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BJIUAHUE YI'JIEPOJA HA KOJIUI/I‘{ECTBEHHI)II‘/'I AHAJIN3 JTOKAJIBHOM
ATOMHOMU CTPYKTYPBI TIO2

'ABepkues U. K., 'Bakuesa O. P., °XameroBa D.®.
YYomypmexuii pedepanvuuiii uccreoosamenscxuii yenmp YpO PAH, Hocesck, Poccus
2YVomypmexuii 2ocyoapcmeennuiil ynusepcumem, HMoicesck, Poccust
E—mail:averkiev1997@mail.ru

CymecTtByer mpoOieMa HAKOIUJICHHS YIJepoJa Ha IOBEPXHOCTH oOpasua mpu
MCIOJIb30BAaHUU JJISl UCCIICOBAHUN ANEKTPOHHOTO Iyuyka. [loBepXHOCTHBIN yriaeposa naet
3aMETHBIN BKJIQJ B CIIEKTPHI, IIPU 3TOM OTKJIMKH MEPEKPHIBAIOTCS C OCHOBHBIM COCTaBOM
oOpaslia 3aTpyIHsg aHalu3 cCeKTpoB. Ha maHHBI MOMEHT OCHOBHBIM HHCTPYMEHTOM [Tt
OUYHUCTKH TOBEPXHOCTHU SBISICTCS MOHHOE TPaBJIEHHE, KOTOPOE TMO3BOJISIET M30aBUTHCS OT
MOBEPXHOCTHOTO yriepoaa. OAHAKO CYIIECTBEHHBIM HEJIOCTATKOM HOHHOTO TpPaBICHUS
SIBIISICTCS €T0 BIIMSIHUE HA CTPYKTYPY M XMMHYECKHUI COCTAB MOBEPXHOCTH.

B nacrosmieit paboTe mpoBeIeHO HCCIEAOBAHUE JIOKATbHOW aTOMHOW CTPYKTYpPHI
TeCToBOro obOwbekta — okcupa tutaHa (TiOz, anarta3). MeTomoM MpPOCBEUYHBAOIICH
AJIEKTPOHHOU CHEKTPOCKOMUHU MOJTYUYEHBI CHEKTPhl YHEPIeTUUYECKUX MOTEPh IJIEKTPOHOB.
[IpoBeneH aHanu3 MPOTSHKEHHOM TOHKOHM crpyktyphl (EXEELFS — Extended Electron
Energy Loss Fine Structure). ITpu aHamu3e S5KCIIEpUMEHTAIBHBIX JAHHBIX OBLIO BBISCHEHO,
YTO KPOME THUTaHA M KHCIOpPOJa, CYHNICCTBCHHBIA BKJIAJ JIAeT IMMOBEPXHOCTHBIN YTJIEPO],
KOTOPBI HAKAaIUIMBAE€TCS B TEUEHUU SKCIEPHUMEHTA IOJ BO3JCHCTBHEM 3JIEKTPOHHOTO
ny4yka. Bbuto mpoBeneHO YMCIIEHHOE MOJEIMPOBAHUE CIEKTPa SHEPreTUYECKUX MOTEPh
3JeKTpoHOB B oOmactu 520-620 sB. Ilpemnoxena Mmeroaumka oOpaOOTKH CIHEKTPOB
MPOTSKCHHBIX TOHKUX CTPYKTYP JHEPreTHYECKHX TOTEPh JJCKTPOHOB C yYETOM BKIIaJa
MOBEPXHOCTHOTO YTJIEpOJia U TMOJYYEHbI MapaMeTphl JOKAIbHOTO aTOMHOTO OKPYXEHHS
KHCJIOpO/ia M THTaHa — JUIHHBI xumudeckor cBs3u O-O, Ti-O, Ti-Ti, cooTBeTCTBYIONIHE
KOOpAMHaIMOHHBIE yrcna U Gaktop Jlebas-Bannepa.

[TpennoskeHHast MmeToka 0OpabOTKH CIIEKTPOB C yUETOM BKJIA/Ia MOBEPXHOCTHOTO
yIIeposaa, MO3BOJSET MPOBOAMTH HCCIEAOBAaHUS JIOKATbHOW aTOMHOW CTPYKTYpBHI, 0€3
JOTIOJTHUTEIIFHOTO HOHHOTO TPABJICHUS IIOBEPXHOCTH 00pas3IioB.

Pa6ota Bemonnena no muany HUP Ne121030100002-0.
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KBAHTOBO-PABMEPHBIE DJIEKTPOHHBIE COCTOsSHUA 1 DMUCCHUOHHBIE
PE3OHAHCBHI B TOHKHUX IINIEHKAX CBUHIIA

Anaapimkun AJO.9, Boxkko C.A.?, Myrunos A.B.%, Yerapmmukos C.C.D

D Uuemumym pusuxu muxpocmpyxmyp PAH, Huocnuii Hoézopoo, Poccus
@ Uucmumym usuxu meepoozo mena PAH, Yepnozonosxa, Poccus
Onexmponnas nouma: aladyshkin@ipmras.ru

B pabore meTomamu ckanupytomeld TyHHenbHOH Mukpockomuu (CTM) u cnexrpockonuu (CTC)
UCCIICZIOBAHBI  DIICKTPO(PHU3MYCCKUE CBOWCTBA TOHKHX KBa3HIBYMEPHBIX OCTpPOBKOB PD,
BBIPAIIEHHBIX Ha PEKOHCTpyHpoBaHHON moBepxHocTu Si(111)7%7, mpu Ttemmeparype 78 K B
peKMMax 3alaHHOM BBICOTBI MIJIbI Z HaJl TOBEPXHOCTHIO 00pasiia, a TakKe 3alaHHOTO TYHHEIBHOTO
ToKa | 1 mepeMeHHOH BBICOTHI.

Hns Pb Tteppac pasmuuHoil BbICOTHI mocTpoeHa mauarpamma Vo—N, rme |e|Vn — sHeprust N-ro
Pa3MEpHOro pe30HaHCca Ha 3aBUCUMOCTH T hepeHInaIbHON TyHHEIbHOM poBogumoctr dI/dV ot
HanpspkeHust V, N — HOMHHaJbHas TOJIIMHA OCTPOBKAa HaJ YPOBHEM CMa4MBAaIOIIETO CIIOA.
[Mony4eHsl OLIEHKU CKOPOCTH U uMITylibca Depmu, 3pekTHBHON MacChl 3JEKTPOHOB U TOJIIWHBI
CMaYMBAIOIIETO CJI0s, & TAKXKE BOCCTAaHOBHUTH dHepretrueckuil criektp E(K) B Hanpasnenuu [111].
[Tokazano, uro cpeansisi BenuuuHa AupdepeHnaIbHON TYHHETbHON MPOBOAMMOCTH 3aBHCUT OT
JIOKAJIILHOM TOJINMHBI TUIEHKH, YTO TMO3BOJIACT MPOBOAMUTH BH3yaim3aluio Tteppac Pb(111)
pa3IuYHON YETHOCTH YHCIa CIIOEB MIPH MaJbIX HaMpspKeHusX (1o 2 B).

B03M0OHOCTH CHHXPOHHOT'O [TOJyYEHUS TOMOrpaduuecKuX H300paskeHUH U KapT IPOBOANMOCTH Ha
3aJJaHHOW OHEPrUU TMO3BOJSIET HCCIEAOBATh MPOCTPAHCTBEHHYIO 3aBHCUMOCTH SJIEKTPOHHBIX
cBoicTB Pb miénok BOMM3M MedekToB (HarmpUMep, MOHATOMHBIX CTYIEHEH MMOUTOKKH, CKPBITHIX
yacTell AMCIOKAMOHHBIX II€TEIb U MHOPOAHBIX BKIIOUeHHI). OOHapyKeHHbIE KPYITHOMACIITAaOHbIE
HEOJHOPOTHOCTH TYHHENBHOW MPOBOAMMOCTH, TMPOSBIAIONIMECS B IUIABHOM M COTJIACOBAHHOM
W3MEHEHUH DHEPTUil YpOBHEH pa3MEepHOrO KBAaHTOBAaHHS, MOTYT YyKa3blBaTh Ha BHYTPCHHHE
HanpsOKeHUst B 1e(OpMUPOBaHHBIX Pb ruréHkax.

Hns tnénok Pb  3HaumrtensHO# TONMmmMHBL (TOpsinka S50 MOHOCIOEB) WHCCICIOBAaH CIICKTP
OMHUCCHOHHBIX PE30HAHCOB (T.€. TONOKEHMIH MakcuMyMoB Ha 3aBucumMoctsax dI/dV u dz/dV ot V B
nuana3one HarpspkeHuit ot 4 o 10 B). IlokazaHo, 94TO CIIEKTp IMHCCHOHHBIX PE30HAHCOB HE
3aBHCHUT OT JIOKAJIbHOM TONIIMHBI MIEHKH, HO 3aBUCUT OT U3MEPUTENBHOTO TOKa U (opMbl Uriibl. C
MOMOIIBIO KBAa3MKJIACCHYECKOTO COOTHOIIEHHs bopa-3ommepdenbaa st 4acTHIIBl B TPEYTONBHON
ame monmydeHa Qopmyna [e[Va=W + const-n?® mis OueHKH MOJOXEHUs BBICHIAX 3MHCCHOHHBIX
pesonancoB. s miénok Pb(111) ¢ Teppacamu KBaHTOBAaHHOW BBICOTHI TIOJyYeHA OICHKA
nokaigpHOM paborel  Beixoga (W=3.8+0.1 »B), koropas cormacyercs ¢ pe3yJbTaTamMu
MUKPOCKOMUYECKUX pacu€roB. IlokazaHo, YTO omeHKa paboThl BBIXO/A ABISETCS COCTOSTEIHHOM,
MOCKOJIBKY BenruuHa W He 3aBUCHUT OT JIOKaJIbHOM TOJILMHBI MJIEHKU U POPMBI UTJIBI.
bnazooapnocmu.

B pabote ucnonb3oano obopynoBanue [[KIT MOM PAH «®usuka W TEXHOJIOTHS MHUKPO- U
HaHOCTPYKTyp». PabGora BbimosHeHa mnpu ¢uHancoBod mnomuepxke Poccuiickoro ¢onna
(GyHIaMeHTanbHbIX uccienoBanuii (rpant Ne 19-02-00528).

1.  VYcraumkos C.C., ITytumnos A.B., Anagpmmkua A JO. // Tucema B XJKOT®. — 2017. — T. 106. —
Ne 8. — C. 476-482.

2. Ilyrunos A.B., Ycrasmmukos C.C., boxxko C.H1. u Anansiikud A 1O. // ITucema B XKOTD. — T.
109. — Ne 11. — C. 789-796.

3. Aladyshkin A. Yu. // J. Phys.: Condens. Matt. — 2020. — V. 32. — Ne 435001.
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®A30BbBIN CABUT MATHAUTOOCLHULISIIINI B KBAHTOBOM SIME TEJLIYPHUJIA
PTYTU C UHBEPTUPOBAHHOM 30HHOM CTPYKTYPOM

Boroaioockuii A.C., 'ynuna C.B., HesepoB B.H., lleaymununa H.I'., SIkynun M.B.,
JBopenxnii C.A.", Muxaiiios H.H."

Hucmumym guszuxu memannos umenu M.H. Muxeesa ¥YpO PAH, Examepunbype, Poccus,
“Uncmumym ¢uzuxu nonynposoonuxos um. A.B. Pacanosa CO PAH, Hosocubupck, Poccus
bogolubskiy@imp.uran.ru

B xBanTtoBeix simax HgTe/(Cd,Hg)Te ObulO mMpOAEMOHCTPHPOBAHO CYIECTBOBAHHE Pa3THYHBIX
3JIEKTPOHHBIX (pa3. Bapeupyst mmpuny kBaHToBOM MBI (K1), MOXKHO IOTy4nTh T€TEPOCTPYKTYPHI €
30HHBIM CIICKTPOM, aHAJOTHYHBIM CIIEKTPY OJHOCIOHHOrO rpadeHa, a Tarke aBymepHbie (2D)
tononoruueckue mzomaropsl (T1) ¢ kpaeBsIME npoBoAsAIIMMEU KaHanamu. Kpaesbie coctostHus B Tl
MOTYT OBITh ONMHCaHBI ypaBHeHHeM Jlupaka ¢ JuHEHHBIM (OecHieNieBbIM) 3aKOHOM TUCTIEPCUU
INPaKOBCKUX (hepPMHUOHOB.

HdupakoBckue (hepMHUOHBI HMEIOT O€3MAacCOBYIO TIPUPOY ¢ HETpUBHAIBHOH (a3oii (dpa3zoit beppn),
nproOpeTacMoi IIMKIOTPOHHOW OpPOUTOH H3-3a BBIpOXKICHUS B Touke [upaka. B TpancmopTHBIX
SKCIIEPUMEHTaX Ha CHCTeMaX C JWPAKOBCKUM cIIeKTpoM (MoHocnoiiHbld rpaden, K5 HgTe c
OeclIeNeBbIM CIIEKTPOM, KpaeBble IByMepHbIe cocTostHus T1) Hannume dasel beppu npossisiercs B
($a3oBoM cABHUTe Ha T MarHUTOOCHWUISIHMNA WM B CMEIIECHHBIX MOJIOKEHHUAX TUIATO KBAaHTOBOTO
a¢dexra Xomma [1].

B nmannoii pabote mpencraBieHo uccnenoBanue ociunsinuid LllyonukoBa - me [Naaza (Ial) B
kBaHTOBOM sime HQTe mupunoit 20.3 HM, BeipamenHoi Ha noioxkke (013) GaAs, cuMMeTpudHO
MOJIYJIUPOBaHHO JerupoBaHHoW wHaMeM (IN) ¢ ob0emx cTOpOH KBaHTOBOW siMbl. OOHApYKEH
aHOMAJBHBIN COBUT Ha T B (ha3e MarHUTOOCIIUISIIIANA B STOW TOMOJOTHYECKH TPUBHAIBHOU 2D
cucTeMme.

[Tokazano, 4To aHOMaNBHBIH (Ha30BBIN CABUT OOYCIOBIICH CIIEUPHUUECKIM COOTHOLICHUEM 30HHBIX
napaMeTpoB (mapaMeTpoB JlarTurxkepa) 1 30HbI ['g TeIUTypHIa PTYTH ¢ CHMMETpHEi P-Tumna [2-4]
W He cBsi3aH ¢ HanmnyueM (aszbl beppu, nmpucymieil TOnonornyecku HeTpUBHATBHBIM crcTemMaM [1].
OCOOCHHOCTh HCCIEyeMOH CHCTEMBI COCTOMT B TOM, 4TO (opMmaibHO moaypoBeHs H1
MPUHAJICKUT BETBU THKEIBIX JBIPOK 30HBI ['g ¢ J; = £3/2, rae J - omeparop MOJHOTO YIIOBOTO
MOMEHTa, OAHAaKO B moa3oHe HI1 peanusyeTcs NpOBOAMMOCTH 3JIEKTPOHHOIO Tuma. MMeHHO
00JIBIII0E 3HAYEHHUE Z ~-KOMIIOHEHTHI [TOJTHOTO YTIIOBOI'O MOMEHTA ITPUBOIUT K HEOOBIYHOM CUTYAITHH,
KOTJ]a 36€MaHOBCKOE PacLICIICHUE CTAHOBUTCS OOJIbIIe UKIOTPOHHOHN 3HEpruu. B cxeme ypoBHeH
Jlanaay 3T0 MPOSIBISIETCS. B HAJIMYUH JIHILTHET0», HEBBIPOXKICHHOTO 110 criiHy, ypoBHs (ripu N = 0)
U, KaK CJICJICTBHE, K CABUTY Ha T (ha3bl ocinsiiuit Ll

Paboma noooepacana 2parnmom Munucmepcmea nayku u evicuie2o oopaszosanus Ne 075-15-2020-
797 (13.1902.21.0024).

1. A.Yu. Kuntsevich, A.V. Shupletsov, G.M. Minkov // Phys. Rev. B. — 2018 - T. 97. — C.
195431.

2. M.I. Dyakonov and A.V. Khaetskii // JETP — 1982 — T. 55.— C. 917.
3. L.G. Gerchikov and A. Subashiev // Phys. Status Solidi B —1990. — T. 160.— C. 443.
4. E.G. Novik, et al // Phys. Rev. B. — 2005. -T. 72. — C. 035321.
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UCCJIEJJOBAHUE CBEPXPEIHIETOK GAAS/ALAS METOJAMM PEHTTEHOBCKOM
JUD®PAKTOMETPUM, PEQJIIEKTOMETPUU U PEHTTEHO®JIYOPECIHEHIIMA

Boukos 10.0."*, Hyxaun A.JI.Y, Pomun B.C.}, Iuporos E. B.2, Acaxunkos B.E.., T'opaii
J.LW.23, Bypasaés AJL.*
Y @HUI] «Kpucmannoepagus u pomonuxay PAH, Mockea, Poccus
2 Axademuyeckuii Yuueepcumem um. JK.H. Angpéposa PAH, Canxm-Ilemep6ype, Poccus
3 Uncmumym Ananumuuecxozo Ipubopocmpoenus, Cankm-ITemep6ype, Poccus
* Vuusepcumem npu MIIA EepA33C, Canxm-Ilemep6ype, Poccus
* volkov.y@crys.ras.ru

Ilepuogmueckne MHOTOCIOWHBIE CBEPXPEMIETKA HAa OCHOBE TeTepocTpykTyp THma A3BS5
NPEACTABIISIOT CYILIECTBEHHBIN HHTEpEC I pa3pabOTKU TepareploBbIX Ja3epHbIX reHepaTopos [ 1].
CuHTE3 TaKUX CTPYKTyp METOIOM MOJICKYJIAPHO-IIYYKOBOH SMHMTAKCHU TPeOyeT Mperr3HOHHOTO
KOHTPOJISA TOJIIWH CIOEB, UX COCTaBa M TIIyOMHBI MEXCIOWHON mruddy3un Ha cyOaTOMHOM ypOBHE
[2].

B pabore mpencTaBiIeHO HUCCIICOBaHUE CEpPUM MHOTOCIOHHBIX CTpyKTyp Al0.3Ga0.7As/GaAs
Pa3IMYHONM CTEMEHU JIETUPOBAHMS C KojudyecTBOM mepuonoB oT 30 mo 400, BbIpallleHHBIX Ha
nomioxkax GaAs (100). CTpykTypHble IapameTpbl CIOEB OBLIM ONpEACICHBl COYETaHUEM
HEpa3pylIAlONIMX ~ METOJOB  PEHTICHOBCKOH  TU(PAaKTOMETPUH,  BBICOKOpa3pelIalonien
pedIekTOMEeTpHUN CKOJB3SIIETO MaAeH!Us U PEHTTeHO(ITyOpeceH-INH.

JudpaknuonHsle KpuBble OBUIM W3MEPEHBI TMPH IOMOIIN JabopaTOpHOTo IU(paKTOMETpa
PANanalytical X’Pert Pro (AY PAH) na usnyuenun CuKal-nunuu (amHa BoHsl A = 1.5405 A) ¢
WCTIONB30BaHUEM  YeTBIPpEXKpPHUCTAIbHOTO  MoHOxpomaropa Ge (220) w  omHoIIeneBoit
KOJUITMMALMOHHOW cucTeMbl (mupuHa mend o =1 mMm). Cpémka ObUla mpoBeieHa B PEXHME
ckanupoBanus 0-20 B okpectHocTsax (004) u (002) GaAs-pediekcoB B reomerpun 0-20
napayieNbHOro MydYka. Pacuér mapaMeTpoB MEpUoJIOB CTPYKTYp ObUT MPOBEAEH BO BCTPOCHHOU
nporpamme «Epitaxy and Smoothfit». PedekromeTpuieckre nanHbIe OBLTH HE3aBUCUMO TIOTYUIESHBI
Ha audpakromerpe PANanalytical X Pert Pro, a Taxoke na maboparopnom mudpaxromerpe P
¢ moaBMXHOM cuctemoii uctouHuk-aetextop (PHULL Ku® PAH) [3] na usnyuenuu AgKal-nuauu
(nnuna BomHbl A = 0.5594 A) ¢ ucnonp3oBaHMeM OJHOKPHCTaILHOrO MoHOXpoMartopa Si (111) u
TpEXIIENeBO KOJUIMMAIMOHHOW CHCTEMBI, OOECIeYMBAIOICH JIMHEHHYIO IIHPHHY ITydKa
d = 0.55 MM. PacuéT TosIIiH NeproIoB U MIEPOXOBATOCTEH CTPYKTYp ObLIT MPOBEAEH B PpOrpaMme
Multifitting [4]. PentrenodiyopeciieHTHbIE AaHHbIC OBLIM MONy4eHbl Ha gudpaktomerpe JIPILI
OJTHOBPEMEHHO ¢ M3MepeHusamMu peduiekromerpuu (nerekrop Amptek X-123SDD).

[TapameTpbl CTPYKTYpBI CBEPXPEIIETOK, pacCCUMTAHHBIE MO M3MEPEHHBIM KPHBBIM IH(pakiuu u
3epKAIbHOTO OTPAKEHHS HA PAa3JIMYHBIX JJUHAX BOJH, COBMAJIAIOT C OIIEHOYHBIMH 3HAYCHHUSIMH TIO
napameTpaM CHHTe3a B mpenenax 5%; Hpu 3TOM OTHOCH-TENbHAs HEOJHOPOIHOCTH TOJLIMH
NEPUOJOB IO TIyOHUHE, COTIacHO pacu€THOM oneHke, He npesbimaeT 0.3%. B To xe Bpems ananus
KPHUBBIX (MIyOPECHEHIINN TAIUIAS U MBIIIBIKA CBHJIETEIBCTBYET O CHIKCHUU KOHIIGHTpalu As B
HPUITOBEPXHOCTHON 00JIACTH, MPEATIO-TIOKUTEIFHO CBA3aHHOW CO CHI)KEHHEM MOTOKA MaTepHala B
npolecce CHHTE3a.

[1] 1.B. Antyxos, C.B. lmxyp, M. C. Karau u ap. // Tlucema B dKOT® 103, 122 (2016).

[2] L. I. Goray, E. V. Pirogov, M. S. Sobolev et al. // Semiconductors 53, 1910 (2019).

[3] B.E. Acanunkos, B.I'. babak, A.B. By3makos u ap. // TIpu6. Texu. Dxcmnep. 3, 99 (2005).
[4] M. Svechnikov // J. Appl. Cryst. 53, 1-9 (2020).
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PHASE MULTISTABILITY AS A CAUSE OF TOPOLOGICAL EXCITATIONS IN
A DRIVEN POLARITON FLUID

S. S. Gavrilov

Osipyan Institute of Solid State Physics RAS,142432, Chernogolovka, Russia gavr_ss@issp.ac.ru

Cavity polaritons are mixed states of excitons and photons in layered heterostructures. Under
resonant optical driving, they form macroscopically coherent states which can be regarded as highly
nonequilibrium analogues of Bose-Einstein condensates. The repulsive interaction of polaritons
involves a significant blueshift of their resonance energy with growing amplitude, resulting in optical
bistability within a certain range of pump frequencies and intensities. The spin dependence of the
interaction manifests itself in the so-called polarization multistability [1], a situation when several
coherent states with different amplitudes and/or polarizations are equally feasible under the same
driving conditions. Sharp switches between the alternative states can be triggered by varying the
pump in the vicinity of critical points [2].

Here, we consider a qualitatively novel kind of multistability. When opposite spin components of
polaritons are linearly coupled (because of a lateral mechanical stress, magnetic field, etc.), the spin
symmetry of the system is known to break down spontaneously in a finite range of amplitudes [3,4].
Then a pair of alternative states which are feasible under given spin-symmetric pumping can have
equal amplitudes and arbitrarily close polarizations but, at the same time, bear opposite phases.
Hence, the two alternative domains annihilate each other in space at their interface areas where the
wave function experiences phase reversal, which gives rise to such a “topological” sort of excitations
as quantized vortices (in a two-dimensional polariton system) or dark solitons (in a one-dimensional
system) [5].

Depending on parameters, dark and gray solitons which emerge owing to the phase multistability can
either run in space freely (as in Ref. [5]) or sit at a spontaneously chosen location. In the latter case,
these topological defects act to robustly separate different polarization domains from each other.
Thus, the state of a microcavity can be switched back and forth locally, e.g., using appropriately
focused laser pulses. As a result, such a microcavity operates as a network of micron-sized memory
cells whose phases are individually controlled.

Acknowledgments. The work was supported by the Russian Science Foundation grant No. 21-12-
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OpanM n3 HamOoJiee TEPCHEKTUBHBIX TOJXOMOB IS CO3MAHUS IMEPECTPAMBAEMBIX KOMIAKTHBIX
MCTOYHHUKOB TePareprioBoro M3IYUYEeHHs SBISIETCS WCIOIB30BaHIE TOITYITPOBOTHUKOBBIX MTPHOOPOB
co ceepxpemerkamu (CP), Hanmpumep, KBaHTOBO-KaCKaJHBIX JIAa3€pOB HIIHM TETEPOCTPYKTYpP CO
MHO>XECTBEHHBIMH CHJIBHO-CBSI3aHHBIMU KBaHTOBBIMH siMamu (KS) [1]. B manHOM uccrnenoBaHuu
pa3paboTka Aw3aiiHa CBEPXMHOTOIEPHOMHBIX MONyNpoBOMHUKOBEIX A3BS5S crpykryp mmst TI'm
Juana3oHa paccMaTpUBAETCS B CBSI3M C CO3JIaHHEM IepecTparBaeMbIX Ja3epHBIX HCTOYHHMKOB,
BBIPAIIMBACMBIX METOJOM MOJICKYJISIPHO-ITyuykoBOK snutakcun (MIID) u paborarommx mpu
KOMHATHOH TeMIleparype 3a CUeT O0pa30BaHUS COOTBETCTBYIOIIUX DJHEPTETHUECKUX YpPOBHEH
Banpe-1llTapka 1 mociae10BaTeI-HOTO TYHHETUPOBAHMS HOCUTEIEH Yepe3 HECKOIBKO MEPUOI0B TIPH

YCIIOBHU OTHOCHUTENBHOM NPO3pavHOCTH OaphepoB [2].

Hccnenyemsrii B HacTosmiel paboTe THIT CTPYKTYpHI BKItodaeT B cedst CP, cocrosimue n3 10-1000
nepronoB 10-uMm cioeB GaAs u 2-um cioeB Alg2GaosAS, ernpoBanHbIX TpuMechio N-tuma (Si)
3aJaHHOM KOHLeHTpauuii B auanazone $10%6-10' cm 3. Panee Hamu ObLIM TIpeIIOKEHBI METOJ
pacdeTa 3eKTPOHHBIX crieKTpoB A3B5 CP, a Takke METOIWKAa BBHICOKOTOYHOM XapaKTepu3alluu
MOp(hoIOTHN U cocTaBa MOJOOHBIX CTPYKTYp [3,4], cocToAmmIas U3 COTrJIACOBAHHOTO NPUMEHEHUS
HOBOTO METOJla TTyOOKOH pEHTTeHOBCKOW pedIeKTOMEeTpHH, OCHOBAaHHOTO HA CTPOTOM METOHE
pacuera, W H3BECTHBIX METOJOB BBICOKOPA3PEIIAMONICH PEHTIEHOBCKOH peQIIEKTOMETpUN H
Tu(GPaKTOMETPUA W TMPOCBEYMBIOIIEH AIIEKTPOHHOW MHKpockommu. Jlns paccMmarpuBaeMoit
KOHCTPYKIIUM HMCTOYHWKA OBUIM PacCUMTaHbl KOIPPHUIMEHT YCUJICHHS U yPOBEHb ONTHYESCKUX
MOTEPh.

I'eneparms Tl w3my4eHWsT MPOUCXOAWT TPH ONTHYECKUX PE3OHAHCHBIX TEPEXOoAax MeEXKIy
TYHHEIIbHO CBSI3aHHBIMH COCTOsIHHAMH diekTpoHa B CP. [lpoBeneHHBIE YHCIIEHHBIE pPacyeTh
MOKa3aJIl HaJIN4YUe CUIBHOIO MaKCHMyMa ONTHYECKOTO MAaTPHUYHOTO 3JIEMEHTAa 3THX NEePEX0/I0B B
oOmnactu pe3oHanca. OToT 3(h(eKT 00yCIIOBICH CHIIbHBIM MEPEMEITMBAHIEM TYHHEIBHO CBS3aHHBIX
AJIEKTPOHHBIX COCTOSHUI B 00JIaCTH pe30HaHCa, YTO OBLIO MPOJIEMOHCTPUPOBAHO B pad0OTE B paMKax
JIBYXypOBHEBOW Mojenu. J[ByXypoBHeBass Mozens Oblla TakKe WCIIONB30BaHA JIIs pacdera
WHBEPCHOM 3aCEJICHHOCTH DJIEKTPOHHBIX YpoBHeW W ko3 duipenta ycunenus TI1 u3mydeHwHs.
[IpoBenennrie pacyeTsl K03 uIreHTa YCHIICHHS U ONTHYECKUX MOTEPh MO3BOJIWINA ONPEICITUTh
rapaMeTpbl HICTOYHUKA, TIPH KOTOPBIX BO3MOXKHA TeHEPaIIs.

B kauectBe ucrounuka TI 11 u3mydenus npeiokeHa CTpykTypa, cocrosias u3 400-x nmepuo1oB
CP ¥ ypOBHEM JIETUPOBAHHUS aKTUBHOM obnactu ~0 cM . JlaHHas CTPYKTypa TakKe IO3BOJISET
MIPOU3BOANTD MIEPECTPOINKY UTHHBI BOJIHBI TEHEPUPYEMOTO H3ITydSHUSI.

[1] R.K. Kohler, A. Tredicucci, F. Beltram et al. // Nature 417, 156 (2002).

[2] A.A. Andronov, A.V. lkonnikov, K.V. Maremianin et al. // Semiconductors 52, 431 (2018).
[3] L.I. Goray, E.V. Pirogov, M.S. Sobolev et al. // J. Phys. D: Appl. Phys. 53, 455103 (2020).
[4] JL.N. T'opaii, E.B. ITuporos, M.C. Cob6ones u ap. / JKT® 90, 1906 (2020).
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MATHATOSKCUTOHHbBIA KOHAEHCAT B XOJIJIOBCKOM JIUDJIEKTPUKE
I'opoynos A.B., Tumodgeen B.b.

HUnemumym gpuzuxu meepooco mena PAH,
2. Yepnozonoeka, Poccus gorbunov@issp.ac.ru

TpuruteTHbIE ITUKIOTPOHHBIE MarHUTOAKCHTOHBI (TLIMD) B XOMTOBCKOM H3OJATOpPE SIBIISIOTCS
KOMMO3UTHEIME 0030HaMu co cirHoM 1. Ilpu temmneparype T < 1 K u xornenTpanun THMD Nex ~
(1-10)% oOT MIOTHOCTH KBaHTOB MAarHUTHOTO MOTOKa B XOJUIOBCKOM H30JIATOpE (3JIEKTPOHHBIH
¢akrop 3anonHeHns v=2) obpa3zyeTcs KadeCTBEeHHO HOBas (ha3a — MarHUTOSKCUTOHHBIN KOH/ICHCAT
[1]. DTo cocTtosiHME SBISETCA DKCIEPUMEHTANBHBIM NPUMEPOM KOHIEHCALUH KOMITO3UTHBIX
0030HOB B TIPOCTPAaHCTBE OOOOIIEHHBIX WMITyJIbCOB — BEIWYHMH, 3aBHCAIIUX Kak OT
MIPOCTPAHCTBEHHBIX KOOPAWHAT, TaK U OT UX IrpaaueHToB [2]. KonaeHcar criocobeH “pacTekaThcs’”
n3 obnactu (oToBO30YKACHUS B “00beM” XONJIOBCKOTO H30JATOpa Ha MaKpOCKOIHMYECKHE
paccrosiaus. [IpsiMbie SKCTIEpUMEHTHI ¢ BhicokokauecTBeHHbIME GaAS/AlGaAS rerepocTpykTypamu
MOKa3aJld, 4TO TpaHcnopTHasa minHa TIHIMD B KOHAEHCUPOBaHHOM COCTOSIHUM, IO KpailHeil mMepe,
Ha TpH mopsiaka OoJblie, yeM JuinHa Tuddy3un MarHUTOIKCUTOHOB B ra3oBoit ¢ase [3]. [Ipu sTom
CKOPOCTb pa3beraHus SKCUTOHOB U3 ATHA Hakauku >10° cm/c [4].

N3-32 HEBO3MOKHOCTH OJJHOBPEMEHHO yIOBIETBOPUTH YCIOBUSM COXPAaHEHHUS SHEPTHU U UMITYJIbCa
B Pa3peXECHHOM ra3e TPUIUICTHBIX MAarHUTOSKCHUTOHOB HE IPOMCXOIHUT IOJHOH TEpMalIM3aliH.
ToJbKO IO JOCTUKEHUU HEKOTOPOI KPUTUUYECKOI SKCUTOHHOU TNIOTHOCTH pejlaKcalys B HIKauiee
SHEPreTHYECKOE COCTOSIHME CTAHOBHUTCA BO3MOXKHOW 3a CYET 3KCHUTOH-DKCUTOHHOTO PacCesHHS.
BenenctBue  CBEpXUIMHHBIX — BpEeMeEH
TepManu3auu  (BIIoTh A0 1 Mc)
aHcamOJIb THMD SIBIISICTCS
CYLICCTBEHHO HepaBHOBeCHHIM. OH
COCTOUT u3 Ha/IKOHJICHCATHBIX
9KCHTOHOB c 00001IIEeHHPIMU
umiysnbcamMu = 0 ¥ JKCHTOHOB B
HEPreTHUECKOM MHUHHUMYME, c
UMIyJIbCaMH  IOpsiAKa  OOpaTHOM
marauTHO# umHb, ( ~ 1/lz (cwm.
PHUCYHOK). JokazaHo
SKCHEPUMEHTAJIBHO [5], YTO mepeHoc
MarHUTO3KCUTOHHOW TUIOTHOCTH Ha
OOJBIIIME PACCTOSIHUSI OCYIICCTBIISIETCS
He Bcemu TIIMD, a TombkO TEMH,

Energy (meV) UMITYJIbC KOTOPBIX OJIM30K K OOpaTHOM
MaruutHOH jymne, 1/1g ~10° cM ™!, MaruuTo9KCUTORHBIN KOHIEHCAT POPMUPYETCS MMEHHO U3 3THX
9KCUTOHOB.

Energy (K)

1. Kulik L.V., Gorbunov A.V., Zhuravlev A.S., Timofeev V.B., Dickmann S., Kukushkin I.V. //

Scientific Reports. — 2015. — V. 4. — P. 10354.

Avron J.E., Herbst 1.W., Simon B. // Annals of Physics. — 1978. — V. 114. — P. 431.

3. Kulik L.V., Kuznetsov V.A., Zhuravlev A.S., Gorbunov A.V., Solovyev V.V., Timofeev V.B.,
Kukushkin 1.V., Schmult S. // Scientific Reports. — 2018. — V. 8. — P. 10948.

4. Gorbunov A.V., Kuznetsov V.A., Zhuravlev A.S., Kulik L.V., Dickmann S., Timofeev V.B. //
Annalen der Physik. — 2019. — V. 531. — P. 1800443.

5. XKypasnes A.C., Kysneno B.A., T'opoynoB A.B., Kymux JI.B., Tumodeer B.b.,
Kykynikua
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PACHPEJIEJIEHUE XUMWYECKHA AKTUBHOI'O KOMIIOHEHTA T'A30BOM
CMECH B OFbEME BAKYYMHOM KAMEPBI ITPA IJIA3MOXUMHAYECKOM
TPABJIEHNUA

Byropkos K.H., I'paueB U. 10., Carateasnu I'. P.
MITY um. H. 2. baymana (HHUY), 2. Mocksa, Poccus, soweo8@gmail.com

KoncTpykiuun psina neraneil COBpeMEHHOTO IPUOOPOCTPOCHUS, TAKMX KaK ITACTHHBI MasTHUKOBBIX
THPOCKOTIOB, MpeacTaBisiomux coboi MOMC, a Takke rojorpaMMmHble W AW(PAaKIUOHHBIC
ontuueckue 31eMeHTHl (J02-I'03), ocHoBaHbI Ha co3aanuu (yHKIHOHATIBHOTO penbeda padbounx
moBepXHOCTEH. J{71s1 co3ganmst Takoro peibeda MPUMEHSIOT TiasMoxuMudeckoe Tpasienne (I1XT),
0COOEHHOCTH KOTOPOTO MPUMEHUTENBHO K ONTHYECKOMY CTEKJIy B HACTOSIICE BpeMs H3Y4EHBI
HEIOCTATOYHO, YTO OOYCJIOBJIEHO CIIOXKHOCTBIO (U3MUECKUX W XHMHYECKHX MPOIECCOB,
OJTHOBPEMCHHO TIPOTEKAIONMX Ha oOpabaTbiBaeMoii moBepxHOCTH. OObraHO oreparuu [IXT
IOPOM3BOAAT C HMOHHBIM acCUCTHPOBAaHMEM, OOECIEYMBAEMBIM CO3JaHHEM  HANPSKEHUS
ABTOCMEILICHHSI HA CTOJNHKE, HecylleM oOpabarkiBaeMylo neTanb. OIHAKO NpHU HEOOXOJUMOCTU
OJTHOBPEMEHHOT0 (hOpMHUPOBaHUs (PYHKIMOHAIBLHOTO peibeda Ha ABYX ONIMO3UTHBIX IIOCKOCTSIX
gertajgeid B (hopMe IIOCKONMApaUICNbHBIX IUIACTUH CO3JaHUE AaBTOCMEIICHUS HEBO3MOXHO, a
KOHCTPYKIIMH BaKyyMHBIX KaMep MPeJICTABISIOT COOOH MPOTOYHBIE PEAKTOPHI.

[Ipouecc IIXT mpu 3ToM peanusyercs mpu gaBienuu 50 Ila, KOTOpoMy COOTBETCTBYET JIMHA
CcBOOOJHOrO mpobera MOJEKyl XHUMHYECKH aKTUBHOIO KOMIIOHEHTA, B Ka4eCTBE KOTOPOro Hamu
paccmarpuBanics anera3z (SFe), cocraBmser pecsateie monu MWDIMMeTpa. B aTom cimydae
TPaHCTIOPTUPOBKA XUMHUYECKH akTHUBHBIX dYacTul] (XAYU) moBepXHOCTH, a TakXke MPOAYKTOB
XUMHYECKHUX PEaKUUH MPOUCXOIUT N0 MeXaHu3My nuddysun.

MogenupoBanue mnpouecca AUGY3UH UISI Pa3IMYHBIX CXEM PEaKTOPOB OCYIIECTBISUIM B
nporpamme Matlab mpu momorm mnpunokeHusi, paboTAOMIET0 € ypaBHEHHSAMH B YaCTHBIX
npou3sBoaHbIx PDE Toolbox. [Tpou3Boauiu moctpoeHne reoMeTpur KaMep, OTpeessuTi TPaHUIHbIC
YCIIOBHS 3aJaBajld y4acTBYIOLIUE B ypaBHEHUH nu(dy3un napaMeTpsl, olpeaessieMble pexKuMaMu
TEXHOJIOTMYECKON omepanuu. B pe3ynpTaTe monydniam pacnpeneneHre MOTOKOB M KOHLIEHTpalui
XAU B 00bEMax BaKyyMHBIX KaMep NPU BEPTUKATLHOM U TOPU30HTAIBHOM PACIIONIOKECHUH ACTalICH.
ITo pesynbpraTaM MaTeMaTHYECKOTO MOJEIMPOBAHUS OCYLIECTBIEHA MOAECPHU3ALMS KOHCTPYKIMU
ycranoBku RIE-300 [1] B pamkax 3amensr B HUU IIM um. akan. B.W. Ky3HemnoBa *HIKOCTHOTO
TpaBJICHUS TUIAaBUKOBOM KHCIIOTOM IUIaCTUH W3 IaBiieHoro kBapua Ha I[IXT. JlomonHurensHOE
paccMoTpenue ocodeHHocTel GpopMupyemoro miockuM BY HHAYKTOPOM 371€KTpOMarHUTHOTO TIOJIS
[2] mo3Bommio  pa3paboTaTh  KOHCTPYKIMIO — CPEACTB  TEXHOJOTMYECKOTO  OCHAILICHHS,
00eCIeUnBaONINX TPYIMIOBYI0 00pabOTKY KBapICBBIX IUIACTHH, IO3BOJISIONIYI0O OCBOUTH HX
CEepUITHOE NTPOU3BOJICTBO.

Cricok nuTepaTyphl.

1. TI'paues N.IO., Cararensu I'.P., Byropkos K.H. AHanu3 pacmpenesneHnsi akTHBHOTO Ta3a B
peakTope mpH IIa3MOXMMUYECKOM TpaBiieHnu // EcTecTBeHHbIE U TeXHUYeCKHe Hayku. 2018,
Ne 4 (118). C. 206-207.

2. Pacyer 3JIEKTPOMArHUTHOrO MOJSI IUIOCKOTO HMHIYKTOPA YCTAHOBKU ILIA3MOXHMHYECKOTO

tpaeiienus / I'.P. Cararensu [u ap.] / HanoTexHomoruu: pa3padorka, npumeHenne — X X1 Bek.
—2020. — Nel. - C. 29-42.
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JEKTPOH-3JIEKTPOHHOE B3AUMO/JIENMCTBUE B CTPYKTYPAX InGaAs/GaAs

I'ynuna C.B., CaBeanes A.Il., Apanos 10.I'., Hesepos B.H., lexymmuanna H.I'., SIkynun
M.B.

HUnemumym pusuxu memannos umenu M.H. Muxeesa Ypanvckozo omoenenusa Poccutickoii
axademuu Hayk, Examepunbype, Poccus, svpopova@imp.uran.ru

B mostynpoBogHUKOBBIX TeTepocTpykTypax INGaAs/GaAs ¢ oMMHOYHON U JIBOHHOW KBaHTOBBIMU
smamu (K5I) B unrepsane temmepatyp, 7 = (10+70) K, oOHapyxeH AUIIEKTPUUECKHIA XapaKTep
TeMIiepaTypHoii 3aBrucumoctd npoBoaumoct, do(T))/dT >0, oOycoBIeHHbIH CyIIECTBCHHBIM (Ha
20 — 40 % ), muHeliHBIM IO 7, pOCTOM TOJBIKHOCTH HOcUTenel 3apsiaa [1]. Mbl monaraem, 4To
TAKOE MOBEICHUE OINpee/sieTcss UHTEPPEPEHIMOHHBIM BKJIAIOM B IPOBOAMMOCTh, 06°°(T), OT
MOJU(PHUINPOBAHHOTO OECTIOPAAKOM BIIEKTPOH-3JIEKTPOHHOTO B3aMMOACHCTBHS B OAIITHCTHUECKOM
pexume, ksTt/ i >>1 (1 - Bpems cBoGoaHOrO Npodera, 7 - nocrosunas Ilnanka, Ks — mocrosHnas
Bonbumana) [2]. Tloka3aHo, 4To 3HaYeHHe KOHUEHTpanuu Hocurened 3apsaga (N = Neross) IUIs
KOHKPETHOTO BEIIECTBAa OMHO3HAYHO OMPEEIsIeT THI TeMIEePaTypHO#l 3aBucHMOCTH 06° (T):
METaJUTMYECKUI X0 MpU MpeodiiaiaHuy BKIana XapTpyu U JUIJICKTPHUSCKUNA TPU MpeobIaiaHun
0OMEHHOW YacTH AJIEKTPOH-IIICEKTPOHHOTO B3aUMOJIEHCTBHA. JTO MOATBEPKAASTCS HAOIIOICHUEM
nepexofia JAMIIEKTPUK-METAIUT TSl TTOA30H Pa3MEpHOTO KBAaHTOBAaHWS B JBOMHBIX TYyHHEIHHO-
cBs3aHHBIX K51 N>Ncross U151 TOI30HBI CUMMETPUYHBIX U N<Ncross TSI TOJI30HBI aHTHCHMMETPHYHBIX
cocrosiHuit. [lomydeHo HKCIepUMEHTalbHOE IMOJATBEPIKICHHE TEOPETHUECKHX MPEICTABICHUN O
CYIIIECTBEHHOHN POJIM KOTEPEHTHOTO PACCESTHHS 3IIEKTPOHOB Ha ocILIAisix Dpumens B mporeccax
nepeHoca Hocuteneit 3apsaa B 2D cucremax.

3aBHCUMOCTH COIIPOTHUBJICHHA OT MHNApalyICJIbHOTO IINIOCKOCTH CTPYKTYPbl MAarHvuTHOrO IIOJId B
obpasuax N-INGaAs/GaAs ¢ nBoitHbIMU cHIbHO-CcBA3aHHBIME KA (A, =3.0 M3B), usmepennsie npu

¢uxcupoBanHbix Temmeparypax 1.8<T<50 K, mpoanamusupoBanbl B pamkax moaxoxa [3], uto
MO3BOJIMJIO TOJYYUTh 3aBUCHMOCTh KBAaHTOBOTO BpPEMEHH KHM3HH OT Temmeparypbl Tq(7).
3aBucuMocTb Tq(7) okazamach HeMOHOTOHHOU ¢ MUHUMyMOM BOMM3u KsT/ErF=0.1 (Ef — sHeprus
®epmu). YBenuueHne KBaHTOBOro BpemeHH ku3Hu Tq(7) npu KsT/EF>0.1 cBsizaHO ¢ BKJIagOM OT

o int
BJICKTPOH-3JICKTPOHHOI'O0 B3aUMOACUCTBHUA B OaJUIMCTUYECKOM pEeXUME [1, 2]2 ﬂ.TEE [T]

°0c°86%(T)°ecT, T4(T) =12(T) + ATi"(T). OcraBmascs mocie BbiumTanms BKoaga ATLE®

o
3aBUCUMOCTD Tq (T), coacpikalas BKjIaabl OT pa3JINYHbIX MEXAaHU3MOB YIITUPCHUA YPOBHS, TAKUX KaK

YOPYroe paccesHHe Ha MPHUMECAX W HEYNPYroe paccesHHE OJJIEKTPOHOB Ha 3IIEKTPOHAX,

1 1
T + ——» XOPOIIIO OTIMCHIBACTCS BBIPAKEHHEM [4], COOTBETCTBYIOLINM MPEAETY «TPSI3HOTO»
q imp g

metaiia ksTt/ /i <<l ¢ yueToM JMHAMHYECKH SKPAHUPOBAHHOTO KYJIOHOBCKOTO B3aUMO/IEHCTBHSI.

Paboma evinonnena 6 pamkax eocy0apcmeeHHo20 3a0aHus o meme « JNeKmpony npu no00epicke
PODU u Ceeponosckoii obnacmu 20-42-660004 p_a.

1. GudinaS.V., Arapov Yu.G., Neverov V.N., et al. // Phys.E. — 2019 — v. 113. — P. 14-20.

2. Zala G., Narozhny B.N., Aleiner I.L. // Phys. Rev. B. — 2001. — v. 64. — P. 214204.

3. Berk Y., Kamenev A, Palevski A, et al. // Phys. Rev. B. —1995. —v. 51. - N 4. — P.
2604.

4. Fukuyama H. and Abrahams E. // Phys. Rev. B. — 1983. — v. 27. — P. 5976.
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3APOXIEHUE U KOAJIECHEHIUSA U30TPOITHBIX KAIIE/Ib
B KNJIKOKPUCTAJUVIMYECKOU MATPUIIE. POJIb IIOBEPXHOCTHU

Hoaranos I1.B., 3BepeB A.C., Cnupugenko H.A., bakiaanosa K./I., Jloaranos B.K.

Hucmumym gpuzuxu meépooeo mena Poccuiickoii akademuu Hayx,
2. Yepnozonoeka, Poccus, pauldol@issp.ac.ru

HUccnenoBanbl 0coOeHHOCTH (Aa30BOro Mepexoaa MEPBOrO PoAa MEXIY XHIKAM KPHUCTAJUIOM U
M30TPOMHON JKUAKOCTBIO B TOHKHX IUIOCKHMX s4elikax. Pe3ynabpraTel paboOTBl JEMOHCTPHPYIOT
CYLIECTBEHHOE BJIHMSHUE MOBEPXHOCTH Ha (opMy M JUHAMHUKY Kamlelb >XHIKOCTH TPH HUX
3apOXKAEHMM U KoajecueHUMH 1npu (a3oBoMm mepexone. McciemoBaHus NPOBEOCHBI C
WCIIOJIb30BaHUEM  BBICOKOPA3pELIAIONIe  MOJSIPU30BAHHOW  ONTHYECKOH MHUKPOCKONUH U
BBICOKOCKOPOCTHOH BHAEOCHEMKH. M3ydueHa 3aBHCHMOCTh UYHCIAa U CPEIHEro pa3Mepa Karenlb
JKHUIKOCTH, 00pasyroummxcs npu (a3oBOM IMEPEXOAe, OT BPEMEHH, paclpelesieHHe Karelb IO
pasmepaM, OIIpeIeNieH BKJaJl Pa3iIM4yHbIX IPOLECCOB B (POPMUPOBAHHE BBICOKOTEMIEPATYpPHOU
¢a3el. Ha HauaneHOM 3Tare mnepexoia MPOUCXOAUT 3apOKACHUE U POCT U30JUPOBAHHBIX KaIlelb.
BHOCJICI[CTBI/II/I KOQJICCUCHIIUA KallCjib ABJIACTCA AOMUHUPYIONIUM IIPOLICCCOM, YTO IPHUBOAUT K
YMEHBIICHHUIO YHCiIa YacTHUL U OoJiee OBICTPOMY YBEIWYEHHUIO UX CpeaHero pasmepa. OmpeneneHa
3aBHCHMOCTb YHCJIa U CPEIHETO pa3Mepa Kameslb OT CKOPOCTH HarpeBa. AHAIM3UPYETCS pa3inyue
JUHAMHKH pOCTa Karellb Ha Ha4aJbHOM JTare (Koraa pa3Mep Kameslb MEHbIe TOIIMHBI KIOBETHI) U
Ha OoJiee O3HEM 3Tarle, KOrAa MONepev bl pa3Mep Kaneab 0OJIbIIe TOMIINHBI KIOBETHI.
JBmxKymieid Ccuioil KOaJeCLEHLMH Kaleib SBJISETCA MOBEPXHOCTHOE HaTshKeHHE IpaHulbl. Ha
HayabHOM 3Tane Habmonaercst ObIcTpoe U3MEHEHUE (POPMBI YaCTHI], 00Pa3YIOIIUXCS TIPH CIUSTHUH
Kallesib, POCT Iepelielika B MecTe ciausiHus. Ha xoHeyHOM 3Tame mpoucxogut Oojiee MeIJICHHAs
penakcanys Kalli K pPaBHOBECHOH (OpME, OMMCHIBAIOLIAACA SKCIIOHEHIMAIbHBIM 3aKOHOM.
Omnpenenensl XapakTepHbIE BpeMEHa MPOLECCOB, MPOUCXOAAIIUX MpU KoajecleHIuu. Pe3yapTaTsl
COIIOCTABJICHBl C JKCHEPHUMEHTAMU MO0 KOAICCHCHIIUM B JABYMEPHOW T€OMETpHU CBOOOTHO
nmoJBenIeHHbIX TIEHOK [1,2] u ¢ teopueit [3]. [lokazaHo, 9TO MCHoONB3yeMasl cCUCTeMa SBISETCS
YAOOHBIM OOBEKTOM JIJIsl U3YUYCHUsI IBYMEPHOM M KBa3HJIBYMEPHOU KoanecueHIuu. O0Cyxkmaercs
BJIMAHUEC TIOBEPXHOCTHU KIOBET HA IUHAMUKY KOAJICCHUCHI WU, OTIIMYNUE OT KOAJICCUCHIIUN CBO6OJ1HBIX
yacTull. YBEIWYCHUE XapaKTEPHOTO BPEMEHU pEJIaKCalUdh C YBEJIMYEHHEM pa3Mepa 4YacTHIL
HaXOJUTCA B KOJTMYECTBEHHOM COTJIACHH C TEOPHUEH.

Paboma noooepaxcana cpanmom PH® 18-12-00108.

1. Shuravin N.S., Dolganov P.V., Dolganov V.K. // Phys. Rev. E. — 2019. — V. 99. — Ne 6. P. —
062702.

2. Dolganov P.V., Shuravin N.S., Dolganov V.K. // Phys. Rev. E. — 2020. — V. 101. — Ne 5. — P.
052701.

3. BrunP.-T., Nagel M., Gallaire F. // Phys. Rev. E. — 2013. — V. 88. — Ne 4. — P. 043009.
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BEPHIITEMHOBCKHUE MO/Ibl B IBYMEPHBIX JIEKTPOHHBIX CUCTEMAX
Jopoxxnn C.U., Kanyctun A.A., Kykymkun U.B.

Unemumym ¢puzuxu meepoozo mena Poccuiickoii Axademuu Hayx,
2. Yepnozonoska, Poccus,

DKCIepUMEHTAIHFHO U TEOPETHYECKH YCTAHOBIIEHBI OCOOCHHOCTH PE30HAHCHOTO MUKPOBOJI-HOBOTO
MOTJIOMIEHAS B JBYMEPHBIX OJEKTPOHHBIX CHCTEMaX, OOYCIOBIEHHOTO BO30YXK-IEHUEM
OEpHINTEHHOBCKUX MOJ| C BOJHOBBIMHM BEKTOpPaMH K HIMPOKOro AMama3oHa. JK-CIIEPHMEHTAIBHO
HaOIIOJANIHCH ABE MOJBI, PACTIOJIOKEHHBIE B HHTEPBAJIaX YaCTOT MEXKAY MEPBOI M BTOPOH, a TaKkKe
BTOPOU M TPEThEH TapMOHHUKAMU IUKIOTPOHHOTO PE30HAHCA. YCTAHOBIEHO, YTO JJI TUIHUYHBIX
3HAUCHUU IKCIIEPUMEHTANBHBIX MTAPaMETPOB 3aBUCU-MOCTh TOJIOKEHUS PE30HAHCOB OT MATHUTHOTO

TIOJISL 1 BOMTHOBOTO BEKTOpa nmapamet-pusyercs B koopaunarax (KR, @/ @,) npu KR, >~1. 3necn
R.=V:/®, - uuknorponHsii pamuyc >1eKTpoHOB ¢ (epmueBckoil ckopoctbio Ve, @, -
IMKJIOTPOHHAS YACTOTA JJIEKT-POHOB, (@ - KPYrOBas 4acToTa M3lydeHus. 3aBucuMoctb @/ @, ot
KR, s 06enx Mon siB-sieTcsl HeMOHOTOHHOMN. COrNIACHO PacyeTy, MUHAMYMbI MMEIOT MECTO TIPHU

yHuBepcanbHbIX 3Hauennsx KR, semsrommxcs nynsamu gynkumii Beccens J, cooTBeTCTBY-I01IETO

MOPSAZKA, YTO HEIUIOXO COTJacy-eTcs C OJKCIePUMEHTAJIbHBIMH HAONIONe-HUSAMH (CM. pHC.).
T T ' T il J 3 Nzmepenns WHAYIIU-POBAHHOTO
o k=5.25*10 k=43.8*10" | MMOBEPXHOCTHBIMH aKyCTH-YECKUMHU BOJTHAMH

k=105%10° o k=131*10° (ITAB) pe3oHaHCHOTO  MHKPOBOJHOBOTO
'. o k=197410° | morJyIolIEeHUs  BBINNOJI-HEHHI  Ha CGpPII:I

%, oo 00pa3IoB, M3rOTOBJCH-HBIX W3  OJHOM
‘etp .0t TeTePOCTPYKTYPBI GaAs/AlGaAs u
{ OTJIMYABIINXCS MIEPHO-TIOM rpeOeHKU
BCTPEYHO - HITHIPbEBOTO TpeoOpa3oBareds,
WCTIOJIb30BaBIIErocst st Bo30yxaeHus [IAB
1 [1]. 2ToT mnepu-on ompenensyl 3HAYCHUS
BOJIHOBOI'O BEK-TOpa BO30YKIaeMbIX
. 1 OepHIITESHHOBCKUX MOJ. MarHUTOIUCIICPCHUs
OCpHIITEHHOB-CKMX MOJ JJIS Pa3InYHbBIX
3HaueHudl K, mpuBeneHHas Ha  puc.,
e N MoJrydeHa YHCJIEH-HBIM petieHueM

4 6 8 JAUCTICPCUOHHOTO YpaB-HCHUA:
kR, 1_ 4e2m*i n*Jr(kR)

2 2 2
h'ke = (olw,)"—n
Puc. SKCHCPI/IMCHT&HBHBIG IMMOJIOXKXCHUS PE30HAHCOB
*
MHKPOBOJIHOBOT'O TTOTJIOMICHU A (HBGTHBIG CI/IMBOJ'ILI), rme m - 3(1)(1)CKTI/IBH3.$I MaccCa IByMCPHBIX
uHAynupoBaHHOro [TAB ¢ pa3inuHbIMU BOJTHOBBIMU  3JIEKTPOHOB, £ - 3P PEeKTUBHOE 3HAUEC-HHUE

3,0

BEKTOpaMH K , IPUBEICHHBIMU Ha PUC. B euHuIax  AUIJICKTPUICCKOU POHUIACMOCTH
cml. CIIomHBIMK TMHUSAME TOTO %K€ L[BETA ITOKa- rerepoctpykryps: m = 0.067m,, & =6.9.
3aHbI pacyeThl MarHUTOIUCIIEPCHN OEPHINTEHHOBC-

kR, >1 1.Kykymkun W.B., Bomkos B.A. //

KHMX MOJ, JIIs1 COOTBETCTBYIOILIUX k. IIpu
JByMepHast  3JEKTPOHHAs JKUIKOCTh B

BC€ BbIYMCJICHHBIC JIMHUNW MarHUTOAUCIICPCUM TTPAK-

CHJIEHOM MarHUTHOM oJe.
TUYECKU COBNAJAloT. JlaHHbIe MPUBECHBI ISl TIOT-
A - SN N T MarsuTomnna3sMoHsl, MarHUTOPOTOHHI,
KoMHo3uTHble  Qepmuonsl — 2016, -

®usmatkaura, Mockaa.
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HCCJIEJOBAHUE IUHAMUWKHU CIABAUBAHUSI CTYIIEHEN IOBEPXHOCTHU
Si(100) TP TOMODIIUTAKCHUMA Si

Ecun MLIO., lepsioun A.C., Tuiic C.A., Kosgecuuxon A.B., Hukudopos A.H.

Hucmumym guzuxu nonynpogoouuxos um. A.B. Pacanosa CO PAH,
2. Hosocubupck, Poccus, yesinm@isp.nsc.ru

[Jannas paboTa moCBsiII€Ha MCCIECAOBAaHUIO (DOPMHUPOBAHUS COBOEHHBIX CTYINEHEH NOBEPXHOCTU
Si(100) ¢ maneim otkioHeHneM (<0,5°). Kak M3BECTHO, MPH MOAXOAIIEH CKOPOCTH OCAXKICHHS U
MOKPBITUH, Sp-CTyIEHU OyIyT NOTOHATH OoJiee MEIJICHHBIE SA-CTYIICHH, (OPMHPYS JBYXaTOMHBIE
cryneau [1]. OnHako, OAHOBPEMEHHO NEHCTBYIOT M CHJIBl OTTAJIKUBAHHS MEXIY CTYIEHSIMH,
KOTOpBIC BO3HHMKAIOT M3-3a MoJjel ymnpyrux aepopmarmii noBepxHoctu Si(100) u sdpdexrrBHOrO
sHTpomnuitHoro B3aumopeicTBus [2]. IlosBisiercss HecTaOMIBHOCTH CTYINEHYATOH MMOBEPXHOCTU
Si(100). B cBs3u ¢ 3THM BOMPOC OMpPEICTICHUs YCIOBUIN BIMSIOIINX HA KMHETHKY MaccolepeHoca
MEXIY CTYNEHSIMH M TeppacaMH OCTAaeTCsl aKkTyanbHbIM. VcciemoBaHusi cOBavBaHUs CTyNCHEH
NPOBOJUIIUCE paHee aBTopamu padoTsl [1] Ha moamoxkax Si(100) ¢ orkiaoHenuem ot 0,5° mo 4°. B
Haieil paboTe IPOBEICHbI NCCIIEAOBAHNS AMHAMUKY CABAMBaHUs CTyIeHeH Ha mopiokkax Si(100)
¢ otkiioneaueM Menee 0,5°.

B nanHo# paboTte npencTaBiaeHbl pe3ynbTaThl HCCIIEA0BAHNS TMHAMUKY CIIBAMBAHUSI MOHOATOMHBIX
CTyIeHell W BOCCTAaHOBJICHHUS WCXOIHOM MOBepXxHOCTH Ha mozmoxkkax Si(100) (mepexom ot
JIBYXJIOMEHHOH K OJIHOJJOMEHHO# CTPYKType moBepxHocTH). Mcnons3oBanuch momtoxku Si(100) ¢
orknonennem 0,1°, 0,3° u 0,5° B asumyTansHbIM HampasieHueM [110]. MccnenoBanust mpoBeaeHb
MyTEM aHali3a CBEPXCTPYKTYPHBIX pediekcoB mudpakiun ObICTpbIX 31ekTpoHOB ([IBD) B
YCTaHOBKE MOJIEKYJISIpHO-Ty4eBoii arutakcuu (MJID) «KaryHby. Y cTaHOBIEHO, UTO C yBETHICHUEM
temnepatypsl moanoxku ot 600°C mo 800°C, Bpemst cOMMKeHUs CTyNeHeH yBennmanBaercs. Tarke,
C yMEHBIICHHEM yriia OTKIOHeHHs momtokek Si(100) (¢ yBennyeHHWEM MIHPUHBI Teppac)
MPOMCXOANUT CMEIICHUE TEMIIEPaTyphl Iepexoaa PeKUMoB pocta (0T 2D ocTpOBKOB K ABMKEHHIO
CTyneHel) B CTOPOHY OoJyiee BBICOKHX TEMIIEpaTyp HOIJIOKKH, IPH 3TOM BpeMs COIMKEHUS
cTymeHel yBenuumBaeTcs. [lociie mpepbiBaHHs MMOTOKa aTOMOB Si, MOHOATOMHAas CTyleHYaras
MOBEPXHOCTh MOJUIOKKN BOcCTaHaBiuBaeTcs. C OJHOW CTOPOHBI, BOCCTAHOBIICHHE TTOBEPXHOCTH
3aBHCHUT OT TEMIIEPATYPbI IIOJUIOKKH, C APYT'OH CTOPOHBI, OT CTETIEHH COMMKEHHS cTyneHel. Bpems
BOCCTaHOBJICHUS C YMEHBILICHUEM TEMIIEPaTyphl MOJIOKKH YBEINIUBAIOCH.

B nonosnHeHue mpeacTaBieHbl Pe3yNbTAThl MCCIIEAOBAHUN TUIOTHOCTH HM3JIOMOB Sp-CTYyIEHEH OT
TeMIIepaTypbl U JUTUTEIBHOCTH oTxura nmoepxHoctu Si(100) ¢ orkinonenuem 0,5°. 3o6paxeHus
crynenyaroi moBepxuoct Si(100) momyyann METOIOM CKaHUPYIOIIEH TYHHEILHONH MUKPOCKOTIHH
(CTM). ITo m3ob6paxenusm CTM, omnpemensioch KOJIAYECTBO M3IOMOB cryreHeid. [lomydeHHas
3aBUcHMOCTh uMeeT MuHUMYyM npu 650°C. Ilpu Temmeparype muammyma (650°C), kpuBas
IUIOTHOCTH M3JI0MOB OT JJIMTEIBHOCTH OTXKHMIra BHavyajle pe3ko nagaeT u yepe3 40 MUHYT BBIXOAUT
Ha CTaIlMOHAPHBIN YPOBEHb. B pe3ynbpTare mokazaHo, YTo paBHOBECHAs! KOHIICHTPAIHSI U3JIOMOB Sg-
CTyIICHEH OTpeeNseTCsl TEMIIEPaTypOl U [UTUTEIFHOCTRIO OTXKHUra moBepxuocta Si(100).

Hccredosanue svinonneno npu ¢unancosoii noodepiicke PODU u Ilpasumenvcmesa
Hosocubupckou obracmu 6 pamkax nayunoeo npoexma Ne 19-42-543010.

1. Sakamoto K., Sakamoto T., Miki K., Nagao S. // J. Electrochem. Soc. —1989. — V. 136. Ne 9. —
P. 2705-2710.

2. Swartzentruber B.S., Kitamura N., Lagally M.G., Webb M.B. // PRB. — 1993. — V. 47. Ne 20. —
P. 13432-13441.
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OCOBEHHOCTH KAITMJJISSPHOTI' O B3AMMO/JIEHCTBUS PACILIABA
CEPEBPA C TBEPABIMMU KEJIE30OM, HUKEJIEM U KOBAJIbTOM B
NPUCYTCTBUU YIJIEPOJA
Kesuenko C.H., Ilerpos U.C., Autonosa B.E.,

HUTY MUCuC, Mocksa, Poccus
zhevnenko@misis.ru

B paborte uccnemoBanmu B3auMojaencTBUE KUAKOro ductoro (99,999%) cepebpa c
JKEJIe30M, HUKEJIEM M KOOAJIbTOM Ha OPUTHMHAIBHBIX YCTAHOBKAX, MOJAPOOHO ONMUCAHHBIX B
[1, 2]. M3MepeHus: MOBEPXHOCTHOTO HATSHKEHHS paciiaBa cepedpa MPOBOIMIA METOAOM
IUTACTUHKY Buibrenabmu 1 MeTo10M Bucsiel karui. KuHeTuky pacTekanus U KOHTAKTHOTO
yTiia CMAaYMBaHUSI IPHU PACTEKAHUU ONIPEIEISUIA METOIOM MTEPEHECEHHOM KaIlIu C TOMOIIIBIO
BBICOKOCKOPOCTHOM CheMKHU. M3MepeHust mpoBOUIM B UHTEpBajie Temmneparyp ot 1000 —
1150 °C Beicokom Bakyyme 10° MM.pT.cT. OCOOEHHOCTBIO 0GOPYIOBAHMS SBIISETCS
MCIIOJIb30BAaHUE J103aTOpa M HArpeBaTelis U3 BBICOKOYUCTOIO yriiepoja. ITo 00yCIOBHIO
oOHapyxeHHue psga 3PQPEKTOB, CBA3AHHBIX C BIUSHUEM YIJIEpOJia HA MOBEPXHOCTHYIO
SHEPruI0 pacijaBa cepedpa W  pacTekaHue. YTJIepoJ 3HAYUTENbHO  CHHKAeT
MOBEPXHOCTHYIO YHEPTHIO KHUJIKOTO cepedpa U ¢ MOBBIIICHUEM TeMITepaTypsl 3TOT 3D PeKT
yMeHblnaercsi. KoHTakTHbIE yIiibl U KWHETHUKA PACTEKaHMs CYLIECTBEHHO OTJIMYAeTCS B
cilydae HHKeIs, )kene3a U kobanpra. Ilpu Beicokux TemmepaTypax Habmromaercst 3ddexr
KaXXYIIErocss 3aTBepJeBaHuUsl Karuiu cepebpa, CBS3aHHOTO C 00pa30BaHUEM TBEPIOTO
YTIIEPOJTHOTO KapKaca Ha MOBEPXHOCTH PACILIABA.

B noxmane OynyT mpuBeA€HbI KUHETHUYECKHE 3aBUCHMOCTH KHHETUKH PacTeKaHWs,
YCTAaHOBJICHUS KOHTAKTHBIX YIJIOB CMAa4HMBAaHWS, IPOJEMOHCTPUPOBAHBI YKa3aHHBIC
3¢ dexTsl U 00CYKACHBI MPUYNHBI UX BOSHUKHOBEHUS.

PaboTa BeITONTHEHA B paMKax rpanTa [Ipesunenta Poccutickori @enepamuu, mpoekt Ne MJI-
1161.2020.2

Cnucoxk nureparypbl
1. Zhevnenko S. N., Gorshenkov M. V., Petrov I. S. Effect of B on improving wetting
and imbibition of sintered porous Ta by Cu melt // Journal of Alloys and Compounds.
—2020. - C. 157886.
2. XKesnenko C. H., I'epmmvan E. W., MeToa u3mepeHust TOBEpXHOCTHOT'O HATSKEHUS
T'paHUIBI pa3jciia «TBEpAOC-Ta3» «insituy // du3nka MeTaIOB U MECTAJIJIOBECACHUC.
2010. 7. 110. Ne 1. ¢c. 1-7
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NUIASMEHHBIE PE3OHAHCHI B JUCKE C 2D 3JIEKTPOHHBIM I'A30M: POJIb
IODEKTOB 3AIIA3/IBIBAHUSA

3aropoaneB U.B., Poauonos /I.A., 3a0010THBIX A.A.

Hucmumym paouomexnuku u snexkmponuxu um. B.A. Komenvnuxosa PAH, Poccus, 125009, a.
Mockea, yn. Moxosas, 11, kopn. 7, igor.zagorodnev@gmail.com

Xots mna3MenHble konebanns B 2D anmexTpoHHBIX cucTemax uiydatorcs Oonee 40 jer, Bce emié
BO3HHMKAIOT JIOBOJIGHO TPOCTBIE BOMIPOCHL, OTBETHI HAa KOTOpBbIE HEM3BECTHBHL. Tak, HeIaBHO
CHCTEMaTHYECKHE IKCIIEPUMEHTAJIbHbIE UCCIIEI0BAHMS [UTa3MEHHBIX PE30HAHCOB B OOJIBIINX TUCKaX
U3 JIByMEPHOTO JICKTPOHHOrO ra3a B KBaHTOBBIX siMax GaAs/GaAlAs, B pexxrMe KOria BaKHBI
3¢ deKTHl 3IEKTPOMArHUTHOTO 3ala3/AbIBaHus, BBISIBIIM LeNyl0 00JIaCTh, B KOTOPOH MPaKTUYEeCKU
OTCYTCTBYET TeOpeTHUecKas 0a3a sl OMUcaHus Takux Konebanwuii [ 1]. Y ecau yacToTy miia3MeHHBIX
PE30HAHCOB B TAKMX JUCKAX €IE MOXHO Ka4eCTBEHHO OIIMCATh, UCIIOJIb3Y sl pa3MepHOE KBAaHTOBAaHHE
BOJIHOBOT'O BEKTOpa IJIa3MOHA Pa3MEPOM JIMCKA B 3aKOHE AUCIIEPCUH U1l OECKOHEYHOM CHUCTEMB!I (¢
y‘IéTOM QJICKTPOMArHuTHOI'O 3aHa3I[I)IBaHI/IH), TO 3aTyXaHUC IIJIa3SMCHHBIX KonebaHuii TakuM
crocoOOM HaiiTh He ynaercs. B nmaHHOM Jokiajge, OCHOBaHHOM Ha paborax [2,3], Oymyt
TEOPETUYECKU IPOaHAIM3UPOBAHBl YacTOTAa W 3aTyXaHWE OCECHMMETPHUYHOHM (C OpOHTanbHBIM
mMomenToM | = 0) u pynnamenransHo# (I = 1) mmasmMeHHbIX MO, XOPOILO U3BECTHO, 4TO Moja ¢ | =
1, He uMeromasl y3/10B IUIOTHOCTH 3apsiia BHOJb paauyca, oOnamaer Oojee HHM3KOH 4YacTOTOH,
MO3TOMY €€ U Ha3bIBAIOT (PyHIAMEHTAIbHOM.

byner mokasaHo, dYTro 3aTyxaHHe IUIA3MEHHBIX KOJEOaHMH OmNpeAenseTcss HE TOJbKO
CTOJIKHOBUTCJIbHBIM BPEMEHEM pEJlaKCallii, HO U MTapaMCTPOM SJICKTPOMArHuTHOI'O 3ama3aAbIBaHus,
NpUYeM 3aBUCUMOCTD 3aTyXaHHsI OT IapaMeTpa 3ana3iblBaHusl HEMOTOHHA [3].

Ilpy HanW4YMKM MOCTOSIHHOTO MAarHUTHOTO IIOJIA, OPTOrOHAJNBHOro Iiockoctd 2D cucremsl, B
OTCYTCTBUC DBJICKTPOMATIHUTHOI'O 3alia3AblBaHWA C POCTOM BCJIMYUHBI MAarHUTHOI'O ITOJIA 4YaCTOTa
TUTa3MEHHOTO PE30HaHCa BBIXOJUT Ha UUKIOTPOHHYIO 4YacTOTy, T.€. JIMHEHHO 3aBHCUT OT
MarHuTHOro mojs. C yBenMYEHHEM [apamMeTpa 3JIEKTPOMAarHWTHOTO 3ama3lblBaHusl Trpaduk
3aBUCHUMOCTH TIOJIOKEHHS IIa3MEHHOI'O PE30HAHCa OT MAarHUTHOTO TMOJIsi IEPEeceKaeT BETBb
UKJIOTPOHHOTO PE30HAHCAa U BBIXOAMT HA MOCTOSIHHOE 3HaueHue (“3urzaroodpasHoe’” MmoBelieHHe
MarHUTOAXCIEPCHH). 3aTyXaHHe OCHOBHOTO TJIA3MEHHOT'O PE30HAHCA IIPH 3TOM yBEJIHUNBACTCS.

Paboma svinonnena 3a cuem cpedcme epanma PH® 21-12-00287.

1. P.A. Gusikhin, V.M. Muravev, A A. Zagitova, I.VV. Kukushkin, Phys. Rev. Lett. 121, 176804
(2018).
2. LV. Zagorodnev, D.A. Rodionov, A.A. Zabolotnykh, V.A. Volkov, Semiconductors 53, 1873
(2019).
3. L.V. Zagorodnev, D.A. Rodionov, A.A. Zabolotnykh, arXiv:2011.00877.
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RESIDUAL BULK VISCOSITY OF A2D ELECTRON GAS

3axapos! B.A., Bypmucrpos?® U.C.
ISkolkovo Institute of Science and Technology, Moscow, Russia, zahkarov.vl.cld@gmail.com
’L. D. Landau Institute for Theoretical Physics, Chernogolovka, Russia
$Laboratory for Condensed Matter Physics, HSE University, Moscow, Russia

The nonzero bulk viscosity signals breaking of the scale invariance. We demonstrate that a disorder
in two-dimensional noninteracting electron gas in a perpendicular magnetic field results in the
nonzero disorder—averaged bulk viscosity. We derive analytic expression for the bulk viscosity
within the self-consistent Born approximation. This residual bulk viscosity provides the lower bound
for the bulk viscosity of 2D interacting electrons at low enough temperatures [1].

1. V. A. Zakharov and I. S. Burmistrov, arXiv 2102.10533 (2021)
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YJIbTPAKOPOTKAS JIASEPHASI MH)KEHEPUSI AMOP®HBIX MUKPOITPOBO/IOB
PrDyFeCoB

Komaak O.B.!, Xogoc U.1.2, Kopoues J. B.2, lloropeaen F0.C., Moprynos P.B.!

YUnemumym npobnem xumuyecxoii pusuxu PAH. Yepnozonoexa. Poccus,
2Uncmumym npobiem mexnono2uu MUKpOdIeKMpOHUKU t 0cobouucmulx mamepuanoé PAH,
Yepnozonoexa. Poccus,

SDI'VII Beepoccuiickutl HayuHO-UCCIe006aMeNbCKULL UHCIMUMYM A6UAYUOHHBIX MAMEPUATO8.
Mockea, Poccus
0.koplak@gmail.com

Cmutassl rpynmel RE-TM-B (RE - peakosemenbhbie Metaiuiel, TM-niepexoatbie MeTauibl, B- 6op)
SIBJISIEOTCSI OCHOBOM ISl IOCTOSIHHBIX MAarHATOB C CAMOU BBICOKOM 3aITaCEHHON MarHUTHOW YHEprueit
U OCTaTOYHOW HamarHmueHHocThio [1, 2]. JlazepHas mnurorpadus OTKPHIBAET BO3MOYKHOCTh
MH)XEHEPUH MarHUTHBIX MUKPOCTPYKTYD, U1 OBICTPOTO JIOKaJIbHOI'O HarpeBa BEIOPAHHOTO y4acTKa,
YTO NPUBOIUT K JIOKAIBHONW KPUCTAJUIM3ALMH UCXOIHO aMopdHOro ¢peppoMarHeTuka, co3aanas Ha
€ro TOBEPXHOCTH HYKHBIH PHUCYHOK C paclpelneicHHeM HaMarHMYeHHOCTH. B aMopdHBIX
mukponposojaax PrDyFeCoB, ¢ moMoIpio oAMHOYHOTO JIa3epHOTO UMITYJIbCa ¢ dHeprueit 1 mJ,
JUTATEIBHOCTHIO 120 NS u anmuHON BoaHB! 1040 NM, co3gana MarHUTOMOIyIMPOBAaHHAs CTPYKTypa

(puc.la).

-300 0 300
H, Oe

Puc.1. COM - n3obpakeHne MHUKpOIIPOBOJA C Jia3epHOH rpaBupoBkoil (8); [I9M wuzobpakeHue

HeoOryuernoi (D) u 06myuenHoii (C) obactu. Ietnu ructepesuca (d) Hamaranuennoctr M 1ienmoro

MHUKPOTIPOBO/Ia, HOPMHUPOBAHHBIE HA HAMArHMYCHHOCTh HACHIIEHUsT MS 110 J1a3epHOT0 00IyUYeHHs

(1), u mocne nazepHoro obmyuenus (2).

B 00my4yeHHBIX 001acTaX GOPMUPYETCs HAHOKPHCTAJUTHYECKasi CTpykTypa (puc.1b),
cogepkamas (aspr Msrkoro Qeppomaruetuka (PrDy)i(FeCoB). u (PrDy):1(FeCoB)4Bas,
uAeHTU(PUIIMPOBaHHBIE MO  pedrexkrorpamMmmaM  IPOCBEUHMBAIONICH  IIEKTPOHHOMN
Mukpockormu (puc.1C). [losiBiieHne MarHUTOMO Ty TMPOBAHHBIX 00JIacTeld B MUKPOTIPOBOIS
HPUBOJINT K YBEINYCHUIO MarHUTHOU aHu3oTponuu (puc.1.d).
bracooaprocmu.

Pabota BeInoIHEHA B COOTBETCTBHU ¢ Mporpammoi MHcTuTyTa npobiem xumuyeckoit puznku PAH
AAAA-A19-119092390079-8, Poccuiickoro ¢onma ¢yHAaMeHTaNbHBIX Hccienoanuii (20-32-
70025) u rpanTta [Ipesunenra PD 2644.2020.2.

1. Tuckopckwuii B.I1., Kopones /[.B., Banees P.A., Moprynos P.b., Kynunena E.M. «®usuxa u
WHXXEHEPUs IOCTOSTHHBIX MaruuToB», M.: BUAM, 2018. — 392 c.

2.  Morgunov R.B., Koplak O.V., Piskorskii V.P., Korolev D.V., Valeev R.A., Talantsev A.D.,
I IMMM.-2020. — 497. — c. 166004.
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HEJIMHENHBIE SKCUTHHBIE MOJAPATOHBI B OJHOCJIOMHOM
HHOJYITPOBOJHUKE, CBA3AHHBIE C OIITUYECKUMU CBA3AHHBIMU
COCTOAHUSAMU B KOHTUHYYME

B. Kpasuos?, E. Xecranosa®, ®. A. benumenxkuii’, T. Usanosal, A. K. Camyces?,
H. C. Cunes!, JI. lInaraiiko’, A. M. Mo:xkapos?, . C. Myxun®?, M. C. Jloxkun®,
10. B. Kanntonos®, A. C. bpuukun’, B. JI. Kynakoscknii’, U. A. Hleapbix*®,

A. . Tapraxosckuii’, IT1. M. Yokep®, M. C. Cxoasnuk’®, JI. H. Kpmkanosckmuii®,
H. B. opm'

YVuusepcumem UTMO, Cankm-Ilemepbype, Poccus
2 Canxm-ITemep6ypeckuii akademuyeckuii ynusepcumem, Cankm-ITemep6ype, Poccus
3 Canxm-ITemep6ypackuii 2ocyoapcmeennviii yuusepcumem, Canxm-Ilemep6ype, Poccus
* Uncmumym gusuxu meepooeo mena PAH, Yeprozonoska, Poccus
> Science Institute, University of Iceland, Dunhagi 3, 1S-107, Reykjavik, Iceland
® Department of Physics and Astronomy, University of Sheffield, Sheffield S3 7RH, UK
kulakovs@issp.ac.ru

BBICOKOI00pOTHBIE ONTHYECKUE CBsI3aHHBIE cocTOsHUS B KoHTHHYYMe (CCBK), momnepxuBacMblie
(hOTOHHO-KPHUCTATNTNIECKIMH CTPYKTypaMH MPUBJIEKAOT OOJBIIOE BHUMAHNE KaK HOBBIH TIOJXO/ K
TeHEpAIMK YPE3BBIYAHO Y3KHX B CIIEKTPAILHOM OTHOIICHUH PEe30HAHCHBIX OTKIUKOB [1,2]. CCBK
HE CBsI3aHBl C KOHTMHYYMOM H3JIyY€HHsI MO0 CHMMETPUHHBIM cooOpaxeHusM[3], mosToMy OHHU
YCTOWYHMBBI K BO3MYIIEHUSM TE€OMETPUYECKHX IMapaMeTpoB (OTOHHOTO KpHUCTALIA. ITO
obOecrieunBaeT  IIUPOKHHA  CIEKTP  NPAKTHYECKWX  TMPWIOKEHHWH, BKIOYas  HENAaBHO
MPOJIEMOHCTPUPOBAHHYIO  CIIEKTPaJbHYI0  (QWIBTPAIMIO, XUMHYECKOE U  OHMOJIOTHYECKOE
30HAMPOBAHNE U T€HEPALHIO.
Bompmoe Bpems 3atyxanmst CCBK Moz obecrieunBaeT WX JUIMHHBIE BPEMEHA B3aUMOJCHCTBHS U
OTKpBIBAaET NEPCIEKTUBbI UX UCIOJb30BAHMUA JJI HETMHEMHBIX ONTHYECKHUX IPOLECCOB U
pa3paboOTKH CIEAYIOUIEr0 TOKOJCHHs aKTHBHBIX ONTHYECKUX ycTpoHcTB. OJHAKO U3-3a YHCTO
¢doronHOorO XapakTtepa ontuueckux CCBK B3ammopeilicTBHE 3THX MOJ MOXET OBITH OOECTeueHO
TOJIBKO TIPH CMEIINBAaHWU C B3aWMOJIEHCTBYIOIUMH KBa3nuacuiiamu. B manHo# padote CCBK B
iacTuHe (POTOHHOTO KPUCTAJUIA CMEIIMBAIIMCH C IKCUTOHAMH B aTOMapHO TOHKOM MO0Se2, uTo0bt
MO3BOJIMIIO CPOPMHUPOBATH IKCUTOHHBIE TIOJSIPUTOHBI ¢ OonbInM (~ 27M3B ) pacmeruiennem Padu.
bnarogapss HacnemoBanHOMy oT CCBK KOMIIOHEHTBI aCHMITOTHYECKOMY YMEHBIIICHUIO
MOJIIPUTOHHOTO M3JTyYEeHUS B AAJIbHEH 30HE MPU CTPEMIIEHUH IIJIaHAPHOTO KBa3UUMITYJIbca K HYJIIO,
1 3((HEeKTUBHOMY YMEHBIICHHUIO HEOJHOPOJHOW IIMPUHBI SKCUTOHHOTO PE30HAHCA JBIKYIINXCS
HKCHUTOHOB, B CTPYKType ObLiIa IOCTUTHYTa OTHOCUTENHLHO HEOOIbINAs MONTYIIMPHUHA IO PUTOHHON
JMHUY, He TpeBblmaromas 3 M3B. B pesynbrare npu pe30oHaHCHOM BO30YKJICHUH MOJISPUTOHHBIX
MOJ JIa3€PHBIMH HMITYJIbCAMHU JUIMTENLHOCTBIO 130 ¢c ¢ miotHocThio 3 MKJDk/cM? GbuiH
peanm3oBaHbl (UOJETOBEIE CABUTH HIDKHEH MOIIPUTOHHON BeTBH 710 5 M3B Ha macmtabe ~ 100 dc.
Takum oOpa3om, mokazaHO, 4TO (QOpMHpOBaHHE MOMAPUTOHOB Ha ocHOBe CCBK moxer
00ecrevynTh He TOJIBKO 3HAUMTENIbHO YCUJICHHBIE, HO U KOHTPOJHpPYEeMbIe OBICTphIE HelWHEIHbIE
ONTUYECKUE  OTKIMKH B  (DOTOHHO-KPUCTAIUIMYECKHUX  CHUCTEMax C  OJHOCIOWHBIMHU
MOJIYITPOBOJHUKAMHU, XaPAKTEPU3YIOMIUMUCS CUJIbHBIM SKCUTOH-PKCUTOHHBIM B3aWMOJCHCTBUEM,
YTO OTKPBIBAET HOBBIM MYTh IJIs Pa3pabOTKN HEMMHEHHBIX MTOJTHOCTHIO ONTHYECKHUX DJIEMEHTOB IS
ONTORJIEKTPOHHBIX YCTPOUCTB.

[1] Marinica, D., etal.. Phys.Rev. Lett. 100, 183902 (2008).
[2] Hsu, C. W.,, et al Nat. Rev. Mater. 1, 16048 (2016).
[3] Lee, J. etal.. Phys. Rev. Lett. 109, 067401 (2012).
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OKHCJ/IMTEJIBHO-BOCCTAHOBUTEJIBHAAL MOJAU®UKALINS 3JTEKTPOHHBIX
CBOUMCTB MOBEPXHOCTH MOJYIIPOBOJHUKOB A°B®

Jeoenes M.B., JIbBoBa T.B., Cenosa U.B.

Qusurko-mexHuueckuti uncmumym um. A. @. Hogge,
2. Canxm-Ilemepbype, Poccus, mleb@triat.ioffe.ru

XapakTepUCTUKH COBPEMEHHbIX HAHOCTPYKTYPHBIX HPHUOOPOB B CYIIECTBEHHOW CTEHEHU
OIIPEJIENSIOTCS CBOMCTBAMM TIOBEPXHOCTEN 1 MHTEpdeiicoB. [ToBepXHOCTH MOMYTIPOBOAHUKOB A’B®
XapaKTepPU3yIOTCsI BBICOKOM IJIOTHOCTBIO COCTOSIHMM B 3alpelleHHOM 30HE, MPUBOIAINIMX K
3aKperyieHni0  ypoBHA @DepMH W BBICOKOW CKOPOCTH ITOBEPXHOCTHOW Oe3bI3ITydaTebHOMN
pexoMOuHamuy. [ToaToMy 11t CHUKEHUS YPOBHSI JJIEKTPOHHBIX M ONITHYECKHUX IMOTEPh HEO0X0auMa
MoIU(HKaLus MOBEPXHOCTH. B oOmem ciydae, IS 3JCKTPOHHOW MACCHBAIMHM IOBEPXHOCTU
HEOOXOIUMO H3MEHUTh €€ aTOMHYIO CTPYKTYPy M, B YaCTHOCTH, YJAJIUTh CJIOH €CTECTBEHHOI'O
OKHCJIa U HACBITUTh OOOpPBaHHBIE XMMHUYECKUE CB3U. OIHOBPEMEHHO HEOOXOAMMO OOECIEeYHUTh
YCIIOBUS JUI YAAJICHUS 3aps/ia C TOBEPXHOCTHBIX COCTOSIHUH, HCU€3at0IUX B IPOIIEcCe MaCCUBAIIIH.
B nanHoii paboTe wWccieqyeTcs MeEXaHW3M  JJCKTPOHHOW TAaCCHUBAlMM  TIOBEPXHOCTH
nonynposoaarka A°B® ma npumepe B3ammoneiictus N-INP(100) ¢ BOAHBIMU ¥ CIMPTOBBIMU
Cynb(QUIHBIME pacTBOpaMu. MccieaoBaHWs TPOBOAMINCH C  TOMOIIBIO  PEHTTEHOBCKOU
¢doroanexktponHoii crekrpockonuu (PO®IC), doromomunectenimu (DJI) U CHeKTpOCKOMHUU
koMOmHaMoHHOTO paccesHus ceeta (KPC). Ilokaszano, 9Tro make KpaTKOBpEeMEeHHEIH (B TeueHue |
MHH) KOHTaKT IIOBEPXHOCTH HOIYIPOBOAHUKA C CYJIb(UAHBIM PACTBOPOM MPUBOAUT K YIAICHHIO C
MOBEPXHOCTH MOIYIIPOBOJIHHUKA CJIOSI ECTECTBEHHOT'O OKHCIIA, COCTOSIIET0, B OCHOBHOM, U3 hocdara
UHIUS, U K POPMHUPOBAHMIO CYJIb()UAHOTO NACCUBUPYIOLIETO MIOKPHITHS, COCTOALIETO U3 CYIb()UI0B
U oKkcuaoB uHAWA [1]. OTH XMMHYECKHE MPOLECCHl MPUBOAAT K MHOTOKPATHOMY BO3PAaCTaHHUIO
uHTeHcuBHOCTH PJI, UYTO CBUAETENBCTBYET O CYIIECTBEHHOM CHIDKEHHH  CKOPOCTH
0e3bI3nydaTenbHOW pekoMOunHanmu Ha noepxHocTd N-INP(100). Bomnee mnuTenbHas BbIACPIKKA
MOJYIIPOBOJAHMKA B PACTBOPE HE MPUBOJUT K CYIIECTBEHHOMY M3MEHEHHIO XUMHYECKOI'O COCTaBa
ero noBepxHoctu u @JI cpoiictB. Metogom crniektpockonus KPC Obuto ycraHOBiEHO, 4TO MpH
00paboTke noepxHocTh N-INP(100) cynbduaHbIME pacTBOpaMH IPOUCXOJUT CHUKEHHE IIIOTHOCTH
MOBEPXHOCTHBIX COCTOSIHUH, MPOSBIISIONIEECS B BHJE YMEHBIICHNUS IIHUPUHBI IPUIIOBEPXHOCTHON
o0eHeHHOH 001acTH. YCTaHOBJIEHO, YTO MOAMMUKALMS JIEKTPOHHOM CTPYKTYpPhl NOBEPXHOCTH
MOJTYTIPOBOJTHUKA TPOUCXOAUT B PE3YJIbTaTe TeTEPOTEHHBIX XUMHMUYECKHMX PEaKIMi Ha TpaHHUIEe
MOJIYTIPOBOJHHK/PACcTBOP MPOTEKAIOIIUX C U3MEHEHHEM CTEIIeHEH OKUCIICHHS BXOMSIINX B COCTaB
pearnupyonyx BEIeCTB HOHOB 3a CUET IepepacipeaeIeHUs JIEKTPOHOB MEXAY NOBEPXHOCTHBIMH
COCTOSTHUSIMH TTOJTyTIPOBOTHIKA ¥ KOMIIOHEHTaMH pacTBOpa.

Takum o0pazoMm, MoAu(UKAIMS SJIEKTPOHHOH CTPYKTYphl TOBEPXHOCTH TOJIYHPOBOJHHKA
IPOMCXOAMT BCJICACTBUE OOMEHA 3apsAA0M MEXIy IOIYNPOBOJHHKOM M PacTBOPOM B pe3yJibTare
OKHCJIUTEIbHO-BOCCTAHOBUTENBHOM PEAKIIUH.

Paboma ewvinonnena npu noodepoicke Poccutickozo ghonoa gpynoameHmanbHbix ucciedo8anuti
(npoexm Ne 20-03-00523).

1. Lebedev M.V, Serov Y.M., Lvova T.V., Endo T., Masuda T., Sedova I.V. // Appl. Surf. Sci. —
2020. — V. 533. — 147484.
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OTKPBITHUE IBYMEPHBIX JIEKTPOMATI'HUTHbBIX
INJIASMEHHBIX BOJIH

MypasbseB B.M.,, I'yeuxun ILA., Kykymxun U.B.

HUDTT PAH, 142432, Yepnozonoexa, Mockosckas 00a., yn. Akademuxa Ocunvsana, 0.2
“e-mail: muravev@issp.ac.ru

B 31eKTpOMarHUTHOM OTKIIMKE BBICOKOKAYECTBEHHBIX JBYMEPHBIX JICKTPOHHBIX CHCTEM Ha
06aze GaAs/AlGaAs HaHOCTPYKTYp, BBIPAIICHHBIX Ha JAMAJIEKTPUYECKOM TOIOKKE OBLIH
IKCIEPUMEHTAIILHO OTKPBITHI IBYMEPHBIC 3JICKTPOMATHUTHBIC TTa3MEHHBIC BOJHBL BB M3MepeH
UX CIEKTP W MarHUTOJTUCIIEPCHS. B OTIHYME OT XOPOIIO W3YYCHHBIX JBYMEPHBIX ILIA3MOHOB,
SIBJISIFOINMXCS  TIPOJIOTBHBIMU KOJICOAHUSMHU 3aps0BOM TUIOTHOCTH, OTKPBITHIC MOJBI SIBISIOTCS
MOMEPEYHBIMUA 3JICKTPOMArHUTHBIMU TIJIa3MEHHBIMH BOJHaMU. OCHOBHBIM CBOWCTBOM JaHHBIX
TUTa3MEHHBIX BOJH SIBISCTCS «HAJCBETOBas» JHCICPCHOHHAS 3aBHCUMOCTh 4YacTOThI OT
COCTAaBJISIIONIEH BOTHOBOTO BeKTOpa B mtockocTu JII9C.
yCTaHOBHCHO, 4TO MHOpHu 6OHI>IHI/IX IIJIOTHOCTAX JABYMCPHBIX 3JICKTPOHOB CYHICCTBYCT CHJIbHAsA
THOpHIM3ANNS MEXAY IJIa3MCHHBIMU M CBETOBBIMH Mojaamu Padpu-Ilepo. ITlokaszaHo, 4To
BO30YXKJICHHE HOBBIX TUIA3MCHHBIX BOJH TECHO CBA3aHO C MPOOIEMOW JOKAITBHOTO YCHIICHUS
QJICKTPOMAruuTHOI'O I10JI. HOJIy‘-ICHHbIﬁ PE3YIbTAT MOTCHIHAIBHO MOKET IMO3BOJIUTH ITOBLICUTH HA
MOPSIIKA YYBCTBHUTEIBHOCTh TEPArepIIOBBIX M HHPPAKPACHBIX JIETEKTOPOB JIEKTPOMATHUTHOTO
U3TyYCHHUS.

o/wd

Transmission

4x10" /em®

—

O 1 | 1 1 1
0 0.2 0.4 0.6

Frequency (THz)

1. P.A. Gusikhin, V.M. Muravev, and 1.V. Kukushkin, Phys. Rev. B 102, 121404(R) (2020).

2. A. Shuvaev, V.M. Muravev, P.A. Gusikhin, J. Gospodaric, A. Pimenov and 1.V. Kukushkin, Phys.
Rev. Lett. 126, 136801 (2021).
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BOJIHBI 3APSI/IOBOI INIOTHOCTHU B MOHOKJ’!‘I/IHHOI‘/'I ®A3E NbS; 1 UX CBA3b C
JE®EKTHOU CTPYKTYPOU KPUCTAJJIA

IMoxposckmii B.S1.Y, 3p10ues C.I'.Y, Hukonos C.A.%, Maiizaax A.A., Tabaukosa H.J0.23 Iaii
Boeii By*®

YUPS um. B.A. Komenvnuxosa PAH, 2. Mockea, Poccus, vadim.pokrovskiy@mail.ru
2Uncmumym obweti pusuxu um. A.M. ITpoxoposa PAH, Mockeéa, Poccus
SHUTY « MHCuC», Mockea, Poccust
“Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan
*Department of Physics, National Taiwan University, Taipei, Taiwan

MownokiunHas moaupukanuss NbS3 (NbS3—Il) — oauH W3 TPUXAIBKOTCHUIOB IEPEXOIHBIX
METauIoOB V Tpymnmbel. JTO CEMEWCTBO KBa3sHOAHOMEPHBIX COEAMHEHHMH H3BECTHO Onaronaps
o0pa3zyromuMcs B HIX BoHaM 3apsinoBoii ioTHocTH (B3IT). NbS3—II otnmnuaercss MEOrooOpasuem
B3Il u BhICOKMMH TemIieparypaMy IEepPexXOl0B, MpU KOTOPHIX OHHM oOpasytorcs. Tak, B3II-1
dopmupyetcst ipu TP1=360 K [1]. Ilpn xomHaTHOI TemmepaType oHa cocymectByetr ¢ B3II-0,
oOpa3yromeiicss mpu pexopAaHo Beicokor TemmepaTtype TP0~=465 K [2]. Emé omna B3II, B3II-2,
obpazyercss mpu TP2~150 K, nmpuuém, TOJIBKO B HHU3KOOMHBIX oOpasmax. o cux mop Bcé
MHOrooOpasue a3 u nedekrHas crpykrypa NbS3—II no xonmna e uzydensl. Bee Tpu B3I1 B NbS3
—II MOryT CKOJIB3UTH B 3JIEKTPUYECKOM II0JIE.

B tpuxnunHo# daze NbS3 (NbS3—I) nabnronaeTcs yaBoeHe pEIIETKH BIOIL OCH b, MapasuiebHON
uernoukaM. Takas B3I He MokeT nepeHOCUTh 3apsia.

B noxmame OyayT mnpencTraBieHbl pe3yibTaThl HENABHUX TPAHCIOPTHBIX M CTPYKTYPHBIX
uccienoanuii BuckepoB NbS3—II. ByneT npemiokena npeapapuTelibHas CUCTEMATU3alINs TaHHBIX.
Ilepeuncnum OCHOBHBIE TE3UCHI.

1) [Jna obOpazoBanus B3II-2 ©Heobxomuma ompenenéHHas nedekTHass CTPYKTypa. OTo
MOJTBEPXKIACTCS TEM, 4YTO OTXKUT BHICOKOOMHBIX KPHUCTAJUIOB TPUBOJHMT K IOBBIIICHUIO HX
MIPOBOJIUMOCTH, HO HE MPUBOAUT K BosHUKHOBeHUIo B3II-2. ITo-Buaumomy, B3I1-2 Bo3HuKaeT Ha
JnedeKTax yHakoBKU M, TAKMM 00Pa3oM, COCTOUT M3 JBYMEPHBIX CJIOEB aTOMHOW TOJIIMHBI. DTOT
MpeABapUTENbHBIN pe3ynbTar noarBep:kaaetcs uccienopanusiMu B CTM u B IIOM [3], ogHako
TpeOyeT nalbHelIel TPOBEPKH.

2) Cpenu 06b1uHBIX KpucTaioB NbS3—II oOHapykeHb! «aHOMaJIbHbBIE» BHUCKEPHI, B KoTOopbIX B3II-
1 He obpasyercs, Ho mpucyrctByeT B3II-0. Ha 5TO yKka3pBaloT MX TpaHCIOPTHBIE CBOMCTBA.
Hanpsmyto pesyibTar noarBepkaéH nccnenosanuamu B [IOM. Kpome Toro, B [IOM Habmonanocs
HEM3BECTHOE paHee NCKaXKEHUE PEIETKH — OJTM3KOE K YABOSHHIO BJIOJb b, HO Heconzmepumoe. [Ipu
3TOM, OTKJIOHEHHE IIOCTOSIHHBIX PEIIETKH OT 3HAuY€HWH, W3BECTHBIX AJsl OOBIYHBIX 00pa3LoB,
HE3HAYHUTEIHHO.

3) EcTb ykazaHust Ha cymiecTBOBaHUE U APYTHUX «moadasz» NbS3—II.

MHoroo6pasue cBoictB NbS3—II oObsicHseTCsI 0COOCHHOCTSIMH MEXaTOMHBIX cBsizel S-S. Tak,
ciabas cBs3b MeXIy mapamu nernodek Nb moker npubiunsuth no cBoiictBam NbS3-II k dasze I:
ajeMeHTapHyto sueiiky NbS3—I1, cocTosinyro u3 8 1memnouek, MOXKHO HMPEJICTABUTh KaK KOMOUHAIUIO
yeThlpéx stueek NbS3—I, xkaxkngas u3 KoTopbIX coaepkur 2 uenodku Nb [4]. Takum oOpazom,
«aHoMaibHbIe» 00pa3iel NbS3—II MOXHO cuuTaTh MPOMEKYTOUHBIMH IO CTPYKTYpE MeX 1y (azamu
Iull

Paboma noooepowcana PODPHU (cparnmer 20-02-00827 u 20-32-90231).
Monceau P. // Adv. Phys. —2012. — V. 61. — P. 325 .
Zybtsev S.G. et al. // Journal of Alloys and Compounds. — 2021. — V. 854. — P. 157098.

1

2

3. Zupanic E. et al. // Phys. Rev. B. —2018. — V. 98. — P. 174113.

4. Prodan A. etal. //J. Phys. C: Solid State Phys. — 1988. — V. 21. — P. 4171.

~ 24 ~


mailto:vadim.pokrovskiy@mail.ru

DOI 10.26201/1SSP.2020/FKS-2.260

TA IOJI BY®EPHBIN CJIOM YIJIEPOJA
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A. A. PuioknHa, C. O. ®uiabHoB, A. B. Tapacos, A. B. EpblzkeHkoB,
A. M. Illukun, A. I'. PbIOKuH

Cankm-Ilemepbypackuii 20cyoapcmeenHbill yHusepcumem, Yrnusepcumemckas nao. 7-9, Cankm-
Ilemepbype, 199034, a.rybkina@spbu.ru

HccnenoBanne rpadeHa sBiIseTcs OJHUM M3 TMEPCHEKTHBHBIX HAyYHBIX HaNpaBlICHU B
COBpEeMEHHOH (pr3HKe KOHACHCHUPOBAHHOTO cOCTOsIHMS. be3maccoBocTh KBaznuacTul B rpadene u
JTUHEWHOCTh JaucnepcuoHHOW 3aBucuMoctn E(k) oOecreumBaroT aHOMAaabHO — BBICOKYIO
MPOBOAMMOCTD TpadeHa U Apyrue YHUKAIbHBIC CBOMCTBA. A THTaHTCKOE CIIMHOBOE PaCIICTICHHE
9JIEKTPOHHBIX COCTOSHHMM, OOHapy)KeHHOE B «MarHUTHO-CIIMH-OPOUTaJIbHOM» TpadeHe mpu
KOHTAaKTe C TSDKCJIBIMH M MarHUTHBIMH METaJUIaMH, OTKPBIBACT IIMPOKUE IEPCHEKTHBBI IS
NPUMEHEHUS] B YCTPOWCTBAX CIMHTPOHUKHU, B YAaCTHOCTH, B 00JacTH XpaHEHMs HMH(pOpManuu u
KBaHTOBBIX BbluMciIeHUd [1]. OpHako Ui  YCHEIIHOTO NPUMEHEHUS «MarHUTHO-CIIMH-
opOHuTaTBEHOrO» rpad)eHa B 3JIEMEHTaX yCTPOWCTB HEOOXOIMMO HCIIONB30BaTh HEMETAJUTMUSCKUE
noioxku, Hanpumep, SiC(0001). Panee 6puta m3ydeHa BO3MOXHOCTh HHTEPKASIIIUA MaTHUTHOTO
metama Co mop rpaden na SiC(0001), Ho ona mpuBoamna K (OPMHUPOBAHUIO JBYXCIOHHOTO
rpadena [2,3]. [nst monmydeHuss MOHOCIIOMHOrO rpadeHa B JaHHOM paboTe Oblia MpOBEACHA
WHTEPKAJSAIUSA MATHUTHOTO MeTaia o OyepHsIi ciioil yriaepoaa Ha nouioxkke SiC.

B pabote mccnenoBaH mporecc MHTEPKAIANNN aTOMOB MarHUTHOTO MeTaymuia Co moj OydepHbrit
cnoit rpadena va 6H-SiC(0001), B pe3ynbraTe KOTOPOro MPOUCXOAUT TpaHchopmanus OydhepHoro
cy0s1 B MOHOCIOM Tpadena. Murepkansauus Co (TONIIMHA HAHOCUMBIX CI0EB KobanbTa — 10 20 A)
nonr OydepHsIit cioit rpadena Obia mpoBeneHa MIByMsl criocobaMu. B mepBoM cirydae HambLieHHE
Co TpoM3BOAMIOCH NMPH KOMHATHOW TEMIEparype M COMPOBOXKIAIOCH OTKHITOM CHUCTEMBI JI0
temrepaTypsl 5500C. A Bo BTOpoM ciyudae HambuieHHEe CO OCYIIECTBISIIOCH YKe Ha HAIPETYIO 10
4500C mommoxky. bpUlo MOKazaHO, YTO HWHTEPKATSIMS KOOalbTa HAa HArpeTOW IOMAJIONKKE
MPOMCXOAMT B 2-3 pa3a ObICTpee, UeM B cllydyae HanbUICHHs! KOOaIbTa PU KOMHATHOW TeMIepaType
C TOCIEYIONMM OTXHUroM. MccenoBanusi MPOBOAMINCH C UCIIOJIIF30BAaHHEM HIMPOKOTO CIIEKTpa
skcnepuMeHTanbHbIX MeTo0B: XPS, ARPES, LEED u AFM.

B xome paboTsl paspaboTaHa yCOBEPIIEHCTBOBAHHAs TEXHOJOTHs cuHTe3a OydepHoro cios
rpagdena/SiC(0001) ¢ mocneayroniedl MHTEPKANAIUEH aTOMOB KOOalibTa, B Pe3yJbTaTe KOTOPOM
NOJyYeH KBa3MCBOOOIHBIM rpad)eH Ha MOBEPXHOCTHOM CHJIHMLMIE KOOajabTa, TEPMUHHUPOBAHHOM
kpemHueM. Hamnume aromoB Si moa rpad)eHOM NPUBOAUT K OJOKHPOBKE CUIIBHOTO B3aMMOIEHCTBHUS
rpadeHa ¢ KoOaIbTOM, YTO OOBSICHSET JIMHEHHBIA XapakTep JUpakoBCKOTO KOHYCa AJIEKTPOHHBIX
COCTOSIHUM.

ITonmy4eHHbIE pe3ybTaThl SBISIOTCS OCHOBOHM ISl NAIBHEHIIMX SKCIEPUMEHTOB IO peasn3aliu
MarHUTHO-CITUH-OPOUTANILHOTO Ipad)eHa Ha N30JIUPYIOLICH MOIIOKKE.

Paboma evinonnena npu noddepcke Cankm-Ilemepbypecko2o 20cy0apcmeenno2o ynugepcumema
(epaum Ne 51126254), Poccuiickozo nayunoz2o ¢houoa (2panm Ne 20-72-00031, Ne 18-12-00062) u
Munucmepcmea Havku u evicuie2o obpazosanus (epanm Ne 075-15-2020-797 (13.1902.21.0024)).

1. A. G. Rybkin et al. // Nano Letters. — 2018. — 18 (3). — P. 1564-1574
2.T.C. I'pebenrok u np. // ®TT. — 2020. — 62. — 3.
3. Y. Zhang et al. // Nanotechnolgy. — 2017. — 28. — P. 075701
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TERAHERTZ DETECTION WITH TUNNEL FIELD-EFFECT TRANSISTORS
D. Svintsov?, D. Bandurin?, 1. Gayduchenko?, G. Alymov?, A. Geim?, G. Fedorov?

1. Moscow Institute of Physics and Technology, Dolgoprudny 1414700, Russia
2. School of Physics, University of Manchester, Manchester M13 9PL, UK.
3. Moscow Pedagogical State University, Moscow 119435, Russia

Tunnel field-effect transistors (TFETS) are considered as main candidates for future low-power
electronic circuits. The origin of low-power switching is the steep dependence of source-drain
interband tunneling current on the overlap between conduction and valence bands [1]. The
normalized steepness of gate-current characteristic d In Isd/d Vg is not limited by e/kT, where e is
the elementary charge and KT is the thermal energy. Such sub-thermal switching was demonstrated
experimentally (for review see [2]).

Despite numerous applications of TFETS in logic circuits, it was not realized that strong (nonlinear)
sensitivity of tunnel current to gate and drain voltages also implies efficient rectification of high-
frequency signals by such transistors. Here, we study the operation of tunnel field-effect transistors
with gate-induced tunnel junctions as detectors of sub-THz (0.13 THz) radiation [3]. We show high
responsivity (~4 kV/W) and low noise equivalent power (~0.2 pW/Hz1/2) at T = 10 K.

Our devices were made of bilayer graphene encapsulated in hexagonal boron nitride. Induction of
finite band gap and excess carrier density was achieved by simultaneous action of back and top gates.
Short sections of graphene bilayer (~300 nm) close to the source and drain contacts were not covered
by the top gate, and were controlled by the bottom one only. Thus, by application of gate voltages of
opposite polarity to the gates, it was possible to induce a p-n junction between single-gated and
double-gated regions. Further enhancement of gate voltages could result in overlap between
conduction and valence bands at the two sides of the junction, thus pushing it to tunneling regime.
The radiation was fed to TFET from THz antenna coupled between source and gate, the photovoltage
was read out between source and drain.

We have found that dependence of photoresponse on top gate voltage differs drastically in the gapless
and gapped regimes of transport. In the gapless regime, the voltage responsivity is quite low (max
~100 V/W) and symmetric with respect to charge neutrality point. In the gapped regime (i.e. at finite
back gate voltage), the responsivity reaches 4 W/W, is highly non-linear in intensity, and is strongly
asymmetric with respect to charge neutrality. The strongest responsivity is achieved at opposite
doping of channel and contacts. We have verified that both current and voltage responsivities grow
in the tunneling regime, compared to the regime of intraband ohmic transport.

The observed dependences are in a good agreement with the theory of rectification at gate-controlled
junctions near the contacts. The responsivity of the device can be calculated known the quasi-static
non-linearities of TFET conductance G(Vg,Vd)-characteristics, dG/dVg and dG/dVd. The latter were
calculated under assumption of quantum ballistic transport at the contacts and drift-diffusive
transport in the long channel. Being in a good agreement with current measurements, our theory
shows that even higher responsivity can be achieved in TFETs with junction at the middle of the
channel, as well as in TFETs with extra ‘doping gates’.

The work was supported by grant 21-79-20225 of the Russian Science Foundation.

1. A.M. lonescu, H. Riel Nature 479, 329-337 (2011)

2. H. Lu, A. Seabaugh IEEE J. Electron. Dev. Soc. 2, 44-49 (2014)

3. I. Gayduchenko, S. G. Xu, G. Alymov, M. Moskotin, I. Tretyakov, T. Taniguchi, K. Watanabe, G.
Goltsman, A. K. Geim, G. Fedorov, D. Svintsov, D. A. Bandurin Nat. Commun. 12, 543 (2021)
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KOJUJIEKTUBHOE JIBUKEHUE BOJIHbI 3APHI[OBOFI IIJIOTHOCTU B
VIBTPAKOPOTKHUX OBPA3IIAX KBASUOJHOMEPHOI'O ITPOBOJHUKA
NbSes

A.B. ®posos!, A.Il. Opsos!, A.A. Cunuenko'?, I1. Monco®

L Unemumym paouomexnuxu u snexmponuxu um. B.A. Komenvnuxosa PAH, Mockea
2 Mockogckuii 2ocyoapcmeennuiii yuugepcumem um. M.B. Jlomonocosa, Mockea
3 Uncmumym Heens HLIHU, I'penobns

KomnektuBHOE NBMXEHHE (CKOJIBKEHUE) BOJTHBI 3aps10Boi mimoTHocTH (B3I1) BO3MOKHO
TOJIBKO TPH MPHIOKCHUH OIPENIEICHHOTo (IIOPOroBOro) aMekTpuueckoro mnous, Et [1]. B
clly4ae MpomycKaHus ToKa nomnepek uenoukam B3I1 B nepneHIuKyIs[pHOM MarHUTHOM T0JIe
noctuxkenue Etr MoxxeT ObITh peain30BaHO OECKOHTAKTHO, [0/ JEHCTBUEM JIEKTPUUECKOTO
nosist Xoita [2]. B atom ciyyae ckonbxenue B3Il HaunHaeTcss M MPOUCXOAUT MIPH MOJTHOM
OTCYTCTBUHM COITYTCTBYIOILIETO TOKAa HOPMAJBHBIX HOCHUTENEH, YTO NPUBOJUT K
CyllleCTBEHHOMY yBenuueHuto npoBoaumoctu B3I1. B nanHoii reomeTpun JyiMHA HETOYeK
B3Il, BAOAb KOTOPHIX HMPOUCXOAMUT CKOJIBbXKEHUE, ONpPENENsieTcs HMIMPUHONM MOCTHKOBOM
CTpyKTypbl. [IprMeHeHHe MeTOAOB  DIEKTPOHHON  jutorpadud W TpaBIICHUS
(OKyCUpOBaHHBIM HOHHBIM IIYYKOM, B IPUHIUIE, I103BOJSET IPUTOTOBUTH TaKHE
CTPYKTYpBI C IMIHUPUHON CYOMUKPOHHOTO MaciuTada, 4To COOTBETCTBYET JJIMHAM IIETIOYEK,
CylecTBEHHO MeHblIe JinHbl Dykusma-JIu-Paiica (nnunel korepentHocty B3IT).

