY, B HHcturyre
METaJUTypruu U MmarepuanoBefeHus uMm. A.A. baiikopa PAH, Uucturyre oOmei u
Heopranndeckoi xumun uM. H.C. KypuakoBa PAH, MHcTUTyTE CHUHTETHYECKUX
nonumepHbix MartepuanoB uMm. H.C. EnukonomoBa PAH, HUI] «KypuaroBckuii
MHCTUTYT», CKOJIKOBCKOM MHCTUTYTE HAYKH U TEXHOJIOTHUH.

OnenuBath pabOThl OYIyT NBE BHICOKOKBATM(DUIIMPOBAHHBIE U OOBEKTHBHBIC
KOMHUCCUH, BO3TJIABISIEMBIE JOKTOPOM XHUMHYECKMX Hayk, mpodeccopom PAH
KuckuapiM  Muxaunom AJEKCaHIPOBHYEM UM JOKTOPOM XMMHYECKUX HAYyK
bapanosckori Bacumucoit bopucoBnHoni. B coctaB Komwuccui, Hapsaay ¢
npenogaBarensiMu  ®HM u xumuueckoro (axkynbTeTa, BXOAST TMPEACTABUTEIN
YHHUBEPCUTETOB U PocCUICKON akaJeMun HayK, BEAYIIHE CIEHUATUCTBl NHCTUTYTOB
PAH. Cekperapy I'DOK — kangugar xumuueckux Hayk CeMeHoBa AHHa
AJleKcaHApOBHA M KaH/IUJIAaT XUMUUYECKUX HayK XapueHKo AHnapeil BacunbeBud.

Hactosmuii cOOpHUK BKIIOYAET JBE YaCTH, KaXKJaas U3 KOTOPHIX OOBEAMHSET
MaTepuaiabl K 3allluTaM BBIMYCKHBIX KBaJW(PUKAIMOHHBIX pabOT MarucTpaHTaMu
DHM na onHOI U3 KOMHUCCH.




COCTAB I'OCYJAPCTBEHHOM DK3AMEHAIIMOHHOM

KOMHUCCHUH Ne 1

no HanpaJjieHHIO 04.04.02 «XuMus, pU3UKa 1 MEXaHUKA MATEPHAJTI0B»

1 | BapanoBckas I.X.H., T.H.C., 3aBeayromas LleHTpOM KOJUIEKTUBHOTO  IOJb30BaHUSA
Bacunuca (GU3NYECKUMH METOJaMH HCCIIEOBAHUSI BEHIECTB W MaTepuasiioB MHcTuTyTa
bopucosHa obuieit u Heoprannueckoi xumuu um. H.C. Kypnakosa PAH
(mpencenaren)

2 | Aruna Enena I.X.H., 3aMECTUTE]b JUpeKTopa 1O HaydHoul pabore MucTtutyTa
BasiepueBna CHUHTETHYECKUX noiauMepHbIX MatepuanoB uM. H.C. Enukononosa PAH

3 | bpeies Oner K.X.H., JIOIIEHT, KadeIpa HaHOMaTepuasoB, (akyJIbTeT HAyK O MaTepuayiax
AJeKCaHIpOBHUY MI'Y

4 | I'paboit Uropp K.X.H., C.H.C., Kadeapa HEOPraHMYeCKON XUMHUU XUMHUYECKOro (QaxynbTeTa
DJIBUHOBUY MI'Y

5 | HoOpoBosbckuit I.X.H., Tpodeccop, PYKOBOAUTENIb TPYNIBl CHEIUATBHBIX MaTEepPUAJIOB,
Opuit @denepalibHbIIl MCCIEA0BATEIbCKUN LIEHTP MpPOOIeM XUMHUYECKOH (U3HKH U
AHaTonbeBHY MemunuHckot xumun  PAH; renepanbubiii  gupekrop OOO  «IlenTp

Bosiopo1HOM DHEpPreTHKN

6 | XKmwkun yineH-koppecnouaeHT PAH, a.x.H., mpodeccop, 3aMecTUTENh AUPEKTOpa IO
Koncrantun HayyHOM  pabore MuHcturyra oOmeld M HEOPraHUYECKOW  XUMHUHU
IOpbeBny nM. H.C. KyprnakoBa PAH

7 | 3unoBreBa lHHa | K.X.H., H.C. JIabOpaTOpUM TEOPETHUUECKUX OCHOB XHUMHUYECKON TEXHOJOTUHU
BrnagumupoBHa WNucturyra obmelt n Heopranndeckoi xumuu um. H.C. Kyprakosa PAH

8 | esnes akamemuk  PAH, a.¢.-m.H., mnpodeccop, 3aBenmyromuii  Kadeapou
Banentun MEXAMCUUIITMHAPHOTO MaTepuajoBeneHus, (akyJIbTeT HayK O Marepuaax
MuxaitioBuy MI'Y

9 | KHoTtbko I.X.H., npodeccop, kadeapa MEXAUCIUIUIMHAPHOTO MaTEpPUATIOBEICHNUS,
Anekcanap (akynpTeT HayK 0 MaTepuanax MI'Y
BanepbeBuu

10| [Iyrnses K.X.H., JIOIIEHT, Kadeapa HEOPraHMYECKOW XUMHUHM XMMHUYECKOro (akynbrera
Banepuit MI'VY, xadempa MeXAUCITUIUTMHAPHOTO MaTEpPHATIOBEACHHUS (paKyJIbTeTa HAYK O
MBanoBu4 Marepuasiax MI'Y

11| TapacoB Anekceld | K.X.H., 3aBEIYIOIIHA JTA0OpATOPHEH HOBBIX MaTEPUATIOB JUISI COJTHEYHOU
bopucosuu SHEPreTHUKH, HaKkyIbTeT HAyK 0 MaTtepuanax MI'Y

12| Tpudonos YJIEH-KOPPECIOHACHT PAH, I.X.H., TUPEKTOP WNucruryra
Anekcanap aneMeHTooprannyeckux coeanHenuit MUHO0OC PAH
AHaTOIBEBUY

13| YTounukoBa I.X.H., mpodeccop, kadeapa HaHOMATEPHUATIOB, (DaKylIbTET HAYK O MaTepHaliax
Banentuna MI'Y
BrnagumupoBHa

14| [IlaranoBa K.X.H., JIOIICHT, 3aMECTUTENb JIeKaHa (aKyabTeTa Hayk o marepuanax MI'Y mo
TarbsiHa yueOHoit paboTe
bopucoBHa
XapyeHko K.X.H., aCCUCTEHT, (haKkyJabTeT HayK o Marepuanax MI'Y
Anppeii
BacunseBnu
(cexkperapn)




PACIIMCAHUE 3AIUT MATUCTEPCKUX KBAJIMOUKAIIMOHHBIX PABOT

29 masn (cpena)

Bpemss | Marucrpanr Haszpanue padoTsl MecTo BBIIOJTHEHHS PadOThI PykoBoauTenn/-u Penenzent
11:00 - . .
11:05 Berynurensnoe cnoso Ilpencenarens ['ocyaapcTBeHHOM SK3aMEHAMOHHOW KOMUCCUU
11:05 — |JIeGenesa [Tomyuenue miIeHOK TUOKCHIA Kadenpa K.X.H., fo1. boiimosa K.X.H., TJIABHBIA TEXHOJIOI MaHKeBHY
11:50  |Anuna BaHAIMs — MaTepUAJIOB JJIsi MEXAUCLUTUIMHAPHOT O Onbra BaagumupoBHa Anexkceit CepreeBuu
AHJIpeeBHa nH(paKpacHOU U TeparepoBon MatepuanoBeneHus, PHM 000 "C-UnnoBauun"
BU3YAIU3aUN MIY
11:50 — MakcumoB Cononnmepsl akpUIIOHUTPUIIA, JlaGoparopus I.X.H., mpo¢. UepHHuKoBa | K.X.H., c.H.c. bornanosa FOnus
12:35 |Hukura METHUJIAKpUJIaTa U aKpujiaMuia MOJINMEPHU3ALIMOHHBIX Enena BsuecnaBoBHa I'ennagueBHa
MuxaiinoBud KaK IPEeKYpCOpBI yriIepoaHbIX Tpoleccos, Kadeapa JIaGopaTopusi KOJUIOMIHOM XHMHUH,
BOJIOKOH BBICOKOMOJIEKYIISIPHBIX Kadenpa KOIIOUHON XUMHUH,
COEAMHEHNM, XUMUYECKHI xummuaecknii pakymnprer MI'Y
¢dakynerer MI'Y
12:35 — |JIu 1I3unB3# Pa3paboTka HOBBIX JlabopaTopust I.X.H., mpo¢. YepHukoBa | K.X.H., mou. CepxaueBa Hatambs
13:20 a30TCOJIEPIKAIIMNX COIIOJIMMEPOB HOJMMEPU3ALMOHHBIX Enena BssuecnaBoBHa; CepreeBHa
JUTSL CTAOUITM3AIMN CBHITYIHX mporeccoB, Kabeapa K.X.H., C.H.C. [limyrasioBa Kadenpa XMMUAU ¥ TEXHOJIOTHH
BEIIECTB BBICOKOMOJIEKYJIAPHBIX AnHa BanepreBHa BBICOKOMOJIEKYJIIPHBIX COEIMHEHUIN
COCTMHEHMH, XHMIUCCKHA nmenu C.C. Mensenesa, MUTXT
¢dakymerer MI'Y MUPIA
13:20 -
1350 IlepepsiB
13:50 — |deTucosa TxanenHKeHepHbIE KOHCTPYKTBI JIaGopaTopus kepaMU4ecKux | A.T.H., wi.-kopp. PAH K.0.H., 3aB. 1a0. ®aneeBa Mpuna
14:35  |Buxropus Ha OCHOBE OMOIIOJIMMEDPOB ISt KOMITO3ULIMOHHBIX Kowmnes Biagumup Cepreesna
Dyap10BHA pereHepariu KOKHbIX TIOKPOBOB matepuaioB Ne20, Uuctutyt CepreeBuy; K.T.H., M.H.C. JlaGopaTopusi OMOME TUIIUHCKUX
METAJUTYpPruu U Terepuna AHacTtacus TexHonoruit, Muctutyt
MaTepUaIOBEICHHSI UMEHU IOpbeBHa TEOPETHUYECKOH U
A.A. baiixoa PAH IKCIIEpUMEHTAIbHON Onodusuku PAH
14:35 — |MGpoxumoB CuHTe3 u CBOMCTBA Kadenpa nanomarepuainos, K.X.H., o1l. ['puropeeBa K.X.H., C.H.C. SlnpbIHIieB Anekceit
15:20 |MakcymmkoH CJIOHBIX OPOMUJIOB B OHM MI'Y Amnacracus BagumosHa; Jmutpuesnu
Myxamenzoupo | tpoiiabix cuctemax CsBr- Kamunos Pycram JlabGopatopus cunTe3a
BHUY MBr-SbBr3 u CsBr-MBr-

BiBr; (M=Ag, Cu)

XypuiegoBu4

(GYHKIIMOHAIBHBIX MAaTEPUATIOB U
nepepaboTKu MUHEPAIBHOT'O ChIPbs,
NOHX PAH




15:20 — |lInefinepman AHcamOJI1 HAHOCTPYKTYp Kak JlaGopaTopust K.X.H., c.H.c. KomKoBa I.X.H., mpo¢. Kapros Cepreit
16:05 |Anekcanmpa KaTajan3aTopbl BOCCTAHOBJICHUS IIEKTPOXUMHUUECKUX Mapust AnapeeBHa; Uropesuu
AHaToJIbeBHA MepoKCHIa BOJIOpoa METO0JI0B, Kaeapa I.X.H., mpod. Kapsikun JlabGopaTopus cTpoeHus
AHATUTUYECKON XUMUH, Apxaguit ApkaabeBu4 KOHJICHCUPOBAHHBIX CHUCTEM, Kadeapa
XUMHUYECKUH (haKyIbTeT buznyecKor XMMUHU XUMHYECKUN
MI'Y dakynsTer MI'Y
16:05 — [Kamyxckas CuHTe3 U CBOMCTBA JlaGoparopust MOJIMMEPHBIX J.X.H., 3aB.J1a0. K.X.H., H.Cc. TpoiiHoB KoHCTaHTHH
16:50 |Enena JIFOMUHECIIEHTHBIX COJIHEUHBIX Oarapei, JIynonocos IO0puit [TaBnoBUY
HuxonaeBHa OpraHMYECKUX KpacUTeleH ¢ WHCTUTYT CHHTETHYECKHX HuxonaeBuu Jlabopatopusi HOTOIEKTPOHHBIX
I (EHUIIaMUHOBBIMU HOJIMMEPHBIX MAaTEPHAIIOB cucrem Ne5, MIOX PAH
3JIEKTPOHOJOHOPHBIMHU uM. H.C. Enukononosa PAH
rpynmnamMu
30 mas (4eTBepr)
Bpemsa | Marucrpanr HazBanue padoTsl MecTo BbINOJIHEHHS PadOThI PykoBoaurens/-u Penensent
11:00 — . .
11:05 BerynurensHoe cnoBo [Ipencenarens I'ocyaapcTBEeHHON 3K3aMEHAIMOHHOW KOMUCCHU
11:05 — |[Ipu Xy»ditun Uccnenosanune JlabopaTopusi XUMUYIECKOH I.X.H., Tpod. XBaH K.-M.H., gor. Poquna Anekceit
11:50 TEPMOJAMHAMUYECKUX CBOMCTB (a3 TEpPMOJAMHAMUKH, Kadeapa Anekcanyapa Onerosuu
JlaBeca B cucremax Fe-Ti-Al, (uznueckoit xumun, BsuecnaBoBHa; WHXK. kadenpa ¢puznueckoit xumuu, HUTY
Mn-Cr-Ti u Fe-Nb-Si XUMUYECKUAN (aKyIbTeT Baxenosa Upuna MUCHUC
MI'y AJiexcanpoBHa
11:50 — [Hemsbiruna Mopuduxanus ruOpUIHBIX JlaGopaTopusi HOBBIX K.X.H., M.H.C. ¥ 1a10Ba K.X.H., CT. Tipern. bepexunsn Muxann
12:35 |ExmzaBera MEPOBCKUTOB MaTepraIoB s Haranps HukonaeBHa; Bapranosuu
MakcHUMOBHA oI () YHKITHOHATTbHBIMHU COMHEYHON K.X.H., 3aB. J1a0. Tapacos OHM MI'Y
MOJIEKYJIaMU JJIS1 yITy4IIeHUS suepreruxu, ®HM Anexceil bopuconu
paboumX XapaKTepUCTUK U MIY
CTaOMIIBHOCTH MEPOBCKUTHBIX
COJIHEYHBIX 3JIEMEHTOB
12:35 — |OpaunapiieB Hccnenosanue nporeccos JlabGopaTopust HOBBIX K.X.H., 3aB. 1a0. TapacoB K.X.H., B.H.C. poxxun Oner
13:20 |Aptem KPUCTAJUIM3ALUU TOHKUX IJIEHOK MaTEepUAIIOB IS Anekceit bopucoBruu AHpnpeeBud
AJeKceeBUY TUOPHTHBIX EPOBCKHUTOB, COJIHEUHOU JlaGoparopusi MaTepUalIoB JyIs
MOTyICHHBIX METOOM sHepretuku, ®HM 3JIEKTPOXUMHUYECKUX IPOLIECCOB,
AO3UPYIOWIETO JIE3BUA, JUIA MI'Y Kadenpa AMEeKTPOXUMUH, XUMUYECKUN
W3TOTOBJICHUSI KPYMHO(GOPMATHBIX dakynsrer MT'Y
COJIHEYHBIX 3JIEMEHTOB
13:20 -

13:50

Ilepepris




13:50 — |Cs LI3bITsiHb CuHTe3 U uccie0BaHue JlaGopaTopust K.X.H., C.H.C. Enncees K. ¢.-M. H., C.H.C. 3aXapoB

14:35 nanouactuil SrFe;;CrOgg (X =2, HEOPTraHUYECKOIo ApteM AHaTONIbEBUY; Koncrantun Brnagumuposuu
4, 6 1 8) ¥ MArHUTHBIX JKUIKOCTCH | MarepuanoBeneHus, kabempa | K.X.H., npod). Tpycos kadenpa QU3NKU HU3KMX TEMIIEPATYP
Ha UX OCHOBC HEOPTraHWYECKON XUMHUH, JleB ApTreMoBHUY Y CBEPXIPOBOJAUMOCTH, (U3HICCKHUI
XUMUYECKUH (PaKyabTeT dakynpTer MI'Y
MI'Y
14:35 — [['omy0unkos OCTEOKOHIYKTUBHBIE KOMIIO3UTBI JlaGoparopus K.X.H., pou. ITyrnses K.T.H., C.H.c. DoMuH Anekcanap
15:20 |Januunn Ha OCHOBE T€PMOILIACTUYHBIX HEOPTaHUYECKOTrO Banepuit UsanoBuu CepreeBuu
OneroBuu MOJTUMEPOB, HATIOJIHEHHBIX MaTepuanoBeeHus, kadeapa JlaGopaTopust kKepaMHUECKUX
¢docharamu KanbIys, IS HEOPraHW4YeCKOW XUMUU, KOMIIO3UIIMOHHBIX MaTE€PHUAJIOB,
pereHepanu KOCTHON TKaH! XUMHYECKUH (PaKyIbTET HUMET PAH

MI'Y; kadenpa
MEXIUCIUIINHAPHOIO
MartepuanoBenenus, PHM

MI'Y
15:20 - (Xa¢wuzos OnurakcuanbHble IUNIEHKY TpaHata | JlaGoparopus Xxumun K.X.H., H.c. MapkenoBa K.T.H., CT. npen. @ponos Jlanunn
16:05 |AGmyBocuT LuzFesO1: ocacxaenue u3 ra3oBoil | KOOpAWHAIIMOHHBIX Mapus HukomaeBna AnpnpeeBnd
AOmyBoceboBHY| (hasbl, CTPYKTypa U coenuHeHu, Kadenpa HNY "MBHN"
(beppuMarHUTHBIN pe30HaHC HEOPraHW4YEeCKON XUMHUH,
XUMUYECKUN (aKynbTeT
MI'Y
16:05 — |OpnoB Erop BbreicTpooTBepkaaemoe cs3yromniee | Jlaboparopust xumun u K.X.H., 3aB.1a0. Kenman K.X.H., H.C. HukoBckuii Urops
16:50 |AmutpueBny Ha OCHOBE MOJAU(DHUIIMPOBAHHOTO TEXHOJIOTHH Anexkceit BanepbeBuy; AnekceeBuy
(TaTOHUTPUIIOM HOBOJIAKA JIJIS KOMIO3UIIMOHHBIX uHX. Tepexos LlenTtp uccnenoBaHus CTPOCHUS
HOIMMEPHBIX KOMITO3MIHOHHBIX MarepuaioB, Kaeapa Bnamumup EBrenneBnu MOJIEKYI, OTAET (PU3HUECKUX U
MaTepuanos XUMHAYECKOH TEXHOJIOTHH U (U3UKO-XMMUYECKUX METOIOB
HOBBIX MaTEpUaJIOB, U3YYCHHS CTPOCHUS BEIECTB,
XUMHYECKUN (PaKyIbTeT NH30C PAH

MI'V




31 mas (maTHUDA)

Marucrt-
Bpems panT Haspanue padoTsI MecTo BBIIOJTHEHHS PadOThI PykoBoaurenn/-u Penenzent
10:00 — . .
10:05 BerynutensHoe cnoBo [Ipencenarens ['ocynapcTBeHHOM 3K3aMeHallMOHHOW KOMUCCUU
10:05 - Huxudopos | MccnenoBanue HOBBIX JIabopartopus K.X.H., HAYaJIbHUK K.X.H., 1o1. Marsees Iletp
10:50  |Aprém 9KCTPAKIMOHHO-XPOMATOrpapUUeCcKUX | paauoOHYKIUIOB U naboparopuu Ajnes Hropesuy
BukropoBuy | COpOEHTOB JUIsl BbIJICJIECHUS paauodapMIIpenapaTos, Pamu3 ABTanaunoBuy; JlaGoparopust 103UMETpUH U
PEIKO3EMEIBHBIX JJIEMEHTOB HULI «KypuaroBckuit M.H.c. DypkuHa PaaOaKTUBHOCTH OKpYXKaroLen
UHCTUTYT» Exartepuna bopucosna cpenbl, kadeapa paanoXuMuH,
xumuyeckuit gaxkynprer MI'Y
10:50 — (Epos BsaumopeiictBue Bomopoaa ¢ JlaGoparopusi SHEproeMKUX U | H.c. AHukuHa Enena K.X.H., C.H.C. benoBa Exarepuna
11:35  |Hapsymio MarHuTHbIMH MaTepuanamu RoFer; (R KaTaTUTHYCCKHA aKTUBHBIX FOpbeBHa; 1.X.H., Tpod. BacunneBHa
YimacoBud - Dy, Gd, Lu) BEIIECTB, Kadenpa Bepb6ernkuit Buktop JlaGopaTopusi XUMUYECKOH
XMMHYECKOH TEXHOIOIMHU 1 Hukonaesnu TEePMOIMHAMUKH, Kaempa
HOBBIX MAaTCPHAIIOB, ¢bu3nvecKol XUMUH, XUMUYECKUN
XUMUYECKUN (aKynbTeT baxymsTer MT'Y
MI'Y
11:35 — [Xavarpsia I'maponexnopupoBanue qUKIOpeHaKa JlaGoparopus Katainusa u I.X.H., mpo¢. JIokreBa I.X.H., B.H.C. PocroBuikoBa TaresiHa
12:20  |DBenuna Ha MaJu1aAnHACOAepIKaIINX ra30BOW AIIEKTPOXUMHUH, Exarepuna CepreeBna HukonaeBna
I'puropreBHa| KaTamM3aTopax kadenpa puznueckoit XuMuu, JlaGopaTopwst MOIIEKYISIPHO-
XUMHUUYECKUN q)aKYJ'H)TeT OpPraHMn30BaHHbIX KATATUTUYCCKUX
MLV cuctem, kadeapa XHMHIECKOMI
KAHETHKH, XUMHUYECKUI (PaKymbTeT
MI'Y
12:20 — [Mpumaszep Kepamuka, TOHKHE ILIEHKA U JlaGoparopusi XUMUH K.X.H, gou. Kopcakos K.X.H., B.H.C. Hecrepenko Cepreit
13:05 |Bypak reTEPOCTPYKTYPhI HA OCHOBE KOODPIMHAIIMOHHBIX Urops EBrenbesn Hukonaesua
TBEPABIX paCTBOPOB XpOMUTA coeJJMHEeHUH, kadenpa JlabopaTopuu GU3NKO-XUMHUIECKOTO
meau(]) HEOPraHM4ECKOH XUMHUH, aHaym3a, kadeapa oOIIeH XUMHH,
XHUMHYECKHH (PaKyIbTeT xumudeckuit gakynprer MI'Y
MI'Y
13:05 - |Kapumosa [Tony4yeHne KOMIaKTH3aTOB JlaGoparopus K.X.H., c.H.c. CycnoBa K.T.H., TUPEKTOP MOCKOBCKUX
13:50 |Madryna MaJIOCJIONHBIX TPAPUTOBBIX KaTaJln3a U ra3oBou EBrenns BukropoBHa Jmutpuit OneroBuy
OnUMIKOHOB| (parMEHTOB M UX FE€TEPO3aMEIECHHBIX | JIIEKTPOXUMHH, HUII "KoHCTpyKIIMOHHBIE
Ha aHAJIOrOB UCKPOBBIM I1JIa3MEHHbBIM kadenpa puznueckoi kepamuueckue marepuansl" HUTY
CIIEKaHUEM XUMHH, XUMHAYECKUN MUCHUC
¢dakynerer MI'Y
13:50 -

14:10

ITogBeneHue UTOroB




AHHOTALIUU MATUCTEPCKHUX
KBAJIMOUKAIIUMOHHBIX PABOT

[HosyyeHue NICHOK IMOKCU/IA BAHAAUSA — MATEPUAJIOB /IS
HHpaKpacHOH U TeparepuoBoOil BU3YyaJIU3ALMHA

Jlebeoesa A.A.

PykoBoauTens: K.X.H., 1011. boiiosa O.B.

Jvokcun Bamamus mpu  68°C  mposBNISET  CBEpXOBICTPHI  (DA3OBBIA  MEpexo;  H3
adeKTpuueckoi M-ga3el B Metaindeckyro R-¢a3y. B xone gaHHOrO npeBpaiieHust IpoOucXOoauT
pe3Koe H3MEHEHHE DJJIEKTPUYECKUX, ONTHYECKUX M MAarHUTHBIX CBOMCTB Marepuana. Takue
CBOMCTBa TO3BOJIAIOT OTHECTH JAWOKCHUJ BaHAAMs K MEPCHEKTUBHBIM KaHAMJATaM Uil CO3JaHUS
MEPEKITIOYAIONIUX 3JEKTPUYECKUX M ONTUYECKUX YCTPOUCTB (TEPMOXPOMHBIE «yMHBIE» OKHA,
amrmutynabie Moayasatopel TI'm- m UK-u3nmydenuss m mp.). Pasmuunbie ycTpoiicTBa TpeOyroT
pa3paboTOK METOAMK TOJydeHHs MmaTtepuanoB Ha ocHoBe VO B BHIE TUICHOK M TOKPBITHH Ha
pa3NUYHBIX HOCUTEISIX. ONTHMAaIbHBIMH JUIsi 337a9 ONTHKH M OINTOYJICKTPOHUKU SIBISIFOTCS
noutokkd u3 R-AlOs M MOHOKPHCTAIUIMYECKOTO KPEMHHsI. BOJBIIUHCTBO CYIIECTBYIOIIUX
TexHoJIOTUH monydeHust 1IeHOK VO OCHOBBIBAIOTCS HAa  JOPOTOCTOSIIIEM BaKyyMHOM
obopynoBanuu. BBuay mupokux npakruueckux Bo3mMokHocTeld VO2, crmocol mosrydeHusi MaTepuiia
JOJIKeH OBITh JOCTYIHBIM M PACHOJIOKEHHBIMH K MPOCTOMY MaciiTabupoBaHuto. Jlins aTux nenei
MOAXONAT TMOKHE B TNPUMEHEHHHM PACTBOPHBIE TEXHUKU, B YHCIE KOTOPBHIX TUAPOTEPMAIbHOE
Bo3NeiicTBUe. B cioydyae ruapoTepManbHOTO CHHTE3a OOS3aTENIbHBIM STaloM  IMOJIY4eHUs
MaTepuaJoB B OKOHYATEIBHOM BHJE SBJISETCS OTXKHUI, TaK Kak OH OOECHeurBaeT JIydllue
XapaKTEPUCTUKH DIEKTPOXPOMHBIX CBOMCTB IuIeHKH 3a cueT nepexoaa VO2(B) B VO2(M1). Tak kak
JAHHBIA 3Tam  MOJIy4EHHUS IIJICHOYHOTO Marepuala C HCMHOJIb30BAaHUEM  KJIACCHYECKOTO
TEPMHUYECKOT0 BYXATAITHOTO OTXKUTA SIBIISIETCA TPYAOEMKHUM U BpeMs3aTpaTHbIM, HHTEPECEH MOUCK
aIbTePHATUBHBIX BO3MOXHOCTEH Ipo1iecca (pa3oBoro nepexoa.

