MUHUCTEPCTBO HAYKH U BBICIIIEI'O OBPA3OBAHMS
POCCHUICKOI ®EJIEPALINN
HALIMOHAJIbHBIN UCCJIEJOBATEJIBCKUI MOPJIOBCKMIA
I'OCYJIAPCTBEHHBIM YHUBEPCUTET um. H. IT. OTAPEBA
®EJIEPAJIBHBINA UCCJIEJIOBATEJILCKHM IIEHTP « IHCTUTYT OBIIEN ®U3NKU
uM. A. M. IPOXOPOBA PAH»
MHCTUTYT XUMHU BBICOKOUYMCTHIX BEII[ECTB PAH
HAITMOHAJIbHBII UCCJIEOBATEJILCKUI HUKETOPOJICKHIA
I'OCYJJAPCTBEHHbBIV YHUBEPCUTET nwm. H. M. JOBAYEBCKOI'O
[IPABUTEJIbCTBO PECITYBJIMKH MOP/IOBH S

MATEPUAJIBI HAHO-, MUKPO-,
OIITODJIEKTPOHUKU
1 BOJIOKOHHOM OITTUKU:
®U3NYECKUE CBONCTBA
U ITIPUMEHEHUE
I[TIPOTPAMMA U MATEPUAIJIBI

19-it MEXXIVYHAPOJTHON HAYYHOU
KOH®EPEHIINU-IIKOJIBI

Capanck, 20-23 centsa0ps 2022 r.

%, 2 b
hoyoo™

POCCHUIMCKOM OEOEPALIMK

248,50 st‘““\ﬁ s
E ng% MWHUCTEPCTBO HAYKM N
SWERdS 11 BbICLUErO OBPA3OBAHMA ’ z Wxgy i
o N < Py |1

HaunoHanbHbIA HCCnenoBaTenbCKUi MO(D PAH O(Jemaa +6
MopaoBcKHi rocyaapcTBEeHHbIA YHHBEPCHTET

umehnu H. N, Orapésa

X

H H l Huxeropoackui
roCyAapCTBEHHLIN
‘L YHUBEpCHUTET
uM. H.U. NloGauercKoro

CAPAHCK
N3JATEJIBCTBO MOPJJOBCKOI'O YHUBEPCUTETA
2022



VJIK 53

7.533.3:621.3.049.77

bBBK B3

M

341

PegaknumoHHAad KOJNJIETUA:

H. C. Asepxues, K. H. Envyos, K. H. Huwes, I1. A. Pabouxuna (OTB. pen.),

M 341

ISBN ....

C. A. Tapacenxo, C. A. Xpywanura (OTB. CEKp.)

Martepuajibl  HAHO-, MHKPO-, ONTOIIEKTPOHUKU H
BOJIOKOHHOI ONTHKHU: (pU3MYECKHE CBOIICTBA W NPUMEHEHHe
nporp. U Marepuanbl 19-if MexnayHap. Hayd. kKoH(].-mik., CapaHck,
20-23 cent. 2022 r. / penxoin.: H. C. ABepkueB [u np.]. — CapaHck :
N3a-Bo Mopnos. yH-Ta, 2022. — 216 c.

ISBN ....

B cOopHuK BKJIIOUYEHbl KOHCHEKTHl JIEKUMH W TE3UChl JOKJIAJOB
19-ii MexnyHapoqHOH HaydyHOW KOH(EpeHUMU-IIKOIb «MaTtepuaisl HaHO-,
MHUKpPO-, ONTOIEKTPOHUKUA U BOJIOKOHHOW ONTHUKU: (PU3MUECKUE CBOWCTBA U
IIPUMEHEHHUE»,  IOCBSIICHHbIE  AKTyaJIbHbIM  IpoOJEMaM  COBPEMEHHOIO
¢u3nyeckoro MatepuanoBeleHUs. PelieH3upoBaHuE JOKJIAJ0B OCYIIECTBICHO
IIPOTPaMMHBIM KOMUTETOM ILIKOJIBI.

Haquoe U3JaHuc

MATEPHAJIBI HAHO-, MUKPO-, OITOSJIEKTPOHUKHA
U BOJIOKOHHOM OIITUKH:
®UBNYECKUE CBOMCTBA U IPUMEHEHHUE

IIporpamma u MmaTepuasbl
19-ii MexayHapoaHoii Hay4HOIl KOH(epeHIMHU-IIKOIbI

N3narenbctBo MOpAOBCKOTO YHUBEpCUTETA
430005, r. Capanck, yn. Coerckasi, 24

© Komnexktus aBTOpoB, 2022

© ®I'BOY BO «MI'Y
uM. H. I1. Orapéga», 2022

© Odopmaenue. U3naTenbcTBO
Mopaosckoro yausepcutera, 2022



NMHOOPMALIUA ANA YYHACTHUKOB

KoHgepeHuuns npoBoANTCS NHCTUTYTOM PU3MKK " XUMUU
MIY um. H. 1. Orapésa B nepuog ¢ 20 no 23 ceHtabpsa 2022 roga.

[Mporpammon KoHepeHUMn npeayCMOTPEHbI:
e 0030pHbIE AOKNaAbl-NEKUMN BEQYLLNX YYEHbIX MO TEMATUKE KOH(epeHUMH;
e BbICTYNIEHMS YH4ACTHUKOB KOH(PEPEHUNN C YCTHBIMW N CTEHOOBLIMW JOKNagaMMW.

OprkoMuTeTOM YyCTaHOBMEHa crnegywas npoaoSPKUTENbHOCTL [AOKMaaoB:
nekumn — 45 MuH., npurnaweHHble goknaapl - 30 MUH, YCTHble coobuieHnst — 15 MuH.

Ana gemMoHcTpauun nnicTpaTUBHBIX MaTepuaros fiekTopam 1 JoKnagymkam
OyayT npegocTtaBneHbl CpeacTBa BU3yanbHOWM M KOMMbIOTEPHOW npeseHTauun. B
nocnegHeM cryvae uHgopmauusa AormkHa OblTb NOAroTOBMEHa B 3N1EKTPOHHOM BUAe
¢ nomowbto Microsoft Power Point unu B Buae rpadundeckux annos: .jpg, .tif, .omp.

Pasmepbl WwWuMTOB AN pasMelleHuMs CcTeHgoBbiX Aoknagos — 90x120 cwm
(wnpwuHa, BbicoTa).

PEMTMCTPALUA yyacTHUKOB KOHbepeHumn ByaeT npoBoanTtbesa 19 ceHTAbps
c 15.00 go 18.00, 20 ceHTa6ps ¢ 8.00 po 12.00 B chone rnaBHoro kopnyca MY
nm. H.MN. Orapésa (yn. bonblueBncTckas, 68).

O epemeHu npubbimusi e CapaHck npocum 3abna2oepemMeHHO
coobwums no annekmpoHHoU noyme: mnksh@yandex.ru. lMpu Hanu4yuu makou
UHgopmayuu opckomumemom 6ydem opzaHu3O0eaHa ecmpeya y4acMmHUKOe
KOH@bepeHyuu no mecmy npubbimus e siro6oe epemMsi CyYmox.

KOHTAKTHAA MHPOPMALUA

Anpec: 430000, r. CapaHck, yn. bonbluiesucrtckas, 68a,
MIY um. H. 1. Orapésa, NdX

Ten./dakc: (8342) 24-24-44

E-mail: mnksh@yandex.ru, vnksh.secretary@mrsu.ru

XpywanuHa CeetnaHa AnekcaHapoBHa

http:// www.vnksh.mrsu.ru
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OPIAHU3ALUOHHbIA KOMUTET
19-U MEXXQYHAPOHON HAYYHON KOH®EPEHLIMU-LLKONbI
«MATEPWATIIblI HAHO-, MUKPO-, ONTO3JIEKTPOHUKN N BOJTOKOHHOMN

OMTUKN: ®PUSNYECKUE CBOUCTBA U MPUMEHEHUE»

CapaHck, 20-23 ceHTabpsa 2022 .

Conpeaceanatenu KoH(epeHUUN-LWKONbI:

. A. LLlep6akoB

akagemuk PAH, Hay4uHbii pykosogutenb NHCTUTyTa obwen dusnkn

nmenn A.M. lNMpoxoposa PAH

M.®. Yyp6aHoB

— akagemuk PAH, HayyHbin pykoBogutens MHCTUTYTa Xumum

BbICOKOYMCTbIX Belects PAH

OpraHM3auuoHHbIN KOMUTET:

0.E. Mywko
K.H. HuweB

C.A. XpywanuHa

MN.A. PAa6o4kuHa
H.C. ABepkueB
M.B. OopoxuH
K.H. EnbuoB
E.B. XKapukos
Mn.r. 3eepes
A.M. 3r03uH
E.E. JlomoHOBa

I.E. ManawkeBu4

K.H. HuweB
M.H. NonoBa
B.B. Cemaluko

C.J1. CemeHoB

I.C. CokonoBcKun

C.A. TapaceHko
MN.n. ®epopos
E.B. YynpyHoB
A.C. Cefalas

I. Sildos

A.B. Tonybbes
N.H. EBTeeBa
JI.A. Kynukos
E.H. IllotoBa
AA. JlanuH

E.lM. TpsamkuHa
A.[0. TapaTbiHOBa

— pektop MI'Y um. H. . Orapéea, npeacenatens
— aupektop ADX MIY nm. H. . Orapésa, 3amectuternb

npeacenaTens

— Y4YeHblll cekpeTapb

MporpaMMHbIN KOMUTET
— A.d.-M.H., M"Y um. H.IN. Orapéea, CapaHck, Poccus, npeacenarens;
- A.0.-M.H., DTN nm. A.®. Nodhde PAH, C.-MeTepbypr, Poccus;
— A.d.-M.H., HHI'Y um. H.N. Nlob6auesckoro, HmwxHMin Hoeropopn, Poccus;
— A.d.-M.H., MODPPAH, Mockea, Poccus;
— A.7.H., PXTY vm. [1.1N. MeHngeneeBa, Mocksa, Poccusi;
— A.d.-M.H., MODPPAH, Mockea, Poccus;
— A.d.-M.H., M"Y um. H.IN. Orapéea, CapaHck, Poccus;
— 0.7.H.,, MOD®PAH, Mocksa, Poccus;
— 4.d.-M.H., UHCTUTYT dbunaunkn nm. 6.1. CtenaHosa HAH
Pecny6bnuku benapycb, MuHck, Benapyce;
— K.@.-M.H., M"Y um. H.I'. Orapésa, CapaHck, Poccus;
— 4.d.-M.H., MHcTutyT cnektpockonun PAH, Mocksa, Poccus;
— A.¢.-M.H., KazaHckun (MpuBormkckmin) begepanbHbil YHUBEPCUTET,
KasaHb, Poccus;
— Aa.d.-M.H., HLIBO um. E.M. Inanoea PAH, Mockea, Poccus;
— A.d.-M.H., TN nm. A.®. Nodde PAH, C.-leTtepbypr, Poccus;
- 8.d.-M.H., DTN nm. A.®. Nodhdpe PAH, C.-MeTepbypr, Poccus;
— A.X.H., MOPPAH, Mockaa, Poccus;
— A.d.-M.H., HHI'Y um. H.U. JloBauyesckoro, HmwkHmin HoBropoa, Poccus;
— Ph.D., National Hellenic Research Foundation, Athens, Greece;
— Ph.D., Tartu University, Tartu, Estonia.

Pa6oyas rpynna

H.B. Moucees
M.A. lNMartaes
H.B. CugopoBa
H.A. lapuna
C.A. AptemoB
N.A. KOpnos
T.B. BonkoBa



UHdopmaunoHHbIN NnapTHep KOHepeHUUn

[ o 4-- 7" Hay4HO-TEXHUYECKMI KypHan

OOTOHUKA

www.photonics.su

XypHan «®OTOHUKA» (PHOTONICS RUSSIA) — rmybokoe n nogpobHoe
OCBELLEHNEe BOMPOCOB, CBSA3AHHbIX C (POTOHHLIMW UM ONTUYECKMMW TEXHOSOTUSIMM,

onTn4eckmmmnm mMartepumarnamm wn 3lieMeHTaMu,

ncnomnb3yeMmbiMn B ONTUYECKUX

cucrtemMax, o6opy/:|,OBava| N CTaHKax.

NMPOrPAMMA-TPA®UK KOHOEPEHUUU-LLKOJbI

20 ceHTAOpA 2022, BTOPHUK

13:00-13:30

OTKPbITUE KOH®EPEHUNA

A.E. Mywko, pekmop MI'Y um. H. 1. O2apéea, npedcedamerb
OpeaHu3ayuoHHO20 KoMumema

13:30-15:45

NNEHAPHOE 3ACEOAHUE
llpedcedamernsb:
qneH-kop. PAH C.A. TapaceHko

13:30-14:15

I.C. Cokonoeckulu

OTU um. A.®. Nogpghe PAH, C.-lemepbype

KBAHTOBO-KACKALOHBbIE JIA3EPbI CPEQHEIO MH®PAKPACHOIO
ANATIA30HA

14:15-15:00

H.C. Aesepkues, M.b. Jlu¢gphwiuy,

OTU um. A.®. Noghghe PAH, C.-lemepbype

ANHAMWYECKAA INOJIAPU3ALUNA CITTUHOB SIOEP P U AS B KPEMHUU
B YCJ10BUsIX 3IP B CUTIBHOM MAIHUTHOM INOJIE

15:00-15:45

C.B. 9upcmos

UHemumym obuwel ¢pusuku um. A.M. lNpoxopoea PAH, HayuHblil yeHmp 80510KOHHOU
onmuku um. E.M. [luaHoea, Mockea

BUCMYTOBbIE BOJIOKOHHBbIE JIA3EPbI U YCUITUTEITIN: TEKYLUEE
COCTOASHWE U NEPCIIEKTUBbI

15:45-16:00

NEPEPbLIB

16:00-19:00

NNEHAPHOE 3ACEOAHUE
lMpedcedamens:
0.¢h.-M.H., npodp. [1.A. Pab6o4kuHa

16:00-16:45

A.B. PoduHa
OTU um. A.@. Noghpe PAH, CaHkm-llemepbype
roJ1yriPOBOAHUKOBbBIE HAHOKPUCTAJIIIbl U KBAHTOBBIE TOYKN

16:45-17:30

B.B. Ocunoes, B.B. [TnamoHoe, B.B. JluceHkoe, E.B. TuxoHoe
UHemumym anekmpocgpusuku YpO PAH, EkamepuHbype

FA30®A3HbIN METOL MNOJIYYEHUS1 HAHOIMOPOLLKOB OKCUOB
U CEJIEHN4OB C NNoOMOLbKO MOLUHbIX JIASBEPOB

17:30-18:15

B.I1. MuHaes

OO0 HTO «NP3-lontoc», Mocksa

3BOJILNA METO4A 3H,CIOBEHO3HOI71 JIABEPHOW KOAT" yiisaymn
BAPUKO3HO PACLUNPEHHbBIX BEH

18:15-19:00

A.B. Bynamoe

Konnedx npednpuHumamernscmsa Ne11, Mockea

BKJIAQ COBETCKUX POCCUUCKUNX YHEHbBIX B PA3BUTUE
TEXHOJIOrMA POCTA KPUCTAJIJIOB

19:15

NMPUBETCTBEHHbIN Y)XUH




21 ceHTAOpsa 2022, cpena

9:00-10:30

NEKUUUN
lMpedcedamens: 0.¢h.-M.H., npodp. [1.A. Psi6o4KuHa

9:00-9:45

C.H. CmemaHuH

UHecmumym obweld ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
BbIHY)XXOEHHOE KOMBUHALUWOHHOE PACCEAHUE C YYACTUEM
BTOPUYHbBIX KOJIEBATEJIbHbIX MO B KPUCTAJIJIAX: TEHEPALUA
ClMNEKTPAJIbHO YITJIOTHEHHbIX MHOIOBOJIHOBbIX
YJIbTPAKOPOTKUX UMITYTIbCOB U3JTYHYEHUA

9:45-10:30

M.C. KazaH

NP3 um. B.A. KomenbHukoea PAH, Mocksa

QJIEKTPNHECKNE KOJIEBAHWS1 B 10J1YTTPOBOAHUKAX:
NCTOPUS PA3BUTUA U NPUHUNTIBI BENCTBUA

10:30-10:45

NEPEPbLIB

10:45-13:00

3ACEOAHUSA CEKLIUI

CEKLIMOHHbIN 3AN Ne1
NA3EPHAA ®U3UKA U NNA3EPHbIE
MATEPWATNDI
lNpedcedamens: 0.¢h.-M.H.,

C.H. CMemaHuH

CEKLIMOHHbIN 3AN Ne2
HOBbIE ®YHKLUWOHAJIbHBbIE
MATEPWUATNDI
lMpedcedamens: 0.¢h.-M.H.,
M.C. KazaHn

K.A.Cy66omuH*?, K0.U. 3umuHa?,
K.B.Kynewoea?, 51.C.[JudeHko?,
M.A.Jlotiko®, C.K.Maenoe'?,
A.U.Tumoe'?, [.A.Jluc', O.H.Jluc!
IMHcmumym obwel u3uku

um. A.M. lNpoxoposa PAH, Mockea
2Poccutickuli XUMUKO-MeXHOoI02u4ecKul
yHugsepcumem um. .M. MeHOeneesa,
Mockea

3Centre de Recherche sur les lons, les
Matériaux et la Photonique, Université de
Caen Normandie, Caen, France
OMNTUYECKUE U MEXAHNYECKUE
NMPOYHOCTHbIE
XAPAKTEPUCTUKU
MOHOKIJIMHHbIX JTASEPHbIX
KPUCTAJI/IOB CO CTPYKTYPOU
BOJIbOPAMUTA

A.M. CnacmyxuHra, 4.A. BymeHkos,
K.N. PyHnuna, O.B. lNlempoea
Pocculickuli XuMUuKo-mexHosi02u4eckull
yHugsepcumem um. [.1. MeHdeneesa,
Mockea

HOBbIE JIOMUHECLEHTHbIE

N JIASBEPHbBIE METEPUAJIbI

HA OCHOBE CTEKOJ1 B CUCTEME
PbCl,-PbO-SiO;

K.A. Subbotin!?, K.V. Kuleshova?,

K.®. Ucnamoea, M.E. KomwuHa,

Yu.l. ZiminaZ?, A.l. Titov'?,

S.K. Pavlov?!, P.A. Volkovs,

V.V. Sanina?!, D.A. Lis?,

Ya.S. Didenko?

1A.M. Prokhorov Institute of General
Physics of the Russian Academy of
Sciences, Moscow

2Russian Chemical Technology University
named after D.l. Mendeleev, Moscow
3CCP SIC "Kurchatov Institute" — IREA,
Moscow

EFFECT OF ADDITIONAL DOPING
WITH Li* IONS

ON THE MECHANICAL STRENGTH
CHARACTERISTICS OF THE
LASER CRYSTAL Yb:ZnWOQO,

O.F0. TpowuH, A.[. BynaHoe
HHCcmumym xumuu 8bICOKOYUCMbIX
eewecms um. I.I". [Jeesmbix PAH,
HuxHul Hoszopod

rNOJIYYEHNE AMOP®HOI O
ANOKCULOA KPEMHUA,
OBOrALEHHOIO %8Si, 2°Sj, 39Gj




E.H. JlawmaHoe

MHCcmumym xumuu 8bICOKOYUCMbIX
sewecme um. I'.I". [leesimbix PAH,
Hux+ut Hoseopod

TMOJIYYEHUE OCOBO YNCTOI o
CTEKJIA COCTABA Gezgsblzseeo

M.B. Kydpsiwoe, H.B. Comoe
HauuonanbHbil uccnedosamernbckuli
Huxeaopodckuli 2ocydapcmeeHHbI
yHusepcumem um. H. Y. Jlobayesckozo,
HuwxHuti Hoszopod

KOPPEKUWA JAHHbIX
PEHTIEHOBCKOMH ANPPAKLNN
B CJIYHAE HEOQHOPOOHO
MNMorJy1olARLEIO
COEPUYECKOI'O OBPA3LA

U.B. CmupHoe?, I.I". 3eepee’?,
A.A. CupomkuH?

1HauyuoHanbHbIl uccriedosamernbcKul
yHugepcumem «M3W», Mockea
2WHecmumym obuwel ¢husuku

um. A.M. lNpoxopoesa PAH, Mockea
NUCTOYHUK BO3BYXOEHUA
AJ1A JIASEPA

HA IBYXBAJIEHTHbIX NOHAX
XPOMA B KPUCTAIJIJIE ZnSe

H.A. JlapuHa?, E.E. JlomoHoea?,

I.A. Pa6o4kuHa',

H.lO. Tabaykoea®*

1HayuoHanbHbIU uccriedosamernibCKul
Mopdoeckuti 2ocydapcmeeHHbIL
yHusepcumem um. H.I'. Ozapésa, CapaHck
2MHcmumym obuwiel ¢pusuku

um. A.M. lNpoxopoea PAH, Mocksa
SHauuoHanbHbIlU uccriedosamerbcKuli
mexHosoau4yeckuli yHusepcumem
«MWCuC», Mocksa

BJIMSAHUE TEPMOOBPABOTKHU
HA CTPYKTYPY U CIEKTPAJIbHO-
JIOMUHECLIEHTHbIE CBOUCTBA
KPUCTAJIJIOB ZrO,-Sc203-Th2035

4. A. Mopo3os, H.A. JlapuHa,

E.E. JlomoHosa, I1.A. PaboykuHa
1HauuoHanbHbIl uccriedosamesibCKull
Mopdoeckutli 2ocydapcmeeHHbIl
yHusepcumem um. H.I'. Ozapéea, CapaHck
2 iHcmumym obuwel ¢husuku

um. A.M. lNpoxoposa PAH, Mocksa
ClEKTPAJIbHO-
JIOMWHECLEHTHBLIE
XAPAKTEPUCTUKU KPUCTAJIJIOB
Zr05-Y,03-Pro03

A.[. Mon4aHoea, K.H. bondbipes

UHecmumym cnekmpockonuu PAH,
Mocksea, Tpouuk

NCCJIEQOBAHUE
POTOXPOMHOINO 3OPEKTA

B FrEPMAHATE BUCMYTA
Bi12GeOx METOOAMU
OlNTUYECKOU CIIEKTPOCKOIMUN

K.U. PyHuHa!, A.IO. Cekayeea®,
J1.B. NMonkoea*, P.1. Aeemucos®,
O.B. lMempoea', QuHb YyHe [o?,
Txy Yane Ta?, BaH JIbion2 HayeH?
1Pocculickull XuMuko-mexHosoau4deckul
yHusepcumem um. .. MeHdeneesa,
Mockasa,

2MIHecmumym mponu4eckol cmolkocmu,
BbemHamcko-poccutickuli mponudyeckuli
ueHmp, XaHou, BbemHam
3BbemHamcko-pocculickuli mponuyeckuli
ueHmp, XaHou, Bbem+Ham
UCCJIEQOBAHUE
CTABUIJIBHOCTHU
JIOMUHECLEHTHbIX
XAPAKTEPUCTUK r'MBPUOHbIX
MATEPUAJIOB

B KIIMMATUYECKUX YCIIOBUSAX
Oro-BOCTOYHOU A3UN




A.A. lOxakoea',

A.4. Canumaapeee’, A.E. Jlbeoe’,
M.B. lNecmepesa*,

B.M. KoHdpawuH, A.C. Kopcakoe®,
J1.B. XKykoea'

Ypanbckuli pedeparnbHbIl yHUBEpCcUmMemM
um. nepsoeo lNpe3udeHma Poccuu

b.H. EnbyuHa, EkamepuHbypa
UCCJIEQOBAHUE
PAOUALIMOHHOU CTOUKOCTHU
KPUCTAJIJIOB U KEPAMUKU

HA OCHOBE rAJ1IOrenngoB
CEPEBPA U TAJlIIINA

13:00-14:30

NEPEPbLIB

14:30-16:00

NEKUUKN
lpedcedamens: 0.¢h.-M.H. I1.I". 3e8epee

14:30-15:15

V. Pankratov?, P.A. Ryabochkina?, N.V. Sidorova?, S.A. Artemov?,
E.E. Lomonova®,

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

°Mordovia State University, Saransk

3Prokhorov General Physics Institute, Moscow

UCCIIEQOBAHUE CBOUCTB JIIOMUHECLIEHTHBIX MATEPUAJIOB
C UCII0JIb3OBAHUEM BY®-BO3BYXXQEHUA CUHXPOTPOHHOIO
U3NYYEHUA

15:15-15:30

NEPEPbLIB

15:30-17:30

CTEHAOBASA CECCUA

1

N.0. 3onomoeckut, B.A. Jlanuu, A.U. CemeHuyoe

YrnbsiHoeckuli 2ocydapcmeeHHbIl yHusepcumem Hay4yHo-mexHonoaudeckul
uHcmumym um. C.I1. Kanuupsl, YnbsHo8ck

MoayYInsaAYUnoOHHAS HEYC TOUYNBOCTb BOJIHOBbIX MMAKETOB,
PACIIPOCTPAHSROLNXCA B CBETOBO/JE C ﬂMCI'IEPCMEﬂ KACKAOQHO
3ABMCﬂLLlEl71 OT AJINHbI

N.0. 3onomoeckul, B.A. JlanuH, [].1. CemeHyo08

YnbsiHosckuli eocydapcmeeHHbIl yHugepcumem Hay4yHo-mexHono2u4yeckul
uHcmumym um. C.T1. Kanuupsl, YnbsHo8CK

F'EHEPALUUA YACTOTHO-MOAOYITMPOBAHHbIX BOJIHOBbIX TAKETOB
B YCUITUTEIJIAX C BET . YLL{EI;i BOJIHOU MNOKA3ATEJIS MPE/IOMJIEHUS

A.H. CmupHoea®, E.A. Nocnenoega'?

[lepmckas Hay4Ho-npou3eodcmeeHHas npubopocmpoumernbHasi kKomnaHusi, lepmob
2UHecmumym obuwiel ¢pusuku um. A.M. MNMpoxoposa PAH, HLUBO PAH, Mockea
BJIMAHUNE UOHU3NPYROLLEIO U3JTYHYEHUS HA NPELOEJIbBHY O
NMPOYHOCTb ONTUYECKUNX BOJIOKOH, ONPELQEJIEHHYKO METO4OM
ABYXTO4YE4YHOIO U3Ir'MBA

A.H. Kapumoe, U.N. By4uHckasi

UHecmumym kpucmannoepaguu um. A.B. LLlybHukoea ®HUL| «Kpucmannozpacpus u
gomoHuka» PAH, Mocksa

BbIPAUINBAHWE KPUCTAJIIIOB TBEPbIX PACTBOPOB Pb; . xHoxF> + x
U (Pb: . xCdx)o7Hoo3F23 U UCCIIEQOBAHUE UX CITIEKTPAJIbHO-
JIOMUHECLEHTHbIX CBOUCTB

U.A. Cnyxoe'?, 10.C. fladoeHkoea'?, F.F.L. Bentivegna?, C.I. Mouceee '*
1¥YnbsaHosckuli 2ocydapcmeeHHbil yHusepcumem, YbsiHOBCK

2HayuoHarnbHasi UHXeHepHasi wkona e. bpecma, bpecma, ®paHuusi

SYOUPS um. B. A. KomenbHukosa PAH, YnbsiHosck

YIPABJIEHUE CMELLEHNEM OTPAXEHHOI'O TAYCCOBA IMYYKA

OT ANJSJIEKTPUYECK OU MNITIACTUHbI NMPU rnomolLyn ®A30BOU
moaynaymn




A.H. Ceeprokoea, B.B. pubko, A.I1. lfpoxopoe
UHecmumym nipuknadHol ¢pusuku PAH, HuxHul Hoezopod
MOJIYHYEHUE KPUCTAJIJI0B KDP 4J151 U3IrOTOBJIEHUA
KPYNHOrAGOPUTHOW OIMTUKU

N.A. Makapoea', M.B. By3aeea', B.A.Cepzeeg’?

1¥YnbsHosckuli 2ocydapcmeeHHbIl mexHuUYeckul yHusepcumem, YibsHO8CK
2YOUPS um. B.A. KomenbHukosa PAH, YnbsHoack

TMOJIMMEPHbIE KOMINO3UTbl C MAIr HUTHBIMU MHOIrOCTEHHbBIMU
YIrTIEPOA4HbLIMU HAHOTPYBKAMU

W.I". 'pesuesa, B.H. flepenko, A.C. lNepenenuya

BopoHesxckuli 2ocyGapcmeeHHbIl yHugepcumem, BopoHex
TPAHC®OPMALMNS JIIOMUHECLEHTHbIX CBOUCTB AHCAMBJIEUA
KBAHTOBbIX TOYEK CYJiIb®ULOA CBUHLIA B IPUCYTCTBUU
TMNMA3MOHHbBIX HAHOYACTHL 30JI0TA

A.B. Kowenee, H.A. Apxapoea, K.B. Xatidykoe, [.H. Kapumoe

OHUL] «Kpucmannoepaghus u pomoHuka» PAH, Mocksa

OCOBEHHOCTU KOHTPOJIMPYEMOI'O CUHTE3A JIIOMUHECLIEHTHbBIX
HAHOKPUCTAJIJIOB B-NaRF4 (R =Y, Yb, Lu) COJIbBOTEPMAJIbHbIM
METO4OM

10

B.I'". llleneypoe, C.A. fleHucos, B.FO. Yankoe, H.A. AnsibuHa, A.M. Tumoea
HUND®TU HHI'Y um. H.W. Jloba4yeeckoeo, HuxHul Hoszopod
BbICOKOKAYECTBEHHBIE TETEPO3IMNTAKCUAJIbHBIE CTPYKTYPbI
HA OCHOBE CJIOEB rEPMAHUA, BbIPALLEHHbBIX METO4QOM HW CVD,
/151 CO3[JAHUS YCTPOUCTB MUKPO- U OINTOSJIEKTPOHUKU

11

A.B. bakaeea, [.A. bymeHkos, K.1. PyHuHa, O.b. [lempoesa

Poccutickuli XuMuko-mexHosioaudyeckull yHusepcumem um. .. MeHOeneesa, Mockea
CBUHLIOBbIE ®TOPOBOPATHbIE CTEKIIOKPUCTAJIJINMYECKNE
MATEPUAJIbI, COAKTUBUPOBAHHBIE Er** U Lu®*

12

H.A. Xeanbkoeckuli‘, U.B. Anmyxoe*, M.C. KazaH', C.K. lManpouykuti*,
H.O. UnbuHckas?, A.A. Ycukoea?, A.H.bapaHoe®, R. Teissier?

1MPO um. B.A. KomenbHukoea PAH, Mockea

2QTU um. A.®@. Nogbgbe PAH, C. lNemepbype

3IES, Université Montpellier 2, CNRS, Montpellier, France

OCOBEHHOCTU TYHHEJIbBHOIO TPAHCIIOPTA B CBEPXPELLETKAX
C JJIEKTPUYHYECKNMU JOMEHAMU

13

C.K. MNanpoukuii’, N.B. Anmyxoe', M.C. Kazan', H.A. Xeanbkoeckuli*,

H.B. PoduoHoe?, A.lN. Bonbwakoe®, B.I". Panb4yeHko®, P.A. XmenbHuykui*
1UP3 um. B.A. KomenbHukoea PAH, Mockea

2TPUHUNTU, Mockea, Tpouuk

SUHcmumym obuwiel ¢pusuku um. A.M. MNpoxoposa PAH, Mocksa

4®U um. MN.H. Jlebedesa PAH, Mockea

TPAHCIIOPT bIPOK B MOHOKPUCTAJIJIMYECKUX MIIEHKAX AJIMA3A,
JIETUPOBAHHOIO BOPOM

14

A.M. 'ypbsiHoe?, C.A. l'ypbsiHO&?

1Camapckul eocydapcmeeHHbIl mexHudeckul yHugepcumem, Camapa

2Mockosckuli 2ocydapcmeeHHbili mexHudeckull yHusepcumem um. H.3. baymaHa, Mocksa
FrEHEPALUWNOHHBIE MNMPOLIECCbHI B KPEMHUEBBIX MAIM-CTPYKTYPAX
C HAHOPA3MEPHbBIMU OUSJIEKTPUHYECKUMU CI1I05AMU OKCUAOB
PELKO3EMEJIbHbIX QJIEMEHTOB

15

C.B. BacuH', B.A. Cepzeee'?, M.C. Echumos?

1IYOUPS um. B.A. KomenbHukosa PAH, YrnbsHosck

2YnbsaHoeckul eocydapcmeeHHbIl mexHuU4eckuli yHusepcumem, YbsHO8CK
BJIIUAHUE BJTAXKHOCTU HA SJIEKTPOINPOLAHOCTbD IMJIEHOK
NOoJINBUHUITOBOIO CITUPTA C YI'JIEPOHbIMUW HAHOTPYBKAMU




16

C.C. 3nikoeal, K.N. PyHuHa', O.b. lMempoea', M.H. Masikoea'?,

M.O. AHypoea®

1Poccutickull xumuko-mexHornoaudeckull yHusepcumem um. [.UN. MeHOeneeea, Mockea
2WHecmumym obwel ¢pusuku um. A.M. lNpoxopoea PAH, Mockea

SHTO UP3-lNontoc, @psi3uHO .

N3YYHEHUE ®A300B6PA30BAHUA B KBASUBUHAPHOU CUCTEME
PbF; - EuFs

17

K.®. Uenamoea, M.E. KomwuHa, A.[. lTnexoeu4, E.E. PocmokuHa,

K.B. banyeega, A.M. KymbuH

UHcmumym xumuu ebicokoducmbix eewiecmes um. .1, [eesmbix PAH, HuxHut Hoszopod
®PA30OBbIE INTPEBPALEHWA TTPU MNOJTYYEHUU CTEKITOKEPAMUKU

HA OCHOBE CTEKJIA BaO-B,03:—BI1,0; X Er:YAG

18

B.A. Kpymbko', [.B. lMomuHoea?, M.I". Komoea', K.B. [Tlempoea*
INHcmumym obwel u HeopaaHudeckol xumuu um. H.C. KypHakoea PAH, Mockea
2WHecmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
JIOMWHECLEHTHBIE CBOUCTBA NrEPMAHATO-EOPATOB JIAHTAHA-
rAOOJINHWUS, COJIETMPOBAHHbIX NOHAMM Yh3*, Ers*

19

A.A. lNakyneega, H.B Comos. E.B. YynpyHoe

HauuoranbHbil uccrniedosamenbckull Huxeaopodckul 2ocydapcmeeHHbil
yHusepcumem um. H. N. Jlobayesckoeo, HuxHul Hosz2opod

O PACIIPOCTPAHEHHbIX U PEKUX NTPOCTPAHCTBEHHbIX I'PYTINAX
YITAKOBOK CUMMETPUYHbIX CTPYKTYPHbIX EAQUHUL B KPUCTAJIJIAX

20

K.C. CepkuHa, A.A. Tpoghumoea, [].B. Bonkoea, N.B. CmenaHoea
Poccutickutli XuMuko-mexHosioaudyeckul yHusepcumem um. .. MeHOeneesa, Mockea
BJIMSAHUE OKCULA HATPUSA HA ®U3NYECKUE CBOUCTBA
BUCMYTIrEPMAHATHbBIX CTEKOJ1

21

B.A. ConomamuHa, T.C. JlemsiauH, M.b. Npuwe4kuH, [].A. BymeHkoes,

K.N. PyHuHa, U.X. Aeemucoe

Poccutickuli xumuko-mexHonoauyeckuli yHueepcumem um. [.U. MeHOeneesa, Mocksa
BbICOKOYUCTBIE CTEKJIA TeO,-ZnO JIEFTUPOBAHHbIE
PEJKO3EMEJIbHbIMU NOHAMU

22

M.B. Cmpekanoe?, M.FO. AHOpeeea', M.H. Masikoea'?, O.b. [Tlempoea*
1Poccutickull xumMuko-mexHosioaudeckul yHusepcumem um. .M. MeHdeneesa, Mockaa
2UHecmumym obuwiell pusuku um. A.M. lNpoxoposa PAH, Mocksa
JIIOMUWHECLEHTHbIE T'MBPUOHbLIE MATEPUAJIbI B CUCTEME PbF,-YF;
HA OCHOBE 8-OKCUXUHOIJIATA JINTUA, NOJ1YHYHEHHBIE METO4QOM
COOCAXOEHWA

23

N.B. Cmpekanoe!, K.U. PyHuna', M. H. Masikoea'?, O. b. [lempoea*
1Poccutickull xumMuko-mexHoroaudeckull yHusepcumem um. .M. MeHOeneesa, Mockea
2UHecmumym obuwiel ¢pusuku um. A.M. MNMpoxoposa PAH, Mockea
UCCJIE4OBAHUE ®A300B6PA30BAHUA B CUCTEME ¢TOPULA
CBUHUA N ®TOPULOA UTTEPBUA METO4QOM COOCAXXOEHUA

24

M.I". JlaspeHmbee’?, M.B. BopoHoe?®, B.I1. [TaH4YeHKO?,

FO.H. Mapxomenko'*, H.FO. Tabauykoea'®

1HauuoHarbHbIL uccriedogamerbCKull mexHonoaudeckul yHusepcumem «MUCUC», Mockea
2000 "PMT", Mocksa

SHUL «Kyp4amosckuli uHcmumymy», Mockea

4AO NocydapcmeeHHbIl Hay4YHO-uccredosamernbCKul U MPOeKMHbIU UHCMumym
pedkomemarnnudeckol npombiwneHHocmu «lupedmemy, Mockea

SUHcmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
COINOCTABIJIEHUE CTPYKTYPbl, TEPMOJ3JIEKTPUYECKUX

U MEXAHUYECKUX CBOUCTB TBEP/JbIX PACTBOPOB (Bi, Sb);Tes,
TOJIYHEHHbBIX METOOAMU 3KCTPY3UU U UICKPOBOI O
TINTASMEHHOI'O CIEKAHUA

25

A.B. Kowenes, A.C. Opexos, H.A. Apxapoea, [.H. Kapumoe

OHNL «Kpucmannoepagusi u ®omoHuka» PAH, Mockea

BJ/IUSIHUE YCI1IOBUA CUHTE3A HA CTPYKTYPHbIE

N MOP®OJIOr MYECKUE OCOBEHHOCTH « CORE/SHELL» HAHOYACTHUL
B-NaYF4:Yb3 Er3*@SiO;

10




26

H.B. Bapanati, I'.I1. lLlee4yeHko?, B.A. XKypaekoe?
Hecmumym ¢usuku HAH Benapycu, MuHck

2HUW ¢pusuko-xumuyeckux npobrem BI'Y, MuHck
OCOBEHHOCTHU KOJIITONOQHO-XUMUYECKOI'O CUHTE3A
JIIOMUHO®OPOB SrAl,O,4:Ce®*, Mn?*

27

C.A. bykapes, C.B. 'ywuH, A.M. Ky3abmuH, A.A. JTanuH, M.B. YepHoe
HayuoHanbHbIi uccnedosamensckuti Mopdosckudi e2ocydapcmeeHHbIl yHugepcumem
um. H.I1. Ozapéea, CapaHck

All-KOHBEPCUOHHBIE KOMIO3UTHBIE MATEPUAJIbI HA OCHOBE
JIOMAHO®OPOB LA;O,S:Er,Yb /11 YBEJIIMMEHUA QODPEKTUBHOCTU
COJIHEYHbIX BATAPEU

11




22 ceHTAOpA 2022, yeTBEpr

9:00-10:30

NEKUUUN
lMpedcedamens: 0.¢h.-M.H. C.B. Pupcmoe

9:00-9:45

M.C. UesaHos, I1.5. PoduH, A.B. Poxkoe
OTU um. A.®. Nochpe PAH, CaHkm-llemepbype
QOPEKT TAHHA: OT KIIACCUKU K MOOEPHY

9:45-10:30

K.H. bondbipes, M.H. [Tonoea

WHcmumym cnekmpockonuu PAH, Tpouuk, Mockea

JIOMUAHECLEHTHAS LLINMPOKOANATIA30OHHAS CIIEKTPOCKOIUA
BbICOKOI'O PA3PELLUEHNA KPUCTAJIIIOB C PEOAKUMWU 3EMIISAIMU

10:30-10:45

NEPEPbLIB

10:45-12:30

3ACEQAHUSA CEKLIMIA

CEKLMOHHbIN 3AI Ne 3
HOBbIE ®YHKLUWOHAIbHBbIE MATEPUATDbI
lIpedcedamensb: 0.¢h.-m.H. [1.I". 3eepes

A.4. Canumeapees, A.A. KOxxakoea, A.E. Jlbeos, A.C. Kopcakoe,
J1.B. Xykoea, [J.A. benoycoe, C.E. bapbiKuHa

Ypanbckuti pedeparnbHbil yHUSepcumem um. nepeozo NpeszudeHma Poccuu
b.H. EnbyuHa, EkamepuHbypa

OlNTUYECKUE KPUCTAJIJIMYECKUE MATEPUAJIbI CUCTEMbI
AgCl — AgBr — Agl 411 MEQULNHbI

A.4. Canumeapees, A.A. lOxakoea, A.E. JIbeoe, A.C. Kopcakoe,
J1.B. Xykoea, A.A. UljykuHa, [].B. lllamyHoea

Ypanbckuti pedeparnbHbil yHUSepcumem um. nepeozo NpeszudeHma Poccuu
b.H. EnbyuHa, EkamepuHbypa

CUHTE3 ONTTUYECKOU KEPAMUKN CUCTEM TIBrosloss — Agl

n T|C|o,74Bro,26 - Agl

I.B. Tuxomupoea, T.K. lMlempocsiH, I'.B. CyxaHoea, A.B. Te6eHbKO8
Ypanbckutli pedeparnbHbil yHUsepcumem, ExamepuHbype

®PA3O0BbIE NNEPEXO/LbI B TPAPUTE U TPA®PEHE NPU XOJIO4QHOM
C)XATUN

A.C. Yucnoe'?, M.A. Bopuk', A.B. Kyne6bsikun', E.E. JlomoHoga',

®.0. Munoesuy?, B.A. Mbi3uHa*, H.FO. Tabaukosa'?

MHcmumym obweld gpusuku um. A.M. lNpoxoposa PAH, Mockea

2HayuoHarbHbIl uccriedogameribCKull mexHosioaudeckull yHusepcumem «MUCuUC», Mocksa
CPABHUTEJIbHOE UCCJIEQOBAHUE KPUCTAJTJIOB QUOKCHUOA
LUNPKOHUA, HACTUYHO CTABUITINSNPOBAHHOI O OKCUOQAMU
PELNKO3EMEJIbHbIX QJIEMEHTOB

J1.M. CaeeHko, FO.B. Xeesy4yeea, N.B. CmenaHoega

Poccutickuli xumuko-mexHomnoauyeckul yHusepcumem um. .. MenOeneesa, Mockea
JIOMUHECLUEHUUS BUCMYTIEPMAHATHbBIX CTEKOIJ,
AKTUBUPOBAHHbIX Er3* U MAPOMU Er3*/Yb3*

3.C. Cekmapoe'?, B.C. Cedoe?®, K.H. bondwbipes?

MHcmumym cnekmpockonuu PAH, Mocksa, Tpouuk

2HauuoHaribHbIl uccriedogamerbeKull yHuUsepcumem «Bbicwiasi WKona 3KOHOMUKU», Mockea
SUHCcmumym obuwieli ¢pusuku um. A.M. MNpoxoposa PAH, Mocksa

PEHTITEHOBCKOE U3JIYYEHUE KAK CI1OCOB YTIPABJIEHUA
3APS4OBbIMU COCTOSAHUAMU LLEHTPOB OKPACKU B AJIMA3AX

H.A. JlapuHa®, E.E. JlomoHoea?, 1.A. Pa6oykuHa', E./. YepHoe®
1HauyuoHanbHbIl uccnedosamesbckuli Mopdoeckuli 2ocy0apcmeeHHbIl yHugsepcumem
um. H.l. Ozapesa, CapaHck

2UHcmumym obwel ¢pusuku um. A.M. lNpoxoposa PAH, Mockea
3Hay4Ho-npoussodcmeeHHoe npednpusimue «OKOH», O6HUHCK

AHAJIN3 TPUMECHOI'O COCTABA KEPAMUKU ZrO»-Y,O; METO4OM
@0 TOﬂiOMMHECL{EHTHOVi CIEKTPOCKOINn

12:30-14:00

NEPEPbLIB

12




14:00-16:30

3ACEOAHUSA CEKLIMI

CEKLUMOHHbIN 3AJ Ne 3
HAHOMATEPUANbI N HAHOTEXHOJIOIU
lMpedcedamensb: 0.¢h.-M.H., npogh. PAH A.B. PoOuHa

B.P. bopoduH (lMpuanaweHHbIlU O0Knad)
OTU um. A.®. Noghpe PAH, C.-lNemepbypa

CKAHUPYROLAS 3O0HLOBAS JINTOINPA®US CIIOUCTbIX MATEPUAJIOB
AJ1A CO3JAHUSA CTPYKTYP HAHO®OTOHUKU

P.H. Kprokoe, B.H. 3eoHkoe, B.I1. JlecHukoe, FO.A. [lanunoe, M.B. [JopoxuH,
A.B. KydpuH, C.1O. 3y6kos, 4.E. Hukonuyee, M.B. Bedb

HauuoHanbHbil uccnedosamensckuli Huxezopodckuli 2ocydapcmeeHHbIU
yHusepcumem um. H./. Jlobayeackozo, HuxHuli Hogzopod

BJIUAHUE KOHLEEHTPALUUN Mn HA XAPAKTEPUCTUKU CJIOEB
PA3BABJIEHHOI'O MAITHUTHOIO NMOJ1YINIPOBOAHUKA GaMnAs

r.0. Cunaee?, ®.B. BepewazuH, A.T. laiidynur?, KO.B. Opnoeckui?,
KO.I". BaiiHep'

1NHecmumym cnekmpockonuu PAH, Mockea

2WHemumym obwel ¢usuku um. A.M. lNpoxoposa PAH, Mockea

OlNNTUHECKAS MUKPOCKOINNs OONMHOYHbIX HAHOKPUCTAJIIIOB LAF;,
TEPCIEKTUBHbIX O4J1A LlEﬂEﬂ BUOMEQNLNHbBI

A.C. lNlepenenuya, C.B. AcriaHoe

BopoHexckuli eocydapcmeeHHbIl yHUsepcumem, BopoHex

KOJIITONOHbIE KBAHTOBbBIE TOYKU PbS OJi51 OEKOPUPOBAHWA
HAHOYACTUL TiO, 4Jid MPUITOXXEHUW ®OTOKATAJIU3A

A.3. Slko6coHr', M.H. XKapkoe?, B.I1. Aceee?, B./. LLinankuHa',

O.A. Kynukoeg?, I'.b. Cyxopykoe?, H.A. lMamaee*

1 HayuonranbHsbIl uccriedoeamenbckuli Mopdosckuli 2ocydapcmeeHHbIl yHUgepcumem
um. H.I. Ozapéea, CapaHck

2JloHdoHcKul yHUsepcumem koponessl Mapuu, JToHOoH, Benukobpumarusi
UCCIIEQOBAHUE NMPOTUBOOITYXOJIEBOU AKTUBHOCTU MAFHUTHOU
T'NUNEPTEPMUUN C UCTIOJIb3OBAHUEM BUMOCOBMECTUMbIX
HAHOYACTUL OKCULOA XXEJIE3A IN VIVO

P.A. AHucumog?, M.B. Jlomoea', B.N. Kouy6ei*, N.FO. SIlHuHa'?

1Capamosckull HayuoHasbHbIU uccrnedoeamernbCcKull 20cydapcmeeHHbIl yHuUsepcumem
um. H.I". YepHblwesckoeo, Capamos

2TomcKul HayuoHanbHbIl uccriedoeamesibCkull 20cydapcmeeHHbIl yHusepcumem, ToMckK
CUCTEMbI 5S1PO-OB0JIOYKA A4J151 JOCTABKN HAHOYACTULbI

B XXUBbIX OB BEKTAX

C.B. 'ywuH, C.B. Ky3Heuyoe?, A.A. JlanuH, B.IO. lNMpolidakoea?,

M.A. Pa6o4kuHa', .I1. ®edopoe?

1 HayuonrarnbHbilt uccnedosamensckuli Mopdosckul eocydapcmeeHHbIl yHUsepcumem
um. H.l. Ozapésa, CapaHck

2 lHemumym obwel ¢usuku um. A.M. lNMpoxoposa PAH, Mockea
XAPAKTEPUCTUKU AlN-KOHBEPCUOHHOU JIIOMUHECUEHLNU
®TOPULAHbBIX JIOMUHO®OPOB SrF,:Ho U SrF,:Ho,Yb

MPU BO3BYXQEHUU JIA3SEPHbBIM U3JTYYEHUEM YPOBHS °lI;

NOHOB Ho®*

17:30-18:30

KYJNIbTYPHASA NMPOrPAMMA (OB30PHAA 3KCKYPCUA MO rorPoOAY)

13




23 ceHTAOpA 2022, nATHULA

9:00-11:15

NEKUUN
lMpedcedamenb: 0.¢h.-M.H.,
npodg. H.C. Asepkues

9:00-9:45

M.B. PaxnuH', A.W. Manumos, I".B. Knumko, C.B. CopokuH, [.P. KazaHoe,
M.M. KynazuHa, FO.M. 3adupaHoe, A.A. Toponoe

OTU um. A.®. Nochgpe PAH, CaHkm-llemepbype

NCTOYHUKN OOQNHOYHbIX ®OTOHOB HA OCHOBE KBAHTOBbIX
TOYEK /151 CUCTEM KBAHTOBOU KPUIMTOMPA®UN U KBAHTOBbIX

BbIYUCIIEHWUA

9:45-10:30

N.C. AzaHoea
lAO TlTHTIK, a. lNepmb

PAONALNOHHASI CTOMKOCTb OMTUYECKNX BOJIOKOH

10:30-11:15

I.E. Manawkeeuy', B.B. Koezap*, I.11. Mepwykesuy?,
U.B. CmaHuweeckuii’, H.B. Nony6ee®, M.3. 3uamouHoea®,

E.C. UcnHambega®, B.H. Cuzaeg®

YYHecmumym ¢pusuku um. 6.U. CmenaHoea HAH Benapycu, MuHck

2benopycckuli 2ocydapcmeeHHbili agpapHbIl mexHudeckul yHueepcumem, MuHck
8Pocculickuli XuMuKo-mexHosioaudeckul yHueepcumem um. .M. Merndeneeea, Mockea
CMEKTPAJIbHO-JIIOMUHECLIEHTHbIE CBOUCTBA CTEKOJ1
BzOs—ALzOg—(Yl.xYBx)zos + CR,03; + M-O

11:15-11:30

NEPEPbLIB

11:30-13:00

3ACEQAHUSA CEKLIMKA

CEKLUMOHHbIN 3AN Ne 2
NA3EPHbIE TEXHOIOIM B
BUonormm n MEQULUMHE
lpedcedamens: 0.¢h.-M.H, nNpod.
M.A. Pabo4kuHa

CEKLMOHHbIN 3AT Ne 3
BOJIOKOHHAA OMNTUKA
lpedcedamens: K.¢h.-M.H.,
douyeHm K.H. Huwee

C.A. Apmemoes, A.H. benses,
O.C. bywykuHa, C.B. KocmuH,
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C.A. XpywanuHa

HauuoranbHbil uccredoeamernbCcKul
Mopdoeckuli eocydapcmeeHHbIl
yHusepcumem um. H.l1. Ozapéea,
CapaHck
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A.ll. Benbmyxoe, M.B. CyxaHoe,
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sewecmes um. I.I". [Jeessimbix PAH,
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TOJIYYEHNE OCOBO YUCTbIX
CTEKOJ1 CUCTEM Ga-Ge-Te-l
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AUATA30HA
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N.0. MonyaHoe'?
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A.B. MomuHoea'?,
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YHcmumym obwel gpusuku
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s0epHbIl yHUsepcumem MU®U, Mockesa
UCCJIE4OBAHWE BJINSIHUA
TOJILYNHBbI OBOJIOYKHU
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A.U. Jlo6aHoe?, M.C. Konbeea??,
C.A. dunamosea®, A.W. Tpukwese®,
51.9. CadogHukoea’,

B.A. KambiHuH®, H.P. ApymioHsiH®,
E.[. O6pa3yoea®

IMUWP3A — Poccutickuli mexHoroau4eckul
yHusepcumem, Mocksa

2Poccutickull yHugsepcumem Opyx6bl
Hapodoe «PY/[H», Mocksa
SUHcmumym obwiel ¢pusuku

um. A.M. lpoxoposa PAH, Mocksa
PA3PABOTKA
YHUBEPCAJIbHOIO
OlNTUYECKOIo CTEHAA

I UBMEPEHWA OUHAMUWUKU
HACBILEHUA MNOrJ1IOLWEHUA
OIMNTUYECKUX NMOrJIOTUTEJIEUA

E.A. TiopuHa, A.l1. Bennbmyoe
MHcmumym XUumMuu 8biCoOKo4YUuCMbIX
eewecms um. I.I". [Jeesmbix PAH,
HuwxHuli Hoszopod

MoJIYYEHUE U CBOACTBA
OCOBO YUCTbIX CTEKOI
CUCTEM

GaxGesoxSeo U GaxShaoxSso (X =0-15
am.%) /1A UK ONTUKN
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A.L. lllesyoea'?,

B.[. CmenaHoega'?®,
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BJIMSIHUE KOH®OUT'YPALUN
CYTIEPJIOMUHECLUEHTHOIO
BOJIOKOHHOI'O UICTO4YHUKA

HA PAOUALUNOHHYHKO
CTOUKOCTb 3PEMEBOIO
OlNTUYECKOI'O BOJIOKHA

A.A. Oxakoea, 4.4. Canumeapees,
A.E. JIbeoe, I1.B. lNecmepesa,
B.M. KoHdpawuH, A.C. Kopcakos,
J1.B. Xykoea

Ypanbckuti pedeparbHbill
yHUBepcumem um. rnepeoeo
lpe3udeHma Poccuu B.H. EnbyuHa,
EkamepuHbype
MOLEJINPOBAHWE BITNSHUA
N3IrnbA HA NMEPELAYY UK
UN3INTYYEHUSA ®OTOHHO-
KPUCTAJUUIMMECKUMMUN
CBETOBOOAMU

A.A. lbiHeHko8, K.H. Huwes,
B.I1l. MamrowkuHa

HauuonanbHbIl uccniedosamernbckull
Mopdoesckuli 2ocydapcmeeHHbili
yHusepcumem um. H.l. Ozapésea,
CapaHck

NCCJIEJOBAHUE ®A30BOIO0
PA3EJIEHUA

B HATPUEBOBOPOCUITUKATHOM
CTEKJIE C JOBABKOU OKCUOA
FrEPMAHWA METO4QOM
AUITATOMETPUU

13:00-15:00

NEPEPbLIB

15:00

NOABEAEHUE UTOIOB. 3AKPbITUE KOH®EPEHLIUA
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BOJIOKOHHAA OMNTUKA
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BUCMYTOBBLIE BOJIOKOHHBIE JIASEPBI 1 YCUJIMTEJIA:
TEKVYILIEE COCTOAHUE U ITEPCITEKTUBBI

C.B. ®upcroB
Hncmumym odoweti puzuxu um. A.M. [Ipoxoposa PAH, Mockea
Hayunwiii yenmp eonokonnoti onmuxu um. E.M. Jluanosa PAH, Mockea
E-mail: fir@fo.gpi.ru

BucMyToBbIE BOJTOKOHHBIE CBETOBOJIbI SIBIISIFOTCS JIA3€PHBIMHU CPEJIaMH,
o0JIaaloMMHU  IIIMPOKUMHU TTosiocamMu ycusienus: B OmmkHem UK numanasone,
YTO MO3BOJISIET WX MWCIOJB30BaTh JJIsI CO3/JaHUA OJHOMOJIOBBIX YCTPOMCTB
reHepalMd M YCWICHHS CBeTa. B CBETOBOJAX TakOoro THIA TMPOUCXOJUT
dhopMUpOBaHHE BUCMYTOBBIX aKTHBHBIX 1IeHTpOB (BAIL), onTuueckue cBoiicTBa
KOTOPBIX 3aBUCAT OT XHUMHYECKOTO COCTaBa M CTPYKTYPHBIX OCOOCHHOCTEH
CTEKJISIHHOW MaTpullsl [1]. dusndeckas npupojia TaKux LEHTPOB J0 CUX MOP HE
pacKpbiTa, HECMOTPS HAa HAKOIUICHHBIM O0OBEM HKCHEPUMEHTAIBHBIX JTAHHBIX.
Tem He MeHee, MOAPOOHBIE HCCIEIOBAHUS ONTHYECKUX CBOMCTB Pa3IMYHBIX
TUIIOB CBETOBOJOB MO3BOJIWIM MpoBecTH Kiaccudukauuo BAIL u onpenenurts
UX B3aUMOCBSI3b C HAOII0/JaeMbIMH TTOJI0CAMHU TMOTJIOIIECHUS U JTIOMUHECIICHIIUH.
K mnacrodmemy BpeMEHM YCTaHOBJIEHO cymiectBoBanne 4 tunos BAII,
CTPYKTYypa U CBOMCTBAa KOTOPBIX OMNPEICISAIOTCS HOHOM-MOJU(PUKATOPOM HIIH
ceTkooOpasoBareieMm, a uMmenHo, BAILI, accoruuposannsii ¢ Al, P, Si n Ge.
O63opHas uHdpopmarus o cpoiictBax BAILL nmokazana Ha pucynke 1. Crnemyer
MOAYEPKHYTh, YTO HAa HW3IYy4YaTEIbHBIX IEepexojax HMEHHO Takux BAIL[
JIOCTUTHYTA Jla3epHasi TeHepalus B pa3IudHbIX ydacTkax crekrpa ommkHet UK
00J1aCTH, KOTOPBIE MPEACTABISAIOT HECOMHEHHBIN MPAKTUUECKUI HHTEpEC.
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Puc. 1. OcHoBHbIe XapakTepucTuku BALl: oCHOBHBIE MTOJOCH JIIOMUHECIICHIINH (2, b, ¢),
B3aMMHOE PACHOJIOKEHNE OCHOBHBIX TUKOB JIIOMUHECLEHIIMM U COOTBETCTBYIOIINE UM
BpEMEHa KU3HU JTIOMUHECIIEHIINH (€); KOH(UTyparuu 3HepreTndeckux yposHeit BAL]

(9, h, 1, j); Bo3moxHas ctpykTypa BALI-Si u BAII-Ge, nony4yennas u3 pacueta (d, f) [2].
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B nannoii paboTte OyayT paccMOTpPEHbl OCHOBHBIE aKTyallbHbIE HAay4YHbIE
HaIpaBJICHUSs, Kacaromuecs pa3paboTKu BOJOKOHHBIX JIA3€POB U YCUIIUTENECH Ha
OCHOBE BHCMYTOBBIX CBETOBOJIOB, KOTOpPHIE MOXHO C(OPMYIHPOBATH
CJIeTyIOITUM 00pa3oM:

|. M3yyeHue BIMAHMS YCIOBHHM TEIUIOBOM IOCT-00PAa0OTKM U PEKUMOB

BBITSDKKM BUCMYTOBBIX CBETOBOJOB Ha WX JIa3€pHbIE U YCHIMTEIbHBIC

CBONCTBA.

II. Pa3paborka KOMOakTHBIX U 3PGEKTUBHBIX YCHUIUTEICH IS Pa3IuyHBIX

TeJIEKOMMYHUKAITMOHHBIX auarna3oHoB (O-, E-, S- u U-nosnoc).

I1l. Pacmmpenne pabGodeil MOJOCHI BOJOKOHHO-ONTHUYECKUX YCHIIMTEIICH
MyTEeM MCIOJIb30BaHUsI aKTUBHBIX Cpell C HeCKoJMbKUMH Tuniamu BAILL nnu
KOMOUMHaIMen S)pOrEeBbIX CBETOBOJIOB C BUCMYTOBBIMH CBETOBOJIAMHU.

V. Pa3paboTka BUCMYTOBBIX JIJa3€pOB U YCUIIUTENEH ¢ HAKAYKOM B 000JIOUKY.
Hanpasnenue | ycriemHo pa3BUBaeTCs NPUMEHUTENBHO K CBETOBOAAM C

BAI[-Ge, xoHIEHTpamus KOTOPBIX HayMHAET BO3pacTaTh IMOCJIE TEIMJIOBOMH
00pabOTKKU MpPU OTHOCUTEIBHO HEBBICOKMX Temrieparypax (mo 600 °C) 3a cuer
JIOTIOJIHUTEIIbHOTO dbopmupoBanus ~ BAII. KowmrekcHbie HAy4HBIE
UCCIICJIOBAHUSI B IAHHOM HAMPABJICHUU MO3BOJIWIN ONPENCIUTh ONTUMAIbHBIC
YCJIOBUSL TEPMOOOPAOOTKM W JOCTHUYhL OMNPEACIICHHBIX YIYUIIEHUH C TOUYKHU
3penust kommdectBa BAI[-Ge wu »sddexTuBHOCTH TOMyYaeMBIX J1a3epoB,
u3nydarommx B oomactu 1.6 — 1.8 mxm [3]. YcTaHOBIEHO, YTO M3MEHEHHEM
CKOPOCTH BBITSIKKH MOKHO YIPABJISITh ONTHYECKUMHU CBOMCTBAMM MOJy4aeMBbIX
CBETOBOJIOB, TIOBBINIAS KIIJ CcO34aBaeMbiX JaszepoB [4, 5]. OnpeneneHsl
OCHOBHBIE MapaMeTphl TpoieccoB GopmupoBanuss BAIl u mpemnoxeHs
MEXaHHU3MBbl PEAKIUM, JeKalluX B OCHOBE Takux mpoueccos. [Tomumo HIIBO
PAH, B [1aHHOM HampaBJI€HUU MPOBOASATCA HWHTECHCHUBHBIE MCCIEIOBAHUS
3apyOeXKHBIMU KOJUIETAMH, KOTOPBIE HCMOJB3YIOT JPyTHe Pa3HOBUIHOCTH
BUCMYTOBBIX CBETOBOJIOB (Hampumep, [6]).

Hanpasnenue 11 6e3yciioBHO UMeEET BaXHOE MPUKIAJAHOE 3HAaueHHE. Tem
HE MEHee, Il JOCTH)KEHHUS TMOCTaBJICHHBIX 3a/lad TPEOYeTCsl peIIeHHE psna
Hay4yHbIX mpooOsiem. Tak, Hampumep, I TIOJIYYEHHS KOMIIAKTHOTO M
3 PEeKTUBHOTO YCTpONCTBA HEOOXOAUM YCTOWYUBBIA K MaKpous3rubam
OJTHOMOJIOBBIN BOJIOKOHHBIN CBETOBOJI C YMEHBIIEHHBIM Pa3MEPOM CEPALIEBUHBI,
YTO TO3BOJIUT JOCTUYL 00JI€€ BBHICOKMX IJIOTHOCTEH MOIHOCTH Hakaudku. Jys
peanu3alMi TaKoro CBETOBOJAA HEOOXOJMMO TMoBbIIeHHE AN (pa3Huiia B
MOKa3aTeNigsX TMPEJIOMIICHUS CTEKJa CEpAIEBUHBI W OOOJIOYKH), YTOOBI
COXpPaHUTh OJHOMOJIOBOE pAaCIpPOCTPAHEHUE CBETA. YBEIWYEHHE N CTekia
CEpALIEBUHBI, KaK MPaBUJIO, COMNPOBOXKIAACTCA HM3MEHEHUEM XHUMHUYECKOTO
COCTaBa CTEKJIa, YTO CyIIeCTBEHHO BiuseT Ha (Gopmupoanue BAILI. HemaBHo
OBLT MPEIJIOKEH U PeaIM30BaH MOAXO0J, OPUECHTUPOBAHHBIA Ha MOJIU(DUKALINIO
XUMHUYECKOTO COCTaBa CTEKJIa 000JO0UYKH BOKPYT aKTUBHOM CEepALEBUHBI. Takum
oOpaszom, BIIepBbIC OBLI peaqu3oBaH BUCMYTOBBIM cBeTOBOJ ¢ \W-00pa3HbIM
npoduaeM  TOKazaTeds  NpeJIOMJICHUs, TOJYYeHHBIM B  pe3yJibTare
dbopMUpOBaHUSI BOKPYT CEPALIEBUHBI (PTOPCOMAEPHKAIIETO KOJIBIIEBOTO CIIOs
(ZempeccupoBaHHOTO CJIOS1) U3 KBAPLIEBOIO CTEKJIA C TOHMKEHHBIM MTOKa3aTesieM
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npesomiieHus (10 — 0.01 mo OTHOLIEHUIO K N YUCTOrO KBapLEBOI0 CTeKIa) (pUc.
2(a)). VYcraHOBIEHO, YTO HEKOHTpoiaupyeMas aupdy3us >IEMEHTOB U3
IOPUJIETAIOIIMX K BUCMYTCOJAEpXKAaIlleld ceplleBUHE oO0JacTeld HE OKa3bIBAcT
3aMETHOTO BIIMSIHUS HA ONTUYECKUE CBOMCTBA U ycioBusa ¢popmupoBanus BALIL.
bnarogaps TakoMy NOAXOAYy YyJAajJoCh C€O3[4aTh BUCMYTOBBIM CBETOBOJ
OJHOBPEMEHHO C 3aJaHHbIMU ONTHUYECKUMHU CBOMCTBAMHM U SIBJISIOLIUICS
HEUYBCTBUTEIBHBIM K paanycaMm u3ruoda o 1.5 cm (puc. 2(6)) [7]. Ha puc. 2(s,
I) MOKa3aH MPOTOTUIl KOMIAKTHOIO ONTHYECKOTO MOJIYJE BUCMYTOBOTO
BOJIOKOHHOTO ycuiuTens s O-Iuana3oHa U €ero OCHOBHBIE XApaKTEPUCTHKH,
COOTBETCTBEHHO [8]. BuaHo, 4YTO mnpuemnemMble g MPAKTHYECKOTO
UCIIONIb30BaHUS XapaKTEPUCTUKU, a UMEHHO, ycuienue > 20 nb u mym-gakrop
~ 5-6 1b MOXXHO JOCTHMYb NMpPU MOIIHOCTH Hakadyku ~ 250 mMBrt. Ilomyuennsie
pe3yibTaThl MPEBOCXOAAT CYIIECTBYIOIIME MHUPOBBIE AHAJIOTH, IO3BOJIA
CYLIECTBEHHO CHHU3UTh CTOMMOCTh KOHEYHOTO yCTPOMCTBA, 4TO OyAeT KpaiiHe
BaYXHO MPH UX KOMMEPIIHATHA3AIIHH.
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Puc. 2. (a) — W-o0pa3nslii npoduis mokazaTesns NpeoMiIeHus mpeopMbl BUCMYTOBOTO
CBETOBO/IA; (0) — CIIEKTPHI ONITUYECKUX [TOTEPh BUCMYTOBOTO CBETOBOAA ¢ W-00pa3HbIM
npoduieM MokazaTess NpeIoMIEHUS Ul pa3InYHbIX PaJyCcoB U3ruoa; (B) — MpOTOTUI
ONITUYECKOTO MOJIYJISI BACMYTOBOT'O BOJIOKOHHOTO ycruuTelnst aiist O-auarmazona;
(T) — crieKTphI yCuiieHus ¢1aboro curHaia (CrjIouIHbIe TUHUK) U IIyM-(pakTopa (IITPUXOBbIe
JIMHAN ) BACMYTOBOTO yCHITHTEJIS.

Cnenyer Takke OTMETUTh, OCBOCHHE C IIOMOIIBK) BUCMYTOBBIX
YCWIATENEN JaHHOTO CIHEKTPajJbHOIO0 Juana3oHa KpauHE WHTEPECHO JIs
TEJICKOMMYHUKAIIMOHHBIX ~ Kommanuid. HemaBHo komnanms OFS  Fitel
POJAEMOHCTPHUPOBAIA TIEPBBIH KOMMEPUECKUNA BUCMYTOBBIN ycunutens aus O-
Jnuarnas3oHa [9].
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be3ycnoBHO, 4YTO CyHIECTBYE€T HHTEPEC HE TOJBKO K BHCMYTOBBIM
yewuresnssM g O-nuanasoHa, HO TaKKe W JUIsl JPYTHMX CHEKTPaJbHBIX
oOnacteil. DTO MPOAUKTOBAHO CYIIECTBYIONIMMH 3aJayaMH, HAmpuMep, C
MOMOIIBIO TPUMEHEHHUSI BUCMYTOBOI'O YCHJIUTENSI MOIHOCTU B obnactu 1.65 —
1.73  MKM MOTyT pemarbcsi MNpoOJIeMbl, Kacalolluecs  MOBBIIICHUS
YyBCTBUTEIBLHOCTU CUCTEM peructpaiuu razoB B armochepe [10] u 1.1.

ITepexons x manpaenenuro lll, ciexyer oTMETUTh, YTO CYILIECTBEHHBII
POrpecc IOCTUTHYT 0J1aroiaps UCIOJIb30BAHUIO BUCMYTOBBIX CBETOBOIOB ¢ W-
oOpa3HbIM mpoduiieM Moka3zarens MNpeaoMiieHus. BbuIo 3KcrepuMeHTaIbHO
MIPOJIEMOHCTPUPOBAHO, YTO TAKOM JW3alH MO3BOJSET OCYILIECTBIIATH ILJIABHOE
YIPaBJICHUE ONTHUYECKUMH CBOWCTBAMHU TMOJYYa€MbIX CBETOBOJOB IIyTEM
BApUALIMU XUMUYECKOTO COCTaBA CTEKJIA CEPALUEBUHBI CBETOBOJOB B IOCTATOYHO
HIMPOKKUX TpelesiaX, Kak IMOKa3aHo Ha puc. 3 Juis KoHieHTpauuu (ocdopa.
Ba)xHO MOAYEpPKHYTh, YTO B TAKOM CJIydae BO3MOXXHOCTH IO H3MEHEHHUIO
KOHLIEHTpaLUH JIETHPYIOUX J00ABOK CYIIECTBEHHO BBIIIE, YEM JJIsi TUITMYHBIX
CBETOBOJIOB CO CTyNEHYaThIM MpOQUIEM IMOKa3aTessiM IpesomieHus. Buano,
YTO MpHUCYTCTBHE (ochopa 0XuAAEMO NPUBOAUT K IMOSBICHUIO MOJIOCHI
ycunenus BOmu3u 1.33 MM, accounuupoBanHyro ¢ BAII-P. IlnaBnoe
YMEHBUIEHUE KOHILIEHTpauuu Qocdopa B CEpALIEBUHE CBETOBOJA MPUBOAUT K
TIOSIBJICHHIO TIIEYa, a 3aTeM U siBHOU mosiockl BAILL-Si B o6nactu 1.43 mMxm. [pu
ontuMaiabHOM cootHoirennn BAII-P u BAII-Si B pe3yibrare CHIBHOTO
B3aMMHOI'O TIEPEKPBITUS MTOJIOC MOXKHO JOOUTHCS IIUPOKOIO CHEKTPa yCUIICHUS

[11] (puc. 3).
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Puc. 3. CriekTpbl ONTHUECKOTO YCUJIEHHSI BACMYTOBBIX CBETOBOJIOB C JIETIPECCUPOBAHHON
000JI0YKOM MpU U3MEHEHNUHU KOHLIEHTpaIu (hocdopa B cep/LieBUHE CBETOBOIA.