B macrosmieit pabGoTe wucCCleqOBAlMCh CTPYKTYphl TakOro THIA Ha OCHOBE
monokpuctaiioB NbSes ¢ munoit nerouek ot 200 10 5000 HM B MarHUTHBIX MOJIAX 10 18
T u B nnanazone temmnepatyp 0.1-50 K. Iloka3ano, uyto ckonpxenue B3Il nox neiictBuem
noJisi XoJuia peajin3yercs sl BCEX UCCIIEJOBAHHbBIX CTPYKTYP IPU BBICOKUX TEMIIEpaTypax
(T >30 K). B To:xe BpeMst HEIMHEHHbBIE CBOMCTBA MPEKPACHO IPOSIBIAIOTCS M IIPH CaMbIX
HU3KHUX Temieparypax, 10 0.1 mK. [ToporoBeie xapakrepuctuku aenuHHuHra B3I1 B aToM
cllydyae O4eHb pe3KHe. YCTAHOBJEHO, YTO Et CTaHOBUTCS HE 3aBHUCAILIMM OT TEMIIEpaTyphl
Huke T = 4-5 K, 4yTo MOXeT yka3bIBaTh Ha Mepexoi OT TEIUIOBBIX (PIyKTyalu K
TYHHEJIBHOMY M€XaHHU3My AenuHHuHTa B3I1.

[Ipu Hu3KkUX TemmepaTypax oOOHapyX eH pa3MepHbli 3(QeKT: mnoporoBoe MoJje
ckonbxkeHus B3I neMoHCcTpUpyeT CHIIbHYIO 3aBUCHMOCTh OT MarHUTHOTO MOJISI B 00pa3nax
C JUIMHOW IIeTIOYeK MeHee 3 MKM. B cTpykTypax c OOJbIeil JIWHON IEnoYeK JTaHHBIA
3P PEKT OTCYTCTBYET MOJHOCTHIO, U B TAKUX CTPYKTYypax ckoibxeHue B3I nabmroganock u
IPU CBEPXHU3KUX TEMIIepaTypax B MarHuTHOM mnosie B >3-4 T.

[IpennoxeHo KauecTBEHHOE OObBSICHEHHE HaHHOrO 3¢ (}eKTa Ha OCHOBAHUU IOJIEBOI
3aBHCUMOCTH JIAPMOPOBCKOT'0 pajauyca. B KBaHTYIOUIMX MarHUTHBIX MOJSX BO30OYKAECHUS,
oOyciioBieHHble KpaeBbiMH Jedopmauusamu B3Il, nokann3oBaHbl Ha JIapMOPOBCKUX
opburtax. B cimyyae cpaBHEHHs JapMOpPOBCKOIO JuameTpa ¢ JUIMHOM LenoYeK JaHHbIE
BO30Y KJEHUSI TEepPEeKphIBAOTCI, U 3()PEKTUBHO «AHHUTUIMPYIOT», TEM CaMbIM Jeast
HEBO3MOXXHBIM coOcTBeHHO nedopmanuio B3Il Ilpu Bo3pacTaHMM MarHUTHOTO TOJIS
JApMOPOBCKUM JTHaMETp YMEHbLIAeTcs, HOPMaJibHble BO30YXKIEHHUS INPOCTPAHCTBEHHO
paznenstores, aedopmarust B3I1 u ee nBukeHHE CTaHOBITCS BO3MOXHBIMH.

1. P. Monceau, Advances in Physics 61, 325 (2012).
2. A.V. Frolov, A.P. Orlov, A.A. Sinchenko and P. Monceau, Phys. Rev. B, 100, 245126
(2019).
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CIIUH-TTOJIAAPU30OBAHHASA ITPOBOIUMOCTD 3JIEKTPOHOB
B HAHOPA3MEPHBIX CTPYKTYPAX

Ycennos H.X., ’Lin H.H., *¥cennos A.H., *Tarupos JI.P.

'Kaszanckuii @edepanvuviii Yuusepcumem, Kazanw, Poccus, nuseinov@mail.ru
*National Tsing Hua University, 30010, Hsinchu, Taiwan
*National Yang Ming Chiao Tung University, Hsinchu, Taiwan
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PaGora mpezacrasnser coboii TeopeTryeckoe 0000IIeHIE U MOIEIUPOBaHHE CIMH-TTONSIPU30BAHHON
MPOBOAUMOCTH (KOHJAKTaHCAa) B MAarHUTHBIX HAHOPa3MEPHBIX TeTepO-CTPYKTypaX Ha OCHOBE
pacIIMpeHHOW Mojenu MarHuTHOro TtodeyHoro koHTakTa (TK) [1,2]. Teopus omuceiBaeT
muddy3HbINA, KBa3HOAUTUCTHUCCKUH, OAUIMCTUYESCKUNA W KBAHTOBBIM PEXKHUMBI MPOBOJUMOCTH U
co31aér ymoOHBIN (opManu3M TSI MOJEIMPOBAHUS W WCCIEIOBAHUS YCTPOWCTB CIIMHTPOHUKH.
Mopens TK mpeamomaraer, 94To cpefHuii ClIOi MeXIy (eppOMAarHUTHBIMH DIJIEKTPOJAMH MOXKET
OBITh 3aMCHEH pa3IMYHBIMH MaTepHaJlaMU: JUAICKTPUKOM, (HEPPOIICKTPUKOM, MArHUTHOMN
JIOMEHHOM CTEeHKOM WM mmoxynpoBogHUKOM. CorjacHO TEOpeTHYeCKOW MOJeNu, CIIHH-
nmoJsipr30BaHHass MpoBoAMMOCTh TK ¢ yd4€ToM KBaHTOBBIX TPAHWYHBIX YCIOBHHA MOXKET OBITh
HalIcHa U3 OOIIero BBIPAXKCHUS )T CTUHOBOM KOMITOHEHTBI AJICKTPUYECKOro Toka [1]:

ki, aV (= JZ(ka)
Is :GO TIO I:Tb,s _(Ql,s(k)+QZ,s (k))jITdk’ (1)
rae S — CHMHOBBIN MHICKC, G, _ KBAaHT TPOBOJMMOCTH, k':'s — MHWHWMAJIBHBIH W3 BOJHOBBIX

BekTopoB DepMy CNHMHOBBIX MOJ30H JJEKTPOJOB, & — paauyCc TOYEYHOTO KOHTakTa, V —

2,5)

J (Y T Q
1 b,s 1,s(
MIPHUIIOKEHHOE HAIpsHKEHNE, — ¢yskums beccenst. s mw — (GYHKIMA OT UHTETPAJIOB,

D,(6,V) 0
3aBUCIIUX OT Kod(hdHUIMeHTa TIPOXOKISHUS AJIEKTPOHOB (T — yroia TajeHus
3JICKTPOHA Ha TpaHUIly pasjesa cpea oT HopMaiu K miockoctu TK), niauH cBoOoHOTO podera I .
kF S Tb Ql s(2,s) 2
BOJTHOBBIX BeKTOpoB @epmu ~°. OyHkmum s m ~*'** — OTBETCTBEHHBI 38 OATMCTHUECKUH
(TyHHENBHBIN) 1 qUQGY3HOHHBINA pekUMbI ipoBoguMocTH TK, cM. ux TouHble BhIpaxenus B [1,2].

Koaddumment npoxoxxnenust — ° ( ’ ) MOJXeT OBITh HaiiJleH MeToJIoM TpaHc(ep MaTpHUIbl Kak
¢dyHKIMs mupuHsl L, sHepreTrueckoit Beicotel UB Oapbepa u p. mapamMeTpoB CTPYKTYPHI.
B obmem cinyuae HemarHuTHBIX 1 cuMMmeTpuaHbIX TK Beipaxenwne (1) ceogutes k Buay [2]:

© 2
G = 4G, E_J'd_y I (y)
4 5 yl+y2K2+\,l’l+y2K2

)
rre K =l/a, y; BEIpakeHUsT (2) Jerko mokaszath, 4To B ciy4ae K >>1 mnpoBoguMocTh

G =G, =al | oV =¢e’a’k? /(47zh); g ciyuae K—0

GG, =2ac

cootBercTByeT mnpeneny Illapsuna

MPOBOJMMOCTh COOTBETCTBYET Ju(dy3noHHOMY Tipenenry MakcBelia ,Tne © —

yAciibHasA MpOBOJAUMOCTE.

1. Useinov A., Lin H., Useinov N., Tagirov L. //IMMM. — 2020. — V. 508. — P. 166729(7).
2. Useinov A., Lin H., Useinov N., Tagirov L. // Data in Brief. — 2020. — V. 32. — P. 106233(11).
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ONTUYECKOE YIPABJIEHUE COCTOSHUSMHU OBJIACTEN ®A30BOI'O
PACCJIOEHUSA (1I0JYITPOBOJHUKOBBIX TETEPOCTPYKTYP), BOSHUKAIOINUX
B MYJbTUD®EPPOUKAX EuosCeo2Mn20s 3A CHET CAMOOPI'AHU3ALIUN

XannanoB B.X., I'osoBenunn E.W., Canuna B.A.

Qusuko-Texnuueckuii Mncmumym um. A.@. Hogge PAH,
2. Canxm-Ilemepbype, Poccus, Khannanov@mail.ioffe.ru

RMn.Os (rae R — peakozeMenbHbIE HOHBI) SIBISIFOTCS MyJIbTH()EppOUKaMH, B KOTOPHIX MarHUTHOE
ynopsanouenue ¢ TN =40-45 K unayuupyet ceraerosnekTpudeckuii nmopsinok ¢ TC = 30-35 K. Onu
collepkaT OIWHAKOBOE KOMMYECTBO MOHOB Mn3+ m Mnd+ B ClOSX HEPHEHAWKYISIPHBIX OCH C
KpHCTaljla U NMpU KOMHAaTHOM TeMmepaType MMeroT cuMmmeTpuio Pbam. Koneunas BeposiTHOCTBH
TYHHEJIMPOBAHUS DJICKTPOHOB MEXIy HoHamMd Mn3+ u Mnd+ (gBoiiHOW OOMEH) MPHBOAMUT K
MTOSIBJICHUIO HAHOCKOMHMYECKNX oOjacTeil (a3oBOro paccioeHus, 3aHMMAOIIUX MAaJIBIi 00bheM
KpHUCTaJlIA.

Hemarnutasie nonsl Eu3+ (ocHoBHoe coctosinue 7F0) ciabo BIUSIOT Ha cOcTOsIHUE HOHOB Mn3+ n
Mn4+. PaBHOBecHOe cocTosiHue oOjacted (a3oBoro paccioeHus (GopMmupyercs Npu OalaHce
CHJIBHBIX B3auMOJIeHCTBHIA: aBOHHOTO oOMeHa (¢ smeprueit E=0.3 eV), addexra Sna-Temmepa
(E=0.8 eV) u Kynonosckoro otrankuanusi(E~1eV), uTo obecrieunBaeT cymecTBoBaHue o0nacTen
($a30BOro  pacciioeHHWs IO TeMIepaTyp, BBIIIE KOMHATHOW. OTH 00jacTu 00JaaaroT
B3aMMOCBSI3aHHBIMA MAarHUTHBIM U 3JIEKTPUYECKUM TOJSIPHBIM YIIOPSITOYEHUSIMH U TIPEICTABISIFOT
co00il  TOJYMPOBOMAHUKOBBIE TeTEPOCTPYKTYphl. CJIOM 3TUX TETEPOCTPYKTYp  SABISIOTCS
(beppoOMarHUTHEIMU H COAEPKAIIMMHU Mapbl HOHOB Mn3+-Mn4d+, a Taxke mepe3apspKaroline ux
AJIEKTPOHEI B Pa3IMYHBIX COOTHOIIEHUIX. M3mMepeHne mapameTpoB heppOMarHUTHBIX PE30HAHCOB
OT OTHEIBHBIX CJOEB TeTePOCTPYKTYp, IO3BOJISAET CYAWTh O COCTOSHHUSX CJOE€B W BCeH
rerepocTpykTypsl. B Eu0.8Ce0.2Mn205 gactuunoe 3amemienne Eu3+ nonamu Ced+ yBenuauBaet
KOHIICHTPAIHIO TETEPOCTPYKTYP.

B nacrosmiel paboTe riccnenoBaIoCh BIMSIHUE ONTHYECKOW HAKaYKHA Ha CBOMCTBA TETEPOCTPYKTYP
B Fu0.8Ce0.2Mn205. Onrtuyeckass Hakayka M3MEHsSET COOTHOIIEHHe HMOHOB Mn3+ u Mn4+ B
OTJENBHBIX CJIOSX TETePOCTPYKTYp, W3MEHsis OalaHC YKa3aHHBIX BBIIIE B3aUMOJICHCTBUUA H,
COOTBETCTBEHHO, UX MarHUTHBIE W JIEKTPUUECKUE TIOISIPHBIE CBOMCTBAa. PaBHOBECHBIE COCTOSHUIS
obnacrteli (a30BOT0 pacciOeHHs KaK 10, TaK U IMOCIe ONTHIECKOW HAKAYKHA yCTAHABIIMBACTCS TPH
MUKJIMPOBAaHWK MAarHUTHOTO MOJIs. YCHIJICHHE WM OcjallieHue MarHUTHOTO TIOJNS TPUBOJUT K
YBEIMUYEHUIO MJTM YMEHBIICHUIO KOIHYeCcTBa (peppoMarHuTHO OPUEHTHPOBAHHBIX TTap MOHOB Mn3+
1 Mn4+ cOOTBETCTBEHHO, YTO MTO3BOJISIET BIUATH Ha IBOWHOI 00OMeH. [Ipu penakcariu onTu4eckoro
BO30YK/JCHUSI TPEHMYIIECTBEHHO 3aCENSIOTCS AJNEKTPOHAMHU CJIoM ¢ OoJiee TIyOOKHMH SMaMH,
yBEIMYUBAs B 3TUX CIOSX KOHUeHTpauuio SH-TemnepoBckux noHOB Mn3+ u ycunuBass SH-
Temneposckoe B3aumoeiicteue. [Ipu a3ToM n3mensercs u KynoHoBcKoe OTTalTKHBaHUE JIEKTPOHOB.
Takum 00pa3oM, B pe3ysibTaTe ONTUYCCKOW HAKaYKW H3MEHSCTCS OallaHC B3aMMOJCHCTBUN U
COCTOSTHMSI TeTepocTpyKTyp. Ilpu OoJjiee MOIIHOH ONTHYECKOH HaKadke yAaeTcs IOJy4YUTh
reTepOCTPYKTYPBI, CYIIECTBYIOIINE 0 60JIee BHICOKON TeMITepaTyphl, YeM J10 Hakadku [1].

[1]. Tonosenunn E.W., Xannanos b.X., Canuna B.A. // TTucema B XKOT®D. — 2020. - T. 111. - Ne
12.- C.-826 - 832.
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[IpencraBiicHbl Pe3yJbTaThl MO0 HEJOKAJIBHON TEpareproBoil (pOTOMPOBOAMMOCTH B
TOJICTBIX AMHTaKCHaIbHBIX IUIeHKaX Hg1xCdxTe ¢ MHBEPTHPOBAHHBIM DHEPTETHYECKUM
crekTpoM (x <~ 0.16).

B pabote npsiMo mpoIeMOHCTPHPOBAHO CYIIECTBOBAHME HEIOKAIBLHON KOMITOHEHTHI
TEpareproBoro (JOTOOTBETA B TOJICTHIX AMUTAKCHAIbHBIX TuIeHKax Hg1-xCdxTe B MarHuTHOM
nosie. 3HaK HEJIOKATbHOTO (DOTOOTBETA 3aBHUCHT OT MOJIOKCHUS MTOTCHIIHAILHOTO 30HIA H
HAIPABJICHWs MArHUTHOTO IOJIs, YTO YKa3blBAa€T HA KHPAJIBHOCTh HWHIYILMPOBAHHOIO
HEPaBHOBECHOTO  TpaHcmopra.  HaOmiomaeMble  HETPUBHAIBHBIE  OCOOCHHOCTH
(OTOTpaHCIIOPTa MOKHO HHTEPIPETUPOBATh Kak IPOsIBJIEHHE O0Opa3soBaHHs KOHIIEBOTO
XHPATBLHOTO KPaeBOT0 MPOBOJIAIIETO KaHAIa B TOMOJIOTHYECKOM (ase cruraBoB Hg1xCdxTe.
Mebi 00cykmaeM pe3ysbTaThl B TEPMHUHAX KAuyeCTBEHHOM MOJENH, KOTOpas YYHTHIBAET
COCYIIIECTBOBAHHE 0OBEMHOTO TPAHCIIOPTHOTO U IPAHMYHOTO ITPOBOISIIMX KAHAJIOB.
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Puc.1. — Kuneruka ¢otoorBera, H3MEPEHHOI0 B 00pasiie ¢ coctaBoM X = (.13 mpu TeparepiiopoMm
(h0oTOBO30YKIEHUU C JITUHOH BOJHBI A = 148 MM B MarautHoM ToJie B = 0.075 T. Cunue, kpacHble
Y YepHbIC KPUBBIE COOTBETCTBYIOT KHHETHKE (POTOOTBETA, N3MEPEHHOMU C MCIOIb30BaHueM 2-7, 3-6
1 4-5 map MOTEeHIMANbHBIX 30H0B COOTBETCTBEHHO. Cepast KpuBasi COOTBETCTBYET BPEMEHHOMY
npoduIo JasepHOro uMmmynbca. Ha BcTaBke cxeMaTHUHO TIOKa3zaHa TeoMeTpus oOpasua u
9JIEKTpUYECKasd CXeMa U3MEPEHUs
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CTPYKTYPA OBBEMA U ITOBEPXHOCTHBIX CJIOEB
MEXAHOCHUHTE3UPOBAHHBIX HAHOKPUCTAJIVIMYECKHUX IIOPOLIKOB HA
OCHOBE FE

szoBcknx K.A.L Jlomaesa C.®.%, Cioraes A.B.}, MapaTkanosa A.H.!, Illakos A.A.%,
Konbirun I'.H.%, Ilerpos /J.A.2

YYomypmexuii peoepanvruiii uccnedosamenvcxuii yenmp YpO PAH, 2. Hoceeck, Poccus,
2 Hucmumym meopemuueckotl u npuxiaduoil snekmpoounamuxu PAH, 2. Mockea, Poccus,

k.yazovskikh@bk.ru

Komno3unuonasle  paguonoriomaonie  MaTepuanbl  HUCHONB3YIOTCS I 3allUThl  OT
9JIEKTPOMAarHUTHBIX TOMEX B pEIICeHHH MHOTHX akTyanbHbIX 3amad [1]. [lepcrnexTuBHBIMU
HAMOJHUTEISIMH, TIO3BOJISIONIMMH CYIIECTBEHHO PACIIMPUTh AUANa30H Pad04YMX YacTOT, SBISIFOTCS
MOPOIIKA HAa OCHOBE Jkene3a W ero coemuwHeHwid [2,3]. C TOYKHM 3peHHS OSKCIUTyaTaIlHOHHBIX
XapaKTePUCTUK KOMIIO3UTA BaXKHO MOBBICUTH KOPPO3HOHHYIO YCTOHUMBOCTH XKEJIE30CONEPHKALIETO
HamonHuTens. [Ipemmaraemblii B paboTe MOAXON  HUCHONB3YEeT  BBICOKOAHEPTETHUECKHI
MEXaHMUYECKHH pPa3MOJI IMOPOIIKOB Ha OCHOBE JKelle3a B JKUIKUX OPraHMYecKHX cpefax Jyis
MOIU(HUKALUN HUX IOBEPXHOCTH MU, KaK CJIEACTBHE, NMOBBIICHUS KOPPO3MOHHOW CTOiKocTH. B
pe3yibpTaTe Takod OOpaOOTKM 4YacTHIBl MOPOIIKa MPHOOpeTaloT (GopMy TOHKHX IJIACTHHOK
(TonumHuoii B cpeaneM 0.2-0.6 M), 9To NOBHIIAET UX MATHUTHYIO IPOHHUILIAEMOCTh IO CPABHEHHIO
C KaMHEBHIHBIMH u cdepudeckumu uactumamu [4]. IlmactuHyaras ¢opma pa3MOIOTHIX
HAIlOJIHUTEJIEH B COYETAaHMU C MX BBICOKOM IOHUCIEPCHOCTHIO MO3BOJSIET CHU3WUTH YIENbHBIN Bec
KOMITO3UTa, YTO SIBJISCTCS BYKHBIM TPeOOBaHHUEM, IPEAbABISICMBIM K JaHHBIM MaTepHaiaM.

B pabote paccmaTpuBaroTCsi TpH CepuH 00Pa3LOB HAHOKPUCTAJUIMYECKHUX MOPOIIKOB Ha OCHOBE
JKee3a, IMONTYyYCHHBIX pa3MOJOM B MIApOBBIX IUIAHETAPHBIX MeJbHHLAX Fritsch: sxenesa
KapOoHmwIbHOTO; crutaBa Fe85.9Si8.6A15.5 u sxenes3a kapoonmnpHoOro ¢ nodasienunem 20 06.% SiO2
(xBapm). B xauecTBe cpenpl pa3Molia UCHONb30BAIN PACTBOPHI (EHUIAHTPAHUIIOBOM, CTeapUHOBOM
1 1mepTOPHOHAHOBOW KHUCIOT. Llempto Takoil 0OpabOTKH SIBISETCS CO3[aHHE Ha IMOBEPXHOCTH
YaCcTUI TOHKHUX OpPraHWYECKUX W/WIM HEOPTaHMYECKHX CJOEB, KOTOpbIE CTAOMIH3HPYIOT
METAJUTMIECKYI0 YaCTHUILY W PEAOTBPAIIAIOT e¢ JaNbHelIee OKICICHNUE.

CrpyKTypHOE COCTOSIHHE 00Pa3LOB U COCTAB MOBEPXHOCTHBIX CJIOEB OBLTH UCCIIE0BaHbI METOAAMU
PEHTI€HOCTPYKTYPHOTr0 aHajIn3a, Meccoaysposckoit, POD n UK cnekrpockonunu, Takxe MpoBeAEHO
UCTIBITAaHUE KOPPO3UOHHOH CTOHKOCTH MOPOIIKOBBIX 00pa3IoB. Onpeznenena
CBEPXBBICOKOYACTOTHAsE MarHUTHas NPOHMLAEMOCTb O00pa3LoB IO pe3yjbTaTaM H3MEpeHHH
YaCTOTHBIX 3aBUCHUMOCTEH A(QQEKTHBHBIX MaTE€pPHaJbHBIX MapaMeTpoB (€ W |I) KOMIIO3UTOB,
HAIOJIHEHHBIX TOJyYE€HHBIMHA OPOIIKAMH.

[Tokazano, uto Haubonee 3(P(HEKTUBHO HCIONB30BAaHHE B KAuyecTBE CpEl pa3Molia PacTBOPOB
MOBEPXHOCTHO-aKTUBHBIX BEILIECTB u/vunn HHTUOUTOPOB KOppO3uH, XUMUAYECKU
B3aUMO/ICHCTBYIONIHNX C MOBEPXHOCTHIO MOPOIIKOB.

Paboma evinoanena 6 pamxax I'3 Munucmepcmea nayku u gvicuieco oopazoganus Poccutickou
Dedepayuu (mema Ne 121030100003-7) ¢ ucnonvzosanuem obopyoosanus LIKII "llosepxnocms u
Hosvie mamepuanvl” YomDUI] YpO PAH.

1. Stergiou Ch., Koledintseva M., Rozanov K.N. // In book: Hybrid Polymer Composite Materials.
—2017.—P. 53-106.

2. Bhattacharyya R., Roy S., Prakash O. et al. // SN Appl. Sci. - 2019. — V. 38.

3. Shah A., Wang Y., Huang H. et al. // Compos. Struct. — 2015. — V. 131. — P. 1132-1141.

4. LiW., CaiH., KangY.etal. // Acta Materialia. — 2019. — V. 167. — P. 267-274.
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INTERACTION OF A NEEL-TYPE SKYRMION AND A SUPERCONDUCTING
VORTEX

E. S. Andriyakhina®? and I. S. Burmistrov %3

Moscow Institute of Physics and Technology, 141700 Dolgoprudnyi, Moscow Region,
Russia

L. D. Landau Institute for Theoretical Physics, Semenova 1-a, 142432 Chernogolovka,
Russia

Laboratory for Condensed Matter Physics, National Research University Higher School of
Economics, 101000 Moscow, Russia

Superconductor—ferromagnet heterostructures hosting vortices and skyrmions are
new area of an interplay between superconductivity and magnetism. We study an interaction
of a Néel-type skyrmion and a Pearl vortex in thin heterostructures due to stray fields.
Surprisingly, we find that it can be energetically favorable for the Pearl vortex to be situated
at some nonzero distance from the center of the Néel-type skyrmion. The presence of a
vortex—antivortex pair is found to result in increase of the skyrmion radius. Our theory
predicts that a spontaneous generation of a vortex—anti-vortex pair is possible under some
conditions in the presence of a Néel-type skyrmion.

References:

1. E. S. Andriyakhina and I. S. Burmistrov, "Interaction of a N eel-type skyrmion with a
superconducting vortex", Phys. Rev. B,103, 174519 (2021),

DOI: https://doi.org/10.1103/PhysRevB.103.174519
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CBOMCTBA I)KO3E®COHOBCKHUX KOHTAKTOB C ®EPPOMATHATHBLIM
JAEJBTA-BAPBEPOM

BbecnanoB A.A.

Unemumym ¢husuxu mukpocmpyxmyp PAH,
2. Huorcnuti Hos2opoo, Poccus, bespalovaa@gmail.com

B paboTte TeopeTHyecKHM WCCIENOBAHBI CBOMCTBA KOPOTKMX JDKO3E(PCOHOBCKUX KOHTAKTOB,
coaepkaux (heppoMarHUTHYIO IPOCIOHKY, KOTOpast MOACTHPYETCs Kak JienbTa 0apbep, UMEIOLIHH
3JIeKTpUYECKHU MOTEeHIMAN U 0OMeHHOoe mosie. Panee B paMkax moAgoOHOM Mozenu ObUIO TTOKa3aHo
[1], uTo mpu ompenenéHHBIX HapaMeTpax (eppoOMarHeTHKa PaBHOBECHAs Pa3HOCTH (a3 MEXIY
CBEPXMPOBOASAIIMMHU OeperaMy KOHTaKTa paBHa He HYJIIO, a M — 00pa3yeTcsl Tak Ha3bIBAEMBIN TTH-
KOHTakT. B Hactosimield pabore paccuutaH AK03€(COHOBCKHIA TOK OAHO-, IBYX- M TPEXMEPHOTO
KOHTAaKTa TpU TeMIeparype, OMU3KOH K TeMIlepaType CBEPXIPOBOMSIIIETO TMepexona lc, W MpH
HyJIeBOU Temrieparype. OnpeseneHsl mapaMeTpsl, Ipu KOTOPBIX CYIIECTBYeT MHU-KOHTakT. Kpome
TOTO, JUIsI TPEXMEPHOr0 KOHTAaKTa paccuMTaHa JIOKaJbHas IMOALIENeBasl NEKTPOHHAs IUIOTHOCTh
COCTOSIHUI, KOTOpasi MOXET OBITh W3MEpeHa METOIOM TYHHEIbHOH CHEeKTpocKomuu. BoOmmzu
TEMIIEPaTypsl 1¢ TOK-(pa3oBast XxapaKTepUCTHKA CHHYCOUAANbHAS. 3aBICHMOCTh KPUTHYECKOTO TOKA
OT MapaMeTpoB KOHTAKTA MPU ITOM MpecTaBlieHa Ha puc. 1.
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Puc. 1. 3aBHCMMOCTH KPUTHYECKOTO TOKa OJHOMEPHOTrO K03e(pCOHOBCKOro koHTakTa (lc) u
KPUTHYECKOM IIOTHOCTH TOKa TPEXMEPHOT0 KOHTAKTa (j¢) OT (ha3 paccesHusl AIIEKTPOHA CO CITHHOM
BBepX (o) ¥ BHU3 () P HOPMAJIFHOM NaJieHNH Ha (heppoMarHuTHbINA Oapkep. Tok HOpMUpPOBaH
Ha MaKCHMaJIbHOE 3Ha4YeHHUE, COOTBETCTBYIOILIEE OTCYTCTBYomleMy Oapbepy. UEpHble JIMHUM
pas3zaesstoT 00JacTy, Iie paBHOBECHAs Pa3sHOCTh (a3 MEXAy CBEpXIPOBOIAIINME OeperaMy paBHa
HYJIIO U TIH.

[Ipu HyneBoi Temmneparype TOK-(pazoBas XapaKTEPHCTHKAa MOXET OBITh CHJIBHO HE
cuHycouaansHoi. Torna mpu HEKOTOPBIX MapaMeTpax GeppoMarHeTHKa OKa3bIBAETCs, YTO
COCTOSIHHSI C Pa3HOCTHIO MEXIY CBEPXITPOBOISAIIMMU OeperaMu, paBHOW HYIIIO U TTH, MOTYT
OJIHOBPEMEHHO COOTBETCTBOBATh JIOKATHHBIM MHHMMYyMaM CBOOOJHOW 3Hepruu. Takum
00pa3omM, Ha (ha30BOI JUarpaMMe TOSIBIISIOTCS 00JIACTH C METACTAOMIIBHBIMUA COCTOSIHUSIMHU.
bnacooaprocmu.

Pabora BeImonHena npu noanepxkke rpanta PH® Ne 20-12-00053.

1. Y. Tanaka, S. Kashiwaya // Physica C. — 1997. — T 274. C. — 357-363.
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SIMP B " Y B CBEPXITPOBO/IHUKE Y Bs.

0. M. Bsiceaes!, A. A. l'unnnyc??, H. E. Ciryuanko® H. 1O. Illunesanosa’®,
B. b. ®uiaunmnos®
YUDTT PAH, Yepnozonosxa, vyasel@issp.ac.ru
2Dusuueckuil gaxyremem MI'Y um.Jlomonocos, Mockea, gippius@mail.ru
3OUAH, Mockea, gippius@mail.ru
*UO® PAH, Mocksa, nes i
SUTIM HAHY, Kues, Ykpauna

Metonom SAMP na sapax 11B u 89Y wuccienoBaHo [Ba NMOJMKPUCTAUIMYECKUX
obpasna ceepxnpoBogHuka YB6 ¢ TC =7,4 K u 4,2 K, ananoruuasix odpaszmam “Nel” u
“Ned4” u3 pabotsl [1]. OOpa3ubl MoTy4eHBl U3MENBUECHUEM KPHCTAIOB, BBIPAIIEHHBIX C
pa3IMYHBIMU BECOBBIMHU KOHIICHTPAIUSMHU O0pa U UTTPUS B UCXOJHOM cocTaBe. OCHOBHOM
BOIIPOC  HUCCIIEJIOBAaHMSI — IIOMCK MEXaHHW3Ma, OTBETCTBEHHOIO 3a HW3MEHEHUE
CBEPXITPOBOSIINX CBOWCTB JAHHON CUCTEMBI.

Crektpel SIMP wm3oroma 11B (cnmH 3/2) Hew3MeHHBI BO BCEM TEMIEPAaTypHOM
unteppane 6-300 K, mpakTudyecku Hepa3IWYUMbl IS ABYX WM3Y4YeHHBIX 00pa3ioB YBO6 u
NPEACTaBISIIOT CcO00H  XapakTepHyO ‘IBYropOyro’ JHHHIO LEHTPAIBHOTO Mepexoia
(1/2> —1/2) u catemuuThl (epexoubl £3/2<> £1/2), OTCTOSIIME OT LIEHTPAIBHOTO MEPeXo/1a
Ha +300 k['u. KauecTBEHHO M KOJMYECTBEHHO OHU CXOJHBI cO cnekrpamu 11B gpyrux
rexcabopunoB (LaB6, SrB6, YbB6, BaB6) [2]. Hamm u3mepeHust yka3bIBarOT Ha TO, YTO
dopma nMHHUM UeHTpaidbHOro mepexona 11B  oOycioBiaeHa IUNONb-AUIIOIBHBIMU
B3aUMOJICHCTBUSAMH, a HE HAJMYUEM KaKuX Obl TO HH OBUIO HEOIHOPOJHOCTEH B
noapemérke 6opa. Cnpur aunuu 11B He npeBbimaet 10-20ppm.

Ckopocth crnimH-peméroynoit penmakcammu 11B, 11T1-1, xpaiine HU3Ka B 000MX
oOpasuax. Temneparypnas 3aBucumocts 11T1-1 mpu T > 50 K umeer suag 11T1-1 = a+fT
c a=0,0144+0,001 c-1, =2,3x10-4 u 2,7x10-4(c'K)—1 ansa ob6pasuos ¢ TC=4,2 u 7,5 K.
OTH TaHHBIE IOATBEPKIAIOT BHIBOJIbI PACUETOB 30HHOU CTPYKTYPHI [3] 0 HU3KOH IIIOTHOCTH
COCTOSIHUH 3JIEKTPOHOB MPOBOAMMOCTH Ha MO3UIMAX Oopa.

Pesonancnas nunus 89Y (cnmH 1/2) B oOoumx oOpasiax mTpeacTaBisieT coOOu
0e3TMKUI CUMMETPHYHBIN MUK mupuHoi ~1,6 k['11, hopMa 1 muprHa KOTOPOro HE 3aBUCT
ot remnepartypsl. [lo3unus nuka B o0pasue ¢ TC =7,5 K npu Bcex Temneparypax Ha ~20ppMm
BhIIIe, yeM B oopasiie ¢ TC =4,2 K. CkopocTb cinH-pemérounoii penakcaiuu 89Y, 89T1-1,
munerna o T: 89(T1T)-1=0,0014 u 0,0017 (c’K)—1 B o6paznax ¢ TC=4,2 u 7,5 K.

OpHOopoaHAs MarHUTHAsE BOCIPUUMYHBOCTh, U3MEPEHHAs! B JBYX HMCCIEIOBAaHHBIX
oOpa3uax, mokasaina, yTo oOpaser ¢ 6osee BeIcOKkUM TC mmeeT OONbLINI TeMIlepaTypHO-
He3aBUCHUMBIM BKkJaA. KonnuecTBEeHHBIM aHANIM3 TMO3BOJWI BBIACIUTH CIHUHOBYIO YacTh
CABUTa JIUHUU UTTpUs, KS, M MOCTpOUTh TeMrepaTypHyto 3aBUCUMOCTh ‘KoppuHrosckoii’
BennunHbl T1TKs2. C ppyroit croponst, 89(T1T) —1, nuHeilHO cBA3aHHAs C KBaJIpaToM
IUIOTHOCTHU COCTOSTHUM, Oonbliie y oOpasina ¢ 6onee BeicokuM TC. M3menenue 89(T1T)—1 u
COOTBETCTBYIOIIIEE HM3MEHEHHE IUIOTHOCTH COCTOSIHUM, corjmacHo Teopur BKIII,
KOJIMYECTBEHHO corjacyercsa ¢ HabmogaeMblM u3MeHeHueM TC, ¢ yu€rom 3HaueHHA
temnepartypsl Jlebas 1160 K, BeiBenenHoii B padoTte [1] 11 aHanOruuHbIX 00pa3os.

1. N.Sluchanko et al.// Phys. Rev. B. — 2017. — T. 96. — Ne14. — C. 144501.

2. J.L.Gavilano et al.//, Phys. Rev. B. — 2001. — T. 63. — Nel14. — C. 140410(R); J.L.Gavilano
et al.//, Physica B. — 2003. — T. 329-333. — Ne2. — C. 570-571; Sh.Mushkolaj et al.//, Acta
Phys. Pol. B. — 2003. —T. 34. — Ne2. — C. 1537-1540.

3. B.Jageretal.//,J. Alloy. Compd. — 2004 — T. 383. — Nel-2. — C. 232-238.
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3O PEKTUBHBIN G-®AKTOP SJIEKTPOHOB, U3MEPSIEMbBIIA IIO MATHATHBIM
KBAHTOBBIM OCHWJUIAIUAM B AHTU®EPPOMAT'HUTHBIX
CBEPXITPOBO/IHUKAX

I'puropses I1.J1.2, Pamazamsuiau P. 3, Kapuosuuk M.B.*

1 L.D. Landau Institute for Theoretical Physics, Chernogolovka 142432, Russia
2 National University of Science and Technology “MISiS”, Moscow 119049, Russia
¥ Laboratoire de Physique Theorique, Universite de Toulouse, CNRS, UPS, France
* Walther-Meifner-Institut, D-85748 Garching, Germany, ivanov@maul.ru

Hcnonb3yss ciMMETpUiiHBIE apryMEHTHI MOKa3aHo [1], 4TO BO MHOTMX MeTajuiax ¢
aHTU(EePPOMATHUTHBIM yIOpAI0YeHHEM J(PQPEKTHUBHBIN g-(hakTop HOCHTENEH 3apsja,
W3MEPEHHBIN 110 MArHUTHBIM KBAaHTOBBIM OCLWJUIALIMAM, PABEH HYJII0. DKCIEPUMEHTAIBHOE
uccieoBanue 3Toro 3(dexra mpoBOAUTCS B HECKOJIBKUX COCIMHEHUSX M CPAaBHUBACTCS C
npeyioKeHHOW Teopueld. Mbl OOHApYKUJIM, UYTO AaHTU(PEPPOMArHHUTHOE COCTOSHUE
ciaouctoro opranudeckoro mpoBojgHuka K-(BETS)2FeBr4 ne mposiBisier cnuHOBOM
monynsuuu ocuwusiiuii [llyoHukoBa-ne ['aaza, B oTau4Me OT MapaMarHuTHOTO COCTOSTHUS
TOTO K€ Marepuaia. DTO CBHUJIETEILCTBYET O BBIPOXKICHUHM ypoBHeW Jlanmay mo cnuny,
npescKa3aHHoe Uid aHTU(EePPOMArHUTHBIX MPOBOJHUKOB. AHAIOTUYHO, MBI HE HAXOJIUM
CIIMHOBOW MOJYJISIIIMM B YTIIOBOW 3aBUCHMOCTH MeIJICHHBIX ocimuninuid [IyOoHukoBa-mne
['aaza B omnTuManbHO JerupoBaHHOM snekTpoHamMu Kymnpate Nd2—xCexCuO4. 3to
YKa3bIBAaCT HA HAJIMYUE HEEJEBCKOTO TMOPSIKAa B 3TOM CBEPXIIPOBOJHHUKE Jaxe IMpH
ONTUMaJIbHOM JIETUPOBAHUH.

OoOHnapyxennsiii  3¢dexkr oOHyneHus >pdexkTuBHOrO g-(hakTopa 3IEKTPOHOB
MPOUCXOAUT U3-3a €r0 CUIIbHOM 3aBUCUMOCTH OT UMITYJIbCA U 1a’KE€ CMEHBI 3HAKa HA TPAHULIE
MarHuTHOM 30HBI bprouiosHa, oOpa3oBaHHON aHTU()EPPOMATHUTHBIM YIHOPSAIOYCHHEM.
Habmronaemsiii 3hdexT BrepBble IKCIEPUMEHTATBHO JEMOHCTPHPYET TaK Ha3bIBAEMOE
36€MAaHOBCKOE CIHH-OpPOUTANIbHOE B3aUMOJAEHCTBHE, KOTOpPOE OKa3bIBA€TCS HAMHOIO
CUJIbHEe 0OBIYHOTO BOJIM3H IPAHUIIBI MATHUTHON 30HBI bprosuitosHa.

Paboma noodepocana PODU Ne 21-52-12027, 19-02-01000 u 21-52-12043.
2. R. Ramazashvili, P.D. Grigoriev, T. Helm, F. Kollmannsberger, M. Kunz, W. Biberacher, E.

Kampert, H. Fujiwara, A. Erb, J. Wosnitza, R. Gross, M.V. Kartsovnik// npj Quantum Materials
-2021.-T.6,C. 11-18.
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MUKPOCTPYKTYPA, MATHETHU3M U
CIIMHOJAJIBHBIN PACHTAZL B STINTAKCHUAJIBHBIX INTEHKAX
MAJJIAIUS C UMIIVIAHTUPOBAHHOU NPUMECBIO 3d-2JIEMEHTOB

T'ymapos A.W.12, Sunaxun U.B.1% IOcynos P.B.}, Croasipos B.C.'%, Bajiees B.®.2,
Tarupos JI.P.'2, Xaii6yaiun P.1A.2

YKaszanckuii pedepanvuviii ynusepcumem, Kasanw, Poccus, amir@gumarov.ru
2 Kasanckuii usuxo-mexnuueckuii uncmumym um. 3asotickoeo @HI] KasHI] PAH, Kasany,
Poccus
S Uncmumym ¢usuku meepdozo mena PAH, Yepnozonoska, Poccust

CeroziHsi, B YCJOBHSAX HCYEpIAHHs MOTEHIMAJA Pa3BUTHS IOJYIPOBOIHUKOBBIX
TEXHOJIOTUH, 3a7a4a co31aHusi 0A30BBIX AJIEMEHTOB JUIsl OBICTPON OJJHOKBAHTOBOMW JIOTUKH
Ba)XKHA M aKTyalibHa. B 9acTHOCTH, /Ui €€ PElICHHS aKTUBHO HCCICIYIOTCS MarHUTHbBIC
JDKO3e()COHOBCKHE TEPEXOJbI HA OCHOBE CTPYKTYp CBEPXIPOBOIHHK-(heppOMarHeTHK-
cBepXnpoBOAHUK (SFS-CTpykTypsl), TIe B Ka4yeCcTBE CBEPXIPOBOMSAIICIO  S-CIOsI
ucnons3ytorcst Pb, Nb, VN, a B kauectBe deppomarautHoro F-cios mpemiaraercs
UCIIOJIb30BaTh Cilabopa30aBicHHbIH (QeppomarauTHbiid crmaB Pdl-xFex (X < 0.1%)
HaHOMETPOBO# TouKHbI [1]. OOBIYHO TaKKe CIIIaBhI MOJYYAlOT METOIOM MarHeTPOHHOTO
pacnbuieHus [2] uin MoJIeKyJIspHO-TydeBoi anuTakcuu [3]. OqHaKko, HOHHAS HMILTAHTAIINS
TaKXke SBJISEeTCS YPPEKTUBHBIM METOIOM pa30aBICHHS MATPHIIBI MaJIaJdusl MarHUTHON
npuMechio [4] 1, Kak MOKa3bIBAIOT HAIIM HETaBHUE UCCIICIOBAHMsI, BEChMa MEPCIIEKTHBHBIM
JUIS  TIOJYYCHHUS HOBBIX HAHOCTPYKTYPUPOBAaHHBIX MATEPHAIOB C  YHHKAJIbHBIMHU
MarHUTHBIMH XapaKTEPUCTHKAMH.

MBaI nipoBenu umiLanTaiuio nounos 3d-meramwios (V, Cr, Mn, Fe, Co, Ni) ¢ saeprueii
40 3B u noszamm B mmanaszone (0.5-3.0)-10'® mom/cm2 B smurakcuanbHble mieHku Pd
paznuuHoi TosmuHbl (40-80 HM) /TS HHAYIHUPOBAHUS B HUX MarHETU3Ma M MCCIICIOBAHUS
€ro 3aBUCHMOCTEH OT KOHIICHTPAlMd ¥ TUIA BHEIPSIEMOW TIPUMECH, a TaKXkKe
MOCJICAYIONIET0 OT)KUTa B YCIOBHAX BBICOKOTO Bakyyma. Metogamu audpakiiiuu
MEIJICHHBIX O3JICKTPOHOB M PEHTTEHOCTPYKTYPHOTO aHain3a Oblla HCCIIe0BaHa
KpHUCTa/UTHUECKasi CTPYKTypa MieHOK. KoHieHTpamnus u npoduin pacupeaesicHusi aTOMOB
BHEJIDCHHBIX TIpUMeceld 10 TJIyOWMHEe OBUIM TOJIy4e€Hbl METOJaMHU PEHTTCHOBCKOM
(GOTO3IEKTPOHHOM CIEKTPOCKONHHM C HCIOJIb30BAaHHEM METOJWKA HOHHOTO TPaBICHHS
(mocnoitHoro aHanmu3a). MAarHWTHBIE CBOWCTBA HW3y4YCHBI METOJaMHU BHOPAI[MOHHOM
MarHUTOMETPUU U (EPPOMArHUTHOTO PE30HAHCA B IIUPOKOM HHTEpBAE TEMIIEPATyp, B
pa3InYHOlN reoMeTpun u3MepeHuit. [TokazaHo BIMsHUE 103bI UMIUIAHTHPYEMOU MPUMECH
Ha Temmeparypy (eppOMarHHUTHOTO yIOpSAOYeHHs. B  IIeHKax mnamwiaads ¢
UMIUIAHTUPOBAHHOW  TNPUMECHIO  JKele3a  OOHapyKeH  CHUHOJANBHBIA  pachaj
nupopMupoBaHre MHOro(ha3HOW MarHUTHOW CHCTEMBI. BBISBIIEHO BIUSHUE OCIEAYIOLIETO
TEPMUYECKOTO OT)KUTa Ha TemIieparypy nepexojaa Tc. [IpoBeneH cpaBHUTEIbHBIN aHATN3
MOJYYCHHBIX MATHUTHBIX XapPaKTEPHCTHUK.

Pabota BeImonHeHa npu puHaHCOBOI momaepkke rpanTa PODU (mpoekt Ne 20-02-
00981 a) ¢ ucnonp3oBanuem obopynosanus GIKIT XU KDY.
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2. JL.C. Ycnenckas u ap. // [Tucema B 2KOT®. 2013. T.97, Bem.3. C.176-179.
3. A.Esmaeili et al. // Thin Solid Films. 2019. V.669. P.338-344.
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We present the theory of the non-uniform magnetic phases in easy-axis ferromagnetic
superconductors with the dominant electromagnetic mechanism of interaction between
superconductivity and ferromagnetism and superconducting critical temperature
substantially exceeding the ferromagnetic transition temperature. [Zh. Devizorova, S.
Mironov, A. Buzdin, Phys. Rev. Lett. 122, 117002 (2019)]. We demonstrate how the initial
sinusoidal magnetic structure smoothly transforms into a solitonlike domain one with
decrease of the temperature. The size of the domains appears to be of the order of the London
penetration depth. We also calculate the parameters of the first order phase transition into
the vortex state, which may occur upon further lowering the temperature. The size of the
domains in the vortex state is basically the same as in usual ferromagnet. Thus, the transition
into the vortex state is accompanied by the increase of the magnetic structure period. At the
same time, we predict that the domain walls should generate the set of vortices perpendicular
to the ones in the domains. The results qualitatively describe the magnetic structures recently
observed in P-doped EuFe2As2 compound [V. S. Stolyarov et al., Sci. Adv. 4, eaat1061
(2018)].

We also propose the possible scenario of the appearance of the short-period (with the
period of the order of several lattice parameters) helicoidal magnetic structure recently
observed in EuRbFe4As4 compound [K. lida et al., Phys. Rev. B 100, 014506 (2019)]. We
argue that this structure may appear due to the presence of superconductivity [Zh.
Devizorova, A. Buzdin, Phys. Rev. B 100, 104523 (2019)]. In spite of EuFe2As2 and
EuRbFe4As4 seems to be very similar, in the later one the main mechanism between
superconductivity and ferromagnetism seems to be the exchange one. This results in the
appearance of the magnetic structure with the period less than the superconducting coherence
length.

Zh.D. acknowledges the funding from Russian Presidential Scholarship SP-5551.2021.5.
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BO3MOXHOCTD YITPABJIEHUS CIIMHOBBIM KJIATTAHOM 2JIEKTPUYECKUM
IHOJIEM

KamameB A.A., Jleoutbes A.B., 'apu¢pyiun U.A., Mamun P.O.

Kazanckuii gpusuxo-mexnuueckuti uncmumym um. E.K. 3asotickoeo U] Kasanckuii HayuHblil
yenmp PAH, 2. Kaszanw, Poccus, kamandi@mail.ru

CaepxnpoBosiiasi CIUHTPOHUKA UMEET OYEBHJIHBIE MIEPCIIEKTUBBI IPAKTUUECKOIO
MPUMEHEHHUS ¥ TI0O9TOMY BBI3BIBAET OTPOMHBII HHTEpeC BO BceM Mupe. OTHUM U3 KITFOYEBBIX
AJIIEMEHTOB CBEPXIIPOBOJAIIECH CIMHTPOHUKM MOKET O0Ka3aTbCsd CBEPXIPOBOASIINI
CIIMHOBBIN KiaraH. CBEpXIPOBOISIIMN CITMHOBBIM KJIanaH MPEeACTaBISIET COO0H CIOUCTYIO
TOHKOIUJICHOUHYIO CTPYKTYPY, COCTOSAIILYIO U3 OJHOTO cBepxmpoBosiiero (C) cios u 1ByX
dbeppomaruutHeix (D) croeB. CBepXHpoBOIAIIUN TOK, NPOTEKAIOUIMII uepe3 OTy
KOHCTPYKIIMIO, MOKET OBbITh BKJIIOUEH WJIM BBIKIIOUEH IMyTEM W3MEHEHHUs HaIpaBiICHUS
HAMarHWYeHHOCTH B OJHOM U3 (PEpPPOMArHUTHBIX CJIOEB MPH IMPHIOKEHUU HEOOIBIIOTO
MarHutHoro nosid. [locnennue pabotsl Hamiel rpynmnsl [1] U nccnenoBaHus APyTrux rpymnmn
[2,3] mnOKa3bpIBaIOT, YTO MAaKCHUMAallbHbIE BEIMYUHBI 3(PPEKTOB CBEPXIPOBOASIIETO
CIIMHOBOIO KJjamaHa ObUIM TOJYy4YeHbl MPU HCHOJIB30BAHUU JIOCTATOYHO OOJIBIINX
MarHuTHbIX mojedl (2.5-10 kD). Takue cunbHbBIE MarHUTHBIE TIOJISI, HaKJIaJIbIBAIOT
OTpaHWYEHUSl NJS BHEIPEHHs] CBEPXIIPOBOJSIIETO CIHUHOBOIO KjamaHa B JIOTUCTUKY
COBPEMEHHOM CIIMHTPOHUKH.

Mpbl  paszpabarbiBaeM OPUHLUIMATBHO HOBYH) BO3MOXKHOCTH  YIPaBJICHHUS
CBEPXITPOBOSIINM CIIMHOBBIM KJIAIIAHOM 32 CUET BO3/CHCTBUS BHEIIHETO AIEKTPUUYECKOTO
noJisi. DTy 3a/1ady Mbl pellaeM IyTeM HCIOJb30BaHUS B KOHCTPYKIIUU CBEPXIIPOBOISIIECTO
CIIMHOBOTO KJIAIlaHAa CETHETORJIEKTPHKA B KadecTBe (DYHKIMOHAIBHOW MMOJUIOXKKH.
V3MmeHeHre HampaBlIeHHs BEKTOpa HaMarHWu4eHHocTH B oaHoM u3 @-cioeB Oyner
NPOMCXOIUTh 3a CYET MarHutoymnpyroro s¢¢ekra, BbI3BaHHOU Aedopmarueit D-cios.
Jedopmarius reHepupyeTcsl CErHEeTOIEKTPUUECKON MOAI0KKOM MO/ AeHCTBUEM BHEILIHETO
AIEKTPUIECKOTO 1oJIst. TakuM 06pa3zom, MbI CMOKEM U3MEHSTh Y)PEKTUBHYIO TEMIIEPATYPY
nepexona B cBepxmpoBogsimiee cocrosHue B C-cioe. B pesynprate, COCTOsSHHE
CBEPXITPOBOJSIIErO CIMHOBOIO KJlanaHa OyeT KOHTPOJIMPOBATHCS SJIEKTPUUECKUM TOJIEM.

MBI  [OpUrOTOBMIIM ~ TE€TEPOCTYKTYpPY,  HalbUIMB  IUIEHKY  JKejle3a  Ha
CETHETORJIEKTPUUECKYIO0 MOJUIOKKY HHoOata nuTHs. Jlamee Mbl UCCIETyeM BO3MOKHOCTh
NEepeOopUEeHTAIUM HalpaBlieHUs] HAMarHUY€HHOCTH (eppOMarHUTHOIO CJIOSl IPU TTOMOLIH
MPWJIOKEHUST DJIEKTPUYECKOrO IMMOJI K CErHETORJIEKTPUYECKOH mojuioxkke. [IpoBeneHbl
HKCHEPUMEHTHI 110 U3MEHEHHIO OPUEHTALUU HAMAarHMYEHHOCTH (eppOMArHUTHOIO CIIOS
IpU MPWIOKEHUH AJIEKTPUYECKOrO MOJII K CErHETORJIEKTPUYECKOW MOMAJIOXKKEe HuolaTa
mutua. MetogoM sddexra Keppa yaanocs 3apeructpupoBaTh M3MEHEHHE OpPUEHTAIIUH
HaMarHW4YeHHOCTU (ePPOMATrHUTHOTO CJIOS MPHU MPUIIOKEHUH BHEIIHErO AJIEKTPUUYECKOTO
HanpspkeHus ot 100 no 200 B.

Taxum 00pa3zom, MOXKHO MPEANOIOKUTH, UTO LI [T0 CO3/IaHUI0 CBEPXIPOBOIAIIETO
CIIMHOBOTI'O KJIallaHa, YIPABJISEMOTO IEKTPUUECKHUM TI0JIEM, pEaIU3yeMa.

1. A. Kamashev, N. Garif’yanov, A. Validov et al., Phys. Rev. B 100, 134511 (2019).

2. Y.Gu, G. B. Halasz, J. W. A. Robinson, and M. G. Blamire, Phys. Rev. Lett. 115, 067201 (2015).
3. A. Singh, S. Voltan, K. Lahabi, and J. Aarts, Phys. Rev. X 5, 021019 (2015).
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MATHUTHBIE JJOTHYECKHUE JIEMEHTBI U151 CBEPXITPOBOISIIIEN
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B paGore paccMOTpeHbl BO3MOYKHOCTH COBEPILIEHCTBOBAHMS CBEPXIPOBOISIINX
DJIEMEHTOB TMaMSTH Ha OCHOBE MHOTOCIOHHBIX JKO3E()COHOBCKHX KOHTAKTOB C
KOMIIO3UTHBIM OapbepoM, BkitouatromuM TyHHenbHbIN (I) u peppomarautusiit (F) ciou.
Jlormueckoe COCTOSTHHE OIpeNeseTcs] MepeMarHnYruBaHueM (peppoOMarHUTHOTO CIIOSI, a
TYHHEJbHBIM Oapbep oOecrneunBaeT 4acTOTHYI0 COBMECTUMOCTh C 3JIEMEHTaMH OBICTPOM
onHokBaHToBoM Joruku (BOK). IlpenmyiiectBoM Takoi NamsTH SBISETCS MEHbIIUN
pasMep IO CpPaBHEHHMIO C HMHTEP()EPOMETPUUYECKUMHU CTPYKTYpPaMH, XpPaHSIIUMHU KBaHT
MarHuTHOTO TmoToka. s oOecreyeHuss TexHOJOrH4Yeckoil coBmectumoctu ¢ BOK-
TEXHOJIOTUEH MBI HCHOJb3yeM HHOOMI B KadecTBE Marepuaia Uil CBEPXIPOBOISAIINX
OeperoB, OKCHJI AIFOMUHUS JJIS1 CO3JJaHUs TYHHEJIBHOTO Oapbepa W CHIIbHOPa30aBICHHBIH
cwiaB - Pd0.99Fe0.01 B kadectBe (QeppoMarHeTuka. BxiroueHue — MpOCIONKH
CBEPXIPOBOISAMIETO HUOOMS TONMUHON 10 HM MeXIy TYHHEIbHBIM U (peppOMarHUTHBIM
cinosimu (SISFS-koHTaKT) yBenuunBaeT KPUTUYECKUI TOK U XapaKTEPUCTHUYECKYIO YaCTOTY
koHTakTa [1]. B HacTosiee BpeMs pemaercs 3anavya macirabupoBanus SIsFS-anementos
710 CyOMMKpPOHHBIX pa3MepoB. ['aBHast mpobiema CBs3aHa CO CUMTHIBAHUEM JIOTHYECKOTO
3HAu€HUsl, MOCKOJIbKY BEJIMYMHA HAIPSHKEHHUS B PE3UCTUBHOM COCTOSIHUM OMPEIEIeTcs
IIOTOKOM HaMarHMYEHHOCTHU Yepe3 ceueHHe KOHTakTa. Hamu nmpencTaBieHO U3rOTOBIEHUE
U HuccleqoBaHue NpAMOYrojbHbIX SISFS-KOHTakTOB, B KOTOpPBIX JIOTUYECKOE COCTOSHUE
OIpEACIAETCS OpPUEHTALMEH HAMarHWYEHHOCTH I0 OTHOIIEHHIO K JUIMHHOM CTOPOHE.
UucneHHOe MOJIEIMPOBAHUE MTOKA3bIBAET, YTO KOPOTKAsi CTOPOHA MOXKET OBITh YMEHBIIIEHA
710 CyOMHUKPOHHBIX pa3mMepoB (okosio 300 HM) pu cOXpaHEHUH (PYHKIMOHATBHOCTH.

Bo3MoxHON anpTEepHATHBOM sABISIETCS HCHOJb30BaHue FsF-rerepoctpykryp, B
KOTOPBIX B3aUMHAas OpPHEHTAalMsl HaMarHMYEHHOCTEH (peppOMarHUTHBIX CJIOEB BIMSET Ha
CBEPXITPOBOSAIINN MapaMeTp MOpsJIKa B Pa3AeIUTEIbHOM s-ciioe. Mbl 0OHapYKUIH, YTO
3aMETHBIE MATHUTOPE3UCTUBHBIE SIBJICHUS UMEIOT MECTO JJa)Ke ITPU MCIIOJIb30BaHUM KpaliHe
cnaboro ¢eppomarseruka Pd0.99Fe0.01. Hampumep, B o0iactu Temmneparypbl
CBEPXIMPOBOSIIETO MNEPeXoAa MpPU KOIPUUTHUBHOM MArHUTHOM TII0JI€ OOHapy KEHBI
OTpHULATENIbHbIE MUKH MarHUTOCOMPOTHUBIIEHUS ¢ 3P dpexTom nmamatu. [lokazaHo Takxke, 4To
HWKE KPUTHUYECKON TeMIepaTypbl HM3MEHEHHME HAMarHUYEHHOCTH CJIOEB II03BOJISET
YIOPaBIsATh KPUTHUECKUM TOKOM obOpasua. [IponemoncrpupoBano, uto FsF-mukpomoctuku
PdFe-Nb-PdFe siBistrorcst TOrHYeCKUME 3JIEMEHTaMH, CIIOCOOHBIMU MEPEKITIOYATHCS MEKIY
YPOBHSIMHU HaNpsDKEHUS TOPSAIKA COTEH MUKPOBOJIBT.

brnacooapnocmu. Pabota npejcrasiena npu noasepxke npoekra PODU 19-32-90162.

3. T.I. Larkinetal., Appl. Phys. Lett., vol. 100, no. 22, pp. 222601, 2012.
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CBepXIPOBOAHUKOBBIC CTPYKTYPHI C TPOCIOWKON, B KOTOPHIX OOMEHHOE B3aUMOJICHCTBUC
UIpaeT ONPEIEISIONIYI0 POjlb, AKTUBHO UCCIEAYIOTCS yxKe Oonee IBYX Aecatuieruil. B to
e BpPEMs M3YUEHHUE CTPYKTYpP C BBIPAXKEHHBIM CIIMH-OPOUTAIBHBIM B3aUMOJIEHCTBHEM
HAXOJUTCS TOJNBKO JIMIIb HAa HadalbHOM 3Tane. HegaBHO HaMu ObUIM MOJy4YEHBI HEpPBbIE
IKCIIEPUMEHTANIbHBIE JaHHble [1, 2] MO CBEpXIPOBOASAIIMM ME3a-TeTePOCTPYKTypam
Nb/Au/Sr2IrO4/YBa2Cu30x, y KOTOpbIX mpocioika u3 upupara ctpoHius Sr2lrO4
00J1a1aeT CUIIbHBIM CITUH opOuTaibHbIM B3aumoeiicteueM (COB) ¢ sneprueit ESO~0.4 eV.
Hanuuue s¢pdexra Jxo3edpcona ObuUI0 MOATBEPKICHO HU3MEPEHUSMH BOJIbT-aMIEPHBIX
XapaKTepUCTHK O] BO3AeHCTBUEM TOCTOSSHHOrO MarHuTHoro noiyist H u CBY o6iyuenus.

B nanHom cooOmenun Oyner obcyxaarbes BaussHue COB Ha MarHUTHO-TIONEBbIE
3aBucumoctu IC(H) u acummerputo ammutyq kputuaeckoro Toka [C+#£IC-, nabnrogaemyto
IIPY CMEHE IOJSAPHOCTH 3aJaHUs DJIEKTPUUECKOTO TOKA, a TaKKe OTKIOHEHUE OT
HKBUJIMCTAHTHOCTH OCLWIIMPYIOUIMX C MAarHUTHBIM mojeM cryneHed ®ucke. IIpu stom
OTMETHUM, 4TO JU1s cryneHel [llanupo 3KBUAMCTaHTHOCTD 11O HANIPSKEHUIO U COOTBETCTBUE
JDKO3€()COHOBCKOMY COOTHOILICHHIO YaCTOTA/HANPSHKEHUE BBIMOIHSIOCH C  BBICOKOM
TOYHOCTBIO. Takke OTMETHUM, IIPU CMEHE HaIIPaBJICHUs BO3ACUCTBHUS MarHUTHOTO IOJIS OT
MApaJUIEIIBHOTO K MEPHEHIUKYJSIPHOMY 3HAYEHHs HalpshDKeHUH cryneHel ®ducke
OCTaBAIIMCh HEU3MEHHBIMHU.

Pabota BeIMONIHEHA B paMKax TOCYIApCTBEHHOTO 33/IaHUs M YaCTHYHO MOIepKaHa
PODU (npoekr 19-07-00274).
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2. Constantinian K.Y., Petrzhik A.M., Ovsyannikov G.A., Shadrin A.V., Kislinskii Yu.V.,
Cristiani G., Logvenov G. // Journal of Physics Conference Series. —2020. — V. 1559. -012023.
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It has been recently predicted that the Josephson junctions formed by proximitized
semiconducting nanowires connected with an offset angle should exhibit the anomalous
Josephson effect [1-3] which is characterized by the appearance of a spontaneous phase shift
in the ground state of such junctions (the so-called anomalous phase). However, the analysis
of this effect has been restricted to the limit of large Zeeman fields so that the proximitized
nanowire is in the topologically nontrivial phase and realizes the spinless p-wave
superconductivity. The main goal of our work is to study the key features of the Josephson
transport through a curved semiconducting nanowire within the full range of the Zeeman
fields covering both topologically trivial and nontrivial regions of the phase diagram.

Based on numerical simulations and analytical estimates within the framework of the
Bogoliubov — de Gennes equations we reveal the magnetic field driven crossover from
conventional to anomalous Josephson effect as the system undergoes the topological phase
transition. The distinctive features of the Josephson effect are studied for two inequivalent
orientations of the spin splitting field. First, we consider the case when a curved nanowire
junction is placed in the external magnetic field directed perpendicular to the substrate. We
find that in this regime the anomalous phase shift vanishes for small Zeeman fields and
saturates at the geometrical offset angle for large fields in the topologically nontrivial phase.
We have also considered the possibility of a textured profile of the spin splitting field
directed parallel and antiparallel to the nanowire axis in different parts of the system. We
show that in this regime the crossover region extends far into the topologically nontrivial
phase, so that the anomalous phase shift doesn’t saturate at the geometrical offset angle even
for rather large spin splitting fields.

The analysis of the behavior of the anomalous phase demonstrates that this phase can
be tuned by the spin splitting field and, thus, the curved nanowire junctions may realize a
tunable phase battery. We find that for both orientations of the spin splitting field the
presence of the above-mentioned crossover reveals itself in the superconducting diode effect:
the magnitude of the critical current depends on the direction of the applied current.
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PA30BBIE IEPEXO/IbI B CTPYKTYPAX CBEPXIIPOBOJIHUK-®EPPOMAI'HETHUK
CO CIIMH-OPBUTAJIBHBIM B3AUMOJEUCTBUEM

IMyruaos A. B, Jleeuzoposa K. A.2, Yaiikun U.>3, Muponos C. B.}, Bysaun A. 1.

YUnemumym gusuxu muxpocmpyxmyp PAH, 2. Huxenuii Hos2opoo,
2Mockosckuil Qusuxo-mexnuueckul uHcmumym, 2. JloneonpyoHulii,
*Uncmumym paouomexnuxu u snexmponuxu um. Komenvnuxosa PAH, 2. Mockea,
*University Bordeaux, Talence Cedex, France
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B pabore paccmarpuBaroTcs 0COOEHHOCTH CBEPXIPOBOAAIIETO (ha30BOTo Mepexoa
B TOHKHUX IJICHKAX CBEPXIPOBOHUKA (S), MOKPHITOrO ci10eM (GeppOMarHuTHOTO H30JIATOpa
(F). Panee Obu10 MOKa3aHo, 4TO cuH-opOuTanbHOE B3auMoaeicTBue (SOC) tuma Pamosr
Ha S/F rpanuiie mpUBOAUT K BO3HMKHOBEHHUIO CIIOHTAHHOTO CBEPXIPOBOMSIIETO TOKA,
Tekymero Baonb S/F rpaHumbl B Cl0€ aTOMHOM TONIIMHBI U 3KPaHUPYIOIIETO
MEHCCHEPOBCKOTO TOKa B 00beMe cBepxmpoBojgHuka [1]. IIpum aTomM B ciyuae, xorja
TOJILIMHA CJI0S CBEPXIIPOBOJHUKA L CyIIeCTBEHHO MPEBBIIACT JIMHY KOT€PEHTHOCTH & U
JIOHJJOHOBCKYIO TJIyOUMHY A, CIIOHTaHHBbIE TOKM HE OKAa3bIBAIOT BIIMSHUS HAa KPUTUUYECKYIO
TEeMIEepaTypy M KpuTHueckuil Tok pacnapuBanus S/F cTpykrypel. B nannoit paGote
BBITIOJIHEHBI pacyeThl B pamkax Teopun ['mu3Oypra-Jlanmay m mokazaHo, uto mpu L<KE
CIIOHTAHHbIE TOKM M COOTBETCTBYIOIIMN CKauyOK MarHutHoro mois Ha S/F rpanune AH
IPUBOJUT K TIOBBIILICHUIO KPUTUYECKOM TeMIlepaTypbl CHUCTEMBl M K aHHU30TPOIUU
KPUTHYECKOT0 TOKa pacnapuBanus (Ass cBepxmnpoBoauukos I pona).

Jlst cBepxnpoBoaHuKa | posa ¢ TonmuHoM L, yoBieTBopstomiei ycnoBuo ALK LKE,
noka3ano, 4to 3a cueT SOC kpuruyeckas Temiieparypa TcC MPEBBIAET KPUTUYECKYIO
TEeMIIepaTypy H30JMPOBAHHOW TUICHKK cBepxmpoBoaHuka Tc(O. Bo BHelmHeM MarHUTHOM
nosie HO, HanpaBieHHOM B MJIOCKOCTH CJIOEB, BHIPAKEHHUE ISl KPUTHUECKON TeMIEpaTyphl
umeet Bu: Tc/Tc0=1+(1/8)(A0/L)2(AH/Hem)44+2|HO|/AH. 3nech 3HaK «+/-» COOTBETCTBYET
napajjielbHOW / aHTUnapaienbHOW B3auMMHOM opuenTarmu HO u oOMeHHOro moss
¢deppomarneTuka h (€>0), Hcm — repmoguHamMuueckoe KpUTHUECKOE MOJIE.

B cnyudae cepxnpoBoaHuka Il poma mpu aHammze cBepXIpOBOAALIETO (Ha30BOTO
nepexojia HeoOX0MMO YUYHUTHIBaTh HEOJHOPOAHOE pacIpe/iesieHHe MmapaMeTpa Mopsiika B
HafpaBieHuu 1monepek cioeB. [lig crpykryp ¢ TommmHOM LKEKA KputHueckas
temneparypa npesbimaer Tc0 Ha Bemmuuny Tc/TcO=1+(1/2)(A0/L)2(AH/Hem)2. Takxke
nokasano, uro st S/F cTpykTyp co cBepxnpoBogHukoM Il pojga BenmmunHa KpUTUYECKOTO
TOKa paclapuBaHUs JC B IUIOCKOCTH CJIOEB 3aBUCUT OT B3aMMHON OPUEHTALIMHA BHEIIHETO
TOKa i 06MeHHOTO 10715t peppomarnerrka: Je=Jc0(1+ AHLNT/(2N6HemAO). 3ech 3HaK «-+/-
» COOTBETCTBYET HalpaBJIEHUIO TOKa Mo/mpoTuB [nxh], rae n - HopMansHo K S/F rpanue,
HanpasieHHas u3 F B S cinoii, 7=1-Tc/TcO, JCO — kpUTHUYECKHII TOK pacriapuBaHHs IS
U30JIMPOBAaHHOM CBepXIpoBoaduied miaeHku Ttommuubl L. Takum oOpasoM, poimkeH
HaOI0IaThCS AUOAHBINA 2PPEKT - KPUTUYECKUN TOK B MPOTHBOIOJIOKHBIX HAIMIPaBICHUSIX
OKa3bIBAaeTCs pa3auyuHbIM. J[aHHBIA A(PPEKT MOXKET OBITh HCIONB30BaH s pa3pabOTKH
HKCIIEPUMEHTATBHON METOIUKH JIETeKTUPOBAHUS CIIOHTaHHBIX TOKOB B S/F cTpykTypax.

PaGora BbimonHena npu gurancoBoil nogaepxke Poccuiickoro Hayunoro ®onna
(rpant Ne 18-72-10027). K.A.JI. GuaromapuT 3a (DUHAHCOBYIO MOIEPKKY POCCHICKHI
npe3uaeHTckui rpant SP-5551.2021.5

1. S. Mironov and A. Buzdin // Phys. Rev. Lett. 118, 077001 (2017).
2. Zh. Devizorova, A. V. Pdtilov, I. Chaikin, S. V. Mironov, A. |. Buzdin // Phys. Rev. B 103,
064504 (2021).
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KBAHTOBASI JIUHAMUKA O/IMHOYHOI'O ®JJAKCOHA B IIEITOYKE
IMAPAJVIEJIBHO PACITIOJIOKEHHBIX JIDKOSE®@PCOHOBCKHUX KOHTAKTOB
Cenpon C. C., ®ucryan» M. B.

HUTY “MHCuC”, Mockea, alikseidov@yandex.ru

B pabote n3yueHa kBaHTOBasi JUHAMHUKA OJJMHOYHOTO MarHUTHOTO ()JIaKCOHA
B IICTIOYKE MapajUIeIbHO PACIIOIOKECHHBIX JKO3€()COHOBCKMX KOHTAaKTOB C BBICOKOM
KHHETHYECKOW MHIYKTUBHOCTHhIO. MarHUTHBIN (hJIAaKCOH MPEICTaBIIIET COOO0M CKavok (a3
JOKO3¢()COHOBCKMX KOHTAaKTOB B IIEMOYKE HA 27, TaK Ha3blBaeMbld KUHK. Bbicokas
KMHETHYECKass WMHAYKTUBHOCTh TO3BOJISIET YMEHBIIUTH pa3Mep ¢JIakcoHa, ClejaB €ro
MEHBIIIE pa3Mepa OJTHOM SYEHKH B LIETIOUKE.

27 P —

0 I
Puc. 1. Kordurypamms ¢a3 mxo3e)cCOHOBCKUX KOHTAKTOB BO (priakcoHe
HccnenoBanbl 1Be KOH(QUTYpAIMH IICTIOYKHW: JHHCHHAsS W KOJbIeBas. B
JUHEWHOM CJydae K CHUCTEME MPUIIOKEH TOK, KOTOPbIA MPUBOJUT K BO3HHUKHOBEHHUIO
O/0XOBCKMX ocrmumanui  Quakcona. K KompleBoil KOH(HUTypamuud TMPHIIOKEHO
HanpspbKeHue, 0J1aroaapst KOTopoMy B cucteMe Habmonaetcs apdext Aaponosa-Kamepa.

N
AN
N

Puc 2. JIuneiinas u KonblieBas KOHOUTYPAIUN TETIOYKH

I[I/IHaMI/IKa (1)J'IaKCOHa CBC€ACHA K ABMXKCHUIO YaCTUIIbI B ICPUOANICCKOM
3¢ (HeKTUBHOM MOTEHIMANIe, MUHUMYMBI KOTOPOT'O COOTBETCTBYIOT MOJIOKEHHIO (pIIaKCOHA
B pa3JIMYHBIX sTIefKax IICITOYKH. 3T0 TIO3BOJIACT UCIIOJIB30BATh paSBI/ITI)IfI TCOpeTI/I‘IGCKI/Iﬁ
anmapar JJis OMMMCAaHUs JUHAMHUKH, B YACTHOCTH, OJIOXOBCKUX octmutsiiuii[ 1] u addekra
AaponoBa-Karmepa[2].
1. K. Likharev and A. Zorin, Theory of the bloch-wave oscillations in small josephson junctions,
Journal of low temperature physics 59, 347 (1985).
2. J. R. Friedman and D. V. Averin, Aharonov-casher-effect suppression of macroscopic tunneling
of magnetic flux, Physical review letters 88, 050403 (2002).
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HEOJAHOPOJHAS CBEPXITPOBOAUMOCTD B JOAEKABOPHJAX
LUxZR1.xB12 C IMHAMMWYECKHUMMU 3APSA1IOBBIMU CTPAUIIAMMU

AsapeBnu A.Al, Borau A.A., Taymkos B.B.}, lemumes C.B.}, Xopommios A.JL.}, Kpacukos
K.M.}, Illuuesanosa H.IO.?, ®uaunos B.B.%, F'a6anun C.%, ®aax6apr K.3, Kysnenos A.B.%,
Taspuakun C.J0.°, Munen K.B.5, Bnangenn C.JIx.5,

Cayuanko H.E.!

YUnemumym obweri pusuxu um. A.M.IIpoxopoea PAH, Mockea 119991, Poccus
2Uncmumym npo6nem mamepuanosedenus um. 1.M. @panyesuva HAHY, 03680 Kues, Yipauna
SUncmumym skenepumenmanshoti pusuxu CAH, 04001 Kowuye, Crosaxus
*Hayuonanvuuiii uccnedosamenvcxuil aoepuuwiil yuusepcumem MHUDHU, Mockea, Poccus
Sdusuueckuil uncmumym um. I1.H. Jlebedesa PAH, 119991 Mocksa, Poccus,
SDusuyeckuii paxynomem ynusepcumema Oxcgopoa, Knapenoouckas Jlabopamopus, Oxcghopo
OX1 3PU, Beauxobpumanus,

nes@It.gpi.ru

UccnenoBanpl XxapaKTepUCTUKH HOPMAIBHOTO U CBEPXITPOBOSIIETO COCTOSHUS (YAETbHOE
conpotusiieHue, koddpduurent Xosia, TEMIOEMKOCTh U HAMAarHUYEHHOCTh) MOJEIBHBIX
CHUJIBHO KOPPEITUPOBAHHBIX 3JIEKTPOHHBIX cucteM LuxZrl-xB12 ¢ kxoomepaTuBHOW sH-
TEJJIEPOBCKONW  HEYCTOMYMBOCTBIO JKECTKOTO KOBAJICHTHOTO OOpPHOrO Kapkaca U
JUHAMUYECKUMM 3apsiioBbIMM  cTpaiinamu. IlokazaHo, 4TO 3T MeTaJlsIbl SBJISIOTCS
CBEPXIIPOBOJAHUKAMU S-THUIIA B TPSA3HOM Mpefesie ¢ Majod JJIMHOM CBOOOAHOrO mpobera
HocuTenei 3apsana 1 = 5 - 140 A, B KoTophIX peanusyercss HEMOHOTOHHOE M3MEHEHHE
pasMepa KynepoBcKoii napsl B auanasone 450 - 4000 A [1]. Haitneno, uto noaexa6opubl
ZrB12 n LuBI12 sBnstorcs cBepxnpoBogHukamu [-poaa, 3amemenue Zr Ha Lu BbI3bIBaeT
nepexo]l kK cBepxmpoBogaumoctu Il-poxa, mpu stom mapamerp ['muszOypra-Jlangay-Maku
HEMOHOTOHHO MeHsieTcs B mpenenax 0,65 < k1,2 < 6. IlpuBoasTcs apryMeHThl B TOJIB3Y
JByXIIeNeBoi cBepxnpoBogumoctu B LUXZr1-xB12 co 3nauenusimu meneit Al ~ 14 Ku A2
~ 6-8 K, npuuem cnapuBaHue B BEpXHEH 30HE COOTBETCTBYET YCIIOBHIO CUIBHOM CBS3M (Ae-
ph ~ 1), Torza kak B HUKHE 30He peanu3yercs mpejen ciaadoit cessu (Ae-ph ~ 0.1 - 0.4).

B LuxZrl-xB12 Beime Tc wabmomaercs mceBmomens Aps-gap ~ 60- 110 K,
BEJIMYMHA KOTOPOH ompenensercss BBICOTOW Oapbepa B JBYXBSIMHOM IOTEHIMANE B
OKPECTHOCTH TsDKenoro uoHa. OOcykaaeTcsi TakXke albTepHATUBHBIM ClIEHApUi
AQHU30TPOITHON OJJTHO30HHOM CBEPXIIPOBOJUMOCTH, B KOTOPOM Pa3phIB Napbl ¥ AHU30TPOIHUS
IIeTM  OKAa3bIBAIOTCS OOYCIIOBJICHHBIMU JMHAMUYECKUMHU 3apsAJOBBIMU  CTpaillaMu.
AHanu3upyercsi NPOUCXOXKJIECHHWE YHHMKAJIBHOM IOBEPXHOCTHOW CBEPXIPOBOJUMOCTH C
XapaKTepUCTUKAaMU, IPEBOCXOAAIIUMU TapaMeTphl, perucTpupyemsie B ooveme ZrB12 [1].

1. Azarevich A., Bogach A., Glushkov V., Demishev S., Khoroshilov A., Krasikov K., Voronov

V., Shitsevalova N., Filipov V., Gabani S., Flachbart K., Kuznetsov A., Gavrilkin S., Mitsen
K., Blundell S. J., Sluchanko N.E.// Phys. Rev. B. — 2021. —V. 103. — Ne 10. — 104515(1-15).
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KINETICS OF MAGNETIZATION REVERSAL OF SUPERCONDUCTOR-
FERROMAGNET HETEROSTRUCTURES IN LONGITUDINAL AND
PERPENDICULAR MAGNETIC FIELDS

Uspenskaya L.S.,! Nurgaliev T.?

nstitute of Solid State Physics RAS,
Chernogolovka, Russia, uspenska@issp.ac.ru
2 Institute of Electronics BAS,
Sofia, Bulgaria

The attractive idea to create artificial superconductor/ferromagnet heterostructures
(SC/FM) for easy control of the superconductor properties by magnetic field is widely
considered last decades. Of a special interest for applications are the HTSC/FM
heterostructures, particularly the YBCO/LSMO, where the magnetization value of LSMO
could be adjusted by doping, by variation of oxygen content, and magnetic domain structure
could be controlled by reasonable magnetic field.

In this work we concentrate on the influence of manganite on the critical current and
superconducting transition temperature of the heterostructure and its correlation with
magnetization reversal of manganite under an in-plane and perpendicular magnetic field.
The study of magnetization reversal is performed by the magneto-optic visualization
technique at T down to 7 K. We found a striking transformation of the in-plane external field
into a wave of alternating perpendicular flux, the particular features of which depended on
the temperature and magnetic prehistory at temperature above superconducting transition.
To shed light on the mechanism of the effect, we have investigated the magnetic domain
pattern of manganite film and its transformations due to variation of temperature and
application of the external field. The results are discussed taking into account the finite size
of the hybrid structure and the magnetostatic field redistribution because of the
superconductor vicinity.

1.0

s The shift of the superconducting transition in

g‘os YBCO/LSMO comparing with YBCO, and
' variation of kinetics of magnetization reversal in

% ; b LSMO with temperature decrease because of the

& 1 magnetic field screening by YBCO (T = 116, 73,
00 6"“““- e~ and 27 K)

Temperature, K

Acknowledgments. The study in performed at the ISSP RAS with financial support of the state task
of ISSP RAS.
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KPUTUYECKHU TOK B TUBPUJIHBIX CTPYKTYPAX CBEPXITPOBOJHMUK /
HOPMAJIBHBIIA METAJLI C BOJIBIIIUM OTHOLWEHUEM HOPMAJIBHBIX
INPOBOAMMOCTEN

Ycerapuukos C.C., Jlesuue M.IO., ITamenbkun U.1O., Knymun A.M., Bogoaasos J1.1O.

Huemumym ®@uzuxu Muxkpocmpykmyp PAH,
2. Huorcnuti Hoseopoo, Poccus, Sergey@ipmras.ru

Tokonecymass cnocoOHOCTh TOHKHMX "TPSI3HBIX" CBEPXMPOBOISIINX MOCTHKOB
3a4acTyl0 OrpaHHMYCHa BHYTPEHHUMH HEOJHOPOJHOCTSIMH, a TaKKe KpaeBbIMH U
MOBEPXHOCTHBIMU JieexTamu. OCHOBHOI BKJIa/1 B [TOJIaBICHUE KPUTHYECKOTO TOKa Ic garot
HEOJHOPOAHOCTH C MPOCTPAHCTBEHHBIMH MacIuTabaMH CpPaBHUMBIMH C  JITHHOW
KOTrepeHTHOCTH &. B "rpsa3HBIX" CBEPXIPOBOJHUKAX MAIOCTh & OOYCIOBICHA MallOCTHIO
ko durmmenta guddy3uun (EMoN ~6.5nm, npu D ~ 0.4 cm2/s), uyTo pdemaer TOK
pacmapuBanus Idep TpymHO IOCTHKMMBIM B TIPAKTHYECKUX TNPWIOKEHUsX. s
TOHKOIJIEHOYHBIX THOPHUIHBIX CTPYKTYP CBEPXIPOBOJIHUK (S) - HOpManbHbIi MeTamt (N) ¢
6onbuM ko3 dunuentom auddysun DN / DS ~ 102 Bo3MOKHO OoJibIee MPUOIIIKEHHE
KPUTUYECKOTO TOKAa K TOKY paclapuBaHUs, 3a CYET OOJIBIIOW UIMHBI KOTEPEHTHOCTH B
HopmansHOoM Metamie EN/ES ~ VDN /DS [1]. D1or 3bdeKT sBISCTCS CIeICTBHEM
HaBEJICHHOW CBEPXIPOBOANMOCTH B CJIO€ HOPMAJILHOTO MeTaJuIa (C OTKPHITHEM MUHHIIETH
B CIEKTpPEe KBa3WyacTul) 3a cyer dPdexkra Oau30ocTH, ee OONBIIOro BKIaga B
CBEpXIIPOBOASIINE CBOiicTBA rHOpuaHON SN CTPYKTYpHI U 0OJbIIEH YyBCTBUTEIBHOCTH K
IIPOTEKAIOIEMY TOKY, YEM Y Oa30BOr0 CBEPXIIPOBOJHUKA [2].

DKCHEPUMEHTAIbHO HCCIEIOBAIUCH OCOOCHHOCTH DJIEKTPOHHOTO TPAHCIOPTa B
MOCTHKAX IOJYYCHHBIX M3 TOHKOIUICHOYHBIX CTPYKTYyp MON/Cu ¢ oOTHOLICHHEM
npoBogumocteit pCu/pMoN or 12 mo 60 pa3, u tomummuama dMoN =20 nm,
dCu =5 -100 nm. YcraHoBieHO, 4TO (i) HANbLICHUE METaJlIa CYIIECTBEHHO YMEHBIIACT
OUHHUAT BHUXpeH, (i1) SKCIIEpUMEHTAJbHBIE PEe3yJIbTaThl MMEIOT XOpOIlee KauyeCTBEHHOE
COOTBETCTBUE MOJIEJIM BXOJla BUXpEH YIpaBisieMbIX KpaeBbIM Oapbepom [3], (iii)
KayeCTBEHHOE COOTBETCTBHE HKCIEPUMEHTAa U pacyeTa B paMKax TEOpPUM Y3aJens INpH
temneparype 0.1 Tc mnoka3piBaeT pocT kputudeckoro Toka oT ~0.4Idep 0e3
metayuinyeckoro ciosi ao ~0.7Idep B SN crpykrype, (iiil) mpuOIMKEHHE K TOKY
pacrapuBaHUs 3HAYUTEIBHO YCWIIMBAET HEIWHEWHBIE CBOMCTBA, YTO BaXHO JUIS
NPUIOKEHNH, PUHLIUN JEHCTBHUS KOTOPBIX 0a3HpyeTcss Ha 3aBUCUMOCTH KHMHETHYECKOM
WHIYKTUBHOCTH OT TPOTEKAOMIeT0 TOKa. B 1omonHeHwe, Mbl OOHapyXWJIH, 4YTO B
NOPUCYTCTBUM HOPMAJIBHOIO CJIOS BO3pacTaeT MaKCHMallbHas CKOPOCTb BHXpeill B
PE3UCTUBHOM COCTOSHUH.

Paboma svinoanena npu unancosou nodoepacke cpauma PODU Nel9-02-00528.
Hcnonvzosanoce obopyoosanue LIKII UPM PAH.

1. Ustavschikov S.S., Levichev M.Yu., Pashenkin l.Yu. et al. // SuST.- 2021. - v. 34,
p. 015004
2. Vodolazov D.Yu., Aladyshkin A.Yu., Pestov E.E. et al. // SuST. - 2018. - v. 31, p. 115004
3. Maksimova G.M., Zhelezina N.V. and Maksimov I.L. // Europhys. Lett. - 2001. - v. 53,
p. 639
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OCOBEHHOCTHU TPAHCIIOPTHBIX CBOMCTB CUJIBHOKOPPEJIMPOBAHHOI'O
HECOPA3SBMEPHOI'O OPTAHUYECKOI'O CBEPXITPOBO/IHUKA «-(BEDT-
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Becbma HeoObIYHBIE pe3yNbTaThl M3MEPEHUH MTUHAMUYECKOW MArHUTHOM BOCHIPHUHUMYHMBOCTH U
MOBEPXHOCTHOTO HMMIIEIaHCA YHUKAIBHOIO OPraHHYeCKOro CBEpPXIPOBOJHHKA k-(BEDT-
TTF)4sHQ280Brs (k-HgBr), B KOTOpOM CHIbHBIE KOPPEJSIMU COCYIIECTBYIOT CO ClIa0bIM
JIOTTUPOBAHUEM, CBSI3aHHBIM C HECOPAa3MEPHOCTHIO PEMETKH, YKA3bIBAIOT HA TIYOOKYHO (H3UKY
nporiecca 3IEKTPOHHOTO TPAHCIOPTa TPEOYIONIYIO JCTANBHOrO HM3y4eHUs. MOHOKpUCTAIB K-
HgBr Opim BBIpaIieHs METOI0M KOHTPOIMPYEMOTO ToKa. MccinemoBanns 0cOOEHHOCTEH CTPOSHUS
W MOJATBEPXKICHHIE TONTAHHOCTH 00Pa3I0B ObLTH MPOBEACHBI METOIAMH JU(PPAKTOMETPHH.
CBepXIpoBOASIIIE CBOWCTBA 3TOr0 MarepHana H3y4alhch HECKOJBKHUMH METOAMKAMH: OBbUIH
IIPOBENICHBl M3MEPEHMsI TEMIIEPATYpPHBIX 3aBUCHMOCTEN COIPOTUBIIEHUS IONEPEK MPOBOMSAIINX
CJIOCB, I[HHaMH‘-IeCKOﬁ MarHuTHOM BOCIIPUMUMYMUBOCTH MW TIOBCPXHOCTHOTO HMIICAaHCa B
MPOBOSIIUX TNIOCKOCTSIX.

TunuvHbIe pe3ynbTaThl, MOTYYCHHBIC HA HAIMUX 00pa3iiax, MPUBECHBI Ha TPEICTABICHHBIX HIKE
rpadukax. Pe3ympTaTl  M3MEpPEeHWH  CONPOTHBICHHUS W  JAWHAMHYECKOW  MarHHTHOM
BocpuuMunBOCcTH Ha dactore 100 KHz mpomeMoHCTpupoBadud HaaMdHe CBEPXIIPOBOMISIIIETO
COCTOSTHUSI TIPH TeMIiepaTypax Hmke T¢=3 K.

PesynbraTtel  M3MEpeHMs ~ TEMIEPATypHOM  3aBUCUMOCTb  IIOBEPXHOCTHOIO  HMMIIEAAHCA
Z(T)=R(T)+iX(T) neckompkux 06pasioB Ha yacrore 28 I'T B TemneparypHom unrepsaie ot 0.5 K
10 50 K okazanuchk HEOOBIYHBIMH. Y HUCCIIEOBaHHBIX 00pa3oB npu T<3 K He Ha0I0aa10Ch pe3Kkoe

nsmenenne Z(T), a HEeKOTOpBIE 00pa3Ilbl MPH HU3KOH TeMIIepaType Jake JeMOHCTPHPYET C1adyio
“IUAIIEKTPU3AIMIO ", KAK MOKHO YBUIETh U3 PUCYHKA.
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Pabora yacTuuHo BbIMoJgHeHa B paMkax roc3aganus UOTT PAH. Pabora wactuuno

BhIMONHEHa B pamkax roc3ananus UITX®D PAH Ne AAAA-A19-119092390079-8.
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This report is devoted to one of the most relevant areas of modern condensed matter
physics - the anomalous Josephson effect, which consists in the appearance of a phase shift
in a hybrid structure, leading to a finite superconducting current at zero phase difference
[1,2]. We present the results of studying the magnetic dynamics along the current-voltage
characteristic of the 0 - junction and analysis of the spin dynamics in such junction [3]. The
possibility of controlling the magnetic precession by the appearance of higher harmonics in
the current-phase ratio, as well as the dc component of the current, which significantly
increases near ferromagnetic resonance, are discussed [4] Interesting phenomena in the ¢O0 -
junction relate to the dynamics of magnetization precession and also occur when exposed to
external electromagnetic radiation. Magnetization reversal [5-7] and a resonance method for

determination of intensity of spin-orbit interaction and Gilbert damping in #° junction are
also discussed.
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Yuusepcumem UTMO
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PaccmarpuBaroTcst pe3ynbTaThl pacyeToB YIPYIUX IMOJIEH M SHEPruil Juciokauui u
quckiauHauuii B 2D u 3D kpucrauiax ¢ BHYTPEHHMMH M BHEIIHMMU IOBEPXHOCTSAMU
pasziena. AHaIM3UPYIOTCA pa3iMyHble MaTEeMAaTUYECKHE METOJbl PEIIEHUS I'PaHHMYHBIX
3aJa4 TEOPHH yHpyroctu misi aedexroB. HalieHHbIE COOTHOLICHUS MPUMEHSIOTCS JUIS
UCCIICIOBAaHUsl ~ YCTOMYMBOCTUM  JMCIOKAUMH M JUCKIMHAUUMM B COBPEMEHHBIX
(YHKIMOHAJIBHBIX MaTepuanax, OO0JIQAAIONMX BHYTPEHHEH CTPYKTypOW, Hampumep,
TOHKOIUIEHOYHBIX TMOJYIPOBOJHUKOBBIX TI'€TEPOCTPYKTYpaX, HaHO- W MHUKPOYACTHUIAX,
HaHONPOBOJaxX U T.1. O0cyxaaercs, Kak Hau4ue 1e()eKTOB U CBA3aHHBIX C HUMH YIPYTUX
nojel BAMSET Ha CBONCTBA COBPEMEHHBIX (DYHKUMOHAIbHBIX MAaTEpUATIOB M
XapaKTEPUCTUKU 3JIEKTPOHHBIX U ONTO3JIEKTPOHHBIX YCTPONUCTB HA UX OCHOBE.

[IpencraBiaeHHble B JOKJIAABI PE3yJbTaThl MOABOJAT UTOI IMKJIA MCCIEJOBAHUMN
HIOCJICIHUX JIBYX JICCSTUIICTHI U OCHOBBIBAIOTCS Ha myOaukanusx [1-10].
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CIIEKTPAJIBHBIE D®®EKTHI, OBYCJOBJIEHHBIE CTYYAHHBIMHA
JE®@OPMAIUSIMHU B KPUCTAJJIAX LaAlO3, AKTUBUPOBAHHBIX
PEJAKO3EMEJIbHBIMU UOHAMUA

H.M. Aoumes’, K.H. Boaasipes?, B.3. Maakun', U.J. Mymmxu', C.H.
Huxutun®, M.H. ITonosa®

YKazanckuii (Ipusonsicexuii) @edepanvuuiii Yuusepcumem, 2. Kazans
2Uncmumym Cnekmpockonuu PAH, 2. Mockea, 2. Tpouyk

Kpucramier LaAlO3 uMeroT mupokoe NpruMEHEHHE B KA4eCTBE MOJIONKKHU JIJIs
AMUTAKCUAITBHOTO POCTa KPUCTAIIIIOB M CHHTE3a TOHKOIICHOYHBIX TeTepOCTPYKTYp. [Ipn
temneparype Ts=813 K B kpucramiax LaAlO3 umeer MeCTO CTPYKTYPHBIH IIEpeXo U3
BBICOKOTEMIIEPATYpHOH KyOnuecKoil ¢a3bl B pOMOOIAPUIECKYIO, COMTPOBOKIAIOIIUACS
(GOpPMHPOBAHUEM CETHETOAIACTHUECKUX JIOMCHOB C PAa3JIMYHBIMH OPHCHTAIMSIMU
TPUTOHAIBHON oOcH cuMMeTpud. VcciaemnoBaHUs CIEKTPAIBHBIX — XapaKTEPUCTHK
MUKPOCKOIIMYECKH HEOJHOPOJHBIX KPHCTAUIOB SBIISIOTCS aKTyaJbHBIMU 3aJauaMu
CIIEKTPOCKOITUU KOH/ICHCUPOBAHHBIX CPE/I.

B Hacrosmelr pa®oTe mnpencCTaBieHbl pe3ynbTaTbl HM3MEPEHUNH ONTHUYECKUX
CIEKTPOB IOIVIOUICHMSI W JIIOMHUHECLEHIMU BBICOKOI'O Pa3pellIeHMs] U CEICKTUBHOMN
Ja3epHOi criekTpockonuu KpuctamioB LaAlOs, akTHBUPOBAHHBIX PEIKO3EMEIbHBIMU
(P3) monamm (Ho%*", Tm3*, Pr®*). OcoOslii MHTEpeC TPENCTABIAIOT OOHAPYKEHHBIE B
U3MEPEHHBIX CHEKTpax JMHUH C AyOJNETHOH CTPYKTypod. MbI mpenmoiaraem, 4TO
HaOnrofaeMasl TOHKas CTPYKTypa M CWIbHOE HEOAHOPOAHOE YIIMPEHHWE JIMHUHN
00yCJIOBJIEHO HAJIMYMEM B KpUCTalaX aJlOMMHATa JIaHTaHa BHYTPEHHUX MOJel
negopmanuii, UHAYLIUPOBAHHBIX I'PAHUIIAMU JIOMEHOB M COOCTBEHHBIMH TOYEYHBIMHU
nedexraMu. AHaJOTMYHble NPO(UIN CHEKTPAJbHBIX JIMHUN HaONIOAANUCh paHee B
KpUCTaJIJIaX Pa3IMuYHON CTPYKTYpBbI, coaepxamux P3 nons [1,2].

AHanu3 MTapKOBCKON CTPYKTYPHI CIIEKTPOB P3 MOHOB OBLI BBHIMOJIHEH B paMKax
Teopuu Kpuctajuimueckoro mois. Onepatopel ['amunbrona P3 wuonoB B LaAlOs,
BKJIIOUAIOIIUE OIMEepaTopbl YHEPTrUU CBOOOJHOTO MOHA U SHEPTUIO0 B3aUMOJEHCTBUS C
KPUCTAJUTMYECKUM T0JIeM, OBLIIM TMOCTPOEHBI W JUArOHAIM3UPOBAHBI B MPOCTPAHCTBE
COCTOSIHMI OCHOBHO# 2NeKTpoHHOM KoHpurypauuu 4V, TlapaMeTpsl KpHCTaIIHIECKOTO
noyisi ObUTM BBIYMCICHBI B paMKax MOJENW OOMEHHBIX 3apsaoB. MojenupoBaHue
OrM0aroMMX JUHUA C AyOJIETHOM CTPYKTYpOW BKIJIIOYAJIO pacueThl MapamMeTpoB
ANEKTPOH-IeHOPMAITMOHHOTO  B3aUMOJICUCTBUSL €  TMOCIEAYIOIIMM  yCpeTHEHUEM
CIEKTPAIbHBIX pacHpeeeHni HHTEHCUBHOCTEH ONTUYECKUX MEepPeXoJoB ¢ (QyHKIUEH
pacmpeieieHusl CIy4alHbIX JedopMmariuii, 0OyCIOBICHHBIX TOYEYHBIMU JedeKTaMu
00 JTOMEHHBIMU CTCHKAMHU.

Pacuemvl wimaprosckoii cmpykmypvl MyJTbmMuniemos u Mooeiuposanue Gopmol
CNEeKMPANbHBIX — TUHULL  GbINOJHEHbl  npu  noodepiicke  Poccuiickoeo  ¢ponoa
@ynoamenmanvuvix uccreoosanuti (I panm Ne 19-32-90044).
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OHNPEAEJIEHUE HPEAEJBHBIX SKCILIYATAIIHOHHBIX XAPAKTEPUCTHK
JIMHEUKHU JIASEPHBIX JTUOJ0B IYTEM PEI'MCTPALIUU
N30BPAKEHWUN BJIWKHETO IOJIA U3JIYUYEHUSA

Anapuukos A.H., Bypsiii E.B., OpJos H.E., llamrypun B./1.

Mockosckuii 2ocyoapcmeentblii mexHuyeckuti ynusepcumem um. H.O. Baymana,
2. Mockea, Poccus, alexander.aparnikov@gmail.com

3KCHCpHMCHTaﬂBHO 3apCTUCTPHUPOBAHBI H306pa)KCHI/I$I OIHKHETO TIOJISt H3JIyUCHHUA JIMHEVKHU
nazepublx auonoB (JUJI) ¢ mnuHON BoaHBl m3nydeHuss 808 HM B KBa3MHENPEPHIBHOM
peKMME TeHepalMM B JHalla30HE TOKOB MHXKEKLHUHU OT IOPOrOBOrO 3HAYEHHUA JI0
HACTYIUICHUS Jerpajaliud OTACNbHbIX Ja3epHbix auonoB (JII) B cocrase JIJIJI. Ha
OCHOBAHMHU BBINOJIHEHHOI'O aHalU3a pPACHpeesIeHUsl MHTEHCUBHOCTH OJMIKHETro IOJIs
nanydenuss JIJIJI B HampaBiaeHUHM, MEPHICHIUKYIAPHOM JIUTAKCHAIBHBIM CIOSM,
IIPEJUIOKEHA CHCTEMa IIapaMeTpOB, IMO3BOJIAIOIIMX I0Iy4YaTb BEPOSTHOCTHYHO OLIEHKY
IIPEAEIIBHOIO 3HAYEHUsl TOKA MHXKEKIMH oTnenbpHbIX JI/[ e€ B cocrtase. IIpu onrtnueckom
KoHTpose nosepxHoctu JIJIJI nocne nerpaganuu ee nmapaMeTpoB YCTaHOBIIEHO, YTO OTKa3
otaensHbIX JI/ B GOJIBIIMHCTBE CIy4aeB HACTYIIAN BCIICACTBUE SIBJICHHUS KaTaCTPOPUIECKOM
ontuyeckoil nerpagaunun (KOJI) momynpo3pauHoro 3epkana J1a3epHOrO pe30HATopa.
N3BectHo, yto KO/ siBnsieTcst (hakTOpOM, OrpaHUYMBAIOIIMM KaK Ipe/lelbHOE 3HAUYECHUE
ONTUYECKON MOIIHOCTH U3JIy4eHUs MOIIHBIX JIJ] KBa3MHENPEPBIBHOTO peXUMa reHepaluy,
TaK 1 pecypc ux padotsl. [Ipu 3ToM cymecTBytomnie Mmetoasl aHanmza KO/ siBisitorest 6o
pa3pyLIaroIIMH, )2 () XapaKTEepPU3yOTCs 3HAYUTEIBHON MOTPEIHOCTBIO
pOTrHO3UpOBaHKUsS MoMeHTa HacTyrutenus: KOJI [1].

IIpennoxkenHnas cucreMa IapaMeTpPOB  BKJIIOYAET  M3BECTHBIM  IapameTp
KOJIMYECTBEHHOW OLIEHKM HEOJHOPOJHOCTH paclpeiesieHuss UHTEHCUBHOCTH OJIMYKHETO
NOJISl M3JYYCHUSI B HAINPABIICHUH, TEPHICHIUKYIISPHOM SIMUTAKCHAIBHBIM cilosiM [2], a
TaK)Ke JOTOJHUTEIBHO BBEACHHBIE NIapAMETPhl: OTHOIIEHUE MAaKCHUMAJIbHOTO M CPEJHETO
3HaUE€HUN MHTEHCHUBHOCTH B PAaCHpEeesIeHUH; MapaMeTp, YUYUTHIBAIOIINA WHTEHCUBHOCTh
u3nydeHuss kpaeBbix JIJI. Ilpu mnpornozupoBanum BblNONHSETCA pa3Ouenue JIJ| Ha
MOATPYNIIBI B 3aBUCUMOCTH OT IIOJIY4Yae€MbIX 3HAYEHUHN yKa3aHHBIX NapamerpoB. Takum
00pa3oM, B pe3yJsibTaTe perucTpaluy n300pakeHus OJIMKHETO M0JI U3JIyueHHs Ha pabouem
y4acTKEe ONTHUYECKOW BarT-aMmnepHoOl xapaktepuctuku JIJIJ[ CTaHOBUTCA BO3MOKHBIM
IIPOrHO3MPOBAaHUE 3HAYEHHME TOKA WHXKEKIMM, MPU KOTOpPOM HacTynur siBieHune KO/JI
ornenbHbiXx JIJI B e€ cocraBe. B COBOKYMHOCTH ¢ JOCTYHMHOCTBIO HEOOXOIUMOTO
annapaTHOro HHCTPYMEHTApHs, IPEUI0KEHHAs CHCTEMA [TapaMETPOB MOKET CTaTh OCHOBOM
METO0/1a MOJIYYEHHNs Hepa3pyLIaroieil BEPOSITHOCTHON OLIEHKH IPEAEIIbHBIX XapaKTePUCTUK
u pecypca pabotsl otaenbHbiX JIJI, JUIJ u pemérok JIJ| kBa3uHENpepbIBHOIO pexUMa
IreHepalMd B YCIOBHMSX CEPUMHOIO IPOM3BOACTBA BHE 3aBUCHMOCTH OT Marepuaia
TCTCPOCTPYKTYPLI U JJIMHBI BOJIHBI U3JTYUCHUS.

1. Tomm J. W. et al. Mechanisms and fast kinetics of the catastrophic optical damage (COD)
in GaAs-based diode lasers // Laser & Photonics Reviews. —2011. —T. 5. — Ne. 3. — C. 422-441.
2. Leonhéduser B. et al. Feedback-induced catastrophic optical mirror damage (COMD) on 976

nm broad area single emitters with different AR reflectivity // High-Power Diode Laser Technology
and Applications XII. — International Society for Optics and Photonics. — 2014. — T. 8965. —C. 061-
0610.
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PEHTTEHOBCKHME METO/bI TPEXMEPHOI BU3YAJIN3ALIUN
KPUCTAVIMYHECKUX JE®PEKTOB
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Cysopos . B.2, Uyxoscknii ®. H.!

YoHUI] «Kpucmannoepagus u pomonuxa» PAH, Mockea, Poccus,
asad@crys.ras.ru
2UDTT PAH, Yepnozonosxa, Poccus, SUVOrov@issp.ac.ru

Hepaspymaromue MeTOIbl HCCIEIOBAaHUS M KOHTPOJSL PEalbHOM  CTPYKTYpbI
KPUCTANINYECKUX OOBEKTOB SBISIOTCS OCHOBOW COBPEMEHHOIO MaTepUaJIOBEIECHUS.
TpaauMOHHBIE PEHTTEHOBCKHUE TOMOrpadUuecKue METOANKHI MO3BOJISIOT MOIYYUTh JIUIIb
JBYMEPHYIO0 KapTUHY pacloyiokeHusl Je(eKkToB B KpucTtauiax. OJHAKO HECOMHEHHBIH
UHTEPEC TPEJCTABIAECT IOJyuYeHHE OOBEMHOIO HM300paKEHUsS pPEaTbHOM CTPYKTYpbI
KPUCTANINYECKUX 00BEKTOB. JlJisl pelieHusl JaHHO! 3a/1aud IIUPOKOE pa3BUTHE MOTYUHIIH
METOJbl  PEHTT€HOBCKOM TOMorpaguu U  Tomo-romorpaduu. [{ns  BbIOIHEHUs
coorBercTByomux ucciaenoBanuii B UK PAH co3ganbl naGopaTopHble pPEeHTI€HOBCKHE
npubopsl [1, 2]. B xadecTBe npuMepa MPUBOAATCS PE3YIbTAThI MHKPOTOMOTpAapUIECKUX
UCCIICJOBAHUM KPUCTAJUIOB ainMas3a, TJ€ YJAJIOCh BBIABUTb MHKPOBKIIIOUEHHUS C
IIPOCTPAHCTBEHHBIM  pa3pellleHHeM Ha YpOBHE JECITKOB MHUKpoH. [lpm 3TOM
MOHOXpOMAaTH3alUsl PEHTTEHOBCKOIO W3JIyYEHUs IO3BOJISIET CHEIaTh 3aK/IIOUEHUE O
NpUpOJIe JAaHHBIX BKIIOYEHHWH. MeToamka BpamieHds oOpasla BOKPYr HOpPMald K
OTpakarolleld IUIOCKOCTH, IO3BOJSET PErMCTPUPOBATH LEIbli HA0Op PEHTIC€HOBCKUX
TOTIOTPaMM. OTH TOIOTPAMMBI 3aTEM MOKHO 00padoTaTh ¢ MOMOIIBIO TPAJAUIIUOHHBIX
TOMOTpaUUECKUX aJrOPUTMOB PEKOHCTPYKLUUH, MOAM(PULUPOBAB HUX C YUYETOM
TU(GpakIMOHHON cxeMmbl. IMEHHO B 3TOM COCTOUT CyTh METO/a TOIO-TOMOrpaguu (i
mudpakunonHoil Tomorpaduu) [3]. C mpuUMeHEHHEM JaHHOTO TOJXO0Ja BBISBICHO
IIPOCTPAHCTBEHHOE PACIIOJIOKEHUE KPUCTAJUIMYECKUX AEPEKTOB CTPYKTYpPbI IPUPOJHBIX U
CHUHTETHUYECKUX aJIMa30B (IpUYeM HEKOTOpbIE JNe(eKThl OblIM OOHApy>KEHBI BIIEPBBIE), a
TaKkke KpuctamwioB ¢ropuna autus. OrmeruM, yto MHorue pabotsl FO.A. Ocunsbsina [4]
HOCBALIEHBI MpoOJIeMe 3apOoXKICHHUS U Pa3BUTUSA Ae(PEKTOB B pPazIMUHBIX MaTepuanax,
BKJIOYasi U KPHUCTAJUIBbI, NMPU BHEIIHMX BO3JEUCTBUSAX. DTO BaXXHO MJSI COBPEMEHHOMU
MHUKPORJIEKTPOHUKH U 00Jiee BCEro MO OTHOLIEHHIO K MOHOKpHUCTasIaM KpeMHUA. B nanHoi
paboTe TeopeTH4ecKd OOOCHOBBIBACTCS BO3MOXKHOCTh HAONIONEHHS U BBISBICHHS
IIPOCTPAHCTBEHHOT'O PACIIOJNIOKEHMSI J1aK€ OJJMHOYHBIX JUCIIOKALMN B TaKUX KpUCTaJIax.
[TpencraBieHbl JKCIIEPUMEHTAIBHBIE PE3YJbTaThl 10 BOCCTAHOBIEHUIO TPEXMEPHOTO
PAacIoJIOKEHUsI OIMHOYHBIX JUCIOKAUUN U UX MOJIUTOHAJIBHBIX CKOIUIEHWH, MOJy4YE€HHBIX
METO/I0M TOIO-TOMOTpa(uH, KaK ¢ UCIOIb30BaHUEM CHHXPOTPOHHOTO M3JIy4€HUs, TaK U B
71a00paTOPHBIX YCIOBUAX. [ KOHTPOIMPYEMOTo BBEIEHUS IUCIOKAIMA HCIIOIb30BAJICS
METO/1 YeThIpeXonopHoro u3ruoa [5], paspadorannsiii B UDTT PAH.

PaGora BbInosIHEHA NP NoIepKKe MUHKUCTEPCTBA HAYKH U BBICIIETO0 00pa30BaHUS
P® B pamkax BemmonHeHus pabor mno TocynapctBenHomy 3amanuio  DOHUIL]
«Kpucramnorpadus u ¢oronnkay PAH B yacTu «peHTTEHOBCKUX WCCIIEIOBAHHI U TIPH
nojnepxxke POOU (mpoekt Ne 19-02-00556) B yactu «MHTEpIIpETAIUN TOMOTIpapUUECKUX
JAHHBIX).

1. BysmakoB A.B. u np. Kpucramiorpagus. — 2018. — T. 63. — Ne 6. — C. 1007-1011.
2. Acaguukos B.E. u np. [larent na nzobperenue Ne 2674584, 11.12.2018 r.

3. Ludwig W. et al. J. Appl. Cryst. — 2001. — V. 34. — P. 602-607.

4. Ocunbsia F0.A. M36panubie Tpyapl. - 2012. — Mocksa. bopeii — 482. C.

5. Epocdees B.H. u ap. Kpucramnorpagus. — 1971. — T. 16. — Ne 1. — C. 191-197.
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KPEMHUSI (SIC) U TETOPOCTPYKTYPAX HA EI'O OCHOBE
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Hedektsr aromHOro Macmraba B 00bEMHOM M HAHOKPHCTAIIMYECKOM KapOune
kpeMHus (SiC) nepCcrneKTUBHBI A1 00pab0TKK KBaHTOBOM MH(pOpManuu, HaHO()OTOHUKH, U
3oHaMpoBaHus. HenaBHo Obutnm OOHApy)KeHBI TEPCIEKTHBHBIE KBAaHTOBBIE CBONCTBA
ceMeiicTBa 0OIHOOCHO OPUEHTHPOBAHHBIX CIMHOBBIX IIEHTPOB, OTHOCSIIIMXCS K BaKaHCUHU
KpemHuus, rekcaroHanbHoro (4H-SIiC, 6H-SiC) u pombuueckoro (15R-SiC) monutumnos [1].