Lenbto maHHON pabOTHI SBJSETCS IMOJy4YEeHUE IUICHOYHBIX MarepuasioB Ha ocHoBe VO
TUAPOTEPMANIBHBIX YCIOBHUSAX C MPUMEHEHHEM JIa3epHBIX TEXHOJIOTHH B KauyecTBE ajbTePHATUBBI
TepMUueckord mnoctobpaboTke. Jlns nocTukeHUs OaHHOW 1enu ObUT TMOCTaBleH psAl 3ajau:
MOJIyueHUE pacTBOpa TMpeKypcopa [Uisl TUIPOTEPMAIBHOTO CHHTE3a TOHKUX 1eHOK VOo;
MOJIydYeHHEe IUICHOK JMOKCHIA BaHAAWsA Ha MOJUIOXKKaX MoOHOKpuctaumueckoro AbOz wu
MOHOKPHUCTAILTMYECKOTO Si B YCIOBHSX THIPOTEPMAIBHOTO CHHTE3a; M3ydeHHE MOP(OJIOrHU H
($a30BOro cocraBa MOJYYCHHBIX IUIEHOK C IMOMOIIBIO MHCTPYMEHTAIbHBIX METOJIOB; pa3padoTka
METOJUKH MOCTOOpaObOTKM 00paslioB MOCPEICTBOM BO3JCHCTBUS HA HUX Jia3epa C Pa3IMuHBIMU
TEXHMYECKUMHU TapaMeTpamu (AJMHA BOJHBI, IJIONIAb BO3JCUCTBUS, MOIIHOCTH BO3JCUCTBUSA);
YCTaHOBJICHHE 3aKOHOMEPHOCTEH MEXIy MOpQOJOrHed M COCTaBOM MOJIydeHHBIX (a3 mocine
OTXKHIra U UX ONTUYECKUMU CBONCTBaMH.

beita monmyuena cepus mieHo4YHbIX MaTtepuanoB VO Ha momioxkax u3 R-AlLOs. Ha
OCHOBaHMHU aHaJM3a 3HAUYEHUH HECOOTBETCTBHUS IMAapaMETPOB HIIEMEHTAPHBIX SY€eK IUIEHKU U
MOJUIOKKA W3  MOHOKPHUCTAUIMYECKOTO Si  Takke ObUIM  pealnn30BaHbl  3KCIEPUMEHTHI
ruapoTepmanbHoro cuntesa VO, Ha moanoxkax Si <111>, Si<100> npu Temneparype 180°C B
tedyeHue 20 yacoB. [Ipu 3ToM cuHTe3 mIeHOYHOTO NMOKpbITUA VO2 ¢ TOMOIIBIO THAPOTEPMATBHOTO
BO3/IeiicTBUS Ha nomoxke Si <111> Obul ycrnenrHo nposezieH BrepBble. [IoMUMO KilacCHYECKOTO
TEMIIEpaTypHOTO OTXHra B MeuH, Obula pazpaboTaHa METOAMKA MOCTOOPAOOTKH OKCUAHBIX IJIEHOK
C TIOMOIIIBIO UMITYJICHOTO JIA3€PHOTO U3JIy4EHUS.
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B mepBbie B X0Jie JaHHOM pabOTHI Ha TMOJI0KKE MOHOKpUcTauindeckoro carndupa R-Al,O3
Obu1 peanuszoBan (azoBeiii nepexon VO2(B) B VO2(M1) ¢ moMOIpi0 UMITYJIBCHOTO JIa3€PHOTO
u3nydeHuss ¢ anuHod BosHBl 1035 HM. Tarke yCTaHOBJIECHBI ONTHMAJbHBIC YCIOBHUS IS
MpEeU3uOHHOTO (hopMupoBanus penbeda Ha moBepxHOCTH IICHOK VO2 C MOMOIIBI0 TEXHUKH
nazepHoro nucbkMa. @a3oBbIil COCTaB U MOP(OJIOTHS TOTYUYSCHHBIX MOKPBITHHA W3y4eHbl METOJaMHU
P®A, UK-u-KP-cnekrpockornuu, PO®IC u POM. [lns usydeHus: 3IE€KTPOXPOMHBIX CBOWCTB
MOJIyYeHHBIX TUICHOK Oblia mpoeneHa MK-crnekrpockonus B pexume nudGy3HOTO OTpakeHUs B
muanazone ot koMHatHou g0 90°C. IlokazanHo, yto mnpu oOpatumom (a3zoBOM Mepexojie
IMAJIEKTPUK-METaUT HaOMIOAAeTCsl TEPMOXPOMHOE M3MEHEHHE IUICHKH: mpo3padnbie anst UK- u
T u-usnyuennii nokpsitus VO,/ R-AlLO3 1 VO,(M1)/Si<100> npu temneparype 6mauskoii k 68°C
CTaHOBSATCS HEPO3PAYHBIMHU.

Meromuka TO MOJYYEHHIO TepMOXpPOMHBIX MOKpeITHH VO2(M1)/Si<111> B ycnoBusx
THJIPOTEPMAIIEHOTO CHHTE3a W CIOCO0 MHHIMHUpOBaHMs (a3oBoro mepexona B rieHkax VO Ha
MOHOKPHCTAITMYECKUX TTOJJIOKKAX C MOMOIIBIO JIA3EPHOTO BO3JCHCTBUS pa3pabOTaHHBIE B XOJE
JTaHHOM KBaM(HUKAIIMOHHONH pabOTHl MOTYT HaWTH NMPHUMEHEHHE B W3TOTOBICHHU TPAaH3UCTOPOB,
MHUKPOAKTyaTOpPOB, OOJIOMETPOB, TEPMOXPOMHBIX YMHBIX OKOH, MOJYJISTOPOB M TEpEKITIOUaTeNeH
teparepuoBoro (MK u TT'1) nuanasona, a Taxke psijga Jpyrux OnTo3IeKTPOHHBIX YCTPOUCTB.

IMyoauxanun cryaenTkH (https://istina.msu.ru/workers/562129035/publications/):

1. CawmoiinoBa A.A. u np. Onpenenenue kanblus, pocdopa U Lepusi B HOBBIX OMOCOBMECTUMBIX
Marepuajgax MeTOJ0M PEHTIeHO(IYOPECIIEHTHOIO aHali3a C IMOJIHBIM BHEIITHHM OTPaKCHUEM
/[3aBonckas n1adoparopus. [uarnocruka marepuajon. — 2023. — T. 89. — Ne. 5. — C. 14-18.
https://doi.org/10.26896/1028-6861-2023-89-5-14-18

2. CamotinoBa A.A., boiiioa O.B., Pazpabomxa cnocoba nonyueHus nieHouHvix Mamepuaios Ha
ocnose VO2 Ha MOHOKpUCMANIULecKux nooaoxckax Si Memooom 2uOpoOmepMaibHO20 CUHMe3d
/[ X1l KondepeHuuss MOJIOABIX YUEHbIX MO 00IIeli U HEOPraHWYeCKOi XHMHH, COOPHUK
Te3ucoB. MockBa, MHCcTHTYT 00mIel n Heoprannueckord xumuu uM. H.C. Kypnakona, Poccus,
3-9 ampens 2023, c. 148.

3. CawmoiioBa A.A., boiiniosa O.B., Paspabomrka memoouxu cunmesa nienox VO2 nHa noonoxickax
monoxkpucmaniuyecko2o kpemnus [l XXX MexkayHapoaHasi HaydHash KoH(epeHIHs
CTYA€HTOB, ACIHMPAHTOB M MOJIOALIX Y4YéHbIX «JloMoHOCOB-2023», COOpPHHK TE3HCOB.
Mocksa, MI'Y um. M.B. JlomonocoBa, Poccus, 10-21 anpens 2023, c. 52.

4. CamoiinoBa A.A., boiinioBa O.B., Ilonyuenue nienox VO2 Ha pa3nuuHblx NOOLONCKAX 8 YCIOBUSX
2UOPOMEPMAILHO20 8030eUcmaus Ol ONMUYECKUX YCMPOUCme mepazepyoso2o ouanazonall
Poccuiickast koH(pepeHIHUs] M IIKO0JIA MOJOALIX YYEHBIX IO aKTyaJbHBIM INPodJeMaM
MOJIYIIPOBOJAHHUKOBOH  (DOTOZJIEKTPOHUKH (€  ydyacTHeM HHOCTPAHHBLIX  YYeHbIX)
«®otonuka-2023», coopuuk Te3ucoB. HoBocubupck, Poccus, 4-8 centsops 2023, c. 114.

5. CamoioBa A.A., boinosa O.B., Iuopomepmanvuwiii cunmes nienox VO2 Ha paziuuHwix
noonooickax ons onmuyeckux yempoucme UK-u TI'L] ouanaszonos |/ Beepoceniickas mkoJia-
KOH(epeHIUs]I «AKTyaJibHble MP00JieMbl HEOPraHUYEeCKOl XMMHH: dHeprusit», cOOpHUK
te3ucoB. KpacHoBunoBo, Poccus, 10—12 nosops 2023, c. 157-158.
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Deposition of vanadium dioxide films — materials for infrared and
terahertz visualization

Lebedeva A.A.
Supervisor: PhD in Chemistry, Assoc.Prof. Boytsova O.V.

Vanadium dioxide exhibits an ultrafast phase transitionat 68°C from the dielectric M1-phase
to the metallic R-phase. This transition is accompanied by a sharp change in electrical, optical, and
magnetic properties. These properties make vanadium dioxide a promising candidate for use in
switching electrical and optical devices, such as thermochromic "smart" windows andamplitude
modulators for THz and infrared radiation.Various devices require methods for producing vanadium
dioxide-based materials in  film and  coatingforms on different substrates. R-Al,Oz- and
monocrystalline silicon-based substrates are optimal for optics and optoelectronic applications.
Most  existing  technologies  for manufacturing VO,  filmsrelyon expensive  vacuum
equipment, which  limits  their =~ widespread  use. However, dueto  the  wide range
of practical applications of VO, it is essential to develop a method for producing the material that
is both accessible and scalable.For these purposes, flexible solution methods, including
hydrothermal treatments, are suitable. With regard to hydrothermal synthesis, annealing is
a mandatory step  in producing materials  in  their finished form, as it  provides improved
characteristics of the electrochromic properties of the film through the conversion of VO2(B) to
VO2(My). Given that this stage of producing a film material through conventional thermal two-
step annealing is time-consuming and labor-intensive, it is worthwhile to explore alternative
possibilities for the phase transition process.

The aim of this work is to obtain film materials based on VO under hydrothermal
conditions using laser technologies as an alternative to thermal post-treatment. To achieve this goal,
a number of tasks were set: to obtain a precursor solution for the hydrothermal synthesis of VO
thin films; to obtain vanadium dioxide films on AlOs and monocrystalline Si substrates under
conditions of hydrothermal synthesis; to study the morphology and phase composition of the
obtained films using instrumental methods; to develop post-processing of samples by exposing
them to a laser with various technical parameters (wavelength, exposure area, exposure power); to
study the morphology and composition of the obtained phases after annealing; to measure the
optical properties of the obtained samples.

A series of experiments were conducted in order to obtain VO film materials on R-Al.O3
substrates. Based on the calculation of the difference between the parameters of the film's
elementary cells and those of the substrate monocrystalline Si, experiments on hydrothermal
synthesis of VO_ were conducted on Si <111> and Si<100> substrates at a temperature of 180°C for
20 hours. Besides to temperature annealing in a furnace, a series of post-treatments of oxide films
using pulsed laser radiation were also investigated.

During the work, for the first time on R-Al2Os, the transfer of VO2(B) to VO2(M1) phase
was realized using pulsed laser radiation with a wavelength of 1035 nm. Optimal conditions have
also been established for precision topology formation on the VO, surface using laser writing
techniques. The phase composition and morphology of the obtained coatings were studied by XRD,
IR, THz and RAMAN spectroscopy, XPS and SEM methods. To study the electrochromic
properties of the obtained films, IR spectroscopy was performed in the diffuse reflection mode in
the range from room temperature to 90 °C. It is shown that during the reversible dielectric-metal
phase transition, a thermochromic film change is observed: VO2/R-Al,03 and VO2(M3)/Si<100>
coatings transparent to IR and THz radiation become opaque at temperatures close to 68 °C.

Thus, next results of the work carried out: at first time a VO2(M1)/Si<111> films with
thermochromic under hydrothermal synthesis conditions were obtained, the phase transition of
VO,(B) to VO2(My) was successfully initiated by applying laser exposure, as well as the conditions
of laser relief formation on oxide film materials VO2/R-Al,O3 were proposed.
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COHOJII/IMepr AKPUWIOHHUTPWIA, METHJIAKPWIATA U AaKPpUWJIaMHA/JIa KaK
IPEKYPCOPLI YIVIEPOAHBLIX BOJTOKOH

Maxcumos H.M.

PykoBoautens: a.x.H., mpod. YUepnukona E.B.

VYrnepoaHsie BosiokHa (YB) akTUBHO MPUMEHSIOT B KaU€CTBE apMUPYIOIIET0 MaTepraia s
CO3JaHMSI KOMIIO3UIIMOHHBIX MAaTEpUajoB, MPUMEHSEMbIX B CTPATErMUYECKH BAXKHBIX OTpacisix
MIPOMBIIIJICHHOCTH. BOJIBIIUHCTBO TPOW3BOAMMEIX YB TmoJydaroT mepepadOTKOW BOJIOKOH Ha
ocHOBe comnojumepoB akpuionutpuia (AH), merunakpunata (MA) W HUTaKOHOBOW KHCIIOTHI.
[IpuMeHsiemMble Ha CETOMHANIHUNA JI€Hb MOAXOJbl K monuMepuszauuun AH Moryr mpuBectu K
00pa30BaHUIO CTPYKTYPHBIX J€(EKTOB, UTO OTPA’KAeTCsl HAa KauecTBE KOHEYHOIo BOJIOKHA. Jlis
pelIeHNs JAaHHOM MpoOJieMbl palMOHAIbHO NPUMEHSATh METOJ KOHTPOJIMPYEMOM paauKaabHOU
nojuMepu3anuu ¢ ooparumoit nepenadeit mnenu (OILY).

Lenbto nanHON pabOTH! SIBISETCSA MOJTYYE€HUE BBICOKONPOYHBIX YIJIEPOJHBIX BOJIOKOH Ha
ocHoBe TpoiHoro comonumepa AH, MA wu axpunamuga (AAm), cuntesupoBaHHoro OIIL]
nosuMepu3anueil. B cBs3u ¢ 3TUM ObLIM MOCTaBJIEHbI 337jaul TIOUCKA YCIOBUN KOHTPOJIUPYEMOTO
CHHTE3a TEePIIOJIMMEPOB, BHIOOP ONTHUMAIBHOTO COCTaBa TEPHOJIMMEpA, U3yUEHUSI TEPMUUECKOTO U
pPEOJIOTUYECKOTO  TOBEACHUS  TEPHOJUMEpPOoB,  (OpMOBaHMS  BOJIOKHA-NPEAIIECTBEHHHKA,
MPOBEICHUE CTAOMIM3AINN U KapOOHU3AIUHU TIPEKypCcopa.

Conosmumepsl  cuHTe3upoBanu  pactBopHoi  OIILl  nmommmepusanumen. AHamu3 uX
MOJIEKYJISIPHO-MacCOBBIX XapaKTEePUCTUK MIPOBOIMIIN METOJIOM reib-IPOHUKAroIIen
xpomatorpaduu. CocTaBbl CONOIUMEPOB U CTPYKTYPHOE Pa3BUTHE MOJIUCONPSKEHHONH CTPYKTYPHI
B xoae TepmooOpaboTku wm3ydasm MetogoMm MK-cmekrpockommu. TemmoBbie  3dexTsl,
MPOTEKAIOIINE B XOJAC CTa0WIHM3allud TPEKypcopa U3ydald MeToaoM auddepeHInanbHOn
CKaHMpYIOIeH KamopumeTpur. Peonornueckue cBoiicTBa pacTBopoB comojgumepoB B N,N-
JUMETHJIAleTaMIIe HUCCIeIOBaIl C MOMOIIbIO KalWUIAPHOM M POTAIMOHHOM BUCKO3UMETPHUHU.
N3roToBnenne BOJOKHA OCYILECTBISUIM IO TEXHOJOTHMH MOKporo GopmoBanusi. Mopdomioruto
BOJIOKOH M3Yy4aJld METOJOM PACTPOBOM 3IEKTPOHHOM MHUKPOCKOIIMHU, UX MEXaHWYEeCKHEe CBOWCTBA
W3Yy4ajd IUHAMOMETPUYECKH.

CuntesupoBanbl conosumepsl AH, AAM m MA ¢ BBICOKOH MOJEKYISIPHOM Maccoi
(Mn ~ 10°) u y3KUM MOJEKyIApHO-MaccoBbIM pacrpenencaueM (Mw/Mn ~ 1.6) U3 MOHOMEPHBIX
cMmeceil paznoro cocraBa. [lokazano, uto BBeneHue 3BeHbeB AAM u MA MO3BOJII€T pacHIMPUTh
TEeMIIepaTypHbIN MHTEpBaJl TEPMOOKHCIUTENbHON cTabunu3anuu npexypcopa. Mcxons u3 anammsa
TEPMHUYECKOTO TOBEEHHUS ObLI BBIOPAH COCTaB COIMOJIMMEpa, U3 KOTOPOro chOPMOBAHO BOJOKHO
(ITAH-mpexypcop) Homunanom 4000 ¢umameHTOB, MPOYHOCThIO Ha pa3pbiB (o) ~ 800 Mlla u
moxyneM ympyroctu (E) ~ 10 I'Tla. IlpoBenena nepepabotka chopmoBannoro [TAH-npexypcopa B
yIIEPOAHOE BOJIOKHO.

B pesymbrare paboThl TMOKa3zaHa MEPCHEKTUBHOCTh NpuMeHeHuss Meroaa OIIL]
nonuMepu3anuu A nonydenus [TAH-mpexypcopa, mOIXosimero Uisi MOJIy4eHUs: yriepoaHOro
BOJIOKHA C BEICOKUMH NTPOYHOCTHBIMM XapaktepucTukamu (o > 4 I'Tla, E > 270 I'na).

My6aukamuu cryaenTta (https://istina.msu.ru/workers/395442540/):

1. Skvortsov I.Yu., Maksimov N.M., Kuzin M.S.m Toms R.V., Varfolomeeva L.A., Chernikova
E.V., Kulichikhin V.G., Influence of Alkyl Acrylate Nature on Rheological Properties of
Polyacrylonitrile Terpolymers Solutions, Spinnability and Mechanical Characteristics of
Fibers. Material // Materials, 2023, 16 (1), p. 107 doi: 10.3390/ma16010107.

2. MaxkcumoB H.M., Tomc P.B., banamos M.C., I'epBanba A.1O., ITpokonos H.U., [Tnyranosa A.B.,
Kysun M.C., CkBopuos MN.1O., Kynuuuxun B.I'., Uepaukosa E.B., Hogwviii nomenyuanvuuiii
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KopmakoBckasi  Bcepoccuiickass ¢ MeXKIYHAPOAHBIM  y4yacTHeM  KoHepeHIusi
"IoJIMKOHIEeHCAMOHHBIE MPOLecChl U MoJauMepsbl'', coopHuk Te3ucoB. MockBa, Poccus, 24-
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mepmuieckoe  nogeoeHue  OUHAPHBIX U MPOUHBLIX  CONOAUMEPOS  AKPUIOHUMPUILA,
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Copolymers of acrylonitrile, methyl acrylate and acrylamide as of
carbon fiber precursors

Maksimov N.M.
Supervisor: prof. Chernikova E.V.

Carbon fiber (CF) is a common reinforcing material used in composite materials suitable for
important industrial applications. Most CFs obtained by processing fibers based on copolymers of
acrylonitrile (AN), methyl acrylate (MA) and itaconic acid. Commonly using polymerization
approaches can lead to formation of the structural defects, which decreases quality of the final fiber.
To solve these reasonable problems, the radical polymerization with reversible addition-
fragmentation chain transfer (RAFT) can be used.

The main goal of the current research is to obtain high-strength carbon fibers based on a
ternary copolymer of AN, MA and acrylamide (AAm), synthesized via RAFT polymerization. In
this regard, the objectives were set for the controlled synthesis of terpolymers, the search of
optimum terpolymer composition, the study of thermal and rheological behavior of terpolymers, the
formation of precursor fibers, and the stabilizing and carbonization of the precursor fiber.

The copolymers were synthesized via solution RAFT polymerization. Molecular mass
parameters were investigated by means of gel-permeation chromatography. The copolymers
compositions and the structural development of the polyconjugated structure during the heat
processing are investigated by means of IR spectroscopy. Heat effects observed during the
processing of the precursor were investigated using differential scanning calorimetry. The
rheological properties of N,N-dimethylacetamide copolymers solutions were investigated by means
of capillary and rotational viscometry. The precursor fiber was processed using wet spinning. The
fibers morphology was observed using scanning electron microscopy. The analysis of mechanical
properties was carried out using dynamometry method.

AN, AAm, MA copolymers with high molecular weight (Mn ~ 10°%) and narrow molecular
weight distribution (Mw/M, ~ 1.6) were synthesized from different compositions of monomer feed.
It is shown that the incorporation of AAm and MA leads to broadening of the temperature range of
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the thermo-oxidative stabilization of the precursor. Based on the analysis of thermal behavior, the
composition of the copolymer, from which the fiber (PAN precursor) was fabricated with a nominal
value of 4000 filaments, tensile strength (6) ~ 800 MPa and elastic modulus (E) ~ 10 GPa, was
selected. The obtained PAN precursor was processed into carbon fiber.

As a result, the prospect of using the RAFT polymerization method for obtaining a PAN

precursor suitable for producing high strength carbon fiber with stable strength properties (o > 4
GPa, E > 270 GPa) has been shown.

Pa3padoTKa HOBBIX 230TCOAEPIKANIUX COMOJIUMEPOB IJIs
CTA0MJIM3ALMHU CHIMYYHX BEeleCTB

JIu 1[361H8311

PykoBoaurenu: n.x.H., mpod. Yepnukona E.B., k.x.H., c.H.c. [InyTanosa A.B.

[Mpobnema cTaOWIM3alUU  CHIYYHX BEIIECTB SBISACTCS AKTYAIBHOW JUIS  Pa3IUYHBIX
obnacTeil JKU3HEACATEIPHOCTH 4YelOoBeKa. B HacTosiee Bpemsi Ui PEIICHHS ATOW 3aaaud
WCIIOJIB3YIOT JKHJIKHE W CYXHE PEIenTyphl, KOTOPhIE BKIFOYAIOT MHOTOKOMIIOHEHTHBIE CMECH,
COJIepXKaIlie BBICOKOMOJICKYISIPHBIE ¥ HU3KOMOJICKYJISIPHBIC  BEIIecTBa  (CTaOMIHM3aTOP,
HAIOJIHUTENb, TOBEPXHOCTHO-aKTUBHOE BEIIECTBO M Jp.) B CICNUAIBHO TOJ00PaHHBIX
COOTHOIIEHUsAX. B manHOW paboTe mpemiaraercs APYyroi MOJIXO0J — CO3[aTh OJHOKOMITOHCHTHBIN
cTabmin3aTop, AUCHEPTHPOBAaHHBI B BOJHOM Cpelle, CHOCOOHBINH BBIMIOJHUTH (DYHKIIUIO
CBS3YIOUIETO JUISl CHIMYYUX/TBUISIIMX BELIECTB M MaTepualioB Ha OCHOBE aMpudUIbHBIX
COTIOJIMMEPOB.

ey pa®oThl 3aKkimroyaeTcss B pa3pabOTKe OOIIEro Moaxoaa K CO3aHUI0 CBS3YIOUIUX IS
CBIITYYHX BEIIECTB, KOTOPBIM MOXKET OBbITh pacHpOCTpaHEH B JallbHEHIIEM Ha Jpyrue 3aaayd,
TpeOyloIre COo3JaHusl Kak CBS3YIOIIUX APYrol MpHUpOJbl, TaK M (PYHKIMOHAIBHBIX MOKPBITHHA,
oOnamaronux XopoIuer anresueid kK TpeOyemoul MoBepXHOCTH. JJIT AOCTHIKEHUS DTOW yeau
HEO0OXO0IMMO PELIUTh CIENYIoNIKe 3a1a4u: 1) IpPOBECTH MOMCK MOHOMEPOB U YCIOBUH MPOBEICHUS
MOJIMMEPHU3aLUH JJIsl CUHTe3a aM(PUQPHIBHBIX COTIOTUMEPOB; 2) OCYLIECTBUTh CUHTE3 COTIOIMMEPOB
3aJJaHHOTO COCTaBa M MOJIEKYJIIPHOM Macchl; 3) M3Y4UTh CBOMCTBA COIOJIMMEPOB B PACTBOpPE U
65oxe; 4) U3y4uTh CIOCOOHOCTH COMOJIMMEPOB CTAOMIM3UPOBATH CHIITyYHE BEIIECTBA.

Jis  JOCTHKeHMsI TOCTaBJICHHOW IIeNIM KCMOJb3YeTCs MOJUMEpU3alus ¢ 00paTUMOi
neaxktuBanueil nenu (OIIL) mo mexanuaMy npucoearHeHus—pparMeHTalul, KOTopasi MO3BOJISIET
MOJIy4aTh MOJUMEPHI 3aJJAaHHONM MOJIEKYISIpHON Maccoid, y3kuM MMP u BbICOKON KOMITO3UITMOHHOMN
OJTHOPOJHOCTBIO. METOI OCHOBAaH Ha HMCIIOJIb30BAaHHK cepocoaepkamiux coequnenuii (ZC(=S)SR,
Z= Ar, Alk, AIKO, ArO, NAlkz, SAIk, SAr, R = Alk, Ar u ap.), KOTOpble KOHKYPUPYIOT C
MOHOMEpPOM B pEaklUHU C pajukaioM pocta U ydacTByloT B peakuuu OIILl. MonekynspHo-
MacCOBBIC XapaKTEPUCTUKU OMPEICNsIN METOAOM Telb-TIPOHHUKAIONIeH XpomaTtorpaduu, cocras
comonumepoB — merogoM WK-cnektpockonuu. Paz0aBieHHBIE pacTBOpPHI MOJIMMEPOB H3Yy4adu
METO/IOM JTMHAMHUYECKOTO paccesiHus cBeTa. [loBepXHOCTHOE HATSKEHUE U3YYald METOJIOM OTpPhIBA
KOJIbI[a, KPaeBbIe YTIIbl CMAaYMBAHHUS — METOJIOM PACTEKAIOIIEHCs Karliu.

B pabote cunTe3upoBaHbl aMpudUIbHBIE COMONMMEPHl HA OCHOBE KAaTHOH-COAEpKAIIUX
ruApopMIbHEIX ~ MOHOMepoB  (1-BUHMIMMHAA307A, N,N-11MeTnIaMUHOATHIIMETaKpHIIaTa
(AMADMA), 4-BUHUINMPUANHA) U THIPOGOOHBIX MOHOMEPOB (BHHMWIIALIETATa, aKpPUIOHUTPHIIA,
Metunakpunata (MA), Oyrunakpunara u MmetuiMerakpuwiara (MMA)) ¢ coaepkaHueM MOCIEAHUX
5 — 10 mon. %. Joxazano, uto Metoa OIlL[-addexkTuBeH i MOTy4eHUsS KaTUOH-COJEPKaIINX
ampuduiabHbIX cononumepoB IMASMA ¢ MMA u MA ¢ y3kum MMP. OmnpeniesieHbl KOHCTAHTbI
cononuMmepuzaunu JIMASMA ¢ MMA u JIMADMA ¢ MA. H3ydeHo noBeJeHUE CONIOJIUMEPOB B
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BOJHBIX Cpelax, I[O0Ka3aHo, 4TO comnojaumepbl Ha ocHoBe JIMADMA ssmstorcs pH- u
TEPMOYYBCTBUTEIIbHBIMU. Y CTAHOBJIEHO, YTO conojiuMepsl JJMADMA moHMXKarT NOBEPXHOCTHOE
HaTSOKEHHE Ha TpaHMIE BOJA — BO3AYX, OIPENENIECHBI KpacBble YIJIbl CMAYMBAaHUS UX IUIEHOK U
TEMIIEpaTypbl ~ CTEKJIIOBaHHUA  comojuMepoB.  [lokazaHo, dYTO  COMOJMMEpPHI  CHOCOOHBI
CTaOMJIN3UPOBATH KBAPLEBBIA MECOK, TJIMHY U U3BECTHSK.

Takum o00pa3oM, mnocraBieHHas B paboTe Ieinb Oblla JOCTUTHYTa: CHHTE3UPOBaHbI
COIOJIMMEPBI, BOJAHBIE PACTBOPHI KOTOPHIX CIOCOOHBI CTAOMIM3UPOBATH CHIITYYHE BEIIECTBA.

Development of new nitrogen-containing copolymers for stabilization
of bulk solids

Li Jingwei
Supervisors: Prof. Dr. Chernikova E.V., PhD., senior researcher Plutalova A.V.

The problem of stabilizing bulk substances is a relevant issue in various areas of human
activity. Currently, liquid and dry formulations are used to address this challenge, which involve
multicomponent mixtures comprising high-molecular and low-molecular substances (such as
stabilizers, fillers, surfactants, etc.) in carefully selected ratios. This research proposes an alternative
approach: the creation of a single-component stabilizer that can be dispersed in an agueous medium
and act as a binding agent for loose/dust-like substances and materials based on amphiphilic
polymers.