B nocnennee BpeMs A CO3/1aHUs IMIMPOKOMOJIOCHOTO YCHIIUTENS CTalu
NPUMEHATHCA TakKe KOMOMHHPOBAHHBIE CXEMbI, BKIIIOYAIOIIME SPOUEBBIA U
BUCMYTOBBIN cBeTOBOIbI. Hanbonee ycrnennbsie pe3yabTaThl ObUIA JOCTUTHYTHI
xommanueii  Huawei  Technologies (¢ WCHOJB30BaHMEM  BUCMYTOBBIX
CBETOBOJIOB, pa3zpaboranubix B HIIBO PAH), koTopsie omy06iukoBaHbl B paboTe
[12].

ITocnennee wanpasnenue (Hanpasnenue 1V) sBhsercss COBEPUIEHHO
HOBBIM, B KOTOPOM IpOrpecc ObUT JOCTUTHYT TOJIBKO B Hauaje TEKYIIEero roja,
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KOIJla BbIIIIA MepBas MyOJaMKanus MO BUCMYTOBBIM Jla3epaM C HaKaykol B
o0osouky [13]. BaxkHOCTH MONY4YEHHBIX pPE3yJIbTATOB 3aKIIOYAECTCA B e
aCIEKTOB: YIPOILIEHUWE KOHCTPYKUMU BHCMYTOBBIX JIA3€pOB, CHUKEHHE HX
CTOMMOCTH, YJIYYUIEHHbIE BO3MOXHOCTH IO MAacCIITaOMPOBAHUIO BBIXOJHBIX
[1apaMeTpOB YCTPOUCTB U AP.

B 3aknrodyeHuu ciaeayer OTMETUTh, YTO BUCMYTOBBIE CBETOBOJBI CTaju
OOBEKTOM  MPUCTAIBHOTO  BHHUMAaHHUA CO  CTOPOHBI ~ KOMMEPYECKHUX
TEJIEKOMMYHUKALMOHHBIX KOMIIAHUM, KaK KJIOYEBOW 3JEMEHT JUIsl CO3JIaHus
BOJIOKOHHBIX YCHJIMTEJIEH, KOTOpPbIE CIIOCOOHBI paboTaTh BO BCEM CHEKTPAILHOM
uana3oHe, TJ€ CYLIECTBYeT pealbHas BO3MOXHOCTh Ui IEepeaadu
uH(pOpMaIlMU IO ONTHYECKUM CHCTEMaM CBs3U. B TaHHOM 0030pe paccMOTpPEHBI
OCHOBHBIE HalpaBJIEHUs, B KOTOPBIX, B IOCIEAHEE BPEMs, TIOCTUTHYT IPOTpecc,
yCWJIMBas HHTEPEC K yCTPOMCTBAM Ha OCHOBE BUCMYTOBBIX CBETOBOJIOB. BakHO
OTMETHUTh, YTO KOMMEpLHAIU3ALMs YCTPOWCTB Ha BHCMYTOBBIX CBETOBOAAX
BIIOJIHE TEPCIEKTUBHA, YUYUTHIBasi TOT (PAKT, YTO MPAKTUYECKHUE HCIBITAHHS
TaKUX YCTPOMCTB aKTUBHO MPOBOJATCS KAK B J1a0OPATOPHBIX YCIOBUSX, TaK U B
peanbHBIX BOJIOKOHHO-ONTUYECKUX CUCTEMAX CBSI3H.

Jlannass pabora ObLia yacTUYHO mnoaaep:kaHa Poccuiickum HayuHbim
dongom (rpant 22-19-00708).

1. E. Dianov, Light Sci. Appl. 1, e12 (2012).

2. A.M. Khegai et al, J. Non-Cryst. Solids (submitted) (2022)

3. A.V. Kharakhordin et al, Appl. Phys. B 126, 87 (2020).

4. S. Firstov et al, Photon. Technol. Lett. 32, 913 (2020).

5. A. Khegai et al, J. Lightwave Technol. 38, 6114 (2020).

6. Q. Zhao et al, Opt. Lett. 45, 1152 (2020).

7. S. Firstov et al, Opt. Lett. 45, 2576 (2020).

8. S.V. Firstov et al, Sci. Rep. 10, 11347 (2020).

9. V. Mikhailov et al, Proc. SPIE, 12027, 120270B (2022).

10.H. Panu et al, Meas. Sci. Technol. 32, 055206 (2021).

11.Y. Ososkov et al, Opt. Express 29, 44138 (2021).

12.F. Maes et al, Optical Fiber Communications Conference and Exhibition
(OFC), p. Th4C.8 (2022).

13.S. Firstov et al, Opt. Lett. 47, 778 (2022).
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HOJIYYEHUE OCOBO YHCTBIX CTEKOJI CUCTEM Ga-Ge-Te-|
N Ge-Te-Agl J151 BOJIOKOHHOU OIITUKU CPEAHEIO
UK JUAITA3OHA

A.TI. BeapmyxoB, N1.U. EBnokumos, JI.A. ITnexosuu, M.B. CyxanoB
HUncemumym xumuu gvicokouucmoix geuwjecms um. 1.1, Jleeamoix PAH,
Huorenuu Hoeeopoo
E-mail: velmuzhov.ichps@mail.ru

[TepcrieKTUBHBIM HaIpaBJICHUEM COBPEMEHHOTO ONTHYECKOTO
MaTepUaJIOBEJICHUS  SIBISETCS  pa3paboTka MaTepualoB, IMPO3pAayHbIX B
CIIEKTpaJIbHOM Jana3one 2-15 mxm. Takue marepuainsl B GopMe OKOH, JIUH3 U
BOJIOKOHHBIX CBETOBOJIOB MCIOJIB3YIOTCSI B YCTPOMCTBAX CUCTEM OE30IMaCHOCTH
BOCHHBIX JICTATCJIBHBIX allllapaToB, MPUOOpaX HOYHOTO BHUICOHAOIIOCHUS,
BBICOKOUYBCTBUTEIBHBIX aHANIM3aTOpax M JaT4vKax JUisl  OOHapyXeHUS
TOKCUYHBIX, = HApPKOTHYECKUX, B3PBIBYATHIX  BEIIECTB, OCYILECTBICHUS
HEMPEPHIBHOTO  KOHTPOJS  MPOMBIIUICHHBIX  MPOIECCOB, MOHUTOPUHIA
okpyxatomei cpenbl U Jp. CylllecTByeT OTpaHUYECHHOE YHCIIO MAaTepHalioB,
MIPO3PAYHBIX B CIEKTPaJbHON 00macTd 2-15 MKM, M3 KOTOPBIX MOTYT OBITh
W3TOTOBJICHBI BOJIOKOHHBIE CBETOBOJbI. K OJHMM U3 Takux MaTepuayioB
OTHOCSTCS XalbKOTeHUAHbIC cTekaa cucreM Ga-Ge-Te-l m  Ge-Te-Agl.
Baxxnenmen XapakTEpUCTUKOM 3THX CTEKOJ SBISETCA COAEpKaHUE IPUMECH
KHCIIoOposa B (opMe OKCHUIOB TepMaHHs, TalUlMs M Teulypa. JTa MNPUMECH
CYIIECTBEHHO yXYJIIAET TMPO3PAavyHOCTh CTEKOJ, IIO3TOMY 33jada €€
3¢ (HEKTUBHOTO CHUKEHUS SBIICTCS aKTYaJbHOM.

[lensto paboThl OBUIO pa3paboTaTh CHOCOOBI MOJYYEHHUSI CTEKOJ CHUCTEM
Ga-Ge-Te-l u Ge-Te-Agl 3amaHHOr0O XHMMHYECKOIO COCTaBa C HHU3KHUM
collepkaHMeM TpuMecH kuciopoaa. llpenmaraempie crmocoObl  BKITHOYAIH
CJICAYIOIIME OCHOBHBIC ATanbl: 1) CHHTE3 M BAaKyyMHYIO 3arpy3Ky TeJUTypujia
repmanus(ll) B peakTop ¢ IIMXTOM MNpPONMyCKaHWEM TMApPOB TeJulypa Haj
repMaHueM; 2) CHHTE3 U BaKyyMHY!0 3arpy3ky tesurypuaa rausa(l) u ioquna
cepedbpa METOJIOM XUMHUYECKUX TPAHCHOPTHBIX PEAKIUN C HCMOJIb30BAHUEM
omuna rammusA(lll) u ionuna repmanusi(1V) B kadecTBe TPaHCIOPTUPYIOLIUX
arcHTOB.

[IpoBeneHO TEepMOIMHAMHYECKOE MOJICIMPOBAHNE YKa3aHHBIX JTaroB
CHUHTE3a CTEKOJ, TO3BOJIMBIINEE OIEHUTh HX IPHEKTUBHOCTH [JISI OYUCTKU
KOMIIOHEHTOB IIUXTHl W ONTUMAJIbHBIE YCIOBUA OKCIEPUMEHTAIBHOIO
opopmiterus. Ilomydensr oOpasubpl 0co00 uucTBIX cTekon GajpGesTers,
GapGesTensl, u (GeTes)g(Agl)o. OTKIOHEHHMS COCTAaBOB OT 3aJaHHOTO
3HAQUYEHUS, COTJIACHO pE3yJbTaTaM aTOMHO-3MHCCUOHHON CIEKTPOMETPHUH C
WHJIYKTUBHO-CBSI3aHHOW M1a3Moi, He mnpeBbimanu 0.5 at.%. Coxepkanue
MpUMECH KHUCJIopoaa B (popMe OKCHIOB T'epMaHUs, TALIMS U TEJUTypa B CTEKJIaX
OOoCTUTHYTO Ha ypoBHe 1 ppb(wt). DToT pesynbrar sBISETCA JIYYIIHM JIJIs
CTEKOJI Ha OCHOBE TEJUTYPUJ0B repMaHusi U raumms. OnpeneneHbl ONTUMaIbHbIS
YCJIOBUS BBITSKKM BOJIOKOHHBIX CBETOBOJIOB M3 MOJyYEHHBIX 00pa3ioB. PaboTa
BBINOJIHEHA 1TpH (puHaHCOBO# moanepxke PH®D (mpoekt Ne 21-73-10104).
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BOJIOPOJJOCTOMKOCTD OIITUYECKHNX BOJIOKOH ITPU BLICOKOM
JABJIEHUUM U TEMIIEPATYPE

N.C. AzanoBa'?, 10.A. JlanteBal?, N1.0. Momyanos'?
YTepmcruii 2ocyoapcmeennviii HAYUOHANLHBLIL UCCTIE0068AMENbCKULL
yuugepcumem, Ilepmo
2[TepmcKas HAYYHO-NPOU3E00CMBENHAs NPUOOpOCmpoumensvhas komnarus, Ilepmo
E-mail: LaptevaYA@pnppk.ru

B pabote npoBeneHb! UCIBITAHNUSA BOJIOKHA ONTHYECKOIO OAHOMOJIOBOTO
TEMIIEPaTypPOCTOMKOr0 pagualliOHHOCTOMKOro Bojgopoaocroiikoro [1] (mamee —
BOO-TPBC) B cpene c BBICOKOM KOHLEHTpalUed BOJOPOJA U JIABJICHHEM
93 atm. Temmeparypa cpeast m3mensiack ot 100°C go 300°C. H3mepeHsr
Mexannueckue xapakrepuctuku BOO-TPBC 1o u mnocne ucnbITaHUi.
[lonyuena temmepaTypa, MpU KOTOpPOM HAOMIOMAETCS HWHTEHCHUBHBIA pPOCT
ONTUYECKUX MOTEPh U HAPYIIEHUE FEPMETHUYHOCTH YIIepoAHOro cios (puc.1).

Juna Boaubl 1240 HM, ITHK TOIVIONICHUS Ha
MOJICKYJISIPHOM BOIOPOJIEC
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Puc. 1. I'paduk pocTa OTHOCHUTEIBHBIX TOTEPH C TECUCHUEM BPEMEHU U U3MEHEHUEM
TeMnepaTypbl

Ha rpaduxe BugHo, uro npu temmnepatype 100 °C ontuueckue norepu
ctabunusupoBanbl. [Ipu temneparype 250 °C HabmrogaeTCs MOCTENEHHBIA POCT
Ha 0.1 nb/km mocne 4 yacoB Beiepkku. [locie yBennyeHus: Temmeparypsl 10
300 °C HauMHAETCSd MHTEHCUBHBIM POCT ONTHUYECKUX MOTEPH CO CKOPOCTHIO
0.07 nb/xm B yac.

IIpenenpHass mpo4yHOCTH 10 uchbITaHud coctaBisna S.11 I'Tla, mocne
ucnbiTannii  5.04 I'Tla, OTKIOHEHME TMPOYHOCTH HAXOAUTCA B IpeAenax
IOrPEIIHOCTA HU3MEPEHUN. BHEMHWI BUI TMOKPBHITUS MOCJIE HUCIBITAHUM HE
u3MeHuics. JlehekToB, TpemuH © YYacTKOB Jerpajalil TOKpBITHS He
BBISIBJICHO. B BBICOKOKOHIIEHTPUPOBAHHOW BOJOPOJHOM Cpele IMOJ AABICHUEM
93 atM, BOAOPO/ MOCTENEHHO MPOHUKAET B CEPJALIEBUHY ONTHYECKOTO BOJOKHA
Mpu NOBbIIEHUU TeMnepatypsl 10 250 °C u Bbiile.

1. U.C. Azanosa u ap., Potonuka 13, 444 (2019).
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PA3PABOTKA YHUBEPCAJIBHOI'O OIITUYECKOI'O CTEHIA
A1 UIBMEPEHU S TMHAMUWKI HACBIIIEHUA HOI'JIOIEHN A
OITUYECKHUX ITOI'JIOTUTEJIEA

H.P. Apytionsn!, B.A. Kambiaun®, M.C. Konbsepal?, A.W. JIo6anos?,
E.JI. O6pasuosal, 51.0. Cagoaukosa®, A.W. Tpukmes?, C.A. ®unartosal
YUnemumym obweri pusuxu um. A.M. Ipoxoposea PAH, Mockesa
2Poccuiickuti ynusepcumem opyxcovl Hapooos «PYIHy, Mockea
SMUPDA — Poccuiickuii mexnono2udeckuii ynueepcumem, Mocksa
E-mail: senya7062@gmail.com

WNHTepec K M3y4EHUIO TMHAMMKN HACBIIIECHUS IOTJIOIIEHHS] ONTUYECKUX
3aTBOPOB  OOYCJIOBIEH WX AaKTHUBHBIM  HCIOJBb30BaHUEM B  KayeCTBE
HACBIIIAIOIMUXCA ~ IOTJOTUTENEH  JIa3epOB Ul pealu3alid  PEKHMOB
CUHXPOHHU3ALNUN MOJ MU MOAYJSALMKN JoOpoTHOCTH [1, 2]. B mocnennee Bpems
IIPOIEMOHCTPUPOBAHO MHOECTBO HAaCBHIIAIOIINXCS ITOTJIOTUTEIIEH,
o0NaarouMX pa3IMYHBIMM  XapaKTEPUCTUKAMH, YTO YCIOXHSET 3a1aqy
U3MEPEHUSI HMX OINTUYECKUX CBOMCTB. [l03TOMy yHUBEpCANBHBIA CTEHI IS
U3MEPEHHUs HACBILLEHUS MOIJIONIEHUS, B KOTOPOM MOKHO y4€CTb OCOOEHHOCTU
MaTepHuaa, MOMOKET 00JIETYUTh U YCKOPUTh MPOLECC U3MEPEHUN.

Ha puc. 1 npencraBneHa npuHUMNHMAIBHAS CXEMa CTEHIA, B OCHOBE
KOTOPOH JIEKUT UMITYJIbCHBIN JIa3ep U aKyCTOONTHYECKUU MoaysaTop (AOM).
AOM ¢dopmupyeT mauyku UMITYJIBCOB € 3aJaHHON (opmoil orubaromieir. I1o
HEOOXOAUMO JJIi KOHTPOJII TEPMUYECKOTO BO3JEHCTBUS Ha 00pasLbl
HACBIAIOIINUXCA  IIOIVIOTUTENIEW, B KayeCTBE KOTOPBIX MCIOJIb30BAIUCH
OJTHOCTEHHBIE YTJEPOAHbIE HAHOTPYOKM B mnonumepe. CHIKEHUE BIMSIHUS
TEPMHUUYECKUX 3PPEKTOB B Pe3yIbTaTe UMITYJICHOIO BO3IEHCTBUS MO3BOJIET HE
HOBPEIUTh HAHOTPYOKM M OTCE€Yb BO3MOXHOCTb TIOJYUYEHHUS HEKOPPEKTHBIX
PE3yJIbTATOB U3MEPEHHMS TUHAMUKHU HACBIIEHUS TTOTJIOIICHHUS.

Orpetsutens
90/10

Puc. 1. Cxema crena.

[IpousBeneHO CpaBHEHHE C AHAJOTMYHOW CXEMOW JUIi H3MEpPCHUS
HACKIIICHUS MOTJIONIEHUS c aTTEHI0ATOPOM BMECTO AOM.
[IpoeMOHCTPUPOBAHO H3MEPEHUE KPUBBIX HACBHIIICHUS TIOTJIOIICHUS B
aBTOMATHYECKOM pPEKUME.

O6pasiet OYHT wusrotosnens! npu noanaepkke rpanta PH® Ne 20-42-
08004.

1. T. Jiang et al., Photonics Research 1(8), (2020).
2. C. Maetal., Applied Physics Reviews 4(6), (2019).
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[TOJIYYEHUE U CBOMCTBA OCOBO YUCTBIX CTEKOJI CUCTEM
GayGesoxSeo 1 Gabe4o-x860 (X =0-15 aT.%) I[HH UK OIITUKU

A.Il. BenemyxoB, E.A. TiopuHa
HUncemumym xumuu gvicokouucmoix geujecms um. 1.1, Jleeamoix PAH,
Huorenuu Hogeopoo
E-mail: tyurina@ihps-nnov.ru

Creksia Ha OCHOBE CyJb(UIOB T€pPMaHUS, TAUIUSI U CYypbMbl 00JaJarOT
BBIPAKEHHON CIIOCOOHOCTBIO PACTBOPATH PEIKO3EMENIbHBIE AJIEMEHThI, YTO
JienaeT MX TMEpPCHEKTUBHBIMU MaTepuaiamMu i HMCTOYHUKOB H3JIy4YEeHHUS,
ycuiurened u  jaszepoB cpeanHero WK amanmazona. KpucrammmzanumonHas
YCTOMYMBOCTh 3THX CTEKOJI TO3BOJISIET W3TOTaBIMBAaTh M3 HHUX BOJIOKOHHBIC
CBETOBOJBI [JISl CO3[JaHUSl BBICOKOUYBCTBUTEIBHBIX OINTUYECKUX CEHCOPOB.
OTnenbHBIA ~ MHTEpPEC  MPEACTABIAIOT  cTekia  cUcTeMbl  GaxShao-xSeo
0OyCJIOBJIEHHBII CMEIIEHUEM JUIMHHOBOJIHOBOIO Kpasl nmpomnyckanus ¢ 12 go 14
MKM, TI0 CPaBHEHHMIO CO CTEKJIaMH, COACPXAIIUMU CYIb(UIBl TepMaHUS H
MBIIIBAKA. DTO PaCIIUPSET BO3MOXHOCTH NMPUMEHEHHS TaKUX MaTepHalIOB B
ontuke cpeanero UK nuanasona.

[lenbto paboThl OBLIO HcCCHIENOBaTh (PU3UKO-XUMHYECKUE CBOMCTBA,
KPUCTAJUTM3AIMOHHYI0  YCTOMYMBOCTh CTeKON cucTeMbl GayGesoxSeo U
GaxShao-xSeo (X = 0-15 ar.%) u pa3paboTaTh METOAMKY MX IMOTYYCHHS C HU3KHM
cogepkaHueM — npumeceil.  MccnenoBaHbl  3aKOHOMEPHOCTH — BIMSIHMS
XUMHYECKOTO COCTaBa CTEKOJI Ha WX XapaKTePUCTUUYECKUE TEeMIIepaTyphl U
KPUCTAJUTU3AIMOHHYIO YCTOMYUBOCTb. YcranoBieHa npupoa u
MOCJIEIOBATEIBHOCTh (hOPMHUPOBAHUS KPUCTALIMYECKUX (a3 MpU  3aKalke
paciaBa M omTxure crekoid. OmpeneneHbl KOHKPETHBIE COCTaBbl CTEKOI,
HanOoJIee MOAXOIAIINE IS BBITSHKKA BOJOKOHHBIX CBETOBOHOB: GayGes0.xSeo
(x = 0-8). BmepBble ycTaHOBICHa W KOJUYECTBEHHO OXapaKTepU30BaHA
JMKBAaIMA B 3THX cTekaax. OnpeaeneHbl YCIOBUS 3aKalKi CTEKII000pa3yoero
paciyiaBa W OTKHra CTEKOJ, TO3BOJISIIONIME TMOJydaTh oOpas3isl  0e3
KPUCTATMYECKHUX M TUKBAIIMOHHBIX BKIIOUCHUI pazmepom 6oee 0.1 MrM.

Pazpaboran cnoco6 momyuyenus crekon Ga-Ge-S um Ga-Sb-S,
BKJIIOYarOIMii: 1) cuHTe3 M 3arpy3ky B peaktop cyibpuna repmanus(ll) u
cyinbpuna cypbmbi(lll); 2) cunrtes cynpduma rammus(lll) B3zaumoneiictBuem
nomuna rammmusa(lll) ¢ cepoit. Tlomydensl oOpasibl CTEKON C COAEp>KaHUEM
npuMecH Bojgopoaa B popme SH-rpymm Ha yposae 0.1 ppm (at); reTeporeHHBIX
BKIIFOUeHU MUKPOHHOTO (1-100 MxM) u cyomukponHoro (0.1-0.9 Mmxm) pazmepa
< 100 mryx/cm®. K HacTosmeMy BpeMEHM OTO Jy4YIIMA pPE3yJIbTar,
JOCTUTHYTBIN JJISI CTEKOJI YKa3aHHBIX CUCTEM.

PaGota BbImosHeHa mTpu (UHAHCOBOM TMOMJIEPKKE HAIMOHAIBEHOTO
npoekta «Hayka W yHUBEpPCHUTETB» B paMKax CO3JaHHOW JIabopaToOpHH
BBICOKOYHCTBIX XaIbKOTEHUIHBIX CTEeKOJA s  ¢doToHMkH cpemHero MK
nuarna3ona (roc. 3aganue Ne 075-03-2021-412).
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BJIMAHWE KOHOUTI'YPALIUN CYHEPJIIOMUHECHEHTHOI'O
BOJIOKOHHOI'O NICTOYHUKA HA PAJIMAIIMOHHYIO CTOUKOCTbD
SPBUEBOI'O OIITUYECKOI'O BOJIOKHA

U.C. Azanosa?® A.C. Baxpymes!, B.JI. Cremanosal® 10.0. [llaponosal,
A J1. llleBnoBa’?

Ylepmckas nayuno-npouszsoocmeennas npubopocmpoumenvnasn komnanus, Ilepmo
2[TepmcKutl HAYUOHATLHBILE UCCTE008AMENbCKUL NOTUMEXHUYECKUI
yHusepcumem, Ilepmo
3TTepmckuti 20Ccy0apcmeentvlil HAYUOHATLHBLI UCCIe0068aMeNbCKUlL
yHugsepcumem, Ilepmo
E-mail: ShevtsovaAD@pnppk.ru

[IpoBenens! uccneaoBanus dpOUEBOro akTUBHOTO BojlokHAa RR-AE-980 B

OJIHOTIPOXOTHOU (A) u

JBYXIIPOXOJHOU

(b)

KOH(UTYpaLmsIx

CYHEPJIIOMUHECIIEHTHBIX BOJOKOHHBIX UCTOYHMKOB (CBU) mpu Bo3neicTBUU
HENPEPBIBHOIO raMma-uszinydeHusd. [loka3aHo, 4To paaualnMoHHas CTOMKOCTh
aKTUBHOTO ONTUYECKOTO BOJIOKHA 3aBUCUT OT KoHurypauu CBU.
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Puc. 1. Bnusaue kondurypanuu CBU Ha
Bennunny PHII nHa nune Bostsbl 1550 M.
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Puc. 2. BoccTraHoBieHHe reHepaiuOHHbIX
CBOMCTB aKTHBHOT'O BOJIOKHA ITOCJIE
00JTy4YeHHsI B TACCUBHOM pPEXKHUME.
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OHOTIPOXOHBIN CBA1
MOKA3bIBA€T MEHBIINE PaAUAlMOHHO-
HaBeJieHHbIe moTepu (puc. 1), B TO
BpeMsi Kak AByxmnpoxoansiii CBU
JEMOHCTPUPYET BBICOKYIO
CTaOUIILHOCTD CpeIHEB3BEIICHHON
JUIMHBI  BOJIHBI TIPU  BO3JCHCTBUM
HEMPEPHIBHOTO raMMa-U3Ty4eHUSI.
Boccranosnenune TE€HEPAMOHHBIX
CBOWCTB AKTHBHOTO BOJIOKHA IIOCIIE
00JIy4eHHUs B MTACCUBHOM PEKUME, T.€.
0e3 HaKavKu, B Pa3lIMYHbBIX
KOH(UTyparusax CBU npu
OJIMHAKOBBIX YCJIOBHSX (MOIIHOCTb

Hakauku 100 MBT u KomHaTHas
TeMIlepaTypa) MPOUCXOIUAT
HEeoAMHaKoBo. HauanbHasg BennunHa
PHII B JIBYXITPOXOJIHOMN

KOH(UTYpallui 3HAYUTEIHHO BbIIIE, U
AKTUBHOE BOJIOKHO NPAKTUYECKU HE
BOCCTAHABJIMBAETCS.
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MO/JAEJIMPOBAHUE BJIVMAHUA N3I'MBA HA IIEPEJJAYY UK
N3JIYUYEHU A ®OTOHHO-KPUCTAJUIMYECKUMU CBETOBOIAMUA

JI.B. XKyxoga, B.M. Konapammn, A.C. Kopcakos, A.E. JIeBog, I1.B. [lectepesa,
J.J. Canumrapees, A.A. FOxakoBa
Vpanvckuii ¢hedepanvusiii ynusepcumem um. nepgoeo Ilpesudoenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: a.a.lashova@urfu.ru

®oronHo-kpucTaunueckue cBeroBojpl (PKC) mnpexncraBusior co0oit
HOBBI KJIACC IACCUBHBIX BOJIOKOHHO-ONTHYECKHX 3JIEMEHTOB M OTKPBIBAOT
HOBBIE BO3MOKHOCTH YIPABJICHHS W3JIyYEHUEM: BBICOKYIO CEJIEKTHUBHOCTH WM
TeHEpalio CYyIIEpKOHTUHYYMa, OJTHOMOJIOBBIN PEKUM PAaOOTHI C YBEIUUYEHHBIM
JUaMETPOM I10JIs1 MOJIbI, IIepeaadya SHEPTUH BBICOKOM MOIIHOCTH U IpOYEe.

AKTyanbHOH 3a7auell ONTUKU U POTOHMKH siBisieTcs co3ganne OKC s
uH(ppakpacHOro auamazoHa 2-27 MKM, YTO BO3MOXKHO IyTe€M pa3paboTKu
CBETOBOJIOB Ha OCHOBE KPUCTAJNIOB TBEPABIX PACTBOPOB TAJIOTEHHUIOB cepedpa u
TS (. JlaHHbIC MaTepUabl SIBJISIFOTCS IJTACTUYHBIMU,
HETUTPOCKONMUYHBIMH, Tpo3paunbiMu B Auamnazone 0.4 — 60.0 mxm u 0.05 — 30.0
TI', yCTOMYMBBIMYA K MOHU3UPYIOIIUM U3IIYYEHUSM.

Ha ocnoBe rasiorennioB cepedpa u tamius (1) 6sutn paspadoranst OKC ¢
TBEPJOTEJIbHON CEpALIEBUHON M IEHTPAJbHOM BCTABKOM M3 ONTHUYECKH Oosee
IUIOTHOTO MaTepuana, 4eMm wartepuan wartpunsl [1, 2]. OneHka wux
(YHKIMOHAJIBHBIX CBOMCTB, TakuX KakK paclpeiesieHue WHTEHCUBHOCTU B
JaJIbHEM T10J1€, BIIMSHKE U3rnda Ha nojie QyHAaMEeHTaIbHOU MOJbI, MOTYT OBITh
UCCJIENOBAHbl C MOMOIIBIO METO/a KOHEYHBIX 3JIEMEHTOB, PEAIM30BAaHHOIO B
I1O Comsol Multiphysics [3].

MonenupoBanue n3ruba CBETOBOJA BBIMOJHAJIOCH IPU OJHOM MOJHOM
Butke paauyca R. Ilo pesynbraram monenupoBaHusl nW3ruba Obula MOJIydeHA
BbICOKass ycTOMYMBOCTH K u3ru0y @OKC ¢ ueHTpanbHOW BCTaBKOM ¢
KpuTHYeckuM paauycom uzruda 0.056 M, 4TO MOATBEPKIAET €ro BBICOKHE
(yHKLIHOHATIbHBIE CBOWCTBA.

6)

R=0,07m

R=0,1n R=0,09m :ﬁ} 4 |1+ R=0,055m

Puc. 1. U3ru6 ®KC: (a) ¢ TBepAOTEIBHOM CepIIIEBUHOM, (0) ¢ IIEHTPaTbHOM BCTABKOM.

HccnenoBanue BHIMOTHEHO 3a cUeT rpaHTa Poccuiickoro HaydHoro (onma
Ne 21-73-10108.

1. A.Yuzhakova et al., Opt. Mat. 121, 111642 (2021).
2. A.S. Korsakova et al., J. Opt. Tech. 88, 8 (2021).
3. Comsol Multiphysics V. 6, COMSOL AB, Stockholm, Sweden.
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UCCIIENOBAHHNE ®A30BOI'O PA3SJIEJIEHWA
B HATPUEBOBOPOCHUJIMKATHOM CTEKJIE C JOBABKOU OKCHUJIA
I'EPMAHUA METOJI0OM TUJIATOMETPUN

A.A. IIpiHenkoB, K.H. Humes, B.I1. MaTtromkuna
Hayuonanvnoiii uccnieoosamenvcrkuii Mopoosckuti 2ocyoapcmeenblil
yuusepcumem um. H.I1. Ocapésa, Capanck
E-mail: alekspyn@yandex.ru

HartpueBobopocuivkatHasi cucremMa HauOosiee MOJAPOOHO H3ydeHa C
TOYKU 3pEHHsI TOJIyYeHHs Ha €€ OCHOBe mopucthix ctekon [1]. Cucrema
SiO; — B,03 — Na;O — GeO;, u nmopucThle MaTepHalibl, H3rOTOBJICHHBIC Ha €€
OCHOBE, TMPEJCTaBIsieT MHTEpeC JJIi HCIOJb30BaHUS B  TEXHOJOTUU
MPOU3BOJICTBA ONTHYECKMX BOJIOKOH C BBICOKOM KOHIEHTpalueil uoHa-
aktuBaTtopa. Hannuue ske repmaHusi B COCTaBE MOPUCTOTO CTEKIIAa MHTEPECHO B
CBSI3M C MOBBIIICHUEM IOKa3aTessl MPEJIOMIEHUSI KOHEYHOTO aKTUBUPOBAHHOIO
Marepuana, a TakXe C HCCIECJOBAaHMEM €ro BIUSHUSA Ha (HOPMUPOBAHHE
AKTUBHBIX [IEHTPOB, B YACTHOCTH aKTUBHBIX BUCMYTOBBIX 1IIEeHTPOB (ABILI).

B  nokmage  mpuBeneHBI  Pe3yNbTAaThl  UCCIENOBAHUS  BIMSIHUS
TEpMOOOPaOOTKM M KOHIIEHTPALIMM OKCHAAa TrepMaHusi Ha (opMupoBaHUE
nByxdaszHoi cTpykTyphl B cucteme (70-x) SiO; — 23 B203 — 7 Na,O — x GeOy,
rae x =0, 3, 5 moxa. %.

Ncxonubie o0pa3iibl cTEeKiIa ObUTM CUTE3WPOBAHBI METOJOM IUIABICHUS
TBep0(a3HON MIMXTHI B IJIATHHOBBIX TUTIIAX Tpu Temmeparype 1430 °C B
TEUEHHE 2-X YACOB C MOCTOSHHBIM MEPEMENTUBAHUEM KBAPIEBON MEIIAJIKOM.

[IpoBenena 3akanka oOpaszuoB mpu 750 °C B Teyenue 10 MuHyT ais
TOMOTE€HH3AllUA CTEKJIA, a TAKXKE JIOJTOBPEMEHHBIN OTKHUI MPU TEMIIepaTypax
550, 600 n 650 °C.

Ouenka (opMupoBaHUs B CTEKJIE ABYX(a3HOU CTPYKTYpbl MPOBOJIMIIACH
110 U3MEHEHHIO Pa3HUIIBI MEXKIY 3HAUCHUSAMHU TeMiepatypbl pasmsrdeHust (T, ;)
U TeMmeparypbl crekiaoBaHus (Tg). 3HaueHUs NAHHBIX XapaKTEPUCTHUECKHX
TEMIIEPATYpP ONPENEISIIMCh METOAOM awiaroMeTpun npu Harpyske 0.05 H.
CxopocTth HarpeBa coctanisiia 3 K/mMuH.

IIo pe3ynpraTaM HCCIEIOBAHHWM OINPEAEIEHBl ONTHUMAJbHBIE YCIOBHUS
TepMo0oOpaboTKu Ay (GOpMHUpPOBaHUS ABYX(Pa3HOM CTPYKTYphl B CTEKJaX
YKa3aHHOM CUCTEMBL.

1. O.B. Ma3ypun u np., Asyxgasnvie cmekna: cmpykmypa, C80Ucmea,
npumenenue, J1.: Hayka, 1991.

29


mailto:alekspyn@yandex.ru

MOJIVJISAIIMOHHA S HEYCTOMYMBOCTH BOJITHOBBIX ITAKETOB,
PACIIPOCTPAHAIOIINXCA B CBETOBOJE C IUCHIEPCUEN
KACKAZIHO 3ABUCAILIEN OT JJIMHBI

N.0O. 3omoToBckuii, B.A. Jlanun, /[.1. Cemention
Hayuno-Uccneoosamenvckuul Texnonoeuueckuti Unemumym um. C.11. Kanuyul
Vavanosckoeo I'ocyoapcmeennoco Yuusepcumema, Ynosanosck
E-mail: lva2013@yandex.ru

MonynsiuonHnas HeycrodunBocth (MH) — addexr, xapakTtepHbId i
MHOTHX  HEJIMHEHHBIX  CHCTEM,  MOJJCPKUBAIOIIMX  PACHPOCTPAHEHUE
JIOKAJIN30BaHHBIX BOJH, MPUPO/Ia KOTOPOTO CBSI3aHA C COBMECTHBIM JIEHCTBUEM
HEJIMHEWHBIX U JUCTIEPCUOHHBIX 3P dexToB [1].

JlnHamMuKa U31y4eHHUs ONMMCHIBACTCS ypaBHEHUEM Buaa [ 1, 2]:

2
i%—dz(z)a—'§+i7/|A|2A:O 1)
0z ot

rne 7=t—2z/v, — Bpems B Oerymiel cucreme koopamHar, d, :(dzﬂ/ da)2) -

napametp AI'C, ¥ — napamerp Henunennoctu, A1'C:
1 <1,

dz(z):dzo'{f(z)’zzzo (2)

Ha puc. 1 npuBoasarca 3aBUCUMOCTH MakCUMyMa ci1abOMOAYJIUPOBAHHOM
BOJIHBI BU/JA!

A(0,7) = [P, [1+0.01c08(Q2,0q7)] (3)
Jlna  mapamerpoB: HadanpHOM MomHocth Py=1 Brt, nHavamsnon JI'C

d,, =—10"° ¢?m, AI'C na Bexone u3 ceroona d,(L)/d, =0.1, napamerpe
Henmuueitnoctn ¥ =107 (B1-m)?, wactore Mmopymsimu Q= /2yP, |dy| -

d,(z)/d,(0) P _,Br
I 44
0.85 330
0.61 I
L 22,
0.4+ I
0'2; 3 11+
i : 4
0 L | L | L | L | 0 L | L | L | L |
0 250 500 750 Z, M 0 125 250 375 z-zyMm

Puc. 1. HopMupOBaHHBIE IPOIOJILHBIE 3aBUCUMOCTH AUCIIEPCUH (CIIEBA) U MAaKCUMyMa
MozympoBaHHOH BonHsl (cnipasa) f (z)=exp(—b,z);(1-bz);(1+b,z )_1 ;exp (—bg 72 ) _
kpusble (1; 2; 3; 4).

PaboTa BrimonHeHa npu nojaepxkke PODU B pamkax HaydHOTO MPOEKTa
Ne 19-42-730013.

1. G.P. Agrawal, Nonlinear Fiber Optics, Boston: Academic Press, 2007.
2. 1.0. Zolotovskii, et al., Opt. Commun. 426, 333 (2018).
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I'EHEPAIINA YACTOTHO-MOAYJIMPOBAHHbBIX BOJIHOBBIX
ITAKETOB B YCUJIMTEJIAX C BEI'YIIEX BOJIHOU ITIOKA3ATEJIA
[TPEJIOMJIEHH A

N.0O. 3omoToBckuii, B.A. Jlanun, /[.1. Cemention
Hayuno-Uccneoosamenvckuul Texnonoeuueckuti Unemumym um. C.11. Kanuyul
Vavanosckoeo I'ocyoapcmeennoco Yuueepcumema, Ynoanosck
E-mail: lva2013@yandex.ru

Jlunamuka BpemenHo# orubaronieit BI1 onuceiBaeTcs ypaBHEHUEM 1S

aMIUTUTY A6l orubaroment Buga HYII [1, 2]:
% . % %A

0z 2 o7
rne 7=t—-12 /Vg — Bpems B Oerymiel cucreme KOOpIAHMHAT, d, :(dzﬂ/ da)z) —

+iR|A[ A=ipmcos[Q(r - 67) | A+ gA (1)

napameTp JUCIEepPCUH IPYNIOBBIX CKOpOocTed, R — mapaMerp HENMMHEMHOCTH.
Ha puc. 1 npuBogsarcs 3aBUCUMOCTH ormbaromed (8) U MIHOBEHHOU
gactoTsl (D) Ha BeIXOE M3 cBeTOBOA uIMHOK L =500 M rayccoBoro ummyibca:

Az,z=0)= [P exp(-7*/ 27}), )
MOJIYYCHHBIC IyTeM YHUCIIEHHOro peieHus ypaBHenus (1) meromom SSF [1].
Jlns: HaganeHOM ayurensHoctn 7,=10"" ¢, mommoctu P, =10 Bt (0), AI'C

d,=-10"° ¢?m, memuneitnoctu R=107;10";10"° (Br'm)?! — (1-3), ycunenun
1
cpenbl g(a)) =0, [l+(a)—a)o)2 /Aa),_ﬂ . 9, ~107 M, Aw, =10" ¢, Buano,

yro B cpeae ¢ BBIIIl ummynasc MoxkeT OBITh yCHJIMBATBHCS, COXpaHss CBOIO
dopmy, npy mupuHe TuHMK yeunenus Ao, =10" ¢, mpuobpeTas npakTHUeCKHU

JUHEWHBIM 4YUpH, YTO oOOecreYruBaeT BO3MOXHOCTh €ro JajdbHEWIero
3¢ (HEKTUBHOTO CKATUS HA TUPPAKITMOHHON peIIeTKe.

SOTR Br 4l-Ao, 102 ¢!
60 2-
40 0F b
20 20
| _47
O I I | | | | | | | |
-20 -10 0 10 7, 102¢ 20 -10 0 10 7, 102 ¢

Puc. 1. Jlunamuka orudaroriei (&) ¥ MrHOBEHHOH 4acToThl (D) UMITyIbCa Ha BBIXOIE U3
ceeroozaa ¢ BBITIT mpu R=107;10";10" (Br-m)™ — (1-3).

PaboTa BeinonHena npu nojaep:xkke PODOU B pamkax HaAydyHOrO MpPOEKTa
Ne 19-42-730013.

1. B.IL. Topuurun, KBanrosas snexrponuka 31, 1089 (2001).
2. N.0. 3onotoBckuii u ap., KBantosas snextponnka 51, 293 (2021).
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BJIMAHUE NOHU3UPYIOLIET'O U3JIYUEHMA HA ITPEJAEJIBHYTO
[TPOYHOCTH OIITUYECKUX BOJIOKOH, OIIPEJEJEHHYIO
METOAOM JABYXTOYEYHOI' O U3T'TIGA

E.A. [Tocnemnosa?3, A.H. CmupHoBa®
Ylepmckan nayuno-npouseodcmeennasn npubopocmpoumensias komnanus, Ilepmo
2Uncmumym obweti pusuxu um. A.M. Ilpoxopoéa PAH, Mocksa
SHayunwiti yenmp eonoxonnoti onmuxu um. E.M. JJuanosa PAH, Mockea
E-mail: ANSmirnova@pnppk.ru

B nurepatype HaOmtogaeTcs npoTUBOpeyuBas MHGOpPMAILMS O BIMSHUU
noHusupyromiero uznyuenus (M) na mexanudeckue napaMeTpbl ONTHYECKOTO
BosiokHa (OB) B akpunatHoM nokpeituu [ 1, 2].

bputo  M3roTOBIEHO OJHOMOJIOBOE paauanMoHHO-cTOlikoe OB B
aKpUJIATHOM MOKPBITUH, MMOATOTOBJIEHO 6 CBOOOAHBIX HAMOTOK JuiHOU 100 M 1
nuametpoM 170 MM kaxnaa. Kaxnas namotka OB Oblna mojBepkeHa -
OOJy4yeHHI0O Ha aTTeCTOBAaHHOM Y-oOnydatomiedt ycranoBke ['YT 200 M c¢
akTHBHBIM ucTouHMKoM °Co. MommuocTs 10361 ObuIa mocTosHHOU 3.5 I'p/c.
Hakomnennas mo3a y-o6myuenusi cocrasmwia: 50 xI'p, 100 xI'p, 186 xI'p, 590
kI'p, 850 kI'p u 3000 xI'p. Bo Bpemss o00OiydyeHUS KOHTPOJIUPOBAIUCH
onTH4eckue morepu, BbizBaHHble I, ¥V ucxomnoro OB u y o0pasuoB mocie
NU onpenensanack npeaenbHas IPOYHOCTh METOAOM JIBYXTOUYEYHOTO U3ruda [3]
(puc. 1). Ilox BoznetictBuem MU 1BeT akpuiIaTHOTO MOKPBHITHS U3MEHWICS C
oenoro (ucxoguoe OB) mo x&nToro (HakorieHHas 103a 3 MI'p).

7,1

R
§ 6,9 ﬁ —® —0— 10 MxM/c
= 6,7
g
a 6,5 ‘_‘ ......... Y XD Ao,
== 63 & i “eokees 85 MKM/C
S~ 614 @& —
N e e ¢ ——
% 57 f 630 MKM/C
:Q* 55

0 1000 2000 3000

Hakomnennas no3sa, kI'p
Puc. 1. 3aBucumocTts npeaensHoil mpounoctu OB oT HaKOMIEHHON A03bI Y-00Iy4eHUS

YcranoBieHo, 4to mnpenenbHas npouyHoctb OB mocne MM Bo3pocna mo
OTHOILIEHUIO K MCXOJHBIM 3HaueHusM. [Ipu HaKOMJIEHHBIX J03aX Y-O00IydeHHUs
no 186 kI'p nabmonmaercs makcuMmanbHoe yrpouHeHue OB. JlanpHelimee
yBEJIMUEHUE HAKOIUIGHHON J03bl Y-OOJydeHUsI MPUBOAUT K CHUKEHUIO
npeaenbHol npoyHocty OB 1Mo CpaBHEHHMIO C MakCUMAJIBHOW. Y BEIIMYEHUE
IIPENEIbHON NPOYHOCTH, BEPOSTHO, BBI3BAHO PAJWALHUOHHBIM YIPOYHEHHEM
KBapua [4].

1. M.V. Uffelena et al., Proc. of SPIE 6193, 619303-1 (2006).
2. G. Mélin et al., IEEE Transactions on Nuclear Science 66, 1657 (2018).
3. TOCT P MBK 60793-1-33-2014.

4. B.A. Crenanos, I1.B. JlemenkoB, O.B. Hukynuna, ®usuka B siaepHON
srepreruke 2021-1, 143 (2021).
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BISMUTH-DOPED FIBER LASERS AND AMPLIFIERS:
CURRENT STATE AND PROSPECTS

S.V. Firstov
Prokhorov General Physics Institute of RAS, Moscow, Russia
Dianov Fiber Optics Research Center of RAS, Moscow, Russia
E-mail: fir@fo.gpi.ru

Bismuth-doped fibers are active media exhibiting wide gain bands in near
IR that allows one to use these fibers for development of single-mode lasers and
amplifiers. This type of the fibers is characterized by the formation of bismuth
active centers (BACs) with the optical properties varying on the chemical
composition and structural features of glass matrix [1]. The physical nature of
the BACs has not yet been revealed, despite the accumulated amount of
experimental data obtained. Nevertheless, energy level diagram of BACs and
their relationship with the observed absorption and luminescence bands were
determined using detailed study of the optical properties of various types of Bi-
doped fibers. To date, it was revealed four types of BACs (BACs associated
with Al, P, Si, and Ge), whose the optical transitions are defined by the modifier
ion or network former of glass matrix. An overview of the BACs features is
shown in fig. 1. It should be emphasized that light amplification and laser
oscillation achieving in the practically valuable IR bands is provided by the
radiative transitions of the mentioned above BACs.

10 1E;—Ey 1Bz
) ] ] 3 1/
a 0.8 1 / [ |\ a 08 1/

=064 /| 06/
E 04 / g 04
£ 1/ = ]
0.2 - | . 02+

0.0 Fmrtr—rg —_— 00

v T T 1
00 oo 200 $00 1000 1000 1200 1400 1600 1800
Wavelength (nm) Wavelength (nm}

(e) ()
. J e .
5 1200
@ 4 W
@ g 1000 LB N
e 5 800 AT o . .
g ¥ v @
' e 7 ' & 9
] ]
‘ 400 4= . L e SERErEEVERES P -
400 ] 800 1000 1200 1400 1600
Emission wavelength (nm)
m BAC-Si ¥ BAC-Al A BAC-P ® BAC-Ge
4 4 4 4 E4 {3300m)
E4 (350nm)
E4 (375am) _Eu_w,m'
_ 3 SR - 34 E3 [450nm) — b . 34 E3 (4B0nm)
& 2- & 2 & 2 B o2
EJ E2 (B30nm) 2 £2 [730nm) [ E2 (780nm) Eﬂ .
w . E1 (1100nm) w ) ) u E2 (easnm)
1 E1 (1410nm) b ! ELj1adanm 19 E1 {16500m)
o EO o T E0 a 1 ED o 1 EQ
(9) (h) (i) i)

Fig. 1. Basic characteristics of BACs: main luminescence bands (a, b, ¢), mutual arrangement
of main luminescence peaks and corresponding luminescence lifetimes (e); energy level
configurations of BACs (g, h, i, j); possible structure of BAC-Si and BAC-Ge derived from
calculation (d, f) [2].
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This paper reviews the main current scientific directions related to the
development of fiber lasers and amplifiers based on the bismuth-doped fibers,
which can be formulated as follows:

I. Study of the effect of thermal post-processing conditions and drawing
regimes of bismuth-doped fibers on their laser and gain properties.

Il. Development of compact and efficient amplifiers for various
telecommunication bands (O-, E-, S- and U-bands).

I11. Extending the operating bandwidth of fiber-optic amplifiers by using
active media with different types of BACs or a combination of erbium- and
bismuth-doped fibers.

IV. Development of cladding-pumped bismuth-doped fiber lasers and
amplifiers.

Direction | is successfully developed in relation with fibers containing
BACs-Ge. The concentration BACs-Ge can be increased by heat treatment at
relatively low temperatures (up to 600 °C) due to formation of additional BACs.
Comprehensive research in this direction provided relevant information on the
optimal conditions for heat treatment, the achieved certain improvements in
terms of the amount of BAC-Ge and the efficiency of the developed lasers
operating in the region of 1.6 — 1.8 um [3]. It was established that by changing
the drawing speed it is possible to manage the optical properties of the fibers,
achieving an increase in the efficiency of the obtained lasers [4, 5]. The main
parameters of the BACs formation process were measured and the mechanisms
of the reactions underlying such processes were proposed. Except FORC RAS,
intensive research in this direction is being carried out by foreign colleagues for
other types of bismuth-doped fibers (for instance, [6]).

Direction Il is of great practical importance. However, in order to achieve
these goals, a number of scientific problems have to be solved. For example, to
obtain a compact and efficient device, a macrobending-resistant single-mode
optical fiber with a reduced core size is required, which will make it possible to
achieve higher pump power densities. To implement such a fiber, it is necessary
to increase 4n (difference in the refractive indices of the glass core and
cladding) in order to maintain single-mode light propagation. An increase in n of
the core glass is usually accompanied by a change in the chemical composition
of the glass, which significantly affects the formation of BACs. Recently, an
approach on the modification of the chemical composition of the cladding glass
around the active core was proposed. For the first time, a bismuth-doped fiber
with a W-type refractive index profile was fabricated. This design was obtained
as a result of the formation of a fluorine-containing (depressed) annular layer of
silica glass around the core with a refractive index of up to - 0.01 with respect to
n of pure silica glass (fig. 2(a)). It was found that the uncontrolled diffusion of
chemical elements from the regions adjacent to the bismuth-containing core
does not noticeably affect the optical properties and conditions of the formation
of BACs. Due to this approach, it was possible to create a bismuth fiber
simultaneously with the specified optical properties and being insensitive to
bending radius of 1.5 cm (fig. 2(b)) [7]. Fig. 2(c, d) shows a prototype of a
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compact optical module of a bismuth-doped fiber amplifier for the O-band and
its main characteristics, respectively [8]. It can be seen that the obtained
characteristics, namely a gain of > 20 dB and a noise factor of ~ 5-6 dB
achieved at a pump power of ~ 250 mW, are acceptable for practical use. The
results obtained are better than those of existing world analogues, providing a
significant reduction in the cost of a final device, which will be extremely
important for further commercialization.
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Fig. 2. (a) — W-type refractive index profile of Bi-doped fiber preform; (b) — optical loss
spectra of Bi-doped fiber measured at different bending radius; (c) — the prototype of optical
module of bismuth-doped fiber amplifier for the O-band; (d) — small-signal gain (solid) and

noise-figure (dashed) spectra of the bismuth-doped fiber amplifier.

It should also be noted that the development of bismuth-doped fiber
amplifiers in this spectral range is extremely interesting for telecom companies.
Recently, OFS Fitel demonstrated the first commercial O-band bismuth-doped
fiber amplifier [9].

In addition, there is interest not only in bismuth-doped amplifiers for the
O-band, but also in other spectral regions. This is dictated by existing tasks, for
example, use of a high-power bismuth-doped amplifier in the region of 1.65 -
1.73 um, can solve the problems regarding an increase of the sensitivity of gas
detection systems in the atmosphere [10] etc.

As concerns Direction 111, it should be noted that significant progress
there was achieved due to W-type bismuth-doped fibers also. It was
experimentally demonstrated that such a design allows providing management
of the optical properties of the obtained fibers by varying the chemical
composition of the fiber core glass over a relatively wide range, as shown in
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fig. 3. It is important to emphasize that in this case, the possibilities for changing
the dopant concentration are significantly higher than for fibers with a step-
index profile. It can be seen that the presence of phosphorus, as expected, leads
to the appearance of a gain band near 1.33 um associated with BAC-P.

A monotonic decrease of the phosphorus concentration in the fiber core
results to the appearance of a shoulder and then a distinctive BAC-Si band in the
region of 1.43 um. At an optimal ratio between BACs-P and BACs-Si, a wide
gain spectrum can be achieved because of a strong mutual overlap of the
corresponding bands [11] (fig. 3).
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Fig. 3. Optical gain spectra of W-type Bi-doped fibers at variation of P content in active glass
core.

Recently, configurations based on erbium- and bismuth-doped fibers were
also used to create a broadband amplifier. The most successful results published
in [12] were achieved by Huawei Technologies (using bismuth-doped fibers
developed at FORC RAS).

The last direction (Direction 1V) is completely new, where the progress
was achieved only at the beginning of this year after the first cladding-pumped
bismuth-doped fiber lasers [13]. The importance of the obtained results is in
following aspects: facilitation of the design of bismuth-doped fiber lasers, their
cost effectiveness, improved possibilities for scaling the output parameters of
devices, etc.

In conclusion, it should be noted that bismuth-doped fibers have become
an object of close attention from commercial telecommunication companies
because they are as a key element for creating fiber amplifiers capable of
operating in the entire spectral range, where there is a real opportunity for data
transmission via the optical communication systems. This paper reviews the
main directions concerning optical devices based on bismuth-doped fibers where
progress was recently obtained. It is important to note that the
commercialization of bismuth-doped fiber devices is quite promising, given the
fact that practical tests of such devices are actively carried out in laboratory
experiments and real fiber-optic communication systems.
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PREPARATION OF HIGH-PURITY Ga-Ge-Te-I AND Ge-Te-Agl GLASSES
FOR LWIR FIBER OPTICS

I.I1. Evdokimov, D.A. Plekhovich, M.V. Sukhanov, A.P. Velmuzhov
Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
E-mail: velmuzhov.ichps@mail.ru

A promising area of modern optical materials science is the development
of materials that are transparent in the spectral range of 2-15 um. Such materials
in the form of windows, lenses and optical fibers are used in security systems for
military aircraft, high-precision guidance to stationary and moving targets, night
video surveillance, high-sensitive analyzers and sensors for the detection of
toxic, narcotic, explosive substances, continuous monitoring of industrial
processes, environment monitoring, etc. There is a limited number of materials
that are transparent in the 2-15 um spectral region, from which optical fiber can
be made. One of such materials is chalcogenide glasses of Ga-Ge-Te-1 and Ge-
Te-Agl systems. The most important characteristic of these glasses is the content
of oxygen impurities in the form of oxides of germanium, gallium and tellurium.
This impurity significantly worsens the transparency of glasses, so the problem
of its effective reduction is topical.

The aim of the work was to develop methods for preparation glasses of
the Ga-Ge-Te-1 and Ge-Te-Agl systems of a given chemical composition with a
low content of oxygen impurities. The proposed methods included the following
main stages: 1) synthesis and vacuum loading of germanium(ll) telluride into a
reactor with charge by passing tellurium vapor over germanium; 2) synthesis
and vacuum loading of gallium(lll) telluride and silver iodide by chemical
transport reactions using gallium(lll) iodide and germanium(lV) iodide as
transport agents.

Thermodynamic modeling of the indicated stages of glass synthesis was
carried out, which made it possible to evaluate their effectiveness for charge
components purification and the optimal conditions for experimental design.
Samples of high-purity glasses GaioGeisTers, GapoGeisTernsl, and
(GeTes)ao(Agl)10 have been prepared. According to the results of inductively
coupled plasma atomic emission spectrometry, the compositions deviations from
the given value did not exceed 0.5 at.%. The content of oxygen impurity in the
form of oxides of germanium, gallium and tellurium in glasses was reached at
the level of 1 ppb(wt). This result is the best for glasses based on germanium
and gallium tellurides. The optimal conditions for drawing optical fibers from
the obtained samples are determined.

This work was supported by the Russian Science Foundation (project No.
21-73-10104).
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HYDROGEN RESISTANCE OF OPTICAL FIBER AT HIGH PRESSURE
AND TEMPERATURE

1.S. Azanoval?, Y.A. Lapteval?, 1.0O. Molchanov?!?
!Perm State National Research University, Perm, Russia
2Perm Scientific and Production Instrument Company, Perm, Russia
E-mail: LaptevaYA@pnppk.ru

In this work, we tested a single-mode temperature-resistant, radiation-
resistant, hydrogen-resistant optical fiber [1] (hereinafter, BOO-TRVS) in a
medium with a high hydrogen concentration and a pressure of 93 atm. The
medium temperature varied from 100 °C to 300 °C. The mechanical
characteristics of VOO-TRVS were measured before and after testing. The
temperature was obtained at which there is an intensive increase in optical losses
and a violation of the tightness of the carbon layer (fig. 1).
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Fig.1. Graph of growth of relative losses over time and temperature change

The graph shows that at a temperature of 100 °C, the optical losses are
stabilized. At a temperature of 250 °C, there 1s a gradual increase of 0.1 dB/km
after 4 hours of exposure. After increasing the temperature to 300 °C, an
intensive growth of optical losses begins at a rate of 0.07 dB/km per hour.

Ultimate strength before testing was 5.11 GPa, after testing 5.04 GPa, the
strength deviation is within the measurement error. The appearance of the
coating after testing has not changed. Defects, cracks and areas of degradation of
the coating were not detected. In a highly concentrated hydrogen environment at
a pressure of 93 atm, hydrogen gradually penetrates into the core of an optical
fiber as the temperature rises to 250 °C and above.

1. 1.S. Azanova et al., Photonics 13, 444 (2019).
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DEVELOPMENT OF A UNIVERSAL OPTICAL STAND FOR MEASURING
THE ABSORPTION SATURATION DY-NAMICS OF OPTICAL
ABSORBERS

H.R. Arutyunyan?, S.A. Filatoval, V.A. Kamynin!, M.S. Kopyeva'?,

A.l. Lobanov?, E.D. Obraztsova?, Ya.E. Sadovnikovas, A.l. Trikshev!
'Prokhorov General Physics Institute of RAS, Moscow, Russia
2Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia
SMIREA - Russian Technological University, Moscow, Russia
E-mail: senya7062@gmail.com

Interest in researching the saturation absorption dynamics of optical gates
Is caused by their active use as saturable absorbers for lasers to realize mode
locking or Q-switching modulation [1, 2]. Recently, many saturable absorbers
with different characteristics have been demonstrated, which complicates the
task of measuring their optical properties. Therefore, a universal absorption
saturation measurement stand, in which the characteristics of a specific material
can be taken into account, will help to make the measurement process simpler
and quicker.

Figure 1 shows a schematic diagram of a stand which is based on a pulsed
laser and an acousto-optic modulator (AOM). The AOM formes pulse packs
with a defined envelope shape. This is necessary to control the thermal effects
on the saturable absorber samples, for which single-walled carbon nanotubes in
a polymer have been used. The reduction of the impact of thermal effects as a
result of pulse exposure ensures not to damage the nanotubes and to avoid the
possibility of getting incorrect results for measuring absorption saturation
dynamics.
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Fig. 1. Schematic of the stand.

A comparison is made with a similar setup for measuring saturation
absorption with an attenuator instead of an AOM. Measurement of saturation
absorption curves in automatic mode is demonstrated.

SWCNT samples were made with the support of the RSF grant 20-42-
08004.

1. T. Jiang et al., Photonics Research 1(8), (2020).
2. C. Maetal., Applied Physics Reviews 4(6), (2019).
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PREPARATION AND PROPERTIES OF HIGH-PURITY GLASSES
GayGesoxSeo 1 Gabe40-xSeo (X = 0-15 ar. 0/0) FOR IR OPTICS

E.A. Tyurina, A.P. Velmuzhov
Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
E-mail: tyurina@ihps-nnov.ru

Glasses based on germanium, gallium, and antimony sulfides have a
pronounced ability to dissolve rare-earth elements, which makes them promising
materials for radiation sources, amplifiers and mid-IR lasers. The crystallization
stability of these glasses makes it possible to fabricate optical fibers from them
to create high-sensitive optical sensors. Glasses of the GaxSbao-xSeo System are of
particular interest due to the shift of the long-wavelength transmission edge
from 12 to 14 um, compared with glasses containing germanium and arsenic
sulfides. This expands the possibilities of using such materials in mid-IR optics.

The aim of the work was to investigate the physicochemical properties,
crystallization stability of glasses of the GaxGesoxSeo and GaxShao-xSeo (X = 0-15
at. %) systems and to develop a technique for their preparation with a low
content of impurities. Regularities of the chemical composition influence on
their characteristic temperatures and stability against crystallization are studied.
The nature and sequence of the crystalline phases during melt quenching and
glass annealing have been established. The specific glass compositions most
suitable for fiber drawing were determined: GaxGesoxSso (X = 0-8). Liquation in
these glasses was established and quantitatively characterized for the first time.
The conditions for glass-forming melt quenching and glasses annealing are
determined, which make it possible to prepare samples without crystalline and
liquation inclusions larger than 0.1 um.

A method for Ga-Ge-S and Ga-Sb-S glasses preparation has been
developed, including: 1) synthesis and loading of germanium(ll) sulfide and
antimony(I11) sulfide into the reactor; 2) synthesis of gallium(l11) sulfide by the
interaction of gallium(lIl) iodide with sulfur. Glass samples with hydrogen
impurity content in the form of SH-groups at the level of 0.1 ppm (at) were
prepared; heterogeneous micron (1-100 pm) and submicron (0.1-0.9 um)
inclusions < 100 pieces/cm®. To date, this is the best result achieved for the
glasses of these systems.

This work was supported by the national project «Science and
Universities» within the framework of the established Laboratory of high-purity
chalcogenide glasses for mid-IR photonics. State task No 075-03-2021-412.
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INFLUENCE OFTHR CONFIGURATION OF SFS ON RADIATION
RESISTANCE OF EDF

I.S. Azanoval?3, Yu.O. Sharonova!, A.D. Shevtsova®?, V.D. Stepanoval?,

A.S. Vahrushev!

!Perm Scientific and Production Instrument Company, Perm, Russia
2Perm National Research Polytechnic University, Perm, Russia
3Perm State National Research University, Perm, Russia
E-mail: ShevtsovaAD@pnppk.ru

Studies of the erbium-doped fiber (EDF) RR-AE-980 in single-pass (A)
and double-pass (B) configurations of superfluorescent fiber sources (SFS)

under the radiation have been carried out.

It is shown that the radiation

resistance of an active optical fiber depends on the configuration of the SFS.
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Single-pass SFS shows lower
radiation-induced attenuation (RIA)
(fig. 1), while the double-pass SFS
demonstrates high stability of the
central wavelength under the
radiation.

Recovery of  generation
properties of an active fiber after
irradiation in the passive mode, that
Is, without pumping, in different
SFS configurations under the same
conditions (pump power 100 mW
and room temperature) occurs
differently. The initial value of RIA
in the double-pass configuration
SFS is much higher, and the active
fiber is practically not restored.
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SIMULATION OF BENDING INFLUENCE ON THE TRANSMISSION
OF IR RADIATION BY PHOTON-CRYSTAL FIBERS

V.M. Kondrashin, A.S. Korsakov, A.E. Lvov, P.V. Pestereva,
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: a.a.lashova@urfu.ru

Photonic crystal fibers (PCFs) represent a new class of passive optical
elements and open up new possibilities for radiation control: frequency
selectivity or supercontinuum generation, single-mode operation with an
increased mode field diameter, high-power energy transmission, and others.

An urgent task of optics and photonics is the creation of a PCF for the
infrared range of 2-27 um, which is possible by developing optical fibers based
on silver and thallium (1) halides crystals. These materials are flexible, non-
hygroscopic, transparent in the range of 0.4 - 60.0 um and 0.05 - 30.0 THz,
resistant to ionizing radiation.

Based on silver and thallium (1) halides, PCFs with a solid core and a
central insert made of an optically denser material than the matrix material were
developed [1,2]. Their functional properties evaluation, such as the intensity
distribution in the far field, the effect of bending on the fundamental mode field,
can be studied using the finite element method implemented in the Comsol
Multiphysics software [3].

The fiber bending was simulated with one complete turn of radius R.
According to the bending simulation results, a high resistance to bending of the
PCF with a central insert with a critical bending radius of 0.056 m was obtained,
which confirms its high functional properties.

a) . 6) a) 6)

R=0,07m

3 | |
Fig. 1. Bending PCFs: (a) with a solid core, (b) with a central insert.
This work was supported by the Russian Science Foundation (No. 21-73-
10108).

1. A.Yuzhakova et al., Opt. Mat. 121, 111642 (2021).
2. A.S. Korsakova et al., J. Opt. Tech. 88, 8 (2021).
3. Comsol Multiphysics V. 6, COMSOL AB, Stockholm, Sweden.

R=0,055m
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MODULATION INSTABILITY OF WAVE PACKETS PROPAGATED
IN A FIBER WITH A CASCADE-DEPENDENT DISPERSION ON LENGTH

1.0. Zolotovskii, V.A. Lapin, D.l. Sementsov
Kapitsa Research Institute of Technology of Ulyanovsk State University,
Ulyanovsk, Russia
E-mail: lva2013@yandex.ru

Modulation instability (MI) is an effect characteristic of many nonlinear
systems that support the propagation of localized waves, the nature of which is
associated with the combined action of nonlinear and dispersion effects [1].

Radiation dynamics is described by an equation of the form [1, 2]:

2
i%—%z)%ﬂywz A=0 (1)
where z=t—z /v  —time in the running coordinate system, d, =(d2ﬁ/dw2) —
GVD parameter, » — nonlinearity parameter, GVD:
1 <1,
dZ(Z):dZO'{f(Z),ZZZO (2)

On fig. 1 shows the dependences of the maximum of a weakly modulated
wave of the form:

A(0,7) = [P, [1+0.01c08(Q2,0q7)] (3)
For the parameters: initial power P, =1 W, initial GVD d,, =-107° s¥/m, GVD
at the fiber output d,(L)/d,, =0.1, non-linearity parameter y =107 (W-m)?,

modulation frequency €., =/27P, /|| -

d,(z)/d,(0)

0.8

0.6-
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0.2- 3
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Fig. 1. Normalized longitudinal dependences of the dispersion (left) and the maximum of the

modulated wave (right) f(z):exp(—bez);(1—b,z);(1+bhz)_1;exp(—bgzz) - curves (1; 2; 3; 4).

The work was supported by the Russian Foundation for Basic Research
within the framework of the scientific project no. 19-42-730013.

1. G.P. Agrawal, Nonlinear Fiber Optics, Boston: Academic Press, 2007.
2. 1.0. Zolotovskii, et al., Opt. Commun. 426, 333 (2018).
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GENERATION OF FREQUENCY-MODULATED WAVE PACKETS
IN AMPLIFIERS WITH A TRAVELING WAVE OF REFRACTIVE INDEX

1.0. Zolotovskii, V.A. Lapin, D.l. Sementsov
Kapitsa Research Institute of Technology of Ulyanovsk State University,
Ulyanovsk, Russia
E-mail: lva2013@yandex.ru

The dynamics of the time envelope of the WP is described by the equation
for the amplitude of the envelope of the form NLSE [1, 2]:
%—iiaz—A+iR|A|2A:iﬂmcos[g(f—&)]m gA (1)
oz 2 07
where z=t—z/v  —time in the running coordinate system, d, =(d2,8/da)2) —
GVD parameter, ¥ — nonlinearity parameter.

On fig. 1 shows the dependences of the envelope (a) and instantaneous
frequency (b) at the exit from the fiber with a length L =500 m of a Gaussian
pulse:

A(r,z=0)= \/Eoexp(—rz / 22'5) (2)
obtained by numerical solution of equation (1) by the SSF method [1]. For:
initial duration 7, =10" ¢, power P,=10 Br (0), GVD d,=-10" ¢,

nonlinearity R=107;10"°;10° (Brm)' — (1-3), gain of the environment
-1
g(a)):go[l+(a)—a)0)2/Aa)L2J , 0,107 M1, Aw_=10" cL. It can be seen

that, in a medium with a TRIW, a pulse can be amplified, retaining its shape,
with an amplification line width of Aw_=10" s?, acquiring an almost linear

chirp, which makes it possible to further effectively compress it on a diffraction

grating.
801 p w 4 Ao, 107251 5
60 2k
I 1
40 0- b
20 K
07 -47 | | | |
-20 -10 0 10 7, 1025 -20 -10 0 10 7,102 s

Fig. 1. Dynamics of the envelope (a) and instantaneous frequency (b) of the pulse at the
output of the optical fiber with the BVPP at R=10";10"°;10"° (W-m)* — (1-3).

The work was supported by the Russian Foundation for Basic Research
within the framework of the scientific project no. 19-42-730013.

1. V.P. Torchigin, Quantum Electronics 31, 1089 (2001).
2. 1.0. Zolotovskii et al., Quantum Electronics 51, 293 (2021).
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THE EFFECT OF IONIZING RADIATION ON THE STRENGTH
OF OPTICAL FIBERS DETERMINED BY THE TWO-POINT BENDING
TECHNIQUE

E.A. Pospeloval?3, A.N. Smirnova’

'Perm Scientific and Production Instrument Company, Perm, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
3Dianov Fiber Optics Research Center of RAS, Moscow, Russia
E-mail: ANSmirnova@pnppk.ru

There is contradictory information in the literature about the effect of
ionizing radiation (IR) on the mechanical parameters of the optical fiber (OF) in
an acrylate coating [1, 2].

A single-mode radiation-resistant OF in an acrylate coating was
manufactured. Six free windings with a length of 100 m and a diameter of 170
mm each were prepared. Each winding of the OF was exposed to IR on a
certified y-irradiating installation GUT 200 M with an active source of ®°Co. The
dose rate was constant and amounted to 3.5 Gy/s. The accumulated doses of y-
radiation were 50 kGr, 100 kGr, 186 kGr, 590 kGr, 850 kGr and 3000 KGr.
During irradiation, optical losses caused by IR were monitored. In the initial OF
and in the samples after the IR, the ultimate strength was determined by the two-
point bending technique (fig. 1) [3]. Under the influence of IR, the color of the
acrylate coating changed from white (initial OF) to yellow (accumulated dose of
3 MGr).
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Fig. 1. Dependence of the ultimate strength of the S on the accumulated dose of y-irradiation
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It was found that the ultimate strength of the OF after IR increased in
relation to the initial values. With accumulated doses of y-irradiation up to 186
kGr, the maximum hardening of the OF is observed. A further increase in the
accumulated dose of y-radiation leads to a decrease in the ultimate strength of
the OF compared to the maximum. The increase in strength is probably caused
by radiation hardening of quartz [4].

1. M.V. Uffelena et al., Proc. of SPIE 6193, 619303-1 (2006).

2. G. Mélin et al., IEEE Transactions on Nuclear Science 66, 1657 (2018).

3. IEC 60793-1-33:2001.

4. V.A. Stepanov, P.V. Demenkov, O.V. Nikulina, Physics in Nuclear
Power Engineering 2021-1, 143 (2021).
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' A30®A3HBIN METO/I TIOJIYUYEHU I HAHOITOPOILIKOB OKCH/IOB
N CEJIEHN OB C ITOMOILBIO MOIIHBIX JIASEPOB

B.B. JIncenkos, B.B. Ocunos, B.B. ITlimatonos, E.B. Tuxonos
Hncmumym snekmpogusuxu YpO PAH, Examepunbype
E-mail: platonov@iep.uran.ru

PaccmatpuBaercs mosydenue HaHomopomkoB okcuuoB (Al,Os, YSZ,
Nd(Yb):Y203, TiO,;, WO3) n ceneHna UHKA ¢ TIOMOIIBIO MOIITHOTO J1a3epa.
DTOT METOJ| MOCcaeA0BaTeNbHO pa3BuBaeTca B MHcturyTe anekrpodpuszuku YpO
PAH, nauunas ¢ 1998 roga [1]. On 3akitouaercss B UCIAPEHUM MUIIECHU W3
CIIEYEHHOT0 MHKPOIMOPOIIKA WM CMECH MHKPOIOPOIIKOB COOTBETCTBYIOIIETO
COCTaBa C MOMOIUIBIO JIA3€PHOT0 U3IYyYEHUS U B 00Opa30BaHWM HAHOYACTHIL ITPU
KOHJIEHCAIlMU Tlapa B moToke raza. Kak m ang npyroro razogasHoro Meroja,
3/IeCh XapakTEepHO BIIMAHHE MapaMeTpoB OydepHOro raza Ha pasMepbl H
CBOMCTBa TMOJydaeMmbiXx HaHoyacTull. I[Ipu KOHIeHcaluu mapoB B Tase
o0pasyroTcs ciaboarioMeprupoOBaHHbIC YaCTHUIIBI MaJbIX pa3mepoB (2 + 80 HM),
YTO SIBJIAETCS MPEUMYIIECTBOM MEpe]l XUMHYECKUMHU CIHOCOOAMH TOJyUYEHUS
HAHOYACTHUIl (TUIA OCaXJACHUS W3 BOJHOIO PacTBOpa), IJe CUHTE3UPYEMbIC
HAHOYACTHUIIbI, KaK MPaBUJIO, CWJIBHO arjioMepupoBaHbl. OTIWYHE OT APYrUX
razoda3HbIX METOJIOB 3aKJII0YAETCS B CIIOCOOE MCMAapEHUs BEIIECTBA, KOTOPOE B
JJAHHOM CJIydae IPOMCXOJIUT TOJA BO3ACHCTBHEM Ha MHIIEHb MOIIHOTO
HETMPEPBIBHOTO WM KBA3UHEPEPBIBHOTO JIA3€PHOTO M3TyUYCHHUS.

