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MHCTUTYT XNMIH BbICOKOYNCTBIX BEIECTB PAH
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MHPOPMALIUA ANA YHACTHUKOB

KoHgepeHuns NnpoBOANTCA NHCTUTYTOM PUr3MKK n XUMUK
MY um. H. . Orapésa B nepuog ¢ 15 no 18 ceHtabps 2020 roga B hopmate on-line
C ncnonb3oBaHueM nnatgopmsl Zoom.

[Mporpammon koHbepeHUNN NpesyCMOTPEHbI:
e 0030pHble AoKNaabl-NekumMn BegyLLmMX y4eHbIX N0 TeMaTuke KOHpepeHumm;
e BbICTYNIIEHNS YHACTHUKOB KOH(pepeHUMn ¢ JoKNnagamu.

KOHTAKTHAA UHO®OPMALIUA

Agpec: 430000, r. CapaHck, yn. bonbLueBuctckas, 68a,
MY nm. H. . Orapésa, NdX

Ten./cbakc: (8342) 24-24-44
E-mail: vnksh.secretary@mrsu.ru
XpywanuHa CeetnaHa AnekcaHgpoBHa
http:// www.vnksh.mrsu.ru




OPIrAHU3ALUOHHbIA KOMUTET
18- MEXXQYHAPOHON HAYYHON KOH®EPEHLIUU-LLUKONbI
«MATEPUATIbl HAHO-, MUKPO-, ONTO3JIEKTPOHUKN N BOJTOKOHHON
OMTUKN: ®PUSNYECKUE CBOUCTBA U MPUMEHEHME»

CapaHck, 15—-18 ceHTa6psa 2020 r.

ConpepncepaTtenu KOH(pepeHUUN-LIKONbI:

. A. LLlep6akos akageMuk PAH, HayuHbin pykoBoauTenb depnepanbHoro
nccnepoBaTeNbCKOro ueHTpa «MHCTUTyT obwen dpumsmkn nmenn A.M. Npoxoposa PAH»

M. ®. Yyp6aHoB — akagemuk PAH, Hay4uHbilh pykoBogntens VIHCTUTYTa XMMUM BbICOKOUYUCTLIX
Beuwlects PAH

OpraHusauMoqulﬁ KOMUTET:

C. M. BooBuH — pektop MI'Y um. H. I. Orapéea, npegcenaTtens

K. H. HuweB — oupektop AOX MY mnm. H. . Orapésa, 3amectuTenb
npeacenartens

C. A. XpywanuHa - y4yeHblin cekpeTapb

MporpaMMHbIN KOMUTET

MN.A. Pabo4ykuHa — A.¢.-M.H., M"Y um. H.I'. Orapéea, CapaHck, Poccus, npeacenarens;

H.C. ABepkueB - A.0.-M.H., DT nm. A.®.Nodde, C.-NeTepbypr, Poccus;

M.B. lopoxuH — A..-M.H., HHI'Y um. H.U. Nlobauesckoro, H. Hoeropoa, Poccus;

K.H. EnbuosB — A.¢.-M.H., MOD PAH, Mockea, Poccus;

E.B. XXapukoB — A.T.H., PXTY vm. O0.WN. MenpgeneeBa, Mocksa, Poccus;

N.r. 3eepes — a.d.-Mm.H., MOd PAH, Mockea, Poccus;

A.M. 3103uH — A.d.-M.H., MY um. H.I'. Orapésa, CapaHck, Poccus;

E.E. JlomoHOBa — A.7.H.,, NOP PAH, Mocksa, Poccus;

I.E. ManawkeBu4 — a.d.-M.H., MHCcTUTYT pmsmkm um. b.M. CtenaHosa HAH
Pecnybnukn Benapyck, MuHck, Benapyce;

K.H. HuwesB —K.(p.-M.H., MY nm. H.T. Orapéea, CapaHck, Poccus;

M.H. lNonoBa — 0.¢.-M.H., IHcTuTyT cnektpockonun PAH, Mocksa, Poccus;

B.B. Cemawko — 0.d.-M.H., KasaHckun (MpuBomxckuin) degepanbHbii YHUBEPCUTET,
KasaHb, Poccus;

C.Jl. CemeHoB — a.d.-M.H., HLIBO um. E.M. OnaHoea PAH, Mockea, Poccus;

I.C. CokonoBckun — a.d.-M.H., DTN um. A.®. Nodde, C.-MeTepbypr, Poccus;

C.A. TapaceHko - 0.0.-M.H., PTU nm. A.®. Nodhdhe PAH, C.-lNeTepbypr, Poccus;

Mn.n. ®egopos — A.X.H., NOD PAH, Mockea, Poccus;

E.B. YynpyHoB — A.d.-M.H., HHI'Y um. H.. Nobaueeckoro, H. Hoeropon, Poccus;

A.C. Cefalas — Ph.D., National Hellenic Research Foundation, Athens, Greece;

l. Sildos — Ph.D., Tartu University, Tartu, Estonia.

CnoHcopbl U odpuumnanbHbie NapTHepbI

Poou B



Poccunckun doHp cdyHaameHTanbHbIX nccnegoBaHun (PO®®PU) cosgaH
Ykasom [pesngeHta Poccuinckon ®depepaummn Ne 426 ot 27 anpena 1992 ropa.
P®®UN — camoynpaBnsemas rocygapCrBeHHas HeKOMMep4yeckas opraHusauus B
dopme denepanbHOro ydpexaeHud, Haxopsulerocs B BegeHuu [lpaBuTtenbcrBa
Poccuinckon ®egepaunn.

OcHoBHble HanpaBneHus gesarensHocTn POOU:

— KOHKYPCHbI OTOOp NyywWwMX HayvHbIX MPOEKTOB W nocneayroLlee
OpraHu3aunoHHoO-huHaHCOBOE obecneveHne nogaepXaHHbIX MPOEKTOB;

— 0600LeHMe pe3ynbTaToB 3aBepLUEHHbIX NpoekToB POOU;

— MOHWUTOPUHI HayKM — MHOrOacnekTHbI aHanuM3 COCTOSHUSA U TeHAEHUW
pa3BUTUA KOMIMJIEKCA POCCUMACKOM HAyKM Ha OCHOBE OpUrMHarbHOW CUCTEMBbI
KOHKYPCHbIX WHOWKATOPOB, 3KCNEPTHbIX W APYrMX AaHHbIX O XOAE BbINOSIHEHUSA
NPOEKTOB;

— [oBedeHne pes3ynbTaToB MCCregoBaHUW, nogaepXaHHolx doHaom, [o
noTeHuManbHbIX Nofb3oBaTeneu;

— nporpamMmsbl 06LLEero Ha3Ha4YeHus.

ot i "
OOTOHUK

XypHan «®OTOHUKA» (PHOTONICS RUSSIA) — rny6okoe n nogpobHoe
OCBELLEHNE BOMPOCOB, CBSA3@HHbIX C (POTOHHLIMM U OMTUYECKUMM TEXHOMOMMAMM,
ONTUYECKMMW MaTepuanamMmm W 3neMeHTamu, WUCNOoNb3yeMbiMM B  ONTUYECKUX
cuctemax, 0bopyaoBaHMM U CTaHKaXx.

NMPOrPAMMA-IrPA®UK KOHOEPEHLUWWN-LLKOJbI

15 ceHTAOpA 2020, BTOPHUK

10:00-10:45 | OTKPbITUE KOH®EPEHLIUU

C.M. BAoeuH, pekmop MI'Y um. H. I1. Ozapéea, npedcedamesnb
OpzaHu3ayuoHHO20 KOMumema

UN.A. LllJep6akoe, akademuk PAH, conpedcedamenb KOH¢hepeHYuuU-

WKonbl
M.®. Yypb6aHoe, akademuk PAH, conpedcedamesib KOHghepeHyuu-
WKoJbl

10:45—-13:00 NNEHAPHOE 3ACEQOAHUE

Conpedcedamenu: akademuk PAH U.A. Lljep6akoe,
akademuk PAH M.®. Yyp6aHoe

10:45-11:30 | M-A. Liep6akoe’
UHcmumym obuwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea

NCTOPUS CO3L4AHUA JTTASEPA

11:30-12:15 | M.®. Yyp6aHose’

UHecmumym xumuu ebicokoducmsix eewecms um. I.I. [Jeesambix PAH,
HHIY um. H.U. Jlobayesckozo, H. Hogaopod

OTEYECTBEHHbIE HAYYHbBIE JOCTUXEHUA B BOJIOKOHHO-
OlNNTUHYECKOM MATEPUAJIOBELEHUU

12:15-13:00 | B-B. Keedep’
MHcmumym ¢usuku meepdoco mena PAH, HYepHozonoska
PU3NYECKNE OCHOBbI COJTHEYHOU SHEPI'ETUKU
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13:00-14:00 NMEPEPbLIB
14:00-15:30 NNEHAPHOE 3ACEOAHUE
Conpedcedamenu: akademuk PAH U.A. lllep6akoe,
akademuk PAH M.®. Yyp6aHos
14:00-14:45 B.N. ﬂycmoeoﬁm*

HTL] YI PAH, Mockea
OTKPbITUE TPABUTALUNOHHbIX BOIJIH, NMEPCIIEKTUBbI
M rNPOBJIEMBbI

14:45-15:30

E.Jl. UeyeHKO™
OTU um. A.@. NMoppe PAH, CTI6AY PAH um. XK.U. Anpéposa, CaHkm-llemepbype
UHTEP®EUCHBIE 39®PEKTbI B HAHOCTPYKTYPAX

15:30-16:00 NEPEPBIB
16:00-19:00 JIEKLUUA

lMpedcedamens: 0.¢h.-M.H., npogheccop 1.A. Psibo4kuHa
16:45-17:30 | U.A. Bychemoe

HLIBO PAH, Mocksa
BOJIOKOHHBIE FrA30BbIE JIA3EPbI

17:30-18:15

B.B. JlowéHos’
UHecmumym obuwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
PUSNYECKUE OCHOBbI ®OTOAUHAMUYECKOU TEPATIUN

18:15-19:00

r.3. Usipnux

ClrI6AY PAH um. XK. Angpéposa, CaHkm-lNemepbype
rnoJsiyriPOBOgHUKOBbLIE HAHOIPOBOJIOKU: POCT U ONNTUYECKUE
CBOMCTBA




16 ceHTAOpAa 2020, cpena

9:00-13:00

NEKUMK
lMpedcedamens: 0.¢h.-M.H., npogheccop 1.A. Psbo4kuHa

9:00-9:45

I.C. Cokonoeckuii
OTU um. A.®. Noghgpe, C.-lNlemepbype

MOLHbIE KBAHTOBO-KACKAHbIE JIA3EPbI CPEQHEI O

NHO®PAKPACHOI' O ANATA30HA

9:45-10:30

C.Ml. HukumuHn
000 «®emmoBuxH», PKL|, Ckonkogo

TBEPOTEJIbHbIE ®EMTOCEKYHAHbIE JIA3EPbI C JUO4HOMN

HAKAYKOU U NX NPUMEHEHUS

10:30-11:15

Mn.r. 3sepes’

UHecmumym obwel ¢pusuku um. A.M. lNpoxopoea PAH, Mockea
TBEPOOTEJIbHbBIE BKP JIA3EPbI B BUOUMOM CIIEKTPAJIbHOM
AUNATIA30OHE. NNPOBJIEMbI U NEPCIIEKTUBbI

11:15-12:00

C.I. T'peyuH

UHcmumym obwel ¢pusuku um. A.M. lNpoxopoea PAH, Mockea
¢YHKHMOI-{AﬂbeIE BO3MOMXHOCTU NMNPEOBPA30OBAHUA YACTOTbI
B HEJIMHEUHBIX KPUCTAJIJIAX — KPUTUYHBIE N HEKPUTUYHBbIE

MPOLJECChI

12:00-13:00

NEPEPbLIB

13:00-15:30

3ACE[JAHUA CEKLMA

CEKLIMOHHbIW 3AI Ne1

NA3EPHAA ®U3UKA U NASEPHbIE

CEKLIMOHHbIN 3AI Ne2
HOBbIE ®YHKLUMUOHAJIbHbIE

MATEPUATNbI MATEPWUATNbDI
lNpedcedamens: 0.¢h.-M.H. lNpedcedamens: 0.¢h.-M.H.,
I1.I'. 3eepes npogpeccop M.H. lMonoea

A.M. KanawHukoea’
(npuanaweHHbIlU 00OKad)

OTU um. A.@. Nochbgpe, YHUsepcumem
UTMO, C.-lNlemepbype
TEPEKITIOYEHUE
HAMAIHUYEHHOCTHU
OINNTUYECKUMU UMITYTIbCAMU

H.B. Cudopoea’

HauuoHanbHbIlU uccriedogamernscKuli
Mopdoesckuti eocydapcmeeHHbIl
yHusepcumem um. H.l. Ozapésa,
CapaHck

CTPYKTYPA, ®A30BbIA COCTAB
U MEXAHWYECKWE CBOUCTBA
TBEPObIX PACTBOPOB
HYACTUYHO
CTABUIIN3NUPOBAHHOIO
ANOKCULOA LUNPKOHUA ZrO--
2.5mo1. %Y-(0.5, 0.7,
1.2)mon.%RSZ (R-Ce,Nd, Er,Yb)

C.I. I'peyuH

UHecmumym obwel ¢busuku

um. A.M. lNpoxoposa PAH, Mockea
KPUCTAJJIbI BGS U BGSE 14
HEJIMHEWUHO-OMNTUYECKOIO
TTPEOBPA30OBAHUA YACTOTbI

T.B. Bosnikoea’

HauuoranbHbili uccnedosamernbcKul
Mopdoeckut eocydapcmeeHHbIl
yHusepcumem um. H.l. Ozapésa,
CapaHck

OCOBEHHOCTHU ®A30BbIX
TNEPEXO/LOB B KPUCTAJIIIAX
ZrO2-Yb,0; INOCJIE
TEPMOOBPABOTKU HA
BO34YXE

B.B. 'pu6ko

UHecmumym npuknadHou ¢usuku PAH,
H. Hoszopod

BJ/INSIHUE BUHHOMU KUCJ1OTbI HA
POCT KPUCTAJIJIOB KDP

n.4. Apoxunkur

HauuoranbHbili uccnedosamernbcKul
Huwxeaopodckuli 2ocydapcmeeHHbIL
yHusepcumem um. H.U. Jlobayesckoeo,
H. Hoszopod




CTPYKTYPA U ®A30BbIN
COCTAB KEPAMUK U
NMOPOLLUKOB HUTPULA
KPEMHWA, TTTAKUPOBAHHOIO
UTTPUNA-ATIIOMUHUEBbBIM
rPAHATOM

J1.B. Mouceeega

UHcmumym obuwiel cousuku

um. A.M. lNpoxoposa PAH, Mockea

UK IIOMUHECLEHUMNS1 UOHOB Er’*
u Tm* BO ®TOP- U
PTOPXJIOPIrA®HATHbBIX CTEKJIAX

H.A. NlapuHa’

HauuonanbHbili uccrnedosamernbcKkul
Mopdoeckuti eocydapcmeeHHbIl
yHusepcumem um. H.l. Ozapésa,
CapaHck

®A30BbIE NNTPEBPALJEHNA B
TBEP/bIX PACTBOPAX ZrO;-
S¢c203-R;0; (R=Y,Yh,Ce)

K.A. NMupnoiHm

Uncmumym obuwel ¢husuku

um. A.M. lNpoxopoea PAH, Mockea
BJINSIHUE TTPUMECH Y3** HA
CIEKTPOCKOIMTMYECKUE
CBOMWCTBA OINTUYECKUX
LUEHTPOB Ho** B KPUCTAJIJIE CaF;

M.E. KomwuHa

MHecmumym xumuu 8bICOKOHUCMbIX
eewecms um. .I". [Jesesmbix PAH,

H. Hoszopod

MNMOJIYYEHUE BbICOKOYNCTOIO
N30TOIMNHO-ObOrALJEHHOIO
ANOKCULOA KPEMHUS1-28 307J1b-
rEjqlib METO4OM

WU.B. CmupHoe’

Mockosckuti aHepeemu4veckul
uHcmumym, Mockea
[ABYXBOJIHOBOM II'C HA
KPUCTAJIJIE KTP AJ151 CPEOQHEIO
UK CIIEKTPAJIbHOIO UATTA30HA

A.E. Jlbeoe

Ypanbsckuti pedeparibHbil
yHU8epcumem UMeHU repgoeo
lNpe3udeHma Poccuu b.H. EnbyuHa,
EkamepuHbype

UCCJIEQOBAHUE CIIEKTPOB
OTPAXXEHUS U INPOIMYCKAHUA
MOJINKPUCTAIJIIOB
r'AJIOrEHN4OB CEPEBPA B
TEPATEPLIOBOM
ClEKTPAJIbHOM ONATTA30HE

A.A. lOxxakoea

Ypansckuli gpedeparnbHbil yHUSepcumem
umeHu nepsoeo lNpe3udeHma Poccuu

Bb.H. EnbyuHa, EkamepuHbype
MOLOEJINPOBAHWE OMNTUYECKUX
M3,QEI1MV1 HA OCHOBE
r'AJIOFEHN4OB CEPEBPA U
TAJIINA QITA JIABEPHOU TEXHUKU

K.N. PyHuHa

Poccutickuli xXumuko-mexHosnoaudeckuu
yHusepcumem um. .. MeHOeneesa,
Mockea

JIOMUHECLIEHTHBIE
rMbPULOHBIE MATEPUATIbI HA
OCHOBE
METAJIJIOOPIrAHUYECKNX
JIOMWUHO®OPOB B
OKCUPTOPULOHbIX CTEKIIAX U
OKCULOHbIX N ®TOPULAHbBIX
NOJINKPUCTAJIJTAX

M.B. YepHos

HauuonanbHbili uccniedosamernbcKul
Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.l. Ozapésa,
CapaHck

BJIATOCTOUKUE
BUIYAJTIN3ATOPbI OJiA
HACTPOUKN UH®PAKPACHbIX
JIABEPHbIX CUCTEM C BOJIbLLIOA
ATMEPTYPOMU MYYKA

B.A. CmupHoe

Poccutickuli xXumuko-mexHosnoaudeckuu
yHusepcumem um. [.U. MeHdeneesa,
Mocksa

CTPYKTYPA U
JIOMUHECLEHTHbIE CBOUCTBA
TBEPObIX PACTBOPOB B
CUCTEME PbF—ErF;




A.. TapambiHoea’ A.A. BennuykuHa

HauuoHanbHbIl uccriedogamesnbeKkull Poccutickull XuMuKo-mexHoJsioau4eckul
Mopdosckuli 2ocydapcmeeHHbil yHusepcumem um. .. MeHOeneesa,
yHusepcumem um. H.I1. Ozapéea, Mockea

CapaHck JIIOMUHECLIEHTHbLIE CBOUCTBA
MOLOEJINPOBAHMWE TPOLJECCA Eu/Gd-COAKTUBUPOBAHHbIX
OBJIK C UCI10JIb3OBAUHEM CBUHLIOBbIX ®¥TOPOBOPATHbIX
ABYXMWUKPOHHOI'O JIABEPHOIO CTEKJIOKPUCTAJIITMHYECKUX
UINYYEHUA MATEPUAJIOB

C.A. Apmemos’ A.C. Epmakoe’

HauuoHanbHbIl uccrnedosamernbeKull HauuoHanbHbIl uccrnedosamernbeKull
Mopdoeckul eocydapcmeeHHbIl Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.l. Ozapésa, yHusepcumem um. H.l. Ozapésa,
CapaHck CapaHck

BJIUAHUE QE®EKTOB CTPYKTYPbl | AFIKOBEPCHUOHHbIE
KPUCTAJIJIOB ZRO>-Y>03-HO:03 HA | NOJIMMEPHbIE MATEPUAJIbI

XAPAKTEPUCTUKU 5 AJ151 NOBbILLEHUSA
ABYXMWKPOHHOMU JIASEPHOU Q®PEKTUBHOCTU COJITHEYHbIX
FEHEPAUUN BATAPEU

A.A. Nyo3b

HauuoHanbHbIl uccriedosamernbeKull
Huxeaopodckuli eocydapcmeeHHbILl
yHusepcumem um. H.U. Jlobayesckoeo,
H. Hoszopod

JIOKAJIbHbIW PEHTITEHOBCKUU
JANOPAKLINOHHbBIA AHAJIU3
NCEBLOO a-TUTAHOBOIO
CITJIABA I1T3B,

HE®OPMUPOBAHHOIO
METO4OM POTALJUOHHOM
KOBKMN

15:30-16:00 NEPEPLIB

16:00—19:00 3ACEQOAHUS CEKLIMWA

CEKLUMOHHbIN 3AJ Ne2
HOBBbIE ®YHKLMOHAJIbHbIE MATEPUATDbI
Npedcedamens: 0.m.H. E.E. JlomoHoea

A.A. PeguH

Huxxeaopodckuli eocydapcmeeHHbil yHugepcumem um. H.U. Jlobayeackozo,
H. Hoszopod

QJIEKTPOHHbBIE COCTOSIHUA MEJTIKUX JOHOPOB B KPEMHUU U
FEPMAHWU: YYET KOPOTKOLEWUCTBYIOLEIO MNOTEHLMNAITIA

A.4. Canumeapees

Ypanbckuti pedeparnbHbil yHUBEpcUumem umeHu rnepeozo lNpesudeHma Poccuu

b6.H. EnbyuHa, EkamepuHbypa

BbIPALUINBAHUE MOHOKPUCTAJIJIOB AgBr-Agl U UCCJIEQOBAHUE UX
®A30BOU OUATPAMMbI

A.40. Canumeapees

Ypanbckuti pedeparnbHbil yHUBEpcUumem umeHu rnepeozo lNpesudeHma Poccuu
b.H. EnbyuHa, EkamepuHbype

UCCJIEJOBAHUE ®A30BOU ANATPAMMbI AgBr-Agl

K.C. CepkuHa

Poccutickuli xumuko-mexHosoaudeckul yHugepcumem um. .U. MerHderneesa, Mockea
CMEKTPAJIbHbIE CBOUCTBA BUCMYTIEPMAHATHbIX CTEKOIJI,
JIETMPOBAHHbIX OKCUOM UEPUA
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H.B. Cudopoea’

HauyuoHanbHbIl uccriedosamersckuli Mopdosckuli 2ocydapcmeeHHbIl yHU8epcumem
um. H.I'. Ozapéea, CapaHck

BJIMAHNE TEPMOOBPABOTKU HA BO34YXE U B BAKYYME HA
MEXAHWYECKWE CBOUCTBA KPUCTAJIJIOB YACTUYHO
CTABUIIN3NPOBAHHOIO AUOKCUOA UNPKOHUS 2Y-0.8RSZ (R- Ce,
Nd, Th, Er, Yb)

U.B. CmenaHoea

Poccutickuli xumuko-mexHonoau4yeckul yHusepcumem um. [1.U. MeHOeneesa, Mockea
BJ/IUSIHUE HECTEXUOMETPUU LLINXTbI N YCIIOBUA CUHTE3A HA
KPUCTAJI/IN3ALMNIO CETHETOSJIEKTPUYECKOU ®A3bI Bi,GeOs

Wn.B. ®ponos’

YnbsHoeckuli 2ocydapcmeeHHbIU mexHudYeckul yHugepcumem, YIbsHO8CK
METOO4UKA ®YHKLIMOHAJTTIN3ALUNUN MHOIOCTEHHBbIX YITIEPOOHbIX
HAHOTPYBOK KAPEOKCUJIINPOBAHUEM

A.C. Yucnoe’

Uncmumym obuwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea

BJTUAHUE TEPMOOBPABOTKU HA CTPYKTYPY U MEXAHUYECKUE
CBOUCTBA KPUCTAJI/IOB QUOKCULA UNPKOHUS, YACTUYHO
CTABUJTTN3NPOBAHHbIX OKCHUAOM IrAOOJINHUA

C.l. T'peyuH
UHcmumym obwel ¢pusuku um. A.M. lNpoxopoea PAH, Mockea
KPUCTAJJIbI T'PYTIIbl BOPATOB AJi151 TEHEPALINU Tr'l U3JTYHYEHUA

K.E. CMemaHuHa

HauyuoHanbHbIl uccriedosamerbekuli Huxeeopodckull eocydapcmeeHHbIl
yHusepcumem um. H.U. Jlobauesckozo, H. Hogzopod

UCCJIE4OBAHUWE O4HOPOLQHOCTU ®A30BOIO COCTABA TBEPAbIX
CIJIABOB HA OCHOBE KAPBUA BOJIb®PAMA U KOBAJIbTA

P.H. Kprokoe

Hay4Ho-uccnedosamenbckuli pusuko-mexHudeckul uHemumym HHI'Y

um. H.U. Jlobauesckozo, H. Hogzopod

PA3BABJIEHHbIA MArHUTHbBIA MOJ1YNMPOBOAHUK GaMnAs,
CPOPMUPOBAHHbIA METO4OM UMMYJIbCHOIO JIA3BEPHOIO
OCAXXLOEHUA

A.A. Hukonsckasi'

HauuoHarnbHbIl uccriedogsamernsckuli Huxezaopodckuli 2ocydapcmeeHHbIU
yHusepcumem um. H.U. Jlobayesckoeo, H. Hoszopod
CBETOU3JTYHAROUIAS TEKCAITOHAJIbHASI ®A3A 9R-SI

J1.B. Mouceeega’

UHemumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea

KPACHBbIE JIOMUHO®OPbI HA OCHOBE ®TOPXJIOPUUPKOHATHbIX
CTEKOIJ, JIEFTUPOBAHHbIX NOHAMWU MAPI'AHLIA
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17 ceHTAbpa 2020, yeTBepr

9:00-11:00

NEKUMA
lMpedcedamens: 0.¢h.-M.H., npogheccop H.C. Asepkuee

9:00-9:45

C.A. TapaceHko'
OTU um. A.®. Nogpbgpe, C.-NMemepbype
QPPEKThI XOJIJIA B IBYMEPHbBIX CUCTEMAX

9:45-10:15

B.B. Mnywkoe’

NO® um. A.M. lNpoxoposa PAH, Mocksa

4YTO TAKOE CUJIbHbBIE SJIEKTPOHHbBIE KOPPEJALUNN? (HA
TMPUMEPE T'EKCABOPULOA CAMAPUA)

10:15-11:00

B.B. AHOproweYKuH
UHcmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
®A30BbIE MNEPEXO/AbI B IBYMEPHbIX CUCTEMAX

11:00-12:00

3ACE[IAHUS CEKLIUIA

CEKUMOHHbIN 3AJ Ne3
ANIEKTPOHHbLIE ABJIEHUA B HAHOKPUCTAIAX
lMpedcedamens: 0.¢h.-M.H., npogheccop PAH C.A. TapaceHKoO

K.C. OeHucosg’ (lMpuzanaweHHbIl doknad)

OTU um. A.@. Noppe, CTI6AY PAH um. XK.UN. Angpéposa, C.-llemepbype
OJIEKTPOHHbIA TPAHCIMOPT B CACTEMAX C MAIHUTHbIMN
CKUPMWUOHAMMU

A.P. 3aliHacymduHoe

HauuoHanbeHbil uccriedogsamensckuli Huxezaopodckuli 20cydapCcmeeHHbIU
yHusepcumem um. H.U. Jlobayesckoeo, H. Hoszopod

UHTEP®EUCHbIE COCTOSIHUSI B ABYMEPHbIX TETEPOINEPEXOQAX
CO CIMNH-OPBUTAJIbHbIM B3AUMOAQEWCTBHNEM OBLLEIO BUAA

A.A. Kynakoe

HauuoHanbeHbil uccriedogsamensckuli Huxezaopodckuli 20cydapCcmeeHHbIU
yHusepcumem um. H.U. Jlobayesckoeo, H. Hoszopod

JANHAMUKA KPAEBbIX COCTOSIHUA N BOJIHOBbIX [TAKETOB HA
TTOBEPXHOCTU TOIMNOJIOMMYECKNX N30JIATOPOB B NMPUCYTCTBUU
BAPbEPOB

A.M. Muxatinoea’

HauuoHanbHbIl uccriedogamensckuli Huxezopodckuli 20cydapcmeeHHbIU
yHusepcumem um. H./. Jlobayesckoeo, H. Hoszopod

YYET KOPOTK O,[{EﬁCTBYiOLLIEﬂ YACTU NOTEHLUNATIA IPU
PACYETE OCHOBHOIO COCTOSsIHUST MEJIKUX TPUMECHbIX
LIEHTPOB B I10J1YINIPOBOAHUKAX

12:00-13:00

NEPEPbLIB

13:00-15:30

3ACEJAHUSA CEKLIMA

CEKLMOHHbIX 3AI Ne2 CEKLMOHHbIX 3AN Ne3
HOBbIE ®YHKLNOHAJIbHbIE HAHOMATEPUATIbI N
MATEPUATIbI HAHOTEXHOJIOMnH
lNpedcedamens: 0.m.H. lMpedcedamens: 0.¢h.-M.H.
E.B. XKapukos K.H. Enbyos

H.B. lony6ee” M.B. Paxnun’ (Mpu2naweHHbIl
Poccutickuti xumuko-mexHonoauyeckutli | doknad)

yHusepcumem um. .. MeHOeneesa, OTU um. A.@. Noghpe, C.-Memepbype
Mockea O[JHO®OTOHHBLIE NCTOYHUKN

JIOMUHECLNPYIOLL|AS HA OCHOBE KBAHTOBbIX TOYEK
CTEK/TOKEPAMUKA B CUCTEME

(Li,Na),0-(Ga,Al);03-Ge0-SiO;
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A.C. Jlunambes

Poccultickuti XumMuKo-mexHosio2u4eckull
yHusepcumem um. .. MeHOeneesa,
Mockea

®OPMUPOBAHUE
ABYITYYETPEJIOMITAROLWNX
CTPYKTYP B
HATPUEBOBOPATHbIX
CTEKJTIAX JIABEPHbBIM NY4YKOM

I1.A. Anekcees (npuanaweHHbIU
doknaad)

OTU um. A.®. Noghgpe, C.-lNMemepbypa
30HAOBbIE METOA4bI
MOBEPXHOCTHOWU QUATHOCTUKN

C.B. Jlomapee

Poccultickuti XumMuKo-mexHosio2u4eckull
yHusepcumem um. [.1. MeHOeneesa,
Mockea

JIASBEPHAA 3ATMNCH

A.[. Bonbwakoe” (npuanaweHHbIl
doknad)

ClrI6AY PAH um. XK.N. Angpépoesa,
C.-lMemepbype

HUTEBUAHBIE HAHOKPUCTAJJbI

KAHAJIbHOIO BOJIHOBO/A B ®OCOUHbIX COEQUHEHUMN:
CUTAIJIJIE C OKOJIOHYIJIEBbIM CUHTE3, CBOUCTBA,
KO3®PULIMEHTOM TEIMJ/IOBOI O | TIPUMEHEHUE
PACLINPEHUSA

A.C. Haymoe’ A.B. KHsizee’

Poccutickuli xumuko-mexHomnoaudeckuu
yHusepcumem um. .. MeHOeneesa,
Mockea

MNMPO3PAYHBIE
JINTUEBOAJIIOMOCUIIMKATHbBIE
CUTAIJIbI C PETYJIMPYEMbIM
TEPMUYECKUM
KO3®PULIMEHTOM JIMHEWUHOI O
PACLUUPEHWA B OBJIACTU
HYINEBbIX 3HAYEHUA

HauuoHanbHbil uccnedosamernbcKuli
Huxxezaopodckuli 2ocydapcmeeHHbIl
yHusepcumem um. H./. Jlobayesckoeo,
H. Hoezopod

CUHTE3 KOJIITOUOHbIX
PACTBOPOB KPEMHUEBbIX
KBAHTOBbIX TOYEK C
OPIrAHUYECKUMU JTIUTAHOAMU

B.U. CasuHkoe’

Poccutickuli XuMUKO-mexHosoau4eckul
yHusepcumem um. .. MeHdeneesa,
Mockea

U.N. By4yuHckas

UHecmumym kpucmaisnozgpaghuu

um. A.B. LllybHukoea ®HUL|
«Kpucmarnnozpagusi u pomoHuka» PAH,

MPO3PAYHbIA JINTUEBO- Mocksa

AJTIOMOCUITUKATHbIN CuUTAsn, | NOJIYYEHUE TBEPLOIO
AKTUBUPOBAHHbIA NOHAMU PACTBOPA Cd-xPbxF; METO4QOM
HEOLQUMA, C TKIIP, MEXAHOCUHTE3A
CTABUTTUSNPOBAHHbBIM

BBJIN3UN HYJTIEBOI'O 3HAYEHWA

B.H. Cuzaes C.B. BacuH’

Poccultickuli XumMuKo-mexHosio2u4eckull
yHusepcumem um. [.U. MeHdeneesa,
Mockea

YOUPS um. B.A. KomenbHukosa PAH,
YnbsiHosck
HAHOKOMIO3UTHBIE BOJIOKHA

MPO3PAYHbIE MNMoJINMBUHNITIOBOI O CITNUPTA C
CTEKﬂOKPMCTA.ﬂﬂM'-IECKMEV MHOIOCTEHHbBIMU

MATEPUWAJIbI NMNOBBbLILLEHHOU Yr71lEPOQ4HbIMU HAHOTPYBKAMM,
TBEPOOCTU HA OCHOBE OJIYYEHHBIE METO4OM
CUCTEMDbI SJIEKTPOCITUHHUHIA
MgO-ZnO-Alzo3-Si02

C.C. ®edomoe’ M.B. Bedb

Poccutickuli xuMuKko-mexHosioaudyecKkud
yHusepcumem um. [.U. MeHdOeneesa,
Mocksa

d®OPMUPOBAHUE
AHWN3OTPOITHbIX
MUWUKPOIIOJIOCTEA B O bEME
HAHOIOPUCTOIO CTEKIJIA 1o
JEUCTBUEM

HauuoHarnbHbIl ucciedosamernbcKul
Huxeaopodckuli 2ocydapcmeeHHbIl
yHusepcumem um. H./. Jlobayesckoeo,
H. Hoezopod

SPIN LIGHT-EMITTING DIODES
WITH (A3,Fe)B5 INJECTORS
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®EMTOCEKYHAHbIX
nMmIriyJsibcoB

r.10. lWaxaunbosH’

Poccutickuli XuMUKO-mexHosoau4eckul
yHusepcumem um. .. MeHdeneesa,
Mocksa

UCCJIEQOBAHUE BIINAHUA
NMAPAMETPOB JIA3EPHOU
3AIMMNCU HA CTPYKTYPY
BOJIHOBO/LOB B Ag;0-Zn0O-P;0s
CTEKIJIE

U.B. Bunkoe

UHecmumym memarinoopaaHu4ecKou
xumuu um. I".A. Pasysaesa PAH,

H. Hoezopod

UCCJIEJOBAHWE TMBPULOHbIX
MATEPUAJIOB HA OCHOBE
MHOIOCTEHHbIX YITIEPO4HbIX
HAHOTPYBOK U
HAHOCTPYKTYPUPOBAHHbIX
®OPM KAPBUA TUTAHA

H.B. SlHyeH’
HauuowranbHbIl uccnedosamernbcKuli
Mopdoeckuli eocydapcmeeHHbIl

U.B. Unbkue
Akademuyeckuli yHusepcumem
um. XK.N. Angpépoea, CaHkm-lNemepbypa

yHusepcumem um. H.I1. Ozapéea, MoJ1IYYEHUE OJHOMEPHbIX
CapaHck GAAS HUTEBULOHbLIX

BJINSIHUE YTTIEPOAHBIX HAHOKPUCTAJIJIOB C TOMOLYbIO
HAHOTPYBOK HA CBEPXMAIJIbIX HAHOYACTHNL
SJIEKTPOINPOBOAHOCTb 30J10TA

TMOJIMMEPHOI' O KOMITO3UTA

A.A. Kapneeg®

HauuoranbHbili uccnedosamernbcKul
Mopdoesckuli eocydapcmeeHHbil
yHusepcumem um. H.l. Ozapéea,
CapaHck

KPUCTAJIJIMYECKUE ®A3bI B
YIrTMEPOO4COAOEPXALLEM
MNMOJIMMEPHOM KOMITO3UTE

15:30-16:00

NEPEPbLIB

16:00-18:00

3ACE[QAHUSA CEKLIMA

CEKUMOHHbIN 3AJ Ne3
HAHOMATEPWUAIbI U HAHOTEXHOJIOInMun
lMpedcedamens: K.H. Enbyoe

Mn.1. ®edopos’

UHemumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
OCAXXLOEHUWUE HAHOYACTUL] CaF; U CeO2 HA CKOIJ1bl

MOHOKPUCTAJIJIOB ®JIOOPUTA

U.B. Camapuee

HauyuoHanbHbIl uccriedosamerbekuli Huxeezopodckuli 20cydapcmeeHHbIl
yHusepcumem um. H./. Jlobayesckoeo, H. Hoszopod

InGaAs ooToguonbl HA OUATMA30H 1,02-1,31 MKM C
METAMOP®HbIM BY®EPHbBIM CJIOEM, BbIPALEHHBIE HA

NOAJIOXXKAX GaAs

A.A. Cywkoe

HauuoHanbHbil uccriedogamenbsckuli Huxeaopodckuli 20cydapcmeeHHbIU
yHusepcumem um. H.U. Jlobayesckoeo, H. Hoezopod
®OPMUPOBAHUE U CTPYKTYPHbBIE UCCJIELJOBAHUA Ge/Si CITOEB

HA S/S,0:/S; (100)

C.A. XpywanuHa

HauuoHanbHbil uccriedosamenbsckuli Mopdosckuli 2ocydapcmeeHHbIl
yHusepcumem um. H.I1. Ozapéea, CapaHck
CIEKTPAJIbHO-JTIOMMUHECLIEHTHBIE XAPAKTEPUCTUKU
HAHOIMOPOLIKOB TBEP/LbIX PACTBOPOB LaixRexGao.5Sb1.50s,
Bi1.xRexGeo_5Sb1_506 (Re = PI’, Eu, Dy, Tb)

WU.A. IOpnoe’
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HauuoHanbHbil uccriedosamensckuli Mopdoeckuti 2ocydapcmeeHHbIL
yHusepcumem um. H.I. Ozapéea, CapaHck
ClEKTPAJIbHO-ITIOMUHECLIEHTHBIE CBOUCTBA HAHOYA crny
Zr Oz-Er 203

[.3. Slko6coH’

HauuoHanbHbil uccriedosamensckuli Mopdoeckuti 2ocydapcmeeHHbIL
yHusepcumem um. H.I. Ozapéea, CapaHck

MOOEJINPOBAHUE MAITHUTHOI'O HALUEJINBAHWUA HOCMUTENEU
JIEKAPCTBEHHbIX NMPEINAPATOB B CUCTEME KPOBOOBPALJEHWA

E.N. E2opoea’

HauuoHanbHbIl uccriedosamensckuli Mopdoeckuti 2ocydapcmeeHHbIL
yHusepcumem um. H.I. Ozapéea, CapaHck

CPABHUTEJIbHOE UCCJIEQOBAHUE ®UIUKO-XUMUYECKUX U
BUOJIOMMYECKUX CBOUCTB HAHOYACTUL MATHETUTA,
MOKPbITbIX OJIENHOBOU KNCJIIOTOU U AMUHOCUITAHOM, aJis
MArHUTHOU r’MINEPTEPMUN U MPT-BU3YAJIN3ALUN

M.A. Xapkoe®

HauuoHanbHbil uccriedosamenbsckuli Mopdosckuli 2ocydapcmeeHHbIl
yHusepcumem um. H.I. Ozapéea, CapaHck

UUATOTOK CUYECKUUN 2ODPEKT MATHUTHOU TMIEPTEPMUN HA
KJIETKU L-929 C INOJIMMEPHbIMU MUKPOKATICYJIAMM,
COOEPXALNMU HAHOYACTHULbI MATHETUTA
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18 ceHTAOpA 2020, nATHMUA

9:00-11:15

NEKUUn
lpedcedamens: 0.¢h.-M.H. I1.I". 3e8epes

9:00-9:45

M.H. Monoesa’

Unemumym cnekmpockonuu PAH, Mockea

OlNTUYHECKAS CIIEKTPOCKOINNA rTM6PUQHOIO NEPOBCKUTA
CH:3NH3Pbl; — MEPCIIEKTUBHOIO MATEPUAJIA ONTO3JIEKTPOHUKU

9:45-10:30

M.B. JopoxuH

HauyuoHanbHbIl uccriedosamernbsckull Huxeaopodckull 20cydapcmeeHHbIl
yHusepcumem um. H.U. Jlobayesckozo, H. Hoszopod
TEPMOOJJIEKTPUYECKUNE NPEOBPA30BATEJIN QHEPIA

10:30-11:15

V. Pankratov

Institute of Solid-State Physics, University of Latvia, Riga

SYNCHROTRON RADIATION AND LUMINESCENCE SPECTROSCOPY
OF NOVEL MATERIALS

11:15-13:00

3ACEQAHUSA CEKLUN

CEKLUMOHHbIU 3AJ Ne3
MHOYCTPUAJIbHAA ®OTOHUKA
lMpedcedamens: 0.¢h.-M.H, npogheccop 1.A. Psibo4ykuHa

11:15-12:00

A.B. Kowenes

AO «l10O «YOM3», EkamepuHbypa

NMPUMEHEHUWE rPAOUEHTHOW OINTUKN B KAHAJIE BOJIC /151
OPIrAHU3AUNUN NEPEQAYUN TEJIEMETPUYECKONA UHOOPMALNN OT
TMPOCTABUITIUSNPOBAHHbIX JATHUKOB, PACIIOJIOXEHHbIX HA
KAYAROLUEMCS OCHOBAHUU

12:00-12:45

A.A. TaHsiKUH

AO «OnmuKo80s10KOHHbIE cucmeMbl», CapaHcK

TEHOEHLNN PA3BUTUA PbIHKA OINTTUYECKOIO BOJIOKHA U
OBECIIEYEHUE EIO NTOTPEBHOCTU B YCJIOBUSIX
COBPEMEHHOIO NMTPON3BOACTBA

13:00-14:00

NEPEPbLIB

14:00-14:45

NEKUUN
lMpedcedamens: 0.¢h.-M.H. I'.C. Cokosioeckuli

14:00-14:45

K.C. Kpasyoe®

MIY um. M.B. JlomoHocosa, MHcmumym obuwieti cpusuku um. A.M. Npoxoposa
PAH, Mocksa

KBAHTOBAS OINNTUYECKAS CBA13b

14:45-16:15

3ACEJAHUA CEKLMA

CEKLMOHHbIN 3AJ Ne3
BOJIOKOHHASA ONTUKA
lMpedcedamens: K.¢h.-M.H., doueHm K.H. Huwee

A.A. lO)xakoea

Yparnbckuli pedeparnbHbil yHUepcumem umeHu nepeoeo lNpesudeHma Poccuu
b6.H. EnbyuHa, EkamepuHbype

UCCJIE4QOBAHUWE BJIINSIHUSA KOJTMYECTBA BCTABOK HA
TNMEPELJAYY UK U3JTYHEHUSA ®OTOHHbBLIMU CBETOBOOAMU

A.B. CocyHoe

lMepmckul eocydapcmeeHHbIl HayUuoHasbHbIU uccriedogamernscKuli
yHusepcumem, lepmb

O NOBbILEHUN CTABUIIBHOCTU PABOTbI UHTEIPAJIbBHO-
OMNTUYECKOI'O MOo4YJIATOPA HA OCHOBE KPUCTAJTJIA HUOBATA
JINTUA

M.M. Ha6uynux’
YrbssiHOBCKUU 20cydapcmeeHHbIl yHuUgepcumem, YbsHO8CK
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CPABHEHMUE TOJISIPU3ALIMOHHBIX XAPAKTEPUCTUK
CKPYYEHHbIX BOJIOKOH HECTAHOAPTHbIX TUIOB

A.A. MacmuH’

AY «TexHonapk-Mopdosusi», CapaHck

BJIUAHUE NNTAPAMETPOB HACBILAROLUEMOCA MNOrJioTUTETA U
AJINHbI PE3OHATOPA BOJIOKOHHOIO JIA3EPA HA lMTUKOBYHKO
MOLHOCTb UMIYJIbCA

A.A. MacmuH’

AY «TexHonapk-Mopdosusi», CapaHck

CUHXPOHU3AUNA MO B TYJIMEBOM BOJIOKOHHOM JIA3EPE C
NMOMOLYBKO YI'TIEPOAHbIX INOr " JIOTUTEJIEUA

A.4. Bakypoe®

YnbsHo8CKUl 2o0cydapcmeeHHbIl yHUsepcumem, YibsHO8CK
CO3[0AHUE MNEPETAXEK HA BOJIOKOHHbIX BCTABKAX 4115
YIIPABJIEHUA KOOSO OULNEHTOM NPEOBPA30BAHUA B
OBOJIOYEYHBIE MO/4bl

16:30

NnOABEAEHUE NTOIOB. 3AKPbITUE KOH®EPEHLIUAU

" — doknad noddepxaH 2paHmom PODU.
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BOJIOKOHHAA OINMTUKA
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BOJIOKOHHBLIE I"'A3OBbBIE JIA3EPDBI

U.A. byderton
Hncmumym ooweti gpuzuxu um. A.M. I[Ipoxoposa PAH, Mockea

Hayunwiti yenmp eonoxornou onmuku um. E.M. Jluanosa, Mockea
E-mail: iabuf(@fo.gpi.ru

BosiokoHHBIE CBETOBOABI C TBEPAOTEIBHOM CEPALEBUHOW M3 CTEKOII
Pa3IMYHOTO COCTaBa MMEIOT HEKOTOPhIE HEU30EKHbIE OTrPAHUYEHUS] C TOUKHU
3peHUs IIMPUHBI U TOJOXKEHMUSI CHEKTPajJbHOM 00JacCTH MPO3PAvyHOCTH,
ONTUYECKOW MPOYHOCTH, YCTOMYMBOCTU K TEIJIOBBIM HArpy3KaM MU BJIAXKHOCTH.
JlanHbIe 00CTOSATEIHCTBA SBISIOTCS CEPHE3HBIM OTPAHUYCHHUEM JUIsI pa3padOTKu
Ja3epOB HA TAKUX CBETOBOJIAX.

Co3nanue BOJIOKOHHBIX CBETOBOJIOB ¢ moiioi cepaueBunon (BCIIC) [1]
MO3BOJIMJIO 3HAYUTEIIBHO PACIIUPUTH BO3MOXKHOCTH Pa3pabOTKHA BOJIOKOHHBIX
JIa3epHBIX UCTOYHUKOB U3JIyUYEHUS, MPEK]IC BCErO 3a CUET UCIOJIb30BAHUS a30B
B KQUECTBE aKTUBHBIX cpell. Tak, ObLIM CO3/1aHbl Fa30BbI€ BOJIOKOHHBIE JIa3ePhl B
cpennem MK nuana3zoHe Ha mepexoax MOJIEKYJIbI AllETUIICHA B TIOJIOM CBETOBOJE
U3 KBapleBoro crekia ([2], jyiMHa BOJIHBI Hakayku 1.53 MKM, JJIMHA BOJIHBI
reHepanuu 3.1 MKM, CpeHsIs BBIXOAHAsI MOIITHOCTh 00Jiee BaTTa B HEMPEPHIBHOM
pexume). Mcronb3oBanue HEMMHEWHBIX CBOMCTB Pa3IMYHBIX a30B MO3BOJIMIO
MOJIYYUTh B IIOJOM CBETOBOJAE TECHEPALMIO H3JIyYEHHsS CYNEPKOHTHHYyyMa B
HEJIOCTYIHBIX paHee CHEKTPalIbHBIX JIMara3oHax (CM., Hamp., [3], rae moiayyeHo
u3llyyeHue B nuana3zone ot 1.2 Mxm g0 0.126 Mkm).

Pa3Butre MUKPOCTPYKTYPUPOBAHHBIX OINTHYECKUX BOJOKOH C TIOJIOH
CEepALEBUHON MO3BOJUJIO TAKXKE CO3[1aTh PAMAaHOBCKUE BOJIOKOHHBIC JIa3€phbl
(PBJI) ¢ razom B KauecTBE paMaHOBCKOM cCpeapl YCHWIECHHS. BakHbIM
npenmyiiecTBoM Takux PBJI sgBisgeTcs BO3MOXKXHOCTh MCITOJIB30BaHUS MOJIEKYJI
JIETKUX Ta30B C BBICOKOW JHEprueil KojeOaTenbHbIX KBAaHTOB. PaMaHOBCKHE
CIBUTM B Takmx rasax pocturanor 4155 cm! (nmerkwmii BOJI0pOJ), 2987 cm !
(newtrepmit), 2917 cm! (meran). Bce 5>TM 3HAYEHUS HAMHOTO IIPEBBILAOT
MaKCUMaJbHbII PAMAHOBCKUM CIBUI B CBETOBOJAX M3 KBapLEBOIO CTEKJa
(1330 cm!). Hanpumep, oamHokackamubii PBJI Ha ocHOBe KOneGaTelbLHOTO
nepexoza B MoleKyiaax 'H, MoxkeT obecrieunTs mpeoOpa3oBaHue IIMHEI BOJIHEL
1.06 — 1.9 mMxM. Hauwmnas ¢ 1.56 MKM, OJZHOKACKaJHOE pPaMaHOBCKOE
npeoOpa3zoBaHre MO3BOJISIET HAMIPSIMYIO MOJTY4YaTh JIA3€PHOE U3TyUEHUE Ha JTUHE
BOJIHBI 4.4 MkMm. [lo3TOMYy 3HAYMTENBHBIA MPOrpecc B PaMaHOBCKUX Jiazepax
cpennero UK nuamasoHa mMokeT OBITh JTOCTUTHYT C HCIIOJIB30BAHUEM XOPOIIIO
3apEKOMEHJIOBABIINUX Ce0s BOJOKOHHBIX J1azepoB OmmkHero MK nuamasona B
KaueCTBE HAKAUKHU.

Bnepseie PBJI na BCIIC ¢ ¢GOTOHHO-KPUCTATUIMYECKONH CTPYKTYpOr
oTpaxaronieit o6onouku cBeroBoga (PKC) na konebaTenbHOM MEepexonie B
monekyiae 'Ho (komBepcust 535 HM — 683 HM) ObLI NPOJEMOHCTPHPOBAH B
2002 rony [4]. Hasnenue Bonopoaa B cepaneBune ®KC cocrasmsio 17 6ap. PBJI
HaKauMBaJcs 6 HC MMITYJbCHBIM H3inydeHreM. Bonopoausie PBJI Takxke moryt
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HCIONB30BaTh BpALIATEIbHBIE IMEPeXoAbl MoneKynsl 'Ho. B sToM ciyuae
PaMaHOBCKMI CABUT YacTOTHI cocTaBisieT 587 cm ! [5].

OddexTuBHas paMaHOBCKasl reHepanus ObL1a TaKXKe
IIPOJIEMOHCTPUPOBAaHA B 3anojaHeHHbIX BojgopoaoM BCIIC ¢ Hakaukod OKOJIO
1 Mxm [6, 7]. B atux paborax Obuta qocTurHyTa 3(GPEeKTUBHOCTh KBAHTOBOIO
npeodpazoBanus 10 80% [6] u 60% [7] m1s pamMaHOBCKOM TeHEpaIMy Ha JTHHAX
BonH 1.8 MkM m 1.9 MkM, coorBeTrcTBeHHO. C wmcrmonn3oBanueM 1.56 MKM
U3JIy4eHHEe HaKauKH, HeJIaBHO ObLII peajii30BaH paMaHOBCKHUI BOJIOKOHHBIM JIa3ep
Ha jumHe BOJIHBI 4.4 MkM. Otor PBJI pabGoTtan mo aHajgoruyHOW cXeme ¢
MOJIEKYJIAMH CaMOro JIETKOro m3oroma Bomopoga 'Ho (mpoTmil) B KadecTse
aKTUBHOM cpenl [8].

[Tonbie cepaleBUHBI ONTHYECKUX BOJOKOH B HACTOAIIEE BpeMs
W3TOTABIMBAIOTCS, TJaBHBIM 00pa3oM, W3 KBapIEBOIO CTEKJIA W3-3a €ro
MIPEBOCXOAHBIX TEXHOJOTHUUYECKUX CBOMCTB. BKIlag COOCTBEHHOTO OMTHYECKOTO
NOTJIONIEHUs KBaplieBoro crekia B ontudeckue norepu BCIIC 3aBucutr ot
MeXaHH3Ma JOKaJIU3allui CBETa BOJOKHA.

Er-doped L1 L2
Fiber Laser Q
A =1558 nm D q Eﬁ
t=3.4ns; 4

Rep. Rate = 25 kHz Al,0; window

RF
Powermeter

Ge H, /Dy
plate ZnSe

Optical Spectrum N l
Analyzer b, % q Eb—/
~

(OSA 207) L. AL,0, window

Puc. 1. Cxema s3xcnepumentanbHoro PBJI Ha peBosibBEpHOM CBETOBOJIE.

L1 u L2 — acdepuueckue IMH3BI U3 KBapiieBoro crekia; RF — peBosbBepHbIN CBETOBO;
Al203 — canpupoBbie OKHA Ha ra30BbIX BaKyyMHBIX siueiikax Ha konnax BCIIC;
ZnSe — KOJJTMMHPYIONIas JUH3a U3 celieHnAa IuHKa; Ge- MoJupoBaHHAs MJIACTUHKA
13 FepMaHus TOJIIIHUHON 2 MM.

Cnenyer OTMETUTh, 4TO BOJHOBOAHBIM Mexanusm OKC c¢ mnosnoit
CEepAIICBUHOM OCHOBaH Ha 3HAYUTEILHOM NPOHUKHOBEHUU U3JIyYEHHUS B
MUKpPOCTPYKTYPUPOBAHHYIO OTPAXKAIOIIYyI0 O00JOYKY (Kak MHHUMYM Ha
HECKOJIbKO MEpUOAOB CTPYKTYpbl 00010uku). Iloaromy @®KC Ha ocHOBe
KBapIlIeBOT'0 CTEKJIA TEPSIOT CBOU MTPEBOCXOAHBIE CBOMCTBA B 00JIACTH JAJIMH BOJIH
A > 3 MKM. 3HAQUUTEJIbHOE YBEIMYEHHUE ONTUYECKOIO IMOTJIONICHUS KBapleBOrO
CTEKJIa B ATOM 00JIaCTH MPUBOJIUT K yBEIWUYEHUIO onTuueckux nmorepb B OKC [9].
[TosTroMy [ BOJIOKOHHBIX Ja3zepoB cpeaHero MWK nuamazona cnepyert
ucnonb3oBath Apyrod tun BCIIC. Xopommm Beibopom sBisiercss BCIIC, B
KOTOPOM PEANMN3yeTCs aHTUPE30HAHCHBIM MEXaHWU3M OTPaKEHUS U3ITy4YeHUsS Ha
rpaHule cepaieBuHa — obosnouka [10] u, kpome TOro, rpaHuila MEXJy MO0
CEpALEBUHON M OTpaKkaroIel 000JI0YKOI UMEET OTpUIIATeNIbHY IO KpUBHU3HY [11].
B uwactHOCTH, Tak Ha3bIBaEMbIE PEBOJILBEPHBIE BOJIOKHA C MOJIOW CEpJILIEBUHOM,
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yAOBIETBOPSIOT oOouM 3TuM ycinoBusiM [9]. PBJI Ha ocHOBE peBOIBBEPHBIX
BOJIOKOH IO3BOJIUJIM F€HEPUPOBATH OJHOMOJOBOE M3JIyUYEHHUE HA JIJIMHE BOJIHBI
4.4 mxMm ¢ kBaHTOBOM 3(pdexkTuBHOCTBIO Oosiee 50% [12]. B atoii pabote PBJI
HAKAYMBAJICA UMITYJIbCHBIM (HAHOCEKYH]IHBIM) 3pOMEBBIM BOJIOKOHHBIM J1a3€pOM
CO CpPEeIHEN BBIXOJHOW MOIIHOCTBIO 0KOJ0 10 BT M renepupoBan usiydeHue B
cpeaneM UK nuanaszone co cpeanei MomHocThio 6osiee 1.5 BT (cm. puc. 1-2).

a) AT 1.56 um
3.0 ® 442 um o0 b)
U= [ ]
A 172um o
= : *o
o 2.5 . ® e
[ ° L
3 )
o 2.0 1 ®
o L a
g 1.5
g
© 1.0 - s "
[ ] |
054 o -
n
e e o p®Y, PP 1
0 2 4 6 8

Coupled pump power, W

Puc. 2. (a) — poTorpadust ckona peBoIbBEPHOTO BOJIOKOHHOTO CBETOBO/IA, TOJTyYCHHAS
C TIOMOIIHIO CKAHUPYIOIIETO AIEKTPOHHOT'O MUKPOCKOTIA (IMaMETP TOJIOH CepIIICBUHBI
cocraBisgeT 75 MkM); (b) — 3aBHCHMOCTB CpefHel MOITHOCTH Ha Bbixoje PBJI ot cpenneit
BEJIMYMHBI MOIITHOCTH HAKAYKH, BBEJICHHOW B TIOJIYIO CEPAIICBUHY (KPacHBIE TOYKHU —
HernpeoOpa3oBaHHOE M3ITyUYeHUE HAaKauKH; YepHBIE KBAJPaThl — U3TyUECHUE KOJIeOaTeIbHOTO
cToKkca Ha A = 4.42 um; CHHHE TPEYTOJIBHUKH — U3TyUYCHHUE BpaIlaTeIbHOM CTOKCOBOM
KOMIIOHEHTHI ¢ A = 1.72 um).

PamanoBckue nazeppl Ha OCHOBE Ta30HAMNOJHEHHBIX PEBOJbBEPHBIX
CBETOBOJIOB MOTYT CTaTh YHHMBEPCAJIbHBIM HHCTPYMEHTOM [JIsi T€HEpaluu Ha
HOBBIX JUIMHaX BoJH B cpeaHeM WK nuamasoHe, MOCKOJIbKY MOTYT OBITh
WCIIOJIb30BaHbl Pa3JIMUYHble KOMOWHAIITMOHHO-aKTUBHBIE Ta3bl W HUX CMECH.
Hanpumep, Monexy:asl Apyroro u3orona Bojgopoaa, aeurepus (D2), MOryT ObITh
WCIIOJIb30BaHbl JUIS JIOCTHIKCHHMS paMaHOBCKOW TeHeparuu okoyio 3 MkMm. Ha
pucyHke 3 moka3aH BbIXOAHON crnekTp PBJI Ha peBoibBEpHOM BOJIOKOHHOM
CBETOBOJIE, 3amojHeHHOM cMechbio 'Hy u Dy, Ero cxema aHajormyHa cxeme Ha
pUCyYHKE 1, HO pEBOJIbBEPHBIN CBETOBOJI UMEET HECKOJIBKO APYTHME€ pa3Mepbl
MOTICPEYHOTO CEUYCHMSI, YTO MPUBOJAUT K HEOOXOIUMOMY PACIIOIIOKECHHUIO TI0JIOC
IPO3PAYHOCTH PEBOJIBBEPHOTO BOJIOKOHHOTO CBETOBOJA B O0JACTH JUIMH BOJH
1.55 u 3 mkm (puc. 3 (a)). U3nyuenue Ha BBIXOJIE Jla3epa COJIEPKUT CTOKCOBBI
KOMIIOHEHThI, BO3HHUKAIOIIME€ B pe3yJibTaTe€ pPaMaHOBCKOM TeHepaluu Ha
KoJie0aTeIbHBIX U BpallaTeIbHbIX epexoaax oooux razon (puc. 3 (b)).
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Puc. 3. (a) — pacueTHBIii CIIEKTP ONTUYECKUX MOTEPH B PEBOIHBEPHOM BOJIOKOHHOM
ceeroBoJie st PBJI, renepupyromiero B criekTpaibHOM auarnasone 2.9-3.5 mkm; (b) — criektp
n3nydeHus Ha Beixozae PBJI. IIukoBoe 3HaueHHEe MOITHOCTH UMITYJIbCHOTO U3ITy4YEHHS
HaKauKu Ha AjuHe BOIHBI 1.56 MkM coctaBisuio 1.4 kBt. B kauecTBe akTUBHOM cpesib
HCII0JIB30BANIACh CMECh MOJIEKYJISPHBIX ra30B Hz u D2 ¢ napuuanbHBIMU JABICHUAMU 2
u 28 aT™M, COOTBETCTBCHHO.

Pabora BeimonHeHa npu (QuHaHcoBOM moanepkke PH® (rpant
Ne 19-12-00361).
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NCCIIEJOBAHUE BJIMAHNSA KOJIMYECTBA BCTABOK
HA IIEPEJJAYY UK U3JIYUEHUA ®OTOHHBIMU CBETOBOJAMU

JL.B. XKyxkosa, A.E. JIeBoB, /I./I. Canumrapees, A.A. IOxakoBa
Ypanvcxuii ¢hedepanvhwiii ynusepcumem um. nepsozo Ilpezudenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: Lv.zhukova@urfu.ru

@DOTOHHBIE CTPYKTYpbl B ONTHYECKUX MaTepHaliax BOCTPEOOBAHBI
pa3NIUYHBIMU OOJACTSMU HAYKH W TEXHUKH, TTOCKOJIbKY TO3BOJISIIOT YIPaBISATh
NPOXOJALIMM  M3Jy4EHUEM, MEpeNaBaTh DJHEPIUM BBICOKOW MOIIHOCTH,
BBITOJIHSTH CEJICKIIMIO MO JJIMHE BOJIHGI [1]. B CBSI3M ¢ 3TUM B HacTosilee BpeMs
aKTUBHO pa3pabatbiBatoTCsi (hOTOHHO-KpUcTaumueckue cBeToBo bl (DKC) s
ONTUYECKOr0 nuanazoHa cuekrpa. [ns cpeanero u nanpHero MK auamazoHoB B
Ypanbckom (enepaabHOM YHUBEPCUTETE HA OCHOBE TaJOTEHUIOB cepedpa u
OJTHOBAJICHTHOTO Tayums pas3padareBatorcss DOKC, obnamaroniue MHPOKUM
JMAra30HoOM TpomyckaHus 2—25 MKM 0€3 OKOH MOIJIOUIEHHUS, ONTHYECKUMHU
notepsimu 110 0.5 1b/M, THOKOCTBIO U BBICOKOW MEXaHUYECKOU MPOYHOCTHIO [2].

B nanHoit pabore Obutn paccmoTpeHbl @KC ¢ pa3HbIM KOJIMYECTBOM
BCTABOK C MaJIbIM I[OKa3aTejieM MPeJOMJICHUSI UM aKTUBHOW CEpJILIEBUHON C
OOJIBIIMM TIOKA3aTeNieM MPEJIOMJICHUSI B Juana3one aauH BoiH 5—20 mxMm. Bee
AJIEMEHTBl CTPYKTYpPbl HM3TOTOBJIEHBI HAa OCHOBE KpPHUCTAUIOB CHCTEMBI
AgBr — TIBrosesloss [2]. IIpu cpaBHEHUM CTPYKTYp C pa3HbIM KOJUYECTBOM
BCTABOK OBIJIO BBISIBJICHO, YTO C YBEIIMYEHUEM YUCIA BKIIOYEHUN MPOUCXOIUT
YMEHBIIIEHUE KOJTUYECTBA MO/ BIJIOTH JI0 OJJHOMOJIOBOTO peknma paboter ®KC
(puc. 1), a Takke MOHOTOHHOE CHIDKCHHE HJ(P(GEKTHBHOTO MOKa3aTes
MPEJIOMIIEHUS] BO BCEM CIEKTPAIbHOM JIHANa30HE.
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Puc. 1. Pacnpenenenue snepruu B nonepeyHom ceueHnu ognomogosoro ®KC na nimne
BOJIHBI 10.6 MKM.

HccnenoBanne BBIMOTHEHO 3a cueT rpanTa Poccuiickoro HaydHoTO (hOHIA
(mpoext Ne 18-73-10063).

1. D. Broeng, Opt. Fiber Technol. 5, 305 (1999).
2. L.V. Zhukova et al., Opt. and Spectroscopy 125 (6), 933 (2018).
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O IIOBBITEHNM CTABJIBHOCTH PABOTBI MHTEI' PAJIbHO-OITTUYECKOI 'O
MOIYJIATOPA HA OCHOBE KPMCTAJIJIA HUOBATA JINTUA

A.B. Boubiniies, P.C. ITonomapes, A.B. CocyHoB
Tlepmckuti 2ocyoapcmeertblil HAYUOHATbHBILL UCCIC008aMENbCKULL yHUsepcumem, Ilepmo
E-mail: alexeisosunov@gmail.com

NurerpanbHo-ontuueckue Moayisitopsl (MOM) Ha ocHOBe KpucTasia
auobata sutus (HJI) moapoOHO omucanel B Hay4yHOW JUTepaType Kak
3¢ (eKTUBHbIE MIMPOKOIOJIOCHBIE YCTPOWCTBA I YHPABICHUS ONTUYECKUM
curHajgoM. OfHako OHM 00JIAZAlOT PAJOM OCOOEHHOCTEH, TaKMX Kak Jpeud
paboueit Touku NOM u HEIMHEHHOCTBIO NEPENATOUYHON XapaKTEPUCTUKH, U3-3a
4ero JUIsi KOPPEKUMH HX pabOThl HEBO3MOXKHO MPUMEHSTh IIUPOKO
pactpoctpaneHnbie ctanaapTHbie [T /[-koHTposmepsl. B HaydHOU juTeparype
aTa mpobiemMa 3aTparuBajiach HEOMAHOKpaTHO [1, 2], omHako 10 CHUX TMOP
VICYEPIBIBAIOIIIEE PEIICHHUE HE IIPEIIOKEHO.

ITokasarens npesnomuenus HJI 3aBUCUT OT TeMnepaTypsl ¥ IPUI0KEHHOTO
aneKTpruueckoro mnojs. OO0beIUHSIONIMM MaTepUaAbHBIM (AKTOPOM SIBIISIETCS
cam kpucrtaiut HJI, cTtpykTypa U CBOWCTBa €ro HpUIIOBEPXHOCTHOI'O CJIOS, B
KOTOPOM (POPMUPYIOTCS IPOTOHOOOMEHHBIE BOJTHOBO/IbI M AJIEKTPO/Ibl. PaHee Mbl
nokasanu [3], yro mnpeaBapuTeabHbIM OTxkUI mmiactuH HJI mpuBogut k
BOCCTAHOBJICHUIO €r0 CTPYKTYpbl M CHSATHIO BHYTPEHHUX HanpspbkeHunid. Ha
OCHOBAHUU IOJIyYEHHBIX PE3yJIbTaTOB ObLIN U3rOTOBJIEHBI SKCIEPUMEHTAIIbHBIC
oOpazusl UOM ¢ uenpio ucciaeqoBaHUS UX ONTHYECKUX XAPAKTEPUCTUK U
CTaOMJIBHOCTH paboyYeil TOUKH.

OkcnepuMmeHTalbHble 00pa3ibl MOM, u3rotaBinuBainuch Npy UACHTUYHBIX
TEXHOJOTUYECKHUX MapamMeTpax, MpH 3TOM IOJIOBHHA 00pa3LoB Oblia MOJyyeHa
Ha nomnoxkax HJI ¢ BoccranoBieHHou crpykrypou. [l ucciaenoBaHus
nporecca Jnpeidida paboueid TOUYKM MBI TojJaBajdud Ha odnekTpoasl HMOM
NOCTOSIHHOE JJIeKTpuueckoe HampsbkeHue (8 B ¢ marom 0.5 B) ot
MaJIOIIyMSIIIETO0 HMCTOYHUKA. XapaKkTEPUCTHUKON mporecca npeida pabdodeit
touku MOM sBnsiercs Bpemsi, B TEUEHHE KOTOPOr0 CTA0MIIM3UPYETCS BBIXOAHAS
onThyeckas MoIHOCTh. Pabouas Touka MOM ¢ BOCCTaHOBIIEHHON CTPYKTYpOii
NOJIJIOKKHU TpeOyeT I Mepexo]a B PaBHOBECHOE COCTOSIHUE B CPEJHEM BTPOE
MEHBIIIE BPEMEHH.

B pesynbrare nmpoBENEHHBIX MCCIECIOBAHUN YJAlOCh CHU3UTH IOTOHHBIE
notepu B kpuctaiie ¢ 0.15 go 0.1 J16/cMm, cpennue ontuyeckue norepu ¢ 8.5 1o
5.5 nb B UOM 1 MHOTOKpaTHO yMEHBIITUThH d(PPEKTUBHOE BpEMs pelaKCaIiu
paboueit Touku NOM.

JlanHasi pa®oTa BBINOJIHEHA B paMKaxX MNPOrpamMMbl TOCYJIapCTBEHHOM
MOAJICP)KKH Pa3BUTHSI KOOIIEPALIMM POCCUHCKHUX BBICIIUX YUCOHBIX 3aBEJACHUN H
OpraHM3alliii, peaqu3ylIuX KOMIUIGKCHbIE TIPOCKTHI IO  CO3aHUIO
BBICOKOTEXHOJOTUYHOTO MPOU3BOICTBA, 1oToBOp Ne 13.G25.31.0004.

1. J.P. Salvestrini et al., J. Lightwave Technol. 29, 1522 (2011).
2. L.R. Hofer et al., IEEE Trans. Contr. Syst. Technol. 25, 1890 (2017).
3. A. Sosunov et al., Optical Materials. 88, 176 (2019).
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CPABHEHME ITTOJIAPU3ALMOHHBIX XAPAKTEPUCTUK
CKPYYEHHbLIX BOJIOKOH HECTAHJAPTHbIX TUIIOB

O.B. Uanos'*?, M.M. HaGuynus'

TV wanoeckuii 2ocyoapcmeennvlil ynueepcumem, YivaHo6ck
2Vavanosckutl punuan Uncmumyma paouomexnuku u 21eKmpoHUKu
um. B.A. Komenvnuxosa PAH, Ynvanoseck
3 Vavanosckuii 20cy0apcmeennviii mexuuueckutl yuueepcumen, YabsaHo6ck
Email: mans73@yandex.ru

[TonsipuzanmoHHbie SIBJICHUS, BO3HHUKAIOIIME B CKPYUYEHHBIX ONTHYECKU
BOJIOKHAaX H3BeCTHbI JaBHO [l]. CkpyuuBaHUE BOJIOKOH HCIIOJb3YyETCS MJIS
KOHTPOJISI MOJSPU3ALUUA MOJI, PACTIPOCTPAHSIONMINXCA B ONTUYECKUX BOJOKHAX,
HACTPOWKHM pabouel IMHBI BOJIHBI B BOJIOKOHHBIX PENMIETKaX, KOMIICHCAIIMH
JBOMHOIO JIy4ePEJIOMIICHHSI B BOJIOKHE, & TAK)KE YIIPABICHUEM JIUCIIEPCUEH.

PacnpocTpanstoniecss B CKPYYEHHOM BOJIOKHE MOJbl, HCHBITHIBAIOT
LUPKYJSIpHOE JBYJydenpenomiieHue. Ilonspusanus pacnpocTpaHsSOUMXcs B
BOJIOKHE MOJI BPAILla€TCs Ha BEJIUYHMHY, IPONOPLIUOHAIBHYIO YIITy CKPYUYMBaHUS
BOJIOKHa  [2]. Koadduiment  nponopuumoHaNIbHOCTA — ONpPEAENsieTcs
(GOTOynpyruMu KOHCTAaHTaAaMU MaTEpHUAJIOB, COCTABISAIOIIMX BOJIOKHO. MHTEpec
MIPE/ICTABIIAET U3YUCHHUE BPAICHUS MMOISPU3aLMY B HECTaHIAPTHBIX BOJIOKHAX CO
CHeIUaIbHBIM JIETUPOBAHUEM, C BO3IYIIIHOW CEPALICBUHOM, U JIp.

B pabore mpoBOauTCS 3KCIIEPUMEHTAIBHOE MCCIEAOBAaHUE U CpaBHEHUE
MOJIAPU3AIIMOHHBIX XaPAKTEPUCTUK MOJI, PACIIPOCTPAHSIONMIUXCSA B CKPYYCHHBIX
BOJIOKHAX Pa3IUYHBIX TUNOB, Takux kak Fujikura, Corning, 1 HECKOIBKUX BUIOB
BoJIoKkHa Fibercore, B TOM ymcIie ¢ BBICOKUM COJIEP>KaHUEM T'epMaHusl.

KOHTPOILIEP (uxcarop BpaliaTeb
11 1 1 no1ApH3aIH BOJIOKHA BOJIOKHA

MOIAPHMET]

1550 am

it [F-X (@-C

L
Puc.1. Cxema s3kCiepuMeHTaIbHON yCTaHOBKH.

DKCcnepruMeHTaIbHAsT YCTAaHOBKA BKJIIOYAET B C€0S MCTOYHUK JIA3€PHOTO
uznydeHus (1550 HM), BOJOKOHHBI KOHTPOJUIEp MOJSpU3ALUU, OTPE30K
BOJIOKHa, (pUKcaTop BOJIOKHA, Bpamarends BosiokHa u momsapumetp (Keysight
N7781B). lnuna BosiokHa Bapbupyetcs oT 5 10 30 cMm.

N3MepeHo u3MEHEHHE TMOoJISIpU3alldd MO/, PACHpPOCTPAHSIONINXCS B
PAa3JIMYHBIX TUIIAX BOJIOKOH IMPHU PA3JIMYHBIX YIaXx CKPYUYMBAaHUS BOJOKHA, U JJIs
Pa3IMYHBIX OTPE3KOB BOJIOKHA.

Pa6ora BeinoaHeHa npu noajaepxkke PODU (mpoekt Ne 16-47-730738).

1. R. Ulrich, A. Simon, Appl. Opt. 18, 2241 (1979).
2. O.V.Ivanov, J. Opt. Soc. Am. A 22, 716 (2005).
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BJIMAHUE ITAPAMETPOB HACBIIIAIOINETI'OCA ITOI'JIOTUTEJIA
N JJJIMHBI PEBOHATOPA BOJIOKOHHOI'O JIASEPA HA ITMKOBYIO
MOIIIHOCTb UMITVYJIbCA

A.A. Mactun!, I[1.A. Ps6oukuna?
ITexnonapx-Mopoosus, Capanck
’Hayuonanvuviii ucciedosamenvckuii Mopooeckuii 20cyoapcmeenulii
yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: mastinaa@mail.ru

B paGore na ocHoBe pemenus ypaBHeHusi Ilpemmnrepa [1]
MOJENUPOBAIACH UMITYJIbCHAS JIa3€pHasi F€Hepalusi B TYJIHEBOM BOJIOKOHHOM
KOJIBLIEBOM JIa3€pe B PEXKUME MACCUBHON CUHXPOHU3AIMU MO/l IPY AaHOMAJIbHOM
JUCIIEPCUH PE30HATOPA.

B pesynbraTe MoaenupoBaHUS BBISBICHO BIMSHUE UIMHBI pE30HATOpA
Ja3zepa, a TakKe MmapaMeTpoB HEJIMHEHHOI'O HACHIIIAIOIIETrOCs MOTJIOTUTENST Ha
CPBIB OJIHOUMITYJILCHOTO pexkuma reHepanuu. Ha puc. 1 mokasaHbl 3aBUCHUMOCTH
MMKOBOM MOITHOCTH UMITYJIbCA OT YCUJICHUSI aKTUBHOT'O BOJIOKHA TIPU PA3IMUHbBIX
JUIMHAX MAacCUBHOTO BOJIOKHA pE30HATOpa W MapaMeTpax HAacChIIAIOIIErocs
norjoruresnss. MapkepaMu Ha 3aBUCUMOCTAX YKa3aHbl MAaKCUMAJIbHbIE 3HAUCHUS
NUKOBOM MOITHOCTH, MPU KOTOPOM COXpaHSETCSs OJHOMMIYJIbCHBIN PEXUM
reHepalnH.

p —m— [a=50 Br, ta=0
.

Pa=50 31, =5 ne

4 y/’ A Pa=3 Br, ta=0

Ilnkosas MoOWHOCTE, Br

—w¥— Pa-3BT1,ta-10nc

—
15 20 25 30 35

Yennenune g, 1/m

Puc. 1. 3aBMCHUMOCTH MUKOBON MOIITHOCTH UMITYJIbCA OT YCUJICHUS ISl pa3IMUHbIX JUTMH
[IaCCUBHOT'0 BOJIOKHA B PE30HATOPE JIa3epa.

B pa60Te IMOKa3aHO, YTO MAKCUMAJIbHAsI SHCPIrud W IMUKOBAA MOIIHOCTH
HUMITYJIbCAa JOCTUTAIOTCS B JIA3CPC C MMOTIIOTUTCIICM C MaKCUMaJIbHOM MOIIHOCTBIO
HACbIIICHUA U MUHUMAJIbHBIM BPEMCHEM PCJIaKCAllNH ITOTCPb.

VBenuuenue JJIMHBI pe30oHaTopa IIPpUBOAUT K ITOABJICHHIO
HU3KOMHTCHCHUBHOI'O IIbECACCTAJIa Ha HpO(l)HJ'I@ WHTCHCUBHOCTH HMIIYJIbCA,
IMPHUBOAAIICTO K OrPaHUYCHUIO POCTA IMMKOBOU MOIIHOCTH MMITYyJIbCA.

PaGora BhimonHeHa mnpu noaaepxkke rpanta POOU, rpaHT
Ne 18-42-130001.

1. O.G. Okhotnikov, Fiber Lasers, Weinheim, Germany: Wiley, 2012.
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CUHXPOHU3AILIMA MO/ B TYJIMEBOM BOJIOKOHHOM JIA3EPE
C [IOMOIIBIO YVIUIEPOJHBIX ITOT'JIOTUTEJIEN

H.P. Apyrionsin', B.A. Kambmun!, A.A. Mactun?, E.JI. O6pasuosa’, ILA. Pa6ouxuna’
" Huemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
?Texnonapx-Mopooeus, Capanck
SHayuonanvnuiii uccieoosamenvckuti Mopoosckuii 20¢y0apcmeentbvil

P yoap
yuugepcumem um. H.I1. Ocapésa, Capanck
E-mail: mastinaa@mail.ru

[enbto pa®oOThl SBISAJIOCH MCCIEAOBAHUE BIMSHUS TIyOUHBI MOJYJISILIUU
YIJIEPOAHBIX MOTJIOTUTENEH Ha YCJIOBUS I'€HEpAlUHU TYJIMEBOrO0 BOJIOKOHHOTO
Ja3zepa B peKUME CUHXPOHHU3ALUHA MOJI.

NuTepec K  HWCHOJIB30BAHUIO  YIVIEPOAHBIX  MOIMVIOTUTENIEH ISt
CUHXPOHM3allMM MOJI JIa3€pOB BbI3BAH BO3MOXKHOCTSIMHU  BapbUPOBAHUS
napaMeTpoB YTJEPOAHBIX MOTJIOTUTEIEH B IIMPOKOM JHANa30HE, a TakKXKe
OTHOCHUTEIBHON MIPOCTOTON UX U3rOTOBIEHUS [1].

Jlazep BBINOJMHEH B JMHEMHOU CXEME C KOJIBLEBBIMUA BOJOKOHHBIMU
3epKajamMu. YTJIEepPOAHbIC MTOTJIOTUTENN BBITIOJTHEHBI B BUIEC MOJIUMEPHBIX IJIEHOK
Ha OCHOBE IIPOM3BOJIHBIX IIEJUIIOJIO3bI C JIUCIIEPTUPOBAHHBIMU B 0OBEME
yTIepoIHbIMU HAaHOTPYOKamu [ 1]. i ucnosib30BaHus B COCTaBE Ja3epa IUICHKH
3QKUMAJIUCh MEX]y BOJIOKOHHBIMU KOHHEKTOpamu. Takum o6pa3om, ObUIH
MOJIYYEHBl YIJIEPOJAHBIE MOIVIOTUTENN C BOJOKOHHBIMH BXOJOM M BBIXOZOM,
KOTOpBIE B PE30HATOPE padOTalId HA TIPOITYCKAHHE.

Jns  xapakrepuzauuu HEJIMHEWHOM  ONTHUYECKOM  XAPAKTEPHUCTUKHU
MPOIYCKaHUSI BOJIOKOHHBIX MOTJIOTUTEIIEH UCIIOIb30BaIach cxema [2], B KOTOpoit
MPOBOAWIOCH CpPAaBHEHUE SHEPTrMUM HMIIyJibca CHUTHajJa MPOLIEIUIEro uepes
MOTJIOTUTENb U SHEPTUU peEePEHTHOIO UMITYJIbCA.

B paborte mokazaHo, 4TO yBeTWYCHUE TOJIIMHBI TJICHKHA C YTIEPOTHBIMHU
HaHOTPYOKaMU NPUBOAUT K YBEIUUYECHHUIO ITyOUHBI MOAYJISLIMU U UHTEHCUBHOCTH
HACBIIIECHUS MOTJIOTUTEIIS.

YBenuuenue riryOruHbl MOYJISIITUU TOTJIOTUTENS MPUBOAUT K MOBBIIICHUIO
HEOOXOIMMON HaKauKH JJIsl 3alyCKa UMIYJIbCHOTO PeKUMa reHepalim, a TakxKe
K IOBBIIICHUI0 MAKCUMAJIBHO JJOCTUTAEMOM YHEPTUH UMITYJIbCA.

Pabora BeimosHeHa mpu  Toauepkke TpaHta PODU, rpanT
Neo 18-42-130001.

1. A.B. TayceneB u np., KBantoBas snektponuka 37 (3), 205 (2007).
2. G. Sobon et al., Sci. Rep. 7, 45491 (2017).
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CO3JAHUE ITEPETAKEK HA BOJIOKOHHBIX BCTABKAX
JUIA YVIIPABJIEHMA KOOOOUIIMEHTOM ITPEOGPA3OBAHUA
B OBOJIOYEYHBIE MO/IbI

JI.J1. Bakypos'?, O.B. lIBaHoB'
TV vanoeckuii guruan Hncmumyma paouomexnuxu u 371eKmpoHUKU
um. B.A. Komenvnuxosa PAH, Ynvanoseck
2 Vavanosckutl 20cy0apcmeentvlll mexHu4ecKul ynueepcumen, YibaHo6ck
E-mail: dynamite.98@mail.ru, olegivvit@yandex.ru

Nutepec K  ucciaegoBaHHWSIM  BOJIOKOHHBIX — BCTaBOK  OOYCJIOBJIEH
BO3MOXHOCTHIO BO30YXICHHUS C HUX IMOMOIIBI0 000JIOYEYHBIX MO, KOTOpHIC
MOTYT HCIIOJIb30BaThCS B BOJIOKOHHO-ONTHYECKUX natuvkax [1]. M3meHeHue
kod(punrerTa nmpeodpa3zoBaHus B 000J0YCUHBIC MOBI IIPH BKIFOUCHUH B HETO
BCTABKM CHEIMAJIBLHOIO BOJIOKHA MPOUCXOAUT B pe3ysibTaTe TOr0, YTO YaCTh
WHTEHCUBHOCTHU W3 MOJIbl CEPALIEBUHBI IEPEXOJAUT HE B CEPALICBUHY BCTaBKH, a B
ee obomouky [2]. Koaddurment npeodpazoBanusi 3aBUCUT OT IJIUHBI BCTABKH,
MOATOMY €TI0 MOKHO KOHTPOJUPOBATh IMMyTEM U3MEHEHUS ATOU JJIUHBI.

B pabore peanusyercss crnoco0 KOPPEKTUPOBKU [JIMHBI BCTaBKU C
MOMOIIBI0 HarpeBa W BBITATUBAHUS B allliapare JJis CBAPUBAHUS ONTHUYECKHUX
BOJIOKOH. BcrtaBka cnernuansHoro BosiokHa (SM450, SM600) pasorpeBaercs
KOPOTKUMH pa3psijaMu dJiekTpudeckor 1yru (t = 180...220 Mc) u BRITATHBACTCS
M10JIBEIICHHBIM K BOJIOKHY I'py30M. BbLII0 TPOBEACHO HCCIIEJOBAHUE 3aBUCUMOCTH
U3MEHEHHS pajnyca OOOJIOYKM BOJOKHA OT KOJWUYECTBA PA3PsAOB U BPEMEHH
paspsiia. Pe3ynbraThl U3BMEpPEHUN MOKa3allk, YTO ONTUMAJIbHOE BpeMs pa3psiia
coctaBisieT okosio 200 mc. CnekTpbl MPOMYyCKaHUSI B 3aBUCHUMOCTH OT 4YHCJa
pa3psI0B N300payKEHbI HA PUCYHKE.

T ponyerme
I ponycrnme

9sxcno pa:panos YHCno pazpanos
Puc. 1. 3aBucumocth K03 dUIIMEHTA TPOITYCKaHUS OT KOJMYECTBA Pa3PsI0B.
N3 nostydeHHBIX 3aBUCUMOCTEN MPONMYCKAaHUs OT YMCJIa pa3psa0B BUJIHO,

yTO IpHu BpemeHu pazpsaa 180 mc mocrarouno 10—15 pas3psinoB, 4T0OBI MOTYYHTH
HeoOxoanMoe 3HaueHne kodduimenta npormyckanus okojo 30%.

PabGora BeimonmHena mpu (¢uHaHCOBOM moanep:kke PODOU (mpoext
Ne 16-47-730738).

1. Y. Kong et al., IEEE Sens. J. 18, 8747 (2018).
2. O.B. UBanos, PaguorexH. u anextpoH. 63, 1041 (2018).
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FIBER GAS LASERS

I.A. Bufetov
Prokhorov General Physics Institute of RAS, Moscow, Russia

Dianov Fiber Optics Research Center, Moscow, Russia
E-mail: iabufl@fo.gpi.ru

Solid-core fibers made of soft glasses of various compositions have some
inevitable restrictions in terms of spectral position and width of transparency
region, optical strength, resistance to thermal loads and humidity. This fact is a
serious limitation for development of glass fiber lasers.

The creation of hollow core fiber waveguides [1] has significantly
expanded the possibilities of fiber laser sources development, primarily through
the use of gases as active media. So, gas fiber lasers were created in the mid-IR
range using transitions of an acetylene molecule in a hollow silica glass fiber ([2],
pump wavelength of 1.53 um, generation wavelength of 3.1 pm, an average output
power of more than a watt in a continuous mode). Using the nonlinear properties
of various gases allowed one to obtain supercontinuum emission in a hollow fiber
in the previously inaccessible spectral range (see, e.g., [3], where radiation was
obtained in the range from 1.2 um to 0.126 pm).

The development of hollow core microstructured optical fibers paved also
the way to Raman fiber lasers (RFL) with gas as a Raman gain medium. An
important advantage of such fibers is a possibility to use molecules of light gases
with high energy of vibrational quanta. Raman shifts in such gases are as high as
4155 cm™! (light hydrogen), 2987 cm™ (deuterium), 2917 cm™' (methane). All
these values are much higher than the maximal Raman shift in glass fibers
(1330 cm™! for phosphosilicate fibers). For example, one cascaded RFL based on
vibrational transition in '"H> molecules can provide a wavelength conversion
1.06 — 1.9 pm. Starting with 1.56 um one cascaded Raman conversion allows
obtaining directly a laser generation at 4.4 um. Therefore, a significant progress
in mid-IR range Raman lasers can be achieved with the use of well-established
near-IR fiber lasers as pump units.

For the first time RFL based on hollow-core (HC) photonic crystal fibers
(PCF) with the use of a vibrational transition in 'H> molecule (conversion 535 nm
— 683 nm) was demonstrated in 2002 [4]. The hydrogen pressure in HC-PCF was
17 bar. RFL was pumped by a 6 ns pulse radiation. Hydrogen RFL can also use
rotational transitions of the molecule. In this case Raman frequency shift is
587 cm [5].

