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3akmouenue ®eaepaabuoro FOCYAapCTBEHHOTO GI0IXKETHOrO yUpeKIeHHS
HAYKH HHCTHTYTa o01eil n Heopranuyeckoii xumun um. H.C. Kypnakosa
Poccuiickoii akanemun HayK

Huccepranus «Cunres (GTopuMpKOHATHEIX © MOIU(DUIIIPOBAHHBIX
dropunom radEuMs m XJopuioM  Oapusi  hTOPLUMPKOHATHEIX CTEKOJI,
AKTUBHPOBaHHBIX HOHamMu Er*, Ce3*; onrtuyeckue u JIFOMHHECIEHTHEIE
CBOHCTBa) BBINOJHEHA B JIaGOpPaTOpHH BHICOKOUHCTEIX BemecTs PenepanbHOro
T'OCYAapCTBEHHOrO OHO/KETHOTO yUpe)KaeHH s Hayku WMHctuTyTa ofmei wu
Heopranuveckod xumuu um. H.C. Kyprakosa Poccuiickoit aKaJleMUM Hayk
(MOHX PAH).

B nmepmox mnoarorosku Aauaceepraiun B 2022-2026 1T, comckarens
Baiimyrun Jleonun Anexcannposuy, 27.02.1998 I.p. o0ydancs B acuupanType
WUOHX PAH u paGoran B DefIepanbHOM  TOCYJapCTBEHHOM  G0KETHOM
YIpexaeHu Hayku WMHcTuTyTe 06meii u HeopraHuyeckon xumuu mm. H.C.
Kypunakosa Poccuiickoit akanemun HayK B JIOJDKHOCTH CTapuIero abopaHTa ¢
BBICIIMM TIPO(ECCHOHANBHEIM 06pasoBandeM ¢ 2022 roja U B JOJDKHOCTH
MJIa/IIero HayvIHoro coTpyanuka ¢ 2023 rona.

Hayunsrit pykoBoauTes:

Bpexosckux Mapus Huxonaesna - AOKTOp XMMHUYECKMX HAyK, IJIaBHBIH
HAayYHbIH  COTPYAHHUK DenepansHOro FOCYAapCTBEHHOIO0  OOKETHOroO
YIpeXNcHuA Haykn HMHCTHTyTa OOIIedf M HeOpraHWdYeckol XuMHH M. H.C.
Kypnakosa Poccuiickoit akanemun Hayk (MOHX PAH)

o uroram o6eysxaenus npuusTo ClIeayroInee 3aKIOYEHuE.



Henb HacTostmedi paGoTs 3aKmodanacs B cHETese MOJH(DUIIMPOBAHHBIX
hropunom radHus 1M XopHIOM 0apust 1 aKTUBUPOBAHHEIX HOHAMMU apOus wiu
Uepus  (TOPUMPKOHATHEIX CTEKO; ONpPEe/ICIICHAN BIHUAHUA MOAUPHKAIAK
coCTaBa M MCHONB3OBAHHA (DTOPHPYIOINMX AareHTOB HA ONTHYECKHE K
MOMHHECLIEHTHBIE CBOMCTRA.

Jisi ee noCTIDKeHNUs GBUTH perens! CIIeAYIOIHE 3aAaYH:

1) Paspabotka METOOUKH BBICOKOTEMITIEPATYPHOrO CHHTE3a
¢ropLHpKoHaTHBIX 1 Momuduumposannsx HfFy umm BaCl, crekon u U3ydeHHe
ONTHYECKUX CBOUCTB CTeKOMN B cucteMax ZrFs-BaF,-LaF 3-AlF3-NaF (ZBLAN) u
HfF4-BaF,-LaF;-AlF;-NaF (HBLAN) B numamasome or 6mwxHero V- i (6]
cpennero MK-nuanaszona (200 am - 10 MKM)

2)  Cunres ¢ropuupkoHaTHEIX  m droprapHaTHBIX  cTeko,
AKTHBHPOBAHHBIX HOHamu Er?*, u usywenue ux ontuueckux JIOMHHECLEHTHBIX
CBOMCTB;  HCC/ENOBAHWE  BIIMSIHUS AOTIOTHUTENBHOTO  (hTOPHpPOBaHHMS
¢ropupyromum arearom XeF, Ha JIFOMUHECIICHTHBIE CBOWCTBA B OimmkaeM UK-
AHATIa30He aKTHBIPOBAHHBIX MOHAMH 3OS droprmpKoHaTHEIX cTeKOI.