[TosrydeHHbIE HAHOIIOPOIIKH MIPOCTHIX U CIOKHBIX oKcuaoB (Nd/YD:Y 03,
Al,O3; u t.1.) u Fe:ZnSe ucnone3yrorcs 8 UD® YpO PAH mis uccnenoBanuii
CO3[IJaHUSI KEPAMUYECKHX aKTHBHBIX 3JIEMEHTOB TBepAoTenbHbIX MK ma3epos.
13 nanomopomikoB tuna YSZ (Y205:Z2r0Oz) B UD® YpO PAH usrorasiuBaroT
KEpaMUYECKHE TBEPABIC SIEKTPOIUTHI I TOIUIMBHBIX 35eMeHTOB (TOTDI).

YCTpoicTBO yCTAaHOBKM I TOJIyYEHHUSI HAHOIMOPOIIKOB MOAPOOHO
onucaHo B [2]. Iy ucrnapeHnss MUILIEHEN HAMU HMCIOJIB3YIOTCSI HENPEPBIBHBIN
BOJIOKOHHBIM uTTepOuMeBbld nazep JIC-07H (A = 1.065 mxm, HTO «UP3-
[Tomrocy) ¢ HOMUHANBEHON MOITHOCTHIO 700 BT U UMITyIbCHO-NIEPHUOAMYECKHIA
CO; nazep (A = 10.6 MKM) cOOCTBEHHOM pa3pabOTKU CO CPEAHEN MOIIHOCTHIO
usnydyenust = 500 BT, nnutensHOCTBIO U 3HEepruel ummynbca = 330 mxc u = 1
JIK, cOOTBETCTBEHHO. MMUIIEHb yCTAaHABIMBACTCS B MUCIAPUTEIBHOU KaMmepe.
[Ipy mONyYeHHMH HAHOMOPOUIKA OHA  BpalllAeTCsl W NEpPEeIBUTACTCS
MoCTynaTeabHo. Bo3AyX B HCHApUTENbHYIO KaMmepy MOJAETCd C MOMOIIbIO
HAHOCA, a UHEPTHBINA Ta3 moaaercs u3 Oamiona. [IpoaykTel abmsuuu BMECTe ¢
ra3oM CHayajga TMONaJaroT B IHUKIOHBI, TNI€ OCaXIaeTcs OOJbIas 4YacTh
OCKOJIKOB W KalleJib pacIijiaBa ¢ pazMepaMu 00jiee HECKOIbKUX MHUKPOMETPOB.
Jlanee mo MOTOKY pacroyio’KeH PyKaBHBIM (PUILTP, B KOTOPOM Ha TOBEPXHOCTH
(GUIBTPOBAILHOIO MaTepUalia yJIaBIUBAETCS MOAABISIONICE YUCIO HAHOYACTHII.
[Tocne AOMOTHUTENLHOM OYMCTKH a3 BEIOpAChIBAETCSl B aTMOCheEpy.

Hcnonb3oBanue nasepa C BBICOKOW CPEIHEH MOIIHOCTBIO H3JIy4YECHHUs
MO3BOJISIET MMOJTy4aTh HAHOYACTHUIIBI C JJOCTATOYHO BHICOKOM MPOU3BOIUTEIHHOCTHIO,
KOTOpasi TaKKe 3aBUCUT OT cBOMCTB Marepuaia. [Ipu ucnapennun CO, nazepoMm B
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BO3ayxe arMochepHoro aapiaenus muineHerd Fe;0s, YSZ, Nd(YDb): Y203, WO;3 ona
COCTAaBJISIET, COOTBETCTBEHHO, 7 I/4ac, 15-23 r/4gac, 30 r/gac u 350 r/gac.
[Tony4yeHHble ¢ TIOMOIIBIO Ja3epa HAHOIMOPOIIKA U3 TYTOIUIABKHUX
OKCHUJIOB ~ comepkaT B cebe  crmaboarJoMepupoOBaHHBIE  HAHOYACTHIIHI
cepuueckoit U pexxe orpaneHHoi ¢opmsbl (puc. 1). OyHkuMsA pacnpeneaeHus
HAHOYACTHI[ TI0 pa3MepaM WMEET JIOTHOPMaJbHBIM BuA. JIJIT HaHOYACTHII U3
Pa3IMYHBIX OKCHUJIOB, CHHTE3UPOBAHHBIX B BO3yXe aTMOC(HEpPHOTO IaBICHUS,
OHM (aKTUYECKH HAKJIAJbIBAIOTCS APYT HA Jpyra, U CPEeIHUN pa3Mep YacTHII
coctaBisieT 11 + 20 um. Jlonst yacTuil KpynHou (ppakiuu (Karmeiab U OCKOJIKOB) B
HaHoropoike He npesbimaet 0.3 + 0.4 Bec. %.

I —— 5MonbH.%Nd:Y,0, (*)

| =—=Ce, 7aGdo.2202—d )

\ ——9,8MonbH.%YSZ (*)

- ---10,7monbH.%ScSZ (**)
~———10,7mMonbH.%ScSZ (*)
—WO, ()

Yenosus nonyyeHus:
*-Bo3ayx, 10°Na
*_He:so3pyx=3:1, 2*10° MNa

Paamep HaHoyacTuy, HM

(r)
Puc. 1. ®ororpaduu nomxydennsix ¢ nomomisio CO2 nazepa Hanowactui 10.8 mon.% ScSZ
(a), YSZ (Y203:ZrO3) (6), Al203 (B), a Tarxke pacrpeaesieHus 0 pa3Mepam JJisi HAHOYACTHIL
13 pa3HbIX okcuI0B (T). BydepHslii ra3 - Bo3ayx aTMochepHOro JaBieHHs.

OOpaszyromuiics Npu  UCIAPEHUWWM  MHILEHU  JIa3epHbld  (aken
pacmpocTpaHsieTcsi B ra3 B BHJE spKocBeTsAimerocs croiba. Ilpu ucnapenuun
TYTOIUIaBKMX OKCHIOB BOJM3M MHIIEHH OH TMPEACTABISIET COOOW Tap
MoJieKyJsipHbIX pagukanoB tama YO, ZrO, AlO u 1.1 Ilo Mepe ymaneHus ot
MUIICHH Tap OXJaKIAeTCs, W 0O0pa3yloTCs HaHOYACTHUIBL. DTOT MPOIECC
COIPOBOXKAAETCS BUXPEBBIM MEPEMEIIMBAHUEM JIa3epHOTO (akena ¢ OypepHbIM
ra3oM. MakcuMaibHbIH 00BEM (hakena, KOHIIGHTPALUS U JaBJICHUE Mapa B HEM
3aBUCAT OT copTa W JaBiieHus OydepHoro raza. B KoHEUHOM cueTe, ITH
napaMeTpel BIUSIOT HAa CPEIHUH pa3Mep HAHOYACTHII W BO MHOTOM Ha
POM3BOIUTENILHOCT UX IMMOJyYeHHs. B 4acTHOCTH, MPH HCTIAPEHUU MUILICHU U3
Nd:Y ;03 ¢ momorisio CO; nazepa yBenuueHue aasieHus Bo3ayxa ¢ 100 kIla mo
200 xITa mpuBesIo K POCTY CPEeIHEMACCOBOTO pa3mepa HaHodacTUIl Uget ¢ 21 HM
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10 31 um. HanowacTuiibl U3 OKCHJa UTTPUS C HAUMEHBIIUM pa3MepoM (B ATOM
ITUKJIE SKCTIEpUMEHTOB) ObLIH Toy4deHsl B He (dger = 16 M, p = 150 kIla), a
HanOoIbIuX pa3mepoB - B Ar (dger = 43 HM, p = 250 kIIa). B Toxe BpeMs npu
yBenuueHnun AasieHus aproHa c¢ 150 xIla pmo 250 xIla nmpou3BOaUTENBHOCTH
nony4yenust Hanornopormka Nd:Y;03; ymenbimmiace ¢ 11 r/gac no 2 r/gac, a npu
napiennu 400 klla mumens coBceM He Ucnapsiach.

OCOOEHHOCTBIO TOTyYEHHUs] HAHOMOPOIIKOB C MOMOIIBIO HEMPEPHIBHOTO
BOJIOKOHHOTO UTTEpOMEBOrO jazepa SIBISETCS BBICOKAsT MPO3PAYHOCTb MHOTHX
okcuoB, ropunoB u ceneHuaoB (Y203, YSZ, Al,O3, TiO,, CaF,, ZnSe u T.11.)
Ha auuHe BosHbl A = 1.07 mkM. YToObl Havamoch HCIApEeHUE MHUIICHH,
WHTCHCUBHOCTh JIA3€PHOTO U3Iy4YeHUs] B €€ MOBEPXHOCTHOM CJIO€ JOJHKHA
MPEBBICUTh TMOPOT ONTHYECKOrO pa3pylieHusi Mpo3payHoro marepuana. [lpu
TUMIUYHOM HWHTEHCUBHOCTU C(OKYCUPOBAHHOTO M3IYYCHHsS] HEMPEPHIBHOTO
urrepouesoro nasepa (I ~ 1 MBr/cM?) onTudeckoe —paspyllEHHE
BBICOKOKQU€CTBEHHBIX MOHOKPUCTAJUIOB U3 3TUX MaTE€pPUATIOB HE MPOUCXOIUT, U
OHM He ucHapsrTca. OgHAKO MCIApEHUE BO3MOXKHO ISl MTOPUCTHIX MUIIECHEM,
CTIICYCHHBIX W3 MHUKPOITOPOIIKOB PsJia TIPO3PAYHBIX JUIICKTPUKOB. B mopuCThIX
MUIICHSIX Ja3€pHOE M3IyYEHHE pAcCeMBAeTCs W PACIPEAENseTCs OYEeHb
HEPABHOMEPHO. B HEKOTOPBIX JOKAIBHBIX MECTaX OHO KOHUEHTPUPYETCS, TIE€ €r0
WHTEHCUBHOCTb BO MHOTO pa3 TPEBBIIAET HWHTEHCUBHOCTh IaJIAlOIIETO
u3nydeHus. JJs pana npo3pavyHbIX MaTepralioB ¢ KOAOPUIIMEHTOM MpeToMIICHUS
n 6omee 1.7 + 1.75 (Y203, YSZ, Al,Os, TiO,, ZnSe u T.I.) 3TO HO3BOJSCT
MPEBBICUTH MOPOT UX ONTUYECKOTO Pa3pyIICHUs U MOJTy4aTh HAHOMIOPOIIIKH.

Emie ogHOM 0COOEHHOCTBIO UCIIOIB30BAaHUS HEMPEPHIBHOIO UTTEPOUEBOTO
jJazepa JJisi TIOJYYEHHS HAHOIOPOIIKOB OKCHUJOB M CEJICHUOB SIBIISICTCS
OonpIas TO CpaBHEHUIO C HUMMyJbcHO-Tiepuogudeckum CO; maszepom
CKJIOHHOCTh K pa3OpbI3TMBAaHUIO KPYMHBIX Kalleldb pacilaBa MpU HUCIAPEHUU
MUILIEHH. OTO CHUJIBHO CHHUXAET MAaCCOBBIA BBIXOJI HAHOIOPOIIKA MpU
yucrnapeHun oJHoW muieHu. HyXHO cka3aTh, 4YTO pa3Mmephl Kameilb paclliaBa,
pa30pbI3rUBAEMBbIX MO JEHCTBUEM U3ITyUEHUS KaXKJ0r0 U3 Ja3epOB, 3aKII0UYEHBI
B ogHOM M ToM >xe aumamazo”e (0.5 + 200 mkwm). OpHako MOJ JEHCTBUEM
HEMPEPBIBHOTO HM3JIyYEHHs BOJIOKOHHOIO Jlazepa MomHocThio 600 Br
pa30pbI3rUBaeTCs 0OCOOEHHO MHOIO Kamenb kpynHee 10 MKM, HO UMEHHO 3TH
Karumk  cocTaBiIIioT 99 % OT Macchl BCEro pa3OphI3TaHHOTO pacIliaBa.
YMEHbIIUTh pa3OphI3TUBAaHUE KPYMHBIX Kamellb YJAaJloCh IMYyTEM YBEIMYCHUS
pasmepoB ¢GokycHoro msaTHa ¢ 215 mMxMm 10 430 MKM, yBEIWYCHUS JTHHEHHOM
CKOPOCTH TepEeMEIIeHHS IMyUyKa 1o MuIieHu ¢ 35 cm/c 1o 60 + 80 cm/c, a Takxke
3a CUeT Mepexo/ia K UCMAPEHUIO0 MUIIIEHU UMITYJIbCaMH JUJIUTENIBHOCTBIO 120 MKC
U CKBOKHOCTHIO 2. DTH MeEphl MO3BOJWIA YBEJIMYUTh MACCOBBIA BBIXOJ
Hanoroporika Nd:Y;03 ¢ 10 % mo 30 % oT Beca MCXOAHOW MHIIEHH, T.C. JI0
YPOBHSI, KOTOpBII peanusyercst B ciydae ucrnosb3zoBanusi CO; nazepa. B stom
peKHUME TMPOU3BOIAUTEIBHOCTh mosyueHus: HaHopomkoB Nd:Y;03;, TiO;
cocraBmia 15 r/yac m 23 T1/yac, cOOTBETCTBEHHO. [IpoM3BOAUTENHHOCTD
nosydyeHus: HaHomopomkoB ZnSe, Cu:ZnSe wu Fe:ZnSe mnpum »sToil ke
JUTUTEILHOCTH UMIYJIbCOB M CPEIHEN MOIIHOCTH JjazepHoro usiydenus (300
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BT) okazanace Hamuoro Beiie (= 100 rp/ygac), MOCKOJIBKY CEJIEHH] ITMHKa
HAaYMHAET BO3TOHATHCS npu Temiepartype yxke 900 °C, uro HaMHOro MeEHbIIe

temnepatypbl KurneHuss Nd:Y 203 (Tum = 4300 °C) u TiO; (Twm = 2972 °C).

5 -

P P 7 . & A
% )

50 nm

(@) G
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Size distribution function, r.u.
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B
Puc. 2. ®ororpadun HaHOUACTHIT Nd:YzO(e, 2a) n ZnSe (6), MOIy4EeHHBIX C UMITYJIbCHO-
NEpUoaANYICCKOro U3JTy4YCHH A BOJIOKOHHOT'O I/ITTCp6I/IeBOFO Jla3epa € ITMKOBOM MOIIHOCTBIO
umnysbcoB 600 Bt u ux mmrensHocThio 120 MKC, a Takke paciupeieleHHe STUX HaHOUACTHI]
1o pa3mepam (B).
[TosrydeHHbIE ¢ TTOMOIIBIO UTTepOHEeBOro J1azepa HaHomoporiku Nd:Y,03
u ZnSe wuMmeroT cnalyr arioMmepanuio, HO (opmMa W CpeaHUE pa3Mephl
COZEpIKAIINXCS B HUX YaCTHUI] HECKOJIBKO paznuyarorcs. HaHoyacTubl okcuaa
UTTpUST UMEIOT cepruueckyro GopMmy, UX CpeIHUN apuPMETUUECKUN pa3zmep
cocTaBiseT 8 HM. B Toxe Bpemsi, cpeHuii pazMep HaHouacTull ZNSEe, UMEIOIINUX
dbopMy MHOTOTPAaHHUKOB, OKa3ajcsi Mo4yTu B 2 pasza Oonbmie (18 HM). Dta
pa3HHIlA pPa3MEpoOB, OYEBUAHO, CBSI3aHA C PAIUYUSAMU TETUIODUIUIECKUX
CBOMCTB ATHUX MaTepuajoB. DTO emE pa3 TOBOPUT O ra3odaszHONl CYITHOCTH
Ja3epHOTO MeToAa ToJiydeHHs HaHodacTtuil. OjHako nerand (QU3NYECKUX
MPOLIECCOB, MPOTEKAIOUIUX MPU 00pa30BAHMKM HAHOYACTHI] B JIa3epHOM (pakere,
M3YUYECHBI elI€ HEJOCTATOYHO XOPOUIO.
Uccnenosanue BeinmosHeHo B UHcTutTyTe snekrpodusuxu YpO PAH (r.
ExarepunOypr) 3a cuer rpanta Poccuiickoro Hay4uHoro ¢gonma Ne 22-29-20039.

1. B.B. OcunoB u ap., U3Bectuss Poccuiickoii akagemun Hayk. Cepus
¢dusnueckas 63, 1968 (1999).
2. B.B. Ocumnos u nip., ®usmka u xumus 00padotku marepranoB NeS, 5 (2021).
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NCTOYHMKN OAMHOYHbIX POTOHOB HA OCHOBE KBAHTOBbIX
TOYEK VIS CUCTEM KBAHTOBOU KPUIITOI'PA®MIN 1 KBAHTOBbBIX
BbIUMCJIEHUUA

AWM. I'anumos, FO.M. 3anupanos, [[.P. Kazanos, I'.B. Kinumko,
M.M. Kynaruna, M.B. Paxsiun, C.B. Copokun, A.A. Toponos
Quzuxo-mexuuyeckuil uncmumym um. A.@. Hogghe PAH, Canxkm-Ilemepodype
E-mail: maximrakhlin@mail.ru

B nocnennue pgecsatwierus OoJibllioe BHUMaHWE ObUIO  YIEJIEHO
pa3paboTKe HCTOYHUKOB KBAaHTOBOTO CBETa, TaKUX Kak OJHO(POTOHHBIE
U3IydyaTeid C HEKJIACCUYECKOW CTaTHUCTHUKOM (OTOHOB M HCTOYHUKOB
3aIyTaHHBIX Map OJUHOYHBIX (POTOHOB. DTH YCTPOICTBA ABJISIIOTCS KIIOYEBBIMU
AJIEMEHTaMH CHCTEM KBAaHTOBOW KpUNTOrpauu U KBAHTOBBIX BBIUYMCIICHUM.
Camoopranu3oBaHHble OoauHOYHbIe KBaHTOBble Touku (KT) BbIpamieHnbie
AMUTAKCHAILHBIMH  METOJaMH (OOBIYHO METOJOM MOJICKYJISIPHO-ITYIKOBOM
SMUTAKCUH), SBIIIOTCS TEPCIICKTUBHBIMU  KaHAWIATaMH JJIS  CO3JIaHMS
MCTOYHUKOB OJMHOYHBIX (hOTOHOB. B HacTosiiiee Bpemsi yKe CYIIECTBYIOT
KOMMEPYECKHA JOCTYIHBIE HMCTOYHUKHA OJMHOYHBIX (OTOHOB Ha ocHOBe KT
INAS/GaAs, u3ziayyaromue BOJW3M JUIMHBI BOJHBI 925 HM, M 00jaaaroime
OOJIBIION  YHUCTOTOM  OJHO(OTOHHOTO  M3IYyYECHHS, BBICOKOM CTEMEHBIO
HEpa3IMYUMOCTH M sSpKocThio. OpnHako 3(d@exkTuBHBIE OAHOPOTOHHBIC
uctouHukd Ha ocHoBe KT s BUIUMOTO M TEIEKOMMYHHUKAIIMOHHOTO
JTMANa30HOB MPAKTUYECKU OTCYTCTBYIOT.

JIist pelieHuss JaHHBIX 3ajlad HaMd ObUTM pa3paboTaHbl TEXHOJIOTHUS
U3TOTOBJICHUSI UICTOYHUKOB OJMHOYHBIX (hOTOHOB Ha ocHOBe KT, momerieHHbIX
B (oroHHbie HaHoaHTeHHBI, st cuctem (Al,Ga, In)As (Cd, Mg, Zn)(S,Se).
PeanuzoBanbl 0JHOPOTOHHBIE MCTOYHMKH, paboTatomue B nuarnazone 500-700
HM, YTO COOTBETCTBYET OKHY B 00JIACTH MPO3PAuYHOCTH aTMOC(Ephl, a TaKKe
MaKCUMyMy  KBaHTOBOM  3(()EKTUBHOCTM  JABUHHBIX  OJHO(POTOHHBIX
nerektopoB. Ilpu 9STOM  NPOAEMOHCTPUPOBAHO  SIpKOE€  OAHOGOTOHHOE
M3JIy4eHue, B TOM uunciie u npu temmeparype 220 K [1]. 1 onToBOJIOKOHHOTO
O-auanazona (1300 HM) Garomaps ONTUMHU3AIMKY aKTUBHOM 00J1aCTH U TU3aiiHa
UCCIIETyEMON  TeTEePOCTPYKTYPhl ~ MO3BOJWIM  peaju3oBaTh  UCTOYHUKHU
OJIMHOYHBIX (DOTOHOB CO CPENHEN CKOPOCTHIO U3nydeHus 6osnee 107 GoToHOB B
CEeKyHIy ¥ KOPpPeIsSIHOHHON (yHKIMel Broporo mopsaaka ¢g@(0) = 0.18 npwu
temneparype 8 K [2].

PaboTa mongaepskana rockopropanueit «Pocatom» B pamkax JloposkHOMN
Kaptet KsanroBbie Bepruncienns (kontpakt No. 868-1.3-15/15-2021 or
5.10.2021 u xonTpakt No. R2152 ot 19.11.2021).

1. M.V. Rakhlin et al., Nanomaterials 11, 916 (2021).
2. M.V. Rakhlin et al., Nanomaterials 12, 1562 (2022).
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CKAHUPVYIOIIA 30HAOBAS JIMTOI' PA®UA CIIOUCTBIX
MATEPHAIJIOB U1 CO3AAHUA CTPYKTYP HAHOOOTOHUKHU

b.P. boponun
Qusuxo-mexuuyeckuil uncmumym um. A.@. Hoggpe PAH, Canxkm-IlemepoOype
E-mail: brborodin@gmail.com

B HacTosIIMIiI MOMEHT CIOUCTHIE MOITYIPOBOJIHUKY ABIISIIOTCS OJHUMU W3
HanOoJIee MHTCHCHUBHO HCCIICAYEMbIX MAaTEPHAIOB. DTO OOBSCHACTCS HAOOPOM
YHUKAJIbHBIX CBOMCTB MHTEPECHBIX HE TOJBKO ISl (hyHIaAMEHTAIbHOU (PU3KKH,
HO M JIJIsl TPUOOPHBIX TpUMEHEHUH. B kauecTBe npruMepa Takux CBOMCTB MOYKHO
MPUBECTU aHOMAJIbHO BBICOKOE MOTJIOIICHHE cBeTa [1] U OrpOMHYIO 3HEpPrHUI0
CBSI3U DJKCUTOHOB [2]. OgHako OJHHMM U3 TJIABHBIX MPENSATCTBUI Ha IIyTH
peanu3aldd HAHO(POTOHHBIX CTPYKTYp Ha HX OCHOBE SBJISETCS BBICOKAs
YyBCTBUTEJIBHOCTh K Pa3HbIM MOBEPXHOCTHBIM ajcopbatam [3]. Kpome Toro,
HEKOTOpbIE TEPCIIEKTUBHBIE MaTepuaibl, Takue, Kak Hampumep InSe,
YyBCTBUTENBHBI K BO3JEHUCTBUIO KHCIOPOAA M BIAXHOM cpenbl [4]. B cBs3m ¢
3TUM, OOJIBIIOE BHUMAHHUE YAENAETCS METoAaM Oe3pe3MCTUBHOM JHUTOrpaduH.
OgHuM W3 TakUX METOJOB ABISIETCS 30HA0Bas Jurorpadus [S]. B manHoii
paboTe Mbl JEMOHCTPUPYEM MPUMEHEHUE MEXAHUYECKOW (PUKLIHOHHOM
30HOBOM JHUTOrpa@uu K AMXaJbKOTE€HUAAM MEPEXOAHBIX METAIUIOB I
CO3JaHMs CTPYKTYP HAHO(DOTOHUKHU.

OkcnepuMeHT mpousBoawics Ha mpudbope Ntegra Aura (NT-MDT) c
ucnosnb3zoBanueM Si u DCP (NT-MDT) 3ou10B ¢ nuamerpom octpus 10-100 am
u xectkocTh 3-85 H/M. ToHkue ciiow, MOTy4YEeHHbIE MHUKPOMEXaHUYECKUM
pacciioeHleM, IEPEHOCUIINCH Ha Si-TIOJII0KKY, OKPBITYI0 50 HM 30J10Ta.

Takum oOpa3om, B pabore OBLIO MPOJEMOHCTPUPOBAHO IMPUMEHEHHE
MeTona (DPUKIIMOHHON 30HAOBOM JUTOorpaduu isi CO3JaHus HAaHO(POTOHHBIX
PE30HATOPOB M3 CJIOUCTBIX MaTepuajoB. B xome wuccrnenoBanus ObUIH
chopMHpOBaHbl HAaHO(OTOHHBIE PE3OHATOPHI HAa MOJAX WIEMYyLIEH ranepeu
nuameTpoM ot 1.4 go 10 MM, TonmuHoM 80 HM, U ¢ 10OpOTHOCTHIO 0KOJ10 100.
Pe3ynbTaThl paboThl MO3BOJSIOT paccMaTpuBaTh (PPUKIUOHHYIO 30HAOBYIO
auTorpaduio, Kak oJuH U3 3P(HEKTUBHBIX METOJA0B (HOpMUPOBAHUS (HDOTOHHBIX
YCTPOMCTB HA OCHOBE CIIOMCTBIX MaTEPHUAJIOB.

HccnenoBanue BBIMOIHEHO 3a cUeT rpaHTa Poccuiickoro HaydyHoro (gonaa
No  22-22-20049, u rpanta Cankt-lIletepOyprckoro HayuHoro ¢GoHaa B
cooTBeTCcTBUM ¢ cornamenueM Ne 21/2022 ot 14.04.2022.

1. M. Bernardi et al., Nano Lett. 13, 3664 (2013).

2. P. Tonndorf et al., Opt. Express 21, 4908 (2013).

3. H. Song et al., Sci. Rep. 2, 1 (2012).

4. A.A. Kistanov et al., J. Mater. Chem. C. 3, 518 (2018).

5. B.R. Borodin, F.A. Benimetskiy, P.A. Alekseev, J. Phys.: Conf. Ser.
2103, 012090 (2021).
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BJIMAHUE KOHIUEHTPALIUU Mn HA XAPAKTEPUCTHUKU CJIOEB
PA3BABJIEHHOI'O MATHUTHOI'O TTOJIYITPOBOJJHUKA GaMnAs

M.B. Benp, 10.A. /lanunos, M.B. [lopoxun, b.H. 3Bonkos, C.1O. 3y0koB,
P.H. Kprwkos, A.B. Kynpun, B.II. Jlechukos, /.E. Hukonuues
Hayuonanvnoiii uccneoosamenvcrkuii Husxceeopoockuii 20cyoapcmeenHbiil
yuusepcumem um. H.U. Jlobauesckozo, Huowcnuii Hogeopoo
E-mail: kriukov.ruslan@yandex.ru

B Xxozme MHOroJeTHUX HCCIEIOBAaHUN XapaKTePUCTUK pa30aBICHHOTO
MaraHutHoro mnoJynpoBoaHuka (PMII) GaMnAS Obu1o MpoBeIeHO MHOXKECTBO
HKCIIEPUMEHTAJIbHBIX W TEOPETUYECKUX MCCIICOBAaHUM, HAMpaBICHHBIX Ha
yIy4llIeHHe €ro  (PU3MKO-XMMUYECKUX  CBOMCTB, [UIS  JajbHEHIIEro
MPAKTUYECKOrO MPUMEHEHUsI MPU MPOSKTUPOBAHUU MPUOOPOB CHUHTPOHUKH.
OcHoBomnonararonieii  mpoo0iieMol  SBISETCS  YCTAHOBJIICGHHE  MEXaHU3Ma
(beppOMarHuTHOTO  YIOPSAOUYMBAHUS MArHUTHBIX MOMEHTOB B PMII wu
B3aMMOCBSI3M MEXIY MarHUTHBIMU cBolicTBamu PMII u konuentpanueit Mn.

B xone ucciaegoBanuii ObLIN U3y4EeHBI 00OPa3Ilbl, MPEACTABISIONINE COOOM
cion GaixMnyAs, Beipamennsie Ha momtoxke N-GaAs (001) uMITyIBCHBIM
JA3€PHBIM PACMBUICHUEM MHIIEHH U3 Metaumdeckoro Mn u GaAs [1] npu
temneparype 200-350 °C. B mnpomecce pocta BapbUPOBAIOCh KOJIWYECTBO
apcuHa (raza-HocuTelsl) B KaMmepe pocta B auanazoHe 0 — 3.5 MKMOIb.
UccnenoBanust  00pa3loB  METOJOM  PEHTTCHOBCKOM  (DOTORNIEKTPOHHOM
CHEKTPOCKONMHM TMPOBOAWIMCE Ha KomIiuiekce Multiprobe RM  (Omicron
Nanotechnology GmbH, I'epManus) ¢ mocieayroIMM aHAIU30M JaHHBIX C
npuMeHeHneM SFR-metonuku [2].

[IpuMeHeHHBII anropuT™M 00pabOTKH MO3BOJIUI YCTAHOBUTH, YTO B CIIOSIX
GaMnAs arombl Mn HaxoxaTcs B xumMuueckux cBa3sx Mn-As u Mn-Ga, gacte
aTOMOB MeTaJlJla HaxoIATcs B mo3unusax 3amernieHus (Mng,) B Matpuiie GaAs.
CopepkaHne UM COOTHOIIEHHWE KOHLEHTpalUuud XHUMHYECKHX CBa3ed Mn
omnpenenseTcss OOIMM KOJMYECTBOM aTOMOB JTOTO JJEMEHTa B CHCTEME.
Konnenrpamus Mng, gocTuraeT MakCUMalbHOTO 3HAYCHUS TIpU  OOIIei
KoHUeHTpauuu Mn B 6 at. % nocne yero miaBHo cnazgaer. [lo aToil nmpuunHe
OTCYTCTBHE W3MCHCHHMM MAarHUTHBIX XapakTepUCTHK cuctemMbl GaMnAsS mpwu
oosbiieM conepxkanud Mn [3] He MOXKeT ObITh OOBSICHEHO B paMKax MeXaHH3Ma
PKKMU, ucnons3zyemoro ans onucanusi peppomarnerusma B PMII [4]. Takum
obpazom, deppomareHTH3M B ciosx GaMnAS moapazyMeBaeT HaJlM4nue BTOPOTO
MEXaHU3Ma MarHUTHOTO YTIOPSA0UYEHUS.

PaGora BeImoNHeHa mnpu moanepxkke rTpanta lIpesugenta P®
MK-265.2022.1.2.

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).
3. S. Mack et al., Appl. Phys. Lett. 92, 192502 (2008).

4. T.Jungwirth et al., Rev. of Mod. Phys. 78(3), 809 (2006).
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OITHUYECKAA MUKPOCKOIINA OJUMHOYHbIX HAHOKPUCTAJUIOB
LAF;, ITEPCITEKTUBHBIX JUJIA TEJIEWM BUOMEIMIIHBI

IO.I". Baiinep?, ®.B. Bepemarun!, 10.B. Opnosckuii?, I'.O. Cunaes?,
A.T. Hlaiigynmn?
YUncmumym cnexmpockonuu PAH, Mocksa
2Uncmumym ooweri pusuxu um. A.M. Ilpoxopoea PAH, Mocksa
E-mail: vainer@isan.troitsk.ru

B rnopmaBmsromemM 4ucie CiaydaeB HAHOYACTHILBI M3Yy4YalOT B BHJE
HOPOILIKOB WJIA CYCIEH3MH, YTO MPUBOJUT K HCKAKEHUIO HHPopManuu 00
UHAMBUIYyaJIbHBIX CBOMCTBax yactull. [loaToMy pazpaboTka METOJOB U3YUYECHMUSI
Y BHU3yaJIM3allMd HAHOYACTHUI] HAa YPOBHE OJUHOYHBIX SBISAETCA OIHUM U3
aKTyaJIbHBIX HalpaBJICHUN COBPEMEHHON HAHO(OTOHUKH.

OObIYHO, U1 BU3yaJU3allUd OJMHOYHBIX HAHOYACTULl MPUMEHSIOT
AIIEKTPOHHBIA WM 30HJIOBBIE MHUKPOCKONBI (TyHHEIbHBIA, ATOMHO-CHJIOBOA,
ONTUYECKUM OJMKHETONbHBIN U Jp.). OTHAKO TaKKe MUKPOCKOIIBI YPE3BHIYAMHO
JOPOTH U XapaKTEpU3YIOTCS CIIOKHOW MPOLEIypOd MNOATOTOBKM 00pa3ua u
n3mepenud. Kpome T0ro, METOIbI AIEKTPOHHON MHUKPOCKOIIMHA MaJIOTIPUTOAHBI
JUISL MCCIEAOBAHUM OMOJIOTMYECKHX OOBEKTOB B BOJHBIX cpenax. B ciyuae
UCITIOJIb30BAaHUSI CKAHUPYIOUIUX 30HJOBBIX MHUKPOCKOIOB, HEOOXOIUMO TaKXKE
YUHUTBIBATh, HEXKENATEIIbHOE BO3/IEHCTBUE HAHO30Ha Ha 00pasel.

MeToapl ONTUYECKON [albHENONEBOM MHKPOCKOIUU CBOOOJIHBI OT
OOJBIIMHCTBA U3 MEPEUUCIICHHBIX HEIOCTAaTKOB U XapaKTEPHU3YIOTCSI BBICOKOM
ONEpPaTUBHOCTHIO, MaJIbIM BO3JCHCTBHEM Ha 0Opasel, CYyIIECTBEHHO OoJee
IPOCTON MPOLEAYPON U3MEPEHH U O0JIee HU3KOM CTOMMOCTBIO alaparypsl.

CooOuraercs o pe3yiapTaTax ONTHYECKON JAMAarHOCTUKH OJMHOYHBIX
JTUAJIEKTPUUECKIX HAHOKpPUCTAUIOB (propuma nmantaHa - LaFs, mommupoBaHHBIX
nonamu esponus (Eu®") u neoquma (Nd*"), umeromux pasmeps! B npeaenax 10 —
30 HM, M WX KOHIJIOMEPATOB C TMPUMEHEHHEM pa3pabOTaHHBIX JIA3€PHBIX
MHUKPOCKOIIOB «CBETOBOIO JINCTa» M «CKOJB3ALIETO MaJACHUs», padoTaloluX B
pEXKUME PpETUCTPALlMM CUTHAJOB HAa HECMEIICHHOW JIa3€pHOM 4YacTOTeE.
[IpuBOIATCS TaKKe PE3YyJAbTAThl CPABHUTEIBHBIX U3MEPEHUN Pa3MEPOB OJHUX U
T€X K€ HaHOYACTHI[ C [OMOIIbI JJIEKTPOHHOIO U  pa3pabdOTaHHBIX
MHUKPOCKOIIOB, a TaK)K€ aHCaMOJIEBbIX M3MEPEHHI HAHOYACTHI] U UX CYCIEH3HM
B BOJIE C IPUMEHEHUEM MeToja TnHamuueckoro paccestuus csera ([PC).
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Pasmep HaHouacTULb!
. 3+
Puc. 1. Pacnpenenenus nanokpucrauioB LaF3:Nd®" mo pazmepam, u3amMepeHHbIE ¢ TIOMOIIBIO
[1DOM (cnrownas u nynkmuphas cunuy 1uHuY), A C TOMOIIBIO MUKPOCKOITA CBETOBOTO JICTA
(uepnas nunus) n meronom JAPC (kpacnas nunust).
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KOJUIOMAHBIE KBAHTOBBIE TOUYKH PbS A JEKOPMPOBAHNMA
HAHOUYACTUL TiO, AJIA ITPUJIOXEHUU ®OTOKATAJIN3A

C.B. Acnanos, A.C. Ilepenenuia
Boponesicckuii 2cocyoapcmeennuiii ynueepcumem, Boponeaic
E-mail: a-perepelitsa@yandex.ru

B nannoif paboTte pa3paboTaHa METOAWKA JEKOPUPOBAHUS HAHOYACTHI]
muokcuga thrana (HY TiO;) kolowaHBIMA KBAaHTOBBIMH ToukamMu PbS
(KT PbS), cuHTe3mpoBaHHBIMH B paMKaX BOJHOI'O CHHTE3a B pacTBOpax
naccuBaTopoB  (tuorymmkojeBo  (PBS/TGA),  2-MepkaanTonponrOHOBOM
(PbS/2-MPA) nnu 3-mepkanronponuonoBoit (PbS/3-MPA) kucior).

CornmacHO JaHHBIM CTPYKTYPHBIX HCCIEAOBAHWN, BBITIOJHCHHBIX C
MIOMOIIIBI0 TIPOCBEUUBAIOIICTO AJIEKTPOHHOTO MuKpockomna ([ITOM) Libra 120
Plus (Carl Zeiss, I'epmanusi) cpeanuii pasmep yactui] cocTaBimsti s KT
PbS/ITGA - 2.9 + 0.5 am, gux KT PbS/2-MPA - 3.1 £ 0.7 aMm u s
KT PbS/3-MPA — 2.7 + 0.4 um. JlaHHBIC PEHTICHOCTPYKTYPHOTO aHaJH3a
nokazanu  (GOpMUPOBAHUE  KPUCTAUIUTOB,  OO0JaJaroOUX  KyOHWYecKoi
KPUCTAITMYECKON PEHIETKON ¢ MPOCTPAaHCTBEHHOM rpymmoit Fm3m.

CHexkTphl ONTHYECKOTO TOTJIONIEHUS BCEX IPHUTOTOBJICHHBIX 0O0pa3IoB
NPEACTABIAIOT CO0OW IMIMPOKHE OECCTPYKTYpHBIE TMOJOCHl €O  CIA0BIMH
ocobeHHocTsiMu B padioHe 1000 HM, COOTBETCTBYIOIIMX 3KCUTOHHOMY
EPEXOy. Jst UCCJIeIOBAHHBIX o0pa31ioB 3aperucTpupoBaHa
(GOTOMOMHUHECIICHITUS ¢ MakCUMyMOM B paiione 1140 HM mpu BO30YXI€HUU
U3JIydeHHeM u3 BUauMoOM oOmactu crnekrpa. B ciaygae KT PbS/2-MPA wu
PbS/TGA choekTpbl JIOMHHECICHIIMM HMMEIOT SBHYIO aCHMMETPHIO C
JUTMHHOBOJTHOBOW CTOpOHBI. [losmymupuHa mosioc B 3aBUCMMOCTH OT THIIA
naccuBaropa coctapisiia 275 um (0.25 3B) mast KT PbS/TGA, 345 um (0.33 3B)
s KT PbS/2-MPA u 270 um (0.27 3B) s KT PbS/3-MPA. CrokcoB ciBur
MaKCUMyMa JIFOMHUHECIIEHIINA OTHOCHTEIILHO OCOOEHHOCTH B ONTHYECKOM
norjomenun coctapisin 140 um (~ 0.15 »3B). XapakrepHoii 0COOEHHOCTBIO
HaOI0JTaeMOM JTFOMUHECIICHIINU SBJISIOTCS OOJNBIIINE BpeMEeHa JKU3HH OT 2.5 110
4.5 MKC B 3aBUCUMOCTH OT THIIA UCITOJIb30BAHHOTO MTACCUBATOPA.

®opmupoBanue arperatoB HY TiO/KT PbS npuBoautr k TymIeHHIO
momuHeceHIM KT BHE 3aBUCHMOCTH OT THITA IMMaCCHUBUPYIOIIUX MOJICKYJI.
DKcrnepuMeHTANIbHbIE JaHHBIC MMOKa3bIBAIOT, 4TO (hopMupoBanue arperatoB HY
TiO2/KT PbS oOecneunBaer moBbiieHne 3()(HEKTUBHOCTH MPOAYIIMPOBAHUS
OH-panukanoB no 10 pa3 ¥ MOBBIIEHUIO YyBCTBUTEILHOCTH K M3IYyUYCHUIO U3
BUAMMON 00jacTH crmekTpa mo cpaBHeHuto ¢ uucteiMu HY TiO,, dro
CBUJETEIBCTBYET O TPUTOJAHOCTH pa3pabOTaHHOTO HAMH MeToja JJis
cerncuommuzaru HY TiO,.

UccnepoBanne mnognepxano ['pantom  IIpesmgenra PO  MK-
4406.2022.1.2.
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UCCJIIENOBAHHE ITPOTUBOOITYXOJIEBO AKTUBHOCTU
MAT'HUTHOU I'MITEPTEPMUU C UCITIOJIB3OBAHUEM
BMOCOBMECTUMBIX HAHOYACTUL OKCUIA KEJIE3A IN VIVO

B.II. Arees!, M.H. Xapxos!, O.A. Kymuxos?, H.A. ITaraes!, I'.b. Cyxopykos?,
B.U. Ulnsmkunal, J1.D. xobcon!
Hayuonanvuviii uccredosamensvckuii Mopoosckuii 2ocyoapcmeenblil
yuusepcumem um. H.I1. Ocapésa, Capanck
2Jlonoonckuil ynusepcumem xoponesvl Mapuu, Jlonoon, Benuxobpumarnus
E-mail: ykbsn@mail.ru

Pernonapuas MarHuTHas TUnepTepMus (MI) SIBJIICTCS
MHOT000€IIAIOIIUM METOIOM B KOMIUIEKCHOU Teparuu OMyXoJiei, OCHOBAaHHBIM
Ha BO3JIEUCTBUM BBICOKOYACTOTHOIO MArHUTHOTO TIOJI1 Ha MarHUTHBIC
HaHoyacTulibl [1]. OpHako Ha [JaHHBIM MOMEHT CYIIECTBYET HEOOJIBIIIOE
KOJIMYECTBO MArHUTHBIX CyOCTaHUWWA, TPUTOJHBIX IS  KIMHUYECKHUX
npuMeHeHui. M3BecTHO 0 MarHUTHOW cyOcTanuuu kommnanuu «MagForce AGy»
[2] HA OCHOBE HAHOYACTHI] OKCH/JIA JKEJE3a, MOKPBHITHIX aMUHOCUIAHOM. OTHAKO
JTAHHBIC YaCTUIIbI 00JIa/Ial0T HU3KOW OMoaerpajaiueii, 4To SABJISIETCS OCHOBHBIM
HesocTaTkoM. B nanHo# paboTe Mbl MOTYYUSId OMOCOBMECTUMbIE HAHOYACTHIIHI,
CTaOMJIM3UPOBAHHBIC OJICMHOBOM KHCIIOTOM U ojicatoM HaTpus (FesO.@O0A) [3],
KOTOPBIE MOTYT OBITh YCHEIIHO MPUMEHEHBI JJIsi PErMOHAPHOW THUIIEPTEPMHUM.
[IpencraBiieH pe3yapTaT UCCICAOBAHUS IPOTUBOOIMYXOJEBOW AKTUBHOCTU
MarHUTHOM TUIICPTEPMUU ¢ Ucojb3oBanueM Fe;0,@O0A.

Hanouactuiipl okcuia xenes3a ObLUTH MOTyYeHBI IO MOAU(DUIIIPOBAHHOMY
METOMy coocaxkaeHus. Pe3ynpraThl ucciaenoBaHus (DUINKO-XUMUYECKUX
XapaKTePUCTHK TOKa3aliu, 4To cpeanuid pasmep FesO4s@O0A cocrasun 8.7 + 3.1
oM ([IpocBeunBaroiias >neKTpoHHAsT MUKPOCKOIHUS ), {-oTeHuan — -65 + 3 MB
npu pH = 7.7, maccoBast KOHUEHTpalus *kene3a B cycnen3uu 112 mr/mi, SAR —
12 B1/r Fe. UccnenoBanue mpoTUBOONYXOJIEBOM aKTUBHOCTU MPOBOAMIIOCH Ha
KpbICax JIMHUM BuHcCTap ¢ TpaHCIUIAHTUPOBAHHOMW OIMYyXOJIbIO KapIIMHOCAPKOMBI
Walker 256. OOGnacte oOmyXoiw pPaBHOMEPHO OOKaJbIBald CyCICH3UEH
MarHUTHBIX HAHOYACTWIl, a JJs1 OOJy4YeHUs >KUBOTHBIX HCIIOJIb30BaIU
nepeMeHHoe MarHuTHoe mnojie ¢ yactorod 100 kl'm m ammmtynoit 8 kA/M.
TeMneparypy  OImyXoOJ€BOM  TKaHM  KOHTPOJIMPOBAIM C  ITOMOIIBIO
TEIUIOBU3MOHHOM KaMepbl M JaT4hKa TepMOIapbl. Pe3ynbTaThl UCCIEHOBAHUS
MOKa3aJld CHavyaja 3aMeJIJICHUE POCTa, a TOTOM U MOJHYI0 THOENb OMmyXoiau y 86
% xuBoTHBIX Ha 30 neHp mocie npoBeAeHus Tepanuu, y 14 % KUBOTHBIX
HaOmomayics  peruauB B BUAE  JAJIbHEHIIEro  pocTa  OMyXOJH
(okcnepuMeHTanbHasg rpymnmna). Poct W MeracTa3supoBaHHHUE OMYyXOJIU B
KOHTPOJILHOW TpyMIe, HE MOJy4yaBIIeH Tepanuio, HaOII0Mamoch B TEUYCHHE
BCET0 PKCIIEPUMEHTA U )KUBOTHBIC B IAHHOU Ipymnre noru0iau Ha 21-/1eHb.

Pabora nogneprxana PODU (rpant 19-29-10013).

1. Kh. EI-Boubbou, Nanomedicine. Rev. 223 (2018).
2. N. Waldoefner, A. Jordan., the Nanotherm Therapy 442 (2018).
3. O.A. Kulikov et al., Int. J. Mol. Sci. 23, 4234 (2022).
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CUCTEMBI APO-OBOJIOYKA U1 JOCTABK HAHOYACTHUILIBI
B )KMBbBIX OB BEKTAX

P.A. Anucumos?, B.U. Kouy6eiil, M.B. Jlomosa?!, N.1IO. Suuna’?
LCapamosckuii nayuonanvuviii ucciedoeamenbckuii 20Cy0apcmeeHHblll
yuugsepcumem um. H.I'. Yepnviumesckoeo, Capamos
2TomcKull HAYUOHATbHBLL UCCTLe006aMEeNbCKULE 20CYOAPCMEEHHDIIL
yuugepcumem, Tomck
E-mail: irina-yanina@yandex.ru

TepanocTuyeckre TEXHOJOTUU TO3BOJISIIOT BU3YaJIU3alMI0 U TEParnuio B
OHKOJIOTMHM C TOMOIIbI0 HAHOMETOAOB C BO3MOXKHOCTBIO aJPECHON JIOCTaBKH
KaK JICMCTBYIOIIMX areHTOB, TaK U BU3YyAIM3UPYIOIINX COCTUHEHUM.

C 1uenpl0 TOBBINIEHUS WHTEHCUBHOCTU JIIOMUHECUEHUIUU YaCTHIIbI
MOKPBIBAIOT O0O0JIOYKOM. DTO TpemoTBpamiaeT Oe3bI3ydaTreNbHyI0 Tepeaavy
PHEPTUH B OKpYXKalollyro cpeny. [Ipw wucmonb30BaHUM amKOHBEPCHOHHBIX
HaHO4YacTULl cooOmaercss 00 3(pPEKTUBHOCTU CO3JaHUS TETEPOrC€HHBIX CTPYKTYP
agpo-obonouka, Takux kak NaYF,Yb*/Er*@NaGdF, NaYF,Ln**@CaF,,
KOTOpbIE TIPUBOAAT K YBEJIMYCHUIO WHTEHCUBHOCTH AIlKOHBEPCHOHHOM
momuHectieHimu  6omee vem B 300 pas [1]. Kpome Toro, obGosouka
MPEIOCTABIISIET BO3MOKHOCTh MYJIbTU(DYHKIIMOHAIM3AIIMA HAHOYACTHII.

bt mosrydeHbl CUCTEMBI SIAPO-000JI04Ka CYOMHKPOHHOTO pazmepa
coJiep)Kalllie arnKOHBEPCHOHHBIE HaHouyacTullbl. B  kauecTBe siapa Obuin
UCTIOJIb30BaHbl cyOMukpoHHble dacTuibl CaCO; [2]. O6omouky u3 OBIYBETO
CBIBOPOTOYHOTO aIbOyMHUHA CO3/IaBaJId 10 METOAY MOCIOMHON amcopOuuu [3].
N3o6pakenust nomydennblx yactul; CaCOs npuBeaensl Ha puc. 1. CormacHo
MOJIyYeHHBIM JIaHHBIM CPEIHHM pa3mep nop Bapbupyetcs B npeaenax 30-80 Hw,
YTO COMOCTABUMO C Pa3MEPOM KarCyJIUPOBAHHBIX YACTHII.

Puc. 1. COM nzobpakeHus cioes, HAHOCHMBIX Ha gactunsl CaCO3 meTooM
nocseaoBarenbHoi aacopbimu. A — CaCOz. b — CaCO3(BSA/NaYF4). Bu T -
CaCOs3(BSA/NaYF4/BSA).

WccnepoBanue BBINOJHEHO TNpU  MOJAEpKKe TrpaHTa Poccuiickoro
Hay4dHoro (onga Ne 21-72-10057.

1. G.Chenetal., Chem. Rev. 114, 5161 (2014).
2. G. Kozlova et al., Inorganics 8, 11 (2020).
3. A. Demina et al., Mater. Chem. Front. 5, 2007 (2021).
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XAPAKTEPUCTHUKHU ATI-KOHBEPCMOHHOU JIIOMHUHECIEHIINN
OTOPUAHBIX JIIOMUHO®OPOB SrF;:Ho U SrF;:Ho,Yb
[1PY BO3BYXXIEHWU JIABEPHBIM U3JIYUEHUEM YPOBHJI °l;
MOHOB Ho**

C.B. 'ynmn?, C.B. Ky3nenos?, A.A. JIamun?, B.IO. IIpoiinakosa?,
I1.A. Ps6oukunal, I1.I1. ®emopos?
Hayuonanvuviii uccredosamensvckuii Mopoosckuii 2ocyoapcmeenblii
yuugeepcumem um. H.I1. Ocapésa, Caparnck
2Uncmumym obweti pusuxu um. A.M. Ilpoxopoea PAH, Mockea
E-mail: serg.quschin1703@gmail.com

ATI-KOHBEpCHOHHBIC MaTE€pUaNbl, JICTUPOBAHHBIE PEAKO3EMEIbHBIMU
WOHAMH, IHAPOKO HUCIOIB3YIOTCS B Pa3IUYHBIX OOJACTSIX HAYKHM U TEXHUKH:
MapKepbl I BBISABICHUS KOHTpaaKTHOH MPOAYKIMH, BH3yaU3aTOPHI
Ja3€pHOTO H3IY4YCHHsI, TBEPIOTEIbHBIC JIa3epbl, OMOJOTHYECKHE CEHCOPHI,
coJiHeuHbIe OaTapen [1-3].

B Hacrosimiet  paboTe  0OBEKTaMH  MCCIIENOBAHUS  SIBIISJIUCH
KOHIICHTPAIMOHHBIC Ccepur (TOPHUIHBIX JIOMHHOPOPOB CO CTPYKTYpOM
drooputa SrF:Ho u SrF,:Ho,Yb cuaTe3snpoBaHHBIe METOIOM COOCAXKICHUS W3
BOJHBIX PacTBOPOB.

I[Ipu Bo3OyxneHun ypoBHs °l; monos Ho®* ans mommuuodopos SrF,:Ho u
SrF;:Ho,Yb  Obutn  3aperucTpupoBaHbl  CIEKTPBHl  all-KOHBEPCHOHHOU
JIOMUHECIICHIIMM B BUIAUMON W OikHEeW uH@pakpacHOM 005lacTh CHEKTpa,
COOTBETCTBYIOIME DIEKTPOHHBIM nepexoaam °Fz — °lg, °S,(°F4) — Slg, °Fs —
5'8, 5|4 — 5|8, 5F3 — 5'6; 5|5 — 5'8, 5F5 — 5|7, 5'6 — 5|8 HOHOB HO3+ u 2|:5/2 — 2|:7/2
noHoB Yb®". Takxke ObUIM OIpeNENeHbl KOJIUYECTBEHHBIE XaPaKTEPHUCTUKK arl-
KOHBEPCHOHHOM JIOMUHECIICHIINH UCCJIEIOBAHHBIX JTIOMUHO(OPOB.
MakcuMmanbHbIe 3HAYEHUS DHEPreTHYECKOTO BBIXOAA al-KOHBEPCHOHHOM
JroMuHecHeHmn s mromuHodopa SrFa:Ho (3.5 %) cocraBuam 0.03 % (380-
780 uM) u 0.09 % (380-1100 um). ConerupoBanue aomuHodopoB SrF;:HO
nonamu Yb** mpuBeno k yBenuueHuro >()QEKTUBHOCTH al-KOHBEPCHOHHOTO
npeoOpazoBanus. Takum 00pa3oM, MaKCUMaJIbHbIE 3HAYECHUSI SHEPTEeTUYECKOTO
BbIxoaa s romuHOpopa SrFo:Ho (3.4 %),Yb (1.0 %) cocraBumu 0.1 % (380-
780 um) u 1.37 % (380-1100 um). Takke B paboTe ObUIM OMpEACICHBI
KOOPJIMHATHI IIBETHOCTH M KOPPEJIMPOBAHHBIC IIBETOBBIC TEMIIEPATyphl ar-
KOHBEPCHOHHOTO U3JTy4YEeHUS UCCIIETyEMBIX TIOMHUHO(OPOB. BhIsiBIIEHO, UTO TIpH
M3MEHEHUH KOHIIEHTpaIuu P3 HOHOB M MJIOTHOCTH MOIIHOCTH BO30Y>KIatOIIIETO
JazepHoro wuanydenus, JgromuHOGOpsl SrF;:Ho u  SrF2:Ho,Yb coxpansitor
cTabMIIbHOE CBEUEHUE B KPACHOM 00JIaCTH CIIEKTpA.

1. X. Liuetal., Nat. Commun. 12, 5662 (2021).
2. A. Ghazy et al., Sol. Energy Mater. Sol. Cells. 230, 111234 (2021).
3. F. Auzel, Chem. Rev. 104, 139 (2004).
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[TOJIMMEPHBIE KOMIIO3UTbI C MATHUTHBIMU MHOI'OCTEHHBIMUA
YI'JIEPOJHBIMU HAHOTPYBKAMU

M.B. Bysaesa!, U.A. Makapogsa®, B.A. Ceprees'?
LVivanoeckuii 2ocyoapcmeennviii mexuuueckutl yuusepcumen, YavsaHo6ck
2 Vvanosckutl punuan Mucmumyma paouomexuuxy u 21eKmpoHuKu
um. B.A. Komenvnuxosa PAH, Yivsanoeck
E-mail: m.buzaeva@mail.ru

[TomuMepHbIe KOMIIO3UTHI, coJiepkallue yriepoansie HaHOTpyOku (YHT)
o0NajaloT  YHHUKaJIbHOW  KOMOWHAlMEW  AJIEKTPUYECKUX,  ONTHYECKHUX,
MEXaHUYECKUX U COpPOIIMOHHBIX CBOWCTB, NPEACTaBIisAsl COOOW MaTepualbl,
UCIIOJIb3yEeMbI€ B Pa3JIMYHBIX 00JACTSAX TEXHUKHU, MpudopocTpoenus. [Ipunanue
MarHuTHbIX cBOMCTB YHT - 0JIHO M3 HampaBJIeHW UX TPUMEHEHHUS B UCXOIHOM
BUJI€ W B Bujae Komno3uToB [1]. [Ins mnpumanusi MarHUTHBIX CBOMCTB
MPUMEHSIOTCST  30JIb-T€JIb TPOIEeCC OCaXACHWs HaHodacTul] g-Fe;Os; Ha
MOBEPXHOCTHU KapOokcunupoBaHHbX YHT, XuMHuueckoe ocaxaeHue U3 napoBoi
(da3pl ¢ MPUMEHEHUEM KEJIE30- WM HUKEIbCOACPKAIIUX MPEKypPCOPOB, METOJ
camocTosaTensHoil cOopku FesOs Ha mMOBEpXHOCTH HAHOTPYOOK, TIIpoIecc
MUAPOJIN3a, CUHTE3 C HUCIOJb30BaHUEM IIA0JIOHOB Ha OCHOBE ME30MOPHUCTOIO
KpEMHE3eMa U aHOJTHOT'O OKCHJ1a aJTFOMUHUSL.

[Ipouecc HamonaHEHHWs - 3TO CaMbld IIPOCTOM METOJ HW3TOTOBJICHUSA
MAarHuTHBIX YIJIEpOAHbIX Komno3utoB. I[lopuctas npupoma VYHT wurpaer
KJIIFOYEBYIO POJIb B 3TOM mpouecce. Mcnonb3yroT aBa OCHOBHBIX METOJA:
3anonHeHue nop YHT dheppokuakocThio WM 3anojiHeHne TPeIIeCTBEHHUKOM
MarHUTHBIX YacCTHIl, a 3aTeM BOCCTaHOBJICHHE TpeiiecTBeHHUKa. [1ogo0HbIe
MarHuTHbIE MaTepUabl MPUMEHSIOTCS B OHOTEXHOJIOTHSIX, MEIUIMHE U
MPOMBIIIJIEHHOCTH [2].

[Tytem 00pabOTKM MHOTOCTEHHBIX YIJIEpOoJaHbIX HaHOTPpYOOk (MYHT) B
pactBope xsopuza xenesa (II1) u NaOH B nustunieHrinmkose Oblia 3HaYMTEIBHO
YBEJIMYEHA WX MArHWTHasE BOCIHPUHUMYMBOCTb, YTO ITO3BOJISIET BBIPABHUBATH
Takue «MarHuTHeie» MYHT B monmMepe B MAarHUTHBIX MOJAX C WUHAYKIUEH
meHee 0.5 Tu. Iloka3zaHo, 4TO y MOJMMEPHBIX IJIEHOYHBIX CTPYKTYpP HA OCHOBE
MOJIMBUHUIIOBOTO CIIUPTA, IOJUMETHWIMETaKpuiaTa, nojuaHwimHa ¢ MYHT,
OTBEPXKJCHHBIX B CWJIBHOM MAarHUTHOM IIOJIe, JJIEKTPONPOBOJHOCTH B
HaIlpaBJICHUH, NEPHEHAUKYISIPHOM IOBEPXHOCTU IUJICHKH, NPUMEPHO Ha 2
nopsizika Oosbiie, 4yem y TwieHOK ¢ MYHT, oTBepkneHHBIX B OTCYTCTBHH
MarHUTHOTO MOJIs, 6€3 M3MEepPEeHUs XapakTepa npoBoaumoctu [3].

PaboTa BeImonHeHa npu ¢uHAHCOBOM mojaepxkke Poccuiickoro (onma

dbyHaamMeHTalIbHBIX HccienoBaHuii U [lpaBurtenbcTBa YIIBSIHOBCKOM 001acTH,
npoekT Nel19-42-730011 p-a.

1. G. Korneva et al., Nano Lett., 5, 879 (2005).

2. M. Samadishadlou et al., Nanomedicine and Biotechnology 46, 1314 (2018).
3. S.V. Vasin, M.S. Efimov, V.A. Sergeev, Tech. Phys. Lett. 46, 595 (2020).
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TPAHC®OPMAIIMSA JIIOMUHECIHEHTHBIX CBOMCTB AHCAMBJIEM
KBAHTOBBIX TOYEK CVYJIb®NJA CBUHIA B ITPUCYTCTBHUU
[INTASMOHHBIX HAHOYACTHLL 30JI0TA

W.I". I'peBuena, B.H. /lepenko, A.C. Ilepenenuna
Boponesicckuii 2cocyoapcmeennwiii ynueepcumem, Boponeoic
E-mail: grevtseva_ig@inbox.ru

B  nmamHO#t  pabGoTe  mpeACTaBICHBI  PE3yNbTAThl  CHEKTPAIbHO-
JIOMUHECIICHTHBIX CBOMCTB T'MOPHUIHBIX HAHOCTPYKTYP Ha OCHOBE KOJIJIOMIHBIX
KBaHTOBBIX Touek cyabduaa cBunia (KT PbS) u miasMoHHBIX HaHOCTEp)KHEH
3omotra (HCT Au). JlaHHble TruOpUIIHbIE HAHOCTPYKTYpPhl HACTPOEHBI Ha
adexTrBHOE TIOTIIONICHUE U (hoToroOMUHECTIeHITnIO B OmxHel MK obnactu (~
900-1100 uMm).

Komnouaueie KT PbS, cpennum pasmepom 2.6 £ 0.5 HM, ObUTH TOTYYCHBI
B paMKaxX BOJHOW METOJUKH CHHTE3a, aHAJIOIMYHO paHee pa3padOTaHHOW U
peann30BaHHON aBTOpaMU JOKJIaJa JJIsl KBAHTOBBIX TOYEK Cylb(puaa cepedpa
[1]. ®opmupoBanne HCT Au co cpeagHUM COOTHOLIEHHWEM JUIMHBI K JUAMETPY
40 £ 5 M Ha 9 + 2 HM, TaKXKe OCYIIECTBILSUIM B PaMKax BOJHOIO CUHTE3A B
MPUCYTCTBUM TOBEPXHOCTHO AaKTUBHOTO BEIECTBA LETHITPUMETUIAMMOHUS
opomuga [2]. dopmupoBaHre THOPUAHBIX CTPYKTYpP OCYLIECTBISUIM IIyTEM
cmemmBanus KoyutougHbX pactBopoB KT PbS m HCt Au B MomsipHOM
coornomernd [V(HCT)]:[v(KT)] ~ 108,107 u 10 m.1.

YcTaHOBIIEHO yCcUJICHHE MHTeHCUBHOCTH JromuHectieHmu KT PbS B 2 u
3 pa3a ¢ OJTHOBPEMEHHOM aCUMMETpPUEN KOHTYypa IOJOCHI JTIOMUHECLICHIIUU B
obnmactu 1050 um mpu dopmupoBanuu ruOpuAHBIX cTpykTyp ¢ HCT Au B
MouspHOM cootHomennu 108 m.a. 1 107 m.g., coorBercTBenno. [locnenyromee
noBeiieHne koHrneHTpanuu HCT Au cnocoOCTBYET AJIIMHHOBOITHOBOMY CIIBUTY
mMakcumyMa mojiocel JomuHecueHimun KT PbS or 900 mo 1070 mM mpum
HEM3MEHHOW MHTEHCUBHOCTH CBEYEHMs. Takoe MOBEJCHHE JIIOMUHECLIEHTHBIX
cBoiicTB KT PbS cBuumerenbcTByeT O CI0KHOW KapTHHE MPOSBICHHS ILIa3MOH-
AKCUTOHHOTO B3aummopeicTBus s ancamb6is KT. Pasnuunas opueHTauus u
B3aMMHOE TMPOCTPAHCTBEHHOE  pACIpEICICHUE KOMIOHEHTOB  IUIa3MOH-
HPKCUTOHHOM CMECH, BEPOSITHO, MPEIIOJaraeT BO3MOXKHOCTb OJHOBPEMEHHOTO
MPOSIBJIEHUSI HECKOJIbKUX 3(ddektoB, Hanpumep, rddekt Ilapcemna u rdpdekr
®dano. Ilpu stom Oombiras konuentpauus KT PbS B cmecax ¢ HCr Au
npeanonaraer Hanuure KT, cBoOomubIx oT B3aumojelicteus ¢ HCT, cBeueHue
KOTOpBIX Takxke OyJIeT [daBaTh CBOM BKJIAJ B  PE3YJIbTUPYIOIIHE
JIOMUHECLIEHTHBIE CBOMCTBA IJIA3MOH-?KCUTOHHBIX HAHOCTPYKTYP.

Pabota mognepskana rpantom I[pesnnenta PO Ne MK-3746.2022.1.2.

1. O.V. Ovchinnikov et al., Opt. Quantum Electron. 52, 198 (2020).
2. |. Grevtseva et al., Opt. Express. 30, 4668 (2022).
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OCOBEHHOCTH KOHTPOJIMPYEMOI'O CUHTE3A
JIIOMUHECHEHTHBIX HAHOKPUCTAJIJIOB B-NaRF4 (R =Y, Yb, Lu)
COJIBBOTEPMAIJIBHBIM METOJIOM

H.A. Apxapoga, JI.H. Kapumos, A.B. Komenes, K.B. Xaiigykos
@OHUI] «Kpucmannoepagus u pomonuxa» PAH, Mockea
E-mail: avkoshelevO3@gmail.com

@Oropunubie HaHokpuctauibl [-NaRF4, nerupoBannsle moHamu P30,
SBJIAIOTCS. OCHOBOM  JUIsl  CO3J@aHUSl  TMEPCHEKTUBHBIX  (IIyOPECIIEHTHBIX
MaTepUaJIOB ISl PA3JIMYHBIX HAYKOEMKHX M BBICOKOTEXHOJIOTMYHBIX OTpACIEH
(bunomenuimHa, ¢oTOoKaTaau3, HAHOCEHCOPHMKAa U T.A.), UYTO OOBACHSIETCS
BO3MOKHOCTBIO TIOJIy4eHHsS] (POTOIIOMHUHECIIEHTHOTO HU3JIy4YEHHUs] B IIUPOKOM
CIIEKTPAJIbHOM JHWala30He, Kak IO CTOKCOBOMY, TaK U IO aHTUCTOKCOBOMY
MEXaHU3MaM TpU HU3KOAHEpreTuyeckoM Bo3Oyxknaenuun [1]. Hecmorps Ha
CYIIECTBEHHBIM MPOrpecc XUMHUUYECKUX TMOAXOJ0B TIOJYy4YCHUS HAHOYACTHII,
oOecrieueHrne BBICOKOW MOBTOPSIEMOCTH MOP(POJOTUYECKUX M CTPYKTYPHBIX
CBOWCTB MNP CHUHTE3€ IMOJYyYaeMbIX OOBEKTOB, YTO OKA3bIBAECT OMPEACIISIONIEE
BIMAHUE Ha HA(P(EKTUBHOCTh HUX JIIOMUHECLECHIIMU, OCTAeTCAd CEPhE3HOU
npobsiemoit [2]. [ pacumiupeHus MOTEHIMAIBHBIX BO3MOXKHOCTEH JaHHBIX
MaTepUajioB MOJA00p YCIOBUU JJIE BOCHPOW3BOAUMOIO TMOJYYEHHUSI YACTHUIL C
TpeOyEeMbIMU  CTPYKTYpPHBIMH,  MOP(OJOTHUUYECKUMU U Pa3MEPHBIMU
XapaKTepUCTUKAMH, SIBJISIOTCS KpailHE aKTyaJbHOM 3a/1a4eil.

JlanHast paboTa MocBsIIeHa ONTUMU3AIUS CHHTE3a HAHOYACTHI] HA OCHOBE
rekcaronanbHbix Matpun, NaYF,; NaYbF,; u NaLuF,, nerupoBaHHBIX HOHAMHU
P33, MeTo10M BBICOKOTEMIIEPATYPHOTO COOCAKACHUS B CPENIE BHICOKOKUITSIINX
pactBoputeneii. Mertogamu  peHtreHodazoBoro  aHanmmza (PDA) wu
MIPOCBEUMBAlONIeH MeKTpoHHON MUKpockoruu ([T9M) Ob110 M3yueHO BIUSHHE
Pa3IMYHBIX AKCHEPUMEHTAJbHBIX TapaMeTpoB (METOJUKH COOCAXKJICHHUS,
COOTHOIIICHUN MPEKypCOPOB U PACTBOPUTENIECH) Ha CTPYKTYpYy U MOP(OJIOTHIO
yactull. bpuin  omnpeneneHbl  ONTUMAlbHBIE YCIOBUS ISl TOJTYYCHHS
MOHOJMUCIIEPCHBIX KPUCTAUIOB B HAHOPA3MEPHOM JIMara3oHe.

|7

I:IangHH BaYF4 u B-NngF4, JIETUPOBAHHBIX HOHAMH
Yb*/Er".

3
Puc. 1. [I9M uzobpaxenus

A. Nadort, J. Zhao, E.M. Goldys, Nanoscale 8, 13099 (2016).
D.

1.
2. D.N. Karimov et al., Nanotechnol. Russia 15, 655 (2020).
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BLICOKOKAUYECTBEHHBIE TETEPORTIUTAKCUAJIBLHBIE CTPYKTYPBI
HA OCHOBE CJIOEB TEPMAHUS, BBIPAIIIEHHBIX METOJIOM
HW CVD, JUTSl CO3[IAHN ST YCTPOUCTB MUKPO- 1
OITORJIEKTPOHUKU

H.A. Ansbuna, C.A. llenucos, A.M. Turosa, B.I'. [llenrypos, B.1O. Uankos
Hayuonanvnoiii uccneoosamenvcrkuii Husxceeopoockuii 20cyoapcmeennniil
yuusepcumem um. H.U. Jlobauesckozo, Huowcnuii Hogeopoo
E-mail: asya_titova95@mail.ru

Pa3zpabotannsiii B nmadoparopuu (HUDOTKU HHI'Y) meron razodaznoro
OCQXKJIEHUS C Pa3JI0’)KEHUEM MOHOTe€pMaHa Ha «ropsuei MPOBOJIOKE» SIBISETCA
OCHOBOH JIJI1 POCTa IeTePOCTPYKTYp co cinosimu Ge Ha Si-1mojioxkKe. BBICOKOE
KaueCTBO CJIOEB TOJATBEPXKICHO JaHHBIMH PEHTICHOBCKOW  Iudpakiuu,
IIPOCBEUYUBAIOLLECH 3JIEKTPOHHOM MUKPOCKOIIUEN, aTOMHO-CUJIOBOM
MUKPOCKOIHEH, XUMUYECKUM TPaBICHUEM C HAOJIIOACHHEM IUIOTHOCTH SIMOK
TpaBJieHUs (TUCIOKalMK). BaXXHBIM YCIOBHEM JalbHEHINEro MPUMEHEHUs
BBIPAIICHHBIX CTPYKTYp SABJISIETCS HX IN SitU ierupoBaHue.