The aim of this work is to develop a general approach for creating binders for bulk solids,
which can then be applied to other tasks where the creation of different types of binders and
functional coatings with good adhesion to specific surfaces is required. To achieve this goal, several
tasks need to be completed. 1) Search for monomers and determine polymerization conditions for
the synthesis of amphiphilic copolymers. 2) Synthesis of the copolymers with specific compositions
and molecular weights. 3) Study of the properties of the copolymers both in solution and in the
solid state. 4) Investigation of the ability of the copolymers to stabilize bulk materials.

To achieve this goal, a reversible addition-fragmentation chain transfer (RAFT) radical
polymerization is used. This method allows the production of polymers with a specific molecular
weight, a narrow MWD (molecular weight distribution), and high compositional homogeneity. The
method relies on the use of sulfur-containing compounds, such as ZC(=S)SR (where Z represents
Ar, Alk, ArO, NAlkz, SAIk, SAr, R is Alk, Ar, etc.), which compete with the monomer in the
reaction with propagating radical and participate in the RAFT reaction. The molecular weight
characteristics of the polymers are determined by gel-permeation chromatography, while the
composition of the copolymers is determined by infrared spectroscopy. Dilute polymer solutions are
studied using dynamic light scattering, and surface tension is measured using the ring separation
method. Water contact angles are determined using the spreading drop method.

In this study, amphiphilic copolymers based on cationic hydrophilic monomers, such as 1-
vinylimidazole, N,N-dimethylaminoethyl methacrylate (DMAEMA) or 4-vinylpyridine, and
hydrophobic monomers, including vinyl acetate, acrylonitrile, methyl acrylate (MA), butyl acrylate,
and methyl methacrylate (MMA), with a content of 5-10 % mol., were synthesized. These
copolymers have a narrow molecular weight distribution. The monomer reactivity ratios of
DMAEMA with MMA and DMAEMA with MA were determined. The behavior of the copolymers
in aqueous solutions was studied, which revealed their pH-and thermo-sensitivities in aqueous
media. It was found that the copolymers can lower the surface tension of water-air interfaces. The
wetting angle of the films and the glass transition temperature of the copolymers were determined.
Additionally, it was shown that these copolymers are capable of stabilizing quartz sand, clay, and
limestone particles.

Thus, the goal of the work has been achieved. The copolymer synthesis has been completed
and aqueous solutions have been produced that are able to stabilize bulk solids.
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TKaHeHH)KeHepH])Ie KOHCTPYKTBI HA OCHOBC 6I/IOHOJ'II/IMepOB JJISA
perescpannmmu KOKHbIX IIOKPOBOB

Demucosa B.D.

PykoBoaurenu: n.17.H., wi.-kopp. PAH Komnes B.C., k.1.H., H.c. Terepuna A.IO.

[Ipobnema BoccTaHOBIICHHS NE(PEKTOB KOXKHBIX IOKPOBOB TPH PAa3IMYHBIX 3a00JICBAHUSIX
IIOCTOSIHHO IpHUBJIEKaeT BHHUMaHue wuccienonBareneil. IlockoiabKy KOHCEpBaTHBHbIE MOIXOABI K
JICUCHHUIO PAHEBBIX Je()EKTOB HE SBISIOTCA YPPEKTUBHBIMH M, COOTBETCTBEHHO, aKTyaJbHBIMHU, Ha
JTaHHBIA MOMEHT HamboJiee paclpoCTPaHEHHBIM MOIXOJOM K JCUCHHIO PA3JIMYHBIX MOPAXKCHUN
KOXKHBIX TIOKPOBOB SIBJISICTCS TPUMECHEHNE TKAHEBBIX YKBUBAJICHTOB.

Lenbto qanHOrO HccnenoBaHus Oblia pa3paboTKa MOJIMMEPHBIX MOPUCTHIX MATEPHATIOB IS
pereHepanuy  KOXHBIX IIOKPOBOB, KOTOpPBIE OJHOBPEMEHHO COYETAalOT B ce0€ BBICOKYIO
OMOCOBMECTUMOCTh U 00JIAAIOT AaHTHOAKTEPUATHHBIMH CBOWCTBAMHU. 3aJadaMH HCCIIETOBAHUS
SBJIAIOTCS (DYHKIMOHAINU3ALNS OJIMMEPHOTO MaTpUKca HaHOYACTUIIAMU cepedpa U THalypoHaTOM
HaTpUsl, a TaKXe CO3/laHHMEe TpaHyl HAa OCHOBE ajlblMHAaTa HATpPHUsl M BKJIIOYEHHE MX B COCTAaB
MaTpHKca JUIsl MPOJIOHTHPOBAHHOMN JIOCTAaBKM aHTHMOAaKTepuaibHBIX INpenaparoB. JlaHHas 3amaua
OTHOCHUTCS K MEXIUCIUIUIMHAPHBIM: TTOMHUMO OIEHKH (PH3UKO-XHUMHYECKUX H MEXaHHYICCKHUX
XapaKTEepPUCTUK, MIpeIoiaraeT u3ydeHrne OM0oI0rHueckuX CBOMCTB pa3pabaThiBaeMbIX MaTepUalioB,
W QIanTalHi0 K HCIOJB30BAHUIO JUIS JICUYCHHS OOJBHBIX C PAa3TUYHBIMU TOPKEHHUSIMH KOXKHBIX
MTOKPOBOB.

B nanHOll paboTe B KadyecTBE OCHOBHOTO KOMIIOHEHTa MaTepuajioB HCHOJIb30BaJICA
MOJIMCaxapyua ajJbI'MHAT HATPHsl, MIOCKOJIBbKY OH O0JIaJaeT BBICOKONH OMOCOBMECTHUMOCTBIO, U3 HEro
BO3MOXXHO (opmupoBanue 3D-cTpykTyp, (PyHKIIMOHAIM3allUMd WX M BapbHPOBAHUE CKOPOCTEH
nerpagauuu. Onupasch Ha JaHHBIE COBPEMEHHOM JMTEpaTypbl A CTUMYJSIIMM POCTa HOBBIX
KIIETOK KOXHU W KpPOBEHOCHBIX COCYIOB OBbLI BBIOpaH THalypoHaT HATpUs, a B KauecTBe
aHTHOAKTEPUATHPHOTO KOMIIOHEHTA OB BRIOPAHBI HAHOYACTHUIIHI cepedpa.

Jlia mosydeHus TpaHysl Ha OCHOBE ajblMHATa HATpus Tellb OMOIoJHMMepa MOKaneabHO
No0aBIsUIM B CUIMBAIOMIMKM  PAacTBOp, IIOCJIE€ YEro IOJY4YEHHbIE TpPaHydbl OTMBIBAJIHCH,
BBICYIIMBAJINCH U B JajbHeHIIeM ObUIM BKIIIOYEHBI B MOPUCTYIO CTPYKTYpPY MaTpukca. B xadecTBe
MeTosa (OPMHUPOBAHUS TMOPUCTHIX MATPUKCOB OBLIM BbIOpaHbl /100aBIEHUE MOBEPXHOCTHO-
AKTUBHOTO BEIIECTBA JJIsl TIOJYYEHUs IIOPUCTON CTPYKTYPHI U JUOQUIbHAS CYyIIKa A (pukcanuu
3TON CTPYKTYPBHI.

Martepuainbl, MOTy4eHHbIE TAKUM 00pa3oM, ObLIN UCCIEIOBAHBI C MOMOIIBIO CKaHUPYIOIIEH
AJIEKTPOHHOW MUKPOCKONHMU JUIsl OLEHKA TMOPUCTOCTH U Pa3MEpoB IOp, KOMIBIOTEPHOU
ToMorpadueil s OLIEHKM PAaBHOMEPHOCTH CTPYKTYpbI, a Takke Oblla TpoBeAcHa OLEHKa
MPOYHOCTHBIX M OHOJOTHMYECKUX XapaKTePUCTUK, KUHETHKU OHOJErpajaliy MaTepuajioB B
KUAKOCTU, UMUTHPYIOIIEH T1a3My KPOBH.

B pesynbrare BbImonHEeHHs pabOThl ObLTM pa3paboTaHbl MOJXOMABI BKJIIOUEHHUS TPaHyll B
MOPUCTYIO MaTPUUYHYIO CTPYKTYpy Ha OCHOBE OHOIOJIMMepa albruHaTa HaTpusa. Takke B XoJe
paboTel ObuM pa3paboTaHbl (PYHKIMOHAIM3UPOBAHHBIE MOJEIbHBIE KOHCTPYKTHI Ha OCHOBE
albruHaTa U THalypoHaTa HATpPUs M T'paHyJaMHU C HaHOYacTUIaMu cepebpa. bwino ycTtaHOBIEHO
BIIUSIHUE BKIIOYEHHS THUATypoHaTa HATpus M HAHOYACTHUI[ cepedpa Ha OHOCOBMECTHUMOCTh U
OaKTepUIUIHbIE CBOCTBA MMOYYEHHOTO MaTepuana.

B xone nanHoii paboThl ObUTH pa3paboTaHbl MaTepUabl sl 3aMEIICHHs KOKHBIX TOKPOBOB
Ha OCHOBE PAaCTUTENBHOTO OMOTONIMMEpa albriHaTa HATpUs ¢ (HYHKIIMOHATU3AlMEN THATyPOHATOM
HaTpus U HaHOYacTullaMu cepeOpa. [locie ycmemrHoro BBeneHUs 100aBOK ObLTM pazpaboTaHbI
MaTepuanbl ¢ BKIIOUEHHEM THadypoHaTa HaTpus B TMOPHUCTHIA CIOW W HaHOYacTuil cepebpa B
TPaHyIbI TSI TOJTYYeHUs KOMOMHUPOBAHHOTO 3 dekTa MaTepuaios.
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Tissue-engineered constructions based on biopolymers
for skin regeneration

Fetisova V.E.

Supervisors: Doctor of Technical Sciences, corresponding member of the
Russian Academy of Sciences Komlev V.S., PhD in Technical Sciences, research
associate Teterina A.Yu

The problem of recovery of skin defects in various diseases constantly attracts the attention
of researchers. Since conservative approaches to the treatment of wound defects are not effective
and, therefore, relevant, at the moment the most common approach to the treatment of various skin
lesions is the use of tissue equivalents.

The aim of this research was to develop polymeric porous materials for dermal regeneration
that simultaneously combine high biocompatibility and have antibacterial properties. The goals of
the study are functionalization of polymer matrix with silver nanoparticles and sodium hyaluronate,
as well as creation of beads based on sodium alginate and their incorporation into the matrix for
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prolonged delivery of antibacterial drugs. This issue is interdisciplinary: in addition to the
evaluation of physicochemical and mechanical characteristics, it involves the study of biological
properties of the developed materials, and adaptation for use in the treatment of patients with
various skin lesions.

In this work, sodium alginate was used as the main component of the materials, as it is
highly biocompatible, has an ability to form 3D structures, also we functionalise them and vary the
degradation rates. On the basis of current literature data, sodium hyaluronate was selected to
stimulate the growth of new skin cells and blood vessels, and silver nanoparticles were chosen as an
antibacterial component.

To obtain sodium alginate-based beads, the biopolymer gel was added dropwise to the
crosslinking solution, after which the obtained granules were washed, dried and subsequently
incorporated into the porous matrix structure. The method chosen to form the porous matrixes was
the addition of a surfactant to produce a porous structure and lyophilic drying to fix this structure.

The materials obtained in this way were studied using scanning electron microscopy to
assess porosity and pore size, computed tomography to assess the uniformity of the structure, as
well as an assessment of strength and biological characteristics, biodegradation Kinetics of the
materials in a liquid simulating blood plasma.

The work resulted in the development of approaches for incorporating beads into a porous
matrix structure based on sodium alginate biopolymer. Also in the course of the work,
functionalised model constructs based on sodium alginate, sodium hyaluronate and pellets with
silver nanoparticles were developed. The effect of inclusion of sodium hyaluronate and silver
nanoparticles on the biocompatibility and bactericidal properties of the resulting material was
determined.

In this work, dermal replacement materials based on the plant biopolymer sodium alginate
with functionalisation with sodium hyaluronate and silver nanoparticles were developed. After
successful additive incorporation, materials were developed with the incorporation of sodium
hyaluronate in the porous layer and silver nanoparticles in the granules to obtain a combined effect
of the materials.

CuHTe3 U CBOICTBA CJIOKHBIX OpOMHI0B B TPOHHBIX cucTemax CsBr-
MBr- SbBrs u CsBr-MBr-BiBrs (M=Ag, Cu)

Hopoxumos M.M.

PykoBoaurtenu: K.X.H., nou. ['puropseBa A.B., m.H.c. Kamunos P.X.

CroHBIe TanoreHuasl ¢ obmieii dopmymnoit AB*B3*Xs, paccmaTpuBarorcs B KauecTBe
MOTCHIMAJLHBIX aJIbTEPHATUB TaJIOT€HUIaM CBUHIIA CO CTPYKTYPOH MEPOBCKUTA, IPUMECHSIOIIHXCS
B oOnactu QoTtoBoibTaku. M3BecTHBI Tarkke cBetousnyuaromme auonasl (CHUJ), masepsl,
boToneTeKTOPEl M (POTOKATANIM3ATOPHl HA OCHOBE TMEPOBCKUTOMOMOOHBIX HEOPraHUYECKHX
TaJIOTeHUIOB, YTO JAENAeT TaKhe MaTepHallbl IPUBJIEKATEIbHBIM 00BbEKTOM Ui U3yueHus. B nanHoi
paboTe mpeAcTaBieHbl MOCIEAHUE SKCIEPUMEHTANbHBIE PE3yabTaThl MO HM3YYEHHUIO MPOIECCOB
KPUCTAILTM3AIMH B TPOMHBIX CUCTEMAX MPOCTHIX 6pomunos CsBr-M*Br-M3*Br; (M* — Cu, Ag; M**
— Sb, Bi). Ha ceromusmHmii 1eHb, B pacCMaTpUBAEMBIX CUCTEMaX OpPOMUIOB, SKCIIEPUMEHTAIBHO
nosydeHbl Tosbko coeauHenus CspAgBiBre u CsxAgSbBre. HemaBHO pacTBOPHBIM METOIOM C
noMoInIpio aHnoHHoro obmena m3 ¢aszpl Cs2CuShCls OblM TONMYYeHBI HAHOKPUCTALIBI COCTaBa
Cs2CuSbBres (Eg=0,9 3B), oHako MaTepuai oxapaKTepru30BaH MOBEPXHOCTHO.

Lenb0 Hay4YHO-HCCIIEI0BATEILCKOH PadoOThl SBISETCS  HCCIENOBAHUE  YCIOBUM
KPUCTAILTH3AIMH CIOKHBIX OPOMHIOB B TPOHHBIX cucTemax CsBr-M*Br-M3*Brs (M* — Cu, Ag; M**
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— Sb, Bi) u3 coOCTBEHHOTO pacriiaBa U MpH TBepAo(da3HOM ClieKaHWU. B CBs3M ¢ 3TUM, B padoTte
MOCTaBJICHBI cleayronue 3aaaun: 1. M3ydenue ycinoBuit kpucramimzanuu ¢asel CS2AgBIBre us
OpPOCTHIX OPOMHUIOB METOJIOM TBepao(a3HOTo U paciuiaBHoro ammyiabaoro cuatesa (T = 300°C —
650°C); 2. Onpenenenue obnacteit roMOreHHOCTH B OnHapHbIX cucteMax CsAgxCuz2xBra u CssBio-
»SbxBrg B ycnoBusix ammynasHoro cuute3a (T = 450°C, 650°C); 3. Usyuenue oOnacreit
TOMOTEHHOCTH JUIs 3aMelieHHbIX coctaBoB CspAQBiixSbyxBre; 4. M3yuenue (azoBoro cocrasa
obpasnoB B Oounapuoit cucteme CsCuz2Brz — Cs3ShaBrg, a Taxke mouck ycioBHH CTaOHIbHOCTH
¢aszer Cs2CuShBre.

TrepmodasHelii U rerepodasHblii aMITYJIBHBINH CHHTE3 HCIIOJIB30BAJICS B KAYECTBE OCHOBHBIX
MOJIXOJIOB TIPH CHHTE3€¢ KOMITO3HMIIUN JTBOMHBIX TIEPOBCKUTOB, OMHAPHBIX OPOMHIIOB, a TAKXKE MPHU
WCCIICIOBAaHUH PA3IMYHBIX OMHAPHBIX YYaCTKOB B COCTABE ITHX TPOHHBIX CUCTEM.

Ycranosieno, uro (asza Cs;AgBiBre moxer ObITh TOJydeHa W3 MPOCTBIX OPOMHIOB
MeTogamMu amiyiabHoro cuate3a mpu T=300-650°C. B ciywae pacmiaBHOro MeTozia B 00pasiax
Moryt mpucyrcTBoBaTh mpumecn CSAgBr. u BiBrs. Cunrte3 oanodasnoro obOpasia ¢assrl
Cs2AgBIiBrs Bo3MoKeH ¢ HCHOJIb30BaHHEM TBepaodasHoro ammyipHOro cuHresa mpu 300°C mpu
JBYXCTAIUIHOM OTXKHIE C MPOMEKYTOUYHBIM IepeTupanueM. 3aBucuMocth a=f(X) mast coctaBoB
Cs2AgBi1xShxBre mpu x=0-0.4 nuHeiiHas, 4T0 MOXET yKa3blBaTh Ha 0O0pa3oBaHHE TBEPIOTO
pacTBOpa 3aMeIIeHHs CO CTPYKTypoil aBoiHoro mepoBckuta CS;AQBIBre. 3mauenus Eg mist
coctaBoB Cs2AgBi1xShyBrs (x=0-0.4) u3mensiercs ot 2.29 3B 10 2.39 3B.

AHaA3 CIIOXKHBIX TaJIOTEHUIOB Teoperndeckoro cocraBa CsAgxCuroxBrz mokasan, d9to
obpazubr x=0.03-0.15 sBnstoTcst HeomHodasHeiMu u coxepxkat CsCuzBrs, AgBr, CsAgBr..
Onrtuueckoe mnorjomeHue B obmactu 500-650 HM, BeposITHO, CBA3aHHO C COOCTBEHHBIMH
nedexramu ¢paszpr CSCuzBra.

s cnoxueix OpomumoB CsBizySbyBrg (y=0-1) moka3zaHo, 4To BO BCEM JIHAama3oHe
COCTaBOB 00Opa3yeTcsi HENpPEpBIBHBIA pPs  TBEPABIX PAacTBOPOB 3amerneHus. [lapameTpsr
JMIeMEHTapHOW siueiiku  (a3pl W3MEHSIOTCS JuHEHHO. OIeHOYHBIE 3HAYEHUS ONTHYECKOU
3alpeneHHON 30HBI  JIIS 3aMEIIEHHBIX 00pa3ioB coctaBa CSyBiryShyBro (y=0-1) nexar B
JMara3oHe COOTBETCTBYIOIIUX 3HaUCHMM T ucThiX a3 (Eq=2.54 5B s Cs3Bi:Bro u Eg=2.34 5B
Cs3Sh2Bry), 3aBHCHMOCTH JTHHEAPH3yeMa C yIETOM IOTPEITHOCTH METO/1A.

B tpoiinoii cucreme CSBr-CuBr-SbBrs nmpu ycnoBusx cuareza T=200-650°C u t = 12-48 4.
KpucTayuinsanuu JaBoiiHoro mepockuta CS,CuSbBre He mpoucxomut. IIpennosnoxuTenbHo,
obpasoBanue daszpr Cs2CuShBre 3aTpymHeHO B ¢Bs3H ¢ 00JIblIcH yeToiunBoCcThIO (ha3el CS3ShoBro B
ycaoBHAX cuHTe3a. B cucreme OumHapubeix OpomumoB CsCuzBra-CssShoBrg ne Habmromaercs
o0pa3oBaHuUsl TBEPBIX PACTBOPOB 3aMEIICHHUSI WM BBIICICHUS IIPOCTHIX OPOMHIIOB, Bce 00pa3iibl
nByx(a3Hbl, 4TO CBUACTEIBCTBYET O KBa3HOMHAPHOCTH 3TOTO pa3pesa. [IpeaBapuTeabHO, B CUCTEME
umeetcs aBTekTHKa npu T=314°C BOmm3u cocraBa x = 0.10. Muxpomopdosorus o6pa3LoB
CsCu2Br3-Cs3ShzBro ¢ coornomennem Cu : Sb = 1 : 1, momydeHHbIX Tpu 0o0Jiee HHU3KUX
temreparypax 200 — 300°C mpejacraBieHa IUIaCTUHYATHIMU KpucTamnamu (miockocts (01-11)), a
npu oxjaxjaeHuu pacmiaBa or T = 650°C ¢GopMuUpyrOTCS TeKcaroHaJIbHbIC MPHU3MBI (POCT B

miockoctd (0001)), 4TO CBs3aHO C KHHETHYCCKMMH OCOOCHHOCTSMHM KPHCTALIU3AIHUK (Da3bl
CS3szBr9,
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6. Kammmos P.X., UopoxumoB M.M.,Uxy Y., Cunme3s u ceoticmea ciodchbix 6pOMUd08 8 mpounslx
cucmemax CsBr-MBr- SbBrz u CsBr-MBr-BiBrs (M=Ag, Cu). MexaynapoaHasi Hay4Hasi
KOH(epeHIUsl CTYAEeHTOB, ACHHPAHTOB H MOJOAbIX Y4éHbIX «JloMmoHOCOB-2024», cOOpHUK
Te3ucos, 12 - 26 Anp. 2024.

Synthesis and properties of complex bromides in ternary systems of
CsBr-MBr-SbBrs and CsBr-MBr-BiBrs (M=Ag, Cu)

Ibrohimov M.M.

Supervisors: PhD in Chemistry, Associate Professor A.V. Grigorieva, M.Sc., Junior
Researcher R.Kh. Kamilov

Complex halides with the general formula A;B*B3'Xg are considered as potential
alternatives to lead halides with perovskite structure used in photovoltaics. Light-emitting diodes
(LEDs), lasers, photodetectors and photocatalysts based on perovskite-like inorganic halides are
also known that makes such materials attractive for investigation. The current project presents
recent experimental results on the study of crystallization processes in ternary systems of simple
bromides CsBr- CsBr-M*Br-M**Brz (M* — Cu, Ag; M** — Sb, Bi). Nowadays, only Cs,AgBiBrs
and Cs2AgSbBrs compounds with a double perovskite structure are experimentally obtained in the
considered bromide systems. Recently, nanocrystals of the composition Cs>CuSbBrs (Eq=0.9 eV)
were obtained from the Cs,CuShCls phase by a complex anion exchange in solution, but product
requires additional analyses.

The aim of the research project is to investigate the conditions of crystallization of
complex bromides in ternary systems CsBr-M*Br-M**Brs (M* — Cu, Ag; M** — Sh, Bi) in melt
crystallization and solid-state sintering processes. The following tasks are building-blocks in the
work: 1. Study of crystallization conditions of Cs.AgBiBrs phase from simple bromides by solid-
phase and melt ampoule syntheses (T = 300°C - 650°C); 2. Determination of homogeneity regions
in binary systems of CsAgxCu.-2xBrs and Cs2Bi».yShyBrg obtained by ampoule synthesis methods (T
= 450°C, 650°C); 3. Study of homogeneity regions for substituted compositions Cs,AgBi1xShxBrs;
4. Study of phase composition of samples in the binary system CsCu2Brs-CssShzBre, as well as
search for the conditions of stability of the Cs,CuSbBrs phase.

Solid-phase and hetero-phase ampoule syntheses were used as the main approaches in the
preparation of complex halides with double perovskite structure, binary bromides, as well as in the
study of various binary sites within these ternary systems.

It was found that the Cs,AgBiBrs phase can be obtained from simple bromides by ampoule
synthesis methods at T=300-650°C. In case of the melt crystallization method impurities of
CsAgBr> and BiBrs may be present in the samples. Synthesis of a single-phase sample of
Cs2AgBiBrs phase is optimal using solid-phase ampoule synthesis at 300°C with two-stage
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annealing with intermediate grinding. The dependence a=f(x) for the compounds Cs,AgBi1-xSbxBrs
at x=0-0.4 is linear that indicates the formation of a substitution solid solution with a double
perovskite structure like Cs,AgBiBrs. The Eg values for the Cs:AgBii1xShxBre compositions (x=0-
0.4) changes from 2.29 eV to 2.39 eV. For the bromides CsAgxCuz-2xBrs the compositions of
x=0.03-0.15 are not single phase and contain CsCu2Brs, AgBr, CsAgBr.. For the CsCu.Brs optical
absorbance in the region of 500-650 nm is probably related to intrinsic defects of the CsCuzBrs3
phase. For the Cs;Bi>.yShyBre compounds it is shown that in the composition range of y=0-1a
continuous substitution solid solutions is found. The unit cell parameters of the phase change
linearly. The estimated values of the optical bandgap for substituted samples of the composition
Cs2Bi2-yShyBrg (y=0-1) lie in the range of the corresponding values for pure phases (Eg=2.54 eV
for Cs3Bi2Brg and Eg=2.34 eV Cs3ShBrg), the dependence is linearisable with account of the
method error.

In the ternary system CsBr-CuBr-SbBrs at experimental conditions of T = 200-650°C and t
= 12-48 h crystallization of double perovskite Cs,CuSbBrs did not occur. Presumably, the formation
of the Cs>CuSbBrg phase is complicated due to the greater stability of the CssSb2Brg phase under
the synthesis conditions. In the CsCu2Brs-Cs3Sh2Brg system no formation of solid substitution
solutions or crystallization of simple bromides is observed, all samples are biphasic that indicates
the section to be quasi-binary. Tentatively, the system has a eutectic point at T=314"C by the
composition of x = 0.10. Micromorphology of the CsCu2Br3-Cs3Sh2Brg samples with ratio Cu: Sh =
1:1 varies significantly, namely, at lower temperatures of 200 - 300°C thin plate-like crystals are
formed (plane (01-11)), while after T = 650°C the samples contain hexagonal prisms (growth in
plane (0001)). This could be associated with the crystallization features of the Cs3Sbh2Brg phase.

AHCaMO0JI1 HAHOCTPYKTYP KaK KaTaJIn3aTOPbl BOCCTAHOBJICHUS
MepoKcHIa BOAOPOaA

Inetioepman A.A.

PykoBonurenu: k.X.H., ¢.H.c. KomkoBa M.A., n.x.H., npod. Kapskua A.A.

(DepMeHT IICPOKCHUaa3a, KaTaJ'II/I3I/Ipy1-OH_[I/II71 PEAKIMIO BOCCTAHOBJICHUSA IIEPOKCH A BOAOPO A,
IOAPOKO HCIIOJIB3YETCA B MCIULIMHE H OMOTEXHOJIOTHH. O,I[HaKO MpyupoaHas HECTAOMJIBHOCTH
(bepMeHTa OrpaHUYMBACT pAd €ro HNpPaKTHYCCKUX HpHMeHeHHﬁ. HCOpFaHI/I‘ICCKI/Ie HaHO4YaCTHULBI C
q)epMeHTHOﬁ AKTUBHOCTBIO, UJIM HAHO3UMBI, 3apCKOMCHIAOBAIN cebs Kak INOTCHIMAJIBHO Haunboee
INPpUMCHHUMBIC aHAJIOTH (bepMeHTa. B JIATCPATYpPEC OIIHMCAHO OOJIBIIIOE YHCIO HAaHO3MMOB
«UCKYCCTBCHHAA INCPOKCHAA3a», OT YIJICPOAHBIX HAHOMATCPUAIOB OO HAHOYACTHUILL 6J'Ial"OpOI[HbIX
MCTAJLJIOB, OJHAKO MCXaHNU3M HUX ﬂeﬁCTBHH ACTAJIbHO HE OBLI H3YUYCH.

B HpeHCTaBHCHHOﬁ pa60Te C IeJIbI0 BBISBICHHUS KATAIUTHYECKUX CBOMCTB HAHO3MMOB
«UCKYCCTBCHHAA IICPOKCHUAA3a» Ha OCHOBC DPA3JIMYHBIX HAHOMATCPHAJIIOB PACCMOTPCHLL 3(1)(1)6KTBI
PEAOKC-aKTUBHOCTHU HAHO3UMOB U 3JICKTPOH-TOHOPHBIX CY6CTpaTOB, a TaK’Ke pasMepa HAHO3UMOB.