3) MHsyuenwe mnponecca KPUCTA/IIM3ALAK  aKTHBUPOBAHHBIX 3p6HeM

(ropumpKOHaTHEIX cTeKos, momubumposanusx Cl-, Meronom SIMP ua Anpax
*Cl B coBokymHocTH ¢ JITA 1 POA
4) CuHTe3 M HCCENOBaHHE ONTHYECKHX H JIOMHUHECLIEHTHBIX CBOMCTB
GropuupKoHaTHEIX U ¢ropradgHarHeIX cTekon, aKTHBUPOBAHHBIX HOHamu Ce’*,
5) PaspaGortka MeTomuku cumTesa 0e3BogHoro CeFs mo peakiuu CeF; ¢

TUQTOPHUIOM KCeHOHA W HCCICNIOBAaHWE €r0 BIUSHUS Ha ONTHYECKHE W
JEFOMHHECLICHTHBIE CBOWCTBA (PTOPIMPKOHATHEIX 1 ¢roprapuarasx crekon.

Crenennb pazpaGorannocTn TemsI HCC/IeJ0BAHUS

[IpumecHslii cocras (QTOPUNHBIX cTekon BauseT Ha ONTHYECKHE W
JIOMHHECUCHTHBIE cBoicTBa. K  HexenaTenpHbIM IIPUMECSAM  OTHOCSTCS
KACJIIOPOACOAEPIKAIME MPHMECH M3 HCXOIHbIX ¢ropunos, a umenso, OH™
TPYIIEL, TIOCKONBKY OHH (hOPMHUPYIOT MOJIOCHI norinomenus B UK-o6mactu u
[IOBBIIIAIOT  SHEPTHIO ()OHOHOB MATpHIIE, BCJICICTBHE Y€ro yXyAIaioT
ONTHYECKHE H JIFIOMHHECHEHTHBIE XapaKTCPUCTHKH cTeKod. [losTomy ms
YIYQIICHUS ONTHYECKUX H IJIFOMHHECLEHTHBIX CBOMCTE GTopHIHBIX cTeko
Heo0X0oauMo T0hTOpHpPOBaHUE IIHMXTEL AU UX CHHTE3a C LENbI0 YOAICHHUS 3TUX
TIpUMeceii.

IlpuemoM ympasnenus csoiicTBamu (TOPIMPKOHATHEIX CTEKOJ SIBIISIETCS
MOZH(pUKAIKA COCTaBa, KOTOpas 3aKio4aeTcsi BO BBENEHHH B COCTAB CTEKIA

AAPYTUX KaTHOHOB HJIM aHHOHOB, PaCTBOPHUMBIX B paciuiaBe, HarpuMep, IyTem



nommoro samemenus ZrF+—HfFs no ¢ropraduaTthex crexkon m wacTuHoro
samemienns BaF;—BaCl, mo ¢ropxnopuupkoHatHeix crexar. B kauectse
OTTHYCCKOTO MaTepHala TakKe MNPUMEHSAETCS CTEeKIOKepaMHKa, B KOTODOi
cerperauus KatuoHoB P30 B  Kpucrammmueckwe o6macTH INPUBOIUT K
I[EJMHHECH,EHTHBIM CBOMCTBaM, CXOJHBIM ¢ MOHOKPHCTA/IAaMH H KepaMukoii. B
CBASH C OTHM M3YYCHHE INPOLECCOB KPUCTAUIM3ALHA MOIH(DHIHIPOBAHHEIX
TshKenbIMU TanoreHamMu (Cl ) (TopHupKOHATHEIX CTEKON IO3BOIUT I0JIyyaTh
HOBEBIE CTEKJIOKPHCTAILTHYECKHE MaTepHAITHI, XapaKTepU3yroIuecs
MHTEHCHUBHOH JIIOMUHECLICHIIHEH B cpennem UK-nuamnazone.