Pa3zpaboTansr meTob! nerupoBanus B mpornecce HWCVD miis ciioes n- u
p-tuma TpoBoAMMOCTH. OIHUM U3 HUX SBISICTCS TMPEIOKEHHBIA U
pealin30BaHHBIA HAMH METOJ] HWCHApEeHUs IMyTeM CyOnumarnuu aTOMOB
nerupytomied npumecu (Ga u Sh) U3 UCTOYHKKA B BHJIE MOHOKPUCTAILTHYECKOTO
repMaHusi, JIETUPOBAHHOTO 3aJlaHHON NpUMechio. J[aHHBIM METOJIOM ObLIH
BBIPAILIEHBI F€TEPOCTPYKTYPHI co claoamu Ge, nerupoBanHbiMu 10 = 1-:10%% cm™3,

J1Jist BBIpaIiMBaHUs SMUTAKCUATIBHBIX CJI0eB GE JerupoBaHHbBIX JOHOPHOU
IpUMEChIO, HaMHM ObUI HCIIOJIB30BaH METOJA HcmapeHus ¢ocdopa IMpU €ro
cyonmumanuun u3 coeauHeHuss GaP u3 sdpdysuonnoii sueiiku. [anHblil MeTon
UCIoNIb3yeTcs npu JerupoBanuu Ge cinoes B poriecce MJID. Hamu BriepBbie oH
obu1 ucnons3oBaH B CVD ycrtanoBku. JlaHHBIM METOIOM HamMHu OBLIH
BBIpAIICHBl 3MHUTaKCHaIbHBIe ciioM N'-Ge:P ¢ KoHIeHTpanueld 3JeKTPOHOB
1.3:10% c¢m. Cnou Ge, neruposanubie GpocdopoM ObUIM BHIPAIIECHB HAMHU Ha
noanoxkkax Si (001) ¢ BeICOKOM KoHIEHTpaumen apipok (~10%° cm3, kpemumii
mapku  KJIb-0.001). Takume rerepoctpykrypel n*-Ge/p*-Si(001)  Obuam
UCCIIEIOBaHbl HAMU C TOYKH 3PEHHS HCIOJIB30BAHHUS WX JJS W3TOTOBJICHUS
TECTOBBIX cBeTonzmyyaromux nuoaos (CHU/). Ha HuUX cTaHAapTHBIM METOIOM
dborommrorpadhun  popMHpOBAIIM  Me3a-TUOABI C TPSAMOYTOJBHOW CETKOM
KOHTAKTOB Ha JIMIIEBOM CTOPOHE M CIIONIHBIM OMUYECKMM KOHTaKTOM Ti-Pt-Au
CO CTOPOHBI MOJJIOKKH.

BonbsT-amnepHple XapaKTEpUCTUKH HMMENIM Ha TPSIMOW BETBU 00JacTh
oTpularensHoro  auddepenHnuanbHoro  comnpotuBieHus.  MccnenoBanue
CBETOM3ITYYAIOIINX CBOICTB Me3a-CTPYKTYp MOKa3a’o, 4TO
ANEKTPOJTIOMUHECIICHIIMS HaOJto1anack NpU  KOMHATHOM TeMIepaType C
MUKOBOM 3Hepruert uznydeHus: GoroHoB = (.61 »B, cBsizaHHas ¢ HENPSAMBIMU
MEK30HHBIMU OINTHYECKUMU repexonamu B ciosx N*-Ge:P. Ilpu yBenuueHun
KOHIICHTpAIuu dbocdopa B CIOSIX n*-Ge:P WHTEHCUBHOCTD
AIEKTPOJIIOMUHECLICHIINH YBEJINYMBAJIACh.
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OPTICAL MICROSCOPY OF SINGLE NANOCRYSTALS LAFs;,
PROMISING FOR BIOMEDICAL PURPOSES

Yu.V. Orlovskii, A.T. Shaydulin!, G.O. Silaev?, Yu.G. Vainer?,
F.V. Vereschagin!
'Prokhorov General Physics Institute of RAS, Moscow, Russia
2Institute of Spectroscopy of RAS, Troitsk, Russia
E-mail: vainer@isan.troitsk.ru

In most cases, nanoparticles are studied in the form of powders or
suspensions, which leads to distortion of information about the individual
properties of the particles. Therefore, the development of methods for studying
and visualizing nanoparticles at the single level is one of the current directions
of modern nanophotonics.

Usually, electron or probe microscopes (tunneling, atomic force, near-field
optical, etc.) are used to visualize single nanoparticles. However, such microscopes
are extremely expensive and are characterized by a complex sample preparation
and measurement procedure. In addition, electron microscopy methods are difficult
to use for study of biological objects in aquatic environments. In the case of using
scanning probe microscopes, it is also necessary to take into account the
undesirable effect of the nanoprobe on the sample.

Optical far-field microscopy methods are free from most of the above
disadvantages and are characterized by high efficiency, low impact on the
sample, a significantly simpler measurement procedure and lower cost of
equipment.

The results of optical diagnostics of single dielectric nanocrystals of
lanthanum fluoride - LaFs, doped with europium (Eu®*") and neodymium (Nd®*)
ions with sizes ranging from 10 to 30 nm and their conglomerates using the
developed laser «light sheet» and «sliding drop» microscopes operating in the
mode of recording signals on unbiased laser frequency. The results of
comparative measurements of the same nanoparticles using electron and
developed microscopes, as well as ensemble measurements of nanoparticles and
their suspensions in water using the dynamic light scattering (DRS) method are
also presented.
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Fig. 1. Size distributions of LaFs:Nd®*" nanocrystals measured using TEM (solid and dotted
blue lines), light sheet microscope (black line) and the DLS method (red line).
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COLLOIDAL PbS QUANTUM DOTS FOR DECORATION OF TiO,
NANOPARTICLES FOR PHOTOCATALYSIS APPLICATIONS

S.V. Aslanov, A.S. Perepelitsa
Voronezh State University, Voronezh, Russia
E-mail: a-perepelitsa@yandex.ru

In this work, we developed a technique for decorating titanium dioxide
nanoparticles (TiO, NPs) with colloidal PbS quantum dots (PbS QDs)
synthesized in aqueous synthesis in solutions of passivators (thioglycolic
(PbS/TGA), 2-merkaaptopropionic (PbS/2-MPA) or 3-mercaptopropionic
(PbS/3-MPA) acids).

According to the data of structural studies performed using a transmission
electron microscope (TEM) Libra 120 Plus (Carl Zeiss, Germany), the average
particle size was 2.9 £ 0.5 nm for PbS/TGA QDs and 3.1 £ 0.7 nm for
PbS/2-MPA QDs. and for PbS/3-MPA QDs, 2.7 + 0.4 nm. X-ray diffraction
analysis data showed the formation of crystallites with a cubic crystal lattice
with the space group Fm3m.

The optical absorption spectra of all prepared samples are broad structure
less bands with weak features in the region of 1000 nm, corresponding to the
exciton transition. For the studied samples, photoluminescence was recorded
with a maximum in the region of 1140 nm upon excitation by radiation from the
visible region of the spectrum. In the case of PbS/2-MPA and PbS/TGA QDs,
the luminescence spectra have a clear asymmetry on the long-wavelength side.
The half-width of the bands, depending on the type of passivator, was 275 nm
(0.25 eV) for PbS/TGA QDs, 345 nm (0.33 eV) for PbS/2-MPA QDs, and 270
nm (0.27 eV) for PbS/3-MPA QDs. The Stokes shift of the luminescence
maximum with respect to the singularity in optical absorption was 140 nm
(~ 0.15 eV). A characteristic feature of the observed luminescence is the long
lifetime from 2.5 to 4.5 ps, depending on the type of passivator used.

The formation of TiO, NP/PbS QDs aggregates leads to QD luminescence
quenching regardless of the type of passivating molecules. Experimental data
show that the formation of aggregates of TiO, NP/PbS QDs provides an increase
in the efficiency of production of *OH radicals by up to 10 times with an
increase in sensitivity to radiation from the visible region up to 150 times
compared to pure TiO, NPs, that indicates the suitability of our method for
sensitization of TiO, NPs.

The study was supported by the Grant of the President of the Russian
Federation MK-4406.2022.1.2.
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A STUDY OF THE ANTI-TUMOUR ACTIVITY OF MAGNETIC
HYPERTHERMIA USING BIOCOMPATIBLE IRON OXIDE
NANOPARTICLES IN VIVO

V.P. Ageev!, O.A. Kulikov?, N.A. Pyataev!, V.I. Shlyapkinal,
G.B. Sukhorukov?, D.E. Yakobson?, M.N. Zharkov!
!National Research Ogarev Mordovia State University, Saransk, Russia
2Queen Mary University of London, London, UK
E-mail: ykbsn@mail.ru

Regional magnetic hyperthermia (MHT) is a promising technique in
comprehensive tumour therapy, based on the effects of high-frequency magnetic
fields on magnetic nanoparticles [1]. However, there are currently few magnetic
substances suitable for clinical applications. A magnetic substance from
MagForce AG [2] based on iron oxide nanoparticles coated with aminosilane is
known. However, these particles have a low biodegradability, which is a major
disadvantage. In this work, we have obtained biocompatible nanoparticles
stabilised with oleic acid and sodium oleate (FesO,@OA) [3], which can be
successfully applied for regional hyperthermia. The result of a study on the
antitumour activity of magnetic hyperthermia using Fe;O,@OA is presented.

Iron oxide nanoparticles were obtained using a modified co-precipitation
method. The results of the physico-chemical characterisation study showed that
the average size of Fe;Os@OA was 8.7 £ 3.1 nm (transmission electron
microscopy), {-potential -65 + 3 mV at pH = 7.7, mass concentration of iron in
suspension 112 mg/mL, SAR - 12 W/g Fe.

A study of antitumour activity was carried out on Wistar rats with
transplanted Walker 256 carcinosarcoma tumours. The tumour area was
uniformly irradiated with a suspension of magnetic nanoparticles, and an
alternating magnetic field with a frequency of 100 kHz and amplitude of 8 KA/m
was used to irradiate the animals. The temperature of the tumour tissue was
monitored using a thermal imaging camera and thermocouple sensor. The results
showed first a slowing down of growth and then a complete death of the tumour
in 86 % of the animals on day 30 after treatment, with 14 % of animals
experiencing a recurrence of further tumour growth (experimental group).
Tumour growth and metastasis in the control group, which did not receive
therapy, was observed throughout the experiment and the animals in this group
died at 21 days.

The work is supported by the Russian Foundation for Basic Research
(grant 19-29-10013).

1. Kh. EI-Boubbou, Nanomedicine. Rev. 223 (2018).

2. N. Waldoefner, A. Jordan., the Nanotherm Therapy 442 (2018).
3. O.A. Kulikov et al., Int. J. Mol. Sci. 23, 4234 (2022).
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CORE-SHELL SYSTEMS FOR NANOPARTICLE DELIVERY IN LIVING
OBJECTS

R.A. Anisimov?, V.. Kochubey?!, M.V. Lomova?, 1.Yu. Yanina'?
1Saratov National Research State University, Saratov, Russia
2National Research Tomsk State University, Tomsk, Russia
E-mail: irina-yanina@yandex.ru

Theranostic technologies allow imaging and therapy in oncology using
nanomethods with the possibility of targeted delivery of both active agents and
imaging compounds.

In order to increase the luminescence intensity, the particles are coated
with a shell. This prevents non-radiative transfer of energy to the environment.
When using upconversion nanoparticles, the efficiency of creating
heterogeneous core-shell structures, such as NaYF;Yb*/Er*@NaGdF,,
NaYF,.Ln**@CaF,, is reported, which lead to an increase in the intensity of
upconversion luminescence by more than 300 times [1]. In addition, the shell
provides the possibility of multifunctionalization of nanoparticles.

Submicron core-shell systems containing upconversion nanoparticles
were obtained. Submicron particles of CaCO3; were used as the core [2]. The
shell of bovine serum albumin was created by the layer-by-layer adsorption
method [3]. The images of the resulting CaCOg particles are shown in Fig. 1.
According to the data obtained, the average pore size varies within 30-80 nm,
which is comparable to the size of encapsulated particles.

. S i I
Fig. 1. SEM images of layers deposited on CaCOs particles by the sequentialadsorption
method. A - CaCOz. B — CaCO3(BSA/NaYF,). C and D - CaCO3(BSA/NaYF4/BSA).

The study was supported by a grant Russian Science Foundation No. 21-
72-10057.

1. G.Chenetal.,, Chem. Rev. 114, 5161 (2014).

2. G. Kozlova et al., Inorganics 8, 11 (2020).
3. A. Demina et al., Mater. Chem. Front. 5, 2007 (2021).
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CHARACTERISTICS OF UP-CONVERSION LUMINESCENCE
OF FLUORIDE PHOSPHORS SrF;:Ho AND SrF;:Ho,Yb
UPON EXCITATION BY LASER RADIATION AT °I; LEVEL OF Ho* IONS

P.P. Fedorov!, S.V. Gushchin?, S.V. Kuznetsov?, A.A. Lyapin?,
V.Yu. Proydakoval, P.A. Ryabochkina?
'Prokhorov General Physics Institute of RAS, Moscow, Russia
2National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: serg.guschin1703@gmail.com

Up-conversion materials doped with rare-earth ions are widely used in
various fields of science and technology: markers for detecting counterfeit
products, laser radiation visualizers, solid-state lasers, biological sensors, solar
batteries [1-3].

In the present paper, we have investigated strontium fluoride phosphors
with fluorite structure SrF,:Ho and SrF,:Ho,YDb with different concentration of
Ho%* and Yb®" ions. Fluorite-type SrF,:Ho and SrF,:Ho,Yb phosphors were
synthesized by using a co-precipitation from an aqueous nitrate solution
technique.

The up-conversion luminescence (UCL) in SrF;:Ho and SrF;:Ho,Yb
phosphors in the visible and near-infrared (NIR) spectral region corresponding
to transitions 5F3 — 5'8, 582(5F4) — 5'8, 5F5 — 5|8, 5|4 — 5'8, 5F3 — 5'6, 5|5 — 5|g,
Fs — Sly, °lg — °lg of Ho®*" ions and transition 2Fs;, — 2F7;, of Yb®" ions were
recorded upon excitation of the °l; level of Ho® ions. The quantitative
characteristics of UCL of studied phosphors were also determined. The
maximum UCL energy yields of 0.03 % (380-780 nm) and 0.09 % (380-1100
nm) were also received for SrF;:Ho (3.5 %). The co-doping of SrF;:Ho
phosphors with Yb®*" ions led to an increase of the up-conversion efficiency.
Thus, the maximum UCL energy yields of 0.1 % (380-780 nm) and 1.37 %
(380-1100 nm) were obtained for SrF;:Ho (3.4 %),Yb (1.0 %) phosphors. The
chromaticity coordinates and correlated color temperatures of the UCL of
studied phosphors were also measured in the present paper. It was found that the
SrF;:Ho and SrF;:Ho,Yb phosphors retain a stable glow in the red spectral
region upon changing the concentration of RE ions and the power density of
exciting laser radiation.

1. X. Liu et al., Nat. Commun. 12, 5662 (2021).

2. A. Ghazy et al., Sol. Energy Mater. Sol. Cells. 230, 111234 (2021).
3. F. Auzel, Chem. Rev. 104, 139 (2004).
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POLYMER COMPOSITES WITH MAGNETIC MULTI-WALL CARBON
NANOTUBES

M.V. Buzaeval, I.A. Makaroval, V.A. Sergeev'?
lUlyanovsk State Technical University, Ulyanovsk, Russia
2Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Ulyanovsk, Russia
E-mail: m.buzaeva@mail.ru

Polymer composites containing carbon nanotubes (CNTSs) have a unique
combination of electrical, optical, mechanical and sorption properties, being
materials used in various fields of technology and instrumentation. Imparting
magnetic properties to CNTs is one of the directions of their application in the
initial form and in the form of composites [1]. To impart magnetic properties,
the sol-gel process of deposition of g-Fe,Os; nanoparticles on the surface of
carboxylated CNTSs, chemical vapor deposition using iron- or nickel-containing
precursors, the method of self-assembly of FesO4 on the surface of nanotubes,
the pyrolysis process, synthesis using templates based on mesoporous silica and
anodic alumina.

The filling process is the simplest method for making magnetic carbon
composites. The porous nature of CNTs plays a key role in this process. Two
main methods are used: filling CNT pores with ferrofluid or filling magnetic
particles with a precursor and then reducing the precursor. Such magnetic
materials are used in biotechnology, medicine and industry [2].

By treating multi-walled carbon nanotubes (MWNTS) in a solution of iron
(111) chloride and NaOH in diethylene glycol, their magnetic susceptibility was
significantly increased, which makes it possible to align such «magnetic»
MWCNTSs in a polymer in magnetic fields with an induction of less than 0.5 T.
It has been shown that polymer film structures based on polyvinyl alcohol,
polymethylmethacrylate, polyaniline with MWCNTS cured in a strong magnetic
field have approximately two orders of magnitude higher electrical conductivity
in the direction perpendicular to the film surface than films with MWCNTSs
cured in the absence of a magnetic field, without measuring the nature of the
conductivity [3].

The work was supported by the Russian Foundation for Basic Research
and the Government of the Ulyanovsk Region, project No. 19-42-730011 r-a.

1. G. Korneva et al., Nano Lett., 5, 879 (2005).

2. M. Samadishadlou et al., Nanomedicine and Biotechnology 46, 1314 (2018).
3. S.V. Vasin, M.S. Efimov, V.A. Sergeev, Tech. Phys. Lett. 46, 595 (2020).
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TRANSFORMATION OF THE LUMINESCENT PROPERTIES OF LEAD
SULFIDE QUANTUM DOTS ENSEMBLES IN THE PRESENCE OF GOLD
PLASMONIC NANOPARTICLES

V.N. Derepko, I.G. Grevtseva, A.S. Perepelitsa
Voronezh State University, Voronezh, Russia
E-mail: grevtseva ig@inbox.ru

In this paper, we present the results of the spectral-luminescence
properties of hybrid nanostructures based on colloidal lead sulfide quantum dots
(PbS QDs) and gold plasmonic nanorods (Au NRs). These hybrid nanostructures
are tuned for efficient absorption and photoluminescence in the near-IR region
(~ 900-1100 nm).

Colloidal PbS QDs with an average size of 2.6 £ 0.5 nm were obtained
using an aqueous synthesis procedure similar to that previously developed and
implemented by the authors of the report for silver sulfide QDs [1]. The
formation of Au NRs with an average length to diameter ratio of 40 £ 5 nm at 9
+ 2 nm was also carried out in the framework of aqueous synthesis in the
presence of a surfactant cetyltrimethylammonium bromide [2]. The formation of
hybrid structures was carried out by mixing colloidal solutions of PbS QDs and
Au NRs in the molar ratio [v(HCT)]:[v(CT)] ~ 108, 107 and 10°® mole fraction
(m.f.).

An increase in the intensity of the luminescence of PbS QDs by 2 and 3
times with simultaneous asymmetry of the contour of the luminescence band in
the region of 1050 nm during the formation of hybrid structures with Au NRs in
a molar ratio of 10® m.f. and 107 m.f., respectively, was established. A
subsequent increase in the concentration of Au NRs promotes a long-wavelength
shift of the maximum of the luminescence band of PbS QDs from 900 to 1070
nm at constant luminescence intensity. This behavior of the luminescent
properties of PbS QDs indicates a complex picture of the manifestation of the
plasmon-exciton interaction for QD ensemble. The different orientation and
mutual spatial distribution of the components of the plasmon-exciton mixture
probably suggests the possibility of simultaneous manifestation of several
effects, for example, the Purcell effect and the Fano effect. In this case, a high
concentration of PbS QDs in mixtures with Au NRs suggests the presence of
QDs free from interaction with NRs, whose luminescence will also contribute to
the resulting luminescence properties of plasmon-exciton nanostructures.

This work was supported by the grant of the President of the Russian
Federation No. MK-3746.2022.1.2.

1. O.V. Ovchinnikov et al., Opt. Quantum Electron. 52, 198 (2020).
2. |. Grevtseva et al., Opt. Express. 30, 4668 (2022).
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SPECIFICITIES OF THE CONTROLLED SYNTHESIS OF LUMINESCENT
B-NaRF4 (R =Y, Yb, Lu) NANOCRYSTALS BY THE SOLVOTHERMAL
METHOD

N.A. Arkharova, D.N. Karimov, K.V. Khaydukov, A.V. Koshelev
Federal Scientific Research Centre «Crystallography and Photonics»
of RAS, Moscow, Russia
E-mail: avkoshelevO3@gmail.com

Rare-earth doped [-NaRF, fluoride nanocrystals are the basis for
engineering fluorescent materials for various high-tech industries (biomedicine,
photocatalysis, nanosensors, etc.), which is associated with the possibility of
photoluminescence generation in a wide spectral range, both in Stokes, and by
anti-Stokes mechanisms at low-energy excitation [1]. Despite significant
progress in chemical methods for the nanoparticle synthesis, ensuring high
reproducibility of morphological and structural properties of the resulted
nanocrystals, which has a decisive impact on the luminescence performance,
remains a serious challenge [2]. The condition selection for the reproducible
production of particles with the required size, structural and morphological
properties is extremely essential for creating new prospects of these materials.

This study is devoted to optimizing the synthesis of REE doped f-NaRF4
(R =Y, Yb, Lu) nanoparticles by high-temperature coprecipitation in high-
boiling solvents. The influence of various experimental parameters
(coprecipitation technique, precursors and solvents ratios) on the particles
structure and morphology was studied by XRD-analysis and transmission
electron microscopy (TEM). The optimal conditions for preparing monodisperse
nanosized crystals were determined.

+50,

il

Fig. 1. TEM images of p-NaYFq and B-NaYb4 nanoparticles doped with Yb3*/Er®* ions.

1. A. Nadort, J. Zhao, E.M. Goldys, Nanoscale 8, 13099 (2016).
2. D.N. Karimov et al., Nanotechnol. Russia 15, 655 (2020).
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HIGH-QUALITY HETEROEPITAXIAL STRUCTURES BASED
ON GERMANIUM LAYERS GROWN BY THE HW CVvD METHOD
FOR THE CREATION OF MICRO- AND OPTOELECTRONICS DEVICES

N.A. Alyabina, V.Yu. Chalkov, S.A. Denisov, A.M. Titova, V.G. Shengurov
National Research Lobachevsky State University of Nizhny Novgorod,
Nizhny Novgorod, Russia
E-mail: asya titova95@mail.ru

The «Hot Wire» Chemical Vapor Deposition method developed in the
laboratory (NIFT1 UNN) is the basis for the growth of heterostructures with Ge
layers on a Si substrate. The high quality of the layers is confirmed by X-ray
diffraction, transmission electron microscopy, atomic force microscopy,
chemical etching with observation of the density of etch pits (dislocations). An
important condition for the further application of the grown structures is there in
situ doping.

Doping methods have been developed in the HW CVD process for n- and
p-type layers. One of them is the proposed and implemented by us method of
evaporation by sublimation of dopant atoms (Ga and Sh) from a source in the
form of single-crystal germanium doped with a given impurity. This method was
used to grow heterostructures with Ge layers doped up to = 1-10'° cm?3,

To grow epitaxial Ge layers doped with a donor impurity, we used the
method of phosphorus evaporation during its sublimation from the GaP
compound from an effusion cell. This method is used when doping Ge layers in
the MBE process. We first used it in a CVD setup. Using this method, we have
grown n*-Ge:P epitaxial layers with an electron density of 1.3x10%° ¢m?,
Phosphorus-doped Ge layers were grown by us on Si (001) substrates with a
high hole concentration (~ 10° cm=). Such n*-Ge/p*-Si(001) heterostructures
were studied by us from the point of view of their use for fabrication of test
light-emitting diodes (LEDs). Mesa diodes with a rectangular grid of contacts on
the front side and a solid ohmic Ti-Pt-Au contact on the substrate side were
formed on them by the standard photolithography method.

The current-voltage characteristics had a region of negative differential
resistance on the straight branch. A study of the light-emitting properties of
mesa structures showed that electroluminescence was observed at room
temperature with a peak photon emission energy of = 0.61 eV, associated with
indirect interband optical transitions in n*-Ge:P layers. With an increase in the
phosphorus concentration in the n*-Ge:P layers, the electroluminescence
intensity increased.
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NA3EPHAA ®U3UKA U INA3EPHbIE
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BbIHY > KIEHHOE KOMBMHAIIMOHHOE PACCEAHUE C YHACTHUEM
BTOPUYHbLIX KOJIEBATEJIbHBIX MO/] B KPUCTAJUIAX: TEHEPALIA
CIIKKTPAJIbHO YIUVIOTHEHHBIX MHOI"'OBOJIHOBBIX
VYIIbTPAKOPOTKUX UMITYJIbCOB U3JIYUEHMA

C.H. Cmeranun
Hncmumym oowet gpuzuxu um. A.M. I[Ipoxoposa PAH, Mockea
E-mail: ssmetanin@bk.ru

B Hacrosmiee BpemMs TeHepalus MHOTOLUBETHOTO  KOTE€PEHTHOIO
U3JIyYEHUS C Y3KAUM MEXBOJIHOBBIM MHTEPBAJIOM Nopsaka 10 HM U ynpaBiisseMoit
BPEMEHHON CTPYKTYpOll mpu (OPMHUPOBAHUU KOPOTKUX U YIBTPAKOPOTKUX
UMITYJIbCOB M3JIy4YeHUs! B OJMKHEM HMH(]pakpacHOM Auamna3zoHe peanu3yercs B
MOJIYTIPOBOJHUKOBOM M ONTOBOJIOKOHHOW KBAaHTOBOM 3JIEKTPOHHUKE B CBSI3U C
0Cc000i BOCTPEOOBAaHHOCTHIO ISl TEJIEKOMMYHUKAIMOHHBIX MPUMEHEHUH, HO
ABJIIETCSI HEPEIIEHHOW Hay4yHOM mpoOJeMoil TBEpAOTEIbHON KBAHTOBOM
ANEKTPOHUKH. BO3MOXKHBIM  pelIeHueM JaHHOM  MpoOJIeMbl  SIBIIAETCA
npeoOpa3oBaHUE JA3€PHOrO0 H3IY4YEHUS MYTEM KacKaJHOTO BBIHYXIEHHOTO
koMmOuHarmonHoro paccessnusg (BKP) B kpucramnax. YacTOTHBIM CIOBUT MOpH
TOM OOBIYHO KPATE€H YAaCTOTE OCHOBHOM MOTHOCHUMMETPHYHOMN KOJIEOAaTEIbHOM
MOJBI KpHCTaJlIa, Jexamei B oomacti 800-1000 cm™. Opmako mpu 5TOM B
cilydyae BO30Y’KJICHMSI JIa3epOM C JJIMHOW BOJIHBI OKOJO 1 MKM MEKBOJIHOBOM
UHTEpBAI Mexay KommnoHeHTamu BKP-uzmydyenus umeer mopsimok 100 HM.
YMEHBIINTh MEKBOJHOBOW MHTEPBAJ MOXXHO NPU HCIIONB30BAHUH HE TOJIBKO
OCHOBHOM, HO ¥ BTOPUYHOM KojJeOaTelIbHBIX MOJ KpHUCTaUIOB. B
TETParoHaJIbHBIX KPUCTAUIAX KPOME OCHOBHOM MOJBI ITOJHOCUMMETPUYHBIX
xonebanmnii (800-1000 cm™) mMmeeTcs OCTATOYHO MHTEHCHBHAS BTOPHYHAS
mMoma aedopManuoHHBIX Konebammii  (250-350 cml) aHMOHHBIX TPy
KpUCTAJUIOB, KOTOpbIE MOTryT ObITh Hcnodb3oBanbl it  BKP ¢
KOMOMHUPOBAHHBIM  CABUTOM  YacTOThl M3JIYYE€HUS M  yYMEHBUICHHBIM
MEXXBOJIHOBbIM HHTepBajioM BKP-uznyuenust (necsitku HaHoMeTpoB). Takoe
BKP c yvactrem He TOJIbKO BBICOKOMHTEHCHBHOW OCHOBHOM KOJI€OATEIbHOMN
MO/JIbl, HO U MEHEE€ WHTEHCUBHOW BTOPUYHOM MOJIbI PEAIM3YETCS B IMPOLECCE
BO30YK/I€HHS YJIBTPAKOPOTKUMHU JIA3€pPHBIMU HMMITYJbCAMU TPH CUHXPOHHOM
Ja3epHOU Hakauke Oyarogapsi ToMy, uto HectanmoHapHoe BKP omnpenensiercs
UHTETPAJIbHBIM CEYEHHUEM KOMOMHAIIMOHHOTO pacCcesiHUsI CBeTa, KOTOPOE MMEET
ONMu3KMe 3HAa4YeHWs JUIi OCHOBHOM M BTOPUYHOU KOJIEOATENbHBIX MOJ
TEeTparoHaJdbHBIX KpUCTaIoB. [lpyrum cmocobom siBimsiercs BKP ¢
KOMOMHHMPOBAHHBIM CIBUIOM YacCTOThl B OJHO(A3HBIX TBEPABIX PaCTBOpPax
POJICTBEHHBIX  KPHUCTAJUIOB €  ONTHMH3UPOBAHHBIM  OTHOCUTEJIBHBIM
COJIEP)KAaHUEM, YTO TO3BOJSIET YMEHBIIWTh  MEXBOJIHOBOW  HMHTEpPBAI
uHdpakpacHoro BKP-uznyuenuss g0 10 ©Hm. FEme oaHoit uHTEpecHOM
ocobeHHocThio BKP ¢ yyacTrieM BTOpUYHBIX KOJ€OATENbHBIX MO/l B KpUCTaJLIax
ABJIIETCSl CXATUE TeHepupyeMbix uMIlysibcoB BKP-usznydenuss no oOpatHoi
HIMPUHBI BTOPUYHOM (IIMPOKOIT) KonebaTenbHoi Moabl (10 1 1ic u kopoue).

Pabota nogaepsxana rpantom PH® Ne 22-22-00708.
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JIIOMUHECHEHTHA S IHMPOKOJNAITASOHHA CIIEKTPOCKOIINA
BBICOKOI'O PA3ZPEIIEHN A KPUCTAJUJIOB C PEAKUMUA 3EMJIIMUA

K.H. bongeipes, M.H. ITommoBa
Hnemumym cnexmpockonuu PAH, Tpouyk
E-mail: kn.boldyrev@gmail.com

Kpucranisl, jerupoBaHHble HOHAMU PENKO3EMENBHBIX A1eMeHTOB (P30),
UMEIOT OYE€Hb Y3KHE OJHOPOJHBIE M HEOJHOPOJHBIE IIUPHUHBI JIMHUN
ontuueckux repexonos 4fN-4fN, mockonbky omekrponnas oGonouka 4N
XOPOLIO 3KPaHUPOBAHA OT KPUCTAIIMUECKOTO OKPYKEHUS 3allOJIHEHHBIMU 5S- U
5p-06010uKaMu. Y3KOJNMHENRYAThIE CIIEKTPBI MEPEXOI0B BHYTpH 000a0uKku 4N
TPWXKIbl HOHU3UPOBAHHBIX P3 3JIeMEHTOB OXBaTBHIBAIOT BECh BUIAUMBIA U
uHpaKpacHbll nuanazoHbl. MaTepuansl, JIETUPOBAHHBIE PEAKO3EMENIbHBIMU
JJIEMEHTaMH, IIHPOKO  HCIOJIB3YIOTCS B  KAdyeCcTBE JIA3€pHBIX  CpeEL,
JOMHUHO(OPOB, CHUHTHIISITOPOB, B COJIHEUHBIX 3JIEMEHTaxX U T. 1. B HacTosmee
BpEMsl YCIICIIHO pPa3BUBAETCS JIIOMUHECLEHTHAsT TEPMOMETPUS Ha OCHOBE
PEAKO3EMENBHBIX 3JIEMEHTOB, IEMOHCTPUPYIOLIAs IIUPOKUN pabounii UAa3oH
TEMIIEpaTyp, BBICOKYIO TEPMOUYYBCTBUTEIBHOCTh U  MPOCTPAHCTBEHHOE
paspemieHue [1]. 3a mocieaHee ECATUIECTHE AOCTUTHYT 3HAUYWUTEIIbHBIN
nporpecc B MPUMEHEHHH KPUCTAUIOB, JIETMPOBAHHBIX PEIKO3E€MEIbHBIMU
JJIIEMEHTaMH, JJIi KBAaHTOBOM 00pabOTKM HH(pOpMAalMK, B OCHOBE KOTOPOM
JIKHUT WCIONIB30BAHUE JJICKTPOHHO-SJICPHBIX CBEPXTOHKHX ypoBHeW [2-8].
Wudpopmanuss O CBEPXTOHKMX M CYNEPCBEPXTOHKUX B3aUMOAECHCTBHUSIX,
U30TONUYECKUX JPPeKTax, HEOTHOPOAHBIX (opMax JIUHUM U CIydyalHBIX
nepopManusax pELIeTKH B KpUCTalie HeoOXoauma Uil MPUIOKEHUH B
COBPEMEHHBIX KBAHTOBBIX TEXHOJOTHSX. E€ MOMXKHO IOJIYyYUTh C IOMOUIBIO
ONTHUYECKON CIIEKTPOCKOIMY BBICOKOT'O pa3peIleHUsI.

Hacrosimas ~ nexuuss — MOCBSIIEHA  CEpUM  CIEKTPOCKOMUYECKUX
uccienoBanuii P3  marepuasioB ¢ MCHOJIB30BAHMEM IIUPOKOAMANA30HHOMN
JIOMHUHECLICHTHOW CHEKTPOCKONMHMM BBICOKOTO pa3pelieHusi, B TOM YHCIE BO
BHEIIIHEM MAarHWTHOM ToJsie. BriepBbie B CEKTpax JIIOMUHECUEHIIMN KPUCTAIIIOB
LiYF;:HO HaGmromanuch CBEpXTOHKHE W M30TOMHMYECKHE CTPYKTYPBI, a TaKKe
cnenuguyeckre GopMbl JUHUI, 00YCIIOBIEHHBIE CIIyYallHBIMU JiepopManusMu
PELIETKH U aHTUIIEPECEYEHUSIMU CBEPXTOHKUX YPOBHEN B MarHUTHOM MOJ€E (CM.
puc. 1). JIns sToro Oblja CKOHCTPYHMpOBaHA 3KCIEpUMEHTAlIbHAs YCTAHOBKA,
BKJIOYAIOL[asi B Ce0S CIEKTPOMETP BBICOKOTO pa3pelleHus, BaKyyMHbIE
JIOMHUHECLIEHTHBI MOYJIb U MOZYJIb IIPUEMA CUTHAJIA, ClIeJlaHa KPUOYCTaHOBKa
C BO3MOXHOCTBIO OXJaXAEeHUs 10 Temmeparypsl 2.8 K, paccuutanbl u
U3TOTOBJICHBl MarHUTHbIE COOPKH C BO3MOYKHOCTBIO MPUIIOKEHHS] MarHUTHBIX
nosed 10 1 Tn. CHekTpbl JIOMHHECHEHIMH OTKPBIBAKOT JOMOJHUTEIbHBIC
BO3MOKHOCTH, TaKH€ KaK, HallpUMeEp, UCCIEAOBaHUE OYEHb MANbIX 1O pa3Mepy
W/WU CUJIBHO pa30aBIEHHBIX 00pa3loB, a TAKKE OTKPBIBAIOT MEPCIEKTUBBI JJIs
pa3pabOTKU HOBBIX THUIIOB UyBCTBUTEJIbHBIX CEHCOPOB.
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Puc. 1. KapThl ”HTCHCHBHOCTH JIFOMHHECIICHITUH B IIKAJIE MATHUTHOE T0JIC — BOJTHOBBIE
ypcna Juist mepexooB (a) — °lz s (5155.75) — ®lg I'2 (6.85) 1 (b) — °lg I'2 (8670.9) — °I7 I's4
(5155.75) B 'LiYF4:H0®" (0.1%) npum 10 K. Ha6mro1aroTcst aHTHIIEPECEUEHNS CBEPXTOHKUX
ypOBHeii; (C) — axcrepuMeHTanbHbIN 1 (0) — MOEbHBIN (parMeHThI CIIEKTPA,
cooTBeTcTBYIoMHE TIepexoxy “ls I'2 (8670.9) — °l7 a4 (5155.75) 'LiYF4:H0®* (0.1 %) B
HYJIEBOM MarHUTHOM ToJie (uepHbIi 1BeT) U B mojie 140 MT (kpacHbIi 1[BET).

Pabota BeinonHeHa npu puHaHcoBol noaaep;xkke Poccuiickoro Hayunoro
®donpa (rpant Nel19-72-10132).
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OIITUYECKUE U MEXAHUYECKHUE ITPOYHOCTHBIE
XAPAKTEPUCTUKU MOHOKJIMHHBIX JIASEPHBIX KPUCTAJIJIOB
CO CTPYKTYPOU BOJIbAOPAMUTA

S.C. lunenko!, FO.M. 3umunal, K.B. Kynemosal, I.A. JIuc?, O.H. JIuc?,
I1.A. Jloiiko®, C.K. ITanos!?, K.A. Cy660tunl?, A.W. Turos’?

L Poccutickuii xumuro-mexnonozuyeckuii ynueepcumem um. [.U. Menoeneesa, Mockea
2Uncmumym ooweri pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
3Centre de Recherche sur les Ions, les Matériaux et la Photonique, Université de
Caen Normandie, Caen, France
E-mail: yulia_zimina@inbox.ru

MOHOKIIMHHBIE KPHUCTAUIBI CO CTpyKTypoi Bosbdppamuta MgWO,,
ZnNWO, u np. Kak Ja3epHble MaTPUIbl XapaKTEPU3YIOTCS HAJIMYMEM BCEX
BOKHEUIIUX TMPEUMYIIECTB, THUIMUYHBIX [JI1 KPUCTAUIOB MOJUOAATOB H
BOJIb()paMaTOB JAPYTUX CTPYKTYPHBIX KJIAcCOB (IIEENUTHI, KPUCTAIIBI THIIA
KGW), a uMeHHO: BBICOKUMHU TUKOBBIMH CEYEHHUSIMH CIIEKTpaibHBIX nojoc P31
U CYIIECTBEHHBIM HEOJHOPOIHBIM YIIMPEHHUEM 3TUX mosioc. Ho, moMumMo 3Toro
BOJTL()PAMUTBI XapaKTEPU3YIOTCS TAaK)KE CUIBLHBIMH KPUCTATUTMYECKUMH TTOJISIMH
Ha P3U, 4ro 1maeT 3HAYMTENBHOE INTAPKOBCKOE PACIICIVIEHUE OCHOBHOIO
COCTOSIHUA. OJTO OYeHb BaxHo s P3M-aktuBaTopoB, paloTaromux 10
TPEXYPOBHEBOM WIIM KBAa3W-TPEXYPOBHEBOM cXxemaM. Takke 3TH KpHUCTaJUIbI
XapaKTEpU3yIOTCS BBICOKMMH (TI0 MEpKaM MOJUOJAaTOB M BOJIb(paMaTOB)
Kod(dpuIeHTaMu TEIIIONPOBOAHOCTH, B PAJE CIy4aeB MPUOIMKAIOIMIUMHUCS K
takoBeIM st kpuctauioB  MAIT m YVO, B mocnemnee  Bpems
IPOAEMOHCTPUPOBAHbI 0OHaJIeKUBAIOIIIHE pE3yNbTAThI Ja3epHBIX
TeHEPAIMOHHBIX HCIBITAHUN JAHHBIX KPUCTAJJIOB, JIETUPOBAHHBIX IEJIBIM
psanom P3M-akTUBaTOPOB.

Jl7is IpOEKTUPOBAHUS JIA3€PHBIX CUCTEM HEOOXOIMMO 3HATHh ONTUYECKUE,
TEPMOOTITUYECKAE U MEXaHUYECKHE NMPOYHOCTHBIE XapAaKTEPUCTUKH AKTHUBHBIX
Ja3epHbIX cpell. B coydae HU3KOCMMMETPUYHBIX KPUCTAIIIOB — ISl Pa3iIMYHbIX
HampaBieHuil. Bmecte ¢ TeM ymoOMSHYThIe NaHHBIE JaXke JUII HOMUHAJIBHO-
gucThix kpuctauioB MgWO,, ZnWO,, umeronuecss B TOCTYITHON JIUTEpaType,
BeCbMa CKYAHBI, a JUIsl KPHUCTaUIOB C CYIIECTBEHHBIMH KOHIICHTPAIHSIMH
aKTUBATOPOB M 3aPSATOBBIX KOMIIEHCATOPOB — MPAKTHYECKH OTCYTCTBYIOT.

B noxnane npuBOASTCS M aHATM3UPYIOTCS U3MEPEHHBIC HAMU JIUCTIEPCUU
U TeMIepaTypHble KO3(p(GUIUEHTHI TJIaBHBIX NTOKa3aTeNel MpesoMIIeHUs Ny, Nm U
Ng, @ TaKXe MMKPOTBEPIOCTH W TPEUIMHOCTOMKOCTH NPU HHACHTUPOBAHUU
BJIOJIb TJIABHBIX KpHUCTAIOTpAadUUYECKUX OCed MJisi KpUCTala HOMHUHAIBHO-
guctoro MgWOQO,, BeIpaiieHHOTO U3 pacTBopa B paciiaBe (merogom 1SSG), a
TaKKe IS HECKOJbKuX KpuctamioB  Yb,Li:ZnWO, ¢ pasnuuHbiMu
KOHIICHTPAITUSAMHU UTTEPOUSI M JTUTHS, BBIPAIICHHBIX METOI0M Y0OXpallbCKOTO.

PaboTa BeinosniHeHa nipu noaziepkke MunoopHayku (rpant @CCM-2020-
0005).
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[MOJIYUEHUE OCOBO YUCTOI'O CTEKJIA COCTABA Ge2sSh1,Seso

E.H. JlammaHoB
Hnemumym xumuu gvicokoyucmuix geuwjecms um. 1'.1°. [lesamoix PAH,
Huoicenui Hoeeopoo
E-mail: elashihps@gmail.com

Crexito coctaBa GeysShi2Segy sBiIsieTCss MepCIeKTUBHBIM MaTepHATIOM JIJIsI
dbotonuku OmkHero u cpeanero MK-mmanasona BBHIY IIMPOKOTO MHTEpBaja
MPO3PAYHOCTH BIUIOTH 10 12 MKM, BHICOKOW HEIMHEMHOCTH ONTUYECKUX CBOWCTB
U HU3KOW CKIOHHOCTM K KpucTauu3auuu. [lpumecsimu, TUMUTHPYIOLIUMU
ONTUYECKUE CBOMCTBA CTEKJIa 3TOT0 COCTaBa, SIBISIOTCA: BOAOpoJ B hopme Se-H
u Ge-H rpynm; OH rpynmsl 1 MoniekyisipHasi Boaa; kuciopon B popme Ge-0O, Si-
O, Se-O. B HekoTopslx KoMmMMepueckux oOpasmax crekima GegShioSego
conepxanne npumecu Se-H u Ge-O moxker gocturats 10 ppm(at) u 5 ppm(wt)
COOTBETCTBEHHO. IIprMeHeHWe HOBBIX TMOAXOAOB I TIONYyYCHHS CTEKJIa
GesShi2Ses ¢ KoHIeHTpanmeld ONTHYSCKH aKTHBHBIX NMPUMEced HWKE, YeM B
KOMMEPUYECKH JOCTYITHBIX 00pa3iiax sSBISETCS aKTyaabHOU 3a/1a4ueil.

[enbto uccnenoBanus ObUIO pa3padOTaTh CMOCOO MOTYyUYEHHUS] 0ObEMHBIX
obpasnoB crekima GezgShi1,Sesy ¢ comepxkanmeM mpumecu Bogopoaa B (opme
Se-H rpynm < 2 ppm (at), u npumecu kucnoponaa B popme Ge-O < 1 ppm (wt).

[Mpennoxxkensl nBa  crmocoba  momydeHus  creknma  GeygShinSeg,
UCKITIOYAIOIINX  BBICOKOTEMIICPATYPHYIO  JUCTWULIIIUOHHYIO  OYHCTKY
CTEKIJI000pa3yIoIEro paciiaBa, MPUBOISAIIYI0O K YBEIUUYEHUIO 3arps3HSIONIETO
NedcTBUS MaTepuana amnmapaTypbl. l[lepBblii  cmoco® BKIIOYaeT B ceds
IIpeABapUTEIBHOE NMpOKaIMBaHue rpanyJ repmanns npu 700 °C mns ynaneHus ¢
UX TOBEPXHOCTH IUIeHKH okcuaa repmanus (1) ¢ mocnmemyromiel 3arpys3koit
HABECKU TepMaHUs M CypbMbI Ha BO3AYXE B aMITyJly JJII CHHTE3a U JIBOWHYIO
TUCTHWUSIIIMOHHYIO OYHMCTKY CeJIeHa B MPOIECCE 3arpy3Ku B aMITyJly C IIUXTOH.
[IpeumyiiecTBO 5TOTO MeETO/AA 3aKIIOYaeTCS B BO3MOXHOCTH TOJYyYCHUS
MacCHUBHBIX 00pa3mnoB auamerpoM a0 40 MM u mmuHoit g0 200 MM cC
conepkanuem npumecu Se-H menee 2 ppm(at) u kucinopona B ¢popMe okcuaa
repMmanus menee 1 ppm(wt). Bropoii MeTo1 OCHOBaH Ha OYHCTKE KOMIIOHECHTOB
IIMXTHl HA JTare MPOIyCKaHWs IMapoB CelieHa HaJl TeépMaHUEeM U CYpbMOM B
JTUHAMAYECKOM BaKyyMe€ B TPHCYTCTBHH aJFOMHHUS, KOTOPBIH BBICTYIIA€T B
KauectBe  rerrepa.  JloOGaBieHume ~— rerrepa  MO3BOJSIET  TEPEBECTH
KHUCIIOPOJICO/IEpKAIUE TPUMECHBIE BEIIECTBA B JIETKOYAAIAEMYIO (QopMy.
[TpennoxeHHBIH CMOCOO TMO3BOJSET TOMydYaTh OOpaslbl C COAepKaHHEM
npumecH Se-H mmke 2 ppm(at) u npumecu Ge-O nmxke 0.1 ppm(wt).

[IpoBeznen cuntes cepun 00pasIoB cTeko cocTaBa GeysShirSes. Metomom
ADC-UCII ompeneneH MakpococTaB OOpa3llOB M KOHIEHTpaIusi Tpumecei
MetauioB B HuX. Merogom HWMK-Oypse aHannza yCTaHOBIEH YPOBEHBb
MIPOITYCKaHUS TTOJTy9eHHBIX 00pa3ioB B o0nactu 1-12 MKM, KOTOPBIH MTPEBBIIIACT
60 % npu TonuHe uccieayemoro oopasma 10 mm. Conepsxkanue nmpumecu Se-H
B 0Opasiax cocraBuiio < 2 ppm(at), mpumecu Ge-O < 0.05 ppm(wt).

PaboTa BbeITIONIHEHA TIpHM TIOAJIEP)KKE HAIIMOHATLHOTO mpoekTa «Hayka u
YHUBEPCUTETHD» (rocyaapcTBenHoe 3amanue Ne 075-03-2021-412).
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NCTOYHUK BO3BYKAEHWA LA JIASEPA HA IBYXBAJIEHTHBIX
NOHAX XPOMA B KPUCTAJUIE ZnSe

I1.T. 3Bepes?, A.A. Cuporkun?, U.B. CmupHoB!?
Hayuonanvuviii uccredosamensvcuii ynueepcumem « MOHy, Mockea
2Uncmumym obweri pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
E-mail: SmirnovigV@mpei.ru

Ha ceromnsamumuii 1eHb OAHON M3 aKTyaJdbHBIX 3a/ay Ja3epHOU (U3HUKH
ABJIETCS pa3pabOTKa HOBBIX A(PPEKTUBHBIX KOTEPEHTHBIX HCTOYHUKOB JIS
cpendero MK nuamazona, B yactHoctd B obnactu 2.5 Mkm [1]. Buumanue x
NOJOOHBIM CHUCTEMaM OOYCIIOBJIEHO TEM, YTO B JIaHHOM YacTH CIEKTpa
HAXOJATCA OCHOBHBIC JIMHUM TMOTJIOMICHHUS BOJIbI U YTJEBOAOPOJIOB, a TaKXKe
JPYTUX OPraHWYeCKUX M HEOPraHMYECKUX COCIMHEHHM BaXKHBIX IJIsl 3aj]ad
ouonorun 1 Mmeauiuael [2]. Kpucramn ZnSe:Cr?* umeeT MmuMpoKue MOJIOCHI
JIOMUHECLECHIIMU U TIOTJIONIEHUS U MO3BOJISET MOJYYUTh T€HEPALIMIO C IJIABHOU
MepeCcTPONKON JUTMHBI BOJIHBI B 001acTu 1.4 — 2.1 MkM.

B pabGore monydena renepainus jazepa Ha KpUCTaUle Ha JJIMHE BOJHBI
2494 uM npu Hakadke TBepAOTENbHBIM JazepoM KTP/YAG:Nd* ¢ monepeunoii
JVOJHOM HAKAYKOW BHYTPUPE30HATOPHOM IMAPAMETPUYECKOM TE€HEpalMErn H
nepectpauBaeMor JnmHOW BOaHBI 2000 — 2140 wm. bnaromapst mnnaBHOM
MEepeCcTpOiike MJMHBI BOJHBI Jiazepa yAaloCh JOOUTHCS ONTHUMAJIbHOIO
MOTJIONIEHNS HAKAYKW JIByXBAJICHTHBIMU MOHaMH XpoMa. CpeaHsis MOIIHOCTb
ZnSe:Cr®* nasepa mpH 4acToTe HOBTOPEHMS MMIIyJIbcoB 500 'y mocturama 28
MBT npu Hakauke 280 mMBT u nmuHOM BOJHBI 2 MKM. MakcumanbHbiii KITJ]
ZnSe:Cr?* nmasepa mo magaromeii saeprun cocrasun 10 %. Ha puc. 1 mokasano
KaK B Mpolecce MpeoOdpa3oBaHusl YaCTOTHI JUTUTEIBHOCTh UMITYJIbCA T€HEPAINH
ymenbimanach or 50 #He (1064 uM) o 12 He (2 MkM) U 9 HC (2494 HM).
OOcyxmaeTcsi BO3MOXKHOCTh YBEJIWYEHUSI BBIXOJHOM MOIIHOCTH 3a CUET
MOBBIIIIEHUS MOIIHOCTH UCTOYHHKA HAKAUKHU.

Puc.

W@ = o T zom @ oo @ 7 B
. OCI_[I/IJ'IJ'IOI'”paMMBI JIJIPITGHBHOCT@P'I HUMITYJIBCOB.

1. K. Scholle, 2 um laser sources and their possible applications, Croatia:
INTECH, 2010.

2. D.J. Paynter, Measurements and interpretations of the water vapour
continuum at near infrared wavelengths, PhD thesis, University of
Reading, 2008.
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CIIEKTPAJIBHO-JIOMWHECHEHTHBIE XAPAKTEPUCTHUKHU
KPUCTAJIJIOB ZI’Oz-Y203-Pr203

H.A. Jlapunal, E.E. JlJomonosa?, JI.LA. Moposos!, I1.A. Ps6oukunal
Hayuonanvuviii uccredosamensvckuii Mopoosckuii 2ocyoapcmeenblii
yuusepcumem um. H.I1. Ocapesa, Capanck
2Uncmumym obweri pusuxu um. A.M. Ipoxopoea PAH, Mockesa
E-mail: dimosmoros@mail.ru

JlazepHas reHepalus B BUIUNMOM JTHATIa30HE CIIEKTpa MOJTydeHa Ha MHOTHX
KPHCTa/UIaX M CTEKNIAX, JETMpOoBaHHBIX MoHamu Pri* [1-3]. B macTosmee Bpems
SIBIISICTCS aKTYaJIbHOM 3a/1a4a TIOMCKA aKTUBHBIX JIA3ePHBIX CPel, TEHEPUPYIOLTIX
U3IydCHHEe B BHIUMOW OOJIACTH CIIEKTpa, IMEpecTpanBaeMbIX IO dYacTtoTe. B
Ka4eCcTBE MOTCHIIMAIBLHBIX aKTHUBHBIX CpEN U TOJyYEHUS TepecTpanBacMoit
JIa3epHOM reHepaluu ABISIOTCS KpucTamibl ZrOz-Y 203-Pry0Os.

[lenpto HacTOsmIe pabOTBI SABISAIOCH HCCIICAOBAHHWE CIHEKTPAIbHO-
JIOMHUHECIICHTHBIX XapaKTepUCTUK KpUCTALIOB ZrO2-Y703, JerupoBaHHBIX
MOHAMU TIPa3eoIuMa.

KpI/ICTaJIJIBI TBEPIABIX pacTBOPOB (Zr02)o_803(Y203)0_190(Pr203)0.oo7,
(Z2r02)0.804(Y203)0.193(Pr203)0003 OBUIM TMONYYEHBI METOJOM HaIpPaBICHHOM
KPUCTAJUTM3AIIIHU PACIUIaBa B «XOJIOTHOM) THTJIE.

AHamu3 CHEKTPOB TMOTJIOMICHHS] JAaHHBIX KPHUCTAIOB BBIABIJI B HHX
HalMyue Kak HWoHOB Pr¥*, Tak um wmomos Pr**. U3 amanmsa chektpos
JIIOMUHECIIEHIIMH, 00YCIOBIEHHBIX ONTHYECKUMH Iepexogamu Py — 3Hys, 3Pg
— 3F234, °P1 — °Hs u D, — °H; uonos Pr¥* (pucynok 1 (a)) U KuHETHK
3aTyXxaHus JIOMUHECHEHIMH HOoHOB Pr’* ¢ yposneit 3Py u D, (pucynok 1 (6))
BBIABJICHO HAJIMYUE IIPOIECCOB B3aMMOJCHCTBHS HMOHOB Pr¥*, o0ycloBIeHHBIX
kpocc-penakcanueil (1D,—1G4)—(3Hs —3F,).

iy 3 — o P
D,~H, —@
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Puc. 1. (a) — cextpsl moMuHecueHnuu U (D) — KUHETUKHU 3aTyXaHKs JTIOMHUHECLIEHIIUH C
YPOBHSA D, nonos Pré* s kpuctamax: (1) - (Zr02)o.802(Y203)0.195(Pr203)0.003 1
(2) - (Zr0O2)0.805(Y 203)0.188(Pr203)0.007.

1. M. Fibrich et al., Appl. Phys. B. 97, 363 (2009).
2. X.D. Lietal., Laser Phys. Lett. 8, 791 (2011).
3. A. Sottile et al., Optics Letters 40, 1992 (2015).
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BBLIPAILIMBAHUE KPUCTAJIJIOB TBEPJIbIX PACTBOPOB Pb; . Ho,F> + .
1 (Pb; -.Cd,)o7H003F23 1 MICCIIEJOBAHHME X CIIEKTPAJIBHO-
JIIOMUHECLIEHTHBIX CBOUCTB

U.N. byuunckas, JI.H. Kapumos
HUnemumym kpucmannoepagpuu um. A.B. [llyonukosa,
OHUL] «Kpucmannoepagusa u pomonuxa» PAH, Mockea
E-mail: buchinskayaii@gmail.com

TBepaoTenbHBIE Ja3epbl, padoTaIONME B CIEKTPAIBLHON 00acTH 2 MKM,
UMEIOT IIHUPOKOEe TMpuMeHeHue B ¢oToHuke. [l BHU3yalu3alMu 3TOro
W3IydeHus o0coO0eHHO ynobeH wnoH HO®', mnospomsiommii  obecreynTs
3G ()EKTUBHYI0O  BUAUMYIO  all-KOHBEPCHOHHYIO  JIIOMHUHECIEHIIUIO  TIPH
B030y)1eHnu (nepexon °lg — °l7) B nnanazone 1870—2150 aM. UHTEHCUBHOCTE
TaKoro Ipollecca TepeHoca »HHEPruh BO MHOTOM 3aBUCUT OT THIA
KPUCTAJUTMYECKOU MAaTPHUIIBI.

Matpunbl Ha ocHoBe PbF, m CdF, mano wm3ydeHbl, B CpaBHCHHHU C
IpyrumMu (IIOOPUTOBBIMU KpucTayuiamu. X Oosiee y3kuil (POHOHHBIN CHEKTP
CYIIECTBEHHO  CHHIKAeT  BEPOSITHOCTh  IPOIECCOB  O€3bI3TydaTeIbHOM
penakcanuu [1, 2]. Ha nunum nukBuayca TBepabix pactBopoB Pbi. HO.F2 .+,
€CTh TOYKAa MAaKCUMyMa, a B IOJIe TBEPJBIX pacTBOpoB cucteMbl PbF,—CdF,—
HOF; — cocTaB ¢ KOHTPY?HTHBIM XapaKTepPOM IUIaBJICHUS (TOYKA THIIA «CEJJION)
(puc. 1(a)), kKOTOpbIE MO3BOJISIOT BRIPAIIMBATH HAMPABICHHON KpUCTAILTU3aIuen
U3 paciuiaBa OJHOPOAHBIC KpucTauibl [3, 4]. OHM U cTanu OOBEKTOM HaIIUX
VICCIIEIOBAHUM.

Ho

PbF, CdF,

(a) (6)
Puc. 1. Cxema ¢azoBoro moprpera KpUCTAIITU3AIMHA TBEP/IBIX PaCTBOPOB B cructeme PbFo—
CdF>—HoF3 (a); Bumnmast TFOMUHECIICHIIUS KPUCTAIIA TIPU BO30YKICHUHU 2 MKM JiazepoM (0).

Metonom bpumkmeHa BbIpalieHbl KPUCTAUIbl JABOWMHBIX WU TPOWHBIX
TBEPABIX  PACTBOPOB.  YCTAaHOBJIEHO, YTO  HAJIWYWE  WHTCHCUBHOM
JOMUHECHeHIIM B obsactu 650 HM (puc. 1(0)) mo3BONSET NPUMEHATH
kpuctaiel Pb; . HoF24, u (Pbi..Cd,)o7H0o3F23 mns Busyanmusanmun WK
JIA3E€PHOTO V3JTyYCHHUS. B JIOKJIa/Ie IIPUBOIATCS oJIpOOHOCTH
TEXHOJIOTUYECKOTO nporiecca 151 CIIEKTPAIbHO-JIFOMUHECIIEHTHBIE
XapaKTePUCTHUKHU MOTYUYECHHBIX KPUCTAILIIOB.

1. A.Il. CaBukuH u ap., [Tucema B KTD 42, 47 (2016).

2. P.Zhang et al., Opt. Lett. 39, 3942 (2014).

3. TLIIL. ®enopos u ap., dKHX 41, 464 (1996).

4. TLII. ®enopos, .M. byunnckas, Ycnexu xumuu 81, 1 (2012).
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VIIPABJIEHUE CMEIEHUEM OTPAXKEHHOI'O TAYCCOBA ITYUKA
OT JINDJIEKTPUYECKOI TUIACTUHBI TIPU [TIOMOIIU ®A30BOI
MOIYJISAITN

HU.A. T'nyxos'?, 10.C. lanoenkosal?, C.I'. Mouncees'?, F.F.L. Bentivegna?
LVivanosckuii 2ocyoapcmeennviii ynusepcumem, Yavsanoéck
2Hayuonanvuas unxcenepuas wxona bpecma (ENIB), Ilnysane, @panyus
3Vivanosckuil punuan Uncmumyma paouomexsuky u 21eKmpoHux
um. B.A. Komenvnuxosa PAH, Yivsanoeck
E-mail: glukhov9l@yandex.ru

HccnenmoBano wu3MeHeHHe NPOGWIS JIBYMEPHOTO S-TIOJISIPH30BAHHOTO
(azoMoayTMPOBAHHOIO TayccoBa IMydka anekTpomMarHutTHoro CBY u3mydenus
NP OTPAKEHHH OT JAUAIJICKTPUYECKOW W3OTPOMHOM IUIACTHHBL. MOIysIus
rayccoBa Iydka MMeEeT MapaboJIMYecKyr0 3aBUCHMOCTh OT KOOPIMHATHI BHIA
exp(—iEX? /W), rae X' — momepeyHas KOOpAMHATA, & — apaMeTp MOAYJIAIUHI
dassl, W, — paguyc mydka B nepeTspkke. dazoBast MOIYISAIMS JOCTHTAETCS 3a
CuéT  MPOIMyCKaHWS  HEMOJYJHPOBAHHOTO  rayccoBa  IIydyka  CKBO3b
napaboIMUECKyI0 TMPETOMIISIONIYIO0 JIMH3Y MM TUIACTHHY C NapaboMuecKuM
TpaZiieHTOM MOKAa3aTels IPETOMIICHUSI.

¢=0 &=-3 £=-5

-100 =50 O 50 -100 =50 O 50100 -50 0 50 Hp

Puc. 1. Pe3ynbTarhl YUCIEHHOTO MOJEIUPOBAHUS OTpaKeHUs (a30MO Iy IMPOBAHHOTO
rayccoBa Iyd4ka JUls pa3JIndHbIX 3Ha4eHul nmapamerpa Mmoayssiiuu ¢asel . [l tpuxoBsiMu
CTpeJKaMU MOKa3aHO HaIPaBJIEHUE 3€pPKAIbHOI0 OTpakeHUs. CIIOIHBIMU CTPEIKaMU
MoKa3aHbl HaHOoJIee NHTEHCUBHBIE PE(IIEKCHI.

[IpoBeeH aHAaNUTUYECKUH M YHUCICHHBIM aHAIW3 BIWSHUS IapaMmeTpa
MoOayJisiiiuu (a3bl Ha MPOCTPAHCTBEHHOE M YIJIOBOE MPOJOJIbHBIE CMEIICHUS
orpaxk€HHoro myuyka (puc. 1). Ilpu HaKJIOHHOM TAaJEHUU MAKCUMyM
MHTEHCUBHOCTA OTPAXECHHOI0 TMy4YKa HMMEET IMOJOKUTEIbHOE CMEIICHHUE,
BEJIMUMHA KOTOPOIO COMOCTaBMMa JMOO mpeBbimaeT casur ['yca-XeHxeH OT
noJryOeCKOHEYHOU cpenbl. HaiineHbl 3HaYeHUs MapaMeTpoB, MPU KOTOPHIX
MPOJIOJIBHOE CMEIEHNE OTPKEHHOTO IMydka B 2.5 pasza OOJbIIEe CMEIICHUS
HEMOJYJIUPOBAHHOI'O MyYKa IPHU TOM XK€ yTJIC NaJCHUS.

PaGora BeImonHeHa mpu (uHaHcoBo# mommepxkke Conseil Régional de
Bretagne, France (PhotoMag); Ecole Nationale d’Ingénieurs de Brest, France,
College de France (PAUSE), MunucTepcTBa HayKd M BBICIICTO 0Opa3oBaHHUs
Poccuiickon @enepanum.
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HOJIYHEHUE KPUCTAJIJIOB KDP UL U3IOTOBJIEHIMA
KPYITHOT'ABOPUTHOMU OIITUKU

A.H. CesprokoBa, B.B. I'pu6xo, A.I1. I[Ipoxopos
HUncmumym npuxnaonou ¢uzuxku PAH, Husxxcnuii Hoseopoo
E-mail: gribko@ipfran.ru

st mpeoOpazoBaHMs JIa3epHOTO M3IIyYEHUS B MOIIHBIN J1a3epHBIX
ycTaHoBKax, Takux kak Y DJI-2M, NIF, MJ, HeoOXoauMBbl ONTHYECKHUE STIEMEHTHI
co cBeToBOM ameptypoir ~ 40 cm. B Hacrosmuit MOMEHT Oe3aIbTepPHATUBHBIM
BapMaHTOM MaTepuana JJid W3TOTOBJICHHSI KpyHMHOrabGapuUTHBIX HEITMHEHHO-
ONTHUYECKUX JIEMEHTOB SIBISIOTCS KpucTauisl KDP.

B paGore MeTOgOM CKOPOCTHOTO BBIpAlMBAaHUA MTPOYUINPOBAHHBIX
MOHOCEKTOPUATILHBIX KPUCTAJUIOB ObUIM TOJIy4eHbl KpucTamuibl KDP pazmepom
45x50x7 cm®. Bputa McclenoBaHa ONTHYECKAs OJHOPOJHOCTh IIOTyYEHHBIX
KpPHUCTAJUIOB TEHEBBIM METO10M Ha npubdope MAB-451.

PactBop /uisi BeIpaliMBaHusi KPUCTAUIOB ObUT MpUTOTOBIIEH U3 cosii KDP
(oc4.), JEMOHNU30BaHHOM BOJIBI C yJelbHBIM conpoTuBieHueM 21 MOwm-cm. s
YMEHBIICHNS BIUSHUS MPUMECE Ha MPOLECC POCTa, a TaKXKe ISl YIPABICHUS
oTHOIEHHeM ckopocteit pocta rpaneit (100) u (101) kpucramia gobasisercs
optodocdopHast kuciota. KadecTBo pacTBOpa OMpeAENsUIOCh IO BETUYHUHE
«MEPTBOW 30HBD) HA XapaKTEPUCTUUECKUX KPUBBIX. [I[puMecHBI cocTaB pacTBOpa
ONpEAEISICS aTOMHO-ODMUCCUOHHBIM ~ MeTOJIOM. KOHIEHTpanuss OCHOBHBIX
npuMecell B Ucnoib3yembix pactBopax Al < 0.08 ppm, Ba < 0.005 ppm, Mg =
0.011 ppm, S1=4.3 ppm, Fe = 0.054 ppm, Na = 1.5 ppm, Zn = 0.018 ppm.

a 0
Puc. 1. (a) - KDP Kpn(czann pazmepom 45x50x7 cm®; (6) — T(e})IeBaa KapTHHA KpHUCTaJUIa.
CkopocTh pocTa MOYyYEHHBIX KPUCTAIIOB HAXOAWIACh B UHTEpBaje oT 11
1o 15 mMM/cyT. mpu OTHOCUTENBHOM mepechiieHnn 5-7 %. Kak BunHo u3 puc.l
TEHEBasl KApTUHA HMMEET JOCTATOYHO OJIHOPOJHBIM BHJI, YTO YKa3bIBaeT Ha
BBICOKYIO ONTHYECKYIO OJHOPOTHOCTh. Bumnmbie nedekThl Ha TEHEBOW KapTHUHE
SIBJITFOTCSI UICKQKEHUEM TTOBEPXHOCTH KPUCTAJIIA BOHUKIIINME TIPH €ro MUTH(OBKeE.
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INVESTIGATION OF LUMINESCENT MATERIALS USING VACUUM
ULTRAVIOLET EXCITATION OF SYNCHROTRON RADIATION

S.A. Artemov?, E.E. Lomonova?, V. Pankratov®, P.A. Ryabochkina?,
N.V. Sidoroval
!National Research Ogarev Mordovia State University, Saransk, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
3Institute of Solid-State Physics, University of Latvia, Riga, Latvia
E-mail: vpank@latnet.lv

The tuneability of SR and its inherent well-defined time structure makes it
particularly well suited for time-resolved luminescence studies. Nevertheless, it
took more than 20 years after SR discovery when the pioneering work was
published 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 setup was constructed and developed as a user facility in 1981 at
DORIS 111 storage ring of HASYLAB at DESY (Hamburg, Germany) and it was
a flagship experiment for three decades [1].

In the present lecture, after brief introduction about SR, two experimental
setups from European synchrotron centers intended for the optical and
luminescence spectroscopy research under vacuum ultraviolet (VUV)
excitations of SR will be demonstrated. The first setup is the FINESTLUMI
experimental end station that recently was designed, constructed and installed on
the Finnish-Estonian beamline (FinEstBeAMS) of the 1.5 GeV storage ring at
MAX [V Laboratory (Lund, Sweden) [2-4]. The second setup is the new
SUPERLUMI end station which is upgraded and relocated to the PETRA III
storage ring of the DESY synchrotron (Hamburg, Germany) [5]. The past
development and the present technical parameters of both experimental stations
are described. The comparison of the experimental parameters of the
FINESTLUMI and new SUPERLUMI setups will be demonstrated. The
experimental possibilities and limitations of each of the setups as well as the
recent luminescence experiments performed therein are briefly discussed.

Special attention in the presentation will be focused on the recent results
obtained for undoped and rare-earth ions (Er®¥*, Ho®**, Eu®*, Nd**) doped yttria
stabilized zirconia (YSZ) single crystals and nanopowders. The main goal of the
study of YSZ is to investigate intrinsic defects by means of selective excitation
in UV-VUV spectral range. Taking into account that the YSZ belongs to the
class of wide bandgap materials such excitation is absolutely necessary and SR
Is the best excitation source in this range. Both emission and excitation spectra
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of intrinsic defects in YSZ are represented as a number of overlapped broad
bands. Therefore the measurement of excitation-emission maps was applied to
distinguish intrinsic defect states in YSZ. Figure 1 exhibits a typical example of
the excitation-emission map for one of rare-earth doped YSZ samples.
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Fig. 1. The excitation-emission map measured at 10 K for Er** doped YSZ crystal.

The detailed analysis of the defect-related emission in the YSZ single
crystals having a different yttrium content as well as in the YSZ crystals doped
by various rare-earth ions, will be demonstrated on the basis of the theoretical
calculations known in literature [6, 7], as well as taking into account the recent
experimental data on the ionic conductivity of YSZ [8]. The defects responsible
for the broad emission bands in YSZ single crystals observed upon excitation of
SR will be elucidated and discussed.

1. G. Zimmerer, Radiation Measurements 42, 859 (2007).

2. R. Pérna et al., Nucl. Inst. Meth. Phys. Res. A 859, 83 (2017).

3. V. Pankratov et al., Radiation Measurements 121, 91 (2019).

4. K. Chernenko et al., J. Synchrotron Rad. 28, 1620 (2021).

5. V. Pankratov, A. Kotlov, Nucl. Inst. Meth. Phys. Res. B 474, 35 (2020).
6. T.V. Perevalov, D.R. Islamov, ECS Transactions 80, 357 (2017).

7. D.R. Islamov et al., Materialia 15, 100979 (2021).

8. S.A. Artemov et al., J. Alloys Compd. 870, 15939 (2021).
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HIGH-RESOLUTION LUMINESCENT BROADBAND SPECTROSCOPY
OF RARE-EARTH CRYSTALS

K.N. Boldyrev, M.N. Popova
Institute of Spectroscopy of RAS, Troitsk, Russia
E-mail: kn.boldyrev@gmail.com

Crystals doped with rare-earth (RE) ions exhibit very narrow
homogeneous and inhomogeneous linewidths of the 4f N-4fN optical transitions,
since the 4fN electronic shell is well shielded from the crystalline environment
by the filled 5s and 5p shells. The narrow-line spectra of transitions within the
4fN shell of triply ionized RE elements cover the entire visible and infrared
range. RE-doped materials are widely used as laser media, phosphors,
scintillators, in solar cells, etc. Nowadays, the RE-based luminescence
thermometry is successfully developing, demonstrating a wide working
temperature range, high thermal sensitivity and spatial resolution [1]. Over the
past decade, significant progress has been achieved in the application of RE-
doped crystals for qguantum information processing, which is based on the use of
electronic-nuclear hyperfine levels [2-8]. Information on the hyperfine and
superhyperfine interactions, isotopic effects, inhomogeneous line shapes, and
random lattice strains in a crystal is essential for applications in modern
quantum technologies. It can be acquired using high-resolution optical
spectroscopy.

A series of high-resolution studies of RE materials has been performed
using absorption or photoluminescence excitation spectroscopies. Hyperfine,
superhyperfine, and isotope structures, as well as specific line shapes imposed
by random lattice strains and the hyperfine level anticrossings in a magnetic
field were observed in optical absorption spectra of the RE-doped crystal
LiYF4:Ho®*". We are not aware of any broad-band high-resolution study of the
luminescence spectra of RE-doped crystals, as well as of a resolved hyperfine
structure in these spectra (see fig 1). For this, an experimental setup was
designed, including a high-resolution spectrometer, a vacuum luminescent
module, and a signal receiving module, a cryo-installation was made with the
possibility of cooling to a temperature of 2.8 K, and magnetic assemblies were
calculated and fabricated with the possibility of applying magnetic fields up to 1
T. The luminescence spectra offer additional possibilities, such as, e.g., the
study of very small and/or highly diluted samples or the development of new
types of sensitive sensors. Here, we present the results of a high-resolution study
of broadband photoluminescence (PL) spectra of LiYF4:Ho crystals in a
magnetic field.
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Fig. 1. Luminescence intensity maps in the magnetic-field — wavenumber scale for the
(@) —°17T34(5155.75) — ®Is "2 (6.85) and (b) — °lI"2 (8670.9) — °I7I'34 (5155.75) transitions
in 'LiYF4:Ho%" (0.1%) at 10 K. Anticrossings of the hyperfine levels are observed:;
(c) — experimental and (d) — simulated fragment of the spectrum corresponding to the
S16T2 (8670.9) — 517 T'34 (5155.75) transition of "LiYF4:Ho®" (0.1%) in a zero magnetic field
(in black) and in the field of 140 mT (in red).