Efficient stimulated Raman scattering was also demonstrated in hydrogen-
filled HC fibers pumped around 1 um [6, 7]. In those works quantum conversion
efficiency as high as 80% [6] and 60% [7] was achieved for Raman generation at
1.8 um and 1.9 pum, respectively. Using 1.56 um pump radiation, 4.4 um Raman
fiber laser has been recently realized in similar scheme with molecules of the
lightest hydrogen isotope 'H, (protium) as an active medium [8].

Hollow core optical fibers are mainly made of silica due to its excellent
technological properties. The contribution of own optical absorption of silica to
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the optical losses of the hollow core fiber depends on a light localization
mechanism of the fiber.

Note that the waveguiding mechanism of HC-PCF is based on a
considerable penetration of radiation into the microstructured reflecting cladding
on several periods of cladding structure. Thus, silica based HC-PCF lose their
excellent properties in the wavelength region A > 3 um. A substantial increase of
silica optical absorption in this region results in an increase of optical losses in
HC-PCF [9]. Therefore, another type of HCF should be used for lasers in mid-IR.
A good choice is HC fiber which use antiresonant waveguiding mechanism [10]
and, additionally, have core cladding boundary with negative curvature [11]. In
particular, hollow core revolver fibers meet these conditions well [9]. RFL based
on revolver fibers enabled one to generate a single-mode radiation at the
wavelength 4.4 pm with quantum efficiency more than 50% [12]. This RFL was
pumped by the ns pulse erbium fiber laser with average output power of
~ 10 W. Its scheme is shown in fig. 1.

Er-doped L1 L2
Fiber Laser Q
A =1558 nm D a

1= 3.4ns; 4
Rep. Rate = 25 kHz Al,0; window

RF
Powermeter

Ge H, /Dy
plate ZnSe

Optical Spectrum N
Analyzer N
(OSA 207) N L Al;03; window

Fig. 1. Scheme of the experimental setup. L1 and L2 — aspheric fused silica lenses;
RF — revolver fiber; Al2O3 — sapphire windows of the gas cells at the HCF ends;
ZnSe — collimating lens made of zinc selenide; Ge — 2-mm-thick germanium plate.

A cross-section of the revolver fiber and the dependence of the average
output power on the pump power are shown in fig. 2.

Raman lasers based on gas-filled revolver fibers can become a versatile tool
for generation at new wavelengths in mid-IR, because various Raman-active gases
and their mixtures can be implemented. For example, another hydrogen isotope,
deuterium D», can be used to achieve Raman generation around 3 pum. Fig. 3 (b)
shows an output spectrum of a RFL based on revolver fiber filled with a mixtur
of ', and D, Its scheme is similar to the one in
fig. 1, but the revolver fiber has a slightly different size of the cross-section, that
results in proper positions of transparency bands of the revolver fiber for 1.55 and
3 wm radiation (fig. 3 (a)). The radiation at the output of the laser contains the
Stokes components that arise as a result of Raman generation on the vibrational
and rotational transitions of both gases (fig. 3 (b)).
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Fig. 2. (a) — SEM picture of the revolver fiber cross-section. The hollow core diameter
is 75 um. (b) — the average power at the RFL output vs. pump power launched into the hollow
core; red dots — non-converted pump A = 1.56 um; black squares — vibrational Stokes
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radiation A = 4.42 pm; blue triangles — rotational Stokes radiation A = 1.72 um.
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Fig. 3. (a) — calculated spectrum of optical losses for revolver fiber that was developed
to realize RFL for 2.9-3.5 um spectral region; (b) — output spectrum of the gas RFL. Peak
pump power at A = 1.56 um coupled into the revolver fiber core was 14 kW. A mixture of 'H>
and D2 at partial pressures of 2 and 28 atm, respectively, was used as an active medium.

This work was supported by the Russian Science Foundation (Project

No. 19-12-00361).
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COMPARISON OF POLARIZATION CHARACTERISTICS
OF NON-STANDARD TWISTED FIBERS

O.V. Ivanov"**, M.M. Nabiulin!
IUlyanovsk State University, Ulyanovsk, Russia
’Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Ulyanovsk, Russia
SUlyanovsk State Technical University, Ulyanovsk, Russia
Email: mans73@yandex.ru

Polarization phenomena in twisted optical fiber have been known for a long
time [1]. Fiber twisting is used to monitor polarization of modes propagating in
optical fiber, to adjust fiber grating operating wavelength, to compensate fiber
birefringence and to control polarization mode dispersion.

The modes propagating in twisted fiber are under the effect of circular
birefringence. Rotation of polarization of modes propagating in the fiber is
proportional to the twisting fiber angle [2]. The proportionality coefficient is
determined by the photo-elastic constants of the optical fiber material. It is of
particular interest to study polarization rotation in non-standard fibers, such as
fibers with special doping, an air core, etc.

This paper presents an experimental investigation and comparison of the
polarization characteristics of the modes propagating in various types of twisted
fibers such as Fujikura, Corning, and several types of optical fiber from Fibercore,
including ones with high germanium concentration.

polarization fiber fiber
1 1 1 1 controller clamp rotator

polarization

laser — ( x I )
1550 nm | ((}:):FE analyzer

Fig. 1. Experimental setup.

The experimental setup consists of laser (wavelength 1550 nm),
polarization controller, fiber clamp, fiber rotator and polarization analyzer
(Keysight N7781B). The fiber length was varied from 5 to 30 cm.

We measured the change in polarization of modes propagating in various
types of twisted fibers as a function of twisting angle and for different fiber
lengths.

The work was supported by Russian Foundation of Basic Research (project
Ne 16-47-730738).

1. R. Ulrich, A. Simon, Appl. Opt. 18, 2241 (1979).
2. O.V. Ivanov, J. Opt. Soc. Am. A 22, 716 (2005).
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THE PASSIVELY MODE LOCKED FIBER LASER RESONATOR LENGTH
AND SATURABLE ABSORBER PARAMETERS INFLUENCE ON PULSE
PEAK INTENSITY AS GAIN INCREASED

A.A. Mastin!, P.A. Ryabochkina?
ITechnopark-Mordovia, Saransk, Russia
’National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: mastinaa(@mail.ru

We simulated passively mode locked pulsing in fiber laser ring cavity with
anomalous dispersion. Thulium active fiber as amplification medium was
considered. The work is aimed to find how the saturable absorber and cavity
length effects the highest achievable pulse peak intensity and energy as gain
increased. To find this we simulated pulse dynamics in Shrodinger model [1] for
fiber lasers with different cavity length, saturation intensity and relaxation time
absorbers.

The fig. 1 shows pulse peak intensity for considered cases as gain increased.
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Fig. 1. The pulse peak intensity dependences as gain increased. The lines are found for
different cavity length and absorber saturation intensity and relaxation time. The markers
depict the pulse highest achievable peak intensity while single pulse regime per cavity round
trip exists.

We found that for any cavity length highest pulse peak intensity
corresponds to laser with highest absorber saturation intensity and shortest
relation time. As cavity length increased on pulse profile low intensity pedestal
appears which restricts pulse peak intensity growth as gain increased.

1. O.G. Okhotnikov, Fiber Lasers, Weinheim, Germany: Wiley, 2012.
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THE THULIUM DOPED FIBER LASER MODE-LOCKED BY CARBON
NANOTUBE ABSORBER

N.R.Arutyunyan!, V.A Kamynin', A.A. Mastin?, E.D. Obraztsova', P.A Ryabochkina®
!Prokhorov General Physics Institute of RAS, Moscow, Russia
’Technopark-Mordovia, Saransk, Russia
SNational Research Ogarev Mordovia State University, Saransk, Russia
E-mail: mastinaa@mail.ru

The work is aimed to determine the influence of carbon nanotube based
saturable absorber modulation depth on mode lock pulsing of thulium doped fiber
laser.

The interest to carbon nanotube based absorbers is explained by availability
to tune its parameters in wide range and by relatively low cost of it production
[1].

The fiber laser is made in linear scheme that is closed by fiber ring-like
mirrors. Carbon absorber is manufactured by dispersion of carbon nabotubes in
cellulose film [1]. The film was set between fiber optic connectors and in such a
way was used in a transmission in the cavity.

To characterize the nonlinear transmission properties of saturable absorbers
we used fiber optic scheme [2] in which we compare the energy of picosecond
laser pulse that passed through absorber and energy of referent pulse.

As a result, we show that absorber film width increasing led to increase of
absorber modulation depth and saturation intensity.

Also we show that laser with absorber that have more deep modulation
depth have more higher mode lock start pump level and its pulse energy can have
more higher energy.

1. A.V. Tausenev et al., Quantum Electronics 37 (3), 205 (2007).
2. G. Sobon et al., Sci. Rep. 7, 45491 (2017).
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TAPERING FIBER INSERTIONS FOR CONTROLING COUPLING
TO CLADDING MODES

D.D. Bakurov!?, O.V. Ivanov'?
Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Ulyanovsk, Russia
2Ulyanovsk State Technical University, Ulyanovsk, Russia
E-mail: dyvnamite.98(@mail.ru; olegivvit@yandex.ru

The interest in the investigation of optical fiber insertions is due to the
possibility of excitation of cladding modes that can be used in fiber optical sensors
[1]. The change in the coupling coefficient into cladding modes when a special
fiber insertion is made occurs as a result of the fact that some part of the intensity
from the core mode is not guided by the core of the insertion, but goes to its
cladding [2]. The coupling coefficient depends on the length of the insertion;
therefore it can be controlled by changing its length.

In this paper, we implement a method for adjusting the length of the
insertion by heating and drawing it in an optical fiber splicer. The insertion of a
special fiber (SM450, SM600) is heated by short discharges of electric arc
(t=180...220 ms) and is pulled by a load suspended at the fiber end. We studied
the dependence of the change in the cladding radius on the number of discharges
and the discharge time. The measurement results showed that the optimal
discharge time is about 200 ms. The transmission through the insertion as function
of the number of discharges is shown in the following figures.

Insertion SM-450 0.3 mm, t=2
Insertion SM-600, 0.160mm 0q) sertion SM-4500.3 mm, 200 ms

t=180 ms T Mroom
— 1475 nm "o 1525mm
-----1525 nm
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T
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Fig. 1. Dependence of transmittance on the number of discharges.

0,0
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From the obtained dependences of the transmittance on the number of
discharges, it can be seen that 10—15 discharges are sufficient to obtain the
necessary transmittance of about 30% for discharge time of 180 ms.
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HOJIYIIPOBOJHUKOBBIE HAHOIPOBOJIOKU: POCT 1 OITUYECKUE
CBOUCTBA

['.D. lpipaun
Canxkm-Ilemepoypeckuti Axademuuecxkuii ynusepcumem um K.U. Angheposa
PAH, Cankm-Ilemep6ype
Hncmumym ananumuuecrkozo npubopocmpoernus PAH, Cankm-Ilemepoype
Yuusepcumem UTMO, Cankm-Ilemepbype
E-mail: george.cirlin@mail.ru

[Iporpecc B TEXHOJOTMYECKUX METOJIAaX BBIPAIIMBAHUS U JUATHOCTUKU
HAaHOCTPYKTYP Pa3jIMYHOIO TUNA, JOCTUIHYTHIN B IIOCIEHEE BPEMS, IPOJOJIKAET
OyKBaIbHO Ha HAIMUX TJia3aX MpeoOpakaTb HHPOPMAIMOHHBIA MHUDP H
IIOBCEITHEBHYIO  KM3Hb  4YeyoBeka. DyHIaMEHTAIbHBIE U INPUKIAJHBIC
UCCICOBAHUSI  METOJOB  CO3JAaHHWs W CBOMCTB  HAHOCTPYKTYp B
KOH/JICHCHPOBAHHBIX ~ Cpelax NPUHATO OOBEAMHATH OOIUM TEPMHUHOM
«HaHOMATEepHalabl M HAHOTEXHOJIOTMW». B HEKOTOPOM CMBICIE ITOHATHE
HAHOTEXHOJIOTUM JaXe WIMpe TPaJuLUMOHHOIO TMojApa3eneHus oobnacrei
3HAHMM — (U3UMKH, XUMHUHU, OUOJIOTMM M JAPYIMX JIUCUHUILUIMH, IOCKOJIbKY
yIpaBJIE€HUE CBOMCTBAMU CHUCTEMBI HA aTOMAapHOM YPOBHE CTHUPAET pa3INYMs
Mexay oObeKkTamu ucciefoBaHus. [loaynpoBOAHUKOBBIE TE€TEPOCTPYKTYPHI,
BIIEpBbIE CHUHTe3WpoBaHHbIE B 1960-x rogax, ObICTpO HAILIM MPUMEHEHHE B
ONTO3JIEKTPOHHBIX YCTPOMCTBAX U BEICOKOCKOpOocTHOM CBY anekTponuke. 3atem
ObUIM CO3/1aHbI HAHOCTPYKTYPBI C OJHOMEPHBIM (KBAHTOBBIE SIMbI), IBYyMEPHBIM
(KBaHTOBBIE IPOBOJIOKM) U TPEXMEPHBIM (KBAHTOBBIE TOYKH) OrpaHUYEHUEM
HOCUTEJIEH 3apsAna, NMPUBOIAIIMM K KBAaHTOBAHHUIO CIEKTPA JHEPreTUYECKUX
COCTOSIHMU. YHUKAJIbHBIE TPAHCIOPTHBIC, DJIJIEKTPUYECKHUE, ONTHUYECKHUE,
aJCOpPOLIMOHHBIE M  HHBIE  XapaKTePUCTUKH  aHCcaMOJsl  HAHOCTPYKTYP
OTIpEICTISAIOTCA UX pasMepoM U Mopdororueil. Hannune HeTpuBHAIbHON CBSI3U
MEXITy (U3MUECKMMH XapaKTEpPUCTUKAMHM YacTUI[ U HMX TEOMETpPHUEH JenaeT
aKTyaJIbHOM 3a/1a4y KOHTPOJIMPYEMOTO BbIPAIIMBAHUS HAHOCTPYTYP C 3aJaHHBIM
pa3MepoM, IIOTHOCTbIO U (POPMOH.

B nexuuu paccmartpuBaroTcs GyHAaMEHTANIbHbIE U MPUKIIAIHBIE ACIIEKThI
CUHTE3a, CBOWCTB U IMPWIOKEHUN OJHOMEPHBIX IOIYNPOBOJIHUKOBBIX
HAaHOCTPYKTYpP, NEPHEHIUKYJSIPHBIX  IOBEPXHOCTH  NOMIOKKH.  Takwue
HAHOCTPYKTYpPbI Ha3bIBatOTCSl HUTEBUIHBIMU HaHOKpUcTamiamMu (HHK), nnaue —
HaHoBuckepamu. [lomynpoBoanukoBeie HHK o00ObHO BbIpammBaroTcs Ha
IPEIBAPUTEIBHO MOJTOTOBJICHHBIX MOBEPXHOCTSIX. B OONBUIMHCTBE CilydaeB
UCIIOJIB3YETCSl  AaKTUBAIMSl IMOBEPXHOCTM  METAUIMYECKUMHU  KaIULIMM — —
KaTanuszaropaMu pocta. MccemenoBanust poctoBsix mpoueccoB u csorcts HHK
IPOLIECCOB B HACTOAIIEE BPEMS MPHUBIEKAIOT OOJBIIOW HMHTEpEC. ITO
00BsCHSETCS, B NEPBYIO Ovepelp, nepcrnekTuBHbIMU npuMmeHeHusimu HHK B
Pa3IMYHBIX 00JACTSIX MUKPOAIEKTPOHHUKH, ONITOAIEKTPOHUKH, HAHOMEXaHUKH U
HaHOOMOTexHoJoruu. Ha  ocHOBe  MOXHO  co3daBaTh  MOJIEBBIE U
reTepoOUNOIIIPHbIE  TPAH3UCTOPHI,  CBETOM3IIyYAlOUIME  YCTPOWCTBA  CO
CBEPXHHU3KHM SHEPronoTpeOIeHUEM, pPa3IMYHbIE THUIIBI CEHCOPOB, 30HJBI IS
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aTOMHO-CUJIOBBIX MHKPOCKOIIOB, AaBTO3MHUCCHOHHBIE KaTOJbl, TYHHEJIbHbIC
JMOJBI, OJHORJIEKTPOHHBIE TPAH3UCTOPHI, OJAHO(GOTOHHBIC W3ITydYaTeNd U T.J.
UpesBbiuaitHo 3(QeKTuBHAST penakcalus ynpyrux HampskeHud Ha OOKOBOM
MOBEPXHOCTH TMO03BOJIAET BbIpamuBarh Oe3nuciokanumonHsle HHK B cunbHO
pPaccorjacoBaHHBIX TIE€TEPOINUTAKCHANBHBIX CHUCTEMAax, YTO HEBO3MOXHO B
JNBYMEPHBIX  TUIeHKax. AuncamOmu  nonynpoBoaHukoBbix HHK — taxke
MIPEICTaBIIAIOT COOOM YHUKAIBbHBIN O0BEKT JJI MPOBEeHUS (PyHIaMEHTAIbHBIX
UCCIIEOBAHUM ITPOIIECCOB POCTa M CBOMCTB OJHOMEPHBIX HaHOCTPYKTYyp. K
HaumOoJiee HMHTEPEeCHbIM (yHAAMEHTAIBHBIM BONPOCAM OTHOCATCA: (PU3MKa
HYKJI€allMy B CHCTeMaxX MOHWKEHHON pa3MEepHOCTH, MOAU(UKAIUSI CBOOOTHOM
DHEPTUU 3a CUET MOBEPXHOCTHBIX 3 (PEKTOB, KpucTaILIorpaduueckasi CTpyKTypa
HHK, ognomepnsiii TpancopT HocuTenen, 3¢ (HEeKTh pa3MepHOTO KBAHTOBAHUS,
OOJIbIIIMEe OTHOUIECHHUS IUIOLIAAM TOBEPXHOCTU O0BEMa K O0BbEMY IUIOIIAIU
MOBEPXHOCTH, BHICOKAsl YyBCTBUTEILHOCTh TPOBOJAMMOCTH K YIIPABICHUIO MOJIEM
U K MOAuUKalMKu TOBEPXHOCTH Kpuctamia. OIHOMEPHOCTh OOBEKTOB,
COCYLIECTBOBAHHE HECKOJIbKUX (ha3 BeleCcTBA NPU UX (GOPMHUPOBAHUH, HATTUUHE
HETPUBUAIBHBIX  pa3MepHbIX A(P(PEKTOB  JAeNaeT  aKTyaJlbHOM  3ajauy
MOJEIUPOBaHUS MpoIeccoB pocTa U ¢puzndeckux cpoiicts HHK.

Hecmotps Ha 3HAYMTENBHBINA TEXHOJIOTMYECKUM POTPECC, TOCTUTHYTHIN B
nocljieqHee BpeMs B 00JIACTM CHUHTE3a U JUArHOCTUKHU TOJYIPOBOIHUKOBBIX
HHK, ¢wuszuka nomynpoBoanukoBeix HHK sBnsercs pasBuBaromieiics, a He
3aBepUICHHON 00JIaCThI0 HAHOTEXHOIOTHH. [103TOMY 11€J1BI0 JIEKIIMH SBIISETCS HE
TOJIbKO OMHCAaHUE JOCTHTHYTBIX pe3yJbTaTOB, HO U aHamu3 Haumboiee
aKTyalbHBIX TIpoOsieM. B 1enoMm pasBuTHEe WUCCleNOBaHUN B 00MacTH
noynpoBogHukoBeiXx HHK HeoOXomumo mjis pemieHusl BaKHEHMIICH 3amaadu:
CO3JaHUSl HOBBIX MAaTE€pUAJIOB C KOHTPOJHMPYEMBIMH CBOMCTBAMH M IIHUPOKOM
00JacTbi0 MPUMEHEHHWs HAa OCHOBE HEIUIAHAPHBIX HaHOOOBEKTOB. Criemyer
noqyepkayts, uro HHK ¢dopmupyrorcs He B pesynbrare MpoOLEcCOB
caMOOpraHu3aluy, Kak MHOTME€ JpYrd€ HAHOCTPYKTYpbl, a 3a CYET
IpeIBapUTEIBbHON MOATOTOBKH MOBEPXHOCTH. BO3MOXHOCTH NPELIM3MOHHOTO
KOHTPOJISl AMAMETPA, BBICOTHI, (POPMBI, MIIOTHOCTH, CTPYKTYphl U coctaBa HHK
ABJISIETCSA, Ha Hall B3IJISAJ, [JIaBHBIM MPEUMYIIECTBOM, I1O3BOJISIOIIAM
CYIIECTBEHHO YJIYYIIWTh CBOMCTBAa MaTepuajga U CO3JaTh HOBOE IIOKOJICHHE
(GyHKIHOHATBHBIX HAHOYCTPOMCTB C KAYECTBEHHO HOBBIMU XapaKTEPUCTUKAMMU.
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®A30BBIE ITEPEXO/IbI B IBYMEPHbLIX CUCTEMAX

b.B. AnapronieuykuH
Hncmumym ooweti gpuzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: andrush@kapella.gpi.ru

Jlexuus moCBsIIEHA CTPYKTYPHBbIM (ha30BBIM NEPEXOJAM B JABYMEPHBIX
CUCTEMAaX, a HMEHHO, B MOHOCJIOMHBIX IUIEHKaX, aJCOpOMpOBaHHBIX Ha
MOHOKPHUCTAJTINYECKUE TOBEPXHOCTH METAJLIOB.

BaxxHocTh  MccienoBaHusi  CTPYKTYpHbIX — (Da30BBIX  IEPEXOAOB B
a7icopOMpPOBAaHHBIX CJOSIX OO0YCJOBJIEHA TEM, YTO JJIsi MHOTHUX IPOLIECCOB,
OPUBOASIIMX K  BO3HUKHOBEHHIO  HAHOCTPYKTYp Ha  IIOBEPXHOCTH
(camoopranmzanusi, SIUTAKCHAIBHBIA POCT), ONpPEICISIIOIMM  (PAKTOPOM
ABJISIETCSI aTOMHAsl CTPYKTypa IEepBOro cios ancopbara (MoHocios). B aroit
CBSI3W KpalHE aKTYaJIbHOW CTAHOBUTCA METOJIMKA CO3JaHHUS MOHOCIIOEB C
3aJJaHHOM CTPYKTYpOMl M YMEHHE KOHTPOJIUPOBATH MPEBPALLEHUS MEXKIY
Pa3IMYHBIMU MOBEPXHOCTHBIMU (ha3aMH Ha YPOBHE aTOMHbBIX MEPEMEILIEHUN.

B oOmeM ciiyyae CTpyKTypa MOHOCIOS ONPEIENSeTCs KOHKYpPEHLHEH
MEXAYy JaTepajbHbIM B3aUMOJACHCTBMEM aTOMOB Ha IIOBEPXHOCTH H
NOTCHIIMAJIIOM IMOMJIOKKH, a Takxke Temmneparypod [1]. B 3aBucumoctu ot
TEMIEPATypbl MOBEPXHOCTH W/WIKM CTENEHW MOKPBITUS HA OJHOW U TOM ke
IOBEPXHOCTU MOTryT HaOmtoAarbest AByMepHble (2D) ras, »KHIKOCTb, a TakKxke
TBepAble ynopsaouyeHHble (a3pl. Ilo OTHOIIEHHIO K pELEeTKE MOUI0KKU
HabmogaemMble (ha3bl MOKHO pa3/ieUTh Ha COpa3MepHbIE, HECOPAa3MEPHBIEC WIIH
YaCTUYHO copa3MepHble. V3MeHeHue Temmeparypbl WM CTENEHH IMOKPBITHS
MOKET MPHUBOJUTH K CTPYKTYpPHBIM II€pexojlaM MEXIy O3TUMHU (a3amu.
OcHOBHbIMH  (DaKTOpaMH, OIPEACIAIOIMIMMHU XapaKTep TaKUX MEpexooB,
SBJISIETCSI COOTHOUIEHUE MOTEHUMAIBHOIO pesibeda MOMI0KKA U JaTepaTbHOTO
B3aUMOJICUCTBUS MEXAY aACOPOMpPOBAHHBIMH aTOMaMH, pPacCcOrIacCOBaHHE
apamMeTpoOB PELIETOK IBYMEPHOTrO CJIOS U MOJIJIOKKH, a TAKXKE TEMIIepaTypa.

TpanuuuoHHO wHccnenoBaHusl (a30BbIX IEPEXOJI0B HA MOBEPXHOCTH
IIPOBOJMIIKCH B IJIEHKAX ra3oB, (pU3copOMpOBaHHBIX HA METAJUIAX UM rpadure,
C MCIIOJIb30BAaHUEM Pa3IMYHbIX JUPPAKIIMOHHBIX METOOB.

Janubli moaxox ObUT CBA3aH € TEM, YTO JUId JAHHBIX CHUCTEM
B3aMMO/ecTBHE ajcopbarTa ¢ NOJI0KKOM MOIJIO ObI OBITh OIMUCAHO JOCTATOYHO
IPOCTO (HAampuMep, C UCIOJb30BaHUEM MOTeHIMana Jlennapaa-Jxonca), 4yTo u
MO3BOJISLJIO CTPOUTH TEOPETUUYECKUE MOJIENH (Pa30BBIX MEPEXOI0B.

OnHUM U3 caMbIX aKTUBHBIX MCCIIENYEMBIX (Da30BbIX MEPEXO0B SIBIISIICH,
TaK Ha3bIBa€MbIH, IEPEXO U3 COpa3MepHOil B HecopazMepHyto dazy [2—4]. [Ipu
TOM 00JIaCTH C copa3MepHOU (a30il OKa3bIBAIOTCS Pa3/ICICHHBIMH IMTOJI0CAMH
WA TeKCAaroHAJIbHOM CETKON Hecopa3MepHOH (a3bl («IOMEHHBIMU CTEHKAMM) C
IUIOTHOCTBIO aTOMOB BBIILIE WJIM HMXKE, YEM B copa3MepHOil oOnactu. JlaHHBIM
3¢ dexT 3TOT ObLT OTKPHIT B paboTe Ppenkenst 1 KoHTOpoBO# B KOHIE TPUALIATHIX
roJI0OB, B KOTOPBI ObUIO MMOKA3aHO, YTO €CJIM Bbl OYJETE CXKUMATh COPA3MEPHYIO
pElIeTKy HaXOASIIMICS Ha KakOM-TO MOTEHIMAale 3TO OKAa3bIBAETCS YTO
PABHOMEPHOI'O CXKATHE PEIIETKH HE MPOUCXOIUT a MPOUCXOAUT BOSHUKHOBEHUE
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JOMEHHBIX CTEHOK (WM COJIMTOHOB), KOTOpBIE pa3lesioT o00JacTu ¢
copa3mepHor CcTpykTypou. Ha pucynke | mpencraBieH MOJEIbHBIM PUCYHOK
JIOMEHHBIX CTEHOK, KOTOpbIE MOTYT pPEaju30BBIBATHCSA Ha TE€KCAroHaJIbHOU
MOJIJIOKKE.

D B0
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A
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ba e

Puc.1. I'excarosajnHble U JJUHEUHBIE JOMEHHBIE CTEHKH HAa T€KCAaTrOHAJILHOM ITOJIOKKE
st crpykryp (V3xV3)R30°.

OxkasbIBaeTCs, 4TO JJOMEHHBIE CTCHKH MOTYT WJIH MTOBTOPSTH CHMMETPHUIO
MOJIJIOKKH, TO €CTh ObITh T€KCArOHAIBLHBIMU, TaK U ObITh JIMHEWHBbIMU. [lepBbie
AKCIIEPUMEHTANIbHBIE CBHUJIETENLCTBA CYIIECTBOBAHUSI JIOMEHHBIX CTEHOK OBLIN
nostyueHsl s ciaenyronmux cucteM: Kr/Graphite, Xe/Pt (111), Hyo/Graphite. Ho
0Ka3aJIOCh UTO TU(PPAKIIMOHHBIX METOJJOB HEIOCTATOYHO JIJISl TIOJTHOTO OMKUCAHUS
($a30BBIX MEPEXO/I0B HA AaTOMHOM YPOBHE, M, 0€3yCIOBHO, HY)KHO MPUMECHECHHE
CKaHUpYIOUIEH  TyHHEIbHOW  MukKpockonuu. OpHako g CiIy4aes
¢duszcopbupoBanHbix razoB gaxe npumeHenne CTM He nmamo od4eHb SIPKUX
PE3yABTATOB B BUIY TOTO, UTO JIaXKe MPH T'SIMEBBIX TEMITEpATypax MOJICKYJIbI Ta3a
OCTaBaJIUCh JOCTATOYHO CJIa00 CBSI3aHHBIMH C MOBEPXHOCTHIO. B 3TOM CBsi3n
MOXHO PacCMOTPETh JPYIYI0 CHCTEMY, TaKyl0 KakK CHCTeMa TajJoreHbl Ha
MeTajlIax, KOTopasi MOXKET SIBIIATHCS allbTEPHATUBHON MOJICTLHON CHCTEMOM IS
uccienoBaHus pazoBbIX MEPEXOI0B.

VY3Ke K KOHIY BOCBMHUAECSTHIX I'0JIOB MPOIIIOr0 BeKa ObLIO OMyOJIMKOBAHO
JIOCTATOYHO OOJIBIIOE KOJMYECTBO PA3IMYHBIX padOT, B KOTOPBIX HCCIIEI0BATACD
aZIcopOIMsl TaJOreHOB Ha METAJUIMYECKUE MOBEPXHOCTH. B OCHOBHOM Bce 3TH
paboThI ObLIH CTUMYJIUPOBAHBI BO3MOXHBIMU KaTaIuTUYECKUMHU
npuioxenusmu. B 063ope Pobepra [IxoHca, omydnukoBanHoM B 1988 roay [5],
ObLJIO OTMEUEHO, YTO TaJoreHbl (POPMUPYIOT OOJBIIOE  KOJUYECTBO
YHOPSAIOYECHHBIX aJICOPOMPOBAHHBIX (ha3 B 3aBUCHMOCTH OT CTEMIEHU TOKPBITUS U
TemriepaTyphl. Tem caMbIM OBIJIO TOKa3aHO, YTO OHU SBJISIFOTCS TOTEHITUATLHBIMU
yAOOHBIMH MOJICTFHBIMH CHCTEMAaMHU JIJISI UCCIIEAOBaHMS (ha30BBIX MEPEXOJIOB.

JIOTIOTHUTENBHO O0Ka3aJioCh, YTO MHOTHE JU(PPAKIIMOHHBIC KapTHHBI,
KOTOpbIe HAOJIONAIOTCA JUIsi MHOTHX Map TrajoreH-MeTall, OKa3bIBalOTCS BO
MHOTOM CXOKMMH C TU(PAKIIMOHHBIMU KapTHHAMH, HAOTI0JaeMbIMHU B TUICHKaX
(Gu3cOopOMPOBAHHBIX Ta30B HAa MOBEPXHOCTH METAUIOB W rpadura. ITO
CBHJIETEJILCTBYET O BO3MOXKHOM 01M30CTH (ha30BbIX MEpexoaax B ATUX CUCTEMAX.

JIOCTOMHCTBOM CUCTEM BHIOOpPA CUCTEMBI FaJIONE€HBI HA METAILIAX SABJISIETCS
BO3MOXHOCTh HaOM0naTh MHOruMEe (Ha30BbI€ MEpPEXOoJbl TpPU KOMHATHOM
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TeMrneparype. XoTsd Ha MOMEHT Hadaja HCCIIEJOBAHMN OOJBIIMHCTBO CHUCTEM
rajioreH/MeTanI OblIN YK€ U3Y4YeHBl HHTErPaTbHBIMU METOIAMU, U JUIS KaXI0H
U3 HHUX OBUIM TMpPEIIOKEHbl CBOM CTPYKTYPHBbIE MOJENH, TTOHUMAaHUS
CTPYKTYPHBIX MPEBpALEHUN Ha IMOBEPXHOCTH METAIOB TOJ BO3JEHCTBUEM
raJIor€HOB JOCTUTHYTO HE ObLI0, BBUAY MPAKTUUYECKH ITOJTHOTO OTCYTCTBUSA pabOT
BBINIOJIHEHHBIX B PEAJbHOM IPOCTPAHCTBE C HMCIOJb30BAaHUEM CKaHUPYIOIICH
TYHHEJIbHOW MUKPOCKOIIUH.

[enbto paboOThI SBISIIOCH U3YYEHHE MEXaHHU3Ma CTPYKTYPHBIX (ha30BbIX
NEPEX0oJ0B B aJCOpPOMPOBAHHBIX CIIOSAX TajJOT€HOB HAa IMOBEPXHOCTH T.ILK.
METAJIOB IIPU UX JATEPAILHOM CKATHH B YCIOBUSAX CBEPXBBICOKOIO BaKyyMa.

OO6beKkTaMu KcCiIeI0BaHUS SIBISUINCh MOHOKPUCTAIIIMUECKUE IPaHU MEIH,
cepebpa u 3o0mota. PaccmarpuBanuce Bce rpanu (111), (100) u (110), koTopsie,
COOTBETCTBEHHO, MPEJCTABISJIM MOBEPXHOCTh TI'E€KCATOHAIBHBIA CUMMETPHH,
CUMMETpHUU 4-TIOpsJKa M NMPSMOYTOJIbHBIM pemieTkod. B kauectse aacopOaToB
paccMaTpUBANIKMCh TAJOTeHBI: XJIOp U Hoxa. Takoil BRIOOp OOBEKTOB IMO3BOJIMI
BapbUpOBaTh PAccOrjiacoBaHUE MapaMETPOB PEIIETOK I'ajloreHa M MOMJIOKKHU B
MaKCHUMaJIbHO LIMPOKUX TMpefeNax, TaK KaK IOCTOSIHHas pEeLIeTKH cepedpa
(2.89 A) makcumaneHa, a Memu (2.56 A) MuHMManbHa cpeau paAa IILK.
MeTaiioB. C pyrod CTOpOHBI, XJop U Hoj (6e3 ydyeta Topa) mpeacTaBisioT
MUHUMAJIbHBI 1 MaKCUMAaJIbHBIA pa3Mep aToMa rajioreta: quaMmerpsl Ban-nep-
Baanbca paBubl 3.6 A n 4.0-4.3 A, cooTBeTcTBEHHO.

OCHOBHBIM METOJIOM HCCIIEAOBaHUS SBIIIACH CKAHUPYIOIIAsl TYHHEJIbHAS
MUKpocKkonus. Bce uccienoBaHus MPOBOIMINCH B YCIOBHUSIX CBEPXBBICOKOIO
Bakyyma npu gaiaeHuu nydme, dem 107'° Topp. IToMuMo 3TOro, KOHEUYHO,
UCIIOJb30BaNach AJIEKTPOHHAsI  CIEKTPOCKOMNHUsA, JAU(pakuus MeAJIEHHBIX
AIIEKTPOHOB, TEPMOIECOPOLIMOHHAS Macc-CIEKTPOMETPHS. Bce
HKCIIEPUMEHTAJIbHBIE METO/bl JOMNOJHSJIUCh pacdeTaMd B paMKax TEOpHH
¢yHKIIMOHAMa TIJIOTHOCTH C HUCHoOJb30BaHMeM maketra VASP wna 0aze
BBIUUCIUTENBHBIX KiIacTepoB PAH, MOTU, MI'Y, UOD PAH.

B nexkuuu mnpenctaBieHbl pe3ysbTaThl HCCIEIOBAHUM, NMPOBOJAMMBIX B
OTJ/IeJIe TEXHOJOTH W u3MepeHuit atomHoro maciuraba MODPAH [6]. Bce
pe3yibTaThl MOTYT OBITh pa3lieJieHbl Ha YeTbIpe TPYIIbI, OTpaKarouue
Pa3IMYHBIC TUIIBI CTPYKTYPHBIX (ha30BbIX MEPEX0I0B HA TOBEPXHOCTH:

1. Tlepexon OecnopsAOK-MOPSIOK, T.€. YIOPSAOUYEHHE HA CYyOMOHOCIONHBIX

HOKPBITHSAX.

2. Tlepexon u3 copa3MepHO B HECOpa3MEpHYIO ¢a3y.
3. PexoHCTpyKIMOHHBIE (a30BbIe EPEXOIBI.
4. ®opmHupoBaHUE MOBEPXHOCTHBIX FAJIOIC€HUIHBIX (a3.

Ha nepBom »Tame uccienoBaHus Mbl PacCMOTpENN CyOMOHOCJIOMHYIO
CTAAMI0 aAcOPOLMM TaJOreHOB Ha IIOBEPXHOCTh TI.I.K. METaIoB. bbLIo
YCTaHOBJIEHO, YTO Ha HAYAJIbHOM CTauu aacopouuu xyuopa Ha rpassx (111) r.ak.
metamioB (Ag, Cu, Au) mnpoucxoaut Q(OpMHUpPOBAHUE KBA3HOJHOMEPHBIX
LEMOYEYHBIX U HAHOTIOPUCTBIX CTPYKTYP € PACCTOSTHUSIMU MEX]ly aTOMaMU XJIopa
MCHBIIHMH, 9eM B AByMepHOH cTpykrype (V3xV3)R30°, nmeromeii 6ombimyio
IUIOTHOCTH (pHUcC. 2). ATOMHBIE CTPYKTYpbI, (POPMUPYEMBbIE aTOMaMHU TaJIOT€HOB
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Ha TOBEPXHOCTH T.IL.K. METAUIOB Ha CyOMOHOCTIOWHOHN cTaguu aacopOuuu,
00yCJIOBIIEHBI HEMPSIMBIMH 3JIEKTPOHHBIM HW/WIM YIPYTUM B3aUMOJCHCTBUSIMHU
MEXIy aTOMaMH TaJOT€HOB Yepe3 MOJIOKKY. B manbHemeM npu yBeTMICHUH
CTETICHU TOKPBITUS 3TH HAHOTIOPUCTHIE CTPYKTYPBI TOCTEIICHHO MPEBPAIIAIOTCSI
K 1/3 MOHOCIIOS B IpocTyIo cTpyKTYpy (V3xV3)R30°.

—

Cl/Au(111) 0.12MC /P’ 0.15 MC
b -

@y (o) BSOS & Gl ) LRSI
Puc. 2. CTM-n3o6paxenus (200200 A2, 5 K) HaHOIOPUCTHIX CTPYKTYp U3 aTOMOB XJI0pa,
dopmupyembix Ha rpansx Au(111) (a), Cu(111) (6) u Ag(111) (B) B cyOMOHOCTOHHON
00J1aCTH TTOKPBITHIA.

B xome wu3ydenus (DazoBoro rmepexoja U3 COpa3MepHOil B
Hecopa3MepHyIo ¢a3y OyayT MOJTy4YeHBI OTBETH Ha BOMPOCHl: Kak mpoucxoaut
cKaTHe COpa3sMEepHOW pemeTku? SIBisieTcss M CKaThe U30TPOMHBIM |
onHoponubiM? Kak 3aBUCHT XapakTep Iepexoja OT CHMMETPUU PEIIETKH
MOJIONKKH?

B uvactHocTH, Ha mpumepe aacopOuuu xjopa Ha noBepxHocTh Ag(111)
YCTAHOBJICHO, YTO MEXaHM3M CXATHs copasMepHoil pemretkn (V3xV3)R30°
(mepexoj copazmepHasi — HecopazMepHas (pa3a) BKiroaeT B ce0st hopMUpOBaHUE
KpayaroHOB (pHc. 3) ¥ UX KOHJEHCAIIUIO B CBEPXILIOTHBIC JTUHEHHBIC TOMECHHBIC
creHku. [lokazaHo, 4To MOIOOHBIN MEXaHU3M MOXKET OBITH OOIIUM U ONIPEIEIATh
¢dazoBble Iepexobl B o€ rajgoreHoB Ha rpausax (111) r.u.k. MeTanios.

Mopenb JUHEHHBIX JOMEHHBIX CTEHOK OMNMCBHIBACT MPOLECC CKATUSL
pemieTku ranoreHoB Ha rpaHu (110) ruark. mMeTasioB B TOM cCiyyae, €cliu
MPEANOYTUTEIBHBIM MECTOM aJCOPOITUU TaJoreHa SIBIISICTCS MOJIOKEHUE MEXKTY
yeTelppMsa atomMamu nomioxkua (I/Cu(110), 1/Ag(110)). Ecnm naubonee
BBITOJTHBIM MECTOM aJICOPOITUU SIBIISIETCSI KOPOTKOE MOCTHUKOBOE TMOJIOKEHHUE, TO
CKaTHE PENICTKU TajoreHa MPOUCXOIUT B PE3ybTaTe PEKOHCTPYKIIMOHHBIX
nepexoaos (Cl/Cu(110)).
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Puc. 3. (a) - CTM-u3o6paxenue (330x330 A2, 5 K), monydeHHoe 11 CTENEHH OKPBITHS
xsopoMm 0.34 MC. Ha BcraBke mpusejieH pypbe-00pa3; (6) — CTM-u3zo0pakeHue ¢ BBICOKUM
pa3pelIeHneM pemeTKy XJI0pa ¢ HaJIOKEHHOH CeTKOM, Y3JIbI KOTOPOH COOTBETCTBYIOT
pemerke Ag(111). Jledext BHeaperns B peuretky (V3x V3)R30°-Cl (10monHuTe BB aTOM
XJIOpa) MOKa3aH 3eJICHBIM KPYKKOM, a aTOMBI, (POPMHPYIOIINE KPayIUOH, TIOKa3aHbI
(HOIETOBBIMU KPY>KKAMH.

Ha rpanu (100) r.11.K. METaI0B CoKaTUE COPA3MEPHOM PEIIETKH IraJIOT€HOB
peanusyercsi TOJIbKO MPU 3HAYUTEIHHOM MPEBBIIICHUU PACCTOSHUS TaJOreH-
rajlor€H B UCXOJIHOM COpPa3MEpPHOM CTPYKType HaA auaMmeTpoM Ban-aep-Baanbca
rajoreHa (ciaydait I/Cu(100)). YcraHoBiieHO, YTO B 3TOM cCllydae CKaTHe
MPOUCXOJUT 3a CueT cepuu (Ha3oBBIX MEPEXOJOB IMEPBOrO U BTOPOTO poja,
BKJIIOUas 2D mnaBieHue.

TpeTbuM 3TanoM UCCIIEA0BAHUM SBISITUCH PEKOHCTPYKIIUMOHHBIE (pa3oBbIe
nepexoabl, KOTOpPbIe MHIYIIUPOBAHBI ajcopOiuei rajoreHoB. B sTtom ciydae
ObUla caenaHa MONbITKAa pacmupoBaTh JETalbHYI0 AaTOMHYIO CTPYKTYpPY
PEKOHCTPYKIIMOHHBIX (a3 W  yCTaHOBUTH  ycCioBHS  (opMuUpOBaHUS
PEKOHCTPYKIUH.

Ha pucynke 4 mokasan npumep, 3TO OIATH ke XJop Ha cepedpe (111), B
KOTOpOM Tiociie (hOpMHUPOBAHUS JOMEHHBIX CTCHOK BO3HUKAET JEHCTBUTEIHLHO
CIIOXHAs KapTUHA TU(PAKIINK MEJICHHBIX dJIEKTPOHOB, KOTOPas TOKE BXOJHWT B
CEMENCTBO «NXN» M COIAEPKUT TPYIIbI IATEH BOKpYr nosioxkeHnid 3x3. Ha
nertasbHoM  CTM-u3o0pakeHUM BHJAHO, 4YTO CPOPMHUPOBAINCH  OYECHD
MHTEpPECHBIE 00BEKTHI C TAKUMH JILIPOUKAMU — 3TO OCTPOBKH pazmepoM 15-30 A,
JIOKaJbHAsl TMEPUOJUYHOCTh KOTOPhIX 3%3. To ecTh pacCTOSHUE MEXIY
JIBIPKaMU — 3TO YTPOCHHOE PACCTOSHUE MEXKAY aTOMaMH MOJJI0XKKUA. OCTPOBKHU
anTu(a3Hbl IPyr IpYyry, U, IOITOMY, 3Ty CUCTEMY MOXHO pacCMaTpUBaTh Kak
CUCTEMY aHTHU(]a3HBIX JOMEHOB C JIOKAJbHON CTPYKTYypoH 3X3, 4TO, COTJIACHO
Teopun AUGPaAKUMU, MPUBOJUT K PpACHICIUICHUIO TMSITEH B 00paTHOM
npoctpaHcTBe. U Mbl, NeHCTBUTEIBHO, BUAUM Ha MU(PAKIIMOHHBIX KapTHHAX
paclieryieHne BOKpPYT NosiokeHui nsaiteH 3%3. Tak kak JOMEHbI PacioJIOAKEHbI
Xa0TUYHO, TO BEJIMYMHA PACLIEIICHUS HE TOAAaeTCsl TOUHOM o1leHke. [TosTomy B
0011IeM clly4yae CTPYKTYPY MOKHO OMHUCATh TOJIBKO KaK «paclieIIeHHY0» 3%3.
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Puc. 4. (a) — CTM-u3o6paxenue (330x330 A2, 5 K), nomydeHHOe ISl CTETIEHH MOKPBITHS
xjiopom 0.34 MC. Ha BctaBke npuBeneH gpypre-oopas; (6) — CTM-u3o0paxeHue ¢ BRICOKUM
pa3pelIeHneM pelIeTKU XJI0pa ¢ HaJIOKEHHOM CeTKOM, y3JIbI KOTOPOH COOTBETCTBYIOT
pemerke Ag(111). Jlebekr BHeapenus B pemerky (V3x V3)R30°-Cl (10MOTHHTENBbHBIH aTOM
XJIOpa) TIOKa3aH 3eJICHBIM KPY>KKOM, a aTOMBI, (JOPMUPYIOIINE KPAYAHOH, ITOKa3aHbI
(UOJIETOBBIMU KPYKKAMH.

Ham Takxe ynamoch ycTaHOBUThb, KaK YCTpOGHa U cama dTa
pexkoHcTpykuus. Toxke pgocraroyHo uHTepecHo. Okazanoch, YTO 37ECh
MOJTHOCTBIO MEHsIeTCs KoH(urypanus atromoB. B pamkax sueiiku 3%3 wu3
MOJITIOKKH BBIOPACHIBAIOTCS JUIIHKAE aTOMbI. OCTal0TCs TOJIBKO IIECTh aTOMOB,
TPU — B MOJIOKCHUSAX T.IL.K. U TPH — B MONOXKEHHUsX T.0.y. OHH QOpMHUPYIOT
TPEYTOJAbHUKU. MEXIy COCETHUMU TAaKUMU STUeHKaMU (OPMUPYIOTCS MECTa ISt
aZcopOIMU aTOMOB XJIOpa, HO YXKe C CUMMETpHUEil mpuMepHO 4 nopsaka. ATOMBI
XJIOpa 3aloJIHAIOT 3TU MecTa U (POopMUPYIOT Takyto (3%3) cTpyKTypy. ATOMBI
XJIOpa B IaHHOM CJIy4ae PaclojIOKEHbl UyTh HUXKE, YEM B JPYTUX CTPYKTYypax.
[ToaTOMY BHIIHO, UTO ATH JOMEHBI KaK Obl HEMHOXKO YTOILJIEHBI IO OTHOILICHUIO
K HEpPEKOHCTPYMPOBAHHOM YacTH MOMJOXKKH. JTa MOJenb Obula MOAPOOHO
paccuyMTaHa C HCIMOJIb30BAHMEM TEOPUHM (PYHKIMOHANA IJIOTHOCTU, U MOXKHO
OONBIION  BEPOATHOCTHIO  CUUTATh  CYIIECTBOBAaHHME  HMEHHO  TaKoM
PEKOHCTPYKIIUHU JIOKa3aHHOU. B 3TOM CBS3M MBI cUMTAaeM, YTO M OOJIBIIIMHCTBO
JIPYTUX CTPYKTYp THIIA «nXxny, HaOmogaeMbix Ha (111) rpaHsx r.i.K. METaIjIoB
TaK)Ke 00yCIIOBJIEHBI PEKOHCTPYKLKEN IOBEPXHOCTH, a HE OJTHOPOIHBIM CXKAaTHEM
CJI0sI TAJIOTE€HA.

OdueHp HMHTEpecHass CepHusi PEKOHCTPYKIIMOHHBIX (Da30BBIX IEPEXOJ0B
HaOmtoaercst B cucteMe xJjiop Ha meau (110), moTomy 4TO UMEHHO JJisi 3TOrO
cilyyasi MpPEeIIOYTUTENbHBIM MECTOM aJCOpOLUU XJIOopa SIBJISETCS MOJOXKEHHE
KOPOTKOTO MOCTHKa. B 3TOM ciydyae mpocToe cxaTue pEelIeTKH, KaK Mbl
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TOBOPHJIM, HEBO3MOXHO, M MO3TOMY 3/IeCh Cpa3y HauWHAETCs cepusi (a30oBBIX
nepexonoB. Ha HawanbHON craguu aacopOLMK HAYUHAIOT (POPMHUPOBATHCS
cnenu@uueckre Mojaochl, KOTOPbIE BBIMISASAT KaK JIOMEHHblE CTeHKU. OpHako
IIPU YBEJIMYEHUH CTEIIEHU MOKPBITUS OHU HE COOMPAIOTCS KaK B CIIy4yae MpOCTOro
nepexoja U3 copazMepHOi B Hecopa3MepHyIo a3y, a, Ha000pOT, pazderaroTcs.
Okazanoch, YTO B LEHTPE KaXJAOW JOMEHHOM CTEHKH MPUCYTCTBYET
JOTIOJIHUTENIbHBIN psl aTOMOB MeAu. [lo Mepe yBennueHus: CTENEeHN NOKPBITHS
pAlbl KCYE3alT, W, B KOHIE KOHIIOB, Ipu creneHu mnokpeitua 0.5 MC
dbopmupyeTcsi mpoctasi pemierka c¢(2X2), HO MPU ATOM aTOMbl HAXOMASTCS B
NIOJIOXKEHUHU U KOPOTKOI'O MOCTHKA.

NHTEpECHO, 4YTO CXKAaTHE YKE TAKOM PEWETKM HE IPOUCXOAUT IO
MEXaHU3My JIOMEHHBIX CTE€HOK, a TOXE MPOUCXOAUT [0 MEXAHU3MY
PEKOHCTPYKIMH. BMecTo TOro 4T00BI MPOCTO CKUMATH CIIOM CUCTEMa, HAa000poT,
Hapall¥BaeT JONOJIHUTENIbHbBIE MbEACCTANBI W3 aTOMOB MeIu (IIOKa3aHbI
OpaHXEBBIMU KpyraMu) W MOMELIAET JOMNOJHUTEIbHBIE aTOMBbl XJOpa Ha 3TH
nbefecTanbl. B pesynbpTaTe yero XJjop Kak Obl OCTa€Tcsi pa3HECEHHBIM Ha JiBa
3TaXka: Ha HUYKHEM 3Ta)Ke NMPUCYTCTBYET CTPYKTypa ¢(2%2), a Ha BEpXHEM ITaxe
aTOMBI XJIOpa HAXOJAATCS Ha 3THX Nbenecranax. [lo Mepe yBennueHus CTeneHu
MOKPBITUS YUCIIO TaKUX OOBEKTOB PACTET, PACTET, pACTET, U, B KOHIIE KOHIIOB,
OHHM CMBIKAIOTCS, 1 00pa3zyercs yXe Hecopa3MepHas pelleTKa XJiopa Ha yxKe
crutomHo noBepxHocTH Meau (110). Ho Ha sTom feno He 3akaHYMBaeTcs — B
KOHIIE KOHLIOB — BCSI cHCTeMa HauumHaeT (pacetnpoBatbcsa. BmecTo miockocTH
(110) BO3HUMKarOT TMUIOCKOCTH ¢ opueHTauuei (210), Ha KOTOpBIX TaKkKe
pacnoiiaraercs XJop. EMKOCTb y TaKOM JIECTHMIBI, JIEKALIEH HA IIOBEPXHOCTH,
OoJbpIIe YeM y TPOCTOM IUIOCKOM IOBEPXHOCTU. BeposaTrHo, 3TO sBIseTCS
OPUYUHON TOTO, YTO Takoe (haceTUPOBAHUE CTAHOBUTCS BBHITOAHON. U, B KOHIIE
KOHIIOB, BCS MTOBEPXHOCTDH 3apacTaeT BOT TAKUMH (paceTKamH.

Takum o0pa3oMm, uyTo ecnu Hauboyee BBITOJHBIM MECTOM afcopOuuu
rajioreHa sIBJIsIeTCSi KOPOTKOE MOCTHMKOBOE IOJIOKEHHE, TO XapakTep (ha30BbIX
NEPEX0J0B OYEHb CIIOMKHBIN, U OH BCEr/a JOJKEH BKIIIOUATh PEKOHCTPYKIIUIO.

W yeTBepTOEC HANpaBIIEHUE MWCCIECJOBAHUNA — HTO MNOBEPXHOCTHBIE
rajoreHuanbie (pa3bl, CTPYKTypa U CBOMCTBA KOTOPBIX OTINYAIOTCS OT CBOMCTB
00BEMHBIX KpHUCTAIIOB. [leHCTBUTENBHO, OBLIO MOTYUYEHO, YTO MPU HEKOTOPHIX
YCIOBUSIX TOJIY4arOTCSI OOBEKTHI, KOTOPBHIE IO CBOMM CBOWCTBAM YXe€ HE
SBIISIFOTCS. XEMOCOPOUPOBAHHBIMU (pa3zaMu, B TO K€ BPEMsI, OHU €1LE HE SIBIISIFOTCS
JPYTMMU TaJOT€HUJHBIMU MOJHOLICHHBIMU (a3zamu. CylliecTBOBaHUE TaKOIo
BUJIa CTPYKTYp nokazaHo mius psana cucrem: Cl/Au(111), ClI/Ag(111), I/Cu(111),
I/Ag(111), I/Ag(100).

Ha pucynke 5 npuBeneH takoi npumep AJisi moBepxHOCTH 3o0ii0Ta (111)
1OCTIe B3aUMOJICHCTBUS C MOJIEKYJsIpHBIM xjopoM. llocne dopmupoBanus
pemerkn (V3xV3)R30°, B oTamume oT cepebpa, 31eCh HE MPOMCXOINT CKATHS
pEIeTKH, BMECTO 3TOr0 BO3HUKAIOT HOBBIE OOBEKTHI BBITAHYTOU (Qopmbl. B
pe3yibTaTe pacyeToB METOAOM (PYHKIMOHAJIa IJIOTHOCTH HaM HX YAAJIOCh
UHTEPHPETUPOBATh KaK MOJEKysbl, Kak KBazumosiekysibl AuCly. Ilo mepe
YBEIIMYEHHUSI CTENEHU MOKPBITHUS BCS IMOBEPXHOCTh 3aIOJHSAETCA BOT TAKUMH
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MOJIEKYJIaMH, M, B KOHIIE KOHIIOB, OHH ()OPMHUPYIOT YHOPSJAOYCHHYIO TaKyIO
pELIETKY, MOXO0XKYI0 Ha PELIETKY MYEIUHBIX COT, ONPEACIIAEMYI0 JOCTaTOYHO
CJIO’KHOU 3JIEMEHTAPHOM suelKoil. M B mpenenax 3Tou 3J1EMEHTApPHOU STYEHUKH 10
KPyTry pAaclojOKE€Hbl MOJEKyJbl, a B IEHTpEe MPUCYTCTBYIOT JiBa
a7copOMPOBAHHBIX aTOMA XJIOPA B MOJIOKEHUAX I.IL.K. U I.ILY.

il

Puc. 5. (a), (6) — CTM-uzo6paxenus (120120 A%; T = 5 K) xnopuposanHoii npu 130 K
nosepxHocTu Au(111), neMoHcTpUpyOIIKE CXKAaTUE CII0S XJIOpa B CTPYKTYpy THIIA
«ITUENTHHBIX COT»; (B) — cocymecTBoBanme (hassl (V3xV3)R30° i 1enodeunoii CTpyKTypbI;
(r) — ucue3HoBeHue (haspl (\/ 3xv3)R30° u (dbopMHpOBaHNE CTPYKTYPBI TUIIA «ITUYETHHBIX COT».

Takum oOpa3oMm, B JIEKIIMU ObLI MpEeACTaBIeH 0030p padOT MOCBSILIEHHBIX
CTPYKTYPHBIM (Da30BBIM IEPEX0JaM B MOHOCJOSX TaJIOT€HOB Ha MOBEPXHOCTH
MetaiioB. CorjacHO HameMmMy aHalu3y, Uil psAla CUCTEM KapTHUHA
B3aMMOJICHCTBUS FAJIOT€HOB C MTOBEPXHOCTSMU METAJIJIOB J1aJieKa OT 3aBEPILICHHUS.
JleiicTBUTENbHO, 11 OOJBIIMHCTBA CHCTEM, HEJAaBHO IE€PECMOTPEHHBIX C
ucnosibzoBanueM CTM B couerannu ¢ TOII pacueramu, ObUTH TTOTyYSHBI HOBBIC
nanHeple. CreqoBaTelbHO, €CTh OCHOBAHUS OXHJATh, YTO JaJbHEHIIUI
NEepPeCMOTp cUcTeM, M3ydyeHHbIX B 1970—80-x rr., MOXKET MPEJOCTABUTH MHOTO
HOBOU MHTEpecHOU nH(popmarmu o (a30BbIX MEPEX01ax B ABYMEPHBIX IUICHKAX.
B nanpneiimeii pabote cienyeT aAenaTh aklEHT Ha Hu3KotemmnepaTypHbsie CTM-
UCCJIEIOBAHMS, KOTOpBbIE€ JAIOT BO3MOXHOCTb M3y4aTb CTPYKTYpy H
B3aMMOJICUCTBHS Ha OBEPXHOCTH Ha aTOMAapHOM YPOBHE.

3HaHUS O CTPYKTypax, (OpPMHPYEMBIX TaJlOT€HAMH Ha MOBEPXHOCTH
METaJVIOB, BaXXHbI 11 TOHMUMAaHUS KOAJCOPOIMOHHBIX CTPYKTYp TajoreH-
KHCJIOPOJI, BO3HUKAIOLIMX HAa MOBEPXHOCTH METAJUIMUECKOTO KaTaln3aropa npu
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OKHCJIEHUH 0Je(pUHOB. B yacTHOCTH, B peakIy YaCTUYHOTO OKUCIICHUS ITUIICHA
Ha cepeOpsIHOM KaTajau3aTope IpU y4yacTHH XJIOpa B KauecTBe IPOMOyTepa.

PaGora Obuia BbImosiHEHa Mpu noanep:xkke PODU B pamkax rpaHTOB:

Ne 08-02-01456-a, Ne 08-02-01396-a, Ne 10-02-90476-Ykp_a, Ne 15-02-99542-a
u Ne 20-02-00767-a.
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KBAHTOBAA OIITUYECKAA CBA3b

K.C. KpaBnos
Mockosckuii 2ocyoapcmeennulil yHusepcumem um. M.B. Jlomonocosa, Mockea
HUnemumym ooweti ¢puzuxu um. A.M. Ilpoxoposa PAH, Mockesa
E-mail: ks.kravtsov@gmail.com

B gnexuumm Oyner naH KpaTKuii 0030p COBpPEMEHHBIX KBAaHTOBBIX
TEXHOJIOTHHA, B IIEPBYIO OYEpEIb, KBAHTOBBIX BBIUMCICHUNA M KBAaHTOBBIX
KOMMYHHUKalui. bonee nonpoOHO OyyT paccCMOTpeHbI 3a7jaun KBAHTOBOM CBSI3U
U KBAHTOBOM Kpunrorpaduu: HauyuHas OT MEPBbIX MPUHIMIIOB U 3aKaHYMBAs
OCOOCHHOCTSIMU pealu3alii KaK ONTOBOJOKOHHBIX KaHAaJOB, TaK M KAaHAJIOB
CBS3U 110 OTKPBITOMY IIPOCTPAHCTBY.

Pa3BuTre COBpPEMEHHBIX KBAHTOBBIX TEXHOJIOTMH TECHO CBA3aHO C TakK
Ha3bIBAEMOM BTOPOM KBAHTOBOM PEBOJIIOLMEH, T.€. ITAIIOM PA3BUTHUSA HAyKH, HA
KOTOPOM YYEHbIE HAYUMUJIUCh YIPABJIATh OTACIbHBIMH KBAHTOBBIMU OOBEKTAMM,
a HE TOJNBKO OONBIIMMHU aHCAMOJSIMHU YaCTHUI, MPOSBISIOMIMMUA KBAaHTOBBIC
CBOMCTBa, Kak 3TO ObUIO paHee. B pe3ynbrare mNOABUIACHE BO3MOKHOCTb
MCIIOJIb30BaTh 3T HEKJIACCHUYECKUE CBOMCTBA IS PELICHUS PA3JIMYHbIX 3a7a4:
JUISL BBIYMCJIEHHWH, 11 OOMEHa CEeKpETHbIMHU KJIIOYaMu, IJis peau3aluu
Pa3IMYHBIX CEHCOPOB U Ap. Psj BbLAAIOIIMXCS TEOPETHUECKUX pabOT mokaszal,
YTO KBAHTOBBIC CBOMCTBA MO3BOJIIIOT PEIIATh 3TH 3a/1a4d Ha NPUHLUINAAIBHO
HEJOCTHKMMOM  KJIACCHYECKMM IIyTeM YypoBHe. Hanpumep, KBaHTOBBIE
KOMIIBIOTEPHl MMO3BOJISIIOT 3(P(GEKTUBHO pelaTh psa 3ajad, Uil KOTOPBIX
3p(GEeKTUBHBIN KJIACCUYECKUN aJITOPUTM HEU3BECTEH (IIO-BUIMMOMY, HE
cymectByer). KBaHToBas Kpunrorpadus IM03BOJISIET OpraHu3oBaTh OOMEH
CEKPETHBIMM KJIKOYaMU C T[apaHTUSMU CEKPETHOCTH, OCHOBAaHHBIMU HE Ha
IPEATNOI0KEHUAX O BO3MOKHOCTSIX 3JI0YMBIIIUIEHHUKOB, 8 Ha ()yH/IaMEHTAJIbHBIX
3aKOHAaX (u3MKu. B HacTosee BpemMsi OrpOMHOE KOJUYECTBO HMCCIEIOBAHUIMA
NOCBSIIIEHBI IPAKTUYECKOM pealn3aliy 3TUX TEOPETUUECKHUX MPEICKA3aHUI U BO
MHOTHX 001acTsIX y>Ke ObLIIM TOCTUTHYTHI Ooublive ycrnexu. Haubosnee pa3BuToit
B 3TOM CMBICJIE O0JACThbIO ABJISIETCSI HAIIPaBJICHUE KBAHTOBBIX KOMMYHUKAIIHU,
KOTOPOMY U Oy/IeT MOCBAIIEHAa OCHOBHAS YaCTh HACTOSLIEH JICKIIUU.
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OAHOPOTOHHBIE NCTOYHUKN HA OCHOBE KBAHTOBBIX TOYEK

I'.B. Kiiumko, M.B. Paxnun, U.B. Cenosa, C.B. Copokun, A.A. Toporos
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
E-mail: maximrakhlin@mail.ru

MHoroo6pa3ue TEeXHOJOTHYECKH JTOCTYIHBIX CHUCTEM KBAHTOBBIX TOUEK
(KT) mno3Bossier W3roTaBiauBaTh OAHO(DOTOHHBIE H3IyYaTed B IIUPOKOM
CHEKTPaJIbHOM JHMANa30He OT CPETHErO YIbTPAPHUOIETOBOTO 10 HHPPAKPACHOTO
nuana3zoHa. OcoOblii UHTEpeC MPEACTABISIET 3€JIEHO-KPACHBIA TUana3oH JJIHH
BOJIH, KOTOpPBIA COOTBETCTBYET OOJACTH HaAMOOJIbIIEH YyBCTBUTEILHOCTH
COBPEMEHHBIX OMHOGOTOHHBIX JAaBUHHBIX (QoroanonoB [1]. Kommepueckue
YCTPOMCTBA JaHHOTO THUIIA HA OCHOBE MOJyIpoBOIHUKOBBIX KT B Hacrosmee
BpeMsl HENOCTYIIHbl U3-32 OTCYTCTBUSL BOCIPOM3BOJMMON  TEXHOJOTHUH
U3TOTOBJICHUS 0JTHO(OTOHHBIX HMCTOYHUKOB c HEO0OXOTMMBIMH
xapaktepuctukamMu (ToiotHocTh KT, uncrota W SpKOCTH  OAHO(DOTOHHOTO
u3lydyeHus). B manHoil paboTe Mbl IpeAcTaBisieM HMCCIEIOBaHUS ONTHYECKUX
CBOMCTB UCTOYHUKOB OJIMHOYHBIX (DOTOHOB BUUMOI'O CIIEKTPAJILHOTO AUAaNa30Ha
Ha ocHoBe KT InAs/AlGaAs u CdSe/ZnSe.

Omunounbie KT CdSe/ZnSe mnpeactaBisitoT 0coObld MHTEpEC U3-3a
BO3MOXHOCTH MOJYYEHUS! 0THOGOTOHHOTO U3ITYUYECHHS B 3€JICHOM CIIEKTPATbHOM
JIMaIa30He BILIOTh 10 KOMHATHOM TemIiepatypsl [2]. TeM He MeHee HEPEIEHHOM
po0IeMoil SIBIIIETCS BOCIPOU3BOAUMBIA POCT CTPYKTYpP € JIOCTATOYHO MAaJoif
noBepxHOCTHOW TuIoTHOCTRI0O KT. Hamm paspaGoTtanbl pexumbl pocrta, B
pe3yJbTare KOTOpBIX oOpasyercs eauHbiii ciaoii KT ¢ moBepxHOCTHOM
miotHocThio KT wmenee 10 cm2.  TIpemmymectea KT InAs/AlGaAs
3aKJII0YAIOTCS B BO3MOXKHOCTH JIOCTHKEHHUS OJHOGOTOHHOTO W3IyYCHHS B
KpPacHOM CIEKTPAJIbHOM JIMAIa30HE C UCIIOIb30BAHUEM XOPOLIO pa3padOTaHHBIX
snuTakcuagbHbix MeTo0B pocTta KT [3]. [loTeHIIManbHBIM HEIOCTATKOM paHee
uccienoBanubix  oAuHOYHBIX KT InAs/AlGaAs sBnsercs yBETWYCHHOE
coaepxxanne Al B onunounoit KT, mpuBojsiinee Kk 3HauntenbHoMy (10 1 MaB)
YCWICHHIO  aHU30TPOIHOIO OOMEHHOr0  pacLICIUIEHUs] JKCUTOHA, YTO
NPENATCTBYET T€HEPAIIMU 3aMyTaHHBIX 0 MOspu3auu (OTOHHBIX nap [4]. Mbl
UCCJIeIOBANIM BJIMSIHUE TOHKOW mpocioiiku GaAs Mexay HUKHUM OapbepHBIM
cioem AlGaAs u KT InAs, 4To MO3BOJIMIIO CYIIECTBEHHO YMEHBIIUTH
pacuieruieHre TOHKOU CTPYKTYpbl skcuToHa. st o6oux tTuno KT, momernieHHbIx
B IWIMHApUYEeCKue  (HOTOHHBIE  HAHOAHTEHHBI, IPOJEMOHCTPUPOBAHO
0JIHO(OTOHHOE U3TYyUEHHUE C BHICOKOW CKOPOCTHIO T€HEpaIUH.

ABTOpBI Omaromapsatr 3a (uHaHCOBYIO moaaepkky Poccuiickuit downp
dynnamentanbubix Mccnegoanuii (mpoekt Ne 18-02-01212).

1. N. Gisin et al., Hum. Nat. 20, 317 (2009).

2. O. Fedorych et al., Appl. Phys. Lett. 100, 61114 (2012).
3. A. Polimeni et al., Phys. Rev. B 59, 5064 (1999).

4. J.J. Finley et al., Phys. Rev. B 66, 153316 (2002).
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30HJ0OBBIE METO/IbI TIOBEPXHOCTHOMN JIMATHOCTUKU

IL.LA. AnekceeB
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
E-mail:npoxep@gmail.com

Ckanupytoias 30H10Basi Mukpockonusi (C3M) — 3To ceMeiicTBO METO/10B,
OCHOBAaHHBIX Ha B3aUMOJECHCTBUM MEXAY IOBEPXHOCTBIO U HAHOPA3MEPHOM
uriion (3ou1a). @PyHKIIMOHAIM3AIMS 30H/1a TTO3BOJISIET KAPTUPOBATh TONOTpaduio
[1], onexTpuueckue [2] 1 MarHUTHBIE TIOJSA [3], AJAEKTPUUYECKYIO MMPOBOJIUMOCTD
[4], MexaHuYeCKHE CBOMCTBA [5] U MHTEHCUBHOCTh ONTHUYECKOTO U3ydeHus [6].
ITomumo  MHOromomoBoM  guarHoctukd, C3M  TI03BOJSET  BBIIOJHATH
HaHoyUTOrpaduio [7] ¢ MOMOIIBIO JIOKATBHOTO AHOJHOTO OKHCIICHUS WIIH
HaHOIlaparaHusl.

Hoxnan copepxut 0030p paznuunbix C3M METOAO0B, a TaKXKE€ HEIaBHUE
npumepbl C3M nuarnoctuku I11-V nmomynpoBoTHUKOBBIX HAHOIIPOBOJOB U BaH-
nep-BaanbcoBeix reTpocTpykTyp (rpadeH, MoSez). GaAs HaHONpoOBOJA
HCCIIEIOBATIUCH METOIOM MPOBO/IAIIEH aTOMHO-CHUIIOBON MUKPOCKOIIMH, KOTOpast
MO3BOJIWJIA BBISIBUTH BJIMSIHUE MACCHUBAIlMU IMOBEPXHOCTU HA TOBEPXHOCTHBIC
AJIEKTPOHHBIE COCTOSIHMSI W MpoBOAMMOCThH [8]. Takke OBLIO HCCIIENTOBAHO
BIIMSHUE MEXaHWYeCKoW jaedopmaliud Ha DJJIEKTpoHHBIE cBoiicTBa III-As
HaHOMPOBOJOB [9, 10]. [dns  KOJMYECTBEHHOM  XapaKTepu3aluu
IIEKTPOMEXaHUYECKUX DPPEKTOB, MEXaHUUYECKHME CBOMCTBA HAHOMPOBOIOB
oblmn Takoke ompeneneHsl C3M meromamu [11]. beumm onpeneneHsl BKiIagbl B
IIPOBOJAMMOCTH TEH30PE3UCTUBHOTO M ITbE303JICKTPUIECKOT0 3(PGHEKTOB.

s BaH-Aep-BaanbcoBbIix reTEPOCTPYKTYP OBLIIO [I0Ka3aHOo
¢opmupoBanre 20 HM HaHoJeHTHl U 10 HM HaHo3a30pa B rpadgeHe u MoSe:
METOJIOM JIOKaJIbHOT'O aHOJHOTO okucieHus [12]. DnexTpoHHble cBoiicTBa MoSe;
Ha rpadeHe ObLTH U3yUYeHBI ISl pa3HOTO KoindecTBa ciaoeB MoSe: [13].

Pabota nognepxana rpantom npesugaenta MK-1543.2020.2.
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P.A. Alekseev et al., Nano Letters 15, 63 (2015).

9. P.A. Alekseev et al., Phys. Stat. Sol. (RRL) 12, 1700358 (2018).
10.P.A. Alekseev et al. Nano Letters 19, 4463 (2019).

11.M. Dunaevskiy et al. Nano Letters 17, 3441 (2017).

12.P. Alekseev et al., Tech. Phys. Lett. 44, 381 (2018).

13. B. Borodin et al., Semicond. Sci. and Technol. 34, 125007 (2019).
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HUTEBUTHBIE HAHOKPUCTAJLJIBI POCOUIHBIX COEJIMHEHU:
CHUHTE3, CBOUCTBA, IIPUMEHEHHUE

A.JI. Boapmakos'?, N.C. Myxun'?, B.B. ®enopos'-
ICanxm-Ilemepbypeckuit Akademuueckutl ynusepcumem um JK. M. Angeposa
PAH, Cankm-Ilemep6ype
2Vuusepcumem UTMO, Canxm-Ilemepbype
SCanxm-Ilemep6ypeckuii Ilonumexnuveckuii ynusepcumem Ilempa Benukozo,
Canxm-Ilemepoype
E-mail: bolshakov@live.com

HureBunubie  Hanokpuctamibl  (uHadue HHK,  HanompoBomnoxwu,
HAHONPOBOAA) — CTPYKTYpPbl YHUKAJIBHOM KBa3WOJAHOMEPHON TI€OMETPHH,
BBICOKOI'0 ACMEKTHOTO COOTHOIIEHUs: paauycoM nopsaka 100 HM u JJIMHOM 110
HECKOJIBKHUX JECATKOB MHUKpPOH. COBpEMEHHBIE POCTOBBIE ANUTAKCUAIBHBIE
TE€XHOJIOTUH IO3BOJISIIOT OTHOCUTENIBHO MPOCTBIMM METOJAMH CHHTE3UPOBAThH
HHK no MexaHu3my nap->XuJIKOCTb-KPUCTAJUI PA3JIMYHBIX OJIYIPOBOJHUKOBBIX
coenunenuit (Si, Ge, III-V u II-VI), a Takxe rerepocTpyKTypbl Ha UX OCHOBE.
Cpean Bcex Ounapubix coeauHenuid III-V  ¢ocdua rammms Beiaensercs
HAaMMEHBIIMM PacCCOTJIaCOBAaHUEM IO MOCTOSIHHOM PEIIETKH C KPEMHHUEM, YTO
JIeNaeT 3TOT MaTepHall KpailHe MPUBIIEKATEIbHBIM C TOUYKU 3PEHUS] UHTErPALIUU
ctpyktyp III-V Ha kpemuuenoii mardopme. Kpome Toro, reomerpus HHK Taxoke
crocoOcTByeT 3(h(PEeKTUBHON penakcaluy YIPYTUX HaNpsiKeHUH Jaxe Ipu
CHUHTE3€ Ha pPaccorIaCOBaHHBIX IIOUIOKKAX, 4YTO JIEJNAeT JTOT IOAXO0A
NEPCHEKTUBHBIM JUISI TMPUKIAAHBIX peleHud. I[loMuMO yKa3aHHBIX BbILIE
npeumyiects, GaP obnagaeT HU3KUM K0d(PPUITMEHTOM MOTIOMICHUS B ITUPOKOM
CIEKTpE, BKJIOYAas BHUJIMMBIN JHANA30H, YTO JEJIAET TAaKHME€ HAHOCTPYKTYpHI
NEPCHEKTUBHBIMU 3JEMEHTaMU (OTOHHBIX CXEM NPH MCIOJb30BAHUM HX B
KayecTBE MHMKPOCKONMYECKMX BOJHOBOAOB. HecMOTpsi Ha HENpSIMO30HHYIO
CTpyKTYypy, GaP MoxeT ObITh pa30aBiieH MBIIIBSIKOM W/WIM a30TOM, YTO AENACT
3TOT MaTepua NPIMO30HHBIM U NTO3BOJISIET PEATU30BbIBATh AKTUBHbBIE 3JIEMEHTHI
ONTOXJICKTPOHUKH Ha UX OCHOBE. B kyne ¢ pezonatopusiMu cBoiictBamu HHK,
nociieqHee 00€CleyrMBaeT BO3MOMKHOCTh CO3JaHUSl JIOKAJIbHBIX JIa3€PHBIX
MCTOYHUKOB JIJIsl IPUMEHEHUS B 00J1acTH 00padOTKH U Mepejauu TaHHbIX.

B s10i1 paboTe Mbl pacckaxeM O COBPEMEHHBIX JOCTHXKEHHUAX B 00JaCTH
cunteza (ochunupix HHK wmeTomom MonekyasipHO-ITyYKOBOM SIUTAKCHUH,
BKJIFOYAsl METOJbl CO3JaHUSl MAacCUBOB YIOPSJOYEHHBIX HAHOCTPYKTYp, O
BO3MOXHOCTSIX pe€aju3allid HAHOIETEPOCTPYKTYp Ha HMX OCHOBE, a TaKXe O
BO3MOYXHOCTSIX KCIIOJIb30BAHUS HHK TS CO3J1aHUs puoOpOB
ONTO3JIEKTPOHUKHU.

PaGora  BommonmHena  mpu  moanepxkke — Poccumiickoro  ¢donma
dbyHmameHTanbHbIX uccaenoBanuii (rpant Ne 20-32-70200).
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CHUHTE3 KOJUJIOMJIHBIX PACTBOPOB KPEMHUEBLIX KBAHTOBBIX
TOYEK C OPTAHUYECKMMU JIMT"AHIAMU

A.B. Kusses, A.A. Konakos, E.B. CsipoB
Hayuonanvuuiii uccieoosamenvcruit Husicecopoockuii 20¢yo0apcmeenmbiii
yuugepcumem um. H.U. Jlobauescrkozo, Huscnuii Hoszopoo
E-mail: knyazevav@gmail.com

B nocnegHue  gecATWIETHs  3HAUUTENbHBIA  HMHTEPEC  BBI3BIBACT
VCII0JIB30BAHUE TIOJYIPOBOJHUKOBBIX M METAUIMYECKMX KBAaHTOBBIX TOUYEK B
Pa3aMyYHbIX 00JaCTIX OMOMEIUIMHBI: MEIUILIMHCKON TMAarHOCTHKE, B YACTHOCTH,
pakoBBIX 3a00JeBaHUIl, JOCTAaBKE JIEKapCTB, ONTHYECKOM OHOUMUIKUHTE,
TEPAHOCTUKE. B OCHOBHOM MCIIOJIB3YIOTCSI ONITUYECKUE CBOMCTBA TAKMX YACTHLL.
B 10 e BpeMs TUIIMYHBIE KOJIJIOMAHBIE KBAHTOBBIE TOYKH CEJICHNU1a KaAMUS WU
METAINYECKUX HAHOYACTHUL, B TOM YHCJIE U 30J10Ta, SBJISIIOTCS, TOKCHYHBIMH J1JIS
OpraHu3ma 4eJioBeKa. PacmmpeHre BO3MOXKHOCTEM ONTUYECKUX METOJIWK B
OouomenuuuHe TpeOyeT MOMCKAa HOBBIX CBETOM3IYYAIOIIUX HAHOOOBEKTOB,
Oe3omacHbIX JJs1 OMOJOTMYECKHUX OpraHu3MoB. Pemiennem Moriio Obl cTath
UCIIOJIb30BAHUE  PACTBOPOB  KPEMHHUEBBIX  HAHOKPHUCTAJUIOB,  IOKPBITHIX
OpraHUYECKUMH JINTAHIAMH.

Hamu paspabarbiBaeTcsi HOBasg METOJAMKA IIOJYUYEHUS KOJIJIOUIHBIX
pPacTBOPOB KPEMHHUEBBIX KBAaHTOBBIX TOYEK C OPraHMYECKUM ITOKPBITHEM Ha
OCHOBE HOHHO-CUHTE3MPOBAHHBIX HAHOKPUCTAUIOB KPEMHHUS B OKCHJHBIX
maTpuuax. Moaupukanus MNacCUBUPOBAHHON IMOBEPXHOCTH HAHOKPUCTAIIOB
KPEMHHUSI IPOU3BOJIUTCS B XoJe (OTOXUMHUUECKOW peakuuu. Peaxius
OKCHJIMPOBAHHOW ITOBEPXHOCTH HAHOKPUCTAUIOB KPEMHHS CO CMECBIO
aKIMI0CH30JI0B (M30MEPOB KCHUJIOJNA, ITHIIOEH30J1a, U30MPONIOeH301a U T.1.)
IPOXOJUT P KOMHATHOM TEMIIEPATYPE U 00JIyUEHUH PEAKIMOHHOM cMecu B Y D
nuarazone.  IIpomgykrom — peakiuum  SABIAETCS  KOJUIOWIHBIA  PacTBOP
HaHOKPHUCTAIJIOB KPEMHHUS ¢ MOAU(DUIIMPOBAHHOHN YTIIE€BOJOPOIHBIMH IPyIIIAMHU
IIOBEPXHOCTBIO.

PabGorta BeImosiHeHa mpu (puHAHCOBOW mojAepxkke Poccuiickoro ¢onaa
byHaaMmeHTalbHbIX HcciieqoBanui (mpoekt Ne 19-53-45056 UH/L_ a).
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[TOJIYUEHUE TBEPAOI'O PACTBOPA Cdi..Pb.F: METOIOM
MEXAHOCHUHTE3A

W.U. byunnckas, H.A. IBanoBckas
OHUL] «Kpucmannoepagusa u pomonuxa» PAH, Mockea
E-mail: buchinskayaii@gmail.com

MexaHocunte3  siBasieTcss  3(PGEKTUBHBIM  CIIOCOOOM  TOJIYYECHHS
HAaHOpa3MEpHBIX dYacTull. HaHokpucramimueckue GTOPUABI — OJHU U3
NEPCHEKTUBHBIX (YHKIHUOHAIBHBIX MaTepUaNOB s (OTOHUKM U HMOHHUKH
TBepAoro tena [1]. B HacTosmel paboTe uM3yueHa BO3MOKHOCTb MOJIYUECHHS
HAHOKPHUCTALTHYECKOTO TBepaoro pactBopa Pbi..Cd.F2 (x~0.33) myrem momona
CMECH KPHUCTAUIMYECKHX MCXOAHBIX KommoHeHToB PbF, uw CdF, B
BBICOKOPHEPreTUYECKON IapoBoil muaHerapHoil MenbHule Retsch PM-200
(Muapos/Meemecrsa = 100r/5T) B 3amuTHON atMocdepe Ar B TedeHue 15 4dacoB ¢
MPOMEKYTOUHBIM 0TOOpPOM MO0 1Jist peHTreHogaszoporo aHanuza (POA). POA
nokasai (puc. 1(a)), 4To Ha HaYaJIBLHOW CTaJUU MIOMOJIa 00pa3yeTcs poMOndecKas
daza Ha ocHoBe PbF,, 3aTeM mocTeneHHO MPOUCXOIUT OOpa3oBaHUE HOBOM
KyOudeckoii a3kl ¢ mapaMeTpoM pemeTku a = 5.76(8) A, uro oueHp GIH3KO K
napameTpy pewmeTku cocraBa Pbos7CdossF2. 3a 15 vacoB cuHTE3 mpoucXoauT
npaktudecku TONHOCThI0O (PDA He o0OHAapyXHBaeT NPUMECH HCXOIHBIX
KoMIioHeHTOB). CkaHupytomas 3ekTpoHHas mukpockonus (COM) mokaszana
OO0JIBIIIYI0 HEOJHOPOAHOCTH YacTull o pasmepy: 10—100 am (puc. 1(0)).

Ymupenne - pEeHTreHOBCKOTO  MpOouiIs  TOJYYEHHOTO  MPOAYKTa
MIPOUCXOMIUT B PE3YJITATE U3MEIIbUCHHUS YaCTHI] U, BOZMOXHO, N3-32 YaCTUIHOTO
«MEXaHOTHIPOJIH3aY.
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Puc. 1. (a) — nMHAMKKA U3MEHEHHS CIEKTPOB PDA noun(a BO BpeMsi HOMOJ‘I; o
(6) — COM-m3o6paxkenus gactui] Pb1~Cd.F2 (x = 0.33).

1. C.B. Ky3neuos, B.B. Ocuko, E.A. Tkauenko, ILII. ®enopos, Ycnexu
xumuu 75, 1193 (2006).

53



HAHOKOMIIO3UTHBIE BOJIOKHA TTOJIMBUHNJIOBOI'O CIIMPTA
C MHOI'OCTEHHBIMU YI'JIEPOJHBIMU HAHOTPYBEKAMU,
[TOJIYUEHHBIE METOJIOM JDJIEKTPOCIIMHHUHI'A

C.B. Bacun!, AM. Huzamernunos!, B.A. Ceprees!
TV vanoeckuii puruan Hncmumyma paouomexnuxu u 31eKmpoHUK
um. B.A. Komenvnuxosea PAH, Yivanoeck
2 Vavanosckutl 20cy0apcmeentvill mexHu4eckull ynueepcumen, YivaHo6ck
E-mail: svasin@ulireran.ru

[TonumepHble KOMMO3UTHI € yriepoAHbIMU HaHOTpyOkamu (YHT)
007agaroT PSAAOM YHUKAIBHBIX AJIEKTPOPHU3NYECKUX U (DU3UKO-MEXaHUIECKUX
CBOWCTB, IMO3BOJISIIOLIMX KaK CO3/1aBaTh HOBBIE JIEMEHTHI AJIEKTPOHUKH, TaK U
yIy4llIaTh XapaKTEPUCTUKHU CyIIECTBYOMUX [ 1]. I3BeCTHO, UTO CBOMCTBA TAKUX
HAaHOKOMIIO3UTOB OIPENEAIOTCA Kak cBorcTBamu YHT, Tak M xapakTepoMm ux
pacrpeeneHrs 1 OpUEHTalMEN B TOJIMMEPHON MaTpuue [2].

s ynpasnenus opueHranuend YHT B monumepHon maTpuie NpuMeHseTCs
psan  meronoB: Jlenrmropa-bnomkeTT, BO3ACHCTBUS INEKTPUUYECKUM WIH/U
MarHuTHBIM II0J€M WU Jp. B KkadecTBe OJHOrO M3 TaKMX METONOB MOXKET
MCITOJIB30BATHCS AJIEKTPOCIUHHUHT. CyTh 3TOr0 METOAA COCTOMT B IOJYYEHUH
TOHKMX BOJIOKOH HAHOKOMIIO3UTA B PE3YJIbTATE NEUCTBUSA DIEKTPOCTATHYECKUX
CWJI Ha JJIEKTPUYECKH 3apsDKEHHYIO CTPYH0 pacTBOpa WIIM pacIulaBa. OTHM
METOJIOM MOXHO IOJy4aTh BOJOKHaA guameTpom oT 5 no 800 um [3]. Takue
BOJIOKHA C OpUEHTUpPOBaHHbIMM YHT MOXHO HCHONB30BaTh NpPU CO3NAHUS
IUIOCKUX U OOBEMHBIX CTPYKTYP B MOJUMEPHOMN 3JIEKTPOHHUKE.

Hamu Obuta cipoexkTupoBaHa U coOpaHa yCTaHOBKA, peau3yIolas METO/]
anekTpocnuHuHra. Ilpumep Bojokon mnosmBuHWIOBOro cnupra (IIBC) c
nobGasnenueM 1%  MHOTOCTEHHBIX YIVIEPOAHBIX HaHOTpyOok (MVYHT),
MOJIYYEHHBIX C TOMOIIbIO JAHHOM YCTAaHOBKH, NTOKa3aHbl Ha pucyHke 1. Bugno,
YTO JAHHBIM METOJIOM BO3MOYKHO IIOJYyYHWTh MAaCCUB BOJIOKOH HAaHOKOMIIO3MTA,
OPUEHTUPOBAHHBIX B OJTHOU INIOCKOCTH.

b

Puc. 1. N306paxenus BojaokoH [IBC, moigydeHHbIE C TOMOIIBI0 ONTHYECKOT0 MHUKPOCKOITA
(a—TIBC ¢ no6asnenuem 1% MWCNT, b — 10-kpaTHOe yBenuueHue n3oo0pakeHus (a))

Pabora BeIMoMHEHa B paMKax TOCYJApCTBEHHOTO 3aJaHUsl IpHU
dbunancoBoi moanepxkke Poccuiickoro houaa hyHIaMEHTATBHBIX UCCIICTIOBAHHMA
51 IIpaBuTenbcTBa VY IIbsIHOBCKOU obrnacTH, MIPOEKT
Ne 19-42-730011.