Metoaosi0rust 1 MeToBI HCCIe0BAHNS

DTOPUMPKOHATHEIE ¥ MOAH(HIHPOBAHHBIC dbropuupkoHaTHEIE CcTeKIa
MOy 9/l BEICOKOTEMIIEpATyPHBIM CHHTE30M B aTMoc(epe aprona. OnTHueckoe
TPOMYCKAaHHE CTEKOI ONPENEIIATH METOAOM ONTHIECKOH crieKTpockomuu i MK-
CreKTpockonuH. Kpucrammsanmio akTuBupoBaHHbBIX Erd* (TopIHpKOHaTHBIX
cTexosl, MoaupuiuposanHbix Cl, usywamu c npuBieyeHreM Mmetomos J[TA,
POA, crekrpockommu SIMP Ha sapax 3Cl. JTioMuEHecIeHTHEIE CBofcTBa
dKTHBHPOBAHHBIX ~ CTEKOJ ~ M3y4ald [PH IIOMOIIM JIOMHHECIEHTHOI
CHeKTpoCKonyH. be3BonHbI TeTpadTopua Hepus momyyam mo paspaboTaHHOU
B paMKax  JIMCCEPTallMOHHOM  paboTel  MeTomuKe. Hnentudukamuro
TeTpadTopHaa Lepus MpoBOXMIM MeronamMu P®A u cnekrpockonuu SIMP Ha
sapax "°F, a ero ruapatanuio H3yyanu ¢ moMombio HUK-cnexrpockonuu u TTA.

Hay4nas woBm3Ha. PaspaGoTana Mmerommka cumTesa dropunHEIX cTekon B
cacreMe ZBLAN, aKTUBHpOBaHHBIX KaTHOHaMH Er¥*  mwm Ce’, ¢
MCIIONB30BaHMeM (Topupyrontux areHTos (XeF,, CeFy).

PaspaGotana Meromwka cuHTe3a Ge3BomHOTO TeTpaTOpHAa IepHs, KOTOpbI
HCIIO/IB30BaH OAHOBPEMEHHO ISl JIETUPOBAaHUs CTeKoT HoHamu Ce’* i yHaaleHus
U3 HHMX T@paMeced, oOycnosneHHsix OH rpymmoii. HanHas wmetoauka
OpUrdHANlbHA ¥ 3allMINeHa maTeHToM Ha u3obperemne RU 2 824 509 Cl1 or
27.12.2023.

YCTaHOBIIEHO TeMIepaTypHOe TymeHHe nomuHecneHnuu Ce’* B creknax
ZBLAN u HBLAN npu 77 - 300 K. Briepsrie 00BsicHeHO pasnuume B
MEXaHu3Max Tylenus inoMuHecuennun Ce** B crexmax ZBLAN u HBLAN g
HCCIICMIOBAHHOM  TEMIIEPaTypHOM HHTepBajle, 0OYCIOBIEHHOE pasHuLell B
LOIMPHHE 3aNpPEeIEeHHBIX 30H 3THX CTEKOJ.



Briepsie mokasano, uro SIMP-criektpockonus Ha spax Cl B cOBOKYTHOCTH ¢
ATA u PDA Moxer GbITh NpPUMEHEHA B WCCIEIOBAHUH KpUCTaLTA3alliN
(TOPXIOPIMPKOHATHEIX CTEKOI.

Hpakruyeckass  3maummocth.  IIpeimoxeHHas  MeTONMKA  CHHTe3a

u

(TOpPIMpPKOHATHEIX M MomuduImpoBaHHex HIFs u BaCly (GTOpPIMPKOHATHBIX
CICKOJI C HCIONb30BaHHEM (ropupyromux arentoB (XeF,, CeFs) mossomser
CHHTE3HpOBaTh CTeKna B cucreMe ZBLAN, akTuBHpoBanHble kKaTHoHamu Erdt
wim Ce¥, ¢ MNOHWKEHHBIM ypOBHEM COJEPXKAHUA  KHCIOPOACOACPIKAIIAX
MpUMECeH 1 COOTBETCTBEHHO C YITy4IEHHEIMHU JIIOMHUHECLIEHTHBIME CBONCTBAME.

