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O NIOAI'OTOBKE MAT'UCTPOB HA ®AKYJIBTETE
HAYK O MATEPHAJIAX MI'Y

@dakynpTET HayK O MarepHajiax — 3T0 MEXIUCLHUIUIMHAPHOE Y4eOHoe 3a-
BEJICHUE, 3a/1a4€il KOTOPOTO SIBISETCS MOATOTOBKA BICOKOKBATU(PUIIMPOBAHHBIX
CHELUAINCTOB, CIIOCOOHBIX MPOBOJAUTH HCCIENIOBAHUS B CMEKHBIX O0JACTIX
XUMHH, PU3UKK U MeXaHUKH. 3a Bpemsi o0yuenus Ha ®HM cTyneHTs! mprobpe-
TalOT YCUJICHHYIO OOIIEHAYYHYIO TOATOTOBKY U XOPOLIUE HABBIKH IKCIIEPUMEH-
TaJIbHOW PadOTHI.

@DakynpTET HAYK O MaTepHagax MPOBOAUT O0yYEHHUE CTYIEHTOB MO JBYX-
CTYIEHYaTOl (OakajaBp-MarucTp) CUCTEME MOATrOTOBKU cnenuanuctos. B 2009
rOJly MpOIIIeN BRITYCK MepBhIX MarucTpoB 1o HampasiaeHnto 020100 — «Xumush»
(Marucrepckasi mporpamma «Xumusi TBepaoro tenay). C 2013 roma BwITycKa-
JUCh MarucTphbl, MpOLIEIUINEe MOArOTOBKY MO YKa3aHHOM IMpOorpaMMe, peau-
3yeMoil B paMKax cOOCTBEHHOTo oOpazoBatesibHOro crangapra MI'Y (OC MI'Y)
no HanpasieHuto «Xumus». C 2015 rona moaroToBka MarucTpoB BEAETCS IO
HamnpaBlieHUIO0 «XuMusl, QU3MKa U MexaHukKa maTtepuaioB», u B 2017 rony
BIIEPBBIC BHIMYIICHBI CTYICHTHI, IOJTOTOBJIEHHBIE 110 3TOM MporpaMmme.

[IporpamMa MOArOTOBKM MarucTpoB BKIIIOYaeT B ceOs 0a30ByIHO 4acTh,
COCTOSIIIYIO U3 LUKJIA OOIIEKYIbTYpPHON MOATr0TOBKH («Puiocodckue BOmpocsl
€CTECTBO3HaHUD», «OCHOBBI Hay4YHOI'O MEPEBOJa», «KOMIBIOTEpHBIE TEXHOJIO-
I'MH B HayKe U 00pa3oBaHUMNY), a Takxke npodeccunoHanpHoro mukia («llepcrek-
TUBHbIE HEOPTraHWYECKHWE MaTepHaybl CO CHEeUHATBbHBIMU (yHKUHSIMUY, «Co-
BpPEMEHHBIE MPOOJIEMbl MaTEPUATIOBEICHU», «VICTOPUS U METOIOIOTHUSL HAYKH O
Marepuanax», «MeToauka MpenojaBaHus €CTECTBEHHOHAYYHBIX IUCLMILIAHY,
CHELIPAKTUKYM «MeToabl TMarHOCTUKU MaTepuanoBy, 4 3ad.en./80 yacoB ja-
OOpaTOpHBIX 3aHATUH, B paMKaxX KOTOPOrO 3HAKOMATCS C OCHOBHBIMU IPHUHIIHU-
naMu paboThl COBPEMEHHBIX MPUOOPOB, MPUMEHAEMbIX MPU UCCIEAOBAHUU (Pu-
3UKO-XUMHYECKUX U MEXaHUYCCKUX CBOWCTB MaTepuasioB). BapuaruBHas yactb
MOJATOTOBKM COZAEPKUT JIEKIIMOHHBIE KYPChl AMCLUIUIMH MarucTepCcKod Mpo-
rpammbl (Takue Kak, «CynpaMoJieKyIspHas XUMHs», « BuoHeopraHnndeckas Xu-
mus», «Koopaunarmonnass xumusi. CoBpeMeHHbIE acneKTo», «Hanoxumusy,
«MertaoopraHnuueckasl XuMus», 6 3a4.ejl.), CIeIKypChl O BBIOOPY CTyICHTa
(5 3au.exn.), a Tak)Ke IPAKTUUECKUE 3aHATHS, MO3BOJISIFOLINE CTYIEHTaM OCBOUTH
pa3zHoO00pa3Hble METOJbl CUHTE3a BEIECTB U MAaTEpPHUAaJOB B paMKax CHELIpak-
THKyMa «MeTtozpl moyydeHus marepuanoBy» (5 3au.ex., 108 gacos jgaboparop-
HBIX 3aHATHI). MarucTpaHThl BTOPOTO TOAa O0YUYCHHS MPOXOJIAT 3aKIIOUNTEIIhb-
HYI0, PaCIIMPEHHYIO0 YacTh CHEUIPAKTUKyMa MO COBPEMEHHBIM IpuOopam Jis
JIMarHOCTUKM MatepuayioB (Tak HaszbiBaeMbli «[IpuOopHBIM mpakTuKkym», 18
3a4.ef./180 yacoB n1aboOpaTOPHBIX 3aHATHIA), OCHOBHOM 3a7aueil KOTOPOTO SIBJISI-
eTCs TMOJATOTOBKA BBICOKOKBATM(DUIIMPOBAHHBIX IOJIb30BaTENIeH (OmepaTopoB)
JUISL CaMOCTOSITEIbHON paboThl HAa CJIOXKHOM HaydyHOM oOopynoBanuu. Cremyet



OTMETHTb, YTO OOBEKTAMH aHATUTHYECKOTO UCCIETOBAHUS B XOJI€ BBITIOJHCHUS
3aJlay CIEUNPAKTUKYMOB SIBJISIOTCSI, B 3HAYUTEIBLHOU Mepe, BEllecTBa U MaTe-
puaibl, CO3/aBacMble B paMKax MPUOPUTETHBIX IS (PaKysIbTeTa HAyYHbIX Ha-
IpaBJIeHUI, pa3BUBaeMbIX Ha (PaKyJIbTeTCKUX Kadeapax HaHOMAaTepuasioB (3aB.
kadenpoit — uwi.-kopp. PAH, npod., a.x.H. E.A. I'yaunuH) 1 MeXIUCIUIUTMHAD-
HOTO MaTepuajioBefcHus (3aB. Kadeapon — akaa. PAH, npod., 1.¢p.-m.H. B.M.
HesneB), a Takke B J1a0OpaTOPUM HOBBIX MaTEpUATIOB JUIsl COJTHEYHOU >Hepre-
TUKH (3aB. 1abopaTopuent — k.X.H. A.b.Tapacos).

Crynentst ®HM MMEIOT YHUKAJIBHYIO BO3MOYKHOCTh OCYIIECTBJISATH Ha-
YUHYIO JIEATEIbHOCTh U BBIMOJHITH KBAIM(UKAIIMOHHBIE pa0OThI HE TOJBKO B
nojpaszieaeHussX MOCKOBCKOTO YHUBEPCHUTETA, HO U B KPYHNHEHIINX HAy4YHBIX
neHTpax Poccum, B 3apyOeKHBIX Hay4dHbIX LEeHTpax. Hamanaute HaydHblE KOH-
TaKThl MO3BOJISIIOT CTAKUPOBKH, KOTOPBHIE B pAMKax HAYYHO-IIPOU3BOJCTBEHHOMN
MPAKTUKHU MPOXOJST BCE MArMCTPaHThI MEPBOTo rojia ooydyeHus. Takue craxu-
POBKH MO3BOJISIIOT CTY/I€HTaM 3HAKOMUTHCS ¢ pa0OTOM BEAyIIMX HAYYHBIX KOJ-
JIEKTUBOB, pa3BUBATh CBOM HABBIKH MAaTEpPUaJIOBEIOB-UCCIIEIOBATENIEH B paMKax
Pa3HBIX HAYYHBIX IIIKOJI, & BO BpeMsl 3apyOeKHBIX CTAKUPOBOK — €IIIE U MPaKTHU-
KOBaThCsl B OOIICHUHM HAa WHOCTPAHHBIX SI3bIKaX. Bo BpeMsi MPakTUKU CTYJEHTHI
o0oraimarTcsi HayYHbIMU HJICSIMH, 3aKIaJIbIBAIOT (DYHIAMEHT CBOEW HAy4YHOM
penyTauuu AJs CIEQYIOIIUX YPOBHEW 00pa3oBaHUs (aclupaHTypa, AOKTOpaH-
Typa).

Maructpantsi-Beimyckaukn 2019 roga mpoxoAwiu MPakTHKYy B TaKUX
KPYIHBIX y4eOHO-HAYYHBIX U Hay4dHbIX LeHTpax Poccun kak MHCTUTYT 001IEH 1
Heoprannueckor xumnu um. H.C. KyprakoBa PAH, MHcTuTyT MeTaiurypruu u
marepuanoBenenus um. A.A. baiikoBa PAH, ®UIL] buorexnonornu PAH, Poc-
CUHCKUN XUMHUKO-TEXHOJOTHYeCKnd yHuBepcuteT uM. J[.1. MenneneeBa, Ha-
LMOHAJIbHBIA HCCIIE0BATEIbCKUN TexHonornyeckuii yausepcurer «MUCuCy,
denepanbHbIl HaydHO-UCCHeA0BaTeNbckuil 1eHTp «Kpucramnorpadus u doro-
Hukay, ®I'AY «Donn HOBBIX (hopm pazButusi oopazoBanus», 3A0 «CITEKCy,
3A0 «CynepOxkcy», OO0 «MenunuHckre HaHoTexHoiorum», AO «CeOpsKoB-
HEMEHT». 3apy0ekKHYIO0 CTaXHUPOBKY CTYACHTHI-BBIITYCKHUKH Mpoxoauin B dDe-
JepanbHON monuTexHudyeckor mikosie Jlozannel (IIIBeimapus), Toxuilickom
yauBepcutete (Anonwms), YuuBepcutere llykyOn (Smonus), EBpomerickom
LHEHTPEe CUHXPOTPOHHOrO M3nydeHus (Opanuus), TexHOIOrMueCKOM UHCTUTYTE
Kapincpys (I'epmanus).

BaxxubiM (hakTOpoM, CIOCOOCTBYIOIIMM PA3BUTHUIO TBOPUYECKOM aKTUBHO-
CTH CTYJIEHTOB, SIBJII€TCA TO, YTO Hay4yHass paboTa BXOAMUT B Y4YEOHBIH MIIaH.
dopMa OTYETHOCTU — O0OsI3aTebHBbIE CTYJEHUYECKHE KOH(PEPEHIIMH, KOTOPhIC
MPOBOJSATCA M0 OKOHYAHUU KaXaoro ceMmectpa. O BBICOKOW Hay4HOW aKTHUBHO-
CTH CTYACHTOB CBHUJICTEIIbCTBYET OOJIBIIOE KOJIUYECTBO MyOJUKALUNA B HAYYHBIX
KypHaJlax, a TaKK€ Y4acTHUE CTYICHTOB B POCCHUMCKUX U MEXIYHAPOIHBIX Ha-
yuHbIX KOH(pepeHuusx. OOmiee ynciao myOnuKanuil BBITyCKHUKOB MarucTpary-
poi 32 2013-2018 roxpr mpencraBieHo B TabauIe.



2013 | 2014 | 2015 | 2016 | 2017 | 2018
Uucino cTyAeHTOB, 3alIUIIaBIINX 23 18 19 12 22 22
JTUTUIOM
UYwuco paboT, BEITIOJIHEHHBIX B UH- 1 0 3 0 1 2
ctutyrax PAH
Uucno cTyeHTOB, UMEIOIINX MY0- 21 16 19 11 21 20
JUKalUU
OO1mee yncio myoIMKaIui, 247 132 196 85 236 270
W3 HUX CTaTel, 54 29 32 16 40 60
3asiBOK Ha MAaTEeHT 0 1 7 3 7 1
NaTEHTOB 0 0 3 0 0 2
Yuc0 OLEHOK «OTINYHOY 20 14 17 11 19 15
«XOPOIIIOY 1 3 2 1 3 6
«YIOBJIETB.» 2 1 0 0 0 1
«HEYTOBILY 0 0 0 0 0 0
Uucno pabot, ormedeHHBIX ['AK 5 5 5 4 5 8
Yucno TUIIOMOB € OTIIMUHEM 15 7 7 5 10 15
Ywciao BRITYCKHUKOB, mocTynuBmmx | 10 11 12 10 10 12
B actiupantypy ©HM

B 2019 roagy marucrepckue KBalu(HUKAIMOHHBIE pabOThl OyAyT 3alllu-
math 23 BeITycKHUKA. Obmiee yncno ux myOnmkanuii coctasisier 151, u3 Hux
18 crareit u 2 maTeHTa Ha uzoOpereHne. Maructepckue paboThl BHITIOTHSIIHCH
Ha Kadeapax HEOPraHMYECKOM XHWMHH, BBICOKOMOJIEKYJSIPHBIX COEAMHEHUH,
(bU3NYECKO XUMUM, XUMHUYECKON DH3UMOJIOTHH, PATUOXUMHUU, XUMHUUYECKOU
TEXHOJIOTUM M HOBBIX MarepuaioB xumuueckoro dakynbrera MI'Y, B mabopa-
TOPUM HOBBIX MAaTEpUATIOB JJIsI COJTHEYHOW SHEPTreTUKH M Ha Kadeape HaHOMa-
TepuanoB (axynbrera Hayk o mMatepuaniax MI'Y, B UncturyTte oOieit u Heop-
rannyeckoid xumuu uMm. H.C. KypnakoBa PAH, ®@enepaibHOM MEAUIIMHCKOM
onodusnyeckom nentpe umenu A.M. bypuazsna ®MBA Poccun, Hanmonans-
HOM HCCIIEIOBATEIbCKOM TexHoJIorndeckoM yHupepcutere «MHUCuCy», OO0
"MenunuHCKHe HaHOTEXHOJIOTHH ",

OrnenuBatrh paboThl OyAE€T BHICOKOKBAaNU(UIIUPOBAHHAS U OOBEKTUBHAS
KOMHCCHSI, BO3TJIaBjsieMasi 4jieHOM-KoppecnonaeHtoM PAH, noktopom xumu-
YecKux Hayk, mpodeccopom ['opOyHoBoit FOnueii ['epmanoBHoii. B cocra Ko-
Muccuu, Hapsay ¢ npenogaBarensiMu @HM u xumudeckoro ¢dakynbTeTa, BXO-
IAT TPEACTABUTEN YHUBEPCUTETOB M POCCHICKOM akageMUU HAyK, BEAYIIUE
cnennannctsl MHCTUTYTOB PAH. Cekperapp ['OK — kaHnumar xuMudeckux Ha-
yK, accucteHT kadenpsl HanomarepuanoB @HM CemenoBa AHHa AJjexcaHn-
pOBHA.




COCTAB IrOCYJIAPCTBEHHOM
9K3AMEHAIIMOHHOU KOMUCCHUH

no HanpapJeHu1o 04.04.02 «Xumus, pusnka 1 MeXaHUKA MATEPHATIOB)»

1 |T'opbynoBa FOnus | unen-koppecnonnent PAH, n.x.H, npodeccop, NUu-
I'epmanoBHa CTUTYT OOIlIel U HEOPTaHUYECKOU XUMUU UM.
(npencenaTenb) H.C. KypnakoBa PAH, UnctutyTt husnyeckoit xu-

Muu 1 ekrpoxumuu um. A.H.@pymknuna PAH

2 | boitHoBHY akagemuk PAH, n.¢.-M.H., mpodeccop, MuacTUTYT
JIropmuna (bU3UYECKON XUMHUH U JISKTPOoXuMuUM um. A H.
bopucosHa ®pymkuHa PAH

3 | by3nuk BsuecnaB | akagemuk PAH, n.x.H., ri1.H.c. UHCTUTYTa MeTa-
MuxaimoBu4 Jypruu 1 MarepuasiopeieHus uM. A.A. baiikosa

PAH, nupexrop NHHOBaLIMOHHO-TEXHOJIOTHYECKOTO
uenrpa PAH «YepHoromoBka», coBeTHUK [ eHepainb-
HOT'0 IupeKTopa Beepoccuiickoro Hay4Ho-
HCCIIEIOBATENICKOTO NHCTUTYTA aBUALIMOHHBIX Ma-
TEpUAJIOB

4 | TapmieB Anekcelt | K.X.H., JIOLIEHT, (pakynbTeT HayK 0 MaTepuanax MI'Y,
Bukroposnu 3aMECTUTENb JeKaHa XUMUYECKOT0 (paKyIbTeTa

MI'Y no nporpamme pazsutusg MI'Y u pyHKIIMOHU-
POBAaHUIO LIEHTPOB KOJUIEKTUBHOI'O I10JIb30BAHUS

5 | I'ynunun EBrenuit | unen-koppecnonaeHT PAH, n.x.H., npodeccop, 3a-

AnekceeBu4 BeIyIOIINI Kadenpoil HEOPraHMYeCcKoro Marepua-
JoBeaeHus Xxumuueckoro (axkynsrera MI'Y, 3aBe-
nyrouui kadeapoil HaHOMaTepUalioB U 3aMECTUTEIb
nekaHa (paxkynprera Hayk o matepuanax MI'Y no
MHHOBALIMOHHOW J€ATEIbHOCTH

6 | JoOpoBosbckuit 1.X.H., mpodeccop, pyKOBOJAUTEIb TPYIIIBI CIICIIH-
Opuit ANTBHBIX MaTepHrasioB, MTHCTUTYT npobiieM Xumude-
AHATOJIbEBUY ckoit puzuku PAH

7/ | Epemun 1.¢.-M.H., mpodeccop, kadenpa puznuecKoi XUMHUH,
Bagum xumudeckuit pakynprer MI'Y
Brnagumuposuy

8 | BanoB Bnagumup | unen-koppecnonaent PAH, n.x.H., mupexrop NH-
KoHcTaHTHHOBHY | CTUTYyTa OOIIEH M HEOPTaHUYECKOW XUMUU

uM. H.C. KypnakoBa PAH

9 | Uesnes akanemuk PAH, 1.¢.-M.H., mpodeccop, 3aBemyromnuit
Banentun kadeapoil MeKIUCIMILUIMHAPHOTO MaTepuaioBee-
MuxaisioBuy HUs, pakynpTeT HayK 0 Matepuasiax MI'Y

10 | KaoTtbko 1.X.H., mpodeccop, 3aMeCTUTENb JiIekaHa (akyIbTeTa
AJtekcanap Hayk o Matepuaiax MI'Y no y4eOHoi pabote
BanepbeBuu




11 | KonmakoB yneH-koppecnonaeHT PAH, n.1.H., 3amecturens qu-
Anekcen pekTopa MHCTUTYTa METAJUTypIUU U MaTepUaIoBe-
['eoprueBuy nenust uM. A.A. baiikoBa PAH 1o nHay4Hoii paboTe,

npodeccop dakynbTeTa HayK 0 Marepuanax MI'Y

12 | Ky3HenoB akagemuk PAH, n.x.H., npodeccop, 3aBeayroniui
Huxonan nabopaToprell XMMUH JIETKUX 3JIEMEHTOB U KJIacTe-
Tumodeenuu poB, MHCTUTYT 0011Ie# 1 HEOPTraHUYECKON XUMUU

uM. H.C. Kypnakosa PAH

13 | Memankuu akagemuk PAH, n.1.1H., npodeccop, 3aBeayrouuii
Banepuii Kadenpoi JOTUCTUKH U SKOHOMUYECKOM nHpopma-
[TaBnoBHUY TUKH, POCCUNCKNN XUMUKO-TEXHOJIOTUUYECKUN YHU-

BepcuteT umenn .M. MeHnneneeBa

14 | [lytnses K.X.H., TOIICHT, Kadepa HEOPTraHUUECKOU XUMUHU
Banepui xumudeckoro ¢akynsrera MI'Y, kadeapa mexauc-
NBanoBuu UIUTMHAPHOTO MaTepuaioBeieHus (paKyibTeTa Ha-

yK 0 Marepuasiax MI'Y

15 | PymsiHueBa I.X.H., Ipogeccop, 1adopaToprs XUMUU U QU3UKA
Mapuna MOJTYTPOBOHUKOBBIX U CEHCOPHBIX MaTEPUAJIOB,
Huxonaesna Kadeapa HeOPraHNYeCKOM XUMHUHU, XUMHYECKHUI (a-

Kyaprer MI'Y

16 | TananaeB MBan yineH-koppecnonaeHT PAH, n.x.H., mpodeccop, 3a-

I'ynpapoBuu BEYIOIIHNH JIa00paTOPHUEH SIEPHBIX TEXHOIOTHIA
AKaJqeMHUUYeCKOTo JenapTaMeHTa sIIEPHbIX TEXHOJIO-
ruii [1IKoJIbl €CTECTBEHHBIX HAYK, JJaIbHEBOCTOUHBIN
dbenepanbHbI YHUBEPCUTET

17 | TapacoB Anekceld | K.X.H., 3aBeAYyIOIIUHN JabopaTopueil HOBBIX MaTepua-
Bopucosuu JIOB JJ1s1 COJTHEUHOM SHEPreTUKH, (GaKkyIbTeT HAYK O

marepuanax MI'Y

18 | Xetipenn JTrompur | 1.¢d.-m.H., podeccop, B.H.C., Kadeapa XUMAIECKON

NiuneBuy TE€XHOJIOTUY U HOBBIX MaTE€pUaIoB, XUMUYECKUH (a-
KyapTeT MI'Y

19 | [uBan3e akanemuk PAH, n1.x.H., mpodeccop, Hay4HbBIN PYKO-
Acnan FOcynoBuy | Bogutens MHCTUTYTA Dr3ndeckoit XUMHUH U DJICK-

tpoxumuu uM. A.H. ®pymkuna PAH

20 | llleBenpkoB 1.X.H., mpodeccop, 3aBeayronmii kadeapoii Heopra-
Anpapen HUYECKOW XUMHH M 3aBEAYIONINI TabopaTopueii Ha-
Biagumuposud MPaBJIEHHOT'O0 HEOPTaHWYECKOTO CUHTEe3a, XUMUYe-

ckuii pakynprer MI'Y

21 | SIponosio 1.X.H., ipodeccop, 3aBeAyIONINi 1abopaTopueii Xu-
AJiekcanap MHUYECKON dH3UMOJIOTMH, DeiepabHblii UCCIIeq0Ba-
HNBanosnu TENbCKUI LIEeHTp «PyHIaMEHTaIbHbIE OCHOBBI OHO-

texHosorumy PAH




PACIIUCAHUE 3AIIIUT MATUCTEPCKHUX

KBAJIMOUKAIIMOHHBIX PABOT

21 masi (BTOpPHHUK)

Jlabopamopmuwiii kopnyc b
PUO ma- HazBanmue PykoBonu- MecTO BLINIOJIHE-
Bpems Peuensent
THCTPAaHTAa padoThI TeJb HHsA padoThI
11:00 — . .
11:05 BerynurensHoe cnoso Ipeacenarens ['ocynapcTBeHHOM 9K3aMEHALIMOHHON KOMUCCHH
11:05 - | Cunenko Pacnipenenenue K.X.H., JlaGopaTopus Tex- | K.X.H., 3aB. J1a0.,
11:50 Hpuna XUMUYECKHUX 3aB.J1a0., H.C. | HOJIOTMH U METO- npodeccop Hayuno-
JleornmoB- | hopm Sc-44 B pa- | JlapenkoB JIOB KOHTPOJIA pa- | 00pa30BaTeIbHOTO
Ha nopapmareBTH- | AHTOH Anek- | muodapmaneBTH- koMmIuiekca ['epman
YeCcKHX Ipernapa- | CeeBUY YecKHUX Ipenapa- Kouncrantun Dnyap-
Tax Ha €ro OCHOBE TOB, OTAEJ pagua- | J0BUY
[IMOHHBIX TeXHOJO- | JlabopaTopus xumMuun
UM MEIMIIMHCKOTO | TexHenus, NUHCTUTYT
HazHayeHwus, De- bu3nyeckoil XuMuu u
JIepaJbHBbIA MEAU- | DJIEKTPOXUMUH UM.
UHCKUH 6nodu- A.H.®pymkuna PAH
3U4ECKUI LEHTP
umenu A.U. byp-
HazsiHa ®MBA
Poccuun;
JlabGopaTopus pa-
nuodapMareBTHU-
YEeCKON XHMHH,
Kadeapa paauoxu-
MHUH, XUMHUYECKHI
¢dakynpTer MI'Y
11:50 — | UnpsicoB Cas3yromue Ha K.X.H., C.H.c. | JlaGoparopus Ha- K.X.H., C.H.C.
12:35 Jleonnpg ocHOBe uHTepno- | ITanosa HOOMOCTPYKTYD, bornanosa FOnus
Omnerosuu JIMDJIEKTPOJIUT- Wpuna I'en- | kadenpa BoICOKO- I'ennaaueBHa
HBIX KOMIUIEKCOB | HaJbEeBHA MOJIEKYJISIPHBIX Kadenpa xomtonHoi
C YYaCTHEM JIH- COCIMHEHNH, XH- XUMHH, XUMHYECKUI
HEeHOit U crnabo- Mu4eckuit paxkyib- | pakyabTer MI'Y
CIIMTOM MOJUaK- ter MI'Y
PHIIOBOM KHCIIOTBI
12:35 - | I'padpoBa CunTes, CTPYKTY- | K.X.H., Kadenpa nanoma- | K.X.H., IOLIEHT 3aii1ieB
13:20 Banepus pa ¥ ONTUYECKHUE | JOLEHT Tepuanos, Gpakynb- | Bragumup bopucosuy
[TaBnoBHa cBoiicTBa kBazu- | BacuibeB TET HayK O Mare- Kadenpa obmeit ¢pu-
JBYMEPHBIX Ha- Poman bopu- | puamax MI'Y; 3UKU U MOJIEKYJIIPHOMN
HouacTuil CdSe ¢ | coBuu JlaBoparopus xu- | SNEKTPOHUKH, HU3H-

Pa3INYHBIMU CTa-
Omnzaropamu

MUH U HU3UH TI0-
JTYIPOBOTHUKOBBIX
U CEHCOPHBIX Ma-
TepuaioB, kadeapa
HEOPraHUYEeCKOM1
XUMHH, XUMHUYe-
CKUH (aKyiabTeT
MI'Y

4eCcKUil (haKyabTeT
MI'y




13:20 -

1350 [TepepriB

13:50 — | ApeBaiio CuHTE3 MarHuT- | K.X.H., JlabGopartopust Ha- K.}.-M.H., H.C.

14:35 Poua HBIX HAHOKOMIIO- | CT. MpeTl. HOOUOCTPYKTYD, Makaposa Jlronmuna
Kapnoc 3uTOB Ha ocHOBe | CriupuaoHOB | Kadenpa BHICOKO- | ANleKCaHIpOBHA
Janusns [oJIMaKpuiiaTa Bacwinii MOJEKYIAPHBIX JlaGopatopus marue-

HATpus U okcuaa | Bmaaumupo- | coenuHeHuit, xu- TU3Ma, HPU3HYecKuit
xenesa(Ill) BUY MU4YeCKuil paxkyib- | paxyabTer MI'Y
ter MI'Y

14:35 - | MycoeB Cunte3 u pusu- | K.X.H., JlaGopatopus Ha- K.T.H., C.H.C.

15:20 [apud- KO-XUMHUYECKHE CT. TIPEIL. HOOMOCTPYKTYP, domuH Anekcanap
JOKOH CBOIICTBa HaHO- CrnupunonoB | xadenapa Beicoko- | CepreeBud
AxaroBu4 yacTull 1Mokcuaa | Bacunmii MOJIEKYJISIPHBIX HNucTutyt Mmetamnyp-

nepus, crabunu- | Bnagumupo- | coeauHeHui, Xu- THH U MaTepHuaIoBe-
3UpPOBAHHBIX MO- | BUY MUYECKUI QaKynb- | IeHus UMeHH A.A.
JIEKyJIaMH Kap- ter MI'Y baiikoBa PAH
OOKCHMETHUIIIIEI-

JIH0JI03BI

15:20 — | PynueB [Tonyuenue cBe- | K.X.H., JlaGopaTopust HO- | JI1.X.H., YWICH-KOPP.

16:05 [TaBen TOTIOTJIONMIAOIINX | 3aB.J1a0. BBIX MaTepHUaJIOB PAH, npodeccop
Omnerosuu TUIEHOK Tapacos JUTSL COJTHEYHOU I'opOynosa KOnus

CH3NHs3Pbl; me- | Aunekceit SHEPreTUKH, Qa- I'epmanoBHa
TO/OM KOHBepcuu | bopucoBuy, | KyJabTeT HayK O WuctutyT o01ieii u
Metauimdeckoro | aci. 2 r/o Marepuanax MI'Y | Heopranuueckou xu-
CBHHIIA [IpU pe- ®HM, Mm.H.c. muu uM. H.C. Kypna-
aKIMM C pacTBO- | benny koBa PAH, Uncturyr
pamu CH3NHsly | Hukonaii ¢buznveckoil XumMun u
AnyipeeBny AIIEKTPOXUMHUU FIM.
A.H.®pymxuna PAH
22 mas (cpena)
Jlabopamopmuwiii kopnyc b
DPUO ma- HasBanmue PykoBoau- | MecTO BbINOJIHE-
Bpemst Penensent
THCTPAaHTAa padoThI TeJlb HHUs1 padoThI

11:00 — | Myprazoes | Pa3paboTka me- K.X.H., JlaGopatopus Ha- K.X.H., JOLEHT

11:45 Aunuiiep TOJUK CUHTE3a JIOLEHT MPaBJICHHOTO He- 3axapoB Makcum
daxpuau- | CeleHuT- beprioHOCOB | OpraHu4eckoro AJeKcaHpoBUY
HOBUY raJIOTeHUIOB [Terp Cep- cuHTe3a, kKadenpa | Kadempa obmieit xu-

MeJIU C HU3KO- reeBuy, HEOpraHHYeCcKOn MUH, XUMHYECKHH
pasMepHBIMHU I.X.H., XAMWH, XUMUYE- ¢dakynbsrer MI'Y
MarHUTHBIMH npodeccop CKUH (aKkyiabTeT
OoJACUCTEMaMU Honrux Ba- MIY

nepuit Ada-

HAChEBHY

11:45 — | Cobonb Me3okpucTtaiibl | K.X.H., Kadenpa nanoma- | k.X.H., c.H.C. [Ipox-

12:30 Anexkcanap | AMOKCHJA TUTaHA, | JOLEHT TepuanoB, Gpaxkynab- | kuH Oner AnapeeBuy
I'puropee- | nonupoBanHoro | boiiroBa TET HayK O MaTe- Kadenpa snexrpoxu-
BHUY BaHaIHEM Ombra Bia- puanax MI'Y MHH, XUMHAYECCKUN

JTUMHUPOBHA ¢dakynbTer MI'Y




12:30 — | XKapenoBa | ToHkwue miIeHKH K.X.H., Jlaboparopust HO- | K.X.H., 3aB.J1a0.
13:15 Enena noauaa menu (I) | 3aB.mad. BbIX MaTEpUaJIOB bapanunkoB Anek-
Anekcan- s npumeHenust | Tapacos JUIS1 COJTHEYHOU canap EBrenpeBuu
JPOBHA B IICPOBCKUTHBIX | AJIeKcel SHEPreTuKy, Pa- JlaGopaTopus cuHTE3a
COJIHEUHBIX 371e- | bopucoBuy, | KynbTeT HayK O (GyHKIIMOHATBHBIX
MEHTax acm. 2 r/o marepuasiax MI'Y | matepuanoB u nepe-
®HM, M.H.c. pabOTKu MUHEPAITb-
I'puiko HOTO ChIpbs, HCTH-
Aunekcent TYT 00IIeH 1 Heopra-
KOpbeBuu HUYECKOU XUMHH M.
H.C. KypnakoBa PAH
13:15 - Iene
13:45 PepHIB
13:45 — | Kamuiios Absporenu Ha OC- | K.X.H, Jlaboparopus cuH- | K.X.H, C.H.C. [IoKpOB-
14:30 Pycram HOBE MHJUBU]TY- 3aB.71a0. Te3a QyHKIHO- ckuit Oner UropeBuu
Xypuieno- | anbHBIX U OuHAp- | bapaHunkoB | HambHBIX MaTepua- | JlabopaTopus cBepx-
BUY HBIX okcuaoB Eu, | Anekcanmp JIOB U MEepepabOTKU | KPUTHUUYECKUX (PIIFOUI-
Gd, Yb EBrenbeBuy, | MUHEPAJIBHOTO ChI- | HBIX T€XHOJIOrMH, UH-
acm. 4 r/o pbs, MHCTUTYT CTUTYT 00ILIeH U He-
®HM Epos oOu1eit u Heopra- OpraHUYeCKON XMMHUHU
Xypcana HUYECKOW XUMHUH uM. H.C. Kypnakosa
Onemypono- | uMm. H.C. Kypnako- | PAH
BHUY Ba PAH
14:30 — | demoroB ButnokuToro- 0.¢.-M.H., Jlaboparopus Tex- | K.X.H., TOIIeHT Ma3o
15:15 Nnes noOHbBIe BaHama- | mpodeccop HOJIOTUHU (YHK- l'aymmnaa HukomaeBHa
Koncran- Tl KanibliuA-P30 | CrepanoBruy | nnoHabHBIX MaTe- | JlabopaTopus Xxumuun
TUHOBUY ¢ maruuem, map- | Cepreit puanos, kadeapa U (QU3UKH MOJTYTIPO-
rannem, nuHkoMm | FOpeeBud XUMHYECKON TeX- | BOJHUKOBBIX U CEH-
HOJIOTUHU ¥ HOBBIX | COPHBIX MaTepHaloB,
MaTepHaloB, XH- kadenpa HEOpraHuye-
MUYECKHUI PaKylb- | CKOM XUMHUH, XUMHUYE-
ter MI'Y ckuit pakynprer MI'Y
15:15— | Ymenos Hossle maTepua- | K.X.H., Kadenpa nanoma- | K.X.H., 3aB.71a0.
16:00 Hlonpy3 JIBI HA OCHOBE JOIICHT TepuaiioB, Gpakynb- | bapaHunkoB AJek-
Typabeko- | CIOXKHBIX I'puropreBa | TeT HayK O mMare- cannp EBrenreBuu
BUY WOJUJIOB Amnacracus puanax MI'Y JlaGopartopust cuHTe3a
Csl —Snl; — MI; BaagumoBHa (GyHKIIMOHATBHBIX
(M= Ga, In, Sb) MaTepHasoB U Mepe-
JUISL COJTHEYHOM paboTKU MUHEPATTB-
SHEPTreTUKU HOTO CBIpbsI, HCTH-

TyT o0Iel 1 Heopra-
HUYECKON XUMHUH HM.
H.C. KypnakoBa PAH
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23 mas (4eTBepr)

Jlabopamopmusiii kopnyc b
PUO ma- HaszBanue PykoBoau- MecTO BLINIOJIHE-

Bpemsi Penensent
THCTPAHTA padoThI TeJlb HHSA PadoThI

11:00 — | Anuesa CuHTe3 BBICOKO- | K.X.H., Kadenpa nanoma- | k.¢-M.H, C.H.C.

11:45 [[laxHo3a- | AMCHEPCHBIX Ka- | JOIEHT Tepuanos, pakynb- | MacmakoB Koncran-
6ony Pan- TaIU3aTOPOB I'puropseBa | TeT HayK O MaTe- TuH Mropesuy
KAOCKOBHA | OKHUCIUTENBHOTO | AHacTacus puanax MI'Y Kadenpa pusnueckon

nerugpupoBanus | BagumosHa XUMHH, XUMHYECKUN
Nb,«\Vx«M03014 dakynerer MI'Y

11:45 — | Ilony6os- MukpocTpykrypa | K.X.H., Kadenpa nanoma- | 1.X.H., B.H.C.