Baxancuu kpemuus (VSi, co ciunom S = 3/2) B SiC npencTaBisitoT 0coObIi HHTEPEC,
MOCKOJIBKY OHH MOTYT OBITh BBICTPOCHBI 110 CIIMHY ONTHYECKH U CUUTBHIBATHCS Ja)Xe MPH
MOBBIICHHBIX TemmepaTrypax 10 250 Co ¢ moMoIp0 METoJa ONTHUYECKU IETEKTUPYEMOTO
marHuTHOro pe3oHanca (OAMP). Onm 0051amar0T JIMHHBIMH BpPEMEHAMH CIHHOBOM
KOTepEHTHOCTH, 4YTO TIO3BOJISIET peajn30BaTh Ha HMX OCHOBE BBICOKOUYBCTBHUTEIBHYIO
KBAaHTOBYIO MarHUTOMETpHIO 1 TepmoMeTputo [1]. Taxoke, nenTpsr VSi 0051a1at0T BEICOKOH
KOHTPACTHOCTBIO CUMTHIBAHUS U BBICOKOH CIEKTPAJIbHON CTaOMIBHOCTBIO, YTO SIBISIETCS
NEPCIEKTUBHBIM ISl peaTu3alliii KBAHTOBO-ONITHYECKUX YCTPOUCTB.

ToHkast HacTpolKa CIMHOBBIX U ONTHYECKUX CBOMCTB CIHUHOBBIX IIEHTPOB B SiC
MMEIOT pelIarollee 3HaueHue /Il KBaHTOBOIO 30HAUpOBaHus U cBs3u. Hanbosee yacTelii
MOJIXO0JT OCHOBAH Ha MITApPKOBCKOM CJIBUTE OEC(OHOHHOM JTMHUU U PACLIEIUICHUS B HYJIEBOM
nosie. B xauectBe anbTepHATHBBI MOXKHO MCIIOJNb30BaTh PE30OHAHCHOE B3aUMOJACHCTBUE C
aKycThyeckuMu  BoiHaMu. CoBceM HelaBHO OBUIO  MPOAEMOHCTPHPOBAHO, YTO
MEXaHMUECKOe HaIpsUKEHUE U3MEHSET pacllenyeHre B HyJeBoM nose neHTpos VSi B SiC.
C 9Toli 1eNbI0 MPOBOAMWINCH UccienoBanus retepocTpyktyp AIN/6H-SiC u AIN/4H-SIC.
MexaHnueckoe HamnpspKeHHE HHIYLHUPYETCsl Ha TeTepOrpaHuile 3a CyYeT pa3IM4yHbIX
napaMeTpoB peweTku U kodpduunentos teriosoro pacmupenus AIN u SiC. Hcnons3ys
KOH(OKAJIbHYIO CHEKTPOCKOINUI0 KoMOMHaimoHHoro paccessHus csera (KPC) m meron
OZIMP, BO3MOHO OJJHOBPEMEHHO OTCIIEKUBATh MEXaHUUECKHUE HAIPSHKEHUS PEHIETKU U
CIMHOBOE pacllielIeHUE B HyJIeBOM MarHUTHOM noje. [Tomnoxkka AIN npeacrasnser co0oit
NIbE30JIEKTPUYECKUIT MaTepuan, KOTOpPbI YK€ MCHOJb3yeTCsl [UIsl U3TOTOBJICHUS
ANIEKTPOAKyCTUYECKUX MpeoOpasoBareneid. TakuM o0pa3oMm, HalM  pe3yJbTaThl
00€CTeunBarOT OCHOBY Il KOHTPOJUPYEMOW M JIOKAJIbHOW HACTPOWKH CIIMHOBOTO
pacuieneHys B HyJeBOM MarHUTHOM 1oJie B VSi U ApYyruX CIMHOBBIX LIEHTpax [2].
bnazooapnocmu.

Pabota 6bu1a moneprkana rpanToM Poccuniickoro HayuHoro donma Ne 20-12-00216.

1. G. V. Astakhov and V. Dyakonov, Defects in Advanced Electronic Materials and Novel Low
Dimensional Structures. Defects for Quantum Information Processing in SiC (Woodhead
Publishing, 2018), pp. 211-240.

2. L D. Breev, A. V. Poshakinskiy, V. V. Yakovleva, S. S. Nagalyuk, E. N. Mokhov, R. Hiibner,
G. V.Astakhov, P. G. Baranov, and A. N. Anisimov, “Stress-controlled zero-field spin splitting
in silicon carbide”, Appl. Phys. Lett. 118, 084003 (2021)

~53 ~


mailto:breev.ilia.d@mail.ioffe.ru

DOI 10.26201/ISSP.2020/FKS-2.289

YYACTHE JE®EKTOB B TEPMOCTHUMYJIMPOBAHHO JIOMUHECLEHLAN
LiMgPO

Keanepman JI.I'*., Kanunkun M.O., AkyqoB J.A., Measenesa H.U., Abamees P.M., Ciopao
A.N., MeaenunoBa A.A., 3yokos B.I'.

Hncemumym xumuu meepooco mena ¥YpO PAH, Examepunbype, Poccus, kellerman@ihim.uran.ru

LiMgPO4 - dpocdat co CTpyKTypoii OJMBHHA, PACCMATPUBAETCS B HACTOSIIEE BPEMS
KaK OJMH M3 CaMbIX IEPCIEKTUBHBIX JIO3MMETPUUYECKUX MATEPUATIOB ISl TEPMHUUECKH
ctumynupoBanHor momuHectieHIMU (TCJI). Tlpu wonusupyromem obiayuenun Qocedara
BO3HUKAIOT CBOOOJHBIE OJJIEKTPOHBI ¥ AbIpKH (puc.l-1), Murpupymomue 1o 30He
MPOBOAMMOCTH U BaJeHTHOM 30He. B Xoae Murpanum OHHM MOTYT 3aXBaThIBaThCS
JIOHOPHBIMH M aKIENTOPHBIMU JOBYIIKaMu (puc.l1-2). BricBoOOXaeHNE HOCUTENEH mpu
HarpeBanuu (puc.1-3) u nocaenyomnas UX peKOMOMHAIIMS Ha [IEHTPaX CBEUEHUS TOPOXKIAET
TepMoatoMuHecteHuio ((puc.1-4). B ponu 5oBymiek BBICTYNAIOT AEPEKThI, B MEPBYIO
ouepellb 3apsKeHHbIE U HeUTpalibHbIe KUCIOPOIHbIE BAKAHCHUU, KOTOPbIE MOTYT 3aHUMATh
OJIHy U3 Tpex KpHcTauiorpauyeckyu HeAKBUBAJIEHTHBIX No3ULMi. B paboTe paccMoTpeHo
BIIMSTHUE Ta30BOM cpeibl, B KOTOPOU MpoBoamiack o0paboTka, 1 Mopdonoruu Marepuana
Ha ONTHYECKHE U TEPMOITIOMHHECIIeHTHBIE cBoKcTBa LiMgPO4.

Ab initio pacyeraMu ONPENECICHO IOJIOKEHUE HHEPreTHYECKUX YypOBHEH
HEUTpaTbHBIX M 3apsHDKCHHBIX JC(PEKTOB B 3alpEIICHHOW 30HE W IPEIJIOKEHa cXema
TEPMOJIIOMUHECIICHIINH B YUCTOM U nonupoBaHHoM LiMgPO4 ¢ yyactueM 3TuX 1eeKToB.

[IpoBeneHo petasbHOE H3YYEHHE CIEKTPOB peHTrenonoMunectuennuu (PJI),
doromomunecuenuun  (OJI) u Tepmomomunecuenuun LiMgPO4, nonupoBaHHOTO
penaKo3eMeNbHbIMU  dJeMeHTaMu.  OOHapy»X eHO, UYTO  JIIOMHHECHEHIIUS  MOXET
OCYILIECTBIATHCA 10 ABYM clieHapusm: i ogHou rpymmsl P33 cnektper PJI, @JI u TCJI
conepkar Habop nuHMMA, orpaxaromux 4f-4f mepexomsl coorBercTByromero P39, a ms
JIpYrod TPYIIbl 3TUX JTUHUI HET, U HAOII0IaeTCsl MHOTOKPATHO YCWJICHHBIN ABYTOpOBIN
CIIEKTpP, XapaKTEPHBIN I YACTOW MATpuIllbl. BhICKa3aHO MpPEANoJIOKEHUE O TOM, YTO B
MOCJIETHEM CJIy4yae MPOUCXOAMT Iepeaada dHepruu oT P30 MoiekynsipHbIM KOMILIEKCaM,
BKJTFOYAIOITUM B €051 1€ EKTHI.
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Puc. 1. Cxema u cniektpsl TepmontomuHectennny B LiMgPOA4.

Paboma evinoanena npu nododepoicke Poccutickozo nayunozo dounda (Ip.Ne 20-13-00121)

~ 54 ~


mailto:kellerman@ihim.uran.ru

DOI 10.26201/ISSP.2020/FKS-2.290

CPABHEHUE CIIEKTPOB IV CJIOKAIIMOHHOM IMOJIBUKHOCTH B
CKPEHIEHHBIX CBEPXHU3KUX MATI'HUTHBIX ITOJIAX CO CHEKTPAMMU JIIP B
KPUCTAJIJIAX NacCl

Koanaesa M.B.}, Ilerpxkux E.A.!, Epemuna P.M.? Illecrakos A.B.2,
Anpmun B.M.L Jlapunckas E.B.!

YUnemumym kpucmannozpagpuu um. A.B. ILlybrukoea
@HUI] «Kpucmannoepagpus u pomonurxay PAH
2. Mocksa, Poccus, mkoldaeva@ns.crys.ras.ru
2Kasanckuii pusuxo-mexnuueckuii uncmumym um. E.K. 3asotickozo UL KazHI] PAH
2. Kasanws, Poccus, reremina@yandex.ru

B HemarHuTHBIX KpucTaimiax B ycnoBusx tuna OIIP, korma moctossHHOE mosie OJIM3KO Mo
BeJnunHe K reoMarHuTHOMY (~100 MxTm), a mone Hakayku SBISETCS MEPEMEHHBIM MarHUTHBIX
moseM ¢ dactoroil B muamazoHe 10 kl'm—10 MIn wm ammmurymoit 1-6 MxTn, mpomcxomst
NepeMEILeHNsT AUCIOKAIMK, HOCSIINE PEe30HAHCHBIH XxapakTep. B mepBom HabmogeHun Oojee
JIeCSITH JIeT Ha3ax [ 1] ObL1 0OOHApYKEeH Pe3KUil UK JUCIOKAMOHHBIX IpoOeroB B kpuctauiax NaCl
B TIOCTOSIHHOM MarHWUTHOM mosie 3emiu BEarth Ha wacTore mepeMeHHOro MAarHUTHOTO TIOJS VI,
cBs3anHbIX ycnoBueMm hvr = guBBEarth ¢ g = 2. C tex mop, HamMu ObBUTH TOAPOOHO H3YUECHBI
OCHOBHBIE CBOWCTBa PE30HAHCHONW MArHUTOIUTACTUYHOCTH, OCHOBHBIM M3 KOTOPBIX OKa3allaCh
CUJIbHAsI aHU30TpONHs 3P PeKTa MO0 OTHOUICHUIO K OPHEHTANMU 00pa3ia B MOCTOSHHOM MarHUTHOM
moite [2, 3].

YacTOTHBIN CHEKTP AWCIOKAMOHHBIX MPOOETOB B YCIOBUSAX CKPEIICHHBIX CBEPXHU3KHUX
MAarHUTHBIX TOJIEH TIpeACTaBIsieT COOOH MPAaKTHYECKH HEMPEpHIBHBI HA0Op OTHENBHBIX,
JIOCTAaTOYHO Y3KUX PE30HAHCHBIX IMHUKOB B IIMpOUaIeM nuarna3one yactoT ot 10 k[’ go moutu 3
MI ' mpu BEarth = 50 mxTi. JleBast, HU3KO9aCcTOTHAsI, 9aCTh CHEKTpa OOBSICHISTCS aHU30TPOTIHEH,
CBSI3aHHOM C CYIIIECTBOBAaHHEM B KpPHCTAJUIaX JIOKAJHHBIX MArHUTHBIX Tosei Bloc, mpuuem Bloc >>
BEarth, ucrons3yeMoro B kauecTBe BHELIHETO MMoJisl. Pe3oHaHCHBIE YacTOTHI B 3TOM ciydae OyayT
cBs3aHbl ycioBueM vi = vOcos6, rne vO — yacrora pesonanca B ciydae BEarth || Bloc, a 6 — yron
MEXy 3TUMH BEKTOpaMH, OTPaKAIOIIUN pazUYHble CTPYKTYpHBIE MO3UIMHM MPHUMECH B sjpe
TUCIOKaui. B pe3oHaHce TpUMECHBIH KOMIUIEKC MEHSET CBOE€ COCTOSIHHE, YTO TPHUBOJHUT K
OTKPEIUJICHUIO TUCIIOKAIHH.

B nmpaBoit wacTu crnekrpa HaOJMIOAAIOTCS PE30HAHCHBIC IMHKH  JTUCIOKAIMOHHOM
MOJIBIYKHOCTH ¢ g > 2. VX mpoucxoxaeHne, BO3MOKHO, CBSI3aHO C B3aMMO/ICHCTBUEM NOHA TIPUMECH
C TIONIeM JIMTaHIOB XJjopa. Hamm Oblla mpeanpuHATa MOMBITKA TOIYYUTh OOBIYHBIE
(BrIcOKOUacTOTHBIE) criekTpel JIIP Ha nHammx kpucramiax NaCl. Hamwmume npumecn Ni ¢
KOHILIEHTpanuel ~2 ppm mo3Bojuio u3Meputb Habopsl cnektpoB DIIP kpucramna NaCl:Ni npu
temneparype 4 K st pa3HbIX yTiI0B IOBOPOTa KPUCTAIIA OTHOCUTENFHO BEKTOpAa MATHAUTHOTO TIOJIS
B X-muanazone (v = 9.4 I'Tn). CpaBHenne criektpoB DIIP ¢ 4acTOTHBIMU crieKTpaMu MpoOeron
muciokaiuii B kpucrawiax NaCl:Ni st onunakoBoit opuenTaiuu (B || <001>, miockocts {100})
MIPOBOJIUJIOCH B €MHBIX KOOpAHHATaX 3((EKTUBHOTO g - (pakTOpa, pacCYUTaHHOTO 110 hopmyJe hv
= guBB c ucnonbp3oBaHueM crienU(PUIHBIX JUTsE KXKIOTO THTIA SKCIIEPUMEHTOB Habopa 3HauYeHHH vV
u B. Okazainocsk, 4To 00;1acTH aKTUBHOCTH JTUciiokanuii u DI1P-niormomnienns Xopomo KoppearupyoT
JIPYT C APYTOM.

PaboTa BrINOSIHEHA B paMKax rocyJapCTBEHHOIO 3a/laHnsi MUHHCTEPCTBA HAYKH U BBICLIIETO
oOpazoBanus Poccuiickoit denepannu.

1. Anemmn B.W., lapunckas E.B., Mopo3zos B.A., Kait B.M., Jlykun A.A. // TIucema B XKOT®. —
2010. T.91. — Ne 2. — C. 97-101.
2. Anpummn B.U., lapunckas E.B., Kongaesa M.B., [letpxkuk E.A. // [Tucema B dKOT®. — 2016.
—T.104. —Ne 5. - C. 362-373.
3. Ansiun B.U., Kongaesa M.B., [letpxuk E.A. // [Tucema B dKOT®. — 2018. — T. 107. — Ne10.
—C. 650-655.
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JTUCJTOKALIMOHHBIE CJIEJbI CKOJIbKEHUS - AHAJIN3 CTPYKTYPBI U
CBOMCTB

Opaios B.U.12, Ikumos E.B.2
1 Uncmumym ¢usuxu meepoozo mena PAH, 2. Yeprozonoska, Mockosckas 061., Poccus,
orlov@issp.ac.ru
2 Uncmumym npobiaem mexnono2uu MUKpo3JIeKmpoHuKu u ocobouucmolx mamepuanoe PAH, 2.
Yeprozonoeka, Mockoeckas ooxn., Poccus, yakimov@iptm.ru

B noxnane oOcyskmatoTcss mpoOsieMbl, CBsi3aHHbIE ¢ oOpa3oBaHHEeM [e(EeKTOB B
pe3ysibTaTe CKOJNbKEHUS JUCIOKAMA B IOJYNPOBOJHUKAX - TaK Ha3bIBAEMBIX
JUCIIOKALMOHHBIX CJIE/I0B, IPUPOA U AaXKe YCIOBUS 00pa30BaHMs, KOTOPBIX 10 CHX MOp HE
BbISICHEHBI. IHTEpec K 3TUM HCCIIEJOBaHMSM BBI3BaH TEM, YTO B IOCIEAHHE TOABI AJS
W3TOTOBJICHHUS] COJIHEYHBIX 3JEMEHTOB IIMPOKO HCIOIb3YETCA MMOJIUKPUCTAININYECKUM
KPEMHHUH, TJIe UCIOKALNH U CBA3aHHBIC C HUM Je(PEKTHI SBISIOTCS OCHOBHBIMU PUYNHAMHU
Hu3koro KII/I.

B paboTe wucCmonp30BaNnMCh METOABI TOKA, HABEJACHHOTO JJIEKTPOHHBIM IYyYKOM
(EBIC) u nazepubim uznyuenuem (LBIC). CymecTBeHHOE OTIUYHME METOA0B 3aKII0YaeTCs
B pa3HO# (opme U pasmepe o0iacTeid, B KOTOPHIX T€HEPUPYIOTCS SJICKTPOH-IABIPOYHBIC
napel. B cinyyae LBIC rimy6uHa mpOHUKHOBEHUSI CBETa MOXET BapbUPOBATHCS B LIUPOKUX
npenenax IyTeM HW3MEHEHHUs JJIMHBl BOJIHBI CBETa W JIOCTUraTh JIECSTKOB U COTEH
MUKpOoMeTpoB. IMeHHO Oonblias riryOrHa MPOHUKHOBEHHUS CBETA MO3BOJIMIIA TIOTYYUTh B
nanHoi padore kBazu-3D LBIC nzobpakenus neeKToB B INIOCKOCTH CKOJIbXeHHs. Kpome
TOTO, JUIsl HAOJIOICHUS AUCIOKAIIMOHHBIX CJIEIOB MCIIONIB30BAICS METOJl N30MPATEIbHOTO
XUMHUYECKOI'O TPABJICHUS.

Anamu3z EBIC u LBIC wu300paxeHuil HHIWBUIYANbHBIX JHCIOKAIIMOHHBIX
MOJTYTIETEIh TIO3BOJIAI CACTATh BEIBOJ O TOM, YTO PEKOMOWHAIIMOHHO - aKTUBHBIE Ae(DEKTHI
(IMcOKalMOHHBIE Clelbl) Bceraa (pOpMHUPYIOTCS TOJIBKO 32 OJAHMM W3 TPEX CETMEHTOB
JUCIIOKALMOHHOMN MOJIYTNETIN. DKCIEPUMEHTHI, IPOBEIECHHBIE C UCIOIb30BaHUEM 00pa31loB
KPEeMHHUS PA3JIMYHOM KpUCTAJUIOrpaguueckodl OpHUEHTAuM M Je(QOpPMUPOBAaHHBIX B
Pa3IUYHBIX YCJIOBUSX, MOKA3bIBAIOT, YTO TUCIOKALMOHHBIE CIIe/Ibl POPMUPYIOTCS TOJIBKO
60° cerMeHTOM AMCIOKAMOHHOM MOIYNETIH Yy KOTOPOro, Juaupyrouie ssusercs 90°
yacTUyHas Auciokanus. CMeHa TUIMpPYoIel YaCTUYHON TUCIIOKALMY 3 CUET U3MEHEHUS
HaIpPAaBJICHUS ABM)KECHUS JUCIOKALUMHU MOATBEPKAAET ITO YTBEPKICHHUE.

B pabGote BblABUTAETCS HECKOJBKO BO3MOXKHBIX MEXAaHHU3MOB 00pa3oBaHUs
JUCIIOKALlMOHHBIX CJIEI0B, CBSI3aHHBIX C BIMSHUEM TOHKON CTPYKTYPBI JUCIOKALMOHHOIO
A]Ipa Ha mpouecchl (GOPMUPOBAHUS UCCIENYEMBIX 1€(DEKTOB.

Paboma wacmuuno evinornena ¢ pamrax 2ocyoapcmeennozo sadanus UOTT PAH u UTITM PAH.
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CIHIEKTP PE3SOHAHCHOI'O MATHUTOCTUMYJINPOBAHHOI'O UBMEHEHUW A
MUKPOTBEPJOCTHU KPUCTAJIJIOB NaCl

Herpxux E. A., Ansmnn B. U.
Unemumym kpucmannozpaguu um. A.B.LIyonuxosa ®HHUL] “Kpucmanioepagusa u homonura”
PAH, Mockesa, Poccus, Epetrzhik@mail.ru

OOHapyXeHO PE30HAHCHOE yMEHbIeHHe MHKpoTBepaocTH KpuctamioB NaCl mocme wux
9KCHO3UIMM B CKPEIIEHHbIX MAarHUTHBIX HOJSIX - IIOCTOSHHOM U IEPIEHAUKYISIPHOM €My
IepeMEeHHOM. B KauecTBe MOCTOSHHOTO HCIIOIb30BAJIOCh MArHUTHOE I0J€ 3eMJIH, H3MEPEHHOE B
MecTe MPOBEACHHUSI SKCIEpUMEHTa. YacToTa mepeMEeHHOTO MAarHUTHOTO TONs (C aMIUIMTYIou
mopsinka 3 MkTm) BappupoBanack B amama3zoHe 1 — 3 MI'm. M3mepeHme MHUKPOTBEPIOCTH
HpoBOAMIOCH MeToZioM Bukkepca. M3yuanuce kpucramisl NaCl ¢ npumMeckio HUKes.

Pe3onancHoe yMeHbIIEHHE MUKPOTBEPOCTH OTHOCUTCS K 3 dexTaM «namatu». Cpasy mocie
BBIJICPKKH 00pa3IoB B CKPEIIEHHBIX MAarHUTHBIX MOJISIX HE OOHApPY>KUBAIOCh HUKAKMX N3MEHEHUH.
MakcumanbHOE€ YMEHBLIEHUE MHKPOTBEPAOCTH MNPOUCXOAWIO 4epe3 2 — 3 dyaca, MOCJIE 4Yero
HaOJroanace IOCTENEHHasl pelakcalus 10 WMCXOAHOTO 3HAueHHsA. bBbUl MOCTpOeH CHeKTp
PE30HAHCHBIX YaCTOT MaKCUMallbHBIX M3MEHEHHH MHKPOTBEPJOCTH, COCTOSIIMA M3 OTIAEIBHBIX
PE30HaHCHBIX NMHUKOB. CIEKTp IENUTCS HAa HECKOJIBKO IPYII NMUKOB Pa3yNpOYHEHHs, MO JEBSTH B
KOKIOU U3 HUX.

H3MeHeHne MHKpPOTBEPAOCTH, MO-BUAWUMOMY, MPOMCXOAMT U3-3a MPeoOpa3oBaHUS
Ie(QEeKTHBIX KOMIUIEKCOB B KpHUCTalIe TIOA [JeHCTBUEM MarHUTHBIX mnoned. HavanbHas
TpaHchopmanusi AeeKkToB CBs3aHa CO CHUH-3aBUCHMBIMU  3JEKTPOHHBIMHM  II€pEXOJaMHU
HEIOCPEICTBEHHO BO BpeMs MarHuTHOW 3kcrno3uuuu. HoBoe paBHOBecHe BOCCTaHaBIIMBAETCS
JUQPY3MOHHBIM TyTEM, YTO U OTIPEJENIIET OTHOCUTENFHO MEUIEHHOE N3MEHEHNE MHUKPOTBEPOCTH
KpHCTaa.

Bo3HuKHOBEHHE CHeKTpa Pe30HAHCHBIX NMHUKOB M3MEHEHHUS MHUKPOTBEPIOCTH CBA3aHO CO
cnenn(uKoll HaONOJaeMBIX MarHUTOIIacTU4YecKuX 3(dekToB moa AelcTBHEM CBEPXHHU3KUX
MarHuTHHIX monei B cxeme DI1P. Ha mpeoOpa3yemMbie KOMIUTIEKCHI Hapsiay ¢ BHEITHUM TTOCTOSTHHBIM
MarHUTHBIM II0JIEM JEHCTBYET JIOKAIbHOE BHYTPEHHEE MAarHMTHOE IOJIe, B HalleM ciydae, Ha
MOPSIKK OOJTbIIIEe MOCTOSHHOTO MOJIst 3eMiTd. JIOKabHBIE MOJISt MOTYT CO3/1aBaThCs OKPYKAFOIUMH
IPUMECHBII HOH JHraHaaMu (sapaMu HoHoB xiopa B ciaydae NaCl). B3aumoeiictBre sieKTpoHa
NPUMECH C SOPaMH OKPYXalOLINX €ro MOHOB IMOPOXKAAET PAaCILEIUIEHHE COCTOSHUI «HYJIEBOTO
TIOJISD» M COOTBETCTBYIOIIYIO CEPUIO PE30HAHCHBIX MEPEX0/I0B, MPUBOIAIINX K CIIEKTPY U3MEHEHUI
MHUKPOTBEP/IOCTH.

Pe3zoHaHCHBIE YacTOTHI COOTBETCTBYIOIIMX MHUKOB HM3MEHEHUS MHKPOTBEPIOCTH CBS3aHBI
MeXIy co0OW MHOXHUTeleM CO0S(45°) B mpemenax OmMMUOKM 3KcnepuMeHTa. [lo-BHaumomy 3TO
CBA3aHO C MPEUMYIIECTBEHHOW OpUEHTalMeld BHYTPEHHETO0 MAarHUTHOTO MOJISl B KPHCTaJUIe BIOMIb
oceii cummeTpuu. B Hammewm ciydae 6o Bronb <100>, mu6o Brons <110>.

Pa6boma evinonrnena npu nododepoicke Munucmepcmea Hayku u evblcuieco 00paz0e8anusi 8 pamMKax
svinonnenust pabom no ocyoapcmeennomy zadanuio @HUI] «Kpucmannoepagus u pomonurxay
PAH
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3EPHOI'PAHUYHASL JHO®®Y3US1 B CHCTEMAX C CUJIbHBIM XUMHUYECKHM
B3AMMOJIEUCTBHUEM.

Poaun A.O

Hayuonanvuwiii Uccneoosamenvckuit Texnonoeuueckutl Ynusepcumem « MUCHCy,
2. Mockea, Poccus, rodin@misis.ru

FpaHI/ILILI 3€PCH B MOJHUKPUCTANIMYCCKUX MaTepruajiax ABJISAIOTCA MYTIAMU OICPEKAIOIIETO
MacCOIEPEHOCa, YTO CBS3BIBACTCS ¢ Kod(duimeHToM 3epHorpaHndHoil quddysun (Dr3),
KOTOPBI 00BIYHO MHOTO OosbIle KodhdummenTa oobemuon nuddysuu (D). DtoT 3ddekt
ApKO TMpPOSIBJIETCA NPU OTHOCUTEIBHO HU3KMX TeMmieparypax (Humxe 0,7Tmui), a npu
temriepatypax Hrke 0,4 Trur oobemMHOl muddy3nelt MOKHO MPaKTUISCKU MpeHeOpeds. B
yKa3aHHOM >K€ WHTepBaJle OMUCAHHWE MaccolepeHoca TpedyeT OJHOBPEMEHHOTO y4eTa W
o0beMHOM, U 3epHOrpaHuyHON auddys3un. PazpaboTaHHOe K HACTOSIIEMY MOMEHTY
ONMCAaHNUE BBOJUT KaK OCHOBHBIE NapameTpsl ABoiHoe mnpousBeaeHue 3I'J[ (0Dr3) mis
camomudpdysun wnm tporiHoe mpoussenenue 33U/ (P =sdDr3, roe s — koaddumment
oborameHusl TpaHuIbl 3epHA JUPPYHIUPYIOMUM IEMEHTOM, a O — IIUPUHA TPAHUIIBI
3epHA).

[Tpu GoNbIIMX KOHIEHTPALHUAX, KOTOPHIE BCTPEUAIOTCS B NPAKTHYECKH BAXKHBIX
ciydyasix npu Jauddy3un BO3HHMKAIOT JOMOJHUTENbHbIE 3()QEKThl, CBA3aHHBIE C
0COOEHHOCTSIMH B3aMMOACHCTBUS UG YHIUPYIOIIETO BEIIECTBA ¢ MAaTPHUIICH, B KOTOPOM
MOKHO BBIJCNUTH JIBa THMAa- OCOOCHHOCTH ajacopOuuu (B3aMMOJEUCTBUS JJIEMEHTa C
TpaHHIEH 3€pHa KakK »JJeMEHTa CHUCTEMBbl B I1IE€JIOM), U OCOOCHHOCTH XHWMHUYECKOTO
B3aMMOJICHCTBHSI C aTOMaMH MaTpPHUIIBI.

Kak mpuMepsl B3auMOACHCTBHS B TOKJIaIe OYAYT paCCMOTPEHBI:

- U3MEHEHHE MTOBEPXHOCTHOTO HATSXKEHUS TPAHUIIBI 3epHA MPU aICOPOIUY;

- CHIKEHHME 3€pHOTPAaHUYHOI0 MACCOIEpEeHOca M3-3a (POPMUPOBAHUS KOMILIEKCOB,
BKIIFOUAONUX UG GyHAUPYIOIINE aTOMBI,

- CHIDKEHHE 3€pHOIPAaHMYHOI0 MAaccolepeHoca U3 3a U3MEHEHUS 4Hclia MECT JUIs
TG dy3un B TpaHULE 3€pHA.

[ToxazaHo, yTo pa3paOoTaHHBIE MOJENIN MO3BOJIAIOT IMpEACKa3aTh 3HAYUTEIBHOE
HNOHMXEHUEe CKOpocTH AU(D(y3nOHHOrO MaccolepeHoca B CHUCTEMax, Iie HaOJIoJaroTCs
JnaHHbIe 2P GEKTHI TPU JOCTATOYHO BHICOKUX KOHIeHTparusax nuddysanta. B coydae, ecnu
KOHIIEHTpauun AU(GPYHAUPYIOUIMX 3JIEMEHTOB Majbl, TO 3TUMH 3(P(eKTaMu MOKHO
pUHEOpEUb.

Onucanue pelmeHU 3TUX 3aJad TNPUBEAEHO B paMKax YxKe pa3paboTaHHBIX
mubdy3noHHBIX Mofened, U He TpeOyeT BBEIEHUS 3aBUCHUMOCTH KO3()PUIMEHTOB
3epHOrpaHMuHON IU(Py3un oT KoHueHTpauuu. Kpome TOro, mokazaHo, 4TO aHaIM3
($a3oBBIX auarpaMM, Kak Tpaduueckoro OTOOpPaKEHHS XUMHUYECKOTO PaBHOBECHS B
cucteMe, TO3BOJSIET MpejAcKa3aTh MoBeAeHue audQy3aHTta HOpU 3epHOTPAHUYHOM

muddyzuu.
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OCOBEHHOCTHU OBPA30OBAHUA U3I'MBHBIX UHTEPOEPEHIIMOHHBIX
ITOJIOC HA PEHTTEHOBCKHUX CEKIIMOHHbIX TOIIOI'PAMMAX B
BPAITOBCKOM TEOMETPHM.

Cysopos J.B., CmupnoBa U.A.

WuctutyT dusuku Bepaoro tena Poccuiickoii akanemun vayk (MOTT PAH),
YepHoronoka, MockoBckas 001., Poccust, SUVOrov@issp.ac.ru

OKCHEepUMEHTAIBHO METOJIaMU PEHTTEHOBCKOM CEKUMOHHOW Tomorpaguu M MeTogamMu
YHUCICHHOTO MOJCIMPOBAHMS HCCIENI0BAaHO oOpa3oBaHue Je(pOpPMAIMOHHBIX II0JIOC,
BO3ZHUKAIOIIUX NPU U3TUOE KPUCTAIUIMUECKON pEIIeTKU. DKCHEPUMEHTHI BBIMIOJIHEHA Ha
MHUKPO(GOKYCHBIX ~ HCTOYHHMKAX  PEHTTEHOBCKOTO  M3JIy4eHUS Ha  0Oe31e(eKTHBIX
MOHOKpHUCTaJIJIaX KpeMHHs. YHCIEHHOE MOJEIUPOBAHHME MPOBOAMIIOCH MYTEM pELICHHS
ypaBHeHuii Takarm-ToreHa. AHanmM3 TONXYYEHHBIX PE3YJIbTATOB BBIIOIHSICS IyTEM
COTIOCTABJICHUS IKCIEPUMEHTATbHBIX U PACUETHBIX CEKIMOHHBIX Tororpamm. I[lomydeHsr
AKCIIEPUMEHTAIBHBIE CEKIIHOHHBIE TOTIOIPAMMBI Il PABHOMEPHO M30THYTHIX KPHCTAIJIOB
¢ pagmycamu u3ru6a B mHTepBasie nopsaka 10 — 300 m (mporu® kpucramiga JUisi 3TOTO
JMara3oHa paauycoB H3rmba coctaBisieT opueHTUupoBouHo S50 - 300 mkm). AHanu3
AKCIIEPUMEHTAIBHBIX TOTIOIPAMM U UX YUCJIIEHHOTO MOJISTMPOBAHMS TOKA3bIBAET, YTO U3THO
KpUCTalyla TPUBOIUT K OOpAa30BaHMIO HOBBIX BOJIHOBBIX IIOJIEH MEKBETBEBOTO
MIPOUCXOXKACHUA, (POPMUPYEMBIX 3a CUET TpafueHTa aedopMaluu, HAIIPaBICHHOTO BIOJIb
pamuyca wusruba. WM3ruOnble nedopmManmoHHBIE TOJIOCHI BO3HHMKAIOT B pE3yJbTaTe
B3aMMOJICHCTBHSl TOJIEH MEXKBETBEBOIO pACCESHHUS, POXKACHHOTO Ha M3TMOHBIX
negopmanusax, ¢ UHTEPHEPEHIMOHHBIM BOJHOBBIM TIOJIEM B TPEYTOJHHHUKE PAaCCEsSHHUS.
YcTaHOBIEHO, YTO MpH paanycax u3ruda meHee 10 M MHTEHCHBHOCTH JAe()OpPMAIIMOHHBIX
TI0JIOC YMEHBIIIAETCS, OHM HAYMHAIOT MPHOIKATHCS K PETYIISPHBIM HHTEp()EepeHIIMOHHBIM
MOJIOCaM B TPEYTOJIbHUKE PAacCEesiHHsI M MOCTENeHHO TacHyT. [Ipu yBenudeHuu paanyca
n3ruba kpuctawia coiie 300 M HHTEHCUBHOCTh M3THOHBIX TMOJIOC TAK)KE YMEHBIIAETCsI, HO
YBEIMYUBAIOTCS UX MONYIIMPUHBL, IPH STOM MOJOCHI MPUOIMKAIOTCSA K TUGPAKITHOHHOMY
Kpar TpPEyrojlbHUKA pPacCestHUA. DTH HMHTep(EPEHIIMOHHBIC IOJIOCH OKA3aluCh OYECHb
YyBCTBUTEJIHHBI K TOKAIBHBIM JIe(popMalisiM KPUCTATTUYECKON PEIIETKH U MPEICTABISIOT
OOJIBIITION MPAKTUUECKHUI MHTEPEC JIJIsl U3MEpeHus cladbix nedopmarnuii. 13 conmocrapnenus
YHCIEHHOTO MOJIEIMPOBAHUS M OSKCIEPUMEHTAIBHBIX TOMOTPAaMM MOXKHO OINpPEAETUTh
JIoKalbHbIE NehopMallii KPUCTAJlIa C BBICOKOM TOYHOCTBIO. Y CTAHOBJICHO, UTO U3MEHEHUE
3HaKa paanyca M3ruda 3aMEeTHO BIIMSET Ha WHTEHCHBHOCTH Je(POPMAIMOHHBIX TIOJIOC H
MPAKTUYECKH HE BIUSAET HA UX MOJOKEHHUSI Ha CEKIIMOHHBIX TOMOrpaMMax. JTO CBSI3aHO C
pa3HBIMH 3HaKaMH (OKYCHPOBKHM HOPMAIBHBIX M AaHOMAIBHBIX BOJH B H30THYTHIX
KpHUCTaIIax.

[1] Zaumseil P. // Krist. Tech. 1978. V. 13. P. 983

[2] Iynenuaa W.JL., [lerpamens I1.B., Uyxosckuii @.H., 'abpuansn K.T. // Tes.
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[3] IMerpamens I1.B., Uyxosckuit @.H., lynsnuna WU.J1., Krort P.H. // ®TT. 1987. T. 29.
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[5] 3.B. Cysopog, N.A. CmupnoBa [Tucema B XKTD, 2016, Tom 42, Bbin. 18 C.55-62

[6] Uunenoom B.JI., Yyxosckuit ®@.H. // Kpuctamnorpadus. 1971. T.16.B.6.C.1101-1114
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TEPMOJUHAMMNYECKHUE IOTEHIIUAJIBI U UX CBSI3b C JE®PEKTHOM
CTPYKTYPOM METAJIJIMUECKHUX CTEKO.I

Makapos A.C.%, Aponnn I'.B.?, Kodenes H.II. 2, Xonnk B.AL.

LBoponecckuii 2ocyoapcmeennbwlil nedazozuveckuii yuusepcumem, 2. Boponesc, Poccus
2Unemumym ¢usuxu meepoozo mena PAH, 2. Yeprozonosxa, Poccus
v.a.khonik@vspu.ac.ru

B nurepaType n3BeCTHHI MPUMEPHI paciyeTa TEPMOIMHAMUYECKUX OTCHINAIIOB MIEPEOXJIaXKICHHBIX
METaJUIMYECKUX PACIUIaBOB U MeTaiundeckux cteko (MC) Mo OTHOIICHHUIO K KPUCTATITUIECKOMY
COCTOSIHUIO. DTH BBIYUCIICHUS, OJJHAKO, UCIIOIB3YIOT KaK MIPABUJIO Pa3IMYHbIC ALIPOKCUMAIUN
CBOWCTB M3 COCTOSHUS MEPEOXIAKICHHOTO paciliaBa B CTOPOHY TBEPAOH HEKPUCTAIUINIECKOM
CTPYKTYPBL, UTO OTIPEAEIISET 3HAUNTENbHbIE OINOKH BEIYUCIICHUS TEPMOAMHAMHUECKIX
NOTEHIMAJIOB NIPY HU3KUX TeMIilepaTypax. Kpome, Toro, nomyyeHHble pe3ybTaThl HCIIOJIB30BATIICH
TJIABHBIM 00pa30M A7l OLIEHKU CTEKI000pa3yoleii ciocOOHOCTH PACIUIaBOB U X CKIIOHHOCTH K
KPUCTAIUIM3alMU B 3aBUCUMOCTH XUMHYECKOT0 cocTaa. [Ipupoaa hopmupoBanus H30bITOUHBIX
TepMOAMHAMHIYECKHUX MOoTeHIManoB MC ocTaBanach Mpu 3TOM HESCHOI.

B nacrosimeit pabore npoBeaeHbl H3MEPEHHS TEIJIOBOTO IOTOKA U BHICOKOYACTOTHOTO MOIYJIS
C/IBHTA YETHIPEX METALIMYECKUX CTEKOJ JI0 TEMIIEPaTypPhl MOJIHOW KPUCTAJUIM3AIMH, a TAKKE B
KPHCTAIUTMYECKOM COCTOSIHUU. Ha 0CHOBE KalOpUMETPUUECKUX U3MEPEHHUN pacCUUTaHBI
M30BITOYHBIE TepMOANHAMHIYecKHe oTeHIrabl MC 1Mo OTHOLICHHIO K KPUCTAIUINYECKOMY
cocTosiHUIO —dHTaNbINI AH, saTporns AS u sneprus ['n66ca AD —B 3aBrHCHMOCTH OT
temneparypsl. C HCIIOJIB30BaHMEM PE3YJILTATOB U3MEPEHUI MOYJISl CZIBUTA B aMOP(QHOM U
KPUCTaJUIMYECKOM COCTOSIHUSAX MOKA3aHo, UTO KanopumeTrpudyeckoe onpeaencaue AH, AS u A®
COIJIACYETCsI C pacyeTOM THX BEJIMYHUH B PAMKaX MEXXy3eJIbHOH TEOPHH C TOUHOCTBIO HE XYyKe
15%. Cnaenan BBIBOA O TOM, YTO U30BITOUHBIC TOTEHITMAIBI MC MOTYT MPAKTHYECKHU MOJTHOCTHIO
OTIPENIENIATHCSI CUCTEMOH Ie()EKTOB MEKY3eIbHOTO THUIIA, BMOPOKEHHBIX B CTPYKTYPY NPHU 3aKaJIKe
pacruiasa.

BbiIosHEHHbIE HAa OCHOBE TIPOBE/CHHBIX M3MEPEHHUH OlleHKH dHTatbun H ;1 snTpornmn S,
(opmupoBaHust 1eeKTOB MexKy3eIbHOr0 THIIA ToKasay, uto H st Bcex necnenoBanasix MC

IPONOPUMOHATIBLHA MOJIYJIIO CIIBHTA, & S, BechMa Benmka, nopsinka 10 —20 K (Kg - mocrosnnas

Bonbivmana). Oba pesynbTaTra HAXOAATCS B COOTBETCTBUU C MEXKY3€JIbHON TEOpUeH 1
MIOJITBEPIKIAIOT €€ OCHOBHOE MTPE/IIONIOKEHHE O TOM, UYTO CTPYKTypHbIe AedekTsl B MC 1Mo cBouM
CBOMCTBaM aHaJIOTUYHBI MEXY3€IbHBIM FAHTENISAM B IPOCTBIX KPUCTAUIMYECKUX METAJLIAX.
IIpoBeneHHOE HCCIIEIOBAaHNE BIIEPBBIE MTOKA3AJI0, YTO NPUPOIa N3OBITOUHBIX TEPMOJMHAMUYECKUX
noteHnuanoB MC MoxeT ObITh TIOJTHOCTBIO CBsI3aHa C UX JAe(PEeKTHOW CTPYKTYPOH.

Paboma nooodepacana 2panmom Poccuiickozo nayunozo gponoa Ne20-62-46003.
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AHOMAJIBHASL TEMITIEPATYPHAS 3ABUCUMOCTD JUCJTOKAIIMOHHON
JIJIOMUHECHEHIIMHA B HOHHO-UMIIVTAHTUPOBAHHOM KPEMHUHA

Tepemenko A.H.D, Xopomesa M.A."), Kopoues JI.C.?, Hukonbckas A.A.2,
Muxaiizios A.H.?), Beaos A..2, Terennoaym JI.1.2)

Deoepanvroe zocyoapcmeennoe 6100xcemnoe yupexcoenue nayku HMucmumym
Gusuxu meepooco mena umenu FO.A. Ocunvauna Poccuiickoii axkademuu Hayk, e.
Yepnoezonoexa, Poccus, tan@issp.ac.ru

Adedeparvioe  20Ccyoapcmeennoe A6MOHOMHOE 00pPA306AMENbHOE YUPEICOCHUE
svicuieco  obpazosanus  «Hayuonanenvii  uccireoosamenvcekuu  HuowcecopoOckuil
eocyoapcmeennwiii yrusepcumem um. H.-U. Jlobauesckoeoy, . Huacnuti Hoeeopoo, Poccus

B Hacrosmee BpeMs KpeMHUEBAs dJIEMEHTHasI 0a3a ONTHYECKUX MEKCOSAMHEHUN PaKTHUECKH
co3naHa. I maBHOIi poOieMoli KpeMHUEBOH ONTO3JIEKTPOHUKH ABJISIETCS CO3Aanue 3P HEKTUBHOTO
WCTOYHMKA M3JIy4YEHUS, POJIb KOTOPOTO BBITOJIHSAET CBETOANO WIIH Ja3ep Ha KPEMHUEBOW OCHOBE.
OJHaKo B CHITy HENIPSIMO30HHOCTH Si, H3TydaresbHasi peKOMOUHALIUS B HEM Ha HECKOJIBKO
TIOPSAZIKOB HUXKE, YEM B MPSIMO30HHBIX MOIYIPOBOAHUKAX. OJHUM 13 BO3MOXKHBIX peIIeHUH 3TOM
po0JIeMBI SBJISIETCS] HCIIOIb30BAHUE N3Ty4aTeIbHONH PEKOMOMHALIMY Ha JUCIOKALUSIX B KDEMHHH.
Cpenu pa3nuyHbIX METOIOB T'€HEPALlH AUCIOKALMKA 0c000€ MECTO 3aHUMAET CO3/1aHUE LIEHTPOB
JTUCIIOKAITMOHHOM MroMuHecteHIuu (1J1) MeTomoM MMITIaHTAIU HOHOB KPEMHHUS C MOCIICAYIOIICH
TepMo0o0OpaboTKoil. OmHAKO, OJHUM M3 TIIaBHBIX MPEMSATCTBUH K MPAKTUYECKOMY HCIIOJIB30BAHUIO
JJI sBrsieTcst ee CUIIbHOE TEMIIEPATyPHOE rallCHUE.

B nannoit paboTe NpuBOAATCS 3KCIEPUMEHTAIBHBIE PE3yJIbTAThl, TOKA3bIBAIOIIUE, YTO
TepMUYECKHe 00padOTKH TUCIOKAIMOHHBIX CTPYKTYP B HOHHO-UMIUIAHTHPOBAHHOM KpEMHHU
paJMKaIBFHO BIUSIOT HAa TEMIIEPATYPHYIO 3aBUCUMOCTh MHTeHcuBHOCTH Jtmann D1 JUJI [1, 2].
Hanpumep, B 00pa3uax, HOABEPTHYTHIX MIPOLEyPe BHEIIHETO MEeTTEPUPOBAHNUS, HAOI0AaeTCs
MHOTOKPaTHOE BO3pacTaHue MHTEHCUBHOCTH JuHuK D1 B TemneparypHom untepsaie 6 - 100 K. B
CBOIO OuY€peb, IPUMEHSS pa3IndHble TepMOOOPAOOTKU HCCIEAYEMBIX 00Pa3LOB, MOXKHO
HaOIr01aTh BOSHUKHOBEHNE HHTCHCHBHBIX MAKCUMYMOB B 00J1aCTH BBICOKHX Temiepatyp (~ 160K)
Ha TemneparypHoi 3aBucumoctd [JJI. YcranoBneHo, 4to Takoe noseneHue J1JI BO3MOXKHO TONBKO
B Clly4yae JOMOJHHUTEILHONW HMIUTAHTAIIMY PAUMECH O0pa B IMCIIOKAIIMOHHYO 00J1aCTh KpUCTaIa.
B pabote paccMaTpuBaeTcsi BO3MOKHBIH MEXaHU3M, OTBETCTBEHHBIN 3a HaOMoAaeMbld 3 DeKT.
Crenmyer OTMETUTb, 4TO Onarosiapsi 00HapyKEHHOMY aHOMaJIbHOMY MOBEJICHHUIO JIIOMUHECIICHIINT
CTaHeT BO3MOKHBIM IMOJTy4aTh TEXHOJIOTHYHBIM CIIOCOOOM CBETOM3ITYYAIOIINE CTPYKTYPHI, B
KOTOPBIX MHTEHCUBHOCTH TMHUU D1 mpu Bo3pacTaHum Temneparypsl OT IeJIMEBON 10 KOMHATHON
MTOHMKAETCSA BCETO B HECKOJIBKO pa3s.

PaboTa yacTu4HO BBINOJHEHA B pamkax rocyaapcrseHHoro 3aganus UOTT PAH, a
TaKke B paMkax rpanra [Ipesunenra PO (MK-4092.2021.1.2).

1. Nikolskaya A., Korolev D., Tereshchenko A., Pavlenkov V., Nagornykh S., Belov A.,
Vasiliev V., Mikhaylov A., Tetelbaum D. // Nuclear Instruments and Methods in
Physics Research Section B: Beam Interactions with Materials and Atoms. — 2020. —
V.472. - P. 32-35.

2. Tereshchenko A., Korolev D., Khorosheva M., Mikhaylov A., Belov A., Nikolskaya A.,
Tetelbaum D. // Physica Status Solidi A. —2019. — V. 216, Iss. 17. — P. 1900323.
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JAEBUTPUOUKAINUA 'ETEPOI'EHHBIX METAJIVIMYECKUX CTEKO.JI

Aopocumosa I'.E.

Hucmumym usuxu meepoozo mena PAH, 2. Yepnozonosxa, Mockosckas 00:1., Poccus
gea@issp.ac.ru

TpanunmonHo U1 00pa30BaHMs HAHOKPUCTAJUIOB B METAJUIMYECKOM CTEKJIE B €T0 COCTaB
BBO/ISIT HEOOJIBIIIOE KOJTMYECTBO KOMIIOHEHTOB, CIIOCOOCTBYIOMIMX YBEINYCHHIO TTOTCHIIMATBHBIX
MECT 3apOXK/ICHUS] HAHOKPUCTAJUIOB U YMEHBIIICHUIO CKOPOCTH HX pocTa. MU MOTYT OBITH
3JIEMEHTHI, 00pa3yIolye KIacTephl, HePaCTBOPUMBIE B aMOP(HOH (a3ze, 1 AIIEMEHTHI C HU3KUM
ko3 dunmentom nuddys3un (Hanpumep, Mmeap u Hnobuit B Finemet). Kitactepsr Meau sSBISIOTCS
o0yacTsIMH 00JIETYEHHOTO 3apO/IbIILIC00Pa30BaHNS, HO HUKAK HE CBA3aHbBI CTPYKTYPHO C
3apOKIAIOMUMHUCS KPUCTAJUIAMH, 3apOXKICHIE KPUCTAIIOB HA 9THX KIACTEPax OTPaKaeT PasHUILY
B SHEPreTHYECKOM BBIMTPHIIIE TIPH TeTEPOreHHOM 3apOXKICHHUH 110 CPAaBHEHHIO C TOMOT€HHBIM
3apOXKJICHHEM KpUCTaJlia B 00beMe aMOp(hHOW MaTpHIIBL.

Hamu npeanaraetcst aApyras MoJellb HAHOKPUCTAITH3ALNH, COTJIACHO KOTOPOW MEeCTaMH
3apO’KIeHSI HAHOKPHCTAIIOB SBJISIOTCS 00JIACTH YIOPSA0YeHHBIE 00IacT B aMmopdHOH (aze ¢
OIIpeeIeHHBIM THIIOM OJIMDKHETO TTOps/IKa, @ IMEHHO, C YITAaKOBKOM 10 THITY NIEpBOi
KpHcTawm3yomieics $aspl. Ita uaes 6a3upyeTcs Ha CIeAYIONINX SKCIEPUMEHTATBHBIX (aKTax:

- OKHUHN TOPA0K B aMop(HOIT (a3e MEeHseTCs TPy H3MEHEHNH COCTaBa /TN TEMITePaTyPhI;

- Ha HAYaJIbHOW CTaJMM KPUCTAJUIU3AIMHA METAJUIMYECKUX CTEKOJ B OOJIBITMHCTBE CIIy4aeB
dbopMUPYIOTCS KpUCTAIUTHYECKUE (Pa3bl CO CTPYKTYPOM M COCTABOM, OJIM3KUMU K OJIFDKHEMY
MOPSAIKY M cocTaBy aMOp(HON (ha3bl HEMOCPEACTBEHHO Mepe]] HA4YaloM KPUCTAIIU3AIUN
(«HacnmegoBaHUE» CTPYKTYPHI), KaK MPABUIIO, OHU SIBJISFOTCS METACTAOMIHLHBIMH;

- B TETEPOTeHHOI aMOP(HOI CTPYKType Kaxkaasi u3 aMop(HBIX 00JacTeil KpUCTaTu3yeTcs
HE3aBHCHUMO JIPYT OT ApPyTra ¢ 00pa30BaHUEM «CBOCH» KPHCTAUIMICCKOU (asbl.

B rereporenHoii amopdHoii ¢daze mpu HEOTHOPOJHOM pACIpENeICHHH KOMIOHEHTOB
BO3MOXKHO OOpa3oBaHME yIOPAIOYCHHBIX oOnacteil. B ciydae ompeaeneHHbIX
OPUEHTALIMOHHBIX COOTHOLICHUM MEXJy peleTKaMy JETUPYIOUIEro JJIEMEHTA U
00pa3yromecs: KpUCTALTHYECKON (a3l BO3pacTaeT KOJWYECTBO MOTEHIMAIBHBIX MECT
3apOKJICHUS  HAaHOKpUCTALIOB. [Ipy 3TOM  BO3MOXEH  ONUTAKCUAIBHBIA  POCT
HAaHOKPHUCTAJUIOB Ha YIOPSAIOYCHHBIX 00JIACTAX, TOYHEE, MOXKET OCYIIECTBIIATHCS MPOIIECC
FeTEPOAMUTAKCUA — OPUEHTHUPOBAHHOI'O HapalllMBaHMUS KPHUCTAJUIA, OTIMYAOIIETOCS II0
COCTaBy OT KJIacTepa, Ha KOTOPOM HJIET pocT. BakHOl OCOOEHHOCTHIO TPEIIOKEHHOM
MOJENN SABJISIETCA TO, YTO IMPOLECC KPUCTAUIM3ALUMU OIPEIEIAeTCs BEIUYUHOU
MOBEPXHOCTHON DHEPTUH, a HE OOIIEH 3aBUCUMOCTHIO CBOOOJIHOW DHEPTrUU CHUCTEMBI OT
XUMHYECKOT0 cocTaBa («00beMHOI CBOOOIHON YHEPTHH).

[TpoBeseHHble WCCACIOBAHUS Ha IMIHPOKOW Tpymme crutaBoB: (Fez3SiizBo)ix-
yNbxCuy,  (C070Si12Bo)1-xyFexNby, (CoxFey)NbgB2o, (CoxFey)TisB2o mnoarsepxaatoT
peau3yeMOCTh MPEITI0KEHHOM Mojaenu. llomydeHHble pe3yJbTaThl IMOKAa3ad, 4YTO
obpazoBanmne OLIK ¢da3pl u mapamerpsl dhopMupyromeicss cTpykTypsl (pa3oBsiii cocTas,
pa3Mep HaHOKPHUCTAUIOB, JOJiI HAHOKPUCTAUIMYECKOW COCTABISIONMICH CTPYKTYPHI)
CYLIECTBEHHO 3aBUCAT OT TUIIA U KOHLEHTPALUU JETUPYIOLIETO KOMIIOHEHTA.

Paboma svinonnena 6 pamxax 2ocyoapemesennozo 3a0anus UOTT PAH npu wacmuunoi
noooepoicke POOU (epanm 19-02-00406).
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KHHETUKA CTPYKTYPHBIX H3MEHEHUM U ®A30BBIX IPEBPAIIIEHUM
B CINIABE CUCTEMBbI Cu-Cr C PASHBIM COAEP KAHUEM XPOMA I1OCJIE
PKYII
AxkcenoB I.A., Achpanausipos P.H., Paa6 I'..

YUnemumym ¢uzuxu monexyn u kpucmannos YOHUIL] PAH, Yepa, Poccus
2V humckuii 2ocydapcmeenviii asuayuonHbLl mexuuueckull yuugepcumem, Yea, Poccus
AksyonovDA@mail.ru

@da3oBble MpEBpalICHUs B JAMCHEPCHOHHO-YIPOUHSEMBIX CIUIaBaX B YCIOBHUAX
IUTACTHYECKOW  JeopMaluy WrpaloT BaXKHYIO pOJb B YIPOYHEHHH MarepHaia.
YcTaHoBIEHHE XapaKTepa BIUSHUSA COJEP>KaHUS 3JIEMEHTOB BTOPBHIX (a3 Ha KUHETUKY
¢$a30BBIX TpeBpalleHUi Kak B YCIOBHSAX AePOpMAIMOHHOW 00pabOTKM, TaK U TOCT-
nedopMauoOHHONM  OOpaOOTKM  TMO3BOJSIET  JOCTUTaTh  ONTHUMAJbHOTO  COYETaHUs
(YHKIMOHATIBHBIX XapaKTEPUCTUK MaTepHaa.

Tak nna craBa cuctemsl Cu-Cr yBeJIMUEHUE CTETIEHU MEPECHIILIEHHOCTH TBEPIOTO
pacTBOpa Ha IpeABapUTEIbHOM 3Tare (BBICOKOTEMIIEPATYPHBIA OT/KUT-3aKaIKa) T03BOJISIET
YBEIUYUTh PECypc AUCHEPCUOHHOIO YIPOYHEHHUs MaTepuajla B IPOLECCE CTapeHHUs.
YBenuyeHne IIOTHOCTH AHMCIoKanuid npu aedopmanmonHoir oo6padorke metomamu WITJI
BEJIET CJIOKHOMY JUCIPECUOHHO-IUCIOKAMOHHOMY B3aMMOJEHCTBHUIO, KOTOPOE TAKKE
BEJIET K U3MEHEHUIO KHHETUKU CTApEHUs] MaTepuayia U MO3BOJISET JOCTHYb MOBBIIIEHHBIX
MIPOYHOCTHBIX XapaKTEPUCTUK IPU COXPAHEHUH BBICOKMX 3HAYEHUI 3JIEKTPOIIPOBOIHOCTH.

B pabore mpoBeacHO uccleqoBaHHME CTPYKTYpHBIX m3MeHeHmid mocie PKVYIT u
KMHETUKHU NocT-aedopmanronHoro ctapenus crnaBoB Cu-0.2Cr u Cu-1.1Cr. YcranoneHo,
4yTO BbICOKOTEMITepaTypHbIi oTkUr ipu 1000°C B TeueHnu 2 4acoB HE MPUBOAUT K IIOJTHOMY
pacTBopenuto xpoma B cmiaBe Cu-0.2Cr HecMOTpsl Ha TO, YTO JJAHHOE KOJIMYECTBO Xpoma
MEHBIIE 3HAYCHUS €r0 MPEAECIbHOM PaCTBOPUMOCTH MPU JAaHHOM Temrieparype. [Ipu atom
MOBBIILIEHHE cofepkanust Xxpoma 110 1.1 % Bec. BelleT K yBeJIMUEHUIO KOHIIEHTPALMKU XpoMa
B TBEPJIOM pacTBOpe IpU Takol ke BbICOKOTeMIlepaTypHoi oOpaboTke. OjHako,
KOJIMYECTBO PACTBOPEHHOI'O XpOMa BCE €II€ MEHBIIE BEIMYMHBI €r0 IPEeNeIbHOU
pacTBopuMoOCTU. Pa3Huiia KOHLIEHTpallMu TBEPJOro pacTBopa XpoMmMa B MEIHOW MaTpulie
BEJIET K CYILIECTBEHHBIM Pa3JInuMsAM KMHETUKE pacraia IepeChIEHHOI0 TBEPAOr0 pacTBopa
Kak Ha odTane jaedopMannoHHON o0pabotku wmetomom PKVII, Tak u mnpu moct-
nepOopMallMOHHOM CTapeHuH ciutaBa cucremsl Cu-Cr.

Taxxe B paboTe yCTaHOBJIEHO, YTO CPEJHHUI pa3Mep 4YacTHUll, BBLACIUBLINXCA B
pe3yJbTaTe CTapeHusl MOcie BBICOKOTEMIIEpaTypHOM 0OpaOOTKM CYLIECTBEHHO MEHbIIE
CpeIHEero pasMepa 4acTull, Beiienstomuxcs B npouecce PKYII u noctaedopmarimonnoro
CTapeHus.

Taxum 06pa3zom yBearueHHe BECOBOTO coiepskaHust xpoma B crtaBe Cu-1.1Cr Bener
K YBEJIMYEHUIO KOHIIEHTPAIMK TBEPJOr0 pacTBOPa MPHU BHICOKOTEMIIEPATypHOM oTxKure. B
pesysbTaTe KHHETHKAa pacnaga TBepaoro pacrBopa B mponecce PKVII u  moct-
nedopmarmornHoro craperus B craBax Cu-0.2Cr u Cu-1.1Cr cymiecTBeHHO pa3inyaeTcs.
Ha crutaBe Cu-1.1Cr nocTixeHne ONTUMAJIbHO COUYETaHUS IPOYHOCTHBIX XapaKTEPUCTUK U
AIIEKTPONPOBOIHOCTH JIOCTUTAETCS ObICTpee, BEIMYMHA YIIPOYHEHHS BbIlIE. HAaHOOIbIIUI
IPUPOCT MPOYHOCTH 3a CUET cTapeHus npoucxoaut Ha ciuiase Cu-1.1Cr —110 Mlla, wu
BPEMEHHOE COIPOTHUBJIEHUE pa3pbIBy JOCTUraer WToroBod BenmuunHbl 480+15 Mlla.
DNEKTPONPOBOJHOCTD IIPU ATOM BOCCTaHaBiIuBaeTcs 10 76+2% IACS.

HccnenoBanue BHIMOIHEHO 3a c4eT rpanTa Poccuiickoro HayqHoro gosaa (IpoeKT

Ne19-19-00432).
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O®OPMUPOBAHUE HAHOCTPYKTYP B METAJIVIMYECKHUD CTEKJIAX

Aponun A.C.

Hnemumym guszuxu meepooco mena PAH, . Yepnozonoexa, Mockosckas 0oa., Poccus
aronin@issp.ac.ru

AMOp(PHO-HAHOKPUCTAIITUYECKHE KOMIIO3ULIMOHHBIE MaTepuaibl, HUMEIOUINE XOPOIIUN
KOMIUIEKC (U3UKO-XMMUYECKHX CBOMCTB, NOJIY4YalOT KaK METOJaMHU TEePMHUYECKOM
00paboOTKH, TaKk M WHTEHCUBHOW IUIACTHYECKON nedopMaluu METaNIMYeCKUX CTEKOJ.
Crpykrypa, noiyueHHas npu aeGopMaiuu, OTINYaeTCsl OT CTPYKTYPhI, OTYYSHHOH MpH
HarpeBe. K 0COOEHHOCTSIM HaHOCTPYKTYpPBI, HHIyLIUPOBAaHHOU Jedopmanueil, OTHOCUTCS
CBSI3b 00pa3yloImMXCs HAHOKPUCTALIOB C MECTaMU JIOKAJHM3alMUd  IUIACTHYECKOM
nedopManuu — TOJOCAMU CIBUTA, B KOTOPBIX MOBBIIIEHA KOHIIEHTPAIUs CBOOOIHOIO
o0bemMa W, cIeA0BaTeNbHO, MOABUKHOCTH aToMoB. OOpa3oBaHME HAHOKPHUCTAJUIOB B
MOJIOCaX CJIBUTa MOXKET MPOUCXOAUTh W TpU KOMHATHOM TeMIlepaType yKe Iocie
3aBepiueHus jaedopmanuu Oxarogaps MOBBIIIEHHOW IMMOABMXHOCTH aTOMOB. llpuBeneHsl
JMaHHble  HcclenoBaHUM  oOpa3oBaHMS ~ HAHOKPHUCTAUIOB  MPH  TEPMUYECKUX,
neOpMAMOHHBIX M KOMIUIEKCHBIX BO3JCHCTBUSX Ha aMOp(HBIC CIUIaBbl Ha OCHOBE
ATIOMHUHMUS, JKejle3a B BUJIE JICHT U MaCCUBHBIX aMOP(HBIX CIUIABOB Ha OCHOBE ITUPKOHHUS, a
TaKXKe UX XapaKTePUCTUK B 3aBUCHUMOCTH OT IIapaMETPOB BHEIIHUX BO3JCHCTBHH (BHIA H
BEJIMUMHBI JedopMalui, TemrepaTypbl oOpabOTKH, cOCTaBa U CTPYKTYPhl amMOpPQHBIX
cruaBoB). MccnemoBanusi CTpPYKTYphl M COCTaBa MPOBEACHBI METOJAMH PEHTTEHOTpadui,
MIPOCBEYHBAIOIICH, CKaHUPYIOIIEH U BBICOKOpPA3peIIaloIIel AJIEKTPOHHOH MHUKPOCKOIUH,
muddepeHaIbHON  CKaHupyome — kamopumerpun.  [edgopmanus  ocymiecTBiieHa
METOJJaMHd MHOTOKPATHOM NPOKAaTKM M KPYYEHHs TMOJ [AaBI€HHEM IIPU KOMHATHOM
temrneparype. JlokaabHble 0COOCHHOCTH CTPYKTYPBI M COCTaBa aMOP(HBIX CIUIABOB MOCTE
negopManuu U Mpu 00pa30BaHMM HAHOKPHCTAJIOB MCCIEIOBAHbI METOAAMHU 30HIOBOM
MHUKPOCKOIIMY U PEHTT€HOBCKOTO MUKpPOAHAIHN3a (B TE€OMETPUHU Ha MPOCBET M OTPAKCHHUE).
MerogamMu aTOMHO-CHJIOBOW 30HJOBOM MMKPOCKOIIMHM, CKAaHUPYIOIIEW DSJIEKTPOHHOU
MHUKPOCKOTIMM B TEOMETPUU «HA TIPOCBET» M «OTPAKEHHE» U PEHTTCHOBCKOTO
MHUKpOaHaJIu3a UcclieIoBaHa MOPQOIIOTHs MOJIO0C CABUra U paclpeieIeHne MeXaHUUeCKuX
CBOWCTB BOKPYT TIOJIOC CIIBUTA B aMOP(HBIX CIIaBaX Ha OCHOBE AFOMUHUS U IUPKOHHSL.
[Toka3ano, uro B aehOpMHUpOBaHHOM oOpasie cmiaBa Ha ocHoBe Al mosBisercs
HEOJIHOPOJHOCTh pacmpeseneHus 3¢dexkTuBHoro wmoxyias IOHra B Buae mnoJjoc.
Pacnonoxenue obnacteil moHmxeHHOro MotyJiist FOHra koppenupyer ¢ pacojoxKeHHeM 30H
moJIoC ciBUTa. B 3THX 30HaX HaOMI0Ja1ach MOHMKEHHAs TNIOTHOCTh aMOP(HOTO CIljiaBa 0e3
KOHIIEHTPALMOHHOTO Tepepacipe/ie/ieHusi KOMIIOHEHTOB CIUIaBa. YBEJIUYEHUE CTENeHH
negopManuu MPUBOJUT K YBEIHMYEHHIO BBICOTHI CTYIEHEK, 00pa3yIOMIMXCS MPU BBIXOE
MI0JIOC CJIBUTA Ha MMOBEPXHOCTb, M 00Pa30BaHUIO HAHOKpUCTAILIOB. [loka3zaHo, 4TO TOIIIMHA
€IMHUYHOM TIOJIOCHI C/BHTa HE 3aBUCHT OT CTENeHH Ae(opMamuu W COCTaBIseT
npuOIM3nTENbHO 15 HM; BBICOTA MHUHHMMAJIbHBIX CTYNEHEK KOJEOJeTCs OT HECKOIbKUX
JecAThIX HM 10 1.5 HM, CTymeHbKH OONBIIOTO pa3Mepa oOpa3yroTcss NpPHU aKTHBAIHH
HECKOJIBKUX MapauledbHbIX Moyioc caBura. OO6pa3oBaHHe HAHOKPUCTAJUIOB MPOUCXOJIUT
NPU JIOCTHKEHUH CYMMAapHOW MOIIHOCTH TIOJIOCHI CIIBUTA, COOTBETCTBYIONIEH WMCTHHHOM
negopmanuu e = 4.42. O0cyxkaar0Tcsi IPUUUHBI HAOII0AaeMOi YBOJIIOIUH CTPYKTYPHI.

Paboma evinoanena 6 pamxax eocyoapcmeentnozo 3adanus UOTT PAH npu yacmuunotl
noooepaicke PODHU (2panm 19-03-00355).
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HNCCIEAOBAHUE I'PAJIMEHTA JE®OPMAIINU U CTPYKTYPBI [1PU
MHOJYYEHUHN PACOHHOTI'O ITPOPUJIA KOHTAKTHOI'O ITIPOBOJA

Acpanausapos P.H.'?, Akcenos JI.A.12, Paa6 I'.1.1°, Bapbimnaukos M.IL3
YVpumeruii 2ocyoapcmeennviil aguayuonnviii mexnuueckuil ynusepcumem,z. Ygpa, Poccus
2Uncmumym ¢uzuxu monexyn u kpucmannos YOHUIL] PAH, 2. Ygpa, Poccus
$Maznumozopcxuii 2ocyoapcmeennuiii mexuuueckuii ynueepcumem um. I' M. Hocoea

a.r.n@list.ru

Ha CeI‘OI[HﬂIHHI/Iﬁ JCHb 0OJIBIIIOE BHUMAHUE PICCJ'IGI[OBaTCHGfI B 00J1acTH MaTCpualIoBCICHUA
IMMPUBJICKAIOT I'PAAUCHTHBIC CTPYKTYPHI. B pa60Tax MOKa3aHO, YTO TaKHUC CTPYKTYPhI IMO3BOJIAIOT
HOJy4yaTh OAHOBPEMEHHO BBICOKUH YpOBEHb NMPOYHOCTH C COXPAHEHHEM ILUIACTHYECKUX
CBOWCTB, UTO OYEHb Ba)KHO JUI KOHCTPYKLIMOHHBIX MaTtepuaios [1]. B Bugy ocobennocreit
MOHTa)Xa U 3KCIUTyaTally, HOJy4eHNEe CTPYKTYPHBIX I'PaJIMEHTHBIX COCTOSHUMN, aKTyaJIbHO
Y TIPY NIOJyYE€HUU KOHTAKTHBIX IIPOBOJOB JUIsl BBICOKOCKOPOCTHBIX XKEJIE3HBIX J0por [2].

B nmanHOli  paboTe  METOAOM  KOHEYHO-3JIEMEHTHOIO  KOMIIBIOTEPHOIO
MOJICIIMPOBAHMS UCCIIEIOBAaHBl TEMIIEpaTypHbIE TapaMmeTpsl U J1eOPMHPOBAHHOE
COCTOSIHUE 3aroTOBKM W3 HHM3KOJIErMpoBaHHOro ciuiaBa cuctemsl Cu-Cr B mporeccax
paBHOKaHaNBbHOTO yrioBoro mpeccoBanus (PKVYII) ¢ dopmoobpazoBanuem u PKVII-
Kondopm ¢ hopmoodpazoBanueM.

B xone uccnenoBanmii ycTaHOBIEHO, 4TO IpH 00padoTke o cxeme PKYII-Kondopm
¢ (opmMooOpazoBaHNEM HAKOIJIEHHAs CTENEHb JeOpMallui UMEEeT IPaAuEeHTHBIN XapakTep
pacripeiefieHusi U TOCTUraeT 5-6 eauHUll, MUHUMAaJIbHbIE 3HAYeHUs Mpu 3ToM ~3. CTout
OTMETHTb, YTO B Ipouecce IehopMalMOHHON OOpabOTKU MO MNPEATOKEHHOM cxeme
NPOMCXOIUT CYIIECTBEHHBIN AeopManmoHHblid pa3orpeB BIUoTh a0 470°C B obmactu
dbopmooOpazoBaHus podrIs MpoBoAA.

Bepuduxanus KOMITBIOTEPHOT'O MOJEIINPOBAHUS npouecca PKVII
dopmooOpa3oBaHUEM  METOJOM  (U3MYECKOTO HKCIEPUMEHTAa U HOCIEIYHOIUX
CTPYKTYPHBIX UCCIIEIOBAaHUH MOKa3aa, 4To nocie Aepopmaluu U crapeHust popMupyercs
CTPYKTypa 1mosiocoBoro tumna. CpeqHuii pazmep mojoc Ha Me30ypoBHe cocTaBisieT 20-25
MKM. HaOrogaroTest KpynHble XpOMOBBIE YaCTHIIbI, PACTIONOXKEHHbBIE TPEUMYLIIECTBEHHO 110
rpanunaM nojoc. Cpennuii pasmep yactul cocrasiseT 1,5+0,2 Mxm.

Amnanu3 kapthl pazopueHTHpoBoK (EBSD) nocne okonuarensHoit o6padbotku PKYII
¢ (opmoobpazoBanreM u mocienyromuM crapenuem npu 450 °© C B tedyenue 1 yaca
yKa3blBaeT Ha (OPMHUPOBAHHUE CTPYKTYpPhl IIOJOCOBOTO THIIA C OOJBIIECYTJIOBBIMU
IPaHUIIAMU U MO TPAaHUIAM 3THX MOJOC HAOIIOAAIOTCSA CKOIUICHHUS PEeKPHCTAIN30BaHHBIX
3epeH. PazMepsl pekpucTalIn30BaHHBIX 3€PEH COCTABIISAIOT MOPAJIKA 3 MKM.

Taxum 00pa3oM, 3a CUET CHIBHOTO JIOKAJIBHOTO Pa30rpeBa B YCIOBHUIX CIIBUTOBOM
nedopManuu U OOIIEeH MOBBIIMIEHHON TeMIepaTypbl CO3JAr0TCs YCIOBUS JUIS Ipoliecca
PEeKpUCTAIUIM3ALMY, KOTOPbIM MPOMCXOIUT BIOJIb OOJIBLIEYITIOBBIX TPAHUI] MOJIOC, YTO B
CBOIO OYepe[b MPUBOAUT K MHUKPOCTPYKTYPHOH HEOJHOPOIHOCTH, KOTOPYIO MOXKHO
0XapaKTEPU30BATh KaK IPaJUCHTHYIO.
bnazooapnocmu.

PaboTa BeimonHena npu puHancosoit noaaepxkke Poccuiickoro nayunoro ¢onna Nel19-19-00432

1. K. Lu. Making strong nanomaterials ductile with gradients. Science 19 Sep 2014: Vol. 345, Issue
6203, pp. 1455-1456. DOI: 10.1126/science.1255940
2. N. C. Tepmman, H. B. Muponoc TpeOoBaHUsI K KOHTAKTHBIM TIPOBOJAM JIJIsS

BBICOKOCKOPOCTHOT'O JKEJIE3HOIOPOKHOTO TpaHcmopTa / Becthuk BHUMXKT, 3/2011, ctp. 13-
17.
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BBIPAIIUBAHUE MOHOKPUCTAJIJIOB TOITIA3A, JOIIMPOBAHHBIX XPOMOM N
APYT'UMU TIPUMECHBIMHU 3JIEMEHTAMUA

Bamuukuii B.C.}, Baauuxnii 1.B.%, Banuukas JI.B.}, Cerxopa T.B.., By6.aukosa T.M.!

YUnemumym skenepumenmansroii munepanoeuu um. axao. J.C. Kopacunckozo PAH,
2. Yepnoeonosra, Poccus, balvlad@iem.ac.ru
2Cristal Laser SAS, 2. Meccen, Dpanyus

[Tpupoansrii Tonas — AI2Si04(F, OH)2, siBisercs oaHUM 13 HanboJsee MOnyJIsIPHBIX,
OTHOCHUTEJIbHO HENOPOTMX [paroleHHbIX KaMmHell. B oTinume oT KpUCTauioB ApYyrux
JParoleHHbIX ~MHUHEpPAIOB, OONANAIONIMX  PA3TUYHBIMA  LEHHBIMH  (PU3HUYECKUMHU
CBOIiCTBaMH, B TOMa3e OOHAPYKEHbI TOJIBKO Cia0ble MUPO- U THE303JIEKTPUUECKUE
3pdexTs, HyXIamoImuecs B NOATBepKIeHHMH. B jmaGopatopum  cuHTE3a W
MoaudunupoBanus MuHepanioB MOM PAH nnoutenpHBIA  1epuoa  MPOBOJMIMCH
UCCIICIOBAaHUS O Pa3pabOTKe M COBEPIICHCTBOBAHMIO METOJOB BBIPAIMBAHUS TOMAa3a,
JONIMPOBAHHOTO XpoMOM, (pocdopoM, BaHaAMEM, FAIIMEM, TEPMAaHUEM U JIp. 3JIEMEHTaMH
JUISL BBISICHEHHS BO3MOXKHOCTEH HCIIOJIb30BAHUS TaKUX KPUCTAIOB B TEXHUUYECKHUX
ycTpoiicTBax. B pesynbraTe BHepBble ObUIM pa3pa0oTaHbl JABa METOJAa BBIPALIMBAHUS B
THJIPOTEPMANIBHBIX PAacTBOpPaX MOHOKPHUCTAIJIOB TONa3a, Kak OECIpUMECHOro, TakK U
JOTIMPOBAHHOI'O YKAa3aHHBIMU BBIIIE 3JIEMEHTaMH, BecoM A0 30 I' ¥ TOJLIMHONW HApOCIIEro
cinost 12 mm (Puc. 1). Hurne B Poccun u apyrux crpaHax nomoOHble KpHCTaJIbl He
BBIPAIIMBAIOTCSI.

Puc. 1 Bepxuuil pao. enewnss mopghonozusi bipaueHHbIX KPUCMALI08 MONA3a U penved
Pacmywux epaneil,; HUXCHUll pso: a u b — 30naipHo-cexmopuanbHoe cmpoenue monasa u
UsMeHeHue e20 201y008amo - 3e1eHOU OKPACKU NPU OHEBHOM ceeme (C) 00 po30601 npu
anekmpuueckom ceeme (4) u nypnypno-anoii npu yriempaguonemosom ceeme (€)

B niestom, pe3ysibTaThl SKCIIEPUMEHTOB TTIO3BOJIIIN ONPEICTIUTh 00JIACTH YCTOWYMBOCTH TOMAa3a B

pacTBOpax pa3IMYHOTO COCTaBa B IIMPOKOM WHTEpPBaJie TEMIIEPATyp U IaBJICHUN 1 YCTAHOBUTH
ONTUMAJIBHBIE YCIIOBUS JIJISl BBIPAIMBAHUS €TI0 MOHOKPUCTAJUIOB.
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BU3YAJ/IN3ALUA PACHPEJAEJEHUSA OBPA3YIOIIUXCSA HANPSI)KEHUM U
TPEIHIUH B MATEPHUAJIAX ITPU YIAPHOM BO3,HEFICTBPIH C IOMOUBIO
MEXAHOJIOMUHECHUPYIOLIUX IOKPBITUI
bannes A.®D.

WuctutyT npobneM nazepHbIX U HHPOPMAaIMOHHBIX TeXHONIOTUH Poccuiickoil akageMun
Hayk— (unnan denepanbHOro HAy4YHO-UCCIIEA0BATENbCKOTO LeHTpa «Kpucrannorpadus u
dbotonuka» Poccuiickoii akamemuu Hayk, MockoBckas 001, T.Iarypa, E-mail: banishev@mail.ru

B mnocneanue Bpemst HaOmrofaeTcsl MOBBILEHHBIM HMHTEpEC K HCCIEI0BaHUIM
MEXaHO-TIbe30-TIOMMHO(POPOB U CO3[JaHHI0O HA MX OCHOBE HOBBIX THIIOB MPHUOOPOB H
YCTPOHCTB ME€XaHO-Ib€30-()OTOHUKH, B YACTHOCTH MEXAHOONTUYECKHX KOHBEPTOPOB JJIS
KOHTPOJISI COCTOSHHSI MaTE€pHaliOB IOJBEPralOIIMXCs MEXaHWYECKHM BO3ACHUCTBUSIM.
CuHTe3upoBaHO OOJIBLIOE KOJUYECTBO MEXaHOIIOMUHO(DOPOB MEXAHOIIOMUHECIIUPYIOLIE
B pa3HbIX CHEKTpaJbHbIX AuanazoHax [l]. bonbmiol wHTEpeC MNpeACTaBISIOT
MEXaHOJIIOMUHO(MOPEl Ha OCHOBE PEAKO3EMEJIbHBIX 3JEMEHTOB OO0JaJarolliue BBICOKOM
3P PEKTUBHOCTHIO MEXaHO-OIITHYECKOTO npeoOpa3oBaHus, B JaCTHOCTH
mexanomoMuaodop SrALOL(Eu? Dy*).

B nmanHOI paboTe MCcnenoBaics POIECcC pa3pymieHus (00pa30BAHKS TPEIINH) XPYTIKUX
MaTepHaioB C HCIOJIb30BAHUEM MEXaHOIIOMHMHECIIMPYIOIIET0 KOMIIO3UTA Ul BU3yalM3alud U
JMarHOCTUKU IIpOLEcca paspyLLeHHs: P MeXaHU4eckoM BozzeicTeiu (yaape). st atoro Obu1
HOJIy4YeH KOMITO3UIIMOHHBIN MEXaHOJIFOMUHECIIUPYIOLINI MaTepua (CyCIeH3us) Ha OCHOBE
TIPO3PAYHOTO B BUIMMOI OOIACTH CTIEKTpa Kilest M mopornka momuaodopa SrALO4(Eu® Dy*).
ToHkuit ciolf 3TOro Marepuaja HAaHOCWJICA Ha IOBEPXHOCTh HCCIEAyeMoro obpasua
(ctexnsHHOM TIU1acTUHBl JuamerpoM 30mMM u TomumHoW 2mM). [locne 3arBepaeBanHust
CYCIICH3MH, Ha TOBEPXHOCTH IUIACTUHBI (opmupoBaics ToHkud cioit  (h=350Mkm)
KOMIIO3UIIMOHHOTO ~ MEXAaHOTIOMUHECLUPYIOIIEro Marepuana. MexaHMYecKMi  yJapHUK
BO3JICICTBOBAI Ha 00OpaTHYIO (CBOOOJHYIO) IMOBEPXHOCTh CTCKIISTHHOW IDIaCTHHBL Kapruna
pacrpezielieHdss HalpsDKeHUM B IUIaCTMHE  BO3HMKAIOIAs B pe3ysbTare  yaapa
BU3YJI3UPOBAIACH PACTIPEICIICHEM HHTEHCUBHOCTH CBEUCHUSI MEXaHOJIFOMUHECIIUPYIOIIETO
crost. IIpu cuie ynapa Hibke rmopora paspylleHdsl MaTepHaia, CBeueHne numesno (opmy IsTHa ¢
MaKCUMyMOM HMHTEHCHBHOCTH B IieHTpe TiaTHa. [lpu cuie ynapa BbIie mopora paspymieHHs
Marepuaia (opora o0pa3oBaHHs TPELIMH) B MEXaHOIIOMHUHECIIUPYIOILEM CII0e MOSBIIsIeTCs Habop
CBETSIIMXCS JINHHH TTOJIOKEHNE KOTOPBIX COBIA/IACT C TIOJOKEHUSMI TPEIMH 00pa30BABILIMXCS B
IJIACTMHE B pe3yibTare yaapa. B mectax o0pa3oBaHusi TpelMH IPOMCXOIUT ‘‘pasneneHue’”
MaTepHasa, YTO BBI3BIBACT PACTSATHMBAIOIIE HAIPSHKEHHUS B MEXAHOIFOMHHECIIHPYIOIIEM CJIO€ U
CBEUCHHE BJIONb OOPa3yIOUMXCS TpeHmmMH. F3BecTHO [2], YTO WHTEHCHMBHOCTH CBEYCHUS
(MEXaHOTFOMMHECIICHIIMM) ~ MPOMOPLIMOHANIbHA ~ BOSHHUKAIOIMM  HANPSDKEHUSM,  TIO9TOMY
MEXaHOJIFOMUHECLIPYOLLIHE MTOKPBITHS MOYKHO HCTIONB30BaTh, KAk JIs BU3yaIn3alii HApsDKEHUH,
TaK W JJIs1 BU3yaJIM3aIAH Tporiecca 00pa3oBaHust M pocTa TpelH. [[oka3aHo, 4To HANPsHKEHUS U
TPELIMHBI BO3HUKAIOUIME B MarepHaje B IPOLEcCe pa3pylleHHUs MpH yaape T0CTaTOYHO
TIOJTHO W HAJISKHO BU3YAIM3HPYIOTCS MEXaHOIIOMHUHECITUPYIOIIUM CIIOEM HAaHECEHHBIM Ha
MOBEPXHOCTh MCCIIEyEMOro MaTepHara.

Hccnenoanue BoinosiHeHO MpH prHaHcoBo noanepxkke PODU u 'ockoprnoparuu
“PocatoM® B pamkax HayuyHoro mpoekta Ne 20-21-00066 m MunucTepcTBa HAayKH H
BBICIIIETO 00pa30BaHUS B pPaMKax BBITIOJHEHUS PadOT MO TOCYTApCTBEHHOMY 3aaHUIO
OHUL ” Kpucramnorpadus u poronuxa™ PAH
1. Chunfeng Wang, Lin Dong, Dengfeng Peng, and Caofeng Pan, Tactile Sensors for Advanced
Intelligent Systems, Adv. Intell. Syst. 2019, 1, 1900090, DOI: 10.1002/aisy.201900090
2. Ang Feng, and Philippe F. Smet, A Review of Mechanoluminescence in Inorganic
Solids: Compounds, Mechanisms, Models and Applications, Materials 2018, 11, 484;
doi:10.3390/ma11040484
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MOJIEJIMPOBAHUE BJIUSTHUSI IVIACTUYECKOM JE®OPMAIIMA HA ®A30OBBIE
INPEBPAIIEHUS B CIIVIABE HUKEJINJIA TUTAHA

Beasies! ®.C., Boakos? A.E., Esapa® MLE.

YUnemumym npoénem mawunosedenus PAH, 2. Cankm-ITemepbype, Poccus,
2Canxm-Ilemep6ypeckuii Iocyoapcmeennuiii Yuusepcumen,
2. Canxm-Ilemepbype, Poccus,
belyaev_fs@mail.ru

CmiaBbl ¢ namsateio ¢opmbl (CIID) u rnaBabIM 0o0pasom Hukenun tutana TINI,
ABIISIOTCSL  MEPCIEKTUBHBIMU  (QYHKIMOHAJIBHBIMU ~MaTepuajaMd C TOYKHU 3pEHHs
IPUMEHEHUS UX B MEIMLMHE U Pa3JIMYHBbIX TEXHUYECKHUX ycTpoilicTBax. B ycrpolicTBax
MHOTI'OKpPaTHOT'O JAEHUCTBHsI OCOOYIO0 BaKHOCTh IPUOOPETAaET CTa0MIIBHOCTh MEXAHHUUECKUX
coiictB CII®, Tak Kak M3MEHEHHE XapaKTEPUCTUK TEPMOMEXAHHUYECKOTO LUKIA H/HMIIH
HaKOIJICHHE HeoOpaTHUMOM JedopMaluu MOXET NPUBECTH K HECTaOMJIbHOW paboTe WiH
oTka3y ycrpoicTBa. CTaOMIBHOCTH TEPMOMEXaHHYECKOTO IUKIA OOBIYHO JTOOMBAIOTCS
IIyTeM TPEHHUPOBKM CIUIaBa, OJHOW U3 PAa3HOBUJIHOCTEH KOTOPOW  SIBIAETCS
neGOopMHpPOBaHUE B BBICOKOTEMIIEPATYPHOM (2yCTEHHUTHOM) COCTOSIHMU. BO03MOXXHOCTH
dopmupoBanus cBoiictB CII® mnocpencTBOM TPEHUPOBKU PaCIIUPSIOT BO3MOXKHOCTH
[IPAKTUYECKOI0 IPUMEHEHUs JAHHBIX CIUIABOB, OJIHAKO IUlacTUdeckass aedopmanus He
TOJILKO YIIPOYHSET CIUIaB U CTaOMIIM3UPYET €ro CBOMCTBA, HO U CO3AAET MOJIs BHYTPEHHUX
HaINpsOKEHUH, KOTOPbIE BIMAIOT HA MPOSIBIICHHE (PYHKIMOHATIBHBIX CBOMCTB. [loaTomMy st
3¢ (}EeKTUBHOIO  NPUMEHEHUS  TPEHUPOBKM  HEOOXOAMMBI  HAJEXKHbBIE  CpEICTBA
TEOPETUYECKOTO OMMCAHUS €€ BIUSHUS Ha GyHKIMOHANbHEIE cBoiicTBa CIID.

Jlis onucaHus BIMAHUSA IJIACTUYECKOM Nedopmanuu Ha (ha3oBble NMPEBPALICHUS B
criase TINi Obuta MoauduUIMpOBaHa paHee pa3paboTaHHAs aBTOPAMH MHUKPOCTPYKTYpHast
mozenb CII® [1], mo3Bossitomias OMMchbiBaTh OCHOBHBIE (GyHKIIMOHAIbHBIE cBoMicTBa CIID:
namsTh (POpMBI, IICEBIOYIPYTOCTb, IICEBIOMIACTUYHOCTh, 00paTUMYIO NMamsATh Gopmbl. B
JTaHHOW paboTe OBLIO pealin30BaHO OINMCAHUE MEXaHW3Ma IUTACTUYEeCKOW nedopmanuu
cwiaBa TINi B aycTeHHTHOM cocrosHMH. [l ydeTa BHYTPEHHHX HAaNpsOKCHHUI
NPUMEHSJIaCh KOHLENIMs Je()OpMallMOHHBIX AEPEKTOB, MOPOKIAAEMBIX IJIACTHYECKOMN
nepopmanueii. IlonoOHBIM  00pa3oM  y4YMTHIBAJMCh BHYTPEHHHME  HalpsDKEHUS,
MOpPOKJIAEMble MEXaHM3MOM MMKpPOIUIACTUYECKOW JehopMaliii, OTBETCTBEHHOW 3a
IUTACTHYECKYI0O AKKOMOJAIMIO MapTeHcuTa. J[ng eanHooOpa3HOro oOmnucaHus MoJei
BHYTPEHHUX HaIPsLDKEHUH OT 000MX MEXaHM3MOB HEOOpaTuMoOM nedopMalivy U ydeTa ux
BIMSIHUA Ha (pa3oBble npeBpatieHus B CI1D, 6b11 BBeI€H MATUMEPHBIN IeBUATOPHBIN Oa3uc,
K KOOpIMHATaM KOTOPOTO MEpPEeCUUTHIBAINCH IOJI HaNpsLKEHUM aedopMaliMoHHBIX
Ne(QEeKTOB Pa3IUYHbIX MJIACTUYECKHX MEXaHU3MOB.

[TpennoxeHHbIN MOAX0/] TO3BOJINII ONUCATh BIMSHUE IUIACTUYECKON nedopMauu Ha
(yHKIMOHAJIbHBIE CBOMCTBA HUKENHN/1a TUTAHA, & MMEHHO CHM)KEHUE BeNMYMHBI 3 dekra
namsTéH (OpMbl IPU YBEIHMYEHUHU MPEeABApUTENbHON TiacThyeckoi aedopmannn. Kpome
TOT'0, OH TIO3BOJIMJI onucath 3P PekT oOparumMoii mamMsT GOpMbl ayCTEHUTHOTO THIIA.

Hccenedosanue svinoaneno npu unancosoil noooepcke PODU 6 pamkax HayyHo020 npoeKma
MNel9-31-60035

1. A. Volkov, F. Belyaev, M. Evard, N. Volkova // MATEC Web of Conferences. 2015, 33, 1-5.
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BJIMSIHUE OPMEHTALIMM CTOJIBYATBIX 3EPEH HA
®YHKIIMOHAJIBHBIE CBOMCTBA CILIABA TiNi, TOJIYYEHHOI'O
METOJ0M INOCJIOMHOM HAIIJIABKA

Bux6aes P.M.1", Palani |.A.2, Pecunna H.H.!, Beasies C.IL.L, Mani Prabu S. S.2,
Manikandan M.?, Jayachandran S.2, Sahu Anshu?

L Canxm-ITemepbypeckuii 2ocyoapcmeenuuiil ynugepcumen,
2. Canxkm-Ilemepoype, Poccus,
2Discipline of Mechanical Engineering, Indian Institute of Technology Indore,
Indore, INDIA
e-mail:BikbaevRM@yandex.ru

OTnuuuTenbHOM ~ OCOOEHHOCTBIO  O0pasloB,  MOJIYYEHHBIX  aJITUBHBIMHU
TEXHOJIOTUSIMH, SIBIISICTCS HAJIMYME CTOJOYATBIX 3€peH, KOTOpBbIE OOpa3zyloTCs IpH
3aTBepAcBaHUM paciuiaBa. DopMHpOBaHUE TaKOW CTPYKTYpbl IPHUBOIAUT K IOSBICHUIO
TEKCTYpBI BCIIEJICTBUE TOTO, YTO 3€pHa pactyT BAoab HamparieHus [001]. Ilockonbky
cBoiictBa cruiaBoB Ha ocHoBe TINi 3aBHCAT OT TEKCTYpbl, TO MOXXHO OXHIATh, YTO
(GyHKIMOHATIbHBIC CBOWCTBA 00pa3noB cruiaBa TiNi, MOJy4YEeHHBIX METOIOM MOCIOHHOW
HaIlJIaBKU, OyyT OTJIMYAThCSI OT CBOMCTB CIIJIABOB, ITOJyYEHHBIX CTAaHAAPTHBIMU METOJIAMH.
B cBs3u ¢ 3TUM 1enbl0 HACTOSIIIEN paOdOThl IBUJIOCH UCCIIEIOBAHUE BIUSHUS OPHUEHTALUU
cron04aThIX 3epeH oOpasua criasa TiNi, MoIy4eHHOro MeTOI0M MOCIOHHON HAIIABKH, HA
ero GyHKIMOHAJIbHbIE CBOMCTBA.

MaccuBHblii TpexcioitHeiii oOpaser criaBa TiINI CHHTE3UpOBAIM HA THTAHOBYIO
MOJUIOKKY METOJIOM 3JIEKTPOIYrOBOM IOCIOMHOM HarlaBKM, B KOTOPOM B KaudeCTBE
PacxoyeMoro 3JIEKTPOAa BBICTyIaka mpoBosioka cruiaBa Ti49.1Nisoe quamerpom 1,2 mm.
Kasx b1t ciioit coctosin u3 S psoB B OJHOM IITOCKOCTH. MacCUBHBIN 00pasel pa3pe3ain Ha
IUTACTHHBI, TONIMHOM 0,9 MM, 13 KOTOPBIX BbIpe3aiau 00pa3libl, HIMPUHA U JUIMHA paboden
YaCTH KOTOPBIX cocTapiisiia 1 1 6 MM, COOTBETCTBEHHO. BrIpe3anu Tpu THma o0pa3ios moj
yraamu 0, 45 u 90° oTHOCUTENbHO HampaBJIeHUs1 HapacTaHus cioeB. Ilepen mpoBeaeHuem
AKCIIEPUMEHTOB 00pasupbl oTxkuranu npu temmeparype 450 °C B Teuenun 10 gacos.
HccnenoBanu 3¢ddexr nmamatu ¢Gopmbl Mocie MpeaBapUTEbHOrO Ae(GopMUpOBaHUS B
MapTEHCUTHOM COCTOSIHUU J0 PAa3IUYHON JedopMaIiu.

PesynbraThl moka3anu, yTo B 00paslie, BHIPE3aHHOM BJOJb HAPAaCTaHMs CIIOEB,
MakcHUMajbHast oOpatumast aedopmarus u nedopmanus 10 pa3pylIeHHs BbIIEe, YeM B
oOpa3uax, BbIpe3aHHbIX moa yriaamu 45 u 90 rpagycoB. CpaBHEHUE MaKCUMAaJIbHOMN
oOpatumoit neopmaniv B 00paslie, BEIPE3aHHOM M3 MACCUBHON 3aroTOBKM MoJ yriom 0
rpajaycoB, U B 00pasiie, BEIPE3aHHOM M3 CTEHKH, COCTOSIILEN U3 OJJHOTO psijia, I0Ka3allo, 4YTo
B IIEPBOM ciiy4yae oOpatumas aedopmarius B 1,5 pasa Beliie. IT0 MOXKET ObITh 00YCIIOBIEHO
TE€M, YTO B MAaCCHUBHBIX OOpa3lax crojOyaTble 3epHa HE UMEIOT MPEUMYLIECTBEHHON
opueHnTanuu B1oJib [001], nockoapKy Npu HaIMUMU PAJOB B TOM 7K€ IIIOCKOCTH TEIIOOTBOJ
MOJKET OCYIIECTBIISATHCS B pa3HBIX HANpaBiIeHUsIX. B cTeHKe OTBOA Teria OCyIecTBIseTCS
TOJIBKO ~NEPNEHIUKYJISAPHO IMOAJOXKKE, I03TOMY TEKCTypa CHJIbHEE BIMSIET Ha
(GyHKIIMOHAJIbHBIE CBOICTBA.

Paboma ewvinoanena 6 pamxax coemecmnozo npoekma PH® (Ne 19-49-02014)-DST (Ne
DST/INT/RUS/RSF/P-36).
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OBIIHOCTb CTATUCTHUKH MEXAHPI‘IECKHXFBOFICTB
BBICOKOIIPOUYHBIX TBEPABIX TEJI PA3JINMYHOMU ITPUPO/1bI

Boiiko F0.M., Mapuxun B.A., Msacaunkoa JLII.

Quszuxo-mexuuyeckuti uncmumym um. A.@. Hopge,
2. Canxm-Ilemepbype, Poccus, yuri.boiko@mail.ioffe.ru

BI)ICOKOHpO‘lHI)Ie MaTcpUuabl pa3J'IPI‘iHOI>i XUMHYECKOU IpUpOabI SABJISAKOTCS
NEPCIEKTUBHBIMU IIPU HCIIOJIb30BAHUHM HUX B KAuyeCTBE apMHPYIOIIMX 3JIEMEHTOB M
HAIOJIHUTENIe KOMIO3ULIMOHHBIX MaTepUaoB LIMPOKOrO CIEKTpa NMpUMeHeHHus. B 3Toii
CBSI3M BO3HUKAET Ba)KHas 3ajjauya HAJEKHOIO OIPENEICHUS MEXaHUUECKUX XapaKTEPUCTHK
BBICOKONIPOYHBIX MarepuasnoB. Jlyig e€ ycmemHoro pemeHus TpedyeTcs NpoBeleHHE
0O0JIBIIOr0 KOJIMYECTBA MMAPAIIENIbHBIX U3MepeHuil (He MeHee 50-TH) C LEIbI0 NOJy4YeHUs
OonblIOr0 MaccuBa JAaHHBIX. M3BeCTHO, 4YTO BCe BBICOKONPOYHBIE MaTepHallbl
HEOPraHUYECKOM MPUPOABI SBISIFOTCS XPYIKUMU WIHM KBa3UXPYIKUMHU, U KIHOYEBYIO POJIb B
UX pa3pyLICHUU UIPalOT IOBEPXHOCTHBIE TPELIMHBI, YyJajleHHEe KOTOpBIX, Kak ObLIO
noka3aHo A.®. Modde, mpuBOoAUT K CyIIECTBEHHOMY pOCTY IPOYHOCTH (G). OKa3anock, 4To
CTaTHUCTUYECKOE PACHpPE/IEIIEHNE G TAKUX MaTEpUaJIOB MOJUUHSETCS cTaTUCTUKe Beitbymnna
[1], uro He mpexacTaBiIAETCS HEOKHMIAHHBIM, TaK KaK OHA OblIa M3HAYAJIBHO MPEIIOKEHA
UMEHHO JUI OIMCAaHMs paclpeiesieHus G 3TOro Kiacca MaTepuaioB. B pamkax naHHOM
MOJIENIM aHAIMTHYECKAs! CBS3b MEXIY BEPOSTHOCTHIO paspymeHus (Pj) mpu manHOM nim
0oiee HU3KOM 3HaYEHUU G BBIPAXKAETCS B BUJIE

InIn[1/(1 - Pj)] = —m:Inc0 + m-Inc (1),

re m — napamerp GopMebl (Tak Ha3bIBaeMbIi MOy b BeliOyina), 60 — macmTaOHbIH
napamerp, UMeEIuil (GU3NYeCKUil CMBICT CPEAHEro 3HAYeHMs MPOYHOCTH AJS JaHHOM
CepUU MEXaHMYECKUX U3MepeHUil. Y paBHeHue (1) oka3anocs cripaBeAJIuBbIM HE TOJIBKO IS
BBICOKOIIPOYHBIX HEOPraHMYECKUX MaTepuajioB (CTEKISHHbIC, KBAPLEBbIE U YIJIEPOAHBIC
BOJIOKHA, YIJIEPOJHBbIE HAHOTPYOKH M Jp.), HO M JUIsl BBICOKOIIPOYHBIX IOJIMMEPHBIX
MaTEepHajIoB OpPraHUYECKON IIPUPOBI (YnbTpaoprueHTHpPOBAaHHBIE reiu
CBEPXBBICOKOMOJIEKYJIIPHOTO IOJMATUIIEHA ¢ TPOYHOCTHIO 4-6 I'Tla [2]). DTO 00ycnoBneHo
KBa3UXPYNKOCTbIO TIOCIEIHUX B pe3yJbTaTe HCUEpPHaHHUs pecypca IJIaCTUYHOCTU B
IIPOLIECCE OPHUEHTALMOHHOTO BBITATMBAHUS M HAJIMYUEM IIOBEPXHOCTHBIX TPEILUH,
MHUIMHPYEMBIX 1osiocamMu cOpoca. [Ipyrumu cioBamu, cipaBeyIMBOCTh Teopuu BeiiOyina
JUIs JBYX NPUHUUIMAIBHO Pa3IMYHBIX KJIACCOB BBICOKONPOYHBIX TBEPABIX Tl —
HU3KOMOJIEKYJISIPHBIX HEOpPraHUYECKUX u CBEPXBBICOKOMOJIEKYJISIPHBIX
JUIMHHOLIETIOYEYHBIX OPraHWYEeCKUX — SIBISIETCA CIEACTBHEM HIAEHTUYHOCTH MEXaHU3Ma
pa3pyLIeHMs: IPOPACTaHUsl MarUCTPaIbHOU MONEPEYHON TPEIIMHBI OT IIOBEPXHOCTH YEPE3
00béM oOpaszna. Hamu BnepBbie OBUIO MPEIJIOKEHO MCIOIB30BaTh MOjeNb BeitOymia He
TOJIBKO JUIsl ONTMCAHUS CTATUCTUYECKOTO PACIPENENICHNs POYHOCTH, HO W JJIsl ONMCAHUs
pacnpeneneHuii He MeHee Ba)KHBIX MEXAaHMYECKHX XapaKTepUCTHK — Aedopmanuu mpu
pa3pbiBe U MOIyJ s yrpyrocTu. [lokazaHa KOppeKTHOCTH 3TOH Mozenu [3].

Paboma evinonrnena npu gunancosoii noooepoicke Poccutickoeo ¢ponda ¢hynoamenmanvHvix
uccnedosanuil (koovl npoexmog 18-29-17023mx u 19-03-00789A4).

1. Weibull W. //J. Appl. Mech. — 1951. — V. 18. — September. — P. 293-297.

2. boiiko FO.M., Mapuxun B.A., Mockamtok O.A., Msacuaukosa JLIL. // ®TT. — 2020. — T. 62. —
Ne 4. — C. 590-595.

3. Boiko Yu.M., Marikhin V.A., Myasnikova L.P., Radovanova E.I. // Colloid Polym. Sci. — 2018.
—V.296. — Ne 10. — P. 1651-1656.

~70~


mailto:yuri.boiko@mail.ioffe.ru

DOI 10.26201/ISSP.2020/FKS-2.306

QUANTUM MECHANICAL CALCULATIONS OF THERMODYNAMIC FUNCTIONS
OF LAVES PHASE Fe:Mo

Vasilyev D.A.

Baikov Institute of Metallurgy and Material Science of RAS,
Moscow, Russia, vasilyev-d@yandex.ru

In the ferritic steels, the Laves phase Fe2Mo is a hardening phase which released during the
heating of a product that is exposed to high temperatures for a long time. A characteristic
feature of Laves phases is their slow release from a solid solution and a slow increase in
particle size, which favorably affects the stabilization of the mechanical properties of steels
during long isothermal holding. Despite its importance, the thermodynamic properties of
Fe2Mo remain unexplored.

The Gibbs energy of the Laves phase Fe2Mo is derived by Legendre transforming the
volume- and temperature- dependent Helmholtz free energy F(V,T) computed within the
adiabatic approximation:

F(V: T) = Etot(V) + FeI(V: T) + Fvib (V, T) + Fmag(V: T) o Tsconf(T)

where Ewt(V) is the total energy from first-principal calculations at T = 0K. Fe(V,T),
Fuin(V,T), Fmag(V,T) are the electronic, vibrational and magnetic free energies, respectively,
and Scont is the ideal configurational entropy. The entropy of magnetic moments on the
sublattices were taken into account for the free energy calculation. The quasi-harmonic
Debye - Griineisen theory was used in this work. The Debye temperature was calculated
from elastic constants by applying the distortion matrices to the lattice, it was done in the
work [1]. The Curie temperature, T¢, was evaluated by mean- field treatment as a difference
between the ground state total energies of PM and FM Fe;Mo which has been calculated at
the equilibrium atomic volumes of the FM and PM states. The curves of calculated heat
capacity and volume expansion as temperature functions are shown in Figure 1.

Figure 1. Calculated heat capacity

s:  Cp(T) (in J’K* -mol™) shown by a

10 solid blue line (left axis) and volume

ws  V(T) (in A% shown by a dashed red

line (right axis) for Laves phase Fe,Mo

vs. temperature. The red triangular

point is an experimental volume

obtained at T = 1073 K after 1500

hours of annealing in the work [2].
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1. Vasilyev D.A. Quantum-Mechanical Calculations of Elastic Properties of Laves Phase Fe-Mo.
/[Collections of materials of Oding scientific readings "Mechanical properties of modern
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TEIJIO®U3NYECKHUE CBOMCTBA ITbE3OKEPAMUKHA NAo s7sL1012sNBO3
Tagxues I'.T.}, Maromenos M.-P.M.13, Amuposa A.A.

Y Unemumym guszuxu um. X M. Amupxanosa — o6ocobrennoe noopasoenenue ®I'EYH JOUI]
PAH, 2. Maxauxana, Poccus, gadjiev@mail.ru
12 Pedepanvroe cocydapcmeennoe 6100icemnoe 06pazo6amenvHoe yupesucoeHue GblCueo
obpaszosanus «[azecmanckull 20cy0apcmeenHulil MeOuyunckull Yuueepcumemy Munucmepcmea
30pasooxpanenust Poccutickou @edepayuu, Poccus, Maxauxana

B nmaHHO#W paboTe TpPENCTaBICH pe3yNbTaT KOMIUICKCHOTO HCCIICIOBAHUS
Teropu3nIecKuX cBorcTB HHobaToB Hatpus Nal-xNbO3-x/2, (rae x:0; 0,04; 0,08; 0,12;
0,20) ot 300 o 800K.

JlaHHBIE TIO0 TEIUIONPOBOJHOCTH H3MEPSUIHCh aOCOJIOTHBIM KOMIICHCAIIMOHHBIM

meronoM u Flech meromom A=KC,p , rne K — temneparyponpoBoanocts, Cp —

TEIUIOEMKOCTb, P - INIOTHOCTH. TeIUIoNnpoBOAHOCTE BCEX COCTABOB C TEMIIEPATypOH pacTer,

KaK B HCYIIOPAAOYCHHBIX TBEPABIX PACTBOPAX U CTGKJ’IOO6p8.3HBIX MMOJIYIIpOBOAHHUKAX. I[J'IH

1
A=-C, -p-v-L

OLIEHKHU JaHHBIX HCIIONb30Basach opmyina Jledas: 3 , TJI€ P - IJIOTHOCTB, VL
- CpemHsisi CKOPOCTh pacrpocTpaHeHus 3ByKa ((hoHOHOB), | - mirHA cBOOOMHOTO TIpodera
(OHOHOB, KOTOpasi OLEHMBAETCS IO CKOPOCTSAM PpACIpOCTPAHEHUS MPOJOJbHBIX U
TIOTIEPEYHBIX BOJIH 10 3X0-UMITYJIbCUBHOMY MeToay. TemnepaTypHblii Xon A v L naeHTHYHEI
u ee BenmuMHa ymeHbuiaercss or x=0 no 0,20, 4yTo cBA3aHO C BIMSHHUEM Ha TEILJIOBOE
CONPOTUBIIEHUE H3MEHEHUEM Macc (JePEeKT Macc) M YIPYIMX [apamMeTpoB PpELIETKU
0J00HO B MOJIYIPOBOJHUKOBBIX TBEPIBIX pacTBopax. Tak Kak MCCIeJOBaHHbIE KEPAMUKH
UMENU pa3iMyHyl0 NopHcTOCTh, Mbl oueHuwIn A(T) ¢ mopucrocteio 10% Ui pasHbIX
temneparyp. Ilo oleHkamM 3aBHCHMOCTH TETJIONMPOBOJIHOCTH KEPAMHUYECKUX MaTepHAIOB
(HATPUT aJIOMHHHUSA, OKCUJ IIMHKA) HaMU ObLIM NHpeaioKeHbl (GopMylsbl pacyera A OT
nopucroctd oT P = 2,5 no 20%. 3aBUCUMOCTh A OT NMOPUCTOCTH YJOBIETBOPUTEIHHO

A(P)=4 (1-P)(1-P)%

coriaCoBaHa C paCuYCTHBIMHA 10 (bOpMy.]'IElMI

A(P) =4, exp(-bP)

B TporieHTax, b=4,0.
Temmoemkocts Becex coctaBoB oT 320K no 600K pacter, m 3kcneprMeHTalIbHbIE
C,(T)=a+bT —cT™
, T7e

, TAC A0 TCIUIOMPOBOJHOCTDb 6CCHOpHCTOﬁ KCpaMUKH, P- IMOPUCTOCTDH

JTaHHBIE YJIOBJIETBOPUTEIBHO COTTIACYIOTCS C PACUE€THBIMU KaK:
a, b u ¢ — nocrostaabIe. B 06mactu ot 610 10 652K HabmomaeTcss MHTEHCUBHBIN pocT Cp C
MakcuMymamu 645-652K. Poct B aTOM 00s1acTH, ¢ MakcuMyMamu IpHu Temneparypax Kropu,
CBSI3aH C ITOCTENIEHHBIMH IIepeX0/1aMH OT TETPArOHAIBHOM K NCEeBIOKYOUYECKON CTPYKTYpe.
Beimie Tk B oGmactax 10-15 rpamycoB ymenbiienue Cp, CBA3aHHOE C IMEpeXojaMu OT
NICEB/IOKYOMYECKOM K KyOMUecKoil CTpyKType, Jajiee uX He3HauuTenbHbIH pocT 10 800K.
HabmiomaeTcss  uyeTkas  KOppessiisl  COCTaB-CTPYKTypa,  JUDJIEKTPUYECKHE U
TeTI0(QU3NUECKUE CBOMCTBA, 0COOEHHO B 00sacTu Temreparyp Kiopu ¢ oTkiionennem Ha 3-
5 rpamycoB AJi BCEX COCTaBOB.
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BJIMSSHUE KOHUEHTPALIMU MEJIX B CIIJIABAX CUCTEMBI TI-HF-NI-CU HA
N3MEHEHUE JE®OPMALUU ITPU U3OTEPMUYECKOM OBPA30BAHUN
OPUEHTUPOBAHHOI'O MAPTEHCHUTA

Hemunosa E.C.}, Beasies C.I1.}, Pecunna H.H.!, lleasikoB A.B.?

