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KAPKACHBIE METAJLJIOCHJI- U TEPMCECKBUOKCAHBI:
OCOBEHHOCTH CTPYKTYPUPOBAHUS U ®YHKIIMOHAJIBHBIX
CBOMCTB

A.H. Bunsuenko'?

L Unemumym anemenmoopeanuyeckux coeounenuii um. A.H. Hecmesnosa Poccuiickoii akademui
HayK
2 Poccuiickuii yHugepcumen Opyicobl Hapooos

Kapkacuble  metaymocun - [1] w  repMmceckBUOKCaHbl  [2] —
METAJIOKOMITJIEKCHI € YHHUKAQJIBHBIM pa3HooOpa3ueM (Cympa)MOJIEKYISIPHBIX
apxuTekTyp u npumeHenuil [3]. CTpykTypHOe pa3sHOOOpaszue 3TUX COCTUHEHHM
onpeensieTcss yA00CTBOM MOIYYEHUS TUOPUIIHBIX CUCTEM C JOMOJHUTEIbHBIMU
OpraHUYECKUMU JIMTaHJAMU W/WIM PUMEHEHUS aJbTEPHATUBHBIX CUHTETUYECKUX
METOJIOB, HAIPUMEDP, COJIbBAaTOTEpMabHBIX [4]. B goknaae OynyT npeacTaBiieHbI
aKTyajbHble PaOOTHl HAIlEH TPYIIbl [0 HCCIEIOBAHUIO CHHTE3a U CTPOCHMS
METAJIJIOCECKBUOKCAHOBBIX KOMILJIEKCOB, a TakKe (YHKIMOHAJIbHBIX CBOMCTB —
KaTaJIMTUYECKUX, JIIOMUHECIIEHTHBIX U ()yHTUIIMIHBIX.

Uccnenosanus noanepsxansl mpoektoM PHO No 25-73-20040

1. M.M. Levitsky et al, J. Clust. Sci. 30, 1283 (2019)
2. M. M. Levitsky, A. N. Bilyachenko, E. S. Shubina, Coord. Chem. Rev. 386, 209 (2019)
3. A.N. Bilyachenko et al, Synthesis and Applications in Chemistry and Materials, 2024, 11,

245 (2024) (book chapter)
. Q. Shen, K. Sheng, Z.-Y. Gao, A. Bilyachenko et al, Inorg. Chem., 63, 13022 (2024)

D
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CHUHTE3 U UCCJEJOBAHUE KATAJIUTUYECKHUX CBOMUCTB
BUMETAVIMYECKUX HAHOMATEPHUAJIOB HA OCHOBE
HHAJUIAAUA U TIVTATUHBI

U.A. Axywes', M.B. Hanuna'? E.A. Cocynos?

Y Unemumym obweii u neopeanuueckoii xumuu um. H.C. Kypnaxoea PAH, Mockea
2Poccutickuil XumMuKo-mexHoI02u4eckul uncmumym um. /I.U. Menoeneesa, Mockea

CuHTE3 HOBBIX KATAJUTUYECKH AKTUBHBIX MAaTEPUATIOB SBISETCS Ba)KHOMU
3ajjaueii COBPEMEHHOM XMMHHU B CBSI3H C IIMPOKUM MPUMEHEHUEM KaTaTUTHYECKUX
IPOIIECCOB B COBPEMEHHON MPOMBIIIIEHHOCTH. Vcop30BaHNe OUMETATITMYECKIX
KaTaJIM3aTOPOB OTKPHIBAET HOBBIE BO3MOXKHOCTH JJIsl YIPaBIEHHs MPOLIECCAaMU
NOJIFOTOBKM KaTanu3atopos [1], mpu 3TOM OJHUM M3 BApUAHTOB IOJIyYEHUS
OMMETaJUINYECKUX CHCTEM SBJISIETCSI MCIOJIb30BAaHUE 3apaHee IOJyYEHHBIX
KapOOKCUIIATHBIX KOOPAMHAIIMOHHBIX COCMHEHU METaJIOB IIATHHOBOM TPYTIITHI
obmelt (Gopmyasl [MiM2(OOCMe)y] €O CTPYKTYpOHd «KHUTaCKOTO (poHapuKay,
KOTOpBbIE MOTYT OBITh MOABEPTHYTHI TEPMOJM3Y B MATKUX YCIOBUAX [2], U HE
COJEp)KaT KaTAIUTUYECKUX SIIOB W TPYAHOyIAIseMbIX diaemMeHToB (S, P,
rajoreHOB).

B Hacrosmed paboTe NpoAEeMOHCTPUPOBAHBI BO3MOKHOCTH MOJYYEHUS
OMMETaNIMYECKUX W  TPUMETAUIMYECKUX  KApOOKCHIIATHBIX  COCTUHEHUI
Pd(Il) (Puc. 1), Pt(Il) (Puc.2,3) ¢ nOepexOgHbIMH, IOCTIIEPEXOIHBIMH,
HENEePEeXOJHbIMU MeTaijiaMu [3], NPUTrOAHBIMHU U1l MCIOJb30BaHUS B KauecTBE
IPEIIIECTBEHHUKOB HAHECEHHBIX TE€TEPOT€HHBIX KaTaau3aTOpPOB MapIHaIbHOTO
TUJIPUPOBAHUS TPOMHBIX CBSI3€H, U MOKa3aHa BO3MOXHOCTb MX HCIOJIb30BAaHUS B

Puc. 1. [PAMn(OOCMe)4] Puc. 2. [PtGa(OOCMe)s] Puc. 3. [PtPy,(OOCFc):]

O.G. Ellerta, M.V. Tsodikov, et al.,. Russ. Chem. Rev. 718, 83 (8), (2014).
N.S. Smirnova, E.V. Khramov, et al., Intermertallics, 132, (2021).
I.LA. Yakushev, I.P Stolarov, et al., Inorg. Chim. Acta, 508, (2020).
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KPUTHYECKAS ITUHAMUKA CETHETOJSJIEKTPUKOB U3
AN PPY3ZHOI'O PACCEAHUA

C.b5. Baxpywes', IO.A. Bpoueanvo, K.A. Ilempyxno®, C.A. Peiimepc?

L Dusuro-mexnuyeckuii uncmumym um. A.@. Hogge, Canxm-ITemepbype
2Cankm-ITemepbypackutl nonumexnuyeckuii yuueepcumem Ilempa Benuxozo, Canxm-
Ilemepoype

Bo Bcex mepoOBCKHUTOMOMOOHBIX  CETHETODJIEKTPHKAX  HaOoIaeTcs
B3aMMOJICHCTBUE MEKJIY MATKOM IIONEPEYHOM ONTUYECKOM W IOIEPEYHOU
aKyCTUYECKOM MoAaMu. OTO B3aUMOJAECHCTBHE NPUBOAUT K NEPEHOPMHUPOBKE
4acTOT 3TUX MOJl U CMEUIMBAHUIO MX COOCTBEHHBIX BEKTOPOB IPHU 3HAYCHUSIX
MIPUBEICHHOTO BOJHOBOro BekTopa q#0. [Ipm 3TOM KOppeKTHas HHTEpHpeTaIus
pe3yJbTaTOB HEYNPYroro paccesHus CTAHOBUTCS 3aTPYIHUTENbHOW, BBUAY
HEOOXOJMMOCTU y4eTa Kak JIEUCTBUTENbHOM, TAK U MHHUMOM YacTH MOTEHIHAala
B3aumozeiicteus. Mcrnonb3oBanue au@Qy3HOro paccessHusT HEUTPOHOB WIIU
PEHTI€HOBCKOTO M3JIy4€HHUs YNpOILaeT NpodieMy, NOCKOJIbKY MHHMMAsl 4acTh HE
BIIUSIET MHTErPAIIbHOE 10 3HEeprun paccesuue. Kpome toro, auddysnoe paccesnue
MOXET OBITb U3MEPEHO B IIUPOKOM 00JacTh OOpaTHOrO MPOCTPAHCTBA, YTO
MO3BOJISIET COBMECTHO aHAIM3UPOBATh JAHHBIE, OTHOCSIIUECS K PAa3IUMYHBIM 30HAM
bpuimrosna.

Hamu uccnenoBano muddysHoe paccessHue CUHXPOTPOHHOTO HM3ITy4YCHUS
(CH) TtBepabix pactBopax PbZrogrsTio2403 (PZT2.4) u (PbMgisNb2s03)1-x
(Pb(Sc12Nb12)O3)x  (PMN-PSN) B mentpe 3oubl bpummosna (3b), rme
HaOmomaeTcst Msarkasi nonepeunast ontuueckas (TO) moma u B okpectHOoCcTH M-
touku 3b, rae Hadmogaercs msrkas antudeppoaucropcuonnas (ADJ) [1] mona,
CBA3aHHAs C pPa3BOPOTaMM KHCIIOPOAHBIX OKTa’3apoB. IIpoBeneHHble paHee
u3MepeHus Heynpyroro paccesuus CHU B coegumneHusx rpynmbl  PbZrOs
MO3BOJIWJIM MTOCTPOUTH AUCIEPCUOHHBIE KPUBBIE MomepeuHoi akyctuueckoi (TA)
MO/JIbl, B3aMMOJICMCTBYIOIIEN C ONTHYECKOM, OJHAKO MPOCIEINTh 3a MOBEICHUEM
TO Mozp! He ynanocsk. Ha ocHoBaHuu n3mepennii Au@Qy3Horo paccesHus HaMu B
PZT2.4 u Obun nosyuyensl aucnepcuonnbie kpusble 111 TO u TA mon B PMN-
PSN, mpociexxeHa ux TemiepaTypHas SBOJIONHS, OMPEACICHbl KPUTHUECKUE
TEMIIepaTyphl.

N3mepennst paccessHHsT B OKPECTHOCTH M-TOYKHM, TakKe IO3BOJIUIO
MOCTPOUTH aucniepcuoHHble KpuBbie mid TA u AD/] moxa. Y nanock mnokasark, 4To
MEXMOJIOBOE  B3aMMOJEHCTBHE  MOXET MNPUBOAUTH K  BO3HUKHOBEHMIO
HECOPAa3MEPHOU HEYCTOMYHUBOCTH.

1. S.B. Vakhrushev, A.V. Filimonov, K.A Petroukhno et al., Materials, v.15, 1 ArtNo: #79 (1-
9) (2022).

2. A. K. Tagantsev, K. Vaideeswaran, S. B. Vakhrushev et al., Nature Communications 4(1)
2229(1-8) (2013)
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MATHHUTHBIE CBOVICTBA 1 KATHUOHHOE PACIIPEJIEJIEHUE B
CTPYKTYPE JIJETUPOBAHHBIX ®EPPUTOB (Zn, Cr, Co, Fe);04 VIS
INPUMEHEHHWS B BUOMEJIUIIUMHE

AJL. Kosanes, M. A. Cémxun®3, I1.A. Bopucoea?, U.B. L]emunun’

Y Vuusepcumem nayxu u mexnonoecuu MUCHUC, Mockea
2 Hayuonanenwiii uccredosamenvcekuii uenmp «Kypuamoeckuii uncmumymy, Mocksa
A y
HUnemumym ¢usurxu memannos umenu M.H. Muxeesa YpO PAH, Examepunbype

B mocnennue roxabl ¢eppUThl CO CTPYKTYpPOW INMUHETH MPUBIEKAIOT BCE
Oonblllee BHUMaHHUE HCCienoBaTenell Omarogapss CBOeMy MOTEHIMAy B 00JacTH
OMOMEIUIMHCKUX NMpUMEHEeHH. VX BbIcOKas OMOCOBMECTUMOCTb, BO3MOXHOCTb
BapbUPOBAaTh COCTaB 32 CUET KATUOHHOIO 3aMEIICHMS, a TAKXKE IIUPOKHUA BBIOOP
METOJ/IOB TOJIYYEHHS JENal0T TaKMEe MaTepuaibl OCOOCHHO MEPCIEKTUBHBIMU IS
UCIIOJIb30BAHUSI B KAyeCTBE areHTOB JOCTAaBKM JIEKapCTB, B MAarHUTHOMN
TMIIEPTEPMUUA U B POJIM KOHTPACTHBIX BELIECTB JUIsI MarHUTHO-PE30HAHCHOMU

ToMorpaduu.
B mHacrosmeir pabore wucciaenoBaHbl OKCHJHBIC MaTepHaldbl COCTaBOB
ZnCryCoos.xF€25x04, THE X = 0,1; 0,2; 0,4, momydeHHBIE B pe3yibTaTe

MEXaHUYECKOM aKTUBAIIMM U TOCIEIYIONIEro oTkura npu temmneparype 1400 °C.
[Io maHHBIM PEHTIEHOCTPYKTYPHOTO aHAJIM3a 3aMEIICHUE LUHKOM W XpOMOM
KOOaJIbTOBOrO (hepputa COMPOBOXKAACTCS H3MEHEHUEM IMapaMeTpa pEeIETKH.
JloOaBiieHHEe JAMAMarHUTHOIO MOHA UMHKA MPUBOAUT K POCTY YAEIbHOU
HAMAarHWYECHHOCTH HACBIIIEHHS C MakcumMymoM npu X = 0,2. bnaronmaps
NPOBEICHHOW HEUTPOHHOM AU(paKkUWU, YyAaJoCh OOBACHUTH KAaTHOHHOE
pacnpenefneHue IO OKTa- M TeTpa-MoApelieTKaM: LHUHK M[PEUMYIIECTBEHHO
3aHMMAeT TEeTPa’PUUECKUE TMO3UIUU, TEM CaMbIM YBEJIMYMBAET MAarHUTHBIN
MOMEHT Ha (OpPMYJBHYIO €IMHUILY B CTPYKType C (eppUMArHUTHBIM
yHopsiA0YeHUEM. XPOM MPEUMYIIECTBEHHO 3acelisieT OKTa-MO3ULUH, €ro (PYHKIIHS
3aKJIF0YAETCSl B KOMIIEHCALIMM KO3PLUUTUBHOW CHJIbI, CHUI)KEHHE KOTOPOW BBI3BAHO
N00aBKON AMAMAarHUTHOTO LIMHKA.

HanowacTuisl LIMUHEJIEeH ObLIH CUHTE3UPOBAHBI B XoJe
BBICOKOOHEPIE€TUYECKOTO H3MENBYECHHSI B NPHUCYTCTBHHM OJIEMHOBON KHUCIIOTBI
oktaneueHa. CpeaHuil pa3Mep dYacTHIl OIpeneieH Mo MHUKpodoTorpadusm
MIPOCBEUYUBAIOLIEH 3JIEKTPOHHON MHUKpockonuu M coctaBuid or 10 mo 20 HMm.
HabGnrogaeTcss ymeHbLIEHUE YAEIbHOW HAMArHMYEHHOCTH HACBIIMICHMS JUISI BCEX
o0pa3IoB, O0O0YCJIOBJIICHHOE TMOBEpXHOCTHBIMU 3ddexrtamu. HWcnbiTanus B
MEepEeMEHHOM MarHuTHoM mojie dactorod 393,1 kl'm u ammmutyaoi 19,9 kA/m
NOKa3aJli TeHepalMio Teria BO BceX o0pasiax, MOKPHITHIX mosmMepoMm Pluronic
F127. JoGaBKka MHKA MPUBOAUT K POCTY BBIJCICHUS TeIula. 3HAYECHUS YACIbHOU
MOIIIHOCTU TOIJIOUIEHUS! KOPPEJIMPYIOT C MAarHUTHBIMH XapaKTepUCTUKAMU
HAaHOYACTHII.
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CTPYKTYPHBIE U MATHUTHBIE CBOMCTBA C0,1sMnos1BOs

P.M. Epemuna®, JIU. Daznuxcanosa*?, E.M. Mowxuna®

! Kazanckuii pusuxo-mexnuueckuii uncmumym um. E.K. 3asotickoeo ®UL] Kazanckuii nayumnviil
yenmp PAH
2 HaupoHanbHbIHA HCCIIE0BATENbCKUH TeXHOIOrHYeckuii yausepeuteT «MUCuC»
SUnemumym gusuxu um JI.B. Kupenckozo

Oxcubopatsl ¢ o0mmel Gopmynoit M** M#*BOs, tne M3 u M** — 1pex- u
JIByXBaJCHTHbIE TMEPEXOJHbIE METAJJIbl, B OCHOBHOM KPHCTAJUIM3YIOTCS B
cTpyktype moasuruta (Pbam (55)). B aToit cTpykType MeTayibl 3aHUMAIOT
YeThIpe HEIKBUBAJICHTHBIC KpUCTAIJIOrpauueckue MO3UIHMH, YTO CO3AaéT
BO3MOXKHOCTB JIJIS TIOSIBJICHUST pa3HOOOpa3HBIX MATHUTHBIX YIIOPSIOYCHUN.

B pa6ote [1] marnutHas ctpykrypa  C0225Mng7sBOs, Obuta moapobHO
U3ydeHa, W OBUIO YCTAaHOBJEHO, YTO €r0 OCHOBHOE MAarHMTHOE COCTOSTHHUE
OpeCcTaBIsieT co0OM CcHuHOBOE cTekno. Jlias Oonee JeTanpHOrO H3y4yeHUs
MATHHTHOM CTPYKTYpHI MBI cuHTE3MpoBamn C0z19Mngg:'BOs ¢ m3otonom 6opal!B
JUISl TIPOBEJIEHUSI SKCIEPUMEHTOB IO HEUTpOHHOM audpaxuuu. CooTHOLIEHUE
NEPEXOJHBIX  JJIEMEHTOB  OBUIO  YCTAHOBJIEHO C  I[OMOIIBIO  PEHTTEH
(bIyopeclieHTHOTO aHaIu3a.

Helitponnas nudpakius maetr BO3MOXKHOCTh YCTAaHOBUTH KaK MarHUTHYIO,
TaK U KPUCTAIUIMUECKYIO CTPYKTYpPY COEIMHEHHs], YTO U ObUIO CAENAaHO B JaHHOU
pabote. Kpucramnmndyeckas CTpyKTypa, MpeACTaBlIeHHas Ha pUCYHKE |, TOKa3bIBaeT
MHTEPECHOE HEPaBHOMEPHOE 3allOJIHEHUE KPHUCTAJUIOrpaUyecKux IMO3ULUN
nonamu Co u Mn. Hecmotps Ha To, uto st C0225MnNg7sBOs, cimHOBOE CTEKIIO
SBIIIETCS. OCHOBHBIM MAarHUTHBIM  COCTOSIHMEM, Ha HHU3KOTEMIIepaTypHOU
HEUTPOHTpaMMe MOXHO YBUAETH IMUKH, COOTBETCTBYIOIINE MATHUTHOMY PaCCESUI0
(pucyHoxk 1).

PaboTa BrimonHeHa npu noanepxke rpanta PH® 23-72-00047
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Pucynox 1 cnesa: kpucmannuyeckas cmpykmypa aoosueuma Coz.19Mno.s1BOs. Cnpasa:
IKCnepumMenmanbHvle OaHHble U meopemudeckas o0opabomka HeumpoHHOU NOPOULKOBOT
oughpaxyuu

1.D. V. Popov, V. A. Shustov, et al., J. Supercond. Nov. Magn. 38, 152 (2025)
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NCCIEJOBAHUA BUOT'UBPUIHBIX MATEPUAJIOB HA OCHOBE
MOJIEKY.I Dps KJIETOK E.coli METOJJAMHA PEHTTEHOBCKOM 1
JIEKTPOHHOM CIEKTPOCKOIIMA U MUKPOCKOIIUU, B TOM

YUCJIE CUHXPOTPOHHbBIMH

C.IO. Typuwes, E.A. Benuxos', E.B. Ilapunoea*, O.A. Uyeenxosa®,
10.C. Kaxynust, P.I'. Yymaxos?®, A.M. Jlebeoes?, E.B5. Iuuxyp?, C.1O. Tpebynckux®,
E.B. Ilpeobpaxcenckan®, B. Cusaxoe®, C.C. Aumunos*

L Boponesicckuii 2ocyoapcmsennwiii ynusepcumem, Bopouesc, Poccus
2Hayuonanvhuiii uccredosamenvckuii yenmp «Kypuamoscxuii uncmumymy, Mockea, Poccus
SUncmumym gpomonnvix mexnonoauil, Hena, Fepmanus

KoMmiekcoM METOJ0B PEHTTEHOBCKOM M 3JEKTPOHHOW CHEKTPOCKONHHU U
MHUKPOCKOIIMH, B TOM YHCJIE C MCIOJb30BAHHUEM CHUHXPOTPOHHOTO H3Iy4eHUS,
OBUTH TPOBEACHBI UCCIIETOBAHMS MOP(HOJIOTUN U PU3UKO-XUMUYECKOTO COCTOSTHUS
kietok E.coli (BL21*(DE3), K12 MG1665), noy4eHHBIX U3 HUX MOJIEKYJ OelKa
Dps, OHOTMOpPHIHBIX CTPYKTYp Ha HX OCHOBE. YCTAaHOBJCHBI pa3Mepbl U
0COOEHHOCTH MOP(OJOTUH OHOJOTMYECKUX KOHTEHMHEPOB — MOJEKyJa Oelka
OoakTeprodepputuHa Dps, HEOpraHMYECKMX HAHOYACTUI[ B 3THUX MOJEKYJIaX,
conepkamux atombl Fe, a Takxke kierok E.coli — uctounnka monekyin. [lokasana
cneuu@uKa BbIICICHUS MOJEKYJIsIpHOW KyiabTypsl Dps kimerkamu E.coli B
COCTOSIHUM CYNEpPHPOAYKIMH Oenka, crneuuduka COBMELICHHUS MOJIEKYISIPHOM
KyJIbTypbl ¢ 3D-pa3BuToil MOBEPXHOCTHIO MAacCCHUBOB HUTEBHUJHOTO KPEMHHS C
HeNnblo ee afpecHoi (pyHkunoHanu3zauuu. IIpogemMoHcTpupoBaHa NMPUMEHUMOCTh
CBEepXBbICOKOBaKyyMHbIX MeTOo10B XPS 1 XANES, cnektpomukpockonuu PEEM
JUIST U3y4YeHUs: OMOTHOPHUIHBIX MaTEepHaloOB Ha OCHOBE MoOJekyn Oenka Dps u
kietok E.coli B koMOMHanuM ¢ HMOHHBIM ynajeHueM HaHoclioeB. [lokazaHo
HaJIM4YMe€ B HaHOYacTHIAX OWOrMOpUAHOrO MaTephalia aToOMOB JKeje3a B
pasIMYHOM 3apsAmoBoM cocTosHuu Fe¥* m Fe?* u pasnuuHoil KoopauHanuu, a
TaK)K€ BO3MOXXHOCTh U3BMEHEHHSI COCTaBa HAHOYACTHUIL BIUIOTh /10 BOCCTAHOBIICHUS
xKenesa.

HccnegoBanue BBITOJHEHO 3a CUET IpaHTa Poccuiickoro HaydyHoro ¢GoHjaa
Ne 25-12-00413 u mognep>kanHo MHUHHCTEPCTBOM HAayKH M BBICIIETO 00pa30BaHUs
P® B pamkax cornmamenusi N 075-15-2025-455 B yacTu METOIMYECKUX BOIMPOCOB
CUHXPOTPOHHBIX UCCIICOBAHUH.
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IKCHEPUMEHTAJIBHOE NNOATBEPKJIEHUE I'MITIOTE3bI
CYHIECTBOBAHMSA KBA3ZU-OLIK HA IPUMEPE CIIJIABA Ti-Nb-Zr C
ECTECTBEHHBIM 2JIMHBAPHBIM DOPEKTOM:
ITPEABAPUTEJIBHBIE PE3YJ/IBTATbBI

C.M. lybunckuii’, O.B. Cmpaxoe', P.B. Cynoees', A.A. Cxupnuunuxosa®,
A.A. Benueocanun?, E.B. Xpamoe?, H.A. Konviuxun?

LHUTY «MUCHUC»
2 HUI] « Kypuamosckuii uncmumymy

B 70-x romax XX Beka, Obu10 00HapYy)keHo, uTo psn OIIK Metamios: TuTaH,
IUPKOHUH, TadHUN M ypaH - UMEIOT aHOMAJILHO BBICOKYIO CKOPOCTH Au(y3uu.
Torma ke oHM ObUIM Ha3BaHBl «HEOOBIYHEIMU»-OLIK MeTammamu, OgHAKO
MOHMMAaHUE MEXaHU3Ma, CTOSIIEro 3a TakKuM Ju(d()y3MOHHBIM MMOBEICHUEM, Ha TOT
MOMEHT oOTcyTrcTBOBaIO. [loznmHee B Hawame XXI Beka B XoJe CO31aHUsA
MOTEHIIMAJIOB MEXAaTOMHOIO B3aMMOJIEUCTBUs CIIaBOB cuctem Zr-Nb u U-Mo,
OblJIa BBIJIBUHYTA THMOTe3a O cymectBoBaHuu kBazu-OLIK pemerku, B KoTOpO#
r€OMETPUUECKOE CPEAHEE MOTI0KEHNE aTOMOB coBMaaaet ¢ y3namu OLK pemetky,
TOTJIa Kak Hanbosiee BEPOSITHOE HAXOXKICHHE Ka)XJOro aToMa B KaKIbIi MOMEHT
BPEMEHHU HAXOAUTCS BHE Y3JIa ATOM KPUCTAJUIMYECKON pemeTku. JlaHHas runores3a
MO3BOJISIET OOBACHUTH CYIIECTBOBAHHE aHOMAJIbHO BBICOKOM cCKOpocTu Auddy3uun
B TWUTaHe, IUPKOHUM, TraHUU, ypaHEe U CIJIaBaX HAa HMX OCHOBE, a TaKke
HKCIEPUMEHTAIbHO OOHApPY)KEHHOE HETUIMMYHOE ECTECTBEHHOE DJIUHBApHOE
MOBEJCHUE B THUTAHOBBIX CIUIABaX, 3aKJIIOYAIONICECS B AHOMAIbHO HU3KOU
3aBUCUMOCTH MOAYJISl YIPYTOCTH OT TEMIIEpaTypbl U HE OOBSCHSIONIECECS KaKUM-
anb0 paHee M3BECTHHIM MexXxaHu3MoM. OJHAKO JaHHasg TEOPETUUYECKU
o0ocHOBaHHasi rumore3a o cymectBoBanun kBazu-OLIK He wumeer mpsmoro
HKCIIEPUMEHTAJILHOTO MOATBEPKAEHUA. /{7151 ee mpoBepku ObLIO MPOBEJEH MPSMOI
cpaBHutenbHbli  EXAFS  skcriepuMEHT Ha  CHHXPOTPOHE B YCJIOBHSX
COCYIIIECTBOBAHMSI OJIHOBPEMEHHOTO TEOPETUUECKU TpejckazaHHor kBazu-OLK
pemeTku M ee (U3MUECKOro TMPOSIBICHUS — ECTECTBEHHOTO JIIMHBAPHOTO
noBeneHus Ha cruiaBe T1-22Nb-6Zr (at.%) M Ha YKUCTOM HHOOWHM B Ka4yeCTBE
aneMeHTa cpaBHeHMs. [IpenBapuTenbHbIE PE3yAbTaThl TOKA3AIH, UTO B OTJIUYUE OT
YHCTOTO HHOOWS, JIOKaJIbHAs aTOMHas CTpyKTypa cruiaBa 11-22Nb-6Zr He MoxeT
ObITh oncana mojenbio OLK pemerku.

Okcniepument EXAFS  Bemonnen Ha  craHimun  «CTpyKTypHOE
MaTEepUAIOBEICHUE)»  YHUKAIBHOM  HaydyHOM  ycraHoBkM  KypuaroBckuii
CHEUUAIM3UPOBAHHBIA  MCTOYHUK  CUHXPOTpoHHOro  m3nmyueHuss «KHUCHU-
Kypuarosy.

HccnenoBanue BBITOJHEHO 3a cUeT TpaHTa Poccuiickoro HaydHoro ¢oHaa
Ne 25-73-10041, https://rscf.ru/project/25-73-10041/

28



WCCJEJOBAHUE KPUCTAJJIOTPAOMYECKOMN TEKCTYPHI
OBPA3I1OB TPYB U3 CIIVIABA HA OCHOBE HUPKOHMUA C
WCHOJIb30BAHUEM JIM®PAKIIMA HEUTPOHOB

O.A. Kpvinckast, M.I". HUcaenxosa', M.U. Ilempog*, I1.A. Bopucosad?,
H.H. Ucaxosa?, A.U. Kanoxanog?

! Hayuonanvnuni uccredosamenscxuii adepuwiii yuusepcumem « MHU®Hy, Mockea
2 HUI] «Kypuamogckuii uncmumymy, Mockea

Kpucrannorpadguueckas TeKCTypa MOJUKPUCTAIIMYECKUX MAaTEepHAIIOB
NPEACTAaBIAET COOOM NPEHMMYIIECTBEHHYIO OPUEHTALUI0 KPUCTAILUIMYECKON
pemeTky 3€peH (KpUCTAUIMTOB) OTHOCHTENBHO BHEIIHEW CUCTEMBI KOOPJMHAT
uznenus. llapameTpbl TEKCTypbl MOJHOCTBIO  OMNPENEISIOT  AHU30TPOIHIO
pa3nUYHbIX (PU3HKO-MEXaHUYECKHX CBOMCTB, B T.4. MOJIYJIEH YIOPYrOCTH,
KO3((PHUIIMEHTOB JTUHEHHOTO TEPMHUYECKOr0 PAaCIIMPEHUs, MPEJEIOB TEKYyYECTH U
ap. [1, 2]. Ucnonb3oBanue nudpakiiui HEUTPOHOB JJI UCCIEIOBAHUS TEKCTYPhI
[0 CPaBHEHUIO C TPAJULIHUOHHBIMA PEHTTEHOBCKUMH WM MHUKPOCKOMUYECKUMU
EBSD-meToiaMu TO3BOJISIET YBEJMYUTH HCCIEAyeMbld 00beM Marepuaia u
IIOBBICUTH TOYHOCTH PACYETOB IIPY ITPOTHO3UPOBAHUU CBOMCTB [3].

OcHoBHOM (ha30l1 IMPKOHUEBBIX CIUIABOB, IIMPOKO HCIOJIb3YIOIIUXCS B
KaueCTBE KOHCTPYKIIMOHHBIX MaTEpHaJOB PEAKTOPOB HA TEIIOBBIX HEWTPOHAX,
SBJIIETCSI TBEPJIbIA pacTBOpP Ha OCHOBE 0-Zr, oOnanarommii anuzorponHoit I'TTY
CTPYKTYPOW, TMO3TOMY HCCJIEAOBAaHUE TEKCTYPhI ISl TAKMX H3JAEIHIA SBISAETCS
ocobeHHO akTyaibHbIMU. Ha HelitpoHorpaduueckoit cranuun MOHJ[ peakropa
NP-8 HUILl «KypuaToBckuii MHCTUTYT» ¢ momoulplo 2D-nerekropa mnpoBeneHb
U3MEpeHUsl Ne0AeBCKUX KOJIEL NpPH pPa3IMYHbIX YIiaX HaKJIOHA M IMOBOPOTa
oOpa3uoB pazMepoM 5x5x20 MM, BBIpE3aHHBIX M3 KaHAJIbHOU TpPyObl peakTopa
(cmaB  Zr-2.5%Nb). Jlnsg aHanmuza pe3ynbTaTOB pa3paboTaH CKPUIIT B Cpeje
MATLAB, mno3Bonsonuii KOHBEPTUPOBAaTh JaHHBIE B CepUI0 (PparMeHTOB
nudpaKkTOrpaMMbl, PACCUUTHIBATH MAPAMETPhI UX ANMPOKCUMAIINH TayCCUaHAMU, a
MOJIOKEHUST 00paslia MepecYUThIBaTh B YIJIbI Ha MNPSIMBIX MOJIIOCHBIX (hUTypax
(IIId). Ilpoeneno cpaBHeHue nocTpoeHHbIX [IIID ¢  u3MepeHHBIMU
PEHTIEHOBCKUM  METOJIOM,  MeToauKa [4]  BOCCTAHOBJICHUS  (PYHKIUH
pacnpeneneHus 3epeH Mo OpUEHTAUAM aJaNTUPOBaHa K TaHHbIM 2D-aeTekTopa.

Pabota BbIMOnHEHa mnpu (uHAHCOBOM moanepxkke Poccuiickoro HayyHOro
donmaa (mpoekt Ne 24-79-10289, https://rscf.ru/project/24-79-10289/

1. H.J. Bunge. Texture Analysis in Materials Science (1982) 593 p.

2. U.F. Kocks, C.N. Tome, H.R.Wenk Texture and anisotropy. (1998) 675 p.

3. M.G. Isaenkova, O. A. Krymskaya, et al. Letters on Materials 13-4, 341-346 (2023).

4. M. Isaenkova, Yu. Perlovich, et al. IOP Conf. Series: Mat Sci Eng 130, 012056 (2016).
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NPUMEHEHUE PE3OHAHCHOM PEHTTEHOBCKOM
®OTOIMHUCCHOHHON CHEKTPOCKOIINHU JJIsI U3YYEHUS
JIOKAJIBHBIX QJIEKTPOHHBIX XAPAKTEPUCTHUK
MHOT'OKOMITIOHEHTHBIX ®YHKIIMNOHAJIBHBIX MATEPHUAJIOB C
NCIHOJIB30BAHUEM CUHXPOTPOHHOI'O U3JITYUYEHUA

T.B. Kysueuosa*?, BU. I p€6€HHuK061, E A. HOHOMapeeal, PIr. quaKOG?’,
uo. KaHmypl, J1.B. Bensieg*, C.A. Macnosa?, IO.M. }ZpMomeHKol

L U®OM VpO PAH, Examepunbype
2 Vpanvckuii pedepanvuuiii yuueepcumem, Examepunéype
8 HUI] «Kypuamosckuii uncmumymy, Mockéa

B nokmage paccMmarpuBaroTCs HECKOJBKO (PYHIAMEHTAIBHBIX BOIIPOCOB
¢uzuku matepuanoB. OJUH W3 HUX — HAJUYHME MEKATOMHOIO OXe-Tepexoia B
PEHTI€HOBCKOM JIMaIla30HE 3HEprui. TeopeTudecKkue OLEHKH IOKa3bIBaOT, YTO
BEPOATHOCTh TAKOI'0 Ipouecca OyAeT Pe30HAHCHO BO3pPAacTaTh B COCAUHEHMSX C
aTOMaMu C OJIN3KUMU IO SHEPTUU YPOBHIMH. ODJEKTPOHBI C Y3KOTO YpPOBHS C
Majioi sHeprueit ces3u (tuna In 4d 17 3B) cunbHO BO30YKIal0TCS TMHAMHUYECKUM
II0JIEM OCTOBHBIX JBIPOK, BOZHUKAIOIIUM B Ipoliecce (poToBO30YKIEHUS aToMa U
MOCJIEYIONIEr0 O€3bI3y4aTeIbHOr0 pachajga, 4To YBEJIMYUBAET BEPOATHOCTH
HaOJIIOACHUS MEXaTOMHOro oxe- nepexoga. MccnemoBanbl 3¢ (deKTs
BCTPSIXMBAHUA 3JIEKTPOHOB MOJ JEUCTBHEM JUHAMUYECKOIO MO (DOTOABIPKH,
U3MEPEHbl  BHYTPUATOMHBIE W MEXATOMHBIE  OXE-TIOJOChI  OOJBIION
IPOTSKEHHOCTH ~ 150 3B B XaJbKOT€HUJHBIX MaTepHaliax, u3MepeHbl 3P(EKThI
KBaHTOBOW uHTepdepeHun (tuna daHo) NpoueccoB MNPSIMOW M PE3OHAHCHOU
¢doTosMuCCHM U3 BaJEHTHOM MOJOCHI HAa PEIKO3EMEIbHBIX U MEPEXOIHBIX aTOMax
B MHTEPMETAIUIMUYECKUX COCAMHEHUSX, TIeKkcadeppuTax, MHOTOKOMIIOHEHTHBIX
XaJIbKOI€HUIaX C CUJIbHBIM CIIMH-OPOUTAIbHBIM B3aMOIEUCTBUEM. Y CTAHOBJIEHO,
YTO MarHUTHbIE MOMEHTHI (CIMH) aTOMOB ONPENETSIOT BEIWYUHY U HIUPUHY
PE30HAHCHBIX CIEKTPOB. DPQPEKTHI ONPEAETAIOTCS CIIMHOM OTIEIBHOIO atoMma, a
HE CpeAHel HaMarHM4eHHOCThI0. OCOOEHHO BBICOKUU KOI(PPUIIMEHT YCUICHHS U
y3KUW Ppe30HaHC HaOMI0JaeTcsl B aroMax C HAaMoJOBUHY 3amojHeHHOW f-
obonoukoil. B mpomecce pe3oHaHCHON (DOTOAMUCCHUM MOXKET J00aBIISIThCS
KOHKYPUPYIOIIHNI KaHa!l ¢ BO30YKICHUEM AJIEKTPOH-IABIPOYHOMN Maphl B BaJICHTHOM
IIOJIOCE C YBEJIIMYEHHUEM YHCIIA DJIEKTPOHOB. DTO NPUBOAUT K YIIUPEHUIO CIEKTPA U
OCJIA0JICHUIO aMIUIUTYbl PE30HAaHCA.

PaboTa BeimonHeHa npu QuHaHcoBoil nopaepxkke PH® (rpant Ne23-72-
00067).
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Cexnus

TGOpI/Iﬁ, MOACINPOBAHUC, BBIYUCIIMTCIbHBIC MCTO/IbI
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METO/J TPAHUYHBIX UHTEI' PAJIBHBIX YPABHEHUN JIJIS
CTPOI'OI'O AHAJIM3A UHTEHCUBHOCTHU PEHTTEHOBCKOI'O
PACCEAHMSA HA JTU®PAKIIMOHHBIX PEHIETKAX,
MHOTI'OCJIOMHBIX 3EPKAJIAX Y 30HHBIX IIJIACTUHKAX

JLU. I'opaut? 34>

LenerarTy «JI3THy, 19702, Cankm-Ilemepbype
2 Akaoemuyeckuti ynusepcumem um. K. 1. Angpeposa PAH, 194021, Canxm-ITemep6ype
8 Uncmumym ananumuueckozo npubopocmpoenus PAH, 190103, Canxkm-ITemep6bype

4 Hncmumym xocmuueckux uccreoosaruti PAH, 117997, Mockea
> 000 «HK-Memxay, 195252, Canxm-Ilemep6ype

Merox TpaHWYHBIX HHTETPAIBHBIX ypaBHEHW (B HameM ciiydae
MoauduiupoBaHHeii— MIM) sBaseTcsi, moxanyid, €IMHCTBEHHBIM CTPOTUM
METOJIOM, KOTOPBIA IO3BOJSET JOBOJIBHO JIETKO OIPEAETUTh AUPPAKIMOHHYIO
3 PEKTUBHOCTh PEHIETOK C peaJbHbBIMU NPOGUIAMH KaHABOK (IpaHUIIAMU CJIOEB)
B JItOOOM CIIEKTpaJbHOM JMalia3oHe, Oyarojapsi xapakTepy camMoro Meroja: 3a
CYET COBITIAJICHHUS KOHTYpa MHTETPUPOBAHNUS I INIOTHOCTH MOBEPXHOCTHOI'O TOKA
c (¢usnueckoil mnoBepxHOCThiO pemetku [1]. B MIM npoduns kaHaBku
IIPEACTABIACTCS HE C IIOMOIIBIO PA3IOKEHHUS B Psi, & C IOMOIIBIO TOYEK
JUCKpPETU3alK (KOJJIOKAIlMK ), B3SThIX Ha CaMOM MOBEPXHOCTU pelieTKu. B Takom
MOJIX0/I€ MOXKHO aKKypaTHO y4eCThb CKayKd (DYHKIIMM TpaHUYHOTO Tpoduiig u ee
MPOU3BOJHON M TOYHO BBIUMCIUTH GyHKUIMH ['prHA U WX TPOU3BOJHBLIC. 3Has
IIOKA3aTeNM  MPEJOMIIEHUS  CIIOEB, BMECTE€ O3TO IO3BOJSIET  PAcCYUTATh
TUGPAKIUOHHYIO 3P PEKTUBHOCTh C TOUHOCTHIO HE XYK€, UEM JaHHbIE U3MEPEHUH,
IIOJIyYEHHbIE HA MCTOYHUKE CHHXPOTPOHHOro wu3iaydeHus [2]. C momompbro
Metona Mounte Kapino W JIUHEWHBIX anmpoOKCUMAIMK OBUIO  MPEIJI0KEHO
o0ob6menne MIM s aHanmvM3a HWHTEHCHUBHOCTH pacCesHUsl IU(PPaKITMOHHBIX
CTPYKTYp CO CIy4YaliHOM HIEPOXOBATOCTHI): MHOTOCIIOMHBIX PEIIETOK M 3€pKal;
30HHBIX IUIACTHHOK; KBAHTOBO-Pa3MEpPHBIX CHCTEM THUIA CBEPXPELIETOK U
KBaHTOBBIX TOYEK; a TaKKe [Jis HEIUIOCKUX TMaJalluX My4KoB H (QopMm
noBepxHocTu [3]. Cpeaum HeIOCTATKOB pa3pabOTaHHOTO TMOJX0Ja CleayeT
OTMETUTh MAaTEMaTUYECKYIO CII0)KHOCTh METOJA, TPYJHOCTH aJITOPUTMHU3ALHUUA U
IPOrpaMMUPOBAHUS U OOJBIIYIO PECYPCOEMKOCTb.

B paboTte MIPEACTABJICHBI TEOPETUUECKUE OCHOBBI MM,
MMIUIEMEHTUPOBAHHOTO B KOMIbIOTepHyr0 mporpammy PCGrate™. Ha
aKTyaJbHBIX MpPHUMEPAX MPOJAEMOHCTPUPOBAHO PEUIEHHWE CJOKHBIX  3a]a4
KOPOTKOBOJIHOBOT'O paccesiHusl Ha pemieTkax: (1) MHOrOCIOMHBIX C pealruCTHYHON
CTpYKTypoii uHTepdeiicoB B 3kcTpeMasibHOM Y®; (2) osmemne B BBICOKHX
nopsiIkax B MSTKOM peHTreHe; (3) B CKOJb34Iled KOHUYECKOW Audpakuud B
YKECTKOM PEHTICHE.

1. L.I. Goray, G. Schmidt, in Gratings: Theory and Numerical Applications, ed. E. Popov. 2nd
rev. ed. (Institut Fresnel, AMU, 2014), Ch. 12.

2. D.L. Voronov, L.l. Goray, et al., Opt. Express 23(4), 4771-4790 (2015).

3. L.I. Goray, E.V. Pirogov, et al., Mater. Sci. Semicond., 169, 107875 (2024).
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O PEHIEHUUN TAPAMETPUYECKHUX KBAJIPATUYHbBIX 3AJTIAY HA
COBCTBEHHBIE 3HAYEHMUS ITPU U3YUYEHUU PACCEAHUSA
MOHOXPOMATHYECKHUX BOJIH

M.A. Boues

Hnemumym eviuuciumenvruou mamemamuxu um. 1. 1. Mapuyxa PAH

PaccmoTpeH kiacc mapaMeTpUyecKUX KBaJpaTUYHBIX 3a7ad Ha COOCTBEHHBIC
3HaueHus (C3), BO3HUKAIOLIUX B MOACIUPOBAHUN PACCEIHNUS MOHOXPOMATHUECKHUX
BOJIH. DTOT KJIacc 3a7a4 HEOOXOAUMO pelliaTh B paMKax HEJaBHO IPEJI0KEHHOTO
HOJIMTOHAIBHOTO Nosxo/a [1] pacuéra nudpakuny HaHOPa3MEPHBIX JTAMEIUISIPHBIX
pemérok npou3BosibHOrO mnpoduisd. Ilockoabky BO3HMKArOIIas KBaJpaTHYHAs
3amaya Ha C3 IODKHA PacCUMTHIBATHCS MHOTOKPATHO JUIS PA3JIMYHBIX 3HAYCHUN
napameTpa (yria jJy4ya NaJeHus), CTOUT 3aJadya YCKOPEHHUS TaKUX BBIYMCIICHUU.
[Ipennaraemplii HaMHU METOJl WCIIOJB3YET PEIICHHS, PACCUUTAHHBIE NIPH OJHOM
ONpeAeNEHHOM 3HAUYEHHH MapaMeTrpa, JUIsl MOJy4YeHUs NPUOIMKEHHBIX PEIICHHM
JUIL  COCeNHMX 3HadeHuM mnapamerpa. lIpencraBieHsl IpeaBapUTEIIbHbBIC
pE3yNbTAThl TECTOBBIX PACYETOB, MOKA3bIBAIOIINE 3PPEKTUBHOCTh HOBOTO METO/IA.
Joxnan ocHoBaH Ha coBMecTHOM pabote aBTtopa ¢ K.B. Hwukonaessim, C.H.
Axynuneim (HULL «KypuatoBckuii uactutyt») u E.E. TeipTeimuankoBeiM (MBM
um. .. Mapuyka PAH).

1. Nikolaev, K. V., V., Soltwisch, M. A., Botchev, A. Fernandez, Herrero, P., Honicke, F.,
Scholze, S. N., Yakunin. "Polygon-based unified Fourier-modal approach for diffractive-optics
simulations™. Phys. Rev. A. (2025)
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ANPDY3ZHOE PACCEAAHUE PEHTTEHOBCKOI'O U3JIYYEHUSA HA
IMEPOXOBATOCTH CTEHOK HEPHOJUYECKUX HAHOCTPYKTYP

K.B. Hukxonaes

HUI] «Kypuamosckuti uncmumympy, Mockea
Mockosckuii pusuxo-mexuuveckuil uncmumym, J{oneonpyomnsi

OnHMM U3 BaXKHBIX aCIEKTOB pa3pabOTKH METOJOB CUHTE3a HAHOCTPYKTYPHI
SBIISICTCS KOHTPOJIb MOP(ONOrHMH MIEPOXOBATOCTU CTPYKTyphl. Bmecte ¢
YCIIO)KHEHUEM ApXUTEKTYpbl HAHONMPHUOOpA, YCIOXKHSIETCS U METPOJOTHYecKas
3aJa4a aHaJM3a LIEPOXOBATOCTH. JTa 3ajJada pPeElIeHa CIOJHA Ul IIaHApHBIX
HaHOCTPYKTYp. s uccnenoBanuss MOpOJIOTHN MIEPOXOBATOCTH B 3TOM CIIydae
NOAXOJUT METOJ MAaJIOYIJIOBOTO PEHTIE€HOBCKOIO pPAaccesiHus B TEOMETPUU
ckonb3samero mnageHus (GISAXS - grazing-incidence small-angle X-ray
scattering). MeToJ 4yBCTBUTEJIEH K aMIUIUTYJIE€ IIEPOXOBATOCTH, K (paKTaIbHOU
pa3MepHOCTH U K JUIMHE KOppensuuu (BEpPTUKAJIBbHON M JaTepaibHOM) Kak AJis
BHYTPEHHUX MEPEXOJHBIX CJIOEB Tak W A NOBEpXHOCTH. lIpuuém, B ciyuae
NIOBEPXHOCTH PE3YyJIbTaThl METOJA BaJUIUPYIOTCS JaHHBIMU CKAHMPYIOLIEH
30H10BOM MuKpockonuu [1]. Ecim, ogHako, paccmaTpuBaTh HAaHOCTPYKTYPBI CO
CIIOKHOW JIBYyXMEpPHOM M TpPEXMEPHOM apXUTEKTYypOH 3ajJada YCIOXKHSIETCS.
CorilacHO IporpaMMe pa3BUTUS MUKPOIJIEKTPOHUKHA MEXKITYHAPOIHOTO HMHCTUTYTA
IEEE [2], meTponoruyeckas mpoOiema Uisi HIEpOXOBATOCTH CTEHOK CIIOXKHBIX
HAaHOCTPYKTYp MOXET OBbITh pemeHa Takke B pamkax Meroga GISAXS,
€MHCTBEHHOE MPEISITCTBUE 3TO OTCYTCTBUE aJ€KBAaTHOW Teopuu. Tem He mMeHee,
qyBCTBUTENBHOCTE  GISAXS B cilyyae nepHOOWYECKHMX  HAHOCTPYKTYP
IPOJIEMOHCTPUPOBAHA Ha AKCHepUMeHTe [3] u mpobiema CBOAMUTCS K pa3paboTKe
TEOPHUH.

B gokmage Mbl paccMOTpUM HEKOTOpbIE HayalbHbIE COOOpaKEHUS K
MOJIETIUPOBaHUIO THU((PY3HOrO paccesHUs Ha IIEPOXOBATOCTH CTEHOK CIIOKHBIX
NEpPUOAMYECKUX  HAaHOCTPYKTyp. Hamm  pa3paOoTku  OCHOBBIBAIOTCS — Ha
NPUMEHEHUsI TEOPUHM BO3MYIIEHHS U (Qypbe MOAAIBHOTO METOJa JJsl MPSMOTO
MOJIEJIMPOBAaHUSl PEHTIeHOBCKOW nudpakuuu. Teopernueckue cooOpakeHUs u
NEepBbIE IKCIEPUMEHTANIbHBIE TaHHbIE Oy IyT MPEACTaBIEHBI B JOKJIAJIE.

1. N. I. Chkhalo, S. A. Churin, A. E. Pestov, N. Salashchenko, Y. A. Vainer, and M. V. Zorina,
“Roughness measurement and ion-beam polishing of super-smooth optical surfaces of fused
quartz and optical ceramics,”Opt. Express, vol. 22, pp. 20094-20106, Aug 2014.

2. |EEE International Roadmap for Devices and Systems, [online] Awvailable:
https://irds.ieee.org/editions/2023 (2023)

3. Fernandez Herrero, A., Pfliiger, M., Probst, J., Scholze, F., & Soltwisch, V. (2017).
Characteristic diffuse scattering from distinct line roughnesses. Journal of Applied
Crystallography, 50(6), 1766-1772.

34



BA3OBBIE AJITOPUTMbI AHAJIM3A JIAHHBIX MOJIEKYJISIPHOM
JANHAMUKHU: METOAbI IPOCTPAHCTBEHHOI'O HAJIOZKEHU A

AU Tumost, A.JI. Koneseea?3, A.B. Llleeuoel’z'3

Y Temepbypeckuii uncmumym adeproii puzuxu um. 5.I1. Koncmanmunoea HHUL] «Kypuamosckuil
uncmumymy, I amuuna
2Canxm-ITemepbypeckuii norumexnuueckuii yuueepcumem Ilempa Benuxozo (CIT6ITY), Canxm-
Ilemepoype
3Hayuonanvuuiii uccnedosamenvckuti yenmp «Kypuamoeckuii uncmumymy», Mockea

Monekynsippoe MoaenupoBanue (MM), pacu€r MOJIEKYJISIpHOM AMHAMUKHU
(MJl) ¥ aHanu3 TOJYYEHHBIX JAHHBIX — 3TO OTHOCHUTEJIBHO HOBBIE HAy4YHbIE
HaIlpaBJIE€HUs, KOTOpbIE €IIE HE IMOJYYWIH I[IUPOKOrO0 paclpoOCTPAaHEHUS B
HAay4YHOM COOOIIECTBE. JTU 00JIACTH HAXOMAATCSA Ha CThIKE (PUBMKU, MATEMAaTHUKH,
Ouonoru U HMHQOPMALMOHHBIX TEXHOJIOTMHA, TO €CTh SBISAIOTCA B IIHPOKOM
CMBICJIE MEKIUCUUIUIMHAPHBIMU. 3a nocieanne 20 JeT B 3TUX HalpaBICHUSAX ObLI
JOCTUTHYT 3HAa4YUTENbHBIA Mporpecc, ObLIM pa3padoTaHbl W anpoOMpOBaHbI
MHO>KECTBO METOJOB U MOJXO/I0B.

BonpmmHCTBO coBpeMeHHbIX nporpaMmubix naketos (I1I1), paGoTaromux c
nanHsiMu MM, npeqaraioT (QyHKIHMIO HPOCTPAHCTBEHHOrO HaJloKeHuA[l], a
TaKX€ PaCCUMTHIBAIOT CTAHIAPTHBIE XapaKTEepUCTUKH, Takue kak RMSD, RHO,
RHOSC[2] u nmpyrue, mpu 3TOM MNEPBBIM 3Tall aHAIW3a — HEMOCPEACTBEHHOE
HAJIOKEHUE CTPYKTYp — YacTO pealu3yercsi CyObeKTUBHO, 0e3 MoJIpoOHOTo
OMMCAHMS MCHOJB3YEMBIX METOAOB. B psAne ciydaeB NpUMEHSIOTCS yCTapeBIINE
QITOPUTMBI, YTO MPUBOAUT K HECOIJIACOBAHHOCTH pe3ynbTaToB. Hampumep,
BBIYMCIIUTEIIBHBIE PE3YyJbTaThl OJHUX M TE€X K€ METPUK MOIYT pa3jaudarbCs B
3aBUCUMOCTH OT BbiOpanHoro I10.

B cBA3M ¢ 3TMM HaMu NPEJIOKEH HOBBIA AJITOPUTM IPOCTPAHCTBEHHOTO
HAJIOKEHUSI, PEaTM30BaHHbIA B MPOTPAaMMHOM OOECIEUEHUHU C OTKPBITHIM KOJIOM
GROMACS[3]. Ora peasm3annsi BKJIKOYAET aKTyaIM3WPOBAHHYIO BEPCHUIO paHeEe
u3BectHoro anroputMa u3 GROMACS, a Takke 1Ba HOBBIX METOja.
[lonb3oBaTenb MOJNy4aeT BO3MOXHOCTh BbIOOpAa METPUKH ONTUMAIBHOCTH
HaJOXKEHUsA, TNpH OATOM BCE aJNTOPUTMbl TapaHTUPYIOT  HEYXYJLIECHUE
peoOpa30BaHHBIX JaHHBIX.

PaGora Obuta BbIOJHEHA B paMKax TOCYIAapCTBEHHOIO  3a/IaHHUs
MunucrepcTBa Hayku M BbIciiero oopasoBanusi Poccuiickori denepanuu (Tema
Ne1023031500033-1-1.6.7;1.6.4;1.6.8  DyHKUMOHANBHAS U CTPYKTypHas
OpraHu3alys CIJI0XKHBIX, MYJbTUKOMIIOHEHTHBIX OHOJOTMYECKUX CHUCTEM U UX
JTMHAMUKA. )

1. W. Kabsch. A discussion of the solution for the best rotation to relate two sets of vectors.
Acta Cryst. 1978 A34, 827-828

2. Maiorov VN, Crippen GM. Size-independent comparison of protein three-dimensional
structures. Proteins. 1995

3. M.J. Abraham et al. SoftwareX, 1-2 (2015), pp. 19-25
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BBICOKO®®EKTHUBHBIE IPOEKIIMOHHBIE METO/IbI
MOAEJIUPOBAHUSA JUD®PAKIIUU HA PEHIETKAX

A.A. lllepbakos*

Y Viusepcumem UTMO, ®uszuxo-mexnuyeckuii mecagpaxyibmen

JuppaKkMOHHBIE PEIIETKU A Pa3IUYHBIX 00JIACTE 3JIEKTPOMArHUTHOTO
CIEKTpa WrparoT OTPOMHYIO pPOJb BO MHOXECTBE MpuiokeHud. OpHON u3
OCHOBHBIX CIIO)KHOCTEW TPU MOJICITUPOBAHUH AU(PPAKIIMKA SBISCTCS BBITIOJHEHHE
BBICOKOTOYHBIX M 3(()EKTUBHBIX pacueToB JUGPaKIHMOHHBIX 3(PGEeKTUBHOCTEH B
clydasx, Korja TpeOyeTcsl MoJiydaTh CTPOTHE peleHHs YpaBHEHH MakcBea ¢
Y4ETOM CBOHCTB MaTepHAJIOB pelieTKu. B fmokimane Oyner maH 0030p pe3yabTaToB
M0 PENICHUI0 HWHTErPalbHbIX ypPaBHEHWM I  3JIEKTPOMArHUTHOTO  IOJIS
MPOCKIIMOHHBIM MeToJoM @Dyphe B KPUBOJIMHEWHBIX CHCTEMaxX KOOPAMHAT,
aJanTUPOBAHHBIX TOJI MPO(GUIL PEHIETOK, C TMPUMEHEHUEM MAaJOPaHTOBBIX
TEH30PHBIX aNMpPOKCUMAIlUH, a TaKkxke Oy/eT MpeAcTaBieHa HOBast (DOPMyIHpPOBKa
dypre-mMonansHoro Mmeroaa [ 1-3].

Pabota Ham pa3BUTHEM YMCIEHHBIX METOJOB BBIMOIHSACTCS TPU TOICPKKE
rpanTa Poccuiickoro HayuHoro (onma 22-11-00153-11.

1. A. A Shcherbakov, and A. V. Tishchenko, Opt. Express. 21, 25236 (2013).

2. S. Spiridonov, and A. A. Shcherbakov, J. Comput. Sci. 67, 101936 (2022).
3. E. Lecdik, and A. A. Shcherbakov, Comp. Phys. Commun. 310, 109530 (2025).
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MMPUMEHEHUE BAMECOBCKOT'O AHAJIN3A JJISI ”HTEPIIPETAIIUU
JTAHHBIX PE®JIEKTOMETPUM MOJIIPU30BAHHBIX HEUTPOHOB

I1.C. Casuenxos', K.B. Huxonaes', B. U. boonapuyx'?, A.B. bexywikun'?,
C.H. Axynun'

YHUI] «Kypuamosckuii uncmumymy, Mockea
206vedunennblil uncmunym s0epHulx uccredosanuil, JJyoua

savch92@gmail.com

Heitrponnas pednexkrometpus (HP) 3apekoMmennoBana ceds kKak YHUKaJIbHBIN
METOJI HCCIEAOBAHMS TOBEPXHOCTEM U CIOUCTBIX HAHOCTPYKTYp. Ocobyro
HEHHOCTh  MpEACTaBIseT pedIECKTOMETPUS  MOJSPU30BAHHBIX  HEUTPOHOB,
MPEAOCTABIAIONIAs PACHIUPEHHBIE BO3MOXHOCTH JJII M3YYEHHUS MATrHUTHBIX
CBOICTB MaTepuasioB. HecMoTps Ha goctwkenus B obnactu HP, BoccTanoBieHus
npoduiig motHocTH paccesnud (I1IP) u3 sxcriepuMeHTanbHbIX JaHHBIX OCTAETCS
CIOXXHOM 3amayer. TpaJuIIMOHHBIE METOJbl, OCHOBAHHBIE HA MPSMOW MOJEIU U
ONTUMHU3AIMU, YaCTO CTAJKUBAIOTCSA C MPOOJIEMON HEOJHO3HAYHOCTH PEIICHHUS,
OCOOCHHO MpHU aHaJM3€ JAHHBIX C HEBHICOKUM OTHOIIEHHWEM CHUTHAJI/IIYyM, YTO
TUNUYHO JJis 3KkcriepuMeHToB PITH. B cBsizu ¢ 3TuM, paspaboTka U nmpuUMEHEHHE
HOBBIX TMOJAXOM0B K aHamu3y JaHHblXx PIIH, cnocoOHBIX — y4YuThIBaTh
MYyJIBTUMOJIATBHOCTh  pemieHud U 3¢h(dEKTUBHO paboTaTh B YCIOBHUAX
OTPaHUYEHHOW CTATHUCTUKHU, MIPEJCTABIIIETCS BECbMa aKTyaJIbHOW 3aa4eil.

Jiist petieHus mpo0OsieMbl BOCCTAHOBIIEHUSI CTPYKTYpbl TOHKOM ieHku TbCo B
YCIOBHUSIX MOTCHIMAIBHON MYJIbTUMOJAJIBHOCTU IIPUMEHEH ballecOBCKUM MOAX0.
c ucnoiab3oBanueMm aiaroputrma Monte-Kapio Mapkosckux 1meneit (MCMC). B
OTJINYKE OT TPAAMIIMOHHBIX JAeTepMUHUCTHUYECKUX MeTo0B, MCMC mno3Bomiser
HCCIIEIOBATh MPOCTPAHCTBO IMMAPAMETPOB MOJAEIM U OLEHUTh BEPOSITHOCTH
Pa3JIMUHBIX CTPYKTYPHBIX PEIICHUM, 4TO OCOOEHHO BaxkHO 1jisi naHHbiXx PITH,
XapaKTepU3YyIOIIUXCs HEBBICOKMM OTHOIIIEHWEeM curHajin/mym. baliecoBckuii
aHanus, B couetannu ¢ MCMC, naet BO3MOKHOCTh MTOJIYYUTh HE TOJIBKO HanboJiee
BEPOSITHYIO MOJIENIb CTPYKTYPBI, HO U OILICHUTHh €€ HEOIPEICICHHOCTh, & TaKXKe
BBISIBUTD BO3MO>KHbBIC aJbTEPHATUBHBIC pelieHus, OTMCBHIBAIOIINE
AKCIIEPUMEHTAIIBHBIE JAHHBIE C COMIOCTABUMOM BEPOSITHOCTHIO.

AHanu3 JaHHBIX SKCHEPUMEHTOB MO pedIEKTOMETPUN TOJSAPU30BAHHBIX
HEUTPOHOB C HCIMOJb30BaHWEM bailecoBckoro mnoaxoga u aiaroputMa MCMC
BBISIBUJI JIBA CTATUCTUYECKU 3HAYMMBIX PEHICHUS, YKa3bIBAIOIINX HA HECKOJIBKO
BApUAHTOB BOCCTAHOBJICHHOW CTPYKTYpbl TOHKOW TUIEHKH Tbo3C0og7. Takum
o0pa3oM pa3BUBAEMBIX TMOAXOJ MPOJEMOHCTPUPOBAT MPEUMYIIECTBA TOYHOTO
aHanM3a JaHHBIX HEUTPOHHOU pedIeKTOMETpUU TPH HHU3KOW CTAaTHUCTUYECKOU
00OCHOBAHHOCTH JKCIIEpUMEHTa W OyJeT HCIOJIb30BaH B JajbHEUIEeM IS
aHaJIM3a HKCIIEPUMEHTOB C MOJSPU30BaHHBIMU HEUTpOHaMH Ha peaktope MP-8.
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U ATEHTBI U BAJIMIUPOBAHHBIE OKCIIEPUMEHTAJIBHBIE
BUBJIMOTEKU 1JIAA AHAJIM3A JAHHBIX CHHEKTPOCKOIINHA
PEHTT'EHOBCKOTI'O ITOIVIOIIEHUA

B.0. IIpoyenko*, M.C. Jlupapv *, I' O. Acamypoe*, I.U. Kynpusmnenko?,
H.C. Yyokos', K.JI. Kynaes', I' J]. Kouues?!, A.A. I'yoat, C.A. I'yoa*?,
A.A. Arnamos?®, A.B. Condamog*

Meacoynapoonuiii uccnedosamenvckuil uncmumym uHmenneKmyaibHbIX Mamepuanos
FOoicnozco ghedepanvrozo ynusepcumema, 344090 Pocmos-na-/ony, Cnaoxosa, 178/242
2 fncmumym mamemamuiu, MexaHuxu u Komnviomepnuix nayk um. .M. Boposuua
FOoicnozo ghedepanvrozo ynusepcumema, 344090 Pocmos-ua-/ony, Munvuaxosa, 8-A

PentrenoBckas crnekTpockomnus mnoryomeHus (XAS) — KIo4eBOM MeTon
VCCIICOBAHUS JIOKAJIbHOM aTOMHOW M JJIEKTPOHHOW CTPYKTYpbl MATEPHAIOB B
ycimoBusax In situ m operando. OpHako €€ KOJMYCCTBCHHBIH aHAIM3 OCTAéTCs
CJIO)KHOU 00paTHOM 3ajadelt, TpeOyroie npuBICYEHUsI STAJOHHBIX CIEKTPOB U
AKCTIEPTHBIX 3HAHUI. MBI MpeIcTaBiIsieM HOBBIM MOAX0JI K aBTOMAaTU3UPOBAHHOMY
aHanu3y XAS-IaHHBIX HA OCHOBE areHTOB C OOJBIIMMH SI3bIKOBBIMU MOJCIISIMU
(LLM), o0benuHsIONINI BAIUIUPOBAHHBIC IKCIIEPUMEHTAIBHBIE U TEOPETUUECKHE
0a3bl CIIEKTPOB C MHCTPYMEHTAMH MAIIMHHOTO 00y4YeHUS.

Paszpabortannsiii IM-areHT nHTErpUpyeT HAKOIUICHHBIE 3HAHUS U3 HAYYHOMU
auTepaTypsl (B ToM unciie mocpeactBoM RAG 1o coTHsIM craTeil U yueOHUKOB 10
TEMAaTHUKE), HECKOJbKO ThICSY OKCIEPUMEHTAIBHBIX ATAJOHHBIX CIIEKTPOB
(Bxirouasi pacmupeHHyro 6azy MDR u coOctBeHHbIE AaHHBIE) M 67 ThICAY
TEOPETUYECKUX CIEKTPOB, a TAKKE MPOrPAMMHBIE MHCTPYMEHTHI 1Jii pabOThI CO
CIIEKTPOCKOTMEH PEHTTCHOBCKOTO TIOTJIONIEHUS C AaKIEHTOM Ha MalluHHOE
oOyuenne (PyFitlt). Arent peanuzoBan B Bujae Telegram-6ota. OT0 Mmo3BoJIsET
aBTOMAaTU3UpOBaTh 00pabOTKy cnekTpoB (Hopmanuzauusi, EXAFS, ananus
npeakpas U TH.), UX KOJIMYECTBEHHbIM aHAIU3 W HHTEPHPETAIUI0 PE3yIbTaTOB.
Ocoboe¢ BHUMaHHME VYACJICHO BaJIUAAIMU DKCIEPUMEHTAIBHBIX JaHHBIX IS
ctpyktyp u3 6a3 CSD/ICSD. Co3nanHble 0a3pl JaHHBIX COJEPIKAT CIIEKTPHI C
AHHOTAIIMEW KITIOYEBBIX JIECKPUNTOPOB CTPYKTYPHI (KOOPAMHAIIMOHHOE YHCIIO,
3apsn MeTaia, THN OKpykeHwusi). [lpeactaBieHsl pe3yiabTaThbl TECTUPOBAHUS
areHTa Ha peabHBIX 33/1auax, a Takke OCHUMApK IS ATUX IeJIeld. ITO MO3BOISIET
cleNaTh TEpBbIC IIard MO CTAHIAPTU3allMM M aBTOMATHU3AIlMU aHalin3a JaHHBIX
CHEKTPOCKOIIUU PEHTIT€HOBCKOTO MOTJIOIICHUSI.

HccnenoBanue BBITIOMHEHO TpH (PMHAHCOBOW MOAJAEpkKKe MHHHCTEpCTBA
Hayku u Beiciiero oOpazoBanus P®, cornmamenne No (075-15-2025-509 ot
30.05.2025 r.

1. Martini, A.; Guda, S.A.; Guda, A.A.; Smolentsev, G.; Algasov, A.; Usoltsev, O.; Soldatov,
M.A.; Bugaev, A.; Rusalev, Yu.; Lamberti, C.; et al. PyFitit: The Software for Quantitative
Analysis of XANES Spectra Using Machine-Learning Algorithms. Computer Physics
Communications 2020, 250, 107064, doi:10.1016/j.cpc.2019.107064.
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W3YUYEHUE PACIPEJIEJEHUS QJIEKTPOHHOM IJIOTHOCTH JJIs1
YCTAHOBJIEHHUSI OCOBEHHOCTEN MEXAHU3MA
®APMAKOJIOTMYECKOI'O JIEMCTBUS

A.A. Kopniokos

@BI'VH Uncmumym s1emMeHmoopeanuyeckux coeoOuHeHull
um. A.H. Hecmesnosa Poccutickoii akademuu nayx, Mockea, Poccus
119334, Poccus, 2. Mocksa, yn. Basunosa, 0. 28, cmp. 1

Kpucrannuueckass CTpyKTypa OpPraHMYECKHX COEIMHEHHM HE3aBUCHMO OT
pa3Mepa W CJIOKHOCTHM MOJIEKYJ NOJYMHAETCA OJHUM W TeM XKe OoOmuM
3aKOHOMEPHOCTSIM. BMecTe ¢ 3TuM, JETajubHBIM AHAIU3 CTPOCHHS KPHUCTAJLIOB
aKTUBHBIX (PApMalIEBTUUECKUX CYOCTaHIIMM W HMX KOMIUIEKCOB C OEJIKOBBIMH
MaKpOMOJIEKYJIaMH, OCHOBAaHHBI Ha PEHTIE€HOCTPYKTYPHBIX JaHHBIX, TpeOyeT
NPUBJICUYCHHUS]  JOTOJHUTEIBHBIX  OKCHEPUMEHTANBHBIX U  TEOPETUYECKHUX
noaxooB. Jlokimaa TMOCBAIIEH aHalIM3y pe3yibTaToB KOMOWHUPOBAHHBIX
PEHTreHOAU(PPAKIIMOHHBIX U TEOPETHYECKUX HCCIIEJOBAHUM, BBINOJIHEHHBIX
aBTOPOM JUJISl BBISIBICHHUSI OCOOEHHOCTEH CTPOEHUS KPUCTAIJIOB, COAEpMallUX
MOJIEKYJIBI aAKTHBHBIX (dapMaleBTUYECKUX cyOcTaHIMi (BKITIOYAs
MHOTOKOMITOHEHTHBIE CTPYKTYpBI) " CONIOCTABJICHHUS 1754 C
KpUCTAJIOrpapuuecKMU JaHHBIMU JJIs1 KOMIUIEKCOB TUIIA «JIUTaH-PELEHTOP.

OcHoBHast ~ MeTonoJIOTUS  PaOOTBHl  3aKIOYaeTcss B IOJYyYEHUU
HKCIIEPUMEHTAJIbHON WM pacuyeTHOM (YHKUHMH pPACTIPEICICHHS AJIEKTPOHHON
IUVIOTHOCTH M €€ U3YYEHUM I[pPU HCIOJIb30BAHUU KBAHTOBO-TOMNOJOTUYECKON
Teopuu «Atombel B Mmonekynax» P. Bbeiimepa (QTAIM) u cBs3aHHBIX C HEW
teopernuecknx moaxoaoB (Merom NCI). DTo 103BOAMIO BBISIBUTH U
OXapaKkTepU30BaTh MEXKMOJIEKYJISIPHBIE B3aUMOACHCTBUS B KPUCTAIIAX aKTUBHBIX
(dbapMalleBTUUECKUX CYOCTAaHIMM M UX KOMIUIEKCOB € OMOMaKpOMOJICKYJIaMHu.
Ocoboe BHHMaHHE YJEJIEHO OLEHKE MPOYHOCTU OTHENBHBIX MEXATOMHBIX
B3aMMOJICUCTBH, TIOJy4eHHE HAa OCHOBE 3TOW MH(POPMAIUU JAHHBIX 00 dHEPTUU
KPUCTAJUIMYECKOW PEIIETKH WM O NMPOYHOCTH KOMIUIEKCA «IMIAaHI-PEUEnTop» U
CPAaBHEHUU C MMEIOUMMUCA SKCIIEPUMEHTAIBHBIMU BEJIMYMHAMMU  (SHEPTHS
KOMIUIEKCOOOpa30BaHusi, CBOOOAHAs  BHEPIUs  pPACTBOPEHUS,  DHTAJBIIUS
cyonumanuun). PaccMOTpeHO TpUMEHEHHE psiia MOAXOJ0B K YTOYHEHHIO
pPEHTTeHOIM(PAKUMOHHBIX JaHHBIX (MYJBTUIOJNBHOE pa3joKeHUue (QyHKIUU
AIEKTPOHHOMN IJIOTHOCTH, acepuueckue CTPYKTYpHBIE (bakTopkl,
KBaHTOBOXMMHUYECKOE MOJICTMPOBAHUE KPHUCTAIJIOB) JUISl YIYYIIEHUS KayecTBa
CTPYKTYpHBIX Mojenel. [lokazaHo, 4To UCIOJIb30BaHUE TOMOJOTUYECKUX METOOB
(QTAIM, pasouenunit Boponoro wu Xwupmdenbna) TMMO3BOJNSET JaTh Kak
KAueCTBEHHOE, TaK W IMOJYKOJMYECTBEHHOE OIMCAHUE TaKUX XapaKTEPUCTHK
MOJIEKYJT KaK TUIPOPOOHOCTH (TUAPOPHIBHOCTD) U KOMIUIMMEHTAPHOCTb.

PabGoTta BeimosHena mpu ¢uHaHcoBOM moamepxkke PH® (rpanter 20-13-
00241 u 25-73-20072).
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Cexnus

DKCNEPUMEHTHI 1n-situ, in-operando, HaKavKa-
30HAUPOBAHHE
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OPERANDO JU®PAKIIMOHHBIE U CITEKTPOCKOIINYECKHUE
NCCIEJOBAHUA JIEKTPOAHBIX MATEPUAJIOB J1JISI METAJLJI-
NOHHbBIX AKKYMVJISATOPOB

C.C. @edomos*

! Cronkoeckuti uncmumym nayxu u mexnonoauii (Cxonmex), Mockea

s.fedotov@skoltech.ru

MeTaln-uoHHBIE aKKyMYJISTOPhI UTPAIOT KIIOYEBYIO POJb B COBPEMEHHOM
HHEProrepexoe, oOecnieunBasi ~ pabOTy  MOPTATUBHOM  DJIEKTPOHHKH,
AIIEKTPOMOOMIIEH U CHCTEM HaKOIUIeHUs 3Hepruu. Ux 3¢d¢deKTHBHOCTH B MEPBYIO
OuYepeb OMpEACNsACTCS CBOMCTBAMH AaKTHUBHBIX KOMIIOHEHTOB, 3JEKTPOIHBIX
MaTepuajoB, B KOTOPBIX MPOMUCXOMAT TPOIECCH JIe/MHTEPKAISINA HOHOB.
[TornmaHue CTPYKTYPHBIX MPEBPAIICHUI W MEXaHU3MOB KOMIICHCAIIMU 3apsa B
ITHX MaTepHajax SBJSIETCS OCHOBOW MJIsl MOBBIICHUSI EMKOCTH, CTAOMIBHOCTH U
JIOJITOBEYHOCTU aKKyMyJSATOpoB. COBpEMEHHbIE CHUHXPOTPOHHBIE U HEUTPOHHBIE
METO/Ibl TIO3BOJISIIOT HANPSAMYIO HA0JII0/1aTh 3TU MPOLIECCHl U YCTAHABIIMBATDH CBS3b
MEXy CTPYKTYPOU U DJIEKTPOXUMHUUECKUM ITOBEICHHUEM.

B nacrosimei pabore ¢ ucnoibp3oBanreM operando u ex Situ peHTreHOBCKOi
TUQPaKIUN U CIEKTPOCKONHHU, a TaKKe HEUTPOHHOM Iudpakuuu HpOBEIACHO
IOPELU3UOHHOE HUCCIIEJOBAaHUE KPUCTAIMYECKOW CTPYKTYpPhl, MEXaHU3MOB
CTPYKTYpHOM 7HBOJIIOLMM M KOMIICHCALIUM 3apsiia B psAA€ NEpClIEeKTUBHBIX
MaTepuagoB. PaccCMOTpeHBl OKCOAHMOHHBIE MaTE€pHANbl: JIUTHI-000TalleHHBIC
Liz+x(Fe,Mn);xPO4 (LFMP) [1] u pocdater KTiOPO4 (KTP) ¢ obmieit popmyinoit
AMPOsX (A = Li, Na, K; M =Ti, V, Mn; X = O, F) [2-4], a Takxe
rexcarmanoMeramiatel Ko sM'[M'"(CN)e]1-, (M!, M" = Fe, Mn, Co) [5], usBecTHbIe
Kak aHajoru oepiuHckoi nazypu (ABJI). CoBokymHbIN aHAIN3 AaHHBIX TTO3BOJII
YCTAaHOBUTH CBSI3b  MEXAY COCTaBOM, MEXAaHM3MOM JIe/MHTEPKAISINA U
AIIEKTPOXUMUYECKUMHU  CBOWCTBAMH, UYTO OTKPBIBAET BO3MOXKHOCTH  JJIst
HaNpaBJIEHHOW MOAU(UKAIIMY 3JEKTPOAHBIX MATEPHAIOB HOBOTO TIOKOJICHHUS.

B noxnane OyayT npeacTaBiieHbl pe3yJbTaThl KOMIUIEKCHBIX MCCIIEI0BaHUMN
HOBBIX U MOAU(DUIIMPOBAHHBIX AJICKTPOIHBIX MATEPHAIOB [JIsI METaUI-MOHHBIX
aKKyMYJIITOPOB, PAaCCMOTPEHBbI OCOOCHHOCTH KPUCTANIMYECKOW U 3JIEKTPOHHOM
CTPYKTYpPhl M OOCYXJEHbl MEPCIEKTHBBl MCIOIb30BAHUSI CUHXPOTPOHHBIX H
HEUTPOHHBIX METO/I0B B Pa3pabOTKE MaTepUaNIOB AJIsi CUCTEM XPAHEHUS SHEPTHH.

PaGora moxnepxana PH® (rpant 23-73-10125).

. Nazarov, A. D. Dembitskiy, I. A. Trussov, et al. Energy Adv., 328, 2 (2023).
. Fedotov, N. D. Luchinin, et al. Nat. Commun. 1484, 11 (2020).

. Shraer, N. D. Luchinin, et al. Nat. Commun. 4097, 13 (2022).

. Shraer, A. D. Dembitskiy, et al. Energy Storage Mater., 103358, 68 (2024).
. Morozova, S. V. Ryazantsev, et al. Chem. Mater. 3570, 35 (2023).
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NHCTPYMEHTBDI JUIAA CKPUHHUHIA U OIITUMU3ALINN
IMAPAMETPOB XUMHWUYECKHNX PEAKIIHI: TEPEXO/ K
CAMOYITPABJISAEMbBIM JIABOPATOPUAM

A.A. I'voat, A J]. 3azcpebaest, U.A. Hanxun, JI.FO. Monooyos, A.A. Tepewenxo,
A1l Baenuii, A. Mannaa, M.C. Jlugpaps, b5.0. I[Ipoyenxo, M.A. Mapuenkoasa,
C.A. I'yoa, A.B. Conoamos

YMearcoynapoonuiii uccredosamenvekuii uncmumym unmenieKmyanshvlx mamepuanos FO@Y
2 HUI] « KypuamoBcKuii unCmumym,y

Pa3BuTHe WHCTPYMEHTOB KOMIIBIOTEPHOIO MOJICIIMPOBAHUS W aHaAIM3a
OONBIIMX JAHHBIX YCKOPWIO LMK IUGPOBOro Ju3ailHa MaTepHalioB C
BBIYUCJICHUEM MEXaHUYECKHUX, DJIEKTPOHHBIX, MATHUTHBIX U APYTUX CBOMCTB IJIsi
M3BECTHOM aTOMHOW CTPYKTYpbl C 4acOB WJIM AHEH 0 CEKYyHA. DTO IMO3BOJISET
OBICTPO pelIaTh 0OpaTHYIO 3a/lady MOUCKA CTPYKTYPhl MaTepUaIoB, 00JIa alomnuX
1eneBbIMU cBoMCTBaMH. OJIHAKO CKOPOCTh TOJYYEHHUSI CaMHUX MaTepualioB Ha
MPAKTUKE CYIIECTBEHHO HUXKE, YTO OOBSACHSETCS OTCTaBaHUEM B Ppa3BUTUU
WHCTPYMCHTOB BBICOKOIIPOM3BOIUTEIIEHOTO CHHTE3a H IN SitU JHarHOCTUKH
aTOMHOM CTPYKTYpPhI U CBOMCTB MOJIy4a€MbIX MaTepHasioB. B HacTosieM gokIaae
pPacCMOTpEH TMOAXOA Uil Mojadopa MapaMeTpoB XHMHYECKHUX pEakiuil Ha
ncrounnkax CHU.

IlepBblii  KJacCc paccMaTpUBAEMBIX 3alad  OTHOCUTCA K  3agayam
KPUCTAJUIM3AIMU U3 PACTBOPA: POCT HAHOUYACTUIL O1aropoaHbix MetamioB (Au, Ag,
Pt), cOopka TBEPABIX JHUOUAHBIX HAHOYACTHUIl, KpUCTALUIM3AIUA OEJKOB,
dbopMHpOBaHNUE METATOPTAHUYECKUX KAPKACHBIX CTPYKTYP — B MUKPOQITIOUTHBIX
yciaoBUsiX. B KauecTtBe METONOB JMArHOCTUKW TMOKaszaHbl Y O-Buaumast
CIIEKTPOCKOMHUS, JTUHAMUYECKOE PACCEsIHUE CBETa, PEHTIEHOBCKOE pacCesHHUE B
pEeXKUMAX MAJIbIX U IIUPOKUX YTIIOB.

Btopoit knacc 3amau — popMupoBaHUE aKTUBHBIX IIEHTPOB KaTaau3aTOPOB,
CTPYKTypa KOTOPBIX OINpPEAEISET AaKTUBHOCTh U CEIIEKTUBHOCTh PEAKIUI
MOJIYYeHHS TEJIeBBIX MPOAYyKTOB. Ha mpumepe peakiuu rugpodopMIIIMPOBAHUS
pacCMOTPEHbI TOMOT€HHBIE KaTajlu3aToOpbl Ha OCHOBE KOMIUIEKCOB poxausi. C
MOMOIIBI0 CHEKTPOCKONMM PEHTIE€HOBCKOro morjonieHus 3a K-kpaem poaus
OmpeJiesieHa TeOMETPUs JOKAJIbHOIO0 aTOMHOIO OKPYXEHHUSI METaJlJIa B Pa3JIMYHbBIX
PEaKIMOHHBIX YCJIOBUSIX TMOJ JaBJI€HUEM CHHTE3 Ta3a W TOBBIIIEHHBIX
TeMIepaTypax. Onpenenena B3aUMOCBSI3b CTPYKTypa-KaTaquThyecKas
aKTUBHOCT.

HapaOoTku KoJUIeKTHBa aBTOPOB B HACTOAIIEE BPEMS HCIOJB3YIOTCS MpU
BBOJE B OKciryatauuio ctaHimd MYP na wucrounuke KHMCHU. B noxinane
OCBEIIAETCS TEKYILEe COCTOSTHUE PadOT M IJIaHBI MO Pa3BUTHIO MH(PACTPYKTYPHI
Kak 1IN SitU JMarHOCTHKH, TaK M Ui KOJUYECTBECHHOI'O aHaIMW3a JaHHBIX Ha
JIETY B XOJI€ SKCIIEPUMEHTOB.

PaboTa BhImonHeHa npu (UHAHCOBOM moaaep:kke MunHoOpHayku Poccuu

(Cormamenue Ne 075-15-2025-509)

1. A.A. Tereshchenko et al., Chemical Engineering Journal 498, 15, 155016 (2024)

2. L. Léatsch, S.A. Guda, et al, J. Am. Chem. Soc., 146, 11, 74567466 (2024)

3. D.N. Gorbunov, M.V. Nenasheva et al., Journal of Catalysis Vol. 428, 115194 (2023)
4. V.V. Shapovalov, S.V. Chapek, et al., Micro and Nano Engineering, 20, 100224 (2023)
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COBPEMEHHBIE IN-SITU METO/bI C UCITOJIb3OBAHUEM MHUKPO-
N HAHO-®OKYCHOI'O PEHTTEHOBCKOI'O PACCESAHUA

JLA. Usanog*?

! Mockoeckuii 2ocyoapcmeennviii yrueepcumem um. M.B. Jlomornocosa
2 edepanvHblil UCCIEO08AMENLCKULL YEHMP XUMUYecKoll Qusuxu u meouyunckoi xumuu PAH

Pa3zButune MECTOA0B PCHTTCHOBCKOI'O pacceiaHms, BKJIIOYArOIMMX
PCHTTCHOBCKYIO OIITUKY HW CHCTCMblI ACTCKTHUPOBAHUA, IIO3BOJIAACT AOCTHUYb
3HA4YUTCIIBHOT'O Imporpecca B ITIOHUMaHHuH MHUKPOCTPYKTYPhI 151

TEPMOJMHAMMUYECKUX  CBOMCTB  MarepuanoB.  IlomumepHble — MaTepuaibl
XapaKTEPU3YIOTCSl CIOXKHOCTBIO KaK CBOEH HEpapXUuecKOM CTPYKTYpbl, Tak M
TEPMHUYECKOTO  TOBEAEHUS; OHM  4YacTo  (OPMHUPYIOT  METacTaOMIIbHBIE
HaHOpa3MepHble (a3bl. DTO 00YCIOBIMBACT HEOOXOAMMOCTh UCIIOJIB30BAHUS IS
UX HCCIEAOBAHUA YCTAHOBOK KJjlacca MEracaileHC, CIOCOOHBIX OOECHeUnuTh
BBICOKOE BPEMEHHOE U ITPOCTPAHCTBEHHOE PA3PEIICHNUE SKCIIEPUMEHTA.

B pabore paccMOTpeHbl BO3MOXHOCTH MHUKPO- M HaHO(POKYCHOIO
PEHTI€HOBCKOTO  paccessiHus B  MNPWIOKEHUHM K  HCCICAOBAHUIO  CaMOu
pacupoCTpaHEHHOW HAIMOJEKYJISIPHOW OpraHu3alii 4YaCTHYHO KPUCTATUIMYECKHX
noymMepoB- ceponurtoB. [lokazaHo kak nans ciydas KOJbUEBBIX CHEPOIUTOB
HaHO(QOKyCcHas nudpakius 1no3poJisieT onpeaenuts 3D popmy kpucrammueckux
namMenen (FeIMKOUJIbl), UX XHUPaJbHOCTb, a TAaKXe MOJSPHOCTH Ocu pocTa [1].
MeTto no3BOJII€T U3MEPUTHh HE TOJIBKO HA0Op CTaHJAPTHBIX MUKPOCTPYKTYPHBIX
[IapaMEeTPOB, HO TAKXKE M yroj HAKJIOHA KPUCTALNIMYECKUX LIETIE OTHOCHUTEIBHO
HOpMaJM K 0a3anbHOM MJIOCKOCTH JIaMmeneit [1], uTo siBisieTcs HeTOCTHKUMBIM J1JIs
KJIACCUYECKHUX METOJIOB PACCESHUS.

Coueranne MHKPO(OKYCHOTO paccesiHus ¢ IN-Situ OBICTPON CKaHUPYIOIICH
KUIOPUMETPUE Ha YHIIE II03BOJISIET JAETAJBHO MCCIEN0BAaTh TEPMHUYECKU
WHIYLUMPOBAaHHBIE IIPOLIECCHI CTPYKTypHOM miepectpoiikn [2]. Ilpm sTom
WHTEHCUBHOCTh PEHTTEHOBCKOI'O IMYy4YKa MO3BOJIIET HCIOJIB30BAaTh 3KCIO3ULIUIO
IpUMEPHO B 1 MC, 4TO JI€JaeT BO3MOKHBIM HCIIOJIb30BaHUE BBICOKMX CKOPOCTEH
HarpeBa (1000-2500 K/c) ¢ coxpaHeHMeM aJIeKBAaTHOTO pAa3pEIICHUS II0
TeMiiepatype. Takoe coyeTaHue CTPYKTYPHOTO U TEPMHUYECKOTO METO/a MOKET
HAalTH TPUMEHEHWE Jis PElIeHHs IIHPOKOTO Kpyra BOIPOCOB B HayKax o
Marepuanax [3].

UccnenoBanne mnoaaep:kano rpanTtoMm Poccuiickoro HayyHoro ¢oHaa
(mpoekt Ne 23-73-30005).

1. D. A. Ivanov, et al., Macromolecules. 45, 7454 (2012); D. A. Ivanov, et al., Macromolecules.
47,8295 (2014); D. A. lvanov, M. Rosenthal, Advances in Polymer Science 277, 95 (2017).

2. D. A. lvanov, et al., European Polymer Journal 81, 598 (2016); A. P. Melnikov, M. Rosenthal,
D.A. Ilvanov, ACS Macro Letters 7, 1426 (2018).

3. A. F. Akhkiamova, et al., Phys. Chem. Chem. Phys. 27, 12652 (2025).
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JJABEPHO-UHAYHUPOBAHHASA CTPYKTYPHASA INUHAMUKA B
KPUCTAJUIAX: HCCIEJOBAHUA C UCITOJIB3OBAHUEM KJACCA
METO10OB «OITHYECKAS HAKAYKA - 30HIUPOBAHUE
CUHXPOTPOHHBIM ITYYKOM»

E.U. Mapees*?, @.B. [Tomémxun'?, A.I'. Kynuxoe*, B.®. E¢ppemenxo?,
@.C. Munaxt, H.H. O6vioennoe*?, FO.B. ITucapesckuii*, A.B. Tapzonckuit?,
A.E. Bnazos, M.B. Kosanvuyx®

Y HUI] «Kypuamoeckuii uncmumymy, Mockea
2 @usuyeckuii paxyremem MI'Y um. M.B. Jlomonocosa, Mockea

N3yuyeHune OBICTPONPOTEKAIOIINX MMPOLECCOB B BEIIECTBE ABIISIETCSI OCHOBOM
JUISL  CO3JIJaHHs  HOBBIX  MAaTEpUAIOB C  3aJaHHBIMH  CBOMCTBaMH  JJiA
OPUPOAONIONOOHBIX TEXHOJOTUA W  Pa3BUTUS COBPEMEHHBIX IOJXOJOB B
MaTepuaioBeieHnd B 1eiaoMm [1]. B manHOM pabote Juisi akTUBAallUU TaKHUX
IPOLECCOB  HCIOJB30BAJIOCh HMMIIYJIbCHOE JIa3€pHOE U3IYyYeHHE C TUOKO
HACTpanBaE€MbIMU MapaMeTpamu, a JIJIsl MPSMOTo HAOJIIOICHUS 32 UX JUHAMUKON —
CUHXPOTPOHHOE u3nyuyeHue. CodyeTaHue 3THX JBYX KaHAJIOB — ONTHYECKOTO M
pentrenoBckoro — Ha YHY KUCH-KypuatoB B HULL «KypuaToBCckuii HHCTUTYT»
JIa70 BO3MOKHOCTh PEAJIM30BaTh HOBBIM KOMIUIEKC METOJOB THIA «HaKaykKa-
30HUPOBAHME» JJI1 HAOJIIOICHHMS MIPOLIECCOB B BELIECTBE B IIMPOKOM BPEMEHHOM
JIMana3oHe OT MUKPO- O CYOHAHOCEKYH/I.

OObeKTaMu UCCIENOBAHMS BBICTYNUIN (PYHKIMOHAIbHBIE MOHOKPHCTAJIIIBI
KpeMHHUs U HuUoOaTa nutHs. Panee ObUIO MPOJAEMOHCTPUPOBAHO, YTO peJlaKcalus
(OTOMHIYITUPOBAHHOTO  BO30YXKJIEHHUSI KPUCTAJUIMYECKOM PEIIETKH KPEeMHUS
SBJISICTCS MHOTOCTaIUMHBIM TmporieccoM [2]. B cioydae HenmepTyOaTHBHOTO
Ja3epHOTO BO3ACHCTBUS HA KPEMHHI HAOIIOJaeTCs TMaJeHHEe WHTEHCHUBHOCTU
PEHTI€HOBCKOTO U3NyueHus g pediuekca 111, uro cBa3aHO ¢ pa3ynopsgoueHueM
pEIIETKH B MPUIIOBEPXHOCTHOM CJIO€ C TIyOHHOM ~1.5 MkM. OHOBPEMEHHO POCT
UHTEHCUBHOCTU peduiekcoB 333 u 555 o0ycnoBieH GopMUpOBaHUEM TpagueHTa
nedopmarii - KPUCTAUTMYECKONW  PEIIeTKH, BBI3BAHHBIM  HEPaBHOMEPHBIM
pacrpeneraeHueM TemMneparypsl [3].

Jiss  HuoOara  nuMTHS — BHOEpPBbIE  3apErUCTPUPOBAHA  AUHAMUKA
b€30(POTOBOIbTAMYECKHUX JIe(hopMauii, CBUAETENBCTBYIOMIAS O (POPMUPOBAHUU U
pacnazie JIBOMHOIO JJIEKTPUYECKOTO CJIOS 3a CYET HANpaBJIEHHONM MUTpaluu
¢dotoanexktponoB [4, 5]. Mcnonb3oBanue kpatHbix otpaxenuit (006, 0012, 0018)
NO3BOJWIIO  HaOmoAarb 3TOT 3PQGEeKT ¢  NPOCTPaHCTBEHHO-BPEMEHHBIM
paspenieHueM Mo TIIyOMHE KpHCTalljla U YCTAaHOBUTH 3aBHCHUMOCTH IMapamMeTpoOB
CJIOS1 OT COOCTBEHHOM MOJIIPU3ALMU MaTepHaa.
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PacnpocrtpaHeHue yaapHOI BOJIHbI
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PaboTta BeImosiHeHa npu noanaepxke Poccuiickoro HayuyHoro (onna (rpant
Ne 23-73-00039).

1. M. B. KoBanbuyk, Bectauk PAH. T. 89, c. 455 (2019)

2. M. B. KoBanbuyk, u ap., Kpucramiorpagus. T. 67(5), c. 771 (2022)

3. P. Seiler, J. D. Dunitz, Acta Crystallogr. 36(10), 2255 (1980)

4. F. S. Pilyak, E. I. Mareev, A. G. Kulikov, et al., Phys. Rev. B. 110, L100302 (2024)

5. M. B. Koanbuyk, E. 1. Mapees, A.I'. Kynukos, u ap., Kpucramnorpadus. T. 69(2), c. 221
(2024)
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WCCJEIOBAHUE NNOJIUMOP®HBIX ITPEBPAIIIEHUH H-AJIKAHA
IIPU HAT'PEBAHHUHU C IOMOIIBIO CUHXPOTPOHHOI' O
N3JIYYEHUA

C.A. I'vpvesa®, A.K. Bopucos', B.A. Mapuxun®, M.B. Baiidaxosa®,
E.C. Kynuxosa?, I1.B. [lopoeamosckuii®

L @usuxo-mexnuueckuti uncmumym um. A.®@. Hogpgpe PAH
2 HUL] « Kypuamosckuii uHCmumym»

Ha cranmuun benok/PCA  KypuyaTOBCKOro HCTOYHHMKA CHHXPOTPOHHOTO
m3nyuenust «KMCHU-KypuatoB» mnonydenst 2D-mudpakrorpammbl  (pa3zoBbIxX
MpeBpalleHuii MOHOJUCIEPCHOTO JJIMHHOLECTIOYEUHOT0 H-aJIkaHa TPHUKO3aHa
C23Hyg mpu HarpeBanum.

Ha ocHoBaHuu aHaliv3a PEHTTEHOBCKUX JAHHBIX B OOJBIIMX U MaJbIX yriax
YCTAaHOBJICHbl BO3HUKAIOIIME TOJUMOP(PHBIE MOAU(UKAIIMK TpPUKO3aHa MpHU
HarpeBaHUM W KHHETHKAa WX MpeBpalleHuil Apyr B apyra. OOHapyKeHO, 4TO
UCXOJIHAsl OpTOpoMOMYecKas MoAu(HKaluusg TPHUKO3aHA C HPOCTPAHCTBEHHOMN
rpymmoit Pbcm (57) tpancdopmupyercs B HOByro dazy Pnma (62) Bomuzu T =
38°C. Jlanmpueitmee moBbimenue temmnepatypbl AT = 40 — 42°C mpuBOAuT K
METacTaOMIPHOMY Pa3BUTHIO MOHOKJIMHHOHN potannoHHoi (as3el Ry (Aa (9)). Ilpu
T = 42°C Bo3HmKaeT opropomOmdeckas poranmonHas ¢asza R, (Fmmm (69)),
KOTOpasi ¢ MOBBIILIEHUEM TeMIEpaTyphl MOCTEHNEHHO TPAHCHOPMHUPYETCS TaK, UTO
COOTHOIIICHUE IMapaMeTPOB JJIEMEHTApHOW sdelku b/a pe3ko yBenmuuBaercs,
CTpeMsiCh K 3HAYCHMIO \3, XapaKTepH3yIOIEMY T'eKCArOHANBHYIO CyO-sdeifKy.
Bomusu 7 = 45°C wnabmionmaercs ¢GuHaIbHAsS POTAUMOHHO-KPUCTAITUYECKAS
Moau(duKalMs TPUKO3aHAa — TreKcaroHajgbHas (poMOo3ApuYecKas) pOTalMOHHAs
daza R; ¢ mnpoctpanctBeHHo¥ rpynmoit R3m (166), u3 koTopoit o0pazerr
NepexoAuT B paciyiaB. TakuM 00pa3oM, YCTaHOBJEHA KMHETHKA MOJUMOP(PHBIX
IpeBpallleHnii TPUKO3aHAa MpPU HATPEBaHWU, a TAKXKE ONpPENEJCHbl MapaMeTphbl
AJIEMEHTAPHBIX SYEEK, B TOM YUCIIe, U JJIsl poTalluOHHbBIX (a3 [1].

1. C. A. I'ypseBa, A. K. bopucos, B. A. Mapuxun, M. B. baiinakosa, E. C. Kynukosa, II. B.
Hoposarosckuii. DTT 67, 4, 711 (2025).
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Cexnus

AHH&p&TYpHO-MCTOI[PI‘I@CKI/IG ACIICKTbI CUHXPOTPOHHBIX U
H€ﬁTpOHHBIX SKCIICPUMCHTOB
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MHOTI'OCJIOMHBIE 3EPKAJIA J1JISI CHHXPOTPOHHBIX U
HEWUTPOHHBIX ITPUJIOKEHU

B.H. I[lonkoeHnuxos
Hncemumym ¢uzuxu muxpocmpyxkmyp PAH, Huscnuit Hos2opoo

B nokmane Oyamer pacckazaHo 00 OCOOEHHOCTSIX B3aWMOJICHCTBUSA
PEHTI€HOBCKOTO M3JYy4YEHHUs C BELIECTBOM M HAa OCHOBE 3TOIO PACCMOTPEHUS
MPE/ICTaBIICHbl OCHOBHBIE (PU3NYECKHE MPUHIIUIIBI, TTOJIOKEHHBIE B OCHOBY PabOThI
MHOTOCJIOMHBIX PEHTI€HOBCKHUX 3€pKall, KOTOpbIE MOKPBIBAIOT COOOM auamna3zoH
JuH BOIH OoT A=60 HM 10 A<(0.01 HM (0T BakyymHOH yabTpaduoeTOBOH 10
YKECTKOW PEHTTeHOBCKOM OOJIaCTH cHeKTpa). byJeT cka3aHo O BIUSHUU Pa3HOTO
pona neeKToB MICHOK Ha KOA(D(UIIMEHTHI OTpaKeHUS MHOTOCIOMHBIX 3€pKall.
BynyT npuBeIeHbl COOTBETCTBYIOIINE TPUMEPHI.

Cnenyronjas 4acTh JOKJIaJa OyJeT TMOCBALIEHA METOJaM CHHTE3a
MHOTOCJIOMHBIX 3€pKajl W IpUEMaM, KOTOpPbIE HCIOJB3YIOTCA ISl MOJIYYEHUS
TpeOyeMOro pachnpeiesieHusl Mepuojia Mo MOBEPXHOCTH 3epKana. 3areM OyJner
paccka3aHo 00 OCHOBHBIX METOJIaX JIMAarHOCTHKM MUKPOCTPYKTYpPbI IUIEHOK U
UHTEPPEHCOB, MCHOIB3YEMbIX B (U3UKE W TEXHOJOTMH MHOTOCIOHHBIX
PEHTI€HOBCKUX 3€pKall. 3HAYUTEIbHOE BHHUMAHHE OyleT YIENeHO TEXHOJOTUU
“UHYKEHEpUH CJI0eB UHTEPENCOB” .

bynyr mnpencraBnensl mnocneanue pazpabotku MOGM PAH B obGnactu
U3TOTOBJICHUSI ONTHUYECKUX TOBEPXHOCTEM Iu(pakIUMOHHOTO KadecTBe (C
HIEpOXOBATOCTHIO HA ypoBHE (0,2 HM M HAHOMETPOBOU TOUHOCTBIO (POPMBI).

3akarounTeNbHAS  YacTh JOKidana OyAeT TOCBSIIEHAa MPUMEHEHUSIM
MHOTOCJIOMHBIX 3€pKaj B HayKe, TEXHUKE U TexHonoruu. Ocoboe MecTo B JaHHOH
yacTh Jokiaga OyAeT yAelneHO OOCYXIEHUI0 JOCTOMHCTB M IEPCHEKTHB
npuMeHeHus: usrorasiuBaecMon B MDOM PAH ontuku B CHUHXPOTPOHHBIX U
HEUTPOHHBIX MPUITOKEHUSX.

Pa6ora BemonHena mpu noanepxkke rpanta PH® Ne 21-72-30029-11
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BOIMPOCHI UMIIOPTO3AMEIIEHUA ITPUBOPHOI'O KOMIVIEKCA
PEAKTOPA TINK

B.B. Tapnasuu

HUL] «Kypuamosckuii uncmumymy - IIUAD, ['amuuna

Pa6otel mo ocHamenuto peakropa IIMK HeHTpoHHBIMH yCTaHOBKaMU
BEIYTCsS B paMKaX MHBECTUIIMOHHOTO MpoekTa «Co3ganue mpubopHOro KOMILIEKCa
ns peakropa [IUK». B pamkax mpoekra, B TOM 4MCIE, CO3MAIOTCA TPUHAILIATH
COBPEMCHHBIX HEUTPOHHBIX YCTAHOBOK JJIs  pemieHus 3afad  (U3HKH
KOHJCHCUPOBAaHHBIX  Cpel.  BkioyaloT  HampaBieHUst  TUPPaKTOMETPUs,
CIIEKTPOCKOITHS, paguorpadus u KOMILJIEKCBI JUIsL WCCIIEIOBAHUS
KPYITHOMACIITA0OHBIX CTPYKTYP.

OCHOBHOM AaKIIEHT KaK MpU MPOCKTUPOBAHUHU, TaK U IMPU CTPOUTEIHCTBE
CTAaHLIMM, TNOCTABJIECH HA pEIICHHE BONPOCOB HMIIOPTO3aMEIICHUS. 3a CYeT
UCIIOJIb30BAHUSl OPUTHMHAJBHBIX pa3pa0dOTOK, a Takke MPUMEHEHHsI peBepc-
WHXUHUPUHTA  HEUTPOHHBIE  CTAHIIMM  KOMIUICKTYIOTCSI ~ OOOpyIOBaHUEM
OTE€YECTBEHHBIX MPOU3BOACTB. KOMIUIEKTAlUSI CTAHUUW BBIMOJIHAETCS C YyYETOM
BO3MOXKHOCTH UX JAJIbHEUIIIEN MOJICPHU3ALUN.
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MPEIM3WOHHBIN JATUYHUK IMOJOXKEHWSI U UHTEHCUBHOCTH
IMYYKA CHHXPOTPOHHOT' O N3JIYUEHUSA HA OCHOBE TOHKOM
INIVIACTUHBI MOHOKPUCTAJIVIMYECKOI'O AJIMA3A

H.O. lllamnnemos', A.U. Cagponos?®, C.A. 3anynuou®

Y @usuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa
2 HUI] «Kypuamosckuii uncmumymy, Mockéa
3 Lenmp unorcenepnoii puzuxu npu MI'Y umenu M.B. Jlomonocosa

CoBpeMeHHbIE AKCIEPUMEHTH Ha CUHXPOTPOHHBIX CTAHIUSAX MPEABSIBISIOT
BBICOKME TpeOOBaHMS K CTaOWJIBHOCTH MPOCTPAHCTBEHHOTO TIOJIOKEHUS U
WHTEHCUBHOCTU PEHTI'€HOBCKOTO My4Ka, OCOOCHHO IMPH MEpPeXojie K UCTOUYHUKAM C
MajblM ASMUTTAHCOM Iydka (Hampumep, UCTOUHHKU 4+ mokoneHuss «CUJIA» u
«CKHN®»). HesnauutenbHble Apeldbl Mydka, BbI3BAaHHBIE  TEIJIOBBIMU
Harpy3kamMu, MEXaHWYECKUMM BUOpalMsIMU WU KojieOaHUsIMH B pabore
HAaKOMUTEIBHOTO KOJbIA, MOTYT MPHUBOAUTH K CYIIECTBEHHBIM HCKAKEHUSIM
MOJyYa€MbIX JIAHHBIX, CHUKCHUIO DPa3pEIICHUs M, KaK CIEICTBHUE, K IOTEpE
AKCIIEPUMEHTAIBHOTO BPEMEHH.

Llenpto maHHOM pabOTHI sBIsIACh pa3pabOTKa M peaau3auus MPOTOTHIIA
MOHHUTOpA  TMOJIOKEHHSI W HMHTEHCHUBHOCTHM  PEHTTEHOBCKOTO  ITyYKa,
00ecreunBaroIIero OJJHOBPEMEHHBIM KOHTPOJIb KJIFOYEBBIX IMapaMETpOB Iydyka B
peKUME pEaTbHOr0 BPEMEHM C MUHHUMAJIbHBIM BO3JICCTBUEM Ha  €ro
XapaKTEPUCTUKH.

KBampaHTHBII CEHCOp Ha OCHOBE MOHOKPHUCTAJUIMYECKOTO — ajiMa3a
MO3BOJIAET M3MEPSTh IMOJOKEHHE Iydyka cedyeHnemM oT 1 Mxkm gm0 1 Mm B
CIIEKTpPaJbHOM JMarna3zoHe oT S5 k3B. Peanu3oBaHHBIM aHanu3aToOp CUTHAJIOB
ceHcopa croco0eH o0padareiBaTh (POTOTOKM B JUAIa30HE OT CAMHUI] TUKOAMIIED
J10 COTEH MUKpOaMIIEP.

B pabote npeacTaBieHo MOJEIbHOE ONMKMCaHHe PabOThI AaTuMKa, TTOKa3aHa
TEXHOJIOTUYECKas LIETIOYKa, MMO3BOJIMBILAs CO3AaTh MEPBbIi Takoi npudop B PO,
00CYXI€HbI TEXHOJIOTUYECKHUE CJI0)KHOCTH, MIPUBEIECHBI WUTOTOBBIC
XapaKTEPUCTUKH.

JIo TeKkyliero MOMeHTa TEXHOJIOTHSl MPOM3BOJICTBA TaKMX MPUOOPOB ObLIA
OCBOE€HA TOJIBKO 3a rpanuuei [1, 2, 3] u He noctynHa B Poccum.

1. Houghton, C., Bloomer, C. & Bobb, L., J. Synchrotron Rad. 30, 876-884 (2023).

2. J. Melbinger, et al., J. Phys.: Conf. Ser., 3010, 012075 (2025) DOI:10.1088/1742-
6596/3010/1/012075

3. Keister, Jeff et al. Journal of Synchrotron Rad. 25, 407-412 (2018).
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CTATYC 1 ITPECIHIEKTUBbBI YCKOPUTEJIBHOT'O KOMIIVIEKCA
NCTOYHUKA CUHXPOTPOHHOI'O U3ITYYEHUA LKII « CKUD»

I1LA. IHumunos

L[KII CKH® UK CO PAH, Hosocubupck

B naykorpane KonbroBo HoBocubupckoil ob6nactu 3aBepiiaeTcsi Co3/1aHue
HOBOT'O MCTOYHHKA CUHXPOTPOHHOT'O M3JIyYEHHsI YETBEPTOTO NMOKOJIeHUs — LleHTp
KOJUIEKTUBHOTO T0JIb30BaHusl « CHOMPCKUIA KOJBIEBOM UCTOUHUK (poToHOBY (LIKII
«CKH®»). YCcKOpUTEIbHBIA KOMIUIEKC MCTOYHUKA COCTOMT M3 HAKOIMUTEIBHOTO
KOJIbI]a C 3HEPTHEN 3JIEKTPOHOB 3 [3B ¢ smuTrancom 75 M M MHKEKIHOHHOTO
KOMILJIEKCA Ha IMOJHYIO 3HEPruto. 16-KpaTHas CHMMETpPHUS HAKOIMTEIS MO3BOJSET
UCIIOJIb30BaTh 14 0e31HUCIEePCUOHHBIX MPAMOJIUHEHHBIX MPOMEXYTKOB IS
IIOCTAHOBKM BWITJIEPOB WM OHAYJIATOPOB. /I monb30BaTeNed JOCTYITHO
M3JIy4Y€HUE W3 MOBOPOTHBIX MarHuToB ¢ nojieM 0.5 u 1.9 Tan. OcHOBHOU pexuM
redepanun CU npoucxomut Ha Toke myuka 400 MA. Jlig uccienoBanusi ObICTPO
IIPOTEKAIOIIUX ITPOLIECCOB BO3MOKHBI CIIELIMAIIBHBIE PEXUMBI ¢ HEPABHOMEPHBIM
3all0JJHEHUS IIydyka. B JOKiaze paccka3blBaeTCs CTaTyce YCKOPUTEIBHOTO
KOMIIJIEKCA, €r0 BO3MOYKHOCTSAX, IUIAHAX IO 3aIlyCKy M IIOJYYEHHUIO IPOEKTHBIX
[IapaMeTPOB, a TAKXKE €ro JAIbHEHIINX EPCIEKTUBAX.
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IKCIIEPUMEHTAJIBHBIE METOJIUKHU KOHTPOJISI MAI'HUTHBIX
CBONCTB OHAYJISITOPOB HA TIOCTOSSHHBIX MATHUTAX JJIA
HAKOIIUTEJISA «CHJIA»

A.C. Komnes, /I.O. Camconos, I'.P. Cokonos, /I./]. bexemos, H.C. Knouxos,
C.B. I'onuapos, U.A. Bemiozcos, A.C. Pomawos, H.M. Myxamedos,
AM. Abaxkymos, A.A. Amupos

HUI] «Kypuamosckuii uncmumymy, Mocksa

OnmHolt M3  KJIIOYEBBIX  MOJICUCTEM  YCKOPUTEIbHO-HAKOMUTEIHLHOIO
koMiiekca «CHUJIA» sBnsieTcss €ero MarHuTHas CTPYKTYpa, BKIIIOYAIOLIAs
AJEKTPOMArHUTHI, JUIIOJIM HA TMIOCTOSHHBIX MAarHUTax W OHAYJSATOPHI HA
MOCTOSHHBIX MArHUTax. OTU DSJIEMEHTHI BBIOJIHSAIOT HECKOJIBKO KPUTHUYECKH
BOKHBIX (DYHKIMI: MOBOPOT My4yKa 3apsDKEHHBIX YacTHIl, €ro (OKYCHpPOBKY, a
TaK)K€ TEHEpaluio OHAYJISTOPHOTO W CHHXPOTPOHHOro wu3inydeHus. HaumOoiee
TpeOOBATENBbHBIMU TI0 IMapaMeTpaM IOCTUPOBKHU SBIISIIOTCS OHAYISTOPHBIE CUCTEMBI
Ha MOCTOSIHHBIX MarHutax cuHxpoTtpoHa «CUJIA». Jlng yckopuTenss 4eTBEPTOTO
MOKOJICHUSI TPEOYIOTCS BBICOKHME TOYHOCTH HM3TOTOBJIEHUSI MAarHUTHON CHCTEMBI,
HEOOXOIMMBbI KOMIUJICKCHBIE JKCIEPUMEHTAIbHBIE METOJUKU KaK JIJISi BXOJHOTO
KOHTPOJISI MAarHUTHBIX CBOMCTB MAaTE€PUANIOB, TaK M [JIsI BBIXOAHOTO KOHTPOJIA
rOTOBBIX M3aenuu [1,2,3].