PesynbraThl KOMIUIEKCHOrO HMccieoBaHMs Ipouecca KPHCTaJLTH3aLIN
AKTUBHPOBaHHBIX Er'" ¢ropumpkonarseix crexon, mMomupummposanmex Cl,
MOTYT OBITB  HCIONB30BAHBI  MpH paspaboTke  yclOBHit  mOMydeHHs
(GTOPHIXTOPUIHON CTEKITOKepPAMUKHY, akTuBUpoBaHHOM Er’', ¢ 3amanHbIME
JFOMHHECLEHTHBIMH CBOMCTBAMHU /I TBEPIOTENbHBIX TazepoB MK-auanasona.

Pazpaborana Merommka cuHTe3a OezsogHoro CeFs, wucmomb3oBaHme
KOTOpOTO yBEIMYMBACT pajualliOHHYI0 CTOMKOCTh CLMHTHUIUIATOPOB HA OCHOBE
LepHii-coziepxamux GpropragHaTHBIX CTEKOL.

CrenuanbHoCTh, KOTOpoii COOTBETCTBYET AMccepTALMS.
Aucceprammonnas  paGora  Balimyrmaa  Jleommma AJleKcaHIpOBHYA
COOTBETCTBYET MACIOPTy Hay4HOH chenmansHOCcTH 1.4.1- Heoprauumueckas
XHMHS (OTpac/b HAYKM — XHMHYECKHE), B TYHKTAX:

IL.1. ®yHmameHTanbHBIE OCHOBHI IONYYCHHs OOBEKTOB HCCIIEHOBAHMUS
HEOPraHWIeCKOH XMMHUH U MaTEPHAJIOB Ha UX OCHOBE.

I1.3. Xumudeckast CBS3b U CTPOECHHE HEOPraHU4YEeCKUX COCIUHEHUMH.

11.4. PeakumonHas ciocoGHOCTS HEOPraHUYECKUX COSTHHEHMI B pasIHYHBIX
arperaTHLIX COCTOSIHUAX U S9KCTPEMAITBHBIX YCIIOBHSX.

IlonHoTa M3MOKEHUHA MaTepuasoB AMcceprauud B padorax,
ony0/IHKOBAHHBIX conckaTeneM. [lo matepuanam Hay4YHO-KBaTH(PHUKAIUOHHOM
paboTsI (uccepTanuu) omy6auKkoBaHo 7 crateif B PELIEH3UPYEMBIX 3apyOeiKHBIX
¥ POCCHHCKHX HayYHBIX JKypHaJlax, peKOMEHIOBAHHbIX BAK, nHznexcupyeMsIx B
Gazax maHHeIX Scopus, Web of Science, sgpo PUHIIL, a Takke 14 pabor
TIPEAICTABIICHBl B BHAE TE3MCOB JOKIAOB Ha BBHINICYKA3aHHBIX HAYYHBIX
KoH(epeHuusx. [Tonyuen 1 marent P® na n300peTeHwue.

Anpobauus pe3yjbTaToB

Pesynbrarel paGoTs! 6bUTH MpencTaBieHs! Ha CIIEYIOIUX BCEPOCCHICKHAX



M MEeXIyHapoaHbIX KoHpepeHmmsax: 1) 63 Koundepenuus MOTU, MOTH,
Honronpynueiit, 2020; 2) Monoaexusiii popym “Jlomonocos”, MI'Y, Mocksa,
2021; 3) XI, XII, XIII, XIV, XV, XVI Kondeperuust MoiopIx y4eHBIX 1O
obme# u Heopranuueckoi xumum, MIOHX PAH, Mocksa, 2021, 2022, 2023,
2024, 2025, 2026; 4) XVIII Bcepoccuiickas koHpepeHIUs "BbICOKOUHCTEIE
BellecTBa W MartepHaibl. Ilomydyenme, aHamus, mpumenenme", UXBB PAH,
Hmwxauii  Hosropom, 2025; 5) XV cummosumym "TepmoauHamuka u
marepuanosenenue”, NHX CO PAH, Hosocubupck, 2023; 6) Kondepenmus
“@ropunnble Matepuansl U Texuonorumn”, MOHX PAH, Mocksa, 2024; 7) 1
Kondepennus “LUMOS”, MI'Y, Mockaa, 2024; 8) EOS Annual Meeting, Delft
University of Technology, Delft, 2025.