This work was supported by the Russian Science Foundation (grant no.
19-72-10132).
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OPTICAL AND MECHANICAL CHARACTERISTICS OF MONOCLINIC
LASER CRYSTALS WITH THE WOLFRAMITE STRUCTURE

Ya.S. Didenko?, K.V. Kuleshoval, D.A. Lis?, O.N. Lis?, P.A. Loyko?,

S.K. Pavlov!?, K.A. Subbotin?, A.l. Titov*?, Y.l. Zimina!
IMendeleev University of Chemical Technology of Russia, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
3Centre de Recherche sur les lons, les Matériaux et la Photonique, Université de
Caen Normandie, Caen, France
E-mail: yulia_zimina@inbox.ru

Monoclinic crystals with the structure of wolframite MgWQ,, ZnWO,,
etc., are characterized as laser matrices by the presence of all the most important
advantages typical for crystals of molybdates and tungstates of other structural
classes (scheelites, crystals of the KGW type), namely: high peak cross sections
of the RE spectral bands and significant inhomogeneous broadening. In addition
to this, wolframites are also characterized by strong crystal fields on RE, which
provides a significant Stark splitting of the ground state. This is very important
property for RE activators operating according to three-level or quasi-three-level
schemes. Additionally, these crystals are characterized by high (by the standards
of molybdates and tungstates) thermal conductivity coefficients, in some cases
approaching those for YAG and YVO, crystals. Recently, laser experiments
with these crystals doped with a number of RE activators demonstrated
promising results.

It is necessary to know the optical, thermooptical, and mechanical
characteristics of active laser media in order to design laser systems. In the case
of low-symmetry crystals, these properties differ for each direction. At the same
time, information about these properties in the available literature is very scarce,
even for nominally pure MgWQO, and ZnWOQO, crystals, and for crystals with
significant concentrations of activators and charge compensators, this
information is practically absent.

In this report measured dispersions and temperature coefficients of the
main refractive indices n,, nn and ng are presented and analyzed, as well as
microhardness and crack resistance during indentation along the main
crystallographic axes for a crystal of nominally pure MgWO, grown from a flux
(by the TSSG method), as well as for several Yb,Li:ZnWO, crystals with
different concentrations of ytterbium and lithium grown by the Czochralski
method.

The work was supported by the Ministry of Education and Science (grant
FSSM-2020-0005)
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EFFECT OF ADDITIONAL DOPING WITH Li* IONS
ON THE MECHANICAL STRENGTH CHARACTERISTICS
OF THE LASER CRYSTAL Yb:ZnWO,

Ya.S. Didenko?!, K.V. Kuleshova!, D.A. Lis?, S.K. Pavlov*?, V.V. Sanina?,
K.A. Subbotin'?, A.l. Titov*?, P.A. Volkov3, Yu.l. Zimina!
IMendeleev University of Chemical Technology of Russia, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
8National Research Center «Kurchatov Institutey, Moscow, Russia

E-mail: Kkristinka-0601@mail.ru

A single crystal of nominally pure ZnWQ, has long been well known as
an effective scintillation and Raman material. Recently, this crystal, activated by
various rare-earth ions (RE), has also attracted the attention of researchers as an
effective laser medium. In particular, our group recently demonstrated laser
generation on a Yb,Li:ZnWQ, crystal with an output power of up to 3 watts. The
problem is that when the RE is introduced into this crystal, its crack resistance
drops sharply. This can easily be explained by the fact that with insufficient
concentration of the charge compensator of heterovalent entry of the RE into the
crystal structure (in this case, Li* ions act as a charge compensator), a noticeable
number of zinc vacancies appear in it, weakening the crystal lattice. Therefore,
the correct selection of the ratios of the charge concentrations of Yb and Li ions
is a key problem in the development of the technology for obtaining a
Yb,Li:ZnWO, crystal.

To solve this problem, a series of ZnWQO, single crystals, both nominally
pure and doped with various concentrations of Yb** and Li* ions, was grown by
the Chokhralsky method. The actual concentrations of dopants in the crystals
were measured by atomic emission spectrometry with induction-coupled
plasma, as well as by optical absorption spectroscopy in polarized light (for
Yb3*). The values of the distribution coefficients of both dopants between the
crystal and the melt are estimated, and the mutual influence of dopant
concentrations on their distribution coefficients is analyzed. The microhardness
and crack resistance of crystals along different crystallographic directions were
measured by the indentation method. It is shown that the best mechanical
characteristics are demonstrated by crystals grown from melts containing 5-5.5
at. % Yb3*" and 8-12 at. % Li*.

The work was supported by the Ministry of Education and Science
(FSSM-2020-0005 grant and Agreement No. 075-11-2021-070 dated
08/19/2021).
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PREPARATION OF HIGH-PURITY Ge2sSh1,Seso GLASS

E.N. Lashmanov
Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
E-mail: elashihps@gmail.com

GesShi,Seso glass is a promising material for photonics in the near and
mid-IR range due to a wide transparency range up to 12 um, high nonlinearity of
optical properties, and low tendency to crystallization. Impurities that limit the
optical properties of glass of this composition are: hydrogen in the form of Se-H
and Ge-H groups; OH groups and molecular water; oxygen chemically bound to
germanium, silicon and selenium. In some commercial samples of Ge,sSh1,Sego
glass, the content of Se-H and Ge-O impurities can reach 10 ppm(at) and
5 ppm(wt), respectively. The use of new approaches for obtaining Ge;sSh1,Seso
glass with a concentration of optically active impurities lower than in
commercially available samples is required.

The aim of the study was to develop a method of preparation bulk samples
of Ge,sSh1,Sego glass with the content of hydrogen impurity in the form of Se-H
groups < 2 ppm(at), and oxygen impurity in the form of Ge-O < 1 ppm(wt).

Proposed two methods of preparation Ge,sSbi,Seso glass, excluding high
temperature distillation purification of charge which leads to increased
contaminating effect of apparatus material. The first technique includes following
steps: 1) annealing of Ge granules in silica glass ampule evacuated to 10 Pa at
700 °C to remove film of germanium oxide (II) from its surface, 2) loading the
mixture of germanium and antimony granules in ample for glass synthesis, 3)
double vacuum distillation of selenium which condensed in charge receiver. The
advantage of this method is possibility of preparation massive bulk samples of
GezsShi2Seg glass in form of a rod of 40 mm diameter and length of 200 mm
with content of Se-H groups lower 2 ppm(at) and oxygen chemically bound to
germanium lower 1 ppm(wt). The second method based on the purification of
charge components at the stage of passing selenium vapor over germanium and
antimony in a dynamic vacuum with addition of aluminum, which acts as a getter.
The addition of a getter makes it possible to convert oxygen-containing impurities
into an easily removable form. The proposed method can be used to prepare
samples of GeysShi1,Segy glass with Se-H impurity content below 2 ppm(at) and
Ge-O impurity content below 0.1 ppm(wt).

A series of GezsSbhi,Seqo glass samples has been synthesized. The
macrocomposition and the concentration of metal impurities in samples were
determined by the AES-ICP method. The level of transmission which exceeds
60 % with a thickness of the studied sample of 10 mm in the region of 1-12 um
was established using the method of IR-Fourier analysis. Prepared bulk samples
content hydrogen impurity in the form of Se-H groups below 2 ppm(at), and
oxygen chemically bound to germanium below 0.05 ppm(wt).

This work was supported by the Ministry of Science and Higher
Education of the Russian Federation (national project «Science and
Universities» within the framework of the established Laboratory of high-purity
chalcogenide glasses for mid-IR photonics, State task No. 075-03-2021- 412).
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EXCITATION SOURCE FOR DIVALENT CHRONIUM ION LASER
IN ZnSe CRYSTAL

1.V. Smirnov*?, A.A. Sirotkin?, P.G. Zverev!?
National Research University « MPEIy, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: SmirnovigV@mpei.ru

Today, one of the urgent problems of laser physics is the development of
new efficient coherent sources for the mid-IR range, in particular, in the region
of 2.5 um [1]. Attention to such systems is due to the fact that in this part of the
spectrum there are the main absorption lines of water and hydrocarbons, as well
as other organic and inorganic compounds important for biology and medicine
[2]. The ZnSe:Cr?* crystal has broad luminescence and absorption bands and
makes it possible to obtain lasing with smooth wavelength tuning in the region
of 1.4-2.1 pm.

We have obtained the generation of a laser on a crystal at a wavelength of
2494 nm pumped by a solid-state KTP/YAG:Nd** laser with transverse diode
pumping, intracavity parametric generation and a tunable wavelength of 2000-
2140 nm. Due to the smooth tuning of the laser wavelength, it was possible to
achieve optimal pump absorption by divalent chromium ions. The average
power of the ZnSe:Cr?* laser at a pulse repetition rate of 500 Hz reached 28 mW
with pumping at 280 mW and a wavelength of 2 um. The maximum efficiency
of the ZnSe:Cr?* laser with respect to the incident energy was 10 %. Figure 1
show how the duration of the generation pulse decreased from 50 ns (1064 nm)
to 12 ns (2 pm) and 9 ns (2494 nm) in the process of frequency conversion. The
possibility of increasing the output power by increasing the power of the pump
source is discussed.
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1. K. Scholle, 2 um laser sources and their possible applications, Croatia:
INTECH, 2010.

2. D.J. Paynter, Measurements and interpretations of the water vapour
continuum at near infrared wavelengths, PhD thesis, University of
Reading, 2008.
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SPECTRAL-LUMINESCENT CHARACTERISTICS
OF ZrOQ-Yzog-Pl’zog CRYSTALS

N.A. Larina!, E.E. Lomonova?, D.A. Morozov!, P.A. Ryabochkina®
!National Research Ogarev Mordovia State University, Saransk, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: dimosmoros@mail.ru

Laser generation in the visible spectral range has been obtained on many
crystals and glasses doped with Pr®* ions [1-3]. Currently, the problem of
searching for active laser media that generate radiation in the visible region of
the spectrum and are tunable in frequency is an urgent task. ZrO,-Y,03-Pr,0O3
crystals are potential active media for obtaining tunable laser generation.

The aim of this work was to study the spectral-luminescent characteristics
of ZrO,-Y,0;3 crystals doped with praseodymium ions.

(Zr02)0.803(Y 203)0.190(Pr203)0.007 and (ZrO2)0.804(Y203)0.193(Pr203)0.003 solid
solution crystals were obtained by directional crystallization of the melt in a
«cold» crucible.

Analysis of the absorption spectra of these crystals revealed the presence
of Pr¥* and Pr* ions in them. Analysis of the luminescence spectra due to the
optical transitions 3Pg — 3Hys, 3Po — 3F234, °P1 — °Hs and D, — °H,4 of Pré*
ions (Figure 1 (a)) and the decay kinetics of the luminescence of Pr3* ions from
the *Py and D, levels (Figure 1 (b)), reveals the presence of interaction
processes between Pr3* ions due to cross-relaxation (1D2—1Gs)—(®Hs —3F4).
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Fig. 1. (a) Luminescence spectra and (b) luminescence decay Kinetics from the D> level of
Pr3* ions in crystals: (1) - (ZrO2)o.s02(Y203)0.195(Pr203)0.003 and
(2) - (Zr0O2)0.805(Y203)0.188(Pr203)0.007.

1. M. Fibrich et al., Appl. Phys. B. 97, 363 (2009).
2. X.D. Lietal., Laser Phys. Lett. 8, 791 (2011).
3. A. Sottile et al., Optics Letters 40, 1992 (2015).
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Pb;.Ho,F2 +» AND (Pb; .,Cd,)o7H0g 3F23 SOLID SOLUTION CRYSTAL
GROWTH AND INVESTIGATION OF THEIR SPECTRAL-LUMINESCENT
PROPERTIES

|.I. Buchinskaya, D.N. Karimov
Shubnikov Institute of Crystallography of Federal Scientific Research Centre
«Crystallography and Photonics» of RAS, Moscow, Russia
E-mail: buchinskayaii@gmail.com

Solid-state lasers operating in the spectral region of 2 um are widely used
in photonics. The Ho" ion is especially convenient for visualizing this radiation,
since it makes it possible to provide efficient visible up-conversion
luminescence upon excitation (°ls — °I; transition) in the range 1870-2150 nm.
The intensity of such an energy transfer process largely depends on the type of
the crystalline matrix.

Matrices based on PbF, and CdF, are little studied in comparison with
other fluorite crystals. Their narrower phonon spectrum significantly reduces the
probability of nonradiative relaxation processes [1, 2]. There are a maximum
point on the liquidus line of Pb;..Ho.F,.. solid solutions and a congruent
melting composition («saddle» type point) in the solid solutions field of the
PbF,—CdF,—HoF; system (Fig. 1a), which make it possible to grow by
directional crystallization from melt homogeneous crystals [3, 4]. They became
the object of our research.

Ho

PbF; mcm

(a) (6)
Fig. 1. Schematic phase portrait of solid solutions crystallization in the PbF>—CdF>—HoF3
system (a) and visible luminescence of the crystal upon excitation by a 2 um laser (b).

Crystals of binary and ternary solid solutions are grown by the Bridgman
method. It has been established that the presence of intense luminescence in the
region of 650 nm (Fig. 1b) makes it possible to use Pb;.,Ho,F,., and
(Pb;..Cd,)o7Hoo3F23 crystals for visualizing IR laser radiation. The
technological process details and the spectral-luminescent characteristics of the
obtained crystals are discussed in the report.

1. A.P. Savikin et al., Tech. Phys. Lett. 42, 1083 (2016).

2. P.Zhang et al., Opt. Lett. 39, 3942 (2014).

3. P.P. Fedorov et al., Zh. Neorg. Khim. 41, 464 (1996).

4. P.P. Fedorov, I.I. Buchinskaya, Russian Chem. Rev. 81, 1 (2012).
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CONTROL OF THE SHIFT OF A REFLECTED GAUSSIAN BEAM
FROM A DIELECTRIC PLATE USING A PHASE MODULATION
OF THE BEAM

F.F.L. Bentivegna?, Y.S. Dadoenkoval?, I.A. Glukhov'?, S.G. Moiseev?3
'Ecole Nationale d'Ingénieurs de Brest, Plouzané, France
2Ulyanovsk State University, Ulyanovsk, Russia
3Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Ulyanovsk, Russia
E-mail: glukhov9l@yandex.ru

We study the Goos-Hénchen-like lateral and angular shifts, as well as the
modification of the spatial profile, of a two-dimensional s-polarized phase-
modulated Gaussian beam upon reflection from a dielectric isotropic plate. The
phase modulation of the Gaussian beam has a transverse parabolic dependence

exp(—i&x? /w), where x' is the transverse coordinate perpendicular to the
average direction of propagation, wp is the waist radius, and & is a spatial phase

modulation parameter. Such a phase modulation can be achieved by using a
parabole-shaped refractive lenses or a flat, inhomogenous dielectric lamella
presenting a parabolic gradient of its refractive index.
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Fig. 1. Numerical simulation of the propagation of a phase-modulated Gaussian beam
obtained for several various values of the phase modulation parameter & The direction of the
specular reflection is denoted by the dashed arrow. The solid arrow shows the more intense
reflected beam.

Figure 1 shows the numerical simulation of the beam propagation and
highlights the expected spatial and angular shifts of the reflected beam with
respect to the purely specular prediction, as well as the distortion and split in
two beams (one more intense than the other) of the reflected wave, for several
values of the phase modulation parameter &. At oblique incidence, the lateral
shift of the brighter reflected beam is comparable to or even exceeds the Goos-
Hénchen shift at an interface between semi-infinite media. Moreover, we have
determined the range of optimal values of parameter & for which the lateral shift
of the reflected beam is around 2.5 times larger than the shift of a non-
modulated beam at the same angle of incidence.

The work was supported by Conseil Régional de Bretagne, France
(PhotoMag,); Ecole Nationale d’Ingénieurs de Brest, France, Collége de France
(PAUSE), Ministry of Science and Higher Education of the Russian Federation.
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KDP CRYSTALS FOR MANUFACTURING LARGE OPTICS

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

To convert laser radiation in powerful laser devices, such as UFL-2M,
NIF, MJ, optical elements with a light aperture of ~ 40 cm are required. KDP
crystals are a non-alternative material for the manufacture of large-sized
nonlinear optical elements.

In this work, KDP crystals with a size of 45x50x7 cm® were obtained
using the method of high-speed growth of profiled monosectoral crystals. The
optical homogeneity of the obtained crystals was studied by the shadow method
on an IAB-451 instrument.

The solution for growing crystals was prepared from KDP salt (high purity)
and deionized water with a resistivity of 21 MQ-cm. To reduce the effect of
impurities on the growth process, phosphoric acid was added to the solution.
Orthophosphoric acid was used to control the ratio of the growth rates of the
(100) and (101) faces of the crystal. The quality of the solution was determined by
the size of the «dead zone» on the characteristic curves. The impurity composition
of the solution was determined by the atomic emission method. Concentration of
main impurities in used solutions Al < 0.08 ppm, Ba < 0.005 ppm, Mg = 0.011
ppm, Si = 4.3 ppm, Fe =0.054 ppm, Na= 1.5 ppm, Zn = 0.018 ppm.

"’ — S |

a 0

Fig. 1. (a) — KDP(CI)'ystal size 45x50x7 cm®; (6) — shado(w)picture of the crystal.

The crystal growth rate was in the range from 11 to 15 mm/day. The
relative supersaturation was 5-7%. As can be seen from Fig. 1, the shadow
pattern has a fairly uniform appearance, which indicates a high optical
uniformity. Visible defects in the shadow pattern are a distortion of the crystal
surface that has arisen during its grinding.
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NA3EPHbIE TEXHONOI 1 B bUOJNTIOINMHU
U MEOWULUHE
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HBOJIIOLNS METOJIA DHIOBEHO3HOI JTA3EPHOI KOATVJISINU
BAPUKO3HO PACIIIMPEHHBIX BEH

B.I1. MuHaes
Hayuno-mexnuueckoe o6veounenue « MP3-Ilomocy, Opsazuno
E-mail: vMinaev@ntoire-polus.ru

JleyeHne BapUKO3HO PACIIMPEHHBIX BEH METOJAOM 3HIAOBECHO3HOMU
na3zepHoil koaryisiuuu (OBJIK) monydmno k HacTosmeMy BpPEMEHHU MIMPOKOE
pacnpocTpaHeHue 0iarojapsi BbICOKOH 3(GeKTUBHOCTH, Majoli O0JE3HEHHOCTH
IpoLEeIypbl JUIsl TAlMEHTa, BO3MOXKHOCTH OCYIIECTBIECHUS B aMOYJATOPHBIX
YCJIOBUSIX, JOCTYIHON CTOMMOCTH OOOPYJIOBaHHUS, a TakKXkKe JOCTaTOYHOM
npoctoTe ocBoeHUs BpadyaMu. CyThb ATOM TEXHOJOTHHU 3aKJIIOYaeTCs BO
BBEJICHUM B MATOJIOTMYECKYIO BEHY CBETOBOJA C MOCIEAYIONIMM H3BJICUCHHEM
€ro U3 BEHbI NPHU I0j1aUe Yepe3 CBETOBO/I JIA3EPHOro U3nydeHus. B pesynbrare
INPOUCXOMSIIET0 TPH TMOTJOMIEHUH U3IYyYEHHs] TEIJIOBOIO BO3JEHCTBHS
3amyckaercsi mpoiecc (pudpo3Hoil TpaHchopManuM, BEAyIIEH K 3aMEIICHUI0
BEHBI COCJIMHUTEILHON TKAHBIO U MPEKPALIEHUIO KPOBOTOKA YEPE3 3Ty BEHY.

[lepBasg myOnukanust 00 UCIOIB30BAHUM 3TOM METOJUKH ObLIa OCHOBaHA
Ha HUCIIOJIb30BAHUU JUIsSl JICUEHUS BAapHKO3HO PACIIUPEHHBIX BEH U3IYUYEHHUS C
mmHOM BoaHBI 1.06 MM (maszep Ha AMI:Nd) m mossumimace B 1989 r. [1].
Opnako mmpokoe pacnpoctpanenne OBJIK Hawanocs Tosnbko vepe3 10 et
nocine nyonukanuu [2]. C 3Toro MoMeHTa Havajcs Mpolecc Moucka Haubosee
HOJIXOJAIIMX JIUIsl 3TOW MPOLEAYpPHhl JUIMH BOJH pabOYero M3JIydeHUs C LENbIO
YMEHBILIEHUSI OOJE3HEHHOCTU MPOLEAYpPbl, a TaKK€ CHI)KEHHIO BEPOSITHOCTU
PELUINBOB U HEXENAaTeNbHbIX M0O0UYHBIX 3P ¢ekToB. B HacTosmiee Bpems s
OBJIK Hcnonp3yroTcs da3epHble U3IIyYEHHs C JUIMHAMU BOJIH B JIMAIla30HE OT
0.45 no 2 MkwMm.

Kak 1 B OOJBIIMHCTBE Jla3€pHBIX MEAMIMHCKUX TEXHOJIOIMH B OCHOBE
OBJIK nexur mpouecc HarpeBa OMOTKAHM TPU TOMJIOUIEHHH €0 JIa3€pHOTro
U3TyUYEHUSI. OCHOBHBIMU xpoModopamu (KOMIIOHEHTaMU TKaHH,
norJomaronmu uznydenue) npu IBJIK sBnstoTcs Boaa u remoriaoouH. [puyem
BEJIMYMHA MOTJIOLEHUS 3TUX XPOMO(OPOB MO-Pa3HOMY 3aBUCHUT OT JIJIMHBI BOJIHBI
Ja3€pHOT0 M3IY4YEHUs] M CHIBHO MEHsAeTcs c ee u3MeHeHuem. Ha puc. 1
npecTaBiIeHbl U3 [3] 3aBUCMMOCTH OT JITMHBI BOJIHBI U3IIy4eHHs KO (PHULIMEHTOB
NOTJIOLIEHUS |y, B BOJE, 3MYJIbCHH OKCUI€HUPOBAHHBIX U HEOKCUT€HUPOBAHHBIX
APUTPOITUTOB, MOJCITUPYIOIICH KpoBb ¢ remaTokpuToM Hct = 33.2%, a taxke
pacTBOPOB OKCH H  J€30KCUTEMOIVIOOMHAa C KOHIeHTpammen 96.5 1/m,
cootBercTByomert Hct = 33,2% B nuanazone 0.25 — 2.0 mxm. M3mepenue
ONTUYECKUX XAPAKTEPUCTUK HEMOCPEACTBEHHO HA KPOBH HEBO3MOXHO H3-3a
OBICTPOrO arperupoBaHus €€ (POPMEHHBIX JIEMEHTOB, YTO CUJIBHO M3MEHSET €€
ONTUYECKUE CBOMCTBA, a MCMOJIb30BAaHUE pPACTBOpPA TE€MOIJIOOMHA MO3BOJISIET
Cpazy U3MEpUTh KOI(DPUIMEHT MOTJIOUICHUS], MOCKOJIBKY B HEM M3-3a MaJIOCTH
pa3MepoB MOJIEKYJI TeMOITIO0MHA OTCYTCTBYET pacCesHuE.

3aMeTuM, 4YTO TIpU OLIEHKE XapakTepa BO3JECHCTBUS W3JIyYeHUS Ha
OMOTKAaHM BAXHYIO pOJIb Hapsay ¢ Kod(DPUIMEHTaMH TOIJIOMICHUS |,
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OIPENENAIOIMMY PACIPEACIIEHUE MOTJIOAEMOM YHEPTUN MEXTy XpoModopamHy,
urpaet 3¢pGeKTUBHBINA KO3)PULIHEHT OCIaOICHUS U3TYyUCHUS [leff.

OddexTuBHBI K03)PUIMEHT OCNabNeHNs YYUTHIBAET KpOME IMpoliecca
NOTJIONICHUSI BEChbMa CHJIBHOE B Cllydae KpOBU paccesHUEe H3Iy4YeHHs |
OTpe/eNsieT U3MEHEHHE WHTEHCUBHOCTU TPU PACIPOCTPAHEHUU B BEIIECTBE B
COOTBETCTBHH ¢ 3aKkoHOM JlamOepTa-byrepa-bepa:

| = 1o eXp(-peft -S) 1)
r7ie S — TOJIIMHA CJI0SI BEILIECTBA, YePe3 KOTOPOE MPOXOAUT U3ITyUEHUE.

To ectb (M 3TO BaXXHO) HMMEHHO |leff ONPENESET TOJIIUHY CIIOS, B
KOTOPOM TOTJIONIAETCA Ja3epHOE U3TyUEHHUE.

1000 T — -
== Hct 33,2% oxy
- = Hct 33,2% deoxy
100 ! | | Hb 96,5 g/L oxy
< ——— Hb 96,5 g/L deoxy
= — H0
& 10 1
=
]
S
5 \
2
&
) P
=
0,1 -
0,01
0,25 0,5 0,75 1,0 1,25 1.5 1,75 2,0

JInmuHa BOJIHBI A, MKM
Puc. 1. 3aBucumocTs k03 (pUIIMEHTOB MOTTIOMIEHUS [la B BOJE, IMYIECHU IPUTPOIIUTOB,
Mojaenupyromieit kpoBb ¢ HCt = 33.2% u pacTBOpOB OKCH U JIE30KCUTEMOTIO0MHA.

Ha puc. 2 u 3 u3 [4] a1 AByX Avana3oHOB JUIMH BOJIH IPECTaBJICHbI
3aBUCUMOCTH KOX((PUIIMEHTOB TIOTJIONMIEHHUS B BOJE U KpPOBU, a TaKxKe
s pexkTrBHOTO KO3(pdulMeHTa ociabjieHuss B KPOBU OT JJIMHBI BOJIHBI
m3inyuyeHusd. CrTpenkamu TMOKa3aHbl HEKOTOpbIE ucnoibdyembie it DBJIK
JUTMHBI BOJIH M3NMydeHus. [lockoipKy morjomieHue B KpPoBU BOJM3UM | MKM
(ompenensemMoe B OCHOBHOM TMOTJIOIICHUEM B TeéMOTJIOOMHE) MPEBBIIIACT st
paccMmaTpuBaeMbIX JJIMH BOJIH TOTJIONIEHHE B Bojie Oosiee, ueM B 20 pas, Takoe
MOTJIONIEHNE HA3bIBAIOT «T€MOTTIO0OUHIIOTIONIAEMbIM)

Ha mmuax BoaH 1.3-2 MKM IIOTJIOIIEHHE B BOJIE OKa3bIBAeTCSA OJIM3KHUM K
MOTJIOIIEHUIO B KPOBH, a BOJIM3H JIOKAJIbHBIX MAaKCUMYMOB Ha JIJTMHAX BOJIH A ~
1.44 u 1.94 mxM mpeBbIaeT noryomieHue B KpoBu. [Ipu 3ToM 3¢ dekTruBHBIM
KOA(PGUIIUEHT OCIA0ICHUS Ly B KPOBHU 3a CUET paccesHUsl B HEM OKa3bIBAaeTCs
BbIIe KOX((UIIMEHTAa TOTJIONIEHUsT B Bojae. M3mydeHus ¢ JiMHaAMu BOJH,
JIeXKAIMMHU B 3TOM JIMANa30He, Ha3bIBAIOT «BOJOTOTIIONIAEMBIMI.
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JInvHaA BOJHBI 7», MKM

Puc. 2. [Tornomenune pa u 3pPeKTuBHOE OCIa0ICHUE [Lypp B IMYIBCHH IPUTPOILIUTOB (MOAEITH
KpPOBH), a TAK)KE MOTJIOIIEHUE [la B BoAe ISt A = 0.7-1.2 MKM.
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JlmuHa BOmHBI A, MKM

Puc. 3. Ilornomenue pa 1 3¢pHeKTUBHOE OCIAOIEHUE [Lspg B IMYIBCUU IPUTPOLIUTOB (MOJAETH
KpPOBH), a TaK)X€e MOTJIOIIEHHUE [la B BoAe st A = 1.25-2.0 MKM.

[Ipouiecc Bo3zaeiicTBust m3nyuenus npu DBJIK cymecTBeHHBIM 00pa3zom
3aBUCUT OT TOTO, BOJOW MJIM OKCUT€MOIJIOOMHOM OHO IMoOrjolaercs. JTa
pa3Huila Obula paccMoTpeHa B pabore [5]. Jleno B ToMm, 4TO B clydae
npeo0aanys MOrJIONIEHUS! B TeMOIJIOOMHE UMEHHO B HEM BBIAEINSIETCS TEILIO,
KOTOpoe 3aTeM nepeaaercss Boje. OgHako ecinu H3-3a OOJBIIOW MOIIHOCTH
U3JIy4eHHUs] TEIUI0 HE YCIEeBAaeT IepellaBaThCsl BOJAE, MPOUCXOIUT Pa3orpeB
remornoOuHa. Korga temmepaTtypa gocturaer BeduuuHbl okosio 250 °C, u3
BXOJISIILIETO B OPraHMYECKUE BEILECTBA, YIJIEBOJOPOAA BBITOPAET BOJIOPOJ —
npoucxonut oOyriuBaHue (kapOoHuzanus). Ilpu sTomM pe3ko Bo3pacraer
MOTJIOUICHUE, YMEHbIIAeTCs] 00JIacTh, B KOTOPOM MOTJIOLIACTCS W3JIydYeHUE U
BBIJICIISIETCSL TEIUIO, a, CJEAO0BATENIbHO, YCKOpPSIeTCS MpoLecc paszorpeBa. B
pe3ynbTaTe MOXKET MPOUCXOIUTH JIOKAIBHBIN pa30TpeB 00acTh BOJIU3U BBIXOA
U3IIy4eHHs] BIUIOTH JO Hadajga 3K30T€pPMHUYECKOro mnpouecca ropenus. Ilo
nanabiM R.A.Weiss u H. Valley B xomMeHTapuu k [6] TemmepaTypa MOXeET
Bozpactath 10 1200 °C. To ecTh MNPOUCXOASAT TMPOIECCH, MOAOOHBIC
peanu3yeMblM B IIUPOKO HCIOJIb3yEeMOW TEXHOJIOTMU PACCEUCHHs] OMOTKAHU
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KOHIIOM CBETOBOJIa Jla3epHOTO ckanbiiens. [Ipu atom ecnu pazorperast 001acThb
KOCHETCS CTEHKH BEHBI, TO MOXXET MPOM30UTH Tmepdopamnuss CTEHKH C
0o0pa30BaHUEM SKXHMO30B U TEMATOM.

OTUM HE OrPaHMYMBAIOTCS HENOCTATKU Hcnoyib3oBanus s DBJIK
TreMOTJIOOMHITOTIOMAEMOT0 U3MYUYEHHs. DTO M3Iy4YeHHE CJIad0 TMOTJIONMAeTCs
BOJIOM B MAaJIOHACHIIICHHBIX TE€MOTJIOOMHOM CTEHKAaX BEHBI M B «pPyOaIkey
pacTBOpa aHECTETHKAa, 00pa3yeMoOil NpH TYMECLEHTHOM aHECTE3UH, MOITOMY
MPOXOJAsl B MPUJIETAIOIIME K BEHE TKAHW, OHO MOYKET BBI3bIBATh UX O0XKOTU H
00JIeBOM CUH/IPOM.

[Ipy KUCnOJIb30BaHUM M3IIYyUYEHHUS BOJOMOTJIONIAEMOT0 UAa3oHa Mpouece
npouctekaer uHaude. IIpu HarpeBe mo temnepatrypsl 100 °C HaumHaercs
WCIIAPEHHUE BOJIbI, CBSA3aHHOE C 3aTpaTaMU SHEPIUU Ha MPEOJOJICHUE CKPBITOU
TEIJIOTHl  NAapoOOpa30BaHMs, COCTABIAIONIYIO 3HAYUTENbHYIO BEJIMYUHY.
brnarogapst 3ToMy JlOKaJibHasi TeMmmepaTrypa JOJIr0 yACp>KUBAETCA Ha YpPOBHE
100°C, koTOpas CylIeCTBEHHO MEHbIIIE TeEMIIEpaTypbl KapOOHU3ALIMH.

B cBowo ouepenp, U3Iy4YeHHE, JOCTUIIIEE CTEHKHM BEHbl Oyler
MOTJIONIATHCS COJEpIKallleiicss B HEe BOJIOM, oOecreunBasi €e JOMOJHUTEIBHOE
TEIJIOBOE TMOBpexaAeHHe. To ecTh OyIeT yBenIuuuBaThCs 3PPEKTHBHOCTD
WCITIOJIb30BaHUs JIa3€pHOT0 M3NydyeHus. Kpome 3Toro, 3a c4eT MOIJIOLIEHUS B
CTEHKE BEHBI M «pyOallke» aHECTETUKA YMEHBIIAETCS BEIWYMHA MOIIHOCTU
U3JIyYEHUs, AOXOISAUIEro N0 MPUJIETalollluX K BEHE TKaHEH, 4YTO BEIET K
YMEHBIIECHUIO 00JIM U BEPOSITHOCTU 03KOTOB.

Bepnemcs k ucrtopun passurus meroaa IBJIK.

Hemaiyto posib B pacipOCTpaHEHHHA METO/IA ChITPaI IMEPEXO]T OT TPOMO3IKHX
anmnaparoB Ha TBEPAOTENBHBIX JIa3epax C JIAMIIOBOW HAKAYKOM K IMOPTAaTHBHBIM,
HAJIOKHBIM M HEJIOPOTMM arnapaTaM Ha OCHOBE MOIYIPOBOIHUKOBBIX (THOHBIX)
nazepoB. B [2] ucnonb3oBasioch M3MydYeHUe ¢ JIMHOM BoyHBI A =~ (.81 mxm. B
TATBHEUITIEM HavYal MCIIONB30BaTh JAMOIHBIC Jla3ephbl ¢ IIMHOW BOJHBI A ~ 0.94-
098 mxm [7, 8]. Ilpu sTtoM oTMeuanach [8] pemaromas poJib TEIUIOBOTO
MOBPEXK/ICHUSI BEHO3HOW CTEHKHM B 3amycke (uOpo3Hoil TpaHCcopmaluu.
Pe3ynbTaThl, KOTOphIE 00ECTIEYMBAIMCH TIPU UCTIONB30BAHUM STUX JIJIMH BOJIH, MAJIO
OTIIMYAINCH OT MOJIy4aeMbIX C Jazepamu Ha 1.06 MxM.

B 2003 r. ana ocymectsienuss DBJIK Obl10 NpeaiokeHo UCIO0JIb30BATh
U3JIy4eHHe ¢ JJIMHOU BOJHBI 1.32 MKM [9], KoTOpoe 0osiee CHIIBLHO MOTJIONIASTCS
BOJIOM, TO €CThb OTHOCSIIEEeCS K BOJOMOIJIOIIAEMOMY Juara3oHy. bbuio
OTMEYEHO, YTO HCIOJIb30BAHUE TAKOTO HW3JIYYEHHS] IO3BOJISIET YMEHBIIUTH
HEOOXOMUMYIO JIJISl IOCTHKEHUSI pe3yJibTaTa MOIIHOCTh M3JIY4YEHUs, TIPU ITOM
TaK)X€ YMEHBINIAJICS YPOBEHb 0O0JICBOTO CHHAPOMA M BEPOSITHOCTH Tepdoparuii
CTEHKHM BEHbI, BEAYIIUX K HEKEJIATEIbHbIM MOCIEACTBUAM B BUJE IKXUMO30B U
rematoM. Hemoctarkom GbUIO TO, YTO B KAYECTBE UCTOYHUKA TAKOTO U3ITyUCHUS
UCIIOJIB30BasICs rpoMo3Kuii tazep Ha AT :Nd.

B 2007-2008 r. ObumM NpeaCTaBICHBI PE3YJbTAThl MCIIOIL30BAHUS IS
OBJIK wm3nydenuii ¢ jmHamua BoiaH 1.47, 1.50 m 1.55 mxm [10-13], Taxke
OTHOCAILIMXCS K BOJOIOIIIONIAEMOMY JAMana3oHy, HO MOJydaeMbIXx C Ooliee
yIOOHBIX aIllapaToB Ha OCHOBE IMOJIYMPOBOJHUKOBBIX M BOJOKOHHBIX JIa3€pOB.
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[Ipu sTOM, Hampumep, UCMOIb30BAHUE U3ITYUYEHUS C JUIMHOW BOJIHBI 1.56 MKM
MO3BOJISLIO 1O cpaBHEHHUIO ¢ .97 MKM IPUMEPHO BJIBOE€ CHU3UTH UCIIOJIb3YEMYIO
npu ocymectBiennn DBJIK MmontHocTh n3nydyenus [5].

Honoxennsle B 2011 1. pesynbraTsl ucnosb3zoBanus a1 OBJIK
JIA3epHOr0 U3IyYeHHUs C JIuHON BoiHBI 1.94 Mkwm [14] mokasanu, 4yTo 3TO, ellle
0ojee CHJIBHO TOIJIOIIAEMOE BOJOM H3Iy4YEHHUE, MO3BOJISIET OCYILECTBIATH
NpOLEAYPY C MOIIHOCTSIMU, HNPUMEPHO BJIBOE MEHBIIMMHU IO CPABHEHUIO C
uzinydenuem 1.47 mxMm [15] u MEHBIITUM YpPOBHEM OOJIH.

Takum 00pazom, MPeACTaBIsLIOCh, YTO HAJIS)KHO 0OOCHOBAHO MPEUMYIIIECTBO
BOJIOTIOTIIOIIAEMBIX U3TyUYEHH TIepe/i TeMOTTIOOMHITOTIIONIAEMbIMHU.

Ho TyT mnosBUIMCH MpakTHUECKH HE 3aMedyeHHbIe (1eO0TOrH4ecKuM
COOOIIIECTBOM HECKOJIBKO pabOT yKpPaMHCKHX KOJIIETr, B dYacTHocTH [16-17],
MOKa3aBIIKUX MPEUMYIIECTBO Tepe JiazepaMu ¢ JJIMHOUN BoJIHBI 0.94 1 1.47 MKkM
HE TPOCTO TEMOTJIOOMHIIOIIIONIAEMOT0, a YJIbTpa Te€MOTJIOOMHIIOTIONIAEMOTO
(puc. 1) n3mydeHust NOJIyIpOBOJHUKOBBIX JIA3€POB C JUIMHOW BOJHBI 0.445 MKM.
Tak, BEIMYMHBI MOIIHOCTEW M3JIYYECHHH, HWCHOJIb30BAHHBIX [JI YCHEHIHOTO
ocymectienuss IOBJIK B [16] coctaBisum 15-18 Bt npu 0.94 MM, 7-9 Bt npu
1.47 Bt u 1-2 Bt (!) mpu 0.445 mxm. Ilpu 3TOM OTMEYaslOCh, YTO YHCIIO
HEXKENATeIbHbIX SBJICHUM ObLIO OJM3KUM TPU HUCIOJB30BAHUU HU3IIYYEHUU C
nnvHamu BodH 1.47 u 0.445 MKM M 3aMETHO MEHBIIMM MO cpaBHeHHIO ¢ 0.94
MKM. B [17] 3Tu 3HaueHus cocTaBiisiii cOOTBETCTBEHHO 18-25 BT (0.94 Mkm),
10-15 Bt (1.47 mxm) u 5-7 Bt (0.445 Mxm). B 270l pabote yka3pIBaeTCs, 4TO
KOJIMYECTBO HEXKENATEIbHBIX SBJICHUW IO CPAaBHEHUIO C HCIOJIb30BaHUA
n3inyuyeHus 0.94 MKM yMEHBIIAETCS MPU UCIIOJIB30BAHUM M3IyYeHus 1.47 MKM H
CTAHOBUTCSI MUHUMAJIbHBIM MPH UCIOJIb30BaHUH U3ydeHus 0.445 MkMm.

Kpome storo mosiBuimace padota [19], mokassiBarommiasi, 4To 3aMETHOTO
YMEHBIIICHUSI peau3yromeid TpeOyeMblid pe3yiabTaT MOIIMHOCTH HW3JITyUYEHUS
MOXHO JOOWTBHCS MPU HUCIOJIb30BaHUU H3aydeHus: 0.97 MKM CO CBETOBOAOM,
TOpEll KOTOPOTO TMpPEABAPUTENIbHO YEPHWICS 3a CYET KpPAaTKOBPEMEHHOTO
KacaHus C IepeBoM. BripodeMm, mpu TakoM MOAXO/IE JIJTMHA BOJHBI U3JIyYEHUS HE
UTPAET CYIIECTBEHHOM POJIN.

DTO HECKOJIbKO PYILIUJIO CTPOMHYI0 cxeMmy (puznueckoro oOOCHOBaHUS
MPEUMYILECTBA BOJONOTIOMAEMOT0 U3ITyYECHHUS.

VYcogepuienctBoBanue texHoiorun OBJIK He orpaHnuMBaioch TOJIBKO
BBIOOPOM JIJTUHBI BOJIHBI pabouero uainydeHus. [10CkoabKy OCHOBHBIM 0OBEKTOM
BO3JIEHCTBHSI, 00ECIIEYMBaBIIIETO 3amyck GuOPO3HON TpaHchopMaIuu, SBISICTCS
CTEHKa BEHBI, OBbLIO MPEJIONKEHO HCIOIH30BATh CBETOBOJBI C PagHAIbHBIM
BbIBOJIOM u3iydyeHus [18]. IIpu saTom mpeamnosiarajioch, 4TO TaKHE€ CBETOBOIBI
o0ecrieyaT paBHOMEPHOE TETUIOBOE TTOBPEKICHUE BCEH BEHO3HOW CTEHKH.

B nanpHelinem ObLTO MPEIOKEHO HCIIOJIB30BAaTh CBETOBOIBI «tWO-ring»
C ABYMSI KOJIbIICBBIMHU BBIBOJIAMH U3TyUeHHUs (puc. 4).

Henoctatkom Takux cBEeTOBOAOB Oblia Oosiee BBICOKAash CTOMMOCTH I10
CPaBHEHHMIO CO CBETOBOJIaMH C TOPIIEBBIM BBIBOJAOM U3TyUCHHUSI.
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Takum 00pa3oM, K HACTOSIIIEMY BpPEMEHH [JIs JICUCHHS BapUKO3HOTO
pPaCIIMPEHUs] BEH MCHOJIb3YIOTCS JIA3€PHOE M3IIYUYEHHE C PA3JUYHBIMU JJIMHAMU
BOJH. 1 Ba)XHO OTMETHUTh, 4YTO

Al 2 Opd  TpPaBWIBHOM  BbIOOpe
i : AHEPreTUYECKUX napamMeTpoB

_ § (MoI1IHOCTH U3ITyYCHHUS u

al CKOpOCTH BBITSATUBaHUS

CBETOBO/IA) peanmuzyercs

s exTuBHOE perieHue

npoOJieMbl €  BEPOSATHOCTHIO,
npeBbimatoniein 90 %  npm

Puc. 4. CeeroBojsl ¢ TopuieBbiM (1), paauialibHbIM ~ MCHOJB30BAHMM  BCEX  BBIIIIC
(2) BBIBOZIOM M3JIVUEHUS U TUIIa «tWO-rina» (3). YIIOMSIHY TBIX H3Hy‘leHHﬁ,

TOPLICBOTO U PAJANAIBHOTO BBIBOJIa U3MyueHUs1. Pa3nuure HaOmo1aeTcsi B ypOBHE
COMPOBOXKAAIONICH JieueHUe OO0JM, a, 3HAYUT U HEOOXOJUMOCTH MPUMEHEHUS
AQHAJITETUKOB, BEPOSITHOCTH TOSIBJICHUS HEXEIATeIbHBIX IMOOOYHBIX SIBJICHUM
(9KXMMO30B, T€MAaTOM M MapecTe3uil), U JJIUTEILHOCTH MOCIICONEPalMOHHOTO
BbI3JIOpOBIIcHUsS. W 93TO paznuuue Jenaer 1e1ecooOpa3HbIM  MPOI0IKATh
MCCIICTOBAHUM, HATTPABJIECHHBIX HA ONTUMHU3ALIAIO TTPOLIEAYPHI.

HeoOxonumpiM  yclioBUEM 1Ji1  YCIICIIHOIO pEHIEHUs] O3TOM 3ajauu
SBJIIETCS] IOHUMaHKue Ono(pu3NUecKuX Mnpoiiecco, npoucxoasmumx mnpu IBJIK.
[ToaTOMy pa3BUTHE METONUKH CONPOBOXKIAACTCS JI0 HACTOSIIETO BPEMEHHU
UCCJIEIOBAHUSIMU HA OCHOBE (PU3UYECKOT0 M MATEMATUYECKOTO MOJICTUPOBAHUS
ATUX IPOLECCOB, OCHOBHBIM U3 KOTOPBIX SIBISETCS IPOLECC TEIUIONEPEHOCA K
BEHO3HOM cTeHke. [lpuyem, uMeHHO (U3UYECKOE MOJCIMPOBAHUE HUIPAET
OCHOBHYIO pOJib, MOCKOJBKY TOJBKO OHO MOXET AaTh KOPPEKTHBIE [IaHHBIE,
HEOOXOIMMBbIE ISl TPOBEACHUS MAaTEMATUYECKOTO MOJACIMPOBAHUS, TTOCKOIBKY
HelpaBwibHas (PU3NUEcKas MOJIEIb, 3aJI0KEHHAsE B OCHOBY MaTE€MaTHYE€CKOIO
MOJICIMPOBAHUA MOXET JaTh KPACUBBIC PE3yJIbTaThl, HE MMEIOLIAE HUYETO
00111eT0 B peayibHO MPOUCXOSIIIMMU MPOIIECCAMH.

OTH HUCCIENOBAHUS 3aTPYAHEHBI HEMPO3PAYHOCTHIO KPOBH, B PE3YJIHTATE
YEro 3TU MCCIEAO0BAHUS MOTYT MPOBOJUTHCA C MOMOIIBIO anmapatoB Y3 u no
KOHEYHBIM pe3yJbTaTaM JIa3€pHOro BO3AcHCTBUs. [lomydyaeMble Tpu 3TOM
pe3yJIbTaThl JIONYCKAlOT pa3jJu4yHble TOJIKOBAHMS, B PE3yJbTaTe€ YEro
UCCJIEIOBATENN MPUXOJAT K Pa3IuYHBIM BBIBOJAaM. Tak aBTOphl padort [6, 7]
MPUXOJAT K BBIBOJY O TOM, UTO OCHOBHBIM B IIPOLIECCE TEIUIONEPEHOCA IPHU
OBJIK sBisieTcs KUNEHUE, BBI3BIBAEMOE TOTJIONIAEMBIM JIA3€PHBIM U3ITy4E€HUEM
Y HarpeB BEHO3HOW CTEHKH IPU KOHJICHCAIIUU My3bIPbKOB Mapa. B To ke Bpems,
aBTOphl [20] HA OCHOBAHMM CBOMX HCCIEIOBAHHI OTPUIIAIOT OCHOBHYIO POJIb
sToro mpouecca. JuzaiiH wucciaegoBaHud  [21], HampaBi€HHBIX ~ Ha
MojsenupoBanue DBJIK, ocymecTBiastoT Ha CBUHOM MEYEHU, HE COOTBETCTBYET
YCJIOBUSIM BBITIOJIHEHUSI ATOW MPOIEAYphl MPU JICUEHUH M HE 0O0eCreyuBacT
MOJy4YE€HUS TOCTOBEPHBIX PE3YIbTATOB.

Hcnons3oBanue BO/JIOTOIJIOIIAEMOT0 W3JTy4YECHUS MO3BOJIUIIO
OCYWIECTBUTh MoJienupoBanue mnpoucxonamux npu IBJIK mnpoueccoB B
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peajbHOM BPEMEHHM C MCIOJIb30BaHUEM OoJjiee MH(DOPMATUBHBIX ONTUYECKUX
METOJ0B peructpauuu [22, 23]. [ns 3TOro MCHosib30BallaCh 3aMOPOKEHHAs
1a3Ma JIOHOPCKOWM KPOBH TOCIIE €€ pa3MOpakuBaHUs. Takoi BHIOOp MO3BOJISET
CMOJICIUPOBATh HArpeB KPOBH, a HAJIMYHME OEIKOB CBEPTHIBAIOMIEH CHUCTEMBI
KPOBH, TaKuUX, KaKk (UOPUHOTEH M aHTUTeMO(GUIBHBIA TIOOYIWH, MO3BOJSET
CMOJICJIUPOBATh U MPOLECCHI KOAryJisiiuud KpoBH, npoucxonasmue npu OBJIK. B
XO0JIe¢ OIKCIIEPUMEHTOB HCCIEAOBAJCS TEIUIONEPEHOC TpH (UKCHPOBAHHOM
MOJIO)KEHUH CBETOBOJIOB [22], a miga 1.94 MKM M 0Opu uX BBITATMBAHUH,
nmogo0HOM ocy1iecTBisieMmomy B niporiecce IBJIK [23].

Sc 10 ¢

]

0c 0.1c¢ 06¢c 6¢ 6.5¢

Puc. 5. /Ilunamuka TeronepeHoca U KoaryJisiiyuy IJia3Mbl KPOBH MPH HATPEBE U3JIYYEHUEM C
MOIIHOCTBIO 5 BT u anmunamu BoaH A =1.55 (a) u 1.94 (6) mxm. L{udpsl mokaspiBaroT Bpemsi ¢
MOMEHTA BKJIFOUCHUS U3ITyUCHUSI.

Ha puc. 5 mnpencraBiensl (ortorpaduu, mNOKa3bIBAIOIIUE TMPOIECCHI
MPOUCXOSAIIME B IJIa3M€ KPOBU MPU BO3JCWCTBUM HAa HEE YEPE3 CBETOBOJ
nuametpoM 600 MKM C TOPLEBBIM BBIBOJIOM HU3ITY4YEHUSI MOIIHOCTBIO 5 BT C
JumMHaM# BOJIH A = 1.55 1 1.94 Mxwm. [Ipu 3TOM ToJIIIMHA CIIOS TUIa3MBI, B KOTOPOM
MOTJIOLIAETCS U3ITydYeHne, coctaBisuia 1| mm uist 1.55 mxm, u 0.2 mm 17151 1.94 mxwm.

N3 dotorpaduit BUgHO, YTO MPU UCMOJB30BAHUU U3ITydeHHS 1.55 MKM
MEepPBOHAYATILHO TEIJIONEPEHOC OCYIIECTBIISIETCS 38 CYET KOHBEKTUBHOTO MOTOKA
HarpeTo CyCHeH3WM KOaryJMpOBAHHBIX 4YacTull mia3Mbl. [Ipu 3TOM yacTth
KOaryJMpOBaHHOM TUIa3Mbl OCEAeT OKOJIO TOplla CBETOBO/A, UTO BEJET K aKTy
B3PBIBHOTO KuneHns Ha 10 ¢ ¢ pasyieToM mapora3oBbIX ITy3bIPbKOB M HarpeTou
CyCIIEH3UM BO BCE€ CTOpPOHBI. B nanmpHeWIIeM HAIMMNIIMK HA TOPEL KOAryJssT
BeJleT K KapOOHHU3alMK Yy TOpILAa CBETOBOJIAa M Hayaly TOPEHUsI OPTraHUKHU C
oOpazoBannem CO; (15 c), o yem roBopuT oOpa3oBaHHE OOJBLINX Iy3bIPEH,
COXPaHSIONIUXCS TIOCNIe BBIKItoueHus wusnydeHus (xaap 31 c). Ha topue
CBETOBOJIa B 3TOM CJIy4yae ocTaeTcst KapOoHHU3aT.

[Ipu rcnons30BaHUM U3IIYYEHUS C JUTMHOWU BOIHBI 1.94 MM (puc. 4 (0)),
cpazy TIOCJ€ BKJIIOYEHHS M3IYyYEHUS] Yy TOplia CBETOBOAA HAYMHAETCA
WHTEHCUBHOE KUIIEHHE ¢ 00Pa30BAHUEM IMapOTa30BBIX MY3BIPHKOB U CYCIEH3UU
KOAryJMPOBaHHBIX YAaCTHI[ IUJIa3Mbl, IIOTOK KOTOPOW HEPEHOCUT TEIUIO
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PEUMYILIECTBEHHO BBepX. [Ipy ATOM MPOUCXOAUT OUMILIEHHE TOPIAa CBETOBO/IA,
KOTOPBIM OCTAE€TCSI YUCTHIM TOCJIE€ BBIKIIOUEHUS U3TydeHus (kaap 6.5 c).

Nnas kaptuHa HaOMOMACTCSs TIPH  HWCIOJIL30BAHWHA CBETOBOJOB C
pagvaibHBIM BBIBOJIOM u3iydeHus. Ha puc. 6 nmns paauiaibHOTO CBETOBOJIA
npezactaBieHsl GoTto mis MomeHTta depe3 0.4 ¢ mocie BKIIOUEHHS H3ITy4YCHHUS,
COOTBETCTBYIOIIETO CTAaJMU KOHBEKTHBHOIO TEIUIONEPEHOCA C MOIIHOCTBIO
m3nyueHust S Bt g 1.94 mxm (a) u 10 Bt ansa 1.55 Mxm. B HmkHel yactu
pUCYHKa TIoMelleHbl (QoTorpaduy BBINOJHEHHBIE MEPHEHIUKYISAPHO OCU
cBeToBoj1a (B mpoduiib), cBepxy (ortorpaduu andac.

. R [Ipn yBenMYEHUU MOIIHOCTH
u3nydeHus npu 1.94 MM HaumHaercs
pEeXKUM  KHUINEHUS C  OYHILIECHUEM
cBeToBoMa, a npu  1.55 Mkm
dopmMHupyeTcs CryCTOK KOaryJjsiTa, B
KOTOPOM MEPUONYECKHU
VHUILIMMPYETCS B3phIBHOE KuIeHue. Bo
BCEX OTHUX CIyYasX TEeIJIONEePEeHOC
OCYUIECTBIIICTCS ACUMMETPUYHO
BBepx. B ciyuae emie Oosiee BBICOKHMX
MOIIHOCTEN m3imydeHus npu 1.94 Mxm
BOKPYI  PaJHaIbHOTO  CBETOBOJA,

MTOMEIIIEHHOTO B TpyOKYy,
MOJICTIMPYIONIYI0  BEHY,  HauWHas
CBEpXY oOpazyercs CKOIUICHUE

Mapora3oBbIX MY3bIPEH, COAECPKUMOE
KOTOpPBIX HE TOIJIOMIAET H3Iy4YEHHUE,
KOTOPOE JIOXOJUT 0 CTCHKU TPYOKH U,
IpOXOJAsl  uepe3  Hee,  BbI3bIBACT
KOaryJisiliii0 TUIa3Mbl Y  BHEIIHEH
CTOPOHBI CTEHKM. B  BeHe 3TO
U3ITyYCHHE Oyner MTOTJIOMIATHCS
COZEPKAIIECHCSA B CTECHKE BEHBI BOJOM, BBI3bIBAS MPSMOE JICVCTBUE U3JIyYEHUS Ha
CTEHKY.

Hcxons u3 M3I0KEHHOT0, MOKHO yTBEpXkAaTh, Npu peanuzanuu DBJIK
HarpeB CTEHKU BEHbI MOYKET MPOUCXOAUTH 32 CYET KOHBEKIUH, MTy3bIPHKOBOTO U
B3PBIBHOTO KHUIIEHHUSA, & TAK)KE MPSIMOTO BO3AECHCTBHS M3NydyeHUs. Peanuzanus
ATUX MPOLIECCOB, a TAK)KE COOTHOLIEHUE MEXIY HUMH 3aBUCUT OT JJIMHBI BOJIHBI
U3ITyYCHHsI, CKOPOCTH BBITATUBAHMSI CBETOBOJA M CIIOCO0A BBIBOJA M3ITyUCHHUS.
MHTEeHCHBHOCTD J1a3€pHO WHIYIHMPOBAHHOTO KUIICHHSI U 00ECIIEUNBACMOTO UM
TEIUIONIEPEHOCA MOBBIIIACTCS MPU YMEHBIICHUM TOJIIUHBI CIO0S, B KOTOPOM
BBIJICTISICTCS  TEIUIO. OTH MOXKHO OOBSICHUTH BBICOKYIO A(PGEKTUBHOCTH
ucnosib3oBanua g OBJIK uznydenus ¢ pmuaout BoiHbl 0.445 mxwm [16, 17],
CWJIBHO TIOTJIOIIAEMOTO KpOBBIO, a TAaKK€ MCIOIb30BAHUSI CBETOBOJIOB C
MOTJIOHIAIOIIUM  clloeM Ha Topue [19], obecneuuBaronieM MOBEPXHOCTHOE
KUTICHHUE.

Puc. 6. /luraMuka TerionepeHoca mpu
UCIOJIb30BaHUH PaIMAIbHBIX CBETOBO/IOB.
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YMmenbiienue  OosieBbix  ompymennit  npu  OBJIK  usnyuenuem
BOJIOTIOTJIONIAEMOTO JArana3oHa OOBSICHIETCS MEHBIIINM €ro MPOHUKHOBEHHS B
MPUJICTAIOIIME K BEHE TKAHU W3-3a €ro IMOTJIOUIEHUS BOAOM B CTEHKE BEHBI U
TYMECLEHTHOM aHECTETHUKE.
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MOJIEJIMPOBAHUE TTPOLIECCA DBJIK BAPUKO3HBIX BEH
C VUCMOJIL30BAHUEM JIBY XMUKPOHHOT'O JIA3EPHOT'O
W3JIYUYEHUS JUTS1 PA3PABOTKY OIITUMAJILHOTI'O AJITOPUTMA
TTPOBEJIEHM S TTPOLIEY PBI

C.A. Apremos, A.H. benses, O.C. bymykuna, C.B. Koctun, A.A. JlsanuH,
IT.A. Ps6oukuna, A.JI. TaparsinoBa, C.A. Xpymainaa
Hayuonanvnoiii uccneoosamenvcrkuii Mopoosckuti 20cyoapcmeenblil
yuugeepcumem um. H.I1. Ocapésa, Caparnck
E-mail: alina.taratynova@mail.ru

B Hacrosmee Bpemsa 70% Bcex METONOB JIEYEHUS BAPUKO3HOIO
pacliMpeHdsT BEH MPUXOAUTCS Ha MNPOUEAYPY OHIAOBA3AIBHON JIa3epHOMN
koaryymsinua  (OBJIK). Ilpu ee mnpoBeneHMHM TPUMEHSIOTCS — JIa3€phl,
reHepupyonie usnydyenue B obOnactd 970 HM, 4YTO COOTBETCTBYET JJIMHE
rorJionieHus reMoriioonna, u 1470 HM — JUIMHA BOJIHBI TOTJIOIICHHUS BOJBI.
Onnako HapsiAy C JAaHHBIMU JJIMHAMHM BOJIH B KJIMHUYECKOW NpPaKTUKE MpHU
npoBeneHnn npouenypsl OBJIK wmcnmone3yercss OBYXMUKPOHHOE JIA3€PHOE
u3nydyenue. M3imydyeHre JaHHOTo Jauara3oHa Oojiee 3(()PEKTUBHO MOIIIONIAETCS
BOJIOM, YTO JTA€T BO3MOXHOCTbh OCYHIECTBIISITh KOAryJsIUIO C UCIIOIb30BAHUEM
MEHBIIIETO 3HAYEHUS IUIOTHOCTM HSHEPrUU  JIA3€PHOTO  UBJIYYEHUS W
CIIOCOOCTBYET pEIICHUI0 OJHOW u3 3adad (aedoJIoTUU M0 MHHUMU3AIUU
MOCJICONEPAIMOHHBIX OCI0KHEHUH 1Tpu nipoeaeHun DBJIK [1].

Onnako Bompoc 00 ONTUMAIbHOM 3HAUYEHUHM JMHEHHOM TUIOTHOCTH
SHEpPruM mnOpu npoBeneHnu npouenypsl OBJIK ¢ ucnonp3oBaHueM
JBYXMHUKPOHHOTO JIA3€pHOTO M3TYyYEHHS HE SIBISETCS PEUICHHBIM. A YUWUTHIBAS,
YTO BEHBI UMEIOT PA3IMUHbIE MOP(HOIOTHUECKUE XapaKTEPUCTUKH, HEOOXOIMMO
M3YUYCHHE 3aBUCHUMOCTH MPUMEHSEMOW MOIIHOCTH JIa3€PHOTO W3ITYyYEHUS OT
JmaMeTpa cocyaa.

KoMmmbroTepHoe MoJenupoBaHHe — OJAMH U3 CIHOCOOOB MOMCKa
ONTUMAJLHOTO 3HAYEHUSI MOIIHOCTH JIA3€PHOTO H3JIYUYCHHUs JJisI TPOBEACHUS
OBJIK BapuKO3HBIX BEH PA3JMYHOTO IWAMETPA. YUUTHIBAS PAaCHpPOCTPAHECHHE
U3JTy4YEeHHs] U TeIJla B PACCEUBAIOIIE-TIOMIONIAIONIEH Cpesie, BO3MOMXHO BBISIBUTH
pacnpeneneHue TeMIEPATypbl BHYTPH BEHO3HOIO COCYJAa M NPHIIETAIOLIUX K
HEMY TMapaBEHO3HbIX TKaHEW [2]. DTO TMO3BOJIUT ONUCATh 3aBUCUMOCTH
MOIIHOCTH JIA3€PHOTO W3JIYYEHUS OT JuaMeTpa cocyda, KOTOpas CTaHET
OCHOBO ONITHUMAaJIBHOTO aIropyuT™Ma nposeneHus npoueaypsl IBJIK.

MopenupoBanue mporecca IOBJIK ocymecTBisgocs B MpOrpaMMHOM
nakete COMSOL  Multiphysics 5.5 ¢  HCHOIB30BaHHEM  MOJYJIS
«Tennonepenaya» W MPOBOAUIOCH JUISl CIEAYIOIIMX 3HAYEHUH MOIIHOCTH
uzinyuenus: 3, 4 u 6 Bt. [lonmydueHHbIe B IIpoliecce MOACIUPOBAHUS PE3YJIbTATHI
KOPPEIUPYIOT C JAHHBIMU KCIIEPUMEHTOB 1n-vivo nmo DBJIK, BBINOIHEHHBIX C
WCIMOJIb30BAaHMEM JIA3€PHOTO HW3JIy4YeHUd C IMHOM BoJHBL 1910 HM m
aHAJIOTUYHBIMU 3HAYEHUSIMHU MOIITHOCTH.

1. S.A. Artemov et al., Lasers Med Sci. 35, 867 (2020).
2. P.W.M. Van Ruijven et al., Lasers Med. Sci. 29, 431 (2014).
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YCUJIEHUE TEIIOBOI'O BO3JIEMCTBUS JIASEPHOT'O U3JIYUEHU A
PA3JIMYHBIX JJIMH BOJIH HA BUOJIOTMYECKUE TKAHU
C UCITOJIB3OBAHUEM JUSJIEKTPUYECKNX HAHOYACTULI,
JIETUPOBAHHbLIX PEJAKO3EMEJIbHbIM1 NOHAMU

B.IL. Arees, A.H. bensies, O.C. bymykuna, C.B. Koctun, O.A. Kynukos,
IT.A. Ps6oukuna, C.A. Xpymanuna, B.W. nankuna, U.A. FOpnos
Hayuonanvnoiii uccneoosamenvcrkuii Mopoosckuti 20cyoapcmeenblil
yuugeepcumem um. H.I1. Ocapésa, Caparnck
E-mail: anabel-2005@yandex.ru

B nuaniekTpudecknX HaHOYACTUIAX, JIETMPOBAHHBIX PEIKO3EMEIbHBIMU
(P3) monamm, mpu uX BO30YKIEHWM WHTECHCUBHBIM JIa3€pHBIM HM3TyYE€HHUEM
MOXET BO3HUKATh IITMPOKOMOJIOCHOE «Oemoe» wu3nydeHue [1-4]. Muenus
UCcCIeIoBaTeNeld 0 MPUPOJIE U MEXaHU3MaX 3TOrO SBIEHUS pa3iaudyHbl. Hamwu
ObLIM MPOBEAEHBI COOCTBEHHBIE HMCCIEIOBAHUS HAHOPA3MEPHBIX OKCHIHBIX U
(TOPUIHBIX COEIUHEHUM, BBICOKOJErUpoBaHHEIX P3-momamm (Yb%, Erd),
KOTOPbIE MOATBEPKIAIOT TEIJIOBYIO MPUPOIY HaOIogaeMoro uiinydenus [1, 2].
Takke HaMU ObLI MPEIOKEH MEXAHU3M, OTBETCTBEHHBIN 3a HarpeB 4acTHIL JO
BBICOKHX TEMIEpaTyp NpH UX BO30Y>KIEHUHU B MOJOCHI Moriomenus P3 noHos
[2]. MBI npeanoyioKuwin, YT0 ONUCaHHbIA 3(PEKT MOKET HAUTU MPAKTUUECKOE
NpUMEHEHHE, HAIPUMED, B JIEPMATOJIOTHH IS YIAJICHHs] HOBOOOpa3oBaHwii [2].
Bbbu10 poIeMOHCTPUPOBAHO, YTO MPEABAPUTEIBLHOE MOKPBITUE OMOJIOTUYECKOM
TKaHU HaHOYaCTULAMH, CHOCOOHBIMU K HHTEHCUBHOMY HarpeBy MOJ JIEHCTBUEM
Ja3€pHOTO U3IY4YEHHsI, MOKET ObITh UCIOJIB30BAHO I MOBBIIICHHS TEIUIOBOTO
s ¢ekTa mpu 6ECKOHTAKTHOM BO3JEHCTBUM JIa3€pHOTO U3JTydeHus [5].

[enbto HacTosIIeH pabOTHI ABJIAIOCH CPAaBHEHHUE TEIIIOBOTO 3 (eKTa Mpu
UCITOJIb30BAaHUU Pa3IWYHbIX UIMH BOJIH P3 MOHOB M J1a36epHOTO W3JIy4eHHUS B
JKCIIepUMeHTax IN-vivo. Hamu mpoBeneHa cpaBHHUTEIbHAs OIICHKA CTEIICHU
MOBPEXJIEHUA M KOHTPOJb MOCICONEPALUOHHON JTUHAMUKH 3a)KUBJICHUS
OMOJIOTMYECKUX TKaHEW Tocjie OECKOHTAKTHOTO BO3ACHCTBUS J1a3€pHBIM
U3JIyYEHHEM C TPEIBAPUTEIbHBIM MOKPHITUEM W 0€3 HEro HAaHOYACTHUIIAMH.
JlaHbl peKOMEHJauuMh O BO3MOXXHOCTH MPAKTHUYECKOTO0  HCIOJIb30BAHUS
HAHOYACTHIL, JerupoBaHHbIX P3 nonamu, B OuoMeauuuHe.

PaboTa BbImosHEHa mnpu (uUHAHCOBOW mozajaepx ke rpanta [IpesugeHta
Poccuiickoit @enepannu (MK-5500.2021.1.2).

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

2. P.A. Ryabochkina et al., RSC Adv. 10, 26288 (2020).

3. W. Strek et al., Opt. Expr. 19, 14083 (2011).

4. S.M. Redmond et al., J. Appl. Phys. 95, 4069 (2004).

5. P.A. Ryabochkina et al., Quantum Electron. 51, 1038 (2021).
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NCCJIEAOBAHUE BJIMAHMSA TOJIIWHBI OBOJIOYKHA
HA DODOEKTHUBHOCTD ITEPEJTAYN DHEPI' N
MEXIY HAHOYACTULIAMU NaGdF,:Yb**-Er¥**@NaYF,
N ®OTOCEHCUBUIIM3ATOPOM

J.B. Nomunosa'?, B.IO. [Ipoiinakosal, U.Jl. Pomanumkun®, A B. Pa6osal?
YUnemumym obweri pusuxu um. A.M. Ipoxoposea PAH, Mockesa
2Hayuonanvuwvlii uccredosamenvekutl soephviii ynueepcumem MUDU, Mockea
E-mail: pominovadv@gmail.com

HanowacTuiipl, JIeTUpOBaHHBIE TPEXBAJCHTHBIMH PEAKO3EMETbHBIMU
MOHAMH, TPEJICTABISIOT HOBBIA KJacC (PYHKIMOHAIBHBIX JIOMHUHECIIEHTHBIX
MaTepUAJIOB JUII MEIUIMHCKOW BH3yanu3aluu IN VIVO, (OTOoINHAMHYECKON
TEepanmuu M aJpecHOM IOCTaBKU JeKapcTB. B mocnemHue roasl HabromaeTcs
3HAUUTEIbHBIM HHTEpEC, Kak K pa3paboTke, Tak U K HCCIEIOBAHUIO
BO3MOXXHOCTEH MPAKTUUECKOTO MPUMEHEHUs STUX MAaTE€pUalioB, B YAaCTHOCTU
JJ1s1 OMOMETUIIMHCKUX TTPUIIOKEHUM.

JlanHast paboTa TOCBSIIEHA CHUHTE3Y M HCCIEAOBAHUIO HAHOYACTHIL
NaGdF4: Yb**-Er**, mokpeiTeix urepTHOM 060omoukoii NaYF,, k KoTopoil 3aTeM
NPUILIUBAINCH MOJIEKYJBI (poTOoceHcnOmnu3aropa. Mcenenosanack 3aBUCUMOCTh
3 ()EKTUBHOCTH T€HEPALMH CUHIJIETHOTO KHCIOPOJa (hOTOCEHCUOMIN3ATOPOM
Ipy UHQPPAKpAaCHOM BO30YKJIEHUU B MOJOCY HorjioueHus urrepous (A = 980
HM) B 3aBUCUMOCTH OT TOJIIIMHBI MHEPTHOU 00O0JIOUKH.

[IpoieMOHCTPUPOBAHO, YTO CHUHTE3WPOBAHHBIE HAHOYACTHUIIHI OOJAJArOT
VHTEHCUBHOM all-KOHBEPCUOHHOM JIIOMUHECLIEHIUEN B 3€JE€HOM U KPaCHOU
YacTAX CHEKTpa NPU M3IydyaTeldbHbIX Mepexoaax HoHoB Erd*: 2Hyyp, 4Sapp — 4lisp
(525, 545 BM) u *Fop— *lisp (660 mm). Ilomoca an-KOHBEPCHOHHOM
JIOMUHECLEHIIMU B KPACHOM YaCTH CHEKTPA XOPOILIO MEPEKPHIBACTCS € MOJIOCOM
norJionieHus (GoToceHCHOMIN3aropa (prajionuaHHa aJlOMUHUA, 3a CYET Yero
BO3MOYKHA  OINOCPEOBAaHHAs TIEHEpalusi CHUHIJIETHOTO KHUCIopoAa IpH
uH(ppakpacHOM B030yxJeHuU. [IoKpbhITHE HAHOYACTHUI] MHEPTHOU 0O0O0JOUKOM
CIIOCOOCTBYET YBEJIUYECHUIO WHTEHCUBHOCTHU an-KOHBEPCHOHHOM
JtOMUHECHeHIMU. OJHAKO NpHU YBEIMYEHUH TOJIUHBI 00OJOUYKH MPOUCXOAUT
TaKK€ YBEJIMUYCHHE PACCTOSHUS MEXAY PEAKO3EMEIbHBIMU HOHAMU W
MoJIeKyJIaMd (POTOCEHCUOMIN3aTOpa, 32 cUeT 4ero 3PGEeKTUBHOCTh T€HEPALIMH
CUHTJIETHOTO KHUCIIOPOJa MOXKET CHUKATHCSI.