YCanxm-Ilemepbypeckuii F'ocyoapcmsennviii Yuusepcumem, 2. Cankm-Ilemep6ype, Poccus
°Hayuonanvuwiii Hccnedosamenvcxuii A0epuuiii Yuusepcumem « MUDHy» (Mockosckuil
undicenepro-pusuueckuti uncmumym), Mockea, Poccus
lena-demi@yandex.ru

Panee ObII0 OOHapy»eHO, YTO B crulaBax Ha ocHOBe TINi ¢ BBICOKOI KOHIIGHTpaIuei
neeKTOB 3aMelIeHHs, MapTeHCHUTHas (a3a MOXeT TOSABISATHCS B YCIOBUSAX H30TEPMHUYECKOMN
BBIICPIKKU. B kadectBe ,Z[C(I)CKTOB 3aMCUICHUA MOTYT BBICTYIIaTh KakK HM30BITOYHBIE ATOMBI OJHOTO
sneMeHTa, HampuMep, W30BITOYHBIC aTOMBI HUKEINIS B HeCTeXHOMeTpudeckoM cruiaBe TiNi,
TaK W Jerupyromnme seMeHTsl. B cruaBax cuctemsr Ti-Hf-Ni-Cu atombl Meau 4acTHYHO
3aMEIIAIOT aTOMBl HHKEISl W WrPAOT poiib  JACPEKTOB 3aMEIICHUS. Y BEIHUCHUE
KOHIEHTPALIUU MEIU MPUBOJUT K YBEIMUCHUIO KOHIICHTPAIIUHU ITUX A€(DEKTOB, YTO BIUSIET
Ha KHHETHKY H30TEPMHUYECKOro mepexona. Bmecre ¢ Tem paHee ObUIO MOKa3aHO, YTO
peanu3anus HU30TEPMUYECKOTO TMPEBPALICHHUS IO HANpPSHKEHHUEM  COMPOBOXKIIAETCS
U3MEHeHHe oOpatumoi jaedopmanmu B ciuiaBax Ha ocHoBe TiNi, mo3ToMy M3MEHEHUE
KOHIIEHTpaluu JedeKTOB 3aMelleHus IODKHO OKas3blBaTh BIUSHUE Ha OOpaTHUMYIO
nedopmanuto. Llenpro HacTosIIEeH PabOTHI IBUIOCH HCCIIEA0OBAHUE BIUSHIE KOHIICHTPAITIH
Menu B ueTbipexkommnoHeHTHOM cruiaBe Ti-Hf-Ni-Cu Ha u3MeHenue oOpaTHMOi
HU30TEPMHUYECKON JTehopManuu.

B pa6ore ncnonwszoBansl cruiaBel T140,7Hf9,5Ni149,8-XCuX (X= 5, 8, 10 nmu 15
at.%). TOHKHE JTEHTHI UCCIIEAYEMBIX CIIAaBOB OXJIAXKIAJIM O] HArpy3KOH J0 TeMIIepaTyphl
BBIICP)KKH, BBIICPKHBAIM B TEUEHHE 4Yaca W HArpeBaJid JO TEMIIEpaTyphl BBIIIE
TEeMIIepaTypa KOHIIa 0OPaTHOTO MPEBPAICHIS TT0]] HArpy3KOi. BBIIEpKKY POBOIUIHN TIPH
TEeMIepaTypax BHYTPU TEMIIEpaTypHOTO HHTEpBala MPSMOTO Mepexoja, OMpeneIeHHOro
IpU OXJIAKACHUH Oe3 HanpsbkeHus. Benuunny HanpsbkeHue BapsupoBaiun ot 160 MIla o
400 MITa.

O6napyxeno, uro B crmiaBax 1140,7Hf9,5Ni149,8-XCuX wu3oTepmMuueckas
nedopMmarusi, cBsI3aHHas ¢ 0Opa3OBaHHMEM OPHUEHTHPOBAHHOTO MAapTEHCHUTA, PACTET CO
BPEMECHEM JI0 HACHIIICHHUS, BEIIMYMHA KOTOPOTO HEMOHOTOHHO 33aBHCHT OT IapaMeTpoOB
BBIIEP)KKH (TeMIlepaTypbl U Harpy3KH) U XUMHUYECKOTO cocTaBa criaBa. [lokazaHo, 4To BO
BCEX CIyYasXx MaKCHMAaJIbHOE YBEIHMYCHNE N30TEPMHUCSCKON aedopmariiy HabIoav mpu
BBIIEP)KKE TIpU Temriepatype Ha 6 oC HmKe Temreparypbl Hadaja MpsSMOro IMepexoja.
VYBenuueHrne KOHIIGHTPAllMd MeEIW TPHUBOIMIO K YMCHBIICHHIO MaKCUMAIbHON
uzotepmMuueckoit nedopmanuu. B cmmaBe ¢ 15 ar. % wmenu u3MeHeHue oOpaTUMOi
nedopManuu He HaOIIOJAIM HU IPU OXJIAKICHUM, HU MPHU BbLAEpKKe. TakuM oOpaszoM,
MOKHO 3aKJIFOUUTh, YTO YBEIMUYEHUE COJCPKAHUS MEIU MPHBOJAUT K IIOJABJICHHUIO
uzorepmudeckux 3¢ hexTos B cruiaBax cucteMsl Ti-HFf-Ni-Cu. Dto cBsizaHo ¢ Tem, 4TO yBelInYeHHE
KOHOCHTpalluu MEAU YMCHBLIIACT MaKCHUMAaJIbHBIA 00BEM CIlJIaBa, KOTOpBIﬁ MOKET HepeﬁTH B
MapTEHCUTHYIO (a3y IpH U30TEPMHUUYECKOHN BBIIEPIKKE.

Paboma evinonnena npu nodoepacke Poccutickoeo Hayunozo ®@onda (epanm Ne 18-19-00226)
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MPU JOBABJIEHUMU SiO2

JAmurtpueBcknii A.A., Kurauesa /I.I'., BacrokoB B.M., Opunnnukos I1.H.
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biarogapsi BBICOKOM TEpPMHUYECKOM, paguallMOHHOWM W KOPPO3MOHHOM CTOMKOCTH,
WOHHON IMPOBOJUMOCTH, XOPOIIEH OMOWHEPTHOCTH B COBOKYITHOCTH C IMPEBOCXOIHBIMH
MEXaHUYECKUMHU  CBOMCTBaMH, LHMPKOHUEBAs KepamMuka (CTaOWIM3UpOBaHHAs B
TETParoHaIbHOW (pa3e) W KOMIIO3UTHI Ha €€ OCHOBE HAXOJAT IIMPOKOE MPUMEHEHHE OT
MaIIMHOCTPOCHUS 10 MeauiuHbl. HauOonplmii MHTEpec MNPHUKIAIHOTO XapakTepa
BBI3BIBAET LIUPKOHMEBAS KEpaMUKa, ynpouHeHHas okcuioM amomunus (ATZ) [1]. Onnako,
Kak gapyrue kepamuku, ATZ-kepamuka SBIsSeTCS XPYNKUM MarepuanioMm. PazpaboTka
cocraBa u CTpyKTypbl ATZ-kepamMuku, 00CCIICUMBAIONINX €H 3arac IJIACTUYHOCTH TPU
KOMHATHBIX TeMmIeparypax 0e3 ymiepOa Uis APYruX CBOMCTB, CYIIECTBEHHO PACIIMPUT
00JacTh €e NPAKTUUECKUX IPUIIOKEHUH.

O6napy:xeHo, 4to BBeAeHue 2 - 5 moia. % auokcuna kpemuus B Ca-ATZ-kepamuky
(TerparoHanmbHas ¢daza JAUOKCHIA [HMPKOHUS CTA0WIM3MPOBAHA OKCHUIOM KAaJIbITUs)
obOecrieunBaeT MPOSBICHUE MPU3HAKOB IIACTHYHOCTU IIPU KOMHATHBIX TemrepaTypax. Ha
c-g-auarpaMme (perucTpupyeMoil B IpOLECCE OAHOOCHOIO C)KaTus NpU KOMHATHOMN
Temmneparype) KpemHuiicomepxkamei Ca-ATZ-kepamuku HaOltoaeTcsi MOSIBICHUE
riomaaku tekyudectu (Puc. 1).

N
o

Stress, GPa

o
cu—~u N

0O 05 1 15
"Strain, %

Puc. 1. XapakTtepHble G-g-AuarpaMMbl ogHO0oCHOTO cxkatnst Ca-ATZ — 1 u Ca-ATZ+SiO, - 2
KepaMHK

[Tokazano, 4yro ucnosibp3zoBanue CaO B kauecTBe CTabMiIM3aTOpa TETPAroHaJIbLHON
¢azer t-ZrO2 cmocoOCTBYET MOBBIMICHHIO CTOMKOCTH KEPAaMHUKH K HU3KOTEMIIEpPAaTypHOU
JierpaIalii, a BBeJeHue B ee coctaB 100aBku SiO2 (5 M011.%) obecrieunBaeT MPEBOCXOTHOE
COOTHOIIEHWE  TBEPJOCTH W  BsA3koctn  paspymenus: H = 10,9 GPa,
Kc = 12,43 MPa m'2,

HccnenoBanue BbIMOJIHEHO mpu (uHaHcoBoi moaaepxkke PH® (mpoext
Ne 21-79-00068). Pesymbrarbl monmy4deHBl C HCIOJb30BaHHEM oOcHamieHus lLleHTpa

KOJUJIEKTUBHOI'O TI0JIb30BaHUs HayuyHbIM o0opyaoBanueM TI'Y umenu I'.P. [lepxaBuna.

[{utnpyemas nureparypa

1. Ghaemi M.H., Reichert S., Krupa A., Zykova A., Lobach K., Sayenko S.,
Svitlychnyi Y., Zirconia ceramics with additions of alumina for advanced tribological and
biomedical applications, Ceram. Int., V. 43, 9746-9752, 2017.
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bnarogapss BBICOKOW TEpMHUYECKOM, PagUallMOHHONM W KOPPO3MOHHOM CTOMKOCTH,
MOHHON IMPOBOJUMOCTH, XOPOLIeH OHOMHEPTHOCTH B COBOKYIHOCTH C IMPEBOCXOJHBIMU
MEXaHUYECKUMH  CBOHCTBaMH, I[MPKOHUEBAs KepamMuka (CTaOMIM3UpPOBAHHAS B
TETParoHaJbHOM (pa3ze) U KOMIIO3UTHI Ha €€ OCHOBE HAXOJIAT HIMPOKOE NMPUMEHEHHE OT
MalIMHOCTPOEHUs 10 MeauluHbl. HanOonblmii WHTEpeC MNPUKIAHOIO XapakTepa
BBI3BIBACT IIUPKOHKEBAS KEpaMuKa, ynpouHeHHas okcuioM amromunus (ATZ) [1]. Onnako,
Kak Jpyrue kepamuku, ATZ-kepamuka sBIS€TCS XpYNKHUM Matepuanom. Paszpaborka
coctaBa U CTPyKTypbl ATZ-kepamuku, oOecleyuBaIONIMX €i 3amac MIAaCTUYHOCTU TPU
KOMHATHBIX TeMmIieparypax Oe3 ymiepOa ajisi APYruX CBOMCTB, CYHIECTBEHHO PACHIUPHUT
00JacTh ee MPaKTUUECKUX MPUITOKEHUH.

OO6HapyxeHo, uTo BBeAeHHE 2 - 5 Mo % auokcuna kpemaus B Ca-ATZ-kepamuky
(TerparoHanbHas ¢daza AMOKCHIA LHUPKOHUS CTA0WIM3HPOBAHA OKCHUIOM KaJbIUs)
obecrieunBaeT MPOsIBJICHUE NMPU3HAKOB TUIACTUYHOCTH MPU KOMHATHBIX TemrepaTrypax. Ha
c-g-auarpaMme (perucTpupyeMoil B MpollecCe OAHOOCHOTO C)KaThUs NpU KOMHATHOMN
temneparype) kpemHuiicogepkameir Ca-ATZ-xkepamuku HaOIIOHaeTCsl  TMOSBICHUE
wiomaaku tekydectu (Puc. 1).
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Puc. 1. XapakTtepHble G-g-AuarpaMMbl ogHoocHOTO cxkatnst Ca-ATZ — 1 u Ca-ATZ+SiO, — 2
KEpaMHuK

[Tokazano, yro mcnoip3zoBanne CaO B kauecTBe CTa0MIIM3aTOpa TETPArOHAJIHLHON
¢a3zpl t-ZrO2 cocoOCTBYeT MOBBIIEHUIO CTOMKOCTH KEpaMHUKU K HU3KOTEMIIEpaTypHOU
JeTpaalvi, a BBeaeHue B ee coctaB 100aBku SiO2 (5 Moi1.%) obecrieunBaeT MpeBOCXOIHOE
COOTHOIIEHHWE  TBEpJOCTH W  Bs3kocth  paspymenus: H = 10,9  GPa,
Kc = 12,43 MPa m*?2,

HccnenoBanue BbINOAHEHO Tpu  (uHaHcoBoi moanepxkke PH®  (mpoekr
Ne 21-79-00068). PesymbraThl TOAYYEHBI C HCIOJb30BaHMEM oOcHarneHus LleHtpa
KOJIJIEKTUBHOTO 1OJIb30BaHMsI HayuyHbIM o0opyaoBanueM TI'Y umenu I'.P. [lep>kaBuHa.
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1. Ghaemi M.H., Reichert S., Krupa A., Zykova A., Lobach K., Sayenko S.,
Svitlychnyi Y., Zirconia ceramics with additions of alumina for advanced tribological and
biomedical applications, Ceram. Int., V. 43, 9746-9752, 2017.
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OBSERVATION OF THE ANTIFERROMAGNETIC TOPOLOGICAL INSULATOR
MnBi,Tes

D.A. Estyunin
Saint Petersburg State University, Saint Petersburg, 198504 Russia
e-mail: estyunin@gmail.com

A combination of magnetic and topological orders in novel quantum materials has
unlocked an intriguing research area in condensed matter physics. Breaking of time reversal
symmetry (TRS) in 3D topological insulators (TI) has been recently proposed to be the way
to realize the quantum anomalous Hall effect (QAHE) [1]. When TRS is broken via
exchange interaction the topological surface states (TSS) are no longer protected and a gap
opens at the Dirac point (DP) [2]. This leads to the creation of chiral 1D edge states with
quantized Hall resistance. Magnetism can be induced into Tls in the following ways: doping
with magnetic atoms, via a proximity effect, magnetic extension of TI crystal structure or
the creation of intrinsic magnetic T1 [3]. To this date, the most common way and the only
one with experimentally observed QAHE [1] is doping of 3D TI (Bi,Sb)2(Te,Se)3 with
magnetic 3d or 4f elements. However, the highest observed critical temperature required for
QAHE has been limited to 1 K which could be caused by the arbitrary localization of
magnetic atoms. The temperature of the T1 transition to the QAHE regime is expected to be
related to the size of the band gap at the DP and the TI's magnetic ordering temperature [3].
Therefore, the recently discovered intrinsic antiferromagnetic (AFM) Tl MnBi2Te4 (MBT)
[4] has a great potential to show a high-temperature QAHE. Moreover, the MBT can host
magnetoelectric effects, axion electrodynamics or Majorana fermions. These unusual
properties make MBT extremely attractive for applications in novel electronics.

This material is characterized by a high Neel temperature (TN) of 25 K and a large
band gap at the DP in AFM state up to ~80 meV [4]. The observation of such gap was highly
expected and was presented in several works [4,6]. However, recent experiments propose
the small DP gap (< 20 meV) [5] which might be explained in terms of a deviation of the
surface magnetic ordering from the bulk one. These inconsistencies are suggested to be
caused by reconstruction processes and sensitivity to surrounding environments. For the
present moment the most significant influence is proposed to be from the crystal structure
defects such as vacancies in Mn layer and mutual substitution of Mn and Bi. Deviation from
the ideal crystal structure leads to the possibility of a complex space-varying magnetism in
MBT and thus the DP gap. Here we will discuss the properties of the MBT and the later
advantages in its studying. With this intension we will present a detailed measurement of the
electronic structure in paramagnetic and AFM phases in MBT by means Laser-based angle resolved
photoemission spectroscopy.

This wok was supported by the Russian Foundation for Basic Research under Grant No. 18-12-
00062 and the Russian Ministry of Education Grant No. 075-15-2020-797 (13.1902.21.0024).
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Pance [1] noBast mogudukarus Beicokoro gasieHus VO2(S) Oblia mosydeHa myTtemMm
TepMoOapuyecKoil 00pabOTKH cTexuoMeTpuueckoi cmecu mopomkoB V203+V20s mpu
P=2.0 I'Tla u T=650 C B kamepax «ropoua». Kpucrajmnueckas CTpyKTypa HM3ydajiach ¢
TIOMOIIBIO PEHTTeHOBCKOM mudpakmun: a=7.35367(3), c=4.51507(4) A, V=211.448(1) A3,
Z=7, IL.I'. P 3. ATtoMbl BaHaJHs HAaXOAATCS B IICCTCPHOH KOOPJWMHAIIMM M3 aTOMOB
KUCIIOpOZIa B BUAE HCKakeHHOro oktadapa [VO6]. CTpouTenbHBIM 3JIEMEHTOM
JIBYXCIOWHON  CTPYKTYypbl SIBISIIOTCSA TPU  OKTa’Apa, COEIUHEHHBIE pedpamu.
TemrieparypHasi 3aBUCHMOCTD yAEIbHOTO 3ekTpuueckoro conpotusieHus p(T) VO2(S)
HOCHT IOJTYITPOBOAHHUKOBBIN XapakTep, U COMPOTUBICHUE BO3pacTaeT Oojiee, UeM Ha YeThIpe
nopsiaka B uHTepBane Temneparyp ot 360 K go 120 K Puc.la. Okono Te = 290 K
3aBucUMOCTH p(T) UMeeT 3aMeTHYI0 aHoMalnI0. V3ydyeHne peHTreHOBCKOM Tudpakiuu

T-1/4( K-lm)
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Puc.1. a- TemnepatypHasi 3aBUCHMOCTb YASIIBHOTO dJieKTpuueckoro comporusieHus VO;(S);
6 — yacTb peHTreHoBckoi audpaxrorpammel VO2(S) npu: 280 K-umxkHsist kpusas, 296 K-cpennsis,
310 K-BepxHss.

HUKE U Bblllle TemnepaTypsl anomanuu (Puc.16) noka3zano, 4to npu nepexoje NporucxXoauT
ckauok obwvema sueiiku: mpu 280 K V=212.002(1) A3 a npu 296 K V=211.448(1) A3, 1o
ectb AV=0.26%. Ilpu sTOoM cummeTpHus KpucTaiia He MeHsercd. Ha 3aBucumocTu
TEIJIOEMKOCTH MaTepuaia OT TeMIIepaTyphl B pailoHe mepexoaa Gpuxcupyercst HeOOoIbIoi
«1IMOJ1a»-TIMK, YTO, B COYETAHMHM CO CKaukoM OO0bEMa, MOXET CBHJICTEIbCTBOBATH O
dazoBoM mepexone neporo pona. Ero mpupona 10 KoHIa He SICHA, CKOpEe BCEro 3TO
MarHUTHBIA Tepexoj, HO TOYHO HE B (QeppoMarHuTHy (asy, UYTO MOKa3aaH
Ipe/BapUTebHbIE MarHUTHble H3MepeHHs. M3MepeHus TemmnepaTypHOHl 3aBHCHUMOCTH
koo duurenta 3eebexa Mokasanu, YTO B pailoHe TeMIepaTypsl Mepexoja MPOHCXOIUT
CMEHa MeXaHM3Ma »JJIEKTPUYECKOW MPOBOJMMOCTH C DJIEKTPOHHOM (IpHU BBICOKOM
TeMIIepaType) Ha IPEeUMYIIEeCTBEHHO JAbIPOUHYIO (IIPU HU3KOM Temreparype).

1. 3ubGpos W.II., ®unonenko B.I1. //COOpHHMK MaTepHaloOB MEXIYHAPOJHOTO CHMIIO3MyMa
«[TepcriekTHBHBIE MaTepHAaJIbl H TEXHOIOTUWY, Butedck, benopyceus. -2019. C. -276-278.
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U3MEHEHHUE PCA MHJIEKCA KPUCTAJLUIMYHOCTH BLICOKOYHUCTOTO KBAPLIA
HA PA3JIMUHBIX DTAITAX OBOT AILIEHMS M JIOD-AHAJIN3 CTPYKTYPBI
KBAPIIA.

3umun M.J/I., Cano:xxaukoB A.H., ’Ka6oeaos A.IL., Koaecuukop C.C.*, Hemomusimux A.HN.

Hncmumym eeoxumuu um. A.I11. Bunoepaoosa CO PAH, e. Hpxymck, Poccus,
*UpKrymcKuii HayuoHAIbHbIU UCCIe008aMeNbCKULL MEXHUYECKUN YHUGEPCUmen,
2. Upxymck, Poccus, zima.dom@mail.ru

WHaekc KpUCTaJUIMYHOCTH, MOJTYYEHHBIH METOAOM PEHTI€HOCTPYKTYPHOI'O aHAIN3a
(PCA), mmpoko wucnoss3yercs Uil OLIGHKH «COBEPUICHCTBA» WM Oe31e(eKTHOCTH
pa3IMYHBIX MHUHEPAIOB (KAOJWHHT, alaTUT, CIII0JIA, KBapl) U KPUCTAIMUECKOW (hasbl
Hesurosio3pl.  MHAEKC KpUCTAJUIMYHOCTH KBapua MPUMEHsIETCs JJI  HUCCIeI0BaHMs
KBapLCOJAEPKaIUX IMOPOJ, KaK A YUCTO TIEOJOTMYECKUX HCCIEAOBAHMM, Tak M AJs
TEXHOJIOTUYECKOM OLIEHKU KBApLIEBOI'O ChIPhsi. METOANYECKH OH ABISETCS KOJMYECTBEHHOM
OLICHKOH CTeTeH! yIHupeHus peIeKCoB peHTTeMOrpaMMbl KBapiia KBUHTYIIIeTa 67-69° ¢
uHaekcamu Muniepa 212, 203, 031, momoOpanHbIX smnupuuecku [1]. dusnueckuit
MEXaHU3M JTOTO YUIMPEHHS MOXXET OBITh pa3HbId I PAa3HBIX MOPOJ M TPH Pa3HOU
TEXHOJIOTUYECKOM o00paboTke. Bkiax B ymMpeHHe [arOT pa3Mepbl, OpPHEHTAlUs U
nedopmanus 3¢peH, IOTHOCTh TUCIOKAINN, KOJIUYECTBO CTPYKTYpHBIX npumeceit Al, Ti,
OH, menounsix MetamwioB. [lo3TOMy HHAEKC KpPUCTAJUIMYHOCTH PEKOMEHAYETCS JUIs
MCCJIEI0BAHMS TPYIIN MECTOPOXKICHUM OJTHOTO TeHe3uca [2] M KaK BCIOMOTaTeIbHbIN METO/
[3]. Hamu ObutM MccieoBaHbl M3MEHEHMsI MHJIEKCA KPUCTAJUIMYHOCTH BBICOKOYHCTOTO
KBapla M3 CYyNEpKBapLMTOB Ha pa3jIMUHBIX TEXHOJOTMYECKUX ATamax oOOorameHus u
HpOBEIEH aHAIM3 KapTHUPOBAHUS KPUCTAIUIMUECKUX OPUEHTALUM, MOJYYEHHBIX METOJIOM
mudpakuuu  obpatHoro paccessHus 3nekTpoHoB ([0D). IlokazaHo, 9TO XHMHYECKOE
oOoraiiieHre KBaplia KUCIOTHBIM TPaBJICHHUEM CMECHIO COJITHOW M IUIABUKOBOW KHUCIIOTHI
MOBBIIIAET MHJEKC KPHUCTAUIMYHOCTH BO BCEX Cllydasx, KpOMe€ IpeaBapUTEIbHON
BbIcOKOTemneparypHoil mpokanku npu 1300 u 1400 °C u Haumbosbliee JOKaJIbHOE
pasymnopsiiouMBaHue CTPYKTYpbl KBapla COCPEAOTOYEHO Ha TIpaHHIAx 3EpeH WU
MaJIOyTJI0BbIX TpaHunax ( < 7°), mpu 3TOM 4acTh Haubosee pa3ynopsA0oYeHHbIX o0aacTen
UMeEET MOBBIIIEHHOE Co/iepKaHue (DIFOUIHBIX BKIIOUEHHH.

Hccneoosanue npogedeno 8 pamkax evinoanetus 2o0c. 3aoanus no Ilpoexmy Ne 0284-2021-
0004 «Mamepuanvl u mexrHoao2uu 0 pazpabomy paoUaUUOHHbIX 0emeKmopos,
JIOMUHOBDODO8 U ONMUYECKUX CINEKOLY.

1. Murata K. J., Norman M. B. An index of crystallinity for quartz //American Journal of Science.
—1976.—T. 276. — Ne. 9. — C. 1120-1130.
2. XKaGoemos A.Il., 3umun M./l., Hemomusmux A.U., CanoxxaukoB A.H. // Oboramenue py.
2020.Nel. C. 36-40.
3. Marinoni N., Broekmans M. A. T. M. Microstructure of selected aggregate quartz by XRD, and
a critical review of the crystallinity index //Cement and concrete research. —2013. — T. 54. — C.
215-225.
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PEJJAKCAIIMSI PEAKTUBHBIX HATIPSI’)KEHWH B ITPOIIECCE
N30TEPMUYECKOT'O MAPTEHCUTHOI'O NEPEXOJA B CIIJIABE TiNi
Hpanos A.M.., beasies C.IL.Y, Pecnuna H.H.!, Angpees B.A.>3
Canxm Ilemepoypeckuii eocyoapcmeennuiti ynusepcumem, Cankm Ilemepoype, Poccus
2000 «Ipomviuinennuiii yenmp MATIK-CIID», Mockea, Poccus
SUncmumym memannypeuu u mamepuanosedenus um. A.A. Baiikoea PAH, Mockea, Poccus
E-mail: ileavenovasky@gmail.com

Panee Obulo OOHapykeHO, uYTO B 3akaJieHHOM ciuiaBe Ti49Nisy B mporecce
M30TEPMUYECKON BBIIEPKKH O]l MOCTOSHHOM HAarpy3koil MOXET MpOTeKaTh MPSIMOe
MapTEHCUTHOE NPEBpallleHHe, KOTOPOE COIMPOBOXKIACTCS HM3MEHEHHEM O00paTuMOi
nedopmanuu. Bmecre ¢ TeM, kpome u3MeHeHus: nedopMaliii, MapTEHCUTHBIE MEePEeXObl
MOTYT COIIPOBOYKIAThCS pelIaKkCallMed W IeHEepaluedl peakTUBHBIX HampspkeHud. Llensro
HAcToAlEH paboThl SBWIOCH HcclefoBanue d¢h@dekTa penakcaluud pPEeaKTUBHBIX
HaNpsHKEHUH B TpOIecce M30TEPMUYECKOTO MPSIMOTO0 MAapTEHCHUTHOTO TPEBPAILICHUS B
3aHEBOJICHHBIX 00pasmax ciuiaBa TisgNis;.

B kauecTBe 0OBEKTOB HMCCIIEIOBAHNS MCIIOIB30BATH MTPOBOJIOYHBIE 00pa3Ilbl CIIaBa
TisgNis1 auamerpom 2 MM, kotopbie Obii 3akaneHbl oT 850 °C (10 MuH) B Bojae H
JOTIOTHATEIHHO TepMonukimpoBanbl 100 pa3 B uaTepBasie Temmneparyp ot -196 °C mo 100
°C 4ToOBbl cTaOMIM3UPOBATH CBOMCTBa cruiaBa. llocie yka3zaHHOW OOpaOOTKH CIUIaB
UCHBITHIBAJI TEPMOYIIPYrOo€ MapTeHCUTHOE mpeBpaiueHue B2 < B19’ npu temneparypax
M = -43C, Mg = -63 °C, Ay = -24 °C, A« = -9 °C. JIns u3ydeHus peaKkcaluy HalpsKeHHit
B IIPOLIECCE M30TEPMHUYECKOrO MPEBPALLEHUS HCIIONb30BAIN JABE METOAMKHU. B mepsoil -
00pa31ibl B MOJTHOCTHI0 MAPTEHCUTHOM COCTOSIHUU pacTsIruBaiu 10 2 %, pa3rpyskaiu, mocie
yero (uxcupoBanm nedopmanuio oOpasima. B 3aHEBOJEHHOM COCTOSHHHM OOpa3ibl
HarpeBall M OXJXKIAIW JUIS pealu3alil TeHepaluu W pelakcalii HampshkeHui. B
IPOLIECCE pEJIaKCalluM PEAKTHUBHBIX HANpsHKEHUM Ha JTane OXJIaKICHHs, 00paslibl
BbIJIEpKUBaJIM B TeueHue 20 MUHYT IpU MOCTOSIHHOM TeMnepatype. 1o BTopoii MeToauke,
00pa3mpl OXJAXKTAIW J0 TEMIEPaTyphl BBIIEPKKH IO Pa3TMYHBIMH ITOCTOSHHBIMH
Harpy3kamu, ¢GukcupoBanu AeQopMalio U BBIAEpKUBaIM B TeueHue 20 MUHYT.
Hanpsokenne BappupoBanu B unTepBajie or 150 mo 300 MIla. Temneparypbl BbLIEPKKU
BBIOMpaIM Kak BHYTPH, TaK U BHE TEMIIEpaTypHOrO0 MHTEpBaia MPSIMOTO MapTEeHCUTHOTO
MpeBpalieHus B 00pasiie 1moj| Harpy3Kou.

OOHapyKeHO, 4TO B IIpoIiecce U30TEPMUYECKOM BBIIEPKKHU 3aHEBOJIEHHOTO o0pasia
crutaBa TiagNis1 penmakcarysi peakTHBHBIX HANPSHKCHUN HE HaOJF01amach, €ClId BBIACPKKY
NPOBOJWIN Ha 3Tale OXJAXJICHHUs B 3aHEBOJIEHHOM COCTOSIHMHU (TepBas MeToauka). Eciu
BBIJICPKKY MPOBOJMIIA TIOCIIE OXJIXKIEHHS IO HalpsDKeHUeM (BTOpas METOAMKA), TO B
npoliecce BBIIEPKKH B 3aHEBOJIEHHOM COCTOSIHUM HaOJIOAAIM peslaKCallMio HalpsKEHMs.
Bennunna penakcanuu HampspkeHHs 32 20 MHHYT BBIICP)KKH 3aBUCUT OT TEMIIEpaTypbl
BBIJICPKKM HEMOHOTOHHBIM O0pa3oM M MakCHUMajbHOE 3HaueHHe HaOJIrofaeTcst MpH
temmeparype paBHod My° — 6 °C. 3aBHCHMOCTh MaKCUMAJIBHOW BEITMYWHBI PEIIaKCAIAN
HaNpsOKEHUH OT JIEHCTBYIOIIETO HANpsKEHUs SBJISETCS MOHOTOHHOW M MaKCHMAallbHOE
3Hauenue 25 Mlla 6bu10 0OHapyxkeHo npu Hanpsbkenuu 300 MlIda.

Pabora BeITIONTHEHA TIpH ToAEpKKe Poccuiickoro Hay4yHoro donaa (rpant Nel8-19-00226).
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METAJUVIOKEPAMMYECKHUE KOMITIO3UIIMOHHBIE MATEPUAJIBI HA OCHOBE
SiC KEPAMUKU U TYT'OIIVTABKUX METAJIVIOB U CUJIMIIUIOB

Kanenun A.B., llukynos C.JI., Kypaos B.H.

Hnucmumym gpuzuxu meépooco mena PAH,
2. Yepnoconosxa, Poccus, kaledin@issp.ac.ru

Pazpab6orannbiii B UOTT PAH cnoco6 monydeHuss KepaMUYECKUX MaTEpPHAIOB Ha
OCHOBE KapOuJa KpeMHHS MyTEM KHUAKO(PA3HOTO CHIUIMPOBAHUS MIOPUCTHIX YTIIEPOIHBIX
Matpull [1,2], a Takxke cnocod moiydeHus ra3oriIoTHBIX SiC MOKpeITHIA [3] MO3BOJISIOT
MOBBICHTh TEMIIEPaTyphl OSKCIUTyaTanuu wu3fenuit Bmwioth 1500°C mpu  pabote B
oKucIuTeIbHOU atMmocepe. HecMoTpss Ha BBICOKYIO MEXaHHUYECKYI0 U TEPMOYAApHYIO
MPOYHOCTH, TEIIO(PU3NUECKIE XapaKTEPUCTUKU U CTOMKOCTD K okucieHuto SiC kepaMuku
€€ UCIOJIb30BAHUE B BBICOKOHAIPYKEHHBIX KOHCTPYKUHUSAX CHJIBHO OIPAaHUYEHO U3-3a
HU3KOM TPEIIMHOCTOMKOCTH M XPYIKOrOo Xapakrepa paspymenus. s pacmmpeHus
oOracrteii mpuMEHEHHs KepaMUUECKUX MaTepuanoB Ha ocHoBe SiC Hamu pa3pabaThiBaeTcs
METO/JMKA  MOJYYEHUS  METAJUIOKEPAMUYECKHMX  KOMIIO3MIIMOHHBIX  MaTepHaliOB
CWIMIIHPOBAHUEM CMECH yTiiepojia u TyromiaBkux Metayuios (Ti, Mo, Nb, W) u cruiaBoB B
BUJIC MEJKOJUCIEPCHBIX MOPOIIKOB, (onbr u crepkHel. KoHeyHbI KOMITO3UIIMOHHBII
marepuan umeer SiC MaTpuily, apMHPOBAaHHYIO MeTaJUIaMH W/WIM HMX CHJIMIHIAMHU,
KOTOpBIe (OPMUPYIOTCS B MPOIIECCe MPOMUTKU UCXOJHON 3arOTOBKU KpeMHueM. [lomyueHsl
KaK M30TPOIHBIE CTPYKTYpbl C BKIIOUEHUSAMH cuiauiuaoB merauioB (Puc.la), Ttak u
CJIOMCTBIE KOMITO3UTHI Ha OcHOBE SiC, apMUPOBAHHBIE CIIOSIMH METAJLJIOB U UX CHUJIMIIUIOB
(Puc.10).

MoSi;

SiC

| (a) B ©)

Puc.1. Mukpoctpykrypa SiC-C kepaMuKu, apMUPOBaHHO#: (a) MUKPOYACTHIIAMH CHIIMIHIA
Moub 1eHa; (0) CIIoSMH HHOOHS M CHITHUITHAA HHOOHS.

Takoil MmaTepual NOTEHIMAIBHO UMEET HEXPYIIKUM XapaKTep pa3pyLIEHUs B IIUPOKOM

JMara3oHe TeMreparyp. TpemMHOCTONKOCTh TTPH HU3KUX TEMIIEPaTypax MOXKET ObITh

[TOBBIIIEHA 33 CYET APMUPOBAHNS METAUINYECKUMU KOMIIOHEHTAMH, & IIPU BBICOKUX

TEeMITepaTypax 3a CYET CHIIMIINIOB METAJUIOB, KOTOPBIE TAK)KE 00ECTICUHBAIOT XOPOIIIYIO

aJre3uI0 ¢ KEPaMUKOM.

Cnucok a1umepamypbi.

1. [Mukynos C.JI., Kypnos B.H. // Kypnan trexunueckoii ¢pusuxu, 2017, 87(12), 1871-1878.

2. Ilukynos C.JI., Kypnos B.H., Illuxkynoa WM.A. KoMIO3uIHMs YIJIEpOJAHOW 3arOTOBKH JUIs
nonmydeHust SiC/C/Si xepamuku u crocod momydenus SiC/C/Si mznmenmii// TlatenT Poccum Ne
2573146. 2014.

3. Kypnos B.H., llukynosa WU.A., Illukynos C.JI., Epmos A.E. Crioco6 HaHeceHHs Ta30IIOTHOIO
noKpbITHS U3 Kapouma kpemuus// [Tatent Poccun Ne2601049. 2015.
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CPABHUTEJIBHBINA AHAJIN3 ITPOIIECCOB KOHTAKTHOI'O ILTABJIEHUSI
CIIVTABOB AMI'3 C ITIPUITIOSAMU AL-MG U AL-ZN

Cmaruna E.A., lllyTroB U.B., Kamaesa JI.B., Koposaes M.H., KpuBuies M./I.

Yomypmcxuii cocyoapcmeennbiii yHugepcumem,

2. Micesck, Poccus, shutiny@gmail.com
Yomypmexuii pedepanvuwiti uccredosamenvcxun yeump ¥YpO PAH,
2. Ucesck, Poccus, lara_kam@mail.ru
Hnemumym ¢husuxu evicoxkux dasnenuii um. JI.@. Bepewasuna PAH,
2. Tpouyxk, 2. Mockea, Poccus

CrtaBel Ha OCHOBE cCHCTeMbl Al-Mg IIHMPOKO HCHOJB3YIOTCS B KAayecTBE
KOHCTPYKLIMOHHBIX MaTepHajoB B aBHa-, CyJO- M MAIIMHOCTPOCHHM, a TaKXKe B
KocMHuyeckor oTpaciu. AMr3 — sto pedopmupyemsrii cruiaB Al-Mg, KOTOpBI MOXKET
conepkath 10 3,8 macc.% Mg. DToT criaB 00J1a1aeT BEICOKONW CTOMKOCTBIO K KOPPO3UH U
JIETKOW CBapUBAEMOCTBIO IPU 3JEKTPOAYTOBOW CBapKe, MOITOMY BBIOpaH B KauecTBE
MOJIEJIBHOTO JUIsl UCCIIEI0BAaHMsI ITPOLIECCOB, MPOUCXOAAIIUX IPU NaiKe TBEPAbIM IPUIIOEM
(ITTII) [1]. [ManHas  TEXHOJNOTHS, TaKXe W3BECTHAas B  JIMUTEpaType  Kak
BBICOKOTEMIIEpAaTypHas  Haiika,  IIMPOKO  HpPUMEHSeTcs  NpPU  HU3TOTOBJICHUM
TETIO0OMEHHUKOB Ha 0CHOBE Al CO CII0KHOI reomMeTpuel, a TaK)Ke paccCMaTPUBACTCS Kak
OCHOBa Ul CO3JIaHHMsI HOBBIX CHOCOOOB YCTPaHEHUS MEXaHMYECKUX IOBPEKACHUN B
YCIIOBUSIX KOCMOCA.

B pabote nccnenoBaHbl Npouecchl IUIABICHUST U KPUCTAIM3ALMN SBTEKTHUECKUX
crutaBoB Al-Mg ¢ coneprkanuem 68, 69,5 u 71,6 at.% Mg Ha OT0KKe U3 TUCTOBOTO AMTr3.
CornacHo nposeaeHHOH nuddepeHnanbHO-CKaHUpPYIOIIel KajJopuMeTpuu, ciiaB AMr3
HaunHaeT rmiaBuTbes npu T = 585°C, remmniepartypa miaBieHus BTeKTHKH Mg/Mgl7Al12,
KoTopasi peanusyercs npu 69,5 ar.% Mg, cocrasmsier 437°C. Temneparypa JHUKBUIYC
crutaBoB Al32Mg68 u Al28,5Mg71,5 — 460-470°C, mostomy wHcciexyeMble 0Opasiibl
HarpeBaimn 70 480-500°C, BbliepKUBaJIM NpH 3TOH TeMIepaType B TEUEHHE 5 MHMH U
KOHTPOJIUPYEMO oxJaxaanu. lccienoBaHusi MUKpPOCTPYKTYp B 00JacTH KOHTaKTOB
criaBoB Al-Mg, KOTOpbIe MCIIOJIB30BANINCH B KauecTBe MpUoeB 1 AMr3 npoBOIWINCh C
MOMOIIbIO ONTHUYECKON MHUKpOocKOmuH. [loyydeHHbIE 3BTEKTUUYECKHE MHUKPOCTPYKTYpPbI
MMEIOT TUITNYHYIO SIYEUCTYIO CTPYKTYPY, XapaKTEPHYIO JUIsl CTEPKHEBBIX IBTEKTUK «METAJII
— XUMHYECKOE coelMHeHuey. i aHann3a BO3SMOXHOCTH UCMOJIb30BaHUS IaHHBIX CIUIaBOB
KaKk OCHOBBI JUIsI TpHUMOs ObUI MPOBEIACH CPABHUTENbHBIM aHaIM3 IOJTYy4YEHHBIX
MUKPOCTPYKTYP € MHUKpPOCTPYKTypaMu, oOpa3oBaHHBIMU Npu miaBieHuu npumnoss HTS-
2000, koTopbIil cocToUT U3 crulaBa Zn-Al ¢ no6aBkamu Mg u Ag, Ha MOMT0XKKE U3 JINCTA
AMr3.

Paboma svinoanena npu nooodepocke PH® (epanm Ne 18-12-00438) na obopyoosanuu Llenmpa
KOJEKMUBHO20 NOIb3068AHUS DUSUKO-XUMUYECKUX MEMO008 AHANU3A U U3VYEHUS CEOUCNG U
XApaAKmepucmuK no8ePXHOCU HAHOCMPYKmMYp, Mmamepuanos u uzoeautt YomPUI] YpO PAH.
Paboma svinoausnace 6 pamxax npozpammol JJHH na MKC, yenesvie pabomol « Peany. Aesmopbi
svipasicarom drazodapruocmv LIHUUmaw (2. Kopones) 3a conpogodicoenue KOCMU4ecKko2o
akcnepumenma «Peany.

1. Sekulic D.P., Galenko P.K., Krivilyov M.D. et al.// Int. J. Heat Mass Transfer. — 2005. — Ne 12.
P. - 2372-2384.
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MATHUTHAS ®A30BAS IUATPAMMA CILTABA I'EMCJIEPA NI-MN-CU-GA HA
OCHOBE OIITHYECKHX IN SITU X1 UMITYJIbCHBIX NCCJIEJJOBAHUU B
MATI'HUTHBIX ITOJIAX 10 500 KD

Kamanues A.Il., Komxkuabko 10.C., Innibmuena J.T., Konenos B.B., lllagpos B.I'.
Hnuemumym paduomexnuku u snexmponuxu um. B.A. Komenvnuxosea PAH,
2. Mockea, Poccus, kaman4d@gmail.com

CrmnaBel Ieficiepa u3 cemeiictBa Ni2MnGa ¢ goGaBkamu 4-ro 3j1€MeHTa, B
gyactHocT Cu, JaBHO TIPUBJIEKAIOT BHHUMaHHWE wuccienoBareneid [1], Omaromaps
YIIyYIIEHHBIM (DYHKIIMOHAIBHBIM CBOMCTBaM: 00Jie€ BBICOKOMY MAarHHUTOKAJIOPUYECKOMY
adpdexty (MKD), ymMeHbIIEHHON MIMPUHON TEIUIOBOIO THUCTEpe3nca W 0ojee HU3KUMHU
TEeMIepaTypaMu MapTeHCUTHOro ¢aszoBoro mnepexoga (PII). B cmmaBe [eficnepa
NiS0Mn18.5Ga25Cu6.5 marautoctpyktypHbld ®II 1-ro poma Habmomaercs B 00gacTu
temneparyp 316-350 K. TIloBepxHocTp oOpa3ma HJaHHOTO CIUIaBa HCCJIEI0Baach
ONTUYECKUM METOJIOM in situ B OJISAX OUTTEpoBCcKOro Maruura 10 120 k3, moapoOHO MeTOoT
onucas B [2]. U3 puc. 1a BugHO, 4TO 00pa3el u3HavYaaIbHO HAXOUJICS B ayCTEHUTHOM (aze
(H = 0 kD), HamarHuYMBaHKE k€ 00pa3iia MPUBOAUT K 3aPOKIACHUIO MAPTCHCUTHOU (a3bl U
npu H =120 kD mnpakThuecku Bcs MOBEPXHOCTh oOpa3la 3aHsATa MapTEHCHUTHBIMU
nBoiHukamu. [locnenyromiee pasMarHu4uBaHuE 0Opaslla YMEHbBIIAET OOBEMHYIO TOJIIO
MapTEeHCUTA B CIUIaBe, OJIHAKO Ha METAIIOrpaduuecKoil MoBEpXHOCTH MPEUMYIIECTBEHHO
Ha0JII0/1aeTCsl MAPTEHCUT, T.€. MarHUTOMHAYIMpoBaHHbIA PII 1-ro pona mpu TO =312 K B
MarHuTHBIX MoJsiX 10 120 k3 HeoOpaTuM.

MaxkcumanpHoe 3Hadenne MKD B cmmaBe [eficiepa Ni2Mn0,74Cu0,26Ga,
MOJIy4eHHOE 10 MeToay, onucanHomy B [3], coctaBuno AT =20,5 K npu TO = 309,2 K B
umnyiscHoM nosie H = 500 k3. Ha ocHoBe n3mMepeHuii HaMarHM4eHHOCTH B moJiax 10 70
kO u npsmoro u3mepenuss MKD B 500 kD noctpoena ¢azosas H-T auarpamma cmnaBa, Ha
KOTOpO# oOHapyxeHa kputudeckas Touka npu Tkp = 333,8 K u Hxp = 302 kO (puc. 106).
Brimie kpuTHdeckoi TOUKH peanusyeTcsi OesructepesrcHoe noseaeHue kak npu OIT 2-ro
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Puc.l. (a) ®opmupoBanue MapTeHCUTHOM a3l B cruiaBe [eliciepa
Ni2Mn0.74Cu0.26Ga nox melicTBHEM MarHuTHOro moist o 120 kD B agmabaTnyeckux
YCIIOBUSIX pu HavyaJIbHOU TeMIepaType TO = 312 K.
(6) Maruuthas ¢azoBast H-T auarpamma criasa ['eiicnepa Ni2Mn0,74Cu0,26Ga: nonHble
TpeyronbHUKH— 3HadueHus temneparyp @Il B maramutHom mnoime MF, AS, MS, AF u3
M3MEpEeHUN HaMarHU4eHHOCTH, MYyCThle TPEYTOJIbHUKU — TOukM mepern6a xpusbix H(T),
cootrBercTByromue ®II B MarauTHOM MOJIE.

Brazooapuocmu

Pabora BeinonHeHa B pamkax rpanra IIpesugenta PO Ne MK-355.2020.2.

1. Sokolovskiy V. et al //Journal of Applied Physics. —2013. — T. 114. — Ne. 18. — C. 183913.

2. Dilmieva E.T. et al. //Bull. Russ. Acad. Sci.: Phys. —2017. — T. 81. — Ne. 11. — C. 1283-1288.
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BJIMAHUE OBJIYUYEHUS 3JTEKTPOHAMH HA OITUYECKHE U MEXAHHYECKHUE
CBOUCTBA KPUCTAJJIOB I'PYIIIBI Gd:Al,GazO12

Kacumosa B.M.}, Kozsiosa H.C.}, Byzanos 0.A.%, 3a6eauna E.B.}, Jlaros I1.5.13, [1aBios
10.C.}

'Hayuonanvnwiii uccredosamenvcruii mexmonoeuueckutl ynusepcumem « MHCuCy
(HUTY « MHCuC»), 2. Mocksa, Poccus, kasimova.vm@misis.ru, kozlova_nina@mail.ru,
zabelina.ev@misis.ru, lagov2000@mail.ru
240 «Domoc-Mamepuaneiy, 2. Mocksa, Poccus, buzanov@newpiezo.com
*Uncmumym ¢uzuyeckuti xumuu u 2nexmpoxumuu um. A.H. @pymxuna PAH (MDXD PAH), o.
Mockea, Poccus, rad05@bk.ru

CuUMHTWUISAIMOHHBIE TpaHaThl, JerupoBaHHble IiepueM, Gd3AI2Ga3012:Ce
(GAGG:Ce) B HacTofIIce BpeMs HaXOAT MPUMEHEHHE B CICIYIOIUX OONACTSIX: siAepHast
MeAMIMHA, (U3MKA BBICOKMX DJHEPIruil, KOCMHUYECKHWE HCCIEJAOBAaHUSA, CHCTEMBbI
0€30IaCHOCTH, PaJNOJIOTHYECKasi pa3Beska, ocBemenue. OnHako ero (QyHIaMeHTalbHbIE
CBOMCTBAa M3yYEHbl HEIOCTATOYHO, B YACTHOCTU OCTA€TCS HEBBIACHEHHBIM IIPOLIECC
nedekTooOpa3oBaHmsl B dTUX KpHcTauiax. MccrmenoBaHus, HalpaBICHHBIC Ha W3YyYCHHUE
IpUpOAbl 1e(hEeKTHON CTPYKTYpPHI, MPEXKIE BCEr0 HEOOXOAWMO MPOBOJIUTH HA HCXOTHBIX
HEJICTUPOBAHHBIX MaTpuliax. B cBsi3u ¢ 3TuM, B JaHHOU pabOTe MCCIENYIOTCS KPUCTAILIBI
coctaBoB GAGG:Ce, Gd3A12Ga3012 u Gd3A13Ga2012 B HCXOTHOM COCTOSIHHU U IOCIE
00JTydeHHsI.

Kpucramnsl Beipamiensl B AO «®@omoc-Marepuaneny. HccienoBanus onTUYECKUX
CBOMCTB ¥ MUKPOTBEPJIOCTH IMPOBOIWIHCH B 1abopaTopun « MOHOKPUCTAIUTBI U 3arOTOBKHU
Ha wux ocHoBe» HUTY «MUCuC». ChoekrpohoToMEeTpHUYeCKMMH METOJaMU Ha
cnekrpodoromerpe Cary-5000 ¢ mpucraBkoii UMA (Agilent technologies) momydeHb
CHEKTpaJIbHbIE 3aBUCUMOCTH KOI(PPUIIMEHTOB MPOMYCKaHUS U OTPAXEHHs, HA OCHOBAHUU
KOTOPBIX paccuuTaHbl KOA()PHUIIMESHTHI TPETOMIICHHS, TOKA3aTEIH OCIA0ICHIS, ONTHYCCKas
HMIMPHHA 3arpeleHHoi 30Hbl. MeTtogom Bukkepca Ha mukporBepaomepe Aaffri DM 8 B
Auto u3MepeHa MUKpOTBEPIOCTh, KoTopas 1o ¢popmysie Motta [ 1] nepeBesieHa B TBEpI0CTh
o Moocy.

VYcTaHOBIEHO 3aMETHOE BIUSHHUE 3aMENICHUST B KAaTHOHHOM TOJIpEIIeTKE |
00yuyeHHs SIEKTPOHAMHU Ha ONTUYECKHE U MEXaHUYECKHE CBOMCTRA.

Bnazooaprnocmu.

HccnenoBanue BBIIOIHEHO NpH hrHaHCOBOHM noanepxke PODU B pamkax HaydyHOro npoekTa Ne
19-32-90211.
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OBBE/MHEHUE HEKPUCTAJIJIOT'PAONYECKHUX TETPASJAPUYECKHUX
CIIMPAJIEN B KPUCTAJLIBI O-- M [3-- MAPI'AHIIA

B.C.Kpanonms', A.JI. Tanuc?, A.A. DBepcTos!
LMI'TY um. H.3. Baymana, Mockpa
2 IHCTHTYT 31eMeHToopranndecknx coenuHennii um. A.H. Hecmesnoa PAH, Mocksa

Konuenius cBeneHus CTpyKTypbl KpUCTala K YIIAKOBKE cTepKHE [1] B mocneanee
BpeMs ObL1a JIOTIOJIHEHA anmaparom, I103BOJIIOIIUM OIIpEeAEIATh u
HEKPUCTAIIOTPAQHUUECKYI0 CHMMETPHUIO TaKuUX CTepKHEe. B dYacTHOCTH, BepIIMHBI
KyOmdeckoro kpuctaiuia B-Mn mpunaanexar cTepKHSIM H3 IUIOTHEHIIMX JIMHEHHBIX
YIaKOBOK MOYTH MPaBUIIBLHBIX TeTpa’apoB (pedpa nedopmupoBansl Ha 2%) [2]. Kaxabrit
TaKOW CTEp)KeHb (TeTparequKc) 0OBUBACTCS CIIUPAIBIO U3 TETPAdPOB, KOTOPAS COJNEPKHUT
BCE €ro BEpHIMHBI W OJHO3HAYHO COOTBETCTBYET chupanu wu3 60 TeTpa’apos,
OXBaThIBAaIOIIEH MOJOBUHY BeplIMH B 120-BepIIMHHOM 4-MEPHOM aHajOre MKOCa’jpa -
nosarone {3,3,5}, conepkameM 600 00beTMHIEMBIX 110 TPAHSIM MPaBUIBHBIX TETPAdPOB
[3]. B B-Mn xaxnpiii Terparenukc 0OOBHBAaeT M BTOpas CHUPaib, IMOYTH KOHTPYIHTHAsS
JTAHHOM, a BMECTE JIB€ 3TH CIHMPAIU C TETpadJIpaMH MeXAy HHUMH 00pasyloT CiHpaib C
BUHTOBOM OCBIO 41 U3 J1e()OPMUPOBAHHBIX B3aUMONPOHUKAIOLIUX UKOCa3ApOB. DparMeHTy
9TOM chupanu, cojepxameMmy 15 wukoca’apoB, B monutone {3,3,5} COOTBETCTBYET
3aMKHyTas CIHpaiib ¢ BAHTOBOH ocbio 15/4 (Bpamenue Ha 96°) u3 15 ukoca’apos, BHYTpH
KOTOpOM HaxoAuTcs Top, pa3douteii Ha 30 TerpadapoB. Hekpucramiorpapudeckas
cumMmerpus kpuctaiuia B-Mn  ompenpensiercss JOKadbHBIMH  BHUHTOBBIMH  OCSIMH  8/3
(Bpamenue Ha 135°) TeTparennkcos, KBagpaTaMH KOTOPBIX SBIAIOTCS BUHTOBBIE OCH 41.
KyOuueckas cuctema oceit 8/3 ompenensieTcss TpPOCKIUMEH B 3-MEpHOE EBKJIHIOBO
npoctpancTBo E3u3 6-meproii ky6uueckoii pemrerku Bs [2], Ho Bs He comepuT momuTona
{3,3,5}. Hamu mokasano, uTo Tonbko oToOpaxkenue B E° u3 8-mepHoii pemrerkn Es (B
KOTOpOH ecTh ocH §-ro mopsaka) coxpasser B -Mn u cummerpuu u3 Bs, u Tonosnoruto
00BEAMHEHUS TETPA’POB B HMKOCA3IPUUECKHUE CHUPATIBHBIE MOACTPYKTYpPHI MOJIUTONA
{3,3,5}. KBampatHas peiieTka Takux MKOCadAPUYECKUX CIUpPATEi 0XBaThIBAE€T HE TOJIBKO
Bce aToMbl 3-Mn, HO 1 Bce TeTpasapsl pazdoueHus CTpyKTypsl 3-Mn [3].

OOBeMHO-IIEHTpUpOBaHHasE KyOuueckass CTpykTypa o-Mn uHTepnperupoBaHa
COOpKOM CTEp)KHEW BIIOJb KaXJOro KyOumdeckoro HamparieHus. Kaxnapiii cTep)keHb
COCTOUT M3 YETBIPEX TETPareIruKcoB, 00bETUHEHHBIX MO pedpaM BOKpYT obuieil ocu 2-1o
nopsiika. CoOOTBETCTBEHHO CTpykTypa o-Mn mpencraBisier co0oil MPUMHUTHUBHYIO
KyOMYeCKyI0 peleTKy, COOpaHHYI0 M3 TaKMX YEeTBEpHbIX cTepxkHel [4]. YmakoBka o-Mn
nonobHa ynakoBke [B-Mn: B o0enx MoauduKanmuAX CTEPKHU pacrnojararTcs I0
kBagpaTHOH pemerke. Ho B o-Mn kaxaslif cTepKeHb BKJIIOYaeT B ce0sl 4YeThIpe
TeTpareiimkca, O0beAMHEHHBIX IPYT C APYroM 1o oomum pebdpam, a crepxkeHb B [-Mn
OpeiCTaBIsieT  COOOM  MKOCA’IpPUUYECKYI0  CHHpalb. OTH  CTep)KHH  00JIafaroT
HeKpUcTAUIOrpaduIecKoil CHMMETpHUEH, orpeaesieMoi pemeTkon Eg, KoTopast comepkut
KyOHn4ecKkre KpUCTANTNUECKUE PEIIETKH B KaUeCTBE MOIPEIIETOK.

PaGora Bemomnena npu moxnepxkke PODU (rpant Nel9-02-00085). Hoctynm
ANEKTPOHHBIM Hay4yHbIM pecypcam Obu1 mpenocrasien MHOOC PAH npu momnepxke
MunncrepcTBa HayKH | Bbiciiero oopasosanus Poccuiickoit denepanuu.

1.M. O’Keefee, S. Andersson. Acta Cryst. 1977, A33, P. 914-923

2. S.Lidin, D.Fredrickson. Symmetry. 2012, 4, P.537-544

3. A Talis, A.Everstov, V.Kraposhin. Acta Cryst. 2021, A77, P.7-18A.
4, Talis, A.Everstov, V.Kraposhin. Acta Cryst. 2020, B76, P.948-954
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XAFS-UCCIEJOBAHUSA HAHOCUCTEM CJIOKHOI'O COCTABA B IIKII CHCTH

KpuBeHuos B.B.
Hnemumym kamanusa CO PAH, Hosocubupck, Poccus, kriven@mail.ru

B npencraBneHHOM J0KIa1e, Ha IpUMepe paboT, BBITOTHEHHbIX Ha cTraHiun EXAFS
cnektpockonuu LKIT Cubupckuii Lentp Cuaxporponnoro u TeparepiioBoro M3nyuenus
(HoBocubupck) nokaszansl BozmoxHocTd XAFS Merona, paccMOTpeHb! anmapaTypHble U
METOJUYECKHEe OCOOEHHOCTH, METOJIMKH OO0paOOTKM HSKCHEPUMEHTANbHBIX JaHHBIX U
aHaJM3a TOJMYyYEHHOW CTPYKTypHOU wuH(popmammu. XOpoIIo H3BECTHO, YTO pa3BUTHE
HUCTOYHHMKOB CUHXpoTpoHHOro minydenus (CH) B mocnegneit tpetn 20 Beka MpPUBEIO K
3HAUUTEIBHOMY IPOTrpeccy B NMPUMEHEHUH METOJO0B, peann3oBaHHbIX Ha CU, Takux Kak
pentreHoBckas criekrpockomnus nornomenus XAFS (XANES/EXAFS) nns uccnenoBanus
B Pa3IMYHBIX O0JACTAX HAYKH: MATEPHAIOBEICHHH, (PM3MKH W XUMHH TBEpAOTO Teia,
XUMUYECKOU TEXHOJIOTUH, r€OXUMUHU, KaTajuse, HEOPraHUYECKON u
anemeHTooprannueckoir xumun u ap. Meron XAFS (XANES/EXAFS) cnekrpockonuu
ABJISIETCSI MOILIHBIM MHCTPYMEHTOM HCCJIEIOBAHUSI COCTOSIHUS 3JEMEHTOB M JIOKAJbHOM
CTPYKTYpBl Pa3HOOOPA3HBIX CHUCTEM B JIIOOBIX arperaTHbIX COCTOSIHHSX: CIUIABOB,
JUCTIEPCHBIX CUCTEM, PACTBOPOB, YJIbTpapa3z0aBIeHHBIX CUCTEM, CTEKOI U Ip. B Hamm 1HU
pa3HooOpa3Hble MeToauuYeckre BapuaHThl MeTona XAFS peanu3oBaHbl M yCHENIHO
pa3BuBaroTcs B LleHTpax CHHXpPOTPOHHOTO M3Iy4eHus, Kak 3a pyoexxom, Tak u B Poccum -
KUCH (MockBa) u CLITCU (HoBocubupck). Cnemyer ormeTrutb, uto Metonq XAFS
CHEKTPOCKONUU Haubonee HPGEeKTUBEH TMpU H3YyUYEHUH HAHOPA3MEPHBIX CHCTEM
“CIOKHOTO” COCTaBa, C XapaKTepHBIM pazMepoM MeHee 10 HM M HU3KUM COJEPKaHUEM 10
UCCIIEyEMOMY DJJIEMEHTY, KOIJa TPUMEHEHHE JApPYTruX CTPYKTYPHBIX METOJOB HeE
MHPOPMATUBHO U 3aBeIOMO MpoOiiemMaTHyHO. B  nokiage Ans IMIMPOKOro Kpyra
PA3HOTHIHBIX HAHOPA3MEPHBIX U HAHOCTPYKTYPUPOBAHHBIX CUCTEM ITPOJEMOHCTPUPOBAHbI
BO3MOKHOCTH XAFS CIEeKTpOCKONMH, KaK CAMOCTOATEIBHOIO METOJA, TAK U B KOMIIJIEKCE
¢ npyrumu $puzndecKuMu Metojamu uccienoBanus — POA CU, [ISMBP, POOC, COM u
ap. IIporeMoHCTpUpPOBaHbI NEPCIEKTUBBI UCIIOJIB30BAHHOIO KOMILJIEKCHOTO MOAXOAa AJIs
UCCJIEIOBAHMSI Pa3INYHBIX (YHKIMOHAIBHBIX HAHOMATEPHAJIOB: HAHOCTPYKTYPUPOBAHHBIX
CHUCTEM JJIsl XpaHEHUs1 aKTMHOMIOB; HAHOCIUIABOB C YJIYUYLIEHHBIMH XapaKTEPUCTHUKAMU
(BKiIOYAst MOAU(DUIIMPOBAHHBIE HAHOPA3MEPHBIMU OKCUIHBIMU JOOaBKAMH); MOJEJIbHBIX
KaIlCYJIMPOBAHHBIX YIOPAJOYEHHBIX HAHOCTPYKTYp; OMOJIOTMYECKHX HaHOMAaTepHasloB;
HU3KOIIPOLIEHTHBIX ~ HAHOKOMIIO3UTHBIX  KaTaJu3aTOPOB; TECTOBBIX T'€0JIOTMYECKUX
00pa3I0B CI0KHOTO COCTaBa; TOHKUX METAITMUECKUX U MTOTYTIPOBOAHUKOBBIX TJIEHOK H JIp.
B pesynbTraTe BBINOIHEHHBIX UCCIEA0BAHNMN MTOTY4YeHa HOBAsI JOCTOBEpHas MHPopMalius 00
YCpPEIHEHHON KPUCTAIIIMYECKON CTPYKTYpE, 3JIEMEHTHOM U (Pa30BOM COCTaBax, 3apsiIOBBIX
COCTOSTHUSIX, JIOKAJIbHOM CTPYKType AJIsi UCCIIEOBAHHBIX CUCTeM. JlaHHBIE, MOJIyYEeHHbIE
Pa3IMYHBIMH METOJJaMH, XOPOILIO COTIIACYIOTCS MEXY COOOM.

Pabora BeImonmHEeHa B pamkax mpoektoB PODU 19-03-00530, 19-05-50046. B
pabote ucnonb3oBanock obopynoBanue LIKIT «CLICTU» na 6aze YHY "Kommnexke BOTIII-
4 — BOIIII-2000" 8 USA® CO PAH.
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KBAHTOBO-MEXAHHWYECKHUE PACUYETHI DHTAJBIINU CMEUNIEHUA
OIK-®A3bI U SHTAJIBIINU OBPA30BAHUSA SIGMA ®A3bl CUCTEMBI FE-
V JIS1 OCHOBHOI'O COCTOSAHUA

Ynosckuii A.JL., KynaBues M.B.

Hncmumym memannypeuu u mamepuanogedenus um.A.A.baiikosa PAH,
2. Mockea, Poccus, audovskiy@imet.ac.ru, mikhail_77@mail.ru

Jna  TectupoBaHMsI pe3yJbTaTOB KBAaHTOBO-MexaHMueckux pacuetoB (KMP)
SHTAIBIMK 00pa3oBaHus (AH) XMMHYECKOro COeIMHEHUS CO CTPYKTYpOil Sigma — ¢a3sl B
cucreme Fe-V [1-3] u omeHku ero XxumMuueckoi crabmiabHocTH oTHOocuTensHO OIIK (a3
gucThIX KoMIoHeHTOB M OLIK pacTBOpoB B 3TO#l cucCTeMe [Jisi OCHOBHOTO COCTOSIHUS
BO3HHKaeT HeoOxoanmocTh pacuera AH(X) OLIK — pacTBOpOB B 3aBUCHMOCTH OT COCTaBa.
Jnst pacyera TOJIHOM SHEPrUM B 3aBUCUMOCTH OT COCTaBa B HACTOsIIEH pabote
HCIIOJIb30BAJIM CyNep-a4eiku, 16- u 54- aToMOB, Kaxaas U3 KOTOPBIX coaepkaiia 1no 1 aromy
MPUMECH, YTO SKBUBAJIEHTHO cocTaBaMm cmuiaBoB 6,25, 1,85 atr.%. KMP npoBoaunu c
nomonipto makera WIEN2k mis ®M cocrosiHus, ucmoib3oBanu paaunycel maffin-tin
Rmt(Fe)=2,03 u Rmt(V)=2,12, TO4HOCTb /I CAMOCOIJIACOBAHHBLIX pacueToB SEtot=10"—
108 Ry/cell, Rkmax=8, uncno maocknx BoaH k=2000 m 5000, y4HTHIBAIH PENaKCAIHIO
perietky o cuiiam ¢ Tounocteio 0F=0,5 mRy/bohr. Pe3ynsTars! npeacrasieHs! Ha puc. 1,
BiiIrouast pe3yiabtatel KMP mo AH(X) OLK u sHTambnuu 00pa3oBaHHs XUMHYECKUX
COCJIMHEHUH cOo CTPyKTypoi Sigma ¢a3sl B @M coctosiiuu otHocuTeabHo OLIK —Fe u V.

dHmix[xV)gna ouk ¢azs cucrembl Fe-W u dHf(sigma-das)
Fe2VAFe8Fe8VE v Fe2FedVBFe8VE wkoHdurypauymia

30 y =(-32i8,424x"2 + 420,46x - 52.0:#5']:{

25 R:=1 "“‘\

20
B 15 ~ N
E 12,648
Z 10 - - Xz

- P _ - LN
-E ; / u- = .

I o 0= - ¥
x = —_—— g = p— — o
= _50&- ﬂ!ﬁ’/ -"lll a 0,60 0,80 1,00

-10 = 190

15 A b
-12,231 -12,189
-20
Fe (V) —>= W
# CALC BCC_ Fe-V — B — Experiment_becc Hultgren etall
de— Sigma-Fe2VAFe8F8eVE —ip— Fe2Fed4VEFeBVE

Pucynok 1. Pesynbratel pacueroB AH st @M OLIK dassl cucremst Fe-V s
OCHOBHOT'O COCTOSIHMSI B CPaBHEHHH € pe3yJibTaTaMu skcriepumeHToB [4] mpu 1600 K.

bnazodaprnocmu.
HccnenoBanus BhINONAHEHBI Npu (uHaHCOBON moanepxkke PODPU B pamkax HaydHOTO
npoekTa Ne 19-03-00530.
1.Ynosckuit AJI., Kynasues M.B. [leBsitas MexnyH. HaydHas KoHpepeHuus “XruMuuecKas
TepMOJIMHaMHUKa 1 KnHeTHKa COOpHUK HAayYHBIX TPYIOB, T. TBepb, 20—24 mas 2019 1., C.335-336
2. Kupavtsev M, V., Udovsky A.L.// J. Phys.: Conf. Series, (2020) 1431 012056
3. Udovsky A.L. and Kupavtsev M.V.//. J. Phys.: Conf. Ser. (2020) 1658 012067
4. Hultgren R.et all., Sel. Values of Therm. Properties of Binary Alloys, ASM, Ohio, 1973.
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CTPYKTYPHO-®A3O0BBIE IPEBPAIIIEHUSA B BBICTPO3AKAJIEHHBIX
JEHTAX AL-NI-Y B YCJIOBUSAX TEPMUYECKOI'O X
JAE®OPMAIIMOHHOI'O BO3JAEUCTBUU

Jaabsanos B.1.L, Crepxosa U.B.12, Mokmmn A.B.'%, Hocenko B.K.3

YYVomypmexuii pedepanvuuiii uccredosamenscruii yenmp YpO PAH, o. Hocesck, Poccus
2Kazanckuii (ITpusonaicckuii) pedepanvuwiii ynusepcumem, 2. Kazanw, Poccus
SUnemumym memannogpusuxu um. I B. Kypoomosa HAH Ykpaunei, 2 Kues Yxpauna
Ivanov@maul.ru

B Hactosimee Bpems mosydeHue aMOp(hHO-HAHOKPUCTAJUIMYECKUX KOMIIO3UTOB Ha
ocHoBe Al ¢ mobGaBkamu TEPEXOIHBIX U PEIKO3EMENIbHBIX METAIJIOB SBISCTCS BEChbMa
HNEPCHEKTUBHBIM. JTO OOYCJIOBJIEHO MX BBICOKMMHU NMPOYHOCTHBIMH XapaKTEPHUCTUKAMHU B
COUYETAaHUM C XOpPOIIEH MMIACTUYHOCTHIO U KOPPO3MOHHON CTOMKOCThI0. DopmupoBaHue
NOJOOHON CTPYKTYpPBI BO3MOKHO B Pe3yJIbTaTe YaCTHYHOW KPHCTALTU3AIMH aMOP(HBIX
CIUTABOB TMPH PA3JIMYHBIX BHEIIHUX BO3JCHCTBUSX (TepMUYECKOM, IehOpMaIMOHHOM,
o0JydeHHeM HEUTpoHaMH WM JJeKkTpoHamu). [Ipu 3TOM, ycCTaHOBJIEHHE YCIIOBUM
dbopMupoBaHus aMOpPPHO-HAHOKPUCTAIITNYECKONW CTPYKTYPBI U €€ HBOJIOLMS B IPOIECcCe
JanbHeWmel o0paboTKU SBJISAIOTCS aKTYJbHBIMU 3ajjadaMu. B cBsi3u ¢ 3TuM B pabote
MIPOBEICHBI CpaBHUTEJIbHBIC UCCIIeTIOBaHUS MIPOIIECCOB KpUCTAIT3aIUU
obicTpo3akasieHHbIX JIeHT AlgoY10 u Alg7NigYs npu Tepmudeckom u IepopMarOHHOM
BO3JIEUCTBUIX.

beictpo3akanennsbie ieHTbI AlooY 10 1 Alg7NigY s osryyanu MeTo10M CIIMHHUHTOBaHHUS
OTPaHMYEHHOM CTPYM paciiiaBa Ha OBICTPOBpAIIAIONIMICS MEIHBIM UCK B 3alUTHON
atMocdepe renus. VMHTeHcuBHas mactudeckas nedopmanus kpydenuem (MITIAK)
MIPOBOAMIIM B HaKOBaJbHAX bpumkmena npu komMHaTHON Temnepatype u Aasinenuu 3[1la ¢
BpanieHueM ot 0 10 12 06opotoB. CKOpOCTh BpallleHUs HUKHEH HaKoBalbHU bpumxMena
coctapiisiia 106/MHUH. PeHTreHOBCKU MU paKkIMOHHBINA aHaIU3 CTPYKTYphl IPOBEJIEH Ha 0-
0 mudpaxromerpe D8 Advance (Bruker AXS) B reomeTpun napauiensHoro myuka ¢ Cu-Ka
u3IydeHueMm, napabonuueckuM 3epkanom [€6enst (60MM) Ha NEpBHYHOM IydyKe H
noxynpoBoaHuKoBbIM Si(Li) merekropom SoIl-XE. YTouHeHHe CTPYKTYphl Ha OCHOBE
TU(GPaKIIMOHHBIX JaHHBIX BBINONHEHO C Hcrnoib3oBanueM [OPAS 4.2. HccnenoBanue
TEPMUYECKOH CTaOMIFHOCTH H MPOLECCOB KPUCTAITU3AIMH ObICTPO3aKaJICHHBIX JICHT J0 U
nocie UITJAK m3ydanu ¢ nmomomipio IuddepeHIaIbHOro CKaHUPYIOLEro KaJopuMeTpa
Perkin Elmer Diamond DSC. M3mepenust mpoBOIUIN B HHTEpBaie Temreparyp oT 50 1o
600°C co ckopocTsio HarpeBa 10°C/MuH.

[TpoBeneHHbIE HCCIIEOBAHUS IMOKA3alM, YTO B YCJOBUSAX HENPEPHIBHOIO Harpena
KpHUCTaJUIM3alys  ObicTpo3akaneHHbIX JIeHT AlgoY1o u  Alg7NigYs HaumHaercst 1o
NEPBUYHOMY MEXaHM3MY C BBIJIEJICHHs MEPECHIIEHHOT0 TBEPJOr0 pacTBOpPa Ha OCHOBE O'-
Al. ITpu atoMm miis neHTh AlgoY 10 TPH TTOCTIEYIOIIEM HarpeBe MEPEXo] B KPUCTALITUIECKOE
COCTOSIHUE TPOTEKAET uepe3 MPOMEXYTOUHYIO CTaIUI0 C 00pa30BaHWEM METacTaOMIIbHOM
dassr AlsY. Ycranosneno, uro mox aeiicrsuem UITJK npu nasnenun 3I'Tla ¢ BpameHrnem
oT 0 10 12 060pOTOB MOJHOM KPUCTAIIU3AMU ObICTPO3aKAJICHHBIX JIEHT HE MPOUCXOIUT.
Kpucrannmuzanus nent AlgoY 10, nHUIIMEpYEMas nedopmariuei mpoTekaeT ¢ o0pa3oBaHuEM
MeTtacTaOmibHBIX (a3 AlsY (mocnme 1 obopora) m ALY (mocie 4 oOGOpoTOB), MpHYEeM
(dbopmMEpoBaHHUE MOCIIETHEH He HA0II0IaeTCs B ITPOIECCe HEMTPEPHIBHOTO HArpeBa UCXOTHON
nentsl. Kpucrannmuzanus nent AlgzNigY's, mox neiicreuem UITJIK npotekaer ¢ oOpazoBanue
Kkpuctayios o-Al ocie 1 oGoporTa.

Pabota BeImonHeHa pu GpuHAHCOBOI moanepxke rpanta PH® Ne 19-12-00022.
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K -RESOLVED ELECTRONIC STRUCTURE IN THE BAND-BENDING REGION OF
HEAVILY SILICON-DOPED GaN

Lev L.L.}2, Maiboroda 1.0.2 Grichuk E.S.%, Chumakov N.K.3, Schréter N.B.M.!, Husanu M.-
A4 Schmitt T.%, Aeppli G.1, Zanaveskin M.L.3, Valeyev V.G .3,
Strocov V.N.?

Swiss Light Source, Paul Scherrer Institute, 5232, Villigen-PSI, Switzerland
“Moscow Institute of Physics and Technology, Dolgoprudny, Russia
$National Research Center “Kurchatov Institute”, Moscow, Russia

*National Institute of Materials Physics, Magurele, Romania
Il ru@mail.ru

GaN heavily doped with Si (GaN:Si) finds a growing number of applications in modern
micro- and optoelectronics. One of them is GaN-based high electron mobility transistors (GaN-
HEMTS) which are the barebone of the 5G telecom. GaN:Si is employed in such devices for non-
alloyed Ohmic contacts, which reduces parasitic losses and improves reliability of the devices
compared to the conventional alloyed contacts. A novel approach to form such contacts is a selective
deposition of GaN:Si [1,2]. This approach has a number of advantages, making it possible to achieve
a contact resistance of less than 0.2 Q-mm.

Electronic structure of heavily doped GaN:Si is explored here in a wide range of
electron concentrations (ne) with soft-X-ray angle-resolved photoelectron spectroscopy
(ARPES) supported by supercell DFT band structure calculations and high-sensitivity Hall
measurements. Comparison of the ARPES results with calculations identifies the preferential
location of Si atoms as substitutional for Ga. The ARPES spectra directly visualize the
valence- and conduction-band electron dispersions in GaN:Si resolved in electron
momentum (k) where the population of the conduction-band pockets follows ne. Our
quantitative analysis of the ARPES data takes into account the surface band-bending, with
the potential variation described by self-consistent Poisson-Schrodinger equations. This
model adequately describes the peculiarities of the ARPES spectra caused by the surface
band bending, including photon-energy dependence of the apparent Fermi momentum. The
latter approaches its bulk value, consistent with magnetotransport ne, at sufficiently high
energy when the photoelectron mean free path exceeds the spatial extension of the band-
bending region. The achieved theoretical and experimental results resolve a number of
fundamental questions on physics of heavily doped GaN:Si in the perspective of its device
applications.

The soft-X-ray ARPES experiments have been performed at the ADRESS beamline
of the Swiss Light Source, Paul Scherrer Institute, Switzerland. The sample growth and
characterization partially used the equipment of the Resource Center for Electrophysical
Methods, and the computations the resources of the Federal Collective Usage Center
"Complex for Simulation and Data Processing for Mega-science Facilities”, both affiliated
with the National Research Center “Kurchatov Institute” (http://ckp.nrcki.ru). 1.O.
Maiboroda, N.K. Chumakov and V.G. Valeyev were partially supported by the Russian
Foundation for Basic Research under grants no. 19-07-01090 and 20-07-00813. N.B.M.
Schroter was partially supported by the Microsoft Station Q Program.

1. Maiboroda I.0., Andreev A.A., Perminov P.A., Fedorov Y.V., Zanaveskin M.L. // Tech. Phys.

Lett. — 2014 — V. 40 — P. 488-490.
2. Song B., Hu M.Zh, Qi M., Nomoto K., Yan X., Cao Y., Jena D., Xing H.G. // IEEE El. Dev.

Lett. — 2016 — V. 37 — P. 16-19.

~ 88 ~


mailto:lll_ru@mail.ru

DOI 10.26201/ISSP.2020/FKS-2.324

MARTENSITE TRANSFORMATION IN TINI/TI2NICU NANO-PLATES:
EXPERIMENTAL STUDY, DENSITY FUNCTIONAL THEORY AND MOLECULAR
DYNAMICS SIMULATIONS
P.V. Legal, A.l. Kartsev?
1 Kotelnikov Institute of Radioengineering and Electronics of Russian Academy of Sciences,
Mokhovaya Str. 11, Build. 7, 125009, Moscow, Russia
2 Stanford Institute for Materials and Energy Sciences, SLAC National Accelerator Laboratory,
Menlo Park, CA-94025, USA
E-mail: lega_peter@list.ru
The TiNi nano-plates deploying martensitic transition at critical temperature T, was studied. We
demonstrated that T¢(h) has a strongly descending character as a function of plate thickness h.
Whereat the critical thickness h. exist at which the transition is completely suppressed. Combining
ab initio and molecular dynamics simulations it was shown that austenite is more stable than
martensite at nanometer-scaled plates. While the complete suppression of the phase transition
occurs for a 10 nm thick plate which is in good agreement with an experimentally observed hc
value.

45 T T T T T

- 2 nm - no phase transition occurs
10nm Te= 178 K
20nm T*Fe= 175 K

«++  Bulk experimental 304 K

46  —©

4.7

48
49 K—
5 F 4

52 L1 1 1 1 1

Etot per atom (eV)

100 200 300 400
Figure 1. Formation of the TiNi austenite phase Figure 2. Temperature dependence versus total Energy
simulated using the molecular dynamics method within ~ per atoms for 10 nm and 2 nm thickness of the TiNi
the LAMMPS package using periodic boundary plate using molecular dynamics simulation.

conditions along the x and y axes, and finite boundary
conditions along the z axis. The size of the system is 0.3
* 106 atoms. The blue color denotes austenite (B2), the
red color corresponds to the martensite phase (B19°),
and the white-green color corresponds to the atoms
located on the surface and does not correspond to any of
the bulk phases.

We performed an investigation on the crystal structures in the local areas of the wedge-
shaped plates of the TiNi and Ti2NiCu alloys in the thickness range of 10-100 nm in the
temperature range of 100400 K. We also observed that the area of the austenite phase
expands with a decrease in temperature. While the transition temperature decreases with
decreasing plate thickness and having a hysteretic character. The aforementioned behaviour
is found to be in good agreement with density functional theory and molecular dynamics
simulations (Fig. 1 and Fig. 2). This approach based on a nano-size control paves a new way
of the shape memory effect modulation and fine-tuning work parameters of nanodevices.
Acknowledgement
The study was supported under the grant Ne 19-57-45024
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BJIUSAHUE TEPMOOBPABOTKH HA ®U3NYECKHUE CBOMCTBA U
MOP®OJIOI'UIO MOJIBIX CYBMUKPOHHBIX YACTHUIL SiO2

Macaaos B.M., Cyxununa H.C., Xoxoc U.U.!, 3sepnkoBa U.U., Koxos A.A.,
Emenbuenko I'.A.

DedepanvHoe 2ocyoapcmeeHHoe 6100xcemuoe yupexcoerue Hayku Mucmumym gusuxu
meépooco mena Poccutickoll akademuu HayK,

YDeoepanvroe 2ocyoapcmeennoe 6100xucemnoe yupescdenue nayku Mucmumym npobrem
MEeXHOI02UU MUKPOIIEKMPOHUKU U 0COOOUUCMbIX Mamepuanos Poccutickoil akademuu
HayKk,

2. Yepnoeconoexa, Mockosckas o6a., Poccus, masalov@issp.ac.ru

HaHo- ¥ MUKpOKaICcyJIMpOBaHHbIE MaTe€pHalbl HAaXOIAT IIMPOKOE MPUMEHEHHE B
pasIMYHbIX OTPACIsIX HAayKM W TeXHUKU. HekoTopble cBoiicTBa 000JI04€K KamcCyil
(IJIOTHOCTh, IMOPUCTOCTb, IPOHUIAEMOCTh) MOIYT MEHSTHCSI B 3aBUCHUMOCTH OT
0cOOCHHOCTEH cuHTe3a U TepMooOpadoTku. Llenpio qanHON pabOTHl OBLIO MCCIIEIOBaHHE
TpaHchopMalMKM YACTHIl TUIA «sapo-o0oiaoukay [IMMA/SIO2 ¥ TOJBIX YacTHIl W3
JUOKCH/Ia KPEMHHUS T10CIIE TEPMUYECKOTO BO3JCHCTBUS.

I'u6punnbie yactunsl [IMMA/SIO, ObUIM CHHTE3UPOBAHBI TEMILIATHBIM METOJIOM
IByMs crocobamu: Tuaposin3oM BuHMATpuMeTokcucuinana (BTMC) B npucyrcTBuM
amvuaka (tum I) m L-apruawmna (tun II). B kadectBe mraGioHa OBUIM HCITOJIB30BAHBI
chepuueckne IIMMA -uacTuLbl co cpeHUM AuaMeTpoM ~ 440 HM. BeipalieHHbIe YaCTULIBI
«1ApO-000sI09Ka» UMeH pazmep ~ 505 um.

[Tonble yacTuIbl 000MX TUIIOB UMEIOT IPAKTUYECKU HJICATIbHYI0 chepruecKkyro popmy

(puc. 1). Onmnako kpemHe3éMHBIE oOomoukn dyactui Tuma |l mpu TemmeparypHom
BO3ECHUCTBUM MOTYT Je(OPMUPOBATHCS, 00pa3ys BMATHHBI (puc. 10).
=i y N/ AN —-
(S Yo

\/. . v
o S0 a '@ BER°

Puc. 1. [IDM-u306paxenust nonbix gactui SiO; tumna I (a) w Tuma 11 (6 nociie omxura 600 °C 24 4

B xome oneKTpOHHO-MHUKPOCKONMMYECKHX HCCIeAOBaHUNA Obuta oOHapyKeHa
TpaHchopmarusi THOPUIHBIX YACTHI[ C HEOOBIYHOM YCaaKOW MOJMMEPHOTO sapa IO
JNENUCTBUEM DJIEKTPOHHOTO My4YKa CKaHUPYIOLIEro M MPOCBEYHBAIOIIETO MUKPOCKOMOB. B
Xo0Jie TepMOOOpabOTKU MOJIbIE YacTULIBI MpeTepneBatoT ycanky 1o 30% nuamerpa. beina
IpOBE/IeHA OLIEHKAa HMCXOJHON IMOPUCTOCTH O0OJOYEK, COCTaBMBIIAs BEIMUYUHBL ~ 59%
(wactunsl THna I) u ~ 67.5% (yactuus! Tuna I1). BrigBieHHble 0COOEHHOCTH YIUIOTHEHUS
KPEeMHE3eMHOM 000JI0YKM B Tpolecce TepMooOpaOOTKH MO3BOJIAIOT KOHTPOJIUPOBATH
MOPUCTOCTh 000JIOYEK TOJBIX YaCTUI[ KpeMHe3éMa U OTKPBIBAIOT JOIMOJIHUTEIbHbBIE
BO3MOXXHOCTH /I HAHO- U MHUKPOKAICYJIHUPOBAHUS PA3IUYHBIX MaTEpHaliOB, KOTOPHIE
MOTYT Hal'TH pUMEHEHUE B 3ipaBOOXPAHEHNH, (PapMaKOJIOTUH, KOMIIO3UTaX, METAJLTypPriul
U IPYTUX OTPACISIX.

Jannas paboma evinonnena 6 pamxax 2oczaoanuii UOTT PAH (Ne 0032-2017-0001)
u UTITM PAH (Ne 075-00355-21-00) ¢ ucnoavsosanuem obopyoosanus LIKII HOTT PAH u
L[KII 6 2. YepHoeonosxe.
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SURFACE ALLOYING OF 3Kh2V8F AND 5KhNM DIE STEELS BY MEANS OF
ELECTRON BEAM IN VACUUM WITH B4C AND Al TREATMENT PASTES

Mumuraopxuiin Y.Jl., CemenoB A.Il., Yaaxanos H.C., MuionoB A.C., lameen /1.9.

Hncmumym ¢uzuuecxoco mamepuanosedenus CO PAH,
2. Ynau-Y0s, Poccus, druh@mail.ru

Processes of modifying surface properties of 3Kh2V8F and 5KhNM tool steels by electron beam
alloying (EBA) in a vacuum by boron and aluminum treatment mixtures were considered. Boron
carbide B4C or 0.8B4C+0.2Al powders were preliminarily mixed with organic glue and applied as a
paste with a thickness of 0.5-1.0 mm on test specimens made of 3Kh2V8F and 5KhNM steels. The
treatment mixtures were heated (ultrafast melting) with a stationary electron beam for 20-300 s at a
specific power of ~ 5.7 « 10> W/mm? (scanning electron beam diameter ~ 1-2 mm) [1]. The
residual pressure in the vacuum chamber was 104-107 Pa, the accelerating voltage was 20-24 kV,
and the electron beam current was up to 0.1 A.

The metallographic analysis on the cross-sections showed that as a result of EBA,
uniform layers with high roughness and without visible signs of zoning (layering) with a
thickness of up to ~ 500 um were formed. The modified layers have a distinct border with
the base metal. The crystallization process starts after the electron beam heating elimination;
thus, a dendrite-like structure of the modified layer was formed. An increase in
microhardness from 350 to 1550 HV occurred in the surface zone of the layer due to phase
and structural transformations from the liquid state (X-ray phase analysis revealed the
presence of Fe.B, FesAl, FeAls, AIB,, and AlFe:B, phases). Thermal stresses were
developed, contributing to the hardening and plastic deformation processes [2].

Wave oscillations of the microhardness profiles were observed along with the
modified layer thickness, probably associated with shock-wave processes under the intense
accelerated electron beam's impact. Oscillations of microhardness indirectly indicate the
effect of long-range impact under the electron-beam processing conditions due to the
formation of thermal wedges during the charged particles introduction, radiation-stimulated
diffusion, layers restructuring in a more complex microstructure and phase composition.

brazooapnocmu. Paboma evinoanena 8 pamxax HUOTP ¢ Bocmouno-Cubupckum
20CY0apCmEeHHbIM YHUBEPCUMEMOM MeXHOI02ULl U ynpasienus (0o2ogop Ne 68/2020) 3a cuem
epanma Poccutickoeo Hayunoeo ¢onda (npoexm Nel9-79-10163).

1. HomakoBa A.A., CuzoB I.I'., I'Boznosep P.C., ['omy6ok /I.C., Kucenesa T.1O., CemeHoB
A.Il., Cwmupusruna H.H., IIpycakoB b.A. // TloBepxHocts. PeHTrenonckue,
CUHXPOTPOHHBIE U HeUTpoHHBIE uccienoBanus. — 2003. — Ne3. — C. 99-103.

2. HWrun B.U., Kosans H.H., Mecsan I'.A., Pormrreiin B.I1., Yyxmannesa U.C., [llanun

I1.M. // IcTOYHUKH 3JEKTPOHOB € IJIa3MEHHbIM sMHuTTEepoM. — HoBocuOupcek: Hayka,
1983. — C. 104-110.
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_ AUCJIIOKAIIMH B CTPYKTYPE KOT'EPEHTHOM I'PAHUIIBI
JBOUMHUKOBAHMUA } 3 B MYJIBTUKPUCTAIVIMYECKOM KPEMHHUU U UX
BKJIALI B PEKOMBUHAIIMOHHYIO AKTUBHOCTD

IMemeposa C.M.', Henomusimux A.WU.L Masaosa JILA.L Uyemosa A.I'.}, BioBun
B.1.2, I'yrakosekmii A.K.2, SAIkumos E.B.2, ®exnucosa 0.B.5, ®eauna JIL.U.?

1 @edepanvroe cocyoapcmeentnoe 0i00xicemHuoe yupesicoenue Hayku Uncmumym seoxumuu
um. A.Il. Bunoepaoosa Cubupcxkoco omoenenus Poccutickou akademuu Hayk 2. UpKkymck,
Poccus, spescherova@mail.ru

2 ©edepanvhoe 2ocyoapcmeeHHoe 0r100Jcemuoe yupexcoenue Hayku Mucmumym gusuxu
noaynpo8ooHuxos um. A.B. Pacanosa Cubupcrkoeo omoenenus Poccuiickoii akademuu Hayk
3 @eodepanvroe cocyoapcmeerHoe DI00AHCEMHOe YUPeHcOeHUe HaAYKU

Hucmumym npobnem mexHono2uu MUKPOIIEKMPOHUKU U OCODOYUCTNBIX MAMepuailos
Poccuiickoii akademuu nayx

M3BecTHO, YTO KOTEPEHTHBIE TPAaHUIBl JABOMHUKOBAHUSA ) 3 XapaKTEpU3YIOTCS

HanboJiee COBEPIICHHOM CTPYKTYpOH, U, B HAMMEHBIIIEH CTEIIeHU, 10 CPABHEHHIO C IPYTUMHU
TUTIAMU ~ TPaHULl B  MYJbTUKPUCTAUIMYECKOM KPEMHHH, CIHOCOOHBI  IPOSBIATH
PEKOMOMHAIIMOHHYIO aKTUBHOCTSH [1,2]. OqHaK0, MEXaHU3MBI JBOMHUKOBAHUS U TIPUUHHBI
MOSIBJIICHUS WX PEKOMOMHAIIMOHHOW aKTUBHOCTH SIBJISIFOTCS] HA TJAHHBIA MOMEHT MPEAMETOM
nuckyccuid. [Ipenmonaraercs, uto 00pa3oBaHre MHOKECTBEHHBIX JTBOMHUKOB MOXET OBbITh
CBS3aHO C JIOKQJIbHBIMU TEPMHUYECKHMMH HAMNpPSHKEHUSMHU, BO3HUKAIOIIMMU HA TpaHUIIE
pazfena KpucTaul-paciuiaB, a MOsBICHUE aKTUBHBIX » 3 TPAHHI] MOXKET OBITh 00YCIIOBICHO
ux MOpQoJIOruvYeckor HecTaOWUIBLHOCTHI0O Ha (GpoHTe KpucTaumzanuu [3], KoTopas
COIPOBOXKAACTCS MOTEpEl KOTePEHTHOCTH M 00pa3oBaHueM awciiokauii [1,2]. B manHoi
paboTe 00CykAat0TCsI pe3yIbTaThl HCCIEAOBAHUN TPAHUI] Y 3 METOAaMH MPOCBEUNBAIOIIEH
BBICOKOpa3pemaiie anexkTponHod wmukpockonuun (HREM), nudpakuuum obpatHo-
paccessHabIX dnekTpoHoB (EBSD) u wnaBenénnoro toka (EBIC). Ha ocnoBe HREM
MOKa3aHo, YTO CTPYKTypa PEKOMOMHAIIMOHHO aKkTHBHBIX (1Mo maHHeiM EBIC meroma) >3
rpaHull B 3epHe c opueHTaruei {112} u uneHTHUIHpoBaHHBIX MeTonoM EBSD kak
33(180°-[211], coorBerctByer Tpamumam Y 3(60°)-[111]. DT0o mMO3BONAET pEIIMTH
CYILIECTBYIOIINE MPOTUBOPEUHS B HHTEPIPETAIMU YHCIEHHOTO MPECTaBICHUS Y 3 TPaHUI]
- {112} no mamaeiM EBSD [4]. C wucnosib30BaHHEM OOJBIICYTIIOBOH TEMHOIOIBHON
ckanupyroieit Moasl HREM (HAADF) yctaHOBII€HO, YTO peKOMOHMHAITMOHHAST aKTHBHOCTD
rparun Y 3(60°)-[111] cBsi3ana ¢ 06pa3oBaHKEM MOHOATOMHBIX CTYTEHEK B HX MIOCKOCTH
Ha pacCTOSHUU 3-5 MKM, TIJI€ JIOKaTU3yIOTCS JUCIOKauuu. Bxman nucnokanuii B
PEKOMOMHAIIMOHHYIO aKTHBHOCTD JAHHBIX TPaHUIL JocTuraet 23%. [lomydeHHbIe JaHHBIC O
KOJIMUECTBE UCIIOKAIMKA B TpaHMIIE ) 3 B MCCIEJOBAHHOM 3epHE ¢ opueHTanuen {112}
COOTBETCTBYIOT PE3yJIbTaTaM I10 BBISBJICHHIO TUCIOKAIUN MPU CEIIEKTUBHOM XUMHUYECKOM
TpaBJICHUHU B TpaBHUTEE SOpOri.
Hccnedosanue nposedeno 6 pamkax evinoanenus 2oc. 3aoanuii no Ipoexmam Ne 0284-2021-0004
«Mamepuanvr u mexnonozuu 01 paspabomKu paouUayUOHHBLIX 0eMeKmopos, JOMUHOPDOPOS U
onmuueckux cmekoay u Ne 0306-2019-0011 «Texnorocuu u amomucmuyeckas OUASHOCIMUKA
MeepOOmeNbHbIX HAHOLEMEPOCUCTIEM.
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BJIMSTHUE SJIEKTPOSPO3MOHHOMN OFPABOTKH HA YJIEJIbHOE
MOBEPXHOCTHOE COIIPOTUBJIEHUE TOKOBBIX KOJIJIEKTOPOB U3
HEPXABEIOIIIEM XPOMUCTOM CTAJIM CROFER 22 H

Mukagaos O.B., lemeneBa H.B., bpennxun C.U.

HUDTT PAH,
2. Yepnoeconoexa, Poccus, pikalov@issp.ac.ru

DJEKTPOXUMHUECKUE TEHEPaTOphl Ha TBEPAOOKCHIHBIX TOIUIMBHBIX JJIEMEHTAX
(TOTD) paboTaroT B IOCTATOYHO KECTKUX YCIOBHSX — BBICOKHME pabouyue TemIeparypsl
600-900°C, mocrostHHash mojada KHUCIOPOJHOTO U YIJIEBOJAOPOJHOTO Ta30B, BBICOKHE
MeXaHUYeCKue Harpy3kd. [1odToMy K BBIOOPY MarepwajoB W METOAOB UX 00pabOTKH
NPEIbABISIOTCS TOCTATOYHO BHICOKHE TPEOOBAHUSI.

OepputHble Hepkaperomue xpomuctblie cramu (17-24% Cr) ucnonb3yroTcs s
W3TOTOBJICHHUS] TOKOCBEMHBIX JeTayiei (TOKOBBIX KosuiekTopoB) TOTD. DnekTpouckposas
(311eKTpOIPO3UOHHAsI) 00pabOTKAa paccMaTpUBACTCs B KAauyeCTBE METO/a HM3TOTOBJIICHHUS
netaseil TOKOBBIX KoJuteKTopoB TOTD BBy CBOMX HEOCTIOPHMBIX ITPEUMYIIIECTB: BBICOKAs
TOYHOCTb, TIOJYYCHHUE JeTalel CI0XKHBIX OpM, Heoporas dKciutyaTanus. K BO3MOXXHBIM
HEIOCTaTKaM JaHHOTO METOAa MOTYT OBITh OTHECEHBl XapaKTEepHbIE HEPOBHOCTH
MUKpOpebeda MOBEPXHOCTH, TOSBISIFOIIMECS B MPOIECCe M3TOTOBJICHUS, a TaKXkKe
U3MEHEHHS XHMHUYECKOTO COCTaBa M (DPU3MUECKUX CBOWCTB TMPHUIIOBEPXHOCTHOTO CIIOS
neranu. JlaHHast paboTa ObLIa MOCBSIIEHA UCCIICIOBAHUIO BIUSHUS PEKUMOB N3TOTOBIICHHSI
JeTajeii TOKOBBIX KOJulekTopoB u3 cramu Crofer 22 H meromom 351eKTpO3po3uu Ha
MUKPOCTPYKTYPY, COCTaB  IPHUIIOBEPXHOCTHOTO  CIIOS, @  TaKKe  OCHOBHYIO
IKCIUTyaTAIIMOHHYI0 XapaKTEPHCTUKY TOKOBBIX KOJJICKTOPOB - YIEIBHOE IMOBEPXHOCTHOE

COIIPOTHUBIIEHUE PASR.

Metonamu snektporHodt Mukpockornuu, EDX, XRD O6bputo mokazaHo, dTo
MOBEPXHOCTH CTAJIM TIOCTIC IPOAUPOBAHUS UMEET XapaKTepHbIC HEPOBHOCTH B BUJIC JTYHOK C
TpEIIMHAMU, a COCTaB MOBEPXHOCTU MPU U3MEHEHUH cuiibl Toka 1A, 5A, 10 A meHnsercs,
cootBetcTBeHHO: (Cr,Fe)7C3— FesC— FesC, Fe2sC. Hanuuue yriepoia B MOBEpXHOCTHOM
ClIO€ CBSI3aHO C TMEpPEHOCOM MaTepuana TrpadHUTOBOTO JIEKTPOJa-UHCTPYMEHTA U
pa3lioKEHUEM CMa30YHO-0XJIAXKTAIOIICH KUAKOCTH, TTOaBAEMON Ha CTaJbHbIE 00pa3Ilbl, B
MOMEHT MPOo0os.

[Tocne spo3moHHON 00pabOTKH 0Opa3Ibl MOKPHIBAIKCH MOKPHITUSIMUA Ha OCHOBE
METAIJIMYECKOTO HHKENs TONMHMHONW 8 MkM [1], Tak Kak TOKOBBIE KOJUIEKTOPHI W3
HEP)KaBEIOIUX XPOMHUCTBHIX CTAJCH HCIIOJB3YIOTCS TOJIBKO C 3alIUTHBIMH TMOKPBITHUSIMH,
KOTOpBIE MPENSATCTBYIOT HeKenaTenbHoM nudy3un xpoMa K TOBEpXHOCTH. J{J1s u3MepeHus
YAETHLHOTO TIOBEPXHOCTHOTO COITPOTUBJICHHSI COOUPATTH CAMMETPUYIHBIC TYCHKU ITEPEXO0JI0B:

|Crofer 22 H mocie 3po3uonHoii 06padboTku ¢ mokpbitieM - (La0.8Sr0.2Mn0O3 -
karon) - |Crofer 22 H nocne 3po3uoHHOI 00pabOTKH C MOKPBITUEM |

PesynpTaTtel uccnenoBaHus BpeMEHHBIX 3aBucuMmoctedr pASR(t) B MomenbHBIX
ycnoBusax karogHo kamepbl TOTO Ha Bo3myxe npu temmneparype 850°C M mocTossHHON
nojade Toka mioTHocTeio 0.5 A/cMm2 mpexactaBneHsl Ha pucyHke 1. [loBeimenue pabodero
TOKa TIPH SPOJAMPOBAHUH NMPUBOJNAT K YBEIIMUCHUIO COIMPOTUBIICHUI KOHTaKTa (heppUTHAsS
CTaJIb C TOKPBITHEM — KaTO/, a BUJ] 3aBUCUMOCTEH IMEET CXOKUI XapaKTep: COMPOTHUBIICHUE
CO BPEMCHEM YMEHBIIACTCS. YMEHBIICHUE CONPOTHBICHUS C TEUCHHEM BpEMEHHU
00BSICHSIETCS N3MEHEHHUEM COCTaBa 3all[UTHOTO MOKPBITHS BCIIEACTBUE B3aUMHOUN MU dy3un
Ha TMepexoJie CTajlb — MOKPHITHE C 00pa30BaHMEM CJIOS MPOBOISIINX OKCHIOB Ha OCHOBE
MarseTura [2].
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Pucynok 1. 3aBUCHMMOCTH BEJIMYHMH yIEIBHOTO MOBEPXHOCTHOTO COMPOTHBIICHHS IMEpPexoja
Crofer 22 H mocie spo3noHHOi 00paboTKH ¢ MOKpbITHEM - (LaosSro2MnOs - KaTomx) or
BpPEMEHH HaX0XICHHUs 0] TOKOBOM Harpyskoi 0,5 A/cm? mpu Temnepatype 850°C Ha Bozayxe.
Opo3unoHHas 00padoTka 00pa3oB MPOBOIMIACE MTPH cuile ToKa 1A, SA, 10A.

1. Jemenesa H.B., Marsees /1.B., Xapton B.B., bpenuxun C.U. // Dnekrpoxumus. —
2016. — 52 (7). — C. 759 - 766.

2. Demeneva, N.V. Kononenko O.V., Matveev D.V., Kharton V.V., Bredikhin S.I. //
Materials Letters. — 2019. — Vol. 240. — P. 201-204.
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ELECTRONIC AND DEFECT STRUCTURE OF PEROVSKITE-LIKE MOLYBDATES
FROM THE FIRST-PRINCIPLE CALCULATIONS

Politov B.V., Zhukov V.P., Kozhevnikov V.L.

Institute of Solid State Chemistry UB RAS,
Yekaterinburg, Russia, politoffboris@yandex.com

Commercialization of intermediate-temperature solid oxide fuel cells (IT SOFC) is a
hot topic for modern science and technology. Still, the design of efficient and stable IT SOFC
electrode materials remains one of the unsolved issues in the field. Perovskite-like
compounds Sr2MeMoO6, where Me is a 3d metal, are considered as promising anode
materials. It should be noted however, numerous experimental studies of Sr2MeMoO6
molybdates do not focus on fundamental characteristics of these materials. For instance, a
comparison of the literature data on conductivity [1] shows that the nature of the 3d metal
has a very strong, non-monotonic influence on the electrical transport and optical properties
of Sr2MeMoO6 oxides. Accordingly, the theoretical understanding of the reasons
underlying such phenomena is still lacking. Finally, the data on the concentration of various
lattice defects and their effect on the electron density distribution for molybdates considered
are very contradictory.

Therefore, within the framework of this research, the goal was to study the electronic,
crystal and defect structure of strontium molybdates containing different transition metals —
V, Cr, Mn, Fe, Co, Ni and Ti using ab initio approach. All calculations were performed with
the help of density functional theory (DFT) implemented in the VASP software package.
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Fig. 1. Formation energies of oxygen vacancies at a temperature of T = 1000 K (a) and optical
absorption coefficient o (b) for Sr.MeMoOgs molybdates.

The obtained results indicate a sufficient role of 3d-element nature on the crystal,
electron and defect structure of compounds considered, fig. 1. As can be seen, the energy of
defect formation in oxidizing (air) /reducing (red) conditions can vary in the range of up to
6 eV. Moreover, the optical properties in the Ti — Ni row change dramatically suggesting
metallic-like conductivity for Sr2MeMo0O6, where Me = Ti, V, Cr, Fe.

Acknowledgements: this work was supported by RFBR (grant Ne 19-33-90173)

1. Nicholas B. Childs et al, Journal of applied physics, 113, 243506 (2013).
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PHASE TRANSORMATIONS, HYPERFINE AND MAGNETIC INTERACTIONS
IN LaixSrxMnOs+s (x = 0.05, 0.10, 0.20; =0, 0.10-0.15)

Pchelina D.1.2*, Sedykh V.D.P, Chistyakova N.I.2, Rusakov V.S.2, Alekhina Yu.A.2,
Tselebrovskiy A.N.2, Fraisse B.¢, Stievano L.¢ Sougrati M.T.¢

&LLomonosov Moscow State University, Moscow, Russia, di.pchelina@physics.msu.ru
bInstitute of Solid State Physics, RAS, Chernogolovka, Russia
‘ICGM, CNRS, ENSCM, Montpellier, France

Alkaline-earth metal-doped perovskites Lai xAxMnOs (A = Ca?*, Sr** and Ba®*) belong
to the class of mixed valence manganites ceramics with a strong correlation between the
structural, magnetic and electronic properties, which make them attractive for both applied
and fundamental science. La:1 xSrxMnOs for example retains scientific relevance because of
its current widespread use, from colossal magnetoresistance to heterogeneous catalysis, as
perspective devices for magnetic and spin electronics, to electrodes for fuel cells and creation
of temperature stabilizing coatings [1-3].

We characterized the structural and magnetic behavior of Lai xSrxMnQOs-5 (x = 0.05,
0.10, 0.20) of stoichiometric (LS-S) and nonstoichiometric (LS-NS) composition by
combination of magnetic and Mdssbauer measurements performed on the enriched °’Fe
probe atoms (2%) in the structure from 300 K to 80 K. The results were used to understand
the influence of the doping level on the phase transformations, hyperfine and magnetic
interactions and cluster formation.

The synthesized single-phase samples LS-NS and LS20-S (x = 0.20) showed the same
rhombohedral symmetry — R-3c space group for each sample and PM-FM transition at Tc.
LS5-S (x =0.05) and LS10-S (x =0.10) adopted into a mixture of orthorhombic phases,
distorted perovskite Pnma space group structure, with FM and AFM arrangement of Mn spin
moments at Tc and Tn. The distorted structures transformed from orthorhombic to
rhombohedral with increasing Sr concentration. Aliovalent substituting Sr?* for La®** induced
partial Mn oxidation to Mn* and formation of holes oxygen type, associated
antiferromagnetically with the high-spin configuration of the Mn®* (the transition of a
delocalized electron from the p-level of O to the d-level of Mn) [4]. The Jan-Teller effect or
the destruction of the orbital order, as well as the competition between double- and super
exchange interaction attached with the manganese ratio Mn®*/Mn** was demonstrated upon
the cation doping level and & value. It can be proposed that the greatest effect exerted by
double exchange interaction.

At temperatures below magnetic ordering, the relaxation character of the Mdssbauer
spectra, the type of magnetization dependences demonstrated the spontaneous formation of
localized magnetic clusters. The calculations showed that the Pnma phases were
characterized by a much larger size of the magnetic cluster than for the R-3c phase. With an
X increase, an increase in the saturation magnetization and the blocking temperature
observed. Neel and Curie temperatures were determined.
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BJIMAHUE IIAPAMETPOB CUHTE3A HA CTPYKTYPY U MAPTEHCUTHbBIE
INEPEXO/JBbI B CIUIABE TINI, HOJTYYEHHOM METOAOM ITOCJIOMHOU
HAIIVTABKH

Pecunna H.H., ‘Monukaposa U.B., 2Palani I.A., 2Shalini Singh, 2Jayachandran S.,
Beasies C.I1., 2Anshu Sahu, 'Kaaranos B.JL., 2Ashish K Shukla

1CaHKm-IYemep6ypecl<m? 20CY0apCcmeen bl YHUBepCumem,
2. Canxkm-Ilemepbype, Poccus
?Discipline of Mechanical Engineering Indian Institute of Technology Indore, Indore,
India

ANIMTUBHBIE TEXHOJOTUH SABJISIFOTCS EPCIEKTUBHBIM CIIOCOOOM MOJIy4EHUS N3
U3 CIUIaBOB ¢ mamsThio (opmbl Ha ocHoBe TINI cioxHOi (QOpMBI, OJHAKO CTPYKTypa
HOJYYEHHBIX 00pa3LoB SBISETCA HEOAHOPOAHOM, 4TO yXyAllaeT MX (YHKLUHOHAIbHbIE
cBoicTtBa. CTpyKTypa 00pa3iioB (pOopMHUpPYETCS MpPU MOCIOWHOM CHUHTE3€ M 3aBUCHUT OT
CKOPOCTH OXJIQXJIEHUS pacIllaBa, TOJILIMHBI CJIOS, TEIUIONPOBOAHOCTU HAIlJIaBIEHHOTO
MaTepuaia U MOAJI0KKH, KOTOPbIE MOXKHO MEHSTh 3a CUET KOHTPOJIUPYEMOrO yIpaBICHUS
napamMeTpamM cuHTe3a. B cBs3u ¢ 3TUM 0COOEHHO Ba)KHO YCTaHOBHUTH B3aUMOCBSI3b MEXKIY
napaMeTpamMH CUHTE3a M CTPYKTYpoil U cBoiicTBamu ciiaBa TiNI ¢ maMsaThio popMbl. DTOT
BOIIPOC XOPOLIO UCCIIEA0BAH UIsl CHHTE3a 00pa3oB u3 cruiaa TiNi, Momy4eHHbIX METOAOM
MIOCJIOMHOTO JIa3€pHOTO IUIABJIEHUS. DTOT METO IPUMEHUM I IOJyUYEHUS! MUHUATIOPHBIX
u3/enuii, B OCHOBHOM [l MEIMIIMHCKUX NpUMEHEeHUH. Bmecte ¢ TeM MeToa mocinoiHoi
AJIEKTPOIYTOBOIl HAIUIABKU MPUMEHSIOT Ul MOJYYEHUS MAaCCHUBHBIX OOBEKTOB, OJHAKO
BIIMSIHUE MAapaMETPOB CHHTE3a Ha CTPYKTYpY M (QYHKIHOHAIbHBIC cBOicTBa cruiaBa TiNi
OCTaloTCs HeM3y4eHHbIMU. MccaenoBanue 1aHHOTO BOIIPOCa SIBUIIOCH LIEIbI0 paOOTHI.

MHorocnoiiapie 00pasupl crmiaBa TiNi ObUIM MOJTYyYeHBI METOAOM IOCIOHHON
AJEKTPOYTOBOM HAIUIABKH, P KOTOPOW BAPBUPOBAIM HAIPSHKEHUE AYT'HM, XUMHYECKHUU
cocraB mpoBosioku TiNi, cocTaB u Temmneparypy Mo/utoxku. MccrnenoBaHue CTPyKTYpbI
MI0Ka3aJI0, YTO HAIPSKEHHUE AYTH BIUSAET TOJIbKO HAa CTPYKTYPY MEPBOTO CI0sl. DTO CBS3aHO
C T€M, 4TO IIPH YBETUUYEHUH HAPSHKEHUS AyTH YBEIMUUBAETCs TEMIIEpaTypa paciiiaBa, 4To
MPUBOJUT K MOAIJIABICHHUIO OOJbIIEH YaCTH MOAJIOKKH, SJIEMEHTHI KOTOPO CMEIIMBAIOTCS
C pacIulaBOM M BIHMSIOT Ha CTPYKTYypy M (a3oBbIi cocTaB mepBoro ciosi. Marepuain
HIOJIJIOXKKY BIIUSIET HA CTPYKTYPY TEPBOTO CII0s U XuMudeckuid coctaB (asel TINI B Cllosx.
Ecnu mnpoBojoKy U3 SKBHATOMHOIO HHUKEIMJAa THUTaHA HAIJIABIISUIM Ha TUTAHOBYIO
IUTIOJTIOKKY, TO XUMUYECKHi cocTaB (a3bl TINI He MEHSUIICS, TOCKOJIBKY U30BITOK THTAHA B
pacmiaBe mtpoBoams K (opmupoBanuio ¢asbl TioNi. Ecin Ha THTaHOBYIO TOJUIOXKY
HAIUIABIISUTM 3aHMKENHHBIA HUKEIH] TUTaHa, TO KOHIEHTpanus tutaHa B ¢asze TiNi B
HIWOKHMX CJIOSX ObUIa BbIIIE, YEM B HAIUIaBIseMOW IPOBOJOKE, M yMEHbIIalach M0
HOMUHAJIBHOTO COCTOSIHUS TIPU YBEIMYEHUH HOMepa ciiod. B 3Tom ciydae, kaxablil cioi
UCTIBITHIBAI MAPTEHCUTHBIE TIEPEXOJIbI TMPH PA3IIMYHBIX TeMIIepaTypax, YTO MPUBOAMIO K
MHOTOCTaIMHHOMY M3MEHEHUIO JieopMalliu MpH peanu3auui 3p¢HeKToB naMaTtu GopMsl.
[ToxazaHo, YTO KCIIOJIB30BAHUE CTAIBHON MOJIOKKHU IS HAaIUIaBJI€HUS HUKETUAa TUTaHA
HeIleJIeco00pa3Ho, IMOCKOJIbKY BHEIpEHHE aroMoB jkeie3a B (asy TINI monasiser
MapTEHCUTHBIE TEPEeXO/bl. YBEJIWYEHHE TeMIlepaTyphl MOAJIOKKH BIHSET Ha (ha30BbIil
COCTaB CJIOEB M MPUBOJIUT K (DOPMUPOBAHMIO YACTHIl BTOPUYHBIX (a3, YTO BHIPAaBHUBAET
KOHIleHTpanuio Hukens B (ase TINIi u okaspiBaeT BIUSHHE Ha TEMIEpaTypsl H
MOCJIE0BATEIBHOCTh MAPTEHCUTHBIX MIEPEXO0B.