K peanu3oBaHHBIM METOJIMKAM BXOJHOTI'O KOHTPOJSI MATHUTHBIX MATEPUATIOB
B Jabopatropuu MAarHUTHBIX HCCIEIOBAHUI MOXXHO OTHECTH: HU3MEPEHUs
OCTaTOYHOM BEJIMYMHBI MATHUTHOIO MOMEHTA IMOCTOSIHHBIX MAarHMTOB METOJIOM
BpaIllCHUsI U3MEPAEMOro OOBbEKTa BHYTPH KaTylIeK ['elbMrojiblia U U3MEpeHUus
MOJIEBBIX  3aBUCUMOCTEM HAMArHUMYEHHOCTH MArHUTHOMATKHUX  MAaTEpUaliOB
METOJIOM HWHAYKIIMOHHOW MarHuTOMeTpuu. KOHCTPYKTHBHBIE OCOOEHHOCTH
VM3MEPUTENIBHOIO CTEHJA HAa OCHOBE KaTylmeK [ enpMrosblna TakkKe IO3BOJISIOT
MPOBOAUTH U3MEPEHHUS MO] BO3/ICCTBUEM BHEIIHMX MEXaHUYECKUX HANPSIKEHUU,
CUMYJIMPYs HArpy3Kd Ha MaTepualibl, KOTOPbIE JEMCTBYIOT Ha HUX CO CTOPOHBI
KPEMNEXKHBIX AJIEMEHTOB KOHCTPYKIIMM KOHEYHBIX YCTPOUCTB.

OKCIEpUMEHTAIbHbIE METOAUKH BBIXOJHOIO KOHTPOJIS H3TOTOBICHHBIX
MarHUTHBIX DJIEMEHTOB BKJIIOYalOT B ceOsi: XOJJIOBCKYHO MarHUTOMETPHIO,
M3MEPEHUE NIEPBOTO U BTOPOr0 MHTETpajia MArHUTHOTO TMOJII METOJOM HATSAHYTOU
HUTU (JBUTAIOUIEHCS B MPOCTPAHCTBE), M3MEPEHHE JIOKAJIIBHOTO TMOJIyIepruoja
MAarHUTHOM CTPYKTYpPbl OHIAYJATOPA METOJOM JCTEKTUPOBAHUSA JBHXKECHUS
JOMEHHOM CcTeHKU. Habop peann3oBaHHBIX METOJIWK TO3BOJISET MPOBOJIUTH
JOKAJIbHBIE U3MEPEHUS PAaCHpECICHUs] MarHUTHOW WHIYKIIMM B MPOCTPAHCTBE
MAarHUTHOTO 3a30pa MU3TOTOBJICHHBIX YCTPOMCTB, BBISBJIATH HEKOMIIEHCUPOBAHHbBIC
JUTIOJBHBIE KOMIIOHEHTHI B MAarHUTHBIX CTPYKTypax pa3jMyHbIX THUIIOB
OHAYJATOPOB. CTOUT OTMETUTh, YTO METOJIMKA HW3MEPEHUS JIOKAJIBHOTO
MOJYNEPUOJa MArHUTHOM CTPYKTYpbl OHIYJISATOpa METOIAOM JETEKTUPOBAHUS
JBMOKCHUS JOMEHHOM CTEHKH ObljIa peajan3oBaHa BIIepBbIC [4].
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[IpakTyeckass peanu3aius OMUCAHHBIX METOJUK BXOJHOIO U BBIXOJHOIO
KOHTPOJIS TOJATBEPKAAET TEXHUYECKYI0 BO3MOXKHOCTbh JOCTHXKEHUSI HACTPOUKH
TpeOyeMbIX TapaMeTpoB MarHuTHbIX cucteM Hakomutens «CHUJIA» B
COOTBETCTBHUH C MPOCKTHBIMU TPEOOBAHUSMHU.

1. Kovalchuk M. V. et al. Fourth-Generation Synchrotron Radiation Source with X-ray Free-
Electron Laser SILA: Concept of Accelerator—Storage Complex //Crystallography Reports. —
2022. - T.67.— Ne. 5. — C. 676-683.

2. Levichev E., Vinokurov N. Undulators and other insertion devices //Reviews of Accelerator
Science and Technology. — 2010. — T. 3. — Ne. 01. — C. 203-220.

3. Elleaume P., Chavanne J., Faatz B. Design considerations for a 1 A SASE undulator //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment. — 2000. — T. 455. — Ne, 3. — C. 503-523.

4. D. O. Samsonov, N. S. Klochkov, S. V. Goncharov et al. A novel method for local undulator
period measurement via magnetic domain wall motion detection // Sensors and Actuators, A:
Physical. — 2025. — Vol. 395. — P. 117057.
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OCOBEHHOCTH B3AUMOJIEMCTBUS CHHXPOTPOHHOI'O
N3JIYYEHUSA C CEHCOPAMU HA OCHOBE APCEHU A TAJIJIN S,
KOMIIEHCUPOBAHHOI'O XPOMOM

M.C. Tpogpumos
Hayuonanvnuiii uccnedosamenvckuti Tomckutl 20cyoapcmeeHtblil YHUgepcumem

B nacrosimiee Bpems yuensimu w3z HU TI'Y u USAD CO PAH Beaércs
COBMECTHAsl pa3padOTKa MOJYIPOBOJHUKOBBIX JAETEKTOPOB HA OCHOBE ApCEHUIA
rausa, KommneHcupoBaHHoro xpomoMm (HR-GaAs:Cr), nmms  poccuiickux
CUHXpPOTpOHHBIX HcTOYHMKOB: CKU®, CHIIA, KUCHU-KypuaroB u PUO.
PaspabareiBaembie B TI'Y mHOrosnementHeie ceHcopsl Ha ocHoBe HR-GaAs:Cr
paHee TMOKa3ajud BBICOKYIO pPaJHAIMOHHYIO CTOMKOCTh M MPOCTPAHCTBEHHOE
paspelieHue Mo pe3ysibTaraM TECTUPOBAHUS Ha 3apyOekKHBIX CHHXPOTPOHHBIX
uctouHukax. OJHMM U3 OCHOBHBIX TpEOOBaHUN K TOJYNPOBOJHUKOBBIM
JETEKTOpaM Uil CHUHXPOTPOHHBIX JKCIIEPUMEHTOB  SIBISIETCS  BPEMEHHas
CTaOWJIBHOCTh aMIUIMTYAbl CUTHAJIOB (MMIYJIbCOB (POTOTOKA) B IMpoIlecce
oOnyuenus mnorokoM CU. JlaHHas XapakTepuCTUKa JETEKTOpa OMpeesseT
Pe3yJbTaTUBHOCTh IPOBOJIUMBIX 3KCIIEPUMEHTOB U, B YACTHOCTH, MOKET 3aBUCETh
OT 2JEKTPOPU3UYECKUX XapaKTEPUCTUK Marepuaia ceHcopa. Ha crannuu
«CyOMUKpOCEKYHTHAs JTMArHOCTHUKA)) YCKOPHUTEIBHO-HAKOIIUTEIbHOTO
koMiiekca BOIIII-3 ObliM BBINOJHEHBI HCCIEAOBAHUS BPEMEHHON CTAOMIIBHOCTH
aMIUTUTYJbl HMITYJIbCOB (POTOTOKA CEHCOPOB HA OCHOBE apCeHuJa Tajulus,
komneHcupoBaHHoro xpomoM (HR-GaAs:Cr). Jlist 3TOro ceHCOphl pacnoiarajauch
HAIIPOTHUB ILIETU OBICTPOrO 3aTBOPA, YEPE3 KOTOPYIO MPOUCXOAMIIO UX OOIyYeHHE
notokoM CH. Ha ceHcopbl nomaBanocs HaNpsKEHUE OTPULIATENBHOM MOJIIPHOCTH
B nuanasone (40 — 700) B, uTo co3naBasio B MX aKTUBHOM 00JACTH HANPSKEHHOCTh
anekTpudeckoro mons B guanazone (0,8 — 14) kB/cm. 3a Bpemst OTKpbHITHA
ObIcTporo 3arBopa Ha ceHcopsl nmoctynano 800 enuunyHbIX Benbimek CU, kaxmas
Y3 KOTOPBIX CO3/1aBaJIa €JUHUYHBIN TOKOBBIM MMIIYJIbC B LEIH, PETUCTPUPYEMBIN
ocimiorpadom.  YcraHoBieHO, uTo B mporecce obmyuenus HR-GaAs:Cr
CEHCOPOB HaOJI0/aeTCd OAKCIOHEHIUANBHBIN CMajx aMIUTMTYIbl HMITYJIHCOB
(GOTOTOKA, CBS3aHHBIA C BO3HMKHOBEHHWEM MOJSPU3aLMU aKTUBHOM 001acTu
CEeHCOpa. YCTAHOBJIEHbl 3aKOHOMEPHOCTH JIMHAMHUKH WM3MEHEHUS aMIUIUTY/bI
uMItybcoB oToToka HR-GaAs:Cr ceHCOpOB OT HANPSIKEHHOCTH DJIEKTPUIECKOTO
noJist Ipu 00JTy4eHUH NAaKeTaMH KBAaHTOB CHMHXPOTPOHHOTO u3nydeHusd. [lokazaHo,
YTO C POCTOM HANPSHKEHHOCTHU 3JEKTPUYECKOTO MOJIs CIaj aMIUIUTYAbl UMITYJIbCOB
(GOTOTOKa HAUMHAET 3aMEMIATHCS, YTO CBUICTEIBCTBYET O JCMOJISIPU3ALNU
aKTUBHOM 00J1acTU CEHcopa.

PesynbraThl ObUTM MOJTYy4YEHBI B paMKax BBITIOJHEHUS] TOCYAapCTBEHHOTO
3ananus Muno6praayku Poccun, mpoext Ne FSWM-2025-0021.
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BBICOKOPA3SPEHIAIOIIIAA PEHTTEHOBCKASA MUKPOCKOIIUSA C
NCIIOJIB3OBAHUEM KPEMHHUEBBIX HAHO®OKYCHUPYIOLIUX
JIMH3 HA «KKHCHU-KYPYATOB»

M.C. @onomewxun®, B.I'. Kon', A.FO. Cepézun, FO.A. Boaxoeckuii,
11.A. HpOC€K061, B.A. FOuxumn?, A.A. CHueupé'63, IO.B. Hucapeecm{ﬁl,
A.E. Bracos, M.B. KO@LZJZb'-IyKl

YHUI] «Kypuamosckuii uncmunmymy
2 Uncmunmym npobnem mexnono2uu MuKpod1eKmpoHuKy u ocobouucmulx mamepuanoeé PAH
3Banmuiickuii pedepanvuiii yuueepcumem um. M. Kanma

CeronHst Ha COBPEMEHHBIX UICTOYHUKAX CUHXpOTpoHHOTO M3nydeHus (CU) u
Jazepax Ha cBOOOAHBIX 3ekTpoHax (JICD) Bcé Oombluee pacrnpocTpaHeHUe
IpUOOPETAIOT METObI KOTEPEHTHOM PEHTI€HOBCKOM MHUKpOCKonuH. KorepeHTHbie
CBOMCTBAa IYYKOB PEHTTCHOBCKOTO HW3JIYYEHUS, TEHEPUPYEMBIX TaKUMU
MCTOYHUKAMU, Hapsily C IPUMEHEHUEM HaHO(OKYCHPYIOIIEH ONTUKH, OTKPBIBAIOT
BO3MOXXHOCTH MCCJIEAOBaHUSA BHYTPEHHEH CTPYKTYpbl C€J1a00 TMOTJIOMIAIOIINX
O0OBEKTOB MHUKPOCKOIMYECKOTO pa3Mepa, HU3YYEHHUE KOTOPHIX C IOMOIIBIO
MUKPOCKOTIUY TIOTJIOMIEHUS 3aTPYAHEHO WJIKM HEBO3MOXKHO.

Peanmnzanus B Poccun mpoeKTOB CTPOUTENBCTBA HOBBIX MCTOYHUKOB CU 4-
ro nokojenus u JICD [1] craBuT 3amady pa3BUTHS IMOJOOHBIX METOIOB JIJIs
MPOBEJICHUSI CTPYKTYPHBIX HCCIIEIOBAHUI C HAHOMETPOBBIM MPOCTPAHCTBEHHBIM
paspemieaeM. OOHUM W3 paCOpPOCTPAHEHHBIX U TEPCHEKTUBHBIX METOJIOB
KOTEPEHTHON BU3yallM3allud SBISETCS PEHTIEHOBCKas (ha30BO-KOHTpACTHAS
mukpockonusa (OKM) [2]. TlpumeHeHue MaHHOTO METOJAa B COYETAHUHU C
UCITIOJIb30BAHUEM KPEMHHUEBBIX HAHO(POKYCHPYIOUIUX COCTABHBIX MPETOMIISIOIINX
mua3  (CIUI) [3] mo3BojsieT  AOCTUYD  YBEIMYEHHS]  PETUCTPUPYEMBIX
OKM-u300pakeHuit B JecaTKu pa3 [4], d9ro pemiaeT mpobiieMy OTHOCHUTEIBLHO
HEBBICOKOT'0 pa3pelIeHUs COBPEMEHHBIX IBYMEPHBIX AETEKTOPOB.

B nmoknane mpencraBiieHBl pe3ydbTaThl yCHEITHOW peanmsauuu [4, 5] Ha
ctaniiun PK®M wucrounuka «KHWCHU-KypuatoB» Metoma DKM Ha ocHOBe
KpeMHueBbix HaHodpokycupyromux CIIJI [6]. Ha mnpumepe Busyanuzanuu
MOJICIBHBIX aMIUTUTYAHBIX U (ha30BBIX MHUKPOOOBEKTOB MNPOJEMOHCTPHUPOBAHO
CyOMUKPOHHOE TMPOCTPAHCTBEHHOE paspenieHue. [lokazaHo, YTO OCHOBHBIM
(hakTOpOM, OTPaHUYMBAIOIINM pa3peIIeHUE MOTYUYEHHBIX U300paXKEHUN, SIBISETCS
MEXaHM4YeCKass HECTaOMJIBLHOCTh DJIEMEHTOB ONTHUYECKON CXEMbl, a HE KOHEYHas
MPOCTPAHCTBEHHAS! KOT€pPEHTHOCTh Iyuka CU.

PaGora mpoBeneHa B pamMKax BBINMOJHEHUSI TOCYIAPCTBEHHOTO 3aJaHUs
HUILI «KypuaTtoBCKuii HHCTUTYT».

1. M.B. KoBanbuyk, A.E. bnaros, O.C. Hapaiikuu u ap. / Kpucramnorpadpus. 67, 5 (2022).
2. A. Snigirev, I. Snigireva, V. Kohn et al. // Rev. Sci. Instrum. 66, 12 (1995).

3. A. Snigirev, I. Snigireva, V. Kohn et al. // Phys. Rev. Lett. 103 (2009).

4. B.I'. Kon // Kpucrannorpadus. 67, 2 (2022).

5. M.C. ®onomemkus, B.I'. Kon, A.}O. Cepérun u ap. // Kpucramnorpadus. 69, 6 (2024).
6. M.C. ®onomemikus, B.I'. Kon, A.}O. Cepérun u np. // Kpucramorpadus. 70, 5 (2025).
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PASPABOTKA BBICTPOI'O 3ATBOPA PEHTTEHOBCKOI'O
N3JIYYEHUSA 1JId CTAHIIUU CUHXPOTPOHHOI'O
NCCIEJOBAHUA BBICTPBIX ITPOIIECCOB

A.A.Cmydennuxos’, E.U. llanvuuxos’, D.P. IIpyyan!, C.B. Cmanxeeuu’

1 Unucmumym cuopoounamuxu um. M.A. Jlaspenmvesa CO PAH, Hosocubupck, Poccus

aleksei.studennikovi@mail . ru

DOKCHEpUMEHTBl C HCIOIb30BAHUEM CUHXPOTpOHHOro wu3inyuyeHus (CH)
SBIISICTCSI HETIPEPHIBHO PA3BUBAIOIINNCA OOJACTHIO HMCCIeAoBaHM. B mocnennue
10 et BEKTOp TEHIECHIIUU Pa3BUTHS C(HOKYCUPOBAH HA COBPEMEHHBIX YHUKATHHBIX
Meronax, rae npeumymectBa CH, Takue Kak SPKOCTh, KOTE€PEHTHOCTb,
MOHOXPOMOTHYHOCTh M  Tp. WrpaeT KIYEBYID pPOJb B  MOJYYCHUU
AKCIIEPUMEHTANIbHBIX JaHHBIX. MHOTHE pa3BUBAIOIIMECS OOJACTH HCCIEHOBAaHUMN
TPEOYIOT BBICOKYIO SIPKOCTb, DHEPTHIO WJIM BPEMEHHOE pasperieHue. A s psajs
COBPEMEHHBIX METOAMK OTH TpeOoBaHUA OObeAUHSIOTCS. Takue yCIOBHS
HKCIIEPUMEHTOB HECYT BBICOKYIO HEPIETHUUYECKYIO0 U PaJUalMOHHYIO HAarpy3Ky Ha
o0opynoBaHUE CTaHIIMU. B 3TOM CBSI3M OTAENIBHBIM IJIACTOM Pa3BUTHSI allllapaTHO-
METOJIUYECKOTO KOMILJIEKCa CUHXPOTPOHHON MH(MPACTPYKTYpPHI BBICTYIAET 00JIaCTh
MpephIBATENIC U 3aTBOPOB CUHXPOTPOHHOTO U3ITy4YECHUSI.

CoBpeMeHHbIE AKCIIEPUMEHTANLHBIE CTAHIIUU CUHXPOTPOHHOIO M3TyYCHHS
3a4acTyr0 MPEAIoJiaraloT Ha HUX HMCIOJIb30BAaHUE MpephIBaTENC WM 3aTBOPOB
PEHTIEHOBCKOTO M3JIy4YeHHMs, JJIsi oOecreueHusi Oe30MacHOCTH SKCIUTyaTallud |
3alUTHI TIEpCOHAa U O0OPYIOBaHMS OT J03bl M TEPMUUECKUX BO3JeUcTBUM [1].
Ho oTnenbHbIC SKCIIEpUMEHTAIBHBIE CTAHIIMKM YKA3bIBAIOT HA TO, YTO MIPEPHIBATEIN
u 3atBophl nyuka CU ucnonb3yroTcs Jisl yIpaBieHUs TEIJIOBBIMU Harpy3kamu
NpU TPOBEAEHUU HCCIECOBAHUN C BBICOKMM BpPEMEHHBIM pPa3pElICHUEM, B
YaCTHOCTU 3TO AKTyaJbHO JJIsl UCTOUHUKOB C BBICOKOW IJIOTHOCTBIO SIPKOCTH, TTIE
MOIIHOCTh MOXKeET gocturarh 10 500 kBr/mpan?. [2,3].

[TpepriBatenu myuka CH urparoT KIFOUEBYIO POJIb AJISI U30JISIUN OTACIIbHBIX
OaHUYEBBIX CTPYKTYP B IKCIIEPUMEHTAX, TPEOYIONIUX HAHOCEKYHTHOE pa3pelieHue,
B HakonutenbHbIX Kosbllax ESRF u MAX [V, Takuwe cucTeMbl 3a4acTylo
TyOIUPYIOT ¢ TIOMOIIBI0 MEXaHMYECKOM M JJICKTPOHHOM cenekiuu. [4-6]. B To
BpeMsl KaK 3aTBOPhI IydKa SIBJISIOTCS CTaHAAPTHBIM DIIEMEHTOM (DPOHTEH]IOB
CUHXPOTPOHHBIX CTAHIIUNA C BBICOKON MOIITHOCTHIO BHIBOAMMOTO MTy4Ka, MOAYJIUPYSI
uzinydenus s norpeoureneit. Tak B BESSY II st ctanumu oTo3eKTpOHHON
CIIEKTPOCKOIIMM  HUCIIOJIB3YIOTCS ~ BpalfalOMEcs  MEXaHUYECKUE  CHUCTEMBI,
oOpabarsiBaromue notok B 3x10'° poronos/c. [7]

B noxnane npuBoguTcs 0030p, cpaBHEHUE U KilaccuUKaIUs IpepbiBaTeien
My4YKa BBICOKOAPHEPIETUUYECKOTO U3JIYYEHUSI HA OCHOBE HCIIOJIb30BAHUS HUX B
BBICOKODHEPT€TUUECKUX  KaHajlax  BbIBOAA  COBPEMEHHOTO HMCTOYHHUKA
cunxporponHoro uznydenus LKIT « CKH®y. [8,9].
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Cexnus

bunonornueckue CUCTCMBI, ITIOJIUMCPBI, BCIIICCTBO B
MATKOM KOHACHCHUPOBAHHOM COCTOAHHNHA
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TEOPETUYECKHUE OCHOBBI U OCOBEHHOCTMU AITITAPATYPbI
METOIA MAJIOYIJIOBOT'O PEHTTEHOBCKOI'O 1 HEMTPOHHOI'O
PACCEAAHMSA B UCCIEJOBAHUUN CTPOEHUA BUOITOJIMMEPHBIX

CUCTEM

B.B. Bonxog*, I1.B. Konapes', M.B. Ilemyxo6®

YHUI] «Kypuamosckuii uncmumymy
2 UDXD um. A.H. Dpymxuna PAH

MeTtoapl  ManoyriioBOro PpPEHTTEHOBCKOIO W HEUTPOHHOIO PacCesHUs
(MYPP/MYPH) nonyunnu B mocjaeHUE ABa AECATUICTUS IIUPOKOE Pa3BUTHE, KaK
B IUIaHE Ja0OpaTOpHOM amnmapaTypbl, TaK U Ha CHUHXPOTPOHHBIX HCTOYHHUKAX.
3HauuTeNbHAsA A0JI1 UCCIEAOBAHUNA HAHOCUCTEM DPA3JIMYHOM NPUPOABI, BKIIOYAET
pe3ynbTaThl aHanu3a JaHHbIX MYP, KoTopble COOTBETCTBYIOT CTPOCHHUIO 00pa3lioB
B HAaTUBHOM CoOCTOSHMM. B  J1okimage paccmaTpuBaloTcs  OCOOEHHOCTH
CUHXPOTPOHHBIX CTaHIMM paccessHUsI U COBPEMEHHBIX J1a0OPAaTOPHBIX YCTaHOBOK,
KOTOpBIE 1O CBOMM IapameTrpam MNpHOIM3WINCh K CHUHXPOTPOHHBIM CTAHLUAM
BTOPOTO ITIOKOJICHUS.

Kpatkoe BBeneHHE B TEOPETHYECKHE OCHOBBI METOJA COIPOBOXKAACTCS B
JNOKJIaJle IPAKTHYECKUM IpUMepamMu. PaccMmaTpuBarOTCsS METOABl  pacyera
CTPYKTYPHBIX MHBAPMAHTOB HAHOYACTHI] B MOHOJHMCIIEPCHBIX 00pa3nax (paguyc
WHEPIIMM, MaKCUMaJbHBIA pa3Mep, O00bEM) M HECKOJIIBKO METOJOB pacyera
pacnpeneneHui yactul (1mop, KJIacTepoB B IMOJHMMEpPAax M T.I.) IO pa3MepaMm B
NOJIUJUCIIEPCHBIX — cucTeMax. OOCykAaroTcs  BONPOCHl  YCTOWYMBOCTH U
HEOJHO3HAYHOCTU MojydyaeMbix pemeHuil. Ilocneanee 0CoOEHHO BaXHO MpHU
noucke (QOpMbl U CTPYKTYphl HaHOYACTHUL HU3KOro paspeuieHus. PaccMoTpenue
BCEX BOIPOCOB COMNPOBOXKAACTCS JIEMOHCTPALMENl MOJEIBHBIX M NPaKTUYECKHUX
IIPUMEPOB.

PabGora BbIOJHEHAa B paMKaxX BBIIOJHEHUS TOCYJApPCTBEHHOIO 3aJlaHUs
HUII «Kypuarosckuii uHCcTUTYT» 1 UDXD PAH.

1. 1. U. CgepryH, JI. A. ®eiirun. PeHTreHOBCKOE M HEUTPOHHOE MAJIOYIJIOBOE paccesHue. — M.:
Hayxa. (1986). — 280c.

2. O. Glatter, O. Kratky. Small-Angle X—ray Scattering. — London: Academic Press Inc. (1982)
— 515 p. — ISBN 0-12-286280-5.

3. K. Manalastas-Kantos, P. V. Konarev, et al., J. Appl. Cryst. 54, 343 (2021).
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BO3MOKHOCTHU ITPOI'PAMMHOI'O ITAKETA ATSAS JUIA
NCCIEOJOBAHUSA CTPYKTYPbI BUOJTIOTHYECKUX CUCTEM B
PACTBOPAX 110 JAHHBIM MAJIOYIJIOBOI'O PACCESIHU A

I1.B.Konapes', M.B. Ilemyxo6?, B.B.Boaxoé*

YHUI] «Kypuamosckuii uncmunymy
2UDXD um. A.H. Opymruna PAH

MeTtoapl ManoyriioBOrO PEHTTEHOBCKOIO W HEUTPOHHOIO pacCesHus
(MYPP/MYPH) no3BoJisitOT M3ydaTh CTPOCHHE HEYHMOPSIOYEHHBIX M YaCTUYHO
YIOPSIOYEHHBIX BEIIECTB B JauanazoHe 1-100 HaHOMETpOB. DTH METOABI JAIOT
HEHHYI0O HMH(POpPMALUIO O CTPYKTYpe M JIMHAMUKE HCCIEIYyEeMbIX OOBEKTOB B
YCIOBUSIX, OJIM3KUX K €CTECTBEHHBIM.

[Iporpammusbiii maker ATSAS mnpeaHaszHaueH mjis oOpaOOTKM M aHAIM3a
nanHeix MYPP/MYPH ot uzotponHbix cucteM B pactBopax [1-3]. OcHOBHBIM
npunokeHneM makera ATSAS sBnsercs ompeneneHue (OPMBI  YaCTHIL
MaKpOMOJIEKYJT U OHMOJOTMYECKMX KOMILUIEKCOB, AaHAJIU3 paclpeleseHuss 0
pa3MepaM HAHOYACTHI[ B OPraHWYECKMX M KOMIIO3MTHBIX Marepuanax. Habop
nporpamM, Bxomsanmx B makeT ATSAS, mo3BoisieT mpoBOAWTH KakK MEPBUYHYIO
0o0pabOTKy JaHHBIX, TaK W TIOCTPOEHUE TPEXMEPHBIX MOJEIEH HU3KOIro
pa3pelnieHusi HAaHOYaCTHUIl B MOHOJUCIEPCHBIX 00paslax, HCIOJIb3ysl METO]
pasnoxeHus no cepuyeckuM rapMmoHukam. Kpome toro, umeercs BO3MOXKHOCTb
KOJIMYECTBEHHOTO ONMMCAHUS MOJBMKHBIX YaCTe MaKpOMOJIEKYJ B pa30aBI€HHBIX
pacTBopax.

Meronst MYPP/MYPH wacto coderaroTcsi cO CTPYKTYpHBIMH METOJAMHU
BBICOKOTO pas3pelieHusl, TaKuMU Kak OenkoBas kpuctamiorpadus, SAMP wu
AJIEKTPOHHASI MUKPOCKOMMs. OTO MO3BOJISIET MNPOBOAUTH OBICTPYIO IPOBEPKY
aTOMHBIX ~MOJEJIEd YacTUIl BBICOKOTO  pPa3pelieHHs, HACHTU(PUIUPOBATH
oJiuromepHbie (GopMbl U J00ABISATH OTCYTCTBYIOIIME (parMeHThl B MOJENIU
BBICOKOTO  pa3pelieHus. YerBepTuuHas CTPYKTypa  MaKpOMOJIEKYJSPHBIX
KOMIIJIEKCOB MOKET OBITh CMOJEIMpPOBaHA 3a CUET JABW)KEHUH M BpalleHUN HX
oTnenbHbIX cyobenunui. Taxxe Meroasl MYPP/MVYPH sddexktuBHbl mipu
KOJIMYECTBEHHOM aHAJIM3€ OJMTOMEPHBIX COCTOSIHUI pPaBHOBECHBIX CMECEH W Mpu
V3YYEHUU BPEMEHHOM KMHETUKH ITPOLIECCOB.

Pe3synbratel ananmuza ¢GopMbl OENKOBBIX MaKpOMOJIEKYJ U KOMILUIEKCOB C
nomoIpo nporpammuoro makera ATSAS mpencraBiieHbl Ha psjie TPUMEPOB.
Hossie Bo3amoxknoctt ATSAS (Bepcuu 3.0 u Bbiie) Oy1yT 00CykKIEHBI.

PaboTa npoBeneHa B paMkax BBIIOJTHEHUS TocyaapcTBeHHOro 3aaanus HULL
«KypuaTtosckuii uactuty™ 1t UOXD PAH.

1. P. V. Konarev, M. V. Petoukhov, et al., J. Appl. Cryst. 39, 277 (2006).
2. M. V. Petoukhov, D. Franke, et al., J. Appl. Cryst., 45, 342 (2012).
3. K. Manalastas-Kantos, P. V. Konarev, et al., J. Appl. Cryst. 54, 343 (2021).
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CTPYKTYPA XUMEPHOI'O PEKOMBMHAHTHOI'O BEJIKA C
INEPOKCUJIA3ZHOU U CYIIEPOKCUJIUCMYTA3ZHOU
AKTUBHOCTBIO

B.P. Camvieuna’, I1.B. KOHapeel, MI: lllapanoem, C.B. I'yokos*

THUI] «Kypuamoeckuii uncmunmymy
’Mockosckuii (pusuro-mexnuyeckuii uncmumym
SUnemumym 6uogusuxu knemxu Poccuiickoli akademuu Hayx
Uncmumym obweii pusuxu um. A.M. ITpoxopoea Poccuiickoii akademuu HayK

B pabore uccrnenoBanach CTpyKTypa XHMEpPHOTO PEKOMOMHAHTHOTO Oeka
PSH. bemok PSH cocrour w3 JByX aHTHOKCUJIAHTHBIX (DEPMEHTOB:
nepokcupenokcuna 6 denoBeka (Prx6) u cymepokcuamucmytassl (MnSOD) u3
Escherichia coli. Amnanu3  ¢usuko-xumuuyeckux cBoictB Oenka PSH
MPOJAEMOHCTPUPOBAT  €r0  BBICOKYIO AaHTHOKCHIAHTHYK aKTUBHOCTh. PSH
3alMIIAET JKUBOTHBIX OT JIETAJIBHBIX W CYOJIETaJbHBIX 103 HOHU3UPYIOUIETO
u3iydeHusi, HauOosee 3(p(HEKTUBEH NPU BHYTPUBEHHOM BBEJIECHUU HE3a0JI0 10
noHusupymoiero oomyyeHus. Kospduunent camxenus no3el 111 PSH cocrasun
1,33. PSH »¢dexktuBHO yMEHBIIAET CTENEeHb paauallMOHHO-UHIYIIUPOBAHHON
JeMKONEeHN W TPOMOOIMUTONEHUH Yy KUBOTHBIX. Kpome Toro, BBenenue PSH
cHkano nospexaeHne /JJHK B kileTkax KpacHOro KOCTHOTO MO3ra. XHMEpHBIH
pekomOuHanTHbii  PSH  Moxer  paccmarpuBatbess  Kak 3¢ GEKTHUBHBIM
PagUONPOTEKTOP AJII MUHUMHU3ALUA PUCKOB MOBPEKICHUS OpPraHU3Ma KUBOTHBIX
VOHU3UPYIOIIUM H3JIyYEeHHUEM U MOXKET OBbITh NMEPCHEKTHUBHOW TEparneBTHYECKON
MOJIEKYJION JJi1 TpPEeAOTBPAIICHMS/IOJABICHUE TMaTOJIOTMYECKUX COCTOSHUM,
CONPOBOXIAOIINXCS W BBI3BAHHBIX OKHCIIUTENBHBIM cTpeccoM. Ctpykrypa PSH
OblJJa yCTAaHOBJIEHa METOJOM MAaJIOYIJIOBOIO PEHTICHOBCKOTO pPAaccesHus B
pacTBOpe Il OOBSCHEHHS CBOWCTB XHMEpPHOIO O€jIka M €ro JaJibHEWIIEero
palMOHAIBLHOTO Nr3arHa. Onpeneneno B3aMHOE pPacoJIOKEHNE
CYNEPOKCUAIUCMYTAa3HOTO M  TNEPOKCHUPEAOKCHHOBOIO JIOMEHOB B  Oe€lKe.
OmnpezneneHo pacCTOSHUE MEXAY AKTUBHBIMU LEHTpaMU (PEpMEHTOB, KOTOpPOE
ONTUMAJbHO JUIsl TOCIJIEAOBAaTEIILHOTO NPEBpPALICHUs] PaaUKaIOB (epMEHTaMHU.
Takum oOpazom, ctpykrypa PSH cmocoOGcTByeT peanuzanu CHHEPreTHUYECKOTO
AHTUOKCUJIAHTHOTO JIEWCTBUSI XUMEPBl U SIBISIETCS OCHOBOM IS YIIyYIICHHS
CBOWCTB MOJICKYJIBI.

PaGota BrimonHena B pamkax roc3aganus HULL «KypaaroBckuit HHCTUTYT».
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KJIIACTEPBI-IIPEKYPCOPBI B KPUCTAJ/IVIM3AIIMOHHBIX
PACTBOPAX BEJIKOB: COBMECTHbBINA AHAJIA3 MAJIOYIJIOBOTO
PACCESIHUA U MOJIEKYJISIPHON TUHAMUKH

M.A. Mapuenkosa*?, FO.B Ilucapesckuii*, FO.A. /Jvsxosa*

Y HUI] «Kypuamosckuii uncmumymy
2FOicnbiii pedepanviuiii yHugepcumen

Hanmenee n3ydeHHON NpU KPUCTAIUIM3ALMU OCTAETCS HaydajbHasl CTaus,
MpeAIIeCTBYIOMAsl 3apojibleoopa3oBanuto. HemocTtaTouHOCTh 3HAHWM B 3TOM
00J1aCTH 0COOEHHO KPUTUYHA TSI KPUCTAITU3AIMK OCJIKOB.

Hamu mnpemnoxena monenp mnepexoia OT Pa3yHoOpPsSIOYEHHOTO KHIKOTO
COCTOSIHUA K TBeploi (paze uepe3 oOpa3oBaHUE CTPYKTYPUPOBAHHBIX KJIACTEPOB-
MIPEKYPCOPOB — AIEMEHTOB OYAYIINX KPUCTAIIOB.

CnpaBeJIMBOCTh MOJICJIM MPOBEPEHA B BBIYUCIUTEIBHBIX MOJIEKYJISAPHO-
nuHamudeckux (MJ]) pacuerax ©W B IKCHEPUMEHTAX [0 MaJOyIJIOBOMY
peHTreHoBckomy paccesautro (MYPP). Jlns wenmoro psga cucTeM NOKa3aHO
CYILIECTBOBAHHE  YIOPSJOYCHHBIX OJUTOMEpPOB, H3OMOP(PHBIX (parMeHTam
KpUCTAJUTA: I JU30LMMa — JIAMEPBI M OKTaMmepsl [l], mnsg Tepmonus3uHa —
rekcamepsl [2], mna nporenmHazbl K — gumepst [3], sl TpaHcamMHHa3bl —
nonexkamepsl [4].

[Iyrem mapajiesIbHOrO UCCIEA0OBAaHUS OJIMIOMEPHOM CTPYKTYpPhI pacTBOPOB
Oenka MM30IIMMa U 0COOCHHOCTEN 00pa3oBaHus TBEPION (pa3bl U3 ITUX PACTBOPOB
[I0Ka3aHa KOJIMYECTBEHHAs CBSA3b JIOJH KIIACTEPOB-IIPEKYPCOPOB C MEPEXOJOM K
TBEPI0M (pa3e u ¢ UCXOA0M KpucTau3anuu [1].

KombOunarius MYPP u MJI cHuMaeT HEOJHO3HAYHOCTH HWHTEPIpPETAIlUU
JaHHBIX [5]: nyumide anmpokcumanuu KpuBblX MYPP  npocturarorcs s
OJINTOMEPOB 0€3 KAaTUOHOB WM C MUHHUMAJIbHBIM YHCJIOM BCTPOCHHBIX HOHOB,
npeumytinectBenHo Cl™ ; M/l yka3pIiBaeT, 4To0 HIMCHHO aHUOHBI Ha paHHUX CTaIHsIX
CTAaOMIM3UPYIOT  JAUMEPBI/OKTaMepbl  JIM30I[MMa, TOrAa  KaK  KaTUOHBI
«BCTPAMBAKOTCA» IO3KE MO Mepe Kpuctaumsauuu. CuHeprus MeETOI0B
OOBSICHSIETCSI Pa3IMYHOM UYyBCTBUTEIBLHOCTHIO: MYPP «wiyulie BUANTY TSHKENbBIC
LHEHTPBI paccessuusi, M /] — nérkue aHuOHBI.

PaboTa npoBeneHa B paMkax BBINOJTHEHUS TocyaapcTBeHHoro 3aganus HULL
«Kyp4aTOBCKHI UHCTUTYT.

. M. A. Marchenkova, et al., Acta Naturae. 15, 1 (2023).

. M. V. Kovalchuk, et al., J. Biomol. Struct. Dyn., 37 (2019).

. A. S. Boikova, et al., Crystallogr. Rep., 63 (2018).

. M. A. Marchenkova, et al., J. Biomol. Struct. Dyn., 38 (2020).
. M. A. Marchenkova, et al., Crystals. 12 (2022).
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HNCCIEIJOBAHUE OTKPYYUBAHUSA THK OT HYKJIEOCOMbBI HA
INOCVIEJOBATEJIBHOCTH WIDOM 603 C UCITIOJIb30OBAHUEM
KPUO-OM U MYPP

L[ A. Apmees’, A.B. Moumeenxo', H.A. MomopuHI, JLA. AquHqu, Zhao Le?,
B.A. Bacunves’, I1.]]. Oneiinuxos’, I'C. I lex061’2, F.C.Hemepc’,
B.M. Cmyoumckuii!, A.B.®@eopanos'?, A.K. Illatiman’, Shi Xiangyan?,
O.C. Coxkonosa’

TMIY umenu M.B. Jlomonocosa
2 Shenzhen MSU-BIT University (Kumaii, Shenzhen)

Hyxneocomsl sBASOTCA (YyHIAMEHTAIBHBIMUA 3JIEMEHTAMH OpPTaHU3ALNH
XpOMAaTHHA, YYaCTBYIOT B yIuioTHeHUU reHoMHou JIHK u cimyxar muimensmu aiist
CBSI3bIBAHMSI MHOTOYMCIICHHBIX PETYISTOPHBIX OenkoB. B Hacrosmiee Bpems
u3BecTHO Oojnee 500 pasznuuHbBIX CTPYKTYp HykjiaeocoMm. HecMoTpsi Ha Oosblioe
KOJIMYECTBO  CTPYKTYp  HYKJIEOCOM,  pemepryap  IIOCIENOBAaTEIIbHOCTEN
HykineocoMHbIX /IHK B Hux BecbMa orpaHudeH. C MOMOIIBIO KPHOIIEKTPOHHON
MHUKPOCKOIIUM Mbl ONPEICIUIN CTPYKTYpPY HYKJIEOCOMBI, C(OPMUPOBAHHYIO Ha
nocnenosarensHoctd JJHK Widom 603, ¢ paspemenuem 4 A u pexoHCTpynpoBanu
aTOMHYIO MOJieib. MBI pa3pa0oTalii MHTErPAaTUBHBIN MOAXOJ K MOJEIUPOBAHUIO
JUISl U3y4yeHus pa3BopaunBanus HykieocomHol JIHK Ha ocHoBe nanubix Kpno-OM
u BepuduimpoBanu ero c¢ nomomplo MYPP u wusmepenunit @EpcTepoBCKOro
PE30HAHCHOIO  IEpeHOca  JHEprud. Mpbl  BU3YyaJuM3UPOBAIM  IIOMIATOBOE
orkpyunBanue JIHK oT HykieocoMBbl M OpPOAEMOHCTPHUPOBAINA CUEILNICHHYIO C
OTKpPYYMBaHUEM NOTEpro nuMmepa TucToHOB H2A-H2B. CpaBHUTENbHBIN aHAIN3
CUMMETPUM KapT JJIEKTPOHHOM IUIOTHOCTH CBHUJIETENIBCTBYET O 3aBUCHMOCTH
cTopoHbl oTkpyunBaHuss JIHK oT mnocnemoBarenbHOCTH HYKIEOTHUIOB, YTO
coracyerca ¢ acumMmerpuenn npoxoxaeHus PHK  mommmepassl  ckBO3b
HYKJICOCOMBI.

Pabora mognep:xkana rpantamu Poccuiickoro Hayunoro douga Nel9-74-30003
(xpo-OM u ob6pabotka uzobpaxenuii, FRET wu3smepenus) u No 23-74-10012
(MOJIEKYNIIpHOE U UHTETPAaTUBHOE MOJICIIMPOBAHHUE).
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PEHTTEHOBCKHUE UCCIIEJOBAHUA IBYMEPHBIX HAHOCHUCTEM
HA MOBEPXHOCTH KUAKOCTHU. BOBMOXHOCTH
3KCNEPUMEHTAJIbBHOMN CTAHIIUU «JIEHTMIOP»

KYPYATOBCKOI'O HICTOYHUKA CUHXPOTPOHHOI'O U3JITYYEHUSA

H.H. Hosukosa®, A.JI. Tpuzy6*, A.B. Pozaues®, JI.P. Mygpmaxoea?,
K.B. Huxonaes'?, C.H. Axynun’

! Hayuonanvnoui uccnedosamenvcruii yenmp «Kypuamosckuii uncmunymy, Mockea
2 Mockoeckuii pusuko-mexnuueckuii uncmunym, Jjonzonpyonuiil

[IpencraBiien kpaTkuii 0030p Hcciea0BaHUN B 00JaCTH OMOOPTaHUYECKOTO
MaTepHUaIOBE/ICHUA, MPOBOJAUMBIX HA SKCIEPUMEHTAIBHON cTraHuuu ‘‘JleHrmiop”
Kyp4aTtoBckoro HMCTOYHHMKA CHHXPOTPOHHOrO wu3nydeHusa. HccinegoBaTenbekue
BO3MOYKHOCTH CTAHIIMM C HCIIOJIB30BAHUEM METO/A CTOSYMX PEHTIEHOBCKUX BOJIH
IIPOJIEMOHCTPUPOBAaHbl Ha NPHUMEPE CEPUM SKCIEPUMEHTOB, IOCBSIICHHBIX
U3YYEHUIO MEXAaHHU3MOB IOBPEXKICHHUS MOJICKYISIPHOW OPraHHM3alUu JIETOYHOIO
cyppakTaHTa IOJ  JEHCTBUEM  HAHOA’PO30JbHBIX dYacTul. Eme onHa
PEHTI€HOBCKass METOJMKA, PEAIM30BaHHAsI Ha cTaHmuM “JIeHrmiop” — MeTox
JIBYMEpHOM nu(dpakuud B TEOMETPUM CKOJIB3SIIETO MaJaeHHUsl, O0EecreunBaeT
BO3MOYKHOCTh M3y4aTh KUHETUKY CTPYKTYpOOOpa30BaHUs B ABYMEPHBIX CHUCTEMAX
Ha MOBEPXHOCTH >XKHMJIKOCTH. VI3MEpeHHs] ¢ MCNOJIb30BAHMEM METOJA JBYMEPHOMN
TU(QpaKIUy MO3BOJWINA TMPOBECTH IN SitU HCCIeTOBaHUS CIOXKHBIX TPOIIECCOB
peopraHu3aliil MOHOCJIOSl JKUPHOM KHUCIOTHI MPU B3aUMOJECHCTBUUM C HOHAMU
peaKo3eMenbHbIX MeTaioB. Ocoboe BHUMAHME YNENSAETCS SKCHEPUMEHTATbHOU
MOCTAaHOBKE METOJIa PEHTI€HOBCKOM CIEKTPOCKOIMHU MOTJIOUIEHUS Il U3MEPEHUI
Ha MOBEPXHOCTH XUJIKOCTU. B fokiiaze obcyxnaroTcs pe3yabTaTbl HCCIEIOBAHUN
OEJIKOBBIX MOHOCJIOEB Ha MEX(a3HOH TPaHUIIEe BO3TYX—IKUIKOCTb.

PaboTta BrinonHeHa npu GUHAHCOBOM Mojjep)ke MUHHUCTEPCTBA HAYKU H

BhIcIIero oopazoBanusi Poccuiickoit deneparuu (Cornamenne ot 30.05.2025 Ne
075-15-2025-512).
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HAIMOJIEKYJIAPHAS OPTAHU3ALIAA ITPOU3BOJIHBIX
PTAJIOIIMAHUHA B IIVTABAIOHIUX CJIOAX U TOHKUX IIVIEHKAX

A.B. Kazax'?®, M.A. Mapuenxosa?, U.B. Pvixos®*, A.B. Pozaues®, T.B. J[younuna®*,
b.B. Habamoe®, A.FO. Tonbun®

YUsanoeckuii 2ocyoapcmeennviii ynueepcumem, Meanoso
2«Uncmumym xpucmannozpaguu umenu A.B. Ily6nuxosay Kypuamosckozo komniexca
Kpucmannoepaguu u pomonuxu, Mocksa
SUnemumym guszuonocuuecku akmusnwix eewecme PAH, Yepnozonoska
*Mockosckuii 2ocyoapcmeennviii ynusepcumem um M.B. Jlomonocosa, Mockea
SHUI] «Kypuamosckuii uncmumymy, Mockea

alexkazak86@gmail.com

AKTYyaJbHOCTh MPEACTaBICHHOIO HCCIEAOBAHUS 3aKIIOYAETCS B TOM, YTO
MJIEHKW, TIOJy4YeHHbIe JIGHTMIODOBCKMMHM METOJaMH, OOJaJaloT BBICOKOM
CTEIEHbIO YIOPSIAOUYEHHOCTA W OJTHOPOJHOCTH. ITO CBSI3aHO C TEM, UTO MOJIEKYJIbI
B MOHOCJIO€ OPMEHTHPOBAHBI ONPEJCIEHHBIM 00pa30M, YTO MO3BOJISIET CO3/1aBaTh
YIOPSIOUYCHHBIE CTPYKTYpbl Ha MOBEPXHOCTU MOMJIOXKKH. Mopdoiorus migHOK
MOKET OBITh KOHTPOJMpPOBAHA MyTEM H3MEHEHHs YCIoBUHM mnepeHoca. Camblie
TOYHBIE METOJIbl U3YYEHUSI CTPYKTYpHI IUIABAIOIINX CJIOEB M IJIEHOK JleHrmropa-
[Mepdepa — penrreHoBckue wmeTojbl. C HX TMOMOIIBIO MOXKHO TMOJYYUTh
MH(OPMAIMIO O BHEIIHEW U BHYTPEHHEH CTPYKTYype HaHOMACIITAOHBIX OOBEKTOB,
UX pa3Mepax, OCOOEHHOCTSX paclojOKE€HUSs M BHYTPEHHEH MOJEKYISPHON
ApXUTEKTYpEe HEOJHOPOJHOCTEW IUUIOTHOCTH W/WIKM CTpYKTypbl. [lnaBaromue
(JIeaurmropoBckue) ciaou (GOpMUPOBATIU U3 PACTBOPOB UCCIICAYEMbBIX COSIUHEHHUS B
xsopodopme, Ha ycranoBkax Nima 601A, KSV 5000 u KSV 2000 (OunmsHIUN).
Cucremsr ounctku Boabl: Millipore Elix 3, Millipore Simplicity 185. s
WCCJIEIOBAHUSI CTPYKTYPHOW OpraHu3alii TUIABAIONIUX CJIOEB OBbUT MPUMEHEH
MeToa nudpakiuu B ckombasimeid reometpun (GID) u cTosunx BOJIH Ha CTaHIIUU
«JIearmop» Kyp4yaTOBCKOro HMCTOYHMKA CHHXPOTPOHHOTO M3JIyYeHUsS. TOHKuUE
IJIEHKK TOJIy4aJIM TOCJIEIOBATEIbHBIM IEPEHOCOM  CJIOEB  HCCIIEIYEMOTO
COEIMHEHUs C TMOBEPXHOCTH BOJbl HA KPEMHHUEBBIE M CTEKJISIHHBIE IMOJIOKKH.
[IepeHOC c0€B C MOBEPXHOCTH BOJIbI OCYHIECTBIISUICS MeTonoM JleHrmropa-
[lleddepa (ropm3onTtanbHbii dUEGT). TOMONOTHIO TOBEPXHOCTH | TOJIIUHY
MJICHOK, HAHECEHHBIX Ha KPEMHHUEBBIC MOMJIOKKH (n=1), OIEHUBAIM C TTOMOIIbIO
aTOMHO-CUJIOBOM MHUKpockonuu (ACM) B MOJYKOHTaKTHOM PEXKHMME C MOMOILBIO
mukpockona Solver 47 Pro (HT-MT, Poccus).

Takum o6pa3zoM, B JaHHOM paboTe OOBEKTaMHM HUCCIEIOBAHUS SBISUINCH
MPOU3BOJIHBIC (DTAJONMAHWHA PA3TUYHOTO CTpoeHus. s co3maHusi HOBBIX
3 PekTUBHBIX MaoAe(EKTHBIX TOHKOIJIEHOYHBIX MaTEpUajJOB Ha WX OCHOBE
OMpeIeIsIach CTPYKTYpa MOTYyYaeMbIX IJIaBAIOIIUX CJIOEB U TOHKUX TUICHOK.

HccnenoBanue BBIIOHEHO 3a c4eT TpaHta Poccuiickoro HayuHoro ¢oHma
Ne 25-73-20034
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CAMOCBOPKA KOOPIMHAIIMOHHOI'O MTOJIMMEPA HA OCHOBE
TETPAIIMPPOJIBHBIX KOMIIVIEKCOB HUKEJIAII) 1 PYTEHUSA(II)
HA MEX®A3HOM NOBEPXHOCTH

A.B. Apakuees’, A.II. Kpotimop', A.A. Imumpuenxo’, A.I' Mapmuvinoe’,
C.JI. Cenexmop'

I @edepanvroe 2ocyoapcmeennoe 6100cemnoe yupesicoenue nayku Mucmumym guzuueckoll
xumuu u dnekmpoxumuu um. A.H. @pymxuna Poccutickou akademuu nayx, 119071, Mocksa,
Jlenunckuii npocnexm 0. 31, kopn. 4

pcss_lab@mail.ru

[InanapHble HaHOMaTepHayibl, Kak 0a30Bble AJIEMEHTHl HOBEHUIIUX
AIIEKTPOHHBIX ~ YCTPOMCTB  MPUBJIEKAIOT BHUMAHHE  YYEHBIX  HECKOJIBKO
necarunetuid.  OgHako, MeETOAbl COOPKM  JBYMEPHBIX  KOOPJIMHAIMOHHBIX
nonmumepoB  (KII) ¢ ympaBiasieMbIMM CBOMCTBAaMH OCTalOTCSl  HEAOCTATOYHO
pa3zpaboranHbIMUA. OUEBUIHO, YTO U3YUYEHHE TAKUX CHCTEM, a TAK)KE OIpPECIICHHUE
MEXaHU3MOB MEPEKIIOUYEHNUN B HUX HEBO3MOXKHO 0€3 MPUMEHEHUS! PEHTTEHOBCKUX
MOBEPXHOCTHO-UYBCTBUTEILHBIX METOIOB aHan3a. B nanHo# paboTe, ¢ TOMONIBIO
peamusyemoii Ha craHuuu <«Jlearmrop» «KHMCH-KpywaroB» HOBaTopckoit
METOJUKH OJHOBPEMEHHOW PErucCTpallid PEHTICHOBCKOM  (hiyopecleHIuu
MOBEPXHOCTHOTO CJIOS MPU BO30YXACHUHU B 001acTh Kpas noriomenus u UV-Vis
CHEKTPOB MOIJIOIIEHUSI MOHOCJOSA, OBLIM HM3y4Y€Hbl XapaKTEpHbIE OCOOEHHOCTH
dopmupoBanuss KII Ha ocHoBe cMmemaHHbIX MOHOCIOEB JleHrmiopa
TeTpanupposibHbIX KoMIuiekcoB HUkessi(I1) u pyrenusi(II).

C nomomiesto in situ XANES cnekrpockonuu Bo (IyopecileHTHON Mojie
MOHOCJIOSl HAa TTIOBEPXHOCTH BOJIbI BIIEPBbIE ObUT JI0Ka3aH (paKT WHIYIIHMPOBAHHOTO
aKCHAJIbHOM KoopauHaruei cruH-kpoccoBepa Ni(Il), mpoucxonsiiero B mpoiecce
coopku KII Ha rpanune Bo3myx/Boma. Jlnms cmemaHHBIX JIGHTMIOPOBCKHX
MOHOCJIOEB MCCIIEAYEMBIX KOMIUIEKCOB C ITOMOIIBIO METOJAa ITOBEPXHOCTHOM
JUJATAallMOHHON PEOJIOTMM W MHUKpPOCKONMU yria bproctepa omnpeneneHsl
XapaKkTepHble OCOOEHHOCTH CTPYKTYpooOpa3oBaHUsi Ha Mex(a3zHOUl TpaHHIIE.
OmnpezeneHa 3aBUCUMOCTb CHJIBI 00pa3yromiencs KOOPAWHALMOHHOM CBSI3U OT
JIOHOPHO-AaKIENTOPHBIX CBOMCTB aKCHAJIbHBIX U MEPUPEPUUECKUX 3aMECTUTENCH B
UCCJIEYEMbIX KOMILIEKCAX.

brmarogapss wucnonb3oBaHnro  XANES chnekrpockonuu B reOMETpUH
CKOJIB3SIILIETO TMAaJIEHUs PEHTICHOBCKOIO IydKa MAJig TBEPAOTEIbHBIX 00pa3loB,
MOJIYYEHBI JOKA3aTeNbCTBA BO3MOKHOCTHU MEPEHOCA KOOPAMHALIMOHHOTO MOJIMMEpa
Ha TBEPAYIO MOMIOKKY MeToAoM JIeHrMiopa-biaokeTT, 4To mo3BoJsieT MPOBOIUTh
JaNbHENITYI0 paboTy MO M3YYEHHUIO IJIaHAPHBIX aHcamOsel B yCIOBUSX, OMU3KHX
K pEJIbHBIM JIEKTPOHHBIM YCTPOICTBAM.

PaGora BemonHeHna npu ¢guHaHcoBou moaaepkke PH®, rpant Ne 23-73-
00037

66


mailto:pcss_lab@mail.ru

MAJIOYIVIOBOE PACCESTHUE HEMTPOHOB U PEHTTEHOBCKHX
JYUYEW HOBBIX TUIIOB ®EPPOKUJIKOCTEM JIJIS
MATHUTOONTUYECKUX NPUJIOKEHUI

M. Banraworw?, C.H. Jlvicenxo?, C.A. Acmagpvesa?, A.U. Hsanvros',
A.X. Dnvmexasut, O.H. Jluc, E.B. JIykun', O.JI. Openosuu?

Yousdn, iybua, 141980, Poccus
2 UTX YpO PAH, Ilepmv, 614013, Poccus

@eppoxuakoctu (D) mnpeacraBnsaoT coOOM  KOJUIOMABI MAarHUTHBIX
HAHOYACTHIl B JKHIKOH cperne. Bo Bcex mpumenenusx @XK cocrta, pazmep u
(dbopMa JacTHUI[ OCTAIOTCSI BAXKHSUIITMMH MapaMeTpaMu, IMOCKOJIBKY OT HUX CHIIBHO
3aBUCSIT MHOTHE XUMUYECKHE U (PU3NYECKUE CBOMCTBAa HaHOUYacTUIl. B Hacrosiei
paboTe MPUCTABJICHBI UCCIEIOBAaHUU Psijla HAHOYACTHI] (DEPPUTOB JBYXBAJIEHTHBIX
METaJUIOB B TOPOIIKAX WA BOTHBIX (HEPPOKUIKOCTIX, PA3TUIAONTUXCS T10
COCTaBy, pazMepy u ¢opme.

bnarogapHocts. ABTOpHI BbIpaxaroT OijaromapHocts O. BelnBaHHOU 3a
aHaJIM3 METOJIOM MPOCBEUYNBAIOLIECH dJIEKTPOHHON MUKPOCKOIIUH.

1. S. Lysenko, A. Lebedev, S. Astaf'eva, D. Yakusheva, M. Balasoiu, A. Kuklin, Yu. Kovalev,
V. Turchenko, Physica Scripta 95 044007 (2020)

2. M. Balasoiu, S. Astaf’eva, S. Lysenko, D. Yakusheva, E. Kornilitsina et al., J. Surf. Invest.: X-
Ray, Synchrotron Neutron Tech. 17(3), 730-737 (2023)

3. M. Balasoiu, S. Astaf’eva, S. Lysenko, D. Yakusheva, E. Kornilitsina et al., J. Surf. Invest.: X-
Ray, Synchrotron Neutron Tech. 18(3), 736-744 (2024)

4. M. Balasoiu, D. Buzatu, O. Ivankov, A.-M. Bildsoiu—Gaina, S. Lysenko, S. Astaf’eva and C.
Stan, U.P.B. Sci. Bull., Series A, 82(4) 249-258 (2020)
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CTPYKTYPA NIOJIUMEPHBIX ASPOT'EJIEN, IIOJTYYAEMBIX
PACTBOPEHUEM ITOJIMAMUIA 6,6

A.E. Bapamm;coel, C.A. J]epMOHmoez, C.1O. Komyos*, I.C. T. apaﬂl,
A.H. Manxosea?, D.A. Tpyanosa®, A.C. baoyuna®, IO.E. I'opuxosa®,
L.I1. Konuya*

Y Unemumym obweii u neopeanuueckoii xumuu um. H.C. Kypnaxosa PAH, Mockea
2Uncmumym ¢usuonoeuvecku akmusnwix eewecms OHUIL] ITpobrem xumuueckoti pusuxu u
MeOUYUHCKOU XUMUU
3 /labopamopus Heiimponnoti @usuxu um. U.M. @panxa, O6vedunennvii Hncmumym
Hoepuwvix Hccnedosanuil, /[yona
4 [Temepbypeckuii uncmumym sdeproii pusuxu um. b.I1. Koncmanmunoea - HUI]
«Kypuamoeckuii uncmumymy, I amuuna

Absporenu MpeACTaBISIIOT cO00M MEPCIEKTUBHYIO TUIATPOPMY JUIsl CO3JaHUs
psana GyHKIMOHAJIBHBIX W TEIUIOM3OJSIIMOHHBIX MaTepHalioB, coudeTas B cebe
BBICOKYIO YJIEJIBHYIO MOBEPXHOCTbh, MOPUCTOCTh M HU3KYIO IUIOTHOCTh. C TOYKH
3pE€HUs XHMHUYECKOTO0 COCTaBa aj’porejl MOKHO YCJIOBHO pa3/eliuTh Ha JBa
KJlacca: HEOPraHWYeCKHEe M OpraHMYecKHe. 3a IMOCJEIHEE NeCATUIIETHE ObLIN
CUHTE3UPOBAHbI MHOTHE THUIIBI OPraHUYECKUX, B MEPBYIO OYEPEab MOJUMEPHBIX,
ajporeiied  MyTeM NPUMEHEHHS MOAXOJOB  30JIb-T€b  TEXHOJOTHHA K
TEPMOILJIACTUYHBIM CUHTETUUECKUM MOJTUMEPaM.

B nHacrosimeir paboTe METOAOM  pacTBOpeHUs mnojuamuga 6,6 B
JMMETHIALETAMU/IE B IPUCYTCTBUH XJIOPUAA JUTHUS MOJTYyYECHBI IOJUMEPHBIE TEIIH,
CBEPXKPUTHYECKAsA CYIIKa KOTOPBIX MO3BOJWJIA TIOJYYUTh MOHOJUTHBIE
BBICOKOIIOPHCTBIE MOJIMMEPHBIE adPOTeNU C YAeIbHOM MoBepXxHOCThI0 20+70 M/T,
yaensHbIM 066eMoM mop 0.1+0.4 cM®/r u ynensHOM mopuctoctsio 60+90%.

C wucnosb30BaHMEM KOMIUIEKCa B3auMojaonoiHsoommx MeroaoB (MK-
CIIEKTPOCKOTINH, TEIMEBOM MUKHOMETPUM, HHU3KOTEMIIEpaTypHOU ajcopOoiuu
azota, COM, PD®A wu MVYPP) npoBeneH AeTanbHBIA aHAIU3 CTPYKTYpPHI
MOJIy4YEHHBIX ~MaTepUajJjoB C ydyeToM OOJIBIIOIO0 MAacCMBa  MMEIOIIUXCS
JUTEPATypPHBIX JaHHBIX.

VY CTaHOBIEHO, YTO MOJYYEHHBIE a3POTeNId XapaKTEepU3YIOTCA 3HAYUTEIbHO
0oJiee BBICOKOM CTENMEHbI0 KPUCTAJUIMYHOCTH 1O CPABHEHUID C HCXOJHBIM
nosuMepoM. [lpeasioxkeHbl CTPYKTypHBIE MOJIETH, ONHUCHIBAIOLIME XapaKTep
MVYPP na nonuamuae 6,6, B TOM 4YHMCIE Ha COOTBETCTBYIOIIMX a3pOTeNsiX, C
Y4ETOM pa3IMYHOW CTENEHH KPHUCTAJUIMYHOCTA MarepuaioB. OHU TOKa3bIBAIOT,
YTO HAIMYME IIMPOKOTO MMKA B JMANa30He MepedaHHbIX nMmyascoB 0.05+0.1 A
MOXET HE OTBEYATh YMOPSAOYEHUIO KPUCTAUIMUYECKUX JIAMEIUIIPHBIX JOMEHOB B
amopuOM daze momuamuga 6,6, a CBUACTEIHCTBOBATH O HAIWYHE OJIMIKHETO
MopsiiKa BO B3aMMHOM PAcIOJIOKEHUH HEOJAHOPOAHOCTEN (wactuil (mop)) B
CTPYKTYpPE a3pOredis.

PabGoTa BeInosIHEHA Tpu moepkke npoekra PHO (rpant Ne23-73-00028).
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KPUCTAJJIN3ALINSA KAPBOCHUJIAHOBBIX JEHJIPUMEPOB
BBICOKUX '’EHEPALIMN: OT 3AIIOJTHEHUS TIPOCTPAHCTBA K
IIJIOTHOMU YIIAKOBKE

A.B. Baxupos'?, M A. Illepbuna’>, A.M. Mysapapos’?, C.H. Yeanyn'~

! HUnemumym cunmemuueckux nonumepnvix mamepuanog um. H.C. Enuxononosa PAH, yi.
IIpoghcorosnas, 70, Mockea, 117393
’Hayuonansuuiii uccnedoeamenvckuti yenmp «Kypuamoesckuii uncmumymy, ni. Akademuxa
Kypuamosa, 1, Mockea, 123098
SMocxkoeckuii puzuxo-mexuuveckutl uHCmMumym (HAYUOHATLHBLIL UCCIE006AMENbCKULL
yHugepcumem) Uncmumymcxuii nep., 9, Honeonpyonuwiii, Mockosckas oon., 141701
*Uncmumym snemenmoopzanuyueckux coeounenuii um. A.H. Hecmeanoséa PAH, yn. Basunoea, 28,
Mockea, 119334

KapbocunaHoBble eHIpUMEphl BBICOKMX T'€HEpalMil MpOsBISIOT CBOWCTBA
KaK MaKpOMOJIEKYJl, TAK M HAaHOYACTHUI] U MO3BOJISIOT MOJEJIMPOBATH CIIOKHYIO
3alady ~ yHakOBKM  MATKUX  KBa3uC(epHUUeCKUX OOBEKTOB B XOPOLIO
OpPraHM30BaHHYIO TPEXMEPHYIO CTPYKTYpy. B pabore mpennoxeH opuUrHHaJIbHBIN
HOJXOJ K KpUCTAUIN3alMU ACHIPUMEPOB BBICOKUX T'€HEpAIUil ¢ UCIIOIb30BaHUEM
IPOLEAYPbl OTKHMIa B MApax pacTBOpUTENs . BrisBieHre 00X 0COOEHHOCTEN
Me3odas, 00pa3yronmxcs B JACHApPUMEpPaXx HECKOJbKUX TEeHepalui, BKIIOYas
oOpa3oBaHuE IUIOTHOyMakoBaHHOM KyOuueckoii FCC wu  mepexonoB  u3
npumuTuBHON KyOmueckoii BCC B FCC, no3BosiieT MOHATH U BBIABUTH 0OILIKE
CBOMCTBa TpOIecca KPUCTAIUIM3AIUH, MIPOUCXO/IAIIETO B PE3yIbTaTe HapyIICHHUs
CUMMETPHH.

BCC FCC

Pucynoxk 1. Cxema a3oBoro nepexojia mpu OTKHUre B napax Toiayoia aeHapumepa Go6.

1. Bakirov A.V., Tatarinova E.A., Milenin S.A., Shcherbina M.A., Muzafarov A.M. and Chvalun
S.N., Soft Matter, 2018, 14, 9755-9759.

2. Bakirov A.V., Shcherbina M.A., Milenin S.A., Tatarinova E.A., Buzin A.L., Muzafarov A.M.,
Chvalun S.N. Macromolecules 2024, 57, 4, 1625-1631.
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Cexnus

DJNEKTPOHHAs, NIOHHAsA W KOH(OKaTbHAs MUKPOCKOITHS
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PABBUTHE YJIBTPABBICTPOM SJIEKTPOHHOM MUKPOCKOITUA

A.A. Hwenko?®, C.A. Aceeg!, JI.I" Iloiioawes’, E.A. Paboe’

!Unemumym cnexmpockonuu PAH, yn. @usuveckas, 5, Tpouyx, 108840 Mocksa
MHPIA — Poccuiickuti mexnono2uveckutl yhugepcumem, MHCmumym moHKux XuMuy4eckux
Y
mexnonoeutl umenu M. B. Jlomonocosa, npocnexm Bepuaockozo, 86, 119571 Mocksa

DJIeKTpOHHAsT MMKPOCKOIHWS, HauuHasg oT pabor P. PymenGepra, M.
Knomsim 3. Pyckm B 1931 romy, sBiIsUiaCh MOIIHBIM —~ HMHCTPYMEHTOM
WCCJIEIOBaHUs BEIECTB, HAXOMSIIUXCS B PABHOBECHM WU OJIM3KUX COCTOSHUSX.
OnHako A Moxy4deHus: 0ojiee MOJHOTO MPEACTABICHUST 00 M3ydyaeMoM OOBEKTe
HEOOXOMMO HCIIONIb30BaTh METObI, MO3BOJISIONIME JaTh MHPOPMAIMIO O CBSI3U
AJIEMEHTOB TPHAJIbl “‘CTPYKTypa-AMHAMUKA-(DYHKLIHS X BO BPEMEHHBIX MacmTadax
IMPOUCXOSIINX TPOLIECCOB.

Hcnonb3oBaHue ynbTPAKOPOTKUX (HOTOINEKTPOHHBIX HMMITYJIBCOB OTKPBLIO
BO3MO)KHOCTh M3YYE€HUS CTPYKTYPHOU TUHAMUKH C BBICOKMM IPOCTPAHCTBEHHO-
BPEMEHHBIM pa3penieHueM. B 3TOl METOAO0JIOTMH WMITYJIBCHBIA 3JIEKTPOHHBIN
CT'YCTOK, C()OPMHUPOBAHHBIN 3a cueT (POTO3IEKTpOHHOTO 3(PdhekTa, odecrneunBaeT
KOTE€PEHTHOE 30HJUPOBAaHUE JUHAMUKH OBICTPONPOTEKAOIIINX
(OTOMHIYLIMPOBAaHHBIX IPOLECCOB B BEIIECTBE, BO30YXKIAEMBIX TEM K€
UCTOYHHUKOM JIa3epHOro u3iaydeHus. MHrerpauus (eMTOCEKYHIHOW Ja3epHOU
TEXHOJIOTUU U SJIEKTPOHHOM ONTHUKHM OKa3anach ype3BblYyailHO d(PPEKTUBHON HJis
U3Yy4YECHUS CTPYKTYpPHOU JTUHAMUKH B €CTECTBEHHBIX Macmtabax
IIPOCTPAHCTBEHHO-BPEMEHHOIO KOHTHMHYyMa. B pexuMe BusyalIn3anuu 3Ta
KOHLEIIHNS TpUBENIA K CO34aHUI0 4D 3IEeKTpOHHONW MUKDPOCKOIIMH, & B PEXKUME
AIIEKTPOHHOM JU(pakuuK NOSIBUIACh YHUKAJIbHAs BO3MOKHOCTb PETUCTPUPOBATH
aTOMHO-MOJIEKYJISIpPHbIE (DUITBMBI.

Bricokas 4UyBCTBUTENBHOCTh METO/IA B COYETAHUU C HU3KUM PauallMOHHBIM

NOBpEXJeHHEM o0Opa3lia TMO3BOJIMJIA HCCIENOBaTh CTPYKTYPHYIO JUHAMUKY
(GOTOXMMHUYECKUX peakuuid, (yHKIHOHAJIbHbIE MaTepualibl Ha KOMITAKTHBIX
YCTaHOBKAax B CTaHAAPTHBIX Ja0OPaTOPHSIX.
B nokiane paccmarpuBaeTcsi pa3BUTHE 3TOI0 HAyYHOTO HampaBlIE€HHS - OT
U3YYCHHUS HAHOCEKYHJHOW CTPYKTYPHOM JHHAMHKHA J0 (PEeMTOCEeKyHIHOU
KBaHTOBOM Tomorpaduu, OCHOBAaHHOW Ha  yABTPAOBICTPOH  DIEKTPOHHOU
Tudpakivy.
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IN SITU OTPAKATEJIBHASA QJIEKTPOHHASA MUKPOCKOIIUA JIA
NCCIEOJOBAHUSA MPOLECCOB CYBJIIMMAIINUA, TPABJIEHUS,
AJIEKTPOMUI' PAIMU, AACOPBIIMU METAJIJIOB U
IIIUTAKCHUAJIBHOT'O POCTA HA NOBEPXHOCTAX KPEMHUSA 1
KAPBUJIA KPEMHUA

A.C. I[lempos™?, JILU. Pocuno'?, E.E. Poosikuna'?, C.B. Cumnuxos®,
JL.E. Jlypaxos*?, JI.B. Illezno6", A.B. Jlamviues"?

1HHcmumzvm Gusuxu nonrynposooruxos um. A. B. Pacanosa CO PAH, Hosocubupck
Hosocubupcruii cocyoapcmeennwiii ynugepcumem, Hosocubupck

ObecnieueHre MNpeNEIbHBIX XapaKTEPUCTHK TETEPOCTPYKTYP MOHMKEHHOU
pa3MEpHOCTH  OOYCIaBIMBAETCSA YMEHHEM MPEHU3UOHHO  KOHTPOJMPOBATH
aTOMHBIC TIPOIIECCHI HA TMOBPEXHOCTH KPUCTAUIMYECKUX TIOJJIOKEK B XOJe
AMUTAKCUATILHOTO pocTa. CBEpXBBICOKOBAKYYMHAsl OTpaKaTejbHasi JIEKTPOHHAs
mukpockorus (CBB ODM) sBisercs sddextuBHBIM IN SitU MeTomom  Jyis
W3YYCHUS] aTOMApHBIX MPOIIECCOB HA MOBEPXHOCTSIX KPUCTAILUTUMYECKUX TMOII0KEK
B pEAJbHOM BpEMEHH, OO0JIAJalONINM JOCTATOYHONW YYBCTBHTEIHHOCTBIO IS
aHalln3a CTPYKTYypbl NOBEpXHOCTH [l]. Meron mo3BoiseT moaydaTh KapTHUHBI
mudpakiuu OBICTPBIX 3JIEKTpOHOB Ha oTpaxenue (100 k3B) u snexkTpoHHO-
MUKPOCKOIIUYECKHE M300paKEHUsI B OPITTOBCKOM KOHTpACTE, YTO OOeCTeunBaeT
BU3Yyalu3aluio MOpPGOJIOTUM Ha YPOBHE OTACIBHBIX MOHOATOMHBIX CTYNEHEW U
oOnacTeil ¢ pa3HOU CBEPXCTPYKTYpHOH peKoHCTpykiued. B Hacrosimieit pabote
NPEJICTABICHBl  pe3ysbTaThl HCcleAoBaHuld MetojgoMm insitu CBB  OOM
MOP(OJIOTUYECKUX M CTPYKTYpPHBIX TpaHchopmanuii Ha moBepxHocTsx Si(111),
Si(100) u 6H-SIC(1000) nmpu BBICOKOTEMIIEPATYpPHOH CyOIUMAanuu (BILIOTH JIO
TeMmreparyp IiaBieHusi) [1—4], TpaBieHHH KHUCIOPOAOM [2] SNHUTaAKCUAIBHOM
pocre (Si, Ge) [5], ocaxxaenuu metamios [5,6] (Sn, In, Bi, Sh, Pb). Beuin u3ydensr
duznyeckrne 3aKOHOMEPHOCTH (OPMUPOBAHUS CAMOOPTaHU30BAHHBIX CTPYKTYp 3a
cueT 5(P¢PEeKTOB SIEKTPOMUTPAIMA U HEPABHOMEPHOTO JBWKEHHUS CTYMECHEH,
OOyCJIOBJIEHHBIX HArpeBOM TMO/JIOKKH JDJCKTPUYECKUM TOKOM, a TaKxKe
OCaXJICHHEM TPUMECHBIX MaTepHuaaoB. BrepBbrie ByaJdnpoBaHa BHIIMHAJIbHAs
noBepxHocth 6H-SIC(1000) B mpoiiecce BBICOKOTEMIIEpATYPHOro OTxHra. beuia
nojiyuyeHa HoBasi uH(popMaius 00 aTOMHBIX Tporieccax Ha moBepxHocTAx Si(111) u
S1(100), mo3BonuBIIAsi Pa3BUTh CIOCOOBI YNPABIEHUS CTPYKTYpPOl MOBEPXHOCTH
Si I TOCHeayromero pocTa 3MUTAKCHAIBHBIX  MOJYIMPOBOJHUKOBBIX U
METaJUTMYECKUX TTOKPBITHH.

Pabota Beimonmnena npu QunrancoBoit mogaepxke PH® (rpant Ne 19-72-
30023) na obopynoBanuu LIKIT «HanocTpyKkTypbi».

1. A. V. Latyshev, A. B. Krasilnikov, et al., Appl. Surf. Sci. 60-61, C (1992).

2. S. V. Sitnikov, A. V. Latyshev, et al., J. Cryst. Growth, 457, 1 (2017).

3. E. E. Rodyakina, S. V. Sitnikov, et al., Siberian Journal of Physics, 14, 1 (2019).
4. A. S. Petrov, S. V. Sitnikov, et al., Semiconductors. 53, 4 (2019).

5. A. S. Petrov, D. I. Rogilo, et al., Appl. Surf. Sci. 609, 1 (2023).
6. A. S. Petrov, D. I. Rogilo, et al., Surf. Sci. 741, 1 (2024).
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PACHHBIVIEHUE ®OKYCHUPOBAHHBIM NOHHBIM ITYYKOM
BUHAPHBIX MATEPUAJIOB 1 MHOT'OCJIOMHBIX CTPYKTYP B
KPAEBOM PEKUME

H.U. bopeapom, A.B. Pymsanyes, P.JI. Bonxos

Hayuonanvnwiii uccnedosamenvckuii ynusepcumem « MUIT»

Hcnonbs3oBaHWE KpaeBOro peXUMa pPACHbUICHUS, pPEAIM3YyEeMOIro IpHU
MOCTPOYHOM  CKaHUPOBAHMHM  (POKYCHPOBAHHOTO HOHHOro myuyka (OUII),
MO3BOJIAET YMEHBUINTH KOHIEHTpauuio Ga B NPUNOBEPXHOCTHOW oO1acTu
dbopmupyemMbIX B KpeMHUU CTpYKTyp [1]. B pabore u3yudaercs pacrnblLieHHUE B
JTAHHOM PEKHMME MPAKTUYECKH BaKHBIX OMHAPHBIX MATEPUATIOB M MHOTOCIIOMHBIX
MOIJTOXKEK.

TecToBble CTpyKTYpbl TiyouHOW mnpumepHo 0.5 MM GopmMupoBanuch B
npubope Helios NanoLab 650 ¢ ucnonp3oBaHueM MOHOB rayuwms ¢ dSHepruend 30
KB. OcecumMmeTrpuyHble yrayOneHHs H3roTaBiIuBaMCh B SiO, ¢ HaHECCHHBIM
ToHKMM ciioeM Cr, a mpsAMOyroJibHbIe YIIyOJIeHUsS — B MOMJIOXKKE Si, MOKPBITOM
wieakord Al tommmaoN okoimo 200 HM (Al-Si). ToHkue (OaBIH MOMEPEIYHOTO
CEUYCHHUsI CTPYKTYp HUCCIEIOBaIMCh B MUKpockore Titan Themis 200 meromamu
MPOCBEUMBAIONIEH  pacTpoBOM  3nekTpoHHOM  MuKpockomuu  ([IPOM) wu
PEHTI€HOBCKOTO MUKpOAaHaIN3a.

Ha Puc. 1 npusenenst POM- (a) wu [IPOM-uzobpaxenus (0)
ocecuMMeETpUYHOTro yrayonenusa. Ha Puc. 1B moka3anbl ycpeHEHHbIE 1O TIIyOHHE
npopmim KoHmeHTpanuu aroMoB Ga (Cga) U1l yriyOJIeHWH, IMOJYYEHHBIX C
UCIIOJIb30BAHUEM TIOCTPOYHOM M CTaHJAPTHOW MHOTOIPOXOJHOM CTpaTeruit
CKaHUPOBaHUS, TIPH WCIOJB30BAaHMM BTOPOM ®3 HUX coiepxkanue Ga
YBEJIMYHMBAECTCS TOYTH HA TOPAJIOK.

Jlns yrioyOneHui, npuUroToBIECHHBIX B momioxke Al-Si, B oOmactu ux aHa
BbIsiBJICH ciioi Al TonmuHoi 6 HM. Ero Hanuune ykaspiBaeT, uTo yMeHbIeHHe Caa
rpu kpaesoM Bozzaercteun OUII cBsi3aHO ¢ BTOPUYHBIM PaCIbUIEHHEM MaTepraia
aTOMaMH, BBIOUTHIMH HMOHHBIM TIyYKOM C HAaKJIOHEHHOW OOKOBOW CTEHKH
CTPYKTYpBHI.

Takum 06pa3oM, MOKa3aHO, YTO PACHBUICHHUE B KPAeBOM pekuMe d(P(HEeKTUBHO
st popmupoBanus cTpykTyp B SiOy, a u3ydenue yriayonenuit B Al-Si mo3sonuino
pPacUIMPUTh MPEACTABICHUS O MPOUCXOAAIIMX IPU 3TOM IIPOLIECCaAX.

El

B CkaHupoBaHue:
= - [IOCTPOYHOE

=== - MHOronpoxogHoe

402z, HM

Puc. 1. POM-u3006pasicenue ocecummempuynozo yenyonenus (a), IIPOM-uzobpadsicenue e2o
ceueHusl, OMMeYeHHO20 NYHKMUPOM Ha (a), u npoghunu pacnpedenenus Ga no enyoune (8).

PaboTa BeimonHeHa npu (uHaHcoBoW momanepkke Poccuiickoro Hayunoro
®donna (cornamenue Ne 23-19-00649).

1. Rumyantsev A. V., Borgardt N. I., Volkov R. L. Nanoscale. 17, 21141 (2025).
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CTPYKTYPHBIE ITPEOBPA3OBAHMS B IVIEHKAX NiO ITIOCJIE
OT/KUTA

A.JI. Bacunwes', U.H.T pyHbKqu, .M. Hawaes*, A.I1. Hocog?,
H.A. Cyb6oomun®, A.O. bensesa®, O.A. Konopamves', C.I'. Huxonaesa*

Hayuonanvuwiii uccredosamenvckuii yenmp «Kypuamoscruii uncmumymy, Mockea
2Uncmumym ¢uszuxu memannos um. M.H. Muxeesa YpO PAH, Examepun6ype

NiO — martepman ¢ aHTH(QEPPOMATHUTHBIM THIIOM YIOPSIOYEHHUS MarHUTHON
MOJICUCTEMBl MOXXET HAWTH NPUMEHEHHE B YCTPOWCTBaX aHTU(EPPOMATHUTHOMN
COMHTPOHUKH, KOTOpPbIE MaJ0 YyBCTBUTEIbHbI K BO3MYILICHHSIM BHEIIHUX
MAarHUTHBIX TOJEH, XapaKTepU3YIOTCS YJIYYIIEHHBIMU BBICOKOYACTOTHBIMU
XapaKTEPUCTUKAMU U MPOSBISIOT YHUKAJIBHBIE MArHUTPOTPAHCIIOPTHBIE CBOMCTBA
[1]. JlonmonHUTENbHBIE MEPCIEKTUBBI BO3MOXKHBIX pruMeHeHuil NiO MoryT ObITh
CBSI3aHBI C €T0 JIeTupoBaHueM 3d-MeTaulaMu, TAKHMH KaK KeJIe30 WM KoOasbT, 3a
CUYET KOTOPOrO0 MOKHO CYLIECTBEHHO BIMSATh Ha pPa3IUYHbIE XapaKTEPUCTHKHU
MarauTHoH rmoacucteMsl NiO [2,3].

PesynpraTsl AIEKTPOHHO-MUKPOCKOITMYECKUX U PEHTIE€HOBCKUX
UCCIJIEJOBAaHUM MJICHOK OKCcHUJa HUKeNs ¢ coaepkanueM Fe — 0.5-2% noxazanu, yto
npu HambuleHun NiO Ha mnogioxky Al,O3 MarHeTpoHHBIM —HambUICHHEM
napameTpbl KpUCTAUIMYECKON PEIIETKH OKCUA HUKEII MEHSIOTCS B 3aBUCHMOCTH
ot toimuHbl MIEHKU. [locie omxura cucteMbl NiO/Al;O3 mpOMCXOIUT BBIXO
xeneza u3 pemetkn NiO w ero cerperanusi Ha MEX3EPCHHBIX TpaHHIAX U
uHTepdelice MmieHKa/moanoxka. KpoMe 3TOoro mpoMcXoauT pocT ABOMHHUKOB. B
pe3ysbTaTe  TBEPIAOTEIBHOM  PEAKUHWH, CTUMYJIMPOBAHHOM  TEPMUUYECKUM
BO3JIEHICTBHEM B o0OnacT wuHTepdelica MPOUCXOAUT O0Opa30BaHUE ILIMUHETU
FeAl,O;. Beixon jkene3a CONpPOBOXKIACTCS YMEHBIICHUEM IapaMerpa PEIeTKH
NiO, yMeHbILIEHHEM COAEpKaHUs KHUCIOPOJa, YTO, MO-BUAMMOMY, NPHUBOJIUT K
najeHuto wiotHoctu aedexron B mwieHke NiO.

1. Jungfleisch M.B., Zhang W., Hoffmann A. Physics Letters, Section A: General, Atomic and
Solid State Physics. 382 (13), 865 (2018).

2. Wang J. et al. Appl Phys Lett. 87 (20), 1 (2005).

3. Mallick P., C. Mishra N. Am.J.Mat.Sci. 2 (30), 66 (2012).
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PACHPEJAEJIEHUE ATOMOB B OKPECTHOCTHU JUCJIOKALIUA
HECOOTBETCTBUS MEXIY MMOJJIO0KKOM KPEMHHUS U
MU TAKCHUAJIBHBIM CJIOEM Ge-Sb-Te

A.C. Ilpuxoowxo®, E. 3anno? P. Kanapxo®, H.U. Bopeapom*

Hayuonanvuwiii uccnedosamenvcruii ynusepcumem «MUITy
2Uncmumym Banemepa Hllommuiu, Texuuveckuii ynusepcumem Mionxena
SUncmumym Muxposnexmponuxu u Muxpocucmem (IMM)

OnurakcuanbHble wieHkH Ge-Sh-Te (GST) Ha mouokkax Si peacTaBisoT
UHTEpEC I yCTpOHCTB dazoBoil mamsaTu. M3BecTHO, uyTO Ha rpanuie Mexay GST
¥ TIOMJOXKKOH Si TaCCHBUPOBAHHOW aToMaMu Sh 00pa3yroTcsl AMCIOKAIUH
HECOOTBETCTBUSA [l], CTpyKTypa KOTOPBIX HEJOCTATOYHO M3yudeHa. B Hacrosien
pabote BimsHUE HecoOTBeTCTBHs pemrerok GST wm Si Ha mo3wmmm atomMoB Sh B
OKPECTHOCTH JUCIIOKAIUU U3y4aJoch METOJIOM KOJIMYECTBEHHOU
BBICOKOPA3pPEIIAIOIIEN TPOCBEYNBAOIIEN AIEKTPOHHON MUKPOCKOIIUH.

[TonoxxeHne aToMoB Sb B 00JIaCTH TUCIOKALUU ONPEAEIISIOCh C TTOMOIIBIO
UTEPAaTUBHOM MpOLETYypbl CONOCTABIEHUS SKCHEPUMEHTAJIbHBIX M PACUETHBIX
MukpogoTorpapuil. s HaxX0XKIEHHUs YCPEIHEHHOI'O PACIPEIENICHHs aTOMOB B
OKPECTHOCTU 3KCTPAIUIOCKOCTH (pHUC. la) 3KCHnepUMEHTalbHbIE H300paKEHUs
YCPEIHSIMCh BIIOJIb TPAaHMIBI aHaloru4Ho [2]. [ns pacuera mukpodrorpaduii
(puc. 10) ucnosb3oBajiach aTOMHUCTHYECKash MOJENb, MO3UIMU Sb B KOTOpOH
3aJ1aBaJIUCh B COOTBETCTBUH C IUNIOTHOCTBIO PACIIPEAEIECHUS aTOMOB P(X,Y) C IByMs
NOATOHSIEMbIMU  mapaMmerpamu. Halinennas ¢ynkuus p(X,y) Ha puc.lB
TIOKa3bIBAET, YTO B 00JIACTH IKCTPAIUIOCKOCTH YIJIbI CBsized Si-Sb Bapeupyrorces B
muanazone Ao ~10°.  Ilpo¢unu  WMHTEHCUBHOCTH 1  pacyeTHOM U
HKCIIEPUMEHTAIbHON MUKpodoTorpaduu, MOCTPOCHHBIE BAOIL CTpENKH A Ha
puc.la, 16 1eMOHCTPUPYIOT XOpOILIEee COTIACHe IKCIIEPUMEHTAIBHBIX U PACUETHBIX
U300pAKEHU.

Takum o0pazom, CTPYKTYpHBIE AIEKTPOHHO-MUKPOCKOMTUYECKUE
UCClieIoBaHusl Mmoka3aiu, 4yTo Ha rpanuiie GST/SI csa3u Si-Sh OTKIOHSIOTCS OT
HOPMAJIBHOTO K TpaHulle HamnpasieHHs. BelnynHa 3TOro OTKIOHEHHUS JOCTUTaeT
MaKCUMaJbHOTO 3HAaY€HUsI B O00JACTH s/pa AUCIOKALMH M TOCTENEHHO
YMEHBILIAETCS TI0 Mepe yAAJIEHUs OT HEro.

- . . .GST. .
Puc.1l — (a) — sxcnepumenmanvroe u (6) pacuemuoe Ha 0CHOBE AMOMUCNUYECKOLL
mooenu (8) uzobpasicenus: ouciokayuu necoomeememeusi medxicdy Si u GST

1. Ross, U., Lotnyk, A., et al.,. Journal of Alloys and Compounds, 676 (2016).
2. Borgardt N.I., Plikat B., et. al., Phys. Rev. B, 70 (2004).
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WCCJEIOBAHUE PACHIPEJIEJIEHUS OCTATOUHBIX HATIPSIXKEHUI
HA PEJIBE®HOM MOBEPXHOCTHU MAMC-KHUMT YHMIIA
TEH3OIIPEOBPA3OBATEJIS JIABJIEHUS METOJIOM PAMAHOBCKOM
CIIEKTPOCKOIINA

JI.B. Cokonoe

AO «Pamenckoe npubopocmpoumenbHoe KOHCMPYKMOopCKoe 01opo»

Ilenp wuccnenoBaHus — ONTUMHU3UPOBATH KOHCTPYKTHBHBIE I1apaMeETpPbI
npeoOpaszoBaTesnisi JIaBJICHHs Ha OCHOBE OJKCIEPUMEHTANbHBIX HCCIIEIOBAHUIN
pacrnpeneneHus OCTaTOYHBIX YIPYTUX HaNpsbKeHUH Ha pelibeHOM MOBEPXHOCTH
MOMC-KHUMT uyumnma wmeMOpaHHOTO  TeH3oIpeoOpaszoBaTelis C  IEJbI0
JOCTUKEHUSI MAKCUMAJIbHOW YyBCTBUTEIBHOCTH JIaTYUKA.

OOBeKTOM HCCIIEI0BaHUS SIBIAIOTCS YIIPYrUe cTaTHuecKue HanpsokeHus [1],
BO3HMKAIOIIME  HAa  TIpaHMINAX  pasgena  MukpoMmexanudeckon — KHU-
IeTEPOCTPYKTYPBl: MOHOKPEMHMEBas TEH30paMKa — CJIOW  CTEKJIIOBUJIHOIO
JIUAJIEKTPUKAa — MOHOKpPEMHHEBas MeMOpaHa. MOHOKpeMHHEBasi TEH30paMKa
COCTOMT M3 UEeThIpEX paBHBIX 4YacTeidl, 0Opa3yloluX CHUMMETPUYHBINI
U3MEPUTENBHBIN MOCT.

HccnenoBanus BBINONHSUIUCH C MTOMOILIBIO MHUKPOCKOINa KOMOWHAIIMOHHOTO
paccessHust Senterra II dupmber OOO “Bruker” [2] Ha NMUIOTHOW NMapTHUU YHUIIOB
TEeH30MpeoOpa3oBaresisi, MU3TOTOBJICHHBIX B  paMmkax  BeimojgHenuss  HUP
«HccnenoBanne CTPyKTyp KPEMHHM Ha HM30JTOPE M CHOCOOOB (POPMHPOBAHMS
U3/1 Ha ocHoBe KHU retepocTpyKTypsl JUIsl CO3AaHUs JaTYMKOB JaBICHUS HOBOTO
IIOKOJICHUSI.

OKCHEPUMEHTAIBHO YCTAHOBJIEH XapakTep pacHpeleieHus] OCTaTOYHBIX
YIPYTUX HAOPSDKEHUH B JIOKAJIBHBIX 00JACTSAX MUKPOMEXaHUYECKOM CTPYKTYpPHI, a
TaK)Ke ONpEENICHbl BEJIMYMHBI M 3HAK HaNpsHKeHUH Ha penbeHON MOBEpXHOCTH
yuna MOMC-KHU TtenzonpeobpasoBarens naBieHus. MakCUMyMbI CTaTHYECKHUX
HanpspkeHnit cxkarusg 870 MIla oOnapyxeHsl Ha OokoBbIX Tpanax {111}
TEH30paMKU BOJM3M TPAHMIIBI X MepecedyeHus ¢ miockoctbio [100] memOpaHbl B
LIEHTPE PAMKH BIOJIb €€ MOMEPEYHON OCH.

JIns  TOATBEPKICHHUS  OXKUIAEMBIX  TEXHUYECKHMX  XapaKTEPUCTHK
VHHOBALIMOHHBIX MOMC-KHUMT TeH30IpeoOpa3oBarenen JaBJICHUS
HeoOxonumo BeinosHeHue OKP. Umeercs npobnema punancupoBanus OKP.

1. PabotnoB FO.H. Mexanuka nedopmupyemoro teeproro tena. M.: Hayka, 1988. 712 c.
2. Woo Sik Yoo et al. // J. Micro/Nanolithogr. MEMS.MOEMS. 2014. V. 13(1). Art. Ne 011205.
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CTPYKTYPA IPUOHHBIX ®UBPUJLJI BEJIKA Sup35, BBIAEJIEHHBIX
N3 KJIETOK JPOKEHN, Y EE CBSI3b C IPHOHHBIM ®EHOTHUIIOM

A.A. Hepaanes!, [0.M. Yecnokoe’, A.Jl. Bypyeea’,
T.H. Batimyxameoos’, O.B. Mumokesuu!, K.M. Boiixo’, B.B. Kywunupoe!

1HHcmumym Bbuoxumuu um. A.H. baxa, @UL] buomexuonoeuu PAH
’HUI] « Kypuamosckuil uncmumymy

[Touck mopmenei, OOBACHAIONIMX B3aHUMOCBSA3b TPEXMEPHON CTPYKTYpPHI
aMUJIOUHBIX TOTUMOP(OB € UX (PEHOTUNMUYECKUMU MPOSBICHUSAMHU B KIIETKaX U
OpraHu3Max, SBJISI€TCS OJIHOM M3 HEpa3peuIeHHBIX MpoOJIeM aMUIOUTHOM
Oouosnoruu. B TO BpeMs Kak B MHOTOKJIETOYHBIX OpraHU3Max MOUCK MOAO0O0HOM
MOJIEJIM CUJIBHO 3aTPYIHEH UX CIOXKHOCTBIO, TPUOHBI OJJHOKJIETOUHBIX OPTaHU3MOB
IPECTaBIAIOT co00il Ooee yaoOHYyI0 MOJIENb, TaK KaK B X CIIydae CBSI3b MEXIY
(bUBUKO-XUMUYECKUMH CBOMCTBAMHU MPUOHHBIX MOJIMMEPOB M WX HAOIIOIaeMbIMU
(EeHOTUNMYECKUMU MPOSIBICHUSIMU TPOIIEe PEKOHCTPYUPOBaTh. poXk:keBoi MPUOH
[PSI+] (nacnemyemble amuiounabl Oenka Sup3S), NPENCTABICH «CUIBHBIMU» U
«cma0dbIMM» CTPYKTYPHBIMH BapuaHTaMu. PaHee Mbl IMOKa3ajid, 4TO OCHOBHas
YacTh AMWIOMIHOM CTPYKTYpBl, JAETEPMUHUpPYIOIIAs (PEHOTUII, HAXOIUTCA B
npeaenax ¢ 2 mo 72 a.K. Kak JJIs CWIBHBIX, TaK WU JJIsl CJIa0bIX BapUAHTOB, U
paznensiercss Ha oonacte 1A u 1b. B nanHo#l paboTe METOOM KpUO-3JIEKTPOHHOM
MUKPOCKOIIMU MbI pazpemiin cTpykrypy O0nactu 1 cunpHoro Bapuanta [PSI+] ¢
pazpemieaneM 2,72 [ B mpenenax ¢ 2 no 64 a.kx. IloMuMO KaHOHMYECKUX
BOJIOPOJIHBIX CBsI3€M, y4acTBYIOIIMX B OOpa30BaHUU Kpocc-OeTa CIOeB, JaHHas
CTPYKTypa UMEET MHOXKECTBO 3JIEMEHTOB, CTaOWIM3UPYIOMMX (GUOPWILTY Kak B
IJIOCKOCTA aMHWJIOMJHBIX MPOTOMEPOB, TaK M B HAIPABICHUU MPOAOIBLHON OCHU
GbuOpWIIBI — B YaCTHOCTH, CTEPUYECKUE MOJHHUHU U MEKMOJEKYISIPHBIC T -TC
B3aMMOJICHCTBHUSI OCTaTKOB THpo3uHa. B yactHocTH, oOnacte 1B oOpasyer
AIIEMEHTBI «CTEPUUECKOW MOJHUM» € YacThio obnactu 1A. Mcnonb3ys nporeazHoe
KapTUPOBaHUE B KOMOMHAIIMKU ¢ OMOXUMUYECKUMH U TEHETUUYECKUMH T€CTaMU, Mbl
nokasanu, 4yro 3ameHa G58D necrabunusupyer CTPYKTypy (GUOPWILT CHIBHOTO
BapuaHTa, MPEANOIOKUTETFHO Hapymias acconuanuio Obmactu 1A ¢ Ob6nacThio
1Bb. Takxe MBI TOKa3ajau, 4YTO OOJBITUHCTBO M3BECTHBIX MYTAallUW, HApYyIIAIOIIUX
nojepkanus npuona [PSI+], accoruupoBanbl ¢ 00J1aCThIO CTEPUUYECKUX MOJIHUAN
B CTPYKTyp€ CHJIbHOTO BapUaHTa MPUOHA.
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CTPYKTYPA KOMITIO3UIINI HA OCHOBE IVIEHOK PZT C
PA3JIMYHBIMMU DJIEKTPOAHBIMHU CJIO0AMUAU

O.M. JKueanuna®?, [I.H. Xmenenun!, M.I' @eoopenxo®, JI.C. Cepeaur’,
K.A. Bopomunog®

THUI] «Kypuamosckuii uncmumymy, Mockea
MITY um. H.3. Baymana, Mockea
SPTY MUP2A

[leapto nmaHHOW paboOThl OBUIO YCTAHOBIICGHUE BIMSHUS CTPYKTYPHI
pa3nmuuHbIX  dnekTpoaHeix cioeB  (Pt, LNO, Ru, Ni) Ha cTpyKTYypy
CETHETORJIEKTPUYECKOTO IIeHOK PZT 1 cBOMCTBA MOIyYEHHBIX KOMIIO3ULIUM.

CTpykTypy CJIOE€B  M3y4aJld METOJAaMHU  PacTPOBOM  3JIEKTPOHHOMU
MHUKPOCKOIHNH, TPOCBEUMBAIOIIEH AIEKTPOHHON MUKPOCKOIIHUH, IPOCBEYNBAIOIICH
pacTpOBOM  AJIEKTPOHHOM  MUKPOCKONMH, DJIEKTPOHHOW  IuUdpakiuuu U
HHEProJUCIEPCUOHHOIO aHalh3a C HKCIOJIb30BaHMEM MHKpockoma TermoFisher
Scientific Tecnai Osiris (200xB). IlomepeuHble ce4yeHUS  KOMITO3UIUN
W3TOTOBIISUIA METOJIOM (POKYCUPOBAHHBIX HMOHHBIX IMYYKOB C HMCIOJIb30BAHUEM
pacTpoBOTo AEeKTpoHHOTO MuKpockomna TermoFisher Scientific Scios.

B pa6ore m3yuensl komnosuuuu PZT-Pt-TiO2-Si02-Si, PZT-Ru-O—Ru—
S102-Si, PZT-LNO-Si, Ni—S102-Si [1]. [Ipu popmupoBanuu xommnosuiuii ¢ Ru
anekrponroM oTxkur npu T = 650 °C npuBoauT K 0Opa30BaHUIO OKCHIHOTO
MOJIMKpUCTAIINYECKoro ¢ioss RuO tommuuoi 20 HM, pacnoyioKEHHOTO MEXKIY
mwieHko PZT u Ru snekrponoMm. HMcnonbs3oBanue Ru B KauecTBE HUIKHETO
AIIEKTPOJa, B OTIMYMU OT CTaHIapTHOro Pt, MPUBOAMT K CYIIECTBEHHOMY
YBEIIMUEHUIO pa3Mepa 3€peH CETrHETORNIEKTpuieckoil mieHku PZT no 3-5 mkwm.
[Ipu »stom Brmouenuss TiO2 mno rpanHunam 3epeH Ru  OTCYyTCTBYIOT.
Ucnons3oBanue LNO B KayecTBE HUIXKHETO DJEKTpoAa CIOCOOCTBYET
00pa30BaHUIO CTOJIOUATBIX OPHUEHTUPOBAaHHBIX 3epeH cnos PZT: B3aumHas
opuenTtanus (100)LNO//(100)PZT, [100] LNO//[100] PZT. Bxirouenus TiO2 no
rpanuiam 3eped LNO taxxe He 0OHapyKEHBI.

PaGora mpoBeneHa B pamKax BBINOJHEHUS TOCYAapCTBEHHOTO 3aJaHUs
HUILI «KypuaTOBCKUI1 HHCTUTYTY.

1. Izyumskaya N., Alivov Y. L., Cho S. J., Morkog H.et al. Processing, structure, properties, and
applications of PZT thin films.// Crit. Rev. Solid State Mater. Sci. 2007;32:30—44.
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WCCJIEJOBAHUE ®PATMEHTA 30JIOTHOT'O BUTOT'O IITHYPA W3
MOTPEBEHUSA 18 CITACO-TIPEOBPA’KEHCOT'O COBOPA
(MIEPECJIABJIB 3AJTECCKHIA) C TOMOIIBIO
MYJIbTAIACHUATIIAMHAPHBIX METO/JIOB

D.A. I'pewnuxos’, E.A. Cozonmos’, U.H. Tpynokun', O.A. Konopamves',

UU. Enxuna’®

! Hayuonanvrwiii uccreoosamensvckuii yenmp «Kypuamoscxuii uncmumymy, Mockea
’Unemumym apxeonozuu PAH, Mockea

Ha noBepXHOCTM OIJIETKM MPSACHBIX HUTEW 30J0THOTO BUTOTO IIHYpa
oToOpaHHOTO ¢ (hparMeHTOB TekcTwia u3 norpedbenust Craco-ITpeoOpakeHcKoro
moHacTeipsi [lepescnaBns Psazanckoro ¢ momoipio POA-criekrpomerpa Bruker
ObUIM TOCTPOEHBI KapThl paclpeieiieHUs] XUMUYECKHUX 3JIEMEHTOB (puc la).
AHaQJIOTMYHBIE KapThl TOCTPOEHBI [JII y4YacTKa TOPLEBOIO Cpe3a JIEHTHI
MeTtayuinueckor oruietku ¢ nomouisio Helios Nanolab (puc 16). Ha ocHoBanuun
aHajgu3a IOCTPOCHHBIX KapT yCTAHOBJIEHO, YTO B 30JIOTHBIX NPSJAEHBIX HHUTAX
BUTOTO IIIHypa METa/lInyecKas OIUIETKAa BBIIOJIHEHA M3 CEpPeOpSHON JIEHTHI.
[IpucyrctBue Ag m CL B OIHHMX M TE€X K€ JIOKAMAX, COMIACHO NMPOBEICHHOMY
KapTUPOBAHUIO, CBUIETEIBCTBYET O KOPPO3UU XJIOPOM CEpeOpsSHOM JIEHTHI,
00epHYTOl BOKpYI HHUTEW €€ cepiaeuHuka. [IpucyrcTBue ApYyrux XUMHUYECKUX
3JIEMEHTOB Ha OCHOBE COJIEH METaNIOB O0YCJIOBIECHO MPUMECHIO U3 PYAbl, IOYBBI U
IPOTPAaBOM KpallIEeHHBIX BOJIOKOH. POM-u300pa)xeHne BOJIOKHA cepaeyHHKa (puc
1¢) mo3BONMMIIO U3YUUTHh MOPGOJIOTHIO BOJIOKHA U OTIPEEIUTH €r0 TUII (IIEJIK).

cepuumHosasn
obnonouka
ubpouHosan uGpouHosasn
HUTE.

20MKMm

Puc. 1 Kapmuvl pacnpedenenus Xumudeckux 31eMeHmOo8 3010MHbIX NPSOEHbIX HUMel UmOo2o
WHYpa NOCmMpoeHHbIX: (a) no nosepxuocmu, (6) no mopyesomy cpesy - MemMAlIUYecKou
onnemxu, (8) POM-uzobpasicenue chpacmenma 6010KkHa wienka u3 KpauieHHOU Npsi0eHHoU HUmu

PaGora Bemonnena B pamkax loczamanus HUL «KypuaroBckuit
UHCTUTYT.
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CPEJHEBEKOBAS HOBI'OPOJACKASA BEPECTAHAS 'PAMOTA Nel3:
MEXJIACHOUIIIMHAPHBIN AHAJIN3

E.A. Cosonmos’, D.A. I'pewnuxos!, ILT. I'aiioyxoe’, C.H. Manaxoé’,
U.H. Tpynokun', O.A. Konopamves'

! Hayuonanvmoii ucczzgc)oeameﬂbcmﬁ yeump «Kypuamoeckuii uncmumym», Mockea
Uncmumym apxeonoeuu PAH, Mockea

B xome apxeonormyeckux pabor B HoBropome mnoa pykoBOJCTBOM
ApuuxoBckoro B 1952 r na HepeBckom packome Obula HalifieHa OepecTsHas
rpamoTa Nel3 ¢ texcrom. Ctpaturpadudeckas gara Haxonaku 30-e-40-e rr. XVB.
bepecty Nel3 oxupana cioxkhHas cyAapba M JOATOE€ BpEMs OHA CUMUTAIach
yrepsHHOW. COBCEM HEJABHO OHAa Oblla BHOBb OOHAapy’Ke€Ha INpHU IMOATOTOBKE K
nepeezny CIIO ¢unmmana apxuBa PAH B HOBOe 371aHue B ceilde pectaBpaTopa,
JaBHO pa0OTaBILEro B apXUBE U YK€ yMEPILIEro K 3TOMy BpeMeHH. ['pamora Obliia
nepenana B Apxus MNMK, u3 nero B A PAH, kotopsrit nepenan rpamoty Ne 13
s ucenenoBanuii B HUL «KypuatoBckuii MHCTUTYT». METOIbl HCCIIEI0BaHUS:
Jlazepnass mnpoduiiomerpusi, PeHTreHoBckuii  (pIIyopecleHTHBI aHAIW3 U
3JIEMEHTHOE  KaptupoBaHue, lLluppoBoe  QororpapupoBaHue  BBICOKOTO
paspemieHuss M KommbloTepHas oOpabotka, MK cnekrpockonus, Onrtuueckas
MUKpOCKomus, PacTpoBasi 21eKTpOHHAsE MUKPOCKOIIHS.

BeiBoAbI: B pe3ysbTare MPOBEACHHBIX 3KCIEPUMEHTOB OBUT MOJTBEPHKACH
BBISIBJICHHBII paHee MpU MCCIEIOBAaHUM HOBIOPOJCKOW OEpecTSHON TIpamMOThl
Nel089 sdpdexr camookpammBaHusi OepecTbl NP HAHECEHUU OYKB IHUCAJIOM C
IIMPOKOMN MHUIIYIIEH KPOMKOM, UCIOJIB3Yysl TEXHUKY BIABIMBAHUS, HAPYIIAOUIYIO
CTPYKTYypy TIpoOKoBoro cinosi Oepectel. Mopdonorus ©u  KOJIOPUCTHUKA
MOBPEXKJIECHHON CTPYKTYpPhl TOBEPXHOCTHOTO MPOOKOBOIO CJIOS COBPEMEHHOM
Oepectel (0Opaszell cpaBHEHHsS) B OO0JacTH HaHECEHUS OYKB HJICHTUYHBI
aHAJIOTMYHBIM CJIEJIaM, OCTABJIEHHBIM CPEJHEBEKOBBIM NMCAJIOM Ha HCTOPUYECKOM
Oepecte. XOpoLIO M3BECTHO, M Mbl 3TO TaKXe OTMEYAIM M MOATBEPAWIIH
skcriepuMentamu 1o MK-criektpoMeTpun paHee mpu HCCIEIOBAaHUN OEpECTIHON
rpamoThl Ne1089, uro B Gepecte coaepkaTcst Kpacsiiue MTUrMEHThl OPraHUuYECKOTo
OPOUCXOXKIEHUsI Kjacca (PIaBOHOMIOB, a TakkKe JyOWJIbHBIE BEILECTBa,
3aKPEIIAIONINE BBICTYAIOUIMI B pe3yibTaTe MOBPEXKACHUS MPUIOBEPXHOCTHOTO
poOKOBOTO CJI0SI MPUPOAHBIN KpacuTeb, COJEepKaAIUNCI B OepecTe N3HAYAIBHO.
Ha ocHOBe 3THX JaHHBIX, MOXHO MPEANOJIOKUTh U3HAYAIBHOE OTCYTCTBUE B T0OJIE
OyKB TEKCTa Ha HUCTOPUYECKOW OepecTe NPUBHECEHHOTO W3BHE MUIMEHTA.
VYcraHoBneHsl pasMepsl M ¢GopMa HAKOHEUHMKA TMHcaa. TEKCT HaHOCHUJIICA
NUCajIoM MyTEeM MPOJaBIMBaHUS BEpXHEro cios Oepectbl. [0 He3HauMTENHHON
riiyorHe cieoB OyKB M UX HEOOJbUIMM pa3MepaM MOXKHO TMPEANOJIOXKHUTh, YTO
CTWIb (PETUCTp) MUChbMa OJIM30K K TEKCTaM, BHIMOJHEHHBIM Ha MepramMeHe Wi Ha
Oymare, HO MpU 3TOM [Isl HAaHECEHHs] TEKCTa HE HCIOJb30BAIKCH CIEIHAIBHO
IIPUTOTOBJICHHBIE YEPHHUJIA.