1. C.B. Bacun, M.C. Edpumos, B.A. Ceprees, [DKT®D 46, 26 (2020).
2. N.G. Sahoo et al., Prog. Polym. Sci. 35, 837 (2010).
3. N. Bhardwaj, S.C. Kundu, Biotechnol. Adv. 28, 325 (2010).
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NCCIIEJOBAHUME IN'MBPUIHBIX MATEPHUAJIOB HA OCHOBE
MHOI'OCTEHHBIX YTJIEPO/JIHBIX HAHOTPYBOK
N HAHOCTPYKTYPUPOBAHHLBIX ®OPM KAPBUJIA TUTAHA

N.B. Bunkos, C.1O. KetkoB, A.M. O06be1x0B
Hnecmumym memannoopearnuueckou xumuu um. I'A. Pazysaesa PAH,
Huorcnuu Hogeopoo
E-mail: mr.ilkof(@yandex.ru

['uOpuanbie MaTepuanbl Ha OCHOBE MHOTOCTEHHBIX  YTIIEPOIHBIX
HaHOTpyOok (MYHT), moBepXHOCTh KOTOPBIX JIEKOPUPOBAHA HAHOMOKPBHITUSIMHU
KapOuaa THUTaHa pPa3IUYHOW MOP(GOIOTHH, SBISIOTCS MEPCHEKTUBHBIMU
MartepuagaMi JUIsi  CO3JaHUsl HOBBIX  KOMIIO3MLIMOHHBIX  MaTEpHUaJioOB,
KAaTAJIMTUYECKUX CUCTEM U CEHCOPOB.

Panee metronom MOCVD ¢ npuMeHEHHEM TUTAHOLEH JIUXJIOPHIA
(Cp2TiClz) B xauecTBe mpeKypcopa HaMu ObLT MOTY4YeH TMOPUIHBIA MaTepua,
npeacTtaBisonmii  cooor MYHT, noBepXHOCTh KOTOPBIX JIEKOPUpPOBAHA
CIUIOMIHBIM HaHoaucnepcHbIM ciioeM TiC [1]. Mbl npoaoKuiau uccie0BaHue
npouecca ocaxaeHus nokpeituii TiC, HEe MeHsisE TeMnepaTrypy OCaXIECHHsI, HO
u3MeHsisi cootHoweHue npexkypcopoB (Cp2TiCl.:MVYHT) B nuanasone ot 1:1 1o
1:10. TlonydeHHble MaTepualbl ObUIM OXapakTepu3oBaHbl MeTogamu COM,
I[15M, TIIDMBP u P®A. YcraHoBiIE€HO, YTO MOJIYyYCHHBIC HAaMU TUOPHUIHBIC
Marepuaigbl  colepxkaT  JABe  Kpuctammdeckue — ¢asel:  MYHT w
CTEXMOMETPUYECKYIO (ha3y kapOua TUTaHA.

BbII0O  yCTaHOBJIEHO, YTO MW3MEHEHHME MAacCOBOIO  COOTHOIUEHUS
npekypcopoB (Cp:TiCl:MVYHT) npuBogmino kK H3MEHEHHIO HAOIOAaEMBbIX
mopdomnornueckux popm TiC. Tak, mpu COOTHOIIEHUAX MTPEKYPCOPOB MEHBIITUX
3:1 nabmopamucs MYHT, nokpbiTeie ToHKMMU TuieHKamMu TiC TonamuHON 10
10 HM. YBennueHnue cooTHomeHus 10 4:1 npuBeno Kk 00pa30BaHUI0 HAHOYACTHII
TiC Ha mnoBepxHoctu nekopupoBaHHblx MVYHT. Ilpu coorHomenun S5:1
Ha0onanock popmupoBanue HaHoAeHAPUTOB TiC ¢ TOMIMHON BETBEH Mopsiaka
50 HM ¥ HaHOBHCKEPOB C ToimMHAMHu ~ 200 HM U JuuHOU Oosiee 5 MkMm. [lpu
COOTHOIIEHUH MpeKypcopoB 6:1 u Oosee MpoUCXOAWIIO pa3pacTaHue OOKOBBIX
BETBEH C MOBEPXHOCTH HAHOBUCKEPOB, YTO BIOCIEICTBUU NPUBOAWIO K
00pa30BaHMUIO TPEXMEPHBIX HAHOCTPYKTYPUPOBAHHBIX (HOPM — KyOMUECKHX
me3okpuctamioB TiC pasmepamu nopsiaka 10 MM, oOnagarommx KyOU4ecKum
rabuTyCcoM.

PaGora Obuta BeIMOTHEHAa C wucHosib3oBaHueM obopynoBanus I[IKII
«Du3rKa U TEXHOJIOTUSI MUKPO- U HAHOCTPYKTYPY.

1. K.B. Kpemunes u ap., [Tucema B XKTO 42, 40 (2016).
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I[TOJIVYEHUE OJJHOMEPHbBIX GaAs HUTEBUIHBIX HAHO-
KPUCTAJIJIOB C ITOMOIIBIO CBEPXMAJIbIX HAHOYACTHIL 30JIOTA

A J1. Bypasnes', U.B. Wapkus'?, T'.D. Lpipiun’
ICanxm-Ilemepbypeckuii Akademuueckuti ynusepcumem um JK.M. Angeposa
PAH, Cankm-Ilemepbype
2Canxm-Ilemepbypeckuii 2ocydapcmeennviil ynusepcumem, Cankm-Ilemepoype
E-mail: fiskerr@ymail.com

HureBunubie Hanokpucramiel (HHK) na ocHoBe A3B5 coenunenuit
00J1aJIal0T PSIZIOM YHHUKAJIbHBIX CBOMCTB, BCJICICTBHUE YEro TAaKWE CTPYKTYPHI
MMEIOT LIMPOKHE MEPCHEKTUBbI NMPUMEHEHHS JUIsl CO3JIaHHMsl Ha HX OCHOBE
Pa3JIMYHBIX YCTPOMCTB ONTO- U HAHOAJIEKTPOHUKH, a TAKXKE MPUHIUINAIBHO
HOBBIX MPUOOPOB, MPUHIUI JACHCTBUSI KOTOPHIX OCHOBAH Ha HCMOJIb30BAHUU
KBaHTOBO-pa3MepHbIX 3p(dekToB. OUEBHUIHO, YTO IS CO3/JaHMS OOJIBIIMHCTBA
TaKUX MPUOOPOB TPEOYIOTCSI MACCHUBBI HUTEBHUJIHBIX HAHOKPHUCTAIIOB C
3aJIaHHBIMU TIapaMeTpaMU TAaKWMHM, KakK JAuamMerp u juimHa. Takum oOpaszowm,
pa3pabOTKa METOJOB MOJIyYEHHUS OJHOPOJHBIX, B TOM YHUCIE YJIbTPATOHKHUX,
MaccuBoB onuHakoBbix HHK ¢ MuHMManbHbIM pa3OpocoM TreoMeTprUYecKuX
[1apaMETPOB SABJIAETCS aKTyaJlbHOW HAY4YHOU 3a1a4deil.

[enb nanHO# pabOTHI COCTOSIIA B UCCIIEIOBAHUHI BO3MOKHOCTH MTOTYYCHHUS
MaccuBOB MoynpoBoHUKOBbIX GaAs HHK ¢ ucnonb3oBaHueM KOJJIOUIHBIX
HAHOYACTHUI[ 30JI0Ta B Ka4yeCTBE KaTajlu3aTOpoB pocTa. B skcnepumeHTax
UCIIOJIb30BAIMCH KOMMEPYECKH JOCTYIHbBIE KOJUIOUIHBIE PACTBOPHI HAHOYACTHII
30J10Ta ¢ pasmepamu ot 2 a0 60 M. HenocpenctBenusiii cunre3 GaAs HHK
OCYILECTBIISUICS. METOJAOM MOJEKYJISPHO-IIYYKOBOM SIHUTAKCUM HA YCTaHOBKE
Compact 21TM ¢upmsr Riber.

B nanHoii pabGoTe BmepBbie OBUIO IMOKa3aHO, YTO KOJUIOMIHBIC
HAHOYACTHUIIBI 30JI0TA MOT'YT OBITh MCIIOJIb30BaHbI B KAYECTBE KATAIN3aTOPOB IS
pocta maccuBoB omHOponHbix GaAs HHK meromom MonexkynspHO-IIydKOBOH
AIUTAKCUU. BbIJIO YCTAaHOBJIEHO, UTO U3-3a HAJMYUS CII0S1 €CTECTBEHHOI'O OKHUCIIA
Ha Si(111) mommoxkax  TpeOyercs  TPOBEACHUE  JIOMOJTHUTEIbHBIX
TEXHOJIOTUYECKUX OIepaluil Mo MpeABapUTEILHOMY BBICOKOTEMIIEPATYPHOMY
OTXKUTY TOJJIOKEK C LENbI0 yBenndeHus uncina BeprukanbHbix HHK. Kpome
TOTO0, ObLIO OOHapy>KeHo, yTo quameTpsl GaAs HHK namHoro Gosbiiie pazmepos
HAHOYACTHII, UCTIOJb30BAHHBIX JJIS POCTA. Y CTAHOBJICHO, YTO C YMEHBIICHUEM
pa3mepa 30JI0ThIX Karelb MOXKET YCHIMBAThCS UX KaTaJlUTUYECKas aKTUBHOCTD.
[Tokazano, uro yBenuuenue auameTpoB HHK mosxer ObITh B3aUMOCBS3aHO C
yBelIMYeHUEeM o0beMa Karellb KaTajlu3aTOpPOB BCIEJACTBHUE aJCOpPOIMU aTOMOB
KpeMHHUSI U3 TOMI0KKHU. [IpoaeMOHCTpUpOBaHO, YTO ATOT MPOLECC MOXKET
KOHTPOJIMPOBATHCS C MOMOIIBI0 M3MEHEHHS IIUTEIbHOCTH MPEABAPUTEIIHHOTO
omxkura. Takxe ObUIO YCTaHOBIICHO, YTO BO BpeMsl OXJIaXIeHUsI 00pa3IoB MOCIIe
MPOBEJCHUS MPEABAPUTEIBLHOTO OTXKUTA MOXKET MPOUCXOAUTH KPUCTAILIU3ALUS
HAaKOIUICHHBIX  KaTaJIUTHYCCKOW Karjied aroMoB Si, TpuBOAfmas K
dbopmupoBaHuIO Si MbEeAECTANIOB MOJI Karie.

Hccnenosanue BeinonHeHo npu noaaep:xkke rpanra PH® Ne 18-72 10047.
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OCAXJIEHME HAHOYACTHL] CaF: 1 CeO2 HA CKOJIbI
MOHOKPUCTAJIJIOB ®JIIOOPUTA

A.E. Bapanuuxos!, P.B. laitnyraunos?, B.K. sanos!, I'.A. Komangun®,
C.B. Kysuenos®, M.H. Maskosa’, U.A. Hosuxos®, H.IO. Ta6aukosa’,
M.A. Temnonorosa', ILI1. ®enopos?

! Unemumym obwerl u neopeanuueckou xumuu um. H.C. Kyprnaxoea PAH, Mocksa
OHUL] «Kpucmannozpapus u pomonuxa» PAH, Mockea
SUnemumym obweni pusuxu um. A.M. IIpoxopoea PAH, Mocksa
E-mail: ppfedorov@yandex.ru

[lenbto naHHOW pabOTHI SIBJISETCS MOBTOPEHHE KJIIACCHUECKOIO OIIbITa
OPUEHTHUPOBAHHOTO OCAXKICHHS MAJIBIX KPUCTAILIOB KBACIIOB HAa TPaHU OOJIBIIIOTO
Kpuctamia, omyonukoBaHHoro B 1933  romy M. Illackonbckoit
A.B. IlyOuukoBeiM [l], u wucciegoBaHUE BO3MOKHOCTEH MMOIYYEHHS
(GYHKIIMOHATHHBIX TTOKPHITUN HA TTOBEPXHOCTH MOHOKPHUCTAILUIOB (PIIroopuTa.

Hanouactumpl  ¢mrooputa, unMCTble ©  JIETHPOBAaHHBIE HEOIHWMOM,
CHUHTE3UPOBAJIM METOJIOM OCAXKJICHUS (PTOPOBOJOPOJHOM KHUCIOTOM U3
HUTPATHBIX pacTBOpoB. IlmactuHy MoHOKpucTaa (GTOpUIA  KaJbLUS
opueHTtanuu (111) pacmonarany ropu3oHTaJbHO U TOJHOCTBIO TOTPYKaJIU B
KOJUIOMJHBIM pacTBOp (MAaTOYHBIM pacTBOpP WM TPOMBIBHBIE BOJBI C
OCAXJIEHHBIM TMPOJIYKTOM peakuuu). BapbupoBanu BpeMss U TeMmIepaTrypy
ocaxknenusd. [lomydeHHble 00pa3ibl MCCIENOBAIM METOJAAMH aTOMHO-CHUJIOBOM
Mukpockonuu, POM, IIOM wu onruueckoro mnpomyckanus. Habmromarorces
HEOJHOPOJHOE  MOKPBITUE  TOBEPXHOCTH  MOJJIOXKKH  CYOMUKPOHHBIMHU
yacTULIaMU. B CKOIJIEHHAX 4YacTHI IMPOCMATPUBAIOTCS arjoOMEPUPOBAHUE B
TpEeyrojbHble O0pa30BaHUs, KOTOPbIE COOTBETCTBYIOT CHUMMETPHH IMOJJIOKKH.
Janubie IIOM  CBHIOETENBCTBYIOT O KOTEPEHTHOM HApacTaHWHW YaCTHI]
¢roopuTa, CEBIINX HA MOHOKPUCTAIITUNIECKYIO MOUTOKKY. CIIEKTp ONTUYECKOTO
OpOIyCKaHusl 00pa3lioB JEMOHCTPUPYET HAIWYUE JIMHUN THAPOKCHUIIA.
TepmooOpaboTKa MOJJIOKKM C OCAXKICHHBIM CJIOEM HaHo4dacTull (IoopuTa
OPUBOAUT K (DOPMHUPOBAHMIO MOPHUCTHIX CIIOEB CIOXHOW TOMOJIOTHMH C SIPKO
BBIP&XXEHHOM OCTPOBHOU CUMMETPUEH TPETHEr0 NOPSAKA.

Juokcua 1epus U30CTPYKTYpEeH (QIIIOOpUTY, pas3lidyue B MapameTrpax
aueriku HeBenuko. Hanouactuubsl CeO2 pazmepoM 10 10 HM, CUHTE3UpOBaHHBIE
pa3NIUYHBIMM ~ MeToJaMu  (THAPOJIU3, TEPMOTHIAPOIIN3, TUAPOTEpMaIbHas
o0paboTka ¥ T.[.), OCAKIAINCh HA TMPOTSKEHUU 15 CYTOK HaA CKOJIBI
MoHoKpuctaioB CaF,. HanouacTuilpl npeMMyIIECTBEHHO OCaKIaluCh BIOJIb
cTyneHeu ckona. HabGmronanock TpaBiaeHue MOATIOKKY MICTIOYHBIMUA PACTBOPAMHU
C BBISIBIICHUEM BbIX0/Ia IUCIIOKAIIMN HA TOBEPXHOCTh MOHOKPHUCTAJLIIA.

Pabota BrinmonHeHa B pamkax rpanta POOU Ne 18-29-12050-mxk.

1. B.K. Usanos, ILII. ®enopos, A.E. bapanunkos, B.B. Ocuko, Ycnexu
xumuu 83, 1204 (2014).
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InGaAs @OTOANOAbI HA IMAITA3OH 1.02-1.31 MKM
C METAMOP®HbLIM BY®EPHbBIM CJIOEM, BBIPAIIIEHHBIE
HA TIOJIOXKAX GaAs

b.H. 3BonkoB, C.M. Hekopkun, U.B. Camapiie
Hayuonanvuuiii uccnieoosamenvcruii Husicecopoockuti 20cyo0apcmeenmbiii
yrueepcumem um. H.U. Jlobauesckozo, Husicnuii Hoeeopoo
E-mail: woterbox(@mail.ru

doToanoapl HA auUara3oH JIuH BOJH 1.3—1.5 MxM, Ha momgnokkax GaAs
MPEACTABIISIOT MHTEPEC JI1 3aMEHBI UCIIOJIB3YEMBIX CEMYac JIJIsl 3TOr0 AUana3oHa
npubopoB, cHOpMUPOBAHHBIX Ha Tomaioxkkax InP. OguuM U3 HampaBieHHIA
SIBIIIETCS UCTIOJIb30BaHNE MeTaMOphHBIX OydepHbIx cioes [1-3].

B Hacrosmedt pabGoTe mpencTaBieHBI  pe3yJbTaThl  MCCIEAOBAHUS
CTPYKTYpHI p-i-n AuoAa Ha quana3oH 1.02—1.31 mxm ¢ metamopabIM OydepHbIM
cioeM InGaAs co cryneHuateiM u3MeHeHHEM cocTaBa. doroguoanHsie
CTPYKTYphI oJrydeHbl MeTogoM MOI'®D Ha noanoxke GaAs ¢ OTKIOHEHHEM 2°.

Hccnenyemple  cTpyKTypel mojiydeHbl MmerogoM  MOC-ruapunHon
SMUTAKCUU TIpu armochepHOM aaBieHUU. MetaMopdHbli OydepHbI croit
BbIpalliuBajca B nBa dTana. CHayanma Ha nojjoxke GaAs mpu TeMmmeparype
700 °C pactuiics cioit InGaAs, coctogimuii U3 NITHAILATH TEPEXOAHBIX CIIOEB
CO CTyINeHYaThIM HM3MEHEHHEM cocTaBa o6Omieil TommmHor 1000 HM. 3artewm,
MPOU3BOIUIIOCH oxjdaxaeHue a0 560 °C u BeIpammBanue OydepHOTo Cios
InGaAs, coctosimero w3 14 cmoeB oOmel Tommuuond 960 Hwm. /[lanmee
dbopmupoBanace p-i-n crpykrypa InGaAs ¢ congepkanvneM nunaus okoso 50%.

Ha ocHOBe mosydeHHON TeTepoCTPyKTYpbl H3roTOBJIEHBI (hoToauoabl. Co
CTOPOHBI CTPYKTYpPBl U TMOJJIOKKE ObUIM HaHECEHbI AU OMHUYECKHE KOHTAKTHI
METOJIOM TEPMHUYECKOTO HCIIApEHUs] B BaKyyme, 3aTeM Oblla BbITpaBIICHA
me3actpykrypa auamerpom 0.8 M. Crektp (OTOTOKa MMEET MaKCUMyM Ha
JUIMHE BOJHBI 1.22 MM, mmpuHa cnekrpa cocrasiser 0.29 mxm. UccnegoBanus
0OpaTHBIX BOJIBT-AaMIIEPHBIX XapaKTEPUCTUK (POTOIUOJOB TPU KOMHATHOM
TeMIepaType NoKa3ajiu, 4YTO 3HAUEHUsI TEMHOBBIX TOKOB COCTAaBIISIIOT 10 MKA 1ipu
BEJIMYMHE 00paTHOIrO HamnpsixkeHus 5 B.

Takum oOpa3oM, MpeiokKeHa TEXHOJOTHUS ABYXTEMIIEpAaTypHOIO pocTa
Meramopdueix cioeB InGaAs, nHa mnomioxkkax GaAs. JlanbHeimme
UCCleIoBaHMs OyAyT HalpaBieHbl HA U3YYEHUE MPUPOJbl TEMHOBBIX TOKOB C
eIbl0 MX MHHUMHU3AIMHA, a Takke OyAeT Npou3BeJcHAa ONTUMU3AIIMS
KOHCTPYKIIMM  MeTramoppHOro  OydepHoro  cimos il yIyYIICHUS
KPUCTAINIMYECKOT0 KaueCTBa TE€TEPOCTPYKTYP.

1. H.-L. Wang et al., Chin. Phys. Lett. 26, 014214 (2009).
2. D. Wu et al., Electronics Letters 44, (2008).
3. W.B. Camapues u np., DTII 12, (2018).
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®OPMUPOBAHUE U CTPYKTYPHBIE UCCJIEJJOBAHUSA Ge/Si CJIOEB
HA Si/Si0./Si (100)

A.T. Tarapun', C.A. Jlenncos?, M.H. Munees!, JI.A. I1anos?, A.A. Cymkos?,
B.IO. Yankos?, B.I'. Illenrypos?

!Mescseoomemesenmoi Liermp meepoomenvroti mukpoanexkmponuky, Huoicnuti Hoezopoo
’Hayuonanvuwlii uccreoosamensckuii Huowcezopoockuil 2ocyoapcmeentbiil
yrueepcumem um. H.-U. Jlobauesckozo, Husicnuii Hoeeopoo
E-mail: sushkovartem@gmail.com

CdopmupoBansl u uccienoBanbl ciou Ge/Si Ha momnmoxkkax Si/Si02/Si
(100) (KHHN) mpu pa3ubix TemiiepaTypax pocta. Cioii Si BeIpalieH ¢ mOMOIIbIO
MOJIEKYJISIPHO-TTYYKOBOM AMUTAKCUU, a cjaoil (Ge MOJydeH METOJIOM «Topsuei
npoBOJOKM». CTpyKTypHBIE  MCCIEOBAaHUS IPOBEIECHBI C  IOMOIIBIO
BBICOKOPA3pEIIAONIE MPOCBEUMBAIOIIECH JJIEKTPOHHOM MHKPOCKONIMU HaA
mukpockorie JEOL JEM-2100F (200xB). IlepcnexktuBa co3manusi mOJ00HBIX
CTPYKTYp CBOJAMTCS K HapalllMBaHUI0 HAa HUX BBICOKOIO KAayecTBa JIa3€pHBIX
CTPYKTYp, KOTOpbI€ OYlyT COBMECTUMBI ¢ KPEMHHEBON paiallMOHHO-CTOMKOM
KMOII-TexHonorueu.

N3o00paxxenus nomnepeyHoro cpesa rerepoctpykryp KHU, nonyyennsie ¢
MOMOIIBIO0 BEICOKOpa3peHIaroiei MpoCcBEeYNBAIOIIEH 3JIEKTPOHHOW MUKPOCKOITHH
(ITOM), neMOHCTPUPYIOT ONU3KYI0 K aTOMapHO-IJIaJIKOM IOBEPXHOCTh
npubopHoro cinos  Si. Ha IIOM-u3zo0pakeHHsIX TMOIMEPEYHOro  cpesa
rerepoctpyktyp KHUW He Obl10 OOHapyXeHO KOHTpACTa, CBSI3aHHOTO C
nedexkramu. MccnenoBanusi momepeyHoro cpesa rerepoctpykryp Ge/Si/KHU
nokasaio, 4ro oTxkur nojnoxku KHU npu remnepatype 900 °C He MOTHOCTHIO
ycrpansier ¢ noBepxHocty KHU auokcua kpemHuUs, HO MPHU 3TOM COXPAHSIET
ckpoiThlid B KHU cioit Si02. Ocrapumiicst nmociie oTxura Ha nosepxnoctn KHU
JTMOKCHUJ] KPEMHUS CTIOCOOCTBYET HAPYIICHHIO CIIOMHOCTH OydepHoro cios Si,
BbipamieHHoro Ha KHW npu Ttemneparype pocra 800 °C. YmeHblieHHe
TemiiepaTypbl pocta Oydepnoro cios Si ¢ 800 mo 600 °C mnpuBeno k
dbopMupoBaHUIO CIUIOMIHOTO OydepHoro ciosi Si. Penakcamus ynpyrux
HaIpsHDKEHUH B IpoLiecce SMUTaKCHAIBHOTO pocTa ciost Ge Ha Si mpoucxoauia ¢
00pa3oBaHUEM MPEUMYIIECTBEHHO TaKUX AC(PEKTOB, KaK JIUCIOKAIMU, KOTOPHIE
IPOPaACTaIH K TOBEPXHOCTH.

HecmoTpst Ha TO, uTo B JaHHOM paboTe yaanoch Moa0OpaTh TakKue
temriepatypbl oTxura KHU u pocra OydepHoro cmosi Si, mpu KOTOPBIX
coxpansiercss ckpbiThii B KHU cmoit Si02 u dopmupyrores crtomnsie Ge/Si
OydepHble cliou, TeEM HEe MeHee TPeOyIOTCs JalbHEUIIINE UCCIIeI0BaHus, C LENbIO
YMEHBIIUTh YHUCIIO JUCIOKAIMK, 3apoAuBIINXcs Ha rereporpanuie Ge/Si u
IpopacTaroluX K moBepxuoctu cTpykrypsl Ge/Si/KHU.

Pa6ora BrimonHeHa mpu puHAHCOBOM moanepkke Poccuiickoro HaydHoro
dbonna (mpoekt Ne 18-72-10061).
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CIIEKTPAJIBHO-JIOMMHECHEHTHBIE XAPAKTEPUCTUKHN
HAHOIIOPOIIKOB TBEPbIX PACTBOPOB
LaixRexGao sSbi1.506, BiixRexGeosSbi.sOs (Re = Pr, Eu, Dy, Tb)

O.M. Taiitko!, C.B. T'onmogyxuna', A.B. Eropeimesal, IT.A. Pa6oukuna?,
A.JI. Taparsinosa®, 1. A. FOpnos?, C.A. Xpymanuna’
! HUnemumym obweri u neopeanuueckou xumuu um. H.C. Kyprnaxoea PAH, Mocksa
’Hayuonanvuviii ucciedosamenvckuii Mopooeckuii 20cyoapcmeenulii

yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: anabel-2005@yandex.ru

B Hacrosmedt pabGoTe mpeacTaBieHbl  pe3yJbTaThl  MCCIEAOBAHUS
CHEKTPaIbHO-TIOMUHECIICHTHBIX CBOICTB TBEPJIBIX pPacTBOpPOB
LaixRexGaosSb1.sOs u BiixRexGeosSb1sOs (x = 0.05-0.5) co cTpykrypoit
posuanTa, JerupoBannbix vonamu Pr’*, Eu®*, Dy**, Tb**. Coenunenus nansoro
TUTIA SIBJSIIOTCS ~ MAQJIOWM3YYEHHBIMH W XapaKTePU3YIOTCSI  OTHOCHUTEIHHO
OOJMBIIMMHU  PACCTOSHUAMH ~ MEXay P3-moHamMu, KOTOphIE OOYCIIOBICHBI
OCOOCHHOCTSIMU UX CJIOUCTOM CTPYKTYpHI [1]. DTOT pakt OyaeT crnocoOCTBOBATH
YMEHBIIICHUIO KOHIICHTPAIIMOHHOTO TYIICHUS W BIIUATh HAa KBAHTOBBIH BBIXO]T
JoMuHecueH  P3-moHOB, uyTO  genaer  BhIOpaHHbIE — MaTEpHAJIbI
NEPCHEKTUBHBIMU ISl pa3pabOTKU CBETOANOIOB.

JIlns BO3OyXHeHus JIrOMHHecUeHIMM wnonos Pr’*, Eu’, Dy, Tb*
MCIIOJI30BAJIOCH JIA3€PHOE M3IyUYCHUE C JIMHAMU BOJIH A = 457 unm 351 HM,
KOTOPOE€ COOTBETCTBYET II0JI0CaM TIOTJIONIEHUSI JaHHBIX HOHOB. CpaBHEHHE
MOJIYYCHHBIX ~ CIEKTPOB JIOMUHECIEHIIMM BBISBWIO PSS OTIMYUN IS
JAHTAHOBBIX M BUCMYTOBBIX CEpPHUH, MPU OSTOM HamOoliee SIPKUEC Pa3TUIMSL
HaOII0JaIKCh B crekTpax noHoB Pr’* u Eu®" (puc. 1). g TBepAbIX pacTBOPOB
Lai«PriGaosSb1.506 1 Bi1xPrxGeo.sSb1.506 oHU 00ycnoBiaeHbl 3 (PEKTUBHOCTHIO
npoueccoB Kpocc-penakcanun ('D>—!'Gs) — (CHsa—’Fs) u (PCPo—His) —
(*Hs—'D») u cBa3anbl ¢ pa3nu4HON 4acToTOM (OHOHOB. Pasmuums B CrieKTpax
momuHectueHuu cepuil LaixEuxGaosSbi1sOs u BiixEuxGeosSbisOs BbI3BaHBI
U3MEHCHHEM CUMMETPHUH JIOKATBHOTO OKPYKeHUs P3-MOHOB U CBUIETEILCTBYIOT
0 ToM, uT0 HoH Eu** B BUCMYTOBBIX COEIMHEHHAX HAXOAUTCS B O3ULIUK C GoJIee
BBICOKOUM CUMMETpPHE, YEM B JTAHTAHOBBIX.
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Puc. 1. Cnekrpsl moMuHecueHun: a) LaooPro.1Gao.sSbi.sOs u Bio.oPro.1Geo.sSb1.506
(Aexc. = 457 um), 6) Lao.ssEuo.15Gao.sSbi1.506 1 Bio.ssEu0.15Ge0.5Sb1.506 (Aexe. = 351 HM).

PaGota BrimonHeHa npu nogaepxke rpanta PODOU No 18-29-12009.

1. A.V. Egorysheva et al., Ceram. Int. 42, 13976 (2016).
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CHEKTPAJIBHO-JTFIOMHUHECLIEHTHBIE CBOMCTBA
HAHOYACTUL] ZrO2-Er 03

B.O. Becenosa!, A.B. Eropsiiesa’, I1.A. Pa6oukuna®, C.A. XpymanunaZ,
N.A. I0Opaos?

! HUnemumym obwert u neopeanuueckou xumuu um. H.C. Kyprnaxoea PAH, Mockea
’Hayuonanvuwiii ucciedosamensckuii Mopooeckuii 20cyoapcmeeHnHbilil
yuugepcumem um. H.I1. Ocapésa, Capanck
E-mail: ivanuyrlov@mail.ru

B nusnexTpuueckux HaHOYACTHIAX, JETHUPOBAHHBIX PEAKO3EMEIbHBIMU
noHamu (P3), mpu wux BO3OYXJACHUM Ja3epHBIM M3IYyUYEHUEM C BBICOKOM
IJIOTHOCTHIO MOIIHOCTHM B TIOJIOCHI TOTJIOIIEHUSI 3TUX HOHOB, Hapsly C
JIOMUHECIICHIINEH BO3HUKAET MIUPOKOIIOJIOCHOE «Oemoey» uzmydenue [1-5].

K HacTosmemMy BpeMeHH y aBTOPOB pPa3IMYHBIX pabOT HET €JUHOTO
MHEHUs O TMpUpoJA€ JaHHOro wu3nydyeHus. [lo MHeHHMIO psga aBTOPOB
HIMPOKOIIOJIOCHOE  «Oesioe» M3JIyYeHHEe, BO3HHUKAIOIIEE NpPU BO30YXKICHHUH
JTURJIEKTPUUECKUX HaHOPa3MepHBIX YacTull ¢ P3 noHamu na3epHbIM U3I1y4YeHUEM
C BBICOKOM MJIOTHOCTHIO MOILIIHOCTH, SIBJISIETCS TETJIOBBIM.

B paborax [3, 4] HamMu Takke ObLIa BBISBJICHO, YTO HIMPOKOIOJIOCHOE
Oemoe W3JIyuyeHUE, BO3HUKAIOIIME TP BO30YXKIECHUM U3IYyUYCHHEM C
Mn = 970 M Hanouacturi, YPO4:Yb ¢ koHueHTpamuedr MoHOB Yb Bbilie
20 ar.%, sBIAETCS TEIUIOBBIM, a Takke ObUl MPEIIOKEH MEXaHU3M €ro
BO3HUKHOBEHHUS.

B pabGore [5] HamMu wu3y4eHBl OCOOCHHOCTH BO3HUKHOBEHUS W
3aKOHOMEPHOCTH IIUPOKOIOJIOCHOTO «OEJOro» H3JIy4eHUs] B HAHOYACTHUIIAX
YVO4:Er npu Bo30yKIeHUU JIa3€PHBIM U3IIYYCHUEM C Ausn = 1532 HM.

B macTtosmeit paboTe METOAOM  COOCOXACHUA CHHTE3UPOBAHBI
HAaHOPa3MEpPHBIEC IUAJIEKTPUUECKUE YAaCTULBI TBEPABIX pacTBOPOB ZrOz-Er0O3 n
YVO4-ErVO4 ¢ paznuyHpIlMu CpEJHUMH pasMepaMu. M3ydeHbl 3aKOHOMEPHOCTH
BO3HMKHOBEHUS B HUX alIKOHBEPCHOHHOM JIFOMUHECIEHI[UH U IIIUPOKOIOJIOCHOTO
«0eoro» u3yueHus Npu Bo30YKJACHUU U3IIYUEHUEM C Ausn = 1532 HM.

PaGora BpimoaHeHa npu (¢GUHAHCOBON mnopnaepxkke rpanra PODU
Ne 19-32-90135.

1. S.M. Redmond, S.C. Rand, S.L. Oliveira, Appl. Phys. Lett. 85, 5517 (2004).
2. W. Strek et al., Opt. Express 19, 14083 (2011).

3. S.A. Khrushchalina et al., JETP Lett. 103 (5), 302 (2016).

4. P.A. Ryabochkina et al., JETP Lett. 103 (12), 743 (2016).

5. S.A. Khrushchalina et al., J. of Lum. 205, 560 (2019).
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MOJEJIMPOBAHUE MATHUTHOTI'O HAIIEJIMBAHW S HOCUTEJIEN
JIEKAPCTBEHHBIX ITPEITAPATOB B CUCTEME KPOBOOBPAIIIEHMA

M.B. I'epacumos, M.H. Kapkos, M.A. [Isataes, H.A. IIsataes, /I.C. Cokyies,
J.9. Axobcon
Hayuonanvuwiii uccneoosamenvcxuii Mopoogckuii 20cyoapcmeenmniil
yuugepcumem um. H.I1. Ocapésa, Capanck
E-mail: ykbsn(@mail.ru

B Hacrosimee Bpemsi akTHBHO Pa3BUBAKOTCS METOJbI LIEJIEBOM JTOCTAaBKU
JIEKapCTB, OCHOBAHHBIE HA KOHIICHTPALMY MAarHUTHBIX YaCTHULl B 33JAaHHOM MECTE
C IOMOUIbIO MOCTOSHHOTO MAarHuTHOro nojs. Jljis mnpaBuiIbHOrO BbIOOpa
[IapaMETPOB MAarHUTHBIX HOCHUTEJIEH, TAKMX KaK pa3Mep YacTHL], COJEp KaHUE
MarHUTHOTO MaTepuaja, TIpaJueHT MarHuTHOroO IMoJjii M T.JA., HEOOXOIHUMO
NOHMMAaHUE MEXaHU3Ma OCaXACHUS YacTHl] B Kamwuisipax. CerogHs nMmeercs
O0CTaTOYHO MHOTO paboT [1-3], TOCBAMICHHBIX W3YYEHUIO JBYDKCHUS
MarHUTHBIX YacTUL HAa OCHOBE aHaldu3a JCUCTBYIOIIMX HAa HUX CWI. MbI
0000IIMIM 3TOT MOAXOA C y4eToM AU(Qy3UOHHOrO Mpolecca U MOTYUYUIH
muddepeHuranbHOe ypaBHEHHME B YAaCTHBIX MPOM3BOJHBIX JJIs pacyeTa
KOHLEHTpal[Md MAarHUTHBIX MUKpPOKANCyJ B Kanwuiape. Takke Ha OCHOBAHHUU
Halllel TEeOpUU MBI OIPENETININ MapaMeTpbl HOCUTENEH, HEOOXOAUMBIE I UX
MarHUTHOTO OCaXICHUS.

Pe3ynbraThl MaTEMaTH4YECKOTO pacyeTa CPABHUBAIUCH C IKCIIEPUMEHTOM
n vitro, BBIIMOJIHEHHBIM Ha MOJIEIM KPOBEHOCHOTO cocyna. B kauecTBe Mojemnu
KaIlnuIsgpa UCIOJIb30BAIHN MOJIMATUICHOBYIO TPYOKY C BHYTPEHHUM TUAMETPOM
1 mm u guroM 10 cm. Kamwmnsip pacnonaraiics psioM ¢ 00p-HEOAMMOBBIM
MOCTOSIHHBIM MarHUTOM IWJIMHIPUYECKON (OPMBI ¢ MAaKCUMAIbHOW MHIYKIIHEH
0.47 Tn y ero ocHoBaHMs. [[1s1 3KcIIepuMeEHTa 1n Vitro HCIOJIb30BaJIU CYCIIEH3HUIO
MNOJUMEPHBIX CYOMHKPOHHBIX KarCysd, COICpXaIlUuX HAHOYACTHIBI OKCHIA
xene3a Fe;O4. Kancynbl 6pimu cunTe3upoBanbl MetonoMm «Layer by layer» Ha
chepuueckux sapax CaCOs, KoTopble OBUIM MOKPBITHI MOJUMEPHBIMU
000J10YKaMH, YEPEYIOIUMHUCA CO CIIOSIMUA HaHOo4acThll MarHeTuTa. CycneH3us
KarcyJ NpoKayMBajIach Yepe3 Kanuuisip ¢ MOMOIIbI0 MH(Y3MOHHOTO HACOCa, YTO
IIO3BOJISUIO TOYHO KOHTPOJIMPOBATh CKOPOCTH IOTOKa. llocie npokxaumBaHwus
BCEro 00beMa >KUJIKOCTH MOTOK OCTAaHABIMBAIM, KaNWUIAP 3aMOpPaXUBAIU U
3aTeM pas3pe3aid Ha KyCOuku JiuuHOM 5 MM. ConepkaHHE Kelle3a B KaKIOM
KycOouke ompenessiu  (HOTOKOJIOPUMETPUUYECKUM  METOJOM. Pe3yibTarhl
JKCIIEPUMEHTAJIBHOTO  M3MEPEHUS  IPOCTPAHCTBEHHOIO  paCHpEACIICHHUS
OCAXKJEHHBIX KalCyJl B MarHUTHOM IIOJIE B  JIOCTaTOYHOM CTENEHH
COOTBETCTBOBAJIA TEOPETUUYECKU MPEICKAZAHHBIM.

PaGora BbemosHeHa npu QuHaHcOBOM mnonaepxkke PODU (rpaHT
Ne 18-415-130007).

1. A.E. David et al., J. Controll. Release 152, 67 (2011).
2. S. Sharma et al., J. Magn. Magn. Mater. 379, 102 (2015).

3. L. Agiotis et al., J. Magn. Magn. Mater. 401, 956 (2016).
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CPABHUTEJIbHOE UCCJIEJJOBAHUE ®U3NKO-XUMNYECKUX

1 BUOJIOTMYECKNX CBOVMCTB HAHOYACTUL] MATHETHUTA,
[TOKPBITHIX OJIEMHOBOU KUCJIOTOU U AMUHOCHUJIAHOM,
JIJISI MATHUTHOM TMIIEPTEPMUU U MPT-BU3Y AJINBALINU

E.B. I'pomosa, E.N. Eroposa, M.H. Xapkos, H.A. ITaraes, B.!. lllnsnkuna,
I1.9. SIxobcon
Hayuonanvuwiii uccnedosamenvckuii Mopoogckuii 20cyoapcmeennbiil

yuugepcumem um. H.I1. Ocapésa, Capanck
E-mail: katha98@mail.ru

B Hacrosiiee BpeMs akTHBHO Pa3BUBAIOTCS TAKHE METObI TUATHOCTUKH H
JICYCHHs] KaK MarHUTHO-PE30HAHCHAs TOMOTpadusi U MarHUTHAs TUMIEPTEPMHUSI.
Oba >THX MeTOoJa MPEeANnoaratoT BBEJICHHE B OPraHMW3M NallMEHTa MArHUTHBIX
MHUKPO- WJIM HAHOYACTHUI KAaK KOHTPACTHBIX areHTOB WJIM FeHepaTopoB Tema [1].
BOJIBIIMHCTBO UCCIIEIOBAaHU COCPEAOTOUECHO HA YACTUIAX OKCHJA *Kele3a [2],
MIOCKOJIBKY OHH SIBJISIFOTCSI OTITUMAJILHBIMU C TOYKH 3pEHUS OMOCOBMECTUMOCTH U
00J1a1ar0T HEOOXOAUMBIMU MAarHUTHBIMHA CBOMCTBAMMU.

B nmannHoii pabGoTre MBI TPOBOJWIM CPaBHUTEIBHOE HCCIEAOBAHHE
HEKOTOPBIX OWOJOTUYECKUX M (U3HKO-XUMHUYECKHX CBOWCTB HAHOYACTHII
MarHeTuTa, MOKPBITHIX OJICMHOBOM KHCIIOTOM/0JIeaToOM HATPUS
(NPs Fe3s04—0OA) u amunocunanoM (NPs Fe3;Os—Si10,-NH»). Hanouactuiisi
ObUIM TOJIyYeHbl METOJOM COOCAKIEHUS C MOCIEAYIOIIEH TMIpOoTepMajbHOM,
yJIBTPA3BYKOBOM 00pabOTKOM M cTabMiIHM3aneld COOTBETCTBYIOIINM BEIIECTBOM.
Pesynprarel  ucClieOBaHHUS  METOAOM  IPOCBEUYMBAIOLICH  JJIEKTPOHHOMU
MHUKPOCKOIINU IIPOJIEMOHCTPUPOBAIIH, 4TO YaCTHULbI Fe;04—0A
XapaKTEepU3yrTCSI MEHBIIUM pa3MepoM (8 + 3 HM) U CTENEHbIO arJIOMepalu 1o
cpaBHeHuto ¢ yactunamu FesOs—>Si0-NH: (72 + 17 um). HccnepoBanue
MarHUTHBIX CBOMCTB IMOKA3aJ10, YTO YaCTHUIIBI SBJISIOTCS CylepriapaMarHuTHBIMH,
OJIHAKO TOKPBITHE M3 aMUHOCHJIaHa HECKOJIbKO yMEHBIIAeT HaMarHWYEHHOCTh
Hacwimieaust NPs FesOs. Y nenbublit koaddunment noraomenus (SAR) suepruun
nepemenHoro marauTHoro nojst (Ho = 100 3, f= 100 xI') coctaBun 11.23 B1/r
Fe u 10 B1/r Fe g NPs Fe304—0OA u NPs Fe;O4—S102-NH> cooTBETCTBEHHO.
NPs Fe304—0A o6manarot 0osee BBICOKON CTaOUIIBHOCTBIO U COXPAHSIIOT CBOU
bu3HKO-XMMHUYECKHE CBOMCTBa Oosee ogHoro roaa, a NPs Fes04s—>SiO2-NH; —
HECKOJIbKO MecsieB. Pe3ynbrarbl OMONOTHYECKHMX WCCIENOBAHUNA In  VIVO
no3BosisitoT  oTHecTH NPs  Fe3s04—S10,-NH, (LDso = 544.6 wmr/kr) w
NPs Fe;04—>0A (LDso = 652.3 MI/Kr) K MaJOTOKCUYHBIM COEJUHEHUSIM IPHU
BHYTPHOPIOMIMHHOM W TPAKTUYECKA HETOKCUYHBIM TPH BHYTPUMBIIICYHOM
BBEJICHUU.

PabGora BbmosHeHa npu QuHaHcOBoM mnonaepxkke PODU (rpaHT
Ne 19-29-10013).

1. Kheireddine EI-Boubbou, Nanomedicine. Rev. 223, (2018).
2. AM. Tishin et al., R. Patents on Anti-Cancer Drug Disc. Rev. 11, (2016).
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ITUTOTOKCUYECKUN YDPDPEKT MATHUTHON TUTTEPTEPMUN
HA KJIETKUA L-929 C ITOJIMMEPHBIMU MUKPOKAIICYJIAMU,
COAEPXKAIIUMU HAHOYACTHULIBI MATHETUTA

E.IL. Bponosckas', E.B. I'pomosa', M.H. JKapkos!, H.A. IlsaTaes',
I'.b. Cyxopykos?, A.M. Tumun’
! Hayuonanvnoui uccneooeamenvckuti Mopoosckuti 20Cydapcmeentbiil
yuugepcumem um. H.I1. Ocapésa, Capanck
2Jlonoonckuti ynusepcumem xoponeévt Mapuu, Jlonoown, Benrukobpumarnus
SMockosckuii 2ocydapcemeennsiil ynusepcumem um. M.B. Jlomonocosa, Mockea
E-mail: mikhail zharkov.92(@mail.ru

B HacTosimiee Bpemsi AJisl JIEUEHUSI HEKOTOPBIX TUIIOB OIYXOJIEM METOJIOM
MAarHUTHOW TUIEPTEPMUU MPUMEHSIOTCSI MarHUTHbIE HAHOYACTHUIBI HAa OCHOBE
okcuaa xkene3a [l], TOCKOJbKY OHH OO0JaJaf0T HEOOXOAMMBIMH (HHU3HKO-
XUMUYECKUMU W OHUOJIOTUYECKUMHU XapakTepucTukamu. st JTOCTHKEHHS
TpeOyemoil  TepameBThdeckoil Ttemmeparypsl (43—45 °C) Heobxoammo
UCII0JIb30BaTh MUHUMAJILHO BO3MOYKHOE KOJIUYECTBO MArHUTHBIX YACTHI], YTOOBI
n30eXKaTh HEXKENATeNbHbIX TOKCHYECKUX 3 PexToB [2].

B nHacrosimeit  pabore MBI TIpeasiaraéM  MOJIMAJICKTPOJUTHBIC
MUKPOKAIICYJbl, COJEpKalllM€ HAHOYACTHUI[Bl MAarHeTuTa, HJs JIOKaJbHOM
MarHuTHou Tepanuu. Kamncynel Obun momyudeHsl no metony «Layer by layer»
yTeM MOOYEPETHOI0 HAHECEHUS TTOJIUAJIEKTPOIUTOB (MTOJIMAPTUHUH, AEKCTpaHa
cynbdar) u Hanouactunl FesO4 Ha chepuueckue siapa CaCO3. Mb1 ipoBOuIH
IKCIIEPUMEHT Ha KyJIbType KIeTOK (pudpodbmactoB mbimm L-929, xoTtopsie
oOpabaTpiBalii CyCIIEH3WMEH TIONYyYEHHBIX MHKpPOKANCyl (M3 pacdeta S5
10 kancyn Ha kietky). [locie 24-yacoBoii MHKYOAIMK KJIETKA OTMBIBAJIH OT
HEUHTEPHAJIM30BAHHBIX KAallCyJl W TMOJBEprajud BO3JACUCTBUIO NEPEMEHHOIO
MAarHuTHOIO IOJIs ¢ aMIuTyAou HanpsbkeHHoctr 200 O u gacrtoront 100 k' ¢
skcniozunueit 0.5, 1, 2, 5, 10 u 15 munyT. Takxke NpoBOIWIICS SKCIEPUMEHT Ha
KJIeTKaX ¢  KOJUIOMAHBIMM  4acturiamMu  FesO4 B KOHLEHTpaLUSX,
COOTBETCTBYIOIIMX COJIEPKAHUIO MarHeTUTa B AIKCIEPUMEHTE C KarcCyJiamHu.
Uepes 24 ygaca nocie o0pabOTKH MOJIeM OIEHUBAIM KU3HECTIOCOOHOCTh KJIETOK
¢ nomombto MTT-Ttecta. Pe3ynprarel HCCIEOOBAHUS MOKA3AIH, YTO
MUKPOKAIICYJbl TPU BO3JACHCTBUU NMEPEMEHHBIM MATHUTHBIM TOJIEM YTHETAIOT
YKU3HECITOCOOHOCTh KJIETOK A0 76 u 30% i koHeHTpauuii 5 u 10 xancyn Ha
KJIETKY COOTBETCTBEHHO. Bpems 3KCmo3uiinu, Mpu KOTOPOM HE HaOIromaeTcs
JANbHEHIIET0 yMEHBIIEHUS! >KU3HECIOCOOHBIX KJIETOK, COCTaBWJIO S5 MHUH.
Konmnounnsie yactunpl FesOs, KaKk M MarHuTHOE I0JIE B KOHTPOJBHOM
IKCIIEPUMEHTE, HE BJIMSUIA HA KHU3HECIIOCOOHOCTh KJIETOK Ha BCEX BPEMEHHBIX
MHTEpBAJIaX BO3/ICHCTBUSI MAarHUTHBIM TOJIEM.

PaGora BbemosHeHa npu QuHaHcoBoM mnoxaepxkke PODU (rpaHT
Ne 19-29-10013).

1. Keon Mahmoudi et al., In. J. of Hyperthermia. Rev. 34, (2018).

2. Kheireddine El-Boubbou, Nanomedicine. Rev. 223, (2018).
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PHASE TRANSITIONS IN TWO-DIMENSIONAL SYSTEMS

B.V. Andryushechkin
Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: andrush@kapella.gpi.ru

The lecture is devoted to structural phase transitions in two-dimensional
systems, namely, in monolayer films adsorbed on single-crystal surfaces of
metals.

The importance of studying structural phase transitions in adsorbed layers
1s due to the fact that for many processes leading to the appearance of
nanostructures on the surface (self-organization, epitaxial growth), the atomic
structure of the first adsorbate layer (monolayer) is a determining factor. In this
regard, the methodology for creating monolayers with a given structure and the
ability to control transformations between different surface phases at the level of
atomic displacements become extremely urgent.

In the general case, the structure of a monolayer is determined by
competition between the lateral interaction of atoms on the surface and the
substrate potential, as well as temperature [1]. Depending on the surface
temperature and/or degree of coverage, two-dimensional (2D) gas, liquid, and also
ordered ordered phases can be observed on the same surface. With respect to the
substrate lattice, the observed phases can be divided into proportional,
disproportionate or partially proportional. A change in temperature or degree of
coating can lead to structural transitions between these phases. The main factors
determining the nature of such transitions are the ratio of the potential relief of the
substrate and the lateral interaction between the adsorbed atoms, the mismatch of
the lattice parameters of the two-dimensional layer and the substrate, as well as
the temperature.

Traditionally, studies of phase transitions on the surface were carried out in
gas films adsorbed on metals or graphite using various diffraction methods. This
approach was due to the fact that for these systems the interaction of the adsorbate
with the substrate could be described quite simply (for example, using the
Lennard-Jones potential), which allowed us to build theoretical models of phase
transitions.

One of the most active phase transitions under study was the so-called
transition from a commensurate to a disproportionate phase [2—4]. In this case,
regions with a commensurate phase turn out to be separated by striped or a
hexagonal network of an incommensurate phase («domain walls») with an atomic
density higher or lower than in the commensurate region. This effect was
discovered in the work of Frenkel and Kontorova at the end of the thirties, in
which it was shown that if you compress a commensurate lattice located at some
potential, it turns out that uniform compression of the lattice does not occur, but
domain walls (or solitons) appear that share areas with a commensurate structure.
Figure 1 shows a model drawing of domain walls that can be realized on a
hexagonal substrate.
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Fig. 1. Hexagonal and llnear domaln Walls ona hexagonal substrate for structures
(V3x\3)R30°.

It turns out that domain walls can either repeat the symmetry of the
substrate, that is, be hexagonal and linear. The first experimental evidence for the
existence of domain walls was obtained for the following systems: Kr/Graphite,
Xe/Pt (111), Ha/Graphite. But it turned out that diffraction methods are not
enough for a complete description of phase transitions at the atomic level, and, of
course, scanning tunneling microscopy is needed. However, for the cases of
physically absorbed gases, even the use of STMs did not give very bright results,
since even at helium temperatures the gas molecules remained rather weakly
bound to the surface. In this regard, we can consider another system, such as a
system of halogens on metals, which can be an alternative model system for
studying phase transitions.

By the end of the eighties of the last century, a rather large number of
various works were published in which the adsorption of halogens on metal
surfaces was studied. Basically, all of this work was stimulated by possible
catalytic applications. In a review by Robert Jones published in 1988 [5], it was
noted that halogens form a large number of ordered adsorbed phases depending
on the degree of coverage and temperature. Thus, it was shown that they are
potential convenient model systems for studying phase transitions.

In addition, it turned out that many diffraction patterns observed for many
halogen-metal pairs turn out to be in many respects similar to the diffraction
patterns observed in films of absorbed gases on the surfaces of metals and
graphite. This indicates the possible proximity of phase transitions in these
systems.

An advantage of halogen systems on metals is the ability to observe many
phase transitions at room temperature. Although at the time of the start of
research, most halogen/metal systems were already studied by integral methods,
and structural models were proposed for each of them, understanding of structural
transformations on the surface of metals under the influence of halogens was not
achieved, due to the almost complete absence of work performed in real space
with using scanning tunneling microscopy.

The aim of the work was to study the mechanism of structural phase
transitions in adsorbed halogen layers on the surface of the city center metals
during their lateral compression under ultrahigh vacuum.
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The objects of study were single-crystal faces of copper, silver and gold.
All faces (111), (100) and (110) were considered, which, respectively, represented
a hexagonal surface of symmetry, 4-order symmetry and a rectangular lattice.
Halogens: chlorine and iodine were considered as adsorbates. Such a choice of
objects made it possible to vary the mismatch of the parameters of the halogen
and substrate lattices to the widest possible extent, since the silver lattice constant
(2.89 A) is maximum, and copper (2.56 A) is minimal among a number of fcc
metals. On the other hand, chlorine and iodine (excluding fluorine) represent the
minimum and maximum sizes of the halogen atom: the van der Waals diameters
are 3.6 A and 4.0-4.3 A, respectively.

The main research method was scanning tunneling microscopy. All studies
were carried out under ultrahigh vacuum at a pressure better than 1071° Torr. In
addition, of course, electron spectroscopy, diffraction of slow electrons, and
thermal desorption mass spectrometry were used. All experimental methods were
supplemented by calculations within the framework of the density functional
theory using the VASP package based on computing clusters of the Russian
Academy of Sciences, Moscow Institute of Physics and Technology, Moscow
State University, and GPI RAS.

The lecture presents the results of studies conducted in the Department of
Technology and Measurement of Atomic Scale GPI [6]. All results can be divided
into four groups, reflecting various types of structural phase transitions on the
surface:

1. The disorder-order transition, i.e. ordering at submonolayer coverages;
2. The transition from proportional to disproportionate phase;

3. Reconstructive phase transitions;

4. The formation of surface halide phases.

At the first stage of the study, we examined the submonolayer stage of
halogen adsorption on the surface of the city center metals. It was found that at
the initial stage of chlorine adsorption on the (111) faces of fcc of metals (Ag, Cu,
Au), quasi-one-dimensional chain and nanoporous structures are formed with
distances between chlorine atoms less than in a two-dimensional structure
(V3xV3)R30° having a higher density (Fig. 2). Atomic structures formed by
halogen atoms on the surface of the city center metals at the submonolayer
adsorption stage are due to indirect electronic and/or elastic interactions between
halogen atoms through the substrate. Subsequently, with an increase in the degree
of coverage, these nanoporous structures gradually turn to 1/3 of the monolayer
into a simple structure (V3xV3)R30°.

In the study of the phase transition from a commensurate to a
disproportionate phase, answers to the questions will be received: How does the
commensurate lattice compress? Is compression isotropic and uniform? How does
the nature of the transition depend on the symmetry of the substrate lattice?
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Fig. 2. STM images (200x200 A2,5 K) of nanoporous structures of chlorine atoms formed on
the (a) Cu (111), (b) Cu (111) and (c) Cu (111) faces at submonolayer coverages.

In particular, using chlorine adsorption on an Ag (111) surface as an
example, it was established that the compression mechanism of a commensurate
lattice (V3xV3)R30° (the transition is commensurate — disproportionate phase)
includes the formation of crowdions (Fig. 3) and their condensation into
superdense linear domain walls. It is shown that a similar mechanism can be
general and determine phase transitions in the halogen layer on the (111) faces of
the fcc metals.

The linear domain wall model describes the process of compression of a
halogen lattice on the (110) face of an fcc metals in the case where the preferred
site of halogen adsorption is the position between the four atoms of the substrate
(I/Cu (110), I/Ag (110)). If the most advantageous adsorption site is a short
bridging position, then the compression of the halogen lattice occurs as a result of
reconstruction transitions (C1/Cu (110)).
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Fig. 3. (a) - STM image (330x330 A2,5 K) obtained for a degree of chlorine coverage
0f 0.34 ML. The inset shows the Fourier image; (b) - high resolution STM image of a chlorine
lattice with an overlay grid, the nodes of which correspond to the Ag (111) lattice. The defect
of incorporation into the lattice (V3x33)R30°-Cl (an additional chlorine atom) is shown
by a green circle, and the atoms forming the crowdion are shown by purple circles.

On the (100) face of fcc metals, compression of a commensurate halogen
lattice is realized only when the halogen-halogen distance in the initial
commensurate structure significantly exceeds the Van der Waals halogen
diameter (case I/Cu (100)). It was found that in this case the compression occurs
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due to a series of phase transitions of the first and second kind, including 2D
melting.

The third stage of the research was reconstruction phase transitions, which
are induced by halogen adsorption. In this case, an attempt was made to decipher
the detailed atomic structure of the reconstruction phases and establish the
conditions for the formation of reconstructions.

An example 1s shown in Fig. 4, this is again chlorine on silver (111), in
which, after the formation of the domain walls, a really complex picture of the
diffraction of slow electrons arises, which also belongs to the “nxn” family and
contains groups of spots around the 3x3 positions. The detailed STM image shows
that very interesting objects with such holes have formed - these are islands of
size 15-30 A, the local periodicity of which is 3x3. That is, the distance between
the holes is the triple distance between the atoms of the substrate. The islands are
antiphase to each other, and therefore, this system can be considered as a system
of antiphase domains with a local 3x3 structure, which, according to the
diffraction theory, leads to splitting of spots in reciprocal space. And we, indeed,
see splitting around the positions of 3x3 spots in the diffraction patterns. Since
the domains are randomly located, the magnitude of the splitting cannot be
accurately estimated. Therefore, in the general case, the structure can only be
described as «splity 3%3.

Fig. 4. (a) — STM image (330x330 A2, 5 K) obtained for a degree of chlorine coverage
0f 0.34 ML. The inset shows the Fourier image; (b) - high resolution STM image of a chlorine
lattice with an overlay grid, the nodes of which correspond to the Ag (111) lattice. The defect

of incorporation into the lattice (V3x\3) of R30°-Cl (an additional chlorine atom) is shown
by a green circle, and the atoms forming the crowdion are shown by purple circles.
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We also managed to establish how this reconstruction itself is arranged. It
turned out that here the configuration of atoms is completely changing. In a 3x3
cell, extra atoms are ejected from the substrate. Only six atoms remain three — in
the positions of the city center and three in the provisions of They form triangles.
Between adjacent such cells, sites are formed for adsorption of chlorine atoms,
but with symmetry of about 4 orders of magnitude. Chlorine atoms fill these
places and form such a (3x3) structure. The chlorine atoms in this case are located
slightly lower than in other structures. Therefore, it can be seen that these domains
are, as it were, slightly recessed with respect to the unreconstructed part of the
substrate. This model was calculated in detail using the density functional theory,
and the existence of just such a reconstruction can be considered highly probable.
In this regard, we believe that most of the other nxn structures observed on the
(111) faces of the city center metals are also due to surface reconstruction, rather
than uniform compression of the halogen layer.

A very interesting series of reconstruction phase transitions is observed in
the chlorine system on copper (110), because it is for this case that the position of
the short bridge is the preferred site for the adsorption of chlorine. In this case, a
simple compression of the lattice, as we said, is impossible, and therefore a series
of phase transitions immediately begins here. At the initial stage of adsorption,
specific bands begin to form, which look like domain walls. However, with an
increase in the degree of coverage, they are not collected as in the case of a simple
transition from a proportional to a disproportionate phase, but, on the contrary,
scatter. It turned out that in the center of each domain wall there is an additional
row of copper atoms. As the degree of coverage increases, the rows disappear,
and finally, with a degree of coverage of 0.5 ML, a simple lattice with (2x2) is
formed, but the atoms are also in the position of the short bridge.

Interestingly, the compression of such a lattice does not occur according to
the mechanism of domain walls, but also occurs according to the reconstruction
mechanism. Instead of just compressing the layer, the system, on the contrary,
builds up additional pedestals from copper atoms (shown in orange circles) and
places additional chlorine atoms on these pedestals. As a result, chlorine, as it
were, remains spaced into two floors: on the lower floor there is a structure ¢(2x2),
and on the upper floor the chlorine atoms are on these pedestals. As the degree of
coverage increases, the number of such objects grows, grows, grows, and, in the
end, they come together, and an already disproportionate lattice of chlorine forms
on an already continuous copper surface (110). But this does not end there - in the
end — the whole system begins to be faceted. Instead of the (110) plane, planes
with the (210) orientation appear, on which chlorine is also located. The capacity
of such a ladder lying on the surface is greater than that of a simple flat surface.
This is probably the reason why such a facet becomes profitable. And, in the end,
the whole surface is overgrown with such facets.

Thus, if the short bridging position is the most advantageous place for
halogen adsorption, then the nature of the phase transitions is very complex, and
it should always include reconstruction.
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And the fourth area of the research is surface halide phases, the structure
and properties of which differ from those of bulk crystals. Indeed, it was found
that under certain conditions, objects are obtained which, by their properties, are
no longer chemisorbed phases, at the same time; they are not yet other complete
halide phases. The existence of this type of structure is proved for a number of
systems: ClI/Au(111), ClI/Ag(111), /Cu(111), I/Ag(111), I/Ag(100).

Figure 5 shows such an example for a gold (111) surface after interaction
with molecular chlorine. After the formation of the lattice (V3xV3)R30°, unlike
silver, there is no compression of the lattice; instead, new elongated objects
appear. As a result of calculations by the density functional method, we were able
to interpret them as molecules, as AuCl, quasimolecules. As the degree of
coverage increases, the entire surface is filled with such molecules, and, in the
end, they form an ordered lattice similar to a honeycomb lattice, determined by a
rather complex unit cell. And within this unit cell there are molecules in a circle,
and in the center there are two adsorbed chlorine atoms in the positions of fcc and
hcp.

Fig. 5. (a, b) — STM images (120x120 A%, T =5 K) of Au (111) surface chlorinated at 130 K,
showing the compression of the chlorine layer into a “honeycomb” type structure;
(c) — coexistence of the (V3xV3)R30° phase and chain structure; (d) — the disappearance of the
phase (V3xV3)R30° and the formation of a structure of the “honeycomb” type.

Thus, the lecture presented a review of works devoted to structural phase
transitions in monolayers of halogens on the surface of metals. According to our
analysis, for a number of systems the picture of the interaction of halogens with
metal surfaces is far from complete. Indeed, for most systems recently revised
using STM in combination with DFT calculations, new data were obtained.
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Therefore, there is reason to expect that a further revision of the systems studied
in the 1970-80s can provide a lot of new interesting information on phase
transitions in two-dimensional films. In further work, emphasis should be placed
on low-temperature STM studies, which make it possible to study the structure
and interactions on the surface at the atomic level.

Knowledge of the structures formed by halogens on the surface of metals
1s important for understanding the co-adsorption halogen-oxygen structures that
arise on the surface of a metal catalyst during the oxidation of olefins. In
particular, this situation is realized in the reaction of partial oxidation of ethylene
on a silver catalyst with the participation of chlorine as a promoter.

This work was supported by the Russian Foundation for Basic Research in
the framework of grants No. 08-02-01456-a, No. 08-02-01396-a, No. 10-02-
90476-Ukr a, No. 15-02-99542-a and No. 20-02-00767-a.
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SINGLE PHOTON SOURCES BASED ON QUANTUM DOTS

G.V. Klimko, M.V. Rakhlin, I.S. Sedova, S.V. Sorokin, A.A. Toropov
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: maximrakhlin@mail.ru

The sources of single-photon emission and entangled photon pairs, based
on epitaxial semiconductor quantum dots (QDs) emitting in the visible spectral
range, which corresponds both to the region of the highest sensitivity of modern
single-photon avalanche diodes and the region of air transparency, are most
suitable for the development of protected lines of atmospheric and space optical
communication [1]. Devices of this type are currently absent due to both
technological complexity of reproducible fabrication of the samples with the
isolated single QDs and material constraints limiting possibility to distinguish
single excitonic lines at elevated device operation temperatures. In this work, we
present comparative optical studies of the single photon sources based on different
QD heterostructures: InAs/AlGaAs and CdSe/ZnSe, which emission spectrum
jointly covers extremely wide spectral range between 500 and 1000 nm.

Single QDs based on a wide band gap II-VI compound CdSe are of
particular interest due to the possibility to obtain single photon emission in green
spectral ranges up to room temperature [2]. Yet unsolved problem has been the
reproducible growth of the structures with small enough QD surface density. We
have developed molecular beam epitaxial growth regimes resulting in the
formation of a single sheet of QDs with the QD surface density less than
10'° cm™. Advantages of the InAs/AlGaAs QDs consist in possibility to achieve
single photon emission in the red spectral range using well-developed epitaxial
techniques for the growth of the required QD heterostructures [3]. A potential
disadvantage of previously studied single InAs/AlGaAs QDs is the enlarged
content of Al resulting in a significant (up to 1 meV) enhancement of the
anisotropic exchange splitting of a single-QD exciton that hampers generation of
polarization entangled photons during a cascade recombination of biexcitons [4].
We have investigated the impact of inserting an ultrathin GaAs interlayer between
the bottom AlGaAs barrier and InAs QDs that allowed us to reduce essentially the
exciton fine structure splitting. Realization of intensive fluxes of pure single-
photon emission is demonstrated for cylindrical nanoantennas containing QDs of
both types.

We acknowledge financial support by the Russian Foundation for Basic
Research (project Ne 18-02-01212).
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2. O. Fedorych et al., Appl. Phys. Lett. 100, 61114 (2012).
3. A. Polimeni et al., Phys. Rev. B 59, 5064 (1999).
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PROBE METHODS OF SURFACE DIAGNOSTICS

P.A. Alekseev
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: npoxep@gmail.com

Scanning probe microscopy (SPM) is a family of methods based on the
interaction of the sharp nanosized probe mounted on the cantilever with studied
surface. Functionalization of the probe allows to map a topography [1], electric
[2] and magnetic fields [3], conductivity [4], mechanical properties [5] and
intensity of the light radiation [6]. Besides of the multimode diagnostics SPM is
a convenient tool for nanolithography [7] by local anodic oxidation or
nanoscratching technique.

Report will contain a brief review of SPM methods and recent examples of
SPM diagnostics of III-V semiconductor nanowires and van-der-Waals (vdW)
heterostructures (graphene, MoSez). GaAs nanowires were studied by conductive
atomic force microscopy which reveal the impact of the surface passivation on
the electronic surface state density and conductivity [8]. Moreover, influence of a
mechanical deformation on the electronic properties of the III-As nanowires also
was studied [9, 10]. To quantitively analyze electromechanical effects,
mechanical properties of the nanowires were determined by SPM [11]. Then
contributions from piezopotential and piezoresistance on the electronic properties
were obtained.

For the vdW heterostructures it was shown a formation of the 20 nm wide
graphene and MoSe> nanoribbon and 10 nm nanoconstriction by local anodic
oxidation [12]. Electronic properties of the MoSe> on graphene in dependence of
the number of monolayers also were studied [13].
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SYNTHESIS OF COLLOIDAL SOLUTIONS OF SILICON QUANTUM
DOTS WITH ORGANIC LIGANDS

A.V. Knyazev, A.A. Konakov, E.V. Syrov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: knyazevav@gmail.com

In recent decades, the use of semiconductor and metal quantum dots in
various fields of biomedicine has attracted considerable interest: medical
diagnostics, in particular cancer, drug delivery, optical bioimaging, and
theranostics. The optical properties of such particles are mainly used. At the same
time, typical colloidal quantum dots of cadmium selenide or metal nanoparticles,
including gold, are toxic to the human body. Expanding the capabilities of optical
techniques in biomedicine requires the search for new light-emitting nano-objects
that are safe for biological organisms. The solution could be the use of solutions
of silicon nanocrystals coated with organic ligands.

We are developing a new method for producing colloidal solutions of
silicon quantum dots with an organic coating based on ion-synthesized silicon
nanocrystals in oxide matrices. The passivated surface of silicon nanocrystals is
modified during the photochemical reaction. The reaction of the oxidized surface
of silicon nanocrystals with a mixture of acylbenzenes (isomers of xylene,
ethylbenzene, isopropylbenzene, etc.) takes place at room temperature and
irradiates the reaction mixture in the UV range. The reaction product is a colloidal
solution of silicon nanocrystals with a surface modified with hydrocarbon groups.

The work was performed with the financial support of the Russian
Foundation of Basic Research (Project Number 19-53-45056 UH/]_a).
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OBTAINING OF A SOLID SOLUTION Cd;.<Pb.F
BY THE MECHANOSYNTHESIS

LI. Buchinskaya, N.A. Ivanovskaya
Federal Scientific Research Centre «Crystallography and Photonics»
of RAS, Moscow, Russia
E-mail: buchinskayaii@gmail.com

Mechanosynthesis is an effective way to obtain nanosized particles.
Nanocrystalline fluorides are one of the promising functional materials for
photonics and solid state ionics [1]. In this work, we studied the possibility of
obtaining a nanocrystalline Pbi.,Cd.F2 (x~0.33) solid solution by grinding a
mixture of crystalline components of PbF, and CdF. in a high-energy ball
planetary mill Retsch PM-200 (mva/msubstance = 100g/5g) in a protective
atmosphere of Ar for 15 hours with intermediate sampling for X-ray diffraction
analysis (XRD). XRD showed (fig. 1(a)) that at the initial stage of grinding, a
rhombic phase based on PbF> is formed, then, gradually, a new cubic phase with
the lattice parameter a = 5.76(8) A forms. It is very close to the lattice parameter
of the composition Pbo¢7Cdo33F2. Within 15 hours, the synthesis occurs almost
completely (XRD does not detect impurities of the initial components). Scanning
electron microscopy (SEM) showed a large inhomogeneity of particles in size:
10-100 nm (fig. 1(b)).

The broadening of the X-ray profile of the resulting product occurs as a
result of particle grinding and, possibly, due to partial «mechanical hydrolysisy.
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Fig. 1. (a) — The dynamics of changes in the XRD spctra during grindig;
(b) — SEM-images of Pb1-+Cd:F2 (x = 0.33) particles (b).

1. S.V. Kuznetsov, V.V. Osiko, E.A. Tkatchenko, P.P. Fedorov, Russ. Chem.
Rev. 75, 1065 (2006).
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NANOCOMPOSITE FIBERS OF POLYVINYL ALCOHOL
WITH MULTI-WALLED CARBON NANOTUBES PRODUCED
BY ELECTROSPINNING

A.M. Nizametdinov'!, V.A. Sergeev'?, S.V. Vasin!
Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Ulyanovsk, Russia
2Ulyanovsk State Technical University, Ulyanovsk, Russia
E-mail: svasin@ulireran.ru

Polymer composites with carbon nanotubes (CNT) have a wide range of
unique electrophysical and physical-mechanical properties that allow both creating
new electronics elements and improving the characteristics of existing ones [1]. It is
known that the properties of such nanocomposites are determined both by the
properties of CNT and by the nature of their distribution and orientation in the
polymer matrix [2].

To control the orientation of CNT in the polymer matrix a number of methods
are used: Langmuir-Blodgett, electric or/and magnetic field impact, etc. As one of
such methods may be used electrospinning. This method consists of obtaining thin
nanocomposite fibers as a result of the action of electrostatic forces on an electrically
charged stream of solution or melt. Using this method, it is possible to produce fibers
with a diameter from 5 to 800 nm [3]. Such fibers with aligned CNT can be used to
create planar and bulk structures in polymer electronics.

We have designed and assembled an installation that implements the
electrospinning method. An example of polyvinyl alcohol (PVA) fibers with a 1%
fraction of multi-wall carbon nanotubes (MWCNT) obtained using this installation
is shown in fig. 1 (a) and (b). It can be seen that using this method it is possible to
obtain an array of nanocomposite fibers oriented in the one plane.

b

Fig.1. Optical microscope images of PVA fibers (a — PVA with 1% MWCNT,
b — 10x zoomed image a).

The present work was performed as part of a state assignment with financial
support from the Russian Foundation for Basic Research and the Government of
Ulyanovsk Region, Project No. 19-42-730011.
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SPIN LIGHT-EMITTING DIODES WITH (A3,Fe)B5 INJECTORS

M.V. Dorokhin, V.P. Lesnikov, M.V. Ved, A.V. Zdoroveyshchev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: mikhail28ved@gmail.com

Diluted magnetic semiconductors (DMS) are materials, which combine
magnetic and semiconductor properties [1]. DMS (A3,Fe)BS5 are considered to be
the most promising, since the Curie temperature in such materials exceeds 300K
[2]. In this work the introduction of (Ga,Fe)Sb, (In,Fe)Sb and (Ga,Fe)As layers as
functional elements of a spin light-emitting diode (SLED) were made.

The samples are semiconductor heterostructures with quantum well
InGaAs/GaAs on p-GaAs (for SLED with (In,Fe)Sb and (Ga,Fe)As injectors) and
n-GaAs (for SLED with (Ga,Fe)Sb injector) substrates.

When structures are introduced into a magnetic field, the
electroluminescence becomes partially circularly polarized. The degree of
circular polarization of EL is calculated by the formula

P, =(I,—1,)/(I, +1,)x100%, (1)
where 11(I2) is the relative EL intensity for left (right) polarized light.

The maximum values of the degree of circular polarization (PrrL) was found
at 10 K. For SLED with (Ga,Fe)As injector PeL = 1%, with (In,Fe)Sb Prr= 0.7%,
and with (Ga,Fe)Sb P = 0.2%. When studying the magnetic field dependences
of PgL for structure without a ferromagnetic injector (A3,Fe)B5, Prr did not
exceed the level of measurement error. It indicates that the circular polarization
of EL is associated with the spin injection of carriers from a DMS.

The degree of circular polarization is determined by the efficiency of spin
injection, as well as spin relaxation during scattering of charge carriers. In the
SLED with the (Ga,Fe)Sb, injection of spin-polarized holes is realized, while for
the structures with (In,Fe)Sb and (Ga,Fe)As, electron injection is realized. This
explains the relatively low value of the degree of circular polarization for SLED
with (Ga,Fe)Sb, since the spin diffusion length for holes is shorter than for
electrons.

With an increase of the measurement temperature, the EL intensity and PgL
decrease monotonically. For SLED with (Ga,Fe)As at temperatures above 200 K,
the EL intensity becomes comparable with the noise level, which does not allow
reliable measurements of Pgr. For the structure with (Ga,Fe)Sb, it was not possible
to measure Prr at temperatures above 50 K due to the low degree of polarization.
Only in an SLED with an (In,Fe)Sb injector it was possible to achieve circular
polarization in the temperature range of 10-300K.

This work was supported by the Russian Science Foundation project
No 18-79-10088 (structure’s fabrication and polarization measurements) and the
Grant of the President of Russian Federation, project Ne MD-1708.2019.2 (GaAs-
based spin light-emitting diode structure development).

1. M. Holub, P. Bhattacharya, J. Phys. D: Appl. Phys. 40, 179 (2007).
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THE RESEARCH OF HYBRID MATERIALS BASED ON MULTI-WALL
CARBON NANOTUBES AND NANOSTRUCTURED FORMS
OF TITANIUM CARBIDE

S.Yu. Ketkov, A.M. Obyedkov, I.V. Vilkov
Razuvaev Institute of Metalorganic Chemistry of RAS, Nizhniy Novgorod, Russia
E-mail: mr.ilkof(@yandex.ru

Hybrid materials based on multi-walled carbon nanotubes (MWCNTs), the
surface of which is decorated with nanocoatings of titanium carbide of various
morphologies, are promising materials for the creation of new composite
materials, catalytic systems, and sensors.

Previously, we obtained a hybrid material consisting of MWCNTSs whose
surface is decorated with a continuous nanodispersed TiC layer by the MOCVD
method using titanocene dichloride (Cp.TiCl,) as a precursor [1]. We continued
to study the deposition process of TiC coatings, without changing the deposition
temperature, but changing the mass ratio of precursors (Cp,TiCl.: MWCNTs) in
the range from 1: 1 to 1:10. The resulting materials were characterized by SEM,
TEM, HRTEM and XRD. It is determined that the hybrid material we obtained
contains of two crystalline phases: MWCNTs and the stoichiometric phase of
titanium carbide.

It was found that the change in the mass ratio of precursors
(Cp2TiCl2:2MWCNTs) led to a change in the observed morphological forms of
TiC. With ratios of precursors less than 3:1, MWCNTs coated with thin films of
TiC up to 10 nm thick were observed. An increase in the ratio to 4:1 led to the
formation of TiC nanoparticles on the surface of decorated MWNTs. With a ratio
of 5:1, the formation of TiC nanodendrites with a branch thickness of about
50 nm and nanowhiskers with a thickness of ~ 200 nm and a length of more than
5 um was observed. With 6:1 or more precursor ratio it was observed that lateral
branches are growing from the surface of nanowhiskers that subsequently led to
the formation of three-dimensional nanostructured forms — cubic TiC
mesocrystals with dimensions about 10 um with cubic habit.

The work was performed using the equipment of Common Research Center
«Physics and technology of micro- and nanostructuresy.

1. K.V. Kremlev et al., Technical Physics Letters 42, 40 (2016).
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InGaAs PHOTODIODES IN THE RANGE 1.02-1.31 um
WITH A METAMORPHIC BUFFER LAYER GROWN
ON GaAs SUBSTRATES

S.M. Nekorkin, I.V. Samartsev, B.N. Zvonkov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: woterbox(@mail.ru

Photodiodes for the wavelength range 1.3—1.5 pum grown on GaAs
substrates are perspective for replacing the devices used now for this range grown
on InP substrates. One of the ways is the using of metamorphic buffer layers [1—
3].

This paper presents the results of the study of the p-i-n diode structure for
the range 1.02—1.31 um with a metamorphic InGaAs buffer layer with stepwise
composition change. Photodiode structures were grown by the MOCVD method
on GaAs substrate with a 2° deviation.

The structures under study were grown by the MOCVD method at
atmospheric pressure. The metamorphic buffer layer was grown in two stages.
First, the InGaAs layer consisting of fifteen transition layers with stepwise
composition change was grown on a GaAs substrate at a temperature of 700 °C
(total thickness of 1000 nm). Then, cooling to 560 °C and growing of the InGaAs
buffer layer consisting of 14 layers were performed (total thickness of 960 nm).
Then, the p-i-n structure of InGaAs was grown with indium content about 50%.

Based on the obtained heterostructure photodiodes are made. On the side
of the structure and the substrate Au ohmic contacts were deposited by thermal
evaporation in vacuum, and then a mesastructure 0.8 mm in diameter was etched.
The spectrum of the photocurrent has the maximum at a wavelength of 1.22 um,
the width of the spectrum is 0.29 pm. Investigation of the reverse current-voltage
characteristics of photodiodes at room temperature showed that the values of dark
currents are 10 pA with a reverse voltage of 5 V.

Thus, the technology of two-temperature growth of metamorphic InGaAs
layers on GaAs substrates has been proposed. Further research will be aimed at
studying the nature of dark currents in order to minimize them, and the design of
a metamorphic buffer layer will be optimized to improve the crystal quality of
heterostructures.

1. H.-L. Wang et al., Chin. Phys. Lett. 26, 014214 (2009).
2. D. Wu et al., Electronics Letters 44. (2008).
3. L.V. Samartsev et al., FTP 12, (2018).
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FORMATION AND STRUCTURAL INVESTIGATIONS OF Ge/Si LAYERS
ON Si/Si0,/Si (100)

V.Yu. Chalkov!, S.A. Denisov!, A.G. Gagarin?, M.N. Mineyev?, D.A. Pavlov!,
V.G. Shengurov!, A.A. Sushkov!
!Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
’Interagency center of solid-state microelectronics, Nizhny Novgorod, Russia
E-mail: sushkovartem@gmail.com

Ge/Si buffer layers grown at different temperatures on Si/Si02/Si (100)
(SOI) substrates have been fabricated and studied. The Si buffer was grown via
molecular beam epitaxy. The Ge layer was produced in a single stage via hot wire
chemical vapor deposition process. The cross section of the structure was
analyzed by a high-resolution transmission electron microscope (HRTEM) (JEOL
JEM-2100F microscope operated at 200 kV). Such structures can be used in the
future as a substrate for growth of high qualities laser structures with radiation
resistance.

HRTEM investigations demonstrate a close to atomic smooth surface of
SOI substrates. Regions with defects weren’t found via HRTEM. Studies of the
cross section of heterostructures Ge/Si/SOI showed that the annealing of SOI
substrates at 900 °C does not completely remove silicon dioxide from the surface
of SOI, but at the same time retains a hidden layer of SiO; in SOI. The silicon
dioxide remaining after annealing on the SOI surface contributes to disruption of
continuity of the Si buffer grown on SOI at 800 °C. A decrease in the growth
temperature of the Si buffer from 800 °C to 600 °C resulted in the formation of a
continuous Si buffer. Relaxation of elastic stresses in the process of epitaxial
growth of Ge layer on Si occurred with the formation of mainly such defects as
dislocations.

In this paper we have selected such temperatures of annealing of SOI and
growth of Si buffer, at which the Si0O2 layer hidden in SOI is preserved and Ge/Si
buffer layers with uniform thickness are formed, nevertheless. Further research is
required in order to reduce the number of dislocations originating at the Ge/Si
heterogeneous boundary.

The work was supported financially by the Russian Science Foundation
(Project No. 18-72-10061).
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SPECTRAL AND LUMINESCENT CHARACTERISTICS
OF LaixRexGao sSbi.506, BiixRexGeosSbi.s0s (Re = Pr, Eu, Dy, Tb)
NANOPOWDERS OF SOLID SOLUTIONS

A.V. Egorysheva!, O.M. Gajtko!, S.V. Golodukhina'!, S.A. Khrushchalina?,
P.A. Ryabochkina?, A.D. Taratynova?, I.A. Yurlov?
!Kurnakov Institute of General and Inorganic Chemistry of RAS, Moscow, Russia
’National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: anabel-2005@yandex.ru

This paper presents the results of a study of the spectral and luminescent
properties of LaixRexGaosSbis0s and BiixRexGeosSbi1506 (x = 0.05-0.5) solid
solutions with the rosiaite structure doped with Pr**, Eu*’, Dy*', Tb*" ions.
Compounds of this type are poorly studied and are characterized by relatively
large distances between RE ions, which are caused by the features of their layered
structure [1]. This fact will contribute to a decrease in concentration quenching
and affect the quantum yield of RE ions luminescence, which makes the selected
materials promising for the development of LEDs.

To excite the luminescence of Pr**, Eu**, Dy**, Tb3" ions, we used laser
radiation with wavelengths A = 457 or 351 nm, which corresponds to the
absorption bands of these 1ons. Comparison of the obtained luminescence spectra
revealed a number of differences for the lanthanum and bismuth series, and the
most striking differences were observed in the spectra of Pr** and Eu’* ions
(Fig. 1). For La1xPr«GaosSb1.506 and Bi1xPrxGeo.sSb1.50s solid solutions they are
due to the efficiency of the cross-relaxation processes (\D2—'Gs) —(CHs—>Fa)
and (*Po—>H4) —(*Hs—'D,) and are related with different phonon frequencies.
Differences in the luminescence spectra of the LaixEuxGaosSbisOs and Bii-
«BuxGeosSbi150s series are caused by a change in the symmetry of the local
environment of rare-earth ions and indicate that the Eu®" ion in bismuth
compounds is in a position with higher symmetry than in lanthanum.
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Fig. 1. Luminescence spectra a) Lao.oPro.1Gao.sSb1.506 and Bio.oPro.1Geo.sSb1.506
(Aexc. = 457 nm), b) Lao.ssEuo.15Gao.sSb1.50¢ and Bio.ssEuo.15Ge0.5Sb1.506 (Aexe. = 351 nm).
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NANOPARTICLES
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In dielectric nanoparticles doped with rare-earth ions (RE) a broadband
«white» radiation appears along with luminescence [1-5] under laser excitation
with a high power density into the absorption bands of these ions.

To date, the authors of various works have no consensus on the nature of
this radiation. In the opinion of a number of authors, the broadband «white»
radiation mentioned above is thermal.

In [3, 4], we also observed broadband «white» radiation from YPO4:Yb
nanoparticles with a concentration of Yb ions above 20 at.% excited by radiation
with Aexe. = 970 nm, confirmed its thermal nature and proposed a mechanism for
its occurrence.

In [5], we studied the features of the appearance and regularities of
broadband «white» radiation in YVOs: Er nanoparticles upon excitation by laser
radiation with Aexe. = 1532 nm.

In the present work, dielectric nanoparticles of ZrO»-Er.O3 and YVOs-
ErVOs solid solutions with different average sizes were synthesized by the
coprecipitation method. The regularities of the occurrence of upconversion
luminescence and broadband «white» radiation in these compositions upon
excitation by radiation with Aexe. = 1532 nm were studied.

The work was supported by the RFBR grant No. 19-32-90135.
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MODELING OF MAGNETIC TARGETING OF DRUG CARRIERS
IN THE BLOOD CIRCULATORY SYSTEM
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The methods of targeted drug delivery based on the concentration of
magnetic particles in a given location using a constant magnetic field are actively
developing currently. An understanding of the mechanism of particle precipitation
in capillaries is necessary for the correct choice of the parameters of magnetic
carriers, such as particle size, magnetic material content, magnetic field gradient,
etc. There are many papers [1-3] devoted to the study of magnetic particle
movement and based on the analysis of forces acting on them. We have
generalized this approach taking the diffusion process into account and obtained
a partial differential equation for calculation of the concentration of magnetic
microcapsules in the capillary. Based on our theory, we have also determined the
parameters of carriers necessary for their magnetic precipitation.

The results of the theoretical calculation were compared with an in vitro
experiment performed on a model of a blood vessel. A polyethylene tube with an
inner diameter of 1 mm and a length of 10 cm was used as a model of the capillary.
The capillary was located next to a boron-neodymium permanent magnet of a
cylindrical shape with a maximum induction of 0.47 T at its base. A suspension
of polymer submicron capsules containing iron oxide Fe3Os4 nanoparticles was
used for an in vitro experiment. Capsules were synthesized by the «Layer by
layer» method on spherical CaCOs nuclei, which were coated with polymer shells
alternating with layers of magnetite nanoparticles. The suspension of the capsules
was pumped through the capillary using an infusion pump allowing precise
control of the flow rate. After pumping of the whole liquid volume, the flow was
stopped; the capillary was frozen and then cut in pieces of 5 mm length. The iron
content in each piece was determined by the photocolorimetric method. The
results of experimental measurements for the spatial distribution of precipitated
capsules in the magnetic field are in agreement with the theoretical predictions.

The work has been supported by the RFBR (grant Ne 18-415-130007).
1. A.E. David et al., J. Controll. Release 152, 67 (2011).

2. S. Sharma et al., J. Magn. Magn. Mater. 379, 102 (2015).
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COMPARATIVE STUDY OF PHYSICAL-CHEMICAL AND BIOLOGICAL
PROPERTIES OF MAGNETITE NANOPARTICLES COATED WITH OLEIC
ACID AND AMINOSILANE FOR MAGNETIC HYPERTHERMIA
AND MRI-VISUALISATION

E.I. Egorova, E.V. Gromova, N.A. Pyataev, V.I. Shlyapkina, D.E. Yakobson,
M.N. Zharkov
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Nowadays such diagnostic and treatment methods as magnetic resonance
imaging and magnetic hyperthermia are actively developed. Both of these
methods realize via the administration into the patient’s body of magnetic micro-
or nanoparticles as contrast agents or heat generators [1]. Many studies focused
on iron oxide particles [2], since they are biocompatible and have the necessary
magnetic properties.

In this work we performed a comparative study of some biological and
physicochemical properties of magnetite nanoparticles coated with oleic acid /
sodium oleate (NPs Fe304—0OA) and aminosilane (NPs Fe304—S10,-NH>). The
nanoparticles were obtained by coprecipitation then got the hydrothermal and
ultrasonic treatment and stabilized with an appropriate substance. The
transmission electron microscopy demonstrated that the FesO4—OA particles are
characterized by a smaller size (8 = 3 nm) and a lower degree of agglomeration
compared to the Fe3s04—S10,-NH; particles (72 £ 17 nm). The study of magnetic
properties showed that all particles are superparamagnetic; however, an
aminosilane coating partly reduces the saturation magnetization of
NPs Fe304. The specific absorption rate (SAR) of the energy of an alternating
magnetic field (Ho = 100 Oe, f = 100 kHz) was 11.23 W/g Fe and 10 W/g Fe for
NPs Fe304—0A and NPs Fe;04—S102-NHo, respectively. NPs Fes04—OA have
higher stability and retain their physicochemical properties for more than one
year, whereas NPs Fe3;04—Si102-NH> for several months. The results of in vivo
studies allow us to classify NPs Fe;O4@Si102-NH;> (LDso = 544.6 mg/kg) and NPs
Fe304—>0A (LDso = 652.3 mg/kg) as low-toxic substances with intraperitoneal
and almost non-toxic with intramuscular administration.