Paboma evinoanena 8 pamkax coemecmuozo npoekma PHD-DST (Nel9-49-02014)
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CTPYKTYPHBIE IPEBPAIIIEHUSA U BAJIEHTHBIE COCTOSAHMUSA Fe B
3AMEINEHHOM ®EPPUTE CTPOHIUA Sr2LaFesOg-5

Cenbix B./1., Poiouenko O.I'., bapkosckuii H.B., UBanoB A.U., Kyaakos B.H.
Hucmumym ¢husuxu meepoozo menra PAH, Yeprnozonoska, Poccus,

sedykh@issp.ac.ru

B mepoBcKkuTOMOAOOHBIX OKCHAAX YCIOBHS CHHTE3a U TEpMOOOpPaOOTKH MOTYT
CYUIECTBEHHO BIIMATH HA WX CTPYKTYPY U CBOMCTBA, PEryqupysl BaJCHTHOE COCTOSHUE
JKele3a IMyTeM BBEICHUS KHCIOPOJIHBIX BaKaHCHA.

MetogaMu PEHTICHOBCKOM JU(GPaKIMU M MeccOaydpOBCKOH  CHEKTPOCKOIIUHU
IIPOBEJICHO HUCCIEI0BAaHUE CTPYKTYPHBIX OCOOCHHOCTEH M BAJICHTHBIX COCTOSIHUM *kele3a B
3amerieHHoM Qeppure crpoHnms SroLaFesOgs s pasHpix  ycnoBuil cuHTE3a U
TepMooOpaboTkn (omkur B Bakyyme (102 Torr) mpu Ttemmeparypax 400 - 650°C).
HccnenoBan psisi COCTaBOB, PA3IUYAIOLINXCS COJIEpKAHUEM KHciopona. Hammuaue omHoM
BaKaHCUHM HA TPU TNEPOBCKUTHBIC SUYEHKU MEPEBOIUT POMOODIPHUUECKYIO CTPYKTYpPY
SroLaFesOg B pombuueckyro SrolaFesOg, mpoMexyTOYHBIE COCTaBBI 10 KHCIOPOIY
COTJIACHO PEHTI'€HOBCKHUM JIaHHBIM He oHOda3Hble, puc. B SroLaFesOg jxene3o0 HaxoauTes
TOJILKO B TPEXBAJEHTHOM COCTOSIHUH. Mcxons u3 MeccOayIpOBCKUX JaHHBIX, B 00pasie C
poMOo3Iprueckoit cTpykTypoil SroLaFesOg uoHBI Kkene3a HMET JBa BaJEHTHBIX
cocrosHus: Fe* ¢ OKTa’apuUEecKMM CHMMETPHYHBIM KHCIOPOAHBIM OKPYKCHHEM |
ycpenHeHHOe BaneHTHoe cocTosHue Fe*®". OGpaserr ¢ pomOMyecKkol CTPYKTypoit
SroLaFes0g, cormacHo MeccOayIpOBCKHM JaHHBIM, MATHUTHBIHN, KeJIe30 HMEET BAICHTHOE
cocrosane Fe** ¢ JByMS KHCIODOJHBIME OKDYKEHMSMH, OKTAdIPHUECKHUM U
TETpadIPHUCECKUM, Kak U B OpayHmmuieputHoit daze SroFe2Os [1]. B SroLaFesOg Ha tpu
MEPOBCKUTHBIX SYEUKH MPUXOJIUTCS OJHA BaKaHCHUs, Torna kak B SroFe2Os ogHa BakaHcus
NPUXOINUTCS HA JBE SYEHKH, Mo3ITOMYy CTpykTypa Sr2laFesOs menee wnckaxena. B
OpayammieputHoit  daze SroFe2Os mpoucxoauT dYepegoBaHHE OKTadJIPUYECKUX U
TETPAdIPUUIECKUX CII0eB. B poMOuueckoii anemMenTapHoii siueiike SroLaFesOg, cormacHo [2],
KKIBIN CIION KaTHOHOB KeJie3a B TETPadAPUIECKON KOOPIAUHAIIMK OTAEJICH IBYMS CIIOSIMU
kKenesa B OKTadApuyeckod koopauHauuu. Cepusi OTXKUIOB B BaKyyMe IpU pa3HBIX
TEMIEepaTypax IMO3BOJMIA MPOCIEAUTh XapakTep Mepexona H3 OAHOW oaHo]azHOU
cTpykTypbl SroLaFesOg B mpyryio SrolaFesOs ¢ m3MeHEeHHeM cojepKaHus KHCIOpOJa,
U3YYHTH Tepepacipeie]ieHle BAICHTHBIX COCTOSHUN >Kele3a, MarHUTHBIC MEPEXOAbl U3
MapaMarHUTHOTO COCTOSTHUSI B MAarHUTHO-YIIOPSIOUYEHHOE.

Puc. 3aBucumocth (azoBoro cocraBa SroLaFesOx ot
COACpIKAaHUA KHCIOpOoJa COIJIaCHO PEHTICHOBCKUM
JaHHBIM. BepTI/IKaJ'IBHble JIMHHUH IIOKa3bIBAKOT
KHCJIOPOAHOC COJACPIKAHUC B HUCCICAYCMbBIX 06pa3uax,
OIIEHEHHOE U3 MeCcCOayIPOBKUX JTaHHBIX.

1 — pomOoampuueckas (aza, 2 — pomOuueckas (aza
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Paboma evinonnena 6 pamkax eocyoapcmeennoz2o 3aoanusi Munucmepcmea
obpaszoeanus u Hayku P®

1. B.J. Cenpix, O.I'. Priouenko, 2.B. CyBopos, A.U. Msanos, B.W. Kynakos. // ®TT. —

2020. - T. 62. — Bpim. 10. — C. 1698-1705.
2. P.D. Battle, N.C. Gibb, S. Nixon. // J. Solid State Chem. — 1989. — V. 79. — P. 75-85.
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JOKAJBHBIA MEXAHW3M JU®®Y3UNOHHOI'O IIEPECKOKA
IPU NEPEHOCE ATOMOB IIPUMECH BHEJIPEHUSI B y-Fe

CemenoB ML.IO., Kpanomun B.C., ApecroB B., Koposes W.II., [Ianyo-Pamupec B.A.

Mocxkosckuii 2ocyoapcmeentbiii mexHudeckul ynusepcumem um. H.O. baymana,
2. Mockea, Poccus, Semenov.m.yu@bmstu.ru

DneMeHTapHbId akT TU(PQPY3HOHHOTO MEPEecKOKa aTOMOB TIPUMECH BHEIPEHUS
COBIIAJIAET M0 MEXAaHU3MY C JIOKAJbHON aTOMHOMW MEPECTPONKON: MepeOpOCKON TuaroHau
B aTOMHOM pombOe (puc. 1). JlokanpHas mmotHas ynakoBka (I'TI wmm I'IK) u3 okTa’apos u
TETPAdPOB MPEOOPa3yeTcs B JOKATbHYIO TPU3MATHUECKYIO YIIAKOBKY THITA [IEMEHTUTHOM.
CBoOOaHBIN 00bEM B IpH3Me 0OJIbIIe CBOOOIHOTO O0BbEMa OKTad[pa, YTO M TO3BOJISICT
pa3Melarh B MPU3ME MEKJI0Y3€JIbHBIN aTOM. MeX10y3€IbHbI aTOM PEKOHCTPYUPYET CBOE
OKTa3IpUYECKO-TETPAdIPUUECKOE OKPYKEHUE B NMpH3MAaTHYECKOe OKpyxeHue. [lepeckok
MEXJIOY3€JIbHOTO aTOMa COOTBETCTBYET JIOKAJIBHOMY TIpeoOpa3oBaHUI0 B MPHU3MY B
COCE/IHEM TEePHOJIC PEUICTKH, a «OBbIBIIAsS» NpPU3Ma B MECTE NPEIbIAYIICTO MpeObIBAHMUS
MEXKJIOY3€JIbHOTO aTOMa PEKOHCTPYHPYETCS B OOBIMHYIO MEXKIOY3CIbHYIO ITyCTOTY
(oktasap + Tterpadap). OOnacTe JOKAIHHOM TMEPECTPOMKH (OKTadap —> TMpU3MA)
nepeMeIacTcs B KPUCTAILIE, 3TO U eCcTh AU (Hy3uOHHAS TPACKTOPHUS TIPUMECH.

Puc. 1. JlokanbHas aToMHas
nepecTpoiika nepedpockoil quaroHanu
B YETHIPEXaTOMHOM KJyiactepe (poMoe):
&) (@) > (0) > (s)

ATOM yTieposaa B ayCTEHUTHBIA OKTasip (M TeM OoJiee B TETpadip) HE BMEIIAETCsl, HO
LEHTPUPOBAHHBIM alMa3HbI TeTpa’lp yriepoga UMeeT peOpo TOM K€ JIUHBI, YTO U
TeTpa’ip aycteHura. [Toatomy, nuddysus yraepona B y-Fe uaer mo Tomy xe MEXaHU3MY
npeoOpa3oBaHus MYCTOTHI TETpa’Jpa M OKTa’Jpa B MPHU3MY, LIEHTPUPOBAHHYIO aTOMOM
yTIepoaa.

BhINOIHUIN pacyeThl SHEPTETHUECKOTo Mmopora npeodpa3oBanus kiactepa (a)—(6)
no meroauke [1] nnsa temneparypHoro untepBana 1200-1600 K. DHeprerudeckuil mopor
peoOpa3oBaHus NPUPABHSUIN MOJTHON SHEPTUU aKTUBAMK AUPPY3UH yriaepoa U a30Ta, U3
KOTOPOH BBIYJIM TPOU3BEACHNE TEMIIEPATYPhl M SHTPOIIUHU aKTUBALUH TUPPY3UH, KOTOPYIO
MOJIYYWJIM B COOTBETCTBUHU C moaxofoMm 3uHepa [2]. [lomyuunm 3HAUEHUS SHTAIBINAU
axktuBauuu audoysun C u N B y-Fe na unreppane 1200-1600 K, paBubie 162435 u 167+£35
K/[>X/MOJIb, COOTBETCTBEHHO, KOTOpBIE HAXOAATCS B YJIOBJIETBOPUTEIBHOM COTJIACHM C
SKCTIIEpUMEHTAIbHBIMUA JNaHHBIMU: 148-157 u 169 xJlx/mons [3]. Pa3bpoc pacueTHbIX
3HAUEHUN YaCTMYHO OOBSCHSAETCS HEAOCTATOYHBIMU JKCIEPUMEHTAIBHBIMHU JTaHHBIMH O
3aBHCHMOCTH YIPYTHMX KOHCTAHT eJie3a OT TEMIIepaTypbl B ayCTEHUTHOM 00JIacTH.

1. CemenoB M.IO., Kpanomun B.C., Tanuc A.JL., Cumug-Jlapunxuit H.J[. // MuTOM. — 2020.
—No2.-C.8-17.

2. Zener C.// Imperfections in nearly perfect crystals. — 1952. — P. 289-314.

3. Le Claire A.D. //Diffusion in solid metals and alloys. Ed. Mehrer H. //Landolt-Bornstein new
series. — Vol. 11l (26). — Springer-Verlag, 1990. P. 471-503.
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IJACTOKAJIOPUYECKH P PEKT B [001]-MOHOKPUCTAJLJIAX
HUKEJIUJIA TUTAHA

CypuxkoB H.1O., Ilanyenko E.1O., Yymaskos 10.U.

Tomckuu cocyoapcmeennblii yHugepcumem,

2. Tomck, Poccus, jet_n@mail.ru

HccnenoBanrie NOCBSIIEHO BHISICHEHHUIO BIUSHUS TUCIEPCHBIX YaCTHUI] HA BETMYUHY U
TEMIIEPaTypHYIO 3aBUCUMOCTh 3JlacTokanopudeckoro sdgdexra (3KD) B MOHOKpHUCTaLIAX
crmaBa NisgeTia94, opuenTHpoBaHHBIX Baob [001]-HampaBienus. B pamkax paboThI
HCCJICIOBAHBl MOHOKPHCTAJUIBI IOCIIE CIEAYIOMUX TePMUYIECKUX 00padoTok: 1) omxkur 1253
K, 1 4, 3akanka B Boay; 2) omkur 1253 K, 1 4, 3akanka B Boay + crapenne npu 573 K 1,5 4.
CrapeHue IpUBOIUT K BbIICICHNUIO HaHOpa3MepHbIX yacTull TisNis (d < 10 HM), KOTOpBIE,
cormacHo [l], yHOpoOYHSIOT MaTpUlly W PaCUIMPAIOT TEMIEPAaTypHBI HHTEpBal
ceepxanactuunocTH (CD).

B cootBercTBUM ¢ maHHbIMH qubGdEepeHIMATBFHON CKaHUPYIOMIEH KaJIOPUMETPHH B
3aKaJieHHBIX MOHOKpHCTaIaXx HabOmomaercss omHocraauiiHoe B2-B19° maprencuTHOE
npespatienne (MI]) npu oxnaxaenuu u Harpese. Bennunna uamMenenus suransnuu AH npu
obparaoM sHgoTepmudeckoM MII cocraBnser 13,5 JIx/r. Beigenenue HaHOpa3MEpPHBIX
yacTull NpuBOAUT K pazButuro MII uyepe3 pomOosnpuueckyro R-daszy ¢ m3meHeHuem
sHTaNbIMU npu obpatHom B19-R-B2 MII AH = 9,9 JIx/r. DKcnepuMeHTaIbHO
nosrydeHHoe 3HaueHue teroeMkoctu Cp cocraBmusiet 525 JIx/(Kr-K)

TemnepatypHslii nuaTepBan KD omnpenensercs remneparypHbiM HHTEpBaioM CO u
coctapiseT 243-298 K u 253-373 K miis 3akajieHHbIX U COCTAPEHHBIX MOHOKPHUCTAJIOB,
cooTBeTCTBEHHO. MakcumanpHas BenuunHa OKD ATad B 3aKajJeHHBIX MOHOKPHCTAILIAX
cocraBisier 13,3 K, B cocrapennsix — 16,4 K. B cocrapeHHBIX MOHOKpHUCTaJIax
HabOmoaeTcsi ocoOeHHocTh paszButus OKDO: HaumHas c Temmepatypel Tr = 278 K
MPOUCXOIUT IIaBHOE n3MeHeHue BemuuuHbl ATag ¢ 10,3 K (T =278 K) 1o 15,0 — 16,4 K (T
= 313 -373 K), oOycnoienHoe, coriacHo [1], cmeHoit mocnenoBatensHocT MII mox
Harpyskoii ¢ R-B19” na B2-R-B19’.

[TpoBenena TeopeTnyeckas OlleHKa MaKCHMaJIbHOIO TeopeTudeckoro pecypca K09 ¢
HCIIOJIb30BAaHUEM CIIEAYIOIIET0 COOTHOIIEHHUS [2]:

AH
ATy ~ ——,
ad C

p

Manas pazauna mexay teoperndeckumu (18,9 K) u skcnepumenrtansubmvu (16,4 K)
3HaueHMsIMU BelnMuMHbl OKD B COCTapeHHBIX KpUCTaiaX, OOYCIOBJIE€Ha BBICOKHMH
KPUTHUYECKUMH HaNpsHKEeHUSMU OOpa3oBaHMsI MapTEHCUTAa IOJ HAarpy3Koil, pa3BUTHEM
HOJHOCTBIO oOpatumoit COD B mmpokoM wuHTepBasie Temmeparyp (120 K) ¢ y3kum
MEXaHUYECKUM THCTEPE3UCOM, OTBEYAIOIIMM 3a AMCCUIAINIO SHEPrHH MpH pa3Butuu MIL
Huzkue npouHOCTHBIE CBOMCTBA ayCTEHHTA 3aKAJEHHBIX KPHCTAIJIOB B COBOKYIIHOCTH C
IIMPOKUM THUCTEPE3UCOM CY’KaloT TemnepaTypubiii untepBai C3 (55 K), B cBoro ouepens
OIIpENENAIOIMI TeMnepaTypHblii HHTEpBan OKDO, U yBenIM4MBarOT AUCCUNALMIO YHEPIUU.
OTO MNPUBOAUT K HHU3KUM 3HaueHUsIM BenuuuHbl ATy 13,3 K mo cpaBHeHuio c¢
TeopeTrHuecknuMu 3HadeHusMHU (25,8 K). Crapenue 573 K 1,5 4 onTuMu3upyeT KajJopudeckue
CBOMCTBAa MaTepHaja M IOBBIIIAET €ro 3(PQPEeKTUBHOCTH B CUCTEMaxX TBEPJOTEIHHOIO
OXJIaXK/ICHUSI.

HccnenoBanue BIoiHEHO pu puHaHCOBOM noaepxke PODU B pamkax HayqHOTO
npoekTa Ne 20-38-90107
1. E. E. Timofeeva et al. // Technical Physics Letters —2019. — V. 45. — No. 2. - P. 115-118
2. Y. Wu, E. Ertekin, H. Sehitoglu. // Acta Materialia. — 2017. — V. 135. —P. 158-176
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CTPYKTYPHO-CUMMETPUMHOE MHOI'OOBPA3HE YIHOPSJOYEHHBIX
IINPOXJIOPOB

Tananos M.B.., Tananos B.M.?

YOxcHbiii Dedepanvhbiii yHusepcumem, 2.Pocmos-na-/ony, Poccus, mvtalanov@gmail.com
2FOoicno-Poccuiickuii 2ocydapemeennbiil noiumexnuyeckuii ynusepcumem, Hoeouepkaccx, Poccus

[Tupoxsiopbl  00pa3yl0T MHOTOUYMCIEHHOE CEMEHCTBO MaTepualioB ¢ OoraThiM
pa3Hoo0pa3ueM TEXHOJIOTUYECKH BaXKHBIX (DYHKIIMOHAIBHBIX CBOHCTB, BOCTPEOOBAHHBIX
JUTSL PA3IMYHBIX MMPAKTUYECKUX MpUMeHeHUl. i1 MUpOoXJIOpOB XapaKTepHbl CTPYKTYpPHBIE
MpeBpaIleHMs], BKIOYAas W30CUMMETPUHHBIC, PEKOHCTPYKTHUBHBIC, a Takxke (a3oBbie
Nepexo/ibl BTOPOro pojia U MepBOro poja, OJau3Kkue Ko BTopoMmy poay. B pabote, Ha
OCHOBaHWUW KOMOWHAITUU PE3YJIBTATOB TEOPETUKO-TPYIIIOBOTO U KPUCTALIOTPahUIECKOTO
AQHAJIM30B, HAMMU TMOCTpoeHa eaAuHas Kiaccuduxamuu 343  THUIOB  BO3MOXHBIX
YHOPSAOYCHHBIX (Pa3, KOTOpBIC SBISIOTCS MPOU3BOIHBIMH TOJBKO OJHOM HWCXOIHOU
CTpyKTypbl-apxetumna mnupoxiopa AxB2XsY u peanusyroTcss ¢ NOMOIIBIO Pa3IMYHBIX
KOHKPETHBIX (U3NYCCKUX MEXaHU3MOB (TapaMeTpoB Mopsaka). Hamu ycTaHOBIICHBI
HepapxuuecKrue OTHOUICHHS MEXy YIOPSIOYeHHBIMH TTupoxiopamu [1]. CuMMmeTpuitHbIi
aHAJIN3 BHYTPEHHUX COOTHOIICHHUI MKy CTPYKTYPHBIMH CTEIICHSIMU CBOOO Il 1 AaTOMHBIM
MOPSAIKOM B KPHCTAJUIaX MUPOXJIOPA MO3BOJMII BBIACIUTH IMIECTh HOMHHAIBHBIX KIIACCOB
ATOMHOTO ITOPSIJIKA B 3aBUCUMOCTH OT MOAPEIICTKH, B KOTOPOH MIPOUCXOIUT YIIOPSIOUCHHE.
[TokazaHo, 4TO yd4eT poOJM HECOOCTBEHHBIX MApaMeTpPOB MOpsAAKa B (POpMHUPOBAHUU
KPUCTALIMYECKOH CTPYKTYpbl HU3KOCHUMMETPHUYHBIX ()a3 MPUBOJHUT K CYIICCTBOBAHUIO
TOJIBKO YeThIpex KiaccoB aroMHoro nmopsaka: X, XY, ABX u ABXY. Jlns kaxaoro u3 3Tux
a0CTPaKTHBIX KJIACCOB aTOMHOIO TOPSAKA OBLJIO MOCTPOSHO MOIUMHUIIMPOBAHHOE JCPEBO
bepaurxaysena, WITIOCTpUpYIOIIee MyTH CUMMETPUIHBIX OTHOLICHUH Tpynna-moArpyrna
M ydyacTMe COOTBETCTBYIOIIMX TapamMeTpoB mnopsaka. JlaH  kpaTkuil  0030p
HKCMIEPUMEHTATIFHO U3BECTHBIX YIOPSAOYSHHBIX MHUPOXIOPOB, COTNIACYIOMINXCS C HAIIUMU
CTPYKTYpHBIMH Tipeicka3anusiMu [1]. HakoHer, yka3aHbl OCHOBHBIC HAIpPaBICHUS
NPUMEHEHUS TEOPETUYECKUX Pe3yIbTaTOB: HMHTEPIPETAIUs MPOUCXOXKACHUS (Ha30BBIX
NEepexoJI0B, MpeJcKa3aHue (U3NYECKUX CBOMCTB, BBIOOp MoOAENU JUIsl pacuppoBKU
CTPYKTYpbI, TPOEKTHPOBAHHE HOBBIX MAaTEPUANIOB, KiIacCU(UKAIMSI HepapXUUIeCKUX
OTHOIIICHUN MEXay (azamu. ITO HCCIEIOBAHUE TMPECTABISAET COOOM PYKOBOJACTBO TIO
CUMMETpPUU U OOIIMPHOTO CEMEHCTBa YHMOPSAJOUYEHHBIX MHPOXJIOPOB M IOKa3bIBAET
MIPOUCXOXKICHUE €T0 CTPYKTYPHOTO pa3HOOOpa3usl.

Brazodaprocmu. ViccneioBanue BBITIOIHEHO 32 cUeT rpanTa Poccuiickoro HaydHoro GpoHa
(poext Ne 20-72-00086).

1. Talanov M.V., Talanov V.M. // Chem. Materials. — 2021. — V. 33. — in press.
DOI: https://doi.org/10.1021/acs.chemmater.0c04864
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T'MBPU/IHBII NOAX0/ IPUMEHEHUSI NEPBOMPUHIUITHBIX U
CTATUCTUYECKUX MOJEJIEN JUISI PACYUETOB CTPYKTYPHbBIX, MATHUTHBIX
1 TEPMOJUHAMMWYECKHAX CBOMCTB SIGMA- B MU - ®A3 C YYETOM
OBJACTEIl TOMOTEHHOCTH B CUCTEMAX FE- (CR, V, MO)

Ynosckuii AJL
Unemumym memannypeuu u mamepuanogeoenusi um.A.A.baiikosa PAH,
2. Mockea, Poccus, audovskiy@imet.ac.ru

Konuentpanuonnyto obmacte crtabuwnpHocT OLK daser  nmumutupyer Hammuue
OXPYIUYHBAIOIIMX COEAMHEHUH, HapuMep, B cuctemax Fe—(Cr,V,Mo,W) ¢ — u/unu JlaBec
(A) — u p-da3. MopenupoBaHue CTPYKTYPHBIX M TepMojuHamuueckux cBoictB (TC)
c—(}a3pl s OMHApHBIX CHUCTEM C YYETOM €€ 00JacTd TOMOT€HHOCTH MJIsi KBaHTOBO-
Mexannueckux pacuetoB (KMP) mpencraBiasier 3HaYUTENbHBIE CIIOXXKHOCTH. ITO
o0yclioBIeHO HanmuumeM B 3Tux (azax: 1) oOmacTé TOMOTEHHOCTH, 2) yBEIUYCHHEM
pa3MepHOCTH 3a/1a4u B mpocTpancTBe Etot —a — € (4, C — mapaMeTpsl penieTku), 3) 60IbII0ro
Yrcia aTOMOB B KpucTaJutmdeckoi stueiike (30/39aroMoB B KPHCTAINTMYECKUX CTPYKTYpPax
sigma/mu Qa3 -, couepKamMx S5 TMOAPEIIETOK), ¢ aTOMaMH, HMEIONIMMH pa3HOoe
koopauHanronHoe okpyxenue (KO), u, 4) cmemanHbM 3al0JIHEHMEM BCEX 5 -TH
MOJIPEIIETOK aTOMaMU OOOWMX KOMIIOHEHTOB, S5) HAJIMYHMEM MarHetusma, 60) Haluduem
Oompiroro pasmepHoro ¢akropa(P®). Hanpumep, B cucteme Fe-Mo nuneiinbiii PO pasen
9,8%, 4TO SKBUBAJICHTHO ~ 32% OTHOCUTEIHLHON PA3HOCTH 00HEMOB ATOMOB KOMITIOHEHTOB.
[IpuMeHeHrne CTAaTUCTUYECKUX MOJENeld MPUBOIUT K OOJBIIIOMY UYUCITY DHEPreTHUYECKUX
napamMeTpoB TMapHBIX MEXATOMHBIX B3aHMMOJICUCTBHII aTOMOB KOMIIOHEHTOB, PaBHBIM
52=25. B uensx npoBeaeHus pacueToB CTpyKTypHbIX 1 TC G—(ha3sl ¢ yueTom ee obmacTu
romoreHHocT B cuctemax Fe-(Cr,V,Mo) B pabote [1] Obuta pa3zpaboTana ympoineHHas
CTaTHCTHYECKasl Tpex-nojapemnierounas monuenb (3[IM) mns o — ¢as3el. OcHOBHAs wues
VIOPOIICHUS OMUCAHUs 3aKII0Yallach B 3aMEHE 5 MOJPEIIETOK PEeallbHOM CTPYKTYphl G —
da3pl 3-Ms MOJECNBHBIMH TIOJIPEIIETKAMUA C Pa3HbIMH TapIHaIbHBIMA MarHUTHBIMU
MOMEHTaMHU aTOMOB Ha MOJIEJIbHBIX MOJIPEHIETKAX, Ha KOTOPBIX MOTYT Pa3MEeIIaThCs aTOMBI
¢ pasabiM KO (xoopaunHauuonsusle uucna 12, 14, 15) u MuHuMu3auuu (yHKIHMOHAA
cBOOOAHON sHepruu 1o kKoHburypamusm. 3[IM mo3Bonuna paccuuTaTh pacrpeaeacHue
aTOMOB 000MX KOMIIOHEHTOB MO BceM mojpemietkam ¢ — (as3pl, TC B 3aBUCUMOCTH OT
COCTaBa M TeMIIepaTypsbl (¢ MpuBsI3Koi K pe3ynbratam KMP mi1st mapamMarHUTHBIX COCTOSIHUIMA
JUTSL pacueToB 8 HE3aBUCUMBIX dHepreTuueckux napametpoB 31IM) u ¢parment daszooit
JMarpaMMbI OLIK/sigma paBHoBecue cuctemsl Fe-Cr [1].

B nmocnennee BpeMs ynanock pa3padoTaTh HOBYHO METOAOIOTHIO puMeHeHuss KMP
[2] monnbix sHepruit cBs3u (Etot), sHepruii cmemieHuss onk —¢ha3 c HCIOIb30BAaHUEM
cymepsiueek U SHepruil oopa3oBaHus 6— U [— (a3: oHa Obina mpuMmenena aias KMP ok —
¢a3 c npuMeHeHueM 16- u 54 aTOMHBIX CylepsiueeKk, a TaKkKe XMMHUYECKHUX COEIMHEHUI
CTEXMOMETPUUYECKUX cOocTaBoB B cuctemax Fe — (V, Mo). Dta MeTo00THs MO3BOJISIET
pacuinputh npuMenenue KMP He TOIbKO A CTEXHOMETPUUYECKUX COCTABOB ISt G— U A—
¢a3, HO TaKKe paccuuTaTh dHepreTudeckue napamerpsl 3[IM 171 OCHOBHOTO COCTOSIHUS B
HEIAX TOCIEAYIONIEr0 PEHIeHUS CUCTEMbl YpaBHEHUM COCTOSIHUS (IOJIyYEHHOM MyTeM
MUHHUMH3AIUN (QYHKIIMOHATIA CBOOOIHOM YHEPTUH 110 HE3aBUCHUMBIM KOH(PHUTYpAITMOHHBIM
CTETIEHSAM CBOOO/IBI) /Ul IIMPOKOM 00JIaCTH COCTABOB U TEMIIEPATYP.

Hccneoosanus svinonnernvl npu Qpurancosoti noodepaicke PODU 6 pamkax nayyno2o
npoexma Ne 19-03-00530.

1. Udovsky A.L., Kupavtsev M.V. /[ J. Min. Metall. Sect. B. —2012. — v.48. — 3. — P.483 — 489.
2. Udovsky A.L./I AIP Conference Proceedings.—2019. — 2186. — 030008. — P. 1-4.
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PEJJAKCAIMOHHBIE TAPAMETPbBI TOUYEUYHBIX JTE®EKTOB B
METAVIMMECKUX KPUCTAJIVIAX U TOYHEYHO-IIOJOBHBIX TE®EKTOB B
METAVIMYECKHUX CTEKJIAX

Makapos A.C. %, Konuakos P.A. %, Kperosa M.A. 1, Kodenes H.II.% Xonuk B.Al,

'Boponecckuii 2ocyoapcmeennbiil nedazozuveckuii yuusepcumem, 2. Boponesc, Poccus
2Uncmumym ¢usuxu meepoozo mena PAH, 2. Yepnozonosxa, Poccus
a.s.makarov.vrn@gmail.com

W3BecTHO, YTO COOCTBEHHBIE MEXKYy3elbHbIE Ne(EKThl B KPUCTAUIAX HMEIOT
TaHTeNbHYI0 (pacUIeIUIEHHYI0) KOH(UIypaluio, KOTOpas »SHEpreTudyecku Hauboiee
ycroitunBa. [1o cpaBHEHHUIO C BAKAHCUSMHU, MEXKY3€JIbHbIC TAHTEIN UMEIOT B HECKOJIBKO Pa3
OOJIBIIYI0 SHTANBINUIO (OPMUPOBAHUA U MPUMEPHO HA MOPSAJOK OOJBIIYIO SHTPOIHUIO
¢dopmupoBanus. B pesynprare paBHOBECHass KOHIIEHTPALUs BaKaHCHI ropa3fo Ooiblie
PaBHOBECHON KOHIICHTpAIIMM MEXKYy3elbHBIX TaHTeNled, 3a HCKIIOYEHHEM TeMIepaTyp,
ONMM3KHUX K TemIieparype IulaBieHus. TodeuHble ae(eKTbl OTBETCTBEHHBI 33 Pa3JIMYHbIC
penakcalnuoHHble mpouecchl. OIHAKO, O3KCHEpUMEHTalbHas WACHTU(UKAIMUS THUIIA
neeKTOB, JOMHHUPYIOUIMX B KOHKPETHOM PEJIAKCAIIMOHHOM IPOIIECCe, SBISETCS TPYAHOM
3aaveid, KoTopast OObIYHO PEIIAeTCs MyTEM COYETaHUsl Pa3HbIX KOCBEHHBIX METO/I0B. MBI
IIPEJIaraéM HOBBIM METOJI, NO3BOJISAIOIIMK pa3an4aTb BAaKAHCUOHHBIA U MEXKY3€JIbHBIN
MEXaHHU3Mbl CTPYKTYpHOH penakcaiuu, OOYCIOBJICHHOW TOYEYHBIMH M TOYEYHO-
noooupIMU nedexTamu [1].

MeTo OCHOBaH Ha 3HAYUTEIFHOM Pa3IMYMU MOBEACHUS MEKY3EIbHBIX TaHTENEH U
BaKaHCHH MPH HATMYMU BHEUTHETO CIABUTOBOTO HANIPSKEHHSI. MeKy3elbHbIe TAHTEIH JTAI0T
MPUMEPHO HA MOPSIOK OONBIIMIA TUa’IacTUYECKUil 3PPeKT (CHUKEHUuE MOIYJsl CABUTA),
yeM BakaHcuH. [Ipu 3ToM 00beMHBIN 3P PEKT nmpr 00pa30BaHUN MEXKY3EIbHBIX TaHTENeH 1
BaKaHCHUW MPUOIU3UTEIBHO OJMHAKOBBIN. [lodTomy muasnmactwueckuii dhdexT ymodHo

OXapakTepHu30BaTh Oe3pa3MepHOI BETUUMHON K=dInG/dInV (G nV - MOJTyJIb CABHTA
U 00BeM, COOTBETCTBEHHO), KOTOpas IMO3BOJUT IMOJYyYUTh HWHPOPMAIHIO O
MHUKPOCKONIMYECKOH  MPHUpOJE  pENaKCallMOHHBIX  TPOLIECCOB,  CBS3aHHBIX  C
TOYEYHBIMU/TOUEYHO-IOI0OHBIMU  iepexTamu [1]. B Tabnuie mnpuBeneHsl 3HaYeHUs
napamerpa K 1 Mexy3enbHBIX raHTeneit (i) u Bakaucuii (V) B kpucrauax Al u
Fe20Ni120Cr20C020Cu20, a Takxke A TOYEYHO-TIOJIOOHBIX J1e(PEKTOB B METATTMYECKUX
creknax (MC). Bennuuna ¥ B Tabnuie ecTh penakcaoHHbIH 00BEM.

Al Fe,oN izonzoCOzoCUzo Zr470u45AI7Fe1 Zre5CU15A|10Ni10
MoHOKp. [Tonukp. MoHoKkp. [Momukp. MC MC
r 1.76 1.76 1.57 1.57 1.4 14
r, -0.49 -0.49 -0.36 -0.36 - -
K, -33 -25 =27 -16 —42.9 —44.2
K, -39 -55 -1.9 -2.6 - -

BI/I}IHO, YTO BCIIMYHHA K JJ1d pellakCallii Ha MEXK3YJIbHBIX TAHTEIIAX B KpHUCTAIaxX

NeHCTBUTEIHLHO MHOTO OOJIBIIE TAKOBOM JUIs BakaHcwid. Benmnunaa K s Metanmmnuecknx crekon
TP 3TOM CBUAETEIBCTBYET O TOM, YTO 33 CTPYKTYPHYIO PENIAaKCAI[UI0 OTBETCTBEHHBI e(DEKTHI
THIAa MEXY3EIbHBIX TaHTEICH.

Paboma nooddeporcana 2panmom Poccutickozo nayunozo ¢ponoa Ne20-62-46003.

1. Makarov A.S., Konchakov R.A., Mitrofanov Yu.P., Kretova M.A., Kobelev N.P., Khonik V.A.
/1 J. Phys. Condens. Matter. — 2020. — V. 32. — P. 495701.
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VJIYUIIEHUE TEMIIEPATYPHOM CTABWJIBHOCTH BOJIbT-AMIIEPHOI
XAPAKTEPUCTUKU I'ETEPOCTPYKTYPHOI'O IIOJIEBOI'O TPAH3UCTOPA HA
OCHOBE HUTPUJA I'AJUIUSA

Yuxuxos C.B., Tuxomupos B.I'., I'yaxos A.I'., Hamypun B.JI.

MITY um. HO. Baymana, e. Mocksa, Poccus,
CII6I OTY «JIDTHy, o. Canxm-Ilemepbype, Poccus,
chigikov95@mail.ru

K coBpemennoit CBY ammapatype mpeabsBISIOTCS BBICOKHE TEXHUYECKUE
TpeOoBanusi. B uacTHocTH, uis oOecreueHus: BBICOKOM HAIEXKHOCTU almaparypbl
HE00X0IMMO pPa3paboTaTh SIEKTPOHHYIO KOMIIOHEHTHYIO 0a3a, 00JIaJZarouryl0 BBICOKOM
TEIJIOBOM  CTOMKOCThIO. OJHMM M3 KIIOUEBBIX JJIEMEHTOB B  IIPOCKTUPOBAHUH
PaIuO3IEKTPOHHON anmaparypbl SBISETCS TPAH3HCTOp, a HaumboJiee MEepPCIEeKTUBHBIM Ha
CErOJHALIHUNA JI€Hb SBISETCA TPAH3UCTOP C BBICOKOW MOJBH)KHOCTBIO 3JIEKTPOHOB Ha
GaN/AlIxGal-xN rereponepexoiax., KOTOpbIii UMeeT 0oJiee HU3KUHM IIYMOBOM TOK, a €ro
TEeMIlepaTypa SKCIUIyaTallud 3HAYWUTEIBHO YBEJIIMYMBAETCA [0 CPAaBHEHUIO C APCEHU[ -
raJyIMeBbIM TpaH3ucTOpoM. OIHAKO HEOCTaTKOM TPAH3UCTOpa SABJISAETCS HENOCTATOYHAsS
TeMIepaTypHas CTaOUILHOCTh BOJIbT-aMIIEPHON XapaKTEPUCTUKH.

Llenb paboThl — pa3paboTaTh TeTEPOCTPYKTYPHBIN MMOJICBON TPAH3UCTOP HA OCHOBE
HUTpUJA Tauldg C YIyYIIEHHOW TEMIEpaTypHOH CTaOMIBHOCTHIO BOJIBT-aMIIEPHOU
XapaKTepUCTUKU

Ha ocHoBe aHanu3a pe3yapTaToOB pacyeTa pacipeaeleHus TEMIEpaTyphl Mo TITyOuHe
TpaH3UCTOpa Oblja MPeII0KeHa KOHCTPYKIIHS T€TepOCTPYKTYPHOIO IOJIEBOI0 TPAH3UCTOPa
Ha OCHOBE HUTPHUJIA rajlivsl, KOTOpas MO3BOJIMIIA YIYYLIUTh TEIIOOTBOJ OT MOA3aTBOPHOU
00JacTl M YMEHBIIUTh TEMIIEPATypy KaHaia, YTO MPUBEJIO K YJIYUILIEHUIO TEMIIEPATypPHON
CTaOUIIBHOCTHU €0 BOJIT-aMIIEPHOM XapaKTEPUCTUKU.

PaGora BeImosHeHa Tpu (QuHaHCOBOM mojaepkke Poccuiickoro  ¢onaa
¢byHnamenTanbHbIX uccienoBanuil (PO®U) B pamkax BHIIOTHEHUS Hay4YHOTO MpoekTa Ne
20-37-90124 ot 24.08.2020 «BpIsiBIeHHE W UCCIEIOBaHHE KIIOYEBBIX JIIEMEHTOB
MEAMIMHCKUX  pPaJUOTEPMOMETPOB B  MOHOJUTHOM MHTErPajJbHOM  HCIIOJIHEHUH,
o0ecreuynBaroIuX BHIMOJIHEHNUE MPEABABISIEMbIX K HHUM BBICOKMX TpeOOBaHMH IO
YyBCTBUTEJIBHOCTH, TOYHOCTH, IIUPOKOIOJIOCHOCTH, TOMEXO3AIIHUILIEHHOCTH.

Bnazooaprnocmu.
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BJIUAHUE TEOMETPUYECKHNX TAPAMETPOB TPOMHBIX CTHIKOB
CIIEHUAJIBHBIX 'PAHUIL 3EPEH B MYJIbTUKPUCTAJVIMYECKOM
KPEMHHUUN HA UX PEKOMBUHAIIMOHHY IO AKTUBHOCTDbD

Yyemosa A.I'l., llemeposa C.M'., Il1anosa JI.A.!, Henomusimux A.N.!, ®egnna

JI.N.2, SIxkumos E.B3, ®exancosa O.B3

1 @edepanvroe cocyoapcmeentoe Olo0xHcemHoe yupesxicoenue nayku Mncmumym ceoxumuu um. A.11

Bunozpaoosa CO PAH, 2. Hpkymck, Poccus, a.chueshova@igc.irk.ru

2 @edepanvhoe eocydapcmeenHoe 0O00dcemHoe yupedicoenue Hayku Hucmumym  @usuxu

noaynpo6ooruxos um. A.B. Pacanosa CO PAH, . Hosocubupck, Poccus

3 Uncmumym npobrem mexHorouu MUKpodIeKMpoHUKU u ocoboyucmuix mamepuaios, PAH, .

Yepnoeonoska, Poccus

TpoiiHble CTHIKU ClIELMAIbHBIX IPAHUL] 3€PEH UTPAIOT BAXKHYIO POJIb B UHKEHEPUU
nedeKToB M MPEICTaBISIIOT CcOO0M 005acTh IepeceueHus: Tpex 3EpeH € pa3IudyHOn
OpPHUEHTALMEN KPUCTAUIMYECKUX pEIIETOK. I3BECTHO, 4YTO TPOWHOM CTBIK SBISAETCA
CIOXHBIM J1e(DeKTOM, KOTOpPBIi HMEET CBOM TEPMOJMHAMHYECKHE M KHUHETUYECKUE
CBOWCTBa, OOYCIIOBJICH JIOKQJIBHBIMH CTPECCOBBIMH JIe(OpMAlHIMH, BO3HHUKAIOIIUMH B
npolecce HanpapjieHHON Kpuctamnuzanuu [1]. Kpome
TOTO, C TPOMHBIMU CTBIKAMH IIPUHATO CBSA3BIBATH
MPOLECChl ABOMIONMH U (popmMHUpoBaHUS 3EpPEH B
rpama sepua 7 '\ S MYJIbTUKPUCTAIIINYECKOM KpPEMHUHU [2].
I'eomeTpuuecku TPOVHOU CTBIK MOKHO
O0XapaKTepU30BaTh  CIEAYIOLIMMHU  IapaMeTpamu:
COOCTBEHHBIMH  OPHUEHTAIUSIMU  KPUCTAJUTHUECKUX
rpanmua sepua 3 pemieTok  (MaTrpuiupl  [IOBOPOTa),  HOPMaJIbHBIMU

BEKTOPAMH K 3THM PEIIETKAM U YIlIlaMU pa3opHEeHTalluN

MEXIy IIIOCKOCTSIMU 3€peH (puc.1).
Puc. 1 YcnoBnas cxema B JTAHHOU pabote HCCIIEIOBAHBI
TEOMETPHH TPOHHOTO CTHIKA F€OMETPUYECKHE  IapaMeTpbl  TPOMHBIX  CTBIKOB
rpasul sepe [3], B-ABYTpaHHbIH  crenpanpHbIx TpaHMm 3epeH, a TakKe (aKTOpHI,
yrox, © - yroi pasopuenTauun YKa3bIBaIOIME Ha UX PEKOMOMHAIIMOHHYIO aKTUBHOCTb.
MERy Seprami. B cooTrBeTcTBUU C TEOpHUEN CTPYKTYPHOTO PaBHOBECHS
B TPOMHBIX CTBIKaxX CIEUMAJIbHBIX TPAHULl JIOJDKHO BBIMOJIHATHCS YCIOBUE paBEHCTBA
NPOM3BEACHUS MaTPUI] IOBOPOTA I'PAHMI] C MEHBIIIMM 3HAaYEHUEM ) C MaTpHLiel TOBOPOTa
TPAHUIIBI ¢ HAUOOJIBIIIUM 3HAYCHHUEM Y CIEAYIOMHM o0pa3om [4,5]:

1) M(X3) x M(¥9) = M(X27)

OpnHako, B COOTBETCTBHHU C SKCIIEPUMEHTAILHBIMU JTaHHBIMHU, [TOJIy4Y€HHBIMU HAMH TIPU
WCCJIE0OBAHUM CTPYKTYPBhl MYJIbTUKPUCTAIUIMYECKOTO KPEMHHSI, HE BCE TPOWHBIE CTHIKU
CHEIHalIbHBIX TPAHULl COOTBETCTBYIOT AaHHOMY yciosuio (1). Hamu ycranoBneHo, 4rto
KOHpUrypaluss TpPOMHOrO CTBhIKa TpaHUL[ OOYCIIOBJIEHA CTEMEHbIO TEPMHUUYECKUX
HaIpsDKEHUH Ha TpaHHUIe KpucTaul-paciiiaB. [Ipy 3ToM Hanmuuue WIM OTCYTCTBUE
IIEKTPUYECKON AKTUBHOCTH TAKUX TPOMHBIX CTHIKOB MOXHO KOCBEHHO CBSI3aTh C HX
reOMEeTPUUYECKUMHU MTapaMeTpamH.

Hccnedosanue nposedeno 8 pamxax evinonneHus 2oc. 3adanus no Ilpoexmy Ne 0284-2021-
0004 «Mamepuanvt u mexnonrocuu 011 paspadbomKu paouayuoOHHbIX O0emeKmopos,

JIOMUHODOPOS8 U ONMUYECKUX CIEKOTLY.

1. B. Zhao, J.Ch. Verhasselt , L.S. Shvindlerman , G. Gottstein.// Acta Materialia.- 2010 V. 58, P. 5646-5653.
2. Y. Ohno, K. Tajima, K. Kutsukake, and N. Usami // Appl. Phys. Express.-2020, V. 13.
3. M.Upadhyay, L. Capolungo , V.Taupin, C.Fressengeas // International Journal of Solids and Structures. -
2011, V.48, Ne 22-23, P. 3176-3193.

4.V.Y. Gertsman// Acta Crystallographica.-2001, V.51, P. 369-377. 5. V. Y. Gertsman// Scripta Metalhugica
et Materialia.-1995, V. 32, Ne. 10, P. 1649-1652.

rpaHHIA 3epHa 1

3epHO 3

~ 105~


mailto:a.chueshova@igc.irk.ru

DOI 10.26201/ISSP.2020/FKS-2.340

OLEHKA CTEHEHH OKHCJIEHHOCTH MEMBPAH OKCHU/JIA TPA®EHA
METOAOM PEHTTEHOBCKOHU ®OTOJJIEKTPOHHOU CHEKTPOCKOIINU

Basees P.I'.}, Uykapun A.W., Eaucees A.A.% Ileryxos J.1.% Yepnosa E.A.2

‘\@I'BYH « Yomypmexuii pedepanvuuiii uccredoeamensvckuii yenmp YpO PAH,
2. Mbicesck, Poccus, rishatvaleev@mail.ru
2 Mockosckuii 2ocyoapcmeennbiil yuugepcumem um. M.B. Jlomonocoaa,
2. Mockesa, Poccus

B mocnegnme 5 ner akTHBHO pa3padarbIBarOTCA JBYMEpHBIE MeMOpaHbl IS
OCYIIIEHUs Ta30B, HaHOPWIbTpAHMK, ocMaTHdeckux mporeccoB [1]. Cpeau npyrux 2D
matepuanoB okcuna rpadena (Graphene Oxide — GO) BbIIEnseTCS TEOPETUYESCKHM U
MPAKTUYECKUM MHTEPECOM H3-3a IPOCTOTHI MOTYUYEHHSI, HU3KOH CTOMMOCTH, BOZMOXKHOCTH
BapbUPOBAHUS MEKCIOEBOTO PACCTOSHUS, CEJIEKTUBHOCTH M BO3MOKHOCTH MOJIU(UKAIIIH
MOBEPXHOCTU Pa3INYHbIMU (YHKIIMOHATbHBIMU rpynnamu [2]. Hanpumep, GO-memOpanbl
MO3BOJIAIOT OYUCTUTH BOAy OT 97,5% conell HaTpus, 4YTO MPEBOCXOAUT CBOMCTBA
0OJBIIMHCTBA MEMOpPAH Ha OCHOBE CYIIECTBYIOLIUX MOJIMMEPHBIX MaTepHaioB [3].

['maBHYIO0 poJIb B NMPOHUIIAEMOCTH M CEJIEKTHBHOCTH MEMOpaH OKcuaa rpadeHa
UTPaeT PACCTOSHUE MEXKAY OTICIbHBIMH Cl0AMU [4], OIHAKO BKJIAJ MOBEPXHOCTHBIX
¢ynkumonansabix rpymn (-OH, -C=0, -O=C-OH) takxe 3HAaUYMTEIBHO BIUSET Ha
TPaAHCIIOPTHBIE CBOMCTBA MeMOpaH [5] ¥ UX KOJIMYECTBO 33]a€TCSI CTENEHBIO OKUCIEHHOCTH
okcuja rpadena.

PentrenoBckas QorosnextponHas crnektpockonus (PO®OC) B HacTosiee Bpems
NIEePEKUBAET HACTOALMN OyM M Kak METOJl aHaJIM3a XMMUYECKOI'0 COCTaBa BEILIECTB, TaK U
OILICHKH BAJICHTHOTO COCTOSIHUSI XUMUYECKHUX AJIEMEHTOB, BXOASIIUX B coeAnHeHus. Kpome
TOTO, OH TI03BOJIIET C BEICOKOW TOYHOCTHIO OIICHUTH BKJIAJIBI PA3IMYHBIX (DYHKIIMOHAIBHBIX
rpynn B popMUPOBaHHE XUMUYECKUX CBsI3el yriepoaHoro kommnoneHnta GO [6].

Takum oOpazom, B paboTe mpeacTaBieHbl pe3ynbTaThl POIC wuccnemoBaHuit
MeMOpaH okcuja rpadeHa co cTeneHbro okucaeHHocTH (cootHomenue C:0) ot 1:1 mo 1:20,
HAHECEHHBIX Ha IIOBEPXHOCTh MMOPUCTOTO OKCH/IA ATFOMUHHS, UCIIOIb30BAaHHOIO B KAYECTBE
HOCHUTEJSl, 1 YCTAHOBJIEHA B3aMMOCBSA3b C TaKUMHU IapaMeTpamH, KaK MPOHMIIAEMOCTb
MeMOpaH U BeJIMYHMHA OCYIIEHHUs ra3oB OT mapoB Boibl. [lokazaHo, uro ans Haubosee
3 PEKTUBHOIO MPOHUKHOBEHUS BOJABI B IPOLIECCE OCYLIEHMs Ta30BBIX Cpell TpeOyeTcs
UCIOJIb30BaHNE MEMOpaH ¢ MaKCUMaJIbHOM OKHCIIEHHOCTBIO.

Hccenedosanue evinonneno npu unancogou noooepoicke PODH 6 pamxax nayunoz2o npoexkma Ne
18-29-19105.

1. Song N., Gao X., Ma Z., Wang X., Wei Y., Gao C. // Desalination. — 2018. — V. 437. — P. 59—
72.

2. Eliseev A.A., Poyarkov E.A., Chernova A.A., Eliseev A.A., Chumakov O., Konovalov A.P.,

Petukhov D.I. // 2D Mater. — 2019. — V. 6. — P. 035039.

Li W., WuW., Li Z.// ACS Nano. — 2018. — V. 12. — P. 9309-9317.

Liang S., Mu L., Chen L., Jiang J., Yang Y., Fang H. // Chem. — An Asian J. — 2020. — V. 15. —

P. 2346-2349.

5. Dreyer D.R., Park S., Bielawski C.W., Ruoff R.S. // Chem. Soc. Rev. —2010. — V. 39. — P. 228—
240.

6. Chernova E.A., Petukhov D.I., Chumakov A.P., Kirianova A.V., Sadilov I.S., Kapitanov O.0O.,

Boytsova O.V., Valeev R.G., Roth S.V., Eliseev Ar. A., Eliseev An. A. // Carbon. — In press.
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BJIMUAHUE MOBEPXHOCTHOM IUIEHKH (TPETBET'O TEJIA) HA ITPOIECC
TPEHUA U U3HAHINBAHUA BOJIOKHUCTOI'O KOMITIO3UTA

IInenes A.I'., MypasseBa T.HU., Hlkaueii U.B.

Hucmumym npoonem mexanuxu um. A.FO. Hwnunckozo PAH, Mockea, Poccus,
kel-a-kris@list.ru

Komno3uTHble MaTepuanbl HAXOIAT UIMPOKOE NPUMEHEHUE B TEXHUKE HE TOJIbKO B
Ka4eCcTBE KOHCTPYKIIMOHHOTO MaTepuaia, HO M KaKk OCHOBA JJIsl CO3/IaHUS Pa3HOOOPAa3HBIX
y3JI0B TpeHus. B yacTHOCTH, OONIBLION MHTEpPEC BBI3BIBAET NMPUMEHEHHE KOMIIO3UTOB Ha
OCHOBE YTJIEPOJHOIO BOJOKHA M YIJIEPOJHOW MATpHUIbl B KauecTBe (DHPHUKIIMOHHBIX
maTepuainoB. [loBbllleHHAass HM3HOCOCTOMKOCTh W TPOYHOCTH IO3BOJISIET HCIOJIB30BaTh
JAaHHbIE MaTepualbl B TOPMO3HBIX CHCTEMax M JAPYrHMX (PUKIMOHHBIX y3/ax, I7ie Ha
MOBEPXHOCTU TPEHUS CYIIECTBYIOT IKCTpPEMajbHbIe HArpy3Kd U TeMIiepaTrypbl. BaxkHbiM
ACTIEKTOM IIPH CO3/IaHUH TaKUX KOMITO3UTOB SIBJISIETCS COUETAHUE BBICOKMX MPOYHOCTHBIX
CBOICTB C BO3MOXKHOCTBIO PETYJIMPOBAHUS IKCIUTYaTAIIMOHHBIX XapaKTePUCTHK (HaIIpUMep,
KO3 UIMEeHTa TPEHHS). DTO MOXKET OBITh JIOCTHTHYTO 3a CYET MOJ00pa ONTHMAIBLHOTO
cocTaBa M KOH(PUTypallii KOMIIOHEHTOB KOMIT03UTa. B mpoliecce TpeHus Takiux MaTepranoB
IpU BBICOKMX MAaBICHHSX M TEMIepaTypax B KOHTAKTHOH 30HE MPOHUCXOMIST CIIOXKHBIC
(bu3MKO-MeXaHUYECKUE MPOIIECChl, B TOM 4ucie aedopMaius U 4YaCTUYHOE pa3pylIeHHE
MOBEPXHOCTHBIX CJIOEB C TOCJIEAYIOUIMM BBIHOCOM YacTHI[ M3HOCAa W3 30HBI KOHTAKTA.
Hacrosimass pabora mocBsileHa MOCTPOCHHIO MOJIEIH B3aMMOACHCTBHUS HKECTKOTO
MOJYTIPOCTPAHCTBA M BOJIOKHHCTOTO KOMITO3UTA, Pa3/ICJCHHBIX IUICHKOW, COCTOSIICH U3
MPOJYKTOB M3HOCA KOMIIO3UTA (TpeThe Teo). PaccMoTpeH mporece HapaluBaHus ICHKU
3a CYeT HM3HAIIMBAHMA MaTepHaja M MPOIECC BBIHOCA YacTe IUIGHKH M3 KOHTAKTa.
HccnenoBaHo BIUSHUE CBOMCTB TPETHETO TeJIa HA CKOPOCTh M3HALTUBAHUS U KOd(PUlIeHT
TPEHHUsSI KOMITO3UTA. B KadecTBe MILTIOCTPAIIMM PACCMOTPEH KOMIIO3UT, MPUMEHSEMBIN B
aBUAIIMOHHBIX TOPMO3HBIX JHMCKaX, HAa OCHOBE YIJIEPOJHONW MAaTpPHUILbI, apMHPOBAHHOM
KapOOHM3UPOBAHHBIMU YIJIEPOIHBIMH BOJOKHaMH (puc. 1).

Pucynok 1. COM-u3o0paxeHne yriepo-yriepoaHoro KOMIIO3UTa: a — IIOBEPXHOCTh MOCIe
UCTIBITaHui, 0 — PparMeHT MIeHKH, 00pa3yolleiics Ipy TPEHUH MaTepraia, B — YacTHIIA H3HOCA.

Hcnons3oBanme pe3ysbTaToOB 3JEKTPOHHON MHUKPOCKOIHMH TIO3BOJIHIIO OTPENETUTH
napaMeTpsl (pparMeHTOB IUIEHKH M YacTHUI[ W3HOCA, YTO HEOOXOJIMMBIE B MOCTPOCHHON
MOJIETH.

bnacodapnocmu. Pabota BbInonHeHa npu (puHaHcOBOW moxanepxkke PODU, rpant
Ne21-58-52006 MHT a. ABrtopsl BbIpaxaroT OmarogapHocts ITAO «AK Py6un» 3a
IpeoCTaBICHHbBIE 00Pa3Ibl MATEPUIIOB.
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NOVEL HYBRID STRUCTURES BASED ON OXYGEN-FREE GRAPHENE AND
ALUMINUM PHTHALOCYANINE CHLORIDE

Klimenko 1.V.1, Lobanov A.V.1 2 Trusova E.A.3

'Emanuel Institute of Biochemical Physics of Russian Academy of Sciences,
Moscow, Russia, inna@deom.chph.ras.ru
2Semenov Federal Research Center for Chemical Physics Russian Academy of
Sciences, Moscow, Russia
3Baikov Institute of Metallurgy and Materials Science of Russian Academy of Sciences,
Moscow, Russia

In recent decades, the producing and investigation of new hybrid structures and
supramolecular systems based on graphene and tetrapyrrole compounds have attracted
significant attention due to the possibility of using them in various sciences and technologies,
by way of optical chemosensors, semiconductors, electrocatalysts, photocatalysts in various
chemical reactions, electroluminescent materials, and photosensitizers in the photodynamic
therapy (PDT) of cancer and various neoplasms.

Chlorins, porphypins and related to them phthalocyanines [1] nowadays are often used
as photosensitizers (Ps) substances developed as drugs for PDT and fluorescence
diagnostics. The aromatic macroheterocyclic compound of aluminum phthalocyanine
chloride (AICIPc) is a Ps of a second generation which is characterized by high photoactivity
and photostability and high absorbance coefficient in the region of 650-680 nm (so-called
“therapeutic window” [1, 2]). But, AICIPc is insoluble in aqua and biologically compatible
solvents and has a tendency to aggregate in agueous media that considerably reduces its
photodynamic activity. One of the most promising strategies to improve some limitations is
using the theranostic two-dimensional (2D) materials, for example, graphene as a part of
hybrid systems in conjunction with phthalocyanine. The immobilization of AICIPc
macroheterocycles with n-conjugated electronic systems on the graphene surface is possible
due to hydrogen bonding, © — n- stacking, van der Waals and electrostatic forces.

In this work, we demonstrate simple, but novel technique of oxygen-free graphene-
AICIPc hybrid systems synthesis in liquid media (graphene was prepared by sonochemical
method in N,N-dimethylformamide or in its mixture with aqua [3]). The photophysical
properties of these hybrid systems have been studied using optical spectroscopy. The
obtained results suggest that graphene in the system prevents the aggregation of AICIPc and
leads to its stabilization in monomeric form. Also, spectral properties of novel hybrid
systems indicate that there is a direct interaction between AICIPc, possibly, a charge-transfer
complex formation.

The work was carried out according to the state assignment of IBCP RAS (theme No.
01201253304) and government assignment no. 075-00328-21-00. Elena A. Trusova thanks
RFBR (grant no. 19-03-00554 _a) for financial support of the research

1. Klimenko I.V., Lobanov A.V. // Macroheterocycles. — 2020. — V. 13. — Ne 2. — P. 142-
146.

2. Klimenko I.V., Lobanov A.V. // J of Biomedical Photonics & Eng. — 2016. -V. 2. — Ne
4, — P. 040310-1-5.

3. Klimenko 1.V., Lobanov A.V., Trusova E.A., Shchegolikhin A.N. // Russ. J.of Phys.
Chem. B. — 2018. — V. 13. — Ne 6. — P. 964-968.
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CBC-CHUHTE3 MAX-®A3BbI TIsSIC:
C UCIIOJIB3OBAHMEM PA3J/INYHBIX ®OPM YIJVIEPOJA

JlapuonoBa H.C., Huxkonosa P.M., JlaabsinoB B.HU.

Hayunwiii yenmp memannypauueckoi (u3uxu u Mamepuaiogeoerus
Yom®@UI] YpO PAH, Hocesck, Poccus, larionova_n@udman.ru

MAX-da3pl npencTaBisiitoT co00H CEMEHCTBO TPOWHBIX KapOWIOB U HHUTPHJIOB
(Merauinyeckass kepamuka). OOnajnas HaAHOCIOUCTOM CTPYKTYpOH U YHUKaJIbHBIM
COYETaHUEM CBOMCTB, XapaKTEepHbIX A Meramna U kepamuku, MAX-¢a3bl sABIAIOTCS
NEPCHEKTUBHBIM MaTepUAIOM Uil HMCCIEIOBAHUNH M MPAaKTUYECKOro npumeHeHus. Ha
CCTOIHSAIIHUN JeHb OMHOM 3 Hamboiee m3ydeHHbIX MAX-da3 sBisercs TisSICo. Kak
kepamuika, TisSIC2 oOnmamaer HU3KOW IUIOTHOCTBIO, MPEBOCXOIAHBIMH MEXaHUYCCKHUMHU
CBOWMCTBAMM IIpU BBICOKMX TEMIIepaTypax, BBICOKON TeMmIepaTypodl IUIaBICHUS MU
TEPMUYECKON CTa0MIbHOCTHIO. Kak MeTarmn oHa ycToWYMBa K TEIUIOBOMY YJapy U UMEET
XOPOLIYIO TEIJIOBYIO M DJICKTPUYECKYIO MpoBoauMocTh. [To cpaBHeHuto ¢ kapougom TiC
MAX-paza TisSIiC> xapakrepuzyercss aHOMAJIbHOM MSTKOCTBIO, YTO TMO3BOJIET €¢
HoJBepraTb MEXaHM4ECKOi oOpabdoTke.

Hus cunrte3a TizSIC2 HCHOMB3YHOTCS MHOTOYHCICHHBICE METOJBI: XHUMHUYECKOE
OCaXkJIeHHe U3 MapoBoi (hasbl, ropsiuee MpeccoBaHUE, UCKPOBOE IIA3MEHHOE CIIEKaHUe,
MEXaHMYECKOE JITUPOBAaHWE, JyroBas IJIaBKa, MHUKPOBOJIHOBOE CIIEKAaHHUE W JIp.
Hcnonb3yemblii B HacTosAmed  paboTe  METOX  €caMOpaclpOCTPAHSAIOLIErocs
BbIcOKOTemneparypHoro cunteza (CBC) mnozBonsier wu3bexarh OosbLIOro 4Yucia
TEXHOJIOTUYECKUX  IpoueccoB. Ero  aocToMHCTBaMU — Takke  SBISIIOTCA — Mallble
DHEPTreTUYECKUE 3aTPaThl U BBICOKAs] YUCTOTA MPOAYKTOB TopeHus. Tpamummonnasii CBC
MO3BOJISIET I0JIyyaTh IMOPOIIKM CO CPEIHUM pPa3MEpPOM YaCTHIl B HECKOJBKO MHKPOH.
AKTyalbHBIM OCTae€TCsd BOMNPOC IOJYyUYEHHUS HAHOPAa3MEpPHBIX YacTHI] (TIOPOILIKOB) C
nomouipto CBC-meTonuk.

W3BecTHO, 4YTO Mcnonb3oBaHue QyIIepeHoB, rpadeHa, yriaepoaHblX HaHOTPYOOK U
HaHOQIMA30B BMECTO TpPAJUIMOHHO UCMOJNb3YeMbIX TIpaduTa M CaXHU MO3BOJSAET
CYIIECTBEHHO YJYUIIUTh CBOHCTBA PA3IMYHBIX METANIOMATPUYHBIX MAaTEPHAIIOB.

B Hacrosmeit pabote mpoBeAeHO UCCe0BaHIE BIMSIHUS pa3IMYHbIX (OpM yrieposa
(caxa, yrinepoaHble HaHOTPYOKH, (QyJUIepuT, demryiiuarelii rpadut) Ha (opMHUpOBaHHE
MAX-¢a3sr TizSiC2 mpu camopacrpoCTpaHSIOMIEMCsl BBICOKOTEMIIEPATYPHOM CHHTE3E.
MetonaMu pEeHTI€HOCTPYKTYPHOTO aHajiu3a M PAacTPOBOM 3JIEKTPOHHOW MUKPOCKOIHUH
u3ydyeH (a3oBBIA COCTaB CpaBHUBAEMbIX 00pa3ioB u ux mopdomnorus. [lokazano, 4yto B
3aBHCUMOCTH OT HCIoJIb3yeMoi (hopMel yriepoaa npu CB-cuntese popmupyercs ot 6 10
90 Bec.%. TizSiCy. IIpu 3TOM KoOIHMYecTBeHHOE cojepkanne MAX-dasbl omnpenensercs
CTPYKTYPOH HCIIOJIB3yEMbIX YIJIEPOAHBIX MaT€pHUaJIOB U €€ CTA0MIbHOCTBIO.
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I'PA®EH HA SiC: HOJYYEHHUE, UCCJTEJOBAHMUE,
HEPCHEKTHUBBI IPAKTHYECKOI'O IPUMEHEHUA.

A.A. Jlebenes”, B.IO.dasbinos’, C.II. Jledenes, A.H. Cmupnos?’, B.C. JleBuukmii',
U.A. Eaucees?, C.H. Hosukos?, A.C.Ycukos*®, 0.H. Makapos*®

‘\®OTU um. A.®.Hogpghe PAH, ITorumexnuueckas 26, 194021, C.-ITemepbype
2Aalto University, Tietotie 3, 02150, Espoo, Finland
® Vuueepcumem UTMO, C.-Tlemepbype 197101, Kponsepackuii npocnexm 49,
*I'K «Humpuonwvie kpucmanniy, 194156, np. Dueenvca, 0. 27, C.-ITemepbype
*Nitride Crystals Inc., 181 E Industry Court, Suite B, Deer Park, NY 11729, USA

OpHOM W3 caMbIX NEPCIEKTUBHBIX TEXHOJOIMH CHHTe3a rpadeHa, KOTopas IO3BOJIIET
MOJy4aTh BBICOKOKAUECTBEHHBINI MaTepHal M B TOXKE BpeMsl MOXET OBITh HMHTETpUpOBaHa B
IMPOMBIIIJICHHOC MNPOU3BOACTBO, ABJIACTCA TCPMOACCTPYKIHA IMOBECPXHOCTU IMOAJIOKCK Kap6I/IIla
kpemuus (SiC) [1]. B Hacrosieit pabote mpeacTaBieHbl Pe3yJIbTaThl UCCIICAOBAHMNA CTPYKTYPHBIX
CBOMCTB rpad)eHOBBIX IUICHOK, BBIPAIICHHBIX HA MOJISPHBIX Si-rpaHd (OpHEHTALHsI TIOBEPXHOCTH -
(0001) momnoxku SiC ¢ HCMOIB30BAaHHEM METOJA TEPMUYECKOTO PA3JIOKEHHs MOBEPXHOCTH
kpucramwia. ®opMupoBanue rpadeHa OCYIIECTBISUIOCH Ha BBICOKOOMHBIX TOJIOXKKAX KapOuaa
KPEeMHHUSl AJIS1 TOTO, YTOOBI HCKJIIOYMTH BIMSHUE IPOBOAMMOCTH TOMJIOXKKH IPU HPOBEICHUU
WCCJIEIOBAaHUNM TPAHCIOPTHHIX cBOWCTB. CuHTE3 ocymiecTBIsics mpu Temneparype 1800°C B
BakyymMe u artMmochepe wuHeptHoro rasza (Ar). Ilepen pocrom rpadeHa NPOBOIUIOCH
cyonuMarimonHoe tpamienune SIiC it ymamenus gedextHoro ciosi ¢ moBepxHocTH. C
WCTIONB30BaHUEM CIIEKTPOCKONMHM KoMmOwuHarmoHHoro paccesaus cera (KPC), aTomHo-cnioBoit
MHUKPOCKOITUH, TIOTy4eHa W MpOoaHaIu3upoBaHa HHPOPMAIUSI O KPUCTAIIIMUECKON U DIIEKTPOHHOU
CTPYKTYpE BBIPAILEHHBIX Ipad)eHOBBIX ci1oeB. [lokazaHo, 4TO ONTUMHU3ALUS POCTOBBIX IAPAMETPOB,
BBINIOJIHEHHAS! 110 PE3yJbTaTaM KOMIUIEKCHBIX HCCIIEOBAHUH, IO3BOJIMIA CO3AaTh HAICKHYIO
TEXHOJIOTUIO POCTa BBICOKOKAYCCTBECHHBIX Fpa(beHOBI)IX CJIOEB C TOJIIMHAMHU B AHUAIIa30HC 1-2
MOHOCJIOSl. BBUIO TpoBeZieHO HcclleloBaHHE TPAHCIIOPTHBIX CBOWCTB IUIEHOK MeToJoM 3¢ddekrta
XoJuta. BennunHa KOHIEHTpaluK HOCUTEJIEH 3apsaaa B uccieayeMoM rpadene cocrasmwia 7 x 10 —
1 10%? cm?, a MakCUMAalIbHOE 3HAYEHHE TIOIBKHOCTH 2JIEKTPOHOB mpubmmusuinock k 6000 cvm?/(B ¢)
Ha ocnose JaHHbIX MIEHOK 6BIJ'H/I H3TrOTOBJICHBI U IMPOTECTUPOBAHBI T'a30BLIC U 6I/IOCCHCOpBI C
PEKOPAHOMN AJI TBEPAOTEIbHBIX CEHCOPOB UYBCTBUTEIBHOCTHIO [2,3].

1. B.IO. [laBwinos, 11.10.Ycaués, C.I1.JIe6eneB u ap., // ®TII — 2017 — T.51 C.- 1118-1124
2. S.Novikov, N.Lebedeva, A.Satrapinski, J.Walden, V.Davydov, A.Lebedev, // Sensors
and Actuators B: Chemical — 2016- T.236 — C. 1054-1060.

3 A.A.Lebedev, S.Yu.Davydov, I.A.Eliseyev, A.D.Roenkov, O. Avdeev, S.P.Lebedev, Yu.
Makarov, M.Puzyk, S.Klotchenko, A.S.Usikov // Materials — 2021 — T.14 - C.590
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CrpykrypHble n3MeHeHus QyJuiepuTa npu Harpese 10 1600°C
(rpaduranms)

Huxonosa P.M., Jlapuonosa H.C., Jlagbsinos B.U.
Hayunwiii yenmp memannypeuueckou gpusuxu Yom@UL] YpO PAH, Hcesck, Poccus, e-
mail: rozamuz@udman.ru

OTkpbITHE (QYIUIEPEHOB W TMOCIEAYIOUIee MOIYYCHHE WX KOHIEHCHPOBAHHOH (hazbl
(pymnepuTtoB) B MAaKpOKOJIMYECTBaX IMPUBEIO K OrPOMHOMY KOJHUYECTBY paboT
MOCBAIICHHBIX HCCIEJOBAHUIO UX CTPYKTYpbl M CBOMCTB, BKJIIOYAas MX TEPMHYECKOTO
noBejieHus. JlaHHbIe O mpeleabHOM TemiiepaType, Mpu KOTOPOH OHU COXPAHSIOT CBOIO
MOJIEKYJISIPHYI0/ KPUCTAJIUTMUECKYIO CTPYKTYPBI, SIBIISIOTCSI BECbMa BaKHBIMH B pa3paboTKe
TEXHOJIOTUHN UX MOJy4YeHHUs, PUIUKO-XUMUUYECKUX OCHOB CO3/IaHUSI HOBBIX IEPCHEKTUBHBIX
MaTepHajoB B pA3NIUYHBIX OOJNACTAX MEIWLMHBI, OJEKTPOHUKH, HCHOJIb30BAHUS
bynnaepeHcoaepKaMX MOPOIIKOBBIX ~ KOMIIO3HTOB, a TakXke B  METAUIypruu
dynnepeHcoaepkamx MOAH(PUKATOPOB U APYTUX OOIACTIX BO3SMOKHOTO MX IPUMEHEHHUSI.
TepMuueckass ycTOMYMBOCTH (YJJIEPUTOB B 3aBUCHUMOCTH OT MPEIbICTOPUM HX
MOJIYYCHHBIX, MX YUCTOTHI, YCIIOBHI Harpesa orpannyuBaercs 500-900 °C.

B Hacrosimelt pa®oTe mpeacTaBieHBl Pe3yNbTaThl HUCCIEIOBAHUN CTPYKTYPHBIX
u3MeHeHu# ¢ymieputa npu Temneparypax Harpea g0 1600°C. OTxur npoBogwin B
MydenbHOl nieun npu Temrneparypax HarpeBa B uHTepBaie 400-1000°C (Bpems oTxura 30
MuH, cpena CO) u B neun Tammana (rpaduToBBIN HarpeBarTesb) IpU TEMIIEpaTypax HarpeBa
1100-1600°C, Bpemsi oTxura B mociegHeM ciaydae BapbupoBanu oT 0,5 g0 16 yacos.
Hccnenoanus npooawm Ha dymrepure Ceo7o (~14%C70), TOPOLMIOK KOMITAKTHPOBAIIU B
tabnetku (@=6mm, h=3mm). HccrenoBanus CTpyKTYPHOTO COCTOSHHES YTJIepoa B 00pasiax
1OCJI€ BBICOKOTEMIIEPATypHOTO HAarpeBa BBIMOJHEHBI C TPUMEHEHHEM METOJIOB
pPEHTreHOCTPYKTYpHO aHanu3a (audpakromerp IPOH-6, Cu-Ka usnyuenue, B uHTEpBale
yrioB 26=10-90°) u metonom KP-criekrpockomnuu.

ITpoBeneHHbIE UCCIEAOBAaHUS TIOKA3aJIH, YTO MOJHAs TEPMOAECTPYKLUS (yuiepuTa

HaOJIOAaeTCs MpH TeMIIepaType HarpeBa BhIIIE

&5 yp- 900°C ¢ ¢dopmupoBanueM (¢yIEPUTONOLO0OHOM
rpadur ¢dazer  (puc.). Ilocnenyromiee ymopsigoueHue
yriepoja ¢ ¢opMUpoBaHHEM I'padUTONOI00HON

1600°C, 7.5 u amop¢Hoii (a3bl HabII01aeTCs IPU TEMIIEpaType
~1500-1700°C. Ha ¢one peHTreHOAMOP(HOro

TypOocTpaTHbIit
yIIIepon

1000°C, 0.5 4  TaJo (26=14-29°), COOTBETCTBYIOIIEMY

= TypbocTpatHOMYy  Tpadury, HabOIo1aeTcs
: (¢hopMUpOBaHME OCHOBHOTO JU(PPAKIHOHHOTO
5 900°C,0.54 nuka rpapura C XOPOIIO  Pa3pPEIIMMbIM
- Cen nymierom (puc.). ITlocmennee ykaspiBaeT Ha
| | |I o HaJIM4YMe JABYyX HojperieTok rpagura (o- u -

' o ¢azbn). [IpuBenenst CPABHUTEIbHBIE

Crp UCCIIEIOBAaHUSI ~ M3MEHEHHs]  CTPYKTYpHl B

MpolLiecce HarpeBa UCXOIHOM CaXKH, IPU OTKUTE
KOTOpOl ~ NpU  AHAJIOTMYHBIX  YCIOBMSX,
TypOocTpaTHbIi U B-TpadUT OTCYTCTBYIOT.

5 10 15 20 25 30 35 40 45 50
20,

Paccmotpeno KaTaJIMTHYECKOE
Puc. Nsmenenne cTpykTyphl Qpymieputa  BO3JelcTBHE Fe Ha mporecchl TrpaduTanuu
B [IPOLIECCE HArpeBa. UCXOHOrO (yiuiepuTa npu Tepmudeckux (720-
800°C) wm gedopMarMOHHBIX BO3JICHCTBHUSAX
(MEXaHOAKTHBAIMN).
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EFFECTS OF Ge ION IMPLANTATION INTO DIAMOND:
PHOTOLUMINESCENCE, PHOSPHORESCENCE AND EPR

R.1. Khaibullin**, D.K. Zharkov !, R.B. Zaripov !, A.V. Leontyev?!, N.M. Lyadov !,
V.G. Nikiforov?, V.I. Nuzhdin!, A.G. Shmelev?!, M.H. Alkahtani %3, P.R. Hemmer 13

1) Zavoisky Physical-Technical Institute, FRC Kazan Scientific Center of RAS,
Kazan, Russia, * rikkfti@mail.ru or rik@kfti.knc.ru
2) National Center for Laser and Optoelectronics, KACST, Riyadh, 11442, Saudi Arabia
% Texas A&M University, College Station, Texas 77843, USA

Recently, lwasaki et al. [1] reported the synthesis of a new defect color center in
diamond, which consists of a germanium (Ge) atom at a lattice site and two carbon vacancies
(V) associated with it. These GeV centers exhibited a characteristic photoluminescence at
room temperature with a narrow zero phonon line at 602 nm. Note that diamond samples
with GeV centers were obtained in [1] by using either chemical vapor deposition (CVD)
methods or the implantation with 150-260 keV Ge ions into diamond at a fluence in the
range of 10°-10% ion/cm?,

In our work, Ge* ions were implanted into (001)-oriented synthetic diamond plates
(type lla, NDT Ltd) at a significantly lower energy of 40 keV and in the same fluence range:
10*2-10% ion/cm?. Then the Ge-ion implanted diamond plates were annealed at a temperature
of 1300 K in an ultrahigh vacuum (10° Torr) for 30 min. In order to search for new GeV
centers in the implanted diamonds, photoluminescence (PL) spectra were recorded in the
visible wavelength range at room temperature on a confocal microscope with excitation by
a laser diode at a wavelength of 520 nm. In addition to the main Raman line in diamond
(558.6 nm) we observed a narrow line of PL related to GeV centers at a wavelength of 601.5
nm. It is important to note that in the sample implanted with the maximum fluence the
intensity of PL signal from GeV centers was almost an order of magnitude higher than that
from the main Raman line and, accordingly, two orders of magnitude higher than the similar
signal observed in reference [1]. However, EPR spectra of diamonds with GeV centers reveal
only one additional unstructured line with a g-factor of 2.002 in both the X- and Q-frequency
ranges at room temperature or below (77 K) temperatures. The absence of an angular
dependence of the observed EPR signal indicates that the GeV center, apparently, occupies
a more symmetric position in diamond crystal lattice than, for example, a similar SiV center
(point symmetry Dzg).

Moreover, for the first time we observe very strong (visible by eyes) long-time
phosphorescence (spectral band of 480-530 nm) in Ge-ion implanted diamond after the
excitation with a single pulse of a femtosecond laser (A = 257 nm, E = 20 mJ, t = 350 fs). It
was found that the characteristic time of phosphorescence decay in diamonds implanted with
germanium ions exceeds a few minutes at room temperature and it is significantly shortened
(up to seconds) when the sample is cooled to the temperature of liquid nitrogen (77 K).

This work was supported by the Mega-grant of the Government of the Russian
Federation (Agreement No.14.W03.31.0028).

[1] T. lwasaki, F. Ishibashi, Y. Miyamoto et al. // Scientific Reports. — 2015. — Vol. 5. -
Art.12882.
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TPAHC®OPMALMA AJIMA3A B OHUOHOINIOAOBHBIE CTPYKTYPbI
®YJUIEPEHOBOI'O TUIIA ITPU TABJIEHUMU 70 I'llTa U TEMIIEPATYPE 2400
K

Yypxun B.JI.12, [Tonos M.IO.!?, 3unun I1.B.5, Kyasuuuknii 5.A.'?, Bynaros K.M.2,
BrikoB A.A.° Baank B.J1.1?

Y Mockosckuii pusuxo-mexnuveckuii uncmumym (HHUY), 2. Joneonpyouwiii, Poccust
2 Texnono2uyecKuii UHCMUmMym c6epxmeepoblX U HOEbIX Y2NepOOHbIX MAMEPUAos, 2.
Mockea, . Tpouyk, Poccus
3 Hayuno-mexnonozuueckutl yenmp yHukaibHo2o npubopocmpoenus PAH, 2. Mocksa,
Poccus
churkin_valentin@rambler.ru

B pabore coobmaercs o HaOI0AaeMOM (ha30BOM IIPEBPALCHUN ajMa3a IIPU HarpeBe
1o 2400 K nox naBnenunem 70 ['Tla B pynnepeHono100HbIE OHUOHBI.

CMmech anMa3HOrO M HHUKEJIEBOTO MOPOUIKOB Obljla HarpeTa Ja3epHBIM JIy4OM II0]
napienueM 70 I'Tla B kamepe ¢ anMmasHbiMH HakoBaibHAMH. Okono 2400 K Hukenb
pacruiaBuics (4TO HaOIIOAAIOCh BU3YalIbHO), BbI3bIBasl pACTBOPEHME yIiiepo/ia (aiamasa) B
paciuiase. IIpu mocnenytomeM MeaneHHOM oxJyaxaeHuu npu nasieHuu 70 I'Ila pactBop
yriaepoja B HUKENE CTAaHOBUTCS TEPECHINIEHHBIM W W3 BBIICISIOIIETOCS W3 HUKEI
U30BITOYHOTIO yrieposa (HopMUpPYIOTCS CTaOWIIbHBIE U1l AAaHHBIX ycinoBui ¢asbl. Ilo
pe3yibTaTaM HCCIEOBAaHUS MOJMYYEHHBIX OO0pas3loB C MOMOIIBIO TPOCBEYHBAIOIICH
3JIEKTPOHHONW MUKPOCKOIHMM HaOJIIOJAINCh KaK MPSIMOM, TaK U KaTAJIUTHYECKUI Tepexo/ibl
aJiMa3a B OHHOHBI. B mepBoM citydae OHHOHBI TOKPBIBATIM COXPAHHUBIIYIOCS YAaCTHUILy ajiMasa,
BO BTOPOM CJIy4ae OHMOHBI HAOJIIOAIUCh HA TTOBEPXHOCTH HUKEJIS.

HccnenoBanre PamMaHOBCKMX CHEKTPOB IIOKa3ajo, 4TO HAOII0JaeMble OHHOHBI
ABJISIOTCA (PyJLIEPEHONON00HBIMU C XapakTepHOil monocoii Ha 1435 cm™ .

Karanutiaeckuit mporecc sBisieTcsi 00paTHBIM 110 OTHOIIEHUIO K KaTATUTHYECKOMY
CHHTE3y ajiMa3a B 30He ero crabuibHocTH (okojo 6 I'Tla). B oOpa3ie Takxe oOHapyx eH
kapoun Hukens (NisC).

CornacHo HOBOH (ha3oBoii auarpamme yriepoaa [1], B quanazone gasineHuid 55-115
['Tla wnaOmtomaercs moTepss YCTOMYMBOCTM ainMa3a M ero TpaHchopmauus B
OHHOHONOJOOHBIE CTPYKTYpbl. OCHOBHBIM pE3yJbTaTOM JaHHOH paboThl sBIAETCA
HaOJI0IeHNe TaKUX CTPYKTYP B BBICOKOTEMIIEpATypHOM obnacT. B oTiauune oT OHMOHOB,
MOJTYYEHHBIX MTPU KOMHATHOHN TeMIlepaType, COKpaIaeTcs Yuciio ux cioes (¢ ~10 mo 2-3)

12].

Hccnedosanue gvinonneno npu gurancosoii noodepicke PODHU ¢ pamkax Hayuno2o
npoexma Ne 18-29-19019.

1. Vladimir D. Blank, Valentin D. Churkin, Boris A. Kulnitskiy, Igor A. Perezhogin, Alexey
N. Kirichenko, Viktor N. Denisov, Sergey V. Erohin, Pavel B. Sorokin, Mikhail Yu. Popov.
Phase diagram of carbon and the factors limiting the quantity and size of natural diamonds.
// Nanotechnology. - 2018. - V. 29. - 115603(1-8);

2. M. Popov, V. Churkin, B. Kulnitskiy, A. Kirichenko, K. Bulatov, A. Bykov, P. Zinin and V.
Blank. Transformation of diamond to fullerene-type onions at pressure 70 GPa and
temperature 2400 K. // Nanotechnology. - 2020. - V. 31. - 315602.
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HOUPKYJIAPHO-IIOJAPU30BAHHOE U3JIYYEHUE CBETA HCKYCTBEHHO
CO3JAHHBIMU XUPAJIBHBIMHA IHOJIYIIPOBOJHUKOBBIMU
I'ETEPOCTPYKTYPAMU

MakcumoB A.A., ®uinartoB E.B., Taprakosckuii U.U., Kyaakosckuii B. /1.

Hncmumym ¢uzuxu meepooco mena PAH, e. Yeproconoska, Poccus,
maksimov@issp.ac.ru

[ToaynpoBOAHUKOBBIE TEXHOJOTMM B HACTOSALIEE BpEeMs IIO3BOJISAIOT CO3/1aBaTh
UCKYCCTBEHHbIE XMpaJlbHbleé MeTamaTepuajbl C BECbMa HEOOBIYHBIMU ONTHYECKUMHU
cBOWcTBaMH: (DOTOHHBIE KpPUCTAJUIBI, MHUKPOPE30HATOPHI, BOJIHOBOJHBIC CTPYKTYPHI
00/1aJal0T TUT'AaHTCKOW ONTHYECKOM aKTHUBHOCTBIO, KOTOpas 3HAYUTEIbHO IPEBBIIIACT
ONTHYECKYI0 AKTHMBHOCTb €CTECTBEHHBIX XHUPAJIBHBIX MaTrepuanoB. I3mydeHuwe Takux
CTPYKTYp: €r0 MHTEHCUBHOCTb, HAIIPABIECHHOCTb U CTEIEHb IMOJIAPU3ALMHU 3aBUCUT OT
JIOKaJIbHOM IVIOTHOCTH JIEKTPOMATHUTHBIX MOJI B CAMOM HAaHOCTPYKTYp€, KOTOPOH MOKHO
YIIPaBIJIATh HA CTAJUU U3TOTOBICHUA. HEOKBUBAJIIEHTHOCTD IIPABO- U JIEBO-TIOJIPU30BAHHBIX
AJIEKTPOMAarHUTHBIX MO/ B IOJO0OHBIX F€TEPOCTPYKTYpPaX Ha OCHOBE OOBIYHBIX aXUPATIBHBIX
A®B® HONyNpOBOJHMKOB BO3HHKAET M3-32 OOIIEH XHPaibHOH CHMMETPUM CHCTEMBI,
MIOSTOMY OHH MOTYT OBITh MCTIOJIB30BAHBI IS CO3/IaHUSI KOMITAKTHBIX KaK OJTHO(OTOHHBIX,
TaK U JIA3€PHbIX UCTOYHUKOB LUPKYJISPHO-TIOJIIPU30BAHHOTO U3JTyueHHsI 0€3 MPUII0KEHUS
BHEIIIHEIO MATHUTHOI'O IOJISL.

Ob6cyxnaroTcs pe3yabTaThl

OKCIIEPUMEHTAIbHBIX Hccaea0BaHuN

SDOTORAHH KOHOTATY CIIEKTPAJIbHBIX, MOJIAPU3ALUOHHBIX u
Gons o 8 | B < C10i KT IIPOCTPAHCTBEHHBIX CBOWCTB M3JIYYEHHUS CIIOS
Bommonon | B A1, Ga, As aHcaMOJii ~ KBAHTOBBIX  TOYEK, OJUHOYHBIX
KBAaHTOBBIX TOYEK 5 WHKEKIIMOHHBIX

J“é’;‘f;‘a HOJIyIIPOBOJHUKOBBIX JIa3€pHBIX CTPYKTYD,

JEMOHCTPUPYIOIINX TIE€HEPALUI0 IUPKYJISIPHO-

Tsneppyma: MOJIIPU30BaHHOTO CBeETA. O06pa3is
"Bupaso” oneno” TIOJTyIPOBOJJHUKOBBIX ~ T€TEPOCTPYKTYp  OBLIM

BBINOJIHEHB! MO0 Ha OCHOBE BBICOKOJIOOPOTHBIX
GaAs MHUKPOpPE30HATOPOB, JIMOO Ha OCHOBE
riaHapHeIx GaAs BosniHOBoax. Ha BepxHem cioe
TaKUX CTPYKTYp 3a CUET YACTHUYHOI'O TPABIICHUS
10 BBICOTE M3TOTOBIIUINCH KBAJAPATHBIE PEIIETKH
XUPAIBbHBIX (OTOHHBIX KPUCTAJIOB u3
Puc.1. Cxema  TOJYIPOBOJHUKOBOH | IEPHOAUYECKH PACIIOJOKEHHBIX IPABBIX HIIH
HaHOCTPYKTYPBI c BOJIHOBOJIHBIM | JIEBBIX TaMMaJMOHOB, Z- WIM S- MOJO00HBIX
XupanbHeIM coeM GaAs, colepKaluM | ¢uryp, 1M60 4-X BBITAHYTBHIX NPAMOYTOJLHHUKOB,
CIIOMi KBAHTOBBIX TOYCK; BHH3Y — BUAL | moBepHyTHIX Ha 90° OTHOCHTENBHO APYT ApYyra
CBCPXY  Ha  OSJCMCHTAPHBIC  SMCHKM | (o ppc.1.). IlompoOHO uU3ydeHA IMCIIEPCHS
(POTOHHBIX  KpHCTAIUIOB ¢ pas/HIHOj (OTOHHBIX MOJ TPU HCCIEIOBAHUSIX YIJIOBOT'O
XUPATHHOCTRIO. pacnpeneneHus HA3ITYYECHHUS. bruto
IIPOJIEMOHCTPUPOBAHO, YTO CTEIIEHb
LHUPKYJISIPHON MOJISIPU3ALIMY [T0JIOC U3Ty4YeHHUS (POTOTIOMUHECIEHIINM B TAKUX CTPYKTYpax
MOYKET JIOCTUraTh 3HAUYE€HUH OueHb ONU3KUX K 1 6 Hyneeom éHewiHem MAcHUMHOM noJe.
BrepBrie ObIT peanu3oBaH BEPTUKATHHO W3JIYYAONIUN TOTYIPOBOJHUKOBBIN JIa3ep
LUPKYIAPHO-TIOJIIPU30BAHHOIO U3JIYyUYEHHUS C dJIEKTPUYECKON HAKaYKOM.
Pabora wactuano noauepskana npoekramu POOU Ne 19-02-00697 u Ne 20-02-00534.
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TBEPITO®A3ZHAA TEXHOJIOT U TOJIYUYEHUA ®YHKIIMOHAJIBHBIX
MATEPHUAJIOB
IIpoxopos /I.B., Kopxkos B.I1.

Hncmumym ¢uzuxu meepooeo mena PAH,
2. Yepnoeonosxa, Poccus, Korzhov@issp.ac.ru

Jloknan mocBsmieH TBepAO(pa3HBIM TEXHOJIOTHAM TOXY4YeHUS (PYHKIMOHAIBHBIX
MaTepuasoB, JOCTOMHCTBOM KOTOPBIX SIBJISICTCS] HEUCIOJIb30BaHHE KAaKUX Obl TO HU ObLIO
IUTaBUJIBHBIX METOAOB. KpaTko mpejacTaBieHbl MPHUMEPHl TAaKUX TEXHOJOTWH, paHee
HCIIOJIb3YEMBIX M pa3BUBAEMbIX B HACTOsIIIEE BpeMs,

1. MHorocnoiHas JieHTta u3 cBepxmpoBojsiero coenunenuss NbsAl Tommmuoir 50
MKM. 3HAUMMBIE pe3ynbTaThl: (1) opuruHagbHas TEXHOJOTHS MOJYyYEHUs JUIMHHOMEPHOI
kommo3utHo  jieHTe  Nb/J[16 u e€  BbicokoTemmeparypHbii, npu 1750°C,
KpPaTKOBPEMEHHBIH, OT 1 10 2 ¢., HarpeBoM CIIOCOOOM «Ha IPOXO» B BaKyyMe; (2) BBICOKUN
KpUTHYeCKHii TOK JIeHThl — 40 4 Ha 1 mm mmpuHbI JIeHTH B MarauTHOM 1os1e 14 Tz (1); (3)
MaJiblii KpUTHYECKUH paauyc u3ruba aeHtsl — 6 mm (1);

2. Ceepxnpoojsinas maorociomnas jeure CU/Nb/Nb50Ti mist MarHuTHBIX crcTEM
MemuimHckux  MR-tomorpados: (1) TBepaodaszHas TEXHOJOTHS MCKIOYaeT U3
TEXHOJIOTHYECKOTO MPOIIecca FapHUCAXKHYIO BHIIIABKY cIMTKOB cruiaBa Nb—50 mac. %Ti u
uX Tnocleayomuil mnepenen; (2) Tak Kak 3aKpelyieHHE CBEPXIIPOBOJSIIMX BHUXpPEH
NpoUCXOaUT Ha HecBepxmpoBo X (ND)-crosix, TO BBICOKask INIOTHOCTh TOKA B CILIABE
Nb-50Ti nocturaercst 6€3 HU3KOTEMIIEPATYPHOTO OTIKHTA.

3. Crnoucteie kommo3utbl u3 Nb-crmmasa: (1) TpemmHoctoiikocts — 12,8 + 1,9
MTla-»Y? npu npunoxkeHnn Harpy3ku L-HO c1osM cTpykTypsr; (2) 100-uacoBoii mpenen
nosnzydectu B uHTepBase ot 1150 no 1300°C nagan ¢ pocTom TeMiepaTypbl COOTBETCTBEHHO
ot 90 10 25 MIla, HO TIpeBbIIIAT MPEIET MOA3YyUECTH Ui BbiiaBieHHbIX ND-CI1aBoB ¢
HaIIPaBJICHHOU CTPYKTYpPOH.

4. Cnoucteie Mo-kommno3utsl: (1) mpenen mpo4HOCTH Ha M3rMO MpU KOMHATHOM
temneparype u B unreppaie 1000-1450°C u (2) TpemimHOCTOMKOCTh — COOTBETCTBEHHO
~285 MIla npu opuenranuu PL(ab) u 325-300 MIla npu P||(ab) u 16,0-19,2 u 17,6-21,2
MTla-»Y? npu P_L(ab) u P||(ab). JocTHrHyTHIe 3HAaYeHHS Ipeena npodnHocTr ~300 MITa npu
1450°C u TpemmHOCcTOMKOCTH ~21 MITa-m™? nis MO-KOMIIO3UTOB OIEHHMBAIOTCS KaK
pe3yNbTaT BHICOKOIO YPOBHSI.

5. KapOuaHbIX MOKPHITUH Ha METANIMYeCKUX (oibrax ¢ ucnoiab3zoBanuem TP -neHt
u kommno3utel, Hampumep, Ti/CTiC/CTiC... u Nb/CNbC/CNDLC..., u3 HHMX HMEIu
op = 1000-1400 MIla npu 20 rpagycax u B TemreparypHoM uHTepBaie 650-900°C — ot
600 mo 1100 MIla. AHanoruyHoe HaHECeHHWE KapOWIAHOTO TMOKPHITHSA Ha JieHThl u3 Nb-
crutaBa ¢ 2%Zr puBeJo K MOJy4YEHUIO JIEHTOYHOI'0 MaTepualla co CTPYKTYpOil U3 MaTpHIIbI
Ha ocHoBe kapOuma (Nb,Zr)Cix ¢ WUroimp4aTtbIMH BKIIOYeHHSMH KapOunpa (Zr,Nb)C Ha
ocHoBe 1upkoHus. Ho takas ¢onbra uzrudanace no paguycy 3 mm 6e3 pa3pylieHus.

6. Croucto-BonokHHCThIe KOMIO3uThl 3 (Mo—ND)-mMaTpuipl, apMupoBaHHBIC
candupoBbIMH BOJIOKHAMH MOJAEPHU3UPOBAHHOTO MeToa CTenaHoBa.
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CTPYKTYPA U CBOUCTBA NOBEPXHOCTHU TUTAHOBOI'O CILJIABA BT6
IMOCJIE DJIEKTPOB3PBIBHOI'O JIETUPOBAHUS U NOCJIEAYIOIIEN
3JIEKTPOHHO-TYYKOBOM OBPABOTKH
Bamyk E.C.%, Axcenosa K.B.%, HeBckuii C.A.2, I'pomoB B.E.2, Bynosckux E.A2
Ydunuan Kysbacckozo 2ocyoapcmeennozo mexuuuecko2o yHugepcumema um.
T.@.I'opbauesa 6 2. [Ipokonvescke, [Ipokonvesck, Poccust, vaschuk@bk.ru
2Cubupckuii 2ocyoapcmeennblil mexuuueckuil yuugepcumem, Hosokysneyk, Poccus

B Hacrosmiee BpeMsi HMHTEHCHBHO pa3BHUBAIOTCS ITOBEPXHOCTHBIE  METObI
YIOPOYHEHHUS, OCHOBAaHHBIC HA HCIIOIb30BAaHUH KOHIIEHTPUPOBAHHBIX IOTOKOB SHEPTUH, KaK
aneKTpoB3phIBHOE JierupoBanue (OBJI) u 00paboTka MOBEPXHOCTH HU3KOIHEPTETUUECKUMU
CUJIBHOTOYHBIMHU 31eKTpoHHBIMU ITydkamu (DI10). OHu MO3BOJISAIOT IPOBOAUTD JIOKATHHOE
YIPOYHEHHE INOBEPXHOCTUM B MECTaX HAMOOJBILEro paspyLIeHMs] MPU SKCIUlyaTallud U
yBENMYUBATh (DYHKIMOHAIBHBIE CBOMCTBA B HECKOJIbKO pa3. B 3Tol CBsI3U yCcTaHOBJIEHHE
3aKOHOMEPHOCTEH  (POpMUPOBaHUS  CTPYKTYPHO-(Da30BBIX COCTOSHUH W HPHUPOJBI
MOBBILICHHS SKCILTyaTallUOHHBIX CBOWCTB MOBEPXHOCTEH MPHU yIPOUHSIOMUX 00paboTKax

Jl1s MOBBIIEHUST MUKPOTBEPAOCTH M M3HOCOCTOMKOCTH HMOBEPXHOCTH THUTAaHOBOI'O
cruiaa BT6 nHayrnepoxuBaHuE MOBEPXHOCTH TMPOBOJWIM COBMECTHO C IMOPOIIKOBBIMU
HAaBECKaMH COEIMHEHHH C BBICOKUMH (U3UKO-MEXaHWYECKHE CBOMCTBAMH, a HWMEHHO,
muoopuna tutaHa TiBp, kap6buma Oopa B4C u xapOuma xpemuuss SiC. B kauectBe
B3pPBIBAEMOT0 IMPOBOTHUKA HCITOJIL30BAIU YIiIepoHyto jeHTy mapku JIY-I1/0,1-50 maccoit
140 mr. HaBecku mopomIkoB pa3HON Macchl pacioiarajiy Ha JIEHTE B 00JIaCTH BHYTPEHHETO
anekTpona yckopurens. llpu QopmupoBaHuM CTpyM OHM 3axXBaTblBaJUCh €K U
MEPEHOCHIINCH HA YIIPOUHSIEMYIO IIOBEPXHOCTD.

DNEKTPOHHO-IIYYKOBYIO ~ 00paboTKy  00pasmoB  moBepxHOCTH mociie  DBJI
OCyHIeCTBIISUIM  Ha ycTaHoBke «Comno» WHCTUTYTa CHJIBHOTOYHOM — 3JIEKTPOHUKU
Cubupckoro otnenenus PAH, usMeHsas mIoTHOCTH dHeprum myuka (50 u 60 JIx/cm?),
JUIUTENTBHOCTh UMIYJIbCOB (100 Mkc) u ux yucno (10 umm.). YacTota UMIynbcoB BO BCex
ciyuasix cocrasisuia 0,3 .

KoMIiekCHOE  3JEKTpOB3pBIBHOE JIETUPOBAHME C IOPOLIKOBBIMH  HaBECKAMM
nubopuia TUTaHa, Kapouna Oopa M KapOuaa KpeMHHUsl MOBEPXHOCTH TUTAHOBOTO CILaBa
BT6 npuBoauT K (GOPMHUPOBAHUIO 30HBI YIPOUHEHHsS] C BBICOKOPA3BUTHIM pelibehoM
TOJIIIUHOMN 10 50 MKM, HEOJJHOPOIHOTO I10 TOJIIIUHE, YIIEMEHTHOMY COCTaBYy U CTPYKTYpPHO-
($ha30BOMY COCTOSTHUIO.

DI10 ¢ NIOTHOCTHIO SHEPTUH MyUKa d1eKTpoHoB 50, 60 [Ix/cM? 30u61 DBJI npuBOaUT
K YMEHBIIEHHUIO IIEPOXOBATOCTH MOBEPXHOCTU MU 0OO0J€€e OJHOPOJHOMY paCIpeNeIeHHI0
JIETUPYIOIIUX 3JIEMEHTOB. TONIIMHA 30HBI YIIPOUHEHUS BO3pacTaeT A0 60 MKM.

Du3nYecKo MPUPOI0N YIIPOUHEHHS 30HbI KOMOMHUPOBAHHON 00pabOTKH SIBIISIETCS
¢dopmupoBaHne MHOro(azHOW CTPYKTYpbl CYOMHKPO- M HAHOPa3MEpHOrO JHara3oHa.
Bxmouenns TiC mnpaktuyecku Oe3nedekTHbI; B 3€pHaX O-TUTaHa MPUCYTCTBYET
JMCIIOKAIIMOHHAsL CyOCTPYKTYpa. PEHTreHOCTpYKTYPHBIMH HCCIIEIOBAHUSMHU YCTaHOBIIEHO,
YTO YINPOYHSIOUUME (pa3amMu SBISIOTCS: IPU UCIOIB30BaHUU MOPOIIKA 1HOopuaIa TUTaHA
TiB2 — TiB, TiBy, Ti2Bs; kapouna 6opa B4C — B4C, BC, TiC; kapouna kpemuus SiC — SiC,
TiC, TiSi u TiS12.

OBJI ¢ ucnonbs3zoBanueM HaBecok TiBz, Bs4C, SiC mpuBOoAUT K yBETHYEHUIO
MHUKpPOTBEPJOCTH TOBEPXHOCTH 10 4 — 8 pa3 B 3aBUCHUMOCTH OT MAacChl MOPOLIKOBBIX
HaBecoK. [Ipu 3TOM yBenMYeHHe MacChl YHPOUHSIOUIMX HAaBECOK OOECIeYMBaeT pPOCT
MUKpPOTBepJOocTH B cpeanem B 1,5-2,5 pasa. [lpu mocnemyromeit DI10 B cimydae
UCIIO0JIb30BaHUs NOPOLIKOBOM HaBecku TiB2 MUKpOTBepAOCTh yBeIMUUBaeTcs B 5,5 pasa (110
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1800 HV), B4C — B 12 pa3 (mo 4000 HV) 1o cpaBHEHHIO ¢ MUKPOTBEPAOCTHIO B HCXOTHOM
COCTOSTHUHU.

DJeKTpOB3PHIBHOE JIETHpoBaHue AnOopuaoM TuTana TiB2 npuBoaANT K yBeTUYEHUIO
W3HOCOCTOMKOCTH B YCJIIOBHUSIX CYXOTO TpeHUA CKoJbkeHus B 14 pa3. [locnenyromas 110
CIOCOOCTBYET POCTY M3HOCOCTOWKOCTH OoJiee ueM B 90 pa3 mo CpaBHEHHIO C UCXOIHBIM
coctossHreM. KomOmHMpoBaHHas 00pabOTKa NPUBOIUT K CHIDKCHHIO KO3 (dUIIMEHTA
TPEHHSI B J[Ba pasa.
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BJUSHUE BMOPOXEHHBIX HEMATHUTHBIX IPUMECEN HA

®A3O0BBIE IIEPEXO/IbI B HU3KOPA3SMEPHDBIX MOJEJIAX IIOTTCA

Mypra3aeB A.K., babdaeB A.B., Araesa I'.5l.
Hncmumym ¢puzuxu um. X.1U. Amupxanoea JJOHUIL] PAH, Maxaukana,
Poccus, akai2005@mail.ru

Nzyuenue ¢azoBbix nepexonoB (PII) u kputuueckux siiennit (KS) B MarHuTHBIX
MaTepuanax, COJEp)KalluX IpUMECH, U JApyrue AeQeKTbl CTPYKTYpbl MPEACTaBISET
OOJIBIION TEOPETUYECKHIA U IKCTICPUMEHTANBHBIN HHTepec [1]. DT0 00yCIOBICHO TEM, YTO
OOJIBIIMHCTBO PEATbHBIX TBEPIBIX TENl BCErJa COACPKHUT MPUMECH U Jpyrue nedeKThbl
CTPYKTYpPBI, IPUCYTCTBUE KOTOPBIX BJIMSIET HAa UX (PU3MUYECKHE CBOWMCTBA M, B YACTHOCTH,
MOKET CYLIECTBEHHO BIUAThH Ha noBejaeHue cucteM npu @II. [Toatomy B nocnennee BpemMs
YCHJIMSI MHOTHX MCCJIeIoBaTelNel ObLIIN HAMPaBJIEHbI HA TO, YTOOBI MOHSTH, KAK T€ UM UHBIE
nedeKThl CTPYKTYPHI BIUSIOT Ha MOBEJCHHE pa3inyHbIX cucteM mpu DI

Ha ocHOBe 3BpHUCTHYECKHX apryMEHTOB OBUIO IOKa3aHO, YTO BMOPOXXKCHHBIC
HEMarHuTHbIE [MPUMECH H3MEHAIT KPUTHYECKUE IIOKa3aTelid CUCTEMBI, €Clu
COOTBETCTBYIOIINI MOKa3aTeIb TEINIOEMKOCTA YUCTOW CUCTEMBI MOJIOXKUTENEH (KPUTEPHid
Xappuca [2]. B Toxe BpeMs HMMEIOTCS OCHOBAaHMS MpeAroJiaraTb, YTO HEMAarHUTHBIE
MIPUMECH OKa3bIBAIOT COBEPIIEHHO APYroe BIUSHUE, BIUIOTH 10 u3MeHeHus poxa DIl na
CUCTEMBI OomHchbIBaeMbIX Mojesimu [lorrca. [lpu n3yyeHun 3Tux BompocoB 1ab0opaTopHbIe
U TEOPETUYECKUE HCCIICIOBAHUS CTAJKHMBAIOTCS C OOJBIIMMU M TPYIHOMPEOIOJTUMBIMU
npoOJeMaMu.

B nacrosimieit pabore Ha 0CHOBE Ki1acTepHoro airopurma metoaa Monrte-Kapiio (MK)
[3] uccnenyercs BiIMsIHHE CIaboro OeCHOpsAKa, PEaIM30BaHHOTO B BHJIE BMOPOKEHHBIX
HEeMarHuTHbIX npuMeceit Ha DI B nBymMepHBIX cuctemax, onmuchiBaeMbIx MoiessaMu [lorrea.
B uyacTHOCTM, TpuBENEHBI pe3ylbTaThl I NATUBEpIIMHHOW Mojaenu Ilorrca Ha
KBaJpaTHOM PEIIETKE.

['aMunbTOHMAH CHMHOBOM CHCTEMBI ONUCBIBaeMOW Mojenbto Ilorrca ¢ unciom
COCTOSTHUM CIIMHA (| UMEET CIICAYIOIIMN BH]T

H==2 Y ap 00, @
0]

6 - yron Mexnay B3aUMOAEUCTBYIOLIMMM CHUHaMU Si - Sj, J — mapameTp OOMEHHOTro
(eppOMarHUTHOTO B3aMMOJICHCTBHSI, Oi—=1, €CIIM y3ell | 3aHAT MarHUTHBIM atoMoM, U pi=0
ecan B | y3Jde HEMarHWTHas MpPUMECh. PacueThl NPOBOJWINCH [UISI CHCTEM C
NEPUOTMIECKUMHU TPaHUYHBIMU YCIIOBHSIMH TIpU KOHIeHTpanusax cnuHoB p=1.00, 0.90.
HccnenoBanuck cuctemsl ¢ TuHEHHBIMU pasMepamu LxL=N, L=20+120. [ns onpeneneHus
teMriepatypbl @II u ananusa xapakrepa PII ucnonb3oBancs MeTon KyMyJIIHTOB bunnepa
yerBeproro mopsinka [4]. Temmeparyper ®I1 Ti(p) B emumnumax |J|/ks paBHbL
71(1.0)=0.8515(1), 7i(0.90)=0.731(2).

[Tomy4yeHHble JaHHBIE CBUAETENBCTBYIOT O TOM, 4YTO BHECEHHE ciIaboro

BMopoxkeHHoro Oecropsinka (¢=0.10, ¢=1-p) B BuAEC HEMarHUTHBIX NpUMeced B
paccMaTpuBaeMyro Mojenb npuBoauT Kk @I BToporo pona.

Ma I1I. // CoBpemeHHas Teopusi KpuTnieckux siBieHuit.-1980.-Mup.-Mockaa.
Harris A.B., J. Phys. C 7, P. 1671 (1974).

Wolff U., Phys. Lett. 62, 361 (1989).

K. Eichhorn, K. Binder, J. Phys.: Condens. Matter 8, 5209 (1996).
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O®OPMUPOBAHUE INTPUITIOBEPXHOCTHOI'O CJIOA TPOfI!—IOFO TBEPI[QFO
PACTBOPA B INTACTHHAX BUHAPHBIX COETUHEHUMU 111-V 3A CYET
TBEPJO®A3HBIX PEAKIIUU SAMELIEHUA

I'aruc I'.C., BacuabeB B.U., Kyyunckuii B.U.

DeoepanvHoe cocyoapcmeertoe Di00xcemHoe yupedcoeHue Hayku DuzuKo-mexHuveckul
uncmumym um. A.@. Hoghgpe Poccuiickoii akademuu nayx (10ffe Institute), o. Canxm-Ilemepbype,
Poccus giman@mail.ioffe.ru

Coenunenusa |l1-V mupoko wucnonb3yroTcs A HU3TOTOBIEHUS AJIEKTPOHHBIX M
OITO3JICKTPOHHBIX MpHOOpoB. B wyactHocTtH, Ha ocHoBe GaAs u GaSb moryr ObITh
U3roToBJICHBI (poTodnexTpuueckue npeodpazosarenu (OOII), mis onpenenéHHBIX YacTel
CIEKTpa ONTHYECKOro M3nydeHus. B maHHol paboTe mpoaeMOHCTpUpOBaHA BO3ZMOKHOCTh
W3TOTOBJICHHS CTPYKTYp Ha ocHOBe OumHapHOro coeamnenus |l1-V ¢ mpumoBepXHOCTHBIM
CJIOEM TPOMHOrO TBEPJOTO pacTBOpa MeToA0M NudPy3un IeMEeHTOB MATOM rpynmsl. Tak
e ObUIa M3rOTOBJIEHA CTPYKTypa C OJHOBPEMEHHBIM (OpMHUpPOBaHUEM P-N mepexojia B
wiactuHe N-tuma 3a cuéT auddy3ud [UHKA, KOTOPBIA MPOHMKAET BIIyOb IJIACTHHBI
JlaJIblile, YEM 3JIEMEHTHI [IATOM rpynibl U co34aéT P-o0aacTsb. [Ipu 3TOM AOIKHBI TPOTEKATH
peakiuu  TBepAo(a3HOrO0 3aMEUICHHS, KOIJa HUCXOIHBbIE XHUMUYECKHUE DIEMEHTHI
KPUCTAIJIMYECKON  pElIETKM  3aMELIAIOTCs  MOCTaBISIEMbIMU HM3BHE XHMHUYECKUMU
snemeHTamu [1].