Pa6ota BeimonHena B pamkax roc3aganusa HUL «KypuaTtoBckuit HHCTUTYT».
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BJIMAHUE OTKUTA HA MUKPOCTPYKTYPY OBPA3IIOB,
CHUHTE3UPOBAHHBIX ITYTEM I'OPAYEI'O IPECCOBAHUA
MOHOKPUCTAJUIA KPEMHUA B IOPOLIKE KOBAJIBTA

A.M. Boavwaxos'?, M.C. ./YyKacoez, B.B. Kneuxosckas’

Teonozuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, Mockea
2 Omoenenue «Mucmumym xpucmaniozpaguu um. A.B. ILly6nuxosay Kypuamoeckozo
Komniexca kpucmannozpaghuu u pomonuxu HUL] « Kypuamoscxuii uncmumymy, Mockea

B TepMosnekTpuuecKUX YCTpOMCTBaX MeX(a3zHble TpaHUIIbl, SBIAACH
IIEPEXOHBIM COCTOSIHUEM OT OAHOM KPHUCTAJUIMYECKOW CTPYKTYpPbl K ApPYIOH,
MOryrT  (opmupoBarb TpeTblo (¢azy CcO CBOMMH  (PU3NYECKUMU U
KpUCTAJUIOrpAPUUECKUMHA  [TapaMeTpamu. [loaToMy Oonee mUpoOKOe
UCITOJIb30BAHUE TEPMOIJIEKTPUUECTBA TPEOYET HE TOJBKO YIyUIlIEHUS BHYTpPEHHEN
3(pPEeKTUBHOCTH MpeoOpa3oBaHMsI SHEPrUUM COOCTBEHHO TEPMORIEKTPHUUECKUX
MaTepUaJIOB, HO M, YUYUTHIBAs BO3MOKHOCTh TepMOAUPPY31H, aHATU3A CTPYKTYPbI
IPUTPAHUYHBIX CIIOEB.

BnusiHue ormxura Ha MHUKPOCTPYKTYpYy OOpasLoB, HMOJYYEHHBIX METOAOM
rOpsSYero MpPecCOBaHUS HCXOAHBIX KOMIIOHEHTOB (MOHOKpHCTasla KPEMHHUS U
NOpOIlIKa KOoOajbTa), HCCIENOBAIOCHh C  MCIOJIB30BAaHWEM  CKAHUpPYHOLIEH
ANEKTPOHHON MuKpockonuu (COM), 3HEprogucrnepCHOHHOTO PEHTIEHOBCKOTO
ananuza (EDS) u qudpakiuu obpatHo paccessHHbIX 31eKTpoHoB (EBSD).

VYCTaHOBNEHO, YTO JO OTKUIa HCXOIHBIM 00pasel COAEpXKUT TpHU
NEpPEXOJHBIX CJI0sI Ha TrpaHuie paszzaena komnoHeHToB Co/Si. JletanbHOe
UCCJIEIOBaHUE TIEPEXOHOM 00JacTM TMOKa3aJlo COOTBETCTBHE TpeMm (a3am
ciwmmiuaoB  kobamera: Co,Si, CoSi um CoSis. H3BecTHO, 4TO
uAeHTUUUMpPOBaHHbIE (Da3bl TEPMOAMHAMUYECKUA CTAOWJIBHBI MPU HOPMaJIbHBIX
ycnoBusax (Lijun Zhang, 2006). TonmuHBI CJI0EB O OTXKWATA COCTAaBWIM 7,18 MKM
(Co,S1), 21,03 mxm (CoSi) u 4,35 mxm (CoSiy).

[Tocne omxura mpu 800 °C B Teuenue 96 wacoB ¢aza CoSi, ucuesna.
CpenHsis TOJIIIMHA TEPEXOAHOTO CJIO0sl YMEHbIIWIAch Ha 7,8 MKM. AHanu3
pe3yabTaToOB, TMOJYYEHHBIX METOIOM JAU(PpPaKUUU  OOpaTHO  PACCESTHHBIX
AIIEKTPOHOB, TOATBEPAWSI TMOJUKPUCTAINIMYECKYIO CTPYKTypy KoOaimpTa U
MOHOKPHUCTAJNINYHOCTh KPEMHUS KaK J10, TAK U TIOCJIE OTKUIa.

Pe3ynbraThl paboThl IEMOHCTPUPYIOT BIMSIHUE TEPMUUYECKOH 00pabOTKH Ha
(Ga3oBbIii COCTaB M MHKPOCTPYKTYpPY MHEpPEXOJHOTO CJIOs, YTO BaXHO JUIs
noHuMaHusi mpoueccoB muddysun B cuctemax Co-Si, npuUMEHSIEMBIX B
TEPMOIJIEKTPUUECKUX YCTPONUCTBAX.

Pabota mpoBeneHa B paMKkax BBITIOJHEHUs rocynapcTBeHHoro 3amaanns HULL
«KypyaToBCKUIl THCTUTYT).

1.Lijun Zhang, Yong Du , Honghui Xu, Zhu Pan, Experimental investigation and thermodynamic

description of the Co—Si system // Computer Coupling of Phase Diagrams and Thermochemistry,
vol.30, 2006, 470—481.
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NCCIEJOBAHUE TAHTAJIOBBIX KATOAOB, PA3JINYHBIX
MMPOU3BOAUTEJIEM, METOIOM SJEKTPOHHOM MUKPOCKOITUA

A.B. @oxun®, U.H. Tpynoxun?

YHUI] «Kypuamosckuii uncmunmymy

[Tpou3BOACTBO MEAUIIMHCKUX MU30TOMOB BHI3HIBAET OOJBIION MPaKTUUECKUN
u HaydHbli wuHTepec. CIOXKHOE B OKCIUTyaTaluu OOOpyJdoBaHWE TpedyeT
BBICOKOKAQYECTBEHHBIX MAaTE€pUaJIOB, U B COBPEMEHHOM MHPE BO3HHUKAET OCTpas
HEOOXOJAMMOCTh  OINEPAaTUBHO MEHATh  CTPAHBI-IIPOU3BOAMTENH, MOAOUpas
HE00XOIMMbIE MaTEepPHAIIbI C YIOBICTBOPAIONIMMH XapaKTEPUCTUKAMH.

B xozxe paboT, mpoBOAMMBIX B YCKOPHTENE MPOU3BOJCTBA MEJ. U30TOMOB
Siemens, ObLIM OOHAPYKEHBI PA3IMUUS MEX]Y DJIEMEHTaMU, BXOJIAIIMMU B COCTaB
MCTOYHUKA MOHOB, pa3HbIX cTpaH mpousBojactBa: Poccus, CIIA, Typuus.
3asBICHHBIC TMMapaMeTphl OJMHAKOBBI, HO TP pabOTe TYpEIKUX KaToIOB
HAOIOMAINCh TIOBBINICHHBIE TOKW M HECTAOMIBHOCTH paboThl mepBbie 40-50
yacoB. J[Ji1 BBISICHEHMSI MNPUYUH OBUIM TPOBEIAEHBI HCCIEIOBAHUS METOJIOM
pacTpoBoit AIEKTPOHHOM MUKPOCKOTIUHU u SHEPTOJIUCIIEPCUOHHOTO
PEHTIEeHOBCKOTO aHanu3a. MccienoBaHusi HEOOXOAUMBI JJi1  TMOBBIIIECHUS
MPOU3BOJIUTEIILHOCTH U HAJIE)KHOCTH pabOThl 000PYI0BaHMUS.

[IpoBeneHsl Ucciaea0BaHUs MOBEPXHOCTH HOBBIX U OTPAOOTaHHBIX KAaTOJIOB
npu pasHbIX yckopsomux HanpsbkeHusx (30, 20, 18, 10 kaB) mis uzmeHeHus
rJIyOWHBI MPOHUKHOBEHHUS DJIEKTPOHOB. YCTAaHOBJIEHO, YTO B HOBOM TYPEIKOM
Karojie HaOJo/aeTCs YBEIMYEHHOE COJIepKAHUE IKelie3a, OTHOCHUTEIIbHO
OTpa0OTaHHOTO U BCEX HWHBIX KaTOJIOB, TMpPH NPUOTMHKEHUH K TOBEPXHOCTHU
oOpasna. To ecTh HOBBIE TypelKHE KaToJbl UMEIT Fe-comepikaliee MOKpPHITHE,
paspymarorieecs B nepsbie 40 4. paGoTHI.

beuto ompezneneHo, 4YTO TMOBBIIMIEHHOE COJACpP)KAHUE IKejie3a HEraTUBHO
BIIMSET Ha paOOThl UCTOYHMKA MOHOB. Habmronaercs yBenndeHue pabodero Toka
ucrounuka nonoB (0,18-,0,2 A mo cpaBuenuto ¢ 0,13-0,15 A), yTto HeratuBHO
BIIMSIET Ha paboTy, a TakK € YBEJIMYMBACT BEPOSTHOCTh BO3HUKHOBEHUS
aBapuiiHbBIX cuTyaluii. ToOabKO MO Mepe CcropaHusi eie3a HaOJroAaeTcs
yiIydlieHue pabOThl M BBIXOJI Ha PEXKUM, COMOCTaBUMBIN oOpasiiam Poccuu u
CIIA.

PaboTa npoBeneHa B paMkax BBIOJTHEHUS TocyaapcTBeHHoro 3aganus HULL
«Kyp4aTOBCKHI UHCTUTYT).
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Cexnus

MaTepI/IaJ'IOBGILGHHG U MHAYCTPHUAJIBbHBIC 3a1a41
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OTPEJEJIEHUE KPUCTAJJIMYECKOW CTPYKTYPBI AKTUBHBIX
®APMALNEBTUYECKNX CYBCTAHIIA METOIAMM
PEHTTEHOBCKOI TU®PAKIINH

A.B. Bonoaxcanuna?, I1.A. Byiikun®*, I1.B. Jloposamosckuii®, E.C. Kynuxoea®,
A.A. Kopniokoe*

Y Unemumym snemenmoopeanuueckux coedunenuti um. A.H. Hecmesnosa PAH
2Uncmumym obweii u neopeanuueckoti xumuu um. H.C. Kypnaxosa PAH
SHUI] «Kypuamosckuil uncmunymy

IIpon3BOACTBO JIEKAPCTBEHHBIX IMPENAPATOB HYXKIACTCA B HU3Y4YCHUU
BO3MOXKHBIX TBEpAbIX (hopM akTuUBHBIX (apmanieBTudeckux cyocranuuii (ADC)
JUISL TakuX Ienel (apMUHIYyCTpUM KakK KOHTPOJb YHCTOTHI JCHCTBYIOLIETO
BEILECTBA, KAUYECTBEHHbIH W KOJIMYECTBEHHBIA COCTaB TaOJIETUPYEMOW MACCHI,
pEAOTBpAIllEeHUE  IMATeHTHBIX  crnopoB. I[loMmmo  3TOrOo,  maHHbBIE O
KPUCTAIULIMYECKOM CTPOEHUHU (papMaleBTUUECKMX CYOCTaHUMH B Pa3InYHOM
OKPYKCHUHU [A0T BO3MOXHOCTb YCTAHOBHUTH XapaKTEpPHBIE THUIIbI KOOPIMHALIWH,
KOH(GOPMAllMOHHYIO  MOABU)XHOCTb, BO3MOXKHBIE THUIBl MEXKMOJIEKYISIPHBIX
B3aMMOJICHCTBHM, KOTOPbIE MOTYT OBITh MCIIOJIb30BAaHbI JJIsl IOHUMas MEXaHU3Ma
nercteus ADC. K coxameHuro, MHOTME H3 HHMX OTHOCATCS K IUIOXO
KPUCTAUIN3YIOLIUMCS  COCIMHEHUSAM, CTPOCHHE KOTOPBIX 3aTPYAHUTEIBHO
OIIPENETUTH C MOMOIIBIO JTa0OPATOPHBIX PEHTI€HOBCKUX AU(PPAKTOMETPOB.

B xoze BhINMOIHEHUS! MPOEKTa ObLJI CUHTE3UPOBAH Psii HOBBIX COEIUHEHUMN:
noJIMMop(QoB, COJIBBATOB, COKPHCTAJUIOB, coJen IIPOTUBOPAKOBBIX,
IMPOTUBOBUPYCHBIX, = IPOTUBOBOCHAIUTENBHBIX M  Jp.  (apMaUeBTUYECKUX
npenapaToB. X cTpoeHne Hapsiay ¢ yKe 3aperuCTpUPOBaHHBIMU, HO CTPYKTYPHO
HEOXapaKTEPU30BAHHBIMU ADC OBLIO YCTaHOBJIEHO c TTOMOIIBIO
MOHOKPHUCTAJIBHON U MOPOIIKOBOW PEHTT€HOBCKON TU(PAKIMK C UCIOIb30BAHUEM
CUHXpPOTpOHHOro wucroyHuka wusnydeHuss HUL[ «KypuaroBckuii HWHCTUTYTY.
BapbsupoBaHueM yCIIOBUHM 3KCIIEPUMEHTA YCTAHOBJIEHBI [TAPAMETPBHI, IIPU KOTOPBIX
U3 JIaHHBIX TOPOLIKOBOM JAM(paKkUMM MOIy4aroTcsi Haubosee HaJaeKHbIe
CTpyKTypHbIe naHHble. [lonydyeHHass nHpopMaUs 0 KPUCTAIUIMYECKOM CTPOEHUH
coenuHenuii, nudpakrorpammbl, TBepaotenbHbie UK- u SIMP cnektpbr Moryt
OBITh HCIIOJIH30BaHbI B AaJIbHEHIIEM B (papMalieBTUUECKON POMBILIIEHHOCTH.

UccnenoBanue noaaepxano Poccuiickum HaydHbIM (HOHIOM (TpaHT 23-73-
00027).
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HCCJEJOBAHUE OCTATOYHBIX HAIPSIPKEHUM B OBPA3IIAX
AJIIOMOMATPUYIHOI'O KOMITIO3UIIMOHHOI'O MATEPUAJIA HA
OCHOBE CIIJIABA MAPKH BAC1 C IOBABJIEHUEM YACTHUI{ WC,

INOJYYEHHOI'O METOAOM CEJIEKTUBHOI'O JIASBEPHOI'O
CIIVTABJIEHUA

@.JI. lllowes, U.A. boeaues, I1.E. Ky3ueyosa, B.T. 9m, 1./{. Kapnos

DedepanvHoe 20cyoapcmeeHHoe YHUmapHoe npeonpusmue « Bcepoccutickutl HayyHo-
UCCTe008aMENbCKULL UHCTNUMYM ABUAYUOHHBIX MAMEPUANI08» HAYUOHATILHOZO
uccneoosamenvbckozo yenmpa «Kypuamosckuil uncmumymy, Mockea

admin@viam.ru

Metonom nudpakuud HEHTPOHOB MPOBENEH KOJMYECTBEHHBIM aHamu3
JAHHBIX OCTATOYHBIX HANPSDKCHUN HAa CHHTE3MPOBAHHBIX METOJOM CEJIIEKTUBHOTO
nazeproro crapienust (CJIC) mmactuHax B Buje mpusmbl 10x10x50 mm u3
AJTIOMOMAaTPUYHOTO KOMIIO3WIIMOHHOTO Marepuaia Ha OCHOBE crutaBa Mapku BACI
¢ nobasnenuem vactury WC. B oOpasue B cocrosinuu nocie CJIC npucyTCTBYIOT
3HAUUTEJIbHbIE BHYTPEHHHUE HAIPSDKEHUS — Yy IOBEPXHOCTH OOHAapyKUBAIOTCS
pacTsaruBatomue Hanpsbkerus 10 150 Mlla, B To Bpemst kak B LeHTpe oOpasiua
ckumatone g0 250 MlIla. TlomyyeHHble naHHBIE TO3BOJIMIIM TOI0OpATh
ONTUMAJbHBIA PEXUM TEPMHUUECKOM OOpaOOTKM [UJIsi CHATUS OCTATOYHBIX
HamnpsDKEHUM B Hccaenyemblx oOpasuax. llocime tepmooOpaboTky pasHuLa B
HaNpsHKEHUSAX Ha IOBEPXHOCTHU U B LIEHTpe oOpa3sua coctasiseT He O6onee 40 MlIla.
JlocTurHyTele  pe3ynbTarbl  IMO3BOJIAKOT  YYHUTHIBATh BEJIMYMHY OCTAaTOYHBIX
HAaIlpSDKEHUW B CHHTE3MPOBAHHOM MATE€pHaJIe IIOCIE Ipolecca Ie4yaTu Ui
MPOTHO3UPOBAHUS TEOMETPUUECKUX HCKOKEHMM Jeranedl Oonee  CIOXKHON
KOH(pUTYypaiuu.
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AHAJIN3 OCTATOYHBIX HATIPSIKEHWI B METAJLTMUECKHUX
OBPA3LAX NOJYUYEHHBIX AJUTUTUBHBIM CITIOCOBOM C
NCNOJBb30BAHUEM METOJA HEMTPOHHOW JU®PAKIIAN

B.T Omt, U J1. Kapnos', B.C. Bonockoe®, A.H. ®edopenxo?, C.A. Eenawun?,
U.B. Cepzeuuee?

Hayuonanvnwiii uccnedosamenvcxuii yenmp «Kypuamosckuii uncmuniymy
2AHOO BO «CKOIKOBCKULL UHCIIUNYM HAYKU U MEXHOT02ULLY

[enpto pa®oThl OBLIO MPOBECTH HEHTPOHHBIM METOJOM HCCIIEIOBAHHE
octarouyHbix Hanpspkenuit (OH) B oOpasuax nunuHapuyeckoi ¢hopmbsl U B hopme
IJTACTHH, U3TOTOBJIECHHBIX METOAOM CelleKTUBHOTO JazepHoro cruiaBienus (CJIC)
u3 aycreHutHol cramum 316L. HccnemoBanuss mNpoBOAWMINCH Ha CTpecc-
muppakromerpe CTPECC peaktopa MP-8 B HULl «KypuaToBCKHMII WHCTUTYTY.
Hns Beigenenus npoobHoro odbema (II0) B oOpasmax HMCHONB30BAIUCH IIEIH
mpuHor oT 0.2 MM 10 1 mm. [lpu M3mMepeHHH TUIMHAPUYECKUX OO0pa3LOB IS
YBEJIMYEHHS KOJIMYECTBa oTpaxaromux 3epeH B 110 o0pa3ipl Bpamaiucs BOKPYT
cBoeil ocu. [{ns ymeHblueHus OueHHMid o0pasua OpU BpalleHUH 0Opaser] C
MOMOILbI0 TOHUOMETPUYECKON TOJIOBKM BBICTABIIICA TaK, YTOOBI OCh BpaIlCHUS
COBMaJaJia ¢ 0OChIO 00pa3Ia.

N3mepenusa mokaszamm, uyto pacnpenenenne OH no guamerpy B
WIMHIPUYECKUX 00pa3lax U Mo TOJIIMHE B IJIACTUHAX UMeeT (popmy mapadosibl.
BOnu3u moBepxHOCTH 00pa3ioB (HOPMUPYIOTCS PaCTATUBAIOIINE HANpPsKEHUS,
KOTOpPBIE€ C BBICOKHM TI'PAJHUEHTOM PacTyT MPHU NPUOIMKEHUN K IIOBEPXHOCTH. DTU
pPaCTATMBAIOIINE HAMPSHKEHUSI KOMIIEHCUPYIOTCS COKMMAIOIIMMU HAIPSKEHUSIMU B
HEeHTpaIbHOW 4acTtu o0pas3noB. [lokazano, urto pacnpenenenne OH B
OTHOCHUTEJIbHBIX €UHHUIIAX, IPUBEACHHBIX K TUAMETPY (TOJILIMUHE), HE 3aBUCHUT OT
JnraMeTpa (TONIIMHBI) 00pasia.

Takum oOpaszom, Jy1si 00pa3ioB, U3TOTOBJICHHBIX MO OJHOM TEXHOJIOTUU
(CJIC) mpu 0IMHAKOBBIX YCIOBUAX JOCTATOYHO U3MEPUTH pacnpenenenrne OH s
OJIHOTO pa3mepa auametpa (tonmwuuel). Pacnpenenenne OH npyrux pasmepos
MO>KHO PacCuMTaTh.

Uccnenosanne uunuHapudyeckux ooOpasnoB (D11 mMm) mocie oTxkura B
unTepBane Temmeparyp 600 — 1000°C, mokasano, 4YTO ¢  yBEIMYEHUEM
temriepaTypbl omxkura OH yMEHBIIAIOTCS, HO COXPAHSIOTCS 10 TEMIEPATYpPBI
1000°C. YBenuueHue BpeMeHH OoTXkura or 1 waca 10 2 4acoB, HE IPHBOAUT K
3ametHoMy u3MeHeHuto OH. ITlokaszano, yto pacnpenenenue OH, B eauHuiax,
INPUBEACHHBIX K IMPEAENy TEKYYECTH IPH TEMIEpPAType OTKHUIA, OAUHAKOBO IS
BCEX TEMIEPATYP.

Pabota BbIMosHEHA Ha OOOPYJOBaHMM YHUKAJIbHOM HAyYHOW YCTaHOBKHU
«HelTpoHHBIN ucCCIeA0BATENbCKUI KOMIUIEKC Ha 0a3e peakropa UP-8» mnpu
nojaziepxke rpanta Poccuiickoro Hayunoro gonga Ne24-19-00484
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MOJIEJIMPOBAHUE OCTATOYHBIX HAIIPSI’KEHUM B
METAJVIMYECKHUX OBPA3ZIAX TOJIYYHEHHBIX METOAOM
CEJIEKTUBHOI'O JIABEPHOI'O CIIVTABJIEHU A

A.H. ®edopenxo’, 5.C. Bonockoet, C.A. Eenawun®, U.J]. Kapnoe®, B.T. Om?,
U.B. Cepzeuues*

YAHOO BO «Cxonxosckuii uncmumym nayku u mexnono2uity, Llenmp mexnonoauti mamepuanos
2Hayuonanvuuiii uccredosamenvckuii yenmp «Kypuamoscxuii uncmumymy, Kypuamoegckuii
KOMNIEKC CUHXPOMPOHHO-HEUMPOHHBIX ucciedosaruti, Omoen HelimpoHHbIX
9KCNEPUMEHMATbHBIX CIMAHYUL

BO3HUKHOBEHHE CYNIECTBEHHBIX OCTATOYHBIX HANPSKEHUW XapaKTEPHO IS
OONBIIMHCTBA JeTaliel, W3rOTABIMBAEMBIX IO TEXHOJIOTMH CEJIEKTHUBHOTO
na3zepHoro cruiasienus (PBF-LB). MonenupoBanue OCTaTOUHBIX HAaNpsHKEHUN
noMoraer mnojaoopare oOIIyr0 cTparteruto U 3GEGEKTUBHBIE PEXKUMBI I€YaTH,
OLICHUTh BJIMUSHHUE JOMOJHUTEIBHBIX MOJAEPXKEK M MPEIJIOKUTh 30HBI JUISI HUX
yCcTaHOBKHA. Ha mpakTuke, W3-3a OrpaHUYECHUIl BBIUMCIUTENBHBIX PECYPCOB,
pacnpocTpaHeHo UCITOJIb30BAaHUE YIPOLIEHHBIX MOAX0JI0B K
TEPMOMEXAHUUYECKOMY MOJEIMPOBAHUIO, HE YUYWUTHIBAIOIIMX BCEM IOJHOTHI
dbuznyeckux npoueccon, cBoiicTBeHHbIX PBF-LB. B uactHOCTH, HE yYUTHIBAIOTCS
JIOKaJbHBbIE TEMIEPATypHbIE NMUKH, a pa3Mep pacyeTHOW CETKU COOTBETCTBYET
JIeCATKaM peaibHBIX CJIOEB cCIuiaBisiemMoro mnopomika [1]. OmHako, MmogoOHBIE
MOJEIN TpeOYyIOT KaluOpOBKM, M HamOoOJIee TMOJHOE SKCIEPUMEHTAIBHOE
MPE/ICTABIICHUE TIO3BOJISIET MOJIYYUTh METOJ HEUTpOHHOU nudpakiuu. B manHon
paboTre  KalmMOpOBKa  OCYIIECTBISIACH  COIMOCTABJICHUEM  PACUETHBIX U
HKCHEPUMEHTAIIbHBIX JAHHBIX [10 M3MEPEHUSIM OCTATOYHBIX HANpPSKEHUU B
oOpasniax B (opMme mapajuienenurena M3 HEP>KaBEIOIICH CTajau, BBIPAKEHHBIX
meronoM PBF-LB. Jlanee Obul0o TpOBENEHO MOJECTUPOBAHHME paCIpeaeTICHUN
OCTATOYHBIX HAMPSHKCHUH B HUIUHAPUYECKHX 00pa3lax pasHbIX IUAMETPOB H
CpPaBHEHUE C HKCIIEPUMEHTAIbHBIMU U3MEPEHUSMH Ha OCHOBE METO/1a HEUTPOHHOM
mugpakuun. Kpome Toro, npeactaBieHo CpaBHEHUE ¢ 00yiee MPOCTHIMU OLIEHKaMU
Ha OCHOBE JKCIIEPUMEHTOB C pa3pe3aHueM o0pa3uoB. Kak oauH u3 acnekToB
noAadopa mapaMeTpoB MOJEIH, O0CyXaaeTcss mpoljieMa HM3MEpPEHUs] OCHOBHBIX
MEXaHU4ecKux mnapameTpoB (Moayibs HOHra, mpenen TekydecTH), OompeneseHue
KOTOPBIX IMPU MEXaHUYECKUX UCTIBITAHUSAX B YCIOBUSAX 0e3 00paboTku (“‘as-built™)
OCJIO)KHEHO MCKaXEHUSIMU OT 3((deKxTa OCTaTOYHBIX HANpPSHKEHUH B oOpaslax.
DKCIEpUMEHTHI TI0 U3MEPEHUIO0 OCTATOYHBIX HAMPSHKEHUN METOIOM HEUTPOHHOM
mudpakimu 0b1H poBeieHbl Ha qudpakromerpe CTPECC (peaktop MP-8, HUILL
«Kyp4yaTOBCKHII HHCTUTYTY).

UccnenoBanue BeImoaHEeHO 3a cuer rpaHnta PH® Ne 24-19-00484,
https://rscf.ru/project/24-19-00484.

1. A. N. Fedorenko, B. N. Fedulov, et al., Materials. 14, 23 (2021).
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U ®POBOH «IOCTIOK» HA CHHXPOTPOHE: TEXHOJIOTI'U UA
JIJISA PEINEHUS 3AJAY OPERANDO PEHTTEHOCHEKTPAJIBHOM
METPOJIOI'NA

A.B. Condamos, A.A. I'voa, b.O. IIpoyenxo, C.A. I'yoa

FOoicuwiii heoepanvrwiil ynusepcumem

[loka3aHo, YTO HMCIOJIb30BAHUE TEXHOJOTMH HCKYCCTBEHHOI'O HWHTEIUIEKTA
(r1yOOKOr0o MalIMHHOTO 00YyYEHHs) TMO3BOJISIET pelaTh 3a7auy aHaau3a OOJBIINX
JAHHBIX B PEXUME pPEaJbHOT0 BPEMEHHM W YCIEUIHO KOHTPOJUPOBATh KadyeCTBO
JAHHBIX HEMOCPEICTBEHHO B XOJ€ KOMIUIEKCHBIX dKCIEPUMEHTOB Ha UCTOYHUKAX
CUHXPOTPOHHOTO U3ITyYEHHUS.

OcHOBY MOJIX0/la COCTAaBJSI€T HE3aBUCUMBIN aHAIW3 TPEX 4YacTed CIEKTpa
PEHTIeHOBCKOTO mornomieHus (obmactu npeakpas, oonactu XANES u oGnactu
EXAFS), 4T0 mo3BOJSET CYIIECTBEHHO YBEJIWYUTH JOCTOBEPHOCTH PE3YJIbTATOB
MOJTy4aeMBbIX [IPU HE3aBUCUMOM aHaJIM3€ 3TUX TpeX HAOOpOB 3KCIIEPUMEHTAIBHBIX
naHHbIX. OCOOEHHOCTh TAKOT'0O MOJAX0/1a 3aKII0YAETCS B TOM, YTO OH MO3BOJIAET HE
TOJIBKO C BBICOKOW TOYHOCTBIO (BIUIOTH 10 1-2 THKOMETPOB) ONPEIENATH
MeXaTOMHBIE paccTOSHUS ((PYHKIMIO paJuabHOTO PACIIPENEICHMs), HO U YTI0BOE
pacrpeneneHue aroMoB— TO €CTh IapaMeTrpbl 3D  JIOKaJbHOW aTOMHOM H
ANIEKTPOHHOM CTPYKTYp MAaTEpHaloB, BKIIOYAas BO3MOXXHOCTb NPHUMEHEHUS
JAHHOTO MOJIX0/1a U1 U3yYEHHUS 3aBUCAILIUX OT BPEMEHHU IIPOLIECCOB.

Peanuzanus HacTosAmed METOIUKY UMEET BaXKHOE 3HAYEHHUE HE TOJBKO IS
NpoBeleHUsT (PYHIaMEHTAJIbHBIX HWCCIEAOBaHUN, HO U M TOCIEIYIOUIErO
MPAKTUYECKOTO  UCIHOJIb30BAHUSI ~ MPEICTABUTENIIMH  BBICOKOTEXHOJOTUYHBIX
npeanpuatuid. Ha ocHoOBe pa3pabOoTaHHOrO NPELU3MOHHOTO TOAXO0Aa K
JMAarHOCTUKE MaTEpUaIOB HAa MCTOYHUKAX CHHXPOTPOHHOIO H3JIYYEHHUS MOKHO
CO37aTh METPOJIOTUYECKYI0 METOJUKY ONPEIEICHUS ITapaMeTpOB HAHOPA3MEPHOMN
JIOKAJIBHOM aTOMHOM M JIEKTPOHHOM CTPYKTYp MaTEpHUAJIOB C aHATU30M OOJIBIINX
JAHHBIX B PEXHUME PEAJBHOIO BPEMEHH, B TOM YHCIIE B XOJ€ TEXHOJIOTMYECKH
BaKHBIX MporeccoB (operando pexxuMm) M, MPAKTUYECKH O€3 y4JacTHsl 4eJOBeKa,
CHelMaJucTa B O0JIACTH CHEKTpPOCKONUH. BakHON 0COOEHHOCTHIO JIaHHOTO
NOAXOMAS SBJIAETCS TO, YTO OOLIEHWE C CO3JaHHBIM HA OCHOBE TEXHOJOTUH
OOJBIIMX A3BIKOBBIX MOJENIEW W MAIIMHHOTO (TIyOOKOoro) oOydeHus nudpoBbIM
ACCUCTEHTOM BEAETCS B PEXKUME IHAJIOTa HA €CTECTBEHHOM SI3bIKE U HE TpeOyeT OT
M0JIB30BATENSI MPOABUHYTHIX CHEIIMAIBHBIX 3HAHUN B 00JIACTU CIEKTPOCKOIIHNH.

Pa3paboTka TakolW METOJIMKH PEHTIE€HOCIEKTPAIbHON HAHOMETPOJIOTHH
KpailHe Ba)KHa JJIsl pEIEHUs 3a]ad CO3/laHWs W JIMarHOCTHKU MPAKTUYECKU
Ba)KHBIX MEPCHEKTUBHBIX MATEPUAJIOB C TPeOYyEeMbIMU YHUKAIbHBIMUA CBOMCTBAMU,
YTO HEOOXOAUMO JUIA OOECIEYeHHS TEXHOJOTUYECKOro muaepctBa PO B
CTpaTEernyecKy BaXKHBIX 00JIACTSX.

HccnenoBanue BBIMIOJIHEHO TMpu mojyepkke MwunoOpHayku Poccun
(Cornamrenue No 075-15- 2025-509).
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3KCIPECC-METO/ OLIEHKH OCTATOYHBIX HAIIPSI)KEHUI B
METAJUVIMYECKHUX OBPA3ZLAX HOJIYYEHHBIX A/I/INTUBHBIM
CIIOCOBOM

B.C. Bonockoe*, A.H. ®eoopenko, C.A. Eenawun®, U.J]. Kapnoe®, B.T. Om?,
U.B. Cepzeuues*

YAHOO BO «Cxonxosckuii uncmumym nayku u mexnono2uity, Llenmp mexnono2uti mamepuanos
2Hayuonanvuuiii uccredosamenvckuii yenmp «Kypuamoscxuii uncmumymy, Kypuamoegckuii
KOMNIEKC CUHXPOMPOHHO-HEUMPOHHBIX ucciedosaruti, Omoen HelimpoHHbIX
9KCNEPUMEHMATbHBIX CIMAHYUL

AJJIMTUBHBIE TEXHOJOTUHU, B YaCTHOCTH CEJIEKTUBHOE JIA3€pHOE IUIABJICHHE
(PBF-LB), mo03BOJIIOT H3rOTaBIMBATh HU3ICIUS CIOKHON (OPMBI, OJHAKO
COMPOBOXK/IAIOTCS BBICOKMMH TEMIIEPATYPHBIMU TPaJUCHTAMH, BbI3BIBAIOIIMMHU
OCTaTOYHBbIC HAMNPSDKCHUS W BIMSIONIMMHA HAa MEXaHUYECKOE IMOBEJCHUE.
CHIDKEHUE OSTUX HANPSIKEHUNW JOCTHTaeTcs TepMooOpabOTKOW, HO OleHKa e¢
3 PeKTUBHOCTU OOBIYHO TPEOYET MIUTEIBHBIX U IOPOTOCTOSIIUX MCCIEIOBAHUM.
B nmanHOil paboTe mNpensokeH U anpoOUpPOBaH AKCHPECC-METOJ OLICHKU
OCTAaTOYHBIX HAIpPSHKEHUN, OCHOBAHHBIM Ha aHAIM3E JUATPAMMBI PACTSHKEHUS C
pasrpy3koil. MeTosa Mmo3BOJISET BBISIBIATH BIUSHUE MApaMETPOB TEPMOOOPAOOTKU
Ha YpPOBEHb OCTATOYHBIX HaNpsOKEHW B oOpasiie, Npu 3TOM CYIIECTBEHHO
YMEHBIIIAET TPYAOEMKOCTb Tporeaypol. [ns ero Bepudukanuu HCHOIb30BaH
HAJICKHBIA ATAJOHHBIM METOJ HEUTpOHHOW Judpakiuuu Ha JTUPpaKTOMETpe
CTPECC (peaxrop UP-8, HUL] «KypuaTOBCKHI1 HHCTUTYT)).

Anpobanusi MeTo/la TIpoBeeHa Ha o0pasiiax KOPPO3MOHHOCTOMKOM CTaiu
316L, momyuyennsix metonoM PBF-LB u moasepraytsix omxkury (600-1000°C,
BpeMs orxura 1-6 u). Taxke, ycTaHOBJIEHa CBS3b IapaMETPOB OTKUTA C
U3MEHEHHUEM  OCTATOYHBIX  HAMpSOHKEHUH,  MEXaHWYEeCKUX  CBOWCTB U
MUKPOCTPYKTYPBI. Y CTaHOBJICHO, YTO UWJIMHAPUYECKHE OOpasilpl MOcie MedaTu
XapaKTEPHU3YIOTCS 3HAYUTEIIbHBIMU CKUMAIOIIUMHK HATPSOKCHUSIMHU B IIEHTPATBHOU
00J1acTH, MEePEXOIUIMMU B pacTATUBarolye Ojmxe K nosepxHoctu. OOHapyxeHa
npsMasi 3aBHCHUMOCTh MEXKIY VYCIOBHSAMH OTXHTa W CTCTICHBIO CHUXCHUS
OCTAaTOYHBIX HampspkeHWi. [loka3aHo, YTO TOBBIMIEHHBIC TEMIIEPATYPHl OTXKWTA
CIIOCOOCTBYIOT HE TOJBKO CHIDKCHHMIO HANPSOXKEHWH, HO U DBOJIOIUU
MUKPOCTPYKTYPBI: POCTY 3€pHA U PACTBOPEHUIO STYECUCTON CYyOCTPYKTYphI. OTH
MPOIIECCHI COMPOBOXKAAIOTCS U3MEHEHUEM COBOKYITHOCTH MEXaHUYECKUX CBOMCTB,
BKJTFOYAsi CHIDKCHHE TIPeIesia MPOYHOCTH U TEKYUECTH.

[IpenyioKeHHBINH SKCIPECC-METO/] TTO3BOJISIET 3HAYUTEIHHO YCKOPUTH OIICHKY
() PEKTUBHOCTH CHATHS OCTATOYHBIX HANPSKEHUH M MOXKET OBITh HCIIOJb30BaH
P ONITUMHU3AIUU PEKUMOB TEPMOOOPAOOTKU B aTATUBHOM TPOU3BOJICTBE.

UccnenoBanne BeIMoaHEHO 3a cuer rpanta PH® Ne 24-19-00484,
https://rscf.ru/project/24-19-00484.
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BJIUSTHUE OCTATOUYHBIX HATIPSI)KEHUHA HA
CBEPXMHOI'OIIUKJIOBYIO YCTAJIOCTDb OBPA3IIOB
KOPPO3HOHHOCTOMKOM CTAJIMA 316L HOJTYYEHHBIX METOJIOM
CEJIEKTUBHOTI'O JIABEPHOTI'O CILIABJIEHUS

U.B. Cepeeuueet, 5.C. Bonockos', A.H. ®eoopenxo®, C.A. Esnawun?,
U JI. Kapnoe?®, B.T. Om?

YAHOO BO «Cxonxosckuii uncmumym nayku u mexnonoz2uiiy, Ljenmp mexnono2uii mamepuanos
2Hayuonanvuuiii uccredosamenvckuii yenmp «Kypuamosckuii uncmumymy, Kypuamogckuii
KOMNIEKC CUHXPOMPOHHO-HEUMPOHHBIX ucciredosanuti, Omaoen HelimpoHHbIX
9KCNEPUMEHMATIbHBIX CINAHYULL

BreinosHeHbl 3KCIEpUMEHTATBHBIE HCCIEA0BaHUS CBEPXMHOTOIIMKIOBOM
yctainoctu (CMY) o6pa3iioB KOPppO3MOHHOCTOMKON cTanu 3161, M3roToBIEHHBIX
METOJIOM CEJIEKTUBHOIO JIa3€PHOTO CILJIABJICHUS C BHEIPEHHBIMH UCKYCCTBEHHBIMU
nedekTaMu 3aJlaHHOTO pa3Mepa U (OpPMBbI, PACIOIOKEHHBIMU Ha 3aJlaHHOM
pPacCTOSTHUM OT TOBEPXHOCTH O0O0pa3oB. AHAW3 IMOBEPXHOCTEH pa3pylleHus
MOKa3bIBAET, YTO BO MHOTUX CIy4asix MPUUYMHON 00pa30BaHUS TPEIIUH SBIISJICS HE
HCKYCCTBEHHBIN JTe(DEKT, a CIIydalHbIN €CTECTBEHHBIHN AedeKT MEHBIIIETO pa3Mepa,
HO PaCIIOJIOKEHHBIN OIMKe K TOBEPXHOCTH 00pa3Iia.

KacarenbHo BiMsiHUSL pacnojiokeHust Je(eKTOB ObUIO OTMEUYEHO, 4YTO
TPEUIMHBI ¢ OOJIbIIEH BEPOSTHOCTBIO OOPa3ylOTCS B OKPECTHOCTH J1€(PEKTOB,
PACIIOJIOKEHHBIX OJIMKEe K MOBEpXHOCTH. OJHAKO 3TU Je(PEKThI BCE €Iie MOXKHO
paccmaTpuBaTh Kak oObeMHbIE nedexTrl. Jledekr kmaccupuuupyercs Kak
BHYTpeHHMM, korjna cooTHomieHue r/d menbmie 0,8 [Murakami, 2002], roe r
npeAcTaBisieT coboil paguyc nedekra, a d - paccTosiHue OT LeHTpa AedexTa A0
MOBEPXHOCTU. B HacTosilieM HCClIeI0BaHUM COOTHOIIeHHE r/d HaxoauTcs B
nuanazone (0,06-0,68. DTo yka3plBaeT Ha TO, YTO TPEUIMHA 3apOKIAETCS OT
BHyTpeHHero jaedekra. C wucnonb3oBaHWEM COOTHOIIEHUS 1/d ToOCTpoeHa
3aBUCUMOCTh ~ BEPOSTHOCTH  BO3HMKHOBEHHUS  TPEIIMH,  OOYCIIOBJIECHHBIX
UCKYCCTBEHHBIMU JIe(PEeKTaMU OT PACCTOSIHUS HCKYCCTBEHHOTO JAedeKTa 10
MOBEPXHOCTH 00pa3ia. ITa 3aBUCUMOCTh COIOCTaBIIEHA C paclpeeeHueM
OCTAaTOYHBIX HANPSDKEHHM BIOJb pajinyca oOpasiia.

OcraTouHble HamnpspKeHUsT ObUTM  OMpeNeieHbl METOJOM HEUTPOHHOU
mugpakuuu ¢ ucnosibzoBanueM audpakromerpa CTPECC, yctaHOBIEHHOro Ha
FOPU30HTAIBHOM  KaHajle  HMcClieoBaTenbckoro  peakropa HWP-8  HUIJ
«KypuaTtoBckHii MHCTUTYT». YKa3aHHOE CONOCTABJIEHUE IOKA3aJ]0 KPUTHYECKOE
BJIUSHHAC OCTATOYHBIX HANpPsDKCHWM Ha TIPOIECC WHHIMAIMM W Pa3BUTHS
MOBPEXJECHUN B aJUIMTUBHBIX o0Opasiax crainu 3161 B pexxume CMYVY.

Uccnenoanue BoIMoaHEHO 3a cueT rpaHta PH® Ne 24-19-00484,
https://rscf.ru/project/24-19-00484.
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HEWTPOHHBIE UCCJEIOBAHUSI IIJIACTUH, N3IrOTOBJIEHHBIX U3
KOPPO3MOHHOCTOMKHX CTAJIEM METOJIOM IIPSIMOI'O
JIABEPHOTI'O BBIPALIIMBAHU A

MM. Mypawes*, B.T. Om*, U], Kapnoel

YHUI] «Kypuamosckuii uncmumymy, Mockea

[Ipy 1pPOU3BOACTBE METAIIMYECKUX M3JEIUNA METOJOM  aJAUTUBHBIX
texHoJoruil (AT) BbICOKHME T'paJUEHTHl TEMIEPATYP, @ TAKKE BBICOKHME CKOPOCTH
HarpeBa M OXJIAKJCHHUS MOTYT MPUBOJUTH K TMOSBJICHUIO PA3JIMYHOIO poja
HEOJHOPOJHOCTENW BO BHYTPEHHEW CTPYKTypE H3AENMS, TAKUX KAK BHYTPEHHUE
nedextel  (MOpbl,  TPEIIMHBI, HApYyIIEHHWE  TreoMeTpuu), objactu ¢
MPEUMYIIECTBEHHON OpHUeHTanuen 3epeH. KoamyecTBO mop M BKIOYEHUH BO
MHOT'OM OIPEAEISET UTOTOBBIE MEXAHUYECKHE CBOMCTBA TOTOBOIO HW3JCIHS, a
00JIaCTH C MPEUMYIIECTBEHHOW OpHEHTAIMeil 3epeH (HEOIHOPOJHAas TEKCTypa)
OpUBOAUT K uX aHuzorponuu. [loatomy st oOecrieueHuss 3aJaHHBIX
AKCIUTYaTallMOHHBIX XApaKTEPUCTUK OOBEKTOB, M3rOTOBJICHHBIX MetojgamMu AT,
TpeOyeTcsl MPOBEACHUE UCCIIETOBAHUN UX BHYTPEHHEN CTPYKTYPBI.

B nmanHoil paboTe mnpeacTaBlieHbl HCCIEIOBAHUS BHYTPEHHEW CTPYKTYphI
CTaJIbHBIX IUIACTUH, W3TOTOBJICHHBIX MO TEXHOJOTUU TMPSMOr0 JIA3€PHOTO
BolpammBanus n3 cramm AISI 316L u AISI 410 merogamMu HEWTPOHHOM
BU3yaIM3alu U AUGPaKIIH.

Pe3ynbTaThl MPOBEIEHHBIX HCCIEIOBAHUI IMOKA3bIBAIOT, YTO MPOU3BOACTBO
U3JICIIMA METOJIOM MPSIMOTO JIa3epHOTO BbIpamuBanus u3 crtaieil AISI 316L u
AISI 410 mpu JaHHBIX peXUMAax MEeYaTH BEAET K MOSIBJICHUIO CUIIbHO BBIPAXKEHHON
HEOJHOPOJIHOM TEKCTyphl M3 o0jacTel pa3MepamMu OT J0JIeW MWUIMMETpa [0
HECKOJIbKUX MWUIMMETPOB C MPEUMYIIECTBEHHOW OpPUEHTALIMEN 3€peH, KOoTopas
MOXET CHIILHO MEHSATHCS MPH MEPexojie OT OJHON 001acTu K japyroi. B obpasie
u3 cranim AISI 410 Obuto0 00HaApPY)EHO OONBIIOE KOJUYECTBO TOP AUAMETPOM IO
400 MKM, KOTOpBIE JIOKAIM30BAaHbI HA TPAHULE MEKIY IPOXOJAAMU MTEYATH.

Metoasl HEUTpOHHON AUGPAKIIMU U BU3yaIU3alMU MOKA3aJIM BO3MOKHOCTh
Ka4eCTBEHHOTO  OMPENEJICHUS] HEOJHOPOJHOCTH TEKCTYphl B  MAacCCHUBHBIX
METaJUIMYECKUX o0Opa3nax 0e3 H3MEepeHUs NOJIIOCHBIX (UIyp U MOCTPOEHUS
GyHKIIUU pacnpeaesieHus: opueHTauu. [Ipu 3TOM HCMOJIB30BaHUME METOJa
HEUTPOHHON TOMOrpaduu MO3BOJIAET KAUECTBEHHO OMNPEIEIUTh HEOAHOPOIHOCTh
TEKCTYpBhI 10 BceMy 00beMy oOpasiia.

HccnenoBanust BBINIOJHEHBI € MCIOJBb30BAHUEM YHHUKAJIBHOM HAy4YHOU
ycTaHoBKU «HeHTpOHHBIN MCCIen0BaTENLCKIN KOMIUIEKC Ha 0a3e peaktopa MP-8»
HUII «KypyaToBCKH1 HHCTUTYT».
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CUHXPOTpPOHHAS M HEUTPOHHAS BU3YAJIU3AIIHS
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KOI'EPEHTHAS PEHTTEHOBCKAS IN-LINE OIITUKA: 30 JIET ITYTHU
N INEPCIHHEKTUBBI

A.A. Cnueupes?

L Banmuiickuii pedepanvuwiii yuusepcumem um. M. Kanma

Tpunuate et Ha3aj, ¢ MOSABICHUEM CUHXPOTPOHHBIX UCTOUYHUKOB TPETHETO
MOKOJICHHSI, OTKPbUIACh YHHKaJIbHAas BO3MOYKHOCTH HMCIOJIb30BaTh HX BBICOKYIO
KOTEpPeHTHOCTh Uil 3ajad  Bu3yanusanuu.  MMenno  Torma — Obuia
NPOJICMOHCTPUPOBAaHA TIpaKTUYeCKas peanau3aius werona in-line  dasosoro
KOHTpAacTa JJisi PEHTreHOBCKOTO wu3nmydyeHus [1]. CoBMECTHO ¢ BHEOpPEHUEM
BbICOKOpazpemamux 2D-neTtektopoB [2] 3TO MONOXKUIO HAYalo HOBOMY
HaIIPaBJICHUIO, KOTOPOE CETOAHS CTAJO OJHHUM M3 KIHOYEBBIX MHCTPYMEHTOB JUIS
UCCIJIEJOBaHMSI CTPYKTYPBI U CBOMCTB BEILECTBA B MaTepUaIOBEICHUHU, OUOJIIOTUU U
MEJULIHE.

BaxHpIM 3Tarmom pa3BUTHsI KOTEPEHTHOM IN-line onTHKYM cTano mpruMeHeHue
addexTa mpenomiaeHus sl GOKYCUPOBKH U TPAHCHOPTUPOBKU PEHTIE€HOBCKOTO
U3NTydeHHs. BpulM TpemyiokeHbl M peaiu30BaHbl COCTABHBIE MPETOMIISIONINE
muu3el  (CRL, compound refractive lenses) [3], KoTopble cerojgHs craiu
CTAaHJAPTHBIM DJIEMEHTOM CHHXPOTPOHHOW ONTHKHW. Pa3BUTHE NpENoMIIAIOLIEH
ONTUKA TIPUBEJIIO K CO3JaHUI0 3yM-OOBEKTUBOB — TpaHC(HOKATOPOB [4]
NO3BOJIMBIIMX (OpPMHpPOBATH MYyYKH M HU300paKEHUS C MHUKPOHHBIM U
CYOMUKPOHHBIM pa3pelieHueM. OTO OTKpPbUIO HOBBIE BO3MOXHOCTH IS
MUKPOCKOIIUU ¥ TOMOTpaguH.

3a Tpu nmecsatuieTus meron In-line ¢a3oBoro KOHTpacTa ¥ MPETOMIIAIOLIAS
PEHTICHOBCKasl ONTHUKA MPEBPAaTWINCh W3 DKCICPUMEHTAIbHBIX HJIEH B
(dyHIaMeHTaJIbHbIE UHCTPYMEHTBI COBPEMEHHON Hayku. OHU OnpelessitoT 00JIuK
AKCIIEPUMEHTAIIBHBIX CTAHLMN HAa HOBBIX HCTOYHHMKAX 4-r0 TMOKOJeHUd [S5] wu
POJIOJKAIOT HAXOAUTH BCE O0Jiee MUPOKUE MPUMEHEHUS — OT (PyHIaMEHTaIbHBIX
UCCJIEI0OBAHUM 10 MEAUIIMHCKON TUAarHOCTUKHU.

A. Snigirev, . Snigireva, et al., Rev. Sci. Instrum., 66 (12), 5486, (1995).
A. Koch, C. Raven, et al, J. Opt. Soc. Am., 15(7), (1998).
A. Snigirev, V. Kohn, et al, 384, 49, (1996).

G.B.M. Vaughan, J.P. Wright, et al, J. of Synchrotron Radiation, 18, 125, (2011).

1.
2.
3.
4.
5. ESRF Upgrade Programme Phase 11 (2015 — 2022), «Orange Book», (2014).
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PEHTTEHOBCKAS MUKPOCKOIINA B CHHEKTPAJIBHOM
JAUAITA3ZOHE «YITIEPOJAHOI'O OKHA» (IJIMHA BOJIHBI 4.5 - 5§ HM)

U.A. Apmriokos

Qusuueckuut uncmumym um. I1.H. Jlebeoesa PAH

CrnekTpaiibHass  00JacTh  «YIJIEPOAHOTO OKHA», T.€. JUIMHBI  BOJIH
MaKCUMAJIbHOM B MSTKOM peHTreHoBckoM (MP) paumamasone mpo3padyHoCTH
yraepona 4,5 uM < A < 5 HM MOXKET pacCMaTpUBATHCS KaK pacHIMpeHHe 00yacTu
npuMeHeHnss MP-  MHKpOCKONMH 3a TpPEAEeibl  «BOISHOrO OKHa». EE
O0COOCHHOCTSIMU SIBJISTIOTCS

v BO3MOXKHOCTb MCCJIEJOBAaTh Ha IPOCBET CYIIECTBEHHO 0O0JI€E TOJICTHIE
CJIOM OPTaHWYECKUX U APYTUX YIIIEPOJOCOAECPKAINIMX MATEPUATIOB, B TOM
yucie o0pasilbl yIiIeBOA0POHOTO TOIINBA;

v mamnune  auddepeHrranTbHoro  abCopOLMOHHOIO  KOHTpAcTa  IIpH
BU3yaJIM3allMU PA3JIMUYHBIX MUKPOCTPYKTYP OHMOJIOTHYECKHX OOBEKTOB
U3-32 PaA3HOTO XUMUYECKOTO COCTaBa (BJIMSHUE KOJUYECTBA aTOMOB P, S,
Owu 1p.);

v’ BO3MOYKHOCTB HCCIIETOBAHUS CTaHJApPTHBIX MEJIUIIMHCKHUX
TUCTOJIOTUYECKUX Cpe30B TKaHeW ¢ (Qukcanueld B mapadune 6e3
JOTIOJIHUTENIBHOTO 3aMOPaKUBAHUS U UCIOJIb30BaHHS BAKYYMHOILIOTHBIX
AYECK;

v YMEHBIIEHHAs JI030Bas HArpy3ka Ha OHOCTPYKTYPHI H3-3a HX
OTHOCHUTEJIbHOM MPO3PAYHOCTH;

v’ CHIKEHHBIE Ha 1-2 mopsaka TpeGoBaHMs K pabodeMy BaKyymy, 4eM B
«BOJSIHOM OKHE», U3-3a MEHBIIETO MOTJIOLIEHUS a30Ta BO3AYyXa;

v/ OTCyTCTBME TIpOOJIEM, CBA3aHHBIX C OpPraHUYECKUM 3arpsA3HEHHEM
MMOBEPXHOCTH 3€pKaj, PUILTPOB U AETEKTOPA;

v/ 0ojlee  IIMPOKHME  YIIOBHIE UM  CHEKTPAbHBIE  XapaKTEPHCTUKH
MHOT'OCJIOMHBIX PEHTI€HOBCKUX 3€pKajl MO CPAaBHEHUIO C aHAJOTHYHOMU
ONTUKOW HOPMAJIbHOIO MA/ICHUS Ha JUIMHAX BOJH < 4 HM.

B mnpencraBiaeHHoit paboTre € TOMOIIBIO 3€pKaTbHOM PEHTTC€HOBCKOM
ONTHUKU HOpMalibHOTO majcHus Ha ocHoBe CO/C MHOTOCIONHBIX MOKPBITHHA C
MEPUOJIOM OKOJIO 2.3 HM ObUIH TIOJIYY€HBI KOHTPACTHBIE M300PKEHUS Pa3TUIHBIX
OMOJOTUYECKUX U APYTHUX YIIIEPOAOCOACPKANTUX 00BEKTOB TOMIIUHON OT 10 MKM
a0 1 mMm. Tem campiM OblIa MPOJAEMOHCTPUPOBAHA BO3MOKHOCTH CO3JIaHUS U
npuMeHeHus YPHEKTUBHON ONTUKH JIJIsi BU3YaJIM3allMU OPTAaHUUECKUX 00OBEKTOB B
«YTJEPOTHOM OKHEY.

1. A. Artyukov, R. M. Feschenko et al., Micron 41, 722 (2010).
2. U. A. Aptiokos, A. B. Bunorpaznos, H. JI. [ToroB, KBanToBast anextponuka 47, 1041 (2017).
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WCCJEIOBAHUE U PEKOHCTPYKIIUSI OPHAMEHTHUPOBAHHOM
JKEJIE3HON HAKJIAJIKHA U3 MOCKOBCKOI'O KPEMJISI

A.JO. JIobooa, I1.B. I'vpwvesa’, E.C. Koeanenxo', O.A. Konopamowes®,
M.M. Mypawes*, J1.FO. baoeee’, B.U. 3asvanos’, K.M. Ilooypey’,
E.IO. Tepewenxo', E.5. Ayuwuna’

!Hayuonanvnwiii uccreoosamensvckuii yeump «Kypuamoscxuii uncmumymy, Mockea
’Uncmumym apxeonoauu PAH, Mockea

HccnenoBanbl [1Ba yHHKAJIBHBIX (parMEHTa JKEJE3HBIX IUIACTUH C
penbedHBIM OpHAMEHTOM, OOHAPY)KCHHBIE MPU apPXEOJOTMYECKUX PACKONKaX Ha
teppuropun  MockoBckoro Kpeminss B 2020 1 IIpuMEHSJIMCH  METOIBI
PEHTICHOBCKOM M HEUTpPOHHOM  Tomorpaduu, PEHTreHOMIYyOpeCIIEHTHOTO
AIIEMEHTHOTO aHAJIN3a, MACC-CIIEKTPOMETPUH C MHIYKTUBHO CBSA3aHHOW IUIa3MOM U
Metauiorpaguu. OrnpenesieH COCTaB HMCIOJIb30BAHHBIX METAJJIOB — KeJe3Has
OCHOBa JCKOpDUpPOBaHA IMPOBOJIOKOM U3 cIuiaBa 3oiioTa. lIpemnoxena
PEKOHCTpPYKILIUSI, OObenuHstomas nBa ¢parMeHTa B €IMHYIO HaKIAIKy C
penbeHBIM OPHAMEHTOM B BHUJE JIBYX JPAKOHOB. YCTAHOBJIEH CIIOCOO HaHECEHUSs
JIeKOpa HaKIJIaJKd — BBINYKIOE OOpPOHHOE TPaBUPOBAHUE C TayIIMPOBKOU
npoBoJIoKOi. Dopma HaAKIAIKU, XapaKTEep HAHECEHHOTO M300pakeHUsl JPAKOHOB U
CIoCcO0 M3rOTOBJIEHUS TMPEIMETa MO3BOJISIIOT BUAECTh B HEM TPAJMIIUIO MEJIKOU
MJIACTUKU JaJIbHEBOCTOYHBIX MAaCTEPOB, XOPOIIIO 3HAKOMBIX C TPAIUIIMOHHBIMU TS
JJAHHOTO pEruoHa HM300paKeHUSIMU JIpakoHOB. Henb3si WCKIOYaTh W TOTO, YTO
HaKJIaJka Oblla BBIMIOJIHEHA 30JI0TOOPABIHCKMMU MacTepamu XIV B., KOTOpbIe
MO/Ipakajii U3IEJIUSIM METAJUIOTUIACTUKH YKYPUKIHEH.

Hccnedosanue ucmopuuecko2o koHmexkcma niacmuH 6vinoiHeno 6 pawvkax HUP
Hnemumyma apxeonocuu PAH «Mockosckuti Kpemav no mamepuanam HoGeuuiux
apxXeonocutecKux — UCC1e008aHull:  KYIbMYPHbIU  CIOU,  ApPXUmeKnypHbvie
coopyoicenus, apmegaxkmoly (Ne HUOKTP 122011100062-2), ecmecmeento-
HAay4Hble UCCTe008aHUsl (MEeMOOaMU PeHM2eHO8CKOU U HeUmMPOHHOU momozpaguu,
MAcc-CneKmpoMempuyecko20 U peHmeeHodIyopecyeHmHo20 aHalu308) — 8 pamKax
peanuzayuu I ocyoapcmeennozo saoanuss HUL] « Kypuamoeckuii uncmumymny.
Hccneoosanusi ~ memooom — HeUmMpoOHHOU — momocpaguu  6blNOIHEHbl  C
UCNONIL30BAHUEM VHUKATbHOU HAyYyHoU VCMAHOBKU «Hetimpounwviu
uccneoosamenvbCckuli. Komnieke Ha oaze peakmopa HUP-8» HUI] «Kypuamoeckuii
UHCTNUMY M.
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COBMEIIEHUE MYJIBTUMOJIAJIBHBIX 3D NU30BPAKEHUM

M.U. Tunomanos*?, JI.IO. Koasckun?, M.B. quaﬂuHa1’3, E.C. Kosanenxo?,
J.I1. Huxonaee*®, B.B. Aprazapos*®

Y000 «Cmapm Snoxucunc Cepeucy, Mocksa
2UTITTH PAH um. A.A. Xapresuua, Mockesa
SoUI] 1Y PAH (MCA PAH), Mockesa
*Hayuonansuuiii uccnedosamenvcruii yenmp «Kypuamoeckuii uncmumymy, Mockea

Cosmemienrne 3D m300pakeHHid, OIPa3yMEBAET NPHUBEACHUE TPEXMEPHBIX
N300paKeHN 00BEKTa B OOIIYI0 MUPOBYIO cHCTeMy KoopauHaT. CoBMelieHue
U300paXCHU TOJIYYEHHBIX C KCIOJb30BAHUEM MPUHIMIIMAIBGHO Pa3IHYHbIX
METOJIOB PEruCTPallMM I103BOJIIET BBINOJHATh KOMIUIEKCHBIA aHAIW3 JaHHBIX,
COIIOCTABJIATh CTPYKTYPHBIE U MaTepUalIbHbIC XapaKTEPUCTUKU, & TAKKE CTPOUTh
TouHble 3D-KapThl pacrpeneneHusi KOMIIOHEHTOB, UTO OTKpPBIBAE€T HOBBIC
BO3MO>KHOCTH B MaTepUaIOBEJCHUH, OMOMEIUIIMHE U HEPA3pYILIAIOLIEM KOHTPOJIE.
[Tpu 3TOM, COBMELIEHHE MYIBTUMOAAIBHBIX U300paXXCHUM OCIOXKHAETCS Pa3HbIMU
ONTUYECKUMHU CBOMCTBAMHU MAaTEpPHAJIOB JUIs DPAa3HbIX JUANa30HOB SHEPIUN U
Pa3HBIX TUIIOB UCIIOJIb3YEMOTO U3ITyUYCHHUS.

[IIupoko pacnpocTpaHEHHbIM METOJOM MPEOoOpPa30BaAHUS TPEXMEPHBIX
U300pKEHU K OJHOW CHUCTEME KOOpAMHAT ABISIETCS MOUCK ad@PuHHOrO
npeoOpa3oBaHus C  KCIHOJb30BaHUEM  OMOPHBIX Todyek. Hecmorps Ha
KOHLENITYaJIbHYIO TPOCTOTY METOAa, COBMEIIEHUE H300paKeHU sBISETCA
MHOTOCTaIUIAHBIM TPYJOEMKHM IPOLIECCOM, TPEOYIOIIMM KBaTU(UIHUPOBAHHOTO
TpyJa omeparopa W PyYyHOM pa3METKU AaHHBIX, MPU 3TOM TOYHOCTh PYYHOIO
COBMEILICHHS] OCTaeTCs BEChbMa OrPaHWYEHHOM. B 3THX yCIOBHSIX, aKTyaJbHOMU
ABIISIETCS pa3pabOTKa TMOJHOCTHIO aBTOMATHMUECKUX METOJIOB COBMEIICHHUS,
NO3BOJIIOIIMX BBIBECTH O0pabOTKY MYyJIbTUMOJAIBHBIX JaHHBIX Ha HOBBIN
YPOBEHb.

B pamMkax naHHOro JoKiajza pacCMOTPEHBI BOMNPOCHl OLEHKM KauecTBa
COBMEILIEHUS, MYJIbTUMOAAIIBHBIX JaHHBIX, IPEJICTABICHBI IPUMEPHI U MPOOIIEMBI,
BO3HUKAIOIIME TIPU COBMEIICHUM pEAIbHBIX JAaHHBIX PEHTI€HOBCKOH U
HEUTPOHHOM ToMorpaduu, a TaKXKe BBIIOJIHEHO CpPAaBHEHHE CYIIECTBYIOIIUX
aBTOMATUYECKUX aIrOPUTMOB coBMelleHHs. OTaelbHOE BHHMaHHUE YJIEJIEHO
CO3/IaHUI0 pe(EepEeHCHBIX COBMENIEHUM C CYOBOKCEIBHOM TOYHOCTBIO U
WHCTPYMEHTOB [UIsl CPAaBHEHHUSI KayecTBa pabOThl aBTOMATHYECKUX AJITOPUTMOB
COBMEUICHMUS.
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Cexnus

[ToBepXxHOCTh, UHTEP(ENCHI, TOHKUE ILUICHKU
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XAPAKTEPU3AIUA ITOJYITPOBOJHUKOBBIX CBEPX-
MHOI'OIIEPUOJHBIX GaAs/AlGaAs CBEPXPEHIETOK

AJl. Bypaenes*™

Y\OTH um. A.®@. Hogpgpe PAH, Canxm-Ilemepbype
2CH6IIATY «JIDTHy, Canxm-Ilemepbype
SUAIT PAH, Canxm-Ilemepbype
4000 «HK-Memxay, Canxkm-Ilemep6ypez

[TonynpoBonHuKOBbIE cBepxpe€TkH (CP) wurparmT BaxXHYI poOJib B
COBPEMEHHOW HAHORJIEKTPOHUKE M (POTOHHKE Oyiarogaps BO3MOXKHOCTU CO3aHHUS
PAa3IMYHBIX ONTOXJIEKTPOHHBIX YCTPOUCTB. DKCIIEPUMEHTAIbHBIE UCCIEAOBAHUSA U
uzroropienne CP cramu BO3MOXHBI B TOCIEIHUE JecATHIIETUS Onaroaaps
3HAYUTEIIBHOMY IIPOIPECCY B POCTOBBIX TEXCTOJIIPOBHOJIOTHAX, B YaCTHOCTU B
MOJIEKYJIIpHO-TTyukoBOM »nutakcun (MIID). bmaromaps stomy B moclieaHee
Bpems ObUIM peanu3oBaHbl cBepxmHoronepuognsle (CMII) crpykrypsr CP ¢
YUCJIOM CJIOEB OT HECKOJBKHX COT€H J0 Thicad. OHAaKo, HECMOTps Ha
TEXHOJIOTHYECKHUI Iporpecc, co3nanue crpykryp CMII-CP ¢ sgBHO 3agaHHBIMH
XapaKTEPUCTUKAMU TMO-TIPEKHEMY MPEICTABIAECT COOOK HETPUBUAIBHYIO 3a]ady.
YToObl yMEHBIIUTHh PACCESIHUE HOCUTEIEH Ha TeTeporpaHulax, oOpasisl ¢
COTHSIMH M TBHICAYaMM CJIOEB CIEAYET BBIPAIMBATh C ATOMApHOM TOYHOCTBHIO
TOJIIIMH, CYOaTOMHBIM YPOBHEM CpPEJHEKBAJAPATUYHON IIEPOXOBATOCTH U
mupdy3HocTH HUHTEP(PENCOB M TOYHOCTBIO COCTAaBa, COCTABIISIIOLIEH JOJIU
npoLeHTa. B 3Tol cBA3M 0c00YI0 3HAUUMOCTh MPUOOPETAOT IKCIEPUMEHTAIBHbBIE
METO/Ibl, KOTOPbIE MOTYT OBITh HCHOJIb30BaHbI JJISl XapaKTepU3alUU MOJOOHBIX
MHOTOIIEPUOJIHBIX ~ CTPYKTYp, € TOJILIMHAMM MPEBBILAIOIMMHA  HECKOJIBKO
MHUKPOMETPOB.

[Tpu BeIMONTHEHNH PabOTHI MeTo1IoM MIID OBUTO CHHTE3UPOBAHO HECKOIBKO
cepuii obOpasioB GaAs/AlGa;xAs CP, oTauyammuxcs Kak TOJNIHHAMH
KBAHTOBBIX SIM M OapbepoB, Pa3IUYHbIM COCTABOM AaJIOMUHUS, U YPOBHSMHU HX
nerupoBanus. KomnuectBo nepuonos CP BapsupoBanocsk B auamnazone ot 100 go
500. CuntesupoBannpie CMII CP cTpykTypsl MMEIM B CpPEIHEM TOJILIUHY
HECKOJIbKO MHUKpOMETpoB. CTeneHp JjerupoBaHus n-tuna mno tonmmHe CP amd
pa3HbIX 00pa3loB OblIa MPUMEPHO OJMHAKOBOM Kak JJisi OaphepoB, Tak W IS U
KBAHTOBBIX M M BapbHpoBanach B auanazone ot 10 mo 10 cm,

[IpencraBieHHblii  aokiIaa OyAeT TIOCBSINEH OMHCAaHUIO PE3yJIbTaTOB
KOMIUIEKCHOTO H3y4deHMs cuHTe3upoBaHHbIX CMII CP cTpykTyp paszinyHbIMU
METOJAaMH, B TOM YHCJIE, HA UICTOYHUKAX CUHXPOTPOHHOI'O U3JIy4ECHUS.
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PEHTT'EHOBCKASA ®OTO2JIEKTPOHHAS CIIEKTPOCKOIIUA
MHOI'OCJIOMHBIX HAHOCTPYKTYP: ®U3UKA U XUMUSA
®OPMHUPOBAHUS MEXCJOEBBIX OBJIACTEN

E.O. Qunamosa

Canxm-Ilemepbypeckuil cocyoapcmeennsiii ynueepcumem, Cankm-Ilemepoype

OCHOBHOI TEHJCHIIMEN COBPEMEHHOIO PAa3BUTHs BBICOKMX TEXHOJIOTUU
SBIISICTCSl TIEPEeXoJl K HAHOMETPOBOMY MAcIITaly CHHTE3UPYEMBIX CTPYKTYp U
cioeB. Pa3BuTre HaHOTEXHOIOTUN TpeOyeT pa3BUTHS HOBBIX aJIEKBATHBIX METOJIOB
U3yYEHUS W JMArHOCTUKH XWMHUYECKOTO COCTaBa M aTOMHOTO CTPOCHMS TaKHX
MaTepuaioB, U OCOOCHHO MHOTOCIIOMHBIX HAHOCHUCTEM, B KOTOPBIX BO3pacTaeT
poiab  MeX(]a3oBBIX TpaHMIl.  YMEHBIICHHE TOMOJOTHYECKHX  pa3MepoB
MHOTOCIIOMHBIX CTPYKTYpP BEAET K CyIIECTBEHHOMY YBEIMUEHHUIO POIHU MPOLIECCOB,
INPOUCXOASIINX Ha MeEX(a3zoBOW TpaHUlE, B YAaCTHOCTH, HUHTEpAUPQPY3UU U
XUMUYECKOW pPEaKIuu, MPUBOMAIINX, KaK MpaBUiIO, K (POPMUPOBAHUIO TOHKUX
uHTepciaoeB.  OOpa3oBaBIIMECS]  IPOMEXYTOYHBIE CJIOHM, B TOM  4YHCIE
MOJIAPU3AIMOHHBIE, MOTYT CYIIECTBEHHO BIHUSATH Ha OCHOBHBIC XapaKTECPUCTUKHU
npubopoB (Harpumep, 3PPeKTUBHYIO padOTy BBIX0/1a), HA pa3pelIeHUe U TUKOBBIN
K03()(PULIMEHT OTpa’keHUsI MHOTOCIOMHBIX PEHTTEHOBCKUX U HEUTPOHHBIX 3€pKall.

Bbynyt kxparko paccMoTpeHbl (DU3MYECKHUE MPUHIUIBI, 00YyCIIaBIUBAIOIINE
BO3MOXKHOCTh MPOBENCHUS B MHOTOCJIOWHBIX CTPYKTypax (pa30BOTO XUMHUYECKOTO
aHaJlM3a ¢ BEICOKMM pa3pelieHneM Mo NTyOnHe; epepacipeesieHue KUCIopoaa Ha
Mek(pa3oBOM TpaHWIIE METAUl/AUDJIEKTPUK/METAUI W €ro BIMSHUE Ha
ANEKTPUYECKUE XapPaKTEePUCTUKU CHCTEM, a Takke (hOopMHUpOBaHHE MekK(a30BbIX
oOnacTeit B MHOTOCJIOWHBIX PEHTTEHOBCKUX 3€pKaiax, MOAXObI K YIPABICHHUIO UX
NPOTSHDKEHHOCTBIO M CTPYKTYpPOH (HUTpHAW3AIMS, BBEIEHHUE OapbepHBIX CIIOEB,

OT)KHT') ¥ TIONCK ONTHMAJIBHBIX CTPYKTyp. PaGoTa YacTMYHO BBIMOJIHEHA IIPH
noaaepxku rpanta PH® Neo19-72-20125-11.
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HCCJEIOBAHUE CBOMCTB AJICOPEBUPOBAHHOI'O CJIOS
KHNCJIOPOJA HA HAHOIVIEHKE UTTEPBUA C ITIOMOLBIO
METOIA NEXAFS

M.B. Kysomun®, C.B. Copoxuna®, B.E. Pemene', P.I'. Yymaxos®

L dusuro-mexnuyveckuii uncmumym um. A.@. Hoggpe
2 Kypuamosckuii KoMnIeKe CUHXpOmpOHHO-HelmpoHbIX uccredosanuil, Hayuonanouwiil
ucciredosamenvckull yenmp « Kypuamoeckuti uncmumymy

B nacrosiiiee Bpemsi 3HaUMTENbHBIM MHTEPEC BHI3BIBAIOT HAHOAICOPOCHTHI,
Ha OCHOBE KOTOPBIX MOXHO CO3JaBaThb HAHOIUIEHOYHBIE CTPYKTYpPbl C
YHHUKaJIbHBIMU TlapameTpamu [1]. B HenaBHuX uccnenoBanusx [2] 6p110 MOKa3aHo,
YTO 3JIEKTPOHHBIE, TEPMUYECKHE U WHBIE CBOMCTBA HAHOIUIEHOK UTTEPOUS MOTYT
ObITh MOIU(DUIMPOBAHBI, HANPUMEpP, B OTUX IUIEHKAX MOXET IPOUCXOAHTH
BaeHTHBIN mepexon Yh?*—Yb3*, nmpu agcopOuum Ha MX MOBEPXHOCTH MOJIEKYI
kuciaopona. OnHaKo, (PU3MKO-XMMUYECKHUE CBOWCTBA IIOBEPXHOCTHOTO CJOsA
ancopOMpOBAaHHBIX 4YacTHUI B JIAaHHOM CHCTEME OCTaBajHUCh MPAKTUUYECKU
HEU3YYECHHBIMH.

B wacrosmeit pabore ¢ momomplo  crnektpockonuu  NEXAFS
(OKONOmOpOroBasi TOHKAasi CTPYKTypa PEHTIEHOBCKUX CIEKTPOB IOIJIOIIEHUS)
ObUla MccleoBaHa aJCcOpOLMOHHAs KOH(PUIYpalMs M 3JIEKTPOHHOE COCTOSHHE
MOJIEKYJISIPHOTO KHCJIOpOJla HAa HAHOIUICHKE WTTepOus TOMIUHOW ~ 6 nm,
BhIpameHHor IN Situ Ha momioxke Si(111)(7x7). IlokasaHo, 4To oOpa3oBaHHE
cBazeil O—Yb BHYTpM HAHOIUIEHKM HE MPOHUCXOAMT, T.€. aACOpPOLMS HMEET
HEJMCCOLMATUBHBIA XapakTep. AJICOpOMpOBaHHBIE MOJIEKYJbl HaXOAiTCS Ha
MOBEPXHOCTH B BHJI€ OJIHO3apsAHBIX HOHOB Oy . Onpenenena minHa ceazeid O—O B
nux (1.33 A). C nomormpio aHanusa yrioBbix 3aBucuMocteil cektpos NEXAFS
OoOHapy>KeH PEHTI€HOBCKUH AMXPOU3M MosieKysl O, Ha MOBEPXHOCTH UTTepOusi. OH
00ycCJIOoBJIECH OpHUEHTALIUEN BHYTPUMOJIEKYJISIPHBIX G opOurasei
MPEUMYILECTBEHHO MO HOPMAJIH K TOBEPXHOCTH HAHOAJCOPOEHTA.

1. T. A. Saleh, Surface science of adsorbents and nanoadsorbents. In: Interface Science and
Technology, Elsevier, Academic Press (London), 34 (2022) 324 p.
2. M. B. Ky3pmuH, M. A. Muriies u ap., ®TT 66 (5), 775 (2024).
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PEHTI'EHOBCKASA PEQJIEKTOMETPUA C YYETOM PACCESAHUA U
JTADPAKIINN B CKOJB3AIIEN TEOMETPUU B UCCJIEJIOBAHUH
TBEPABIX U )KUJIKHNX CJIOUCTBIX CUCTEM C NCITIOJIb3OBAHUEM
CHUHXPOTPOHHOI'O U3 TYYEHUA

B.E. Acaduuxoé*, 5.C. Powun', FO.O. Bonxoe*, A.M. Tuxonos'?,
AJ. Hyacoun*

YHUI] «Kypuamoeckuii uncmumymy, Mockea
2 Unemumym usuveckux npoonem um. IT.JI. Kanuywr PAH

[IpoBenen aHanm3 OOOpPYMOBaHHMS W OKCHEPUMEHTAIBHBIX pPabOT Ha
COBPEMEHHBIX  CHHXPOTPOHHBIX  HMcTouHHMKax [l,2].  PaccmarpuBatorcs
TEOPETUYECKUE TMOJXO0Jbl, pa3pabOTaHHbIE aBTOPaMU, M COOTBETCTBYIOLIUE
HKCIEPUMEHTAJIbHBIC JIaHHBIE, TIOJYYEHHBIE TIPU HCCIEAOBAHUU TBEPABIX
MOJIOKEK M3 Ppa3IMYHbIX MATEPUANIOB [JIs MIMPOKOrO Kjlacca IMPUMEHEHUH.
[IpencraBiieHbl pe3yJbTaThl, IOJYYEHHBIE aBTOPAMU U UX CPABHEHHE C JAHHBIMU
aTOMHO-CUJIOBOM MHKPOCKOIIMU M ONTHUYECKUX u3MmepeHui [3, 4]. PaccmoTpensl
pereHus: 00paTHOM 3aJja4ll PEHTTEHOBCKON pedIESKTOMETPUH TIPU MCCIIEIOBAHUU
HAHECEHHBIX HA TAKHE IMOJJIOKKU OJIHOCIOMHBIX UM MHOTOCIONHBIX MOKPBITUN
[4,5]. DOt pesynpTaThl COMOCTaBIACHBI C JAHHBIMH  IPOCBEYHMBAIOIICH
ANEKTPOHHON MHKpockonuu [6, 7]. TlosydeHHBIN ONBIT OBLT HCIOJIL30BaH MPHU
MCCIICIOBAHUM TOBEPXHOCTU KUJKUX (a3 U HAHECEHHBIX Ha HUX OPTaHUYECKUX
miéHok [8—10]. B cnywae [9] pe3ynbraThl COIOCTABISJIMCH C JTAHHBIMH
MOJICKYJISIPHO-AMHAMUYECKUX PACUE€TOB M IOKA3aHO HUX XOpPOIIEEe COOTBETCTBHUE.
bosbiast 4acTh 3TUX MCCIIENOBAHUNM MPOBEAEHA C UCIOJb30BAHUEM COBPEMEHHBIX
CUHXPOTPOHHBIX 3KCIIEPUMEHTAIBHBIX CTAHIIUIA.

[IpoBeneHre PEHTTEHOBCKUX OSKCIEPUMEHTOB OBUIO OCYIIECTBICHO B
paMKax COTJIAIIeHUs] O TMPEAOCTaBICHUH U3 (eepallbHOrO OI0/KETa TpaHTa B
dbopme cyocumuu (¢ MunoOpHaykoi) Ne 075-15-2025-458 u roczamanmss HUIL]
«Kyp4yaTOBCKHI UHCTUTYT).

1. https://www.esrf.fr/UsersAndScience/Experiments/CBS/ID10

2. https://www.esrf.fr/UsersAndScience/Experiments/StructMaterials/ID31

3. M. JI. 3anaBeckus, U. C. 3anaBeckuna, u 1p., Becthuk MockoBckoro ynuepcutera. Cepus
3. ®usuka. Acrponomust. 3 (2006).

4. . B. KoxxeBnukos, A. C. BopoHos, u ap., Kpuctamnorpadus. 51, 6 (2006).
5. B. E. Acaguukos, 1. B. KoxxeBHukos, u ap., Mup usmepenuii. 7 (2012).

6. R. Tholapi, I. A. Karateev, et al., Journal of Applied Physics. 121. (2017).
7. B. E. Acaguuxos, 0. O. Bonkos, u ap., Kpucramiorpadus. 64, 5 (2019).

8. B. E. Acaguukos, 0. O. Bonkos, u ap., Kpucramiorpagus. 68, 1 (2023).

9. Yu. A. Ermakov, V. E. Asadchikov, et al., Langmuir. 35 (2019).

10. A. M. Tuxonos, lO. O. Bonkos, u ap. XKI3T®. 168, 2 (2025).
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MATHUTHBIE DOPEKTDBI BJ/IN30CTU B CBEPXPEIIETKAX Fe/GdHx

E.A. Kpasyos®, M. A. Jluxaués', U.A. Cy6o6omun’, D.M. ITawaes",
JU. Jlesamepuxoe®, M.A. Maxaposa?, FO.A. Canamamoe?

! Hayuonanvnoni uccnedosamenvckuii yenmp «Kypuamosckuii uncmumymy, Mockea
2 Unemumym gusuxu memannos YpO PAH, Examepunéype

Cucrema Fe/Gd siBnsieTcs 01HOM M3 XOPOIIO UCCIEIOBAHHBIX CBEPXPEIIETOK
TUTIA PEIKO3EMENbHBIA METaJUl/TIepeX0oAHbIN MeTall. M3BecTHO, YTO B OTIUYHE OT
beppomarHuTHBIX 3d-MeTaNIOB, peaKO3EMENbHBIE METaUIbl JIETKO MOTJIOMIAIOT
BOJIOPOJ] M3 OKpY’KaroIel aTMocdepsl Jaxke MPU MallbIX JaBICHUAX BOJIOPOAA, U
MOKHO 05KHMJIaTh, YTO MPHU MOMEIICHUH CBEPXPEIIETOK B aTMOC(epy BOAOPOIa MPU
MaJibIX JABJIECHUSX, BOAOPO OyAeT KOHIEHTPUPOBATHCS B CIIOSX PEIKO3EMETbHBIX
MeTauioB.  Bapeupys  naBineHue  BOAOpPOJAa M TEMIEPATYPY,  MOYKHO
KOHTPOJIUPYEMBIM  00pa3oM H3MEHSITh KOHLEHTPALMIO BOJOPOAA B  CIOSX
PEOKO3EMENIBHBIX ~ METAJJIOB, M3MEHSAsI MX CTPYKTYpHBIE, MAarHUTHBIE W
AJIEKTPOHHBIE CBOMCTBA.

MpI1 nipeAcTaBisieM pe3yibTaThl KOMIIEMEHTAPHBIX HEUTPOHOTpahUUYECKHUX,
PEHTI€HOBCKHUX U MarHUTOMETPUYECKHUX UCCJIEI0BAHMIM MOKPBITHIX
KatanuTudeckum cioeM Ni cBepxpenietok Fe/Gd ¢ tommmuuamu cinoeB Gd ot 7 no
40 HM, TMAPUPOBAHHBIX NpU AaBieHuu Boaopoxaa 730 Topp m nmpu temmeparype
100 °C. bp110 yCcTaHOBIEHO, YTO BOAOPOJ MPOHUKAET B JaHHBIE 00pa3Ilbl Ha BCIO
NIyOMHY W KOHIEHTpHpyeTcs B ciosx Gd, oOpasys ruapuasl GdH, u GdH;. B
CJIOSIX, COAEpPIKALIUX TaJ0JUHUMN, BOIOPO KOHIIEHTPUPYETCS TIaBHBIM 00pa3oM B
IIEHTPE CJO0E€B, B TO BpeMs Kak BOJM3U HHTEP(EHCOB €ro KOHIEHTpaIUs
3HAYUTENIbHO MEHblIE. B oTianune oT 0OBEMHBIX THIPHUIIOB, KOTOPBIE SIBISIFOTCS
HEMarHuTHeIMH TIpu Temriepatypax cBbimie 20 K, B cBepxpemerkax Fe/GdHy
TUAPUABl TAIOJMHUS SBISIIOTCS MAarHUTHBIMA IIPH TEMIIEpaTypax BIUIOTh [0
koMmHaTHOM. Iloj nelicTBMEM MarHUTHOTO mMOJiI (OPMHUPYETCS HEOIHOPOIHOE
pacnpeneseHue MarHuTHIX MOMEHTOB B CJIOSIX THIPUIOB, MAarHUTHBIE MOMEHTHI B
LEHTPE CJIOEB OPHUEHTHPYIOTCS B HANPABICHUM MArHUTHOTO TIOJIA, a Ha
uHTepdencax — MPOTUB MArHUTHOTO TOJISL.

Pa6ota BemonHena mpu noanepxkke rpanta PH® No 24-12-20024.
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OCOBEHHOCTHU MUKPOCTPYKTPbl HAHOPASMEPHBIX IIEHOK
CJOXHBIX KEJE3OCOAEPKAIIINX OKCHUTOB

D.M. Hawaes*, A.JI. Bacunves', A.I1. Hocoe?, H.A. Cy660munt

! Hayuonanvnuiii uccredosamensckuii yenmp «Kypuamoeckuti uHcmumymy
2Uncmumym ¢uzuxu memanios um. M.H, Muxeesa YpO PAH

ToHKOMIIEHOYHBIE HaHOpPa3MEPHbIE reTePOCTPYKTYPHI HIUPOKO
BOCTpeOOBaHbBI B  COBPEMEHHBIX TMEPCHEKTUBHBIX CHCTEMax MHKPO- U
HAHORJIEKTPOHUKU  Ojarojgapss  BapUaTUBHOCTHU  MX  CTPYKTYpHBIX U
(YHKIIMOHATBHBIX CBOMCTB, 3a4acTy0, OTJIMYAIOLIUXCS OT CTPYKTYpPhI U CBOWCTB
00BEeMHBIX MaTepuagoB. DOpMHUpPOBaHWE TaKUX IUICHOK Ha TETEPOTCHHBIX
MOJJIOKKAX MOXKET MPUBOJIUTH K CIIOXKHBIM CTPYKTYPHBIM MPEeoOpa3OBAHUSIM.
CtpykTypHas JuarHocTuka CQOPMHUPOBAHHBIX CHUCTEM SIBJISIETCS OJIHUM U3
OMPENICIAIONTUX ITANOB TEXHOJOTUI MUKPOIJIEKTPOHUKH.

PaboTa mocBsiilieHa yCTAHOBJIEHUIO CTPYKTYPHBIX OCOOCHHOCTEH B TOHKHUX
IUIGHKAaX CJIOKHBIX  JKeJle30cofepaimuXx okcuaoB: rematuT (a-Fe, Oz ),
opropeppur wurrpus (YFO), deppur-rpanater  (BiY, Fes O; ., BYIG),
c(OPMHPOBAHHBIX Ha I'eTEPOreHHBIX MO TI0KKax Al,O3 METO0M MarHETPOHHOTO
pacrblICHuUs, BBISIBJICHUIO ~ MEXaHHW3Ma  CJIOXKHOTO ¢dazoobpazoBanus,
MPOUCXOMSIIETO MPU (POPMHUPOBAHUHU IUTAHAPHBIX CHUCTEM, B TOM 4YHUCIE, IPHU
W3MEHEHUH TOJIIMH HAHOPA3MEPHBIX IUIEHOK, pa3pabOoTKe CTPYKTYPHOM MOJENu
JUTSI OTTUCAHUSI UX MAarHUTHBIX M MAaTHUTOOTITHYECKUX CBOMCTB.

UccnenyeMbie B paboTe CTPYKTYPhI 00J1a1at0T YHUKAJIbHBIMA MAarHUTHBIMU,
MarHUTOONITHYCCKUMHA U MYJIbTH(EPPOUTHBIMA CBOMCTBAMH, 3aBUCSIIUMHA, B TOM
Yyycae, OT TOJIIMHBI W OPHEHTAIMOHHBIX COOTHOIIEHUM CHCTEMBI IUJIEHKA-
MOJJIOXKKa, Ojlarojapss 4YeMy OHH aKTUBHO HCIOJB3YIOTCS B YCTPOMCTBax
CIIUHTPOHHUKH.

B pabGore nmpuBOmSTCS  pe3yNbTaThl  CTPYKTYPHBIX  HMCCJIEAOBaHUMN
pa3IMYHBIMU  METOAAaMU PEHTTEHOBCKOM M 3JIEKTPOHHO-MUKPOCKOMUYECKOU
JMArHOCTUKU C TIPUBJICUCHHEM B PsJE CIIydaeB IMPU WX COBMECTHOM aHAJIU3e
PE3yJIbTATOB MATHUTHBIX U3MEPEHHM.

OO6Hapy)eHO U3MEHEHNE MUKPOCTPYKTYPhI HaHOpa3MepHBIX MIEHOK YFO c
W3MEHEHHEM UX TOJIIMHBI. B caMbIX TOHKHX TUIEHKaX MPOUCXOAUT (OPMUPOBAHUE
Heckonbkux (a3z: o-YFeOs, h-YFeOs, Y3FesOi1, u okcumoB kene3a. B menkax
TonmuHON 6oJee 10 HM ocTaBaych TONBKO 0-YFEO3 u rpaHartsl. beuto mokaszano,
yTo TpaHatbl Y3FesOi1x o0pasyroTcs Mpu OTXKUIE TOCe HamblIeHUs. BrepBbie
MMOKa3aHo, YTO M3MEHEHHE MarHUTOONTHYEeCKUX CBOMCTB IUIEHOK BYIG BhIZBaHO
cerperaiueil BUCMyTa K TMOJJIOKKE U (OPMUPOBAHHEM OKCHIOB JKejie3a Ha
MOBEPXHOCTH. YCTaHOBJIEHA JBYXCTYIEHYATas peJiakcallusl IJICHOK TIeMaTuTa,
OTIPENICIIAIONIAsl X MAarHUTHBIE U MarHUTOONTUYECKUE CBOMCTBA.
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Cexnus

CoOBpEMEHHBIE 3a]1a41 SKOJIOTUH, CTPYKTYPHOU XUMHH,
pPaIMOXUMHUU
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OT MOJIEJIbHBIX CUCTEM K IPUPOJAHBIM OBBEKTAM:
CUHXPOTPOHHBIE METOJAbI KAK HTHCTPYMEHT U3YUEHUA
®OPM U MUT'PAIIUU PAINOHYKJINIOB

A.FO. Pomanuyk, T.B. Ilnaxoea, A.C, Ky3enukosa, U.2. Bracosa, C.H. Kanmvixkos

MI'Y umenu M.B. Jlomonocosa, xumuyeckuii (haxyivmem

WNzyyenne  ¢opm  HaxoxaeHHs U (QUBHKO-XUMHYECKHX  (opM
PAIUOHYKIINJIOB SIBJIACTCS KIHOYOM K TOHUMAHUIO 3aKOHOMEPHOCTEW UX MUTPALIMU
B OKpyXaromeil cpene. s pemeHuss 3ToH 3a7auyd HEOOXOAMMO COYETaTh
UCCIIEJIOBAaHUsI B CTPOr0 KOHTPOJHMPYEMBIX JIaDOpAaTOPHBIX YCIOBUSAX Ha
MOJIEJIbHBIX CHCTEMAax C H3YYEHHMEM pEallbHbIX HPUPOJHBIX 0Opa3noB. Takoi
KOMIUIEKCHBI TMOJXOJA IMO3BOJIIET BBIIBUTH (PYHJAMEHTAJIbHBIE MEXaHU3MBI
B3aUMOJICUCTBUS  PAJMOHYKIMIOB C MHHEPAJbHBIMM M  OPraHUYECKUMU
KOMIIOHEHTAaMHU CpEJbl, a TaKXe€ MPOBEPUTh UX NPUMEHUMOCTb K pPEaTbHbIM
HKOJIOTUYECKUM CUTYALUSIM.

Ha kadenpe pagmoxumun MI'Y akTUBHO peain3yercs NAaHHBIA MOAXOA.
Oco0ast poap B 3TUX HCCIEAOBAHMIX MPHUHAIIEKHUT CUHXPOTPOHHBIM METOJaM,
KOTOpbIE TO3BOJISIIOT TOJy4aTb HHMOPMALMIO O XHUMHYECKOM COCTOSTHUU
PaAMOHYKIIMIOB )K€ MPU UX KpallHe HU3KUX KOHUEeHTpauusx. B nokmage Oyayt
NPEACTABICHBl PE3YJIbTAThl MOCIEIHUX JIET, BKJIIOYAIOUIUE HWACHTHU(PUKALMIO
aKTUUHUA-colepKaX (a3, MOTEHUUANbHO (OPMUPYIOIIUXCS B  YCIOBUSX
OKpYyXXaloIlled Cpelpl, a TaKXkKe HCCIEI0BaHUS COPOLIMOHHBIX IPOIIECCOB,
OTIPENETSAIONMX 3aJIePKKY PAJIUOHYKIUIOB B NMPUPOAHBIX Oapbepax. OTaenbHOE
BHUMaHue OyJeT yAeleHO pe3yibTaTaM NPHUMEHEHUS CHUHXPOTPOHHBIX METOJIOB
JUIL aHaju3a peajbHbIX O00pa3loB, 3arpsA3HEHHBIX PAJAUOHYKIUJIAMHU, YTO
MIO3BOJISIET HAIPSIMYIO COIIOCTABIISATH MOJIEIBHBIE IIPEACTABICHUS C NMPUPOIHBIMU
CUCTEMaMHU.

1. T. V. Plakhova, M. A. Vyshegorodtseva, I. F. Seregina, R. D. Svetogorov, A. L. Trigub, D. A.
Kozlov, A. V. Egorov, M. D. Shaulskaya, D. M. Tsymbarenko, A. Y. Romanchuk, V. K. lvanov,
S. N. Kalmykov, Chemosphere 368, 143664 (2024).

2. A. S. Kuzenkova, T. V. Plakhova, R. D. Svetogorov, E. S. Kulikova, A. L. Trigub, V. O.
Yapaskurt, A. V. Egorov, A. S. Toropov, A. A. Averin, M. D. Shaulskaya, D. M. Tsymbarenko,
A. Y. Romanchuk, S. N. Kalmykov, Environ. Sci.: Nano 11, 4381-4390 (2024).

3. T. B. Egorova, A. Y. Romanchuk, A. V. Egorov, et al., Environ. Sci.: Processes Impacts 27,
1003-1012 (2025).

4. P. 1. Skryleva, A. V. Rzhevskaia, Y. G. Izosimova, et al., Chemosphere 374, 144196 (2025).
5. A. Y. Romanchuk, A. L. Trigub, S. N. Kalmykov, J. Contam. Hydrol. 266, 104400 (2024).

6. A. S. Kuzenkova, T. V. Plakhova, I. M. Nevolin, E. S. Kulikova, A. L. Trigub, V. O.
Yapaskurt, M. D. Shaulskaya, D. M. Tsymbarenko, A. Y. Romanchuk, S. N. Kalmykov, Inorg.
Chem. 62, 21025-21035 (2023).
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PEHTTEHOCTPYKTYPHBINA AHAJIN3 TPYJTHO
KPUCTAJUIN3YIOIIUXCH BEIHECTB C TIOMOIIIBIO
KOPOTKOUMIIYJIIBCHOI'O KOTEPEHTHOI'O U3JIYYEHUA

[.B. @emucos

MI'Y um. M.B. Jlomonocosa, Xumuueckuii paxynemem, Mockea

HawnOosiee TOUHBIN U MIMPOKO NPUMEHSIEMBIN B XUMHH METOJ ONPEACICHUS
aTOMHO-MOJIEKYJIIPDHOTO CTPOEHUSI BEIIECTBA — PEHTICHOCTPYKTYPHBIM aHaJIN3
(PCA) nmo manHbIM JU(PAKTOMETPUM MOHOKPHCTAUIA HA MOHOXPOMAaTHYECKOM
U3JyYEHHH — YacTO OKAa3bIBAETCS HENPUMEHUM H3-3a TPYAHOCTH BBIPALIMBAHUSA
KpuctajuioB pasmepamu ~30 — 300 MKM, KOTOpBIE UCIIOJIB3YIOTCS B TPAAULIMOHHOM
PCA. B Takux ciy4dasx, IIpd HAJIUYUUM MOHOKPHUCTAJUIOB MUKPOHHOTO WJIM JAXe
CyOMUKpOHHOTO pasmepa, i PCA MOXHO HCHOJB30BaTh METOJA IOTOYHOU
MoCJIeIOBaTEIbHOM peHTreHoBcKoM Kpucrtamuiorpaduu (SXC), paspaboTaHHbIN B
nocyieqHue Ba AecsatuwieTtus [l] mud peanu3anyu Ha U3IYyYEHUU PEHTIEHOBCKUX
Ja3epoB Ha cBoOomHbIX dnekTpoHax (XFEL). B »stom Metome Habop
TuGpakMOHHbIX AaHHbIX A PCA moiyyaeTcss OT MOTOKa MHKPOKPUCTAIIOB,
IIPOIYCKAEMBIX 4YE€pe3 Iy4OK HMITYJIbCHOIO SIPKOIO KOTE€PEHTHOTO H3IIy4CHUS
XFEL [1-2], a 3ama4ya onpezienieHus CTPYKTYphI perraercst mogoouo PCA MeTonom
BpallleHUs] KpUCTAJUIa, XOPOLIO pa3pabdOTaHHOMY MJii MOHOKPHUCTaJIbHBIX
aBTOMATHUYECKHUX JIA0OPATOPHBIX AUPPAKTOMETPOB C IBYMEPHBIM JETEKTOPOM [1-
2]. K nHacrosmeMy BpeMEHHU OMyOJIMKOBAaHO JOCTaTOYHO MHOro npumepoB PCA
merogoM SXC (cm. [1] 6.12). OgHako upe3BbIYaiiHas OTPAaHUYCHHOCTD JOCTYIA K
paboTe Ha Mera-yCcTaHOBKaxX KOJUIGKTMBHOTO mojb3oBaHus Tuna XFEL
NPENsSTCTBYET HCIOJIb30BAHUIO JAHHOTO METOAA [JIsl ONEpPAaTUBHOIO KOHTPOJIS
MPOYKTOB XMMHUYECKOTO CHHTE3a. 37IeCh paccMaTrpuBaroTcs: (1) anbrepHaTUBHBIE
KOMIIAaKTHBIE M MEHEE JOpOrhe HCTOYHUKH KOpPOTKOMMIYJbCHbIX PJI ¢
XapakTepucTukamMu TmonoO0HbiMH u3inydeHuto XFEL, Takume kak ma3epHO-
IUTa3MEHHBIE U JIa3€pHO-3JIEKTPOHHBIE TeHepaTtopsl PJI, cozmanHble Onaromaps
JOCTYMTHOCTH  ONTUYECKHUX JIa3€pOB  BBICOKOM MOLIHOCTH; (2) mpakTuKa
MpUMEHEHUS dTUX UCTOYHUKOB 111 PCA Metomom SXC.

1. Nmenko A.A., ®etucos I.B., AceeB C.A. Memoowvl demexmuposanus yiompadbwuicmpou
ounamuxu eewecmsea. M: DUSMATIINUT, 2022 — ¢ 284-389
2. ®etucos I'.B. YV@H, 190(1) 2-36 (2020)
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NCCIEJOBAHUE ATPEIAIIMA HAHOYACTHIL SiO: B
MNPUCYTCTBUUN YEPBEOBPA3HbBIX MUIIEJIJI JUMEPHOI'O I1AB
(C18-4-C18) METOJOM MAJIOYIJIOBOI'O PACCESAHUA
PEHTTEHOBCKUX JIYUEH

M.M. Asoees'?, A.B. Illynenunas, I'.C. ITemepc®!,
E.II. Xapumonosa®, B.C. Monuanoe*, O.E. @ununnoéa’

Mockosckuii 2ocydoapemesennuiii ynugepcumem umenu M.B. Jlomonocosa, Mocksa
206ve0unéHHbI UHCMUMYM S0epHbIX Ucciedo8anull, JIyona

8 Hayuonanonuiii uccnedosamenvckuii uenmp « Kypuamosckuii uncmumymy, Mockea
y

Cerkn uyepBeoOpa3HbIX MHULEUI B PacTBOpaXx IOBEPXHOCTHO-AKTUBHBIX
BemectB (IIAB) mHTEepecHbBl BO3MOKHOCTBIO KOHTPOJISI BSI3KOYIPYTUX CBOMCTB B
Ipenesie  HECKOJIBKUX  IOPSAKOB — IIOCPEIACTBOM  BHEIIHETO  BO3ICHCTBUSA
(temniepatypa, pH, np.). IlomoOGHOe CBONHCTBO MIMPOKO MPUMEHSIETCA Kak B
KOMMEPUYECKUX NPOAYKTax (Kpacku, MOIOILIUE CPECTBA), TaK U B MHAYCTPUATbHON
chepe, HampuMep, B METOJax CTpyWHOM medatu u B HedTenoOwsue. bomee
s dexTrBHOE hOpMUPOBAHUE MOJOOHBIX CETOK 0€3 J00aBOK BO3MOXKHO B ClIydae
nuMepHbIX (remunn) [TIAB, kotopsie 0051aa10T KpaliHe BBICOKOM MOBEPXHOCTHOM
aKTUBHOCTBIO M CIIOCOOHBI OOpPa30BBIBaTh pa3IMYHbIE MO (OPME arperatsl
Onmaromapsi COOCTBEHHOM XUMHUYECKOM cTpykType. Ha gaHHBII MOMEHT
aKTyaJbHbIM SIBJISIETCS IIOMCK IIyTE€d YIYUYINIEHWS W PACUIMPEHUs CBOWCTB
PacTBOPOB 4YEPBEOOPA3HBIX MHUIICIUT MyTEM BKIIOYEHUS 100aBOK (HAHOYACTHI] U
np). Hanowactuiipl B pacTBopax yepBeoOpasHbix muiiesii [IAB mMoryT BeicTynaTh B
pOJId CIHIMBOK M TakuM OOpa3oM BIUSATH Ha CaMOOPTaHU3AIHUIO, YCHUJIMBas
BA3KOYIPYIME€ CBOMCTBAa CHCTEMBI. B YacTHOCTH, 3TO MO3BOJSET YMEHBUIUTH
KOJIM4YecTBO ucnoiyibdyemoro [IAB u ynydmuThs TemnepaTtypHyr CTaOUIbHOCTh
CBOWCTB CHUCTEMBI.

B panHOil paboTe METOAOM MalOyIJOBOTO PEHTIEHOBCKOIO PAaCCESHHS
UCCIIEIOBaHa CTPYKTypa BOJHBIX pacTBOpoB HaHouacTull SiO, B NPUCYTCTBUU
numepHoro ITAB (C18-4-C18). Onpeneneno, uto yepBeoOpasubie arperatsl (L>1
MKM, d~6 wHm) QopmupyroTcs mnpu J0ObIX KoHueHtparusx [IAB u comm.
JloGaBieHre HAHOYACTHI] B CHUCTEMY 4YEepBEOOpPA3HbIX MHULEI YBEIUYHUBACT
yOPYroCTh PAacTBOPOB M MX CTAOMIBHOCTh. OOHApYy»KE€HO, YTO HAHOYACTHLBI B
npucyrctBur [IAB 4acTUYHO arperupyroT B aHU3OTPOIHBIE CTPYKTYPBI, 4YTO
MOKET OBITh CBSI3aHO C oNMromepHou npuponoi aqumepHoro ITAB. Tlonyuennbie
pe3ynbTaTbl BHOCAT SICHOCTh B MAaKpPOCKONMMYECKOE MOBEJEHUE pPaCTBOPOB
HaHoyvactuil U [TAB paznuyHbIX KOHIIEHTpAIMii B IPUCYTCTBUH JTUOO OTCYTCTBHUH
coJiell ¢ MUKPOCKOITMYECKON TOUYKH 3PEHMsI, BKIIOUYasi PEOJIOTUYECKHE CBOMCTBA U
TEMIEPATYPHYIO CTaOMJIBHOCTh CTPYKTYPbl PacTBOPOB, a TaKKe JI0Ka3bIBAIOT
BO3MOXXHOCTh TOTEHIMAJILHOTO MpUMEHEHHs B HedTeAoObIBaloIIel oTpaciu
HapaBHE C KJACCUYECKUMHU CHCTEMaMHU MOHOMeEpHbIX [TAB.

HccnenoBanue BBINOJHEHO B paMKax TOCYHapCTBEHHOro 3aaanus MIY
nMenu M.B. JlomonocoBa. HMcciaenoBanus BBINOJHEHBI Ha cTaHiuu bunoMVYP c
UCIIOJIb30BAaHUEM YHUKaJIbHOM Hay4yHOH ycTaHOBKM «KypyaTOBCKHUN HCTOYHHK
cuaxpotpoHHoro  usnydenus «KHMCH-KypuaroBy HUIl  «KypuaroBckuit
UHCTUTYT».
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IIIUTAKCHUAJIBHASA UHTETPAIIUA EuO C
HOJYINPOBOAHUKOBBIMHA INVIAT®OPMAMMU JIAA SJIEMEHTOB
CIIMHTPOHUKHN

JI.B. Asepvsanoe*, U.C. Coxonos', A.H. Tanoenxos', O.A. Konopamves®,
U A. Kapameees*, A.H. Bunuuenxo?, U.C. Bacunvesckuti, E.H. Abpamosa®,
A.A. Tpopumos®, O.E. Ilapghénost, A.M. Toxmauée*, B.I. Cmopuax*

'Hayuonanvuwiii ucciedosamenvcruii yenmp «Kypuamosckuii uncmumymy, Mockea
2 Hayuonanwuwiii uccredosamensckuii a0epuulil ynusepcumem «MHUDHy», Mockea
SMUP2A — Poccutickuii mexnonozuyeckuii ynusepcumem, Mockea

Oxcuanble Matepuainbl U GOPMUPYEMBIE Ha MX OCHOBE TE€TEPOCTPYKTYPHI
MIPOSIBISIIOT KOMIUIEKC YHHUKAJIBHBIX CBOWCTB, OTKPBIBAIONIUX TEPCIICKTUBHI
pa3pabOTKU SJIEKTPOHHBIX KOMIIOHEHTOB HOBOTO IOKOJICHUS C pacCHIMPEHHOU
(byHKIIMOHATBHOCTRIO. KITIOUEBBIM MOAX0A0M, CIIOCOOHBIM YCKOPUTH BHEAPEHUE
ATUX CHUCTEM 3a CUYET MUHUMAJIHLHO BO3MOXXHOTO HM3MEHEHUS MPOU3BOJCTBEHHBIX
MIPOLIECCOB, ABJISIETCS MX MHTETPAIUs C CYIIECTBYIOIUMH TOTYIPOBOIHUKOBBEIMU
miaThopMamH.

HNanunas pabota MOCBSIICHA UHTErpaluu dbeppoMarHuTHOTO
nonynpoBoguuka EuO ¢ KIIOYEBBIMH  MaTepHallaMH  DJIEKTPOHHOM U
OITO3JIeKTpOHHOM TpoMmbiiieHHocTr: Si [1, 2], Ge [2], GaAs [3] u InSbh. 3a cuer
CIIMHOBOTO PACIICIIIICHUS 30HbI poBoAMMOCTH EUO neMoHCTpHUpYyeT MpakTHYECKU
100 % criMHOBYIO MOJISIPU3ALMIO HOCUTEIIEH, ONPEAEss BBICOKHM MOTEHINAT €r0
MIPUMEHEHUS B YCTPONUCTBAX CIUHTPOHUKH.

CuHTe3 00pa3loB  MPOM3BOAMICS  METOAOM  MOJICKYJISIPHO-TY4eBOU
AMUTAKCUH MyTEM OCaXKJieHus aToMoB EU B moToke kucnopoga. B pamkax paboTsl
UCCIIeIOBaHa TTPUMEHUMOCTh OCHOBHBIX PEXUMOB (opMmupoBanus TieHOK EUO
(peXUM CHJIBHOM JUCTWUIALMK, PEXKUM Ccaaboil AUCTWUIALMA M PEXHUM
KOMIICHCAIIUM TIOTOKOB) Ha KaXIOM W3 TOJYIPOBOJHUKOBBIX IOJJIOKEK B
KOHTEKCTE WX BIUSHUSA Ha CTPYKTYPHBbIC, MAarHUTHBIC M TPAHCIIOPTHBIE CBOMCTBA
IJICHOK, a TaKe Ka4eCTBO T'paHUIIbl paszniena. M3yueHa posib MoBepXHOCTHBIX (a3
Eu B crabunu3anuy OSNHTaKCUAJIBLHOTO pocTa. PaccMOTpeHBl  MOIXOIBI,
MO3BOJIAIOIIKE MTPEOJI0JIETh OCHOBHBIE IPOOJIEMbI — CHHTE3 HECTEXMOMETPHUUECKHUX
IJICHOK, OOpa3oBaHue MOOOUYHBIX (a3 Ha rpaHule paszjaena. B COBOKymHOCTH
pe3yNbTaThl HKCCIAEAOBAHUM YKa3bIBAIOT HAa TMEPCIEKTUBHOCTh pPa3pabOTaHHBIX
METOJMK CHHTE€3a C YYeTOM OTrPaHWYCHM, HAKIAIbIBAeMbIX  (DHU3HKO-
XUMHYECKHUMH CBOMCTBaAMH KaXKJIOTO M3 TIOTYIPOBOHUKOBBIX MaTepHATIOB.

Pabota BeimonHena npu noxanaepxkke HUL[ «KypuaToBckuil MHCTUTYT» U
PH® (25-79-10047, 24-19-00038).

V. Averyanov, I. S. Sokolov, et al., Adv. Funct. Mater. 2104925 (2021).

1. D.
2. D. V. Averyanov, I. S. Sokolov, et al., J. Mater. Chem. C 11, 5481 (2023)
3. D. V. Averyanov, I. S. Sokolov, et al., J. Alloys Compd. 1009, 176961 (2024).
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YUCJEHHOE MOJEJVUPOBAHUE TEMITEPATYPHBIX D®®EKTOB B
CNEKTPAX 3AMNPEIEHHBIX OTPAKEHUIA B
BOJIOPOJOCOEPKAIIIAX KPUCTAJIAX

KA. Axumosa®, E.H. Osuunnuxosa®, A.Il. Opewxo®, B.E. JImumpuenxo?

"MTY umenu M.B. Jlomonocosa, Mocksa
2Omoenenue «HMncmumym xpucmannozpaguu umenu A.B. IIIy6nuxosay Kypuamosckozo
Komniexca kpucmannozpaghuu u pomonuxu HUL] « Kypuamoscxuii uncmumymy, Mockea

AkimovaKA@my.msu.ru

B  paborax [1,2] Opula  HOpPOJEMOHCTPUPOBAHA  HETPUBHAJIbHAA
TeMIeparypHasi U a3uMyTalibHasi 3aBUCUMOCTh MHTEHCHUBHOCTU U CHEKTPaIbHOU
dbopmbl 3anpemeHabix oTpakeHnid tuna h00 (h=4n+2) B kpucrtamiax cemencTBa
MH,POs (M=K, Rb), koTopas o00ycioBjieHa H3MEHEHUEM DPE30HAHCHOM YacTH
E1E1 atoMHOro (hakropa BCIEACTBUE TEIJIOBBIX KOJICOAHUM, a TaKKe BCJIEICTBHUE
W3MEHEHUSI CUMMETPUM MTHOBEHHBIX KOH(UTypaluii, oOpa30BaHHBIX aToMaMu
BOJIOpPOZIa BOKpPYI aroMOB MeTaula B TapadiekTpudyeckoit ¢aze. UYwuciennoe
MOJIETTUPOBaHUE TakuX 3(P(PEKTOB B COIMOCTABICHUU C HSKCIEPUMEHTAIbHBIMU
JAHHBIMH, W3MEPEHHBIMM Ha CUHXPOTPOHAX TPETHETO MOKOJEHUS, MO3BOJIUIIO
MOJIyYUTh 3HAYCHHUS HEKOTOPBIX (PU3WYECKHX MapaMeTpoOB, TaKMX KaK 4YacToTa
HU3KOJIeKAIEH MOl ONTUYECKUX KOJICOAHUN U DHEPTUsl aKTUBALUU OTICIBHBIX
KoH(purypauii Bogopoga. B Hacrosimeir pabore o0cCykIaeTcss BOIPOC O TOM,
HACKOJIBKO YyBCTBUTEIbHBI TAKHE 3alPEUIEHHBIX OTPAKEHHs K TEMIIepaType, €Ciu
U3MEpPEHUs NPOBOAUTH NPH HHEPrUM MaJaroniero u3iydeHus BOmm3u K-kpas
noryomenus pocdopa. C nomompio nporpammel FDMNES [3] 6111 paccunTanbl
nunonb-kBaapynoiabhbiid (E1E2) Bkiian B TeH30pHBINM aTOMHBIN (akTtop dhocdopa, a
TaKke TMpou3BojHbIe aunoib-gunoisbHoro (E1E1) Bknaga, oTBewaromme 3a
tepmonHaynupoBanublii (TMHU) s dexT n BIrMsHNE MTHOBEHHBIX KOH(UTYypauui
atroMoB (MKA) Bogopoma. CpaBHeHHE BeIWYMH JTUX BKJIaAoB s K-kpaes
nomionieHus: kainusi U ¢ocdopa mokazaao, 4YTO BO BTOPOM CIydae OTHOIICHUE
ko3 durmenton, onuckiBaronmx TMU u MKA »sddexts, k Benuunne E1E2,
3HAYUTENBHO MeHblne i docdopa, dvem s kamus. Takum  oOpasowm,
TeMIeparypHasi 3aBUCUMOCTh MHTEHCUBHOCTHU 3allPEUICHHBIX OTPAXKECHHUH JOJKHA
OBITH 3HAUYUTEIHLHO OOJIee SIPKO BhIpakeHa Mpu u3MepeHnu Ha K-kpae moromieHus
KaJius, 4eM Ha Kpae nomiomieHus: pocdopa. ITo MOKET OBITH CBA3aHO C TEM, UTO
atoMbl (pochopa HAXOAATCS B OKPYKEHUHM TETPa’IpoB, 0OpAa30BAaHHBIX aTOMaMHU
KHCIIOpPOa, M B HHU3KOJEXKAIIMX ONTHYECKUX MOAaX KoneOaHWd H3MEHEHUs
JIOKaNbHOW CHUMMETPUM ToJIokeHUH Qocdopa HezHauuTenbHbl. Kpome TOTO,
aroMbl KHCJIOpOAa B MEPBOM KOOPAMHAIIMOHHOM cdepe OcClalisioT BIUSHUE
MOJIOXKEHU aTOMOB BOJIOPOia, HA aTOMHBIN pacceuBatromuii pakrop gocdopa.