The work has been supported by the RFBR (grant Ne 19-29-10013).
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Currently, the magnetic nanoparticles based on iron oxide are actively used
for the treatment of certain types of tumors by magnetic hyperthermia [1], since
this particles have the necessary physicochemical and biological characteristics.
It is necessary to use the minimum possible amount of magnetic particles to rich
of required therapeutic temperature (43—45 °C) in order to avoid unwanted toxic
effects [2].

We offered in present work the polyelectrolyte microcapsules containing
magnetite nanoparticles for local magnetic therapy. The capsules were obtained
by the «Layer by layer» method by alternate coating of polyelectrolytes
(polyarginine, dextran sulfate) and Fe;O4 nanoparticles on CaCOjs spherical cores.
To investigate the suitability of magnetic capsules for hyperthermia we estimated
their cytotoxic effect on L-929 mouse fibroblast cell culture after treatment with
alternating magnetic field. Cells were incubated for 24-hour with obtained
microcapsules (at concentration of 5 and 10 capsules per cell). After treatment,
the cells were washed from non-internalized capsules and exposed to an
alternating magnetic field with strength amplitude of 200 Oe and a frequency of
100 kHz. Exposure times were 0.5, 1, 2, 5, 10 and 15 minutes. The similar
experiment was performed on cells with colloidal particles of Fe3Os4 with
concentrations corresponding to the magnetite content in the experiment with
capsules. The cell viability was assessed using an MTT-test the 24 hours after
magnetic field treatment.

The results of the study showed that exposure with alternating magnetic
field suppress viability cell treated with microcapsules up to 76% and 30% for
concentrations of 5 and 10 capsules per cell, respectively. The maximum of
cytotoxicity effect was reached to 5 minutes of exposure and after that we do not
found the decrease in the cell viability. Treatment with the colloidal particles of
Fe304 and the magnetic field in the control experiment did not affect cell viability
at all exposure time.

The work has been supported by the RFBR (grant Ne 19-29-10013).
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MOIIIHBIE KBAHTOBO-KACKAIHBIE JIA3EPEBI
CPEJHEI'O UHO®PAKPACHOI'O IMAITA3OHA

I'.C. COK0JIOBCKHI
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
E-mail: gs@mail.ioffe.ru

KBanToBo-kackagubie sazepsl (KKJI) ¢ momeHnTa mepBoil myOnukanuu
1971 rona, onuchIBarOIIEH MPUHITUIIBI KX PaOOTHI [1], 1 B 0OCOOCHHOCTH TMOCTIE X
MEepBOM MpaKkTUUECKOW peanuzauuu B 1994 roay [2], mpuBIEKAOT OrpPOMHOE
BHUMAaHHE HAy4YHOI'0 COOOIIECTBA: 10 3TON TeMaTHKe OblI0 OIyOJIMKOBaHO OoJiee
8.5 Teic. paboT, Ha KoTOpble, Mo AaHHBRIM Web of Science, cremaHo okoso
150 ThIC. ccbuiok. Co3mannble K Hacrosmemy BpemeHu KKJI uznydaror B
cpenHeM UHPPAKPACHOM M T€ParepiioBOM CIEKTpadbHOM Auamna3zoHe. OCHOBHOM
XapaKTepUCTUKOM, KOTOpasi OTIIMYAET UX OT «JIa3€PHBIX JUOAOBY, SBISETCA TO,
yTto KKJI yHMDOJIApHBI, T.€. UCIONB3YIOT TOJBKO OJWH TUI HOCHUTENEH — C
u3ydeHneM (HOTOHA TIPH MEePeXo/ie IEKTPOHA B 30HE MPOBOAUMOCTH C OJHOTO
YPOBHSI pa3MEPHOro KBaHTOBaHMSA Ha Jpyrou. K coxanenuto, crpykrypsl KKJI
YPE3BBIUYAMHO CIIOXKHBI IS MPAKTUYECKOW peain3alliM, YTO OOBSICHAETCS Kak
KOJMYECTBOM CJIOEB, Ha JiBa TOpsAKa OOJBIIUM, YeM B «OOBIYHOMY
MOJIYIIPOBOJHUKOBOM ~ Jlazepe, TaK H  HEOOXOJUMOCTBIO  MOJEP>KaHUS
OJTHOPOJTHOCTH CJO€B (T.€. MJCHTHUYHOCTH KBAHTOBBIX KACKaJlOB) B TEUCHHE
JUIMTENIBHOTO AIUTAaKCUANBbHOTO pocTa. OOBSICHSIEMOE OSTUM 3HAUYUTEIHHOE
OTCTaBaHHUE OTEYECTBEHHBIX Yy4deHbIX B co3manun KKJI ynpanoce 3ameTrHO
COKpaTHUTh B TEUCHHE MOCeNHuX JieT. [lomumMo 0030pa cocTtosiHus pa3paboTKH U
UCCIIEJOBAHUIM MOIIHBIX KBAaHTOBO-KACKaIHBIX Ja3epoB CpeaHero
nH(paAKpaCHOTO JAuWarna3oHa HWHOCTPAHHBIMH HCCIEIOBATEISIMU, B JIOKJIAJE
o0cyxknaroTcs pe3yibrarsl ucciaegoBanus KKJI, Bce TexHonornyeckue onepanuu
[0 CO3JaHUI0 KOTOPBIX BBIMOJHEHbI B Hamied crtpaHe. Cpeau MOJyYEHHBIX
PE3yIbTATOB CIEIYET OTMETUTD JEMOHCTPAIIMIO BHIXOJHOM MOIITHOCTH JIa3€pHOI
renepanuu 6osiee 10 Bt Ha niuHe BosHBI B oOnactu 4.6 Mk [3], a Takxke
peKkopaHyro, mnpesplmaronyro 13 Bt momsocts, apocturaytyro B KKJI
cnekTpaibHoro auanazoHa 8 MkMm [4]. ITomumo 3Toro, Oyaer oOcCyxaarbcs
JEMOHCTpAlMsl JIa3€pPHOM TeHepalMy MpH MOBBIIICHHBIX Temmeparypax (10
+65 °C) [5], a Takke NOCTHKEHHE OJHOYACTOTHON I'eHepallud C IOJIaBJICHUEM
6oxoBbix Moj 6osiee 25 n1b B KKJI ¢ U-06pa3nbiM pe3oHaTopom [6].

ABrOop Omaromaput MuHOOpHAyKM 3a TOIACPKKY HCCIIEIOBAHUMN
(yaukanbabIii naentugukarop npoekra: RFMEFI60719X0318)
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TBEPZIOTEJIbHBIE ®EMTOCEKYH/IHBIE JIAZEPBI C JIMOJHOU
HAKAYKOU U NUX ITPUMEHEHN A

C.I1. Hukutun
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I'pynna komnanuii « Poccutickoeo Keanmogoeo Llenmpay, Mockea
E-mail: s.nikitin@rgc.ru

CoBpeMEHHYIO HAyKy U TEXHMKY HEBO3MOXKHO IPEJICTaBUTh O€3 JIa3epoB
CBEPXKOPOTKHMX JazepHbIX umnysibcoB (CKUW) [1], moa KOTOpbIMH OOBIYHO
IIOHMMAIOT HMITYJIbChl C JUIMTEIIBHOCTBIO MEHEE HECKOJIBKUX ITUKOCEKYHJ.
Kopotkas mimmrensHocTs CKU mo3BosisieT MCHOAB30BATh MX JUISI U3YYEHHUS
OBICTPONPOTEKAIOLINX IPOLIECCOB, a BBICOKAs MHUKOBas MHTEHCUBHOCTb — JUIS
HEJIMHEMHO-ONTUYECKOM  CIIEKTPOCKOIIMH, TIEHEpauuu  SJEKTPOMArHUTHBIX
UMITYJIbCOB OT TEPArepuoBOro 0 PEHTTEHOBCKOIO JUana3oHa M PEIICHUS
TEXHUYECKUX 3a7ad CBA3AHHBIX C MeTpojioruedl u pagumodoronuxon. CKU
IIMPOKO TPHUMEHSIOTCS B COBPEMEHHOW O(TambMOJIOTHMH, a Takke s
HAHOCTPYKTYPUPOBAHUS U MUKPOOOPAOOTKH CaMbIX Pa3IMYHbIX MAaTEpPUAIOB U
Cpen.

[Ipumenenus  (eMTOCEKYHAHBIX Ja3epOB B  MHUKPOXUPYPTrUU U
MHUKPOOOpaOOTKE OCHOBaHBI Ha TOM, UTO YK€ ITPU SHEPTUSIX MTOPSJIKA HECKOJIBKUX
coreH HaHokoyselr CKU, cokycupoBaHHbIE B MATHO pa3MEPOM HECKOJIBKO
MHUKpPOMETPOB, NPHUBOJAT K MOHHM3ALMKM MaTepuana oOpasla B pexume
MHOTO()OTOHHOT'O IMOTJIOLIECHUS U3Iy4eHHsl BeliecTBOM. [Iporiecc noHu3anuu u
(opMupoOBaHUs MIa3Mbl B JJa3€PHOM ISTHE MPU ITOM IPOUCXOAUT OBICTpEE, YEM
HEePEeHOC TeIUIa B OKpysKaroluii 00beM. OTCyTCTBHE HarpeBa Marepuaia oopasma
BHE Jla3epHOro nsATHa npu ucnoiszoBanuu CKU obecrnieunBaeT cyOMUKPOHHYIO
TOYHOCTh TaKOH JiazepHOW 00pabOTKU. MHTEpecHO, YTO MO 3TON K€ NMPUYNHE
npumeHeHue CKW 1o3BojisieT OCYIIECTBIATH JIA3€PHYI0 MHKPOOOpPabOTKY
JIETKOBOCIUIAMEHSIOIIUXCSI M B3PBIBUATHIX BELIECTB. MHOTO(OTOHHBIN pEXUM
norjomenus CKW npuBoauT K TOMy, YTO ONTHYECKUH CHEKTP MOTJIOIICHUS
oOpa3lla CTaHOBHUTCS HE CYLIECTBEHHBIM. OTO TO3BOJSET 3(PHEKTUBHO
ucnoisibzoBaTh CKU 111 moBepxXHOCTHOW 0OpaOOTKM TaKUX Pa3HbIX MO CBOUM
ONTHYECKUM CBOMCTBAM MAaTEpHUAJIOB KaK IIPO3PAYHBIC JIUIIEKTPUKH, CTEKIIA,
IIOJIyIIPOBOJHUKH, IUIACTMACChl, KEPaMUKM M MeTauIbl. J[OMOJIHUTENbHBIM
IPEUMYIIECTBOM MHOTO(OTOHHOTO TOIJIOIIEHUSI SBJISETCA €ro HeJIuHEHas
3aBHCHUMOCTbh OT HHTEHCUBHOCTH, YTO MO3BOJISIET JOCTUYb IJIA3MEHHOM abiasuuu
u3 00JacTu MeHbLIeH, YeM TupaKkMOHHBIN pa3Mep JIa3epHOTO MTHA.

B npo3paunsix cpemax Bo3mokHa (pokycupoBka CKU B 06bem oOpasiia.
@®okycupyss CKM B o00beM mnpo3padHoOil cpeabl MOXKHO MPEIH3NOHHO
(dbopMupOBaTH TPEXMEPHBIE ONTHUECKHUE CTPYKTYpbI: 00beMHbIe pemeTku bparra
C MPOU3BOJBHBIMU IPOCTPAHCTBEHHBIMH XAPAKTEPUCTUKAMH, 3SJIEMEHTHI
ONTHYECKUX CEHCOPOB U YCTPOMCTBA MHTETPAILHON onTUKHU. Kpome Toro, Takum
croco0oM ObLIa MPOJEMOHCTPUPOBAHA BO3ZMOXHOCTh CBEPXIUIOTHON 00BEMHOM
ONTHYECKOM 3anucu HuppoBoil HHPOpPMALIUU B CTEKIIE.
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Hpyrum BaxkueiM npumeHeHneMm nazepoB CKU sBnsercs renepanus
«YaCTOTHBIX T'PEOCHOK», MO3BOJIAIOMIMX a0CONIOTHYIO NPHUBSA3KY YacTOThl H
UCIIOJIb3yEMbIX B COBpPEMEHHOM MeTposioruu [2]. 3a paOoThel B 3TOW oOnacTu
T. Xenm 6su1 yaoctoen B 2005 rogy HoOGeneBckoit mpemuu 1o pusuke.

N300peTenne MeTona ycuieHus: YupnupoBaHbix uMiysibcoB [3] XK. Mypy
u JI. Crupkiienn, craBmumu Jaypeatamu HoOeneBckoil mpemMuu 1o (Qu3uke
2018 r., OTKpPBUIO BO3MOXXHOCTb U3Yy4YeHUs] (DHU3UKU B3aMMOJCUCTBUS
AJIIEKTPOMAarHUTHOTO M3JYyYEHHUS C BEIIECTBOM TMIPU  «aCTPOPUIUUECKUX)»
IUIOTHOCTSIX SHEPrUU, HE JOCTHKMMBIMU Ha CErOJHSIIHEN 1€Hb HUKAKUMHU
JIPYTUM TEXHHUYECKUMHU CPEJICTBAMU.

OcHoBHbIM Ha cerogHsi cmocodom renepauuun CKUW  sBusercs
UCTOJIb30BaHKE pexkrmMa cuHxponuzaiun Mo (CM), uzobperennoro emie B 1960-x
rojlax Ha 3ape jazepHoit 3noxu [4, 5]. C Tex mop JiazepHble TEXHOJIOTUH YN
JaJIeKo BIiepea No nyTh yMeHblleHus pnurenbHocTh CKU, yMeHblieHus
pa3MepoB, MOBBIIECHUS HanexkHOocTH KM ynydmeHns KIIJ[ renepupyrommx mx
nazepoB. MHorma MoKHO BCTpeTHTH cienyromee nenenue yazepoB CKM Ha
YEThIPE TTOKOJIEHUS, OTPAKAIOIIEE NCTOPUUECKHUE ITAIbBI PA3BUTHS TEXHOJIOTHH.

1. TBepmoTenpHblE Jla3epbl C JAMIIOBOW HAKAuykKOW (C aKTUBHOW WU C
naccuBHoit CM).

2. Jlazepsl Ha KpacuTENIX ¢ Ja3epHOU HaKauKou (00bIYHO ¢ maccuBHOM CM);

3. Jlazepsl HA BUOPOHHBIX KpUCTAIaX C Ja3epHON HAKAYKON U KEPPOBCKOM
CM.

4. Jlazepsl ¢ NpsAMON TUOJHON HAKAYKOM (BOJIOKOHHBIE).

Bosnbiias 4acTh COBpEMEHHBIX MPAKTUUECKUX 3a/ad PEIIaeTcs Ja3zepamu
TPETHETO U YETBEPTOI'O ITOKOJIECHHIA.

DeMTOCEKYHAHBIE JIA3€Phl C MPAMON THUOJAHON HAKAYKOM, OTHOCSILIHECS K
YEeTBEPTOMY  IIOKOJICHHIO, B  HACTOfALIEEe BpeMs  HaubOojee  IIMPOKO
pacnpocTpaHeHbl B MEAUIIMHE U IPOMBIIUIEHHOCTH, ITOCKOJIbKY TAKUE JIa3epbl
XapaKTEPU3YIOTCS  HAJEKHOCTbIO, KOMIIAKTHOCTBIO H  BbIcOkuUM  KII/I,
JOCTUTHYTBIM  Onarojaps NPUMEHEHHUIO JUOAHOM  Hakauku. OpHako
murenbHocTh CKM Ha BBIXOJE TakMX Jla3epOB OrpaHUY€HA CBOWCTBAMMU
ONTHYECKOTO BOJIOKHA M OOBIYHO MO TOPAJIKY BEIUYMHBI COCTABIISIET
100 pemtocexkynn. Ilo 3Toi mpuunMHE Ja3epbl TPETHETO MOKOJIEHUS, K KOTOPBIM
OTHOCATCS B YaCTHOCTH XpOM-(OPCTEPUTOBbIE U TUTAaH-CANl(PUPOBBIE Ja3ephl HA
KEpPOBCKON CHUHXPOHM3ALUM MOJI, OCTAlOTCSI HE3aMEHUMBIMU Tam, TJ€
BOCTpeOOBaHbI 00Jiee KOPOTKUE AITUTEIBHOCTH.

PexopaubiM 1o jaimutesnbHOCTH nosiydaembix CKM 10 cux mop ocraroTcs
TUTaH-Can(UPOBBIC Ja3ephl, AKTUBHOM CPEAO B KOTOPBIX SIBISIETCS camndup
(ALLO3) ¢ mpumecsro nonos turana (Ti*"). CekTpbl HCIyCKaHMS M HOTJIOMIEHHS
ATOM JIA3€PHOM Cpeabl TOKa3aHbl Ha puc. 1.
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Puc. 1. Cniektp reHepanmy u norjouieHus TUHTaH-canupa.

Kak BunHO, mupuHa CrieKTpa UCIyCKaHUs MO3BOJISET Jia3epaM Ha OCHOBE
ATOM cpellbl HE TOJIbKO TE€HEPUPOBATh HMITYJIbChl JUIMTEIBHOCTHIO MEHEE
10 pemTOCEKYH, HO M OCYLIECTBIATH nepecTpoiiky cnekrpa CKU B nuamnaszone
HECKOJIBKUX COTE€H HaHOoMeTpoB B OnmxHeMm MK nuamazone. Bee 3To gemaer ux
KpaiiHe MPUBJIEKATEIbHBIMU JUIsl CAMBIX pa3IMYHbIX puMeHenuii. K coxxanenuro,
BHE HAyYHBIX JA0OpaTOpUN HCIOJIb30BAHUE TAaKUX JIA3€POB CHCPKUBACTCA
HEOOXOMMOCThIO ONTHUYECKON HaKadyKud C TOMOIINBI0 BHEMHEro jiasepa. [luk
TIOJIOCHI TOIJIOIIEHUs Hakauku y uoHoB Ti*" B candupe Haxoaurcs BOIU3H
500 HM, MOATOMY Uil ONTHYECKONW HAKAaYKW B HACTOAIIEE BPEMs OOBIYHO
UCIIOIB3YIOTCSL TBEPJIOTEIbHBIEC Ja3epbl C BHYTPUPE3OHATOPHOW TeHepaluen
BTOpOW TapMOHHKHK OO (Ha Ooyiee paHHEM dTame) erle 0ojiee TPOMO3AKUE H
MeHee yI0OHBIEC B OKCIUTyaTallid HOHHBIC apTOHOBKIC JIa3€PHI.

DTy CHUTyallMI0 U3MEHUJIO TOSBIICHHME MOIIHBIX Ja3€pHBIX JTUOJOB C
JUTMHOM BOJIHBI M3JIyUCHHMS JICKAIEH B CHHE-3€JICHOM 00JacTH ONTHUYECKOIO
cnekrpa [6], 3a pa3paboTky kotopsix Mcama Akacaku, Xupocu Amano u Croa3u
Hakamypa Opumn ynocroensl HobGeneBckoit npemuun no ¢usuke B 2014 rony.
Hcnonb3oBanue TakuxX JIa3epHBIX JIMOAOB IO3BOJISIET, MO KpalHeWd Mepe, B
MPUHIUIIE PEaTn30BaTh NPSIMYIO TUOJAHYIO HAKauKy TUTaH-candupoBoro jasepa.
Takolt TBepIOTENbHBIN JIa3ep HA BUOPOHHOM KPHUCTAUIE C MPSAMOW JHOIHOU
HAKauyKoW He OyJeT yCTyIaTh BOJIOKOHHBIM JIa3epaM YETBEPTOTO MOKOJICHHUS T10
AHEProd(PGEeKTUBHOCTH, a MO HAJICIKHOCTH M KOMITAKTHOCTH OYJIET BIIOJHE C
HUMHU contocTaBuM. [Ipu 3TOM Tako# J1azep MO3BOJIU peain30BaTh MPEUMYIIECTBA
TUTaH-canupa Kak MUAPOKOTIONOCHON JIA3€PHON CPEJIbI, YTO CO3JACT YCIOBHS
JUISl IIUPOKOTO IPUMEHEHUS! TUTaH-can(UPOBBIX JIA3€POB HE TOJBKO B HAYUHBIX
1a00paToOpusix, HO U B MEJUIIUHE U MPOMBIIIUIEHHOCTH.

MexaHu3M NacCUMBHOM CHMHXPOHU3ALMU MO/l B TAKMX JIa3€pax OCHOBAH Ha
dbopMUPOBAHUM B AKTUBHOM DJIEMEHTE Jia3epa HEIMHEWHO-ONTUYECKOU JIMH3BI
Keppa, 00yciioBIeHHON HEJIMHEHHBIM U3MEHEHHEM TTOKa3aTeNs MPeIoMIICHUs, U
BO3HHUKaloIIeH koraa yepes cpeay pactpoctpansiercas CKU ¢ Bricokoi nukoBoit
MHTEHCUBHOCTHI0. [lapaMeTphl J1a3epHOro pe3oHaTopa mpHu 3TOM MOAOUPAIOTCS
TakK, yTOObl BO3HUKHOBEHUE KEPPOBCKOM JIMH3bI YMEHBIIANO TU(PAKIIMOHHbBIE
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MOTEPH, YTO U MPUBOJUT K MACCUBHOW CHHXPOHHU3ALMU MOJ B jaszepe. Takoii
MexaHu3M 3(PPeKTUBEH TOIBKO MpH BhICOKON nHTeHCHBHOCTH CKU B akTMBHOM
3JeMEHTE, JUIsl Yero MoOJa pe30oHaTopa >KECTKO (POKycHpyeTcsi B aKTHUBHBIN
dJeMEHT. XapaKTepHbIA pa3Mep MOJIbl B AKTUBHOM JJIEMEHTE MpPH HSTOM
COCTAaBJISIET HECKOJIBKO JECATKOB MUKPOMETPOB. DPPEeKTUBHAS HAKaYKa B ATOM
Cllyyae TakXe BO3MOXKHA TOJBKO TPHU IKECTKOW (HOKYCHPOBKE B TISITHO,
CONOCTaBUMOE I10 pa3Mepam C pa3MEPOM MOJIBI.

OO0bIYHO, 3aIlyCK peKMMa CUHXPOHM3AIMKU MOJI B TaKOM Ja3epe TpeOyer
MEXaHUYECKOM BCTPSICKH OJTHOTO U3 3€pKall, YTO TEPEBOJIUT Jla3ep U3 OOBIYHOTO
HEMPEPHIBHOTO pexuMa B pexxuM renepruu pemrocexkynnnoro CKU. Oxnaxo,
NepBbie TUTaH-cari(pupOBBIC JIA3epbl C MUOAHOW HAKAYKOW ISl JOCTHKCHUS
CUHXPOHU3ALINU MO JOTIOJIHUTENBHO TpeboBanu pa3menieHus
BCIIOMOT'aTEJIbHOTO HACKIIIAIOIIErOCs OTJIOTUTENSL B PE30HATOPE, a YBEIUUECHUE
MOIIHOCTH HaKauyKH 3a CYET MCHOJIb30BAHUS HECKOJIbKUX JUOJOB HE YIydllajo
CUTYAIIMIO, MOCKOJIbKY MOJSPU3AIMOHHOE HEKOTEPEHTHOE CII0KEHUE MYUYKOB B
ciyuae TUTaH-candupa HE 3 PeKkTUBHO, a r€OMETPUYECKOE
MYJIBTUIIEKCUPOBAHUE MYyYKOB OT HECKOJIBKUX JIMOJIOB €Ile OOJbIIe YXY/IIaeT
napameTp (pokycupyemMocTu Hakauku [6-9].

Tem He menee B pabore [10] xeppoBckasi CHHXpOHHU3AIUs MOJ ObLia
JOCTUTHYTa NpPH BBIXOJHOM MoumiHocTH Bcero 30 MBT M HCHOJIB30BaHHUU
JBYXCTOPOHHEW HaKa4yKy JUOJaMHU MOIIHOCTBIO 1.2 BT kaxnapiid, a B [11] ObL1
MPOJIEMOHCTPUPOBAH YpoBeHb MomHocTd 450 MBT mnpu Hakauke JByMs
JMOIaMU, U3TydaomumMu 1.5 BT Kaxaplii, 9TO 0JHAKO MOTPEOOBAIIO MOBHIIICHUS
TOKa HaKa4yku J0 2.5 A MO CpaBHEHHUIO C HOMUHAJIBHBIM 3HaueHueM 1.5 A.

JIoCTUTHYTasi B HACTOSIIEE BPEMS MOILIHOCTb CHUHE-3E€JIEHBIX J1a3€pPHBIX
JTUOA0B MPUONHU3UIACh K YPOBHIO 3 BT, 4TO MO3BOISET MOMYUYUTHh CTAOUIBHBIN
peKUM CHUHXPOHM3AlMM MOJI Ha KEPPOBCKOM HEJIMHEHHOCTH B THUTaH-
candupoBsix nazepax [12, 13], Tem He MeHee TpobIeMa YBEIHUCHUS MOIITHOCTH
NAOJHOW HAKAYKA OCTACTCsd AaKTYyaJIbHOM JUIA JajJbHEHLIEro YJIy4IlIEeHUs
napamMeTpoOB TAKHX J1a3€POB.

Jns peuieHus 3TOW mpoOJieMbl HaMH pa3paloTaH METOJ CBEIEHUs
Ja3epHBIX IIYYKOB HAa OCHOBE CIEKTPAJIbHO-CEJIEKTUBHOIO W3MEHEHHS
MOJISIpU3aLUU [14]. Jins  2TOM  1eId  HUCMHOJB3YKOTCA  HaOOpHI
JIBYJIYUYETIPEIOMIISIOIIMX IJIACTUHBL € HU3KUMHU mnotepsamu. llomspuzanus
U3JIy4YEHUs Ha BBIXOJIE TAKOIO MYJIBTUILUIEKCOpPA OCTAETCS MPAKTUYECKU
JUHEWHOW, a motepu 3Heprun He mnpeBblmaroT 10%. BakHBIM TOCTOMHCTBOM
NPEVIOKEHHOW ONTUYECKON CXEMbl SIBISIETCSI COXPAHEHHE SIPKOCTU ITYyUYKOB
OTZIETLHBIX JU0/I0B. Bhicokas sHeprernyeckast 3heKTUBHOCTh TAKOTO MOJTYJIS
cBa3aHa ¢ teM, yto KIIJ[ ucnons3yeMbix B HeM auoAoB npessimaer 20%.
Bricokue ipKOCTHBIE U MOIIIHOCTHBIE MAPAaMETPbl TAKUX YCTPOUCTB JICNIAIOT UX
MPUBJICKATEIBHBIMU U JIJI1 CO3/IJaHUSI CUCTEM HAKauKHu JIPYTUX Ja3epHBIX CPe/l C
HIMPOKKUM CHEeKTpoM moryomieHus. Ha puc. 2 npuBenena Qororpadus
YCTPOMCTBA TMOAHOM HAKAYKH, UCIIOJIb3YIOLIETO JAaHHBIM METO. Takue MOyiu
B 3aBUCUMOCTH OT KOH(PUTYpALIMK THUIIA U YKCIIA UCTIONb3YEMbIX B HUX JIA3€PHBIX
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JMOJ0B MOT'YT 00€CIeunBaTh BBIXOAHYK MOIIHOCTbD, MpeBbimaroilyto 10 Barrt ¢
uiMHOM BoiHBI B auanasoHe 440-470 aMm. Taxke BO3MOKHO MCIIOJIBL30BAaHUE
JIA3€PHBIX AUOJI0B U3TyUYarOIIUX B APYTUX JAHANa30HaX.

r i : | L s
e -

Puc. 2. Moaynb 1noaHON HaKauKu, COCTOSIIIMI U3 TPEX TUOJHBIX JIa3€POB.

DKCnepuMeHTAIbHAST JEMOHCTpAIs CTAOUIBLHON CHHXPOHU3AINH MO B
TUTaH-Can()UPOBOM JIa3epe C HCIIOJIB30BAHUEM pa3pabOTaHHOW CXEMBbI
MPOJIOJIBLHON MYJIBTUIMOAHON HaKauKu ObLIa YCIEIIHO MPOBEEHA C MOMOIIIBIO
komruiekta «TiF-Kit-20», npousBogumoro OOO «Asecta-IIpoext» [15].
Onrtuueckasi cxeMa 3TOro KOMIUIEKTa OblIa He3HAYUTEILHO MOAU(PUIIMPOBAHA
JUISL peaju3aliy  JBYXCTOPOHHEH HaKaykd M KOMIICHCAIlMU AacTUIMaThu3Ma
JIMOJTHOM HAKaYKM C TMOMOIIBIO IUIMHIPUYECKUX TeaecKkonoB. llomydeHHbie
HaMH MPU CUHXPOHU3AIMU MOJ B TAKOM Jiazepe 3HaueHus anurenbHocteid CK1
(~30 dc) npu UCIOAB30BaHUN JUOTHOM HAKAYKU TPAKTUUECKH HE OTIUYATUCH OT
3HAYEHUM MpH HAKayKe HEOAMMOBBIM JIA3€pOM C BHYTPUPE3OHATOPHOI
reHepauuerd BTOPOW TapMOHUKHU. [Ipr MOIIHOCTH JHOJHOM HAKAYKW MOPsIKa
7 BT cpemHss BBIXOJIHAs MOITHOCTh (PEMTOCEKYHIHOTO Jia3epa HAXOJUJIacCh B
npeaenax 100-300 mBT (B 3aBUCUMOCTH OT FOCTUPOBKH).

JIns ONTHMH3aMU ONTHYECKON CXEeMbl HaKadyKd HaMHM ObLIa CO3/1aHa
yucieHHas mojenb Jiazepa CKU ¢ npoioapHON HaKauyKOW, ¢ MOMOILbIO KOTOPOit
OblJla paccuMTaHa 3aBUCMMOCTb pa3Mepa MOJIbl JIa3€pHOTO pe3oHaTopa OT
nutenbHocTu CKU. Ha ocHOBe 3T0OM MOJieu Oblia IpoBe/ieHa OlEHKa BIUSHUS
3 dexkToB acturMatuzMa M PacXOJUMOCTH TPOJOJBLHOM HaKauyku Ha ee
AHEpreTUIecKyro 3gphekTuBHOCTH. [lokazaHo, YTO YMEHbBIIICHUE YHEPTeTUUECKOM
3 PEeKTUBHOCTH AMOJHOM HAKAYKU HE MPHUBOJUT K IMOJABICHUIO KEPPOBCKOTO
MEXaHHU3Ma MMaCCUBHON CUHXPOHU3ALIMU MO]I.

B 3akmrodeHue B JaHHOM JOKJIAZ€ M3JI0KEHBI PE3yJIbTaThl pa3paOOTKH
TUTaH-Can(UpPOBOTO  Jlazepa C  MOIIMHOW  MYJbTHAMOJHOM  HAKaYKOH.
DKCIEPUMEHTAIBHO MOKA3aHO, YTO MOBBIIIEHHAS PACXOAUMOCTD ITy4Ka JUOIHOM
HAKauKW HE TMPEMSITCTBYET CTAOUILHOMY PEXUMY KEPPOBCKON CHHXPOHU3AIMH
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MOJ B Takux Jjaszepax. lIpemnokeHa yucieHHass MOJENb, HAaxXOAAIIAsCAd B
COTJIACHM C OJKCIIEPUMEHTAJIbHBIMU  pEe3yJbTaTaMM MW IPUTOJHAS  JJIA
ONTHUMU3ALUU SHEPTreTUYeCKOr 3P (HEKTUBHOCTU NPOAOJIbHON TUOJHON HAKAUKH.
[Tony4deHHBbIE PE3YABTATHI AEMOHCTPUPYET BO3MOKHOCTD CO3/IaHUSI KOMITAKTHBIX
U SHEProd(PPeKTUBHBIX TBEPAOTENbHBIX (PEMTOCEKYHAHBIX JIA3€pOB HOBOTO
nokojeHusi.  OOcCyXJeHbl  NPUMEHEHUs TaKWX JIa3epoB B  HayKe,
IIPOMBILIJIECHHOCTH U MEAULMHE.
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TBEPZIOTEJIbHBIE BKP JIASEPLI B BUJIMUMOM CIIEKTPAJIbHOM
JINAITA3OHE. [TPOBJIEMbI U ITEPCIIEKTHUBbI

IL.I". 3BepeB
Hncmumym ooweti gpuzuxu um. A.M. I[Ipoxoposa PAH, Mockea

E-mail: zverev(@lst.epi.ru

HenpepbiBHbIE, WMITYJIbCHBIE W KBa3UHENPEPBIBHBIE TBEPAOTEIIbHbBIC
Ja3epsl, paboTaloIUe B BUAMMOM CIEKTPAIBHOM JUAIa3oHe, MPEICTaBIISIOT
OOJBIION HMHTEpeC HJisi MPAKTHUYECKOTO HCIIOJIb30BAaHUS B HayKe, TEXHUKE,
MEJUIMHE, TaK KaK OHU MOTYT ObITh KOMMAKTHBIMHU, 3()(PEKTUBHBIMU WU
HaJIe)KHBIMU. B 3aBUCHMOCTH OT NPUIIOKEHUH THANa30H TPEOYEeMBbIX MOIITHOCTEH
TaKWX JIA3€PHBIX CHUCTEM IIPOCTHUPACTCS OT AECATKOB BATT 1O HECKOJIBKUX
MHWJUIMBATT. B 4acTHOCTH, 11 CO31aHUs] UCKYCCTBEHHOM HATPUEBOM 3BE3/bI IS
pelIeHHsl 3a1a4 aJanTUBHOM aCTPOHOMHMH TPeOyeTCsl y3KOIMOJIOCHBI UCTOYHUK
W3JIy4eHUs Ha JUIMHE BOJHBI 589 HM co cpegnert momHocThio 10-20 Br. [lia
yIyUYIIEHUs I[BETONEpPEeaayl Ja3epHbIX MPOEKIMOHHBIX AUCIUIEEB OOJIBIIOTO
pasmepa mpeasiaraeTcs yYBEJIMYUTh YHUCIO OCHOBHBIX IBeTOB ¢ Tpex (RGB
cUCTEMA) [0 TMSATH-CEeMM, Uil 4Yero TpeOyrTcs TBEPAOTEIbHbIE Ja3ephl
MoOITHOCTBIO 10 10 BT, paGoTaroniue Ha onpeaeaeHHbIX JJIMHAX BOJH OT CUHETO
JI0 KPacHOTO.

Buaumeie TBepHOTENbHBIE JIA3€pbl €  BBIXOJHOW MOIIHOCTBEO  OT
HECKOJIBKUX MUJUIMBATT IO HECKOJIBKUX BATT UCIOIB3YIOTCSA B OMOMEIMIIMHE,
BKJIIOYAst (PITyOpPECHEHTHYIO BU3YalU3alMI0 M KOH(POKAIbHYI0 MUKPOCKOIIHIO,
opranmemonoruto, anHanu3 JIHK. WuTtepecHple mnpuMeHeHHs] CBS3aHBI C
JIEpPMaTOJIOTHEH, TaK Kak, BBIOWpas ja3ep C OMNpEeeICHHOW JUIMHOW BOJIHBI
V3JIyUYCHUSI, MOKHO CEJIEKTUBHO BO3JIEMCTBOBATh HA TOT WJIM MHOM KOMIIOHEHT
KOXKH. B 4acTHOCTH, KENTO-3€JEHOE JIA3EPHOE U3IyYEHUE MOXKET CEIEKTHBHO
BO3JICHICTBOBATH HA JIE30KCUT€MOII00MH, IOCKOJIBKY €r0 MOIJIOEHUE B 00IACTH
560 uMm BbILIE, U, TAKIM 00pa30M, JICUUTh aHOMAaJILHOE PaCUIMPEHNE COCY10B O3
MOBPEXKIEHUS BEPXHUX CIOEB KOKH.

B BUAMMOM CHEKTpaJIbHOM JUana3oHEe JOCTYIHO OOJBIIOE KOJUYECTBO
CTaHJAPTHBIX KOMMEPUYECKUX TBEPAOTEIBHBIX JIA3€POB, UCIOJIB3YIOIINX BTOPYIO
U TPEThIO TAPMOHUKHM HEOIMMOBBIX JIa3€pOB, paOOTAOUIMX HA JJWHAX BOJH B
obmactu 0.94 um, 1.04 + 1.12 pum, 1.3 = 1.35 um, reHeparuo uX CyMMapHbIX
yacToT. Bpeicokas >(QQpexkTuBHOCTP W  KOMMIAKTHOCTh TaKUX Ja3epoB
o0ecreuynBaeTcss MCIOJIb30BAHUEM COBPEMEHHBIX JHOJHBIX CHUCTEM HaKaydKH.
CymiecTByIOT  amn-KOHBEPCHOHHBIE JIa3epbl, paboTaronIMe Ha  BEPXHUX
SHEPIETUYECKHUX YPOBHAX B peaKo3eMenbHbix uoHax Prif, Er’*, Tm**. Omnako
HA0Op JUIMH BOJIH, TIOJTy4a€MbIX B TBEPJOTEIbHBIX JIa3epax C PeIKO3EeMETbHBIMH
MOHAaMU U TIPe0Opa30BaHUEM YaCTOTHI, OTPAHUYCH.

['enepanusi CTOKCOBBIX KOMITOHEHT TIPH BBIHYXJICHHOM KOMOWHAITMIOHHOM
paccesinuu (BKP) B kpucTaiax mo3BossieT 3HaYUTENbHO PaCIIMPUTh JOCTYITHbBIE
JUIMHBl BOJIH TBEPAOTEIbHBIX JIa3epHbIX cucteM. BKP-akTuBHBIE KpuCTaILIbI
00J1a1a10T BBICOKOM KOHLIEHTpAlMeN paccenBaroluX LIEHTPOB, a CIIe10BATEIbHO,
u  OompbmiuM  kodpduurentom  BKP-ycunenusa, mmpokoil  005acThio
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MPO3PAYHOCTH, XOPOIIUMHU TeIulopu3ndeckumMu xapakrtepuctukamu. OHH
MO3BOJIAIOT CO3/1aBaTh KOMIAKTHbIE 3 ()EKTUBHBIE, CTAOMIbHBIE HCTOYHUKH
na3zepHoro uznyudenus [1]. B nocnennee Bpems mist BKP Obuin npensiosxeHbl
JECATKH HOBBIX KPUCTAJJIOB: HUTPATOB, BOJIb()pamMaToB, MOJMOaTOB, BAHAJATOB,
MCKYCCTBEHHBIN aliMa3, 00J1aJJal0INX BLICOKUMU CEUCHUSIMU KOMOMHAIIMOHHOTO
paccesinug A BKP-aktuBabix Mo [2]. [Lupokuit Habop KpUCTAIIOB MO3BOJISET
T0JIy4aTh Pa3IM4YHbIE CTOKCOBBI CIBMIM OT COTEH [0 ThICSY cM . [IpeaioKeHsl
cotHu cxeM BKP nazepos, pabotaromux ot OmmkHero Y® no cpennero MK
CHEKTpaJbHBIX Juana3oHoB. Haumbonee >PexTUBHBIMU SBISIOTCS Ja3ephbl C
BHyTpHpe3oHatopasiM BKP-npeobpazoBanrem u BKP-camonpeobpazoBanuem,
TaK KakK B 9TOM CJIly4ae BCE OCHOBHOE U3ITy4eHHE MpeoOpaszyercs B CTOKCOBO.

[Ipr uCnoONb30BaHUM B KA4YECTBE OCHOBHOIO H3YyYE€HUE CTAaHAAPTHOIO
HEOJIMMOBOTO JIa3epa C IJIMHOM BOJHBI 1.06 MKM BO3MOXHBI JiBa oaxoaa no BKP
peoOpa30BaHUIO IS MTOTYYCHUS U3TyUSHUS B BUIMMOM CIIEKTPaIbHOM 00JacTH.
B mepBom ciyuae cmauana momydator BKP mpeoOpaszoBanme B TpebOyemyro
CTOKCOBY KOMIIOHEHTY, & TOTOM MCIIOJIb3YIOT YIBOEHUE YACTOTHI MJIM TEHEPALUIO
CyMMapHOM 4aCTOThl OCHOBHOT'O M CTOKCOBA U3JIyueHUsl. Jpyras BO3MOKXHOCTb —
BKP npeobpazoBanue usiiydeHus BTOPOUM WU TPEThEW rapMOHUK CTaHAPTHBIX
HEOJIMMOBBIX Ja3epoB. B mociieqneM cityuae cuctemMa nojydaercs 06osee mpocras
U IIpeACKa3yeMasl.

N3BectHO, uTto kKod(ppuument BKP ycunenus pacrer ¢ yBeandyeHHEM
yacToThl JazepHoro usnyuenus [3]. Ilepexoq B BUAUMBIN CHEKTpalbHBII
JMAIa30H MOXKET 3HAYUTEIBHO MOBBICUTH 3(()EKTUBHOCTh U HaAekHOCTH BKP
npeoOpa3oBareneii. Bmecte ¢ TeM mpomyckanue B OmmkHerr Y® oOnactu B
KpHUCTaJNIax OTpaHu4YeHO PyHIaMeHTaIbHbIM ToriomeHueM. [Ipu Bo30yxaennn
BKP B BHAMMOM CHEKTPAIBHOM JHANA30HE BO3HUKAIOT COIYTCTBYIOIIUE
HEJIMHENHbIE SBJIECHUA: ABYX(OTOHHOIO MOIVIOUIEHUS, HEIMHEWHON pedpakiui,
caM0(OKyCUPOBKH, HABEJICHHOTO TOTJIOMIEHUSI.

B noxiane 006CyK1at0TCsl CXEMHBIE PEIICHUS U IPEICTaBICHBI MapaMeTpPhl
co3naHHbIX TBepAoTenbHbIX BKP nazepoB B BUIMMOM CIIEKTPaIbHOM JHANA30HE.
[IpoBenen ananu3 BKP-akTUBHBIX KpPHUCTA/UIOB € TOYKHA 3PECHUS IIMPHUHBI
3ampemeHHo  30HbI U KoddduimeHta ABYX(POTOHHOTO  IOTJIOHICHUS.
YcranosieHo, 4To KanbluT 1 BaWO4 obnanaroT makcumanbHol cpenun BKP-
AKTUBHBIX KPUCTAJJIOB IIUPUHON 3ampemeHHod 30Hbl 5.9 um 5.8 O3B,
COOTBETCTBEHHO, YTO MPHUBOJUT K MUHUMAJIBHBIM 3HAYEHUSM JBYX(OTOHHOTO
MOTJIONICHUS B TUX KPUCTAIIAX U CBUIETEIBLCTBYET 00 MX MEPCIIEKTUBHOCTH IS
BKP na3zepoB B BUAUMOM CIIEKTPaJIbHOM JHAIIa30He.

PaboTa BeImonHsIach mpu yacTudHOU (prHAHCOBOW mopaepxkke PODU,
npoekT Ne 19-02-00723.
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2000 «Heogomonuxay, Canxm-Ilemepbype
E-mail: §.G.Grechin@mail.ru

B pabote mpeacTaBieHbl pe3ybTaThl aHAIN3a PeATH3alMi HEKPUTUIHBIX
MIPOIIECCOB 10 yTJIaM, JJIMHE BOJIHBI, U TEMIIEPATypE B IUANA30HE MIPO3PAYHOCTH
KpuctamioB. PaccmarpuBaercs ¢GopMupoBaHHE W3IYUYEHUS TPU TEHEPALHH
FapMOHMK, CYMMapHbIX YacTOT M TEHEepalldd Pa3HOCTHBIX  YacToT,
[MapaMEeTPUUYECKON TEHEPALMU U YCUIICHUS OT BUAMMOro 10 T1 1 nuamna3zona JiMH
BOJH. AHanu3 OCHOBaH Ha mOpemioxkeHHoM B [1, 2] Merone omnucaHus
JUCIIEPCUOHHOU 3aBUCUMOCTH OCHOBHOT'O napamMmerpa KpHUcTaJia
FOMa (M1, A2) = (defr)*/ninans. '

[TokazaHo, 4TO 0COOEHHOCTHIO HEKOTOPBIX
JIBYXOCHBIX KPHUCTAJJIOB SBJISIETCA TO, 4YTO
MakCHUMaJlbHasi ~ BeIWMYMHA KO3 (HUIIMECHTA
(¢ PeKTUBHON HEIIMHEHHOCTH UMEET MECTO HE B
IJIaBHBIX IUIOCKOCTSX Kpuctayuia (puc. 1). 1o
HEOOXOJMMO YYWTHIBATh MPU PEIICHUU 3a7ad
ONTHUMH3aLUU ITpeoOpa3zoBarTeseil.

Ha npumepe pacnpenenenuit FOMa(A1, pyc 1. BT na 1.064 mxum B BiBO.
A2) TIOKa3aHO, YTO W3OJIMHHH paclpeiciiCHuUs

Ay MEM FOM,, m?/B?
XapaKTEepU3yIOT 3amaHHoe 3HadeHne FOMy, 35y WP
KOTOpOMY TOYHO COOTBETCTBYET yroa sF F, —— 3
CUHXpOHM3Ma. B OOJBIIMHCTBE KPUCTAIJIOB HA 5, 1+ 25 @ 1*

JalbHEeWd TpaHWIle [AWana3oHa MPO3PAYHOCTH | _
W30JIMHUW MOTYT OBITh KaCaTeIIbHBIMH K TUHUSAM i
(A3)! = M) (A2, Dro mokaseiBaer, uTO
BO3MOXKHO IapaMeTpPUUECKoe yCHJIEHHE U
reHepalys MHUPOKOIOIOCHOTO U3TydYeHUs

HpI/IBeI[CHBI PE3yJIbTaThI pacnpez{eneHHﬁ % 100 200 300 400 503”&408
FOM>(Ai, A2) mns  dopmupoBanms T 1
u3nyuyeHus (puc. 2), U3 KOTOPBIX CIEAYET, YTO
CYILIECTBYIOT ONTUMaJIbHbIE KOMOWHAIMU JJIUH
BOJIH BXOJHOTO MW3JIYYE€HHS, C KOTOPBIMHU
BO3MOKHO HOJTyueHue MaKCHMaJIbHOU
BeIMUMHBI KO3 punnenta >pPeKTHBHON HEMMHEHHOCTH.

Pabota nognepxana rpantoM POOU Ne 19-02-00294.

o

Puc.2. Pacnipenenenne FOM2
1St sfs Tara B kpuctaiuie BiBO
nipu hopmupoBanun TI'1g
U3JTy4YCHUSI.

1. FO.M. Anapees u ap., KBantoBas anektponuka 46, 33 (2016).
2. TO.M. Anapees u ap., KBantoBas anektponuka 46, 995 (2016).
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[NHEPEKIIIOYEHME HAMATHMYEHHOCTHU OIITUYECKMMUA
NUMITYJIbCAMU

A.M. KanammnukoBa
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
Yuusepcumem UTMO, Cankm-Ilemepoype
E-mail: kalashnikova(@mail.ioffe.ru

B 1996 ronmy B pabGore [1] ObUIO 3KCIEPUMEHTAIBHO IMOKA3aHO, 4YTO
BO3JIeHCTBHE (PEMTOCEKYH/IHBIX JIA3€PHBIX HMMITYJIHCOB Ha (eppOMarHUTHBIM
MeTaul Ni NPUBOAUT K CBEPXOBICTPOMY pa3MarHUYMBAHMIO, T.€. Pa3pPYIICHUIO
HAMarHM4eHHOCTH 3a BpeMsi MeHee | MHKOCEKyHJIbl. JTO HaOJII0JEHUE a0
TOJIMOK K 3apOKIEHUI0O W OypHOMY pa3BUTHIO HOBOM 005acTd B (U3MKE
KOHJICHCUPOBAHHOT'O COCTOSTHUS — (heMTOMarHeTu3my [2, 3], B paMkax KOTOpPOTo
U3yJaeTcsl UHAMHKA HAMarHMYCHHOCTH Ha MHKO- W CyONMHMKOCEKYHIHBIX
BpEMEHaX U pa3padaThIBAIOTCS, HAPUMEP, HOBBIC TYTH peanu3aiuu OBICTPOU H
3HEProdPp(HeKTUBHON MarHUTHOM 3anucH [4, 5].

B pamMkax neKiuu Mbl 00Cy UM CBEPXOBICTPBIE MPOIIECCHI, TPOUCXOSAIINE
B MarHUTHBIX METaJUlaX W JUPJEKTPUKAX MOJ JAeHCTBUEM (HEMTOCEKYHIHBIX
JIa3ePHBIX UMITYJILCOB. MBI pACCMOTPUM OCHOBHBIEC (DEMTOMArHUTHBIE SIBJICHUS B
MeTa/llax U JUAJIEKTPUKAX, TaKHME KaK YK€ YIOMHHABIIEECS CBEPXOBICTPOE
pasmarauuyuBanue [ 1], oopatHbie MarHuTOONTHYECKHE d(PPEKThI [6], N3MEHEHNE
MarHuTHOM aHuzoTponuu [7, 8], u obcyaum Ha 0a30BOM YpPOBHE OCHOBHBIC
TEOPETUUYECKHE MPECTABICHUS 00 ITUX SBJICHUSIX.

B 3akmitoueHne Mbl pacCCMOTPHUM IMOJHOCTBIO ONTHYECKOE MEPEKII0YEHUE
HAMarHM4eHHOCTH B (eppuMarHeTUKe OJWHOYHBIMU (HEMTOCEKYHIHBIMU
Ja3epHBIMU UMITYJIbCaMU 0€3 MPUI0KEHHOTO MarHUTHOTO TOJIs [4].

Psn pe3ynbTaToB, MPEACTABICHHBIX B JIEKLIWH, MOJYYEH MPU MOIIEPKKE
rpanToB PO®U Ne 18-02-00824, Ne 19-52-12065 n PH® Ne 16-12-10485.

[S—

. E. Beaurepaire, J.-C. Merle, A. Daunois, J.-Y. Bigot, Phys. Rev. Lett. 76,
4250 (1996).

A. Kirilyuk, A.V. Kimel, Th. Rasing, Rev. Mod. Phys. 82,2731 (2010).
A.V. Kimel et al., Phys. Rep. 852, 1 (2020).

K. Vahaplar et al., Phys. Rev. Lett. 103, 117201 (2009).

A. Stupakiewicz et al., Nature 542, 71 (2017).

AM. Kanamnukona, A.B. Kumens, P.B. ITucapes, YOH 58, 969 (2015).
L.A. Shelukhin et al., Phys. Rev. B. 97, 014422 (2018).

N.E. Khokhlov et al., Phys. Rev. Appl. 12, 044044 (2019).

NN WD

99



KPUCTAJUIBI BGS Y BGSE JUIS1 HEJJMHEMHO-OIITUYECKOI'O
[TPEOBPA30OBAHUA YACTOTDI

C.I'. I'peunn’, JI.T". Kounes!, ILI1. Huxonaes?, B.B. Tymopun'
" Huemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
2000 «Heogpomonuxay, Cankm-Ilemepbype
E-mail: §.G.Grechin@mail.ru

[IpencraBienbl pe3ynbTaThl aHalu3a (YHKIMOHAIBHBIX BO3MOXKHOCTEH
HOBBIX MEPCHEKTUBHBIX JBYXOCHBIX MOJYIPOBOJHUKOBBIX KpucTaioB BGS
(BaGasS7) u BGSe (BaGasSe7) nist pa3nuuHbIX 3a/1a4 HEMUHEHHO-ONTUYECKOTO
npeoOpa3oBaHUs YaCTOTHI.

Kpucramibl UMEIOT nuamna3oH MpO3pavyHOCTH OT BUAMMOTO JIO CPEIHETO
WK nuama3oHOB, W TeEpBbIE MPOBEJACHHBIC WCCICIOBAHUS ONTUYECKUX W
HEJTMHEHHBIX CBOWCTB KPHUCTAIOB TOKa3ad OONBIIHE TMOTECHIIUATLHBIC
BO3MOXXHOCTH WX JUIS DEIIeHHus 3amad mnpeoOpa3oBaHmsi 4acTOTHL. [lepBbie
MPOBEICHHBIE  OJKCICPUMEHTAIBHBIE  HCCIEJOBAaHUS  MApaMETPUYCCKUX
TreHEpaTopoB Tpu Hakauke B OmmwkHemM MK 1nuamasoHe NpUHIIMIIAATIBHO
MOATBEP NI 3TY BO3MOKHOCTE. HO 3TH pe3ynbTaThl MOTYUYEHBI 711 HEKOTOPHIX
YyacTHBIX ciryyaeB. HeoOXxoaum MoaHbIi aHaau3 BO3MOKHOCTEN KPUCTAILIOB.

B »a10ii pabGoTe mpeacTaBieHbl pe3yJbTaThl KOMIUIEKCHOTO aHalu3a
GbyHKIIMOHANBHBIX BO3MOKHOCTEeH KpuctauioB BGS (BaGasS7;) u BGSe
(BaGasSe7) s Bcex 3a7a4 npeoOpa3oBaHusi YaCTOThl — FeHEPALIMU TAPMOHUK U
CYMMapHBIX YacTOT, Pa3HOCTHBIX YACTOT, MapaMETPUUYECKOW TEeHEpaAlUH H
ycwiieHus. Ananu3 6a3upyercs Ha MEeToe, PeasIoKeHHOM B [ 1, 2]. OnpeneneHsl
KOMOUWHAIIMW JJIUH BOJIH, C KOTOPHIMU MOTYT OBITh MOJYyYE€HBl MaKCUMAaJbHBIC
3¢hHEeKTUBHOCTH TpeoOpa3oBaHMsl; HEKPUTUYHBIE TIO yrjaM W JJUHE BOJHBI
CUHXPOHU3MBI; ONTHUMAJBHBIE VYIJIBI Cpe3a KPUCTAUIOB IS TOJyYCHUS
MaKCHMAaJbHOTO JHana3oHa TMEepPeCTPOWKH NapaMeTPHUECKUX T'€HEepaTOpOB;
JUTHHBI BOJTH, C KOTOPBIMU MOET OBITh TIOJYYCHO YCHWJICHHE IUPOKOTIOIOCHOTO
Ja3€PHOTO U3ITYUYCHHUS.

[ToxazaHa BO3MOXXHOCTh T€HEPAIMK CYMMAapHBIX U Pa3HOCTHBIX YaCTOT C
kpucramuiom BGSe usnyuenns nazepa Ha ZnSe:Fe*' ¢ mepecTpoiikoii mo anuHe
BOJIHBL. [TOKa3aHO, UTO NP PA3TUYHBIX YIilaX cpe3a MOKET ObITh MOJIYYEHO Kak
y3KOIOJIOCHOE, TaK U LIMPOKOIMOJIOCHOE W3JIYyYEHUE CUTHAIBHOM BOJIHBI.
MakcumanbHasi HIMPUHA CIEKTpPa MOKET OBbITh MOJIy4eHa B JJIMHHOBOJHOBOMA
obnmactu cnektpa. OmpeneneH auana3oH MEPECTPONKH IO JUIMHE BOJHBI C
MHUHUMAJIBHOM YTJIOBOW INEPECTPOMKOM NPU HUCIIOIB30BAHUHU 3TOrO JIA3EPHOIO
MCTOYHUKA.

Pa6ora nmognepxana rpantoM PODU Ne19-02-00294.

1. FO.M. Anapees u ap., KBantoBas anektpoHuka 46, 33 (2016).
2. TO.M. Anapees u ap., KBantoBas anektponuka 46, 995 (2016).
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BJINSHUSA BUHHOM KMCJIOTBI HA POCT KPUCTAJIJIOB KDP

B.B. I'pu6ko, A.II. IIpoxopos
Hnemumym npuxnaonou ¢puzuxu PAH, Huoicnuii Hoseopoo
E-mail: gribko@ipfran.ru

Kpucramisl rpynnst KDP (DKDP, ADP) mupoko HCHOJB3YIOTCS B
JA36pHOM TEXHUKE B KAUECTBE AJIEKTPOONTHYECKHUX 3JIEMEHTOB. CyIlEeCTBYET
MHOTO paboT O BIMAHMM NpPHUMECE Ha POCT KpucTaioB. M3BecTHO, 4TO
OpraHuyYecKue npuMecH B Kpuctamuiax rpymnmnsl KDP npuBoasT Kk yMEHbIIEHUIO
ux JazepHoro mpobos. Omgnako B pabore [1] mpuBemeHBl pPE3yIbTAThI
MOJIOKUTEIIBHOTO ~ BIUSHUS TpUMeEce KapOOHOBBIX KHCJIOT (Hampumep,
MypaBbHHOM KUCIIOThI) HA HEIMHEMHO-ONTUYECKUE U TUDIIEKTPUUECKHUE CBOMCTBA
kpuctamuioB KDP.

B cBs3u ¢ 3TIM Hamu ObUTH TPOBECHBI MCCICAOBAHNS BIHMSHUS BUHHON
KHCJIOTHI HA HOpMaJIbHY10 cCKOpocTh pocTa (R) rpaneit mpusmsi (100) B pacTBOpax
KDP.

N3mepenue HopManbHOU ckopoctu pocta rpaHu (100) kpucrammor KDP
MPOBOAMIIOCH HA MOJISIPU3AIIMOHHO-UHTEPPEPEHIIMOHHON ycTaHOBKe [2]. [lanHast
YCTAHOBKA  MO3BOJSIET  M3MEPSATH  CKOPOCTh  pOCTAa  KPUCTAJIOB  C
JBYJIYy4YETIPEIIOMIIEHUEM, OIPENEIATh TEMIIEPATypy HACBIIIEHUS U «MEPTBYIO
30Hy» (T4) pactBopoB. [lorpemHocTh U3MEpeHUs: OTKIOHEHHUSI CKOPOCTHU POCTa
rpanei kpuctaiia KDP cocrasisier ~ 0.02 Mkwm.

Hccnenyemple pacTBOpPhl TOTOBWJIM U3 JIEMOHH3UPOBAHHOW BOJBI C
conpotusieHueM 21.2 MOwm, crexuomerpudeckoit conu KDP ¢upmber ProChem
u BUHHOW KucioTbl (Peaxum). Ilocie nmpuUroToBieHUs CTEXMOMETPUUYECKOTO
pactBopa KDP ¢ temniepatypoit naceienust T = 50 °C ero dunbtpoBanu. Jlanee
pacTBOp JAeNWICAs Ha MNOpUMM. B mepByl0 NOpUMIO BHHHAs KHUCJIOTa HE
no0assiack, BTopasi U Tpetbs comepxkanu 0.25 u 0.5 mac. % BUHHOM KHUCIIOTHI.
JIns roMmoreHmsanuu pacTBOpoB X IepeMemmnBanuch npu 60 °C B TedeHwue
8 4acos.

[To ’3xcrepuMeHTaIbHBIM 3aBUCUMOCTSIM CKOPOCTH POCTa MOKHO TOBOPHUTD
O CTENEHHU BIIMSHUS BUHHOW KUCIOTHI HAa pacTBOpbl KDP. [lonyuennslie nanubie
MOKa3bIBAIOT, 4YTO J00aBJIiCHHE BUHHOM KHUCJIOTHI B pAcTBOP NPHUBOJIUT K
YBEJIMYECHUIO MEPTBOW 30HBI, UTO SIBJIAETCS HEraTUBHBIM (DAKTOpOM Il pocTa
kpuctaiioB KDP. YcranosneHo, 4yTo 106aBieHre BUHHOW KUCIOTHI B pacTBOpax
KDP 6onee 0.5 mac.% npuBOAUT K HEMPUTOJTHOCTH PAcTBOPA JIJIsl BHIPAIIMBAHUS
B HEM KPHUCTAJUIOB.

1. M. Anis et al., Phys. B. 449, 61 (2014).
2. V.I. Bespalov et al., Int. Col. of crystal Growth 17, 150 (1988).
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WK JIOMUHECHEHINA MOHOB Er** u Tm*" BO ®TOP-
N OTOPXJIOPTA®HATHBIX CTEKJIAX

C.X. bareiros!, M.H. Bpexosckux?, J1.B. Mouceesa'!, A.B. ITonos!
" Huemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Uncmumym obweil u neopeanuyecxott xumuu um. H.C. Kypnaxosa PAH, Mockeéa
E-mail: Imois(@Ist.gpi.ru

N3BectHO, uTO MHOrooHOHHBIe noTepu B UK nuanazone Bo GpropuHbix
CTEKJIaX NMPUMEPHO HA MOPSAJOK MEHBIIE, YEM B KBAPLIEBOM CTEKJIE, HEKOTOPBIE
u3llydareiapHble nepexoasl P3 HMOHOB, HE NPOSBIAIOIIMECS B OKCHJIHBIX
MaTpuLax, peanu3yrorcs Bo Gpropuaueix crekiax. C Heiabio co3aaHus aKTUBHBIX
ONTHYECKUX cpel Uil JasepoB cpenHero MK nuanasoHa CUHTE3MpOBaHbI U
ucciaenoBanbl ¢ropradpuatHeie crekiaa B cucteMe HfFs-BaF>-LaFsi-AlF3-NaF
(HBLAN) ¢ yacTu4HBIM 3aMEUICHHEM aHHOHOB (PTOpa XJIOPOM, JIETHPOBAHHBIX
Er*" u Tm*",

4 3+
.. Er

1z’

TNioMUHeCUeHUMA, OTH. eg.

29 3‘,4 3:6 3,8 4.0 42
AnuHa BOMHbI, MKM
Puc. 1. Cnextpsl momunectuennun Er’™ u Tm*" B S9H{F4-20BaF2-2LaF3-2AlF3-17NaF (1)
u S9HfF4-15BaClz-5BaF2-2LaF3-2AlF3-17NaF (2, 3).

CrieKkTphl JHOMUHECHEHIME HOoHOB Er*™ B obmactu 2.6-2.9 Mkm (puc. 1,
cnekTpel 1 W 2) moiaydeHbl Kak [l (TOPUIHOTO CTEKIa, TaK M JUIs
(GTOPUAXIOPUAHOrO CTEKIa NpH BO3OYXKAEHMH Ha ypoBeHb “‘lon. s
bTOPUAXIOPUAHOTO CTeKJa yAAIOCh 3apErucTpUpOBaThH CHEKTP
momuHecueHuy nonoB Tm*" na nepexone *Hs—>F4 B cniekTpanbHoit 061acTu
3.5-40 MM npu Bo3Oyxaenun B yposeHb °Hi (puc. 1, cmektp 3).
JItoMHUHECLIEHIIMS Ha 3TOM MEPEX0/ie Jisl AHAIIOTMYHOTIO (PTOPUHOTO CTEKIIA HE
HaOmoaanack. B nmydmunx o0pasuax GTopUAXIOPUIHBIX CTEKOJI, JIETMPOBAHHBIX
0.5 u 1.0 ar.% Er’", xonuenrpauuontoe Tymenue ¢ ypoBus *“Ii1» mpakTuuecku
HE3aMETHO, a BpeMsl )KM3HU 3TOr0 YPOBHs BO GTOpUIXIOpuAHOM cTekiie Ha 30%
BBIIIIE, YEM B aHAJIOTMYHOM (PTOpUAHOM cTekie. OHAKO CleyeT 3aMETUTb, YTO
BOCIPOU3BOJAUMOCTh CHEKTPOCKOIMUYECKUX MapaMeTpOB BO (PTOPUIXIIOPUTHBIX
CTEKJIaX XYK€, 4YeM BO (PTOPUAHBIX CTEKJIaX, 4TO, CKOPEW BCEro, CBSI3aHO C
HEJIOCTATOYHO COBEPIICHHOW METOIUKON UX CUHTE3A.

PaGota BeImoniHeHa B paMkax rocyaapctBeHHoro 3ananus MO® PAH u
NOHX PAH B o6mactu (pyHIaMeHTaIbHBIX HAYYHBIX MCCIICJIOBAaHUN M TpaHTa
PO®U Ne 18-03-00149.
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BJIMSHUE [TPUMECH Y*" HA CHEKTPOCKOITMYECKUE CBOMCTBA
OIITUYECKUX IIEHTPOB Ho*" B KPUCTAJIJIE CaF»

O.K. Anumos, M.E. [opomenko, A.B. Hexopomux, A.I'. [Tanamsuiu,
K.A. ITupriouHT
Hncmumym ooweti gpuzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: kmartynoval 9@gmail.com

Kpucramibel  (TopumoB,  JErMpOBAaHHBIX  TOJIBMHEM,  SIBJISIOTCS
MEPCIEKTUBHBIMH [IJI51 UCIIOJIb30BAHUS UX B KAYECTBE JIA3EPHOM aKTUBHOU CPEBI
B oOnactu 2 MM [1-3]. OmgHO#l W3 KIIOYEBBIX OCOOCHHOCTEH (TOPHUIOB,
JIETUPOBAHHBIX PEAKO3EMENIbHBIMU HOHAMHU, SIBISETCS (OPMUPOBAHHE B HUX
ONTHYECKUX LIEHTPOB C pPaA3JIMYHOM CUMMETPHUEN JIOKAIBHOIO OKpPYXEHUS.
[leHTpOBOM cOCTaB KpHUCTAJJIa ONPEIEISIET €ro CIEKTPOCKOIUYECKHE H
reHepaluroHHbIe cBoWcTBa. IloaTOMYy HCCIenOBaHHWE CHEKTPAJIbHBIX CBOWCTB
OTIENBHBIX LIEHTPOB TOJIbMHUS, OCOOEHHO Ha JIA3€PHOM JIBYXMUKPOHHOM
nepexoze °I;—°Ig, sBiseTcs BaXHON Hay4HO 3a1aueii. HenaBHue uccieioBanus
kpucramioB CaF2:Ho**(0.1%) mo3Bonunm BeLIEIWTL Ha mepexone I;—°Is Tpu
THUIIA ONITUYECKUX LIEHTPOB ¢ BpeMeHamu ku3Hu 10.7 mc, 18 Mmc u 26 mc.

Jpyroii 3amadeil SBISETCA MCCICAOBAHUE BO3MOXKHOCTH YIPaBICHUSA
LEHTPOBBIM COCTABOM, [JIi 4YE€ro B PSAAE CIy4acB MCIOJB3YIOT IPUMECH
ONTUYECKH HEAKTHBHBIX DEIKO3EMENbHLIX MOHOB, Hampumep Y°'. Takoe
nerupoanue B ciayudae ¢ CaF.:Y, Nd [4] u CaF.:'Y, Tm [5] moxer urparhb
IIOJIOKUTENIBHYIO POJIb, YMEHBIIASI BEPOATHOCTh TYLIAIIMX MPOLECCOB, TAKMX KaK
Kpocc-penakcanus. [losToMmy 1enpio JaHHONH paboThI SIBISLUIOCH HUCCIEIOBAaHUE
BIMSHMSA COAKTHBALMM MOHaMH Y°© Ha Mpouecchl 00pasoBaHHsA W
CIIEKTPOCKOIMYECKUE CBOMCTBA Pa3JIMUHbIX ONTHYECKHUX LEHTPOB MOHOB Ho'' B
kpuctaiax CaF, Ha mepexome °I;—°Is ¥ cpaBHEHHE WX C KPHMCTAIIaMH, HE
COAEpKAIMKUMH UTTPUH. MeTrogaMyn HU3KOTEMIIEPAaTypPHOU BPEMS pa3pelICHHOU
CEJICKTHBHOM JIa3epHON CIIEKTPOCKONMUU ObUTH HccienoBaHbl Kpuctamuibl Cako-
YFs (0.1 u 1%), neruposannsie monamu Ho®" (0.1%). Beuto BBIIENEHO Kak
MUHMMYM JIBa THUIIAa ONTHYECKUX LEHTPOB. bbUIO MOKa3aHO, YTO
KJIACTEPU30BAHHBI LIEHTP HMOHOB TroJbMHUS C BpemeHeM »xku3Hu 10.7 wmc
dbopmupyeTcst BO Bcex o0pasliax, TeTparoHaJbHbIN IEHTP HEe HAOII0JaeTCsl Jaxe
npu Manbix KoHueHtpanusx urrpus (0.1 Mon.%), a Bpemsi KU3HHU Camoro
JOJITO’KUBYIIETO HEHTpa (26 MC) ¢ yBEIMYEHHEM KOHLIEHTpauu UTTpus 10 1%
yBeJIMYUBaeTcs 10 32 Mc.

1. X. Duan et al., Infrared Phys. Technol. 103, 103071 (2019).
2. X.M. Duan et al., Laser Phys. Lett. 15, 09582 (2018).

3. M. Nemec et al., Opt. Lett. 42 (9), 1852 (2017).

4. S. Pang et al., Laser Phys. Lett. 15, 055802 (2018).

5. J. Ding et al., Int. J. Opt. 2018, 8592359 (2018).
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JIBYXBOJIHOBOU III'C HA KPUCTAJIJIE KTP JIJISI CPEJHET'O UK
CIIEKTPAJIBHOI'O IUAITA30OHA

ILT. 3eepes'?, A.A. Cuporkun?, U.B. CmupHos'-
'Mocroeckuii snepeemuueckuti uncmumym, Mockea
’Unemumym obweii pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
E-mail: logri@yandex.ru

JIByXBOJIHOBBIE JIA3€PBI C MOCIEAYIOLIEH TEeHEPALUEN PA3HOCTHON YaCTOThI
B HEJIMHEWHOM KPUCTAILJIE MPEACTABISIOT OOJIBIION MHTEPEC C 1IEJIbI0 CO3JaHuUs
3G (HEKTUBHBIX, HAJEKHBIX M KOMMAKTHBIX HCTOYHHKOB TEPAareproBoro Hu
nansHero UK cnextpansHoro auanaszona [1]. B HacTosiieit padote uccienoBaH
MEPECTPAUBAEMBIA  JBYXBOJIHOBOM  JIa3eép HAa  OCHOBE  KOJUIMHEAPHOU
napamerpuueckoit renepanun ceta (III'C) B kpucrtamie KTP, tum II (eoe),
reHepupyroumin niryyenue B cpeaaeM MK crniektpanbHOM Auana3oHe ¢ B3aMMHO
OpPTOrOHAJILHOM MOJIAPU3ALIUEH.

B kaudecTBe MCTOYHMKA HAKAYKHA PACCMATPUBAIINCH J1a3epbl HA KPUCTAILIE
YVO4Nd*" ¢ nuomnoit Hakaukoi, paboTarOIMe B PEXUME MOIYIMPOBAHHOM
noOpoTHOCTH Ha JuMHaX BoiH 1064 m 1342 um. B 3TOM cnydae mosydaercs
JIBYXBOJIHOBAs reHepaius B ooiactu 1.9-2.4 mxkm u 2.3-3.0 MKM COOTBETCTBEHHO
(puc. 1). BuaHo, 4TO BO BTOPOM Ciyuyae TeHepalus JdaXe B Ciydae
BbIpoxaeHHoro [1I'C nonyvaercs B o6mactu 2.69 MKM, 4TO MMO3BOJISIET TOBBICUTH
HHEPreTUYECKyI0 3(PPEKTUBHOCTD MOIYUEHHUS TEPArepLiOBOIO U3JIyUYEHHUs IIyTEM
reHepaluuy pa3HOCTHOW 4acTOThl. B 3KCIEpUMEHTaxX HMCIHOIb30BaJICS KPUCTAIUI
KTP pazmepom 6x6x15 MM, BeIpe3aHHbIN 10 yIIIOM 51.5° K ocu Z B IIIOCKOCTH
XZ. Ucnonp3oBanack BHyTpupe3oHaTopHas cxema Hakauku [II'C reneparopa.
[lepecTpoiika MJIMHBI T'€HEPALMM U PA3HOCTH YacCTOT MEXIAY T'€HEPUPYEMBIMU
KOMIIOHEHTaMHU OCYILECTBILUIMCh NoBopoToM Kpuctaima KTP. CnekrpanpHas
LIMPHUHA OTAEIIBHBIX CIEKTPAIbHBIX KOMIIOHEHT cocTaBiisiia 0.7 HM. CymmapHas
MaKCUMaJIbHAsl SHEPIrUsl B CUTHAJIBHOW M XOJIOCTOM BOJHE nocrurana 1.2 mJlx
npu Hakauke 1064 HM. OOCyXIarTcsi MyTH MNOBBIIEHUS 3P(PHEKTUBHOCTH

JAHHOTO JIa3epa.
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Puc. 1. Ilepectpoeunsie kpussie [1I'C Ha kpucramie KTP npu konnuneapaom
B3aMMOJCHCTBUH MPH HaKauKe M3IydeHueM ¢ AnuHoi BoiHbl 1064 am (1) u 1342 um (2).

PaGorta BeImodHsUIach pu YacTUYHOW (hprHAHCOBOW monaepkke POOU,
npoekT Nel7-02-00518.

1. V. Petrov, Progr. Quantum Electron 42, 1 (2015).
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MOJIEJIMPOBAHUE OIITUYECKNX U3EJINN HA OCHOBE
I'AJIOTEHN OB CEPEBPA U TAJUINA TS JTASEPHOU TEXHUKU

JL.B. XKyxkosa, A.C. Kopcaxkos, A.E. JIsBoB, JI.Jl. Canumrapees, A.A. FOxakoBa
Ypanvcxuii ¢hedepanvhwiii ynusepcumem um. nepsozo Ilpezudenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: Lv.zhukova@urfu.ru

Cpenu M3BECTHBIX ONTUYECKUX MATEpPUANIOB I CPEAHErO U JAIbHETO
uH(paKpacHOTO Auana3zoHa TaloreHuJIbl cepedpa U OAHOBAJICHTHOTO TaJUIHS
BBIJICJISIIOTCS. CBOMM IIUPOKHUM Jrana3oHoM nponyckanus 0.4—60.0 MxMm u 6oiiee
(mnmst kpucramio), 2.0-25.0 MM (st CBETOBOJOB) 0€3 OKOH IMOTJIONICHHUS,
MajbIMU ONTHYECKUMH TMOTEPSMH, IJIACTUYHOCTHIO, HETUTPOCKOMUYHOCTHIO,
$hOTO- ¥ paTMaIIMOHHON CTOMKOCTHIO, BHICOKOM ONTHYECKOM M MEXaHWYECKOM
IpOYHOCTHIO [1]. B CBSA3M ¢ 3TUM NpUMEHEHUE ONTUYECKUX W3/IEJIUN Ha OCHOBE
rajoreHu1oB cepedpa U Tajuius NEPCHEKTUBHO ISl JIa3€PHBIX TEXHOIOTUH.

B nmanHo#t paboTe BHepBhIe OBLIO BHIMOJHEHO MOJCITHPOBAHUE JTUH3BI HA
OCHOBe KpucTamia coctaBa 6 moit. % T1Bro.slo.s4 B AgBr, ycranoBneHnHo# BHyTpH
Ja3epHOro pe3oHaTopa, AJs paboThl Ha JuiHe BOAHBI 10.6 MkM. MoaenupoBanue
ObUIO HAIpaBJIEHO Ha HCCIEJOBaHUE CTAOMIIBHOCTH PabOThl pe30HaTOpa MIpH
Pa3JIMYHBIX PACCTOSIHUAX JIMH3BI OT 3€pKajl. Pe3ynprarel MOAENMpPOBaHUS
CPaBHHMBAJIUCh C MATEMaTUYECKMM METOJOM MAaTpHUIl IEPEHOCAa W3IIyYEHHUS
(ABCD-meton), kak mokazaHo Ha puc. 1. PaccormacoBanue penieHuii CBI3aHO ¢
OTPAaHUYCHHBIM YKCJIOM OTPAXKEHHM HU3JIyYEHUs B MOJEIU, B TO BpEMsS Kak
ABCD-meron pemaer 3agadqy It OCCKOHEUHO OOJIBIIOTO KOJHMYECTBA
oTpaxkeHuil. TeM He MeHee ONTHMAJIbHBbIE PACCTOSIHUS MEXKIY 3€pKajaMu U
JUH30M ObLIH T0JTy4YeHbI U cocTaBuId 0.3—0.4 M, 4TO ABISAECTCS TOCTATOYHBIM IS
JIA3€PHON TEXHHKH.

Laser cavity stability analysis

il

Stability
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Puc. 1. CpaBHeHue pe3yabTaTOB MOJICTUPOBAHUS U pacueTa CTAOMIBHOCTH PE30HATOPA.

HccnenoBanne BBIMOIHEHO 3a cueT rpanta Poccuiickoro HayuHoro ¢hoHaa
(mpoekt Nel8-73-10063).

1. A.S. Korsakov et al., J. of Opt. Tech. 84, 12 (2017).
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BJIATOCTOMKUE BU3YAJIM3ATOPBI JUUISI HACTPOMKU MTHOPAKPACHBIX
JIAZEPHBIX CUCTEM C BOJIBILIOM AITEPTYPOM I[TYUKA

C.B. T'ymmn'?, AM. Kysemun!, A A. Jlsnua'?, I1.A. Pa6ouxuna', M.B. YepHos'+
!Hayuonanononi uccredosamensvcruii Mopoosckuti 20cy0apcmeenHbill
yuugepcumem um. H.I1. Ocapésa, Capanck
2000 «@omonnvie Texnonrozuueckue Cucmemwry, Capanck
E-mail: chernov_maxim@inbox.ru

B mnacrosimiee Bpems nazepsl uH(pakpacHoro (MK) cnekrpanbHoro
JMana3zoHa JJIMH BOJIH HAIlUIM IIMPOKOE MPUMEHEHHUE B JIUIapax, JadlbHOMEpax u
crieruaibHOM TeXHUKE. J[J1 FOCTUPOBKU M HACTOWKH ITHX MPUOOPOB B MOJEBIX
YCIOBUSIX MOXHO HCIIOJIb30BAaTh BHU3yaJM3aTOPhl JIA3€PHOTO  U3IYUYEHUS
CHOCOOHBIE  MPeoO0pa3oBbIBATh  HEBUAMMOE IS YEJIOBEYECKOro  IJas3a
uHPpaKpaCHOE U3ITYUCHHE B TIOMUHECUEHIIUIO BUIUMOTO Uana3oHa AJUH BOJIH
(puc. 1). CymecTByrommue KOMMEPUYECKHE 00pasibl BHU3yaIM3aTOPhl HUMEIOT
aKTUBHYIO 30HY JETEKTHpPOBaHMsS HEOONBIIUX pa3MepoB (MakcUMaibHas
mwiomans 500 cM?) U B OCHOBHOM pabOTarOT TOJILKO B J1a00PATOPHBIX YCIOBHSX.

”i
. w. ’

S ' R

Puc. 1. BuzyanuszaTopsl 1j1s1 HACTPOMKH JIa3€PHBIX JIMAAPOB, TAIbHOMEPOB M CLIEHUATIBHOMN

TCXHUKC B ITOJICBBIX YCIIOBUIX.

B mHacrosmeld pabore mMOdy4eHbI BIArOCTOMKHE JIIOMHUHECIICHTHBIE
MOJIMMEPHBIE MaTepuaibl, M3 KOTOPBIX H3rOTOBJIEHbI BU3lyanu3atopel HNK
M3IY4eHHs IUIOmaapio 1 M2, 00eceunBaoye BU3yaan3alyio 3TOr0 H3IydeHHs
B PAa3JIMYHBIX MOTOAHBIX YCIOBUSX. M3ydeHbl CTpPYKTypHBIC, (U3HYECKHE,
MEXaHUYECKUE M  CIEKTPAJIbHO-JIIOMUHECIICHTHBICE  CBOWCTBA  JIAHHBIX
MarepuaaoB. Takke onpeeeHbl CIeAYIOIIME XapaKTePUCTUKU BU3YJIM3aTOPOB:
CIICKTPAIBHBIA JHaIa30H padOThl, KPUBAsK CIEKTPAIbHOW YYyBCTBHTEIHHOCTH B
JTAHHOM JIMaIla30HE, IMOPOT Pa3pylICHHUS.

IIpoBenmeHpl HCHBITAaHUS pPa3paOOTAHHBIX BHU3YaJM3aTOPOB B IIOJEBBIX
YCIOBUSIX IIPU Pa3IMYHBIX NOTOJHBIX ycloBUAX. [IpoBeaeHHOE HcciaenoBaHue
MOKa3asio, 4YTO pa3paboTaHHBIC BIArOCTONKHE BU3YaU3aTOPhI MOTYT OBITH
WCTIOJIB30BAHBI JJII HACTPOWKH U FOCTHUPOBKH JIa3€PHBIX MPUOOPOB C OOJIBIION
anepTypou Mmyyka B MOJEBBIX YCIOBUSX.
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MOJAEJIMPOBAHUE ITPOLECCA 9BJIK C UCITIOJIb3OBAHMEM
JABYXMHUKPOHHOI'O JIABEPHOI'O U3JIYUEHU A

C.A. Apremos, A.H. benses, O.C. bymykuna, C.B. Koctun, A.A. Jlsnus,
I1.A. Ps6oukuna, A.Jl. TaparsinoBa, C.A. XpyiajinHa
Hayuonanvuwiii uccneoosamenvcxuii Mopoogckuii 20cyoapcmeenmniil
yuugepcumem um. H.I1. Ocapésa, Capanck
E-mail: alina.taratynova@mail.ru

Bapuko3noe pacmmpenne BeH BxoauT B yuciao 10 cambix
pacmpocTpaHeHHBIX 3a0osieBaHuN B Mmupe. B Hacrosiee Bpemsi NOSBUINCH
MaJIOWHBA3MBHBIE METObI JICYEHHUSI, ONHUM U3 KOTOPBIX SIBJISETCS 3HA0Ba3aIbHAs
JazepHasi Koaryisinusa. JlaHHBI METOJ] OCHOBaH Ha TeIioBoM dddexre,
BO3HUKAIONIEM  BCJIEJICTBHE  W30MPATENBHOTO  TOTJIOMICHUS  W3ITyYCHHUS
Pa3TUYHBIX JUTUH BOJH OMOJIOTHYECKON TKaHbI0. MI3BeCTHBIC HAa TAHHBI MOMEHT
anmnapaTtbl paboTaroT ¢ ucnosib3oBaHueM jiauH BosH 0.81; 0.98 mkwm, 4yTO
COOTBETCTBYET I0JIOCE MOTJIONICHUS TeMOorfio0nHa. Takxke UCIoJIb3yeTcs JJIMHA
BOJIHBI 1.55 MKM, COOTBETCTBYIOIIAas CIEKTPY MOIVIOICHUs BOAbI. Bricokue
3HAYEHUS MOILHOCTHU JIA3€PHOTO M3Iy4deHHs ycTaHOBOK — 15-20 m 10-12 Bt
COOTBETCTBEHHO, MPUBOAAT K OCJIOKHEHHUSIM, CBA3aHHBIM C IIOBPEXKICHUEM
OKOJIOBEHO3HBIX TKaHeW. OJHAKO B HACTOAIIEE BpPEeMsl BBIIOJHEHBI PaboThI,
nocpsueHHbple peanuzanuu OBJIK ¢ npuMmeHeHueM Ja3epoB, TE€HEPUPYIOIINX
U3ITy4eHHE B JBYXMHUKPOHHOU 00JIACTU CHEKTpa, KOTOpPbIE CBUICTEILCTBYIOT O
(dakTe CHIKEHUS MOITHOCTH, TPEOyeMO /I OCYIIECTBICHUS KOATYJISAIMH BEH.

B naHHBIT MOMEHT aKkTyaJlbHOW 3ajadyedl  sBIsieTCs pa3paboTka
KOMIUIEKCHOI'O TMOJXO0Ja, IO3BOJISIFOIIETO CHU3WTh MOIIHOCTH JIA3€PHOIO
U3NIy4eHus, wucnoib3dyeMoro miga nposeaeHus OBJIK wu, kak cieactsue,
MUHHMU3UPOBATH MOBPEKICHUE NEPUBEHO3HBIX TKaHeil. Takoil crnocod MOXeT
3aKJII0YaTh B ce0€ METO/Abl KOMIIBIOTEPHOT0 MoieaupoBanus npouecca IBJIK u
COITOCTABJIEHUE MOJIYYCHHBIX PE3YJIbTATOB C YKCIEPUMEHTAIbHBIMU JAHHBIMHU.

B cooTBeTCTBUU C 3TUM B HACTOSAIIEH PaOOTE BHIMOJHEHO MOJIEIUPOBAHUE
HarpeBaHus CTEHOK BEHbl M NEPUBEHO3HBIX TKaHeW B mporecce IDBJIK ¢
WCIIOJIb30BAHUEM JIBYXMUKPOHHOIO M3JIyYEHHS] W CPABHEHHUE IOJTYyYEHHBIX
JAHHBIX C pe3yjibTaTaMH SKCIEPUMEHTOB IN-Vivo Ha OBIAX 3AMIbOAEBCKOM
OPOJbl, OCYIIECTBICHHBIX paHee nocpeactBom uznyuenus LiYF4:Tm nazepa c
niuHoM BoyiHBI 1.910 MM 1 momHocTsimu 1.5 BT, 3 Bru 4 Bt [1].

MopenupoBanue npouecca OBJIK ocyiiecTBisiioch B MPOrpaMMHOM
nakete COMSOL  Multiphysics 5.5 ¢  HCHOIB30BaHHEM  MOJYJIS
«Temmonepenaua». IlomydyeHHbIE pe3ynbTaTbl KOPPEIHUPYHOT C JAHHBIMHU
AKCIIEPUMEHTOB in-vivo mo DBJIK.

PabGora BbImosHEeHa npu (uHaHcoBoW mnoaaep:kke rpaHta POOU MK
Nel8-29-20039.

1. S.A. Artemov et al., Lasers Med Sci. 35, 867 (2020).
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BJIMAHUE NEDQEKTOB CTPYKTYPbI KPUCTAJIZIOB
Z102-Y203-H0203; HA XAPAKTEPUCTHUKHU IBY XMHUKPOHHOU
JIABEPHOU I'EHEPAILINUA

C.A. Apremos!, E.A. Apremos?, B.II. Boinuukuii?, E.E. Jlomonosa?,
I1.A. Ps6oukuna'
! Hayuonanvnoui uccneooeamenvckuti Mopoosckuti 20Cydapcmeentbiil
yuugepcumem um. H.I1. Ocapésa, Capanck
’Uncmumym obweit gusuxu um. A.M. ITpoxoposa PAH, Mockea, Poccus
E-mail: sergey560113@gmail.com

B pabotax [1-4] MBI cooOmany o IByXMUKPOHHOM JIa3epHOM TeHEepaIuu
Ha mnepexoge °I;—°Is wonoB Ho®" xkpucrammoB Zr0:-Y»>03-Ho.O3 mpu
PE30HAHCHOM Hakauke Ha YPOBEHb °l7 3TUX HOHOB HempepbiBHBIM [1,2],
UMITyJIbCHBIM [3] m3nmydenuem Jazepa Ha kKpuctamwie LiYF4:Tm u tymimeBbiM
BOJIOKOHHBIM J1azepoM [4].

OpnHako npy NpOBEIEHUH T€HEPALIMOHHBIX YKCIIEPUMEHTOB BBISIBJIEHO, YTO
IPU YBEJIMYEHUU MJIOTHOCTH MOIIHOCTH HAaKauykKd U COOTBETCTBEHHO Ja3epHOM
reHEepalMi KaK B HEMPEPHIBHOM, TaK M MMITYJIbCHOM pEeXHMax, HaOIrogaeTcs
IIPOrOpaHue aKTUBHBIX IEMEHTOB U3 KpUCTAIIOB Z102-Y203-H020:5.