KI/IHeTI/IKy KaTaJIMTHYCCKHUX peaKI_II/Iﬁ BOCCTaHOBJICHHUA NepoKCHua BOAOpOaa,
KaTaHI/ISI/IpyeMOﬁ HAaHO3MMaMH, B IPUCYTCTBUU HanOoJee HCIOJIb3YEMbIX CY6CTpaTOB TICPOKCHUAA3BI
ucciacagoBain C HCIIOJbB30BAHUCM IIOAXOOA0B CTaHHOHapHOﬁ KHMHCTHUKMH. CKOpOCTL peaknuu
OMPpCACIIAIIN 10 HAKOIIJICHHUIO OKHUCIICHHOT'O @OTOMeTppreMOFO IIpOAYKTA.

HOKaSaHO, 4TO IJId HMCCIICAOBAHHBIX HAHO3MMOB KATAJIMUTUYCCKAasA KOHCTAaHTA W SHEPTUA
AKTHUBAIlMU PCAKIUH, BBIYHUCICHHAA B COOTBCTCTBHU C YPABHCHHCEM AppeHI/cha, ONPpCHACIIAOTCA
MNOTCHIHAIIAaMHU PCEAOKC-TIICPEXOJ0B KakK cy6CTpaTa, TaK W HaHO3HMa. YCTaHOBHCHO, 494TO B
CpaBHCHHU C APYrHMU HCCICIOBAHHBIMHU KCIC30COACPIKAIIMMU HAHO3MMAaMU CaMYIO BBICOKYIO
KaTAJIUTUYCCKYIO aKTUBHOCTD (Ha MOPsAAOK BBIIIC, YCM JIA FE304) 1 HU3KYIO SOHCPTUI0 aKTHBAllUH
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(mo 4,6 pa3z Hmwxke, yeM miusa Fe30s) MMEIOT HAHOYACTHIBI KATAIUTUYECKH CHHTE3MPOBAHHOU
OepIIMHCKOM Ja3ypH.

Bricokasi kaTamuTHdecKkass aKTHUBHOCTh HAHO3UMOB Ha OCHOBE OCpJIIMHCKOW Jia3ypu
OTIpEJICIISET JICKTPOKATATUTHYSCKNE CBOWCTBA MMMOOMIM30BaHHBIX HaHodacTuil. [loka3aHo, 4To
AIEKTPOXUMUYECKUE KOHCTAHTHI JIJISl IIOKPBITUN Ha OCHOBE aHCcaMOJield HAHOCTPYKTYp OepIUHCKOMN
nazypu (10 2,3-102 cm-c? s 30 HM) Ha TOPSANKM BEIMUYMHBI BBIIIE TAKOBHIX KaK IS SIEKTPOJIOB
Ha OCHOBE JIPYTUX MaTepUaliOB C MEPOKCHAA3HOM AKTUBHOCTBHIO, TaK U JJIi UMMOOMIM30BAHHOMN
MIEPOKCHIA3bI.

[TomumMo 3TOrO, WCCIEIOBaHA KHMHETHKA PEAKIMU BOCCTAHOBJICHMS MEPOKCHIA BOJOPOJA
MpU KaTalli3e HAaHO3MMaMH Ha OCHOBE OEpIIMHCKOH Jiazypu pasHoro pasmepa oT 30 mo 360 HM.
CornacHO JaHHBIM MPOCBEUYMBAIONICH JJICKTPOHHOW MHUKPOCKONHH, TaKhue HAHOYACTHUIIBI
MPEACTABIISIIOT cO0OM aHCaMOJIM HAHOCTPYKTYpP, CPEIHHUM pa3Mep KOTOPHIX 3aBUCHT OT pa3Mepa
HaHOYACTHIIbl. 3aBUCUMOCThH KaTaIMTUYECKON KOHCTaHTHI OT pa3Mepa HAaHOYACTHI] JIMHEAPU3YETCS
B OmyorapupMu4eckux KOOpJMHATaX C TAHI'€HCOM YIja HakJIOHa OKoJo 2,7. DTO yKa3bIBaeT Ha
BOBJICUEHHE B KATATUTHYECKYIO PEAKIIMIO aKTUBHBIX IIEHTPOB KaK HA MMOBEPXHOCTH, TaK U B 00bEME
ancamOneit. Tax, s HaHO3UMOB 1uamerpoMm okojio 300 HM MOJy4YeHHBIE 3HAYCHUS
KaTaJINTUYECKOW KOHCTaHTHl Ha 3-4 TOps/Ka BEIMYMUHBI MPEBOCXOJSAT TAKOBYIO NJsi (PEpMEHTOB
MEPOKCHIA3.

brnaromapsi cBoell BBICOKOM KaTaJTUTHUYECKOM AKTUBHOCTHM W HU3KOM IIMTOTOKCUYHOCTH
HAaHOYACTHUIBI OCpIMHCKOW Ja3ypu o00mamaioT OOJBIIUM  TMOTEHIIMAJIOM NIl CHMDIKEHUS
KOHIICHTPAIIUM AKTUBHBIX (POPM KHCIOpOJAa B paMKax NPOTUBOBOCHATUTETbHOW Tepanuu. C
WCIIOJIb30BAHUEM METOJIa MPOTOYHOW HUTOMETPUH TOKa3aHO, YTO HWHKYOAmHs KUBBIX KIETOK
MBIIIIEH B MHUTATEIBbHOW cpene, conaepskamer 10 MKIr*MJI ™ HAHOYACTHI] OCpIMHCKOM Ja3ypu
MPUBOJIUT K CHIDKEHHUIO YPOBHS aKTUBHBIX (hopM Kuciaoposa Ha 65%.

Myoaukamuu cryaenrta (https://istina.msu.ru/profile/shneiderman/):

1. lneitnepman A.A., KomrxoBa M.A., Kapskun A.A., Hano3umbl «UCKyCCmMBEHHASI NEPOKCUOA3A»
o npomugosocnanumenvron mepanuu I/ MeKIyHApOaHOH HAay4YHOHi KOH(eEpeHIHH
CTYJ€HTOB, ACIHPAHTOB M MOJOABIX YYEHBIX «JIOMOHOCOB-2024», cekuusi «XUMHI»,
cOoopHuK Te3ucoB. MockBa, Poccus, 12-26 anpens 2024, M.: U3narensctBo «llepoy»

2. lIneitnepman A.A., KomkoBa M.A., Kapskun A.A., Kamaiumuyeckue ceoticmea HaAHO3UMOB
CUCKYCCMBEHHAsl nepokcuoasa»: Ha nymu K mepanuu Hogoz2o nokorenus 11 XXII
Bceepoccniickasi  mkoJia-KOH(pepPeHUHsT MOJOABbIX YYéHBIX «AKTyaJbHble MPO00JeMbl
HEOpraHu4ecKoi XMMHUM: IHeprus +», coopHuk te3ucon. KpacHoBuaoBo, 10-12 HosOps 2023,
c. 116-117

3. llIneiinepman A.A., KomkoBa M.A., Kapskun A.A., Kamaiumuueckue ceoticmea HaAHO3UMOB
«UCKYCCMBEHHAsL NepoKcuoasa» Ha ochose bepaunckou aasypu Il 13-1 MexayHapoaHas
Hay4yHasi KoH(pepeHuus «buokaramm3. dyHaaMeHTAIbHbIE UCCIEIOBAHUSA M NMPUMEHEHHUS
(BUOKATAJIN3-2023)», coopuuk Te3ucor. Cy3aanb, 25-29 utons 2023, ¢. 231

4, HInetinepman A.A., KomkoBa M.A., Kapskun A.A., Hccredosanue mexanuzma oOeucmeus
HAHO3UMOB «UCKYCCMBEHHAsS. NEPOKCUIA3ay» HA 0CHose Oepaunckou nazypu || MexayHapoaHoi
HAYYHOH KOH()epeHIHH CTYAEHTOB, ACIHPAHTOB M MOJOALIX Y4éHBbIX «JIoMoHOCOB-2023»,
cekuus «Xumus», cOOpHUK Te3ucoB. Mocksa, Poccus, 10-21 ampens 2023, M.: M3aarenscTBO
«IIepo», c. 954

5. Iueiinepman A.A., T'pumko A.1O., Ex-situ photoluminescence studies of CHsNHsPbls films
recrystallized in iodine atmosphere // II MockoBcKasi OCeHHsISI MeKIyHAPOIXHAS
KOH(epeHIUsT N0 NepoBCKUTHOH ¢oroBoabTauke (MAPPIC-2020), cOOpHUK Te3HCOB.
Mocksa, Poccust, 27 oxtsi6ps 2020, c. 76

6. Hlueiinepman A.A., I'pumiko A.YO., Yemanoenenue ezaumocsasu ycnosuii nocmobpabomxu 6
npucymemeuu napos > u JIM®DA mamepuanos cocmasa CH3NH3Pblz u ux momunecyenmuuix
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2020», coopuuk Te3ncoB. Mocksa, Poccust, 10-27 Hos16pst 2020, 3neKTPOHHBINA pecype

7. Iuetinepman A.A., I'pumiko A.YO., TapacoB A.b., Yemanoenenue erusnus oopabomxu napamu
ooa Ha JOMUHecyeHmHbvle ceolicmeéa nieHok nepoeckuma cocmasa CH3NHzPbls /1 1
MockoBckasi 0CeHHAsi MeKIYHAPOAHAsA KOH(epeHUHs MO0 NMEePOBCKUTHON (OTOBOIbTaMKe
(MAPPIC-2019), coopuuk TezucoB. Mocksa, Poccusi, 14-15 oktsa6ps 2019, c. 15

8. Iuetinepman A.A., I'pumiko A.YO., Vcemanosenenue enusnus obpabomxu napamu 1ooa Ha
JIOMUHecyeHmHuvle ceoticmea nienok nepogckuma cocmaséa CHsNH3zPblz // Matepnasbl
MeXIyHApPOTHOT0 MOJ0AeKHOT0 HayuHoro ¢opyma «JIOMOHOCOB-2019», 8-12 ampens
2019 rona [Onexrponnsiit pecypc], M: MAKC Ilpecc, 2019, c. 163

Ensembles of nanostructures as catalysts for hydrogen peroxide
reduction

Shneiderman 4.4.
Supervisor: Ph.D. Komkova M.A., Prof. Karyakin A.A.

The enzyme peroxidase, which catalyzes the reaction of hydrogen peroxide reduction, is
widely used in medicine and biotechnology. However, the natural instability of the enzyme limits
its practical applications. Inorganic nanoparticles with enzyme-like activity, known as nanozymes,
have emerged as potentially more applicable analogs of the enzyme. A large number of "artificial
peroxidase” nanozymes, ranging from carbon nanomaterials to noble metal nanoparticles, have been
described in the literature, but their mechanism of action has not been studied in detail.

In this study, in order to reveal the catalytic properties of "artificial peroxidase” nanozymes
based on different nanomaterials, the effects of the redox activity of nanozymes and electron-
donating substrates, as well as the size of the nanozymes, have been considered.

The Kkinetics of hydrogen peroxide reduction reactions catalyzed by nanozymes in the
presence of commonly used peroxidase substrates were investigated using steady-state kinetic
approaches. The initial reaction rate was determined using the slope of absorption against time
dependencies.

For the studied nanozymes, it was demonstrated that the catalytic constant and activation
energy of the reaction, calculated according to the Arrhenius equation, are determined by the redox
potentials of both the substrate and the nanozyme. It was found that compared to other iron-
containing nanozymes, nanoparticles of catalytically synthesized Prussian blue have the highest
catalytic activity (an order of magnitude higher than FezO,) and the lowest activation energy (up to
4.6 times lower than Fe3Oy).

The high catalytic activity of Prussian blue nanozymes determines the electrocatalytic
properties of immobilized nanoparticles. It was shown that the electrochemical constants for
coatings based on ensembles of Prussian blue nanostructures (up to 2.3-102 cm-s for 30 nm) are
orders of magnitude higher than for electrodes based on other materials with peroxidase-like
activity, as well as for immobilized peroxidase.

Additionally, the kinetics of the hydrogen peroxide reduction reaction catalyzed by Prussian
blue nanozymes of different sizes ranging from 30 to 360 nm were investigated. According to
transmission electron microscopy images, such nanoparticles are ensembles of nanostructures
whose average size depends on the nanoparticle size. The dependence of the catalytic constant on
nanoparticle size is linearized in bilogarithmic coordinates with a slope around 2.7. This indicates
the involvement of active centers in the catalytic reaction both on the surface and in the volume of
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the ensembles. Thus, for nanozymes with a diameter of about 300 nm, the obtained values of the
catalytic constant are 3-4 orders of magnitude higher than those for peroxidase enzymes.

Due to their high catalytic activity and low cytotoxicity, Prussian blue nanoparticles have a
great potential to reduce the content of active oxygen species for anti-inflammatory therapy. Using
flow cytometry, it was shown that incubating of live mouse cells in a nutrient medium containing
10 pg-ml?t of Prussian blue nanoparticles led to a 65% decrease in the level of reactive oxygen
species.

CuHTE3 M CBOIICTBA JIIOMUHECIHEHTHBIX OPraHUYEeCKHX KpacuTeJeH ¢
A (peHnIAMUHOBBIMHY 3JIEKTPOHOIOHOPHBIMU IPyNIIaMH

Kanyorcckasn E.H.

PykoBoautenb: a.X.H., B.H.C., 3aB. j1a0. JIynmonocos 1O. H.

B nactosimee BpeMmsi, 00651acTh OpPraHUYECKON AJIEKTPOHHUKH PAa3BUBACTCS B HANPABICHUHU
JJIEKTPOHUKKA HOBOTO TOKOJEHUs (TMOKHME CBETOJWOJHBIE MHUCIUIEH, COJIHEUHBbIE Oarapew,
YyBCTBUTEIbHbIE THOKHE WJIM JKHJIKOCTHBIE CEHCOPBI, OHODJIEKTPOHUKA, OPraHUYECKHe
TOHKOTUICHOYHBIE TTOJICBBIC TPAH3UCTOPHI U T.J. B CBsI3U ¢ 3TUM, MEPCIIEKTHBHBIMU MaTepUaIaMHu
JUTsI TIPUMEHEHHSI B TAaKUX YCTPOMCTBAX SIBJISIIOTCS T-COMPSDKEHHBIE MaJIble MOJIEKYJIBI B BUIY UX
HACTPaWBAEMbIX ONTHUYECKUX M JJIEKTPOHHBIX CBOMCTB. OIMH M3 MOAXOJOB MOJEKYISPHOTO
N3aiiHa OPraHUYECKHX COMPSDKEHHBIX MOJIEKYN 3aKII0YaeTcs B MCIOJIb30BAaHUHM YepEeIOBAHUS
AIIEKTPOHOAKIIETITOPHBIX U AJIEKTPOHOJOHOPHBIX ()parMEHTOB B MOJIEKYIIE.

B aT0i1 cBs3M 11€NBbI0 TAHHOW JUIUIOMHOW palOTHI cTajla Ha pa3padOTKa MOJEKYISIPHOTO
NM3aiiHa U CUHTE3 CepUM KpacHuTeseil Ha OCHOBE TU(EHIIAMUHOBBIX 3JI€KTPOHOJOHOPHBIX TPYIII C
Pa3IMYHBIMU 3JIEKTPOHOAKIENTOPHBIMU (hparMeHTaMH, a TakKe M3y4yeHHE CBOMCTB IMOJIy4EHHBIX
COEIMHEHUI U YCTaHOBJICHHE 3aKOHOMEPHOCTH CTPYKTYpa —CBOMCTBO.

B pesynpraTe mnpoBeneHHOl paboOThl, ObBUIM CHUHTE3UPOBAHBI JOHOPHO-AKIIETITOPHBIE
COEIMHEHUS! HAa OCHOBE JM()EHUITAMUHOBBIX AJIEKTPOHOJIOHOPHBIX O10KOB. CTpyKTypa MOJEKY1 U
WX YUCTOTa ObUIM MOJATBEPXKICHBI C HCIOJIb30BAHUEM METOOB SIEPHOTO0 MAarHUTHOTO PE30HaHca
'H u rensnponukaromeii xpomarorpaduu.

HccnenoBanue TepMHUUECKUX CBOWCTB MOJIYYEHHBIX COCIMHEHHUH IMMOKa3ajo, 4TO HaWYHe
TPUTEKCWJICHIMIIBHBIX TPYII MPUBOJUT K CYLIECTBEHHOMY MOHIKEHHUIO TeMIIepaTypy IIaBJICHUS,
a TaKkke BBeleHUE ANOEH30THO(EH-TUCYIBGOKCUAHOTO (PparMeHTa YBEIMYMBAET TEMIIEPATypy
pa3noXKEHUsl, HUCCIEJOBAHUE ONTUYECKUX M  IJIEKTPOXUMUYECKUX CBOMCTB  IMOJy4YEHHBIX
COCIMHCHUH TMMOKa3ajo, 4to BBeaeHue rpymn —Si(HeX)s, a Takke BBeaeHHE IUOECH30THO(CH-
TUCYNb(OKCUAHOTO B MOJIEKYJbl MOBBIIIANO BEIMYUHY JUTMHBI MOTJIOLIEHUS, a, CIEJOBATENIbHO,
MPUBOJWIO K YMEHBIICHUIO UIIMPUHBI 3alpeli€éHHOW 30Hbl. CHHTE3MpPOBAHHBIE COEIMHEHUS
MorJIonaroT cBeT B Y D-BuAMMOM /Mamna3oHe cnekrpa u B pactBope TI'® € kpasmu norioumeHus oT
300 go 590 aM.

Takum oOpa3oM, uccrneoBaHHWE M pa3pabOTKa HOBBIX OPraHUYECKUX MAaTepuajoB, Ha
OCHOBE COIMNPSDKEHHBIX MOJIEKYJ JIOHOPHO-aKIENTOPHON CTPYKTYpbl C pa3UyHBIMU OO U DA
(dbparMeHTamMu, MPEACTABISAIOT TEPCIEKTUBHOE HAMpaBlIEHUE B HAYYHBIX HUCCIEOBAHUAX. OTH
MaTepuaabl MOTYT OBITh HACTPOCHBI TMOJ KOHKpPETHbIE 1enu, 00naaanT 3¢hGeKTUBHBIM
MOTJIOIIEHUEM CBETa, KOTOPOE€ MOXHO TOHKO HacTpauBaTh MYTEM H3MEHEHHUS CTPYKTYPHBIX
(dbparmMeHTOB MOJeKyl. M3ydeHHne CTPYKTYpbl M CBOWCTB TaKUX MaTEpHUaOB MOMOXKET M JalbIe
HaxOJIUTh B3aUMOCBSI3M MEXAY HUMH, YTO B CBOIO OU€PE/b, TO3BOJIUT MPOTHO3UPOBAThH PA3INUHbIC
CBOMCTBA U CO3/1aBATh MAaTEpUAJIbl C 3apaHee ONPENEICHHBIMU apaMeTPAMHU.
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Synthesis and properties of luminescent organic dyes with
diphenylamine electron donor groups

Kaluzhskaya E.N.
Supervisor: Doctor of Chemical Sciences, Leading Researcher Luponosov Yu.N.

Currently, the field of organic electronics is developing towards a new generation of
electronics (flexible LED displays, solar panels, sensitive flexible or liquid sensors, bioelectronics,
organic thin-film field-effect transistors, etc. In this regard, promising materials for use in such
devices are m-conjugated small molecules due to their tunable optical and electronic properties. One
of the approaches to the molecular design of organic conjugated molecules is to use the alternation
of electron acceptor and electron donor fragments in the molecule.

In this regard, the purpose of this thesis was to develop the molecular design and synthesis
of a series of dyes based on diphenylamine electron donor groups with various electron acceptor
fragments, as well as to study the properties of the compounds obtained and establish the structure—
property pattern.

As a result of the work carried out, donor-acceptor compounds based on diphenylamine
electron donor blocks were synthesized. The structure of the molecules and their purity were
confirmed using the methods of *H NMR and gel-penetrating chromatography.

A study of the thermal properties of the obtained compounds showed that the presence of
trinexylsilyl groups leads to a significant decrease in the melting point, as well as the introduction
of a dibenzothiophene disulfoxide fragment increases the decomposition temperature, a study of the
optical and electrochemical properties of the obtained compounds showed that the introduction of
Si(Hex)s groups, as well as the introduction of dibenzothiophene disulfoxide into molecules
increased the absorption length, and, consequently, led to a decrease in the bandgap width. The
synthesized compounds absorb light in the UV-visible range of the spectrum and in a THF solution
with absorption edges from 300 to 590 nm.

Thus, the research and development of new organic materials based on conjugated
molecules of the donor-acceptor structure with various ED and EA fragments represent a promising
direction in scientific research. These materials can be customized for specific purposes, have
effective light absorption, which can be fine-tuned by changing the structural fragments of
molecules. Studying the structure and properties of such materials will help to further find the
relationships between them, which in turn will allow you to predict various properties and create
materials with predefined parameters.

HccnenoBanue repMoIUHAMUYECKUX CBOMCTB (a3 JlaBeca B
cucremax Fe-Ti-Al, Mn-Cr-Ti u Fe-NDb-Si

JI5n Xysuun

PykoBoautenu: n.x.H., mpod. XBan A.B. u unx. baxenosa 1. A.

JXKaponpouHble CTaqu HCIOJIB3YIOTCS B KauecTBe JeTalieil TpyOONpoBOJOB B AaTOMHBIX
SHEPreTUYECKUX YCTAaHOBKAX, KOPIYCOB pakeT U T.J. IIpu skcrmyaTanuu ctaneil mpu NOBBILIEHHBIX
TeMIIepaTypax MOXET MPOUCXOAUTh oOpa3oBaHue (a3 JlaBeca, KOTOpbIE BEAYT K OXPYMTUMBAHUIO
CTaJIell U CHIKEHUIO UX KapOIIPOYHOCTH.

Jlnist BbIOOpA MPaBUIILHOTO COCTaBa U Criocoba TepMooOpaboTKH cTanel, B KOTOPhIX MOTYT
oOpa3oBbiBaTbesl (as3bl JlaBeca, HEOOXOAMMO HMMETh HAJESKHBIE JAHHBIE O TEPMOJUHAMHYECKHX
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cBoiicTBax (a3el JlaBeca B OrpaHMYMBAIONINX TPOWHBIX ccTeMax. PaBHOBecHs B crcTeMax U3y4YeHbI
JOCTaTOYHO MOJAPOOHO, HO TepMOIMHAMUYECKHE CBOWcTBa (a3 JlaBeca B TPOWHBIX cUCTeMax eImé
He wu3ydeHbl. [loaTomMy mnenpi0 gaHHOW paboThl OBLJIO SKCIEPUMEHTAIBHOE HCCIEeIOBAHHE
TepMOJMHAMHYECKUX CBOUCTB (ha3 JlaBeca B cuctemax Fe- Al-Ti, Mn-Cr-Ti u Fe-Nb-Si.

Jns MOCTMXKEHUsT 3TOW Lenu ObLIM TPOBENEHBI CIEAYIONINE SKCIEPUMEHTHI: CHUHTE3
CIJIaBOB; XapakTepucTtuka obpasnoB merogamu COM/MPCA u POA; onpexneneHue temmeparyp
dazoBeix mpeBpamenuii merogam [ TA; onpeneneHue sHTaNbuu 00pazoBaHus (a3 METOJAOM
KaJlopuMeTpuu cOpoca U pactBopeHus. [[ns nccnenoBaHusl TEPMOJIMHAMUYECKUX CBOMCTB (asbl,

omkuramu ¢assl Jlaseca B cucreme Fe-Ti-Al 90 wacos npu 1000°C, B cucreme Cr-Ti-Mn 62 uaca

npu 1250°C u B cucreme Fe-Nb-Si 232 waca npu 1400°C.

Bo Bcex ykaszannbix cuctemax (Fe-Al-Ti, Mn-Cr-Ti u Fe-Nb-Si) ¢aser JlaBeca (C14)
o0pa3yloTcsi 1O MEXaHHW3MYy KOHIPY3HTHOTO IUIaBJIEHHMsST W o00JajaloT HIMPOKOM 00J1acThio
roMoreHHocTH. OHoda3Hble 00pa3Ibl MOKHO MOIYYUTh YK€ B JIUTOM COCTOSTHUM, OJHAKO OTKHUT
MIOMOTaeT YCTPAHUTh TOCIEACTBUS HEPAaBHOBECHOM KpHCTAUIM3AllMM, TaKUe Kak JCHIpUTHas
JIMKBALIMS U BbIIEJICHHE HEPABHOBECHBIX ABTEKTHUK.

Mpl cpaBHWIM 3KcriepuMeHTalnbHble gaHHble MeTtoioM [ITA ¢ pacuéramu B cucreme Cr-
Mn-Ti. Pe3ynbTaThl MOKa3bIBAIOT, YTO pealibHbIC TEMIIEPATYPhI COMIYCA U JIMKBUAYCA B CHCTEME
Cr-Mn-Ti HIKe PAacCYMTAHHBIX IO CYIISCTBYIONIMM MOJEIISIM. JTO CBSI3aHO C TEM, YTO MOJICIH
ObUIM TOCTPOEHBI C HCIOJIb30BAHWEM OTPAaHMYEHHOTO KOJIMYECTBA IKCIEPUMEHTANIbHBIX JaHHBIX
npu BBICOKHX TemmepaTypax. B cucreme Fe-Nb-Si Temmeparypax coammyca a3 JlaBeca B

uHTepBasie kKoHueHTpamuii ot 10% Si 10 30% Si Beme 1500°C. Duranbnus oOpaszoBanus (assl

JlaBeca B cucrteme Fe-Al-Ti craHoBuTcs 00Jiee OTPHIATEIBHOW C YBEIHUYECHHEM COJCPKAHHUS
aMOMUHUSA. DHTaJblusg oOpasoBanus ¢as3el JlaBeca B cucreme Fe-NDb-Si cranosutcst Gosece
OTPHIIATEIILHOM C YBEIIMYCHUEM COJCPIKAHUST KPEMHHUSI.

The investigation of thermodynamic properties of the Laves phasein
the Fe-Ti-Al, Mn-Cr-Ti and Fe-Nb-Si systems

Deng Huiying
Supervisors: D.Sc., Prof. A.V. Khvan and Ing. I.A. Bazhenova.

Heat-resistant steels are used as parts of tubes in nuclear power plants, shells of rocket, etc.
When steels are operated at elevated temperatures, formation of Laves phases may occur, which lead
to embrittlement of steels and reduction of their heat resistance.

In order to select the correct composition and method of heat treatment of steels in which
Laves phases may form, it is necessary to have reliable data on thermodynamic properties of Laves
phases in the boundary ternary systems. The equilibria in the systems have been studied insufficient
detail, but the thermodynamic properties of Laves phases in ternary systems have not yet been
studied. Therefore, the aim of this work was to experimentally investigate the thermodynamic
properties of Laves phases in Fe-Al-Ti, Mn-Cr-Ti and Fe-Nb-Si systems.

To achieve this goal, we performed the following experiments: synthesis of alloys;samples
characterization by SEM/EPMA and XRD methods; determination of the temperatures of phase
transformations by DTA; determination of the standard enthalpy of formation by the drop-solution
calorimetry. In order to investigate the thermodynamic properties of the phase, the Laves phases

were annealed in the Fe-Ti-Al system for 90 hours at 1000°C, in the Cr-Ti-Mn system for 62 hours

at 1250°C and in the Fe-Nb-Si system for 232 hours at 1400°C.

In all the above systems (Fe-Al-Ti, Mn-Cr-Ti and Fe-NDb-Si), the Laves (C14) phases are
formed by congruent melting mechanism and have a wide homogeneity region. Single-phase
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samples can be obtained already in as-cast state, but annealing helps to eliminate the effects of non-
equilibrium crystallization, such as dendritic liquation and the precipitation of non- equilibrium
eutectics.

We compared experimental data obtained by DTA method with calculations in Cr-Mn-Ti
system. The results show that the real solidus and liquidus temperatures in the Cr-Mn-Ti system are
lower than those calculated by existing models. This is due to the fact that the models were
constructed using a limited amount of experimental data at high temperatures. In the Fe-Nb-Si
system, the solidus temperatures of the Laves phase in the concentration range from 10% Si to 30%
Si are higher than 1500°C. The enthalpy of formation of Laves phase in Fe-Al-Ti system becomes

more negative with increase in aluminum content. The enthalpy of formation of Laves phase in Fe-
Nb-Si system becomes more negative with the increase of silicon content.