1. C. Richter, D.V. Novikov, E.Kh. Mukhamedzhanov, et al.// Phys. Rev. 2014. B92. 214116.
2. G. Beutier, S.P. Collins, G. Nisbet, et al. // Phys. Rev. 2015. V. B89, 094110.
3. https://www.neel.cnrs.{r
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KOMILJIEKCHBIE UCCJIEJIOBAHMS IPOLIECCOB
CAMOOPTAHM3AIIMY TBEPIOTEJABHBIX CUCTEM HA OCHOBE
MAJUJIATAS

O.B. Axumosa®, P.J]. Ceemozopoé?, E.C. Kynuxosa?, A.B. Osuapoé?,
T.I1. Kamunckas®, B.B. I[Tonog*

Y\Dusuueckuii paxynomem Mockosckozo cocyoapcmeentozo ynusepcumema umenu M.B.
Jlomonocosa, Mockea
2 Hayuonanvuwiii ucciedosamensckuii yenmp «Kypuamosckuii uncmumymy, Mockea

AKTyanpHOCTH ~ pabOTBl ~ OOyCIIOBJIEHA  aCIEeKTOM  HOTpeOHOCTEH
TEXHOJOTHYECKYCMAaHOB MX HOBalMil B HOBBIX (DYHKIIMOHAIBHBIX MaTepuaiax ¢
ocoObiMH cBoOWicTBamMH. McciienoBaHHbIe CIIaBbl M MOAU(pUKAIMSA UX (PU3UYECKHUX
CBOMCTB BaKHbI JJI IIMPOKOTIO CHEKTPAa HAYKOEMKHX TEXHOJOTHMH M SIBIISIOTCS
0Cc000 BaKHBIMU JJIS1 BOJIOPOJHOM SHEPTETUKHU.

[IpoBeneHbl KOMILJIEKCHBIE HCCIEIOBAaHUSl CTPYKTYPHBIX OCOOEHHOCTEH
METAIMYECKUX CHCTEM, (DOPMHUpPYEMBIX B pe3yibTaTe JIETUPOBAHUS IauIagus
UTTpUEM, KOOaJIbTOM, CBUHIIOM U pyTeHUEM. PaccMOTpeHa 3BOJIIOLMS CTPYKTYpPbI
YKa3aHHBIX METAJUIMYECKUX CUCTEM IIPH JIESTUPOBAHUH BOJIOPOJOM.

UccnenoBanuss mnpoBoguwinuchk Ha craHuuu benok/PCA  KypuaroBckoro
UCTOYHUKA CHUHXPOTPOHHOTO M3JIyYE€HHUS METOJIOM PEHTTEHOBCKON udpakuuu
OpU CHATUM JUQPPAKIUOHHBIX KAapTUH Ha MPOCBET OOpas3loB; METOAOM
AHEPrOJIUCTIEPCUOHHOTO  pEHTreHocnekTpaibHoro  a"anmu3a  (EDXA) ¢
UCITOJIb30BAaHUEM CKaHHUPYIOLIETO ANEKTPOHHO-UOHHOTO MHUKpPOCKOIa
Helios_Nanolab 600; metomamu aTtoMHO-cuioBoli Mukpockonuu (ACM) wu
MarHuTHO-cujioBol  mukpockonuu (MCM). MukpocTpyKkTypa MOBEPXHOCTU
o0pa3lioB Takke OXapaKTepU30BaHA Ha MOAEPHU3UPOBAHHOM ONTHYECKOM
mukpockorie MK/-P  ¢upmer JIOMO ¢ BuIeokamepoll, COEAMHEHHOU C
KOMITBIOTEPOM.

Haubonee 3HaunMble pe3ysbTaThl:

(a) — ycraHoBieHBl 0COOEHHOCTH MOpdosoruu G(HOPMUPYEMON TMOBEPXHOCTH
CIUIaBOB B 3aBHCHMOCTH OT JIEMEHTA JISTHPOBAHHMSI ITaJLIa TSI
(6) — ompeneneHsl CcTOJOYATOEC CTPOCHHWE W DJIEMEHTHBIM COCTAaB TUIACTHH

JIEKOTe3UH CIUIaBa NAUIAAUN-UTTPUN IPU COAEPKAHUU TIOCIIEIHETO B KOJIUYECTBE
7 Macc. %. VYka3aHHas KOHLEHTpalusi UTTPUS OTBEYACT COYETAHUIO BBICOKHX
MoKa3zaTejaed  BOJOPOAONPOHUIIAEMOCTH  CIUIABOB  MNAJUIAJMU-UTTPUM U
IIPOYHOCTHBIX XAPAKTEPUCTHUK.

(B) — ompeneneHa Haubosiee nmpuemyieMasi KOHLIEHTPALUS JICTUPYIOLIEro Maiaaauit
DJIEMEHTA-CBUHIA C LEJIbI0 JOCTHUKEHHS BBICOKOW BOJOPOAONPOHULIAEMOCTH U
YCTOMYUBOTO yAECPKaHUs BOJAOPOAA B CTPYKType. 13 pe3ysbTaToB pEHTI€HOBCKOU
qudpakuuy AJig 3TOW KOHIIEHTPALUU JIETUPYIOIIETO AJIEMEHTa YCTaHOBJIEHA
temriepatypa Jlebas.
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(r) — BHEpBBIE HA OCHOBAaHWH SKCIEPUMEHTAIBHBIX PE3YyJbTAaTOB MPELIM3NOHHOU
PEHTI€HOBCKOM AM(PPaKIMU C HCHOJIB30BAHUEM CHHXPOTPOHHOTO M3IYYEHUS
IpOBEJCHA OLEHKAa BEPOATHOCTH (OpMUPOBaHMUS Je(PEKTOB YINAKOBKM U
BBITNIOJIHEH YYET UX BJIMSHUSA Ha pa3Mep OJOKOB MOJIMKPUCTAUINYECKOW MO3aUKH
cruaBoB PdgssINgoRUgs 1 PdigoxPbx (X=5, 8, 12, 16, 20 macc.%), MoaepHHU3aIus
CBOMCTB KOTOpPBIX BOCTpeOOBaHa Jii TEXHOJOTMYECKHX IPOLIECCOB Cemapanuu
BOJIOPOJ1a BBICOKOM CTEIIEHU YHUCTOTBHI.

Hay4ynasgs HOBH3HA pe3yJbTaTOB COCTOMT B HCCIECIOBAHMM DA HOBBIX
3¢ (deKToB Ha HAHOYPOBHE, KaK MPUMEP-TPOIECCH CaMOYIOPSAI0YNBAHUS aTOMOB
METANTMYECKUX CHCTEM, 4YTO CTajl0 BO3MOXKHBIM Ojarojaps NPUMEHEHHUIO B
METO/I€ PEHTI€HOBCKOM TU(PpaKMU CUHXPOTPOHHOTO U3TyYEHUS.

OO6o3HaueHHbIE  BBIIIE  MCCICAOBAaHUS  BBINOJHEHBI Ha  00pasiax,

W3TOTOBJICHHBIX B MHCTUTYTE€ METAJUIyprMM M MaTepHalIOBEACHUS MMEHU A.A.
baitkoBa  Poccumiickoit  akagemun Hayk (MUMET PAH) wu  mo6e3Ho
IIPEIOCTABIICHHBIX ISl HCCIIEOBaHUM.
HccnenoBanue MpoBOANUIIOCH B paMKaX I'OCYAapCTBEHHOIO 3a1aHusi MOCKOBCKOIO
rOCyAapCTBEHHOro0 yHuBepcurera uMeHun M.B. JlomoHOCOBa. OJIEKTPOHHO-
MUKPOCKOIINYECKUE HUCCIIEOBaHUs MPOBOIMWINCH Ha 00opyaoBaHuu PecypcHoro
LEHTpa 30HJIO0BOM M 3JeKTpoHHOW MuKpockonuu (KypuaToBckuii komruiekc
NBICS-texnonoruit) HULl «KypyaToBckuii UHCTUTYTY.

PentreHoBckre  IU(pPAKIMOHHBIE  UCCIEAOBAHMS  NPOBOAWIHCH  C
WCIIOJIb30BAaHUEM YHHKAJIbHOM HAay4HOM YCTaHOBKH «KypdaTOBCKHMI HCTOYHHK
CUHXPOTPOHHOI'O W3J1y4ECHUS «KNCH-Kypuaros» HammnonansHoro
MCCIIE0BATENBCKOTO eHTpa «Kyp4aTOBCKHI HHCTUTYT).
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AUATHOCTHUKA TEXHOJJOI'HYECKHUX OTKJIOHEHU 1
OIITUYECKHUX CBOUCTB KPEMHHUEBDBIX ITJTAHAPHBIX
COCTABHBIX ITPEJTOMJUIAIOIIUX JIMH3 HA «KKUCHU-KYPYATOB»

A.B. Anexcanopos', M.C. @onomewxun®, FO.A. Boaxoeckuiit, A.FO. Cepézun?,
B.I". Kou*, I1.A. HpOC@KOGl, A.B. Makonvkux®, K.B. Pybeﬂkol, B.A. FOuxum?,
A.A. Cuueupés®, IO.B. Iucapesckuii', A.E. Bnazoe*

YHUI] «Kypuamosckuii uncmumymy
2 Uncmumym npobnem mexnono2uu MuKpodIeKmpoHuKy u ocobouucmulx mamepuanoe PAH
3Banmuiickuii pedepanvuuiii yuueepcumem um. M. Kanma

dokycHpoBKa My4YKOB CUHXPOTpOoHHOTO M3nydenus (CHU) no HaHOMETpOBBIX
pa3MepoB OTKPBIBAET IMIMPOKUE BO3MOMXHOCTH [JIsi HCCJIEAOBAHHMS MHUKPO- H
HAaHOOOBEKTOB OJIaroapsi BHICOKOM JTIOKAaIbHOCTH U MHTEHCUBHOCTU M3Iy4yeHus. B
CBSI3U CO CTPOUTENBLCTBOM B Poccum ncrounnkoB CH HOBOrO MOKOJIEHUS Pa3BUTHE
TEXHOJIOTUI HaHO()OKYCUPOBKH SIBJIIETCA aKTyaJbHOU 3a1auei [1].

OnHUM W3 NEPCHEKTUBHBIX IMOJXOJIOB SIBISIETCS NMPUMEHEHHE IUIAHAPHBIX
coctaBHbIX  mpenomisronux  guH3  (CIDJI)  [2], w#W3roraBamBaemMbIX W3
MOHOKPUCTALIMYECKOTO  KPEMHHUSA. TEXHOJOTMH  MHKPOCTPYKTYpHUPOBAHUS
MO3BOJIAIOT CO3/1aBaTh JIMH3BI ¢ aneprypod 50 MkM, crnocoOHble (HOKYyCHpOBaTh
My40K 10 pa3MepoB mnopsiaka 25 um [3]. IIpu TpaBieHurn KpEeMHHUST KPUTHYECKU
BAXKHA TOYHOCTh (opMupoBaHUs HOpouiisi: HAKIOH OOKOBBIX CTEHOK,
BO3HUKAIOIIMNA BCJEICTBUE OCOOCHHOCTEM aHM30TPONHOrO TpaBieHus [4],
IPUBOJUT K HCKAXKEHUIO MapadOoIn4YecKoil pOpMbI 1 BOSHUKHOBEHHIO abeppanuil.

B pabote mnpeacraBieH MeTOJ JAWAarHOCTUKM TAaKUX OTKJIOHEHUW IpHU
KPUOTCHHOM TpaBlicHHMH. YHWCIIEHHBIC pacdyéThl B paMKaX BOJHOBOH onTHKH [5],
COIMOCTABJIEHHBIE C 3KCIEPUMEHTAIbHBIMH JIaHHBIMH, MOKAa3aJld, YTO MOJENb C
JUHEHHBIM W3MEHEHHWEM HaKJIOHa MO0 TJyOMHE aJeKBAaTHO  OIHKCHIBAET
HaOJIolaeMble HCKaXEHHs. OKCIepUMEHT TmpoBeAéH Ha craHuuun PKOM
Kypuarosckoro ncrounuka CU ¢ ucnons3oBanneM CILI ¢ anepryporr 50 mkm.
[lepBoHavanbHble pPE3yJbTAaThl BBIIBUIM a0eppaliuu U cMelieHue (okyca,
BbI3BaHHBIE HAKJIOHOM OOKOBBIX CTEHOK. Ilocne mnpoBeaeHUs IUAarHOCTHKHU
YAAJIOCh CKOPPEKTUPOBATH MPOLECC U3TOTOBIICHHUS, YTO MO3BOJIMIIO CYLIECTBEHHO
CHU3UTh ypoBeHb abeppaumil. IlpemnoxenHas wmeToguka o00ecreunBaeT
BO3MOYKHOCTh JJUArHOCTUKH Uil yCTpaHeHus oTkioHeHud Gopmbl CILJI, moBbimas
3 PeKTHBHOCTH (POKYCHPOBKH U CITIOCOOCTBYSI YCOBEPIIIEHCTBOBAHUIO TEXHOJIOTHUU
uszroronenust CILL

PaboTta mpoBezgeHa B paMKax BBINOJHEHUS TOCYAAPCTBEHHOIO 3aJlaHUs
HUL[ «KypuaroBckuidi HMHCTUTYT» B 4YacTU MOJECIMPOBAHUA U B paMKax
HHUOKP «CHNJIA» B yacTu POBEICHUS IKCIIEPUMEHTOB.

1. M.B. KoBasbuyk, A.E. baaros, O.C. Hapaiikuu u np. / Kpucramiorpadus. 67, 5 (2022).
2. A. Snigirev, I. Snigireva, V. Kohn et al. // Phys. Rev. Lett. 103 (2009).

3. V.G. Kohn, M.S. Folomeshkin // J. Synchrotron Radiat. 28 (2021).

4. V. Yunkin, M. Grigoriev, S. Kuznetsov et al. // Proc. SPIE. 5539, 226 (2004).

5. V.G. Kohn // Journal of Experimental and Theoretical Physics Letters. 76, 600 (2002).
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NCCIEIJOBAHUE KOJVIONIHOT'O PACTBOPA KBAHTOBBIX TOYEK
CTPYKTYPHI AAPO/OBOJIOYKA COCTABA AgInS/ZnS

C.B. Amapanmos
HUIL] «Kypuamoeckuii uncmumympy

CrpykrypHo-moMmuneciieHTHbIe kKBaHTOBbIe Touku (KT) I-111-VI (I = Cu, Ag;
III =In, Al, Ga; VI =S, Te, Se) [1] o61anaroT BO3MOKHOCTIMU TOHKOW HACTPOUKHU
CIEKTPaJIbHOTO JIMara3oHa IMyTeM HM3MEHEHHs pa3Mepa U cOocTaBa. IJTO JieNaeT
BO3MOXHBIM crpoektupoBaTh KT ucmyckaromme CBET B BHANMOM U OJIMKHEM
unppakpaciom (MK) awmamazonax. brnarogaps HU3KOW TOKCHYHOCTH U
JIOMUHECIEHTHON W KoyutougHou cradmibHOocTH, KT cocrasa I-111-VI Bo3MoOxHO
UCIIOJB30BaTh B Kauye€CTBE MHOTO(PYHKIMOHAIBHBIX JTIOMUHECIEHTHBIX METOK B
KUBBIX opraHuzmax. Hamuuue Tpex u Oojee 3JeMEHTOB B COCTaBE IMO3BOJISIIOT
M3MEHATh WM YJIy4dlllaTh ONTHYECKUE W 3JEKTpoHHBbIE cBoiicTBa KT, OTKphIBasd
HOBBIE BO3MOYKHOCTM I TIOJYYEHUS] W TPUMEHEHHS JIFOMUHECLEHTHBIX
HaHouactuil. Pazgenenus mo pasmepy KT AIS/ZnS xonuentpupoBanu u
bpakuroHUpOBAIIU METOA0M MHOTOKPATHOTO MePEOCaANKICHUS u
neHtpudyrupoanus [2] Takum metogoMm ObUT0 MoxydeHO BoceMb dpakuuii KT ¢
nraMeTpoM Dpax KT ot 4,0 5HM 10 12,0HM.

bbimn  mOdy4YeHbl CHEKTPhl TMOIJIONICHUS, JIIOMUHECIEHIIUU, KUHETUKHU
3aTyXaHHUsl JIIOMUHECIEHIIMU, ObUT MPOBENCH AJIEMEHTHBIA aHAIHW3, ONpPEACIICHBI
pa3Mepsl 4acTUIl METOJAOM Ja3€pHOr0 JUHAMHYECKOTO CBETOPACCEIHUS H
PEHTTEHOBCKMM  MAaJIOYIJIOBBIM  paccesitHueM. VccienoBaHue  BHYTpPEHHEM
cTpykTypbl KT npoBOIMIIOCE METOAOM MaJIOyTJI0BOTO PEHTITEHOBCKOTO PACCESIHUS
SAXS. Hcnonb3yss Mojaenb chHEepudecKd CUMMETPUYHOTO TPHUOIUKEHUS, U3
KpPUBOM  MaJIOYTJIOBOTO  PEHTIEHOBCKOTO  pacCesiHus, ObLUIO  MOJYy4YEHO
pacrpejielieHue paaraibHON IMIOTHOCTH BHYTpHU YacTuilsl p(r). C pocTtoM HOMepa
oOpasiia, KOTOpPHIM TPOMOPIMOHATIEH BpeMeHW ceaumeHTauuu, pasmep KT
MOCTENIEHHO YMEHbIIIAJICS.
B pabotre mpemioxkeHa MeTOauKa I ONMCaHUs NPoPuiIs paguasbHOTO
pacripesiesieHus o paauycam. B pesynbrare nonydeno, uto pactBopsl KT N1-N4
OTMHMCHIBAIOTCS TpeMsl paguycamu, 1jsi pactBopoB N5-N8 xapakTepHO MOHUKEHUE
KOJINYECTBA MapaMeTPOB MOJICIIH PaJuaIbHOTO pacnpeseneHus miotHoctu p(r) 1o
IBYX paauycoB. Takum o0pa3oM, C YMEHBIICHHEM pa3Mepa MPOUCXOJSAT
CTPYKTYpPHBIC H3MEHEHHUSI OT TpeX OO0O0JIOYEUHOH 10 ABYX O0O0OJOUYEYHOM, YTO
HaxXOJUTCS B 3aBUCUMOCTH OT aHAJOTUYHOIO pAacHpeeieHUusi KOMIIOHEHTOB B
CHEKTPaxX JIOMUHECUCHIINH.

Pabora npoBenieHa B paMKax BBINOJIHEHUS TOCynapcTBeHHOTo 3aganust HULL
«KypuaToBCKUIT HHCTUTYT.

1. Johnson C. M., Pate K. M., Shen Y., etal. // J. Colloid Interface Sci. 2015. Vol. 458. P.
310-314.
2. Raevskaya A.E., Lesnyak V., Haubold D., et al. // Phys. Chem. 2017. Vol. 121. P. 9032-9042
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POCT U PEAJIBHAS CTPYKTYPA TOIIMPOBAHHBIX NOHAMM Co**
1 Y** KPUCTAJJIOB a-NiSO4-6H20

JLA. Apbanac'? A.A. Kanoan®, J.C. I 0p6yH063, A.A. Toeun®, UA. Kaypoeaz,
B.JI. Manomenosa®, I’ M. Kystuqéeaz

YPoccutickuti Ynusepcumem Jlpyocovr Hapooos umenu Ilampuca JTymymbo
2MUPIA-Poccutickutl mexHono2udecKutl yHugepcumen
3Kypuamoeckuii komniexc cunxpomponno-netimponnwix uccredosanuti, HUL] « Kypuamosckuii
UHCMUMYmM»
*Kypuamosckuii komnaexc kpucmannozpaguu u pomonuxu, HUL] « Kypuamosckuii uncmumym»

JlonupoBaHuE KPUCTAUIOB JUIsl TPUIAHUA HOBBIX WIHM  YJIYyYIICHUS
UMEIOIINXCS CBOMCTB, B KOHEUHOM CYETE ONpPEACIISIIONIMXCs 1eeKTaMu pocTa Uit
KPUCTAJUIMYECKOU CTPYKTYPbI, IPUBOJUT K PA3HBIM PE3YJIbTATaM B 3aBUCHUMOCTU
OT KOHLEHTpaluuud HOHOB AaKTUBATOPOB, IPUYEM Mallble WM CBEpXMaJble
KOHLIEHTpaIMU IPUMECEN B JINTEpAType NPAKTUUECKN HE PACCMATPUBAIOTCS.

L{enb paboThI - yeTaHoBIeHHE AedekToB B MOHOKpHCcTaLax oi-NiSO4-6H,0,
nonupoBaHHEIX M30BajteHTHbIMU (C0?Y) u rereposanentasivu (Y3") mpumecsamu.
Beicop a-NiSO4-6H,O0 (a-NSH) B kadecTtBe MaTpuIilbl  OOYCIIOBJICH
NEPCHEKTUBAMH €ro MpUMeHeHus B Y O-QuiabTpax COJHEYHO-CIIENOro Juara3oHa
(200-300 am).

Orpanennsle MoHOKpHcTamabl  o-NSH:Co?* u  a-NSH:Y®"  (pasmep
~80x80x50 MM®) BEIpallleHBI M3 BOJHBIX PACTBOPOB C MAJIbIMU KOHIIEHTPALUAMH
noHoB-nonanToB 1.0 Bec.% u 0.42 Bec.%, BBoquMBIX B cocTaBe Co?*SO4-(6+7)H,0
1 Y3*3(S04)3-8H,0 cootsercTBenHno. U3yuenne muactun o-NSH:Co u o-NSH:Y ¢
opueHtauueir <100> BBINOJHEHO METOJOM PEHTIEHOBCKOM AU(PPaKIUOHHOM
tonorpaduu: craniusa «PT-MTy», KUCU-KypuaToB; orpakenue noj Op3rroBCKUM
yrinom 0 = 8.13°, monoxpomarop Si(111), A = 0.89 A; sneprus nyuxa 13.7 k3B,
oTpakeHust 202.

VYcranoBneno, uto kpuctamn NSH:Y  xapakrepusyercss  MEHbIIEH
KoHUeHTpanuell aedexkroB oTHocutenbHO NSH:Co. XapakTepHoe HCKaXeHue
npoduns pediekca Ha Tonmorpammax NSH:Co yka3piBaeT Ha Hajaudue MoJien
nepopmanmii. Menee nepopmupoBanHas ob6isacth NSH:Y xapakrtepusyercs
MEHBIIEN ILIOTHOCTBIO aucrnokamuii  (500/cM?) OTHOCHMTENBHO TEXHUYECKOTO
KPEMHUS, HCIOIb3YEMOTO B COJIHEYHBIX OJieMeHTax [l], 9ro mo3Boaser
MPEANOJIOKUTh PAaBHOMEPHOCTh OOBEMHOIO paclpeleneHusl JonaHTa U CleIaTh
BBIBOJ O iepcriekTuBHOCTU ipuMmeHeHust NSH:Y B Y O-punbrpax.

PaboTta BeInonHEeHa Mpu GUHAHCOBOM MOIep)KKe MUHUCTEPCTBA HAYKU H
BhIcIIero oopasosanus Poccuiickoit denepannu (ITpoekt Ne FSFZ-2024-0003).

1. JLA. butioukas, u ap YdeOHO-MeTonudeckoe mocodbue, Boponex: M3a.-momurp. meHTp
Boposnexckoro roc. yH., 34 (2013).
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IJEKTPOHHAS KPUCTAJIJIOTPA®USA B UCCIIEAJOBAHUAX
TOHKHUX IVIEHOK HECTEXUOMETPUYECKUX ®TOPUIOB C P32

B.H. Bapanosa®, A.K. Ky]lblZqu, A.C. Asunog*

YHUI] «Kypuamosckuii uncmumymy, Mockea

Hecrexnomerpuueckue ¢ropunst MyReisF,.x (M = Ca, Sr, Ba; Re =
PEAKO3EMEIBHBII 3JIEMEHT) NPEACTABISIOT UHTEPEC KAaK MEPCIEKTUBHBIE TBEPIbIC
AJEKTPOJIUTHl B BHUJy OCOOCHHOCTEH HWOHHOW MPOBOJUMOCTH, CBSI3AHHOM C
dbopMHpOBaHHEM aHUOHHBIX BAKaHCUHW MIPU U3MEHEHUHU COCTaBa. B THCOHUTOBBIX U
baroopuToBhIX (Dazax MPOBOJUMOCTH JIEMOHCTPUPYET HEMOHOTOHHBIN XapakTep
IpyU U3MEHEHUM CTENEHU 3aMelieHUs X, OOBACHEHHE MEXaHH3Ma KOTOPOTo
TpeOyeT CUCTEMAaTHUECKOTI0 U3YUYEHHUS BCETO Psiia COEIUHEHUM.

B HaHOpa3sMEpHOM COCTOSHMM MaTepHallbl XapaKTEPU3YIOTCS BBICOKOM
JI0JIell TOBEPXHOCTHBIX aTOMOB, J1€()EKTHOCTHIO M T'€T€POr€HHOCThIO, YTO BIMSIET
Ha DJIEKTPOHHYIO CTPYKTYpy H (OPMHUPYET CBOMCTBA, OTCYTCTBYIOIIME B
00BEMHBIX 00pa3nax. TpaauIMOHHBINA PEHTTEHOBCKHUI aHAJIN3 HA MOHOKPHUCTAJIaX
HE NpPUMEHHM K oO0bekTaM pazmepoMm Huxke ~0,05 MM, a mopomkoBas XRD
3aTpyJHEHa TMpH YTOYHEHUH ab initio HEu3BeCTHbIX (a3. DIJIEKTpOHHAs
MUKpPOCKOIIUA W JU(pakius 00ecneyrMBalOT HAHOMETPOBOE pa3pelieHue |
YYBCTBUTEIBHOCTb K JIOKAJIbHOM CTPYKTYpE TOHKHX IJIEHOK U HAHOKPHUCTAJIJIOB.

Hacrosimas pabota siBisieTCsl YaCTbO CEPUU UCCIIEI0BAaHUM, HAIIPABIEHHBIX
Ha I[PEUU3MOHHOE U3YYEHHE HAHOKPUCTAUIMYECKUX IUIEHOK MyRej(Frix
METOJIaMH JIEKTPOHHOM KpucTtaiorpaduu. /s nanokpucrauios CaF, noka3aHo,
YTO COYETAaHUE HJICKTPOHHON MpErU3UOHHON audpakiuu [1], MUKpOCKOTHH U
NOJIHOMPOPMIBHOTO aHaiu3a (MeToJ PuTBenga) mo3BojsieT KOPPEKTHO Pa3aeniTh
nepeKpbIBarolecs: peaeKchl U BBISBIATH COCYIIECTBOBAHUE JIBYX (DIFOOPUTOBBIX
da3 ¢ pasnuuHbIMM Tapamerpamu sueiiku (5.46 u 5.91 A). Jlng Tunuunoit dassl
MOATBEPKAEH MOHHBIA XAPAKTEp CBSI3M B paMKax K-MoAenu [2], a aHOManbHas
XapakTepu3yercss AePUUUTOM aHUOHOB U TMOBBIIIEHHBIMU TEMIEPATYPHBIMU
dakTtopamu.  Pa3zpabGoTtanHbli  moaxod ~— oOecleurMBaeT  KOJIMYECTBEHHYIO
XapaKTEPUCTUKY HECTEXUOMETPUUECKUX (PTOPUIOB B HAHOCOCTOSIHUM M OTKPHIBAET
MyTh K CHCTEMHOMY UCCIe0BaHUIO Beero psiaa MxRei«Foix.

Pabota BeimonHeHa B pamkax roczaganus HULL «KypyaToBckuid HHCTUTYTY.

A. K. Kyneirun, K. B. Kyneirun, A. C. Aswiio, Kpucramiorpadus 65(2), 325-334 (2020).
N. K.

1.
2. Hansen, P. Coppens, Acta Cryst. A 34, 9 (1978).
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IN SITU EXAFS HCCJIIEAOBAHUE MEXAHU3MA
I'MAPOTEPMAJIBHOT'O CUHTE3A TUTAHOCHUJIMKATOB JJISA
NUMMOBHWUJ/IM3ALINUA PAIMOHYKJINAOB LHE3UA

K.B. Bapxydapos*, H.II. Hsanos', B.A. Acponuenxo®, A.JI. Tpuzy6?

Ylanvnesocmounwiii pedepanvuuiii ynueepcumem, Braousocmox
2HUI] «Kypuamosckuii uncmumymy, Mockea

Jlnst u3ydeHus mporecca UMMOOMITU3AINK pafuoHyKiIuaoB 7 Cs MeTogom
PEHTIEHOBCKOM CIIEKTPOCKONMHU TOIJIOIIEHUs Oblia pa3paboTaHa cHerualibHas
AKCIIEpUMEHTaJbHAsl yCTaHOBKA. OCHOBY YCTAaHOBKHM COCTABIISUI TUAPOTEPMAIIbHBIN
peakTop, HarpeBartenbHas mMTka ¢ [IW/[-peryastopoM st TOYHOTO KOHTPOJIA
TEMIIEPATYPbI U TEIUION30JIMPYIOIIAsl HapyKHasi 000JI0UKa.

I'maporepManibHbIE  PEAKTOP HMEN JBYXKOMIIOHEHTHYIO KOHCTPYKIIHIO,
COCTOSIIYK0 W3 BHYTPEHHEr0 Te(JIOHOBOIO CTAaKaHa, I[OMEUICHHOIO B
MeTauIMueckuii kopmyc. s obecnedeHus: TPOXOXKIEHUS PEHTIEHOBCKOTO
U3JIy4deHUs B METAUIMYECKOM  KOpPIycE  peakropa U HapyKHOU
TEIUIOM30JIUPYIOIIEN 000J104Ke ObUIN BBIMOJIHEHBI COOCHBIE OTBEPCTHS

CoznanHas ~ ycTaHoBKa  o0ecrmeumia  BO3MOXHOCTb — IPOBEICHMUS
UCCIIEJOBAaHUM B pEXUME peanbHOro BpeMeHU (in situ) IpPOLECCOB CHHTE3a
TUTAHOCWJIMKATOB W MMMOOWIM3AllMM  PAJMOHYKIWAOB  LEe3us  IpHU
KOHTPOJIUPYEMOM THJpOTEpMalIbHOM HarpeBe. Takas KOH(pUIypauus M03BOJIHIIA
IIOJIyYUTh CIIEKTPOCKOIIMYECKUE JaHHBIE HENOCPEACTBEHHO B XOJ€ IPOTEKAHUSA
XUMHUYECKUX MPOLECCOB 0€3 He0OXO0AUMOCTH IPEPHIBAHUS SKCIIEPUMEHTA.

a 6 B

Pucynok 1 — Cs K Wavelet-npeoopa3zoBannbie EXAFS ciekTpbl B moTy4eHHBIX
THTAHOCHJIMKATAX: a) 10 HarpeBa, 0) in situ 180 °C, B) mocJie oxjasKaeHust

HccnenoBanue BBIMOJHEHO B pamMKax | OCymapCTBEHHOTO — 3aJIaHMSI
MunucrepcTBa HayKu U Boiciiero oopasoanust Ne FZNS-2024-0013.

117



MUKPOAHAJIN3 U TEPMODJEKTPUUECKHUE CBOMCTBA TOHKHUX
HJIEHOK SmS, IOJIYYEHHbBIX MATHETPOHHBIM PACIIBIVIEHUEM

E.b. backaxos, C.H. CynenvHsk

«Jlabopamopus kocmuuecko2o mamepuanogedenus - Kanyea» Kypuamoesckoeo komniexca
kpucmannoepaguu u pomonuxu HUL] « Kypuamosckuii uncmumymy

Momnocynbdua camapust (SMS) HHTEpPECEH CBOMMHU TEPMOIJIEKTPUUECKUMHU
CBOMCTBaMHU, TTO3TOMY aKTyaJIbHOM 3aJjadyeil sIBISIETCS MCCIEeIOBAaHUE CBOMCTB IS
UCIIONB30BaHUSI U Pa3pabOTKH TEPMODJIEKTPOTEHEPATOPOB HAa OCHOBE TOHKHX
wieHok SMS. Illenpto paGoThl  OBLIO  HCCIENOBAaHHE DBICKTPHUUECKUX U
TEPMOIJIEKTPUUECKUX CBOMCTB TOHKUX IIEHOK SMS.

Uccnenyembiit  oOpaszery MpeACTaBiIssT  COOOM  TOHKOIUICHOYHOYHYIO
ctpykrypy SmS ¢ Ni KOHTakTamMM Ha TOJJIOKKE CHTAUIa W ObUT TOJYyYeH
MOCPEJICTBOM MarHeTpoHHOTro pacmbuieHus. Cioir SMS Hamplsim B TedeHnn 10
muH 1ipu | = 340 MA u U = 320 B. Mukpoananu3 1uieHku SMS, mpoBeaEHHBIN
METOJIOM 3HEPrOJUCIEPCUOHHON CHEKTPOCKONUH, I0Ka3al pPaBHOMEPHOCTh
cocTaBa I0 JJIMHE 00pa3ia, HaTMYKhe KUCIOpo1a U 3HaUUTeNbHOE ITpeodiajanue S
CO CPEIHUM COOTHOILIEHHEM KoMnoHeHToB SM:S = 0,55. I1o kapre pacnpeneneHus
AIIEKTPUYECKOTO  CONPOTUBJIEHMS 1O TNOBepxHOocTH oOpasua (puc.l, a)
OoOHapy>KeHO, YTo TIEHKa SMS UMeeT rpaJiueHT CONpOTUBIeHUs oT 3 10 ~60 Owm,
HampaBJIeHHOro  momepek  oOpasma. CpenHee  3HAYEHHE  M3MEPEHHOTO
compoTuBiieHUsT cnost SMS uepe3 Ni KOHTakTBl cocTaBHi Rosy =60 Owm.
HccnenoBanne  TEPMODJIEKTPUYECKHX  CBOWMCTB  TOKA3aJl0  YMEHbBIICHHE
renepupyemoro TepmoI/IC ¢ poctom Temnepatypsl (puc.l, 6).

(a) (6)
Ni SmS Ni

= /IaMepeHHble faHHble
JInHeiiHasa nHTepnonsaums

0,015 1

e e o o9
2 B 2 2
= Iy = IS
1 1 1 !

0,010

Tepmoane KTpu4eckast MOLWHOCTb,

0,009

T T T T T T T 1
60 80 100 120 140 160 180 200 220
Temnepartypa, C

Puc.1. DnexTpuueckue n3MepeHus: a — CONPOTUBIIEHUE, O — TeMIIEpaTypHas 3aBUCUMOCTh
kodd¢uimenta 3eedbeka

PaboTta mpoBeaeHa B paMKax BBINOJHEHUS TOCYAApPCTBEHHOTO 3aJaHMs
HUL[ «KypuatoBckuil UHCTUTYT». B 4acTu 3JIEKTpOHHON MUKpPOCKONUU padoTa
BBITIOJIHEHA ¢ ucnonb3oBanueM obopynoBanus LIKIT «CtpykTypHas nuarHocTHka
marepuanioBy KKKu® HUILI «KypuaTtoBcknii THCTUTYT».
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CTPYKTYPHBIE OCOBEHHOCTH IINTAHAPHBIX HAHOCTPYKTYP
SiC/Au/Si

H.A. bawnvikos', U.C. Bonukos', A.Ill. Acéapos*

Omoenenue uncmumym Kpucmannocpaguu um. A.B. [llyonuxosa Kypuamosckozo komniexca
kpucmannoepaguu u pomonuxu HUIL] « Kypuamosckutl uncmumymy

Kap6un xpemuust (SiC) siBnsieTcss HIMPOKO30HHBIM TMOJYNPOBOAHUKOM C
HEMPsMO30HHOU CTPYKTypol. CymiecTByeT OO0JbIIOEe KOJUYECTBO TMOJUTUIIOB
kpucramia SiC: kyouueckuit 3C-SiC, rekcaronansubie 4H-SiC u 6H-S1C, xaxapii
U3 KOTOPBIX 32 CYET CBOMX YHHMKAJIbHBIX CBONCTB HAXOJUT NPUMEHEHHE B
pa3MYHBIX OOJACTAX MHKPO- U HaHOAJIeKTpoHHKHU. [Ipumenenune B MOII-
TPAH3UCTOPAX U YCTPONCTBAX TMOJEBOM SMHUCCHU OOYCIABIMBAET HHTEpPEC B
MOJIyYEHUU TOHKUX IDIEHOK W HaHOCTPYKTyp SIC ¢ 3agaHHBIM CTPYKTYPHBIM
TIOJIUTUIIOM Ha Si- IMOJT0KKaX WUJIH BUCKEpax.

JlanHast pa0OoTa TMOCBSIIEHA W3YYEHHUIO CTPYKTYPHBIX OCOOEHHOCTEH
MacCHBOB MHUKpO- u HaHoBHCKepoB SIC/AU/SI. Metonnka moiydeHHsT BHCKEPOB
COCTOUT U3 CIAEIYIOIIMNX CTaUN:

1. BeipamuBanue BuckepoB AU/Si METOIOM Map-KUAKOCTh-KPUCTAILIL.

2. Hanecenue TOHKOTO cJi0si rpaduTa MOoCpeCTBOM BHICOKOTEMITEPATYPHOTO
OT)KWTa B IPUCYTCTBUU IPaUTOBOTO HArpeBaTesl.

[Tonyuennsie oOpasmpl ucciaeaoBamuch Metogamu POM, DJIC, POA u
PaMaHOBCKOMW CIIEKTPOCKOIHUHU.

Uccnenoanne merogamu POM um OJIC mo3BOIMIO MOCTPOUTH KapThl
pacrpeneneHuss 3JIEMEHTOB, KOTOpPbIE MOKAa3bIBAIOT, YTO MMEETCS JIOKalu3alus
CKOIUICHUM YIJIepoJila Ha OCTPHUSX Si-BUCKEPOB, KOTOpas MOXET YKa3blBaTh Ha
oOpa3oBaHHe TOHKOW IUICHKH yriiepojaa Ha Si-Buckepax u obpazopanue 3C-SiC.
[Ipu sTOM IepBOHAYaIbHAs TOHKAsI UMEET TCHACHIMIO K KJIACTepU3alIUHU.

PesynbraTel POA noka3biBatoT NPUCYTCTBUE KaK PEPIEKCOB, OTHOCIIINXCS
K B-paze 3C-SiC, tak u pediekcol rpaduToBbIX (as.

JlaHHbBIE ~ paMaHOBCKOM  CIEKTPOCKONHUH  TO3BOJIMJIA  TOATBEPIUTH
pe3yabTaThl uccienoBanuii merogamu POM u POA. HabmrogaroTcs kak muku Si,
TaK W [UKH, CcooTBeTcTByromue monutuny 3C-SIC, a Takke IHKH,
XapakTepu3ymIe rpaduToByl0 KOMIOHEHTY. OOCYXIarTcsi CTPYKTYpHBIC
OCOOEHHOCTH MOJYYEHHBIX MJIAHAPHBIX CTPYKTYD.

PaGora mpoBemena B pamMkax rocyaapctBeHHoro 3amanus  HUIL
«Kyp4aTtoBCKH1 HHCTUTYT).
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BJIMAHUE BBICOKOTEMIIEPATYPHOI'O OT7KUT'A HA
CTPYKTYPHBIE U MAT'HUTHBIE XAPAKTEPUCTUKHU TOHKUX
IIVIEHOK OPTO®EPPUTA UTTPUA

A.O. bensesa, O.A. Konopamves, FO.M. Yecnokos

Hayuonanvnuiii uccnedosamenvcxuii yeump « Kypuamoescxkuii uncmumympy

Cpenu nepCcHeKTUBHBIX COEIWHEHH HAHORJIEKTPOHHKM W CIHHTPOHUKHU
0c000€ MECTO 3aHMMAalOT MarHUTHBIE MaTepUaibl ¢ aHTH(PEPPOMArHUTHBIM THUIIOM
yrnopsiiodeHusi, K KOTopeiM oOTHOcuTcs optodepputr wurrpus (YFeOs). [ns
KOPPEKTHOM padOThl CHUHTPOHHBIX YCTPOMCTB JKE€JAaTEIbHO HCIOJIb30BaTh
ofHO(Aa3HBIE  CHUCTEMBI, MAarHUTHOE TMOBEJACHHE KOTOPBHIX  ObUIO  OBI
IPOTHO3UPYEMBIM.

Hccnenyemble B paboTe IUIEHKH OpTOQEppUTa UTTPUS OBbUIM IOIY4EHBI
METOJIOM MAarHeTPOHHOI'O PACIBUIEHUS MHUILIEHHU, COCTOSIIEH M3 CMECH OKCHJIOB
JKeye3a U UTTPHUs, C MOCIEAYIOMNUM OTXKUTOM. BBUAY 3TOr0o NoJydeHHbIE IIIEHKA
MOTYT HaXOJUTbCSI B HEPABHOBECHOM COCTOSIHUH, YTO CHOCOOHO NPUBECTU K
(a30BOMY pPACCIOEHUIO U CYUIECTBEHHO BJIMSTh Ha MAarHUTHBIE XapaKTEPUCTUKU
TOHKHX IUICHOK.

Lenpto paboTbl OBLIO [AETATbHOE HW3YYEHHE CTPYKTYPHBIX HW3MEHEHMIA,
IPOUCXOMSIINX B TOHKUX TUICHKAX B PE3YJIbTaTe BHICOKOTEMIIEPATYPHOIO OTHKUTA,
METOJAMH PEHTT€HOBCKON TUArHOCTUKHU U AJIIEKTPOHHOM MHUKPOCKOIMHU 0Opa3IoB
tonmmHOW 5 ¥ 200 HM A0 M mocie orTxkura. Ha ocHOBE CTPYKTYpPHBIX JaHHBIX
IIPOAHATU3UPOBAHBI N3MEHEHHSI MArHUTHBIX XapaKTEPUCTUK Y FeO3 IIIEHOK.

[lonmy4yeHHble  pe3ynbTaThl MOKa3ajdd  CYIIECTBEHHbIE  pa3iuyus B
KPUCTAJUIMYECKOW CTPYKTYpe, MPUBOMASIIME K CIOXKHOM Bapualid MarHUTHBIX
CBOMCTB OTOXKEHHBIX U HEOTOXKEHHBIX 00pa3I0B.

1. A.L. Vasiliev, I.A. Subbotin, A.O. Belyaeva et al. Phys. Metals Metallogr. 125, 64-77 (2024).
2. M. Andreeva, R. Baulin, A. Nosov et al. Magnetism. 2(4), 328-339 (2022).
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MATHHUTHBIE CBOMCTBA p-OKCOMOCTHKOBOI'O JIUMEPA
KEJE3A (IIT) HA OCHOBE JIMTAHJIA N,N'-9THJIEHBUC(3-
METOKCHU-CAJIMIHUINMHUHA)

M.A. Brazos*, HI. Cnuywvina®, A.C. Jlo6au, I B. ILlunos*, A. 1. Imumpues’,
M.B. XKuokos*

Y\@UI] ITX® u MX PAH, Yepnozonoska

MexaHu3MBl, JieXkKallue B OCHOBE KaTaln3a [L-OKCOMOCTHUKOBBIX IUMEPOB
)kene3a (III) ¢ cajneHOBBIM JIMTAHJIOM, SBISIOTCA OoJie€ CIOXKHBIMH  JIS
noHuManus, 4em i 4d- u S5d-meramioB. DTO B CBOIO Ouepedb CBS3aHO C
OOJBIIUM KOJTMYECTBOM JOCTYIHBIX CTETICHEH OKUCICHHS M CTUHOBBIX COCTOSTHHIMA
3TOTO nepexoaHoro Mmeraa [1,2]. B paboTe onmucaHbl MarHUTHBIE CBOMCTBA U
MeccOayIpOBCKHE CHEKTPhI -OKcOMOCTHKOBoro numepa skeneza (III): 3[(u-
O){Fe"'(30Me-Salen)},]-12H,0-4CH3;0H (1), rme salen = N,N’-stmnentuc(3-
METOKCU-CATUIIAIBIUMUHAT). MaruutHass BOCHPUUMYUBOCTH OMUCHIBACTCS
ypaBHeHueM biunu-bayspca mna S=5/2 ¢ anTudeppoMarHUTHBIM OOMEHOM:
9=2.062(1), J/kg=-161.2(3) K. CooTBETCTBHE MEXIy TCOPHEH U IKCIICPHUMEHTOM
MOKAa3bIBAET, YTO TPU PA3IMYHBbIC KOHGOPMAIIMK TUMEPOB B DJIEMEHTAPHOU sTUCHKe
HE BIUSAIOT Ha MapaMeTp OOMEHHOTO B3auMOJEWUCTBUS. MeccOayspoBcKue
cnextpsl pu 296 K (AEg=0.89 u 6=0.33 mm/c) u 78 K (AEg=0.85 u 6=0.43(1)
MM/C) Tak»e€ OIHKCHIBAIOTCS OAHUM TyOJIETOM, YTO MOATBEPKAAETCS (PyHKUUEH
pacmpe/eNneHrs KBaIpyIoJIbHBIX PaCIIEIICHUN.

Ip

L L L L d
0 50 100 150 200 250 300
T,K

Z o0 2
CkopocTs, MM/

Pucynok 1. Cresa: umep B 1 npu 100 K. Ilocepeoune: TemneparypHasi 3aBUCUMOCTb
MPOU3BE/ICHNUS MAarHUTHON BOCIIPUUMYHBOCTH Ha Temmeparypy B nuamazone 2-300 K. Cnpasa:
MeccbayspoBckue crnektpel 1 mpu 296 m 78 K. Ha BcraBke — (yHKUMS pacnpeneneHus
KBaJIPYIOJIbHBIX PaCILEIICHHUH.

PabGora BmimonHena mno Teme ['ocynmapctBenHoro 3aganus, No roc.
Peructpammmu  124013100858-3. Ilpu BbIMOMHEHUH pPaOOTHI HCIOIH30BATIACH
npudopHas 6aza LIKIT UL TIXD u MX PAH.

1. V. Muraskova, V. Eigner, D. Sedmidubsky, Available at SSRN 5393853, (2025).
2. H.J. Schugar, G.R. Rossman, C.G. Barraclough, H.B. Gray, J. Am. Chem. Soc., 2683, 94,
(1972).
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AHAJIN3 CTPYKTYPbBI HOBBIX YIVIEAJIIOMMWHHUEBBIX
KOMITIO3UTOB ITPM MEXAHUYECKHWX BO3JIEMCTBUSIX METOIOM
PEHTTEHOBCKOM MUKPOTOMOI PA®UN

M.A. Borvwenxo®, A.B. Xoxnoe®?, C.H. I'anviues?, b.U. Amanoé?, B.U. 0p]l062,
A.B. Bysmaxost, FO.C. Kpueonocos', B.E. Acaduuxoe*

L Kypuamosckuii komnnexc kpucmannozpagpuu u pomonuxu HUL] «Kypuamosckuii uncmuniymm»
2Uncmumym ¢uzuxu meépoozo mena umenu FO.A. Ocunvana Poccuiickoii akademuu Hayk
SHUU mexanuxu MI'Y umenu M.B. Jlomonocosa

VYrieantoMUHUEBBIE  KOMIIO3UTHI (YAK)  npencraBmsitor  coOoit
NEPCHEKTUBHBIA KJIACC MaTEepHAIOB JUIsl AaBUALMOHHO-KOCMHYECKOW OTpaciu
Onarosiapsi yHUKaJIbHOMY COUYETAHUIO JIETKOCTH, BEICOKUX YACIbHBIX TPOYHOCTHBIX
U JKECTKOCTHBIX CBOMCTB, a TaK)K€ KOPPO3HMOHHOM CTOMKOCTH M YCTOWYMBOCTU K
arpeccuBHbIM cpefaM. OJHAaKO HMX IIUPOKOE BHEAPEHHUE CAEPKUBACTCA PAIOM
(U3BUKO-XMMHUYECKHX W TEXHOJOTMYECKUX MPOoOIeM, KIHOYEBBIMU M3 KOTOPBIX
SBJIIFOTCS CJIO’KHOCTB IPOIUTKHU YIJIEPOIHBIX BOJIOKOH aJIOMHUHHEBBIM PACILIABOM
U 00pa3oBaHME XpYNKOro KapOujaa adlOMHUHMS Ha TpaHule paszzaena das.
Pa3paboTKy TaHHBIX KOMIIO3UTOB BEIYTCS Y>KE€ MHOTO JIET, HO TaK U HE MPUBEIH K
ycIexy u3-3a npo0iaeM pU3nKo-XUMUYECKON U TEXHOJIOTHYECKOM npupoast [1].

Kputnueckum ¢akropom i  oOecrneueHUs BBICOKMX MEXaHMYECKHX
xapakrepuctuk YAK sBnsercs (opmupoBaHHe ONTUMAIBHON TPaHULBI MEXIY
BOJIOKHOM UM Marpuueld. MccrnenoBaHus NOKa3bIBAIOT, YTO JJis MOBBILIEHUS
TPEIIMHOCTOMKOCTY U MPOYHOCTH KOMIIO3UTa HEOOXOJMMO HE MaKCHUMAaJbHOE
CIEIUIEHUE, a CO3/laHue€ MOJATIMBOrO HHTepdeiica ¢ KOHTPOJIUPYEMO HHU3KOU
IPOYHOCTBIO Ha cABUT. OJHUM M3 MOAXOAOB K PEIICHUIO 3TOW 3a/aud sIBISETCS
ONTHUMM3ALUS TEPMOPEKMMOB H3TOTOBJIICHHUS M JIETUPOBAaHUE MATPHULBI JUIS
MUHHAMHU3AIUU POCTa KapOUIHBIX (a3.

B nannoii pabote 1yisi HEpa3pyIIAIOIIEr0 KOHTPOJS CTPYKTYpPhl M aHAIM3a
BHYTPEHHETO CTPOCHHUS OOpa3loB, TMOJYYEHHBIX METOAOM IPECCOBAHUS
YTJICATIOMUHHUEBBIX IIPOBOJIOK, IPUMEHSIICS METOJ PEHTI€HOBCKOM
Mukporomorpaduu. IIpoBeneHHass cermMeHTalMsi JaHHBIX IO3BOJISIET BBIACIUTH
OTJICJIbHBIE COCTABIISIIOLIME MaTepuaiga — aJIIOMUHUEBYIO MATPUIy M IYyYKH
IPOBOJIOK, YTO SBJISETCS OCHOBOWM Ui JajdbHEHIIEro MaTeMaTHYeCKOTO
MOJCJIMPOBAaHUS M  KOJMYECTBEHHOI'O  aHalIW3a MEXaHWYECKHX  CBOMCTB
yIJeallOMMHHUEBBIX KOMIIO3UTOB. B paboTe mpenioxkeH W peanu3oBaH METOJ
YUCJIEHHOTO aHajln3a CTPYKTYphl HCCIeIyeMbIX 00pa3ioB. Bce mnpoekuuu
UccIenyeMbIX 00pasiioB ObUTM CHSATHI Ha ToMorpadax, (pyHKIMOHUPYIOIIUX B
HUI[ «KypuaroBckuii uncturyt» [2]. O6pasust YAK monydeHsl B pamkax
npoekta PH® 22-79-10064-11.

PaboTa npoBenieHa B paMKax BBINOJIHEHUS rocyaapcTBeHHoro 3ananus HULL
«Kyp4aTtoBCKHI1 HHCTUTYT).

1. XoxnoB A.B., et al., J. ®usnueckas mezomexanuka. 28 (2), (2025)
2. Buzmakov A. et al., J. Applied Crystallography. 48 (3), (2015)
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INEPCIHEKTUBBI UCITIOJIB30BAHUS CILJIABOB HA OCHOBE Ti-Zr B
SKCINEPUMEHTE C IPUMEHEHUEM METOJA TU®PAKIINN
HEWUTPOHOB

I1.A. Bopucosa®, C.M. J{ybuncxuii?, O.B. Cmpaxoe?, M.M. Mypawes",
C.C. Azaghonos*

L HUI] «Kypuamoeckuii uncmumymy, Mockea
2 HUTY « MHUCHC», Mockea

BaxHBIM CBONMCTBOM CIUIABOB HA OCHOBE |1 TakWX cHCTeM, Kak [1-Zr u Ti-
Zr-Nb siBisieTcst BO3MOXKHOCTh TIO00paTh TaKOE€ COOTHOIICHHE AIEMEHTOB, YTOOBI
OTpUIATENIbHAS U TIOJOXKUTEIbHAS aMILTUTY 16l paccessaust Ti u Zr (wmu Zr u Nb)
KOMIIEHCUPOBAIM aMITUTYy paccestHusl (KOTEPEHTHYIO JJIMHY paccesiHus) CIijlaBa
U IPUBOJWIM €€ K HYJIEBOMY 3HAYEHHUIO, TO €CTh K OTCYTCTBHIO bparroBckux
orpaxeHu. Ilosaromy cmnmaBel Ha ocHOBe Ti-Zr MpeACTaBIsAOT CcOOOMU
NEPCIEKTUBHBIE MAaTepUasbl, KOTOPbIE MOTYT OBITh HCIOJb30BAaHbI B KaueCTBE
KaHJIUJATOB JJIs1 pa3paOOTKU Pa3iM4HbIX KOHCTPYKUUN (OCHACTOK, KOHTEHHEPOB
JUISL TIOPOUIKA M AJIEMEHTOB SY€EK BBICOKHMX JABJICHMI), MPEAHA3HAYEHHBIX IS
DKCHEPUMEHTAJIBHBIX NPWIOKEHUW MNP pPeaNu3alli METONAa HEUTPOHHOU
T paKIyg.

B nanHoili paboTe npoBeIeHbl UCCIEAOBAHUS C TTOMOIIBIO PEHTIT€HOBCKOU U
HEUTPOHHON JUdpaKIUK U HEUTPOHHOW paguorpaduu CIJIABOB TisreZrzs4 U
Tie7ZrigNbis, TOJXYYEHHBIX JABYMS METOJAMU — CEJEKTUBHBIM JIA3€PHBIM
IJIABJICHUEM U BAKyyMHOHM IyroBou IUIaBKoOW. [IpoBelneHa olieHKa MHpOoIyCKaHUs
HEUTPOHOB JTUMHU  CIUIABAMM, CHECIAHO  3aKIIOUYEHHE O  BO3MOXKHOCTHU
WCIOJIb30BaHUs (TP KOMHATHOM TeMIeparype) B IKCIEPUMEHTE M0 HEHTPOHHOMN
nudpakiuy KOHTEHHEpa U3 UCCIIEYEMbIX CIUIAaBOB HA OCHOBE T1 JIJIsl TUATHOCTUKU
XOpOIIIO  PAcCEeMBAIOIIET0 HEUTPOHBI MOPOIIKOBOIO  00pa3la, MOCKOJbKY
WHTEHCUBHOCTh TMOpPOIIKa OyAeT Ha HECKOJbKO TOPAIKOB BBIIIE, YEM
TU(PaKIMOHHBINA CUTHAJ OT CIJIABOB Tie7.6Zr32.4 1 TisrZr1gNbas.

HccnenoBanus HEUTPOHHON AM(pakuuMyu W paguorpaduu BBIIOJHEHBI C
VCII0JIb30BaHUEM YHUKQJIBHOU Hay4YHOUN YCTaHOBKH «HenTpoHnslii
UCCJIEI0OBATENbCKUI KOMIUIEKC Ha Oa3e peakrtopa MP-8» HUL «KypuaTtoBckuii
UHCTUTYT».
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CEPEBPOCOJIEPKAIIIUME KOMIIO3UTHI BAKTEPUAJIBHOM
HEJUIKOJIO3bI C XUTO3AHOM: CHUHTE3 U CTPYKTYPA

U.E. Bymenxo®, I1.P. Borowuna?, A.FO. Bacunvkog*

Y Uncmumym snemenmoopeanuueckux coedunenuti um. A. H. Hecmesnosa Poccuiickoi
akademuu HayK

OyHKIIMOHAIM3AIIUS TTOBEPXHOCTH OakTepuanbHOU 1emtono3bl (BL), He
obJagaroniei coOCTBEHHONH OHOJIOTHYECKOM aKTUBHOCTBIO, XWTO3aHOM (XHUT) U
HaHouactuilamu cepebpa (AgHY) sBnseTcs NEPCIEKTUBHBIM HAMPaBICHUEM,
MO3BOJIAIONIMM  PACHIMPUTH O00JIACTh TMPUMEHEHUST 3TOr0 OHOCOBMECTHUMOTO
noauMmepa B MemunuHe [1]. DTO TO3BONSIET MONYYUTh HOBBIE THOPHUIHBIC
MaTepualibl, COYETAIONINE CBOMCTBA OMOIMOIMMEPOB M aHTUMHUKPOOHBIE CBOMCTBA
AgHY .

Komno3ut OGakTepralibHOW IEJUII0JIO3bl ¢ XWUTO3aHOM M HaHOYACTHUIIAMU
cepeopa (BI[-Xut/AgHY) Obu1 monydeH myTeM cMmeruBaHus reneodopaszHoi bI,
MOJYYEHHOW METOJOM JMHAMUYECKOTO KyJIbTUBHPOBAHUS, U XUTO3aHA, KOTOPHIE
NpeaBapuUTeNIbHO  OBLTM  MOAM(UIIMPOBAHBl  HAHOYACTHUIIAMU  cepeopa,
CUHTE3UPOBAHHBIMHU METOJIOM MeTaiuto-napoBoro cuureza (MIIC).
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:.|:> +XUTO3aH L-Xut/Ag,,
Mopowok Xut- Ag,

U

Meronamu POIC, COM/3/IC u PDA uccnenoBansl cocTaB, CTPYKTypa H
ANEKTPpOHHOE cocTosiHne Metaa B cuctremax bI[-Xutr u  BI-Xut/AgHY.
KOMITO3UTBI UMEIOT MOPUCTYIO TPEXMEPHYIO CETUATYIO CTPYKTYPY C 3J€MEHTaMu
¢bubpumn  BIl, oObeIWHEHHBIMM IUICHKAMH XUTO3aHa, U  OJHOPOIHBIM
pacnpenenenueM AgHY. YcranoneHo, 4to cepeOpo B MOJYYEHHOM THOPUIHOM
MaTepHale IPUCYTCTBYET B ABYX cocTosHusx - Ag® u Ag”,

PaGoTa BrimonHeHa npu purancoBoi nmoanepxkke rpanta PH® No 24-23-00220

1.Vasil’kov, A.; Butenko, I.; Naumkin, A. et al. // Int. J. Mol. Sci. 2023, 24, 7667.
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KPUCTA/VIOXUMHNYECKHUE ITPUHIUIIBI ®OPMUPOBAHUA
YETBIPEXKOMIIOHEHTHBIX METAJIJIOOPTAHUYECKHUX
KAPKACOB THUIIA MIL-78 C HOHAMMU PEJIKO3EMEJIbBHBIX

METAJIJIOB

HLA. Banewnvui*, A.I" Mywmaxos*?, I M. Kysemuuésa®, P.J]. Ceemozopoé*?,
B.JI. [lemun?, E.5. Mapxoea*?

YMUP3A4 — Poccuiickuii mexnonoeuueckuii ynusepcumem (PTY MUPIA)
2Poccuiickutl ynugepcumem Opyxcovl Hapooos um. Ilampuca Jlymymou
SHayuonanvnuiii uccnedosamenvckuii yenmp «Kypuamosckuii uncmunymy

MHorokoMIioHeHTHbIE (a3bl ¢ 4-Ms1 U Oojiee KOMIOHEHTaMH (N) B COCTaBe
MOTYT OTHOCHUTBCSI K BBICOKORHTPONMHHBIM Marepuaiam (BD) mpu peanuzanuun
«KOKTEHIBHOT0» 3 (eKTa, UCKAKEHUS JTOKAIbHON W/ ATOMHOU CTPYKTYpPBI U3-
32 HEKOTE€pPEHTHOT'O0 CpacTaHus N 3JIEMEHTAPHBIX A4YeeK C N pa3sHBIMH HOHAMHU,
MeJUIeHHOW Ju(d@y3un, BBICOKOW SHTPONHMHM CMEIIeHUd (MPEeXIE BCEro,
KOH(UTYypallMOHHON COCTAaBIISAIONICH) U KOHIICHTPALIUU BaJICHTHBIX AJIEKTPOHOB,
pe3yJIbTaTOM 4Yero NpOosBICHHE CKAauKOOOpPa3HOTO HM3MEHEHHUS XapaKTEepHUCTUK
CBOMCTB (HO HE Bcex!) 10 CPaBHEHUIO C OJHOKOMIIOHEHTHBIMH aHAJIOTAMH.

Cpenn BD Bblgensercs Oonblliasg Tpynna KUACIOPOJOCOAECPHKAIIUX
COCIMHEHUU Pa3HOM CTPYKTYPHOM CIIOXKHOCTH, CPEIU KOTOPBIX OCO00E€ MECTO
3aHUMAIOT MeTauloopranudyeckue kapkacbl (BO-MO®), cBeneHuss 0 KOTOPBIX
KpaiiHe CKyJHBI WJIH POCTO OTCYTCTBYIOT.

[lens paboThl — YyCTAHOBJIEHHE BO3MOXKHOCTU OTHeceHuss k BO-MOO®
BIIEPBBIC MMOJTydeHHBIX (ha3 obIiero cocraBa (4RE)BTC.

Onnodasusie (4RE)BTC u ux xommnonentst REBTC ¢ nomamu RE**=Sm,
Eu, Th, Dy, Er u 6en3on-1,3,5- Tpukap6onosoii kucinotsl ((BTC)*) tuna MIL-78
(mp. rp. C2/m, Z=8;a~7A, b~15A,c~85A, B~ 109°) (cranuus Benok-
PCA; KHUCHU «KypuaroB»; meron PurBenbna) MOaydeHBI THIPOTEPMAIbHBIM
METOJIOM B aBTOKIaBe wu3 cMecu pactBopoB (C = 134 mM) comneit
RE3*(NO3)3-xH,0, H:BTC u NaOH B aucTMIUIMPOBaHHOM BOJE, TEPMHUYECKOM
oOpaboTke u cymke ocaiaka Ha Bozayxe. ®aszei REBTC nmemonCTpupyIOT
NUHEHHYI0 cBA3b o0bema sueiiku (V,A%) ¢ aromubiM Homepom RE®* s RE=Sm-
Ho, a snauenue V,A% ¢ RE= Er®* orknonsercs ot npsamoii (V,A3 Gonbire, uem
JIOJKHO OBITH MIPH YCIOBUU MPSMOJIMHEHHOW CBS3H), YTO BBI3BAHO MPUCYTCTBUEM
H.O B mycrorax kapkaca ([ErBTC]-mH,0), moareBepxaernoe meromom JICK.
O6pasupt  (Sm,Eu, Tb,Er)BTC, (Sm,Eu,Tb,Dy)BTC, (Eu,Tb,Dy,Er)BTC ¢
UCXOJHBIM  3KBUMOJISIpHBIM  cooTHolueHnemM RE  nokazanmu  yBennuenwue
XUMHU4eCcKoi crabunbHocTH B 1.11 paza (maubonbiias Bennuuna AH = 8057 x/r
st (Sm,Eu, Tb,Er)BTC) o cpaBHeHMI0 ¢ 01HOKOMIIOHEHTHBIMU. CornacHo [1OM,
MOJIyYeHbl MHUKPOKPHUCTALIIBI C PAaBHOMEPHBIM (C y4e€TOM CHEeUUu(PUKA METO/A)
pacnpenenenueM RE mo o6pasmam  kak ¢ OKBUMOJSIPHOM, Tak H €
HEIKBUMOJIAPHOM cooTHolleHrneM RE B ucxomHoMm coctaBe. Bece 3Tu daktsl He
uckiaodaet oopazosanue BO-(4RE)BTC.

PaboTta BeinonHEeHa Npu GUHAHCOBOU MOAep)Ke MUHUCTEPCTBA HAYKU H
BhIcIero oopasosanus Poccuiickoit ®enepanuu (ITpoekt Ne FSFZ-2024-0003).
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HNPUMEHEHUME UCKYCCTBEHHOI'O UHTEJIJVIEKTA JJISA
OITPEAEJIEHUSA O9BTEKTHYECKHUX TOYEK B TYT'OIIVIABKHUX
MATEPHUAJIAX

B.D. Banuynun®?3, A.B. Muxeenxoe'?, H-M. Illenxaueg’?, E.A. Jlesauios’

Mocrosckuii puzuxo-mexnuueckuti uncmumym (Hayuonanshuiil ucciedosamenscxuii
VHUGepcumem)
2Uncmumym ¢usuku svicokux oaenenuti um. JI.D. Bepewacuna PAH
SHayuonansuuiii uccnedoeamenvckuii mexnonozuveckuii yuusepcumenm «MHUCHCy

TpaguuroHHbIe AKCIIEPUMEHTAIbHBIE METO/IbI omnpeeIeHUs
IBTEKTUYECKUX TOYEK IP(DEKTUBHBI I MATEPUATIOB C OTHOCHTEIHHO HH3KOU
TeMmneparypoi miasieHus. OAHAKO COBPEMEHHBIE TYTOIUIAaBKHME COCIMHEHMS,
xapakrepu3sytomuecss temnepatypoil mminasinenuss cBbimie 3000 K, tpeOyror
NPUHIIUIIHAIBHO HOBBIX TMOJAXOJAOB K HCCIEJOBAHUIO MX HDBTEKTUUECKHUX
COCTOSIHUM  W3-32 BBICOKOM CTOMMOCTM H  TEXHUYECKOH  CIIOXKHOCTH
HKCIEPUMEHTAIBHBIX UCCIIEIOBAHUM.

B nanHol pabGore mnpeacTaBieH WHHOBAIIMOHHBIN YHCJIEHHBIH MeTO.
ONpPENEICHUS]  ABTEKTUYECKUX TOYEK, OCHOBAaHHBII Ha HEHPOCETEBOM
MOJICJIMPOBAaHNUH TOTEHIMAJa B3aUMOJICHCTBUS B TYIOIUIABKUX CHCTEMax.
O} dekTuBHOCTH MOJX0/1a MPOJIEMOHCTpUpPOBaHa Ha TipuMmepe cuctembl Ti-B-C,
KOTOpas ABJISETCA OJJHON M3 HauboJsiee M3yYEHHBIX B JJAaHHOU 00J1acTH.

MeTto010THs BKIIOUAET KOMIIJIEKCHOES KOMIIBLIOTEPHOE MO/eJIMPOBAHHE
OCHOBHBIX (PU3UKO-XUMHYECKUX XapaKTEPUCTHK, KaK IUIOTHOCTH MaTepuala,
ko3 dunuenta nud@y3un U BA3KOCTH, a TAKKE MOJYJST BCECTOPOHHETO CXKATHSI.
AHanu3 OCOOEHHOCTEH TMOBEACHUS ATUX IMMapaMETPOB MO3BOJISIET C BBICOKOM
TOYHOCTBIO ONMPEALATh MOJO0KEHNUE IBTEKTUUECKUX TOUYEK, YTO MOATBEPKAALTCS
COBIAJICHUEM PE3YyJIbTATOB C AKCIEPUMEHTAIBLHBIMU JaHHBIMU. Pa3zpaboTanHas
BBIYUCIUTEIbHASS ~ METOJMKA  CYIIECTBEHHO  COKpAaIllaeT HeOoOXOIUMOCTh
MPOBEACHUS JOPOTOCTOSIIINX SKCIEPUMEHTAIbHBIX HUCCIEAOBAHUN TPU TMOUCKE
ABTEKTUYECKUX TOUYEK B TYTOIIABKUX COCIMHEHHUSX.

Taxkum oOpazom, MPEIOKEHHBIN MOX0]T OTKPHIBAET HOBBIE MEPCIEKTUBEI
s 9QGEeKTUBHOTO HM3Y4YEHUS HOBTEKTUUECKUX COCTOSHUM  TYTOIUIABKUX
MaTepuaJoB C HUCHOJb30BAHUEM COBPEMEHHBIX METOJOB KOMIBIOTEPHOIO
MO/JIEIUPOBAHUS.

126



PE3OHAHCHO-AHOMAJIBHASA PEQJIEKTOMETPUA
MNOBEPXHOCTU KPEMHE30.I51, OFOTAIIIEHHOI'O PYEUJIUEM

10.0. Boakog*®, A.M. Tuxonos-?**

Hayuonanvnwiii uccredosamenvckuii yenmp «Kypuamoscxuii uncmumymy, Mockea
2Uncmumym ¢uszuueckux npoénem um. I1JI. Kanuywi PAH, Mockeéa
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Meton ~ pe30HAaHCHO-aHOMANbHOM  peIEKTOMETPHUM  OCHOBaH  Ha
3aBUCUMOCTH (DakTOpa aTOMHOTO paccesHUS OT OHEPruu 30HIUPYIOLIETO
wanyuyenus: f(Q,E) = fo(q) + f'(q.E) + if"’(q,E). IIpu sTOoM pe3oHaHCHas YacTb
ctpykrypHoro ¢akropa OF(q,E) ompenensier cCOOTHOIIEHHE KPUBBIX OTpaXEHUs
R(0,E)/Ro(q), n3MepeHHBIX TIOJ U HAJ KpaeM IOTJIOIICHUsT UCKOMOro atoma [1],
TOTJIa Kak Hepe3OHaHCHas 4acTh Fo(q), mpomopuuoHaiIbHas pachpeeIeHUIo
AJIEKTPOHHOM TUIOTHOCTH Pe(Z) Ha Mexk(a3HOU I'paHUIIe, MOKET ObITh paccunMTaHa
MyTeM pelieHus oOpaTHOW 3anauu peIeKTOMETPUH JJis YTIOBOM 3aBHCHUMOCTU
3epkabHOro oTpaxkeHus Ro(q) [2].

B pabGore 1m0 [aHHBIM  PE30HAHCHO-aHOMAJIBHOM  PEHTIC€HOBCKOM
pedIEKTOMETPUH C UCIIOJIB30BAHUEM CUHXPOTPOHHOIO M3JYy4YEHHUSI B OKPECTHOCTHU
K-kpas nornomenust aroma pyounus (= 15.21 kaB) Hamu u3yueHo pacrpeiesieHue
JCBUTHPYIOIIMX HOHOB RDb" Ha MOBEPXHOCTH KPEMHE3EMHBIX THIAPO30JICH
(KOJTOMIHBIX BOJHBIX pacTBOpPOB HaHoudacTull Si02 ¢ XapaKTepHbIMU pa3MepamMu
5 HM u 27 um). [lonydeHsl HemapaMeTpUUeCKue paclpeiesieHUs] Kak dJIEKTPOHHOM
IUIOTHOCTH pPe(Z), TaK ¥ OOBEMHON KOHIICHTpanuu MOHOB Rb* mo rmyOuHe w(z)
B [IPUIIOBEPXHOCTHOM CJIO€, a TaKyK€ MPEJIOKEHA KAaueCTBEHHAs] MOJIENb ISl UX
onucanus. OLEHOYHAs ITOBEPXHOCTHAS IUIOTHOCTh pyOuaus cocraBuia <~ 4x108
M2, mpu TonmmmHe oboramenHoro cimos = 20 A, uyro cormacyerca c
KOJIMYECTBEHHBIMH OIICHKaMH M30BITOUHON KOHIICHTPALUU PYOUAMS B M3YYEHHBIX
CUCTEMaX, MOJTYYEHHBIMH B MPEIbIAyIINX padoTrax [3].

Pacuetno-meToquyeckas yacte pabOThI BIMOJMHEHA B paMkax CorjamieHus
Ne 075-15-2025-458 ¢ MunuctepcTBOM Hayku W Beiciiero oOpaszoBanusi PO.

Teopernueckas yacTb paOdOTHI BBIIIOJIHEHA 3a CYET rpaHTa POCCUICKOro Hay4YHOTO
donma (mpoekt Ne 23-12-00200).

1. Fenter P., Park C., Nagy K.L., and Sturchio N.C., Thin Solid Films 515, 5654 (2007).
2. Kozhevnikov 1.V., Nucl. Instrum. Meth. Phys. Res. A 508, 519 (2003).
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I'MBPUHBIE MATEPUAJIBI HA OCHOBE KOJIJIAT'EH-
XUTO3AHOBOI'O KOMIIO3UTA, MOANPULINPOBAHHOI'O
KOHBIOT'ATAMUA HAHOYACTHUL CEPEBPA C BUOJIOTHYECKH
AKTUBHBIMU COEAJUHEHUAMHA

I1.P. Borowuna, A.IO. Bacunvxos, I1.C. Jlokmesa

YUncmumym snemenmopeanuuecxux coeounenuti um. A.H. Hecmesnosa PAH

PacnipocTpanenne aHTHOMOTUKOPE3UCTEHTHBIX IITAMMOB MUKPOOPTaHU3MOB
TpeOyeT co3gaHusi HOBBIX 3(P(EKTUBHBIX AHTUMUKPOOHBIX CPEICTB C
KOMOMHUPOBAHHBIM JEHCTBUEM W HU3KHUM PHUCKOM pPa3BUTHUS PE3UCTEHTHOCTH.
Coznmannie  THOPUAHBIX  KOJUIAr€H-XUTO3AaHOBBIX ~ KOMIIOBUTOB M HX
MOAM(pUIMPOBaHUE KOHBbIOraTaMu HaHo4acTHl] cepedpa (AgHY) ¢ ¢aBononnamu
WIN aHTHOMOTHKAMU TO3BOJISIET OOBEAMHUTH TOJIE3HBIE CBOMCTBA KOMITOHEHTOB,
TaKue Kak OMOCOBMECTUMOCT, aHTHOaKTepHaIbHas aKTUBHOCTb,
AHTHOKCUJAHTHBIE  CBOWCTBAa, a TaKkKe MpHUIaTh  MaTepuady  HOBBIE
(byHKIIMOHATIBHBIE XapAaKTEPUCTUKH.

[TomydeHnbl HOBBIE HAHOKOMIIO3UTHI HAa OCHOBE KOJUIAr€H-XUTO3aHOBOMU
matpuubl (KonXwur), copepxkaiiue KOHBIOTAThl KBEPLUETHHA C HAHOYACTHULIAMHU
cepedpa (AgHU@Ksepu) wunu rpamunuauHa C ¢ HaHouyacTUIaMU cepelpa
(AgHU@I'pam). T'mOpuaHble HAHOKOMIIO3UTHI TMOJIy4Yald ABYMS Pa3TMUYHBIMU
cnocobamu. B mepBoMm ciiyyae mpoBOAWIM MOAW(DUIMPOBAHUE TOTOBOM TI'yOKH
KonXut KoHbIOraToM HaHOYACTHIl METaIa ¢ aHTHOMOTHKOM Trpamutiuaun C [1].
Bo BTOPOM VISt HOJTyYEHUS METaJIJICOJEPIKAIIETO KonXwur
UCTIONB30BAJIM MOPOIIKK ~ KOJJITareHa W XUTO3aHa,  MOAM(PHUIIMPOBAHHBIC
koHbroratom AgHUY@KBep1n, koTopble mepeBoauiIn B TeneoOpa3HOe COCTOSHUE,
3aTe€M rejiv CMEIIMBAIN U JUOPUIM30BAIM ¢ 00pa30BaHUEM MOPUCTOM r'yOKH.

Pe3ynbrarhl (HU3UKO-XMMHYECKUX HCCIIEOBaHUNA KOMMO3UTOB (PDIC,
P®A, COM/EDX) cBUIETENBCTBYIOT O (DOPMUPOBAHUHU MOPUCTON TpPEXMEPHOU
CeTUaToOl CTPYKTYpHI, KOTOpas HE HapyIIaeTcs MpPH BBEICHUU HAHOYACTHII
cepeOpa. POA nokaszan Haauure HaHOYACTHUIL cepedpa ¢ pa3MepPOM KPUCTAILIUTOB
okojio 17 HM, paBHOMEPHO pacrpeneieHHbIX B o0beMe marepuana. [lo paHHbIM
P®3C, cepebpo B obOpasznax HaxXOAWTCS MPEUMYIIECTBEHHO B METaJUTMYECKOM
cocTostHuU Ag® ¢ He3HAYUTEILHBIM PUCYTCTBHEM Ag™ .

PaboTa BrimonHeHa npu purancoBoi moanepkke rpanta PH® No 24-23-
00220

1. A.N. Tretyakova, P.R. Voloshina, et al., Mendeleev Commun. 481, 35 (2025).
doi:10.71267/mencom.7706
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AHAJIN3 XUMHNYECKOTI'O COCTOsSAHHUA "
AHTUBAKTEPHUAJIBHOI'O HOTEHIINAJIA BUMETAJUVIMYECKHUX
Au-Fe HAHOYACTUII 1 UX KOHBIOTATOB C METOTPEKCATOM

A.A. Boponosa®, A.IO. Bacunvkos', A.B. Haymxun*

Y Unemumym snemenmoopeanuuecxkux coedunenuii um. A.H. Hecmesnoea PAH

Cepbe3Hble OTpaHUYCHHS TPAJAUIMOHHON XUMHUOTEpANMUA MPU OHKOJIOTHH,
CBSI3aHHBIC ¢ HECTICIU(DUUYHOCTHIO U TOOOUYHBIMH 3P (HEKTaMU, MOTYT OBITh CHSITHI C
IIOMOIIBIO METAJUIMYECKHUX HAHOYACTHI[, TaK KaK OHH O0O0eCIeUnBaIOT
crienuPpUYIECKy0 JOCTaBKY JICKAPCTB M 3HAYMTEIBHO MOBHIMIAIOT 3((HEKTUBHOCTh
Teparui, MUHUMU3UPYs HexenaTeabHble peakuuu [1]. Mccnmemyemble cucTeMbl
oumetaimuyeckux AuFe wnanouactunmr (AuFe HY) u ux KOHBIOTatoB cC
MetoTpekcatoM (MTX) ObuUIM CHHTE3UPOBAHBI METOJOM METAJIO-TIAPOBOIO
CHUHTE3A.

—CH,
Fe 1.77K -

+ --CH., bbbt > Fe + Au, (tronyon),

Au " 2. nnasnexue
77-293 K ~CH.,,

m

- -CH,

3

3 + meTtorpekcar (MTX)(

Fe-Au NPs
YepHb YY)
MTX— R
meTann

HaHokoMno3uT ¢ MTX

Merogom P®OC ycraHoBiI€HA XUMUYECKHM HEOJAHOPOAHAS IMOBEPXHOCTU
AuFe HY, B koTOpO# MPUCYTCTBYIOT BE (ha3bl C pa3HBIMH AJIEKTPOIPOBOIAIIMU
cBoiictBamu. IlokazaHo, uro mpu B3aumojeicTBun MTX ¢ Au peructpupyercs
MUHUMAJIbHOE TPUCYTCTBHE OKHCIEHHOTO MeTaula, HO B OMMETaUIMYeCKHX
KOHBIOTaTax €ro J10Js yBeln4yuBaeTcs. AHaIN3 criekTpoB N 1s mokaszan Hamuyue
Au-N cBsselt, a xapaktepuctuku C 1s m N 1s cHnekTpoB yKa3bIBalOT Ha
skpanupoBanue Fe nenpoossieir MTX-Au 0601049KOi.

Meccbayaposckas cnexktpockonust AuFe HY 3apeructpupoBana COCTOSHHUS
Fe®, a rake Fe** m Fe?*. OGmapyxensl cynepnapamarautaele HY y-Fe O3
pazmepom 8-10 um. Jlanusie XANES/EXAFS yka3piBatoT Ha HEYNOPSAOUYECHHYIO
CTPYKTYpy TBEpHOro pactBopa Au’ M OKHMCIEHHOTrO 30J0Ta B MATpPHMIE OKCHA
xKeresa.

Hanowactunpt AuFe u wux xonbtoratel ¢ MTX mposiBUINM CHIIBHYIO
aHTHOAaKTepUaIbHYI0 akTUBHOCTH mpoTuB Escherichia coli u Bacillus cereus, uro
MOKAa3bIBACT UX OMOMETUITMHCKHI MOTEHIIHAT.

1. A.Yu. Vasil’kov, A.A. Voronova, et al. Material 16, 3238 (2023).
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OLIEHKA MOTPELIHOCTHA HOPMHPOBKHU CIIEKTPOB P®aA-CH HA
TOK 1 HA KOMIITOHOBCKOE PACCESIHUE HA TIPUMEPE
CTAHJIAPTHOI'O OBPA3LIA 30J10TOCOJEPKALLEM PY/IbI

K.C. I'aspunosa*?, B.A. Tpynosa'?, E.C. Kpynosuu'?3, JI.C. Copoxoremos*

Y Uncmumym neopeanuuecxoii xumuu um. A.B. Huxonaeéa CO PAH
2 Hosocubupckuii HayuoHanbHblil UCCIed08amenbeKull 20Cy0apcmeentblil yHugepcumen,
Hoeocubupck
31Jenmp xonnexmusnozo nonvszosanus « CKU®» @I'EYVH nayxu ®edepanvhozo
ucciredosamenvckoeo yenmpa « Mucmumym kamanuza CO PAH», Hosocubupck
Uncmumym soepnoii gusuxu um. I'. M. Byokepa CO PAH, Hosocubupck

[Ipu npoBeneHun  (QIIyOpECIEHTHOIO aHajiu3a C  HCIOJIb30BAHUEM
cuHxpoTrpoHHoro u3nyudenuss (CHM) crangapTHOM  MOpPaKTUKOM  SIBISETCS
HOPMHUPOBKA MHTEHCHBHOCTH CHUTHaJa Ha TOK HAKOMWUTENS JJISI KOMIICHCAIIUU
(bayKTyalunii MHTEHCUBHOCTH MCTOYHMKA [1]. OIHAaKO Ha CUTHaJ TaKKe BIUSIOT
(bakTophl, CBs3aHHBIE C TPOOOH: HEOAHOPOAHOCTH TMOBEPXHOCTU, paCCESHUE U
norjomenue. llenb paboTel — cpaBHUTENbHAs OLEHKAa 3(PPEKTUBHOCTU
HOPMHUPOBKM Ha TOK U Ha HMHTEHCUBHOCTh KOMMITOHOBCKOrO paccesHus s
MUHUMM3AIUU TOTPEHTHOCTH HM3MEPEHUN Ha MpUMepe CTaHJapTHOro oOpasia
3os10TOCcoaepxKareit pyasl (C3P-2).

UccnenoBanue mnpoBeneHO Ha mnpobOax craHgaptHoro obOpasma C3P-2 c
aTTeCcTOBaHHBIM cojiepkanreM Au u As. [luku ¢uyopecuennuu Au-Loa u As-Ka
PErUCTPUPOBAIKCH MPHU SHEPIHIX BO30Yykaaromux kBaHToB 11,6 kaB u 17 k3B Ha
ctaHuuu H3nemeHtHoro anammsa (BOIII-3, UAD CO PAH). U3MmepeHHbie
WHTEHCUBHOCTH HOPMHPOBAJHMCH ABYMs CIIOCOOAMH: Ha TOK AJIEKTPOHHOTO Iy4YKa
Y Ha UHTEHCUBHOCTH NMrka KoMnTOHOBCKOTO paccesHusl.

HopmupoBka Ha TOK mMoOKa3zajla 3HAYUTENbHBIA pa30pOC  JAHHBIX:
cTtangapTHoe oTkyoHeHue (Sr) m1s Au-La coctaBuiio ot 13% m0 36%, nis As-Ka
— ot 153% nmo 354% (mpu 11,6 u 17 k3B, coorBerctBenHo). Ilpu
UCIIOJB30BaHUM HOPMUPOBKM Ha KomnToHOBCkoe paccessHue HaOI01a10Ch
cHIKeHue pazopoca: Sr misa Au-La coctaBuio 5,9%, ais As-Ka — ot 5,9% no
7,1%. Ilpu ananu3e TrpaduUKOB  3aBUCHUMOCTH  HOPMHUPOBaHHOrO  (Ha
KoMriToHOBCKOE paccesiHue) CHUTrHajla OT TOKa JIMHUM TPEHJa CTaHOBSTCS OoJiee
TOPU3OHTAJIBHBIMH, @  KOJMYECTBO  BBHIOPOCOB  yMEHbIIaeTca.  Takxke
MOJIMHOMUAJIBHBIA XapaKTep HEKOTOPBIX 3aBUCUMOCTEH IOCI€ HOPMUPOBKU Ha
KoMmnTon MoXeT yka3piBaTh HA MHUKPOT€OMETPUYECKYID M XUMHUYECKYIO
HEOJHOPOIHOCTH MPO0, UTO TPeOYyeT JATHHEHIIIETO UCCIICIOBAHNS.

1. Cupmopumna A. B. Onrumuzanyss METOAMKH OIpPEIEIEHUS DJIEMEHTHOTO COCTaBa
ouonornueckux 00bekToB MeTogoM POA-CU : nuccepranus ... KaHIUIaTa XUMAYECKUX HAYK :
02.00.02 / A. B. Cunopuna ; Un-Tr Heopranuuyeckod xumuu uM. A. B. HuxomaeBa. —
Hosocubupck, (2014). — C. 65-68.
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KOPPEJIAIUA YPOBHA JOIIMPOBAHUA U TEMIIEPATYPHOI'O
KO2PPUIIUEHTA JIEKTPOCOITPOTUBJ/IEHUS B
HAHOCTPYKTYPUPOBAHHbBIX KEPAMUKAX YBCO

C.X. Laoxcumazomeoos, [.K. Hanuaes', M. X. Pabadanos®, K. X. Mypruesa®,
M_IO. Ipecnsxos?, H.C. Illabanos, P.M. Dmupog*, A.D. Pabaoanoea*

Ylacecmanckuii Focyoapcmeennuiii Yuusepcumem, Maxauxana
2Hayuonansuutii uccnedosamenvckuil yenmp «Kypuamoeckuii uncmumymy, Mockea

VYcraHoBieHa W O0OCHOBaHA JIMHEWHAs KOPPEJSLMS MEXIYy YpPOBHEM
nonupoBanust (P) U TeMmmepaTypHbIM KOA(DPUIIMEHTOM 3JIEKTPOCONPOTUBICHUS
(TCR) nnsa 20 HAaHOCTPYKTYPUPOBAHHBIX CBEPXITPOBOJIAIIMX KEPAMHUK HA OCHOBE
YBCO [1]. Ilokazano, 4TOo yKa3aHHasi 3aBHUCHUMOCTb COXpaHSETCA TIIpH
BapbUPOBAHUU YCJIOBUN CHHTE3a HAHOMOPOIIKOB M KEPAaMUYECKUX 00pa3loB, MpU
W3MEHEHUU TOPUCTOCTH M JUCTIEPCHOCTH YACTHI[, a TakXKe MPH Pa3TMIHBIX
CpPeIHMX 3HAYECHHUAX KHCIOPOJAHOTO WHAEKCA W THUIMAX MPOBOJAUMOCTH
HOPMAJIBHOTO COCTOSTHUS (METaNIMYECKOM UJITH TTOTYITPOBOAHHUKOBOM).

Jnst  XapakTepUCTUKH  00pa3lioB
> MPUMEHSIJIUCH: PEHTIeHO(Aa30BbIil aHATU3
Ha  gudpakromerpe  PANanalytical
Empyrean cepunm 2, npocBeuuBaromas
AJIEKTPOHHAsI MUKPOCKONMsS Ha mpudope
Titan 80-300. 3HaueHue CONMPOTUBIICHHUS

0.160 -
0.155
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=
&

035 S n
ozl © HU3MEPSIOCH YETHIPEX30HIOBBIM METOIOM
0'175 Ha aBTOMATU3UPOBAaHHON YCTaHOBKE (Ha
o120 6aze mymnpTEMerpa Keithley  2002).
0-115 r=0.963 OTIUYNATENBHON  OCOOEHHOCTBIO  JTHX
' ko 95% confidence KEPaMUK SIBISICTCS TO, YTO OCHOBHAs
0.110- o 95% prediction YBCO
0.105 L polynomial Fit CBEPXIIpOBOAAIIAA (1)213& ’
: e xapakrepusyemas 1. ~ 92K, mpm
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ICR. K- HAHOCTPYKTYpPUPOBAaHUU pacmajacTcs Ha

CBEpXIpoBOAsIIMEe (a3bl € Pa3IUYHOUN
KUCJIOPOAHOU cTtexuomerpuent (0T ~ 6.9 no ~ 6.7), 4To NPUBOAUT K YIIUPESHUIO
nHrepBana AT-..

JlanHast CBs3b MOXET OBITh TIOJIE3HA TIPH  pa3pabOTKe TEXHOJIOTHIMA
noiyyeHus: HaHocTpykTtypupoBaHHbix BTCII ¢ 3amaHHBIMH XapakTEpUCTUKaMU
JUISL CO3/aHMsl KOMIIOHEHT (DYHKIIMOHAIBHOW dyekTpoHukH. IIpencraBusercs
BO3MOXXHOCTh OILICHOK 3HaueHuss P win TCR, s HaHOCTPYKTYypHPOBAHHBIX
kepamuk YBCO, 1o 0JIHOMYy U3 U3BECTHBIX MAPAMETPOB.

1. S. K. Gadzhimagomedov et al., of Physics and Chemistry of Solids, 168, 110811 (2022).
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N3YYEHUE BJIINAHUA KATUOHOB Ca HA CTPYKTYPY
OJIMT'OIIEITUIA3BI B METOJAMMUW MYPP U M|

FO.A. T'anonoe*, [.E. [lempenxo?, I'.C. Ilemepc', A.M. Muxaiinosa?,
T.B. Paxumuna'?

'Hayuonanvuwiii uccnedosamenvcruii yenmp «Kypuamoeckuii uncmumymy
2Uncmumym 6uoopeanuyeckoti xumuu um. akad. M.M. Ilemaxuna u FO.A. Osuunnuxosa PAH

Omuronentuaasa B (OpB) sBisgercsa maroreHHbIM (hakKTOPOM HPOTO30MHBIX
MHGOEKINH, a TaKKe 3alIUIaeT 0aKTEPHUH OT IMIMPOKOTO CHEKTPA aHTUMHUKPOOHBIX
nenTtunoB. U3BecTHO, uto noubl Ca’" peryvaupvior aktuBHOCT, OpB B mporiecce
mpoTo30itHoM mHBa3uu [1]. Hamu Obuto mokazano BiustHue Ca’’ Ha aKTUBHOCTD
O0aktepuaiibHOM OpB U3 yCIIOBHO-IAaTOTEHHOW OAaKTEPUH MAaKPOMOJICKYIIBI Serratia
proteamaculans (SpOpB), nonyuenHoit B cucreme skcrpeccun E. Coli. Tak kak
kiaccrndyeckue Ca-cBA3bpIBAOIME IIEHTPHI B IociaenoBareabHocTH  SpOpB
OTCYTCTBVIOT, IUISl M3YUEHUSI CTPYKTYPHBIX OCHOB BiusiHus Ca’’ Ha aKTUBHOCTH
OeJika ObLIa UCITONIb30BaHa KoMOuHaIs Metonos MYPP u M/I.

MajoyrioBble J3KCIIEPUMEHTHI OBUIM IIPOBEAEHLI HA cTaHuu buoMVYP
cuaxporpornHoro ucrounuka HUI «KypyaroBcknii MHCTHUTYT». BBUIM mOJIy4YeHBI
KPUBBIE DacCesHUsI OT pPacTBOPOB pekoMOWHaHTHOW SpOpB B npucyrcrBuun
pa3HbBIX KoHIIeHTparmeii katrnonoB Ca’t. MJI 3KCriepuMEHT TIPOBOIUIIN B TCUCHUE
100 HC, ucmonb3ysl OTKPBHITYIO KoH(MopMaliuio (pepMeHTa B KadyeCTBE CTapTOBOM
MOJICIIH.

Metongom MYPP 6wuio mokazaHo, uto B mpucytctBuu Ca’’ cTpyKTypHBIC
XapaKTEPUCTUKH MaKpPOMOJIEKYIBI MEHAIOTCS HE3HauuTelabHO. HeOombloe
YMEHBIICHHUE pagnyca I mHbe, CBUIAETEIBCTBYIONIEEC O KOMMIAKTU3AIUH MOJIEKYJIbI,
MIOATBEPKAAIO COMMIKEHHE TOMEHOB O€JIKa, KOTOpO€ HaOIIomaaoch MPU aHaJIM3€e
MJ1 Ttpaektopuii. JetanbHbpl aHaau3 MJI TpaekTopuil moka3ajl YMEHBIIIECHHE
MOJABW)KHOCTH AMUHOKHCIIOTHBIX OCTAaTKOB B 00JIacTH (DYHKIIMOHAIBLHO-BAKHOU
THCTUAMHOBOM II€TVIM, BBI3BAHHOE OO0pa30BaHMEM CTAOWIBHBIX MOJISIPHBIX
KOHTaKTOB ~ MeXny KarmoHamu Ca’’  w®  OTpUIAarenbHO-3apsSKEHHBIMU
AMHUHOKHCJIOTHBIMHM OCTaTKaMU OeJIKa.

TakuMm o0OpasoM, [OaHHBIE O IIOBEIEHUHM MOJIEKYJIIBI B DPAacTBOPE B
COBOKYITHOCTH C aHAJIM30M KOHTAKTOB MEXTy MOJEKYIoil 6enka u katnonamu Ca>"
MO3BOJIMUIM  YCTaHOBUTL mnpupony Ca-3aBUCUMBIX HW3MEHEHHM aKTUBHOCTU
bepMeHTa IUKOro THIIA U PAAa MYTAHTHBIX BapUAHTOB, YTO B IIEPCHEKTUBE OyIeT
CIOCOOCTBOBATh CO3/IAHUIO TAPTETHHIX HHTUOUTOPOB (hapMaKOJIOTHYECKHU-BaXKHOTO
dbepmenTa.

ManoyrnoBoM JKCOEpPUMEHT IIPOBOAMIM B paMkax temmaana HMUIL
KypuatoBckuit Mucturyr. B 4acTM OpoTEOIMTHYECKOrO aHajim3a padora
BBHITIOJIHEHA TIPU TIO/ep)kKKe MUHHCTEpCTBAa HAayKU W BBICIIETOo oOpasoBanusi PD
(cornmamenue Ne 075-15-2024-536).

1. Motta F.N. et al. Oligopeptidase B, a missing enzyme in mammals and a potential drug target
for trypanosomatid diseases // Biochimie. 2019. Vol. 167. P. 207-216.

132



MOIEPHM3ALIUA CTAHIIUU PT-MT (KAHAJI 1.6 CHHXPOTPOHA
KHNCH- KYPUYUATOB)

A.A. T'oeun, JI.C. I'opoynos, C.H. Axynun, A.A. Kanosn

HUI] «Kypuamosckuii uncmumymy

B nokmane nmpeacraBineHbl  pe3ydabTaThl  TIIyOOKOW TEXHMYECKOH U
METOJMYECKOW MOJCPHU3AIMU CTAHIIMM PEHTTCHOBCKOW  Tomorpaduu U
MUKpOTOMOTrpapuu (PT-MT) cunxporpona  KHMCHM  —  Kypuaros.
[IponeMOHCTPUPOBaHbl BECOMBIE M3MEHEHUS B TEXHUYECKOM M IMPOrPAMMHOM
ocHaleHuu crtauimu PT-MT.

Coueranne HOBOTO TOHHOMETPA U COBPEMEHHBIX KOHTPOJUIEPOB ABUKECHHS
MO3BOJWIO JOOUTHCA BBICOKOW MPEIU3HMOHHOCTH TPHU TMPOBEICHUN HAYYHBIX
HKCIIEPUMEHTOB IO MUKPOTOMOTrpa(puu U PEHTTC€HOBCKOM Tomorpaduu ¢ yrioBbIM
Y JIMHEWHBIM cKaHupoBaHueM. B cocras PT-MT ycremHo uMnieMeHTUPOBaH
HOBBIM  PEHTIC€HOBCKHW  BU3YAIM3ALMOHHBIM  JIETEKTOP CO  CMEHHBIMH
OOBbEKTMBAMH, TO3BOJMUBIIMNA 3HAYUTEIBHO  YIYUYIIUTh IPOCTPAHCTBEHHOE
paspemenue (pasmep nmukcens ot 0,325 Mkm).

IIpoBeneHHas MopaepHU3alUs pacIIUPSECT METOAMYECKHE BO3MOKHOCTHU
YCTAaHOBKA M €€ NpHUMEHeHHe B obOsactu MmarepuanoBeneHus. Hoas cucrema
VIOPABJICHHUS TO3BOJSET pa3padaThiBaTh HOBBIE  AJITOPUTMbI  MPOBEICHUS
skcriepuMeHToB Ha PT-MT. B Hee yke MHTErpupoBaHO OOJIBIIOE KOJIMYECTBO
U3BECTHBIX METOJUK KCCIIEIOBaHUS OOBEKTOB C TOMOIIBI0 PEHTTEHOBCKOMN
tonorpadun U Mukporomorpaduu. Ha cranmum peanu3oBaHa BOCTpeOOBaHHAas
MOJI30BATEISIMM METOJIMKA HEMPEPHIBHOIO TOMOTPaUUecKoro CKaHUPOBAHUSA,
MO3BOJISIIOIAs MCCIEN0BATh JUHAMUYECKUE Mpolecchl. Kpome TOro, IOCTYIHBI
METO/bl KJIACCHYECKOM | chnupaidbHOM MuKpoTromorpaduu. I[IpeacraBieHsl
pe3yJIbTaThl BIEPBbIC MPOBEACHHBIX HA CTAHIUHU HKCIEPUMEHTOB MO CEKIIMOHHOU
tTonorpaduu, ckanupyromieil ronorpadpun u tonorpapuu no bopmany. Cucrema
YOpaBJIEHHUs OpPUEHTHPOBAHA HAa TIOJIb30BATENsl W MPEOOCTABISIET €My
BO3MOKHOCTh ITPOBOJUTH BCE SKCIIEPUMEHTHI B aBTOMATUYECKOM PEKHUME.

Onucad HOBBIM MOAXOA K MpeA- W MOCT-00paboTKe ToMOrpaduuecKkux
JIAHHBIX, TOJYYEHHBIX Ha cTaHuuh. OH MO3BOJISIET MUHHUMHM3UPOBATH OLIMOKU
PEKOHCTPYKIIUHU JAHHBIX U 3HAYUTEIBLHO MOAABISET KOJIbIIEBbIE apTe(aKThI.
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HHPOBJIEMA YUYETA IUXPOU3MA U ABYJIYUENIPEJIOMJIEHUA ITPH
OBPABOTKE CIHHEKTPOB HOINIOINEHUA U TU®PAKIIUA B
MOHOKPUCTAJUIAX

M.B. [opoyuosa, E.H. Osuunnuxosa

MTY um. M.B.Jlomonocosa, ¢uszuueckuii gpaxyromem, Mockea

[Ipyn 3Heprusix NaAaromIero H3Iy4YeHUs, OMM3KUX K KpasM IMOIJIOLIEHUS
aTOMOB B HU3KOCUMMETPHYHBIX KPUCTAJUIaX KaK B TEOMETPUM MOIVIOLIEHUS, TaK U
paccesHusi, NPOSIBISETCS  aHU30TPONMs, OOYCIOBJIEHHas  paclleIUIEHUEM
AJIEKTPOHHBIX ~ COCTOSHUA B  KPHUCTAUIMYECKOM IOJIE WM  MAarHUTHBIM
ynopsgouyeHueM. CoBpeMEHHass H3KCHEPUMEHTAIbHAs TEXHUKA  I103BOJISET
IIPOBECTH PEHTTEHOBCKHE MOJISPU3ALMOHHBIE U3MEPEHUS W BBIJACIUTHh BKJIAIbl B
CHEKTPbI MOIVIOUIEHHSI, 00yCIOBIEHHBIMH TUXPOU3MOM U JABYJIYUYEIPETOMIICHUEM B
kpucraiuie [1]. Taxke mnDpoREeMOHCTPUPOBAHO BIUSHUE OSTUX SBICHUNW Ha
CHEKTpajJbHbIE M a3UMyTalbHbIE 3aBHUCHMOCTH 3alPEIICHHBIX OTpa)xxeHuil [2].
BO3HUKHOBEHHE TaKMX OTpPa)XCHUH OOYCIIOBICHO JIOKAJbHOM aHMU30TpOINUEH
MOJIOKEHUM aTOMOB, MO3TOMY HEOOXOAMMOCTh ydeTa MEpPEYUCIIEHHBIX (HaKTOpOB
npu ux oOpaborke oueBHjHA. B HacTosmeil pabore HamucaHa nporpaMma Ha
a3pike Python, mo3Bossitomas mpoBecTy ydeT AUXpOU3Ma U JABYIyYENPEIOMIICHUS
npu o0pabOTKe CIEKTPOB 3alpEIICHHbIX OTPAXEHUH B KUHEMaTHYECKOM
NpUOIMKEHUH Teopur Audpakuuu. Kak BXomHbIE mapamMeTpbl OHA HCHOJb3YET
JaHHBIE, MTPEABAPUTEIBHO PACCUATAHHBIE C ITOMOIIBIO mporpammbel FDMNES [3].
Pabora mporpamMMmel MNpOTECTHpOBAaHA Ha MpuUMepe O0O0pabOTKH CHEKTPOB
3alpenieHHbIX OTpaXkeHuil B  HU3kocuMMmeTrpuyHoM F3;BOg (mp.rp.Pnma),
U3MEPEHHBIX paHee Ha cuHxporpoHe ESRF [4]. IIpomemoHCTpHpOBaHO
BO3pacTaHWe TOYHOCTH OOPAaOOTKH CHEKTPOB MpHU yuyeTe SIBJICHUI AMXpOU3Ma U
JBYITYYENIPEJIOMIICHHS B PE30HAHCHBIX PEHTT€HOBCKUX CIIEKTpaXx.

1. A.T. Schmitt, Y. Joly, K. S. Schulze, et al. Optica. 2021. V.8. P. 56-61. Hannon

2. Y. Joly,S. P. Collins, S. Grenier, et al. Phys.Rev.B. 2012. V.86, 220101.

3. https://fdmnes.neel.cnrs.ft.

4. Beutier G., Ovchinnikova E., Collins S.P., Dmitrienko V.E., et al. // J. Phys.: Condens. Matter.
2009. V. 21. P. 265402-265414.
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DSSNA: AJITOPUTM AHAJIN3A BTOPUYHOM U TPETUYHOUN
CTPYKTYPbI HYKVIEMHOBBIX KHUCJIOT B TPAEKTOPUAX
MOJIEKYJIAPHOM ITUHAMUKHA

C.B. Iopenos’?, A.JI. Koneseeca*3, A.B. Illseyos"*>

! Memep6ypeckuii uncmumym soepnoii pusuxu um. 5.I1. Koncmanmunoea HUL] «Kypuamosckui
uncmumymy, I amuuna
2Canxm-ITemepbypzcxuii nonumexuuyeckutl ynusepcumem ITempa Benuxozo (CII6I1Y), Canxm-
Ilemepbype
S Hayuonanvuuiii uccnedosamensckuii yenmp «Kypuamosckuii Mncmumymy, Mockea

gorelov_sv@pnpi.nrcki.ru

CoBpeMEHHbIE METO/Ibl HCCIEAOBAHMS HYKJIEMHOBBIX KHCJIOT BCE wYalle
TpeOYIOT HE TOJIBKO CTaTUYECKOrO ONHCAaHUS HMX CTPYKTYpbl, HO MW YYéTa
JUHAMUYECKUX W3MEHEHHMH CTpPYKTypbl Makpomoiekhfcxtnyasl BO BpeMeHH.
MonekynspHas nuHamuka (M/]) npegocraBiser MIMPOKUI CIEKTP UH(OPMALIMH O
KOH(OPMAIMOHHBIX Mepexoaax, (UIyKTyalHusX W B3aUMOACHCTBUSAX HA aTOMHOM
YpPOBHE, 4YTO HMEET KIIOYEBOE 3HAYEHUE i1 IOHUMaHUS OMOJIOTrHYECKUX
npoueccoB. [l aHanM3a TakuX ~JAMHAMMYECKMX JIaHHBIX  HEOOXOAMMBI
CHELMAIM3UPOBAHHBIE AJITOPUTMBI, CIIOCOOHBIE TOYHO U 3(PPEKTUBHO PaCKpHIBAThH
CTPYKTYpPHbIE OCOOCHHOCTH HYKJEHMHOBBIX KHCIOT B Tpaekropusax MJI. [ns
pelIeHrsl yKa3aHHOM 3aiaun Obl1 pa3paboTaH CHELMATU3UPOBAHHBIN aNroOpUTM
DSSNA s aHanu3a BTOPUYHOM U TPETUYHOU CTPYKTYpPbhl HYKJIIEHMHOBBIX KHUCIIOT
HEIMOCPEICTBEHHO B TPAEKTOPUAX MOJIEKYJIAPHON TUHAMUKHU.

Anroputm DSSNA 1no3BonsieT OCymIECTBIATH JETAIbHBIA CTPYKTYPHBIN
aHaJu3, COMOCTABUMBIA MO TOYHOCTH C PE3ylIbTaTaMHU OJHOTO M3 MPU3HAHHBIX
ctangaptoB — x3dna-dssr [1,2], HO c y4€TOM JUHAMHKA MaKpPOMOJEKYIL.
Pa3paboTanHblii adroput™M JejlaeT YNOOp Ha aHaldu3 MPOCTPAHCTBEHHOTO
pacrnoyiO)KEHUsI OCHOBAaHWM HYKJIEMHOBBIX KHCIIOT, HO TpPH 3TOM HE TepsieT
COCOOHOCTH  0€e30IMO0YHO  aHAJU3UPOBATh KJIACCMYECKHUE BTOPUYHBIE H
TPETUYHBIE MOTHBBI HYKJIEHHOBBIX KHCJIOT, 0003Hau€HHBIX B anroputMe x3dna-
dssr. DTO 3HAUMTENBHO pPACHUIMPSET BO3MOXKHOCTU HCCIIEAOBAHUN, MOCKOJIBKY
MO3BOJISICT BBIABIATH JWHAMUYECKHE KOH()OPMALMOHHBIE COCTOSIHUSA, JBHIKEHUS
OCHOBAaHMI, N3MEHEHUSI BOAOPOJAHBIX CBA3EH U APYTHE XapaKTEPUCTHKU, KOTOPbIE
HEe BUIHBI npu cratudeckoM aHanuse. [Ipumenenne DSSNA cnocoOctByeT Ooree
IyOOKOMY TMOHUMaHHMIO MOJIEKYJISIPHBIX MEXAaHM3MOB, TaKUX KakK peruidKalus,
TPAHCKPUIILHUSA, TPAHCISALNS, PETYISLUUS U B3AUMOACHCTBUS HYKIEMHOBBIX KUCIOT
c Oenkamu.

[IpakTnueckast 3HaunMOCTh anroputMa DSSNA 3akirodaercst B TOM, 4TO OH
OTKpPBIBAE€T HOBBIE TOPHU3OHTHI JJII MOJEIMPOBAHUS W aHanu3a OMOMOJIEKYN C
y4€TOM peajbHOM TMHAMUKU U M3MEHUYHUBOCTH, YTO BaXKHO AJI1 OMOPU3NYECKUX U
OMOXMMHUYECKUX UCCIEIOBAHUM, a TaKKe JJ1 pa3padO0TKU HOBBIX JIEKAPCTBEHHBIX
npenapartoB. B ycloBusSIX COBpPEMEHHBIX BBI30OBOB B OO0JIACTU MOJIEKYJISIPHON
OMoNOTUH CIOCOOHOCTH AHAJM3UPOBATh W HUHTEPIPETHPOBATH JUHAMHYECKHE
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JaHHBIE CTAHOBHUTCS BcE€ Oonee BocTpeOoBaHHOW. braromaps wuHTErpauun
anroputMa  DSSNA  wuccrnenosarend  Mody4yarOT  MOIIHBIM ~ MHCTPYMEHT,
MO3BOJISIIOLIUI COYETaTh BRICOKOTOUHBIM CTPYKTYPHBIA aHAU3 C JUHAMUYECKUMU
aCneKTaMHi MOJIEKYJI HYKJIEMHOBBIX KHCJIOT, oOecreynBasi IeJI0CTHOE OHUMAaHHe
WX MOBeJIeHUs U (QYHKIUNA Ha aTOMHOM YPOBHE.

PaGota Obna nmojiepxaHa MUHUCTEPCTBOM HAayKH M BBICIIETO 0Opa3oBaHUs
Poccuiickoit ®enepanuu rpant Ne075-15-2024-630 (pa3paboTka aiaroputrMa) u
tema Nel023031500033-1-1.6.7;1.6.4;1.6.8 @yHKUMOHAIBHAS W CTPYKTypHas
OpraHu3alys CIOXHBIX, MYJIbTUKOMIIOHEHTHBIX OHOJIOTMYECKUX CHUCTEM M HUX
JUHAMUKa (MOJIEKYJISIpHAs TIMHAMHKA U TECTUPOBAHUSA aJlTOPUTMA).