12:30 pUHOB 1 MEXaHWYECKHUE | JIOIEHT tepuanos, Gakynb- | Hlnsxtua Oner
AHTOH cBoricTBa chepu- | ['apmieB TET HAyK O MaTe- AnexcanapoBuy
CepreeBuy | 4ECKUX YACTHIL Anekceit puanax MI'Y Jlaboparopus Heopra-

JTUOKCHIa TUTaHa | BUkTOpoBHY HUYECKOTO MaTepua-
noBeneHus, kadeapa
HEOPraHUYECKON XU-
MHUH, XUMHUYECKUN
daxynpTer MI'Y

12:30 — | Tomes Kepamuueckue K.T.H., C.H.Cc. | JJaboparopus He- K.X.H., B.H.c. ®aneena

13:15 Otabek KOMITO3UTHI Ha Ca¢ppoHoBa | OPraHUYECKOTO WNuna Bunoposna
VYnyrb6eko- | ocHoBe gocaroB | Tarbsana MaTrepHuanoBeie- Jlabopartopust Ne20),
BHY KaJIBIUs, TIOTY- BukropoBHa | Hus, Kadenpa He- WuctutyTt Meramryp-

YEeHHBIE C UC- OpPraHUYECKOHN XU- | TMU U MaTepHalioBe-
MOJTb30BaHUEM MUH, XAMAYECKUH | ICHUS UMEHU

3D - mevaru u3 dakynbTer MI'Y A.A. baiikoBa PAH
BBICOKOKOHIIEH-

TPUPOBAHHBIX

CyCHEH3UM

yIPaBISIEMOTO

TBEPACHUS

13:15 - e

13:45 PepriB

13:45 — | Banees [Tonyuenue n J.X.H., IpO- JlaGopaTopus K.X.H., M.H.C. JIMaHca-

14:30 Anekcanap | xapaktepuzanus | deccop «XumHuueckuit u- | poB DMuib KOmaeBuy
Huxkomnae- HAHOYACTHII HA Knsrako 3aifH OuoHanoma- | Jlaboparopus Ouoo-
BUAY OCHOBe KoMmIUIeKk- | Harambs TEPHATIOBY, Kade- | THYSCKH aKTUBHBIX

COB U KOHBIOTa- JIpBOBHa, pa XUMHUYECKOU coeuHeHu, kadenpa
TOB CYNIEPOKCHI- | K.(.-M.H. SH3UMOJIOTHH, XH- | OPTaHUICCKOW XUMHUH,
aucMyTassl ¢ mo- | ['openkun MUYECKUH QaKylb- | XUMUYECKUN PaKylb-
JINBJIEKTPOJIATA- ITerp Bna- ter MI'Y; ter MI'Y

MU IS JICUCHUS JAMHUPOBUY 000 "Menumun-

BOCTIAJTTETHHBIX CKHE€ HAHOTEXHO-

3a0oneBaHui norun"

riasza
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14:30 — | Banzapak- | [lonyuenue, xa- I.X.H., JlaGoparopwust K.0.H., acc., UHX.
15:15 iaeBa pakTepuzanus 1 | mpodeccop «Xumnueckuil 1u- | CemkuHa AJeBTHHA
Caprona HU3y4YCHUE TTOBE- Kistuko 3aifH OMOHaHOMa- CepreeBna
UuHrHCOB- | JIeHUS B Iepe- Haranpsa TepuanoBy, kaden- | Kadbenpa meaumnmn-
Ha MEHHOM MarHuT- | JIbBOBHa, pa XUMHUYECKOM CKUX HAaHOOMOTEXHO-
HOM I10JI€ HAHO- M.H.C. SH3UMOJIOTUH, noruit, Poccuiickuit
YacTHUIl OKCUAA Brnacosa XUMHUYECKUil a- HAIMOHAJIbHBIN
JKeJesa pa3iany- Kcenus KyapteTr MI'Y HCCIIEI0OBATEIIbCKUI
HoM aHu3zoMetpun | FOpbeBHA MEIUIIMHCKUN YHU-
BEPCUTET UMEHU
H.U. ITuporoga;
Jlaboparopust Guome-
JTUIMHCKUX HaHOMa-
tepuasioB, Harmo-
HAJIbHBIN HCCIIEA0Ba-
TEJIbCKUI TEXHOJIOTU-
YeCKU YHUBEPCHUTET
«MUCuCy»
15:15 - | Konmoro- Nzyuenue no- J.X.H, JlaGoparopwus K.0.H., aCCHCTEHT
16:00 poB KaJIbHBIX MeXa- npodeccop «Xumuueckuit 1u- | AmnoBa AxHa Bna-
Bacunmit HUYECKUX Knsrako 3aifH OMOHaHOMa- | TMMHUPOBHA
CepreeBuu | CBOHCTB KJIETOK Hatasnbs TepuanoBy, kaden- | Kadbenpa Onodusmxwy,
moj Bo3aeicTBu- | JIbBOBHa, pa XUMHUYECKOU ouonoruueckuii a-
eM TepaneBTude- | K.§.-M.H., SH3UMOJIOTHH, KyaeteTr MI'Y
CKHUX MPEenaparoB | IKCHEPT XUMHUYECKUil (a-
MeToJIoM ckaHu- | Epodeen KynbTeT MI'Y;
pyrouiei HoH- Anekcanap JlaGopaTopus
MIPOBOIALLEH CepreeBuu «bnomenuuHCKHE
MHUKPOCKOTIHH HaHOMAaTepHabl»,
HaumonansHbli
HCCIIEI0BATENb-
CKUI TEXHOJIOTH-
YECKUU YHUBEPCH-
teT «MHUCuCy
24 masi (MATHULA)
Jlabopamopmuwiii kopnyc b
DPUO ma- Ha3zBanmue PykoBoau- | MecTo BbInoJIHe-
Bpems Penensent
THCTPaHTa padoThI Tejb HHsA padoThI
11:00 — | UcmarmioB | [Tomydenwue tie- | 1.X.H., JlabGoparopust K.X.H., B.H.C. KyleHok
11:45 Kamunp Hok TI- npodeccop XUMHH KoopauHa- | Mnbesa bopucosnu
Wnrpmaro- coaepxkamux Bel- | Kaynp IUOHHBIX COEIH- JlaGopaTopust XuMu-
BUY coKoTeMIieparyp- | AHapen HEHMH, Kadenpa 4eCKOW TEpMOJMHA-
HBIX CBEPXIIPO- PadaunoBuu | HeopraHuueckoi MUKH, Kadenpa Gusu-
BOJHUKOB Ha XUMUHU, XUMHUYE- YECKON XMMHUH, XUMHU-
MOJTOXKKAX C Ky- cKuii (hakynbTeT YyecKui pakynbTeT
OMYecKoi Tek- MI'y MI'y
CTypoOit
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11:45 — | Ky3una IM'uapodunsHo- K.X.H., JlabGopartopust He- K.X.H., IOIIEHT
12:30 Mapust rusipooOHbIE JIOLIEHT OpraHUYECKOIo Cnupunonon Bacu-
AnekceeBHa | ckaddonapl Ha [Tytnses MaTepuaioBeie- nuii BnagumupoBuy
OCHOBe nonak- | Banepwuit Hus, kadenpa ne- | Kadenpa Beicokomo-
puiIaToB A TKa- | MiBaHoBuY, OpPraHUYeCKOM XU- | JIEKYJISIPHBIX COETU-
HEBOM MHIKEHE- Dr. Prof. MUH, XUMHUUECKHI | HEHHH, XUMUYCSCKUN
puH ¢ ucrons3o- | Pavel A. dakynpTeT MI'Y; dakyapTeT MI'Y
BaHueM 3D- Levkin Levkin
CYaTH Research Group of
Biofunctinal Mate-
rials, Institute of
Toxicology and
Genetics, Karlsruhe
Institute of Tech-
nology
12:30 — | Kopotkos TammoHaxHbIe K.X.H., JlaGopatopust Xxu- | K.X.H., JJOIICHT
13:15 Poman MaTepHuabl Ha JIOLIEHT MHUYECKOU TEPMO- JIurmanoBuy Exare-
®enopoBud | ocHOBe reneit mo- | Kopanenko OUHAMUKH, Kaden- | puHa ApKaabeBHA
mudunupoBanHo- | Hukura pa gusnyeckoii Kadenpa Bricokomo-
r'0 TIOJHaKpHUIIa- AnypeeBny XMMUH, XUMHAYE- JEKYISIPHBIX COEJU-
MUJa ¢ Heopra- ckuii hakynbTeT HEHUI, XUMUYECKHI
HUYECKUMHU CIIH- MI'Y dakymnerer MI'Y
BaIOLIUMU
areHTamu
13:15 - Mepe
13:45 PepEIB
13:45 — | CynumoB [Toryuenue u K.X.H., JlaGoparopusi XUMHU- | K.X.H., TOLIEHT
14:30 Aptém CBOICTBa rua- JIOLIEHT yeckoil TepmoauHa- | JKupHoB ApTém
BuranbeBuu | poreneit Ha oc- | KoBanenko MukH, Kadenpa ¢u- | EBrenbeBuu
HOBE nojinakpu- | Hukwura 3UYECKOU XUMUH, Kadenpa Bricokomo-
Jamujaa c opra- | AHapeeBud XUMHYeCKuil (a- JEKYJISIPHBIX COelu-
HUYECKUMU KynapTeT MI'Y HEHUW, XUMUYECKUN
CLIMBAOIIUMU dakynerer MI'Y
areHTamu
14:30 — | Ma3un OtBepaurenu K.X.H., c.H.c. | JlaGoparopus yrie- | K.X.H., TOLEHT
15:15 BragucnaB | S1IOKCHIHBIX Kanyrun POIHBIX MaTepHa- KupHos Aptém
Anb0epro- | cMoi Ha ocHOBe | [leHuc 70B, Kadenpa xumu- | EBrenbeBuu
BUY MOAUPHUTIAPO- Banosuu yeckoi TexHosmorun | Kadenpa Beicokomo-
BaHHBIX aMUHO- Y HOBBIX MaTepHa- JEKYJSIPHBIX COelu-
¢dbeHonos, co- JIOB, XUMHUYECKUH HEHUM, XUMHUYECKHH
nepxanmx ¢ra- ¢dakynpTer MI'Y daxyapTer MI'Y
JIOHUTPUITBHEIC
TPYIIIBI
15:30 -
16:00 [Toasenenue utoros. ororpadupoBanme
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AHHOTAIUU MATUCTEPCKHUX
KBAJIMOUKAIINMOHHBIX PABOT

Pacnpenesienne xumuueckux gopm Sc-44
B paguodapManeBTHYECKNX NMPenapaTax Ha ero 0CHOBe

Cunenxo HU.JI.

PykoBoauTenb: K.X.H., 3aB.J1a0. JlapeHkoB A.A.

PagnonyknuaHasi IUAarHOCTUKAa METOJOM MO3UTPOHHO-dMHCCHOHHON ToMorpadun
(IT9T) mo3BossIeT BHISBIATH M BU3YAIM3UPOBATh MATOJIOTHYECKHE MPOLIECCHl B OPraHu3Me B
pPSKUME pealbHOr0 BpeMEeHH OJiarojapsi OTCICKHUBaHHIO IN VIVO pactpeneneHus paarodap-
MareBTuueckux npenaparoB (PDII), MeueHHBIX TO3UTPOH-U3ITYHAIOIIUMHU PAAHUOHYKIUIAMHU.
HecmoTtpst Ha TOT (hakT, yTOo Hambosee pacrnpocTpaneHHble POII (Hampumep, [18F]-
(TOPAE30KCUTIIIOKO3a) COJAEPKAT B CBOCH OCHOBE KOPOTKOXKHMBYILIUE PaJMOHYKIIUIBI HEME-
TaJJIOB, HEOOXOAMMOCTh BU3YyaIH3al[MU MPOLECCOB C Ooyiee MEIJICHHONW KHMHETUKOW B Opra-
HU3ME MMo/IpasyMeBaeT pa3paboTKy u npumeHnenne POII Ha ocHOBe paaMOHYKIHIOB ¢ Oosee
MOXOISIINME SIAEPHO-(PH3MICCKIME CBOMcTBaMH. C 9TOI TOYKH 3PEHHS PAAHOHYKINT *'SC
(T,,(**Sc)=3,97 4) sBusiercss BechbMa NPHBICKATENBHBIM. ISl MCCIEIOBATEIBCKHX LEHTPOB
yI06HO monydaTh “'SC reHepaTopHBIM MeTogoM u3 Matepuuckoro - Ti (T,(*Ti)=60 mer).
OJHAKO 3a/1a4a pasjeNeHns reHerndeckoil mapsr “ Ti/**Sc ocraercs HeTpuBHATBHOI.

TakuM 06pa3oM, LEIbI0 PabOTHI CTAT MOMCK CHCTeM s pasaenenns - Ti/**Sc, a Tak-
e UCCIIEIOBAaHHNE PAaCIpeesieHIs] XUMUYECKIX (POpPM CKaHAWS MPU KOMIUIEKCOOOpa30BaHUU
¢ TerpadocPOHATHBIM JTUTAHIOM.

Jlnst pazpenenns “Ti/**Sc Gbimo npeImoxkeHo HCIONB30BaTh PasTHYHbIE XPOMATOrPa-
¢dudeckue cucteMbl. BBUly OrpaHHYEHHOTO Ha0Opa JIUTEPATYPHBIX JAHHBIX, OMHCHIBAIONINX
TIOBEJICHHUE MCCIIEAYEMbIX PaJHOHYKIH/IOB, OBLIIH BIIEPBBIC OIIEHEHBI BO3MOYKHOCTH TIPUMEHE-
HUSI CISAYIOIMX COPOEHTOB uIsi pasmenerus * Ti/**SC: MomuduIMpOBaHHBI CHIHKArels,
Chromafix HR-XC, Strata X-CW, Strata SCX.

Pe3ynbTarhl SKCIEPUMEHTOB MOKA3alli, YTO ONTHUMAIBLHBIMH YCIOBHUSIMH JJISL pa3fere-
amst “Ti/**Sc sesiercst memonp3oBanme xpomarorpadudeckoii cmonsr Chromafix HR-XC B
NH," dhopme 1 mocien0BaTensHOM CMEHBI STIOEHTOB: JpacTsop 0,25M BUHHO#M KHCIOTHI C J0-
GaBIICHHEM ITEPEKHCH BOJOPOJA JUIs HIIOMpoBaHus * Ti i pactBop 0,5M amerara aMMOHHS
JuTst DmonpoBanus **Sc.

JInst fanpHENIIEero NCIoab30BaHUs MOJYYEHHOTO PaMOHYKINA 3¢ B kayecTBe POIT
HE00X0/IUM XenaTop, 00JaJaolfil CPOICTBOM K LIEIE€BOM TKaHH B OpraHU3MeE M OTBEYaIo-
muif 3a aapecHyro aoctaBky POII. B nanHoii paboTe B KauecTBE TaKOro xejnaTopa ObLT Mpe-
noxeH TeTpadocPOHATHBIN JTUTAHI — OKCAOUC(ITUICHHUTPHIIO)TeTpamMeTriieH(PocPOoHOBas
kucinora (EDOTMP; kommepueckoe HazBanue — «Okcabudop»). ITOT XeaaTop XapaKTepusy-
€Tcs BBICOKMM CPOJCTBOM K KOCTHOM TKaHHU; KpoMe Toro, cymectBytomiie POII Ha ero ocHo-
BE€ YCIENTHO TPUMEHSIOTCS Jis JTUAarHOCTHKH METOJOM OCTEOCITUHTUTpaPuu (gngC-
okcabudop) u A NaTHATUBHON TEPanuy KOCTHBIX METAcTa3 (153Sm-01<ca61/1(1)0p).

B mepByto ouepens, ObLTH OIpe/eieHbl KOHCTAHTHI TPOTOHUPOBAHUS U pacIpeserie-
HUE XUMUYECKUX (OPM JIUTaH/Ia METOJIOM MOTEHIIMOMETPUYECKOTO TUTPOBAHUS U KOHCTAHTHI
YCTOMYMBOCTH KOMILIEKCA #Sc-EDOTMP Ksc-epotmp Tipu paznmuunbix 3HaueHusx pH. [omy-
YEeHHBIC JaHHBIE CBUJIETENIBCTBYIOT 00 oOpazoBanuu komiuiekca SC-EDOTMP B crexmomer-
pun 1:1. OOpazoBaHHe KOMIUIEKCAa TaKXe OBLIO MOATBEPKACHO METOJOM TOHKOCIOWHOMN
xpomarorpaduu.
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Taxum 06pazom, ObLTH UCCIIEIOBaHBI XpOMATOrpauIecKre CUCTEMbI Pa3/IeeHus Ma-

pBI PAJIMOHYKIIHIOB MTi/*Sc B acnexre cosmanus PAIHMOHYKIIHTHOTO TEHEPaToOpa MEIUIH-
CKOT0 Ha3HAueHUs, U nmoiaydeHHblii B cucreme Chromafix HR-XC (NH4") — 0,25M C4H¢O6-
H,0O,, 0,5M NH4OAc 43¢ 6b1T HCTONB30BaH JUTSL CBSI3BIBaHUSI ¢ TeTpadocPOoHATHBIM JINTAH-
oM «Okcadbudop».

Iy6oauxamuu cryaenta (https://istina.msu.ru/profile/IrinaSL/):

1.

10.

11.

Ostapenko V., Sinenko I., Arefyeva E., Lapshina E., Ermolaev S., Zhuikov B.,
Kalmykov S. Sorption of protactinium(V) on extraction chromatographic resins from
nitric and hydrochloric solutions // Journal of Radioanalytical and Nuclear Chem-
istry, 2016, 306, Ne3, P. 707-711, DOI: 10.1007/s10967-016-499

JlapenkoB A.A., Cunenko W.JI., ApedreBa E.C., Makuusu A.I'. Oyenka npucoono-
CMu culuKaeenesvlx copoeHmos OJisi CO30AHUsL 2eHepamopa “Tir**sc meouyuncrozo
nasnavenus [[ DUSUKOXUMMUSI — 2018: XIII KondepeHuusi MoJI0abIX YUEHBIX,
acnupanToB U ctyaeHToB UPXD PAH. CoopHuk Te3ucoB aokjaanos, M.: UOXD
PAH, 2018, C. 238-239

Cunenxko WM.JI., Ocrtaneuko B.C. Bwioenenue 25 4¢/”YBi u KOMNIEeKCooOpasosanue
Bi*" amunoxapboxcunamnvimu auzandamu /| CoopHuK Te3ncos aokaanoB |1 Mesxk-
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ToB», M.: ®I'BY I'HI[ ®MBIL] um. A.U. bypuazssna ®MBA Poccun, 2017, C. 37
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Bi** amunoxapboxcunamnoimu auzandoamu /| Martepuaasi MeKIyHAPOIHON HAyy-
HOW KOH(pepeHUHH CTYIEeHTOB, ACMHPAHTOB U MOJIOALIX Y4YeHbIX «JIoMOHOCOB-
2017», [OnexTpoHHBIH pecypc], M.: Makc-nipecc, 2017

Cunenko W.JL, Ocranenko B.C. Buwdenenue “*Ac/”¥*Bi u KOMNIEeKcooopazosanue
Bi** amunoxapboxcunamuvimu nueanoamu Il X Mexaynapoanasi xondepenuus
MoJioabIX yueHbiXx no xumun «MEH/IEJIEEB-2017». C60pHUK Te3HCOB OKJIa-
nos, CII6.: CIIGI'Y, 2017, C. 548

Cunenko W.JI., Ocranenko B.C. Dxcmpaxyuonno-xpomamoepaghuueckoe nogederue
Ac(Il), La(ln), Ce(lll) u Pa(V) /l Cenpbmasi Poccuiickasi mKoJia mo pagnoxXuMun 1
siiepHbIM TexHoJiorusiM. Te3ucsl nokaanos, PUL] BPb ®I'VII “I1IO “Masxk™, 2016,
C. 86

ApepreBa E.C., Cunmenko W.JL., Ocranenxko B.C.  Oxcmpakyuonno-
xpomamozpaghuueckoe nosedenue nPomakmunusi 6 munepaivuvlx kuciomax Il Cenb-
masi Poccuiickasi mKkoJa mo pajMoOXHMUHM W SIEPHBIM TeXHOJOTusiM. Te3uchl
aokaaaos, PUI BPb ®I'VII “I1O “Mask”, 2016, C. 21

Cunenko W.JI. Onpeodenenue xoagpuyuenmos pacnpeoenenuss AC, La u Ce na cop-
boenmax TRU, LN u DGA Resin // XXVI MenneneeBckasi KOH(pepeHIIUsI MOJIOABIX
yueHbIX: cOopHuk Te3uco, CamI'TVY, 2016, C. 55

Ocranetko B.C., Cunenko U.JL. Buidenenue >°Pa u3 001y4eHHOU Mmopuesou MUuuleHu
/ Matepuanabl MexXIyHapOAHOI HAYYHOIi KOH(EPEHIIMN CTYEHTOB, ACIIMPAHTOB
U MOJ0IbIX y4eHbIX «JlomonocoB-2016», [DnekTpoHHbI pecypc], M: Makc-npecc,
2016, https://lomonosov-msu.ru/archive/Lomonosov_2016/data/section_11_8609.htm
Apednena E.C., Cunenko U.JI., Octanenko B.C. Buioenenue 64CU us obnyuennou Zn
muwenu [/ Marepuanst XXIIT MexayHapoaHoii Hay4YHO#l KOH(epeHIHH CTYy/1€eH-
TOB, ACHHPAHTOB M MOJIOABIX Y4YeHbIX «JIlomoHoc0B-2016», [DneKkTpoHHBIN pe-
cypce], M: Makc-mipecc, 2016,
https://lomonosov-msu.ru/archive/Lomonosov_2016/data/section_11_8609.htm
Ocranenko B.C., Cunenko U.JI. Buioenenue 230Pa uz oonyuennou mopuesou MuuieHu
/I V111 Beepoccniickasi koHgepenuus no pagnoxumuu «Pagmoxumus-2015»: Te-
3uchl JoKJaanoB, 2015, C. 465
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14. Cunenko W.JI. Cozdanue morudoenoswvix obonouex 01 mopuesou muuienu. Cosme-
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Distribution of Sc-44 chemical species
in radiopharmaceuticals based on it

Sinenko I.L.
Supervisor: PhD, Head Leader Larenkov A.A.

Radionuclide diagnostics with the use of positron emission tomography allows real
time identification and visualisation of pathological processes in the body by the tracking of
in vivo radiopharmaceuticals labelled with positron-emitting radionuclides distribution. De-
spite the most common radiopharmaceuticals (for instance, ['°F]-fluorodeoxyglucose) contain
short-lived non-metal radionuclides, the need of kinetically slower processes visualisation
implies the development and application of radiopharmaceuticals based on radionuclides with
more appropriate nuclear physical properties. From this standpoint, “*Sc (T.,(**Sc) = 3.97 h)
radionuclide is very attractive. For research centres, it is convenient to obtain **Sc by genera-
tor method from **Ti (T..(**Ti) = 60 y). However, the task of **Ti/**Sc pair separation remains
challenging.

Thus, the search for *“Ti/**Sc separation systems was the aim of the work, as well as
the study scandium chemical forms distribution during its complexation with a tetraphospho-
nate chelator.

Various chromatographic systems were proposed for *Ti/**Sc separation. Due to the
limited availability of literature data describing studied radionuclides behaviour, the possibil-
ity of using the following sorbents for **Ti/**Sc separation was evaluated for the first time:
modified silica gel, Chromafix HR-XC, Strata X-CW, Strata SCX.

The obtained results revealed that the optimal conditions for *“Ti/**Sc separation is
reached with the the use of Chromafix HR-XC chromatographic resin in its NH," form, ac-
companied by successive eluents replacement: 0.25M tartaric acid solution with the addition
of hydrogen peroxide for *Ti elution and 0.5M ammonium acetate solution for **Sc elution.

For the further use of obtained **Sc radionuclide as a radiopharmaceutical, a chelator
with high affinity to the target tissue and which would be responsible for the radiopharmaceu-
tical target delivery is needed. In this work, tetraphosphonate ligand, an ox-
abis(ethylenenitrile)tetramethylene phosphonic acid (EDOTMP; commercially available as
“Oxabiphor”), was proposed as such chelator. The chelator is characterised by high affinity to
bone tissue; in addition, it already serves as a basis for the existing radiopharmaceuticals for
bone scintigraphy diagnostics (**"Tc-oxabiphor) and for bone metastases palliative therapy
(**3*Sm-oxabiphor).

16


https://lomonosov-msu.ru/archive/Lomonosov_2015/data/section_32_7116.htm
https://lomonosov-msu.ru/archive/Lomonosov_2015/data/section_32_7116.htm
https://lomonosov-msu.ru/archive/Lomonosov_2014/section_30_2745.htm

First, the protonation constants and the chelator chemical forms distribution were de-
termined by means of potentiometric titration. Then, **Sc-EDOTMP complex stability con-
stants Ksc-eporwvp at different pH values were also obtained. The data indicate Sc-EDOTMP
complex formation in 1:1 stoichiometry. The formation of the complex was also confirmed by
thin layer chromatography.

Thus, the chromatographic systems for *“Ti/*Sc separation for the purposes of medi-
cal radionuclide generator design were studied. **Sc obtained in Chromafix HR-XC (NH,") -
0.25M C4HgO6-H,0,, 0.5M NH4OAC system was used for binding with EDOTMP tetraphos-
phonate ligand.

Cea3y0LIMe HA OCHOBE HHTEPIOJIMIJIEKTPOJUTHBIX KOMILICKCOB
C y4acTHeM JIUHEHO! U CJIa00CIIUTON NOJIMAKPUIOBOMA KHCJIOTHI

Unvacos JI.O.

PykoBoauTens: K.X.H., c.H.c. ITanosa N.I'.

B Hacrosiiee Bpems nepej 4ellOBEUECTBOM CTOMT HEMAJIO INIOOANbHBIX KOJIOrHYe-
ckux npodaem. Cpeu HUX MOKHO BBIIENUTH ciienytomue. 1) McTouene B Mupe NpuroJHbix
K MCIIOJIb30BaHHUIO BOJAHBIX PECYPCOB U AETpajalus BCIEACTBUE 3arPA3HEHUN BOJHBIX UCTOY-
HUKOB. 2) CokpallleHue NaxOTHBIX MOYB BCJIEJCTBUE BO3AYLIHOW M BOJHOHM 3pO3uH, B IPO-
1IeCCEe KOTOPBIX €KEr0JHO TepsieTcs nopsaka 10 MIIITMOHOB CelNbCKOXO03MCTBEHHBIX YIOIUM.
OpnnuMm u3 Hamboee () (HEeKTUBHBIX U OBICTPBIX MOJXOA0B K PEIICHHUIO 337a4 OYHCTKUA BOJIBI
OT KOJUIOMJHBIX 3arps3HEHUM M 3alUTHI IIOYB OT APO3UU SBISAETCS UCIIOJIB30BAHUE IOJIUME-
poB, B ToM uucie noaudiekrpoautos (I19). B cuiy cBoeil BbICOKON MONEKyISpHONH MaccChl,
3apsiia U CIIOCOOHOCTH K MHOTOTOYEYHBIM B3aUMOJEHCTBUSAM TaKM€ MaKpOMOJEKYINbI CIIO-
coOHBI 3(PHEKTUBHO CKIIEMBATh MEIKOIUCIIEPCHBIC YacTUIlbl. Llenbro maHHON paboThI SIBIIsI-
J0Ch conocTaBieHne 3(h(PEeKTUBHOCTH UCIIOJIb30BaHMS JIMHEHHON U €1ab0CIIMTON MOIHaKpu-
noBoi kucnotsl (ITAK) u aHHMOHHBIX MHTEPNOIMIIEKTPOIUTHBIX KomIuiekcoB (AHMIIOK) Ha
MX OCHOBE B KaUECTBE CBA3YIOUIMX JUCIEPCHBIX YaCTHULL.

Muxkporens (MkI') nonydanu METOIOM 3MYJIbCHOHHOW MOJIMMEPHU3AIMN C UCIIOJIb30-
BaHHMEM MOHOMEpPOB, aKpHJIOBOM KHUCIOTHI U N-n3omponuiakpuisamujga. ATeHT CUIMBKHU -
N’,N”-metunenOucakpunamu. Jjig XapakTepUCTUKU MOJIUMEPOB UCIOJIB30BAIN METOIbI 1H-
HaMHYECKOI'0 M CTATHYECKOIro cBeTopaccesHus. Bzanmonerncreue nuHenHon u cumron [TAK
C MOJUKATHOHOM, nonu(auammunaumerunammonnii xmopuaom) (IIJAAMAX) uzyuanu me-
TOAAMH JIA3€PHOTO0 MHUKpOdJIeKTpodope3a u Typounumerpun. CKOPOCTh KOATYJISIIUNA aMUH-
HOBBIX JIATEKCOB PETUCTPUPOBAIIM C MOMOIIbI0 cueTunka Koynrepa. OueHKy MexaHMUeCKOn
MPOYHOCTH MOJUMEP-TIOYBEHHBIX KOMIIO3UTOB MPOBOIUIIHN MEHETPAIIMOHHBIM METOJIOM C HC-
MOJIb30BaHUEM KOHUYECKOTro miacromerpa Pebunnepa.

B xone paboTsl, moiydeH BogopacTBOpUMBI aHnoHHBIH MKI™ co cpenqnum nuamerpom
gactul 400 um (pH 7). [lonydens! ycroliuuBble k arperanuu BojaHble qucnepcun AHUIIOK
Ha ocHoBe [TAK u MkI" ¢ nonu(quanmmiguMeTHIaMMOHHN XJIOPUAOM), XapaKTepU3yIOLUecs
TPEXKPATHBIM M30BITKOM KapOOKCHIIBHBIX TPYIII 110 OTHOLIEHHUIO K aMMOHUIHBIM. [IokazaHo,
YTO KOAryJsilus KaTHOHHBIX JaTeKcoB noj nercreuem cmutoil [TAK npoucxomut B 2.5 pasa
osicTpee, yem mo AeiictBueM nuHeiHoi [TAK. Mcnonp3oBanue kommiekca Mkl -TITIAJIMAX
MO3BOJISIET €I11€ Ha MOPSAIO0K YBEIMUUTh CKOPOCTh KOATYJISIIUN KOJIJIOUHBIX YaCTHII.

Ilokazano, uro npu HaHeceHUH 1% BoaHBIX qucnepcuil 11D Ha noBepxHOCTH cynecua-
HOM 1MOoYBBI (POPMHUPYIOTCS KOMITO3UIIMOHHBIE MTOJIUMEP-TIOUBEHHbIE MOKPBITUS, KopkH, (ITITK)
IpeOTBPALIAIONIME YHOC MOYBHI MpU cKkopocTu Betpa 12 m/C. IIpounocts IIIK, otpaxaro-
mast 3 PEeKTUBHOCTD CKPETUICHHS TTOYBBI MOJUMepamu, coctasuna 2,3/33,8/1,2/72 Kr/em? st
IMIK ¢ [MTAK/MkI/TIAK-ITJAJIMAX/MkI-TITJJTAJIMAX, cootBercTBeHHO. Iloka3zaHo, 4TO
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o0pabotka yepHozema MkI', B ornuuune ot [TAK, mo3Bonsier yny4muTh CTpyKTypy BO3IYII-
HO-cyxol cyrimHucTod nouBkl. [TAK u MkI' yBennunBaroT cojiepkaHue B 4epHO3EME BOJO-
CTOMKMX arperatoB auamerpa 1-10 MM M yMEHBIIAIOT COJAEP)KaHUE arperaToB MEHBLIETO
nuamerpa. [lokazano, uro obpadorka yepHo3ema IIAK He oka3biBaeT CyIIECTBEHHOI'O BIIUS-
HUS Ha TPOTUBOIPO3UOHHYIO CTOMKOCTH MOYBBI, B TO BpeMs Kak 0OpaboOTKa KOMILJIEKCOM
ITAK-TTIAJIMAX moBbIIIaeT €e yCTOMUMBOCTD B 3,5 paza. O6padotka Mkl u ero komruiek-
COM CHHalOT MHTEHCHBHOCTbh CMbIBA UEpHO3€Ma B 5 pa3.

Taxum oOpa3oM, BriepBble IPOAEMOHCTPUPOBAHO, YTO MKI" M aHHMOHHBIN KOMIUIEKC Ha
€ro OCHOBE SBJISIOTCA Oosiee 3((HEeKTUBHBIMU KOATYJISTHTAMHU JIATEKCHBIX YacTHIl M Ooee 3¢]-
(EeKTUBHBIMHU CTPYKTYpOOOpa30BaTEIAMH CYIIECUAHOM U CYIJIMHUCTOM MOYBBI, 4YeM JMHENHHas
ITAK 1 KOMIUIEKC TOTO K€ COCTaBa HA €€ OCHOBE.

Iyonauxamuu cryaenta (https://istina.msu.ru/profile/illec98/):
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5. HUnbscoB JI.O., Bxnouenue K8aHmMoBbIX MO4eK 8 NOAUMEPHYIO MAMPUYY ¢ KOHMPOIU-
pyemvimu ceoticmeamu // MeskayHApoaAHAs HAYy4YHAasi KOH(epeHIUs CTYAeHTOB, ac-
NHUPAHTOB H MOJIOABIX YueHbIX «JIomoHocoB-2017», 10-14 ampens 2017, Mockaa,
Poccns, Te3ncer

6. WibsicoB JI1.O., Bausnue cocmasa noiumepHou Mampuybl HA CEOUCMEA HAHOKOMNO-
suma Ha ocrnose keanmosvix mouex CdSe [/ XXVI MenneneeBckasi KoH(pepeHIus
MOJIOABIX YueHbIx, 17-23 anpens 2016, Camapa, Poccusi, Coopuuk Te3ucos, C. 62

7. WHnbscos JI.O., Coz0anue HaHOCMpPYKmMypupoBaHHbIX OP2AHUYECKUX CTNEKO HA OCHO8e
IIMMA || MexnyHapoaHasi Hay4YHasi KOH(epeHIUsI CTYA€HTOB, ACIMPAHTOB W
MOJI0/IBIX Y4ueHbIX «JloMmoHocoB-2016», 11-15 anpenst 2016, MockBa, Poccust, Te3u-
CHBI

8. WubsicoB JI.O., 3asucumocms c60ticme HAaHOKOMNO3UMA HA OCHOBE KBAHMOBLIX MOYEK
CdSe om  cocmasa  nonumepHou — mampuyvl  NOIUMEMUIMEMAKPULAN-
noaunponuieHokcud |/ MexnyHapoaHasi Hay4yHasi KOH()epeHIUsI CTYJIeHTOB, ac-
MUPAHTOB U MOJIOABIX Y4eHbIX «JloMoHocoB-2015», 13-17 ampens 2015, Mocksa,
Poccus, Te3ucer

9. HubscoB JI.O., KupuaoB A.E., JlykoBkun I'.\M., 3asucumocms ceoiicme nanoxomno-
3uma Ha ocHoge keéanmosvlx moyek CdSe om cocmasa nonumepuou mampuyvl
TIMMA-IITIO I VI Mexaynapoanas koudepenuus "Jlehpopmauus u paspyiuie-
HHe MaTepuajioB um HaHomatepuajioB', 10-13 mosOps 2015, MockBa, Poccus,
Co6opnuk Te3ucos, C. 651-652
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Binders based on interpolyelectrolyte complexes of linear and
sparsely cross-linked polyacrylic acid

Ilyasov L.O.
Supervisor: Ph.D., Senior Scientist Panova I.G.

Modern human society faces a variety of global ecological problems. Some of them
that deserve special attention are following: 1) Depletion of usable water resources and their
degradation due to contamination of the water sources; 2) Decrease of cropland quality due to
the air and water erosion, which result in a loss of about 10 million hectares of agricultural
land. One of the most effective and quick-acting approaches to purification of water from col-
loidal impurities and to protection of soils against erosion is the use of polymers, including
polyelectrolytes (PE). Such macromolecules, because of their high molecular weight, charge
and multi-point interaction ability, are able to bind finely dispersed particles effectively. The
goal of this work is to compare the efficiency of use of linear and sparsely cross-linked
polyacrylic acid (PAA) and their anionic interpolyelectrolyte complexes (AnIPEC) as binders
of dispersed particles.

Microgel (McG) was obtained with an emulsion polymerization method, using acrylic
acid and N-isopropylacrylamide as monomers. N’,N”-methylenbisacrylamide served as a
crosslinking agent. Dynamic and static light scattering were used for polymer characteriza-
tion. The interaction of linear and cross-linked PAA with the poly(diallyldimethylammonium
chloride) (PDADMAC) polycation was studied by using electrophoretic light scattering and
turbidimetric method. The rate of coagulation of amidine latex was measured using the Coul-
ter counter. The estimation of the mechanical strength of soil-polymer composites was con-
ducted with the penetration method, using the conical Rebinder plastomer.

In the course of experiments, a water-soluble anionic McG with an average particle di-
ameter of about 400 nm (pH 7) was obtained. Aqueous dispersions of AnIPEC, that are stable
against aggregation, based on PAA and McG with PDADMAC with a three-time excess of
carboxylic groups compared to ammonium groups, were obtained. It was shown that the co-
agulation of cationic latexes induced by cross-linked PAA is 2.5 times faster than coagulation,
induced by linear PAA. The use of McG-PDADMAC complex increases the rate of coagula-
tion of colloidal particles by another order of magnitude.