Huccepranuonnast pabora Baiimyruna Jleoruna Anekcanaposrua «CHHTE3
(TOPUMPKOHATHEIX M MOAU(DHUMPOBAHHEIX (BTOPHAOM rahHAS U XJIOPHIOM
Gapusi (PTOPUMPKOHATHEIX CTEKON, aKTHBMPOBAHHEIX MoHamu Er’t, Ce*:
ONTHYECKHE M JIIOMHHECLCHTHbIE CBOHCTBA» IIONHOCTBIO COOTBETCTBYET
TpeoBanusam mm. 2.1-2.5 TlonoxkeHHs 0 HPHCY)KICHUU YYEHBIX CTeneHeH B
DeziepalbHOM TOCYNAPCTBEHHOM GHOMHKETHOM YUPEKICHHAM Haykun HHCcTUTYTE
obmeit 1 Heopranmdeckort xumuu uM. H.C. KypHakosa Poccmitckoii akanemun
Hayk (MOHX PAH) ot 29 mapra 2024 r., npembsBIseMsIM K JUccepTanysaM Ha
COMCKaHWE YUeHO! CTENEeHH KaHUaTa HayK.

JIn4yHoe yyacTue concKaTessl B MOJy4eHHH Pe3y/IbTATOR, H3/I0KEHHDIX
B IHCCEPTALMH,

JInyHbld  BKIAA aBTOpa COCTOSA B BHIIONHEHMH BCero oGbeMa
SKCTIEPHMCHTANIBHOH pabOTBl MO MONYYEHHIO OOpaslOB M TEOPEeTHUECKUX
pacHeToB METONOM KOHTCHT-aHallM3a, a TakXKe YYacTHH B MOCTAHOBKE LiENel U
3anmad UCCIIE/IOBAaHNS, AaHAIM3E M HHTEPIIPETAIINH 10Ty YEHHbBIX JaHHBIX.

CreneHb /0CTOBEPHOCTH pe3y/IbTATOB NPOBEACHHBIX COMCKATEIeM
HCCIeJOBAHMM, HX anpobanmsi.

JIOCTOBEpHOCTE ~ pe3yINbTATOB  MPOBENEHHBIX  HCCACAOBAHMH |
00OCHOBAHHOCTE HAYYHBIX IOJIOYKEHHH M BBIBOIOB, ChOpMYITMPOBAHHEIX B
AHUCCEpTaluy, 00YCIOBICHA MHUPOKHM HAGOPOM MAHHEIX, MOIYYEHHBIX yTeMm
NPUMCHCHUSI ~ KOMIUIEKCA  OKCIIEPHMEHTANBbHBIX  (U3UKO-XUMHUECKMX |
TEOPCTHYECKHX ~METONOB, B3aHMOIOATBEPKNAIONIMX U  YAOCTOBEPSIOLIMX
IIOJTyYECHHBIE CBEJICHUS.

IennocTb HAYYHBIX paloT COMCKATEH.



HanHas nuccepraimonHas paGota HallpaBJIcHa Ha pEUIeHHE KOMIUIEKCa
TPAKTHYECKH BAXHBIX (DyHIaMeHTaNbHBIX 3amadu. MccieqoBafie MOCBSINEHO
H3y4CHHUIO XMMHH HEOPraHM4YeCKUX (TOPHIOB, pa3paboTKe METOIMK CHHTE3a
(DTOPLUMPKOHATHEIX M MOAM(HIMPOBAHHBIX ¢ropuMpkoHaTHEIX  cTekon,
aKTHBHPOBAHHBIX Er*, Ce’*, c MOHIKEHHBIM colepIKaHneM
KACJIOPOJCONEPKAIMX TNPUMECEH M HCCIENOBAHHIO WX ONTHYECKHX W
JIFOMHHECIEHTHBIX CBOWCTB, a TaKXKe PacIIMpeHHI0 06acTell Hx IIPUMEHEHUSI.
IIpoBenieHO KOMIUIEKCHOE MCCENOBAHME HOBBIX CTEKJI000pa3HBIX MaTepHaIoB
COBPEMEHHBIMU (PH3UKO-XMMUYECKHMH METONAMH UCCIIeIOBaHMs, OIpeaeIcHO
BIIMSIHAE MOTM(HKALMK COCTaBa (PTOPIUMPKOHATHBIX CTEKON TSOKEIBIME MOHAMII
(na npumepe 3amewennit ZrF4 — HfF,; uma BaF, — BaCl,) u ucnonssoBanus
$ropupyroumx arentos (XeF», CeFs) Ha UX ONTHUECKHE H JIIOMUHECHEHTHBIE
CBOHCTBA. OnpemencHsl 06IACTH BO3MOMKHOTO [IPaKTHYECKOTO TNpPUMEHEHHUS
HOIYYCHHBIX MATEPHAIIOB B CHIMHTHILISALMOHHOM TexHuke 1 MK-onTHKe.