1. Lu XJ, Olson WK. 3DNA: a software package for the analysis, rebuilding and visualization of
three-dimensional nucleic acid structures. Nucleic Acids Research. 2003;31(17):5108-5121.

2. XJ, Olson WK. DSSR: an integrated software tool for dissecting the spatial structure of RNA.
Nucleic Acids Research. 2015;43(21):e142.
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IJIEKTPOHHOE U ATOMHOE CTPOEHUE ®YHKIIMOHAJIBHBIX
MATEPHUAJIOB HA OCHOBE ITOJIMTUTAHATOB KAJIUA U
MAKCEHOB, MOIUPUILTNPOBAHHBIX HOHAMM IIEPEXOJHBIX
METAJIJIOB

O.1O. I'panenko®, B.I'. Bracenxo, A.B. ['opoxosckuii®

YHUM pusuxu, ®IAOY BO «IOaucnbiii hedepanvibiii yHuSepcumemy
2I'’BEOY BO «Capamosckuil 20Cy0apcmeeHHblii MmexXHuuecKull yHugepcumen umen
Tacapuna FO.A.»

Uccnenopanne HampaBi€HO HA YCTAHOBJICHUE B3aUMOCBSI3U  MEXIY
CTPYKTYPOW M CBOMCTBAMHU MEPCHEKTUBHBIX (PYHKIIMOHAIBHBIX HAHOMATEPUAJIOB -
nonututaHaroB kanuss ([ITK) u MakceHOB, MOAMQPUIIMPOBAHHBIX HOHAMU
MEPEXO/IHBIX METAIOB. AKTYyaJlbHOCTh pPabOThl OO0YCIOBJIEHA MOTPEOHOCTHIO B
co3gaHu 3GHEKTUBHBIX (POTOKATATU3ATOPOB I OYUCTKHA CTOYHBIX BOJA H
MaTepUaJIOB JJIsl YCTPOUCTB XpPaHEHUSI SHEPTUU.

B pesynbraTe uccnenoBaHuid yCTaHOBIIEHO, 4TO onTtuMu3anusa cunresa [ITK
(cootnomenne TiO,:KOH:KNO3 ¢ mocnenyromeit oopabotkoit H,O,) mo3pomser
HOJIy4aTh HaHOPa3MepHbIe YacTUIlbl (<50 HM) ¢ TOBBINICHHBIM cojepkanueM Ti**
(o 29,1-474 ar.%), 4YTO 3HAYUTENIBHO YCHJIHUBACT (POTOKATATUTHUECKYIO
aktuBHOCTh. Monudukarust [ITK nonamu nepexomnsix metamioB (Fe, Cr, Co,
Mn, Cu) mpuBOAUT K 00pa30BaHUIO TOJUIAHAUTONOJAOOHBIX CTPYKTYpP, MPU 3TOM
OOJIBIIMHCTBO HMOHOB (KpOME€ MEAM) 3aHMMAIOT OKTa’ApUUYECKHE TO3UIUU B
pemétke TUTaHa. HauOosblmas KaTaJIuTUYECKas aKTUBHOCTh B PEAKIUU
Pa3JIOKEHHUs] METUIIEHOBOTO CUHErO MOJ JEHCTBHEM BHIMMOIO CBETa JOCTUTHYTA
st Fe-monuduumposannoro I[1TK.

N3ydyenne  KOMIO3UTOB HAa OCHOBE MAaKCEHOB  IIOKa3ajo, 4TO
IuaNeKTpuueckas npoHunaeMocts cuctembl  PVDF/V,CTy Bo3pactaer ¢
KOHIICHTpAIlMe  HamoJHUTENs u3-3a wuHTepdelcHor mnonspuszanuu. Jus
KOMITO3UTHBIX TIEHOK TizC,Tw/Mo1.33CTx  yCTaHOBIEHO, YTO ONTHUMAIbHOE
conepxkanne 20 mac.% Mo;.33CTx obecrnieunBaeT MaKCUMAIbHYIO YICIHHYIO
émkocth 487 @-17! u3-3a yiuydlleHHOM nudQPy3un HOHOB M OOpPATUMOCTH
OKHCIIUTENIbHO-BOCCTAHOBUTEIBHBIX MPOIECCOB.

YcTaHoBI€HO, UYTO  KIIIOYEBBIMU  (paKkTOpamu,  BIMSIONMMUA  Ha
KaTAIUTUYECKYIO U DJIEKTPOXUMUUYECKYI0 aKTUBHOCTD, SBJISIIOTCS: pa3Mep 4acTHIl
u wmopdonorus IITK, dopmupyembie B Tmpolecce CHUHTE3a; MpUpoaa U
JOKalu3alus HWOHOB TMEPEXOAHBIX METAUIOB B KPUCTALUIMYECKON pPEHIETKE;
crienupuYecKre MOBEPXHOCTHBIE CBOMCTBA U MEXKCIIOMHBIC B3aUMOJICHCTBUS B
MaKCEHax.

[TonyueHnHble pe3ylbTaThl MO3BOJSIOT pa3paboTaTh HAy4YHbIC MPUHIIUIbBI
HaIpaBJICHHOTO CHHTe3a (YHKIMOHAJBHBIX HAHOMATEepUaJOB C 3aJaHHBIMU
KAaTATUTUYECKUMHA U DJEKTPOPU3MUECKUMHU CBOWCTBAMH JUIsl TPUMEHEHUS B
dboTokaTtau3e U YCTPOWCTBAX XpaHECHHsS 3Hepruu. lIpensiokeHHbIE MOAXOIbI K
MOAU(PUKAIMKA CIIOUCTBIX HAHOMATEPHAJIOB OTKPBHIBAIOT HOBBIE BO3MOXHOCTH JIJIS
CO37aHMUsl BBICOKOI(P(PEKTUBHBIX KATATUTUYECKUX CHUCTEM UM COBPEMEHHBIX
HYHEPrOHAKOMHUTEIbHBIX YCTPONCTB.
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HEVTPOHHAS CTPECC-IU®PAKTOMETPUSI OCTATOUYHBIX
HANPSI)KEHUI B IIMPKOHUEBBIX KAHAJIAX CY3 PEMK

A.A. Benoycog'?, I O. Anexcanopos'?, B.U. Ilacmyxoe®, C.A. Aeepur’,
B.A. Luizeunyes®, C.C. Conoevesa®, U.J]. Kapnoe®, B.T. Om?, A.®. IYoxun'>’

"Unemumym gusuxu memannos um. M.H. Muxeesa, YpO PAH, Examepun6ype
’Uncmumym ecmecmeennvix Hayk u mamemamuxu, Ypanbckuii (pedepanvuviii yHusepcument,
Examepunbype
340 «Hncmumym peakmopuuvix mamepuanoey I'K Pocamom, 3apeunviii
HUI] «Kypuamosckuii uncmumymy, Mockea

agubkin@imp.uran.ru

B kauecTBe KOHCTPYKIMOHHOTO MaTepuaja aKTUBHBIX 30H AaTOMHBIX
PEaKTOPOB YAaCTO MPUMEHSIOTCS [IMPKOHUEBBIE CIUIABBI. [[pUUnHON 3TOTO ABISETCS
MaJIO€ CEUYCHHUE UX B3aUMOJCHCTBUA C TEINIOBBIMU HEUTPOHAMHU, a TAKIKE BBICOKAS
YCTOMYMBOCTh (PUBMKO-XMMHYECKUX CBOMCTB MPU UX UCIOJIB30BAHUU B YCIOBUSIX
00JTlydeHUsI BBICOKMMHM TIOTOKAMU HEUTPOHOB, BBICOKUX TeMmIeparyp u
arpecCUBHBIX cped. Tem He MeHee, UHMPKOHUEBBIE CIUIABBI I1OABEPKEHBI
3aMEJICHHOMY THJIPUIHOMY pacTpPECKUBAHUIO, CBSI3AHHOMY C 0Opa3oBaHUEM
ruApuaHbIX (a3, onuctepoB U npeuunuratoB [1]. B manHol pabore mpoBeneHO
HEUTPOH-TU(DPAKIIMOHHOE ¥  PEHTICHOBCKOE  MCCIEAOBAHHE  OCTATOYHBIX
HanpsDKeHU B IIUpKOHUEBOM (pparmenTe kanaina CY3 peakropa PEMK B obnactu
BOKPYT CBapHOTO IIBa (CM. puC. 1) ¢ 1eJIbI0 BBISICHEHUSI POJIM MAaKPOCKOIMUYECKUX
HarnpsbkeHud (1ro poja) B pa3BUTUM MPOIECCOB 3aMEUICHHOTO THAPUIHOTO
pacTpeCKUBaHUA.

WUPM, Line 1, TonwmHa cTeHKU
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Pucynok 1. O6muii Bux oOpasiia ¢ ykazaHHEM JBYX HalpaBlIeHUH CKaHUPOBAaHHUs (3KEJIThIE
JIUHUM), PE3YyNIbTaT U3MEPEHUS TONIIUHBI CTEHKU TPYObI BJI0JIb HAIIPABICHUS CKAHUPOBAHMUS,
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pasMertenne obpasiia Ha cTpecc-Iu(pakToMeTpe Py U3MEPEHUH OCEBOM U KOJBIIEBOM
KOMITOHEHT HaIpsHKEHUS.

MM, CrapHoii 0B NHPKOHHEBEIX TPY0, Line 2 H®M, Craproii IIOE nEpKoEAEBLIX TPYD, Line 1
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Pucynok 2. CpaBHEHHE PE3yJIbTaTOB CKAHUPOBAHUSI OCTATOYHBIX HAIIPSKEHUN 11O IBYM
JIMHUSM BJIOJIb OCH TPYOBI.

HelTpoH-nudpakiinoOHHBIA 3KCIIEPUMEHT BBINOIHSIICA HA AUPPAKTOMETpE
CTPECC, ycTaHOBIEHHOM Ha TOPHU30HTAIIBHOM 3KCIEPUMEHTAIBHOM KaHaje
uccnenosarenbckoro peakrtopa MP-8, HUIL[ KU. PeHTreHOBCKHiI 3KCHIEPUMEHT
BbINONHsUICA Ha audpakromerpe Bruker D8 Advance Ha skcnepuMeHTaIbHOU
momanke AO «M1PMy.

OKCIIEpUMEHTANIBHBIE JAaHHBIE, IOJYYEHHBIE C IIOMOLIBIO HEUTPOHHOMU
ctpecc-nudpaknuu  (PucyHok 2), MOKa3bIBalOT, 4YTO B 30HE TEPMUYECKOTO
BO3JICUCTBUS HA PACCTOSHHUM ~15 MM OT Kpas CBapHOTO IIBA OCEBas M KOJIbLIEBAs
KOMIIOHEHTBI OCTAaTOYHBIX HANPSKEHUN JEMOHCTPUPYIOT AHOMAJIBHOE NTOBEAEHUE C
BBICOKMM TPAJUEHTOM HANpsOKEHUH M CMEHOHM 3Haka. MIMeHHO B 3Toil oOmacTu
HauOosee aKTUBHO IPOUCXOAMT KOHIIEHTpAlUsl BOJOpPOJAa M AaKTHUBU3UPYETCS
IpoLECC 3aMEMJIEHHOTO TUIpuIHOro pacrpeckuBanus [2]. IlogoOHoe moBeneHue
XOpOIIO COIVIaCyeTCsl C H3BECTHBIM M3 JIUTEpATypbl MEXaHU3MOM AU(Py3un
BOJIOpPOZa B OOJACTH pacTATHBAIOMX HanpspkeHui. [lomydeHHbIN pe3ynbrar
JEMOHCTPUPYET, YTO OCTAaTOYHbIE HAaMpsHKeHHs,, OOpa3yrollecs B  30HE
TEPMUUYECKOTO BO3AECUCTBUS NPU CBAPUBAHUU IIUPKOHHEBOW TPyObl W HUIIE,
MOI'YT UIPaTh 3HAYUTEIBHYIO pPOJIb B DPAa3BUTUM 3aMEIJICHHOIO THUIPUIHOIO
pPacTpECKMBAaHUS B IIPOILECCE OJKCIUIyaraluu. Bmecre ¢ TeM, OTMETHM, 4YTO
pe3yJIbTaThl CKaHMPOBAHMUS OCTAaTOYHBIX HANPSDKEHUM MO JIMHUM | U JuHUM 2,
CMELIEHHBIMU Ha BEIMYHHY yIIOBOro paccTosaus 90° cylieCTBEHHO pa3aIMvaroTCs.
OTO CBUIETENBCTBYET O HEOJHOPOJHOM PACIPEAEIEHNN OCTATOYHBIX HAIPSKEHUN
10 OKPY>KHOCTH TPYOBbI BCJIEACTBHE OCOOEHHOCTEH TEXHOJIOTMYECKOrO IMpolecca
CBapku. TeM HE MeHee, OTMETHM, YTO AHOMAJIBHOE IIOBEICHHE OCTATOYHBIX
HaMpsHKEHUM Ha paccTOSIHUM ~15MM OT Kpast 11Ba HaOltoaeTcs B 000uX ciaydasx.

PaGota Beimonnena B pamkax locszamanust MunoOpuayku PO mis UOM
YpO PAH.

1. M.P. Puls, The Effect of Hydrogen and Hydrides on the Integrity of Zirconium Alloy
Components: Delayed Hydride Cracking, Springer Verlag, London, 2012.

2. C.A. Asepun, B.A. lpirsunues, M.B. Escee, B.U. IlactyxoB, M.C. JlrotukoBa, M.B.
Yepnenos, BAHT 5(96) (2018) c. 49
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SKCIIEPUMEHTAJIBHASI CTAHIIUSA «CEPUVHAS
MAKPOMOUIEKYJIAPHAS KPUCTAJIJIOT'PA®US» HA HCTOYHUKE
CUHXPOTPOHHOI'O U3JIYYEHMUA 4-1'0 ITIOKOJIEHUA «CHJITA»

I1.B. Jloposamosckuii!, B.A. Jlazapenko', PJ{. Ceemozopos’
I HUI] «Kypuamosckuil uncmumymy

Dorovatovskiy PV@nrcki.ru

B mHacrosmiee Bpemsi paspaOarbiBacTcs HoBas yctaHoBka "CHUJIA"
(cuHXpOTPOH-TIa3ep), KoTopas He OyleT UMETh aHAJIOTOB B MUPE U MIPEB3OHACT I10
TEXHUYECKUM XapaKTePUCTHKAM CYIIECTBYIOIINE MEXKIYHAPOJHbIE HCTOUHHKU
cuaxpoTtponHoro m3nydenus (CH). BBox o0bekTa B 9KCIUTyaTalyio 3arjiaHupOBaH
Ha 2032 rog. OmuH w3 aABeHaauaTu kKaHaioB BbiBoja CH Oymer mocBsieH
UCCJIEI0BAaHUAM B 00JIACTU KpUCTAIIOTpapUU MAaKPOMOJIEKYI.

PentrenoBckas kpucramiorpadusi MakpoOMOJIEKYyll, HECMOTps Ha OypHoOe
pa3BUTHE METOJIOB 3JEKTPOHHOM MHKPOCKOIHUH, IO CHUX IOP OCTAETCS OCHOBHBIM
METOIOM TIOJYYEHHS] TPEXMEPHOM CTPYKTYpPhl MAaKpOMOJIEKYJ, BO3MOXHOCTHU
KOTOPOTO OBUIM pacCHIMpEeHbl METOJOM cepuiiHoi kpuctammorpaduu [1]-[2].
Hctounuk w3inydeHuss ObUT BBIOpaH OHAYIATOP, KOTOPBIA TIOKPOET BECh
HeoOXonuMbI nuana3on »Hepruit (6-30x3B) s 3a7au  MakpoOMOIEKYISIPHOU
Kpuctauiorpaguu.  bynymas — craHimus = «CepUMHONM  MaKpOMOJEKYISPHOU
Kpuctajuiorpaguu» CMOXET paboTaTh B HECKOJBKHUX pexumax. brarogapst Tpem
TpaHcdokaTopaMm, cxema (OKYCHPOBKH PEHTITCHOBCKOTO M3IYyYCHUS CMOXKET
paboTaTth B «pEeXKUME PO30BOIO IMYy4YKa», B «PEKHUME HIMPOKOrO Myuyka» (pasmep
nydyka okosio 300MKM) U B «pexume MUKpodokycHoro mydka» (SMkm). Kpome
TOTO, Onarojapsi IJIAHUPYEMBIM BO3MOXKHOCTSIM Ju(pakTOMETpa MOXKHO Oynmer
OBICTPO CKaHUPOBATh KPUCTAUIU3AIMOHHBIE TJIAHIIETHI U «KANTOHOBBIE CETKU -
meshy», a Takxe coOMpaTh JTaHHBIE CEPUMHOW KpHUCTAIOrpaduu ¢ HECKOIbKHUX
Pa3HBIX KPUCTAIOB (IJIAHUPYETCS peaanu3aius TOIbKO METOI0B «(PUKCUPOBAHHON
MUIIEHNY ).

Bricokasi ApKOCTh MCTOYHHKA, ONTHYECKAs] CXeMa CTAaHLIHMH M UIUPOKHUE
BOBMOXKHOCTH  OKpY)XeHHMs ~ oOpaslia  CHENAalT  CTaHIUI0  «CEPUMHOU
MaKpOMOJIEKYJISIpHOW Kpuctaimorpadun» ¢uarmaHoM Ha Tepputopun PO mms
aHaiM3a KPHUCTAUIOB OEJIKOB, BHUPYCOB M JPYIHX MaKPOMOJEKYISPHBIX
KOMILJIEKCOB.

1. Ursby T. et al. MicroMAX—new opportunities in macromolecular crystallography //ACTA
CRYSTALLOGRAPHICA A-FOUNDATION AND ADVANCES. —2 ABBEY SQ, CHESTER,
CHI1 2HU, ENGLAND : INT UNION CRYSTALLOGRAPHY, 2021. - T. 77. — C. C817-C817.
2. Pearson A. R., Mehrabi P. Serial synchrotron crystallography for time-resolved structural
biology //Current Opinion in Structural Biology. —2020. — T. 65. — C. 168-174.

140



IN SITU OTPAKATEJIBHASA QJIEKTPOHHASA MUKPOCKOIIUA
IHOBEPXHOCTH 6H-SiC(0001) ITPU BBICOKOTEMIIEPATYPHOM
PE3SUCTUBHOM OTXHUI'E

JLE. Jlypaxos*?, A.C. llempoe*?, [{. U. Pouno? JI.A. Hacumos®,
J.®. Huxugpopos*?, JI.B. Il]eznos, A.B. Jlamviues™?

Y Unemumym @usuxu nonynposoonuxos um. A.B. Paucanosa CO PAH, Hosocubupck
2 HoeocubupcKuii 20cy0apcmeeHtblii yHusepcumen

CnoXHOCTh CO3/1aHUsI DJIEKTPOHHBIX MPUOOPOB Ha OCHOBE TpadeHa
3aKJIIOYAETCSl B MOJYYEHUU €r0 KaYeCTBEHHBIX CIOEB HA JUAJICKTPUKAX, MIOITOMY
NEPCIEKTUBHBIM SBJISIETCSI METOJIOM TEPMHUECKOTO Pa3IOKEHUSI KapOuaa KpeMHUs
(SiC). Beictpas cyOaumarst Si B BaKyyMe YCIIOXHSCT KOHTPOJIb KadyecTBa MU
KoJIndecTBa CJIOEB TpadeHa, HO IN SitU HAOMIOJCHHE METOJOM OTPaXKATCIbHOU
ANEeKTpOoHHON MHKpockonmuu (OOM) u gudpakuuu OBICTPBIX 3JIEKTPOHOB Ha
otpaxenue (J{b20) nomoraer ynpapiaTh nporeccom rpaputuzanun SiC.

brlu mpoBeCHBI SKCIIEPUMEHTHI TI0
omkury momioxkek 6H-N  SiC(0001)
(o =0.02-0.1 Om/c™m). s ex situ ananmsa
00pa3ioB MIPUMEHSIICS METOJ
CKaHUPYIOUIEH 3JIEKTPOHHOMU
Mukpockonuu (COM).

Merogamu OOM wu Obul BHEpBBIC
3auKCHpoOBaH Tporecc GOpMHUPOBAHUS
CTYTEHYATO-TePPACUPOBAHHON
Mopdosorun nosepxHoctn 6H-SiC npu
OT)KUTE€ ¥ YCTAHOBJICHA 3aBUCHUMOCTH
sBoJIIOIMK Mopdosiorun mosepxHoctu SiC,

m3mepennoit COM (Puc. 1), oT Bpemenu
orxura. Meronom JIBDO onpenenensl
KPUTEPUH 3aBEPIICHUS KITIOUYEBBIX CTaIui
nporiecca:  (GopmupoBanue OydepHOro
CJIOSl TMAaTHOCTHPYETCS IO TOSBICHUIO B
nu(dpakIMOHHON  KapTuHe  pedIeKcoB
CBepXCTPYKTYpsl (6V3x6V3)R30°, a ero

Puc. 1. COM-u3zobpasicenue nosepxnocmu
SIC  nocre  omowcuea 5 munm  npu
T=1300°C, «l» u «2» obracmu c
OOHOCTIOUHBIM U OBYCIOUHbIM 2pagheHoM.
Ha ecmasxe uzobpascena xapmuna /{630
60 6pemMsi omaicucda, COOMEemcmeywas
COM-uzobpadicenuro.

npeodpa3oBaHUe B MOHOCIION rpadeHa — 10 ucue3HOBEeHUs ITUX pediiekcos [1] u
oOpa3oBaHus IByCIOiHOTO rpadeHa (BcraBka Ha Puc. 1).

PabGora BbIOJIHEHA HA

o0opy0BaHUHT

OKII «Hanoctpyktypbi».

Juarnoctuka metonamu COM BeimosHeHa ipu noaaep:kke PH® (rpant Ne 19-72-

30023).

1. dypakos [I. E. u np., ®TII. 59, 2. (2025).
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O CUCTEME KOPPEKIIMU 3AMKHYTOM OPBUTHI JIJIsI IPOEKTA
CIJIA

B.C. JTliobros'?, U.A. FOpun?

YHayuonanvuuiii uccneoosamenvcxuii soeprwiii ynusepcumem MUDHU, Mockea
2HUI] «Kypuamosckuii uncmumymy, Mockea

JUis  mpoBeleHUsT  NPEUM3HOHHBIX  OKCIIEPUMEHTOB €  (POTOHAMH,
T€HEPUPYEMBIMHU JJIEKTPOHHBIMU crycTkamu uctoyHuka CU 4-ro mokoneHus
«CUJTA», peamuzyemoro HUILl[ «KypuyaToBckuii HWHCTHTYT», HEOOXOIUMO
OCYIIECTBIISITH KOHTPOJIb M KOPPEKLIMIO 3aMKHYTON (PaBHOBECHOIT) OPOUTHI MydKa.
st apdextrBHON paboThl Tosb30BaTenet CU cTaOuabHOCTH OPOUTHI TOJDKHA
obiTh He Xxyxke 10% oT pasmepa 2JIEKTpOHHBIX My4koB [1]. s Koppekuuu
MAarHUTHOTO MOJIsl, XPOMAaTUYHOCTH M CEKCTYNOJIbHBIX HETMHEWMHOCTEN MAarHUTHBIX
MOJIeH ONTHUYECKUX DIIEMEHTOB, a TaKXe OIMMOOK WX BBICTaBKH, MPEAYyCMOTpEHa
cUCTeMa KOPPEKLHWH, BKIKOYAIOIIAs, IMOMHMO Ipodero, 11 koppexkrupyrommux
MarHuToB (KOpPpEKTOpoB) Ha KaxaoM u3 40 cynepnepuoJoB HAKOMUTEIbHOTO
cuaxpotpoHa «CHUJIA». [Ins KOHTPOJIS MOJIOKEHHUS IMyYKa B MArHUTOONTUYECKON
CTPYKType HakomurelbHOro cuuHxporpoHa «CHUJIA» mnpenycmorpeno 10
MOHUTOpPOB moJiokeHus: mydyka (BPM) B pacuere Ha kaxaplii cCynepriepuon
Hakonutens. Jma mnpoekta «CHUJIA» mpeanosiaraercss BHEIPEHUE HOBOW,
CIEIUAaJIbHO pa3pabaThIBAEMO JIJisi MIPOEKTA, alMapaTHON apXUTEKTYPhl CHUCTEMBbI
oOpaTHOM CBs3M MO0 Ty4yky. B paboTe mpeacTaBieHbl MpeABaAPUTEITHHBIE
pe3yibTaThl PacyeToB, MOJYYEHHbIE NJIs MPEIIOJIaraéMbIX MOJIEBBIX OLIMOOK U
OIMOOK BBICTABKM MAarHUTHBIX AJIEMEHTOB HAKOMUTENs 0e3 yuéra HaBeIEHHBIX
My4KoM (ITydyKamu) mosieil. XapakTepHbIi BHJ MaTpHI] OTKIUKA MPEACTABICH Ha
pucyHke 1.

8{)Mar[;)m.l.a TOPH3OHTAJIBHOTO OTKJIHKA 3aMKHYTOH OpOHTHI " MarpHua BepTHKaILHOIO OTKJIHKA 3aMKHYTOH OpOHTHI
— A .
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- I @
< SORSEREET £42 s g
- o B z
m = m =
54 | :
g g g 2
[=] <
=i F =
8 S
20 4
10
6
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Homep koppexropa Howmep koppexTopa

Pucynok 1 — XapakTepHslii BUJ MaTpull OTKIIMKA (BKIHOYeHBI 1Ba BPM Ha
nepuosie BOJIM3U BCTPAUBAEMOT0 YCTPOUCTBA M TPH YHHUBEPCAIBHBIX KOPPEKTOPA)

1. P G. Decker, in Proceedings of DIPAC 2005 (Lyon, France, 2005), p. 233.
142



CTPYKTYPHBIE U AMP-UCCIIEJOBAHUA HAHOITPOBOJIOK U3
CIIVTABA KOBAJIBT-ME/Ib

JLJL 3acopcxuii*, UM. ,ZZOJWOQHKOl, E.C Kyﬂukoeal, 11.B. ﬂopoeamoeckuﬁl,

C.A. Yynpaxoe?, A.I1. I'epawenko®

YHUI] «Kypuamosckuii uncmumymy
2Uncmumym ¢uzuxu memannos YpO PAH

OTtpaboTanbl crocoObl ToOMydeHHUss MaccuBoB HaHompoBosok (HIT) w3
JIByXKOMIIOHEHTHOTO ~ CIUJIaBa KOOQJIbT-MEIb METOJOM MAaTpUyHOTO CHHTES.
N3BecTHO, 4TO J00aBIEHUEM HEOONBIIUX KOJIUYECTB MEIU MOXKET 3HAYMTEIIbHO
U3MEHHUTh MAarHUTHBIE CBOMCTBA KOOaJbTa-HANPUMEDP, YBEIUUYUTH KOIPIUTUBHYIO
cuity. B pabote cunte3uposan psg oOpasuos HII n nmoka3ana cBsi3b UX CTPYKTYpPBI
U COCTaBa C YCIOBUAMM pPOCTa - COCTAaBOM JJIEKTPOJIUTA U POCTOBBIM
HanpsDKEHWEM. OJIEMEHTHBIM aHajau3 I0Ka3aj, YTO C YBEJIMYEHHEM POCTOBOIO
HAIIPSDKEHUsT YMEHBIIAETCS CONECPKaHUE MEIU U COOTBETCTBEHHO YBEINYMBACTCS
coJiepKaHue KoOabTa.

CTpyKTypHBIE HCCIENOBAaHUS NPOBOAWINCH KaK Ha PEHTTEHOBCKOM
mugppakromerpe, Tak W Ha wucrouHnuke CU. IlomyuyeHHble AaHHBIE B3aWMHO
JOTIOJIHSIIOT ApyT Apyra. Tak, ObuUIo BBIsIBIEHO Hanmuue AByX ¢a3 kodansra (I'TIK
u I'TlY); npuuém yBennyeHue poCTOBOrO HANPSKEHUS NPUBOAUT K YBEIUYEHUIO
komnuectBa ['TIK ¢da3el. M3meneHue mnapamMerpoB pemérok maisa obeux a3
IPUMEPHO COOTBETCTBYET 3akOHy Berapma. OTo  SBISETCSd  KOCBEHHBIM
JI0Ka3aTeJIbCTBOM TOTO, UTO KaykJas 3 (a3 sBJseTCs TBEPIABIM PACTBOPOM.

Nzmepenne  SAAMP MOJITBEPAUIIN COOTBETCTBYIOIIEE U3MEHEHUE
cootHomenus ['IIK u I'TIY ¢a3. Hanuune HU3KOYACTOTHBIX JIMHUN B CHEKTpax
SAMP cBunerenscTBYeT 0 (HOPMHPOBAHUU TBEPIOTO PacTBOpa, B KOTOPOM aTOMbI
KoOanbra KOOPAUMHUPOBAHbl HECKOJIBKMMHU arOMaMHd MeEAH. YMEHbIIEHUE
MHTEHCUBHOCTU 3TUX JIMHUI B 00paslax, IMOJY4YeHHbIX INpU O0jiee BBICOKOM
POCTOBOM HAIpSKEHUHU, CBUAETEILCTBYET 00 YMEHBIICHHHM KOJIMYECTBA MEIH B
TBEPIAOM PACTBOPE.

Pabota mo mnonydeHHIo, aTTeCTallid M CTPYKTYPHBIM HCCIIEIOBAHUAM
(pentren u CH) npoBefeHa B pamKax BbINOJHEHUs ['ocygapcTBEHHOro 3adaHus
HUILL «KypuatoBckuit mHCcTUTYT». SAMP mccrnenoBaHust BBINIOTHEHBI B pamKax
rocyaapcTBeHHoro 3aaanus MunoOpHayku Poccun nns UOM YVpO PAH.
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METAJVIMMECKHUE HAHOITPOBOJIOKH JJIS1 KATAJIMTUHYECKUX U
MATHUTHBIX IPUMEHEHU: CUHTE3 1 MUKPOCKOIIUSI

JLJL 3azopckutit, U.M. [lonyoenxo®, /1. A. Buzses?, O.M. JKuearuna?,
B.M. Kanesckuii*

YHUI] «Kypuamosckuii uncmumymy, Mockea
2KOTH um 3asoiickozo, Kazano

B pabote momydeHbl M HCCIENOBaHbl Pa3IMYHbIE TUMBI (PYHKIIMOHAIBHBIX
HaHonpoBoiok (HIT) uz MeramioB rpynmnsl xene3a U Mead. MeToJl MaTpu4HOro
CUHTE3a MO3BOJIIET U3MEHSISI COCTAB DJICKTPOJIUTA U YCIOBUM OCAXIEHUSA MOTydaTh
Heckoyibko TUNoB HII- 0fHOKOMIIOHEHTHBIE, MHOTOKOMIIOHEHTHBIE TOMOTEHHBIE U
reTEePOreHHBIC (CIIOEBBIC).

N3yyena Bo3MOXHOCTp InpuMeHeHHss MaccuBoB HII B kadectse
katanu3atopoB. [lokazaHo, uto oOpasisl ¢ meansimu HII yckopsroT mporecc
OKHCIICHUSI OKHCHU yriepoja, a koOambroBhle HII yckopsitoT peakiuio
TUAPUPOBaHUS dTWIIeHA. D(DPEKT BbI3BaH 3HAYUTEIHHBIM yYBEIUUYEHUEM IUIOIIAIN
MTOBEPXHOCTH.

Maruutssie cBoiictBa HII oTnuyaroTcsi OT CBOMCTB OOBEMHBIX aHAJIOTOB.
DTO CBA3aHO C HAHOPA3MEPHOCTBHIO M BBICOKMM AaCHEKTHbIM OTHomeHuem HII.
[Ioka3aHo yBelIMYEHUE KODPUUTUBHOW CHUJIbI, W3MEHEHHE HANPaBIICHUS OCHU
nérkoro HamarHuuumBaHus. Jlnga cimoeBeix HII  mpoxemoHCTpupoBaHO —HX
«pasziefieHue» Ha OT/EJbHbIE MAarHUTHbIE HAHOYACTUIBI ([JI1 MEIMIINHBI),
reHepalus U3JIydeHus TepareploBOM YaCTOTHI IIPU MPOIYCKAHUU TOKA.

Hnsa wn3zyyennss tunoB HII m sTanoB WX mNmosydyeHHs HCMIOJIb30BAIUCH
pazinuHble TUNbl MHUKpockomuu. Tak, POM ychnemHo mnpuMeHsnach s
aTTeCTallMd UCXOJHBIX MATPHUI[ U UX CPE30B, s aHaiM3a noiaydeHHbix HII- ux
JUIMHBI, JOHaMmeTpa, pacnoioxenusa. Ilpu anamuze cnoessix HII nHanbonee
adpdexTBHBIM  okazanca  meron — [IOM-Obuta  ompeneneHa  TOJIIMHA
HAHOPA3MEPHBIX CJIOEB, MX DJJIEMEHTHBIM COCTaB. OJEKTpPOHHAsA Judpakius
BBISIBWIA OTJIMYAIOLLYIOCS CTPYKTYPY COCETHUX CIOEB.

30HA0BasE MHUKPOCKONHMS To3Boiuia s otraensHot HII  BBIsIBUTH
OTJAEJIbHBIC IOMEHBI U XapaKTep NepeMarHnunBanus Bo BHemHeM nogie. [ HIT B
MaTpuile OBUT HM3y4eH XapakTep IepeMarHu4YBaHUs BO BHEIIHEM TIOJIE,
OIpeIeNIIEMbIN B3auMOoIecTBUEM ¢ cocenqaumu HIT.

Pabota npoBe/ieHa B paMKax BBITIOJIHEHUS rocyaapcTBeHHOro 3aaanus HALL
«Kyp4yaTOBCKHI UHCTUTYT).
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IOOEKTUBHAA NMMOBUJIN3ALIUA 137Cs C IIOMOLIBIO
JABYXKATUOHHBIX TUTAHOCHUJ/IMKATOB, IOJTYYEHHbBIX
MHUKPOBOJIHOBBIM CUHTE30M

A.P. 3aiixosa®, H.II. Usanos', B.b. Punuunosa', K.B. Bapxyodapos,
J.K. Ivieanxoe?

! Hanvnesocmounwiii pedepanvuviii ynusepcumem, Braousocmox

zaikova.alena2006@yandex.ru

3arps3HeHHE BOIHBIX 3KocucTeM paauonykiuaom Cs* B mporecce
HKCIUTyaTallMK SIICPHOTO TOIUIMBA OCTAETCS OCTPOM HKOJOTMYECKON MpoOIeMOi.
OTO CBS3aHO C €ro BBICOKOM PaJMOTOKCUYHOCTHIO, JJIUTEIBHBIM TIEPUOIOM
noJiypacnajia v 3Ha4YUTEIbHOU yAeNbHON aKTUBHOCTHIO. OTHUM U3 d(PPEKTUBHBIX
CIIOCOOOB OYMCTKHU JKUJKHUX PATUOAKTUBHBIX OTXOJOB SIBISIETCS HMCIOJIb30BAHHE
HEOPTaHUYECKUX COPOEHTOB, O0JAJAIOMIMX IICOJUTONONO0HON CTPYKTYPOM, s
CEJICKTUBHOT'O U3BJICUCHUS PATUOHYKIINIOB.

TuTaHoCcUIUKaTBl TPEACTABISAIOT OCOOBIM HMHTEpec Oyiarogapsi CBOeEH
MIPOYHON KPUCTAJUTMYECKON PEIIeTKE, BKIIFOYAIOIICH aTOMBI TUTaHA, KPEMHHS U
kucinopona. Takas cTpykTypa GOpMUPYET pa3BHTYI0 CHCTEMY KaHAJOB,
CIIOCOOCTBYIOIIYIO CEJICKTUBHOW copOruu katmoHoB Cs™ 3a cuer sddekra
WOHHOTO CHTAa. OTH CBOWCTBAa JENAIOT THTAHOCWUJIUKATHI TEPCIICKTUBHBIMU
MaTepHaaMH JJII OYUCTKH >KHIKUX PaTAOaKTUBHBIX OTXOJOB M IOCIEIYIONIEH
noaroBpeMenHoi (uxcanun ¥7Cs,

B xoxe uccnenoBanust ObUT MOJYYEH TUTAHOCUIIUKAT (PApMaKOCHIEPUTOBOTO
TUIIa METOJIOM THAPOTEPMAIBHO-MUKPOBOJIHOBOTO cUHTe3a. [Iporecc mpoBoausics
npu temneparypax 180°C, 200°C u 220°C, B Teuenue 24 yacoB npu gaBieHuu 1,3
MIla. AHanu3 CTPYKTYPHBIX XapaKTEPUCTUK CHHTE3MPOBAHHBIX 0O0pa3IoB
MOATBEPANI HMX BBICOKYIO CTaOMIBHOCTh, a COPOIIMOHHBIE CBOHCTBA OBLIN
U3y4YeHBl TyTeM ompeneneHus (Ha30BOro M DJIEMEHTHOTO COCTaBa, yAEIbHOMN
MOBEPXHOCTHU M Pa3MEPOB TIOP.

JlanHble, npeacTaBieHHble B Tabmuue 1, 1eMOHCTPUPYIOT KO3(PPUIUEHTHI
pacnpenenenus 'Cs B pactsopax NaNOs (0,1 Mons/nm®) 1Ist pa3sauuHBIX THIIOB
copOeHTOB. BBIJIO yCTaHOBIEHO, YTO HAMIYyYIIMMH CBOWCTBAMH B YCIOBHUAX
BBICOKOCOJIEBBIX PacTBOpoB 00iaaaroT oopasusl GTS-M-200 u GTS-M-220, yto
MOATBEPKIAET WX BBICOKYIO J(P(HEKTUBHOCTh B CEJICKTHBHOM H3BIICUYCHUU
pPaOHYKIIHIOB.
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Hamnmeroanue | 3nauenus Kq 1*’Cs, cM’/r npu cop6uuu u3 pacteopa
o6pasia 0,1 mons/mm® NaNOs
GTS-M-180 47100+5350
GTS-M-200 925006440
GTS-M-220 72700+£8690

Ta6auna 1. 3uavenus xos¢ppuyuenma pacnpeoenenus (Ka) **'Cs na paznuunvix copbenmax

PaboTa BeimosniHeHa B pamkax ['ocymapctBenHoro 3ananus Ne FZNS-2024-
0013, tema: «CrHeKTpOCKONMS PEHTI€HOBCKOIO TOTJIOLMICHUSI Ha HCTOYHHKAX
CHHXPOTPOHHOTO H3JIYYEHHUS JJI1 HAIpaBJIEHHOIO XHMHMUYECKOTO CHHTE3a
(GYHKIIMOHATBHBIX MAaTEPHAIOB BOCTPEOOBAHHBIX B ATOMHOM MPOMBIIIIICHHOCTH »
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HAHOYACTHUIIBI OKCHUJIA IMHKA JOIIUPOBAHHBIE Sm u Eu:
®OTOKATAJIUTUYECKUE U ®OTOJTIOMUHECIIEHTHBIE
CBOMCTBA

AT 3epnos’, T.B. Pesuuuenxo®, A.JI. Tpuzy6?, H.II. Usanos*, A.B. Lllypvieun*

Ylanvnesocmounviii @edepanvuuiii Yuusepcumem, Braousocmox
2HUI] «Kypuamosckuii uncmumymy, Mockea

[lepcriekTHBBl TNPUMEHEHHUS HAHOCTPYKTYPUPOBAHHOTO OKCHIA LHMHKA,
JOTIMPOBAHHBI MOHAMU camMapusi U €BPOIHUs, SBJISIOTCS MHOTOOOCIIAIONIUMH B
o0nacTu ¢oToKaTalin3a U ONTUYECKUX TeXHOJIOTUH. OOpa3iibl ObLT CHHTE3UPOBAHBI
IIPU OTXKUTE alleTaTHBIX cosie MeTaiuioB B MydenbHol neun npu 600°C. Cpennuit
pa3mep yactuil Ha ocHoBe COM cHumkoB coctaBuil 150 HM. IIpu monmupoBanuu
OKCHJa IMHKA caMapueM OOHapyX eHbl (HOTOKATATUTHUYECKHE CIIOCOOHOCTH K
HEWTpaIu3aluu METUIOBOTO opamkeBoro m pomamuHa JK. [lpm gommpoBanum
OKCHJAa IIMHKAa €BpPONHUEM  BBISBIEHBl  (POTOIIOMHUHECLEHTHBIE CBOMCTBA.
VYHUKaJIbHbIE JTIOMUHECLIEHTHBIE CBOMCTBA 3TOT0 Marepuaia, 1onupoBaHHOro Eu,
OTKPBIBAIOT BO3MOXHOCTH JJII €ro MCIOJb30BaHUSI B OINTOJJIEKTPOHUKE H
OMOCEHCOPHUKE.
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Pucynok 1. (a) 3ddextuBHOCTS hoTOKAaTaNIM3a A1 00pa3LOB ¢ camapueM. (0)
DoTOMOMUHECHEHIINS BO30YKICHHSI U TIOTJIOECHUS

DOTOKATATUTAYECKUE UCCIICIOBAHUS TPOBOAWIN Mpu YD CBETE B TCUCHUE
24 4acoB Mpu MOCTOSIHHOM MpHU nepeMenBannu. KoHIeHTpamus kpacutens Oblia
B3sita 10 Mr/ia. DOTONMIOMUHECIIEHTHBIE CIEKTPhl OBUIMA TMOJYYEHBI NI TBEPIBIX
oOpa3ioB ¢ sHepruedi Bo30yxkacHUs 365 HM. CHEKTp SMHCCHHU TMPEICTABISACT
cobori mmupokyro mojocy ot 400 mo 800 HM ¢ JOBYMsS BBIpaKCHHBIMH
MaKCUMyMaMHu. MeToa0M CIHEKTPOCKONMH PEHTTCHOBCKOTO TMOIVIOLICHUSI Ha
ctanuun CTM KUCH-KypuatoB mo Kparo MOTJIONIEHUS caMapusl BBISBICHO
YaCTUYHOE 3aMellleHrue aTOMOB ZN Ha SM B KPUCTAJUIMUECKOM PEIIeTKE.

PaGora BeIMOJNIHEHa TIpU  MOJJEPKKE TOCYAApPCTBEHHOrO  3aJaHus
MunucrepcTBa Hayku | Bbiciiero odpazoBanust Poccuiickoit @enepanuu (IpoeKkT
Ne FZNS-2024-0013).
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PABPABOTKA ITPOTOTHUITIA PAIMOPAPMALHEBTUYECKOI'O
IHPEITAPATA HA OCHOBE HOJIMJIAKTUI-CO-TITIMKOJIMJA C
SAI'PYKEHHBIM HEPAJIMOAKTUBHBIM U30TOIIOM 3PBUSI (11I)

AJI. Usanenxo, A.U. Kynebsxuna, A.B. Baxupos, /[.P. Cmpenvyos

HUIL] «Kypuamoeckuii uncmumymy, Mockea

OnuuM Hn3 HauOoJIee MHEPCIEKTUBHBIX DPAAUOAKTUBHBIX JIAHTAHOUIIOB IS
NpUMEHeHH B aapecHod P-rtepamuu sBiasercs  °Er. Ero oCHOBHBIM
IIPEUMVIIIECTBOM CUHTAETCSI HU3KODHEPreTUUECKOE [—U3IyueHHe, a TakxKe
MIPAKTUYECKUA TMOJIHOE€ OTCYTCTBHE Y-HU3Iy4Y€HHUA. ITOT H30TON 1O OCHOBHBIM
XapaKTEPUCTUKAM KOHKYPUPYET C STaJOHHBIM P—u3aydareneM '’Lu, KOTOpHIA B
HaCTosIIEe BpeMs UCIIOJB3YEeTCs B KOMMEPUYECKHU JIOCTYIHBIX
pagunodapmMIpenaparax Il JICYSHUsS HEUPOSHIOKPUHHEIX omyxouei [1]. Llensro
TAaHHOW pa0OTHI SBIAETCA pa3pabdOTKa MOJEIBHOro pagnodapManeBTHUECKOrO
npenapara Ha OCHOBe mnoiwiaktua-co-rimukonuaa (IJIIA) ¢ 3arpyxeHHbIM
HEPaIuO0aKTUBHBIM H30TOIIOM PEAKO3EMEILHOTO METalljIa pOus.

B Hacrosmen padoTe IpOBEIEHO CPaBHEHHUE ABYX METOHOB 3arpy3KH MOHOB
MeTasuia B HaHovyacTUlb! [TJII'A: HHKAICYIIAINSA U IOBEPXHOCTHASA alCOPOLUS, IS
cpaBHeHHUS 3(MGHEKTUBHOCTH 3arpPy3KH, a TAKXKE Ui ONpPEIeICHHUS OCOOEHHOCTEH
pacopenciieHduss  HWOHOB B YAacCTHIIE. [ToxydeHnble  HaHOOCAXKICHUEM
He3arpy»KeHHbIe YacTULBI (oOpaserr 1) XapaKTepu3yIOTCS THAPOIMHAMHYECCKUMU
muamerpamMu (Dh) 122 um. IloBepxHoctHas axcopOums moHoB »pous (l11) Ha
HaHouacTuibl (oOpaserr 2) He Biuger Ha Dh. Yactuusl ¢ wonamu »pous (1),
WHKAICYJIUpoBaHHBEIMUA B 006eM HaHouactull IIJI['A (oOpaser 3), umeror Dh 142
HM. M300pakenus1, noaydeHHbie MetoqoM ACM, NeMOHCTpUPYIOT CPeprUUEeCcKyIo
MOPGOJIOTHIO YacTHIl BCEX TpexX o00pasloB, pa3Mepbl KOPPEIUPVIOT C paHee
mojaydYeHHbIMA 3HadueHusamu Dh. MaccoBoe copepxanue 3pOust OIpeneisioch
METOAOM DPEHTTE€HOBCKOI0 (hIyopecHeHTHOro aHain3a, d3(MHEeKTUBHOCTL 3arpy3Ku
nonos 3p6ust (1) coctasuna 5,6% u 4,8% a1 06pa3uos 2 U 3, COOTBETCTBEHHO.

JIOTIOJIHUTENILHO BOJHBIE CYCIEH3MH OBUIM HCCJIEOOBAaHBEI METOIOM
MaJIOYIJIOBOIO PEHTIEHOBCKOIO pacCesIHus C HCIOJL30BaHHEM HCTOYHHKA
CHHXPOTPOHHOT'O W3JIYy4CHUsS. AHAIN3 KPHUBBIX IIPOJEMOHCTPHPOBAI DPAJIUYC
nuaepuu 31 BHM g oOpasua 1 u 34 uM g oOpasnoB 2 U 3. MakcuMasibHBIN
pa3Mep Dmax cocTaBui it Becex Tpex oopasnos 110 um. Beanunnaa kodddumnmenra
HAKJIOHA Ha4YaJdbHBIX YYaCTKOB JUII KPUBBIX B JIBOWHBIX JIOrapu(GMHUUECKUX
KOOpAMHATax COCTaBWJa mopsjaka 4 s BceX oOpasloB, YTO COOTBETCTBYET
paccessHUI0 OT TIOBEPXHOCTHOTO (hpakTayia — KOMIIAKTHOTO OOBEKTa, dYTO
yKa3plBaeT Ha HaJudue WHIAUBUAYAIbHBIX cdepudeckux dacTuil. Jlms
ONpENENICHUs] JECTAIbHBIX CTPYKTYpPHBbIX mapameTpoB HaHouactun [IJIT'A,
3arpyKeHHbIX noHamu >powusi (1), ObII0 BHIIOTHEHO MOJEIMPOBAHUE B IPOTPAMME

SASHit.

1. R. Formento-Cavaier, U. Kdster, et al., Nucl. Instrum. Methods in Phys.Res. B. 463, 468-471
(2020).
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BJIUAHUE TAMMA-OBJYYEHUA HA TEIIJIOBBIE
XAPAKTEPUCTHUKHU NMOJYINPOBOAHUKOBBIX MOHOKPUCTAJIVIOB

A.U. Hsanosa, O.B. Manvuuuxuna, K.A. Mapunuuesa, .A. Kannynog

@I'BOY Teepckou eocyoapcmeenHulil YHU8epcumem

HccnemoBanre  TPOIECCOB, MPOUCXOIANINX B  TOIYMPOBOJTHUKOBBIX
KpUCTAJZIaX B pe3yJbTaTe BO3JCHCTBUS HWOHM3UPYIOMICTO W3IYYCHHS, HMEET
OoNpIIOe HAyYHOE W TMPHUKIAJHOE 3HaueHue. [IpoBeneHHBIE MHOTOYHCIICHHBIC
WCCJICIOBAHMSI TTOATBEPKIAIOT, YTO B OTIMYHE OT OOJBIIUX 103 MPHU OOJTYyICHUH
MaJbIMH JT03aMHA TaMMa-KBaHTOB TOJYMPOBOJHUKOBBIX MaTEPUATIOB MPUBOIAUT K
YBEIMYCHHUIO BPEMEHH JKU3HU U TTOJABMKHOCTH 3apsI/IOB, a TAKKE K YIOPSTOYCHHUIO
CTPYKTYpPBI KpucTayuios [1].

B nacrosieill pabote npeacTaBiieHbl pe3yJbTaThl UCCIEAOBAaHUS TEIIOBBIX
XapaKTEPUCTHK MOHOKPHUCTAUIOB KPEMHHSI, TOJBEPTHYTHIX HOHH3UPYIOIMIEMY
M3JIyYEHHUIO TaMMa-KBaHTOB (71032 00pabotku 25000 P). M3BecTHO, YTO KPUCTAIIIBI
KpEMHHUS  SIBJISIOTCA  KIIOYeBBIMH  MaTtepuanamu it MK-ontuku,
OIITOAJIEKTPOHUKHU Y FraMMa-CIIeKTpoMeTpoB. B pabote onpenenensl kod3PphuiiueHt
tersioBot  guddy3un o (TEeMOepaTyporpoBOJHOCTH) U KO3 UIIHUEHT
TETUIONPOBOAHOCTH K MHUPOIEKTPUYSCKUM METOJOM MPSMOYTOJILHOM TEIJIOBOM
BonHbl (thermal square wave method (TSWM). Teopuss meroma moapoOHO
onmucaHbl aBTopamMu B [2]. TemaompoBOAHOCTh KpHUCTaIa SIBISETCS Haubosee
YyBCTBUTEIBHBIM TapaMETPOM K H3MCHCHHSAM CTPYKTYpbI, HATUYIHIO JE(PEKTOB.
OOsydeHrEe KpUCTAUIOB KPEMHHUS Y-KBaHTaMH TIPUBOJUT K 0Opa30BaHHIO
paaMaMOHHBIX 1e(PEKTOB, (TOYSCUHBIX AEPEKTOB M MX KOMIUICKCOB C TIPUMECHBIMU
aTOMaMH ), KOTOPHIC B CBOIO OYEPEh BHI3BIBAIOT YMEHBIIICHUE TETUIOMPOBOTHOCTH
U TEMIIEPaTypOIPOBOTHOCTH, YTO MOATBEPIKIACTCS TOTYUYSHHBIMU pe3ybTaTaMu
(cMm. Tabi.).

Ta6nuna. TeroBbie XapaKTEPUCTUKHU 00pa31ioB

Ob6pa3 | Opuenra | Tun HCX. nocjue y HCX. nocjue y
el st MIPOBOTU
MOCTH K, K, a, a,
Br-m/rpan | Br-m/rpan 10 m%/c 10 m?/c
Si | () n 55 42 4,8 4,0

HccnenoBanus BBINIOMHEHBI NPU  MHOAAEpkKKE MwuHuCTEpCTBA HAyKH U
BbICcHIero oOpaszoBanusi Poccuiickoit ®enepanuyu B pamMKax —BBIIOJTHEHUS

rOCyJapCTBEHHOTO 3a/aHus B cdepe HayuHOU aestenbHOoCcTH (mpoekT No 0817-
2023-0006).

1. W.II. Yepuon, A.Il. MamontoB, MN3Bectns TOMCKOTO MOJUTEXHUYECKOTO YHUBEPCHUTETA.
Nmxuanpunr reopecypcos. 2000, 303, 1, 74 (2000).

2. O.B. Mapeiikuna, O.H. Kanyruaa, M.IO. I'aBansu, U.A. KammyrnoB ®u3mnka TBepAoro Tena,
57,11, 2102 (2015).
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®OPMWIbBI JIEMEHTHOI'O COCTABA 110 TOJIINUMHE TOHKHUX
IVIEHOK YBa;Cu3O7-5, [IONTYYEHHBIX METOAOM UMITYJIBCHOI'O
JIABEPHOI'O OCAKIEHUA

AU, Unvun', B.K. Ez0pos*, A.A. Heanoé?

YUIITM PAH, Yepnozonosxa
2HUAY MU®HU, Mockea

ITnenku YBayCus3O7.s tommuuoit 150-320 HM, MOJy4YEHHBIE METOJIOM
MMITYJIbCHOTO JIA3€PHOTO OCAXJEHHUSI C Pa3HOM CKOPOCTHhIO W3 OJHOM MUIIEHU
coctraBa YBa;Cu3Osgs HAa mommoxku SrTiO3(100) ¢ wucmonp3oBanmeM u 63
WCITOJIb30BAHUS CKOPOCTHOM (DHIIbTparuu 3po3uoHHOTO (hakena, UMETH pasHbIe
xapakrepuctuku cTpykrypsl 1 BTCII cBoicts. Ilociie ocaxkaeHnust CO CKOPOCTBIO
~0.5 uM/c tenku umenu T(R=0) = 85 — 87 K co 3HaUYeHUSIMU KHUCIOPOHOTO
uHJeKkca ~6.85. [l TIIEHOK, OCaXKIEHHBIX CO CKopocTbio MeHee (0.1 HM/c B
teuyenue 30-60 mun, T(R=0) Opma = 77 K. Meromamu COM u ACM Ha
MOBEPXHOCTHU IUICHOK BBISIBIIEHBI OTPAHEHHBIE MUPAMUIbI, a IUICHKHA TOJIIUHON
320 HM TaKKe HMENH SIMKA Ha TMOBEpXHOCTU. OTrpaHEHHBIE CIUPAIbHBIC
MAPAMHUJIBI C YBEJIIMYEHHEM BPEMEHU OCAXICHUS 3BOJIOLIMOHUPOBAINA B KPYITHbBIE
BBITAHYTHIE 4YacCTULBI, BEpOSATHO, No wmexaHusmy OctBanbaa. IIpumeHenue
MeTo0B POA mo3BONMIIO BHISIBUTH BapUallud COJEpKaHMS Kak aToMOB Y, Ba u
Cu, Tak U aTOMOB MPUMECHBIX 3JEMEHTOB IO TOJIIHWHE IUIEHOK. [loiydeHHbIE
cnektpel RBS wmonoB He® m H' nmanm BO3MOKHOCTH paccUMTaTh 3JIEMEHTHBIN
coctaB ¢a3el YBa,Cu3O7.5 mo miyOmHe TUieHKHA. BBeaeHue aToMoB Tenus B
dopmynsr coctaBa (a3el YBayCuzOr7s TUIGHKH TO3BOJIMIIO YYECTh B pacuerax
paccessHue MOHOB He+ Ha BakaHCHSX U MyCTOTAaX KPUCTALIUYECKOU CTPYKTYPHI,
YTO Jaj0 COBHAJCHHUE 3JIEMEHTHOro coctaBa gopmyn c¢ pesyiapbraramu PDA u
3HAQYEHUSIMU TOJIIIUH IUICHOK, MOJIYYEHHBIX CTHIYCHBIM mpoduiomeTpoM. Jlms
IJICHOK C OAHOPOJHOW CTPYKTYpOil (pOpMyJbI cOCTaBa HE 3aBUCENH OT CpeaHEl
BBICOTHI MHUPAMUJlT HA TOBEPXHOCTU. 3HaHUE penbeda MOBEPXHOCTH U MPOuUIIs
XUMUYECKOTO COCTaBa MO TJyOWHE TMO3BOJSET ONTHUMHU3UPOBATH TEXHOJIOTUU
ocaxxaeHus: mieHok YBCO B nensx mofydeHUs: HAaHOPAa3MEPHBIX CTPYKTYp AJIs
co37aHusl MPUOOPOB AJIEKTPOHUKH M (PYHIAMEHTAJIbHBIX HCCIIEIOBAHUNA B ITOU
oOmnacTu.
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YYET ®OHA B HEUTPOHHOM SKCHHEPUMEHTE C 2D
HO3UIINOHHOYYBCTBUTEJ/IBHBIM JETEKTOPOM

H.H. Hcaxosa', A.Y. Kanoxanos', U.I1. Maxapoea?®, B.T. Om’

! Hayuonanvnwiii uccreoosamensckuii yenmp «Kypuamoscxuii uncmumymy, Mockea
2Unemumym xpucmannozpagpuu um. A.B. ILybnuxosa Kypuamosckozo komniexca
kpucmannoepaghuu u pomonuxu HUIL] « Kypuamoscxuii uncmumymy, Mockea

[Ipu paGoTe ¢ HEUTPOHHBIM MOHOXPOMATHYECKUM ITy4YKOM HEHTPOHOB €CTh
Pl OCOOEHHOCTEH, KOTOphIE CIEAyeT YYUThIBaTh, KaK TMpPU MOCTAHOBKE
DKCIIEPUMEHTA, TaKk W 1pH 00paboTke MAaHHbIX. B TOM d4wHciie HuU3Kas
WHTEHCUBHOCTh  W3JIYYCHHS, TII0 CPAaBHEHUIO C  PEHTTEHOBCKUM  WJIU
CUHXPOTPOHHBIM U3IyYeHHEM. OITO TMPUBOAUT K HUZKOW MHTEHCUBHOCTH
TU(PAKIMOHHBIX  OTPAKEHUU, TPU OSTOM HHTEHCUBHOCTh AUGPAKIMOHHBIX
MaKCHUMYMOB MOET OBbITh HACTOJIBKO MaJia, YTO CTAHAAPTHBIE METOJbI 00pabOTKH
JAHHBIX HE OydyT BKJIIOYaTh UX B KpucTaimiorpaguyeckue pacyeTsl. OmHako
ONpENENICHUE  HUHTETPaJIbHbIX  MHTEHCHBHOCTEH  cinaObIX  AU(PPaKIMOHHBIX
OTPaXEHUH M BKIIIOYEHUE UX B PACUETHI TAK)KE BAXKHO, TOCKOJIBKY OHHM COAEPIKAT
uH(pOpMaIHIO JUIsl CTPYKTypHOTO aHanu3a. Pazpaborannas meronuka ydyera (hoHa
MO3BOJISIET MIPU paboTe ¢ MO3ULUOHHO-UYBCTBUTEIBHBIM JETEKTOPOM B YCIOBHSIX
BBICOKOTO (OoHA ¥ HHU3KOM HMHTEHCUBHOCTU JAM(PPAKIMOHHBIX MAaKCUMYMOB
BKJIIOYUTH B CTPYKTYPHBIN aHAIM3 OTPAXKEHUSI C TIepBOHaYaIbHOM orieHKoM I/6(1) <
3, He HCKaxass MX HHTETrpaJbHble WHTEHCUBHOCTH. Meroauka ydera (¢oHa,
3aKJII0OYaeTcsl B TOJYYEHUHM KapThl paclpeneiaeHuss (oHa MO yCpeaIHEHHBIM
3HAYEHUSAM Ui KaXJOro TMKCEIs JETEKTOpa, IOCJIE Yero 3TH 3HayeHUs
BBIYMTAIOTCA W3 SKCIEPUMEHTAJbHbIX JaHHBIX. JlaHHAas MeTonMKa IO3BOJISET
COXPAHHUTh HHTETPaJbHbIE WHTEHCUBHOCTU TU(MPAKIIMOHHBIX OTPAKEHUU W TIPH
3TOM YBEJIWYHUTHh OTHOLICHWE HMHTETPAIBHBIX MHTEHCUBHOCTEH K CTAHIAPTHOMY
orkioHeHuto I/o(I). Ilpennoxkennas wmetoguka Obula anpoOUMpoOBaHA Ha
DKCIIEPUMEHTAJIbHBIX JTaHHBIX, NOJNy4eHHbIX Ha craHumn MOHJL peaktopa UP-8
(HULI K1) [1]. Ha craamuun MOHJI Opumn momyuyeHbl KpucTamorpaduyeckue
nanueie  ans MoHokpucTtaiia Cs4(HSO4)3(H2PO4). DT MOHOKpUCTAIUIBI
SBIISIOTCS PEJICTaBUTENAMU ceMelncTBa CYNEepIpPOTOHUKOB
MmHn(AO4)(m+n)/2-yH20 (M = K, Rb, Cs, NH4; AO4 = SO4, SeO4, HPO4,
HAsO4) [2]. Tlocne mpumeHeHus1 pa3paboTaHHOW METOIUKH YIajI0Ch BKIIOYUTH B
MAacCUB JSKCIIEPUMEHTAJbHBIX JaHHBIX 3HAYUTEIBHOE KOJUYECTBO  CJIA0BIX
OTpaXEHUH, HE YYTEHHBIX MPU MEPBOM YTOYHEHUU CTPYKTYpPhI, U CYIIECTBEHHO
MOBBICUTH TOYHOCTh U3MEPEHUI MHTEHCUBHOCTH TU(PPAKITMOHHBIX OTpakeHHi [3].

PaGora BeIMoOnHEHA B paMkax rocymapctBeHHoro 3amanHust  HUII
«Kyp4yaToBCcKMil ~ MHCTUTYT».  OKCHEpPUMEHTalbHbIE  HEUTpOHOTpaduyecKue
HCClieIoOBaHUs MpoBeeHbl Ha obopynoBanun YHY HUK 1P-8.

1. A.M. Kamokanos, H.H. UcakoBa, Te3. TOKJI. KOH(]. 10 NCTOIb30BAaHHUIO paccesHusl HEUTPOHOB
B HCCJIEJIOBAHUN KOHJIEHCUPOBaHHbBIX cpea. ExarepunOypr, (2023).

2. 1. Makarova, V. Grebenev, E. Dmitricheva et al, Acta Cryst. B. 72, 133.(2016).

3. .LP. Makarova, N.N. Isakova, A.l. Kalyukanov et al, Acta Cryst. B. 80, 201.(2024)
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BO3MOKXHOCTHU CUHXPOTPOHHBIX METOJ10B HCCJIEJOBAHMUSA
JJIOMUHECHEHTHBIX @®YHKIINOHAJIBHBIX MATEPUAJIOB OT
MAKPOMACHITABA 1O KBAHTOBBIX DO®EKTOB

U.A. Kamencxux?, A.H. Bacunves, M.B. Kopocux®, E.JI. Py6yoea?,
U H. lInunvkos®

YHUHUAD um. J1.B. Crobenvyvina MT'Y um. M.B. JTomonocosa, Mocksa
2usuueckuti paxynomem MI'Y um. M.B. Jlomonocosa, Mockea
SHUU s0epuvix npobnem beropycckozo eocynusepcumema, Munck

[Tpumenenune CUHXPOTPOHHOTO U3ITY9ICHHS B WCCJICIOBAHHUH
JIOMHUHECIIHPYIONUX MaTeprayioB ¢ 70-X TOJOB MPOILIOTO BEKa CYIIECTBEHHO
oboraTuiao apceHaad JIIOMUHECHEHTHOM crnekTpockonuu. McciaegoBanus ¢
BBICOKODHEPTETHYECKUM  BO30YKJICHHEM TIO3BOJIMIIM  ONPEICTUTh CTPYKTYpPY
BO30YXKJIEHHBIX OOJIaCTe KpHUCTa/la, YTO SBWJIOCh Ba)XXHOW MPEANOCHUIKON
nepexoja K HOBBIM MaTepuajaM C KOMIIO3UIIMOHHBIM pa3yIlopsI0YeHUEM,
KepaMUYECKUM MaTepHaliaM, THOPUIHBIM OpraHO-HEOPTaHUYECKUM MaTepHaliaM,
KOMITO3UTHBIM MaTepHaliaM, BKJIIOYAIONIMM HAaHOOOBEKTHI. [lepcrieKTUBBI HX
HCITIOJIb30BAHUSI PACCMOTPEHBI B IOKJIAJIE.
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BJIUSIHUE BY®EPHOM Si-BCTABKH HA CTPYKTYPY
MHOTI'OCJIOMHBIX 3EPKAJI Ti/Ni PASHOM KOH®UT'YPAIIUU C
NPUMEHEHUEM METOJ0OB PEHTTEHOBCKOU
PE®JIEKTOMETPUU U CTOAYUX PEHTTEHOBCKHUX BOJIH

A JI Kapoees', A.IO. Cepezun?, FO.A. Bonxosckuii*, I1.A. IIpocexos?,
B.H. Hoaxosnuxoe®, P.M. Cmepmun?, FO.B. Iucapesckuii*, A.E. Bnazoe

'Hayuonanouwiii uccnedosamenvcxuii yenmp «Kypuamosckuii uncmumymy, Mockéa
2Hnemumym ¢uszuxu muxpocmpyxkmyp PAH, Huxcnuii Hos2opoo

Mmuorocnoiiabie 3epkania Ha ocHoBe Ti1/Ni HaxXomAT NpPUMEHEHHE KakKk B
PEHTI€HOBCKOM ONTHKE B UCTOYHUKAX CUHXPOTpOHHOTro u3nydyeHus (CH), tak u B
HEUTpOHOTrpauy B KauyecTBE OTpa)arolux 31eMeHToB [1]. BaxubiM (akxTopom,
BIUSIOMUM Ha 3()(PEKTUBHOCTh MPUMEHEHUSI TAKUX CHUCTEM KakK 3€pKajl, sIBISETCS
KayeCTBO MEXKCIJIOEBBIX rpaHull. OTHUM U3 CIIOCOOOB-YIYUIIEHUS OTpaXaTeIbHOU
criocobHocTH cucteM T1/Ni sSIBIsieTCsl BKIIOYEHHUE B CTPYKTYPY Mepuoa 0ypepHbIx
Si-BcraBok [2].

B npencraBienHoit paboTe MPOBEIEHO MCCIEIOBAHUE BIMSHHUE Si-BCTABOK
Ha KaueCTBO MEXKCJIOEBBIX I'paHUI] B nepuoauueckux cucremax Ti/Ni. Meromom
PEHTTEHOBCKOM pe(IEKTOMETPUH U CTOSTYUX PEHTTEHOBCKUX BOJH MCCIIEOBAINCH
YEeThIpEe TUIA MHOTOCIOWHBIX MIeHOK Ha ocHoBe 40 mepuomo: Ti/Ni, Ti/Si/Ni,
Ti/Ni/Si u Ti/Si/Ni/Si.  U3mepeHus NOpOBOAWINCH, Ha  Ja0OpaTOPHOM
mudpakromerpe SmartLab Rigaku u nHa cranmum PK®M cHHXpOTPOHHOTO
ucrounuka KUCHU-KypuaroB. Ilonydennsie  npoduid  pacnpeieicHus
AJIEKTPOHHON TUIOTHOCTH W pacrpedeneHus atomMoB Ti um Ni mo rmiyOuHe
MO3BOJIMJIN KOJTMYECTBEHHO OLEHUTH TOJIIUHBI IEPEXOIHBIX CIIOEB.

Ycranonerno, uto Ti/Ni 6€3 BCTaBOK MMeeT HauOOJIbIITHE IEPEXOHBIC CIION
u ObIcTpoe 3aryxaHue nukoB. BeraBku Si BHyTpu niepuona (Ti/Si/Ni) unmu mexmy
nepuogamu  (Ti/Ni/Si) BBI3BIBAIOT aCUMMETpPUIO MpouUiIeii  IEKTPOHHOU
IUIOTHOCTU W pacrpeneseHuss sjaeMeHToB. ONTUMalbHON SIBISETCS CTPYKTypa
Ti/Si/Ni/Si ¢ MHUHUMaIbHBIMH TEPEXOJHBIMU CJIOSAMH H MaKCUMAaJIbHOMN
MHTEHCUBHOCTBIO TEPBOro NU(PAKIMOHHOIO MHUKA, YTO CBUAECTEIBCTBYET O €&
NEPCIIEKTUBHOCTH NIl PEHTTC€HOBCKOM ONTHUKH, YTO OCOOCHHO Ba)XHO B CBSI3H C
peanuzanueit npoekta uctounnka CHU 4-ro mokosieHus ¢ Jia3epomM Ha CBOOOTHBIX
anexktpoHax «CUJIA» [3].

PaboTta mpoBeigeHa B paMKax BBINOJHEHUS TOCYJAPCTBEHHOIO 3aJlaHUs
HUILL «KypuaTtoBCcknii MHCTUTYT» B YacTH MPOBEICHHS SKCIEpUMEHTOB. CHHTE3
MHOTOCJIOMHBIX 3€pKajl MpoBeneH MNpu (uHaHCcOBOW mnoaaepxke Poccuiickoro
Hay4dHoro (ouzaa (rpant Ne 21-72-30029-11).

1. C. Schanzer, M. Schneider, P. Boni // J. Phys. Conf. Ser. 746 (2016).
2. R. Smertin, E. Antyushin, I. Malyshev et. al. // J. Appl. Cryst. 57, 5 (2024).
3. M.B. KoBanbuyk, A.E. baaros, O.C. Hapaiikun u ap. // Kpucramnorpagus. 67, 5 (2022).
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UCCJAETOBAHMS OCTATOUHBIX HATIPSIDKEHUI B CTAJIBHBIX
JIACTUHAX NOCJE JIPOBEYIAPHOI OBPABOTKHA METOJ0OM
TN ®PAKIIUM HEATPOHOB

U]l Kapnos'?, B.T. Om!?, E.Il. Huxonaeea’, U.B. Cepzeuues’, B.C. Bonockoe’

!Hayuonanvnwiii uccreoosamensvckuii yenmp «Kypuamoscxuii uncmumymy, Mockea
2 Upxymexuii nayuonansHulil uccredosamensckuil mexuuveckutl ynusepcumem, Hpxymck
3 Cronxoeckuii unemumym nayxu u mexnonozuil, Llenmp mexnonozuti mamepuanos, Mockea

B pesynbrate apoOeymnapHoil 0OpabOTKM HAa MOBEPXHOCTH METAJLTUYECKOU
JeTaiau o0pa3yroTcsl OCTaTOYHbIE CKUMAIOIINE HAIPSKEHUS], KOTOPbIE MOBBIIIAIOT
IIPOYHOCThb, KOPPO3UOHHYIO CTOMKOCTh M CTOMKOCTh K OOpPa30BAHMIO TPEIIUH.
CxxuMaromye HanpspDKeHHs BOJIM3M MOBEPXHOCTU JOJDKHBI KOMIIEHCHPOBATHCS
paCTATUBAIOIIMMHU HANpsDKEHUSIMU Ha TIyOuHe B 00bEMe marepuana. Hanexnas
KOJIMYECTBEHHAss MHGPOpMaIUS O HANPSKEHHO-e(POPMUPOBAHHOM COCTOSHUM B
ITUX CHCTEMax HeoOXonuma Jjisi TOHUMAaHUs MPOIEecCOoB (OPMUPOBAHUS
OCTaTOYHBIX HANpsHKEHUH B HUX, ONTHUMHU3ALMU MAapaMETPOB TEXHOJIOTHYECKHUX
IPOLIECCOB MOBEPXHOCTHOM 00pabOTKH, BepUPUKALIMK PA3TUUHBIX TEOPETUUECKUX
Mojienet GopMUPOBAHUST OCTATOUHBIX HAMPSIKEHUH.

B nmanHOil pabGore MertogoM AUpaKUUA HEUTPOHOB C  BBICOKHM
IPOCTPAHCTBEHHBbIM pazpemienneM (~ 0,2 MM) HCClIeIOBaHbl OCTaTOYHbIE
HanpspkeHnst B miactuHax u3 cranm 30XI'CA  rtommmuon 5 MM mocrie
npobeynapHoit 00padoTku. [TokazaHo, YTO OCTATOYHBIE HAIPSIKEHUSI 00pa3yrOTCs
HE TOJIbKO BOJIM3M 00pabOTaHHON MOBEPXHOCTH, a MO BCEUW TOJIIHUHE IJIACTUHBHI.
30HBI CKUMAIOLIMX HANpsOKEHUW o00pasyrorcss BOMM3M  00pabOTaHHON U
HEe0OpaOOTaHHON MOBEPXHOCTEN IJIACTHH, a 30HA PACTIATUBAIOIINX HANPSDKEHUN —
B cpenHen yactu. llluprHa 30H U MakCHUMaJbHbIE 3HAYEHUS HANPSHKECHUN 3aBUCST
oT pexuma o00pabotku. Ilpum Oosiee MHTEHCHMBHON 00pabOTKE MaKCHMaJIbHBIC
COKMMAIOIUE HANPSDKEHUS] W IMUPUHA 30HBI CHKUMAIONIUX HANPSHKEHUM BOIU3U
00paboTaHHON TMOBEPXHOCTU YBEIWYUBAIOTCS, a BONMM3M HEoOpaboTaHHOM
MIOBEPXHOCTU YMEHBIIIAOTCS.

IIpoBeneHbl HEUTPOHHBIE HKCHEPUMEHTHI IO HW3MEPEHHIO HANPSKEHUN
BOMM3KM 00pabOTaHHON MOBEPXHOCTH IIACTHH C HCIIONAB30BAaHMEM METOHa Siny.
Pe3ynbrarhl commacyloTcs ¢ pe3yiabTaraMH, IMOJYYEHHBIMH  CTaHJAPTHBIM
HEUTPOHHBIM METOAOM C U3MEpPEHHWEM TpEX IJIABHBIX KOMIIOHEHT TEH30pa
nedpopmanuu. HeHWTpoHHBI MeTom sSin*y MOXET OBITh HCHONB30BAH  JUIS
W3MEpPEHHUs HaIpsSHKEHU BOJU3M MOBEPXHOCTU OOpa3loB OONBIION TOJIIIMHBI,
MOCKOJIbKY B OTJIMYME OT CTaHAQpPTHOTO METOAAa HE HMEET MPUHIMUIHAIBHBIX
OTpaHUYEHM MO TOJIIMHE 00pa3La.

PaGora BhImonHeHa Ha OOOPYIOBAHWM YHUKAJIBbHOM HAy4YHOM YCTaHOBKHU
«HelTpoHHBIN HCCIeqoBaTeNLCKUM KOMIUIEKC Ha 0Oasze peakrtopa UP-8» mpum
nojiiepskke rpanTa Poccuiickoro HayuHoro gonmga Ne24-19-00484.
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POJIb METOAOJIOI'MHU B OITPEAEJEHNUN MAJIBIX
KOHIEHTPAIIM JOITAHTOB B KPYITHOMACIITABHBIX
KPUCTAJUVIAX a-NiSO4:6H20:Co

U.A. Kaypoea?, JI.A. Apbanact?, B.H. Xpycmanés', B.A. Jlazapenxo®,
I'"M. Ky3omuuéea®

YPoccutickuii Ynusepcumem Jlpyoc6ur Hapoooe umenu Iampuca JIymymbu
2MUPIA-Poccutickuti mexnono2uueckutl yHugepcumen
SHUI] «Kypuamosckuil uncmunymy

JlomupoBanue kpuctauioB — 3(hMEKTUBHBINA CIIOCO0 Ui HalpaBICHHOU
peayM3aliii HOBBIX CBOMCTB WM MOIAU(MDUKAIMU VYK€ W3BECTHBIX. Kirrouesas
3aJ1a4a B 3TOM IIPOIIECCE - KOHTPOJIb KOHEYHON KOHIIEHTPAI[MHA IOIIAHTOB, KOTODast
[IPAKTUYECKA BCErIa OTIMYAETCA OT HCXOJIHOW B pacIulaBe/pacTBOPE H3-3a
dusuko-xumuueckux (OTCYTCTBHE KOHIPYIHTHOIO IUIABIEHHUSA, HEOJHOPOIHOCTH
coCTaBa o 00BLEMY/CEKTOPAM pocTa), pocmoeswix (01104HaAs CTPYKTYDPA, HeMEKTHI U
OCOOCHHOCTH pOCTa) U MemoouyecKux (ducio OTPaXKCHH;, pa3Mep OO0BbeKTa)
IIPHYHH.
Lleas pabotel - ompeneiieHHe coaepkaHusg HOHOB-gonantoB Co B
BBIPAIEHHBIX U3 BOIHBIX pacTBOPOB orpaHeHHbIX kpucrauiax o-NiSO4-6H,0:Co
(a-[Ni,Co1SH) 1 ux pacmpenenenue 1mo oopasny. OObEKTHI UCCIIE0BAHUAS: MAKDO-
(~0.24 x 0.24 x 0.24 mm>) 1 mukpodactu (~ 0.15 x 0.10 x 0.03 mm>) U3 ceKTOpoB
pocta (101), (102), (001) a-[Ni,CoISH ¢ monamu Co?* B pactBope 0.36, 0.68, 1.0
Bec.%. Cremka oOpasnoB (100K) BemmosHeHa Ha nadopatopHOM IUdpaKTOMETPE
(D) (D8 QUEST PHOTON-III) u cunxpotrpone (S) (cranius benok-PCA, KUCU
«KypuaToB»).
I[Ipu yrouneHuu 3aceineHHoctd mo3ummii Ni (mporpamma Shelxl) B -
[Ni,ColSH nonyuensr cocrassl (D: N~1520, Ri/wWR»,~0.015/0.040; S: N~1100,
R1/wR,~0.076/0.22(101), (102), ~0.036/0.092 (001)):
0.36 Bec.2%Co

E())ZOlgNio.gloe)COo.ogo]SH (101)< [Nio.9393C00.061]SH (102)> [Nio.893(3/C00.107]SH
0.68 Bec.20Co

(%IOl)fNio.871(3)C00.129]SH (101)<[Niosgs23)C00.118]SH (102)<  [Nio.902(3yC00.008] SH
1.0 Bec.2%Co

(DOIO:L)[Nio.868(3)C00.132]SH (101)>[Nio.g464)C00.154]SH  (102)<  [Nio.936(3)C00.064]SH

?(;O[lN)io.gesm)COo.om]SH (101) = [Nio.984(4C00.016]SH (102)<[Nig.989(2)C00.011]SH

VcranoBieHo yMenblnenue conepkanus Co B kpucrauie o-[Ni,ColSH c¢
VBEJIMUYEHUEM €ro KOHIEHTpaluu B pactBope misg cexkrtopa (001) u vice versa s
cektopoB (101) wu (102) (dusuxo-xumuueckue npuuunsl), PAZIAYHOE
pacapeneinenue Co mo cekTopaM poOCTa C VYBEJIMYEHHEM €ro COIEpPKaHUSA B
pacTBOpe/KpUcTaILUIE (pocmosvie npuyunsl), Pa3HBIM COCTaB MO AAaHHBIM D u S
(memoouueckue npuuunsvl). Bce 3T0 HEOOXOAMMO YUHTHIBATH MPU HHTEPIPETAIIUH
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U CPaBHECHUU OHKCIEPUMEHTAJBHBIX PE3yJIbTaTOB TPU OMPEICIICHUH DPEaTbHBIX
COCTaBOB.

PaGota BeImoNHEHA Tpy (GUHAHCOBOH Moanepkke MUHUCTEPCTBA HAYKH U
BhICIIero oopa3oBanus Poccuiickoit ®enepanmu (ITpoekt Ne FSFZ-2024-0003).
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AJEKTPOHHO-MHUKPOCKOIMNYECKHUE NCCIEJOBAHUSA
KJIACTEPOB KCEHOHA, OBPA3OBAHHBIX B KPEMHHMH ITOCJIE
OBJYUYEHUA ITYYKAMU C DQHEPT'USMMU S u 8 xaB

I.C. Kupees', O.B. I[Tooopoocnuii’, A.B. Pymanyes', A.E. Hewxur?,
K. Munnebaes’, HH. Bopeapom!

! Hayuonanvhwiii uccredosamensvckuii yuugepcumem «MHUITy»
’MTY um. M.B. Jlomonocosa

Cucrembl ¢ (POKyCHpOBaHHBIM HMOHHBIM ITYYKOM KCEHOHA HAaxXOIAT BCE
Oonblliee NPUMEHEHHUE B MUKPOXJIEKTPOHUKE Ojarojaps BbBICOKOM CKOPOCTH
pacnbuieHust Matepuana. [locie obayyeHus MOANOKKHA KCEHOH BKIIFOUAETCS B HEE
B BHJI€ KIJIACTEPOB, M3YyUYEHHE KOTOPBIX MPEICTaBISACT OOJBIION MPaKTUYECKUN
UHTEpEC.

B pa6ote mommoxka Si(001) obmyuanacs myukamu Xe' ¢ dHEprusMu 5 u 8
K3B. 13 Hee ObUIM MPUTOTOBIIEHBI TOHKUE (POJIBIU TUIAHAPHOTO CEUYEHUS METOIOM
in situ lift-out na mpu6ope FEI Helios NanoLab 650. N300paxkeHus kiactepoB u
KapThl PEHTTEHOBCKONO MHUKpoaHanu3a ObUIM nomydeHsl Ha npubope FEI Titan
Themis 200 B pexxrMe MpOCBEYMBAIOIIECH PACTPOBOM ANEKTPOHHONM MHUKPOCKOIUHU
(ITPOM).

Ha puc. 1a, 6 cneBa npencrasiensl [IPOM-mukpodororpadun, Ha KOTOPBIX
KJIaCTepbl UMEIOT BHJI CBETIBIX OONacTed, a crpaBa — KapThl pacHpeiesICHus
aToMOB X€, Ha KOTOPBIX BHJHBI CKOIUICHUS KCEHOHA. [[1s BBbIAENICHUS TI'PAaHMIL
KJIACTEPOB Ha M300paXeHUSX (KpacHble JMHUK) MPOBOAWIACH HMX LHUpOBas
o0paboTka ¢ NOMOIIBIO pa3pabOTaHHOW NPOrpaMMbl, OCHOBAHHOM Ha MeETOe
MOP(OJOrMYECKUX BOAOPA3IETOB. AHATU3 MUKPOPOTOrpaduii MO3BOINUI BHIABUThH
1027 u 572 xnactepoB [js cliydaeB 0OJy4yeHUs MOHAMM € SHEprusiMu 5 u 8 k3B u
NOCTPOUTh THCTOTpaMMbl HMX paclpeleslieHuid mo pasmepam (puc. 1B, T).
Pacnipenenenus acMMMETpHUYHBIE C MPAaBbIMU XBOCTAMHU, IPUYEM IPHU SHEPIUAX §
k3B xBocCT Oosiee ANIMHHBIN Oiiarofapsi HAIMYUIO KPYITHBIX KJIACTEPOB C pa3MepaMu
10 6 HM, OTCYTCTBYIOILLIUX MIPU SHEPTHSIX 5 KIB.

3HaueHUs MOJAIBHBIX  pa3MepoB d', BBIYMCIEHHBIE HCXOAS W3
IPEINOJOKEHUSI O JIOTapU(PMUUECKH HOPMAJIbHOM 3aKOHE pacIpeleieHUs 110
pasMepaM (HENpEPBIBHBIE 3€JICHLIE JMHUM Ha pHUC. 1B, T), a Takke CpeIHHUE
pasMepsl d W cpeqHUE KBaJIpaTUYeCKue OTKIOHEHHUS O CBUICTEIHCTBYIOT O TOM,
YTO MNpHU HHEpruax 8§ KIB kimactepbl B CpemHEM KpyIlHEe, U HUX pa3Mepbl

BapbUPYIOTCA B GOJIBIIEM THATIa30HE SHAYCHHIA.
an el ORI o f(d), nm’’ f(d), nm”’
1" . : 0,6 d’, Hm[1,5]| 0,6 d’, HM[1,8
d, hm|1,8
0,4 o AM0 7 0,4
10,2 d. HM 0,2
0 2 4 6 0 2 4 6

Puc. 1. [IPOM-muxpogpomoepaguu kracmepos Xe u kapmol pacnpeoenenus amomos Xe (a, 6),
2UCMOSPAMMbL pacnpedeleHUs Kiacmepos no pamepam (s, 2). (a, 8) — 5 kaB, (6, 2) — 8 k3B
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IMPUMEHEHHWE METOJIOB MUKPOCKOITUH BBICOKOI'O
PA3ZPEIIIEHUS (POM, ACM) B UCCJIEJOBAHUSIX CTPYKTYPHBIX
N3MEHEHHWHA T'OPHBIX TOPOJI ITPU JMHAMUYECKHUX
BO3JEVICTBUSAX

A.H. Kouanosg, UK. ByHqu

Y Unemumym npobnem xomnaexcnozo oceoenus nedp um. akademuxa H.B. Menvnuxosa PAH

DKCIEpUMEHTAIBHOE HW3YYEHHE MEXaHU3MOB O0Opa30BaHUS U Pa3BUTHS
TPEeLIMH B reomaTepuanax (MUHEpajgaX, FOPHBIX IMOPOAAX U pyJlax), sBIIETCA
byHIaMEHTAIbHOW Hay4YHOW MpOOJIEMON U SABISETCS KIIOYEBBIM 3JIEMEHTOM
IE€OMEXAaHUKH, (PU3NYECKOM ME30MEXaHUKHM U (u3MKu HpoyHocTu. B pamkax
JTaHHOW TPOOJIEMAaTUKUA C MCIOJIB30BAaHUEM METOJOB PACTPOBOM SIEKTPOHHOMN
(POM, wmukpockomst JEOL JSM-5910LV, JSM-6610LV) u atoMHO-cuiIOBOH
(ACM, CMM-2000) MHUKPOCKOIIMU TMOJYYECHbI HU300paKCHHUs] TOBEPXHOCTH
paspyuIeHUs] TOPHBIX TOPOJI C PA3IUYHBIMHU CTPYKTYPHO-TEKCTYPHBIM CTPOCHHUEM,
COCTaBOM M MEXaHWYECKUMHU CBOWCTBAMH, a TaKkKe MPOAHATU3UPOBAHBI
OT/CJIbHBIE (PparMeHThl TPENIUH, OOpa30BaBIIMXCA B 00pa3lax Moja JeHCTBUEM
WHTEHCUBHOM BHeWIHeW Harpy3ku (puc.l). B pesynbrare mNpoBEACHHBIX
UCCIIEJOBAaHUM BBIABIEHBI OCOOEHHOCTH MHUKpOpebeda U MONYUYEeHbI CIEIyIOIINe
orleHku MmepoxoBatocTu (Ra) u dpakransHoil pazmepHoctu (Df) moBepxHOCTH
KBapuuTa (TBepAocTh 1o mkaine Mooca, H=7), rpanuta (H=5-7) u monomura
(3.54): Ra=115 (Ds=2.023), 141 (2.015), 250 (2.05) COOTBETCTBEHHO.
VYCTaHOBIEHO, YTO TI'E€OMETPUYECKHE  XapaKTEPUCTUKH  MOP(OJIOTHYECKUX
0COOEHHOCTEH MOBEPXHOCTH 00pa3l0B HA MUKPOYPOBHE CBS3aHbI C IapaMeTpaMu
3epEeHHONM  CTPYKTYpbl  HCCIEAOBAHHBIX TOPHBIX MOpoA. Mukpopenbed
MOBEPXHOCTU TpaHuTa (puc.la) 3ameTHO OOJee BBIPAXEH IO CPABHEHUIO C
oOpasziom kBapuuta (puc.16). CrnoxHbIi XapakTep MOBEPXHOCTU pa3pyIICHUs
(puc.16) 1 0COOEHHOCTH TPACKTOPUN PACTIPOCTPAHEHUS TPELIMH (ITPEPHIBUCTOCTD,
BOJIHUCTOCTh, HEPOBHOCTH OEPETOB) CBHJETENHCTBYIOT 00 WX HECTAI[MOHAPHOM
(IMHAMHYECKOM), CKa4yKOOOpa3HOM pOCTE C OCTAaHOBKAMHM Ha NPEMSITCTBUAX U
MPEOJIOJICHUEM 30H JIOKAJIM3AlMM MHKPOIOBPEXKACHHUM, 00pa3yrolmuxcs B
BEpILMHAX TPEIIHH.

SEl  15kV.

Puc.1. ACM uzobpasicenus pazmepom 8 X8 mxm nogepxnocmu u epanuma (a) keapyuma (0);
(pazmenm mpaekmopuu mpewjusl 8 2paHume, 006pPaA3068a8UICICA 8 Pe3YTbIMAme 83PblEHO20
so30eticmeus (POM, macuumabnas nunevixka 200 mxm) (8)
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MOJIMMOP®H3M TOHKHUX IJIEHOK CDTE HA PA3JIMYHBIX
MOUIOKKAX

U.0. Kowenes, U.C. Bonuxos, I1.B. Pe3nuxosa, I11.J1. [lookyp, B.M. Kanesckuti

Hayuonanvnuiii uccneoosamenvckutl yenmp « Kypuamoscxuii uncmumympy, Mocksa

Tennypun kamvmmst (CdTe) oOTHOCHUTCS K  TOIYNPOBOTHHUKOBBIM
COCIMHEHUSM | BhIemsieTcs cpeau ananoroB. CdTe nMeer onTUManbHYIO IIUPUHY
3anpenieHHoW 30HBI E, = 1,5 3B nmpu 7 = 300 K, B cBsI3u C 4eM OH MOXKET
NPOSBIATh TEOPETUUECKYIO 3(PPEKTUBHOCTH (POTOINEKTPONPEOOPA3OBAHUS 10
~32% mpu HanpsHKEHUH XO0JI0CTOro xona 6osnee 1 B u MIOTHOCTH TOKa KOPOTKOTO
3aMbIkanus 6onee 30 MA/cm?.

OnauM U3 TpUMEHEHWH TOHKUX IUIeHOK Ha ocHoBe CdTe sBisercs
JIETEKTUPOBAHUE PEHTTCHOBCKOTO H3Iy4deHHs. J[JI1 JaHHOrO MPUMEHEHUS MOXXHO
MCIIOJIb30BaTh AJIEMEHTHl Ha OCHOBE HaHOCTPYKTyp. I[Ipumepamu Takux Qopm
CdTe sBIAIOTCS MOJUKPUCTATUIMYECKUE U SMUTAKCUAIBHBIC TIJIEHKH, BhIPAIICHHBIE
Ha pa3JIMYHbIX KpUCTAUIMYECKUX mojiioxkax (Si, GaAs, Al,O; u nap.), a Takxke
noaioxkkax ¢ nposogsauumu cinosimu (FTO, ITO).

Toukne menkn CdTe BplpamBaIM METOAOM  BBICOKOBAKYYMHOTO
TEPMUUYECKOTO pacnbuieHus: Ha noajoxkkax Si (111), Al,Os; (0001), cunukaTHOTO
crekia u FTO- u ITO-ctekna. Ucnonszyembie noainoxku Si, Al,Os, FTO- u ITO-
ctekon HarpeBaiuch a0 ~310 °C. B aMoppHOTO CHIMKATHOTO CTEKIIA,
ucrnonb3oBasics HarpeB nomioxkek g0 ~310 °C u mo ~500 °C. Temmneparypa
ucrounrka cocrasisuia 700°C. BpeMs ocaxaeHust coctaBisuio 60 MUHYT.

[Tonyuennsie obOpasmpl ToHKuX MeHOK CdTe wmccienoBaauch MeTogamMu
AHEPro-IUCIIEPCUOHHON peHTreHOoBckor criekTpockonuu (31C), aToMHO-CHIIOBO#
mukpockonmuu  (ACM), pentreHodazoBoro anamuza (PDPA) u pamaHOBCKOU
CIIEKTPOCKOIHH.

Hcnonp3yeMbiMU  METOJJaMHM  MPOM3BEJEHA XapaKTepu3alus pa3Induid
CTPYKTYp ToiydeHHbIX OTmpenesneHo, 4YTo Tpu HMACHTUYHBIX YCJIOBHUSAX Ha
MO/JIOKKAX W3 Pa3JIMUHBIX MaTepuajoB BO3MOXKHO TOJYYCHUE KaK BIOPIIUTHOM,
Tak U caneputHod moaudukauuii CdTe. Kpome TOro, KOHTpOJib TEMIIEpPATyphbI
MO3BOJIIET TMOJy4YaTh BBICOKOOPUETUPOBAHHBIE TOHKHUE TIUICHKU C HHU3KUM
coZiep:kaHreM J1e(peKToB pocTa, TaKUX KakK MPEUIuTaTsl mo Te.

PaGora BeIMOMHEHA B paMkax rocyaapcTBeHHoro 3amanus HUIL]
«Kyp4yaToBCKUI HHCTUTYT.
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CTPOEHHUE KOMIIVIEKCOB HEIITYHUS B BOJAHbBIX 1
OPTAHNYECKHUX PACTBOPAX U3 JTAHHBIX CIIEKTPOCKOIINU
PEHTT'EHOBCKOTI'O ITOIVIOIIEHUA

AJ. Kpom*, 1. H. Hosuuxoe', A.JI. Tpuzy6'?, I1.U. Mameeeg*

Mocrosckuii 2ocyoapcmeennuiii ynusepcumem um. M.B. Jlomonocosa
2HUI] «Kypuamosckuil uncmunymy

Henrynuit sBrseTCs TOATOXUBYIIUM alTb(a-u3TydaronuM paTuoHyKIAIOM,
KOTOPBIH 00pa3yeTcss B aTOMHOM PEAKTOPE M COCTABISIET 3HAYUTEIBHYIO JTOJIO
JI030BOM Harpy3Ku BBICOKOAKTHUBHBIX 0TX0/10B (BAQO). [l MUHUMU3alUU PUCKOB
JUISL OKpY>Karouien cpeabl oT 3axopoHeHuss BAO, pa3pabaTbiBaloTCs CTpaTEruu 1o
BBIJICJICHUIO MUHOPHBIX aKTUHUIOB (HENITYHUH, aMepULIMIA U KIOPUIT) U3 paCTBOPOB
BAO c¢ uenpto ux mnocuenyromeid tpaHcmyranueil. Opnako, jnerkocte OBP
MIPEBPAIICHUA HEMTYHUS W CIIOCOOHOCTh (POPMHUPOBATH YCTOWYHMBBIC B YCIOBHUSIX
nepepabotku BAO coenuHenus B Tpex creneHsax okucienus 1V, V, VI, a takxke B
BUJIC CMCIIAaHHOBAJICHTHBIX (OPM, CYIIECTBEHHO OCJIOXHSIOT KOHTPOJH 32 €T0
pacnpeneneHneM B IByX(pa3HBIX CHCTEMaX.

Llenpro naHHOM pabOTHI SBISIOCH YCTAHOBJICHHE CTPOCHHS KOMIUIEKCOB U
MyTeH OKHUCIUTEIHHO-BOCCTAHOBUTEILHBIX MPEBPAIICHNN HENTYHHS B CTEICHSIX
okucienus 1V-VI B BOIHBIX U OpraHUYECKUX PAacTBOpaX, PeJIEBAHTHBIX yCIOBUAM
AKCTPaKIMOHHOMN TepepadboTku BAO. MeTogoM CreKTpOCKONMUU PEHTTE€HOBCKOTO
MOTJIOIIEHUS HMCCIEeN0BaHbl pacTBOpbl KoMmiwiekcoB Hentynus (IV, V, VI) B
a30THOM W XJIOPHOM KHUCJIOTax, aleTOHUTPHUIIC, a TaKKe B OIKCTPAKIIMOHHBIX
CUCTEMax TPH BBIJIEICHUHN HENITYHUSI B UCXOMHBIX cTeneHsax okucienus 1V, V, VI
U3 a30THOKUCIBIX PAcTBOPOB AWaMHIOM 2,2’ -OunupuauH-2,9-mukapOooHOBON
kucnoTel (L). VYcranosneno, uyrto HentyHuii(lV) He mnperepneBaer OBP-
IpeBpallleHnii B TpoLEecce HKCTpaKUUM W o0pa3yeTr B oOpraHudeckoil Qasze
kommekc cocraBa [LNp"Y (NOs),]. Hentynuii(V) He yCTONYMB B OpraHMYECKUX
pacTBOpax B TMPUCYTCTBUM a30THOM KHUCJIOTHI M OKHUCISETCS Kak B
OKCTPAKIIMOHHBIX CHCTEMaxX, TaK W B MOJEIBHOM OpPTraHUYECKOM PpPacTBOpE
KoMILJIekca B areToHutpuie. CTpoeHHe KOMIUIEKca B OpraHudeckoil (asze mo
nanaeiM EXAFS criekTpockonuu HauiaydimM o0pa3oM OMUCHIBAETCS (OpMyIIon
[LNpV'O,(NO3)]JNOs. IIpu skctpakium u3 ucxofHoro pactsopa sentynus(VI),
BaJieHTHass (popMa B OPraHMYECKOM PACTBOPE COXpaAHSAETCA, OIHAKO, CTPOEHUE
KOMILIEKCa OTIIMYHO OT NOJTY4EHHOTO NPH JKCTPAKLHH U3 pacTBopa Hentyuus(V),
a mpexacrasnser coooii uoHHbIMe mnapbl [LNpPY'O2(NO3)]NpV'Ox(NOs); wnmm
[LNpV'O2(NO3)]2NpV'02(NO3)s. [TonydeHHBIE ~ PE3yAbTATHl  IMO3BOJISIOT
chopMHPOBATH MPEACTABICHUE 0 MEXaHU3MaX dKCTPAKIINN HENTYHUS B UCXOHBIX
creneHssx okucinenus IV-VI, a Takxke JIE€MOHCTPUPYIOT HOBBIM MOAXOI K
YCTAaHOBJICHHIO CTPOCHUSI KOMIUIEKCOB aKTUHHUIOB B DKCTPAKIIMOHHBIX CUCTEMAX C
WCITOJIb30BAaHUEM CHHXPOTPOHHOTO M3ITYYCHHUS.

PabGoTa BbimonHeHa mnpu ¢uHaHcoBod mnoanepxke PH®, rpant Ne23-73-
30006.
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POJIb MTOBEPXHOCTHOTI'O OKCHUJIA MTPU JTUO®Y3UU LIUHKA B
MOJJIOXKKY GaSb

M.B. Kyzomun®*, C.B. COpOKuHal, B.I1. Xéocmuxos*

L Dusuro-mexnuyeckuii uncmumym um. A.@. Hoge, Canxm-ITemepbype

MeTtomoM (POTOINEKTPOHHON CIEKTPOCKONMUA BBICOKOTO PAa3PEIICHUS C
UCIIOJb30BAHUEM CHHXPOTPOHHOTO H3IY4YCHHsI HCCIENOBaHBl CTPYKTypa U
da3oBbiii  coctaB moBepxHocth GaSh mociae dopmupoBanus P-n-mepexoja
muddy3ueit Zn u3 razoBoi ¢asbl. [loka3aHo, 4TO KOJMYECTBEHHOE COJCpIKaHHE
IIMHKa B 00pa3lax OMpeaemsieTCss CBOWCTBAMHU CIIOS OKCHIAa Ha TOBEPXHOCTH
KpucTaia. B ciydae mpeaBapuTeIbHOTO aHOMHOTO OKHCICHHUsS MOoxkeKk [1,2]
KOHIIEHTpaIus npoauddyHaupoBaBIInX aTOMOB ZN yBEJIUYUBAETCS Oojiee 4eM B
JIBa pasza IO CPaBHEHHMIO C OOpasllaMH, TMOKPHITHIMH €CTECTBEHHBIM OKHCIIOM.
VYcTaHOBIEHO, YTO ATH aTOMbl B OCHOBHOM HaXOJSITCSI B CBSI3AHHOM C KHCJIOPOJIOM
cocrossiHud. Takxke oOpa3oBaHue cBsizedl Zn-O NOPHUBOJUT K CYIIECTBEHHOMY
YMEHBITIICHUIO KOHIICHTPAIMM CYpbMBlI B MPHUIOBEPXHOCTHOW oOjacTH. B TO ke
BpeMsl ylaJeHre aTOMOB Tajutis u3 00pa3IoB HE MPOUCXOANT. B KoHEeUHOM cuere,
onvcaHHas Moaudukanus momiokek GaSh myrem a) BeIOOpa MOBEPXHOCTHOI'O
CJIOSI OKCHJA M ©0) KOHTPOJHMPYEMOIO BHEAPEHUS aTOMOB IIMHKA MNPUBOAUT K
YMEHBIIICHUIO TJIOTHOCTH COCTOSHUUM B 3alpelIEHHOW 30HE, YTO CIOCOOCTBYET
YIIYUIICHUIO MTPOU3BOAUTEIBHOCTH MOIYNPOBOJTHUKOBBIX MPUOOPOB U OTKPHIBAET
MyTH JTaJTbHEHIIIETO COBEPIICHCTBOBAHUS TEXHOJIOTHA.

1. H.Hasegawa, H.L.Hartnagel. J. Electrochem. Soc., 123 (5), 713 (1976). DOI:
10.1149/1.2132915.

2. 0.V.Sulima, A.W.Bett, J. Wagner. Anodic oxidation of GaSb in acid-glycol-water
electrolytes. Journal of The Electrochemical Society, 147 (5) 1910 (2000).
DOI:10.1149/1.1393456.
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DEEPFIT: ®PU3NUYECKHU 1 XUMHWYECKHW OBYCJIOBJIEHHBIN
AHAJIN3 XAS-CIIEKTPOB JJIAA OITPEAEJIEHUSA CTPYKTYPbI

K JI Kynaes', B.O. Ilpoyenxo*, M.C. Jlugapv®, I'.O. Acamypoé?,
JI.U. Kynpusunenxo®, H.C. Yybxroe*, I' JI. Kouues', A.A. I'voa*, C.A. I'voa'?,
M.A. Conoamog*, A.B. Conoamos*

Meacoynapoonuiii uccnedosamenvckuii uncmumym uHmenneKmyaibHbIX Mamepuanos
FOoicnozco ghedepanvrozo ynusepcumema, 344090 Pocmos-na-/ony, Cnaoxosa, 178/242
2 fncmumym mamemamuiu, Mexanuxu u Komnviomepnwix nayk um. .M. Boposuua
FOoicnozo ghedepanvrozo ynusepcumema, 344090 Pocmos-ua-/ony, Munvuaxosa, 8-A

Msr npencraBisem DeepFit — monxon rinybokoro oOydeHus Ais
bU3MYECKH U XUMHUYECKH O0YCIOBJICHHOTO OINpPEACIICHUS] ATOMHON CTPYKTYPBI IO
criekTpam peHTreHoBckoro morionieHus (XANES). Meron pemraer oOpaTHYIO
3amauy crpyktypHoro aHanmuza XANES [1], obobenunsas E(3)-skBuBapuaHTHYIO
HEUPOHHYIO CceTh, 00ydYeHHYI0 Ha 0aze tmXAS (67 000 TeopeTHYECKHX CIIEKTPOB
K-kpas 3d3d- wu 4d4d-meTamioB), ¢ KBaHTOBO-XHMHUYECKHMH OTPAHUYCHUSIMHU.
HeiipoceTts npesickasbiBaeT cieKTpsl B popme k2y(K) mo aroMHBIM KOOpMHATAM, a
GbpeiiMBOPK ONTUMU3AIMK HAa OCHOBE AHAIMTHUYECKUX TPAAUCHTOB IO3BOJISIET
MPOBOJUTh,  YTOYHEHHE  CTPYKTYPhI, = MUHUMH3HPYS  OTKJIOHEHHE  OT
HKCIIEPUMEHTAJILHOTO CIEKTpa TPH COXPAHCHUH XUMHUYECKOH PpEIEeBaHTHOCTH
CTPYKTYpPBI (4epe3 ydeT 3Heprum cucteMbl). Bammmanus Ha xomruiekcax 3d- (Cu,
Co, Zn, Ni) u 4d-metayuioB (Rh) ¢ m3BeCTHOW PEHTICHOCTPYKTYPHOH MOICIBIO
JNEMOHCTpUpyeT  KonumdecTBeHHoe  coriacue. ROC-anammz  (AUC=0.73)
noATBepKAaeT cnocodHocth DeepFit HaneXHO NUCKPUMUHUPOBATH MPABUIIBHBIE
CTPYKTYPBl CpeId XUMHUYECKH TPaBAONOAOOHBIX anbTepHatuB. CoueTaHue
BBIYUCIUTENEHON  d(dexkTuBHOCTH, (U3HYECKOW  HMHPOPMUPOBAHHOCTU U
aBromaTtuzanuu genaer DeepFit yHuBepcaabHBIM METOJIOM /I KOJTUYECTBEHHOTO
XANES-ananuza, nOpeACTaBISIONIMM  3HAYUTEIBHBIM  IIar K  CO3JaHHIO
CaMOYTIPABIISIEMbIX aHATMTUYECKUX CUCTEM B MAaTEPHAIOBEICHUHY U KaTau3e.

HccnenoBanue BBIOMHEHO TpH (PMHAHCOBOHW MOAJEpkKe MHUHHCTEpCTBA
Hayku u Beiciiero oOpazoBanus P®, cormamenwe No (075-15-2025-509 ot
30.05.2025 r.

1. Martini, A.; Guda, S.A.; Guda, A.A.; Smolentsev, G.; Algasov, A.; Usoltsev, O.; Soldatov,
M.A.; Bugaev, A.; Rusalev, Yu.; Lamberti, C.; et al. PyFitit: The Software for Quantitative
Analysis of XANES Spectra Using Machine-Learning Algorithms. Computer Physics
Communications 2020, 250, 107064, doi:10.1016/j.cpc.2019.107064.
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HOPOIIKOBASA IU®PAKIIUA BBICOKOI'O PASPEIIIEHUA C
NCITOJIB30OBAHUEM CKAHUPYIOHIETI'O 2D-AETEKTOPA HA
CTAHIIUUA «BEJIOK/PCA» CUHXPOTPOHA «KHCHU-KYPYATOB»

E.C. Kynukoesa, P./]. Ceemocopos

HUL] «Kypuamoeckuii uncmumympy

PentrenoBckast mopomkoBas —au(pakTOMETpusi  SABISETCA  OCHOBHBIM
METOJIOM TMOJIy4eHUSI aTOMHONM UM MHUKPOCTPYKTYPbl MOJUKPUCTATUIMUYECKUX
MaTepUaJioB U HAXOJUT IIUPOKOE MPUMEHEHHUS ISl PEIICHUS 3a/1a4 B Pa3IMYHBIX
00JacTsAX 3HAHWM OT MAaTEPUAJIOBEACHHS U CTPYKTYPHOM XUMHUHU O OWOJIOTHH,
reosioruu v apxeoyioruu. CTaHIIUU 110 TTOPOIITKOBOM AUGPAKIIUU MPUCYTCTBYIOT Ha
BCEX COBPEMEHHBIX CHUHXPOTPOHHBIX MCTOUYHHMKAX U SIBJSIOTCS YpE3BbIYAWHO
BocTpeOoBaHHbIMU. COBpEMEHHBIE JOCTHXKEHUSI METOA MOPOITKOBON TU(PPAKITUU
HA CUHXPOTPOHHBIX UCTOYHUKAX U3ITYYCHHUSI 00YCIOBIICHBI KaK XapaKTePUCTHKAMU
CaMOro U3JIy4YEHHUs], TAK U COBPEMEHHBIMU BO3MOKHOCTSIMU JETEKTOPHBIX CUCTEM.

JIns NOCTUKEHUSI BBICOKOTO YTJIOBOIO Pa3pElICHHs] Ha PEHTTEHOrpamMMe
oOpasua crangaptHoro pasmepa (200-300 MxM) Tpu JIBYMEpPHOM perucTpaiu
Tu(dPaKIIMOHHON KapTUHBI HEOOXOJUMO YCTAHOBUTH 3HAUYMUTENIBHOE PACCTOSHUE
MEXIy oOpa3noM u jgerekTopoM. OpHako Jyuisi OOJBIIMHCTBA JIBYMEPHBIX
JETEKTOPOB  YIJIOBOM JMamna3oH OKa3bIBa€TCA CUJIBHO OTPAaHUYEHHBIM, YTO
3aTPYyJHSAET TOJYyYEHHE TOYHOW CTPYKTYpHOM wuHpoOpManuu 00 HCCIEAYEeMBbIX
oObekTax. st mpeomosneHus 3Toro orpanuueHuss Ha craHiuu «benok/PCA»
NPUMEHEH NPUHIUII CKAaHUPYIOWIET0 JABYMEPHOTO JETEKTOpa. IDTOT MOIXOJ
MO3BOJISIET BBIMOJHATh U3MEPEHHUsI KaK B HOPMaJbHOU reoMetrpuu (Te JETEKTOp
pacriojaraeTcsl MepreHIUKyJISIPHO MyYKYy CHHXPOTPOHHOTO HW3JIyY€HHUs), TaK U B
HAaKJIIOHHOW,  YTO  CmOCOOCTBYeT  PAaCHIMPEHUI0  YIJIOBOTO  JWamna3oHa
TUu(PAKIIMOHHON KApTUHBI M YIYUYIICHUIO TOYHOCTH OMPENETICHUSI CTPYKTYPHBIX
apaMeTpoB.

Ontuueckas cxema craniuu  «benok/PCA»  Bkmrowaer B celd
MOHOXPOMATOP C CaruTTaJIbHBIM M3rHOOM BTOPOTO KpHcTaiia s (POKYCHPOBKHU
My4YKa B TOPU3OHTAIBHON IJIOCKOCTH JJISl MOJYYECHHUS] MAKCUMAJIbHBIX 3HAYEHUU
WHTEHCUBHOCTU. ['oHMOMeTp oOecreunBaeT BpallleHHe HCCieayeMoro obpasia
(momemniaeMoro B CHEHHAIbHYI) KPUOMNETII0 WM TOHKOCTEHHBIN KamMWLIsp)
BOKPYT TOPU30HTAJILHOM OCH (0, NI 00ecTieueHUsl YCpeIHEeHUST TU(PPaAKIMOHHBIX
KApTUH N0 OpUEHTalMsIM o0pasLa.