It was shown that application of 1% PE aqueous dispersion on the sub-sand soil forms
composite polymer-soil coatings, crusts (PSC), and prevents soil loss under wind streams of
12 m/s. The strength of PSC, reflecting the efficiency of soil binding with polymers, was
2.3/33.8/1.2/72 kglcm? for PSC with PAA/McG/PAA-PDADMAC/McG-PDADMAC respec-
tively. It was shown that treatment of chernozem soils with McG, unlike PAA, allows to en-
hance the structure of loamy air-dry soil. PAA and McG increase the content of water-stable
aggregates of 1-10 mm diameter in chernozem soil and decrease the content of aggregates of
smaller diameter. It was shown that treatment of chernozem soil with PAA does not influence
the anti-erosion stability of soil significantly, while treatment with PAA complex increases
the stability by 3.5 times. Treatment with McG and its complex decreases the intensity of soil
loss by 5 times.

In conclusion, it was demonstrated for the first time that McG and its anionic complex
are more effective coagulants of latex particles and more effective amendments to sub-sand
and loamy soils than linear PAA and its complex of same composition.
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CuHTe3, CTPYKTYPA U ONITHYECKHE CBOMCTBA KBa3WABYMEPHBIX
HaHouacTull CdSe ¢ pa3Ju4HbIMU CTAOMIU3ATOPAMH

I'paghosa B.I1.

PykoBoauTenb: K.X.H., 101. Bacunses P.b.

KBasunBymepHbie KoyiouaHbie HaHoruiacTuaku (nanoplatelets, NP) CdSe sinsrorces
NEPCIEeKTUBHBIMU MaTepuajgaMu JJis MPUMEHEHHs B ONTOXJIEKTPOHUKE OJaroaapsi ux BbICO-
KO KBaHTOBOH AS(()EKTHBHOCTH, Y3KUM M TOYHO KOHTPOJIUPYEMBIM IIBETAM HU3TyUYCHHUS.
Baxnyio ponb B cBoiicTBax KosutouaHbIX NP urparoT auranisl, 4to JeiaeT hccieloBaHUE
B3aMMOJICHCTBUI JINTAH/I-HAHOIUIACTHHKA OY€Hb BAKHBIM I MPAKTUYECKOTO MPUMEHEHHUSI.
B cBs3u ¢ Tem, 4TO 3HAUMTENbHAs YacTb aTOMOB KBa3uJByMepHbIX NP Haxoautcs BOIM3H
WIM HA TMOBEPXHOCTU YACTHI], JIUTAHbl TAK)KE OKA3BIBAIOT OOJBINOE BIMSHUAC HA UX (U3HYC-
CKH€ CBOICTBa, 0COOCHHO ONTUYECKUE, U OMPEICISIIOT KOHEYHbIE XapaKTepUCTHKU NP.

Takum oOpazoM, IeNbI0 JaHHOW PabOTHl ObUTO M3ydeHHWE OOMEHA JIMTaHIOB Ha IT0-
BEPXHOCTH KBa3uAByMepHBIX HaHouacTull CdSe u ero BIUSHUS HA CTPYKTYPY U ONTHYECKHUE
cBoiicTBa. B HacToseit paboTe ObLIIM MOCTABJICHBI CIIEYIONINE 3a/1a4u:

» cunte3 kBazuaByMepHbIXx CdSe NP u monudukamnms ux moBepXHOCTH JUTaHIAMH

C pa3TUYHBIMU (YHKITMOHATHHBIMU TPYIIIIAMU;
* ananu3 ($a30BOTO M 3JIEMEHTHOT'O COCTaBa, CTPYKTYPHI U pazmepoB NP;
*  HCCJICIOBAaHUE CBS3U MEXIY COCTABOM MOBEPXHOCTH M ONTHYCCKUMH CBONCTBAMH

NP;

* WCCIENIOBaHHE CTAaOWIBHOCTH HEKOTOPHIX MOIU(MUIIMPOBAHHBIX HAHOYACTHI[ B
H20;

*  unMmmobOunuzanus 6enkoB (BCA u TpUICHH) Ha TOBEPXHOCTH MOJU(PUIIMIPOBAHHOTO
CdSe NP.

CuHre3 kBa3uAByMepHbIX NP npoBoawics KOJIOMIHBIM METOJIOM, OKTaJElleH HcC-
MOJIb30BAJICST KAaK BBICOKOKHUIISIINN PAacTBOPUTENb, OJIEMHOBAs KHMCJIOTa Kak CTaOWIM3aTop.
dopmupoBaHue AByMEPHOU MOP(OJIOTUU TPOMOTUPOBAJIOCH IPUCYTCTBUEM alleTaTa KaaMusl.
Temmeparypsl pocta 66uUIM Og00pansl B Auanazone 210-220 °C. 3areM npoBoJuiics 0OMeH
auranjoB. CHEeKTpbl ONTHYECKOIO MOTJIOLIEHUS PErMCTPUPOBATIM C HCIIOJIb30BAHUEM CIEK-
Tpomerpa Varian Cary 50. 3mepenus ¢poToIIOMUHECHEHIIMHY TPOBOIMINCH HAa CIIEKTPOMETpE
Ocean Optics USB4000. HccrenoBanne KpUCTAIUIMIECKOW CTPYKTYPhI HAHOYACTHIL METOIOM
peHTreHo¢a3oBOro aHaian3a, MOp(oIOrui METOIOM MPOCBEYUBAIOLIECH EKTPOHHOW MUKpPO-
CKONMMHU. AHalU3 cocTaBa CTaOMJIM3aTOPOB M MX MOBEPXHOCTH C HCIIOJIb30BaHHMEM MH(pa-
KpacHo# cnektpockonuu ¢ dypee-npeodpazopanueM (FTIR).

B pe3synbTare 3KCIEpUMEHTOB MOJIYYE€Hbl HAHOIUIACTUHKU C KPUCTAJUIMUECKON CTPYK-
Typoil 1IMHKOBOM oOMaHku. [IpocBeunBaronias 31eKTpOHHAs MUKPOCKOIUS TToKa3aia, 4yTo Jia-
TepaibHbI pa3mep dactul coctaBuil 100 HM. CriekTpabHOE MOJI0KEHNE ITUKOB JUISl OJIEMHO-
BOM KHUCJIOTHI OBLJIO 463 HM, CMEIICHNE YKCUTOHHBIX IMMKOB CIIEKTPa MOTJIOMICHUS TTepeMeIia-
JIOCh 3a CUET JIUTaHA0B B HamNpaBieHUU Oojiee HU3KUX dHepruit 1o 50 uM. brnaroxaps ummo-
Omnm3anuu 0eNKOB yaanoch noctudb ctabuiabHocTd NP B H2O B Teuenun 10 quei.

Takum 006pazom, CHHTE3UPOBaHbI KoJIouAHbIe HaHouacTullbl CdSe ¢ moaudukaropa-
MU Ha OCHOBE JIJMHHOLIENOYEYHBIX M KOPOTKOIETIOYEUHBIX COEAMHEHUH, KOTOpPBhIE MMEIOT
pasnnyHble (YHKIMOHAIbHBIE TPYNIbl U pa3Mmepsl. [IpoBeneH aHamu3 KpPUCTAITMYECKOM
CTPYKTYpbI, MOp(OIOruH, pa3MepOB U ONTUYECKUX CBOMCTB MOJYyYEHHBIX HAHOIUIACTHHOK.
IToxazaHa BO3MOKHOCTb KOHTPOJISL ONITUYECKUX CBOMCTB MPU 3aMEHE JINTaH/1a.
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puaabl XXVI MekayHapoaHoil MOJIOAEKHOIH KOH(pepeHIMH CTYJAeHTOB, ACIHH-
PAHTOB M MOJIOABIX Yy4eHbIX «JlomoHocoB-2019», MockBa, Poccus, 8-12 ampens
2019r.
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mooom || Marepuajabl XXV MeXIyHAPOAHOH MOJIOJEKHOH KOH(pEepeHIHH CTy-
J€HTOB, ACMUPAHTOB M MOJIOABIX y4eHbIX «JlomonocoB-2018», Mocksa, Poccus, 9-
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KOMMepUHATU3aliu HAYyYHbIX uaei», Mocksa, 2016, c. 59-60.

Jlynnukuna B.IL, [MonsensuukoBa E.C., JIu6epman E.1O., benosa U.A. Kamarumu-
yecku akmusHoe nokpvimue na ocnoge P3M ons oxucnenus CO [/ XXV Cumno3u-
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HHe BbicIIero oopaszosanus "Poccuiicknii XMMHKO-TEXHOJIOTHYECKHI YHHBEPCH-
TeT uM. JI.A. MenneneeBa', r. Mocksa, 2016, Tom 30, Ne 3, ¢. 77-79.

IesikonoB B.A., Jlynuukuna B.I1., Hedbenosa H.B. Hccreoosanus neopeanuuecxux
Gocgamuulx ceazyiowux, pabomocnocobHvix npu evicokux memnepamypax 'Y cnexu
B XUMHH U XUM. TexHosioruu: CO. Hayu. Tp. /PXTY um. /.. MenaeneeBa, Mock-
Ba, 2017, Tom 31, Te3ucsl, c. 79-81.

Kapnosa E.B., IlonvensuukoBa E.C., Jlynuukuna B.I1., KonskoBa T.B. Ilopucmeie
narnomamepuanvt Ha octoge SiOy-Al,03 0ns1 ouucmru 600nbIX pacmeopos om Kpacu-
menei [/ Yenexu B XuMuHM U XuM. TexHojorum: C6. nay4. tp. /PXTY um. JI.W.
MenpenaeeBa, Mocksa, 2016, tom 30, ¢. 72-74.

Synthesis, structure and optical properties of quasi-
two-dimensional CdSe nanoparticles with different ligands

Grafova V.P.

Supervisor: Ph.D., Associate Prof. Vasiliev R.B.

Quasi-two-dimensional colloidal nanoplatelets (NP) CdSe are promising materials for

optoelectronic applications due to their high quantum efficiencies, narrow and precisely con-
trollable emission colors. Ligands play a crucial role in all the stages of the colloidal NP
lifecycle thus making studies of ligand—NP interactions highly important for practical applica-
tions. Significant portion of quasi-two-dimensional NP atoms reside near or on the particle
surface, so the ligands effect on their physical properties, most notably optical properties, and
determine the NP performance in various practical applications.
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Thus, the purpose of this work is to study the influence of ligands exchange on the
properties of quasi-two-dimensional CdSe nanoparticles and its effect on the structure and
optical properties. The tasks of this work:

+ synthesis of quasi-two-dimensional CdSe NP and modification of their surface by lig-
ands with different functional groups;

« analysis of the phase and elemental composition, structure and size of the NP;

 investigation of the relationship between surface composition and optical properties of
the NP;

+ investigation of the stability of some modified nanoparticles in H,O.

« immobilization of proteins (BSA, trypsin) on the surface of modified CdSe NP.

Synthesis of quasi-two-dimensional NP conductor by the colloid method, octadecene
was used as a high-boiling solvent, oleic acid as a stabilizer. The formation of a two-
dimensional morphology was promoted by the presence of cadmium acetate. A growth tem-
perature was selected in the range of 210-220 °C. Then the ligands were exchanged. Optical
absorption spectra were recorded using a Varian Cary 50 spectrometer. Photoluminescence
measurements were carried out with a Ocean Optics USB4000 spectrometer. Investigation of
the crystal structure of nanoparticles using XRD, morphology using of transmission electron
microscopy. . Analysis of the composition of stabilizers and nanoplatelets surface was per-
formed using Fourier Transform Infrared Spectroscopy (FTIR).

As a result of the experiments, nanoplatelets with a crystal structure of zinc blende
were obtained. Transmission electron microscopy showed that the lateral particle size was
100 nm. The spectral position of the peaks for oleic acid was 463 nm, and the shift of the
excitonic peaks of the absorption spectrum moved due to the ligands in the direction of lower
energies to 50 nm. Due to the immobilization of proteins, it was possible to achieve the stabil-
ity of NP in H,O for 10 days.

Thus, we synthesized colloidal CdSe nanoparticles with modifiers of long-chain and
short-chain compounds, which have different functional groups and contact sizes. We carried
out an analysis of the crystal structure, morphology, size and optical properties of the obtained
solutions. We found out that it is possible to control optical properties by ligands exchange.

CuHTE3 MATHUTHBIX HAHOKOMITIO3UTOB HA OCHOBE MOJIMAKPHJIATA
HaTpus U okcuaa xkeae3a(lll)

Apeesano Poua K. JI.

PykoBonuTeINb: K.X.H., CT. ipen. CnupuaoHos B.B.

HaHogacTuIipl MarHUTHBIX METAJUIOB M UX OKCHJIOB HAaXOJAT IIMPOKOE NMPUMEHEHHE B
pa3NMYHBIX 00JacTAX HAyKHM M TEXHOJIOTMH. MarHuTHbIE HAHOYACTHIIBI HMCIOJB3YIOT JUIS
KOMILJIEKCHOW Teparniy, B Ka4eCcTBe KOHTpacTupyromero arenra st MPT. Marantasle HaHO-
YaCTHUIIBl HAXOJAT IMPUMEHEHUE B CHCTEMax 3allMCH M XpaHeHHs] UH(OpMAIUU, a TaKKe I
CO3/1aHUS BBICOKOA(D(PEKTUBHBIX KaTAIU3aTOPOB.

OnHOM U3 KITIOYEBBIX MPOOJIEM MPU CO3JJaHUN KOMIIO3UIIMOHHBIX MaTepHAalOB SBIISIET-
csl cTabMIM3aysl HaHOIUCTIepCHOHN (a3bl oT ariaoMepanuu. CyliecTByeT pal MOAXO0J0B, MO-
3BOJISIFOINMX MPEJOTBPATUTH arperanuio HaHOYACTHULl, UCHOJb3YIONNX CTA0MIN3AINI0 UX TO-
BEPXHOCTH MOJIEKYJIJAMH HUKOMOJEKYJApHBIX [IAB min BKIIFOUEHHE HAHOYACTHIL B Pa3jIny-
HbI€ MaTPUIbl, HAIIPUMeEpP, Ha OCHOBE CMIIMKATOB. OJTHUM U3 MyTell perieHus: 3Toi mpoodaemMbl
ABJISIETCS. MCIIOJIb30BaHUE MOJMMEPOB, COAEPKAIIUX pa3IUYHble (PYHKIHOHAJIbHbBIE TPYMIIbI,
HaIpuMep, MOJIUIIEKTPOIUTHL. Vcronb30BaHue MOJIUAIEKTPOJIMTOB MTO3BOJIAET MIOIy4aTh I10-
JTU(QYHKIMOHAIbHbIE HAHOKOMIIO3UIIMOHHBIE MaTEPHAIBI.
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Jnst crabuiaM3alid MarHUTHBIX HAHOYACTHII B HACTOsIIEH padoTe HCIOIb30BaIU
MaKpOMOJIEKYJIbl HAaTPUEBOM COJIM IOJUAKPWJIOBOM KHMCIOTBI PAa3JIMYHBIX MOJEKYJISPHBIX
macc. CHHTE3 HAaHOYACTHII TPOBOINIIM BOCCTaHOBIIEHHEM cosin Mopa runodocdurom HaTpus
B npucyrcteun [TAK. ITokazano, uto mi1s oOpa3oBaHUS HAHOKOMIIO3UTOB HEOOXOJIUMO HC-
10Jib30BaTh MakpomoJiekyibl [TA-Na ¢ monexkynspHoit Mmaccoit He MeHee 140.000. bonee ko-
POTKHE LIENHU MOJTUAKPUIIATOB HE CIIOCOOHBI K CTAOMIIN3allMM HAHOYACTHI] OT arperanuy.

BapupoBanueM COOTHOIICHHS OPTaHMYECKON M HEOPraHWYEeCKOW KOMIIOHEHT ObLIN
IIOJIy4€Hbl KOMIIO3ULIMOHHBIE MaTEpUaIIbl C PAa3JINYHBIM COACpkKaHUeM HaHo4acTull. Mcmomns-
30BaHue Merona Y D-creKTpo(OTOMETPHH TO3BOJIMIIO ONPEACIUTh KOJIMYECTBEHHOE COMep-
’KaHHME HeOpraHn4eckoil ¢a3pl B HaHOKoMIo3UuTax. [losyueHHbIE HAHOKOMITO3UTHI OBLIIM OXa-
paktepuzoBanbl MmeroM TEM, MK-ciekTpockonuu, MarHuTOMETpuH, MEccOAypOBCKON CIEK-
TPOCKOIIHH, PEHTT€HO()Aa30BOI0 aHATIN3A, a TAK)KE METOI0M PAcCEsHUs JIA3EPHOT0 U3JIyUeHHS.

[Tokazano, uTo MOpP(OJIOTHsT HAHOYACTHUI] 3aBUCHT OT COOTHOILEHHUS KOMIOHEHTOB B
peakuuoHHOM cMmecH. MccnenoBanue HaHOKOMIIO3UTOB MeTogoM PMDA mozsonuio ycraHo-
BUTh THUIl KPUCTAJUIMUECKON peméTku HaHodacTul. OOHApyKEHHbIN TUIl KPUCTAJUIMYECKOU
PEIIETKH MOJYyYeHHBIX HAHOYACTULl COOTBETCTBYET pemiérke o-FeO(OH). Yceranosneno, uto
3 PEKTUBHBIN THAPOTMHAMUYECKUN pa3Mep MOIYYEHHBIX HAHOKOMIIO3UTOB PacTET MO Mepe
YBEJIMYEHUS JUIMHBI LIeNH HCIOJIb3YeMbIX MoiuakpuiaToB. [lokazaHo, uto B crabuiuzanuu
HEOPraHMYECKUX HAHOYACTHUI[ CYHIECTBEHHYIO POJIb UIPAIOT KapOOKCUIIbHBIE TPYIIIbI, BXO-
JIIME B COCTAB IOJIMAJIEKTPOIIUTA.

Iy6mxamuu cryaenrta (https://istina.msu.ru/profile/carlos7111992/):

Arevalo-Rocha C., Tejada-Cruz J.(2016), Design and construction of accessories for
the calibration of linear pumps type A-P for the Bosch EPS-815 test bench. // Faculty
of Automotive Engineering. Department of Energy and Mechanical Sciences. Univer-
sity of the Armed Forces ESPE http://repositorio.espe.edu.ec/handle/21000/12419.

Synthesis, physical and chemical properties of composites
based on sodium polyacrylates and magnetic iron(l11)-containing
nanoparticles

Arevalo-Rocha C.D.
Supervisor: PhD, Associated professor Spiridonov V.V.

Nanoparticles of magnetic metals and their oxides are widely used in various fields of
science and technology. Magnetic nanoparticles are used for complex therapy and as a con-
trast agent for magnetic resonance therapy. As well as magnetic nanoparticles can be used for
recording and storing information and for creating of highly efficient catalysts.

Stabilization of the nano-dispersed phase from agglomeration is one of the main prob-
lems in the process of nanoparticle synthesis. There are a number of approaches for prevent-
ing the aggregation of nanoparticles. These techniques based on the stabilization of nanoparti-
cles surface by molecules of low-molecular surfactants or the by inclusion of nanoparticles in
various matrices, for example, based on silicates. Polymers containing various functional
groups, for example, polyelectrolytes are used for preventing of nanoparticles agglomeration.
Moreover, applying of the polyelectrolytes allows to obtain polyfunctional nanocomposite
materials.

In present work, macromolecules of polyacrylic acid (sodium salt) of various molecu-
lar weights were used to stabilize magnetic nanoparticles. Synthesis of nanoparticles was per-
formed by the reduction of the Mohr’s salt with sodium hypophosphite in the presence of so-
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dium polyacrylates. It was shown that for the formation of nanocomposites it is necessary to
use macromolecules of sodium polyacrylate with a molecular weight at least of 140.000 Da.
The shorter polyacrylate chains are not capable for stabilizing the nanoparticles from aggrega-
tion.

Varying the ratio of the organic and inorganic components composite materials with
different content of nanoparticles were obtained. Using the technique of UV-
spectrophotometry allowed to determine the quantitative content of the inorganic phase in
nanocomposites. The obtained nanocomposites were characterized by means of TEM, IR-
spectroscopy, magnetometry, Mdossbauer spectroscopy, XRD analysis, and dynamic light
scattering.

It was shown the morphology of nanoparticles depends on the ratio of components in
the reaction mixture. The results obtained by XRD method allowed to determine the type of
crystal lattice of nanoparticles. The detected type of crystal lattice of the nanoparticles corre-
sponds to the a-FeO(OH) lattice. It is established that the effective hydrodynamic size of the
obtained nanocomposites increases with increasing chain length of the polyacrylates used. It
has been shown that carboxyl groups included in the polyelectrolyte play an important role in
the stabilization of inorganic nanoparticles.

Cunre3 1 GU3NKO-XUMHUYECKHE CBOCTBA HAHOYACTHIL JUOKCHIA
nepus, CTA0MJIN3UPOBAHHBIX MOJIEKYJIaAMHU
Kap0OKCUMETHJILEJLITI0JI03bI

Mycoes I1I.A.

PykoBonurenb: K.X.H., CT. npenoa. CnupuaoHos B. B.

B Hacrosmiee Bpems Lepuii-copepikalire HaHOYACTULbl MOTYYMWIN IIUPOKOE MpUMe-
HEHHE B HAaHOTEXHOJIOTUH B Ka4eCTBE aHTHOKCHIAHTOB B OMOJIOTHYECKUX CHCTEMax, KaTaiu-
3aTOPOB U CEHCOPOB.

OnHOM M3 KIFOUEBBIX MPOOJIEM B MPOIECCE MONYYEHUS] HAHOYACTHII LIEPHS SBISETCS
ux arperauus. s npeqoTBpallleHus arperaluyd HaHOYACTHUI] MCIONb3YIOT Pa3InyHbIe MOJ-
XOJBI: CO3/IaHME 3alIUTHBIX IMOBepXxHOCcTer n3 [IAB, a Takke MHKaICyJIMpOBaHHWE B HEOpra-
HUYECKUE MATpHIIbI, HAallpUMep, Ha OCHOBE TUOKcHIa KpeMHUs. [y cTabuiu3anuy HaHOYa-
CTHII UCTIONB3YIOT TAK)KE MaKPOMOJICKYIIBI.

Haubonee 3¢ppekTuBHO CrIOCOOHBI CTAOMIN3UPOBATh HAHOYACTUIIBI MAaKPOMOJIEKYJIBI,
coJiepKalie MOHOTCHHBIE TPYIIIbI— MOJUAIIEKTPONUTEL. D()HEKTUBHOCTH MPEIOTBPALICHHS
arperaly HAaHOYACTHII B IAaHHOM CJIy4ae JOCTUTaeTcs O6jaronaps CrioCOOHOCTH 3apsyKEHHbBIX
TPYIIIT B OCHOBHOM IIETIN K JIEKTPOCTATHIECKOMY B3aMMOJICHCTBHIO C TOBEPXHOCTHIO HAaHOYa-
ctu. Kpome Toro, ucnosib30BaHNue MOJUAIIEKTPOIIUTOB MPUPOJIHOTO MPOUCXOXKICHHS B Kaye-
CTBE CTAOMIIM3aTOPOB HAHOYACTHI] TIO3BOJISIET MOJIYYaTh OMOCOBMECTHMBIE HAHOKOMITO3HUIIH-
OHHbIe MaTepHaibl. OTHUM M3 TaKUX MOJMIIEKTPOIUTOB SIBJISETCS HaTpUEBask COJb KapOOK-
cumetunienonossl (KMII).

Lenbto HacTosAIIEeH pabOTHI SIBJISIETCS MOTy4YEHHE, UCCIIe0BaHNE (PU3MKO-XUMUYECKHX
U THIPOAMHAMHUYECKUX CBOHCTB OMOCOBMECTHMBIX HETOKCHYHBIX (PYHKIIMOHAIBHBIX MaKpO-
Mmosekyn Ha ocHoBe KMII u nepuiicomepkamux HaHodacTuil. i peaqu3any MOCTaBICH-
HOW 3a1a4d OBUT TPEIJIONKEH OPUTHHAIBHBIA CITOCOO CHHTE3a HAaHOKOMITO3UTAa HAa OCHOBE
KMLII n HanouacTui okcuja 1epus. beuio mokasasano, 4To mojyd4eHHbIE HAHOKOMIIO3UTHI 00-
JaJJal0T BBICOKOW PacTBOPUMOCTBIO U arperaTUBHOM CTa0MIIBHOCTBIO KaK B BOJE, TaK U B pac-
TBOpPaX HU3KOMOJIEKYJISIPHBIX 3JIEKTPOIUTOB, MOACTUPYIOMUX (PU3HOIOTHYECKHE YCIOBUSI.

CuHTE3 HAaHOYACTHI[ MPOBOJWIN BOCCTAHOBICHHEM KOMIUJIEKCHOW cOiu uepus (4+)
((NH4)2Ce(NOs)p) 6oprumpumom Harpus B npucyrcTur KMII nipu KOMHATHOM TeMmepaType
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B a3pOOHBIX YCIOBUAX. BapbHpoBaHHWEM COOTHOIICHHS OPraHUYECKON M HEeopraHMYecKou
KOMITOHEHT OBLIM MOJY4YeHbl HAHOKOMIIO3UTHI C PA3IUYHBIM COJEP>KaHUEM HEOPTaHUYECKOU
¢a3pl. B momy4eHHBIX HAHOKOMITO3UTAX COJCPKAHUE HEOPTaHWYECKOH KOMIIOHEHTHI ONpejie-
s MetoaoM Y @-criektpodoToMerpun. Takke HAHOKOMIIO3UTHI ObUIM OXapaKTepU30BaHbI
merogamu [19M, paccesnusi ceera, POA, UK-cnexktpockonuu. YCTaHOBJIEHO, YTO pa3Mmep
HAaHOYACTHI] B COCTaBE KOMIIO3UTOB HE 3aBUCUT OT COOTHOIICHUS! KOMIIOHEHTOB B PEAKLIMOH-
HOM cMmecu U cocTasisieT 2,3+0,8uM. [loka3aHo, 4TO THI KPUCTAIUIMUECKON PEIIETKN HaHOYa-
cTHll, cooTBeTCTBYET cTpykType CeO,. OOHapyKEHO CYIIECTBEHHOE YMEHBIICHHE Pa3MepOB
MaKpOMOJIEKYJI, coaepKaux HaHodacTulpl CeOz, 10 CPABHEHUIO C UCXOJAHBIMU MaKpOMOJIe-
kynamu KMIL, a Takxe u3MepeHbl 3HaYeHHs JIEKTPOPOPETHIECKON MOABHKHOCTH HAHOKOM-
no3uToB. [lokazaHo, 4To B CTA0MIIM3alMM HAHOYACTHIL UTPAIOT POJIb KaK KapOOKCHIIbHBIE, TaK
Y TUJPOKCUIIbHBIC TPYIIbI, BXoasdmue B coctaB KMILI.

Iyoaukamuu cryaenra (https://istina.msu.ru/workers/91849631/):

1. Mycoes . A. Ilonyuenue KOMROZUYUOHHBIX MAMEPUANO8 KAPOOKCUMEMUNYEILTION03A
— Hanouacmuywvl okcuoa yepus // XXV MexkayHapoaHas Hay4YHasi KOH(epeHIHs
CTY/IEHTOB, ACIMPAHTOB M MOJIOJBIX YUeHbIX «JlomoHnocoB-2018», 2018.

2. Tomes O.Y., Mycoes II1.A., Cadpponosa T.B., ITyrnses B.U., ®wmnmos f.10., 1lla-
tanoBa T.b., [lopowku 0na nonyuenus kepamuku Ha OcHoge ¢hocgpamos Kanvbyus,
cunmesuposantvle npu pasiuynom coomuowenuu Ca/P 6 npucymcmeuu wagenesoil

kuciomsl // Bcepoccuiickoe coBemanue «buomarepmanbl B Memaunune», 2017,
C.22-23.

Synthesis and physico-chemical properties of cerium oxide
nanoparticles stabilized by carboxymethylcellulose molecules

Musoev Sh.A.
Supervisor: PhD, Associated professor Spiridonov V.V.

Currently, cerium-containing nanoparticles are widely used in nanotechnology as an
antioxidant in biological systems, catalysts and sensors.

Aggregation is the one of main problem for synthesis of cerium-containing nanoparti-
cles. Various approaches are used for preventing of aggregation of nanoparticles. One of them
is the creation of protective surfaces from surfactants, as well as encapsulation in inorganic
matrices, for example, based on silicon dioxide. Macromolecules are also used for nanoparti-
cles stabilization.

Most effective nanoparticles stabilization can be achieve using macromolecules which
contain the ionic groups. These macromolecules called polyelectrolytes and. The effective-
ness of preventing the aggregation of nanoparticles in this case can be realize due to the abil-
ity of charged groups in the main chain to electrostatically interact with the surface of the na-
noparticles. In addition, using the polyelectrolytes of natural origin as nanoparticles stabilizers
allows to obtain the biocompatible nanocomposite materials. One of the such polyelectrolytes
is sodium carboxymethylcellulose (CMC).

The aims of this work are the synthesis of biocompatible non-toxic functional macro-
molecules based on CMC and cerium-containing nanoparticles and the study of the physico-
chemical and hydrodynamic properties of these composites. In this work an original approach
for synthesis of nanocomposite based on CMC and cerium oxide nanoparticles was proposed.
It was shown that obtained nanocomposites are highly soluble and aggregately stable both in
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water and in solutions of low-molecular-mass electrolytes, which simulate the physiological
conditions.

Synthesis of nanoparticles was performed by reducing the complex salt of cerium (4+)
((NH4)2Ce(NO3)s) with sodium borohydride in the presence of CMC at room temperature un-
der aerobic conditions. Varying the ratio of the organic and inorganic components the
nanocomposites with different content of inorganic phase were obtained. By means of UV-
spectrophotometry the content of inorganic phase. Also, nanocomposites were characterized
by means TEM, light scattering, X-ray diffraction, and IR spectroscopy. It was established
that size of nanoparticles in the composition of the composites does not depend on the ratio of
components in the reaction mixture and is 2.3 £ 0.8 nm. It is shown that the type of crystal
lattice of nanoparticles corresponds to the structure of CeO,. Significant decrease of the size
of macromolecules containing CeO, nanoparticles compared with the original CMC macro-
molecules was found, and the electrophoretic mobility of nanocomposites was measured. It
was shown that both carboxyl and hydroxyl groups of CMC play a role in the stabilization of
nanoparticles.

IHoanyuenue ceeronorjomawmux miéHok CH;NH;Pbl; meTtogom
KOHBEPCHH METAJLJINYECKOr0 CBUHIIA NIPU PEeaKIMH ¢ PACTBOPaAMH
CH;NH;I

Pyones I1.0.

PykoBoautenu: K.X.H., 3aB.j1a0. Tapacos A.b., M.H.c., acn. bennu H.A.

I'nGpuaHble rajJoreHusl CBHHLA CO CTPYKTYPOH IMepoBckuTa ¢ obmeil dopmymoi
ABX; (A=CH3NH3", CH(NH,)," X=ClI, Br, ) 3apexomeHI0Bamn ceds Kak MHOTOOGEIAI0-
IIME€ MaTepHallbl CBETONOIVIOIAIOIIUX CIOEB COJHEYHBIX 3JEMEHTOB HOBOTO IOKOJIEHUS.
CymectBytomiye MeTobl GopMHUpOBaHUS TUIEHOK TaJIOTEHU0B OCHOBAHbl HA UCIOJIb30BaHUU
TOKCHUYHBIX COJIEW CBHHILIA, PACTBOPSAEMBIX B allpOTOHHBIX PACTBOPUTEIISIX, UTO 3aTPYAHSET UX
BHEJJPEHUE B MPOMBILIUIEHHOE IPOU3BOJCTBO M HE MO3BOJISIET KPUCTAIIN30BaTh O0e31ePeKT-
Hble MJIEHKM Ha OONBIIMX IUIOMAIAX. AKTyalbHbIM SIBJISETCS MOMCK HOBBIX MacliTaOupye-
MBIX I1OJXO0JI0B, MO3BOJIAIOIIMX MOJy4yaTh paBHOMEpHbIE MIEHKU. PaHee Obla mMpoaeMOHCT-
pUpOBaHa BO3MOXHOCTb OJHOCTAJUIHON KOHBEPCUU TOHKHX IIEHOK METAJNINYECKOrO CBUH-
11a B CJIOW MEPOBCKUTA MPU PEAKINU C PEaKIMOHHBIMU MOJUUOIUAHBIMU paciuiaBamu (PIIP)
cocraBa Al, (n = 3-4), uTo MO3BOJIIET MacIITAOUPOBATh MOIYYCHUE IJIEHOK mepoBckuTa. O-
HAaKO, CYIIECTBYET psAJl TEXHOJOTUUYECKHUX CIIOXKHOCTEW B paBHOMEpPHOM pacnpenenenun PIIP
10 TIOBEPXHOCTHU Ph 1 KOHTPOITIO CTEXUOMETPHHU PEaKIIHH.

Lenbto manHOM paboOTHI ABIETCS pa3paboTKa MacIITaAOMPyeMOW METOJUKHU MOIyde-
HUS TIEHOK THOPHUIHBIX MIEPOBCKUTONOAOOHBIX T'aJIOTEHU/IOB € YIyUYIIEHHBIMU MOpQoIoruen
U OINTORJIEKTPOHHBIMH CBOMCTBAMU METOJIOM NPSIMON KOHBEPCHM METaNIMYECKOro CBHUHIIA
IIPU pEaKkLMU C PEAKIMOHHBIMHM MOJMMOJUIHBIMHM pacIulaBaMu JJi1 NPUMEHEHMSI B IIEPOB-
CKUTHBIX COJIHEYHBIX dJIeMeHTaxX. /[l JOCTHKEHNUs TOCTaBJIEHHOM 11eJIn HE00X0IMMO 0100~
paTh yCIOBMs CHHTE3a IUIEHOK TMOPUIHBIX MEPOBCKUTOB, UCCIEA0BATh UX MUKPOCTPYKTYp-
HbIE, ONTUYECKHE M ONTO3JIEKTPOHHBIE CBOMICTBa, a TakKe MPOBECTU COOPKY U HM3MEpEeHHe
3P PEKTUBHOCTH COTHEUHBIX 3JIEMEHTOB Ha OCHOBE MOJIYy4aeMbIX CBETOIOTIIONIAIONINX CIOEB.

B nacTosmeit pabore 1 paBHOMEPHOTO HAHECEHUS PEAKIIMOHHOTO IMOJIMHOJAUHOIO
paciuiaBa Ha HOBEPXHOCTb METAJUIMYECKOTO CBHMHIIA MCIOJB30BAIM METOJ CIIMH-KOATHHIa
pactBopa PIIP B m3onponunoBom criupre. ChopmMupoBaHHBIE IIEHKH HCCICTOBAIH METOa-
mu POA, POM, PCMA, n1OMHHECHEHTHON M BpPEMPa3pelIEHHON JIIOMUHECLEHTHON CIEK-
Tpockonuu. Ha oCHOBe MOIy4eHHBIX MIEHOK MPOBOAMIN COOPKY COJHEYHBIX JIEMEHTOB C
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MOCIIEAYIONIUM OTPE/ICIICHUEM BOJIBTAMIIEPHBIX XapPaKTEPUCTUK YCTPOICTB, UX IPPEKTUBHO-
CTH U CTaOMIIBHOCTH.

B xone pabotsl uccnenoBano ¢azoodbpa3zoBaHue B MPOIECCe KOHBEPCUU IUIEHOK Me-
TaJVIMYECKOr0 CBUHIIA B MIEPOBCKUT MPU HAHECEHUM PEAKIIMOHHBIX PACILIABOB MOJIUUOAUJIOB
pa3HbIX cocTaBoB. MetogoM PDA ycTraHOBIIEHO, YTO NPU HCIOJIB30BAHUU CTEXHOMETpHUYE-
ckoro coctaBa MAIl; monyunts ogHOda3HbIe TUNIEHKU MMEPOBCKUTA 0€3 MpuMecel MeTajunye-
ckoro ceuHua U1 MAI He yna€rcs, B TO e BpeMsl ucnoib3oBanue n30btounbix (MAlL) u He-
nocrarounbix mo womy (MAIx X<3) cocraBoB ¢ mOCIEayrOMmICH MX MOCT-00pabOTKOW IMpH
KOHTPOJIMPYEMBIX TEMIEpaType M COCTaBE I'a30BOi aTMoc(epbl MPUBOIUT K 0Opa30BAHUIO
01HO(a3HBIX CIUIOMIHBIX IVIEHOK MEPOBCKHUTA € JaTepaibHbIM pasmepoM vactuil 200-500 am
u TommmHoi ~500 HM. BpemeHa xu3HM HOCUTENEH 3apsia 1Mo JaHHBIM BpeMspa3peniéHHON
JIOMUHECIIEHTHON criekTpockomnuu coctaBuiu ~60 He. [IpomeMoHCTpupoBaHa BO3MOXHOCTh
dbopmupoBanus mIEHOK cMmemanHoro cocraBa MAFA; xI3.xBry, Ha ocHOBE KOTOPBIX TIpOBe-
JeHa cOOpKa COJIHEYHBIX 3JIEMEHTOB U MCCIIEOBAHBI HX BOJIbTAMIIEPHbBIE XapPAKTEPUCTUKH.