Io pesyibTaTam paccMOTpeHus AHCCEPTALMM NOCTAHOBHIN:

1. YTBepmuTh mNONOXMTENBHOE 3aKiTIOUEHME PacIIMpeHHOro 3aceqaHus
1a00paTOPHH  BBICOKOYMCTBIX BEIIECTB IO auccepranuy  Baiimyruna
Jleonnna  AnekcangpoBmua  «CHHTe3 (QTOpLMPKOHATHEIX W
MOM(UIMPOBAHHBIX  (GTOPHIOM rapHAs M XJIOpHAOM  Gapus
(pTOpIHPKOHATHEIX CTCKOJ, aKTHBUPOBAHHBIX MOHamu Er’*, Ce’':
ONTHYECKHEC M JIIOMHUHECLIEHTHBIE CBOMCTBA» HA COMCKaHHE Y4IEHOH
CTCNICHH KaH/IuJaTa XHMHYECKHX HayK II0 cneuuanbHocTH 1.4.1-
Heopraunaeckas xumus.

2. PeKOMEHIOBaTh AMCCEPTALHIO Baiimyruna Jleonuma Anexcaniposuya
«CuHTe3 (GTOPIMPKOHATHBIX U MOIH(UUMPOBAHHEIX (PTOPHIOM TadHHs 1
XJIOpUIOM GapHst (TOPLUMPKOHATHEIX CTEKOJI, AKTHBHPOBAaHHBEIX MOHAMHM
Er**, Ce*; ontnueckue m TIOMUHECLEHTHBIE CBOMCTBa» K 3allUTe I10
CrenuanbHOCTH 1.4.1- Heopranudeckas Xumms (XuMudeckne HayKH) Ha
AuccepralinoHHoM coseTe 01.4.001.91 Ha 6a3e MIOHX PAH.

3. PexoMeH0BaTh IuccepTariio Baiimyruna Jleonuna AJlexcaHpoBHya
«CunTe3 OTOPUMPKOHATHEIX U MOTH(HIMPOBAHHEIX (TOPHIOM TadHus 1
XJ0puaoM Gapusi GTOPLMPKOHATHBIX CTEKOI, AKTHBHPOBaHHBIX HOHAMH
Er**, Ce*"; onrmueckue u JIFOMUHECIICHTHBIE CBOMCTBAY» K PAaCCMOTPEHHIO
npoduibHO# cexumeit Yaénoro cosera MOHX PAH.



Beero npucyrersosano 12 yenosek, u3 Hux 8 AOKTOPOB XHMHYECKHX HAyK
¥ 3 KaHIuIaTa XUMHYECKUX HAyK.

PesynbraTel romocoBaHms: «3a» - 12 4elL, «mpotuB» - 0 wen.,
«BO3IEPKATHCEY - 0 ger.

Pemrenne NIPHHSATO €AHHOTJIACHO.

IIpoTokon paciMpeHHOro  3aceqaHus nabOpaTOpUM  BBICOKOYMCTHIX
BemecTs Ne 4 ot 25.02.2026 r.

3asenyrommii JlaGopaTopueit BBICOKOIHCTEIX Bemects MOHX PAH

v
J.X.H., B.H.C. //f-f’ bpexoBckux M.H.

Cexperaps n1abopaTopHoOro Ko/utokBuyma  JlaGopaTtopuu  BBICOKOUHMCTEBIX
Bemects MOHX PAH

K.X.H., C.H.C. L/(/ ( /// ’/&/ﬂ /f/’/ / = //] Menmukosa T.K.