K ocHOBHBIM OOBEKTaMHW U3YYEHHUs] Ha CTAaHIMM MOXHO OTHECTH:
Mertayuioopranuyeckue  kapkacel  (MOF),  nmeonutsl,  (QyHKIIMOHAJIbHbBIE
MHOTOKOMITOHEHTHBIC ~ CJIOKHBIE  OKCHJbI, CBEPXIPOBOJAIINE  MaTepHaIbl,
KaTalnu3aTopbl, KOMIIO3WUTHI, CIUIABBI, HAHOYACTHIIbI, OOBEKTHl KYJIHTYPHOTO
Hacleausl.
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KJETKHW BAKTEPUM KUIIEYHOM MAJIOUKH E.coli KAK
NCTOYHUK BUOHAHOTUBPUTHOI'O MATEPHUAJIA HA OCHOBE
MOJIEKYJI BEJIKA Dps: CHHXPOTPOHHBIE U IABOPATOPHBIE
NCCIEJOBAHUA

J1.3. Kypewni*, C.1O. Typuwes*, E.A. Benuxoe*, E.B. Ilapunosa®, O.A. Yysenxosa®,
P.I". Yymaxoe?, A.M. Jlebeoes?, C.JO. Tpebynckux', E.B. IIpeobpadcenckas’®,
B. Cusakog®, C.C. Aumunos*

L Boponesicckuii 2ocyoapcmsennwiii ynusepcumem, Bopouesc, Poccus
2Hayuonanvuuiii uccredosamensckuii yenmp «Kypuamoscruii uncmumymy, Mockea, Poccus
SUncmumym gpomonnvix mexnonoauil, Hena, Fepmanus

HaGopoM BBICOKOTOYHBIX SKCIIEPUMEHTAJIbHBIX METOJIOB HCCIIEI0BAHUS
MOpP(}OJIOTHH, CTPYKTYphl, JOKAJIBHOTO AaTOMHOTO U 3JIEKTPOHHOI'O CTPOEHUS
U3ydeHbl KICTKH Oaktepuii kumeuHod mamoukn E.coli kak wucrtouHwmka
OMOHaHOTHOPUIHOrO MaTepuana Ha OCHOBE MOJIEKYJ Oenka OakTepruodeppuTuHa
Dps. Hcnonp3oBaHHBIE METOABl BKIIOYAIW CKAHUPYIOUIYIO AJIEKTPOHHYIO
Mukpockoruio (SEM), peHTTeHOBCKYIO (POTORICKTPOHHYIO CrieKTpocKomuio (XPS)
B COUCTAHWH C MOHHBIM TPABJICHUEM, U C MCIOJIb30BAHNEM BHICOKOMHTEHCHUBHOTO
CHHXPOTPOHHOTO H3JIYYCHHUS PEHTTEHOBCKYIO (POTOIMHCCHOHHYIO SJIEKTPOHHYIO
mukpockornuto (PEEM) u cnekTpockornuio ONMKHEW TOHKOM CTPYKTYpBI Kpas
pentreroBckoro noriomieaus (XANES).

[lokazaHo 4YTO KJIETKM OakTepuil KUIIEYHON TMalOYKh B COCTOSHUU
CYNepnpoayKuun Oenka MOTYT BBICTyIaTh, 0€3 pa3pylIeHHUs, HCTOYHHKOM
OMOHaHOTHOPUIHOTO MaTepuaia Ha OCHOBE MOJIeKyJ Oenka DpPS ¢ HaHoYacTUIIaMuU
Ha OCHOBE aTOMOB JKEJI€3a B Pa3IMYHOM 3apsAnoBOM cocTosHuu Fe3* m Fe?,
[TokazaHa ycToiunuBOCTh KJIeTOK E.COli k BO3/IEHCTBHIO CBEPXBBICOKOTO BaKyyMma,
AIIEKTPOMArHUTHOTO CUHXPOTPOHHOTO U3ITyYCHUS yIABTPAMSITKOTO
PEHTTEHOBCKOTO Mana3oHa W BBICOKOTO HAamNpshKeHHs. BriepBble MOMydeH CIeKTp
XANES 0T moBepXHOCTH OTACITHHON KIICTKH.

HccnenoBanue BBITOJHEHO 3a cUeT rpaHta Poccuiickoro HaydHoro ¢onzaa
Ne 25-12-00413 u mognep>kanHo MHUHHCTEPCTBOM HAayKH M BBICIIETO 00pa30BaHUs
P® B pamkax cormamenust N 075-15-2025-455 B yacT METOAMUYECKUX BOMPOCOB
CUHXPOTPOHHBIX UCCIICOBAHUH.
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TEKYIIUE DKCIIEPUMEHTAJIBHBIE BO3SMOXKHOCTH
3KCIIEPUMEHTAJIBHON CTAHIIUU «BEJIOK/PCA»
KYPYHATOBCKOI'O HICTOYHUKA CUHXPOTPOHHOI'O U3JITYYEHUSA
N OB30P APKUX PE3VYJIBTATOB, IIOJIYYEHHBIE B 2024/2025 'OJAX

B.A. Jlazapenxo’, I1.B. Jloposamoeckuii’, P.J{. Ceemozopos’

THUIT «Kypuamosckuii uncmunymy

Lazarenko VA@nrcki.ru

MoHoKpucTanpHas PeHTTeHOBCKast AU(PaKIUi OCTAeTCS CaMbIM IIHPOKO
UCIIOJIb3YEMbIM M BOCTpEOOBaHHBIM  METOIOM Il HCCJIEOBaHUS
KPUCTAJUIMYECKUX BEUIECTB PA3JIMYHOM CIOKHOCTM TMPHU PEMICHUU 3a1ad
CTPYKTYpHOH XUMHUU M Ouonoruu. Mcrnonb3oBaHME HCTOYHHMKA CUHXPOTPOHHOTO
W3IIyYEHUs JJIsl PEIIEHUs 3a]1a4 TAKOTO TUIIA AAET BO3MOKHOCTh MOJIy4YaTh JAHHbBIE
BBICOKOIO Ka4eCTBa M pa3pelleHUs B HAUKpaTyaniiee Bpems.

HccnenoBanust B 00MaCTU CTPYKTYPHOM XUMHUM W OWOJIOTMM SIBISIIOTCA
OJHUM W3 3TallOB OIPOMHOIO KOJIMYECTBA HAay4YHBIX pa3pabOTOK B COBPEMEHHOM
MHUpE, B CBS3M C TEM, YTO 3HAHUE CTPOEHUS BEIIECTBA MOMOraeT MOATBEPIUTH
OPaBWIBHOCTh CHHTE3a, a TaKXe JaeT BO3MOXKHOCTh 0o0Jiee KaueCTBEHHO
BBITIOJIHATh PACUEThl MPH W3YYEHUH CBOWCTB BEUIECTBA W HMX HAIMPABICHHOMY
u3MeHeHno. HecMOTpsl Ha €XXeIHEBHOE YBEJIMYEHHUE MOTPEOHOCTH B PELICHUU
3a/lad  KOOPJWHAIIMOHHOM XHWMHHM M, COOTBETCTBEHHO, paldOThl C MaJlbIMU
MOJIEKYJIaMH, KOJIMYECTBO CHUHXPOTPOHHBIX CTAHIMN MCIOJB3YIOIUX METOJ
MOHOKPHUCTAJNTMYECKON NHU(PpPaKIMU Ha MalbIX MOJEKYJaX B MHUpPE JOCTATOYHO
HEBEJIMKO, YTO JIETAET KAKIYI0 U3 HUX YHUKAJIbHBIM HAyYHbIM HHCTPYMEHTOM.

JUist Toro 4TOOBI MPENOCTaBUTh POCCUUCKHUM IOJIB30BATENSIM OBICTPBIA
JOCTYIl K YCTAHOBKE, CHOCOOHON MpPOBOJUTH SKCHEPUMEHTHl TAKOIO THMA U
NOJy4yaTh JIaHHbIE BBICOKOTO PAa3pelleHHs U IMIMPOKOTO CIEKTpa 00pa3lioB, a TaKkKe
JaTh MHOCTPAHHBIM IOJI30BATENSIM aJIbTEPHATUBY, OJHA M3 CTAHUUN HMCTOYHUKA
cuaxporponnoro umsnyuenuss HUI[ «KypuatoBckoro wuHcTHTyTa»  ObLIA
ONITUMHU3UPOBAHA MOJA PabOTy C KPUCTAUIMYECKUMHU OOpasllaMd B TMOTOKOBOM
peXUME, YTO TO3BOJIMJIO €M CTaTh HE MMEIOUIEH aHaJIoroB Ha Tepputopun Poccumn
yCTaHOBKOM Takoro ypoBHs. [1]-[2]. Ha mannsiii MomeHT “benok/PCA” mo3BoiseT
UCCJIEIOBaTh  CTPYKTYPhl ~ MOHOKPHUCTAJUIOB OT  MPOCTBIX  OPraHUYECKHUX
COEIMHEHUM (dNIeMEHTapHas sueilka ¢ mapamerpamu 5-15 aHrcTpem) A0 CHOXKHBIX
MaKpOMOJIEKYISIPHBIX KOMILUIEKCOB (Tapametpsl siueiiku 100-200 anrctpem)

Bo Bpemss gokiama OyAayT OCBEHIEHBI TEKYIIHE HKCIIEPUMEHTAJIbHbIE
BO3MOXXHOCTH CTaHLMM CE€WYac M TOCIE anrpena MarHuTHOW CHUCTEMBI
Kyp4aTOBCKOT'O UCTOYHUKA CUHXPOTPOHHOIO U3ITy4YEHUS, a TAKXKE MMOKA3aHbI SIPKUE
pe3ynbTarhl, moirydeHHble 3a 2024/2025 ropa.

1. Lazarenko V.A., Dorovatovskii P.V., Zubavichus Y.V., Burlov A.S., Koshchienko Y.V.,
Vlasenko V.G., Khrustalev V.N., Crystals. 2017. V. 7. P 325-1-19.

2. Svetogorov R. D., Dorovatovskii P. V., Lazarenko V. A. Belok/XSA diffraction beamline for
studying crystalline samples at Kurchatov Synchrotron Radiation Source //Crystal Research and
Technology. — 2020. — T. 55. — Ne. 5. — C. 1900184.
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NCCIEJOBAHUE CTPYKTYPHOI'O COCTABA TOHKHUX INIEHOK
Hfo.5Zro50: JETUPOBAHHBIX UTTPUEM U TIAHTAHOM METOAOM
NEXAFS U UX JIEKTPUUECKHUE CBOVCTBA B
OYHKIMOHAJIBHBIX KOHAEHCATOPAX

JLJL Jleg', A.I". Yepnuxosa®, A.C. Konawyx® P.P. Xaxumog', P.I". Yymaxoé®,
A.M. Jlebeoes®, E.O. Dunamosa?, M.I". Kosooaes*, C.C. 3apyoun’,
E.B. Kopocmuines', A.M. Mapxees', A.B. 3enxeeuu*

Mocrosckuii puzuxo-mexnuueckuti uncmumym (HayuUOHANbHLIL UCCIEO08aMENLCKULL
yHueepcumem), [loneonpyonuwiii, Mockosckas ooracmo
2Canxm-ITemepbypeckuii 2ocyoapcmeennniil ynusepcumem, Canxm-Ilemep6ype
SHayuonansuuiii uccnedosamenvcxuii yenmp «Kypuamoscxkuii uncmumymy, Mockea

JlerupoBanue mieHok HfpsZrp50, (HZO) peako3emMenbHBIMA METalJIaMHU B
IIpolecce pocTa TOHKUX IUIGHOK METOJOM aTOMHO-CJIOEBOTO  OCAKIACHUS
CYILIECTBEHHO BJIMSIET HA MX CTPYKTypHble W (DYHKIMOHAJIbHBIE CBOWCTBa. B
JaHHOW paboTe MBI TPEACTABIAEM JaHHbIE O CTPYKTYPHBIX CBOMCTBax
JIETUPOBAHHBIX HTTPUEM M JIAHTAHOM NOJHMKpPUCTAUIMYEeCKUX IieHok HZO,
UCCIICIOBAHHBIX METOJIOM CHEKTPOCKONHUU TOHKOW CTPYKTYpPhl PEHTIEHOBCKOTO
nornomenus (NEXAFS) na cranuimu HAHO®OC cuHXpOTPOHHOTO HCTOYHHKA
«KNCH-KypuaroB» [l], ¢ momonHuTenbHOM xapakrepuszauuei mieHok Y:HZO
METOJaMU  pEHTreHoCTpykTypHoro aHanu3za (XRD) wu  mnpocBeuuBaroieit
anekTpoHHoN Mukpockornued ([I19M). B ornuume or XRD wu TIOM, ananus
NEXAFS BOmu3u K-kpas (1S) moryomeHusi KHCIOpOJa IMO3BOJSET OJHO3HAYHO
paszinyath OpTOPOMOMUYECKYIO (0-) W TeTparoHaldbHYyIO (t-) ¢asbl, a TakxKe JaeT
KOJIMYECTBEHHYI0 HH(popmanuio o ¢a3zoBoMm coctaBe. Kpome TOro, cnexTpbl
norjomenus Bomu3u Ms-kpast (3ps;z) uupkonus u K-kpas (1S) kuciopona Takxke
MPEIOCTABIISIOT HAJEKHYI0 MHPOPMAIMIO O HAIMYAU MOHOKJIMHHOU (Mm-) (hasbl,
JaXke B CIIydae CHJIBHO TEKCTYPUPOBAHHBIX 00PA3IOB.

CtpyKTypHBIE JTAHHbIC JOTIOJTHUTENBHO KOPPEJIUPYIOT C
anekTpodusndeckumu cBoiicTBamu mieHoK Y:HZO u La:HZO, unterpupoBaHHBIX
B CTPYKTYpPhl KOHIEHCATOPOB, KOTOPHIE, KAK BBIACHWIOCH, TAaKXE€ 3aBUCAT OT
KOHIEHTPALIMU JIETUPYIOIIEH MpPUMECH [2]. DTO MO3BONSET MPEANOI0XKUTH, YTO
TOHKUN OanaHC pa3iandHbIX (a3 B jerupoBaHHOM HZO (BBISBIEHHBI METOIOM
NEXAFS) onpenenser ¢yHKUMOHAIbHBIE CBOWcTBa ycTpoiicTB. Hecmorps Ha
nporpecc B KOJMYECTBEHHOW olleHKe ¢a3zoBoro cocrtaBa meTonoM NEXAFS,
OJIHO3HAYHOE MPOTHO3UPOBAHUE ANEKTPOYHU3NIECKOTO OTKIMKA B JIETUPOBAHHOM
HZO ocraercs cioxHoOM 3amadeii W TpeOyer oOperando wuccienoBaHui
cTpykTypHOro cocraa wmerogom NEXAFS B palGoraromumx mOpoTOTHIIAX
KOHJICHCATOPHBIX YCTPOMCTB I MPSMOTO HAOTIOEHUS 3a SBHOW CTPYKTYpHOU
HBOJIIOIMEN B JAHHOM KJIACCE MATEpUAJIOB MPHU ANEKTPUUYECKOM BO3ACHCTBUU.

1. Lebedev A.M., Menshikov K.A. et al. J. Surf. Invest:X-Ray Synchrotron Neutron Tech. V. 15.
P. 1039 (2021).
2. M.G. Kozodaev, A.G. Chernikova et al. J. Appl. Phys. V. 125. P. 034101 (2019).
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OIIPEAEJIEHUE ®A30BOI'O COCTABA COEAMHUTEJ/IBHBIX CJIOEB
OYHKIUOHAJI-TPAAMEHTHOI'O MATEPUAJIA HA OCHOBE
KAPBHU/10OB 1 METAJIVIOB C UCIIOJIbB3OBAHUEM
MHUKPOINPPAKIIMN HA UHCTOYHUKE CUHXPOTPOHHOI'O
N3JIYYEHUSA

A.O. Jlembuxog*, A.A. benos*, E.K. I[lanvinog*

YUlansnesocmounwiii pedepanvuuiii ynusepcumem

B paGotre wucciaemoBan (Ha3oBBIA COCTAaB COCIMHHUTEIBHBIX  CJIOCB
(GYHKIIMOHAJI-TPAIUEHT MaTephalia Ha OcHoBe Kkapouma kpemuus (SIC) u
BBICOKOJIETUPOBAHHOW CTalu C MNPUMEHEHHUEM METOo/la MUKPOAU(GPAKIIMOHHOTO
peHTreHo(a3zoBOro aHajanu3a Ha SKCIEPUMEHTAIbHON cTaHluu «Mukpodpokyc» Ha
HUCTOYHUKE CHUHXPOTpOHHOTO wu3nydeHus «Cubupb-2» HULl «KypuaToBckuii
uHCTUTYT». Pa3mep cdokycupoBanHoro myuka coctaBmin 30x30 mkm. Baumy
pa3HMIIBl JUITMHBI BOJHBI MEXIY JIa0OpaTOPHBIM MPUOOPOM U HCTOUYHUKOM
CUHXPOTPOHHOT'O M3JIy4YE€HUsl, BCE JIaHHbIE ObUIA NEPEBEACHBI B BEKTOP PACCESIHUS
Q.

Q = 4m sinb/A Q)

CootBercTBytolMe Au(pakiMOHHbIE JaHHBIE (puc. 1) mpeacraBieHbl B
KOOpAMHATHBIX OCsX: och abcuucc “Q-Bekrop” u och opauHat “Illar
CKAaHUPOBAHUS — IIar PEHTI€HOBCKOTO My4YKa M0 MOBEPXHOCTH o0pasiia.

OtHocuTenbHasa VIHTEHCUBHOCTb
100,0

i 87,50

I~ 75,00

~ 62,50

50,00

~ 37,50

LLlar ckaHupoaHus (30x30mKM)

- 25,00
1.8 2,0 22 24 26 28 3,0 3,2 34 36 3,8 40 4,2

12,50
0,000
Q

Pucynok 1 — ludpakimonHas kapTHHA U1l BCEH MOBEPXHOCTH Cpe3a.
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MOIEJIUMPOBAHHUE U BOSMOXHOCTHU MOJIEPHU3AILIUN
CIIEKTPOMETPA OYEHBb XOJIOJHBIX HEHTPOHOB HA PEAKTOPE
MUoOHU

B.C. Jlumeun'?, JT.A. Byunvui’, U.B. Mewxos®

IHHcmumym a0epHulx uccreoosanuii PAH, Mocksa
2 Pusuueckuii uncmumym um. I1.H. Jlebeoesa PAH, Mocksa

CnektpomeTp oO4YeHb XOJOAHBIX HehTpoHoB (OXH) mnpegnazHaueH s
M3MEPEHUN 3aBUCHUMOCTEH TMONHBIX ceueHuil B3aumonenictBus OXH ¢
BEIIECTBOM OT 3HEPrUM HEWTPOHOB. J[aHHBIA METOJ IO3BOJISIET OIMPEACIUTH
CTPYKTYypy Marepuaia B HaHOMETpOBOM MaciiTabe, aHairoruuno MYPH. Ha
yCTaHOBKE  OBUIO  KCCIIEJOBAHOHO  MHOXECTBO  Marepuaio, B  T.4.
Bosopoaocoaepxkanux [1]. CnekrpoMeTpusi ocyiiecTBiasgeTcs B auanazone 10°
8-10* 5B no MeToy BpeMEHHM IpOJeTa HA IIECTUMETPOBON HPONETHOH Oase.
Boinenenne OXH w©3 cnekrpa peakTopa MPOUCXOAUT € MOMOUIBIO
MEXaHWYECKOTO  MpephIBaTessl.  [paHCIOPTHPOBKA  IMOTOKA  HEUTPOHOB
MIPOU3BOIUTCSA 8-M BEPTUKAIBHBIM JIBAK]TbI M30THYTHIM (BO
B3aMMOIIEPIICHIUKYISIPHBIX TIJIOCKOCTSAX) HEUTPOHOBOJIOM W3 TMOJMPOBAHHOM
CTaJIN.

Brnepssie npoBeneno Monte-Kapino MonenupoBanue paboThl yCTaHOBKU
¢ moMouIpto rmakera «McStasy. [loaydeHbl CIIEKTp U JIBYMEPHOE paCIpEACICHUE
HEUTPOHOB, a TAKXKE PACXOAUMOCTH IMydKa. bBbul Takke paccMOTpeH crocob
YCUJICHUSI ~ UHTEHCUBHOCTH  HEUTPOHOB  C  IOMOILIBKD  KOHUYECKOIO
KOHIIEHTpaTopa, aHaJloruyHoro wucnoiebdyembiMm B WA PAH  [2].
MopenupoBaHue MOKa3ajao, YTO KMCIOJIB30BAHME  KOHIIEHTpPATopa IO3BOJIUT
MOBBICUTH MHTEHCUBHOCTH B 2-9 pa3 npu aneptype 20 mm (puc. 1).

—— 0.5m onadpoparma
——— 0.5M KOHUEeHTpaTop

400000 -

300000 +

200000

CyeT HelTPOHOB

100000

T
0 200
JnwvHa BonHbl, A

Puc. 1. - Cnexmpui Helimponoé Ha 6bix00e HelmpoHo800ad 6e3 KOHYeHmMpamopa (YepHwlil) u ¢
KOHYEeHMpamopom (KpacHbwlil).

1. S.P. Kuznetsov, I.L. Dubnikova, V.S. Litvin, at al., Acta physica Polonica. 5, 727 (2010).
2. A.A. Anekcee, P.A. CanpixoB, E.C. Knementse, B.C. JlutBun, u np., [loBepXxHOCTb.
PeHTreHoBckHe, CHHXPOHHBIE U HEHTPOHHBIE UccienoBanus. 3, 5 (2015).
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CTPYKTYPA JIEUTEPUI0B HA OCHOBE BLICOKOHTPOIIMUMHBIX
CILTABOB CO CTPYKTYPOM ®A3bI JIABECA C14

C.A. Jhwnurog*, T.B. @urunnosa?, C.B. Mumpoqul, C.C Aeaqbozioe2

! Mockoeckuii 2ocyoapcmeennwiii yuusepcumem um. M.B. Jlomonocosa
2 Hayuonanvnwlii uccredosamensekutl yenmp « Kypuamoeckuii uncmuntymy

JIns  pa3BUTHA BOJAOPOIAHOM DHEPreTHUKU SBIAIOTCA MEPCHIEKTHUBHBIMU
uHTepMetainueckue coeauHenuss (MMC) wum  crmaBel  MeETauioB, KOTOPBIC
MO3BOJISIOT 0€30MacCHO M KOMITAKTHO XPaHWUTh BOJOPOJI B XUMUUYECKH CBS3aHHOM
BUjae B Mertamwtoruapuaax [l]. He wMeHbmuid uHTEpec NOpencTaBisieT rpyma
BBICOKORHTPONUIHBIX cru1aBoB (BOC), koTopble 00/1a1at0T HEHHBIMU CBOMCTBAMU
JUISl TIPAKTUYECKOTO MPUMEHEHUS-BBICOKOM KapOCTOMKOCTBIO, M3HOCOCTONKOCTb,
KOPPO3UOHHON CTOMKOCTBHIO U OMOCOBMECTUMOCTBIO C YEJIOBEUECKUM OPTraHU3MOM
[2]. Celiuac aKTMBHO WM3y4arOT B3aUMOJECHCTBUE BBICOKOIHTPONUUHBIX CIUJIABOB C
BOJIOPOJIOM, M3Yy4aloT UX (PU3UKO-XMMHUYECKHUE CBOMCTBA U CTPYKTYpPY THAPHUJIOB
Ha ux ocHoBe [3, 4]. Ilo crpoenuto GonpmmHCTBO BOCOB npeacrapisitor coboi
OLIK-pemnreTky B y3j1ax KOTOPOW CTaTUCTHYECKU pacrpeaeiacHbl atoMmbl T1, Zr, V,
Mn, Ni, Fe. Beicokoaurpomnuiinsie criaBbl AB; rexcaronanapHol (asel JlaBeca
Cl4 saBnsroTcs OBYXIOAPEHICTOYHBIMU U COJEPXKAT B y3Jax MOAPEIIETKH A
3JIEMEHTBI ¢ OOJbIIMM aToMHBIM paguycom (Ti, Zr, Hf, Ta), a B moapemetke B
SJIEMEHThI ¢ MeHbImMM atoMubiM paguycom (V, Cr, Mn, Fe, Co, Ni). B
JUTEpAType JOBOJBHO IMHUPOKO TMPEACTaBICHbl pPabOThl MO HCCIEIOBAHUIO
B3auMmoJiericTBusl asbl Jlaeca C14 ¢ BOIOpPOIOM, OJHAKO THUIAPHUILI HA OCHOBE
BBICOKOPHTPONMUHBIX CIJIABOB M3Yy4eHBI pexe. M3-3a MHOTOKOMIIOHEHTHOTO
COCTaBa METAJUTMYECKONW MATPHUIIbl TAKUX THUIPUIOB MOKHO OXKHMJATh U3MEHEHUS
ux crTpoeHus. JlJiss 3TOM 1leM B HACTOsIIEH padoTe ObLIa M3yuyeHa CTPYKTypa
TUAPUIOB HAa OCHOBE MHOTOKOMIIOHEHTHBIX cIiaBoB (asbl Jlaeca Cl4
Tio,5Zfo,5CfFe, Tio.5zro.5Vo.5Nbo.5Feo.5Nio,5, Tillocr1.1Vo.1CUO.1Mn0.7 "
TiosZrosVosCrosFegsNips MeTogoM audpakiiuu HEHTPOHOB Ha AM(paKTOMETpe
«JIMCK» B HanuonansHOM HccaenoBatenbckoM IeHTpe «KypuatoBckuii
UHCTUTYT». 1151 CHU>KEHUS HEKOTEPEHTHOI'O PACCESHUSI HEUTPOHOB MCIOJIb30BAIN
oOpaslbl ¢ aetepueM. B cTpyKkType ompeaenuan MojoKeHHe aTOMOB MeTallla U
JeWTeprs, UX MO3ULHUOHHBIC IMAPAMETPbl M 3aCEJIICHHOCTb. Y CTAaHOBJIIEHO, YTO
aTOMBbI JciTepus 3anuMaroT nmo3unuu 24| u 12Ky, 1 B MEHBIICH CTEIICHH MTO3UIIUN
6h1 " 6h2

PaGota BblonHeHa Tmipu mnojaep:kke mnpoekta Nel22012400186-9
MuHucTepcTBa HayKu U BbIciiero oopasoBanusi Poccuiickoii @eaepannu.

1. M. Hircher, V.A. Yartys, M. Baricco and al. //J. Alloys. Compd. 827, 153548 (2020)
2. A.A. Rempel, B.R. Gel’chinskii // Izvestiya. Ferrous Metallurgy. 63, 248 (2020)
3. C. Zlotea, M.A. Sow, G. Ek and al.// J. Alloys and Compd. 775, 667 (2019)

4. M. Nyga, G. Ek, D. Karlsson and al. //Int. J. Hydrogen Energy. 44, 29140 (2019)
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BETA-AMP CIIEKTPOMETP HA PEAKTOPE HUAY MUOU

/.B. Jve08>?, @.C. ﬂafcenapoel'z, A.H. Tromocos*?, U. lllmaLYCHepl’z

YHayuonanouwiii uccnedosamenvcruii yenmp «Kypuamoecxuii uncmumymy», Mockea
2 Hayuonanvwiii ucciedosamensckuii soephuitl ynusepcumem « MHDHy, Mocksa

Cytp wMeToma OeTa sIEpHOTO MAarHUTHOTO pe3oHaHca (Oera-SIMP)
3aKJII0YaeTcsl B UUKIAYECKOM  CO3JaHMM B HUCCIeayeMoM  oOpasue
MOJIIPU30BAHHBIX OE€Ta-aKTUBHBIX SAEP-30HAOB (HApUMeEp, MpU 3axBaTe sApaMu
oOpa3iia TEIUIOBBIX TMOJIAPU30BAHHBIX HEHTPOHOB) M HM3MEPEHHHM BPEMEHHOM
IBOJIIOIMH TIOJSIPU3AlMN ITHX sfaep ImyTeMm wu3Mmepenust yriosoit (0°-180°)-
acuMMeTpun ux Oeta-usznydyeHus [1]. bera-SAMP cnektpomeTp mo3BOjIsSET
IIPOBOJUTH HEpa3pyIlIAOIINE HCCIEJOBAaHUS BEIECTBA M IPOIECCOB B HEM Ha
IPOCTPAHCTBEHHBIX MacIITa0aXx OT MEKAaTOMHBIX PACCTOSHHM /10 HECKOJIbKHUX
HAaHOMETPOB. B 4acTOTHO-BpeMEHHOM 00JaCTH METO/I UyBCTBUTEIIEH K MPOLIECCaM,
npoTekaromuM 3a BpeMena oT 10° ¢ 10 1 ¢ U K MarHUTHBIM U DIEKTPHIECCKHUM
CBEPXTOHKHMM B3aMMOJICHCTBHSAM C MHTEHCHMBHOCTBIO B MHTEpBane oT 1 g0 107 I'm.
OTUM METOJOM M3y4dalu IMPOLECChl PaAUallMOHHOIO JeeKkToo0pa3oBaHus B
JUTUN-, PTOP- U cepedpo-coaepKalIX KpUcTalia, 1IepHONH CIMHOBON JTUHAMUKU
Y IIEPEHOCA SIEPHON MMOJISIPU3ALUMU B CTATUYECKH HEYTIOPAJOYEHHBIX cpeaax [2].

bera-SIMP cnektpomerp paboran Ha peaktope MUDU B nawane 2000-x
roOM JO MOMEHTa BpPEMEHHOW OCTaHOBKM peakrTopa. llocie B0300HOBIEHUS
pabotel peakTopa B 2024 roay akTyaJbHbIM CTAaHOBUTCSI BOIPOC O MPOBEACHUU
MojepHu3amnuu oeta-AAMP criekTpomeTpa.

JUis CTPYKTYpPHBIX HCCJEIOBAaHUN U U3y4YeHHs JAePeKTooOpa3oBaHuUs
MeroaoM Oera-SIMP  oyeHb BaXHO MNPOBOAWTH HW3MEPEHHS B IIMPOKOM
TEMIIEpaTypHOM JAWana3oHe W B OOJIbIIMX MarHUTHBIX TOJsAX mopsanka 10 Ti.
CoOTBETCTBEHHO Mpeanoaaraercs ocHauienue oera-AAMP ciekTpoMeTpa CUIIbHBIM
MarHuTOM M KpPUOCTaTOM, KOTOPBIA JOJDKEH MOJJEPKUBAaTh 33aBAEMYIO
Temmnepatypy 1 Ha wuccregyemMom ooOpasue B auanazoHe 4K < T < 300K wu
KOHTpOJUpOBaTh €€ ¢ 3amaHHOM To4HOCThIO. (OOpazern; Oyner MNOMelieH B
HU3KOTEMIEPATYpHbIA MOAyb OeTa-AMP cnektpomerpa. OTOT MOIYJb TOJKEH
U3TOTOBJIATHCS C YIETOM (PU3NYECKUX 0COOEHHOCTEM MeToauku OeTa-AAMP.

1. F.S. Dzheparov, A.D. Gulko, D.V. Lvov, Applied Magnetic Resonance 52, 805 (2021) DOI:
10.1007/s00723-021-01334-1

2. F.S. Dzheparov, A.D. Gulko, et al., International Journal of Modern Physics A Vol. 37, No.
20n21, 2243008 (2022) DOI: 10.1142/50217751x22430084
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OITPEAEJIEHUE CTPYKTYPbBI ATPEI'ATOB HAHOYACTHUL SiO:; U
HETUJITPUMETHIAMMOHUSA BPOMUIA METOAOM
MAJIOYIJIOBOI'O PEHTTEHOBCKOI'O PACCESIHUA

H.C. Mapuenxosa®, A.Il. Yucmsaxos', K.B. [lanamapuyx*

YHUI] «Kypuamoscxuii uncmumymy, Mockea

Hanouactumer (HY) xpemuesema SiO; MMPOKO MUCHONIB3YIOTCSA B KadecTBE
crabunu3atopoB 3myibcuil Ilukepunra. Opnako nns ganabeix HY xapakrepHa
BBICOKasl TUAPOQUIBHOCTh, YTO MOXKET NPEMATCTBOBAaTH HX CaMOCOOpKE Ha
MexdaszHoil rpanuie. s mpugaHus MX MOBEPXHOCTH TUAPOGOOHBIX CBOMCTB
MOXHO HCIOJIb30BaTh pa3jIMYHble METOABl MOJW(HUKALMKA, B TOM YHCIIE
(bu3HUEecKyIo aJcOpOLMI0 TOBEPXHOCTHO-aKTUBHBIX BemiecTB (ITAB).

B pamkax manHo# paboThl Obla mpoBeaeHa moaudukanus HY SiO; (L.HS-
30, C=0,14 wmacc.%) xatuonHsiM [IAB neTunTpuMETHIAMMOHHS OpPOMHUIOM
C19H4BIrN (UTAB) (C=10%-102 M) npu pH 2. O6 ancop6buun monexyn [TAB na
noBepxHocTe HY cyamnyM nmo KOHLIEHTPAlMOHHOW 3aBHCUMOCTH PACIPEIACICHUS
pasmepoB u a3era-noreHumana HY, onpeneneHHbIX METOAOM JIWHAMUYECKOIO
paccestHust cBera. llomyuyeHHble JaHHBIE OBUIM MOATBEPXKIEHBI METOAOM
MaJioyriaoBoro peHtreHoBckoro paccesiaust (MYPP) (ctanuust BUOMYP “KUCHU-
Kypuaros”).

B pesynbpraTe 00paboTku kpuBbix MYPP ¢ ncnonb3zoBanueM mozenu cdep ¢
000J104KOM OBLIO MOKa3aHo, 4TO NpH noOaBieHun [IAB B KOHLIEHTpauuum HUXe
KPUTUYECKON KOHIEHTpauuu Munemooopasosanus (KKM) (10* M), cucrema
OCTaeTcss HEM3MEHHOH - He mpoucxoaut aacopouuu [TAB Ha nosepxnocts HU u
arperanuu. Jlo6asnenue I1AB ¢ konuenrpauueii Beitne KKM (102 M) npuBoaur k
arperaruu HY u aacop6mum monexkyn [TAB Ha ux moBepxHocTh. Takke ObLIH

JOTIOJIHUTENBHO oOxapakTtepu3oBaHnbl HY KkpemHezema - oOmnpeaeneH paauyc
WHEPLUH YaCTHIl, KOTOPBI COCTAaBWJI MPUMEPHO 8 HM, U UX pacIpe]eeHue Mo
pazmepam.

HccnenoBanue BBIIIOMHEHO 34 CUET CPEICTB TOCYJApCTBEHHOTO 3aaHUs
HUILI «KypuaToBCKuii HHCTUTYT».
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HNCCIEJOBAHUE OBJYYEHHBIX U AJIMTUBHO OKPAIIIEHHBIX
MOHOKPUCTAJJIOB CaF: METOOJAMU P®IC U KP-
CIIEKTPOCKOIINA

C.A. Macnosa®, E.A. Ionomapesa®, FO.M. SApmowenko*, FO.B. Kopx',
A.E. Anzepsaxc?, A.U. Poickun?, M.H. Capuviues®, B.IO. Hsanos®,
FO.M. )Kykoe®, T.B. Kysueyosa'®

‘UDM YpO PAH, Examepunbype
2Vp®Y, Examepunbype
3Vuueepcumem UTMO, Canxm-Ilemep6ype
‘criery, Canxm-ITemep6bype

Monokpuctaimel  CaF,  ABISIOTCS  paclpOCTpaHEHHBIM — MaTEpUAIOM
B JJa3€pHOM ONTHKE JJIA MOJy4YeHHs, 0OpaOOTKM M XpaHeHus uHpopmanuu [1].
JIist paciupeHusi ONTUYECKOTO Juara3oHa paboThl W ONTUMHU3AIMU CBOMCTB
KPHUCTAJUIOB UCTIONB3YIOTCA PA3IMYHbIE METObI MOAU(MHUKAIIMN KPUCTAIUTNYECKON
CTpyKTypbl. OOJy4YyeHHE YCKOPEHHBIMH  JJIGKTPOHAMU WU  aJAUTHUBHOE
OKpalllUBaHUE MOTYT OBITb MCHOJB30BaHbl JIs1 (OPMHUPOBAHHS JAEPEKTOB B
WOHHBIX KpHUCTaliaXx. B ngaHHOM paboTe OBUIM MOJMYYEHbl PEHTIC€HOBCKHUE
(OTOPMHUCCHOHHBIE CIEKTPbl M CHEKTpbl KoMOMHanumoHHoro paccesHus (KPC)
obpasnoB CaF; 1o u nmocie moauduKanum METoJaMu alTATUBHOTO OKpaITUBAHUS
1 00JTy4eHHUs YCKOPEHHBIMH 3JIEKTPOHAMU C PA3JIMYHBIMU J103aMH OOITyYEeHUSI.

B pabGore o0cyxnaercs HW3MEHEHHE OJJIEKTPOHHON CTPYKTYpbl IMOA
nerucTBUeM  OONydeHHS ~ YCKOPEHHBIMU  DJIGKTPOHAMU M aJTATUBHOTO
OKpalIMBaHUs. OJIEKTPOHHOE OOJIy4YeHHE MOXKET MNPHUBOJUTH K OOPa30BAHUIO
KOJUIOUIHBIX IIEHTPOB MOA00HO a/ITUTUBHOMY OKPAIIIMBAHHUIO.

PamanoBckue cnektpbl yucrtoro CaF; A€MOHCTpUPYIOT XapaKTEpHbIA MUK
npu 320 cm™ '. Jlng OKpamieHHBIX W OOJYYEHHBIX KPUCTANIOB OCHOBHOM IHK
CTAHOBUTCS IIMPE C BBIPAXKEHHBIM IuiedoM npu 329 cm™ '. Kpome Toro,
MOSABJISIIOTCA AONOJHUTENbHbIE MoAbl Tipu 140, 217, 280 u 413 cMm™ !, koTOpBIE
MOTYT  XapaKTepu3OBaThb  MOSABJICHHE  COOTBETCTBYIOUIMX  Je(EeKTOB B
MOAM(PUIMPOBAHHBIX KpUCTaiax. s agguTUBHO OKpalmleHHOro oOpasua
METOJOM KapTUPOBaHUS OBLIO MOJYYEHO H300pakKeHHE KOJUIOUIHOTO IEHTPA.
JonomautenpHas nuHus Ca 2p Ha PODC cmekTpe moATBEpkaaeT oOpa30BaHUE
KOJUIOMJHBIX LIEHTPOB, COCTOAILIMX U3 AaTOMOB KajblUs. YCTaHOBJIEHO, YTO
o0nyuyeHrne MaccuBHbIX MOHOKpucTaioB CaF, anektponamu c¢ sneprueii 10 MaB
MIPUBOJIUT K 00pa3oBaHuIo e(heKToB B moapenieTke Gropa.

PaboTta BeImonHeHa npu mojaepkke Poccuiickoro HayuyHoro ¢oHma, rpaHT
Ne23-72-00067 https://rscf.ru/project/23-72-00067/.

1. llleynun A.C. u np., Ontuka u criektpockonus, 118, 542 (2015).
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I'MIPUPOBAHUME TOHKHUX IIVIEHOK I'A 1OJIMHUA C
OYHKINOHAJIBHBIM CJIOEM U3 HUOBUA U KATAIMTUYECKUM
CJIOEM M3 IIVIATUHbBI

B.B. Mamioxoe*, M.B. Maxaposa®, }FO.A Canamamos®, B.B. Ilpoznsi0ot,
E.A. Tormauésa®, E.A. Kpasyog*

YUnemumym uzuxu memannos YpO PAH, yn. Cogpou Koeanesckoil, 0. 18, Examepunbype

KonTponupyemoe HachllieHre BOAOPOAOM TOHKHX IJIEHOK M CBEPXPEIIETOK
Ha OCHOBE PEJIKO3EMEJIbHBIX METAJUIOB SIBJISIETCS OJHUM U3 CIIOCOOOB yIpaBJICHUS
UX CTPYKTYPHBIM U MAarHUTHBIM COCTOSIHUEM.

B nanHOil paboTe, B KauecTBe aJbTEPHATHBBI pPAHEE H3BECTHBIM
KATAIMTUYECKUM CJIOSIM, CIIOCOOCTBYIOIIMM JIUCCOLMALIMM MOJIEKYJ BOJOPO/JA,
paccMaTpuBaeTcss HUOOMI. Pe3yabTaThl ruIpUpOBaHKs TOHKOM MJIEHKU Ta0JUHUS
¢ (yHKUIHMOHAIBHBIM CII0EM HUOOWS CPAaBHUBAIOTCA C PE3YJIbTaTaAMHU THIPUPOBAHUS
aHAJIOTUYHOM MJIEHKH, HO C KATAJIUTHYECKUM CIIOEM U3 IJIATUHBI.

I'mapupoBanue oOpasina 0e€3 KaTAIMTHYECKOrO CJOsl W3  IUIATUHBI
npoBoawinock npu temneparypax ot 190°C mo 430°C. Ilpm rugpupoBanHuun
0o0pa3lioB C KAaTAIUTUYECKUM CJIOE€M U3 ITUIATHHBI BapbUpPOBAJIOCH JABJICHUE B
nuamnazone ot 240 Ila mo 15 klIla. Ilpousomienmne CTPYKTypHbIE W3MEHEHUS
HCCJIEI0BAIMCH METOIaMH PEHTICHOBCKON AUPPAKIIUU U PEPICKTOMETPHUHU.

B pabore mnpeacTtaBieHbl pe3yNbTaThl THAPUPOBAHUS TOHKOW TUICHKH
raJIoJMHUS ¢ KaTAIUTHUYECKUM CIIOEM U3 HUOOWS NpHU pPa3HBIX TeMIlepaTypax.
beuio BbeIABIEHO, uTO mnpu Temieparype 240°C mpoucxoAuT MPOHUKHOBEHUE
BOJIOpoJa B (DYHKIIMOHAIBHBIA CJIOM W3 HHOOMsS ¢ oOpasoBanmeM NbLH, a mpu
temneparype 255°C obOpasytorcss ruapunel GdH; u GdHs;. Tlocie momHOTO
nepexoga HUOOWs B ruapuj npu temieparype 260°C, cTpyKTypHbIE CBOMCTBa
raJIoJMHUS ¥ €r0 THJIPUAOB HE U3MEHSIOTCS.

Jlns oOpasiia ¢ KaTaIUTUYECKUM CJI0OEM M3 TUIATUHBI ObUIO BBISIBIICHO, YTO
y)K€ B HCXOJHOM COCTOSSHUU TMPUCYTCTBYeT nurujapun ragoidunus GdHo.
[ToBpimienne paBienus Ao 295 Ila npuBoguT K TOJTHOMY MEPEXOMY
MeTaJuIM4ecKoro ragonunus B auruapui. [Ipu naBnenun B 320 Ila B miienke
MOMUMO JUTHApPUAA TajoliMHus oOpasyercs Tpuruapun ramonuaus GdHs.
JlanbHeiilee yBelUYeHUE MaBJICHUS NPUBOIUT K monHoMy mnepexony GdH; B
GdHs.

B pesymbrare paboTel OBUIM TOJOOpaHBI  ONTHMAIBHBIE  YCIOBHS
THAPUPOBAHUST TOHKHUX TUICHOK TaJOJUHUS C KATATUTHYECKUM CIIOEM M3 HHOOWS
WJIU U3 TUIaTUHBI.

HccnenoBanue BBIMONIHEHO 3a c4eT rpaHta Poccuiickoro HayuHoro ¢oHaa
(mpoekt Ne 24-12-20024).
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KOHBIOT'ATBI BUMETA/IVNIMYECKUX HAHOYACTHI AgCu C
KBEPIIETUHOM B KOJLJIATEHOBOM MATPUIIE: CUHTE3 1
CTPYKTYPA

H.C. Menéxuna'?, A.B. Haymxun®, A.C. I'onybv*, A.FO. Bacunvkos

YUncmumym snemenmopeanuueckux coeounenuii um. A.H. Hecmesnosa
2MockoscKuil (husuKo-mexHuveckuti UHCmumym

Pa3pabotka OMOCOBMECTHMBIX paHEBBIX HNOKPBITUIN C
MHOTO(QYHKIIMOHATbHBIM ~ TE€PANeBTHUECKUM JICUCTBUEM SIBISACTCA  Ba)XXHBIM
HaIlpaBJICHUEM COBPEMEHHOM pEreHepaTHBHON MeIuuuHbl. MoaudpuurpoBaHue
OMONOJMMEPHBIX ~ MATpUI] HAHOYACTHIIAMM  METAJUIOB  OTKPBIBAET  HOBBIE
BO3MOKHOCTH IS IIPEOJOJICHUS] PE3UCTEHTHOCTH MaTON€HHBIX MUKPOOPTaHU3MOB
K TPaJWLHAOHHBIM aHTUMUKPOOHBIM cpenctBam [l]. BnepBeie MeTogoM meTaio-
apoBOTO CHHTE3a TOJy4YeHbl OumMeramnyeckue HaHodactuipl AgCu u
MOJM(UIIMPOBAaHBI MaTepualibl Ha OcHOBe KosuiareHoBoil wmarpuisl (Coll) u
kBeprernHa (Q) B kauecTBe OMOAKTHUBHOTO KOMITOHEHTA.

CHa
. @ Cokonpencaums 77K

AgCu), (T
Mnaenenue 77-300K (AgCu),(Tonyon),
OpraHo30nb

moauduumpoBaHue
[ I |

Keepuetnn Konnaren/Ksepuetun Konnaren

AgCu;; Keapuetvn ®MEpUANLI Konnarexa
AgCuQ AgCuQColl AgCuColl
Puc. 1. Cxema nomyuyeHus ruOpUIHBIX MAaTEpUAIIOB, COJIEPKAIUX OMMETaNTNYeCKue
HaHOYaCTHUIIBIIO

[TonyyeHHBIE KOMITO3UTBHI HCCIIEIOBAHBI C MCIOJIB30BAHHEM KOMILIEKCA
(U3UKO-XUMUUECKUX METOJI0B, BKIOUas PDA, POIC, COM-B3JC u Tt.1.
VYcranoBieHo, uTo (GOPMUpPOBAHHE KOMIIO3UTOB CEPEOpPO-MeIb-KBEPLIETHH-
KOJUIar€H  CONPOBOXKAAETCS  3HAUUTEIbHBIM  YMEHBIIEHUEM  pa3MEpOB
METaJUIMYeCKUX HAHOYACTHIL: JJig cepedpa - ¢ 5.0 10 2.6 HM, a 11t Mmeau - ¢ 8.2 10
4.0 aMm.

bumerannuueckue Hanowacturbl AgCu M HUX KOHBIOTaThl MPEICTABISIOT
co0Ol TBepAbIH PACTBOpP C HEYMOPSTOUYCHHON KPUCTAJUIMYECKOW CTPYKTYpOil,
comepkammii  MexkatroMHble cBs3u tuma Ag-Cu, Ag-O-Cu u Ag-O-Cu-O-.
[lonyuyeHHBIE  KOMIIO3UTHI ~ MEPCHEKTUBHBI  JJIs1  co3daHus  d(PHEKTUBHBIX
MaTepHaJIOB MEAUIIMHCKOTO HAa3HAYCHHS C MPOJIOHTUPOBAHHBIM aHTHMHUKPOOHBIM
JIEVICTBUEM.

PabGota BbImonHeHa npu (uHaHCOBOM moanep:kke Poccuiickoro Hay4HOro

donma (mpoekt Ne24-23-00220)

1. P.R.Voloshina, A.N.Tretyakova et al, J. INEOS OPEN. 112, 8 (2025)
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MOIEJIMPOBAHUME BHYTPEHHEI'O SAAPA 3EMJIN METOJAMUA
I'TYBOKOI'O MAHIMHHOTI'O OBYUYEHMU S

A.B. Muxeenxos'?, B.D. Banuynun'?3, HM. Il]enxauee’?, K. /1. Jlumacos’

Mockosckuii pusuxo-mexuuueckuti uHcmumym (HayuOHATbHBIL UCCTIE08AMENbCKUT
YHU8epcumem)
2Uncmumym ¢usuku svicokux oaenenuti um. JI.@. Bepewacuna PAH

Buyrtpennee anpo 3emim - oJHa U3 CaMbIX 3araJlouHbIX 0o0OJiacTeil Halen
IJIAHETHI, €r0 COCTaB, CTPYKTypa U (PU3HYECKHE CBONCTBA B IKCTPEMAIbHBIX
ycaoBusix (P ~350 I'lla, T~5500 K) saBastoTcs NpeaMeTOM HWHTEHCHUBHBIX
nuckyccuil. TpaaunuoHHBIE NEPBONPUHITUITHBIE (ab 1nitio) MeToAbl TPeOyIoT
OOJIBIIIMX BBIYUCIUTENBHBIX 3aTPaT, YTO OTPAHUYMUBAET MACIITA0 U AETATU3AIUIO
MOJETUPOBAHUSA. MBI HCHOJB3YEM IOAXO0] TIYOOKOTO MAIIMHHOTO OOyYeHUS
JUISL TIOCTPOCHHST TOYHOTO MEXKATOMHOTO TOTEHIIMAIa BHYTPEHHETO s/Ipa 3eMITH,
OCHOBAaHHOTO Ha JJaHHBIX ab-initio pacueros.

B Hamem momxome uMcciemyeTcss MHOTOKOMITOHEHTHasi cucTema, u3 hcp
pemetka Fe ¢ mpumecsmu Ni u nerkux snemenToB (Si, S, O, C, H) merogamu
MOJICKYJIIPHOW  TWHAMHKHA C  TOMOINBIO  TIOCTPOCHHOTO  HEUPOCETEBOTO
MEXATOMHOTO TOTEHIMaNa. bbUIM TOMy4eHbl KIIOYEBBIE XapaKTEPUCTUKHU
BHYTPEHHETO sapa 3eMJid, TakKhe Kak: IUIOTHOCTh, Kod(duuueHt nuddysumu,
paauanbHble (QYHKIMH pachpenesieHus, CKOPOCTh 3BYyKa, CIBUTOBBIA MOJYJb U
MOJYJIb BCECTOPOHHETO CXaTHsl. DTH PE3YJbTaThl OTIUYHO COTJIACYIOTCS CO
CTaHJapTHOM cericMoJiorudeckoi Mojensio PREM. Mbl oOHapy»Xuiid, 4To B TO
Bpems, kak Fe, Ni, Si u S 00pa3yloT cTaOWIIbHYI0 KPUCTAUIMUECKYIO PEIIETKY,
nerkue 3memeHThl (C, H m B Hekotopoit crenenn O) mposiBiastoT auddysuto,
MOMOOHYIO JKHUIKOCTH. TakuMm 00pa3oM, BHYTPEHHEE SIPO 3EMIIH  SIBIISETCS
CYIIEpUOHHBIM KpHCTAIIOM. Kpome TOro, MOAyJU YIIPYroCTH W CKOPOCTH 3BYKa
COTJIACYIOTCS C TIEPEIOBBIMU CEHCMUYECKUM IKCIIEPUMEHTATLHBIMU JTAHHBIMU.

Takum 00pa3om, pa3BUTHIA MOJXOJ, OCHOBAHHBIM Ha METONE TITyOOKOTO
MAIIMHHOTO OOyYeHHs, OO0CCIICYUBAIOT TOYHOCTh, CpaBHHMYyI ¢ ab initio
pacuéramMy, HO C HECOIOCTAaBUMO MECHBIIMMH BBIYUCIMTEILHBIMU 3aTpaTaMH,
OTKpBIBasi HOBBIE BO3MOXKHOCTH JUIsl  JIETAIbHOTO  TEPMOJUHAMHYECKOTO
MOJICIMPOBAHUS CIOKHBIX MHOTOKOMIIOHEHTHBIX COCIUHEHUN, B TOM YHCIIE SJIEp
HK30ILIaCHET.
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OT KAIIVIA 10 IYYKA: UN-OTBOP KPUCTAJIVIOB

LI Mycun'?, B.A. Kopocos', B.A. Illuwxos, K.B. Tuxonoea®, A.C. Ycmunosa®,
M.A. Mapuenkosa*?

YHUI] «Kypuamosckuii uncmumymy
2JO0icHbiii ghedepanvrbiil yHugepcumem

[ToaroroBka KpUCTaIOB, TOTOBBIX JJISI YCTAHOBKM HA PEHTICHOBCKUU
My4OK, OCTAETCS Y3KUM MECTOM CTPYKTYPHOM OMOJIOTMH: KauecTBO Tu(dpaKIuK Ha
PEHTIE€HOBCKUX YCTaHOBKaX (B T. Y. CHHXPOTPOHHBIX) HAIpPSMYIO OMpeesseTcs
COBEPUICHCTBOM BHYTPEHHEH CTPYKTYpbl U Pa3MEPOM KPHUCTAJUIOB, a PYYHOH
MPOCMOTP THICAY M300PAKEHUI Kareib JeNaeT UMUK «OT MOCTAaHOBKH /IO MyYKa
JIONTUM U CcyObeKTHBHBIM [1]. MBI pemraem 3Ty mpobiemy 3a cu€T COYeTaHUS
TOYHOTO  TEMIEPATYpHOIO  KOHTPOJS  HENOCPEACTBEHHO B  KaMmMepe H
aBTOMATUYECKOMN JETEKUNH KPUCTAILUIOB METOAAMU IITyOOKOTO 00y4YeHus: co3aaéM
KOMIAaKTHYIO TepMocTaTUpyemyr 1uiathopmMy u oOydaem aHcaMOJieBbIN
KJIacCU(PUKATOpP, KOTOPBIA MEPEBOAUT OTOOpP W3 PEXKHMMA «BPYUYHYIO M 3aHUM
YUCJIOM» B OBICTPBIMH M BOCIHPOU3BOAUMBIN OTOOp TMEPCHEKTHBHBIX YCIOBHMA B
peaIbHOM BPEMEHH 0] pEHTTC€HOCTPYKTYPHBIN aHanus [2, 3].

Ha skcneprMeHTanbHbIX JaHHBIX C(POPMHPOBAH COOCTBEHHBIN MaccuB U3 9
915 uzobpaxkenuil (MOAEINb: TU3OLUM, METOI CUJUYEH KAIUIM), BBIIOJIHEHA pPyYHas
OMHapHas pa3MeTKa «KpucTami/He Kpuctaun. [IpenoOpaboTka BKitouaeT oOpe3Ky
o0iacTy Kamid U MepeBOoJ B rpajlalluy CEporo JUis MOBBIIIEHUS YCTOWYMBOCTU K
OJIMKaM U BapHallUsSM OCBEIIEHUS.

AnroputMudeckasi 4acTb — aHcaMmOJb CBEPTOUYHBIX HEHPOHHBIX CeTel
(ResNet50, DenseNet121, Inception-v3, Xception). Ha Banmupmanmu moiydeHb
METpUKH: 0011ast TOuHOCTh 94,6 %, Mmepa rapmonndHoct ~0,96, nomxnota 95,8 %,
npenu3uoHHocTh 97,1 %: cucrema yBEpEeHHO HAXOIUT Jake HEOOJbIINe
KPUCTaJUIbl TPU HU3KOM YpPOBHE JIOXKHBIX cpabaTbiBanuil. Takoil ypoBeHb
YyBCTBUTENBHOCTH U NMPELM3UOHHOCTH MO3BOJSET 3KOHOMHUTBH YEJIOBEKO-4aChl U
CHIDKATB J0JII0 IIYCTOrO BpeMEHHU Ha ycTaHOBKe [4].

OtoOpaHHbIE KPHUCTAJUIBI, TOTOBBIE JJI YCTAaHOBKH, HANpPaBJSIOTCS Ha
PEHTIE€HOCTPYKTYPHBIN aHaJIN3, BKIIIOYass CHHXPOTPOHHBIN ITy4YOK, YTO IOBBIIIAET
BEPOATHOCTb TOJYYEHHUsS] KaueCTBEHHBIX JAU(PPAKIMOHHBIX JaHHBIX C TEpBOM
HOMBITKH.

PaboTa npoBeneHa B paMkax BBIOJTHEHUS TocyaapcTBeHHoro 3aganus HULL
«KypuaTtoBCKHI1 HHCTUTYT».

1. A. McPherson, J.A. Gavira, Acta Cryst. F, 70, 2, 2-20 (2014)

2. A.E. Bruno, P. Charbonneau, J. Newman et al., PLOS ONE, 13, 6, €0198883 (2018)
3. J.P. Astier, S. Veesler, Cryst. Growth Des., 8, 3, 952-958 (2008)

4. F. Wiewel, J. Krieger, M. Leibnitz et al., Acta Cryst. D, 80, 7, 820-829 (2024)
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W3YUYEHUE MEXAHU3MOB B3AUMOJEVCTBUS
METAJJICBA3BIBAIOIINX BEJKOB CEMEMCTBA S100 C
N30/ IMPOBAHHBIMU MOJIEJJISAAMUA KJIETOYHBIX MEMBPAH

JL.P. Mygpmaxosa®, A.B. Pozcauee*, H.H. Hosuxosa®, A.JI. Tpuzy6?,
K.B. Huxonaes'?, M.E. I[lepmsxosa®, A.A. Bonozocannuxosa®, C.E. I[lepmaxoé®,
C.H. Axynun'

'Hayuonanvuwiii ucciedosamenvcruii yenmp «Kypuamosckuii uncmumymy, Mockea
2Mockosckuii puzuxo-mexunuueckuti uncmumym, JJonzonpyoubil
SUncmumym 6uonozuueckozo npubopocmpoenus ¢ onvimusim npouszeoocmeom PAH, GUI]
IIHL[FU PAH, Ilywuno

benku S100 — camMoe KpyIlHOE CEMENCTBO CYINEpPCEMENCTBA KaJbLHii-
cBs3bIBatoluX OenkoB «EF-pyku», HecymMX KajabIHi-CBSI3bIBAIOIIMNA JOMEH,
coCTOSmMK W3 AByX o-crmpaieii n Ca?'-CBA3BIBAIOINEN METIM MEXLY HUMH.
Hekortopele n3 GenkoB S100 Tarke comepkaT OTAeibHbIE Zn’*-cBs3piBaromme
ueHTpbl. yHkuronnpoBanue 6enkoB S100 kak BHYTpU KJIETOK, TaK M BHE KIJIETOK
IpeAnosjgaraeT HaIM4Yue UX MHOKECTBEHHBIX KOHTAKTOB C )KMPHBIMU KUCJIOTaMHU U
JUIUIHBIME - MeMOpaHamMu B pasimuuHoi  (popme. CpsaswiBanume uoHoB Ca?
NPUBOJIUT K U3MEHEHUIO CTPYKTYpbl OenkoB S100, kak mpaBuiIo, BIUAIOIIEE HA UX
CPOACTBO K MapTHEpPAM IO CBS3BIBAHUIO, BKIIOUAs PACTBOPUMBIE PETYJISTOPHBIE
Oenku, epMEeHTBI, pelenTOpHbie/MEMOpaHHbIE OCKH, HYKJIEUHOBBIE KUCIOTHI U
JUOUABL, 9YTO 00BbsICHSET yyactue 6enkoB S100 Bo MHOKeCTBE (PU3HMOJOTHUYECKHUX
IIPOLIECCOB B HOPME U ITATOJIOTUH.

[IpencraBnennass paboTa  TOCBSIIEHA  M3YyYEHUIO  B3aWMOJAEWUCTBUSA
pekomMOnHaHTHBIX (opm OenkoB S100B/S100P dyemoBeka ¢ MOJEIBHBIMU
dbochomunmuIHbIMU MEeMOpaHaMH Pa3HOW TE€OMETPUU M COCTaBa, a TaKXKe POJH
nonoB Ca®" u Zn?* B sToM nponecce. Ha cranmun «Jlenrmiop» Kypuatosckoro
UCTOYHUKAa  CHHXPOTPOHHOTO  u3mydyeHuss  (r.  MockBa)  mpoBeEHBI
HKCIIEPUMEHTAJIbHBIE HCCIIEOBAaHUSl CTPYKTYPHOM peopraHusaiuu Mojenei
KJIETOYHBIX MeMOpaH mnoj aedctBreM 0enkoB S100, BIUSHUS MOHOB METAJIJIOB Ha
npouecc B3aumozeicTBua OenkoB S100 ¢ iunuIHBIMU MeMOpaHamu, a Takke
U3yYeHUE HU3MEHEHHI MeTaJUICBI3bIBAIOIIMX CBOMCTB OenkoB S100 mpu 3THX
B3aMMOJICUCTBUAX. B KaduecTBE MOJENM KJIETOYHBIX MEMOpaH HCIOIb30BAHbI
JUNUAHBIE MOHOCJOH, COPMUPOBAHHBIE HA MOBEPXHOCTH BOAHOW cyO(das3pl B
JEHTMIOPOBCKOM  BaHHE. MCIonb30BaH  KOMIUIEKC — B3aMMOJOIOIHSIOIMINX
BBICOKOIIPEIIM3UOHHBIX ~ PEHTICHOBCKMX  METOJAUK: JAByMepHas audpakuus
PEHTI€HOBCKOTO M3JYyYEHHUs B CKOJB3SALIEH TEOMETPUH, METOJI CTOSYMX
PEHTTEHOBCKUX BOJIH, PEHTTEHOBCKasi a0COPOIMOHHAS CIIEKTPOCKOIIHS.

Pabora mognepsxana rpantom PH® Ne 25-14-00223
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IBOJIIOLIUSI COCTABA, CTPOEHHUSI U CBOIICTB
METAJIJIOOPTAHUYECKWX COEJIMHEHUM C M = Co,Ni THTIA
MBTC(C2) B TPOLIECCE «IETHIPATALISI — TUJPATALIVS»

AL Mywmaxkos'?, HA. Anucmpamos’, I' M. Kysbmuuesa’, P.J]. Ceemozopoe®”>,
E.B. Xpamoe*?, B.A. Jlazapenxo®3, U.A. Kayposa’, E.5. Mapxosa’

! Poccutickuii ynusepcumem opyscowr napoooe umenu Iampuca Jlymymbo
MUPDA — Poccuiickuii mexsono2useckuii yHugepcumen
SHUIL] « Kypuamosckuii uncmumymy

Mertamnooprannyeckue koopauHannonusie noaumepsl (MOKII) Ha ocHOBe
MEPEXOJHBIX METAIOB WM3BECTHHI OJlarofapsi IMIHUPOKOMY CIIEKTPYy MPUMEHEHUN
(ceHCcOpUWHT,  Karajnu3,  ancopOums), OOYCIOBJICHHBIX, TPEXJIE  BCETO,
BO3MOXKHOCTBIO M3MeHeHus (opmanbHoro 3apsga (P3). Cyas nmo JuTeparypHbIM
nanabiM, MOKII ¢ oquHakoBbiM JTUHKEPOM U noHaMu Co 1 N1 UMEIOT OIMHAKOBBIC
COCTaBbl, M3OCTPYKTYpPHBI [l] W JEMOHCTPHUPYIOT MPAKTUYECKH aHAJIOTHYHBIC
ceorctBa ex situ [2]. Tem He wmeHee, HECMOTpPA Ha OAUHAKOBYIO
5JIEKTPOOTPULIATENILHOCTE U DIEKTpOHHOEe crpoenue, y Co** m Ni** pasmas
IOJISAPU3YIONIasl COCOOHOCTh (00mbmast y Ni’") M 1Ba CIHMHOBHIX COCTOSHHS Y
Co?". Kpome Toro, B GONBIIMHCTBE CIIy4aeB, MCXOIHBIE M DPEAIbHBIE COCTABBI
MOHOKpHUCTAIIOB oTiauvaroTcs. Llens pabotel — ycranoBienue poiau Co u Ni B
peanuzanuu coctasa u crpoeHus ¢pasz [M3(BTC),(H20):2].

Uronsuareie kpuctaiuisl (pasmep < 4 mm) O0en3on-1,3,5-TpukapOoKCHIIaTOB
Co u Ni ([M3(BTC),(H,0),] - manee CoBTC u NiBTC; (BTC)* = CsH3(COO);5),
MOJIyYeHbl TPU AHAJIOTHYHBIX YCJIOBHSX (COJNBBOTEPMAJIbHBIA CHHTE3 U3
M(NO3),-6H,O u H;BTC B cMecu aumeTtnindopmamMuia, 3TaHoIa U BOJbI) € IIp. TP.
C2 wu omunHakoBeiMH  coctaBaMu  [Co?"203y(BTC) 1 os(HaOw)i10a] W
[Ni2+2.94(2)(BTC)3_1,96(H20w)11.96(4)] (CTaHI_[I/IH PCA/ECHOK; mporpamMmma Shelxl), HO
OTJIMYHBIMU OT UCXOJHOTO W OT M3MeNBIEHHBIX B nopoiok (cranius PCA/benok;
METO/ PI/ITBGHB,Z[a)Z [C02+2.71 (2)(BTC)3_1 81 (Hsz)l 1,14(4)] u [Ni2+2,93(4)(BTC)3_
1.95(H2Ow)i1.126)]. Eme Gombmie ommmuuit Mexay CoBTC u NiBTC BeisBiIEHO
METOJIOM  peHTreHorpadguu  (MOPOIIKOBBIA  JU(GpPAKTOMETp) B IUKIE
«aeruaparanus-ruaparanus» ex situ 1 merogoM EXAFS in situ (ctanuuss CTM):
nepMaHeHTHas  mopuctocth |y CoBTC, pa3nuuHble  mOpolecChl/CTaauun
TeMIlepaTypHoOil TpaHcopmaluu 00pasioB (pas3IoKEeHUE ETHAPATUPOBAHHOTO
amopuoro NiBTC nocne rugparanuu) v JokaabHOro okpyxeHuss Co u Ni oT
OKTa’apa JO0 TeTpadapa C Pa3HbBIM YUCIOM OTKPBITBIX M 3aKPBITBIX AKTHBHBIX
1eHTpoB. JtH paszmmuns mesxkay CoBTC u NiBTC, Co?* n Ni** okazanu BiusiHuE N
Ha (YyHKIIMOHAJIHHBIE CBOWMCTBA: TEpPMHUYECKas W XUMHUYECKas CTaOWIBLHOCTD,
npeBocxoacTBo ancopounonubix (CHs, H,, H,O) u aHTUMHKPOOHBIX CBOWCTB
BoisiBNieHa y CoBTC, a xapakrepucTuku Karanutudeckux cBorctB Boiie y NiBTC.

Pabota BhimonHeHa npu (puHAHCOBOM mMoAAep:kke MHHHMCTEpCTBAa HAyKH U
BhICIIIeTO 00pa3oBanus Poccuiickoit ®denepamnmu Ne FSFZ-2024-0003.

1. Yaghi O. M., Li H., Groy T. L. J. Am. Chem. Soc. 118 (38), 9096-9101 (1996).
2. Sun X. etal. J. Mol. Struct. 1322, 140549 (2025).
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ABTOMATHU3UPOBAHHBIN AHAJIN3 MUKPOPEJIBE®A
MOBEPXHOCTEM PA3SPYIIEHUS OJTHOHAIIPABJIEHHBIX
KOMITIO3UTOB 1O COMNPSI’KEHHBIM JJAHHBIM CSM "
KOH®OKAJBHOM JIASEPHO MUKPOCKOITNN

E.U. Haxoneunwiii*, A.B. Xoxn06**, C.H. I'anvuues®, 5.U. Amanos®*, B.U. 0p]l064

MT'Y umenu M.B. Jlomonocosa (pusuyeckuii paxynomem), Mockea
2HUH mexanuxu MI'Y umenu M.B. Jlomonocosa, Mockea
SHUUzpagum (Pocamom), Mockea
*Uncmumym gusuxu meepooeo mena um. FO.A. Ocunvsana PAH, Yeprozonoska

Pazpabotansl u anpoOWpOBaHBI METOAMKA W AITOPUTMBI COBMECTHOM
aBTOMATU3UPOBAHHOM 0O0pabOTKM M aHalih3a 3JIEKTPOHHOM M KOH(OKaJILHOM
nazepHor ckanupytomei wmukpockonuit (COM u KIJICM) mnoBepxHocTel
pa3pyllieHHs OJIHOHAIPAaBJICHHBIX KOMIIO3UTOB CO  CIIOXKHBIM  peiibe(oM.
[Iporpammusbiii  komruieke (I1K) mo3Bonser ompenensarts MUPOKUN HaOOP
XapaKTepPUCTUK  MHUKPOCTPYKTYpbI, TIOJIE3HBIX IS  OLEHKH  MPOYHOCTH,
MEXaHU3MOB pa3pyLICHUs] WU UX MOJACIUPOBaHUSA [l]: KOHTYphl BOJIOKOH,
paclipelieleHre UX pasMepoB M IUIOLIAAECH, HEOIHOPOJHOCThb paCIpPEICICHUs
BOJIOKOH (WX OOBEMHOM J[0JM) MO TONEPEYHOMY CEUECHHIO, CTAaTHUCTHYECKOE
pacrpeqeneHrue JJIMH BBIAEPHYTHIX BOJIOKOH, KOHTYpPBI U pa3Mepbl KIIACTEPOB,
wiomanan peibeda MaTpUIbl U OTOJIEHHBIX BOJOKOH. KitoueBass wuues —
COBMECTHasi 00pa0OTKa JaHHBIX JBYX  B3aUMOJOMOJIHSIONIUX  METOJOB
MUKPOCKOIIMU U aHAJIM3 OBEPXHOCTEH pa3pylieHus: 00ernx MOJOBHH 00pasua. I1o
MO3BOJISIET BOCCTAHABIIMBATH HEJIOCTYIHYIO M3-3a OOJIBIIOIO NEpenaaa BHICOT Ha
MOBEPXHOCTH pa3pylleHuss HHDOpMALUI0O 10 KOMIJIEMEHTAapHBIM CHHUMKaM,
MOBBIIATh TOYHOCTh PACMNO3HABAHUSA CTPYKTYPHBIX 3JIEMEHTOB W HAJEKHOCTH
BBIYMCIICHUSI XapakTepucTuk. llpemnoxkeHbl KpuTepun BbBIOOpA JIOKAJIBLHOTO
OTCYETHOT'O YPOBHSI MPH OINpPEAETICHUH JUIMHBI U IJIOUaAl OOKOBOM MOBEPXHOCTH
BBIJIEPHYTHIX BOJIOKOH U KPUTEPUHU OMPEAEICHUS KIIACTEPOB.

OtpaboTtka u Bepudukamuss [IK npoBomunach Ha HECKOJIBKHX CEpPHUAX
CHUMKOB ITIOBEPXHOCTEN Pa3pyLICHUs YIICATFIOMUHUEBOM ITPOBOJIOKU C MATPULEH
U3 TEXHUYECKHM YHUCTOro amomMuHus win cminaBa  Al-0.5Bi, HenpepbIBHO
apMUPOBAHHOM yIJIEpOAHBIMU BoJIOKHaMH [ 1,2]. [IpoBosioka uzrorosnena B UOTT
PAH, ee mumamerp — 300 MkM, oOBeMHas J0dsS BOJIOKOH — okoyio 60%.
Pa3pabotannsiii [1K nmo3Bossier noaydnTh HEHHYI0 HHOOPMALMIO J1 TOHUMaHUs
CTPOCHHUSI U MOJEIMPOBAHMS TOBEICHUS OJHOHAIPABICHHBIX KOMIIO3UTOB H
II0JIE3EH KaK MHCTPYMEHT KOHTPOJISI KAYECTBA B ITPOLIECCE UX MPOU3BOJICTBA.

1. Xoxnos A.B., Hakoneunsiti E.W., Tansimes C.H., u ap. AHanuz pacrupeneicHus IJIuH
BBIIEPHYTHIX BOJIOKOH HA MOBEPXHOCTAX Pa3pyLIEHUs KOMIIO3UTOB C aJIFOMMHHMEBON MaTpULEH,
HEMPEPHIBHO apMHUPOBAHHOM yIJIEPOJHBIMH BOJIOKHaMH, 1o gaHHbiM COM u KJICM //
ABHaIMOHHbIE MaTepuaibl U TexHosoruu. 2026. Nel

2. XoxnoB A.B., T'anemmer C.H., Atanor b.U., B.I1. Opno. Biusiare pacciioeHus] MaTepHaioB C
HU3KOW CJIBUTOBOM IIPOYHOCTBIO HA TMPOLECC DPA3PYLICHUS M PE3yJAbTaThl MCIBITAHUM Ha
TpexXTo4YeuHbIi m3rno // Ousndeckas mesomexanuka. 2025. T.28, Ne2, c.13-43.

179



BAJIEHTHOE COCTOAHME KATUOHOB MN/CR/CO/CU B
MHOTI'O3JEMEHTHBIX BBICOKOHTPOITUIHBIX ITMPOXJIOPAX

C.B. Hexunenog*?, H.A. )KyKZ, O.B. Hempoeal, JI.B. Cuexoe*, K.A. Baxuna,
P.H. Cxanoaxos*, B.O. Pymkoeckuﬁl, V.C T pembﬂkoeal'z, E.A. Cmenyqeel’z, AM.
Jlebeoee®, P.I". Yymaxoe®, B.H. Cusxog*

‘@oUll Komu HIJ YpO PAH
2Coikmuiskapckuii 2ocyoapemeennviii ynusepcumem um. IHumupuma Copoxkuna
SHUI] «Kypuamosckuil uncmumymy

MynbTUAIEMEHTHBIE BBICOKO3HTPOIHUIHBIE MUPOXJIOPHI B 3aBUCUMOCTU OT
XUMHYECKOTO COCTaBa IMEPCIEKTUBHBI B KAYECTBE JMAJIEKTPUKOB, CMEIIAHHBIX U
WOHHBIX MPOBOJHUKOB, (POTOKATAIM3ATOPOB MpOIIecCOB okuciaeHus. [Ipu atom ux
(U3UKO-XMMHUYECKHUE CBOWCTBA CYHIECTBEHHO MEHSIOTCS NMpU JONUpOBaHUM 3d-
aTOMaMH, B OCOOEHHOCTU IpPH MYJBTHUIJIEMEHTHOM JonupoBaHuu. Kpome Ttoro,
BCETJ]a OCTAETCS OTKPBITBIM BOIIPOC O XapaKTepe, MO3UIMU BHEAPEHUS B MaTPHUILY
UPOXJIOpa U O BaJIEHTHOM COCTOSIHUU (3((PEKTUBHOM 3apsijie) aTOMOB-/I10IIaHTOB,

B npencraBnenHoi paboTe MOKa3aHbl pe3yIbTaThl UCCIEI0BAHUS METOIAMHU
XPS-cieKTpocKonmuy 3IEKTPOHHOTO COCTOSHHUSL W XapakTepa MEKaTOMHBIX
B3aUMOJICHCTBHIA aTOMOB 30-MeTa/usiIoB B BIEPBbIC CHHTE3UPOBAHHBIX I10
KepaMUYECKOW TEXHOJIOTMM MHOTOXJIEMEHTHBIX  BBICOKOSHTPOIUHHBIX  Biy.
xCr13Mny3(Co/Cu)13Nb,Og.4 HHOOATAX BUCMYTa CO CTPYKTYypoO# mupoxiiopa. Bee
u3Mepenus Obutn mnpoBeneHbl Ha ctaHiuu Hano®OC KypuatoBckoro IneHTpa
CUHXPOTPOHHOrO M3NyyeHus U HaHotexHonoruut [1]. [lapamerper XPS cnexTpoB
Bi4f, Nb3d, Co2p, Cu2p, Mn2p, Cr2p mis CMEIIaHHBIX MHPOXJIOPOB
COIOCTABIISIOTCS C MapaMeTpaMu OKCUIOB NEPEXOAHBIX JIEMEHTOB B Pa3IUUYHBIX
CTENEHAX OKUCIEHMs. [l CIOXKHBIX MUPOXJIOPOB HAOIIOAAETCS XapaKTEpPHBIH
casur Bi4f u Nb3d criextpoB B 001acTh MeHbIINX dHeprui Ha BeanuuHy 0.1-0.2 u
0.6-0.65 »B cootrBerctBenno. Ilo mamneim XPS Co2p, Cu2p, Mn2p, Cr2p
CIEKTPOB KAaTHOHBI KOOalbTa M MapraHia HaxoAsTCs B CMEIIAHHOM 3apsiIOBOM
COCTOSIHUH, TTPEUMYIIECTBEHHO, UMEIOT A dekTuBHbIN 3apsn +2 (Co) u +3 (Mn),
cunektp Cr2p mnpeacTaBisieT CYNEPHO3UIUIO CIEKTPOB OT HOHOB Xpoma B
3apsaoBoM coctossHuM +3,+4,+6, CU2p CcHekTpsl COOTBETCTBYET 3apsIOBOMY
COCTOSIHUIO KATHOHOB MeH +2.

UccnenoBanne BhimonHeHO B pamkax roc3aganus Komm HI[ YpO PAH
(Ne125020501562-1), a Takxke npu puHAHCOBOM MoAep:Kke MUHHCTEpCTBA HAYKH
u Bobiciiero obpaszoBanusi Poccun B pamkax Cornamenust Ne 075-15-2025-455 ot
26.05.2025 .

1. A. M. Lebedev, K. A. Menshikov, et al. , Journal of Surface Investigation: X-ray, Synchrotron
and Neutron Techniques. 15, 1039 (2021).
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INTPUMEHEHME METOJA OIIOPHOI'O CJIOA T'AAOJIMHUSA B
PE®JIEKTOMETPUHU MOJISIPU3OBAHHBIX HEUTPOHOB HA
IHHEPECEKAIOIIUXCS Q- IMAITAZOHAX

E.C. Huxosa®, FO.A. Caramamos*, E.A. Kpaeuoel’z

YUncemumym ¢uzuxu memannos umenu M.H. Muxeeea YpO PAH, Examepun6ype
2Vpanvckuil pedepanvhbiil ynusepcumem, Examepunoype

Ha Texymuii MOMEHT akTyaJlbHOHM 3adaueil HEUTPOHHOW pediekTomMeTpun
sBnsieTcss (azoBas mpoOinema. EE€ CyTh cOCTOMT B TOM, YTO B JIKCIIEPHUMEHTE
U3MEPSAIOT MHTEHCUBHOCTh OTPAXEHHS, KOTOpas SBISETCA KBAApPaToM MOy
KOMIUIEKCHON (DYHKIIMH, Ha3bIBAEMOU aMIUIUTYy10i oTpakenus. MHdpopmarus 06
aprymeHTe 3Tod (QYHKIUU (KOTOpBIM HMeeT (U3UUECKUI CMBICI BEJIUYUHBI
U3MEeHEeHUs1 (a3bl BOJIHBI TMPU OTPAXKEHUHU) TEPSAETCA, M OTO MPENATCTBYET
OJIHO3HAYHOU MHTEPIIPETALUU IKCIIEPUMEHTA.

Ha ocnoBe metona, mpemioxkeHHoro B paborax [1, 2], Obul pa3zpaboran
METOJI OMOPHOTO CJIOSI TaJOJMHUSA U MPUMEHEH JI1 UCCIEIOBAHUS MarHUTHBIX
METAJUIMYECKUX CTPYKTYp Ha BPEMSIPOJETHBIX pedieKTOMEeTpax B —Iualia3oHe
(0 — 0.05) A [3]. CTpykTypHble mapamMeTpsl HCCIEAyeMbIX O0OpPas3lOB ObLIH
YTOUYHEHBbI ¢ momMoulpio anroputma JleBenOepra-MapkBapara. st mpuMeHeHus
MOJIEJIbHO HE3aBHCHMBIX METOJIOB, HanpumMmep, ypaBHeHus ['enbdanna—JleBurana—
MapueHko, amIUIMTyJa OTpaXXeHWsl JOJDKHA OBITh M3BECTHA B IIUPOKOM
JManasoHe, KaK MUHUMYM pu
q~0.1A"%

OcHoBHast mpoOjemMa TNPUMEHEHHs] METOAA ONOPHOTO CJIOSI TaJO0JIMHMS
COCTOMUT B TOM, UTO TMOJYYUTh TpU PEPICKTOMETPUUECKUE KpUBBIE,
NEPEKPBIBAIOLINECS] Ha IIMPOKOM (—JAMalla3oHe, IPOCThIM MOAOOPOM YIJIOB
NajieHusl CJIOXHO. DBbUI0 TpuHATO pelieHue pa3OuTh BeCh (—AMANA30H Ha
HECKOJIbKO NEePEKPHIBAIOLINXCS YYaCTKOB. B KaKJIOM MOJIY4YUTh
pedIeKTOMETpUYECKHE KPUBBIE NPU TPEX PA3IUYHBIX YIUIax MajeHUs] NEPBUUYHOTO
nyudka. Jlajee MO S3TUM J@HHBIM ONPENETUTh MOAYJIb U a3y aMILTUTY.IbI
OTPaXEHUS W CIIUTh IOJIyY€HHblEe pe3ynbTaThl. JlaHHBIM MeToaOM Oblia
uccienoBaHa MarauutHas cucrema tuna Fe/Cr/Fe ¢ omopubiM cioeM CrHekTpsl
OTpaX€HUsI HEUTPOHOB OBLIM M3MEPEHBI Ha MHOTOLENEBOM pediekTomerpe (MR)
HerTponnoro ucrounnka CSNS (China Spallation Neutron Source).

AHanu3 SKCIepUMEHTAJIbHBIX JaHHBIX MOKa3aj, YTO MpeasiaraeMblii METOA
MO3BOJISIET OMPENEIUTh AMIUIMTYAY OTPAXEHUsT Ha JOCTAaTOYHO IIMPOKOM (-
JManasoHe.

PaboTa BbIllOIHEHA B paMKax rocygapcrBeHHoro 3aaanus 1t UOM YpO
PAH, npu ¢punancooii noanepxke Munoopa PD (Cornamenue Ne 075-15-2022-
830 ot 5 urons 2025 r.).

1. C.F. Majkrzak, N.F. Berk, U.A. Perez-Salas. Langmuir. 19, 7796 — 7810. (2003).

2. V.0. de Haan, A.A.van Well, P.E. Sacks, S. Adenwalla, G.P. Felcher. Phys. 221, 524. (1996).
3. E.S.Nikova, Yu.A. Salamatov, E.A. Kravtsov, V.V.Proglyado, V.D. Zhaketov,
M. A. Milyaev, J. Surface Investigation 16, 939 (2022).
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OIPEJEJEHUE COCTABA IPOIYKTOB NEPEPABOTKHM JUTHUIA-
MOHHOTO AKKYMYJISITOPA JJISI CHHTE3A MAX-®A3BI HA
OCHOBE MAPTAHIIA METOJIOM PEHTTEHOBCKO# TU®PAKIINNA

C.I". Huxonaeea*, U A. Jluxaues', K.B. Bapoyxanos®

YHayuonanvuwiii uccnedosamenvcruii yenmp «Kypuamoeckuii uncmumymy
2 anbregocmounblll hedepanbblii yHusepcumen

OgHuM H3 DJIEMEHTOB, KOTOPBIM MOXET OBITh BBIJICJIEH B IIpoliecce
nepepaboTKH JTUTUH-UOHHBIX akkymyJsiTopoB (JIMA), seasercss mapraner (Mn).
OTOT MeTalll MOXET CTaTh OCHOBOM JJIsI CUHTE3a HOBBIX MATE€pPUAJIOB, TAKUX Kak
MAX-daza Mn3zAlC. Kpucrammueckas cTrpykrypa wmapranieBbix MAX-das
COCTOUT M3 YEePEeIyIOIINXCs clIoeB MarHUTHOro Merauia M, nemeramia X (C win
N), pa3aeneHHbIX pociioiikamu aToMoB 3jeMenta A (Al, S, Ga u ap.).

[Tocine BeIETauYMBaHUs KATOJAHOTO JINTUN-MAPTaHIIEBOTO MaTEPUasa COCTaB
BBIJIETICHHOTO JMOKCH/Ia MapraHIla mokas3ai ero (a3oByI0 YUCTOTY M COAEpIKAHHE
npumeceii B amopdHoOW ¢opme. PeHTreHo-aupakluMOHHBIM aHANIM3 COCTaBa
NpOAYKTa CIEKaHWs BBIICTICHHOTO JHOKCHIA MapraHia ¢ YIJIEpOJOM U
ATIOMUHUEM B MHEPTHOM Cpeie aproHa IMO3BOJWI OOHApyX uTh LeneByro MAX-
dazy Mn;AIC u xopynm Al,Os. Ha mudpakrorpamme NpUCYTCTBYIOT TaKXke
XapaKTepHble MAaKCUMYyMbI MPUMECHBIX (pa3: OCTATOYHOTO MCXOJHOTO TpaduTta H
Mn;Cs. Jlns mepeBoga MAX-da3er B Gpopmy MX Obul HCHOJIB30BaH METO]
CEJICKTUBHOTO TpaBiieHus ¢ mnomoinisio HF. ®da3oBeiif cocTaB marepuana mocie
TpaBiieHus mpenacrasiasier codoir Al,Os, C, AlsCs, u coorBercTByrommx MX -
Mn;C3; u MnsC,.

Pentreno-nudpakiimoHHbIi aHAIM3 B COBOKYITHOCTH C JIPYTUMU METOJIaMHU
CTPYKTYPHOTO M MOP(]OJOTHYECKOTO aHaau3a IMO3BOJIMIN pa3paboTaTh METOJ
KOMIUIEKCHOU mnepepaboTku JIMA, oOecrneunBaromuii BbIACICHUE MapraHiia u
cuare3 MAX-dazer MnsAIC. Beuto nokazano ycnemHoe ¢opmupoBanne MAX-
dazsl MnzAlC, npencraBisitolield MHTEpEC B KOHTEKCTE moiydeHus MX s
DIIEKTPOXUMHUYECKUX TpuMeHeHui. [lomydeHHble pe3ynbTaThl  MO3BOJSIOT
YBEIMYUTh SKOHOMUUYECKYI0 3G (PEeKTUBHOCTE oOpareHus ¢ orpadotaBmumu JIMA
BBUYy TIOJIYYCHHS TOTCHIMAIBLHO BOCTPEOOBAHHBIX BBICOKOTEXHOIOTHUYHBIX
(GyHKIIMOHATBHBIX MAaTEPUAIOB HA OCHOBE MapraHIia.
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HOBBIE MOP®OMETPUYECKHUE U PEHTTEHOJIOTHYECKHUE
METO/bI U3YUEHHUSA CTPYKTYPbI TKAHEH CYCTABOB ITPH
IMoOMOHIN CUHXPOTPOHHOI'O U3JTYUEHUA

A.U. Omenvuenxo, O.U. baym, B.E. Acaduukos, U.I [[vsuxosa, /[.A. 3on1omos,
B.B. Bonxos, I[ILM. Konapes, A.A. Kanoan, K.M. Ilooypey

Hayuonanvnuiii ucciedosamenvckutl yenmp « Kypuamoscxuii uncmuniymy

B HacTosiee Bpemsi HaOIrO1a€TCs MOBBIIIEHHBIM HHTEPEC K MOMCKY HOBBIX
METOI0B JIMarHOCTUKM M Jie4yeHUs 3a00JIeBaHUI CYCTaBOB, CBS3aHHBIX C
pa3pylICeHHEM XpSIIEBOM M KOCTHOW TKaHW. B CBi3M ¢ pacrnpocTpaHEHHOCTHIO
3aboneBaHuil cyctaBoB [l] mpencraBisieTcsl aKTyalbHOM pa3paOoTka HOBBIX
MOP(HOMETPUYECKUX M PEHTICHOJOTMYECKUX METONOB JJIi HM3YyYEHUs TKaHeH
CycTaBOB. B Joknaze mpencraBiieHbl pe3ysbTarbl  MCCIENOBaHUsA CycTaBa
YKABOTHOTI'O, TOPAXKEHHOTO OCTEOAPTPUTOM.

CrpykTypa CyCTaBHOW TKaHHM, NOPAKEHHOW apTPUTOM, H3ydallachb C
IIOMOIIIBI0 THCTOJIOTMM 3aMOPOKEHHBIX CpPE30B JCKAJIBIIMHUPOBAHHOM TKaHH,
ONTUYECKON MOJSPU3ALUOHHON MHKPOCKOIIUKM M PEHTTEHOBCKOW TOMOrpauu Ha
yctaHoBKe Meaunana KypyaTOBCKOTO NIEHTpa CHHXPOTPOHHBIX HCCIEAOBAHUM.
DJIeMEHTHBIN COCTaB U CTPYKTypa 00pa30B UHTAKTHOU U MOPAKEHHOM XPSIIIEBOI
TKaHU U3y4ajicsi C TOMOIIbI0 peHTreHo-GroopeciieHTHoro aHanu3a (PDA),
IPOBEJACHHOIO HA HCTOYHHMKE PEHTICHOBCKOIO H3JIyuyeHHus Jaboparopuu
Pe¢nexkromerpun u  manoymioBoro paccessHust KypuaToBckoro — komiuiekca
«Kpucranorpadpust u ¢oronuka». MonekynsipHass CTPyKTypa COCIWHUTEIbHON
TKaHHU CyCTaBa u3ydanacb MetogoM MYPP.

OnTuyeckass MUKPOCKOIMS XPSIIEBOM NOBEPXHOCTU MOPAXEHHOIO CyCTaBa
NoKa3ajga Ha CTPYKTypHblE W3MEHEHHUs TKaHW pa3jIMYHOM CTeleHH B 00JIacTH
MOpaXEHUA: A- YMEHBIIEHUE TOJIIMHBI XPSALIEBOM IUIACTUHKH, B - mM3bsA3BICHME
XpSIILIEBOM TUIACTMHKHU BIUIOTH JI0 KOCTH, ['-BbIpacTanue ocT€OPHUTOB U3 KOCTHOU
TKaHW, J| — mpuxuBieHHe (parMEHTOB Pa3pyLIEHHOIO Xpslla Ha MOBEPXHOCTU
300poBOro.  I'mcromormyeckue  MCCIENOBAHUS  3aMOPOKEHHBIX  CPE30B
JEKaIbLUMHUPOBAHHBIX 00pa3lOB MOPAKEHHOTO Xpsllla, MPOBEACHHOIO MpHU
IIOMOIIM TOJIAPU3ALMOHHOM MMKPOCKONIMHU, I[IOKAa3aJld Ha HEOJHOPOAHOCTH
pacrpeneneHus XpsAlEeBOW TKAaHW C BKpaluleHUsIMH Koctu. HeomHopoaHOCTh
IUIOTHOCTU TOBPEXJEHHOTO Xpsillla HaOMofanach TaKXe MpU PEHTTEHOCKOIUU
cpe3oB. C momompio PDA u3MepeHo pacripenesieHue 3JIEMEHTOB 10 TIyOuHe
XPSALIEBOM IIJJACTUHKH, ITOKA3bIBAIOIIEE HA YBEIIMUCHUE HEXAPAKTEPHBIX IS XPsILIA
Ca u Fe. Meronom MVYPP oOHapyxeHO OTIUYME CTPYKTYPhl COECTUHHUTEIHLHOM
TKaHU B MECTE MOPAXKEHUS OT MHTAKTHOW TKaHW, COCTOSAIIECH 13 KosutareHa Il

[Ipu momomu pPEHTTeHOBCKOM TOMOTpaduu TMOBPEKACHHOW XPSIIEBOMN
TKaHW, NPOBENCHHOM HAa HMCTOYHUKE CHHXPOTPOHHOIO HW3JIYYEHHUs BBISBICHA
CTPYKTypa Xpslla M KOCTH B IPOCTPAHCTBE NOJ IOBPEKIECHHOM XPSIIEBON
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noBepxHOCThI0. OOHapyXeHO 00pa3oBaHHME MHUKPOTPEIIUHBI B KOCTH IOJ
MIOBEPXHOCTHIO MOBPEKAESHHOTO XPSIIIA.

Ha Puc.l nokazana Tomorpamma oOpasia Xpsiia CycTaBa, HMOPaKeHHOTO
OCTE0APTPUTOM.

Puc.1. Tomorpaduueckuii cpe3 odpasiia Xpsiiia CycTara, MopaxEHHOTO
OCTEOAPTPUTOM. BBEpXy BUIHA U3bA3BICHHAS [IOBEPXHOCTH XPILA C
MPOPOCIIUMH OCTeO(hUTAMU, BHU3Y — MIOPUCTAS CTPYKTYpa KOCTH C
PACIIOJIOKEHHOM MO XPSIILIOM TPEUIUHOM.

OObeMHasi PEKOHCTPYKIMS MPOEKUUNA PEHTIC€HOBCKUX H300paK€HUN MO3BOJISET
HaOMOaTh BHYTPEHHIOK CTPYKTYpY Xpsllla M KOCTH B OOJAacTH CyCTaBa,
HNOpaXeHHOTro octeoapTputoM. [loBpexaeHue KocTh B 00JacTH  MBbIIIENKa
KOJICHHOTO CycTaBa O€plIOBOM KOCTH, BO3MOXHO, SIBUJIOCH NMPUYMHON pa3BUTHSA
OCTE0apTPUTAa )KUBOTHOTO.

HccnenoBanue METOAOM PEHTICHOBCKOM TOMOTpaduu BBIMOIHEHBI C
VCIOJIb30BAHUEM YHUKAJIbHOM HAy4YHOW YCTaHOBKM «KypyaTOBCKMU HCTOYHUK
cunxporponHoro usnyuenuss KNUCH-Kypuatos» HULL «Kyp4yaroBckuii HHCTUTYT».

PaGora BmimonmHena B pamkax locymapctBeHHoro 3amanmst HUIJ
«KypuaTroBCKUI1 HHCTUTYTY.

1. Woolf A. D., Pfleger B., (2003). Burden of major musculoskeletal conditions. Bulletin of the
World Health Organization, 81 (9), 646 - 656. World Health Organization.
https://iris.who.int/handle/10665/269026
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CHUHTE3 KAPBOKCUJIATHBIX KOMIIJIEKCOB Pt(II) 1 Pd(II) C
I'OMOJIOTAMHU IMPUINHA — ITPEJINECTBEHHHUKOB
KATAJIMTUNYECKU AKTUBHBIX HAHOMATEPHUAJIOB

M.B. Hanuna*? U.A. Axywee

Y Unemumym obweri u neopeanuuecxoii xumuu um. H.C. Kypnakoea, Mockea
2 Poccutickuti XumMuKko-mexnoio2u4eckuil yuusepcumem um. /.. Menoeneesa, Mockea

KapOokcunaTHple  KOMIUIEKCHI ~ META/UVIOB  IUIATMHOBOM  TPYIIIBI
MPEACTABIAIOT COOOM TIEPCIIEKTUBHBIM KJIacC COCIMHEHUH, B YaCTHOCTH, B
KauecTBE MPEKYPCOPOB HOBBIX (PYHKIMOHANBHBIX MaTepualnioB [1]. Knaccuueckuit
METOJ TMOJy4YeHUs yraepoaHbix HaHoTpyOok (YHT), MoaudunmpoBaHHBIX
HAHOYACTULIAMHU IUIATUHBI WM TaUIaJidsl, 3aKJII0YaeTCsd B MCIOJIb30BAHUU B
KaueCTBE MPEIIIECTBEHHUKOB IPOCTBIX HEOPTaHUYECKUX coyleil. B pamkax naHHOM
paboTbl OblIa TMpeAJioKeHa albTepHATHBHAs CXE€Ma, 3aKIIoYaromiascs B
MCIIOJIb30BaHUN MOJICKYJISIPHBIX alleTaTHBIX KOMIUIEKCOB B KaU€CTBE MPEKYPCOPOB
KaTAIUTUYECKU aKTUBHBIX HAHOMATEPHUAJIOB.

Monudukanms pazpaboTaHHBIX paHee METOA0B [2, 3] B HacTosIIel paboTe
MI03BOJIMJIA PACIIUPHUTD JIMTAHAHBIN P W IMOJTYYHTh aneTaTHbie koMrniekenl Pt(11)
u Pd(I) ¢ obme#i dopmymnoit [Lo.M(OOCMe),] (L = Py, 2-Pic, 4-Pic, 3,4-Lut,
3,5-Lut; M = Pt, Pd) (puc. 1). Kpucramnmueckne CTPyKTyphl KOMIUIEKCOB OBLITH
YCTAaHOBJICHBl ~ METOJIOM  PEHTTCHOBCKOW  Judpakiui  MOHOKPHCTAJIOB
C MCIIOJIb30BAaHUEM CHHXPOTpOHHOTO wu3nyueHus. JlonupoBanue YHT (puc. 2)
ObLJIO TMPOBEACHO B MSTKHUX YCJIOBHSX, HCIOJIb3YyS METOAbl TPOMUTKH H
BOCCTAHOBJICHHUS.

Puc. 1. Kpucrannuueckas cTpykTypa Puc. 2. COM m3obpaxenue
[(3,5-Lut).Pd(OOCMe)] OVYHT/(3,5-Lut),Pd(OOCMe).

=

ang et al., ACS Appl. Mater. Interfaces. 12429, 6 (2014).
S Popova et al., Mend. Commun. 576, 32 (2022).
. V. Panina et al., Mend. Commun. 808, 34 (2024).
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UCCJIEJOBAHUE BIIUSTHUS JETPAJIALIMHA PA3JIMYHBIX TUIIOB
HETKAHBIX TIOJJUMEPHBIX MATPUKCOB HA UX MOP®OJIOT IO
U MEXAHUYECKHUE CBOMCTBA C IIOMOIIBIO IN SITU
PACTPOBOM PJIEKTPOHHON MUKPOCKOIINU

T Iayaes', K.IO. basvinesa!, A.M. Asuesa’, JI.A. Kupunnosa',
T. E. I'pucopves’?, P. B. Illapuxos’, H.A. [llapuxosa’, JI.A. Bonxoé',
E.B. Acmpemckuir’, A.JI. Bacunves'”

! Hayuonanvnwiii uccnedosamenscruii yenmp «Kypuamoeckuii uncmumymy, Mockéa
’Mockosckuti puzuxo-mexunuueckuii UHCMUmym (HayUOHAIbHbLI UCCIE008aAMENbCKUL
yHugepcumem), /[oneonpyonsiii
SMUP3A — Poccutickuii mexnonoauyeckuii yuugepcumen, Mucmumym monkux Xumuyeckux
mexnonoauu um. B.M. Jlomonocoea, Mocksa

HckyccTBeHHBIE MaTepualibl C  BBICOKOM YIEIBHOW ITIOBEPXHOCTBIO U
BBICOKOM MOPHUCTOCThIO, B YACTHOCTH, BOJIOKHUCTBIE MAaTpPUKCHI, 00ECIEYMBAIOT
3¢ (EeKTUBHOE NPUKPEIIEHUE KIETOK M BO3MOXHOCTh JU(PPY3UH MUTATEITBHBIX
BEILIECTB HEOOXOIMMBI B pPEreHepaTUBHOM MenuuuHe. Bpibop Marepuana u
MOP(OJOTUH  BHEKIIETOYHOTO  MaTpukca OOYCIOBJIEH  HWHAWBUAYaJIbHBIMHU
XapaKTEPUCTHUKAMHU 3aMEHSIEMOT0 OpraHa WM TKaHH, YTO 4acTo TpeOyeT 3aJaHHbIX
XUMHUYECKUX M (PU3HUECKUX CBOMCTB [l]. MaTpukchl Ha OCHOBE BOJIOKHHUCTBIX
HETKaHbIX MAaTEpUAIOB MOTYT pa3au4aTbCi AUAMETPOM BOJIOKOH, CTEICHBIO
ITOPUCTOCTH, IUIOTHOCTBIO YIIAKOBKH, B3aHMHOM OPHUEHTAllMEN BOJIOKOH. Bce atn
napameTpsl OINPENEISIOT MEXaHWYECKHE CBOMCTBAa Marepuana [2], KOTopele, B
CBOIO OYepedb, OKa3bIBAIOT 3HAYUTEIIBHOE BIMSAHHUE HA MHTETPALIMIO B OPraHU3M
NP WMIUIAHTAIlUM TKaHEWH)KEHEpHOW KOHCTpykuuu [3]. s umcnonb3oBaHUs
MaTPUKCOB C ONTUMAJbHBIMH MEXaHMYECKUMU CBONCTBAMH HEOOXOAUMO
oJIpOOHOE N3YUYEHHE UX MOBEACHUS 1101 HAarpy3KOH.

B  npencraBmenHoit  paboTe  METOAOM  PacTPOBOM  DIEKTPOHHOM
MUKPOCKOIIHU B peXuMe ectecTBeHHoU cpensl (EPOM) mpoBenen in Situ ananms
MEXaHWUYECKUX XapaKTEPUCTUK HETKAHbIX MATPUKCOB HAa OCHOBE IOJIMJIAKTHIA
(IUTA) ¢ moaudukanyei KoJJIareHOM M XUTO3aHOM IPU OJTHOOCHBIX Harpy3kax.
Kpome 3TOro, mpoBeneHbl aHaJIU3 M BU3yanu3auus (OpMUPOBAHMS Pa3pbIBOB
BOJIOKOH HETKAHBIX MOJMMEPHBIX MAaTPUKCOB Ha OcHOBE [IJIA mpu ero yactuuHon
Jerpajalud B KyJbTypaJlbHOM cpele MNpHu JUIMTEIbHOM HMHKyOauuu ¢
OJIHOBPEMEHHOM (hUKCalMEe MEXaHUYECKUX HAPSHKEHUH.

1. Karamanos N.K., Theocharis A.D. et al., The FEBS journal. 288, 24 (2021).
2. Ali M.A., Advanced Materials Research. 1163 (2021).
3. Aghazadeh M.R., Delfanian S. et al., Polymers. 14, 8 (2022).
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MOHOKPUCTAJIBHASA PEHTTEHOBCKASA IUDPPAKLINSA B
PACIHIM®POBKE CTPYKTYPHI U CBOMCTB IIEPOBCKHUTOB Te(IV) C
TETPADTUJIAMMOHHUEM

C.M. Iucapee*, A.O. Jlembuxos', B.U. Hemmunos', A.B. ILlypvieun’

Ylanonesocmounviii pedepanvuuiii ynusepcumem, Braoueocmox

bnarogapss WHTEHCHBHOW  JIOMHUHECIICHIIMA HMOHBI C  DJIGKTPOHHOMH
koHQurypanueii s?> (manpumep, Sb®* wm  Te*") cmyxar ocHOBOM A
BBICOKO((DEKTUBHBIX ~ JTIOMUHO(DOPOB, OHU  IIUPOKO  HCIOJIB3YIOTCA B
MIPOM3BOJICTBE JIFOMUHECIIEHTHBIX JIaMI, a TaKXe B KauecTBE KaTol0- U
peatrenomtomMuaopopoB. Kommnekcuoie coeaunenus 1€(IV) coctaBa A,TeHalg
(rne A - opraHmyeckud wim Heopranmdeckuit karmon, Hal = CI, Br, 1)
IPEJCTaBIISIIOT COOON MEPCIEKTUBHBIN KJIACC MAaTEPUANIOB JUIsl ONTOAJIEKTPOHUKU U
JrOMUHO(OPOB. B 4acTHOCTH, BRICOKUI TOTEHIIMAT IEMOHCTPUPYIOT KOMILJIEKCHI C
KaTMOHAMU TETPA’dTUIAaMMOHUs. {1 HampaBJIeHHOr0 JU3ailHa W CHUHTE3a HOBBIX
MaTepUajIoB JAaHHOIO Kjacca KPUTUYECKH BAKHO NMOHUMAaHHUE KOPPEISAILUN MEXKIY
UX  CTPYKTYpOoM B  KPHUCTAUIMUECKOM  peméTke W HaOIIOJaeMbIMU
JIOMUHECIICHTHBIMU CBOMCTBAMHU.

Pucynok 1. Kpucrammueckas ctpykrypa Te(IV) ¢ Terpastunamonuem

HccnenoBanne ONTUYECKUX CBOMCTB KPUCTAUIOB BBIABUIIO, YTO IIpU
oxyiaxxkaeHuu ot 300 K go 100 K ux okpacka n3MeHSAETCs OT SIPKOM KEJITO-3€JICHOU
0 OecrBeTHOM. J[aHHBIE MOHOKPUCTAIBLHON PEHTIEHOCTPYKTYpHOU AU(paKiuu
MOKa3aJld, YTO KOOPAMHALIMOHHBIA OKTa’Ap Bokpyr aroma Te(IV) sBusercs
UCKaXeHHbIM. [IpoBeneHHe TemIepaTypHBIX OKCIEPUMEHTOB HAa CTaHUUHU
«PCA/benok» TMO3BOJIUIIO OMNPEACIUTh CTPYKTYpPhl JABYX COCAWMHEHUH TIpH
pa3IMYHBIX TEMIIEPATypax W YCTAHOBUTH 3aBUCUMOCTh HMX TI€OMETPUYECKHUX
[IapaMeTpPOB OT TEMIIEPATYPHI.

PaGora BbIMOMHEHa TpU  TOAACPKKE TOCYIapCTBEHHOIO — 3a/laHus
MuHucrepcTBa Hayku M Bbiciiero oopasoBanusi Poccuiickoit denepanuu (mpoexkT
Ne FZNS-2024-0014).
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MOJIEKYJISIPHO-ITMHAMUYECKOE MOJAEJINPOBAHUE
CTPYKTYPBI KPEMHUS, OBJIYYEHHOI'O HOHAMUA KCEHOHA
HU3KHUX YHEPI'UI

O.B. llodopooicnuii, A.B. Pymanyes, H.U. Bopeapom

Hayuonanvnuiii uccnedosamenvcxuti ynusepcumem « MUIT»

[1y4ku MOHOB MHEPTHBIX ra30B, HAIIPUMEP KCEHOHA, IIUPOKO MPUMEHSIOTCS
B COBPEMEHHBIX MHUKPO- M HAHOTEXHOJIOTUAX HAJsi OOpaOOTKH MOBEPXHOCTEH W
dbopmupoBanus CcTpykTyp. OcoObIii HMHTEpeC MNPEACTaBIsET HCCIEIOBaHHUE
aMop(U30BaHHOTO HMOHHBIM BO3JCHCTBUEM CIIOs, BKJIIOYas H3Y4YEHHE Ipoliecca
dbopMupoBaHUA KJIacTepoB, OOpa30BaHHBIX HWMIUIAHTUPOBAHHBIMH HOHAMH, a
TaK)Ke CTPYKTYPbI TPAHUIBI MEXKTY KPUCTALTUYECKUM U aMOP(PHBIM MaTEpUAJIOM.

B nmannoit  pabore  MmpOBOAMIOCH — MOJCIHMPOBAHHE  OOJydeHUs
MOHOKPHUCTAJLTNYECKOT0 KpeMHHs Si MoHaMH KceHoHa Xe' ¢ sHepruei 8 k3B u
no3oii okono 10 cM? MeTomoM MOJEKYISApHOH IMHAMMKA B IIPOrPAMMHOM
nakere LAMMPS. Tlockonbky B 3KCHEpUMEHTE MEXKAY MOCIeA0BaTeIbHBIMU
MaJCHUSIMU HOHOB IMPOXOJUT JOCTATOYHO BPEMEHU I PEIAKCAUM YacTh
TOYEYHBIX J1Ie(PEKTOB B HAPYIICHHOW 00iacTu o0pasua, To 1l o0ecneyeHus: Takou
penakcaudd Ipu MOAECIMPOBAHMU OOJMYy4Y€HHAs CTPYKTypa BBIIECpPKUBAJIach MpU
1150 K B Teuenue 2,5 He. [lomydeHHBIE aTOMApHBIE TO3ULIMH UCIIOIb30BAIUCH IS
pacuéra BBICOKOpa3pEHIAIONINX JJICKTPOHHO-MUKPOCKOIMMUYECKUX H300paKEHUH,
KOTOpbIE CPaBHUBAIMCH C AIKCIEpUMEHTaIbHON Mukpodotorpadueit (Puc. 1a),
BBIUUCIICHUS HA UX OCHOBE KOPPEIAIUOHHBIX PYHKIUH I'(X), IIMPUHBI TIEPEXOTHOM
00JIacTH Wsim MeXy ¢-Si 1 a-Si, a Takke Ui u3ydeHus mpoiecca o0pa3oBaHus U
pOCTa KJIacTepoB MMILIAHTHPOBAHHOTO X€ B IMHAMMKE C maroM 103b1 5101 cm2,

N3 npuBenénnoro Ha Puc. 10 wu3o0paxeHus BHAHO, YTO Jaxe
KpaTKOBpEMEHHasl pernakcanus B TeueHue t = 0,5 HC MPUBOAMUT K 3HAYUTEIBHOMY
YMEHBIIEHUIO Wsim OT 3,2 10 1,9 HM, 4TO mydille cOBNagaeT ¢ IKCIEPUMEHTATbHBIM
3HAYCHUEM Weyp = 1,6 HM [1]. IIpu t = 2,5 HC Wsim JOCTUTaeT Benu4uHb! 1,7 HM U B
JalbHEHIIEeM MMOYTH HE MEHSETCA, YTO MOXKHO OOBSICHUTH peaju3alueil Bcex
penaKcalMOHHBIX POLIECCOB, BO3MOXHBIX MPHU 33JJaHHON TemnepaType. OTMeTum,
YTO peaKcalus He OKa3bIBaeT 3HAUMTENILHOTO BIIMSHUS HA KiacTepbl Xe.

E)cSi i - ..Ptra-C~ HIQ =

I 1 = h‘nﬂ“nnlnnnﬂnﬁunnu Bono d” ban,nunuq,u#.

()] 3 L k-8 o |

5 :

o 1

>‘ " 1

~ : _SHM | ) i

min : < i .
0 5 10 15 20 25 0 5 10

X, HM X, nm

Puc. 1. Dxcnepumenmanvroe uzobpascenue [1] (a), npogunu gynxyuii ¥(X) 6 nepexoorotl
obnacmu medxncoy a-Si u C-Si 6 sasucumocmu om OIUMEIbHOCMU MepMUYecKoll perakcayuu (6)

1. Podorozhniy O. V., Rumyantsev A. V., et al., Appl. Surf. Sci. In Press (2025).
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MOIEJIMPOBAHUE PEAKIIUN KAPBOKCHUIIEIITUJA3BI T C
AHAJIOTAMMU ITPUPOJHBIX CYBCTPATOB C IPUMEHEHHUEM
QM/MM-METAJIMHAMUKHAU

J 1. Hoowwuesanos’

THUI] «Kypuamoeckuii uncmunmymy

UccnenoBanue ¢epMeHT-CyOCTpaTHBIX KOMIUIEKCOB SIBISIETCS aKTyalbHOM
3amayed. BBICOKYI0 3HAQUYMMOCTh HWMEIOT UCCIEAOBAaHUSA  B3aUMOJCHUCTBUS
dbepMEeHTOB MMEHHO C NpPUPOAHBIMU cyOcTpatamu. I[lomyudeHue TpexMepHO
CTPYKTYpbl KOMILUIEKCOB AaKTHBHBIX (DEPMEHTOB C NPUPOJIHBIMU CyOCTparamu
DKCIIEPUMEHTAJIbHBIMA METOJIaMH 3aTPyJHEHO H3-3a AKTUBHOCTH U BBICOKOU
cnenuduyHocTH (epMeHTa K cyOctpary. B nmaHHOM pabore ObUIO TPOBEACHO
MOJIETTUPOBAHUE pEaKIUU KapOoKcumenTtuaassl 1T ¢ aHajmoraMu MPUPOIHBIX
CyOCTparoB W  Bajmugalusl NPOMEKYTOUYHBIX COCTOSHUH €  MOMOILBIO
PEHTITEHOCTPYKTYPHBIX TaHHBIX.