B xo1e uccnenoBanuii, BRIMOIHEHHBIX B HACTOSIIEH paboTe, MOKa3aHo, 4YTO
TOPIbl AKTUBHBIX 3JEMEHTOB U3 KpucTawioB Zr0:-Y203-Ho203, kotopeie
MoJIBeprajinuch MexaHoxumuueckomy tpasieHuto (MXT), nporopanu npu 6osee
BBICOKMX 3HAYEHUSAX I[UIOTHOCTH MOIIHOCTH HAaKayku # 0Oojee BBICOKUX
3HAYEHUSX MOILHOCTH HETPEPHIBHON U UMITYJIbCHOM I'€HEpaLNK 110 CPABHEHHUIO C
AHAJOTUYHBIMU 3HAYECHUSIMU JJISI AKTUBHBIX 3JIEMEHTOB W3 3THUX KPHUCTAJUIOB,
TOPLBI KOTOPBIX He noasepraimcs MXT.

Taxke B pgokmage oOCyxmaeTca mnpupoia Ae(eKTOB, SBISIOMIUXCS
IIPUYUHOM ITPOTOPAHHUSI TOPLIOB AKTUBHBIX 3JIEMEHTOB U3 KpUCTAILIOB ZrO2-Y20:-
Ho203 npu yBenmyeHn NiI0THOCTA MOIIHOCTH HAKAYKH U JIA3€PHOM F€HEpALUU.

PabGora BbimonHeHa npu (QuHaHcoBoil noaaepxkke PODU, rpant
Nel8-29-20039.

1. M.A. Borik et al., Quantum Electronics 43, 838 (2013).
2. P.A. Ryabochkina et al., Laser Phys. Lett. 14, 055807 (2017).

3. TI.LA. PaGoukuna u np., KBantoBas snekrponuka 50, 8 (2020).
4. A.N. Chabushkin et al., Laser Physics 28, 3 (2018).
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HIGH-POWER MID-INFRARED QUANTUM-CASCADE LASERS

G.S. Sokolovskii
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: gs@mail.ioffe.ru

Quantum-cascade lasers (QCL) attract great attention of the research
community since the first publication proposing the principle in 1971 [1], and
especially since the first realization in 1994 [2]. This attention results in more than
8.5 thousand publications with about 150 thousand citations according to Web of
Science. To date, the spectral coverage of QCLs is extremely wide ranging from
mid-infrared to terahertz. The main QCL feature distinguishing them from the
conventional semiconductor lasers is their unipolarity resulting in the photon
emission in the transition of an electron in the conduction band from one quantum
level to another instead of recombination of an electron-hole pair. Unfortunately,
QCL structures are extremely complicated for practical implementation. The
complication comes both from the number of layers that is two orders of
magnitude larger than that in a «conventional» semiconductor laser and from the
need to maintain the layer homogeneity (i.e., identity of quantum cascades) during
long-time epitaxial growth. This complication was the reason for significant lag
of Russian science in research and development of QCLs, which has been
significantly reduced in recent years. In addition to a review of the state of the art
in high-power mid-infrared quantum cascade lasers, this report will discuss the
results of studies of QCL, all the technological operations for the creation of
which were performed in our country. Among these results, one should note
demonstration of the output laser power in excess of 10 W at a wavelength in
4.6 um region [3], as well as a record-high output power exceeding 13 W achieved
in the QCL of the spectral range of 8§ um [4]. In addition, we will discuss the
demonstration of laser generation at elevated temperatures (up to +65 °C) [5], as
well as single-frequency generation with side modes suppression of more than
25 dB in a QCL with U-shaped resonator [6].

This research is supported by the Russian Ministry of science and education
(project ID: REMEFI60719X0318).

1. R. F. Kazarinov, R.A. Suris, Semiconductors 5, 797 (1971).

2. J. Faist et al., Science 264, 553 (1994).

3. V.V. Dudelev et al., Quantum Electronics 50, (2020).

4. V.V. Dudelev et al., Advanced Photonics Congress (2020).

5. V.V. Dudelev et al., Physics of the Solid State 60 (11), 2291 (2018).
6. A.V.Babichev et al., Tech. Phys. Lett. 45 (4), 398 (2019).
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SOLIS STATE RAMAN LASERS IN VISIBLE SPECTRAL REGION.
PROBLEMS AND PERSPECTIVES

P.G. Zverev
Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: zverev@lst.gpi.ru

Continuous-wave, pulsed, and quasi-continuous solid-state lasers operating
in the visible spectral range are of great interest for practical use in science,
technology, and medicine, as they can be compact, efficient, and reliable.
Depending on the application, the range of required power of such laser systems
ranges from tens of watts to several milliwatts. In particular, creating an artificial
sodium star for adaptive astronomy requires a narrow-band radiation source at a
wavelength of 589 nm with an average power of 10-20 W. To improve the color
rendering of large-size laser projection displays, it is proposed to increase the
number of primary colors from three (RGB system) to five or seven, which
requires solid-state lasers with a power of up to 10 W, operating at certain
wavelengths from blue to red.

Visible solid-state lasers with output power from several milliwatts to
several watts are used in biomedicine, including fluorescent imaging and confocal
microscopy, ophthalmology, and DNA analysis. Interesting applications are
related to dermatology, since choosing a laser with a certain wavelength of
radiation, you can selectively affect a particular component of the skin. In
particular, yellow-green laser radiation can selectively affect deoxyhemoglobin,
since its absorption in the region of 560 nm is higher, and thus treat abnormal
vasodilation without damaging the upper layers of the skin.

In the visible spectral range, a large number of standard commercial solid-
state lasers are available, which use the second and third harmonics of neodymium
lasers operating at wavelengths in the range of 0.94 um, 1.04 + 1.12 um, 1.3 +
1.35 pum, as well as their sum frequency generation. High efficiency and
compactness of such lasers is provided by the use of modern diode pumping
systems. There are up-conversion lasers operating at the upper energy levels in
the rare earth ions Dy**, Er¥*, and Tm?". However, the set of wavelengths obtained
in solid-state lasers with rare-earth ions and their frequency conversion is limited.

The generation of Stokes components under stimulated Raman scattering
(SRS) in crystals allows us to significantly expand the available wavelengths of
solid-state laser systems. SRS-active crystals have a high concentration of
scattering centers, and, consequently, large values of the Raman-gain coefficient,
wide areas of transparency, and good thermal characteristics. They make it
possible to create compact, efficient, stable sources of laser radiation [1].
Recently, dozens of new crystals have been proposed for SRS: nitrates, tungstates,
molybdates, vanadates, and artificial diamond with high Raman cross-sections for
SRS-active modes [2]. A wide set of crystals allows you to obtain various Stokes
shifts from hundreds to thousands of cm™'. Hundreds of schemes of Raman lasers
operating from near-UV to mid-IR spectral ranges were proposed. The most
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efficient are lasers with intra-cavity Raman and self-Raman conversion, since in
this case all the fundamental radiation is converted to Stokes radiation.

When using the radiation of a standard neodymium laser with a wavelength
of 1.06 um as a fundamental, two approaches for Raman conversion are possible
to obtain radiation in the visible spectral region. In the first case, one obtains the
Raman conversion to the required Stokes component, and then use frequency
doubling or generating sum frequency of the fundamental and Stokes radiation.
Another possibility is Raman conversion of the second or third harmonics of
standard neodymium lasers. In the latter case, the system is simpler and more
predictable.

It is known that the value of the Raman gain increases with increasing
frequency of laser radiation [3]. Switching to the visible spectral range can
significantly improve the efficiency and reliability of Raman converters.
However, optical transmission in the near-UV spectral region in crystals is limited
by fundamental absorption. When the SRS is excited in the visible spectral range,
accompanying nonlinear phenomena occur: two-photon absorption, nonlinear
refraction, self-focusing, and photo-induced absorption.

The report discusses optical scheme solutions and presents the parameters
of the developed solid-state Raman lasers in the visible spectral range. The
analysis of SRS-active crystals in terms of the band gap and the two-photon
absorption coefficient was performed. It was found that calcite and BaWO4 have
the maximum value of the band gap of 5.9 and 5.8 eV among SRS-active crystals,
respectively, which leads to minimal values of two-photon absorption in these
crystals and indicates their prospects for Raman lasers in the visible spectral
range.

This work was performed with partial financial support from the RFBR,
project number 19-02-00723.

1. T.T. Basiev, V.V. Osiko, Russ. Chem. Rev. 75 (10), 847 (2006).

2. T.T. Basiev et al., Optical Materials 11, 307 (1999).
3. V.A. Lisinetskii et al., Laser Phys. Lett. 2, 396 (2005).
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FUNCTIONAL CAPABILITIES OF FREQUENCY CONVERSION
IN NONLINEAR CRYSTALS — CRITICAL AND NON-CRITICAL

PROCESSES.

S.G. Grechin!, P.P. Nikolaev?, V.V. Tumorin'
!Prokhorov General Physics Institute of RAS, Moscow, Russia

’LLC Neophotonics, Saint-Petersburg, Russia
E-mail: S.G.Grechin@mail.ru

The paper presents the results of an analysis of the realization of angular,
wavelength, and temperature non-critical processes in the transparency range of
crystals. The formation of radiation is considered for the generation of harmonics,
sum and difference frequencies, parametric generation and amplification from the
visible to THz wavelength range. The analysis is based on the method proposed
in [1, 2] for describing the dispersion dependence of the main crystal parameter

FOMa (A1, A2) = (defr)*/ninans.

It has been shown that a feature of some
biaxial crystals is that the maximum effective
nonlinearity coefficient does not occur in the
principal planes of the crystal (fig. 1). This must
be taken into account when solving frequency
conversion optimization.

On the example of distributions FOMa2(A1,
A2) it is shown that the isolines of the distribution
characterize a fixed value FOM», which exactly
corresponds to the angle of phase matching. In
most crystals, at the far boundary of the
transparency range, the contours can be tangent to
the lines (A3)™' = (M)~ + (A2)"'. This shows that
parametric amplification and generation of
broadband radiation is possible in this area.

From the presented results for the FOM»
distributions (A1, A2) for the generation of THz
radiation (fig. 2) shows that there are not large
area of optimal combinations of input radiation
wavelengths with which the maximum value of
the effective nonlinearity coefficient can be
obtained.

This work was supported by RFBR grant
No. 19-02-00294.

Fig. 1. SHG at 1.064 um in BiBO.
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Fig. 2. FOM: distribution for sfs
type in a BiBO crystal for the THz
radiation formation.

1. Yu.M. Andreev et al., Quantum Electronics 46, 33 (2016).
2. Yu.M. Andreev et al., Quantum Electronics 46, 995 (2016).
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BGS AND BGSE CRYSTALS FOR NONLINEAR OPTICAL FREQUENCY
CONVERSION

S.G. Grechin!, D.G. Kochiev!, P.P. Nikolaev?, V.V. Tumorin!
!Prokhorov General Physics Institute of RAS, Moscow, Russia

’LLC Neophotonics, Saint-Petersburg, Russia
E-mail: S.G.Grechin@mail.ru

The results of the analysis of the functional capabilities for new mid-IR
biaxial semiconductor crystals BGS (BaGasS;) and BGSe (BaGasSe;) for
different nonlinear optical frequency conversion processes are presented.

The crystals have a transparency range from visible up to 18 microns, and
the first studies of the optical and nonlinear properties of crystals showed great
potential for solution of frequency conversion tasks. The first experimental studies
of parametric oscillators pumped in the near-IR range principally confirmed this
possibility. But these results were obtained for some special cases. A complete
analysis of the capabilities of crystals is needed.

This paper presents the results of a complex analysis of the functional
capabilities for BGS (BaGasS7) and BGSe (BaGasSe7) crystals for all frequency
conversion tasks — generation of harmonics and sum frequencies, difference
frequencies, parametric generation and amplification. The analysis is based on the
method proposed in [1, 2]. The obtained results determine the combinations of
wavelengths at which: the maximum conversion efficiency and maximal gain for
parametric amplification can be obtained; angular and wavelength noncritical
phase matching is possible; optimal cut angles of crystals for obtaining the
maximum tuning range of parametric generators; wavelengths with which
amplification of broadband laser radiation can be obtained.

The possibility of generating the sum and difference frequencies with a
BGSe crystal from a ZnSe:Fe?" laser with wavelength tuning is shown. It is shown
that at different cutting both narrow-band and broad-band radiation of the signal
wave can be obtained. The maximum spectral width can be obtained in the long
wavelength region of the spectrum. The tuning range of wavelength with minimal
angular tuning using this laser source is determined.

This work was supported by RFBR grant No. 19-02-00294.

1. Yu.M. Andreev et al., Quantum Electronics 46, 33 (2016).
2. Yu.M. Andreev et al., Quantum Electronics 46, 995 (2016).
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THE EFFECTS OF TARTARIC ACID ON KDP CRYSTAL GROWTH

V.V. Gribko, A.P. Prokhorov
Institute of Applied Physics of RAS, Nizhny Novgorod, Russia
E-mail: gribko@ipfran.ru

Crystals of group KDP (DKDP, ADP) are widely used in laser technology
as electro-optical elements: gates, modulators. Currently, there are many works
on the effect of impurities on crystal growth. Usually, organic impurities in
crystals lead to a decrease in their laser breakdown. However, in papers [1] shows
the results of the positive effects of impurities of carboxylic acids on the nonlinear
optical properties and dielectric crystals KDP.

In this connection, we performed studies of the effect of tartaric acid on the
normal growth rate (R) of the prism faces in KDP solutions.

The measurement of the normal growth rate of the (100) face of KDP
crystals was carried out on a polarization-interference setup [2]. This installation
allows to measure the growth rate of birefringent crystals, determine the saturation
temperature and the «dead zone» (Tq) of solutions. The measurement error of the
growth deviation of KDP crystal faces is ~ 0.02 um.

The studied solutions were prepared from deionized water with a resistance
of 21.2 MOm, stoichiometric salt of KDP firm ProChem, and tartaric acid
(REACHIM).

After preparation of a stoichiometric KDP solution with a saturation
temperature of Ts = 50 °C, it was filtered using two polymer filters with a PTFE
membrane, and a pore size of 0.1 um. Next, the solution was divided into portions.
In the first portion, tartaric acid was not added, the second and third contained
0.25 and 0.5 wt. % of tartaric acid. For homogenize the solutions, they were stirred
at 60 °C for 8 hours.

According to the experimental dependences of the growth rate, we can
speak about the degree of influence of tartaric acid on KDP solutions. It is shown
that the addition of tartaric acid to the solution leads to an increase in the dead
zone, which is a negative factor for the growth of KDP crystals. It is established
that the addition of tartaric acid in KDP solutions of more than 0.5 wt. % leads to
the unsuitability of the solution for growing crystals in it.

1. M. Anis et al., Phys. B. 449, 61 (2014).
2. V.I. Bespalov et al., Int. Col. of crystal Growth 17, 150 (1988).
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INFLUENCE OF Y*" IMPURITY ON SPECTROSCOPIC PROPERTIES
OF Ho*" OPTICAL CENTERS IN CaF> CRYSTALS

0O.K. Alimov, M.E. Doroshenko, A.V. Nekhoroshikh, A.G. Papashvili,
K.A. Pierpoint
Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: kmartynoval 9@gmail.com

Holmium doped fluoride crystals are promising laser active media for
2 um lasers [1-3]. One of the key features of rare-earth doped fluorides is the
formation a number of optical centers with different local environment
symmetries. The centers composition of a crystal determines its spectroscopic and
lasing properties. Therefore, the study of the individual holmium centers spectral
properties, especially at the *I;—°Ig laser two-micron transition, is an important
scientific problem. In recent studies of CaF2:Ho** (0.1%) crystals three types of
optical centers with lifetimes of 10.7 ms, 18 ms, and 26 ms were separated at the
3I;—°Is transition.

Another task is to study the possibility of the centers composition
controlling, for which, in some cases, optically inactive rare earth ions such as Y**
are used. Such doping in the case of CaF2:Y, Nd [4] and CaF2:Y, Tm [5] can play
a positive role, reducing the probability of quenching processes, such as cross-
relaxation. Therefore, the aim of this work was to study the effect of Y** co-
activation on the various Ho*" optical centers formation processes and their
spectroscopic properties in CaF, crystals at the °I;—°Ig transition by comparing
the results with yttrium-free crystals. Using low-temperature time-resolved
selective laser spectroscopy, CaF>-YF; (0.1 and 1%) crystals doped with
Ho*" (0.1%) were studied. At least two types of optical centers were identified. It
was shown that the holmium ions clustered center with 10.7 ms lifetime is formed
in all the samples, the tetragonal center is not observed even at low yttrium
concentrations (0.1 mol.%), and the lifetime of the long-living center (26 ms)
increases to 32 ms with an increase in yttrium concentration to 1%.

1. X. Duan et al., Infrared Phys. Technol. 103, 103071 (2019).
2. X.M. Duan et al., Laser Phys. Lett. 15, 09582 (2018).

3. M. Nemec et al., Opt. Lett. 42 (9), 1852 (2017).

4. S. Pang et al., Laser Phys. Lett. 15, 055802 (2018).

5. J. Ding et al., Int. J. Opt. 2018, 8592359 (2018).
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TWO-WAVELENGTH OPO BASED ON KTP CRYSTAL FOR MID-IR
SPECTRAL REGION

A.A. Sirotkin', V. Smirnov!?, P.G. Zverev'?
!Prokhorov General Physics Institute of RAS, Moscow, Russia
’Moscow Power Engineering Institute, Moscow, Russia
E-mail: logri@yandex.ru

Two-wavelength laser with subsequent generation of the difference
frequency in a nonlinear crystal are of great interest in order to create efficient,
reliable and compact sources of terahertz and far-IR spectral regions [1]. In this
report, a tunable two-wavelength laser based on collinear optical parametric
oscillator (OPO) in a KTP crystal, type II (eoe), generating radiation in the mid-
IR spectral region with mutually orthogonal polarization, is studied.

The diode-pumped YVO4:Nd** lasers operating in the Q-switched mode at
the wavelengths of 1064 nm and 1342 nm was considered as the pumping source.
In this case, two-wavelength generation was obtained in the spectral range of 1.9—
2.4 microns and 2.3-3.0 microns, respectively (fig. 1). It can be seen that in the
second case, even in the case of a degenerate OPO, the oscillation is obtained in
the region of 2.69 microns, which allows increasing the energy efficiency of
obtaining terahertz radiation by a difference frequency generation.

The experiments used a 6x6x15 mm KTP crystal sample cut at an angle of
51.5° to the Z axis in the XZ plane. The intra-cavity pumping scheme of the OPO
was used. The tuning of oscillation wavelengths and the frequency difference
between them was performed by turning the KTP crystal. The spectral width of
individual wavelength components was 0.7 nm. The total maximum energy in the
signal and idle waves reached 1.2 mJ when pumping with 1064 nm. Possible ways
to improve the efficiency of this laser are discussed in report.
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Fig.1. Tunable curves of OPO based on KTP crystal with collinear interaction under pumping
with the radiation with the wavelength of 1064 nm (1) and 1342 nm (2).

This work was partly financially supported by Russian Foundation for
Basic Research, project Nel17-02-00518.

1. V. Petrov, Progr. Quantum Electron 42, 1 (2015).
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MODELING OF OPTICAL PRODUCTS BASED ON SILVER
AND THALLIUM HALOGENIDES FOR LASER EQUIPMENT

A.S. Korsakov, A.E. Lvov, D.D. Salimgareev, A.A. Yuzhakova, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: Lv.zhukova@urfu.ru

Among the known optical materials for the mid- and far infrared ranges,
silver and monovalent thallium halides are highlihgted for their wide transmission
range of 0.4-60.0 um and more (for crystals), 2.0-25.0 um (for optical fibers)
without absorption windows , low optical losses, flexibility, non-hygroscopicity,
photo and radiation resistance, high optical and mechanical strength [1]. In this
regard, the use of optical products based on silver and thallium halides is
promising for laser technologies.

In this work, for the first time, a lens based on a crystal with a composition
of 6 mol.% TIBro.4slo.54 in AgBr mounted inside a laser cavity was simulated for
operation at a wavelength of 10.6 um. The simulation was aimed at studying the
resonator stability at various distances between the lens and the mirrors. The
simulation results were compared with the mathematical method - Ray transfer
matrix analysis (ABCD method), as shown in figure 1. The mismatch of solutions
1s associated with a limited number of radiation reflections in the model, while
the ABCD method solves the problem for an infinitely large reflections number.
Nevertheless, the optimal distances between the mirrors and the lens were
obtained and amounted to 0.3—0.4 m, which is sufficient for laser technology.

. g . o
Laser cavity stability analysis
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Fig. 1. Comparison of the simulation results and the resonator stability calculation.

This work was supported by the Russian Science Foundation under grant
No. 18-73-10063.

1. A.S. Korsakov et al., J. of Opt. Tech. 84, 12 (2017).
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MOISTURE-RESISTANT VISUALIZERS FOR SETTINGSINFRARED
LASER SYSTEMS WITH A LARGE BEAM APERTURE

M.V. Chernov'?, S.V. Gushchin'?, A.M. Kuzmin', A.A. Lyapin'?,
P.A. Ryabochkina!
INational Research Ogarev Mordovia State University, Saransk, Russia
2000 «Photonic Technology Systems», Saransk, Russia
E-mail: chernov_maxim@inbox.ru

Currently, infrared (IR) lasers are widely used in lidars, rangefinders and
special equipment. Laser beam visualizers can be used to settings these devices in
the field. They are used to convert invisible for the human eye infrared radiation
to the luminescence of the visible spectral range (fig. 1). Existing commercial
samples of visualizers have a small active region (maximum area 500 cm?) and
can work only in laboratory conditions.
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o "-;,‘l'fl
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Fig. 1. Visualizers for settings laser lidars, rangefinders and speial equipment in the field.

In present paper moisture-resistant polymer visualizers an area of 1 m? were
obtained. Infrared visualizers can work in various weather conditions. Their
structural, physical, mechanical and spectral-luminescence properties were
studied.

Spectral range, sensitivity and fracture threshold of visualizers were
determined.

Tests of the developed visualizers were also carried out at various ambient
temperatures and various precipitations in the field.

The investigation showed that the developed moisture-resistant visualizers
can be used to settings laser systems with a large beam aperture in the field.
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MODELING OF THE EVLC PROCESS USING LASER RADIATION
OF THE TWO-MICRON SPECTRAL REGION

S.A. Artemov, A.N. Belyaev, O.S. Bushukina, S.A. Khrushchalina, S.V. Kostin,
A.A. Lyapin, P.A. Ryabochkina, A.D. Taratynova
National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: alina.taratynova@mail.ru

Varicose veins are included at the list of the 10 most common diseases in
the world. At present there are minimally invasive methods in treatment, one of
which is endovenous laser coagulation. Choosing of radiation wavelength was
based on selective absorption by chromophores of biological tissue. Currently
known lasers operate at wavelengths of 810, 980 nm and target hemoglobin.
Lasers with emission wavelengths of 1550 nm corresponding to water absorption
are also used. High values of laser radiation power are 15-20 W and 10-12 W,
correspondingly that lead to postoperative complications caused by injury to
perivenous tissue. However, recently, scientific papers have appeared that
indicate the implementation of EVLC using laser emitting in the two-micron
spectral region and due to this fact the radiation power required for vein
coagulation can be reduced.

At the moment the actual task is to develop complex approach to reduce
the power of laser radiation used for EVLC and to minimize damage to the
perivenous tissues. This method may include computer simulation of the EVLC
and comparison of obtained results with experiments findings.

In the course of present work, we carried out modeling of heating vein wall
and perivenous tissues during the EVLC process using laser radiation of the two-
micron spectral region and comparison obtained results with ones of in-vivo
experiments on sheep of Edilbay breed using radiation from a solid-state
LiYF4:Tm crystal laser with a wavelength of 1910 nm and power of 1.5 W, 3 W
n4 w.

Simulation of the EVLC process was carried out in the COMSOL
Multiphysics 5.5 software package using the «Heat Transfer» module. The
obtained results correlate with findings of in-vivo experiments of the EVLC.

This research was supported by the Russian Foundation for Basic Research
(Grant No. 18-29-20039).

1. S.A. Artemov et al., Lasers Med Sci. 35, 867 (2020).
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OIITUYECKAA CIIEKTPOCKOIINA T'MBPUIHOI'O ITEPOBCKUTA
CH3NH3Pbl; — ITEPCITEKTUBHOI'O MATEPUAJIA OIITO2JIEKTPOHUKN

B.E. Anukeesa'?, K.H. Bonasipes!2, M.H. TTonosa'?, O.1. Ceménona’
! Unemumym cnexmpockonuu PAH, Tpouyx
’Mockosckutl (pusuxo-mexnuueckuti uncmumym, JJon2onpyoubiil
SUncmumym ¢husuxu nonynpoeoonuxos um. A.B. Pacanosa CO PAH, Hosocubupck
E-mail: popova@isan.troitsk.ru

['uOpuanbie OpraHo-HEOPraHWYECKUE COCOUHEHUS CO CTPYKTYypou
IIEPOBCKUTA WMHTEHCUBHO HCCIEIYIOTCS B MOCIEIHEE BPEMS B CBSI3U C HX
(GYHKIIMOHAIBHBIMU CBOMCTBAMH. B 4acTHOCTH, METUIIAMMOHHMI-HOIHMT CBUHIIA
CHs3NH;Pbls (MAPDI3) paccmarpuBaercsi Kak HamOoJiee IEepPCIICKTHBHBIN
0a30BBIM MaTepHall MJisi COJHEYHBIX JJIEMEHTOB HOBOTO TIOKOJEHUSA. ITO
COEMHEHUE UCTIOJIb3YETCSl TAKKE B IETEKTOPAX PEHTIEHOBCKUX U raMMa JTy4deid,
B Jla3epax W CBETOMMOAaX. B nureparype MOKHO HaWTH OOJBIIOE KOJTUYECTBO
paboT, MOCBSMECHHBIX HccaeaoBannio MAPDI; pa3nuuHbiMu MeTOaMU, B TOM
yucie ontTudeckuMu. OTHaKO OOJIBITMHCTBO ATUX Pa0OT BBIMIOJIHEHO JJIsl TOHKUX
wieHok. B Unctutyte pusuku nonynpoBoanukoB uMm. A.B. Pxanosa CO PAH B
HoBocubupcke O0b11u BbIpalieHbl MOHOKpUcTauibl MAPDI3 xopomiero kauectsa
¢ pasMepamu oOkojo caHtumerpa [1, 2]. Tam ke Obl1a BBINOJHEHA
XapakTepusaiusi 00pa3oB PEHTI€HOBCKUMU METOJIaMU, MPOBEIECHBI U3MEPEHUS
dotonpoBogumoct. B MuctutyTe cnektpockonuu PAH Obul  BbINOJHEH
KOMITJIEKC ONTHYECKUX HCCIEeNOBaHM MOHOKpHUCTaioB MAPDI3 B mupokux
JMana3oHax 4acToT (0T TeparepioBoro 10 BuauMoro) u temneparyp (5-350 K).

B nexumm OyaeTr naH KpaTkuil 0030p CBOMCTB TMOPHIHOTO MEPOBCKUTA
MAPDI;, B OCHOBHOM ONTHYECKUX, U OYIyT MPEACTABICHBI PE3yJIbTAaThl HAIIUX
HEJJABHUX MCCJICIOBAHUN MOHOKPHUCTAIIJIOB 3TOT0 COEAMHEHUA. TeparepiioBbie
CHEKTPBI OTPAXKEHUS Taji HOBYIO MH(POPMAIMIO O HU3KOYACTOTHBIX (POHOHAX,
CYIIECTBEHHYIO i1 TOHUMAaHHS TEIUIOBBIX CBOHCTB COCJUHEHHS W
0COOEHHOCTEM  3JEKTPOH-(POHOHHOTO  B3aUMOJEHCTBUA. TemmnepaTypHoe
MOBEJICHUE CIIEKTPOB TMpomyckanuss B cpeaHedl u Ommwxknert MK obGmactsx,
COOTBETCTBYIOIIMX MHOTO(OHOHHOMY TMOTJIOIICHUIO, OTpaXaeT HW3MEHEHHE
JUHAMHUKA OPraHUYeCKOro KaTuoHa. ONTHYECKUE CIEKTPbl MPONMYCKaHMS
MOKA3bIBAIOT U3MEHEHUE IIMPHUHBI 3aIIPEILIEHHON 30HBI ¢ TeMIiepaTypoil. Bo Bcex
CHEKTpax HaOJII0AANIMCh BBIPAXKEHHBIE 0COOEHHOCTH IIPU TEMIIEpaTypax (pa30BbIX
nepexoaoB U3 KyOwueckoil B TeTparoHanbHyro (azy (~ 320 K) u nmamee B
pomouueckyto (~ 160 K).

PocT KpHUCTAIZIOB BBINOJHEH B paMKax TIOCYJapCTBEHHOIO 3aJaHus
No AAAA-A18-118020190098-5. CiekTpOCKONIMYECKHUE U3MEPEHHUS TTPOBEAEHBI
npu uHancoBoil nogaepxkke PODU, rpant Nel8-32-20142.

1. O.1. Semenova et al., J. Cryst. Growth 462, 45 (2017).
2. E.S. Yudanova et al., J. Struct. Chem. 58, 1567 (2017).
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TEPMOJJIEKTPUYECKUE ITPEOBPA30OBATEJIN SHEPI' M

M.C. bonaun, IL.b. I¢gmuna, M.B. Jlopoxun, 1.B. Epodeesa,
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Hayuonanvuuiii uccneoosamenvcxuit Husicecopoockuii 20¢y0apcmeenmbiil
yuugsepcumem um. H.U. Jlobauescrxozo, Huscnuii Hoszopoo
E-mail: dorokhin@nifti.unn.ru

TepMonniekTpuueckue npeoOpa3zoBaTesid JHEPruK (MM TEPMOIIEKTPUKH) —
3TO 00Ilee Ha3BaHHWE MATEpPHUAJIOB, MPEOOPA3YIOUIMX TEIJIOBYI0 JIHEPTUIO0 B
nekTpuueckyro. B ocHoBe  pabGoThl  OOJBIIMHCTBA  COBPEMEHHBIX
TEPMODJIEKTPUKOB JEKHUT 3hdekT 3eedexka — TEeHepalus TEPMOIIC IO
NENUCTBUEM TpaJueHTa TeMreparyp, chopMupoBaHHOTO B oOpasie. [TogoOHbIi
IPUHITUI TTO3BOJISIET UCIOJIB30BATh «OPOCOBOEY» TEII0, KOTOPOE BBIIETSETCS B
MHOTOYHCIICHHBIX COBPEMEHHBIX TEXHOJIOTUYECKHX, XUMUYECKUX,
OHMOJIOTMYECKUX U OBITOBBIX IpoOIeccax ISl FEHEPALMH 3JIEKTPUUECKON SHEPT M.
OTO mO3BONMUT CymiecTBEHHO NOBbICUTH KIIJI Bcex yka3zaHHBIX IMPOLECCOB, a
CJIeI0BaTEIbHO, CHU3UTh UX CE0ECTOMMOCTb.

AKTHBHBIE  pa3palOTKU U HCCIEJOBAHUS  TEPMODIEKTPUUYECKUX
MaTepHaIOB HAYAJIUCh C CEPEANHBI X X CTOJIETUS U MPOAOJIKAIOTCSA B HACTOSIIIIEE
Bpemss [1, 2]. OcHOBHOM 3ajadeil TEXHOJIOTHU SBJSETCS pa3paboTka
npeoOpazoBareneit, st kotopbix KIIJ Obu1 OB 10CTATOYHO BBICOK AJIS TOTO,
4YTOOBl KOHKYPUPOBATh C JAPYTMMH albTEPHATUBHBIMU HUCTOUYHHUKAMU IHEPTHUHU.
TpanuuuoHHO Takas 3ajava pelmrajack METoJaMH Moadopa oco0Oro cocraBa
MaTepuagoB U yIpaBJIEHUS UX CBOMCTBAMHU (CO3JaHUE MOJUKPUCTATUIMYECKUX U
aMOop(HBIX MaTepHaJIOB, YIPABJICHHE KOHIEHTPAIMEH HOCHUTENeH 3apsaa u
conpotuBieHuem). K  Hacrosmiemy BpeMeHM YK€ U3BECTEH Habop
TEPMO3JIEKTPUUYECKUX IpeoOpa3oBaTeneil ¢ MPUPOIHO-BBICOKUMU 3HAUYECHHUSIMHU
3¢ (GEeKTUBHOCTH, a HCIOJB30BAHME TOTO WJIM WHOTO MaTepuaia u3 Habopa
ONpENENseTCsl YCIOBUAMM 3KCIUTyaTalliH, B MEPBYIO OYEPENb, TEMIIEPATypOH.
TenaeHueil nociaeAHUX JET SABISETCS CO3/1aHUE€ HAHOCTPYKTYPUPOBAHHBIX
MaTepUaIOB U T€TEPOCTPYKTYP, ISl KOTOPBIX IMPOTHO3UPYETCS BO3MOMKHOCTD
NOBBIIIEHUS 3()PEKTUBHOCTH B HECKOJBKO pa3 MO CPABHEHHUIO C OJHOPOIHBIMU
00beMHBIMU TepMoOdeKTpukamMu. Ceiuac ¢ pa3BUTHEM HKCIIEPUMEHTAIBHOM
0a3pl U TEXHOJIOTMH, MO3BOJISIONIECH CO3/1aBaTh YHUKAJIbHbIE HAHOCTPYKTYPHI,
OTMEYaeTcss  TOBBIIEHWE  HAYy4YHOTO  HMHTEpeca K  MpoOJieMaTuKe
TEPMOAJICKTPUUYECKUX MpeoOpa3oBareneit snepruu |1, 2].

B nacrosimiem 0030pe paccMmarpuBaeTcs OAWH W3 0a30BBIX MPHHIIUIIOB
MOJIYYCHHS] TEPMOAICKTPUUECKUX MAaTEPUAJIOB MOBBIIIIEHHOW d()PEKTUBHOCTH —
HAaHOCTPYKTYpUpPOBaHUE — HAa  NOpUMEpPEe  MPUMEHEHUSI  TEXHOJOTHUH
IIEKTPOUMITYJIBCHOIO TUIa3MEHHOTO CIHEKaHHs. PaccMaTpHBarOTCS OCHOBHBIE
0COOCHHOCTH (POPMUPOBAHUSA CTPYKTYP MPHU UCIOIB30BAaHUU JAHHOTO METO/Ia, a
TaK)K€ Pe3yJbTaThl SKCHEPUMEHTAIIBHOIO HUCCIEAOBAHUS TEPMOIIEKTPUUECKUX
MaTepuagoB Ha OCHOBE TBEPAOr0 pPacTBOPA repMaHUN-KPEMHUU.

K HacTosilieMy MOMEHTY MOKa3aHoO, 4TO 3((PEKT reHepauuu HanpsKeHUs
MO>KET BO3HHMKATh B OJHOPOJHOM MaTepvalie B TOM Clly4ae, €Cld €ro KOHIbI
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HaxoIiATCS TPHU PA3HBIX TeMIleparypax. PaccmMorpum BkpaTne MeEXaHU3M
reHEPALK TEPMODJIC.
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Puc. 1. CxemaTtnueckoe nzobpaxenue ¢puznueckoro Mmexannsma sdexra 3eedeka:
(a) —atan 1 — popMHupoBaHUE MTOTOKA CBOOOIHBIX HOCUTEJICH 3apsijia MpH CO3TaHUN
rpaaueHTa temnepartyp; (6) — atam 2 — hopMupoBaHHE IIEKTPHUYECKOTO MOJI,
MPEISATCTBYIONIETO MOTOKY CBOOOIHBIX HOCHTENEH 3apsia.

[ToynmpoBOTHUKOBBIE MaTepUaibl COACPKAT TMOJBHKHBICE HOCUTEIH
3apsjia, KOTOpbIe CIOCOOHBI IEPEMENIAThCS 10 00beMy MaTepraia (Kak mpaBuIo,
9TO DJIEKTPOHBI). [Ipy yBennueHun TeMrepaTypbl OJHOTO U3 KOHIIOB MaTepuaia
YBEJIMYHUBACTCS KOJMYECTBO MOJABUKHBIX HOCUTENEH, a TAK)KEe UX KMHETHYECKas
sHeprusa. Hocurenn HauYMHAIOT IBUTATHCS OBICTPEE B HAMPABIICHUH OT TOPSIIETO
KOHIIa K xosiogHoMy (puc. 1 (a)). B pesynbrare Ha «XOJOAHOM» KOHIIE
dbopMupyeTcs HW30BITOYHBIM OTPHUIATEIBHBIA 3apsifi, a Ha «ropsdemM» —
M30BITOYHBIN MOJOKUTEIBHBIN (7151 CXeMbI, TTOKa3aHHOU Ha puc. 1). Co3naercs
ANEKTPUYECKOE T0JIe, B KOTOPOM Ha HOCUTENHU JACUCTBYET CHJia, 3aCTaBISIONIAs
UX TMepeMenaTbCsi 00paTHO — OT TOPSYEro KOHIA K XonogHoMy. [loctatodno
OBICTPO MEXIYy TEIUIOBBIM TOTOKOM HOCHUTENEH M DJIEKTPUUYECKUM TOKOM,
WHIyIIMpOBaHHBIM mojieM E, ycranoButcs paBHoBecue (puc.l (0)), mpu 3TOM
MeX 1y KOHIIaMu MaTepuaina Bo3HukaeT J/]C, koTopas KOMIIEHCUPYET TEIIIOBOM
HOTOK — TEPMOD/IC.

Benmuuuna 3/]C 3aBucUT OT rpaiMieHTa TEMIIEpaTyp, a TaAKKE BEIUYHUHBI,
KOTOpYIO0 HasbiBaloT Kodhdumuentom 3eeOeka. 3aBUCHMOCTh TEPMODJC OT
kodhunrenTa 3eebeka U rpailueHTa TeMIIepaTyp Bbipakaercs Gpopmyon

U=a*AT, (1)
rae U — BenuumHa TepModac, AT — TpagueHT TeMiiepatyp, o — KodhduiueHT
3eeOeka, ompeenseMblii Kak BEIMYMHA TEPMODIJC MPHU PA3HOCTH TEMIIEpaTyp
Mexay koniamu matepuana B 1 K. Bennunna koagdunmenta 3eedbeka saBisercs
XapaKTEepPUCTUYECKUM CBOICTBOM MaTepvalia M 3aBUCUT OT KOJMYECTBa
MOJIBMOKHBIX 3apsJIoB, AIEKTPUUECKOTO COTIPOTHUBJICHHUS, CBOICTB
KPUCTAJJIMYECKOM PELIETKH, CTENIEHU €€ coBeplieHcTna [1-3].

Ha pucynke 2 nokazaHa SKBUBaJIe€HTHAas SJIEKTPUUECKAs CXeMa BKIFOUCHUS
TEPMODJIEMEHTA B JIEKTPUYECKYIO IIENh B KAU€CTBE UCTOYHHKA MUTAHUS. 3/1€Ch
nuTaeMas WCTOYHHKOM DJJIEKTpUYECKasl IIeMh 3aMCHEHA Ha DSKBUBAJICHTHOEC
COITPOTHUBIIEHUE Ry

124



II 1
| I |

|
T:
UTa r
Puc. 2. DxBuBaneHTHas 31EKTPUUECKAsI CXEMA TEPMOIJIEKTPUUECKOTO TeHEPATOpa,
MOJKJIFOYEHHOTO K BHEIIHEH JJIEKTPUUYECKOM 1EMH.

[Ipocreiiimmii aHaJIM3 CXE€Mbl, MPEACTABICHHOW Ha pHUC. 2, METOAAMHU
TEOPUHU DJIEKTPUUYECKUX LEMel ITOKA3bIBa€T, 4YTO IAJCHUE HANpSHKEHUS Ha
Harpy304HOM CONPOTUBIEHUU Ry CBSI3aHO ¢ HaOpsHKEHUEM TEPMODJC H
BHYTPEHHHUM CONPOTUBICHUEM UCTOYHUKA COOTHOIIEHUEM

URy)=Up * Ry (R, +17) (2)
rae Urp — HalpsbKeHUE UCTOYHUKA, 71 — CONPOTUBJICHUE HCTOYHHKA, T.C.
CONPOTHUBIIEHUE TEPMOAIEKTPUUYECKOTO MaTepuraa.

UeMm MeHbUIE CONMPOTUBJIEHUE TEPMODJIEKTPHUKA, TEM BbILIE HANPSHKEHUE,
KOTOpO€ MOXKET OBITh BBIIECTIECHO B IeMb OT UCTOouHHMKA. C Ipyrod CTOPOHHI,
M3BECTHO, YTO B HU3KOOMHBIX Marepuajiax (B METaJlIaXx) BEJIMYMHA TEPMODJC
oueHb Maia [ 1-3]. [Ipocreiimee o0bICHEHNE T10100HON 3aKOHOMEPHOCTH MOKHO
chopMyITUPOBATh UCXOJIA U3 PUC. 2: YEM HIDKE CONPOTHUBJICHUE MaTepHaia, TeM
MEHBIIIE TPEOyEeTCs ANEKTPUUECKOE IMOJEe I TOTO, YTOOBI KOMIICHCHPOBATH
TEIUIOBOM MOTOK HOCUTEJIEN 3apsia.

Takum 00pa3oM, CyILIECTBYET ONTUMYM CONPOTUBICHUSI, HJIsI KOTOPOTO
XapaKTePHbl BBICOKOE HAMPSKEHHUE TEPMODJIC U OJHOBPEMEHHO BO3MOXXHOCTh
OTBEJICHUSI OTOTO0 COMPOTHUBJIEHUS BO BHEIIHIOW 1enb. Duznueckumu
BEJIMYMHAMH, XapaKTepU3yIOIIUMU MOITHOCT, OTBOJAUMYIO oT
TepModJieKTpudeckoro ucrounuka, u KI1J[ aroro ucrounuka, siBisitorcs GpakTop
MOIIIHOCTH W H  KOA(DPUIMEHT TepMOdJIEKTpUUYECKOrn moopoTtHocTH 2T,
COOTBETCTBEHHO. DAKTOP MOIIHOCTH 110 ONPEACICHUIO 3aIIMCHIBAECTCS KAK

w=a?/ o 3)
rae a — ko3 duieHt 3eedeka, p — yAeIbHOE COMPOTUBIICHUE.

Koaddurment repmosnexTpruueckoit JoOOpOTHOCTU ONPEEAETCS KaK

ZT =(a®/ p)*T, (4)
rae Kk — Ko3(PPUIIMEHT TETUIONPOBOTHOCTH, I — CpeAHssl TeMIeparypa MEXITy
«TOPSTYUM» U «XOJIOJIHBIMY» KOHIIaMU o0Opasiia.

OtmeTuM, uto kodppuuent Z7 sBisiercs 0e3pa3MepHbIM, HHOTA BMECTO
HEro MCMoJb3yIT Kodhduiuent Z. PasmepHocTs Z — oOpaTHas TeMmIiieparypa.
®opmyna (4) mokaspiBaeT, uro Hauboibmuii KIIJ mMoxkeT ObITh moJiydeH B
MaTepuasie ¢ HauOONbIIMM 3HAYeHUEM (akTopa MOIIHOCTH U HHU3KHUM
KO3 (PUIIMEHTOM  TEIUIONPOBOJHOCTH,  IOCJIETHEE  IO3BOJSET  JIETKO
NOJIep>KUBATh PA3HOCTh TEMIIEPATyp B MaTepHUaJe.
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Cunraercs 0OLMENPUHATHIM, YTO KO3()PHUIMEHTHI, BXoadIue B (GOpMyITy
(4), pyHKIMOHAIBHO B3aUMOCBS3aHBI MEXTy cO00W. CHIKEHNE COMPOTUBICHHUS
MaTepuaia NpUBEAET K CHUXKEHUI0 KodpduuueHnta 3eeOeka M MOBBILICHUIO
kKod(ppueHTa TETIONPOBOIHOCTH [4].

Insulators Semiconductors Metals In{n) 0 200 400 G L 100K 1200 14001

(a) (6)
Puc. 3. (a) — 3aBucuMocTh K03 duimeHTa o, Gakropa MOIHOCTH, KOIPPHUITUECHTA
TEIUIONPOBOAHOCTH, SJEKTPONPOBOAHOCTH OT KOHIIEHTPALMN HOCUTENEH 3apsiia
B Matepuaie [4]. Makcumym kodddunmenta Z7 COOTBETCTBYET KOHIICHTPALIMN HOCHTEIECH
CHJIBHOJIETUPOBAHHOTI'O MOJIYIPOBOJHMKA; (0) — TemMIrepaTrypHasi 3aBUCMOCTb
koo unmenta Z7 s pa3IMIHBIX MaTEPUANIOB, IPUBEIEHHAS B [5].

Ecau nmg ogHOro M TOro K€ Marepualia BapbUPOBAaTh KOHUEHTPALIMIO
HOCcHUTeNled (HampuMep, 3a CYeT JIeTMPOBAHUS), MOXHO JOCTUTHYTh
ONTHMAJBHOTO 3HaueHus Kodpouuuenta Z7, HO TOBBICUTH €ro CBEpPX
ONTHUMAJIbHOIO 3HaYeHUs 0€3 MPUMEHEHHUS CIIeUaIbHbIX METO0B HEBO3MOXKHO.
Ha puc. 3 (0) mokazansl MakCUMaJIbHbIE BO3MOKHBIE 3HAYEHUsT KOd(duimeHTa
TEPMORJIEKTPUIECKOW JTOOPOTHOCTH B 3aBUCHUMOCTH OT TeMIepaTyphl s
pa3IUYHBIX MAaTEPHUAIIOB.

HaHoCcTpyKTypHpOBaHMEe KAaK MeETOJ IOBBbIIIEHUSA KO3(pPuumueHra
TEePMOJIEKTPHYECKOH JOOPOTHOCTH.

0O0630p [2] onKchIBaE€T HECKOJIBKO METO/I0B NOBBILIEHUS KO3 unrenta Z7T'
B Ipenenax OAHOTO M TOro ke maTepuasa. B OCHOBE ATUX METOAOB JexkKaT
MOMBITKY ONTUMHU3UPOBATH OJIMH U3 MMAPaMETPOB, BXOAUX B hopmyy (4), 6e3
CYIIECTBEHHOTO HM3MEHEHMSI OCTaJIbHbIX. Hampumep, BBEIEHHE CIELHAIBHON
IIPUMECH B IOJYTIPOBOJHUKOBBIE MATEPHAIIBI MO3BOJSET MOBBICUTH IJIOTHOCTH
coCTOsiHMI Ha ypoBHEe DepMu, 4TO BEJET K MOBBIIICHUIO KO3 duirenrta o [6,7].

B pamkax kpaTkoro o030pa pacCMOTPUM CTPATErHIO, CBSI3aHHYIO C
CO3JaHMEM HAHOCTPYKTYpPUPOBaHHBIX MarepranoB. CylecTBYeT JBa BapuaHTa
CTpaTeTuu HAHOCTPYKTYpupoBaHus. [IepBbiii ObLT pACCMOTPEH B TEOPETHUUECKOM
pabote [8] Ha mpuMepe CBEPXPELIETOK HAa OCHOBE TeUTypuja BucmyTa. B
yKa3aHHOW pabdoTe pacCMOTPEHa CBEpXpElIeTKa M3 JABYX YEpeayIOLIUXCs
MaTepUaJIOB, PA3INYAIOIINXCS IMUPUHOM 3aNpeIIeHHON 30HbI. [Ipn ymMenbpIeHnn
TOJIIUMH  MAaTepuajoB  HWXKE  KBAHTOBOIO  MpeJena  3JIEKTPUYECKHe
XapaKTEepPUCTUKA HAYMHAIOT 3aBUCETh HE TOJIBKO OT CBOMCTB MaTepuaia, HO U OT
NEPUOJIOB CBEpXpeIIETKH. Takum 00pa3oM, MEepUo/i CBEPXPEIIETKH BbICTYIAET B
KauyeCTBE JIONMOJHUTEIBHOM CTENEHN CBOOOIbI I ONTUMU3AIMKU TapameTpa Z7.
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Bapeupyst mepuon CBEpXpemieTKH MOXXHO HW3MEHATh CONPOTHBICHHE 0Oe3
CYILIECTBEHHOTO BIMSHUS HAa OCTaJbHBIC MapamMeTpbl. MeHss KOHIIEHTPAIHIO —
MO>HO U3MEHUTh Kod(hduimenT 3eedeka. Takum o6pa3zom, B paboTe mokazaHo,
YTO TPU ONTHMH3UPOBAHHOM BBIOOpPE YKa3aHHBIX BBIIIE JABYX MapaMETPOB
BO3MOXHO moBblIeHHE Kodp¢puuuenta Z7T B 10 pa3 mo CpaBHEHHIO C
OJIHOPOJHBIMHU MaTE€pUAIaAMHU.

0.0

a(A)
Puc. 4. Cxema 30HHOH 1MarpaMMbl TEPMOIJIEKTPUUECKON CBEPXPELIETKY (CIIEBA)
U pacCUMTaHHble 3HaYeHus Kodduuuenta ZT B 3aBUCUMOCTH OT NEPUOJIAa CBEPXPEILIETKH
(cmipaBa), 1Mo 1aHHBIM paboTHI [8].

Bropoii BapuaHT cTparerud  HAHOCTPYKTYpPUPOBAHUsS  CBSI3aH C
HapylLIEHUEM KPUCTAUIMYECKOW pemeéTkn Marepuana. Kak  M3BECTHO,
KO(PPUIUEHT TEIUIONPOBOAHOCTH MOKET OBITh TMPEJCTABJICH B BUAE CYMMBI
JIBYX COCTABJISIOIIMX: CBS3aHHOM C MMEPEHOCOM TeIjia 3JIeKTpoHamu (k,) U
dboHOHAMH (Ko).

K=K, +K, ®))

@oHOHHAs KOMIIOHEHTA CYLIECTBEHHO 3aBUCUT OT KPHUCTAJUIMYECKOTO
COCTOSIHMA MaTepuana. B MONMKpUCTAIIIMYECKOM MaTepHale kK¢ HUKE, YEM B
MOHOKPHUCTAJUTMYECKOM 3a CUET paccesiHus (OHOHOB Ha rpaHHUIaX 3epeH. B
Cly4yae NOJMKPUCTAUIMYECKOrO0 MaTepruajia ¢ HAHOMETPOBBIM Pa3MEPOM 3€pHA
(OHOHBI MpEeTEePNEBAIOT MHOTOYUCIICHHBIE aKThl PAacCesTHUSI Ha TPAHMIIAX 3€pEH,
YTO CYIIECTBEHHbIM 00pa3oM TMOHM)XKAET (POHOHHYIO  COCTaBJISIONIYIO
Kor(dduirieHTa TEroNnpoBoHOCTH. TakuM 00pa3oM, HAHOCTPYKTYPUPOBAHHE
sBisgeTcst YQPEKTUBHBIM METOJ0M TOBBIMIeHUs Koddduimenta Z7. TlomobHas
cTparerus OblIa YyCIEIIHO peaii30BaHa Ha 1IeJIOM psJie MaTepraios [9—12].

OpauM 13 Hanboliee aKTyaIbHBIX TEXHOJIOTHUYECKUX METOJIOB MOTyUCHUS
MaTEepUaJIOB C HAHOPA3MEPHOM IOJUKPUCTALINYECKON CTPYKTYpOU SBISETCA
METOJ] DJICKTPOUMITYJILCHOTO IuIa3MeHHoro cnekanus (OUIIC) [13, 14].
VYKa3aHHBIE METOJA 3aKJII0YaeTcsi B CHHTE3€¢ OOBEMHBIX MAaTepUalIoB U3
MOPOIIKOB, KOTOPhIE MOTYT OBITh IMOJYYEHbl PA3IUYHBIMU MeTojnamu [9—14],
IpUYEM apaMeTPbl TEXHOJIOTMH MOIYUYEHUSI MOTYT 00€CIIeUnTh CPETHUN pa3Mep
YaCTULl OPOLIKA NMOPSAKAa HECKOJbKUX HAaHOMETPOB. lIpu criekaHnu mopomku
pa3MeIarTcs B ClielUalibHbIe Mpecc-hOopMbl U MOABEPTatOTCs OJHOBPEMEHHOMY
BO3JICHCTBHUIO BBICOKOW Temmeparypbl (ONM3KOW K TemIeparype IUIaBJICHUS
MaTepHualia) U JaBJICHHUIO, KOTOPOE MOXKET U3MEHATHCSA B IIUPOKOM JIMANMAa30HE —
ot nopsaka 300 MIla u Beimie (puc. 5). B pe3ynbraTe NpoUCXOaUT COSIUHECHUE
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gacTull ¥ (OPMUPOBAHHUE OJHOPOIHOTO MOJUKPUCTAIIIMYECKOTO MaTepHana,
pa3mep 3epHa B KOTOPOM 3aJ1a€TCsl pa3MEePOM YaCTHI] HCXOIHOTO MOPOIIKA.

Hymyascnnl Tox

T'paduronan
npecc-hopuma
] IMopomox | Tlpece
Ipaduronudi —
cneficep - [
Bagyysuas
KaMepa

Puc. 5. CxemaTtnueckoe n3zo0pakeHre npouecca 3JeKTPOUMITYJIbCHOTO IJIa3MEHHOTO
criekanus [15].

Takum 00pa3om, METOM SIEKTPOUMITYJIHCHOTO IUIA3MEHHOTO CIICKAHUS
SIBJSIETCS YHUKAJIbHOM TEXHOJIOTMEH JUIsi CHUHTE3a MOJUKPUCTATUIMYECKUX
MatepuasioB.  KoHTponmpyemoe  ympaBiieHHE  OOJBIIAM  KOJMYECTBOM
napamMeTpoB Mpolecca CIEeKaHUs JaeT I[IUPOKHUE BO3MOXHOCTH IS
MoAu(pUKALIUK CTPYKTYpbl MaTepuayia, B YaCTHOCTH 3€PEHHON CTPYKTYpHI, a
TaKKe JIJI1 U3MEHEHUsI CTPYKTYphI U 00bema mop B Marepuaiie. [lomumo storo,
MOHO OTMETUTh BO3MOXHOCTH Il BBEJCHUS B MaTepuUalibl TpPUMECEi
pa3IMYHOrO0 pPOJIa, B TOM 4YHCIe, Jerupyromnmx go6aBok [16]. B cuiy
BbIien3noxkeHnoro meroq OUIIC cTraHOBUTCS OJHHMM M3 OCHOBHBIX JUIS
MOJIYYEHHUS] HAHOCTPYKTYPUPOBAHHBIX TEPMODJIEKTPUUYECKUX MATEPUAIOB C
YIIYYIIEHHBIMU XapaKTEePUCTUKAMU JOOPOTHOCTH.

Cucrema Ge-Si Kak TepMOJJIEKTPUK B CpeIHEM [HANA30HE
Temnepatyp. IloaydeHne MeTOAOM 3J1€eKTPOMMILYJLCHOIO TJIA3MEHHOIO
CIIEKAHMS.

PaccmoTpum  mpuMep NpUMEHEHUS METoAa  AJIEKTPOUMITYIBCHOIO
IJIa3MEHHOTO CIEKaHUS [JJi1 TMOJYyYEeHHUs TBEPIbIX PAaCTBOPOB 3aMeELICHUS
repmaHuii-kpeMHui (Sii-xGe,). YKa3aHHbIA BUJl TBEPIBIX PACTBOPOB 3aHUMAET
ocoboe mecTo cpeau TepModieKTpukoB [1-3]. Ero Bbicokas xumuyeckas u
MeXaHU4YecKas CTaOWIBHOCTh MPHU TMOBBIIIEHHBIX TEMIEpaTypax SIBISETCS
BOKHBIM MPEUMYILECTBOM MPU CO3JaHUU MPUOOPOB JIJIsi UCIOJIB30BaHU, KaK B
BakyyMe, Tak W Ha Bo3ayxe 0Oe3 wu3menenuin KII[. K apyrum BaxHbIM
npeumyiiectBaMm Sii.xGex MOXXHO OTHECTH HM3KYI0 TOKCHYHOCTb, a TaKXKe
BBICOKYIO CTENIEHb OTPA0OTKH TEXHOJIOTUYECKUX TporeccoB At Ge u Si.

Oc00EHHOCTHIO HACTOSIINX IKCIIEPUMEHTAIBHBIX UCCIICOBAHUM SBIISICTCS
UCIOJIb30BaHUE TpuMecu Sb ana mnomyudeHus n-SiiGer, B OTIWYUE OT
OonpIIMHCTBA PabOT, T Ucmonb3yeTcs npumechk hocdopa. [IpeumymecTBamu
CypbMBbI, IO CpaBHEHUIO ¢ P unu As, SBASIOTCS HHU3Kash TOKCUYHOCTb, a TAKXKe
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BO3MOKHOCTh HOBOUM TE€XHOJOTHUECKOM OMIIUU JJIsSl CO3/IaHUsl MaTepralia n-TUma.
Jns  uccienoBanusi  Obula  W3TOTOBIEHA cepuss w3 5 oOpasios
HAHOCTPYKTYPUPOBAHHOTO Sio.65Ge035Sbs. Pasmep dacTuiy ucxoaHoro mopouika
(50-500 HM) ompenesicsl peKUMOM €ro pazMosna u nepemeniuBanus. Cocta
Marepuana 3aJaBajicsi IMYTEeM B3BCIIMBAHUS HCXOJHBIX KOMIIOHEHTOB H
MOCJIEYIOUIETO TIepecueTa BECOBBIX IMPOILIEHTOB B aTOMHBIE. BapbupyembiMu
napameTpamu sABisUMCh coxaepxanue Sb (0.5-0.9 ar.%) um makcumanbHas
temriepatypa cnekanus (7s = 1080—1180 °C). OcranbHble mapaMeTpsl (JaBjIecHUE
npecca 70 MPa, ckopocts HarpeBa 50 °C/MuH) NOAIEPKUBAIUCH TOCTOSHHBIMHU.
TeMmmneparypa criekaHus ONpeeNsaaach MMPOMETPOM Ha BHEILIHEW CTEHKE Ipecc-
(GhOpMBI C TOPOIIKOM C JTATFHEHIITM MTePECYETOM Ha TEMITEpaTypy BHYTPH IIpecc-
dbopmer  [17]. CdopmupoBanHble cIUTKH SiossGeossSbs  paspesanmcs Ha
IJIACTUHKU, HA KOTOPBIX BBIMNOJHSIUCH HCCIeIOBaHUS (Da30BOro cOCTaBa C
MOMOIIBIO  PEHTIEHOCTPYKTYPHOTO  aHaiM3a, a  TakkKe  H3MEpeHus
TepModiekTpudeckux koddduimenton. Koadourment 3eedeka paccunThIBaiICa
Mo pe3yjbTaTaM HW3MEPEHUN TeMmmepaTypbl U TEPMODJC C MPUMEHEHUEM
TepMOINap XpOMeEb-aTOMellb. DJIEKTPONPOBOIHOCTh U3MEPSIACh CTAaHJAPTHBIM
YeThIPEX30HAOBBIM MeTOJI0M. KoadduimeHT TeniaonpoBOIHOCTH H3MEPSUICS
METOJIOM CTAIlMOHAPHOTO TeryIoBoro notoka [18]. M3mepenus nmpoBoaUIuChH B
unrepsaine 7, = 50450 °C.

Tabnuua 1. TepmoanekTpuyeckrue napameTpbl HAHOCTPYKTYPUPOBAHHOTO
Si0.65Ge0.35. 3HaUEGHUA TIApPaMETPOB NPHUBEACHBI JJIsI TEMIEPATyphl U3MEPEHUs

450 °C.

Ne TexHoJ0TNYeCKHEe 3HAYEHUS T..oC p-104, a, K, 7T
odpa3sua KOHLIeHTpauuu Sb, & > Om'm pB/K | Br/m°K

1 0.005 1080 40 410 2.5 0.03

2 0.005 1180 7 690 3.5 0.14

3 0.007 1150 11 644 3.2 0.09

4 0.007 1180 2.0 490 3.75 0.30

5 0.009 1180 1,2 490 2.73 0.54

Ha puc. 6 npencraBieHbl peHTreHOANGPAKITMOHHBIE CIIEKTPhI UCXOIHOTO
nopomka (1) m obpasmoB (1, 3, 5), cHopMUpPOBAHHBIX MNPU PAZTUYHBIX
temriepatypax. Ha audpaxrorpamme mcxonnoro nopoumka (1) BUIHBI JTUHUH,
cootBeTcTBYMOIIME HenepeMemanubiM Ge u Si. Criekanue nipu Ty = 1080—1180
°C OpUBOIUT K B3aMMOJICMCTBHUIO KOMIIOHEHTOB M TOSIBJIEHHUIO Ha CIIEKTpax
JIMHUH, COOTBETCTBYIOIIUX TBEPAOMY pacTtBopy SiiGe, (puc. 6, cnekrpsr 1,3,5).
[Tpu sTOoM nuHUHM, oTHOcsAuMecs kK Ge, MponmagaroT, a MHTCHCUBHOCTH JIMHHMA
KpPEeMHHUSI TIpU TOBBIIIEHUH Ty MOHOTOHHO YMEHBIIAIOTCS BCIEICTBHE
YBEIIMYEHUSI CTETNICHU MepEMEIINBaHUS MaTepHaa.
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Puc. 6. PenTrenoudpakiinoHHble CIEKTPhl, U3MEpEeHHbIE 17151 00pa3oB 1, 3 u 5, a Takxke
st ucxoHoro nopomika (Powder). 3HaukaMu oTMedeHBI OJIOXKEHUsT THKOB 1yt Si, Ge
U TBeporo pacrsopa GeSi HEKOTOPOro COCTAaBA.

Ha puc. 7 wu3o0pakeHbl TeMIiepaTypHble 3aBHUCHMOCTH YIEIHHOTO
conpoTtuBieHus. Bce 00pa3ipl UMEIOT 72-TUI POBOIUMOCTH.

10—2 L

3

D;D;D\D
S e- T H—p—_ —pg—1=B
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0-0-9-090-000-00000

£, Q*m
=
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A-A-A g A A_—A—A—A—A—A 5

100 200 300 400 500
T,C
Puc. 7. TemneparypHsble 3aBUCUMOCTH YI€IIBHOTO COIPOTUBIICHNUS, U3MEPECHHBIC
111 00pa3LoB, MpeCcTaBIeHHbIX B Ta0iauue 1. Homep KpuBOii COOTBETCTBYET HOMEPY
oOpa3sra.

10-4 L

Jlns obpasna 1, momydenHoro mnpu Haumenbmie 7, = 1080 °C,
3aBUCHUMOCTh HOCHUT MOJIYIIPOBOAHUKOBBIM XapaKTep, a BEJIMYMHA YJEIBbHOIrO
COTPOTUBJICHUSI TPUHUMAET HAMOOJbIIEe 3HAYCHHE CPEIU MCCIEeIOBAHHBIX
ctpykryp. 3aBucumoctu p(Tn) cTpykTyp 2-5, COOpPMUPOBAHHBIX TIPH
MOBBIIICHHBIX TEMIIEpaTypax, BEIyT ceOs OJMHAKOBBIM O0pa3oM: BETUYHHA
YACJIBHOTO COMPOTHUBIICHUS clabo MeHsierca B auanazone 30—450 °C, a npu
NOBBIILIEHUH TEMIEPATYPbI 3HAUEHHUE p MPOXOJUT Yepe3 MUHUMYM BOIM3H 200—
300 °C. IIpu paBHOM KOHUECHTPAMHA NPUMECH MEHBIIEE 3HAYCHUE p XapaKTEPHO
Juisl 0oJjiee BBICOKOTEMITEpaTypHbIX oOpa3uoB. Ilpu 3TOM, Kak M cClemoBajo
OKHJIaTh, C YBEJIMYEHUEM KOHIIEHTPALUU JOHOPHOW IMPUMECH 3HAYEHHUE P
yMeHbInaercs. Benuunna kosddunmenta TtermonpoBoaHoctu (Ttabnuna 1),
MPUMEPHO OJIMHAKOBas JJIsl BCEX HAHOCTPYKTYP, U cocTanisier 2.5-3.75 Bt/m-K.
Koadpunment 3eebexa HEMOHOTOHHO MEHSETCS IIPU BapbUPOBAHUU [1apaMETPOB

130



CTpyKTyp (Tabmuua 1), 4yro 0OYCIOBJIEHO B3aMMOCBSI3bIO G WM YIEIBHOIO
conportuBneHus. [locneanee 3aBUCUT HE TOJIBKO OT KOHIICHTPAIMU, HO U OT
OJIHOPOJAHOCTH 00pa3iia o a30BOMY COCTaBY.

[TpuBeneHHbIe pe3yNbTaThl MOKHO OOBSICHATH C TOYKU 3peHHs (Pa3oBOro
coctaBa 00pa3llOB M CTENEHU BCTPAaWBaHUs MPUMECH B TMOJIOKECHUE 3aMEIICHHUS
Ge u Si. HenocratouHo BbicOKas Temmeparypa (GpopMuUpOBaHUS MPUBOJIUT K
ManodpdextuBHOMY TmepememmBaHuio Ge u  Si, UYTO COMPOBOXKAAETCS
coxpaHeHueM (a3bl KpeMHHUS (3TO BUTHO U3 PEHTT€HOBCKUX TU(paKTOrpaMm Ha
puc. 6). Bo3Hukaroias npu 3ToM HEOJHOPOAHOCTh cocTaBa Sij.x(Gex MPUBOAUT K
MOJIYJIALIMM IIUPUHBI 3allpPEIleHHON 30HBI, BbI3bIBasi TEM CaMbIM HEKOTOpPOE
MOBBINICHUE COMpOoTUBIeHUsT (Tabn. 1 obpasupl 2 W 3 ¢ OJMHAKOBOM
KOHIIEHTpaleir Sb, HO pa3HOM TeMrepaTypod CIHEKaHus). YBEITUYCHHE
CONPOTHUBJIEHUS U 00YCIOBIMBAET CHH)KEHHUE BenuuuHbl Z7. [lomumo 3Toro, ot
TEMIEPaTypbl CHEKaHUs CYIIECTBEHHBIM 00pa3oM 3aBHCHUT BCTpaWBaHUE
IPUMECH 3aMEIICHUS B TBEPABINA pacTBOP. MBI mosiaraem, 9To BHICOKHE 3HAYCHUS
COTIPOTUBIICHUSI HU3KOTEMIIEpaTypHOro oOpasma | oOyclioBIE€HBI OEHCTBUEM
00oux ykazaHHBbIX BbIle (pakTopoB. IIpu cnexkanuu oOpasia ¢ HauOOJIbIICH
(0.9 at. %) koHueHTpauuei Sb u mpu 60J€e BEICOKOH TeMIiepaType popMupyercs
Martepual ¢ HauOonbIuM 3HaueHueM Z71 (oOpaszern 5, Tadim. 1).

CoBpeMEHHOE pa3BUTHUE TEPMOIJIEKTPUUECKUX MATEPHUATIOB CBS3aHO C
IPUMEHEHUEM HOBBIX TEXHOJIOTHUYECKUX TMOAXO0/OB, JAIONIMX YHHKAJIbHBIC
BO3MOXKHOCTH  JJIi  yHpPaBJIEHUS CTPYKTypoil ¥  (a3oBbIM  COCTaBOM.
Monudpukauuss  KPpUCTAIUIMUECKOHM  CTPYKTYpbl — TO3BOJISIET  IOBBICUTH
KOd((PHUIMEHT TePMOIIIEKTPUUECKON JOOPOTHOCTH IO CPABHEHHUIO C OJTHOPOJIHO-
JIETUPOBAHHBIMU MOHOKPHUCTAITUIECKUMU MaTepuaIamH. Meton
3JIEKTPOUMITYJILCHOTO TUIA3MEHHOTO CHEKaHHs, O€3yCIIOBHO, BXOJUT B YHCIIO
NEPCIIEKTUBHBIX TEXHOJOTHYECKHX METOMUK. Ero BO3MOXXHOCTH MO3BOJISIIOT
dbopMupoBaTh MaTepuanbl C YHHKAJIbHONH CTPYKTYPOW M «HACTPAaWBaTh» HUX
CBOMcTBa TakuM o0O0Opa3oM, UTOObI TOMYYUTh YIydIICHHBIC 3HAYCHUS
Kod(ppuLeHTa TEPMOIIEKTPUIECKON JOOPOTHOCTH.

PaGora BeinonHena npu noajepxke rpanra PH® Nel17-79-20173.
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York: CRC Press, Taylor and Francis Group, Boca Raton, 2006.

4. W. Dong et al., Metals 8 (10), 781 (2018).
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CTPYKTYPA, ®A30OBBIN COCTAB I MEXAHUUYECKUE CBOVICTBA
TBEP/JIbIX PACTBOPOB YACTUYHO CTABUJIM3NPOBAHHOI'O
JIMOKCHU A HUPKOHUSA Zr0O;-2.5mM01.%Y-(0.5, 0.7, 1.2)m011.%RSZ

(R—Ce, Nd, Er, Yb)

M.A. Bopuk!, E.E. Jlomonosa', ®.0. Munosuy?, B.A. Mbi3una',
IT1.A. Pa6ouxnna®, H.B. Cunoposa®, H.JO. Tabaukosa'?, A B. [llyukuna’
TUnemumym obweri ¢pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Hayuonanvmvlii ucciedo8amenbCKuil mexnoio2udeckutl yHueepcumen
«MHUCuC», Mockesa
SHayuonanvuwiii uccneooeamensckuti Mopoosckuii 20cyoapcmeentbiil
yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: ya.natalka? 1 12(@yandex.ru

OnHuM U3 aKTyaJlbHbIX HAIPAaBJICHHN COBPEMEHHOIO0 MaTepUaIOBEACHUS
SBJISIETCS. TIOMCK W COBEPIICHCTBOBAHME BBICOKONPOYHBIX MaTEPHAJIOB,
YCTOMYMBBIX K arpeCCHBHBIM CpeaM M BO3JECHUCTBUIO BBICOKMX Temneparyp. K
TaKMM MaTepualiaM OTHOCATCS KPUCTAJIbl MU Ke€paMuKa Ha OCHOBE IUOKCHIA
nupKoHus. Kpucramibl 4acTMYHO CTaOMJIM3MPOBAHHOTO JAMOKCHAA LIMPKOHMUS
(UCL) 6marogapst coyeTaHUI0 0COOBIX (PU3UKO-MEXAaHUYECKUX CBOMCTB IIMPOKO
NPUMEHSIOTCS B KauyeCTBE KOHCTPYKIIMOHHBIX MAaTEpHalIOB, TEIUIO3AIIUTHBIX
MOKPBITUMA, METUIIUHCKOTO PEXKYIEr0 HHCTPYMEHTA, MPOTE30B U UMILIAHTOB.

MHoroumucieHHbIE UCCIIEOBAHUS TBEPIBIX PACTBOPOB HA OCHOBE JUOKCH/IA
IIUPKOHUS, CTAOWJIM3UPOBAHHBIX OKCHIOM WTTPHUSA, TIO3BOJIIN OIPEICIUTh
COCTaBbI C ONTUMAIBHBIMU IPOYHOCTHBIMU XapaKTepucThKamu [ 1-3].

B 10 xe Bpems, Hapsgy C OKCHUIOM HTTpPUS B O0Opa3OBaHMM TBEPJBIX
pacTBOpoB Ha ocHOBE ZrO2, MOTYT OBITh UCTIOJIB30BaHbI OKCUABI P3 251eMEHTOB.
Moauduiupyst BUA U KOHIIEHTPALMIO  COJETUPYIOIIMX  OKCHIOB B
TPEXKOMIIOHEHTHOM TBEPJOM pPACTBOPE, MOXXHO MOJYyYHUTh MaTepUajibl C
YJIYyUYIIEHHBIMA MEXaHUYECKUMU CBONCTBAMU.

B cooTBercTBHE C ATUM LEIBIO HACTOALIEH padOTHI SABISUIOCH M3YUYUTh
BJIMSIHUE COOTHOILEHHUS COJIETUPYIOIIMX OKCHIOB Ha OCOOCHHOCTH CTPYKTYpHI,
¢dazoBoro  cocraBa M MEXaHMYECKHMX  CBOMCTB  (MHKPOTBEPJIOCTH,
TPEITMHOCTOMKOCTH) TBEpAbIX pactBopoB 2.5Y-0.5RSZ, 2.5Y-0.7RSZ, 2Y-
1.2RSZ (R- Ce, Nd, Tb, Er, Yb). IIpoBencHHBIII CpaBHHUTEIIbHBIM aHATU3
POYHOCTHBIX XapakTepuctuk KpuctamwioB YCL[ mno3Bonun omnpenenurhb
B3aUMOCBSI3b MEXIY XHMHUYECKHMM COCTAaBOM, CTPYKTYpOHl U CBOMCTBaMH
UCCIIEIyEMbIX KPUCTAVIOB M BBIABUTH COCTaBbl € HamboJee BBICOKUMH
3HAYEHUSMH TPELIMHOCTOUKOCTH.

Pa6ota BeimonHena npu punancoBoi moanepskke rpanra PH® Nel8-00-397.
1. M. Riihle, N. Claussen, A.H. Heuer, J. Am. Ceram. Soc. 12, 352 (1984).

2. N. Gupta, P. Mallik, B. Basu, J. Alloys Compd. 379, 228 (2004).
3. M.A. Borik et al., J. Alloys Compd. 586, 231 (2014).
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OCOBEHHOCTU ®A30BbBIX ITEPEXOJI0OB B KPUCTAJIJIAX ZrO2-Yb2Os3
I[TOCJIE TEPMOOBPABOTKHM HA BO3AYXE

M.A. Bopux!, T.B. Bonkosa?, A.B. Kyne6skun', E.E. JlJomonosa',
B.A. Mbzuna', ®.0. Munosuu®, I1.A. Pa6oukuna’, H.1O. Ta6aukosa’
TUnemumym obweri ¢pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Hayuonanvuwiii ucciedosamensckuii Mopooeckuii 20cyoapcmeeHnHblil
yuusepcumem um. H.I1. Ocapesa, Capanck
SHayuonanbmwlii ucciedo6amensCkutl mexHoi02udecKutl YHUeepCumen
«MUCuCy», Mockea
E-mail: sendboxvv@mail.ru

Kpucramiueckue wMarepuansl Ha ocHOBe ZrO; XapaKTepu3ylTcs
HAJIMYUEM JBYX TMOJUMOP(GHBIX MEpPeXOoJ0B, B pe3yJbTaTe€ KOTOPBIX IIPH
KOMHATHOW TeMmIepaType CTaOWIbHOW SIBIIETCS MOHOKIWHHAsS MOAU(UKAIIHS.
OngHako BBEJACHUE B TMPOLECCE CHUHTE3a OKCHUIOB PEIKO3EMENIbHBIX WIH
HIEJI0YHO3EMENTBHBIX 3JIEMEHTOB MO3BOJISIET CYIIECTBEHHO CHU3UTH TEMIIEPATYPY
TeTparoHalbHO-MOHOKJIMHHOTO  (ha30BOro mnepexoia U CTaOMIM3UPOBAThH
BBICOKOTeMIepaTypHbie Mogudukanuu ZrO> [1].

BcenenctBue Hamuyusi CBOOOJIHBIX KHCIOPOJHBIX BAaKAHCHM KPUCTAJLIbI
CTAOMJIM3UPOBAHHOTO JUOKCHUAA UHUPKOHUA OOJAAI0T KHUCIOPOA-HUOHHOM
MIPOBOJIMMOCTBIO TIPU TOBBIINICHHOW TEMIIEPAaType, YTO IMO3BOJISICT MPUMEHSTH
JTAHHBIC MaTepuajbl B KAa4eCTBE TBEPIBIX OJJICKTPOJIUTOB B Pa3TUIHBIX
AJIEKTPOXUMUYECKUX YCTpoiicTBax. B Hacrosiiee BpeMsi MNEPCIEKTUBHBIM
HaIpaBJIeHUEM SBJISIETCS pa3pabd0TKa KHUCIOPOJ-IIPOBOJSAIINX MeMOpaH Juis
TBEPJOOKCHIHBIX  TOIUJIMBHBIX  JJIEMEHTOB HAa  OCHOBE  KpPHUCTAJJIOB
CTAOMIIM3UPOBAHHOTO TUOKCHIA ITUPKOHUS.

B paborax [2, 3] moka3aHO, 94TO PACIOJOKEHUE BAaKaHCHI KHCIOPOJa B
KPUCTAINTIMYECKOU CTPYKTYpE CTAOMIU3UPOBAHHOTO OKCHUJIOM UTTPHUS JUOKCHUAA
IUPKOHMS, a TakKe (a30BBIM COCTaB CYIIECTBEHHO BJIUSIOT HA TPAHCIOPTHBIC
CBOMCTBAa JaHHbIX MaTepuasioB. OJIHAKO AaKTyaJIbHbIM OCTaeTCs BOIPOC
ONTHUMH3ALUA XUMHUYECKOTO COCTaBa IMyTeM Moa00pa BHUJA U KOHIEHTPALMH
OKCHJa-CcTabUIIM3aTopa, a TaKKE UCCIeI0BaHue U3MEHEeHUN (Pa3oBoro cocrana,
MPOUCXOMAIINX B KHUCJIOPOJHON TOJApENIeTKE JaHHBIX MAaTepuajoB TIpH
MOBBIIIEHUH TEMIeparypel (B JMamna3oHe pabouyux TeMIlepaTtyp TBEPAOTO
anektponuta — ot 500 1o 1000 °C).

B nacrosimelr padote ¢ ucnosb3zoBanuem MetoqoB KPC u ontuueckoit
CHEKTPOCKONUHU BBISIBJICHBI OCOOCHHOCTH (DA30BBIX MEPEXOJ0B B KyOMUECKHUX
TBepAbIX pacTtBopax ZrOz-(8—12 mo1.%) Yb203-0.1 mon.% Eur03, momy4eHHBIX
METO/IOM HAMPaBJICHHON KPUCTAITN3AIMH PACIIaBa C UCIIOIH30BAHUEM IIPSIMOTO
BBICOKOYACTOTHOT'O HarpeBa B XOJIOJJTHOM KOHTEHHEpE, 0 U MOCJIEe TEPMUUYECKOM
o6padotku Ha Bo3ayxe (T = 1000 °C, t =400 u).

Pabota BeInmonHeHa npu puHaHCOBOM nojaepxkke Poccuiickoro HaygyHOTO
dbonna, rpant Nel6-13-00056.

1. 1O.C. Ky3bmunos, E.E. JlomonoBa, B.B. Ocuko, Tyzonnaexue mamepuansi
uz xonoonozo muens, M.: Hayka, 2004.

2. H. Yugami, A. Koike, M. Ishigame, Phys. Rev. 44, 9214 (1991).

3. M.A. Borik et al., J. Alloys and Compounds 770, 320 (2019).
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CTPYKTYPA 1 ®A30BBI COCTAB KEPAMUK 1 IIOPOLIIKOB
HUTPUJA KPEMHUA, INTAKUPOBAHHOI'O UTTPUU-
AJIIOMNUHUEBBIM I'PAHATOM

JI.C. Anekceena!, I1.B. Annpees'~, C.C. bana6anos?, M.C. Bongun!,
ILJ. Jpoxunkun', K.O. Kapasanos!, K.E. Cmeranuna'

! Hayuonanvnoui uccneoosamensvckuti Husice2opoockuii 20cyoapcmeenbiii
yuugepcumem um. H.U. Jlobauesckoco, Huowcnuit Hogeopoo
?Uncmumym xumuu vicokouucmoix eewecme um. I 1. [Jeeamvix PAH,
Huorcnuu Hogeopoo
E-mail: pddrozhilkin@yandex.ru

OnuH U3 COBPEMEHHBIX METOJIOB CO3JAaHMS TYTOIUIABKMX KEPaMUYECKHX
HaHOKOMITO3UTOB Ha OCHOBE Si3N4 3aKII0YaeTCsi B HAaHECEHUU YJbTPATOHKUX
MOKPBITUM OKCHJOB HA YaCTHIBI TOPOIIKAa HUTPUIA KPEMHHS Ppa3ITUIHON
JUCHEPCHOCTH M MOCJIEAYIOIEM  HMX  KOMIIAKTHPOBAHUU  METOJIOM
AIIEKTPOUMITYJIBCHOTO M1a3MeHHoro cnekanus (QUIIC).

Pa3paboTka TEXHOJOrMHU MIAKUPOBAHUS HAHOMOPOIIKOB YJbTPATOHKUMU
CJIOSIMH OKCHUJOB TpeOyeT ONTUMU3ALMHU PEKUMOB OCAKIEHUS, B TOM YHCIIE U
penieHus npooyieMbl IpeaBapUTENbHON e-arnoMepanuu SizNa.

[TopomikoBble KOMMO3WIIMK OBLIM TMOJy4YeHBI Tpemsi crocobamu: (1)
MetonoM I[lednnu (¢ moOaBiaeHHEM JMMOHHOW KHCJIOTHI) M (2) OCaXXIEeHUEM B
KEJTATUHOBOM MaTpuile, a Takke (3) MeToaoM pachblUIeHHS B BaKyyMe.
[TomyueHHble B pe3ysibTaTe€ CHUHTE30B IMPOMEXKYTOUHBIE MPOAYKTHl OBLIU
OTOXJKEHBbI MOCTAIUMHO B TeueHue 2—8 4 mpu temmneparypax 300, 500, 800,
1000 °C ¢ nucneprupoBaHUEM B araTOBOM CTYIIKE MEXIY CTAJAHUSIMHU.

Otoxcokennbie g0 1000 °C  00pa3ipsl  TOPOIIKOB, a TaKKE HUX
IPOMEKYTOUHBIE MPOAYKTHI, OTOXJKEHbIE B TEUEHUE TPEX YacOB IpH
temneparype 300 °C, KOMIakTHPOBAINCH METOAOM JJIEKTPOUMITYJIBCHOTO
IUIA3MEHHOI'O CIIEKaHUSI.

Crnekanue ocyulecTBisuioch Ha yctaHoBke «Dr. Sinter model SPS-625»
(SPS Syntex, fInonus) B Bakyyme B rpaguToBOil mpecc-popme ¢ BHYTPEHHUM
muamerpom 12 M. Ckopocts HarpeBa 50 °C/mun, naenenue 70 Mlla,
TeMIeparypa CrieKkaHusi BapbrupoBasiachk B npejaenax 1200-1680 °C.

Koutponb (a3oBoro cocraBa MOJYYEHHBIX MOPOIIKOB M KEpaMuK
MIPOBOAWIICS Ha MopoikoBoM audpaktomerpe «Shimadzu XRD-7000» (CuKa,
L = 1.54 A). Usyuenne MUKPOCTPYKTYpBI NOJYYEHHBIX TIOPOIIKOB U KEPAMHK
IPOBOJMIIOCH METOJOM PACTPOBOM 3JEKTPOHHOW MHUKPOCKOIIMHM Ha PacTPOBOM
anekTpoHHOM Mukpockone JEOL JSM-6490.

PaGoTa BrinonHeHa npu ¢pruHancoBoi noaaepxxkke PODU B pamkax rpanrta
Ne19-33-60084.
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®A3O0OBBIE ITPEBPAIIEHNA B TBEPIBIX PACTBOPAX
Z102-Sc203-R203 (R = Y, Yb, Ce)

M.A. Bopuxk!, M.B. I'epacumos?, A.B. Kyne6sxun', H.A. Jlapuna?,
E.E. Jlomonosa!, B.A. Mesuna!, I1.A. Pa6ouxuna®, H.B. Cugoposa?,
H.IO. Ta6aukosa!

TUnemumym obweri ¢pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Hayuonanvuwiii ucciedosamensckuii Mopooeckuii 20cyoapcmeeHnHblil
yuugepcumem um. H.I1. Ocapesa, Capanck
E-mail: saharova.l1996(@mail.ru

TBepabie pacTBOPHI HA OCHOBE AMOKCHUIA ITUPKOHUS, CTAOMIN3UPOBAHHbIE
OKCHUJIOM CKaHJusA, MPEICTaBISIIOT 3HAYUTEIbHBIA HWHTEPEC B KayecTBE
MaTEPHAIOB DJIEKTPOJUTHUECKUX MEMOpPAaH JJi TBEPAOOKCUIHBIX TOILTUBHBIX
anemeHToB (TOTD) u3-3a ux BHICOKOW MOHHON MPOBOJUMOCTU IO CPABHEHUIO C
JPYTUMH DJIEKTPOJIUTAMHU HA OCHOBE AUOKCH]Ia HTUPKOHUS [1].

Kak u3BectHO, (pa30BBIii COCTaB U JOKaJIbHAS KPUCTAITUYECKAs CTPYKTYpa,
KOTOPBIE OINPEAEIIAIOTCS BUAOM M KOHUEHTpALMEN CTaOUIN3UPYIOMINX OKCUIOB
[2-3], sABHAIOTCS OCHOBHBIMHM (DaKTOpaMHu, OT KOTOPBIX 3aBUCUT BeJIMYMHA
MOHHOW TPOBOJMMOCTH JIaHHBIX MaTepuanoB. I[lodTomy st BBISBICHUS
¢ PeKTUBHOTO cOoCTaBa Marepuaia JeKTposnTa Ha ocHOBe Zr02-Sc203-R,0;3,
KOTOpbIN OyneT 00jaaarh BHICOKOW MOHHOW MPOBOJAMMOCTBIO M MOBBIIIEHHOM
CTaOMJIBHOCTBIO,  HEOOXOAMMO  MPOBEACHUE  JIETAJbHBIX  HCCIEAOBAHUI
CTPYKTYPBI U (Da30BBIX IPEBPAIICHUIN B 3TUX COCTUHEHUSX.

B Hacrosmeit paboTe C HCMOIB30BAHMEM METOJa PEHTTEHOBCKOU
mudpakiuu ucciaenoBaH (a3oBbIi cocTaB TBEPABIX PacTBOPOB (Z1O2)ixy
(Sc203)x(R203)y(Eu203)0.001, tie R=Y, Yb, Ce u x =0.10, y = 0.01, moxy4eHHBIX
METOJIOM XOJIOJHOTO KOHTEWHEpa MpU HAMNPABICHHON KPUCTAIIU3AIUU U3
pacruiaBa.

MetogoM  ONTUYECKONM  MHMKPOCKOINHUM  BBIMIOJHEHBI  KCCIIEOBAHUS
MUKPOCTPYKTYPbl JaHHBIX TBEPABIX PACTBOPOB U TMPU HCIOJb30BAHUU
CHEKTPOCKONUU KOMOMHAIMOHHOI'O PACCESHUSI CBETa BBISBIEHO JIOKAJIbHOE
pacnpenenenue  ¢a3z  qang obiacTed  KpuCTalla € ONpeeleHHOU
MUKPOCTPYKTYypoii. C TOMOIIBIO METOJAa ONTHUYECKON CHEKTPOCKOIHHU C
HCIIONb30BaHMEM MOHOB Eu’® B KauecTBe CIEKTPOCKOIMYECKOrO 30HA
BBISIBJICHBI HM3MEHEHHMsS JIOKAJIbHOTO OKPYXKEHHMsI, CBSI3aHHbIE C (DA30BBIMU
MIPEBPALICHUSIMU B TBEP/IBIX PACTBOPAX.

PaGora BbimonHeHa Tipu (QUHAHCOBOW moamepxkke Tpanta PHO®
Nel6-13-00056.

1. S.P.S. Badwal et al., Solid State Ionics 136-137, 91 (2000).

2. C.R.A. Catlow, Solid State Ionics 12, 67 (1984).
3. B.I'. 3aBogunckuii, ®TT 46, 441 (2004).
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[TOJIYUEHHUE BBICOKOYUCTOI'O U30TOIIHO-OGOI'AIIEHHOI'O
JMNOKCHUJA KPEMHUA-28 30J1b-I'EJIb METO/IOM

K.®. Urnarosa'?, M.E. Kommuna', U.A. Kyxenes?, O.O. Tpowun!
! Huemumym xumuu evicoxouucmoix eewecmes um. I'.I". Jleessmuix PAH,
Huoicnui Hoeeopoo
’Hayuonanvuwlii uccreoosamensckuii Huowcezopoockuil 2ocyoapcmeentbiil
yuugepcumem um. H.U. Jlobauesckoco, Huowcnuit Hogeopoo
E-mail: m.komshina@yandex.ru

N3otonHo-mMoupunpoBaHHoe KBapleBOE CTEKJIO SBJISIETCSI
MEPCIEKTUBHBIM MaTEPHAIIOM JIJII W3TOTOBJICHHUSI CBETOBOJOB C Pa3IUYHBIM
M30TONHBIM cocTaBoM oGonouku (*8Si'%02) um cepmueBunnr (*°Si'®0,), uyro
oOecneunBaeT TpeOyeMyr0 pa3HOCTb IOKa3aTelel mpeinomiieHuss  0e3
WCIIOJIB30BAHUS JIETHPYIONUX 100aBOK [ 1-2]. OmHaKko cCBEACHUS O TIOTYYCHUH H
CBOMCTBAxX TaKUX CTEKOJI B TUTEPATYPE BEChMa OTPAHUICHBI.