Taxum obpazom, Hamu ObLIa pazpaboTaHa MeTOAMKA (POPMUPOBAHUS IIIEHOK THOPUA-
HBIX TaJIOTEHUJIOB Pa3IUYHBIX COCTABOB METOJOM NPSIMONW KOHBEPCHH METAJUIMYECKOTO
CBHUHIIA ITPH PEAKIIUH C PEAKIIMOHHBIMU MOJIHUOAUAHBIME pactuiaBaMu. DPPEeKTHBHOCTD COJI-
HEYHBIX JIEMEHTOB Ha OCHOBE IOJIYY€HHBIX TJIEHOK JOCTUTIIA 3HaYeHui Oomnee 15%.
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Preparation of light-absorbing CH;NHsPDbl; films by

the conversion of metallic lead with reacting CH3;NH;l, solutions

X=Cl,
next-generation solar cells. The main synthesis approaches are based on the use of toxic lead
salts dissolved in polar aprotic solvents such as DMF, DMSO and GBL that makes them un-
suitable for industrially scalable perovskite solar cells production. Thus, new techniques to
form perovskite layers with high uniformity are required. It is important also that such new
methods should be applicable to form the perovskite layers at a large scale. Earlier the oppor-
tunity of one-step conversion of metallic lead into perovskite with reactive polyiodide melts

Rudnev P.O.

Supervisors: Ph.D., Head of Lab. Tarasov A.B., Jun. Res. Belich N.A.

Hybrid halide perovskites with a general formula ABX3; (A=CH3sNH3", CH(NH,),"
Br, 1) are consider to be highly promising materials for the light-absorbing layers of

28


http://istina.msu.ru/conferences/presentations/41680575/
http://www.igic.ras.ru/docs/council_young_scientists/6_konferentciya_molodih_uchenih_tezisi_2016.pdf
http://www.igic.ras.ru/docs/council_young_scientists/6_konferentciya_molodih_uchenih_tezisi_2016.pdf
https://istina.msu.ru/conferences/presentations/41680279/
http://istina.msu.ru/conferences/presentations/41680511/
http://www.chemeco.ru/netcat_files/File/TESIS-pdf.pdf
http://www.isc-ras.ru/sites/default/files/conferencesite/1110/sol-gel-abstracts-2014.pdf
https://lomonosov-msu.ru/archive/Lomonosov_2014/2737/2737.pdf
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_2014.pdf

(RPM) Al, (n=3-4) was demonstrated. In theory, such approach allows to obtain large-scale
perovskite films. However, there are number of technological difficulties in uniform RPM
distribution and control of reaction stoichiometry.

The main purpose of the work is to develop the technique of hybrid halide perovskite
films obtained with improved morphology and optoelectronic properties by the conversion of
metallic lead with reactive polyiodide melts for scalable perovskite solar cells production. To
achieve the goal we need to find conditions for perovskite films synthesis, investigate their
microstructural, optical and optoelectronic properties and to fabricate solar cells to prove their
power conversion efficiency.

Here, we use spin coating of RPM solution in isopropyl alcohol for uniform deposition
of reactive polyiodide melt onto metallic lead surface. The perovskite films are investigated
by XRD, SEM, EDX, TRPL, luminescence spectroscopy. Solar cells based on obtained films
are fabricated, their I\V-characteristics, power conversion efficiency and stability are deter-
mined.

We have studied phase formation during the conversion of metallic lead into
perovskite with different composition of RPM solution. According to the XRD data, the use
of stoichiometric composition MAI; does not lead to single-phase perovskite formation with-
out residue of MAI and metallic lead, whereas the use of enriched by 1, (MAI4) and iodine
deficient (MAI, x<3) composition, with subsequent post-treatment under particular tempera-
ture and gaseous environment, allows to obtain single-phase compact films with a thickness
of ~500 nm and perovskite crystallites 200-500 nm in size. According to time-resolved photo-
luminescence data, estimated lifetimes of charge carriers are ~60 ns. The opportunity of the
MAFA;1.x13xBrx films formation has been demonstrated. Moreover we have fabricated solar
cells based on obtained films and measured their I\VV-characteristics.

Thus, the technique of hybrid halide perovskite films of different composition ob-
tained by the conversion of metallic lead with reactive polyiodide melts has been developed.
The solar cells with power conversion efficiency more than 15% have been demonstrated.

PaspaﬁoTKa METOAUK CHHTE3a CCJICHUT-TAJIOT€CHUI0B M€ C
HU3KOPAasMECPHBLIMUA MAIrHUTHBIMHA NMOACUCTEMAMHU

Mypmas3zoes A.D.
Supervisors: k.x.H., goil. bepmonocos I1. C., a.x.H., mpod. Jlonrux B. A.

CoenMHEHNs ¢ MarHUTHOW CTPYKTYpOM MOHM)KEHHOM pa3MEpHOCTH SIBIISIFOTCS B Ha-
cTosilIee BpeMs 0ObEeKTaMH UHTEHCUBHOTO U3Y4eHUs. B CTpyKTypax 3TUX CO€IMHEHUH HOHBI,
o0Jaiaronie MarHUTHBIM MOMEHTOM, (JOPMUPYIOT OTJENbHbIE TPYNIUPOBKH, LEMNOYKH, JIe-
CTHMILIBI MJIK CJIOU. Takue cUCTEMBI CIIOCOOHBI MPOSIBIATH HEOOBIUHBIE MAarHUTHBIE CBOMCTBA.
MPUHLMITAAIBHO OTIMYAIOIIUECS OT CBOMCTB TPEXMEPHBIX MAarHETUKOB. BeposTHOCTH Oiaro-
IPUATHOTO PACIPENETICHNUS B KPUCTAUINYECKON PEIIETKE NOHOB MEPEXOAHBIX METAIIOB JUIS
BO3HHUKHOBEHHUS HU3KOPa3MEPHOTO MarHeTu3Ma BeJHMKa B CTPYKTypax, COJAEp KaIlluX KaHaJIbl,
ciou, KtoBeThl. OOpa3oBaHue MOJOOHOTO TUIIA CTPYKTYP TUIIMYHO JJIsi CEMEWCTBA CEIIEHUTOB
M CEJICHUT TaJOT€HUJI0OB, YTO OOYCIIOBIIEHO CTEPEOXMMHYECKUM 3(PPEKTOM HEmoeIeHHO
anekTpoHHO# napsl Se(IV), ycunuBaembiM crieiicep 3 GeKTOM KOHIIEBBIX I'aJIOT€HU]] HOHOB. .
[Npenmonaraercsi, 4To €CIU B TaKyl CTPYKTYpy BBECTH MarHUTHbIC KaTHOHBI 30 Mmeraia,
MOYKHO OKMJaTh 00pa30BaHME MAarHUTHOW MOJPEHIETKH C MOHMKEHHOW pa3MepHOCThio. C
TOYKH 3PEHHS TEOPETHUYECKUX MPECTABICHHI, Hanboee moaxoasamumM 30 KaTHOHOM SIBJISIET-
cst Cu®* (3d° S =1/2). B JUTEpaType OMUCAHO 3aMETHOE YMCIIO CIOXKHBIX CEJICHUT rajore-
HUJHBIX MUHEPAJIOB, YTO Ja€T BO3MOXKHOCThH BBISIBUTH CPEAM HUX CTPYKTYpBI, IEPCIEKTHB-
HBIE C paccMaTpPUBAEMBbIX MMO3ULUN U, TEM CaMbIM, ONPEAEIUTh COCTaBbl HCKOMBIX COEIUHE-
HUM.
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Lenbto Hariel paboOTHI ABISETCS pa3padOTKa METOAUK CUHTE3a COSIMHEHHUN CO CTPYK-
TypaMH U3BECTHBIX MUHEPAJIOB M U3YYCHHUE UX MAarHUTHBIX XapaKTepHUCTHK. B kauecTBe 00b-
eKTOB HcclenoBaHuss Hamu Obutd BbIOpaHbl: PbCug(Se03),0,Cls, PbyCuio(Se03)404Cly,
PbsCu(Se03)4Cly munepan cappadbycut, KCdCu7(Se03),0,Clg — 6ypucur, Cus(Se03),0,Cl, —
reoprookeut, Cuz(Se03),0,Clg —nukcodoaesut, Cug(SeO3);,0,Clg — XTOpOMUHHUT U BO3MOK-
HbIC WX OPOMHIHBIC aHAJIOTH.

J1J1s1 TIOJTy4eHUs TIEPEUNCIICHHBIX COCIMHEHUI UCTIOJIb30BAIM METOIbI TBEP 0D a3HOTO,
THAPOTEPMAIBHOTO U Ta30TPAHCIIOPTHOrO CHHTE3a. VIeHTHU(PHUKAIINIO KOHSYHBIX MPOJTYKTOB
cuntesa npoBoawiu Merogamu POA, PCA, PCMA, UK — cnekrpockonuu. C moMOIIbIO U3-
MEPEHHS MATHUTHOM BOCIIPUUMYHBOCTH, TCINIOEMKOCTH, HAMArHUYEHHOCTH OT TEMIICPATYPhI
U MIOOHHOM CIIEKTPOCKOIMH OXapaKTePHU30BaIM MarHUTHBIC CBOMCTBA CHHTE3UPOBAHHBIX 00-
pasIoB.

Hamu ITOJTYYCHBI COCIUHECHU: szCU10(8803)4O4C|7, Pb5CU(S€Og)4C|4,
CU5(S€Og)202C|2, CU7(8603)202C|5, CUg(SEO3)402C|6, (1)8.351 CU9(5803)402C|5-XBI'X M paHee
HeonucanHoe coeaunenue B cucreme CdCl, - SeO, - CuO.

Paspaborana meroauka TBepaodastoro cunresa Cug(Se03)40,Cls u ontumusuposana
METOJIMKa ra30TPaHCIIOPTHOro moiy4deHusto Haiinensl TBepabie pactBopbl Cug(Se03)40,Cle.
xBrx (x=0-4). MeTogoM XuMu4eckoro tpancrnopta monydeno Cus(Se0s),0,Cl, 6bu10 momyue-
Ho (P24/c, a = 6.0461(23) A, b = 13.797(6) A, ¢ = 5.570(3)A, B = 95.86(3)°, FOM F(30) =
19.1)

BrnepBeie TBepaodasHpiM MeTooM moiydeHbl coeaumHenus PbsCu(SeOs3)sCls (1),
Cu7(Se03),0,Clg (1) u HOBOE coeaunenue npeanonaraemoro coctaa CdCuy(SeOs3),Cly(I11).
MeTo0M PEHTIeHOBCKON AU(PAKIIUK TOTYUEHBI TapaMeTPhl UX dJIEMEHTApHBIX stueek: C2/C:
a=24.924(3) A, b=5.4035(4) A, ¢=13.843(1) A, B=100.519(2)° GOF = 5.12 Rp = 11.53 (I);
P2i/c, a=10.967(4) A, b = 14.495(5) A, c=10.498(5) A, B = 113.76(3)°, FOM F(30) = 19.3
(11).; P2/m, a = 7.824(3) A, b = 9.633(4) A, c=10.822(4) A, p = 102.413(3)°, FOM F(30) =
14 (111)

MarnutHas aumarHoctuka Cug(Se03)40,Cls u PbsCu(SeO3),Cly BbIsBHIa Hamuume
HU3KOPa3MEPHOI'0 MarHeTH3Ma B 3TUX (hazax.

Iyonauxamuu cryaenta (https://istina.msu.ru/profile/MurtazoevAlisher/):

1. MyprazoeB A. ®. Pazpabomka memooux cunme3a CeieHum-2ai02eHu008 Meou ¢ Hu3-
KOpAasmepHou MacHumuou noocucmemoti// MexayHapoaHas HaydyHasi KoHdepeH-
IHs CTYACHTOB, ACIHPAHTOB U MOJIOABIX YU€HBIX «JIomoHOCOB-2019», 2019, Ma-
Tepualbl 26 Hay4YHON KOH(pepeHIIMH MOJOIbIX YueHbIX «HHOBanuu B xumun: Heop-
raHu4ecKast XUMHs, CTYAECHTBD».

2. MyptazoeB A. ®. Pazpabomrka memooux cunmesa ceieHumos co CmpyKmypamu Mu-
Hepanos, 8 KOMOPbIX 603MONACHO 00pA306aHUE HUSKOPAZMEPHOU MAZHUMHOU NOOCUC-
membl// MexnyHapoaHasi HayYHasi KOH(epeHIUsl CTYAeHTOB, ACIUPAHTOB U MO-
JoabIX YuéHbIx «JIlomonocoB-2018», 2018, Marepuansl 25 HaydHOU KOH(DEpEeHLIUH
MoJI0/IbIX yueHbIX «IHHOBanuu B xumuu: Heopranuueckass Xumusi, CTyI€HTBI».

Development of preparation techniques for copper selenite-
halides, compounds with low dimensional magnetic subsystems

Murtazoev A.F.

Supervisors: Ph.D. Berdonosov P.S., Prof. Dolgikh V.A.

Compounds with low-dimensional magnetic structures are currently being intensively
studied. In the structures of these compounds, ions with a magnetic moment form separate
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groups, chains, ladders, or layers. Such systems are able to exhibit unusual magnetic proper-
ties. It is known that the probability to find the lo dimensional magnetic systems is higher if
crystal structure itself contains layer, channels or other low dimensional fragments. Selenite
group SeOs” has the stereochemically active pair of electrons that tend to combine with each
other, that leads to the formation of cavities, channels or layers in the crystal structure. Inclu-
sion of 3d magnetic ions into such structures may provoke low dimensional magnetic system
formation. The most appropriate 3d ion for such synthesis concept is Cu®* ion (3d° S = 1/2).
There are a lot of nature occurred copper selenite halide minerals described in the literature
but magnetic description for these objects is absent.

The aim of our work is to develop methods for the synthesis of compounds with the
structures of known minerals and obtaining of their magnetic characteristics. As objects of
research we chose compounds PbCus(Se0s3),0,Cls, Pb,Cuyg (Se03)404Cl7, PbsCu(Se03)4Cly4
(known as mineral sarrabusit), KCdCu;(Se03),0,Cly (burnsite) and the group of copper
oxoselenite  chlorides  Cus(Se03),0,Cl;  (mineral  georgbokiite) Cu(Se03),0,Clg
(nicksobolevite) and Cug(SeO3)40,Clg (chloromorinite). Also attempts to prepare possible
bromide analogs for some of listed compounds have been planned.

To obtain these compounds the methods of solid-state synthesis, hydrothermal and
gas-transport synthesis were used. Identification of the final products of the synthesis was car-
ried out by wide range of methods including powder X-ray diffraction, single crystal X-ray
diffraction, EDS analyzing and IR spectroscopy. Magnetic properties of obtained substances
were studied by measuring the magnetic susceptibility, heat capacity, magnetization and the
muon spectroscopy.

As the result, the methods of preparation of XRD phase pure compounds or single
crystals were developed. We have obtained the compounds: Pb,Cuio(Se03),04Cl5,
PbsCu(Se03)4Cly (C2/c: a=24.924(3)A, b=5.4035(4)A, c=13.843(1)A, B=100.519(2)° GOF =
5.12 Rp = 11.53), Cus(Se03),0:Cl, (P21/c, a = 6.0461(23) A, b=13.797(6) A, ¢ = 5.570(3)A,
B = 95.86(3)°, FOM F(30) = 19.1), Cu7(Se03),0,Clg (P21/c, a = 10.967(4) A, b = 14.495(5)
A, c=10.498(5) A, B =113.76(3)°, FOM F(30) = 19.3) and Cug(Se03),0,Cls. The solid solu-
tion with composition Cug(Se03);0,Cls<Bry (x <4) was found and studied by powder XRD.
The new compound with suppose chemical composition CdCu,(SeOs),Cl,. For this com-
pound the cell constants og monoclinic system have been proposed (P2/m, a=7.824(3) A, b =
9.633(4)A, c=10.822(4)A, p = 102.413(3)°, FOM F(30) = 14).

Magnetic studies of Cug(Se03)40,Cls and PbsCu(Se0s3)4Cly indicate that the com-
pounds possess behavior attributed to complex low-dimensional magnetic systems.

Me3OKpl/ICTaJ'I.TII)I JUOKCHUIA TUTAHA, HOHI/IpOBaHHOTO BAaHAIUCM
Cobosw A.T.

PykoBoanTens: K.X.H., go11. boiosa O.B.

Coznanue OpUEHTHPOBAHHBIX CTPYKTYP MO3BOJIET YCHIMBATH Pa3iNyYHble (YHKIIHO-
HaJIbHBIE CBOWCTBA MaTepUAJIOB, TAKWE KaK MAarHUTHBIC, MEXaHWYCCKUE, ONTHUSCKHUE U TIp.
YnopsjoueHHbIe MaTepualibl Ha OCHOBE coelnHeHH u3 cuctembl T10,-VO,, obnanaromue
YHHUKAJIBHON 3JIEKTPOHHOM CTPYKTYpOH, MHTEPECHBI C TOUKH 3pEHUS MPUMEHEHUs B OTOKa-
TaJIn3e, MIEKTPOTEXHUKE U onrTodnekrponuke. Cucrema Ti0,-VO, moapoOHO U3ydeHa B BUIC
TOHKUX TUICHOK, OJIHAKO TEXHOJOTHMH CHHTE3a IUICHOK IOJPa3yMEBalOT TOYHBIA KOHTPOIb
JABJICHUS KHCIOPOJa W HCIOJIh30BaHHE KAaUeCTBEHHBIX MOJIOKEK. TeXHOJIOru4ecku Oolee
MIPOCTHIM CIIOCOOOM TOTYYEHUS TTOJIOOHBIX CTPYKTYP MOKET OBITh MCIOJIb30BAHUE ME30KPH-
CTaJUIOB aHaTa3a — aHcaMmOJyiell OpHEeHTHpPOBaHHBIX HaHouyacThll 110, MOJy4aeMbIX CaMo-
cOOpKOIi B pacTBOPE C Y4acTHEM, HAIPUMED, TTOJIMMEPHON MaTPHIIBL.
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Lenbto nanHO# paboTHI SABJISETCS U3YYCHHUE BO3MOXKHOCTH MOJMYYCHUS ME30KPUCTA-
70B Ti1xVxO2, HcciieoBaHue X MHUKPOCTPYKTYPHI, COCTaBa M (DYHKIIHOHAIBHBIX CBOMCTB.
[Ipennaraemslii cioco0 CUHTE3a SIBJISAETCS TEXHOJIOTUYECKU IPOCTHIM U HE 3aTPATHBIM.

Cunre3 Me30kpuctaiioB Ti14VxO; npoBoauau B aBe craguu. Criepsa Mmojayvajiy mnpe-
kypcop NH4TiOF;. s atoro B BogHoM pactBope cmermBanu (NH4),TiFs u H3BO3; B Mo-
JSIPHOM cooTHOIIeHuHU 1:2. B kadecTBe cTaOMIM3UPYIONIETO OPUEHTUPOBAHHOE MPUCOEINHE-
Hue BemecTBa nobasisin 12 ¢ maccoBeiM unciaom 2000. Ha BTOpoil cTtammum MexaHude-
ckyro cmecb NH;TiOF3 1 NH4VO3 ¢ BapprpyeMbIM COOTHOIIEHHEM PEareHTOB IMOJABEPrayu
Tepmudeckoii o6padorke mpu 450 °C B Teuenue 2 1 B atmocdepe Bo3ayxa. [loiydeHnbie mo-
POLIKA OBUIM OXapaKTepU30BaHbI C MOMOIIbIO PAa3INYHBIX (U3UKO-XUMHUYECKUX METO/O0B:
P®A, POM, PCMA, I15M BP, PODC, KP-criekrpockonuu. beumn nccnenoBansl hoTokara-
JUTHUYECKHE CBOMCTBAa 00paslloB, MOHHBIA TPAHCIOPT, a TAK)Ke BIMSHUE TOMHPOBAHUS Ha
Temreparypy (pa3oBoro nepexoja aHaTa3-pyTuiI B ME30KPHUCTAILIAX.

BriepBbie mokazaHa BO3MOXHOCTb IMOJYYEHHUS YKa3aHHBIM METOJIOM ME30KPHUCTAIIIOB
tBepaoro pactBopa Ti1xVxO2 ¢ X 10 0,25. Cornacuo nanasiM POA u KP-ciekTpockomuu 1mo-
Jy4eHHbIC YacTUIbI UMEIOT CTPYKTYpy aHartasza. [Ipu yBenuueHuu cojep>kaHus BaHAAWS B
CMECH TIPEKypPCOPOB Tociie oTkura oopasyercs ¢aza V,0s, pu 3TOM 3aMeleHUue TUTaHa Ba-
HaJMeM MPUBOAUT K U3MEHEHUIO MapaMmerpa C KpUCTAIIMYECKON pelIeTKH aHarasa JIo Mpe-
nensHOTO 3HaueHus. [lo nanabeiM POM, I1OM BP u xaptuHam 31eKTpoHHOH audpakiun me-
30KpUCTAIJIBI UMEIOT (POPMY OKTOTOHAIBHBIX MPHU3M C JIHAaMETPOM OCHOBaHHUS 3-4 MKM U
TOJIIUHOW 1-2 MKM M COCTOSIT U3 OPUEHTHPOBAHHBIX MPSIMOYTOJIbHBIX HAHOIUIACTHH pa3Me-
pom 30-120 um. JlonmupoBaHue BaHAJAMEM B MajOM KOJHUYECTBE MO3BOJSET YIY4IIUTh (HOTO-
KaTaJIUTHYECKUE CBOMCTBA ME30KpPUCTAIUIOB. Hambombimas GoTOaKTUBHOCTH (k*lO3 = 3,05
MHH'l) Habromanace B oopasie TipggaV0.00102, 4TO BhIIE 3HAYEHHUS U HEIOMUPOBAHHBIX
yacTUIl JUOKCHIa TUTaHa OoJiee 4eM B JBa pas3a. BBeneHue BaHagus B CTPYKTYpPY ME30KpHU-
cTajila IOHMKAET TeMIepaTypy $pa3oBoro nepexoja anaraz-pyrui ¢ 1200 °C go 800 °C.

B pesynbprare paboThl OBUTH BIEPBBIC CHHTE3UPOBAaHBI Me30KpHUCTALIBI Ti14VxO; C
coJiep>kaHueM BaHaaus 10 25%, uccienoBaHa MX MHKPOCTPYKTypa u cocTaB. [Ipennaraemsrii
METOJ TIO3BOJISIET TONIYyYaTh (POTOAKTUBHBIE MAaTEPUANBI C IMOKA3aTENSIMHU, MPEBHIIAIOIINMA
MOKAa3aTeIl ME30KPUCTAIJIOB UNCTOTO aHATa3a.

Iyoaukanuu cryaenra (https:/istina.msu.ru/profile/SweetDreamsAreMadeOfThis/):

1. Co6ounp A.I'. BoitioBa O.B. Cunmes mezoxkpucmannog ouokcuoa mumana, 0Onupo-
sannozo eanaouem I/ Marepuansl MeKIyHAPOAHOT0 Hay4YyHOro (opyma
«JIOMOHOCOB-2019», 8-12 ampens 2019 [Onekrponnsiii pecypc], M.: MAKC
ITpecc, 2015

2. Tleryxos [.W., EmnceeB A.A., bemsTiokoB A.H., Bocak A., Co6onb A.l'., hoiiyosa
O.B. Onmuuecku axmugHvle mamepuaivl Ha ocHoge mezokpucmanios V-TiO; [/ 53-a
Mxoaa IUAD no ®usuke KonnencupoBannoro Cocrosinusi, COOpHUK TE3UCOB U
cnucok yyactHukoB, Cankt-IlerepOypr 11-16 mapta 2019 r., C. 81

3. Cob6onws A.T'., botitoBa O.B. Cmabunuzayus V(+4) ¢ ancamonsx opuenmupoanuvix
Hanouacmuy ouoxcuoa mumara-éanaousi [/ XV KoHdepeHInsi MOJI0ABIX YUeHBIX
«AKTyaJIbHbIE TPO0JIeMbl HEOPTraHUYECKOH XUMHUM: HU3KOpa3MepHble (PYHKIHO-
HaJIbHbIe MaTepuaJbl», [Iporpamma nexiuii 1 Te3uChl J0KIa10B, 3BeHuropos 16-18
HOs10ps 2019 1.

4. Cobonb A.l'., MakapeBuu A.M. Ponb pekpucmaniuzayuu 6 npoyecce noiyyeHus nu-
MAKCUANbHBIX NIIEHOK OUOKCUOA BAHAOUSL C PE3KUM Nepexo0om ousiekmpuk-viemail I/
XXVII MenaeseeBckasi KoH(pepeHIMsT MOJIOABIX YueHbIX, COOpHUK Te3UCOB, Y pa
23-28 ampens 2017 1., C. 23

32


https://istina.msu.ru/profile/SweetDreamsAreMadeOfThis/

5. Cobonb A.l'. Ponw pekpucmaniuzayuu 6 npoyecce noay4eHus 3NUmaKcuaibHblx nie-
HOK OUOKCUOA 8AHAOUSL C PE3KUM Nepexooom ousiekmpux-memanr [/ MaTepuasbl
Me:xaynapoanoro Hayunoro ¢popyma «JJIOMOHOCOB-2017», 10-14 anpens 2017
r. [DnexkTponnsiii pecypc], M.: MAKC Ilpecc, 2017

6. Cob6onb A.T'., CagpikoB U.U., MakapeBuu A.M., Kaynb A.P. Pexpucmaniuzayuonnuotii
omoicue INUMAKCUATLHBIX NIEHOK OUOKCUOA B8aHAOUs C Nepexo0oM OudieKmpuK-
memann Il XV KoHdepeHusi MOJIOABIX YUYeHbIX «AKTyaJdbHbIE MPOOJIEMbI HEOP-
raHUYeCKOil XMMHHU: COBPeMEHHbIe MATepPHabl 1Js1 (POTOHUKH U ONTOIJIEKTPO-
HUKW», [[porpamma nekiuil u Te3ucsl AokiIanoB, 3seauropona 18-20 osops 2016 r.,
C.113-114

7. Cob6onb A.I'. Ocobennnocmu peKpuCmaiiu3ayuoHHO20 OmMIICUSA NJIEHOK OUOKCUOA
sanaous, nonyuennvix memooom MOCVD || Matepuajibl MeKIyHAPOIHOT0 HAy4-
Horo ¢gopyma «IJIOMOHOCOB-2016», 11-15 anpens 2016 r. [DneKTpoHHBINH pe-
cypc], M.: MAKC Ilpecc, 2016, C. 89

8. Cob6onp A.I'., MakapeBuu A.M. PexpucmaniuzayuorHulii omaicue nieHoK OUOKCUOd
sanaoust, noayuernnvix memooom MOCVD [ X1V KonpepeHuusi MoOJIOABIX y4eHbIX
«AKTyajibHbI€ TPO00JEMbl HEOPraHMYecKOl XMMHHU: TEpPCHeKTHBHbIE METOAbI
CHHTe3a BellecTB M MaTepuaioBy, [IporpaMma ekuuii ¥ TE3UCHI T0KIA10B, 3BEHU-
ropox 13-15 nosi6ps 2015 1., C. 213-214

9. CobGomp A.T'., MakapeBuu A.M. Xumuueckoe eazoghaznoe ocadxcoenue mepmoxpom-
HbIX niaenok ouoxcuoa eanadus Il XXV MenaeneeBckasi KOH(pepeHIHsI MOJIOIbIX
yuenbIx, COopHuk Te3ucoB, Tomck 19-25 anpens 2015r., C. 22

10. Coboub A.T'. Xumuueckoe 2azogpasnoe ocadicoenue mepmoxpomMHuLX NIEHOK OUOKCUOA
sanaous /| Matepuanbl MexaynapoaHoro Hayunoro ¢popyma «JIOMOHOCOB-
2015», 13-17 anpens 2015 [Dnexrponnsiii pecype], M.: MAKC Ilpecc, 2015, C. 89

Vanadium-doped titania mesocrystals
Sobol A.G.
Supervisor: PhD, Boytsova O.V.

Ordered materials possess enhanced properties e.g. magnetic, mechanical, electric and
optical. Oriented particles of TiO,-VO, compounds with unique electron structure could be
applied to photocatalysts, electrode materials and optoelectronic materials. TiO,-VO, thin
films are well-known, but film fabrication is technologically complex due to precise control
of oxygen partial pressure and necessity of qualitative substrats. Oriented attachment of nano-
particles in solution and formation of so-called mesocrystals in polymer presence is a much
easier way to obtain ordered assemblies of desired material with controlled composition.

The goal of this work is to obtain Ti;«\VxO, mesocrystals, study their structure, com-
position and properties. Synthesis method is rather simple and is based on nanoparticles self-
assembly in solution.

Typically, (NH4),TiFs and H3BO3; were dissolved in distilled water in the ratio 1:2,
then PEG 2000 was added with continuous stirring. The mixture was placed in the drying cab-
inet for 20 h at 35 °C. The resultant precipitate was washed 3 times with water and 3 times
with acetone. Obtained NH,TiOF3; precursor and NH,VVO3; were annealed in proportion with
V molar fraction ranging from 0.005 to 0.95. Heat treatment was carried out by increasing
temperature from 25 °C to 450 °C with 5 °C/min ramping rate and heating at 450 °C for 2 h.
Samples were characterized by XRD, SEM, HRTEM, EDX, XPS, ICP MS and raman spec-
troscopy. Photocatalytic activity measurements and electrochemical study were conducted.
Anatase to rutile transformation was investigated.
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Synthesis of Ti1xVxO, mesocrystals (V content from 0.1% to 25%) is first reported.
Samples have anatase crystal structure according to XRD and raman spectroscopy. Cell pa-
rameter ¢ decreases linearly as dopant concentration in mesocrystals increases. Excessive
amount of NH4;VOg3 in the precursor mixture (40% and more) leads to V,0s formation as well
as Ti1xVxO, mesocrystals. All mesocrystals are octagonal particles with a diameter of 3-4 um
and a thickness of 1-2 um and are built of oriented rectangular nanoparticles with typical size
of 30-120 nm according to SEM and TEM. Doping anatase mesocrystals with small amount
of vanadium leads to increased photoactivity. Maximum photoactivity was reached with
Tioge0V0.00102 composition with k*10° = 3,05 min™ which is twice more than for pure anatase
mesocrystals. Vanadium doping also decreases anatase to rutile transformation temperature
from 1200 °C to 800 °C.

Ti1xVxO, mesocrystals were first synthetized (x up to 0.25). Microstructure and com-
position of all samples were studied. Suggested method allows to obtain vanadium-doped
TiO, mesocrystals with enhanced photocatalytic activity regarding pure anatase samples. Va-
nadium presence also facilitates anatase to rutile phase transformation.

Tonkne nienku woguaa meau (1) xus npumeHeHust
B MIEPOBCKUTHBIX COJTHEYHBIX 3J1eMEeHTaX

Kapenosa E.A.

PykoBoaurtenu: K.X.H., 3aB. 1a0. TapacoB A.b., m.H.c., acnupanT [ pumko A.1O.

ConHedHBI€ JIEMEHTHI Ha OCHOBE THOPHIHBIX OPraHO-HEOPraHMYECKUX MEPOBCKUTOB-
CKUTOIOIOOHBIX COEAMHEHUI couyeTaroT B ce0e BBICOKYIO 3((EKTUBHOCTh U HU3KYIO CTOM-
MOCTB MPOU3BOACTBA. HeoTheMIIEeMBIMI KOMIIOHEHTAMH JIAHHBIX DJIEMEHTOB SIBIISTIOTCS DJICK-
TPOH- U ABIPOYHO-TIPOBOJISIIINE CIIOH, C MIOMOIIBI0 KOTOPBIX MPOUCXOJUT MPOCTPAHCTBEHHOE
pas3zeneHne EKTPOHOB U IBIPOK, 00Pa3yIOUIMXCS B CBETOIOTIIONIAIONIEM CIIOE.

B nactosmee Bpems pexkopanbie KIIJ[ gocturaroTcst npu MCHOIb30BaHUM OpraHuye-
CKUX JIBIPOYHO-TIPOBOSIIINX MaTepHAIIOB, KOTOPBIE, KaK MPaBUJIO, OOJIAAAa0T HU3KOW CTa-
OMIIBHOCTBIO U BBICOKOM CTOMMOCTBIO, TOT/Ia KaKk HEOPraHWYeCKUe KOMIIOHEHTHI cTabuibHee,
JICTIEBIIC U XapaKTepU3YIOTCs 0oJiee BBICOKOW MPOBOIUMOCTBIO. OJTHUM M3 TaKMX MaTepHa-
noB siBrsercs noaua menu (I), KoTopslit HaHOCUTCS OOBIYHO HAHOCHUTCSI U3 PacTBOpa aIeTo-
HUTpWIA ¥ TUunponuicyibduna. OaHaKO MPHU TAKOM HAHECEHHH IOBEpPX CJIO0s MEPOBCKHUTA
MPOUCXOJUT €r0 YaCTUYHOE PACTBOPEHHUE, YTO MOXKET MPUBOAUTH K B3aWUMHOMY JIETHPOBa-
HUto nepoBckuTa U Cul U oTpHUIIaTeNTFHO CKa3bIBATHCS HAa (PYHKIIMOHAIBHBIX CBOHCTBAX CIO-
€B.

Lenpro paboThl siBIsieTCS pa3paboTKa HOBBIX IMOIXO0B K MOJTYYEHHIO TeTEPOCTPYK-
TYp, COAEPKAIIUX UOTUA MU ¥ THOPUIHBINA OPraHO-HEOPTaHUYECKUIl TIEPOBCKUT.

B pamkax maHHOH paGOTHI peIIaroTCs 33a4H 10 KOHTPOIUPYEMOMY OCAKICHUIO CII0-
eB CH3NH3Pbls/Cul myrem razodasHoii KOHBEpCHH METAJUIMYECKONW MEIH, HAaHECEHHOW Ha
cioit CH3NH3PDbl; u 6) rerepoctpykrypsr Cul/CH3NH3Pbl; myrem koHBepcu# MeTayuinde-
CKOTO CBHHIIA, HaHeceHHOTo Ha cioil Cul, peaklMOHHBIM TMOJHUHOAUIHBIM PaCIIaBOM
CH3NHGsl-1..

B pesynbTate paboThl METOAOM PEHTTeHO(PA30BOT0 aHAIHM3a IKCIIEPUMEHTAIBLHO TO-
TBEPKJIEHO, YTO MPH HAaHECEHUH NEPOBCKUTA U3 MOJIApHBIX pacTBoputeneit (IMDA/IMCO)
Ha ToHKHE IeHKH Cul MpoucXOauT MX MOTHOE PacTBOPEHHE, MIPH STOM HEBO3MOXKHO H30e-
’KaTh YaCTUIHOTO PACTBOPEHUS CJIOS THOPUAHOTO TepoBCcKHuTa pu HaneceHnn Cul Ha mepoB-
CKUT PaCTBOPHBIMU METOJaMU. Y CTAHOBIIEHO, YTO, IPU KOHBEPCUH TOHKUX TUIEHOK METAJLIU-
yeckoir Mmeau B Cul B mapax #oma oOpasyercsi ocTpoBkoBas tieHka Cul, 4To, mpeamnonoxu-
TEIHHO, CBSA3aHO C MPOMEKYTOUHBIM (HOPMUPOBAHHEM KUAKOW (Pa3bl MOIUUOJAUIHBIX pac-
IUIaBOB, YCKOPSIOMMX U dy3rio BceX KOMIOHEHTOB 0 MOBEPXHOCTH MepoBckuTa. Cruoni-
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Hoii cioit Cul mocturaercss mpu cpaBHMTENbHO Oosbmmx ToimuHax Cul. YcraHosiena
NPUHIUIKATIBHAS ~ BO3MOXHOCTH  mosyueHust — rerepoctpyktypel  CH3NH3Pbls/Cul,
CH;3NH3Pbls/PTAA/Cul myrem KOHBepCHHM METAJUTMYECKOTO CBHHIIA PEAKIIMOHHBIM paciiia-
BOM TIOJIMHOANAOB. PEeKOp/Ibl COTHEYHBIX 3JIEMEHTOB, MOJTYYEHHBIX C UCIOJIIB30BAHUEM TIPEI-
JI0O’KEHHBIX METOJIOB, JOCTUTAIOT 6,5%.