KiroueBpIM pe3ynpTaToM HCCIENOBAaHUS CTAIO MOJACIMPOBAHUE HAYaAIBbHOU
CTaAuy TUAPOIM3a TENTUIHOW cBsI3u sl cyoctparoB  AlaAlaAlaPhe,
AlaAlaAlaleu u AlaAlaAlaArg. ITpumenenue QM/MM-meTona B coYeTaHUU ¢
MeTaauHaMuKoM [1,2] TO3BONMIO JOETAIBHO U3YYUTh IPOTEKAHHWE PEAKLINH,
KaTajau3upyeMmon kapOokcumnentuaazon T s cyOcTpaToB pa3audHON npupojsl. B
KaueCTBE  KOJUJICKTUBHBIX  TEPEMEHHBIX  ObUIM  BBIOpaHBI  HapameTphl,
XapaKkTepU3yIOIIUe  pa3pblB  MENTUAHOM CBA3M U NEPEHOC  IIPOTOHA.
BoccraHoBiieHHbIE TTOBEPXHOCTH CBOOOMHOM DSHEPrUU PEAKIMHU  TO3BOJIHIIN
BBISIBUTH KIIFOUEBBIE IMPOMEKYTOUHBIE COCTOSIHUSI U TEPEXOAHBIE KOMILIEKCHI,
BKJIIOUAsl TETPadIpUUECKUN MHTEpMEIuaT, CTaOUIU3UPOBAHHBIN KOOpIAMHAITUEH C
MOHOM IMHKa. CpaBHEHHE C JAHHBIMH TPEXMEPHOU CTPYKTYPhl KOMILJIEKCOB C
aHAJIOTAMHU TEPEXOAHBIX COCTOSIHUWA COOTBETCTBYIOLIEW IPUPOABI IMOATBEPAMIIO
KOPPEKTHOCTh MOJCIIMPOBAHUS KIIFOUEBOW CTAIMH PEAKLIHAH.

JIaHHBI MOAXOA K MOJACIMPOBAHHUIO TMPEACTABISCT YHUBEPCAIBHYIO
miaropMy g OpPEACcKa3aresbHOM — SH3MMOJIOTMH,  OCOOCHHO IS
METaJI03aBUCUMBIX (epMeHTOB. OH MO3BOJSET MPOTHO3UPOBATH CYOCTPATHYIO
CenUu(PUYHOCTh W KaTaAJIUTUUYECKYyID aKTUBHOCThb, 4YTO TMEPCIEKTUBHO JIJIst
HAIPABJICHHOTO JU3aifHa OMOKATAIU3aTOPOB U (PapMaKOIOTUUECKON ONTUMH3AIINH.

1. J.F. Dama, M. Parrinello, G.A. Voth, Phys. Rev. Lett. 112 (2014).
2. PLUMED consortium, Nat. Methods 16 (2019) 670—673.
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IN SITU OTPAKATEJBHASA QJIEKTPOHHASA MUKPOCKOIIUSA JIA
AHAJIM3A ATOMAPHBIX NPOLHECCOB HA IOBEPXHOCTH
KPUCTAJVIOB B YCJIIOBUSAX TPABJIEHUSA, CYBJIMMAIIUU 1
IIMUTAKCHAJIBHOI'O POCTA CJIOUCTBIX XAJIBKOI'EHHU/10OB
METAJIVIOB

C.A. lonomapeg*, /.M. Poeuno', 1.B. Llleznog*, A.B. Jlamviueg™?

L UDIT um. A.B. Pacanosea CO PAH, 630090, Hogocubupck
2 Hogocubupckuii 2ocyoapcmeennwiii ynusepcumem, 630090, Hosocubupck

Crouctble XaJdbKOT€HUJB METAJUIOB pPACCMATPUBAIOTCA B  KaueCTBE
MaTepUalbHOW  OCHOBBI ~ MEPCHEKTUBHBIX  YCTPOWCTB  MHMKPOIJIEKTPOHHKH,
dboToHUKU U (HOTOBOJIBTAUKH, MTOCKOJIBKY COUETAIOT CBOMCTBA MOJIYNPOBOJIHUKOB,
METAJIJIOB U JUAJIEKTPUKOB C MPEACIHHO MaJIOW TOJIIIMHON MOJICKYJISIPHBIX CIIOEB
U YCTOMYMBOCTBHIO K nedopmanusaMm Ha wu3rud. MuorooOemarone CBOMCTBa
XQJIbKOT€HUJIOB META/NIOB M YCTPONCTB HAa WX OCHOBE IPOJIEMOHCTPUPOBAHBI
DKCIIEPUMEHTATLHO BO MHOTOYHCIICHHBIX paboTax Ha OTHICIUIEHHBIX OT
O00BEMHOTO KpHCTAJIa YellyHKaX, OJHAKO aKTyaJlbHOW mpoOiemMoil co3maHus
MOJYNPOBOJHUKOBBIX ~ MPUOOPOB  MAacCOBOrO  MPOW3BOACTBA  SIBJISIETCS
HEBO3MOKHOCTh BBIPAIIUBAHUS TOHKHUX IIEHOK XaJIbKOTCHHJIOB METAIJIOB C
BBICOKUM CTPYKTYPHBIM COBEPIICHCTBOM. METO/bl 3MUTAKCHAIBHOTO POCTa HE
UCKJIIOYAIOT 00pa3oBaHUs B TPOIECCE pOCTa PaA3IMYHBIX JEPEKTOB U
dbopmupoBaHUs MOJIUMOPGHBIX MoauUKAIHA C OJIMHAKOBBIM
CTEXMOMETPUYECKUM COCTaBOM, HO C OTJIMYAIOIIEHCS KPUCTALIMYECKOM
cTpykTypoi. Hexkoropsie nedekTsl OpMUPYIOTCS Ha reTepOTpaHUIle B Mpoliecce
3apOXKJICHUS ¥ pocTa MepBbIX cioeB. [lorTomy nHopmaIus 0 Ha4aTbHBIX CTAIUAX
poCTa CJIOMCTHIX XaJbKOT€HHJIOB METAIOB — a HWMEHHO O B3aUMOJCHCTBUU
METAJUIOB M XaJbKOT€HOB C KPUCTAUIMYECKOW MOMJIOKKOM, 3apOKIACHUU
OCTPOBKOB W JIaJIbHEHIIIET0 pOCTa IUJICHKH — SBJSETCS MPEASIbHO BaXKHOM ISt
pa3pabOTKH  CTHOCOOOB  BBIpAIIMBAHWSA KAYeCTBCHHBIX  BaH-ICP-BAAIbCOBBIX
TeTepOCTPYKTYpP B MPOMBIIUICHHBIX MaciuTabax. s pemieHus Takux 3aaad
BOCTpeOOBaHbI N SitU METOMABI, KOTOPBIC TO3BOJISIFOT B PEKUME PEalbHOTO
BPEMEHU TUArHOCTUPOBAThH MPOIIECCHl Ha TIOBEPXHOCTH: U3MEHECHHE CTPYKTYPHI U
MOP(OJIOTUHM TOBEPXHOCTH TMTpU  aacopOuuu aroMoB, ux auddy3un u
B3aUMOJICHCTBUSI MEXKTy COOOM U € MOJIOKKOM.

B nanHOlW paboTe moka3aHbl BO3MOXKHOCTH YHHKAJIBHOTO MeTona in Situ
OTPa)KaTeJIbHOU 3JEKTPOHHON MUKpockonuu (OOM) st u3ydyeHus: mpoleccoB Ha
MMOBEPXHOCTH  BaH-JEP-BAaallbCOBBIX W  KJIACCHYCCKUX  TMOTYMPOBOTHHUKOBBIX
noyioxkek. [IpencraBiieHsl pe3ynbTaThl HEIABHUX MCCIICIOBAHUM TMPOIECCOB Ha
noBepxHocTsax Si(111) u BixSe3(0001) mpu ancopbumu In, Sn u Se B mmpokom
JYara3oHe  TeMIlepaTyp, a TakkKe DJIUTAKCHAJIbHOM  POCTE€  CIOMCTBIX
XaJIBKOTCHHUIOB MeTaioB SnSe, u [npSes.

PabGoTta BemonHena mnpu ¢uHaHcoBOM mommepxkke PH® 19-72-30023 c
ucnosb3zoBanueM obopynoanus LIKIT «HanoctpykTyphi».
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UCCJEJIOBAHUE JJIEKTPOHHOM CTPYKTYPHI
PEJKO3EMEJBHBIX MHTEPMETAJLTAIOB ErFe;Mn, (x = 0; 0,2)
METOJIOM PE3OHAHCHOW ®OTOIMHUCCUOHHOM
CINEKTPOCKOIINHA C UCITOJIb30BAHUEM CHHXPOTPOHHOT'O
U3JIYUYEHUSA

E.A. Honomapesa®, P.I". quaKOGZ, EL T epacwwoel’?’, H.B. MymHuK061’3,

T.B. Kysueyosa*®

‘UDM YpO PAH, Examepunbype
2HUI] «Kypuamosckuii uncmumymy, Mockea
3 Vpanvckuii pedepanvuuiii ynueepcumem, Examepunbype

Penkozemenbhbie uaTepMeTaumabl RToT x (R — peako3emMenbHbIi AIIeMEHT,
T, T — mepexoHbIe METaJTBl) C KPUCTAIUIMIECKOH CTpyKTypoi Tuna MgCu; (da3za
JlaBeca C15, npoctpaHcTBeHHas rpymmna FO3m) akTuBHO HccaenyroTes Oaaroaaps
CBOMM MArHUTHBIM CBOWCTBAM W OCOOEHHOCTSM JJIEKTPOHHOM CTPYKTYpHI.
YHUKaNbHbIE XapaKTEPUCTUKHU TMO3BOJISIIOT paccMaTpuBaTb HMX B KadyeCTBE
MEePCIIEKTUBHBIX (YyHKIHOHATBHBIX MaTepHaoB C TUTAHTCKOM
MarHUTOCTPUKIIUEH, OOJBIINM MarHUTOCOIPOTHUBIICHUEM U
MarHuTOKajopuueckuM 3ddexrom [1-4].

Llenpro maHHOW paboThI sBIsieTCs wHccienoBanue O- u f- cocrosHwmid
AJIEMEHTOB, a TaK)K€ WX BIUSHHE Ha (DOPMHUPOBAHHME DICKTPOHHOU CTPYKTYPHI
penko3eMenbHbIX nHTepMeTauaoB ErFe;Mny (X = 0; 0,2). Merton pe3oHaHCHOI
(GOTOPMHUCCHOHHON  CHEKTPOCKONUU C  HCIOJb30BAHUEM  CHHXPOTPOHHOTO
U3IIy4eHUs] B KayeCTBE HCTOYHHMKA (DOTOHOB IIO3BOJISIET BBIACIUTH BKJIAJIbI
PEAKO3EMENBHOTO M NEPEXOAHBIX METAJJIOB B BAJEHTHYIO 30HY, B YaCTHOCTHU
UCCIIEIOBATh JIOKaM3anuio 4f-371ekTpoHoB 3pOwmsi, 3d-2JIeKTpOHOB Kene3a u
maprania. M3mepenue (QOTOIMHUCCHOHHBIX CHEKTPOB IMPOBOJUTCS Ha CTaHLUU
Hano®3C KKCHU HULI «KypuaToBcknii HHCTUTYT».

B  pesynbrare aHanmu3a  (OTOSMUCCHOHHBIX  CIIEKTPOB  IOJYYEHbI
3aBUCUMOCTH ()OPMBI CIIEKTPOB BaJEHTHBIX 30H OT JHEPruil (HOTOHOB BOIM3U
KpaeB TOrJIOIIEHUS BHYTPEHHHMX YPOBHEH »dpOusi, »Kene3a U Maprasua.
HccnenoBaHbl MPOLECCH MPSAMOTO U ABYXCTYNEHYATOIO BBIXOAA (POTORIEKTPOHOB,
yOPYroro M HEYNpYyroro KaHaJOB pachaja 3THX COCTOSHUN C HUCIyCKaHUEM
BBICOKOOHEPIreTUYECKUX D3JIEKTPOHOB 32 CUET BHYTPHATOMHOI'O KYJOHOBCKOTO
B3aumoercTus. [losiBIeHNE BTOPOTO NEPEXOAHOTO METAIIJIA U €70 KOHLEHTPALUs
BIMSIOT HA WMHTEHCHBHOCTh 4f-COCTOSHUMII penKo3eMeNnbHOTO JJIEMEHTa B
BAJICHTHOW TIOJIOCE, YTO MOATBEP)KAAEeT HeoOXomumocTh ompenenceHus d-f
B3aNMOJEUCTBUN B MTOJO0OHBIX CUCTEMAX.

PaboTa BeimonHeHa npu QuHaHcoBoil nopaepxkke PHD (rpant No23-72-
00067).

1.J. L. Wang, C. Marquina, et al., Phys. Rev. B. 73, 094436 (2006).

2. E. G. Gerasimov, N. V. Mushnikov, et al., J. Alloy. Compd. 680, 359-365 (2016).
3. A. M. Bartashevich, E. G. Gerasimov, et al., J. Alloy. Compd. 923, 166360 (2022).
4. A. A. Inishev, E. G. Gerasimov, et al., J. Alloys Compd. 968, 172186 (2023).
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MOHOKPHUCTAJILHASI PEHTTEHOBCKASI IU®PAKIIVS B
PACILIM®POBKE CTPYKTYPbI M CBOVICTB XJIOPUJIOB U
BPOMM/IOB Te(IV) C MAPUIANHOM

E.A. Ilonomapesa®, A.O. Jlembuxos', B.U. Hemmunog*, A.B. Illypvicunt

Ylanonesocmounviii pedepanvuuiii ynusepcumem, Braoueocmox

[TpoBoauMBbIE MTOUCKOBBIC UCCIIEIOBAHUS o pa3paboTke
MIOJTYITPOBOJTHUKOBBIX ~ (DOTOAIEKTPUUECKIUX MOMAYJIEH Ha OCHOBE KOMIUIEKCOB
Te(IV), Sb(IIl), Bi(IIl), Ti(IV), Pb(Il), Sn (IV) u apyrux ¢ NEepOBCKUTOBOM
CTPYKTYpOU MOATBEPKAAET BHICOKYIO aKTyalbHOCTh M 3HAYUMOCTh. K mogo0HOMY
KJIACCY COEJIMHEHUN OTHOCSTCA KOMIUIEKCHbIe coeauHeHus [e(IV) cocraBa
A,TeHals (rme A - opranudeckmii WM Heopranuveckuii karnon, Hal=Cl, Br, I).
Kommnekcst wonoB Te(lV) ¢ nupuamHOM  SBISIIOTCS — MEPCHEKTUBHBIMU
MaTepHaiaMH JIJIsi ONMTOAIEKTPOHUKHU U JIIoMUHO(OpOB. [loHnMaHue B3anMOCBsI3U
MEXKJy HUX KPHUCTAUIMYECKON CTPYKTYpOH U CHEKTPAIbHO-JIFOMUHECIIEHTHBIX
CBOMCTBaMU KPUTHUYECKH BaXXHO JIJIs1 HAIPABJIIEHHOT'O CUHTE3a HOBBIX MaTEPHAIIOB

Pucynok 1. Kpucramnnueckas ctpykrypa Te(IV) ¢ rerpastunamonnem

[To maHHBIM MOHOKpHUCTAJIbHOW Mudpakiuu ObUIO OOHAPYXKEHO, 4YTO 00a
KOMILIEKCA U30CTPYKTYPHBI, oKTadip Te(IV) siBnsercs ucKka)keHHbIM. XJIOPUIHBIN
KOMIUJIEKC MOPOSIBIIAECT JIIOMUHECUEHIMIO npu 77 K B BUIE IMPOKOW MOJOCHI C
makcumyM 700 HM cooTBeTcTByIOIIyIo °P; —!So-mepexomy uona temmypa, a ms
OpoMuIHOTO KoMIUIekca mromMuHecteHuus npu 77 u 300 K orcyrcrByer.
[IpoBenenne TemnepatypHbix dKkciepuMeHToB Ha cTaHimn PCA/benok mo3Bommio
YCTAHOBUTH CTPYKTYPY ABYX COCIMHEHUE MPU PA3INYHON TEMIIEPATYPE U BBIIBUTH
3aBUCUMOCTH.

PaGota BBIMONHEHA TIPU  TOAJACPKKE TOCYJAPCTBEHHOTO  3aJIaHUS

MunucrepcTBa Hayku | Bbiciiero oopazoBanusi Poccuiickoit @enepanuut (IpoeKT
Ne FZNS-2024-0013).
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BBICOKOIIPEIIMN3NOHHAA CUHXPOTPOHHAS IN®PAKIIUSA B
NCCIEJOBAHUU ®A30BOI'O COCTABA HAHOCHUCTEMBI Fe-Pt,
CHUHTE3UPOBAHHOH U3 BOAHBIX PACTBOPOB

A.H. Ilpuzopoodoea (I[lonosa)?, H.C. 3axapos*, A.H. [lImaxoe®

YDeoepanvuviii uccnedosamenvcruti yenmp yens u yenexumuu CO PAH, Kemeposo
ZUKH CKUD, Hncmumym kamanuza CO PAH, Hosocubupck

OpnHoil M3 KIIIOYEBBIX 3a/a4 COBPEMEHHOIO MaTEpHUATIOBEIACHUS SIBISETCA
BBISIBJICHHE 3aBUCUMOCTH (DA30BOTO COCTaBa HAHOCTPYKTYPUPOBAHHBIX CHCTEM
(HC) ot ycnoBuit cunTe3a. B qaHHOM HcclienoBaHUU sl PEIlIEHUs 3TOM 3a/layw,
NOMHMO TPAJAMIMOHHBIX METOA0B (Jnabopatopusii PDA, I[IOM BP), Obuia
NPUMEHEHA BBICOKOMPEUM3HOHHAS NU(pakiys HAa CHHXPOTPOHHOM H3Iy4YEHUHU
(CH), 9T0 MO3BOJMIIO MHOJYYUTh OECHpPELENECHTHO TOYHBIE JAaHHBIE O (Pa30BOM
coctaBe M Tepmuyeckoi dBomonuun HC Fe-Pt. MerogoM COBMECTHOIO
BOCCTAHOBJICHUSI B BOJHOM cpene, cuHte3upoBanbl jBa tuna HC Fe-Pt wus
cynb(ara xene3a(ll) u cynppara ammonus-xkeneza(lll) B kauecTBe nmpexkypcopoB
xenesa. [lupoxkuit yrmoBodt auanazoH AudpakuuoHHbIX gaHHbIX CHU ¢
UCKIIFOUUTEIBHBIM ~ Pa3pelieHHeM W OTHOLICHWEM CUTHAJ/IIYM  SIBJISIOTCS
pemarnmmMi GakTopamu JJIs:

- MOATBEPXACHUS JaHHBIX O (A30BOM COCTaBE, MOIYYEHHBIX Ha JaOOPATOPHOM
nudpakToMeTe;

- NPEUU3HOHHOIO OINpENETEHUs IapaMeTPOB JJIEMEHTAPHOW SYEHMKH, 4YTO
KPUTUYECKU BAKHO JJIS pacyeTa CoAepKaHus *Keje3a B TBEPAbIX pacTBOpax;

- MOJY4YeHHs JaHHbIX B IIMPOKOM JUana3oHe OOpaTHOrO MPOCTPAHCTBA,
HEOOXOMMOro I MOCIEAYIOLEro MOCTPOEHUSI aTOMHONW (DYHKIIMU pagraibHOTO
pacnpenenenust (PDF-ananu3) npu u3ydeHuu JJOKaaIbHON CTPYKTYpPHI.

Hudpakiuonnsle skcriepumMeHTsl Ha CH 0onHO3HAYHO MOATBEPAMIIU
dynmamenTanibHoe paznuure B ¢azoBoM coctaBe HC Fe-Pt. Jlng cucremsr Ha
ocHoBe Fe(ll) mannpie CU 3aduKcupoBamu CIOXKHBIA TeTEpOreHHbIH (Pa3oBbIii
cocTaB, B TO BpeMsl Kak st cucteMbl Ha ocHoBe Fe(Ill) Obuta ycraHoBieHa
BBICOKasi CTENEeHb ToMOreHHoctu ocHoBHoro ITI[K TBepmoro pactBopa c
napameTpom pemretku 3.8970 £ 0.0009 A. Harpes 06pa3ios in situ ¢ KOHTposeM B
peabHOM BPEMEHHU BBISIBUJ KapJAWHAJIbHO pPa3IM4YHOE IOBEICHHE cucteM. B
rereporenHoid HC na ocHoBe Fe(Il) naGmromaercs monHast azoBasi cerperamusi ¢
oOpa3oBaHHMeM KpymHBIX KpucTtamuioB Pt. B 1o xe Bpemsa, B romorennon HC,
nonyyeHHor u3 Fe(Ill), mpoucxoautr koHTponupyemoe (pazoBoe MpeBpanieHUue B
MenkoaucnepcHyro  aByxgasnyro cuctemy (I'LIK  TBepawlii  pactBOp +
untepmetaug Fe,1Pt;9 co crpykrypoit L1,). Takum oOpa3om, mpuMeHeHuHe
BBICOKOIPEIIM3UOHHON CHUHXPOTPOHHOW JU(PPAKIMK TO3BOJIMIO TOATBEPIUTH
CTPYKTYPHBIE MOJEIN U KOJUYECTBEHHO YCTAaHOBHUTH BIMSHUE MPEAIICCTBEHHUKA
Ha (ha30BbIN COCTaB U TEPMHUUECKYIO CTAOUIBHOCTD.

HccnenoBanue BBIMOJIHEHO 3a c4eT rpaHta Poccuiickoro HayuHoro ¢onzaa
Ne 23-13-00356, https://rscf.ru/project/23-13-00356/.
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OITPEAEJIEHUE COCTOAHUA CBUHIA ITOCJ/IE AICOPBIIMHU HA
CJIOUCTOM JBOMHOM IT'MIPOKCHUJIE C TIPUMEHEHUEM METOJA
EXAFS

B.JI. Pacmopzyes', H.II. Usanos', C.C. Casun?, A.JI. Tpuzy6?

Ylanonesocmounviii pedepanvuuiii ynusepcumem, Braoueocmox
2HUI] «Kypuamosckuii uncmumymy, Mockea

JUist  onTUMM3anMU  Tpoliecca TMOJy4YeHUs COpOLMOHHOTO MaTrepuala
HEOOXOJMMO TMOHUMATh MEXaHU3M B3aUMOJICHCTBUS COpOEHTa C copOaToM.
Knaccuueckue — ynabopaTtopHble  METOABl  HUCCIAEAYIOT  IPEUMYIECTBEHHO
MOBEPXHOCTh O0pas3lla M JalT HEJO0CTaTOYHO HHMOpMAIMU O MEXaHU3Max
B3aMMOJICHCTBUSL, B TO BpPEMS KaK CHHXPOTPOHHBIE METOJIBI HCCIEA0BAaHUMN
MO3BOJISIOT 3arJiIHYTh BIIyOb MaTepualia U C BBICOKOW TOYHOCTHIO MOTYYUTh
MHPOpMAIIMIO O CBS3SX aTOMOB JIPYyT C JPYrOM B HCCIEAyEeMOM Marepuale.
Metonqom EXAFS MOXHO MOJMYYHTHh CHEKTPHI TOIJIOMICHUA B O0NacTH Kpas
MOTJIONIEHHUS, C MOMOIIBI0 KOTOPBHIX MOXHO OILICHUTh KOOPAWHALIMOHHBIE C]epbl
BOKPYT OIPEIENEHHOr0 aToMa M YCTAHOBUTh HE TOJIBKO OKpPY)KEHHE, HO U
paccTosiHUSL OT UCCIEAYEMOTo 10 OKpyXkaromux. s ciIoucToro ABOMHOIO
rugpokcuaa Zn-Al, HachleHHOro CBHHIIOM, ObLIHM ToiydeHbl EXAFS-criektp u
wavelet-npeobpazoBanHoe nzodpaxenue (puc.l).
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Pucynok 1 — TeopeTnyeckuii W IKCIIEPUMEHTAIbHBIN crieKTP K-kpasi unHka B R-
npoctpancTBe (a) u Wavelet-npeodpazoBanne JKcnepuMeHTAIbHOIO CIEKTPa

R-dakrop nns cnektpa coctaBui 0,0225, 4To TOBOPUT O BHICOKOUM CTEMEHU
TOYHOCTH MOJ00paHHON Mojenu. M3 pe3ynbTaToB AJisl IEPBOM KOOPAMHAIIMOHHON
cdepbl YyCTaHOBIIEHO, YTO TOJBKO 51-52% cBunua aacopoupyercs va CHAI, a u3

pEe3yabTaTOB BTOPOM — TOJIBKO 37%. Bee ocTanibHble MyTH pacCEMBAHUSI OTHOCSTCS
K (haze Pb(OH)CI.

Pabora BeimonHeHa B pamkax ['ocymapctBeHHoro 3amanus MuHHCTEpCTBA
HayKu U Bbiciiero oopazoBanus Ne FZNS-2024-0013.
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BBISIBJIEHUE MOJIYJISIIIUA MEXKIIIOCKOCTHBIX PACCTOSSHUM
KOPOTKOINEPUOJHOM CBEPXPEIIETKH GaP1.yAsy/GaP1xNx
METOJAAMM JIEKTPOHHO MUKPOCKOITUU

A.P. Pewemusx®, P.JI. Boaxoe', H.U. Bopzapom?®, M.J. Hernandez?,
M.A. Pampillon?, B.J. Garcia?

! Hayuonanvnoni uccneoosamenvcxuii ynusepcumem « MHUITy», Mockea, 3enernozpad
2 Electronics and Semiconductors Group (ElySe), Department of Applied Physics, Universidad
Autonoma de Madrid, Madrid, Spain

KopoTtkonepuoansie CBEPXPEIICTKH (KTICP), CoJIepIKaIIue
3MMUTaKcuanbHble ciou, Takue Kak GaPiyASy um GaPixNy, mnpumesstorcs B
ONTORJIEKTPOHUKE U (OTOIEKTPUICCKUX MpUIIoKeHUsX. s xapakrepuzanuu
BBIPAIIICHHBIX CJIOEB UCIOJIB3YETCS MPOCBEUMBAIONIAS AIEKTPOHHAST MUKPOCKOIIHS,
KOTOpas IO3BOJIICT M3y4yaTh BapUallMd  MEXKIUIOCKOCTHBIX  PACCTOSHHMA
aHATN3UPYEMBIX CIIOCB.

O6pazen; KIICP (GaP1yASy)m/(GaP1xNx)n ¢ mapamerpamu X = 0,04, y = 0,17
1 m/n=6/18, 3agaHHBIMU TIPU pOCTe, BhIpamuBaics Ha nojioxke Si(001) ¢
OydepubiM coeM GaP MeToIOM XMMHYECKU-ITYYKOBOM SMUTAKCHU HA YCTAaHOBKE
Riber CBE32. Tonkas ¢onera mNpuroraBiuBajaCh Ha 3JICKTPOHHO-HOHHOM
mukpockorie Helios Nanolab 650 wu wuccrnenoBazack Ha POCBEUMBAIOIIEM
3JIEKTPOHHOM MHKpockorie Titan Themis 200.

Ha puc. la mokazaHo CBeTJIONOJBHOE H300pa)KCHHE, IEMOHCTPUPYIOIICE
crpykrypy KIICP. Jlnsg BbICOKOpa3peUIaomero H300pakeHus, IMOIy4YeHHOTO
METOJIOM ITPOCBEUUBAIOIIEH PACTPOBOI NMEKTPOHHOUM MuKpockonuu (ITPOM), 6bu1
MOCTPOEH YCPEIHEHHBIN MPOPUIb HHTEHCUBHOCTHU BIOJbL ocH Y (puc. 10). 13 puc.
1B u Ir BumHO, uTO 3HaYeHUS Ugap1-yasy M Oapixnx PA3TMYAIOTCS B UCCIICTYEMBIX
crosix. [Tyrem nsmepenus BenmuuH |y 1 l; MexIy Tpemst coceTHUMU MaKCUMyMaMu
ObBUTH BBIYMCJICHBI CPEIHHE 3HAYCHHSI MEXIUIOCKOCTHBIX PACCTOSHHUN B CIIOSX
GaP1xNx u GaP1.yAsy, paBabie 0,2705 am 1 0,2769 HM COOTBETCTBEHHO.

Takum o0pa3zoM, mojydeHue u oOpaboTKa BbicOKOpaspemaromux [TPOM-
MU300paKCHHUIA TTO3BOJIMIIM OIICHUTH BapHaIlid MEXKIUIOCKOCTHBIX PAacCTOSHUN B
COCE/IHUX CJIOSIX CBEPXPEIIETKH BIOJIb HAIIPABIICHUS €€ POCTA.

90 110 7, otH.ex. 90 110 7, oTH.ex.
B 50 i

a ' L Lo 5
O i S ﬂ L
0,2769 o ,‘ a;cap :/
00 .". ; aP .,/ | == \ GaPlly —
0 20 HM 1 HM 4.0 R— 8.0

Puc. 1. Ceemnononvroe (a) u gvicoxopazpewaroujee [IPOM usobpasxcenuss KIICP (6) npogbwzu
unmencusnocmu 0 crnoee GaP1xNx u GaP1yASy ceepxpewemxku (8, 2)

195



MOHTE-KAPIO MOJAEJINPOBAHUE PACIIBIJIEHUA Si U SiO;
®OKYCUPOBAHHBIM NOHHBIM ITYYKOM B KPAEBOM PEKUME

A.B. Pymsanuyes, HU. bopeapom

Hayuonanvnuiii uccneoosamenvckuii ynusepcumem « MUIT»

Meron ¢oxycupoBanHoro nonHoro myuka (OUII) seusercs 3ppekTuBHBIM
WHCTPYMEHTOM i1 (DOPMUPOBAHHS MHKPO- W HAHOCTPYKTyp. OmgHUM H3 €ro
HEJIOCTATKOB SIBJISIETCS MMIUIAHTALIMS aTOMOB Iy4dka B MaTepuas oOpasua. B [1]
OBUIO IMOKAa3aHO, 4YTO g Si gaHHBIA 3(G(EKT MOXHO MHHHMHU3HPOBATH C
UCIIOJIb30BAaHUEM CTPATErMM MOCTPOYHOIO CKAHUPOBAHUSI B KPAECBOM pEXKUME
BO3JICUCTBUS My4YKa 3a CUET MPOUCXOMASIIETO MPU 3TOM BTOPUYHOTO PACTIBIICHUS
aTOMaMH, BEIOUTHIMU MOHHBIM ITyYKOM C TIOYTH BEPTUKAIBHONU O0KOBOI cTeHKU. B
JTAHHOM paboTe 3TOT MpoleCC cpaBHHMBaeTCs s moaimoxkek Si u SiO; myrtem
pacueToB MeToz0M MonTe-Kapiio (MK) B makere RUustBCA [2].

[TockonbKy BBIYHUCICHUS TTOKa3aiH, 4To Gpopma mpoduiieil moryIaeMbIX Ipu
pacmbuteHun Si u SiO; mNpakTHYECKH WIEHTHYHA, B JBYX ciydasx MK-
MO/ICJIMPOBAHUS UCIIOIB30BAICS MPO(HIIh, TOMYYSHHBIN s Si ¢ mapaMeTpamu,
npuBeeHHbMU B [1]. Ha Puc. la, 6 moka3zaHbl TpaeKTOpUH, YYacCTBYIOLIUX B
nporiecce pacnbuieaus Si (a) u SiO; (0) yacTwil, a Tak:Ke UX paclpeIeIeHUs B0
ocu X. B oboux crmydasx 3HAYUTENBHOE YHCIO aTOMOB PAaCHbULIETCS BAAINA OT
mecta BozzaeiicTBus OUIIL. KosdduimeHnTsl BTOpUUHOTO paClbUICHUS] HAXOIUITUCh
KaK 4iCJIO aTOMOB, PACIbLIEHHBIX JieBee TouKH X=-0.2 MKM u cocTaBuinn Y®s=2.0
1 Y®si0,=2.4, 4TO CpaBHUMO C COOTBETCTBYIOMIUMY 3HAYEHUSAMH JJIs HOPMAJILHOTO
MajieHusl TEePBUYHOTO myyka. Takum oOpa3oMm, 3()PEKTUBHOCTH BTOPUYHOTO

pacnbuteHus s SiO; conoctaBuMa ¢ Si, HECMOTpPSI HA MEHBIIIYI0 Maccy aTOMOB
0.
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Puc. 1. Hzobpasxcenust pacnviisiemoti nogepxnocmu Si (a) u SiO2 (6) ¢ mpaexmopusimu uoHos
Ga, evioumeix amomos Si u O (6nuzy). Pacnpedenenusi yuacmeyrowux 8 npoyecce yacmuy
(66epxy).

o
n
o]

PabGora BeinmosHeHa npu (uHAHCOBOM mojaaepkke Poccuiickoro Haydnoro
donpa (cornamrenue Ne 23-19-00649).

1. Rumyantsev A. V., Borgardt N. I., Volkov R. L. Nanoscale. 17, 21141 (2025).
2. Drobny J. T., Curreli D. J. Open Source Softw. 6, 3298 (2021).
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OIITUYECKASA CXEMA CTAHIIMU CIIEKTPOCKOIINHU
MOIVIOIIEHUA B MATKOM PEHTTEHOBCKOM OBJIACTU U EE
PEAJIM3AILINA B THK 3EJIEHOI'PA /I

C.C. Casunt, A.A. Benueocanun®, A.JI. Tpuey6*, P.I". Yymaxoe', E.E. Cypuxosat

YHUI] «Kypuamosckuii uncmunymy

[Ipennoxena ONTUYECKAS cxema CTaHLINU CIEKTPOCKOIIHH,
(GYHKIIMOHUPYIOLIEH B MSTKOM PEHTIC€HOBCKOM JMANa3OHe, M €€ pealu3alid B
pamkax (enepanbHOW HAYYHO-TEXHMYECKOH MpOrpaMMbl, Mperoiararomnen
monupukammio THK 3enenorpaag m ero BBOjga B SKCIUTyaTalldio Ui PELICHUS
aKTyaJbHBIX 33]1a4 OT€YECTBEHHOW JUTOrpaduu.

CoBpemeHHbIE auTOorpapuyecKue TEXHOJIOTUU c BBICOKMM
IIPOCTPAHCTBEHHBIM PA3PEILICHUEM MIPEIyCMATPUBAIOT UCIIOJIB30BAHUE U3IIyYCHUS
B 00JacTH 3KCTpeMalIbHOTO YyibTpaduosera. ITo TpeOyeT co3JaHusl HOBBIX
UHCTPYMEHTOB, CIOCOOHBIX O0ECIEUUTh BBICOKOE pa3pelIeHHE U JOCTATOYHBIN
noToKk ()OTOHOB Ha oOpasue A 3PQPEKTUBHOTO MCCIEAOBAHUS XUMHUYECKOTO
COCTaBa MaTE€pHAJIOB, KpPUTHUECKH BAXKHBIX JJIs JUTOrpaduueckux mpoueccos. B
KA4eCTBE TAKOI'O0 MHCTPYMEHTA BBICTYIIACT CIICLUAIU3UPOBAHHASA CTaHLUA
CIEKTPOCKOIMH MOTJIONIEHUS B MATKOM PEHTTEHOBCKOM JIMAaNla30HE.

XapakTEepUCTUKU  MPEIJIOKEHHOM  ONTHUYECKOM CXEMBL:  pa3peuicHue
E/AE>1500, notok @ > 7.5-10", &/c/100MA, momaas myuka S = 0.2153-0.0165.

B kadecTBe OCHOBHBIX OKCIIEPUMEHTAJIBHBIX METOJOB Ha CTaHUUU
MPEANOJIAraeTCsl HCIOJb30BAHUE METOJOB CHEKTPOCKONMH PEHTTEHOBCKOTO
MOTJIOIIEHUS MTOJIHOTO, YaCTUYHOTO 3JIEKTPOHHOTO U (PIIyOPECLIEHTHOTO BhIXO/a, a
TAK)K€ PEHTTCHOBCKOM (DOTOZIEKTPOHHOM CHEKTPOCKONMUU. IJHEPreTUYECKOe
paspelieHue M MOTOK (OTOHOB JUIsl JOCTYHHOTO CHEKTPAJIbHOIO JMara3oHa

H3JIYYCHHUA IIPCACTABJICHBEI HA PHUCYHKC.
PaamMep BbixogHOM Wenm — 50 MKM

600 2.0
NUHUA/MmM 1200
NUHWA/Mm

10? 10°
Energy, ev

Pucynok — Pacnipenienenue notoka (KpacHsIM) U pa3perieHus (CMHHUM) B ()OKabHON TIOCKOCTH
YCTaHOBKH
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OPAI'MEHTALUA JTOKAJIBHOI'O ATOMAPHOI'O OKPYKEHMUS C
HEJIBIO SIBHOI'O YUYETA TEIIJIOBOI'O ABUKEHUA ITPU
MOIEJIMPOBAHUU CIIEKTPOB PEHTT'EHOBCKOI'O TIOIJIOINEHUSA

C.C. Casun®, AJI. Tpuzy6'?

YHUI] «Kypuamosckuii uncmumymy

Meronosnorust SIBHOTO y4yeTa TEIJIOBBIX KOJEOAHWH TpH MOJETUPOBAHUU
CIIEKTPOB pEHTreHOBcKoro momomnieHus B EXAFS-guanaszone B mepBoM
NpUOJIMKEHUU TOKAa3bIBae€T CBOIO A(M(PEKTUBHOCTH ISl ypaHWI-KapOOHATHBIX
komiuiekcoB UO,(CO3);. B ocHOBe METOIUKH JICKHUT (PparMEHTALUS JIOKAIBHOIO
aTOMAapHOTO OKpY)KEHUSI Ha OTJAEJbHbIE TpyNnbl aroMoB. [lpumenenue
MOJIEKYJIIPHO-IMHAMUYECKMX METOJOB K (PparMeHTaMm IMO3BOJISIET CYIIECTBEHHO
CHHU3UTh KOJMYECTBO HE3aBUCHUMBIX BapbUPYEMBIX MapaMeTpoOB, YYACTBYIOIIUX B
BeIpaxeHNH EXAFS 1 10cTHYb BBICOKOTO YPOBHS CXOUMOCTHU (PUCYHOK 1).
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Pucynok 1 — Teoperndeckuii u sxcrniepumentanbHbiii EXAFS-criektper UO2(CO3)3

SIBHBIN y4eT CMOJICTUPOBAHHOIO TEIJIOBOTO JABUYKEHUSI aTOMOB JIOKAJIBLHOTO
OKpY)KEHHsI ~ TpeOyeT  ONTHMM3allUM  TepecueTa  BOJHOBBIX  (QYHKIMI
(hOTORJIEKTPOHOB, 3aBUCAIIUX OT JJIMHBI 3B€HBEB IMMYTEU PACCESHUS U YTIIOB MEXKY
HUMH. V3MeHeHue yIJIoB B TPEXKpaTHOM IIyTU paccesiHus TpeOyeT mnepecyera
da3pl  (HOTOAIEKTPOHHOM BOJHBI, B TO BpeMs KaK NP COXPAHCHUHU YIJIOB
JIOCTaTOYHO MCIIOJb30BaTh KOPPEKLUMIO HAa M3MEHEHHYI JJIMHY IOJHOIO
MHOTOKPaTHOT'O MYTH paccessHus (pUCYHOK 2, 3).
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Pucynok 2,3 — MuorokpatHbiii yTh paccessaus Me-O-C. Cnea: yrisr Me-O-C u3MeHeHbI,
crpasa: yriasl Me-O-C coxpanensl. @a3a QpyHKIIUH, TEPECUNTAHHOHN MMOJHOCTBIO (CHHUM) U C
MIOMOIIIBO BBEICHUS KOPPEKIIMU HA M3MEHEHUE MEKATOMHOTO PACCTOSHHUS (3€JICHBIM),
OTJIMYAIOTCS B IEPBOM CIIydae U COBIA/AIOT BO BTOPOM.
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MNPUMEHEHME 3JIEKTPOHHON MUKPOCKOIIUU 1JIs1
HNCCIEIJOBAHUA CTPYKTYPBI UCXOAHBIX 1 OBJIYUEHHbBIX B
PACIIJTIABE NIOJIMMEP-ITIOJIMMEPHBIX KOMIIO3UTOB IIT®3/I10b 1
HT®I/ITIIK

H.B. Caodosckas, B.H. bapanosa, A.C. Aéunos

YHUI] «Kypuamosckuii uncmumym»

Henocrarku mnonurerpadropstunena (IITDD) cBs3aHbl ¢ €ro BBICOKOM
MOJ3Y4YECThI0, HU3KOM H3HOCOCTOMKOCTBIO. sl yNIydllIeHUsS MEXAHUYECKUX U
TPUOOJOTUYECKUX CBOMCTB MOTYYalOT KOMIIO3UTHI C PA3TUYHBIMU MTOPOIIKOBBIMU
HAIOJIHUTENSIMUA (YTJICBOJIOKHO, CTEKJIOBOJIOKHO, KOKC, OpoH3a u np.). OmHako,
W3/IeJINsI, U3TOTOBJICHHBIE U3 TAKUX KOMIIO3UTOB, UMEIOT JOCTATOYHO BBICOKYIO
MOPUCTOCTh M HU3KYK MPOYHOCTh. B moclieHHe roAbl YaCTUYHOMY PEIICHUIO
ATUX TPOOJIEM CHOCOOCTBYET CO3[aHUE MOJIUMEP-TIOTUMEPHBIX KOMIIO3UTOB
[IT®I/TIOb u I[MTOI/TIDIK. Ilomumepst T1OB (monmoxcubenzomwn) u [I39K
(monmudPupIPUPKETOH)  SBISAIOTCA  BBICOKOI(P(DEKTUBHBIMU  TMOJMMEPaMHU,
YCTOMYUBBIMU K 3KCTPEMAJIBHBIM TEMIIEPATYPHBIM U MEXAHUYECKHM Harpy3Kam.
Kpome Toro, panee Hamu ObUIO MOKa3aHo [1], 4To ramma-o0aydeHHe B paciiiaBe
KoMno3uTtoB [IT®D ¢ DNOPOMIKOBBIMM  HANOJHUTEISAMU  NPUBOIUT K
3HAYUTEIBHOMY YIIYUYIIEHUIO X CBOWMCTB, PU 3TOM OMNPEAEIISIOULYI0 POJIb UTPAJI0
M3MEHEHHE HAJMOJIEKYJIApHOU CTPYKTYpsI [ITDI.

[lenbto pa®OTHI SIBISETCS XapakTepu3alus HaJIMOJEKYJISIPHOH CTPYKTYpbI
koMIIo3UuTOB IITDOO/TIOb u IITOO/IIDDK no u mocie BO3AECUCTBUS TraMMma-
U3JIyYEHUs MpPU TEMIIEpAType BBIIIE TEMIEPATYPHl IUIABICHUS KPUCTAJIIUTOB
[IT®D.

Mopdonoruo HaaIMOJEKYISIPHONH CTPYKTYpPhl HCXOJHBIX U OOJYyUYEHHBIX
ramma-kBanTamu °°Co nosoii 200 kI'p xommnosutos [IT®D/TIOB u [ITOD/TIDOK
MCCIIEIOBAJIM METOAOM PACTPOBOM JIIEKTPOHHOW MHUKpOCKomnuu. lcnomp3zoBaiu
PacCTpPOBBIM  AIEKTPOHHBIH MHUKPOCKOIN BBICOKOTO BBICOKOTO pa3pelieHus C
XOJIOJHBIM aBTOAMHUCCHOHHBIM KatogoM JSM 7500F ¢upmer JEOL (Smonus).
HccnenoBanusi MNPOBOAWIM B PEKUME HHU3KOIHEPIr€TUYECKUX BTOPUYHBIX
3JIeKTPOHOB. [Ipu yckopstonem HanpskeHuH S KB paspelienrne cCoCTaBisuio S HM.

[Tokazano, 4Tto mocie TramMMma-o0JIydeHUs HaIMOJEKYJspHas CTPYKTypa
nonumepa [ITOD nperepneBaeT kapAMHAIBHBIE U3MEHEHUS: IPOUCXOAUT NEPEXOT
OT JaMEJUIIPHON K (PUOPUIUIPHONW C IMEHTPATbHO CHUMMETPUYHON YHMAKOBKOM
bubpumn, npu stoM dyactunel [IOb wu  TIDDK craHoBATcs 1eHTpamMu
CTPYKTYpOOOpa30BaHMs, CMAayUBAEMOCTh YACTHUI[ 3HAYUTEIILHO YIIy4IlIaeTcs,
MOPUCTOCTh CHUYXKAETCSI, INIOTHOCTh BO3PACTAET.

Pabora npoBeaeHa B paMKax BBIIOJHEHHS rocygapcTBeHHoro 3amanus HUILL
«Kyp4yaToBCKM HMHCTUTYT». ABTOpPBI BBIpaXAIOT HCKPEHHIOK 0J1aroJapHOCTh
000 «HIIIT «Apdaon» 3a mpeaocTaBICHHBIE JJISI HCCIIEI0BaHUS 00pa3IbI.

1. H.B. Canmosckas, A.JO. O6BunneB u ap. [loBepxHOCTh. PeHTreH., CHHXPOTpP. ¥ HEUTPOH.
uccnen. 1. 91. (2016).
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CHUHTE3 1 MOP®OJIOT'MYECKUE CBOMCTBA T'PA®EHA HA
HAHOYACTHUIHAX METAJIJIOB U IUDJIEKTPUKOB

FO.A. Canamamog*, E. A. Kpaeuoel, 1O0.B. Kopxl, FO.C. Ilonocos?,
M.A. Viimunt, B.B. Mamioxog*

L Unemumym gusuxu memannos YpO PAH, yn. Cohou Kosanesckoti, 18, Examepun6ype, 620137

OgHuM W3 MIHMPOKO MCHOJB3YEMBIX BHUIOB HAHOMATEPUAJIOB SBISIOTCS
HAaHOKPUCTAJNINYECKUE MOPOIIKH, KOTOPBIE IMOJIy4alOT MPAKTUYECKU U3 JHOOBIX
TBEPABIX BELIECTB.

B nacrosmieit pabore uccienyrorcs Mmopdoaornueckue cBoicTBa rpadeHa,
CHUHTE3MPOBAHHOTO HAa HAHOMOPOIIKaX HHKeNs, candupa u ux cmecu. [lokazano
HaJIM4ME 3aBUCHUMOCTH 3TUX CBOMCTB OT METOJA MOJYyYECHHs HAHOYACTHUI[ U UX
pa3zmepoB. OnpeaeneHbl yCIOBUs CUHTE3a, MO3BOJISIOIINE MOTYyYUTh rpad)eHOBbIE
000JIOYKH C BBICOKUM CTPYKTYPHBIM COBEPLIEHCTBOM.

Pasmepsr Hanouactuir Ni u Al,Os BappupoBanucek B uHTEpBaie ot 15 go 25
HM M OBLIM IMOJy4E€Hbl METOAOM TrazodasHoro cuHte3a. ['padeHoBOE MOKpPHITHE
OBUIO MOJIYYEHO METOJOM XMMHUYECKOI0 OCaXKACHUs U3 ra3oBoi (a3bl. OOpasibl
UCCJIENOBAIMCH METOI0M PAaMaHOBCKOM CIIEKTPOCKOIIUHY.

HaHonopomky HCrnoiab30BaIuCh KaK B HACBIITHOM, TaK U B CIIPECCOBAHHOM
Buge. Ilpu BBICOKMX TemmepaTypax MOpOLIOK HHKeNs crhekaics. YToObl
IpeIOTBPAaTUTh NaHHBIM 3¢ (deKT ucnosp3oBaigach cMech HaHoyacTHl Ni-NiO ¢
HaHovactuiamu camndupa (Al,O3) B cootHomennn 1:3. Ho peHTreHOBCKHE H
MarHUTOMETPUYECKHE JaHHBbIC YKa3biBalOT Ha (opmupoBanue ¢asel NisAl B
TaKOW CMecH BO BpeMsi cuHTe3a rpadena. IIpuuuHbl nosiBIEHUS AaHHOW (a3bl
MOKa HE 10 KOHI[A SICHBI. Y CTAHOBJIEHO, YTO MOJIHOCTHIO HHEPTHBIM B OTHOILLIEHUN
HUKeENs SBJsSEeTCS pa3z0aBUTENb W3 TOpOIIKa HaHoainMaza. [lopomiok okcuma
ATFOMHUHHSI MOXET OBITh HCTIONB30BaH A Apyrux metamwios (Fe, Co), T.k. B 3TUX
CIIydasiX «Iapa3uTHbBIX» (a3 0OHApYKEHO HE ObLIO.

Ha wMerammmyecknx HaHOYacTUIIAX oOpa3yeTcs OJHOCIIOMHBIA WM
JIBYXCIIOMHBIN, MpakTUUeCcKuil Oe3naedeKTHhI TpadeH, 4YTO MOATBEPKIAACTCS
pe3ynbTaTaMM  paMaHOBCKOW  cHeKkTpockonuu. Ha — auanexTpudecKux
HaHouactunax Al,Os; HaGmr0/maeTcs BhICOKas IUIOTHOCTH Ae(eKToB rpadeHa, uTo
COOTBETCTBYET pe3yjibTaTaM, TOJy4YeHHbIM i1 TpadeHa Ha IUIaHapHOU
canupoBoit nmomoxke [1].

PaboTa BbINIOJIHEHA B paMKax rocy1apCTBEHHOTO 3aanusi MunoOpHayku PO
(Tema «Criuay», Ne 122021000036-3).

1. H.J. Song, M. Son, C. Park, et al. // Nanoscale. 2012. Vol. 4. P. 3050-3054
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NCCIEJOBAHUME BJIUAHUSA ITPOLUECCOB BBICYIIIMBAHUS HA
COCTAB HAHOYACTHL ITOPUCTOI'O KPEMHM A 110 JAHHBIM XPS
N XANES

C.U. Canvkoé', C.C. Tumosa', JI.A. Ocmunxuna’, V.A. Lypuxosa’, PI. Yymakos’,
A.M. Jlebeoes’, FO.C. Kaxynus!, E.A. benuxoe', A.A. Cunenvhuxos', E.B. [lapunosa’,
O.A4.Yysenxosa!, C.IO. Bypuwes’

! Boponesicckuii 2ocyoapcmeenuiii ynueepcumem, Bopornesic
’Mockosckuii 2ocyoapcmesennviii ynusepcumem um. M.B. Jlomonocoea, puzuyeckuii
¢axynomem, Mockea
3 Hayuonanvhuii uccnedosamenvckuii yenmp «Kypuamosckuti uncmuntymy, Mockéa

KpemHureBble HaHOYACTHIIBI MOTYT INPUMEHSTHCS B Ka4€CTBE HOCHUTENCH IS
anpecHoM JocTaBku JiekapcTB. Hanowacturpl mopuctoro kpemuusi (PSi NPs)
o0J1aAaroT pa3BUTON MoBepXHOCTHIO. CBolicTBa PSi NPs Bo MHOrOM onpeaensitorcs, B
TOM YHCIIE€ CIIOCOOOM MOATOTOBKM HAHOYACTHIL. /{7151 MCNONb30BaHUs B OMOMEAHLIMHE
BaKHBIM OCTA€TCSl TOBTOPSIEMOCTh U KOHTPOJIb AJIEMEHTHOIO U CTPYKTYPHOI'O COCTaBa
CHUHTE3UPYEMBIX CTPYKTYP.

Jlnst nonmyudeHust nHGopMalu 00 31EMEHTHOM COCTaBe OOBEKTOB C Pa3BUTOU
MOBEPXHOCTHIO UCTIONB30BAICA MeTon POOC Ha cniekTpomeTpe Specs, OCHAIICHHOM
nonycheprueckum anamuzatopoM Phoibos 150 ¢ MOHOXpOMAaTuueCKUM MCTOYHUKOM
pentreHoBckoro Al Ko mimyuenus (1486.7 3B), B HULL "KypuaroBckuit naCTUTYT" (T.
Mockga). DHepretuueckoe paspenieHue coctarisiio 0.1 5B, miyouna aHammza ~ 3 HM.
B pabote npeacTapieHbl NOITyYEHHBIE B pe3y/bTaTe UCCIEIOBAHNI 0030pHbIE CIIEKTPHI
U CIIEKTPhI OCTOBHBIX ypoBHEH (Si 2p, C 1s, O 1s) B BEICOKOM pa3pelieHun.

[Tomyuens! cniektpsl XANES (X-ray adsorption near edge structure — OmxHen
TOHKOM CTPYKTYpbl Kpas PEHTIeHOBCKOro mnomiomieHus) Ha cranimu HAHO®IC
cuaxporpoHa «KMCH -KypuatoBy. I'myorHa MHPOpPMATUBHOIO CIIOS COCTaBysIa ~ 5
HM 1yt Si L3 cnekrpos. [lomyueHHble JaHHBIE TPEICTABICHbI B COMOCTABICHUU C
UH(pOpMAIMEN O 3TATIOHHBIX OOBEKTAX.

biarogapHocTH: uWCClemoOBaHHWE BBIIOJIHEHO 3a CYET TrpaHTa PoOCCHICKOro
HayyHoro (onma Ne 25-12-00413 u nognep»xano MUHHCTEPCTBOM HAYKU M BBICIIIETO
obpazoBanusi PO B pamkax cormameHust N 075-15-2025-455 B yacTu METOIUYECKUX
BONPOCOB CUHXPOTPOHHBIX UCCIICIOBAHUIM.
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PEHTTEHOBCKASA JTUPPAKIINA B CMEKTUYECKHUX
MHOTI'OCJIOMKAX: MIEPEXO]] OT KHHEMATHYECKOI'O K
JNHAMHNUYECKOMY PEXXUMY PACCESHUA

B.B. Camconos'?, B.U. Ocmposckuii’”

THUI] «Kypuamoeckuii uncmumymy, Mockea
’Mockosckuii 2ocyoapcmeennbwiii yuugepcumem um. M.B. Jlomonocoea, Mockea
S Uncmumym guzuxu meépoozo mena, PAH, Yeprozonoska

bparroeckue 3epkania, TPAagUUMOHHO W3rOTAaBIMBAaEMbIE Ha OCHOBE
NEPUOINYECKUX CTPYKTYp M3 HEOPraHMYECKHX MAaTepHasioB, 00eCHedHBaIOIINX
BBICOKYIO ~ OTP)KaTEIbHYI) CIIOCOOHOCTb, SIBISIIOTCS Ba)XKHBIM  3JIEMEHTOM
peHTreHoBckoi ontuku. CBoO0IHO nozaBemeHHble cMekThnueckue mieénku (CIICIT)
xuakux kpuctamwioB (JKK) Takke MOryTr paccMarpuBaThCs Kak KaHAMAATHI JJIs
UCITOJIb30BAHUS B PEHTIC€HOBCKUX ONTHYECKUX KOMIOHEHTaX. C MCIOIIb30BaHUEM
samactoMepoB  CIICII Moryr mnpuOIM3uTBCA MO CBOMM  OTpa)kareabHbIM
XapaKTEepUCTUKaM K TpPaJAUIMOHHBIM HEOPraHWYECKUMH 3€pKajaMm, IMpU HTOM
o0Jsafiasi yHUKaJIbHOW TMOKOCTBIO M BO3MOXKHOCTBIO TOHKOM HACTPOWKH CBOMCTB.

B nanHo# paboTe uccienyroTcs CBOMCTBA MHOTOCIIONHBIX MEPUOAMYECKUX
ctpykryp, KK mnénok. B kadectBe oObekta paccmarpuBaerca CIICII
MHorocyorka u3 80-tu cinoés marepuana 40.8. Pe3ynpraThl aHanu3a JaHHBIX,
IIOJIyYEHHBIX C TIOMOLIBIO CHHXPOTPOHA, IMOKA3aJIM, YTO IPAKTUYECKU BCS KpHUBas
OTpaXkaTeJbHOM CIOCOOHOCTH, BKJIOYas NEPBBIM MOPSIAOK AUPPAKLIUHA, MOMKET
OBITh aNMPOKCUMHPOBAHA C IMOMOILBIO MOJIEIH, OCHOBAaHHONW Ha KMHEMaTHYECKON
Teopun Tudpakiuu. To ecTh TonmmHa Takoil IEHKHU (0kosio 220 HM) OKa3bIBAETCS
HEJ0CTATOYHOM JJIs1 MPOSABIICHUS JUHAMUYECKUX 3()(PEKTOB.

B Hacrosimelt pabote wuccienyercs Mmepexoj, OT KHHEMaTHUYEeCKOro K
JTUHAMUYECKOMY pEeXUMY peHTreHoBckod mudpakuuu Ha npumepe CIICIL
Pa3BuBaercss 1OAXOH, OCHOBaHHBIM Ha CpPaBHEHUU MOJYLIMPUH NEPBBIX
OpAITOBCKUX MUKOB, PACCUYMTAHHBIX B paMKax AByX Teopuil. Ha ocHoBe 3TOro
MOAXONA BBIBEACH AHAIUTUYECKU KPUTEPUM, ONPEACISIOMMNNA MUHUMAJIbHOE
YUCJIO CJIOEB, MPU KOTOPOM JUI TOYHOIO ONMCAHUS OTPAXATEIbHBIX CBOMICTB
TpeOyeTrcsi mepexoi K JAUHAMUYecKod Teopud. Mcmonb3ys CTPYKTypHbIE
napameTpbl, MOJyYeHHbIE MYyTEM anIpOKCHUMAIMM 3KCIEPUMEHTANIbHBIX JaHHBIX,
ObUIM MPOBENEHbl YHMCIEHHBIE 3KCIIEPUMEHTHI C OOJIBLIMM JHAra30HOM CIIOEB,
NOJTBEPAUBIINE  CIPABEIJIMBOCT  KpuTepus.  [lodyuyeHHble  pe3yJbTaThl
MOAYEPKUBAIOT NepcrieKTUBHOCTH NpuMeHeHus: CIICII B peHTreHOBCKO#l ONTUKE U
BHOCAT BKJAaJ B IIOHUMAaHUE TIpPAHUL] HPHUMEHUMOCTH KHHEMATUYECKOM U
JUHAMUYECKON Teopuil AuPpaKuu.

Jleranu wuccnenoBanus omnyonukoBaHbl [1] u OymyT mnpencTaBieHbl Ha
KoH(pepeHuu. MccnenoBanue 0b110 OJAEpKAHO TpaHTOM Poccuiickoro HayyHOTO
donma Ne 23-12-00200. ABTOpHl BBIpaXKawT OngarogapHocTh KoHCTaHTHHY
HukonaeBy u Ceprero SIkyHuHyY 3a UX BKJIaJ B IPOEKT.

1. V.V. Samsonov, K.V. Nikolaev, B.I. Ostrovskii and S.N. Yakunin (2025). J. Appl. Cryst. 58,
https://doi.org/10.1107/ S1600576725008076.
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I/ICCJIEI[OBAHI/IEuMI/IKPOMAFHI/ITHOﬁ CTPYKTYPbBI
COEJMHEHHUU RFellTj (R=Y, Gd) METOIJAMMUA _
MATHUTOOIITUYECKOU U MATHUTHO-CHNJIOBOUA
MHUKPOCKOIINHN
JIL.A. Camconosa®, C.J{. Cmemannuxosa®, A.1M. Cunxesuu®, E.M. Cemenosa,

A.M. I'ycesa®

! Teepcroii 2ocyoapcmeennviii ynusepcumem, Teepo

C pa3BuTHEM COBPEMEHHOW HJIEKTPOHUKH, a TAK¥KE 3€JICHOM SHEPreTUKH,
MOSIBWJICSL 3allpOC HAa BBICOKODHEPTOEMKHE IOCTOSIHHBIE MarHuTbl Ha OCHOBE
(GYHKUIHOHATBHBIX MAaTEPUAIOB C YMEHBIIICHHBIM KOJUYECTBOM PEIKO3EMEIHHOTO
DJIEMEHTAa B COCTaBE, WM IOJHBIM €r0 OTCYTCTBHEM. B CBSA3M C 3TUM BO3pOC
uHTepec K coenuHeHusM cuctembl RFepTi (R — P3M) ¢ kpucraminueckoi
cTpykTypoii Tumia ThMno.

CTpyKTypHbIE W MarHUTHbIE CBOWMCTBA OOO3HAYEHHBIX COCIUHEHUI
JOCTaTOYHO MOAPOOHO H3ydeHbl B juteparype. OHU 00Ja1al0T OTHOCHUTEIBHO
BBICOKMMU 3HAYEHUSIMH TeMITepaTypsl Kropn 1 HaMarHn4eHHOCTH HachIeHus [ 1],
a TaKKe€ UMEIOT MarHUTOKPUCTAIIIMYECKYIO aHU30TPOIIHIO TUIA «IETKas OCh» MPHU
KOMHAaTHOM  TeMIIepaType Cc IIOJIOKUTEIIBHOW  TEPBOU KOHCTaHTOU
MarHUTOKpUCTAIIMYEeCKO  aHm3oTrponuu Kj; >0 118 [pakTHYECKH  BceX
COEIMHEHNH cucTeMbl. He cMOTpsl Ha 3TO, UCCIIEIOBAaHUIO MAarHUTHOW JTOMEHHOMU
CTPYKTYpPBbI JaHHBIX COETMHEHHUI YAEICHO MaJ0 BHUMAaHUS B HAYYHOH JIUTEPATypE.

JaHHOM  paboTe  MPOBEACHO  KOMIUIEKCHOE  HCCJIEIOBAHHE
MHUKPOMArHUTHON CTPYKTYpbl coeauHeHndt YFe;Ti ¢ HEMarHUTHBIM HOHOM
utTpus, a takxke GdFe;;Ti. MarautHas JOMEHHas CTPYKTypa HCCISI0BaHa
METOAOM  MAarHMTOOIITHYECKOTO sbppexkta  Keppa  Ha  onTuueckoMm
meTatorpadguueckom Mukpockorne Neophot 30, a Takke METOAOM MarHHUTHO-
CWJIOBOM MHUKPOCKOINHWH, PEATM30BAHHOM Ha 0a3e CKaHMPYIOUIErO 30HIOBOTO
mukpockorna SolverNext (NT-MDT).

Ha ocHOBe mOJIy4eHHBIX SKCIEPUMEHTAIBHBIX W300paKeHUM MarHUTHOM
JIOMEHHOM CTPYKTYpbI ObLJI MPOBEIECH KAU€CTBEHHBIM M KOJIMYECTBEHHBIN aHAJIU3.
Ha 0a3e MarHUTOONTHYECKUX M MAarHUTHO-CHJIOBBIX H300pakeHHl ObuIn
paccuuTaHbl MHUKPOMArHWTHBIC TapamMeTphl CpeAHEH I[IUPUHBI JOMEHOB W
ITOBEPXHOCTHOM TUIOTHOCTH SHEPTUU JOMEHHBIX I'PaHULl [2].

He cmotps Ha TO, uTOo myis 000MX COEAMHEHHN Ha Oa3UCHOM TIJIOCKOCTH
BBISIBJISIETCS JJOMEHHAsl CTPYKTypa ¢ KOH(PUTrypauuen «3Be304YeK», XapaKTepHOU
I BBICOKOAQHU3OTPONHBIX  OJHOOCHBIX  MAarHE€TUKOB,  3aKOHOMEPHOCTH
dbopMHUpOBaHUS TMPUIIOBEPXHOCTHBIX CTPYKTYpP Pa3IUYHBI JUJII COCIMHEHHS C
UTTPUEM U TaJOJINHHEM. AHann3 0COOEHHOCTEM dbopmHpoBaHus
MPUIMIOBEPXHOCTHBIX CTPYKTYp MPOBEACH B paMKax TPaJAUIMOHHOTO MOAXOJa
(bpakTanbHOI T€OMETPUH, a TAKXKE B paMKaX aBTOPCKOI'O METOJa aHaju3a MoJien
paccesiHUs U pacyeTa rnapaMerpa BIOKEHHOCTH CTPYKTYPHI.

G. C. Hadjipanayis, et al., Engineering 6, 141 (2020).
R.B

1.
2. odenberger, A. Hubert, Phys. Status Solidi (a) 44, K7 (1977).
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KOPPEKIIMSI HEJIMHEMHOCTHU CUETA EAUHUYHBIX ®OTOHOB
JTETEKTOPA HA BA3E II3C-KAMEPBI JUISI THITEPCHEKTPAJIBHBIX
U3MEPEHUU

AU, Caponoe*, C.H. Axynunt, K.B. Huxonaes*

'Hayuonanonwiii uccnedosamenvcruii yenmp «Kypuamoeckuii uncmumymy, Mockea

Hcnonb3oBaHnEe CBEPXBAPKUX MCTOYHHKOB CHHXPOTPOHHOIO M3IYUYEHUS C
MUKPO- U HaHO-()OKYCHPOBKOM IMO3BOJISIET MPOBOAMUTH JIOKAJIbHbIE HCCIEAOBAHUS
MajblX (HaHOpa3MEpHbIX) OOBEKTOB I TPEXMEPHOM JAUArHOCTUKH U
KapTUpoBaHUs 00bekTOB. Hanboisiee mporpeccHBHBIM MOJIXOJIOM K IPOBEICHHIO
TaKUX MCCIIEJOBAaHUM, B TOM YHUCJIE C BPEMEHHBIM pa3pelIeHUEM, SIBIISIETCA ChbEMKa
«PEHTIE€HOBCKOTO KMHO», TO €CTh MOKAAPOBast SKCIO3UIHSI.

OpuuM u3 HauOosiee MEPCHEKTUBHBIX METOJOB JIOKAIbHOM JMArHOCTUKU
CIIOUCTBIX U TPEXMEPHBIX CTPYKTYP SBIISAECTCA O€CCKaHUPYIOLUI NOJIX0J K METOY
KOCCEJIEBCKMX CTOSIuMX peHTreHoBckux BoJiH (CPB). Takas peanuzauus merona
CPB npennonaraer cOOp MAAaHHBIX MOJ CKOJIB3SIILIMMHU yriaMd C IOMOUIbIO
JeTeKTopa, 0O0Jalalolero OJHOBPEMEHHO BBICOKMMHU IPOCTPAHCTBEHHBIM U
HHEPreTUYECKUM Pa3pelICHUSIMU.

[IpeacraBnenHslidi B paboOTe€  aNrOpUTM  peaIu3yeT  MO3ULHUOHHO-
YYBCTBUTEJIBHBIM 3HEPrOJIMCIIEPCUOHHBIA aHAM3AaTOP, YTO JENAET BO3MOXKHBIM
IPOBEICHUE  TAKUX  DKCIEPUMEHTOB  C  HUCIIOJb30BAaHUEM  JIBYMEPHBIX
pentreHoBckux 113C-kamep. C menbr0 IMOTOKOBOM ITOCTAaHOBKM JKCIEPUMEHTOB
OeCCKaHUPYIOIMM MeToloM KoccelieBckux CPB Obuin ycoBepIIEHCTBOBaHbBI U
ONTUMM3UPOBAHbl AITOPUTMBI cOOpa W 00paOOTKH MJAHHBIX MMO3HIIMOHHO-
YYBCTBUTEIBHBIX SHEPTrOJAUCIIEPCUOHHBIX JE€TEKTOPOB.

Jliis nosbiieHust 3((HEKTUBHOCTH CU€Ta U TOYHOCTU M3MEPEHUM, a TakkKe
COKpalIeHMs] JUIUTEIbHOCTU TPOBEACHUS JKCIEPUMEHTOB Obl1 pa3zpaboTaH
aJICOPUTM BOCCTAHOBJIEHMS ()IIyOPECLUEHTHBIX CHEKTPOB. AJTOPUTM OCHOBaH Ha
TeopeMe O CBEPTKE U 3aBUCUMOCTH pPa3MepoB (HOTOHHO-UHIYLHPOBAHHBIX
3apsAA0BBIX OOJAKOB OT KOJUYECTBA HKCIHOHUPYEMBIX (DOTOHOB M MO3BOJISET
YCTPaHHUTh UCKAKEHHS B KOJMYECTBE OTCUYETOB B KaHanax Jerekropa. IlokaszaHo,
YTO NPUMEHEHUE pa3padOTAHHOIO aJIropuTMa Ha MOPSAJOK  YMEHBIIAET
JUTUTEIIbHOCTh KCIIO3ULIMHU ISl HAbopa TaHHbBIX

Anpobanuss  pa3pabOTaHHOIO  IPOTPaMMHO-AINIAPATHOIO  KOMILIEKCa
OCYILECTBISIACH HA pEalbHOM ()IyOPECLIEHTHOM CHUTHAJIE CIIOMCTBIX cucteM W-
Ti-W.
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OCOBEHHOCTH JIEKTPOHHOM CTPYKTYPHI YIJIEPOJTHBIX
IIVIEHOK N3 PABOYUX IIVIASMEHHBIX PA3PA10OB TOKAMAKA T-15
MA

H.IO. Cseunuxos', U.U. Apxunoe'?, C.A. I'pawunt, P.I". Yymaxoe*

YHUI] «Kypuamosckuii uncmumymy, Mockea
2UDXD um. A.H. Opymruna PAH, Mockea

Meronamu peHTreHoBCcKkoU (porornekTpoHHo# crnekTpockonuu (POIC) Ha
craniiuu  HAHO®S3C (HUL[ KW) mnpoBeneHbl ucciaegoBaHUs 3JIEKTPOHHON
CTPYKTYPBI IPOAYKTOB 3PO3UHU TMEPBOM CTEHKM Tokamaka T-15 MJI, T.e. TOHKHX
(£10 uM) amopdHBIX yriIeBogopoaHbIX IUieHOK CHy,—Me  (mpumecn),
NEPEOCAKACHHBIX M3 IJIa3MEHHBIX padouux H-pa3psaoB B KaMIaHUHU OKTAOPb—
nekadbppb 2024 r. IneHkn ocaxaamuch Ha 6 30H710B — U3 Hepik. ctanu (SS), W u Si.
30HbI ObUIA pa3MEUIEHBbl B JBYX IMPOTHUBOIOJIOKHBIX cedeHusix, Ne 2 (cHapyxu
mIa3MeHHoro topa) u Nel2 (BHyTpH).

[TonydeHbl OTIMYMS AJAHHBIX CIIEKTPOB OT CIIEKTPOB U3 NEPBOM KamnaHuu T -
15 MJI [1]. Tak, otmedueHo ymeHsbIenue B mieHke 12W npumeceii okcunoB Fe2p
10 6.4 at.% (otHOcutensHO Cls), Cr2p mo 1.5 at.%, npu pocte 3po3un Bojbppama
W4t no 14 at.%, otHocuTensHO 9.5 at.% B [2]. Habmromanuce npumecu K2p (2.7
at.%) u Nals (6.7 ar.%), kak npumecu W oT paauanmoOHHO-CTUMYJIHPOBAHHON
necop6rmu 3 W-nomnnokku. CrHekTpbl BaJIGHTHOM 30HBI 4-X TOHKHUX IUICHOK
UMEIH HEHYJIEBYI0 IUIOTHOCTh OJJIEKTPOHHBIX coctossHanidc DOS E>0. D10
YKa3blBA€T HA CHJIBHYIO DHPO3HIO, CO3JAIOLIYI0 MPUMECHYIO IMPOBOJAMMOCTb,
TPHUBOAIIYIO K JIOKaIbHBIM Tpo0osM. [Tnenku 2Si u 2W ObLIM JUAIEKTPUKAMU C
HIMPUHOMN 3amnpereHHon 3086l 2.1 u 2.7 3B, COOTBETCTBEHHO, U UMENH HHU3KYIO
noJiro mpumecei Fe2p u Cuz2p.

Tonkue mienku 12SS, 2SS xapakrtepusyrorcst cnaboit agcopouueit CHy Ha
MOJTOXKKE M3 HEPXK. CTAIM B BhICOKOH moieit Csp3 = 0.9. HanpoTtus, HabmogaeTcs
3ameTHas ancopOius B 2SI, 2W. B wuuTrepdetice 12SS, 12W wu 12Si Obuiu
obHapy»eHbI ¢a3sl kapouaos FeC, WC, SiC, cooTBETCTBEHHO.

[TonyueHHbIe pe3ybTaThl YKa3bIBAIOT HA BaXKHOCTh CIIEKTPOCKOIIUYECKOTO
KOHTPOJISI CTPYKTYPHI IJIEHOK, YTO TTO3BOJISIET CIICTUTH 32 CTA0MIBHOCTHIO U
M3MEHEHHUEM TUTa3MEHHBIX YCIIOBHIA, & TAKXKE CITIOCOOCTBYIOT TECTUPOBAHUIO
MarepuaiioB s TS peaktopa B pamkax nporpamMmmbl UTOP.

1. N.1. Apxunos, P.X. 3anaByraunos, C.A. I'pamnn, H.}O. Cseunukos, P.I'. Uymaxos, A.B.
JlykameBuy. Martepuansl XXVIII mexaynapoaHoit konpepenunu «B3zanmoaelicTBre mia3msl ¢
noBepxHOCThIO». MockBa, 30-31 sHBaps 2025 r.: CoopHUK Hay4HbIX TpynoB. M.: HUSY
MHUO®U, 2025, 93 c. C.24.

2. V.G. Stankevich, N.Y. Svechnikov, B.N. Kolbasov. Symmetry, 15, 623 (2023).
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CTPYKTYPA OJIMT'OINENNTUIA3BI B B KPUCTAVIM3AIIMOHHBIX
PACTBOPAX

B.IO. Cseunuxosa*?, I0.B. KopOOHCKaﬂl, 11.B. Konapeel'z, I'.C Hemepcl,
A.B. Brackuna, JILE. Hempeﬂkol, T.B. Paxumuna'®, M.A. Map’-leHKOGLZl’Z

YHUI] «Kypuamosckuii uncmumymy
2 FOoucblil hedepanvrbiil yHusepcumen

3 Uncmumym 6uoopeanuueckoii xumuu um. akademuxos M.M. Illemsxuna u
10.4. Osuunnuxosa PAH

Omuronentunaza B (OpB) — sro nByXxJOMEHHas TPUIICHHONOAOOHAS
MeNTHa3a, BEIICIICHHAS W3 TTApa3uTHICCKUX MPOCTEHINX U OaKTEepHil.

JIBa nomena OpB, coelMHEeHHbIE MIAPHUPHBIM TUIIOM, MPEJCTABISAIOT COOOM
KaTAIUTUYECKUM  o/B-TUIpOIa3HbI JOMEH, COJACpPKAIUM KaTaJIUTUYECKUU U
cyOcCTpaT-CBSA3bIBAIOIINM IIEHTPHI, U B-TIPOMNEUIEPHBIN JOMEH, KOTOPBINA 3aKPHIBACT
KATAJIMTUYECKUNA JIOMEH, OTpaHUYMBasi JOCTYNl K aKTUBHOMY LIEHTPY KPYITHBIX
OenkoBbIX  cyocTpatoB [1]. B karanuTUuecKU-HEAaKTUBHOW  (OTKPBITOM)
KoH(opMaIuu, TOMEHbl W OCTAaTKH KaTAIUTUYECKOW TpUajbl pa3oOlieHsl. B
MPOMEXKYTOUHOU KOH(pOpMalUU HAOIIOJaeTCs COJMKEHUE JOMEHOB 0€3 COOpKHU
KATAJIMTUYECKON TpHUaAbl, B KATAIUTUYECKH-AKTUBHOM (3aKpBITO) — JOMEHBI
COJIMKEHBI, U KaTaIMTUYECKas Tpuaja coopana.

B pesympraTe MOJEKyISAPHO-IMHAMHYECKOTO MOJIECIHPOBaHUS  Oblia
OlICHEHa CTa0WJIBHOCTh psifla MOHOMEpHBIX cTpykTyp OpB: oTkpsbiTas,
npomexxyrounas (PDB ID: 7zjz) u 3akpeiteie (PDB ID: 7ywp, 80n0)
KOH(pOpMAITH, a TaKKe MOJICIb, IMoy4eHHas u3 (80n0) ¢ momorbio Sreflex (Rc),
B KOTOpOH o/B momeH yacTuyHO pasymnopsiiodeH. OTkpbiTasg Gopma ¢ TeUeHUEM
BpEMEHHU TEepexoauT B Oosiee KommnakTHyr (7zjz) ¢  MHOCIEAYHOIIUM
BOCCTAaHOBJICHHEM B pa3Mmepax. HaumOomnpimas cTabUapHOCTh TIOKa3aHa st
mojesnei 80no u Rc.

B pesynbpTate aHanmm3za KpUBBIX MajOyTJIOBOTO PEHTICHOBCKOTO pacCesHUs
(MYPP) nns Genka 6 6ygheprom pacmeope ¢ BHICOKUM YPOBHEM JI0CTOBEPHOCTHU
(x?>=2.85) ompeaeneHo, 4To SKCIEPUMEHTAIbHbIE JAHHBIE COOTBETCTBYIOT MOJIEIH
omxpuimoti kongopmayuu OpB. HampoTus, 6 xpucmaniusayuonnom pacmeope
kpuBble MVYPP Hammyummm o0pa3oM ONUCHIBAIOTCS MOJEISAMU  YaACMUYHO
pasynopsioouennoti (Rc, ¥>=6) u 3akpwitoir (7ywp, ¥*>=17) xondopmanuii, B TO
BpeMsl KaK OCTaJbHBIE CTPYKTYpbI MOKa3ald 3HAUMTENBHO XYJIIee COBMAJCHUE
(x>=22-60).

[lokazaHo, 4TO ocaguTenb 3aKpbiBaeT (opmMy QepMeHTa, 4YTO JaeT
BO3MOXKHOCTh MOJIEKYJI€ KPUCTAJUTM30BaThCA. [10ABMKHOCTS OTETBHBIX YUYACTKOB
JIOMEHHOM CTPYKTYPBI SBJISCTCS MPETSITCTBUEM JUIsI KaTaTUTUIECKON aKTUBHOCTU
dbepMeHTa gaxxe Ipu OTHOCUTEIIBHO BBICOKOH «3aKPBITOCTH €ro KOH(pOpMaIlny.

PaboTa npoBeneHa B paMkax BBITOJTHEHUS TocyaapcTBeHHOro 3aganus HULL
«Kyp4aTtoBCKHI1 HHCTUTYT).

1. V. Fiilop, Z. Bocskei, et al., Cell J., 94 (1998).
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MATHUTHASA BA3ZKOCTD U DOP®EKT TEPMUYECKOI'O
HAMAT'HUYUBAHUA B CIINTABAX Gd1xSmxCo3Cuz

EM. Cemenosa, B.E. Cesprokos, A.FO. Kapnenxos

@I'FOY BO «Tsepckoui cocyoapcmeaennwlil yrusepcumemy, 16epo

B pabote npeacrTaBiieHbl pe3ylbTaThl KOMILUIEKCHOTO IKCIIEPUMEHTATIBLHOTO
UCCIICIOBAHUSI MUKPOCTPYKTYpPhl M MAarHUTHBIX CBOMCTB 0O0pa3lioB CIUIaBOB
Gd;-xSmyCo3Cu, (x=0,1-0,9) ¢ pa3au4HBIM COIEP)KaHUEM caMapHs M T'aJOJIHHUS.
HcxonHble criiaBbl ObUTM TMOJYYEHBI M3 BBICOKOUMCTBIX MAaTEpPUATIOB METOJIOM
WHIYKIIMOHHOW IUIaBKU B aTtMocdepe aproHa W IOCJE BBIIUIABKU OBLIU
MOABEPrHYTHl roMoreHusupyromemy orxkury npu 1050°C B TeyeHue 4 yacos.
MarHuTHble U3MEPEHUs BBINOJHSINCH B OTKPHITOM MAarHUTHOM WLENH METOJIOM
BUOPAITMOHHOTO MarHUTOMeTpa B moysix 10 2,5 Tin Ha oOpasmax chepudeckoit
(GbopMBI BIOJb «OCH JIETKOTO HaMarHu4uBaHus». McciaenoBaHus MUKPOCTPYKTYPHI
BBIMIOJIHEHBI ~ METOJJaMH  ONTHYECKOW, JJEKTPOHHOM H  aTOMHO-CHJIOBOM

MUKPOCKOITHH.
Panee [1] Obut0 mokazano, uto B cmaBax (GdiSMmyCoszCu, B pesynbrarte
OTXKHUTOB  (OPMHUPYETCSI  BBICOKOKOIPIIMTHUBHOE  COCTOSHHE,  KOTOpOE

o0ecrieunBaeTCsl PEryasipHONM MUKPOCTPYKTYPOM M peaiu3yeTcsi MO0 MEXaHU3MY
3QJICP’)KKU CMEILICHHUS JOMEHHBIX TpPaHUI] HAa CTPYKTYPHBIX HEOJHOPOJHOCTSIX.
MakcumanbHast kodpuutuBHas cuia 0,94 Tn Obula JOCTUTHYTa Ha COCTaBe
GdosSmo4C03Cu,. [1] Oanako, Tak e Kak Ha mHTepMeTaiuaax SmCosCu; [2],
Ha o00pa3lax paccMaTpyMBAaEMbIX CILIABOB TMPOSBISETCS MAarHUTHas BSA3KOCTh
(mocnexneicTrue).

B nanHOM uccreoBaHMM aHAIU3HPYETCS MAarHUTHAs BSI3KOCTh B CILJIaBaX
Gd;xSMmyCo3Cu; mpu uX MepeMarHMYWBaHHUM B OOPATHBIX MArHUTHBIX TOJISX,
OJM3KUX TI0 3HAYCHUIO K KOIPIUTUBHOM cuje oOpas3uoB. MarnutHoe
MOCJeACHCTBHUE BhIpakaeTcs B YObIBAHMM HAMAarHUYEHHOCTH C TEUCHUEM BPEMEHU
Npu  BO3JACHCTBUM  HEU3MEHHOTO  BHEIIHEro u/unu COOCTBEHHOI'O
pa3MarHM4MBarONIEro MarHuTHOro moJist. OO0CyX)aaeTcss B3aMMOCBS3b MAarHUTHOU
BSI3KOCTM CO  CTPYKTYPHBIM COCTOSIHUEM CIUIABOB U WX  JIOKaJbHBIMU
MUKPOMarHuTHBIMU MapaMmeTpamu. [lokazaHo, 4TO B paccMaTpuUBaeMbIX CILJIaBax,
pa3MarHWYeHHBIX B OOpaTHOM IMoje, OOHapyx uBaeTrca 3(PQPEeKT TEPMUUYECKOTO
HaMarHUYHUBaHUA.

Uccnenoanus BeimonaHeHbl Ha obopyaoBanuu LIKII TBI'Y npu nogmepxke
MunucTepcTBa HayKu U BhICIIeTo oOpa3zoBanus Poccuiickoit deneparuu B pamkax

BBITIOJIHEHUS TOCYIAPCTBEHHOTO 3a/1aHus B chepe HAyIHOU JeATeIbHOCTH (MPOESKT
Ne 0817-2023-0006).

1. CesprokoB B.E., u ap. // Becrauk MockoBckoro ynuBepcutera. Cepust 3: Dusmka.
Actponomus. 5, 2350501 (2023).
2. Espina-Hernandez J. H. et al. /Advanced Materials Research. 68, 12-20 (2009).
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PACUYHET CUCTEMBbI OXJIA’KJIEHUSA OOKYCHUPYIOLWEI'O
PEHTI'EHOBCKOI'O 3EPKAJIA JIASEPA HA CBOBOJHBIX
IJEKTPOHAX

A.A. Cenxesuu, P.I'. Yymaros

Hayuonanvnuiii uccneoosamenvcxuii yeump « Kypuamoscxuii uncmumymy, Mockea

Ha ceroansimnuii  neHp Hambojee NEPCHEKTUBHBIMU — HCTOYHUKAMHU
CUHXPOTPOHHOTO M3JIyYEHUSl SIBISIOTCA BCTaBHBIE YCTPOWCTBA — BUITIIEPHI U
OHAYJISATOPBI, JAJIbHEWIIIEE PAa3BUTUE KOTOPBIX MPHUBEIO K CO3JAHUIO JIA3€pOB Ha
cBoOOHBIX 3nekTpoHax (JICD). WMsnyuenue JICD obnamaer Mmajoil yrioBoit
pacXoJMMOCTBIO, OJIHAKO, HCCIeAyeMbld o00paszel] MOXET HaXOJUThCA B
HECKOJBKMX COTHSX METPOB OT MCTOYHHMKA, YTO MPUBOAUT K HEOOXOIUMOCTH
UCIIOJIb30BaTh  (POKycupyromyro  onTuky. IlockonbKy Takoe  H3IydyeHUe
XapaKTepU3yeTCsl JKCTPEMAIIBHO BBICOKMMHM MOIIHOCTSIMM, TOJIBKO 3€pKaJia
IIOJIHOTO BHEIIHETO OTPAaXXEHHsI 3a CYET MajblX VYIJOB IMAJCHUS MOTYT
B3aMMOJIEUCTBOBAaTh ¢ HUM. HO M3-32 UMIYJIbCHOTO Xapakrepa paOoTsl Jiazepa JJis
ONTUKHU, B3aUMOJICUCTBYIONIEH C TAKUM H3JIYyYEHUEM, CO BPEMEHEM BO3MOXHA
nerpaganusi pabodeil MOBEPXHOCTU 3a CYET OCTAaTOUYHBIX Aedopmanmii. [ToaTomy
pa3paboTKa palMOHAIBHOM CHUCTEMBl OXJQXKIEHUA 3€pKaja CTaHOBHUTCS
aKTyaJbHOM 3a/1a4eil.

B npencraBieHHol paboTe BBIMOMHSIICS KOMILIEKCHBIA pPacyeT CUCTEMBI
OXJIaXJIeHUs pa3pabarbiBaeMoro 3epkaiia. B yacTHOCTH, OBLJIO BBITIOJHEHO
MOJEIUPOBaHUE Mydka m3nydeHus JICD, monydeHsl ero napaMmeTpsl U IpoBEAcHA
TpacCHUpOBKa JIy4eil, 4YTO TO3BOJWJIO OMNPENCIUTh Npoduib pacmpeneneHus
IUIOTHOCTH MOIIHOCTH Ha IOBEPXHOCTH 3€pkaia. HaliieH ONnTUMallbHBIM Yroul
MaJICHAS] PACCUMTAHHOTO HW3JIyYEHHs, HA OCHOBE YETO ONPEACIIEHBI IAPAMETPHI
PEHTIEHOBCKOTO 3€pKajla — ONTUMAJbHBIA MaTepuan MOKPBITHSA, PaaUuyChl
KpUBH3HBI paboyell MOBEPXHOCTH. {11 MOJYyYEHHOTO paclpeiesieHus MIOTHOCTU
NOTJIOIIEHHON MOUIHOCTH OBLJIO MPOBEIEHO MOAECIMPOBAHUE HECTALIMOHAPHOTO
NOJISL TEMIEPATYPHl U BBIIIOJIHEH pacyeT TepMuueckux nedopmanuii. OnvcaHHbIe
WHXEHEPHBbIE pacyeTbl ObUIM MPOBEIAEHBI AJIsl IBYX THUIIOB CHUCTEM OXJIAXKIACHUS —
BOJISHOTO W KPUOTEHHOTO. JIJIsl TIOJTyYE€HHBIX JTAHHBIX BBIMOJHEH CPABHUTEIbHBIN
aHaJIM3 BEJIMYUH TEPMHUYECKUX Jedopmaluii, Ha OCHOBAaHUU YEro ObLI ONpe/esicH
ONTUMAaJbHBIA BAPUAHT CUCTEMBI OXJIaKICHUS.
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PABBUTHUE AIIITAPATHOM BA3bI CTEHJIA PE®JIEKTOMETPUH
MOJIIPU30BAHHBIX HEUTPOHOB HA PEAKTOPE UP-8

E.O. Cegoel, I1.C. Caguenkog*?, A.B. Pocaues?,

AU, Kamoxanog', B.U. Boouapuyx'>*, A B. Benymxkua®>°

'Hayuonanvnwiii ucciedosamenvcruii yenmp «Kypuamosckuii uncmumymy, Mockea
2 Hayuonanvuwiii ucciedosamensckuti soepuuiil ynusepcumem « MUDHy, Mockea
306veounennuiii uncmumym soepuwix ucciedosanuii, /lyéna
4Tocyoapcmeennviii ynusepcumem «Jlyouay, J[ybua
SKazanckuii pedepanvuuiii yuusepcumem, Kazano

[IpoBeneHa KOMIUIEKCHAas MOJEpHHM3alMig CTeHJIa pedIeKTOMETPUH
noJsipu30BaHHbIX  HEUTpoHOB «HEIITYH», pacnonoxeHHoro Ha IATOM
TOPU30HTAJIBHOM JKCIIEPUMEHTAIbHOM KaHaie peakropa HP-8. Kirouessie
YCOBEPILIEHCTBOBAHMS  BKJIIOYAIOT 3aMEHY MOHOXPOMATOpa, MOJIU(DUKAIUIO
ONTUYECKOW CXEMBI, YCUJICHHE 3aIUThl U BHEPEHUE CUCTEMbI aBTOMATU3ALIH.

CymiecTBEHHON MOJIEpHU3ALMH TOABEPICS y3€Jl MOHOXpPOMATOpa: MEIHBIH
kpuctayt Cu(111) os11 3amenén Ha HOPG(002). B cucreme mo3uIimoHUpOBaHUS
ObLIM 3aMEHEHbl NpPUBOABI M J00aBlieHa OCh IOCTUPOBKH. MojepHuzamus
MO3BOJIMJIA TOBBICUTH TOYHOCTh IO3WLUOHUPOBAHUS U YCKOPUTH MPOIIECC
FOCTUPOBKH KPUCTAJJIA OTHOCUTEIBHO MOIUXPOMATHUECKOTO ITyYKa HEUTPOHOB.

B onruueckyro cxemy J00aBlIeHBI JBE PETyJIHpPYyEMble HEHUTPOHHBIC
muadparmel. beimu pa3zpaboTaHbl M Cco37aHbl HOBBIE Y3Jbl MOJSpHU3aTOpa U
oOpasiia, 00ecreynBaroIIre OPUSHTAINIO CyTep3epKai (00pa3IoB) Mo TPEM OCSIM.
st cHuokeHust GOHOBOTO M3ITyYEHUS Ha TTO3UIIMOHHO-UYYBCTBUTEILHOM JETEKTOPE
CO3/aH PKPaHUPOBAHHBIN NMPOJIETHBINA KaHAIl OT 00pasiia g0 JEeTEKTOPa, COCTOSIIIHNMA
13 OOpUPOBAHHOMN PE3UHBI U JTUCTOBOTO KaJMHUSI.

OpnuM 13 HanboJee 3HAUMMBIX YIYyYIIEHUH cTajla MHTErpalys annaparypbl
cteHAa  (MO3MIMOHHO-YYBCTBUTEIBHBIM  JAETEKTOpP,  DJIEKTPOMEXaHUYECKUE
MO3UIIMOHEPHI, CNHUH-QIUNIEpP) B EAUHYI CHUCTEMYy YIpaBjieHUss Ha 0a3ze
aBTOMaTnueckor cuctembl yrpasieHus TANGO. DTo mo3BOJWIO TPOBOAUTH
JUIMTENIbHBIE SKCIIEPUMEHTHI B IOJYyaBTOMAaTUYECKOM pPEXUME C OMNEepaTUBHOU
00pabOTKOW JaHHBIX B PEAIbHOM BPEMEHH.

B nmokmame OymyT mpencTaBiieHbl pPe3yNbTaThl MOJEPHU3AIMH U HOBBIC
AKCIEPUMEHTAIIbHBIE BO3MOKHOCTH YCTAHOBKH.
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PEHTTEHOBCKHUE U CUHXPOTPOHHBIE NCCJIEJOBAHUA
I'PAOUTU3UPOBAHHBIX BUOMATEPHUAJIOB

B.H. Cusxos*, O.B. Hempoeal,,Z].B. Cuexos', K.A. baxuna®, P.H. Cxanoaxog?,
B.O. Pymkoeckuﬁl, V.C T pel’l’lb}ZK06’al’2, E.A. Cmenyqeel'z, A.M. Jlebeoes?®,
P quaK063, C.B. Hexunenog'?

‘@oUll Komu HIJ YpO PAH
2Coikmuiskapckuii 2ocyoapemeennviii ynusepcumem um. IHumupuma Copoxkuna
SHUI] «Kypuamosckuil uncmumymy

MoHnoyriiepoiHbie COeIMHEHHUs, Takue Kak rpadur, rpadeH, MHOTOCTEHHBIE
YIIEPOJHbIE HAHOTPYOKHM, IIMPOKO MCHOJB3YIOTCS JJis IOJYYeHHUS HOBBIX
HAHOCTPYKTYPUPOBAHHBIX MaTE€pHAJIOB. AJBTEPHATUBON HAHOTPYOKaM SIBISIOTCS
rpaUTU3UPOBAHHBIE IPUPOAHBIE Onomarepuabl, KOTOpbIE UMEIOT
Pa3BETBIICHHYIO apXWUTEKTYypy C OOJBIION IUIOMIAJbI0 BHEIIHEH MOBEPXHOCTH,
U3Y4YeHUE KOTOPBIX SIBIISAETCA 3a7aueid OMOMUMETUKA — COBPEMEHHOI'O HAyYHOIO
HaIlpaBJIeHUs MO 3aMMCTBOBAHUIO MPUPOAHBIX CTPYKTYp U pEAU3AlMU UX B BUIE
OpUTHHAJIBHBIX MAaTEPUAIOB IIyTEM TEPMHUECKON 00paOOTKU B MHEPTHBIX Cpeliax.
Tax rpadpuTuzanus ryOuyaToro Kapkaca MOPCKHX TyOOK B aproHe Ipu
temriepatypax a0 1200°C npuBoauT K 00pa30BaHHUIO TPEXMEPHON HAHOMOPHUCTOU
CTPYKTYpBl TypOOCTpaTHOTO rpadura, KOTOpas OKa3ajJach MEPCIEKTUBHOU IS
(GopMUpOBaHKSA KOMIO3UIIMOHHBIX MAaTEepUaloB J/Jisi CO3/aHUsl KaTalu3aTOpOB
xumudeckux mnpoueccoB [1]. IIpoBeneHHble HamMM MCCIEIOBAaHUS Pa3IUYHBIX
BUJIOB OMOMAaTepHalioB MOKA3aJId, YTO aJbTEPHATUBON MOPCKUM IyOKaM sIBJISIE€TCS
Aarefb, WIM TaK Ha3blBaeMbld «OJeHUH MOX» («reindeer moss»), IIMPOKO
pacnpocTpaHeHHbId Ha Tepputopur Poccum, KOTOpblil TpaduTtH3Upyercs B
npolecce TePMUYECKONM 00pabOTKH C COXpaHEHHEM HUCXOAHOW 3D cTpyKTyphl C
OOJBIION TOPUCTOCTHIO M IJIOIIAJBI0 MOBEPXHOCTH, CTOMKON K arpecCHUBHBIM
cpelaM, MEXaHMYECKUM U TEPMUYECKUM BO3JEeUCTBUAM. B noknane oOcyxaaroTcs
pe3ynsTathl NEXAFS u XPS uccnenoBanuii ¢ HCIIOIB30BaHUEM CHUHXPOTPOHHOTO
m3nyyeHnsa kaHama Hano®OC KypuaroBCkOoro meHTpa CHHXPOTPOHHOTO
M3JIy4YeHUsI M HAHOTEXHOJOTWM [2] W NOPOBOAUTCS CPABHUTEIBbHBIM aHAIMU3
CTPYKTYPBI ~ CIIEKTPOB  HAHOPAa3MEPHBIX MOHOYIVIEPOJHBIX COECOUHEHUH U
rpaUTU3UPOBAHHBIX OMOMATEPHAIIOB, a TAKKE€ HAHOKOMIIO3UTOB HA MX OCHOBE.

Uccnenosanne BbIONHEHO B pamkax roc3zananus Komum HI[ YpO PAH
(Ne125020501562-1), a Takxke nipu puHAHCOBOM MOAep)KKe MUHHCTEpCTBA HAYKH
u Boiciiero obpaszoBanusi Poccun B pamkax Cornamennst Ne 075-15-2025-455 ot
26.05.2025r

1. I. Petrenko, A.P. Summers et al., Sci. Adv. 5 (2019) eaax2805.

2. A. M. Lebedev, K. A. Menshikov, et al., Journal of Surface Investigation: X-ray,
Synchrotron and Neutron Techniques. 15, 1039 (2021).
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BJIUSIHUE MOHU3UPYIOIIETO U3JTYYEHUS HA
YOPEKTUBHOCTDH BOJAOPOJHOI'O HACOCA C
INMPOTOHOOBMEHHO MEMBPAHOU

M.B. Cunsxos*?, JI.J]. Cnacoe*®, M.B. Menwapanos®, C.B. Hazopuwui',
H.A. Usanosa®, B.B. Heanoe®

'Hayuonanvnwiii ucciedosamenvcrkuii yenmp «Kypuamosckuii uncmuniymy
2Poccutickutl Xumuko-mextonozuyeckuii ynusepcumem um. J{.M.Menoeneesa
SHayuonanvuuiii uccnedosamenvckuii ynusepcumem «MockoscKuil snepeemuueckuil
UHCMUMYM »

440 «Mncmumym monnusa, kamanusa u snexmpoxumuu um. JI.B.Cokonvbckozoy
SUncmumym adeproii puzuxu, 050032 Kazaxcman, 2. Anmamu, yn. Hbpacumosa, 3/1.

B ycnoBusx cHCTEM TOIUIMBHOTO IMKJIA TEPMOSJIEPHOTO CHHTE3a MOXKET
IPUMEHATHCA 3JEKTPOXMMHYECKH BomopoiaHblii Hacoc (DBH) Ha ocHoBe
npotoHooOMeHHOM MeMmOpansl (ITOM). B pamkax paboThl HcCCII€IOBaHbI
CTPYKTYPHBIE CBOWCTBA M 3JIEKTPOXMMHYECKHE XAPAKTEPUCTUKH OOIyYEHHOUN
MeMOpanbl kak kiatodeBoro snementa OBH ¢ [IOM. Yetsipe obpa3ina MmeMOpaHbl
Aquivion®  E98-15S  ObUIM  HOABEPTHYTHl  BO3JEHCTBHIO  TOPMO3HOIO
PEHTI€HOBCKOTO M3Jy4Y€HHs C IOTJOIIEHHOM Ja030M B auanazoHe ot S5+l I'p
(cormacHo mpeapiayeMy uccienoBanuto [1]) mo 5000100 I'p.

[loka3aHo, 4YTO C YBEIMYEHHEM MONNIOLIEHHOW 03Bl MPOUCXOIUIIO
CHIDKEHUE 3JIEKTPONPOBOJIHOCTH MEMOpaH, yKa3blBash Ha MEHBIIYIO MPOTOHHYIO
IPOBOAMMOCTh OOpa3zoBaBmiuxcst rpymnm. Ilpu uccnenoBanuu 3¢(EeKTUBHOCTH
OBH c oOnyyeHHONH M HMCXOIHON MeMOpaHaMu B YCJIOBMSIX IOBBIIIEHHBIX
TEMIEpAaTyp U aTMOC(PEPHOM JaBJIEHUM ObUIO BBISBICHO HE3HAYUTEIHHOE
pasnnune B IOTHOCTAX Toka nipu 0.5 B, koTopoe He npebimano 5%. OgHako npu
nasnenuun 0.03 Mlla s dektrBHOCTh sueliku DBH ¢ 00inyyeHHBIMU MeMOpaHaMu
3HAYUTEJILHO CHHU3MJIACh BCIEICTBHE €€ MOHUKEHHOW CIOCOOHOCTH YIEpPKUBAThH
BOAY 1 00Jiee MHTEHCUBHOT'O BBICBIXaHHUS.

[TonydeHHbIE pe3yabTaThl AEMOHCTPUPYIOT BO3MOXKHOCTBh IpuMeHeHnss DOBH
¢ [IOM B ycnoBusAX paJHAllMOHHOTO BO3IEHCTBHUS TEPMOSIEPHOIO CUHTE3a B
pasnuYHBIX pEXHUMaxX dKciulyatanuu. OpHako npu  wuHTerpauuu OBH B
TEPMOSIIEPHbIE CUCTEMBbl HEOOXOJUMO YUYUTHIBaTh MPOOJIEMY BBICHIXaHHUSA
MeMOpaHbl B YCIOBUAX HU3KUX JABJICHUHN, MOCKOJIbKY JJIUTENbHOE PaJlalliOHHOE
BO3/ICIICTBHE CHUKAET BJIArOyAI€P KUBAIOIIYIO0 CTIOCOOHOCTh MEMOPAHHI.

PaboTta BeInonHEeHa Mpu GUHAHCOBOM MOepKKe MUHUCTEPCTBA HAYKU H
BHICIIIETO OOpaszoBaHusi Poccuiickoit ®deneparuu B pamkax ['ocymapcTBEHHOTO
3amanus Ne FSW-2023-0014 (Cornamenne Ne 075-03-2023-383 ot 18 siHBaps
2023 r.) B cpepe HayuHOU nearenbHocTH Ha 2023-2025 rr.

1. Ivanova N. A. et al. Features of Electrochemical Hydrogen Pump Based on Irradiated Proton
Exchange Membrane //Membranes. — 2023. — T. 13. — No. 11. — C. 885.
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NCCJEJOBAHUE 3AKOHOMEPHOCTEN ®OPMHUPOBAHMUS
IMOBEPXHOCTHOM MATHUTHOM JOMEHHOM CTPYKTYPBI
OBBbEMHBIX OBPA3LIOB BBICOKO- 1 HU3BKOAHU30OTPOITHBIX
COEJJMHEHUHA METOJIOM MATHUTHO-CHJIOBOH
MHUKPOCKOIINHN

C.JI. Cuemannuxosa*, A.U. Cunxesuu*

YTeepcroii 2ocyoapemeennuiii ynusepcumem, Teepo

MarnutHas nomeHHas ctpykrypa ([IC) sBiaserca HHIUKATOPOM MarHUTHOTO
cocTtosiHug oOBeKkTa. B ciiydae 0OBEMHBIX OJIHOOCHBIX MAarHETHUKOB, KOHEYHAs
koH(purypanust JIC moxxer ObITh MpejcKka3aHa Ha OCHOBE IKCIEPUMEHTAIBHOTO
OIbITA U CYIIECTBYIOUIMX AHAIWTUYECKHX MOZENeW. B To ke Bpems, onucaHue
KOMIIJIEKCHOCTA WTOTOBOM ITOBEPXHOCTHOM CTPYKTYPBI OCTaeTCs HENOJIHBIM. B
HACTOSAIIEM HCCIEIOBAHUN MPEIJIOKEH aHATIU3 3aKOHOMEPHOCTEN (pOpMHUpOBaHUS
noBepxHOCTHOM JIC Ha OCHOBE SKCIIEPUMEHTAJbHBIX JAHHBIX, IOJIYYEHHBIX C
MOMOIIIBI0O METOJa MAarHUTHO-CWJIOBOM MuKkpockonuu (MCM) Ha oOpasmax
BBICOKO- U HU3KOAQHU30TPOITHBIX MArHETUKOB.

DKcnepuMeHTalIbHOE uccienoBanne MerogoM MCM ObLIO peann3oBaHO Ha
0a3e ckaHumpymomero 30HmoBoro Mukpockoma SolverNext (NT-MDT) B
MOJIYKOHTAKTHOM peXHMe. B 3TOM ciydae cUrHaj, perucTpupyeMblii MarHUTHBIM
30HJIOM, OTpa)KaeT MoJisi paccesHusi, co3aaBaembie JIC oOpasiia Ha onpeeneHHON
BbicoTe mnoabema. [lomyuenue cepun MCM wu300pakeHHil ¢ BapbUpYIOLIECS
BBICOTOM MOABEMA 30HJAA HajJ 00paslioM M ee MOoCIeAyIoUMi nudpoBoi aHANN3
MO3BOJIAIET HE TOJIbKO peKoHCTpynpoBaTh MCM un3o0pakeHrne Ha MOBEPXHOCTU
oOpaslia, HO M MPOCIETUTh IMyTh (OPMUPOBAHUSA CTPYKTYPHl OT TIyOWUHBI [0
NIOBEPXHOCTH, a TAKXKE KOJIMYECTBEHHO OLEHUTh KOMILIEKCHOCTh HWTOTOBOM
noBepxHoctHo J[C. [TogoOHbIi MeTo 1udpoBOro aHaimsa onucan B padore [1].

TpaguuronHo, KomiuiekcHOCTh JIC Takke OlLIEHHWBAeTCd METOJlaMu
dbpakranbHOU reomerpuu. s kaxagoro MCM n300pakeHust U3 BICOTHOM CEpUU
Oblla paccuMTaHa (¢pakTajbHas pa3sMEPHOCTh C TOMOILIBIO  LU(POBOIA
OMHapU3alMy U METo/a MojicueTa Kopoooxk [2].

Ha ocHOBe mNpOBENEHHOIO KOJIMYECTBEHHOIO aHajan3a ObUIM MOJy4YEHbI
3aBUcUMOCTH KoMmIuiekcHocTh JIC U (pakTaJibHOM pa3sMEpPHOCTH OT BBICOTHI
NoJbEMa 30H/a HaJl 00pa3loM ISl BBICOKO- M HU3KOAHU3OTPOIHBIX MarHETHUKOB.
Nnentnynas Qopma MOJYyYEHHBIX 3aBHCHUMOCTEH JEMOHCTPUPYET CXOXKECTh
3akoHOMepHOCTel popmupoBanus JIC 11t pa3iuuHbIX COSTUHEHUN.

1. A. I. Sinkevich, S. D. Smetannikova, E. M. Semenova, Micron 199, 103911 (2025).
2. Y. Xing, etal., J. Mater. Res. Technol. 15, 745 (2021).
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OOKYCHUPOBKA JIEKTPOHOB B OHAYJIATOPE C IIEPUOJOM 27
MM

H.B. Cmonaxos
HUI] «Kypuamosckuti uncmumympy, Mockea

AKTyaJIbHOCTh 3TOH pabOThl BO3HMKJIA B CBSI3U C pabOTON Haa MPOEKTOM
Jazepa Ha cBoOOAHBIX 3nekTpoHax «CHUJIA». B Hacrosmee Bpemsi BeayTcs
UHTCHCUBHBIE KOHCTPYKTOPCKHE U TEXHOJOTMYECKHE PabOThl MO MPOU3BOJCTBY
OHAYJATOPAa HA PEOKO3EMEIBHBIX MAarHuTax €O CTAaHJAPTHOM  IUIOCKOU
koHurypanueir Halbach, Bocemb mMarauto Ha mepuox [1]. Jnuna nepuona 27
MM, [IUPUHA KaXKJIOTO MarHUTHOTO Onoka 45 MM, BeIicOTa - 14 MM, MOJTHBINA
MHHUMAJIBHBIN 3a30p MEXAY Mojirocamu 12 mMM. UUCI0 mepromoB B OHAYJIATOPE
pPaBHO 58, TO €CTh JUIMHA PETYJISAPHOM MAarHUTHOW YacTH OHAYJIATOpa paBHA 1566
MM. B OKpecTHOCTM MeauaHHOW MJIOCKOCTH OHAYJISITOpAa €ro MarHUTHOE MOJie
CWJIBHO HEOJHOPOJHO B HANpaBICHUSIX, OPTOTOHAJIBHBIX OCH OHAyJATOpa Z.
AMIUIMTYAa MOJdsL OHAYJSATOpA pacTeT B BEPTUKAJIBHOM HampaBieHUH (OCh Y) U
YMEHBILIAETCS BIOJb TOPU3OHTAIBHOM ocu X 1O Mepe MNPUOIMKEHHUSI K Kpasm
MarHuTHBIX NOJIIOCOB. [I03TOMY IUIOCKHN OHAYJIATOP HMEET IOJOXKUTEIBHYIO
BEPTUKAIbHYIO (DOKYCUPOBKY, @ B TOPHU30HTAJIbHOM (MEIUaHHON) IUIOCKOCTH -
OTpHULATENbHYIO Je(doKycHpoBKa [2]. DTO HalO NPUHUMATh BO BHUMAaHHE IpH
IPOEKTUPOBAHUM Jia3epa Ha CBOOOJHBIX »dJeKTpoHax. Jns pacuera psna
napameTpoB MarautHoro mons Halbach-onmynstopa Opuim Hammcanwsl B
KOMITbIOTEPHBIE TPOTPAMMBI.

B nanHoii pabote paccMoTpeHO (oKycHupyroliee BO3JAECHCTBUE TaKOIo
OHIIYJIITOpAa Ha PEISITUBUCTCKUI SIEKTpOHHBIA mydok. JluddepenunanbHbie
YpaBHEHUSl JBUKEHUS BJEKTPOHA B TPEXMEPHOM CHUHYCOUJAIBHOM MarHUTHOM
M0JIE OHJIYJIATOPA PEIIAIUCHh HE CTAHJAPTHBIM METOJIOM YCPEAHEHUS MO ObICTPhIM
OCHWUISIMSAM  TPACKTOPUHM  DJIEKTpOHA  (CTJIaXeHHOE  MPUONMKEHue), a
AHAJIMTUYECKH C TMOMOLIbI0 TEOPUM BO3MYLICHHH BIUIOTH JI0 KyOMUECKHUX
CJIara€MbIX BKJIFOYMTEJIBHO 10 BCEM MaslbIM BeIMYMHAM. J[JI1 pacdyeTroB MO 3THM
0osiee TOYHBIM U CIOXKHBIM (opMyJlaM HallMcaHa KOMIIBIOTEpHas Iporpamma.
Takyke HamMcaHbl KOMIIBIOTEPHBIE IPOrPAMMBI, YHCIEHHO PELIAIOIIAE METOIOM
Pynre-Kyrra ypaBHEHUs IBH)KEHHSI 3JIEKTPOHA B TPEXMEPHOM I10JI€ OHIYJISITOPE.
[lonyueHO XOpollee B3aWMMHOE COIVIACHE pe3yJIbTaToB. Bmecre ¢ Tem B psne
Clly4aeB 3TH HOBbIE pPE3yJIbTaTbl MPOTUBOPEYAT PE3YJIbTaTaM, IMOJTYYEHHBIM B
paMKax criaxuBarouiero npuOmmkeHus. Tak, oOHapyXeHa KpUTHYeCKas
3aBUCUMOCTh TOPU30HTAIILHOTO (DOKYCHOTO pACCTOSHUS OT HAYyajabHOrO Yyriia
BXOJIa DJIEKTpOHA B OHAYJATOp. Pa3znuuust 3HAYMTENbHbIE, BIUIOTH 10
MPOTUBOIMOJIO)KHOTO  3HAaKa  (POKYCHPYIOUIUX  J00AaBOK K  IONEPEUYHBIM
KOMITOHEHTaM CKOPOCTH 3JIEKTPOHA.