OmHuM W3 TEPCTIEKTUBHBIX CIIOCOOOB TOJIYYCHHS KBapIIEBOTO CTEKJIA
SIBIISIETCS 30J1b-T€JIb METOI, JOCTOMHCTBAMH KOTOPOTO SIBJISIFOTCSI OTHOPOAHOCTh
NOJTy4aeMbIX 00pa3Ii0B, OTHOCUTEIHHO HEBBICOKAs TeMIlepaTypa 00XKHra CTeKa
U TPUMCHCHHE MAJIBIX KOJUYECTB JCPHUIIUTHBIX U JOPOTOCTOSIINX H30TOITHO-
00oraiieHHbIX BEIIECTB.

B kauecTBe MCXOMHOTO COCAMHEHHS] KPEMHHSI MCHOJB30BAIA U30TOMHO-
oOoramennpii 2*SiFs. Konpepcuio terpadTopuaa KpeMHHS B TETPaXJIOPHIL
NpPOBOAWIM C Hcnoib30BaHueM xjopunaa amtomuHusA(IIl) [3]. g nonyuyeHus
28Si0, npoBomuiu cuntes 2*Si(OC2Hs)s u3 **SiCly (crenens oGoraienus mo 2*Si
99.99 ar.%) ¥ OCYIIEHHOIO THJIOBOIO CIupTa, 3areM ruapoius ~°Si(OC:Hs)s
BOJHO-CIIUPTOBBIM pacTBopoM (**Si(OC,Hs)4:CoHsOH:H,0 = 1:4:4 moin.) [4].
Janee pacTBop nomMemiany B POpMbI U BbIAEPKUBAIHN 1O 00pa30BaHUsI KCEpOres,
KOTOPBIM 3aTéM OCYIIMBaIXM W MpokamBanu. It yckopeHus mporecca
resieo0Opa3oBanHuss U (POPMUPOBAHUS MOHOJUTHBIX OOPA3IOB OBLIO TMPOBEICHO
uccinenoBanue o nondopy karanuzaropa (HF, HCL, HNO3) u temnepatypHoro
pexxnma ocymku. OmnpeneneHre MPUMECHOT0 M U30TOMMHOTO COCTaBa 00pasiioB
MIPOBOIMIM METOAOM MacC-CIEKTPOMETPHUH C MHIYKTUBHO CBS3aHHOM TLIIa3MOM.
[TosyueHsl Ipo3pauHbie 00pasibl KBapueBoro crekna 28Si0; (cBeTonpomyckanue
> 90% B BUOMMON oOnacth) ¢ couxepxkanueM 2*Si Ha yposHe 99.99 ar. %.
CornacHo JaHHBIM PEHTTeH0(a30BOr0 aHAIKM3a, 00pa3IIb SBJISIOTCA aMOp(PHBIMU
U HE COJIEPKAT KPUCTAJUTMYECKUE BKIIIOUCHHUS.

B.I'. IInexanos, Ycnexu pusnyeckux Hayk 108 (11), 1245 (2000).
D.C. Allan, J.T. Brown, Patent USA Ne 0022562 (03.02.2005).
M.®. YUyp6anos u np., [Tarent PO Ne 2618265 (03.05.2017).
M.®. Uypb6anos u np., [Tarent PO Ne 2692310 (24.06.2019).
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NCCIIEHJOBAHUME CIIEKTPOB OTPAXXEHMA U [TPOITY CKAHUA
[TOJINKPUCTAJIJIOB I'AJIOTEHMJIOB CEPEBPA B TEPAT'EPLIOBOM
CIIEKTPAJIBHOM INAIIA30OHE

JL.B. XKyxkoBa, A.C. Kopcaxkos, A.E. JIBoB, /I./I. Canumrapees, A.A. FOxakoBa
Vpanvckuui gpedepanvusiii ynusepcumem um. nepgozo Ilpesuoenma Poccuu
b.H. Envyuna, Exkamepunoype
E-mail: [.v.zhukova@urfu.ru

Ha ceroansmnuii aeHs OBICTpO pa3BUBaeTCs ucHosb3oBaHue TI1g
BOJIOKOHHBIX CHUCTEM B PEAIbHOM BPEMEHHU B TAKUX OOJIACTIX, KaK BU3YyaJTU3alIMs
[1], ciekTpockonus [2]. Pa3spaboTaHo MHOXXECTBO Pa3IMUHBIX MATEPHAIOB U
CTPYKTYp, Halpumep, MPOBOJIOYHbIE BOJIOKHA [3], camdupoBbie BoJoKHA [4],
METAJTNICCKHUE/CTEKIISTHHBIC BOJIOKHA Cc TIOJION CEpILIEBUHOU
[2, 5], boTOHHO-KpHUCTANINYECKUE BOJOKHA, B TOM umcie 3D-meuatHbie [6],
KQ)K/JbI U3 KOTOPBIX UMEET CBOM HA0Op NPEUMYILECTB U HEJOCTATKOB.

["amorennbl cepedpa UMEIOT Psii MPEUMYIIECTB, MOCKOJIBKY WX pabodas
TeMmreparypa oxpaThiBaeT obsiactb oT —150 mo +400 °C, oHUM yCTOMYMBBEI K
HOHU3UPYIOIIEMY HU3JTy4YeHHUI0, THOKHE. MBI TIPOBEM HCCIIE0BaHUE CIIEKTPOB
NPOMYCKAaHUsI W OTPAKEHMS TMOJUKPUCTALIOB TajloreHuja cepedpa Ha
TeparepuoBbiXx yactorax. OOpa3lbl KpPUCTAUIOB rajoreHuga cepedpa ObLIU
U3TOTOBJIGHBI M3  MOHOKPHUCTAUIMYECKHX  3aroToBOK  AgBroosCloos 10
TEXHOJIOTUM  ropsyero  mnpeccoBanusa. [lomyuennsie  oOpas3upl  ObUIH
MNOJIMKPUCTAIUINYECKUMU, ToJauHON 0.4—0.5 MM ¥ auameTrpom okoso 15 mwm.
[TnacTuabl oONaganmu BBHICOKOW CTemeHblo mapaienu3ma. CreKkTpajabHbIe
U3MEpPEHUS  TPOBOJWINCH C  HCIOJIB30BAHHEM  CYOMIJLTUMETPOBOTO
CIIEKTPOMETpa «INCUIIOH». BBUIM NOJyYEHHbIE CIEAYIOLIME JIaHHbIE: 4acTOTa
¢onoHOB cocraBusima 77.5 cm !, BKiIaxm (OHOH-IMIIEKTPUKA COCTAaBIL 6.2,
K0Op(UIMEHT OSKCTMHKIMU cocTaBiasn 18 cm!, a xomebanms Obuim
aHTapMOHUYECKUMHU.

Jlnana3on mepenayd B cpeaHeM HHGPpaKpacHOM JHana3oHe HMeeT
miaTooOpa3Heli npoduiib, a Kpall mepegayu B JUIMHHOBOJIHOBOM JHAIa3oHE
cocrapusger okono 260 cm ! (4ro cormacyerca ¢ monydeHHbIMH panee [7]). B
TEeparepiuoBOM JIMala3oHe MOXXHO HAONIOAAaTh MHUKOOOpPA3HBIE  IOJIOCHI
MIPOITY CKaHUS.

1. H. Guerboukha, K. Nallappan, M. Skorobogatiy, Adv. in Opt. and Photonic
10 (4), 843 (2018).

2. T. Katagiri, T. Suzuki, Y. Matsuura, Opt. Eng. 57 (5), 054104 (2018).

3. K. Wang, D.M. Mittleman, Nature 432 (7015), 376 (2004).

4. G.M. Katyba et al., Proc. SPIE Millimetre Wave and Terahertz Sensors and
Technology XII, 111640G (2019).

5. R. Wallis et al., Opt. Express 24 (26), 30002 (2016).

6. J. Yang et al., Opt. Express 24 (20), 22454 (2016).

7. A.S. Korsakov et al., App. Opt. 54 (26), 8004 (2015).
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JIIOMMUHECHEHTHBIE 'MBPUJIHBIE MATEPUAJIBI HA OCHOBE
METAJIJIOOPTAHMYECKHUX JIIOMMHO®OPOB B OKCU®TOPU/IHBIX
CTEKJIAX 1 OKCUJHBIX 1 ®TOPUIHBIX ITOJIMKPUCTAJIJIAX

N.X. Asetucos!, P.U. Asetucos!, M.H. Masxkosa?, O.b. Ilerposal,
K.W. Pynuna', I1.B. Ctpekanos!
! Poccutickuti xumuxo-mexnono2uueckuti yrueepcumem um. [{.U. Menoeneesa, Mockea
’Uncmumym obweit gusuxu um. A.M. IIpoxopoea PAH, Mocksa
E-mail: runinakristina@mail.ru

['uOpuansie marepuansl (M) MmIMPOKO MCHONB3YIOTCS B  HOBBIX
ycTporictBax ontuku u Qoronuku [1-3]. Jlromunecrientasie ['M Ha ocHOBe
OpraHu4eckux JTIOMUHOPOpoB 8-okcuxuHoysToB MetamuioB I, 11 u III rpynn
Tabmuier MenneneeBa [2] u B-AUKETOHATOB PEIKO3EMEIbHBIX JJIEMEHTOB [3],
NOJTyuYeHHBIEC B pe3yJibTaTe 0OMEHHBIX peakiuii B PbF2-comepkammx mMarpumax,
UMEIOT MMUPOKUH Thajakuii criekTp poromomunectenimu (PJI), oxBaThIBarOIIHiA
MPAKTUIECKU BECh BUAUMBIN JUATIA30H C KOOPIWHATAMHU IIBETHOCTH, OJIM3KUMHU K
0eJIoMy, 4TO MO3BOJISIET PAaCCMAaTPUBATh UX KaK MEPCIEKTUBHBIN MaTepuan AJis
MCTOYHUKOB CBETA C BBICOKOM LIBETONEPEIAUECH.

HoBpie I'M ObulM CHHTE3MpPOBAaHbl Kak BBICOKOTEMIEPATYPHBIMU
METOJaMU: PACIJIaBHBIM METOJIOM C JIETKOIJIABKUMH CTEKJISIHHBIMUA MaTpULIaMU
B cuctemax PbF2-B20O; u PbF2-B203-S102-Zn0O [2] u TBEep1opa3HbIM CUHTE30M C
PbF,, CaF; u ZnO; Tak ¥ HHU3KOTEMIIEpAaTypHBIMH METOJIAMU: COBMECTHOE
ocaxknenue PbF,, CaF> u3 BogHbIX pacTBOPOB (hTOPOBOJOPOAHOM KUCIOTOM [3] 1
dTopumom amMMoHHA. B KadecTBe OpraHWYECKUX KOMIIOHEHTOB MBI
UCIIOJIb30BAIM  BBICOKOA((PEKTUBHBIE JTIOMUHOMOPHI:  8-OKCUXHUHOJIHUHOBBIC
komIutekcol Li, Zn, Al (Liq, Znq, Algs).

Cnektpsl @JI mokas3pIBatOT, YTO IMPHU BBICOKOTEMIEPATYPHOM CHHTE3E
00pa3yroTcs T€ KE€ HM3TyYarolue IEHTPhI, YTO U MPU HUZKOTEMIIEPATYPHOM.
OO0pa3zoBaHuE IIEHTPOB CBA3aHO C OOMEHHOU peaKINel, MPUBOIAIIECH K CO3JaHUIO
HOBBIX KOMIUIEKCOB. IIpu coocaxaennn HF mpoucxoaut 4acTUYHBIA 3axBaT
MOJIEKYJI OKCUXHUHOJISTOB, U OKOHYATEIbHO OOMEHHAs peaKIvs MPOUCXOAUT MPU
HeOOJBIIOM Harpese, a npu coocaxaeHu NH4F oOMeHHast peakuust mporekaeT
cpa3zy noiaHoctbio. OOMEHHas peakiys Mpu TBEpA0()a3HOM CUHTE3€ HAUMHAETCS
10 100 °C, a mpu 300 °C npoXoauT NpaKTUUYECKHU MOJIHOCTHIO.

PaGora BeImoTHEHA TP PUHAHCOBOH ToAepkKe Poccuiickoro HaydyHOTO
donma, rpant Nel19-79-10003.

1. B. Lebeaua, P. Innocenzi, Chem. Soc. Rev. 40, 886 (2011).

2. M.O. Anurova et al., Phys. Chem. Glasses: Eur. J. Glass Sci. Technol. B 60
(4), 140 (2019).

3. O.B. Petrova et al., Opt. Mat. 88, 378 (2019).
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CTPYKTVYPA 1 JIIOMUHECHEHTHBIE CBOMCTBA TBEP/BIX
PACTBOPOB B CUCTEME PbF; — ErF3

M.H. Maskosa!, O.B. ITerposa?, K.1. Pynuna®, B.A. CmupHOB?
" Huemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
2 Poccutickuti xumuko-mextonoaudeckuti yuusepcumem um. [.M. Menoeneesa, Mocksa
E-mail: viadsmirnort54@mail.ru

DTOpUIHBIE COCIMHEHU U TBEpJbIE pacTBOpbl B cucremax MFEF>-REF;
(RE = peako3eMenbHbIN 3JIEMEHT) MPEACTABIISIIOT HHTEPEC JJI UCCIEOBAHUS B
KauecTBe (POTOHHBIX MAaTEPUAIIOB, JIOMUHO(OPOB, B TOM YUCJIE AHTUCTOKCOBBIX.
JUig 3TUX CHCTEM CYIIECTBYET IIMPOKasi 00JIaCTh KPUCTAUIU3ALMH KyOHUUeCcKOn
da3bl Tuna ¢uroopura (Beime 20 Moa.% mpu 650-700 °C) [1-2], Ho da3oBbie
JMarpaMMbl 1 00JIaCTH CyIIecTBOBaHUS (pa3 nmpu HU3KOU Temmeparype (Hke 650
°C) ue uccnenosanbl. B qannoit pabote Obl1a uccieq0BaHa MPAKTHUECKU BaXKHAS
mromuHectieHTHas cuctema PbFz-ErFs. OOpasupsl Obuin modyuyeHbl BO BCEM
NUaIa3oHe  KOHLEHTpanud. TBepaple  pacTBOPBl  CHHTE3UPOBAIM  KaK
TBepAodazubiM MeTosioM (13 PbF2 u ErF3) npu Temneparypax 450-600 °C, Tak u
COOCaXJEHUEM M3 BOJHBIX pPACTBOPOB (M3 pacTBOpoB HuTpatoB Er m Pb
IUIaBUKOBOM  kucioToi) [3]. YUToObl mOpenoTBpaTUTh HUPOTHAPONIHN3 IPU
TBepAO(a3HOM CHHTE3e, cOo3Aalu (TOpUPYIOUIYI0 aTMochepy € MOMOIIBIO
PacXoHbIX (PTOPOIIIACTOBBIX TIACTHH.

[Ipu HU3KUX KOHIEHTpauusx dpbus obpa3yrorcs JaBe  (assbi:
Hu3KoTemneparypHas moaudukamnus PbF, (Prnma) u TBepapIii pacTBOp HA OCHOBE
BBICOKOTEeMIEeparypHoil Mogudukauu PbF, (Fm3m). O6nacTs KpucTauin3aum
01HO(a3HBIX MOPOIIKOB cocTaBisiia ~ 12-42 mon.% ErFs, a mapamerp sueiiku
MOHOTOHHO YMEHbINaeTcs [1], mpu ATOM peanbHBI COCTaB B ATOH 00JacTH
OJIM30K K HOMUHAIbHOMY. [Ipy yBeTMUEHUN OTHOCUTEIBHOTO COAEPKAHMS FpOUs
B MCXOJHOM pactBope cBbie 50 mMon.% mnosBisercs BTopas (pasa — TBEpAbIH
pacTBOp Ha OCHOBE (Topuaa 3pous co cTpykrypoid Tuconuta EriyPbyFsy (P3cl).
Haubonee MHTEHCHMBHBIMU I0JIOCAMH Ha CIIEKTpax JIIOMHHecHeHuuu Er’'
ABJISAIOTCA IIOJIOCBI B CUHEW M 3€JICHOM 4YacTAX CIIEKTpPa, COOTBETCTBYIOIIUE
nepexogaMm “Hop—*Tisp u *S3p+?Hiin—*lisp. B obpasuax, MolIydYeHHBIX
TBepAOo(a3HbIM  CUHTE30M, HaOmomaerca dS(OPEeKTUBHAST AHTHCTOKCOBAs
moMuHecteHiusa (B obmactu 650 M, *Fop—*1isn). O6pasupl, MONyYEHHbIE
COOCQXJIEHUEM, aHTUCTOKCOBOM JIIOMUHECIIEHIIUH HE MPOSBIISIIN.

Pabota BrimoHeHa npu puHaHCOBOM oanepxkke Poccuiickoro Hayunoro
®onpa, rpant Nel9-79-10003.

1. LI Buchinskaya, P.P. Fedorov, Rus. Chemical Rev. 73 (4), 371 (2004).

2. AK. Tyagi etal., J. Solid State Chem. 177, 1746 (2004).
3. M.N. Mayakova et al., J. Fluorine Chem. 187, 33 (2016).

140



JIIOMUHECIHEHTHBIE CBOMCTBA Eu/Gd-COAKTUBUPOBAHHBIX
CBHUHIUOBBIX ®TOPOBOPATHBIX CTEKJIOKPUCTAJIVIMYECKUX
MATEPUAJIOB

J.A. Bennukuna, O.b. IletpoBa, K.W. Pynuna
Poccutickuii xumuxo-mexnonoeuueckuti ynusepcumem um. J1.U. Menoeneesa, Mocksa
E-mail: dvelichkina@yandex.ru

Oxcudropuansie creknokpuctanyeckue Mmarepuansl (CKM) coueraer B
cebe JIyyllre CBOMCTBA KPUCTAIUIMYECKUX (GTOPUIIOB U OKCHIHBIX CTEKOJI, YTO
JIeJIaeT UX MepCreKTUBHBIMU ISl JIETUpOBaHuUs peakozeMmenbHbiMu (P3) nonamu
U CO37aHUsl HOBBIX Ja3epHbIX MarepuanoB [l]. Bwicokas >¢dekTuBHOCTD
momunecteHnuu okcudropuaasix CKM cBsizana ¢ TeM, uto P3-aktuBarop
HAaXOJMUTCA BO (PTOPUIHOM OKPYKEHHMH C HU3KOM »dHepruei (HOHOHOB
KPUCTAJUIMYECKONW PEMIETKH, YTO TOJABIIsACT O€3bI3TyUaTeIbHYI0 pPEeIaKCaIluio
[2]. Bo3Moxna rerepoBalieHTHas CTaOWIM3alMs BBICOKOTEMIEpaTypHOU
Kyonueckoit ¢a3zel B-PbF> TpexBajieHTHBIMU peKo3eMenbHbIMU HOHaMu [1, 3],
KOTOpBIE TaKkKe€ BBOJSATCS B KAayeCTBE AKTUBATOPOB B JIa3€pHBIC MaTEpPUAIIBI.
YcnemHoe npuMeHeHUe 3Toro nojaxojaa st coaktusupoanus Nd/La u Nd/Lu,
ObL10 TOKazaHo B [1], B HacTosimie paboTe ucclenoBaHbl KpUCTALUIU3ALUS U
momMuHectieHTHbIe cBoiicTBa CKM, coaktuBupoBanubix Eu/Gd.

OOpa31pl CTEKOJ W MOJUKPUCTALIUYECKUX CIOXKHBIX (PTOPUAOB ObUIH
cuntesupoBanbl u3 B20s3, PbF2, GdF3 u EuFs. Cunre3upoBanbl cTekia B cucTeMe
(70-x-y)PbF2-30B20s-xEuF3-yGdF; (x = 0.1, 0.5, 1.0, 1.5, 3.0; y = 0, 1.5, 2.5,
2.9). CKM nonydaiu myTeM KOHTPOJHMPYEMOW KPUCTAIIU3AIMU CTEKOJ B
Pa3IMYHBIX TEMIIEpaTypHO-BPEMEHHBIX ycnoBusax. Oo0mas konmneHTpamnus RE B
KyOM4ecKoil KpucTtaluimyeckoil ¢ase BappupoBanach oT 11 mo 12 ar.%
(Pb1xGd/EuxF2+x). O6beMHuas gomns Kyoudeckoit kpucrammniyeckoi ¢a3sl B CKM
cocrasiisiia 6onee 25%, yro Obu10 HamHoro Oosbine, yeM B CKM Ha ocHOBe
UCXOJHBIX CTEKOJ, akTuBHpoBaHHBIX | Mom.% EuF; (8-10 00.%). Ilocme
YACTUYHON KPUCTAJUTM3AIMK CTEKJIa HAOII0AAI0Ch YBEINYEHUE OTHOCUTEIHHOM
MHTEHCUBHOCTH IE€PEXoaa Do—"Fi (~ 580 HM) B CIHEKTpe JIOMHUHECLCHIIUH,
npudeM B coakTuBupoBaHHbIX Eu/Gd CKM 310 cooTHOLIEHNE YBETUUUBAETCS HA
20-50% 6omnpbiie, yem B CKM aktuBupoBaHHbIX 1 M0i1.% EuF3. Takum o6pazom,
aKTHUBHBIE LIEHTPHI B coakTUBUPOBaHHBIX CKM 0611aa10T O0bIlel CUMMETPHE.

Pa6ora BeinosHeHa npu puHaHCOBOM TToaaepkke Poccuiickoro Hayunoro
®onpa, rpant Nel9-79-10003.

1. O.B. Petrova et al., J. Non-Cryst. Sol. 531, 119858 (2020).

2. P.A. Loiko et al., Opt. and Spectr. 118 (2), 235 (2015).
3. T.S. Sevostjanova et al., Opt. and Spect. 123 (5), 733 (2017).
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AIIKOBEPCUOHHBIE TTOJIMMEPHBIE MATEPUAJIbI 5
JUIA ITOBBIIIEHU A DOPEKTUBHOCTHU COJIHEYHBIX BATAPEU

M.K. By6ros!, C.B. I'ymun!, A.C. Epmakos!, C.B. Kysuenos?, A.M. Ky3pmun',
A.A. Jlamun!, TI.A. Ps6oukuna', M.B. UepHos'
!Hayuonanononi uccredosamensvcruiit Mopoosckuti 20cy0apcmeenHbill
yuugepcumem um. H.I1. Ocapesa, Capanck
’Uncmumym obweit gusuxu um. A.M. IIpoxopoea PAH, Mocksa
E-mail: sasha41450@gmail.com

B HacTosimiee BpeMs MHOKECTBO HAyYHBIX TPYIII MPOBOAST aKTHUBHBIC
WCCJICIOBAHMSI ANKOHBEPCHOHHBIX MATEPUANOB JJII WX MPUMEHEHUS B
(bhOoTOBOIBTANKE [1-2]. ConHeuHbIe 3JIEMEHTBI 00eCITeUnBaOT
doTodneKTpUUEeCcCKOoe MpeoOpa3oBaHUE TOJIbKO TMOJ] JCHCTBUEM H3JIy4YEHUS
OTPAaHUYEHHOTO CIEKTpPaJIbHOTO Juamna3zoHa. Hampumep, myis syedku U3
KpUCTAJNIMYECKoro kpemHus oH cocrtaBiger 380-1100 wm. Pacmmputs
CHEKTPaJIbHBIA JUANIa30H U3TyUeHUs Il POTOIEKTPUUECKOTro MpeoOpa3oBaHus
MOHO TPU HCIOJI30BAaHUU KOMOMHUPOBAHHOM SYEHKH, BKIIIOUAIOIIEH CIIOM
anKOHBEPCUOHHOTO Matepuana (puc. 1). IIpu ucnosnb3oBaHUM TAKOrO MaTepualia
Kl  (OTODJEKTPUYECKOTO  MpeoOpa3oBaHus  yBEIMYMBAETCS 3a  CUET
npeoOpa3oBaHusi UM UH(PpPAKpaCHOro  M3JIYUYCHHS,  IPEBBIIIAIOIIETO
CIEKTpaJIbHBIN pabounii AuanazoH Oarapeu.

Jlyuu conHua
[IBYXCTOPOHHAA CONHeYHanA

Mornouwaemoe \ Avelika Si, GaAs u ap.
\} §

AYEeNKoW
usnydeHue __\'
ANKOHBEPCUMOHHBIN | Erat
noaumep ¢ uoHamm Er3* |

107 [ew]

P

NN
Otpaskatens \ Npeo6pasoBaHHoe ManyueHue
V|3J1y'-!€HIfEE npoweglulee 4epes CONHEYHYHO qul‘/'my
Puc. 1. Monenb I1ByXCTOpOHHEN COJIHEUHOU STYEMKU C aTKOHBEPCUOHHBIM MOJIMMEPOM,
nerupoBaHHbIM HoHamu Er’* Ha 3anHeii cTopone sueiiky.

B Hacrosmelt paGote uccienOBaHbl  XapaKTEPUCTUKHU  Ipollecca
(bOTORIEKTPUUECKOT0 TpeoOpa3zoBaHusl ja3epHOro M mmpokonosocHoro MK
U3ITydeHUs] B KOMOMHUPOBAHHOW sYEiKe, COCTOSIIEH W3 KPEMHHEBOM
TeTEPOCTPYKTYPHI U MOJIMMEPHOMN TUICHKH, TIOTYYCHHON U3 OKCUCYIb(MUIHBIX U
(GTOPUHBIX MOPOIIKOB, JETUPOBAHHBIX PEAKO3EMEIbHBIMU HOHaMH. JlaHHBIC
IJICHKU OBLIM M3TOTOBJIEHBI METOJAMHU JIKCTPY3UM M TOPSYErO MPECCOBAHMS.
[TomyyeHHbIE pE3YJIBTaThl CBUIETEIBCTBYIOT O MEPCIEKTUBHOM MPUMEHECHUU
AITKOHBEPCHOHHBIX MAaTEPHAIOB B (DOTOBOJIbTAHKE.

HccnenoBanre BBIMOJHEHO 3a cYeT TpaHta Poccuiickoro ¢oHaa
byHaaMeHTalIbHbIX HcciieqoBaHui (mpoekt Nel8-42-130011).

1. T. Trupke et al., Sol. Energy Mater. Sol. Cells 90, 3327 (2006).
2. J.C. Goldschmidt, S. Fischer, Adv. Optical Materials 3, 510 (2015).
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JIOKAJIBHBI PEHTTEHOBCKHWI JJUDPAKIIMOHHBIN AHAJIN3
HCEBJIO a-TUTAHOBOI'O CIUIABA IIT3B, JEOOPMUPOBAHHOI'O
METOJIOM POTAITMOHHOU KOBKHA

I1.B. Augpees'?, JI.A. T'ymsp®, K.E. Cmeranuna’
! Huemumym xumuu evicoxouucmoix eewecme um. I'.I". Jleessmuix PAH,
Huorcnuu Hogeopoo
’Hayuonanvuwiii uccreoosamensckuii Huowcezopoockuil 20cyoapcmeentbiil
yrueepcumem um. H.U. Jlobauesckozo, Husicnuii Hoeeopoo
E-mail: andreev@phys.unn.ru

Poranmonnass koBka SBIAETCS OJHUM W3 BHJOB HWHTEHCHUBHOU
iacTH4ecko  aedopManmu, NpuUMeHseMor s  ¢dopmupoBanus YM3
cTpykTypsl [1]. Kak moka3pIBaroT HEKOTOPHIC HCCIIEI0OBaHus, TJaHHAas 00paboTka
MaTtepuralia HAaHOCUT CBOM OCOOEHHOCTH B MUKPOCTPYKTYpPY U (a3oBsiii coctas. K
YUCIY TaKUX OTHOCSITCA, HANpUMEpP, HEOJHOPOJHOCTb MHUKPOCTPYKTYPHI B
MOTIEPEYHOM CEUCHHH 00pa3ia U GopMUpPOBAHUE METACTAOMWIBHBIX ¢a3 [1, 2].

B cBs3u ¢ HEOTHOPOTHOCTHIO MUKPOCTPYKTYPHI (TpaIueHT pa3Mepa 3epHa
B TOIMEPEYHOM CEYEHUU KOBAHOTO MpPYyTKa IOCJIE OTKHUra) UCCIEJOBAHHUE Ha
$a30BBId  cocTaB  TpeOyeT  JIOKAJIbHOCTH. |paJMIIMOHHBIE  METOJUKH
UCCIICJIOBAHUSI TIOJIMKPUCTAJUIOB — METOJ PEHTTeHOBCKOM Judpakiuu B
reomeTpuu bparra-bpeHtano He MOTYT y0BIETBOPUTH ATOMY TPpeOOBaHMUIO.

OueBHIHO, YTO YYACTKH C Pa3IUYHBIM XapaKTEPHBIM pa3MepoOM 3epHa
MOTYT OTJIMYaTbcs MO (a3oBOoMy coCcTaBy — KaK KadyeCTBEHHO, TaK W
KOJIMYECTBEHHO, a 3HAYUT ¥ UMETh pa3JIMYHbIE OJKCIUTyaTal[MOHHBIC W
KOPPO3UIHBIE CBOKCTBA.

Pemute  mpoOnemy  JIOKaJIBHOTO  aHajiW3a  MIpeanoiaraerca ¢
WCIIOJIb30BAaHUEM PEHTTEHOBCKOW TEXHHUKH C Y3KUM MEPBUYHBIM IMy4dkoM. O THIM
W3 BApUAHTOB SBIACTCS MPUMEHEHHE MOHOKPHUCTAIBHOTO audpakToMerpa
Oxford Diffraction, ocHallieHHOTO PEHTTeHOBCKOM TPYOKOI C MEIHBIM aHOJOM,
rpadUTOBHIM MOHOXPOMATOPOM M KOJUIUMATOPOM, T€HEPUPYIOIIUM MEPBUYHBIN
ny4ok auamerpom 0.3 mm u CCD peTexktopom.

Pabota Beinonnena npu noaaepxke PH® (rpant Nel19-73-00295).

1. V.N. Chuvildeev et al, J. of Alloys and Compounds 790, 347 (2019).
2. Y. Cao et al, Materials Science and Engineering 133, 1 (2018).
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SJIEKTPOHHBIE COCTOAHMA MEJIKUX TOHOPOB B KPEMHHNN
N T'EPMAHNU: YYET KOPOTKOAEMCTBYIOILIET'O IIOTEHIHAIJIA

A.A. KonakoB, A.M. Muxaiinosa, A.A. PeBun
Hayuonanvuuiii uccieoosamenvcruit Husicecopoockuii 20¢yo0apcmeenmbiii
yuugepcumem um. H.U. Jlobauescrkozo, Huscnuii Hoszopoo
E-mail: revinalexandre(@yandex.ru

TeopeTnueckoe M HAKCIEPUMEHTAIBHOE HCCIEAOBAHUE DJICKTPOHHBIX
CBOWCTB MPUMECHBIX IIEHTPOB B HEMPSIMO30HHBIX MOJIYNPOBOJHUKAX (B TIEPBYIO
odepeib KpeMHHUU U TepMaHun) Beaercs ¢ S0-X I'T. MPOIUIOro BeKa. ITH 0O0BbEKThI
BbI3bIBAIOT 3HAYUTEIbHBIA MHTEPEC U CeHyac B CBSI3M C BO3MOXHBIM UX
NPWIOKEHNEM B O0JacTH TOCTPOEHUS MCTOYHUKOB KorepeHTHoro TIm
m3nydyeHuss [l] W KBaHTOBBIX KommbioTepoB [2]. Ha »orane ananuza
HKCHEPUMEHTAJbHBIX  JaHHBIX WIM IUIAHUPOBAHUS  AKCIEPUMEHTATbHBIX
UCCIIEIOBAHUM HECTAIIMOHAPHBIX MPOLIECCOB, CBS3aHHBIX C AJIEKTPOHHBIMU
nepexo/iaMu MEXAY COCTOSIHUSIMU MEJIKUX MPUMECHBIX LIEHTPOB, CYIIECTBEHHOM
aBysieTcss MHGOpPMAIUs O CHEKTpaxX M BOJHOBBIX (DYHKIUAX JIOKAJTIU30BAHHBIX
HOCHUTEJEH, B T.4. UX BO30YKJIEHHBIX COCTOSTHUH.

B mameit pabore B pamkax merona 3(PpGheKTHUBHONM MacChbl peniagoch
ypaBHEHHE JJis orudaronieil GyHKIUU JIEKTPOHA, JIOKAIM30BAHHOTO HA MEJIKOM
JIOHOPE 3aMEIICHUsI B KPEMHUU U TepMaHuu. Bo30yXeHHbIE COCTOSIHUS p-THTIA
ONUCHIBATIUCh TMPOOHBIMU (PYHKIIUSAMHU, TpeIIOKEHHBIMH B padote [4]. B
OCHOBHOM COCTOSIHUM pPENIaJoCh MHOTOJOJIMHHOE YypaBHEHHE [5] ¢ ydeTom
KOPOTKOJIeHCTBYOMIEro noteHimana. OCHOBHOE U BO30YK/ICHHBIE S-COCTOSHUS
MOJIEITUPOBAIUCH BOJIHOBBIMU (DYHKITUSMU € IBYMS 2P HEKTHBHBIMU OOPOBCKUMH
pagnycaMu, YYUTHIBAIOIIUMH KaK JAbHOJCHCTBYIONIUN BOJOPOIOTIONO0HBIMH,
TaK M KOPOTKOACHCTBYIOIIMHI IOTEHIMAA AoHOpa. Moaudukanus ¢GyHKIMH
OCHOBHOT'O COCTOSIHUSI, TIO CPAaBHEHHUIO C BOJOPOIONOA00HOM, HEOOX0uMa IS
ydeta 3(P(dEKTOB pacHIeIUICHUs M XHUMHYECKOTO CJIBUTa, OOYCIOBJIECHHBIX
KOPOTKOJEHCTBYIOIIIUM TOTEHIIMAIOM MPUMECH. DHEPruu BO30YKICHHBIX S-
COCTOSTHUI Majio MEHSIIOTCSI B CPABHEHUH C BOJIOPOI0TIOI00HON MOJIECINIbIO B CUITY
TOTO, YTO DJICKTPOHHAS! TJIOTHOCTH Ha SIIPE B ATUX COCTOSHUSIX Majla, OJIHAKO
CBOMCTBO MOJIHOTHI 6a3UCHl TPEOYET COXPAaHEHUsI OPTOIOHAIIBHOCTH OTHOAOIINX
GYHKIUN pa3IuYHbIX COCTOSHUM.

Pe3ynbTaThl TEOPETUYECKUX PACUETOB COMOCTABISIIOTCA C UMEIOIMMHUCS B
JUTEpaType SKCIEPUMEHTAIbHBIMU AaHHbIMU [3, 6].

Pa6ora mognepxana rpantom PH® 19-72-20163.

S.G. Pavlov et al., Phys. Rev. Lett. 84, 5220 (2000).

J.J. Pla et al., Nature 489, 541 (2012).

A K. Ramdas, S. Rodriguez, Rep. Prog. Phys. 44, 1297 (1981).
R.A. Faulkner, Phys. Rev. 184, 713 (1969).

S.T. Pantelides, C.T. Sah, Phys. Rev. 10, 621 (1974).

B.B. llpmnenkos, B.H. Illactun, ®TII 52, 1469 (2018).
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BbIPAIIIUBAHNE MOHOKPHUCTAJIJIOB AgBr — Agl
N NCCIIEAOBAHHME UX ®A30BOU INATPAMMEI

JL.B. XKyxkosa, A.C. Kopcakos, M.C. Kopcakos, A.E. JIeBos, .. Canumrapees,
IO.B. Illoxuna, A.A. FOxakoBa
Vpanvckui ¢pedepanvusiii ynusepcumem um. nepgozo Ilpesuoenma Poccuu
b.H. Envyuna, Exkamepunoype
E-mail: [.v.zhukova@urfu.ru

JIns pa3BUTHS BOJIOKOHHO-ONTUYECKUX BJIEMEHTOB sl cpennet MK
obnmactu HeoOxoaumbl (HOTOCTOMKHE, TMOKHE Marepuaibl, NpPO3payHbie B
MIMPOKOM CHEKTPaIbHOM JHana3oHe. TBepable pacTBOPHI TAIOTEHUIOB cepedpa
SBIIAIOTCSL HanOoJIee MOIXOANIEH KPUCTAUIMYECKON CPEeloN i ATUX LeJeH.
TBepabie pactBopbl cuctembl AgCl — AgBr, mpospaunsie ot 0.4 1o 30.0 MxM, Ha
TEKYIIU MOMEHT ObUIM €UHCTBEHHBIMU HETOKCUYHBIMU, HETUTPOCKOTUYHBIMU
Y TUTACTUYHBIMU KPUCTAJUIaMU, IPeIHA3HAYCHHBIMU B OCHOBHOM JIJ151 TIOJTyYEHUS
nonkpucrammyeckux MK BoaokoH.

Ha ocHoBaHMM nuTEpaTypHBIX AaHHBIX W pPe3yjibTaTax HCCIEAOBaHUN
dazoBoit nuarpammbl AgBr — Agl ObuIM MONy4YeHBI HOBBIE ONTHYECKUE
MOHOKPHCTAJIIBI TBEPABIX PACTBOPOB B Auana3oHe coctaBoB OT 0 1o 33 mac.%
Agl B AgBr, u3 KOTOpBIX METOAOM TOPSYEro MPECCOBAHUA MOKHO IOJIy4aTh
pa3IMYHbIE ONTUYECKUE U3JENHs, B TOM uHcie nojaukpuctammueckue UK
BOJIOKHA.

Mounokpucrtamisl cuctembl AgBr — Agl ObUTH BBIpalieHbl IPU TTOMOIIIH
BEPTUKAIBHOTO METOJ bpukMeHa U3 MUXThI, MOTYYEHHOW THAPOXUMHUYECKUM
meronoM T3KC. Meron T3KC sBnsiercss 6a30BbIM U TMO3BOJIAET CTAOUIIBHO
MOJIy4aTh ChIPbE€ BBICOKOM cTerneHu 4ucTOThl (A0 99.99999 mac.%) B Buze
NOJINKPUCTAJUIMYECKUX ~ TBEPABIX  PacTBOPOB  33JaBa€MOro0  COCTaBa,
npeAHa3HAYCHHBIX JJIs1 BEIPAIIMBAHUS KPUCTAIIJIOB.

OCHOBHOU XapaKTEPUCTHUKON HOBBIX KPUCTAIUIOB SIBISAETCS IWAINA30H
OIITUYECKOU IIPO3PAYHOCTH. HUccnenoBanusa MPOBOJIUIIUCH Ha
MNOJIMKPUCTAJUTMYECKUX U MOHOKPUCTAJUIMUECKHUX IUTACTUHKAX TOMIUHOMN 0.35 —
3.00 mm B amanazonax anuH BoJH 0.19-1.10 mxm (Y® cnekrpodoromerp
Shimadzu UV-1800), 1.28-41.60 mxm (UK ®ypre criektpomeTp IRPrestige-21
Shimadzu), 14.7-60.6 wmxm (Vertex 80, Bruker c pacmupennsim WK
JMana3oHoM). BbUIO yCTaHOBJIEHO, YTO B 3aBUCUMOCTH OT COJEpKaHUS B
KpUCTAJJIaX TSHKEJIOro MO MOJIEKYJISIPHOM Macce iona B cucreme AgBr — Agl
JMAIa30H MPONYCKaHUS [JI KOPOTKOBOJHOBOTO U JJIMHHOBOJIHOBOTO Kpas
MOTJIONIEHUS CMENIAETCS B CTOPOHY yBEIWYEHUs IJWHBI BOJHBI (0T 0.465 no
0.480 mxm 1 ot 46.0 no 50.0 mxm, coorBeTcTBeHHO). [IpHr 3TOM HaOMIOMACTCS
CWIbHOE  yBenu4YeHHWEe  (POTOCTOMKOCTM  Marepuana,  KOTopoe,  IIo
PEIBAPUTEIFHBIM JAHHBIM, TIPEBBIMIACT Jaxe (POTOCTOUKOCTh TBEPABIX
pactBopoB cuctemMbl AgBr — T1Broslo.sa [1].

1. A.S. Korsakov et al., Chinese Opt. Latt. 14 (2), 020603 (2016).
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UCJIJIEJJOBAHUE ®A30BOU JIUATPAMMEI AgBr — Agl

K.A. Eropoga, JI.B. Xyxkosa, A.C. Kopcakos, A.E. JIboB, I1.B. Ilectepena,
JI.JI. Caumrapeen, A.A. IOxakoBa
Vpanvckuui ¢pedepanvusiii ynusepcumem um. nepgozo Ilpesuoenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: [.v.zhukova@urfu.ru

B mnacTtosimiee BpeMs BOJIOKOHHO-ONTHMYECKAs MNPOAYKIUMS HAa OCHOBE
rajiorenuicepeopsaHbix cBeToBoAoB cuctembl AgCl — AgBr st pa3inuyuHbIX
oOnacTeil HAyKM M TEXHUKH, B TOM UHCIE i1 OMOTEXHOJIOTMH M Ja3epHOM
MEUIMHBI, aKTUBHO peamu3yeTrcs pa3nudHbiMu Qupmamu. Hegocratkom 3Toit
CUCTEMBI TBEPABIX PACTBOPOB SIBISETCS YD PEKT cTapeHus, CBI3aHHBIN C BEICOKOM
¢dboTOuyBCTBUTEIHLHOCTHIO. TeM He MeHee, TBepble pacTBOphl cucteMbl AgCl —
AgBr, mpospaunsie or 0.4 pgo 30.0 MKM, SBIAIOTCA €OUHCTBEHHBIMHU
HETOKCUYHBIMHM, HETUTPOCKONMUYHBIMA U  IJIACTUYHBIMU  KpHUCTaJUIaMH,
npeAHa3HAYCHHBIMU B OCHOBHOM [IJIsl MOJy4eHUs nosukpucraminyeckux MK
BOJIOKOH [1]. HeoOxoaumocTh paciiupenust pabouero CneKTpaabHOro Juana3oHa
cBetoBojioB oT OmmwknHedt WK o6mactu (0.8-2.0 MKM), rae HpUMEHSIIOTCS
KBaplIeBbIC BOJIOKHA, A0 cpeaneil u naxe nanbHeit UK obmactu (mo 100.0 Mkm),
000CHOBBIBAET OMCK HOBBIX ONTHYECKUX MATEPHAIIOB, pa3pabO0TKy TEXHOJIOTHA
UX CHHTE3a, HMCCJIEIOBAHUE CTPYKTYpbI, CBOMCTB M 00JacTeil MpUMEHEHUS.
[ToaToMy akTyanbHOU 3amaudeld sBiseTcsl pa3paboTKa paguallMOHHO-CTOMKHUX,
HETUTPOCKOMUYHBIX U IJIACTUYHBIX KPUCTAJUIOB JJISI U3TOTOBJICHUSI ONTUYECKUX
JIeTaneu.

B cBs3u ¢ 9TUM TIpeACTaBIISIIO MHTEPEC HMCCIENOBAaTh KBa3UOWHAPHYIO
cucremy AgBr — Agl. Jlanubiii BbIOOp OB 0OOCHOBAH, BO-TIEPBBIX, CXOXHUMH
(U3UKO-XUMUYECKIMH CBONCTBAMH MaTEPUATIOB, KOTOPHIE XOPOIIO 00pa3yroT
TBEP/IbIE PACTBOPHI 3aMEILICHMUS, TUIABAIIUXCA MPU O0Jee HU3KOM TeMIeparype,
9YeM WCXOJIHBIE KOMIIOHEHTHI. BO-BTOpBIX, Oojiee TsKEIBIM HOHOM HOJa,
BBEJICHUE KOTOPOTrO JOJDKHO MOBBIIATH UANa30H Npoiyckanus B gaibHeM MK
Y yMEHbIIAaTh POTOUYBCTBUTEILHOCTh MaTepUala.

Nzyuenue ¢azoBoii quarpammbl AgBr — Agl nmpoBoauiiocs mMeromamu
g depeHInanbHO-TEPMUUECKOT0 U PEHTIEHOCTPYKTYpHOro aHanu3oB (TA,
P®A). DxcniepruMeHTHI TPOBOMIM B 3aMasHHBIX aMITyJlaX M3 CTEKJIA «ITUPEKCH
crienuaibHOM (OpMBI, MPU FOMOreHU3aluu 00pa3oB B TeueHue 20 yacoB mpu
temneparype 550 °C. CkopocTh HarpeBa U oxJaxjaceHus coctapisyia 2 u 5 °C B
MuHyTy. M3ydenue ¢azoBod auarpamMmbl MOKa3ajao BO3MOKHOCTb MOJTYYCHUS
01HO(ha3HOTO TOMOTEHHOT'0 MaTepuaia B guanazoHe coctaBoB ot 0 1o 33 mac.%
Agl B AgBr u BO3MOXHOCTb BBIPAIIMBAHUS U3 HEr0 ONTHUYECKUX
MOHOKPHUCTAJIJIOB.

PaGora BemonHeHa mpu mnoaaepxke Poccuiickoro nayunoro (onaa B
pamkax rpanTta Nel8-73-10063.

1. A.S. Korsakov et al., App. Opt. 54 (26), 8004 (2015).

146



CHEKTPAJILHBIE CBOMCTBA BUCMYTIEPMAHATHBIX CTEKOJI,
JIETMPOBAHHBLIX OKCHUAOM LHEPUA

O.b. Ilerposa, JI.M. Casenxo, K.C. Cepkuna, 1.B. Crenanosa
Poccutickuii xumuxo-mexnonoeuueckuti ynusepcumem um. J{.U. Menoeneesa, Mocksa
E-mail: ivstepanova@muctr.ru

BucMyTrepmanaTHble CTEKIIA SBIISIIOTCS IEPCIIEKTUBHOM aKTUBHOM cpeioi
JUIs JIa3epoB € IepecTpamBaemMoil udactorod wuznyuenuss B MK nuamasone,
Osarosiapsi HATMYKUIO Y HUX IIMPOKOTNOIOCHOU JIIOMUHECIEHIIMHU B 06sactu 1100—
1500 HM, CBsI3aHHOW C BUCMYTOBBIMU aKTHUBHbIMH LieHTpamu (BAIIL) [1].
KonunuectBo BAIL M0XHO peryianpoBaTh, U3MEHSS YCIOBUS CUHTE3a WIIA OTKUTa
crekna [2], Wi BBOJS B CTEKIJIO MOHBI-OKMCAHUTENH [3], B ToM unciie nonsl Ce* u
Ce*', He UMeroIIMEe COOCTBEHHBIX MOJIOC MOTJIOIIEHUS B BUAUMOI 1 onnxHet UK
obnactu crnekrtpa. [JlanHas paboTa MOCBSILEHA WCCIEIOBAHUIO BIUSHUS HOHOB
uepus Ha KoHueHTpauoo BAILL B cTeknax.

beit npoBenen cuntes crekod B cucreme xBi203 — (100-x)GeO; — yCeOso,
rae x = 10, 15, 20, 25 mon.%; y = 0; 0.01; 0.05; 0.1; 1 mon.%. Cmech okcuaoB
mnaswik npu t = 1100 °C B teyenune 30 MUHYT, 3aT€M OTJIMBAIM PaCIUIaB Ha
METAJUTUYECKYI0 MOJJI0KKY. CHEKTpbl MOTJIONMIEHUsT O0pa3loB CHUMAIU Ha
criekrpodoromerpe UNICO 2800 (UV/VIS) B nuanazone 190—1100 um.

CuHTe3upoBaHHbIE BUCMYTI€pMaHATHbBIE CTEKJIa 0€3 OKCHJIa IEPHUS UMEIOT
KpacHYI0 OKpacKy. VX cieKTpbl NOTJIOMIEHUS COIEPKAT XapaKTEPHYIO IIUPOKYIO
noJsiocy morjomenus B oonact 500 HM, ”HTEHCUBHOCTh KOTOPOM 3aBUCHUT OT
kommyectBa BAILL [2].

Jlo6aBnenne CeO; mnpuBOAUT K yMEHBIICHHIO KojuuectBa BAI]
BCJICJICTBHE OKHCIICHHUSI MIOHOB BUCMYTa, BXOAA1IKX B cTpykTypy BALI. CTenenb
BisiHAS CeO2 Ha CBOMCTBA CTEKOJ 3aBHUCHUT OT KOHUEHTPAUWHU B CTEKIE, KaK
OKCHJIa LIEpHsl, TAK U OKCHAAa BUCMYyTa. B cepusax crekon, coaepxkamux 10 u
15 mon.% B1203, o0pa3upl MOJHOCTBIO OOECIBEYMBAIOTCS IPU T00ABICHHUH
0.05 mon% CeO;, a npu AAIBHEHIIEM YBEIWYEHUU KOJUYECTBA LEpUA
npuoOpeTaroT KenThiil 1BeT. ObeciBeunBanue cBsizaHo ¢ pazpyuienueM BAILL, a
MOSIBJICHUE JKEJITOM OKpacKu 00yCIIOBIECHO CMEIIEHUEM KOPOTKOBOJHOBOTO Kpast
NOTJIOIIEHUST B JUIMHHOBOJIHOBYIO  OOJIaCTh  BCJIEACTBUE  YMEHbILICHHUS
DHEpPreTUYecKorM menu crekon noj BausHuem CeOz. B cepusix crekod,
coaepxkamux 20 u 25 mon.% BixOs, pu Toit xe konmneHtparuu CeO: (0.05
M011.%), FHTEHCUBHOCTH IorJiomenus B ooiaactu 500 aM cHuxkaercs, Ho BALL He
MCYE3aI0T MOJTHOCTBIO, U3-32 OKUCIICHUS TOJIBKO YaCTH MOHOB BUCMYTA.

1. E.M. IuanoB, KBanTtoBas snexkrponuka 40 (4), 283 (2010).

2. N.B. Crenanoga, K.C. Cepkuna, O.b. IletpoBa, OnTuka u CrieKTpoCKOnus
KOHJICHCUPOBAHHBIX cpea: marepuanbl XXV MexayHap. Hayd. KoH(Q.
Kpacnonap: Kybanckuii roc. yu-t, 95 (2019).

3. A. Winterstein et al., Optical Materials Express 2 (10), 1320 (2012).
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BJIMAHUE TEPMOOBPABOTKHN HA BO3AYXE 11 B BAKYYME
HA MEXAHMYECKUE CBOMCTBA KPUCTAJIJIOB YACTUYHO
CTABMJIM3MPOBAHHOI'O INOKCUAA HIUPKOHUA
2Y-0.8RSZ (R- Ce, Nd, Tb, Er, Yb)

M.A. Bopuk!, A.B. Kyne6sxun', E.E. JlJomonosa!, ®.0. Munosnu?,
B.A. Meuna', [1.A. Ps6oukuna’®, H.B. Cunoposa’, H.}O. Ta6aukosa'?
TUnemumym obweri ¢pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Hayuonanvmvlii ucciedo8amenbCKuil mexnoio2uieckutl YHueepcumen
«MHUCuC», Mockesa
SHayuonanvuwiii uccneooeamensckuti Mopoosckuii 20cyoapcmeentbiil
yuusepcumem um. H.I1. Ocapesa, Capanck
E-mail: ya.natalka? 1 12(@yandex.ru

Bricokas mpOYHOCTH, H3HOCOCTOMKOCTD, BA3KOCTh PA3PYLICHUS U HU3KUN
KOA(POUIIUEHT TPEHUS KPUCTAUIOB YACTUYHO CTAOMJIM3HPOBAHHOTO JMOKCHIA
mupkonus (UCLL) oOycnaBauBaioT 0OJbIINE NEPCIEKTUBBI UX UCIOIB30BAaHUS B
KayeCcTBE KOHCTPYKLIMOHHBIX MAaTEPUAJIOB, 3JIEMEHTOB TPUOOTEXHUKHU, PEXKYLIUX
MEIUIMHCKUX HHCTPYMEHTOB M T.A. OJHUM U3 KJIIOUYEBBIX MPEUMYIIECTB
MaTepUaJiOB Ha OCHOBE JAMOKCHAA LMPKOHMS SIBISETCS HX CIOCOOHOCTb
COXpaHsTh IMPOYHOCTHBIE CBOMCTBA NpPH BO3JCHCTBUU BBICOKUX TEMIIEpaTyp.
Opnako xpuctamibl YCL[ sBIAOTCS MeTacTaOMIBHBIMH, MO3TOMY Ba)KHBIM
aCleKTOM HX MPAKTHUYECKOr0 MPUMEHEHUS, IMO3BOJSIONIUM YCTAaHOBHUTD
TEMIIEPATYPHBIE WHTEPBAJIbl SKCIUTyaTallld, SIBJSIETCS UCCIEHOBAHUE BIIUSHHS
TEPMUYECKOTO OT)KUTA Ha (pa30BYIO CTAOMIBHOCTD.

Panee npoBeneHHbIE HCCIENOBAHMS  [OKa3ald, YTO  Bapualus
COJIETUPYIOIIUX TOOABOK B TBEPJBIX PACTBOPAX HA OCHOBE JUOKCH[A IIMPKOHHUS
MOET 00ECIEUYUTh MOJIYyYEHUE MAaTEPUANIOB C YJYUIIEHHBIMU MEXaHUYECKUMHU
xapaktepuctukamu [1]. Taxxke B pabore [l] ObUIO NPOAEMOHCTPUPOBAHO
BJIUSHUE BHJA COJIETMPYIOLIEH MPUMECH Ha TPEIIMHOCTOMKOCTh KPHCTAJIOB
2Y-0.8RSZ (R —Ce, Nd, Y, Er, Yb) u ycranoBiieH coctaB ¢ HanboJjiee BHICOKUMHU
3HAYECHUSMU KO3 (DUITUEHTA TPEITUHOCTONKOCTH.

B nacTosimieit pabote ObUT MPOBEICH aHAIN3 SBOJIOIMH (a30BOT0 COCTaBa
¥ 3HaYCHUN KO3 dUIIMEHTA TPEIIMHOCTOUKOCTH KpucTtamwioB 2Y-0.8RSZ (R —
Ce, Nd, Tb, Er, Yb) mpu TepM0o0oOpaboTKe Ha BO3yXEe U B BaKyyMe, C IIENbIO
BBISIBJICHUSI ~ COCTaBOB,  OOJIAJAIOIIMX  ONTHUMAJIbHBIMU  MEXaHUYECKUMHU
XapaKTEPUCTUKAMU, TIPH padOTE B MIMPOKOM JIMAIIa30HE TEMIIEpPaTyp.

PaGora BbImonHeHa TIpu (QUHAHCOBOW moamepxkke rTpanta PHO®
Nel18-00-397.

1. M.A. Borik et al., Materials Chemistry and Physics 232, 28 (2019).
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BJIMAHUE HECTEXUOMETPUU NN XTHI U YCHOBUI/If/'I CHUHTE3A
HA KPUCTAJUIN3ALNIO CETHETOSJIEKTPMYECKOU ®A3bI Bi2GeOs

N.X. Asetucos, M.U. I'yciucros, M.I1. 3sixoBa, O.b. IletpoBa, K.1. Pynuna,
N.B. Crenanosa
Poccutickuii xumuxo-mexnonoeuueckuti ynusepcumem um. J1.U. Menoeneesa, Mocksa
E-mail: ivstepanova@muctr.ru

Kpucrammueckas ¢daza BioGeOs Mo HEKOTOPBIM CErHETORIEKTPUUECKUM
XapakTepucTuKaM siBisiercs aHajgorom kepamuku BaTiOs [1]. Ilo mHeHuro
OOJBIIMHCTBA aBTOPOB, 3Ta (aza SBISETCS MeTacTaOUIIbHOM, 4TO Tpedyer
ONPE/ICJICHHBIX TEMIEPaTypHbIX YCIOBUM 175l ee cuHTe3a [2]. C Hamed Touku
3peHus, NaHHyl (azy MOXKHO pacCMaTpUBaTh KaK HECTEXHOMETPUYECKYIO,
oOpasyromrytocs B cucteme Bi-Ge-O mnpu npedurure kuciopona (u30bITKE
BrUcMyTa). B maHHO#W paboTe MCCIe0BaHO BIMSHUE HECTEXUOMETPUU IIUXTHI U
TEeMIEpaTypbl paciuiaBa Ha ¢azoolOpazoBanue B cucreme Bi-Ge-O.

Jlns cuntesda roroBwin muxTty coctaBa S0[(1-x)B120s — 2xBi] — 50GeO;
(mon.%), rae x = 0; 0.05; 0.1; 0.2; 0.3; 0.4; 0.5. Takoe MOJIbHOE COOTHOIIICHUE
okcuJoB BUcMyTa U repmanus (50:50) cooTBeTcTBYEeT (popmylie COEIUHEHHUS
Bi1,GeOs, a 3amemenume dactu BixO; nHa Merammmueckuid Bi  co3maer
HEO0OXOAMMYI0 HECTEXMOMETPHUIO M0 KUciopoay. CHUHTE3 KpucTaluIMdyeckux (a3
MPOBOJMIN OXJIAXKICHUEM paciljlaBa HMCXOJHOM IIMXThI, MPEIBAPUTEIHHO
BbIJICp’)KAHHOTO B TeueHue 15 muuyT npu temmneparypax 1020 wim 1100 °C.
CrpykTypy (a3 aHanmm3upoBaau ¢ MOMOIILI0 PEHTTEHOBCKOTO AU(PPAKTOMETPA
Inel Equinox-2000 (CuKq, A = 1.54056 A) B unrepnane yrios 20 = 10-80°.

[Tpu oxnakaeHu paciuiaBa, MOJIy4YeHHOTO U3 CTEXMOMETPUIECKOMN UXTHI
(x =0) mpu 1020 °C, conepsxanne uckomoii ¢haszpl Bi2GeOs B KOHEYHOM MPOTYKTE
He npeBbimaeT 33%. 3amemenue Bi2O; Ha Bi npu Tex ke yClIOBUSAX CHUHTE3a
yBenmuuBaeT oo (asel BiGeOs, Butote g0 100% npu x = 0.4. Hamo
OTMETHTh, YTO CTPYKTYypa M KOJHUYECTBO BTOPUUYHBIX KPHUCTALIUYCCKUX (a3
U3MEHSIOTCS B 3aBUCHMOCTH OT KOJIMYECTBA BBEICHHOTO Bi.

[Ipu oxnaxnenuun pacmiasa ¢ t = 1100 °C conepxanue ¢assl BioGeOs B
KOHEYHOM mpoaykre mpu X = 0 moxomut ao 87%, a yxe npu x = 0.1 ona
CTAHOBUTCSl €IMHCTBEHHOM KpucTajummueckon ¢asoii. Ilomaraem, mnoBbIlIeHUE
TeMIlepaTyphbl paciiiaBa MPUBOJUT K BOCCTAHOBJICHUIO HMOHOB BHCMYTa, YTO
CIOCOOCTBYET BO3HMKHOBEHHUIO HEJIOCTaTKa KHUCIOpOJa W, KaK CJEICTBHE,
OPUBOJUT K TMPEUMYIIECTBeHHOMY oOpazoBanuto (a3el BixGeOs. Takum
0o0pa3oM, yBEIMYECHHE HECTEXHOMETPHHM HMCXOJHOW IIUXTHI, TaK e, KaK |
MOBBIIICHUE  TEMIEPaTypbl  paciulaBa  CIIOCOOCTBYIOT — KPUCTAJLTU3AINH
enuMHCTBeHHOM (a3bl BinGeOs.

1. K. Pengpat, D. Holland, J. of the Europ. Ceram. Soc. 23, 1599 (2003).
2. V.P. Zhereb, V.M. Skorikov, Inorg. Mat. 39, 2, S121 (2003).
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METOIMKA ®YHKIIMOHAJIM3ALIMM MHOI"'OCTEHHBIX
YI'JIEPOJHBIX HAHOTPYBOK KAPEOKCUJIMPOBAHWUEM

M.B. Bysaesa', M.C. Epumos!', 1.A. Makaposa!, B.A. Ceprees'?, U.B. ®ponos'~
TV nvanoeckuii 2ocyoapcmeenviii mexnuueckutl yuueepcumen, Yabsano6ck
2Vavanosckuti punuan Uncmumyma paouomexuuku u 31eKmpoHuKu
um. B.A. Komenvnuxosea PAH, Ynvanosck
E-mail: m.buzaeva

[Tpu kapOokcunupoBanun YHT B cMecH KOHIEHTPUPOBAHHBIX CEPHON U
azotHoM kuciorT mpu 90 °C [1] KOAMYECTBO MPHUBUTHIX TPYII JOXOIUT 0
4.0 mac. %. Henmocrarok crnocoba — oOpa3zoBanue amopdHoro yrieponaa. B
pa3paboTaHHOM  HaMU  METOAMKE  KapOOKCHWJIMPOBAHUS ~ MHOTOCTEHHBIX
yraepoanbix HaHoTpyook (MYHT) B cmecu mepokcuia BOmoOpoja, CEpHOUM U
a30THOM KuCHOT npu Temrieparype He Bbie 70 °C B teueHne 120 MUH CHM>KEHME
TEMIIEpaTypbl MO3BOMWIO H30ekaTh 0o0pa3oBaHUs amMop(dHOro yriepoja u
MOBBICUTH COJIEpKaHue KapOOKCHIIbHBIX rpymnm 110 5.5 mac.% [2] (puc. 1).
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Puc. 1. Cogepxanue kapOOKCHUIBHBIX
rpynn B MYHT ot Bpemenn
(bYyHKIIMOHATTU3AINH:

1 — emecbro H2SO4/HNO3 ipu 90 °C;

2 — cmechio H202/H2SO4/HNOs ipu 70 °C.

Ha mnoepxnoctn ¢QynkunonamusupoBanasix MYHT (MYHT-COOH)
KpOME KapOOKCHIIbHBIX HAXOASTCS KapOOHUIIbHBIE U TUIPOKCUIIbHBIE TPYIIIIBI.

B UK cnekrpax MYHT-COOH (puc. 2) nHabnrogaeTcs mupokas mojoca
nornomenus B oomactu 3000-3800 cm! (konmeGanus OH rpynm). ITonocs
nornomenus 2851 u 2921 cm ! otHOCATCs K Konebanusm C—H rpynm, momoca
1559 cm! xapakrepna s cesasu C=C yrnepoanoro ckenera YHT. ITonocsr 1653,
1700, 1734 cm!' coorsercTByror kosneOanusam cBssu C=O. IlonydeHHble
pe3ynbTaTbl HAXOJATCA B COOTBETCTBUM C HW3BECTHBIMM JIaHHbIMH, [3].
JIuneituarsiit Bua UK cnexrpa o0ycnosieH agcopouueit Ha MYHT monekyi raza
u3 Bosayxa. ITomocsr 2300-2400 cM™! oTHOCATCS K YIIIEKHCIIOMY Tasy.

Pabora  BemosHeHa — npu  noanepxkke — Poccuiickoro  Qonna
byHaaMeHTalbHbIX HcchegoBaHuil u IlpaBuTenbcTBa YIIBSIHOBCKOM 00nacTu

(mpoext POD®U Ne 19-42-730011).

1. M.H. KupukoBa: qucc. kana. xuM. Hayk. Mocksa, 2009, 150 c.

2. N.A. MakapoBa: 1uccC. KaHJ. XUM. HayK. Y JIbIHOBCK, 2018, 122 c.

3. B.A. Eropos: aucc. kaua. xuM. Hayk. H. Hosropona, 2012, 163 c.
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BJIIMAHUE TEPMOOBPABOTKU HA CTPYKTYPY 1 MEXAHUYECKUE
CBOHMCTBA KPUCTAJIJIOB IMOKCUIA TUPKOHU A, HACTUYHO
CTABMJIN3MPOBAHHBIX OKCUIOM I'AJOJIMHU A

M.A. Bopuk!, A.B. Kyne6saxun', E.E. JlJomonosa!, ®.0. Munosnu?,
B.A. Meuna', H.IO. Ta6aukosa'?, A.C. Yucnos'*
TUnemumym obweri ¢pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Hayuonanvmvlii ucciedo8amenbCKuil mexnoio2uieckutl YHueepcumen
«MHUCuC», Mockesa
E-mail: chislov.artem@bk.ru

TBepable pacTBOppl Ha OCHOBE JUOKCHJA LUPKOHUS  SIBIISIOTCS
NEePCIIEKTUBHBIMU TYTOIJIAaBKUMU MaTepUajaMu, KOTOpbIe CIOCOOHBI paboTaTh B
arpeCcCUBHBIX OKHUCIIMTEIBHBIX CpEAaxX NpU MOBBILIEHHBIX TEMIIEpaTypax.
TBepable pacTBOpbl HAa OCHOBE JHMOKCHAA LHUPKOHUA C KyOHMYEeCKON H
TETpParoHaJabHOU CTPYKTYPOU SIBISIOTCA TEPMOAMHAMUYECKHA METACTAOUIbHBIMU
Py KOMHATHOM TeMIlepaType U B YCIOBHUAX SKCIUTyaTal[Md MPH MOBBIILIEHHBIX
TeMIlepaTypax MOT'YT IPETEePIIEBATh CTPYKTYPHBIE MPEBPAICHUS, IPUBOISIINE K
CYILLIECTBEHHOM Jierpajaluu uX (PyHKIIMOHAIbHBIX XapaKTEPUCTHK.

B nannoii pabore npuBOAsATCS pe3yJIbTaThl UCCAEAOBAHUS MEXaHUYECKHUX
CBOMCTB, CTPYKTYpHI U (pa3oBoii ycroitunBocTH TBEpAbIX pacTBOPOB Zr02-Gd20;3
nocie orxura rnpu temmeparype 1600 °C Ha Bo3iyxe U B BaKyyMe.

Kpucramibl BbIpaluBaid METOJOM HAaIpaBIECHHON KpHUCTAJUIM3aLUU
pacruiaBa B X0JI0JHOM KoHTelHepe. Onpeaenenue (pa30Boro cocTaBa KpUCTauIOB
IPOBOJAMIN METOJIOM PEHTTEHOBCKOW AudpakromMeTpuu. MUKpPOTBEPAOCTh U
TPEIMHOCTOMKOCTh KPUCTAJNIOB U3MEPSUIA METOA0OM HHECHTUPOBAHUS.

HccnenoBanue ¢a3oBOro cocraBa MW MEXaHHMUECKUX XapaKTEPUCTHUK
KPUCTAJJIOB Ha OCHOBE JUOKCUIA LUPKOHUS B 3aBUCHMOCTH OT KOHLEHTPALMH
CTAOMJIM3UPYIOILEr0 OKCHU/IA MT0KA3aJ10, YTO yBeandyeHue koHneHTpauuu Gd0s B
kpuctamiax ot 2.8 no 4.0 Mo0n.% NPUBOJUT K YMEHBIICHHIO COAEPKaHUS
TpaHCHOPMHUPYEMOI TETparoHaJIbHOW (a3bl M YMEHBUICHUIO CTEIEHH €€
TETParoHaabHOCTU. DTU (PAKTOPHI B KOHEUHOM MTOT'€ MPUBOJAST K YMEHbILIECHUIO
TPEIMHOCTONKOCTH KPUCTAILIOB C yBelnyeHueM KoHnueHtpauuu Gd>0Os.

[TokazaHO YTO OTXKHUI TETPAaroHAIbHBIX TBEPABIX pacTBOPoB Zr0x-Gd>03
PUBOJIUT K YBEIMYEHUIO 3HAUCHUM TPEIIMHOCTONKOCTH JJI BCEX UCCIIEAYEMbIX
COCTaBOB, 32 CUET CHATUS MHUKPOHAINpPsDKEHUN B KpucTayax. da3oBeiil aHanus
MoKa3aj, 4yTo nocye omxkura npu remneparype 1600 °C Ha Bo3ayXe KOJIMYECTBO
HETpPaHCHOPMUPYEMOU TETparoHAIbHON (a3bl yBEIMUMUIIOCH TSl BCEX 00pa3IoB
0  CPaBHEHUIO C  POCTOBBIMH  KpHUCTAJUIaMH M KpPUCTaJUIaMH
TepMooOpaboTaHHBIMU Ha Bo3ayxe. I[lpm oTkure Ha BO3IyXe 3HAYCHUS
TPEIIMHOCTOMKOCTH BBILIE, YEM IPU OTKUIE B BAKyyMe, TaK KaK KOJUYECTBO
HeTpaHchOpMUPYEMOH (pa3bl MPU OTKUTE HA BO3AYXE HE YBEITUUHBACTCS.

Pabota BeinmonHena npu noajaepxke rpanta PH® Nel6-13-00397.

151



KPUCTAJIJIBI I'PYIIIBI BOPATOB U1 TEHEPAIIMA TT'L U3JIYUEHN A

FO.M. Anppees!, C.I'. 'peunn?, I'.B. Jlanckwuii!, A.A. Mampaiues?,
H.A. Huxonaes®, IL.I1. Hukonaes*

! Hnemumym monumopunea knumamueckux u sxonozuueckux cucmem CO PAH, Tomck
’Uncmumym obweit gpusuxu um. A.M. ITpoxopoea PAH, Mocksa
SUncmumym aemomamuxu u snexkmpomempuu CO PAH, Hoeocubupck
000 «Heopomonuxay, Canxm-Ilemepbype
E-mail: S.G.Grechin@mail.ru

BrniepBbie mpencTaBieHbl pe3ysbTaThl MO TEHepaluu cyOTeparepioBoro
(0.3-0.1 Tl'ny wm 1-3 MM) u3dy4YeHUs B HEJIMHEMHBIX KPUCTAIaX ceMencTBa
O60paToB ¢ HEOONBIION BEIMUYNHON HEJIMHEWHOCTH BTOPOTO MOPSAIKA: OJJHOOCHOM
kpuctamie [-BaB2Os (BBO) toueunoit rpymmel cummerpun (TI'C) 3m ¢
AJIEMEHTAapHOM SYeMKOi M3 42 aTOMOB, UMEIOUIMM HEJTUMHEHHBIA KOA(P(ULIUEHT
d>z = 2.3 mm/B; aByxocHbix kpuctawiax LiB3;Os (LBO, TT'C — mm2, 36 atomoB,
ds2 = 0.85 mm/B) u B-BiB3;Os (BIBO, TI'C — 2, 20 aromos, dzs = 3.48 nm/B).
OCOOEHHOCTBIO ATUX KPUCTAIJIOB SIBIISIETCSI CIOKHASI CTPYKTypa dJIEMEHTapHOM
SIYEMKH, BBICOKHM IOPOTI ONTHYCCKOrO pa3pyIICHHS, OOIBIION KO3 UIUEHT
TIOTJIOIIECHUS 11 Henoasspu30BaHHOTO M3nydeHus Boime 0.5 T [1-3]. bonbmme
KHUCIJIOPOJ0COIEPKAIINE KOMIUIEKChl B HHMX TMO3BOJISIOT MOJTYYUTh HEOOJBIION
KO3((ULMEHT MOTJIOMIEHNS B HU3KOYACTOTHOM YaCTH CIIEKTpa.

Kpucrann LBO B Ommxnem MK [ L s A
ana3oHe UMeeT HU3KUN KOdPUIIUEHT 60
nornomenus  menee 107 em L
Koaddumuent mormomienus Kpucramuia
BIBO wna mmue Bomael 1064 ©HM i
OKas3ajcsi B 2 pa3a MEHbIIE, YeM A |
BBICOKOKaYeCTBEHHOTO Kpuctaiuia BBO. 20

Onruueckue CBOMCTBA
KPUCTAJUIOB B TepareploBoil olnactu
cniektpa 710 2.4 TI' ObLIM HMccaea0BaHbI B e AR R o)
¢ mnomoupro TI'm cnoekrpomerpa ¢ v THz
paspemernneM Bo BpemeHu TeraPulse Puc. 1. CriekTpajibHble 3aBUCHMOCTH
4000 (TeraView,AHnrnusi), CHaO)KCHHBIM  KO3(Q(HIMEHTOB NOITIOIIEHUs KPUCTAILIOB
IPOrPaMMHBIM obecreueHrneM LBO. BBO. BiBO.
cooctBenHo paspabotku. Ha pwumc. 1 BumHo, uro kpucraur BIBO wnmeer
MUHUMAJIbHBIH ~ KOA((UIIMEHT MOIJIoUIeHne Hapsay ¢ MaKCUMalbHBIM
HenmHenHbIM KoaddunrentoMm B TT' obnactu. [loaTomy oH siBisieTcst Haubosee
NEPCHEKTUBHBIM KpUCTAILIOM Juist TeHepaunu 111 nu3nyyenus. C Apyroi CTOPOHHI,
OH OTHOCHUTCS K TOYEYHOM TpyMIe CUMMETPUU 2 M UMEET OYCHb CHeIU(PUIHbIC
dbusznueckue CBOMCTBA, 4YTO JE€JIA€T KOHTPOJb €ro BBIXOJHBIX MapaMeTpoB
CJIOKHOM 3a7iadeid. Pe3ynbraTel 1o mporieccy npeodpa3oBanusi OyIyT JOTO0KEHBI
Ha KOH(EpEHIIUH.

1. D.M. Lubenko et al., Proc. SPIE 11322, 274351 (2019).
2. N.A. Nikolaev et al., J. of Physics: Conference Series 951, 012005 (2018).
3. Y. Lee et al., Results in Physics 19, 102815 (2019).
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NCCIEAOBAHHME OJHOPOAHOCTHU ®A30BOI'O COCTABA TBEPJbIX
CINTABOB HA OCHOBE KAPBUJIA BOJIbOPAMA N KOBAJIBTA

I1.B. Auapees, E.A. Jlannes, K.E. CMeTanuna
Hayuonanvuwiii uccneoosamenvcxkuii Husxxce2opoockuii 2ocyoapcmeentbiil
yrueepcumem um. H.-U. Jlobauesckozo, Husicnuti Hoeeopoo
E-mail: smetanina-ksenia@mail.ru

TBepapie crnaBsl Ha ocHOBe WC — Co xapakTepus3yrTcs BBICOKOU
IPOYHOCTHIO U UBHOCOCTOMKOCTBIO, UTO TTO3BOJISIET UCMOIB30BATh UX B KAUE€CTBE
METaJIOPEKyIIEro HHCTpyMeHTa. [ToBbillIeHre MEXaHUUECKUX CBOMCTB JAHHBIX
MaTepHAaJIOB CBSI3aHO C 3a7a4eil 00 OJJHOPOAHOCTU UX (ha30BOTO COCTABA.

[lepcniekTUBHBIM METO/I0M MOJTyYeHUS CIUIaBOB SIBIISICTCSI
ANEKTPOUMITYJILCHOE TUIA3MEHHOE CIEKaHMsI NOpOIIKOB. [ToBEpXHOCTh yacTHUI
nopomka WC Bcerma OKHUCIIEHA, HM3-32 4YEro B CIIEKAEMOM O0ObeMe IIpH
HarpeBaHUM MOKET BO3HUKHYTH NE(PUIMT yriiepoaa BCIEACTBUE 00pa3OBaHMS
CO u CO,. HapyuieHue cTeXHOMETPUH MPOBOLMPYET 0Opa30oBaHUE XPYINKHUX
n-daz (CoxW,C,) [1]. duddy3us yrnepoaa c¢ rpadutoBoit mpecc-popmbl, B
KOTOPYIO 3aChIlIa€TCSd IOPOIIOK, TIO3BOJSET YMEHBIIUTh OTOT 3PGEKT:
MOBEPXHOCTHBIN cJIoM oOpasiia He OyAeT cojepxaTh 1-(ha3bl, HO HA HEKOTOPOM
PaCCTOSTHIH OT TOBEPXHOCTH 3TH (Pa3bl MOTYT CYIIECTBOBATh.

B kadecTBe OOBEKTOB HCCIEIOBAHMS BBICTYNMAIW 3 TBEPAOCIUIABHBIX
oOpa3la, crnedyeHHble M3 IMIa3Moxumuyeckoro mnopomka WC u kobanbTa
(10% wmacc.), HaHeCEeHHOro Ha MoBepXHOCTh yacTul] WC METOJIOM OCa)KJEHUS.
Crnekanue ocymiecTBiIsioch Ha ycraHoBke «Dr. Sinter model SPS-625» B
Bakyyme (V = 50 °C/mun, P = 70 MIlla) npu 1050 °C, 2 obOpa3ua — c
nerazaimonHoil Beiepxkkod npu 850 °C B Teuenue 10 muH. IloBepxHOCTH
o0pasloB  MmocjeAoBaTeNbHO  HUIMQOBANIACH  AJIMA3HBIMU  JAUCKAMU |
NOJIMPOBAach ajaMa3HOW macToil. BeicoTa 00pa3oB KOHTPOJIHUPOBAIACH
MUKPOMETPOM.

Pentrenonudpakimonnbie HKCIIEPUMEHTHI MIPOBOIUIINCH Ha
nudpaxromerpe «Shimadzu XRD-7000» (CuKa, A = 1.54 A). Jlna onpenenenns
r1yOunbl quddy3un yriaepoja ObUIH MOCTPOEHBI 3aBUCUMOCTH Iys11y/Iwcqiny OT
CyMMapHOM BEIMYUHBI yJajneHHoro ciosi (puc. 1). TonmuHa mOBEPXHOCTHOTO
ciost o0pasnoB, He cojaeprxkamas n-hazy (CosW3C), ne npepsimaer 100 MxMm.

Lesn/wearny  _e— »
________ -
——0€3 BBIIEPKKN o~ ____-=-"TT
-+ C BBIJICPIKKOU AT
==4&=°C BBIJCPKKOU -
....... /’, d, MKM
0 50 100 150 200 250

Puc. 1. Pacnpenenenue Insi1)/Iwci) mo riryoune oopasuos, cnedeHHbix pu 1050 °C.

PaGora BeIonHEeHa Tipu ¢GUHAHCOBOM moauepxkke rpaHta PHO
Nel8-73-10177.

1. A.C. Kypnos, A.W. TI'yceB, Qusuxa u xumus xapobuoos sonvppama, M.:
OU3SMATIINT, 2013.
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PA3BABJIEHHbI MATHUTHBIN TIOJYITPOBOJAHHUK GaMnAs,
COOPMUPOBAHHBII METOJIOM UMITYJILCHOT'O JIA3EPHOI'O
OCAXJIEHUS

IO.A. lanunos'?, B.H. 3sonkos!, C.JO. 3yokos?, P.H. Kprokos',
J1.E. Huxonuues?
!Hayuno-uccneooeamenvckuii pusuxo-mexunuueckuti uncmumym HHI'Y
um. HU. Jlobauesckoco, Huowcnuii Hogeopoo
’Hayuonanvuwiii uccreoosamensckuii Huowcezopoockuil 2ocyoapcmeentbiil
yrueepcumem um. H.U. Jlobauesckozo, Husicnuti Hoeeopoo
E-mail: kriukov.ruslan(@yandex.ru

[TotpeOHOCT, B KaueCTBEHHO HOBBIX MaTepuajax IMpuBelIa K
HEOOXOMMOCTHU CO3aHUS CUCTEM, KOTOPbIE OBl MPOSBISLIN (PePPOMATHUTHBIC U
N0JIyIIPOBOJHUKOBBIE CBOMCTBA. Hanbosee noaxoasmuyMy Ha 3Ty pOJib SIBISIOTCA
pa3z0aBiieHHbIe MarHuTHbIe nosynpoBogHuku (PMII) B o6mem u Ga;.xMnxAs B
yacTHOCTU. Takoro pojaa Marepuaibl SIBISIOTCS KpalHE NPUXOTIMBBIMU K
TEXHOJIOTUU MX mNojydeHus. [loaTomy napamienbHo ¢ onTUMU3aLMed (HU3MKo-
xumuyeckux csoricts PMII BenyTcs moucky NMpOU3BOAUTENBHBIX TEXHOJIOIUU
NOJIyYeHHs, KOTOpble Obl MO3BOJIMJIM CO3JaBaTh KayecTBeHHble ciiom PMIL.
CerogHst 11l ATOM UEAM NPUMEHSIIOT HHU3KOTEMIIEPATypHYIO MOJIEKYJISPHO-
Jy4EBYIO STTUTAKCUIO, MIOHHOE JIETUPOBAHHUE U UMITYJIbCHOE J1a3€PHOE OCAXKICHUE
(MUJIO). Bo3moxxkHocth koMOuHMpoBaHus MJIO ¢ npyrumMu TeXHOJIOTUSIMUA POCTa
B €IMHOM TE€XHOJIOTUYECKOM LIMKJIE JeNIaeT ero HauboJsiee MepCrneKTUBHBIM IS
co3zganus GaixMnxAs.

B xone nccnenoBanuii ObIIM M3y4YeHBI 00pA3IIbl, TPEICTABIAIONINE COO0H
cion GajxMnxAs, BbIpanieHHble Ha nomioxkke n-GaAs (001) meromom
MMITYJIbCHOI'O JIA3€PHOI0 PACIBUICHUEM MUILIEHU U3 MeTaimmmyeckoro Mn n GaAs
[1] mpu Temniepatype 250-350 °C. HUccnenoBanust MerogoM POIC npoBoaunuck
Ha KomIuiekce Multiprobe RM (Omicron Nanotechnology GmbH, I'epmanus) ¢
npuMeHeHneM SFR-MeTouku i ciekTpaibHOTO aHanu3a [2].

B xone pabGoter BwisiBIeHO, uyTo PMII GaMnAs mnpexacraBisier coOoi
MHOTOKOMITIOHEHTYI0 MAarHUTHYIO CHCTeMY: 1) KOMIUIEKC KiacTepoB a-MnAs;
2) obnactu GaAs, rae arombl Ga MOJHOCTHIO 3aMEIIEHbl aTOMaMHM Maprasiia;
3) XaoTMYHO paCIOJIOKEHHBIE H30JIMPOBAHHBIE aTOMbl Mn, BCTPOEHHBIE B
pemietky GaAs; 4) nsneMeHTHBIM Maprasei, 5) okcuaHble ¢a3bl Maprasua.
VY CTaHOBJIEHO, YTO KOJIMYECTBO apCHMHA B PEAKTOPE B IPOLIECCE MMITYJIBCHOTO
JA3epHOr0 OCAXJIEHUsl Npu Temneparype noanoxku 250-350 °C perynupyer
COCTaB M KOHIIEHTPAIMIO XMMUUYECKUX coeTMHEHUM B closix GaMnAs.

PaGota BrinonHeHa B pamMkax peanuzanuu rnpoekta PH® Ne19-19-00545.

1. B.N. Zvonkov et al., J. Opt. Technol. 75, 389 (2008).
2. A.V.Boryakov et al., J. Elec. Spectr. and Related Phen. 50 (11), 1443 (2018).
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CBETOU3JIYUAIOIIIAA 'EKCAT'OHAJIbHAA ®A3A 9R-Si

A.N. benos, A.A. Konakos, JI.C. Kopones, M.O. Mapsiues, A.H. Muxaiinos,
P.U. Myprtasun, A.A. Hukonbckas, [[.A. [1anos, /I.U. Terens0aym
Hayuonanvuuiii uccieoosamenvcruit Husicecopoockuii 20¢yo0apcmeenmbiii
yuugepcumem um. H.U. Jlobauescrkozo, Huscnuii Hoszopoo
E-mail: nikolskaya@nifti.unn.ru

JInst  TOBBIMIEHWS ~ CKOPOCTHM  MepeJayd  CUTHAJIOB  BHYTPHU
CYNEepKOMIIbIOTEPHBIX KOMILUIEKCOB ObUla BBIIBUHYTAa HJI€d MCIOJIb30BAHMUS
CBETOBOTO CHUTHajia BMECTO 3jeKTpuueckoro. Ho kpemMHuil — TpaaulMOHHBIHN
MaTeprall MUKPOAJIEKTPOHUKH — HE MOXET OBbITh HCIOJB30BAaH B KadeCTBE
U3JIydaTeasl CBeTa M3-3a OCOOCHHOCTEH 30HHOM CTPYKTYpPhI B €Tr0 OOBIYHOM
Kyonueckoit dasze. [loaTromy akTyaneH MOMCK METOJIOB MOJAU(PUKAIINA KPEMHHUS
JUTSI TIOBBITIICHUS €T0 JTIOMUHECIICHTHBIX CBOMCTB.

Panee mamu ObuT0 OOHapyxkeHo [1, 2], yTo mpu OOTyYEHHH CHUCTEMBI
Si02(160 u 140 um)/Si nonamu Kr'" ¢ mocnenyromum OTKUTOM B KPEMHUU Ha
TPaHMIIC C TUICHKOW 00Pa3yroTCs BKIFOYCHUS T€KCAarOHAIBHOTO KPEMHHUS — (ha3bl
9R-Si. Cpeanuit poerupoBaHHbii poder (Rp) MOHOB KpunToHa ObLT MEHBIIIE
TONUHB  T€HKW. Jlig  JgaHHBIX  o0OpaslnoB  OOHApy>KeHa  JIMHUS
dotomomunectieniiun (OJI) mpu ~ 1235 HM, KoTOpas ObLIa OTHECEHA HAMU K
m3nydennto  (aszpl  9R-Si.  Jns  u3ydenuss MexaHusMma  (HOPMHUPOBAHMS
rekcaroHajgbHoi (a3er 9R-Si mpu noHHOM o0O0dydeHuu cucrtembl Si02/Si B
HacTosime pabore Merogom @DJI W mpocBedMBAIOMIEH  DIEKTPOHHOM
MUKPOCKOITUHY MCCIIEIOBATINCH TP THIa 00pasnos: 1 — cucrema SiO2(140 am)/Si,
obnyuennas nonamu Kr" (Rp ~ 50 uM), 2 — Si, obmyuennsii Kr', 3 — Si,
00ayueHnbiii noHamu Kr™ u O'. Dueprus u qo3a nonos Kr'™ mist 06pasmos 2 u 3
TUna ObUTH MOA0OPaHbI TaK, YTOOBI MPOGUIH BaKaHCUI Si B KpeMHHUU 10 popme
u BbicoTe (corsiacHo SRIM [3]) Ol 61M30K K TakoBOMYy B oOpasue 1 tumna.
DHeprust U g03a WoHOB O moaOupaanch Tak, YTOOBI KOJIMYECTBO aTOMOB
KHCJIOPOJIa Ha €AMHUILY IUIOMIAJM COBMAAAN0 C KOJMYECTBOM aTOMOB OTAAauH
KHCJIOpO/a, 00pa3oBaBIIUXCsl Mpu oOiyueHun oOpasma 1 tuma. Bee oOpasiisl
OBUTM TOABEPTHYTHI TMOCTHUMIUIAHTAIIMOHHOMY OTXHry. B oOpasme 1 tuma
obnHapyxensl (aza 9R-Si u nunus OJI npu ~ 1235 uMm; B oOpasiie 3 Tuma — Takasi
e TUHUS U 1e(eKThl ABONHUKOBaHUS, B 00pa3iie 2 tuma OJI npu ~ 1235 uM He
BBISIBJICHO. Pe3ynbpTaThl  0OCYXJAIOTCS C YYETOM pOJIM  MEXaHHUYECKUX
HAMPSDKCHUH, paJMalMoOHHBIX JePEKTOB M KHCIOpoJa B (HOPMUPOBAHHH
rexcaroHasibHOH (a3sl 9R-Si B kpeMHUH.