IMyoauxamuu cryaenta (http://istina.msu.ru/profile/ZharenovaEA/):

1. XKapenona E.A., TapacoB A.b., llInéuckas H.H. Ilonyuenue nnenox eubpuonozo ne-
posckuma CH3NH3Pblz nymem xpucmaniuzayuu uz nonuuoouonozo pacniasall XXV
Me:xkayHapoaHass HayyHasi KOH(pepeHUIHsl CTYIe€HTOB, aCIHPAHTOB M MOJOJbIX
yueHnbIx JlomonocoB, MockBa, Poccus, 9-13 anpens 2018.

2. Xapenora E.A., TapacoB A.b., I'pumko A.YO. Tonxue nienxu uoouoa meou (I) ons
npumenenus 8 neposckumubix conneunvix dnemenmaxll XXVI1 MexaynapoaHasi Ha-
y4yHasi KOH(epeHUHs CTYAeHTOB, ACIMPAHTOB M MOJOJAbIX y4eHbIX JIOMOHOCOB,
Mockga, Poccus, 8-12 anpens 2019.

Copper (1) iodide thin films for application
in perovskite solar cells

Zharenova E.A.

Supervisors: PhD, head of laboratory Alexey B. Tarasov and junior researcher,
PhD student Aleksei Y. Grishko

Solar cells based on hybrid organo-inorganic perovskite combine high efficiency and
low cost of fabrication. The integral components of these elements are electron - and hole-
conducting layers, with which the spatial separation of electrons and holes formed in the
light-absorbing layer. Eletron- and hole-conducting layers that provide charge selective
transport in perovskite solar cells ensure spatial charge separation within the device.

Currently, the highest efficiencies were achieved by the devices that incorporate or-
ganic hole-conducting materials, which are costly and demonstrate poor stability, while inor-
ganic counterparts are more stable, cheaper and have higher electrical conductivity. Copper
(1) iodide is a representative inorganic hole-transporting material, which is usually deposited
from a solution of acetonitrile and dipropyl sulfide. However, wen deposited on top of the
perovskite layer, its partial dissolution is inevitable, which can lead to mutual doping of
perovskite and Cul and adversely affect the functional properties of these layers.

The aim of the work is to develop new approaches to fabrication of heterostructures
containing copper iodide and hybrid organo-inorganic perovskite.

Within the framework of this work, the following problems are addressed: fabrication
of a) CH3NH3Pbls/Cul heterostructures by gas-phase conversion of metallic copper deposited
on the CH3NH3Pbl; layer and b) Cul/CH3NH3Pbl; heterostructure by conversion of metallic
lead deposited on the Cul layer by reactive polyiodide melt CH3NHsl-I,.

In the present work by means of the x-ray powder diffraction, it was experimentally
confirmed, that the deposition of perovskite films from polar solvents (DMF/DMSO) on thin
films of copper iodide results in their complete dissolution and it is impossible to avoid partial
dissolution of the hybrid perovskite layer when depositing the Cul on top of perovskite by so-
lution-based methods. It is established that upon the conversion of thin films of copper metal
into Cul upon exposure to I, vapor the discontinuous film of Cul is formed that can be related
to the formation of a liquid phase polyiodide melts that accelerate the diffusion of all the
components on the surface of the perovskite. A continuous layer of Cul can be obtained only
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at large thicknesses. The feasibility of obtaining of CH3NH3Pbls/Cul CH3NH3Pbls/PTAA/Cul
heterostructures by means of conversion of metallic lead by the reactive polyiodide melt was
demonstrated. The efficiency of solar cells obtained using the proposed methods reaches
6.5%.

Adpore;ii Ha 0OCHOBE HHANBHIAYAJIbHBIX H OHHAPHBIX
oxcuaos Eu, Gd, Yb

Kamunos P.X.

PyKOBOJIUTENN: K.X.H., 3aB. 1a0. bapanuukos A.E., acnupant Epos X.D.

Absporeny — yHUKaJIbHBINA KJIACC IIOPUCTBIX MAaTEPUAJIOB, XapaKTEPU3YIOINNUCSI HU3KOU
IUIOTHOCTBIO, BBICOKUMM HOPHCTOCTBIO U YAEIbHOH IMOBEPXHOCTHIO. A3pOreid IMOJIy4yaroT
30J1b-T€JIb METO/I0M, 3aKII0YAIOIIUMCSA B TOM, YTO B XOJ€ PEaKLUU U3 pacTBOpPa MOJIy4aeTcs
30J1b, KOTOPBIN 3aTeM INpeBpallaeTcs B rejib. B kauecTBe MpeKypcopoB JJIsl CUHTE3a a’spore-
JIeil Ha OCHOBE OKCHJIOB METAJJIOB B OCHOBHOM HCIIOJIB3YIOT UX aJIKOKCHUbI, KOTOPbIE XapaK-
TEpU3YIOTCSI KpailHe BBICOKOM CKJIOHHOCTBIO K THIPOJIM3Y U BBICOKOW CTOMMOCThIO. B mo-
clelHee BpeMsl Il CUHTE3a METAINIOOKCUIHBIX a’poresieil craja MpUMEHATbCS HOBBIM 30J1b-
refib HOJAXO0/, TaK Ha3bIBAEMBbIH SMIOKCUIHBIN METO, B KOTOPOM HCIOJIb3YETCsl PacTBOP HEOP-
TFaHUYECKOM COJIM MeTalljla U OPraHWYEeCKOro 3IMOKCHa B KaueCTBE TeJIMPYIOLIEro areHra.
JlaHHBIM MEeTOJ1 MO3BOJISET MOJYYUTh TAKXKE a’pOresid, KOTOpble TPYJHO JHMO0 HEBO3MOKHO
MOJIYYUTh ATKOKCUIIHBIM criocoOoMm. Kpome Toro, paboThl MO MOJYYEHHUIO a’dporesiei Ha oc-
HOBE OKCHJIOB PEAKO3EMEIbHBIX METAJUIOB C MPUMEHEHUEM 3MOKCHIHOIO METOJa B JIUTepa-
Type ¢pparMeHTapHBbI.

Lenbto paboThl sBiIsIETCS pa3paboTKa METOAUKHU MOTYyYSHHs adporesiei Ha OCHOBE MH-
JUBUIYalbHBIX U cMellaHHbIX okcusoB Eu, Gd u Yb, smokcuaHsIM METOAOM M CYIIKOH B
Pa3IMYHBIX CBEPXKPUTHYECKHUX Cpelax.

B xoze paboThl ObUIH MOJTYYEHBI CIEAYIOIINE UHINBUIyallbHbIe U OuHapHble (1:1) an-
porenu: EU203, Gd203, Yb203, EUQOg'Gngg, EU203-Yb203, Gngg-szOg. B kauectBe mnpe-
KypCOpPOB IIpH MOJIyY€HUH Jiuorenen ucnonb3oBanuck HUTpatsl Eu, Gd u Yb. JIuorenu O6b11m
BBICYLIEHBI C IPUMEHEHUEM B KaueCTBE CBEPXKPUTHUECKHX CpEJ CIEIYIOLIUX PACTBOPHUTE-
neit: CO, uzonponaHona U MeTHI-mpem-0yTunaoBoro 3¢pupa. CocraB, MUKpPOCTPYKTypa U
CBOICTBaA MOJYYEHHBIX a’poreyiell 0XapaKTepU30BaHbl MIPH MOMOILU: PEHTTEHOCIIEKTPAIbHO-
ro Mukpoananusa, MK-cnekTpockonuu, peHTreHo(pa30BOro aHajan3a, HU3KOTeMIIepaTypHOH
azicopOIMu a30Ta, pacTPOBOM AIEKTPOHHOW MHUKPOCKOIIHMH, T€IUEBON MUKHOMETPUHU, TEPMU-
YEeCKOr'0 aHaJIM3a U JIIOMUHECLEHTHON CIIEKTPOCKOIINH.

Takum oGpa3om, B xoze paboThl OblIa pa3paboTaHa METOAMKA MOTYYECHUS MOHOJIHT-
HBIX a3poresieil Ha OCHOBE OKCHJIOB peako3eMenbHbIX aneMeHToB (Eu, Gd, Yb) u 6bu10 nmoka-
3aHO, YTO HEOOXOJWMBIM KOMIIOHEHTOM, OOECHedMBaIOIIUM (HOPMHpPOBAHHE MOHOJUTHBIX
asporenei, sBIseTCsA JIMMOHHAs KUCIIOTa, BHICTYIAIOIIAs B poiu cTabuiuzaropa 30is. B ka-
YECTBE CBEPXKPUTHUUECKHUX CPE ISl CYLIKU JIMOTeIed MOMUMO TPaJUIIMOHHO PUMEHSIEMOT0
CO2, HCMONB30BATUCh HOBBIE PACTBOPUTENH (M30MPOMAHON M METHI-mpem-0yTUIOBBINA
a¢up). Asporenu, NOJy4yeHHBIE B X0/1€ pa0OTHI, XapaKTePU30BAIUCHh BHICOKMMH 3HAYECHUSIMU
yIETbHOU Iomaan moBepxHoctu (270—410 MZ/P) u nopuctoctu (~95%). Pa3paboranHbIit
MOJIXOJ TaK)Ke MO3BOJIAET MOJYyYUTh OWHApHBIE a’sporenu Ha ocHoBe P3D ¢ paBHOMEpHBIM
pacripesielIeHUeM 3JIEMEHTOB M0 BceMy 00beMy a’dporeilbHON MaTpuibl. bbulo ycTaHOBIEHO,
YTO NMPUPOJA CBEPXKPUTHUECKOTO (IIIOMIa CYIIECTBEHHBIM 00pa30M BIUSET HA COCTAaB, MUK-
POCTPYKTYpPY U TEPMHUECKOE MOBEICHHUE a’poreyield Ha OCHOBE OKcuAoB P30.

Pa3zpaOoTanHas MeToAMKa MOJIY4YEHUs MOHOJIMTHBIX a’porenell Oblaa yCHEHIHO MpH-
MEHEHa ISl TTOJTy4YeHUs a’porelieil Ha ocHoBe okcuoB Eu, Gd u Yb. .
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Ilyoanxamun cryaenta (https://istina.msu.ru/profile/KamilovRKh/):

1. KamwmioB P.X., I'puropseBa A.B., I'ymunun E.A., Onmumuzayus ycroeuti cozoanus
I'KP-axmugHblX noosodceK Ha 0CHOBe cepedpa MemoooM MepMUYecKo20 Pa3iloHceHUs:
aspozons Il XX MesxayHnapoanasi Moaoae:xnass Hayunasi Kondepenuus cryaeH-
TOB, ACHHPAHTOB M MOJIOABIX Y4eHbIX ""JlomonocoB-2013", 2013

2. Kamunos P.X., Epos X.D., Bapanunkos A.E., Usanos B.K., 4spozenu u xpuozenu na
ocnose Gd,O3 /I VIII xoH(pepeHIMs MOJIOABIX YUeHBbIX M0 00IIell U HeopraHu4e-
ckoii xumnu, UHcTuTyT 001Iel 1 Heopranuveckoii xumuu um. H.C. Kypnakosa
PAH, Poccus, 2018

3. Kammunos P.X., Epos X.9., Bapanuukos A.E., Banos B.K., Cunmes 6unapuwix aspo-
2enell Ha 0CHOBe OKCUO08 pedKosemenvbhblx dnemenmos [ XXV MexayHapoaHasi Ha-

yuHasi KOH(epeHUHusI CTYAeHTOB, ACIIMPAHTOB M MOJOJABIX y4eHbIX «JIOMOHOCOB-
2018», 2018.

Aerogels based on individual and binary oxides of Eu, Gd, Yb
Kamilov R.Kh.
Supervisors: PhD Baranchikov A.E., PhD student Yorov Kh. E.

Aerogels are a unique class of porous materials, which are characterized by low densi-
ty, high porosity and specific surface. Aerogels are synthesized using sol-gel technique, which
consists of formation of sol from the precursor solutions followed by sol-gel transition. Com-
mon precursors for oxide aerogel preparing are their alkoxides. However, metal alkoxides are
very reactive in ambient condition and also expensive. Recently, a new sol-gel approach, the
so-called epoxide-assisted approach, has been developed. In this synthesis a solution of inor-
ganic metal salt is used as a precursor and organic epoxide is an initiator of gelation. Epoxide-
assisted method allows obtaining aerogels, which are difficult or impossible to obtain using
alkoxide approach. Furthermore, data on the preparation of rare earth metal oxide aerogels
using epoxide-assisted approach are still quite scarce.

In the present work we focused our efforts on the synthesis of individual and mixed
Eu, Gd and Yb oxide aerogels using epoxide-assisted approach as well as using novel super-
critical fluids (alcohols and ethers).

The following individual and binary (1:1) aerogels were obtained during this work:
EU203, GdzOg, Yb203, EU203-Gd203, Eu203-Yb203, GdzOg-szOg. REE oxide gels were syn-
thesized using nitrate(s) solution of corresponding RE metal(s) in 2-propanol. Drying of REE
oxide gels were carried out under supercritical conditions using both conventional supercriti-
cal fluid (COy), and i-PrOH or methyl tert-butyl ether (MTBE) which were not previously
used for this purpose. Composition, microstructure and properties of all samples were studied
using FTIR, EDX, TGA-DTA, XRD, low temperature nitrogen adsorption/desorption meas-
urements helium pycnometry, SEM and photoluminescence spectroscopy.

Summing up what has been said in this work, the approach of producing monolithic
aerogels based on oxides rare-earth elements (Eu, Gd, Yb) was developed and it was shown
that citric acid, which acts as a sol stabilizer, is a necessary component for the formation of
monolithic aerogels. In addition to conventional supercritical solvent CO,, new solvents (iso-
propanol and methyl tert-butyl ether) were also used as supercritical media for drying the wet
gels. The synthesized aerogels showed high specific surface area (270410 m?/g) and high
porosity (~95%). The developed approach also allows obtaining binary aerogels based on ra-
re-earth element oxides with a homogeneous distribution of the components throughout the
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aerogel matrix. It was found that the nature of supercritical fluid affects significantly to the
composition, microstructure and thermal behavior of aerogels.

The developed method of producing monolithic aerogels has been successfully applied
to obtain aerogels based on Eu, Gd and Yb oxides.

ButiaokutrononodHbie BaHAAATHI KAJbLIuda-P3)
¢ MarHmeM, MapraHuemM, HHHKOM

Deoomos UK.

PykoBoauTtens: a.¢p-M.H., npod. Credanosuu C.1O.

Bananatet u ¢ocdater kanbims CagR(EO,)7 (R =P3D, Bi, Y; E = P, V) npunaanexar
K CEMEHCTBY MHHEpaja BUTIOKHTA. BOJBIIMHCTBO MPEICTABUTEICH TAaHHON TPYIIBI COCIH-
HEHUI JEMOHCTPHPYIOT JOCTAaTOYHBIC IJIOMUHECICHINIO, HEIMHEWHO-ONTHYCCKUE, WOH-
MIPOBOJISIIINE U CETHETORICKTPUYECKHE CBOMCTBA JIJIsl MX MPAKTUYECKOT0 NpUMeHeHus. B va-
CTHOCTH, HEKOTOpbIE coelMHEHHs (Oc(haTOB BBIBUTAIOTCS B KAYECTBE BO3MOXKHO MaTepuania
JUISL TIOJTyYCHHS CBETOJIMOJIOB, & TAKXKe JFIOMHUHECIIEHTHBIX OMO-MeTOK. MccienoBanue BaHa-
natoB CagxM,La(VOy4)7 (M = Mg, Mn, Zn) npeicTaBisieT MHTEpPEC, TaK KaKk BaHAJIaThl, B
cpaBHeHUU ¢ ¢docdharamu, 00Jagar0T OOJBIIMMHU 3HaUYeHUsMH curHaja ['BIT, Gonee wmHTEH-
CHBHOH JIIOMUHECIICHIINEH U TIPUCYTCTBYET BO3ZMOXKHOCTD TOJTYYEHHUSI MOHOKPUCTAJUIOB.

Llenpt0o MarucTepckoil paboOThI  SIBISUIOCH W3YyYCHHE 3aBHCUMOCTH  (DU3MYECKHX
CBOWCTB TBEP/bIX PACTBOPOB BUTIOKHTOIOA00HBIX BaHamaToB cocTaBa Cag.xMLa(VOy)7 (M
= Mn2+, Zn2+) u CagxMgx(VOy,)7, OT KOHIIEHTpAIIMKM KaTHOHA-3aMeCTHTENS. B 3a1aun BX0oau-
JO: TIOJMYYEeHHE TBEPABIX PACTBOPOB U OIPENEIIEHUE TPAaHUI] MX CYIIECTBOBAHUS, aHAIIN3
CBOICTB TOJy4EHHBIX PACTBOPOB, YCTAHOBJICHHWE 3aBUCHUMOCTH CBOMCTB OT KOHIIEHTpPAIlUU
KaTHOHOB.

OO6pa3ibl ObUTH TOTYYEHBI METOIOM TBepIodazHOro criekanus. /s onpeneneHus xa-
PaKTEepUCTHK 00pa3I0B UCTIOIH30BAINCH PEHTTCHO(A30BBIi U PEHTIC€HOCTPYKTYPHBIN aHAIH3,
JCK, meron I'BI', uccnenoBanue temnepaTypHO 3aBUCUMOCTH AUDJIEKTPUUECKUX CBOWCTB.

BbutH MOTyYeHBI TBEpJbIEe PACTBOPHI BUTIOKHUTOIOMAOOHBIX BAaHAJIATOB C Pa3IMIHON
KOHIIEHTpaluei nonos-3amectureneii, CagxMLa(VO4); (M = Mn?*, Zn**, 0,16 <x > 1.16) m
CagxMgx(VO4)7 (0,5 < x > 1.5). YcraHOBIICHBI TPAHHUIIBI CYIIECTBOBAHUS ISl IaHHBIX pac-
TBOPOB.

Iyonauxamuu crygenra (https://istina.msu.ru/workers/87063166/):

1. Masun B.A., ®enotoB U.K., Cadponosa T.B., [llaranosa T.b., ®unmunmnos f.10., Ke-
pamuueckue mamepuanvl 8 cucmeme CaO-P,0s na ocHoge nopowikos, CUHmMe3upoBaH-
HbIX U3 Kapbonama xanvyus u cmecu gpocgoproil u monoynou xucrom I/ XVI Kon-
(epeHIIUSA MOJIOABIX YYEHBIX «AKTYyaJIbHbIE NP00JIeMbl HEOPraHUYECKOH XMMHUM:
0T (pyHIaMEHTAJIBbHBIX MCCAe0BAHUI K COBPEeMEHHBIM TexHoJorusam», 2017, c.
93-94

2. Masun B.A., ®enoros UK., Kanyrun [[.U., Heuaycos C.C., Dxcmpacenmol pedxoze-
MENbHBIX dJleMeHmo8 Ha ochose ankoxkcupocpazenos I XV Kondepenuus moJio-
ABIX YYeHbIX «AKTyaJibHbIe NMPO0JeMbl HEOPraHUYECKOH XUMHMHU: OT (PyHIAaAMEH-
TaJIbHBIX HUCCJIEI0BAHUN K COBPEMEHHBIM TexHoJorusam», 2018, ¢. 74-75
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Whitlockite-type calcium-REE vanadates
with magnesium, manganese or zinc

Fedotov |.K.
Supervisor: Ph.D., Professor Stefanovich S.Y.

Vanadate and calcium phosphates CagR(EQ,); (R = REE, Bi, Y; E = P, V) belong to
the family of mineral whitlockite. Most representatives of this group of compounds demon-
strate sufficient luminescence, nonlinear optical, ion-conducting and ferroelectric properties
for their practical application. In particular, some phosphate compounds are considered as a
possible material for the production of LEDs, as well as fluorescent bio-probes. The study of
vanadates CagxMxLa(VO,); (M = Mg, Mn, Zn) has an interest, since vanadates, in compari-
son with phosphates, have larger values of the SHG signal, more intense luminescence and
there is a possibility of obtaining single crystals.

The aim of the master's work was to study the dependence of the physical properties of
solid solutions of whitlokite-like vanadates of CagxM,La(VO.); (M = Mn?*, Zn?*) and Cag.
xM0x(VO4); composition on the concentration of the substituent cation. The tasks included
obtaining solid solutions and determining the boundaries of their existence, analyzing the
properties of the obtained solutions, determining the dependence of the properties on the con-
centration of cations.

The samples were obtained by solid-phase sintering. To determine the characteristics
of the samples used X-ray phase and structural analysis, DSC, SHG method, the study of
temperature dependence of dielectric properties.

Solid solutions of whitlokite-like vanadates with different concentrations of substitute

ions, CagxMxLa(VOs.); (M = Mn?*, Zn?", 0.16 < x = 1.16) and Cag.xMgx(VO4)7 (0.5 < x = 1.5)
were obtained. The limits of existence for these solutions are established.

HoBble MaTepuaibl HA OCHOBE CJI0KHBIX Hoaua0B Csl — Snl, —
MI; (M= Ga, In, Sb) 1j191 CO/THEYHOM IHEPTETUKH

Ymeooes I1I.T.

PykoBonuTelNb: K.X.H., TOLEHT [ puropreBa A.B.

B mocnenHue roapl akTHBHO pa3BUBASTCS HAYYHOE HAIMpaBlIEHUE, CBA3aHHOE C paspa-
0OTKOW HOBBIX MaTEPHUAJIOB ISl COJIHEYHBIX JIEMEHTOB 3-TO MOKOJIEHHUS SKCUTOHHOTO THIIA.
B kauecTBe CBETOMOTIOMIAIONINX MAaTEPUAJIOB B TAaKUX CHCTEMax BBICTYIAIOT BEIIECTBA C
obmet popmynoit ABX; u mceBno-nIepoBCKUTHOM CTPYKTYpoil (rne A-KaTHOH ILIEIOYHOTO
MeTaJlJla WM OPraHWYeCKui, B-KaTHOH JBYXBAJEHTHOIO MeTajlia U X TaJIOT€HUIHBIA aHU-
oH). Haunbonee 3HauMMbIe TOCTHXKEHUSI C TOUKH 3peHUsS 3(PPEKTUBHOCTU yCTPOUCTB MOTyUe-
HBI 11 cocTaBoB Ha ocHoBe (ha3el CH3NH3Pbls, B 2019 rony ux sddexruBHOCTS H0CTHIIIA
3HaueHus 23,7%. W3-3a TOKCHYHOCTH CBHUHIIA aKTUBHO HU3Y4YalOTCS CTPYKTYpPHBIE aHAJIOTH
3TOro coeauHenus. OHUM U3 MEPCIIEKTHUBHBIX COCTaBOB cuMTaeTcs nojgoctanHar(lV) mnesus
Cs,Snlg, rae 010BO HAXOAUTCS NMPEUMYILECTBEHHO B CTENEHU OKUCIeHHs 4+. UToObl yiyd-
IIUTH TPAHCIIOPTHBIE CBOMCTBA JTAHHOTO COEAMHEHHS, paHee ObUIO MPEII0KEHO YaCTUYHOE
3amentenne Cs™ u |7, oHaKo cBoMCTBA MaTepHana H3MEHSIICh HE3HAUHTEIbHO.

Ienpro maHHOW PabOTHI CTAJIO N3y4YeHHUE (Ha30BBIX PABHOBECHM M ONITUYECKHX CBOWMCTB
KoMOT3uIMii B TpoiHbiX cucremax Csl-Snly-Mls (rme M=Ga, In, Sb). Cunre3 marepuasos
OCYIIECTBIISIICS TBEpAO(Da3HBIM aMITyIbHBIM METOJOM B CBSI3H C BBICOKOH JIETyYECThIO KOM-
MOHEHTOB CUCTEMBI. B KauecTBe MCXOTHOW MIMXTHI UCIIOIB30BAUCH TPEX- MU YETBIPEXKOM-
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MOHEHTHBIE CMECH, COOTBETCTBYIOIINE CTEXUOMETPUICCKUM, KATHOH-ACPHUIIUTHBIM U aHHOH-
JIe(UIIMTHBIM COCTaBaM.

B xozxe paGoThl ObUIM ONTUMHU3UPOBAHBI YCIOBHS MOJTyYeHHUS O0HO(A3HBIX 00pa3loB
TBEpABbIX PacTBOPOB CSyxSNixMyls.ox. TTommydensr TBepabie pacTBopbl Ha ocHOBE: CSpxSNi-
xGaxxlesx 1 CS2xSN1xMyls.ox (M=Ga, In; X=0 - 1), CuHTe3upoBaHbl KATHOH JAePHUIUTHBIE 00-
pasubl Cs2Sn1xMylg (M=Ga, In rae x=0 - 0,15), o6pa31bl BocctanoBiaeHus onosa(lV) merai-
JIaMU C328n4+1.5XSn2+3XM3+2XIG.gx (M=Ga, In roe x=0 - 0,15)

Meronamu peHTreHo(ha30BOro aHaji3a U MeccOAyIPOBCKOH CIEKTPOCKOIUU IKCIIe-
PHMEHTAIBHO TOATBEpXkIeHa BO3MOKHOCTh BKimodeHus: SNn(l) B crpykrypy daser Cs,Snls.
Jnst 06pasnoB ¢ pa3aMYHON CTEICHBIO BOCCTAHOBJICHUS MOJYYEHBI JAHHBIC CIICKTPOCKOITHH
T y3HOTO OTPAKEHUS, JIIOMHUHECIICHTHOW CIIEKTPOCKOMHH, IEKTPOHHOTO MapaMarHuTHO-
r'0 pe30HaHca.

OrneHeHbl UANa3oHbl CYNIECTBOBAHUS T'PAHUIl TBEPABIX PACTBOPOB HA OCHOBE (a3
Cs,Snlg, Cslinly , Cs,Shlg, CsGaly, CsGazl; B Tpoitabix cuctemax Csl-Snly-Mls (rne M=Ga,
In, Sb). OnTrMU3MPOBaHBI YCIOBHSI CHHTE3a 0IHO(A3HBIX 00pa3iioB TBEPAOha3HbIM aMITyJlhb-
HBIM MetoaoM. s cucrembr Cs,Snlg - Csinly obGmacte romoreHHoCcTH BOJIM3U COCTaBa
Cs,Snlg cocraBuna ~15 %, a mns cucremsr CSpSnlg - CsGaly ~10%. IIpoananu3upoBaHbl OII-
TUYECKHE CBOMCTBA U3BECTHBIX PAHEE COCIMHECHHM, MMPAKTUYECKH 3HAYUMBIX B POJIM MOHHBIX
xuakocren: CsGaly, Csinly CsGayls, sxcniepuMeHTanbHbIC 3HAYCHUS BETMYMHBI ONITHYECKON
3alpenieHHON 30HbI 1JI 3TUX COCAMHEHUM B TBEPJAOM COCTOSIHUU COCTABJISIOT ~2,96 5B, ~2,9
3B u ~3,05 3B cooTBeTCTBEHHO.

W3 monyueHHBIX pe3yslbTaTOB MOXHO CIETaTh BHIBOJ O TOM, YTO TPEXBAJICHTHBIEC Me-
TaJUTbI CIIOCOOHKI 3aMeNIaTh aTOMBI 0J10Ba B CTpYKType CSpSnlg, Haxoasimuecs B EHTpax OK-
Ta’APOB, MPEAINOIOKHUTEIHHO, C YBEINYECHHUEM KOHIIEHTPALIMU 3JIEKTPOHOB B MaTepuane. Ta-
KO€ 3aMEIICHNE YBETNYUBACT KOA(D(DHUIIMEHT ONTHYECKOTO MOTJIOICHHS MaTepuaa, KOTOPhIH
SBIISIETCS BaXXHBIM (DaKTOpPOM Ui (POTOBOIBTAMUECKUX MaTepuanoB. JIerupoBaHue CUIBHO HE
BIIMSICT HA ONTHYECKYIO MIHUPUHY 3aIPEIICHHON 30HbI, OJTHAKO ATa BEJIMUUHA U JUISI HCXOTHOM
da3zbr CsySnlg HaxoAUTCS B ONTHUMANBHBIX MpeeNiax sl COJTHEUHBIX JIEMEHTOB.

Iy6mkamuu cryaenta (https://istina.msu.ru/profile/Shodruz/):

1. VYwmenos UI.T., H3yuenue meepoogasuvix pasnosecuii 6 cucmeme Csl — Snly — Gals //
XXV MexayHapoaHoi Hay4HO#i KOH(epeHI U CTYAeHTOB, ACNUPAHTOB U MOJIO-
AbIX y4eHbIX «JlomoHocoB-2018», 2018

2. Umedov Sh.T., Grigorieva A.V., New materials in Csl-Snl,-Gals ternary system, // 4™
International Fall School on Organic Electronics "IFSOE 2018", Book of Ab-
stracts, 2018, c. 123

3. Ywmenos UL.T., Cunmes u uccredosanue HOBbIX MAMEPUATO8 HA OCHOBE CLONCHBIX UO-
ouoos Csl — Snly — Ml (M= Ga, In) onsn npumenenus 6 conrneunvix bamapesx I/
XXVI MexnyHapoaHoil HAy4YHOH KOH(pepeHUHH CTYAeHTOB, ACNHPAHTOB U MO-
JI0ABIX yueHbIX «JlomonocoB-2019», 2019

New materials based on complex iodides Csl — Snl, - Ml;
(M= Ga, In, Sb) for solar energy

Umedov Sh.T.
Supervisor: Associate Professor, Dr. Grigorieva A.V.

Nowadays, the development of new materials for solar cells of the 3rd generation
photovoltaics of exciton type is developing rapidly. In such systems, compounds with the
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general formula ABX3 and pseudo-perovskite structure (where A is a cation of an alkali metal
or organic, B is a divalent metal cation, and X is a halide anion) act as light-harvesting mate-
rials. The most significant achievements in terms of efficiency were obtained for composi-
tions based on the phase CH3NH3Pbls, in 2019 their efficiency reached 23.7%. The toxicity of
lead requires further research of lead-free structural analogues of this compound. One of the
most promising compounds is cesium iodostannate (IV) Cs,Snlg, where tin is in the stable 4+
oxidation state. In order to improve the transport properties of this material, a partial replace-
ment of Cs" and I” was previously proposed, but the properties of the material did not change
a lot.

The aim of this work was to study the phase equilibria and properties of new com-
pounds in the Csl-Snls-MI; ternary systems (where M = Ga, In, Sbh). Synthesis of materials
was carried out by the solid-phase ampoule method due to the high volatility of the system
components. Three or four-component mixtures corresponding to stoichiometric, cation-
deficient and anion-deficient compositions were used as the initial charge.

The conditions for obtaining single-phase samples of solid solutions  Cs,.xSn;.xMxle-
ox Were optimized. Substitution solid solutions were obtained according to equilibrium Cs,.
xON1-xGaxxle+x and Csy.xSN1xMlsox (M = Ga, In; x = 0-1), cation-deficient samples Cs,Sn;.
xMxls (M = Ga, In where x = 0-0.15), and samples of the reduction of tin (V) with the melted
metals CsSn**1.5,5n%* 3,M** 5 ls.8x (M = Ga, In where x = 0-0.15).

X-ray phase analysis and Mossbauer spectroscopy experimentally confirmed the pos-
sibility of including of Sn (I1) ions into the lattice of the Cs,Snls phase. For samples with dif-
ferent degrees of reduction, diffuse reflection spectroscopy, luminescence spectroscopy, and
electron paramagnetic resonance data were described.

The boundaries of solid solutions based on Cs,Snlg, Cslnls, Cs,Shylg, CsGals, CsGayly
were estimated, the conditions for the synthesis of single-phase samples were optimized by
the solid-phase ampoule method. For the Cs,Snlg - Cslnl, system, the homogeneity region
was ~ 15%, and for the Cs,Snlg - CsGal, system of ~ 10%. The optical properties of previous-
ly known compounds known as ionic liquids were analyzed, namely, CsGaly, Csinl, CsGayly,
and their experimental optical band gap values were of ~ 2.96 eV; ~ 2.9 eV; and ~ 3.05 eV,
respectively.

It was demonstrated that in the Cs,Snlg structure trivalent metals replaced tin atoms
located in octahedral positions, increasing electron concentration in the material. Such a sub-
stitution increased the optical absorption coefficient of the material that was an important fac-
tor for its transport characteristics. At the same time, heterovalent doping did not affect the
optical bandgap of Cs,Snlg significantly; however, the bandgap value for the pristine Cs,Snlg
phase was optimal for light-harvesting in solar cells.

CuHTe3 BBICOKOTUCIIEPCHBIX KATAJIN3aTOPOB OKHCJIUTEILHOTO
peruapupoBanusa Nb,,V,M03;0,

Anuesa I11.P.

PykoBonurens: K.X.H., 1ou. [ puropsesa A.B.

Oxcunpl HEOOUA, MonubaeHa U BaHaaust (NbMoVO) oTHOCATCS K BaXKHBIM THUIIAM Ka-
TaJIU3aTOPOB MAPIUAIBHOIO OKHCIIEHUS, KOTOPbIE JEMOHCTPUPYIOT BBICOKYIO CEJIEKTHBHOCTD
10 OTHOLLIEHHUIO K L[EJIEBBIM ITPOAYKTAM IIPU OKUCIUTEIBHOM JETUIPUPOBAHUM dTaHA 10 ITH-
JICHA, YaCTUYHOM OKHCJICHMM 3TaHA 10 YKCYCHOM KHMCIOTHL. B smreparype nmponeMoHCTpUpo-
BaHO npeumymiectB0 NbMoVO Haja pa3nuuHbIMU OKcHJaMHu Ha ocHoBe VMoO mpu kaTaiu-
TUYECKOM OKUCIIMTEILHOM JETUIPUPOBAHUM JTaHA.
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Lenbto 1aHHOM PabOTHI SABISAETCS CUHTE3 BBICOKOIUCIIEPCHBIX KaTAIN3aTOPOB OOIIETO
coctaBa Nb,yxVxM03014 (rme x€[0,1]), npeacrasisromux coboi TBepabie pacTBOpbl. CHHTE3
NDb2.xVxM03014 IpOBOIMIN METOAOM COOCAKACHHUS, KPHOXUMUYECKUM, COJIbBOTEPMAIbHBIM
U IIyTE€M CHHTE3a B BBICOKOKHUIISIINX PACTBOPUTENSX.

MeTtomoM coocaxeHHsI ObUTH CHHTE3MPOBAHBI COCTABBI, C PA3JIMYHBIM COOTHOILICHH-
em Nb:V. B kadectBe mnpekypcopoB ObUtM BbIOpaHbl pacTBOopuMbe coiu NH4VOg,
NH4[NbO(C,04)2(H20),], (NH4)sM07024-4H,0, pH pactBopa okosio 4-6. Temneparypa oT-
kura 00pasioB coctapisuia 600-800°C. MUKpOCTPYKTYpa MOTYyYSHHBIX 00pa3IoB MPEICTaB-
JeHa KpUCTaIaMu B hopMe BUCKEPOB. Sy, 00pa3LoB cocTaBuia <3 m?/r. o manueiM TI-MC
JUIsl 00pa3IioB, MPUTOTOBIICHHBIX KPHOXUMHUYECKUM MeToaoM, TemiiepaTypa 475°C Obuta or-
TUMAJIbHOM I MOJIHOTO yJIaJ€HMsI KaK pacTBOPUTEINS, TaK U OpraHuku. Ui onTUMHU3aLUU
poLEAYpbl CHHTE3a KPHOXUMHUUYECKU BBICYIICHHbBIE MPEKYPCOPhl OTKUTATUCH MPU TeMIlepa-
type 500-600°C B Teuenue 2-48 yacos u npu 700°C B TeueHue 2-4 yacoB. YenbHas IIIO-
1a/b 06PA3LOB COCTABISIA OKOIO 3 MY/T. JUIsl COBBOTEPMAIBHOTO CHHTE3a B KAYECTBE Pac-
TBOPUTENS MCIIONb30BAIM BOY, STAHOJ U IpornaHoii-2. beuin HalieHbl ONTHMAaIbHbBIE YCIIO-
BUsI CUHTE3a JJIsl IOJIydeHHsl oqHopoAHoro npoaykra: 140°C, 18 4. C uenbto yaajieHus pac-
TBOPUTENS U BO3MOXHBIX OPraHUYeCKHUX MpuMecei 00pa3ibl npokanusany npu T=250-500°C
u Bpemen# 1 4. [loxydennsie 0Opa3iibl ABISIOTCS MOpUCThIMU. C yBETTMUYEHHUEM TEMIIEPATypPhl
OT)KUTa pa3Mep KPUCTAIIMTOB YBEIMUYMBAETCS, yJ€lbHas IUIOIIA b TOBEPXHOCTH YMEHbILIA-
ercsi. CHHTE3 B BBICOKOKMITSIIUX PACTBOPHUTENSAX OCyIIecTBIsIcsS B mpomnanone-2 u N,N-
mumetmihopmamuse (JAMPA) u mumermicynbdokenn (JIMCO) Cmech MpeKypcopoB KHIIS-
Ty B 100 M1 pactBopureneid B Teuennu 30 muH. B ciydae ucronb30BaHMs TpoIaHoja-2
IPOJYKT, MOJYYEHHBIN B BBICOKOKHIISIINX PACTBOPUTENSAX, OTJIMYAETCA OT MPOJYKTa, 00pa-
3YIOIIErocs B COJIbBOTEPMAIIbHBIX ycloBHsX. B pactBope JIM®PA Obutn cCUHTE3UpPOBaHbI KPU-
CTaJUIMYECKHE 00pa3Ibl, COOTBETCTBYIOIINE IO I[BETOBOM OKpacke o0pas3iaM, CHHTE3UPOBaH-
HBIX B COJIbBOTEPMAJIbHBIX YCIOBUAX U TBepA0(ha3HbIM MeTo1oM. [ Bcex oOpa31oB usyde-
Hbl MUKPOCTPYKTYpa, (pa30BbIii COCTaB.