1. Halbach K. Nuclear Instr. Meth. 1981. V. 187. P. 109.
2. Barkov L. M. u ap. Nuclear Instr. Meth. 1978. V. 152. P. 23.
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CHUHTE3 U MOJIEKYIAPHASA CTPYKTYPA p-OKCOMOCTHUKOBOI'O
JAUMEPA KEJIE3A (IIT) HA OCHOBE JIMTAHZIA N,N'-OTUJIEHBUC(3-
METOKCHU-CAJIMIHUINMHUHA)

H.I' Cnuyvina, M.A. Fnacost, A.C. Jlobau*, I'.B. Ilunos*

Y\@UI] ITX® u MX PAH, Yepnozonoska

Jlns uccnenoBareneld B 00JIaCTH KaTajid3a KOMIUIEKCHI JKejie3a Ha OCHOBE
CAJICHOBOTO JINTAHJa SIBJISIOTCS MPHUBJICKATEIHLHON albTEPHATHUBOM JIparoreHHbIM
MeTalaM  Onarojapss HHU3KOM TOKCHMYHOCTH W BO3MOXXHOCTH JIETKO HX
monaudunuposats [1]. B pabote monyden p-okcomocTukoBbiit gumep xenesa (11I):
3[(n-O){Fe''(30Me-Salen)},]-12H,0-4CH;OH (1), rme salen = NN’-
ATUIIEHONC(3-METOKCH-CATUIIMIIATIbIUMHUHAT), KOTOPBIN OXapaKTepPU30BaH
KOMIUIEKCOM  (DM3UKO-XUMHYECKUX METOJ0B aHanu3a. CHHTE3 KOMILIEKCa
MIPOBOJIMJICS. B METAHOJIE MPU HArPEBaHUM B MPUCYTCTBUU METHUJIaTa HATPUS, KaK
MoKa3zaHo Ha puc. 1.

Kommmieke 1 kpuctamm3yeTcss B MOHOKJIMHHOW MPOCTPAHCTBEHHOW TPYIINE
P21. AcumMerpuuyHas €JWHHUIIA BKJIOYAeT TPH HE3aBUCHUMBIX JuMepa [(U-
O){Fe"'(30Me-Salen)},], pasnmuuaromuxcss yriioM MOBOPOTa XENATHBIX LUKIIOB
OTHOCUTEJIBHO JIPYT 1PYTa, 12 MOJIEKYJT BO/IBI 1 3 MoJIeKyJIbl MeTaHoJIa (puUc. 2
I[TapameTpsl 31eMeHTapHoi sueiiku npu 100 K: a=12.9283(3) A, b=12.4424(3)

c=48.0825(12) A; a=y=90°, B= 90.140(2)°; V= 7734.48 A% Cpenuue UIHHBI
cesseit Fe-N u Fe-O ykaspiBatoT Ha Fe(lll) co S=5/2. Vron Fe(1)-O(1)-Fe(2)
aexuT B auamnazoHe 149.33-151.60°, Torma Kak pacCTOSAHUE MEXIY COCEAHUMHU
MOHAMM Kelle3a cocTaBiseT ~ 3.4 A. MeTogoM peHTreHo-()a30BOro aHanmsa
MOATBEPKIeHA 0/THO(DA3HOCTD HOJII/IKpI/ICTaJ]JII/I‘IGCKOPO oOpasna 1.

1. CH;ONa /\
\O ZP(NO)QHO & \%D

+ /\NH/\/ (u LOH

~° /
C%o\ /o:‘;j
\N =

—/

Pucynok 1. Crega: Cxema cunteza komiuiekca 1. Cnpasa: MonekynsipHas
cTtpyktrypa numepa B 1 npu 100 K.
PaGora BemonHena mno Teme [ocymapcTtBeHHoro 3amanusi, Ne TroOC.

Peructpammmu  124013100858-3. Ilpu BbIMOMHEHUH pPaOOTHI HCIOIH30BATIACH
npubopHas 6aza [IKII UL TTXD u MX PAH.

1. T. M. Hood, S. Lau, et al., ACS Catal. 11841, 13, (2023).
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CTPYKTYPHASA 'OMOJIOI'UA B PALY RF3 (R = La-Lu) I1O
ITAPAMETPY 'OMOJIOTTHYHOCTHU «KATHOHHBIE ITOJIUAPBD»

E.A. Cynvanosa®, B.I1. Coboneg*

YHUI] «Kypuamosckuii uncmumymy

[TomydeHHpie  C  WCHONB30BAHUEM  CHHXPOTPOHHOTO  HW3IIYYCHHS
IpELM3UOHHBIE CTPYKTypHBbIe naHHble 1 °1(*8Ceys*Gdos)Fs — «mceBno *PmFs»
[1] BoepBbIe OTPHUIM BO3MOKHOCTh M3YUMTh IMOJHBIA TOMOJOTUYECKUN ps u3 16
RF; (06e3 ScF3) mo «mapameTpy TOMOJOTHYHOCTH» — KOOPJIMHAIIMOHHBIM
nomidapaM R U npenusMOHHBEIM MeXaTOMHBIM paccTosHuaM (R-F) B HuX.
JlanTanounHoe cxarue npuBoguT B B-HOF; k mocTuxeHuio MHHHMAaIbHOTO
paccrosiaus (F-F)min, KOTOpoe He m3MeHsieTcss Ha yuactke psga R=Ho-Lu [2].
DMmnupuyeckuii paguyc anuona F- coctapnser (F-F)min/2 = 1.2539(16) A [2].

N3meHeHus: TMma CTPyKTYpbl M KOOPJAUHAIIMOHHBIX KaTHUOHHBIX MOJUAPOB
W3YYCHBI MPU CTAHAAPTHBIX MapaMeTpax COCTOSHUSA (M300apHO-W30TEPMUUYCCKUAN
paspe3 P =1 atm., T=293 K nonnoit T-X kBa3u-cuctemsl “LaFs-LuFs” [3]).

Koopaunanuonnoe uucno (KY) R* B RF3 mpumsato pasHeiM 9. O6beM
nommapa R¥* ¢ KUY=9 wusmemsercs B pamy RF; (R=La-Lu) HenpepsiBHO.
OTtHouieHHe o0BEMa, 3aHUMAEMOI0 MOJUAPAMU, K O0BbEMY IIYCTOT MEXKIY
nonudapamMu Bo Bcex t-RF3; onmnnakoBo. JlanHas BenmuunHa BO Beex [-RFs Taxoke
OoJWHaKOBa, HO OoJiblie, yeM B tRF3, Ha 5.6 %.

MopdoTpornHoe mnpeBpamenue t — £ (Ipu OXJIAKICHUH) — CIBUTOBOM
dazoBblii mepexon 1 pojga MapTEHCUTHOTO THIA, TPU KOTOPOM TMPOUCXOIUT
aHoMasibHOe yBenuueHue (Ha 5.6 % K MeHblemMy) oObeMa IyCTOT MEXIY
nonudapamu ¢ KY=9.

PaboTa npoBeneHa B paMKax BBIMOTHEHUS TOCYAapPCTBEHHOTO
3amannst HUILL

«KypuaToBCKHIT HHCTUTYT.

A. Sulyanova, B.P. Sobolev, et al., CrystEngComm. 25, 4238 (2023).

1.E.
2. B.P. Sobolev, E.A. Sulyanova. Int. J. Mol. Sci. 24, 17013 (2023).
3. B.P. Sobolev. J. Solid State Chem. 312, 123163 (2022).
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OIPEJEJEHUE UOHHOTI'O PAJTUYCA t- M f-«ticeBno ' Pm>*» C
UCNOJIL30BAHUEM CUHXPOTPOHHOI'O U3JYUYEHUS IS
MOJHOI DMOUPUYECKOI CUCTEMBI HOHHBIX PAJINYCOB /1151
TYTOMJIABKUX ®TOPUIOB MF., (m=1, 2) u RF3= (R = Sc, Y, La-Lu)

E.A. Cynoanosa®, 5.I1. Cobones®, P.JI. Ceemozopos®, E.C. Kynuxosa*

YHUI] «Kypuamosckuii uncmunmymy

Jlantanougnoe cxatue R (R =8Ce-"'Lu) BemeiBaeT B RF3 Cmeny Tuna
crpyktypsl LaFs (t) ;s R = Ce-Nd na B-YF3 (5). [Toaumopdnsiii nepexon t — f
(TIpu OXJTAKICHUH) COTIPOBOKIACTCSI aHOMATBHBIM YMEHBIIIEHUEM TUIOTHOCTH Ha ~
3.8 % [1].

[lpuMeHeHHe MeToJa CTPYKTYPHO-XMMHUYECKOTO MojaeiaupoBanus [2] u
UCIIOJIb30BaHUE CHHXPOTPOHHOTO wu3aydeHus [1] mo3BoimMIO  yCTaHOBHTH
aumopdusm  %1(%8Ceos**Gdos)F3 — «mceBno ®PmFs» - M 060CHOBATH HOBYIO
CTpYKTypHYI0 Kinaccupukauuio RFs ¢ t- u f-PmF3z B crpykrypHoit noarpynne B
numMopPHbIX RF3.

Onpejenenne paguyca KaTHOHA «IIceBo °:Pm®y saBepmmio paszpaboTky
BHYTPH COTJIACOBAHHOM CHCTEMBI painycoB KaTHOHOB R** u anmoma F~ B RF; [3].
Takast cucreMa paanycoB HYXHa I aHAU3a 3aBUCUMOCTEH OT JIAHTAHOWJIHOTO
C)KaTHsI TOHKOU CTPYKTYphI U cBOWCTB RF3, xumudeckoro poactBa RFs;, mporuosza
dazoBbix auarpamm cucteM RF3-R’F; u ananmmsza uzoMopdusma B HHUX, pocTa
kpucTaioB RyR’«F3 (1 Gosee clOKHBIX), aHAIM3a KIacTepoB (oboramennbix R
HAaHOMETPOBBIX  «(}a3»),  ONpenensIoImUX  CBOWCTBA  OOJBIIOTO  Kiacca
HECTEXHOMETPUIECCKIX (DIIFOOPUTOBBIX HAHOCTPYKTYPHUPOBAHHBIX KPHUCTAJIOB
(MO.S-XRO.5+XF2+2x cM= LI, Na, Ku MixRyFoix C M = Ca, Sr, Ba, Cd) M U3YUYCHUS
JIPYTHX BOMPOCOB XUMHUHU, KPUCTAUIOXUMUU ¥ (PU3UKH (TOPUIHBIX MATEPHUAJIOB C
yuactueM RFs.

PaboTa npoBenieHa B paMKax BBINOJIHEHUS rocyaapcTBeHHoro 3aganus HULL
«Kyp4aTtoBCKHl HHCTUTYT.

1. E.A. Sulyanova, B.P. Sobolev, et al., CrystEngComm. 25, 4238 (2023).
2. B.P. Sobolev, E.A. Sulyanova. CrystEngComm. 24, 7602 (2022).
3. B.P. Sobolev, E.A. Sulyanova. Int. J. Mol. Sci. 24, 17080 (2023).
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NMPUMEHEHUE CUHXPOTPOHHOTI'O U3JIYUEHUSA 151 U3YUYEHUSI
MNOJUMOP®HOT'O ITPEBPAIIIEHUS B «niceBo ' PmF3» C
AHOMAJIMEN INIOTHOCTHU

E.A. Cymoanosa®, 5.I1. Cobones®, P.JI. Ceemozopos®, E.C. Kynuxosa*

YHUI] «Kypuamosckuii uncmunmymy

Co BpeMeHu mocieaHero uccienoBanus B 1967 r. [1] u3BneueHHOTO W3
ManxeTTeHCKOro sSiAepHOro peakropa PmF3 o cTpykType 1 cBOMCTBax 3TOTO 4ieHA
XUMHUYECKOT0o ceMeicTBa u3 17 TpuTopuIoB peaKko3eMenbHbIX deMeHToB (P30 —
R) ne Obuto cBenmenuit. IlepexogHoe momoxkenue PmF; Mexay CTpyKTypHBIMH
noarpynmamu A (LaFs-NdF3) u B (PmF3-GdF3) mpu ero HemocTymHOCTH
(pamMoOaKTUBHBIA pacmaj) Ha JOJATHE TOAbl OCTAaBISJIO HE3aBEPIICHHOU
CTPYKTYpHYIO Kiaccudukanuio RF; n xumudeckyto knaccudukanuio 120 cucrem
RF3-R°F;5 [2].

MeTooM pEeHTTeHOCTPYKTYPHOTO aHaju3a IN Situ BIepBbIC yCTaHOBJICHA
KpUCTaJUIMUECKasi CTPYKTypa BbIcOKoTemmeparypHoit t- (tunm LaFz) wu
HU3KoTeMmIiepatypHoii f- (tun FesC) momudukanuii 81(*8Ceqs%4Gdos)Fs — «mceBno
$1PmF3» B6M3M Temneparypsl nonmuMopgroro npespamenus (I111) -148+5°C [3].

HudpakuuoHHbIe JTAaHHBIE BBICOKOTO pa3pelIeHus JUISL
MEIIKOKPHCTAILINYIECKOro fB-«rcesno *PmFs» momydens: mpu —148 u +20 °C Ha
craniuu benok/PCA «KMCHU-KypuaToB» ¢ ncnonab30BaHHEM JJIMHBI BOJHBI 0.75
A. Jluppakunonnsle qaHHBIE A1 MOHOKpHUcTamia t-«rcesno $PmFz» momyueHs!
Ha peHTreHoBckoM mudpakromerpe XtaLAB Synergy-DW (Rigaku, fAmnonus) c
UCIIOJb30BaHueM u3nyueHus Ag-K,.

CrpyxrypHbiii Mexanusm [l t — f (npu oxnaxaeHuu) B «mceao Pmksz»
3aKJII0YAETCS B PACTSHKEHHUH pelleTKu Kpuctaia Ha 13 % B Hanpasienuun <010> u
ckatun B HampasieHusx <100> (0.8 %) m <001> (0.9 %). AnomanbHOE
yBenmueHue odovema AV/V «iceBno PmFs» mpu IIIT t — f, paccuurtanHoe u3
CTPYKTYPHBIX JaHHBIX [3], cocTtaBuio 3.8 %.

PaboTa npoBeneHa B paMkax BBIOJTHEHUS TocyaapcTBeHHoro 3aganus HULL
«Kyp4yaTOBCKHI UHCTUTYT.

1. F. Weigel, V. Scherer. Radiochimica Acta. 7(1), 50 (1967).
2. B.P. Sobolev. J. Solid State Chem. 298, 122079 (2021).
3. E.A. Sulyanova, B.P. Sobolev, et al., CrystEngComm. 25, 4238 (2023).
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OCOBEHHOCTHU NNOJYYEHUSA OBOT'AINEHHBIX TEPMAHUEM
TBEPABIX PACTBOPOB Ge1-.Six METOJAOM BPUKMEHA

C.U. Cynenvusx, E.b. backakxos, E.H. Kopobeiinuxosa, B.I'. Kocywxun,
B.U. Cmpenos

Omoenenue «Jlabopamopus kocmuyeckoco mamepuanoseoenus — Kanyea « Kypuamoesckoeo
Komnexca kpucmannozpaguu u pomonuxu HUL] « Kypuamosckuii uncmumymy

Conneunble Oatapen Ha ocHoBe (GaAs JE€MOHCTPUPYIOT BBICOKHE
nokazarenu (pOoTOIEKTPUIECKOro MpeoOpa3oBaHusl, HO M3-3a BHICOKOW CTOMMOCTH
MMPOU3BOJCTBA SIBJISIFOTCS HUIIEBOW TEXHOJIOTMEW, MPEIHA3HAYEHHOW I TaKHUX
BBICOKOIPOU3BOJIUTEIBHBIX MPUJIOKEHUA KaK KocMuyeckas »3Hepretuka [l].
OguuM U3 CcrocoOOB CHIDKEHHMSI CTOMMOCTH Takux (orompeoOpazoBaTeieit
SBIIICTCS  WMCIOJIb30BaHWe TOJIoKeK (GejSiy, OOOrameHHbIX TepMaHHUEM,
oOnanaroumx 01u3kuM K GaAs MepruogoM pemieTKy.

B  wacrtosimeit  paboTre  METOJOM  BEpPTUKAIBHOM  HampaBJIECHHOU
KPHUCTAUTU3aIUK TTOJydeH TBepblid pacTBop GeixSix (X=0,6 at.%) [2]. PesynbTar
UCCIIC/IOBAHUI pacrpeneieHuss Si BIAOJIb OCH POCTa KPUCTAIa U B HECKOJIBKUX
MONEPEYHBIX CEUYECHUSAX IMOATBEPKIACT IMOJYYEHHE TBEPIOTO  pacTBOpa.
Y CcTaHOBIICHO, YTO CoJepKaHue Si MEHsIeTCsl CKaukooOpa3Ho B nuamazoHe ot 0,05
no 1,62 at.%. [lpu »Tom HabOmomaeTcsl BhIpaBHUBAHUE CpPEIHEH KOHIICHTpAlUU
kpemHus 1o 0,17 at.% Ha nnune ot 12 go 33 MM ot nHa kpuctawia. ConepkaHue
Si B HECKOJIBKUX TOMEPEYHBIX CCUCHUSAX JCKHUT B auanazoHe ot 0 go 2,5 at.%.
[Ipu 3TOM B cpeHEll YacTu CIUTKAa MOXHO BBIIEIHUTH 00JIACTH IIMPUHON 3 MM,
CUMMETPUYHYIO OTHOCUTEIBHO OCH CIUTKA, CO CpEIHEN KOHUEHTpALEel KpeMHHUS
Ha ypoBHe 0,18 at.%.

PaboTa npoBenieHa B paMKax BBINOJIHEHUS TocyaapcTBeHHoro 3aganus HULL
«KypuaToBckuii HMHCTUTYT». B 4YacTH »3JIEKTpOHHONM MHUKpOCKONUHU padoTa
BBITIOJTHEHA ¢ Hcnofib3oBaHueM obopyaoBanus LIKII «CtpykrypHas nuarHoCTUKa
marepuanoB» KKKu® HUIL] «KypuatoBCkuil MHCTUTYT.

K. L. Schulte, S. W. Johnston, et al., Joule. 7, 7 (2023). T. 7. — Ne. 7. — C. 1529-1542.
C.

1.
2. C. . Cynenbnsk, E.B. backakos u np., [Iucema B )KT®. 51, 14 (2025).

218



MOIEJIMPOBAHHUE U OITUMU3ALINA MOHOXPOMATOPA C
INJIOCKUMU TIN®PAKIIMOHHBIMU PEHIETKAMMU JIAA MAT'KOI'O
PEHTTEHOBCKOI'O ITUAITA3OHA

E.E. Cypukosa®, P.I". Yymaxog*

YHUI] «Kypuamosckuii uncmumymy, Mockea

MoHoXpoMaTopsl ¢ TU(PPAKIIMOHHBIMUA PEIIECTKAMHU SIBJISIOTCS KIIFOYEBBIMU
KOMITOHEHTAMH KaHAJIOB CHUHXPOTPOHHOTO H3JIy4YCHHS, 00eCIeunBasi CEICKIIUIO
SHEpPruM (POTOHOB C BBICOKOM CIIEKTPaJIbHOM paspemiaroniell CrocoOHOCThIO B
JMana3oHe BAaKyyMHOTO yiIbTpaduoieTa U MATKOTO PEHTICHOBCKOTO M3IydeHus. B
paboTe paccMaTpuBaeTCs MOHOXPOMATOp C IUIOCKUMHU  ITH(PPAKITMOHHBIMU
pelieTkamu Juisi quana3zona sHepruii 5S—1000 >B.

Ha ocHoBe aHaMUTHYECKUX 3aBUCUMOCTEN JJIs1 TU(PPAKIIMOHHBIX PEIIETOK U
3epKaj [1,2] pa3paboTaHa  MaTeMaTHyecKas MOJICb, BKJTIOUArOIIast
aBTOMATH3UPOBAHHBIM pacyeT YyrioB MajcHUS W JUdpakiud B 3aBUCUMOCTH OT
sHepruu. JlaHHplii TOAXOJ OBLI pealu30BaH B TOJIb30BATEIbCKOM KOJE JIs
nporpamMmMmbl XRT [3], 4TO MO3BOJIUIO TPOBOAUTH MOJICIUPOBAHHE C YUETOM
MEePEeCTPONKM TEOMETpUM MOHOXpoMaropa. Takas MoauduKanus OTKPbIBAET
BO3MOXXHOCTh ONTHMM3AllMM BCEHl JIMHUM BBIBOJA HM3IYy4YEHUSI — OT BbIOOpa
rmapaMeTpoB 3€pKaj J0 PacIOjOKEeHHUsT BBIXOJHBIX Ieliei. B pesynbpraTe ObLIH
MOJTYUYEHBI CIIEKTPAIbHBIC XapaKTEePUCTUKH, PEICTABICHHBIC HA pUCYHKE 1.

Nai= 1000000

x=0.3658+0.1488 mm
Ngood = 19079

®=1.15101 phys
300.2

300.1

0.00 R 300.0

z (mm)

-0.0002+0.0136 mm
energy (eV)
300.0008+0.0644 eV

-0.05 299.9

zZ=

-0.10

energy

299.8

-0.15

0.3 0.4 0.5
x {(mm)

Puc. 1. Cnekmpanvhvle xapakmepucmuxu usiry4eHus nocie NPoxXoHcOeHUs 8bIXOOHOU

wenu
PesynbraTtel  MOAEnMpOBaHUSA ~ BKJIIOYAIOT  PAacyeT  CHEKTPAIbHBIX
XapaKTepUCTUK W OLEHKY pa3pellarolieil CrIoCOOHOCTH TMpH  pa3iIMyuHbIX
koH(purypauusix.  [loayuyeHHble  gaHHble  OyAyT  HCIOJB30BAHBl  IPHU
IIPOCKTUPOBAHUM M KOHCTPYMPOBAaHMHU MOHOXpOMAaropa [UIi KaHajla BbIBOJA
m3nyyenuss Ha KHMCH-KypuaroB, Ha THK 3enenorpag m B pamMkax mnpoekra
«CHJTA».

1. Petersen H. The plane grating and elliptical mirror: a new optical configuration for
monochromators //Optics Communications. 1982. T. 40. Ne. 6. P. 402-406.

2. Sjoblom P., Todorescua G. and Urpelainen S. Understanding the mechanical limitations of the
performance of soft X-ray monochromators at MAX IV laboratory // Synchrotron Rad.. 2020.
Ne27. P. 272-283.

3. Klementiev K., Chernikov R. Powerful scriptable ray tracing package xrt //Advances in
computational methods for X-ray optics Ill. SPIE, 2014. T. 9209. p. 60-75.
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W3YUYEHUE OCOBEHHOCTEM PACIIPOCTPAHEHMUS
PEHTI'EHOBCKOI'O ITYYKA, YIIPABJIAEMOI'O AJAIITUBHBIM
3JIEMEHTOM PEHTTEHOBCKOM OIITUKH

AU, Tepenmvesa®, U U. Ilempos?, A.A. Dnuosuy?

Mocrosckuii 2ocyoapcmeennuiii ynusepcumem um. M.B. Jlomonocosa
2HUI] «Kypuamosckuil uncmunymy

PeHTreHoBckHE HCCIEA0BAaHUS SIBISIFOTCSI aKTyaJIbHBIM M Pa3BUBAIOILUMCS
HaIlpaBJICHUEM COBpeMEHHOW Hayku. OJHMM M3 XOpOIIO HU3YYEHHBIX paHee
WHCTPYMEHTOB [JIsl TIPOBEICHUS BPEMIPA3PEIIAOMINX HCCIEAOBAHUM, SIBISIETCS
AJIEMEHT aJanTuBHOM peHTreHoBckor ontuku (ADPO). Ilepexon na ADPO
OOyCJIOBJIEH HEOOXOJUMOCTBIO MPEOJOJICHUS OrPaHUYECHUN TpaJHLIMOHHBIX
MEXaHUYECKUX CHCTEM M JIOCTH)KEHHUEM BBICOKOW CKOPOCTH, TOYHOCTH U
CTaOUIIBHOCTH YIIPABIEHHS IAPAMETPAMHU PEHTTEHOBCKOTO Imy4Ka [1].

B pabGore [?] GbUIO MOKAa3aHO, YTO PEHTIEHOONTHYECKMH KPUCTALI MPH
[I0/IaYe D3JIEKTPUYECKOIO CHUTHAja OTKIOHSETCS Ha ONPENEHEHHBIA YTroJ, 4TO
MO3BOJIIET YIPABIISATh IOJIOKEHUEM PEHTICHOBCKOro myuka. [[ns nmanbHeimero
pa3BUTHA KOHLIETLIUKM MOHOXpoMaropa Ha ocHoBe ADPO u pemeHus npoOiemsl,
CBSI3aHHOM C HEOOJIbIIMM CMEIIEHHEM TOYKM 3acBETKM Ha oOpasle,
ycraHoBiaeHHOM mociie ADPO — 4T0 0COOEHHO KPUTHYHO ISl SKCIIEPUMEHTOB C
BBICOKOM  JIOKQJIBHOCTBIO —  OBUIO  MPEMJIOKEHO  JACTAJbHO  HM3YyYUTh
IIPOCTPAHCTBEHHOE CMEUIEHUE ITy4YKa, YIPABISEMOIO aJallTUBHBIM 3JEMEHTOM. B
YaCTHOCTH, OIIPEIETUTh MOJIOKEHUE TOUKH (POKYCHUPOBKH M HCCIIEIOBATH XapaKTep
€€ CMELICHHUS.

B nannoit pabote Ha 1a00paTOPHOM UCTOYHUKE PEHTTEHOBCKOTO U3TyUYECHUS
MPOBEAEH AaHAIU3 CMEIIEHUS Iydka, ynpasisiemoro ADPO, mpu pasnuuHbIX
napamMeTpax I0J1aBaeéMOro 3JIEKTPUYECKOro curHaiga. Ilo momydeHHbIM JaHHBIM
OTpe/eNIeHbl TOJIOKEHUS TOYKH (DPOKYCUPOBKM U BBISIBJICHA 3aKOHOMEPHOCTh
CMEUIECHUS! 3TOM TOYKM B CTOPOHY MOHOXPOMAaropa C POCTOM aMIUIUTY/bI
HANpsDKEHUsl yopasisitoliero curHana. [lomydeHHble pe3ynbTaThl MO3BOJSIOT
IPOBOAUTH peHTreHoin(ppaKkiOHHbIE UCCJIEIOBaHMUS C BBICOKUM
IPOCTPAHCTBEHHBIM pa3pelieHHeM IyTeM TOYHOM YCTaHOBKM oOpa3ua B
HaWJICHHYIO TOYKY (DOKYCHPOBKHU.

A. Eliovich, A. E. Blagov, et al., Crystallography Reports. 67, 1041 (2022)
E.

1.
2. A. E. bnaros, A. C. beikoB u 1p. IIpubops! u TexHuKa skcriepumenTa. 5, 109 (2016)
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WHTEHCUBHOCTB (K-BO NOACYETOB/CEK)

ITOJIB30BAaTCJIA

PEAJIM3ALIUA CIIEKTPOCKOIINU NOIVIOIEHUSA B MATKOM
PEHTTEHOBCKOM JIUAITA30OHE C IETEKTUPOBAHUEM
YACTUYHOI'O JIEKTPOHHOI'O BBIXOJA

P.I1. Touxosuo'? P.I'. Yymarog*

YHUI] «Kypuamosckuii uncmumymy, Mockea
2Mockosckuii (husuxo-mexHuveckuti UHCMumym (HayuoOHATbHbII UCCTIe08aAMENbCKULL

yHueepcumem), Mockea

BnepBeie Ha KypyaTOBCKOM MCTOYHMKE CHHXPOTPOHHOTO M3IIy4YECHUS
peanu30BaH METOJ CHEKTPOCKONHMHM TOTJIOMICHUSI B MSITKOM PEHTIE€HOBCKOM
JMana3oHe ¢ JIETeKTUPOBAHUEM YaCTUYHOTO »3JekTpoHHOro Beixoja (PEY).
AHanu3 TOHKOM cTpykTypbl criektpoB norjomenus (NEXAFS), kak uzBecTHO,
MO3BOJISIET JACTAIBHO MCCIIEN0BaTh XUMUUYECKUN COCTaB, SJIEKTPOHHYIO CTPYKTYPY
u Mopdooruro moBepxHocted [1]. KiroueBoe mpemmymiectBo merona PEY —
UCKJIFOYUTEIbHAS TMOBEPXHOCTHAsT YYBCTBUTEIBHOCTH (3-5 HM), AocTuraemas
CEJICKTUBHBIM JETEKTUPOBAHUEM BTOPUUYHBIX JICKTPOHOB.

[lenapto paboThl sBISTIACH pa3pabOTKa M BHEJIPEHUE JTONM METOJUKH Ha
ctanuun HaHODPOC KHMCHU. Bbbeun co3maH mporpaMMHO-anmapaTHbI KOMIUIEKC,
KOTOPBIM yIpaBiisieT ACTEKTOPOM, I0JlaBasi PETYJHPYIOIIME HamnpsDKeHUs Ha
AJIEKTPOJIbI, U perucTpupyer curHan. CBs3b OJIOKAa yNpaBICHUS ¢ KOMIIBIOTEPOM

OpraHr30BaHa

KJIHGHT-CGpBCpHOﬁ CXCMC. MGTOIIHKa

MHTETPUPOBAHA B KOMIUICKC CTaHIMA W UCIOJb3YETCS OJHOBPEMEHHO C
peann3oBaHHbIMU paHee NoaHBIM 1eKTpoHHBIM (TEY) u dnyopectientasim (TFY)
BBIXOJJAMH. JTO TIO3BOJISIET MPOBOJWTH COBMENICHHBIE W3MEPEHUS, MOJIyvas
B3aMMOJIONOJIHAIONTY IO HH(OPMALIMIO U COKpAILlasi BpeMs SKCIIEPUMEHTA.

0.8

~— DHeprus 3nekTpoHos 50-150 3B
SHeprua anekTpoHos 450-550 3B

D¢ hexTUBHOCTH MeTOo/1a
MOJATBEPIKICHA TIPU UCCIICTOBAHUH
00pa3IoB JTMOKCH/IA 0JIOBa
(SnO; ). CpaBHeHHE CIIEKTPOB
BBISIBUWIO 3HAYUMBIE pa3lidyusi B
MOBEPXHOCTHOM H  OOBEMHOM
COCTaBe, CBHJIECTEIHCTBYIOIIUE O
rPAUEHTE CBOMCTB B
IPUNOBEPXHOCTHOM 00JIACTH, YETro
HEBO3MOXHO O0OHapyKUTh

530

535

SHeprus Bo3byxaeHus 38

540

APYTUMH  METOJaMH  CTaHIUH
(Puc.1).

Puc. 1. SnO, , K-kpaii mornomenus O.CrekTpbl NOTJIOMEHUS,
n3MepeHHble MeTooM PEY U151 pa3sHBIX CEJIEKTUBHBIX AMANA30HOB.

1. Nefedov A., Woll C. Advanced applications of NEXAFS spectroscopy for functionalized
surfaces //Surface Science Techniques. — Berlin, Heidelberg : Springer Berlin Heidelberg, 2013.
—C. 277-303.
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GPU YCKOPEHME ITOAI'OHKH EXAFS CIIEKTPA
IBOJIIOINMOHHBIM AJITOPUTMOM

AJL Tpueyo!, A.A. Maxuwes®*

YHUI] «Kypuamosckuii uncmumymy, Mockea
2Mockosckuii puzuxo-mexuuyeckuti uncmumym, Mockea

Meron nanpHEl TOHKO CTPYKTYpbl PEHTI€HOBCKOTO CIEKTpa IOTJIOLICHUS
(EXAFS) yxe [aBHO 3apeKOMEHJOBall ce0si KaKk CTPYKTYpHBIH METO/,
MTO3BOJIAIOIIMI ONPENEIATH JOKAJIbHON aTOMApHYIO CTPYKTYPY HEYIIOPSAOYECHHBIX
Cpell WIIA ONPEAENISITh UCKAXKEHUS OJIMXKHETO MOPSIIKA B KPUCTAJUIMUECKUX Cpeaax
OKOJIO TIOTJIOMIAIOIIETO aToMa B 3aBUCUMOCTHU OT (PU3MUYECKOTO HIIM XUMUYECKOTO
Bo3aercTBUd. CraHmaptHeii  aHamu3 cnekTtpoB EXAFS, ocHOBaHHBIA Ha
BApbUPOBAaHUU NAPAMETPOB KOOPAMHALMOHHBIX Cc(ep BO MHOTMX CIydasx
3aTPYyIHUTENIEH WM SIBIIAETCS Majlo HWH()POPMATUBHBIM. AJIBTEPHATUBOU STOMY
MOAXOMY SIBJIIETCS JBOJIIOLMOHHBIN aJIrOPUTM, B KOTOPOM CTPYKTypHas MOJEIb
3aJaHa HE B BHJE HE3aBHCHMBIX KOOPAMHAIIMOHHBIX cdep, a Kak Habop
JEKapTOBbIX KOOpAMHAT. B pe3ynbrare onTuMU3alMM TOJy4yaroT HaOop
JIEKapTOBBIX KOOPAMHAT, YTO MO3BOJISET MOIYYUTh OOJIEE MOJIHYIO CTPYKTYPHYIO
uHpOpMaIlMIO, B CPaBHEHUU C NOcPepHON mnoAaroHkoil cmekrpa. OnHoM u3
npobJieM JTaHHOTO MOJXOJa 3TO HEOOXOIMMOCTh BKJIIOUEHHS B pacieT MHUHUMYM
HECKOJIBKO COTEH MOTJIOLIAIOUIMX aTOMOB, JJIsi MOCTPOCHHE aHCaMOJsi aTOMOB,
UMUTUPYIOIIMX TEIUIOBbIE KoJjeOaHus. B gaHHoil paboTe mnpeacTaBieHbI
BO3MOYKHOCTH MPOTPAMMHOIO OOECIEYEHUs] CO3JAAHHOTO IPU TMOMOIIM SA3bIKa
nporpammupoBanust Python ¢ wucnons3oBanne Oubnamoreku JAX, kotopas
MO3BOJISIET JIETKO aaantupoBaTh Bbrurciienus Ha GPU. Ha Puc.]l noka3an rpadux
3aTpauyMBaeMoro BpeMmeHn Ha | wurepaumto misgs nporpammbl EVAX [1] u
cozganHoro IIO ©0e3 wucnons3oBanuss GPU u ¢ GPU. IlepBbie pe3ynbTaThl
MOKa3aju, 4Tto ucnonb3zoBanue GPU mo3BoIsIET yCKOPUTH BBIYMCICHUE TPUMEPHO
B 200 pas.

—— EvAX
JAX-CPU
—— JAX-GPU

—

1014

1004

10-14

BpeMs Ha oAHy UTepaumio, c.

10724

102 103 104
Konu4ecTBo aTOMOB, LWT.

Puc. 1. 3asucumocms epemenu, 3ampauusaemoe na 1 umepayuio, om Koauvecmea amomos 6
pacueme.

1. J. Timoshenko, A. Kuzmin, J. Purans, J. Phys. / Condens. Matter. 2014. T. 26 (2014).
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WCCJEJOBAHUE METOIAMM JIEKTPOHHO MUKPOCKOITUU
HUKEJEBBIX CILTABOB ITIOCJIE UCTIBITAHUM B Te-
COAEPXKAIIIEM PACIIJIABE COJIN

U.H. Tpynoxun®, I1.H. Uenues', M.A. Abpamos', B.B Uznamves', A.U. Cypenxos?

YHUI] «Kypuamosckuii uncmumymy, Mockea

HukeneBble CIuIaBel C pa3iIMYHOM KOHLEHTPALMEN OCHOBHBIX 3JIEMEHTOB:
Mo u Cr, ¢ pazmuunabivu jderupyromumu godaskamu (Y, Nb, Ti, Al n/umm Sc)
aKTUBHO PACCMAaTPHUBAIOTCA B KA4eCTBE KAHAWJATHBIX KOHCTPYKLMOHHBIX
matepuanoB (KM) mns xxuakoconeBsix peakropoB (ZKCP). OgHuM 13 npoayKTOB
nenenus B TornBHOM com XKCP saBisiercst T€, KOTOpbIl HEraTUBHO JIEUCTBYET HA
KOHCTPYKLUMOHHBIA ~MaTepHall, BBI3bIBas TEIUIYPOBYKD MEXKPUCTAJUIUTHYIO
koppo3uto (MKK). B ucnsiranusx KM B pacmuiaB cosieil 100aBIisicst 3TOT 3JIEMEHT
u mocine ucneiTanuit B Tedenue 300, 1000, 3000 umu 5000 gacoB oOpasibl
Pa3phIBAINCH U UCCIIENOBAINCH.

C nmoMomib0 pacTpoBOIO JBYXJIYYEBOI'O 3JIEKTPOHHO-MOHHOTO MHKPOCKOMA
(P5M) Helios 600 Obl1H 0TpabOTaHBI METOBI KCCIICTOBAHMS IIOIIAI0K Pa3PhIBOB
Y IOBEPXHOCTEN NITU(OB CIIIAaBOB MOCIIE Pa3pbIBOB.

HccnepoBasiich 00JaCTH 1O TPAHUIIE U MO TENly 3€pHA U U3MEPSUIACh JJIMHA
IPOHUKAIOIIMX TpeIIUH. BplgBineHsl pasnuuns B napamerpax MKK mexny
pasnuuHbIMM crutaBaMu U 3aBucuMocTh MKK oT BpemMenn ucnbiTanuit. [Ipumep
OJTHOM M3 MOBEPXHOCTEN N0 KoTopo aHanuzuposaitack MKK npusenen Ha puc. 1

e s R e [EREIE—— e
Puc. 1. POM wuzobpasicenue 6 pedxcume 00OpaAmMHO-pACCESAHHBIX 2JIeKMPOHO8 CNIABA
XH62M

MeTonoM 3HEproJIMCIepCuOHHOr0 PEHTTEHOBCKOro MukpoaHaiusza (OPM)
YCTaHOBJICHO HW3MEHEHHE COCTaBa TMPHUIIOBEPXHOCTHOW 00JacTH, OOHApYKEHBI
pa3uyHbIe BKJIIOYEHUS OCHOBHBIX M MPUMECHBIX JJIEMEHTOB ciuiaBa. B Y-
coJieprKallux 00pas3iax 0OHapy>KEeHbI YaCTUIIbl HHTEpMETaUIUAa Y-T€ Ha TIIyOuHe
6onee 10 MKM OT MOBEPXHOCTU U OOCTHEHHE MPUIIOBEPXHOCTHOM obOmactu o Cr
Ha TiTyouny 6osee 10 MkM, uTO oT™MeuaeTcst kaptax IPM puc. 2.

SR 7 ST e

Puc. 2. Kapmer DPM pacnpedenenus snemenmos 8 KOppo3uOHHOM cloe OJisl C1asd XHSOM

Pabora npoBenieHa B paMKax BBITIOJIHEHUS TocyiapcTBeHHOTO 3aaanus HULL
«Kyp4aTOBCKHI1 UHCTUTYT».
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BBICOKOYHUBEPCAJIbHBIY HEUTPOHHBIA JTU®PAKTOMETP JIJISI
PEAKTOPA UPT HUSTY MUDPU

A.H. Tromocos™?, @.C. ,Z]:)fcenapoel'z, Jl.B. JIveo6 2, U. llIMaﬁCHepl'2

YHUI] «Kypuamosckuii uncmunmymy
2 Hayuonanvuwiii ucciedosamensckuti a0ephuiil ynusepcumem « MUDHU»

B koHuenuusx HamoiaHEHHWs NPUOOPHBIX MAPKOB HEHUTPOHHBIX IIEHTPOB
peakropa [INKe OCHOBHOE BHUMaHHE yaensercs JOCTaTOYHO
CHEeUaIN3UPOBAaHHbIE YCTAHOBKH, HAIIPUMEP NPOEKT NapKa YCTAaHOBOK peaKkTopa
MUK [1, 2].

Opnako, Ha QoHe OONBIIMM 4YHCIA IUTIOCOB TaKOTO TMOAXO/Aa, €ro
OYEBHUJIHBIM MHUHYCOM OyJeT HEBO3MOXHOCTh OTpaldaThIBaTh HOBBIE METOJBI,
HOBBIE CXEMBI SKCIIEPUMEHTOB.

Takum 00pa3oM BO3HHUKAET HEOOXOAMMOCTh BBICOKOYHHUBEPCAIBHOIO
npudopa, NO3BOJISAIOIIMN peaanu30BaTh OOJIBIION HAOOP CXEM SKCIEPUMEHTOB — C
Pa3IMYHBIM YHUCJIOM KPHUCTAUIOB, pa3Hble JUIMHBI BOJH, PEQUIEKCHI, IHaNa3oHbI
yIJI0B (32 CUET KPUCTAJUIOB PAa3HOTO COBEPIUEHCTBA) JaXe HAa OTHOCUTEIBHO
HU3KOIIOTOYHOM peakTope AtomHoro nentpa HUAY MUDU.

[Ipennaraembiii  AU@pPakTOMETp  MOXET  HUCIOJB30BaThCi  Kak B
II0JIB30BATENILCKOM DPEXKHUME, TaK W JUISI TECTUPOBAHUA M ONTHMH3ALUSA CXEM
HKCIEPUMEHTOB IpU MX IUIAHUPOBAHMM, a TaKkKe M1 pa3pabOTKHM HOBBIX
YCTAaHOBOK JPYIMX HEUTPOHHBIX LIEHTPOB, UME€s B BUAY B IMEPBYID OYEpPE.b
peaktop [TH1K.

OCHOBOM TIPOEKTa MPENJIAracTcs B3STh YHUBEPCAJIbHBIM HEUTPOHHBIX
nudpaxromerp UTOD-MUDH [3], ¢ yuetoM ero moaepHuzanuu. JudpakromeTp
JOJDKEH COJEpKaTb B CBOEM KOHCTPYKUMU UYETEPEXKPUCTAIbHBIA  OJIOK
MOHOXpOMAaTH3all1H, JBa TOHUOMETPA, JETEKTUPYIOIIYI0 CUCTEMY, y3el o0pas3la,
BUOpO- M TepMmo3auuTy. Takxke HEOOXOOUMbI KOJUIEKUHS KpPUCTAIUIOB,
JI0CTaTOYHAasl OOIIMpPHAsT AJI1 OpraHU3aluy IIUPOKOTO Kpyra ClIeKTPOMETPUUECKHUX
CX€M, JIONOJIHUTENIbHOE 000pYyI0BaHKE ISl BApbUPOBAaHMsI YCIOBUN Ha 00pasiie.

1. A. U. Kypbakos, A. M. banarypos, U. B. I'onocosckwii, . A. 306kano, B. b. Pridakos, FO. I1.
UYepnenkos, B. T. Om, Cosewjanue u Monooedicnas konghepenyus no ucnoawb3o8anur0 paccesHus
HeUMpOHO8 U CUHXPOMPOHHO20 U3NYHUeHUs. 8 KOHOeHcuposannwlx cpedax PHCH-KC-2014, CIIo,
CoopHuuk Te3ucos, ['atunna — 2014, 50 (2014).

2. E. B. MocksuH, C. B. I'puropses, mam orce, 53 (2014).

3. Aoos 10.I'., Emotun H.O., [Jenucos [I.C., MatseeB C.K., Diimmun A.O., IITD, No 6, 67
(1994).
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CTPYKTYPHBIE U MATHUTHBIE CBOMCTBA Co1:Mn;sBOs

JLU. Daznuxncanosa*?, E.M. Mowxkuna,® P.M. EpemuHa1

Kazanckuii puzuxo-mexnuueckuti uncmumym um. E.K. 3asotickoeo @UL] Kazanckuii nayunwil
yenmp PAH
2Hayuonanvuuiii uccredosamensckuii mexnonoauveckuti ynusepcumem « MUCuCy
SUnemumym gusuxu um JI.B. Kupenckozo

Oxcubopatsl M>*M?*'BOs, rne M3 u M?" — Tpex- M JByXBaleHTHBIE
MIePEXOAHBIC METAJUIBI, YaIlle BCETO KPUCTALTU3YIOTCS B CTPYKTYPY JFOABUTUTA, HO
BCTPEYAIOTCS W BOHCEHUTHI, XAJICHTHI, OPTOMMHAKUOJUTEL. Bce 3TH CTPyKTypbI
XapaKTepU3yrTCs 00JBIITUM KOJIMYECTBOM HEIKBUBAJICHTHBIX
KpHcTaorpadUuecKix MO3HINI; BEKTOpa pEHIeTKH & U b MHOTO OO0JIbIe BEKTOpa
C, KOTOPBIi MOpsiiKa 3 aHTCTPEM.

B pa6ore [1] 6bn u3yudensl cBoiictBa Mnj17C0183BOs m1 Mnj 39C01 61BOs.
Oba xpucrtayia UMEIOT CTPYKTYpPY JIOJABUTUTA, TIPU 3TOM OCHOBHOE MAarHUTHOE
COCTOSIHUE TIEPBOTO COEMHEHHUS — CIMHOBOE CTEKJIO, BTOPOTO — (peppuMarHeTHK.
Jlnst nanbpHEWIero M3y4eHus: MarHUTHBIX U CTPYKTYPHBIX CBOMCTB COEIWHEHUUN
Co3xMn,BOs Op11 cuaTE3MpOoBaH obOpazerny C01:Mn;gBOs ¢ ucmomp3oBannem
uzorona 0Oopal'B, 4TO MO3BONMIO HPOBECTH SKCIIEPMMEHTHI IO HEWTPOHHOM
nudpaknuu. Okazanock, 4To o0pazen; opMHUPYET CTPYKTYPY OPTONMMHAKHOJINTA,
KaK MMOKa3aJu JaHHble HEUTPOHHOU nudpakiuu (pucyHok 1). B aToitl ctpykrype 7
HEIKBUBAJICHTHBIX MMO3UIIMNA TMEpexoHbIX MeTawioB (pucyHok 1). Humxe 60 K
HAOJIFOMAIOTCS MAarHWTHBIC THKA HAa HEUTPOHHOW IHQPPAKIUHU, YKa3bIBAIOIIHE
CYIIIECTBOBAHME JIAJIbHETO MAarHUTHOTO MPsJIKA.

PaGora BeImonHeHa mnpu mnoaaepxkke rpanta PH® 23-72-00047 nHa
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Pucynox 1 Cnesa: kpucmannuueckas cmpykmypa Co;.2Mn;.sBOs. Cnpasa: sxcnepumenmanbHbvie
OAHHbIU HEUMPOHHO20 PACCESHUS U MeOPemuyecKas annpoKCUMayus

HccnenoBarensckoM peaktope MP-8. CraHumss HEUTPOHHOM MOPOIIKOBOM
mudpakuun JUCK.

1. D. V. Popov, T. P. Gavrilova, et al., J. Alloys Compd. 976, 173143 (2024).
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PU3NKO-XUMHUNYECKOE COCTOAHHUE U CTPYKTYPA
HUTEBUHBIX KPUCTAJIJIOB IMOKCHUIA OJIOBA 11O JAHHBIM
PEHTTEHO-3JIEKTPOHHBIX UCCJEJTOBAHUI

KA. @amees', O.A. Yysenxosa', C.B. Paoyes', P.I'. Yymaxoe?, E.A. [LIpamkos?,
A.K. Ienazuna®, U.E. 3anunt, C.IO. Typuwes*

' Boponeaccruii ocyoapcmesennuiii ynugepcumem, Boponesc
2Hayuonansuutii uccnedosamenvckuii yenmp «Kypuamosckuii uncmumymy, Mockéa

fateev@phys.vsu.ru

HureBunnbie kpuctamisl SnO; SABISIOTCS aKTyalbHBIMH JIJISl UCCIIEIOBAHUS
B HACTOSIILIEE BPEMS B CBSI3H C MPOSBICHUEM I'a304yBCTBUTEIIBHBIX CBOWCTB TAKHX
OOBEKTOB, a TaK)XK€ BO3MOKHOCTBIO CO3JaHHUSl BBICOKOTOYHBIX MPUOOPOB HA UX
OCHOBE. 3HAHHME O BIMAHHUHM YCIOBUWA (OPMHPOBAHHSA Ha JIOKAJBHOE aTOMHOE
OKpYXEHHUE, CTPYKTYpPy U (PU3UKO-XUMHUYECKOE COCTOSIHUE MO3BOJAT YIPABISTH
CBOMCTBaMHU 3TOT0 (DYHKIIMOHAJIBHOTO MaTepuaia, B TOM YUCIE AJI1 MPUMEHEHHUS
Ha IIPAKTUKE.

B xoxme pabotbl ObuIM cPOpMUPOBAHBI HUTEBUIHBIE KPUCTAIUIBI JTUOKCH]IA
osioBa SnO, METOIOM ra30TPAHCIOPTHOIO CUHTE3A IPU PA3JINYHON TEMIEPATYPE B
KaMmepe pocta. lccnenoBaHHus NOBEPXHOCTH IPOBOAMIMCH Meroaamu XPS u
XANES, ¢ ucnonb30BaHHEM HCTOYHHMKA CHUHXPOTpOHHOro uznydenus «KMCHU-
Kypuaros», HUL] «KypuatoBckuii unctutym MockBa (ctaniuss HAHO®IC),
Tak)ke ObLIM TMPUBJICYCHBI JIaHHBIC, MOJyYeHHBbIE paHee, B ['enpmromsil LleHTpe
Bepnun (cunxpotpor BESSY I, cranius RGBL).

Henocratok aToMOB KHCIOpoAa B CJHOSIX  Pa3BUTOM  MOBEPXHOCTH
HUTEBUJIHBIX KPUCTAJUIOB MPUBOJUT K 0OpPA30BAHMIO MPENUKA B CHHXPOTPOHHBIX
cnektpax XANES, CcOOTBETCTBYIOHIETO COCTOSHHUSIM B 3alpEIIEHHONM 30HE
nuokcuaa onoBa. dopma M OTHOCUTENbHAS MHTEHCUBHOCTH JAHHOTO MpPENHKa
U3MEHSETCS, B 3aBUCUMOCTU OT TEMIIepaTyphl CUHTE3a HUTEBUIHBIX KPUCTAJIOB.
dopMa  Kpas  MOMJIOLIEHUS  MO3BOJSIET TOBOPUTH O  (hOpMUPOBAHUH
TeTparoHaabHOro SnO; Ha MOBEPXHOCTH HCCIEAYyEeMbIX 00beKTOB. XPS crnekTps
TAK)KE€ MO3BOJIIIOT 3aKJIIOYMTh, YTO CYIIECTBYET HEJOCTATOK KHCJIOpOAA,
npuBoganMidi Kk GopmupoBanuio SnOzx B NOBEPXHOCTHOM CJIO€ HCCIEAYEMBIX
OOBEKTOB.

PaGora BbImonmHeHa mpu moanepkke MUHHCTEPCTBA HAyKHM W BBICHIETO
oOpazoBanus PO B pamkax cornamenust Ne 075-15-2025-455.
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TN ®PAKIIMOHHBIN MOIXO0/ K UCCAETOBAHUIO
HAHOPA3ZMEPHBIX OFBEMHBIX, TOBEPXHOCTHBIX 1
JUHENHBIX OFBEKTOB METO/IOM CHEKTPOCKONWH NOTEPH
SHEPTMM JIEKTPOHOB (EELFS)

B.II. Quaunnosa®, A.A. Tomuyx*?® E.H. Bnunoea*

Y\oryii «IJHUHvepmem um. M.I1. Bapounay, Mockea
MITY um. H.D. baymana, Mockea
3PXTY um. /1. U. Menoeneesa, Mockea

Cyts merona EELFS (kak ananora EXAFS-cnexkrpockonuu) u OCHOBHBIE
JICTaI METOTUKHU SKCIIEPUMEHTa — U3JI0KEHBI B [1].

[Ipemyaraemplii  HOBBIM  TEOPETUYECKUMU MOAXOA Uil OINpPEIEIICHUs
MapaMeTpoOB  HAHOPA3MEPHBIX  KPUCTAIUIMYECKUX CTPYKTYp OCHOBAaH Ha
TU(PpaKIIMOHHOM TPEACTaBICHUU CIeKTpa dHEepruu (HoTo- u Oxe-31EKTPOHOB, U
MOJICTUPOBAHUN PaTUAIbHOW (YHKIIUN TUIOTHOCTU PACHpEAesICHUs] aTOMOB Ha
KOOPJIMHALIMOHHON cdepe ¢ ydyeToM pPa3MEepHOCTH AaTOMHBIX KOH(UTrypaluu,
UCXOJSl U3 TEOMETPUYECKUX MOCTPOCHUIN MOBEPXHOCTH MEPECEUCHUS] 0OBEMHBIX,
TIOBEPXHOCTHBIX M JIMHEHHBIX 00BEKTOB O chepoi, — moapoOHee onucaHo B [2].

Ha npumepe @¢a3 amioTrponHoro yriepoia, C  HCIOJIb30BAHHEM
XapaKTePUCTHK XUMHUYCCKHUX 3JCMEHTOB M3 ClpaBo4YHHMKa [3], moka3aHo, YTO
NPEVIOKEHHAs] METOJMKA TI03BOJISIET OLEHUTHh TOJNIIMHY U Pa3MEpPHOCTh
ucciaenyeMoro o0bekta  (00BEMHYIO, TOBEPXHOCTHYIO WU  JIMHEHHYIO
KOH(UTypalMio B3aMMHOTO PACIOJIOKEHUS aTOMOB), a TaKXkKe MIYOMHY BBIXOJa
aHaJM3UPYEMOTr0 CUTHAJIA C TOYHOCTBIO /10 OJIHOTO AUaMeTpa aToMa.

1. Wainstein D.L., Kovalev A.l. Fine determination of interatomic distances on surface using
extended energy-loss fine structure (EELFS) data: peculiarities of the technique. // Surface and
Interface Analysis. 2002. V.34. P. 230-233

2. @umunmosa B.IL., I'mezep A.M., Ilepmosuu FO.A., Kpeimckass O.A. M3yueHne oOBEMHBIX,
MOBCPXHOCTHBIX W OAHOMCPHBLIX CTPYKTYp aJlJIOTPOIIHOTO YIjIepoaa II0 ,Z[Hq)paKHI/IOHHBIM
cnektpam norepb sHepruu Oxe-3nextponoB // U3eectus PAH. Cepus @usnueckas, 2018, 1.82,
Ne 9, ¢. 1263-1273. DOI: 10.1134/S0367676518090077

3. Omcmu Jx. Diementsl. M.: Mup, 1993. 256 ctp.
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PASPABOTKA IIEPBBIX B POCCUHN KPEMHHUEBBIX KACKA /ITHBIX
AIUABATUYECKUX JIMH3 J1JI1 HAHO®OKYCHUPOBKHA
CUHXPOTPOHHOI'O U3JIYYEHUA C UCITIOJIb3OBAHUEM
WH®PACTPYKTYPBI HUII «KYPUATOBCKUI UHCTUTYT»

M.C. @onomewxun®, FO.A. Boaxoeckuiit, A.FO. Cepézunt, B.I". Kou?,
I1.A. Ipocexoe*, A.B. Maxonvkux', K.B. Pyoeuxo', B.A. FOuxun? A.A. Chucupés®,
C.H. Axynun®, FO.B. Iucapesckuii*, A.E. Bnazoe*, M.B. Kosanvuyx?

YHUI] «Kypuamosckuii uncmunymy
2 Uncmumym npobiem mexnono2uu MUKpoIIeKMpoHUKY 1 ocobouucmuix mamepuanos PAH
3Banmuiickuii pedepanvuuiii yuueepcumem um. M. Kanma

Hanodokycupytomasi peHTI€HOBCKas OINTHKA SIBISETCS HEOThEMJIEMBIM
WHCTPYMEHTOM [IJIsl IPOBENCHUS CTPYKTYPHBIX MCCJIEAOBAHMA C HAHOMETPOBBIM
IIPOCTPAHCTBEHHBIM pa3pelieHueEM Ha COBPEMEHHBIX MCTOYHUKAX
cunxpotponHoro uznydenus (CHN) u nazepax Ha cBoOoAHBIX 3ekTpoHax (JICD). B
CBS3U CO CTPOUTEIBCTBOM B Poccum HOBBIX MCTOYHMKOB CHU 4-r0 mokosieHus u
JICD [1] akTyanbHOW sBISETCS 3a7ada pa3paOOTKH TEXHOJOTHUN W3rOTOBJICHUS
TaKOW ONTHUKH JJi1 OyAYyHIEro OCHAIEHUS pa3padaThiBAEMbIX HKCIIEPUMEHTAIbHBIX
CTaHIIUH.

OpgnuM u3 HamboJiee NEPCIEKTUBHBIX HAMpaBICHUNW B JaHHOW 00sacTu
ABJIAETCS TUIAHApHAas pedpaklMOHHAS ONTUKA HA OCHOBE MOHOKPHUCTAILLTIMYECKOTO
kpemHusi. B Hactosimee Bpemst B pamkax HMOKP «CUJIA» BeneTcsi akTUBHas
paboTa 1O UW3rOTOBJICHHIO W  TECTUPOBAHUIO  3BJIEMEHTOB  KPEMHHUEBOU
npenomisitoniel ontuku. KpeMHueBble coctaBHble npenomisitomue un3bl (CILI)
[2] criocoOHBI CPOKYCHPOBATH IMYYOK >KECTKOIO PEHTI€HOBCKOI'O H3Iy4€HUsS [0
nonepeyHoro pazmepa 20 um [3]. Konnenius aguadbatnyeckux CITJI (ACILI) [4-
6] MO3BOJNSET MPEOJOJIETh YKA3aHHBIM MPENe] M YMEHBIIUTh pa3Mep Iydka B
dbokyce 10 peKOopJaHBIX 3HaueHW 10 HM M MeHee, 4TO OOCCIEUYUT pEIICHUE
HIMPOKOTO Kpyra 3aJ1a4 CTPYKTYpPHOTO MaTEpUaIOBEAECHN HA MUPOBOM YPOBHE.

B noknane mnpencraBieHbl NEPBBIE PE3YJAbTaThl MO MOAEIUPOBAHUIO,
W3TOTOBJICHHKD W TECTHPOBAHMIO KpeMHHEBBIX Kackaanelx ACIUI ¢
ucronb3zoBanueM  uH@pactpyktypel  HUIL[  «KypuyaToBCKME ~ UHCTUTYT».
Pazpabotannsie ACIIJI TeopeTnuecku MO3BOJAIOT CPOKYCHUPOBATH KOTCPEHTHBIN
My4O0K PEHTI€HOBCKOTO U3JIyYeHUs ¢ d3Hepruei poToHoB 36 k3B 1o pazmepa 16 Hm
U 0o0ecneynTh BBIUTPHII B HWHTETPATIbHONM HMHTEHCHMBHOCTH B 1.8 pasza 1o
cpaBHenuto ¢ CIIJI, paccunTaHHOM Ha Ty € SHEPTHIO.

PaboTta mpoBengeHa B paMKax BBINOJHEHUS TOCYAAPCTBEHHOIO 3aJlaHUs
HUL[ «KypuatoBckuii HMHCTUTYT» B 4YacTU MOJICIMPOBAHUA U B paMKax
HUOKP «CHJIA» B yacTu POBEICHHS IKCIIEPUMEHTOB.

1. M.B. KoBasbuyk, A.E. baaros, O.C. Hapaiikuu u np. / Kpucramiorpadus. 67, 5 (2022).
2. Snigirev, I. Snigireva, V. Kohn et al. // Phys. Rev. Lett. 103 (2009).

3. V.G. Kohn, M.S. Folomeshkin // J. Synchrotron Radiat. 28 (2021).

4. Snigireva, A. Snigirev, S. Kuznetsov et. al. // Proc. SPIE. 4499 (2001).

5.J. Patommel, S. Klare, R. Hoppe et. al. // Appl. Phys. Lett. 110 (2017).

6. B.I'. Kon, M.C. ®onomemkun // Poccutickue Hanorexnomnoruu. 17, 1 (2022).
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KOMIIVIEKCHI IIVIATUHBI (II) C HUTPO- U APOMATUYECKUMM N-
JOHOPHBIMHU JIMTAHAAMMU N UX CTPYKTYPA

D.P. Xyoaiizynos'?, U.A. Axywes

Y Unemumym obweii u neopeanuueckoii xumuu um. H.C. Kypnaxosa, Mockea
2Mockosckuii 2ocyoapcmeennuiii yuugepcumem um. M.B. Jlomonocosa,
Xumuyeckuil paxyromem, Mocksa

C MOMEHTa OTKpPBITHS KOMIUICKCHI TUIATHHBI M IUTATHHOBBIX METAJIOB
3apEeKOMEHIOBaIM  ce0si  KaKk  BBICOKOA((EKTHBHBIE  KaTalIu3aTopbl U
IIPOTUBOOITYXO0JIeBbIE TpenapaThl. OCcoObId MHTEPEC MPUBJICKIA COCTUHEHHS CO
CBSI3aMH METAJUI-a30T Oyiaroapsi CBOeH MPOIHOCTH.

B nanHOli pabGoTe OBUTM CHHTE3UPOBAHBI W HCCICIOBAHBI (U3UKO-
XAMHYECKUMH METOJaMH HHUTpoKoMmIuiekchl tuiatunbl (1) ¢ apomarnueckumu N-
JOHOPHBIMU JuTaHgamu. Lleap paboThl 3akimouaeTcss B Pa3pabOTKE HOBBIX
KOMIUIEKCOB IIJIATHHBI C X TIOCIICIYIONIM H3YICHUEM U ONITHMH3AIH CHHTE3A.

beut monyden psa komiuiekcoB cocraBa [Pt(NO,),L,] (L = mupunun (py),
2,2’-ounupuaud (bpy), 2-mukomud (2-pic), 3,5-mytummn (3,5-lut), 3,4-nmytunuH
(3,4-lut), 2,3-mytmmuu  (2,3-lut)) B3aumomerictBueM TetpanuTporuiatuHaTa(ll)
kamust Ko[Pt(NOy)s] ¢ coOTBEeTCTBYIOIIMMH JIMTaHAAMH B CTEXHOMETPHUYCCKOM
xomuecTBe. Ko[Pt(NO,)4] ObLT mOTYYeH MO cTaHAapTHOM METO KO [ 1], HO OBLIO
npeaioxeHo BMecto Hutpara kKamust KNO, ucnonszoBate HUTpaT Hatpus NaNO,
BBUJIY 3HAYUTEIFHO MEHBIIIETO KOJIMYECTBA MIPUMECEH B TIOCIeTHEM [ 2].

Bce coenuHeHust BBIICICHBI B BUIE MOHOKPUCTAIOB M OXapaKTEPH30BAHbI
meromgamu: HUK-cnexkrpockonuu, SAMP-cnekrpockonuu, peHTreHo(}a3zoBoro u
PEHTTE€HOCTPYKTYPHOTO aHAJIH30B.

PaboTta BeImonHeHa npu puHancoBo mojaepxkke MunoOpHayku Poccuu B
paMkax rocyaapctBeHHoro 3aganusa MOHX PAH.

1. Chernyaev I. I. Synthesis of complex compounds of Platinum group metals //Reference book.
—1964.

2. Ray J. D. Potassium nitrite: Preparation and thermometric analysis //Journal of Inorganic and
Nuclear Chemistry. — 1960. — T. 15. — Ne. 3-4. — C. 290-292.
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UCCJIEJOBAHUE CTPYKTYPBI BE3UKYJISIPHBIX HAHOJIEKAPCTB
METOJIOM MAJIOYIVIOBOI'O PACCESIHUSI PEHTTEHOBCKHX
JIYUYEN

B.A. Yaycosa®, A.B. lllynenuna®3, I'.C. Ilemepc®?, FO.A. Tepewxuna®,
E.I" Tuxonosa®, M.A. Kuceneg*?

LO6veounennwiii uncmumym sadepnvix ucciedosanuil
2Mockosckuii 2ocyoapcmeennuiil ynusepcumem umenu M.B. Jlomonocosa
SHayuonanvuwiii uccnedosamenvckuii yenmp «Kypuamosckuii uncmunymy

‘orsHY Hayuno - uccredosamenvcxuil uncmumym OUOMeOUYUHCKOU XUMUU
umenu B.H. Opexosuua

MoaepHu3anus CyleCTBYIOIIUX JIEKAPCTB ABJSETCS OJHOW U3 BAXKHEWIINX
3ama4d B (apmaneBTuke. B MHCTUTYTE OMOMEIMIMHCKOM XuMuU UM. OpexoBuya
Obuta pazpaborana dochonunuanHas TpaHcnoptHas HaHocuctemMa (OTHC),
KOTOpas MpeJICTaBIsAeT cO00M THO(DUINPOBAHHBIN MOPOIIOK C COCTABOM: COEBBIE
dbochonmunuapl U ManbTo3a B cooTHouleHHH 1:4. ®Dochonunuabl SBISIOTCS
OuoJerpaupyeMbIMU BEIlIECTBAMH, KOMIUIEMEHTApPHBIMU K KJIETKaM OpraHu3Ma.
[Tpu pacTBOpeHUHU B BOJE, CUCTEMA 00pa3yeT BE3UKYJIbl, B KOTOPbIE MOTYT OBITh
BKJIFOUECHBI HEPAaCTBOPHUMBIE B BOJIE JIEKAPCTBEHHBbIE coequHeHus. [l n3ydyeHus
bu3nUecKuX mMapamMeTpoB TaKOW CHUCTeMbl HauOojiee MOAXOMSIIUMH METOJAMHU
SBJIIETCSI METOJ] MaJIOyTIoBoro paccesnus HetpoHoB (MYPH) u pentrenoBckux
ayueit (MYPP). ®THC ob6nagaer maneHbkuM paszmepom (mopsiaka 30 HM) u
COCTaBOM, KOTOpBIM SBJISETCS OJaronmpusiTHBIM g 4eloBeka. [IpumeHeHue
HaHOJEKApCTB, BKIMOUYCHHBIX B @DOTHC, npuBOOWT K YBEIWYEHUIO BPEMEHU
HUPKYJSLUU JEKapCTB B KPOBOTOKE, MOSIBJICHUIO HAKOMMUTENBbHOro 3(¢deKkra u
BO3MOKHOCTH COKPAaTUTh JO3UPOBKY JIEKAPCTBEHHBIX CPEICTB C COXPAHEHUEM
TepaneBTUYECKON 3(P(HEKTUBHOCTH.

C nomombto MYPP n3ydena ctpykrypa BogHbIX pacTBOpoB Be3ukyn OTHC
C BKJIIOYEHHBIMM HEpPACTBOPUMBIMH B BOJAE JIEKAPCTBEHHBIMU COEIUHEHUSAMHU
(Manomeranua-H®). [l co3ganus 3TUX CUCTEMBI OBLIM MCIIOJIB30BaHbI JBa THIIA
coeBbix (ochomumunoB S80 u S100, KOTOpble OTAUYAIOTCA COACpPIKAHUEM
bocharmmmmxonuaa (77 u  94%, COOTBETCTBEHHO). OKCIEPUMEHTHI OBLIN
nposenensl mpu Ttemmeparype 20 u 37 °C. KonuenTtpaumu o0pasua B BOJE
cocrapisui: 25, 30 u 35%. B pesynabraTe OBUIM OMNpPEACIICHBI KIIOYEBBIC
CTPYKTYPHBIE€ XapaKTEPUCTUKHU CTPYKTYPbI: pAANYC BE3UKYJ, TOJNIINHA JTUIHUTHOTO
oucnos. DT mapaMeTpsl Aal0T BO3MOXXHOCTh IIPOBECTU OLIEHKY BJIMSHMS COCTaBa
Y TEMIIEPATYPBI CUCTEMBI Ha CTPYKTYPY JEKAPCTBEHHBIX MPENAPATOB.

HUccnenosanus BeINOJIHEHBI Ha cTaHimu buoMVYP ¢ wucnoabp3oBanuem
YHUKQJIbHOM HAy4YHOW YCTaHOBKH «KypyaTOBCKHII HMCTOYHHMK CHHXPOTPOHHOIO
m3nyuenus « KUCHU-Kypuaros» HULl «KypuaToBckuii HHCTUTYT».
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XANESCONYV: IPOI'PAMMA JIJIS1 YUETA YIIUPEHUA XANES-
CIIEKTPOB

KM. Hlamvionos*?, A.JI. Tpuzy6'*

YHUI] «Kypuamosckuii uncmunmymy
MOTH

[Iporpamma peanusyer ydeT ymmpeHus: teopetnyeckux XANES-cnekTpos.
Ymmpenue onmchiBaetcs (ynkuuen [aycca mmm @oiirta, mapaMeTpbl KOTOPBIX
ONPENEIAOTCA B XO€ NOATOHKHU PACUYETHOIO CIEKTPA K IKCIIEPUMEHTAIBHOMY.

[IporpamMma Hamucana Ha s3bike Python ¢ ucnonbp3oBaHue pa3IUYHBIX
BBEIYUCIUTENbHBIX OmOmmotek: NumPy, SciPy, LMFIT, Numba wu T.1.
Peanu3oBaHbl CleqyrOlIMe€ OCHOBHBIE BBIUMCIUTENbHBIE (QYHKIHMU: CBEpPTKA
pacyeTHOro CrHekTpa ¢ (yHKIMEHd YHIIMpEeHHs, pacyeT KBajapara pa3HOCTU
DKCHEPUMEHTAIBHOIO M CBEPHYTOIO PACUYETHOIO CIIEKTPA, pacyeT KadecTBa
ITOJATOHKH.

[Toaronka nmapaMeTpoB CBEPTKU OCYIIECTBIISIETCS B JIBA dTara: TI00abHAs U
JIOKaJbHasi ONTUMU3AIMUS (YHKIMU KBaJpaTa Pa3sHOCTU JKCIEPUMEHTAIBHOTO U
CBEPHYTOrO pacyeTHOoro cmekrpa. Ha »Ttanme r100aJbHONW — ONTUMU3ALMH
UCIIOJIb3YETCsl aNroput™ auddepeHuanpHoi sBoonun. Ha sTane nokaibHON —
METOJI HAaWMMEHBIIMX KBaApaToB. BHYTpeHHHE mapamerpbl 3TUX aJITOPUTMOB
MOYHO U3MEHSATH 10J] KOHKPETHYIO 3a]1a4y.

223 XanesConv - ] X |
File Fit -
Columns Preview
Parameters best_cap8_AuHS2.xcprj e 12345 |7
1.0 4 ) ® # energy norm bkg_norm der_norm stddev i0
E_shift: -5.96 11908.158  0.176454336.03 0.17145194E-02 -0.10780
2000 °® 2000 mue L2 343 11908.170  0.16351719E-03 0.15851480E-03 0.89671
0.8 11908.247 0.25626235E-03 0.25125995E-03 -0.29098
scale: 27.59 m 11908.363  0.15790109E-03 0.15289868E-03 0.31732
lose
o6 010 PY w000 11908.463  0.32480518E-03 0.31980276E-03 -0.59332
W 11908.560 0.14621260E-03 0.14121016E-03 -0.14504
B3 gamma max: 10.89 11908.655 0.46310339E-04 0.41307892E-04 0.77311
0.4 0.00 ) 20.00 11908.756 0.13105942E-03 0.12605697E-03 -0.11432
11908.856  -0.18348012E-03 -0.18848250E-03 -0.88354
0.2 4 gamma_hole: 075 11908.960  0.11303492E-03 0.10803243E-03 0.21481
11909.069 0.27407990E-03 0.26907740E-03 -0.43151
0.00 [ ] 20.00
00 — Calculation 11909.172  0.10388681E-03 0.98884301E-04 -0.10746
— Experiment E_Fermi: 1.54
11910 11920 11930 11940 11950 11960 10,00 L] 1000 e -
E eV - -
. E_cent: 3462
n 001 Error estimation Convolution Method
2 010 [ 60.00
]
: g 5350 S ] | e @
~ 0.00 - = x = ‘ x 7 010 L ] 60.00
11910 11920 11930 11940 11950 11960
gamma_cauchy: 0.00 Parame ters Paramet ters
P = _ o @ 600
FIEE +aE
Energy range Absorption range
From: 1191900 | To: 1194500 From: To: ﬂ m m m

Puc. 1. UnTepdeiic mporpammel (I’ 1aBHOE OKHO, OKHO OTKPBITHS (PaiiyioB, OKHO BbIOOpa
(byHKLINU CBEPTKHU, OKHO BbIOOpa (PYHKIIUN HEBS3KH)

®parment uHTEp(deiica mporpammbl npuBeaeH Ha Puc. 1. B unrtepdetice
peanun3oBaHa BO3MOXKHOCTh BapbHpPOBATh MApaMeTPhl YIIUPEHUS, CIBHUra IO
DHEPTUH, 3aJaBaTh JMAINA30H DHEPTUN ISl MOATOHKH, CMOTPETh U COXPAHSTh
pe3ynbTaThl W CTATUCTUKU TOATOHKUA. YUTEHHWE MaHHBIX OCYIIECTBISETCS C
MOMOIIIBIO OTACIIBHOTO OKHA, B KOTOPOM BHJIEH TEKCT OTKPHITOrO daiia, ecTh
BBIOOP CTOJIOIOB JIJIst YTCHHS (SHEPTHs ¥ KOIPDUIIMEHT TOTIOMICHNUS).
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PACUET CIEKTPOB HEUTPOHHOI'O CIMHOBOI'O DXA IO
TPAEKTOPUSM MOJIEKYJISIPHOU ITMHAMUKH B GROMACS

A.B. Llseyoe”?3, /I.B. Jlebeoes"?, A.JI. Koneseea®*?>

Y Temepbypeckuii uncmumym adeproii puzuxu um. 5.I1. Koncmanmunoea HHUL] «Kypuamosckuil
uncmumympy, I amuuna, Poccus
2Canxm-ITemep6ypeckuii norumexnuueckuii yuugepcumem ITempa Benuxozo (CIT6ITY), Canxm-
Ilemepbype, Poccus
3Hayuonanvuuiii uccnedosamenvckutl yenmp «Kypuamoeckuii uncmumymy, Mockea, Poccus

shvetsov_av@pnpi.nrcki.ru

braronapst pa3BUTHIO pa3IMYHBIX METOJOB CTPYKTYPHOU OMOJIOTHH, a TAKXKE
METOJI0OB MOJICKYJISIPHOTO MOJEIMPOBAHUS, TAKUX KaK MOJEKYJIspHas JUHAMHKA,
OONBIION UWHTEpPEC MPEACTABISAIOT CTPYKTYPHBIE METO/bI, TO3BOJIIOIIHE
HaIpsMyI0 HaOII0JaTh JUHAMUKY OMOMakpoMosieKysl. OJHUM M3 TaKUX METOJO0B
ABJISIETCA  METOJl HeuTpoHHoro cnuHoBoro 9xa (HCD). Opnako BBuUAY
OCOOEHHOCTEW NaHHOTO METOJIa WHTEPHpPETAlMsl €r0 Pe3yJbTaTOB MOXKET OBITh
3aTPYJHUTENIbHOM 0e3 Hauuuus MOJAENEH, CHOCOOHBIX OILICHUTh JUHAMUKY
OMOMaKkpoMOJIeKyJl. TeM camMbiM BaKHOW CTAaHOBHUTCS BO3MOXHOCTH pacuéra
crnektpoB HCO 1o TpaekTopusiM MOJEKYISPHON JUHAMUKHU.

Ha ocHoBe panee pa3paboTaHHOrO i1 MNPOTPAMMHOIO  MAaKeTa
GROMACS[1] namu metona pacuéra cnekrpoB MYPH[2] Obutu nipeioxkeHsl U
pealn30BaHbl  MOJAXOAbI, TMO3BOJISIOIIME paccuuTaTth crnektpel HCD  mo
TPACKTOPUAM MOJIEKYJISPHOM AMHAMHUKU. Ha Texkymmui MOMEHT MeTox pacuéra
HCD peanuzoBan B Buzae otaenbHoro monayns mius GROMACS u mo3Bonsier
paccuuthiBath cnekTpel HCDO 1o TpaekTopusM MOJIEKYJISIPHOW JTMHAMUKH,
MOJIYYEHHBIM B JaHHOM mporpaMMHOM Tmakere. Ilosiydaemble CHEKTpBI st
MOJEIBHBIX CHCTEM HEIJIOXO COIVIACYIOTCA C W3BECTHBIMHU JIUTEPATYPHBIMU
JJAHHBIMH, YTO B LIEJIOM JAET BO3MOXXHOCTh HAIPSMYIO CPaBHUBATh TPACKTOPUU
MOJICKYJIIPHON JMHAMHUKH M 3KcnepuMeHTalbHbie crnekTpel HCD. Ocobenno
aKTyaJbHOU pa3paboTKa JaHHOW METOJUKH pacuéra CTAaHOBUTCS C YYETOM TOTO,
YTO B paMmKax cosaaHus «MexIyHapOJIHOTO IEHTPa HEUTPOHHBIX UCCIIECIOBAHUN
Ha 0aze BbricokonoToyHoro peakropa [IUK» (VHY «MIHU IMUK») manupyetcs
CO3/IaHH€ U BBOJ B DKCILTyaTallUIO CIIMH-3X0 cniekTpoMeTpa (SEM).

PaGora Obuta BBIIOJHEHAa B paMKax TOCYJapCTBEHHOTO  3aJlaHUs
MuHucrepcTBa Hayku M Bbiciiero oopaszoBanusi Poccuiickoii denepanuu (Tema
Ne1023031500033-1-1.6.7;1.6.4;,1.6.8 @yHKuUMOHAJNBHAST M  CTPYKTypHasi
OpraHu3auMs CJI0KHbIX, MYJIbTHKOMIIOHEHTHBIX OMOJIOTHYECKUX CHCTEM M UX
AUHAMHUKA.) a TakkKe TMOJAJepKaHa TEePCOHATbHBIM TPAHTOM MPaBUTEIHCTBA
Jlenunrpasackoit o0macTu.

1. GROMACS: High performance molecular simulations through multi-level parallelism from
laptops to supercomputers / Mark James Abraham, Teemu Murtola, Roland Schulz, Szilard Pall,
Jeremy C. Smith, Berk Hess, Erik Lindah // SoftwareX. - 2015. - 1-2. - ¢. 19-25

2. Method for calculating small-angle neutron scattering spectra using all-atom molecular
dynamics trajectories. / Shvetsov, A.V., Schmidt, A.E., Lebedev, D.V., Isaev-lvanov V.V. // J.
Surf. Investig. - 2013 - 7 - 1124-1127.
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TEMITIEPATYPHAS JIN®PAKIIUOHHAS STUEVKA JJI51
CUHXPOTPOHHBIX U3BMEPEHUM TDC SR 600

UL Hlenmynt, A.1O. CepeeuHZ, O.10. I; paneﬂkol, B.A. ll[yeaeeal,
H.B. Tep-Ozanecan®

YHUU ¢pusuru, FOxcnuiil hedepanvhbiii ynusepcumem, Pocmos-na-Jlomy
2 KUCH, HUL] «Kypuamosckuii uncmumymy, Mockea

N3yuenne (Pa3oBbIX MepexoJ0B U CTPYKTYpPHBIX TMpeoOpa3oBaHUl B
(GYHKIIMOHANBHBIX ~ MaTepHaliax  HEBO3MOXHO 0€3  CIenHaIu3upOBaHHOTO
00Opy/IOBaHUS, TO3BOJISIONIETO OTCIICKHBATh OSBOJIONUIO0  KPUCTAJUIMYECKOM
peméTrku in situ mpu HarpeBe. Jlns pemenumst sToil 3amaunm B HUM ®usukun
IOxxHoro  ¢QenepanbHOro  yHuUBepcuTeTa  pazpaboTaHa  TemIeparypHas
nudpaxumonHnas siuerika TDC SR 600, npennaznaueHHast it pabOThl HA CTaHIIUU
PK®M HHL] «Kyp4aTOBCKHI1 HHCTUTYT).

Sueiika oOecneunBaeT HarpeB 00pasloB B nuamazone +25...+600 °C c
BBICOKOM CTaOMJIBHOCTBIO M TOYHOCTHIO HojiepxaHus Temnepatypsl (0.5 °C).
KoHCTpyKIus BBIITOJIHEHA B BUJE€ KOMITAKTHOW €YU € aJIOMUHHEBBIM KOPITYCOM U
PEHTreHONpPO3pauHbIMM OKHaMU U3 noiaumetwiMerakpuiara (IIMA). Obpazen
¢ukcrupyercss B HEMOJIBUKHOM TIOJIOXKEHUH, YTO TapaHTUPYET CTaOWIBHOCTh U
BOCIIPOU3BOJAMMOCTD U3MEPEHUIA.

B orimuue ot 3apybexubix anaigoroB, TDC SR 600 opueHTupoBaHa Ha
3a/layd  MMIOPTO3aMEIEHUs W aJalTHPOBaHA K CHeUU(]HUKE OTEYECTBEHHON
DKCIIEPUMEHTAIbHON  MHppacTpyKTypbl.  KOHCTpyKIMs  mpeaycMaTpuBaeT
YCTaHOBKY rpa)uTOBOTO KymnoJia il CbEMKH MOJIOCHBIX (PUTYp, a TaK ke MOMKET
ObITh JOopa0oTaHa [Uisl PACHIMPEHHBIX pPEKUMOB padOThl: M3MEpPEHUU B
KOHTPOJMPYEMbIX  Ta30BbIX  arMocepax H  BaKyyMmMe,  HCCIEIOBaHUS
HAaHOMATEPHUAJIOB, KaTalM3aTOPOB M SIUTAKCHAIbHBIX IUIEHOK C MOMOUIBIO
CHELMATU3UPOBAHHBIX JieprKaTesiel o0pa3ia, a TakKe MPOBEICHUS SKCIIEPUMEHTOB
C IPWIOKEHUEM 3JIEKTPUYECKOr0 MOJIsA. /[OMOJHUTENBHO BO3MOXKHO OCHAILCHUE
CHELMATU3UPOBAHHBIM MUKPOIPOLECCOPHBIM KOHTPOJIJIEPOM, 00€CIeYNBaIOLIIM
aBTOMATUYECKYI0 CTAaOMJIM3alMI0O BCEX Ta30BBIX IMapaMeTpOB W MHTETPALUI0 B
YIPABJISIFOLNIUI KOMIUIEKC CTAaHIUU.

Beenenne B akcrunyaramuio TDC SR 600 cymiecTBeHHO pacmuput
BO3MOXHOCTH cTaHUMM PK®M, OTKphIB MNEpCNEKTUBBI I HCCIENOBaHUS
(GyHIaAMEHTAIBHBIX W TMPUKIAIHBIX 3a7ad B 00JIACTU BBICOKOIHTPONMMMHBIX
OKCHUJOB U JIpyrux (yHKIHOHAIBHBIX MAaTEPUAIIOB HOBOT'O MOKOJIeHHs. Pa3paboTka
OT€UECTBEHHOM JUPPAKIUOHHOW SYEHKHU JUIsI CHUHXPOTPOHHBIX H3MEPEHHM
ABJIIETCSI BAKHBIM IIArOM Ha MNYTH K TEXHOJOTMYECKOH HE3aBUCUMOCTH U
CTPAaTErNYE€CKOMY Pa3BUTHIO POCCUNCKON HAYKHU.

1. B. B. Oswald, J. C. Schuren, D. C. Pagan, M. P. Miller, Rev. Sci. Instrum. 84, 033902 (2013).
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IN SITU CO3JAHUE U AHAJIN3 TOHKHUX IUIEHOK MOJIAPHBIX
MOJIEKYJI METOJIOM ®OTOSJEKTPOHHOM CHIEKTPOCKOITUU

E.A.Ilpamwxoe*?3 P. I Yymaxoe'

YHUI] «Kypuamosckuii uncmumymy, Mockea
2Mockosckuii (huzuxo-mexHuveckuti UHCMumym (HayuoHAaIbHbII UCCTIe008aMeNbCKULL
VHUgepcumem)
3 Tanbnesocmounviii hedepanvubiii yHusepcumen

AKTyallbHON HCCIeIOBATENbCKON 3a7aueil sIBISETCS HM3ydeHHe Croco0oB
HAHECEHMsI CJIOS TMOJIAPHBIX MOJIEKYNl C OOJIBIIUM JUIOJBHBIM MOMEHTOM Ha
MOBEPXHOCTH MOTYNpoBOAHUKOB [1,2]. Cnoil Takmx MOJIEKYJT MOXKET OBITh
WCITIOJIB30BaH JUIsl CO3aHUsI 0ObEKTOB HAHO- U MUKPORJIEKTPOHUKHU. {7151 u3ydeHus
TaKUX CHUCTEM HEOOXOJUMBI METOJAbl aHalIM3a IOBEPXHOCTH, JAroliue
MH(GOPMALIMIO O paclpeieIeHUH TIIOTHOCTEN 3JIEKTPOHHBIX YPOBHEH B CO3JaHHON
CUCTEME.

OnHuM M3 TakuX METOOB ABIISIETCS (POTOIIEKTPOHHOM CIEKTPOCKOIMSA,
cpenHssi TiyOWHa HCCIENOBaHUs CTPYKTYphl TBEPAOIO TeEla 3TUM METOJOM
cocTaBisieT Benuuuny nopsiaka 10 am [3]. OueBUIHO, YTO HAJIMYKE JTIOOOTO BUIA
3arpsi3HEHHs]T HAa TIOBEPXHOCTHM MCCIEIyeMOro OOBEeKTa BiedeT 3a Cco0oH
3HAYUTEbHBIE YXYIUIEHUS B UHPOPMATUBHOCTU MOIYHYAEMBbIX (DOTOIIEKTPOHHBIX
cnekTpoB. [IpuMepaMu yxXyalIieHHs KauecTBa CIIEKTPA MOTYT CIIYXKUTh: pa3MbITHE
XapaKTEPHBIX MHUKOB, BBI3BAHHOE OOpPAa30BAHMEM HOBBIX XHMHUYECKHX CBA3EH;
CMEIIEHUE MUKOB, CBA3aHHOE C 3apsIKOM aTOMOB MJIM MOJIEKYJ Ha MOBEPXHOCTH;
NOSIBJIEHUE TMHUKOB OT 3arps3HAIOMIMX 3J€MEHTOB. OJHUM U3 criOocO00B OOpHOBI €
3arpsi3HEHUEM TIOBEPXHOCTU SIBISIETCS CHUHTE3 00OpaslmoB in situ — B OJHOM
BaKyyMHOM 0O0BbeMe C H3MepeHusiMU. Pe3yiapTaToM Takoro moaxoia SsBISETCS
OTCYTCTBHMSI ~KOHTaKTa IOBEpPXHOCTH 00pa3loB ¢ armochepoit  Mexay
IIPOU3BOJICTBOM M HEMOCPEACTBEHHBIM H3MEPEHUEM.

JIns HaHeceHUsI TOHKUX MOKPBITHI B BaKyyMe€ MPUMEHSIOTCS CIEAYIOLIUE
TEXHOJIOTHH: 3JIEKTPOIYUYEBOE PACHBbUICHUE MHILEHH, MArHETPOHHOE PacIbUICHNE
MUIIEHH U TEPMHUYECKOE HamblieHue. (s mepBbIX ABYX CHOCOOOB XapaKTEPHO
pa3pyllieHHe W3HAYaJbHBIX XUMHUYECKUX CBSI3€M B PacHbUIIEMbIX COEAMHEHUSX,
YTO HEIONMYCTHMMO IpPHU CO3JaHUU MOJIEKYJSApHBIX IMIEHOK. [loaToMy B pamkax
ctanuun HAHO®DC Obina peanu3oBaHa CHUCTEMA TEPMUYECKOT0 OCAMKIEHUSI
MOKPBITUA C TIOMONIBIO BakyyMHOW suelku KHyzaceHa, OCHaleHHOU
uH(ppakpacHbIM HarpeparesieM [4].

C nomotpto sueiikn KHyzaceHa Ha MOBEPXHOCTh MOHOKpPHCTAJIIA TepMaHus
Ge(111), Ov1 ocaxkmen crnoit mojekyn ¢ropuna dymnepena CO60F18 [5].
[Tomy4yeHnnsie 00pa3mbpl OBLTM  MCCIENOBAHBI  METOJOM  (POTOAIEKTPOHHOM
CHEKTPOCKONMM IEpe] U IOCII€ HAHECEHUs IUIEHKHM (CM. PHUCYHOK). JlaHHas
cuctemMa ObUIa OMHMCAaHAa MaTeMaTW4YecKu [6], 4TO MO3BOJIWIO pacmudpoBaTh
AJIIEKTPOHHBIE COCTOSIHMSI B CIEKTpE BAJIEHTHOM 30HBI. PacueTrHas Monenb
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MO3BOJIMJIA OMHUCAThH Tpolecc aacopouuu ¢ropuaa ¢ysuiepeHa Ha MOBEPXHOCTU
MOHOKpPHCTAJIJIa U ONPEEIUTh THUI CBA3M MOJIEKYJbI C MOJJIOXKOM. B cucreme
C60F18/Ge(111) nabmronaercs puzmueckas agcopOLus.

PaGota BbINOJMHEHA TMpU  MOAJAEPKKE TOCYJAPCTBEHHOTO  3a/IaHMUs
MuHucTepcTBa HAyKH U BhICIIEro oOpazoBaHus Poccuiickoit deneparuu (IpoeKT
Ne FZNS-2024-0013).

—— Ge(111)
——— CgoF14/Ge(111)
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Puc. CpaBHeHHS 0030PHBIX CIIEKTPOB I YMCTOro MoHoKpucTaaia Ge(111) u cucremsl
CeoF18/Ge(111)

1. Fuller, N. et. al. (2024). Modulation of Electrostatic Potential in 2D Crystal Engineered by an
Array of Alternating Polar Molecules. Nano Letters, 24(33), 10258-10264.
https://doi.org/10.1021/acs.nanolett.4c02555

2. Natan, A., Kronik, L., Haick, H., & Tung, R. T. (2007). Electrostatic properties of ideal and
non-ideal polar organic monolayers: Implications for electronic devices. Advanced Materials,
19(23), 4103-4117. https://doi.org/10.1002/adma.200701681

3. Tanuma, S., Powell, C. J., & Penn, D. R. (1988). Calculations of electron inelastic mean free
paths for 31 materials. Surface and Interface Analysis, 11(11), 577-589.
https://doi.org/10.1002/sia.740111107

4. Bairagi K. et al. // Surf. Sci. 2015. V. 641. P. 248. https://doi.org/10.1016/j.susc.2015.05.020
5. JlebeneB A.M. et. al. // [loBepxHOCTb. PeHTreH., CHHXPOTp. U HeiTpoH. uccien. 2021. Ne 10.
C. 44. https://doi.org/10.31857/S1028096021100125

6 Shramkov E. A. et. al. // Journal of Surface Investigation: X-Ray, Synchrotron and Neutron
Techniques. 2025. V 19(2), P. 460-464. https://doi.org/10.1134/S1027451025700685
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CTPYKTYPA ®TOPCOLEPKALIUX ITOJIMNYPETAHOBBIX
IJJACTOMEPOB 11O JAHHBIM MAJIOYIVTIOBOT'O PACCEAAHUA
PEHTTEHOBCKUX JIYUEH

A.B. Hlyrenuna'?, C.B. Kyoawes®, U.A. Horuyumaxo®, I'.C. Ilemepc®*,
B.B. Knumoe®, B.®. JKenmobpioxos®

Mocrosckuii 2ocydapemeennuiii yuugepcumem umenu M.B. JTomonocoea, Mockea
2Hayuonansuutii uccnedosamenvckuil yenmp «Kypuamosckuii uncmumymy, Mockéa
3Boncoepadckuii 2ocyoapcmeennviii mexnuveckuii ynusepcumem, Boncozpao

dTopcoaepKaMe IONUMEPHl NPUBJIEKAIOT HHTEPEC HCCIENOBATENIEH B
CBS3M C YHUKQJIbHBIMU CBOWCTBAMH TOJy4aeMbIX MaTepUasioB (TOBBIIIEHHBIM
YPOBHEM YIIPYTrO-IPOYHOCTHBIX U TPUOOTEXHUYECKHX XapPAKTEPUCTHUKAMU, TEPMO-,
CBETO-, O30HO — U OHOCTOMKOCTBIO, THAPOJUTHYECKON YCTOWYMBOCTBIO U
NOHWKEHHOW  Troprodectho). [l  crabunmuzanuu  CBOMCTB — 3JIACTHYHBIX
MOJINYPETAHOB 0CO00OE€ 3HAYEHHE HMEIOT PEaKIIMOHHO-CIIOCOOHBIE MOJU- U
nep@TopupoBaHHbIE COEAMHEHHUS, KOTOpPblE MOTYT BBOJAMTCS, KaK Ha CTaauu
CHUHTE3a MOJMMEpa, TaK U IOBEPXHOCTHOM MOAU(UKAIIME TOTOBBIX H3ACIIHN.
Y4uThiBass MHOTOKOMIIOHEHTHOCTb PEAJBHBIX PpEUENTyp, NPUMEHSEMBIX IS
IIOJIyYE€HHUs] MOHOJIUTHBIX CIIOPTUBHBIX, KPOBEIBHBIX W THAPOU3OJALMOHHBIX
NOKPBITUMA,  TMPEACTABISIET HWHTEPEC  CHHTE3  HOBBIX  (TOpcoAepkKaIIMX
MOJIU(UKATOPOB MOJUYPETAHOBBIX 3JIACTOMEPOB, KOTOPHIE COJEPKAT HECKOJIBKO
peakunMoHHbIX LeHTpoB. K uuciy takux Moaupuuupyonmx 100aBoOK MOTYT OBITH
OTHECEHBI TMPOIYKTH N-MOJUPTOPATKWIMPOBAHUS TpUC-(2-aMUHOITHIIAMUHA)
noJu(TOpUpOBaHHBIME  cnupTamMu.  CHUHTE3UpyemMble  TakuM  00pa3om
NOJIM(PTOPUPOBAHHBIE TETPAMHUHBI COAEPKAT B CBOEH CTPYKTypEe aMUHOTPYIIbI
pa3NUYHON CTENEeHW 3aMEIIEHHOCTH W (propupoBaHHbId (PparmeHT. CoueTaHue
pa3IMyYHBIX MO PEaKIMOHHOW CHOCOOHOCTH WEHTPOB CHOCOOHO OKa3blBaTh
KOMIUIEKCHOE BJIMSIHUE Ha TMPOLECC OTBEPKICHMS, CTPYKTYpPyY M CBOWMCTBa
KOHEYHOIr'0 MaTepuana.

B nanHO#l paboTe METOAOM MaJIOYIJIOBOTO PEHTTEHOBCKOTO PACCESHUs
UCCJIEIOBAHbl IUIEHKH TOJIMYPETAHOBBIX 3JaCTOMEPOB, MOAM(PUIMPOBAHHBIX
MPOLYKTOM OMCAKIIIMPOBAHUS Tpuc-(2-aMUHOITUIIAMUHA) 1H,1H,9H-
TpuruaponepTopHoHaH-1-0JI0M. OnpeneneHsl OCHOBHBIE pasMepHbIe
XapaKTEPUCTUKU YMOPSAOYEHHBIX oOnacteil. OOHapyX eHOo, 4TO Kaxaas IJIEHKA
COXpAaHsET CBOK CTPYKTYPy B TeMmepaTypHoM auamnasoHe ot -20 po +45°C. Tem
HE MeHee, BBOJ MOAM(UKATOpa BBIIEISET ONPEACICHHbIA MPEUMYLIECTBEHHbIN
pa3Mmep. llonmydeHHble pe3ynbTaThl COMOCTABISIOTCA C pe3ynbraramu SAMP u
JJIEKTPOHHOM MHUKPOCKOIIMU, YTO TIO3BOJSET KOHKPETU3UPOBATH pE3YyJIbTAThI
KOMIUIEKCAa TMPOBENECHHBIX HHCTPYMEHTAIBHBIX METOJOB BEIIECTB, U SBISETCS
HAyYHOM OCHOBOW Uil  JQJIBHEWIIETO  COBEPILICHCTBOBAHUS  PELENTYP
IIOJINYPETAHOBBIX MaTE€pPUAJIOB.

HUccnenosanus BeIMOJIHEHBI Ha cTaHimmu buoMYP ¢ wucnoab3oBanuem
YHUKQJIbHOM HAy4YHOW YCTaHOBKM «KypyaTOBCKHMH HMCTOYHHMK CHHXPOTPOHHOIO
m3nyuenus « KUCHU-Kypuaros» HULl «KypuaToBckuii HHCTUTYT».
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OPTAHUYECKHME JIOMUHO®OPHI IAHTAHOMJIOB C
MPON3BOIHBIMHU BEH30MHOMN KUCJIOTHI

A.B. Hlypvieunt, B.1. Hevmunog*, A.T. 3epH061, B.b. 3y5qem<01, M.A. Cebmo*

Ylanvnesocmounwiii pedepanvuuiii ynusepcumem, Braousocmox

OcHOBHBIM (YHKIITMOHATBHBIM CBOMCTBOM OPTraHUYECKUX JIOMUHO(OPOB
sprsiercss Y®-Bun npeobOpazoBanusi uznydenus. lcnonp3oBaHuWE NPOCTHIX U
JOCTYIHBIX MOJIEKYJ IIPOU3BOJIHBIX O€H30MHOM KHCIIOTHI B KAUECTBE «aHTECHHBIX»
JUTaHJO0B IMO3BOJIAET MOJy4YaTb OPraHUYECKHE JIOMHUHO(OPBI € BBICOKUM
KBAaHTOBBIM BBIXOJJOM U HHU3KOW cebecroumocThlo. lMccnenoBaHue Takux
KOMIIJIEKCOB ~ BBIIBWJIO CIIOKHOCTH B KPHUCTAUIM3allMM, HE OIPEACICHHON
IIPOCTPAHCTBEHHOW CTPYKTYpE€, YyBCTBUTEIBHOCTU K IaJAIOLIEMy HU3JIYYEHUIO U
CKJIOHHOCTH K IOJIUMEPU3ALIUH.

Exitation f:z
351 A,=280nm
in ethanol
304 solution

CPS
Intensity, a.u.
N
(3]

1

. Tl il e ol Gamah il ikt
1180 1170 1160 1150 1140 1130 %50 550 650 750

a b

Pucynok 1. P®D cnektp Eu3d ¢ 1ByMst BaJIecHTHBIMH COCTOSIHUSIMU (8) U
smuccuoHHbIi criekTp (b) B Bumumotii oonactu EU(MBA),

JUist psija CUHTE3UPOBAHHBIX KOMIUIEKCOB Ha OCHOBE EU ObLIO 0OHapyX eHO
BoccTanoBnenure EU* no EU?* mox meiicTBueM peHTreHoBCkoro nanydenne AlKo ¢
sHepruenn 1486,6 5B B Bakyyme, KOTOpO€ COXpaHSAJIOCH NOCIE MNPEKpaIeHUs
oOsyueHusi. CUHTE3UpPOBAHHBIE COCIMHEHUS HE TMOJJAIOTCS KPUCTAIIU3AIUH,
OJIHAKO MO JJAHHBIM MOPOIIKOBON PEHTT€HOBCKON AUGPAKIIMU 00pa3iibl SABJISIIOTCS
Kpuctauinueckumu. I[IprumMeHeHne MeToAa CHEKTPOCKONMUU PEHTTEHOBCKOIO
MOTJIOUIEHUS MMO3BOJIMIIO OMPENENIUTh KOOPJAUHALIMOHHOE OKPYKEHHE U J0Ka3aTh
TEOpeTUUYeCKyt0 Mojenb. OOHapy>KeHHbIE CBONCTBA W BBICOKAas JOCTYMHOCTb
PEaKTUBOB [I€NIa€T ATH MATEPUAJIOB IEPCIEKTUBHON OCHOBOW M1 CO3AaHUs
(GYHKIIMOHATBHBIX TMOKPBITUNA W JTIOMUHECIICHTHBIX MAaTE€pPHAIOB C YHUKAJIbHBIMU
CBOMCTBaMHM.

PaGota BBIMONHEHA TIPpU  TOMJEPKKE TOCYJAPCTBEHHOTO  3aJlaHUS
MunucrepcTBa Hayku | Bbiciiero obpazoBanusi Poccuiickoit @enepamnuut (IpOeKT
Ne FZNS-2024-0013).
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KOPPEJIALUA DJEKTPOCONPOTUBJIIEHUA U TEPMUYECKOM
AEOOPMAIINN UHTEPMETAJIVINAOB CUCTEMBI Ti-Al

P.M. Omupos, M. X. Pabaoanos, /|.K. [lanuaes, K. X. Mypauesa, M.D. Hcxaxog

Hazcecmanckuu 2cocyoapcmeennulil ynusepcumem, Maxaukana

WuTepmerauiasl  codeTaloT B ceOe  CBOMCTBA  METAUIOB U
MOJYTIPOBOTHUKOB, YTO XapakTEPHO I CHCTEM, T TEPEeXOTHBIC METaJIIbI
B3aMMOJICHCTBYIOT ¢ MeTa/laMd WJIA METa/UIOMJIaMHd W3 pa3HbIX OJIOKOB
nepuoauyeckor Tabmumnbl [1]. MaTepmeTamuasl Ha ocHOoBe Ti MOryT 001amaTh
CBEPXCTPYKTypaMHd BO BCEM HHTEpBaJIE TEMIIEPATyp CYIIECTBOBAHUS, a TaKXKe
IIUPOKUMH 00JaCTAMHU TOMOTE€HHOCTH [2].

OnHOBpEMEHHBIE MU3MEPCHUSI TEMIIEPATYPHBIX 3aBUCHMOCTEH
AIIEKTPOCOMPOTUBIICHHS M JIMHEHHOTO PACIINPEHUs WHTEPMETAJUIUIOB Ha OCHOBE
TUTaHAa W QJIIOMHHHS TIO3BOJWIM YCTAaHOBHTH COOTBETCTBYIOIIHE KOPPEISALNN
MEXKTy 3TUMHU XapaKTePUCTUKAMH IPU HATPEBAHUH U OXJIKICHHH.

(dpdTp. LK

B

Pucynok 1. KoppensunoHHbie 3aBUCUMOCTH MEXAY TeMIepaTypHbIM KO3 (HULIMEHTOM
anektpoconporuieHus (TKC) n koadppunmenTa TMHEHHOTO pacllIupeHnsl, OTHECEHHBIM K
temneparype ((7)/T), natepmerannuaoB cuctemsl Ti-Al ¢ conepxanuem anromunus 0, 33 u
50% COOTBETCTBEHHO.

N3 pucynka 1 BuUgHO, YTO IS HMHTEPMETAUIMAOB cucTeMbl Ti-Al ¢
paznuuHbiM coaepxkanueM amtoMunus (0, 33 u 50 %) mpocnexxuBaercsl siBHas
npsiMas  KOppeslus MEXKIy DICKTPUYECKUMH U TepMoachopMalliOHHBIMU
napamerpamu. OHAKO I CTEXMOMETPHUUECKOT0o cocTaBa ¢ 25 % cojiep:kaHueM
ATIOMUHHS, KOTOPBIM HMMEET HEXAPAKTEPHBIN 11 METAUIMYECKHX COCAUHEHUU
TEMIIEPATYPHBIA XOJ[ 3JEKTPOCONPOTUBJICHUS, KOPPEIAILIMOHHAs 3aBUCUMOCTD
mexnay TKC u o(T)/T ne nabnronaercs.

1. JIluxanos, M. C., IlleBenvkoB, A. B. (2020). UnTepmeraminuasl ¢ HEMETANIMYECKUMHU CBOM-
crBamu. M3Bectus Axkagemun Hayk. Cepust xumuaeckas, (12), 2231-2255

2. KiororoB A.A., ITorekaeB A.U., Koo 3.B. u np. Kpucramioreomerpudeckue u
KPUCTATIOXUMHUYECKIE 3aKOHOMEPHOCTH 00pa30BaHUs OMHAPHBIX U TPOMHBIX COSTUHEHUHN Ha
ocHOBe THTaHa u Hukeaa. Tomck: M3a-so TITY, 2011. C. 312.
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GISAXS HA HAHOKOMITO3UTHBIX ITEHKAX (CoFeZr)y(MgF2)100x

0.1O. IOpaxkosa®, M. A. Anopeeea®, P.A. Baynun?, E.A. I'anvwuna?,
M.H. Bopucoé?, C.H. Axynun?

Mocrosckuii 2ocydapemesennuiii ynusepcumem umenu M.B.Jlomonocosa,
Qusuueckuii paxyromem
2Hayuonanvuuiii ucciredosamensckuii yenmp «Kypuamoscruii uncmunymy

Kapter GISAXS or mi€aok (CoFeZr)«(MgF2)i00x ¢ pa3imaHbiM
COJICp)KaHUEM METAJUIMYECKUX HAHOKJIACTEPOB B JIMAJICKTPUYECKONW MAaTpHIIC
nosydensl Ha craHuud ®A3A "KHUCU-Kypuaros" Ha mnune BonHbl A = 0,86 A u
yIiie CKOJIbKEeHHsl manaromiero usnydeHus o;=0,4° [1]. JIns Bcex oOpasloB Ha
n3MepeHnbix  kaptax GISAXS wHabGmomatorcs (puc. 1) audpakmuonHOe
MOJYKOJIBIIO,  OTPAKAIOUIEe  HEKOTOPYH  pPaJAUAIBHYIO  KOPPENALHUI0 B
PaCIONOKEHUU KIIaCTepOB, OOKOBBIE MSATHA, YKA3bIBAIOIIUE HA YACTUYHYIO KBa3u-
KPUCTAUIMYHOCTh B PACIOJIOKEHUHM KJIACTEPOB, BEPTUKAIBHBIM CTEpPKHEBOM
MaKCUMyM pacCESIHMs Ha IIEPOXOBATOCTIX IMOBEPXHOCTH, MUK MOHEAB M MUK
3EpPKAIBHOTO OTPAKECHUSA.

\

PaccesHne Ha
LLIEPOXOBATOCTAX

i rough

] spot

o OcHoBHoOM
bparrosckue ngTHA OT / KOSMbLIEBON MAKCHMYM
KBASMKPUCTANNA U3
HOHOK/1IACTEPOB

Muk
3EPKANBHOIO

OoTpaxeHue

Muk NoHenp!

y, deg
Puc. 1. a) 'eomerpus sxcniepumenra; 0) Tunnunas kapra GISAXS ot ogHoro us o0pasuos.

Jns onucaHuss AUQPPAKIUMOHHOTO TMOJIYKOJIbIA Mbl HMCHOJB30BAIM MOJIETh
paaMaIbHOrO IMapakpucTaula ¢ IOMNPaBKAMM Ha IPEJOMJICHUE B CKOJIb3SIIEH
reometpuu [1]. PazpaboTanHas mporpaMMa MOJTOHKM 3KCHEPUMEHTAIBHBIX KapT
UCIIOJIB3YET paJualbHble CEUEHHUS KApT U BKIIOYAET YYEeT BCEX OTMEUYEHHBIX
BKJIa7i0B. OOpaboTKa MO3BOJIMIIA BBISIBUTH, B YACTHOCTH, pa3JInyKe JaTepaibHON U
HOPMAJIbHOM NEPUOJUYHOCTH B PACIIOJIOKEHUH HAHOKJIACTEPOB.

1. O. 10. IOpakoBa, P. A. baynun, M. A. AnapeeBa, BecTHuk MOCKOBCKOTO yHHUBEPCHUTETA.
Cepus 3: ®usnka. Actponomust 80(1), 2510502 (2025).
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HCIOJIB30BAHUE HEMPOCETH CHGNet JIJISI PACUETA
JOKAJIBHOM CTPYKTYPBI Rh-COJIEPKAIIETO IIEOJIUTA ZSM-5

B.FO. Auocumaest, A.A. Benueocanunt

YHUI] «Kypuamosckuii uncmumymy

Jns  uHTepnpeTanud  IKCIEPUMEHTAIBHBIX  CHEKTPOB  MOTJIOIICHUS
PCHTTEHOBCKUX JIyded, PETUCTPUPYEMBIX JUIsl KaTaln3aTopoB Ha ocHoBe Rh-
coAepKallMX I1I€OJUTOB, BAXKHO HAAEKHO OIKCHIBATH JIOKAJIBHYIO CTPYKTYpPY
Marepuana. Takue CHCTEMBI pacCMaTPUBAIOTCS B KauyeCTBE MEPCHEKTUBHBIX
KaTaJanu3aTOpPOB ISl MPOLIECCOB OKUCIUTEILHOM KOHBEPCUM METaHA W CHUHTE3a
KHCJIOPOJICOJICpXKAIUX TMPOAYKTOB, TJ€ XapakTep OKpyxkeHus aromoB Rh
(M307IMpOBaHHBIE ILEHTPHl WJIM  KJAcTephl) ONpeAeNsieT aKTUBHOCTh U
CcelleKTUBHOCTh [1,2]. OmHUM H3 TOAXOJ0B K HCCJICIOBAHHUIO JIOKAJIbHOM
F€OMETPUM SIBJISIETCS UCIIOJIB30BAHUE HEUPOCETEBBIX MEKATOMHBIX TTOTEHIIMATIOB.

B pabote paccmarpuBaercs npumenenre roroBoil Heripocetn CHGNet [3]
I onTuMu3anuu reomeTpun Rh-conmepikaiero ueonuta ZSM-5. Ananus
JOKAIBHOM CTPYKTYpPbI MPOBOJMUTCSA C YYETOM BapUAIMKd HCXOJHBIX YCIIOBHH,
BKJIIOYas CJIy4yailHble€ CMEILEHHS aTOMOB M HM3MEHEHHE pPa3MEpOB KIIACTEPOB,
BBIJICTISIEMBIX U3 KPUCTAIUIMUECKON pemeéTku. Takoil moaxo 1 mo3BOJsET OLIEHUBATh
BOCIIPOU3BOJAUMOCTh ONTUMU3AIMNA UM BBISBIATH (PAKTOPhI, BIHUSIONIME Ha
YCTOMYMBOCTh MMOJy4aeMbIX KoHpuryparui. I[lodydeHHBIE MOACIH JIOKAIHHOM
CTPYKTYpPBI IPEIOIaraeTcsi UCIOJb30BaTh JJIsI MOATOTOBKM BXOJHBIX JAHHBIX K
pacuyé€TaM CIIEKTPOB IIOIVIOIICHUS PEHTTCHOBCKUX JIy4eH W MX IMOCIEAYIOIIEro
COIIOCTABJICHUSI C IKCTIEPUMEHTOM.

1. Bunker G. Introduction to XAFS: A Practical Guide to X-ray Absorption Fine Structure
Spectroscopy. — Cambridge University Press, 2010.

2. Xpamos E.B. u np. Synchrotron Radiation Techniques for Catalysts and Functional Materials,
Novosibirsk, Russia, Oct 31 — Nov 3, 2022.

3. Deng B. et al. CHGNet as a pretrained universal neural network potential for charge-informed
atomistic modelling // Nat. Mach. Intell. — 2023. — T. 5, Ne 9. — C. 1031-1041.
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