Pa6ota nognepxana PODOU (rpantsr No§-32-20168 u Ne19-53-45056).

p—

. A.A. Nikolskaya et al., Appl. Phys. Lett. 113, 182103 (2018).

A.A. Nikolskaya et al., Surf. Coat. Technol. 386, 125496 (2020).

3. JF. Ziegler, M.D. Ziegler, J.P. Biersack, Nucl. Instrum. Methods Phys.
Res. B 268, 1818 (2010).

N
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KPACHBIE ITOMNHO®OPBI HA OCHOBE ®TOPXJIOPLIMPKOHATHBIX
CTEKOJIL, JIETUPOBAHHbBIX NTOHAMU MAPI"AHITA

C.X. Bareiros!, M.H. Bpexosckux?, B.B. I'mymxkosa?, JL.B. Mouceesa'
" Huemumym obwen pusuxu um. A.M. IIpoxoposa PAH, Mockea
’Uncmumym obweil u neopeanuyecxott xumuu um. H.C. Kypnaxosa PAH, Mockeéa
E-mail: Imois(@Ist.gpi.ru

B nocnennee BpeMsi TPOBOJSATCA HCCIENOBaHUA 1O pa3paboTKe
CBETOJIMO/IHBIX UCTOUYHUKOB «TEIUIOro» 6esoro ceer. OJHUM U3 peleHUN ITOM
3aJa4i  SABJISICTCS  J00aBlieHME  KpacHoro JromuHOodopa, 3IhPEeKTUBHO
Bo30Oyxmaemoro Y® WIM CHHUM CBETOJUOJIOM, K HCXOJHOMY KEITOMY
JIOMUHO(DOPY Ha OCHOBE TpaHaTta. B CBS3M ¢ 3TUM 3HAYNTEIHHBIC TIEPCTIEKTUBBI
UMEIOT  JTIOMUHO(MOPBHI, JIETUPOBAHHBIE HOHAMHM MapraHiia pas3InyHOM
BAJICHTHOCTH, KOTOPHIE B 3aBUCUMOCTH OT MATPHUIIbI MOTYT U3Jy4aTh KPAaCHBIH
cBeT. B HacTosiel paboTe ucciaen0Baiy BIUsSHUE 3aMeILEeHUs (PTopa XJI0poM Ha
ONTUYECKHE CBOMCTBA JIETUPOBAHHBIX MapraHieM (PTOPUUPKOHATHBIX CTEKOJ
cocraBa 56ZrF4 14BaF,-6LaF3-4AlF;-20NaF (ZBLAN). ®@TopXiopuupKoHaTHbIE
ZBLAN(CI) crekna nojiy4aiu 4aCTUYHOM WM mojiHoM 3ameHoi BaF; na BaCl, B
MCXOJHOM IuUXTe. Mapranen BBOAMIM B LIKUXTY B Buge Mn*" ¢ MnO» unu B Buze
Mn?* ¢ MnF; B konnentpamuu ot 0.2 10 1 Moi.%. Y® Bo36yxaenue (365 HM)
CTEKOJ BBI3bIBAET JIOMHHECICHIMIO, CIEKTP KOTOPOMl 3aBUCUT OT COCTaBa
crekia. B ZBLAN:Mn criekTp JIOMUHECIEHIIMM COCTOUT U3 IIUPOKOM MOJIOCHI C
MakCMMyMOM B obnactu 550 M, o0ycioBinenHoi nepexonoM “Ti—°A; B none
Mn?" [1]. Jromumuecuenmus Mn?' HaGmrogaeTrcs BO BCEX CTEKIAX, BHE
3aBUCHUMOCTH OT TOTO B KaKOW BaJI€HTHOCTH MapraHel BBOJIWJICA B IIMXTY, U
OTpeIeNIIeTCS CKOpee yciaoBUAMHU cuHTe3a. 3ameHa BaF, na BaCl, B mmxre
BBI3BIBACT JJIMHHOBOJIHOBOE CMEIIICHUE MOJI0C MOTJIONIEHUS U JTIOMUHECHICHIINH.
Y® kpait nponyckanus ZBLAN:Mn pacnonoxen npu 270 HM, a B
ZBLAN(CI):Mn kpaii cmemen 10 330 um. B ciextpax npomyckanus Mn?* gaet
ciabble MOJIOCHI TIOTJIONICHUSI, OOYCJIOBJICHHBIC 3allpelIeHHBIMU IO CHUHY
nepexogamMu. MakCUMyM TMOJOCHl JIOMHUHECUEHIIMU JJi1 CTEKJIa C TOJHOM
3amenoil BaF> na BaCly pacnosnoxen B paiione 610 HM, 4TO O4YeHb OJU3KO K
ONTHUMAJIBHOW JUIMHE BOJIHBI JJII KPAacHOro JIOMHUHO(OpA, MCIOJIb3YyEeMOIro B
Oenbix cBeroanonax. CMelieHHe IMOJ0C MOTJIOMIEHUS W JIIOMUHECUEHLIUU B
cropony 6ombiux 1uH BoJIH B ZBLAN(CI):Mn BbI3BaHO He(heTOKCETUICCKUM
s pekToM, CBSI3aHHBIM C OOJIBIIICH KOBAJCHTHOCTHIO CBS3EH MOHOB MapraHIia C
MOHAMU XJIOpa M0 CPAaBHEHUIO C UX CBSI3SIMH C HOHAMU (pTopa.

Takum 00pa3omM, CHHTE3UPOBAH HOBBIN KPacHBIA JTIOMUHO(OP HA OCHOBE
(GTOPXIOPIUPKOHATHOTO CTEKJIA, JETUPOBAHHOTO MOHAMHM MapraHIiia, KOTOPHIM
MMEET MEePCIEKTUBBI MPUMEHEHHUS B CBETOJUOAHBIX UCTOYHUKAX OEJI0ro CBETa.

PabGora BmimonHena mnpu (QunHaHcOoBOM moaaepxkke rpanta PHO
Nel18-13-00407, n B pamkax rocyaapctseHHoro 3aganus 1O® PAH u MOHX
PAH B o6nactu pyHIaMeHTaIbHBIX HAYYHBIX UCCIIEOBAaHUM.

1. M.A. Bunuel, R. Alcala, R. Cases, J. Phys. Condens. Matter. 10, 9343 (1998).
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JTFOMUHECIIUPYIOIIA S CTEKJIOKEPAMUKA B CUCTEME
(Li,Na),0-(Ga,Al),03-Ge0>-SiO,

H.B. I'ony6eB, M.3. 3ustaunoBa, E.C. UrnarseBa, E.O. Ko3nosa,
E.B. Jlonmatuna, A.A. Maypyc, B.H. Curaes
Poccutickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /[.U. Menoeneesa, Mocksa
E-mail: ngolubev@muctr.ru

Ha ocnoBe crekon cucrembl MeO-Gax03-Ge0:-S102; (Me = Li, Na)
MOJIYYEeH MPO3pPAaYHbI CTEKIOKPUCTAJUIMYECKUI MaTeprall ¢ HAHOKPUCTAJUIAMU
v-GaxO3 [1-3]. Huzkoe cBeTopaccessHue W JIIOMUHECICHIIUS TIPU BO30YXKIACHUU
Tonbko wu3iyyeHuem Y®-C pauana3oHa jenaer €ro MNEepCHEKTHUBHBIM IS
pa3pabOTKU  COJIHEYHO-CIENBbIX KOHBEpTOpoB. OnHako  (HOpMUPOBAHUIO
HaHOKpuctaiioB 7Yy-Ga;O3 B CTEKIaX YKAa3aHHOW CHCTEMBbI MPEIIIECTBYET
da3zoBoe paszgeneHue JKUIAKOCTHOTO THIA, MNPUBOAsAIIEe K OOpa3oBaHHUIO B
UCXOJHBIX 00Opa3nax objacTel HEOJAHOPOAHOCTH auameTpoMm ~ 8 HM [4]. B
pe3ynbTaTe CpeJHUN pa3Mep BBLACIAIOMIMXCS HAHOKPHUCTAIUIOB B IPO3PAYHOI
CTEKJIOKEpaMUKe, MOJTYYEHHON MO OJHOCTYIIEHYATOMY PEXKHUMY, COCTABIISIET HE
MeHee ~ 6 HM. OTHOCUTENBHO OOJIbLlIME pa3Mepbl HAHOKPUCTAJUIOB CHUKAIOT
BEPOSITHOCTD U3JTy4YaTeIbHON peKOMOMHALINY, a ABYX(pa3Has NpUpo1a UCXOTHOTO
CTekJia 00yClIaBlIMBAaeT MIMPOKOE paclpeie]ieHue HaHOYacTuIl o pa3mepy. Bee
3TO OTPAaHUYMBAET TOTEHIHMAIBHO JOCTUKUMBIE CBETONPOMYCKaHUE W
MHTErPajJIbHYI0 HHTEHCUBHOCTH (DOTOJIFOMUHECIEHIINN IAaHHON CTEKJIIOKEPAMUKH.
JlanbHeiiee uX MOBBIIIEHHE BO3MOXKHO TOJBKO TOCIE TOJIaBleHUs (Ha3oBOTro
pa3elieHus] KUJKOCTHOTO THUIIAa B HCXOAHBIX crekiax. C HCIoJib30BaHHEM
METOJIOB «J00aBOK» U «3aMEIEHUS» B HACTOAIIEH paboTe M3y4eHO BIIUSHHE
ALOs mna (a3oBoe pasznmeneHue U IPPEKTUBHOCTH  JTIOMHUHECIICHIINH
MAaJIOIIEIOYHBIX TaJJIMEBOT€PMAaHOCUIIMKATHBIX cTekod. [lokazaHo, 4to mnpu
BBeneHnn Al,O3 MHTETpanbHash MHTEHCUBHOCTD TOJIOCH! (POTOTFOMUHECIICHITHH
pacrer, a pa3mep BBLICIIAIOIINXCS HaHOKPHUCTAILJIOB
v-Ga;03 ymeHblIaeTcs. BbISIBICHBI B3aWMOCBA3U MEXKIY COCTAaBOM CTEKOII,
pa3MepaMy HAaHOKPHUCTAILJIOB U COJEPKAHUEM KPUCTAJUIMUECKOU (ha3bl, C OJTHON
CTOpPOHBI, U (POTOJFOMUHECIIEHIIMEN CTEKIOKEPAMUKH, C APYTOM.

PabGora BrImoHEeHa Tpu (uUHAHCOBOM moanepxke Poccuiickoro donma
byHIaMeHTAIBHBIX HUcchenoBannii, rpant Ne20-03-00809.

1. V.N. Sigaev et al., Nanoscale 6, 1763 (2014).

2. N.V. Golubev et al., Journal of Materials Chemistry 3, 4380 (2015).
3. A. Paleari et al., Chem. Phys. Chem. 18, 662 (2017).

4. V.N. Sigaev et al., Nanoscale 5, 299 (2013).
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OOPMUPOBAHUE JIBYJIVUEITPEJIOMJIAIOIINX CTPYKTYP
B HATPUEBOBOPATHbLIX CTEKJIAX JIASEPHBIM ITYYKOM

A.C. Jlunatees, C.B. Jlotapes, B.H. Curaes, C.C. ®enoros
Poccuitickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /{.M. Menoeneesa, Mocksa
E-mail: lipatievas@yandex.ru

Pa3paboTka HOBBIX MHKPOONTHYECKHUX OJJIEMEHTOB M HWHTErPAIbHBIX
ONTHUYECKUX CXEM CTUMYJIUPYET UCCIAETOBAHUS B OOJACTH MPSIMOTO JIA3€PHOTO
HAHO- U MUKPOCTPYKTYPHUPOBAHUS MPO3PAYHBIX AUAIICKTPUKOB. OOHAPYKEHHBIC
IIpU BO3JICUCTBUU (DEMTOCEKYHIHBIX Ja3€PHBIX UMITYJILCOB Ha KBAPIIEBOE CTEKJIIO
HAHOPEIIETKH OO0JAJA0T JBYIYUYEHPEIOMICHUEM, XapaKTEPUCTHKUA KOTOPOTO
MO>KHO PEeryJIMpOBaTh MyTeM BapbUPOBAHUS MAPaMETPOB JIA3€PHOTO MydKa. ITa
0COOEHHOCTh OTKPBIBAET HOBBIE BO3MOXXHOCTU B Pa3pabOTKE CBEPXCTAOMIHHOM
ONTHYECKOW TaMsATH Ha OCHOBe cTekna [1] u ¢a3oBeIx 3meMeHToB [2].
BOnbImMMHCTBO  TEOPETHYECKUX W OKCIEPUMEHTAIBHBIX  HCCIICIOBAHUH,
TIOCBSIIIICHHBIX MPSIMOW JIA3€PHON 3aMMCH HAHOPEIIETOK, OBLIM BBIOTHEHBI HA
KBapIlEeBOM CTekJIe. Mex 1y TeM uccieoBanust o GopMUPOBAHUIO HAHOPEILIETOK
B JIBYXKOMITOHEHTHBIX CTEKJIaX MPEACTABISAIOT PyHIaMeHTaIbHbIN HHTEpEC [3] U
MOTYT T[OMOYb TJIyOXe€ TIOHSATh MEXaHU3Mbl B3aUMOJICUCTBUS Jlazepa C
BEILIECTBOM.

B nanHOl paboTe wHCCiIenoBaHO Ja3epHOEC MOIUDUIIMPOBAHUE CTEKOJI
cucteMbl NaxO-B>0O3 ¢ conepkanueM okcuja Hatpus ot 14 go 28 mon.%. s
Ja3epHOTr0 MOAUMPHUITUPOBAHMS UCTIONB30BANICS (peMTOCeKyHAHBINA mazep Pharos
SP, u3aydenne KoToporo (oKycupoBanoch B 00beM 00pa3IoB CTEKIIa Ha ITyOuHY
150 MKM ¢ TOMOIIBI0 0OBEKTUBA MUKPOCKOTIA C YUCIIOBOM aneptypoit 0.45. s
HATPHEBOOOPATHBIX CTEKOJI BIEPBHIE ObLIa MPOJAEMOHCTPUPOBAHA BO3ZMOXKHOCTh
BO3HUKHOBEHHUS TMOJISIPU3ALUOHHO-3aBUCUMOTO  JIBYJTYYEHPEIOMIICHUS TOA
neicTBUeM (PEeMTOCEKYHIHBIX JIAa3€PHBIX HUMITYJIbCOB. OmpenenceHbl YCIOBUS
Ja3epHON 00pabOTKM, OOECTIeUuBaIOIIUE JBOMHOE Jy4YenmpeloMIICHHE C
MeJIJIEHHOM OCBIO, MEePIICHIUKYJISIPHOM MJIOCKOCTH MOJISIPU3ALINT
3aMUCHIBAIONICTO JIA3€PHOTO IydykKa. Y CTAaHOBJIEHBI 3aBUCHUMOCTH (Pa30BOro
CIBUTa B MPOXOIAIIEM 4Yepe3 MABYJIy4YENpeIOMIISIIoNe O0JacTu CBETE OT
COJCp)KaHUSI OKCHJA HATpUsi B COCTaBe CTEKJIa, KOJWYECTBA, YaCTOTHI
CJI€OBaHUS, SHEPTUHU U JUTUTSIHHOCTH UMITYJIbCOB.

Pabora BeImonHEeHa npy (UHAHCOBOM MOAAEP)KKe MUHUCTEPCTBA HAYKU U
BhIcIIero oopazoBanus Poccuu (FSSM-2020-0003).

1. J. Zhang et al., Phys. Rev. Lett. 112, 033901 (2014).

2. M. Beresna, M. Gecevicius, P.G. Kazansky, Opt. Mater. Express 1, 783 (2011).
3. S. Lotarev et al., J. Non-Cryst. Solids 479, 49 (2018).
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JIABEPHAA 3AIINMCH KAHAJIBHOI'O BOJIHOBOJIA B CUTAJUIE
C OKOJIOHVJIEBBIM KOO®PUITMEHTOM TEIUIOBOI'O PACHIMPEHUA

A.C. Jlunarees, C.B. Jlotapes, B.l1. CaBunkoB, B.H. Curaes, C.C. ®eqoToB,
I'.1O. Ilaxrunpasau
Poccutickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /{.1M. Menoeneesa, Mocksa
E-mail: slotarev@muctr.ru

[Tpo3paunbie cCUTALIBI C OJU3KUM K HYJIO KO3(P(GUIMEHTOM TEIJIOBOrO
pacuipenust (KTP) umeroT B OCHOBE JUTHEBOATIOMOCHIMKATHOE CTEKJIO, B
KOTOPOM  TepMOOOpAaOOTKON  BBIJCISIIOTCS  HAHOpPAa3MEPHBbIE  KPUCTAILIbI
CIOJYMEHA, -3BKPUIITUTA WU [3-3BKPUIITUTONOIOOHBIX TBEPABIX PACTBOPOB C
orpunarensbHbiM KTP. 3a mocnegnue necsTuiieTus CUTAUIbl HALUIM LIMPOKOE
OPUMEHEHUE B TEXHUKE OT 3€pKajl TEJECKONOB J0 KOPIYCOB KOJbLEBbIX
Ja3epHBIX TUPOCKONOB. MUHUMHU3UPOBAHHOE TEIJIOBOE PACHIMPEHUE JENAET UX
IPUBJICKATEIBHBIM MaTepUaIoM Jisi pa3pabO0TKU MHTErPajIbHBIX ONTHYECKUX
KOMITOHEHTOB U CXEM JJI MPELU3UOHHBIX YCTPOMCTB, TPEOYIOIUX OCTOSHCTBA
reOMETPUYECKUX Pa3MEPOB B IMANA30HE PA0OUUX TEMIEPATYD.

HccnenoBanusi GeMTOCEKYHIHOTO JIA3EPHOTO MOIUMDUIIMPOBAHUS TAKUX
cutaiuioB [1, 2] mokazanu, 4TO BO3AEHCTBHE (EMTOCEKYHIHBIX JIa3ePHBIX
UMITYJIbCOB  BBI3BIBAET 3aMETHOE  JIOKAJbHOE T[OHM)KEHUE  IOKa3aTels
MPEJIOMJICHUS, CBSI3aHHOE C YAaCTHYHOW amopdmuzainueil HaHOKPUCTAILIOB [2].
OtoT >PdeKT maeT BO3MOXKHOCTH (OPMHpPOBAHUS B CHTAIUIE KaHAIbHBIX
BOJIHOBOJIOB ITyTE€M JIa3€pHOU 3amuCU OOOJIOYKH C MOHMKEHHBIM IOKa3aTelieM
MPEJOMIICHHUS.

B nanHoii pabote copmMupoBaH HaOOp KaHAJbHBIX BOJHOBOJAOB C
TUaMETPOM CepAUEeBUHBI OT 9 10 24 MKM U 000JIOYKOW B BHUJAE CEPUU
napajijielibHbIX TPEKOB, 3alMCaHHBIX B 00beMe cTeksa C(HOKyCHpPOBaHHBIM
(beMTOCEeKyHIHBIM JIa3€PHBIM ITYYKOM C JTMHOM BOJIHBI 1030 HM, JJIUTETEHOCTHIO
¥ 4acToTOM ciemoBanus umMmynbcoB 180 dc u 10 xI'1, mepemeniaromumcs BI0JIb
MOBEPXHOCTH TUIACTUHBI CUTAILIA CO CKOPOCTHIO 0.2 MM/C.

YcranoBieHa BO3MOXKHOCTH (DOPMHPOBAHUS B CHUTAUIE OJHOMOOBBIX
BOJIHOBOJIOB. [IpoBeIeHHBIN C TOMOLIBIO ITyYKa HEMTPEPBIBHOIO J1a3epa C JNIMHON
BOJIHBI 1064 HM aHamM3 MOKa3aj, YTO MOJYyYEHHBIE OJIHOMOJOBBIE BOJTHOBO/IBI
MMEIOT TMOTEepU HA  pacCHpOCTpaHEHHWE CBeTa He Beime 2.4 Wi
2.7 JI6/cM B 3aBUCUMOCTH OT OpHEHTALMU IIJIOCKOCTH MOJISPU3ALUU
KaHAJIM3UPOBAHHOI'O B BOJJHOBOJIE CBETA.

Pa6ora BemmonHeHa npu ¢puHAHCOBOM NoAepKKe MUHUCTEPCTBA HAYKH U
BbIciiero oopazoBanus Poccun, FSSM-2020-0003.

1. V.R. Bhardwaj et al., J. Appl. Phys. 97, 083102 (2005).
2. V.N. Sigaev et al., Glass Ceram. 76, 370 (2020).
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I[TPO3PAYHBLIE JIMTUEBOAJTIOMOCUJINKATHBIE CUTAJIJIbI
C PEI'VJIMPYEMbBIM TEPMHUYECKUM KOSOOUITUEHTOM
JIMHEMHOI'O PACIINPEHUS B OBJIACTU HYJIEBBIX 3HAUEHUI

E.B. Jlonmatuna, C.B. Jlorapes, A.C. Haymos, B./. CaBunkos, B.H. Curaes,
I'.1O. [laxrunpasx
Poccuiickuii xumurxo-mexnonoeuveckuu ynusepcumem um. /.1. Menoeneesea, Mockea
E-mail: andreynaumi3@mail.ru

bnarogapsi BO3MOXHOCTH JOCTHXKEHHSI TEpMHUUYECKOro Koddduimenra
muHeiHoro pacimpenus (TKJIP), 6:113koro kK HyJ1eBbIM 3HAUSHUSIM, TPO3PAYHBIE
CTEKJIOKPUCTAIUIMYECKUE MaTepualbl (CUTAIUIbI) JUTUEBO-AJIFOMOCUINKATHOM
(JIAC) cuctemsbl 3aHUMAIOT 0c000€ MECTO Cpelu ONTUYECKUX MaTepuayios [1].
OcHOBHOE BHMMaHHE B pa3pabOTKaxX MOCICAHHUX JIET YJIEISETCS YIyUIICHUIO
BAPOYHBIX CBOMCTB CHUTAUIOBBIX CTEKOJA U JIOCTMXKEHHIO CTAOWIIBHBIX H
MPEUU3UOHHO U3MeHseMbIX 3HaueHui TKJIP.

Hacrosimas pa®oTa MOCBAILEHA YCTAHOBJICHUIO B3aUMOCBSA3EH MEXIY
ycnoBusiMu TepMooopadotku JIAC crekna u 3HaueHusmu TKIIP monyyaembix
CUTAJUIOB A mpenu3uoHHoro peryiaupoBanusi TKJIP cutannoB B oGmnactu
HyJIeBbIX 3HaueHU. OOBEKTOM HCCIEAOBAHUS CIYKWIO CTEKJIO Ha OCHOBE
cuctembl Li20O-Al03-S10; (JIAC), ocoOeHHOCTH cOCTaBa U TEXHOJOTUU CUHTE3a
KOTOPOT0 MOJAPOOHO ONMKCaHbI B TaTEHTE [2].

C npusnedyenuem metoaoB POA, JITA u npocBeynBaroiieil 3eKTpOHHON
mukpockonuu (Thermo Fisher Scientific Titan 80-300 TEM c¢ yckopstomum
HanpsbkeHreMm 300 kB B pexxuMe TEMHOTO M0JIs) U3y4YE€HbI IPOLECCHI BbIIETIECHUS
u pocra B JIAC crekiie HAHOKPUCTAIIOB [B-3BKPUNTUTOMOJOOHBIX TBEPABIX
PacTBOPOB M OIPEJEIICHBI UX pa3Mephl, PopMa U KOJIUYECTBO B 3aBUCUMOCTH OT
peXuMOB  TepMooOpaboTku. IlomydeHHble  JaHHBIE  COMOCTABIEHBI  C
JTUIATOMETPUYECKUMHU KPUBBIMH, UYTO MO3BOJIMIIO OMPEACIUTh PEKUMbI TOHKOM
perynupoBku TKJIP BOMM3M HyneBBIX 3HAUEHUN. YCTAaHOBJICHBI OCOOCHHOCTH
BO3HUKHOBEHHUS U Pa3BUTUS HAHOHEOAHOpPOAHOU cTpykTyphl B JIAC crekie,
KOTOPBI€ OTKPHIBAIOT BO3MOKHOCThH CO3/IaHUSI MPO3PAUYHBIX TEPMOCTAOUIBHBIX
CUTAJUIOB, OOJAJaroImMX cjaado u3MEHsomuUMcs: oKojoHyJeBbiM TKJIP B
HEOOBIUAHO MIUPOKOM JuariazoHe Temmeparyp: ot —80 mpo +400 °C.

PaboTa BeImosiHEHa npu pUHAHCOBOM Moaepxkke Poccuiickoro HaydyHoro
donna (cormamenue Nel9-19-00613) u Poccuiickoro dhonna GyHmamMeHTaIbHbIX
uccinenoBanuii (rpant Nel9-03-00684).

1. E.D. Zanotto, American Ceramics Society Bulletin 89, 19 (2010).
2. B.H. Curaes u ap., [latent P® 2569703 C1 MIIK C03C 10/12.
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[TPO3PAYHBIN HI/ITI/IEBQ—AHIOMOCI/IHI/IKATHBIPI CUTAJLI,
AKTHUBUPOBAHHbBIM MOHAMUN HEOJJUMA C TKIJIP,
CTABMJIM3MPOBAHHLBIM BBJIN3U HYJIEBOI'O 3HAUYEHUA

C.B. Jlorapes, A.C. Haymos, B.U. CaBunkos, B.H. Curaes
Poccutickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /[.U. Menoeneesa, Mocksa
E-mail: viad.sigaev@gmail.com

[Tpo3paunbie cutamwiel autueBo-amoMocuiankatHon (JIAC) cucremsl
3aHUMAIOT 0c000€ MECTO CpeAM ONTHUYECKHX MAaTepuajoB, BBICTYMAIOMIMX B
KaueCcTBE MATPUYHON Cpelbl IJId BBEACHUS AKTUBATOPOB JIIOMUHECUEHLHUH
(MOHOB  peIKO3eMENIbHBIX JJIEMEHTOB). MHTepec K H3TUM Marepualam
OOBSICHSIETCS BO3MOYKHOCTBIO ~ COBMEILATh  CHEKTPAJIbHO-TIOMUHECIICHTHbBIE
XapaKTePUCTHUKU C BBICOKOW TEPMOCTOMKOCTBIO, KOTOpas o0OecreyuBaeTcs
yIBTPAHU3KUMU 3HAYEHUSAMH TEMIIEPAaTypHOro KO3(Q(ULIHMEHTa JIUHEHHOro
pacumpenus (TKJIP). B obmem cnyuae 3nauenumst TKJIP cutamnoB umeroT
HEJIMHEMHYIO TEMIIEPATypPHYI0 3aBUCUMOCTh M TOHKAs HACTPOWKA 3HAYEHHM
TKJIP BO3MOXHa MyTeM ONTUMHU3ALMHM (PA30BOT0 COCTaBa U YCTAHOBJICHUS
IPELU3UOHHBIX COOTHOIIEHUH MeXay OOBEMHBIMU JAOJISAMU aMOPPHON WU
Kpuctainueckux  (a3. Pannee Obul0 1OKa3aHO, YTO OCOOEHHOCTH
BO3HUKHOBEHUS W Pa3BUTHUSI HAHOHEOJHOPOJIHOW CTPYKTypbl B crekinax JIAC
CHUCTEMBl JIAIOT BO3MOXHOCTb MNPEUU3UOHHOro peryiaupoBanus TKIJIP
dbopMHUpyEMOro MPO3payHOro CHUTANIa, OTKpbIBasg MyTh K JajbHEHIIEMY
COBEpUICHCTBOBAHUIO 3TOI0 BAXKHOTO JJIi ONTHYECKOrO MPUOOPOCTPOSHUS
Marepuasia. OJHAKO BBEJACHHE 3aMETHOIO KOJUYECTBA PEIKO3EMEIBHOIO
aKTHUBaTOpa JIOMUHECUEHIIMM MOKET CYIIECTBEHHO IOBIMUATh Ha XapakTep
KpUCTAJUIM3aLUU CTEKJIA, YTO U3YUYEHO SBHO HEJOCTATOYHO.

B npencraBinenHoil paboTe mcciaeaoBaHbl MPOLECCHl KaTaau3HMpPOBAHHON
KpUCTaJUIU3alMU TBEPABIX PAacTBOPOB [(-KBapua ¢ J00aBKaMud HMOHOB HEOAHMMa
JUISL TIOJYy4YEHUs TE€PMOCTAOMIIBHBIX CBETOM3IIydaroumx cpen B OmmxHedn NK
obOnactu. HMccienoBaHbl CHEKTPaTbHO-TFOMUHECHEHTHBIE CBOWMCTBA CTEKOJ H
cutaiioB JIAC cuctembl € JIETUPYIOIIMMH J00aBKaMU B 3aBUCUMOCTH OT
ycnoBuil cuHTe3a. KonmuecTBo okcuiaa Heoauma BapbupoBaioch ot 0.1 1o
3 mon.% (Nd203 BBoamiica cBepx 100% cocraBa matpuilsl). TemriiepaTypHas
00paboTKa CHHTE3UPOBAHHBIX CTEKOJI JTUTEIBHOCTHIO A0 48 4 M3MEHsUIach Ha
BTOpOM cTyneHu cutaum3sanuu ot 710 no 760 °C.

Ha manHom sTtane ycranoBieHo, uto B JIAC curtamie ¢ TKJIP, 6nmu3kum
HYJIEBOMY  3HAQUEHUIO, MOTYT OBbITb  BOCHPOM3BEIEHBI  CIIEKTPAIbHO-
JIOMUHECLEHTHBIE cBoicTBa ucxonHoro JIAC crekia.

PaGoTa BrimonHeHa npu GuHAHCOBOU TOANIEpKKe Poccuiickoro Hay4HOTro
¢onna (cormamenue Nel9-19-00613) u Poccuiickoro gonna pynaameHTaaIbHBIX
uccnenoBanuii (rpant Nel9-03-00684).
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[TPO3PAYHBIE CTEKJIOKPUCTAJUIMYECKUE MATEPHAJIbI
I[TOBBIINEHHOM TBEPAOCTHN HA OCHOBE CUCTEMBbI
MgO-ZnO-AL0;-S10;

B.M. CaBunkos, B.H. Curaes, A.1O. llaxrunpasu, I'.JO. Hlaxrunbaaa
Poccutickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /[.U. Menoeneesa, Mocksa
E-mail: viad.sigaev@gmail.com

Hu3skas TBepaocTh MaTepranoB, UCIOIb3YEMbIX ISl 3aLIUThI CEHCOPHBIX
9KPAHOB, SIBIIAETCS OJIHOM W3 TJIABHBIX MPOOJEM, C KOTOPOW CTAIKUBAIOTCS
MPOU3BOJUTENN MOOWIBHBIX YCTPONCTB. B OCHOBHOM [jisi 3alllUTHI 3KPaHOB
UCIIOJIb3YIOTCSl HOHHOYTIpOUYHEHHbIE cTekiia Tumna Gorilla Glass, omHako mo cBoum
bu3HUeCKUM XapakTEPUCTHKaM OHHU YK€ HE OTBEYAIOT BO3PACTAIOIINM
TpeOOBAHMUSIM PHIHKA MOOWIBHBIX YCTPOMCTB. HempomomKuTenbHBIM KOHTAKT
CTeKJIa C TBEPABIMH YacCTHIIAMH MPHUBOJUT K oOpa3oBaHHIO [e(EKTOB, 3a
KOTOPBIMH CJIEIYET €r0 pa3pylIEHUE IPHU YAAPHOM BO3JIEHCTBHH.

Ota npobiema MOXKET OBITh perieHa epexXo0oM K
CTEKJIOKPUCTAINIMYECKUM TEXHOJIOTUSAM U CO3/IaHHEM IMPO3PAUHBIX CUTAIOB C
PaBHOMEPHBIM pacnpeereHueM B 00beMe aMop(HON MaTPUILIbl HAHOKPUCTAIIIOB
C BBICOKOU TBEPAOCTHIO.

B nanHol paboTe u3ydeHO BIMSHUE YCIOBHM TepMOOOpaOOTKH (T/0) Ha
mukpoTBepaocts (MT) mpospaunbix cutamioB. McxoaHoe cTekyio cocTaBa
mac.%: 8 MgO; 15 AlLOs; 42 SiO; u 35 (NaxO, ZnO, TiO,, ZrO,, As>O3) ObL10
CHHTE3MPOBAHO METOJOM BapKh M3 IIUXThl B KOPYHJIOBOM THIJIE B
anekTpuuecko meun npu Temmeparype 1620 °C. OOpasubl crekiia ObutH
oOpaboTansl o AByXxcrynendaTomy pexxkumy (680 °C —4 g u 750, 780, 800, 820,
830 u 845 °C c Beraepxkoit 10 nnu 30 u).

®da30BbIil COCTAB MOJIYYEHHBIX CUTAJUIOB BKIIIOYAET CMECh caluprHa U
raHuTa, KPUCTAJUIMYECKUX CTPYKTYp BBICOKOW TBepaocTu. Oka3ajloch, 4TO
3nayenust M T ncxomgnoro crekia yxxe npepbimaroT MT crekna Gorilla Glass. T/o
ucxogHoro crekna npu 640 °C B TeueHue 4 4 NPUBOAUT K HEOOJBLIOMY
cumwkennto MT, uro moxker OBITH CBsI3aHO C (POPMHPOBAHHUEM MAaJIOrO
KOJIMYECTBO TBepAoi (a3bl, cHikarome obmyro MT marepuana [1]. T/o no
JBYXCTYIIEHYaTOMY pexuMy BeaeT K pocty MT BmioTe 10 3Ha4YeHUH,
npesbimatromux 1050 HV npu coxpanenuu npospayHoctu. [Ipu nanbpHewiem
YBEJIMYECHUH TeMIlepaTypbl BTOpoil craguu 1/0 MT HauMHaeT CHUXAThCS.
[TpennoxkeHsl Mojienu, OOBACHSIONINE IOBEICHNE MEXaHMYECKHX CBOMCTB B
3aBUCHUMOCTH OT CTPYKTYPHBIX U3MEHEHUH CUTAILIA.

[Tonydyennsie 3Hauennss MT cangupUHOBBIX CHUTAIOB MPEBBIMIAIOT
MUKPOTBEPAOCTh BCEX H3BECTHBIX MPO3PAUYHBIX CTEKIOKPUCTAIIMYECKUX
MaTepuangoB, U MOTYT ObITh HMCIOJIb30BaHbl B KA4e€CTBE 3alUTHBIX SKPAHOB
HIMPOKO KJ1acca NpuOOPOB U YCTPOUCTB.

Pa6ora BemmonHeHa npu puHAHCOBOM NoAepKKke MUHUCTEpCTBA HAYKH U
BbIciiero oopazoBanus Poccuu, FSSM-2020-0003.

1. A.J. Stryjak, P.W. McMillan, J.Mat.Sci. 13 (8), 1794 (1978).
162



OOPMHNPOBAHUE AHI/I3OTPOHHBIXUMI/IKPOHOHOCTEIZ B OBLEME
HAHOITIOPUCTOTI'O CTEKJIA T1O AEUCTBUEM ®EMTOCEKYHIHBIX
NMITVYJIbCOB

A.C. Jlunarses!, C.B. Jlorapes!, A.I'. Oxpumuayk'-?, MLIO. IIpecHsxos?,
B.H. Curaes', C.C. ®enoros!, I'.1O. lllaxrunpasan’

! Poccutickuti xumuxo-mexnono2uueckuti yrueepcumem um. [{.U. Menoeneesa, Mockea
’Uncmumym obweit gusuxu um. A.M. IIpoxopoea PAH, Mocksa
SHayuonanvnwiii uccreoosamenvckuii yenmp «Kypuamoesckuii uncmumymy, Mockea
E-mail: ssfedotov@muctr.ru

Hanonopucteie crexiia (HIIC) nmpunekaroT BHUMaHUE UCCIEAOBaTENEH
Omaroyapsi CBOEM YHHUKAJIBHOW CTPYKTYpPE, COCTOSIIEH W3 HAHOPa3MEPHBIX
KaHaJOB, COJEPXKALIUX MI0OYJIbl BTOPUYHOIO KPEMHE3EeMa, a TAaKKe XOpollei
ONTHUYECKOW NPO3PAYHOCTH, MEXAHWYECKOM M TEMIIEPAaTypHOU yCTOMYMBOCTH.
Panee Ob110 MOKa3aHO, YTO BO3/ACWCTBHE HA TaKHE CTEKJIA (PEMTOCEKYHIHBIMU
Ja3epHbIMM  HMIIyJbCAMU  MOXET  INPUBOAUTH K  BO3HUKHOBEHHUIO
JBYJIyYEIPEIOMIICHHS], MEJUIEHHAs] OCh KOTOPOT'O HaIlpaBjieHa NEPHEHAUKYIISIPHO
NOJIAPU3ALMHN JIMHEWHO-TIOJIIPU30BAHHOIO JIA3€PHOTO Iy4YKa, YTO MO3BOJISIET
UCIIOJIb30BaTh JIAHHBIE CTPYKTYpPhl JUIsl MHOIOYPOBHEBOTO KOAMPOBAHMUS
uHdopmarnmu [1, 2].

B nanHom mccnenoBaHUM HAHOMOPUCTOE CTEKIJIO ObLIO MOJIU(UIIMPOBAHO
(beMTOCEeKyHIHBIMH JIa3€PHBIMU MMIYJIbCAMU C 4YacTOTOM cienoBanus 1MI,
mmtenbHOCThI0 180 de u sneprueit 50 v/lx. KonmdecTBo MMITyIbCOB B TOUKY
BappupoBasiock oT 1 g0 3. Merogom COM O0bUT0 OOHAPYXKEHO, YTO
JBYJIYYENPEJOMIISIIOLIAsl CTPYKTypa SBJSETCA IOJIOCTBIO C 3JUIMINTHYECKUM
CEYEHUEM B IUIOCKOCTH MEPIECHIUKYJSPHOU JIa3€pHOMY IIYyUYKY, OKPY’KEHHas
CJIOEM YIUIOTHEHHOI'O BOJIOHENpOHHIaeMoro crekna. Ilpu 3tom Oombmias och
IIMIICA TMEPHEHAUKYJSIPHA MOJSpU3aluy JlazepHoro mnyudka. McciempoBanue
IUHAMHUKH (HOPMUPOBAHMS TOJOCTH TMOKa3aja, YTO MOCJe MEePBOTO MMITYJIbCa
MI0JIOCTh UMEET KPYTJI0€ CEUeHUE U He 001aaeT AByydenpenomienuem. [locie
BTOPOI'O W TPETHEr0 HMIIYJIbCOB IOJOCTh BBITATMBAETCS B HaNpPABICHUU
NEPHEHAUKYJIIPHOM MOJISPU3ALMH JIA3€PHOTO U3ITyUYEHHUS.

Pabora BeImonHEHA Tpu ¢HHAHCOBOW moanepkke Poccuiickoro ¢onma
byHaaMeHTaIbHBIX UcchenoBanuii (rpant Nel19-03-00684).

1. A.S. Lipatiev et al., Appl. Opt. 57, 978 (2018).
2. S.S. Fedotov et al., Opt. Lett. 43, 851 (2018).
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NCCJIEJJOBAHME BIIMSHUS ITAPAMETPOB JIASEPHOM 3AITMCHU
HA CTPYKTYPY BOJIHOBOJOB B Ag,0-ZnO-P,0s CTEKJIE

A.C. Jlunatses, C.B. Jlotapes, B.H. Curaes, C.C. ®enoros, ['.1O. [llaxruibasin
Poccutickuti xumuxo-mexnonoeuueckuii ynusepcumem um. /[.U. Menoeneesa, Mocksa
E-mail: georgiy.shahgildyan@gmail.com

HenuHeitHplil  XapakTep MOIVIOLIEHHUS  CBEPXKOPOTKUX  JIA3€PHBIX
UMITyJIbCOB ~ MarepuajioM  OOecleyuBaeT  BO3MOXKHOCTb  yNPAaBIICHUS
POCTPAHCTBEHHBIM TOJ0KEHHEM MOIU(PUIIMPOBAHHBIX 00JlacTel B 00beMe, U
co37laBaTh HOBbIE THUIIBl HWHTErPAJIBHBIX  YCTPOMCTB isi  (DOTOHHUKH,
OTITOAJIEKTPOHUKHU U XpaHeHus nHpopmarmu. OcoOblit HHTEPEC MPEJOCTABIISIET
BO3MOXHOCTh CO3/IaHUS HEJIMHEHHO-ONTHUYECKUX BOJHOBOJAOB B 00BEMe
OKCHJTHBIX CTEKOJ, YTO MO3BOJIUT yIPABIATH Mepeaayeit nHPopMaluu Ha YUIIE.

B nannoit pabore B ob6beme ctekia coctaBa (Moa.%) 8Ag0; 53Zn0;
39P,0s 3amucanbl BOJIHOBO/BI cEUeHUEM 3.5% 14 MKM? JUIMHOI 25 MM, COCTOSIIIIE
M3  HAHOYACTHI] M  KJacTtepoB  cepebpa.  JlazepHO-MHAYLHPOBAHHOE
dbopMupoBaHUE HAHOYACTHI] TOATBEPIKAACTCS XapaKTEPHOM KEITOM OKPacCKOU U
KOH(OKATbHBIMU CHEKTpaMH TOTJIONIEHHUSI, 3alMCaHHBIMU B  00JIACTSX,
cofepkalux BOJHOBOIBI. CHEKTpbl JAEMOHCTPUPYIOT IMOJOCHI MOTJOUIEHUS C
MakcumyMoM Tipu 450 HM, uTo coorBercTByeT IIIIP Hanouactui cepebpa.
3anucaHHble BOJIHOBOIBI TaKXe O00JIalaloT JIIOMUHECUEHLIUEH B BUIUMOM
o0nacTu, BhI3BAaHHON (hopMHUpOBaHUEM KJlacTepoB cepedpa. [lokazano, uro mpu
MOBBIIMICHUH CKOPOCTH 3alKMCH BOJHOBOJOB OT 2 JI0 5 MKM/C MNPOUCXOIUT
yMmeHbiienne An ot 4.8 1o 2.3:'10-3, cumkenne uaTeHCMBHOCTH T10510¢kI TITTP 1
YBEIIMYEHUE UHTEHCUBHOCTH JIIOMUHECIIEHIIUHU, TI0 BCE BEPOSATHOCTH, BCIEICTBHE
CHUKEHUS YMCIa TUIA3MOHHBIX HAHOUYACTHUIL cepedpa M pocTa Yucia KJIacTepoB.
BosiHOBOIHBIE CBOMCTBA TPOJAEMOHCTPUPOBAHBI ISl JA3EPHBIX IIyUOB C JIIUHON
BoJIHBI 1030 1 1550 um. [ToTepu, onpeneneHubie UHTEPPEPEHIUOHHBIM METOA0M
Ha giuuHe BoaHbl 1550 uM, coctaBusaroT 1.08 ab/cM.

BnepBble mnokazaHa BO3MOXHOCTb TE€HEpAllMM CYNEPKOHTUHYyMa B
BOJTHOBOJIaX, COJIEpKAlIMX HAHOYACTHUIIBI cepedpa: mpHu MPOXOKIESHUU MO HUM
(heMTOCEKYHIHOTO JIA3€PHOr0 U3JIYYEHHUS €0 CIEKTP YIIUpsUIcs 0ojiee 4eM Ha
60 HM, CBUIETENbCTBYS O HAJIMYMU HEJIMHEHHBIX CBOWCTB Yy 3alMCaHHBIX
BOJIHOBOJIOB. VI3MeHEHHE CKOpPOCTH 3alMCH BOJIHOBOJOB BIIMSET Ha (opmy
CHEKTPOB CYNEPKOHTUHYYMA U XapaKTep ONTHYECKOro Mpo0osi BOIHOBOAOB. [1pu
OOJIBIIIOM COJIEP)KaHUM TIJIA3MOHHBIX HAaHOYACTHUI[ B BOJHOBOJIE HaOIt0/aeTCs
caMO(OKyCHPOBKa, U ONTHUYECKUH MPOOOH JoKanu3yeTcs Ha riayoune 60 MK,
TOTJla KaK CHIDKEHHE KOJMYECTBa HAHOYACTHI[ cepedpa BEJET K ONTHYECKOMY
mpo0oI0 Ha MOBepxXHOCTH 00pa3ia. [lomyueHHbIe pe3yabTaThl OTKPHIBAIOT HOBBIC
BO3MOKHOCTH JIJI CO3aHUsI UHTETPAJIbHBIX HEJTMHEHHO-ONTUYECKUX PJIEMEHTOB
(POTOHHBIX YUIIOB.

Pa6ora BemonHeHa npu ¢uHAHCOBOM moaaepxke rpanta Nel9-32-80032
Poccuiickoro ponna pyHmameHTaaIbHbIX UCCIEA0OBAaHUM.

164



BJIMAHUE YIJIEPOAHBIX HAHOTPYLOK
HA SJIEKTPOITPOBOJHOCTbD [TIOJIMMEPHOI'O KOMIIO3UTA

A.M. 3ro3uH, A.A. Kapnees, B.B. Haymkun, H.B. Snnen
Hayuonanvuwiii uccreoosamenvcxuii Mopoogckuti 20¢yo0apcmeenmniii
yuugepcumem um. H.I1. Ocapesa, Capanck
E-mail: nkyancen(@yandex.ru

IIpencrasnenst pe3yJIbTaThI UCCIIEOBAHUM TEMIIEPATYPHBIX
3aBHCHMOCTEH YJEIbHOTO 0ObEMHOTO COMPOTUBICHUS MTEPOKCUTHOCITUBAEMOTO
IIEKTPOIIPOBOSILETO KOMIIO3UTA, MaTpuLen KOTOPOTro ABJISUICS

STWJIEHBUHMWIALlETaT. B KayecTBe  3JIEKTPONPOBOJSAUIMX  HAMOJHUTENIEH
UCIIONB30BAINCH TexHuueckuir yriepos (TY) u OoAHOCTEHHBIE YTIIEPOAHBIC
HaHoTpyOku (YHT).

beumu uccnenoBansl qBe cepuu 00pasioB, nepBbie coaepxanu 35% TV,
BTOphle — 10% TVY u 0.1-0.2% YHT. IlonydyeHue KOMIO3UTHOIO Marepuaia
IIPOU3BOIMIIN ITyTEM CMEILIEHUS B PACILIaBE MOJUMEPHON MaTpulbl. 3mepenue
yaenbHoro oobeMHoro conpotusieHus (YOC) o0pa3ioB KOMIIO3UTA TPOBOIAIN
YEThIPEX30HAOBBIM METOJAOM B HarpeBaTelIbHON KaMmepe, MO3BOJISIIOLIEH
peryinpoBath Temnepatypy B nuana3zone ot 20 °C go 150 °C.

Kak Buano u3 puc. 1. temneparypueie 3aBucumoctu YOC o0Opa3uoB
NIEPBOM M BTOPOM cepuil UMEIOT CXOXKHI XapakTep, HO 00pa3iibl IEPBOM CEpHUH
oOnmagaroT ©Oojiee BBICOKMM 3HAYEHHEM TeMIIepaTypHOro KoddduimeHTa
COMPOTHUBJICHUS, MPUYEM KaK B 00JIACTH MOJIOKHUTENBHBIX, TAK U OTPULIATEIbHBIX
3HAYCHUH. YCTAHOBJIIEHO, YTO JOOaBJIEHHWE K KOMIIO3UTaM, coaepxamum 10%
TV, Bcero 0.1-0.2% YHT no3Bossuio poctuub Takoro ke 3HaueHuss YOC npu
KOMHaTHOM Temmnepatype (po = 7 OM-cM) Kak u B oOpa3uax, coaepxanux 35%
TY. Kpome TOro, npucyTcTBUE€ HE3HAUYUTENIbHOTO KoianuectBa YHT mo3BossgeT
oOecrieunth 0o0Jiee BBICOKYI0 TEPMOCTAaOUIBHOCTH  3JEKTPOIPOBOIHOCTH
MOJIMMEPHBIX KOMITO3UTOB.
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Puc. 1. TemnepaTtypHas 3aBUCUMOCTb OTHOCUTEIBHOTO YAEIbHOT'O COMMPOTUBIICHHUS:
(a) — obpazen mepBoii cepuu; (6) — oOpazel] BTOpOii cepui.

PaGora BoimonmHena mnpu ¢uHaHCOBOM monaepxkke PODOU wu
[IpaButenbctBa PecnyOnuku MopaoBus B pamMKax HAy4HOTO MPOEKTa
Nel8-48-130015 p_a.
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KPUCTAJUIMHECKUE ®A3bI B YIJIEPOJCOAEPXKAIIEM
I[NOJIMMEPHOM KOMIIO3UTE

A.M. 3ro3uH, A.A. Kapnees, B.B. Haymkun, H.B. Slniien
Hayuonanvuwiii uccreoosamenvcxuii Mopoogckuti 20¢yo0apcmeenmniii
yuugepcumem um. H.I1. Ocapesa, Capanck
E-mail: karpeian@yandex.ru

HccnenoBano BnusHME TexHudeckoro yriepona (TY) u HaceleHus
NEpOKCHOM Ha (ha30BbI COCTaB KOMIIO3UMIIMOHHOIO Marepuaja Ha OCHOBE
stwiieHBuHWIanerara. Ha puc. 1 npencrasinensl kpusble JJCK i ncxomHbIX
00pa31oB ¢ pa3HbBIM cojepkanueM TY, a Takke o0pasloB, HACHIIICHHBIX
nepokcuoM. JIBa spKo BBIpaKEHHBIX IIMKAa Ha KpPUBOW s obOpasua c
coaepxkanneM TY 35% (puc. 1 (a)) CBUIETENBCTBYIOT O HAJIMYUU B UCXOJHOM
KOMIIO3UTE JIBYX KpUcCTaUTMUecKuX (ha3: — «1» u 60see BBICOKOTEMIIEPaTypHOM —
«2». YCTaHOBIIEHO, YTO JI0JI BTOPOH (ha3bl MPAKTUUECKH JIMHEHHO BO3PACTAET C
comepxkanuem TVY. Jlis oOpa3ioB KOMIIO3UTA, HACBHIIMICHHOTO IEPOKCHUIIOM,
kpusble JICK nmeroT ogun nuk (puc. 1 (b)), cCBUAETENBCTBYS O HATUYUU JUIIb
OIHOM KpHUCTAJUIMYECKOW (a3bl. SIpKo BbIpak€HHas 3aBUCHUMOCTb JIOJIH
KpUCTANINYECKON (a3bl «2» oT conuepxaHuss TY MO3BOJSIET CAENaTh BBIBOJ O
TOM, 4TO (POpMUPOBaHHE 3TON (Pa3bl MHULMUPOBAHO YACTHIIAMHM TEXHUUYECKOIO
yriaepoaa, KOTOpbIE SBISIOTCA LIEHTpaMM OOpa3oBaHMsl KPUCTAIUIMUECKHUX
(¢parmMeHTOB, 00pa3yeMbpIXx MakpoMmojeKyjJamu  MaTpuubl. OTCyTCTBHUE
KPUCTAJUITMUECKOH (ha3bl B KOMIIO3UTE, HACHIILIEHHOM MEPOKCUAOM, OOBSACHAETCS
CIIMBKOM MAaKpOMOJIEKYJl IIOJMMEPHOM MATpHUIBI, KOTOpas IOJABISACT
KPUCTAIIN3ALUI0, THULMAPYEMYIO YaCTULIAMHU TEXHUYECKOTO YIJIEpOIa.
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Puc. 1. Kpussie JICK st 06pa3iioB KOMITO3HTA.

PaGora BemonmHena mnpu ¢uHAHCOBOM moamepxkke PODOU wu

[TpaButenscTtBa PecnyOnmku MopaoBuss B paMKax HAaydyHOTO MPOEKTa
Nel18-48-130015 p_a.
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OPTICAL SPECTROSCOPY OF THE HYBRID PEROVSKITE CH3NH;Pbl; —
A PROMISING MATERIAL OF OPTOELECTRONICS

V.E. Anikeeva'?, K.N. Boldyrev!?, M.N. Popova!?, O.1. Semenova®
! Institute of Spectroscopy of RAS, Troitsk, Russia
’Moscow Institute of Physics and Technology, Dolgoprudny, Russia
SRzhanov Institute of Semiconductor Physics, SB of RAS, Novosibirsk, Russia
E-mail: popova@isan.troitsk.ru

Hybrid organo-inorganic compounds with perovskite structure are
intensively studied in connection with their functional properties. In particular,
methylammonium lead iodide CH3NH3Pblz (MAPDI3) is considered as the most
promising base material for new generation solar cells. This compound is also
used in X-ray and gamma-ray detectors, in lasers and LEDs. In the literature one
can find a large number of works devoted to the study of MAPDbI; by various
methods, including optical ones. However, most of these works were performed
for thin films. In the A.V. Rzhanov Institute of Semiconductor Physics in
Novosibirsk good quality MAPbI; single crystals were grown with sizes of about
a centimeter [1, 2]. In the same Institute, the samples were characterized by X-ray
methods, and photoconductivity was measured. A complex of optical studies of
MAPbI; single crystals was performed in the Institute of Spectroscopy in a wide
range of frequencies (from terahertz to visible) and temperatures (5 — 350 K).

The lecture will give a brief overview of the properties of the hybrid
perovskite MAPbI3, mainly optical ones, and the results of our recent studies of
single crystals of this compound will be presented. The terahertz reflection spectra
provided new information on low-frequency phonons, essential for understanding
the thermal properties of the compound and the peculiarities of the electron-
phonon interaction. The temperature behavior of the transmission spectra in the
mid- and near-IR regions corresponding to multiphonon absorption reflects a
change in the dynamics of the organic cation. Optical transmission spectra show
a change in the band gap with temperature. In all the spectra, pronounced features
were observed at phase transition temperatures from the cubic to tetragonal phase
(~ 320 K) and then to the rhombic phase (~ 160 K).

Crystal growth was performed in the frame of State Assignment
No. AAAA-A18-118020190098-5. Spectroscopic measurements were carried out
with financial support from the RFBR, grant No. 18-32-20142.

1. O.I. Semenova et al., J. Cryst. Growth 462, 45 (2017).
2. E.S. Yudanova et al., J. Struct. Chem. 58, 1567 (2017).
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SYNCHROTRON RADIATION AND LUMINESCENCE SPECTROSCOPY
OF NOVEL MATERIALS

V. Pankratov
Institute of Solid State Physics, University of Latvia, Riga, Latvia
E-mail: vpank@latnet.lv; viadimirs.pankratovs@cfi.lu.lv

After its discovery in 1946/47, it took about 15 years until synchrotron
radiation (SR) was systematically used for spectroscopy. From that time many
spectroscopic methods under SR excitations have been developed. However, the
tuneability of SR and its inherent well-defined time structure makes it particularly
well suited for time-resolved luminescence studies. Nevertheless, the first
pioneering work was published only in 1970 reporting the luminescence
spectroscopy experiments under SR excitations. The measurements were
performed at TANTALUS storage ring (Wisconsin, USA). Afterwards,
luminescence activities at other synchrotron centers around the world started.
Since 1970 luminescence spectroscopy experiments have been carried out for
instance at Tokyo synchrotron (Japan), at synchrotron center of Lebedev Physical
Institute (Moscow, USSR), at ACO storage ring (Orsay, France), MAXLAB
(Lund, Sweden), UVSOR (Okazaki, Japan) and others. However, the most
successful and significant luminescence experiments under SR were performed at
SUPERLUMI setup. The SUPERLUMI end station was constructed and
developed as a user facility in 1981 at DORIS III storage ring of HASYLAB at
DESY (Hamburg, Germany) and it was a flagship experiment for three decades
[1,2].

In the present lecture, after brief introduction about SR the pioneering
luminescence experiments are illustrated. The exciting development is
demonstrated presenting highlights for the whole period from the beginning to the
present day. The highlights are taken from fields like exciton self-trapping,
inelastic electron-electron scattering, cross luminescence, or probing of
nanocluster properties with luminescence spectroscopic methods. More
technological aspects play a role in present day’s experiments, like quantum
cutting in rare-earth-doped insulators.

Finally, a few ideas concerning the future development of luminescence
spectroscopy with SR will be sketched. The main attention will be paid to the new
luminescence setup — FINESTLUMI [3] that was installed in 2019 on the Finnish-
Estonian beamline (FinEstBeAMS) [4] of the 1.5 GeV storage ring at MAX IV
Laboratory (Lund, Sweden). The first experiments as well as the first results [5,
6] obtained at FINESTLUMI for novel luminescence materials (including
nanophosphors) and prospective scintillators will be demonstrated and discussed.
Special attention will be paid on the analysis of excitation spectra in vacuum
ultraviolet and soft X-rays spectral range where multiplication of electronic
excitation processes occur. The role of these processes in the luminescence
efficiency as well as in radiation resistance of novel materials will be elucidated.

1. G. Zimmerer, Rad. Measur. 42, 859 (2007)
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. V. Pankratov, A. Kotlov, Nucl. Inst. Meth. Phys. Res. B 474, 35 (2020).
. V. Pankratov et al., Radiation Measurements 121, 91 (2019).

. R. Pdrna et al., Nucl. Inst. Meth. A 859, 83 (2017).

. A.P. Kozlova et al., Results in Physics 16, 103002 (2020).

. A. Shalaev et al., Nucl. Inst. Meth. Phys. Res. B 467, 17 (2020).
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STRUCTURE, PHASE COMPOSITION AND MECHANICAL PROPERTIES
OF SOLID SOLUTIONS OF PARTIALLY STABILIZED ZIRCONIUM
DIOXIDE Zr0»-2.5mol.%Y-(0.5, 0.7, 1.2)mol.%RSZ (R — Ce, Nd, Er, Yb)

M.A. Borik!, E.E. Lomonova!, F.O. Milovich?, V.A. Myzina!,

P.A. Ryabochkina®, N.V. Sidorova®, A.V. Schuchkina®, N.Yu. Tabachkova !-2
IProkhorov General Physics Institute of RAS, Moscow, Russia
’National University of Science and Technology « MISIS», Moscow, Russia
SNational Research Ogarev Mordovia State University, Saransk, Russia
E-mail: ya.natalka? 1 12(@yandex.ru

One of the current trends in modern materials science is the search and
improvement of high-strength materials that are resistant to inimical
environments and high temperatures. Such materials include crystals and
ceramics based on zirconium dioxide. Partially stabilized zirconia (PSZ) crystals,
due to a combination of special physical and mechanical properties, are widely
used as structural materials, thermal barrier coatings, medical cutting tools,
prostheses and implants.

Thanks to numerous studies of solid solutions based on zirconia stabilized
with yttrium oxide, compositions with optimal strength characteristics were
determined [1-3].

At the same time, along with yttrium oxide in the formation of solid
solutions based on ZrO: can be used oxides of rare earth elements. By modifying
the type and concentration of co-doping oxides in a ternary solid solution,
materials with improved mechanical properties can be obtained. Accordingly, the
aim of this work was to study the effect of the ratio of co-doping oxides on the
structural features, phase composition, and mechanical properties (microhardness,
fracture toughness) of solid solutions 2.5Y-0.5RSZ, 2.5Y-0.7RSZ, 2Y-1.2RSZ
(R—Ce, Nd, Tb, Er, YD).

A comparative analysis of the strength characteristics of PSZ crystals made
it possible to determine the relationship between the chemical composition,
structure, and properties of crystals and to detect the compositions with the highest
values of crack resistance.

This work was financially supported by the Russian Science Foundation
grant No. 18-00-397.

1. M. Riihle, N. Claussen, A.H. Heuer, J. Am. Ceram. Soc. 12, 352 (1984).

2. N. Gupta, P. Mallik, B. Basu, J. Alloys Compd. 379, 228 (2004).
3. M.A. Borik et al., J. Alloys Compd. 586, 231 (2014).
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FEATURES OF PHASE TRANSITIONS IN ZrO2-Yb20; CRYSTALS
AFTER HEAT TREATMENT IN AIR

M.A. Borik!, A.V. Kulebyakin', E.E. Lomonova!, F.O. Milovich?,
V.A. Myzina!, P.A. Ryabochkina®, N.Yu. Tabachkova?, T.V. Volkova’
!Prokhorov General Physics Institute of RAS, Moscow, Russia
’National University of Science and Technology « MISIS», Moscow, Russia
SNational Research Ogarev Mordovia State University, Saransk, Russia
E-mail: sendboxvv@mail.ru

Crystalline materials based on ZrO, are characterized by the presence of
two polymorphic transitions, as a result of which the monoclinic modification is
stable at room temperature. However, the introduction of rare-earth or alkaline-
earth elements during the synthesis of oxides makes it possible to significantly
reduce the temperature of the tetragonal-monoclinic phase transition and stabilize
high-temperature modifications of ZrO» [1].

Due to the presence of free oxygen vacancies, crystals of stabilized zirconia
have oxygen-ionic conductivity at elevated temperatures, which allows the use of
these materials as solid electrolytes in various electrochemical devices. Currently,
a promising direction is the development of oxygen-conducting membranes for
solid oxide fuel cells based on crystals of stabilized zirconia.

It was shown in [2, 3] that the location of oxygen vacancies in the crystal
structure of yttrium oxide stabilized zirconia, as well as the phase composition,
significantly affect the transport properties of these materials. However, the issue
of optimizing the chemical composition by selecting the type and concentration
of stabilizing oxide, as well as studying the phase composition changes that occur
in the oxygen sublattice of these materials with increasing temperature (in the
range of operating temperatures of solid electrolyte from 500 to 1000 °C), remains
relevant.

In the present work, the features of the phase transitions in ZrO>-(8—
12 mol.%) Yb203-0.1 mol.% Eu20s cubic solid solutions, obtained by directional
melt crystallization with direct high-frequency heating in a cold container, are
revealed using Raman spectroscopy and optical spectroscopy methods, before and
after heat treatment in air (T = 1000 °C, t =400 h).

This work was supported by the Russian Science Foundation (grant
No. 16-13-00056).

1. Yu.S. Kuz’minov, E.E. Lomonova, V.V. Osiko, Refractory materials from
a cold crucible, M.: Nauka, 2004.

2. H. Yugami, A. Koike, M. Ishigame, Phys. Rev. 44, 9214 (1991).

3. M.A. Borik et al., J. Alloys and Compounds 770, 320 (2019).
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STRUCTURE AND PHASE COMPOSITION OF SILICON NITRIDE
CERAMICS AND POWDERS PLATED WITH YTTRIUM-ALUMINUM
GARNET

L.S. Alekseeva', P.V. Andreev!?, S.S. Balabanov?, M.S. Boldin',

P.D. Drozhilkin', K.O. Karazanov!, K.E. Smetanina'
ILobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
’Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
E-mail: pddrozhilkin(@yandex.ru

One of the modern methods of creating refractory ceramic nanocomposites
based on SizNjy is application of ultra-thin coatings of oxides on silicon nitride
powder particles of various dispersity and their subsequent compaction by spark
plasma sintering (SPS) method.

The development of the plating technology of nanopowders with ultra-thin
layers of oxides requires optimization of deposition modes, including the solution
of the Si3N4 pre-agglomeration problem.

Powder compositions were obtained in three ways: (1) Pechini method
(with the addition of citric acid) and (2) deposition in gelatin matrix, and also (3)
the vacuum dispersal method. The intermediate products obtained from the
syntheses were annealed in stages for 2—8 hours at 300, 500, 800, 1000 °C with
grinding in the agate mortar between stages.

Powder samples annealed to 1000 °C and their intermediates, which
annealed for 3 hours at 300 °C, were compacted by spark plasma sintering
method.

Sintering was carried out on the «Dr. Sinter model SPS-625» (SPS Syntex,
Japan) in vacuum in a graphite mold with an inner diameter of 12 mm. The heating
speed was 50 °C /min, pressure was 70 MPa, the sintering temperature varied
between 1200-1680 °C.

Control of phase composition of powders and ceramics was carried out on
X-ray diffractometer «Shimadzu XRD-7000» (CuKa, A = 1.54 A). The
microstructure of the powders and ceramics was studied by scanning electron
microscopy technique on the JEOL JSM-6490.

The reported study was funded by RFBR, project number Ne19-33-60084.

173



PHASE TRANSFORMATIONS IN ZrO>-Sc203-R203 (R =Y, Yb, Ce)
SOLID SOLUTIONS

M.A. Borik!, M.V. Gerasimov?, A.V. Kulebyakin', N.A. Larina?,
E.E. Lomonova!, V.A. Myzina!, P.A. Ryabochkina?, N.V. Sidorova?,
N.Yu. Tabachkova'

IProkhorov General Physics Institute of RAS, Moscow, Russia
’National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: saharova.1996(@mail.ru

Solid solutions based on zirconia stabilized by scandium oxide are of
considerable interest as materials for electrolytic membranes for solid oxide fuel
cells (SOFCs) because of their high ionic conductivity compared to other
electrolytes based on zirconia [1].

As is known, the phase composition and local crystal structure, which are
determined by the type and concentration of stabilizing oxides [2—3], are the main
factors on which the ionic conductivity of these materials depends. Therefore, to
identify the effective composition of the electrolyte material based on ZrO»-
Sc203-R203, which will have high ionic conductivity and increased stability,
detailed studies of the structure and phase transformations in these compounds are
necessary.

In this work, using the X-ray diffraction method, we studied the phase
composition of (ZrO2)1x-y(Sc203)x(R203)y(Eu203)0.001 solid solutions, where R =
Y, Yb, Ce, and x = 0.10, y = 0.01 grown by the cold crucible method with
directional crystallization from the melt.

The microstructure of these solid solutions was studied by optical
microscopy and, using Raman spectroscopy, a local phase distribution was found
for regions of the crystal with a specific microstructure. Using the method of
optical spectroscopy with Eu* ion probe, changes in the local environment
associated with phase transformations in solid solutions are revealed.

This research was financially supported by the Russian Scientific
Foundation (grant number No16-13-00056).

1. S.P.S. Badwal et al., Solid State Ionics 136-137, 91 (2000).

2. C.R.A. Catlow, Solid State Ionics 12, 67 (1984).
3. V.G. Zavodinsky, FTT 46, 441 (2004).
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PREPARATION OF HIGH-PURITY ISOTOPICALLY ENRICHED SILICON
DIOXIDE-28 BY SOL-GEL METHOD

K_.F. Ignatova'?, M.E. Komshina', I.A. Kuzhelev?, O.Yu. Troshin!
!Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
’Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: m.komshina@yandex.ru

Isotopically modified quartz glass is promising for the production of quartz
fiber with different isotopic composition of the cladding (**Si'°0O,) and core
(3°Si'®0,), that provides a difference in refractive indices without using doping
additives [1-2]. However, information about the preparation and properties of
such glasses in the literature is very limited.

A promising approach for producing quartz glass is the sol-gel method. Its
advantages are the uniformity of the samples obtained, the relatively low sintering
temperature and the use of small amounts of scarce and expensive isotopically
enriched substances.

Isotopically enriched ?®SiF4 was used as the initial silicon compound.
Conversion of silicon tetrafluoride to tetrachloride was carried out using
aluminum chloride (III) [3]. In order to obtain 28Si0», 28Si(OC:Hs)s was
synthesized from 28SiCls (the degree of enrichment according to 2*Si 99.99 at.%)
and dried ethanol, then hydrolysis of 2Si(OC,Hs)s by ethanol-water mixture
(3Si(0OC,Hs)4:CoHsOH:H20 = 1:4:4 mol.) [4]. Further, the solution was cast into
forms and kept until the formation of xerogel. The resulting xerogel was dried by
heating to obtain glassy Si0,. For acceleration of the gelation process and
formation of monolithic samples, the investigation on the selection of catalysts
(HF, HCI1, HNOs3) and the temperature treatment of drying was carried out. The
impurity and isotopic elemental composition of samples was determined by
inductively coupled plasma mass spectrometry. Transparent samples of quartz
glass 2Si0, (light transmission > 90% in the visible region) with an isotope
content of 28Si 99.85 at. % was obtained. According to X-ray phase analysis, the
samples of glass are amorphous and do not contain crystalline inclusions.

1. V.G. Plekhanov, Phys.-Uspekhi. 108 (11), 1245 (2000).

2. D.C. Allan, J.T. Brown, Patent (USA) Ne 0022562 (03.02.2005).

3. M.F. Churbanov et al., Patent (Russian Federation) Ne 2618265 (03.05.2017).
4. ML.F. Churbanov et al., Patent (Russian Federation) Ne 2692310 (24.06.2019).
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STUDY OF REFLECTION AND TRANSMISSION SPECTRA OF SILVER
HALIDE POLYCRYSTALS IN THE TERAHERTZ FREQUENCY RANGE

A.S. Korsakov, A.E. Lvov, D.D. Salimgareev, A.A. Yuzhakova, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: Lv.zhukova@urfu.ru

Today, the use of THz fiber systems in real time is rapidly developing in
areas such as imaging [1], spectroscopy [2]. A great deal of different materials
and structures have been developed, for example, wire fibers [3], sapphire fibers
[4], metal/glass fibers with a hollow core [2, 5], photonic crystal fibers, including
3D-printed [6], each of which has its own set of advantages and disadvantages.

Silver halides have several benefits, since their operating temperature
covers the range from —150 to +400 °C, they are resistant to ionizing radiation,
and flexible. We studied the transmission and reflection spectra of silver halide
polycrystals at terahertz frequencies. Samples of silver halide crystals were made
from single-crystal of AgBro.osClo.os billets using hot embossing technology. The
resulting samples were polycrystalline with a thickness of 0.4-0.5 mm and a
diameter about 15 mm. The plates had a high parallelism degree. Spectral
measurements were carried out using the Epsilon submillimeter spectrometer. The
following data were obtained: the phonon frequency was 77.5 cm™!, the
contribution of the phonon-dielectric was 6.2, the extinction coefficient was
18 cm™!, and the oscillations were anharmonic.

The transmission range in the mid-infrared has a plateau profile, and the
transmission edge in the long-wavelength range is about 260 cm™' (which is
consistent with previously obtained data [7]). In the terahertz range, peak-like
bandwidths can be observed.

1. H. Guerboukha, K. Nallappan, M. Skorobogatiy, Adv. in Opt. and Photonic
10 (4), 843 (2018).

2. T. Katagiri, T. Suzuki, Y. Matsuura, Opt. Eng. 57 (5), 054104 (2018).

3. K. Wang, D.M. Mittleman, Nature 432 (7015), 376 (2004).

4. G.M. Katyba et al., Proc. SPIE Millimetre Wave and Terahertz Sensors and
Technology XII, 111640G (2019).

5. R. Wallis et al., Opt. Express 24 (26), 30002 (2016).

6. J. Yang et al., Opt. Express 24 (20), 22454 (2016).

. A.S. Korsakov et al., App. Opt. 54 (26), 8004 (2015).

3

176



LUMINESCENT HYBRID MATERIALS BASED ON METAL-ORGANIC
PHOSPHORS IN OXYFLUORID GLASSES AND OXIDES
AND FLUORIDES POLYCRYSTALS

I.Ch. Avetisov!, R.I. Avetisov!, M.N. Mayakova? O.B. Petrova!, K.I. Runina',
P.V. Strekalov!
'Mendeleev University of Chemical Technology of Russia, Moscow, Russia
’Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: runinakristina@mail.ru

Hybrid materials (HM) are widely used in new devices of optics and
photonics [1-3]. Luminescent HM based on organic phosphors the
8-hydroxyquinolates of metals of groups I, II and III of the Periodic Table [2] and
B-diketonates of rare-earth metals [3], obtained as a result of a high-temperature
exchange reaction in PbFz-consist fluoroborate glass melt, have a wide smooth
photoluminescence (PL) spectrum covering almost the entire visible range
chromaticity coordinates close to white, allows us to consider them as a promising
material for the manufacture of light sources with high color reproduction.

New HM'’s were synthesized by high temperature methods: glass-melt
technique with low-melting glass matrices in PbF»-B>O3 and PbF»-B20s3-S10;-
7Zn0 systems [2] and by solid-phase synthesis with PbF,, CaF, and ZnO; and by
low temperature methods: co-precipitation with PbF,, CaF, from aqueous
solutions by hydrofluoric acid [3] and ammonium fluoride. As organic
constituents, we used highly efficient phosphors: 8-hydroxyquinoline complexes
Li, Zn, Al (Liq, Znq2, Alqa).

The PL photoluminescence spectra show that, at high-temperature
synthesis, the same emitting centers are formed as at low-temperature. The
formation of centers is associated with an exchange reaction leading to the
creation of new complexes. When HF is co-precipitated, partial capture of Liq
molecules occurs, and when NH4F is co-precipitated, the exchange reaction
proceeds almost completely. When solid phase synthesis begins with the
exchange reaction temperature to 100 and at 300 °C it passes almost completely.

The research was financially supported by Russian Science Foundation by
the grant Ne19-79-10003.

1. B. Lebeaua, P. Innocenzi, Chem. Soc. Rev. 40, 886 (2011).

2. M.O. Anurova et al., Phys. Chem. Glasses: Eur. J. Glass Sci. Technol. B 60
(4), 140 (2019).

3. O.B. Petrova et al., Opt. Mat. 88, 378 (2019).
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STRUCTURE AND LUMINESCENT PROPERTIES OF SOLID SOLUTIONS
IN THE PbF>—ErF; SYSTEM

M.N. Mayakova!, O.B. Petrova?, K.I. Runina?, V.A. Smirnov®
!Prokhorov General Physics Institute of RAS, Moscow, Russia
’Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: viadsmirnort54(@mail.ru

Fluoride compounds and solid solutions in MF>-REF3 (RE = rare earth
element) systems with the general formula Mi.xR<F2+ are of interest for
investigation as photonics materials, phosphors, including anti-Stokes ones. For
PbF>-REF3 systems there exists a wide region of crystallization of the fluorite-
type cubic phase (above 20 mol.% at 650—700 °C) [1-2], but the phase diagrams
and regions of existence phases in the low temperature (below 650 °C) was not
described. Practically important luminescent systems PbF;-ErFs were
investigated in this work. Samples were obtained by solid phase synthesis and co-
precipitation from aqueous solutions at room temperature over the entire
concentration range in the systems. We synthesized solid solutions both by the
solid-phase method (using PbF, and ErF3) within the temperature at 450-600 °C
and by co-precipitation from aqueous solutions (solutions Er and Pb nitrates,
hydrofluoric acid) [3]. To prevent pyrohydrolysis in solid-phase method we
formed a fluorinating atmosphere inside the furnace by placing in it expendable
fluoroplastic (PTFE) plates.

At low erbium concentrations, two phases are formed: a low-temperature
modification of PbF, (Pnma) and a solid solution based on a high-temperature
modification of PbF, (Fm3m). The crystallization region of single-phase powders
was ~ 1242 mol.% ErF3, and the cell parameter decreases monotonically [1], so
the real composition in this region is close to rated. With an increase in the relative
erbium content in the initial solution over 50 mol. % two-phase samples
precipitate, the second phase in which is a solid solution based on erbium fluoride
with the tysonite structural type Eri.yPbyFs.y (P3c1). The most intense bands on
the Er*" PL spectra are those in the blue and green parts of the spectrum,
corresponding to the Hon—*I1s2 and *S3»+2Hi1,—*1s2 transitions. In samples
obtained by solid-phase synthesis, effective anti-Stokes luminescence (in the
region of 650 nm, *Fo,—*I;5,, transitions). Samples obtained by co-precipitation
of anti-Stokes luminescence do not appear.

The research was financially supported by Russian Science Foundation by
the grant Ne19-79-10003.

1. LI Buchinskaya, P.P. Fedorov, Rus. Chemical Rev. 73 (4), 371 (2004).

2. AK. Tyagi etal., J. Solid State Chem. 177, 1746 (2004).
3. M.N. Mayakova et al., J. Fluorine Chem. 187, 33 (2016).
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LUMINESCENT PROPERTIES OF Eu/Gd-CO-DOPED LEAD
FLUOROBORATE GLASS-CERAMICS

D.A. Velichkina, O.B. Petrova, K.I. Runina
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: dvelichkina@yandex.ru

Oxyfluoride glass-ceramics (GC’s) combine the best properties of
crystalline fluorides and oxide glasses, which make them promising for doping
with rare-earth (RE) ions and creating novel laser materials [1]. The high
luminescence efficiency of oxyfluoride GC's is associated with the fact that the
RE activator is mainly located in a crystalline fluoride environment with a low
phonon energy of the crystal lattice, which suppresses nonradiative relaxation [2].
Heterovalent stabilization of the high-temperature cubic phase of B-PbF, by
trivalent rare-earth ions [1, 3], which are also introduced as activators into laser
materials, is possible. The successful application of this approach for Nd/La and
Nd/Lu pairs, shown in [1], in this study, the crystallization and luminescent
properties of glass with Eu/Gd co-actives were investigated.

Samples of glasses and polycrystalline complex fluorides were synthesized
from B>O3, PbF,, GdF; and EuF; of at least high purity grade. The glasses in (70-
x-y)PbF>-30B,03-xEuF3-yGdFs system (x = 0.1, 0.5, 1.0, 1.5, 3.0; y =0, 1.5, 2.5,
2.9) have been synthesized. GCs received by the controlled crystallization of
glasses in a variety of temperature-time conditions. The total RE concentration in
the cubic crystalline phase varied from 11-12 at.% (for Pbi«Gd/EuxF2+). The
volume fraction of the cubic crystalline phase in the GC was more than 25%,
which was much larger than in the GC based on the initial glasses doped with
1 mol.% EuF; (8-10 vol.%). After the partial crystallization of the glass we
observed the increase in the relative intensity of the transition *Do—’F;
(~ 580 nm) in PL spectrum, moreover, in co-activated Eu/Gd GC’s it increases by
20-50% more than in GC activated 1 mol.% EuF;. Co-activated GC’s exhibit
greater symmetry of the crystalline phase.

The research was financially supported by Russian Science Foundation by
the grant Ne19-79-10003.

1. O.B. Petrova et al., J. Non-Cryst. Sol. 531, 119858 (2020).

2. P.A. Loiko et al., Opt. and Spectr. 118 (2), 235 (2015).
3. T.S. Sevostjanova et al., Opt. and Spect. 123 (5), 733 (2017).
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UPCONVERSION POLYMER MATERIALS TO INCREASE EFFICIENCY
OF SOLAR CELLS
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Currently, many scientific groups are actively researching upconversion
materials for their use in photovoltaic [1-2]. Solar cells provide photoelectric
conversion only under the influence of radiation of a limited spectral range. For
example, the sensitivity of a crystalline silicon cell is 380—1100 nm. To expand
the spectral range of the photoelectric conversion radiation, a combination cell
with a layer of upconversion material can used (fig. 1). Upon using such a
material, the photoelectric conversion efficiency is increased due to the
conversion of infrared radiation exceeding the spectral operating range of the
panel.

Solar light

Bifacial solar cell

, SRE ¢
&
Ei
k-1
3 4
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Reflection layer Usable radiation
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Fig. 1. Model of a bifacial solar cell with an upconversion polymer doped Er** ions on the
back side of the cell.

In this work, we studied the characteristics of the photoelectric conversion
process for laser and broadband infrared radiation in a combined cell. This cell
consisted of a silicon heterostructure and a polymer film. These films were
obtained from oxysulfide and fluoride powders doped with rare-earth ions and
were manufactured by extrusion and hot pressing. The results indicate the
promising application of these upconversion materials in photovoltaics.

The study was supported by a grant from the Russian Foundation for Basic
Research (project No. 18-42-130011).

1. T. Trupke et al., Sol. Energy Mater. Sol. Cells 90, 3327 (2006).
2. J.C. Goldschmidt, S. Fischer, Adv. Optical Materials 3, 510 (2015).
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LOCAL XRD ANALYSIS OF THE NEAR o-TITANIUM ALLOY PT3V
PREPARED BY ROTARY SWAGING
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!Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
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Rotary swaging i1s one of the types of intense plastic deformation used to
form ultra-fine grained structure [1]. A number of studies have shown that such
material treatment applies its features to the microstructure and phase
composition. These include, for example, the microstructure heterogeneity in the
cross section of the sample and the formation of metastable phases [1, 2].

Phase composition study requires locality due to the microstructure
heterogeneity (the grain size gradient in the cross section of the swaged rod after
annealing). Traditional polycrystal research methods — the method of X-ray
diffraction in Bragg-Brentano geometry cannot meet this requirement.

Obviously, areas with different grain sizes can differ in phase composition
both qualitatively and quantitatively, and therefore have different operational and
corrosive properties.

It is supposed to solve the problem of local analysis using X-ray technology
with a narrow primary beam technique. One option is to use an Oxford Diffraction
single crystal diffractometer equipped with an X-ray tube with a copper anode, a
graphite monochromator and collimator that generates a primary beam with a
diameter of 0.3 mm and a CCD detector.

This work was supported by the Russian Science Foundation (grant
Ne19-73-00295).

1. V.N. Chuvildeev et al, J. of Alloys and Compounds 790, 347 (2019).
2. Y. Cao et al, Materials Science and Engineering 133, 1 (2018).
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ELECTRONIC STATES SHALLOW DONORS IN SILICON
AND GERMANIUM: ACCOUNTING FOR SHORT-RANGE POTENTIAL

A.A. Konakov, A.M. Mikhaylova, A.A. Revin
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Theoretical and experimental research of electronic properties of impurity
centers in indirect-gap semiconductors (primarily silicon and germanium) has
been conducted since the 50s of the last century. These objects are still of
considerable interest due to their possible application in the field of constructing
coherent THz radiation sources [1] and quantum computers [2]. At the stage of
analyzing experimental data or planning experimental studies of non-stationary
processes associated with electronic transitions between States of small impurity
centers, information about the spectra and wave functions of localized carriers,
including their excited States, is essential.

In our work, solves the effective mass equation for the envelope function
of an electron localized on a shallow donor in silicon and Germany. The p-type
excited States were described by the test functions proposed in [4]. In the ground
state, the multi-doline equation [5] was solved taking into account the short-acting
potential. The ground and excited s-states were modeled by wave functions with
two effective Bohr radii, taking into account both the long-range hydrogen-like
and short-range potential of the donor. Modification of the ground state function
in comparison with the hydrogen-like one is necessary to account for the effects
of splitting and chemical shift caused by the short-acting potential of the impurity.
The energies of the excited s-states do not change much in comparison with the
hydrogen-like model due to the fact that the electron density on the core in these
States is small, but the completeness property of the basis requires preserving the
orthogonality of the envelope functions of different States.

The results of theoretical calculations are compared with experimental data
available in the literature [3, 6].

The work was supported by RFBR (grant No 19-53-45056).
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GROWING AgBr — Agl SINGLE CRYSTALS AND INVESTIGATION
OF THEIR PHASE DIAGRAM

A.S. Korsakov, M.S. Korsakov, A.E. Lvov, D.D. Salimgareev, Y.V. Shokhina,
A.A. Yuzhakova, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: Lv.zhukova@urfu.ru

For the fiber optic elements development in the mid-IR region, photostable,
flexible materials that are transparent in a wide spectral range are needed. Silver
halide solid solutions are the most suitable crystalline medium for this purpose.
Solid solutions of the AgCl — AgBr system, transparent from 0.4 to 30.0 um, were
currently the only non-toxic, non-hygroscopic and plastic crystals intended
mainly for the production of polycrystalline IR fibers.

Based on the literature data and the results of the AgBr - Agl phase diagram
studies, new optical single crystals of solid solutions were obtained in the
composition range from 0 to 33 wt. % of Agl in AgBr, from which various optical
products, including polycrystalline IR fibers, can be obtained by hot embossing.

Single crystals of the AgBr - Agl system were grown using the vertical
Bridgman method, from a mixture obtained by the hydrochemical method of
thermo-zone cristallization-synthesis (TZCS). The TZCS method is the basic one
and allows stably obtaining a high degree of purity raw materials (up to 99.99999
wt. %) in the form of polycrystalline solid solutions of a given composition
intended for crystal growth.

The main characteristic of the new crystals is the optical transparency
range. The studies were carried out on polycrystalline and single crystal samples
0.35-3.00 mm thick in the wavelength ranges 0.19—1.10 pm (Shimadzu UV-1800
UV spectrophotometer), 1.28-41.60 um (IRPrestige-21 Shimadzu IR Fourier
spectrometer), 14.7-60.6 um (Vertex 80, Bruker with extended IR range). It was
found that, depending on the content of I, which has heavy molecular mass, in the
AgBr — Agl system in the crystals, the transmission range for the short-wave and
long-wave absorption edges shifts toward an increase in wavelength (from 0.465
to 0.480 um and from 46.0 to 50.0 um, respectively). In this case, a strong increase
in the material photostability is observed, which, according to preliminary data,
even exceeds the photostability of the AgBr — TIBro46l0.54 solid solutions system

[1].

1. A.S. Korsakov et al., Chinese Opt. Latt. 14 (2), 020603 (2016).
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RESEARCH OF AgBg — Agl PHASE DIAGRAM
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Currently, fiber-optic products based on silver halide optical fibers of the
AgCl — AgBr system for various science and technology fields, including for
biotechnology and laser medicine, are actively sold by various companies. The
disadvantage of this solid solutions system is the aging effect associated with high
photosensitivity. Nevertheless, solid solutions of the AgCl — AgBr system,
transparent from 0.4 to 30.0 um, are the only non-toxic, non-hygroscopic, and
flexible crystals intended primarily for the production of polycrystalline IR fibers
[1]. The need to expand the operational spectral range of optical fibers from the
near IR region (0.8-2.0 um), where quartz fibers are used, to the middle and even
far IR region (up to 100.0 um), justifies the search for new optical materials, the
development of technologies for their synthesis, the structure, properties and
applications study. Therefore, an urgent task is the development of radiation-
resistant, non-hygroscopic and plastic crystals for the manufacture of optical
products.

In this regard, it was of interest to study the quasibinary AgBr — Agl system.
This choice was explained, firstly, by the similar physicochemical materials
properties that well form substitutional solid solutions melting at a lower
temperature than the starting components, and secondly, by a heavier iodine ion,
the introduction of which should increase the transmission range to the far IR and
reduce the photosensitivity of the material.

The AgBr — Agl phase diagram was studied by using differential thermal
and X-ray diffraction analysis (DTA, XRD). The experiments were carried out in
sealed ampoules made of a special form Pyrex glass, with homogenization of the
samples for 20 hours at a temperature of 550 °C. The heating and cooling rates
were 2 and 5 °C per minute. The study of the phase diagram showed the possibility
of obtaining a single-phase homogeneous material in the composition range from
0 to 33 wt. % of Agl in AgBr and the growing possibility optical single crystals
from it.

This work was supported by the Russian Science Foundation under grant
No. 18-73-10063.
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SPECTRAL PROPERTIES OF BISMUTH GERMANATE GLASSES DOPED
WITH CERIUM OXIDE

O.B. Petrova, L.M. Savenko, K.S. Serkina, [.V. Stepanova
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: ivstepanova@muctr.ru

Bismuth germanate glasses are a promising active medium for lasers with
a tunable radiation frequency in the infrared range due to the presence of
broadband luminescence in the 1100-1500 nm region associated with bismuth
active centers (BACs) [1]. The amount of BACs can be controlled by changing
the glass synthesis or annealing conditions [2], or by introducing oxidizing ions
into the glass [3], including Ce*" and Ce*' ions which do not have intrinsic
absorption bands in the visible and near infrared spectral regions. This paper is
about research of the cerium ions effect on the BACs concentration in glasses.

The synthesis of glasses with general composition formula xBi2O3 —
(100-x)GeO, — yCeO,, where x = 10, 15, 20, 25 mol.%; y = 0; 0.01; 0.05; 0.1;
1 mol.% was carried out. The oxide mixture was melted at t = 1100 °C for 30 min,
then the melt was quenched onto a metal substrate. The absorption spectra were
fixed using an UNICO 2800 (UV/VIS) spectrophotometer (190 — 1100 nm).

The synthesized bismuth germanate glasses without cerium oxide have red
color. Their absorption spectra contain a characteristic wide absorption band in
the region of 500 nm, the intensity of which depends on the amount of BACs [2].