Momudukauus ruOpUIHBIX IEPOBCKUTOB MOJIHPYHKIIUOHAJIbHBIMH
MOJICKYJIAMU JJISl YJIYYIIeHUs PAa00YrX XapaKTEePUCTUK U
CTAa0MJILHOCTH NMEPOBCKUTHBIX COJTHEYHBIX 3JICMCHTOB

Hemvieuna E.M.

PykoBojurenu: k.x.H., M.H.c. ¥ nanoBa H.H., k.x.H., 3aB.1a6. TapacoB A.b

Huzkass cTaOMIBHOCTh THOPHIHBIX TAJIOTCHUIHBIX TIEPOBCKUTOB K HKCILUTyaTal[HOHHBIM
dakxTopam sSBISETCS OTHON M3 HauboJiee BAKHBIX MPOOJIEM MEPOBCKUTHBIX COTHEUHBIX DIIEMEHTOB
(TTCD). TlepcneKTUBHBIM IMOIXOJOM K PEIICHUIO JaHHOW MPOOJIEMBI SIBJSICTCS HCIOJIH30BAaHUE
OPraHUYECKUX MOJIEKYII C Pa3IMUHBIMU (YHKIMOHANLHBIME TpynnaMu (Hamp. -NHs*, -SH, -COO ™ u
1p.) B KaUeCTBE MMAacCHBATOPOB JE(EKTOB B MEPOBCKUTAaX. OHAKO, OCTACTCSI OTKPBITHIM BOIIPOC O
HauOosee 3pdexTuBHOM THIE MOAU(HUKATOPA, a TAKKE ONTUMAIBLHOM CIOCOOE €ro BBEIACHUS B
MEPOBCKUTHBIN MaTepUal.

[TosToMy T1I€NBI0 JAHHON pPa0OTBI CTANO OIpPEICIICHHE KIFOUEBBIX 3aKOHOMEPHOCTEH
MACCHUBAIIMU MIEPOBCKUTOB MOJU(PYHKIIMOHATHLHBIMU MOJIEKYJIaMH JUTSI TIOCTHXKEHHS 00JIee BHICOKUX
nokaszareneit apdexruBHocTH M cTabmwibHOoCcTH [ICD. K mccnemyeMbiM napamerpam OTHOCSTCS —
pasMep M XHMHYECKas CTPYKTypa MOIU(PHUKATOpa, BIUSHHE (DYHKIMOHAIBHBIX TPYII B €ro
cocrase, croco0 BBEACHUS M KOJMUYECTBO MOJU(HKATOPA.

Cpemn  TecTUpyeMbIX MOAM(DUKATOPOB B JIaHHOW paboTe BBICTYNAIH CJCIYIOLIUC
coenuHeHus: Tuornukoiesas kucinora (TGA), ruapoxiopun stuioBoro 3¢upa raunuba (EEGCI),
nomua S-amuHoBanepuaHoBoi kucioTel (AVAI), xmopun 2-mepkanrostunammonaus (MEACI),
ruapoxsopun L-irctenna (CysCl). TToepxHocTHas MoaupUKaIKs IPOBOANIACH TyTEM HAHECEHHUS
Ha IUIEHKY TICPOBCKUTA pacTBOpa MOAM(DUKATOpa pa3iIMyHOW KOHIICHTPAI[MK B W3OIMPOIIAHOJIE, a
o0bémHas momudukanus — myréMm npobasinenus 0,5-5% wmoaudukaropa MO OTHONICHHIO K
COJIEpKAHMIO CBUHIIA HEMOCPECTBEHHO B PaCTBOP MPEKYPCOPOB MEPOBCKUTA.

[To coBokymHOCTH AaHHBIX 00 M3MeHeHWH Mopdosoruu, $azoBOro cOCTaBa M MapamMeTpPOB
(OTOMIOMUHECIICHIINM TUIEHOK TMEPOBCKHUTA ONTUMAIbHOE KOJIMYECTBO JIIOOOTO TECTUPYEMOTO B
pabote momudukaropa mpu ero modasieHuu B 00bEM cocrtaBnser 0,5-1,0% u 2,5MM mpu
HaHECeHWH Ha MmoBepxHocTh. [lo pe3ynbTatam uccienoBanus (otocradbunbHocTu [1CD Hanbonee
s dexTuBHBIME MOmudukaTopamu okazanuck EEGClI u MEACI, uto mydiie Bcero oObsicHsAETCS
MPAKTUYECKU HJICATBHBIM COOTBETCTBHEM PACCTOSHUS MEXIy (DYHKIMOHAIBHBIMU TpyHIIaMu

pasnoro 3apsaa B katnonax EEG' (3A) u MEA" (4,1 A) ¢ xapakrepHbIM pasMepoM HauboJliee
PacIpoCTPaHEHHOTO B IIEPOBCKHUTE THUIA Je(PEKTOB — CABOEHHOM mapbl Bakancuil [Vi" + Vua’]
(4,5A). TlTomumo pasmepHOro (akTopa BaXKHYIO POJIb TAKKE WIPAET HAJIWYUE DPa3sHO3aPSAIHBIX
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¢byHkimoHanbHbIX Tpymi. Tak B ciiydae TGA, HecMOTpsl Ha MOAXOMSAIIMN pa3Mep MOJICKYJIbI
(3,9A), apdexr na crabunbHocTs IICD ropasio MeHee BHIPaKeH, IOCKOJIbKY 00€ (DYHKIMOHAILHEIE
IPYIIBI UMEIOT CPOJCTBO K OJHOMY M TOMY e THIy JIe(dekToB. B To ke Bpemsi Moaupukamms

Oonee kpynHbiMH MoJekymamu — AVAI (6,5A), U MOJIeKyJlaMHd ¢ Tpemsl (yHKIIHOHATHHBIMU

rpynmnamu — CysCl, He ymydimaer cTabMIbBHOCTD YCTPONCTB.

Takum oOpa3om, B ITaHHOHM paboTe MOKa3aHO, YTO HamboJiee BaKHBIM (DAaKTOPOM YCIICIIHOM
CTaOMIIN3aIluH TIEPOBCKHTA SIBJSIETCS. ONITUMAIIBHBINA pa3Mep MOIU(UKATOPa, a TAKXKE COOTBETCTBHE
(GYHKIMOHATBHBIX TPYNI W TMAacCHBHPYeMbIX HMH JedexToB. I[Ipum sTtoM cnoco® BBeneHHS
Moau(pUKaTOpa W3 TPYNIBl TECTUPYEeMBIX B paboTe BHOCHT TOpa3f0 MEHbIIE BKJIaga B
crabmwibHOoCTh [1CD. Hambonee nepcnekruBHbiME naccuBaTopamu sipisitorcss EEGClI u MEACIH,
MOBBINIAIOIINE TIOKa3aTeNb (POTOTEPMUUYECKON CTAaOMIBHOCTh Tgo (Bpems nmotepu 20% HayaibHOTO
KITT) [TCD oTHOCUTENBHO KOHTPOJIBHBIX 00pa31oB B 4 U 3 pa3a COOTBETCTBEHHO.
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Modification of hybrid perovskites by multifunctional molecules to
improve the operational characteristics and stability of perovskite
solar cells

Nemygina E.M.

Supervisor: PhD, junior researcher Udalova N.N., PhD, head of the laboratory
Tarasov A.B.

The low stability of hybrid halide perovskites to operational factors is one of the most
important problems of perovskite solar cells (PSCs). A promising approach to solving this problem
is the use of organic molecules with various functional groups (e.g. -NHs*, -SH, -COO, etc.) as
perovskites defects passivators. However, there is still a question about the most effective type of
modifier, as well as the optimal way to introduce it into the perovskite material.

Therefore, the purpose of this work was to determine the key patterns of passivation of
perovskites by multifunctional molecules in order to achieve higher efficiency and stability of
PSCs. The studied parameters include the size and chemical structure of the modifier, the influence
of functional groups in its composition, the method of administration and the amount of the
modifier.

Among the tested modifiers in this work were the following compounds: thioglycolic acid
(TGA), glycine ethyl ether hydrochloride (EEGCI), 5-aminovaleric acid iodide (AVAI), 2-
mercaptoethylammonium chloride (MEACI), L-cysteine hydrochloride (CysCl). The surface
modification was carried out by applying a modifier solution of various concentrations in
isopropanol to the perovskite film, and the bulk modification was carried out by adding 0.5-5%
modifier with respect to the lead content directly into the solution of perovskite precursors.

According to the data on changes in the morphology, phase composition and
photoluminescence parameters of perovskite films, the optimal amount of any modifier tested in
operation when added to the volume is 0.5-1.0% and 2.5 mM when applied to the surface.
According to the results of the PSCs photostability study, EEGCI and MEACI turned out to be the
most effective modifiers, which is best explained by the almost perfect correspondence of the
distance between functional groups of different charges in EEG* (3A) and MEA* (4.1A) cations
with the characteristic size of the most common type of defects in perovskite — a double pair of
vacancies [Vi* + Vma’] (4.5A). In addition to the size factor, the presence of multi-charged
functional groups also plays an important role. Thus, in the case of TGA, despite the appropriate
molecular size (3.9A), the effect on the stability of PSCs is much less pronounced, since both
functional groups have affinity for the same type of defects. At the same time, modification with
larger molecules — AVAI (6.5A), and molecules with three functional groups — CysCl, does not
improve the stability of the devices.
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Thus, in this work it is shown that the most important factor for the successful stabilization
of perovskite is the optimal size of the modifier, as well as the correspondence of functional groups
and the defects passivated by them. At the same time, the method of modifier introducing makes a
much smaller contribution to the PSCs stability. The most promising passivators are EEGCI and
MEACI, which increase the photothermal stability indicator T80 (loss time of 20% of initial
efficiency) of PSCs relative to control samples by 4 and 3 times, respectively.

HccaenoBanne npoueccoB KPUCTALIN3ALMY TOHKUX IVICHOK
THOPUIHBIX EPOBCKUTOB, MOJYYEHHbIX METOIOM J03MPYIOLIETO
JIE3BUS, AJISl U3rOTOBJICHHSI KPYNMHOQOPMATHBIX COJTHEYHbIX
3JIEMEHTOB

Opounapyes A.A.

PykoBojutens: K.X.H, 3aB. 1a0. TapacoB A.b.

[UOpUIHBIE OPraHO-HEOPraHMYECKHE TIEPOBCKUTHI ¢ 061el Gpopmysnoit APbls (A = CH3NH;3",
HC(NH2)2*, Cs"; X = CI, Br, I) sBumforcs NepcHeKTHBHBIME CBETOTOMIOIAKOIINMU
MaTepHajaMu JUIS COJTHEYHBIX 3JIEMEHTOB HOBOTO ITOKOJICHHS. 33 CUET COUYETAaHUS OPraHUYCCKUX H
HEOPraHWYECKUX KOMIIOHCHTOB B CTPYKType JaHHBIC COCTUHEHHUS O00JaJaloT BBIIAIONTAMUCS
ONTOAJIEKTPOHHBIMU ~ CBOWCTBAMH, UTO JeNaeT MX MEepPCHeKTUBHBIMU MaTepHajllaMud s
WCIOJIb30BAHHUS B PA3IMUHBIX (POTOBOJIbTANYECKHX YCTPOMCTBAX.

Ha pgansblit MOMEHT, B OOJIBIIMHCTBE CIy4aeB, AJIsl MOJyUYEHUS! TOHKUX MIEHOK MEPOBCKUTA
WCIOJIb3YIOTCSL Pa3IMYHbIe PACTBOPHBIE METOJBl. B oTiiMuMe OT KiIacCHYecKoro MeToja CIIHH-
KOaTUHTa, albTePHATHUBHBIA METOJl JO3UPYIOLIEro Je3BUs IMO3BOJISIET CO3JaBaTh NEPOBCKUTHBIE
MHHH-MOJTYJN 00JIBIION TIomaau ¢ Beicokumu 3HadeHussMu KITJ[. OqHako HecCMOTpsi Ha BaXXKHOCTh
moa0opa cocTaBa pacTBOPHBIX CUCTEM, B CYIIECTBYIOIIUX paboTax MpejiaraeMble PeleHus: HOCSAT
(dbparMeHTapHbIil XapakTep. B cBs3u ¢ 3TuUM, 1e/Ibl0 TaHHOUW paboThl SBISETCS U3yYEHUE BIMSHUS
NoOaBJICHUS PAa3IMYHBIX CHUJIBHO KOOPAMHHUPYIOUIMX pACTBOpUTENEd M MOAU(UKATOPOB B 2-
METOKCHATAHOJI Ha MPOIECC KPUCTAIIU3ALUU IUIEHOK TMOPHIHBIX MEPOBCKUTOB U3 PACTBOPOB,
HAHECEHHBIX METOOM J03UPYIOILIETO JIe3BUS.

Jlis mpoBeleHUsT UCCIENOBaHHUS BIMSHUSA COCTaBa PACTBOPHBIX CHCTEM Ha IMPOLECcC
KPUCTAJUTU3ALHH ObLIH BBIOpaHBI PacTBOPHI MIEPOBCKHUTOB MAo.7FA0.3Pbl3 u
FA085MA0.10Cs0.0sPb(lo9Bro1)s  (MA"™ — katumon wmermnammonus CH3NHs*; FA' — karuon
dopmamuauans CH(NH2)2") Ha ocHoBe 2-meTokcudTaHona (2-MD), o00iafaromiero HHU3KAM
3HaYEHUEM TEMIIEpaTyphl KUIIEHUS M HE 00pa3yrolero MmpoMEeXYTOYHBIX (a3 COJIbBATOB IMpHU
KpucTaJmn3anuu. TOHKHUE MUIEHKA JaHHBIX MaTepUaoB ObUIM MOJIy4YE€HBl METOJOM JIO3UPYIOIIETO
Je3BHsl U3 PACTBOPOB C jAoOamieHueM aumerwicyibpokcuaa (JAMCO), H-MeTUIIHPPOIUIAOH
(HMIT), aueronutpuna (ALIH) 1 mogudukaropos (B uactHoctu, MACI) nipu pa3nuyHbIX yCIOBHSIX
HaHECEHHUS.

Ha mepBoMm sTame OblTo mpoBeneHO uccienoBanue BiausHUs nob6asnenus JJMCO, HMII u
AIIH B pactBop mnepoBckuta MAg7FA0sPbls. YcraHoBieHO, 9TO MpH yBETHYCHUH KOJIMYECTBA
JIMCO u HMII nabnromaercss CHM)KEHHE TMOPUCTOCTH IUIEHKH, YTO CBSI3aHO C KPHUCTAJUIM3AIHeH
CMECH COJIbBATHBIX (a3 u 1eneBoi ¢a3bl B xoje 00paboTku ra3oBoit mymkoi. [lokasaHo, uto B
cinydae pob6asnenus HMII HeoOxonuMo no0aBuUTh G0Jbliiee KOJIUYECTBO JAHHOTO PACTBOPHUTENS,
9TO CBSI3aHO C MeEHbIeH KoopauHupytomieil crmoco6Hocteio HMIL. Ilpu noGaBinenmn ALIH
HaOIIOJaeTCsl CHUKEHHE OOIIeH TOIIMHBI TUIGHKU 32 CYET CHIDKEHUS BSI3KOCTH PacTBOpPa, a TaKKe
YBEIIMYCHHE CKOPOCTH HCHApPEHUs CMECH pacTBOPUTENEH, YTO TPUBOTUT K HAPYIIECHUIO

37



CIUIOIIHOCTH CBETONOIVIOMIaomero ciosi. Ha ocHOBE MOJYy4EeHHBIX 3aBUCHUMOCTEM ObLIU
U3TOTOBJICHBI COJIHEYHBIE AIIEMEHTHI c ApPXUTEKTYpPOU
ITO/PTAA/TIeposckut/Cso/ BCP/Cu/unkancysisinus ¢ 3dgdexkruBrocTbio 13,2 %.

Taxke Ha mnpumepe nepoBckuTa cocraBa FAoegsMA0.10CSo.0sPb(lo.9Bro1)s Obuio n3yueHo
BiusHue Momudukaropa MACI Ha Mopdosoruto mosrydaemMbiX IUICHOK. BbUIO MOKa3aHo, 4TO MpU
conepxkanuu Moaudukaropa 10 % Mo o oTHomeHuo kK Ph?" Habmonaercs ynydmenne KOHTaKTa
MEX]Ty TTOJUTOKKOM U cBeTonoromannmm cioeM. [Ipu yBennuenun coaepxkanust MACI 1o 20 %
MOJI. TIPUBOJIUT K TOSIBIICHUIO HEPABHOMEPHOCTH TIO TOJIIIMHE 3a CYET yBEIMYeHHS Bs3KocTH. Ha
OCHOBAaHMHU TIOJIYYCHHBIX MJAHHBIX OBLIM H3TOTOBJICHBI COJIHEYHBIE OAIIEMEHTHI aHAIOTUYHOM
ApXUTEKTYPBl M3 PACTBOPOB C PA3IUYHBIM cojepkaHueM Mmoaupukaropa. Hammyummii pesynbrar
ObLI MoJTy4eH 1pH ucronb3oBanuu 15 % mon. MACI ¢ makcumanbHO# d3pdexktuBHOCTHIO 12,5 %.

Takum o0pa3oM B JaHHOU pabOTE YCTAHOBJICHO BJIMSHUE JT0OABJICHHUS PACTBOPHUTENECH C
Pa3IMYHBIM JOHOPHBIM YHCIIOM U BSI3KOCTHIO, a TaKXKe MOJU(PHKATOPOB B PACTBOPHBIE CUCTEMBI HA
ocHoBe 2-MD. Ontumuzanuei pa3inyHbIX MapaMeTpoOB HAHECEHUS MTOTy4€Hbl O JTHO(pa3HbIE MIIIEHKU
mIomaneio > 6 cM? ¢ onTHManbHOH Mopdonorueii. Ha oCHOBE MOTYYEHHBIX 3aBUCHMOCTEH
M3TOTOBJIEHBI COJIHEUHBIE 3JIEMEHTHI € 3 PeKTUBHOCTHIO > 12 %.
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Investigation of crystallization processes of hybrid-perovskites thin
films obtained by blade-coating technique for large-area solar cell
production

Ordinartsev A.A.
Superviser: Ph.D., Head of laboratory, Tarasov A.B.

Hybrid perovskites with a general formula APbX3 (A = CH3NHs*, HC(NHy).*, Cs*; X = CI,
Br-, 1) represent a promising light absorbing materials for application in new generation of solar
cells. Due to the combination of organic and inorganic components in the structure, these
compounds demostrate outstanding optoelectronic properties, which makes them promising
materials for use in various photovoltaic devices.

Currently, in most cases, various solution methods are used to obtain perovskite thin films. In
contrast to the widely used spin-coating technique, the alternative blade-coating method makes
fabrication of high efficiency large area perovskite mini-modules possible. However, despite the
importance of perovskite inks composition, published works demonstrates only separate solutions
in ink engineering. The aim of this work is investigation of crystallization process of hybrid
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perovskites thin films applied by blade-coating method depending on the addition of strongly
coordinating solvents and additives to 2-metoxyethanol.

To investigate the influence of solution systems composition on crystallization process
MA,7FA03Pbls and FA08sMA0.10CS0.0sPb(lo.9Bro1)s (MA* — methylammonium CH3NHs™; FA® —
formamidinium CH(NH2).") solutions based 2-metoxyethanol (2-ME), which has a low boiling
point and does not form intermediate solvate phases during crystallization, were selected.
Perovskite thin films were deposited by blade-coating from solution with addition of dimethyl
sulfoxide (DMSO), N-Methyl-2-pyrrolidone (NMP), acetonitrile (ACN) and additives (in particular
MACI) under various conditions.

Firstly, the effect of adding DMSO, NMP and ACN inside MAo7FA03Pblz perovskite
solution was investigated. It was found that increasing amounts of DMSO and NMP results in a
decrease of film porosity due to crystallization of the mixture of solvate phases and the target phase
during nitrogen knife treatment. It was shown that in the case of NMP, it is necessary to add a larger
amount of this solvent due to the lower coordination ability of this solvent. When ACN is added,
uniformity disorder and decrease in the total film thickness was observed due to evaporation rate of
the solvent mixture increase and solution viscosity decrease respectively. Based on this results,
solar cells with ITO/PTAA/Perovskite/Cso/BCP/Cu/encapsulation architecture with an efficiency of
13.2 % were fabricated.

The influence of MACI additive on the morphology of deposited films was studied on
FA0.8sMA0.10Cs0.05Pb(lo.9Bro.1)3 perovskite thin films. It was shown that after addition of 10% mol.
% with respect to Pb?" the interface between the substrate and the light-absorbing layer was
improved. Increasing the MACI content up to 20 mol. % results in the appearance of thickness
irregularity due to the increase in viscosity. Based on the obtained data, solar cells of similar
architecture were fabricated from solutions with different amount of the additive. The best result
was obtained using 15 % mol. MACI with a maximum efficiency of 12.5 %.

To sum up, in this work the effect of adding solvents with different donor number and
viscosity as well as additives to 2-metoxyethanol-based solutions has been established. After
optimization of different parameters, perovskite films with an area > 6 cm? demonstrate only a
target phase and optimal morphology. Based on these results solar cells with > 12 % efficiency
were shown.

Cunre3 u ucciaenopanne HaHodacTHl SrFe > xCriOw9 (X=2,4,6 u8) n
MATCHUTHBIX KMIKOCTE HA UX OCHOBE

Csall.

PykoBomurenu: k.X.H., M.H.C. EmuceeB A.A., MI'Y; x.x.H., npod. Tpycos JLA., MI'Y -
I

MaruutotBépapie rekcapepputsl ¢ obuielr popmymnoit MFe12019 (M = Ba, Sr, Pb) —
BOXHEWIIME MaTepualibl Uil TPOU3BOJACTBA MOCTOSIHHBIX MarHUTOB. OcoOblif  HMHTEpec
NPEJICTABIISAET TIOJyYeHHE HAaHOYACTHII, MOCKOJIbKY rekcadeppuThl OTHOCATCS K PEIKOMY THITY
MaTepuaioB, KOTOPbIE COXPAHSIOT CBOM MAarHUTOTBEPIbIC CBOMCTBA MPH OYEHb MAaJCHBKHX
pa3Mepax YacTHI[ H IPU STOM TAKKe SBISIOTCS XUMUYECCKH U TEPMHUYCCKH YCTONYUBBIMU. BOJIBIION
UHTEpeC BO3HHMKAeT B W3YYCHHH JIETHpOBaHHs rekcadepputa XpoMoM. Bo-mepBbix, Ha
CErOHSIIHUN JIeHb MaJo padoT, MOCBSIICHHBIX 3TOW TeMe. BO-BTOpPBIX, B OTIIMYKE OT aJFOMHUHHS,
XpOM HMEET HeClmapeHHbie O-3JeKTPOHBI, YTO MPENOoJaracT yBEIUYCHHE HAMarHMYCHHOCTH
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MaTepuana. Paauycel XpoMa u xkene3a OMU3KH, a 3HAYUT BHEJPEHHE aTOMOB XpoMa B CTPYKTYpPY
rekcaeppuTa JOJDKHO MPOUCXOMUTH Jierde. IIpm 3TOM KOIPIMTHUBHAS CHJIA YBEIMYHBACTCS.
Haubonee >ppekTUBHBIM METOJIOM MOJYYEeHHUS HAHOYACTHUI] reKcaeppuTOB BBICOKOTO KadyecTBa
SABIISICTCS KPUCTAILIM3AIM OKCHIHBIX CTEKON. IIpum Takom mojxojne mosydyaeMble HaHOYACTHUIIBI
TaK)X€ MOKHO BBIJICIUTH U3 MATPUILIBI B BUAE CTAOMIIBHBIX KOJUIOMIHBIX PACTBOPOB.

COOTBETCTBEHHO, IENIbI0 HACTOSIEH paboThl SBISIETCS CHHTE3 U HMCCIIEIOBAaHHE
OJTHOJIOMEHHBIX BBICOKOKOPIHUTUBHBIX HaHOYaCTHI SrFe12xCrkO1g (X = 2, 4, 6 1 §) 1 KOJIIOUIHBIX
pacTBOPOB Ha UX OCHOBE.

OOpa3upl  cTeKiIa TMOJydalyd OBICTPOM 3aKajdkoW paciulaBa MEXIy BpallaroluMUCS
CTaJbHBIMU Bankamu. Jlamee, M KPUCTAJUIM3AllMM MAarHUTHBIX YacTHIl, CTEKIO OTKHIalld B
untepBaiie temmeparyp 650 — 850°C. Omnpenenensl Temneparypa Kropu wmeromom TI'A B
MarHWTHOM TIOJIe, M TEMIIEPaTyphl IJIABJICHUS, KPUCTAJUIM3AMU U cTekiIoBaHus metomamu JITA
Uil CTEeKIIOKepaMHUKHU. [Ipyn yBenWyeHWH CTETeHH JIeTUPOBAaHHS XpOMOM, Temmeparypa Kropu
ymenbmaercs 10 292 °C, 4YTO CBSI3aHO C BIMSHHEM XpoMa Ha DJHEPrHi0 OOMEHHOTO
B3aMMO/ICHCTBYS, a TeMIIepaTyphl TUIABIICHHS, KPUCTAUITM3AIMA W CTEKJIOBAHHS HE3HAYUTEIHHO
yBenuuuBarTcs. [lo ganapiM PDA cTekmokepaMuKH yCTaHOBJIEHO, YTO BCE OOpasIilbl COJEpKaT
neneByto a3y rekcadeppura u Habop «OoOOUHBIX» (Da3, ompenensieMbIX KaK «0opaTHass MaTPHUIIa.

ITocne pacTtBopeHust OopaTHOW wmaTpuiibl 3% COJSTHOM KHUCIOTOW OBUIM TTOTYYEHBI
CTa0MIIbHBIC KOJUIOMIHBIC PAcTBOPHI sl Bcex cepwid. OmpeaeneHbl KOHICHTPAIMK KOJUTOMIHBIX
pacTBOPOB Ha OCHOBAHWH JAHHBIX CIIEKTPO(GOTOMETPUH M IUHAMHUYECKHHA PaJnyC YaCTUIl METOJIOM
DLS. TIpu HU3KHX TeMIepaTypax OT)KHTA YaCTHIBI MMEIOT MEHBIINE pa3Mephl, a pacTBOPHI OoJiee
KOHIICHTPHPOBAHBL. [Ipy BBICOKMX TemIieparypax OT)KUTa pa3Mep H, COOTBETCTBEHHO, MarHUTHBIN
MOMEHT YacTHI[ OKa3bIBAIOTCS CIIMIIKOM BEJIHWKH, U OHH CIIOKHEE CTaOMIIM3UPYIOTCS B PacTBOPE,
YTO MPUBOJIUT K CHIKEHUIO KOHIEHTpanuu. [Ipu 3ToM onTUManbHOE cOYeTaHWEe KOHIIEHTPAUN U
pa3Mepa yactull cooTBercTByeT nHTepBaiy temneparyp 700 — 800°C. Ilo manubim PDA ocanka
MocJie BBIACNCHUS HAHOYACTUIl YCTaHOBJIEHO, YTO MOCIEAHUNA COAEPKHUT €IUHCTBEHHYIO (azy —
rexcadeppuT CTPOHIUSA. DTO MOATBEPAKAAET, YTO KOJJIOUIHBIE YACTHIIBI TaKkKe OTHOCSTCS K ¢aze
rexcadeppura.

[lo maHHBIM MarHUTOMETPHUM KOSPLMTHUBHAS CHJAa KOJUIOMAHBIX YACTHUIl YBEIIMYMBAECTCS C
POCTOM CTEIEHU JIETUPOBAHUS U TEMIEPAaTyphl OTKUTA, YTO COOTBETCTBYET LIENU JaHHOI pabOTHL
Takum 006pa3zom, BHepBble OBUTM MOJYYEHBI KOJUIOWHBIE BBICOKOKOIPLMTHUBHBIE HAHOYACTHIIBI
rekcadeppuTa CTPOHIIMS ¢ PEKOPAHBIM 3HaYeHHEM, IpeBblatomumM 10k3.
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Synthesis and properties of SrFe12xCrxO19 (X = 2, 4, 6 and 8)
nanoparticles and ferrofluids based on them
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Hard magnetic hexaferrites with the general formula MFe12019 (M = Ba, Sr, Pb) are the
most important materials for the production of permanent magnets. The production of nanoparticles
is of particular interest, since hexaferrites are a rare type of material that retains its hard magnetic
properties at very small particle sizes and are also chemically and thermally stable. There has been
great interest in studying chromium-doped hexaferrite. Firstly, to date there are very few works
devoted to this topic. Secondly, unlike aluminum, chromium has unpaired d-electrons, which
indicates an increase in the magnetization of the material. The ionic radii of chromium and iron are
close, which means that chromium atoms can easily substitute iron in the hexaferrite structure,
which should lead to the coercive force increase. The most effective method for obtaining high-
quality hexaferrite nanoparticles is the crystallization of oxide glasses. Moreover, this method
allows formation of isolated nanoparticles, what can be used for synthesis of stable hexaferrite-
based ferrofluids.