B pesynbrare nmpoBeAeHHBIX B paboTe€ HCCIENOBAaHUN  yAallOCh
YCTAaHOBUThH ONTHUMAJILHYIO TOJIIWHY OOOJIOYKU JUIsSl TOJTY4YEHUsS HAHOYACTHII
NaGdF;: Yb3*-Er**@NaYF, C IPUIIATHIMH MOJIEKYJIAMU
dboToceHcHOMIN3aTOopa, OOJAJAIOMMX  WHTEHCHBHON  al-KOHBEPCHOHHOM
JIOMHUHECIICHITNEH 1 d(PPEKTUBHO TEHEPUPYIONINX CHUHTJICTHBIN KHCIOPOJ MPU
nH(ppaKkpacHOM BO30Y>KJI€HUHU B MOJIOCY MOTJIOIIEHUS UTTEPOUSL.

Pabora npu nognepxkke rpanta I[lpesuaenta P s rocynapcTBEHHOM

MOAJCP)KKH  MOJIOABIX POCCUMCKHUX YYeHbIX - KaHauaaroB Hayk (MK-
098.2022.1.2).
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EVOLUTION OF THE METHOD ENDOVENOUS LASER COAGULATION
FOR VARICOSE VEINS TREATMENT

V.P. Minaev
«IRE-Polusy Ltd, Fryazino, Russia
E-mail: vMinaev@ntoire-polus.ru

Varicose veins treatment by endovenous laser coagulation (EVLC) has
become widespread due to the high efficiency, low pain of the procedure for the
patient, the possibility of performing in an outpatient clinics, the low cost of
equipment, as well as sufficient ease of mastering by doctors. The essence of
this technology lies in the introduction of a fiber into the pathological vein,
followed by its extraction from the vein when laser radiation is supplied through
the fiber. As a result of the thermal effects which occur during the absorption of
radiation, the process of fibrous transformation is started, leading to the
replacement of the vein with fibrous tissue and stop of blood flow through
pathological vein.

The first publication on the use of this technique was based on the use for
the varicose veins treatment with a wavelength 1.06 um radiation (Nd:YAG
laser) and appeared in 1989 [1]. However, the widespread use of EVLC did not
begin until 10 years after publication [2]. From this point, the process of finding
the most suitable working radiation wavelengths for this procedure began in
order to reduce the soreness of the procedure, as well as reduce the likelihood of
relapses and undesirable side effects. Currently, laser radiation with wavelengths
in the range from 0.45 to 2 um is used for EVLC.

As in most laser medical technologies, EVLC is based on the process of
heating the bio tissue when it absorbs laser radiation. The main chromophores
(radiation-absorbing tissue components) in EVLC are water and hemoglobin.
Moreover, the absorption value of these chromophores depends differently on
the wavelength of the laser radiation and varies greatly with its change. Fig. 1
shows the dependence on p, of RBCs in saline solution with a Hct 33.2 %
dependent on wavelength with an oxygen saturation of 100 % and 0 %
compared with a hemoglobin solution with a corresponding hemoglobin
concentration of 96.5 g/dL and water in the range of 0.25-2.0 um. Measurement
of optical characteristics directly on blood is impossible due to the rapid
aggregation of its form elements, which greatly changes its optical properties,
and the use of hemoglobin solution allows you to immediately measure the
absorption coefficient, since there is no scattering in it due to the small size of
hemoglobin molecules.

It should be noted that in assessing the nature of the radiation action on
bio tissue, an effective coefficient of attenuation per Of radiation plays an
important role along with absorption coefficients p, that determine the
distribution of absorbed energy between chromophores.

The effective attenuation factor pes takes into account, in addition to the
absorption process, a very strong scattering of radiation in the case of blood and
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determines the change in intensity during propagation in the substance in
accordance with the Lambert-Buger-Beer law:

1=1o exp(-peft ) 1)
where s is the thickness of the layer of the tissue through which the radiation
passes.

That is (and this is important) precisely et determines the thickness of the
layer in which the laser radiation is absorbed.
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Fig. 1. uaof RBCs in saline solution with a Hct 33.2% dependent on wavelength with an
oxygen saturation of 100% and 0% compared with a hemoglobin solution with a
corresponding hemoglobin concentration of 96.5 g/dL and water.
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Fig. 2. paand pesr of RBCs in saline solution dependent on wavelength compared with pa of water.

Figures 2 and 3 of [4] for the two wavelength ranges show the dependence
of absorption coefficients in water and blood, as well as the effective attenuation
coefficient in blood on the wavelength of radiation. Arrows show some of the
radiation wavelengths used for EULC. Since the absorption in blood near 1 pm
(determined mainly by the absorption in hemoglobin) exceeds the absorption in
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water by more than 20 times for the considered wavelengths, such absorption is
called «hemoglobin-absorbed».
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Fig. 3. na and perr of RBCs in saline solution dependent on wavelength compared with pa of
water for A = 1.25-2.0 um.

In the wavelengths range of 1.3-2 um, absorption in water is close to
absorption in blood, and near local maxima at wavelengths of A = 1.44 and 1.94
um exceeds absorption in blood. At the same time, the effective coefficient of
attenuation et in the blood due to scattering in it turns out to be higher than the
absorption coefficient in water. Radiations with wavelengths lying in this range
are called «water-absorbed».

The process of the radiation action in EVLC significantly depends on
whether it is absorbed mainly by water or oxyhemoglobin. This difference was
considered in work [5]. The fact is that in the event of a predominance of
absorption in hemoglobin, heat is released in it, which is then transferred to
water. However, if, due to the high radiation power, heat does not have time to
be transferred to water, hemoglobin is heated. When the temperature reaches
about 250 °C from the organic matter, burns out hydrogen - charring
(carbonization) occurs. So, absorption increases sharply, the area in which
radiation is absorbed and heat is released is reduced, and, therefore, the heating
process is accelerated. As a result, local heating of the region near the radiation
output can occur up to the beginning of the exothermic combustion process.

According to R.A. Weiss and H. Valley in the commentary to [6], the
temperature can raise up to 1200 °C. That is, processes similar to those
implemented in the widely used technology for dissecting bio tissue by the end of a
fiber of a laser scalpel occur. In this case, if the heated area touches the vein wall,
then wall perforation may occur with the formation of ecchymoses and hematomas.

This is not limited to the disadvantages of using hemoglobin-absorbbed
radiation for EVLC. This radiation is poorly absorbed by water in the low-
hemoglobin vein walls and in the «jacket» of the anesthetic solution formed
during tumescent anesthesia, therefore, passing into the tissues adjacent to the
vein, it can cause their burns and pain.

When the radiation of the water-absorbed range is used, the process
proceeds differently. When tissue heated till a temperature of 100 °C,
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evaporation of water begins, associated with the energy consumption to
overcome the latent heat of vaporization, which is a significant amount. Due to
this, the local temperature is kept for a long time at the level of 100 °C, which is
significantly less than the carbonization temperature.

In turn, the radiation that reaches the vein wall will be absorbed by the
water contained in it, providing its additional thermal damage. That is, the
efficiency of using laser radiation will increase. In addition, due to the
absorption of water in the vein wall and «jacket» of anesthetic, the amount of
radiation power reaching the tissues adjacent to the vein decreases, this leads to
a decrease in pain and the likelihood of burns.

Let's return to the history of the EVLC method development.

A significant role in the spread of the method was played by the transition
from bulky devices on solid-state lasers with lamp pumping to portable, reliable
and inexpensive devices based on semiconductor (diode) lasers. [2] used
radiation with a wavelength of A = 0.81 um. Subsequently, diode lasers with a
wavelength of A = 0.94 - 0.98 um [7, 8] began to be used. At the same time, [§]
the decisive role of vein wall thermal damage to the venous in triggering fibrous
transformation was noted. The results obtained using these wavelengths differed
little from those obtained with 1.06 um lasers.

In 2003 it was proposed to use to perform EVLC radiation with a
wavelength of 1.32 um [9], which is more strongly absorbed by water that is,
belonging to the water-absorbed range. It was noted that the use of such radiation
reduces the radiation power required to achieve the result, while also reducing the
level of pain and the likelihood of the vein wall perforations, leading to undesirable
consequences in the form of ecchymoses and hematomas. The disadvantage was
that a bulky laser on Nd:YAG was used as a source of such radiation.

The results of using for EVLC radiation with wavelengths 1.47, 1.50 and
1.55 um, also related to the water-absorbed range, but obtained from more
convenient devices based on diode and fiber lasers, were presented in 2007-2008
[10-13]. At the same time, for example, the use of radiation with a wavelength
of 1.56 um made it possible, compared with 0.97 um, to approximately halve the
radiation power used for EVLC [5].

Reported in 2011 results of using laser radiation with a wavelength of
1.94 um [14] for EVLA showed that this radiation, which is even more strongly
absorbed by water, makes it possible to carry out the procedure with powers
approximately half that of 1.47 um [15] and a lower level of pain.

Thus, it seemed that the advantage of water-absorbed radiation over
hemoglobin-absorbed radiation was reliably justified.

But here appeared practically not noticed by the phlebological community
several works of Ukrainian colleagues, for example [16-17], which showed an
advantage over lasers with a wavelength of 0.94 and 1.47 um, not just
hemoglobin-absorbed, but an ultra-hemoglobin-absorbed (see Fig. 1) radiation
of diode lasers with a wavelength of 0.445 um. Thus, the values of radiation
powers used for the successful implementation of EVLV in [16] were 15-18 W
at 0.94 um, 7-9 W at 1.47 W and 1-2 W (!) at 0.445 um. At the same time, it
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was noted that the number of adverse events was similar when using radiation
with wavelengths of 1.47 and 0.445 pm and noticeably lower compared to 0.94
um. In [17], these values were 18-25 W (0.94 um), 10-15 W (1.47 um) and 5-7
W (0.445 pum), respectively. This paper indicates that the number of adverse
events compared to the use of 0.94 um radiation is reduced by the use of 1.47
um radiation and becomes minimal by the use of 0.445 pm radiation.

In addition, work [19] appeared, showing that a noticeable decrease in the
radiation power implementing the desired result of EVLC can be achieved by
using radiation of 0.97 microns with a fiber, the end of which was previously
inked due to a short-term touch with a tree. However, with this approach, the
wavelength of radiation does not play a significant role.

This somewhat destroyed the harmonious scheme of physical justification
of the advantage of water-absorbed radiation.

The improvement of EVLC technology was not limited only to the
selection of the wavelength of the working radiation. Since the main object of
the effect that ensured the initiation of fibrous transformation is the vein wall, it
was proposed to use fibers with radial radiation output [18]. At the same time, it
was assumed that such fibers would provide uniform thermal damage to the
entire vein wall.

Subsequently, it was proposed to use two-ring light guides with two
circular radiation terminals (Fig. 4).

The disadvantage of such
fibers was the higher cost compared
to fibers with bare tip.

Thus, to date, laser radiation
with different wavelengths has
been used to treat varicose veins
with EVLC. And it is important to
note that with the correct selection
of energy parameters (radiation

Fig. 4. Fibers with radiation output from the power and fiber draw velocity), an
bare tip (1), radial (2) and «two-ring» (3) fibers.  offactive solution of the problem
with a probability exceeding 90 % is realized when using all the above-
mentioned radiation, end and radial radiation output. The difference is observed
in the level of pain accompanying treatment, and therefore the need for
analgesics, the likelihood of adverse side effects (ecchymoses, hematomas and
paresthesias), and the duration of postoperative recovery. And this difference
makes it appropriate to continue research aimed at optimizing the procedure.

A prerequisite for a successful solution to this problem is an
understanding of the biophysical processes occurring in EVLC. Therefore, the
development of the technique is accompanied to date by studies based on
physical and mathematical modeling of these processes, the main of which is the
process of heat transfer to the venous wall. Moreover, it is physical modeling
that plays the main role, since only it can give the correct data necessary for
conducting mathematical modeling, since the incorrect physical model laid
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down in the basis of mathematical modeling can give beautiful results that have
nothing to do with real processes.

These studies are hindered by blood opacity, as a result of which these
studies can be carried out using ultrasound machines and based on the final
results of laser exposure. The results obtained at the same time allow for
different interpretations, as a result of which researchers come to different
conclusions. Thus, the authors of [6, 7] come to the conclusion that the main
thing in the process of heat transfer at EVLC is boiling caused by absorbed laser
radiation and heating of the vein wall during condensation of steam bubbles. At
the same time, the authors [20], based on their studies, deny the main role of this
process. The design of studies [21] aimed at modeling EVLC is carried out on
pig liver, does not comply with the conditions for performing this procedure
during treatment and does not provide reliable results.

The use of water-absorbed radiation made it possible to simulate the
processes taking place during EVLC in real time using more informative optical
recording methods [22, 23]. For this, frozen plasma of donor blood was used
after thawing it. This choice allows you to simulate blood heating, and the
presence of coagulation proteins such as fibrinogen and antihemophilic globulin
allows you to simulate the processes of blood coagulation occurring during
EVLC. In the course of experiments, heat transfer was studied at a fixed position
of fibers [22], and for 1.94 um during their stretching, similar to that carried out
in the process of EVLC [23].

b

Os 0.1s 0.6s 68 65g

Fig. 5. Dynamics of heat transfer and coagulation of blood plasma when heated with radiation
5W and wavelengths A =1.55 (a) and 1.94 (b) um, 5 W. The numbers show the time from the
moment when radiation was switched on.

Fig. 5 shows photographs showing the processes taking place in the blood
plasma when exposed to it through a fiber with a diameter of 600 um with a bare
tip output of radiation with a power of 5 W at wavelengths of A = 1.55 and 1.94
um. The thickness of the plasma layer in which the radiation is absorbed was
near | mm for 1.55 pm and near 0.2 mm for 1.94 pm.

118



It may be seen from the photographs that when 1.55 pum radiations is used,
initially the heat transfer is carried out due to the convective flow of the heated
suspension of coagulated plasma particles. At the same time, part of coagulated
plasma settles near the end of the fiber, which leads to the act of explosive
boiling for 10 s with the spread of vapor-gas bubbles and heated suspension in
all directions. Subsequently, the coagulate adhered to the end leads to
carbonization at the end of the fiber and the beginning of burning of the organic
matter with the formation of CO, (15 s), as indicated by the formation of large
bubbles that persist after the radiation is turned off (frame 31 s). In this case,
carbonizate remains at the end of the fiber.

If radiation with a wavelength of 1.94 um (Fig. 4 (b)) was used, immediately
after the radiation is turned on, intense boiling begins at the end of the fiber with
the formation of vapor-gas bubbles and a suspension of coagulated plasma
particles, the flow of which carries heat mainly upward. In this case, the end face of
the flber is cleaned, and remains clean after the radiation is turned off (frame 6.5 s).

‘ Another picture is observed when
using fibers with radial radiation output.
Figure 6 for the radial light guide shows a
photo for the moment in 0.4 s after the
radiation is turned on, corresponding to
the convective heat transfer stage with a
radiation power of 5 W for 1.94 um (a)
and 10 W for 1.55 pum. In the lower part
of the figure there are photos taken
perpendicular to the axis of the light
guide (in profile), on top of the photo full
face.

With an increase in radiation
power at 1.94 um, a boiling mode begins
with the purification of the fiber, and at
1.55 um a coagulate clot is formed, in
which explosive boiling is periodically
initiated. In all these cases, heat transfer
is carried out asymmetrically upward. In

Fig. 6. Dynamics of heat transfer if fibers  the case of even higher radiation powers

with radial radiation outnut was used. at 1.94 um around the radial fiber placed

in the vein-modeling tube, a cluster of vapor-gas bubbles is formed from above,

the contents of which do not absorb radiation that reaches the wall of the tube

(Moses effect) and, passing through it, causes coagulation of plasma at the outside

of the wall. In the vein, this radiation will be absorbed by the water contained in
the vein wall, causing direct radiation action on the wall.

Based on the above, it can be argued that in the implementation of EVLC,
heating of the vein wall can occur due to convection, bubble and explosive
boiling, as well as direct exposure to radiation. The implementation of these
processes, as well as the relationship between them, depends on the wavelength of
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the radiation, the speed of drawing the fiber and the method of outputting
radiation. The intensity of laser induced boiling and the heat transfer it provides
increases as the thickness of the layer in which the heat is generated decreases.
These can be explained by the high efficiency of using for EVLC radiation with a
wavelength of 0.445 um [16, 17], strongly absorbed by blood, as well as the use
of fibers with an absorbing layer at the end [19], which provides surface boiling.

The decrease in pain in EVLC by the radiation of the water-absorbed
range is explained by its less penetration into the tissues adjacent to the vein due
to its absorption by water in the vein wall and tumescent anesthetic.
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AMPLIFICATION OF THE THERMAL EFFECT OF LASER RADIATION
OF VARIOUS WAVELENGTHS ON BIOLOGICAL TISSUES USING
DIELECTRIC NANOPARTICLES DOPED WITH RARE-EARTH IONS

V.P. Ageev, A.N. Belyaev, O.S. Bushukina, S.A. Khrushchalina, O.A. Kulikov,
P.A. Ryabochkina, V.I. Shlyapkina, I.A. Yurlov
National Research Ogarev Mordovia State University, Saransk, Russia
E-mail: anabel-2005@yandex.ru

Dielectric nanoparticles doped with rare-earth (RE) ions, when they are
excited by intense laser radiation, can show broadband «white» emission [1-4].
The researcher's opinions about the nature and mechanisms of this phenomenon
are different. Our own studies of nanosized oxide and fluoride particles highly
doped with RE ions (Yb?®*, Er®") confirmed that the observed emission is thermal
[1-4]. We also proposed a mechanism responsible for intensive heating particles
when they are excited into the absorption bands of RE ions [2]. In our opinion,
described effect can find practical application, for instance, in dermatology for
the removal of neoplasms [2]. We have shown that the preliminary coating of
biological tissue with nanoparticles capable of intense heating under the action
of laser radiation can be used to increase the thermal effect during non-contact
exposure to laser radiation [5].

In this work we compare the thermal effect when using different RE ions
and laser radiation wavelengths in in-vivo experiments. We compared the
damage degree of biological tissues and controlled of the postoperative
dynamics of its healing after non-contact exposure to laser radiation with and
without pre-coating with nanoparticles. Recommendations are given on the
possibility of practical use of nanoparticles doped with RE ions in biomedicine.

This work is financially supported by a grant from the President of the
Russian Federation (MK-5500.2021.1.2).
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STUDY OF THE SHELL THICKNESS INFLUENCE ON THE EFFICIENCY
OF THE ENERGY TRANSFER BETWEEN NaGdF,:Yb*-Er¥*@NaYF,
NANOPARTICLES AND PHOTOENSITIZER

D.V. Pominoval?, V.Yu. Proydakova?, I.D. Romanishkin!, A.V. Ryabova?
'Prokhorov General Physics Institute of RAS, Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia
E-mail: pominovadv@gmail.com

Nanoparticles doped with trivalent rare earth ions represent a new class of
functional luminescent materials for in vivo medical imaging, photodynamic
therapy, and targeted drug delivery. In recent years, there has been considerable
interest both in the development and in the study of the practical application of
these materials, in particular for biomedical applications.

This work is devoted to the synthesis and study of NaGdF4:Yb3*-Erd*
nanoparticles coated with an inert NaYF, shell, to which were attached
photosensitizer molecules. The dependence of the singlet oxygen generation
efficiency by a photosensitizer under infrared excitation into the ytterbium
absorption band (A = 980 nm) as a function of the thickness of the inert shell was
studied.

It has been demonstrated that the synthesized nanoparticles exhibit intense
upconversion luminescence in the green and red parts of the spectrum during
radiative transitions of Er®* ions 2Hiyp, *Ssp— *lisp (525, 545 nm) and
*Fg, — 411512 (660 nm). The upconversion luminescence band in the red part of
the spectrum overlaps well with the aluminum phthalocyanine photosensitizer
absorption band, due to which the indirect generation of singlet oxygen upon
infrared excitation is possible. The coating of nanoparticles with an inert shell
promotes an increase in the intensity of the upconversion luminescence.
However, as the shell thickness increases, the distance between rare earth ions
and photosensitizer molecules also increases, due to which the efficiency of
singlet oxygen generation can decrease.

As a result of the studies carried out in this work, it was possible to
establish the optimal shell thickness for obtaining NaGdF4:Yb3*-Er**@NaYF,
nanoparticles with attached photosensitizer molecules, which have intense
upconversion luminescence and efficiently generate singlet oxygen upon
infrared excitation into the absorption band of ytterbium.

The work was funded by the grant of the President of the Russian
Federation for state support of young Russian scientists - candidates of sciences
(MK-3098.2022.1.2).
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HOBbIE ®YHKLUUNOHAJIbHbIE MATEPUAIJIDbI
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CIIEKTPAJIBHO-JIIOMHWHECHEHTHBIE CBOMCTBA CTEKOJI
B203—A|203—(Y1_bex)203 + Cr,03 + M>0O
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3

Wonst Cr¥*  Gmaromapd IUMPOKMM  MOJIOCAaM  MHOIJIOIICHHS B
yIbTpauOIETOBOM M BHAUMOW O00JACTSIX CHEKTpa W JIIOMUHECUEHIMU B
KpacHOU 1 OkHer mHppakpacHON MPeacTaBlIIIOT HECOMHEHHBIN UHTEpeC IS
UCIIOJIb30BAHUS B JIIOMUHECIEHTHBIX KOHIIEHTPATOPAaX COJIHEUHOTO W3JIy4YCHHUS.
OpnHako n3-3a OTHOCUTENIbHO HEBBICOKOTO KBAHTOBOT'O BBIXO/1a JIIOMUHECLICHIIUN
(77), KOTOpBI TpU KOMHATHOW TemmepaType He mnpesbimaer 25 % [1], Cr-
colepkame ~ CTEKIa A TPAaKTHYECKOrO  WCIHOJB30BaHUS  OOBIUHO
COAKTUBUPYIOT  3(PGHEKTUBHO  JIOMUHECHMPYIOIUMU  PEIKO3EMEIbHBIMU
MOHAMM, B 4acTHOCTH, noHamu Yb®' [2]. Panee ObLIO IOKa3aHO, YTO Cpenu
OKCUIHBIX MATPHUIl UTTPUH-ATIOMOOOpATHBIE CTEKIA C COCTAaBOM BOJIU3H
crexroMeTpuu Xxantuta (CaMgs(COs3)s) xapakTepu3yroTCs PEeKOPAHO OOJIBIION
BEJIMYMHOM MHUHHUMAJIBHOTO PACCTOSIHHUSI MEXIy HOHAMH PEAKO3eMENbHbIX
aktuBatopoB (= 0.67 HM) [3]. DOTO CHOCOOCTBYET CHIKEHHIO B HUX
3G ()EKTUBHOCTH  KOHIICHTPAIIMOHHOTO  TYIICHHWS  JIOMHHECICHIMH. B
pesyneTate, 1 wnoHoB Yb¥ B Takmx créknmax, He IOJABEPrHYTHIX
NPUHYIUTEILHON ACTHAPATAlliy, cocTaBisieT ~ 80 % npu koHieHTparmu Y b,03
paBHoil 0.5 monb % u cHmkaercss He Oonee yeM Ha 20 % mnpu yBEIMYEHHUH
nocieadedt 1o 2 monb % [4]. B Belmeniei HegaBHO myOnukamuu [S] ObLIO
MOKa3aHO, YTO B TOJOOHBIX CTEKJIAX, JIOMOJHUTEIHHO JIETMPOBAHHBIX
KPEMHHEM, XPOM pealiu3yeTcs MpeuMyInecTBeHHO B crernienn okucienus: Cr(l11)
¢ 3ametHoi mpumeckio Cr(IV) u Cr(V), kotopas urpaeT pojib BHYTPCHHErO
¢mwibtpa u tymmrenas romuHectieHimu - Cr(lll), a KBaHTOBBIH BBIXO[
CeHCUOMIM3MPOBaHHOM mroMuHectennun Y me npepsimaer 32 %. [lostomy B
HACTOSIIEeH paboTe MPEeANPUHSTA MOMbBITKA HAWTH MTyTH TOBBIIICHUS 3HAYCHUS 7}
TaKMX CTEKOJ W BBISCHUTh WX TPHUTOJHOCTh B KayeCTBE JIFOMHHECIICHTHOTO
KOHBEPTOpPA COJIHEUHOTO M3myueHus B ommxHio0 NK-o6macts ciexTpa.

Uccnenyempble cTeksIa CHHTE3UPOBAIUCH MYTEM TUIABJIICHUS IIUXTHI B
nabopaTopHOil meuyn compotuBieHus C SIC HarpeBarelssMU B IUIATHHOBOM
turie ipu T =~ 1480 °C na Bo3nmyxe B TeueHne 60 MuH. B KadecTBe MCXOMHBIX
KOMIIOHEHTOB ucmoib3oBamu YD,03 (ocu), Y203 (ocu), Cr,03 (xu), Al(OH)s3
(uma), Na,CO;, K;COs3;, CsNO;z (Bce xu), H3BOs; (Xu). Jlng MUHHUMH3AIUH
conepkanusg OH -rpynm, Tymamux momuHecuenuuro kak Cr¥*, tak m Yb%,
pacruiaB 6apOoOTUPOBAIICS CYXUM KHCIOPOIOM.

CriexTpbl MOTJIONIECHUS, JIOMUHECIICHITHH u BO30Y KJICHUS
JIOMUHECIICHIINM ~ perucTpupoBaiii  Ha crnekrpodotomerpe Cary-500 u
cniekTpodryopumerpe Fluorolog-3 COOTBETCTBEHHO. Kunetuky
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JIOMUHECLICHIIMM  UCCJIEIOBalM € TMOMOIIbI0 LU@pPOBOro ocuusuiorpada
Tektronix TDS3032B mpu BO30YXKACHUH U3IYyYEHHEM I[E€PECTPaAaUBAECMBIX
MOHOMMIYJBLCHBIX  Jla3epoB. Pa3jokeHWe  CHEeKTpaTbHBIX KPUBBIX  Ha
WHIUBUyJIbHBIE KOMIIOHEHTBI OCYIIECTBISUIOCH METOJIOM Oe3rpaaueHTHOM
ontumuzaimu  Henpgepa-Mwupma.  KBaHTOBBI  BBIXOJ — JIFOMHUHECLEHIWA
onpenaensicss abCOMOTHBIM METOJOM M MYyTEM CPaBHEHHS C 3TAJOHOM, a €ro
3aBUCUMOCTH OT JJTMHBI BOJIHBI BO30YK/ICHUS — OPUTHHATIBHBIM METOIOM.

Y cTaHOBJIEHO, YTO MOHBI XPOMA B CUHTE3UPOBAHHOM Ha BO3/yX€ UTTPUM-
amoMo00paTHOM CTeKJIe (OPMHUPYIOT MOJABISIONIYIO JIOJNIO ONTUYECKHUX
IIEHTPOB TPEX M YETBIPEX KoopauHupoBaHHoro Cr¥*, a taxxke IpuUMech LIEHTPOB
Cr#, Cr** u Cr®. bapGoTupoBaHue paciaBa dTHX CTEKOJ KHCIOPOJIOM, U0
BBEJICHHE IIEJIOYHBIX METAJJIOB COMPOBOKIAETCS CYIIECTBEHHBIM MOBBIIIICHUEM
nomu Cr*. Ilpu 5ToM BIMSHME TSKENBIX IIEIOYHBIX METAUIOB HA CTENEHb
OKHCIIEHHUSI XpOMa 3HAUYUTEIbHO ciabee, yeM JErkux. JIFIOMHUHECHEHIIUS HOHOB
Cr3" B CHHTE3UPOBAHHEIX CTEKJIaX OOYCIOBIECHA LIEHTPAMH KAK C CHJIBHBIM, TaK
¥ cabbIM JIMTaHAHBIM noseM. IlepBoHauansHOe GopMuposanue 1eHtpos Cr*
POUCXOINUT MPEUMYUIECTBEHHO B CYyOMHUKPOOOJIACTAX MATPHUILIbI, 00OTAIIEHHBIX
MICJIOYHBIMA METAJIaMH, HUTTpHEM JIO00 uTTepOrneM. KBaHTOBBIM BBIXOA
JMOMUHeCHeHIMU HoHOB Cr¥* M ceHCHMOMIM3MPOBAHHON UMH JIIOMUHECLIEHIMH
MOHOB YD®'  HCHBITBIBAET CHJIBHYIO 3aBHCHUMOCTH OT JUIMHBI  BOJIHEI
BO30Yyk/ieHust (CM. puc. 1.), 00yCIOBICHHYIO BIUSIHUEM BHYTPEHHEro (QUIbTpa,
POJIb KOTOPOI'0 BBINOIHAIOT HoHbI Cr4*, Cr®* u Cré*,

20 T T T T T T ]
15 T T
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D
(==}

Lum. quant. yield (%)
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[\
(=]

A, (nm)

exc

Puc. 1. 3aBHCHMOCTb KBAHTOBOT'O BBIX0/1a foMuHectieHnu Cr- (BcraBka) u Cr—Yb-
COZIepIKaIUX CTEKOJ cucTeMbl (MoJb %) 60B203—-30AI203-10(Y1xYhy)203 + (Macc %)
yCr203 + zM>0 ot miunHbl BostHbI Bo30ykaenus. X: 0(1); 0.5(2,3); 1.0(4,5); 2.0(6). y:
0.007(1); 0.014(2); 0.05(4,5); 0.02 (3). z: 5.0(3); 8.0(5). M = Na. PacriaB crexon 2 u 4
06apOOTHPOBAJICS KHCIOPOIOM.

Worsr Cr*, mornomaromue B MIMPOKON 3JIEKTPOMUIIONLHON MOJIOCE
34,5371 ¢ Amax = 620 HM U cl1a00i MATHUTOAUIIONBHOMN *4,—>3 T, TIostoce BOIM3U
1 MxM [6], B JaHHBIX CTEKJIAX HE JIFOMUHECLUPYIOT, a HOHBI CI°" MposBIAIOT
cnabyr HIMPOKOMOJIOCHYIO JIFOMUHECIIEHIIUI0 B KpacHOW 00JIaCTH CIEKTpa,
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KOTOpas IPEAINONOKUTENLHO o0yciosinena mnommdapamu [CrOg]”. ITlepenoc
B30y ket or moHoB Cr¥* ma momer Y3 ocymectnsercs B 0CHOBHOM 110
JTUTIOJIb-TUTIOJIBHOMY MEXaHU3MY OT IIEHTPOB CO CJIA0BIM JIMTaHHBIM IOJIEM
KaK M3 COCTOSHUA “T), Tak M COCTOSHUA 2E. MaKkcHMMaJIbHOE MMKOBOE 3HAYCHHE
KBaHTOBOTO  BBIXOJa  CCHCHOWJIM3MpOBaHHOW mromuHecueHimu  Cr—Yb-
coJiepKallluX CTEKOJI cocTaBisieT = 35 % wu mocturaercst AJi IICJIOYHBIX U
«0apOOTHPOBAHHBIX» CTEKOJI ¢ HEOOJBIION KOHIIEHTpALMEeH XpoMa U UTTepOus
(puc. 1., cM. kpuBble 4 U S NMPU Aexe ® 580 HM). O4eBUIHO, YTO yCTpaHEHUE
npumecu Cr** u terpasapudeckux ueHtpos Cre*, morimomamomux B IIUPOKHX
noJiocax MpU Amax ~ 670 HM m 1100 BM [7], puBEen€T K CYIIECTBEHHOMY
YBEJIMYCHHUIO KBAHTOBOT'O BBIXO/1a TIOMUHECIICHIINN U HUBEJIMPOBAHUIO MpOBaja
B ero crekTpe 1pu A ~ 800 um. Ilpu Gonbmoi konnentpauun Yh3* (> 2 mons %
YD,03) Bo3MOkHa crmaborddhekTrBHAS Tepeaaya BO30YKIACHUI TOCISIHUM W3
COCTOSIHMS TIEpeHO0ca 3apaaa okcokoMmiuiekcos [CrO4]%, o 4éM cBHIETENLCTBYET
NosiBJICHUE HEOObIIOro «ropbay mnpu A = 380 HM (cMm. puc. 1., kpuBasd 6).
Takum 00pa3oM, HUCCIIEIOBAHHBIE COAKTUBUPOBAHHBIE CTEKJIA C YUETOM
WX MaJIOTO CBETOPACCESHUS NP MUHUMHU3AIMU TPUMECH BBICOKO3aPSTHBIX
HOHOB XpOMa MOTYT MPEACTABIIATh PECATbHYIO albTEPHATHUBY pa3padaThIBACMbIM
JFOMHHECIIEHTHBIM KOHIICHTPATOpaM COJTHEUHOTO M3nydeHus Ha ocHoBe Cr—YDh-
coJlepKallei CTEeKJIOKepaMUKH. MOryT oOKa3aTbCsi OHU W ONTHUMAIbHBIM
downshifting-koHBepTOPOM COJTHEYHOTO H3IIYYCHUS B «pabodUyio» IOJIOCY
TIOTJIONIEHHMS TTIOTEHIMATBHBIX JIa3€PHBIX CTEKIoKepamuk ¢ nonamu NiZ* [8].

PaGora BbIMONHEHa TpU  YacTHYHOM  (PUHAHCOBOM  MOAJEPIKKE
benopycckoro pecnyOiaukanckoro (oHga (QyHIaMEHTAbHBIX HUCCIIEI0BAHUIM
(rpant Ne ®@21PM-011), MunuctepcTBa Hayku M BbIcIIero oopasoBanus Poccun
(rpaatr Ne ®CCM-2020-0003), a Takxke C HCHOIB30BAHHEM OOOPYHAOBaHUS
LlenTtpa xomiekTMBHOTO Tmosib3oBaHus M. J[.MI. MenneneeBa mo rpanty Ne
13.1IKT1.21.0009 MunuctepcTBa HayKu U BhICIero oopasoBanust Poccuu.
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HOBBGIE JIIOMWHECIHEHTHBIE 1 JIASEPHBIE METEPUAJIbI
HA OCHOBE CTEKOJI B CUCTEME PbCl,-PbO-SiO;

JLLA. Byrenkos, O.b. IlerpoBa, K.1. Pynuna, A.M. CnactyxuHa
Poccutickuti xumuxo-mexnonoeuueckuti ynusepcumem um. /.M. Menoeneesa, Mockea
E-mail: dabutenkov@gmail.com

[Tnonepckue padoThI MO OKCOXJIOPUIHBIM CTEKIIAM M MOCIEAY IO pOCT
UHTepeca uccienonareneil kK HUM npunuinch Ha 1970-1990-b1e Togsr XX Beka
[1]. DTu wuccrnenoBaHusi, B OCHOBHOM, OBLUIM HampaBjieHbl Ha HU3y4YEHUE
AIEKTPONPOBOJIHOCTH B CTEKIAX M CO3JaHUSI HAa HMX OCHOBE TBEPIBIX
ANEKTPONUTOB [2]. OAHAKO B HAYYHOU JIUTEPATYpE OTCYTCTBYIOT CBEAECHUS O UX
ONTHUYECKUX WM CHEKTPaJbHBIX CBOMcTBaxX. Co31aHME HA OCHOBE 3THX CHUCTEM
HOBBIX JIFOMHUHECUEHTHBIX U JIA3€PHBIX MATEPHAJIOB SIBJIAETCS MEPCIIEKTUBHBIM,
Onmaromapss HHM3KUM (OHOHHBIM SHEPTrUsIM TaJOTCHUIHOW MaTpHIBl W,
CJIEIOBAaTEIbHO, BO3MOXHOCTH Moxy4deHus: 3¢p¢dexkTuBHOro uzinyuyeHus B UK
obnactu crektpa [3].

CuntesupoBanbl  crexia B cucteMe  PbCly-PbO-SiO,-NdF; mo
CTaHIAPTHOM pacIyIaBHOM MeToanKe. B kadecTBe HMCXOAHBIX pPEAKTHUBOB
ucnois3oBain PbCly, PbO, SiO,, NdF; gmcrortoit He xyxke 99.99 macc. %.
Yanoch mNOJy4uTh KayeCTBEHHBIC CTEKIA C HOMHUHAJIBHBIM COJEpKaHUEM
xjgopuga cBuHima g0 60 wmon. %. AmopdHyro CTpyKTypy o00pasioB
noaTBepkaanu peHtreHodazoBbiM aHanmu3oMm (PDA). Crékna uccrnenoBaiuch
METOJaMH OMNTUYECKON crheKTpockonmuu u AauddepeHnrnanTsHo-CKaHUPYIOeh
kanopumetpuu (JICK). Creknokpucrammueckue marepuaisl (CKM) nomyyanu
MyTEM KOHTPOJIUPYEMON KPUCTAJUIU3ALMNKU CTEKOJ B PA3JIUYHBIX TEMIIEPATYPHO-
BPEMEHHBIX YCIOBUSX.

Jltomunecuensit CKM ¥ UCXOTHBIX CTEKON CHATA MPH BO30YKICHUU
Ja3epoM Ha JJIMHE BOJIHBI 785 HM. B JaHHOM OKCOXJIODMIHOM CHCTEME
nposBigercs TunuuHas ans uoHoB NdA®* mromuHecneHLUs Npu mepexojax
BO30YyKIEHHOTO cocTosHus ‘Fzp Ha cocTosanus *lgp (880 HM), 1112 (1060 HM) 1
132 (1325 um). Crnektpsl mromuHecteHinn CKM npereprneBaroT 3HaUUTEIbHBIC
WU3MEHEHHUSI 10 CPABHEHUIO CO CIIEKTPAMH MCXOIHBIX CTEKOJ. Pesynpratel POA
NoKa3aJid 00pa30BaHUE XJIOPUIHBIX KPUCTALIMYECKUX (a3, B TOM YHCIE H
PbCl,. M3MeHenuss B CHeKTpax JIIOMHUHECIICHIIMM CBS3aHBI B TEPBYIO OUYCpEib
BxoxaenneM noHoB Nd** B 06pa3zoBaBmInecss KPUCTAILIUTHL.

Pabora BeImonHeHa nipu prHAHCOBOM MoAEp)kke MUHUCTEPCTBA HAYKH U
BhICIIero oopaszoBanusi Poccuiickoii @eneparnuu, ['oczamanue FSSM-2020-0005.

1. P.C. Schultz, M.S. Mizzoni, J. Am. Ceram. 56(2), 65 (1973).
2. 1.A. Sokolov et al., Glass Physics and Chemistry 26(2), 148 (2000).
3. JI.A. byrenkos, K.1 Pynuna, O.b Ilerpora, Crekiio u kepamuka 4, 3 (2021).
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[TOJIVHEHUE AMOP®HOI'O JTMOKCHUIA KPEMHN,
OBOTr'AILIEHHOI'O %Si, 2°Sj, 3°Sj

A.Jl. bynanos, K.®. Urnarosa, M.E. Kommuna, O.1O. Tpouiun
HUncemumym xumuu gvicokouucmoix geujecms um. 1.1, Jleeamoix PAH,
Huorenuu Hogeopoo
E-mail: ignatova@ihps-nnov.ru

[lomydyenne w W3ydyeHUE CBOMCTB M30TOMHO MOAU(DHUIIMPOBAHHBIX
MaTepUalioB SIBJISIETCS TEPCIEKTUBHBIM HAMpaBIICHUEM IS Pa3IMYHbIX
oOnacTeil Hayku U TexHUKH [1, 2]. B yacTHOCTH, yKa3bIBaeTCs HA BO3MOXHOCTD
U3TOTOBJICHUSI CBETOBOJIOB C MOJAM(DUIIMPOBAHHBIM HM30TOMHBIM COCTaBOM Ha
OCHOBE JUOKCHJA KpeMHHs, oOyajnaromux Oojnee HIMPOKHUM  OKHOM
MPO3PAYHOCTH U MEHBUIUMHU ONTUYECKUMH MOTepsiMU. OJIHAKO CBEIEHUS O
MOJIYYeHUH M U3yUYE€HUU CBOMCTB peabHBIX 00pa3IlOB BEChbMa OrPaHUYEHBI.

I[Ipu pabore cC ACPUUUTHBIMU U  JOPOTOCTOALIMMHU  H30TOIHO
OOOTallIeHHBIMU ~ BEHIECTBAMH  HEOOXOAMMO  ONEPUPOBATH  MAJIBIMH
KOJIMYECTBAMHU  BEMIECTB, YTO MOXET O0OECIeYUTh 30Jb-Tellb METO/,
SBIISIOIIUIACS OJHUM M3 TEPCHEKTUBHBIX CHOCOOOB TOMYYEHHS MOHOJMTHBIX
00pa3moB auokcuaa Kpemuus. Jns momydenus 22SiO, 30mb-rens MeTomoM
npoBoaumu peakiuio 2SiCly ¢ OCyIIEHHBIM >THIIOBBIM CIIMPTOM M THIPOIIN3
o6pasoBanHoro 28Si(OC;Hs)s BOAHO-CIIMPTOBBIM PAacTBOPOM B  MOIBHOM
coorHomennu  28Si(OC,Hs)4:CoHsOH:H,O = 1:4:4.  Jlanee  pactBOp
BBIIEPKUBAJIM IO 00pa30BaHuUsl KCeporesi, KOTOPbI 3aTeM npokaauBaiu. s
U3y4YeHHs Ipolecca reieoOpa3oBaHusi ObUIO IMPOBENEHO HCCIEIOBAHUE I10
nonoopy karaiauzaropa (HCI, HNOs;, HF) u TemnepatrypHoro pexuma OCYIIKH.
W3yunnm KUHETHKY pocTa pa3Mepa YacTHIl 30JIed U ONpEeNed IUIOTHOCTH
MOJIyYeHHBIX 00pa3oB. B pamkax maHHO#W pabOThl ObUIM TMOJY4YEHBI OOpa3Ilbl
amop¢uoro SiO, u3 mpocroro Bemectsa "Si, 2Si, 2°Si u ¥Si, pacTBopennem
KPEMHUS B CMECH a30THOM M MJIABUKOBOM KUCIIOT C MOCJIECIYIOMINM OCAKICHHEM
JTUOKCHIa KpeMHHUs aMMuakoM. Ocalok HEeHTpU(YTUPOBAIN M TPOMBIBAIU
JACTUUIMPOBAHHOW  BomoW. [lomydyeHHble OCagku JHOKCHJA KPEMHHUS
Pa3JIMYHOTIO U30TOIMHOTO COCTaBa BHICYIIMBAIN U npokaimBaiu npu 800 °C.

Meronom UK cnexkrpockonuu ObUIM MOJYYEHBI U OXapaKTEpPU30BaHbI
CHEKTpbl 00pa30B AMOKCHIA KPEMHHUS Pa3jIMYHOTO W30TOMHOTO cocTaBa. [lis
"Si0,, °Si0,, u PSiO, HabmogaeTcs CMEIIEHHE TMOJIOC TMOTJOMICHUS Ha
BeauuuHy 8.6-24.3 cM! B HU3KOYACTOTHYIO O0ONACTH O OTHOIIEHUIO K
JUOKCUIly KpeMHHUs-28. BenuunHa cABUra 3HAYUTENBHO OTJIMYAETCS OT
TEOPETUYECKOr0 3HAUEHHUS, PACCUUTAHHOTO M3 COOTHOILICHHS MPUBEIECHHBIX
macc. OmnpezeneHue TPUMECHOTO U M30TOMTHOTO cOCTaBa 00pa3loB MPOBOINIH
merogoM MC-UCII. CornacHo maHHBIM PEHTTeHO(hA30BOT0 aHaIN3a, 00pa3Ilbl
SBIISIIOTCS aMOP(HBIMU M HE COJIEPKaT KPUCTAIUTMUECKNAE BKITFOUCHUSI.

1. B.I'. Ilnexanos, Ycnexu ¢pusnueckux Hayk 108(11), 1245 (2000).
2. D.C. Allan, J.T. Brown, Patent USA Ne 0022562 (03.02.2005).

128


mailto:ignatova@ihps-nnov.ru

KOPPEKIIMS JIAHHBIX PEHTTEHOBCKOH JIU®PAKIINHN B CIIYUAE
HEOJHOPO/JHO ITOI'JIOIIAIOIIEI'O COEPUYECKOI'O OBPA3IIA

M.B. Kyapsmos, H.B. ComoB
Hayuonanvnoiii uccneoosamenvcrkuii Husxceeopoockuii 20cyoapcmeenHbiil
yuusepcumem um. H.U. Jlobauescrkozo, Huowcnuii Hogeopoo
E-mail: m.v.kudryashov@phys.unn.ru, somov@phys.unn.ru

Haubonee npumeHsiembie B HACTOAIIEE BPEMs METO/IbI yUeTa MOTIOIICHHS
PEHTI€HOBCKOTO M3JIy4E€HUS UCXOAST U3 TOrO, YTO JMHEWHBINA Kod(uIMeHT
NOTJIOUIEHUsI [ TIOCTOSIHEH BO BceM oObeme oOpasma. OmgHako g MOMKET
OTJIMYATBCA B PA3JIMYHBIX YACTAX PEAJBHOTO KPHUCTAJUIA, 3a CUET AE(PEKTOB,
HEOJTHOPOJIHOTO BXOXKJICHUSI NPUMECHBIX WU JONUPYIOLIUX 3JIEMEHTOB U JIp.
3a4acTyl0 HEOJHOPOJHOE BXOXJACHHUE IMPUMECH HAOIIOJAETCS B KpUCTAJUIAX
TBEP/BIX PacTBOPOB, KOTOPbIE HAXOAAT LIMPOKOE MPAKTUYECKOE IMPUMEHEHUE,
HampuMep, B ONTHKE KakK Jia3epHble, HETMHEHHO-OMTUYECKUE MaTepHalbl, B
MUKPO-, HAHO- U ONTOXJIEKTpOHUKE. TakuMm o0pa3oM, pPEeHTIC€HOCTPYKTYpPHBIH
ananu3 (PCA) Takux marepuasoB MOXET OBITh OCJIOKHEH HEKOPPEKTHBIM
y4eTOM HEOJHOPOJHOTO MOTIIOMIEHHS HCCIeayeMOro 0opasiia.

B nanHOii palGoTe MNpOAHAIM3UPOBAHO BIHSHHE HEOJIHOPOIHOTO
TIOTJIOICHHS HAa JAaHHBIE PEHTTCHOBCKOW AU(PPAKIINH U MPEITIOKEH METO yUeTa
MOTJIONICHUSI PEHTTEHOBCKOTO H3IyYeHHUS HEOJHOPOIHBIM KPUCTAIITMYECKUM
obpasnom. [Ipennaraercs yncaeHHbIH METOJ] pacyeTa MONPABOK Ha MOTJIOLIECHUE
JUIsL UHTEHCUBHOCTEH pediekcoB, MoiaydaeMblX OT cepuueckoro odpasua c
HEOJTHOPOJIHBIM MOTJolIeHneM. B ocHOBe Merona nexuT pa3zdueHue oObema
oOpa3na peryJisipHOW CETKOW, HampaBi€HHMs KOTOPOW COBHIAJalOT C
HAIpaBJICHUSIMU MAJAIOIIET0 U OTpaKeHHOro Jiyda. Kaxawlil y3en ceTku
SBJISIETCSL LIEHTPOM HOPMAJIbHOTO OTpPa)XCHMsI, a BEJIMYMHA [ B AJIIEMEHTApHOM
o0beMe C LEHTPOM B Yy3ie ompenensercs (QyHkuued koopauHat. Paktop
MOTJIONICHHS PACCUUTHIBAETCS KaK CyMMa MOTEPh MPH MaJICHUH U OTPAKCHUH OT
KaXXIO0T0 y371a M PEeryJIIpHON CETKH B 00beMe KpHUCTaJlIa.

[IpoBenena ampobamusi TPEIOKEHHOTO METOAa Ha  MOJEIbHBIX
KPUCTAITMUECKUX ceprudeckux oOpasiiax, XapaKTepU3yIOIMUXCs Pa3THIHBIMU
3aKOHAMHM HW3MEHEHUs Ko3(uiuueHTa MOIJIOmEeHuss B o0beme oOpasia.
OO6Hapy>keHO, UTO HEOJTHOPOJHOE paclpeaesieHUue MOTIIOMIAIOIeH ClIOCOOHOCTH
CYLIECTBEHHO BJIMSE€T HA HWHTCHCHUBHOCTh PEHTTEHOBCKOTO  H3JIy4YECHHUS,
peructpupyemoro jaerekropom mnpu PCA, m npu 3toM KodpdUIIHEHT
ocnabneHus: udparupoBaHHOIO MMyYKa CYIIECTBEHHO 3aBUCUT OT HaIlpaBJICHUS
rpaguenTa KodhuireHTa moryioneHus.

IIpennoxxeH MeToa MOMCKA MOJICIIH MTOTJIONIEHHS B chepraeckoM oOpasiie
¥ METOJI KOPPEKIUH IKCIEPUMEHTAIBHOIO MacCuBa AU(PPAKIIMOHHBIX JAaHHBIX C
y4eTOM HEOJHOPOIHOTO MOTJIOICHHsI 00pasIia.

PaGora Oputa mnoaaepkaHa MUHHUCTEPCTBOM HAyKH U BBICHIETO
obpazoBanus PO B pamkax roczamanus Ne 0729-2020-0058.
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BJIMAHWUE TEPMOOBPABOTKI HA CTPYKTYPY U CIIEKTPAJIBHO-
JIIOMUHECHEHTHBIE CBOUCTBA KPUCTAJIJIOB ZrO,-Sc;03-Th,035

H.A. Jlapuna!, E.E. Jlomonoga?, I1.A. Ps6ouxunal, H.}O. Ta6aukoBa®®
Hayuonanvuviii uccnedosamenvcruti Mopoosckuii 20cyoapcmeentbiil
yuusepcumem um. H.I1. Ocapesa, Capanck
2Uncmumym obweri pusuxu um. A.M. Ipoxopoea PAH, Mockesa
SHayuonanbuwvlii ucciedo6amensekull mexHoI02UdecKuti YHUeepcumen
«MHUCuC», Mockea
E-mail: saharova.1996@mail.ru

B Hactosiee BpeMs TEPCHEKTUBHBIM  HAMpPABICHUEM  SIBIISIETCS
pa3zpaboTka KUCIOPOA-TIPOBOASIIUX MEMOPAH JIJIsi TBEPAOOKCUTHBIX TOTUTUBHBIX
anemeHToB (TOT3D) Ha OCHOBE KpHUCTAUIOB CTAOMJIM3UPOBAHHOIO JAHOKCHA
nupkoHus. TBepable pacTBOpbl Zr02-SC;0O3 00mamar0T BBICOKOH HOHHOM
POBOAMMOCTBIO 10 CPABHEHUIO C APYTMMHU MaTepuaiaMi Ha OCHOBE AMOKCHIA
IUPKOHUS W TIOITOMY TPEJCTABISIOT 3HAYUTEIBHBI HHTEpEC B KadeCTBE
Marepuasa TBEpAOro aekTpoaura [1].

C Touku 3peHHs (Pa30BOro cocraBa M HajduuMs (Pa3oBbIX NEPEXOAOB
coenuaeHuss Zr0,-SC203 SABIAIOTCSA TOCTATOYHO CIIOXKHBIMH MaTepHaTaMH.
[ToaTOMy, YTOOBI MOJMY4YUTH CTAaOWJIbHBIE KyOWYECKHE TBEpAbIE PACTBOPHI
UCTIONB3YIOT JTOTIOJHHUTENbHBIC JICTHPYIONINE A00aBKU OKCHIIOB WUTTPHS WIH
PEAKO3EMEIIbHBIX JIEMEHTOB [2-4].

[lens HacTosimIel pabOTHI - OIEHUTH BIUSHUE TEPMHUUECKON 00pabOTKU
Ha (ha30BBIA COCTaB, CTPYKTYPY U CHEKTPaIbHO-JIFOMUHECIICHTHBIE CBOWCTBA
TBEPABIX pacTBOpoB ZrO; — x Moia. % Scy,03 (x = 8, 9 u 10), 1ONMOJIHUTETHHO
JIETUPOBAHHBIX OKCHUJIOM TepOusi ¢ KoHIeHTparueit ot 1 1o 2 moin. %.

B kauectBe 00pa3ioB aJisi UCCIIETOBAHUN HCTIOIB30BAIM MOHOKPHCTAILIBI
TBEPIBIX PACTBOPOB, KOTOpPHIE OBLIM TIOJYyYECHBI METOJOM HaIpaBJICHHOM
KPUCTAIUTM3AI[MN pacIulaBa C HCIIOJIb30BAHUEM MPSIMOTO BBICOKOYACTOTHOTO
HarpeBa B «XOJIOIHOM» KoHTeWHepe. Tepmudeckass oOpaboTKa MPOBOIMIACH B
okucnurensHor (T = 1000 °C, t = 400 4) U BOCCTAaHOBUTEIBHON Cpemax
(T =1600 °C, t = 4 u). ®a30BHI COCTAaB KPUCTAIJIOB UCCIEAOBAICS METOAaAMU
CHEKTPOCKONMM KOMOWHAIIMOHHOTO paccesHUs CBeTa W PEHTTEHOBCKOM
TG PaKTOMETPHH. HccnenoBanus CHIEKTPaTbHO-TFOMUHECIIEHTHBIX
XapaKTEPUCTUK KPUCTAIIIOB MTPOBOJIAIIN METOJIOM ONTUYECKON CIIEKTPOCKOIHUH.

1. S.P.S. Badwal et al., Solid State lonics 136-137, 91 (2000).
2. M.A. Borik et al., J. Alloys Compd. 844, 156040 (2020).
3. M.A. Borik et al., Opt. Spectrosc. 125, 898 (2018).

4. S. Omar etal., J. Am. Ceram. Soc. 95, 1965 (2012).
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UCCIIENOBAHHE ®OTOXPOMHOI'O 5DPOEKTA B TEPMAHATE
BUCMYTA Bi12GeO METOAAMU OIITUYECKOU CITIEKTPOCKOITNN

K.H. bongsipes, A.Jl. MonyaHoBa
Hnemumym cnexkmpockonuu PAH, Tpouyk
E-mail: nastyamolchanova@list.ru

Kpucrammer repmanata Bucmyta BipGeOy (BGO)  obmamaror
YHUKAJTbHBIMU br3IIeCKuMHU CBOMCTBaMH (poTOTTPOBOUMOCTS,
AIEKTPOONTUUYECKUE CBOMCTBA), YTO JIENAET UX NMEPCIEKTUBHBIMU ONTUYECKUMHU
Martepuanamu. Hanbonbimuit mHTEpEC BbI3bIBAET (POTOXPOMHBIN 3PHEKT B 3TOM
COCOUHEHNN U HCCJIEIOBAHUE €ro  IPHUPOIBI [1,2]. biaronaps
(GOTOUYBCTBUTEILHOCTH M OBICTPOMY BPEMEHHM OTKJIMKA 3TOr0 KpPHUCTalsla OH
MOKET HCIIOJIb30BaTbCS B KA4YECTBE BBICOKOUYBCTBUTEJIBHOIO Marepuaia
YTEHUS-3aIMCH J1s1 ()a30BO-00bEMHOM roorpadum.
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Puc. 1. Cnexktp peHTreHOMIOMUHECIICHIINH [TPU KOMHATHON TeMIeparype (ciieBa) u CIIeKTp
momuHecteHmy pu T = 10 K (cnpaBa, Aext = 365 am) BGO.

B  Hacrosmeidt  paboTe  MOpOBENEHO  KOMIUIEKCHOE  ONTHYECKOE
HCCIIEJOBaHNE BBICOKOKQUECTBEHHOT'O MOHOKpHCTAJLJIA Bi12GeOyy,
BBIPAIIEHHOTO METOJ0M bpumkMmeHa (BepTUKaidbHBIM Bapuant). Hamu Obuin
3aperuCTPUPOBAHBI CIIEKTPHI MOTJIONICHUST (Kak 0e3 oOJydeHus, Tak U TpH
OCBELIEHUHU JIa3epaMU PAa3IUYHBIX JJIMH BOJH U PEHTTE€HOBCKUM H3IIyYEHUEM),
JIOMUHECLIEHIMM B INMPOKOM JmanasoHe uyactor (10 — 25000 cm?) wu
temnepatyp (5 — 300 K). Kpome Toro, BrepBbie ObUT 3aperUCTPUPOBAH CIIEKTP
PEHTTEHOJIIOMHHECIICHITMH MOHOKpHcTaiuta BijaGeOay.

JlanHast paboTa mojjepkaHa rpaHToM Poccuiickoro Hay4Horo ¢onHpaa
Ne 21-72-00134.

1. O.A.TynaeB u ap. H ABromerpus 5, 38 (1981).
2. V.M. Skorikov et al., Inorg. Mater. 38, 172 (2002).
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NCCJIIEAOBAHUE CTABMJIBHOCTHU JIIOMUHECHEHTHBIX
XAPAKTEPUCTUK I'MBPU/IHBIX MATEPUAJIOB B KIIMMATHUYECKUX
YCJIOBUSX IOI0-BOCTOYHOH A3MU

P.U. Asetucos?!, O.B. ITerposal, JI.B. ITonkosa!, K.U. Pynunal,

A JO. Cekauenal, Van Luong Nguyen?, Dinh Trung Do®, Thu Trang Ta®
YPoccurickuii xumuxo-mexnonoauueckuti yrusepcumem um. J{ 1. Menoeneesa, Mockeéa
2 Bbemnamcko-poccutickuti mponuyeckuii yenmp, Xanoii, Boemnam
SUncmumym mponuueckoii cmoiikocmu, Bbemnamcko-poccutickuil
mponudeckuu yewmp, Xanou, Boemnam
E-mail: runinakristina@mail.ru

OmHuM W3 BO3MOXHBIX TNPUMEHEHHMH JIIOMUHECUEHTHBIX IUICHOK Ha
ocHOBe THOpuAHBIX MarepuanoB (['M) sBisieTcs MapKuUpOBKa TOBApOB U
[EHHOCTEH (HampuMep, KyJIbTYPHBIX LEHHOCTEH) /Il o0ecreueHus 3alluThl OT
noasenky. TexHrnka KanuIIpHOrO HAHECEHUS! IIJIEHOK o0ecneynBaeT ObICTpoe,
npoctoe U APGEKTUBHOE TMOJYUYECHHE TOHKMX TIUICHOK C MaKCHMAJIbHO
BO3MOXXHBIM  HCIIOJIb30BAHHEM  JIIOMHHECIIEHTHOTO  BemlecTBa.  bbpuin
MCIIOJIB30BaHbl IJIEHKU Ha ocHOBe I'M, mosrydyeHHOTro TBep0ha3HBIM CUHTE30M
u3 CaF, u 8-okcuxonomsra nutus (Liq), TepmooOpadoranusie pu 200 °C.
[Topomok I'M nucneprupoBanyd B HM30NPOMAHOJIE TOJ BO3ACHUCTBHEM Y3,
3JIMBAIM B KaMWUIAPHBIA (uiomMacTep M HAHOCWIM Ha TOBEPXHOCTH C
pa3IMYHOM IIEPOXOBATOCTHIO W XHUMHUYECKOW MPUPOION (aTIOMUHHEBYIO
donbry, nepeo, kepamuky AlyOs, mnactuk u 6ymary) [1]. IneHku nposiBASIOT
xapaktepHyto s I'M Ha OCHOBE 8-OKCMXHHOJISITOB MHTEHCHUBHYIO IIHPOKYIO
nosocy momuHecneHnmu B oOiactu 400-700 M. C 1enpio 3aliuThl OT
MEXaHUYECKOTO TOBpPEXKIeHUsI TUICHKH ['™M ObUIM TMOKPBITHI TOHKHUM CJIOEM
nuraHoakpwiatHoro kies [2]. Tlametkm 00pa3ioB AKCIOHUPOBAHBI  BO
BretHamMcko-PoccuiickoMm TponmuyeckoM LIEHTpe B XaHoe u Hsadanre ¢ mapra
2021 rona no ¢eBpanb 2022 roga B pa3IMYHBIX YCIOBUSAX OKPYKAIOIIECH CPEIbl:
Ha TPaBSHOW W MUKOJOTHMYECKON IUIOMIAJKaX, B MPOTYBAEMOM >KaTtO3UUHOM
ckJajie (6 miIoaaoK).

['ubpuHbIe MIEHKU MOKAa3alu BBICOKYIO CTA0OMIBHOCTh KOHTYpa CIEKTpa
JIOMUHECHEHIIMU. WHTEHCMBHOCTH 3aBHCeNla OT IUIOMIAAKUM W MaTepuaia
MOJJIOKKH, HaAuOOJIbIlIee CHM)XKEHUE HWHTEHCUBHOCTH HAOMIONAIOCh Ha
OTKPBITHIX IUJIOMIA/IKaX U Ha TUIACTUKE.

PaboTa BeImoHEHa TP (PUHAHCOBOM MOEpkKe MUHUCTEPCTBA HAYKU U
BhICIIero oopa3oBanus, ['oczaganne FSSM-2020-0005.

1. K. Pynuna u ap., Marepuaner XXVII MexnyHapoaHoi Hay4dHOM
KoHpepeHuun ONTHKa W CHEKTPOCKOMHS KOHIACHCHUPOBAHHBIX CpEl,
Kpacuonap, 179 (2021).

2. M. Zykova et al., Applied Physics A. 128(3), 240 (2022).
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UCCJEJIOBAHUE PAJIMAIIMOHHOW CTOMKOCTU KPUCTAJIJIOB
1 KEPAMUKU HA OCHOBE I'AJIOT'EHI/IOB CEPEBPA U TAJUIUS

JL.B. XKykoga, B.M. Konapamms, A.C. Kopcakos, A.E. JIsBoB, I1.B. Ilectepena,
J.J1. Canumrapees, U.B. FOxaxkoB, A.A. FOxakoBa
Vpanvckuii ¢hedepanvusiii ynusepcumem um. nepgoeo Ilpesudoenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: v.m.kondrashin@urfu.ru

B cBs3M ¢ aKTUBHBIM Pa3BUTUEM TEXHOJIOTHH, TPEeOYIOIMIMX BHEIPEHUS
COBPEMEHHBIX MaTepuajioB, BEIYyTCS aKTUBHBIE pabOThl IO TIOMCKY U
pa3paboOTKH 3JIEMEHTHOM 0a3bl ONTUKHU U (oTOHUKHU. [lepes BHEApEHMEM HOBBIX
MaTepuajioB B TEXHOJOTMHM M YCTPOHCTBa, TpeOyeTcs BCECTOPOHHEE
HcciiefoBaHue uX CcBOMCTB. OnHONM W3 HauOojiee Ba)KHBIX 3a/a4 SIBJISETCS
UCCIIeIOBAaHKE PaJUAllMOHHON CTOMKOCTH ONTHYECKUX MaTepuajios [1].

B nannoit pabote ObuIM UCCIEAOBAHBI TOJUKPUCTATUTMYECKUE TIACTUHKH,
MOJY4YEHHBIE METOJIOM TOPSYETO MPECCOBAHUS U3 BBICOKOUHUCTHIX KPUCTAJIIIOB U
ontudeckoi kepaMuku cucteM T1Brossloss — Agl u T1Clo74Bro2s — Agl. JlanHbIe
MaTtepuajbl ObLIM CHUHTE3UPOBAHBI BIEPBBIC B HAayyHOU JsabopaTopuu
«BOJIOKOHHBIX TEXHOJOTUNA U (DOTOHUKN.

[Iponienype o0OdydeHHsT TPEAIIECTBOBAIO  OMNPEACIICHHE CIEKTPOB
MPOMYCKaHUsI HCXOJHBIX 00pa3lioB. B xoae mnpenBapuTesnbHOW MNOATOTOBKU
CIIEKTp MpONyCKaHus KpucTtauioB wusmepsiicas Ha HK-Dypwe-ciekrpomerpe
IRPrestige-21 (Shimadzu).

B Xxonme »kcrnepuMeHTOB HccleIyeMble 00paslbl ObUTH  0OJyYCHBI
AJIEKTPOHHBIM U3JIyuyeHHueM Jjo3amMu 10 | MI'p. Ha kaxkiaom wu3 »Tarnos
MaTepHuajbl MOJABEPTraIUCh PaIUAIlMOHHOMY BO3/eicTBUIO q0301 200KI p, mocie
4ero MpOBOAMIOCH M3MEPEHHE CIIEKTPOB IMPONMyCKaHus 00pas3ioB. OOmydeHHE
MPOBOIWIIOCH B VHHOBAIMOHHO-BHEAPEHYECKOM IeHTpe «PaamannonHoin
CTEpPUIN3ALNNY Y PaIbCKOTO (elepaTbHOTO YHUBEPCUTETA HA HOBOM JIMHEUHOM
yckopuTtene 3ekTpoHoB YIJIP-10-10C c aneprueii mo 10 M»aB.

B xone mnpoBeaeHHBIX H3MEPEHHI OBLUIO BBISABICHO, YTO IOKAa3aTeNIH
CIIEKTpa MPOMYCKAHUSI KPUCTAIIOB, OOJIydeHHBIX A030M 1MIp, ocramuch Ha
MPEKHEM YPOBHE WJIM MPEHEOPEKUTETHHO MaJI0 OTJIMYAJIUCh, IO CPABHEHUIO C
UCXOAHBIMU oOpaznamu. IloslydeHHble B XOJ€ OKCHEPUMEHTa 3HAYEHUS
MO3BOJISIFOT CJI€JIaTh BBIBOJ O BBICOKOW paJlallMOHHON CTOMKOCTHA KPUCTAJJIOB U
KepaMUKH Ha OCHOBE TaJOreHUZOB cepedpa W TauiMss U OOJBIIUX
BO3MOYKHOCTSIX JIJII MPUMEHEHHUSI dTUX MATePUATOB B BBICOKOTEXHOJOTHYHBIX
OTPaCIISIX TPOMBIILICHHOCTH.

HccnenoBanue BHIMOTHEHO 3a cUeT rpaHTa Poccuiickoro Haydnoro (ona
Ne 21-73-10108.

1. E. Korsakova et al., Infrared Physics and Technology 93, 171 (2018).
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ONTUYECKUE KPUCTAJUIMYECKUE MATEPUAJIbI CUCTEMBI
AgCl — AgBr — Agl JJI MEULIMHEI

C.E. bapsikuna, JI.A. benoycos, JI.B. )Kykosa, A.C. Kopcakos, A.E. JIbBOB,
JI.JI. Canumrapees, A.A. IOxxakoBa
Vpanvckuii ¢hedepanvusiii ynusepcumem um. nepgoeo Ilpesudoenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: d.d.salimagreev@urfu.ru

B nacTosiee BpeMs pa3BUTHE MaTEPUAIBHON ONTHYECKOM Oa3bl SIBISETCS
akTyanbHOW 3ajmadeil. CylIecTByeT OrpaHUYEHHOE KOJUYECTBO MaTepHalioB
o0JaaroMX BBICOKOH CHOCOOHOCTBIO CIEKTPaJbHOTO TPOITYCKAaHUS, HE
obOnamarore 3(PPeKToM CHailHOCTH, HETUTPOCKOMUYHbIC, IUIACTUYHBIE U
HETOKCUYHBIC, a Takxke oOjagaronie (HoTo- W pagualioOHHOW CTOWKOCTHIO.
OHOBPEMEHHOE MPUCYTCTBUE BCEX BBIMICTIEPEYHCICHHBIX CBOMCTB ONTUYECKHUX
MaTepHaIOB MO3BOJSET UX MPUMEHATH B 00JIACTH MEIULIUHBI.

Haunboinee nmpuBiekareaIbHbIMU MaTepHUaliaMi, yIOBIETBOPSIIOIIMMHU BCEM
BBIIIETIEPEYUCICHHBIM CBOWMCTBAM, SBISIOTCS KPUCTAUIBI M ONTHYECKAS
KepaMuKa Ha OCHOBe TrajoreHuzioB cepebpa cucrtembl AgCl — AgBr — Agl.
JlerupoBanue cyumiecTBytomux kpucrtamioB cuctembl AgCl — AgBr monumom
cepeOpa TMO3BOJIAET YBEJIWYUTh CHEKTPAIbHOE MPONYCKAHUE 10 JIaJbHEro
MH(pPAKpaCHOTO [Mala3oHa, pacUIMpUTh MPONYCKaHWE B TEPareproBOM
YaCTOTHOM  JHUamna3oHe, 3HAYUTENIIbHO  IOBBICUTH  (POTOCTOMKOCTH U
paavaloOHHYI0 CTOMKOCTB MOJy4aeMbIX MaTepualios |1, 2].

BBuay 3TOro, KOJIJIEKTUBOM aBTOPOB ObUIM HPOBEACHBI HCCIEIOBAHMS
Ga30BBIX  AMarpaMM, — OPUHAUICKAIIMM  [OJUTEPMHUECKOMY  pa3pesy
AgQCl — AgBr — Agl konnenrpanuonnoro terpasapa Ag — Cl — Br — 1. B
pe3yJibTaTe ObUIM YCTAHOBJIEHBI 00JIACTH CYIIECTBOBAHUS YCTOMUMBBIX TBEPIBIX
pPacTBOPOB, I/Ie BO3MO>KHO BbIPAIIMBATh MOHOKPUCTAILIBI, & TAKKE OOHAPYKEHbI
00JaCTH  CYyIIECTBOBAHMUS JBYX KPUCTAUIMYECKUX (a3, T/A€ BO3MOXKHO
IPOBOJUTH CUHTE3 ONTHYECKOW KepaMHuKu. [10 monmydeHHbIM pe3yiibTaTaM ObLIn
noAoOpaHbl PEeKUMBbI U BbIpAllEH MOHOKPUCTAII cocTtaBa 5 Mac. % wuoauna
cepedpa B TBepaoM pactBope AgClo25Bro 75. JlaHHBIN KpHUCTaT UMEET AUana3oH
cnektpaibHoro mnpomnyckanusi or 0.4 go 45.0 MkM 0e3 OKOH MOTIJIOIIEHHS C
MAaKCUMAJIBHOW MPO3pavyHOCTBIO 10 75 %. [lomydeHHble pe3ynbTaThl SBISIOTCA
OCHOBOM JUIsl JaNbHEWUIIET0 U3rOTOBJIEHUSI METOJOM SKCTPY3UH MH(paKpacHbIX
CBETOBOJIOB, ONTHYECKUX IUIACTUH M JIMH3, KOTOPBIE MOIYT C YCIIEIIHOCTBIO
IPUMEHSATHCS B MEJUIIMHCKUX MPUOOPax pa3IuyHOrO Ha3HAYCHMUS.

PaGora BpITIONHEHA TIpH TOIEp)KKe MUHUCTEPCTBA HAyKH W BBICIICTO
obOpazoBanust Poccuiickoit  ®eneparuu, mnpoexkt Ne FEUZ-2020-0058
(H687.425.223/20).