Jlns MeToJia COOCaXKIEHUs ONTHUMM3HPOBAHbBI YCIOBUSA TEPMHUECKOW 00paboTKU 00-
pasioB. Jlins oOpasioB TBepasix pactBopoB Nb; u Nbi33 onHodaszHbie 00pasisl 00pa3yroTcs
npu 700°C. A mist Nbigz 1 Nb,, ogHobasHbie 06pasibl oopasyrores mpu 800°C. TIpoaykTsl,
MOJIyYE€HHBIE COJIbBOTEPMAIbHBIM CHHTE30M, SIBJISIFOTCS MOJIMKPUCTAIIIMYECKUMHU C yIEIbHON
mromansio 50-110 M/r. OO0pa31pl, NOJYyYEHHbIE CUHTE30M B BBICOKOKMITALIMX PacTBOPUTE-
JAX, SIBJISTFOTCS] BBICOKOUCIIEPCHBIMU € Sy,=240 M2/ I pazmepoM vactull <100 HM.

Beuto cuHTE3MpoBaHO cepusi Karanu3aropoB oodimiero cocraBa Nb,.xVMo03014 (rme
x€[0,1]) paznuunsiMu Metogamu. CoriacHO AaHHBIM MuKpockonuu U BOT, monyuenHsie 00-
pasIbl SBISIOTCS BBICOKOIUCIIEPCHBIMHU.

Iy6ankanuu cryaenrta (https://istina.msu.ru/profile/sh_bonu_95/):

1. Martynova N.A., Svishchev V.N., Lepnev L.S., Alieva Sh.R., et al., Electrochemical
coprecipitation of zinc and aluminum in aqueous electrolytes for ZnO and AZO cover-
age deposition // International Journal of Photoenergy, 2019, Article 1D 6808347

2. Parnukos [[.C., Anuena III.P., AunpeeB M.H, Bausnue cocmasa cmexiogazvl na
OKPACKY CEBUHYOBLIX CUNUKAMHBIX cmeKkol ¢ uonHblmu Kpacumensimu [l XXV Me-
JKAYHAPOAHOM HAYYHOHM KOH(EpEeHLHUH CTYACHTOB, ACIMPAHTOB U MOJIOABIX
yueHbIX «JlomonocoB-2018», 2018

3. Amuesa II.P., Cunumes evicoxooucnepcuvix xamaiuzamopog NbyxM03V 014 /]
XXV Me:xkayHapoaHoii Hay4yHOH KOH(epeHUMH CTYAEHTOB, ACHIHPAHTOB M
MOJI0/IBIX YueHbIX «JlomonocoB-2018y», 2018

4. Amuesa II1.P., I'puropseBa A.B., lmsaxtua O.A., Kamanuzamopvi NbyxM03VyO14 I/
VII MexnyHapoaHass KOHpepeHI s ¢ 3JIeMEHTaAaMH HAYYHOH IIKOJIBI JJI MOJIO-
aexu "OYHKINOHAJIBHBIE HAHOMATEPHUAJIBI 1 BBICOKOYUCTBIE
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BEIHIECTBA", cepus ISBN 978-5-4465-1969-9, mecto u3ganus OOO "byku Benu"
MockBa, Te3HUCHI, ¢. 265-265

5. Ammesa II.P., PacmeopHuvle memoobvl 0/is1 NOLYYEHUsI 8bICOKOOUCNEPCHBIX KAManu3d-
mopoe ND2xVxM03014 [/ XXVI Mexaynapoanoii Hay4Hoil KoHgepeHIHn CTy/aeH-
TOB, ACHHPAHTOB M MOJIO/ILIX YUeHbIX «JlomoHocoB-2019», 2019

Synthesis of highly dispersed catalysts of Nb,_,V,M05014
for oxidative dehydrogenation

Alieva Sh.R.
Supervisor: Associate Professor, Dr. Grigorieva A.V.

Niobium-molybdenum-vanadium oxides (NbMoVO) belong to important type of mo-
lybdenum-based catalysts which demonstrate high selectivity to target-products in ethane and
propane oxidative dehydrogenation, partial oxidation to acetic and acrylic acids, respectively.
Advantage of NbMoVO over different VMoO-based oxides is shown in the process of cata-
Iytic oxidative dehydrogenation of ethane. Coprecipitation with the following sintering is the
only synthesis method described in the literature.

The purpose of this work is synthesis of highly dispersed catalysts of Nb,.xMo3VO14
(xe [0;1]) which could form substitution solid solutions. Synthesis of Nb2-xMo3Vx014 was
performed by co-precipitation, cryochemical, solvothermal methods and by synthesis in sol-
vents with high boiling pointss.

A series of samples was obtained by co-precipitation followed by annealing at differ-
ent temperatures. Catalysts were prepared using the following precursors: NH;VOsg,
NH4[NbO(C,04)2(H20),], (NH4)sM0;024-4H,0, the pH of the solution was in the range 4.0-
5.5. The optimized annealing temperature was of 500-800°C. SEM micrographs of the ob-
tained samples are represented by rod-like crystals. Specific area of samples was Sger 1-3
m?/g. According to the TA-MS data for the samples prepared by cryochemical method a tem-
perature of 475°C was the optimal to remove both solvent and organics completely. To opti-
mize the synthesis procedure the cryochemically dried precursors were annealed at 500-
600°C for 2-48 h and at 700°C for 2-4 h. Specific areas of samples were of about 2-3 m%/g
and Raman spectroscopy showed characteristic D and G modes of carbon.

A series of catalysts of general composition Nb,.xV«M03014 (where x€[0.1]) was syn-
thesized by wet chemistry methods to obtaine highly dispersed materials.

The solvothermal synthesis was performed using water, ethanol and propanol-2 as sol-
vents. Synthesis conditions were optimized to obtain a well-dispersed products. The samples
obtained were porous with the Sger of 200 m?/g. With an increase in the annealing tempera-
ture, the crystallite size increases while the specific surface area decreases. Synthesis in high-
boiling solvents was carried out in propanol-2, N,N-dimethylformamide and
dimethylsulfoxide. The coprecipitated precursors were boiled in 100 ml of solvents for 30
min. In the case of using propanol-2, the product obtained in high-boiling solvents differed
from the products formed in the solvothermal conditions in propanol-2. In a solution of N,N-
dimethylformamide, crystalline samples were synthesized, corresponding in color to samples
synthesized under solvothermal conditions and by a solid phase method. For all the samples
microstructure, phase composition, and valent states of the elements were analyzed.

For the method of coprecipitation optimized conditions for treatment of samples. For
samples of solid solutions Nb; and Nbjss, single-phase samples are formed at 700°C. For
Nbigz and Nb,. single-phase samples are formed at 800°C. The products obtained by
solvothermal synthesis are polycrystalline with a specific area of 50-110 m?/g. Samples ob-
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tained by synthesis in high-boiling solvents are highly dispersed with Sger=240 m?/g with a
particle size of <100 nm.

MUKpPOCTPYKTYpPa U MeXaHUYECKHUE CBOWCTBA
chepuyecKUX YACTUL JUOKCU/IA TUTAHA

Lllonybosapunos A.C.

PykoBonuTelnb: K.X.H., 101. ['apmes A.B.

Muxkpocdepsl U3 JUOKCHAA TUTaHA HAXOIAT MPUMEHEHHE B TAKUX OOJIACTSIX KaK Xpo-
marorpadusi, porokaranu3, GOTOHHKA, COJTHEUHAs FIHEpreTuKa U kocMeTnka. Kaxnas us o6-
JacTel IpeabsaBIIsieT CBOM TpeOOBaHUS K CBOMCTBAM YacTHIl U METOAY UX CHHTE3a, 4TO 00Y-
CJIaBIMBAET pa3ianuus B (ha30BOM COCTaBe U MUKpOCTpyKType. LlenoctHocTs MUKpochep sB-
JsIeTCs. HEOOXOIUMBIM YCIIOBHEM CTa0MIIBHOM pabOThI XpoMaTorpaduuecKux KOJIOHOK U (o-
TOHHBIX YCTPOMICTB, MO3TOMY XapakTep aAedopMaly M pa3pylleHUs OTAEIbHBIX YacCTHIL
IIPEJICTaBIISIET IEPBOCTENIEHHBIN HHTEPEC.

Lenpto naHHON palbOTHI SABISUIOCH CPaBHEHHWE MUKPOCTPYKTYPbl U MEXaHHMUYECKUX
CBOWCTB MHKpOc(]ep IMOKCHIA TUTaHA, MOJABEPKEHHBIX PA3IMYHBIM CIIOCO0aM 00pabOTKH.
[TocTaBieHHbIe 33/1a4M BKJIIOYAIM CUHTE3 00pa3LoB, XapaKTepU3alHI0 UX COCTaBa U MUKPO-
CTPYKTYPBI, OTPaOOTKY METOAMKH MPOBEICHHUS MEXaHHUECKUX HCIBITAHUA M MCCIIeIOBaHNE
MEXaHUYECKUX XapaKTepUCTHK MUKpochep.

O06pa3ipl MUKpOchep AUOKCHAA TUTaHA OBUIH MOYYSHBI TUAPOIU30M H-OyTHIIaTa TH-
TaHa B BOJAHO-3TaHOJBHOM CMecU B IPUCYTCTBHE 11enoud. [lomyueHHble peHTreHoaMopdHbIe
YaCTULIBI MOJIBEPTATUCH THIPOTEPMAlIbHON W/MiK TepMuueckoit o0padoTke. O6pa3ibl ObuH
UCCIIEIOBaHbl METO/IaMU PEHTI'€HOBCKON AM(paKIUK, MalOyrioBOIO PEHTI€HOBCKOIO pac-
CEesIHUSl, TeJIMeBOM NMUKHOMETPUM, HU3KOTEMIIEpaTypHO copOIMM a30Ta, pacTpOBOM M Mpo-
cBeunBarollel ekTpoHHON Mukpockonuu (II9M). HccnenoBanust MeXaHUYECKOTrO MOBEe-
HUs 00pa3IoB OBUIO MPOBEICHO METOIOM IN SitU HAHOMHIEHTUPOBaHUs B Kamepe [1OM.

B npouecce Tepmuueckoit 00pabOTKU MPOUCXOAUT YaCTUYHAS KPUCTAJUIM3ALUS PEHT-
reHOoaMOpP(HOro OKCHAA TUTaHA, COCTOSAIIETO U3 MEPBUYHBIX YACTHI] pa3MEPOM OKOJIO 4 HM, C
00pa3oBaHUEM KPUCTAUIMTOB aHaTa3za pazmepoM 30-80 HM B 3aBUCUMOCTU OT TeMIIEPATyphl
OT)KUTa. YBEIUYEHUE CKEJIETHON IUIOTHOCTU B XOJI€ OTXKUIA COMPOBOXKIACTCS YCaJAKOM yac-
THUII U IoTepeit oovema 10 50%, Toraa Kak B ciiydae ruApoTepMaIbHOM 00pabOTKH yCaaKu HE
IIPOUCXOAUT IPH AHAJOTUYHOM YBEIMYEHHUU CKeJIeTHOM IuioTHocTu. [lo manmem I1IOM
CTPYKTYypa YacTHI] OJTHOPOJIHA 10 BCEMY 00BbEMY, a B Cilydae THAPOTEPMAIbHOU 00paboTKu
OTCYTCTBYET HEMIOCPEICTBEHHBIN KOHTAKT MEX1Y KPUCTAJUIUTAMHU.

Buneonabnronenue nporecca HHISHTUPOBAHUS Ta€T BO3MOKHOCTh HEMOCPEACTBEHHO
Ha0Jr01aTh 3a 3BOMIONMEN (POPMBI YaCTHIl M TpolieccoM MX paspyueHus. O0paboTka BHIEO-
JAHHBIX TIO3BOJISIET COIMOCTABUTH 3a/laHHOE M HaAOII0/IaeMoe IepeMellleHHe WHACHTOpa, a
TaKXe MPOBECTH Koppekuuto apeida. ledopmanns momruKkpuCcTAIIMUECKUX MUKpochep HO-
CHUT B 3HAYUTEJIPHOU CTETICHH TUTACTHUECKHI Xapaktep. [ uaporepmanpHas 00paboTKa MpUBO-
JUT K TaJEHUIO Tpejiena yIpYyrocTH W MPOYHOCTH MO0 CPABHEHHUIO C PEHTI€HOAMOP(HBIMU
yactunamu. Tepmudeckas o00paboTKa 4acTUIl TPUBOJUT K HOBBIIIEHUIO MOAYJIS YIIPYTOCTH, U
M3MEHEHHUIO XapaKTepa pa3pyLIeHUs C BI3KOTO Ha XPYNKHUIL.

Pe3ynbrarel jaHHOM paOOTHI YKa3bIBAIOT HA TO, YTO YBEJIWYEHHE CTENEHH KpHUCTa-
JMYHOCTH MaTEpUajIoB U3 IUOKCUIA TUTaHA HE ABJISAETCS JOCTATOYHBIM YCIOBUEM Ul yyd-
HIEHUs] MEXaHUYECKUX CBOMCTB. Pemaromum GpakTopom sSBISETCSI MUKPOCTPYKTYpa YacTHI], a
MMEHHO NPOCTPAHCTBEHHOE pacIipe/Ie/IeHue KPUCTAIUINYECKON 1 aMmophHOH ¢a3.
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Microstructure and mechanical properties of
spherical titania particles

Poluboiarinov A.S.

Supervisor: PhD, Assoc. Prof. Garshev A.V.

Titania microspheres find their applications in such fields as chromatography,
photocatalysis, photonics, solar cells and cosmetics. Each application has its own require-
ments for particle properties and method of synthesis, which determines differences in phase
composition and microstructure. Particle integrity is necessary for stable work of chromatog-
raphy columns and photonic devices, which is why deformation and fracture behavior of iso-
lated particles is of paramount interest.

The aim of this study was to compare microstructure and mechanical properties of ti-
tania microspheres, subjected to different treatments. Objectives included synthesis of the
samples, characterization of their composition and microstructure, trial and adjustment of me-
chanical testing and investigation of mechanical characteristics of the microspheres.

Titania samples were obtained by titanium butoxide hydrolysis in water-ethanol mix-
ture in presence of alkali. Obtained amorphous particles were subjected to hydrothermal
and/or thermal treatment. Samples were studied with X-ray diffraction, small-angle X-ray
scattering, helium pycnometry, nitrogen sorption, scanning and transmission electron micros-
copy (TEM). Mechanical behavior of the samples was studied with in situ nanoindentation
inside the TEM chamber.

Partial crystallization of amorphous titania, consisting of primary particles of about 4
nm, occurs during thermal treatment together with formation of anatase crystallites of 30-80
nm, depending on annealing temperature. Increase in skeletal density during annealing is ac-
companied by particle shrinkage and volume loss of up to 50%, whereas in case of hydro-
thermal treatment no shrinkage is observed with similar increase in skeletal density. Accord-
ing to TEM data particle structure is uniform throughout the whole volume, and in case of
hydrothermal treatment no direct contact between crystallites is observed.

Video observation of the indentation process allows one to directly observe processes
of particle shape evolution and fracture. Video processing enables comparison and matching
of preset and observed displacement of the indenter tip, as well as perform drift correction.
Deformation of polycrystalline microspheres is mostly plastic. Hydrothermal treatment leads
to reduction of the elastic limit and tensile strength in comparison to amorphous particles.
Thermal treatment leads to an increase in elastic modulus and change in fracture behavior
from ductile to brittle.

Results of this work indicate that increase in crystallinity of titania materials is not suf-
ficient for the improvement of mechanical properties. Microstructure is the decisive factor,
namely spatial distribution of crystalline and amorphous phases.
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Kepamuueckue KOMIO3UTHI HA 0CHOBe GochaToB KaJIbLUA,
MOJIy4YeHHbIE ¢ UCNO0JIb30BaHUeM 3D-neuaTu u3
BbICOKOKOHICHTPUPOBAHHBIX CYCIICH3U I
YIpPaBJIAeMOro TBepAeHMA

Towes O.Y.

PykoBoauTens: K.T.H., ¢.H.c. Cadponona T.B.

Co3nanne HEOPraHUYECKUX MAaTEePHUaIOB JJIsi HCKYCCTBEHHBIX KOCTHBIX HMILJIAHTATOB -
Ba)KHEilIlIee HAIpaBlIEHUE PAa3BUTHUSI COBPEMEHHOTO MEAMIIMHCKOro MarepuanoBeaenus. On-
HUM U3 MMEPCIICKTUBHBIX SBISIETCS] PEreHEPATUBHBIN MOIXO/ JIeUeHHS 1e(DEeKTOB KOCTHOM TKa-
HU C MpPUMEHEHHEM OHOpe30pOMpyeMbIX Kambluh(poCchaTHBIX KepaMHUECKUX MaTepHaloB.
Pe3opbupyemMocTs MaTepraioB Ha 0CHOBE oc(haToB KaIbIHS MOBBIIIACTCS MTPH TOHIKEHUN
monbHOro oTHoImeHus Ca/P. Kepamudeckue marepuaisl Ha OCHOBE mupodocdara Kaablus
Ca,P,07 (Ca/P=1) u nomudocdara kanpuus Ca(POz), (Ca/P=0,5) Bce yaie BHIOUPAIOT B Ka-
4eCcTBE OOBEKTOB HCCIIEIOBAHUS, MOCKOIBKY OHU O0JaaloT OOJbIIel pe30pOupyeMOCThIO B
Tectax IN Vitro u in vivo, yem optodocdarsr kaipuus (rugpokcuanatut Caio(PO4)s(OH), u
tpukanbimiipochar Caz(PO,)2). Kepamuky Ha ocHoBe mupodocdara kambius CaP207 06-
JKUTaloT npy Temneparypax soime 1000°C. Benenue 6oee HM3KOMIABKON (a3bl moaudoc-
¢ara kanpims Ca(PO3), MO3BOIUT CHU3UTH TEMITEPATYPy 00XKHTa.

Lenpto nanHO# pabOTHI SBISUIOCH CO3JAaHWE KEPAMHUYECKUX MAaTEpUANOB Ha OCHOBE
nupodochara CaP,07 u nomudocdara kansims Ca(PO3), TepmMoodpaboTKoii moayhadpuka-
TOB, COPMOBAHHBIX M3 BEICOKOKOHIIEHTPUPOBaHHBIX TBepaetonmx cycrnensuid (BKTC). s
JIOCTH)KEHUS ITOCTABJICHHOM 11eNn He0OXO0AMMO OBLIO PEeIINTh CIEAYIONIUE 3aJauu: MOAroTOo-
BuTh BKTC u3 monokansimiipochara monoruapata Ca(HzPO,),°H,0, tmrpara kambiums
terparuapara Caz(CeHsO7)24H,0 n/umu okcanara kanbius monoruapata CaC,04*Ho0; uc-
cinenoBath cBorictBa BKTC; u3roToBUTh MiacTUYECKUM (POPMOBAHUEM M C MOMOIIBIO DKC-
TPY3MOHHOM TOCIOWHOM nedartu npexkepamudeckue 3arotoBku u3 BKTC, npexacrasnstomue
cO0OI0 TIEeMEHTHBI KaMEHb, W HCCIIEIOBaTh MX CBOMCTBA; MOJYYHTh CEPUI0 KEPaMHUECKUX
matepuanoB B cucteme CaO-P,0s5 uz BKTC; uccrnenoBars cBOWCTBA MOTYYEHHBIX KepamMHuye-
CKHX MaTepHAJIOB.

KonnuecTBa MCXOAHBIX KOMIIOHEHTOB MOPOIIKOBBIX CMECEH pacCUMTHIBAIM IO Clie-
JYFOIIAM PEAKIIHSIM:

Cag(C5H507)2'4H20 + 3C&(H2PO4)2'H20 + 5H,0 — 6CaHPO4=2H,0 + 2H3;CsH50-
CaC,04*H,0 + Ca(H2P04)2-H20 + 2H,0 — 2CaHPO4*2H,0 + H,C,0,

BKTC na ocHoBe nutpata kanbius tetparuapara Casz(CeHs07)224H,0 w/mmm okcana-
ta kanbius MoHormapata CaC,04*H,O monydanm cMemmBaHUEM 3THX COJIEH ¢ MOHOKAITb-
nuiipocharom monoruapatom Ca(H2P0O,4)2°H,0 B TakoM cooTHOMIEHNH, YTOOBI B KepaMuie-
CKOM MaTepuaje (a3bl MPUCYTCTBOBAIU B cieayronmx cootHomenusx: CaP,04/CaP,07 =
0/100; 5/95; 10/90 u 20/80. ITo nanusiM PDA, da3oBblii cocTaB 00pa3ioB nocie GopMoBaHUs
ob11 nipencraied Opymurom CaHPO4*2H70, moneturom CaHPO,, Monokanbiuiidhocdarom
monoruapatom Ca(HzPO4)2*H20 u okcanatom monoruapatom CaC,04*H,0, ecnu TOT ObLI
ucnoinp3oBaH. [locnoiiHas sKcTpy3HOHHas MeyaTh ¢ HCMoib3oBaHueM 3D-mpuHTepa crana
BO3MOXKHa Onarofapsi oopazoBanuto dUMOHHOW KucnoThl H3CeHsO7 kotopast sBrsercs 3a-
MEJJTUTEIEM TBEPJCHUS OPYIIMTHBIX IIEMEHTOB M CHW)KAaeT M3MEHEHHE TUTACTHYECKOM Mpod-
Hoctu BKTC Bo Bpemenu. IlpucyrcrBue wu30bITKa MOHOKambImiidocdara MoHOTHApaTa
Ca(H2P04)2*H,0 u manopacTBopuMOro KomioHeHTa okcanara moHorumapara CaC,0O4+H,0
TaKXe MPENATCTBOBAIO OBICTPOMY M3MEHEHHIO MIACTUYECKON MPOYHOCTH.

B pesynbprare OblIM MOJIydeHBI KEpaMHUECKUE MaTEpHAaIIbl, TOMUHUPYIOIIEH ¢da3oi B
KoTOpeIX mociie obxura B unTepBane 800-1000°C sisuicst B-mupodocdar kambims [-
CayP,07. I'eomerpuueckasi TWIOTHOCTh MatepuajoB mociie ooxkura nmpu 1000°C cocraBmia
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1,0- 1,7 r/em’, a npo4yHoCcTh Ha M3rub 2,5 — 5 MIla. pH cpensl npu morpykeHuu Kepamude-
CKHMX MaTe€pHaJIOB B IUCTHJIMPOBAHHYIO BOIY COCTaBUI 5,6 — 6,7.

[ToydeHHbIE KepaMHUECKHE MATePUAIBI MOTYT OBITh PEKOMEHIOBAHBI JIJISI U3TOTOB-
JICHUsI Pe30pOUPYEMBIX KOCTHBIX HMILJIAHTATOB JISl JICYCHUs 1e(DEKTOB KOCTHOW TKaHH.
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Calcium phosphate ceramic composites, obtained via 3D-printing
of highly loaded suspensions of controlled hardening

Toshev O.U.
Supervisor: PhD, senior researcher Safronova T.V.

The creation of inorganic materials for artificial bone implants is the most important
direction in the development of modern medical materials science. One of the most promising
is the regenerative approach to the treatment of bone defects with the use of bioresorbable
calcium phosphate ceramic materials. The resorbability of materials based on calcium phos-
phates increases as the Ca/P molar ratio decreases. Ceramic materials based on calcium pyro-
phosphate Ca,P,0; (Ca/P=1) and calcium polyphosphate Ca(PO3), (Ca/P=0,5) are increasing-
ly selected as objects of study, because they have a higher resorpbability in tests in vitro and
in vivo then calcium orthophosphates (hydroxylapatite Ca;o(PO4)s(OH), and tricalcium phos-
phate Ca3(POg),). Ceramics based on calcium pyrophosphate Ca,P,0; are calcined at tem-
peratures above 1000°C. The addition of calcium polyphosphate phase Ca(POs), with lower
melting point will allow to reduce the firing temperature.

The purpose of this work consisted in creation of ceramic materials based on calcium
pyrophosphate Ca,P,0O; and calcium polyphosphate Ca(POs), by heat treatment of semi-
finished items formed from highly concentrated hardening suspensions (HCHS). To achieve
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this goal, it was necessary to solve the following tasks: prepare HCHS from monocalcium
phosphate monohydrate Ca(H,PQO,),*H,0, calcium citrate tetrahydrate Caz(CsHs07),24H,0
and/or calcium oxalate monohydrate CaC,04°H0; investigate the properties of HCHS; make
pre-ceramic items, which are cement stones, from HCHS using plastic molding and extrusion
layer-by-layer printing and investigate their properties; obtain series of ceramic materials in
the CaO-P,0s5 system from HCHS; investigate the properties of the obtained ceramic materi-
als.

The quantity of initial components of the powder mixtures was calculated according to
the following reactions:

Ca3(C6H5O7)2-4H20 + 3C&(H2PO4)2'H20+5H20 — 6CaHPO4*2H,0 + 2H3CsH507
CaC,04*H,0 + Ca(H2P04)2'H20 + 2H,0 — 2CaHPO4*2H,0 + H,C,0,4

HCHS based on calcium citrate tetrahydrate Cas(CsHsO7),*4H,0 and/or calcium oxa-
late monohydrate CaC,0,*H,O were obtained by mixing of these salts with monocalcium
phosphate monohydrate Ca(H,PO,4),*H,0 in such a ratio that following phase composition
were in the ceramic materials: CaP,0g/Ca,P,0O; = 0/100; 5/95; 10/90 and 20/80. According to
XRD data the phase composition of the samples after molding was represented by brushite
CaHPO4=2H,0, monetite CaHPO, , monocalcium phosphate monohydrate Ca(H,PO,),*H,0
and oxalate monohydrate CaC,04+H;0, in case it was used. Layer-by-layer extrusion printing
of pre-ceramic samples using a 3D printer was possible due to the formation of citric acid
H3CsHsO7 which was a retarder of hardening of brushite cements and lower the changing of
plastic strength of HCHS. The presence of excess of monocalcium phosphate monohydrate
Ca(H2P04)2*H,0 and presence of insoluble calcium oxalate monohydrate CaC,0,4*H,0 also
prevented a rapid change in plastic strength.

As a result, ceramic materials with the B-calcium pyrophosphate as dominant phase
were obtained after calcination in the range of 800-1000°C. The geometric density of the ma-
terials after calcination at 1000°C was 1.0 — 1.7 g/cm®, and the bending strength was 2.5-5
MPa. The pH of the medium during the immersion of ceramic materials in distilled water was
5.6 -6.7.

The obtained ceramic materials can be recommended for the manufacture of
resorbable bone implants for the treatment of bone tissue defects.

IMosyyeHune u xapakTepu3anus HAHOYACTHIL HA OCHOBE
KOMILIEKCOB M KOHBIOTATOB CYNEPOKCHIINCMYTA3bI
C MOJIMAJICKTPOJIUTAMM VISl JICHCHUS
BOCHAJIUTEIbHBIX 3200J1eBaHUIl IJ1a3a

Banees A.H.

PykoBogutenu: n.x.H., mpod. Kistako H. JL.; x.d.-m. H. ['openkun [1.B.

B nacrosimiee Bpemsi noctaBka JiekapcTBeHHBIX cpencTB (JIC) B ompeseneHHble cer-
MEHTBI TJIa3a OCTAeTCsl OJHOW M3 CaMbIX CIIOKHBIX 33/7a4 B OPTAIbMOJIOTHH. YHUKaIbHAS
CTPYKTYypa IJiaza orpaHuuurBaeT npoHukHOBeHHE JIC BHYTpb ria3za. 3HAUYUTENIbHBIE MOTEPHU
JIEKApCTBEHHOI0 Ipernapara NpOUCXOAsIT TP MECTHOM BBEJEHUH, YTO CUJILHO OTPaHUYHBAET
sahdexTuBHOCT, BOAHBIX pacTBOpoB JIC. [ToaTOMy BaykHOU 3aaueii sIBISETCS CO3/IaHUE CHC-
TEM JIOCTaBKHU JIEKAPCTB, KOTOPHIE, BO-TIEPBBIX, MO3BOIWIN Obl Jy4ine yaepkusarbes JIC Ha
IMMOBEPXHOCTHU POTOBUIILI I'J1a3a IIpH MECTHOM BBCIACHUHU, BO-BTOPLIX, obecrieunin OBl ITPOHUK-
HOBEHHUE JICKaPCTBEHHOI'O IIperapara BO BHYTPEHHUE CTPYKTYpBbI Iia3a. BocmamurenbHble
3a00JieBaHus TJla3 SABISAIOTCS OJAHMMH W3 CaMbIX PACIPOCTPAHEHHBIX OPTAIbMOJIOIHYECKUX
NaTOJIOTUH, YCTyHasl JUIIb KaTapakTe M pa3IuyHbIM aHomManusM pedpaxuuu. [Ipu stom
OOJIBIIMHCTBO BOCHAIUTENBHBIX 3a00JIEBaHUMN, COMPOBOXKIAAETCA OKHCIUTEIBHBIM CTPECCOM,
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pe3yAbTaTOM KOTOPOTO MOKET OBITh MOSIBIIEHUE OOJIBIIOTO KOJUYECTBA AKTUBHBIX (HOPM Ku-
cinoponaa (ADK), 1 mo3TOMy MCIIOIB30BaHNE AHTHOKCHUAHTOB MPH JICUCHUHW TaHHBIX 320071e-
BaHUI MOKET 0Ka3aThCs 3()(HEKTUBHBIM.

Lenbto naHHON pabOThI OBLIO MOTYYEHHE MOTUIIEKTPOIUTHBIX HAHOYACTHI] HA OCHO-
BE aHTHOKCUAAHTHOTO (hepmenTa cynepokcuaaucmytasbl (CO/I), a Taxxke oneHka ux 3ddek-
TUBHOCTH IPH JICYCHUH BOCTIAJIUTEIbHBIX 3a00JI€BaHU TJ1a3.

Ha nepBoMm sTtane Obuin nostydeHsl HaHowactulbl COJl Ha OCHOBE MONIMAIEKTPOIUT-
HBIX KOMIUJIEKCOB ¢ mosimnoHamu. st aToro k pacrsopy COJl no6aBisisiu pacTBOp MpoTaMu-
Ha (MOJIMKAaTUOH), a 3areM pactBop mnonuanuona I[IDI-III" (comomumep MeTOKCH-
MOJTH(ATUIICHTIIUKOJIB )113-0JIOK-TT0TM (L-TITyTaMHUHOBOM KHCIIOTHI HATpUEBasl COJIb)sp). 3aTeM
no-6asisuiy riyTapoBbii anbiaerusn (0,5% BoaHbIM pacTBop) 1uist ciuuBky amuHorpymi CO/l u
no-nmumMepoB. [1o0ouHbIE MPOIYKTHl U HEMpPOpearupoBaBIINe PeareHThl YA HeHTpUudy-
THpPOBa-HUEM C MCIIOJIb30BaHHEM (PHIBTPYIOIIUX CHCTEM ¢ mpezenom mpomyckanus 100 x/la.
Konnentpamnuio Oenka ompeneisyii MyTeM CHeKTpOo(OTOMETPHUYECKOro aHanu3a. AKTHB-
HOCTb HAaHOYACTUI] ONPENEISUIM C HUCIHOJIb30BAHUEM PEAKIMH aBTOOKUCIEHMS MUPOrajlioa.
Takxe OCyIIECTBIISIIN JOMONMHUTEIbHYI0 MOIU(MUKAIINIO HAHOYACTHI] C UCTIOJIB30BAHUEM XHU-
TO3aHa C LEJbI0 YIYUIICHUS UX MYKOAATe€3UBHBIX CBOMCTB.

B pesynbTare npoaenaHHol paboThl ObUIH MOTYYEHBI OTPULIATENBHO 3apsKEHHbIC Ha-
Ho-yactuibl COJ] muamerpom ot 80 mo 150 um. IIpogemoncTpupoBana 3pGHEeKTUBHOCTD pa3-
pabateiBaemoro JIC B cpaBHEHUHU ¢ paCTBOPOM HATHUBHOTO (hepMEeHTa MPHU JICUCHUU UMMYHO-
TeHHOTO yBeuTa. Takke n3ydeHa cTaOMIbHOCTh IMOYUYEHHBIX CYCIIEH3UI YaCTHII 110 aKTUBHO-
cru. TTokasano, 4To onTUMaabHas TeMIepaTypa XpaneHus cocrtapiser 4°C, Ipu 3TOM aKTHB-
HOCTh B TeueHue 6 MecsieB coxpanserca. bbuio nmomyudeno, yto Hanovactuiisl COJl ropasno
Jy4llle yAep>KUBAIOTCA Ha TOBEPXHOCTU POTOBUIIBI, [0 CPABHEHHUIO C HATUBHBIM (DEPMEHTOM.
Taxoke ObuTO ycraHOBIEHO, yTo HaHo4acTHIBI COJ] crmocoOHBI MPOHUKATh BO BHYTPEHHHE
CTPYKTYpHI IJ1a3a B OTIIMYUE OT HATUBHOIO (pEpMEHTA, YTO CBUIECTEILCTBYET 00 MX 3 dek-
TUBHOCTH TIPH JICUSHUH BOCIIAIMTENIBHBIX 3a00JIeBaHUIl BHYTPEHHUX CTPYKTYp TJ1a3a.

Taxkum oOpa3om, B xoae paboTsl ObuTH nosnydeHsl HaHouacTulbl CO/l Ha ocHOBe Mo-
JMBJIEKTPOIUTHBIX KOMIUIEKCOB, KOTOpbIe 3()()EeKTUBHBI PH JICYSHUH BOCTIATUTEIBHBIX I1a3-
HbIX 3a0oneBanuii. CO/] BHYTpHM yacTUIl MPOYHO CBsi3aHa ¢ MOJIMMEpaMu, U, Ojarojnaps 3To-
My, YBEJIHMUUBAETCS CTAOMIBHOCTh €€ 3HAYEeHUI aKTHMBHOCTU NPU XPAHEHUH, YBEINIHBACTCS
BpeMsl yJIep>KUBaHMs Ha MOBEPXHOCTU POTOBUIIBI, NPH 3TOM JAaHHBIE YAaCTHUIBl CIIOCOOHBI
IPOHHUKATh BO BHYTPEHHHE CTPYKTYPHI IJ1a3a.
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Preparation and characterization of nanoparticles based on
SOD-polyelectrolytes complexes and conjugates for inflammatory
eye diseases treatment

Vaneev A.N.
Supervisors: Dr. Sc., Prof. Klyahko N.L.; Ph.D. Gorelkin P.V.

Currently, drug delivery in certain segments of the eye remains one of the biggest
challenges in ophthalmology. Entering of drugs inside the eye is limited by the unique struc-
ture of the eye. Significant losses of the drug occur with local administration. This fact greatly
limits the efficiency of aqueous solutions of drugs. Therefore, an important task is to create
drug delivery systems that, firstly, would allow the drug to be better kept on the surface of the
cornea, and, secondly, would ensure the entering of the drug into the internal structures of the
eye. Inflammatory eye diseases are among the most common ophthalmologic pathologies.
Moreover, most inflammatory diseases are accompanied by oxidative stress. The result is a
large number of reactive oxygen species (ROS), and therefore the use of antioxidants in the
treatment of these diseases may be effective.