The addition of CeO; leads to BACs amount decreasing due to the oxidation
of bismuth ions included in the BACs structure. The degree of influence of CeO-
on the glasses properties depends on the concentration of both cerium oxide and
bismuth oxide in the glasses. In series containing 10 and 15 mol.% Bi,03, glass
samples are completely discolored with the addition of 0.05 mol.% CeO>, and
they turn yellow with a further increase in the amount of cerium. Discoloration is
associated with the destruction of the BACs, and the appearance of a yellow color
is related to a shift in the short-wavelength absorption edge to the long-
wavelength region due to a decrease in the energy gap of glasses under the
influence of CeOx. In glass series containing 20 and 25 mol.% Bi2O3, at the same
CeO: concentration (0.05 mol.%), the absorption intensity at the 500 nm
decreases, but the BACs do not completely disappear due to the oxidation of only
part of bismuth ions.

1. E.M. Dianov, Quantum Electronics 40 (4), 283 (2010).

2. L.V. Stepanova, K.S. Serkina, O.B. Petrova, Optics and spectroscopy of
condensed matter: materials of XXV Inter. sci. conf. Krasnodar: Kuban st.
univ, 95 (2019).

3. A. Winterstein et al., Optical Materials Express 2 (10), 1320 (2012).
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HEAT TREATMENTS EFFECTS IN AIR AND IN VACUUM
ON THE MECHANICAL PROPERTIES OF PARTIAL STABILIZED
ZIRCONIUM CRYSTALS 2Y-0.8RSZ (R — Ce, Nd, Tb, Er, Yb)
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High strength, wear resistance, fracture toughness and low coefficient of
friction of crystals of partially stabilized zirconia (PSZ) give great prospects for
their use as structural materials, tribotechnical elements, cutting medical
instruments, etc. One of the key advantages of zirconia-based materials is their
ability to save strength properties when to high temperatures exposed. However,
PSC crystals are metastable, therefore, an important aspect of their practical
application, which allows us to establish the temperature ranges of operation, is
the study of the effect of thermal annealing on phase stability.

Previous studies have shown that the variation of co-doping additives in
solid solutions based on zirconium dioxide can provide materials with improved
mechanical characteristics [1]. Also in [1], the influence of the type of impurity
on the fracture toughness of 2Y-0.8RSZ crystals (R — Ce, Nd, Y, Er, Yb) was
demonstrated and the composition with the highest values of the fracture
toughness coefficient was detect.

In this work, we analyzed the evolution of the phase composition and values
of the fracture toughness of 2Y-0.8RSZ crystals (R — Ce, Nd, Tb, Er, Yb) during
heat treatment in air and in vacuum, to identifying compositions with optimal
mechanical characteristics for use in wide temperature range.

This work was financially supported by the Russian Science Foundation
grant No. 18-00-397.
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INFLUENCE OF BATCH NON-STOCHIOMETRY AND SYNTHESIS
CONDITIONS ON FERROELECTRIC PHASE Bi:GeOs
CRYSTALLIZATION

I.Ch. Avetisov, M.I. Guslistov, O.B. Petrova, K.I. Runina, 1.V. Stepanova,
M.P. Zykova
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
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The Bi12GeOs crystalline phase is an analog of BaTiO3 ceramics according
to some ferroelectric characteristics [1]. According to most authors, this phase is
metastable, which requires certain temperature conditions for its synthesis [2].
From our point of view, this phase can be considered as non-stoichiometric, which
crystallize when oxygen deficiency (bismuth excess) takes place in the Bi-Ge-O
system. In this paper, we have studied the effect of batch non-stoichiometry and
melt temperature on phase formation in the Bi-Ge-O system.

For the synthesis, a mixture of the composition 50 [(1-x)B120O3 — 2xBi] —
50Ge0O: (mol.%), where x = 0; 0.05; 0.1; 0.2; 0.3; 0.4; 0.5. Such a molar ratio of
bismuth and germanium oxides (50:50) corresponds to the formula of the Bi2GeOs
compound, and the substitution of a part of BiO3 with metallic Bi creates the
necessary oxygen non-stoichiometry. The synthesis of crystalline phases was
carried out by cooling of the initial batch, previously melted for 15 minutes at
temperatures of 1020 °C or 1100 °C. The phase structure was analyzed using an
Inel Equinox-2000 X-ray diffractometer (CuKa, A = 1.54056 A) in the range of
angles 20 = 10-80°.

When cooling the melt obtained from the stoichiometric batch (x = 0) at
1020 °C, the content of the desired BioGeOs phase in the final product does not
exceed 33%. Substitution of Bi2O; for Bi under the same synthesis conditions
increases the fraction of the Bi2GeOs phase, up to 100% at x = 0.4. It should be
noted that the structure and amount of secondary crystalline phases vary
depending on the amount of introduced Bi.

When the melt is cooled from t = 1100 °C, the content of the BioGeOs phase
in the final product at x = 0 reaches 87%, and already at x = 0.1 it becomes the
only crystalline phase. We suppose that the melt temperature increasing leads to
the reduction of bismuth ions, which contributes to the oxygen deficiency and, as
a result, leads to the predominant formation of the Bi2GeOs phase. Thus, an
increase in the non-stoichiometry of the initial batch, as well as an increase in the
melt temperature, contributes to the crystallization of a single Bi2GeOs phase.

1. K. Pengpat, D. Holland, J. of the Europ. Ceram. Soc. 23, 1599 (2003).
2. V.P. Zhereb, V.M. Skorikov, Inorg. Mat. 39, 2, S121 (2003).
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Solid solutions based on zirconium dioxide are promising refractory
materials that can work in aggressive oxidizing environments at elevated
temperatures, which significantly expands the scope of their application. The high
mechanical characteristics of these materials are mainly due to the
transformational hardening mechanism. The mechanism is implemented by
means of the transition of the tetragonal phase of zirconia to monoclinic, and the
stresses caused by the phase transformation compensate for the stresses of the
propagating crack. However, solid solutions based on ZrO> with a tetragonal
structure are thermodynamically metastable at room temperature, and high-
temperature exposure can lead to an undesirable transformation of the tetragonal
phase into a monoclinic phase in the bulk of the material.

This paper presents the results of investigation of mechanical properties,
structure and phase stability of solid solutions of ZrO,-Gd,Os after annealing at
1600 °C in air and in vacuum.

The crystals have been grown using the directional melt crystallization in a
cold crucible. The phase composition of crystals was determined by x-ray
diffractometry. The microhardness and fracture toughness of the crystals have
been measured by indentation.

The study of the phase composition and mechanical characteristics of
crystals based on zirconia, depending on the concentration of stabilizing oxide,
showed that the increase in the concentration of Gd>Os in crystals from 2.8 to
4.0 mol.% leads to a decrease in the content of the transformed tetragonal t-phase,
a decrease in its degree. Eventually, these factors lead to a decrease in the fracture
toughness of crystals with an increase in the concentration of GdOs.

It is shown that annealing of tetragonal solid solutions of ZrO,-Gd,Os leads
to an increase in the values of fracture toughness for all the studied compositions,
due to the removal of micro-stresses in the crystals. Phase analysis showed that
after annealing at 1600 °C in air, the amount of nontransformable tetragonal phase
increased for all samples in comparison with growth crystals and crystals heat-
treated in air. When annealing in air, the values of fracture toughness are higher
than when annealing in vacuum, since the amount of nontransformable phase does
not increase during annealing in air.

The work is supported by RSF (project No. 16-13-00397).
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BORATE CRYSTALS FOR THZ WAVE GENERATION

Yu.M. Andreev!, S.G. Grechin?, G.V. Lanskii', A.A. Mamrashev?,
N.A. Nikolaev?, P.P. Nikolaev*
!Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
’Prokhorov General Physics Institute of RAS, Moscow, Russia
SInstitute of Automation and Electrometry SB RAS, Novosibirsk, Russia

“LLC Neophotonics, Saint-Petersburg, Russia
E-mail: S.G.Grechin@mail.ru

We present for the first time results on subterahertz (0.3-0.1 THz or
1-3 mm) wave generation in nonlinear borate crystals with low second order
nonlinearity: uniaxial f-BaB20O4 (further BBO) of point symmetry group 3m with
42 atoms in elementary cell and maximal nonlinear coefficient d2; = 2.3 pm/V;
biaxial LiB3;Osor LBO (mm?2, 36 atoms, d3» = 0.85 pm/V) and 3-BiB3Os or BIBO
(group 2, 20 atoms, dz¢ = 3.48 pm/V pm/V). Specific feature of these crystals is
complicated structure, high damage threshold and well-known large absorption
coefficient for nonpolarized at frequencies over 0.5 THz.

Optical properties in the THz 70
range were studied with time-domain
spectrometer TeraPulse 4000
(TeraView, UK) supplied with own
design software. The observed linear
absorption coefficient of the BIBO
crystal at 1064 nm is 2 times lower to that a1
of high quality BBO. LBO possesses
extreme low absorption coefficient of <
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In fig. 1 it is seen that BIBO v, THz

crystal possesses minimal absorption Fig. 1. Spectra of highest absorption

coefficient in line with the maximal coefficients of the crystals

nonlinear coefficient in the THz range.

So that it is the most prospective crystal for THz wave generation. On other hand
it belongs to the point group 2 and possessing very complicated physical
properties that render control of output parameters quite complicated. Other
results will be delivered.

1. D.M. Lubenko et al., Proc. SPIE 11322, 274351 (2019).

2. N.A. Nikolaev et al., J. of Physics: Conference Series 951, 012005 (2018).
3. Y. Lee et al., Results in Physics 19, 102815 (2019).
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STUDY OF PHASE COMPOSITION HOMOGENEITY OF HARD ALLOYS
BASED ON TUNGSTEN CARBIDE AND COBALT
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Hard alloys based on WC — Co are characterized by high resilience and
wear resistance, which allows them to be used as metal cutting tool. Increase in
the mechanical properties of these materials is associated with the problem of their
phase composition homogeneity.

Spark plasma sintering (SPS) is promising method of hard alloys
manufacturing. The surface of the WC powder particles is always oxidized, so
that carbon deficiency can occur in the sintering volume at heating due to CO and
CO; formation. Violation of stoichiometry leads to the formation of brittle
n-phases (CoxW,C,) [1]. Carbon diffusion from the graphite mold in which the
powder is poured reduces this effect: the surface layer of the sample will not
contain n-phases, but at some distance from the surface these phases may exist.

The objects of this study were 3 hard alloy samples sintered from plasma
chemical WC powder and cobalt (10% wt.) applied to the surface of WC particles
by deposition method. SPS of powder compositions was performed at «Dr. Sinter
model SPS-625» in a vacuum (heating speed was 50 °C/min, pressure was
70 MPa, sintering temperature was 1050 °C). Degassing exposure at 850 °C for
10 minutes was conducted during the sintering process of two samples. The
surface of the samples was subjected to consecutive mechanical grinding with
diamond discs and mechanical polishing with diamond paste. The sample height
was controlled by a micrometer.

X-ray diffraction experiments were performed on a powder diffractometer
«XRD-7000» (CuKa, A = 1.54 A). The dependencies Iysi1y/Iwcai1) on the total
value of the remote layer were constructed to determine the carbon diffusion depth
(fig. 1). Surface layer thickness of samples not containing n-phase (CozW3C) does
not exceed 100 pm.
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Fig. 1. Distribution of ratio Ini11y/Iwcin) by depth of the samples sintered at 1050 °C

The work was financial supported by Russian Science Foundation, grant
Nel18-73-10177.
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The idea of using optical signal instead of electrical one was offered in
order to increase the rate of signal transmission inside high-power computing
systems. But silicon, being a traditional material of microelectronics, cannot be
used as light emitter due to the peculiarities of band structure in its conventional
cubic phase. Therefore, there is a demand in the silicon processing methods which
would allow improving its optical properties.

Previously [1, 2], it was found by us that inclusions of hexagonal silicon of
the 9R-Si phase were formed in silicon substrate at the interface with the film
upon irradiation of the SiO> (160 and 140 nm)/Si system by Kr" ions followed by
annealing. The average projected range (Rp) of Kr" ions was less than the film
thickness. For such samples, a photoluminescence (PL) band was detected at ~
1235 nm, which was assigned to the emission of the 9R-Si phase. To study the
mechanism of a 9R-Si hexagonal phase formation upon ion irradiation of the
S10,/Si1 system, three types of experimental samples have been investigated by
PL spectroscopy and transmission electron microscopy: 1 — SiO2(140 nm)/Si
system irradiated by Kr" ions (Rp ~ 50 nm), 2 — Si irradiated by Kr" ions, 3 — Si
irradiated by Kr" and O™ ions. For the samples of the 2nd and 3rd types, the values
of energy and dose of Kr" ions were chosen so that the displacements profile was
close in shape and height to that in silicon substrate for the first type sample
(according to the SRIM code [3]). The values of energy and dose of O" ions were
chosen so that the number of oxygen atoms implanted per unit area was
approximately equal to the number of oxygen recoil atoms when the SiO/Si
system was irradiated by Kr" ions (for the first type sample). All the samples were
annealed after irradiation. The first type sample shows the presence of the 9R-Si
phase and PL band at ~ 1235 nm; the third type sample shows the same PL band
and twinning defects; for the second type sample, the PL at ~ 1235 nm is not
detected. The results are discussed taking into account the role of mechanical
stresses, radiation defects and oxygen in the formation of the hexagonal phase.

The work was supported by Russian Foundation for Basic Research (Grants
No. 18-32-20168 and 19-53-45056).
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LUMINESCENT GLASS-CERAMICS IN THE SYSTEM
(Li,Na),0-(Ga,Al),03-Ge0>-SiO,

N.V. Golubev, E.S. Ignat’eva, E.O. Kozlova, E.V. Lopatina, A.A. Maurus,
V.N. Sigaev, M.Z. Ziyatdinova
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: ngolubevi@muctr.ru

On the basis of glasses in the Me>O-Gax03-GeO2-S102 (Me = Li, Na)
system, we have obtained a transparent glass-ceramics with y-Ga>Os3 nanocrystals
[1-3]. Low light scattering and luminescence when excited only by UV-C
radiation makes it promising for the development of solar-blind converters.
However, the formation of y-Ga;Os nanocrystals in glasses of this system is
preceded by liquid-liquid phase separation, which leads to the formation of
inhomogeneity regions with a diameter of ~ 8 nm in the initial samples [4]. As a
result, the average size of the precipitated nanocrystals in transparent glass-
ceramics obtained by the one-stage regime is no less than
~ 6 nm. The relatively large sizes of nanocrystals reduce the probability of
radiative recombination, and the two-phase nature of the initial glass determines
a wide distribution of nanoparticles in size. All this limits the potentially
achievable light transmission and integrated photoluminescence intensity of this
glass-ceramic. Their further increase is possible only after suppressing the phase
separation of the liquid type in the initial glasses. Using the methods of
«additions» and «substitutiony» in this work, we studied the effect of Al,O3 on the
phase separation and luminescence efficiency of low-alkali gallium
germanosilicate glasses. The addition of Al>O; is shown to enhance the integrated
photoluminescence intensity and to decrease the size of precipitated y-Ga,Os
nanocrystals. The correlations between glass composition, nanocrystals size and
crystallized phase content, on the one hand, and the photoluminescence of glass-
ceramics, on the other, have been revealed.

This work was supported by the Russian Foundation for Basic Research,
grant Ne20-03-00809.
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FORMATION OF BIREFRINGENT STRUCTURES IN SODIUM BORATE
GLASSES BY LASER BEAM

A.S. Lipatiev, S.V. Lotarev, V.N. Sigaev, S.S. Fedotov
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: lipatievas@yandex.ru

The development of new micro-optical elements and integrated optical
circuits stimulates research in the field of direct laser nano- and microstructuring
of transparent dielectrics. The nanogratings discovered upon exposure of silica
glass to femtosecond laser pulses exhibit birefringence, whose characteristics can
be tuned by varying the parameters of the laser beam. This feature opens a new
way in the development of ultrastable optical memory [1] and phase elements [2]
based on glass. Most of the theoretical and experimental studies devoted to direct
laser writing of nanogratings were performed on silica glass. Meanwhile, studies
on the formation of nanogratings in two-component glasses are also of
fundamental interest [3] and can help to better understand the mechanisms of
interaction of a laser radiation with a matter.

In this work, we studied laser modification of glasses of the Na>O-B,0O;
system with sodium oxide content from 14 to 28 mol.%. Pharos SP femtosecond
laser was used for laser modification of glasses. Its radiation was focused into the
bulk of glass samples to a depth of 150 um using a microscope objective with a
numerical aperture of 0.45. The possibility of the appearance of polarization-
dependent birefringence under the femtosecond laser pulses was demonstrated for
the first time for sodium borate glasses. The conditions of laser exposure
providing birefringence with a slow axis perpendicular to the polarization plane
of the writing laser beam are determined. The dependences of the phase shift of
the laser-written birefringent structures on the content of sodium oxide in the glass
composition, the number of pulses, pulse repetition rate, pulse energy and pulse
duration are revealed.

This work was financially supported by the Ministry of Science and Higher
Education of Russia (FSSM-2020-0003).

1. J. Zhang et al., Phys. Rev. Lett. 112, 033901 (2014).

2. M. Beresna, M. Gecevicius, P.G. Kazansky, Opt. Mater. Express 1, 783 (2011).
3. S. Lotarev et al., J. Non-Cryst. Solids 479, 49 (2018).

193



LASER WRITING OF CHANNEL WAVEGUIDE IN ULTRA-LOW
EXPANSION GLASS-CERAMICS

A.S. Lipatiev, S.V. Lotarev, V.I. Savinkov, G.Yu. Shakhgildyan, V.N. Sigaev,
S.S. Fedotov
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: slotarev@muctr.ru

Transparent glass ceramics with ultra-low coefficient of thermal expansion
(CTE) are based on lithium aluminosilicate glass in which nanosized crystals of
spodumene, B-eucryptite, or B-eucryptite-like solid solutions possessing negative
CTE precipitated under heat treatment. In the recent decades, ultra-low expansion
glass-ceramics has found wide application in engineering from telescope mirrors
to housings of ring laser gyroscopes. The minimized thermal expansion makes it
an attractive material for the development of integrated optical components and
circuits for precision devices requiring constant geometric dimensions in the
operational temperature range.

Studies of femtosecond laser modification of glass-ceramics of this kind [1,
2] have shown that the exposure to femtosecond laser pulses gives rise to a
noticeable local decrease in the refractive index related to partial amorphization
of nanocrystals [2]. This effect makes it possible to fabricate depressed-cladding
channel waveguides inside a piece of glass-ceramics by direct laser writing of
cladding with reduced refractive index.

In this study, we fabricated a set of channel waveguides with a core
diameter from 9 to 24 um and cladding formed by a series of parallel tracks written
in a glass volume by a focused femtosecond laser beam with 180 fs pulse duration
and 10 kHz pulse repetition rate at 1030 nm wavelength moving along the surface
of the glass-ceramic plate at 0.2 mm/s speed. Some of the laser-written
waveguides were found to be single-mode. The analysis carried out using a 1064
nm cw laser beam showed that the obtained single-mode waveguides manifest
light propagation losses not higher than 2.4 or 2.7 dB/cm, depending on the
orientation of the polarization plane of the light channeled in the waveguide.

The study was financially supported by the Ministry of Science and Higher
Education of Russia, FSSM-2020-2003.
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LITHIUM ALUMOSILICATE TRANSPARENT GLASS-CERAMICS
WITH ADJUSTABLE THERMAL COEFFICIENT OF LINEAR EXPANSION
IN THE AREA OF ZERO VALUES

E.V. Lopatina, S.V. Lotarev, A.S. Naumov, V.I. Savinkov, G.Yu. Shakhgildyan,
V.N. Sigaev
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: andreynauml3@mail.ru

Due to the possibility of achieving a thermal coefficient of linear expansion
(CTE) close to zero values, transparent glass-ceramics of the lithium alumosilicate
(LAS) system occupy a special place among optical materials [1]. The main focus
of recent studies is on improving the cooking properties of LAS glasses and
achieving stable and precision-variable values of CTE.

This work is devoted to establishing relationships between processing
conditions of LAS glass and the CTE values of the obtained glass-ceramics for
precision regulation of the CTE of glass-ceramics in the area of zero values. The
object of the study was glass based on the Li2O-Al,03-S10; (LAS) system. The
features of its composition and synthesis technology are described in detail in the
patent [2].

Using the methods of X-ray diffraction, DTA and Transmission Electron
Microscopy (Thermo Fisher Scientific Titan 80-300 TEM with an accelerating
voltage of 300 kV in the dark field mode), the processes of nucleation and growth
of B-eucryptite-like solid solutions in LAS glass were studied and their size, shape
and quantity were determined depending on the heat treatment modes. The
obtained data were compared with dilatometric curves, which allowed us to
determine the modes of fine adjustment of the CTE near zero values. The features
of the appearance and development of a nanoinhomogeneous structure in LAS
glass were clarifies, which open the possibility of creating transparent thermally
stable glass-ceramics with a weakly varying near-zero CTE in an unusually wide
temperature range: from —80 to +400 °C.

This work was supported by the Russian Science Foundation (Agreement
No. 19-19-00613) and the Russian Foundation for Basic Research (grant
Ne19-03-00684).
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TRANSPARENT LITHIUM ALUMINOSILICATE GLASS-CERAMICS
ACTIVATED BY NEODYMIUM IONS WITH CTE STABILIZED NEAR ZERO

S.V. Lotarev, A.S. Naumov, V.I. Savinkov, V.N. Sigaev
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: vlad.sigaev@gmail.com

Transparent glass-ceramics of the lithium aluminosilicate (LAS) system
occupy a special place among optical materials that act as a matrix medium for
the introduction of luminescence activators (rare earth element ions). Interest in
these materials is explained by the ability to combine spectral-luminescent
characteristics with high thermal stability, which is provided by ultra-low values
of the temperature coefficient of linear expansion (CTE). In general, the CTEr
values of glass-ceramics have nonlinear temperature dependence and fine-tuning
of the CTE wvalues is possible by optimizing the phase composition and
establishing precise ratios between the volume fractions of the amorphous and
crystalline phases. It was shown earlier that the features of the formation of the
nanoinhomogeneous structure in LAS system glasses make it possible to precisely
regulate the CTE of the formed transparent glass-ceramics, opening the way to
further improvement of this important material for optical instrumentation.
However, the introduction of a noticeable amount of rare-earth luminescence
activator can significantly affect the nature of glass crystallization, which is
clearly insufficiently studied.

In this work, the processes of catalyzed crystallization of B-quartz solid
solutions with additions of neodymium ions for obtaining thermally stable light-
emitting media in the near-IR region are studied. The spectral-luminescent
properties of LAS glass and glass-ceramics with rare earths additives were
investigated depending on the synthesis conditions. The amount of neodymium
oxide varied from 0.1 to 3 mol.% (Nd2Os3 was introduced in excess of 100% of
the matrix composition). The temperature treatment of synthesized glasses with a
duration of up to 48 hours changed from 710 to 760 °C.

At this stage, it is established that the spectral-luminescent properties of the
original LAS glass can be reproduced in a LAS glass-ceramics characterizing with
a CTE values close to zero.

This study was supported by the Russian Science Foundation (agreement
No. 19-19-00613) and the Russian Foundation for Basic Research (grant
No. 19-03-00684).
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TRANSPARENT GLASS-CERAMICS MATERIALS WITH INCREASED
HARDNESS IN THE MgO-Zn0O-Al,05-S102 SYSTEM

V.I. Savinkov, V.N. Sigaev, A.Yu. Shakhgildyan, G.Yu. Shakhgildyan
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: vlad.sigaev@gmail.com

The low hardness of the materials used to protect touch screens is one of
the main problems faced by mobile device manufacturers. To a greater extent,
ion-strengthened glass is used to protect screens, but its physical characteristics
no longer meet the growing requirements of the mobile device market. Short-term
contact of glass with solid particles leads to the formation of defects, followed by
its destruction under impact.

This problem can be solved by the creation of new materials — transparent
glass-ceramics, which represent a heterogeneous material based on amorphous
matrix and crystalline nanophases. Precipitation of the phase with high hardness
while maintaining the transparency of the glass-ceramics will provide a material
that 1s promising for applications as screen protection.

For this purpose, the influence of heat treatment conditions (h/t) on the
values of microhardness (MH) of transparent glass-ceramucs was studied in this
work. The initial glass composition wt.%: 8 MgO; 15 AlbOs; 42 SiO2 and 35
(Na20O, ZnO, Ti0, ZrO;, As203) was synthesized by melting from a batch in a
corundum crucible in an electric furnace at a temperature of 1620 °C. Glass
samples were h/t in a two-stage mode (680 °C — 4 h and 750, 780, 800, 820, 830
and 845 °C with an exposure time of 10 or 30 hours).

The phase composition of the obtained samples includes a mixture of
sapphirine and gahnite characterizing with a high hardness. It turned out that the
MT values of the original glass already exceed the MT of Gorilla Glass. H/t of the
original glass at 640 °C for 4 hours leads to a slight decrease in MT, which may
be due to the formation of a small amount of solid phase, which reduces the total
MT of the material [1]. H/t in two-stage mode leads to an increase in MT up to
values exceeding 1050 HV while maintaining transparency. Further increase in
the temperature of the second stage of H/t leads to a decrease in MH. Models are
proposed that explain the behavior of mechanical properties depending on the
structural changes of the glass-ceramics.

The obtained values of MT of sapphirine glass-ceramics exceed the
microhardness of all known transparent glass-crystal materials, and can be used
as protective screens for a wide class of devices.

The work was carried out with the financial support of the Ministry of
Science and Higher Education of Russia, FSSM-2020-0003.
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FORMATION OF ANISOTROPIC MICROVOIDS IN THE VOLUME
OF NANOPOROUS GLASS BY FEMTOSECOND LASER PULSES

S.S. Fedotov!, A.S. Lipatiev!, S.V. Lotarev!, A.G. Okhrimchuk'-,
M.Yu. Presniakov?, G.Yu. Shakhgildyan', V.N. Sigaev!
!Mendeleev University of Chemical Technology of Russia, Moscow, Russia
’Prokhorov General Physics Institute of RAS, Moscow, Russia
SNational Research Center «Kurchatov Institute», Moscow, Russia
E-mail: ssfedotov@muctr.ru

Nanoporous glasses (NPQG) attract the attention of researchers due to their
unique structure, consisting of nanoscale channels containing secondary silica
globules, as well as good optical transparency, mechanical and temperature
stability. It was previously shown that exposure of such glasses under
femtosecond laser pulses can lead to birefringence, with the slow axis oriented
perpendicular to the polarization of a linearly polarized laser beam, which makes
it possible to use these structures for multilevel information coding [1, 2].

In this study, nanoporous glass was modified by femtosecond laser pulses
with a repetition rate 1 MHz, pulse duration 180 fs, and pulse energy 50 nJ. The
number of pulses per point varied from 1 to 3. It was found by the SEM method
that the birefringent structure is a cavity with an elliptical cross-section in the
plane perpendicular to the laser beam, surrounded by a layer of compacted
waterproof glass. The major axis of the ellipse is perpendicular to the polarization
of the laser beam. The study of the dynamics of the formation of the cavity showed
that after the first pulse the cavity has a circular cross-section and is not
birefringent. After the second and third pulses, the cavity is extended in the
direction perpendicular to the polarization of the laser radiation.

This work was supported by the Russian Foundation for Basic Research
(grant Ne19-03-00684).
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INFLUENCE OF LASER WRITING PARAMETERS
ON THE WAVEGUIDES STRUCTURE IN Ag,0-ZnO-P20s GLASS

S.S. Fedotov, A.S. Lipatiev, S.V. Lotarev, G.Yu. Shakhgildyan, V.N. Sigaev
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: georgiy.shahgildyan@gmail.com

The nonlinear nature of the absorption of ultrashort laser pulses by the
material makes it possible to control the spatial position of modified regions in
the volume and create new types of integrated devices for photonics,
optoelectronics and information storage. Of particular interest is the possibility of
creating nonlinear optical waveguides in the volume of oxide glasses, which will
allow controlling the data transfer on the chip.

In this work, waveguides with a cross section of 3.5x14 mm? and a length
of 25 mm consisting of nanoparticles and silver clusters were recorded in the
volume of glass composition (mol.%) 8Ag20; 53Zn0; 39P,0s. The laser-induced
formation of nanoparticles is confirmed by the characteristic yellow color and
confocal absorption spectra recorded in regions containing waveguides. The
spectra show absorption bands with a maximum at 450 nm, which corresponds to
the SPR of silver nanoparticles. Written waveguides also have luminescence in
the visible region caused by the formation of silver clusters. It is shown that when
the writing speed of waveguides increases from 2 to 5 microns/s, the intensity of
the SPR band decreases and the luminescence intensity increases, which indicates
a decrease in the number of silver plasmon nanoparticles and an increase in the
number of clusters.

It is also shown that an increase in the writing speed from 2 to 5 microns/s
leads to a decrease in An from 4.8 to 2.3'10°. Waveguide properties are
demonstrated when a laser beam with a wavelength of 1030 and 1550 nm is
inserted. The loss at 1550 nm, determined by the interference method, is
1.08 dB/cm.

So, for the first time the possibility of generating a supercontinuum in the
written waveguides containing silver nanoparticles — the spectrum of femtosecond
laser beam after passing through the waveguides widens by more than 60 nm,
which indicates the nonlinear properties of the written waveguides. Changes in
the waveguide writing speed affect the shape of the supercontinuum spectra and
the optical breakdown of waveguides. It is shown that with a higher content of
plasmon nanoparticles in the waveguide, self-focusing is observed and an optical
breakdown occurs at a distance of 60 microns from the sample border, while a
decrease in the number of silver nanoparticles leads to an optical breakdown on
the sample surface. The obtained results open up new possibilities for creating
integrated nonlinear optical elements of photonic chips.

This work was supported by grant No. 19-32-80032 of the Russian
Foundation for Basic Research.
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CRYSTALLINE PHASES IN A CARBON-CONTAINING POLYMER
COMPOSITE

A.A. Karpeev, V.V. Naumkin, N.V. Yantsen, A.M Zyuzin
National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: karpeian(@yandex.ru

The effect of carbon black (TU) and peroxide saturation on the phase
composition of a composite material based on ethylene vinyl acetate was studied.
In fig. 1 DSC curves are presented for the initial samples with different TU
contents, as well as for samples saturated with peroxide. Two pronounced peaks
in the curve for a sample with a TU content of 35% (fig. 1 (a)) indicate the
presence of two crystalline phases in the initial composite: — «1» and a higher
temperature — «2». It was found that the proportion of the second phase increases
almost linearly with the content of TU. For samples saturated with peroxide, the
DSC curves have one peak (fig. 1 (b)), indicating the presence of only one
crystalline phase. The pronounced dependence of the fraction of the crystalline
phase «2» on the content of TU allows us to conclude that the formation of this
phase is initiated by carbon black particles, which are the centers of formation of
crystalline fragments formed by matrix macromolecules. The absence of a
crystalline phase in a peroxide-saturated composite is explained by crosslinking
of the macromolecules of the polymer matrix, which suppresses crystallization
initiated by carbon black particles.
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Fig. 1. DSC curves for composite samples.

This work was supported by the Russian Foundation for Basic Research
and the Government of the Republic of Mordovia, project
No. 18-48-130015r _a.
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B HAHOCTPYKTYPAX
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MHTEP®ENCHBIE D®PEKTHI B HAHOCTPYKTYPAX

E.JI. UBueHKO
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
Canxkm-Ilemepoypeckuti Axademuuecxuii ynusepcumem um K.U. Angpeposa
PAH, Cankm-Ilemep6ype
E-mail: ivchenko@coherent.ioffe.ru

[maBHBIM  37€MEHTOM JIOOBIX MOJYIPOBOJAHUKOBBIX HAHOCTPYKTYP
(KBaHTOBBIX $IM, KBAHTOBBIX HUTEH, KBAHTOBBIX TOYEK) SIBJIsiETCS MHTEpderic: 6e3
rpaHull pasfena He ObIBaeT W HAHOCTPYKTYpP, a KpOME€ TOTO, BIIUSHHE
uHTep(dEeNcoB pacTeT MO Mepe yMEHbIIeHUs pa3MmepHocTH. HecoBepiieHcTBa
uHTepdeiica OrpaHMYMBAIOT MHOTHE BaKHEHIIME TapaMmeTpbl HAHOCTPYKTYD,
TakKue, HalpuMep, KakK MOJIBIXKHOCTh CBOOOIHBIX HOCUTEIEH M KBAHTOBBIN BBIXO]]
JroMuHecHeHIMU. [IoMUMO HECOBEPILEHCTB Ha I'PAaHULIAX Pa3/ielia, KOTOpPhIE B
MPUHITUIIE YCTPAHUMBI, OOJBINIOE BIMSHUE HA TApaMETPhl HAHOCHCTEM MOXKET
OKa3bIBaTh M cama aTroMapHas CTPYKTypa HAcaIbHBIX HHTepdeiicoB. Jlekmus
NOCBSAIIEHA MPOSIBJICHUIO ATOM MPUHIUITHATBHO HEYCTpaHUMOM
MUKPOCTPYKTYpbI HHTEp(Eiica, MOHWKAIOIIEH CUMMETPUI0 HaHOOObekTa. [lnan
JIEKLIUU U €€ KPaTKOe CcoliepKaHue MPUBEJICHbI HIKE.

1. 30HHas CTpyKTypa OOBEMHBIX MOJYIPOBOJAHUKOB C PEHIETKOW IIMHKOBOU
obmanku (GaAs, AlAs, InP, ZnSe, BeTe, CdTe, HgTe u MHorue npyrue
coenunenus AzBs u AoBg). Banentnas 3ona [y, ramMuwibTOHWAH
JlarTunxepa.

2. CranpapTHble TpaHH4YHbIE yciaoBusi bacrapma. OOmmii BUA TpaHUYHBIX
YCJIOBUM JIJIs1 BOTHOBOM (PYHKITMH JIEKTPOHA B MPOCTOM 30HE.

3. I'panuunbie yCIOBUS B Cily4yae CI0KHOW BaJieHTHOU 30HHI ['s. [IposBienue
AHM30TPONMU XMMHUYECKUX CBA3eld Ha wuHTepdeiice — cMmenmBaHue
COCTOSIHUM TSKEJION U JIETKo# 1bIpku Ha uHTepdeiice (001).

4. Dddexrel nHTEPHEHCHOTO CMEIIMBAHUS COCTOSHUN TSKEIOW U JIETKOU
JIBIPKHU.

e DOxkcutoHsl B cBepxpenietke GaAs/AlAs tuma II. Tonkas cTpykrypa
HKCUTOHOB, HAJIM4YKWE B OJHOW M TOW K€ TEeTEPOCTPYKTYpe ABYX
HDKCUTOHHBIX  COCTOSHMUM €  paBHBIMH [0  MOXYJIO,  HO
MPOTUBOMOJOXKHBIMK [0  3HAKy 3HAYEHUSIMU  AHU30TPOITHOIO
OOMEHHOTO pacIIeIICHUSI.

e [erepocTpykrypsl Oe3 oOmux katnona u annoHa tuma [ (InGaAs/InP)
u tuna Il (ZnSe/BeTe, InAs/AlSb, InAs/GaSb). 'urantckas nuaeitHasS
NOJIIpU3ALIMS U3JIy4eHHs] SKCUTOHOB B cTpykrypax Tuna Il (mo 80% u
BBIIIE): B CTPYKTypax C HEIKBUBAJIECHTHBIMU HOPMAJIbHBIM U
WHBEPTUPOBAHHBIM HHTep(eiicaMu 5STa oONTHUYECKas aHU3OTPOMUS
HaOmogaeTcst 6€3 MPUIIOKEHUsI BHEIIHUX CUJI, a TIPYU SKBUBAJICHTHBIX
uHTepQeicax OHa HABOAMUTCS JJICKTPUUYECKUM IOJIeM (TUTaHTCKUN
KBaHTOBO-pa3MepHbIil addekT [Tokkennca).

e lurepdeiicHbli BKIaA B CIOUHOBOE PACHICTICHHE JJIEKTPOHHBIX H
JBIPOYHBIX JIUCTIIEPCUOHHBIX BETBEM B CTPYKTYypax C KBAaHTOBBIMU
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sMmamu. B rerepoctpykrype Si/SiGe 3TO pacuierieHue UMeeT YUCTO
UHTEPPEHCHYIO IIPUPOLY. Onncanue CIUH-OpOUTATBHOTO
paclIeIieHus. JbIPOYHBIX HHEPreTUYECKUX BETBEH B MHOTO30HHOMU
MOJIEIH.

DHepreTUuecKuil CHekTp CBOOOIHBIX HOCUTENIEH B CTPYKTypax cC
kBaHToBOM simoit HgTe/CdHgTe. Ilpu onpeneneHHoN (KPpUTHUYECKOMN)
TOJIIIMHE d. CJIOS KBAaHTOBOW SIMbl 3allpellieHHas 30Ha B CTPYKType
MCYE3aET, @ 3aBUCHUMOCTb SHEPIMM OT KBa3MMMIIYJIbCa B OKPECTHOCTH
Touku k = () cTaHOBUTCS JIMHEIHO. B ipocToii k[|p Mogenu coctosiHus
B 3TOM JHMPAKOBCKOM KOHYCE€ JBYKPAaTHO BBIPOXIECHBI (IBYMEpPHBII
JTUPAKOBCKUK  MaTepuai). YYeT aHU30TPONuu HUHTep(dercHbIX
XUMUYECKHX CBA3€H MNPUBOAMT K CHATHIO 3TOIO BBIPOXKIECHUS U
Pa3BOCHUIO JUPAKOBCKOIO KOHYCA.

HaBenennas untepdeiicHas onTuyeckas aHu30TPONUSI.
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OOODOEKTBI XOJUIA B IBYMEPHbBLIX CUCTEMAX

C.A. TapaceHko
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
E-mail: tarasenko@coherent.ioffe.ru

Oneun Xomn. B wucropun Quszuku He ObUIO, TOXKAIYH, APYroro
UCCIIeIoBaTeNs, KOTOPBINA ObI Jal CBOE MM TaKoMy OoJbIIoMy psany 3h(eKxTos.
Oddexr Xomna, aHoMaIbHBIM 3(dekT Xoia, IETOYUCICHHBIH U JIPOOHBIM
KBaHTOBbIE 3 (deKThl XoJjula, CIIMHOBBIM, OOpAaTHBIM CIHWHOBBIA M KBAHTOBBIM
criiHOBBIN 3P dekTsr Xoia, Tonosorudeckuit 3gpdext Xosia — BOT J1ajeKo He
IIOJIHBIM CIIMCOK SIBJIEHUW, OTHOCSIIMXCSA K TPAHCIIOPTY HOCHUTENIEU 3apslia B
TBEPJIOM TeJe. A €CTh €lle MHOXKECTBO ONTUYECKUX U aKyCTUYECKHX aHaJIOrOB
ATUX JICKTPOHHBIX A(H(PEKTOB.

B noknazne npeacraBieH 0030p COBPEMEHHOI'O COCTOSIHUSA A€l B 00JaCTH
apdexktoB Xomna B JABYMEPHBIX 3JEKTPOHHBIX CHCTEMaxX, OOCYXKIArOTCs
MUKPOCKOITUYECKUE MEXAHU3MBbI 3TUX SIBJICHUH.

Oco0oe BHUMaHuE OyJET yAEJIeHO KBAHTOBOMY, KBAHTOBOMY CIIMHOBOMY
U KBAaHTOBOMY aHoMallbHOMY 3(¢ektam Xosuta. B stux sddexrax nepeHoc
3apsijia U CIIMHA OCYILECTBISAETCA M0 OJHOMEPHBIM KaHajlaM, BO3HUKAIOIIUM Ha
KpasX JBYMEpPHOW CTPYKTYpbl KOHEYHOIO pa3Mepa u3-3a HETPUBHUAIBHOU
TOTIOJIOTUU 3JIEKTPOHHBIX COCTOSIHUN B 0oO0beme CTpyKTyphl [1]. B kBaHTOBOM
s dexTe Xosna KpaeBble COCTOSTHUS UMEIOT KUPATbHYIO CTPYKTYPY U CBSI3aHBI C
dbopmupoBanueM ypoBHel Jlanaay B MarHuTHOM ToJie. B KkBaHTOBOM CIIMHOBOM
abdexre Xomma KpaeBble COCTOSHHMS BO3HUKAIOT 3a CUET WHBEPCHUU 30H B
MOJIYIPOBOJHUKAX C  CHWJIBHBIM  CHUH-OPOUTANBHBIM  B3aMMOJICHCTBUEM
[1, 2]. B aTOM cilyyae COCTOSHUS UMEIOT TOMOJOTHYECKYIO 3alUTY, CBSI3aHHYIO C
KpaMepCOBBIM BbIpOXKJieHHEM. [IpunokeHue BHENIHEr0 MArHUTHOIO TOJIS
CHHUMAET TOIOJIOTHYECKYIO 3allUTy U OTKPBIBAET IIEIh B CIEKTPE KPaeBbIX
COCTOSIHMM, TpPHBOJAS K aHJIEPCOHOBCKOW JIOKAIM3alUMU D3JIEKTPOHOB H
NOJIABJICHUIO 3JIEKTPOHHOI'O TpaHCHOpTa. B JByMEpHBIX TOIMOJIOIMYECKUX
U30JIATOpax Ha OCHOBE MOJYIPOBOJIHUKOB C PEIIETKOM IIMHKOBON OOMAaHKH I11€J1b
B CIEKTPE KPAEBbIX COCTOSHHMU SIBISETCS CHJIBHO AHM30TPONHON (yHKLMEH
MAarHUTHOTO TOJI M JOCTHraeT HauOOJbIIET0 3HAUYCHUS B MEPICHIUKYISIPHOM
MarHuTHOM mosie [3]. IlomaBneHue TpaHcmopTa MHO KpaeBbIM KaHalaMm B
NEePHEeHAUKYJIIPHOM MarHUTHOM I10J1€ HAOJII0AaJI0Ch HEJIABHO B TOMOJIOIMYECKUX
M30JIATOpax Ha OCHOBE TeJUTypuaa pTyTu [4].

Pabota mognepskana rpantom PH® (poekt Nel7-12-01265).
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YTO TAKOE CUJIbHBIE SJIEKTPOHHbBIE KOPPEJIALINN
(HA ITPUMEPE 'EKCABOPUIA CAMAPHA)?
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E-mail: glushkov@|lt.gpi.ru

['excabopuy camapusi SIBISETCS KIACCUYECKUM IPUMEPOM CHUCTEM C
CUJIBHBIMU 3JIEKTPOHHBIMU KOppEIsUUAMH. B 3TOM COEIMHEHUH COCTOSHUA
MOHOB CaMapHs C PasHbIM YHCIOM 4/-37eKTpoHOB (4f™ u 4f™!) okasniBaroTcs
BbIpOKIeHHBIMU [1, 2]. Ilepexompl MexIy pa3iu4YHbIMU 3JIEKTPOHHBIMU
KOH(MUTYpalUSIMHU TIPUBOJIAT K HEIEIOYNCICHHONW BaJCHTHOCTH MOHA camapus
(mms SmBe: v = 2.6 [3]) U, KaK clIeICTBUE, K YACTUYHOM Aenokanu3anuu 4f-
COCTOSSHUM W CHJIbHBIM (IYKTyallUssM MAarHUTHOTO MOMEHTa. B  pexume
CUJIBHOTO B3aUMOJIEUCTBUS JIOKAIM30BAaHHBIX 4f- U 30HHBIX S5d-3JIEKTPOHOB B
30HHOM criekTpe SmBg oTKpBIBaeTCS THOpUIU3AIIMOHHAS TIEIb (€ = 19 MaB [4]),
YTO MO3BOJISIET OTHECTU 3TO COEIMHEHHUE ¢ KyOMYecKOoW CTPYKTypoHl K Kiaccy
CHWJIBHO KOPPEJIUPOBAHHBIX Y3KO30HHBIX MOJYIPOBOJHUKOB C aHOMAJbHO
BBICOKMMH 3HAuYCHUSMHU IP(PEKTUBHBIX MacC AIEKTPOHOB (~ 30mo) U ABIPOK (~
1500mo) [3, 6].

CunpHble AJIEKTPOHHBIE KOPPEJSLMUHU ONPEACNAIOT W PSAJ  aHOMAaJIHM
TPAHCIOPTHBIX CBOMCTB rekcabopuia camapus, OJIHa U3 KOTOPBIX CBsI3aHa C
«HACBIICHUEM»  yAelbHOTO  conpoTuBiieHus (p ~ 10+100 Owm:-cwm),
HaOmoparormmcs ipu 7'< 5 K 117151 BceX UcclieIoBaHHBIX MOHOKPHUCTATTMYECKUX
oOpasmoB. [Ipu Oonee BBICOKMX TemIeparypax HaIMYWE TBYX aKTUBAIIMOHHBIX
Y4aCTKOB C DHEPIUsAMHU akTuBauuu ~ 3-6 MdB u ~ 20 M3B Ha temnepaTypHbIX
3aBUCUMOCTSIX TPAHCHOPTHBIX CBOWCTB IIO3BOJIAET YETKO HACHTH(PUUUPOBATH
CMEHY pEeXHMOB 3apsI0OBOIO TpPAHCIOPTAa € NEPEXOAOM OT COOCTBEHHOM
(T> 15 K) x npumecnoit (7 < 15 K) npoBogumoctu [6]. UHTepecHO, 4TO «Maiasi»
sHeprus aktuBaluu (Eex = 3.5+6 M3B), onpenenstonias moBeAeHUE MapaMeTpoB
3apsipoBoro TpaHcnopra npu 1T < 15 K, 3aBUCHMT OT HampaBl€HHsS TOKa
OTHOCUTEIIFHO  KpucTauimdecko pemerkun SmBs [7]. OOHapyxeHHas
aHU30TPOIMS TPAHCIOPTHBIX CBOMCTB COINIACYe€TCs C IMPOCTPAHCTBEHHOU
HAIPaBJICHHOCTBbIO 3KCUTOH-MOJISIPOHHBIX KOMIUIEKCOB, (DOPMHUPYIOILUXCS B
pexxume OBICTPBIX 3apsAOBBIX (IYKTyallMid B OKpPECTHOCTM HMOHOB Sm [8].
DKCUTOH-IIOJISIPOHHAsT MOJIENb 3apsaoBbIX (QuykTyauuii B SmBe [8] mo3Bossier
pa3lieauTh BKJIAJbl B SHEPTUIO CBSI3M MHOT'OYACTUYHBIX (3KCUTOH-MOJISIPOHHBIX)
COCTOSTHUWA OT M30TPOIMHOM OSKCUTOHHOM KOMIIOHEHTHl (Eex ® 3 M2B) m
aHU30TPOITHOTO MOJISIPOHHOT0 noTeHumana (£, ~ 0.5+3 m3B), BentnunHa KOTOpOro
3aBUCUT OT Kpucramuorpaguueckoro Hamnpasienus. Ilpu sTom aHanus
COBOKYIHOCTH JaHHBIX U3MEPEHUN TPAHCHOPTHBIX, ONTUYECKUX U MArHUTHBIX
cBoiictB SmBs nipu 7 < " ~ 5K [5-7, 9] mo3BomsieT caenaTh BBIBOA 00
AJIEKTPOHHOM (ha30BOM TMEpPEX0Jie B KOTEPEHTHOE COCTOSHUE AIIEKTPOHHO-
JOBIPOYHOM KUJIKOCTH, OITUCHIBAEMOU IKCUTOH-TIOJISIPOHHON MOJENBIO 3aPsAI0BBIX
baykryanuii [8].
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OpnHako, SKCUTOH-TIOJISIPOHHBIM MeXaHW3M (OpMUPOBAHUS OCHOBHOTO
cocrossanss SmBg [6-9] ocmapuBaercs  JaHHBIMH  (POTOAIMHUCCHOHHOM
CIIEKTPOCKONIMU C yTJIOBBIM paspemienuem [10-11], yka3piBarommmu Ha
MOSIBJICHHE B 3aIPELIEHHON 30He reKcabopuia camapusi COCTOSIHU € IBYMEPHBIM
JTUPAKOBCKUM CIIEKTPOM. CoracHo MOJIEIIH KOPPEJIUPOBAHHOTO
tonosiorudeckoro uzosaropa (KTH) [12] 3TM MOBEpXHOCTHBIE COCTOSHUSI
BO3HMKAIOT M3-32 HETPUBUAJIBHOM TOIMOJOTUU 30HHOM CTPYKTYphI Tekcabopuia
camapus (COOTBeTCTBYIOIIMI Z> uHBapuaHT it SmBs pasen (1;111) [12]). B
OTJIMYME OT SKCUTOH-NOJIIpOHHOTO noaxoa [8] konuenius KTU [12] cBa3biBaeT
HE3aBUCSIIEE OT TEMIEPATypbl YJEIbHOE CONPOTUBIEHUE B OCHOBHOM
coctrosann SmBs ¢ mepexogaoM OT OO0BEMHON MPOBOJUMOCTH C 30HHBIMH
HOCUTEISIMA 3apsiia K DJIEKTPOHHOMY TpPAaHCIOPTY [0 TOBEPXHOCTHBIM
COCTOSIHUSIM, OIPEIEISIONIMM BO3HUKHOBEHHE JIBYMEPHOTO METAJIMYECKOIrO
ciost Ha rpanuie marepuana [12—13]. KecTkas cBsi3p Mexay MHoJisspuU3alyen
CIIMHA W HaNpaBJIEHHEM HUMITYyJibca 3JIEKTPOHA, onpejelisieMasl CUIbHbIM CIIUH-
OpOUTAJIbHBIM B3aUMOJICUCTBUEM, OOECIIEYMBACT COXPAaHEHUE OpPHUEHTALUU
ClIMHA W OEe3MCCUTIAaTUBHBIN TMEpPEeHOC 3apsja H3-3a MOJABJICHUS MPOLIECCOB
paccestHus JICKTPOHOB HA HEMArHUTHBIX JIe)eKTaX U HEPOBHOCTSX MOBEPXHOCTHU
[14]. KupaJbHOCTh IMPAKOBCKUX DJEKTPOHOB IOATBEPKIAIOT HAOJIOICHUS
MarHMTHOTO KPYTOBOT'O JUXPOU3Ma, 0OHAPY>KEHHOTO JUIsl COCTOSIHUM B TOUKax X
u [ 3oHbl bpuiitosHa 1o aHajgoruv ¢ JaHHBIMUA JJISL  KJIACCHYECKOTO
Tonosiornyeckoro u3osstopa BiTes [15]. Ha nomMunupyromwmii  BkiIajg
MOBEPXHOCTHBIX COCTOSIHUM B TMPOLECCHl IEPEeHOca 3apsja Npu  HU3KHUX
TeMIreparypax yKa3bplBaloT M 3(PGeKThl HEIOKAJIbHOM  MPOBOAMMOCTH,
MPOSIBIISIONINECS TTPU U3MEHEHUU T€OMETPUU TOKOBBIX IMyTEU MPHU MEPEXojie OT
TPEXMEPHOTO K IBYMEPHOMY PEXUMY AJIEKTPOHHOTO TpaHcnopTa [ 14, 16].

B noknane obcyxaaeTcsi COBpEMEHHOE COCTOSIHUE MCCIIEIOBAHUN ATOTO
YAUBUTEIIBHOTO COECIMHEHUS C MPOMEXKYTOUHOW BAJIEHTHOCTBIO, PACCMOTPEHBI
IPOTUBOPEYMST B TMOAXOJAX M MOJAENAX, MpeularaeMbiX s OObICHEHHUS
0COOEHHOCTEH DJJIEKTPOHHBIX CBOWCTB SmBs. B wacTtHOCTH, mapamerpsl
IByMepHOW moBepxHocTH {Depmu, OmNpenesieHHbIE MO JaHHBIM KBAaHTOBBIX
OCHWJIIALIMKA HamarHuueHHocTu [17], He cornacyroTcsi ¢ pesyjbratamu [18] u
JAHHBIMH HM3MEPEHUN CHEKTPOB PEHTTEHOBCKOW (DOTOIMHUCCHH C YTIIOBBIM
paspemiennem (ARPES) [19-21]. bonee Ttoro, HecMOTpss Ha BBICOKYIO
MOJABUKHOCTh TMOBEPXHOCTHBIX HOCHUTENEH 3apsija, KBAHTOBBIE OCHUUISLIUU
MPOBOJMMOCTH HE HAOMIOMAIOTCSI BO BCEM HCCICOBAHHOM JIMAMa30HE
temmneparyp (10 20 mK) u marautHbix nosei (o 15 Ti) [20-23]. Konuentpanus
IIOBEPXHOCTHHIX cocTosuui 1.1-10'° cM?, olleHeHHas U3 XOIUIOBCKHMX H3MEPEHHUI
00pa3ioB pazHoW TommuHbl [13], OKa3bIBaeTCs aHOMAJbHO BBICOKOM IS
JTUPAKOBCKOro crekTpa. OOcCyxknaercs aabTEPHATHUBHBIN TMOIXOJ K aHAIU3y
ARPES cnextpoB [24], B KOTOPOM MarHUTHBIN KPYTrOBOW TUXPOU3M OOBICHSIETCS
ruranTckuM 3¢gdexrom Pamobsr 0e3 mpuBiedeHHs TOMOJIOTHYECKUX Mojenel. B
JOKJIane  TMOAPOOHO  PAacCMOTPEHBI  pe3yJbTaThl ~ MarHUTOPE30HAHCHBIX
uccienoBanuii SmBg [25], cOMIacCHO KOTOPBIM MOSIBICHHE TEMIIEPaTypHO-
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WHIYIIMPOBAHHBIX MAarHUTHBIX MOMEHTOB B MPHUIOBEPXHOCTHOM CIIO€ TIPH
TeJIMEeBBIX TEMIIEPATYyPaxX HE MPUBOAUT K BUIUMBIM H3MEHEHUSIM ITOBEPXHOCTHOM
OpoBOAUMOCTH. M3MepeHuss ~MarHUTHOrO  pe30HaHca  IMOKa3ajiu, 4YTO
TeMIeparypHas 3aBUCUMOCTh WHTErPAJIbHOM WHTEHCHUBHOCTH JIEMOHCTPUPYET
anomanbHoe kputmueckoe mosenenue I(T) ~ (T°-T)* ¢ xXapakTepHOU
TeMIIepaTypou

T" = 5.34 K u nokazarenem crenenu o ~ 0.38 [25]. HeoObl4HOE MOBeeHME
napaMeTpoB MarHUTHOTO PE30HAHCAa YKa3bIBA€T HA BO3MOXKHBIM MarHUTHBIM
dazoBeiii mepexon Ha moepxHoctu (110) SmBs, uTOo He coriacyercs ¢
TEeMIIepaTypHO HE3aBUCUMBIMHU XapaKTepUCTUKAMU MOBEPXHOCTHBIX
QJIIEKTPOHHBIX  COCTOSIHMM,  MpEACKa3blBA€MbIMU B paMKax  MOJEIH
KoppenupoBanHbeix TU [12].

Pa6ora nmognepxana rpantom PODU Ne 17-02-00127.
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BJIEKTPOHHBIN TPAHCIIOPT B CUCTEMAX C MATHUTHBIMU
CKMPMUNOHAMUN

K.C. Jlenucon
Quzuxo-mexnuueckuil uncmumym um. A.@. Hogpgpe PAH, Canxkm-Ilemepbype
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[Touck HOBBIX (U3NYECKUX SIBICHUH, CBA3aHHBIX CO CIHHOBBIMU
CTENEHSIMU CBOOOIbI HOCUTENIEH 3apsAia B pa3IMUHbIX MaTEPUAIBHBIX CUCTEMAX,
3aHMMaeT BaXXHOE MECTO B (DyHAAMEHTAJIbHBIX U MPHUKJIAJHBIX UCCIIETOBAHUSIX.
Cpenu HaunOosiee SIPKUX HaNpaBlICHUH IOCIIETHETO JECATUIIETUS BBIIEISAETCS
U3y4YE€HHUE MarHUTHBIX CHUCTEM, B KOTOPBIX CIIMH- OpOUTAIbHOE B3aUMOICHCTBHUE
OPUBOJUT K (HOPMHUPOBAHHUIO CIOKHOTO MPOCTPAHCTBEHHO-YIIOPSIOUEHHOTO
pacrpeneneHus HaMarHn4eHHOCTH. BakHeWnii npuMep UCCIIETOBAHUN B ’TOM
HAlpaBlICHUU CBSA3aH C H3yuYeHUEM (U3MKH MArHUTHBIX CKHPMHUOHOB B
(beppOMarHuTHBIX MJIEHKAaX U MarHUTHBIX TeTepocTpyKTypax [1-3]. MarHuTHbIi
CKMPMHOH  MpEJCTaBIsieT CcOOOHM  KUpaJIbHOE  COJMUTOHHOE  COCTOSIHUE
HAMAarHUYECHHOCTH, XapAaKTEPU3YIOLIEECSs HETPUBHUAIBHOW TOMOJOTHMEH H
KOMITaKTHBIM pazMepom. CrnoxHas TOTIOJIOTHSI pacnpeneneHus
HaMarHW4YeHHOCTH BHYTPU CKUPMHOHA OOECIIEUYNBAET €r0 TEPMOJINHAMUYECKYIO
CTaOUIIBHOCTh, KOTOPAsi B HEKOTOPBIX CIIy4asiX MOKET ObITh COXpaHEHa BIUIOThH
N0 KOMHATHBIX Temmeparyp. bomee TOro, cucremsl, JOIYCKaIOIIKE
(opMupOBaHHE UHAUBHUIYAIbHBIX MArHUTHBIX CKUPMHOHOB, B IIOCJIEIHEE BPEMSI
npuodpenu 0coObIi HHTEPEC B CBA3H C UX OOJIBUIMM MPUKIIAJAHBIM MOTEHIIMAIOM
1 BO3MOKHOCTBIO IIPUMEHEHHUS B JIOTUYECKUX YCTPOMCTBAX HOBOT'O ITOKOJICHUS
[3]. B uwactHOCTH, B CTPYKTypax Ha OCHOBE race-track apXuTeKTypbl MOXKHO
TO0OUTHCST OBICTPOTO MEPEMEIICHUSI CKHPMHOHOB C TIOMOIIBIO 3JIEKTPHUECKOTO
TOKa [4]. 3HaYUTENBHBIN POrpPeCC, MPOU3OLIEAIINN B HEJaBHEE BPEMS, CBA3AH C
NPUMEHEHUEM METOJOB BHM3YyaJIU3allMd INOBEPXHOCTH MArHUTHBIX CpEN, YTO
IPUBEIO K OTKPBITUIO PA3JIMYHBIX MaTEPHAbHBIX IJIAT(HOPM, JOMYCKAIOUIUX
00pa30BaHME MArHUTHBIX CKUPMHOHOB HAHOMETPOBOI'O MaciuTada [5—7].

@®opMUpPOBaHME MAarHUTHBIX CKUPMHOHOB B CHCTEME CYIIECTBEHHBIM
o0pa3oM CKa3bIBa€TCA Ha €€ JJIEKTpUUecKux cBoicTBax. [Ipu uccinenoBanum
3JIEKTPOCONPOTUBJICHUSI KUPAJIbHBIX CIHMHOBBIX CUCTEM OOHApYKUBACTCS
JONOJHUTENBHOE MAJCHUE HaNpsDKEHWsT Ha IONEPEYHbIX KOHTAKTax —
tononornueckuit dPdexkr Xomra (TIX). lanasii >dpdext BO3HMKaET B
pe3ysibTaTe acCHUMMETPUM JABW)KEHHS DJIGKTPOHA TpU €ro OOMEHHOro
B3aMMOJICUCTBUM C TIOJIEM HAMarHMY€HHOCTH BHYTPU CKUPMHUOHOB [8].
Tononornyeckuid 3Pdexkr Xoima HMEET BaXHOE NPHUKIAJAHOE 3HAYCHHE,
IIOCKOJIBKY ~ TIO3BOJISIET JETEKTUPOBATh KUPAJIbHBIE CIHHOBBIE TEKCTYpBI
HAMAarHWYEHHOCTH YHCTO JJIEKTPUYECKMMHU METOJAaMU. OJKCIIEPUMEHTAIBHOE
HaOmoaeHre TOX ObUI0 YCTaHOBJIEHO B Pa3IMYHBIX MaTepUATbHBIX CUCTEMAX |5,
6]. B noxnazne Oyzaer npeacTaBiieHa MUKPOCKOIIMYECKast KapTUHA (GOPMHUPOBAHUS
JAHHOTO SIBJICHUS, PACCMOTPEHBI pa3MYHble PEXUMbl U cHeuupuueckue
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OCOOEHHOCTH, oOTiauyatroue cBoictBa TOX OT MpoYMXx MEXaHU3MOB
IIOIIEPEYHOr0 DJIEKTPOHHOI'O OTKJIMKA, a TaKKE OCBEIIEHO COBPEMEHHOE
JKCIIEPUMEHTAIBHOE COCTOSIHUE WCCICAOBAHUN TPAHCIOPTHBIX SBJICHUU B
CHUCTEMAaX C MATHUTHBIMU CKUPMHOHAMM.

Jlannass paboTa BBIIIOJIHEHA TpU  HoAjAepkKe rpaHta POOU
Nel7-12-01182.
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MHTEP®ENCHBIE COCTOSIHIS B ABYMEPHBIX I'ETEPOIIEPEXOIAX
CO CIIMH-OPBUTAJIbHBIM B3AUMOJIENCTBUEM OBLIEI'O BUJIA

A.P. 3antmaryTnuaoB, A.B. TenexxHukon
Hayuonanvuuwiii uccneoosamenvcruii Husicecopoockuti 20¢y0apcmeenHbiil

yuugepcumem um. H.U. Jlobauescrxozo, Huscnuii Hoszopoo
E-mail: zoyal 066(@mail.ru

B nosynmpoBOAHMKOBBIX CTPYKTypax CYLIECTBEHHOE 3HAUYEHHUE Ha CIEKTP
HOCHTEJIe MOXET OKa3bIBaTh CIIMH-0pOuTanbHoe B3aumojeicteue (COB). Tak,
B TMOJYNPOBOAHMKAX O3 IIeHTpa MHBEPCUU B pse 3ajlay LeJecoo0pa3Ho
yuntbiBath COB [lpeccenbxay3a, a B 2D anekTpoHHOM ra3e, cChOpMHUPOBAHHOM B
acuMMeTpu4HOU KBaHTOBOH sime, — COB Pamb6sl. UccnenoBanue ocoOGeHHOCTEH
CHEKTpa HOCUTENEH, B TOM YHUCIEe OOCYKICHHE BO3MOXKHOCTH CYILIECTBOBaHUS
uHTepdericHbIX cocTosHul, B rerepomnepexomax ¢ COB Pamber u COB
peccenbxay3a BbIIOIHEHO, Haripumep, B [1].

B nactosimieit padbore paccmarpuaetcsi retepornepexon ¢ COB o6uiero
BUJa (YTO COOTBETCTBYET CHUTYallMM, KOTJa KBaHTOBas siMa BbIpallleHa B
IPOU3BOJIBHOM ~KpHUCTAJUIorpauyeckoM HampaBieHuu). B stom ciydae
ramwibToHMaH COB oka3bIBaeTcsi MO-NPEKHEMY JIMHEHHBIM MO BOJHOBOMY
BEeKTODY k:

HSO:(axx6x+a G, +a 6‘)/( +(a 6.+a 6, +a 6 (1)
oy Xz X xy o x Wy zyz y

Ha npsimonuneiinoit rpanuue, pasuenswonied miockue odnactu ¢ 2D-

NIEKTPOHHBIM Ta3oM ¢ pa3auuHeiMu  KoHcTanTaMu COB ¢, «cuaur»

0-00pa3Hblii TOTEHIMaT (KOTOPBIM IIMPOKO MCHOJIB3YETCA [UIsl OINUCAHUS
TaMMOIOJO0HBIX MOBEPXHOCTHBIX COCTOSIHMI y TpaHUIlbl paszzena). AHalu3
JTUCTIEPCHOHHOTO YPaBHEHUS MOKAa3aJl, YTO MOMUMO OOBEMHBIX COCTOSHUU MPHU
OTIpENICTICHHBIX TapaMeTpax CHUCTEMbl CIEKTP COJEPKUT UHTEPQEHCHBIC
COCTOSIHUSI, TIPUBEJICHHBIC HAa BcTaBke puc. 1 (a). [loBegenue kBampaTa MoIyis
BOJIHOBOW (DYHKIIMH, COOTBETCTBYIOIIEH OJTHOMY M3 TAKHX COCTOSIHHH, ITOKa3aHO
Ha puc. 1 (6). Taxxe B paboTe mpoBeAEH aHATU3 3aBUCHMOCTH YHEPT€TUYECKOTO
CIIEKTpa OT PA3JIMYHBIX IAPAMETPOB CUCTEMBI.

E g
B E L3 ]

a) 6)

L L . , et T PO .. S TR
\ 01 —0.10 —0.05 { 005 010 -915/ ¥ —a = s = P X

Puc. 1. (a) — mpumep 3HEpreTHYecKoro crekTpa rereporepexoaa ¢ COB obmiero Buna. Ha
BCTaBKE — BETBH HUHTEP(EHCHBIX COCTOSHUH; (0) — KBapaT MOIYJIsl BOJTHOBOW (DYHKIIMH.

1. A.A. Sukhanov, V.A. Sablikov, J. Phys.: Condens. Matter 23, 395601 (2011).
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JIMHAMUKA KPAEBBIX COCTOSHNI 1 BOJTHOBBIX ITAKETOB
HA ITOBEPXHOCTHU TOIIOJIOI MYECKUX N30JIATOPOB
B ITPUCYTCTBHWU GAPLEPOB

J.A. Kynakos, /[.B. Xomuikuii
Hayuonanvuuiii uccnieoosamenvcruii Husicecopoockuti 20cyo0apcmeenmbiii
yrueepcumem um. H.U. Jlobauesckozo, Husicnuii Hoeeopoo
E-mail: deniskulakov@mail.ru

B nocnennue roasl BO3pOC MHTEPEC K U3YUYECHUIO CBOWMCTB JIBYMEPHBIX U
TpeXMEepHBIX Tonojorudeckux u3ossitopoB (TH). Ilocnennee mpuBoaUT K TOMY,
YTO TMOJSPU30BAHHBIE IO CIUHY JJICKTPOHBI MPAKTUYECKU HE PAacCEUBAIOTCA Ha
neeKTax W HEPOBHOCTAX IMOBEPXHOCTH JUIJICKTPUKA. DTO CBOMCTBO
NpeACTaBIsACT OOJBIION HMHTEPEC B MPAKTHYSCKOM IUIAHE IS CO3JaHUS
YCTPOMCTB CIMHTPOHUKHU HA 0a3e JaHHBIX MaTepuanioB. BeieacTBue uero MeTos
VIIPaBJICHUS JABWKEHUEM W CHOUHOM BOJHOBOIO IIAKETa SIBJISETCS Ba)XHOU
HCCJICIOBATEIILCKOM 3aJaucii.

B nanHoii pabote uMcCCle0OBaHO YUCIEHHOE MOJEIMPOBAHUE JUHAMHKHU
BOJIHOBBIX [IAKETOB HA MOBEPXHOCTH TOMOJIOTUYECKUX H30JSATOpPOB [1] B
NPUCYTCTBUM OJHOPOAHOTO (MO OJHOW M3 KOOPAMHAT) MPSMOYTOJbHOTO
MOTEHIIUAJIBHOTO 0aphepa C pa3IMuyHOW HAMarHWYEHHOCTHIO. AHAJIUTHYECKH
3a7ja4a PEIIaeTcs, UCIOJb3ysl CTATUUYECKOE Pa3jioKEHHWE BOJIHOBOIO IMakeTa Ha
IIJIOCKUE BOJIHBI. Peraercs 3aga4ya o pacCeIHUU MIIOCKUX BOJIH B IAHHOW CUCTEME
[2] ¥ momy4YeHHBIM pe3yNbTaT 0000IIAeTCs MJisi JBYMEPHBIX DIIEKTPOHHBIX
COCTOSIHUM, OIIMCHIBAEMBIX BOJHOBBIMH MmakeTramu. HcciaegoBan sddekr
KJICHHOBCKOI'O TYHHEJIMPOBaHUS [3].

HccnenoBana nuHaMUKa BOJTHOBBIX TAKETOB HA TOBEPXHOCTH TPEXMEPHBIX
TU. YcTaHOBIIEHO BIWSHUE SHEPTrMHM BOJHOBOIO MAaKETa, yrila MAaJACHUsS Ha
MIPOXOXKJICHUE Yepe3 JTaHHble CTPYKTYyphl. MccnemoBana auHaMuka CIMHOBOM
IJIOTHOCTH, OOHApy>X€HO BO3HUKHOBEHHE JIOMOJIHUTEIbHBIX  CIUHOBBIX
miotHocteil. [lokazaHo, 4To JJisi JABYMEPHOTO BOJHOBOTO Makera 3dQekt
KJICHHOBCKOI'O TYHHEJIMPOBAHUE MOXKET OBITH MMOJIABJICH.

1. X.-L. Q1, S.-Ch. Zhang, Rev. Mod. Phys. 83, 1057 (2011).

2. J. Milton Pereira et al., Phys. Rev. B 74, 045424 (2006).
3. C. Yesilyurt et al., Sci. Rep. 6, 38862 (2016).

211



VYYET KOPOTKOJEUCTBYIOIIEN YACTHU IIOTEHLIMAJIA
I[TP1 PACYHETE OCHOBHOI'O COCTOAHMA MEJIKUX
[MPUMECHbBIX HEHTPOB B ITOJIYIITPOBOAHUKAX

A.A. Konakon, A.M. MuxaiinoBa, A.A. PeBun
Hayuonanvnuiii uccnieoosamenvcruit Husicecopoockuii 20¢yo0apcmeenmbiil
yrueepcumem um. H.-U. Jlobauesckoeo, Husicnuii Hoeeopoo
E-mail: annmihailoval998@mail.ru

Baxxnoit 3amayeit  (Qu3MKKM  MOJYNPOBOAHUKOB  SIBIISIETCA  pacyer
AJIEKTPOHHBIX COCTOSIHUW YEIUHEHHBIX IMPUMECHBIX IIEHTPOB — JIOHOPOB H
akuentopoB. COCTOSHUS HOCHUTENA, JIOKAIU30BAaHHOTO HA MEITKOM IPUMECHOM
[IEHTPE, MOTYT OBITh OMHCAHBI B paMKaxX MPUOIMKEHUS orubaromiei GyHKIUA C
3¢ (HEKTUBHBIM TraMUIIbTOHUAHOM, TTOTEHITMAIbHAS SHEPTHS B KOTOPOM BKJIFOYAET
JNATbHOACHCTBYIOMINN (BOAOPOAONOI00HBIN) M KOPOTKOACHCTBYIOMIMMI (THUNA
HSKPAHUPOBAHHOTO KYJOHOBCKOro moTeHnuana) Bkimaasl [1]. Tlocnenuuii
3aTPyNHSET pacueT KBAaHTOBBIX COCTOSHUH, TOCKOJIBKY paccMaTpUBacMOe
ypaBHEHUE IIPEAMHTEPOBCKOTO THIA HE HMMEET TOYHOIO aHAIMTHYECKOTO
pemenus. OcoOEHHO BaXEH YYeT KOPOTKOJCHCTBYIOIIErO MOTEHIMANa s
JIOHOPHBIX COCTOSIHUM B HEMPSMO30HHBIX IOJYIPOBOJHUKAX THUIA KPEMHUS U
repMaHus BBUJTY PE30HAHCHOTO MEXIOTUHHOTO CMEIINBaHuUA,
WHIYIIMPOBAHHOTO KOPOTKOJIEHCTBYIOIIUM MOTEHIIMAIOM [2].

B pamkax npuGnuxenus orubarorieit (GyHKIIMM HaMHu pa3padoTaH MOaXO0/]
K pacyeTy SHEPrMM M BOJIHOBBIX (YHKIIMA OCHOBHOTO COCTOSIHHUSI MEJIKUX
JIOHOPHBIX IIEHTPOB B MPSIMO30HHBIX U HEMPSMO30HHBIX MOJIYNPOBOJIHUKAX C
YYE€TOM KOPOTKOJICMCTBYIOIIECH YAaCTH MOTEHIMAJIa. PelieHue ypaBHEHHS s
oru0aroiei mpoBOAWIIOCH BapualinoHHBIM MeTo1oM Putia. CriepBa 3a7a4a Oblia
pemieHa B ciay4yae H30TponHON 3¢dexktuBHONH Maccel. [IpoOubie ¢GyHKINU
BEIOMPATUCH JIBYX BHUJIOB: BOJOPOA0NIOA00Has ¢ A hexkTuBHBIM paguycoMm bopa
B KauecTBE  BApHWAIMOHHOTO  TMapamMeTpa ©  CYNEpPHO3WIUs  JBYX
BOJIOPOIONIOIO0HBIX, T/I€ OJHA YYHUTHIBajda OTKIMK Ha JAIbHOACHCTBYIOILYIO
yacTh INIOTEHIMaja, a BTOpas — Ha KOPOTKOAEWCTBYromyro. Haumyummi
pe3yibTaT JOCTUTAETCS TMPH  HCIONB30BAHUM (PYHKIIMM BTOPOTO THIIA,
colepxkalie Tpu BapUAlMOHHBIX Tnapamerpa. Jlis CpaBHEHHSI TaKxke
UCIIOJIb30BAJICS MEepTypOaTUBHBIA MOAXOA K PEIICHUIO 3aJaud, OJHAKO €ro
TOYHOCThH OKa3aJlaCh HUXKE.

[Tomyyennass Ha mTpempIAyIIEeM dTarne BOJHOBas (GyHKIMsS ObLia
npeoOpa3oBaHa B  YETHIPEXMApaMETPUUYECKYIO JJIsi  pacdyeTa CTPYKTYPHI
OCHOBHOT'O COCTOSIHUSI JIOHOPOB B TMOJYNPOBOJHHKAX C aHU3O0TPOITHOM
abdexTuBHON Maccoi. Haiinensl mapameTrpbl BOJHOBBIX (YHKIIMN, Hambosee
OJIM3KO OTBEUYAOIINE UMEIOIIIMMCS KCIIEPUMEHTATBHBIM JTaHHBIM [3].

Pabota nogaepxxana rpanrom POOU Nel9-53-45056.

1. W. Kohn, J.M. Luttinger, Phys. Rev. 98, 915 (1955).
2. S.T. Pantelides, C.T. Sah, Phys. Rev. B 10, 621 (1974).

3. A.K. Ramdas, S. Rodriguez, Rep. Prog. Phys. 44, 1297 (1981).
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HALL EFFECTS IN TWO-DIMENSIONAL SYSTEMS

S.A. Tarasenko
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: tarasenko@coherent.ioffe.ru

Edwin Hall. There was perhaps no other researcher in the history of physics
who would give his name to such a large number of phenomena. Hall effect,
anomalous Hall effect, integer and fractional quantum Hall effects, spin, inverse
spin, and quantum spin Hall effects, topological Hall effect — this is not a complete
list of phenomena related to transport of charge carriers in solids. And there are
many more optical and acoustic analogues of these electronic effects.

In the talk, I will provide an overview of the current research in the field of
Hall effects in two-dimensional electronic systems and discuss the microscopic
mechanisms of these phenomena.

Particular attention will be paid to the quantum, quantum spin, and quantum
anomalous Hall effects. In these effects, charge and spin transport occurs along
one-dimensional channels arising at the edges of a two-dimensional structure of
finite size due to the non-trivial topology of electronic states in the bulk of the
structure [1]. In the quantum Hall effect, the edge states are chiral and associated
with the formation of the Landau levels in a magnetic field. In the quantum spin
Hall effect, the edge states arise due to band inversion in semiconductors with
strong spin-orbit interaction [1, 2]. In this case, the edge states have a topological
protection associated with the Kramers degeneracy. Application of an external
magnetic field removes the topological protection and opens a gap in the spectrum
of the edge states, leading to the Anderson localization of electrons and the
suppression of electron transport. In two-dimensional topological insulators based
on semiconductors with a zinc blende structure, the gap in the spectrum of the
edge states is an anisotropic function of the magnetic field and reaches its
maximum in a perpendicular magnetic field [3]. Such a suppression of electron
transport along the edge channels by a perpendicular magnetic field has been
recently observed in topological insulators based on mercury telluride [4].

This work was supported by the Russian Science Foundation (project
Nel7-12-01265).

1. M.Z. Hasan, C.L. Kane, Rev. Mod. Phys. 82, 3045 (2010).

2. S.A. Tarasenko, Physics - Uspekhi 61, 1026 (2018).

3. M.V. Durnev, S.A. Tarasenko, Phys. Rev. B 93, 075434 (2016).
4. S.U. Piatrush et al., Phys. Rev. Lett. 123, 056801 (2019).
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INTERFACE STATES IN TWO-DIMENSIONAL HETEROJUNCTIONS
WITH A SPIN-ORBIT INTERACTION OF A GENERAL TYPE

A.V. Telezhnikov, A.R. Zaynagutdinov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: zoyal 066@mail.ru

In semiconductor structures spin-orbit interaction (SOI) can have a
significant effect on the carrier spectrum. So, in semiconductors without an
inversion center in a number of problems it is advisable to take into account the
Dresselhaus SOI, and the Rashba SOI in a 2D electron gas formed in an
asymmetric quantum well. A study of the characteristics of the carrier spectrum,
including a discussion of the possibility of the existence of interface states, in
heterojunctions from the Rashba SOI and the Dresselhaus SOI was performed, for
example, in [1].

In this paper, we consider a heterojunction with a SOI of a general type
(which corresponds to the situation when a quantum well is grown in an arbitrary
crystallographic direction). In this case, the SOI Hamiltonian is still linear in the
wave vector k:

A ~ A

H,, = (axxc%x ta, 6, ta, 6 )k + (axyc%x ta, 6, ta, o )k, (1)

At the rectilinear boundary dividing planar regions with a 2D electron gas
with various SOI constants, there is a «d-shaped» potential (which is widely used
to describe tamm-like surface states at the interface). The analysis of the
dispersion equation showed that in addition to volumetric states for certain system
parameters the spectrum contains interface states shown in the inset in fig. 1 (a).
The behavior of the squared modulus of the wave function corresponding to one
of these states is shown in fig. 1 (b). The paper also analyzes the dependence of
the energy spectrum on various system parameters.

£ b) &

a)

\ 015 o0 o { 005 o 015/ k}' —— _1-— '. — —- — X
Fig. 1. (a) — an example of the energy spectrum of a heterojunction with a SOI of a general
type. The inset — branches of interface states; (b) — the square of the modulus of the wave
function.

1. A.A. Sukhanov, V.A. Sablikov, J. Phys.: Condens. Matter 23, 395601 (2011).
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DYNAMICS OF EDGE STATES AND WAVE PACKETS
ON THE SURFACE OF TOPOLOGICAL INSULATORS IN THE PRESENCE
OF BARRIERS

D.V. Khomitsky, D.A. Kulakov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: deniskulakov@mail.ru

In recent years, there has been an increased interest in studying the
properties of two-dimensional and three-dimensional topological insulators (TT).
The latter leads to the fact that spin-polarized electrons are practically not
scattered on defects and irregularities of the dielectric surface. This property is of
great interest in practical terms for creating spintronics devices based on materials
data. As a result, the method of controlling the motion and spin of the wave packet
is an important research task.

In this paper, numerical research of the dynamics of wave packets on the
surface of topological insulators [1] in the presence of a homogeneous (one of the
coordinates) rectangular potential barrier with different magnetization is studied.
Analytically, the problem is solved using static decomposition of the wave packet
into plane waves. The problem of plane wave scattering in this system is solved
[2] and the result is generalized for two-dimensional electronic States described
by wave packets. The effect of Klein tunneling is studied [3].

The dynamics of wave packets on the surface of three-dimensional TI is
studied. The influence of the energy of the wave packet and the angle of incidence
on the passage through these structures is established. The dynamics of spin
density is investigated, and the occurrence of additional spin densities is found. It
1s shown that for a two-dimensional wave packet, the Klein tunneling effect can
be suppressed.

1. X.-L. Qi, S.-Ch. Zhang, Rev. Mod. Phys. 83, 1057 (2011).

2. J. Milton Pereira et al., Phys. Rev. B 74, 045424 (2006).
3. C. Yesilyurt et al., Sci. Rep. 6, 38862 (2016).
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CALCULATION OF THE GROUND STATE OF SHALLOW IMPURITY
CENTERS IN SEMICONDUCTORS TAKING INTO ACCOUNT
THE SHORT-RANGE POTENTIAL

A.A. Konakov, A.M. Mikhaylova, A.A. Revin
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: annmihailoval998@mail.ru

One of the important problems in the semiconductor physics is the
calculation of the electronic states of isolated impurity centers — donors and
acceptors. The states of a carrier localized at a shallow impurity center can be
described using the envelope function approximation with an effective
Hamiltonian with potential energy includes 2 contributions: long-range
(hydrogen-like) and short-range (such as a screened Coulomb potential) [1]. The
latter introduces certain difficulties in the calculation of quantum states, since the
considered Schrodinger-like equation does not have an exact analytical solution.
It is especially important to take into account the short-range potential for donor
states in indirect-gap semiconductors such as silicon and germanium due to the
resonant intervalley mixing induced by the short-range potential [2].

Within the framework of the envelope function approximation, an approach
has been developed to calculate the energy and wave functions of the ground state
of shallow donor centers in direct-gap and indirect-gap semiconductors, taking
into account the short-range part of the potential. The equation for the envelope
was solved using the Ritz variational method. First, the problem was solved for
the case of an isotropic effective mass. Two types of trial wave functions were
selected: hydrogen-like with an effective Bohr radius as a variational parameter
and a superposition of two hydrogen-like functions, where the first one takes into
account the response to the long-range part of the potential, and the second one is
determined mostly by the short-range potential. The best result is achieved using
a function of the second type containing three variational parameters. For
comparison, a perturbative approach to solving the problem was also used, but its
accuracy turned out to be lower.

The wave function obtained at the previous stage was converted into a four-
parameter one for calculating the structure of the donor ground state in indirect-
gap semiconductors (Si and Ge) with an anisotropic effective mass. We found the
parameters of the wave functions that most closely correspond to the available
experimental data [3].

The work was supported by RFBR (grant Ne19-53-45056).
1. W. Kohn, J.M. Luttinger, Phys. Rev. 98, 915 (1955).

2. S.T. Pantelides, C.T. Sah, Phys. Rev. B 10, 621 (1974).
3. A.K. Ramdas, S. Rodriguez, Rep. Prog. Phys. 44, 1297 (1981).
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[IPUMEHEHUE I'PAJJUEHTHOM OITTUKU B KAHAJIE BOJIC
JIJISI OPT AHU3AIIUU ITEPEJAYN TEJIJEMETPUUYECKOU
NHOOPMAILINU OT I'MPOCTABUJIN3NPOBAHHBIX JTATUNKOB,
PACIIOJIOXKEHHBIX HA KAYAIOIIEMCA OCHOBAHUN

N.M. bymmaxkun, A.B. Komenes, C.B. @atbsiHOB
AO I10 «¥Ypanvckuit onmuko-mexanuyeckuti 3a600 um. 3.C. Anamosay,
Examepunbype
E-mail: kancelyariya@uomz.com

[IpakTuka UCIIOJIb30BaHUs TUPOCTAOMIIM3UPOBAHHBIX ONTHUKO-
anekTpoHHbIX cucteM (ODC) B HacTosilee BpeMs BCE 4Yalle COMNpsHKEHa C
perieHreM 3a7ad TMepefadyd 3HAUYUTEILHOTO o0beMa MHGOPMAIMH B PEKUME
peanbHOro BpeMeHH. [IpuMeHeHue BOJIOKOHHO-ONTUYECKUX JUHUN CBA3U IS
nepenayu TeIeMeTPHIeCKO HHPOPMAIIUH YePE3 TMOABMIKHBIC Y3JIbl COWICHEHUS
KOHCTPYKTUBHBIX cocTaBistrorux OOC BiedeT 3a co00i n3MEHEeHNE TPeOOBaHMIA
K DJEMEHTHOM 0a3e BOJIOKOHHO-ONTUYECKON TEXHHKH B YacCTU MOBBIIICHUS
nokKazaTejaed HaJAeKHOCTH B OJKCIUTyaTalluk MW TEXHOJOTUYHOCTU MPHU
W3TOTOBJICHUU CEPUMHBIX 00pPA3IOB.

KonnextuB koHCTpyKTOpOB AO I10 « YOM3» nm. 3.C. fnamoBa B cBoEH
MPaKTHKE NMPOAOJIKUTEIBHOE BPEMS UCIIOJB3YET pasnuunbie daeMeHTsl BOJIC n
BeJIET padOTy 0 U3rOTOBJIEHUIO BPAIIAIOIIETOCS COSUHUTEIS 1151 BOJIOKOHHBIX
CBETOBOJIOB, B COCTaB KOTOPOrO BBEACHbI KOHCTPYKTHUBHBIE 3JIEMEHTHI
TpalMEHTHOMN OITHKH.

[Ipu npoekTupoBaHMHU BpallarolIerocs: coeauHuTens crnennanucramu AO
[1O «YOM3» yuutbiBanuch (HaKkTophbl paccoriiacoBaHus SJIEMEHTOB ONTHYECKOM
cucteMbl. K TakoBbIM OBLTM OTHECEHBI BEIWYWHBI: 3a30p MEXKAY TOPIAMH
COCAMHSEMBIX IPYMI AJIEMEHTOB, CMEIIEHUE MPOOJIbHBIX OCEU TPYIII 2JIEMEHTOB
B TMEPHEHJUKYJSIPHOW IIJIOCKOCTH, YTJIOBOE CMEUIEHUE MPOAOJbHBIX OCel
AJIEMEHTOB, HEMapasiebHOCTh COCAMHSIEMbBIX rpynmnmn AJIEMEHTOB,
HIEPOXOBATOCTh HA TOPIAX W TMOBEPXHOCTSAX ONTUYECKUX DJIEMEHTOB. Takum
o0Opa3oM, 3ajaya NPOEKTHUPOBAHHUS BPALIAIOLIEIOCS COEAMHUTENSI COCTOsIa B
ONpE/ICJICHUH JIOMYCKOB Ha pPaccorjiacOBaHUE COCAMHSIEMBIX T'PaJUeHTHBIX
AJIEMEHTOB M0 33IaHHON BEJIMYMHE BHOCUMBIX ONTUYECKUX MOTEPb.

OTnUYUTETPHONM OCOOCHHOCTHIO TMPUMEHEHHOM ONTUYECKOW CXEMbI
SIBJIIETCSI TO, YTO MOBEPXHOCTH Chepruueckoil (HopMbl TPAIUECHTHOTO 3JIEMEHTa
YMEHBIIIAET MOKa3aTelb 0OPAaTHBIX MOTEPh, YTO JAET BO3MOKHOCTh MPUMEHSIThH
pa3pabOTaHHBIA TEPEXO] B ONTHYECKUX JIMHUAX IMUPOKOMOIOCHOU U(poBOi
nepeavyy, MIHUPOKOIOJIOCHON aHAJIOroOBOM Nepeayd WIM B MarucTpaibHbIX
JUHUSX C OOJIBIIIMM YUCJIOM Pa3bEeMHBIX COSMHEHUH.

BriBoabl: Ilpumenenue AO 110 «YOM3» rpaJueHTHBIX ONTHYECKHUX
AJIEMEHTOB B BOJIOKOHHO-ONTHYECKUX BPAIAIOIIUXCA COSAUHUTENSAX BCIACACTBUE
MOBBIIICHUS TEXHOJIOTHYHOCTH U BBICOKHMX TTOKa3aTelel Ha/Ie)KHOCTH B COCTABE
MPOCKTUPYEMBIX MNPUOOPOB TMO3BOJUT CO3/1aBaTh CHUCTEMbI C PACIIMPEHHBIM
CIIEKTPOM (PYHKIIMI M BHICOKOM CTEMEHbIO aBTOMATU3AIINH.
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