1. L. Zhukova et al., Opt. Mat. 113, 110870 (2021).
2. D. Salimgareev et al., Opt. Mat. 125, 112124 (2022).
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CHUHTE3 OIITUYECKOU KEPAMUKU CUCTEM
TIBr0,46I0,54 — AgI 141 T1C10,74Br0,26 - Ag|

JI.B. XKyxoga, A.C. Kopcakos, A.E. JIsBoB, JI.Jl. Caniumrapees,
JI.B. latyHoBa, A.A. [llykuna, A.A. FOxxakoBa
Vpanvckuii ¢hedepanvusiii ynusepcumem um. nepgoeo Ilpesudoenma Poccuu
b.H. Envyuna, Examepunoype
E-mail: d.d.salimagreev@urfu.ru

Pa3paboTka HOBBIX ONTHYECKUX MATEPHAIOB, MPO3PAUHBIX OT BUIUMOUN
1o nanpHer nHdpakpacHou odnactu (0.4 — 60.0 MKM), a TaK)Ke B TepareprioBoM
nuamazone (0.05 — 30 TT'n wim 6000.0 — 10.0 MKM), SBISETCS aKTyaJlbHOMN
3alayeil coBpeMeHHOW Hayku. Haunbosee NEepCeKTUBHBIMU MaTepUalaMU
MPO3payHbIMU B YKA3aHHBIX AMAIA30HAX SABJISIOTCS KPUCTAJUIBI U ONTHYECKAs
KepaMuKa Ha OCHOBE rajoreHuJI0B cepedpa U OJHOBAJIEHTHOTO Tayuus. BBumy
ATOTO OBUIA MPOBEJCHBI HCCIAEIOBAHUSI MO Pa3pabOTKE HOBBIX ONTHYECKHUX
KepaMUYeCKUX MarepualioB Ha ocHoBe cucteM TIBrosslosa—Agl wu
TIClo74Bro 2 — Agl. Jns obGenx cucteM OBUIM MPOBEICHBI HMCCIACIOBAHUSA HX
($ha30BBIX IUAarpaMM M YCTaHOBJIEHBI OOJIACTH, IJI€ BO3MOXKHO BBIPAIIUBATH KaK
MOHOKPHUCTAJIJIBI, TAK U CUHTE3UPOBATh ONTHYECKYIO KEPAaMHUKY [1].

CuHTe3 ONTUYECKOM KEpaMUKH  MPOBOJWIN, NPUMEHSS  METO]
TepMo3oHHOU kpuctaum3auun cuHTe3a (T3KC) um mMeTton HampaBieHHOM
kpuctaumzanuu. Ha mepBom »stane mnpumensis  merog T3KC  Obuin
CUHTE3UPOBAHBI MCXOJIHBIE COCTaBbI IIMXTHI C COJIEPKAaHUEM HOUIa cepedpa B
tBepaoM pactBope TIBrossloss B kommuectse 6, 13, 19 u 25 mon. %, u c
conepkanrieM Agl B TIClp74Bro2s 7, 14, 20 u 27 mon. %. [anee, u3 Bcex
COCTaBOB OblJla CHMHTE3UpOBaHA oNTHYeckas kepamuka Ha ycrtaHoBke [IKb
(ITeupr xoHCTpykIIMM bpumxkmMeHa) W METOJOM TOPSYEro MPECCOBAHUS
M3TOTOBJIEHBI MOJMKPUCTAIUNIMYECKUE TacTuHbl [2]. Ha manHHBIX miacTMHAX
OBLIIM MCCIIEIOBAaHbl CHEKTPAIbHbIE XapAKTEPUCTHUKU OOpa3loB. Y CTaHOBIIEHO,
4yTO onThueckas kepamuka cuctembl TIBroselosa — Agl mpomyckaer ot 0.5 1o
60.0 MKkM 0€3 OKOH TOTJIONIEHUS C MaKCHUMajbHON mpo3padyHocThio 70 %.
Kepamuka cucremsl TIClp74Bro2s — Agl mpospauna ot 0.5 go 50.0 MM ¢
AHAJIOTUYHOM MaKCUMaJIbHOW MPO3PaYyHOCTHIO.

Takum oOpa3zoMm, pa3paOOTaHHbIE HOBBIE ONTHYECKUE KEpAMHUYECKUE
MaTepUasbl ABISIOTCA NEPCIIEKTUBHOW ONTUKOMN 11l cpenHero u painbHero MK
nuanazoHa. Criegyer  OTMETHTb, UYTO  KCCIENOBAaHUE  TEPAreploBOro
MPOMYCKaHHUsI JAaHHBIX MATEPHAIOB SIBIIIETCS MPEIMETOM JaJIbHEWILEro
UCCIIEIOBAHMUSI.

WccnenoBanne BHIMOTHEHO 3a cUYET rpaHTa Poccuiickoro HaydHoro ¢oHaa
Ne 21-73-10108.

1. D. Salimgareev et al., Opt. Mat. 149, 107825 (2022).
2. D. Salimgareev et al., Opt. Mat. 125, 112124 (2022).
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®A3OBBIE ITEPEXO/bI B I PAOUTE U I'PAG®EHE ITP1 XOJIOJTHOM
CXKATUAN

T.K. ITerpocsn, I'.B. CyxanoBa, A.B. Tebenrskos, I'.B. TuxomupoBa
Vpanvckuii hedepanvusiii ynusepcumem um. nepgoeo Ilpesuoenma Poccuu
b.H. Envyuna, Exkamepunoype
E-mail: galina.tikhomirova@urfu.ru

B nanHo#i paboTe nmpeacTaBieHbl pe3yabTaThl UCCIEI0OBaHNN 0apUUECKUX
3aBUCUMOCTEN MPOBOJMMOCTH U TepmodiekTpoaBikymiet cuibl (TOHC) tpéx
TUIOB TpaduTa (MOpourkooOpa3Hblil rpa@uT Mano30abHbIN 0c000 uncThii (I'M3
OCY), BbBICOKOOPUEHTUPOBAHHBIA TmUponuTHueckuit rpadur (BOIID) wu
npupoansiii rpadgut (1) U3 mpuaHrapckoro MeCTOpOXACHHUS) U JBYX MapoK
rpadeHa mpu KOMHATHOU TeMmrieparype npu aaBieHusx 10 50 I'Tla. U3mepenus
MIPOBOJAWIMCH B KaMepe BBICOKOTO JABJIECHUS C alIMa3HbIMU HAKOBAJbHAMH M3
CUHTETUYECKUX alIMa30B «KapOOHamo». MeToauka TMO3BOJISIET TMPOBOJIUTH
MCCJIEIOBAHUE OJHOTO U TOTO K€ 00pa3lia HECKOJIbKUMU ITUKIAMU YBEIHYEHUS
— CHIDKEHHMS JaBJICHUS Ha o0pa3ell.

Ha 3aBucumoctsax R(P) Bcex o0OpasuoB rpadura oOHapykeH psj
ocobenHoctert. Ilpuuem eciu s obpasumoB I'M3 OCY u III' obnacthb
OOHapy’KEHHbIX OCOOEHHOCTEH HECKOJIbKO pa3mbiTa U cocrtaBisier 20-35 I'Tla,
to st BOIII' ocobeHHOCTH HAaOMIOAAIOTCSA B ABYX 00JacTsAx naBieHuid - 20-27
u 30-35 TI'Tla. HaGmromaBmimecss OCOOEHHOCTH CBSI3BIBAIOTCS C (Da30BBIMU
nepexoaamu B rpadure npu 3TUX gaBieHusx [1, 2].

Uccnenoanne TIJC sBnsercss Oojiee CTPYKTYpPHO UYBCTBUTEIBHBIM
MeTo0M, ocobenHocTH Ha rpadukax TOAC(P) Gosnee sipko BbIpa)KeHbI, 4eM IS
3apucumocteit R(P). Omnako obGmactu JaBieHUN, B KOTOPBIX OOHApPYKEHBI
O0COOEHHOCTH, COBIAMAIOT NIl 00enx MeToauK. M3 pe3ynbTaToB McCien0BaHUS
oapuueckoit 3aBucumoct TOJC mms BOIIIT mMoxHO caenath BBIBOJ, 4YTO
BO3MOYKHO IMOJYYEHUE OTHOCUTEIBHO CTAOUIILHOM yIJIepOIHOM (pa3bl BBICOKOTO
JABJICHUS.

s M3 OCY u npupoanHoro rpaduta TaHHOTO JUana3oHa JaBJICHUN U
BpEMEHU O0paOOTKM [aBJICHHEM HEJOCTATOYHO I OKOHYATEIbHOIO
dbopmupoBanre HOBOM (a3bl. T.e. ¢azoBbIi nmepexo B rpadure Npu BbICOKOM
JABJIEHUU 3aBHCHUT OT BUJA UCXOAHOTO 00pa3ua.

3aBucumoct R(P) nnst rpadena umeroT Buj, aHAOTUYHBIN rpaduTy, HO
BEJIMYMHBI COMPOTHUBIICHHS TpadeHa MOoYTH Ha TMOPSIOK BHIIIE. 3aBUCUMOCTH
Tepmodic rpadeHa u rpadura OT JaBJIEHUS HMEIOT TMOXOXUU Xapaktep. B
rpadene Takxe oOHaAPYKEHBI 0COOEHHOCTH TEPMOJ/IC B AUANa30HE JaBICHUHN OT
~ 22 I'Tla no ~ 34 I'Tla.

1. T.K. Petrosyan, G.V. Tikhomirova, D.K. Kuznetsov, J. Phys.: Conf. Ser.

653, 012096 (2015).
2. Y. Wang, K.K.M. Lee, Journal of Superhard Materials 34, 360 (2012).
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CPABHUTEJIBHOE UCCIIEJJOBAHUE KPUCTAJIJIOB INOKCHUJA
[MUPKOHUIA, HACTUYHO CTABNJIN3NPOBAHHOI'O OKCUJAMU
PEJAKO3EMEJIbHBIX JIEMEHTOB

M.A. bopux!, A.B. Kyne6axun?!, E.E. Jlomonosal, ®.0. Munosuu?,
B.A. Menunal, H.1O. Ta6aukosa’?, A.C. Yncnos'?
YUnemumym obweri pusuxu um. A.M. Ipoxoposea PAH, Mockesa
2Hayuonanbuwvlii Uccie006amenseKull mexHoI02UYecKuti YHUeepcumen
«MHUCuC», Mockea
E-mail: chislov.artem@bk.ru

Marepuanbl Ha OCHOBE YAaCTUYHO CTAOUIU3MPOBAHHOTO JUOKCH[A
nupkonust (UCL[) 3aHuMaloT 3aMeTHOE MECTO Cpeld KOHCTPYKIIMOHHBIX
HEMeTaJUIMuecKuX marepuanoB. OOnanasi BHICOKMM 3HAYE€HUEM TBEPJOCTH H
TPEIIMHOCTOMKOCTH, TYTOIUIABKOCTHIO, CHOCOOHOCTBhIO paboTaTh B YCIOBHSX
arpeccuBHbIX cpea, UCL[ MokeT MCIOIh30BaThCAd B CaMbIX Pa3HBIX 00JIACTSIX
HAayKu ¥ TeXHUKU. Jlnsg crabunu3anuu JUOKCHUJA IUPKOHUS MOXKHO
MCIIOJIB30BaTh OKCHUJIBI MIETOYHO3EMENIBHBIX WM PEKO3EMENIbHBIX 3JIEMEHTOB,
OJIHAKO HauOoJiee IIUPOKO HCCIEIOBAaHbl MaTepualibl, CTAOMIM3UPOBAHHBIC
OKCUJIOM UTTpus. Bmecte ¢ TeM B moclieHee BpeMsi OOJIbIIONW HHTEpEC
BBI3BIBAIOT MaTepualbl CTaOWUIM3UPOBAHHBIE OKCHIAOM TaJO0JUHUS, KOTOpPHIC
MOT'YT MCIOJIb30BAaThCSl B KAU4E€CTBE TEPMOOAPHEPHBIX MOKPHITUH, MOCKOJbKY
OHHM 00J1aJIal0T HU3KON TEIIOMPOBOIHOCTHIO.

[enpto qaHHOM pabOTHI ABJISIOCH BBIMOJHEHUE CPABHUTEIILHOTO aHAIM3a
OCOOEHHOCTEM CTPYKTYphl M MEXaHWYECKUX CBOMCTB kpucTtawwioB YCII,
CTaOMJIM3UPOBAHHBIX OKCHIAMHU TAJ[OJIMHUS U UTTPHUSL.

Kpucramibr ucu BbIpAIIUBaIU METOA0M HaIPaBJICHHOU
KpUCTAJUTA3alMEld paciilaBa B XOJIOAHOM THTJIE. BbUlM BBIpallleHbl JBE CEpUU
KPUCTAJIOB, CTAOMIM3UPOBAHHBIX OKCUJIOM UTTPHS UM OKCUAOM TaJ0JIMHUS B
conoctaBuMbIX KoHHeHTpauusx or 2.0 go 4.0 momn.%. IlpencraBieHs
pe3yJbTaThl MCCeAoBaHUsS (PAa30BOro COCTaBa, KPUCTAUIMUECKON CTPYKTYpHI,
MUKPOTBEPAOCTH U TPEIIMHOCTOMKOCTH MOJYYEHHBIX KPUCTAJIIOB.

UccnenoBanue (a3oBoro cocraBa IOKa3alo, 4YTO BCE KPUCTAIUIbI
colepkar  JABE  TeTparoHajlbHble  ¢da3bl €  Pa3JIMYHOM  CTEMEHBIO
TeTparoHaabHocTh. IlpoBenmena omenka comepkanus Y03 u GdyO3; B aTHX
dazax. OOcyxnmaercs BIMSHUE pa3auuuii (a30BOro cCoCTaBa KPUCTALIOB Ha
MEXaHHU3MbI TpaHCHOPMAITIOHHOTO YIPOUYHEHMUS. ITokazaHo, 4TO
3¢ (HEKTUBHOCTS TpaHCHOPMAIIMOHHOTO YIPOYHEHUs TpeOyeT COXpaHCHUS
MaKCUMaJIbHOTO  KOJIMYECTBA TETparoHaIbHOW (a3pl ©  ONTUMAIBHOMN
TpaHC(HOPMAIIMOHHON CITOCOOHOCTH 3TOH (ha3pl. BennunHa TpemmuHOCTOMKOCTH
B 3HAYUTEIHHOW CTETMEHH 3aBUCUT OT MHUKPOCTPYKTYpPHI M (Pa30BOTO cOCTaBa
Marepuana. B cBowo odepenp, KpUCTAIIIMYECKas CTPYKTypa CHIIBHO 3aBUCHUT OT
KOHIICHTPAIIMHU U BUJIa CTAOUIIM3UPYIOIIETO OKCUA.

HccnepoBanre BBIOJHEHO Tpu  (UHAHCOBOM MOAJNEPKKE TI'paHTa
Poccuiickoro Hayunoro ¢gonga Ne 22-29-01220.
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JHOMUHECHEHINA BUCMYTI'EPMAHATHbBIX CTEKOJI,
AKTUBUPOBAHHBIX Er** U ITAPOU Erd*/Yb3*

FO.B. XKeryuena, JI.LM. CaBenko, 1.B. Crenanona

Poccuiickuti xumurxo-mexnonoeuueckuu ynueepcumem um. /1. Menoeneesea, Mockea
E-mail: stepanova.i.v@muctr.ru

[ToBbIIeHHOE BHUMAHUE YYEHBIX COCPEIOTOYCHO Ha MarepHualiax,
JFOMUHECITUPYIONIUX B TEJIEKOMMYHHUKAITMOHHOM JTHANa30HE, K YUCITY KOTOPBIX
OTHOCSATCSl BUCMyTIepMaHaTHbIE cTekIa. MoauduIMpoBaHue peaKo3eMeTbHBIMU
OKCHJaMH TIO3BOJISICT PACHIMPUTH CIEKTPAIBHBIA JHUAna3oH Takux crexos [1].
Texymass paboTa TIOCBAIICHA WCCICIOBAHUIO JIFOMHUHECIICHTHBIX CBOWCTB
BHCMYTTEpPMAHATHBIX CTEKOJI, JIernpoBaHHbX Er¥t u Er¥t/Yb3*,

beui cunTesupoBansl crekia 4 coctaBoB: 10Bi,03-90GeO,-0.1Er,05 (6e3
Yb,03) n 10Bi,03-90Ge0,-xEr;03-yYh,03 rme x = 0.01; 0.05; 0.1 mon. %o u 'y =
0.05; 0.1; 0.2 moxn. %. Er,03 u Yb,O3 BBOamIM B coctaB ctekia ceepx 100 %.
HcxomHble OKCHOBI TOCTE CIEKaHWUS C MPOMEKYTOYHBIM TEPETHPAHUEM
masw npu temneparype 1100 °C B teuenne 30 MHHYT Ha BO3AyXe H
OTJAMBAIM Ha METAJUIMYECKYI0 MOMIOXKKY. CbheMKy (DOTOMOMUHECIICHITH
npoBoauian Ha cinektpomerpe NIR Quest 512 (Ocean Optics) B nuanazone 890-
1740 uMm, ¢ marom 1.67 um npu Temnepatype 300 K (Aposs = 377 HM).

B chmekTtpax IJIFOMHMHECHEHIIMM COJIETUPOBAHHBIX OOpa3llOB  MOXKHO
BBIJICIIMTE 2 XapaKTEPHBIX CIEKTpaIbHbIX auanasona: 930-1080 um (Er¥*,Yb%") u
1450-1680 um (Er*"). IHTEHCHBHOCTH JIIOMUHECLIEHIIUHN JUIS PA3HBIX JUANa30HOB
U3MEHSETCS B 3aBUCUMOCTH OT OOIIET0 KOJIMYECTBA PEAKO3EMETbHBIX HOHOB M UX
cooTHomeHusi. Haunbosiee WHTEHCUBHAS JIOMUHECIHEHIMS HaOMoqanach Jis
oOpasia 10Bi,03-90Ge0,-0.1Er,03-0.2Yb,0s. CpaBHeHHe KOHTYpa
JIOMHHECIICHITUN JIAaHHOTO CTEKJa ¢ 00pasloM, JISTHPOBAaHHBIM TOJBKO Er;0s,
nokazajio, 4rto jobamienue YD,O3; mnpuBOgUT K YIIMPEHHIO JUarna3oHa
JTFOMUHECIICHITIH: 930-1080 HM (Er¥*/Yb®) BMECTO
955-1030 mm (Er**). I'panumsl BTOPOro AMana3oHa CPaBHUBAEMBIX OOpPa3LOB
octatoTcsi HeusMmMeHHbIMU (1450-1680 HM), omHako, IJIsi COJIETUPOBAHHOTO
oopasua (Er¥*/Yb®") nabmonaercsa BeIpaxkeHHOE pacLielyIeHue Ka Ha 1535 Hwm.

Takum 00pa3oM, COBMECTHOE JIETMpOBaHWE MOHHOM mapoil Er’'/Yb3*
MO3BOJISICT  PACIIMPUTh  CHEKTPAIbHBIA  JUANa3oH  JIFOMUHECIICHIINH
BUCMYTI'€pPMAHATHBIX CTEKOJL.

1. Y. Luo et al., Front. Optoelectron. 11(1), 37 (2018).
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PEHTT'EHOBCKOE U3JIYYEHUE KAK CIIOCOb YIIPABJIEHUA
3APAJOBBIMU COCTOAHUAMU HEHTPOB OKPACKHU B AJIMA3AX

K.H. Bongspes!?, B.C. Cenos?®, D.C. Cexrapos’?
YUncmumym cnexmpockonuu PAH, Tpouyx
2Hayuonanvuwlii ucciedosamensckutl yuusepcumem «Bvicuias wikona
9KOHOMUKU», Mockea
SUncmumym obweri pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
E-mail: sektarov_es@mail.ru

[leHTpbl OKpackM B anMaszax UIIMPOKO HCIOJB3YIOTCA B Pa3JIMYHBIX
00JacTsAX HAYKH U MOTYT HAaUTH NIPUMEHEHUE B ONTUYECKON KBAHTOBOM MaMSATH,
KBAaHTOBOM CEHCOpPUKE, Ja3epax M KBaHTOBOW kpumnrtorpaduu. llens 3Toit
paboThI OKA3aTh, YTO PEHTIC€HOBCKHUE JIYYH MOTYT BJIUSITh HAa LIEHTPHI OKPACKH.

B pabote uccnenoBancs MOHOKPUCTALUTMUECKUM anMas, COJEpXalluii Kak
NV, tak u SiV-mentpsl, BepameHaslii CVD wmetomom. [[ns wmccrnemoBanus
UCIIOJIb30BAJIaCh CIIEKTPOCKOIIMYECKAsi yCTaHOBKAa Ha 0Oa3e (hyphe-CIeKTpoMeTpa
BbIcOKOrO paspemenus: Bruker IFS 125 HR. McrounukoM peHTreHOBCKUX JIydei
sBisieTcsl peHTreHoBckas TpyOoka BCB-30 ¢ memnsiM aHojmoMm. HomuHanbHas
MOIITHOCTb peHTreHOBcKoi TpyOku 400 Bt, sneprus uzimyuenus 8.027 k3B (Cu Kay).

B cnekTtpax, mMOIydeHHBIX MOCIE BO3JAEHUCTBUS PEHTTCHOBCKUX JIyYEH,
MHTEHCUBHOCTH JIMHUW TOIJIOICHUS W3MEHSIOTCA Ha JUIMHAX BOJH 946 HM
(SiV9), 737 mm (SiV), 575 um (NV9), 637 M (NV’), COOTBETCTBYIOIIMX
ueHtpam okpacku. Ha Puc. 1 mpencTtaBieHbl U3BMEHEHHUs JUHUN TMOTJIOLICHUS
SiV- (737 um) (puc. 1(a)), SiV® (946 um) (puc. 1(0)) mocie PEHTTEHOBCKOIO
oOnydenus. Buano, uto SiV- ymenbmaerca, a SiV® Bospacraer. Takxke
HaOmogaercsa Ooliee CIOKHOE B3auMozelicteue Mexay NV? m NV-. Beum
paccuuTaHbl U3MEHEHUs KOHIeHTparuil nedexroB mist SiV u NV.

B »T0i1 paboTe MBI MPOJEMOHCTPUPOBAIIH, YTO PEHTTEHOBCKOE U3JIyUEHUE
MOKET BJUATH HA LIEHTPHI OKPACKU. J[aHHBIEC MOKa3alu U3MEHEHUS B JUHUIX
nornomenus NV° (575 um), NV~ (637 um), SiV™ (737 um) u SiV° (946 uMm).
MoOXHO cKa3aTh, YTO PEHTICHOBCKOE W3JIYUYEHHME MOXKHO MCIOJIb30BaTh B
Ka4E€CTBE MHCTPYMEHTA JJIs KOHTPOJISI 3apsIIOM LIEHTPOB OKPACKHU.
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Pabota BeinosiHeHa TIpu (PUHAHCOBOW MoaiepxKKe Poccriickoro Hay4dHoro
dbonma Ne 19-72-10132.
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AHAJIN3 ITIPUMECHOI'O COCTABA KEPAMUKH ZrO,-Y>0; METOJIOM
OOTOJIIOMUHECHEHTHOMU CITEKTPOCKOITNHN

H.A. Jlapunal, E.E. Jlomonosa?, IT.A. Ps6oukuna’, E.W. Yepnos®
Hayuonanvnvnii uccneooeamenvcruti Mopoosckuii 20cyoapcmeentbill
yuusepcumem um. H.I1. Ocapesa, Capanck
2Uncmumym obweti pusuxu um. A.M. Ilpoxopoea PAH, Mockea
SHayuno-npouseoocmeennoe npeonpusmue « IKOHy, Obnunck
E-mail: saharova.1996@mail.ru

Kepamnueckne Marepuanbl Ha OCHOBE JTUOKCHIA LHUPKOHUS HUMEIOT
IIUPOKUN CIEKTp MPUMEHEHHUS BO MHOTHUX OOJACTAX HAyKd W TeXHHKHU [1, 2].
Hampumep, BpICOKast KUCITOPOAHO-UOHHAS TPOBOJMMOCTh ATUX MAaTEpUaIOB IPH
MOBBIIICHHBIX TEMIIEpaTypax MAeNaeT MX MPUTOAHBIMHU JJIsl MCIOJIB30BAHUS B
KauecTBE JJIEKTPOJIUTHYECKUX MEMOpaH B TBEPAOOKCHUIHBIX TOILIUBHBIX
aeMmenTax (TOTD), naTUMKOB KHCIOPOIa B Ta30BBIX cpeaax [2-4].

Kak #3BECTHO, 3IEKTPONPOBOJHOCTh M TEPMOMEXAHWYECKHUE CBOICTBA
KepaMUYECKUX TBEPJBIX JJIEKTPOJIUTOB  3aBUCSAT OT TEXHOJOTHH MX
U3FOTOBIICHUS, @ TaKXK€ OT XapaKTEpUCTUK M METOJOB CHHTE€3a HCXOJHBIX
nopoikoB. C 3TUM MOTYT OBITh CBSI3aHBI PA3IUYMUsl B CTPYKTYype Marepuaia u
COJIEp’KaHUH B HEM MPUMECEH.

B Hacrosmeir pabore meTonoM (HOTOIIOMUHECIIEHTHON CIIEKTPOCKONHT
UCCIIeIOBAJICS MPUMECHBIH cocTaB KepaMuK (Z102)0.909(Y203)0.09(EU203)0.001. VX
MoJIydaJld W3 Pa3MOJIOTHIX IUIABJICHBIX OOpa3lloB AaHAJIOTMYHOTO COCTaBa
METOJIOM OJHOOCHOTO IIPECCOBaHUS W UIUIMKEPHOro JIUThi. B KoMmakTax
BBISIBJICHO HAJIMYKWE HEKOHTPOJIHMPYEMOW MPUMECH B BHJE TBEPIOIO pacTBOpa
Cr,03-Al;0;3.  Metogamu  OTOJTIOMHUHECIICHTHONH ~ CHEKTPOCKOIIUU U
KOH(OKaJIbHOW MHUKPOCKONMM B padoTe MNOKa3aHO, YTO JaHHas MPUMECH
JIOKAJIU3yeTCsl Ha MOBEPXHOCTH KEPAMUK B BHUJI€ OTAEIbHBIX BKIOYEHUH.

C  wucnonb30BaHMEM  METOJOB  PEHTICHOBCKOM  audpakuuu U
CHEKTPOCKOTIMM KOMOMHAIITMOHHOTO paccesHUs CBeTa Takke ObUl H3yuYeH
¢dazoBblii cocTaB Kepamuk. PesynpraThl PDA CBUAETENBCTBYIOT O TOM, YTO
KOMITaKThl, U3TOTOBJICHHBIE PA3TUYHBIMU METOJaMH, OJHO(DA3HBI U COCTOST U3
ZrO, xyOuveckoil MoauduKalMu ¢ OJM3KUMHM 3HAYCHUSAMH [apaMeTpoB
Kpuctaummueckon pemetku. [loctoponnux ¢a3 He obHapyxkeHo. [lo maHHBIM
cnektpockonuu KPC, uccienyeMble KEpaMUKH XapaKTEPU3YIOTCS CTPYKTYpoOu
t”’-(asel, kKoTOpast OIM3Ka K CTPYKTYpe (IIroopuUTa.

MetonoM (HOTOIFOMUHECIIEHTHOM CIEKTPOCKOMUU C HCIHOJIb30BaHUEM
noHoB Eu®" B KauecTBe CIEKTPOCKONMYECKOTO 30HIA MCCIEAOBAHA JIOKAIbHAS
CTPYKTypa KepaMuK. BBISBIIEHO, YTO JOKAITHHOE KPUCTALIUYECKOE OKPY>KEHUE
HMOHOB Eu3+ B KCEpaMHKax (ZI’Oz)o,gog(Y203)o_og(EU203)0_001, (pOpMI/IpyeMOC C
y4aCTHUEM KUCJIOPOIHBIX BaKaHCUM, UEHTUYHO JIOKAJTLHOMY OKPY>KEHHUIO HOHOB
Eu* B KpuCTasIaX aHAJIOTUYHOTO COCTABA.

1. U. Peuchertetal., J. Eur. Ceram. Soc. 29, 283 (2009).
2. N. Mahato et al., Prog. Mater. Sci. 72, 141 (2015).

3. Y. Mansilla et al., Mater. Today: Proc. 14, 92 (2019).
4. J.W. Fergus, J. Power Sources 162, 30 (2006).
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CBHUHIOBBLIE ®TOPOLOPATHBLIE CTEKJIOKPUCTAJUIMYECKHUE
MATEPHAJIbI, COAKTUBHUPOBAHHLIE Er** 1 Lu®*

A.B. bakaesa, [I.A. byrenkos, O.b. Ilerposa, K.1. Pynuna
Poccutickuti xumuxo-mexnonocuueckuti ynusepcumem um. /.M. Menoeneesa, Mockea
E-mail: dabutenkov@gmail.com

Oxcodropuansie cTeknokpuctamnueckue marepuansl (CKM) coderaror
B ce0e JIydIlne CBOMCTBA KPUCTATUIMYECKUX (PTOPUAOB U OKCUAHBIX CTEKOJ, UTO
JieaeT UX MepCreKTUBHBIMU JUIsl JIETUpoBaHus peako3deMenbHbiMu (P3) nonamu
U CO3JaHUsl HOBBIX Ja3epHbIX MarepuanoB [l]. Bsicokas sddekTuBHOCTD
momMuHecteHmn okcopropunubix CKM cBsizana ¢ teM, uto P3-aktuBaTop
HAaXOJIUTCA BO (PTOPUIHOM OKPYKEHMM C HHU3KOM »dHeprueid (HOHOHOB
KPUCTAJUIMUECKOW PEIIETKH, YTO MOAABISIET O€3bI3IydaTesIbHYI0 peaKCalluio.
Bo3moskHa reTepoBajeHTHAas cTabuiuzanus BBICOKOTEMIIEPATyPHOU
Kyonueckoii dasel (-PbF, TpexBaJleHTHBIMH peIKO3eMEIbHBIMA HOHAMH,
KOTOpbIE TAKXKE BBOJSTCS B KaueCTBE AKTUBATOPOB B Ja3€pHbIE MaTEpHAJIbI.
Ycnemnoe MpUMEHEHHE 3TOr0 Tojaxoza Juis coaktuBupoBanus Nd/La, Eu/Gd
ObUTO MOKa3zaHo B [1, 2], B HacToseld paboTe uccaeJ0BaHbl KPUCTATUIU3AIMS U
JTrOMHUHECIHIeHTHBIe cBoiicTBa CKM, coaktuBupoBaHHbBIX EIr/LU.

CuHTe3npoBaHbl cTekia B cucteMe 66PbF,—(34-x-y)B,Os—XErFs—yLuF;
x=0,02,1,2,3,4,y=0, 1, 2, 3, 3.8, 4). B kauecTBe UCXOAHBIX PEAKTUBOB
ucnoas3oBaan B,;0s, PbF,, ErF; u LuF; umcroroit He xyxke 99.99 macc. %.
Créxia  HuCCIEeNOBaIUCh  METOJaMU  ONTHUYECKOM  CIEKTPOCKONIMU U
mudpepenunanbHo-ckanupytomed  kamopumerpun  ([CK).  Beisgieno
CYILIECTBEHHOE BIUSHUE  J100aBOK  PEIKO3EMEIbHbBIX MOHOB  Ha
XapakTepucTuueckue — temreparypbl  crékoil. CKM  nonmydanm — myTtem
KOHTPOJIMPYEMOW KPUCTAJUIM3allMM CTEKOJ B PA3JIMYHBIX TEMIIEpAaTypHO-
BPEMEHHBIX yCIOBUAX HAa ocHOBaHWUU NaHHbIX J[CK.

Jltomunecuenst CKM U UCXOOHBIX CTEKON CHATA MPH BO30YKICHUU
nazepoM Ha anuHe BoiHbl 377 HM u 973 mm. B HK-obGnactu ¢ pocrom
TEMIIepaTypbl U UIMTEILHOCTH TEPMOOOPaOOTKH BO3pacTaeT MHTEHCUBHOCTh
smuccun Ha nepexome ‘lizp — Ylisp moma Er**. Chextp wm3iydeHus Ha
CBEPXUYYBCTBUTEIHLHOM IEPEXO/IE 4S30 — *lisp (550 HM) TpeTeprieBaeT CUILHBIE
U3MEHEHUs B 3aBUCHUMOCTH OT XUMHYECKOro M (a3oBoro cocraBa. OTH
PE3yNIbTAThl CBUJETEILCTBYIOT O CMEHE OKpyKeHHsh MOHOB Er®* 3a cuér mx
BXOJXKJICHUS B PA3JIMYHBIC KPUCTAITUYECKUE (ha3bl.

PaGora BeImonHeHa mipu prHAHCOBOM MoAEp)kke MUHUCTEPCTBA HAYKH U
BhICIIero oopaszoBanusi Poccuiickoit @eneparum, ['oczamanue FSSM-2020-0003.

1. O.B. Petrova et al., J. Non-Cryst. Sol. 531, 119858 (2020).
2. JI.A. Benmukuna u np., Ctexino u kepamuka Ne 1, 16 (2021).
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BJIMAHUNE BJIAJKHOCTH HA SJIEKTPOITPOJHOCTD IIVIEHOK
[NTOJINMBUHNJIOBOI'O CITMPTA C YTJIEPOAHBIMH HAHOTPYBKAMU

C.B. Bacun!, M.C. E¢umos?, B.A. Ceprees'?
YVibanoeckuii punuan Hncmumyma paouomexnuxu u d1eKmpoHuKu
um. B.A. Komenvnuxkoea PAH, Ynvanoseck
2 VIbAHOBCKULL 20CY0apPCMEEHHbII MeXHUYecKull yHusepcumen, YibsaHo6ck
E-mail: efimovmix@mail.ru

HanokoMInO3UTHBIE IUIEHKU MOJIMBUHWIOBOTO CIIUPTA ¢ MHOTOCTEHHBIMU
yraepoaubiMu HaHoTpyOkamu (IIBC-MVYHT) o6namaroT psaoM YHHUKaIbHBIX
CBOMCTB, IMO3BOJISIIOIIMX HMX HUCIIOJb30BaTh KAaK OCHOBY JATUYUKOB PA3IUYHBIX
¢busnueckux BenuuuH [1]. Hamu wuccnepoBasioch BIMSIHUE BIAXXHOCTH Ha
anekTponpoBoaHOCTh IIeHOK [IBC-MVYHT. [lna nonydenus nneHok I[IBC-
MVYHT 10 % Boansiii pactBop [IBC mapku 16/1, nonyyeHHBI HENpephIBHBIM
nepememmBanueM [IBC B Teuenmn waca npu temmeparype 90 °C myrtem
yJIbTPa3BYKOBOTO IMEPEMENIMBAHUSA CMEIMBAICI ¢ 5 % BOAHBIM pPacTBOPOM
MVYHT, nonydennsix Ha ycraHoBke Yial'TY u (yHKIMOHaIM3HMpPOBaHHBIX
NPUBUBKOM KapOOKCHIBHBIX rpynm [2]. ITeHKH nomyyanu myTeM BbITATUBAHUS
u3 pactBopa momnoxkku ITO. Ha moBepXHOCTh MJICHOK METOIOM BaKyyMHOTO
HaIlbUICHHUS] HAHOCUJIMCh AJIFOMUHUEBBIE KOHTAKTBHI.

N3 rpa¢ukoB BoJibTaMIiepHbIX xapakTepucTuk miieHok [IBC-MVYHT npu
Pa3IMYHOIN BIAXKHOCTU Haj pacTBopoM riunepuna [3] (puc. 1) ciemyer, 4to
MpU MOBbIIIEHUH BIaXHOCTH IIeHKa [IBC-MVYHT akTBHO BOUTHIBAET Biary u
€€ JIEKTPOIIPOBOJHOCTb, U KpyTU3Ha BAX CuiIbHO pacTer.
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Puc. 1. BAX njieHOK Tpy H3MEHEHUH BIAXKHOCTH U TTOCTOSIHHOW TeMIIepaType

PaGota BbIMOMHEHA B paMKax TOCYJapCTBEHHOTO 3aJaHUs IPHU
dbunancoBoit noanepxkke PODU, nomep npoekra Neo 19-42-730011.

1. C.B. Bacun, M.C. Edpumos, B.A. Ceprees, [DKT® 46, 26 (2020).

2. E.C. KnumoB, M.B. by3aeBa, O.A. [laBwiioBa, KypHan mnpuxiagHou
xumuu 87, 1128 (2014).

3. TOCT 29244-91, [Ilnactmaccel. HeOonbiive  KOHTEHHEpHl — AJis
KOHJMLIMOHUPOBAHUS U UCIIBITAHUS C UCIIOJIb30BAHUEM BOJHBIX PACTBOPOB
JUTSL TOEPKAHMSI IOCTOSTHHOTO 3HAYEHUSI OTHOCUTEIIbHOM BIA>KHOCTH.
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N3YUYEHUE ®A300BPA30OBAHUS B KBABUBMHAPHON CUCTEME
PbF2 - Eu F3

M.O. Anyposa?, C.C. 3eikoBa?, M.H. Maskosa?®, O.B. [letposa?, K.1. Pynuna?
'Hayuno-mexnuueckoe obveounenue « MP2-Ilonocy, @psazuto
2 Poccutickutl xumuko-mextono2uyeckuii ynusepcumem um. J]. M. Menoeneesa, Mockea
SUncmumym obweri pusuxu um. A.M. Ipoxopoea PAH, Mockesa
E-mail: zykova-sc@mail.ru

dTopuaHbIe COeIMHEHUs U TBEpbIE pacTBophl B cuctemax MF; - REF;
(RE — penko3eMenbHBIN 3JEMEHT) MPHUBICKAIOT BCE OOJbIIe BHUMAaHUE H3-3a
BO3MOXXHOCTH MX UCIIOJIb30BAaHUSI B KauecTBE (POTOHHBIX MAaTE€pUAlOB U
TOMUHODOPOB. OTIMYUTENHHON YEpTOM HTHX CHUCTEM SBISICTCS HalU4He
IIUPOKOI 00JIaCTH KpHCTAUIU3alluu Kyoudeckoit ¢daszel — Tun daroputa Fm3m,
KoTopas cocraisiet 6oiee 20 mon. % RE npu 650 — 700 °C [1]. Hapsany ¢ atum
BO MHOTHX CHCTEMax TPEANojaraercs HaIudue  POMOO3IPUIECCKOM
ynopsinoueHHo ¢asbl (R-¢aza), xkoTopas CyImIeCTBYET B Y3KOM Juaria3oHe
KoHUeHTpaui okono 40 mon. % RE. M3-3a ux cxoxecTu BO3HUKAET mpodiema
UAEHTU(PULIUPOBAHUS paccMaTpuBaeMou ¢ba3bl «pOMOO3IPUYECKOTO
dmaroopurtay» [2].

Ilenpto HacTosimielt pabOTHI SBISIETCS CHHTE3 W HM3ydeHHE OOpas3IoB
cocraBa PbixEUxF2.x, ¢ BBemenneM EUFs B koHmeHTpanusax 35-45 mon. %, npu
KOTOpBIX  mpeamnojaraercss mnoiydeHue R-daspl.  OOpa3upl  nomyyanu
TBepa0da3zHbM cuHTe30M Iipu 550 °C Bo dTopupyrolieit atmocdepe u METO0M
COOCaXJCHUSI M3 BOJHBIX PACTBOPOB HUTPATOB. B KauecTBe MCXOIHBIX
peaktuBoB ucnoiab3oBanmu PD(NOs),, EU(NO3);-6H,0, PbF,, EuFs, HF e xyxe
99.99 macc. %. Ha ocHoBanuu pesynbraroB PDA Obul mpoBenéH pacuér
rapamMeTpa »JJIEMEHTApHOW SYEHWKU. PEHTreHOoCneKTpalabHbId MUKPOAHAJINU3
TTO3BOJIMIT BBISIBUTH OTKJIOHEHUSI OT HOMHUHAJIBHBIX COCTAaBOB 00pa3IloB, KOTOPOE
cocraBisieT He Oosee 0.05 ar. % s Pb m Eu. C nenpro moiydeHust Oojee
TJTyOOKOTO TIPEICTABICHUS O KPUCTALIUYECKON CTPYKTYpPE CHHTE3MPOBAHHBIX
00pa3IoB MPOBECH aHAIU3 CIIEKTPOB KOMOMHAITMOHHOTO PACCEsSHHUS.

PaboTa BeinoaHEHa Ipyu (PUHAHCOBOM MoAep:kke MUHUCTEpCTBA HAYKH U
BEICIIIETO oOpa3oBanus Poccuiickoit deneparuu, ['oczamanne FSSM-2020-0005

1. AK. Tyagi et al., J. Solid State Chem. 177, 1746 (2004).
2. O.B. Petrovaetal., J. Lumin. 238, 118262 (2021).
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®A3OBBIE ITPEBPAIIIEHMS ITPU ITIOJIVUEHUN CTEKJIOKEPAMUKHN
HA OCHOBE CTEKIJIA BaO-B;03-Bi,03 1 Er:YAG

K.B. banyesa, K.®. Urnatosa, M.E. Komimuna, A.M. Kyteun, A.Jl. ITnexoBuy,
E.E. PocTtokuna
HUncemumym xumuu gvicokouucmoix geuwjecms um. 1.1, Jleeamoix PAH,
Huorenuu Hoeeopoo
E-mail: ignatova@ihps-nnov.ru

OIHMMH 13 KIIFOYEBBIX MATEPUAJIOB KBAHTOBOM SJIEKTPOHUKHU W Ja3€pHOU
WHXCHEPUH, SIBIAIOTCA KEPAMUKH Ha OCHOBE alFOMOUTTPHEBOIO TpaHATa,
JETUPOBAHHOTO  HMOHaMU  penkozemenbHbIX  snemMeHToB  (RE:YAQ).
OcHoBomnonararonieii mpo6ieMoil B 3TOM HAMPABICHUH SIBISIETCS TOJyYEeHUE
MaTepuajioB C HYJEBOM IOPUCTOCTHIO, BBICOKOM (a30BOM M XUMHUYECKOM
YUCTOTON. AJIbTEPHATUBHBIM TOJXOJOM K PEHICHUIO HMEIOIUXCS MpodsieM
ABJIAETCS pa3pabOTKa CTEKIIOKEpaMUYECKUX MaTepraioB Ha ocHoBe Er:YAG.

JlaHHast paboTa TMOCBSIIEHA HCCICAOBAHUIO XUMHYECKUX M (Da30BBIX
MPEBpAICHUM, a TaKXKE MOUCKY ONTUMAILHBIX PEKUMOB TEPMOOOPAOOTKH MpH
ITOJTyYE€HHUH HOBBIX CTEKJIOKepaMuK Ha ocHOBE Er:Y AG u crekia cuctembl BaO—
B,03-Bi,03, BEIOpanHOro ¢ ucnoiap3oBaHueM 0a3bl JaHHBIX SciGlass ucxoms u3
psna pU3NKO-XUMUYECKUX XapAaKTEPUCTHK: Ty, p, IOKA3aTENs IPEIIOMIIEHHUS N.

Jnst  uccnepoBaHWii  Obl1a  KMCHOJB30BAHA  KepaMHUKa  COCTaBa
(YosEros)sAlsO12, mpomienmias  BBICOKOTEMIIEPATypHYIO  00pabOTKYy — MpH
1100 °C, u crekio coctaBa 20B1,03-65B,03-15Ba0.

Metoaom ropsiueii IponUTKHA B pa3HbIX TeMIEpPaTypHbIX pexumax oT 700
10 1300 °C monyueHa cepust 0oOpasioB crekiokepamukn BaO—B;03;-BiO; —
Er:YAG. Merogom JICK u P®A oOHapyKeHBI M HCCIEIOBAHBI ITPOIIECCHI,
COMPOBOXKAAMOIINE (POPMUPOBAHUE CTEKIOKEPAMHUYECKOTO MaTepuaia IpH
Tepmudeckoil 00padotke. Ha tepmorpamme cmecu crekna u rpanata Er:YAG
npu Temmeparypax oT 650 °C po 1020 °C nabmomaercs oOpa3oBaHHe
(Y,Er)BOs3, a mpu T = 1050 °C — xapakTepHbIii MUK (GopMHpoBaHUS (a3bl
Er:YAG, obycnoBnennsiii pecunte3oMm u3 (Y,Er)BOs. Harpes cBoiie 1300 °C
NPUBOJUT K YOBUIM MacChl 3a CYET HCHapeHuss KOMIIOHEHTOB CTEKJIA.
[Tpenanonoxurensao mpoucxoaut pacman (Y,Er)BOs, a obpasyromuiics B20Os3
yJIAETYUYUBAETCS BCJICACTBUE €r0 HU3KOM YCTOMYMBOCTH B IAaHHBIX YCIIOBUSX.

[IpoBeneHo nccaenoBaHUE MOBEPXHOCTH MOTYYEHHBIX 00pa3lioB METOIOM
CKaHHUPYIOIIEH  AJNEKTPOHHOW  MuKpockonuu. Ha — mukpodororpadusix
HaOJIOaeTCsl 3HAYUTENIbHOE YBEJIIMUEHUE pa3Mepa M KOJIWYECTBA TIOP C POCTOM
TeMIepaTyphbl.

Baxxno otmetuTh, 4TO OOpasyromiascs kpuctamumdeckas (aza YBOs
MPEACTABIIET HMHTEPEC B KAueCTBE MATPUIIBI IS JIOMHHOGOPOB, UTO
OTKPBIBAET IIMPOKHUE TMEPCIEKTUBBI JJISI CTEKJIOKEPAMUKH, MPEJCTABICHHOW B
JTaHHOM pabore.

PabGora BwimonHeHa mnpu ¢uHaHCcOBOM mnonnepxkke PH® (mpoekt
Ne 20-73-10110).
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JIIOMUHECLIEHTHBIE CBOMCTBA TEPMAHATO-5EOPATOB
JJAHTAHA-TAIOJIMHU, COJIETUPOBAHHBIX MIOHAMM Yb*, Er¥*

M.T'. Komosal, B.A. Kpyteko?, K.B. ITetposa?, JI.B. [Tomunosa?
Y Unemumym obweri u neopeanuyeckoii xumuu um. H.C. Kypnaxoea PAH, Mockea
2Uncmumym obweri pusuxu um. A.M. Ilpoxopoea PAH, Mockea
E-mail: kroutko@igic.ras.ru

Tepmoctoiikue repmanatobopatel LNisGe;BeOszs  co  cTpykTypHOI
bopmyioit Lny4Og(Ge04)2(BOs)s KprcTaUIN3YIOTCS B TPUTOHAIBHOW CHHTOHUH
(mp.rp. P31), 4TO0 moapasymeBaeT y HHUX HAJIMYHC HEIMHCHHO-ONTHYCCKUX,
THPOTPOITHBIX U JPYTUX (PYHKIIMOHAIBHBIX CBOUCTB [1]. DTH OKCHIIBI TIOIXOIAT
JUTSL CO3TIaHMSI IFOMUHO(OPOB Pa3INIHBIX CIIEKTPATBHBIX JUANa30HoB [2, 3].

B  nmamHOlt  pabore KuAKOPA3HBIM TyTeM  (COOCAXKIACHHEM  C
MOCTIEAYIONUM OT)KATOM HWHTEPMEANATOB) IIOJy4eHa cepusi OAHO(DA3HBIX
repmanaTo6opaToB snanTana-ragonuaus (I'BJI) LazGdigxyGeBeOsa: Yhy, Ely.
HccnenoBanbl  CHEKTPAIbHO-TIOMHHECIICHTHBIC ~ CBOMCTBA  TOJYYCHHBIX
MaTepHaIoB. 3apEeTUCTPUPOBAHBI CIIEKTPHI all-KOHBEPCUOHHON JTFOMUHECIICHITHH
pU M3JTydaTeNbHBIX epexoaax 2Hiyo, 4Sspp — *lisp 11 *Fg — 4lis, monos Er¥* s
cuntezupoBanHbiX ['BJII" mpu undpakpacnom (MUK) nazepHoM Bo30yx A€HUH B
nonocy mornomenus Yb* (L = 974 um). OmnpeneneHsl 3HAYCHUS
sHepreTudeckoro Beixoaa (Ben, %) Bcex CUHTE3MPOBAHHBIX JTHOMHHO(POPOB
(puc. 1 (a)) ¥ onTHMaNbHBIE COOTHOIIEHWsS KoHUeHTpauuii YD®" u Er¥" mus
NoJTydeHus1 Haubosee IpKux JIOMUHO(DOPOoB. KOHIIEHTpaIni0 aKTUBHBIX HOHOB
B COCTaBe JIOMHUHO(MOPOB KOHTPOJHMPOBATIU METOJIOM ATOMHO-3MHUCCHOHHOMN
CIICKTPOMETPUM C  HMHIYKTUBHO  CBSI3aHHOW  Tutazmoi.  OrmpenencHa
Mukpomopdodorus somuHoGopos I'BJIT (puc.1 (0)).

0427 * 1200°C
0.1 + 1250°C
0.08 ~
¢ 0.06 -
§0.04 .

0.02 ~

0

5 10 15
C (Yb+Er)

(a) (6)
Puc. 1. (a) — 3aBucumocts Ben, % I'BJII" oT cymmapHO#l KOHLIEHTpaLMK JETUPYIOIIUX
npumeceii; (6) — muxpomopdonorus ['BJIT.

HccnepoBanust MpoOBOAMUIUCH MpU  OHOIKETHOM (DUHAHCUPOBAHUU C
ucnoas3oBanueM ooopynoBanus [IKIT ®MU MOHX PAH u nognepxke rpanTa
[Ipesugenra P® mis roCyaapCTBEHHOM MOMAEPKKH MOJIOJABIX POCCHUUCKUX
yUeHbIX - KanauaaroB Hayk (MK-3098.2022.1.2).

1. J.H. Zhang et al., J. Solid State Chem. 195, 63 (2012).
2. B.A. Kpytbko u ap., Heopran. mar. 38, 1364 (2002).
3. A. Ryabova et al., Photonics & Lasers in Med. 2, 117 (2013).
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O PACITPOCTPAHEHHDLIX 1 PEJKUX ITPOCTPAHCTBEHHDBIX
I'PYIIITIAX YITAKOBOK CUMMETPHUYHbLIX CTPYKTYPHBIX EJJMHAIL]
B KPUCTAJIIAX

A.A Tlakynesa, H.B Comos, E.B. UynpyHos
Hayuonanvnoiii uccneoosamenvcrkuit Huscecopoockuii 2ocyoapcmeeHntbiil
yuusepcumem um. H.U. Jlobauescrkozo, Huowcnuii Hogeopoo
E-mail: pakuleval999@mail.ru

[IpenMeToM MaHHOTO WCCIENOBAHUS SIBISIETCS HCCIIECIOBAHUE CBOMCTB
HanOoJIee YacTO BCTPEYAIOUIUXCS B MPUPOJIE (PACTIPOCTPAHEHHBIX) U «PEIKUX),
a TaKxke «mycTeix» mo TepmuHoiorun B.C.YpycoBa [1] mpocTpaHCTBEHHBIX
IPYII CHMMETPUN KPUCTAILIIOB.

B Hacrosiieit pabote paccMaTpUBaIOTCS KPUCTAJUIbl, aTOMHAs CTPYKTypa
KOTOPBIX MOXET OBbITh TMPEACTABI€HAa B BHUAEC YIAKOBKHA OT/AEJbHBIX
CTPYKTYPHBIX €IMHHUI KOHEYHOro 00beMa. ITO MPUBOAUT K MOSBICHUIO
F€OMETPUYECKUX  OrPaHUYEHUWH HA  BO3MOJKHOE  pACIOJIOKEHUE B
KPUCTAJUIMYECKOM MPOCTPAHCTBE TAKUX CTPYKTYPHBIX €AMHUL], 00YCIOBIEHHBIX
TaM, 4YTO PACCTOSIHUE MEXIY ABYMS aTOMaMU HE MOXKET ObITh MEHBIIE CyMMBI
UX KpUCTAIIOrpauYECKUX paJinyCcoB.

Jna kaxnon u3 230 IMpPOCTPAHCTBEHHBIX IPYNH CUMMETPUH HMEIOTCA
CBOM OTPaHMYCHMS HA PACIIOJIOKEHHE aTOMOB B KpHUCTAILUIE [2].

CHMMeETpHYHBIE CTPYKTYPHBIE €IUHUIBI MOTYT pacIoiaralorcs B
KPUCTAJUTMYECKOM MPOCTPAHCTBE IO YACTHBIM OpOUTaM MPOCTPAHCTBEHHBIX
rpynn.  Jlns  3TOrO0  HEOOXOIMMO,  YTOOBI  CTPYKTypHas  €JuHHIA
XapaKTepu30Bajacb  HEKOTOPOM  HETPUBHAIBHOM  TOYEYHOM  TPYNIION
COOCTBEHHOW CUMMETPHH.

B nmanHol paboTe MpUBOASATCS PE3yIbTaThl BHIYUCICHHM 3allpEIICHHBIX
00BEMOB B KPUCTAJNIMYECKOM IMPOCTPAHCTBE JJI YACTHBIX OPOUT HEKOTOPBIX
IPOCTPAHCTBEHHBIX TPYyNN CUMMETPUH, aHAIM3 COOTHOUIEHUS COOCTBEHHOM
CUMMETPHUM CTPYKTYPHBIX €IWHMI] M COINOCTABJIEHUE pE3YyJIbTATOB JAHHOIO
aHanM3a C JAHHBIMHU, COJEPKAIIMMUCST B MEXIYHAPOAHBIX 0a3axX CTPYKTYPHBIX
JAHHBIX.

Pabota Obula mnoanepkaHa MMHHCTEPCTBOM HAyKM M BBICHIETO
oOpazoBanus P® B pamkax roc3aganus Ne 0729-2020-0058.

1. B.C. ¥pycos, T.H. Hanexxuna, XXypuan crpykrypHoii xumuu 50, 26 (2009).
2. H.B. Comos, E.B. Uynpynos, Kpucrannorpadus, 2020.
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BJIMIHUE OKCUJIA HATPUS HA ®U3NYECKUE CBOMCTBA
BUCMYTI'EPMAHATHBIX CTEKOJI

J1.B. Bonkoga, K.C. Cepkuna, 11.B. CtenanoBa, A.A. Tpodumona
Poccuiickuti xumurxo-mexnonoeuueckuu ynueepcumem um. /.M. Menoeneesa, Mockea
E-mail: stepanova.i.v@muctr.ru

C MOMEHTa OTKPBITHS YHHUKAJIbHBIX JIFOMUHECIICHTHBIX CBOICTB
F€pPMaHaTHBIX CTEKOJ, JIETUPOBAHHBIX BHUCMYTOM, MKCCJIEIOBAaHUE CBOMCTB
CTEKOJI JAHHOM CHUCTEMBI SIBJSIETCA AKTyallbHOM HAy4YHOM  3aJadci.
MoaudunupoBanue OKCHUJAMH IIEJIOYHBIX METAJJIOB II03BOJISET CHHU3UTH
TeMIIepaTypy CHUHTE3a M YJIYUIIUTh ONTHYECKOe KadecTBO crekon [1]. Llens
JaHHOW paboThl — WCCJEAOBAaHWE BIUSHHUS OKCHIAa HATpUs Ha CBOMCTBa
BUCMYTI€pMaHATHBIX CTEKOJ.

bbul npoBeAeH CUHTE3 JIBYX CEpHil CTEKOJI C Pa3IUYHBIM COJCPKAHUEM
miennoydoro oxkcuaa XBi,O; — (95-x)GeO, — 5Na,O u xBi,O3 — (90-x)GeO, —
10Na;O, tme x = 1, 2, 3, 4, 5 mon. %. JIBaxapl CHCUYCHHYIO MIUXTY
BoiepkuBay npu t = 1100 °C B Teuenne 30 MUHYT, 3aT€EM paCILIaB OTIUBAIH
Ha CTAJbHYIO TOJJIOKKY KOMHATHOM Temmeparypbl. [lmoTHOCTH u3zMmepsiin
ruapocratnyeckum  MetonoMm (Becet  MERCURY M-ER  123ACF), mus
M3MEPEHUs TOKa3aTelsl MPEIOMIICHUSI UCIOIb30BAJICSI UMMEPCUOHHBIN METOJ
(mukpockon MWMH-8, mmmepcuonnsie xunakoctu Cargille Labs) u meron
pedpakromerpa (pedpakromerp MET'EOH 72022).

CuHTE3UpOBaHHBIC BUCMYTI€pMaHATHBIE CTEKJIa HMEIOT XOpollee
ONTHUYECKOE Kad4eCTBO, C YBEJIMYECHHUEM COJICp)KaHUS OKCHJIa BUCMYTa JJIA
CTEKOJl O00OMX Cepui 3aMETHO IIOSBJIICHHE KpPAacHOM OKpacKd, KOCBEHHO
yKa3bIBaIOIIEH Ha HAJIMYME BUCMYTOBBIX aKTUBHBIX IIEHTPOB [2].

B tabmuie 1 npuBeneHsl 3HaAUCHUS (U3UYCCKUX CBOMCTB (IJIOTHOCTH U
MoKa3aTess MPeIOMJICHHUs) ISl IBYX cepuit cTtekoi. Kak BuHO, C yBeTUYEHHUEM
COJIEp>KaHMs OKCHJIa BUCMYTa IIPOUCXOIUT MOCTENEHHOE BO3pacTaHNue 3HAUCHUM
IJIOTHOCTH M MOKA3aTelsl TPEJIOMIICHHUSI.

Tabnuua 1. ®usnueckue CBOMCTBA CHHTE3UPOBAHHBIX CTEKOJ

I[TnotHOCTH, T/eM® £0.05 [Tokazarens npemomiuerus Np, +£0.01
Conepxanue, MO % Bi,O3— Bi,O3—
Na20| 1 2 3 4 5 1 2 3 4 5
5 408 409413421 434| 167 | 168 | 1.70 | 1.72 | 1.73
10 409 14.09 14151437440 | 167 | 170 | 1.72 | 1.73 | 1.74

CpaBHEHHE CTEKOJ ¢ pasnudyHbiM coaepkanueM Na;O mokaspiBaeT, 4To
BCce (U3MYECKHE XapaKTePUCTHKH HWMEIOT 0o0yiee BBICOKHME 3HAUCHUS IS
obopasuoB ¢ 10 mon. % Na;O. [laHHoe siBIieHHE CBSI3aHO C «TE€pMaHATHOM
aHoOMaJuen», XapaKTEPHOU JJIsl CTEKOJ HCCIIeayeMOn CUCTEMBI [1].

1. T.N. Ivanova, V.N. Bykov, Russian Metallurgy 8, 678 (2010).
2. Y. Fujimoto, J. American Ceramic Society 93, 581 (2010).
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BBICOKOYUCTBIE CTEKIJIA TeO2-ZnO JIETTPOBAHHBIE
PEJJKO3EMEJIbBHBIMU NOHAMUN

N.X. ABetucos, /I.A. byrenkos, M.b. I'pumieukun, T.C. JleTsarun,
K.W. Pynuna, B.A. ConomaTtuna
Poccutickuti xumuxo-mexnonoeuueckuti ynusepcumem um. /{.U1. Menoeneesa, Mockea
E-mail: viktoria20000000@mail.ru

OnTuueckye  Marepuajlel  Ha  OCHOBE  BBICOKOYHMCTBIX  BEILIECTB
BOCTpeOOBaHbl B KauecTBE  (YHKIUMOHANBHBIX  TPU  HU3TOTOBJICHUU
OINTOBOJIOKOHHBIX M OITORJIEKTPOHHBIX YCTPOMCTB B (DOTOHMKE, BOJOKOHHOM,
CWJIOBOM, HelMHelHHOoU omntuke. HeoOXoauMbIM yCIOBHEM HX NPUMEHEHUS B
YKa3aHHBIX 00JIACTSAX SIBJISIETCS BBICOKAS ONTUYECKasi TPO3PAYHOCTh MaTepuaa u
HU3KKE onrhuyeckue norepu. HoBeiM HampaBneHueM B cpenHeM MK nuanazone
ABJISIETCSI UCIIOJIB30BAHUE AKTUBHBIX BOJIOKOH, KOTOPYIO UTPAIOT JABOWHYIO POJIb
HEJIMHEVMHOW W YCWIMTENbHOM cpeabl. [1] bonblioi wHTEpEC NpEeACTaBISIOT
crekina cuctembl 1€0,-ZnO nerupoBaHHBIC pEAKO3EMETbHBIMU HOHAMH.

B pamkax paOoTbl ObUIM CHHTE3MpPOBAHBI BBHICOKOYHCTHIE cTekaa [e0;-
Zn0O pa3HOTO0 COCTaBa, JICTUPOBAHHBIC PEAKO3EMEIbHBIMHI HOHAMU. J[71s1 cHTE3a
IIMXTHI UCHOJIb30BaJIA BBICOKOUHUCTBIA ZnO SN (110 67 npumMecsim), MoTyYEHHBIH
METOJIOM OCAXJCHHUS W3 Aa30THOKHUCIOrO pacTtBopa [2] ¢ MOCIEAYyHOUIUM
OTXHUTOM B arMmocdepe Kuciopoga, u BbeicOkouncThii T€0, 5N (mo 64
OpUMECSM), TOJYUYEHHBIH METOJOM Tra3oTpaHcnopTHoW peakuuu [3]. Cunres
IPOBOAMIIM B IUIATUHOBOM THUIJIE B My(enpHOU Ieuu B MOTOKE Kuciopoja. B
Ka4yeCTBE JISTHPYIOIIMX 100aBoK Hcnonb3oanu Er,0z, Y0,03, Nd,Os.

HccnenoBansl ¢buznueckue CBOMCTBAa  IMOJYYEHHBIX  CTEKOJI:
MUKPOTBEPAOCTD, CIIEKTPBI POy CKaHUs, CIEKTPBI IIOMUHECLEHIUY.

PaboTa BeImomHEHA TP (PUHAHCOBOM MOJep)kke MUHUCTEpCTBA HAYKH U
BEICIIIETO 0Opa3oBanus Poccuiickoit denepanun, rpant FSSM-2020-0005.

1. A.II. CaBukwuH u ap., Heopraundeckue matepuainst 50, 1261 (2014).

2. B.A. ConomatuHa u ap., Moyioie)xp ¥ Hayka: mmar k ycrexy 4, 108 (2021).
3. E. Sukhanova et al., Journal of Alloys and Compounds 855, 1 (2021).
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JTIOMUHECIEHTHBIE TUBPUHBIE MATEPHAJIBI B CUCTEME
PbF,-YF; HA OCHOBE 8-OKCUXUHOJISITA JIUTUS, TIOJTYYEHHBIE
METOJIOM COOCAXJIEHUS

M.IO. Augpeesal, M.H. Masxkosa®?, O.B. Ilerposal, I[1.B. Crpekanos?
YPoccurickuii xumuxo-mexnonoauueckuti yrusepcumem um. J{ 1. Menoeneesa, Mockeéa
2Uncmumym obweri pusuxu um. A.M. Ipoxopoea PAH, Mockesa
E-mail: strekalov_pavel@mail.ru

JItTOMUHECIICHTHBIE OpPTraHO-HEOpraHWYEeCKWe TUOpHUIHBIE MaTepuabl
('M) comepxaT HaHOKJIACTEPbl  BBICOKOA((EKTUBHOTO  OPraHUYECKOIro
aromMuHOdoOpa B CTaOMIIBHON Heopranmuyeckoit matpuiie. Ha ocHoBe PhF;-
coJiep Kalux Matpull Obutk cuHTe3upoBaHbl ['M MeTonoM coocaxaenus [1] c
UCIIOJIb30BAaHUEM B KA4YECTBE OPraHMYECKOTO0 KOMIIOHEHTa 8-OKCHXWHOJSITA
mutust (Lig). B cucteme PbF,-REF; (RE = peako3eMeNnbHBIN 3JI€MEHT) MOTYT
00pa30BBIBATBCSA TBEPJbIC PAcTBOPBI KyOmdeckoit (a3el PhixRExF2.x THma
dmrooputa  Fm3m, oOpa3oBaHme TBEpAOTO pacTBOpa CTAOMIM3UPYET
KyOuueckyto (haszy.

Cunres I'M B cucreme ¢ropua cBUHIA — @TOpUA HUTTPUS —
8-OKCUXMHONSAT JHUTHUS TPOBOAWIA METOJOM COOCAXKACHUS U3 BOJHBIX
pactBopoB. Ha gaHHOM 3Tame ucciefoBajid BIUSHUE Ha PE3yJbTaT CHUHTE3a
Pa3IUYHBIX YCIOBUH COOCAXICHMS: KOHIIEHTPALMH HCXOJHBIX KOMIIOHEHTOB,
COOTHOILIICHHsSI KOMIIOHEHTOB W IOpsAKa IOJa4d pearcHToB. B pesynbrate
COOC@XJEHUS NOJydald MOPOUIKOOOpa3HbIE IpenapaThl, COJEpKallhe Kak
HHU3KOTEMITepaTypHYyI0 poMOnueckyto dasy o-PbF,, Tak u TBepabie pacTBOphI Ha
ocHoBe KyoOmueckoii (as3el B-PbF, B 3aBucuMoctn ot kouieHTpauuu RE wu
YCJIOBHM CHHTE3a.

CrabunpHbie OAHO(A3HBIE MOPOIIKK C KPUCTATUTMYECKOW KyOWYecKOn
CTPYKTYpHI TIONy4YaId MpU HOMUHAIBHBIX KOHIEHTparusax YFz 20-25 mon. %.
Jlnst aTX 00pa3noB ObuUIM M3y4deHbl cnekTpbl QorontoMubecueHuuu (OJI) Ha
cnektpodiyopumerpe Fluorolog 3D (Horiba Jobin Yvon) npu B0o30yxaeHUu
377 um. Haubonee mnTeHcMBHON @JI obOnamaer I'M, monyyeHHBIM NpAMbIM
COOCaXJEHUEM C HOMHUHAIbHOW KOHLEeHTpauued YFz 25 wmom. % w
KOHILIEHTpauen ucxoqHoro pacrtsopa HutparoB 0.8 M. Cnekrpsl I'M 3ameTHO
CABUHYTHl B KOPOTKOBOJIHOBYIO OOJACTh OTHOCHUTEIBHO HcXoaHoro Liq.
KopoTkoBOJIHOBass cOCTaBisrollas $SBHO HE CBA3aHAa C LEHTpaMH 8-
OKCUXUHOJIAITOB UTTPUS WJIM CBUHIA, KOTOpble neMoHCTpupytoT PJI B Oosee
JUTMHHOBOJIHOBOKM 00OJyiacTu 1o cpaBHeHHMIO ¢ Lig. Kpome Toro, meHTp HEmb3s
OTHECTH K CTeU(PUISCKUM CBsI3IM B KyOuuecko (aze PbF,. Takum obGpazom,
['M, mosydeHHBIE W3 TPOWHOW CHUCTEMBI, OYCHBb TMEPCIEKTUBHBI, Ojarojaps
VHTEHCUBHOMW U OYE€Hb KOPOTKOBOJIHOBOM DJI.

PaboTa BeInoaHEeHa npy (pUHAHCOBOM Mojep:kke MUHUCTEpCTBA HAYKH U
BhIcIIero oOpasoBanus, ['oczananue FSSM-2020-0005.

1. TI.B. Ctpekanos u ap., [[BetHbie metamisr Ne 10, 25 (2021).
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NCCIIEAOBAHUE ®A300BPA30BAHNA B CUCTEME ®TOPUIA
CBUHIA U ®TOPUJA UTTEPBMA METOJOM COOCAXIEHMA

M.H. Masxosal?, O.B. ITerposa’, K.1. Pyruna!, I1.B. Ctpekanos’
YPoccuricruii xumuxo-mexnonoauueckuti yrusepcumem um. J{ 1. Menoeneesa, Mockéa
2Uncmumym obweri pusuxu um. A.M. Ilpoxopoea PAH, Mockesa
E-mail: strekalov_pavel@mail.ru

Cucremer MF2-REF; (rne M = Ca, Sr, Ba, Pb, RE = peako3emenbHbIi
aneMeHT) GOopMUPYIOT TBepbie pacTBOpbl MixRyF2ix KyOHUUeCcKoM CTPYKTYpBI
tuna daroopura FmM3m. O61acTh KpUCTAUIM3AUMU TaKUX TBEPJBIX PacTBOPOB
npu Bbicokux Temneparypax pocturaetr 50 mon. % REFs. Hccnegosanue
da3zoobpazoBanust B cuctemMax ¢ PDF; OCIOKHEHO HaaMYMeM Yy HETo
noiuMmopdusmMa, HE CBOMCTBEHHOrO JpyruM ¢TopujaM JABYXBAJICHTHBIX
MetauioB [1]. beuta BeiOpana cuctema, cojaepxkaliasi UTTepOui, MOCKOJIbKY CO
CHEKTPOCKONMMYECKONH TOYKU 3PEHHSI UTTEPOMH MMEET Psii MPEUMYIIECTB: s
MOHOB Yb3* OTCYTCTByeT KOHIEHTPAMOHHOE TYLIEHHE JIOMHHECUECHIIUH,
CTENIEHb JIETUPOBAHUS HUTTEPOMEM MOXKET OBITh OYEHb BBICOKOW Osaromaps
HAJIMYMIO TOJIBKO JIBYX 2JIEKTPOHHBIX ypOBHEH 2F7/ 1 2Fs),.

[MpousBenen cuHTe3 mOpomkoB B cucteme PbF,-YDF; wmeromom
COCaXXJI€HUsI U3 BOAHBIX pacTBOpoB HUTpaTta cBuHIA (ll) 1 HUTpara uTTepOUs
(II1). B kauectBe (rTOopUpYyIOMEro arcHra ObLI BBIOpaH (GTOPHI aMMOHHSL.
CuHTe3 MNPOBOJUIU TMPSMBIM, OOPATHBIM M COBMECTHBIM OCaXJICHHEM, B
3aBHCHUMOCTH OT IOpsi/IKa CMEUIEHHsI pacTBOpPoB. B pe3ynbraTe coocakaeHus B
cucreMe PbF,-YDF; momyuenbl mopomiku, 1Mo CBOEH KPHUCTAUIMYECKOMN
CTPYKTYpE€ COOTBETCTBYIOIIME HU3KOTEMIIEpaTypHOU pomOudeckoil ¢aze — o-
PbF, u BeIcOKOTEMITEpaTypHOU KyOuueckoit ¢ase — B-PbF,. Ilpu coBmecTHOM
n00aBJICHUH PEareHTOB, a TAKXKE MPU KOHIICHTPAIlMK pPacTBOpa HUTpaTa CBUHIIA
paBHoii 0.8 M mnpoucxoauT oOpa3oBaHue AByX(azHOro obdpazma. A npu
oOpaTHOM MeTOZe T0OaBIEHUSI peareHTOB C KOHILIEHTpalMel pacTBOpa HUTpaTa
CcBUMHLA paBHON 1.43 M c yBenMueHHEM KOJUYECTBA COJEPKAHUS UTTepOus
MPOUCXOJUT CTaOUM3aIus Kyouueckoi ha3sl pTopua CBUHIIA.

CrexTp JIOMUHECUEHUMH MNPEACTaBIsEeT COOOW MOJOCYy C Tpemsl SIBHO
BBIPAKCHHBIMH MaKCUMyMaMu Ha JiuHax BoJH 971, 977, 993 HM, KOoTOpBIE
COOTBETCTBYIOT IEPEXOAAM DIEKTPOHOB C BO30YKIEHHOro ypoBHs 2Fs, Ha
INTADKOBCKME IIOJyPOBHHM OCHOBHOrO ypoBHS 2F7p B  momax Yb®.
MaxkcumanbHasi UHTEHCUBHOCTh JIFOMUHECIICHIIMM HalOuionaercss y oOpasua c
KOHLIEHTpanueil noHoB Yb** 25 moun. %.

PaboTa BeimonmHeHa pu GUHAHCOBOM ToIIep)kKe MUHHUCTEPCTBA HAYKU U
BhICIIIeTO oOpa3oBanus, ['oczamanne FSSM-2020-0005.