The goal of this work was to obtain polyelectrolyte nanoparticles based on the antioxi-
dant enzyme superoxide dismutase (SOD), as well as their evaluation of its efficiency in the
treatment of inflammatory eye diseases.

SOD nanoparticles based on polyelectrolyte complexes with polyions were obtained.
Briefly, SOD nanoparticles were synthesized by mixing of SOD solution with protamine and
PLE-PEG (methoxy-poly (ethylene glycol):1s-block-poly (L-glutamic acid-sodium salt)so)
copolymer) solutions sequentially after that glutaraldehyde solution was added for crosslink-
ing the amino groups of SOD and polymers. Byproducts and unreacted reagents were re-
moved by centrifugation using filter systems (MWCO 100 kDa). The protein concentration
was determined by spectrophotometric analysis. The activity of nanoparticles was determined
using pyrogallol auto-oxidation reaction. Additional modification of nanoparticles was also
carried out using chitosan in order to improve their mucoadhesive properties.

As a result of this work, negatively charged SOD nanoparticles with a diameter of 80
to 150 nm were obtained. The efficiency of the developed drug is demonstrated in comparison
with the solution of the native enzyme in the treatment of immunogenic uveitis. The stability
of the particle suspensions by activity was also studied. It is shown that the optimal storage
temperature is 4 © C, while the activity is maintained for 6 months. Also SOD nanoparticles
are much better retained on the surface of the cornea, compared with the native enzyme. SOD
nanoparticles are found to penetrate into the internal structures of the eye, in contrast to the
native enzyme, which indicates their efficiency in treating inflammatory diseases of the eye
internal structures.

Thus, during the work, SOD nanoparticles based on polyelectrolyte complexes, which
are effective in the treatment of inflammatory eye diseases, were obtained. SOD inside the
particles is strongly associated with polymers, and therefore its storage stability increases, the
retention time on the surface of the cornea increases, and these particles are able to penetrate
into the internal structures of the eye.
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IHosyyeHue, XapaKkTepu3auus U U3yUeHue NOBeIeHU B
NMepeMeHHOM MATHUTHOM I10JIe HAHOYACTHI[ OKCH/IA JKeJie3a
Pa3/IM4HON AaHU30METPUHU

Banzapaxwaesa C. Y.

PykoBogutenu: m.H.c. Bnacosa K. 1O., n.x.H., npod. Kistako H.JL.

buocoBmectumbie MmarauTHbie HaHOYacTHI] (MHY) nMeroT 60JbII0# MoTeHIaI B 00-
nactu GapManeBTUKH U OMOMEIUIIMHCKUX ucclieoBanuii. B gactHoct, MHY mpuMeHsroTCst
npu pazpaboTKe KOHTEHHEPOB Ui IOCTaBKH JIEKAPCTBEHHBIX MPENaparoB, O3B0 pelaTh
aKTyaJbHbIE IPOOJIEMBI TaKHe, KaK MHAKTUBAIMY U JIETpalalliy JIEKapCTBEHHOT'O Tpernapara B
KPOBOTOKE.

Jlig pelieHns JaHHOTO BOIIPOCA MCCIEAYIOTCS pas3jinyHble HAaHOKOHTeHHepbl. OnHON
U3 NEepPCHEeKTHBHBIX M XOPOLIO HM3y4YEHHBIX ()OpM HAHOKOHTEHHEpa SBISIOTCS JIMIIOCOMBI.
[IpeumMy1iecTBO AAHHOIO TUIIA KOHTEWHEPOB — BO3MOXKHOCTH JOCTaBIISITh KaK TI'MIPO(UIIb-
Hble, TaK U TMAPO(POOHBIE MOJIEKYJIbl PA3HOTO pa3Mepa, HO MPHU ITOM OJHUM M3 3HAYMMBbIX
HEJ0CTaTKOB SIBJISIETCS MEAJIEHHOE, a MOPOM MOJIHOE OTCYTCTBUE BBICBOOOKIECHUSI AKTUBHBIX
Mosiekys. K HacrosieMy BpeMEHM NPEUIOKEH MOAXOJ Ul YIPOILIEHUS U YJIYYIIEHUS BbI-
CBOOOXK/IEHUSl Mpenapara M3 JMIOCOMAIbHBIX KOHTEHHEPOB, (YHKIMOHAIU3UPOBAHHBIX
MHUY non neficTBHEM HU3KOYAaCTOTHOTO nepemeHHoro mMarHutHoro nosiss (HY TIMIT). Ilox-
XO0J OCHOBaH Ha MexaHnumdeckoMm Bpamenuu MHY B HY [IMII, npuBoasmem k pazynopsno-
BAaUYMBaHUIO JIMITUAHOM MeMOpaHbl HAHOKOHTEIHepa.

Lenbto paboThl ObUIO MOTYYEHUE U UCCIIEJOBAHUE MOJEIU JJIsi BBICBOOOKICHUS MO-
JeKys U3 aurnocoM ¢ uMmoOumnn3oBanHsiMM MHY B hopme cdep u crepkHell Ha UX MoBepx-
HocTH nox aeiicteueM HY TIMII.

B pamkax nanHHON paOoThl pemanuch ciaenymoommue 3agauu: cuHtes MHY meromom
TEPMUYECKOTO pa3iokeHus auerwianeronara sxkeneza (1) nns cdepuueckux wactun u
JBYXCTaJIMHHBIA CHHTE3 (THIpOJKM3a U MUKPOBOJIHOBOro m3iaydeHus) s MHY B dopme
CTEp)KHEW; ITOJIy4eHHME MArHUTHBIX JIMIIOCOM IIyTEM THApPATalyy JINIIAJIHON IIJICHKH;
«TIPHUIIUBKa» KapOoonuumMuaHeiM MetogoM MHY, cTabuian3upoBaHHBIX HUTPOJO(AMUHOM, K
KapOOKCHJIBHBIM T'pYIIaMH, KOTOpPBIE PaCIOJIOKEHbl Ha MOBEPXHOCTU JIMIIOCOM; H3y4EHUE
npoHHIIaeMocTu MeMOpaHsl B ycioBusx IIMII no kuHeTnke mongaBiieHUs (epMEHTaTUBHON
peakuuu anbdpa-xumorpuncuta u MerogoM UK ®ypre cnekrpockonuu HITBO.

B pesynbrare pabotsl cuHTe3npoBanbl MHY okcupa xenesa chepuueckoit Gopmbl U B
dbopme crepxHel. [TomydeHpl MarHUTHBIE JIUITIOCOMBI ¢ pazmepoM 200+15 HM, C y3KUM OKHOM
MO AUCIIEPCHOCTH. IMon neticteuem HY TIMIT (110 T, 90 wmTa) npoucxomut
BBICBOOOXKJICHHE BBICOKOMOJIEKYIIsipHOTrO Oenka (Bowman Birk Inhibitor 6-8 x/la) wu3
MarHUTHBIX JIMIIOCOM C MMMOOMIM30BaHHBIMU cpepuueckumMu MHY. B ciaysae MHY B
dbopme cTepxHel He HaOM0aeTCsl CTaTUCTUYECKU Jo0CcToBepHbIi a3dpdexT nerictBusa [IMII, Ho
UMEeTCsl TeHJCHILUS K YIYYIIEHUIO BBICBOOOX/IEHUS Oelika B CPaBHEHHUU C KOHTPOJIbHBIMU
onbiTaMu 0e3 crumynsiuuu nojieMm. [lo manueim MK ®@ypwe cnexrpockonnu HIIBO MHUY,
UMMOOMIIN30BaHbIE HAa TIOBEPXHOCTH JIMIIOCOM, B3aUMOECHUCTBYIOT B OCHOBHOM ¢ (pocaramu
JUNHUIO0B U «1y0oil» OT MOJMMATUIICHIVIMKOIS Ha TOBEpXHOCTH MeMOpanbl. [Ipu stom He
MPOUCXOTUT Pa3yNopsAOUUBaHUS caMOil MeMOpaHbl nmunocoM nof aeiicteuem HU TIMII. Tem
HE MeHee HalmroaeMblit 23 ¢GeKT, TOBOPUT O BHICBOOOXKICHNN O€JIKa U3 BHEIIHETO OKPY>KEHUS
MeMOpaHbl JTUIIOCOM. YCTaHOBJIEHA MPUHIMIIUAIbHAS BO3MOXKHOCTh BBHICBOOOXKICHHS Oeka
3a cyeT MarHuTo-mMexanndeckon akrusaruu MHY B HY TIMIT.
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Synthesis and characterization of magnetic nanoparticles with
different anisometry, and its investigation
under alternative magnetic field

Vanzarakshaeva S. Ch.

Supervisors: junior researcher Vlasova K. Yu., Dr.Sc., Prof. Klyachko N. L.

Biocompatible magnetic nanoparticles (MNPs) have a great potential in the field of
pharmaceuticals and biomedical research. In particular, MNPs are used in the development of
containers for drug delivery. Their application helps to solve the topical problems such as
drug inactivation and degradation in the bloodstream.

Different types of nanocontainers are investigated to solve this issue. Liposomes are
one of the promising and well-studied forms of nanocontainer. This type of containers deliv-
ers both hydrophilic and hydrophobic molecules of various sizes, but one of the significant
drawback is the slow release or complete lack of the release of active molecules. To date, an
approach to simplify and improve the release of the drug from liposomal containers, which
are functionalized with MNPs under the action of low-frequency alternating magnetic field
(LF AMF). The approach is based on the mechanical rotation of the MNPs in the LF AMF,
leading to disordering of the lipid membrane of the nanocontainer.

The aim of the work was to obtain and study a model for the release of molecules from
liposomes with immobilized MNPs of various shapes — "spheres™ and "rods" - on their surface
under the exposures to LF AMF.

Within the framework of this study, the following problems are considered: synthesis
of MNPs by thermal decomposition for spherical particles and two-stage synthesis (hydrolysis
and microwave radiation) for MNPs in the form of rods; preparation of magnetic liposomes
by hydration of the lipid film; immobilization of MNPs, which are stabilized by
nitrodophamine, to carboxyl groups, which are located on the surface of the liposomes, by
carbodiimide method; study of membrane permeability under the LF AMF on the kinetics of
suppression of the enzymatic reaction with alpha-chymotrypsin and the method of ATR-
FTIR.

As a result of the work, MNPs of iron oxide of spherical shape and in the form of rods
were synthesized. Magnetic liposomes with the size of 200+15 nm and low PDI were ob-
tained. Under the action of LF AMF (110 Hz, 90 mT), the release of high molecular weight
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protein (Bowman Birk Inhibitor 6-8 kDa) from magnetic liposomes with immobilized spheri-
cal MNPs were observed. In the case of MNPs in the form of rods, there is no statistically
significant effect of AMF action, but there is a tendency to improve protein release in compar-
ison to control experiments without field stimulation. According to ATR FTIR MNPs, which
were immobilized on the surface of liposomes, interact mainly with lipid phosphates and pol-
yethylene glycol "coat”. In this case, there is no disordering of the lipid membrane under the
action of LF AMF. Nevertheless, the observed effect indicates the release of protein from the
surface of the liposomes membrane. The possibility of release of protein due to the magneto-
mechanical activation of MNPs in the LF AMF was demonstrated.

N3y4deHue JIOKAJBbHBIX MEXaHUYECKUX CBOMCTB KJIETOK MO/
BO3/efiCTBHEM TepaneBTUYEeCKHUX MPenaparoB MeToA0M
CKAHUPYIOLIEe HOH-TIPOBOASALIIEH MUKPOCKOIIMH

Koamozcopos B.C.

PykoBoaurenu: a.x.H., npod. Kinsruko H.JL.; x.¢.-m.H., sxcniept Epodeen A.C.

N3BecTHO, YTO MEXaHUYECKHE CBOMCTBA KJIETKHU, @ TAKXKE CIIOCOOHOCTh KJIETKH K Me-
XaHOYYBCTBUTEILHOCTH M MEXaHOTPAHCIYKIIMU UTPAIOT OJIHY U3 KIIFOUEBBIX poJieil B OUOI0-
TUYeCKOM (DYHKIIMOHUPOBAHUU KIETKUA. TakK, OTKIOHCHHWE OT HATHUBHBIX MEXaHHUYECKUX
CBOICTB MOXET MPUBOAUT HE TOJIBKO K HAPYIICHUIO (PU3NYECKOMN LIEJTOCTHOCTU KIETKU, HO UX
Omonornvecknx (PyHKIHNA, 4TO MOXKET MPUBOIUTH K BOSHUKHOBCHHIO PA3IMYHBIX MATOJIOTHH,
pUMepaMu KOTOPBIX SBJISIOTCS OMyXOJieBble 3a00JieBaHHUs, OCTEONOPO3, OCTEOAPTPO3, cep-
MOBU/IHAS KJIETOYHAsI aHeMHus U T.J. Takum oOpa3oM, BOSHHUKAET HEOOXOIUMOCTh B MIPUMEHE-
HUW HEMHBA3MBHOI'O METO/A JJIsl U3MEPEHUS MEXaHUYECKUX CBOMCTB KJIETOK.

OnHako, U3yd4eHHE MEXaHWYECKUX CBOMCTB JKMBBIX KJIETOK 3aTPYJAHEHO UX MaJbIMHU
pazMepamMu (AECSITKH MHKPOMETPOB), HEOOXOAUMOCTBIO pabOTHI B cpeje MPHUOIMKEHHON K
(U3HOTOTUYECKON JIJISl TOJICPIKAHUS MX JKU3HEACITEIIBHOCTH, C MAJILIMU 3HAYCHUSIMUA MOJTY-
15 FOnra (100 ITa - 100 kI1a), a Takxke BBUAY TOTO, YTO KOMIOHEHTHI KJIETKH, OTPEACIISIONINE
MEXaHUYECKHUE CBOMCTBA (KJIETOYHAsE MEMOpaHa, KJIETOUYHOE SIIPO, PA3TUYHBIC JIEMEHTHI ITU-
TOCKeJeTa), MPEACTaBISAI0T CO00l MHOTOYPOBHEBYIO M MOABMXHYIO CHCTEMY.

Tax, 11 mogoOHBIX U3MEpeHH ObLTO0 pa3paboTaHO MHOKECTBO METOJ0B M3MEpPEHUs
JKECTKOCTHU >KMBBIX KJIETOK, CPEAN KOTOPBIX B MOCJIEIHEE BPEMS aKTUBHO PA3BUBAETCS METOJ
CKaHHUpYIOIEed HOH-TpoBoAsIe Muxkpockomuu (SICM), KOTOpbIii MO3BOJISIET 0OECTIEUUTH
HEWHBA3MBHOE HCCIIEIOBAaHUE In Vitro OTAENbHON KIETKH B YCIOBHSIX MPHOIMKEHHBIX K (U-
suosorndeckuM. [IpuHIum paboThl MO3BOJISET MPOBOIUTH CKAHUPOBAHUE TTOBEPXHOCTH 00-
pasiia B OECKOHTAKTHOM pPEeXHME, & TaKKE U3MEPSITh JOKAIBHYIO KECTKOCTh KMBOU KIIETKH,
pe3ynbTaThl H3MEPEHUST KOTOPOTO MOTYT MOTEHIIMATBHO MCIOJIB30BATHCS I KOJMYECTBEH-
HOTO OTPA)KEHUSI COCTOSIHUSI MX CTPYKTYpPbl U COCTOSIHUS LIMTOCKENIETa, YTO MOKET HaWTH
CBOE MIPUMEHEHNE B KIIMHUYECKON TUArHOCTUKE U JaKe TepaIrliu ONPEACIICHHBIX THIIOB 3a00-
neBanuil. llenpro naHHOW pabOTHI sBIsSETCS ampobanus MeToJa CKaHMPYHOIIeH WOH-
MIPOBOJIAIIECH MUKPOCKONHUHU JJIsl JIOKAIBHOTO MU3MEPEHUS KECTKOCTH OITyXOJIEBBIX KIJIETOK H
W3YYCHUE BIMSIHUS MIPernapaToB, HHTUOUPYIOMINX pa3InYHble KOMIIAPTMEHTHI KJIETOK, Ha JIO-
KaJIbHbIE MEXaHWYECKHUE CBOMCTBA. B kauecTBe MOACIBbHBIX 00BEKTOB OblIa BEIOpaHa KJIETOY-
Hast uaus PC-3 paka mpencraTenbHOM jkene3bl dyenoBeka. (s mHruOupoBaHust KIETOYHBIX
KOMIIapTMEHTOB ObUIH MCIOJIb30BaHbI LINTOXAJIa3MuH-/1, TAKCOJI U HOKOJA30Jl.

[IpoBeneHO NOKATbHOE M3MEpPEHHUE KECTKOCTH B OOJACTH siApa W Nepudepun KOoH-
TPOJIBHBIX KJIETOK, PE3yJIbTaThl KOTOPOTO MOKA3bIBAIOT Pa3Hble 3HAYEHHE KECTKOCTH (~1,3
klla u ~0,8 kIla, coorBeTcTBeHHO). Bo3aelicTBHe Takcosa, BBI3BIBAIOIIETO CTAOMIM3AIIHIO
MUKpPOTPYOOUEK, 3HAUNTEIBHO MOBBICUIIO KECTKOCTh KJIETOK Kak B 00JacTH sijipa, Tak U B Ie-
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pudepun knetok (~2,7 klla u ~1,7 lla, coorBercTBeHHO). Bo3aeiicTBre 1uToxanasuHa-u,
BBI3BIBAIOLIETO JIEMIOIMMEPHU3ALMI0 AKTUHOBBIX (PMJIAMEHTOB, IMOHHM3WIO JKECTKOCTh KIIETOK
Kak B o0nactu siapa, Tak u B nepudepun xierok (1,2 xlla u 0,6 xIla, coorBercTBenHo). Bos-
JieficTBUE HOKOJa30J1a, BBI3bIBAIOIIETO JIEMOIMMEPHU3ALNI0 MUKPOTPYOOU€EK, HOBBICUIIO JKECT-
KOCTb KJIETOK Kak B 00JacTH siapa, Tak u B nepudepun xierok (~1,7 klla u ~0,9 xIla, cooT-
BETCTBEHHO).

ITo pe3ynbraTam pabOTBI MOKHO CAETATh BBIBOJA O TOM, YTO B 3aBUCHMOCTH OT MeXa-
HU3Ma BO3JEHCTBUSA, JaHHBIE Mpenaparbl [0-pa3HOMY BIHMSAIOT HAa MEXaHMUYECKHE CBOMCTBa
KJIETOK.
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Influence of the therapeutic agents on cells local mechanical
properties studied by scanning ion-conductance microscopy
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Supervisors: Dr., Prof. Klyachko N.L., PhD Erofeev A.S.

It is known that the mechanical properties cell, as well as the ability of cell to
mechanosensitivity and mechanotransduction, play a key role in the cell biological functions.
Thus, deviation from the native mechanical properties can lead not only to a violation of the
physical integrity of the cell, but their biological functions, which can lead to the emergence
of various pathologies, examples of which are tumor diseases, osteoporosis, osteoarthrosis,
sickle cell anemia, etc. It becomes necessary to use a non-invasive method of cell mechanical
properties measurement.

However, the study of the mechanical properties of living cells is hampered by their
small size (tens of micrometers), the need to work in physiological closed conditions to keep
their vital activity, with low Young's modulus values (100 Pa - 100 kPa), and also because the
cell components determining mechanical properties (cell membrane, cell nucleus, various
components of the cytoskeleton), are a multi-layer and motile system.

Thus, various methods were developed for measuring the stiffness of living cells,
among which the method of scanning ion-conductance microscopy (SICM) has recently been
actively developed, which allows for non-invasive in vitro study of an individual cell in phys-
iologically closed conditions. The principle of operation allows surface mapping in a non-
contact mode, as well as measuring the local stiffness of a living cell, the measurement results
of which can potentially be used to quantitatively reflect the state of their structure and sub-

56


http://istina.msu.ru/profile/KolmogorovVS/

stance of the cytoskeleton, which can be applied in diagnostics and therapy for certain types
of diseases. The task of this work is optimizing of scanning ion-conductance microscopy for
local stiffness measurement of tumor cells and to study the effect of cell compartments inhibi-
tion on local mechanical properties. The PC-3 cell line of human prostate cancer was chosen
as model objects. Cytochalasin-d, taxol and nocodazole were used to inhibit cellular com-
partments.

A local measurement of stiffness was provided in area of nucleus and periphery of
control cells, the results of which show different stiffness values (~ 1.3 kPa and ~ 0.8 kPa,
respectively). The effect of taxol, which causes microtubule stabilization, significantly in-
creased the cell stiffness both in the nucleus region and in periphery of cells (~ 2.7 kPa and ~
1.7 kPa, respectively). The effect of cytochalasin-d, which causes the depolymerization of ac-
tin filaments, lowered the cell stiffness both in the nucleus region and in the periphery of the
cells (1.2 kPa and 0.6 kPa, respectively). The effect of nocodazole, which causes microtubule
depolymerization, increased the cell stiffness both in the nucleus region and in the periphery
of the cells (~ 1.7 kPa and ~ 0.9 kPa, respectively).

According to the results of the work, it can be concluded that, depending on the mech-
anism of action, these drugs have different effects on the mechanical properties of the cells.

[Hoayuyenue miaeHok Tl-copepkamux BbICOKOTEMIIEPATYPHBIX
CBEPXIPOBOAHUKOB HA MOMJIOKKAX ¢ KYOUYECKON TEKCTYpPOH

Ucemaeunos K.U.

PykoBoautens: a.X.H., mpod. Kayns A.P.

BTCII-npoBoja BTOpOTo MOKOJEHHUS, MPEACTABISAIONINE CO00 MHOTOCIOWHbBIE TeTe-
pO3MUTAaKCHATIbHBIE OKCUAHBIE CTPYKTYPhl HA METAJUIMYECKUX JIEHTaX -TIOAJI0KKaX, 3aHUMaI0T
BaXHOE MECTO B IIPUKJIAJHON CBEPXIPOBOAMMOCTH U BCE Yallle IPUMEHSIOTCS B Pa3HOIO PO-
Jla yCTpoWcTBax: KalensiX, TOKOOIPAaHWYMTENAX, BBICOKOMOJIEBBIX Maruurax u T.4. Coep-
LICHCTBOBAHUE 3TUX MAaTEPUAIOB MJET NPEUMYLIECTBEHHO B HAIIPABJICHUU IOBBIIICHUS YC-
TOMYMBOCTH KPUTUYECKOW IJIOTHOCTU TOKa (Jc) MO OTHOLIEHUIO K BHEHUIHEMY MarHUTHOMY
MIOJIFO ITyTEM BBEJEHUS MCKYCCTBEHHBIX LIEHTPOB IIMHHHMHIA, & TAK)KE B HAIllPaBJICHUU Hapa-
[IMBaHUs KPUTHUECKOIO TOKA 3a CUET YBEJIMUYEHUS CEUEHHMsI CJIOsl CBEPXIIPOBOHUKA. Bo Beex
komMmepuecku aocTynHbiXx BTCII-poBomax 2-ro moKoJjeHHsI CBEPXIPOBOJAHUKOM SIBIISIFOTCS
dazer RBa;Cu3O7.« (R123, R=Y, Sm, Gd) ¢ kputnueckoii remmneparypoit 89-92 K. B 1o xe
Bpems, naBHO u3BecTHble BTCII ¢ emie Gosee BHICOKMMU KPUTHYECKUMH TeMIEpaTypamMu -
TaJUIMEBbIE M PTYTHBIE KyIPAThl IOKA HE HAIUIM BOIUIOLICHMS B TEXHHUYECKUX MaTepUalax.
Ha ceronusuiHuil 1eHb yXe€ W3BECTHBI YCIEXH IO MOJTYYEHHMIO TaJUIMEBBIX KYIPATOB, Mep-
CIEKTUBHBIX Ja)K€ BO BHEIITHMX MarHUTHBIX NoJsix nopsiaka 1 Ti. MHTepecHbIM npeumynie-
CTBOM TaJUIMEBBIX KYIIPATOB, IO CpaBHEHMIO ¢ cucteMamu R123, sBnsgercs 60abIIas qomyc-
TUMast TOJIIIUHA CBEPXIIPOBOIALIETO IO M OOJIbIIas TeMIepaTypa Iepexoia B CBEpXIPOBO-
nsiee coctostare ~100-110 K. BoapmmHCTBO paboThl B TaHHON 00J1aCTH CBSI3aHBI C OCAXKIS-
HUEM IUIEHOK Ha MOHOKPHUCTAJIJIBI, OJTHAKO I IPAKTUYECKOI0 MPUMEHEHNS U CO3JaHUS TIPO-
BOJIOB HEOOXOAMMO MOATAHO pa3paboTaTh METOJbI MOJIYyUYEHHUSI CBEPXIPOBOASAIIUX MMOKPHI-
TUH Ha JUIMHHBIX JIEHTAX-TI0JUI0KKaX B PEKUME IEPEMOTKH.

Takum 00pa3oM 1LEenbI0 TaHHOM paboThl sIBiIsIeTCs pa3pabOTKa METOJOB U U3yUYEHHE
YCIIOBUH NOJTyuyeHUs! HOBBIX AMMHHOMEpHBIX BTCII-MaTepuanoB Ha OCHOBE KylpaTOB TaJlJIUs
Ha JIGHTaX-TOIOKKaX ¢ Kyomueckoii Tekcrypoit (LaAlOs, LaMnOs, CeO,) ¢ kpuTHueCKOM
Temneparypoil, npessimaromnieii 100K.

Jlis AOCTHXKEHUS LeNd HEeOOXOJUMMO HallaJuTh LETYI0 IENOYKy 3TamoB, 00s3aTelNb-
HBIX U1 (POpPMUPOBaHUSI KOHEUHOU IJICHKH C HYXHBIMH CBOWCTBAMH: Il OCYIIECTBICHUS
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MOCVD mpomecca He0oOXOIMMO TPOU3BECTH CHHTE3 HEIOCTAIOUIEr0 MpeKypcopa:
Ca(thd),tmeda; ocymecteuts MOCVD mporiecc HaHECEHUS! TOHKUX IIEHOK CHCTEMBI OKCH-
JIOB HA MOHOKPHCTAJUIBI ¥ TEKCTYPUPOBAHHBIC JICHTHI-TIO/JIOKKH; pa3padboTaTh Meub U yCT-
POKMCTBO /ISl HACBIIICHUS TUICHOK TAJTMEM IMOCPEICTBAM BPEMs OTXKHIa; MOATOTOBUTH HC-
TOYHMK TaJUTHS, pa3padoTaTh U M3TOTOBHUTH JUISl ATOTO YCTPOWCTBA JATUYUK Mapa TaJLIHs, Ui
KOHTPOJISl YCJIOBHH oTkura. Ha Bcex 3Tamax MOJy4eHHUs MPOMEXKYTOYHBIX BEIIECTB U Mate-
pHaIOB HEOOXOAMMO KOHTPOJIMPOBATH YCIOBHUS IKCIIEPUMEHTA U M3Y4aTh JAOCTYIIHBIMH Me-
TOJIAMH aHAJIN3A.

B pesynbrate pabotsl Mmerogom MOCVD mnonyueHsl IpOMEXYTOUYHbIE TUIEHKA CMECH
OKCHJIOB 0e3 Tajutusi; pa3padoTaHa Medb M YCTPOMCTBO JJISl OT)KUTA M HACHIIIECHUS IJICHOK
TaJueM; pa3paboTaH W MPOTECTHPOBAaH JAaTYMK Iapa TaJuIMs; MOCPEACTBaM TaIUTH(UIU-
PYIOLIETO OTXKUTA YAAJIOCh MOMYYUTh TUICHKH, Coiepikaiine (ha3bl KylpaToB TAJLIHS; ONpe/e-
JICHBI HEOOXOMMBIE YCIIOBUS JUIS HACBILICHUS IJICHOK TAJUTUEM.

B pamkax naHHO#H pa®oThI yIaioch ONpEACIUTh OCHOBHBIC HEOOXOMUMBIC YCIOBHS U
TPYIHOCTH HACBIIICHUS TAJUIMEM IUICHOK Ha JUIMHHOMEPHBIX JICHTaX-TMOAJI0XKKaxX. Y Ialioch
10Ka3aTh BO3MOXXHOCTh HACBHINICHHUS OKCHIHBIX TUICHOK TaJUIMEM JUIsi OOpa3lloB Ha JICHTaX.
Jlns gaT4rKa TaJUTMEBOTO Mapa MoJy4YeHbl HEKOTOPbIC (DYHIaMEHTAIbHBIC XapaKTEPUCTHKH O
TEMIIEPaTYPHOI 3aBUCUMOCTH IPOBOJAMMOCTH TaJUIUsSI B TAJUIMEBOM-P-TIIMHO3EME.
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Obtaining of Tl-containing high-temperature superconductors in
form of films on substrate with cubic texture

Ismagilov K.I.
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Second-generation HTS wires, which are multilayer heteroepitaxial oxide structures
on metallic substrates, are important in applied superconductivity and increasingly used in
various devices: cables, current limiters, high-field magnets, etc. Improvement of these mate-
rials is mainly in the direction of increasing the stability of the critical current density (Jc) un-
der conditions of the external magnetic field by introducing artificial pinning centers, and also
in the direction of increasing the critical current by increasing the cross section of the super-
conductor layer. All commercially available 2-nd generation HTSC wires presented as
RBa,Cu307.« phases (R123, R =Y, Sm, Gd) with a critical temperature around 89-92 K. At
the same time, HTSC with higher critical temperatures - thallium and mercury cuprates, have
not yet been implemented into usable materials. Today already known the success in obtain-
ing thallium cuprates, which are promising even in external magnetic fields around of 1 T. An
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interesting advantage of thallium cuprates, as compared to R123 systems, is the greater possi-
ble thickness of the superconducting layer and the higher transition temperature to the super-
conducting state Tc~100-110 K. Most of the work in this area is related to the deposition of
films on single crystals, however, for practical application and the creation of wires, it is nec-
essary to gradually develop methods for producing superconducting coatings on long sub-
strate-tapes in rewind mode.

Thus, the purpose of this work is to develop methods and study the conditions for ob-
taining new HTSC materials based on thallium cuprates on substrate-tapes with a cubic tex-
ture (LaAlO3;, LaMnQOg3, CeO,) with a critical temperature above 100K.

To achieve the goal, it is necessary to set up a whole chain of steps required for the
formation of the final film with the desired properties: to proceed the MOCVD process, it is
necessary to synthesize the missing precursor: Ca (thd),tmeda; proceed the MOCVD process
of deposition of thin films of the oxide system on single crystals and textured substrate tapes;
to develop a furnace and a device for saturating films with thallium through annealing; pre-
pare the source of thallium vapor; design and construct a thallium vapor sensor for this device
to control the annealing conditions. At all stages of work, it is necessary to control the condi-
tions of the experiments and study the obtained intermediate substances and materials using
available methods of analysis.

As a result of the MOCVD method, intermediate films of a mixture of oxides without
thallium were obtained; a furnace and a device for annealing and saturating films with thalli-
um were created; thallium vapor sensor developed and tested; by annealing with thallium
source, it was possible to obtain films containing the phases of thallium cuprates; the neces-
sary conditions for saturation of films with thallium were determined.

In the result of this work, it was possible to determine the basic necessary conditions
and difficulties of saturating films with thallium on long tape-substrates. It was possible to
show the possibility of saturating oxide films with thallium for tape-substrates. For the thalli-
um vapor sensor, some fundamental characteristics of the temperature dependence of the con-
ductivity of thallium in thallium-p-alumina were obtained.

I'mapoduabHo-ruapododHBIE ckaddoabl HA OCHOBE
MOJIMAKPHUJIATOB JIs1 TKAHEBOI MHKEHEPHUH
¢ ucnojib3oBanuem 3D-neyaru

Kysuna M. A.

PykoBoautenu: k.x.H., fo11. [lytuses B.U., k.x.H., npod. JleBkun I1. A.

CozaHne KOMIIO3UTOB HAa OCHOBE TMAPO- U OPraHOTeIed M HEOPraHWYECKUX COENM-
HEHUIl TO3BOJISET MOJy4YaTh MaTepUaNbl C YIyUYIIEHHBIMH MEXaHUYECKMMHU CBOMCTBaMH, B
TOM YHCJIE IPUTOHBIE [T OMOMEAMIMHCKUX npuMeHeHuil. Ckaddonapl, coyeraronme B ce-
Oe cBoiicTBa (pochaToB KamblUs U MATKUX MOJUMEPOB, OTIUYAIOTCS BBICOKOM KJIETOUHOM aj-
re3uei u crnocoOcTByeT nponudepanuu 1 AuddepeHIrpoBKe KIETOK O CPAaBHEHUIO C XOPO-
10 U3YYE€HHBIMH HEOpraHW4YecKUMHU MarepuasiaMu. OTHUMH U3 CIIOCOOOB MONTYYEHUS TaKUX
KOMITO3UTOB SIBJIIIOTCSL METO/IbI QJ/IUTUBHON TEXHOJOTHH, B YaCTHOCTH, 3D-nieyatu. 310 ObI-
CTpPbIIl U OTHOCUTENBHO MPOCTOM METO]I, MO3BOJIAIOMINN CO3/1aBaTh CIOXHbBIE CTPYKTYphl Ha
OCHOBE IIMPOKOT0 CIIEKTPa MOJINAKPHIIATOB U aKpUJIATOB.

B xoxe pa®oTsl ObUIM MOMTY4YEeHBI TUAPOTEIN W OPraHOTeNIM Ha OCHOBE aKpHJIATOB U
METaKpUTATOB. [IByCIOIHBIE KOMITO3UTHI THAPOTeNb-OpraHorens (Ourenn) ObUTH CHHTE3UPO-
BaHbI ITyTE€M MOJIMMEPU3ALMH CYCIIEH3UH THAPOrels Ha opraHoresue. beum nzydeHsl nmpounec-
cBbl (HOTONOTMMEPH3AIMH THIPOTENIeH U OpaHoresell B 3aBUCHMOCTH OT COCTaBa CMECH, YCIIO0-
BUH cuHTe3a U pactBopuTeneil. IlonydyeHHble cycnieH3un ObUTH MCIOIb30BAHBI AT CO3/1aHHUs
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TPEXMEPHBIX CTPYKTYP Ha OCHOBE TMAPOTreiel, OpraHoreie 1 KOMIO3UTOB METOJIOM MPOCK-
IIMOHHOM cTepeosuTorpaduaeckoit meuatu. CoctaB (OTOCYCHEH3HI MOIMMEPOB IMOATBEP-
)kJanu ¢ nomoubo MK-CrekTpocKonuu, ONTUHYECKUE CBOKMCTBA U3YyYAJId METOAOM CIEKTpPO-
CKOnuM moriomieHus. Takke ObLIM HCCIEIO0BaHBI MapaMeTpbl CMAYMBAEMOCTH MOJIMMEPOB.
beumn pa3pabotanbl mpOTOTUTIBI CKaQ@OITOB I KIECTOYHBIX HCCICIOBAHUMN, IMOTYYCHHBIE
MeTooM 3D-medyatu Ha OCHOBE opraHorenel U KOMIIO3UTOB opraHorenb-rujaporens. Ckag-
ol ObUTH MOABEPIKACHBI KIIETOUYHBIM TECTaM C IEIbI0 U3YUCHHS IPUCOSIUHEHUS U POCTA
PaKoBBIX KJIeTOK yenoBeka Hel a.

OpraHorenu, MOJy4EHHBIE METOIOM (POTOTIOTUMEPU3AIIIH, TPOSIBIIIA CBOKHCTBA HA0Y-
XaHUS U CXKATHUs B Pa3IMUHBIX pAacTBOPUTENAX. D(HPEKTUBHOCTD MOIMMEPAIIUN BHIOPAHHBIX
COCTaBOB ObLIa MOJATBEpXkAeHA ¢ nmoMoIbi0 MK-criekTpockonuu U peosoru4ecKkux MCCieno-
BaHuil. [loBbIlIEHHAsT GMOCOBMECTUMOCTh OpraHoresieil Obljla OCYIIECTBIIEHA C TOMOIIBIO UC-
MOJIb30BaHUS OJIEMHOBOM KUCJIOTHI B KauecTBe pacTBopuTess. OpraHoreau Ha OCHOBE OJICH-
HOBOMW KHCJIOTHI IPOAEMOHCTpUPOBaU pH-4yBCTBUTENBHOCTS, a Takke aMpupuiIbHOE MOBe-
JIEHWE U MOT'YT OBITh MCIIOJIb30BAaHbI B KAUECTBE CEJICKTUBHBIX MeMOpaH. [lomyuennsie Oure-
JM IEMOHCTPHUPYIOT KOHTPOJIUPYEMOe U 00paTnuMoe HaOyXxaHHe U CXKAaTHUE B 3aBUCHMOCTH OT
MOJISIPHOCTH PACTBOPUTEIISI, MEXaHUYECKYIO YCTOMYMBOCTh MEK()a3HOM TPaHULIBI U SIBIISIIOTCA
NEPCIEKTUBHBIMU JIJIs1 CO3J]aHKsI MHOTO(YHKIIMOHATBHBIX aKTyaTOpoB. B xoae paGoTsl ObLIN
ONTUMHU3HPOBaHbI apaMmeTpbl 3 D-reuaTu uCnoib30BaHHBIX COCTABOB.