DNEeMEeHTBl TATOW TPYMIBl JTOCTABISIUCH K TOBEPXHOCTH IMOJIYIPOBOJIHUKOBOM
wiactunsl [11-V B Buge napos AS, P mony4eHHbBIX 13 pacCTBOPOB-PACILUIABOB ATUX JIEMEHTOB
B METaJUIMYECKUX PACTBOPHUTENSX. PacTBOp-paciuiaB u moxynpoBoaHukoBas turactuHa 11-
V Haxoaunuch B peakTope npu temmnepatypax 520 — 670 °C B armocdepe mpoTOYHOTO
Bojiopona. KoHIEHTpanuio W TIyOMHY NPOHHKHOBEHHS 3aMENIAOIINX aTOMOB MOXKHO
BapbUpPOBaTh B HEKOTOPBIX MpejeNiax 3a cuéT BhIOOpa OMpene’EHHON TeMIepaTypbl HId
KOHIIGHTpAIllMd HCXOJIHOTO BEIIECTBA B pacTBOpe-paciyiaBe. B manHoi pabore mpu
CO3aHMU P-N-TIepexo/a, Maphl IUHKA MOCTABISIIUCH U3 TOTO e pacTBOpa-pacijiaBa, yTo U
Tapbl JIEMEHTOB IIATOM TPYIIIIEIL.

[Tpu 3amMerieHNH 3J1IEMEHTOB ISATOW TPYMIIBI ¢ OOJBIIMM MOPSAIKOBBIM HOMEpoM (AS,
Sbh) anemeHTamMu MATOH rPYIIBI ¢ MEHBIIUM MOPSAKOBBIM HOMepoM (P, AS), kak mpaBuJio,
Ha MOBEPXHOCTU CTPYKTYpPbI, U3TOTOBJIEHHON HAa OCHOBE IOJIYIPOBOAHUKOBOMN IJIACTHHBI
OMHapHOTO coeAuHeHus, (opMupyercs MaTepuasl ¢ IIUPUHOM 3amnperméHHON 30HBI,
IpEBBIIIAIONIEH TaKOBYI0 B 00BbEME IUIACTUHBL. TakuM 00pa3oM, BO3MOXKHO IOJIy4YEHUE
mupoko3oHHoro okHa (ILO) Ha mnoBepxHocTH CTpyKTypsl. B cmywae ®OII, IO
MPeIOTBpalaeT HEraTUBHbIE MPOLIECCHI TOBEPXHOCTHON pEKOMOMHALINY, H, KaK CIIE/ICTBUE,
crocoOcTByeT Oosee 3(h(hekTuBHOMY NpeoOpa3oBaHUIO WU3IYYEHHS B DIIEKTPUUYECTBO.
Jannsiit ciocod uzrotosnenuss ®OI1 MoxeT craTh NpOCTON U ACMIEBON albTepHATHBON
COBPEMEHHBIM JIUTAKCUATBHBIM TEXHOJIOTHUSIM.

1. Bacunees B.1., I'aruc I'.C., Kyunnckuit B.U., [lanunsuenko B.I'. // ®TII. — 2015. — T. 48 Ne 7.
C. —984-988.
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NPUMEHEHHWE METOJA AHU3O0TPOITHOTI'O OTPA’KEHUSA CBETA JJIAA
XAPATEPU3ALHUU I'ETEPOCTPYKTYP HA OCHOBE A3Bs

I'opaeeBa A.b., Mapuuer A.E., lImuat H.M., IIpacosios H./l., Biaacos A.C.

Qusuxo-Texnuueckuii uncmumym um. A.@ Hoogpe PAH,
2. Canxm-Ilemepbype, Poccus, anastasiya.gordeeva@mail.ioffe.ru

B pabore wmccrnemoBanuch CIOM TBEPABIX PAaCTBOPOB M MHOTOCIOWHBIE CTPYKTYPHI C
JepCAYIOIHNMHUCA CIIOAMUA, BBIPALICHHBIC MCTOIOM ra30(1)a3H0171 SIIMTAKCHUHU Ha ITOJJIOXKKaX
noxynpoBoaHuKoB A3Bs. [ ompeneneHus CTENeHM KPHCTAUIMYECKOTO COBEPIICHCTBA
MOJYYCHHBIX CTPYKTYp HCIIOJIb30BAIMCH METOJBI PEHTI€HOBCKOW IU(PAKIMK, aTOMHO-
CHJIOBOM MMKPOCKONHUH, (OTONMIOMUHECHICHIINH, a TaKXe METOAMKAa aHU30TPOIHOTO
orpaxkeHus ceera (AO). B xone uccnenoBaHus onpeAessiauch CIEAYIOLUUE MapaMeTPhI:
CTEXMOMETPUYECKUI COCTaB IIOJIyYCHHBIX CIIOEB, NMPHUCYTCTBHE B TBEPHABIX PACTBOPAX
MNPpOAYKTOB CIHMHOJAJIBHOI'O pacmiajga, HaJIW4ue BCTPOCHHBIX HaprDKeHI/If/'I, XapakTep
pernbeda moBepXHOCTH, (POTOTFOMUHECLIEHTHBIE CBOMCTBA CTPYKTYP.
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Puc. 1 Cnexrpst AO InggGao.2ASo.46 Posa/INP 06pasuos |- mrpuxosas, |l — cruromiHas JIMHUSL.

CTpeJ’IKH ITOKA3BbIBAKOT ITOJOKCHHUEC OIITUYCCKUX HepeXO,Z[OB E1 B OGLGMHLIX MaTepI/IaJ'IaXI
1- IngsGag 2ASo.46 Posa, 2 — GaAs, 3 — InP.

Ha pucynke 1 mpencraBnensl cnektpsl AO crmoeB TommuHor 1000 HM TBepbIX
pactBOpoB 1N0.8Ga0.2AS0.46P0.54, BeIparieHHbIX Ha mouioxkkax INP. Kak moka3aHo B pacuere,
JaHHBIA COCTaB HAxXOOUTCS Ha TpaHMIE OOJAacTH CIMHOAAIBHOIO pacnajaa, a,
CJIEZIOBATENIbHO, B TAKMX PACTBOPAaX MOXKET HAOJI01aThCsl MOSIBIIEHUE TPOAYKTOB pacraia —
3epeH OTIMYHBIX M0 cocTaBy, HanpuMep GaAs. O NMosIBIEHUH ITUX 3e€pEH MOXKHO CYAMTH 110
Hannuuio B criekTpax AQO CHEeKTpalbHBIX OCOOCHHOCTEW B 0OJACTH KPUTHUYECKUX TOUYEK
COOTBETCTBYIOIIMX COEIMHEHHH, Kak B ciydae obOpasua Il. B obOpasuax, B KOTOPBIX
MPOM30LIeNl pacrnaj, MNponajaeT BHYTPEHHEE HaNpsHKeHHe, a TaKkKe CYIIECTBEHHO
YMEHBIIAETCS aHU3OTPOIHBIA penbed MOBEPXHOCTH, YTO OTPAXKAETCS U HAa M3MEHEHUH
CHEKTPOB aHU30TPOMHOTO OTPAKEHUSI.

B pabote wirocTpupyroTes pazianyHble BO3MOKHOCTH MeTOAUKH AQO /17151 6E€CKOHTAKTHOM
XapaKTepU3aluu TeTepoCTPYKTYp Ha ocHOBe A3Bs.

Mapuues A.E., Jleun P.U., 'opaeesa A.b., I'aruc I'.C., Kyuunckuii B.W., [lymnsiit 5.B.,
[paconos H.JI., llImunt H.M.// ITucema B XKT®D. — 20217. — T. 43. Ne 2. C. — 3-9.
Fedorov 1.V., N D Prasolov N.D., Levin R.V., Nevedomsky V.N., Gordeeva A.B., Pushnyi
B.V.//J. Phys.: Conf. Ser. — 2019. — 1400. — p. 055024.
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BJIUAHUE AJJCOPBIINUA KAJIUS HA IIOBEPXHOCTHBIE CBOWCTBA
KPUCTAJJIOB Bi2863 nu BizTe3.

Kaxpamanos K.III., A6ayninaes H.A., Kaxpamanos C.111.,
Abnyanaes H0.A., MamenoBa U.A.

Unemumym pusuxu um. I'M. A60oynnaesa HAH Azepbaiioscana, baky,
kamil.gahramanov@yahoo.com

HccnenoBanusi MOBEPXHOCTH KpHCTAIOB BixSes m BipTes, siBusrommxcs Tomosornyec-KuMu
mzonstopamMu (TU) ¥ TpaAWIMOHHO HCHONB3YeMBIX B TEPMODJICKTPUYECTBE, MOTYT PacUIMpPHUTH
JMana3oH WX TPUMEHEHHsS B NPWIOKCHHUSIX ODJICKTPOHUKHM M CIUHTPOHUKH, B COCIAMHEHUIX
HaHOPa3MEPHBIX YCTPOMCTB, 3HEProd((EKTUBHBIX TPAH3UCTOPaX. ATOMBI IIEIOYHBIX METAJIOB
HIMPOKO HCIOJNB3YIOTCS Uit Monudukanun nosepxHoctd TU [1-3] TOCKOJBKY HaHeceHHe
HEMarHUTHBIX TPHMEcEH Ha MOBEPXHOCTh HE HAPYIIAeT CHUMMETPHIO OTHOCHTEIBHO OOpalmieHus
BPEMEHHU M 3alIUTy OT OOpaTHOTO paccestHus Ha Je(eKTax, YTO IO3BOJISIET COXPAHATH PEKHUM
ANIEKTPHYECKOTO TOKA MOYTH 0€3 MOTEPH IHEPTHH.

Ancopbuus capuraer ypoBeHb @epmu EF 3a cuer mepeHoca 37eKTpOoHOB M3 K, 3aHUMArOIIUX
MMOBEPXHOCTHBIE COCTOSHUS. B 00JIacTH HACHIIAIOIIETO MOKPHITUS 00pa3ioB Ha rerepodazHoit
rpaHuiie oOHapy>KeH Mepexo]l B COCTOSIHUE C MPOTHBOIIOJIOKHBIM M3THOOM 30H, Ha €r0 MEXaHHU3M
BJIMSICT COCTOSIHME TOBEPXHOCTH MEXKAy aacopOumoHHbM cioeM K u BizTes, BixSes, xoropoe
OIIpeAeNsIeTCs B 3aBUCHMOCTH OT BEJIMYHMHBI IIepeHoca 3apsaaa ¢ K. DTo 1aetT BO3MOKHOCTb CO3/IaHUS
THOPUIHBIX CTPYKTYp C 33JaHHBIMH CBOWCTBAMH ITyT€M HACTPOWKM IapaMeTpOB, TAKHX Kak
a/IcOPOIIMOHHBIE CIIOU Y TONIIMHA [IACTUHBL.

[+ e
o Puc. bonbiuas yacte
/' aJIcOPOUPOBAHHOIO
S kamus K nuddynaupyer

K KpasiM CTyTIeHeH - a),
00pa3yroTCs OJTHOMEPHBIC
LETIOYKH, HEKOTOPBIC U3
KOTOPBIX — KaHAJIBI BBICO-
KO TIPOBOJTUMOCTH - 0).

0)

K-amaTombl co3/1al0T KOPOTKOIEHCTBYIONUI H3TUO 30H B Mpeenax 3-4 HM OT MMOBEPXHOCTH H3-3a
TiepeHoca 3apsja u3 alaToMOB B 00beM KpucTaiya. PaccTossHue 0T MOBEPXHOCTH BHIIIEYKa3aHHOTO
KOPOTKOJICHCTBYIOIIEro N3ruda 30H MOXKeT yBennuuBarbes 10 10-20 HM B ciiydae co3aHusl CIIOEB
npu auddy3un ancopOMpOBaHHBIX aTOMOB C Teppac K KpasM CTyIleHed u oO0pa3oBaHHUEM
OJTHOMEPHBIX IIETIOYEK, CM. PUCYHOK. DHEpPrHs MOBEPXHOCTHOI'O COCTOSIHUS Ha TPEOHSIX IMOJIOC
CMellaeTcsi B CTOpOHy Oojiee BBHICOKHX 3HaueHWi Ha ~10M3B, Mo cpaBHEHHIO C TaKOBBEIMH BO
BIIaJMHAX 1oyioc. [leproanyueckue BBITYKIIOCTH, MPEACTABICHHBIE ITOJIOCAMH, PUBOMIAT K TUIABHO
M3MEHSIONIEMYCS TIEPHOANUECKOMY MOTEHIIMANY, KOTOPBI OTBETCTBEHEH 3a 3aXBaT HOCHUTEJIEH B
OJTHOMEPHBIE OTEHIIMABHBIE SIMBI 1 CMEIIEHHUIO 30H O0BEMHOTO M IMOBEPXHOCTHOTO COCTOSHHH.
OTH CTPYKTYpBl HHTEPECHBI KaK MMPaKTUYECKask Pealn3alysi OJHOMEPHO KBAaHTOBOI HUTH U MOTYT
OBITH MCTIONB30BaHbI I AoCTHXKEeHUs1 1D Mano u 6e31uccuiaTHBHOTO TPaHCIIOPTA.

Paboma evinoanena npu gunancosot noodepaicke Ponoa Passumus Hayku npu Ipesudenme
Azepbatioscanckou Pecnyonuxu - epanmur Ne EIFIMQM/ EIm-Tehsil-1-2016-1(26)-71/16/1-M-01 u
M EIF-BGM-3-BRFTF-2+/2017-15/02/1.

Z.-H. Zhu, et al... Phys. Rev. Lett. 107, 186405 (2011)
T. Forster, et al._ Phys. Rev. B, 91, 035313, (2015)
K. Park, et al... New Journal of Physics, 15, 113031. (2013)
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CO3JJAHUE HA IOBEPXHOCTHU BUOAKTUBHBIX NOKPBLITUHI T10;
HAHOYACTHUI METAJIJIOB (CU, FE, AG, PT, ZN)

Ilonomapes B.A., IllTanckuii J1.B.

Hayuonanvuwiii uccneoosamenvcxuti mexrnonocuieckuu ynusepcumem « MUCuCy, e.Mockea,
Poccus, ponomarev.viktor1993@yandex.ru

broakTUBHOCT U CHOCOOHOCTH MPOTUBOACHCTBOBATH OaKTEpUAIBHBIM KIIETKAM
SIBJISTFOTCSI JIByMSI OCHOBHBIMH TpPEOOBaHUSMU K MarephaliaM WMIUIAHTATOB. AKTHBHBIC
dbopmbl kuciopoaa (ADPK) u 6akTepuruaHbie HOHBI YPPEKTUBHO YHUUTOXKAIOT OAKTEPHUH, a
00eCTeynTh UX TeHEPALUIO0 MOXKHO, c03/1aB HaHovacTHIbl (HY) MeTamnoB Ha OBEPXHOCTH.
BrOaKTUBHOCTH MOKHO O0ECIIEYUTH CO3/IaHHEM IO (MEeXaHWYeCKass OMOCOBMECTUMOCTh) U
BBeqeHueM Ca u P (xumudeckass 0MOCOBMECTUMOCTB ).

MeTooM Im1a3MEHHOTO AJIeKTpoiauTudeckoro okucieHus (I190) B snexkrponurax,
cogepkamux aieMentsl Ca, P, Obun mosydeHsl mokpeiTvs T102. M3yueHo BiHsHUE
OCHOBHBIX MapaMeTpoB OUIOJISPHOTO UMITYJIBCHOTO PeXuMa Ha MOPQOIJIOTHUIO U COCTaB
nokpbiTHid TIO2. YCTaHOBJIEHO, YTO MOBBIIICHUE HAMIPSDKCHHUS TIOJI0KUTEIBHOTO UMITYJIbCA
(8 nuamazone ot 150 mo 500 B) u ero mamutensHoctH (B auamnazone ot 50 go 200 mkc)
NPUBOJAT K YBEJIWYCHHUIO pa3Mepa Iop, KOJMUecTBa pyTwia W KoHueHtpauuu Ca u P B
COCTaBe, TAK)KE BO3pacTaeT BeposTHOCTb oOpa3oBanus Ca,P-da3sl mocie [190. Ucnbitanus
Ha OMOAKTUBHOCTH TOKPBITHHA B Cpele, UMUTUPYIOIIEH BHYTPEHHIOI CPEIy OpraHu3Ma,
MOKa3aJIi, YTO MOKPBITUS SIBISIOTCS OMOAKTUBHBIMU U CIIOCOOCTBYIOT 00pa3oBaHuI0 (asbl
npejaniecTBeHHUKa rugpokcuinanatiuta (I'A). bruoakTuBHOCTH MOKpBITHI 3aBUCHT OT: (i)
JIONA PyTWIa B COCTaBe (YeM pyTHJ/aHaTa3 OoJbIlle, TEM BbIlie OHOAKTHBHOCTH) (ii)
HaMuus HeHTpoB kpuctaumsanuu Ca,P daser (iii) konmudectBa Ca u P B mokpeituy, (iv)
pasmepa mop (mopsr 1-2 MM ¢ dekTrBHEE, YeM 4-5 MKM).

.. 5_]0 HM

(a) (6)
Pucynok 1 — POM uzo0paxenus HOBerHOCTI/I TiO; HOKpI)ITI/II/I HOCJIC MMIUTaHTaIlu|
(a) Cu, (6) Fe, (8) Ag, (r) Pt, () Zn.

Nmmnnanranus metamnos (Cu, Fe, Ag, Pt, Zn) B onTuManbHOE MOKPHITHE TIPUBENA K
dopmupoBarnto HY. HU Cu pasmepom 10—15 HM 1 OBLITH PaBHOMEPHO pacIpe/IeICHBI 110
noBepxHOCTH Ha pacctosHuu 10 HM apyr ot npyra. HU Fe, manpotuB, ObuUIM TIIOTHO
PacIoIOKEHBI, a JUana3oH pa3mMepoB coctaBist 10-25 um. Ag ob6pazoBano HY pasmepom
15-20 am, paccrosinue Mexay KotopbiMu B 10 pa3 mpesimano ux pasmep. HY Pt umenu
JBa XapakTepHbIX auamerpa: Oonbmme 15-20 uM u mansie 5-10 HM, pacmoioXeHHBIC
Mexay 6onpimmmu. Pa3zopoc mo pazmepy HY Zn cocraisn ot 25 o 70 HM, a pacnosiaraimuch
OHU TUIOTHO (He Oonee 10 HM) APYT K JIpyTy.

HUccneoosanue svinoanero npu punancosoi noodepicke PODOU ¢ pamkax nayunozo
npoexma No 19-38-90249\19 («A4cnupanmoiy)
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HAHOIIOPOUIKHU COCTABA BaZrO3;, CUHTE3UPOBAHHBIE B O/IUH JTAIl

I'apxkumaromenos C.X., Caiinynaes I[1.M., Omupos P.M., Aauxanos H.M., Maromenos K.J.,
PabaganoBa A.D.

Lacecmanckuii 2ocyoapcmeentulii yHugepcumenmn,
2. Maxauxana, Poccus, saipulagvs25@mail.ru

Hcxonupie HaHOmoOpomKku coctaBa BaZrOs cuHTE3upoBaHBl METOAOM HHTpAT -
OpraHWYECKUX TMPEKYpCOpoB, corjiacHo pekoMmeHnauusm u3 [1]. Tlocneayromryro
TepPMHYECKYI0 006pabOTKy HOPOIIKA HPOBOAMIN IIPH PEKUMAX: HpHu Temmeparypax 500°C,
600°C, 700°C, 800°C 1 900°C ¢ BIiepKKOIi Tpu HUX B Teuenue 30 MuH (0603HayeHMs —Nel -
Ne5) cooTBeTcTBEHHO; MO3TANTHO B TeueHUe 30 MUH OJTHOTO U TOTO K€ IMOPOIIKA JI0 YeThIPEX
pexuMoB (Ne6 -Ne9) — B omun ran ipu 600°C (Ne6), B aBa atana npu 600°C u 700°C (Ne7),
B Tpu dTana npu 600°C, 700°C u 800°C (Ne8), B ueTnipe vtana npu 600°C, 700°C, 800°C u
900°C (Ne 9). CkopocTu mombeMa M OXIAKACHHS 10 STUX TEMIEpaTyp COCTaBJISIN
~5°C/mun u ~3°C/MuH.

W3zrorosneHnsle 00pasnbl npeuMyiiecTBeHHO (0T ~ 80% 10 ~90%) obmananmu da3oit
BaZrO3 co cTpykTypoii mepoBCKHUTa C MPOCTPAHCTBEHHOW rpynmoid Pm-3m u moGouHoi
daszoii kapouma 6apus (haza BaCy).

Ha pucynke 1 mokaszaH cpemHuil pa3Mep KPHUCTAUIMTOB, PACCUYMTAHHBIA 110
NOJIyIIMPUHE MHUKOB, UCIOJIb3Ys U3BECTHYIO hopmyiy [lebas-Llleppepa, B 3aBUCHMOCTH OT
PEKUMOB TEPMOOOPAOOTKH.
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Puc. 1. Cpeanuii pazmep KpUCTAIIIUTOB JUIsl HaHonopoIikoB BaZrOz o (ucxogHoro —
CUHTE3UPOBAHHOTI0) U MTOCIIE TEPMOOOPAOOTKH MPHU PA3IUYHBIX peKUMaxX 00pabOTKH.

Y  ucxomHoro oOpaslia OH COCTaBisieT HpuMepHo ~22.5HM, a jaud
TepMmoobpaboTanHoro npu temmneparype 500°C (pexxum Nel) ymensumics Ha ~ 5%. Ilpu
yBenmuueHnu temneparypbl Ha 300°C pa3mep KpHUCTAUIMTOB CHIDKAeTcs Bcero Ha ~ 4%.
OpnHnako c nosbineHrneM temmnepatypsl 00padotku ot 800°C no 900°C oH mpakTHYeCKH He
mensiercst. [Ipr 5TOM ¢ MTOBBIIIIEHHEM KOJIMYECTBA 3TANIOB M, COOTBETCTBEHHO, TEMITEPATYPHI
pa3Mep Takke ymeHbiaetcs ¢ ~22.5 am 10 ~20.9 M.

WTak, yCTAaHOBJICHO CHIDKEHHE CPETHUX Pa3MEpPOB KPUCTAJUIUTOB NPU YBEINYCHUU
TeMIeparypbl 00paboTKH.

Paboma_ewvinoanena 6 pamkax _npoexma_zpaumom YMHUK (3asexa Ne73013) u
yacmuyuno oc. 3adanuem FZNZ-2020-0002.
2. AmuxanoB HM. u np. Cnoco6 mnomyueHust HaHonopoiuka ¢eppura BucmyTa // Ilarent Ne
2641203 ot 16.01.2018.
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HOoJYINPOBOJHUKOBBIE KEPAMUYECKHUE MATEPHUAJIBI ITPU
TEXHOJIOT'HYECKHUX 3AMEINEHUAX B CUCTEME

Manues HLI'., Fagxumaromenos C.X., Ilantyaes /I.K., Padananos M.X., Mypauena K.X.,
Caiinynaes I1.M.

Lacecmanckuii 2ocyoapcmeentulii yHugepcumenn,
2. Maxauxana, Poccus, darkusch@mail.ru

[TonympoBonHukoBble  Kepamuueckue  Martepuansl  (Y-Be-Ba-Cu-O)  mpm
TexHoJornyeckux 3amenienusx (Be wa Ba, B %) B cuctreme YBaxCus3O7.5 momydeHbl
metozoM [1] TBepaodasnoro crekanus. [Topomku Y203, BeO, BaCOz, CuO cMemnimuBaiuch
¢ 100aBJIeHUEM 3TUJIOBOTO CIMpTa U IpeccoBanuch npu gasienun ~100 MIla. Cnekanue
00pa3I10B oCymecTBIUIOCH B TedeHue 20 yacoB B 3 atama npu Temnepartypax 950°C, 970°C
n 980°C. [Ins mOBBIMIEHUST OJHOPOJHOCTH M IUIOTHOCTH TOCJE Ka)JI0Tro dTama oOpa3iibl
MePEeMaJIbIBAIIUCH U MOBTOPHO TpeccoBaiich. OOHAPYKEHO, YTO MUHAMAIbHAS TIOTHOCTh
¥ (puc. 1, cneBa) y ucxognoro ceipua ¢ 10% Ttexnonorndeckum 3amenieHus Be na Ba, a
nayiee HaOJII0JaeTCsl TSHISHITUS TIOBBIIIICHHS Y C POCTOM COJIEpKaHus Oapusl.

[Tocne cnekanuss g Kaxjaoro oOpasna  MPOBOAMIUCH — UCCIIEJOBAHMS
TEPMOPE3UCTUBHBIX CBOMCTB. B KkauecTBe mnpumepa mpuBeneHa (puc. 1, cmpasa)
3aBHCHMOCTH COTIPOTHUBIICHUS OT TEMIIEPATyPhl, B U3BECTHBIX KOOpAWHATaX AppeHuyca, s
obpasna ¢ 20% 3amemenneM Be na Ba nocne cniekanus npu 980°C u mioTHOCTRIO ~ 3.7
r/em®.
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Puc. 1. 3aBucuMocTH: clieBa — HCXOIHBIX CHIPIIOB OT coxaepkanus (B %) Ba; cipaBa — B
koopauHartax IN(1/R) — 1/T mns o6pasua ¢ 20% 3amemniennem Be na Ba mocie criekanust mpu
980°C.

Kak BuaHO, Ha 3aBUCUMOCTH HaOmIofaeTrcs JBa ydacTKa, OOYCIIOBJIEHHBIE
COOTBETCTBYIOIIMUMHU (IIPUMECHBIM M COOCTBEHHBIM) BKJIaJaMU B IPOBOAUMOCTh. W3
HU3KOTEMIIepaTypHOIo ydacTka OblL1a olpejesieHa sHeprus aktuBauuu E. npumeceii, a u3
BBICOKOTEMIIEPATypHOTO — HSHEPrUI0 3amnpenieHHONW 30Hbl Eg. 3Hauenus sHeprum E. B
unTepsaie remmeparyp ot ~ 303K 1o ~ 361K cocrasnser ~0.122 3B, a 3HaueHNE BEIUYUHBI
E¢ B unTepBane ot ~ 361K no ~ 374K B ~ 2.5 pa3za Beiie u cocrasisiet ~0.308 3B. Ilepexon
OT OJHOTO THIA MIPOBOAMMOCTH Ha APYTrOM TUI NMPUXOAUTCS HA 3HAYCHHUE TEMIIEPATypPbl ~
361K.

Paboma evinonnena 6 pamxax npoexmos: « VMHUKy Nel40451°YV/2019, a maxoice
yacmuyno epauma POOU Ne 18-08-00092a u [oc. 3adanua FZNZ-2020-0002.

ITamgaes JI.K., Pabaganos M.X., Mypmnuesa X.X., ['amkumaromenos C.X., 'am3atoB A.l'.,
MypnueB A K. // [lepcnextuBubie Matepuansl. — 2009. — Ne 3. — C. 57-64.

~ 125~


mailto:darkusch@mail.ru

DOI 10.26201/ISSP.2020/FKS-2.008

3ABUCHUMOCTD YPOBHSA YBCO OT IMPUHBI CBEPXITPOBOJSIHIETO
IHEPEXOJA

I'agskumaromenos C.X., [lanyaes /I.K., Pabaganos M.X., MypaueBa K.X.

Lacecmanckuii 2ocyoapcmeentulii yHugepcumenmn,
2. Maxauxana, Poccus, darkusch@mail.ru

HaHoCTpyKTypUpOBaHHBIM  CBEpPXIIPOBOSIIMM  Kepamukam coctaBa YBCO,
W3TOTOBJICHHBIM U3 HAHOTIOPOIIIKOB, CHHTE3UPOBAHHBIX 30JIb-T€JIb METOJIOM [ 1], XapakTepHa
BBICOKAsl JA€(PEKTHOCTh PELIETKU BIUIOTH 10 aToMapHOro ypoBHS. I[loBblieHue Takou
Ne(EKTHOCTH TPHUBOJUT K PAa3JIOKCHUIO OCHOBHOW CBEPXIPOBOASIICH (a3bl ¢
TeMIeparypoil mepexoga, B cpenHeM, ~92K Ha ¢asbl ¢ pa3iuuHbIMH 3HauYeHUSAMHU .
O6pa3upl  kepamuk (20 1mT.), OTIMYAIUCH IUJIOTHOCTHIO, JIMCIIEPCHOCTBHIO YaCTHII,
KHUCJIOPOJIHOM CTEXMOMETPHEH U TEXHOJOTUUECKUMHU MapaMeTpaMu nosrydyeHus. s takux
KEepaMUK TeMIIepaTypa Hadalla Iepexoa B CBEPXIPOBOISIIEE COCTOSHIE OKa3aJlach BBIIIE
u coctaBisiia Tc, wau, ~96K. TemnepaTypa nomHoro nepexoja odpasia B CBEpXIPOBOASIIECE
coctostHUE (7T, kon.) OTIPEACISIIACH PU 3HAYCHUSX TIPOU3BOTHON YACIEHOTO COPOTUBIICHUS
[0 TeMIIepaType PaBHBIX HYNIO0. DTH 3HAUCHUS Ic, xou. UCTIOJIB30BATUCH JJISI OTpEeNICHuUs
YPOBHSI IOMUPOBaHUs P 10 U3BeCTHOU dopmysie u3 [2], a BenuunHa T, waxe IPUHUMAIACH
paBaoii 92K. Ilpu sToM mupuHaA Mepexoia B cBepxmpoBojsinee cocrosaue (ATc),
00yCIIOBJIICHHAS pacIiajjoM OCHOBHOU (a3, onpenensmach Kak ATc = Tc wau, - Tc, xon. Ha
pucyHke | TpuBecHa 3aBHCUMOCTD ) OT BEJIMYMHBI 00paTHOU IUPUHBI iepexona (ATc).
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Puc. 1. 3aBucUMOCTb YPOBHS TONUPOBAaHUS P OT BeTUUYUHBI 1/ATe.

B o0pa3nax conepkanue KUCIopoia JOCTATOYHO BBICOKOE U MeHsieTcs oT 6.7 10 6.9,
a BenuuuHa P — ot ~0.109 mo ~0.157. Kak BuaHo, mporu® 3aBucumoctu P oT 1/ATc
IpUXOMUThCA Ha 3HaueHus P ~0.125 u AT ~ 11K. JlanHas KOppensuus yKa3bIBa€T HE
TOJIbKO Ha pa3jokeHHe OCHOBHOM (ha3bl O KHCIOPOAY, HO U Ha nepexof peuietkn Y BCO
ot opro- II k daze opto- .

Paboma svinonnena 6 pamxax npoexma I'oc. 3a0anuem FZNZ-2020-0002 u vacmuuno
epanmom PODU Ne 18-08-00092a.

Gadzhimagomedov S. K., Palchaev D. K., Palchaev N. A., Presnyakov M. Y., Rizahanov R. N.
/[Crystallography Reports. — 2019. — T. 64. — Ne. 3. — C. 470-473.

Tallon J.L., Bernhard C., Shaked H., Hitterman R.L., Jorgensen J.D. // Physical Review B. —
1995. — V. 51. No.18. — P. 12911-12914.
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CBEPXITPOBO/ISIIIIUE CBOMCTBA 1 MUKPOCTPYKTYPA
KEJIE3OCOAEPKAILIETO THUKTUJA EuRbFe;Ass

AJO. Jlertapenxo’?, K.C. Ilepakos?, B.A. Baacenko?, A.B. Opuapos!, U.A. Kaparees!
' Hayuonanvnwuii uccredosamenvcruii yenmp «Kypuamoesckuii uncmumymy, 2.Mockea,
Poccus
2[lenmp 6bicoOKOmMeMnEpaAmypHoll CePXNPOBOOUMOCHIU U KEAHMOBLIX Mamepuanos um. B.JI.
Tunzbypea ®UAH, 2.Mocksa, Poccus, degtyarenkoayu@lebedev.ru

B HacTosimee BpeMsi 3HAUMTENBHBI HHTEpeC B 00JacTH BBICOKOTEMIEpPATYPHOMH
CBEPXIIPOBOJAMMOCTH MPEJICTABIISIIOT CBEPXIPOBOJHUKM HA OCHOBE JKelle3a BBUIY HX
VHUKaIbHBIX (U3NYECKUX CBOWCTB. HemaBHO OTKpwITas cuctema Fe — comepskammx
cBepxnpoBoaHUKOB 1144 -AeAFesAss, tne Ae — menouno3eMmensHbiii metait (Ca, Sr, Ba,
Eu) u A — menounoit merain (K, Rb, Cs), o01agaer psaoM OTINYUTEIbHBIX 0COOCHHOCTEH
[1]. CeepxmnipoBogsiiue coequuerus 1144 uMeroT KpUTUUYECKYIO TEMIIEPATYPY B AHANIa30HE
Tc = 24-36 K u pacuérHoe BepxHee kputmueckoe mosne okosno 100 Tn [2]. Coenunenue
EuRbFesAss 061aiaeT MArHUTHBIM YIIOPSI0YEHHEM B IUTOCKOCTH ab.

B nanHoi#l pabote ObuM MccienoBaHbl MOHOKpUCTaBl EURDFesASs, cunTesnpoBanHbIe
meromom  «Self-flux», moapobno ommcanHom B pabore [3]. BmepBele Meromamwu
NPOCBEUUBAIOIICH pPAcTPOBOi 3NeKTpoHHONH Mukpockonmu ([IPOM) Obumn u3ydeHsI
o6pasubl MoHOKpHCcTaIIoB EURDFesAss. [lnst mpoBencHus MccaeqoBaHuii u3 00pasIoB C
MOMOIIbI0  C(HOKYCHPOBAHHOTO HMOHHOTO Tydyka HA CKAaHUPYIOIIEM 3JIEKTPOHHOM
MUKPOCKOIIE€ ObLITN MOy4eHbl TOHKUE Jamenu. Cpe3 BBIMOIHSIN BAOIL ocu C. Pe3ynbTaTsl
aHayn3a nostyueHHbIX [IPOM n3o0pakeHuii yka3pIBatoT Ha IPUCYTCTBUE HE3HAYUTEIIBHOTO
KOJMYecTBa HecBepxmpoBoasmed ¢a3er EU-122. Jlonms Brirouenwit ¢aser Eu-122
cocraBisieT 5,6 %, puc.1-a. Paccuntansl mapameTpsl KpucTauinueckoi perrerku 1144: a, b
=3,88 A,c=13,3 A, uro COOTBETCTBYET JIMTEPATYPHBIM JaHHBIM [4]. [[71s1 olleHKH KauecTBa
oOpasioB MoHokpuctamia EURDFesAss Obuta u3MmepeHa TemmeparypHas 3aBHCHMOCTb
MarHMuTHON BOCIIPUUMYHBOCTH TIPH OPHEHTAIMM BHENIHEro MmarHutHoro mois H || ab.
Kputnueckast temmepatypa CBEpXIPOBOASAIIETO Tepexona cocraBmsier Tc = 36 K.
Marnuthslil nepexon ans ¢gaszsl 1144 Tm = 15 K, ansa dassr 122 - Tm = 19 K, puc.1-6.
Habmonaembie BkitoueHUs: HecBepxnpoBoasien ¢as3sl EU-122 B npuiokeHHOM BHEIIHEM
MarHuTHOM ToJie || ab SBIAIOTCS IBYMEPHBIME IICHTPAMH MHHHUHTA.
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Pucynok 1 — a) [IPOM wuzobpaxenue MmoHokpuctamia EURbFesAs, ¢ Bkrouenusimu Eu-122, 6)

TemnepaTypHast 3aBHCUMOCTh MAarHUTHOW BOCTIPUMYHMBOCTH TSI 006pa3iia MOHOKpHCTAIIIa
Eu RbFe4As4.

Pabora BeImonHeHa pu nojiepxke rpanta PH® (21-12-00394).

lyo A etal 2016 J. Am.Chem. Soc. 138 3410

Mattew Bristow et al 2020 Phys. RevB. 101, 134502

Vladimir Vlasenko et al 2020 Supercond. Sci. Technol. 33 084009
https://materials.springer.com/isp/crystallographic/docs/sd_16072
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TERMALIZATION OF HOT ELECTRONS IN A MESOSCOPIC SUPERCONDUCTING
DISK WITH THE GIANT VORTEX

Samokhvalov A.V.!, Shereshevskii 1.A.%, Vdovicheva N.K., Taupin M.2,
Khaimovich 1.M.3, Pekola J.P.#4, Melnikov A.S.

! Institute for Physics of Microstructures RAS, Nizhny Novgorod, GSP-105, Russia
2 Institute of Solid State Physics, Vienna University of Technology, Vienna, Austria
® Max Planck Institute for the Physics of Complex Systems, Dresden, Germany
* QTF Centre of Excellence, Aalto University School of Science, Aalto, Finland
tsamokh@ipmras.ru

The progress in low temperature superconducting devices and technologies operating at sub-Kelvin
temperatures, requires deeper understanding of the thermalization mechanisms. Such devices are
often brought out of equilibrium via processes involving electromagnetic field absorption or the
operational drive, and to suppress resulting overheating in a superconductor different types of
quasiparticle traps are used. One of the promising types of quasiparticle traps, formed by regions of
the reduced superconducting gap and appearing in the Meissner and vortex states, can be efficiently
controlled by the external magnetic field. In this report we present the results of the study of behavior
of the local density of states and the electron-phonon heat flux in giant vortices penetrating to a
circular superconducting mesoscopic sample of the radius R of few coherence lengths &, with proper
accounting of the sample edge effects. The electronic structure of the giant vortex states in such a
superconducting disk is studied in a dirty limit using the Usadel approach in a wide range of magnetic
fields H applied perpendicularly to the sample plane. We have demonstrated that transitions between
the superconducting states with different vorticities L provoke abrupt changes (jumps) in the local
zero bias conductance (ZBC) G./Go at the edge of the disk (see Fig. 1, Go is a conductance of the
normal metal junction). These jumps of the ZBC are attributed to the entry/exit of vortices and are
accompanied by both the decrease and increase in the ZBC at the sample edge while sweeping the
magnetic field up. The change of vorticity L results in jumps in dependence of the electron-phonon
heat flux dQ/dt on applied magnetic field H (Fig.2). The flux dQ/dt is measured in the units of the
flux T / 24¢(5)ke®, where X is the electron-phonon coupling constant of the material.

M- TSIT TS TEIST TR - 1.0 2 —n-a—"
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H/H, H/H,
Fig.1 The dependence of the free energy FL(H)  Fig.2 The dependence of the normalized
(circles) and the normalized zero bias electron-phonon heat flux dQ/dt on the
conductance G.(H) (squares) at the disk edge magnetic field H for T=0.1T. (L =0-4; R =4¢§,
for TZO.].TC (L =0- 4; R= 45_,, H():CD()/TISRZ). HOZCD()/TERZ).
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STRUCTURE OF XE ION TRACKS IN YBCO AND THE INFLUENCE ON THE
SUPERCONDUCTIVE PROPERTIES IN MAGNETIC FIELDS

1Suvorova E.1., ?Degtyarenko P.N., *OvcharovA.V., 1*Vasiliev A.L., “Buffat P.A.

Y4.V. Shubnikov Institute of Crystallography, Federal Scientific Research Centre ““Crystallography
and Photonics” of Russian Academy of Sciences, Moscow, Russia
suvorova@crys.ras.ru
2Joint Institute for High Temperatures of Russian Academy of Sciences Moscow, Russia
$National Research Center “Kurchatov Institute”, Moscow, Russia
“Ecole Polytechnique Fédérale de Lausanne, CIME, Lausanne, Switzerland

Along with impurities and nanoscale precipitations, irradiation with heavy ions with low
fluences is a potential way to increase the critical current density by creating additional
pinning centers with controlled diameters, direction, and continuity. The goal was to analyze
the relative importance of the defect morphology on conductive properties in magnetic field
up to 8 T at different temperatures from 4.2 to 77 K. Beside the aspect of pinning flux in
superconductors, a better knowledge on the possible phase transition in materials (matrix
and precipitates) induced by irradiation is also highly desirable with regard to mechanical
properties

The effect of irradiation with Xe ions with different energies in the range from 0.13 to 0.77
MeV/nucleon on the microstructure of the YBaxCuzOs+s (YBCO) layer and yttria
precipitates (sizes of about 5—-10 nm x 5-10 nm x 10—-20 nm in the whole sample) in the
HTSC wire (Ag/YBCO/LaMnO3/MgO/Y203/Al20s/Hastelloy substrate) is studied. In
accordance with the transmission electron microscopy results the density of yttria
precipitates was about 0.5 — 1.8 -10' cm2in projection of the 30-40 nm thick sample. While
the density of radiation defects is found to be 0.9 — 1.4-10* cm™ in projection for all samples
what corresponds to fluences (about 10 ion/cm?) applied in this work.

The damaged regions of about 5 nm in diameter contain an amorphous material. The material
density drops to 3.60 g/cm® compared to the matrix YBCO crystal with a density of 6.36
g/cm®. The reduction in the superconducting volume does not exceed 4 % from the total
sample volume due to the formation of amorphous tracks. The transformation mechanism
from crystalline to amorphous structure was attributed to an abrupt increase of the lattice
temperature up to melting in a cylindrical region around the ion path followed by a rapid
quenching. Y203 nanocrystals and YBCO matrix retain their pristine structure out of the
tracks (cubic and orthorhombic, respectively). Sizes, distributions and shapes of yttria
nanoprecipitates before and after irradiation remained essentially unchanged as well no
evidences were obtained for irradiation induced precipitation.

Xe ions with high energies create continuous tracks, while discontinuous tracks are formed
by low-energy ions. It is shown that the radiation defects - ion tracks have different efficiency
in increasing the transport characteristics of superconducting wires in magnetic fields up to
8 Tesla. The largest critical current density occurs in the samples irradiated with the lowest
energy applied here (0.13 MeV/nucleon) that corresponds to the highest number of pinning
centers (spheroids) along discontinuous tracks. These numerous pinning centers increase the
current density in the low and intermediate magnetic fields — 56 MA cm™ (0 T) and 16 MA
cm? (8 T) at 4.2K; 3 MA cm? (0 T) and 1.6 MA cm™ (8 T) at 77K. If uncoated YBCO wire
was considered (after YBCO film growing, for instance), the energy of ions could be
reduced.
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TEOPETUYECKAS MOJEJIb ITPOYHOCTH KOMIIO3UTOB "METAJUI-TPA®EH" C
OJJHOPOJHOU U BUMOJAJIbBHOU 3EPEHHOU CTPYKTYPOU

Boosbuaes C.B., 'yrkun MLIO., Llleiinepman A.T.
Hnemumym npobnem mawunosedenuss PAH, Canxm-Ilemepbype, Poccus, bobylev.s@gmail.com

[IpennoxeHa TeopeTUyecKas MOJAENb, MO3BOJSIONIAS PACCUUTHIBATH IMPEAET TEKYyuecTH
KOMIIO3UTOB BHUJA «MeTaUI-TpadeH» ¢ OMHOPOAHOW yibTpamenkozepHucton (YM3)
METAJJIMYECKON MaTpullel, a Takke ¢ OMMOJANBHBIM PaclpeieIEHUEM 3EPEH 10 pa3Mepy
(puc. 1). B pamMkax MoAenu YYUTBHIBAIOTCA KaK JUCJIOKAIIMOHHBIE MEXaHU3MBbl
IUIACTUYHOCTH, TaK M MPOLECCHl CTPYKTYPHBIX TpaHCc(opmaluii TpaHul] 3epeH, CBA3aHHbIE
C 3€pPHOTPAaHUYHBIM MPOCKAIB3bIBAHUEM. B paMKax MoJenu Mpearnoiaraioch, 4To rpadeH
MPEUMYIIECTBEHHO 3ajeraeT Mo rpaHuiam 3epeH B YM3 dase, a B ciiydyae OMMOJaIbHON
CTPYKTYpBI TaKke M BHYTpU OoJbinux 3epeH. [IpeioxkeHHas MOAENb YYUTHIBACT Kak
JUCIIOKALIMOHHBIE MEXAaHU3MBbI IJIACTHYHOCTH, TaK M 3€pPHOTPAHUYHOE CKOJbXeHue. J{is
ciy4yass KOMIIO3UTOB C OJHOpoaHOM YM3 wMeTaimnyeckod MaTpuIlel Ha MpuMepe
kommo3uta «YM3 Ni — rpaden» ObLIO MOKa3aHO, YTO 3€PHOTPAHMYHOE CKOJIBKCHUE IO
ITacTUHAM rpadeHa MOKET HAaUMHATHLCS TP PEATbHBIX HAIPSDKEHUSX TCUSHUST KOMITO3UTOB
«Mertami-rpadeH» M yMEHbIIATh WX Mpefen TekydecTd. s ciaydas KOMITO3UTOB C
OMMOMANIBHON CTPYKTYPON METALTUYECKON MATPHIIBI MBI MTOKA3aJId, YTO 3€PHOTPAHUYHOE
CKOJIb)KEHUE Tak)Ke YMEHBIIAaeT mpeen TekydecTu. lIpu 3ToM ymeHbllleHue mnpeaena
TEKY4YeCTH KOMIIO3UTOB, CBSI3AHHOE C 3€PHOTPAHUYHBIM MPOCKAIb3bIBAHUEM, MPOSBIIACTCS
MIPU MPEBBIIICHUN KPUTUYECKOTO 3HAUYEeHUsI 00BbEeMHOM 101U TpadeHa.

[IpenyioxkeHHass MOJENb IO3BOJISIET BBIABUTH OCOOCHHOCTHM 3aBUCHMOCTH Ipejena
TEKy4eCTHU KOMITO3UTOB «Y M3 MmeTann — rpaden» u «0umMoiaibHbId MeTal — rpaden» ot
UX CTPYKTYPHBIX ITapaMmeTpoB (pa3mepa 3epHa, 00beMHOU noiu rpadena 1 YM3 ¢assl) u
ONPEIETUTh ONTHUMAIIbHBIE 3HAUYEHHSI 3TUX MapaMeTpoB ISl JOCTHXKEHHUS MAaKCUMaIbHOMN
MIPOYHOCTH MaTepHaa.

Puc. 1. bumonanbsHbIi KOMIIO3UT MeTalUT-TpadeH (KpacHbIe JTMHUN 0003HAYal0T rpadeHOBbIE
TJIACTHUHBI) TIOJ] IEHCTBHEM OJTHOOCHOTO PACTATHBAIOIIETO HATIPSKEHHS.

Paboma svinoanena npu nooodepoicke cpauma PH® Ne 18-19-00255.
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MEXAHW3MBbI OGPA30BAHUS TUCJIOKAIIMIA HECOOTBETCTBHUA
B KOMITIO3UTHBIX HAHOITPOBOJIOKAX C SIIPOM B BUJIE
JJINMHHOU ITPAMOU KBAJIPATHOU ITPU3MBbI

CvmupnoB A.M., Kpacanuknii C.A., I'ytknn M.IO.

Yuueepcumem UTMO, Canxkm-Ilemep6ype, Poccus, m.y.qutkin@gmail.com

Pa3paboTrka, momydeHue, wuccieOBaHHE U MPUMEHEHHE PA3IUYHBIX TBEPAOTEIbHBIX
TeTePOCTPYKTYpP HAHOCKOIMYECKOTO MacmTaba COCTaBIAIOT OJHO U3 OCHOBHBIX
HAIpPAaBJICHUHN Pa3BUTHS TEXHOJOTUH JIa3epHON (POTOHUKHU U ONTOINEKTPOHUKU. CoueTaHue
B TaKHUX TETEpPOCTPYKTypax MaTepualoB C pa3HbIMH I[apaMETpaMU KPUCTAIIIMYECKHX
pemeTok U KodpUIUMEHTaMH TEIUIOBOTO PACIIMPEHHs] MPUBOJUT K MOSBJICHHIO B HHX
BBICOKHMX YIPYTUX AedopMmariuii n HanpsikeHuit HecootBeTcTBys [ 1, 2]. [Tpu onpeneneHHBIX
YCIIOBUSX 3TU JAepOopMaliK U HANPsHKEHUS HAYMHAIOT PETaKCUPOBaTh 3a CUET 3apOKICHUs
Y pa3BUTUS Pa3INUHbIX Je(EKTHBIX CTPYKTYp [ 1—-3], B OOJIBIIMHCTBE CllydyaeB — QUCIOKALUN
HecootBeTcTBUs ([IH). W3yuenue ™exanusmoB oOpaszoBanusi JIH wu omnpenenenue
KPUTUYECKUX YCIOBUH WX cpabaTblBaHWS YPE3BBIYAHHO BaKHBI KaK JUIS MOHUMAaHHS
(bu3HYECKUX TPOLIECCOB PA3BUTHUS CTPYKTYPHI B HEOJHOPOIHBIX HAHOPA3MEPHBIX TeaX, TaK
U /1151 COBEPIICHCTBOBAHUS TEXHOJIOIMU UX MOITYYECHHUS.

B nacrosmieit paboTe mcciegoBaHbl TEOPETUUYECKHE MOJETM MEXaHH3MOB 00pa3oBaHUS
npsiMoauHeHbIX JIH B HuIMHIpHUUECKUX KOMIIO3UTHBIX HAaHOIIPOBOJIOKAX C SIPOM B BHJIE
JUIMHHOM MpAMOW KBAAPATHOW MPHU3MbI, PA3MEUICHHONM CHUMMETPUYHO OTHOCHUTEIBLHO
HAJTUHAPUYECKOW TIOBEPXHOCTH 000JI0YKK. PaccuMTanbl H3MEHEHHS] SHEPIHH TaKOu
cuctembl npu oOpazoBanuu JIH, HaiineHbl sHepreTHueckue Oapbepbl I 3apOKICHUS
OTJIENbHBIX IMOJIHBIX M YAaCTHUYHBIX AMCIOKALMN IMyTEM CKOJBXEHHS U MEPEroy3aHus co
CBOOOJHOW TOBEPXHOCTH OOOJOYKHM, a TakKe IyTeM HCIYCKaHUS AMIOJIEH TaKuX
JUCIIOKalui pedpaMu mpusmMaTrueckoro siapa. [lokasaHo, 4To B 3aBUCUMOCTH OT JUaMeTpa
HAHOINPOBOJIOKM M OT TIIONEPEYHOT0 pasMepa €€ sApa MEHSAETCS DJHEepreTHdYecKas
IPEIOYTUTENBHOCTh CpabdaThIBaHUs TOTO WJIM MHOTO MEXaHu3Ma penakcauuu. Hampumep,
B HAHOIIPOBOJIOKE, COCTOSILEH U3 30JI0TOrO sifpa M NajuiagueBoi 00o0jg0uyku, Haubosee
MPEIIOYTUTENIEH MEXaHU3M HCIYCKAaHUs TUCIOKAalMOHHBIX JIumosielt pedpamu anapa. [Ipu
3TOM B 00Jiee TOHKMX HaHOIIPOBOJIOKAX BBITO/IHEE UCITYCKAaHME YaCTUYHBIX JUCIOKAIUi, a
B 0ojiee TOJNCTBIX — MOJHBIX AucioKanuid. ITomyueHHble pe3ynbTaThl CPaBHUBAIOTCS C
JAHHBIMU SKCIIEPUMEHTAIbHBIX HAOII0IEHHH.

bnazodapnocmu
Pabora BeimonHeHa npu GpuHaHCOBON noaepxke Poccuiickoro Hayunoro ¢onaa (rpant Ne 19-19-
00617).

Kavanagh K.L. // Semicond. Sci. Technol. — 2010. — Vol. 25. — Art. 024006.

Glas F. // A.F.l. Morral, S.A. Dayeh, C. Jagadish (Eds.), Semiconductor Nanowires I: Growth and
Theory, Semiconductors and Semimetals, 93, Elsevier Inc., 2015. — Ch. 2. — P. 79-123.

Smirnov A.M., Krasnitckii S.A., Rochas S.S., Gutkin M.Yu. // Rev. Adv. Mater. Technol. —
2020. — Vol. 2. — No. 3. — P. 19-43.
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MATI'HUTHO-PE3OHAHCHBIE UCCJIEJJOBAHUA
MOHOKPUCTAJLJIOB %Si; "*Gey

Kamuauna E.A., Exxescknii A.A., I'yceitnos /[.B., Cyxopykos A.B.
Huoicezopoockuii cocyoapcmeennviii ynugepcumem um. H-U. Jlobauesckoeo, 603950 HuocHutl
Hoszopoo, Poccus, matveevakatya@inbox.ru

B Hacrosimiee Bpemsi akTyajibHa pa3pabOTKa KBAaHTOBOTO KOMIIBIOTEpA Ha CIHUHOBBIX
Kyoutax. IlepcrieKTHBHOW sIBIseTCS HAes CO3JaHHMs KyOWTa Ha TOJIYIPOBOJIHUKOBBIX
MarepuaiiaX, TAKHX KaKk KPEMHUH U TBEPIbIA pacTBOp KpemHuuii-repmanus. Ciou SiixGex
OPUMEHSIOTCS A (OpMUPOBaHMST KPEMHHUEBOW KBAaHTOBOW SIMBI M HMHIYLMPOBAHHBIX
KBAHTOBBIX TOYEK, [IPH ATOM, [IPEATNOIATACTCS, YTO 3TU CJIOU UMEIOT OJIHOPOAHYIO TPaHHUILY.
AKTyallbHBIM OCTAaeTCsl BONPOC KaK HEOJHOPOJHOCTHb PACIPEIEICHUS aTOMOB I'epMaHHS
BIUSET Ha DSJEKTPOHHBIE COCTOSHHUSA, TaK KaK BO3MOKHO NPOHHUKHOBEHHE BOJIHOBBIX
(GyHKIMIA 37eKTPOHOB B MHTepQeicHbIi cinoit Si/SIGe ¢ HeperyIspHbIM pacipeieieHueM
aToMOB repManus. OIHUM U3 METOJIOB U3yUEHHUsI OCOOEHHOCTEH TaKUX CTPYKTYP SBISETCS
AJIEKTPOHHBIN MapaMarHUTHBIN (ciuHOBBIN) pe3oHaHc (DIIP).

B naHHOW paboTe wuCCienoBaHbl MOHOKPUCTAIBI Si1«Gex, BBIpAICHHBIE METOJI0M
Yoxpanbckoro (Leibniz Institute for Crystal Growth, Berlin, Germany). beiia nmonyyena
cepus oOpa3loB ¢ pasHbIM coaepxkanuem repmanus (0.39, -5 atr %), obOoraiieHHBIX
GeccMHOBEIME H30TOmaMu 28Si (99.998%) 1 "2Ge (99.984%), nerupoBanHsie hocdopoM B
npotecce pocra. Criekrpol DIIP uccnenoBanuce Ha cekrpomerpe Bruker-EMXplus-10/12
X-auana3zona B unrepsaie 1=4-25K (wacrora 9,6 ['Tn).

CrnexTtpsol DIIP kpeMHUs ¢ €CTECTBEHHBIM COACPKAHMUEM U30TOIOB TIOXO pa3peliatoTcs u3-
3a yHIIMpEeHHUs JHHMH, BHI3BAHHBIM CBEPXTOHKHM B3aHMOJEHCTBHEM ¢ sapamu 2°Si, urto
OTPaHMYMBAET BO3MOXHOCTH aHajM3a SKCIEPUMEHTAIbHBIX criekTpoB [1]. Oboramenue
KPEeMHHUsI OECCITMHOBBIM HM30TOIOM TNPHBOJIUT K CYIIECTBEHHOMY CyXXeHHI0 JuHuid DIIP
3JIEKTPOHOB, JIOKAJIM30BAaHHbIX Ha AoHOpax [2]. JlaHHbIi 3¢ ekt HabmoaeTcs 1 B CIlaBax
Si1xGex, m36aBnssacs oT m30TonoB 2°Si m 3Ge. B M30TONMHOYHCTHIX MOHOKPHCTAIIAX
SiixGex mpu X = 0.39, 1.2, 2.9 ar% wnabmoaamMcy Oojee y3KHE JHHUH CIEKTPOB
AIIEKTPOHHOTO CITMHOBOTO PE30HAHCA 10 CPABHEHUIO C AHAIOTWYHBIMH KPHCTAIIAMH C
OPUPOJHON KOMIIO3HUIIMEH U30TOMOB KPEMHUS U Te€pMaHUsl.

Crnextpsi D11P no3Bonuin uaeHTUGUIIMPOBATH YE€THIPE PA3IMYHBIX THIIA JOHOPOB ochopa
B SiGe npu Manbix KoHIeHTpaiusx Ge. FIM cOOTBETCTBYIOT Haphl IMHUHN CO CBEPXTOHKUMH
KoHcTaHTamu, a=44.4, 42.5, 33.9 u 27.5 Opct. Jlepopmanuu, co3gaBacMble aTOMaMU
repMaHus, HMCKaXaroT CTPYKTYpy Al OCHOBHOIO CHHIJIETHOTO cOCTOsIHMSA (ocdopa.
HccnenoBanust 3¢)()eKTOB HACBHIIICHHUS TPU PA3HBIX 3HAUYECHHUSIX MHKPOBOJIHOBOW MOIITHOCTH
TIPH pa3HbIX TEMIepaTypax, MoKa3aju, 4To CKOpocTH penakcanuu T1 Bo3pacTaroT mo Mepe
YMEHBIICHNsI KOHCTAaHT CBEPXTOHKOTO B3aUMOJICHCTBHUSA. Pe3ynbTaThl CBUAETENBCTBYIOT O
CYIIECTBEHHO HEOJTHOPOIHOM pacipeaeIeHUH TepMaHus B TBEpAOM pacTBope SiixGex. s
pa3paboOTKH CIIMHOBOTO KyOHWTa HEOOXOIUMO 3HATh, TP KaKOW KOHIICHTPAITUH TepMaHHs B
TBepAOM pacTBope Si1xGx HEOTHOPOAHOCTh paclpeeCHUs] aTOMOB He OYyJeT OKa3bIBaTh
CYIIECTBEHHOTO BIIMSHUS Ha AJIEKTPOHHBIE COCTOSHUS M BOJTHOBBIE (DYHKITUH JIEKTPOHOB B
CMEXHBIX CIIOfIX.

[1] V.V. Emtsev Jr., C.AJ. Ammerlaan, A.A. Ezhevskii, A.V. Gusev. Physica B, 376-377, 45

(2006)
[2] D.V. Guseinov, A.A. Ezhevskii, C.A.J. Ammerlaan. Physica B, 395, 65 (2007).
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PEJIAKCAIIUS OCTATOUYHBIX HAIPSI)KEHUI .
B AEKASJIPUYECKUX YACTHUIAX 3A CYHET 3APOXIEHUSA EHTPAJIBHOU
COEPUYECKOM MMOJIOCTH

Kpacuunkuii C.A., I'yrkun MLIO., KosiecunkoBa A.JL., Pomanos A.E.

Yuueepcumem UTMO, Canxm-Ilemepbype, Poccus, krasnitsky@inbox.ru

Maiible KpHCTaITIMUECKUE YaCTUIBI METAJIOB C FpaHelleHTpupoBanHoi Kyondeckoit (I'LIK)
CTPYKTYpO# 4acTO MPUHUMAIOT (POPMY MHOTOIPAaHHHUKA, UMEIOIIIETO OCH CHMMETPHH IISTOTO
MOpsI/IKa, HAIPUMEP, MEHTarOHAIIbHOW MPU3MBbI, UKOCAdpa WIH JeKadipa. DT OOBEKTHI
WHTEHCUBHO H3Yy4alTCs B TEYEHHE MOCIEAHUX COpoKa JieT U Jo cux mop [1].
[TenTaroHaJIbHBIE YAaCTULIBI XaPAKTEPU3YIOTCA BHICOKMM YPOBHEM BHYTPEHHHUX HAIIPSKEHUI
U 3aI1aCeHHOH yNpyTroi SHepTuu, MPONOPLHUOHAIBHOI 00beMy YaCTHUIIbL. XOPOIIIO U3BECTHO,
YTO B MPOIECCE POCTa TAKUX YACTHI] MPOUCXOIUT COPOC M3OBITOUYHON PHEPTHUU 3a CUET
Pa3HOOOpPA3HBIX MEXAaHW3MOB peJaKCalliK, Hampumep, 0Opa3oBaHMS TUCIOKAIMOHHBIX
aHcamOJel, JTBOWHHUKOBBIX TPaHUIl, MOBEPXHOCTHBIX CJIOEB, BKJIIOYCHHM, TOP, TPEIIUH,
HUTEBUIHBIX KPHUCTAJUIOB, pacTymMX ¢ moBepxHocTu [2]. JlanHas pa®oTa mocBsiieHa
M3YUYECHUIO PEIAKCALIMU HANPSHKEHUN 32 CUET 3aPOKICHUS TIOPHI B OJJHOM U3 TAKUX CTPYKTYP
— JIeKa’ApuuecKoi yactuiie [3].

B pamkax sHEpreTM4eckoro Mnojaxojaa MPejIoKeHa TEOPETHYECKas MOJIEb pPeJIaKCaluu
HaIPSOKEHUH B IEKAdIPUICCKUX YACTHUIIAX 3a CUET 3aPOKICHUS IICHTPATLHON CheprIecKoi
nopel.  OmpeneneHo aHaJUTHYECKOE BBIPAKEHUE [IJIsi  YINPYroM DHEPrUU  MOJIOU
JIeKa’ApUYeCKOr JacThllpl. 1loka3zaHo, 4To CylIeCTBYET HEKOTOPBIA KPUTUUYECKUN pa3mep
YaCTHUIIbl, NMPU JTOCTUKEHUU KOTOPOTO 3apOXKIECHHUE MOPbI CTAHOBHUTCS IHEPreTUUYECKHU
BbIroIHO. Kpome TOro, mokasaHo, 4TO TMOCHE 3apOoXkACHUS TOpBHl €€ paauyc Oyner
YBEJIMYMBATHCS, IMOKAa HE JOCTUTHET ONTUMAJbHOTO 3HAYEHUs, COOTBETCTBYIOILIETO
HauOoJbIIeMy HW3MEHEHHIO OJHepruu. [lomydyeHHbIE TEOpeTHYecKHe pe3yJbTaThl
CPaBHUBAIOTCSI C UMEIOITUMUCS SKCIIEPUMEHTAIBHBIMUA JTaHHBIMU 110 HAOIIOJEHUIO TIOP B
JEKa’APUYECKUX YaCTULIAX.

Bnazooaprocmu
Pabota BeimonHena npu puHancoBoi moanepxxke Poccuiickoro HayuHoro gonna (rpant Ne 19-19-
00617).

Marks L.D., Peng L. // J. Phys.: Condens. Matter. — 2016. — VVol. 28, — Art. No. 053001
Gryaznov V.G., Kaprelov A.M., Romanov A.E., Polonskii I.A. // Phys. Stat. Sol. B. — 1991. —
Vol. 167. — No. 2. — P. 441-450.

ScuukoB U. C., Bukapuyk A. A. /| ®usuka tBepaoro tena. — 2006. — T. 48. — Ne. 8. — C.
1352-1357.
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SHTAJIBIINA OBPA30BAHUS JE®PEKTOB MEXKY3EJIBHOI'O TUIIA B
BBICOKOHTPOIIMMHBIX OB bEMHBIX AMOP®HBIX CILTABAX

Makapos A.C. %, I'onuaposa E.B. !, Qiao J.C.?, Kooeaes H.II. %, Xonuk B.A.1!

'Boponecckuii 2ocyoapcmeennblil nedazozuveckuii yuusepcumem, 2. Boponesc, Poccus
“Northwestern Polytechnical University, Xi’an, China
SUncmumym ¢uzuxu meepoozo mena PAH, 2. Yepnozonosxa, Poccus
a.s.makarov.vrn@gmail.com

CpaBHMTENBHO HEJABHO OBbUIM pa3paboTaHbl BHICOKOIHTPOIMIHBIE 00BEMHbIE aMOp(]HbIE
crutaBel (BDOAC), xoTtopeie Onaromapsi SKBUMOJSPHOMY WM TOYTH 3KBUMOJIIPHOMY
COOTHOILIEHUIO KOMIIOHEHTOB B COYETAaHMU C aMOP(PHON CTPYKTYpPOH AEMOHCTPUPYIOT
Ha0Op MHOrooOEIAIONIMX CBOMCTB, TaKMX KaK BBICOKas MPOYHOCTh, IMPEBOCXOAHAS
KOPPO3MOHHAsA CTOMKOCTh U Jp. B cuily OoTCyTCTBUS JajibHEro nopsiaka M IOBBILIEHHOM
cTpykTypHoil sHTponu B BOOAC npoTtekatoT mpouecchl CTpyKTypHO# penakcanuu (CP),
KOTOpbIE NMPUBOJAT K U3MEHEHUIO MPAKTUYECKU Bcex (pusmueckux cBoiicts. Ilpounecc CP
NPUHATO HWHTEPIPETHPOBATH C TMO3UIMH HW3MEHEHUS KOHIECHTPAIMH CTPYKTYPHBIX
«nedpextoB». Ilpupona «aedekroB» ocrtaercss mpeaMeToM AucKyccuu. I1nompoTBOpHOCTD
IpUMEHEHUs Mexy3enbHoi Teopun (MT) nns onucanus yJaenbHOro TEIIOBOrO MOTOKA, a
TakXe IPOrHO3UPOBAHMS TEMIIEpaTypHOH 3aBHCHMOCTH HEPEIAKCUPOBAHHOIO MOIYJIS
caura BOOAC cBuIeTenbCTBYET B MOJB3Y eEKTOB MEXKY3eIbHOro TUIa. B HacTosmem
JIOKJIa/Ie TPEJIOKEH METOJI OLEHKM SHTAJIbIIUM aKTUBAaLUN/(QOpMHUpPOBaHUS N1e(EKTOB
MexysenpHoro tTuna B BOOAC.

Nsmenenne sutansnmu BOOAC AH  (T) Moxer ObITh 3KCIEPHMEHTAIBHO OIPEISIICHO

metogoMm nuddepenmanbHoil  ckanupytomei  kanopumerpuu  (JJCK) ¢ momormnsro

cootHomenuss AH_(T)= % j AW(T)dT , rae T — ckopocts Harpea, AW (T) — pa3HOCTb

MEXJly TEMIIEPATypHBIMU 3aBUCUMOCTSAMHU TEIUIOBBIX MOTOKOB BOOAC m aHanoru4Horo
kpuctamia BOC. C npyroit croponsl, u3meHenue monsproit sutansnuu AH  (T) BOOAC

CBSI3aHO C W3MEHeHHeM MoJisipHON koHumeHTpanuu nedexkroB AN (T) ¢ momomipro
Belpaxkenuss AH_(T)=H,AN_ (T), tne H, — sHranmemus aktuBarun/(popMHpOBaHUS
nedexros. B pamkax MT Bemunna AN, (T) ompenensiercs Ha OCHOBE JaHHBIX peJIaKCalluu
caBuroBoil  ympyroctu. Takum  oOpazoMm, mapaiieNibHble  AKCHEpUMEHTalbHbIE
Kanopumerpudyeckue wusmepenns (AH,) u wucciaenoBaHHsS penakcalMy  CABHIOBOM
ynpyroctu (AN, ) MO3BOJISIOT OLIEHUTH SHTAIBINIO 00pa3oBaHus AedexToB H .

C 1IeNBIO ONPEIENIEHNS DHTAIBIINK 00pa30BaHus Ae(PEKTOB MEXKY3EIBLHOTO THIIA TPOBEIECHEI
cnenuanbHpie  m3Mepenus it BDOAC  ZrssHfi7s5TissAli2sCo7sNioCuie 1
Ti1e.7Zr16.7Hf16.7CU16.7Ni16.7B€16.7, C OMOIIBIO KOTOPBIX MOJTyY€EHBI BEMMIUHBl H , paBHbIE

4.3 1 3.5 3B, cootBercTBeHHO. ClietyeT OTMETHTB, UTO IOJTydeHHbIE 3Ha4eHust H ; xoporro

COTTIACYIOTCSI C BEIWYMHAMHU DHTAJIbIUU 00pa3oBaHMs A€PEKTOB, PACCUUTAHHBIX TIPH
nomornu ypaBHeHuss MT H =aQG, rne a — Oe3pa3mepHas KoHCTaHTa, {)— o0beM,
npuxojsumiics Ha atoM, G — moxayinb casura BOOAC.

Paboma sevinoanena npu unarcoeoul noddepacke 2parnma llpesudenma PP ons 2cocydapcmeennou
1000EPHCKU MON0ObIX POCCUNUCKUX VYEHbIX — Kanoudamos Hayk (npoexm MK-1101.2020.2).
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MexaHu3mbl TpaHcHOPMALMHE FJIEKTPOMATHUTHBIX BOJIH U HEKOTOPbIE
KPUTEpPUH HeYyCTOHYNBOCTH 00pa3ua npu pacxogosanuu CBY sneprun

X. ®. MaxmynoB
OTU um. A.D. Nodde (loffe Institute), Canxr-TTetepoypr, Poccus
mailto:h.machmoudov@mail.ioffe.ru

[IpencraBneHo ucciae0BaHUE MEXaHU3Ma MOTIIOIIEHUS U TpeobpazoBanuss CBU-sHeprun
B TEIIOBYIO SHEPTHUIO MPU IECTPYKIIUU 00PA3I[0B BIArocoAepKaIiuX reTepOreHHbIX MaTepUaoB.
YcTaHOBIIEHO, YTO MPH MOTJIOMEHUN U TpeodpazoBannu CBU-sHEpruu B TEIUIOBYIO SHEPTHUIO
HAUYMHAIOT BBINOJHATHCS HEKOTOpPbIE KPUTEPUU HEYCTOMUMBOCTH oOpas3lia MpU pacxoJ0BaHUU
SHEPTUU U MPEJIJI0KEeH MexaHu3M npeoOpa3zoBanusi CBU-3Hepruu B TEMIOBYIO SHEPTUIO B TOUKAX
COMPUKOCHOBEHHMSI BOJJOHACBIIIIEHHBIX MTOP B MOJAEIBHBIX 00pa3iax.

[IpousBeneH  SKCHEPUMEHT,  MOJACIHMPYIOIIMA W ONUCHIBAIOIIMKA  MEXAaHU3M
TpaHcopMallii MHUKPOBOJIHOBOM JHEPrMM B TEIUIOBYIO, OTJIMYAIOIIUNCA OT paHee
PacCMOTPEHHBIX MEXaHM3MOB. MexaHN3M OCHOBaH Ha pe30HaHCHBIX kojiebanusx CBU- BomH B
nopax reTeporeHHbIX o0paslax ¢ nocienayoilei Tpanchopmaireit MUKpOBOIHOBOM SHEPTUU B
TEIUIOBYI0O B MECTax COINPHUKOCHOBEHHS. YCTaHOBJIEHA HEOOXOJMMOCTb OMIPEIEIIEHUS CamMoro
MCTOYHUKA 3apOKJICHUS TPEIIMHOBATOCTH, CIIOCO0A MOTYYCHHS K MECTa MOSIBICHUS IEPBUYHOTO
TEII0BOTO 3 (HeKTa OT MUKPOBOIHOBOT'O BO3ICHCTBUS IIPH U3YUICHUH Pa3pPYyIICHUS T€TePOTreHHBIX
MaTepuasoB B 00JACTH MEXaHUKU pa3pylIeHUs TBEPAOrO Tela.

[ Moaeas Teepaore Tean I

1

r r L4 b r

CrpykTypHas BecerpysTyphias Tepuoammasireckan Cramncrineckan MHKPOBOJIHOBAA
L 9 k.
fcramnueckas| | AN dernomenonorin- TepuoIHHAMMYecKHe| | cTaTHeTHHeCKie MHKPOBOIHOBAA
HecKas
HECKHME TEOPIK TEOpa TEOpHN TEOpHN
l L PAIPYLIEHHA PEIpYILCHNHA paIpyLIeHns paIpyIICHAA
siskpoae- | [repsodiyx-
feKTHLE | | Tyauuouas
TEOPHH Teopia
[paspyieies] paspyuichi

Puc. CymectBytomas cxema, MOAEIb TBEPAOIo Tea U cxeMa, 1o0aBieHHas (IIPeIsI0KeHHAs) B
paboTe: KOJIOHKA MpaBasi BEPXHsIsl «MUKPOBOIJIHOBASD) W KOJIOHKA MpaBast HIKHSS «MHUKPOBOJIHOBAsI
TeopHst pa3pylIeHUs». MUKPOBOIHOBAs TEOPUS pa3pylleHHs] TOAPOOHO paCCMOTPEHA, M TIPEITIOKEHO
HOBOE HaIpaBJICHHUE HApsLy C IPYTMMHU HAIPABICHUSAMH pa3pyLICHUs, TIPH U3yYEHHH MOJIEIN TBEPAOTO
Tena B 00JIaCTH MCCIIeJI0BaHMS IPOYHOCTH U pa3pylICHHs JECTPYKIIUHN BO BIAr0COIEPKAIIIX
TeTepPOreHHBIX TBEPBIX JUIIEKTPUKAX.

Cnmcok JInTepaTypsl
[1] Memxymua M. I', MaxmynoB X. @. XKT®. 2019, 64, C. 615- 919
[2] Mermxymun M. T', Maxmyznos X. @. XKT®. 2017, 62, C.1056 — 1064
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CONDUCTIVITY AND THERMOELECTRIC COEFFICIENTS OF DOPED STO AT
HIGH TEMPERATURES

Kh. G. Nazaryan! *, M. V. Feige’'man®3*$

Moscow Institute of Physics and Technology
2L.D.Landau Institute for Theoretical Physics, Chernogolovka, Moscow Region, 143432, Russia
¥Skolkovo Institute of Science and Technology

*khachnazar@gmail.com, §mvfeigel@gmail.com

Introduction

We developed a theory of electric and thermoelectric conductivity of lightly doped SrTiO,
in the non-degenerate region kzT > E, assuming that the major source of electron
scattering is their interaction with soft transverse optical phonons present due to proximity
to ferroelectric transition. We have used kinetic equation approach within relation-time
approximation and we have determined energy-dependent transport relaxation time t(E) by
the iterative procedure. Using electron effective mass m and electron-transverse phonon
coupling constant A as two fitting parameters, we are able to describe quantitatively a large
set of the measured temperature dependences of resistivity R(T) and Seebeck coefficient
S(T) for a broad range of electron densities studied experimentally in recent paper [1]. In
addition, we calculated Nernst ratio v = N/B in the linear approximation over weak
magnetic field in the same temperature range.

Results of the implemented method

We choose 1 = 0.88 and effective mass m(T) which linearly interpolates between 8.7m,
for 100 K to 10.7m, for 700 K. We emphasize that the single set of A and m(T) was used
to fit the data for all different doping concentrations, and relative error is 7-9%.
Acknowledgments

Ny= 1.4-10"%em™?
5.9-107 1.8 -10%0

T/100,K T/100 K
FIG. 1: The comparison of the experimental data (dashed lines) and the theoretical results (full lines)
of the resistivity (upper plot) and the Seebeck coefficient (lower plot)
We thank Kamran Behnia and Clement Collignon for many useful discussions of
experimental aspects of STO and for providing us with the raw experimental data from [1]
we also thank Dirk van der Marel and Igor Mazin for clarifications about the issue of
effective electron mass in STO.

We are grateful to Anton Andreev, Denis Basko, Alexei loselevich and Dmitry Kiselev for their
comments on the theory side. This research was supported by the Russian Science Foundation grant
# 21-12-00104.

[1] Clement Collignon, Phillipe Bourges, Benoit Fauque, and Kamran Behnia, "Heavy non-
degenerate electrons in doped strontium titanate”, Phys. Rev. X 10, 031025 (2020)
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MOJIEKYJISIPHO-TMHAMMWYECKOE MOJIEJIMPOBAHUE BO3JIEMCTBHUSA
YIAPHBIX BOJIH HA JTE®EKTHYIO CTPYKTYPY BOJIb®PAMA
3.A. lllapunos!, B. Batropan®, U.B. Iysemun’, T.I1. [yssmunal, U.I'. Xpucros?, P.J. Xpucrosa?,
3.K. Tyxsues!
L06veounennviti uncmumym saoepuwix uccredosanui, J[yona, Poccus, zarif@jinr.ru
2 Cogpuiickuii ynusepcumem “Ce. Knumenm Oxpuocku”, Cogus, Borcapus
$Monzonvekuil 2ocyoapcmeennviil ynusepcumem Hayku u mexuono2uu, Yian-bamop,
Moneonus

Paborta mocBsIeHa HMCCIEIOBAHUIO BO3JCHCTBHSA YAApHBIX BOJH Ha Ae(EeKTHYIO
CTPYKTYpPY BoOJIb(ppama ¢ UCIIOIH30BaHUEM METOa MOJIEKYJIIPHOM TuHAMUKHU. Bosibdpam u
KOMITO3UTHI Ha €r0 OCHOBE SIBJISIETCS MEPCICKTUBHBIM MAaTEPUAIOM JIJISl UCIIOJI30BAHUS B
TEPMOSJIEPHBIX peakTopax Oynaymero mnokosenus [1,2]. Ytobsl Bocco3aarh ycioBHE
HaXOXJEHUA Bolb(ppaMa B TEPMOSACPHBIX pPEAKTOpPAX HCIHOIb3YETCs Ppa3IUYHbIE
yckoputenn. [l 3TOro B HACTOSIIEE BPEMsS MPOBOASATCS OOJBIIOE KOJUYESCTBO
IKCIIEPUMEHTAIBHBIX UCCIICIOBAHUN NI H3YUYCHUS BOJIb(paMa Mo 1 ACHUCTBUEM Pa3IMIHbIX
BUJIOB OOJTYYCHHSI: HEUTPOHAMH, aTh()a YACTUIIAMH U TSHKEITBIMU HOHAMH BBICOKUX SHEPTHH.
JIJIsi MaTeMaTu4ecKoro MOJCTUPOBAHUS BO3JCHUCTBUS PA3IUMYHBIX BUIOB OONYYCHHS Ha
BOJIb()paM B OCHOBHOM HCIIOJIb3YETCS METOJIOM MOJIEKYJSAPHOW NUHAMUKU. Pe3ynbTaTsl
MOJICTTMPOBAHUS JIEHCTBUSL YJApHON BOJHBI MPU OOJYyYEHWH MHILEHU U3 BOJb(pama C
KPUCTAJUTMYECKOW PEIIECTKON, COJAEpXkaIlel «IpUpPOAHBIE» Je(PEKThI, MPEICTABIATH
OOJILIIION MHTEPEC B PEAKTOPHOM MaTepHaNOBEICHHH. Pa3audHbIe THIBI JAEPEKTOB BO
MHOTOM OTPEICIAIOT BaXXHBIE CBOWCTBA MATEpUAJIOB, COOTBETCTBEHHO HW3MCHEHHUE
ne(eKTOB TMOJ JACUCTBHEM OOJydeHUsi MEHseT CBOMCTBa oOjydaeMoW MuiieHu. B
HacTodAlell paboTe B paMKax MeETOAa MOJEKYJISPHOM AMHAMUKH HCCIEAyeTcsi 0Opaslibl
BOJIb(ppaMa ¢ pa3IMIHBIMH AcPeKTaMH B IITYOHHE TOJ| JCHCTBHEM YIapHOUN BOJHBL J{s
TeHepaluu yJIapHOH BOJHBI B MHINCHH MOJCIHUPYETCS OOIYUYCHHE TSDKEIBIMU HOHAMHU
BolbPpaMa M KIacTepaMu Boib(ppama pa3IMYHBIX SHepruil. B pabote momydeHsl
pe3yNbTaThl YUCICHHOTO MOJCIMPOBAHUS: TIOPOTOBasl MIIOTHOCTh YHEPTHH, MPUBOASIINIAS K
00pa30BaHMIO YAAPHBIX BOJH, BO3ACHCTBYIONIMX Ha JAe(PEKTHBIC CTPYKTYpHI O00IydaeMoi
MUIIIEHH B 3aBUCIMOCTH OT YHEPTHH KJIacTepa.

Paboma evinoanena npu gurnancosou noodeprcke PODOU uw MOKHCM 6 pamkax
Hayunoco npoexma Ne 20-51-44001 u Iloanomounoco npedcmasumens Pecnyonuxu
boneapuu 6 OUAU.

[1] J. Knaster, A. Moeslang and T. Muroga. Materials research for fusion. Nature Physics
12(2016) 424-433.

[2] S. Wurster, N. Baluc, M. Battabyal, et al., Recent progress in R&D on tungsten alloys
for divertor structural and plasma facing materials. J. Nucl. Mater. 442(2013), 181-189.
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OHPEAEJIEHUE MOP®OJOI'MH MUKPOIIOP B MOHOKPUCTAJUIAX METOAOM
MOJEJIMPOBAHUS ®A30BO-KOHTPACTHBIX U30BPA’KEHUU B
CHUHXPOTPOHHOM U3JIYYEHUU

Aprynosa T.C.}, Kon B.I'.2

Ydusuxo-mexnuueckuii uncmumym um. A.®. Hogpgpe PAH, 2. C.-Ilemepbype,
argunova@mail.ioffe.ru
2HUI] «Kypuamosckuil uncmumymy, 2. Mocksa

Kpucrammmzamuss marepuanoB, NMpeaHa3HAUCHHBIX [UIS HCIOJIB30BAaHUSA B 3JICKTPOHHOM
TEXHUKE, CTAIIKUBACTCA C MPOOIEMO MUKPOHEOIHOPOJHOCTH UX BHYTPEHHEH CTPYKTYpBHI.
[TonmHyt0 KapTUHY ¢ W300pa’keHHEM IOp, BKIIOYEHUN W TPEUIMH MUKPOHHOTO pa3Mepa B
00beMe MOHOKPHCTAUIOB MOYKHO TIOJYYHTh METOJIOM (ha30BO-KOHTPACTHOTO M300paKeHUS
00BEKTOB Ha TPOCBET B KOTEPEHTHOM CHHXpOTpoHHOM uznydenun (CH). B Hammx
OpeIbIAYIIUX MCCIEIOBAaHUAX OBUIO IOKa3aHO, YTO KOMIIBIOTEPHOE MOJICIIMPOBAaHUE
($a30BO-KOHTPACTHBIX HM300paKEHUH MO3BOJSIET ONPEACIUTh IMapaMeTphl MHUKPOIIOp B
IPOCTPaHCTBEHHO-HEOIPAaHMUEHHOM YaCTUUHO-KorepeHTHOM nyuke CU ¢ pa3Hoil mupuHoii
criektpa [1]. Jst mosmydeHus: MakCUMallbHOM SIPKOCTH dHepreTudeckoe paspemenue AE/E
BapbeupoBanock oT 7x107-4x102 no 10*-10° 11 po30BOro MIM MOHOXPOMATHYECKOTO
nyuyka CH 13 mOBOPOTHOrO MarHuTa WM BUITJIEpa COOTBETCTBEHHO. DKCIIEPUMEHTAIBHO
U3y4eHbl TOPHl pa3HO (hopMBI B KpHCTaiax KapOuna kpemuus (puc. 1,a), HUTpHIA
amomuHus (puc. 1,b) u candupa (puc. 1,6) MonenupoBanue H300pakeHH MPOBEACHO HA
OCHOBE HEKOTOPBIX MoJieNiell OOBEKTOB: KamcCyja, JIUIMITHYECKUH IHIUHAP, cdepa
(Puc. 1,d-f). PacueTHble KapTHHBI MOIYY€HBI METOAOM IPOIArMPOBAHUS BOJHOBOM
GyHKIMM TIOCNIe OCBEmIeHHsT OOBEKTa B PACXOISAMIEMCS OT TOYEYHOTO HWCTOYHHKA
u3aydeHuu. Jlins MopaenupoBaHUS HUCHOJNb30Bajach OpPUTMHANbHAs KOMIIbIOTEpHAs
nporpaMMa, KOTopas BKJIIOYaia y4eT (OTOIIEKTPUYECKOTO MOTJIOMIECHHS, TONEPEYHOTO
pasmepa UCTOYHHKA U CYMMHUPOBAHUS 110 CIIEKTPY.

B nmanHOM pokiame OOCYXKIAIOTCS BOIPOCHI OMPEACICHHS MHHHMAJIBHOTO pa3Mmepa
MHUKPOIIOp B KPUCTAJUIAX M BBIYMCIEHUS HUX MapaMeTpoB B HEKOTOPHIX ciydasx. B
9acTHOCTH, Korja (1) caBur ¢as3bl oueHb Mman, win (i) ¢da3a U3MEHSeTCs TPU MOBOPOTAX
obpasua, wiu (iii) monoXkeHHe MHUKpPOMOpbl B o0beMe o0pasia 3apaHee HEU3BECTHO.
PaccmoTpenHbIe TeOpeTHYeCKHe MOJEN COOTBETCTBYIOT SKCIEPUMEHTAIBHBIM JTaHHBIM,
NOJYYEHHbBIMH TMPU HUCCIEAOBAaHMM MOP(MOJOTUM U IBOJIOLUUHN  JTUCIOKAIIMOHHBIX
MHKpOTpyOOK B kpuctamiax SiC. CpenaH BBIBOJA, YTO METOJOM KOMITBIOTEPHOTO
MOJICIIUPOBAHMST MOXKHO ONpeAesITh MOP(HOJOTHI0 MHUKPOIOpP C pa3MepaMu CEYeHHs OT
JI0JIe i MUKPOMETPA JI0 HECKOIBKUX MUKPOMETPOB B 00bEME MOHOKPHCTAIIIOB.

Paboma evinonnena 6 pamrax npoekmog POOU Ne 19-29-12041 mk u 19-29-12043 mk.
T. S. Argunova, V. G. Kohn. // Physics - Uspekhi. — 2019. — V. 62. — Ne 6. — C. 602-616.

Puc. 1. U300paxeHust
MUKPOIIOp B PO30BOM (@)
¥ MOHOXPOMATHIECKOM
(b,c) myuxe CH.
PacueTHble n300pakeHus
nop B opme Karncybl
(d), TpyOxu (€) u chepsr
(f) B kpucramnax SiC.
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CTPYKTYPHO-®A30BBIE COCTOSIHUS NEPJIUTHOM CTAJIU ITOCJIE
NTU®PEPEHIIMPOBAHHOM 3AKAJIKH
!Akcenona K.B., 'T'pomos B.E., 2UBanos 10.®., *Bamyx E.C.
YCubupcruii 2ocyoapcmeennviii undycmpuansvuwii ynusepcumem, Hoeoxysneyx,
19krestik91@mail.ru
2 Hayuonanvusiii uccnedosamenvckuil Tomckuti nonumexuuyeckuti ynusepcumem, Tomck
3®unuan @IBOY BO «Kysbacckuii 2ocyoapcmeennviii mexuuueckuti ynugepcumem umenu T.D.
Topbauesay 6 2. I[Ilpoxonvescke, vaschuk@bk.ru

B Hactosimield pabore mpoBeneHBI HCCIENOBAHHUS CTPYKTYpPHO-(A30BBIX COCTOSIHHHA U
ne(eKTHON CyOCTPYKTYphl PEIbCOBOM CTajad MEPJIMTHOrO Kjacca Mapku 276D mocne
TuQepeHIIMPOBAHHON 3aKaIKH C)KAaThIM BO3AYXOM II0 TPEM pa3IHYHBIM PEKAMaM.
Y CTaHOBIIEHO, YTO HE3aBUCUMO OT PACCTOSIHUS 10 MOBEPXHOCTU KaTaHUS PEJIbCOB 3aKajKa
COIpOBOXKIAaeTcss  (OpMUPOBaHHEM MOP(OJIOTHUECKH MHOTOIUIAHOBOH  CTPYKTYDHI,
UMEIONICH TPaJUeHTHBIN XapakTep W MPEeACTaBICHHOW 3epHaMM IUIACTUHYATOTO IMEepinTa
(34-87%), 3epuamu Geppuro-kapoumHoi cmecu (12-65%) W 3epHaMH CTPYKTYpHO-
cBoOoAHOrO (heppuTa, pacHojaralollMMUCS B BUAC BKPAIUICHUI MO TpaHHUIIAM 3epeH
nepianuTa. [ 'pagueHTHBIH XapakTep HMMEIOT TaKKe 3aBUCHMOCTH MEXIUIACTHHYATOTO
PacCTOSIHUS, BEIMYMHA KOTOPOro MeHseTcs B peaenax 105-200 uM u 100 cHMKaeTcs pu
nepexoie OT TMOBEPXHOCTH K CIIOI, pacIoNioKeHHOMY Ha TiayomHe 10 MM (pexumbl
ynpouneHus 1 u 2), 1100 He 3aBUCHUT OT PACCTOSHUS A0 MOBEPXHOCTH (pexkuM 3).

3epHa (GeppuUTO-KapOMITHON cMecH (PparMEHTHPOBAHBI U XapPAKTEPU3YIOTCS HAIMYHEM B
o0Bveme 3epHa (epputa yacTul KapOouaHoi (as3bl, KOTOPbIE pa3IuyaroTcs MO pa3MepaM U
dopme. Ilo Tpanumam QparMeHTOB pACIONATAIOTCS YaCTUIBI KapOWTHON  (a3sl
IUIACTUHYATON WK TIo0ynsapHoii hopmbl ¢ pazmepamu oT 20 10 40 aM.. OObeMHast 107
3epeH C IIOOYJSPHBIMU YacCTHIIAMH KapOUIHON (a3bl m3MeHseTcs B npeaenax ot 1 % mo
21,4 %. B oOpa3ne mocie TepMOOOpadOTKU Mo 1-My pexumy oObEeMHAas JOJSI 3€pPEeH C
[JIOOYJISIPHBIMM  YacTULAMU KapOWIHOW (a3bl yBEIMUMBAETCS MO Mepe YAAJeHUs OT
NOBEPXHOCTH o0Opas3ia; B oOpaslle Mocie TepMOOOpadOTKH MO 2-My pPEeXUMY —
YBEJIMYMBAETCS HE3HAUUTENIbHO, IPOXOJs Yepe3 MakKCUMyM (MUHUMYM) B CIIO€,
pacIoyio’)KeHHOM Ha TiIyOuHe 2 MM; B o0Opasiie nocie 3 pexuma — yMEeHbIIAeTcs 10 Mepe
yAQJICeHUs] OT TOBEPXHOCTH oOpasna. YcCpemaHeHue 1o o0beMy ciiosi ToimuHor 10 mMm
MOKA3bIBAET, YTO OOBEMHAsSI IOJIS 3ePEH € TTO0YIAPHBIMU YacTULIAMU KapOuHOU (hasbl 17
PENbCOB, YIPOYHEHHBIX 10 1-My pexumy, coctaBiseT 4,2%, o Bropomy pexumy - 4,3%,
10 TpeTheMy pexumy - 7,8%.

@eppuTHas COCTABISIONIAsT CTPYKTYpPBI CTaidu Ae(eKTHa, BBIABICHBI IMCIOKAIMOHHBIE
CyOCTPYKTYpHI B BHJI€ XaOTUUYECKU PaACHpEeNICHHbIX TUCIOKAIUN, ceTdaras, sueuctas u
(parMeHTHpOBaHHAsI JHUCIOKAIMOHHBIE CYOCTPYKTYphl. B Qeppure mnepiuTHBIX 3epeH
HAOIOIAI0TCS JIMIIG TIEPBBIE JBa THUIA TUCIOKAMOHHOW CYyOCTPYKTYpHI (CyOCTpyKTypa
JTUCIIOKAllMOHHOTO Xaoca M ceTyaTas AMCIOKAl[MOHHAas CyOCTpyKTypa); sdeucras u
dbparMeHTUpOBaHHAS JTUCIOKAIMOHHAS CYyOCTPYKTYphl BBIBISIOTCS JIMIbL B 3€pHAX
CTPYKTYpPHO CBOOOHOTO (peppHTa U B 3epHax (heppuTo-KapOuaAHON cMecu. MakcuManbHOTO
3HAUEHUSl CKaJsIpHAas TUIOTHOCTH JUCIOKAIMA JOCTUTAeT BOJM3M TIOOYJISPHBIX YaCTHUIL
KapOuIHOM (Bassl u cocTapseT ~8x10 cm2,

OO0umM Ui MCCIEIOBAaHHBIX PENbCOB SIBISETCS (DAKT CHHXKEHHSI OTHOCHUTEIBHOTO
COJIEpXaHUs 3€PEH CTPYKTYPHO-CBOOOAHOTO heppuTa U 3epeH GheppuTo-KapOUuIHON CMECH
C YBEIUYEHUEM pACCTOSHUS OT MOBepXHOCTH. CIleoBaTeNIbHO, TMOBEPXHOCTHBIN CIIOH
HCCIIETyeMbIX 00pa3lioB PEIbCOB XapaKTepU3YeTCsl CPAaBHUTEIBHO 00Jiee HEPaBHOBECHBIM
COCTOSIHUEM CTPYKTYpBl, YTO, OYEBHJIHO, OOYCJIOBJIEHO IOBBIIIEHHOW CKOPOCTBIO €ro
OXJIQKICHUSI.
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BJIUAHUE JABJIEHUA HA TEMIIEPATYPHYIO 3ABUCUMOCTD _
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12, Anuepauen A.A. 12", 3apuunsik I0.I1. 4, AMupoBa A.A.°,

Anues P.M. 12, Pamazanosa J.H. 2 | SBeiioanaes B.JI. 1°

Y UNITBD — gpunuan OUBT PAH, 2. Maxaukana, Poccus
2 Jlacecmanckuii 2ocyoapcmeennvlii ynueepcumem, 2. Maxauxana, Poccus
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4 HUY UTMO, e. Canxkm-Ilemep6ype, Poccus
> UD JIOUL] PAH, 2. Maxaukana, Poccus
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AHaIM3UpYIOTCS  Pe3ydbTaThl  AKCICPUMEHTAIBHBIX ~ HM3MEPEHUN  TeMIlepaTypHOH
3aBUCUMOCTH 9()()EKTUBHONM TEIUIONMPOBOAHOCTH Pa3IUYHBIX Momuduranuii  GaSh
(MOHOKPHCTAJUT U OJMUKpHUCTAIUTHYECKHE) B ASSes (MoMuKpuCcTauTHIecKas U aMmopgHast).
TernnonpoBoIHOCT, HM3MEPsUIach a0COJIOTHBIM  CTAllMOHApHBIM ~MeToxoM [1] mpwu
temneparypax 273-423 K u naBnenunsx 0.1-350 MITa.

BbisiBIIeHO, 4YTO JUIS BCEX HCCIEAYyeMbIX O00pa3loB TeMIepaTypHas 3aBUCHMOCTb
s dexTuBHoi TerionpoBogHocT A(T,P) B ob6o3HaueHHom PT-amamazoHe B mpeaenax

3KCHepI/IMCHTaJ'IbHOI71 OIINOKN MOKET OBITH MMpCaCTaBJICHA B BUJC CTEIICHHOM q)YHKI_[I/II/IZ

T No-(1-v(P))
A(T,P) =MTO,0)-(1+6TO(P))-(T—] ,

0
rae Oe3pasMmepHble Oapuueckue (PYHKIUH é}O(P) u V(P) anmnpOKCUMHUPYIOTCS

MaJIoImapaMeTPUYECKUMH  BBIPAKCHUSAMU. Y KPUCTALIMYECKUX OOpaslloB IOKa3aTelb
CTCTICHH TpH aTMOC(EPHOM [ABJICHHM HMEET OTpPHIIATEIbHBIA 3HAK W a0OCOIIOTHOE
3HaueHue, OIM3KOe K eAMHMIIE, B TO BpeMs Kak y amop(dHOro obpasiia 3HaK MoKaszaTems
CTEIEHHU TOJIOXKUTENbHBIN 1 a0comoTHOE 3HaueHue okojo 0.4. U To, u apyroe nmoBeaeHue
JIOCTATOYHO XOPOIIIO COTJIACYETCS C TEOPETUUECKUMHU MPEICKa3aHUusgAMH. [2 ]

[Tokazano, 4TO ISl MOJUKPUCTAIIIMYECKUX COEAMHEHUN TeMIlepaTypHas 3aBHCHUMOCTH
3¢ (PEeKTUBHON TEIJIOMPOBOJIHOCTH C YBEJIWYEHHUEM JaBJICHHUS oOchadisieTcss (MOJyJb
CTENIEHHOTO TMOKaszareds yMmeHbmaeTrcs). Kpome Toro, Oapuueckue 3aBHCHMOCTH
3¢ (PEeKTUBHONW  TEIUIONPOBOJHOCTH IS  TMOJUKPUCTALIUYECKUX  O0pa3lioB  UMEIT
CYIIECTBEHHO OONBIINI U HEMUHEHHBIA OTHOCUTENBHBIN pocT B o01actu ot 0.1 1o 100 MIla
M0 CPAaBHEHHWIO C AaHAJOTMYHBIMU 3aBHCHUMOCTSIMHU JJisi aMOpP(HOTO COCTOSIHUS |
MOHOKpHUCTAJIJIa, YTO CBHUJAETENBCTBYET O OONbIIOM BKiIage B d()PEeKTUBHYIO
TETJIONPOBOHOCTH TPAHUI] 3EPEH.

Paboma evinoanena 8 pamkax 2oc. 3adanus Munucmepcmea HayKu U 8bicuie2o 0opazoeanus
Poccutickou @edepayuu npu yacmuynou nooodepcke epanma POPHU 20-08-00319a.

Emirov S.N., Aliverdiev A.A., Zarichnyak Yu.P., and Emirov R.M // Rock Mechanics and
Rock Engineering. — 2021. DOI: 10.1007/s00603-020-02353-3

Emirov S., Aliverdiev A., Beybalaev V., and Amirova A. // Thermal Science. —
on-line first. — 2020. DOI: 10.2298/TSCI1200408176E
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INVESTIGATION OF CRYSTAL AND MAGNETIC STRUCTURE OF SPINEL
FERRITES UNDER HIGH PRESSURE

Belozerova N.M., Kichanov S.E., Kozlenko D.P., Lukin E.V., Savenko B.N.

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna,
Moscow Region, Russia, nmbelozerova@jinr.ru

A study of spinel ferrites is great importance regarding their interesting structural and
magnetic properties having both fundamental and applied interest [1]. In particular, the
canted antiferromagnetic, ferrimagnetic, spin glass and semi-spin glass states can be realized
in these compounds [2].

A significant saturation magnetization, relatively high electrical resistivity, low electrical
losses and a good chemical stability make the spinel-type ferrites important for broad range
of technological applications as transformer cores, radio frequency circuits, rod antennas,
data storage devices [3,4]. Moreover, such ferrites may be useful in biomedicine: as an
efficient heating agent for treating cancer tissues by means of magnetic hyperthermia, as
biomarkers for MRT diagnostics and in magnetic drug delivery systems [4].

A wide range of magnetic properties of spinel ferrites determined by the peculiarities of
distribution of iron ions between different crystallographic sites in spinel-type crystal
structures [3]. One of the important parts of advanced research of Zn-Cu spinel-type ferrites
is the synthesis of complex ferrites with controlled redistribution of iron ions between A and
B sites, leading to variation of magnetic properties of ferrites [4]. Understanding the
relationship between the structural properties and magnetic order of ferrite spinel can be
given by the studies of the modifications of the magnetic structure upon variation of
structural parameters under a pressure application.

In present work, a spinel ferrite Zno3Cuo.7Fe15Gaos04 was chosen at ambient condition,
and performed neutron diffraction studies at high pressure. Neutron powder diffraction
measurements at ambient and high pressures up to 4.7 GPa were performed at ambient
temperatures with the DN-6 diffractometer at the IBR-2 high-flux pulsed reactor [FLNP,
JINR] using the sapphire anvil high-pressure cell. In additional, for studies the role of
structural parameters across the paramagnetic-ferrimagnetic phase transition we had
investigate structure and magnetic moments evolution in temperature range 300 - 425 K.

With increasing temperature and pressure, a gradual decreasing of the magnetic moments
of iron ions in the A and B crystallographic sites were observed. This effect corresponds to
magnetic phase transition from ferrimagnetic state to paramagnetic one. The lattice
parameters, interatomic bond lengths and angles, magnetic moments of iron as functions of
temperature and pressure were calculated. The structural mechanisms of the magnetic
transition in spinel ferrite compounds are discussed.

The work has been supported by the RFBR grant Ne 20-02-00550-a.

R. Valenzuela, // Physics Research International. — 2012. — T. 2012.

S.S. Ata-Allah, M. Yehia. // Physica B. — 2009. — T. 404. — C. 2382-2388.

H. El. Moussaoui, R. Masrour, O. Mounkachi, M. Hamedoun, A. Benyoussef. //Journal of
superconductivity and novel magnetism. — 2012. — T. 25. — Ne 7. — C. 2473-2480.

M. Veverka, Z. Jirdk, O. Kaman, K. Knizek, M. Marysko, E. Pollert, S. Vratislav. / Nanotechnology.
—2011. - T.22. — Ne 34. — C. 345701.
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MOPUCTOI'O CIIVIABA TiNi, TOTYYEHHOI'O METOJAOM
CAMOPACIHPOCTPAHAIOIEI'OCSA BBICOKOTEMIIEPATYPHOI'O CHUHTE3A

'Beasies C.II., 2Pydanux B.B., ‘Pecuuna H.H., ’Py6anux B.B. mi., 2Kynak M.M., 'Uenena
J.B., VIroabuak I1.C., ‘Kaaranos B.J1.

YCanxm-ITemepbypeckuii 2ocyoapcmeennuiii ynusepcumem, 2. Cankm-Ilemep6ype, Poccus,
2Uncmumym mexuuueckoii akycmuxu Hayuonanvuoii akademuu nayk benapycu, Bumebek,
benopyccus
spbelyaev@mail.ru

[TopucTtsie cruiaBsl ¢ 3¢ hekToM namsaTH GOPMBI ABISIOTCS NEPCIEKTUBHBIMU MaTepHalaMu
JUIE UMILTAHTOJIOTUH. OCHOBHBIMH TEXHOJIOTHUSMHU TIOJIyY€HHS] IMOPHUCTBIX CILJIABOB C
naMsAThio GopMbl Ha ocHOBE TINI SIBISIOTCS MOCIIOMNHOE Ja3epHOE IIaBJICHUE, CIUIABICHHE
C HaANOJIHUTEJIEM U CaMOpaclpoCTpaHsAIoNIuiics BeicokoTemiepatypubiii cunte3 (CBC). B
HEPBBIX JIBYX METOAMUKAX HCIOJB3YIOT MOPOIIoK TiNi, 4TO CHIIbHO YBEITHYHNBAET CTOMMOCTD
uznenusi. Kpome 3Toro caMu METOAMKY SBISIOTCS TPYAOEMKUMHE B TPEOYIOT HCIIOJIb30BAHMS
CIoXHOro obopyaoBaHus. J[is MOIy4YeHHs] MOPUCTHIX CIUIABOB C MaMSThIO (OPMBI Ha
ocHoBe TINiI meromqom CBC uUCHONB3yIOT MOPOIIKKA TUTAaHA M HUKENS, a caMa peakiius
CHHTE3a JUTUTCSA HECKOJbKO CeKyHI. Takum 00pa3om, mosydeHue nopuctoro cruiaBa TiNi
metonoM CBC siBnsieTcs 04eHb MepCreKTUBHBIM, OJJHAKO CTPYKTypa TaKOTO CIIjlaBa OYeHb
HEOJIHOPO/IHA, YTO CUJILHO YXY/IIAaeT ero (yHKIMOHANbHbBIE cBOMcTBa. [ToaTOMY GoMbIIOE
BHUMAaHHE YJeIseTcs pa3paboTKe METOI0B yIPABJICHUS CTPYKTYpPOU OPHUCTHIX CIUIABOB HA
ocHose TiNi, momy4enusix merogom CBC.

TpaauIMOHHO B KaUECTBE YIPABISIONINX TAPAMETPOB PACCMATPUBAIOT XMMHUYECKHI COCTAB
CMECH TOpPOUIKOB, TEMIIepaTypy MpeIBapUTEeIbHOTO HarpeBa U TepMooOpaboTKy
MOJYYCHHBIX 3aroToBOK. B HacTosmeld paboTe B KayecTBE HOBBIX YIPABIISIONIINX
nmapaMeTpoB Ipeajiaraercs HUCIONb30BaTh JaBieHue aprona B kamepe CBC wu
ynbTpa3BykoBoe BoznelcTBue B npouecce CBC. [lonydyeHHble pe3ynbTaThl MOKa3aiu, YTo
yBEJIMYEHHUE JIaBJICHUS aproHa B Kamepe oT 1 10 5 aTM BIMsET Ha MOPUCTYIO CTPYKTYPY,
KOTOpas MEHSeTCS OT pAaBHOMEPHOW JIO CJOWUCTOH, W YMEHbBIIAET TEeMIIePaTyph
MapTEHCUTHBIX TEPEX0JI0B, YTO MOXKET OBbITh CBA3aHO C M3MEHEHHUEM JIOJIM BTOPHUYHBIX
qJacTul], oOorameHHbIX HHKeneM. [IpuioxkeHne yIbTpa3BYKOBBIX KOJIEOAHHH K CMECH
MOPOLIKOB BJIMAET KaK Ha IMOPUCTYIO CTPYKTYpPY, TaK M Ha CTPYKTYpy MEKIOPOBBIX
MIEPEropoIoK. Y CTAHOBJIEHO, YTO U3MEHEHHE CTPYKTYPHI TIEPETOPOIOK 3aBUCUT OT THIIA H
(dopMBl BOJIHOBOZA M aMIUIMTYAbl KojebaHuil. Bmecte ¢ TeM, CTpyKTypa MeEXIOPOBBIX
MEPEropoIOK C1ab0 MEHSETCS] B 3aBUCHMOCTH OT TOTO BO3JICHCTBOBAIM JIM KOJICOAHUS B
nporecce CBC mim nocne cunte3a. CuHre3 nopucroro cmiasa TiNi ¢ 0HOBpeMEHHBIM
JICWCTBHEM YJIbTPA3BYKOBBIX KOJICOAHWI TPUBOIUT K ToMmy, uto mosis ¢aser TINi ¢
KoHIeHTpauueil Hukens 50,0 at. % U MeHee yBeIMYMBAeTCs, B TO BpeMs Kak J10Jis (a3bl
TiNi ¢ xonuentpanueir Hukenas 6onee 50,0 at. % He w3Mmensercs. [loka3aHo, 4TO 3TO
CBSI3aHO C T€M, YTO MPH HAJOKEHUHU YIbTPA3BYKOBBIX KOJIEOAHUN IPOUCXOIUT PACCIOCHUE
HUKEJH/a TUTaHa Ha o0jactu, cogepskamue crutaB TiINi ¢ W30BITKOM THTAaHA W YaCTHIIBI
daser TioNi, wim cias TiNi ¢ n30biTkoM HEuKeNs 1 acTuIlbl ¢assl Ti2Niz u TizNia.

Paboma evinoanena 6 pamxax coemecmnozo npoexma PODOU-EPDU (POPDU Ne #20-58-00025,
BODU # T20P-377)
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®A30BBIE IEPEXO/bI U CTPYKTYPA CIIJIABOB Ni-Mn-In TIPU 3BAMEIIEHUN
HUKEJIA KOBAJIBTOM

Kaneruna 10.B., Kagerun A.1O., 'epacumos E.I'., I'pemrnoBa E.JI.

Hucmumym guszuxu memannos um. M.H. Muxeesa, 2. Examepunbype, Poccus,
kaletina@imp.uran.ru

CrutaBel Ha ocHOBe Ni-C0o-Mn-In oTHOCATCS K HOBOMY KJIaCCy MHTEIICKTYalbHBIX

MaTepHajoB, COUYETAIOIIUX CBOMCTBA  (eppoMarHeTHKoB ¢  Oe3audy3noHHBIM
MapTEHCUTHBIM TPEBpALICHHEM, KOTOpPbIE AEMOHCTPHPYIOT 3SPQPEeKT maMsaTH (GOopMmsl,
MarHuTOKajgopuueckuil 3pdexr, 60ibII0e MArHUTOCOIPOTUBICHUE U PyTHe CBOMCTBA B
xo7ie (ha30BBIX TpEeBpAIICHUI, BBI3BAHHBIX BO3ACHCTBUSAMH TEMIIEPATYpbl, PAa3IUYHBIX
BHEIIHUX HAarpy30K U MarHUTHBIX mojei [1-3].
B pabote usyuanu crassl cemeiicTBa Nis7.:CoxMnazlnis (0 < x <'5), rae x usmensiercs ot 0
710 5, ¥ aTOMBI HUKEJIS [TOCTIeI0BATEIbHO 3aMEIIAI0TCs aTOMaMU KOOAJIbTa IPU HEM3MEHHOM
coJiepskaHuu MapraHia ¥ uHausA. CraBel ObUIM BBIIJIABIEHBI METOJOM HMHIYKIIMOHHOMN
IVIaBKM B atMmocgepe aproHa. CIMTKM MOJBEprajii I'OMOI€HHU3MPYIOLIEMY OTXKHIY B
BakyyMme 1ipu temieparype 1173 K B Teuenue 216 yacoB ¢ nmocneayrouei 3akaikoil B BOAY,
a 3aTeM BbIpe3anu oOpaslbl A CTPYKTYpPHBIX HCCIIEIOBAaHUM, TUIATOMETPUYECKUX U
MarHUTHBIX U3MEPEHUIA.

B BeIcOKOTEeMIIepaTypHOit 00gacTu Bce wuccnenyembie cruiaBbl NiszxCoxMnazlnis
UMEIOT KyOMUYECKYI0 KPHCTATMUECKYIO PEIIETKY ayCTeHNUTA, YIOPSIOUYEHHYIO 110 TUIty L2;
¢a3bl. [Ipy oxnakaeHnyu B CIUlaBaX MPOMCXOAUT MarHUTHBIHM Mepexo] U3 napaMarHuTHOIO
B (peppOMarHuTHbIN ayCTEHUT, a 3aTEM - MAPTEHCUTHOE ITPEBPALLEHUE, COITPOBOKIAIOIIEECS
HEePeCTPONKON KPUCTAIIIMYECKON PEIIETKH.

Y CcTaHOBIIEHO, YTO JIeTHpOBaHue CriaBoB Ha ocHOoBe Ni-Mn-In ko0aapTOM PUBOIUT
K HM3MEHEHHMIO TeMIepaTyp (a3oBbIX U CTPYKTYPHBIX IMEPEXO0B. 3aMelleHHe aTOMOB
HUKels aToMaMu KobaibTa B cucteMe Ni-Co-Mn-In yMeHbIaeT KOHIIEHTPALUIO BaIEHTHBIX
3JIEKTPOHOB €/a, TIPU 3TOM TOBBIIIAeTCs TeMieparypa Kiopu u nmonmxkaercs reMmnepartypa
MapTEHCUTHOTO MpEeBpaIlleHusI.

OO6cyxnaroTcs OCOOEHHOCTH CTPYKTYpPBl MapTEHCUTa B CIUIaBax C Pa3HbIM
coaepxanuemM kobOanbTa. [Tokazano, uto npu oxiaxkaeHud B crutaBax NiszxCoxMna2lngg
dopmupyercss  cloXKHas ~ MapTeHCUTHas  cTpykTypa.  HaOmionmaroTcsi — pasHble
MOp(}oIOrHuecKre TUIIbl MApTEHCUTA - TOHKOIUTACTUHYATBINA MOYJIMPOBAHHBIM MapTEHCUT
14M v BHYTpEeHHE IBOMHUKOBAaHHBI MAPTEHCUT.

[IpoBeneHHOE wucCCieOBaHHE OTKPHIBAET HOBYIO MEPCHEKTHUBY JJsi TMOHUMaHUS
pas3JINYHBIX TUIIOB MAPTEHCUTHBIX (Da30BBIX MPEBPALCHUH B cIIaBax ¢ 3(p(HEKTOM MaMsATH
(GOpMBI, 1 MOXKET OBITh TTOJIE3HBIM B TPAKTUYECKHUX TTPUIIOKEHHUSX.