Accordingly, the main aim of current work is synthesis and study of the properties of single-
domain highly coercive SrFe12xCrxO19 (X = 2, 4, 6 and 8) nanoparticles and ferrofluids based on
them.

Glass samples were obtained by rapid quenching of the melt between rotating steel rollers.
Next, in order to crystallize the magnetic particles, the glass was annealed in the 650 — 850°C
temperature range. For glass-ceramics samples the Curie temperature was determined by TGA in a
gradient magnetic field, and the melting, crystallization and glass transition temperatures were
determined by DTA. With an increase in the degree of chromium doping, the Curie temperature
decreases to 292 °C, which is associated with the influence of chromium on the exchange
interaction. Melting, crystallization and glass transition temperatures increase slightly with
chromium doping. According to X-ray diffraction data of glass ceramics all samples contain the
target hexaferrite phase and a set of “side” phases, defined as a “borate matrix”.

After dissolution of the borate matrix with 3% hydrochloric acid, stable ferrofluids were
obtained for all studied chromium doping degrees. The concentrations of ferrofluids were
determined using UV-VIS spectral data. Dynamic radii of the particles were determined by DLS
method. At low annealing temperatures, particles are smaller and solutions are more concentrated.
At high annealing temperatures, the size and, accordingly, the magnetic moment of the particles are
too large, and it is more difficult to stabilize them in the ferrofluid, which leads to a decrease in
concentration. In this case, the optimal combination of concentration and particle size corresponds
to the temperature range of 700 — 800°C. According to the X-ray diffraction data of the sediment
after the colloid formation, the later contains a single phase — strontium hexaferrite. This confirms
that colloidal particles also correspond to the hexaferrite phase.

According to magnetometry data, the coercive force of colloidal particles increases with
doping degree grows and annealing temperature, which corresponds to the main aim of current
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work. Thus, colloidal strontium hexaferrite nanoparticles with a record coercivity value exceeding
10 kOe were obtained for the first time.

OCTeOKOHAYKTHBHBbIE KOMIIO3UTHI HA OCHOBE TEPMOILIACTHYHBIX
MOJIMMEPOB, HAMIOJHEHHBIX (pochaTaMu KaNbLLUMA, VI pereHepanuu
KOCTHOH TKAHHU

l'ony6uukos /].0.

PykoBoauresns: K.X.H., nou. [lytnses B.U.

OpHolf M3 aKTyaJbHBIX MPOOJEM COBPEMEHHOM pEreHepaTMBHOM MEIMIIMHBI OCTaeTCs
CO3/IJaHME MAaTEPHAIOB JUIsI BOCCTAHOBJIEHUS TMOBPEXKJICHUM KOCTHOM TKaHHU, KOTOpble OymyT
WHIYIIUPOBAaTh POCT TKaHEd W C TEUEHHEM BpPEMEHM 3aMellaThCsd Ha HATUBHYIO KOCTb. B
JIOTIOJITHEHHE K W3BECTHHIM OHMOXMMHUYECKMM CBOMCTBaM, Marepuad JOJDKeH o0JaaaTh
OMOMEXaHOCOBMECTHUMOCTBIO C OKPYKAIOIIMMHU TKaHSIMH, YeM O00YCIIOBJIEH BO3pacTaloOLIuil HHTEpeC
K KOMIIO3UTHBIM MarepuajiaMm. [lepCrieKTUBHOM NOJMMEPHON MAaTpHIEH Uil CO3JAaHHUS TaKUX
KOMIIO3UTOB SIBJISIFOTCS TEPMOIUIACTUYHBIE OHOTIONMMEPhl Ha OCHOBE MOJUA(PUPOB, TaKHE Kak
nonukanposiaktoH (ITKJI) u nonunaktuzg (IUIA). B HenaBHUX uccneqoBaHUsIX ObLIO MOKAa3aHO, YTO
CO3JJaHHE MAaKpPOIMOPUCTHIX CKa(oIT0B Ha UX OCHOBE MOXKET OBbITh PEATU30BAHO HE TOJBKO
METOJIOM TEPMOIKCTPY3MOHHOW TPEXMEpPHOH Ie4yaTH, HO M IyTeM crepeonuTorpaduyeckoir 3D
MeyaTu M3 aKpWIMPOBAHHBIX osmroMepoB. Hcnosb3oBanune IIJIA orpaHnyeHO HWHTEHCHBHBIM
BBIZICTIEHUEM KHUCJIOTHI IIPU €0 PaCTBOPEHUU B Cpelie OpraHu3Ma, YTO HE HaOJIo/aeTcsl B clydyae
[IKJI. Benenne wactuil ocdara Kaablidsg B MOJTUMEPHYIO MATPHUILy MPUBOJUT K TOBBIIIECHUIO
TUAPOPUIBHOCTH MOBEPXHOCTU U OCTEOMHIYKTUBHOCTH MaTepHara.

Taxkum oOpazoM, IENbI0 TAHHOW PabOTHI CTajJO0 CO3JaHUE OMOAKTHBHOTO MAaKpOTIOPUCTOTO
KOMITO3UTHOTO cKaddoima Ha OCHOBE MaTpHUILIbl U3 MOJUKANPOJIAKTOHA, HANOJHEHHOU docdaTtamu
KaJIbLIMSL.

BBenenne aHMOHHBIX HHTUOMTOPOB OBUIO MPEIJIONKEHO Ui CTaOWIM3aluu aMOpQHOro
docthara xampius (ADK), xoTopblii B majpHEHIEM ObUT HWCIOJNB30BAaH I CO3JaHUS
doTOoCyClieH3Uil Ha OCHOBE METAKPUIMPOBAHHBIX OJMIOMEpPOB KamposakToHa. JlocTtaTouHoe
paspemienue nedatd mo XY MOXKET ObITh JOCTUTHYTO C IOMOIIBIO cTepeosuTorpaduueckon 3D
nevyatu (B Bapuante DLP). BeiGop ontumanbHBIX YCIOBUI meyaTH ObLI OCYIECTBJICH Ha OCHOBE
noaxona JhxeikoOca. s mNOBBIIIEHUS THUAPOPUILHOCTH U OHOCOBMECTHMOCTH Marepuaia,
MOBEPXHOCTh KOMIIO3UTOB Obla MOJBEPrHyTa 00pabOTKEe B pPAacTBOpaxX THAPOKCHAA HATPUS U
JIMMOHHOM KHCJIOTBI.

B pamkax tekymiero uccienoBaHusl ObUIM OTpeeNieHbl ONTHMANIbHBIE YCIOBUS MOJTYy4eHUs
A®K, B TOM 4ncie MHTUOUTOPBI KPUCTAJUIU3AIMY B THAPOKCHANIATUT; OblJIa BBIABUHYTA TUIIOTE3a O
MEXaHU3ME HHTUOMPOBAHMS. beima pa3paboraHa MeToaWKa CO3/JaHUS  KOMIIO3UTHBIX
MakponopucTeix 3D cTpykTyp u3 (OTOOTBEPKIAEMBIX CYCIIEH3MI Ha OCHOBE OJIHTOMEpPOB
METaKpWJIMPOBAHHOTO KAalpoJIaKTOHA, HAMOJIHEHHBIX yacThilamMu amopdHoro docdara kampius
paszmepom 200-300 M. beiio nokaszano, yto nodasnenue 1006 %o ADPK yaydmaer rugpouibHOCTb
MOBEPXHOCTU MOJUMEPHONW MATPHIIBI U MPUBOJIUT K yBenuueHUto Moaynst FOura. B xome paboThl
ObUT Ompe/eNieH ONMTUMAaNBHBIN cocTaB (oTocycnen3uu st DLP meuatn. BeigepxuBanue B cpene
DMEM He BBISSBUJIO 3HAYUTENHHOTO U3MeHeHHs pH, 4To cooTBeTCTBYyeT TpeOOBAaHUAM s
MPOBEACHUS HCIBITAHUN Ha KJIETKaX. ODKCTPAKIMOHHBIA TECT HA IIMTOTOKCHUYHOCTh W TECT Ha
KU3HECMIOCOOHOCTh KJIETOK MOKa3ajdl OTCYTCTBHE TOKCHMUYECKOTO BIIUSHHUS HA ME3eHXHMMAalbHbIC
CTBOJIOBBIE KJIETKH CO CTOPOHBI MaTepHala.
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C momomnipio cTepeosuTorpaguueckoi meyaTu ObUT CO3/1aH KOMIO3UTHBIA MaKpOMOPUCTHIN

MPOTOTUIT KOCTHOTO HMMIUIAHTaTa Ha OCHOBEe mnojuMmepHo marpuubl u3 IIKJI, HanomHeHHOU
crabunmsupoBanHbIM ADK.
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Osteoconductive composites based on thermoplastic polymers filled
with calcium phosphates for bone regeneration

Daniil Golubchikov

Supervisor: Ph.D., Associate Professor Valery Putlyaev

The fabrication of materials for bone tissue restoration is one of the cutting-edge issues of

modern regenerative medicine. Such materials should induce tissue growth and, over time, be
replaced by native bone. In addition to known biochemical properties, the material must have
biomechanocompatibility with surrounding tissues, which is the reason for the growing interest in
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composite materials. Promising polymer matrices for creating biocompatible composites are
thermoplastic biopolymers based on polyesters, such as polycaprolactone (PCL) and polylactide
(PLA). Recent studies have shown the creation of macroporous scaffolds based on PCL by
stereolithographic 3D printing from acrylated oligomers instead of the conventional
thermoextrusion 3D printing. The use of PLA is limited by the intense release of acid when it is
dissolved in the body fluids, what was not observed in the case of PCL. The introduction of calcium
phosphate particles into the polymer matrix leads to an increase in the hydrophilicity of the surface
and the osteoinductivity of the material.

Thus, the goal of this work was to create a bioactive macroporous composite scaffold based
on a polycaprolactone matrix filled with calcium phosphates.

The introduction of anionic inhibitors was proposed to stabilize amorphous calcium
phosphate (ACP), which was subsequently used to create photosuspensions based on methacrylated
caprolactone oligomers. Sufficient XY resolution can be achieved using stereolithographic 3D
printing (DLP version). The selection of optimal printing conditions was carried out based on the
Jacobs approach. To increase the hydrophilicity and biocompatibility of the material, the surface of
the composites was treated in solutions of sodium hydroxide and citric acid.

The current study determined the optimal conditions for the ACP production, including the
relevant crystallization inhibitors into hydroxyapatite; a mechanism of inhibition was also
hypothesized. The technique for creating composite macroporous 3D structures from photocurable
suspensions based on methacrylated caprolactone oligomers filled with amorphous calcium
phosphate particles 200-300 nm in size was developed. The addition of 10 vol. % ACP was shown
to improve the hydrophilicity of the polymer matrix surface and to increase the Young's modulus.
Moreover, the optimal composition of the photosuspension for DLP printing was determined.
Stating in the DMEM cell culture medium did not show any significant change in pH, which meets
the requirements for cell testing. The extraction cytotoxicity test and cell viability test displayed no
toxic effect on mesenchymal stem cells from the composite material.

Stereolithographic printing was used to create a composite macroporous bone implant
prototype based on a PCL polymer matrix filled with stabilized ACP.

JnuTakcuajibHble IIeHKH rpaHaTa LuskFesO12: ocakneHue 3 razoBoii
(a3pl, CTPYKTYpPA U (pepPUMATHUTHBIA PE30HAHC

Xaguzoes A.A.

PykoBoauTesnb: K.X.H., H.C. MapkenoBa M.H.

bnarogapst cBOMM YHHMKaJdbHBIM MAarHUTHBIM CBOMCTBAaM, MaTepHajbl CO CTPYKTypou
(bepporpaHaToB MIMPOKO MPUMEHSIOTCA B ycTpoiicTBax CBY a51eKTpOHMKH, B MarHUTOONI THYECKHUX
YCTpPOMCTBaX, a TakXke B CBEPXOBICTPOJEHCTBYIOIMIMX YCTPOWCTBAX 3allUCM M 00pabOTKH
uHpopmanuu. OcobeHHOCTAMU (epporpaHaToB SBISIOTCA: MHOTOIOJPENIETOYHAs MarHUTHas
CTPYKTYpa, 3HAUUTEJIbHbIE BO3MOXKHOCTH BapbHPOBAHUS AJIEMEHTHOTO COCTaBa M, KaK CIIE/ICTBUE,
pa3HoOoOpa3ue UX MarHUTHBIX CBOUCTB. J{is ucnonb3oBanus epporpaHaToB B npuioxenusx CBU
TEXHUKH OJHOM U3 B@KHBIX XapaKTEpUCTUK MAaTepHAllOB SBJSETCA I[IUPUHA JIMHUU
¢deppumarnutHoro pezonanca (®MP), Ha BeJIMYMHY KOTOPOM  CYyIIECTBEHHO  BIIHSET
KPUCTANINYECKOE COBEPUICHCTBO IJIEHOK. OJHMM W3 NEepCHeKTHBHBIX 00BekToB a1 CBY-
MPUMEHEHHH SBJISIOTCS TOHKHE TUIEHKU (epporpanara irorerus - LusFesOa..

Jns CBY npunoxeHuil HEOOXOIUMBI yIbTPATOHKUE IUIEHKH (OT €AMHUI] JI0 JECSTKOB
HAaHOMETPOB), TOATOMY Pa3BUTHE METOJIOB IOJIy4EHHsl IUIEHOK TaKUX TOJIIMH TpeOyeT HOBBIX
TEXHOJIOTUYECKUX TMOJX0A0B. OIHUM M3 NEPCHEKTHUBHBIX METOJIOB CHHTE3a TOHKUX IUIEHOK
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ABIISICTCS ~ METOJl XMMHYECKOTO OCaKICHHA U3 Ta30BOM  (a3pl ¢ HCIOJIB30BAHHEM
MeTaJutoprannyeckux npexkypcopoB (MOCVD), ¢ ucnonp3oBaHMEM KOTOPOrO B JIAaHHOM paboTe
MOJTyYEHBI MUTaKCHaTbHble TOHKHE TuIeHKH LusFesOi1z. [l HaHeceHHs MIICHOK MCIOJIb30BaJUCh
MOHOKPHCTAJZIMUECKUE opueHTHpoBaHHble momIokkn (Gd3GasO12(111), GdsGasO12 (210),
Y3Als012(111), Nd3GasO12(111). DNeMEeHTHBII COCTaB OTIpeeIISIICS METOJIOM
PEHTT€HOCIEKTPaIbHOrO MHUKpoaHanu3a. a30BbIi COCTaB M YNPYrO-HANPSIKEHHOE COCTOSTHHUE
IUIEHOK KOHTPOJHUPOBAIMCH PEHTTEHOBCKOM JU(pakuved U METOJOM IPOCBEUMBAIOLIEH
AJIEKTPOHHOW MHUKPOCKOIIMK TIONEPEYHOro cpe3a. MeTrogoM aTOMHO-CHIIOBOM MHKpPOCKOIIHMH
ompeneneHa MOpGOJIOTHs U CPETHEKBAAPATUYHAS IEPOXOBATOCTh MOBEPXHOCTH CHHTE3MPOBAHHBIX
IUIEHOK. B 3aBUCMMOCTH OT HCIIOJIb30BAHHBIX YCIIOBUW OCaXJACHUS TOJIIMHA TOHKUX IUIEHOK
LusFesO12 cocraBmsma 30-800 am. M3mepenust ciiektpoB @MP nposogwmmch Ha dactorax 1-20
I'Tu npu BHenTHUX MarHUTHBIX ossix 0—5000 3.

Y CTaHOBIIEHO, YTO YMCHBIIICHUE PAcCOTIACOBAHUS MapaMeTpoB Mexy miieHkoi LusFesOr2
U IOJJIOKKON NPHUBOJUT K YBEJIUYEHUIO MHTEHCUBHOCTH M Cy)KeHMIO JTUHUM PMP, 4TO CBA3aHO C
yYMEHbIIIEHHEM J1e(DeKTHOCTH MOJydaeMoM rpaHaTtHOil IuieHKH. KpoMe Toro, Ha MIMpPUHY JIMHUU
noryiomeHuss ®PMP CyliecTBEHHO BIMSAET OPUEHTALMS MOJJIOKKH, YTO CBSI3aHO C AHW30TPONUEH
MarHUTHBIX CBOMCTB. BriepBrie 0OHapykeHO, YTO B XOJIe HaHECEHUs IJIEHOK B ycnoBusx MOCVD
MPOUCXOUT yieTyunBanue okcuma ramwmus GaxO w3 marepumana momioxkd GdsGasOi, dro
MPUBOJUT K YXYAIIEHHIO MOP(OJOTUM IMOBEPXHOCTU IUICEHOK (TOSBISIOTCA «KpATEph») U
yxyamaer xapakrepuctuku OMP. [loHmkeHue temmneparypsl CHHTE3d, a TaKXKE ONTHUMHU3ALMSI
cooTHomeHus: Lu/Fe B mpekypcope NpHBOIUT K MOJYyYEHHIO HanboJjiee KaueCTBEHHBIX IICHOK:
MHUHUMQJIBHO JIOCTUTHYTO€ 3HaueHue JimHuM OPM cocraBuno 23 O 18  TMOUIOKKH
GdsGas012(111).

C 1enpio yay4lIeHUH KPUCTAJUIMYHOCTU TPAHATHBIX TUIEHOK B XOJI€ HANbLJICHUS J00aBIIsIIN
neryunid ¢guroc Bi20O3, oOpa3yrommuiics mMpu HambUICHUH W3 TPUGEHUIBUCMYTA, J00ABIEHHOTO K
cMecH npekypcopoB (2.5-7.5 m01.%). IlokazaHo, 4TO ocak€HHbIE B MPUCYTCTBUU (ItOCa TIICHKU
oTnnyaroTcsi 0Oojiee BBICOKMM KPUCTAJNIMYECKHM COBEpIICHCTBOM, a TakKe MPOUCXOAUT
CYIIECTBEHHOE YBEJIMYEHHE CKOpOCcTU pocTa IuieHOK LusFesOi2 mo cpaBHEHHIO € IUIEHKaMH,
nonydeHHbIME 0e3 Bi2O3z. MccnemoBana temmeparypHasi 3aBUCUMOCTh KOHIIEHTPAIIMH BUCMYTA,
BXOJILIET0 B CTPYKTYpy rpanara. Pa3zpaboTaHHbBIN MOAXOA MO KpHcTauiM3auuu (a3bl rpaHara
MO3BOJISIET CYLIECTBEHHO YAYUYIINTh PE30HAHCHBIE XapaKTepUucTUuku mieHok LusFesOqz.
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Epitaxial LusFesO12 garnet films: vapor deposition, structure and
ferrimagnetic resonance

Hafizov A.A.
Supervisor: PhD in Chemistry, science researcher Markelova M.N.

Due to the unique magnetic properties, materials based on the iron garnets are widely used
in ultrahigh frequency (UHF) electronic devices, in magneto-optical devices, as well as in ultrafast
data recording and processing devices. The features of iron garnets are: the multi-sublattice
magnetic structure, considerable possibilities of the variation of the elemental composition and, as a
consequence, the variety of their magnetic properties. For the use of iron garnets in UHF
applications, one of the important characteristics of the materials is the linewidth of the
ferrimagnetic resonance (FMR), the value of which is significantly affected by the crystalline
perfection of the films. Thin films of lutetium iron garnet (LusFesO12) are the one of the promising
objects for UHF applications.

Ultra-thin films (from one to tens of nanometers) are required for UHF applications, so the
development of methods for obtaining films of such thicknesses requires new technological
approaches. One of the promising route to obtain thin films is the metalorganic chemical vapor
deposition (MOCVD), using which epitaxial LusFesO12 thin films were obtained in this work.
GdsGas012(111), GdsGasO12 (210), Y3Als012(111), Nd3GasO12(111)s and NdsGasO12(111) single
crystal oriented substrates were used for films depositions. The elemental composition was
determined by X-ray microanalysis. The phase composition and the elastic-strain of the films were
monitored by X-ray diffraction and high-resolution transmission electron microscopy of cross
section. The morphology and the surface roughness of the synthesized films were determined by
atomic force microscopy. Depending on the deposition conditions, the thickness of LusFesO12 thin
films was 30-800 nm. The FMR spectra were measured at frequencies of 1-20 GHz at external
magnetic fields of 0-5000 Oe.

It was found that the decrease in the mismatch between the LusFesO1. film and the substrate
leads to an increase in the intensity and narrowing of the FMR linewidth, which is associated with
the defect’s concentration decrease in the resulting garnet film. In addition, the linewidth of the
FMR absorption is significantly affected by the orientation of the substrate, which is related to the
anisotropy of magnetic properties. It was found for the first time that during the deposition of films
under MOCVD conditions, gallium oxide Ga,O volatilizes from the GdsGasO1. substrate material,
which leads to the film surface morphology degradation (the appearing of “craters') and worsens
the FMR characteristics. The lowering the synthesis temperature and optimizing the Lu/Fe ratio in
the precursor leads to the highest quality films: the minimum achieved value of the FRM linewidth
was 23 A for the GdsGasO12(111) substrate.

In order to improve the crystallinity of lutetium iron garnet films, a volatile flux Bi.Os,
formed during sputtering from triphenyl bismuth added to the precursor mixture (2.5-7.5 mol%),
was added during sputtering. It is shown that the films deposited in the presence of flux are
characterized by a higher crystalline perfection, and there is a significant increase in the growth rate
of LusFesO12 films compared to films obtained without Bi>Os. The temperature dependence of the
bismuth concentration included in the garnet structure has been investigated. The developed
approach to crystallization of the garnet phase allows us to significantly improve the resonance
characteristics of LusFesO1. films.
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BblCTpOOTBep)KI[aeMOG CBA3YHOHIECC HA OCHOBC MOIII/I(I)I/IIII/IPOBZIHHOFO
(l)Ta.]'IOHHTpI/IJ'IOM HOBOJIaAKa JJIA MMOJUMECPHBIX KOMITIO3HIITNOHHDBIX
MaTrepuajaioB

Opnos E.J].

PykoBonurenu: k.X.H., B.H.c. Keniman A.B., unx. Tepexos B. E.

B coBpeMeHHO MPOMBIIITIEHHOCTH MOBBIILIEHUE TPOYHOCTHBIX CBOMCTB KOHCTPYKIIMOHHBIX
MaTepUajJOoB M CHIKEHHE MacChl KOHCTPYKLHUHU SBJISIOTCS Ba)XXKHEWIIMMU HalpaBJICHUS PAa3BUTHS
OTpaciy, B CBSI3M C 3TUM Bc€ OoJblliee NPUMEHEHHUS HaXOJAAT MOJUMEpPHbBIE KOMIIO3UIMOHHbBIE
marepuaisl (ITIKM). U3-3a Bo3pociiero crpoca Ha 31€KTPOMOOUIIH, YBETUYUBAETCS TOTPEOHOCTH B
BbicokoTeMIeparypHbix [IKM ¢ kopotkum nukinom ¢gopmoBanus. Hanbosnee nepcrnekTUBHBIMU Ha
cerogusmHui aeHp aBnsAoTca [IKM Ha ocHoBe (pTamOHMTPHIIBHBIX CBS3YIOUIUX. OHU SBISIFOTCS

OIHUMHK U3 HauOoyice mnpodHbix U TepMocToikux (Ter>400 °C, Tse> 500 °C). B pamkax

MpEeNbIAYIINX HCCIeNOBaHUI OBLJI0O TOKAa3aHO, 4YTO HCIIOJIb30BAHHME CBS3YIOIIMX Ha OCHOBE
HOBOJIAYHOM  CMOJIbI, MOJM(ULHPOBAHHON  (TATOHUTPUIOM, COKpaIlaeT [MOJIHBIM  IHKII
¢dopmoBanus 110 3,5 yacoB. OgHaKo, MaTepuan XapaKTepU3YyeTCsl HEBBICOKMMH MEXaHWYEeCKUMU
CBOMCTBaMH, MOHIKEHHON TepMookucautensbHoi crabunbHocThio (TOC) u3-3a oOpas3oBaHus
MUKPOTPEIINH U TIOp BCJIEICTBUE CO3/IaHUSI KOMIIO3UTA PACTBOPHBIM CIIOCOOOM.

Heanbo padoThl ObUTO YITYYIIEHHE TEPMHUUECKHX M MexaHmdeckux cBouctB [IKM Ha
ocHoBe (ramorutpus HoBosioka (DHH). beutn mocraBnensr ciemyrontue 3amaun: cuHte3 OHH,
4-(4-amunopenokcn)pranonntpuia  (ADH) u  dTopcoaepKaIIero OTBEpAUTENS  —
3,3-((mepdrop-1,4-penunen)ouc(oken))quanmims, (M-ADPDB), monydeHHe M XapaKTepu3aIus
I[IKM na ocuoBe M-ADPDB, A®H wu 4,4'-(1,3-beanncuduc(okcn))uanmmmn (ADB), orenka
BJIMSIHUS BBEJICHUS MOJIOTOTO YIVIEPOJHOTO BOJIOKHA HA MEXAaHUYECKUE CBOMCTBA, OLIEHKA BIUSHUSA
BBe/IEHUSI (PTOPOB HA TEPMOOKHCIUTENbHYIO CTAaOMJIBHOCTH MO PE3ylbTaTaM H30TEPMHUYECKOTO
TEPMOOKHCIUTEIBHOTO CTAPEHUS.

JUisg ynydmieHUsT MEXaHMYEeCKHMX XapaKTepUCTHK ObUIO pelieHo BBOAUTH 2,5 macc. %
MOJIOTOTO YIJIEPOJHOTO BOJOKHA B cBs3yroee, [IKM n3rotaBnuBanu aByms criocod0aMu METOA0M
ropsiYero MpeccoBaHUsT M AaBTOKJIABHOTO (opmoBaHus. s yaydlieHHs TEPMOOKCIMTEIbHOM
CTaOWJIBHOCTH B KadecTBe OTBepAuTens wucnonb3oBaini M-ADDB, Tak kak mpenpiaylme
uccneaoBaHuss ¢ HUM nokasanu ynywdmenue TOC. [Insg 3TOro CHUHTE3UpPOBAIM IOJHOCTBIO
3amemiéHHbii ®HH, AOH u M-A®®DH. bpui M3roToBIEHB KOMIIO3UTHI HA OCHOBE CBSI3YHOLIMX
®HH c¢ otBepaurensmu (ADPH, ADL, M-ADDL). IIpoBenacHbl pPeOJOrHUYSCKHUE HCTBITAHUS
CBA3YIOIIMX, MEXaHUYECKHE, TEPMUUYECKUE HCIBITAHUS U TEPMOOKHUCIUTEIBHOE CTapeHHE
KOMIIO3UTOB.

[lepexon Kk aBTOKJIAaBHOMY (POPMOBAHMIO MO3BOJIMI YIYYIIUTh MEXaHHYECKHUE CBOIICTBA,
npeAesl MPOYHOCTH NIpU MexcinoeBoM ciasure Bolpoc A0 30 MIla - ypoBHS KOMMeEpYEeCKHX
CBA3YIOIIMX.

B pesynbrare paboTsl BBeneHHE 2,5 Macc. % MOJOTOrO BOJOKHA HE MPUBEIO K YITYYIICHHIO
MEXaHUYECKUX CBOMCTB. TepMOOKHUCIUTEIbHAS CTAOMIBHOCTh MOJMMEPHON MATpHUIIBI HA OCHOBE
(dbTopcomepKalero OTBEpPAUTENs] OKaszajach Ha YPOBHE MAaTpPHUIBI C BOJOPOJACOAEPKALIUM
ananorom. [lepexos Ha aBTOKIaBHOE (DOPMOBAHUE YITYUIINT MEXaHUYECKHE XapaKTePUCTHKH.
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Fast-curing resin based on phthalonitrile-modified novolac for fiber
reinforced plastics

Orlov E.D.

Supervisors: Ph.D. of Chemical Sciences, leading researcher Kepman A.V., research
engineer, Terekhov V.E.