Takum 00pa3oM, MoxydeHbl YHUKAIBHBIE COCTABBI CYCIIEH3UI OpraHoreiei u KoMIo-
3UTOB HAa MX OCHOBE, MPHUTOJHbIC sl (hoTomonmmMepusanuu u 3D-niedatu CTpyKTypUpOBaH-
HBIX MSATKUX THAPOPOOHBIX MOIUMEPOB.
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3D-printed hydrophilic-hydrophobic polyacrylate-based scaffolds
for tissue engineering
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Development of hydro- and organogel-based composites in combination with inorgan-
ic fillers provides an opportunity to obtain materials with enhanced mechanical properties,
which can be suitable for biomedical applications. Scaffolds combining properties of calcium
phosphates and soft polymers are characterized by high cell adhesion level in comparison
with widely investigated inorganic materials. Additive technology techniques, such as 3D
printing, are one of the methods for obtainment of these composites. 3D printing is a fast and
relatively cheap approach, which allows to create complex structures based on a wide range of
polyacrylates and acrylates.

In this work hydrogels and organogels based on acrylates and metacrylates were ob-
tained. Bi-layered hydrogel-organogel composites (bigels) were synthesized by hydrogel
polymerization on the organogel surface. Processes of hydrogel and organogel
photopolymerization, as well as the influence of composition, conditions and solvents were
investigated. Obtained suspensions were utilized for the creation of hydrogel-, organogel- or
composite-based 3D structures by projection stereolithography. Polymer suspension composi-
tion was confirmed by IR-spectroscopy, optical properties were studied using UV-vis spec-
troscopy. Wettability of the polymers was investigated. Scaffold prototypes for cell tests were
created by 3D printing of organogels and organogel-hydrogel composites. Scaffolds were
tested for cell attachment and growth using human tumor cells HeLa.

Photopolymerized organogels show swelling-deswelling properties in various sol-
vents. Polymerization efficiency was confirmed using IR-spectroscopy and rheological inves-
tigations. Improved biocompatibility of organogels was realized using oleic acid as a solvent.
Oleic acid based organogels demonstrate pH-responsive behavior and reversible swelling-
deswelling and can be utilized as a selective membrane. Synthesized bigels show controllable
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and reversible swelling-deswelling behaviour depending on the polarity of the solvent, me-
chanical stability of the interphase and proved to be promising candidates for multifunctional
actuator creation. In this work, 3D printing parameters for chosen compositions were opti-
mized.

Thus, unique organogel and composite suspensions were obtained, which can be used
for photopolymerization and 3D printing of structured soft hydrophobic-hydrophobic poly-
mers.

TaMmoHakHbIe MAaTePHAJIbI HA OCHOBE reJiel
MOTU(PUIHPOBAHHOI0 MOJTHUAKPUIAMMAA C HEOPraHUYECKHU-
MH CIIUBAIIIUMHU ar€eHTaMHU

Kopomxkoe P.D.

PykoBojuTens: K.X.H., goueHT KoBainenko H.A.

B coBpemenHOM Mupe Bce 0ojiee OCTPO BCTAIOT BOMPOCH 00 MCIOIH30BAHUU TAMIIO-
HQKHBIX MAaTEPUAIIOB B Pa3jIMYHBIX OOJACTSIX, TAKUX KaK CTPOUTENHCTBO, albTePHATHBHAS
DHEPreTHKa, JOOBIYa MOJE3HBIX MCKOMaeMbIX. OHM JOJDKHBI XapaKTepU30BATHCS YIpaBJsie-
MBIM BPEMEHEM OTBEPIKJICHUS, HU3KOI BSI3KOCTHIO UCXOJHOTO PACTBOPA, BBICOKUMHU MEXAHU-
YECKMMU CBOMcTBaMH. B 3aBUCHMOCTH OT NPUMEHEHHUs TaMIIOHAKHBIX MaTepHUajioB Tpedye-
MBbI€ CBOMCTBAa MOTYT CHJIbHO oTiu4athes. K mpumepy, B HedTea00bIBatOMIEH MPOMBIILIEH-
HOCTH M30BITOYHOE KOJIMYECTBO BOJBI MOXKET OBITh MPUYUHONW HU3KOTO YPOBHS JOOBIYH, KOP-
po3un 000pYAOBaHUA, 3arpsA3HEHHs] OKpYXKAroIiel cpenpl. [mymieHne BOAbI MPEICTaBIISET
BaXHYIO 33J1a4y, TO3BOJISIFOILYIO YBEITUYUTH MPUOBLIN U 3KOJOTUYHOCTh He(TEA00BIBAIOIINX
KOMIIQHUH.

I'unporenn MoauGUIIMPOBAHHOTO MOJUAKPWIAMUJA SBISIOTCA OJHUM U3 Hauboiee
3 PEKTUBHBIX CPEACTB AJIS IIIYIIEHUS BOABI B HE(TETra30BbIX pe3epByapax BBUIY BBICOKOTO
BOJIONOTJIOUIEHMS], YIIPABISIEMOIO BpEMEHH T€TMPOBaHUs U HU3KOM TokcuuHocTU. Kpoccnuu-
KEpOM IS TTOJIMAKPUIIAMHJIa MOTYT OBITh KaK OPraHMYecKHe CIIMBAIOIIME areHThl, TaK U HO-
Hbl MeTaJUI0B. VIOHBI MONMBaNIEHTHBIX METAJIIOB Oosiee 3(h(PEKTUBHBI B pe3epByapax ¢ HU3KHU-
mu Temnepatypamu (10 50 °C). CuuBka pa3HbIX Henel I'MIpoin30BaHHOIO MOJIHAaKpUIIaMUia
oOpasyercs 3a cueT oOpa3oBaHUs KapOOKCHIBHBIX KOMIUIEKCOB BBEJEHHBIX B TaMITOH>KHBIN
MaTepHaj HOHOB IMOJMBAJIEHTHBIX METau10B. Ha maHHBIH MOMEHT Hambosee MCIOJIb3yeMbIM
KpoccinuHkepoM siBisieTcst anerar xpoma (I11). OcHoBHBIM TpeHJOM sBisieTCsl pa3paboTka
CUCTEM C YIPABISIEMbIMH BPEMEHEM T'€IIMPOBAHUs, YCTOMUNBOCTBIO K arPECCUBHBIM CpEAiaM U
XOpOILIMMHU MEXaHUYECKUMHU CBOMCTBAMHU THIPOTENIEH.

Taxkum o0pa3oM, Leabio TaHHON paboThl CTAl0 M3y4YeHHE BIUSHUS HOHOB crt A
La®* u nuraHmoB-MHrHOUTOPOB Ha MPOLECC TEIMPOBAHMS TAMIIOHAKHBIX JKHIKOCTEH Ha OC-
HOBE MOAM(DUIIMPOBAHHOIO MOJMAKpHIAMHIa U Ha CBOMCTBA Moiydaembix reneil. Ocoboe
BHUMaHue ObUIO OO0palieHO Ha HMHrHOMpOBaHHME Mpollecca CIIMBKM 3a CYET aHHMOHOB-
JIMTaH/I0B, KOTOPhIe 00pa3yloT KOMIUIEKCHl ¢ HOHAMU METAJUIOB (alleTaThl, alleTHIIAlleTOHATHI,
JIAKTaThl), YTO MO3BOJISIET BAPbUPOBATh CKOPOCTh IEJIMPOBAHMS MOTEHIIMAIBHOTO TaMIIOHAXK-
HOI'0 Marepuana.

[IpenBapuTenbHble BHIBOJIBI O BPEMEHU TeIHMpPOBaHUS 00pa3lioB Jienalu, OCHOBBIBASICh
Ha JIaHHBIX OyTBUTOUHOTO TecTa. KMHETHKY CHIMBKH HCCIEIOBAIU MO 3aBHCUMOCTU MOJYJIS
CABHUTa OT BpeMeHH. TemmneparypHas yCTOHYMBOCTh KOMIUIEKCOB Oblja OIpeJelieHa MeTo1a-
mu JICK u TT'A. Henocraroniue nqaHHble 10 KOHCTaHTaM YCTOMYMBOCTH KOMILIEKCOB (Kpocc-
JUHKEPOB) OBLIIN ONPEEICHBI METOAOM PH-METPUYECKOTO TUTPOBAHHS.

Hcnonp30BaHue JIMTaHIOB MO3BOJSAET M30ekaTh CHHepe3uca reneil. MakcumanbHas
CKOPOCTh TelMpOBaHMs HaboJanach IJig CMEce ¢ MCIONb30BaHMEM JIaKTaTa W alerara
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xpoma (l11), a Takxke nakTaTa aTrOMUHHS B Ka4€CTBE CILIMBAIOIINX areHTOB. [Ipu noHmxeHun
PH Bpems rennpoBaHus BO3pACTAaET, YTO TaKKe HAOI0JAeTCsl IPU CHUKEHUN MOJIEKYJISIPHOM
Maccel ioumepa. IIpu ymensniernn cootnomenns Me™ :COO™ yXyamaoTcs MeXaHHIecKHe
cBo¥icTBa 00pasia Mocie MOJHOTO0 OTBEPKACHHUS M10JIy4aeMOro reiil U YBEJIMUUBACTCS BpeMs
reJINPOBAHMSL.

ITo pe3ynbraTtam pa®oThl ObUIN MPENIOKEHBI TAMIIOHAXKHBIE KHUJIKOCTH C BpEMEHaMHU
reTUpoBaHus OT 5 MUHYT 10 17 nHeil. Takxke ObUTO MPOBENECHO COMOCTABICHHE BPEMEH JKU3-
HU OTBEPXKJAEMbIX CMECEH C KOHCTaHTaMHU YCTOMYMBOCTH KOMILUIEKCOB MOHOB METAJJIOB C
JUraHAaMu 1 ObUIa U3y4eHa TePMHUYECKasi YCTOWYMBOCTH MOJyYCHHBIX TAMIIOHAKHBIX MaTe-
pHAJIOB.
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Plugging materials based on modified polyacrylamide gels
crosslinked with inorganic agents

Korotkov R.F.
Supervisor: PhD, professor assistant Kovalenko N.A.

Nowadays, more and more acute questions arise about the use of plugging materials in
various fields, such as construction, alternative energy, mining. Plugging materials should
possess such properties as controlled curing time, low viscosity of the initial solution, high
mechanical properties. Depending on the use the required properties could differ. For exam-
ple, in the oil industry excess water may cause low production, corrosion of equipment, envi-
ronmental pollution. Water shut off can increase profits and reduce costs, as well as improve
the environmental friendliness of oil producers.

Modified polyacrylamide hydrogels are one of the most effective tool for water shut
off in oil tanks due to high water absorption, controlled gelation time and low toxicity. There
are two types of cross-linking agents for polyacrylamide hydrogels: organic agents and poly-
valent metal ions. Metal ions are more effective in tanks with low temperatures (up to 50 °C).
Cross-linking of different chains of hydrolyzed polyacrylamide is formed by the formation of
carboxylic complexes. By now, the most studied cross-linker is chromium (111) acetate. The
main researches are focused on the development of plugging liquids with controlled gelation
time, resistance to aggressive media and mechanical properties.

In this context, the aim of this work is to study the effect of Cr®*, AI**, La** ions and
inhibitor ligands on the gelling process of plugging liquids based on hydrolyzed polyacryla-
mide, and on the properties of obtained gels. Particular attention was paid to the inhibition of
the crosslinking process due to anions-ligands (acetates, acetylacetonates, lactates) forming
complexes with metal ions, which allows to vary the gelling rate of the potential plugging ma-
terial.

Gelation time of the samples was studied by the Sydansk’s bottle test. The kinetics of
gelling process was studied by the dependence of the shear modulus on time. The temperature
stability of the complexes was determined by DSC and TGA. The missing data on complex
stability constants were determined by pH-metric titration.

The use of the ligands allows to avoid syneresis of gels. The maximum gelling rate
was observed for compositions such cross-linking agents as chromium (I11) lactate and ace-
tate, as well as aluminum lactate. As the pH decreases, the gelation time increases, which is
also observed with a decrease in the molecular weight of the polymer. Decrease of the ratio of
Me™:COO™ causes increase of gelling time and also deterioration of mechanical properties
after complete gelation.

By results of the work, plugging liquids with gelation times from 5 minutes to 17 days
were developed. The gelation times of the mixtures were also compared with the stability
constants of metal ion complexes with ligands. Thermal stability of the obtained plugging ma-
terials was studied.
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IMosyyeHue U cBOICTBA rUAPOreseil HAa OCHOBE MOJHAKPUJIAMHU/IA
C OPraHUuYeCKUMHU CHIMBAKIIUMU areHTaMHU

Cynumos A.B.

PykoBojuTens: K.X.H., goueHT KoBanenko H.A.

B Hacrosiiee BpeMsi B pa3UYHbIX OTPACISAX MPOMBIIUIEHHOCTH (MEAUIIMHA, HedTen0-
Obr4a u 1p.) OOJBIIOE 3HAYCHUE UMEET pa3paboTKa MOJMMEPHBIX MAaTEPHAIIOB C 3aJaHHBIMU
cBoiictBamu. B Takux o0nactsax, Kak CTPOUTEILCTBO M HedTen00bIYa OCHOBHBIMU TpeOoOBa-
HUSMU K TaMIIOHQXHBIM MaTepHuallaM SIBJISIOTCS: BBICOKOE BJIArOIOIJIOLIEHUE, IPOYHOCTD,
KOHTpPOJIMpyeMas BSI3KOCTb CMECH, MUHUMAaJIbHOE BO3ACHCTBHE Ha OKpYyXkarollyto cpexay. [1o-
JOOHBIM COYETaHHUEM CBOWCTB OOIAaJar0T TUApPOreNr Ha OcHOBe moiuakpuiamuna (ITAA) u
OpPraHMYECKUX KpPOCC-THMHKEpOB. ['mporenn — 3To mMarepualibl ¢ IOJIUMEPHON OCHOBOM, OT-
JMYAIOMIAECS] CIIOCOOHOCTHIO MOTJIOMIATh U YAEPKUBATH OOJIBIIOE KOJIMYECTBO BOABI 32 CUET
TPEXMEPHOU CIIUTON CTPYKTyphl. OOpazoBaHuE CIIUTON CTPYKTYPhI BO3MOKHO MPHU UCIIOJIb-
30BaHUM KaK OPTaHWYECKHX CIIMBAIOUIMX areHTOB, TAaKUX KakK (POpPMaNbIETUI M €ro MpPOU3-
BOJIHBIE, TAaK U HEOPTAHUUYECKUX COJICH MOJIMBAJICHTHBIX METAJUIOB.

Takum o0pa3om, LI€TIbI0 JaHHOW pabOThl CTAN0 MCCIEI0BAaHUE CIIMBKH MOJHAKpHIIa-
MUJa C UCIIOJIb30BaHUEM (popMalibJeruaa U ero NpOM3BOAHBIX B KAUECTBE CIIMBAIOIINX areH-
TOB, C JaJbHEUIINM HCCIIEIOBAHUEM KUHETHUKU OTBEPXKACHMS, PEOJOTUYECKUX U MEXaHHue-
CKHX CBOMCTB IOJIy4a€MbIX THApOTeNeil. bbln MocTaBlieHbl ClieyIoIne 3aa4u: UCCIe10Ba-
HUe KuHeTUKU ciuBKU [TAA Ha OCHOBE M3MEHEHUs MOAYJIA CABUTrA OT BPEMEHM, U3yUEHUE
BIUsSHUS KoHIeHTpaun [TAA u cootnomenus [TAA:cumBaronuii areHT Ha BpeMsi reneo0pa-
30BaHUA U CBOICTBA MOJIy4aeMOTI'0 THPOres, a TAKKE MEXaHUUECKUX UCTIBITAHUM.

Jlns npoBenenus ciuBkU [TAA ObLTO IPeaAsioKEHO MCIOIb30BaHUE TUMETHIIOIMOYe-
BUHBI U (opMasbAeryia B KaUeCTBe CUIMBAIOUINX areHToB. B xone paboThl HCIIOIB30BATUCH
gacTU4HO ruaponu3oBaHHblil [TAA npoussoactea OO0 «AKPUIIOJI», numernionMoueBUHA
npousBozcTBa «Wuhan Kemi-Works Chemical Co., Ltd» u BoxHbIii pacTBop (opmaibaeru-
Jia, CTaOMIM3UPOBAHHBIM MeTaHOJIOM. V3yueHue CHIMBKU MPOMU3BOJMIN METOAOM OIpeserne-
HUS MOJyJIsl HAKOILJIEHUS MaTepuaia B Ipoliecce reieoopa3zoBanus Ha peomeTpe Anton Paar B
pPEXKUME OCLHMIUIALMUA. MeXaHN4eCKUE CBOMCTBA MOITYYEHHBIX MAaTEPHUAJIOB ONPEIEISIIUCH 110
crangapty ASTM D412 na paspsiBHoii mammne Tinius Olsen.

B pesynbraTte Obula MOKa3aHa BO3MOXKHOCTb M 3P(PEKTUBHOCTb TPUMEHEHHUS TUMETH-
JIOIMOYEBUHBI B KaueCTBE clIMBaromiero areHrta s [IAA, usyuyeHo u3MeHeHue peosoruye-
CKHX CBOWMCTB OT BPEMEHHU, M OIIPEIEICHbl KMHETUYECKHE IapaMeTpbl PEaKlUU CIIUBKH.
Kpome Toro, ObutM H3y4eHbl MEXaHUUECKHE XapaKTEPUCTUKHU MOJTyUYeHHBIX ruaporeneit. [Tpo-
BEJICHO COIIOCTABJIEHUE pe3ynbTaToB cucteMsel ITAA-aumernnonmoueBnHa ¢ cuctemon ITAA
— (hopmanbaeruI.

Takum 00pa3oM, NMpUMEHEHHE OPraHWYECKHUX CHIMBAIOIIUX areHTOB IEpPCHEKTHBHO
JUISL TIOJTy4EeHUS MTOJIMMEPHBIX ruaporeneid Ha ocHoBe [IAA ¢ mpenckasyeMbIMH peosiornye-
CKUMHU ¥ MEXaHMYECKUMH cBoWcTBamHu. JlanpHeilee u3yueHue mnpoiecca reiaeodpa3zoBaHus
MOJKET TIO3BOJIUTh MOJIYYUTH ITOJHOLEHHYIO MOJIEb, C BOZMOXKHOCTBIO IPEJCKA3bIBAHUSA KO-
HEYHBIX CBOMCTB MaTepuaa Ha OCHOBE UCXO/HBIX COOTHOILIEHUH KOMIIOHEHTOB.

Iyoauxamuu cryaenra (https:/istina.msu.ru/profile/SulimovAVY/):

1. Guseva D. V., Rudyak V. Y., Komarov P. V., Sulimov A.V. et.al., Crosslinking mech-
anisms, structure and glass transition in phthalonitrile resins: Insight from computer
multiscale simulations and experiments // Journal of Polymer Science, Part B: Pol-
ymer Physics, 2018, Vol. 58, no. 5., P. 362-374

65


https://istina.msu.ru/profile/SulimovAV/

10.

11.

12.

13.

14.

15.

Bulgakov B. A., Sulimov A. V., Babkin A. V. et al., Dual-curing thermosetting mon-
omer containing both propargyl ether and phthalonitrile groups // Journal of Ap-
plied Polymer Science, 2017, Vol. 133, P. 44786.

Bulgakov B. A., Sulimov A. V., Babkin A. V. et al., Flame-retardant carbon fiber re-
inforced phthalonitrile composite for high-temperature applications obtained by resin
transfer molding // Mendeleev Communications, 2017, Vol. 27, no. 3, P. 257-2509.
Belsky K. S., Sulimov A. V., Bulgakov B. A. et al., Hydrolysis rate constants and ac-
tivation parameters for phosphate and phosphonate-bridged phthalonitrile monomers
under acid, neutral and alkali conditions // Data in Brief, 2017, Vol. 13, P. 10-17.
Babkin A. V., Sulimov A. V., Bulgakov B. A., Kepman A. V., Phosphorus-containing
phthalonitrile resin for vimp and rtm processing // SAMPE Conference Proceedings.
United States, United States, 2017, P. 713-724.

Bulgakov B., Sulimov A., Babkin A. et al., Phthalonitrile-carbon fiber composites
produced by vacuum infusion process // Journal of Composite Materials, 2017.
Bulgakov B. A., Babkin A. V., Dzhevakov P. B., Bogolyubov A.A., Sulimov A.V. et
al., Low-melting phthalonitrile thermosetting monomers with siloxaneand phosphate
bridges // European Polymer Journal, 2016, no. 84, P. 205-217.

babkun A., CynumoB A., bynrakoB b., Beicokomepmocmoiikue ¢pmanonumpunvhsie
Mampuysl U NOIUMEPHblE KOMRO3UYUOHHble Mamepuansl Ha ux octose I/ V11 Beepoc-
cuiickas Kaprunckas koHdepenuusi Ilosmumepnr — 2017. Te3uchl O0KIAN0B,
2017, C. 29.

CynmumoB A. B., bynrakoB b. A., Jleckonnasxue gpocghopcooepocawue pmanonum-
PUlbHble MOHOMEPbL U NOJUMEPHbLE Mampuybl Ha ux ocHose || MaTepuanast Mexny-
HAPOJAHOI0 MOJIOAEKHOTr0o HayyHoro ¢popyma JIOMOHOCOB-2017 / Ots. pea.
A.N. AnemikoBckuii, A.B. Anapusinos, E.A. AHTUNIOB. [DJIEeKTPOHHBIN pecypc|,
T. 1 u3 ISBN 978-5-317-05504-2., MAKC IIpecc Mocksa, 2017

CynumoB A. B., bynrakos b. A., badkun A. B., [lonumepnvie mampuysl Ha ocrhoge
JleckonIaekux gocghopcooepacawux manonumpunvuvix monomepos I/ V11 Beepoc-
cuiickasa Kaprunckasa xon¢epenuus Ilonmmmepnsr — 2017. Te3uchl aA0kIa10B,
2017, C. 190

CynumoB A., bynrakoB b., Ilonyuenue yeneniacmukos na ocnoge pmanoHumpuibHvix
Mampuy no npenpe20svbiM MexHOL02UIM U Memooom 6axyymuou ungysuu [/ XXVII
MemnpeneeBckas KoHpepeHUHs MOJIOABIX YYeHbIX: COOPHUK Te3UCOB, Y da, 2017,
ISBN 978-5-94524-178-7, U3narensctBo "Inamor", 2017, C. 115.

CynumoB A. B., bynrakoB b. A., Bvicokomemnepamypuulii yeneniacmuk Ha OCHOGe
PManoHuMpuILHO20 C6A3YI0Ue20, NOLYUEHHBI MEemoOOM 6aKyyMHou ung@yzuu I/
XXVI MenpaeineeBckass KOH(pepeHIIUs] MOJIOAbIX YYeHbIX: COOPHMK Te3ucoB, Ca-
MapcKHuil rocyapCcTBEHHBIN TeXHUYECKU yHUBepcuTeT, Camapa, 2016, C. 110.
KopotkoB P. ®@., CynumoB A. B., /IxesakoB I1. b. u np., Hosas mepmocmabunvras
mampuya: nonydenue u ceovcmea [/ CTpykTypa H THHAMHKA MOJIEKYJSIPHBIX CHC-
TeM: COOPHUK Te3UCOB A0KJaa0B M coodmeHuii Ha XXII| Beepoccuiickoii KoH-
¢pepennun, UOGXD PAH, Mocksa, 2016, C. 65.

CynumoB A. B., Cononuenko A. B., [lonyuenue xomnosuyuonnoco mamepuana me-
MOOOM 8aKYYMHOU UHY3UU HA OCHOBe 8blCOKOmMeMNnepamypHozo ceéazyrouezo | Ma-
Tepuagbl MeKIyHAPOAHOr0 MoJIoAexkHOro HayuyHoro ¢gopyma JIOMOHOCOB-
2016 / ox pen. U. A. AnemkoBckuii. — T. 1 u3 [Daexrponnsiii pecypce], M.:
MAKC IlIpecc, 2016, Mockaa.

CymumoB A. B., bynrakoB b. A. @opmosanue yenennacmuka na ocHose ¢pmanonum-
PUTBHO20 CEA3VIOUe20 MemoooMm 8akyymuou ungyzuu [/ CTpyKkTypa W AMHAMHMKA
MOJIEKYJISIPHBIX CHCTeM: COOPHHUK Te3HMCOB JOKJIaA0B M cooOmenuid Ha XXIII
Bcepoccuiickoit konpepennun, UDOXD PAH, Mocksa, 2016, C. 126.

66



Preparation and properties of hydrogels based on polyacrylamide
with organic crosslinking agents

Sulimov A.V.
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Nowadays, in various industries (such as medicine, oil production, etc.) the develop-
ment of polymeric materials with desired properties is one of the most important problems. In
such areas as oil production and construction, the main requirements for plugging materials
are: high moisture absorption, mechanical strength, ability to control viscosity of the mixture,
minimal environmental impact. Hydrogels based on polyacrylamide (PAA) with organic
cross-linkers have similar combination of properties. Hydrogels are materials with polymer
base, characterized by the ability to absorb and retain a large amount of water due to the
three-dimensional cross-linked structure. Formation of three-dimensional cross-linked struc-
ture is possible by using of cross-linking agent — organical, such as formaldehyde or its deriv-
atives, or inorganical salts of polyvalent metals.

The aim of this work is to study the cross-linking of polyacrylamide by using formal-
dehyde and its derivatives as cross-linking agents, with further study of the kinetics of gela-
tion, and rheological and mechanical properties of the obtained hydrogels. To achieve the
goal, the tasks of studying the kinetics of the PAA crosslinking process based on the change
of the storage modulus from the time, studying the effect of the PAA concentration and the
PAA:cross-linking agent ratio on the time of gel formation and the properties of the obtained
hydrogels, and also determination of mechanical properties were set.

In the course of the work, the using of dimethylolurea and formaldehyde as cross-
linking agents was proposed. Partially hydrolyzed PAA produced by LLC "AKRIPOL",
dimethylolurea produced by "Wuhan Kemi-Works Chemical Co. Ltd" and the solution of
formaldehyde, stabilized by methanol were used “as is”. Cross-linking process was studied by
the measuring the change of storage modulus from time of gelation on the Anton Paar
rheometer in the oscillation mode. The mechanical properties of the obtained materials were
measured according to ASTM D412 on the Tinius Olsen universal testing machine.

As the result of this work, the possibility and effectiveness of using dimethylolurea as
a crosslinking agent for PAA was shown, the changes in rheological properties from time
were studied and kinetic parameters of cross-linking reaction were determined. Also, mechan-
ical characteristics of obtained hydrogels were studied. Comparison of the results of PAA-
dimethylolurea system to the PAA-formaldehyde system was made.

Thus, the using of organic crosslinking agents may be promising for the production of
polymer hydrogels based on PAA with predictable rheological and mechanical properties for
various industries. Further study of the gelation process can provide a complete kinetic model
based on the initial component ratios, with the ability to predict the properties of the material.

OTBepauTE M IMOKCHIHBIX CMOJI HA OCHOBE MOTU(DHUIIUPOBAHHBIX
aMuHO(}eHO0JI0B, coepP:KAMUX (PTAJTOHUTPHUJIbHbIE TPYIIIbI

Masun B.A.

PykoBonurens: K.X.H., ¢.H.c. Kamyrun /[.1.

KoMmmo3uimonHble MaTepualibl CTAaHOBATCS Bce 0ojiee BaXKHBIMHU JJISL adPOKOCMHUYE-
CKOH MMPOMBIIIJICHHOCTH. Ha CCFOI[HHH_IHI/Iﬁ ACHb Ha ACTAJIM U3 apMHUPOBAHHBIX BOJIOKHOM
riactMacc npuxoautest 6osaee 50% macchl COBpeMEHHOTo camodieTa. Vcnonbp3oBaHue KOMITO-
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3UTHBIX MaTEpUAJIOB BMECTO METAJUIOB YMEHbIIAET BEC caMoJIeTa M, TaKUM 00pa3oM, COKpa-
IaeT KOJIM4ecTBO Tpedyemoro TorunBa. HeoOxomumo, yToObI HA (POHE JIETKOCTH MaTepuai
YJIOBJIETBOPSUI IPOYHOCTHBIM XapaKTEPUCTUKAM M MMEJT BO3MOXKHOCTh (DYHKIIMOHUPOBAHHUTH
IIPY TIOBBIIICHHBIX TeMIepaTypax. dOTaloHUTPIIIbHBIE MAaTPHUIIBI 00JIAAI0T TOCTATOYHO BbI-
COKOM TEPMHUYECKOW CTaOMIBHOCTBIO CpEOu 3aperuCTPUPOBAHHBIX MATPUI[ TOJIMMEPHBIX
KOMITO3UITMOHHBIX MaTepuasioB. K HeJmocTaTkaM MOXKHO OTHECTH IUIOXYH0 00padarhiBac-
MOCTb, KOTOpasi BbI3BaHA BBICOKOW TEMIEpaTypOl IJIABJICHUS U JUTUTEIbHBIM CPOKOM OTBEP-
KJICHUEM, a TaK)Ke, BEICOKYIO XPYIKOCTh (hTAIOHUTPUIIBHOTO mosuMepa. [Ipobiema xpyrmko-
CTH ¥ M30BITOYHON BSI3KOCTH MOXET OBITh pEIIeHa BBEICHHEM B COCTaB (hTaJOHUTPUIIHBIX
MaTpHIL MOJABMKHBIX an()aTHIECKUX (HParMeHTOB.

Lenpto Hamielr paboThI OBLIO MOyYSCHHE HOBBIX MOJIMMEPHBIX MATPHUI] M MOJIUMEPHBIX
KOMITO3UITMOHHBIX MATEPHAJIOB Ha MX OCHOBE JUISl CO3/IaHUSI BBICOKOIPOYHBIX TMOJMMEPHBIX
KOMITO3UIIMOHHBIX MaTE€pPHAaJOB C BHICOKMMHU (DPU3MKO-MEXaHMUECKUMH CBOWCTBAMHU C IIHPO-
KOt 00J1aCThIO TPUMEHEHHS B BRLICOKOTEMIICPATYPHBIX YCIOBHUSX.

Jnis peanmzanuyl MOCTABJICHHOW €M HEOOXOAWMO OBUIO BBHIIOJHUTH PSII CIEIYIO-
HIMX 3371a4: MOJYYUTh MOAU(DUIIMPOBAHHBIE aMHUHO(PEHOIIBI, CoIepKaline (pTaToHUTPUIIbHBIC
(parMeHThI; TPOBECTH CHUHTE3 3aMO3AIIMBAIONIETOCS MOHOMEpA, BKIIIOYAIOIIEro Ipomap-
THbHBIC U (DTATOHUTPUIILHBIC TPYIIIBL; MOJYYUTh MTOJUMEPHBIC KOMITO3UITMOHHBIC MAaTePHAIIBI
Ha OCHOBE MPOMNAPrii/(hTATOHUTPUILHON MAaTPHUIIBI; MOTYYHTh MOJMMEPHBIE KOMIIO3UIIMOH-
HbIC MaTepHabl, B KAYECTBE MATPHUIIbl KOTOPOTO OyJET BBICTYIATh OTBEPKIACHHAS MOIU(U-
UPOBAHHBIM (DTATOHUTPHUIBHBIMU (pparMeHTaMu aMHUHO(EHOIIOM, MOKCHIHAS CMOJIA OCO-
6oro Haznauenus YI1-643.

B xoze BbIMONHEHUS JaHHOM paObOThI OBLIM BIEPBbIE CHHTE3WPOBAHBI HOBBIE MTPOMap-
i1/ TAIOHUTPUIIbHBIE OM()YHKIIMOHAIBHBIE MOHOMEPHI, IIPOBEIICHO UX OTBEPIKICHHE U UC-
CJIEZIOBaHBl MX MEXAaHWYECKHE M TePMHUYECKHe CBoWcTBa. IloiydeHo cBsizyromee Ha OCHOBE
AMOKCUAHON cMonbl ocoboro HazHadeHus YII-643 u ammuHOdeHONa, MOIUDUIMPOBAHHOTO
(GTanOHUTPUIBHBEIME Tpynma. Ha ocHOBE MONYyYEeHHOH MOJIMMEPHON MaTpHIIBI N3TOTOBIICHBI
NOJMMEpHbIE KOMIO3MLIMOHHBIE MaTepHajbl M HCCIEIOBaHbl UX MEXaHHYECKHE CBOMCTBA.
[Toka3aHO MPEUMYIIECTBO MOJMMEPHBIX KOMITO3UITMOHHBIX MaTEpPHAJIOB, C TIOJMMEPHOI MaT-
puIleii, BKiItouaromeil GTaroHUTpUIIbHBIE (ParMeHTHI.

PazpabotanHbie HOBBIE (PTAJOHUTPUIIBHBIEC CBS3YIONINE C YHUKAIBHBIM KOMILIEKCOM
CBOWCTB MO3BOJIMIIM U3TOTOBUThH BBICOKOTEMIIEPATYPHBIE MOJIMMEPHBIE KOMIO3UIIMOHHbIE Ma-
TepUabl HA OCHOBE YTJIEPOIHBIX BOJOKOH. [lomydeHHbIe 00pa3iisl 001a1a10T BEICOKOW MPOY-
HOCTBIO TIPU PA3NUYHBIX XapaKTepax HarpyXeHHs, COXpaHSIOIIENHCs B MIMPOKOM JUana3oHe
temneparyp 10 400°C. PazpaboTaHHble MOIMMEPHbIE MATPULIBI MO3BOJISIOT PaCIIUPUTH 00-
JacTh NMPUMEHEHHS MOJTUMEPHBIX KOMIIO3UIIMOHHBIX MaTE€pPHAlIOB B BBICOKOTEMIIEPATYPHBIX
YCIIOBHSX.
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Epoxy resins hardeners based on modified aminophenols
containing phthalonitrile groups

Mazin V.A.

Supervisor: Ph.D., Senior Scientist Kalugin D.I.

Composite materials are becoming increasingly important to the aerospace industry.
To date, parts made of fiber-reinforced plastics account for more than 50% of the mass of
modern aircraft. The use of composite materials instead of metals reduces the weight of the
aircraft and, thus, reduces the amount of fuel required. It is necessary that, against the back-
ground of lightness, the material should satisfy the strength characteristics and be able to
function at elevated temperatures. Phthalonitrile matrices have a sufficiently high thermal sta-
bility among the registered matrices. The disadvantages include poor workability, which is
caused by a high melting point and long curing time, as well as high brittleness of
phthalonitrile polymer. The problem of brittleness and excessive viscosity can be solved by
introducing mobile aliphatic fragments into the composition of phthalonitrile matrices.

The aim of our work was to obtain new polymer matrices and polymer composites
based on them to create high-strength polymer composites with high physicomechanical
properties with wide spreading in high-temperature conditions.

To accomplish this goal it was necessary to perform a number of the following tasks:
to obtain modified aminophenols containing phthalonitrile fragments; to synthesize a freezing
monomer comprising propargy and phthalonitrile groups; get polymer composite materials
based on the propargyl / phtalonitrile matrix; to obtain polymer composite materials, the ma-
trix of which will be UP-643 epoxy resin, cured with modified phthalonitrile fragments ami-
nophenol, as a matrix.

In the course of this work, new propargyl/phthalonitrile bifunctional monomers were
synthesized for the first time, they were cured and their mechanical and thermal properties
were investigated. The obtained binder based on epoxy resin special purpose UP-643 and
aminophenol, modified phthalonitrile group. Based on the obtained polymer matrix, polymer
composite materials were manufactured and mechanical properties were investigated. The ad-
vantage of polymer composites with a polymer matrix including phthalonitrile fragments is
shown.

Developed new phthalonitrile binders with a unique set of properties made it possible
to manufacture high-temperature polymer composite materials based on carbon fibers. The
obtained samples have high strength with in a wide range of temperatures up to 400°C. The
developed polymer matrices make it possible to fundamentally expand the scope of applica-
tion of polymer composite materials in high-temperature conditions.
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