Paboma evinonnena 6 pamkax 20cy0apcmeeHHo2o 3a0anus no meme « Cmpykmypa» npu
yacmuunol noooepoicke npoexma PODU Ne 20-03-00056.

1. Buchelnikov V.D., Sokolovskiy V.V. // Physics of Metals and Metallography. — 2011. — Vol.
112. — No. 7. — P. 633-665.

2. Kaletina Yu.V., Gerasimov E.G. // Physics of the Solid State. — 2014. — Vol. 56. — No. 8. —
P.1634-1638.

3. Kaletina Yu.V., Gerasimov E.G., Terent’ev P.B., Kaletin A.Yu. // Physics of the Solid State. —
2019. — Vol. 61. — No. 4. — P. 654-658.
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CTPYKTYPA U CETHETOJJIEKTPUUECKHE CBOMCTBA TOHKHX IUIEHOK IITC,
OCAXKJIEHHBIX METOJAOM B4 MAI'HETPOHHOI'O PACIIBIVIEHUA ITPU
BAPUAIINU PACCTOAHUA MUILHEHbL-ITOJIOKKA

Kanrenos E.1O.}, lTponun WU.IL.Y, Cenxesnu C.B.}, Iponun B.I1.2
‘\@OTH um. A.®@. Hoggpe 2. Canxm-ITemepbype, Poccus,
kaptelov@mail.ioffe.ru
2PITIV um. A. U. I'epyena, 2. Canxm-Ilemep6ype, Poccus

B Hacrosiee BpeMs TOHKUE TUICHKH TBepbIX pactBopoB Pb(Zr, T1)O3 (i LITC) sBnsirorcst
OIHHMMHU U3 OCHOBHBIX MAaTCpUAIOB [UI1 CO3JAHMsS DHEPrOHE3aBUCUMOM IaMATH C
IIPOU3BOJIBHON BBIOOPKOIA, MHUKPO3JIEKTPOMEXAHUYECKUX npeoOpa3oBareneii,
UH(PaKpacHbIX YCTPOUCTB, U T.I. BaXkHbIM BONPOCOM NpU HU3rOTOBJIEHUH YCTPOMCTB Ha
0aze LITC sBnsercs BO3MOXHOCTh OINEPATUBHOIO M3MEHEHHS (ONTUMHU3ALMU) COCTaBa
ocaxnaeMol IuleHKH. OIHUM M3 TakMX CHOCOOOB SIBJISETCS M3MEHEHUE PACCTOSHMS
MHUIIEHb-TIO/JIOKKa B Kamepe BY marHeTpoHHOro pacnbuieHusi. @uznyeckue MPUYUHBI
JTOr0 CBSA3aHbl C U3MEHEHHMEM XapaKTepa PACCEsHUs PACHBUIAEMBIX aTOMOB B Ia30BOU
IU1a3ME€ B YCJIOBUSIX KOHKPETHOM TIE€OMETPUM B3aUMHOTO DACIOJNIOKEHUS MUIIEHH U
MOJUTOKKH [ 1].

Toukne menku ITC ocaxnamuch U3 COCTaBHOM  KEpPaMUYECKOW  MMILIEHU
CTEXHOMETPUYECKOTO COCTaBa, COOTBETCTBYIOLIEro o001acTd MoOpGOTponHON (a30Boil
rpanuibl.  MccnenoBanust coctaBa ToHkux 1ieHok L[TC (POM EVO-40, INCA),
OCAKICHHBIX IIPY BapHallMM PacCTOSHUSA MHILEHb-noanoxkka 30-70 MM nokasaiau, 4To
AJIEMEHTHOE COOTHOIIeHUE T1/Zr B mieHKax u3MeHsioch B nuanaszone 0-1.5 %, puc.l. B
OTJIMYUE OT METOJa BapHalluu COCTaBa IIyTeM M3MEHEHUs JaBieHus pabodero rasa [2], B
JTAHHOM METO/I€ BCE IJICHKH XapaKTEPU30BAIUCH OJHO(PA3ZHON MEPOBCKUTOBOM CTPYKTYPOil.
BeisiBieHo  u3mMeHeHue  (a3oBOro  COCTOSHUS  (COOTHOILIEHMSI MOHOKJIMHHOW U
TETParoHaJbHOM MOJU(UKALUN CErHETOAIEKTPUUECKON (a3bl), UCCIETOBAHHOIO METO0OM
Tudpakuuu oTpakeHHbIX ekTpoHoB ([{OUN). B pabote Takxke mpHUBOAATCS TaHHBIE IO
M3MEHEHHUIO CETHETOAIEKTPUYECKUX CBOWCTB U3roToBieHHbIX LITC cTpykTyp, mpoBoauTCs
00CyX/IeHUE TOJTyYEHHBIX PE3YIbTATOB.

a) 6)
1,20}
048} 1,
- —~1,15} 5
= 047l =
= 047 T
N g 110t . g
= 046} 3
2 | | n
= o 405}
045}
n n n n n 1’00 n n n n n
30 40 50 60 70 30 40 50 60 70
PaccrosiHue. MM PaccrosiHue. MM

Pucynok 1 M3menenus copepxanust Ti (a) u coorHomenus: aromoB Pb/(Ti+Zr) (6) B mienkax [ITC
NIPY U3MEHEHHHU PACCTOSHHS OT MHUILICHH JI0 TIOJUTOKKHU: B OCAKACHHBIX (aMOp(HBIX) TuieHKax (1),
Cc(OPMHUPOBAHHBIX B CTPYKTYPY HIEPOBCKHTA B PE3yJbTaTe BHICOKOTEMIIEPATypHOro OTKHUTA (2).

Bonsmsac B.A., Kossipes A.b. // XKOT®.— 2011.— T. 140.— Bemm. 1(7).— C.196-204.

Bonsmsic B.A., KossipeB A.b., Tymapkun A.B., lonrunues .M., [Ipouun B.I1., Kantenos
E.1O., Cenkeruu C.B., [Ipouun W.I1. // ®TT.— 2019.— T. 61.— Bem. 7.— C.1282-1286.

~ 144 ~


mailto:kaptelov@mail.ioffe.ru

DOI 10.26201/ISSP.2020/FKS-2.027

OU3UYECKASI TIPUPOJIA YITPOUYHEHUS 100-METPOBBIX PEJILCOB IIOCJIE
JJIMTEJIBHOU DKCILIYATAIIUN

Kopmbimes B.E.1, Tpomos B.E.!, Py6annuxosa 10.A.}, Usanos 10.®.>
YCubupcruii 2ocyoapemeennuiii undycmpuansvuwiii ynueepcumem, 2. Hogoxysuneyx, Poccus,
gromov@physics.sibsiu.ru
2HHcmumym cunvromounot snexkmponuxu CO PAH, 2. Tomck, Poccus

Llenp HacTosimiel paOOTHI: OLIEHKAa MEXaHU3MOB M YCTaHOBIEHHE (PU3NYECKOU MPHUPOJBI
YIPOYHEHHS TOBEPXHOCTHBIX Cl0eB au(pdepeHIupoBaHHO 3akaleHHbIX 100-MeTpoBbIX
PENbCOB MO LEHTPAIBHOM OCH MOCIIE SKCTPEMAJIBHO JUIUTEIBbHOMN SKCIUTyaTalluH.

B kadecTBe MaTepmana MCCIICAOBAHUS HCIOIBb30BaHbl MU (HEPEHIIMPOBAHHO 3aKaJCHHBIC
100-m penwcwl kateropuu [[T350, u3bAThie U3 MyTH HA DKCIIEPUMEHTATLHOM Koblle POK/]
nocJyie NpomnyueHHoro TonHaxa 1411 mun. T 6pyTToO.

JlnutenpHas OSKCIUTyaTalldus peENbCOB MPHUBOJUT K CYHIECTBEHHOM TpaHchopMaluu
CTPYKTYpHO-(a30BOr0 COCTOSIHUSI PENbCcOB. Bo-NEpBbIX, K pa3pyLICHUIO CTPYKTYpPbI
IUTACTUHYATOTO MEepiauTa U (OPMHUPOBAHUIO B 00beMe MEPIUTHBIX KOJIOHHUHN Cy03epeHHOI
CTpyKTypbl cyOMukpoHHbIX (100-150 HM) pa3smepoB. Bo-BTOpbIX, K BBIIAEIEHUIO IO
rpaHullaM U B o0beMe cy0O3epeH yacTHll KapOuaHoil (a3pl HAHOMETPOBOro auamna3zoHa. B-
TPETbUX, K POCTY MHUKPOMCKAXEHHH M MapaMeTpa KPUCTAJUIMYECKOH PEIIETKH TBEPAOIo
pacTBOopa Ha OCHOBE 0-XKene3a. B-ueTBepThiX, K Ae(opMallMOHHOMY HaKJENy MeTasuia,
npuBOJANIEMY K YyBenudeHuto (B 1,5 pas3a), OTHOCUTEIBHO HCXOAHOIO COCTOSIHUS,
CKaJISIPHOM M U30BITOYHON TUIOTHOCTHU AUCTIOKAITHIA.

BrisBienHsie  mpeoOpa3oBaHUsl CTPYKTYpPBI CTadd OyayT CYIIECTBEHHBIM 00pa3oMm
CKa3bIBaThCs HA MPOYHOCTHBIX M IUIACTUYECKHUX XAPAKTEPUCTUKAX METallla, OIpenessis, B
KOHEYHOM HTOre, CpPOK CIIy>KObl u3aenusi. BBISIBUTH 3aKOHOMEPHOCTH, CBSI3bIBAIOLIUE
napaMeTpbl CTPYKTYpbl M IPOYHOCTHBIE CBOWCTBA MaTrepuana, BCKPHITh (PU3MUECKYIO
IPUPOJY MPOIIECcca IBOJIIOLMU CBOMCTB, MO3BOJISIOT OLIEHKH MEXaHU3MOB YIIPOUHEHHS.
[Tpu 3TOM HEOOXOAMMO YUUTHIBATh BKJI/Ibl, 00YCIIOBIEHHBIE TPEHHEM PEIIETKH MaTpHIIbI,
BHYTpU(Da3HBIMU  TpaHULAMH, JUCIOKAIIMOHHOM  CYOCTPYKTYpOHl, NpPHUCYTCTBUEM
KapOUJHBIX  YacTUL, BHYTPEHHUMH TIOJISIMM  HalpsDKEHHWH, TBEpAOpPacTBOPHBIM
YIPOYHEHHUEM, IEPIUTHON COCTABISIONIEH CTPYKTYpPBI CTAIIH.

OOumii mpenen TeKy4ecTH CTald B MEPBOM MPHUOIMKEHUH, OCHOBAHHOM Ha IpPUHIUIIE
aJIMTUBHOCTH, KOTOPBINA IpeJIoyiaraeT He3aBUCUMOE JIEHCTBUE KaX/I0r0 U3 MEXaHU3MOB
YOPOYHEHHs MaTepuana, MOXHO IPEACTaBUTh B BHUAC JIMHEWHOH CyMMBbl BKJIaI0B
OTJIENIbHBIX MEXaHU3MOB YIIPOUHEHMUS:

6 =Aco + Ac(L) + Ac(p) + Ac(h) + Ac(a) + Ac(B) + Ac(IT),

riae Aco = 30 MIla — Bkiaj, 00yCIOBICHHBIH TPEHHEM pelieTKH MaTpuilbl, Ac(L) — BKiaz,
00ycloBiACHHBIH BHyTpuGasHbIMU TpaHuiiaMu, Ac(p) — BkIax, 0O0YCIOBICHHBIH
JUCIIOKAITMOHHOM CYyOCTPYKTYpo#, AG(4) — BKJIa1, 00YCIOBICHHBIN MPUCYTCTBHEM YaCTHI]
kapounabix a3, Ac(h) — Bkian, oOycIOBIEHHBI BHYTPEHHUMH MOJSIMU HANpsDKEHUH,
Ac(TB) — BKJIaja, oOyCJIOBJIEHHBIM TBepIOpacTBOpHbIM ymnpouHeHueM, Ac(Il) — Bkian,
00yCIIOBJICHHBIN MEPIUTHON COCTaBISIONIEH CTPYKTYpPBI CTAJIH.

Takum 006pazom, OIpeaesIuB KOJTMUECTBEHHbIE XapaKTEPUCTUKU CTPYKTYPBI CTAIH, MOKHO
B TIIEPBOM MPUOJIMKEHUH OCYLIECTBUTh aHAINU3 (PU3UUECKHX MEXaHU3MOB, OTBETCTBEHHBIX
3a 3BOJIOLUIO TBEPAOCTH CTAJIM B IMPOLECCE IKCILTyaTallud PENIbC, & TAKKE BBIIBUTH
buznyeckne MexaHu3Mbl GOPMUPOBAHUS IPAJUEHTA TBEPAOCTH PEIbCOBOI CTAIH.

Paboma evinonnena npu noooepowcke epanma PODU Ne 19-32-60001.
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IHOJYYEHHUE KOMITIO3ULIUOHHBIX MATEPHUAJIOB HA OCHOBE AJIIOMUHNS,
YIHPOYHEHHOI'O HAHOYACTHULHAMU KAPBUJIA KPEMHUSA

Kyr:kanos M.K., Kopre I11., Hap3yaioes V.Y., Marsee A.T., lItanckuii 1.B.
Hayuonanvuwiii uccredosamenvexutl mexronoeudeckuil ynusepcumem « MUCuCy,
Mockea, Poccus, makonyo95year@gmail.com

OnHUM M3 METOJIOB TMOBBIIICHUS MEXaHWYeCKuX cBoWcTB amomuuus (Al) sBisercs
UCIIOIb30BaHUE JTUCIIEPCHO-yIpouHstomux mg00aBok HuTpuaoB (BN, SisNa u AIN),
6opuos (TiB2, AlB2u ZrBy2), okcunos (SiO2, B2Os u TiO2) u kapoumos (SIiC, TaC, TiC u
WC) [1, 2]. birarogapst BBICOKOH yIeIbHOM TPOYHOCTH, HU3KOMY KO3 (HUIIMEHTY TETITIOBOTO
paclIMpeHusi U HU3KOW IUIOTHOCTH, KOMIO3WIIMOHHbIe Matepuanbl (KM) Ha ocHOBe
AITIOMHUHUS, YIIPOUYHEHHbIE HAHOYACTULIAMU KapOuaa KpeMHHS, HIMPOKO UCHOJIB3YIOTCS B
MAaIIMHOCTPOUTEIHHOM, aBTOMOOHIEHON 1 @9POKOCMUYECKOM MPOMBINUIEHHOCTH. B 1anHoi
pabore wuccrenoBanoch ¢GopmupoBanre Al Ha moBepxHocTn HaHowactul[ SiC mpu
npoxoxJieHnHn cMmecu HaHonopotikoB Al u SiC depe3 MUKPOBOJIHOBYIO IUIa3My, a TaKKe
BIIMsIHUE BKJIIOUueHUs Hano4actuil SiC Ha mexanudeckue cBoiictBa KM Ha ocHose Al.

B kauecTBe HCXOAHOI0O MaTepuaia ucmob3oBanuck HaHodacTuipl Al (d=100-150 am) u SiC
(d=40-90 um). [ns paBHOMepHOTO pacnpeaeiacaus nHanoudactui; SIC B Al wmarpuie
npoBoAMiICs pasmonl cMmeceit mopomkoB Al ¢ pasmumubbiM conepkanueMm SiC B
BbICOKO3HepreTryeckoi mapooir MmeibHuie (BILIM) Euax (Retsch GmbH, T'epmanus).
[Tocie pasmona cmecu mopoiikoB Al/SiC o6pabaTbiBaninch B MUKPOBOJIHOBOM aproOHOBOM
wiazme  (MII). Komnosunmonnsie uyactuisl  Al-SIC, mnonywennsie B MII
KOHCOJUAUPOBAINCH METOO0M HcKpoBoro IuiasmeHHoro cnekanusi (UIIC) na ycranoBke
LABOX 650 (SINTER LAND Inc., SfInonus). Ucnbitanus nonyuenabix KM Al/SIC s
ompejieNieHusT WX MPOYHOCTH Ha PACTSHKEHUE TMPOBOJWINCH HA YHUBEPCAIbHBIN
ucnbitarenbHoit Mammae AG-Xplus 20kN (Shimadzu Corp., Sinonus).

Jis monydeHHBIX 1O HeckonbkuM pexumam BIIM, MIT u UIIC o6pa3ios, MeTonom
CKaHMPYIOIIEH 3JIeKTPOHHOM MUKPOCKOIIMHK ObliIa BBISIBIICHA XOpomias cMaunBaeMocTh SiC
pacruiaBieHHbIM Al, TIpu 3TOM He HaOII0IAeTCs PEaKIIMOHHBIX B3aMMOICHCTBHI MEXITY
dazamu. bBpulo W3y4eHO BIMSHUE TMapaMETPOB IJIA3MOXUMHUYECKONW O0OpabOTKH Ha
mopdororuto Al Ha moBepxHocTH HaHOYacTUIl SIC. YCTaHOBIIEHO, YTO MPU MOHMKEHHOM
JaBJICHUM B peakTope Iia3mMa Oosiee OJHOpPOJHA, YTO CHOCOOCTBYET (POPMHUPOBAHUIO
cromHoro cnost Al Ha moBepxHoct yactui SiC. YcraHoBJIeHO, 4To npu 100aBieHnH B Al
matpuity 10 Bec. % SiC, nmpounocts KM Ha paspsiB yBenuumBaercs B 1,5 pasa mo
CpPaBHEHMIO C UCXOJIHBIM aloMHHHEM. Ha OCHOBe MOJyyeHHBIX pe3yJbTaTOB B KayecTBE
HanboJee BeposATHOrO MexaHu3ma ynpouneHust KM npeanoxxen Mmexannsm OpoBaHa.
Pa3zpaGoTanHbIil METOA MOXKET OBITh MACIITAOMPOBAH B MPOMBIIIUIEHHOCTH, YTO MO3BOJISET
co3nath A(PPEKTHBHYIO TEXHOJOTHIO IPOW3BOJACTBA BBICOKONMPOYHBIX KM Ha ocHOBe
ATIOMUHUSL.

Paboma evinonnena npu gunancosoii noodepsicke PO®U, npoexm Ne 20-33-90110.

Kvashnin, D.G., M.K. Kutzhanov, S. Korte, et al., Mechanical Properties of the Interface of
Al/SiC Heteroparticles and Their Composites: a Theoretical and Experimental Study //
Technical Physics Letters, 2020. 46(4): p. 342-345.

Corthay, S., M.K. Kutzhanov, A.M. Kovalskii, et al., Obtaining Heterogeneous AIl/BN
Nanoparticles in Microwave Plasma // Technical Physics Letters, 2020 46(5): p. 484-486.
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HNCCIEJOBAHUE KPHCTA.JIJ'LH‘IECKOIXHCTPYKTYPLI Bi2xMnxWOs C
HOMOUIIbIO HEUTPOHHOU TUDPPAKIINN

JIuc O.H., Kuuanos C.E., benozepoa H.M., Jlykun E.B., CaBenxo b.H.,
Bbanakymap C.

O0vbeduHéHHbIIL UHCMUMYM I0EPHBIX UCCIe008AHU,
2. [Iybna, Poccus, lisa_9477@mail.ru

OTKpbITHE HEOOBIYHBIX UAJICKTPUUYECKUX CBOMCTB, TAKUX KaK CETHETORJIEKTPUYECTBO,
MPUBEJIO K U3YUYEHHUIO OOJIBIIOTO KOJIUYECTBA CETHETORIEKTPUUYECKUX OKCUIIOB PA3IUYHBIX
CTPYKTYPHBIX CEMEHCTB C IEJIbIO BBISABICHHS HOBBIX MaTEpUANIOB W/WIM KOMIIO3ULIUH,
KOTOpBIE SIBIISIOTCS NEPCIIEKTUBHBIMU KaHUIaTaMU JIJIsl UCIIOIb30BAHMS B MIPAKTHYECKHUX
nemsix. Cpenu BCeX ITHX MaTepUaoB Cephe3HOE BHUMAHHME OBUIO YAENEHO Pa3TUYHBIM
0ECCBUHIIOBBIM CETHETORJIEKTPUKAM (IpOSIBISIFOIIMM
CETHETORIIEKTPHUYECKIE/aHTU(EPPOITEKTPHUECKHUE
dbeppoMarHuTHbIe/aHTU(EPPOMAarHUTHBIE CBOMCTBAa B OJHOM W TOM ke (ase) ¢
YHHUKQJIBHBIMU CBoOWcTBaMH. OrpOMHOE BHUMAaHUE MPUBJICKINA COCITUHEHHUs, COJCpKAIIIe
vousl Bi®*. MHTepec K OTHM COEIMHEHHSAM TaKkKe OOYCIOBIEH BO3MOKHOCTBIO
UCTIOJIb30BaHUS UX B KadecTBe (DOTOKATAIM3aTOpa PA3NIOKEHHSI TAKUX 3arps3HUTENCH, KaK
aneTanpaerua 1 xjaopodopm, moxa AecTBHeM BUIMMOTo cBeta. OAHAKO CTPYKTYpHbBIE
npeoOpa3oBaHUsl TEPOBCKUTONOMOOHBIX COCITUHEHHWH, CHHTE3MPOBAHHBIX BBEICHHEM
nepexoanbix MetaioB B Bi2WOs - BioxMNnyWOe - sBistioTcs MEHEE HCCIIEI0BaHHBIMH
CepHUSIMH.

HacTtosmas pabota nocBsiieHa UCCIIeJOBAaHUIO KPUCTAJUIMYECKON CTPYKTYPBI
Bi2xMnxWOQOs (x=0, 1, 1.2) meTozom HeiTpoHHO# audpakunu Ha audpakromerpe JJH-12
UMIYJIBCHOTO BBICOKONOTOYHOro peakropa MBP-2 (JIHD, OUAU, dy6ua, Poccus) c
UCTIOJIb30BAHUEM STYEHKH BHICOKOTO JIaBJICHHSA C caripupOBBIMHA HAKOBAIBHSIMH B ITUPOKOM
JIuana3oHe AaBleHui u TeMiieparyp. [lomyuensl TemnepaTypHbie 3aBUCHMOCTH TTapaMeTPOB
JIIEMEHTAPHOH sYeiiku, 00beMa U MEKATOMHBIX paccTposiHui coequHeHust BioxMnyWOe.
Paccuntannbie kK03(pPUIMEHTH CKUMaeMOCTH YKa3bIBAIOT Ha aHOMAJIMMU B TOBEICHUU
MapaMeTpoOB dBJIEMEHTAPHOM SYEHWKH, MEXATOMHBIX pacCTosiHUW. [ ynmydmeHus
MOHMMAHUA HEYCTOMYMBOCTEW peleTKH OBIIM MPOBENEHBl TaKKEe paMaHOBCKHUE
CIIEKTPOCKOITUYECKHIE HCCIICIOBAHUS KOJICOATEIbHBIX CIIEKTPOB coeauneHuid BioxMnxWOe.

Bnazooapnocmu.

Pabora BrImonHeHa mpu nojiepxkke Poccutickoro honma GpyHIaMeHTaIbHBIX HCCIIEI0BAHUM,
rpaat PODU N19-52-45009 UH]_a.
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BJIUAHUE TEMIIEPATYPbI IEQ@OPMAIIUA HA SOPEKT
PEAJIM3AIIMU BBICOKOU IIVIACTUYHOCTU B YIBTPAMEJIKO3EPHUCTOM
CILJIABE Al-1.5Cu

MagaiTtoB A.M., Sinnmaposa J.X.

Cauxm-Ilemepbypeckuii 2ocyoapcmeennulil ynusepcumem, Cankm-Ilemepbype, Poccus,
a.m.mavlyutov@gmail.com

B pabore  wmccienoBaHbl  MEXaHMYECKHME  CBOMCTBA M MHKPOCTPYKTypa
ynsTpamenkoszeparcroro (YM3) crmaBa cucremsl Al-CuU, mOABEprHYTOro WHTEHCHBHOMN
IUIACTHYECKOW — AedopManuy  KpyuyeHHEM ¢ JONOJHHUTEIbHOH  1edOpMalnOHHO-
TePMUYECKON 00paboTKe, BKIIOYAIOIICH KpaTKoBpeMeHHbIM oTxur mnpu 150 °C u
nocneayromymo aepopmanmio kpydeHuem Ha 0.25 o6oporta. Bmepsple momydeHa
TeMIepaTypHas 3aBUCHUMOCTb TPOYHOCTH U TUIACTUYHOCTH B HHTepBaje Temneparyp —80 10
20°C mms YM3 cmnaBa. YCTaHOBIIEHA KpUTHYECKash TeMIIepaTypa MEXaHHMYECKHX
UCIBITAHUHN, TPU KOTOPOM MIPOUCXOAMT AKTUBALMS MEXaHH3Ma pealu3aldu BBICOKOI
mactuaHoctd  (puc. 1, a). Mukpoctpykrtypa YM3 cmiaBa wuccienoBaHa METOIaMU
TudpakIu 00paTHOPACCESTHHBIX 3JIEKTPOHOB (pHC. 1, 0) ¥ MPOCBEUYMBAIOIIEH YJIEKTPOHHOMN
mukpockormu (puc. 1, B). O0cyxmaercs ¢Gu3nuecKue MPUPOJa MEXaHU3Ma peaTr3aliuu
BBICOKOH IUTACTUYHOCTH Y M3 criiaBa B KOPPESILIHK C HBOJIIOLUENH MUKPOCTPYKTYPBHI.

(a)soo
T,=20°C:
Initial
——HPT
600 —— HPT+straining
s Ty= 20 °C:
g HPT
= 400 - e HP T+straining
o
3 ({
200 215080 g %i,:;:{g"
~ “'I" ’!”'/lt ; ; 5 ' 3 =
'.A. RSN | ’ f . - .
0 T T I / ¢

Puc. 1. (a) — kpuBbIe «HanpsbKeHne — nedopmarus» st 0opasios ciiaBa Al-Cu, nomyueHHbie
IPH Pa3IIMYHBIX TEMIIEpaTypax UCHbITaHuH; (0, B) — MEKpOCTpYKTypa ¥ M3 cruiaga.

Bracooapnocmu.
ABtopsl A.M.M. u 3.X.4. 6narogapsat Poccuiickuii Hayunsiii ¢pona (rpant Ne 19-79-00114) 3a
(hMHAHCOBYIO TIOICPIKKY PabOTHI.
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BJIMSIHUE HOHHO-IVIASMEHHOT'O BO3JIEVICTBUS HA MHUKPOCTPYKTYPY U
®A30BbIM COCTAB NIOBEPXHOCTHOTI'O CJI1IOA B HEP/KABEIOIIEU CTAJIA C
PA3HBIM PASMEPOM 3EPHA

MockBuna B.A., 'Acragyposa E.I'., **3aru6anosa E.A.

Ynemumym gusuxu npounocmu u mamepuanosedenus CO PAH, 2. Tomck, Poccus
zHauuonaﬂbezﬁ uccredosamenvckuti Tomckull norumexHu4eckuil yHugepcumen,
2. Tomcx, Poccus, valya moskvina@mail.ru

C npuMeHeHreM MEeTOIOB MeTaiutorpadi, peHTTeHOBCKOTO aHAIN3a, IPOCBEUMBAOIICH 1 CKAHUPYIOIIeH
ANIEKTPOHHON MUKPOCKOIHUHY UCCIIECIOBAIN BIMSHUE Pa3Mepa 3¢pHa B AyCTCHUTHOM HEp KaBEIOILEH cTamu
Fe-17Cr-13Ni-1,7Mn-2,7M0-0,5Si-0,01C (macc. %, AHC) Ha (a3oBblif cOCTaB, MUKPOCTPYKTYPY U €¢
MOP(OJIOTHIO B YNPOYHEHHBIX CIIOSX, C(OPMHPOBAHHBIX TP HMOHHO-TUIA3MEHHOM  HACHIIICHHN
TIOBEPXHOCTH aTOMaMH BHEAPEHHs. MeToaMu TepMOMEXaHMYECKIX 00padOTOK OBLIM TONy4YeHBI TPU
THIIa OOpa3loB C ayCTEHWTHOW CTPYKTYpOH, KOTOpble oONajand OJMHAKOBHIMU IapameTpamMu
KpHCTA/UTHYECKOH peretku a=3,597 A, muxponanpssxenusvu ~10%, a Taroke GIU3KOH TIOTHOCTBIO
muciokarmii p~10% M2, JIpa Trma 06pasioB o6anan MENTKOKPUCTAIUIMYECKON CTPYKTYPOM ¢ pa3sMepoM
sepra 0=3,7+2,4 mxm (MC-1) u 0=5,9+3,9 mxm (MC-2), 0fiH — KPYITHOKPUCTALTHIESCKON CTPYKTYPOH ¢
d=54,7+31,2 mxm (KC-3). duddy3noHHOoe HOHHO-TIIa3MEHHOE HACHIIIEHHE IOBEPXHOCTH 00pasiioB
aToMaMH BHEIPEHHs TIPOBOIMIIN B CMecH Ta30B a3ota (25% N»), aneriiena (5% CzH2) u aprona (70% Ar)
nipu Temreparype 540°C (12 u) u gaBnernn 300 1a.

B pesynbraTe HMOHHO-TUIA3MEHHOM 00pabOTKM B oOpasmax ObUM c(OpPMHPOBAHBI MOBEPXHOCTHEIC
KOMITO3UIIMOHHBIE CJIOW, COCTOSIIME W3 JIETMPOBAHHOTO a30TOM M YIJIEPOIIOM aycTeHWTa, (eppura,
HUTPUJIOB M KapOOHUTPHIOB PA3sHOrO cocTaBa. HeszaBucmmo OT pa3mepa 3epHa B o0pasmax Ipu
MeTauIorpadMIeckOM aHAM3e TIOMEPEYHBIX NPOTPABICHHBIX HUTM(GOB HAOMIONATM JBYXCIOHHYIO
MHKPOCTPYKTYPY NMOBEPXHOCTHO-YTIPOUHEHHBIX y4acTKoB (| — BHemHwii u || — BHyTpeHnuii cion). B MC-
1 u MC-2 ofOpa3uax BHemHMi cioii | oOmamanm TMOBBINIEHHONW TPaBUMOCTBHIO, HAWOONee aKTUBHO
NPOUCXOAMIIO TpaBICHWE BJOJAb TPAaHUIl W BHYTPH 3€peH W3-3a MPHCYTICTBUS HUTPHIHBIX U
KapOOHUTPUAHBIX (ha3, a cioii || umen ogHopoaHY O cTpyKTYpY. [1pH penTreHodasoroM anammse u [I1OM-
UCCIIENIOBaHMsIX B Takux oOpasiax BeusBisum cMmech (a3 Cr(N,C), Fe-a u Fe-ync Bo BHemmHem
nioBepxHOCTHOM ciioe | 1 pazy Fe-ync B cioe I1. HecmoTps Ha cirabyro TpaBuMmocTs B obmactu |1, meTomamu
ITOM B Heit Habmomamu aucrepcusie Gasel Cr(N,C) u Fe-a B aycrenntabix 3ephax. B KC-3 o6pasiax
(opmupoBasics OoJiee TOHKHUI BHEITHUI CIIOH 1 HAOMI0/Iaiach MEHBbIIIast TPABUMOCTH BJIOJTb TPAHHI] 3¢PEH.
Ipu stom BHyTpennuit cnoii |1 O6pu1 Gonee mpoTspxenHsbli, yeM B MC-1 1 MC-2 obpasuax. ®a3oBblii
KOHTpACT B BHJIE TOJIOC B TeJI€ 3ePEH CBUACTENIHLCTBOBAN O MPUCYTCTBUM BTOPHYHBIX (a3 B cioe |1. Tak xe
KaK ¥ B CJIydae MEJIKO3CPHHUCTBIX COCTOSHHUI, B MOBEPXHOCTHO-yIpouHeHHOH obnactu KC-3 oOpasion
HaOroanack cmech ¢as, npenmyinectseHHo Fea(N,C) u Fe-ync, Ho ¢ mensiieit noneit yactu Cr (N,C) u
Fe-o. MukpocTpyKTypa yIIpo4HEHHOH 00J1aCTH MpeICTaBIIeHa NCXOHO-KPYITHBIMH 3epHamu Fe-yn c-hasbr
1 cTpodedHbiM pacronoxerneM dactuil Fes(N,C)-hasbl BHyTpr aycTeHUTHBIX 3epeH. O0nacTu pazmMepoM
<1 MM ¢ menkomucriepcHbivi (azamu Cr(N,C)+Fe-o Habmomamm IperMyIeCTBEHHO BIOJIb IPAHHUIL
3epeH. Ha rimyOune ~15-18 mMxm ot noBepxHocTH 00pasioB KC-3 gactuipt Fes(N,C)-thaser nHabmonanmch
pexe, a IpH JIOCTIKEHUH TITyOUHBI ~50 MKM MHUKPOCTPYKTYpa OblJIa aHAJIOTUYHA UCXOJJTHOMY COCTOSIHHIO
(aycrenur). Takum 00pazom, B paboTe IKCIIEPHUMEHTAILHO TIOKa3aHO, YTO HCXOAHBIN pa3mep 3epHa B AHC
BIIMSET Ha pactipenesenue ¢a3 u mopdooruto rerepodaszHoii CTpyKTyphl B IOBEPXHOCTHO-YIIPOYHEHHBIX
CITOSIX.

Paboma evinonnena npu noodeporcke cmunenouu Ipesuoenma P® (CI1-14.2019.1). Asmopwl 61aeooaphvl
0.m.H. Pamaszanosy K -H. 3a nomowb ¢ UOHHO-NAA3MEHHOU 00pabomKol.
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CTPYKTYPA, ®A30BbI COCTAB U CBOMCTBA SJIEKTPOB3PBIBHOI'O
MOKPBITUSA CUCTEMBI WC-AG-N IMTOCJIE JIEKTPOHHO-ITYUYKOBOM
OBPABOTKU U A3BOTUPOBAHMUA

Mockosckuii C.B., IToueryxa B.B., ‘Pomanos JI.A., ‘MBanos 10.®.

YCubupcruii 2ocyoapemeennviii undycmpuanvuwiii ynueepcumem, Hoeoxysneyx, Poccus, psk-
svm@yandex.ru
2Hhtcmumym cunvrnomounoil snexkmponuxu CO PAH, Tomck, Poccus, yufiSS@mail.ru

KoMOuHMpOBaHHBIM METOJIOM, COUETAIOIINM 3JIEKTPOB3PHIBHOE HAIBUICHUE, SJIEKTPOHHO-
MyYKOBYIO 00pabOTKy M a30THpPOBAHHUE IMOJYYCHO TMOKPHITHE HAa OCHOBE cepebpa, Menw,
KapOMIOB U  HUTPUIOB BoJbhpama. MeTonaMu  COBPEMEHHOTO  (U3UYECKOTO
MaTepualioBe/IeHUs] (CKaHUpYIOL[ass M TPOCBEUMBAIOIIAS AJIEKTPOHHAS MHUKPOCKOIIHS,
peHTreHo(a30BbId  aHAIM3) U3YYEHBI CTPYKTypa U (a30Bblii COCTaB TMOKPBITUM.
OmnpeneneHpl N3HOCOCTOMKOCTh, KOA((MUIIMEHT TPEHUS, TBEPIOCTh M JICKTPOIPOZHOHHAS
CTOHKOCTb.

Jns  IyrocTOMKMX KOHTAaKTOB IIEPEKJIIOYATENIC MOIIHBIX OJJIEKTPUYECKUX  CETEeH
MCIIOJNIB3YIOT CILJIaBbl HA OCHOBE Meau, cepedpa, allfOMUHHUS, IIATHHBI, 30J10Ta MOJIUO/IeHa,
BoibppaMa © JPYrUX XHMHUYCCKUX OJJIEMEHTOB. Takue CIUIaBbl JIOJDKHBI 00J1aJIaTh
ONpPENIETICHHBIM KOMIUIEKCOM CBOMCTB, B TOM YHCIJI€ BBICOKOM 3JIEKTPONPOBOAHOCTHIO,
TEIJIONPOBOJHOCTHIO, JTYTOCTOMKOCTBIO, CTOMKOCTBIO MPOTUB KOPPO3UU H [Jp. DTHUM
TpeOOBaHUSM OTBEUAIOT KOMIIO3UIIMOHHBIE MAaTEpHUalbl HA OCHOBE MATPUIIbI, 00IaAar0mein
BBICOKOM 3JIEKTPOIIPOBOJIHOCTBIO M HAIOJIHUTEINS C BBICOKOW TyTOCTOMKOCTBIO. B KauecTBe
MaTpPHUILIbI UCIIOJIB3YIOT TaKUE METaJIbl KaK MeJb, cepedpo, 30J10TO, MIaTHHA U CILJIaBbI Ha
MX OCHOBE. B KauecTBe HANMOJHUTEIS IPUMEHSIOT OKCUIbI IMHKA, OJI0OBA, MEAU, KaIMHUS U
IpYruX METaJJIoB, KapOuAbl W HUTPUIBl Boibppama u Monubaena. Hecmorps Ha
MPUEMIIEMbIE XAPAKTEPUCTUKUA OSTUX KOMIIO3MIIMOHHBIX MAaTE€pUAIOB HX MPHUMEHECHHE
Hed(p(EKTUBHO C SKOHOMMYECKON TOUYKHM 3pEHHs IO CpaBHEHHIO ¢ (opmupoBaHUEM
AQHAJIOTUYHBIX TOKPBHITUNA Ha MOBEPXHOCTH SKOHOMHUYHBIX MOJI0KeK. OIHAKO, MOTYyYUTh
TaKye KOMIIO3ULIMOHHBIE IMOKPBITHS J10 CUX IIOP HE MPEICTABISAETCA BO3MOXKHBIM U3-3a psaa
npobireM wux GOpPMUPOBAHUSA, B TOM UHCIE HU3KOW aare3ud TOKPBITUH, JHOO
HEBO3MOKHOCTH TOJyYEHHUsl MOKPHITUS M3-32 TEXHOJIOTUYECKUX OCOOEHHOCTEH TOro WU
MHOrO Meroja. VCKioueHne COCTaBIISIET METOJl AJEKTPOB3PBIBHOIO  HAIbLJICHUS,
MO3BOJIAIOIMIUN (POPMHUPOBATH KOMITO3UIIMOHHBIE TOKPHITHS, B TOM YHWCIE, U C BBICOKOU
ANEKTPOIPO3UOHHON CTOMKOCTBHIO. YIIYYIIUTh Ka4eCTBO MOBEPXHOCTH AJIEKTPOB3PBHIBHBIX
MOKPBITUI, TOMOT€HM3HPOBaTh HX OOBEM M CO3JaTh HAHOCTPYKTYPHOE COCTOSHUE
MO3BOJISIET 00pabOTKa HU3KOIHEPTETUYECKUMH DJIEKTPOHHBIMH Tydykamu. [lOBBICUTH
TBEPAOCTh JJIEKTPOB3PBIBHBIX TMOKPBITUM BO3MOXHO C NPUMEHEHHEM a30TUPOBAHUS.
CoBpeMeHHasi (Qu3MKa KOHJCHCHPOBAHHOTO COCTOSHHSI B KadeCTBE OJHOTO U3
NPUOPUTETHBIX  HANpaBIEHUN  yKa3piBaeT  pa3pabOTKy  METOAOB  TOBBIIICHUS
AKCIUTYaTallMOHHBIX XapaKTEPUCTUK MATEPUAIIOB.

C y4yeToM BBIIIEH3IOKEHHOTO IIENIbI0 HACTOSAMIEH padOThl SBISETCS HCCIEIOBAHUE
CTPYKTYpbl W  CBOWCTB  KOMIIO3MIIMOHHOTO  TOKpBITHS  coctaa  Ag-WC-N,
c(hOpMHUPOBAHHOTO HAa METU KOMOMHHPOBAHHBIM METO/IOM, COUETAIOIINM 3JIEKTPOB3PBIBHOE
HalbUICHHE, OOJyYeHHEe WMITYJIbCHBIM JJICKTPOHHBIM IYYKOM M TOCJIEIYIOIIee
a30TUPOBAHMUE B IUIA3ME ra30BOT0 pa3psia HU3KOTO JaBJICHUS.

Hccnedosanue evinoaneno npu @urancosol nooodepoicke [ panma Ilpesudenma Poccuiickoii
Dedepayuu 01151 20CYOAPCMEEHHOU HOOOEPAHCKU MOTOOBIX POCCUUCKUX YUEHBIX — OOKMOPO8 Hayk M/]-
486.2020.8 u kanouoamos nayxk MK-5585.2021.4, a maxaice npu punancosoil noodepoicke PODH 6
pamkax Hayurozo npoexma Ne 20-08-00044.
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BJINSHUE HUKJINYECKOI'O HATPYKEHUSI U HAHECEHUS OKCUJHOI'O
HNOKPBITHUSI HA YCTAJIOCTHBIE CBOMCTBA CYBMHKPO-
KPUCTAJIMYECKOI'O U PEKPUCTAJIJIM30BAHHOI'O TUTAHA BT1-0
Hapeikosa M.B.%, Berextun B.W.}, Kagomues A.I'.}, Koiodos 10.P.2, Amocosa O.B.!
YDusuro-mexnuveckuii uncmumym um. A. @. Hogpge PAH, C.-Ilemepbype,
Poccus,
2Unemumym npobrem xumuyeckoii puzuxu PAH, Yepnozonoexa, Poccus
Maria.Narykova@mail.ioffe.ru

B cuny 0coOeHHOCTEH CBOMX CBOWMCTB THUTaH SBISICTCS OJHUM U3 OCHOBHBIX
KOHCTPYKIIMOHHBIX MaTepHaJIOB B MeIUIMHCKON oOmactu [1, 2]. Tloaromy momydeHue
BBICOKOIIPOYHOTO THTAHA METOJIaMU MHTEHCUBHOU Tutactudeckoir nedopmanuu (UITM) u
OLICHKa CTaOWJIBHOCTH 3THX CBOMICTB B YCIOBHSX [UIMTEIBHOTO HArpyXeHHs BechbMa
akTyaibHa. He MeHee BaXHOW SBIISIETCS OLIEHKA BJIMSHHUS HAa MEXaHUYECKUE CBOWCTBA
cyomukpokpucraummueckoro (CMK) turana, momyuennoro mnpu MIIJ, okcumHoro
MOKPBITUS, KOTOPOE YJIydIlIaeT OMOCOBMECTUMOCTh MMIUIAHTATa C OPraHU3MOM 4YEJIOBEKa
[1]. B manHo#i pabote uzyuyancas CMK TuTaH, MONy4EeHHBIH MO PEXUMY MPOJOJIBLHON U
NONEPEYHO-BUHTOBOM MPOKATOK [2], CO CpeJHUM pa3MepoOM CTPYKTYPHBIX 3JIEMEHTOB
nopsaka 190 nm. OanopoaHas pekpucramuinzoBanHas crpykrypa (PC) Obua monydena us
CMK ctpykrypsl niociie orxura npu 823 K B Teuenun yaca; cpeauuid pasmep 3eped B PC
COCTOSIHUM COCTaBIISUI =~ 2.35 um.

HccnenoBanue ycranoctHbix xapaktepuctuk thutaHa B CMK u PC cocrosHusx
IIPOBOAMIIOCH IO CXEME HAarpyKeHHUE PacTHKEHUEM B CHMMETPUYHOM MTUI000pa3HOM LIUKJIE
B obOnactu HarpykeHus 0.96max — 0.20max. KonmuecTBO IUKIOB A HMCCIEIOBAHHBIX
06pa3ioB BapbupoBamuch oT 2:10° mo 2-10°. Benuumna Harpyskm, IpH KOTOpOH He
MPOUCXOAWIO pa3pyLIeHHE IMPU OSTOM YHUCJIE LHUKIOB, CIYXHWIO XapaKTepUCTUKOU
yclIoBHOTO Tnpesena BeiHocauBocTH (YIIB).

B paGote Obla nmpoBeneHa olleHKa cTeneHu noBpexaaemoctu oopasnoB CMK u PC
TATaHAa [0 Hayaja WX WCHOBITAHUS B pPEKUME ycTajioctu. s 3TOro MeToaom
TUAPOCTATUYECKOTO B3BEIIMBAHUS OIpEAeNsiach IJIOTHOCTh OO0paslioB, a METOAOM
MaJIOyTJIOBOT'O PEHTI€HOBCKOTO PACCESHUS - MapaMeTphbl HAaHOMOP U uX 00beM [3]. boun
npoBeJeHbl Takke (pakrorpaduyeckue MCCIEAOBAHUS TMOBEPXHOCTH Pa3pyIIEHHBIX
00pa3IioB, MOCJe UX UCIIBITAHUHN 70 2-10° tmkoB u «JIOPBIBAY.

Ycranosneno, uto YIIB npu 2-10° uknax y CMK TuTtaHa ¢ TOKpITHEM U 6€3 HETo B
1,4 pasa Boie, yeM y PC Turana. OKCHIHBIE TOKPBITUS BeAyT K HeOosbimioMy (~8%)
MOBBIIICHUIO YCTAIOCTHBIX cBOWCTB. OOHapyxkeHa TeHaeHuus cHikeHus YIIB Tutana c
poctoM 1ukiIoB Harpyxkenus. Jings CMK Turana 6e3 mokpeitus YIIB npu 2-10° 6611 B 1.6
pa3 Oombie, yeM Juist K3 tutana, a ¢ nmokpeitueM — B 1.8 paza. AHanusupyercs npupoja
YIPOYHSIOMIETO BIUSHUS OKCHUIHOTO TOKpBITUS Ha moiroBedHocTh CMK Tutana mpu
LIUKJIMYECKOM Harpy>KEHUH.

HUccneodosanue vinonneno npu gurarcosoii noodepicke PODU (npoexm Ne 19-58-
26005 Yexus_a).

Huang N., Yang P. et. al.// Biomaterials. — 2003. — VVol.24. — Issue 13.— P. 2177-2187.

Kolobov Yu. // Nanotechnologies in Russia. — 2009. — Vol.4. — Ne 11-12. P. 758-775.
Berextun B.J., Kagomies A.T'., Hapsikosa M.B. //®TT.— 2020. — T. 62. — Ne 2. C.267-273.
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PEJIAKCAIIUS HAITPSI)KEHUM B AJIIOMUHUU ITPU BO3IEVICTBUA
MOCTOSAHHBIX JIEKTPHUECKHX MOJER

Hescknii C.A., Konosanos C.B.2, Bamyk E.C.% I'pomos B.E.!

Y Cubupcruil 2ocyoapcmeennblii undycmpuanvuuiii yHusepcumen,
2. Hosoxysneyxk, Poccus, nevskiy.sergei@yandex.ru
2 Camapcxuii Hayuonanshuiil uccredosamenvckuil yuusepcumem uv C.I1. Koponesa,
2. Camapa, Poccus, Ksv@ssau.ru
3 Kysbacckuii 2ocyoapcmeennuiii mexnuyeckuii ynugepcumem um. T.@. T'opbauesa,

Ipoxonvesckuil punuan,
2. I[Ipoxonvesck, Poccus, vaschuk@bk.ru

H3ydyeHo BIMSIHME AJIEKTPUUYECKUX MOJEH XapaKTepU3yEeMBIX MaJbIMH AJIEKTPUUECKUMU
NOTEHLIMAJaMM Ha HPOLECC pelaKcaluy HalpsDKEHUM allOMUHUS TpU  HAdaJbHBIX
HANPSDKEHUSAX B YCIOBUAX Aeopmaliuu cxxatus paBHbix 0,890; ; or; 1,540, , e 6 — npeaen
TeKydecTH Martepuana. B kadyecTBe Marepuana MCCIEAOBAHUN ObLI BBIOPAH TEXHUUYECKU
YUCTBIA AIFOMUHUN Mapku A85, KOTOpBIN IoABEprajics OTKUry npu temmneparype 773 K B
TedeHUN 2 dYacoB. CKOpOCTh TpaBepchl cocraBisuia 0,5 MM/MHUH, 9TO COOTBETCTBYET
ckopocTu Harpyxenus 5,6 - 10% ¢ (npu BeicoTe o6pasua 15 mm). IMocne mocTuxeHus
ONpEICIIEHHOr0  YpPOBHS  HANpsDKEHUM, Harpy>KeHuHe MpeKpalajioch, U jJalee
peructpupoBaiicsa cnan ycunus. [loaBeneHue 371eKTPUUYECKOTO MO OCYIIECTBISIOCH OT
CTaOUIIM3MPOBAHHOTIO UCTOYHHMKA NMUTaHUS. YTOOBI UCKIIIOUUTH NMPOTEKAHUE 3apsia uepe3
oOpaser, OH M30JIMPOBAJICS OT 3JIEMEHTOB HCHBITATEILHON MallnHbl. Benuunna mpeaena
TEKy4eCTH, ONpeelICHHAs U3 ONBITOB Ha aKTUBHYIO Jiehopmaruio cxxatus, cocraBuia 36,8
MIla. B mnpomecce wucciaenoBaHusi aHAIM3UPOBAIUCH W3MEHEHUS CpPEIHEUW CKOPOCTU
penakcalMu U aKTUBALlMOHHOTO 00beMa. YCTaHOBJIEHO, YTO U3MEHEHHE 3JIEKTPHUYECKOIO
NOTEHLIMa’a IOBEPXHOCTH Marepuaja MIPUBOAUT K YBEIUYEHUIO CPEAHEH CKOPOCTH
pelakcaluyd HampsHKeHUH W YMEHBIIEHUIO aKTHBAIMOHHOTO o0beMa MpH HavyalbHOM
HanpspkeHuu 0,89c; u 1,540:. [Ipu HavyanbHOM HamNpsSKEHUU PABHOM Ipeliely TEeKy4decTH
BIMSHUE DJEKTPUUECKOTO TIOJs HEOJHO3HAuHO. Ecim 3HaueHHe 3IEKTpUUYECKOTo
noteHuuana pasHo 0,5 B, To HaOm0aeTCS CHUKEHNE CKOPOCTH pellaKCallii HalpsKEeHUH,
Torga kak mpu ¢ = 1 B. 3HaueHue akTUBalMOHHOTO oObema mpu mnotennuane 0,5 B
BO3pacTaeT, a 3aTeM HalirojaeTcsl ero cHwxkeHue. OgHako B Mpejaenax J0BEPUTEIbHOTO
WHTEpBaja MO Y MOXHO 3aKJIIO4UTh, yTO noreHuuan 0,5 B mpakTuuecku He OKa3bIBAET
BIIMSIHUSI HA MPOIECC pelaKkcaliy, a nmoreHuuan 1 B Hao00poT cHMX)AET aKTUBAIMOHHBIN
o0beM B 1,6 pa3za. Pacuer miaoTHOCTH AMCIOKALUI U YaCTOThI KOJIEOAHUH JUCIOKALMOHHOTO
CerMeHTa mokasai, uro npu ¢ = 0,5 B oM yBennunBaeTcs HE3HAUYUTENIBHO, TOT/Ia KaK MPU
noteHnuane 1 B mioTHOCTE quciokaiuii u yacToTa Kose0aHuil AUCTOKAIIMOHHOTO CETMEHTA
yBenmuuBaeTcs B 2,6 u B 1,6 pa3a cCOOTBETCTBEHHO.

W3 BBIIEN3I05KEHHOTO MOKHO CII€NaTh BBIBOJ, YTO MPU HAYAJIbHOM HANPSKEHUU PABHBIM
npeneny TEeKydecTh Martepuana 3HadeHue noreHunana 0,5 B sBusgercs moporoBbIM
3HAYEHUEM, 110CJIE KOTOPOTO BIMSHUE NIEKTPUUECKOTO MOJII CTAHOBUTCS 3aMETHBIM.

Enazooapnocmu.

Paboma evinoanena npu ¢hunarncosoii noooepoicke epanma Poccutickozo nayunozo gponda Ne 20-

19-00452
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BJAUAHUE IOCTOAHHOI'O MAT'HUTHOI'O ITOJIAA HA
MNPOLECC ®A300bPA30BAHUSA B COCTAPEHHOM
AJIIOMUHUEBOM CIIJIABE Al-Si-Cu-Fe

Ocunckas 10.B., IlokoeB A.B., Maramenosa C.I'., UBanoB K.A.
Camapckutl HaYUOHANbHBIL UCCTIEO08AMENbCKULL YHUBCPCUMEN UMEHU
axaoemuxa C.II. Koponesa, Camapa, Poccus, ojv76@mail.ru

B Hacrosimee Bpemsi JAOCTOBEPHO YCTAaHOBJIEHO, YTO Ha MPOLECC YHPOYHEHUS
CTapeIOIUX 3aKAIICHHBIX CIUIABOB CYIIIECTBEHHBIM 00pa30M BIIHMSIOT BHEIITHUE BO3ICHCTBUS
— IUlacTuyeckas aedopmanus, CTaTHUYECKOe U JUHAMUYECKOE JIaBJIEHUE, YIbTPa3ByKOBOE
BO3JICHCTBHE, KOPIYCKYJISIPHOE 00JIydeHre, Mallbie T00aBKHU nmpuMeceit u T.4. B mociennue
roJpl HAOJIFO/IAeTCs TOBBIIICHHBI MHTEpPEC K M3YYCHHMIO BIIMSHUSA CIA0BIX MAarHUTHBIX
MoJIeH Ha XapaKTCPUCTUKUA U (PU3NKO-MEXaHWYECKHUE CBOWMCTBA PA3IMUHBIX MATCPHAIIOB.
Cnabble MarHUTHBIE TOJS MOTYT BIUSTh Ha MHUKPO- M MaKpPOCKOIIMYECKHE CBOMCTBA
Pa3IUYHBIX JMAMArHUTHBIX MaTepuaioB, JaHHBIA J(PGEKT TMoNydYns Ha3BaHUE
mMarauroruiactudeckoro s dexra (MIID). [Tox neficTBuEM MarHUTHBIX MOJIEH U3MEHSIFOTCS
MHKPOTBEPAOCTh, BHYTPEHHEE TPEHUE, MPEAEI MPOYHOCTH U JPYTHE MAKPOCKOMUYECKHUE
cBoicTBa [1-3] B MOHHBIX KpHUCTallax, NOJYIPOBOJHUKAX, METaIaX, MOJEKYJSIPHBIX
KpHCTaJIaX, MOJIMMEpPax u T.1.

Lenpto maHHOW paboOTHI SBISETCS DKCIEPUMEHTAJIbHOE HCCIEAOBaHUE BIUSHUS
HAIpsDKEHHOCTH — MOCTOsiHHOro — MmarHutHoro  mnonst  (IIMII)  wa  mapametpsl
MarHuroruiactudeckoro s@dexra u (a3zoodpa3oBaHHe NPU CTAPEHUU ATIOMUHUEBOTO
cruiaa Al-Si-Cu-Fe.

O6pasupl u3 amomuaueBoro ciuraBa Al-Si-Cu-Fe mocsie Boigepkku 2 9 U
nocienyromen 3akanku ot 535 °C B Boay omkuranu mnpu Temmeparype 175 °C
JnuTenbHOCThO 4 u B [IMIT HanpsixeHHOCTBIO OT 1 10 7 KO.

AHaJIN3 MOTYYEHHBIX KCIIEPUMEHTAIbHBIX JAHHBIX MO3BOJUI CAENATh CIAEAYIOIINE
BBIBOJIbI:

— YCTaHOBJIEH TaK Ha3bIBaeMbId MOJOXHUTENbHBIA MIID [1], mpuBoasmuii K
YMEHBIIEHUIO MHUKPOTBEpAOCTH A0 25 %, mpH 3TOM IJIACTUYECKHUE CBOMCTBA CILIaBA
BO3PacTaroT;

— penTreHo¢azoBblii aHANM3 MOKa3al, 4To OTKUT 4 u 06e3 HamoxeHus [IMII
MPUBOAUT K YMEHBIIICHUIO MHTEHCUBHOCTHU BCEX HAOIOIa€MbIX TUHUN U K YBEITHUYCHHUIO X
MONYIIMPHUHBI, YTO CBUIETEIHCTBYET 00 MCKAKEHHOCTH PEIIETKH, CBSI3aHHOM C TPOIIECCaMU
CTapeHMs U NEPECTPOMKON CTPYKTYPHI;

— Hanoxxenue [IMII nanpspkeHHOCThIO OT 1 10 7 KD Ha cTapeHHe aTfOMUHUEBOTO
crmaBa AK9 mpuBOIWUT K YBENMYEHWIO WHTEHCUBHOCTH BCEX HAOIIOJAEMBIX JIMHUW H
YMEHBIIICHUIO UX MONYIIUPUHBL, 4TO 00YCIOBICHO GOpMUpOBaHUEM 00Jiee COBEPILICHHOH U
OJHOPOJTHOM CTPYKTYPHI CILIaBA.

1. Anpmun B.U., lapunckas E.B., Kongaesa M.B. u ap. Marauroruiactudaeckuit 3G QexT:
OCHOBHBIE CBOICTBa U pusnyeckre mexanu3msl // Kpucramnorpadus. — 2003. — T. 48. — C. 838.
2. I'onosun }0.M. MarauTorutactuaHocTs TBepAbIX Ten // @TT. —2004. — T. 46. — Ne 5.— C.
769 — 803.
3. MoprysoB P.b. CinHoBasi MUKpoMexaHuKa B (uznke mactuanoctd / YOH. — 2004. —
T.174. — Ne2. - C. 131.
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YHUBEPCAJIBHBIA MEXAHW3M JIE@OPMAIIMOHHOT'O CTAPEHUSA
MATEPHAJIOB C BBICOKUM KPUCTAJVIMYMECKHUM PEJBE®OM: OLIK
METAJUJIBL, HOJYITPOBOAHUKU U APYTUE

IIeryxos b. B.
WnctutyT kpuctamiorpadun um. A.B. Lllyonukosa ®HULL «Kpucrannorpadus u horoHnka
PAH, 119333, r. Mocksa, Poccus
E-mail: petukhov(@ns.crys.ras.ru

Pa3zBuBaercs Mozaenb JAMHAMHYECKOTO B3aWMOJCWUCTBUS JHUCIOKAUUMKA C TPUMECHOU
MOJICUCTEMON KPHUCTAUIOB C BBICOKUM MOTEHIMAIBHBIM peabeOoM KPUCTAIUTHUECKON
pemetkn  (Oappepamu  [laifepica). [lokazano, 4YTOo MOAUUKANUS HPUMECHBIX
MUTPAIMOHHBIX OapbepoB BOJIM3U JUCIOKAIIMOHHOTO SJpa CYLIECTBEHHO BIMSIET Ha
Cerperanyio TpuMeced Ha ABWXKylehcs auciokanuu. (OOOCHOBBHIBACTCS HAIMYUE
CYyILIECTBEHHO HEPaBHOBECHON HAYalbHOM CTaIUM KUHETHUKU CErperaiuu, NpUBOISIICH K
pAly aHOMAJIMK AUCIIOKAIIMOHHON TUHAMUKH U TIpeJielia TeKy4eCTH MaTepralia B HEKOTOpOM
TEMIIEpaTypHOM UHTEpBAJE.
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PucyHok 1. DBoonus NpUMECHOTO COIEPKaHUsl Cy HA IEPBOHAYAIBHO CBEKEN AUCIOKALIUU B
XO0JI€ TIOCJIE/IOBATEINIbHBIX NIEPEX0JIOB HA Mepuo/] peueTku. LI TpruxoBas TMHKS TOKa3bIBAET
CTaI[HIOHAPHOE aMILTUTYIHOE 3HAUEHHE Cda, YCTAHABJIMBAOIIIEECS MIPH { — 00 (7 — BpeMsi MUTPAIHH
MIPUMECHBIX aTOMOB BOJM3U JUCIOKAIIMOHHOTO SApa).

[TocTpoeHHast Teopusi AMHAMUYECKOTO B3aUMOJECUCTBUS AUCIOKALMI C MPUMECHOU
MOJACUCTEMOM KpHUCTa/Ula YYHUTHIBAET OOpaTHOE BIMSIHUE TPUMECEH, YBICKAEMbIX
JBIDKYIIUMUCS JUCIOKALUSIMH, Ha JMHAMHUKY caMHuX JAuciokauuil. CreacTtBusmMu
CaMOCOTJIaCOBAHHOI'O XapaKTepa Ipolecca SBISIOTCS BO3ZHUKHOBEHHME HEYCTOWYMBOCTEN
JIBUKEHHS JUCIOKAIMA B OMpPEIEICHHOM HHTEpBaje CKOPOCTe W HMMOOMIU3AIUs
TUCIOKAIMA TIpU  HANpsSDKEHUSX  HIDKE HEKOTOPOTO  Topora. OTO  MO3BOJIIET
MOCIIE0BATEIHHO OOBSICHUTH HATM4Ke HAaOI0JaeMO SKCTIEpUMEHTAIIEHO UMMOOUITH3AIIUT
JUCIIOKAITMH B TTOJIYTTPOBOTHUKOBBIX KPUCTAIITIAX, HE BBIXOIS 32 PAMKH TPUHSATOTO JISI STUX
MaTepuanioB KHHKOBOIO MEXaHM3Ma JUCIOKAIIMOHHON JUHAMUKH.
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HCCJEJJOBAHUE MEXAHUYECKHNX CBOMCTB MEJTHOI'O CIIABA CUCTEMBI
CU-MG IOCJIE BOJIOYEHUS

Mununenxo A.I'.L, JIyrosckas A.C!, Mopo3zosa A.H.?

YHIUY «Benl'Vy, 2. beneopoo, Poccus
HUTY « MHCuCy, 2. Mockea, Poccus
morozova_ai@bsu.edu.ru

Ha nanHblii MOMEHT OZHUMH U3 CaMBIX MEPCHEKTHUBHBIX 3JIEKTPOTEXHUUYECKUX CILIABOB
SBJISIFOTCS. MeJHbIe cruiaBbl cucteMbl CU-MQ [1]. MHTEpec K cruiaBam JaHHOM TPYIIIBI
BBI3BaH BBICOKMMH 3HAYEHUSIMU MPOBOJUMOCTH MPU MUKPOJETHPOBAHUM B COUYETAHHH C
BBICOKOH IIPOYHOCTHIO NIOCJIE HArapTOBKHU.

B nannoii pabote nccnenosanu meansli cras Cu-0,25%Mg (macc.%). Ucxomabie 00pasifs
noasepriauck koBke mpu 800 °C u mpokatke mpu 450°C (ucxomHoe coctosiHue). bplio
OCYIIIECTBJICHO BOJIOYEHHUE TP KOMHATHOM TeMIlepaType 10 UCTUHHOU aedopmanuu 5,3.
MexaHuyeckue CBOWCTBA ONPEIEISUIM HUCHBITAHUEM HA CTATUYECKOE pPaACTSKEHUE C
HCIIOJIB30BaHNEM yCTaHOBKH INstron 5882 ¢ mauanpHOl ckopocThio nedopmarmu 2x103em
1

[Ipenen TekyuecTH pE3KO BO3pacTaeT TMOCIE MPOBEACHHUS BOJIOYEHHUS CO CTEIEHBIO
nedopmaruu 1,3 ¢ 375 Mlla go 525 Mlla u npoaoskaeT MOCTETNIEHHO YBETUYUBATHCS MPU
JanbHeleM BosioueHuu (Tabiauna 1). MakcumanbHbli npeaen tekydectu coctaBuil 600
MIla npu uctuaHOM nedopmanuu 5,3. Ha mpoTsokeHMH Bcero BOJIOYEHHUS HaAOIOANIH
MIOCTEIIEHHBIN pOCT Mpezesia IPOYHOCTH, MAaKCHMaJIbHOE 3HaU€HUE KOTOpOro coctaBuio 680
MIla. B mporuecce BonoueHus: HAOIIOAAIN Pe3K0e CHIKEHUE TUIAaCTUYHOCTH 110 7,4% mocie
UCTUHHOU nedopmaruu 1,3. MUHUMaIBHOE 3HAYCHHE TIACTHYHOCTU OBLIO JOCTUTHYTO
rmocJe Boiodenus 5,3 u cocrasuio 2,6%.

Ta6mmma 1. Mexanndeckue cBoicTBa MeaHoro cimiasa Cu-0,25%Mg mocite BomoyeHus

CocrosHue CreneHn IIpenen [Ipenen OTHOCHUTENBHOE
nedopmMariu Tekyuectu, MIla IIPOYHOCTH, yanuHenue, %
Mlla

HUcxonuoe 0 375 425 22,9
Bomouenne 1,3 525 555 7,4

2,2 545 560 7,1

3 570 610 7
3,9 595 670 6,6
5,3 600 680 2,6

HccnenoBanusi moKas3ajid, 4YTO TNPOBEJIEHHE IUIACTUYECKOH JegopMaluy BOJIOYEHUEM
CIIOCOOCTBYET YBEJIMYEHHUIO MPOYHOCTHBIX XapakTepucTuk 1o 680 MIla ¢ peskum
CHM)KEHHMEM IUIACTUYHOCTH, KOTOPast cocTaBuiia MeHee 3%.

IOP Conference Series: materials science and engineering. — 2021. — Volume 1014 012030.
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CTPYKTYPA Y CBOMCTBA IIOKPBITHUA AG-NI-N, CCPOPMHUPOBAHHOI'O HA
MEJIU KOMBUHUPOBAHHBIM METOJOM, COYETAIOIIINM
SJIEKTPOB3PBIBHOE HAIIBUVIEHUE, OBJIYYEHUE UMITYJIbCHBIM
IJIEKTPOHHBIM ITYYKOM U A3OTUPOBAHUE

Toueryxa B.B., ‘Pomanos [I.A., 'I'pomos B.E., UBanos 10.®.

YCubupcruii 2ocyoapemeennviii undycmpuanvhwiil ynueepcumem, Hosoxysneyx, Poccus,
v.pochetuha@mail.ru
2Uncmumym cunvnomounoii snexmponuxu CO PAH, Tomck, Poccus, yufi55@mail.ru

DIEKTPUUYECKHE KOHTAKThI BBIKIIOYATEICH 3JIEKTPUUECKUX CETEH HE3aBUCUMO OT TOTO, YTO
OHU AKCIUTYaTHPYIOTCS ¢ MOMEHTa JaeMoHcTpanuu T.A. Dauconom B 1879 r., ocratorcs
AKTyaJIbHBIM OOBEKTOM (QYHIAMEHTAIBHBIX M MPUKIAJHBIX HccienoBanuii. OCHOBHOM
TEXHOJIOTHEN MPOMBIIUIEHHOIO IPOM3BOJICTBA KOHTAKTOB MEPEKIIOYATENIEH MOITHBIX
ANEKTPUYECKUX CETEeH J0 CHUX IOpP OCTACTCS METOJ| MOPOIIKOBOW MeTaurypruu. Takue
JNEKTPUYECKUE KOHTAKThl 00Ja/al0T OJHOPOJIHON M BOCHPOU3BOJUMON CTPYKTYPOU BO
BceM oObeMe wusnmenuii. OIHAKO COBEPIICHCTBOBAHWE JTOW TEXHOJOTHH HE MOXKET
00ecnevynTh HU3KYIO MOPUCTOCTh TOTOBBIX U3/IEIHNA, YTO CHIKAET SIEKTPOIIPOBOIHOCTb.
JpyruMm MeETOI0M TOJIy4eHHUSI OOBEMHBIX MATEPUATIOB JTYTOCTOMKHX SJIECKTPUUYECKUX
KOHTAaKTOB SIBJISIETCS] METO/I 3JIEKTPOHHO-JIyY€BOI0 UCIIAPEHMS U MTOCIIEYIOLIEN BaKyyMHOM
KOHJICHCAIIUU. DJIEKTPUUYECKUE KOHTAKTHI, TTOJYYCHHBIE STUM METOJIOM, HEOJHOPOJIHBI 110
ctpykrype. Hampumep, s cuctembr W-CU 3Ta HEOZHOPOJHOCTH MPOSIBISIETCS B
MEPUOANYECCKOM YEepPEOBAHUH CIIOCB BoOJbppamMa W MeAH TEPEMEHHOW TOJIIUHBL
[TomydeHnue e MOKPBITHI, 00ECIeYUBAIOIIUX BBICOKYIO TYTOCTOMKOCTH JIEKTPHUYECKHUX
KOHTAKTOB, B MPOMBIIIJICHHOM MacIiTade B HACTOSIIEE BpEeMs 10 CHX MOp HE peaTn30BaHo.
DTO CBSI3aHO C TPYAHOCTSIMH (POPMHUPOBAHUS KOMIIO3UTHOM CTPYKTYPHI TOKPBITHH U
JIOCTH>KCHHS X BBICOKOM a/Ire3uH.

KoMOuHMpOBaHHBIE TEXHOJOTMH, COYETAIOUINE pa3UYHbIE METOJbl BO3JECHCTBUS Ha
CTPYKTYpY M CBOMCTBa MaTepualia, B HACTOSIIEEC BPEMsI SIBJSIOTCS OJHUM W3 UHTEHCHBHO
Pa3BUBAIOIINXCS HANPaBIEHUN MoIU(UKAIIMKM METAJUIOB U CIIJIaBOB. B paboTe BBIMOTHEHO
UCCIIeIOBaHUE CTPYKTYpPBI U CBOMCTB MOKpbITUs coctaBa Ag-Ni-N, chopmupoBaHHOrO Ha
MeA KOMOWHUPOBAHHBIM METOJOM, COYETAIONIMM 3JEKTPOB3PHIBHOE HAIbUICHUE,
00JTy4eHHE UMITYJIbCHBIM 3JIEKTPOHHBIM ITYYKOM U TOCIEAYIOIIee a30THPOBAHUE B TUTa3Me
ra3oBOro paspsiia HHU3KOro jaBieHus. [loka3aHo, 4TO HM3HOCOCTOMKOCTH MOKPBITHS
ToNUIMHON 710 80 MKM NpEBBIIIAET U3HOCOCTOUKOCTh Meau Ha 13 %; koadpuuneHT Tpenus
NOKpBITUS Ha 3,5 % HIbke Kod(d(UllMeHTa TPeHUS MEH; TBEPIOCTb MOKPBITHS MPEBBIIIACT
TBEpJAOCTh Meau Ha 13 %. YCTaHOBJIEHO, YTO OCHOBHBIM SJIEMEHTOM TOKPBITUS SIBIISIETCS
cepeOpo, B 3HAUYUTEIHHO MEHBIIEM KOJIMYECTBE MPUCYTCTBYIOT HUKEIh U MeAb. Mexmy
MOKPBITHEM U TIOJITIOKKOU BBISIBIICH TIEPEXOHBIN CIIOW TOJIIMHOM 0 8 MKM, 000TaIllleHHBIA
atomamMu Hukens. [lokazaHo, 4TO TOKpBHITHE CPOPMHUPOBAHO TBEPIBIMU PACTBOpaAMH Ha
OCHOBE MeEJH, HUKENII M cepedpa, a TakKe COACPKUT HUTPUILI HUKETS cepedpa u Meiu.
BrisiBneHo, uTo )a30BbIi COCTaB MOKPHITHS CYIIECTBEHHBIM 00pa30M 3aBHCHT OT MJIOTHOCTH
SHEPTUM ITy4YKa SJICKTPOHOB (MIPU TOCTOSHHBIX 3HAYEHUSX JJIUTEITLHOCTH M KOJIMYECTBA
UMIYJIGCOB BO3ACUCTBUSA ITydKa). YCTAHOBJICHO, YTO TMOKPHITHE HUMEET CYOMHUKpPO-
HAaHOKPHUCTAJUTMUECKYIO CTPYKTYpY. Pasmepsl kpuctamumToB, GOpMUPYIOMIMX MOKPHITHE,
U3MEHSIOTCS B IIpenienax oT 50 HM 0 eIMHUL MUKPOMETPOB.

Hccnedosanue evinoaneno npu @urancosol nooodepoicke [ panma Ilpesudenma Poccuiickoi

Dedepayuu 015 20CYOAPCMBEHHOU NOOOEPHCKU MOLOObIX POCCUTICKUX YHEHbIX — QOKMOpo8 Hayk M/]-
486.2020.8 u kanouoamog nayxk MK-5585.2021.4, a maxaice npu punancosoil noooepaicke PODH 6
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MOJEJTUPOBAHUE MEXAHUYECKOI'O TIOBEJEHUSI HAHOKOMIIO3UTA «YSZ-
KEPAMUKA/TPA®EH» C IOMOLIBIO METOJA MOJIEKYJAPHOU JUHAMUKHU

Poxkkos M.A., CMupHoB A.M., KostecunkoBa A.Jl., M.IO. I'yTknn

Unemumym npobrem mawunosedenuss PAH, e. Cankm-Ilemepoype, Poccus,
MARozhkov@corp.ifmo.ru

@yHKIMOHAIbHASI HAHOKEpAaMUKA IIHPOKO MCIOJIb3YETCS B PA3IUYHBIX OTpacisix
IPOMBIIIJICHHOCTH, HalpuMep, B HHEpPreTHuke. B 4YacTHOCTH, HOBBI KepaMHUYEeCKHUH
HAaHOKOMITO3UT Ha OCHOBE CTaOMJIM3MPOBAHHOTO WTTpUeM okcuna mupkoHus (YSZ) c
HAlOJIHUTEJIEM B BHUJAE CJIOEB TIpadeHa sBIAETCS IEPCHEeKTUBHBIM MaTepUalioM,
00J1aJar0IKMM KaK HOHHOH (KHCIIOPOTHOM ) MPOBOAMMOCTBIO, ITpUCyIIeii kepamuke Y SZ, Tak
U 3JIEKTPOHHOM POBOJMMOCTBIO 32 cueT 00pa30BaHus KJIacTepoB rpadeHa B MEK3EPEHHOM
npoctpanctBe [1, 2]. Takoii marepuan MOXET CIYXHUTh OCHOBOM [IJIi CO3JaHUA
3¢ (}EeKTUBHOIO Hacoca MOJEKYJSIPHOTO KHCIOpOJa C BO3MOXXHBIM IPUMEHEHHEM B
HHEpPreTHKE, JIBUraTEIECTPOCHUM, TEXHOJOIMSX TOHKOIO XHUMHYECKOIO CHHTE3a WU B
pa3paboTke HOBOTO MEIUIIMHCKOIo 00OpyJoBaHus. B To ke Bpems cTpeMieHue A0CTUYb
Ay4dmuX (YHKIMOHAIBHBIX CBOWCTB YacTO TNPUBOMUT K JeTpajallid MeXaHHYECKUX
XapaKTepUCTHK H3TOTOBIEHHBIX o0Opa3noB [3]. LleneHampaBieHHbII TOMCK MyTel
yIIydiieHus: QyHKIIMOHATBHBIX CBOMCTB HAHOKEPAMHUKH M KEPAMHUECKUX HAHOKOMIIO3UTOB
6e3 ymepba A X MEXaHMYECKUX XapaKTepUCTUK TpeOyeT pa3pabOTKU TEOPEeTHUECKUX
MOJI€JIeH, OMUCHIBAIOLIMX MEXaHU3MBbI IPOYHOCTHU U MJIACTUYHOCTH TAKMX MaTEpUAIOB.

B nanHOil paboTe mpeAcTaBiE€Hbl Ppe3yJbTaThl KOMIBIOTEPHOI'O  MOJEIUPOBAHMS
MEXaHUYECKOTO TOBEJCHUS HAHOKOMIIO3UTOB «YSZ-kepamuka / rpaden» MeTomom
MOJICKYJISIPHOW IuHaMuKH. PacdeTHass Mopenb mpeacTaBisuia coboi kpuctamn YSZ c
nepopMupyeMbIM BKIIIOUeHHEM Tpadena. B3aumoneiictBue rpadena ¢ kepamukoit YSZ
ONMCHIBAIIOCH PA3IMYHBIMU MTOTEHIIMAJIaMH MEKaTOMHBIX B3auMoJieicTBUi. /{11 onucanus
B3aMMOJCHCTBUSL MEXIY aToOMaMHM WTTpUS, LUPKOHUS W KHUCIOPOJA HCIOJIb30BANIC
noTeHIMan bykuarema, Mmexay aromaMu yriepoja — noteniuan ReaxFF, mexay atromamu
KepaMUKH M yriaepoaa — noreHuuan Jlennappa-/[xonca. Ha ocHoBe pe3ynbraTtoB
MOJICIIUPOBAHMS JTUX OOBEKTOB C TMOMOIIBbIO mporpamMHoro makera LAMMPS
paccMOTPEHbI ABOJIOLMS CTPYKTYPbI 1 MEXaHHMUECKOE MTOBEIEHNE OTAEIBHOr0 rpad)eHOBOTO
HAHOBKJIIOYEHHUS, a TAaKKE BO3ZMOXKHOCTh IEPEHOCA 3TUX JaHHBIX Ha MOBEACHHUE peabHbIX
HAaHOKOMIIO3UTOB.

bnazodaprocmu.
Pabora BeimonHeHa npu GpuHaHCOBOH noaepxke Poccuiickoro HayuHoro ¢onaa (rpant Ne 18-19-
00255).

Comins J.D., Ngoepe P.E., Catlow C.R.A. // J. Chem. Soc. Faraday Trans. — 1990. — Vol. 86. — P.
1183.

Shackelford J.F., Doremus R.H. Ceramic and glass materials: structure, properties and processing.
New York: Springer, 2008.

Ovid’ko L.A. // Philos. Trans. Roy. Soc. A — 2015. — Vol. 373. — Art. 20140129.
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UCCJIEJJOBAHUE CTPYKTYPBI U CBOMCTB IOKPBITHUSA SNO,-IN,O3-AG-N,
COPOPMUPOBAHHOI'O HA MEJHU KOMIIVIEKCHBIM METOJAOM

Pomanos JI.A., Iloueryxa B.B., 'I'pomos B.E., ‘UBanos 10.®.

YCubupcruii 2ocyoapemeennviii undycmpuanvuwiil ynueepcumem, Hosoxysneyx, Poccus,
romanov_da@physics.sibsiu.ru
2Uncmumym cunvnomounoii snexmponuxu CO PAH, Tomck, Poccus, yufi55@mail.ru

[lenp pa®oThl — aHANW3 CTPYKTYpbl M CBOWCTBA MOKpPBITHS cocTaBa SNO2-1n203-Ag-N,
c(OpMHUPOBAHHOTO Ha MEOU KOMIUIEKCHBIM METOJOM, COYETAIOIIMM 3JIEKTPOB3PBHIBHOE
HaNblJICHUE, OOJyYeHHE WMITYJIbCHBIM JJIGKTPOHHBIM IYYKOM H  TOCJIEIyIomiee
a30THPOBAHUE B IJIa3M€ Ia30BOr0 pa3psijia HU3KOro JaBJICHHUS.

[Tocne hopMUpOBaHUS MOKPBITHST 00PA3IBI 00Ty UMITYJIECHBIM JICKTPOHHBIM ITyYKOM
(17 x3B, 20 Ix/em?, 200 Mmxc, 5 umm., 0,3 cl) u momBepramy a30THPOBAHMIO B ILIA3ME
razoBoro paspsjga Hu3koro gasinenuss Ha yctaHoBke «KOMIIJIEKCy. Pexum
azorupoBanusd: 520 °C, 5 yacos.

UccnenoBanne neeKTHOH CyOCTPYKTypbl H  3JEMEHTHOTO COCTaBa  IOKPBITHS
OCYHIECTBIISUIM METOJaMH CKaHUPYIOLIEH JIIEKTPOHHONW Mukpockonuu. HccnenoBaHue
($a30BOro coctaBa M CTPYKTYpPHBIX MapaMeTpPoOB MPOBOAMIIOCH Ha audpakromerpe XRD-
6000 B CuKo-u3nyyennn. Ananu3 ¢pa3oBOro coctaBa IpOBOAWIN C HCIOJIb30BaHUEM 0a3
nanabix PDF 4+, a takke nporpaMmel nosHonpoduinsHoro ananuza POWDER CELL 2.4.
TBepmoCTh MOKPBITHS U3MEPSLITH C TIOMOIIIBIO yibTpaMukpoTectepa Shimadzu DUH-211 (Pn
=30 mH). Tpubosiornueckue CBONCTBA MOKPHITUS W3ydaliu Ha Tpubomerpe Pin on Disc and
Oscillating TRIBOtester («TRIBOtechnic», ®paniius) B yCIOBHIX CyXOro TPSHHUS.

B pe3ynbrare Tpnboornueckux UCTIBITAHUN 00OHAPYKEHO, YTO U3HOCOCTOMKOCTH MEIHOTO
obpasna ¢ mokpeiTHeM coctaBa SNO2-IN203-Ag-N cocraBmster 3,4010° MM /Hem u
TIPEBBINIACT HM3HOCOCTOMKOCTh Meau 0e3 TOokphITHA (9,6010° mm3/Hem) B 2.8 pa3sa.
Koaddurment tpenus oo6pasuos ¢ nokpeitueM (U = 0,479) menbie ko3 duirenta TpeHus
Meau 0e3 mokpeitus (L = 0,679) B 1,4 pa3a. BeisiBieH pa3nuyHblii XapakTep U3MEHEHUS
KodduIMeHTa TpeHUs NpU TPUOOIOTUYECKUX HCHbITaHUsAX. OOpaszer] ¢ MOKPBHITUEM
XapakTepu3yeTcs: 0oyiee NTUTEIBLHON CTaarel mprupabOTKU 1O CpaBHEHUIO ¢ 00pa3iiom 6e3
MOKPBITHSI.

TBepIOCTh TOKPBITUS W3MEPsUIA Ha TMOMEPEYHOM TNLIU(dEe BAOIb TPEX JOPOXKEK,
MPOXOIAIINX TMEPHeHINKYISIPHO MOBEPXHOCTU MOKPBITUS, YTO IMO3BOJISIIO ONPEAETUTh
CPEIHIOI0 TBEPAOCTh TOKPHITHS M BBIIBUTH 3aBHCHMOCTH TBEPJOCTH HCCIICIYEMOTO
MaTepuana OT PACCTOSIHUS OT MOBEPXHOCTU MOKPBITUA. TBEpIAOCTh MOKPBITUS JOCTUTAET
MaKCHUMaJIbHOTO 3HAYEHUsI, TPEBBIMIAIOIIETO TBEPAOCT MOAI0KKN Ha 10 %.

[Tokazano, yto TonuwHa MOKpeITUA ~ 100 MkM. M3HOCOCTONMKOCT, MEAHOTO OOpasiia ¢
HAHECCHHBIM MMOKPBITHEM MPEBBIIIACT H3HOCOCTOWKOCTh MeIU 0e3 MOKPHITHS B ~ 2,8 pasa.
Koaddurment tpenus oopasuos ¢ mokpeitueM (U = 0,479) menbie koddduirienta TpeHus
Meau 6e3 mokpeitus (L = 0,679) B =1,4 paza. YCTaHOBIEHO, YTO TBEPAOCTH MOKPBHITHS
YBEJIMYUBACTCS [0 Mepe MPHUOIIKEHHUS K MOIOKKE U JOCTUTAET MAaKCUMAIIBHOTO 3HAUCHUS
~1400 MIla (TBepnocts nmoanoxku 1270 MIla). MeronamMu MUKpOPEHTT€HOCTIEKTPATIbHOTO
aHaJM3a YCTAaHOBIIEHO, YTO OCHOBHBIM XHMHUYECKHM 3JEMEHTOM TMOKPBITUS SBISETCS
cepedpo, B 3HAYUTEIIBHO MEHBINEM KOJUYECTBE MPUCYTCTBYIOT MeEIb, OJIOBO, WHJIHM,
KUCTIOpO.I U a30T. OCHOBHBIMU (ha3aMu MOKPBITHUS SBJISIFOTCS TBEP/IbIe PACTBOPHI HA OCHOBE
Meau U cepedpa.

Hcenedosanue evinonneno 3a cuem epanma Poccutickozo nayynozo ¢ponoa (npoexm Ne 20-79-

00141).
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BJIMSAHUE UMITYJIBCHOI'O 9JIEKTPOHHOI'O ITYYKA HA PACTS2KEHUE
CUJIYMUHA MAPKH AKSM2

3aryasies 11.B.}, UBanos 10.®.%, Kionoros A.A.% Yerunos A.M.?,
Py6annuxosa F0.A.L, SAxynos JI.®.!

1Cu6upcz<uﬁ 20Cy0apcmeeHHblll UHOYyCmpuabHuill yrusepcumem, 2. Hosoxysuneyx, Poccus,
rubannikova96@mail.ru
2HHcmumym cunvromounot dnexkmponuxu CO PAH, 2. Tomck, Poccus

Llenbto paboThl SIBISETCS aHAIM3 BO3ACHCTBUSI MMITYJILCHOTO JJIGKTPOHHOTO Iy4yka Ha
CTPYKTYpY U pa3pylleHHE CUIYyMUHA.

B kauecTBe MaTepuasa ucciae0BaHus UCI0JIb30BaH ciiyMUH Mapku AKSM2, cienyroniero
xumuyeckoro coctasa (mo FOCT 1583 — 93): Fe — 1o 1,3%; Si — 4,0-6,0%; Mn —0,2-0,8%;
Ni — 10 0,5%; Ti — 0,05-0,2%; Al — 85,9-94,05%; Cu — 1,5-3,5%; Mg — 0,2-0,8%; Zn — 1o
1,5%; npumeceii — mo 2,8%.

Bo3zaeiicTBue UMITyJIbCHBIM 3JIEKTPOHHBIM ITYYKOM ¢ napameTrpamu: 17 k3B, 50 Jx/em?, 50
MKC, 3 UMII. HA CWJIyMUH IIPUBOJUT K IJIABJICHUIO TOBEPXHOCTHOT'O CJIOS TOJIIMHON 110 90
MKM. BBICOKOCKOpOCTHasi KpHUCTaJUIM3allusl pacCIIaBIEHHOTO CJIOS OPUBOAMUT K
(OpPMUPOBAHUIO CTPYKTYpPbl SYEUCTOM KpHUCTaUIM3alUU C CyOMUKPOHHBIMU pa3Mepamu
saueek. Aueiiku, chopMHUpPOBaHHBIE TBEPIBIM PACTBOPOM HA OCHOBE aJTIOMUHUS, Pa3/IeICHbI
TOHKMMHU Tpocioiikamu. OCHOBHOH (ha30il TPOCTOEK SBISETCS KPEMHUH, HMEIOIIHHA
okpyriyto hopmy u pazmepsl (10-20) am.

MexaHuuecKkrne HCHBITaHUS CUIYMHMHA OCYIIECTBIISUIM IyTEM OJHOOCHOI'O PaCTSKEHUs
o6pasnoB Ha ucnbeitatenbHo MamuHe «INSTRON 3386» ¢ mocTostHHOM ckopocThio 1,25
MM/MUH.

B pesynbprate ucnbiTaHUil yCTaHOBJIEHO, uTO oOpazern cuiymMuHa AKSM2 ucnbIThIBaeT
XpynKoe paspyuieHue. AHaiau3 AeQOopMallMOHHOM KpHUBOW MO3BOJIIET YCTAaHOBUTH, YTO
npenen MpoYyHOCTM Ha paspbiB paBeH 136 MIla, npenen texkyuectn — 27,97, a
OTHOCHUTEJIFHOE OCTAaTOYHOE YJUTMHEHHE TPH pa3pbiBe cocTaBiseT 2,9%. Bo3neiicTBue Ha
o0pazer UMITYJIbCHBIM 3JIEKTPOHHBIM ITyYKOM C INIOTHOCTBIO SHEPTHH ITydKa 3JIeKTpOoHOB 50
JIx/cM? ¥ TIpH JUTMTENIBHOCTH UMITyIbca 50 MKC TIPHBOAMT K M3MEHEHHMIO TTPOYHOCTHBIX
XapakTepUCTHK ciuiaBa. [Ipengen mpouyHoOCTH HA pa3pbiB yBeanunBaeTcs Ha 12,5% u paBeH
153 MIla. IIpu ananu3e npenena TEKy4eCTH yUUThIBA€TCS KOHEUHAas MJI01Aadb IIONIEPEUYHOT0
ceueHss oOpaslia M CWJIa, COOTBETCTBYIOINAsl Mpeaeidy TEKydecTH MaTepualla, pacyeThl
MOKa3ajau, YTO NpPeJes TEeKydyecTH oOpas3lla CHIyMHHA IOCJHE 3JIEKTPOHHO-ITyYKOBOM
o0paboTtku cocrasiseTr 38,87 MIla, OTHOCUTENEHOE OCTATOUYHOE yJUIMHEHUE Ha Pa3pbiB —
3,6%.

Hccredosanue svinonneno 3a cuem epanma Poccutickozo nayunozo ¢honoa (npoexm Ne 19-79-
10059).
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JIEKTPOB3PBIBHOE HAITBIJIEHUE MOJIMBJIEHOBBIX IIOKPBITHUI HA
TUTAHOBBIN CILIAB

Cocuun K. B., Pomanos /I. A., [Ipounun C. 10., ®uaskos A. /1.

YCubupckuii 2ocyoapemeennviii undycmpuanvuwiil ynueepcumem, Hosoxysneyx, Poccus,
k.sosnin@mail.ru

B nacrosimem matepuane coobuiaercss 006 u3ydeHuu (pazoBoro cocraBa 3JIEKTPOB3PHIBHBIX
MOKPBITUI HAa OCHOBE MOJIMOJCHA M TUTaHA Ui MEAUIIMHCKUX NpuMeHeHui. [TokpeiTus
ObLIM  MOJYYeHbl  SKOJOTMYECKHM  Oe30macHbIM M TEPCHEKTUBHBIM  METOJIOM
AJIEKTPOB3PBIBHOTO HambUIeHUs. [IpuMeHeHHass 00paboTKa MO3BOJISET JOOUTHCS TOUYHOTO
perynupoBanusi (a3zoBoro coctasa. [lomydyeHHble pe3ynbTaThl HccieAoBaHUA (Da3oBOro
cocraBa mpuBeleHbl B Tabnmie 1. Jleranuzaius HCIONB3YeMOH YCTaHOBKH, PEKHUMOB
(dbopMUpOBaHUS MOKPHITHII 1 MapKU UMIUIAHTATOB B HACTOSIIEEe BpeMsl HE MPUBEACHBI IS
obecrieueHus MaTeHTHOW YUCTOTHI.

Tabmuma 1. ®a3oBeIii cOCTaB MOKPHITHI HA OCHOBE MOJHO/IeHA U TUTaHA

Homep pesuma 06paGoTiu ®dazoBkIii cocTas, Macc. % _
Mo Ti

1 5 95
2 10 90
3 15 85
4 20 80
5 25 75
6 30 70
7 35 65
8 40 60
9 45 55

[Ipusenem ¢ororpaduu MOBEPXHOCTH IEKTPOB3PHIBHBIX HOKPBITHH (pHC. 1).

I
4

0 B
Puc. 1. BHemHuit B MOBEPXHOCTH MOJINOIEHOBBIX MOKPBITHH, TOTyUYEHHBIX B PEXKUMaX
AJIEKTPOB3pBIBHOTO HanblIeHus 1 (a), 5 (0) u 8 (B)

Amnanu3 Tabnuie! 1 mokasa, 94To mpuMeHeHHas: 00paboTKa MO3BOJISIET TOUHO PEryJIUPOBaTh
dazoBeIii coctaB. B OyayimieM 3TO MO3BOJHT HCIONB30BaTh MpeIIaraeMblii METOJ
HaIBUICHHUS] TTOKPBITUMA JIIT KOMMEPYECKOTO HMCIIOJIb30BaHUSI B MMIUIAHTATAX Pa3TUIHOU
KOHCTPYKIIUU.

Hccenedosanue evinoaneno npu @uuancogou nodoepoicke I panma Ilpesudenma Poccutickou
Dedepayuu 015 20CYOAPCMBEHHOU NOOOEPHCKU MOJIOOBIX POCCUNICKUX YHEeHbIX — Q0OKMOpo8 Hayk M/]-
486.2020.8 u kanouoamos nayk MK-5585.2021.4, a maxoice npu ¢hunancosoii noooepacxe PODHU
pamkax Hayurozo npoexma Ne 20-08-00044.
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EFFECT OF HIGH PRESSURES ON CONDUCTIVITY AND THE SPIN
BLOCKADE AT “INSULATOR-METAL” PHASE TRANSINION IN GdBaCo0;0s s

Tarasenko T.N.%, Sivachenko T.S.1, Reshidova 1.Yu.t, Burkhovetskii V.V.%,
Mazur A.S.?
YPublic Institution “Donetsk Institute for Physics and Engineering
named after A.A. Galkin”’, Donetsk, DPR, t.n.tarasenko@mail.ru
2St. Petersburg State University, St. Petersburg, Russia

The interest to the study of oxygen-deficient rare earth cobaltites RBaC020s:5 (here R —
lanthanides or yttrium, 0 < 6 < 1) initially appeared as to a new class of the compounds
undergoing a giant magnetoresistive effect. Perspectives of using the double layered
cobaltites as high-temperature fuel cell electrodes define the high relevance of complex study
of their physical and, in particular, the electrical transport properties. GdBaCo0.0s 5 can be
regarded as a typical representative of the ordered oxygen-deficit cobaltites RBaC020s5. The
reason for the insulator-metal (I-M) transition in RBaCo20s is known: the transition of Co®*
ions from the low-spin (LS) to the high-spin (HS) state.
The aim of this work is to study the effect of high pressures on the first-order insulator-metal (I-M)
phase transition in double layered cobaltite GdBaCo.Oss. Polycrystalline samples of
GdBaCo.0s5 were synthesized by the conventional technology of solid state reactions in air.
The sharp X-ray diffraction peaks corresponding to the orthorhombic Pmmm-group, showed
good crystallization. No secondary phases are detected. Microstructural studies of the
morphology of the fracture surface of the GdBaCo20s5 samples revealed that crystallites,
often with well-pronounced faceting, have an average size about ~ 5 um. In polycrystalline
samples of double layered cobaltite GdBaCo020s 5 the resistivity temperature dependence in
the vicinity of the point the first order (I-M) phase transition was studied at normal and high
pressures. The strong dependence of the shape of the temperature hysteresis loop on the rate
of temperature change indicates an infra-slow thermal relaxation of conductivity with
characteristic times 10% sec [1,2]. The asymmetry of the hysteresis loop expansion is related
with the blocking of M phase nuclei. The spin blockade mechanism [3], which describes the
transition from hopping conductivity at T < Tim to the band conductivity at T > T, is used
to explain of complicated kinetics of first-order <M transition [2]. The study of the effect
of high pressure up to 1.6 GPa on the I-M transition was carried out under hydrostatic
conditions. The resistivity p(T) measurements were performed in the process of increasing
the temperature in the range 300-420 K at a low rate of 0.5 K/min and holding between
cycles of 24 h. It was found that compression causes a decrease in resistance for the
semiconductor and metallic phases. Baric studies have shown an increase in the transition
temperature Tm at increasing pressure P with baric coefficient dTim/dP ~ 10 K/GPa. The
spin blockade model [3] is used to explain the observed effects: pressure restrains the growth
of the oxygen octahedron volume, which means that the transition of Co®* ions from the LS-
to the HS-state is blocked and the region of the dielectric phase metastability expands. This
leads to a shift in the temperature of the loss of stability of the dielectric phase towards higher
temperatures, which is observed experimentally.
Thus, the hydrostatic pressure, preventing the expansion of the lattice during the spin
transition, promotes the spin blockade and blocking of the M phase nuclei during the first-
order 1-M phase transition.

1. Hopomes B./1. u np. @TB/{. 2005. T. 15, Ne 2, C. 21-32.

2. Tapacenko T.H. 436. PAH. Cep. ¢husz. 2016. T. 80, Ne 11, C. 1513-1515.

3. Maignan A. et al. Phys. Rev. Lett. 2004. Vol. 93, Ne 2, P. 026401.
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HCCIEJOBAHHE WU3MEHEHUI CTPYKTYPBI HOBbIX KOOPJIMHAIIMOHHBIX
COEJUHEHUHU Fe(bdmimpy),?* TPU CIMHOBOM IEPEXOJE METOJAOM EXAFS
CIHEKTPOCKOIINN

Tpy6una C.B.},, MBanosa A.JI.*, JTapenosa JL.I.*, Koporaes E.B.", Kpusennos B.B.?

Y Poccus, Hnemumym neopeanuyeckoti xumuu um. A.B. Huxonaeéa CO PAH
svt@niic.nsc.ru
2Poccus, Hucmumym kamanuza um. I' K. Bopeckosa CO PAH

Cnoun-kpoccoBep (CKO, cnuHOBBIA NEpexoa) MOXKET TMPOSBISATHCS B
KOOPJIMHALMOHHBIX COEIMHEHUAX METAIOB C 3JIeKTpOoHHON KoHdurypauuei 3d*-3d’ B
OKTa3pPUYECKOM HJIM TICEBIOOKTAYIPHUECKOM OKPYKEHUU JIUTAHJIOB ONPEICICHHON CHIIBI
nojs. M3MeHeHre CHMHOBOW MYJIBbTHIIETHOCTU HPOMCXOJUT HOJ BIUSHUEM W3MEHEHMS
BHEUIHUX YCJIOBHI: TeMIIepaTypbl, JaBICHUs, O0OJyUYE€HUS CBETOM ONPEIEIEHHON JJIMHbI
BOJIHBI U JIpyrux (hakropoB. K oqHOMY M3 KJIaccoB COEMHEHUH, B KOTOPBIX HaOIr01aeTCs
CIIMH-KpPOCCOBEp, NpuHAauIexkaT komiuiekebl skene3a(ll) ¢ monmasorcopepxamumu
reTepOLUKINYECKUMU JMraH/iamMH, UMerolue OKTa3pUYeCcKoe CTpOEHUuEe
KOOPJAWHAIIMOHHOTO Tonmaapa, y3en FeN6. B psge Takux coeauHeHW HaOIromaeTcs
tepmonHayuupoBanHbiii CKO.

Hcnonp3oBanne EXAFS-ceKTpoCKONY 1t U3y4eHUs JTOKATBbHOTO OKPY>KEHHUSI aTOMOB
’KeJe3a BbI3BaHA IUIOXOW KPHUCTAIIM3YEMOCTBIO JIAHHOI'O THUIA COelMHEHMH. M3mepeHus
EXAFS u XANES cnekrpoB B paiione K-kpaeB mnornomenusi Fe mposeneHsl ¢
ucnonszoBanue CU nakonurens BOIIII-3 Uucturyra sinepuoii puszuxu CO PAH (USAD CO
PAH, HoBocubupck). CrieKTpbl perucTpupoBIMCh B PEKUME Ha MPOCBET oOpasia IMpH
temneparypax Beime (475°K) u nmwke (300°K) temmeparypbl CHUHOBOIO IEpPEXO0ja.
O0paboTka 3KCIEPUMEHTAIBHBIX JTaHHBIX MPOBOJAMIACH C MCIIONIb30BAHUEM MPOTPAMMHBIX

naketroB VIPER u DLV EXCURYV (Puc. 1).

Puc. 1. CpaBHEHHE 3KCIIEPUMEHTAIBHOTO (UepHas
JIUHHS) ¥ MOJENBHOTO (KpacHas JTMHHA) CIIEKTPOB —
i cieBa ¥ (QYyHKIUH palabHOTO pacTpeieIeHuUs —
20 crpasa st coenurenus Fe(bdmimpy)2(NO3),.
W3mepeHust BBIMOJIHEHBI: TP KOMHATHON

" TeMIeparype.

T T T T 1 0 T

S . A_f oo RS Y Pesymsratel uccienoBaHuii MertogoM EXAFS
' coenunenuit Fe(bdmimpy)2?* nokassisaror, 4to

JTaHHbIE KOMILIEKChI HIMEIOT OKTa3ApUUECKOe CTPOCHUE KOOPAMHALMOHHOTO MoIuapa. JlBa

JIMTaHJa KOOPJUHUPYIOTCS K MOHY »kene3a(ll) TpuaeHTaTHO IMKIINYECKUM CIIOCOOOM JIByMs

aToMaMM a30Ta WMMHJA30JIbHBIX LMKJIOB M aTOMOM a30Ta MUpHIMHA B 0Opa3oBaHUEM

koopauHanroHnHoro y3na FeNg (Puc. 2),

Puc. 2. O0Ommii BUJ CTPYKTYpHI KJIacTepa, MOJTYUISHHBIH B MTpOIEcce
mozesupoBanus criektpoB EXAFS kommiekca Fe(bdmimpy)z(R), rae
R — annonnas rpymnmna

Paboma evinoanena npu ghunarncosoii nodoepaicke PH® 6 pamxax
HayyHnozo npoexma Ne 20-63-46026
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MOJIEJIA TIPSIMOM 1 OBPATHOM 3ABUCUMOCTH XOJLJTA-TIETYA B
HAHOKPUCTAVIMYECKUX KEPAMUKAX

Hleiinepman A.I'., I'yrkun MLIO.
Unemumym npooaem mawunosedenuss PAH, Canxm-Ilemepoype, Poccus
asheinerman@gmail.com

[IpenyoxxeHsl [BE MOJENHN, ONMUCHIBAIOIINE KaK MPSIMYI0, TaK U OOpaTHYIO 3aBHCUMOCTH
Xomnna-Ileruya, HaOmogaeMble B HAHOKPHCTAIUIMYECKUX KepamuKax. [lepBas Mojenb ONMUCHIBAET
IKCIEPUMEHTAIbHO HAOJIIOAAEMBI Clydyaif, KOTAa TBEPAOCTb KEPAMUKU 3aBHCUT OT CKOPOCTHU
Harpy)xeHus. B pamkax 31Ol Mogmenu mactudeckas aedopmanus B HAHOKPHUCTAIMYECKUX
kepamukax (HKK) peammsyercss uepe3 CKONMBKEHHE PEUICTOYHBIX AMCIOKAIMKA B COYETaHUHU C
TEPMUYECKH AKTUBHPOBAHHBIM MEK3EPEHHBIM CKOJbXEHHEM. Mozenb IeMOHCTPHPYET, dTO
YIOPaBJIAIOLIMM [apaMeTPOM, ONpPEeACIOIMUM TUN 3aBUcuMocTd Xomna-lletua (mpsimas wnm
O6paTHaH), SABJIACTCA QHCPTHA aKTUBAIUU MCIKICPCHHOI'O CKOJIBbKCHU. HPCHHOHaFaCTCH, 4TO Ha 2Ty
BEJIMYMHY MOXKET BIMATH TeMIlepaTypHblid pexkuM cuHTe3a HKK, uro 00bscHsIeT mpoTHBOpEUHBEIC
JaHHbIE, IPEJICTABIICHHBIC B TUTEPAType, OTHOCUTEIBHO CylIecTBOBaHuUS oOpaTtHON Xoa-Ilerya B
TaKUX MaTepuasax.

Bropas mMojmens omnuchiBaeT APYryr HaOJMIOJacMyr0 CHTyaluio, korma teBepaocth HKK
CYLIECTBEHHO HE 3aBHCUT OT CKOPOCTH HarpyxeHusl. B pamkax BTOpoil Monenu miacThdeckas
nepopmarmst B HKK ocymectsnsiercst 3a cueT HCHYCKaHHMsI PEILICTOYHBIX M 3€PHOIPAHMYHBIX
JUCIIOKAIMil CO CTyNEeHeK U TPOWHBIX CTHIKOB rpanul] 3epeH (I'3). Mozgens mpeanosnaraer, 4to B
Havaje TUIACTHYECKOW MedopMaliuil MPUIOKEHHAsT Harpy3Ka JIMHEHHO CBsA3aHA C TUTACTHYECKOH
nedopMareit u 9To Kaxkaas cryneHbka ['3 umu TpoitHo# cThik ['3 MOXKeT MCIyCKaTh TUCIOKAITUIO
He OoJiee 0fHOTO pa3a. MoJienb npecKa3bIBaeT, YTO MEPEX0/1 OT IPSMON K 00paTHOM 3aBUCIMOCTH
Xomna-IleTya cBsizaH ¢ yBEJIMYEHUEM IJIOTHOCTH TPOMHBIX CTHIKOB [0 MEPE YMEHBUIEHUS pa3Mepa
3epHa. [IokazaHo, UTO KPUTHUUECKUI pa3Mep 3epHa ISl 3TOrO MEPEX0Aa 3aBUCUT OT JOJIU TPOUHBIX
CTBIKOB, KOTOpPBIE MOTYT HCIIyCKaTh PELICTOYHYI0 MM 3EPHOTPAHUYHYIO IHUCIOKALHUIO IIPU
3aJaHHOM HAIIPSAXKCHUH. B cBoio o4yepeab, HHTCHCHUBHOCTL HCIIYCKaHUA 3CPHOIrPaHUYHBIX
JUCIIOKALMI M3 TPOMHBIX CTBHIKOB MOXKET 3aBHUCETb OT CTPYKTYphl M sHepruu '3, a Takke ux
XHUMHAYECKOr0 cocTaBa. Monenb OOBACHSET O3KCIIEPUMEHTAIbHBIE HAONIOACHUS MPSIMBIX
3apucumocTte Xosuta-IleTya BIDIOTE JO O4YEHb MAalbIX pa3MEpPOB 3€pPEH, Ipearnonaras, 4ro
KPUTHYECKUH pa3Mep 3epHa AJIs TIepexo/ia OT MpsIMOH K 00paTHO# 3aBucuMocTH Xosuia-Ilerya s
MaTepHajoB, CHHTE3UPOBAHHBIX B 3THX HKCIIEPUMEHTAX, MEHbIIE MUHHUMAIBHOTO pa3Mepa 3epeH
W3TrOTOBJICHHBIX 00PAa3II0B.
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REVEALING HYDROGEN STATES IN CARBON STRUCTURES BY ANALYSING THE
THERMAL DESORPTION SPECTRA

Nechaev Yu.S.2", Denisov E.A.P, Alexandrova N':M.a, Shurygina N.A2,
Cheretaeva A.O.¢, Kostikova E.K.9, Ochsner A.°

3G.V. Kurdjumov Centre of Metals Science and Physics, 1.P. Bardin Research Institute for Ferrous
Metallurgy, Moscow, Russia, yuril939@inbox.ru
bSt, Petersburg State University, St. Petersburg, Russia
°Research Institute of Progressive Technologies, Togliatti State University, Togliatti, Russia
dinstitute of Applied Mathematical Research, Karelian Research Centre of the RAS, Petrozavodsk, Russia
eEsslingen University of Applied Sciences, Faculty of Mechanical Engineering, Esslingen, Germany

The efficient methodology of [1-5] of the detailed analysis of thermal desorption
spectra (TDS) of hydrogen in micro- and nanoscale carbon structures has been applied for a
number of TDS data of one single heating rate, in particular, for graphite materials subjected
to irradiation with atomic hydrogen [6-10].

The technique is not less informative, but much less time-consuming in experimental terms
compared to the generally accepted Kissinger method, which demands the use of several
heating rates, and has strict limits of applicability [4, 5].

The methodology is based on an approximation by Gaussian peaks of the hydrogen

TDS and the corresponding processing of the Gaussians, in the approximation of the first-
order and the second-order reactions. It results in determining the activation energies and
pre-exponential factors of the rate constants of the desorption processes.
The methodology contains several successive steps of its implementation, including the use
of several plausibility checks and some verification of the results, with the help of numerical
modeling methods, which are described in [4, 5]. This allows one to reveal the physics of
the desorption processes through thermodynamical analysis of the obtained peak
characteristics and comparison with other related independent data.

The main purpose of the present study is to further reveal the weakly studied
characteristics and physics of different states of hydrogen in microscale graphite structures
after irradiation with atomic hydrogen, and comparing with the related results for nanoscale
carbon structures. It is important for understanding the hydrogen behavior and attitude in a
number of cases of energy carbon-based materials and nanomaterials.
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In this work, an effective methodology [1-5] was applied to analyze the well-known (but not
reproduced by anyone) data [6-10] on the “super” sorption of hydrogen in the know-how activated
graphite nanofibers (GNF). Such processing of the thermal desorption and thermogravimetric data
[6, 9] made it possible for the first time to determine (by two independent methods) the characteristics
of the main hydrogen desorption peak, namely: the temperature of the highest desorption rate Trmax =
914 K, the activation energy of desorption Q = 39 + 3 kJ/mol(H>), the frequency factor of the rate
constant of the desorption process Ko =~ 0.15 s, the amount of released hydrogen ~ 7 wt%. These
results are in satisfactory agreement with the results of the analysis of the data [10]. At the same time,
it should be noted that a large number of attempts to reproduce experimental data [6-10], for example,
work [11], have not been crowned with success. The know-how technology of GNV activation in
works [6-10] can be disclosed by analyzing experimental data [6-10], especially electron microscopic
data in Fig. 5 in [10] (analyzed in [1-3]). The role and atomic mechanism of the spillover effect in
the “super” sorption are considered in [3]. Some specific factors and aspects associated with
anomalous results [6-10] are considered in reviews [12-14].
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HOBBIU NOJIXO0O/ K YBEJIWYEHUIO INIACTUYHOCTH
YJIBTPAMEJIKO3EPHUCTBIX HU3KOJIEI' MPOBAHHbIX AJIIOMUHHUEBBIX
CIVIABOB
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Huemumym gusuxu nepcnekmuenvix mamepuanos,
Ypa, Poccus

CTpyKTypupOBaHHE METAJUIOB M CIUIABOB METOJaMH HMHTEHCHBHOH IIIACTHYECKOM
negopMaluy OpUBOAUT K 3HAYMTEIBHOMY YINPOUYHEHHUIO 3a cueT (pOpMUPOBaHUS YJbTpa-
Menko3zepuuctor (YM3) crpyktypel. OgHako YM3 marepuaibl 4acTo JIEMOHCTPUPYIOT
HU3KYI0 IUIACTUYHOCTb, YTO OIPAaHMYUBACT UX MpAaKTHUUYECKOe NpuMeHeHue. B Hactosmei
paboTe npeaoKeH HOBBIH MOIX0 — JONOJHUTEIbHAS TePMOMEXaHHUecKasi 00padoTka 1ist
3HAYUTEJIBHOIO YBEJIMYEHUS IJIACTUYHOCTH IIPU COXPAHEHUH BBICOKOT'O YPOBHS IPOYHOCTH
U 3JeKTponpoBoaHOCTH i YM3 mnpoBoanukoBbix criaBoB Al-Mg-Zr u Al-Cu-Zr,
IpeIBapUTENbHO CTPYKTYPUPOBAHHBIX METOJIOM MHTEHCUBHOH I1aCTUYECKOM aedopmaru
kpyuenuem (MITAK). Ilokazano, uto UITJIK u nmocnenyromuii KpaTKOBPEMEHHBIH OTKUT
(125-150 °C) mpuBOAAT K KOMOHHALIMH BBICOKOM IPOYHOCTH W XOpOIIEH
snekrporpoBogHoct: outs ~400 MPa u w~53 %IACS mis Al-Mg-Zr u outs ~485 MPa u
w~48.3 WIACS mia Al-Cu-Zr, ogHako miaacTUYHOCTh najpaer 1o <1-1.5% . HebGoubias
nononuutensHas UITJIK Ha 0.25 o6opota npu KT npuBena k 3Ha4MTENbHOMY YBETHUCHHIO
mactuaHoctH (8~11 %) B crtaBe Al-Cu-Zr npu coxXpaHeHUH BRICOKOTO YPOBHS TPOYHOCTH
outs ~465 MPa u w~47.2 %IACS. Opnako, 00paboTka ‘OTXKHT W JIOTIOJHUTEIbHAS
nepopmanus (J11)’ e obecnieunnu peanuzanuto 3¢ dexra miactudukanmu (A1) angs YM3
craa Al-Mg-Zr. B atom cnydae 3G QeKTHBHBIM OKa3aJcsl JUHAMHYCCKAN OTXKHT.
Honomuurensaas UIIAK npu 150 °C u nocnenyromas UITJIK nHa 0.25 obopota mpu KT
obecrieunsin codeTaHue BBHICOKOH mpouHocTH cuTs~370 MPa u mactmunoct ~15% mipu
BBICOKOI#1 anekTpornpoBoaHoctu 52.5 %IACS. Panee D11 nabmronancs Hamu s YM3 Al [1]
u st YM3 crmaBa Al-1.5Cu [2]. TTomo6uo CP Al [3], DIT B critaBax MOKET OBITH CBSA3aH C
BHECEHUEM JOMOJHUTENbHBIX PEIICTOYHBIX JUCIOKAIUN B PEIAKCUPOBAHHYIO ITPH OT)KUTE
(TpaaIUIIMOHHOM CTATUYECKOM WM JWHAMUYECKOM) CTpyKTypy ['3 u obOneryeHuem
npoliecca UCIYCKaHUS U3 HUX OOJBIIOTrO KOJIMYECTBA AUCIOKALUNA. MUKPOCTPYKTYpHBIE
UCCIIEIOBAaHMS TIOATBEPANIIHN, 4TO B pesynbrate JIJI mocie oTxura (CTaTHYECKOrO WIIH
JMHAMUYECKOT0) pa3Mep 3epHa MPaKTUYECKH HEe U3MEHSETCs, a MPOUCXOAUT yBETHUEHHE
IUIOTHOCTU JMCIIOKAIMil TJIaBHBIM OOpa3oM, MO-BHAMMOMY, B I3 M mNpUTrpaHUYHBIX
obmactax. IlpemnoskeHHBI MOAXOA Ui AOCTHXKEHHS 3HAYUTEIBHOM IUIACTUYHOCTH TIPH
COXPaHEHHMH BBICOKOW MPOYHOCTH MOXKET OBITh AP PEeKTUBHBIM U 1S Ipyrux YM3 criaBoB
Ha ocHoBe Al.
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CMelranHple JIUCIIEPCHBIE OKCHABI CO CTPYKTypoir (uroopura cocraBa (Zr,Y,)02 x,
JIETUPOBAHHBIEC IBYXBAJICHTHBIMU KaTHOHAMHU, IIUPOKO MPUMEHSIIOTCSA B TPOMBIIINIEHHOCTH,
YTO CBSI3aHO C BO3MOXXHOCTBIO BapbUPOBaHUS X (U3HKO-XUMHUYECKHX CBOMCTB, KOTOPHIE
3aBHCAT OT (pa30BOT0 COCTABA, OOIIEH U JIOKAIbHOW CTPYKTYPBI, MUKPO- U HAHO-CTPYKTYPHI,
OTH XapaKTEepHUCTUKH, B CBOIO O4YEpE/b, 3aBUCAT OT CHOCO0Aa CHMHTE3a U XMMHYECKOIO

COCTaBa.