In modern industry, increasing the strength properties of structural materials and reducing
the weight of the structure are the most important areas of development of the industry, in this
regard, fiber reinforced plastics (FRP) are increasingly being used. Due to the increased demand for
electric vehicles, the need for high-temperature FRP with a short molding cycle is increasing. The
most promising today are FRPs based on phthalonitrile binders. They are among the most durable

and heat-resistant (Tg> 400°C, Tse> 500°C). In the framework of previous researches, it has been

shown that the use of binders based on novolac resin modified with phthalonitrile reduces the
complete molding cycle to 3.5 hours. However, the material is characterized by low mechanical
properties, reduced thermal oxidative stability (TOS) due to the crazing and pores due to the
creation of the composite by the solution method.

The aim of the work was to improve the thermal and mechanical properties of FRPs based
on novolac phthalonitrile (PNN). The following tasks were set: synthesis of PNN,
4-(4-aminophenoxy)phthalonitrile (APN) and fluorinated curing agent -
3,3"-((perfluoro-1,4-phenylene)bis(oxy))dianiline (m-APFB), preparation and characterization of
FRPs based on m-APFB, APN and 4,4'-(1,3-phenylenebis(oxy))diphthalonitrile (APB), assessment
of the effect of the introduction of milled carbon fiber on mechanical properties, assessment of the
effect of the introduction of fluorines on thermo-oxidative stability based on the results of
isothermal thermo-oxidative aging.

To improve the mechanical characteristics, it was decided to introduce 2.5 wt. % of the
milled carbon fiber in the resin, FRPs was made in two ways by hot pressing and autoclave
molding. To improve the thermal oxidative stability, used m-APFB as a curing agent, so previous
studies with it have shown an improvement in TOS. For this purpose, completely substituted PNN,
APN and m-APFB were synthesized. Composites based on PNN resin with curing agents (APN,
APB, m-APFB) were manufactured. Rheological tests of resins, mechanical, thermal tests and
thermo-oxidative aging of composites were carried out.

The transition to autoclave molding made it possible to improve mechanical properties, the
interlaminar shear strength increased to 30 MPa - the level of commercial resins.

As a result of the work, the introduction of 2.5 mass % of the milled carbon fiber did not
lead to an improvement in mechanical properties. The thermo-oxidative stability of a polymer
matrix based on a fluorinated curing agent turned out to be at the level of a polymer matrix with a
hydrogen-containing analog. The transition to autoclave molding has improved the mechanical
characteristics.
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HccaenoBanue HOBBIX 3KCTpaKHI/IOHHO-XpOMaTOFpa(l)I/I‘IeCKI/IX
COpﬁeHTOB ISl BBIACJICHUA PCAKO3EMEC/IbHBIX 3JICMCHTOB

Huxughopos A.B.

PykoBoauTenu: K.X.H., Ha4albHUK JJaboparopun Anues P.A., M.H.c. ®ypkuna E.b.

N3oTombl penko3emMeNnbHBIX 3JEMEHTOB HAaxOJIAT IIMPOKOE TPUMEHEHHE B CO3JIaHUU
pPaaoOaKTUBHBIX (apMalleBTUUECKUX IpenaparoB. B HacTosmmii MOMEHT OOJBIIONW HWHTEpEC
BbI3BIBAIOT w30TONBL: 140Nd — B CBsSI3W ¢ €ro CBOWMCTBaMH, JCTAIONIMMH €ro IMPEKPACHBIM
KaHJUAATOM Kak JIJIsl PUMEHEHHS B TIO3UTPOHHO-IMUCCHOHHOW TOMOTpaduu, Tak U ISl CO3TaHUS
PaIMOaKTUBHBIX (PapMaIleBTUYECKUX TPEMapaToB HOBOTO, AKTUBHO Pa3BUBAIOIIETOCS Kjacca,
OCHOBAHHOTO Ha HCTOYHHKAX OXE-3JIEKTPOHOB, a TaKXKe psi M30TONOB TepOUs — B CBS3U C
BO3MOYHOCTBIO BapbUPOBAaHUS CBOMCTB MEIUIMHCKOTO Ipenapara BbIOOPOM OINpeAeaEéHHOro
n3oromna. OAHUM U3 CaMbIX PacCHpOCTPAHEHHBIX METOJ/OB BBIJEICHUS IIEJIEBBIX PATUOHYKIINIOB U3
MHUILIEHEH B MpoIlecce MX HapaOOTKH SBISIETCS TpernapatuBHas xpomatorpadwus. s stoit menu
WCTIOJNB3YIOTCS Pa3IUYHbIE THIBI COPOEHTOB, C HAHECEHHBIMU Ha MOBEPXHOCTh OPraHUYECKUMH
sKcTpareHTamMu. B Hacrosmieil pabore ucciegoBaHbl CBOWCTBA W HOBBIX THUIIOB COpPOEHTOB
OTEUECTBEHHOIO IPOM3BOJCTBA, U YXKE XOpOIIO 3apEKOMEHJOBABIIUX Ce0S KOMMEpPYECKU
JOCTYITHBIX POAYKTOB.

Henbto  nmaHHOW  paboThl  SBISETCS  HCCIENOBAaHHME  HOBBIX  AKCTPAKIMOHHO-
xpoMartorpaduaeckux COpOSHTOB ISl BBIACIEHUS PEAKO3EMENbHBIX AIEMEHTOB. J[JIs1 BBITIOTHEHUS
JAHHOW 1eNu OBLIM IMOCTaBJICHBbI cienyroomue 3agauu: IloaroroBka, obmydeHHEe U pacTBOPEHHUE
MHUIIICHEH ST TIOJTy4eHUs TpeOyeMbIX N30TOTIOB, HCCIIEOBAaHNE COPOITMOHHBIX CBOUCTB psiza P30 B
CTaTMYECKUX M JAMHAMHUYECKUX YCJIOBHSX, pa3paboTka W ampoOamuss METOIUKH BbLACICHUS
HeoauMa U3 OOMy4EHHON MUIIEHHM OKCHJa Iiepus, pa3paboTka U ampodamusi METOIUK BbIAETICHUS
TepOus Ha MOJIENSIX MUIIIEHHOTO PacTBOPA T'aJI0JIMHUS U €BPOMUSL.

OObekTaMu HCCIEAOBAHUS SIBJSIOTCS YEThIpE HOBBIX COpOEHTa: JBa Ha OCHOBE 2-
madennndochopun-N,N-arokTrnaneTaMuaa; aBa Ha OCHOBe au-(2-atunrexcui)dochopHoit
KHUCTIOTBl. B Kax7oi mape y oJHOro u3 cOpOEHTOB HOCUTENIEM SIBIISIETCS COIMOJIMMEp CTHpOJia C
muBuHIIOEH3070M (LPS), y BTOporo — cunukarens (I'C).

Hcxons u3 paccunTaHHBIX B JaHHOW pabote koaddummentor pacnpenenenus Sc, Ce, Nd,
Eu, Gd, Tb, Tm, Yb, Lu nHa copbentax Ha ocHOBe ocHOBe 2-maudenundochopui-N,N-
JUOKTHJIALETaMU/Ia TPU PA3IMYHBIX KOHIIEHTPAIMSIX a30THOM KHUCIOTHI MOKHO CAENaTh BBIBOJ O
BO3MOHOCTH pa3JieIeHus UTTPUEBON U IIepUeBOM MOATPYMN JIAHTAHOUJIOB; pa3paboTaHHbBIE
METOJUKH TO3BOJIAIOT A(PPEKTUBHO BBIIACIATH TEPOM W3 MUIICHEW HAa OCHOBE TaJOJHHHS U
€BpOIMHs, a TAK)Ke BBIICIATh HEOJAUM W3 MUIICHEW HAa OCHOBE Iepus. Y CTAaHOBIJIEHO, YTO CBOMCTBA
COpOCHTOB Ha OCHOBE JH-(2-3TUirekcnin)hocHOpHOI KUCIOThI TOAXOAAT I UCIIOIB30BaAHKS IPH
BBIZICTICHUN HW30TOMOB W3 MHUIIEHHOTO Martepuana. Takxke BBISBICHO, YTO €ro COpOLMOHHBIE
CBOCTBa c1ab0 MEHSIOTCS PU U3MEHEHUU KOJIMYeCTBa COPOMPYEMOro BEIIeCTBa.

[Tonyuennsie B AaHHOW paboTe pe3ynbTaThl JOCTATOYHO IOJHO OMKCHIBAIOT Ba)KHEHIIHE
CBOMCTBa HOBBIX IKCTPAKIMOHHO-XpOMaTOrpaguueckux COpOCHTOB M MOTYT OBITH HCIIOIH30BAHbBI
Ui pa3pabOTKX HOBBIX METOAUK MOTYYEeHUS MEIUIIMHCKUX N30TOTOB.
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Study of the novel extraction chromatography sorbents for separation
of rare earth elements

Nikiforov A.V.
Supervisors: Head of the Laboratory, PhD Aliev R.A., Junior researcher Furkina E.B.

Isotopes of rare earth elements are extensively utilized in the production of radioactive
pharmaceuticals. Currently, isotopes of particular interest are — 140Nd, due to its attributes that
make it a suitable candidate for both use in positron emission tomography and the creation of novel,
actively evolving class of radioactive pharmaceuticals based on Auger electron sources.
Additionally, several terbium isotopes hold significance due to their potential to alter the properties
of medical drugs by selecting a specific isotope. One of the most prevalent techniques for
purification selected radioisotopes from targets is preparative chromatography. However, recently,
commonly used, well-researched sorbents such as "TRU Resin,” "RE Resin,” and "LN Resin"
manufactured by Triskem, have become challenging to access. Employing analogues of these
sorbents presents a promising alternative for isolating isotopes utilized in nuclear medicine.
However, at present, the properties of sorbent analogs have not been investigated, which makes it
impossible to develop methods for isotope separation using them.

The aim of this research is to explore new extraction chromatography materials for the
separation of rare earth elements. In order to achieve this aim, the following objectives have been
set: preparation, irradiation of target materials for production of the required isotopes, conducting
static and dynamic sorption experiments, analysis of the obtained samples using gamma
spectroscopy, as well as data processing.

The objects of study are four sorbents from Sorbent-Technology: two based on 2-
diphenylphosphoryl-N,N-dioctylacetamide and two based on di-(2-ethylhexyl)phosphoric acid. In
each pair, one sorbent has a styrene-divinylbenzene copolymer (LPS) carrier, and the other has
silica gel (HS) as the carrier.

In this paper, we present the distribution coefficients of Sc, Ce, Nd, Eu, Gd, Th, Tm, Yb,
and Lu on sorbents based on 2-diphenylphosphoryl-N,N-dioctylacetamide at different
concentrations of nitric acid, as well as the distribution coefficients of Lu, Tm and Yb for sorbents
based on di-(2-ethylhexyl)-phosphoric acid. We have also developed methods for isolating terbium
and neodymium isotopes from targets based on gadolinium and cerium, respectively. It has been
found that the sorbent based on di-(2-ethylhexyl)-phosphoric acid closely resembles "LN Resin" in
terms of its properties, with only minor changes in its sorption characteristics when the amount of
sorbed substance changes.

The results presented in this study provide a comprehensive description of the most
significant characteristics of the novel extraction chromatographic sorbents, and can be utilized to
develop new techniques for the production of medical isotopes.
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B3aumoaeiicTBHE BOA0POJAa ¢ MATHUTHLIMH MaTepHAJIAMH
R2Fe17 (R - Dy, Gd, Lu)

Epos H.V.

Hayunsie pykoBoautenu: H.c. AnukuHa E.1O., n.x.H., npodeccop BepOeuxuii B.H.

Llens paboter: MccnenoBanue B3ammojeiicTBus Bojopoaa ¢ RoFeiz (R - Dy, Gd , Lu) u
M3yYeHHE TEPMOJMHAMHUKHU TPOLECCOB aOCOPOIMH U AeCOpOIMU BOJOPOJA KATOPUMETPHIECCKUM
METOJIOM.

Ucxonubie obpasubl Dys2Fe17, GdaoFe17 u LuzFer7 6butn mostydeHsl myTeM 3JIeKTOPOyroBOM
TUTABKH CTEXHMOMETPUYECKON cMecH MHXTHl 2-17, cocrosimedl W3 WHAWBUIYAJIbHBIX METAJUIOB
(ctrenens uyuctoThl BhIIE 99,9%), B armocdepe uuctoro aprona (1,5 arm). [anee momydeHHBIE
00pa3mpl MOJBEprajii TOMOTEHH3UPYIOUIEMY OT)KUTY B BAaKyyMHOH I€YM COTPOTHBIICHHUS TIPH
temnepatype 1150°C B Teuenue 24 gacos.

PentrenodasoBsiii anamus ucxomanoro DyrFeiz u ruapuma Dy.FeizHso mpoBommnm Ha
mappakromerpe Rigaku Ultima 1V (u3nyuenne Co Ka) ¢ rpaduToBBIM MOHOXPOMATOPOM.
PentrenodasoBsiii aHanmm3 ucxoauoro oopasmna Dy,Fei7 mokazain, uto 310 0gHOGa3HBIN MaTepuai ¢
reKcaroHanbHOM CTpykTypoit TMma ThzNiiz (mpocTpancTBenHas rpynma P6s/mmc), yrousHeHHbIe
mapameTphl neMeHTapHoi pemerkn: a=8,3794(8)A, ¢=8,3372(3)A, c/a=0,995. Pentrenodazopslit
aHaJIM3 TMAPUA TO0Ka3all, Y4TO B MPOIECCE TMAPMPOBAHUA MCXOJHAs CTPYKTypa COEIUHEHHUs HE
M3MEHUJIACh, U ITPOM30LIO aHU30TPOITHOE PACIIMPEHUE KPUCTAIIIMYECKON PEHNIETKH (A= 8,5512A,
c=8,3461A, c/a=0,976).

Pentrenodasossriii ananus Gd2Fe17, a Takke MPOJIYyKTOB €ro B3aUMOJICHCTBHUS ¢ BOJAOPOIOM
npoBoauin Ha nudpakromerpe ARLX'TRA ¢ ucnons3oBanuem m3nydeHust Cu-Ko. Ha ocHoBanumn
MOJTy4eHHBIX MaHHBIX P®A ObUIO yCTaHOBIEHO, YTO HMCXOAHBIA oOpaszen GdoFei7 sBasercs
onHo¢a3zHbiM. CHHTE3UPOBAHHOE WHTEPMETAJUINYECKOE COEAMHEHHE HMEET TeKCaroHaJbHYIO
crpykrypy Tthma ThpNii7 (mpoctpanctBenHas rpynma P6s/mmc). IlapameTpsl 3meMeHTapHOM
saerku: a = 8,521(2) A, c = 8,164(1) A, c/a = 0,958, V = 513.4 A3, Penrrenoha3oBslii aHam3
ruapuna GdoFei7Hs4 mokazan, uro B mponecce B3anmoaeiicteust Gd2Fe17 ¢ BogoposoM cTpykTypa
HCXOJIHOTO COCJIMHECHHUS HE M3MEHHIIACh, OHA OCTAIaCh FeKCaroHaIbHON CTpyKTypoit Tuna ThaoNiyz,
¢ mepuogamu pemieTkun a = 8.517(3)A u ¢ = 8,338(2)A u o6vemoMm pemerkn V = 523,8 A3.
CornacHo mnonydeHHbIM JaHHBIM P®A ruapupoBanue Gdz2F€17 BBI3BIBAET aHU30TPOIHOE
paciiupeHue 3JIeMeHTapHON s4Yeiiku B 06a3anbHOM MI0CKOCTH CTPYKTYpHI (Aa/a = 0,047 %, Ac/c =
2,13 %, AV/V =2 %).

PentrenodasoBsiii ananmm3 ncxoaHoro LuxFei7 u ruapuna LuzxFei7Ha o Taxoke mpoBoawiu Ha
mudpakromerpe Rigaku Ultima 1V, B pe3ysbraTe yero ObLIO YCTAaHOBJIEHO, YTO 0Opa3Ilbl SIBISIOTCS
onHOGa3HBIMH € TeKcaroHaibHOM CTpykTypoii Tuma ThoNiiz (mpocTpaHCTBEHHas Tpyrma
P63/mmc). ITapamerpsl snmeMeHTapHO# sueiiku: LuoFer7 (a = 8.393(2)1&, c=28.274(1) A, c/a= 0,985,
V =504 A%), LusFeirHa0 (a = 8,476(2) A, ¢ = 8,309(1) A, ¢/a=0,980, V = 516 A3).

OO6pa3upl ObLTM KCCIENOBAaHBl C TMOMOIIBID CKaHUPYIOIIETO 3JIEKTPOHHOIO MHKPOCKOIA
Tescan Vega 3 SEM (COM), sneMeHTHOE KapTHPOBAHUE MPOBOJUIOCH C MOMOIIBIO MPUCTABKU
EDX. Cremka nposoauiack npu HV=20 kW, WD=15 mmM. C nomouisto ananuza BSE (oGpatHoe
paccenBaHue dEKTPOHOB) i BceX monydeHHbIX UMC He ynaeTtcst 0OHapyKUTh SBHOTO pa3inyus
Mexay ¢aszamu npumeceid. Takum oOpas3oM, Bce cuHTe3upoBaHHble UMC nmeror onHodazHyro
CTPYKTYpY.

Bmecre ¢ mpuBeneHHBIME BbIlIe pe3yinbraTaMu PDA MOXHO chenaTh BBIBOJ, YTO B XOJE
JAHHOTO HCcienoBaHusl ObUTH cuHTE3WpoBaHbl Tpu HMMC ¢ omHOda3HBIM W PaBHOMEPHBIM
pacripesieieHueM JIEMEHTOB.

Tunpunet RoFei7Hx Obputm  mpoaHanu3upoBaHBl METOJOM PACIPEACTCHHS YacTHI[ IO
pa3mMepaM € HCIOJBb30BaHMEM Ja3epHOro aHammiatopa pasmepa dactuiy CILAS 1180 Liquid.
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O6pazen; Dy2Fe17H40 Obu1 mpoanamu3upoBan mocie 25 MUKIOB THAPUPOBAHUS-IETUIPUPOBAHHUS,
obpaser Gd2Fe17Hs.4 ObLT McCiIeI0BaH MOCIIE OJJHOTO [UKIIA THAPUPOBAHHS-ACTHIPUPOBAHUSL.

H3otepmuueckue oTHOIeHUs1 naBiieHue-coctaB P-C (P-maBnenue Bomopona B cucreme, C
=H/IMC) u terutoTsl abcopbuuu u aecop6bumu B cucreme RoFei7-Hz (R=Dy,Gd,Lu) Obutn n3ydeHbl
npu temmeparypax 200 u 250°C u nmaBnenun Bogopoma o S50 armocdep. mst atoro Obun
WCIOJb30BaH MPHOOPHBIH KOMIUIEKC, COCTOSIIUN U3 Ju(pGEpeHINaTbHOTO TEIUIOTPOBO/ISIIETO
kanopuMmerpa tuna Tuana-KaneBe JIAK-12, coennHEHHOro C BOJBIOMETPUUYECKON YCTaHOBKOIA,
CITy)Kalled Uil W3MEpeHHUs] KOJMYECTBA TOTJIOUICHHOTO WM BBIJCIUBIICTOCS B XOJAE PEAKIHU
BojiopoJa. B kauectBe pesynbraroB mMbl nostyduin 3aBucumoctu P=f(C), AH= f(C) u AS= f(C) (C=
H/ RoFei7, P-paBHOBecHOe naBiieHue Bojopoja, AH-usmeHenuwe sHTadbuu, AS- H3MEHEHHE
sHTponuu). Ha m3orepmax P — C Her obGnactu nnaro. Hanuume mmaro sBiseTcs XapaKTepHOU
0COOEHHOCTBI0 00pazoBanus rUApUI0B MeTauioB u MMC, u B 1aHHOM cilydae Mbl UMEEM JIETIO C
o0pazoBaHuEM TBEPBIX PAcTBOPOB Bojopona B RoFei7. Opnaxo Ha rpadukax AH= f(C) mnsa
Dy.Fe17 u GdaFe17 ans abcopOrmu u gecopOIMK BOAOPOJa Mbl MOKEM BbIOpaTh 00JacTH, TC
3HAQYEHMS] DHTAIBIHUHM OCTAIOTCS TOCTOSIHHBIMU: Tak, Hampumep, st Dy.Feiz mpu 200 °C sto
0,4<C<2,0 .AHi6.=-80,50+0,96x/xx/MmonmpH, u  0,8<C<2,0  AHpec=80,49+1,32k/>/MoasHo.
JlanmbHeliee BHEPEHNUE BOJOPOJA MPHUBOIUT K PE3KOMY YMEHBIICHHIO 3HAUYCHUH SHTAIBITHH TI0
aodcosotHOU BenuuHe, u it Gd2Fer7 mpu 200 °C 310 0<C<1,0 .AHa6c =-88,58+0,79 xJIx/mMoasH>
n 1,0<C<1,9 .AHasc =-81,24+£1,73 x/lx/monpHz u 1,6<C<1,0 .AHzec=8198+0,59 x/Ix/mMomsHo.
W3BecTHO, uTO B rekcaroHaabHO# cTpykType Tima ThoNit7 aroMbl BOIOpO1a 3aHUMAIOT JIBa Pa3HBIX
MOJIOKEHUSI: TPU OKTa’JIprueckux Mexaoy3nus [2R-6Fe] 9e u nBa TeTpasapuueckux MexJI0y3aust
18g [2R-2Fe]. Atombl BoIOpO/ia CHAYa a HAYMHAIOT 3aMOJIHATH OKTAdPUIECKUE MPOMEXYTKH 9¢,
a 3atem Terpadapuieckue 18g. Mcxons u3 3TOro Mbl MOKEM MPEAINOI0KUTh, YTO JABE 00JIACTH C
MMOCTOSTHHBIMH 3HaUC€HUSMH dHTaNbIHK Ha KpuBoii AH= f(C) COOTBETCTBYIOT 3amoJHEHNIO CHAYalIa
OKTA3JIPUYECKUX MEXKI0Y3Iui 9e, a 3areM TeTrpa’apudeckux 18Q. AHamu3upys NOJTYYEHHbIE
JaHHBIE TI0 DHTAIBIIMU MOTJONICHUs Bojopoda coeauHenusimu DyoFei; u GdaFer7, moxkHO
MIPENIOJIOKHUTh, YTO BBEACHHE BOJOPOJA B OKTA3ApUYECKHE MEXAOY3IHUsS 9e MPOUCXOAUT C
Pa3IMYHON SHEPTUECH.

Msr onpenenwin u3 3aBucumocti P=f(C) BenmumumHBI rHcTepesnca Kak MOTEPIO Telia B
OKpY)KaIOIIYI0 cpeny npu mnukiaupoBanuu (Ha 2 H2) B cucremax Gd2Fei7-Hz u Dy.Fei7 —Ho mpwu
200 u 250°C mo ypaBuenuto W=1/2 R:T:INPasc/Pyec.. Hus cucremsr GdoFei-Hz mpu 200°C
w=834.2]x/mMons1/2H2 u tipu 250 °C w=357,1x/monb1/2H2 u nna Dy.Feiz mpu 200 °C w=
636,2]1x/Moab1/2H2 v ipu 250 °C w=357,1]1>x/monb1/2Ho.
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Interaction of hydrogen with magnetic materials
R2Fe17 (R - Dy, Gd, Lu)
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Purpose of the work: Study of the interaction of hydrogen with R2Fe17 (R - Dy, Gd, Lu) and
the study of the thermodynamics of hydrogen absorption and desorption processes using the
calorimetric method.

The initial samples of Dy2Fe17, Gd2Fei7 and LuzFei7 were obtained by electric arc melting of
a stoichiometric mixture of charge 2-17, consisting of individual metals (purity level above 99.9%),
in an atmosphere of pure argon (1.5 atm). Next, the resulting samples were subjected to
homogenizing annealing in a vacuum resistance furnace at a temperature of 1150°C for 24 hours.

X-ray phase analysis of the original Dy.Fei17 and the hydride Dy.Fei7H40 carried out on a
diffractometer Rigaku Ultima IV (Cu radiation Ka ) with a graphite monochromator. X-ray phase
analysis of the original Dy.Fe:7 sample showed that it is a single-phase material with a hexagonal
structure of the Thz Niy7 type (space group P6s/mmc), refined parameters of the elementary lattice: a
=8.3794(8) A , ¢ =8.3372(3)A, c/a =0.995. X-ray phase analysis of the hydride showed that during
the hydrogenation process the initial structure of the compound did not change, and anisotropic
expansion of the crystal lattice occurred (a = 8.55121@, c= 8.34611&, c/a=0.976). X-ray
phase analysis of GdzFe17, as well as the products of its interaction with hydrogen, was carried out
on an ARLX'TRA diffractometer using Cu -Ka radiation. Based on the obtained XRD data, it was
established that the initial Gd>Fei7 sample is single-phase. The synthesized intermetallic compound
has a hexagonal structure of the ThzNii7 type (space group P6s/mmc). Unit cell parameters: a =
8.521(2) A, ¢ = 8.164(1) A, c/a = 0.958, V = 513.4 A 3. X-ray phase analysis of GdoFe17Hs4
hydride showed that during the interaction of Gd2Fe17 with hydrogen, the structure of the original
compound did not change; it remained a hexagonal structure of the ThzNii7 type, with lattice
parameters a = 8.517(3) A and ¢ = 8.338(2) A and lattice volume V = 523.8 A%, According to the
obtained XRD data, the hydrogenation of GdzFe17 causes an anisotropic expansion of the unit cell in
the basal plane of the structure ( Aa/a =0.047%, Ac /c = 2.13%, AV/IV = 2%).

X-ray phase analysis of the initial Lu2Fei7 and Lu2Fei7Hso hydride was also carried out
using a diffractometer Rigaku Ultima IV, as a result of which it was established that the samples are
single-phase with a hexagonal structure of the ThyNiy7 type (space group P6s/mmc). Unit cell
parameters: Lu.Fei7 (a = 8.393(2) A, c = 8.274(1) A, c/a=0.985, V =504 A3, LugFei7Hao (a=
8.476(2) ) A, ¢ = 8.309(1) A, c/a=0.980, V = 516 A3).

Samples were examined using a Tescan scanning electron microscope Vega 3 SEM,
elemental mapping was carried out using the EDX attachment. The survey was carried out at
HV=20 kW, WD=15 mm. Using BSE (back scattering electron) analysis for all obtained IMC, no
clear difference between the impurity phases can be detected. Thus, all synthesized IMC have a
single-phase structure.

Together with the above XRF results, it can be concluded that in this study, three IMC with
a single-phase and uniform distribution of elements were synthesized.
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RoFe17Hx hydrides were analyzed by particle size distribution using a CILAS 1180 Liquid
laser particle size analyzer. The DyqFei7Hao sample was analyzed after 25 hydrogenation-
dehydrogenation cycles, the Gd:Fei7Hss sample was analyzed after one hydrogenation-
dehydrogenation cycle.

Isothermal pressure-composition relationships P - C ( P - pressure of hydrogen in the
system, C = H/IMC ) and heats of absorption and desorption in the system R-Fei7- H. (R = Dy, Gd
, Lu ) were studied at temperatures of 200 and 250°C and hydrogen pressure up to 50 atmospheres.
For this purpose, an instrument complex was used, consisting of a Tiana -Calvé DAK-12
differential heat-conducting calorimeter connected to a volumetric installation used to measure the
amount of hydrogen absorbed or released during the reaction. As results, we obtained the
dependences P=f(C), AH= f(C) and AS= f(C) (C= H/ R2Fe17, P - is the equilibrium pressure of
hydrogen, AH- is the change in enthalpy, AS is the change entropy). There is no plateau region on
the P—C isotherms.. The presence of a plateau is a characteristic feature of the formation of metal
hydrides and IMCs, and in this case we are dealing with the formation of solid solutions of
hydrogen in RzFe17. However, on the graphs AH=f(C) for Dy.Fei7 and Gd.Fe17 for the absorption
and desorption of hydrogen, we can select areas where the enthalpy values remain constant: for
example, for Dy.Fei7 at 200°C it is 0, 4<C<2,0 . AHaps . =-80,50£0.96 kJ/molH> and 0,8<C<2,0
AHges =80,49+1,32 kJ/molH2 . Further introduction of hydrogen leads to a sharp decrease in
enthalpy values in absolute value, and for GdzFe;7 at 200°C it is 0 <C< 1.0 . AHaps = -88,58+0.79
kJ/molH2 and 1,0<C<1,9. AHas =-81,24%1,73 kJ/molH> and 1,6<C<1,0. AHges=81,98+0,59
kJ/molHz . It is known that in a hexagonal structure of the ThoNii7 type , hydrogen atoms occupy
two different positions: three octahedral interstices [2R-6Fe] 9e and two tetrahedral interstices 18g
[2R-2Fe]. Hydrogen atoms first begin to fill the octahedral spaces 9e, and then the tetrahedral
spaces 18g. Based on this, we can assume that two regions with constant enthalpy values on the
curve AH= f(C) correspond to the filling of first octahedral interstices 9e, and then tetrahedral 18g.
Analyzing the data obtained on the enthalpy of hydrogen absorption by the compounds Dy.Fe17 and
GdzFe17, it can be assumed that the introduction of hydrogen into the octahedral interstices 9e
occurs with different energies.

We determined from the dependence P=f(C) the hysteresis value as heat loss to the
environment during cycling (by ¥ H2) in systems Gd.Fei7-H2 and Dy>Fe;7 —H> at 200 and 250°C
according to the equation w=1/2 R-T-InPaps /Pdec. [6]. For the Gdz2Fe17-H2 systemat 200°C w =834.2
J/mol1/2H; and at 250°C w =357.1 J/mol1/2H; and for Dy-Fe17 at 200°C w = 636.2 J/mol1/2H, and
at 250°C w = 357.1 J/mol1/2H..

58



T'uapoaexiaopupoBanue qTukjiogeHaka
HA Najiauiicoaep:KaluX KaTaau3aTopax

Xauampsan 3.1

PykoBoautens: a.x.H., mpod. Jlokrena E.C.

PacnipocTpaHeHHBId NPOTHBOBOCHAIUTENBHBIA Ipernapar AWKIO()EHAK CONEPKUT B
MOJIEKYJIE JIBa aToMa XJIopa U MO3TOMY, IoMajas B OKPYXKAIOIIYI0 Cpeay, ¢ TPYAOM IOJIaeTCs
ounoxerpaganmu. Hanbosee mpuBieKaTeNbHBIM CIIOCOOOM YTHIIM3AIMU JUKIO(PEHAKa B CTOYHBIX
Bojax sBisiercs ruapoaexiopupoBanue (I'IX), mockompky TOoKCcHYHOCTH mipoaykta ['JIX
3HauuTeNbHO HIKe. OCHOBHOM mMpoOsieMol mpu peanusanuu mporecca katamutudeckoro ['JIX
sBIeTCs co3aaHne FP(PEKTUBHBIX KATATUTHUYECKUX CHCTEM.

NmenHo mostomy 1enbio cleayromie padoTel ctan cunTe3 Pd karanu3aTopoB, HAHECEHHBIX
Ha  YHOpsIOYeHHblE Me3omopucteie  Hocutenu: SBA-15 He MoauduuupoBaHHBIN U
MoauduuupoBaHHblii  ZrO2 1ByMs crnocobamMu — 100aBlieHHEM B XOJ€ CHHTE3a M TOCT-
CUHTETHYECKOM NMPOIMUTKOM, a TaKkKe MOAU(PUKAIMS KaTau3aTOpPOB OKCHJIAMU JKeJle3a; CpaBHEHUE
X (PU3NKO-XMMHYECKMX W KartamuTthueckux cBoicTB B ['JIX muxnodenaka. J[lms storo Obutm
copmynupoBanbl 3a1aun: cuaTe3 SBA-15, Zr-SBA-15, ZrO,/SBA-15, nanecenue Ha Hux Pd u Fe,
ompejieneHne MX (U3UKO-XMMHUYECKUX CBOMCTB (TeKcTypa, MOpQOJIOTHs, OKHUCIUTEIbHOE
COCTOSTHUE KOMIIOHEHTOB B 00beMe U Ha MOBEPXHOCTHU, CTPYKTYpa).

Nzyuenne tekctypsl (ancopouus N2), crpykrypsl (POA, IIDM-3]/1A), mopdomnoruu (COM-
DJ1A), cocTosHus namaaus Ha moBepxHoctu (PO®IC, UK 1O cnekTpockomnus ancopOUpoBaHHOTO
CO) u B 06beme (TTIB) mo3BomII0 TOCTHYB TIOCTABIICHHOM I1€TTH.

MertogamMu HU3KOTEMIEpaTypHOU anacopOuuu azorta u IIOM nmokazana ymopsigoueHHas
ME30IOpUCTasi CTPYKTypa CHHTE3UPOBAHHBIX B paboTe MarepuanoB. bbumm mogydeHb
KaTaJau3aTopbl, COJAEpKalMe Nauiaanil U okcuabl xkene3a. Metogom POOC u kaTalTuTHYECKUMHU
UCOBITAHUAMU OBLJIO TOKa3aHO, YTO JUIS BCEX HCCIEIyeMbIX CHCTEM BOCCTaHOBIIEHHE IIPH
KOMHATHOW TeMIepaTrype CTOJb ke 3(PQPEKTUBHO, KaK M BBICOKOTeMIIepaTypHoe. Moaudukanus
HOCHUTEJIEH OKCUJAMU KeJe3a U BBEJICHUEM LIMPKOHMS Ha CTAaAUU OCAXICHHS AHOKCUAA KPEMHUS
MPEMsATCTBYET YXOAYy HallIajus C MOBEPXHOCTH B 00BbeM KaraimuzaTtopoB (mo gaHHeiM PDDIC),
CHOCOOCTBYET MOBBILICHUIO AUCIEPCHOCTH namwiaaus (mo ganHeiM [IOM) u 3a cuer sToro
obOyeryaer ajacopOIMI0 W aKTHBAIMIO peareHTOB (mukiodeHak W BOJOpoa). B pesynabraTe
3¢ dEeKTUBHOCTH KaTaIU3aTOPOB MMOBBIIIACTCS.

BoiBoa:  pa3pa®oTaHbl CHUCTEMBl MajUIaJUEBBIX  KAaTaJU3aTOPOB, CIOCOOCTBYIOLIUE
sbdeKkTuBHOMY  yoaleHuro JAukiodeHaka W3  BOJHBIX  pacTBOpPOB, He  Tpelyrolue
BBICOKOTEMIIEPATYPHOTO BOCCTAHOBJIEHUS, UTO MO3BOJISIET CHU3UTh 3aTpaThl HA MOABEACHUE TEIlia
1 KOJIOTUYECKYIO HArpy3Ky JUIsl IPOBEACHUS PEAKLIUH.

My6aukamuu cryaenta (https://istina.msu.ru/workers/599588661/):
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Hydrodechlorination of diclofenac on palladium-containing catalysts
Khachatryan E.G.
Supervisor: Doctor of Chemical Sciences, Professor Lokteva E.S.

The common anti-inflammatory drug diclofenac contains two chlorine atoms in its molecule
and therefore, once in the environment, is difficult to biodegrade. The most attractive way to utilize
diclofenac in wastewater is hydrodechlorination (HDC) because the toxicity of the HDC product is
much lower. The main problem in the realization of catalytic HDC process is the creation of
efficient catalytic systems.

That is why the aim of the following work was the synthesis of Pd catalysts deposited on
ordered mesoporous carriers: SBA-15 unmodified and modified with ZrO, by two methods -
addition during synthesis and post-synthetic impregnation, as well as modification of catalysts with
iron oxides; comparison of their physicochemical and catalytic properties in diclofenac HDC. For
this purpose, the following tasks were formulated: synthesis of SBA-15, Zr-SBA-15, ZrO2/SBA-15,
deposition of Pd and Fe on them, determination of their physicochemical properties (texture,
morphology, oxidation state of components in the volume and on the surface, structure).

The study of texture (N. adsorption), structure (XRD, TEM-EDX), morphology (SEM-
EDX), palladium oxidation state on the surface (XPS, DRIFT study of adsorbed CO) and in the
volume (TPR-H) allowed us to achieve the set goal.

The ordered mesoporous structure of the materials synthesized in this work was proved by
low-temperature nitrogen adsorption and TEM methods. Catalysts containing palladium and iron
oxides were obtained. By the XPS method and catalytic tests it was shown that for all investigated
systems the reduction at room temperature is as effective as high-temperature reduction.
Modification of supports with iron oxides and addition of zirconium at the stage of silicon dioxide
deposition prevents palladium from leaving the surface into the volume of catalysts (according to
XPS data), contributes to the increase of palladium dispersibility (according to SEM data) and due
to this facilitates adsorption and activation of reagents (diclofenac and hydrogen). As a result, the
efficiency of the catalysts is improved.

Conclusion: palladium catalyst systems have been developed that promote the efficient
removal of diclofenac from aqueous solutions and do not require high-temperature reduction, thus
reducing the cost of heat supply and environmental impact to carry out the reaction.

Kepamnka, TOHKHE IJICHKU U TeTEPOCTPYKTYPbI
Ha OCHOBe TBePABbIX pacTBopoB xpomuta meau(l)

Hvinmasep b.

PykoBoauTens: K.x.H., nou. Kopcakos N.E.

ITpo3paunsie nmpoBoasure okcuabl (TCO, transparent conducting oxide) — 3To MaTepuanbl
C BBICOKOH OINTHYECKOM MPO3PauyHOCTBIO M 3JIEKTPOIIPOBOIHOCTBIO KOTOPbIE MPUMEHSIOTCS B BUJIE
TOHKHMX IUIGHOYHBIX TOKPBITHH B MpPO3payHbIX AUCIUIEAX, TAYCKPUH MOHHUTOpPaxX MOOMIIBHBIX
Tesne()OHOB, TIIOCKUX TEJIEBU30pOB, COJMHEYHbIX OaTapesx. Ocoenue paspadoran TCO wumeror
MIPOBOJMMOCTh AJIEKTPOHHOTO THMA n, TJIaBHBIM oOpasnoMm marepuansl ITO u FTO (indium tin
oxide u fluor tin oxide). [Tnenxku TCO ¢ apIpOYHYIO TPOBOAUMOCTBIO THIIA P MEHEE pa3pabOTaHbl U
IIMPOKO UCHOJB3YyOTCs, YyeM IieHkd TCO n-tuma, u3-3a 60s1ee HU3KOU MOJABHKHOCTH AbIpoK. Tem
He meHee, TCO p-Tuna o4eHb BasKHBI IS TIPO3PAYHBIX P-N M p-i-n JHOA0B. DTa 00JIaCTh MOTyYUIIa
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3HAUYMUTENIbHOE pa3BUTHE mocie Toro, kak B 1997 roxy X. KaBa3os u ap. oOHapyXuiau, 4To CO
cTpykrypoil apenadoccura CuAlO2 neMOHCTpUpPYET BIEYATISIOMIYIO HPOBOJUMOCTh p-THMIA HU
OTNITUYECKYIO TIPO3PAYHOCTh B BHAUMOM cBeTe. HeoObruHast moaBuxkHOCTh I6Ipok B CuAlO2 Obina
06ycoBeHa 60IbIION rubpuM3alKeil KHCIOPOAHbIX opbuTaneii ¢ 3d'%-snexTponamu B 3akphIToii
ob6onouke Cul’*, uTo mpuBeno K AMCHEPCHON BANEHTHOW MOJOCE. DTO OTKPHITHE MOCIYKHIIO
CTUMYJIOM JUIS M3yYeHHs pasindHbIX MaTepuanos Ha ocHose Cu™l, manpumep CuCrO,.

Lenbto naHHOM pabOTHI SIBJIIETCS U3YUYEHUE CBOICTB TBEpABIX pacTBOopoB Ha ocHOBE CuCrO2
U TIOJYY4EeHHE TeTePOCTPYKTYp Ul JAIbHEHIIEro M3y4eHHs BO3MOKHOCTEH UyCTBUTHIILHOCTH
Marepuaja B Ka4eCTBE CEHCOopa.

B skcniepuMeHTanbHON paboTe BBHICOKOTEMIIEPATYPHBIE CHHTE3BI TBEPIBIX KEPaMHUYECKUX
pactBopoB CuCrxMgyO> u3 pearentoB Cu20, Cro0O3 u MgO ¢ pa3muyHbIM COJEpKaHUEM XpoMa U
maruus poBoguuck pu 1150°C B Teuenue 2-68 uacos. Toukue mieHkn CuCrxMgyO2 ocaxaeHb
merogom MOCVD B armocdepe Ar mpu 700-800°C B Teuenwme 20-50 MUHYT Ha CTEKIISTHHBIE,
HUKeJIeBble U MOHOKpUcTaiumdeckue YSZ (111) noanoxku. YcnoBust cuHTe3a OblIM 000CHOBAHBI.
®a3pl CHHTE3UPOBAHHOW KEPaMHKH OBLIN OIPEIeNIEHbl METOJIOM PEHTT€HOBCKOW MU(PPAKINH, TTHKH
MPOMHIEKCUPOBAHbI, a TIapaMeTpbl pEIIeTKH pacCUMTaHbl. bblla TMpoBeAeHa d3JIEKTPOHHAS
MUKpocKonusi 00pa3uoB. CONpOTHUBIECHHE MaTepUaioB H3MEPEHO C IOMOIIBI0 HMIEAAHCHOMN
CTIIEKTPOCKOITUH M METO/A YETHIPEXTOUETHOTO 30H1a. ONTHYEeCKHEe CBOMCTBA H3MEPEHBI C IIOMOTIBIO
cneKTpoB AU HY3HOTO OTPAKECHHUS.

JInst cuHTEe3a TeTepOCTPYKTYp HCIOJb3yeTcss MokpeiTHe ZnO. 3apojelmeBsle cioun ZnO
PacIBUISIOTCS Ha TIOBEPXHOCTH CTEKIISTHHBIX M HHUKEJIEBBIX IMOJJIOKEK, a TaKKe Ha MOBEPXHOCTH
IUIEHOK XPOMHTa MM C MOMOIIbI a’po30JibHOTO reHepatopa. Ciol HaHocTonbuyHOro ZnO
MOKPBIBAETCSA C IMOMOINBI0 THApPOTepMaiabHOro cuHTe3a mnpu 105°C B Teuenme 1,5 wdacos.
CuHTe3UpOBaHHBIE TETEPOCTPYKTYpPhl H3YYEHBI C TIOMOIIBIO JJIEKTPUYECKUX U ONTUYECKUX
U3MEpPEHUN.

[Tonydensr omHOdazupie TBepabie pacTBOpbl CuCroe7Mgoo03O2 u CuCro92Mgo.sO2 ¢
HU3KUMH 3HA4YCHUSMH comnpoTuBiieHus 252 Om u 368 Owm, COOTBETCTBEHHO. TOHKHE TIJIEHKH C
OJINHAKOBBIMH XUMUYECKUMHU (OpMyJaMH YCIEHTHO OCAXJAIOTCSA. YCHEIHO HAHECEHbI MOKPBITUS
ZnO ¢ BepTUKAIBHOW HAHOCTOJIOMYHOW CTpyKTypoi ¢ nuamerpom 50-100 HM © BBICOTOM
ctos10uKkoB 0,5-1,5 MKM. Y CIIEIIHO CHHTE3UPOBaHbI reTepocTpykTyphl ZNO/CuCrO;.

B 3akmouenne Mbl IpUiuin K BeiBoay, uto CuCrO: siBisieTcs NepcrneKTUBHBIM MaTepuaioM
B KayecTBe IMPO3PAYHOrO MPOBOJAILIEIO OKCHJA P-TUIA, & FeTEPOCTPYKTYPHl C OKCHUIOM IHHKA
BIIOJTHE TOCTHMKUMBI U HY)KJIAIOTCA B TANIbHEHUIIIEM HCCIIE0BAHUU.

Ceramics, thin films and heterostructures
based on copper(l) chromite solid solutions

Yilmazer B.

Supervisor: Candidate of Chemical Sciences, Associate Professor Korsakov I.E.

Transparent conducting oxides (TCOs) are materials with high optical transparency and
electrical conductivity that are used in the form of thin film coatings in transparent displays,
touchscreen monitors of mobile phones, flat-panel TVs, and solar panels. Most developed TCO has
n-type electronic conductivity, the main example being the materials ITO and FTO (indium tin
oxide and fluor tin oxide). P-type TCO films are less developed and widely used than n-type TCO
films due to lower hole mobility and complex structures that easily form multiphases and for which
they are more difficult to fabricate. However, p-type TCOs are crucial for transparent p-n and p-i-n
diodes. The field gained significant development after H. Kawazoe et.al found that delafossite
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CuAlO: showed encouraging p-type conductivity and optical transparency in visible light at 1997.
The unusual hole mobility of CuAIO, was due to the large hybridization of oxygen orbitals with
3d% electrons in the closed Cu'* shell, leading to a dispersive valence band. This discovery
motivated the study of various Cu*-based materials such as CuCrOs..

The goal of this work is to study properties of CuCrO: solid solutions and synthesize
heterostructures to further explore the capabilities of the material as a sensor.

In experimental work, high-temperature syntheses of CuCrxMgyO> ceramic solid solutions
from reactants Cu20, Cr.03 and MgO with different chromium deficiency and different magnesium
content were carried out at 1150°C for 2-68 hours. Thin films of CuCrMgyO- are deposited using
method MOCVD at Ar atmosphere at 700-800°C for 20-50 minutes on glass, nickel and
monocrystal YSZ (111) substrates. The synthesis conditions were justified. The phases of the
synthesized ceramics were determined by X-ray diffraction, peaks are indexed and lattice
parameters are calculated. Electron microscopy of the samples was carried out. Resistivity of
materials are measured with impedance spectroscopy and four-point probe technique. Optical
properties are measured using diffusion reflectance spectra.

To synthesize heterostructures, ZnO coating is used. Seeding layers of ZnO are sprayed on
the surface of glass and nickel substrates, and the surfaces of copper chromite films using an aerosol
generator. Layer of nanocolumnar ZnO is coated using hydrothermal synthesis at 105°C for 1.5
hours. Synthesized heterostructures are studied with electrical and optical measurements.

Single phase solid solutions CuCro97Mgo.0302 and CuCro92Mgo.0402 with low resistivity
values of 252ohm and 368 ohm, respectively, were obtained. Thin films with same chemical
formulas are successfully deposited. ZnO coatings with vertical nanocolumnar structure with 50100
nm diameter and column heights of 0.5-1.5 um are successfully coated. Heterostructures of
ZnO/CuCrO; are successfully synthesized.

In conclusion, we achieved that CuCrO; is a promising material as transparent conductive
p-type oxide and heterostructures with zinc oxide are achievable and should be further researched.

MOJYUYEHUE KOMIIAKTU3ATOB MAJIOCJONUHBIX
I'PAOPUTOBBIX PPAI'MEHTOB U UX 'ETEPO3AMEIIEHHBIX
AHAJIOI'OB UCKPOBBIM IIVIASMEHHBIM CIIEKAHUEM

Kapumosa M.O.

PykoBoautenb: K.X.H., c.H.c. CycnoBa E.B.

KomnakTtuszauus merogom uckposoro miasmenHoro cnekanus (MIIC), mpeacraBnsroniee
COOOH 3IEKTPOCTUMYIMPOBAHHOE CIIEKAaHUE BEILECTB WM MAaTEpPHUajOB IPU BBICOKUX JABJICHUSIX U
TeMmiepaTypax, OlMcaHa Uil caMOro LIMPOKOro Kpyra yriepoAHblx HaHomarepuaios (YHM). B
3apucumoctu ot yciosuil UIIC (T u P), npuponst YHM u Hamuuus karanuszatopa B CUCTEME
MIPOUCXOJIAT Pa3IMUHbIe Mpolecchl: o0pa3oBanue HOBBIX C-C cBsazel Mexy yactuuamu YHM nnu
ke (a3oBele mepexoabl OJHOrO aioTpona yriepojna B Jpyrue. Hampumep, MmanocnoiiHble
rpaputoBbie pparmentsl (MI'®) npu UII-ciekanum mpeBpamiaroTcsi B YaCTHULBI C JIYKOBHYHOM
yriepoHoi crpykrypoit (JIYC).

Ienp mpeacTraBaeHHOM paboThI 3aKiI0UaeTcs B pa3padboTke MeTo10B cuHTe3a yactul JIYC u
BIIepBbIe rerepo3amentiendbix aromamu N-, P-, SI-JIYC npu Ull-cnekanun yactuiy MI'® u N-, P-,
Si-MI'®; BeisBnenune MmexaHmsma mnpespameHus MI'® B JIVC; ompeneneHuu craHIapTHBIX
YACTBbHBIX OSHTAIBNHNA TOpeHUST A.,pH°208 u o00pasoBanus Ao H298 ¢ momoripo 60MO0BOM
KaJIOPUMETPHH.
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O6pasupt MI'®, N- u SI-MI'® nonydanu NHPOJIUTHYSCKHM pa3JI0KEHHEM TI'eKCaHa,
arleroHuTpmia u 25 06. % pactBopa SiMes B rekcane coorBerctBeHHO nipu 900 °C B IpUCYTCTBHU
temiuiata MgO. P-MI'® BriepBbie nosyyanu mpu nuposuse pactBopa 1 mace. % PPhs B Tomyore.
CocraB, cTpyKTypa U CBOWCTBAa BCEX MAaTEpUAIOB IMOJATBEP)KIECHBI METOJIAaMU TEPMOTPaBUMETPUU
(TT"), pamaHOBCKOW CIEKTPOCKOIHH, PEHTTEHO-(OTOIEKTPOHHOH crnekTpockonuu (PDIC),
pacTpoBOil ¥ MpoCBeUMBaOLIeH MEKTPOHHON Mukpockonuu (POM u [1OM), Hu3zkoTemnepaTypHoOit
agcopOimedt azota. Yactuisl MI'® u ux rerepo3aMenieHHbIe aHAIOTH, COTIAacHO JaHHBIM POM u
I[1OM, nostopsun popmy Temruiara MgO u comepxkanu 7-15 rpad)eHOBBIX CJIOEB, CIIOKCHHBIC B
cronku. [To manaeiM PODC, comepxanue atomoB N, P u Si B coctae N-MI'®, P-MI'® u Si-MI'®
coctraBmwio 10.0, 0.1 u 8.1 aT. %. 3HaueHUs yAETHHOW IJIOMAJN MOBEPXHOCTH Spat st MI'®, N-
MI'® u Si-MI'® cocrasumno 1237, 330 u 897 M?/r COOTBETCTBEHHO, a HA M30TEPMAax aJCOPOIHHU BO
BCEX CiydasXx HaOJoAanach TMETJIsl TUCTEpe3nca, CBUJIETENIbCTBYIOIIAs O ME30MOPUCTOCTU
oo6pasnos. UIIC ocymectBisimu npu temneparype 1100 °C u gaBnenun 30 MITA. [lpu stux
ycnoBuax vactuibl MI'®@ u N-MI'® uacTtuyHO mpeBpamiaiuch B JIYKOBHUYHBIE YIJIEPOJHBIE
crpykrypel (JIYC) u N-JIVC u rpadenononobubie obpasoanus. [Ipu WIl-cnekannu Si-MI'®
M3MEHEeHUsT Mop(¢oJioTuu, coraacHo JaHHbIM [IOM, oOHapyxuth He ynanock. COrlacHO JaHHBIM
P®DC, comepxanune rerepoatomMoB B coctaBe N-, P-, SI-MI'® yMmeHbIagoch BCIEICTBHE
AIMMHUHUPOBAHUS TIPH MEPEKPUCTATUTUIALMH.

WN3menenne BHyTpeHHed sHepruu AU cuUCTEMBI OLEHEHO C IMOMOINBI0 MEPBOTO 3aKOHA
TEPMOJIMHAMUKH, B PE3Yy/IbTAaThl YEro MOKa3aHO, YTO HAHOOJIBLIYIO pPOJIb UTPAET MOJIBEJCHHOE K
cucremMaMm JDKoylneBo Temso, a ycajaka oO0pasloB CIOCOOCTBYET JIMIIb KOMIAKTHU3AILUU.
JIOTIOTHUTEIIBHO MPOBENCHBI SKCIIEPUMEHThI 110 00padoTke MI'® u N-, P-, SI-MI'® mia3moii 6e3
HarpeBaHus U BHEIIHETO JaBJIEHUS U YCTAaHOBJIEHO, YTO UMEHHO IIJIa3Ma UrpaeT KIF0YEBYIO POJIb B
¢dazoBom mpeBpameann MI'® B JIVC. CranaapTHas yaeabHas SHTAIBIUS TOPSHHUS U 00pa30BaHUS
OTIpeeTICHbI METOIOM O0MOOBO# KamopuMeTpru. 3HAUCHUS A.qp H%2908 U Aogp.H208 TIOTOKUTETBHBI,
YTO CBUJETEIBCTBYET O TEPMOXUMUYECKON METACTAOMILHOCTH BCEX MOJIYUYEHHBIX MaTepUaIoB U UX
SHEPTEeTUYECKOU N30BITOYHOCTHU IO CPABHEHUIO C TpauTOM.
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The synthesis of agglomerates from few-layer graphite fragments and
their heterosubstituted anologs by spark plasma sintering

Karimova M.O.
Supervisor: PhD in Chemistry, Senior Researcher Suslova E.V.

Compaction by spark plasma sintering (SPS), which is the electrically stimulated sintering
of substances or materials at high pressures and temperatures, has been described for a wide range
of carbon nanomaterials (CNMs). Depending on the SPS conditions (T and P), the nature of the
CNM and the presence of a catalyst in the system, various processes occur: the formation of new C-
C bonds between CNM particles or phase transitions of one carbon allotrope to others. For example,
few-layer graphite fragments (GNFs) are transformed into particles with an onion carbon structure
(OLC) during SP- sintering.

The purpose of the presented work is to develop methods for the synthesis of S particles and,
for the first time, heterosubstituted N-, P-, Si-OLC atoms during SP- sintering of GNF and N-, P-,
Si-GNF particles; identification of the mechanism of transformation of GNF into OLC;
determination of standard specific enthalpies of combustion Anor.H%9s and formation AformH%gs
using bomb calorimetry.

Samples of GNF, N- and Si-GNF were obtained by pyrolytic decomposition of hexane,
acetonitrile and 25 vol. % solution of SiMe4 in hexane, respectively, at 900 °C in the presence of an
MgO template. P-GNF was first obtained by pyrolysis of a solution of 1 wt. % PPh3 in toluene. The
composition, structure and properties of all materials were confirmed by thermogravimetry (TG),
Raman spectroscopy, X-ray photoelectron spectroscopy (SPS), scanning and transmission electron
microscopy (SEM and TEM), and low-temperature nitrogen adsorption. GNF particles and their
heterosubstituted analogues, according to SEM and TEM data, repeated the shape of the MgO
template and contained 7-15 graphene layers stacked. According to XPS data, the content of N, P,
and Si atoms in the composition of N-GNF, P-GNF, and Si-GNF was 10.0, 0.1, and 8.1 at. %. The
values of the specific surface area Sger for GNF, N-GNF and Si-GNF were 1237, 330 and 897
m?/g, respectively, and in all cases a hysteresis loop was observed on the adsorption isotherms,
indicating the mesoporosity of the samples. SPS was carried out at a temperature of 1100 °C and a
pressure of 30 MPa. Under these conditions, the GNF and N-GNF particles were partially converted
into onion-shaped carbon structures (OLC) and N-OLC and graphene-like formations. During SP -
sintering of Si-GNF, no changes in morphology, according to TEM data, could be detected.
According to SPS data, the content of heteroatoms in the composition of N-, P-, and Si-GNF
decreased due to elimination during recrystallization.

The change in the internal energy AU of the system was assessed using the first law of
thermodynamics, the results of which showed that the Joule heat supplied to the systems plays the
greatest role, and the shrinkage of the samples only contributes to compaction. Additionally,
experiments were carried out on the treatment of GHF and N-, P-, Si-GNF with plasma without
heating and external pressure and it was established that it is plasma that plays a key role in the
phase transformation of GNF into OLC. The standard specific enthalpy of combustion and
formation was determined by bomb calorimetry. The values of AnorH%¢s and AformH%9s are
positive, which indicates the thermochemical metastability of all obtained materials and their
energy redundancy compared to graphite.
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DneKTpOoHHAs BEPCHs OPOIIIOPHI

Ha obnoocke npeocmasneno IIOM-uzobpadicenue nannaouesozo xamaiuzamopd, HaHeCeHHO20 Ha
ynopsioouenHwlti  mezonopucmoiti  Hocumenv SBA-15 (PA/SBA-15). Aemop — ewinycknuya
mazucmpamypvr @HM MI'Y 2024 Xauampsn Jeenruna I pucopvesha.
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