C 1enblo BBISIBICHUS BIUSAHUS MOIUGUIIUPYIONINX KATHOHOB Ha OOIIYI0, MUKPO - U HAHO-
CTPYKTYPY OKCHJOB LHUPKOHHUS  BBINOJIHEHO KOMIUIEKCHOE  (DU3MKO-XMMHUYECKOE
HCCIICIOBaHME CMEIIaHHBIX OKCUI0B cocTtaBa (Zr,Y,Me)O2 x, rne Me=Mg u Fe. O6pasibt
CHUHTE3UPOBAHBI METOIOM COOCAKIACHUS HUTPATHBIX COJIEH C MOCIEAYIOUIEH IMPOKAJIKOU B
teyenne 10 cyroxk mpu T=1523K. Ilpu uccrenoBaHUM HCIONB30OBAHBI: METOJ Macc-
cnektpomerpun U EDX - nmna tectupoBaHust xumudeckoro coctaBa; PDA - mias
ompezeneHus: (pa3oBoro cocraBa, mapaMeTpOB JIEMEHTAPHBIX A4YEEK, pa3MepoB obOsacTeit
KOTE€pPEHTHOI'0 paccesHusi, MUKpouckaxeHut; IIITA - mis yTouyHeHus KpHCTAIIIMYECKON
ctpyktypel; PDF u EXAFS - nns onpeneneHus JOKalnbHOM CTPYKTYpbI; METOJ
MIPOCBEYMBAIOIIEH 3JIEKTPOHHOM MHUKPOCKOMUHU BbICOKOTO paspemenus (IIDSMBP) - mis
orpezieNieHus: CTPYKTYPbl U MUKPOCTPYKTYPBHI.

[Tokazano, 4T0 BCe 00pa3Ibl — ATO TBEP/BIE PACTBOPHI CO CTPYKTYPOU, OTBEYAIOIINE
Kyonueckoit aze ZrO; ¢mrooputHoro tuna. HaGmonaemoe aHOManbHOE YIIMpEHHUE
TIOJTHOXKHH Y3KHX TU(PPaKINOHHBIX TUKOB U Auddy3Hoe paccesnue B obmactu 40-70°(20)
no aaHHbpM [I9MBP cBsizaHo ¢ 0OJBIIMM KOJIWYECTBOM MHKPOUCKKEHUH Ha TpaHUIIAX
KPUCTAIJIUTOB W HaJIMYMEM, Hapsay ¢ KpyNHbIMU Kpuctaumramu (>100HM), Manbix
YACTHUIl, HAXO/SIIMXCA HAa MX TMOBEPXHOCTH W C pasmepamu <10HM. HccnemoBanume
XMMHYECKOro coctaBa 00pa3ioB Merogamu EDX n Macc-criekTpomMeTpuu 1a1o 0lMHaKOBBIE
3HaueHus AJi1 OOIIero cocraBa, HO JIOKAJIbHO XMMHUYECKUH COCTAaB OTAEIbHBIX MHKpPO-
KPUCTAJUIMTOB OKa3ajics JPYTrdM, YTO TOJTBEPKAACTCS 3HAUEHUSIMU NapaMeTpOB
AJIEMEHTapHbIX sfueeKk B HUX. [lo-BuaumMomy, pUKcupyeMble MUKPOUCKAKEHUSI BOZHUKAIIN
BCIIEJICTBUE TpaJieHTa XMMHUYECKOIO0 COCTaBa, a MX pejakcalus MPOUCXOAWIA 33 CUET
(dbopMUpOBaHNHE HAHOYACTUI[ HA MOBEPXHOCTU MACCUBHOH (a3bl. YTOUHEHUS CTPYKTYp B
paMKax IpOCTpaHCTBEHHOH rpymmsl FM3m pentresorpadudeckum metogom ITITA s
KPYNHBIX YaCTHUI[ JlaBaju BbicOkHe (akTopbl HemocTtoBepHocTH (10-11%). IIpoBeneHHbIE
pacyeTbl MOKa3aJd, YTO STHU 3HAUEHHUS OMNPEACNSAIOTCS HE BapHalUsIMU CTPYKTYPHBIX
XapaKTePUCTHK B paMKax (DIFOOPUTHOM CTPYKTYpHI, a IPYTUMH CBOICTBaMM MaTepuasoB -
WX pealbHON CTPYKTYpoH (Hamu4ueM HampspKEHUH Ha TpaHUIaX 3€peH W M3MEHEHUSMHU
CTPYKTYPHBIX XapaKTepUCTUK B HUX). [Ipu rccnenoBannu JIoKaabHON CTPYKTYphl 00pa3oB
metooM EXAFS oOHnapykeHO 00pa3zoBaHME KJIACTEpPOB, BKIIOYAIOMIMX TOJBKO HOHBI
UTTpUs, OKpY>KEHHble HOHaMH Kuciopona. IlpoBeneHHoe MozeNUpoOBaHHE IO
PacCTOIOKEHUIO KUCIOPOIHBIX BakaHCHil MeTonoM PDF mokazano B MOAMQPUITMPOBAHHBIX
oOpa3uax oOpa3zoBaHHe L[eNOYEK BaKaHCUN B KpucTayiorpaduueckom HampasieHuu [111]
10 TUITYy CTPYKTYpBI tupoxiopa Zr2Y207.

Paboma svinonnena npu gpunancosoii noooepacke PODU 6 pamkax nayunoeo npoekma Ne
19-03-00530
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PACHBIJIEHUE MEJHOT' O AHOJA IINIAHAPHOI'O MATHETPOHA
IMYYKOM YCKOPEHHBIX HOHOB APTOHA KMJIODJIEKTPOH-BOJIbTHBIX
SHEPT U

CemenoB A.Il., CemenoBa U.A., pipenoB /I.b-/1., Hukosaen 3.0.

Hncmumym ¢uzuuecxozco mamepuanoseoenus CO PAH,
2. Ynan-Yo0s, Poccus, dmitriyzak@mail.ru

B npubnmxeHun nepeHoca KMHETHMYECKOW SHEPrMH B KackKajiax CTOJIKHOBEHHWH [1],
paccMaTpuBaeTCs YHCICHHAs OlleHKa K03 QHIMEeHTa pacbUICHUS IEHTPAILHOTO METHOTO
aHOJla IJIAHAPHOTO MAarHeTpoHa YCKOPEHHBIM
I Iy4YKOM HOHOB aproHa B KOHCTPYKIIHH
PacHbUIUTENIEHOTO ra3zopaspsIHoro
yctporictBa [2]. Monsl (puc. 1) u3 miasmer 1

/ \/'3 U3BJICKAIOTCSI 4Yepe3 SMUCCHOHHBIN KaHal B
Karoje 2, YCKOPSIOTCS JJIEKTPoJIoM 3,

4 dbopMupyoTcsi B my4ok 4 U PacHbUISIOT

MEJIHBbIA LEHTPaJbHbIA aHOJA S ILJIAHAPHOIO

5 MarHeTpoHna. Ilokazano, npu umHxekuu 1-10

~ K>B WOHHOIO  IIy4yka B  MarHeTpoH

— KOA(PUIIMEHT pachlblICHUS MEIHOTO aHojAa

—— ]

[:] [:]/ MarHeTpoHa cocTaBiisieT 3-6 aToMoB (puc. 2) Ha
OJIVIH TaJIal0IUKA UOH, YTO MO3BOJISIET BHOCUTD
U PEryJUpOBaTh C BBICOKOM TOYHOCTBHIO U B

7 MAJIBIX JIOJIEBBIX COOTHOIIEHU-
Puc. 1. CxeMa pacnbUieHUs] LIEHTPAIbHOTO aHOAA
TUTAHApHOTO MarHeTpOHa HWOHHBIM Iydykom: 1-
f . ; miazMa, 2-Katof, 3-YCKOpPSIOmUN d3IeKkTpona, 4-

2 | R 5;“ i 2 My40K HOHOB, 5-aHOJX MAarHeTpoHa, 6-Tuiasma
o MarHeTpOHHOIO0  pa3psiia, 7-pacnpenencHue
HMOHHOT'O TOKa Ha MOBEPXHOCTH aHO/IA. 6

ax (enuHUUBI aT. %) NpUMECh, B YaCTHOCTH, MelIb B
nporecce cuHTe3a cBepxTBepabix TIN-CU HOKpBITHIA st
PEaKTHBHBIM PACIBUICHHEM B MarHeTPOHHOM pa3psific © o

~ - =
HalpaBJIEHHO BO3/I€CTBOBATh HA HAHOKPUCTAJUIMYECKYIO {5

= e
CTPYKTYPY HOKPBITHIA. 4

Puc. 2. Pacuyernas 3aBucuMocTh K0d3(h(UIMEHTa pacTbUICHHS -
MEJIM OT SHEPTHU PACTIBUISIONINX NOHOB aproHa.

012 4 6 8 10
E ) -keV
Paboma ewvinonnena 6 pamxax npoexma Ne 20-08-00207A Poccuiickoeo ¢honoa
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svicuie2o obpazosanus Poccutickou @edepayuu (mema Ne 0270-2021-0001).
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JIABEPHO-UHUIIMNPOBAHHBIE ®A30OBBIE IIEPEXO/IbI
B TOHKHUX IIVIEHKAX XAJIBKOI'EHU/IHBIX MATEPHUAJIOB

EanceeB H.H., KucesieB A.B., Monun B.B.,
Bypues A.A., MuxajneBckuii B.A., Jlorun A.A.

UITVIAT PAH — ¢hunuan ®HUL] « Kpucmannoepaghus u pomonuxa» PAH
140700, 2. Illlamypa, yr. Cesmoosepckas, 1, nikolai.eliseev@phystech.edu

B pabote mpencraBieHbl pe3yabTaThl UCCIEAOBAHUN CTPYKTYPHBIX CBOMCTB TOHKUX
IUIEHOK XaJIbKOT€HUIHBIX MaTepHajoB, TAKUX Kak TeJurypus repmanus (GeTe) u crutaBa Ha
ero ocHoBe GexShoTes (GST). bnaromapst CBOEMY YHHKAJIBHOMY CBOMCTBY — BBICOKOMY
OINITHYECKOMY KOHTPACTy MEXIY AByMs (a30BbIMU COCTOSIHUsAMH [1], 3TH marepuaisl
HAIUTM [IMPOKOE MPUMEHEHUE B IEPEe3alUChIBAEMbIX ONTHYECKHX TUCKAX M MOJYJIAX
sHepronezaBucumor mamsaTu [2]. [loatomy wmccienoBanue w3MEHEHUH WX (DU3MUECKHX
CBOICTB MpU BO3JEHCTBUU JIA3E€PHOTO M3IYUYCHHs TMO3BOJIUT JIy4YIlle H3YyUYUTh MPHPOAY
(a30BBIX MEPEXO/IOB U PEAIN30BATH HOBbIE YCTPONUCTBA ONTOAIEKTPOHUKU U (DOTOHUKH Ha
UX OCHOBE.

MeTo1oM PpEHTIeHOBCKOW Ju(pakiuuy ObUIM HM3yY€Hbl CTPYKTYpPHBIE CBOMCTBA
o6pasnoB ToHkux (100 HM) meHok GeTe u GST, MONMyYEHHBIX METOJOM TEPMHUUYECKOTO
BaKyyMHOI'0 HalbUIEHHs Ha NOJJIOXKKax u3 KBapueBoro crekna. Ha pucynke 1
Mpe/CTaBiICHbl TUu(paKkTOrpaMMbl O00pa3loB Cpa3y IOCTE HaIlbUICHUS, KOTOpbIe OBLIN
[IOJIBEPTHYThI KPUCTAIIN3ALUHU C TIOMOIIBIO OJJUHOYHOTO JIa3epHOro UMItyibca (A=532 HM,
=20 HC) U peamOop(U3UPOBAHBI JIA3EPHBIM HMMITYJIbCOM OoJbIIeH MHTeHCHBHOCTH [1].
[TokazaHo, 4TO MOCTE JTa3epHOTO BO3JCHCTBHS IUIEHKH JIEMOHCTPUPYIOT KyOHUYECKYIO
KPUCTAITMYECKYIO CTPYKTYPY C MPOCTPAHCTBEHHOM rpymnmoit Fm-3m.

AwnopdHas nnexHka GeTe AmopdHan nneHka GST|
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Puc.1. Judpaxrorpammer 06pa3uos Tonkux (100 am) miuenok GeTe u GST Ha momtoxke SiO2.

HccnenoBanue (a3oBbIX MpeBpallleHM B XalbKOT€HHUJHBIX MaTepuayiax Mo
NEMCTBUEM JTa3epHOTO M3ITyYSHHS OTKPBIBAET TIEPCTIEKTHBHI B CO3JJAHUH MHOTOYPOBHEBBIX
MOJyJIel MaMsATH U BBIYUCIUTEIbHBIX YCTPOHCTB HOBOT'O OKOJIEHUs [3].

Paboma evinonnena 6 pamkax cocyoapcmeennoeo 3adanus Munucmepemea HayKku u
svicuteco obpazosanus Poccuiickoii @edepayuu Ne (075-00842-20-00 npu ¢puHaHcogol
noddepxke epanma Ne 075-15-2019-1950, a maxorce epanma PODHU Ne 19-29-12024.

Eliseev N.N., Kiselev A.V., lonin V.V., Mikhalevsky V.A., Burtsev A.A., Pankov M.A., Karimov
D.N., Lotin A.A. // Results in Physics. — 2020. — 19. — 103466.

Raoux S., Shelby R.M., Jordan-Sweet J., Munoz B. et al. // Microelectronic Engineering. — 2008. —
85 (12). — 2330-2333.

Zhang W., Mazzarello R., Wuttig M., Ma E. // Reviews Materials. — 2019. — 4. — 150-168.

~ 169 ~



CTEHJIOBBIE JOKJIAL

bl

~ 170 ~

P



DOI 10.26201/ISSP.2020/FKS-2.362

OCOBEHHOCTHU JIETUPOBAHUSA HAHO- U MEJKOJINCIHHEPCHOI'O
TEPMODJIEKTPUKA GeSi [1IPU EI'O CUHTE3E 3JIEKTPOUMITYJIbCHBIM
INJTASMEHHBIM CIEKAHUEM

Hopoxun M.B., EpodeeBa U.B., Ky3nenos I0.M., [lemuna I1.b., 3n0opoBeiiies A.B.

Huoicecopoockuti puzuxo-mexnuueckuni uncmumym HHI'Y um. H M. .Jlobauesckozco
2. Huorenuii Hoseopoo, Poccus, irfeya@mail.ru

JlernpoBaHue SBIAETCS BAXKHEUIIMM 3IIEMEHTOM TEXHOJOTMHU IIOJY4YEHHUS IOJy-
IPOBOJHUKOBBIX, B TOM YHCII€ TEPMOIJIEKTPUUYECKUX, MarepuanoB. lIpu m3roroBieHUU
TepMoaiekTpuyeckoro reueparopa (TOI") mist tnana3oHOB CpeHUX U BBICOKUX TeMIIEpa-
TYp MOXET OBITh UCIIOJIb30BaH TBep bl pacTBOp Sil-XGex. Cpenut Apyrux MaTepuaioB OH
BBITOJTHO OTIIMYAECTCS BO3MOXKHOCTBIO (popMHpoBaHus obenx ( pP-, u N-tuna) Berseid TOI,.

B Hacrosiieit pabote uccienyercs BIUsSHUE JISTUPOBaHUS Ha mpoiiecc Gopmupoa-
Hust menkoaucnepcHoro (150-500 um) tBepaoro pactBopa SiGe mpu 3IeKTPOUMITYILCHOM
wiasmenHoM crekanuu (DUIIC) cmecu mopomkoB Si u Ge. CriekaHue MpOBOAMIOCH B
BaKyyMe MO/l MpUIokeHHbIM JaBienreM 70 MPa B untepBasne temrepaTyp OT KOMHATHOM
1o 1200 °C. B kauecTBe JIETHPYIOMIMX MpUMeceid N-TUIa UCIIOJIb30BAUCh cypbMa U ¢oc-
dop; p-tuna — uHAUK U 60p. OTIANYUTEIBHON 0COOCHHOCTHIO TTPOBEJACHHOTO JICTUPOBAHUS
ABIIIETCS BBEJIEHHWE MPHMECH B BHUJE MOPOIIKAa HEMOCPEICTBEHHO B CMECh OCHOBHBIX
KOMITOHEHTOB: JI0 Havyajia pa3MoJia MOPOIIOK IPUMECH JOOABIISIICS B CMECh TIOPOIIKOB Si —
Ge ot 0.5 10 5 ar.%. [1pu nerupoBanuu SiGe TOHOPHOU MPUMECHIO OOBIYHO HCIIOIb3YETCS
nopotok (ocdopa, KOTOPHIH ABISETCS CHIILHO TOKCHIHBIM MaTepuaioM. B Hamelt padore
ObLIT BEIOpAH HE SIO0BHUTHIN MOPOIIOK cuiniaa dpochopa SiP.

BHepBble IIOKa3aHo, qTO IIO6aBHCHI/I€ MCJIIKOJUCIICPCHBIX JICTKOIIJIAaBKHUX
METAINIMYECKUX CYpbMbl W HHIUS CHW)KAeT TeMIIepaTypy IUIaBICHHUS OCHOBHBIX
KOMITOHEHTOB cMecHu TToporikoB Ge u Si. OO6HapykeHo, 4TO 00a 37IeMEHTa MPOSBIISIIOT ceOst
KaK MMOBEPXHOCTHO-aKTHBHBIE MPUMECH, aKTUBUPYIOT CIIEKaHHE MOPOIIKOBOW cMecH Si U
Ge, yckopsist ycaaky marepuaia. [IpomeHT ux copep kaHus B CMECH ITOPOIIKOB, BIMSCT Ha
TEMIEPaTypy MOSIBICHUS KUIKOHM (ha3bl CIEKaeMOro MaTepuana U TeM CaMbIM ONpeAesieT
TEMIEPATYPHBIN pexxuM GOPMHUPOBAHUS TBEPIOTO PACTBOPA.

[TprHIMNHMAIBHBIM BOIIPOCOM TPHU BBIOJHEHUU OINEPALUM JIETUPOBAHUS SIBIISETCS
BCTpaWBaHHUE MPHMECH B IOJIOKEHHE 3aMEUICHUS, T.K. TOJBKO TaKOW BHJ BCTPAaHUBAHHS
o0ecreunBaeT MOBBIIICHWE KOHIEHTPALMU HOCUTeNed u cmerieHue ypoBHs depmu B
HOJYIIPOBOJHUKE, HEOOXoauMoe i MOJy4YeHHs ONTHUMU3MPOBAHHBIX  3HAuYEHHUH
Koa(umeHTa TepMo3IeKTpuueckoil appextuBHoctu ZT.

OrmpeneneHa npezenbHas KoHIeHTpanus (MeHee 1%) mpumecu Sh, koTopas Moxet
ObITh BBeJEHA B TepMOdJIeKTpuueckuii Marepuan SiGe B pexumax JUIIC,
o0ecreynBarOIMX HaMMEHbIIEee YAEIbHOE COMPOTUBICHUS M HaHOOJbIINE 3HAYCHHS
kodp¢unumenta ZT. J{ns oNTUMHM3MPOBAHHBIX 3HAUEHUN KOHIEHTpauuu Sb momxydeHsl
00pa3lbl TEPMODJIEKTPUYECKHX MATEpUaoB, JUIS KOTOPBIX XapaKTepHbl 3HAUCHUS
kodpdurmenta ZT=0.56 mpu Ttemmeparype 450 °C, 49TO COMOCTAaBUMO C MHUPOBBIMH
ananoramu GeSi:P [1]. [Ipu nerupoanuu cummmuaom ¢ocdopa ZT mocturaer 0.87-1.01
pu T=520 °C.

1. Murugasami R., Vivekanandhan P., Kumaran S. //J. All. Comp.—2019.—V 7736. P.— 752.
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DEFORMATION OF Cu-Pd-P METALLIC GLASS UNDER CYCLIC MECHANICAL
LOAD ON CONTINOUS HEATING

@*Fedorov V. A.,2Berezner A. D.,
bZadorozhnyy M. Yu., °Golovin I. S., “dLouzguine-Luzgin D. V.
4Derzhavin Tambov State University, Tambov, Russia
®National University of Science and Technology « MISIS», Moscow, Russia
“Tohoku University, Sendai, Japan
National Institute of Advanced Industrial Science and Technology (AIST), Sendai, Japan
“fedorov-tsu.tmb@inbox.ru

The nature of glass transition process is one of the main unsolved problems of solid-
state physics. Under fast enough cooling of the metallic melt, amorphous metallic alloys
(metallic glasses, MG) undergo glass transition. They exhibit the absence of the long-range
order in their atomic structure. This type of metallic alloys is an object of persistent
investigations such as mechanical testing, structural estimation and so on.

In this work we study plastic flow of Cu-based metallic glass on heating under dynamic
loading (DMA). Deformation of the specimens with 30 mm length and 18.5 mm working
zone was carried out using of Q800 (TA Instruments) dynamic mechanical analyser on
heating at a heating rate of 5 K/min. Before testing, the specimen had been loaded by the
constant stress of 20 MPa that was fixed up to the end of the experiment. In addition to the
constant stress, the specimen was also loaded in the sinusoidal mode at 20 kPa amplitude
(oscillation strain 0.01 %) and different frequencies of 0.3 Hz and 3 Hz. Thermal stability of
the specimens and amorphous structure were verified by differential scanning calorimetry
and the X-ray diffractometry (Cu-Ko monochromatic radiation) consequently.

It has been established that the thermal activation and cyclic loading lead to faster
deformation of the Cu-Pd-P metallic glassy specimens at a fixed frequency. That can be
described by a classical mechanical model (by the formula (1)).

Ct
I(t)=1,+ 57 Bt

wherein lo — is initial length; C and B — are analytical fixed parameters having [m-s]
and [s] units, respectively. B — parameter is time of the fracture of a specimen; t — current
deformation time and C — is a deformational coefficient. Herewith, the occurrence of the
wave areas (nodes and antinodes), wherein elastic force is constant (regions of periodic
stability), is predictable for the specimen in the frames of the model equation.

This work has been performed with financial support of the Ministry of Education Science of the

Russian Federation in the framework of Increase Competitiveness Program of NUST«MISiS» (Ne
K2-2020-037).
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MEXAHMUW3MBbI YCTAJTOCTHOI'O PASPYHIEHUSA JIEHTOYHBIX
AMOP®HbBIX METAJIVIMYECKHUX CIIVTABOB ITPU UCIIBITAHUAX HA
PACTA’KEHUE U U3I'b

®enopos B.A., Ilnyxuukosa T.H., ®exoros /L.1O.

Tambosckuii cocyoapcmeennslil yrusepcumem umenu 1. P. /lepoicasuna,
2. Tambo6, Poccus, fedorov-tsu.tmb@inbox.ru

YCTaHOBIIEHHBI MEXaHU3MbI YCTAJIOCTHOTO pPa3pyLICHHS JIGHTOYHBIX 00pa3IoB
aMOp(HBIX METATNYECKUX CIIaBOB Ha OCHOBE CO, MPU UCIIBITAHUSX HAa U3THO € 4acTOTON
2 T'u u pactsbkenue ¢ yactoror 12 I'm, Ha cnemuanbHO pa3paboTaHHON yCTaHOBKE, B
3HAKOMOCTOSIHHOM Itnkiie. Pazmep o6pasios — 20%x3,5%0,02 mm.

[Tpu ucnbITaHUSIX HA PacTsHKEHUE, HA TIOBEPXHOCTH Pa3pyIICHUs BBISIBICHBI 00JIaCTH
3apO>KICHUS TPEILMHBI, €€ pOCcTa, Iepexo/iHas 30Ha U 30Ha JojoMa. B obmiactu 3apoxkieHust
TPEIIMHBI MMEET MECTO BS3KOE pa3pylieHHe ¢ OOpa30BaHMEM IUIOTHOPACIIOIOKEHHBIX
MUKpPOYTSKEK. XapaKTepHbIU pa3mep Takux yTsokek ~ 0,5-1,5 mxwm. [Ipu nepexone k 30He
YCTAJIOCTHOTO POCTa Ha (hOHE BSA3KOTO PAa3pyIICHHS IMOSBISIOTCS YYaCTKU POCTA TPEIIUH,
noxoskue Ha ckoil. Kpome Toro, Habm0Jat0TCs XapakTepHbIE JIJIsl TAKOTO BUJIA pa3pyIIeHUs
CTYyNEHH, COOTBETCTBYIOIIME OJHOpPA3oBOMYy  ckaukooOpaznomy (0,2-0,5 Mkm)
MOJIPACTaHUIO TPELIUHBI. B nepexoaHoi 30He HAOIIOAAIOTCS y4acTKU oOpa3oBaHus Oojee
KPYIHBIX J1e()OPMAIIMOHHBIX CTPYKTYp U stueek. [lepexo k 30He J1010Ma COPOBOKIACTCS
MEPEXO0JIOM K BA3KOMY Pa3pyLICHHIO C 00pa30BaHUEM «UEUIyHYaThIX» CIBUTOB, PA3BUTHEM
TPEIIMH B MapaJJIelbHBIX IUIOCKOCTSAX. B 30HE 10oi0Ma TpeliMHa MpPOJBUTACTCS BSI3KO,
ckaukaMu (5-8 MKM), ¢ 00pa3oBaHHEM JIOKATM30BAHHBIX 30H IUIACTUYHOCTH B MECTax
ocTaHOBKU. OTMEYEHO, UTO MPU CHIXKCHUH BETMYMHBI HATPY3KH YBEITUYMBACTCS 30HA POCTA
YCTaIOCTHOM TPEIIUHBI.

MexaHu3M pocta COOCTBEHHON YCTaIOCTHON TPEIIMHBI MIPEICTABIISECTCS CIICTYOIITUM.
[Tocne 3apokneHus ¢ OOKOBOW MOBEPXHOCTH 00Opaslla Ha KOHIIGHTPATOpax Harpy3Ku
TpemHa o0pa3yeT rnepes] CBoe BEpUINHON CEpUI0 MUKPOIIOP, 32 CUET TepepacipeaesieHust
cBoboaHOrO 00Bema [1] B obmacTu pacTsaruparomux HanpsbkeHui. [locne cnusHus mop u
pa3pbiBa MepeMbIYEK Ha MOBEPXHOCTU pa3pylieHus (GOPMHUPYETCS CTYNEHYATHIA penbed.
Taxoii penbed GpopmupyeTcs BILIIOTH 0 30HBI TOJIOMA.

[Ipu ucnpITaHUAX HA U3THO, HA MIOBEPXHOCTU PAa3PYIICHUS BBISIBIEHBI TPH 30HBI: 1 —
30Ha 00pa3zoBaHus TpemMHbBI. [IoBepXHOCTH paspyiieHus riaakas, 6e3 BUIUMBIX CIEIOB
IUIACTUYHOCTH; 2 — 30Ha YCTAJOCTHOTO poOCTa, CBsA3aHHas C 00pa3oBaHUEM
nedopMaImoHHOTO penbeda ¢ XapaKTEepPHBIM pa3MepoM OJIOKOB CTPYKTYphI ~ 0,5-1 Mxm; 3
— 30Ha JI0JIOMa C Pa3BUTHEM TPYOBIX MIACTHUYECKHUX CABUTOB. TpellnHa 3apoKIaeTcs CO
CTOPOHBI MIOBEPXHOCTH C PACTATUBAIOIIUMHI HANIPSHKECHUSIMU B HECKOJIBKHX TUTOCKOCTSX. [1o
xapaktepy popmupoBaHus AeQOpPMAIIOHHOTO penbeda, pa3pylieHHne MPOUCXOIUT MyTeM
00pa3oBaHUs UHTPY3UH U SKCTPY3Hil.

B nenarpyxxeHHOM o00pasiie CBOOOJHBIN 00BEM paBHOMEpHO pacmpeneneH. [Ipu
[MUAKJIAYECKH TOBTOPSIONIMXCS HM3TrH0axX MPOUCXOIUT TepepacrpesieieHue CBOOOTHOTO
o0vema. OH MUTPUPYET MPEUMYIIECTBEHHO B 00JAacTh PACTSHKEHHS. 3a CYET YIPYroro
B3aUMOJICCTBUSL OOpPa3yIOTCs IUIOCKUE CKOTUICHHS CBOOOIHOTO 00BheMa B IUIOCKOCTSX
HOPMAJIBbHBIX K TOBEPXHOCTH pACTsHKEHUS (HAmomgoOme oOpa30BaHUS TMOJHMTOHATBHBIX
CTEHOK). B 9THX MIIOCKOCTIX 3apOKTAFOTCS TPEITUHBI, TOBEPXHOCTH KOTOPBIX UCTIBITHIBAIOT
OTHOCHUTEIIHO APYT Jpyra KacaTelbHbIH cABHUT. V3rnOHBIE HArpy>KeHUs CIIOCOOCTBYIOT
PACKPBITHIO TPEIIHHBI.

1. Spaepen, F. A microscopic mechanism for steady state inhomogeneous flow in metallic
glasses / F. Spaepen // Acta Metall. — 1977. — Vol. 25. — P. 407-415.
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UCCJEIOBAHUE MEXAHUYECKUX CBOVCTB U KOPPO3SUOHHOI'O
INOBEJAEHUA AMOP®HBIX MEMBPAH HA OCHOBE KEJIE3A

®enopos B.A., [lnyxuukosa T.H., bepe3nep A./l., baasioun 1.B., ®exoros .10.,
Iay:xxuukos C.H.

Tambosckuii cocyoapcmeennslil yrusepcumem umenu 1. P. /lepoicasuna,
2. Tambo6, Poccus, fedorov-tsu.tmb@inbox.ru

[TIpumenenne amMoppHBIX MaTEPUATOB B CIOXKHBIX OSKCIUTyaTallMOHHBIX YCJIOBHSAX
CTaBUT 3314 10 UCCIICIOBAHUIO UX CBOMCTB B KUCIIBIX BOAHBIX cpenax [1,2].

B uccrnenoBanuu ncrnosb3oBain amopdHbiii criaB FegxSieB2, MeMOpaHy 13 KOTOPOTro
(paGouas mmomame S=3,63-10* m?, Tommmua 6=25-10° M) momemamu B ynpomeHHYO
JIBYXKaMEpHy10 s4eiiKky tuna J[eBaHaTxaHa. B Mojaspu3allMOHHYIO 4acTh SIMEUKU BBOJUIN
pabouwnii pacteop (0,1 M HC1+0,9M LiCl1; 0,5M HC1+0,5M LiC1; 0,99 M HC1+0,01M
LiCl), a B mu¢pdysuonnyro — Bomusiii pacteop 0,01 H KMnOgs. IIpomomxuTensHOCTD
BBIIEP)KKH B PacTBOpE cocTapisuia 2 yaca npu temreparype 293 K. [lns xapakTepucTuku
TBepAodazHoit aud¢y3un BOAOPOJA HCHOIB30BAIM HMHTETPAJbHYIO IUIOTHOCTH TOKA
Bojopona (jH), muddynmupyromero dvepes memOpany. Ilocme auddysuun Bomopona
IIPOBOAMIINCH MCCIIEA0BAHNS MEXaHUUECKUX XapaKTEPUCTUK 00pa3LOB.

DKCHEepUMEHTAILHO YCTaHOBIEHO, 4TO Aud@y3us Bogopona uepe3 MeMOpaHy u3
amMOp(QHOTO CIUIaBa Ha OCHOBE F& yMEHBIIIaeTCs C pOCTOM KOHIICHTPALUHU Pad0Yero KUCIIOTO
pacTBopa, 3aBHCHUMOCTh HMMEET BHUJ CHAJalolIeld 3KCHOHEHTHL. CHeKTpalbHBbIA aHamu3
MoKa3all, YTO CHIDKEHHE WHTETPATBHOT0 TOKa MU HyHIUPYIOIIEro BOJ0POa 00YCIOBICHO
MpOLECCAaMH  OKHUCJICHHUS METaJUIMYECKOro JKele3a W 00pa3oBaHUs HAa TOBEPXHOCTH
XJIOPUJIOB, OKCHUJOB M THAPOKCUAOB Xkene3a. (OO03HAUEHHBbIE COEIUHEHHS MOTYT
OJIOKMpOBAaTh JOCTYIl BOJOpOJa K MeTally, o0pa3ys HpOCTPAaHCTBEHHBIH Oaphep.
HHTEeHCUBHOE BBIJEJIIEHUE BOAOPOJAa Ha MOBEPXHOCTU HAONIONAIM IKCHEPUMEHTAIbHO.
VBenuyeHne KOHILIEHTpPAIMM pacTBOpa MNPUBOJUT Takke K O0ojiee HHTEHCUBHOMY
00pa3oBaHUIO0 COEAMHEHUN Ha TOBEPXHOCTH W HEe crocoOcTByeT nud@ys3uu Bomopoaa
BriIyOb oOpasna. [Ipy 5TOM aKkTHUBHBIE LEHTPHI IMOBEPXHOCTH MOTYT OJIOKHPOBATHCS
NPOAYKTaMH B3aUMOJCHCTBUS JKeje3a C pabodyuM pacTBOPOM, IO3TOMY IpOLIECC
TBepaoda3zHoi muddy3un MpoTeKaeT ¢ HE3HAYUTEIbHONH CKOPOCTHIO, IO CPaBHEHUIO C
00pa3oBaHMEM MOJIEKYJIIPHOTO BOAOPO/A.

[Tocne pelcTBHS BOJOPOAOCOIEpPKALIEH CpeAbl H3MEHSAIOTCS MEXAHUYECKHE
XapaKTepUCTUKH aMOp(HOro CIUlaBa Ha OCHOBE >kene3a. llpu paspyuieHunn obpasyroTcs
BETBAIIMECS TPEIIMHBI U cKilaguateie cTpyKTypbl (200 - 700 Hm). Ha camoil moBepxHOCTH
paspy1eHus HabJIro1aeTcs XapaKTepHbIN «BeHHBIH» y30p. [Ipu yBennueHun KOHIIEHTpaluu
BOJIOpoJia B paboueM pacTBope, nedOopMallMOHHbIN penbe() CYIIeCTBEHHO HE MEHSETCS.
Bo3zeiicTBue HaBOJOPOXKHMBAIOIIUX CPEl B HCCIEAYEMbIX KOHLEHTPALMSIX YMEHbIIAET
npejien MpoYHOCTH aMOp(HOro CIulaBa Ha OCHOBe Xkelne3a. Moayns FOHra He MeHsercs u
cocraBisier ~ 86 [Tla. MukpoTBeprocTh HCCIEIyeMbIX OOpa3lloB, C MOBBIIIEHUEM
koHueHTpauuu HCl u ymensinennem konuentpauuu LiCl, cauxaerca B npenenax 10%,
BBUJY O0Opa3oBaHMsI OKCHJHBIX IUICHOK M YaCTHYHOTO TpaBJieHUs aMOp(HON MeMOpaHbI
KHACJIIOTHBIM pacTBOpoM. l[MKIMYeckne MCTBITaHUST Ha M3TUO 0Opa3IoB, MOIBEPIKEHHBIX
HaBOJOPAKMBAHUIO, TIOKA3aJIM CHIDKEHHE YCTaJOCTHOW NMPOYHOCTH MO MEpE YBEIMUYCHHS
KOHIICHTpaIluu pabovyero pacTropa.

1. Berezner A.D., Pluzhnikova T.N., Fedorov V.A., Fedotov D.Yu., Yakovlev A.V. // Mechanics of
Solids. — 2020 - Vol. 55. — No. 1. — Pp. 16-21.

2. HanJ.,, Hong J., Kwon S., Choi-Yim H. // Metals. — 2021. — Vol. 11. — Iss. 2. — Ne 304. — P. 1-
8.
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ME3OCTPYKTYPbI KPEMHMUSI, ITIOJYYEHHBIE CAMOOPTAHU3AIIUEN B
INPOLECCE POCTA HUTEBHHBIX HAHOKPUCTAJIJIOB

Heboabcun B.A., Caiikar H., Ilepeneunna T.A., lynaeB A.HU.
Boponexckuii rocy1apCcTBEHHBIN TEXHUYECKUI YHUBepcuTeT, Boponex, Poccus,
nada.s84@mail.ru

Marepuansl ¢ HepapXUYeCKM OpPraHM30BaHHOM ME30CKOIMYECKOW CTPYKTYpOH
NPUBJIEKAIOT 0c000€ BHUMaHME HccienoBareneil. Mepapxudeckas CTpyKTypa IMO3BOJISET B
paMKax OJHOro OOBEKTa CO3/aBaTh Liejble IIATPOPMbI (PYHKIHMOHATIBHBIX AJIEMEHTOB C
OOJNBIINM KOJMYECTBOM DPA3JIMYHBIX XapaKTepUCTHK. Me3ockonuueckas (Qu3nka B
HacTosiee  BpeMs  sBiIseTcss  OypHO — pasBUBAIOIIMMCS — pas3fenoM  (pu3MKH
KOHJICHCHPOBAHHOTO COCTOSIHUSA, U YK€ MOJTy4YeHbl MHOTHE (DYHKIIMOHAIBHBIE MAaTEPHAIIBI C
MHOI'OYPOBHEBOI HMepapXMUYeCKOW CTPYKTYpOH, OTKpBIBAIOLIME IIyTH K CO3JaHHIO
NPUHIUITHAIBHO HOBBIX 110 3aMBICITy TPHOOPOB HA X OCHOBE.

B HacTosmel pabote mpecTaBiaeHbl pe3ysbTaThl OJYUYEHHUS CaMOOPTraHU3YIOLINXCS
ME30CTPYKTYp B Iporiecce pocta HUTeBUAHBIX HaHokpuctauioB (HHK) xkpemuus [1].
[Tony4yeHHble CTPYKTyphl NpencTaBisitoT coOoil ckenetHsle myctorensie HHK B Buze
NPOTSDKEHHBIX KPUCTAJUIMYECKHX OCTOBOB, OOpa30OBaHHBIX peOpaMy ¢ HaBHCAIOIMMH
HUILIAMH, JIEIECTKOBBIX CTPYKTYp (TpeX- M IIECTUJIENECTKOBbIE KPUCTAJIIbI), KPHUCTAIJIOB
0JIOUHON ME30CTPYKTYpbl, OIPaHEHHBIX IIJIOCKOCTSAMHU OKTa’3/Apa, JABOWHUKOBBIX JICHT,
ChEpONUTHBIX M  CKPYYEHHBIX KPHCTAJIOB, KpPUCTAUIOB C  «TrO(GpPUPOBAHHON»
MOBEPXHOCTHIO M TOBEPXHOCTHIO YHAYJIOWAA, W JAp. OIEMEHTHBIH COCTaB 00pas3IoB
UCCIIEIOBAaH METO/I0M PEHTI'€HOCIIEKTPAIbHOIO MUKPOAHAIN3a B PACTPOBOM 3JIEKTPOHHOM
mukpockorie JSM—6380LV. CiioxHYy!0 apXHTEKTypy ME30CTPYKTYp H3ydald TI0
n300pakeHUsIM (PparMeHToB, MOJIyUYEHHBIX ITyTEM MEXaHUYECKON (parMeHTaI|H.

OO0mieit cTpykTypHO#l ocoOeHHOCThIO moiyueHHbIx HHK sBisercs nHamuume
LEHTPAJILHOTO MPOTSKEHHOTO CTEP)KHS, UMEIOIIEro CyOMUKPOCKOMMYECKHE MONEpEeYHbIe
pa3Mepsl M TMOKPBITOIO ME30CTPYKTYpHOH 0007104Koi. VYka3zaHHas OCOOEHHOCTh
CBUJIETEJILCTBYET O  JIBYXCTaJIMHHOCTH  mpolecca o00pa3oBaHUS  ME3OCTPYKTYD.
Kpucrannorpadpuueckoe HanpasieHue ocu pocta neHtpaibHoro HHK-«maepa» <111>, a
OpHUEHTAIUs JICTIECTKOB U OJIOKOB - B HarpaBiaeHUH <211>u <110>.

KpemHueBbie Me30CTPYKTYypbl CHHTE3MPOBAHBl METOJOM XMMHMUYECKOIO MapoBOTO
ocaxxnenuss B cucreme SiCls + Hz ¢ ucrmonmp3oBaHuMeM IMHKa B KayecTBE MeTalia-
BOCCTAaHOBUTENII M, OJHOBpPEMEHHO, Karanuszaropa mnpouecca [DKK (map-xuakocts-
kpuctamt) pocta HHK. Bribop Zn oOycrnosnen tem, 4to oH o0sanaer 0oyiee CHIIbHBIMU
BOCCTaHOBUTEJIBHBIMU CBOMCTBaMHM, 4eM Ha, 4TO crocoOCTBYeT CO3/IaHHIO 3HAYUTEIbHBIX
MepECHIIEHNH B pocTOBOM atMocdepe. Bmecte ¢ aTumM ZNn oTBeuaeT BceM HEOOXOIUMBIM
TpeboBaHMsM K MeTaiuty-kaTanu3atopy IIDKK-pocra HHK Si.

OO6pa3oBaHre Me30CTPYKTYp, MOJYyYEHHBIX caMOOpraHu3alueil B IMpoliecce pocTa
HHK Si, 00BsicHseTCS HepaBHOMEPHBIM POCTOM KPHCTAJUIOB B PaHaIbHOM HalpaBleHUH,
3aTPyHEHUSIMH TIPUTOKA MHUTAIONIETO BEIIECTBA K OTIENBHBIM YYacTKaM TpaHed IpH
BBICOKOM JIBMIKYILEH CHJIe M CKOPOCTH IpoLiecca Ha IPYTUX y4acTKax.

KpemHHEBbIE ME30CTPYKTYPHI CO CIIOKHBIM apXUTEKTYPHBIM JH3AIHOM MOTYT HalTH
OpUMEHeHHe B (OTOIIEKTPUUYECKUX YCTPOMCTBAaX s MOBBIMIEHUS 3S(PPEKTUBHOCTH
MOTJIOUIEHHUs] CBeTa, B OMOCeHcopax Uil WIACHTHPHUKAIUU OUOMOJEKYJ, B KauecTBe
AKTUBHBIX MaTEpUAIOB COPOCHTOB U JIp.

B. A. HeGonbcun, H. Caaiikat, B. B. KopHeeBa MexaHn3Mbl aTOMHO-MOJIEKYJISIPHBIX
IPOIIECCOB KPUCTAIUTM3AINN HUTEBUIHBIX HaHOKprcTayuioB Si u GaAs // Heopr. matep.,
2021. T. 57. Ne3. C. 235-242.
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Biusinve MArHUTHOCTPYKTYPHBIX HEOJHOPOAHOCTEH Ha (hu3HYecKHe CBOMCTBA
KOMIIO3UTOB Ha ocHoBe Cd3AS2 B IIHPOKOM MHTEpPBaJie TEMIIEPATYP U 1aBJIEHUN.

JILA. Caﬁnyﬂaeeal, H.B. MeﬂbﬂukoeaZ,A.H.Ba@/mKqu, TeGennkoB A.B.2

B.C. Baxsanunckuii®, A.U. Purv*, C.®. MapeHKuH4 . M.M. Taoxcuanues*
YUnemumym uzuxu um. X M. Amupxanosa JOUL] PAH, Maxauxana, Poccus
2Vpanvckuil hedepanvuviii ynusepcumem, Mncmumym ecmecmsennix HayK u

mamemamuxu, Examepunoype, Poccus
3Bencopoockuii 2ocydapcmeentuiii HAYUOHATbHYIIL UCCTIE008aMENbCKUL YHUGEDCUMeN,
beneopoo, Poccus
*Uncmumym obweti u neopeanuyeckoti xumuu um. H.C. Kypnaxosa PAH.

Jlannast pabGota sBIA€TCS NPOJOHKEHHEM HAYaThIX HAMU  KOMILIEKCHBIX
WCCJICIOBAHUIA DJICKTPHUYCCKUX, TaTbBAHOMATHUTHBIX M TEPMODJICKTPHYECKHX CBOWCTB
komio3utoB CdzAS;+MnAS B mIHpOKOil 00JacTH Temieparyp, MaBICHHA W MHIYKIHA
MarHUTHOTO TIOJIS.

[IpencraBiaeHsl pe3ynbTaThl AKCHEPUMEHTAIBHBIX HCCICJOBAHUM JIIEKTPO- H
MarHUTOCOIIPOTHUBIICHUSI KOMITO3UTOB Ha OCHOBE JHMpakoBckoro monymertaa CdsAsy ¢
conepkanueM HaHorpanyn MnAS mpu BbICOKMX JaBieHMsX. VccrmemoBaHHbBIE 00pasiibl
MPEICTABISIIOT COOOW TPaHYJIMPOBAHHBIC CTPYKTYPBI, COCTOSAIIUN M3 HAHOPA3MEPHBIX
dbeppomarHuTHBIX rpaHyn MNAS XaoTHYECKH DACIOJIIOKEHHBIX B O0BEME MAaTPHIIBI C
xapaktepHsiMu pazmepamu 20-30 am u 50-90 uwm.

Hccnenosanus marauroconpotusienus Cds3As+n mace.%MnAs (n = 20, 30, 44.7) B
obnactu nasienuit 1o 9 I'Tla mo3BonmiIM OOHAPYKUTh WHTEPBAIBI IaBIECHUN, B KOTOPBIX
nposisistercst OMC. Tak, B oopasiie CdsAs;+MnAs (20 macc % MnAS) B 001acTi 1aBiieHui
1-2.6 T'Tla makcumanbHoe 3HaueHre OMC coctaBisuio ~ 1%, B CdzAs,+MnAs (30 mace %
MnAs) OMC ¢ makcumymom 1ipu P=~0.6 I'Tla gocturaer ~ 1%, B o6pasue CdzAs;+MnAsS
(44,7 macc % MnAS) npu nasienun ~7.8 I'Tla Habmomaercs obiaacte OMC, koTopoe B
MakcuMyme coctasisieT 0.36%.

Kpome OMC B psfe riccneoBaHHBIX 00pa3iiaX yCTaHOBJICHO HATHYME 0COOCHHOCTEH
MOBEJICHUS  IOJIOKHTEIHLHOTO  MAarHUTOCOTPOTHBIICHUS B OOJIACTH  JaBJICHUH,
COOTBETCTBYIOIIUX OOHapyXKEHHBIM paHee (a3oBBIM IMEpPEXoAaM B MOIYMPOBOIHUKOBOM
marpuiie komrnosuta CdzAs; u B peppoMarHUTHBIX rpanynax MnAsS.

Taxxe Oapuueckoe MOBEACHHE SJEKTPO- W MAarHUTOCOMPOTHUBIICHUS IOKa3alu
CYIIECTBEHHOE H3MEHEHHE CKOPOCTH YMEHBIIEHHs DJIEKTPOCONPOTHBICHHUS TIPH POCTE
nmasienuss ot 25 mo 30 ITla, dbopMupoBaHHe BBICOKMX 3HAYCHHH OTPHUIIATEIBHOTO
MarHeTOCOIPOTUBIICHUS MIPU YBEIHMUCHUH JIABJICHUS U €ro Mayble (IT0 MOJIYII0) 3HAYCHUS
MpU yMeHbIIeHUH aasienus a0 16 ['la.

YuuThIBas 0COOCHHOCTH TTOBEICHUS H3MEPEHHBIX XapaKTEPUCTHK MIPH YBEIHUCHUH
U TIOCIEAYIOIMIUM YMEHBIICHUN NaBJICHHUSI WIM TMPU HUCCICIOBAHUH TPU HUKINYECKOM
HArpy>KeHUH, MOKHO TPEJIIOJIOKHUTh, YTO B MaTepHajgax MPOUCXOJAT HEOOpaTUMBIC MU
MOYTH HeoOpaTHMble W3MEeHEHHUs. [lomydeHHbIe pe3yNbTaThl COTJIACYIOTCS C MOBEACHHEM
TEpMO3Ic MaTepuanos npu gasieHusx a0 S50 I'la.
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CTPYKTYPA U CBOMCTBA JO3BTEKTUYECKHUX CILIABOB Nb —Si —Al,
MOJYYEHHBIX ATIOMUHOTEPMUEM ITPUA PA3JIMYHBIX CKOPOCTSIX
OXUVIAKIEHUSA

Caneruna WU. B., [lymkapes b. E., Tepemxuna C. A., Jlaxbsinos B.H.

Yomypmcxuii pedepanvruiti ucciedosamenvckuit yeump YpO PAH, Hacesck, Poccus,
sairvi@mail.ru

Cornacho ¢a3oBoit muarpamme Nb-Si, B oboramieHHOW HIOOUEM 00JIaCTH CUCTEMBI, B
3aBHCHUMOCTH OT COCTaBa U YCJIOBUH MOJTYYEHHS CIUIABOB BO3MOKHO 00pazoBaHue Kak Nbss-
NDbsSi, Tak 1 Nbss-NbsSiz KoMo3uTOB. ITH CIUTaBbl OOBIYHO XPYINKKHE, B OCHOBHOM H3-32a
NPUCYTCTBUS CWIMLUUAHBIX ¢a3. Hmerorcs cooOlieHuss O TMOMBITKaxX —YJIy4IIUuTh
IUIACTUYHOCTh IBTEKTUYECKUX CIUIaBOB crcTeMbl Nb-Si npu koMHaTHOM Temneparype [1-2]
3a CYET U3MEHEHUSI MUKPOCTPYKTYPHI 3TUX CIUIaBOB. VI3MeHEeHHe MUKPOCTPYKTYPbI MOKET
OBITH JTOCTUTHYT IIyTE€M KOHTPOJISI COCTaBa CIJIaBa, CKOPOCTH OXJIAKICHHS M HAIIPABIICHHS
KPUCTAITU3AIUH.

B nmanHO# paboTe mccienoBaHO BIMSHUE CKOPOCTH OXJIAXKICHHS Ha CTPYKTYpY U
CBOMCTBa JOIBTEKTHYECKHUX CIuiaBoB Nb —Si —Al, mosjy4eHHbIX amroMuHOTEpMHUCH. B
Ka4eCTBE pEareHTOB IPU CaMOPACIPOCTPAHSIONIMMCS BBICOKOTEMIIEPATYPHOM CHHTE3E
(CBC) cnutaBa Nb-Si ucnonp3oBanu cienyoomue marepuaisl: okcug Nb2Os (99,5 mac.%),
kpemuuii Mapku KP 00 (99,0 mac.%) u mopomiok amomunueBbiii mapku ACJ[-1 (99,7
Mac.%). CBC npoBoauiIH B peakTope 3aKphITOro TUMA B aTMoc(hepe aproHa MpH JAaBIeHUU
80 aT™, B TUTIISX U3 rpaduTa U OKCHa MarHusl. XUMHUYECKUH COCTAB MOTYYEHHBIX CIUIaBOB
OTIpeIeNIsIN  dHeproauciepcuoHHbiM MukpoaHanuzoM (EDAX Genesis 2000XMS) c
HECKOJIBKMX obiracteit cimrka: Nb-13,7+0,3 ar.% Si-3+0,4 at.%Al u Nb-14,0+0,3 ar.% Si-
3,240,4 at.%Al ang cnnaBoB, MOMYyYEHHBIX B THUIJISX M3 TrpaduTa U OKCHIA MarHus
COOTBETCTBEHHO.

PerynupoBanue CKOpOCTH OXJIaXICHHUS CIUIaBa, MOJIy4aeMOoro pu aJTlOMUHOTEPMUH,
MIPOBOJIMIIN ITyTEM 3aMEHBI MaTepuaja THIIS (pa3indue B CKOPOCTSIX OXJIAKICHHUS CIIJIaBa
ObL1a OKOJIO TopsAKa). PasHHIIa B CKOPOCTAX OXJIAXK/IEHUS HE TIOBNUsJIA Ha (Pa3oBbBIi cOCTaB
MOJTYYeHHBIX CIuTaBoB. OCHOBHBIMHU (ha3aMU B TMOJyYEHHBIX CIUIABaX SIBISIFOTCS TBEP/bIH
pactBop Ha ocHoBe HHOOWs (Nbss) u daza B-NbsSis. Habmomaembie MEUKPOCTPYKTYpBI
XapaKTEPHBI JJIS CIUTABOB JIOABTEKTUUECKOTO COCTaBa — JCHPUTHI epBu4HON (a3sl Nbss 1
kosonuu 3BTeKTHKH Nbss + NbsSis. MukpocTpykTypa ciutaBa, MOJTy4YE€HHOTO B THIJIE W3
rpadwuTa, OoJiee TUCTIepCHast IO CPABHEHHUIO CO CIIABOM, TIOJTYYEHHOTO B THIJIE M3 OKCHIA
MarHusi, 4YTO CBSI3aHO C Pa3HOM CKOPOCTHIO OXJIQXKIEHUS CIUIABOB, MOCKOJIBKY C POCTOM
CKOPOCTH 3aTBEPJIEBAHHSI PACTET CKOPOCTh 00pa30BaHMsI IICHTPOB 3aPOKACHUS KPUCTAIIIOB,
HO yMEHbIIaeTcsi BpeMs ux pocra. opmupoBaHue 0oiiee MEIKOH CTPYKTYPBI, IPUBEIO K
BO3PACTAaHUIO MUKPOTBEPIOCTH IBTEKTHKH, TBEPIOCTH U BSA3KOCTH Pa3pyLICHHUs CIUIaBa IO
CPaBHEHHIO CO CIIJIaBOM C MEHEe JUCIIEPCHOM CTPYKTYpOH.

1. ChanK.S.// Mater. Sci. Eng. —2005. — V. 409A. — P. — 257-269.

2. MaCcC.,LilG,TanY., Tanaka R., Hanada S. // Mater. Sci. Eng. — 2004. — V. 386A. — P. —375-
387.
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SKCIMEPUMEHTAJBHOE U3YYEHUE CKUMAEMOCTH HOBOM ®A3BI
Ca(Fe,Al)20: J10 61 I'TIA

Uckpuna A.B.2, Boopos A.B.1?3 Kysbmun A.B.4, Cnusak A.B.%, Yapurton C.°,
®denorenxo T.5, yoposunckmnii JI.C.’
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2 Huemumym skcnepumenmanshoti munepano2uu umenu axademura JI.C. Kopowcunckozo
PAH, 2. Yepnoeonoska, Poccus
3HHcmumym eeoxumuu u anarumuyeckou xumuu um. B.U. Bepnaockoeo PAH, 2. Mocksa,
Poccus
*Uncmumym ¢usuxu meepdozo mena PAH, 2. Yepnozonoexa, Poccus
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S Uncmumym ¢uzuxu mamepuanoe npu sxcmpemanvvix ycnogusx, Jlabopamopus
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"Basapckuii Ieouncmumym, Ynusepcumem Baiipoiima, 2. baiipoiim, I'epmanus

daza Ca(Fe,Al)204 cuntesuposana npu aasienun 24 ['Tla u remnepatype 1600°C B
baBapckom ['eomncrutyte. [Tomyuennas ¢daza Ca(Fe,Al).04 (Pnma) umeer cTpykTypy
KanpIuodeppuTa u mapameTpsl pemerku a = 8,9785 A, b =2,9158 A, ¢ = 10,4253 A, V =
286,7(19) A3. Csxumaemocts ¢passr Ca(Fe,Al)204 n3yuanack ¢ HCIIONB30BAHNEM HCTOYHHKA
cunxpotponHoro uznydenus B ESRF (I'peno6is) no ~61 I'Tla. B aToM nmuanazone gaBieHuit
¢a30BBIX MpeBpalieHuil He 00HApPYKEHO, HO 3apETUCTPUPOBAH CIIMHOBBIN MEPEXOoJ s
xenesa. Takxke yaanoch MoyduTh ypaBaenue cocrostaus st ¢aser Ca(Fe,Al)204.

KBaHTOBO-XUMUYECKMMH METOAaMH MPOAHAIU3UPOBAHA YCTOWYUBOCTh PA3TUUYHBIX
CIIMHOBBIX COCTOSTHUM atoma xene3a (111) B uckaxxennsix okrarapax "FeOg" mpu HU3KOM U
BBICOKOM JaBiieHHH. [[71s1 yrpolieHus: pacueToB ObUIH MOCTPOEHBI HOBBIE aKBa-KOMILIEKCHI
[Fe(H20)6]*" ma ocroBe oxTasmpo FeOs npu mapmenusx 2,3 I'Tla u 53,9 I'Tla. Pacuers
SIIEKTPOHHOMN CTPYKTYpHI S = 1/2, 3/2 u 5/2 ciuHOBBIX cocTostHui akBa-kimactepos Fe(lll)
MIPOBOIMIINCEH € UcTionb3oBanueM Teopun DFT, dynkmmonana B3LYP [1] u mporpammHOTro
obecreuernnss ORCA [2]. OcHoBHOe pasnmune Mexy oktadapamu [Fe(H20)s]** mpu auskux
U BBICOKHMX JaBJICHUSX 3aKIIOYAETCS B OTHOCHUTEIHHOM HM3MEHEHUH dSHepruu (AE) mns
Pa3IUYHBIX CIIMHOBBIX COCTOSTHUMN: S=5/2 cocrosinue komiutekca Fe(lll) ssistercst Hanboee
OJIarONPHUATHBIM TIPH HU3KHUX JABJICHUSAX, B TO BpeMs Kak caMoe HH3Koe S=1/2 crmHOBOE
cocTosiHuEe Oojiee CTaOWIBHO MPHU BHICOKMX MABICHUSX. DTO MOJITBEPKIACT M3MEHEHUE
crimHoBoro coctosiaust Fe (111) B uccenyemom quana3oxe naBieHUN.

bnazodaprocmu. Pabora BeimonHeHAa Tipu noaep:kke PODU, mpoekt Ne 20-35-
90095\20. PaboTa BBINONHSIIACH B paMKax Hay4yHoro mana Jlaboparopuu TiyOWHHBIX
reocthep MI'Y um. M.B. JlomoHocoBa 1 B pamkax HayuHo-nccienoBaTenbCKoi mporpaMmbl

NOM PAH (AAAA-A18-118020590140-7).

1. Becke A.D. (1988). Phys Rev A. B38(6), P. - 3098-3100.
2. Neese F. (2012). Wiley Interdiscip Rev Comput Mol Sci. B2(1), P. - 73-78.
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UCCJEIOBAHHUS CBOMCTB UHTEP®ENCOB TETEPOCTPYKTYP
CET'HETO2JIEKTPUK/IUIJIEKTPUK

Mamun P.D.

Kaszanckuii puzuxo-mexnuyveckuti uncmumym um. E. K. 3asotickoco ®UL] Kazanckuil
nayunvii yenmp PAH, 2. Kazanw, Poccus, mamin@Kkfti.knc.ru

B 2004 romy Oxtomo m XBaHrom ObLI OOHApPYXEH DJIEKTPOHHBINH Ta3 BBICOKOM
noasmxHocTy Ha naTepdeiice mexxay LaAlOs u SrTiOs [1]. [To3xe 6b110 MOKa3aHo, 4TO 3T
reTepocTpykTypa oOnamaer (eppoMarHUTHBIMH CBOMcTBaMH [2] W THEpexXoauT B
CBEpXMpoBoJsiIee cocTosiHue npu Temmneparypax Huwke 300 MK [3]. B Hameit rpymnme Mol
HCCJIEIOBAIM TETEPOCTPYKTYPhl HA OCHOBE CETHETOIJEKTPUUECKUX U AUDIEKTPUKOB
okcu10B co cTpykTypoit Tuna BaTiOs/LaMnOs u BaTiO3/La;CuQ4. C oMotipo pacyéros
U3 MEPBBIX MPUHLMUIOB ObUIM MPOMOAETUPOBAHBI SJIEKTPOHHBIE U MarHUTHBIE CBOMCTBA
ITUX IeTePOCTPYKTYp. bbII0 TOKa3zaHo, uTo B 00eux rerepoctpykrypax BaTiOs/LaMnOs u
BaTiO3/La;CuOs B obnactu uHTepdeiica ucye3aeT 3ampelicHHas 30Ha M CHCTEMa
IIEPEXOJUT B COCTOSIHUE C HEHYJIEBOM INIOTHOCTBIO COCTOSSHUN Ha ypoBHU Depmu. Taknum
obpaszoM, MozenupoBaHue rerepocTpykrypax BaTiOs/LaMnOsz [4] ykasbiBaeT Ha
METAJJIMYECKUM XapaKTep NOBEAECHUS TPOBOAUMOCTH UHTEp(Peiica ITON reTepoCTPYKTYPBHI.
Kpowme storo, B rerepoctpykrypax BaTiOsz/LaMnOs Bo3HHKAaEeT MArHUTHOE YIIOPSI0UYCHHE
(beppoMarHuTHOTO THUTIA. brum TIOJTyYEeHBI 00pasibl TeTePOCTPYKTYP
Bao.sSro2TiO3z/LaMnQO3, 3KCIepMMEHTAIbHO HM3MEPEHBI COMPOTHBIIEHHE OO0pa3loB U
MOKAa3aHO  BO3HMKHOBEHHWE  KBa3WIBYMEPHOH  TNPOBOJMMOCTH Ha  uHTepdeiice
TeTePOCTPYKTYPHI.

B o6pasmax rerepoctpykrypsl BaosSro2TiOs/LaMnOs, He moaBeprHyThIX HUKaKHM
BO3JICHCTBUSAM,  DJEKTPHUUECKOE  COMPOTUBICHUE  3HAUYUTEIHHO  YMEHBILIACTCS C
TEMIEpaTypoll Mpu TemImepaTypax HWwke MakcumyMma mpu 160 K, yka3piBas Ha
METAJUIMYECKUN XapaKTep MOBEACHUs IPOBOIUMOCTH HHTep(delica 3TON IreTepoCTPYKTYPHI.
Temriepatypa MakCUMyMa 3aBUCUT OT TEPMOIMKIMPOBAHHS BO BHEIITHEM MarHUTHOM IIOJIE,
U OHA YBEIMYHMBAETCS C YBEIMYEHHEM KOJIMYeCTBA IMKIOB. CHIbHOE BIHSHUE BHELIHETO
MarHUTHOTO TIOJISI HA COMPOTHBIICHHE TE€TEPOCTPYKTYPHI CBUIECTEIHCTBYET O TOM, YTO B
oOmactu wuHTepdeiica CylecCTBYeT HEOIHOPOJIHBIH MAarHUTHBIM TOPSAO0K, KOTOPBI
MIOCTETICHHO MEPEXONT K OJTHOPOTHOMY MOPSAKY MPHY MPUIIOKEHUH MarHUTHOTO TIOJIS TIPH
TEPMOLMKIUPOBAHHH.

[lpn wmccnenoBaHnU TeTepocTpyKTYp BaosSro2TiOs/LaMnOs Obu1  oOHapyxeH
cBoe0Opa3HbIi APPEKT OTpUIATENbHON (OTONPOBOAUMOCTH T'€TEPOCTPYKTYPHI BO BpeMs
OJIHOPOJHOT'O OCBEIICHUSI T€TEPOCTPYKTYPhI CO CTOPOHBI CETHETORIEKTPUUECKOMN IMICHKU
CBETOM Pa3JIMYHOIr0 CIEKTPAJIbHOIo cocTaBa. I(P(PeKT COCTOUT B TOM, UTO MPH OCBEILEHUH
CETHETORJIEKTPUUECKON IIJIEHKW COINPOTUBICHHE TE€TEPOCTPYKTYpPbI, M3MEPEHHOE BOJb
uHTepdeiica, yBenuuuBaercs. BenmununHa s>QQexrta 3aBUCHUT OT CIEKTPaJIbHOIO COCTaBa
cBeTa, Hanbonbmuil ddext HabmomaeTcs TMPU OCBEIICHUH 3€JICHBIM CBETOM. Takke
OoOHapy’K€HO M3MEHEHHE TPOBOAMMOCTH Ha uHTep(eiice Mocie MPHIOKEHHS
HEOJIHOPOJHOI0 BHEIIHETO AJIEKTPUYECKOTO IMOJISI U OCBELIEHUSI K CETHETORJIEKTPHUUECKON
TUIEHKE.

HccnenoBanue BBHITIOTHEHO 3a c4eT rpaHTa Poccuiickoro HayuHoro ¢onma Ne 21-12-

00179.
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3. N. Reyren, S. Thiel, A. D. Caviglia, et al., Science 317, 1196 (2007).
4. V.V. Kabanov, I.I. Piyanzina, Yu.V. Lysogorskiy, et al., Mater. Res. Express 7, 055020 (2020).

~ 179 ~



DOI 10.26201/ISSP.2020/FKS-2.363

MEXAHMU3M CTPYKTYPOOBPA3OBAHUA B BBICOKOJAE®EKTHBIX
OJIOOPUTITPOU3BOAHBIX R2TiOs (R = Er,Tm, Yb, Lu)

JIsmenko JLIL!, Illep6akosa JI.I'.2, Kon6anes U.B.? Taprakosckuii U.H.5,
Makcumosn A.A.2 Cseroropos P.J1.%, 3y6aBuuayc 51.B.*

Y Uncmumym npobnem xumuyeckoi pusuxu PAH, Yepnozonoexa, Poccus, lyash@icp.ac.ru
2 Unemumym xumuyeckoi puzuxy um. H.H.Cemenoea PAH, Mockea, Poccus
SUncmumym gusuxu meepdozo mena PAH, Yepnozonoska, Poccus
*Kypuamoeckuii uncmumym, Mockea, Poccus

B pasynopsiodeHHbIX (IFOOPUTONOA00HBIX MOHO- U mosukpuctamuiax RoTiOs (R =
Gd, Er, Y, Sc; M=Ti, Zr, Hf) Buepssie Hab1r0m1a11 00pa3zoBanue HaHogoMeHoB (~10+1000
HM) C pa3JIM4YHOMN CTeneHblo ynopsaouenus [1-3]. B nannoit padore merogamu audpaxum
MOHOXPOMATHYECKOTO  CHHXPOTPOHHOTO  PEHTIEHOBCKOro H3mydeHus u  Raman
CHEKTPOCKONIUM W3y4YeHBl CTPYKTypHBIE TPeoOpa3oBaHUs TMOPSIOK-OECHOPSIIOK B
BBICOKOJIC(EKTHBIX (DIFOOPUTIIPOM3BOAHBIX TBepabix pactBopax (7TP) xR203:(1-x)TiO:
(R=Er, Tm, Yb, Lu; 0.5<x<0.60). YcTaHOBJIE€HO, YTO B MPOIECCE CHHTE3a U3yYCHHBIX 1P
OpOUCXOMUT  oOpa3oBaHME  ABYX  KyOMueckmx (a3  OJAMHAKOBOIO  COCTaBa:
pasynopsgodenHoi ¢Guroopurononodnoi (F) (FM3m) u conpsokeHHO#N ¢ Hell ¢ pasTuyHOR
CTEMEHbI0  ymopsyoueHust  numpoxsoprnomoonoir  (P)  (Fd3m), cocrosmerr w3
HAaHOKpUCTANIMYecKuX W HaHoMacmTtabHeix (<100 ©H™m) gomeHoB. IlapameTpsl
aneMeHTapHbIX sideek F- um P-¢a3 B m3ydennsix 7P uMelOT ONU3KHME 3HAYCHUS BO
(GIIOOPUTHON YCTAHOBKE, MOJTOMY COMPSIKEHHE UX KPUCTAIUIMYECKHUX PEIIETOK MOXKET
NPOMCXOIUTh YEpe3 CIOU COMPSDKCHUS, CO3/aBacMble AMCIOKAUUSAMH U JAPYTHMH
nedexramu ctpykTypbl. B Raman-cnekrpax R2TiOs (R = Er, Tm, Yb, Lu) npucytcTByroT
JIBE IIMPOKHE MOJIOCHI B HU3KO- ¥ O/IHA B BBICOKOYACTOTHOW OOJIACTSIX C MAKCUMYMaMH TIPH
~ 100-176, 292-390 u 720-745 cm, xapaxTtepusyromue P- u F-hassl cootBeTcTBeHHO. U3
cpaBHeHMs JaHHBIX PDA m Raman-criekTpockonuu cienyer, 4YTo MakCUMyMbl Ha (oHe
MIUPOKUX ToJIoc P-¢a3pl COOTBETCTBYIOT KPUCTAUIMYECKMM JIOMEHAM C ONpeAeTIeHHOM
CTEMEHBIO MOopsAKa B Macce HaHOMacmTaOHBIX (<100 HM) 4acTHI] ¢ pa3TUYHON CTENEHbIO
ynopsiioueHust. B oTiudne oT peHTreHo(a3oBoro aHajiu3a, I71e OCHOBHbIE TU(PaKIIMOHHbIE
otpaxenus F- u P-¢a3 npaktuuecku He paszpemiarorces, B Raman-crekTpax UX HHTEHCUBHBIE
MOJIOCHl HAXOJATCS B PA3IMYHBIX YAaCTOTHBIX 00JACTAX, YTO TO3BOJIMIO JIOCTOBEPHO
YCTaHOBHTH MPUCYTCTBHE ITUX (Pa3 B KPHCTAITMUECKOM ¥ HAHOMACIITAOHOM COCTOSIHHSX B
oOpa3max wu3y4yeHHbIX cucTeM. OOpa3oBaHHME HAHOJIOMEHOB B IIpOIlECCE CHHTE3a B
M3YYEHHBIX (QIF0OPUTIPOU3BOAHBIX 7P 00BsCHSAET HA0JI0/1aBIIYIOCS HAMU paHee BHICOKYIO
TG PY3MOHHYIO TPOHHUIIaeMOoCTh F-(ha3bl B MOHOKpHCTaIIMUecKod Tuddy3MOHHON nape
Sc203/TiO2 pu 1300 u 1400 °C.

OO0pa3oBaHrEe HAHOJIOMEHOB C PA3JIMYHOMN CTENEHBIO YIIOPAJOYEHUS B U3yUeHHbIX TP
00yCJIOBJICHO BHYTPCHHUMH HAINPSHKEHUSIMH, BOSHUKAIOIMMH H3-32 BBICOKOW IJIOTHOCTH
CTPYKTYPHBIX A€(DEKTOB B UX JIE€MEHTApHBIX sUeKax.

1. Lyashenko L.P., Shcherbakova L.G., Karelin A.l., Smirnov V.A., Kulik E.S., Svetogorov R.D.,
Zubavichus Ya.V. // Inorg. Mater. — 2016. — V. 52. — Ne 5. — P. 483-489.

2. Lyashenko L.P., Shcherbakova L.G., Tartakovskii I.I., Maksimov A.A., Svetogorov R.D.,
Zubavichus Ya.V. /] Inorg. Mater. —2018. — V. 54. — Ne 3. — P. 245-252.
3. Lyashenko L.P., Shcherbakova L.G., Tartakovskii I.I., Maksimov A.A., Svetogorov R.D.,

Zubavichus Ya.V., Kolbanev 1.V // Inorg. Mater. — 2020. — V. 56. — Ne 2. — P. 190-197. DOI:
10.1134/S0020168520020119.

~ 180 ~


mailto:lyash@icp.ac.ru

DOI 10.26201/ISSP.2020/FKS-2.357

BJIUAHUE HAHOCTPYKTYPUPOBAHUSA IOBEPXHOCTHU
KPUCTAJIJIOB CYJIb®UJA CBUHIIA B IIVIABME HA CIIEKTPbI
OIITUYECKOI'O OTPAXKEHU A

3umun C. I1.12, Konecnnkos H. H.3, Tusanos M. C.*, Tpodumona A. B.%,
Amupos U. 1.}, Haymos B. B.}, I'opaiaues E. C.!

Y Apocrasckuii punuan @uzuxo-mexnonozuueckozo uncmumyma um. K.A. Banuesa PAH,
Apocnasnw, Poccus, Zimin@uniyar.ac.ru
2 Apocrasckuil eocyoapcmeentulil ynusepcumem um. 1. I'. Jlemudosa, Apocrasns, Poccus
8 Unemumym usuxu meepoozo mena PAH, Yepnozonoexa, Poccus
*Benopycckuii 2ocyoapcmesennuiii ynueepcumem, Munck, benapyco

B noknage onMchiBalOTCS MPOLIECCHl  HAHOCTPYKTYPUPOBAHMUS IOBEPXHOCTH
kpuctauioB (100) PbS B mporecce maasMeHHO#N 0OpaObOTKH M aHAIM3HPYETCS BIIMSHUC
OPOBOIUMON MOJIM(UKAIMK HA CIEKTPbl ONTUYECKOTO OTpa)keHHs. MOHOKpHUCTAIIBI
cyJb(dua CBUHIA OBbLIM BBIPAIIEHB METOJJOM BEPTUKAIBHON 30HHOM IJIaBKU B apTOHOBOM
cpene u uMenu opuentanuio [100] Bxosns ocu pocta. CIMTOK pacKaibIBaiCs Ha IJIACTHHBI,
MOBEPXHOCTh KOTOPBIX IOJIBEPrajlach MEXaHUYECKOM noaupoBke. HaHocTpyKkTypupoBaHue
MOBEPXHOCTH IIACTUH OCYIIECTBISUIOCH B PEAKTOPE BBICOKOIUIOTHOW aprOHOBOM IIIa3MBI
BBICOKOYACTOTHOI'O HMHIYKIMOHHOrO paspsaa (13,56 MI'n) Huskoro namieHus. DHeprus
roHoB Ar" cocrasisuia ~200 5B, 06paboTka MpoBOAMIACE B Ba IOCIEN0BATENBHBIX dTara
MPOAOIDKUTENBHOCTBIO 2 M 3 MuH. MccnenoBanus Mop(hosIorui NOBEPXHOCTH MTPOBOIMINCH
IPH IOMOIIM METOJIa PACTPOBOI 3JIEKTPOHHON MHKpOCKoIiK Ha ycranoBke Supra 40 (Carl
Zeiss). Crektpbl 3epkanbHOrO (8°) m aud(dy3HOro OTpaXkeHHsl PErHCTPUPOBAIUCH Ha
criektpodoromerpe Lambda 1050 UV/Vis/NiR (Perkin Elmer) B ananazone 250-2500 Hwm.

B pesynbrare minazMeHHOM 00pabOTKM MpU pealn3aluid MeXaHU3Ma «Iap-KUJIKOCTb-
KpUCTALD» OBbUT CPOPMUPOBAH OJHOPOAHBIH MACCHB BEPTHKAJIBHBIX HAHOCTPYKTYD
cyib(puaa CBUHIA BBICOTON OK0sIo 60 HM, UMEIOLIUX OOKOBbIE TOPU30HTAIBHBIE OTPOCTKU
uinHOM 20-40 HM, OpHeHTHpOBaHHbIE B HanpasieHusx {100}.

OOHapyxeHo, 4To (opMHUpOBaHHE aHCAMOJIsI HAHOCTPYKTYp Ha moBepxHOocTH PbS
METO/I0M IUIa3MEHHOM 00pabOTKH MPUBOAUT K YMEHBIIEHUIO KO3()(HUIIMEHTOB 3€PKAIILHOTO
U auQQy3HOr0 ONTHYECKOr0 OTPaXKEHHS B MCCIEJIOBAaHHOM JMana3oHe, Haubosee
3aMETHOMY B KOPOTKOBOJIHOBOHM oOusacTu crektpa. [Ipu sToM 3HaueHHs ko3¢ (UIMEHTOB
3epKaJbHOro U AU(PPY3HOr0 OTpaKEHUS UMEIOT PaBHbIE 3HAUEHHUS, 32 UCKIIOYEHHEM y3KOI
o0acTH creKkTpa Ais UIMH BOJH ~250 HM, A7 KOTOpPOH KO3((UIMEHTHl OTPa)KeHHS
MOBEPXHOCTH CyJb(ua CBUHIIA C HAHOCTPYKTYPaMHU COCTaBISIOT 2 U 5% U1 3€pKaJIbHOTO
U 11 (Hy3HOrO OTPAKEHHS, COOTBETCTBEHHO.

Paboma eévinonnena 6 pamkax I'ocyoapcmeennoco sadanus ®THAH um. K.A. Banuesa
PAH Munooprayku P® no meme Ne 0066-2019-0002, I'ocyoapcmeennozo 3adanus UOTT
PAH Munobprayxku P® u unuyuamusnou HUP Apl’Y.
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OYHKIIMOHAJIMN3AINIUA MOHOMOJIEKYJIAPHBIX MAT'HUTOB C
NMNoMOuibIO ®PEPPOMATHUTHBIX MUKPOYACTHUL PrDyFeCoB

0O.B. Konuak, P.B. Moprynos

Hnemumym npoonem xumuuecxou ¢uzuxku PAH, Poccus, 142432, 2. Yeproeonoska,
0.koplak@gmail.com

MonekynsipHble MarHUTHI Ha OCHOBE 3d-MeTayIOB MPEACTaBISAIOT OOJIBIION HHTEPEC
C TOYKM 3pEHHs] HAHOMAarHeTHW3Ma, HCIHOJB3YIOUIEr0 CHHH-OPOMTAJIbHYIO CBA3b HOHA
MeTalljia, YHPaBISIOUIEr0 CUJIbHOM MarHUTHOM aHM30TpOIMed. YIpaBieHHE CHUHOBBIMU
COCTOSIHUSIMU ITapaMarHUTHBIX MOJIEKYJ, B TOM YMCJIE U MOHOMOJEKYJSPHBIX MarHuTOB,
BO3MOJKHO C ITOMOIIIBIO TOJIeH paccessHus eppoMarHuTHBIX Mukpodactuil PrDyFeCoB. B
Hameil pabore co37aH KOMITO3UTHBIM MaTepuai, MOAJEPKUBAIOIIUNA HE3aBUCHUMBIC OT
BHEIIHET0  TOJII ~ CBOWCTBA  OAHOMOJIGKYJISIpHBIX ~ MarHuToB.  Mcmonb3oBanue
deppomarauTHeix Mukpodactulr PrDyFeCoB ¢ coxpansiemoii 3apanee 3aJaHHOMN
HAMarHUYEHHOCTHIO MO3BOJISIET PETYINPOBATH JOKAIBHYIO CKOPOCTh PElaKCcalluy CIIMHOB B
KOMIUIEKCaX, HOKPhIBAIOLINX MUKpOYaCTUIlbl (puc.l).
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Puc.l.  3aBucumocTts  mpuGaBKM  JACWCTBUTEIBHOM  4YacTW  MAarHUTHOM

BocnpuuMunBocTH Ay Ha yactote mnepemeHHoro mnois 1400 Hz B HyneBom mone oT
OCTaTOYHOTO MarHMUTHOI'O MOMEHTA MPEABAPUTEIbHO HAMATHWYEHHBIX MHUKpodacTul. Ha
eécmaske 6sepxy: Cxema pacripeneneHusl reKkcakoopAuHUpoBaHHbIX komiuiekcoB Co (1)
(3eneHble KpPY>XKH) BOKpYyr ¢eppomarHutHoi (FM) MukpouacTHilbl B HYJEBOM IOJ€
(MarHUTHBIE MOMEHTHI M CUJIOBBIE JIMHMM IIOKa3aHbl CTpelkamu). Ha ecmaske 6HU3Y:
MaruuTHsbIi ructepesrc Mukpoudactu npu 2 K.

IToxazaHa BO3MOKHOCTb PETYJIMPOBKH OCTATOYHON HAMAarHUYEHHOCTH MUKPOYACTHUI]
BHEITHHUM I10JIEM, YTO MOXKET ObITh UCIIOJIb30BAHO JIJISl YIIPABJICHUS CIIMHOBOM
penakcanmel Kak B TeKCakoopAMHUpPOoBaHHbIX kKomiuiekcax Co (1), Tak u B apyrux
KOMIUIEKCaX, CIOCOOHBIX 0OHAPYKUBATh JIOKAJIbHbIE OCTATOYHBIE MOJI B CTOXaCTUYECKOM
aHcaM0Jie MUKPOYaCTHII.

bnacooapnocmu.
Pabora BeinonHeHa npu noaaep:kke POOU (rpant 20-33-90256).
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®A30BBIE ITIPEBPAIIEHU A, BBI3BBAHHBIE KPYYEHUEM
O BBICOKUM JABJIEHUEM

Crpayman B.b.

Huemumym ¢usuxu meepoozo mena (MOTT PAH)
u Yeprnoeonosckuii nayunwviti yenmp (HL[4 PAH), Yepnozconoska
HUTY « MUCuCy», Mockea
straumal@issp.ac.ru

WuTtencuBHas mnactuueckas aedopmarnus (UI1/1) He TONbKO NPUBOIUT K CHIIBHOMY
M3MEJBYCHHIO 3€PEH U YIIPOYHEHUIO MaTepralia, HO TAKXKE MOXET BBI3BAaTh TU(PPY3HOHHBIE,
a Taxke 0e3aud¢y3noHHble (MApTEHCUTHBIC, CABUTOBLIC) (a3oBbie mpeBpaiieHus. Hamu
U3yYeHO BIMSHUE KpydeHus moj BbicokuM nasieHueMm (KBJl) na nuddysuonnsie u
MapTEHCUTHBIE (Pa3oBbIC MPEBpAIICHHs B HAHOKOMIIO3UTaX Ha OCHOBE MEJIU U TuUTaHa. B
pa3baBieHHBIX OMHAPHBIX cIIaBax Ha ocHOBe Meau KB/l BhI3bIBaeT KOHKYPEHIHIO MEKIY
dbopMupOBaHHEM YaCTHUI] BTOPOH (a3bl, BBI3BaHHBIM JehopMalivell, U UX pacTBOPEHUEM B
menHoit matpuie. CocraB mennou marpuibl nocie KBJI Takol, kakoil MoXeT ObITh
MOJTy4Y€H IOCJIe [UTUTENLHOTO OTXKUTA P onpeieneHHol (3 dekTuBHOI) Temiieparype Teff.
Bennunna Teff B pa30aBiIeHHBIX OWHAPHBIX CIUIaBaX HAa OCHOBE MEAM YBEINYHMBACTCS C
YBEJIMUYEHUEM DHTAJBIUHN aKTUBAUU AU(PPY3UH BTOPOTO KOMIIOHEHTA U €T0 TeMIIepPaTyphbl
iasyieHus: Im. BeizBannsie KB/l npeBpamienust mexay untepmeraugamu FOm-Posepu,
YCKOPEHHBIM MacconepeHoc, OrpaHeHHe TPAHUL] 3epeH U Cerperaiys rpaHull 3epeH TakKe
NPOTEKAIOT TakuM O0O0pa3oM, Kak eclii Obl OHM MPOUCXOIWIA TPH OIPEICICHHON
(moBbimieHHOM) Tef. B crumaBax Cu—Al-Ni ¢ mamsteio  dopmer  auddy3roHHbIE
npespaiienusi, Bei3BaHHble KB/ (Bbiienenue oi- u yi-¢a3), BAMSIOT Ha IMOCIEAyIOIIEe
maprercutHoe npespaiienue. Crutassl Ti—Fe, Ti—-Co u Ti—-Nb nepen KB/ conepsxanu nu6o
cMmech a- U P-das, moo cmech a-hasbl U uaTepMeTaunaAoB (ot TiFe win a+Ti2Co). Bo
Bpems KB/l oOpasyrorcs o'- U o''-MapTE€HCHUTBI, a Takke ®-(a3a BBHICOKOIO IaBJIECHUS.
O6cyxnarorest nupdy3noHHble U 6311 Py3MOHHBIE MEXAHU3MBI ATHX IPEBPAIICHUN.

Paboma noooepoicana PODU (cpanmer 19-58-06002 u 18-03-00067).
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CNNABbI ANA MEAULUUHCKUX MPUMEHEHWIA HA OCHOBE B-TUTAHA

Crpayman B.5.13, TopHakosa A.C., PabkuH E.%, Ctpyr P.%, Kunbmamertos A.P.2,
AHucumosa H.10.%, Kucenesckuit M.B.>

YUnemumym ¢uzuxu meepoozo mena (MPTT) PAH, 2. Yepnozonoska, Poccus
2Yepnozonosckuii nayunwiii yenmp (HI[Y) PAH, 2. Yepnozeonosxa, Poccus
SHUTY « MHUCuCp, 2. Mockea, Poccus
*Mspaunvcruii mexnonocuueckuti uncmumym TEXHHOH, Xaiigha, H3pauns
SHMHUI] ouxonoecuu um. H.H Brnoxuna, . Mockea, Poccus

straumal@issp.ac.ru

TutaHoBBIE CIUIaBbl UCHONB3YIOT B MEAMLMHCKUX ILensx yxe Oonee 60 ner. Ux
UCIOJB3YIOT TPU HU3TOTOBJIEHMM HCKYCCTBEHHBIX CEpJAEYHBIX KIIAIIAaHOB, CTEHTOB
KPOBEHOCHBIX COCYZIOB, 3HJONPOTE30B KOCTEH M CYCTaBOB (IJICUEBBIX, KOJIEHHBIX,
Ta300€IpEeHHBIX, JTOKTEBbIX ), ISl PEKOHCTPYKIIUU YIIHBIX PAKOBHH, B JINLIEBOI XUPYpruy, a
TaKXe B KauecTBe 3yOHBIX MMIUIAHTATOB. B Marepuanax mepBoro mokoyieHus (Takux Kak
TEXHUYECKH YHCTBIA TUTAaH Wi cruiaBel Tunia BT6) maTpuna cocrosina B u3 ¢assl a-Ti wiun
cmecu o U B ¢a3. K coxaneHuro, UMIJIaHTaThl U3 MAaTEPHAIOB IIEPBOr0 NOKOJIEHUS TPeOyIOT
3amMeHbl yxe uepe3 10-15 ner skcmryatanuu. OTO MPOUCXOAUT U3-3a JAETpajariiu
MMIUIAHTATOB M IIOTEPU KOHTAaKTa C KOCThIO. B mocnenHee BpeMss M Ha CMEHY 3TUM
MaTepHajaM MPHUIUIK B-TUTAaHOBBIE CIIaBbl. MaTepualibl BTOPOTO MOKOJICHHUS TO3BOJISIIOT
UCKJIIIOYUTh BPEIHOE BIMSHME HMOHOB AIIOMUHHUS W BaHaJus, BBLICIAIONIMXCA IIPU
MOCTENIEHHOM KOPpPO3UU MMIUIAHTATa, a UX MOJYJb YIPYrocTH OJM)KEe K 3HAUEHUSAM IS
KHUBOU KOCTH, yeM y o 1 o+f crutaBoB. K BaKHBIM HampaBiIeHUSM pa3BUTHUS B-TUTAHOBBIX
CIUIAaBOB OTHOCHTCSI MOBBIILIEHUE X MEXaHMYECKON MPOYHOCTH, YCTAJIOCTHOM MPOYHOCTH,
KOPPO3MOHHON CTOMKOCTM M OHMOCOBMECTUMOCTH. BO3HMKalOT M pa3BUBAIOTCS HOBBIE
METO/Ibl MOJIYYeHHUSI U TEPMOMEXaHUUECKON OOpaOOTKM THUTAHOBBIX CIUIABOB, TaKHWE Kak
aITUTUBHbIE TEXHOJIOTUH WM MHTEHCUBHAs IiacTudeckas aedopmarus. BecbMa ycnenHo
UJET 3aMeHa JIOPOTUX KOMIIOHEHTOB (TaKUX KakK TaHTaJl, IUPKOHUN WM HUOOMIT) Ha OoJiee
JEeEBbIE (HaIPUMEp, XpOM U Maprasell). B pe3ynbrare cBOlCTBa TATAHOBBIX UMILJIAHTATOB
MIOCTENIEHHO Bce OOJIblIe MPUOJIMKAETCS K CBOMCTBAM YEJIOBEYECKOM KOCTH, a CPOK HX
CIIy>KObl HEYKJIOHHO BO3pacCTaerT.

Paboma evinonnena npu noooepoicke eparnmog POOU 19-58-06002 u Munucmepcmea nayxu
u mexnoaoeuu Mzpaunsn 3-16534

~ 184 ~


mailto:straumal@issp.ac.ru

DOI 10.26201/ISSP.2020/FKS-2.375

OPTIMAL SURFACE ROUGHNESS OF TI6AL4V ALLOY FOR THE ADHESION OF HEK293
HUMAN CELLS

Straumal B.B.%2, Gornakova A.S.%, Kilmametov A.R.%3, Kiselevskiy M.V.?, Anisimova
N.Yu. Nekrasov A.N.>, Strug R.5, Rabkin E.®
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Chernogolovka, 142432 Russia
3Institute for Nanotechnology, Karlsruhe Institute of Technology (KIT), Hermann-
von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany
“Laboratory of Cell Immunity “N. N. Blokhin National Medical Research Centre of
Oncology” of the Health Ministry of Russia, Kashirskoe highway 23, 115 478 Moscow,
Russia
®Institute of Experimental Mineralogy, Russian Academy of Sciences, Ac. Ossipyan
str. 4, 142432 Chernogolovka, Russia
®Department of Materials Engineering, TECHNION-Israel Institute of Technology,
3200003 Haifa, Israel

straumal@issp.ac.ru

The wetting behavior of surfaces strongly depends on their roughness. In this work we
investigated the effect of surface roughness of Ti — 6 wt.%Al — 4 wt.% V alloy on the
adhesion of HEK293 human cells. The array of linear scratches has been produced on the
surface of cold-wrought Ti— 6 wt.%Al — 4 wt.% V alloy discs with the aid of various abrasive
SiC papers with grit sizes of 220, 400, 600, 800, 1000, 1200, 2000 and 4000 (number of
grains per cm?) and different diamond pastes with grain sizes 6, 3 and 1 pm. These SiC
papers grades correspond to the SiC grain size of 68-7 um. The resulted surface topography
of the samples was examined by the conventional and confocal light microscopy and high-
resolution scanning electron microscopy. Afterwards, the adhesion of the HEK293 human
cells to the samples of different roughness has been measured by fluorescence miscroscopy.
The size and morphology of adhered cells were measured by the light miscroscopy. The
fraction of adhered cells behaves non-monotonously with grain size. It is about 0.35 for grain
size of 1 um, it increases with increasing grain size up to 0.95 for grain size of 7 um and then
slowly decreases down to 0.55 at abrasive grain size of 68 um. The position of maximum is
comparable with the dimension of HEK293 cells (~14 um). Thus, the variation of surface
roughness opens the way to control and tailor the fraction of adhered cells, depending on
demand of medical techniques.

This work was partially carried out within the framework of the state assignment of the
Institute of Solid State Physics and the Chernogolovka Scientific Center of the Russian Academy of
Sciences, as well as with the financial assistance of the Russian Foundation for Basic Research
(grant 19-58-06002) and Israel Ministry of Science and Technology (grant 3-16534).
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HUCCIEJOBAHUE KBAHTOBBIX TOUYEK B PACTBOPE CdSe/ZnS B PACTBOPE
METOAOM MAJIOYT'JIOBOI'O PEHTTEHOBCKOI'O PACCESAHUSA

AmapanTos C.B.
@OHUI] "Kpucmannoepagusa u homonura" Uncmumym kpucmaniozpaghuu
um. A.B. lllybnuxosa, PAH, 2.Mocxea, Poccus,
amarantov_s@mail.ru

COopka HEOpraHMYECKUX HAHOYACTHI[ YacTO MPUBOIAUT K KOJUIEKTUBHBIM CBOWCTBaM,
KOTOpPbIE€ OTJIMYAIOTCS OT CBOMCTBA OTIEIbHBIX KOMIIOHEHTOB. Harmpumep, cBs3bIBaHUE
IUTa3MOHHBIX W OKCUTOHHBIX HAHOYACTHI[ MOXET W3MEHUTh ONTHYECKHE CBOMCTBA
OT/IENIbHBIX KOMIIOHEHTOB. B wacTHOCTH, HccneqoBaHHble HaMH, KBaHTOBble Touku (KT,
QDs) CdSe/ZnS umerorire 3KCUTOHBIN THII TEPEHOCa BO30YKIEHUS MOT'YT OBITh CBSI3aHBI C
Metau-nonumepubiMu - HaHouactuniamu  (HY, NP), wumeronme mia3sMOHHBIA —THI
Bo3Oyxaenus (ITHY, PNP). B pesynprate coopku KT&ITHY (QDs&PNP) moryt ObITh
MOJTyYeHbl YACTHUIIBI C TUIA3MOH-IKCHTOHHBIM B3aWMOJICHCTBHEM, KOTOPBIE MOTYT OBITh
HCIIOJIb30BaHbI B KAUECTBE CEHCOPOB MJIM CBETOM3IYYAIOUINX YCTPOMCTB.

B nanHo# pabote ucciienoBanuck cTpykrypHbie xapakrepctuku KT CdSe/ZnS B Tomyorne ¢
max mormomenus 520HM U MeTauI-mojauMepHbid kommo3ut: 10% Au HY 2,2 mr/mia B
npucytctBun  [IC-TIIBI1  (nmommctupon mnonmuBuHWINUMpHIUH) B Oydepe MDA
(mumeTtmndopmMamMul), METOAOM MAJOYIJIOBOIO PEHTTEHOBCKOro paccesHus. bbina
noctpoera mMonenb skcutonnon HY - KT CdSe/ZnS B tonyone u mposeaeHa oOpaboTka
KpPUBOI pa3NUYHBIMH METOAAMH a UMEHHO: OJHOPOJIHBIM JILTUIICOUIOM pHC.la, Habopom
OJIHOPOJIHBIX IIAPOB PA3IMYHOTO paauyca puc.16 [1] u cuctemoit «sanpo-o6omoukay puc.lB
C OTHOUIICHHEM TIOTHOCTH Spa K MJIOTHOCTH OOOJIOYKH - KaK OJTHOTO U3 IMapaMeTpa MOJENN

U BHEIIHUM paauycoM 06oouku Ro ¢ aucnepcueit o( Ro).
a)

I, otnen. 6) D,(R)omHen 3{‘)
Peore |

. /(Q)exp = IKCnepumMeHm
—(@)mod - yooes

- D, (R)-pacuer n3 I(q)
"fit"D, (R) pyukuneit laycca Pshell

1004

0.8 ¢ mapamerpamu: <R> = 2,54 um,
HWHM = 0.49 um Po

napamerp nojuaMcnepcHocTd: | T

p=(HWHM/(R))" = 0.04

q,,=0.13 um

10 2r/q, =48 um

0.6

Mooenb

AAUNCOUO ) T | 0.4

n

a=2,0um;

b= 2,7 um;

c¢=3,1nm.
T T

0.2+

0.1

T T r T
05 10 15 20 25 30 35 40
q, v

R, um

Pucl a) monens oqHOPOIHOTO AILTUIICONIA; 0) pacipeneeHue OJTHOPOIHBIX MAPOB M0 00BEMaM

Dv(R); B) mozgens KT CdSe/ZnS «s1ap0-0001049Ka» ¢ OTHOMIEHUEM 1] = Pcore /Pshell IFIOTHOCTH SAPA
paanyca Reore K TWI0THOCTH 0007109KH paguyca Ro € aucnepeneit o( Ro).

a)
SJUTUTICOU T 6) Dv(R) B) MOJIEJIb «SIPO-000T0YKa»
Cpennuii | Ilapam. Buemnnii tommuHa | OTHOIIEHUE
MOJIyOCH pamuyc | llonuaucn. | paamyc | aucmepcusi | 000JOYKH | MIOTHOCTEH
(@, b,c)uam | <R>, um p Ro, uM 6(Ro), aM | AR, amM Pcore /Pshell
(2.0, 2.7,
3.1) 2.5 0.04 2.5 0.3 0.8 1,15

Tabnuia mapaMeTpoB MoJiesieit: a) auncouns, 0)pacnpeaencHue 00nEMoB mapos Dyv(R) mo
pamuycam, B) «SIAPO-000JI0UKay.
O6pasub! Obutn pepocTaBiensl UHXC um. A.B. Tomunesa PAH.

[1] Ceepryn J.U., @eiirun JI.A. PeHTTeHOBCKOE M HEUTPOHHOE MaJIOyTiIoBoe paccestuue. M. Hayka
1986.

~ 186 ~


mailto:ivanov@maul.ru

DOI 10.26201/1SSP.2020/FKS-2.049
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CuPcF+B PEXXUME MW IJIMCEKYHJAHOMU 3AITMCH ®OTOIJEKTPOHHBIX
CIIEKTPOB
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bnaronaps MHOrOYHMCICHHBIM NOTCHIMAIBHBIM IPUMEHEHUSIM METAJIJI0-OpraHudecKue THOpUaHbIE
CHUCTEMBI, COJCp)Kalllie HAHOYACTHIIBI MeTajlla, CaMOOPTaHM3YIOIIHWECS B OPTaHUYECKOU
MOJIEKYJISIPHON MaTpHIle, CTAHOBATCS Bce OoJiee MpuBJIeKaTeNbHbIMU. ey TaHHOTO nccienoBanus
- €O3/1aTh HAaHOKOMIIO3WUTHBIM MaTepHai IIyTeM HalbUICHHsS WHAWS Ha YJIbTPATOHKYIO IUICHKY
OpPTaHMYECKOTO TOTYTIPOBOAHUKA - TeTpadTopdTanonnanuHa Mean (CUPCF4) 1 morydnTs cBeieHus
0 MeK(pasHBIX SBICHHUSIX, KOTOphIE MOTYT PpaJMKaIbHO HW3MEHUTH OJIIEKTPOHHBIE CBOMCTBA
OpPTraHUYECKUX LIMPOKO30HHBIX MOJTYTIPOBOJHUKOB. ITpouecce (dbopMHUpOBaHUS
METaJUIOOPTaHNYEeCKUX TPAHULL Pa3ielia IPU U3rOTOBJICHUH THOPUIHBIX OPraHUKO-HEOPTaHUUECKUX
CHUCTEM MOTYT OBITh OBICTPOTEKYIIUMHU. J[Is1 KOHTPOJISI M (PUKCAIMHA TaKUX TPOIIECCOB IBOJFOIUS
(hOTORJIEKTPOHHBIX CIEKTPOB ObLIA W3yYeHA C IOMOIIBID JUHAMHYECKON (DOTOINEKTPOHHOM
CTaHIIMH, OCHAIIEHHOW 31eKTpoHHBIM crekrpomerpoM "ARGUS" (pupma OMICRON) mpu
UCTOYHUKE CUHXpOTpoHHOro wu3nydenus PETRA 1II/DESY, mnossosstonieli perucTpupoBarth
CIIEKTPHI B MUJUTUCEKYHIHOM HHTepBasie (10 0,1 cex/criektp) [1]. TIpociexena 3BOONUS CIICKTPOB
rny6okux ypoBueit C 1S, N 1s u In 3ds2, 3aperncTpupoBaHHBIX HEMOCPEACTBEHHO B MpoIiecce
ocaxeHnH umHAus Ha noepxHocTh CUPCF4 B yclOBHSIX CBEpXBBICOKOrO Bakyyma. B kauectse
npumepa Ha Puc.1 npencrasiena sBooius riryobokoro yposHst C 1S. Bee manHble ObLTH MOTYYEHBI
B BHJIE LIMKJIOB IOCJIEIOBATENBHON 3alMCH B JUHAMHYECKOM pexkuMe. Jlist Kaxoro u3 riryO0oKux
ypoBHEH Obu10 modydeHo okojo 150 cmekrpoB. HomuHanbHOE MOKpBITHE WHAWS B IIpoLEcce
HanbLICHHs! yBenuuuBayiach ot 0 10 5 HM. YCTaHOBJICHO: HaOm0HaeTcs cuiibHas 1udQy3us aTOMOB
WHIIUS BIUIyOb OPraHWYecKOi TUICHKHW; (PaKTHYEeCKH OTCYTCTBYET XMMHUYECKOE B3aUMOJCHCTBHE
MH]IUS C aTOMaMU yTIJIepOAa; aTOMbI MHAMS PacIiofaraloTcs B MeCcTax OJIM3KUX K TUPPOJIEHOMY a30Ty
mornekyibl CUPCF4; B mporiecce cunbHOrO B3auMOAEHCTBUS aTOMOB IN 1 aTOMOB IMUPPOJILHOTO a30Ta
MPOMCXOJMT TEPEHOC OTPUIATENBHOTO 3apsiyia OT WHANS K Mosiekysie CUPCF,,

Pabora BeImonHeHa B pamkax rocyaapctBeHHoro 3aaanus UOTT PAH u nonnepxana POOU

(T'pant Ne 20-02-00489).

1. S.V. Babenkov, V.Y. Aristov, O.V. Molodtsova, K. Winkler, L. Glaser,
I. Shevchuk, F. Scholz, J. Seltmann, J. Viefhaus // Nuclear Instruments and
Methods in Physics Research Section A. — 2015. — Vol. 777. — P. 189-193.

HurencnBHOCTH
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Puc.1. OBomonus cnektpa rimydokoro yposHs C 1S, 3aperucTpupoBaHHOTO
B MWJUTMCEKYHIHOM MHTEpPBAJIC B MPOLIECCE OCAXKIICHUS UHIUS HA
noBepxHOcTh CUPCF4 B yCIIOBHSAX CBEPXBBICOKOI'O BaKyyMa.
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OBPABOTKA U AHAJIN3 JUPPAKIIMOHHBIX KAPTUH B MATLAB
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PentreHoBckast (OTO3JIEKTpOHHAS TUPPAKIUs SBISETCS PACIPOCTPAaHEHHBIM METOAOM
UCCIIEIOBaHUs CTPYKTYpPHI MaTepuaia. biaronapst unrepnperanuu GpoTodIeKTpOHHON TN PaKLIUH B
kadecTBe Trojorpaduu [l] cymecTBeHHO BO3pociIM TpeOOBaHUS K KadecTBY OTOOpayKeHUs
SKCIIEPUMEHTANBHBIX AU(PPaKIMOHHBIX KapTHH. Tpedyercs Oosee cymiecTBeHHass o0OpaboTKa
JaHHBIX IEPC]] ﬂaHLHCﬁMHM AHAJIM30M U IPUMCHCHUEM B ronorpa(’pnqecxnx aJIropurMax € 1ecibro
PEKOHCTPYKIIMUA aTOMHOT'O OKPY)KEHHUS B pEAIbHOM MPOCTPAHCTBE [2]. AHaIOTHYHbIC TPEOOBaHUS U
nepexa npoBeneHHeM R-(axkTopHOro aHaigu3a, B KOTOPOM PacCMaTpHUBAETCsS IKCIEPHUMEHTaIbHAS
MOZIeTb M TeopeThdeckas (HampuMep, BBIMOMHEHHas ¢ momolnsio anmroputma EDAC [3]),
MOKAa3bIBAIOIAS MEPY MX COTIACOBAHHOCTH.

Cpena paspaborku MatLab orauuno mnoaxoauT mast 0OpabOTKH SKCIEPUMEHTATBHBIX
IUQPaKIMOHHBIX KapTUH M3-32 LIMPOKOTO Ha0Opa BCTPOECHHBIX HMHCTPYMEHTOB, COOCTBEHHOI'O
sI3bIKA pa3pabOTKU alropuTMOB (M-s3bIKA), @ TAKXKE CPEACTB BU3yanu3anuu gaHHeix B 2D u 3D. B
JaHHOW paboTe TmpeAcTaBiIeH NPOTPAMMHEIN TIAKET, IO3BOJISIIOIIANA  OCYIIECTBISTH BCE
HEO0OXOIMMBbIE OTEpaIiy 1Mo 00paboTKe U aHaIM3y AUBPAKIIMOHHBIX KapTuH cpeactBamu Matlab,
HauuHasg C TMOCTPOEHHS HEOOpaOOTaHHBIX NU(GPAKIUOHHBIX KAPTHH B MWIMHAPHYECKOM U
cTepeorpauuecKoM TMPEICTABICHUSAX W 3aKaHYMBas HW300paKCHUSAMH, HEOOXOIUMBIMU IS
myOnukaruu. [Iporpamma mo3Bomsier TOCTpouTh KaptuHy 3D-m3o0paxkenwus, Omaromaps demy
ornepanuu BpallCHUA I10 a3UMYTAJIbHOMY W MOJMPHOMY YyIjiaM, CTAHOBATCA MaKCHUMaJbHO
yIPOIEeHHBIMU. J[OTIOJHUTENBbHBIM NpeumytiecTBoM Matlab Takke MokHO Ha3BaTh HIMPOKOE
pacrpocTpaHeHue cpelsl U TMOKOCTh B pa3paOoTke. YIOOHBIM IOJIB30BATEILCKUI HHTEpdEiic
IPOrpaMMBbI IO3BOJISIET paboTaTh ¢ HEH MONB30BATEIISIM C JH00bIM YPOGHEM NOO2OMOBKU.

Paboma evinonnena npu nooodepocke PODU Ne 19-29-12061 u nposoounocw 6
Pamkax 2ocyoapcmeenno2o 3adanus Munucmepcemea HayKu u 8blculeo
oopazosanus P® (mema «Cnuny Ne AAAA-A18-118020290104-2). JI.B. fwuna
onacooapum PH® 3a no0odepicky ee sakcnepumeHmanvHou pabomol, epanm 19-42-
06303.

1. M. V. Kuznetsov, I. I. Ogorodnikov, D. Yu. Usachov, C. Laubschat, D. V. Vyalikh, F.
Matsui, and L. V. Yashina, Photoelectron diffraction and holography studies of 2D materials
and interfaces, J. Phys. Soc. Jpn. 87, 061005 (2018).

F. Matsui, T. Matsushita, and H. Daimon, J. Phys. Soc. Jpn. 87, 061004 (2018).

3. F. J. Garcia de Abajo, M. A. Van Hove, and C. S. Fadley, Phys. Rev. B. 63, 075404 (2001).
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W CCJIEJOBAHUE AHTU®EPPOMATHUTHOM MO/JIEJIN
TEM3EHBEPT A ITPY HAJINYUH BHEINHET O MATHUTHOM IOJIE.
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OnauM 13 HauboJIee MHTCHCUBHO MCCICAYEMbIX (DPYCTPUPOBAHHBIX CITUHOBBIX CUCTEM 32
MOCIICIHUE JICCATHICTHS SBISIFOTCS aHTH()EPPOMArHETHKU Ha CIOUCTON TPEYTOJBHOMN peIeTKE.
OmHako, Ha CETOMHSIIHAN JIeHb, OCTAIOTCS HEBBISICHCHHBIMU HEKOTOPEIE BOTIPOCHI, CBSI3aHHBIC C
BIIUSIHAEM BHEIIHETO MAarHATHOTO IOl Ha ¢azoBbie mepexoanl (PII), TepMomrnHaMHUUYECKHE,
KPUTHYECKAE W MAarHUTHBIC CBONCTBA CIIOMCTHIX aHTH(QEPPOMArHETUKOB C TPEYTOJILHOM
reomeTpueii [1,2].

AHanu3 JUTEPATypHBIX JAHHBIX MOKAa3bIBAET, YTO BHEIIHEE MarHUTHOE I0JIE BIUAET Ha
MHOTHE (hU3nvYecKre CBOHCTBA QPYCTPUPOBAHHBIX CIIMHOBBIX cHcTeM. [103TOMy B 1aHHOH paboTe
HaMHu n3ydacTCs BIIWSHUC MAarHuTHOIro IoJIA Ha  XapakKTep (DH, MAarHuTHBIC u
TePMOJMHAMHUYECKHE CBOWCTBAa aHTHU(EeppOMAarHUTHON Moxenu ['elizeHOepra Ha CIOWUCTON
TPEYTOJILHON PELLIETKE.

lamuibTOHUAH aHTUQEppOMAarHUTHOW Monenu ['eii3eHOepra Ha CIOMCTOM TPEYTroNbHON
peLIeTKe MOXKET ObITh IIPEACTABIIEH B CIEAYIOLIEM BUJE:

H=-J Z(gi'gj)_hzgiz' 1)
(i.J) i

rae S.

o . S _[(ex QY o2

i — TPEXKOMIIOHEHTHBIN €IMHUYHBIH BEKTOP S, = (Si S, S, ), J<0 — xoHcTaHTa
aHTU(EPPOMArHUTHOIO OOMEHHOrO B3auUMoOJeicTBHA. Pemerka cocTOMT U3  IBYMEPHBIX
TPEYrOJIbHBIX CJOEB, CIOKEHHBIX [0 OPTOroHanbHOW ocu. IlepBeli uwien B Qopmyne (1)
XapaKkTepu3yeT aHTU(EepPOMArHUTHOE B3aUMO/IIICTBHE BeeX OMIDKaNWIINX coceqiel, h - BHEITHee
MarHuTHoe nosie. Bennunna 3HaueHuii BHEITHErO MAarHUTHOT'O NOJIs MeHsachk B MHTepBaie 0.0 <

h <12. Bce nmapameTpsl IPUBOIATCS B O€3pa3MEpHBIX BETHYMHAX.

s uccnenoBanus GpyCcTPUPOBAHHBIX CUCTEM, B IMOCJCAHEE BpeMs pa3pabOTaHO MHOI'O
HOBBIX BapuaHTOB ainroputMoB Mmerogaa MK. Opnumu u3 Haumbosiee S(PGEKTUBHBIX IS
MCCJICJIOBAHUS TTOJJOOHBIX CHCTEM SIBJISICTCS PEILIMUHBIA OOMEHHBIN anroput™ [3].

HccnenoBanue (a3oBbIX NMEPEXOA0B, MArHUTHBIX M TEPMOAMHAMMYECKHUX CBOMCTB
TpexMepHON aHTH(eppoMarHUTHOM Mozenu ['eiizeHOepra Ha CIIOMCTOW TPEyroibHOM
pelieTke B MAarHUTHOM I10JI€ BBIMOJIHEHO C MCIOJIb30BAaHUEM PEIJIUYHOIO ajiropuTMa
metoga Monte-Kapio. Ha ocHOBe rHcTOrpaMMHOr0O METO/a MPOBEJIEH aHAIN3 XapakTepa
($a30BBIX MEPEXOJ0B. Y CTAHOBJIEHO, YTO B HCCIEIyeMOil Mojaenu B uHTepBaie 0<h<I(
peanu3yercs (pa3oBblil Mepexo] BTOPOro poja.

HUccnedosanue svinonneno npu unancosou noodepaicke PODHU ¢ pamkax HayuHo2o
npoexma