1. O.B. Petrova et al., Journal of Luminescence 238, 118262 (2021).
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COIIOCTABJIEHHUE CTPYKTYPLI, TEPMO3JIEKTPUUYECKUX
1 MEXAHMYECKUX CBOMCTB TBEPJIbIX PACTBOPOB (Bi, Sb),Tes,
[NHOJIYYEHHbLIX METOJAMMU 5KCTPY31U 1 UCKPOBOI'O
I[IJTASMEHHOI'O CIIEKAHUA

M.B. Boponos!, M.T". JlaBpentnes?®, B.I1. [Tanuenko?, }0.H. [Tapxomenko®*,
H.1O. TaGaukosa®®
LHayuonanvuwiii uccnedosamenvcuii yenmp «Kypuamoscxuti uncmumymy, Mockea
2HayuonanbHwiii uccned06amenbCkull mexHoI02UYeCKUtl YHUGepcumenn
«MHUCuC», Mockea
3000 «PMT», Mocksa
*Tocydapcmeenmviil HAYYHO-UCCAEO06AMENbCKULL U NPOEKMHBILL UHCIUMYM
PpeoKoMemaniuieckou npomviuiienHocmu «l upeomemy, Mockea
*Uncmumym ooweii pusuxu um. A.M. IIpoxopoea PAH, Mocksa
E-mail: ntabachkova@misis.ru

TBepable pacTBOpPbI HA OCHOBE TEJUIYpHAA BUCMYTa M CYpPbMBbI IIUPOKO
UCIIOJIB3YIOTCS U1l CO3[aHUsl MPUOOPOB CHCTEM OXJAXIECHHUSA, a TaKkKe IS
TEHEpPAaTOpPOB  DJJIEKTPOdHEpruM  Ipu  Temmeparypax go 300  °C.
TepmoanexkTpuueckue MaTepHuaIbl, paboTaroniue B reHeparopax
JIEKTPOIHEPTUH,  MOTYT  HCIBITBIBATH ~ MEXAHWYECKHE  HAIpPSDKCHMS,
BO3HHUKAIOIIME H3-3a JOCTATOYHO OOJIBIION Pa3HOCTH TeMIepaTyp ropsdyei u
XOJOJHOW CTOpPOH TepModjeMeHTa. B  Hactosmeil pabore Meronom
JUHAMUYECKOTO OJHOOCHOTO CHKAaTHs MCCIIEIOBaHA 3aBUCUMOCTh ITPOYHOCTHBIX
XapaKkTepUCTUK MOJUKpUCTANIMUEeCKUX 00pa3ioB (Bi,Sb),Tes;, momydeHHBIX
METOJAMH 3KCTPY3UM M HUCKPOBOro Iuia3MeHHoro crekanus (SPS), a taxxke
MAaTEPUAJIOB TOJIYYEHHBIX OKCTpy3ued B ycraHoBke SPS. Merogamu
PEHTI€HOBCKOW AUPPAKTOMETPUH U CKAHUPYIOLIEH 3JIEKTPOHHOM MUKPOCKOIIUU
uccien0BaH (Pa3oBblil COCTAaB U CTPYKTYpa UCXOJHBIX 00pa3IOB.

AHaIM3 TOJNYYEHHBIX pE3YyJIbTATOB MOKAa3bIBAET, 4YTO MeToAoM SPS
BO3MOXKHO TIOJIy4YEHHE XOpPOILIO CIE€YEHHOI0, MEXaHWYECKH MPOYHOIO
MaTepuasa, He COAEPIKAILEro Mop M TPEIIMH JaXe IPU OTHOCHUTEIBHO HU3KOM
nasnenuu ~ 50 MIla. [Toka3zaHo, 4To TPOYHOCTH OOPa3IOB, MOMIYYeHHBIX SPS,
IIPY KOMHATHOM TeMIlepaType MPaKTHYECKHU B JIBa pa3a MPEBBIIIAET IPOYHOCTh
00pas1oB, MOITYYEHHBIX METOAOM 3KCTpY3uH. OOCYKIAI0TCs 3aKOHOMEPHOCTH,
XapaKTepu3ylolIe MnoBeJeHre Marepuaia npu nedopmanuu. [lo cpaBHeHMIO C
TPaJAMLIMOHHBIM METOJOM TOpsiYeid B3KCTPY3HHM, MPOBEAEHUE OHKCTPY3UU B
ycTaHoBKe SPS yBenmnumBaeT OCTpPOTY TEKCTypbl Marepuana. l[Ipu sTom
MPOYHOCTHBIE  XapaKTEPUCTUKU TAKOTO AKCTPYAMPOBAHHOTO  Marepuaia
COTNIOCTaBUMBI C XapaKTEPUCTUKAMU MaTepuana, nosiydeHHoro SPS. Ilpu
KOMHATHOM TeMIeparype MPOYHOCTh JKCTPYIupoBaHHBIX B SPS 00pasuos
cocrasisuia ~ 200 MlTa.

HccnenoBanue BBINIONHEHO Npu (GUHAHCOBOM mnoaaepxkke POOU B
pamkax HaydHoro mpoekta Ne 20-32-90051. WccnemoBaHue CTPYKTYpbI
BbITIOJIHEHO Ha ob6opyaoBanuu LKII «MatepuanoBeseHue u METAILTYprusy MpH
¢dunancoBoi noaaepkke PO B muie MunoopHayku (Ne 075-15-2021-696).
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BJIMSIHUE YCJIOBUM CUHTE3A HA CTPYKTYPHLIE
N MOP®OJIOTMYECKUE OCOBEHHOCTU «CORE/SHELL»
HAHOYACTHUL] B-NaYF4:Yb* Er¥*@SiO,

H.A. Apxaposa, /[.H. Kapumos, A.B. Komenes, A.C. Opexos
@OHUI] «Kpucmannoepagus u @Pomonuxa» PAH, Mockea
E-mail: orekhov.anton@gmail.com

I'uapoduiibHbie reTEePOCTPYKTYPHPOBAHHBIC YaCTHUI[BI
NaYF4:Yb® Er*@SiO; sBistoTcss MOJCIBHBIMUA 00OBEKTAMU B MEIUITMHCKUX H
Oouonornyeckux mnpuioxkeHusx [1-3]. OmHako, HecMOTpsi Ha MHOrooOpasue
METOAMK IIOJIyUYCHHUS YacTHUI[ CO CTPYKTYpOH <«sipo/o0osioukay, mpodiaema
BOCIIPOU3BOJAMMOCTH CHHTE3a W KOHTPOJIUPYEMOCTH pa3Mepa, (GOpMbI U
MOPGOJIOTHH TaKMX HaHOOOBEKTOB OCTAeTCsl OTKPBITBIM. B maHHO# pabore
METOZOM TPOCBEUYHMBAIOIICH 3JIEKTPOHHOW MHMKPOCKOIIMU H3YYCHO BIIMSHHUC
napaMeTpOB CHHTE3a (TeMIepaTypa, COOTHOIIEHHE HCXOIHBIX KOMITOHEHTOB,
BpeMsi) Ha KpHCTaJuIMdecKoe copepuieHcTBo yactur NaYF4:Yb3 Er¥*@SiO,.

Ucxomnple uactuupl pasmepom  30-50 mm B-NaYFs Yb¥*, Tm®
CHHTE3UPOBAIM  COJHBOTEPMAIbHBIM  METOAOM M3  (propaneTaTHBIX
npekypcopoB.  O6omouka  SiO, rtommmuOo0 2-10 HM  HaHOCHJIACh
MoaubuIEpoBaHHbIM MeToaoM IllToOepa. M3ydeHne HaAHOYACTHUI[ IPOBOIUIN
KOMILIEKCOM METOOB PEHTreHO(])a30BOro, 3ACKTPOHHO-MHUKPOCKOMMYECKOTO H

JIOMHMHCCHOCHTHOI'O aHaJI13a.

100 e

Puc.1. II9M uszobpakeHue (cneBa) U 37IEMEHTHOE KapTUPOBaHKE (CIIpaBa) CUHTE3UPOBAHHBIE
reTepOCTPYKTYPHUPOBAHHBIX HAHOYACTHII,
OnpeneneHbl BpPEMEHHBIE, KOHUEHTPALIMOHHBIE U  TeMIEpaTypHbIC
napamMeTpbl cuHTe3a. B gokmame o0Cy)JaroTcs ONTUMabHBIE MapaMeTphl
CHUHTE3a U3YUYCHHBIX HAHOYACTHI C KOHTPOJIIMPYEMBIMHU XapaKTEPUCTUKAMH.

PaboTa BrimonHeHa npu GuHaHcoBoit noanepxkke PHD No 22-79-10285.

1. A. Generalova, B. Chichkov, E. Khaydukov, Advances in colloid and
interface science 245, 1 (2017).

2. J. Zhang et al., Macromolecules 48, 2054 (2015).

3. JI.H. Kapumos u np. Poccuiickue HanoTexHomoruu 15, 699 (2020).
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OCOBEHHOCTH KOJJIONJHO-XUMHNYECKOI'O CMHTE3A
JIIOMHUHO®OPOB SrAl,0,:Ce*", Mn?*

H.B. Bapanaii!, B.A. Xypaskos?, I'.I1. IlleBuenko?
Ynemumym usuxu HAH Benapycu, Munck
2HUU usuxo-xumuueckux npoorem BI'Y, Munck
E-mail: n.varapay@ifanbel.bas-net.by

OCHOBHBIM TIPEHMYIIECTBOM IOJYYCHHUS JTIOMUHO(DOPOB METOIOM
COOCAXJCHMUS, MO CpPaBHEHUIO C TBEpAO(da3HbIM CHHTE30M, SIBISETCS
BO3MOYKHOCTh BO3JICHCTBUA HAa CBOWCTBAa KOHEYHOI'O MPOAYKTA IMOCPEACTBOM
KOHTPOJIS ITpoliecca BbIJEICHHS U TepMOoOpaboTku npekypcopa [1].

bbuio ycraHOBI€HO, YTO MJis TOMy4YeHUsT OECHpUMECHOM MaTpHUllbl
SrAl;O4 u3 npekypcopa, COCTOAIIETO U3 COBMECTHO OCa)ICHHBIX THIPOKCHIOB
(COT') cTrponmus u amomunus (ocaaurens — NH; H,O), HeoOGxonum 2-kpaTHbIM
U30BITOK cosiei cTpoHmms (mo otHomeHuio kK crexuomerpun SrO/Al,O3) u
temneparypa 0°C. Dto cBsizaHO ¢ BbICOKO pacTBopuMOocThio SI(OH), (25 °C —
2251 u 0°C - 0411 1a 100 1). [Ipn ucronp30BaHUN B KAYECTBE OCAJTUTEIIS
NHsHCO3;, Bcneacteue auskoit pactBopumoctr SrCO3 (25 °C — 0.002 r Ha 100
r), daza SrAl,O4 Gopmupyercst B cooTBeTcTBUU co ctexuomerpuein SIO/AlLO3.
OntumansueiM pH ocaxxnenus npekypcopa COI sBuserca untepsan 8.5 — 9.5.
BricokoTemnepaTypHoe npoKajiuBaHue (He MeHee 2-X yacoB) B uHtepaiie 1300
— 1500 °C npuBOAMT K YBEJIWYCHUI0O HWHTECHCUBHOCTH JIFOMHUHECIECHIIUU
obpa31oB 2 — 2.5 pasa.

[TokazaHo, YTO WCIONMB30BAHUE KOJUIOWIHO-XUMUYECKOTO TMOAXOAa K
CHHTE3y TIOMHHO(DOPOB AIFOMUHATOB CTPOHIIUS, AKTHBUPOBAHHEIX HoHamu Ce** u
Mn?* (prc. 1) Ho3BoMSET 3HAYMTENHHO BIMATH HA UX JIIOMUHECIIEHTHBIE CBOMCTBA. B
JUTEPAType TaKKUe TaHHBIE OTCYTCTBYIOT.

(6)
Puc. 1. JlnarpamMma IBETHOCTH 00Pa3IoB ANMFOMHHATOB CTPOHIIHS, AKTHBMPOBAHHBIX HoHaMK Ce*
1 Mn?*, onydeHHBIX TBepHO(ha3HBIM (2) U KOIUIONTHO-XHMIUECKHM (6) METOaMH CHHTE3a.

1. 1O.B. bokmmui, XKypnan benopycckoro rocyaapcTBEHHOTO YHUBEPCUTETA
1, 74 (2017).
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AII-KOHBEPCHMOHHBIE KOMIIO3UTHBIE MATEPHUAJIBI HA OCHOBE
JIIOMHUHO®OPOB La;0,S:Er,Yb ISl YBEJIMYEHU A
OOPEKTMBHOCTU COJIHEUHBIX BATAPEU

C.A. bykapes, C.B. I'ymun, A.M. Ky3smun, A.A. Jlsnun, M.B. UepHoB
Hayuonanvnoiii uccneoosamenvcrkuit Mopoosckuti 20cyoapcmeeH bl
yuueepcumem umenu H.11. Ozapésa, Capanck
E-mail: s.bukarev@phts.ru

CoBpeMeHHbIE  COJIHEUHbIE  0OaTapeM Ha  OCHOBE  Pa3UYHBIX
(OTOUYBCTBUTEIBHBIX JJIEMEHTOB (KPEMHHUH, TMEPOBCKUTHI, OpPTraHUYECKUE
KpacuTean U Jp.) paboTaloT B JOCTATOYHO Y3KOM CIIEKTPaJbHOM JMara3oHe
JUTUH BOJIH, KOTOPbIA cOOTBETCTBYET 0.3 — 1.1 MKM, 4TO CEpbE3HO OTPAaHUYHUBAET
BEPXHUI mMpelen MX 4YyBCTBUTENbHOCTH. OJHMM M3 CIOCOOOB MOBBIIICHUS
(b ()EKTUBHOCTH COJTHEYHBIX OaTaped SBJISETCS CO3JaHME KOMOMHHPOBAHHBIX
AYEEK C MCIOJIb30BAHMEM MAaTE€pUaliOB, B KOTOPBIX TMOJ JACHCTBHEM,
MPOILIEANIETO Yepe3 CoJiHeUHyl sueiiky WK-usnydenus, BO3HMKaeT an-
KOHBEpCHOHHasi JoMHHecHeHuss B Buaumoid u WK obnactsax cnekrpa,
U3JTy9YCHUE KOTOPOH TaKXKe MOTJIONIAETCS COTHEYHOM OaTapeeii [ 1-3].

B nacTosimieit pabote 00beKTaMH MCCIIEIOBAHUS SBJISUIMCH KOMITO3UTHBIE
IUIEHKH Ha ocHoBe toMuHO(popa La,O,S:Er,Yb u mommatuneHa, momrydeHHbIe ¢
MTOMOIIIBIO METO/1a SKCTPY3HUH.

IIpu BO30OYXneHuH Ha ypoBeHb “lizp moHoB Er®* mienkm oGnagaroT
VHTCHCUBHOM  al-KOHBEPCUOHHOW  JIIOMUHECUEHLIMEX B  BUAUMOU U
uH(ppakpacHOM 0OJacCTH CHEKTpa, KOTOpas COOTBETCTBYET DJIEKTPOHHBIM
nepexoaaM “Giip — *lisip, *Hop — *lispa, *Fsip — *lisiz, *Frz — *lisp, *Hip —
“1sr2, *Sarz — Hasjz, *Forz — Hisiz Hlog — *asiz, iz — *lisiz monoB Er¥* u 2Fs; —
’F7,  wonoB  Yb®. B paGore ObIM  OIpeneNeHbl  KOJIWYECTBEHHBIE
XapaKTePUCTUKHU an-KOHBEPCUOHHOM JFOMUHECILCHIINT TIJICHKHU:
DHEPreTUYECKUM BBIXOJ, KOOPAMHATHI I[BETHOCTH M KOPPEIUPOBAHHBIC
I[BETOBBIC TEMIIEPATyPHI.

[IprMmeHeHnEe MOTYyYEHHOW amn-KOHBEPCUOHHOW IUIEHKH B KOHCTPYKIIMH
JIBYXCTOPOHHHX KPEMHHEBBIX COJHEYHBIX AJIEMEHTOB TMO3BOJUJIO YBEIUYUTH
TOK KOPOTKOT0 3aMbIkaHus Ha 10.5 %.

1. P. Gibart, et al., Jpn. J. Appl. Phys. 35, 4401 (1996).
2. A. Shalav et al., Appl. Phys. Lett. 86, 13505 (2005).
3. B.S. Richards, A. Shalav, IEEE Trans. Electron. Devices 54, 2679 (2007).
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SPECTRAL-LUMINESCENT PROPERTIES
OF THE B203—A|203—(Y1-bex)203 + Cr,03; + M>O GLASSES

N.V. Golubev?, E.S. Ignatieva®, V.V. Kouhar!, G.E. Malashkevich?,
P.P. Pershukevich?, V.N. Sigaev?, I.V. Stanisheuski?, M.Z. Ziyatdinova®
3Mendeleev University of Chemical Technology of Russia, Moscow, Russia
1B.1. Stepanov Institute of Physics of the NAS of Belarus, Minsk, Belarus
2Belarusian State Agrarian Technical University, Minsk, Belarus
E-mail: g.malashkevich@ifanbel.bas-net.by

Cr® ions due to their broad absorption bands in the ultraviolet and visible
spectral regions and luminescence in the red and near-infrared regions are of
undoubted interest for use in luminescent concentrators of solar radiation.
However, because of the relatively low luminescence quantum yield (7), which
does not exceed 25% at room temperature [1], Cr-containing glasses for
practical use are usually co-activated by effectively luminescent rare-earth ions,
in particular, by Yb** ions [2]. Earlier it was shown that among oxide matrices
yttrium-alumoborate glasses with composition near stoichiometry of huntite
(CaMgs(COs)4) are characterized by record high value of minimal distance
between rare-earth activator ions (= 0.67 nm) [3]. This contributes to a decrease
in the efficiency of concentration quenching of luminescence in them. As a
result, Yb®* ions in such glasses not subjected to forced dehydration account for
80 % at Yb,03 concentration equal to 0.5 mol. % and decrease by no more than
20 % when the latter is increased to 2 mol. % [4]. It was shown in the recent
publication [5] that in similar glasses additionally doped with silicon chromium
is realized mainly in oxidation degree Cr(lll) with an appreciable admixture of
Cr(IV) and Cr(V) which plays a role of internal filter and quencher of Cr(llI)
luminescence, and the quantum yield of Yb3* sensitized luminescence does not
exceed 32 %. Therefore, the present work attempts to find ways to increase the
n value for such glasses and to find out their suitability as a luminescent
converter of solar radiation in the near-infrared region of the spectrum.

The studied glasses were synthesized by melting the charge mixture in a
laboratory resistance furnace with SiC heaters in a platinum crucible at T ~ 1400
°C in air for 60 minutes. As the initial components we used Yb,Oj3 (extra pure),
Y,03 (extra pure), Cr,O3; (chem. pure), Al(OH); (analytical grade), Na,COs,
K,CO3;, CsNO; (all are chem. pure), HsBO; (extra pure). The melt was
barbotaged with dry oxygen to minimize the concentration of OH™-groups which
quench the luminescence of both Cr®* and Yb®*.

Absorption, luminescence, and luminescence excitation spectra were
recorded on a Cary-500 spectrophotometer and a Fluorolog-3
spectrofluorimeter, respectively. Luminescence kinetics was studied using a
Tektronix TDS3032B digital oscilloscope at excitation by the radiation of
tunable monopulse lasers. The spectral curves were decomposed into individual
components using the Nelder-Mead gradient-free optimization method. The
quantum yield of luminescence was determined by the absolute method and by
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comparison with the reference, and its dependence on the excitation wavelength
was determined by the original method.

It was found that chromium ions in air-synthesized yttrium-alumoborate
glass form the overwhelming proportion of optical centers of three- and four-
coordinated Cr3*, as well as the impurities of Cr*, Cr**, and Cr® centers.
Barbotage of the melt of these glasses with oxygen or introduction of alkali
metals is accompanied by a significant increase in the Cr®* fraction. The influence
of heavy alkali metals on the degree of oxidation of chromium is much weaker
than that of light metals. The luminescence of Cr®* ions in the synthesized glasses
Is due to the centers with both strong and weak ligand fields. Initial formation of
Cr® centers occurs predominantly in matrix submicroregions enriched with alkali
metals, yttrium or ytterbium. The quantum yield of luminescence of Cr3* ions and
their sensitized luminescence of Yb®" ions strongly depend on the excitation
wavelength (see fig. 1), which is caused by the influence of the internal filter,
whose role is played by Cr**, Cr®* and Cr®* ions.
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Fig. 1. Dependence of luminescence quantum yield of Cr- (inset) and Cr—Yb-containing glasses
of the system (mole %) 60B203—30A1203—10(Y 1-xYbx)203 + (mass %) yCr203 + zM>0 on
excitation wavelength. x: 0(1), 0.5(2,3), 1.0(4,5), 2.0(6); y: 0.007(1), 0.014(2), 0.05(4,5), 0.02
(3); z: 5.0(3), 8.0(5). M = Na. The melt of glasses 2 and 4 were barbotaged with oxygen.

Cr* ions which absorb in the broad electrodipole 34,—3T; band with Amax
~ 620 nm and the weak magnetodipole 34,—37, band near 1 pm [6] do not
luminesce in these glasses, while Cr®* ions exhibit weak wideband luminescence
in the red region of the spectrum, which is presumably due to [CrOs]’~
polyhedra. Excitation transfer from Cr3* ions to Yb** ones occurs mainly by the
dipole-dipole mechanism from centers with a weak ligand field from both the
4T, and 2E states. The maximum peak value of the quantum yield of sensitized
luminescence of Cr—Yb-containing glasses is 35 % and is achieved for alkaline
and «barbotized» glasses with small concentration of chromium and ytterbium
(see fig. 1, curves 4 and 5 at A = 580 nm). Obviously, the elimination of the
Cr** impurity and the Cr®* tetrahedral centers which absorb in broad bands at

157



Amax ~ 670 nm and 1100 nm [7] will lead to a significant increase in the
luminescence quantum yield and leveling out the dip in its spectrum at A ~ 800
nm. At high concentrations of Yb%* (> 2 mol. % Yb,03), a weakly effective
transfer of excitations to the latter from the charge transfer state of [CrO,]*~
oxocomplexes is possible, as indicated by the appearance of a small «hump» at
A =~ 380 nm (see fig. 1, curve 6).

Thus, the investigated coactivated glasses, taking into account their small
light scattering with minimization of the impurity of highly charged chromium
ions, can represent a real alternative to the developed luminescent concentrators
of solar radiation based on Cr—Yb-containing glass ceramics. They may also
prove to be an optimal downshifting converter of solar radiation into the
«working» absorption band of potential laser glass-ceramics with Ni?* ions [8].

This work was supported in part by the Belarusian Republican Foundation
for Basic Research (grant no.), by the Ministry of Science and Higher Education
of Russia (grant no FSSM-2020-0003), and with equipment from the D.I.
Mendeleev Center for Collective Use (grant Ne 13.CKP.21.0009 of the Ministry
of Science and Higher Education of Russia).
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NEW LUMINESCENT AND LASER MATERIALS BASED ON GLASSES
IN THE SYSTEM PbCI,-PbO-SiO,

D.A. Butenkov, O.B. Petrova, K.I. Runina, A.M. Slastuhina
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: dabutenkov@gmail.com

The pioneering works on oxochloride glasses and the subsequent growth
of researchers interest in them occurred in the 1970s-1990s of the XX century
[1]. These studies were mainly aimed at studying electrical conductivity in
glasses and creation of solid electrolytes based on them [2]. However, there is
no information about their optical and spectral properties in the scientific
literature. The creation of new luminescent and laser materials based on these
systems is promising, due to the low phonon energy of the halide matrix and,
therefore, the possibility of obtaining effective radiation in the infrared region of
the spectrum [3].

Glasses in the system PbCl,-PbO-SiO,-NdF; by the standard melt method
were synthesized. PbCl,, PbO, SiO,, NdF3; with purity 99.99 wt. % were used as
initial reagents. We managed to obtain high-quality glasses with a nominal
content of lead chloride up to 60 mol. %. The amorphous structure of the
samples was confirmed by X-ray diffraction analysis (XRD). The glasses were
studied by optical spectroscopy and differential scanning calorimetry (DSC).
Glass- ceramics (GCs) was obtained by controlled crystallization of glasses
under various temperature and time condition.

The luminescence of GCs and the initial glasses was taken with laser
excitation at a wavelength of 785 nm. This oxochloride system exhibits
luminescence typical of Nd®* ions at transitions from the excited state *Fs; to
states *lg;2 (880 nm), *l11» (1060 nm) and *l13 (1325 nm). Luminescence spectra
of GC undergo significant changes compared to the spectra of the initial glasses.
XRD results showed the formation of chloride crystalline phases, including
PbCl,. Changes in the luminescence spectra are associated primarily with the
entry of Nd®* ions into the formed crystallites.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

1. P.C. Schultz, M.S. Mizzoni, J. Am. Ceram. 56(2), 65 (1973).

2. I.A. Sokolov et al., Glass Physics and Chemistry 26(2), 148 (2000).
3. D.A. Butenkov, K.I.Runina, O.B.Petrova, Glass and Ceramics 78, 135 (2021).
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PRODUCTION OF AMORPHOUS SILICON DIOXIDE
ENRICHED WITH 28Si, 2°Sij, 3G

A.D. Bulanov, K.F. Ignatova, M.E. Komshina, O.Yu. Troshin
Devyatykh Institute of Chemistry of High-Purity Substances of RAS,
Nizhny Novgorod, Russia
E-mail: ignatova@ihps-nnov.ru

Obtaining and studying the properties of isotopically modified materials is
a promising direction for various fields of science and technology [1, 2]. In
particular, it is indicated that it is possible to manufacture optical fibers with a
modified isotopic composition based on silicon dioxide, having a wider
transparency window and lower optical losses. However, information about
obtaining and studying the properties of real samples is very limited.

When working with scarce and expensive isotopically enriched
substances, it is necessary to operate with small amounts of substances, which
can provide the sol-gel method, which is one of the promising ways to obtain
monolithic samples of silicon dioxide. To obtain 28SiO, by the sol-gel method,
the reaction of 2SiCl, with dried ethyl alcohol and hydrolysis of the formed
28Gj(OC,Hs)s with an aqueous alcohol solution in the molar ratio
28Gj(OC2H5)4:CoHsOH:H,0 = 1:4:4 was carried out. Next, the solution was kept
until a xerogel was formed, which was then calcined. To study the gelation
process, a study was conducted on the selection of a catalyst (HCI, HNO3;, HF)
and the temperature regime of drying. The kinetics of the sol particle size
growth was studied and the densities of the resulting images were determined.
As part of this work, samples of amorphous SiO, were obtained from a simple
substance "*Si, 28Si, 2°Si and *°Si by dissolving silicon in a mixture of nitric and
hydrofluoric acids followed by precipitation of silicon dioxide with ammonia.
The precipitate was centrifuged and washed with distilled water. The obtained
silica precipitates of various isotopic compositions were dried and calcined at
800 °C.

The spectra of silicon dioxide images of various isotopic compositions
were obtained and characterized by IR spectroscopy. For "Si0O,, #°SiO,, and
30Sj0,, there is a shift of absorption bands by an amount of 8.6-24.3 cm™ to the
low-frequency region with respect to silicon dioxide-28. The magnitude of the
shift differs significantly from the theoretical value calculated from the ratio of
the reduced masses. The impurity and isotopic composition of the samples was
determined by the MS-ISP method. According to the X-ray phase analysis data,
the samples are amorphous and do not contain crystalline inclusions.

1. V.G. Plekhanov, Successes of physical sciences 108(11), 1245 (2000).
2. D.C. Allan, J.T. Brown, Patent USA Ne 0022562 (03.02.2005).
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CORRECTION OF X-RAY DIFFRACTION DATA
FOR AN INHOMOGENEOUSLY ABSORBING SPHERICAL SAMPLE

M.V. Kudryashov, N.V. Somov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
E-mail: m.v.kudryashov@phys.unn.ru, somov@phys.unn.ru

The currently most used methods for taking into account the absorption of
X-ray radiation proceed from the fact that the linear absorption coefficient u is
constant throughout the entire volume of the sample. However, 4 may differ in
different parts of a real crystal, due to defects, inhomogeneous incorporation of
impurity and doping elements, etc. Inhomogeneous incorporation of impurities
Is often observed in solid solution crystals, which are widely used, for example,
in optics as laser, nonlinear optical materials; in micro-, nano- and
optoelectronics. So, X-ray diffraction analysis (XRD) of such materials can be
complicated by incorrectly taking into account the inhomogeneous absorption of
the sample under study.

In this work, we analyze the effect of inhomogeneous absorption on X-ray
diffraction data and propose a method for taking into account the absorption of
X-ray radiation by an inhomogeneous crystalline sample. A numerical method
for calculating absorption corrections for reflection intensities obtained from a
spherical sample with inhomogeneous absorption is proposed. The method is
based on dividing the volume of the sample with a regular grid, the directions of
which coincide with the directions of the incident and reflected beams. Each
node of the grid is the center of normal reflection, and the value of x in an
elementary volume centered at the node is determined by the function of
coordinates. The absorption factor is calculated as the sum of the losses during
incidence and reflection from each node m of a regular grid in the bulk of the
crystal.

The proposed method was tested on model crystalline spherical samples
characterized by different laws of change of the absorption coefficient in the
volume of the sample. It is found that the inhomogeneous distribution of the
absorbing power significantly affects the intensity of X-ray radiation recorded
by the detector during XRD, and the attenuation coefficient of the diffracted
beam depends significantly on the direction of the absorption coefficient
gradient.

A method for searching for an absorption model in a spherical sample is
proposed. Also, a method for correcting the experimental array of diffraction
data which taking into account the inhomogeneous absorption of the sample is
proposed.

The work was supported by the Ministry of Science and Higher Education
of the Russian Federation within the framework of state task Ne 0729-2020-0058.
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INFLUENCE OF HEAT TREATMENT ON THE STRUCTURE
AND SPECTRAL-LUMINESCENT PROPERTIES OF ZrO;-Sc,03-Th;0355
CRYSTALS

N.A. Larina®, E.E. Lomonova?, P.A. Ryabochkinal, N.Yu. Tabachkova?3
!National Research Ogarev Mordovia State University, Saransk, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
3National University of Science and Technology « MISIS», Moscow, Russia
E-mail: saharova.1996@mail.ru

The development of oxygen-conducting membranes for solid oxide fuel
cells (SOFCs) based on stabilized zirconia crystals is currently a promising
direction. ZrO,-Sc,03 solid solutions have high ionic conductivity compared to
other materials based on zirconia. Therefore, they are of considerable interest as
a solid electrolyte material [1].

Zr0O,-Sc,03 compounds are complex materials in terms of their phase
composition and the presence of phase transitions. Therefore, to obtain stable
cubic solid solutions, additional dopants of yttrium oxides or rare earth elements
are used [2-4].

The aim of this work is to evaluate the effect of heat treatment on the
phase composition, structure, and spectral-luminescent properties of
Zr0O, —x mol. % Sc,03 (x = 8, 9 and 10) solid solutions additionally doped with
terbium oxide with a concentration of 1 to 2 mol. %.

Single crystals of solid solutions, which were obtained by the method of
directional crystallization of the melt using direct high-frequency heating in a
«cold» container, were used as samples for research. Heat treatment was carried
out in oxidizing (T = 1000 °C, t =400 h) and reducing media (T = 1600 °C, t =4
h). The phase composition of the crystals was studied by Raman spectroscopy
and X-ray diffractometry. The spectral-luminescent characteristics of the
crystals were studied by optical spectroscopy.

1. S.P.S. Badwal et al., Solid State lonics 136-137, 91 (2000).
2. M.A. Borik et al., J. Alloys Compd. 844, 156040 (2020).
3. M.A. Borik et al., Opt. Spectrosc. 125, 898 (2018).

4. S.Omar etal., J. Am. Ceram. Soc. 95, 1965 (2012).
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INVESTIGATION OF THE PHOTOCHROMIC EFFECT IN Bi12GeOy
GERMANATE BY OPTICAL SPECTROSCOPY

K.N. Boldyrev, A.D. Molchanova
Institute of Spectroscopy of RAS, Troitsk, Russia
E-mail: nastyamolchanova@Ilist.ru

Bismuth germanate Bi;,GeO, (BGO) crystals possess unique physical
properties (photoconductivity, electro-optical properties) that make them
promising optical materials. Of greatest interest is the photochromic effect in
this compound and the study of its nature [1, 2]. Due to the photosensitivity and
fast response time of this crystal, it can be used as a highly sensitive read/write
material for phase volume holography.
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Fig. 1. X-ray luminescence spectrum at room temperature (left) and luminescence spectrum at
T =10 K (right, Aext = 365 nm) of BGO.

In this work, we have carried out a complex optical investigation of a
high-quality Bi;»GeOy single crystal grown by the Bridgman method (vertical
version). We registered absorption spectra (both without irradiation and under
illumination with lasers of various wavelengths and X-rays), luminescence
spectra in a wide range of frequencies (10 — 25000 cm™) and temperatures
(5 - 300 K). In addition, the X-ray luminescence spectrum of a Bi;,GeO single
crystal was recorded for the first time.

This work was supported by the Russian Science Foundation grant
Ne 21-72-00134.

1. O.A. Gudaev et al., N Avtometria 5, 38 (1981).
2. V.M. Skorikov et al., Inorg. Mater. 38, 172 (2002).
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INVESTIGATION OF THE STABILITY OF THE LUMINESCENT
CHARACTERISTICS OF HYBRID MATERIALS UNDER THE CLIMATIC
CONDITIONS OF SOUTH-EAST ASIA

R.1. Avetisov!, O.B. Petroval, L.V. Popkova?!, K.I. Runina?, A.U. Sekacheval,
Dinh Trung Do?, Thu Trang Ta?, Van Luong Nguyen?®
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
2Institute of Tropical Durability, Vietnam-Russia Tropical Centre, Hanoi, Vietnam
3Vietnam-Russia Tropical Centre, Hanoi, Vietnam
E-mail: runinakristina@mail.ru

One of the possible applications of luminescent films based on hybrid
materials (HM) is the marking of goods and valuables (for example, cultural
property) to provide protection against counterfeiting. The technique of capillary
film deposition provides fast, simple and efficient production of thin films with
the maximum possible use of the luminescent substance. We used films based
on HM obtained by solid-phase synthesis from CaF, and lithium
8-hydroxyhonolate (Lig) by heat-treated at 200 °C. The HM powder was
dispersed in isopropanol under the influence of ultrasound, poured into a
capillary felt-tip pen, and applied to surfaces with different roughness and
chemical nature (aluminum foil, wood, Al,O3 ceramics, plastic, and paper) [1].
The films exhibit an intense broad luminescence band in the region of 400-700
nm, characteristic of HM based on 8-hydroxyquinolates. To protect the films
from mechanical damage, the HM films were coated with a thin layer of
cyanoacrylate glue [2]. Sample palettes were exhibited at the Vietnam - Russia
Tropical Centre in Hanoi and Nha Trang from March 2021 to February 2022
under various environmental conditions: on grass and mycological sites, in a
ventilated louvered warehouse (6 sites).

The hybrid films showed a high stability of the luminescence spectrum
profile. The intensity depended on the site and substrate material, the greatest
decrease in intensity was observed in open areas and on plastic.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

1. K.I. Runina et al., Proceedings of the XXVII International Scientific
Conference Optics and Spectroscopy of Condensed Matter, Krasnodar,
179 (2021).

2. M. Zykova et al., Applied Physics A. 128(3), 240 (2022).
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INVESTIGATION OF THE RADIATION RESISTANCE OF CRYSTALS
AND CERAMICS BASED ON SILVER AND THALLIUM HALIDES

V.M. Kondrashin, A.S. Korsakov, A.E. Lvov, P.V. Pestereva, D.D. Salimgareev,
I.V. Yuzhakov, A.A. Yuzhakova, L.V. Zhukova
Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
E-mail: v.m.kondrashin@urfu.ru

In connection with the active development of technologies that require the
introduction of modern materials, active work is underway to search for and
develop the element base of optics and photonics. Before the introduction of
new materials in technologies and devices, a comprehensive study of their
properties is required. One of the most important tasks is to study the radiation
resistance of optical materials [1].

In this work, polycrystalline plates obtained by hot embossing from high-
purity crystals and optical ceramics of the TIBrosloss — Agl and
TICly74Bro26 — Agl systems were studied. These materials were synthesized for
the first time in the scientific laboratory «Fiber Technologies and Photonicsy.

The irradiation procedure was preceded by the determination of the
transmission spectra of the initial samples. In the course of preliminary
preparation, the materials transmission spectrum was measured on an IR-Fourier
spectrometer IRPrestige-21 (Shimadzu).

During the experiments, the samples were irradiated with electron radiation
at doses up to 1 MGy. At each stage, the materials were exposed to radiation with
a dose of 200 kGy, after which the transmission spectra of the samples were
measured. Irradiation was carried out at the Innovation and Implementation
Center «Radiation Sterilization» of the Ural Federal University on a new linear
electron accelerator UELR-10-10C with energy of up to 10 MeV.

In the course of the measurements, it was found that the parameters of the
transmission spectrum of crystals irradiated with a dose of 1 MGy remained at
the same level or differed negligibly little compared to the original samples. The
values obtained in the course of the experiment allow us to conclude that
crystals and ceramics based on silver and thallium halides have a high radiation
resistance and that these materials have great potential for use in high-tech
industries.

This work was supported by the Russian Science Foundation (Ne 21-73-
10108).

1. E. Korsakova et al., Infrared Physics and Technology 93, 171 (2018).
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OPTICAL CRYSTALLINE MATERIALS OF THE SYSTEM
AgCl — AgBr — Agl FOR MEDICINE

S.E. Barykina, D.A. Belousov, 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: d.d.salimagreev@urfu.ru

At present, the development of the material optical base is an urgent task.
There are a limited number of materials with high spectral transmittance, non-
cleavage, non-hygroscopic, flexible and non-toxic, as well as photo- and
radiation resistance. The simultaneous presence of all the above optical
materials properties allows them to be used in the medicine.

The most attractive materials that satisfy all of the above properties are
crystals and optical ceramics based on silver halides of the AgCl — AgBr — Agl
system. Doping existing the AgCl — AgBr crystals system with silver iodide
makes it possible to increase the spectral transmission to the far infrared range,
expand the transmission in the terahertz frequency range, and significantly
increase the photo- and radiation resistance of the resulting materials [1, 2].

In view of this, a team of authors studied the phase diagrams belonging to
the polythermal section AgCl — AgBr — Agl of the concentration tetrahedron
Ag-Cl-Br-1.

As a result, the regions of existence of stable solid solutions were
established, where it is possible to grow single crystals, and the regions of
existence of two crystalline phases, where it is possible to synthesize optical
ceramics, were found. According to the results obtained, modes were selected
and a single crystal of composition 5 wt. % silver iodide in AgCl2sBro7s solid
solution. This crystal has a spectral transmission range from 0.4 to 45.0 um
without absorption windows with a maximum transparency of up to 75 %. The
results obtained are the basis for further fabrication of infrared fibers, optical
plates and lenses by extrusion, which can be successfully used in medical
devices for various purposes.

The work was carried out with financial support from the Ministry of
Science and Education of the Russian Federation, State Contract no. FEUZ-
2020-0058 (H687.42B.223/20).

1. L. Zhukova et al., Opt. Mat. 113, 110870 (2021).
2. D. Salimgareev et al., Opt. Mat. 125, 112124 (2022).
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AND TICl74Bro — Agl SYSTEMS
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A.A. Yuzhakova, L.V. Zhukova
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Yekaterinburg, Russia
E-mail: d.d.salimagreev@urfu.ru

The development of new optical materials that are transparent from the
visible to the far infrared (0.4 - 60.0 um), as well as in the terahertz range (0.05 -
30 THz or 6000.0 - 10.0 um) is an urgent task of modern science. The most
promising materials, which transparent in these ranges, are crystals and optical
ceramics based on silver and monovalent thallium halides. In view of this,
studies were carried out to develop new optical ceramic materials based on the
TIBrosslosa — Agl and TICly74Bro2 — Agl solid solutions systems. For both
systems, studies of their phase diagrams were carried out and regions were
established where it is possible to synthesize both single crystals and optical
ceramics [1].

Synthesis of optical ceramics was carried out using the method of
thermozone crystallization-synthesis (TZKS) and the method of directional
crystallization. At the first stage, using the TZKS method, the initial raw
materials compositions were synthesized with the content of silver iodide in the
TIBro4sloss in the amount of 6, 13, 19, and 25 mol. %, and with the content of
Agl in TIClp74Bro2 7, 14, 20 and 27 mol. %. Further, optical ceramics were
synthesized from all compositions on the Bridgman Furnace and polycrystalline
plates were fabricated by hot embossing [2]. The spectral characteristics of the
samples were studied on these plates. It has been established that the optical
ceramics of the TIBrosloss — Agl system transmits from 0.5 to 60.0 um without
absorption windows with a maximum transparency of 70 %. Ceramics of the
TIClo74Bro2s — Agl system is transparent from 0.5 to 50.0 pm with a similar
maximum transparency.

Thus, the developed new optical ceramic materials are promising optics
for the mid- and far-IR ranges. It should be noted that the study of the terahertz
transmission of these materials is the subject of further research.

This work was supported by the Russian Science Foundation (Ne 21-73-
10108).

1. D. Salimgareev et al., Opt. Mat. 149, 107825 (2022).
2. D. Salimgareev et al., Opt. Mat. 125, 112124 (2022).
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PHASE TRANSITIONS IN GRAPHITE AND GRAPHENE
AT COLD COMPRESSION

T.K. Petrosyan, G.V. Sukhanova, A.V. Tebenkov, G.V. Tikhomirova
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Yekaterinburg, Russia
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Previously, we investigated commercial high purity graphite [1]. Features
have been found in the pressure dependence of resistance as well as in its
relaxation times in the pressure range of 27-35 GPa. These features were
referred to a new phase nucleation. The SEM image of the sample subjected to
the pressure of 45 GPa shows the inclusion of a new phase, which did not
disappear after removal of the load. It has been found also that the new phase
nucleation requires a long time of exposure under pressure.

In this study, two additional different initial graphite materials were used:
highly oriented pyrolytic graphite and natural graphite powder (from
Krasnoyarsk Territory). The samples were of ~ 0.2 mm diameter and of
thickness from 10 to 30 um. The pressure was applied by means of a diamond
anvil cell with electrically conductive anvils made of synthetic carbonado-type
polycrystalline diamond. The resistance measurements were carried out at room
temperature in a course of forward and backward pressure sweep in the pressure
range from 16 GPa to 50 GPa. The voltage applied to the samples corresponded
to the linear part of current-voltage characteristics. Time dependences of the
resistance after changing the pressure were also measured.

The pressure dependences of resistances of highly oriented pyrolytic
graphite and natural graphite were found to be different. The resistance of
oriented pyrolytic graphite increased irreversibly after long exposure under high
pressure, while the resistance of the natural graphite did not change. These data
give evidence for the formation of high resistivity carbon phase.

The reason for the different behavior of oriented and natural graphite can
be the different original structure of these materials [2]. If some kind of layered
planar structure of pyrolytic graphite is conserved at high pressures used, the
stress is applied across the graphite planes. In the case of the natural graphite,
the graphite planes orientation as well as stress direction is arbitrary.

1. T.K. Petrosyan, G.V. Tikhomirova, D.K. Kuznetsov, J. Phys.: Conf. Ser.

653, 012096 (2015).
2. Y. Wang, K.K.M. Lee, Journal of Superhard Materials 34, 360 (2012).
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M.A. Borik!, A.S. Chislov!?, A.V. Kulebyakin!, E.E. Lomonova!,
F.O. Milovich?, V.A. Myzina!, N.Yu. Tabachkoval?
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Materials based on partially stabilized zirconium dioxide (PSZ) occupy a
prominent place among structural non-metallic materials. These materials have a
high value of hardness and crack resistance, refractoriness, the ability to work in
aggressive environments, PSZ can be used in a variety of fields of science and
technology. Oxides of alkaline earth or rare earth elements can be used to
stabilize zirconium dioxide, however, materials stabilized with yttrium oxide are
the most studied. At the same time, materials stabilized with gadolinium oxide
materials can be used as a heat-protective coating, are of great interest because
they have low thermal conductivity.

The purpose of this work was to perform a comparative analysis of the
structural features and mechanical properties of PSZ crystals stabilized with
gadolinium and yttrium oxides.

PSZ crystals were grown by the method of directed crystallization of the
melt in a cold crucible. Two series of crystals stabilized with yttrium oxide or
gadolinium oxide in comparable concentrations from 2.0 to 4.0 mol.% were
grown. The results of the study of the phase composition, crystal structure,
microhardness and fracture toughness of the obtained crystals are presented.

The study of the phase composition showed that all crystals contain two
tetragonal phases with varying degrees of tetragonality. The content of Y,03 and
Gd,0s3 in these phases was evaluated. The influence of differences in the phase
composition of crystals on the mechanisms of transformational hardening is
discussed. It is shown that the efficiency of transformational hardening requires
the preservation of the maximum amount of tetragonal phase and the optimal
transformational ability of this phase. The magnitude of fracture toughness
largely depends on the microstructure and phase composition of the material. In
turn, the crystal structure strongly depends on the concentration and type of
stabilizing oxide.

The work is supported by RSF (project No. 22-29-01220).
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LUMINESCENCE OF BISMUTH GERMANATE GLASS ACTIVATED
BY Er** AND Er¥*/Yb3* PAIR

L.M. Savenko, I.V. Stepanova, Yu.V. Zhegucheva
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: stepanova.i.v@muctr.ru

Increased attention of scientists is focused on materials that luminesce in
the telecommunications range, which include bismuth germanate glasses.
Modification with rare earth oxides makes it possible to expand the spectral range
of such glasses [1]. The current work is devoted to the study of the luminescent
properties of bismuth germanate glasses doped with Er®* and Er¥*/Yb?®",

Glasses of 4 compositions were synthesized: 10Bi,03-90Ge0,-0.1Er,03
(WithOUt Yb203) and 1OBizOg-goGeOZ-XEI’QO3-be203 where x = 001, 005, 0.1
mol. % and y =0.05; 0.1; 0.2 mol. %. Er,O3 and Yb,0O3 were introduced into the
glass in excess of 100 %. The initial oxides after sintering with intermediate
grinding were melted at a temperature of 1100 °C for 30 minutes in air and cast
onto a metal substrate. Photoluminescence was recorded on an NIR Quest 512
spectrometer (Ocean Optics) in the range of 890-1740 nm, with a step of 1.67
nm at a temperature of 300 K (Aex = 377 nm).

In the luminescence spectra of co-doped samples, two characteristic
spectral ranges can be distinguished: 930-1080 nm (Er®*, Yb®*) and 1450-1680
nm (Er®*). The luminescence intensity for different ranges varies depending on
the total amount of rare earth ions and their ratio. The most intense
luminescence was observed for the 10Bi,03-90Ge0;-0.1Er,03-0.2Yb,0;
sample. A comparison of the luminescence contour of this glass with a sample
doped only with Er,0O3 showed that the addition of Yb,0O3 leads to a broadening
of the luminescence range: 930-1080 nm (Er®*/Yb®") instead of 955-1030 nm
(Er®"). The boundaries of the second range of the compared samples remain
unchanged (1450-1680 nm), however, for the co-doped sample (Er¥*/Yb®"), a
pronounced splitting of the peak at 1535 nm is observed.

Thus, co-doping with the Er¥*/Yb3" ion pair makes it possible to expand
the luminescence spectral range of bismuth germanate glasses.

1. Y. Luoetal., Front. Optoelectron. 11(1), 37 (2018).
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X-RAY AS A METHOD FOR CONTROLLING THE CHARGE STATES
OF COLOR CENTERS IN DIAMONDS

K.N. Boldyrev!?, V.S. Sedov?, E.S. Sektarov?!?
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Color centers in diamond are widely used in various fields of science and
can be applied in optical quantum memory, quantum sensorics, lasers and
quantum cryptography. The purpose of this work is to illustrate that X-Ray can
influence on color centers.

In this work, we studied the CVD-grown single-crystal diamond, which
contained of both NV and SiV-centers. For the study, we use a self-made
spectroscopic setup based on a high-resolution Fourier spectrometer Bruker IFS
125 HR. X-rays were obtained using a compact X-ray tube BSV-30 with a
copper anode. The rated electrical power of the X-ray tube was 400 W, the
radiation energy was 8.027 keV (Cu Ka).

The spectra obtained after exposure of X-rays, the absorption line
intensities change at wavelengths of 946 nm (SiV?), 737 nm (SiV’), 575 nm
(NV?), 637 nm (NV) corresponding to color centers. Figure 1 illustrates the
changes of absorption lines of SiV- (737 nm) (Fig. 1(a)), SiV°® (946 nm) (Fig
1(b)) after X-ray exposure. It is clear to see that SiV- decreases while SiV?° rises.
Furthermore, more complex interaction is observed between NV° and NV-.
Changes in defect concentrations were calculated for samples NV and SiV by
using calibration coefficients.

In this work, we demonstrated that X-Rays could affect the color centers
Data revealed the changes in absorption lines NV° (575nm), NV- (637nm), SiV-
(737 nm) and SiV° (946 nm). We show that X-Ray can be used as the instrument
for controlling charge state of color centers.
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Fig. 1. Comparing of SiV-centers absorption spectra before and after X-Ray.

This work was supported by the grant of the Russian Science Foundation
No. 19-72-10132.
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!National Research Ogarev Mordovia State University, Saransk, Russia
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Ceramic materials based on zirconia have a wide range of applications in
many fields of science and technology [1, 2]. For example, the high oxygen-ion
conductivity of these materials at elevated temperatures makes them suitable for
use as electrolytic membranes in solid oxide fuel cells (SOFCs), oxygen sensors
in gaseous media [2-4].

It is known that the electrical conductivity and thermomechanical
properties of ceramic solid electrolytes depend on the technology of their
manufacture, characteristics and methods of synthesis of the initial powders.
Differences in the structure of the material and the content of impurities in it
may be related to this.

In this work, the impurity composition of (Zr0O2)o.909(Y203)0.09(EU203)0.001
ceramics was studied by photoluminescence spectroscopy. They were obtained
from ground fused crystal samples of a similar composition by uniaxial pressing
and slip casting. The presence of an uncontrolled impurity in the form of a
Cr,03-Al,03 solid solution was revealed in the compacts. Photoluminescence
spectroscopy and confocal microscopy revealed that this impurity is localized on
the ceramic surface in the form of individual inclusions.

Using the methods of X-ray diffraction and Raman spectroscopy, the
phase composition of ceramics was also studied. The results of X-ray phase
analysis indicate that the compacts prepared by various methods are single-
phase and consist of cubic ZrO, with close values of the crystal lattice
parameters. Foreign phases were not detected. The studied ceramics are
characterized by a structure close to the structure of fluorite (t” phase) according
to the results of Raman spectroscopy.

The local structure of ceramics was studied by photoluminescence
spectroscopy using Eu" ions as a spectroscopic probe. It was found that the
local crystalline environment of Eu®* ions in (ZrO2)o.909(Y203)0.00(EU203)0.001
ceramics, formed with the participation of oxygen vacancies, is identical to the
local environment of Eu®* ions in crystals of the same composition.

1. U. Peuchert et al., J. Eur. Ceram. Soc. 29, 283 (2009).
2. N. Mahato et al., Prog. Mater. Sci. 72, 141 (2015).

3. Y. Mansilla et al., Mater. Today: Proc. 14, 92 (2019).
4. J.W. Fergus, J. Power Sources 162, 30 (2006).
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LEAD FLUOROBORATE GLASSCERAMIC CO-DOPED Er** AND Lu®*
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Oxofluoride glassceramics (GCs) combine the best properties of
crystalline fluorides and oxide glass, which makes them promising for doping
with rare-earth (RE) ions and creating new laser materials [1]. The high
efficiency of luminescence of oxofluoride GCs is due to the fact that RE
activator is in fluoride environment with low phonon energy of crystal lattice,
which suppresses non-radiative transitions. Heterovalent stabilization of the
high-temperature cubic B-PbF, phase by trivalent rare-earth ions is possible,
which are also introduced as activators in laser materials. The successful
application of this approach for co-doped of Nd/La, Eu/Gd was shown in [1, 2],
in the present study the crystallization and luminescence properties of Er/Lu co-
doped GCs were studied.

Glasses were synthesized in a system of 66PbF,—(34-X-y)B,Os—XErFs—
yLUF; (x=0,0.2,1,2,3,4;,y=0,1, 2, 3, 3.8, 4). B,Os, PbF,, ErF; and LuF3 with
a purity 99.99 wt. % were used as initial reagents. Glasses researched methods of
optical spectroscopy and differential scanning calorimetry (DSC). A significant
effect of the addition of rare-earth ions on the characteristic temperatures of
glasses has been revealed. GCs was obtained by heat treatment initial glasses
under various temperature and time conditions based on DSC data.

The luminescence of GCs and initial glasses was recorded upon excitation
by a laser at a wavelength of 377 nm and 973 nm. In the IR region, with an
increase in temperature and time of heat treatment, the intensity of emission at
the *l13p — #1152 transition of the Erd* ion increases. The emission spectrum at
the supersensitive transition %Sz, — “*l15, (550 nm) undergoes strong changes
depending on the chemical and phase composition. These results indicate a
change in the environment of Er3* ions due to their incorporation into different
crystalline phases.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0003
project.

1. O.B. Petrova et al., J. Non-Cryst. Sol. 531, 119858 (2020).
2. D.A. Velichkina et al., Glass and Ceramics 78, 14 (2021).
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Fluoride compounds and solid solutions in MF, - REF; (RE — rare earth)
systems are gaining more attention due to their potential use as photonic materials
and phosphors. A distinctive feature of these systems is the presence of a wide
area of crystallization of the cubic phase — Fm3m, type fluorite, which is more
than 20 mol. % RE at 650 — 700 °C [1]. Along with this, many systems assume
the presence of a rhombohedral ordered phase (R-phase), which exists in a narrow
concentration range of about 40 mol. % RE. Due to their similarity, the problem
of identifying the considered phase of «rhombohedral fluorite» arises [2].

The goal of this work is the synthesis and study of samples of the
composition PbixEuxF2+x, with the introduction of EuF; at concentrations of 35-
45 mol. %, at which the R-phase is supposed to be obtained. Samples were
obtained by solid-phase synthesis at 550 °C in a fluorinating atmosphere and by
co-precipitation from aqueous solutions of nitrates. Pb(NO3),, Eu(NO3);-6H-0,
PbF,, EuFs, HF no worse than 99.99 wt. % were used as starting reagents. Based
on the XRD results, the unit cell parameter was calculated. X-ray spectral
microanalysis revealed deviations from the nominal compositions of the
samples, which is no more than 0.05 at. % for Pb and Eu. In order to obtain a
deeper understanding of the crystal structure of the synthesized samples, the
Raman spectra were analyzed.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

1. A.K. Tyagi et al., J. Solid State Chem. 177, 1746 (2004).
2. O.B. Petrovaetal., J. Lumin. 238, 118262 (2021).

174
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CERAMICS BASED ON BaO-B,03-Bi,O3; AND Er:YAG GLASS

K.V. Balueva, K.F. Ignatova, M.E. Komshina, A.M. Kutin, A.D. Plekhovich,
E.E. Rostokina
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One of the key materials of quantum electronics and laser engineering are
ceramics based on alumoittrium garnet doped with ions of rare earth elements
(RE:YAG). The fundamental problem in this direction is the production of
materials with zero porosity, high phase and chemical purity. An alternative
approach to solving the existing problems is the development of glass-ceramic
materials based on Er:-YAG.

This work is devoted to the study of chemical and phase transformations,
as well as the search for optimal heat treatment modes for the production of new
glass ceramics based on Er:YAG and BaO-B,03;-Bi,0O3 system glass selected
using the SciGlass database based on a number of physico-chemical
characteristics: Tg, p, refractive index n.

For the research, ceramics of the composition (YosEros)sAlsO12, Which
underwent high-temperature treatment at 1100 °C, and glass of the composition
20Bi,03-65B,03-15Ba0O were used.

A series of samples of glass ceramics BaO-B,03;-Bi,03; — Er:YAG was
obtained by hot impregnation in different temperature conditions from 700 to
1300 °C. The processes accompanying the formation of glass-ceramic material
during heat treatment have been discovered and investigated by the DSC and
RFA method. On the thermogram of the Er:YAG glass-garnet mixture at
temperatures from 650 °C to 1020 °C, the formation of (Y,Er)BOs is observed,
and at T = 1050 °C- the characteristic peak of the formation of the Er:YAG
phase due to resynthesis from (Y,Er)BOgs is observed. Heating above 1300 °C
leads to a loss of mass due to evaporation of the glass components. Presumably,
the decay of (Y,Er)BO;3 occurs, and the resulting B,O3 evaporates due to its low
stability under these conditions.

The surface of the obtained samples was studied by scanning electron
microscopy. Microphotographs show a significant increase in the size and
number of pores with increasing temperature.

It is important to note that the resulting crystalline phase of YBOj3 is of
interest as a matrix for phosphors, which opens up broad prospects for glass
ceramics presented in this paper.

The work was carried out with the financial support of the RNF (project
No. 20-73-10110).
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Germanate  borates  LnisGe,BsOss  with  structural ~ formula
LNn1405(Ge0,)2(BO3)s — thermally stable compounds with mixed anions. They
crystallize in the trigonal system (space group P3;), which implies the presence
of nonlinear optical, gyrotropic, and other functional properties [1]. These
oxides are suitable for creating phosphors of various spectral ranges [2, 3].

In this work, a series of single-phase lanthanum gadolinium germanate
borates (LGGBS) LazGdi1xyGe2BsOs4: Yhy, Ery was synthesized by liquid-phase
method (coprecipitation followed by annealing of intermediates). The spectral-
luminescent properties of these materials have been studied. Upconversion
luminescence spectra in synthesized LGGBs were recorded for the 2Hiis2, 4Ssp
— %150, and *Fgp — *l1s5 of Er¥* ions transitions under infrared (IR) laser
excitation into the Yb3" absorption band of (A = 974 nm). The values of the
energy yield (Ben, %) of the phosphors were determined and optimal ratios of
Yb3* and Er®* concentrations were established to obtain the brightest phosphors
(fig. 1 (a)). The concentrations of the active ions in the phosphors composition
were controlled by inductively coupled plasma atomic emission spectrometry.
The micromorphology of LGGBs phosphors was determined (fig. 1 (b)).
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Fig. 1. (a) — dependence of Ben, % of synthesized LGGBs on the total dopants concentration;
(b) — LGGBs micromorphology.

The work was performed using the equipment of the Center for Collective
Use of the IGIC RAS with budget financing and support from the grant of the
President of the Russian Federation for state support of young Russian scientists
- candidates of sciences (MK-3098.2022.1.2).

1. J.H. Zhang et al., J. Solid State Chem. 195, 63 (2012).

2. V.A. Krutko et al., Inorg. Mat. 38, 1364 (2002).
3. A. Ryabova et al., Photonics & Lasers in Med. 2, 117 (2013).
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The subject of this study is the study of the properties of the most frequent
in nature (widespread) and «rare» as well as «empty» according to the
terminology of V.S. Urusov [1] space symmetry groups of crystals.

In the present work, we consider crystals whose atomic structure may be
represented as a packing of separate structural units of a finite volume. This
leads to geometrical constraints on the possible arrangement in crystal space of
such structural units due to the fact that the distance between two atoms cannot
be less than the sum of their crystallographic radius.

For each of the 230 space symmetry groups there are different restrictions
on the arrangement of atoms in the crystal [2].

Symmetrical structural units can be arranged in crystal space along partial
orbits of space groups. This requires that the structural unit be characterized by
some nontrivial point group of its own symmetry.

This paper presents the results of calculations of forbidden volumes in
crystal space for partial orbits of some space symmetry groups, the analysis of the
ratio of structural units own symmetry and the comparison of the results of this
analysis with the data contained in the international databases of structural data.

The work was supported by the Ministry of Science and Higher Education
of Russia through the State assignment No 0729-2020-0058.

1. V.S. Urusov, T.N. Nadezhina, Journal of Structural Chemistry 50, 26 (2009).
2. N.V. Somov, E.V. Chuprunov, Crystallography, 2020.
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Since the discovery of the unique luminescent properties of bismuth-
doped germanates glasses, the study of these glasses properties has been an
urgent scientific problem. Modification with alkali metal oxides makes it
possible to lower the synthesis temperature and improve the optical quality of
glasses [1]. The purpose of this work is to study the effect of sodium oxide on
the properties of bismuth germanate glasses.

Synthesis of two series of glasses with different contents of alkali oxide
XBi,03; — (95-x)GeO; — 5Na,0 and xBi,O3 — (90-x)GeO, — 10Na,O, where x = 1,
2, 3,4, 5 mol. %, was carried out. The doubly sintered mixture was held at t =
1100 °C for 30 minutes, then the melt was cast onto a steel substrate at room
temperature. The density was measured by the hydrostatic method (MERCURY
M-ER 123ACF balance), the refractive index was measured by the immersion
method (MIN-8 microscope, Cargille Labs refractive index liquids) and the
refractometer method (MEGEON 72022 refractometer).

The synthesized bismuth germanate glasses have a good optical quality;
with an increase in the content of bismuth oxide, the appearance of a red color is
noticeable for glasses of both series, indirectly indicating the presence of
bismuth active centers [2].

The table 1 shows the values of density and refractive index for two glass
series. As can be seen, with an increase in the content of bismuth oxide, there is
a gradual increase in the density and refractive index.

Table 1. Physical properties of synthesized glasses

Density, g/cm®+0.05 Refractive index np, £0.01
Content, mol.% Bi2Os— Bi,O3—
Na,O| 1 [ 23] 4] 5 1 ] 23] 475
5 408 | 409 | 413 | 421 | 434 | 167|168 | 170|172 | 1.73
10 409 | 409 | 415 | 437|440 | 167 | 1.70 | 1.72 | 1.73 | 1.74

Comparison of glasses with different contents of Na,O shows that all
physical characteristics have higher values for samples with 10 mol. % NaO.
This phenomenon is associated with the «germanate anomaly» characteristic of
the glasses of the system under study [1].

1. T.N. Ivanova, V.N. Bykov, Russian Metallurgy 8, 678 (2010).
2. Y. Fujimoto, J. American Ceramic Society 93, 581 (2010).
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HIGH-PURITY TeO,-ZnO GLASSES DOPED WITH RARE EARTH IONS

I.Ch. Avetissov, D.A. Butenkov, M.B. Grishechkin, T.S. Letyagin, K.l. Runina,
V.A. Solomatina
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: viktoria20000000@mail.ru

Optical materials based on high-pure substances are in demand as
functional in the manufacture of fiber-optic and optoelectronic devices in
photonics, fiber, power, and nonlinear optics. A necessary condition for their
application in these areas is high optical transparency and low optical losses. A
new direction in the mid-IR range is the use of active fibers, which play the dual
role of a nonlinear and amplifying medium [1]. TeO,-ZnO glasses doped with
rare earth ions are of great interest.

As part of the work, high-pure TeO,-ZnO glasses of different
compositions doped with rare earth ions were synthesized. For the synthesis of
the charge we used high-pure ZnO 5N (67 impurities measured), obtained by
precipitation from a nitric acid solution [2] followed by the annealing in oxygen
atmosphere, and high-purity TeO, 5N (64 impurities measured), obtained by a
gas transport reaction [3]. Synthesis was carried out in a platinum crucible in a
muffle furnace under controlled oxygen flow. Er,O3, Yb,03, Nd,O3 were used as
doping agents.

The physical properties of the obtained glasses have been investigated,
namely, microhardness, optical transmission, luminescence.

The research was supported by the Ministry of Science and Higher
Education of the Russian Federation by the project FSSM-2020-005.

1. A.P. Savikin et al., Inorganic Materials 50, 1261 (2014) (in Russian).

2. V.Solomatina et al., Molodezh i nauka: shag k uspehu 4, 108(2021) (in Russ.).
3. E. Sukhanova et al., Journal of Alloys and Compounds 855, 1 (2021).
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LUMINESCENT HYBRID MATERIALS IN THE PbF,-YF; SYSTEM
BASED ON LITHIUM 8-HYDROXYQINOLATE OBTAINED
BY THE CO-PRECIPITATION METHOD

M.Yu. Andreeval, M.N. Mayakoval?, O.B. Petroval, P.V. Strekalov!
!Mendeleev University of Chemical Technology of Russia, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: strekalov_pavel@mail.ru

Luminescent organic-inorganic  hybrid materials (HM) contain
nanoclusters of highly efficient organic phosphor in a stable inorganic matrix.
Based on PbF,-containing matrices, HMs were synthesized by co-precipitation
[1] using lithium 8-hydroxyquinolate (Liq) as an organic component. In the
PbF,-REF; (RE = rare earth) system, solid solutions of the cubic phase
PbixRExF2:x Of the fluorite Fm3m type can form, the formation of a solid
solution stabilizes the cubic phase.

Synthesis of HM in the system leads fluoride - yttrium fluoride - lithium
8-hydroxyquinolate was carried out by co-precipitation from aqueous solutions.
At this stage, the effect of different co-precipitation conditions on the synthesis
result was studied: the concentration of the initial components, the ratio of the
components, and the order of supply of the reagents. As a result of co-
precipitation, powder preparations were obtained containing both the low-
temperature orthorhombic a-PbF, phase and solid solutions based on the cubic
B-PbF, phase, depending on the RE concentration and synthesis conditions.

Stable single-phase powders with a crystalline cubic structure were
obtained at nominal YF3; concentrations of 20-25 mol. %. For these samples, the
photoluminescence (PL) spectra were studied on a Fluorolog 3D
spectrofluorimeter (Horiba Jobin Yvon) at 377 nm excitation. The HM obtained
by direct precipitation with a nominal YF; concentration of 25 mol. % and a
concentration of the initial nitrate solution of 0.8 M has the most intense PL. The
HM spectra are noticeably shifted to the short wavelength region relative to the
initial Lig. The short-wavelength component is clearly not related to the centers of
8-hydroxyquinolates of yttrium or lead, which exhibit PL in a longer wavelength
region compared to Lig. In addition, the center cannot be attributed to specific
bonds in the cubic phase of PbF,. Thus, HMs obtained from the ternary system is
very promising due to the intense and very short-wavelength PL.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

1. P.V. Strekalov, M.N. Mayakova, K.I. Runina, O.B. Petrova, Non-ferrous
metals 10, 25 (2021).
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STUDY OF PHASE FORMATION IN THE SYSTEM LEAD FLUORIDE
AND YTTERBIUM FLUORIDE BY THE CO-PRECIPITATION METHOD

M.N. Mayakoval?, O.B. Petroval, K.I. Runinal, P.V. Strekalov?
Mendeleev University of Chemical Technology of Russia, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
E-mail: strekalov_pavel@mail.ru

The MF,-REF; systems (where M = Ca, Sr, Ba, Pb, RE = rare earth
element) form solid solutions M.xRxF2.x of cubic structure like fluorite Fm3m.
The region of crystallization of such solid solutions at high temperatures reaches
50 mol. % REF;. The study of phase formation in systems with PbF, is
complicated by the presence of its polymorphism, which is not characteristic of
other divalent metal fluorides [1]. A system containing ytterbium was chosen,
since ytterbium has a number of advantages from the spectroscopic point of
view: there is no concentration quenching of luminescence for Yb3* ions, and
the degree of doping with ytterbium can be very high due to the presence of only
two electronic levels ?F7;, and 2Fsp,.

Powders were synthesized in the PbF,-YDbF; system by co-precipitation
from aqueous solutions of lead (II) nitrate and ytterbium (IIl) nitrate.
Ammonium fluoride was chosen as the fluorinating agent. Synthesis was carried
out by direct, reverse and joint precipitation, depending on the order of mixing
solutions. As a result of co-precipitation in the PbF,-YbF; system, powders were
obtained, in their crystal structure corresponding to the low-temperature
orthorhombic phase — a-PbF, and the high-temperature cubic phase — B-PbF..
With the joint addition of reagents, as well as at a concentration of lead nitrate
solution equal to 0.8 M, a two-phase sample is formed. And with the reverse
precipitation of adding reagents with a concentration of lead nitrate solution
equal to 1.43 M, with an increase in the amount of ytterbium content, the cubic
phase of lead fluoride is stabilized.

The luminescence spectrum is a band with three intensity maxima at
wavelengths of 971, 977, and 993 nm, which correspond to electron transitions
from the excited 2Fsj, level to the Stark sublevels of the ground level 2F7;, in
Yb3* ions. The maximum luminescence intensity is observed for a sample with a
concentration of Yb3* ions of 25 mol. %.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

1. O.B. Petrova et al., Journal of Luminescence 238, 118262 (2021).
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COMPARISON OF THE STRUCTURE, THERMOELECTRIC
AND MECHANICAL PROPERTIES OF SOLID SOLUTIONS (Bi, Sbh),Tes
OBTAINED BY EXTRUSION AND SPARK PLASMA SINTERING
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N.Yu. Tabachkova'®, M.V. VVoronov?®
National University of Science and Technology «MISIS», Moscow, Russia
’RMT Ltd, Moscow, Russia
8National Research Center «Kurchatov Institutey, Moscow, Russia
“State Research and Design Institute of Rare Metal Industry « Giredmet»,
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Solid solutions based on bismuth telluride and antimony are widely used
to create devices for cooling systems, as well as for power generators at
temperatures up to 300 °C. Thermoelectric materials operating in power
generators can experience mechanical stresses arising from a sufficiently large
temperature difference between the hot and cold sides of the thermocouple. In
the present work the dependence of strength characteristics of polycrystalline
samples (Bi, Sb),Te; obtained by the methods of extrusion and spark plasma
sintering (SPS), as well as materials obtained by extrusion in the SPS device, is
studied by the method of dynamic uniaxial compression. By methods of X-ray
diffractometry and scanning electron microscopy the phase composition and
structure of the initial samples were studied.

Analysis of the obtained results shows that the SPS method is possible to
obtain a well-sintered, mechanically durable material that does not contain pores
and cracks even at a relatively low pressure of ~ 50 MPa. It is shown that the
strength of samples obtained by SPS at room temperature is almost twice the
strength of samples obtained by extrusion. The regularities characterizing the
behavior of the material during deformation are discussed. Compared to the
traditional method of hot extrusion, the extrusion in the SPS device increases the
sharpness of the texture of the material. At the same time, the strength
characteristics of such an extruded material are comparable to the characteristics
of the material obtained by SPS. At room temperature, the strength of the
samples extruded in SPS was ~ 200 MPa.

The reported study was funded by RFBR, project number 20-32-90051.
The study of the structure was carried out on the equipment of the Center
Collective Use «Materials Science and Metallurgy» with the financial support of
the Russian Federation represented by the Ministry of Education and Science
(agreement Ne 075-15-2021-696).
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FEATURES OF COLLOIDAL — CHEMICAL SYNTHESIS OF PHOSPHORS
BASED ON SrAl,04:Ce**, Mn?*
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The main advantage of obtaining phosphors by co-deposition, in
comparison with solid-phase synthesis, is the possibility of influencing the
properties of the final product by controlling the process of isolation and heat
treatment of the precursor [1].

It was found that a 2-fold excess of strontium salts (relative to the
stoichiometry of SrO/Al,O3) and a temperature of 0 °C is required to obtain an
unadulterated matrix SrAl,O4 from a precursor consisting of jointly precipitated
hydroxides (JPH) of strontium and aluminum (precipitator — NH3-H,O). This is
due to the high solubility of Sr(OH), (25 °C —2.25 g and 0 °C — 0.41 g per 100
g). When NH;HCOgs is used as a precipitator, due to the low solubility of SrCO3
(25 °C —0.002 g per 100 g), the SrAl,O4 phase is formed in accordance with the
stoichiometry of SrO/Al,Os. The optimal pH of deposition of the JPH precursor
is an interval of 8.5 — 9.5. High temperature calcination (at least 2 hours) in the
range 1300 — 1500°C leads to an increase in the luminescence intensity of the
samples 2 — 2.5 times.

It is shown that the use of a colloidal — chemical approach to the synthesis
of phosphors of strontium aluminates activated with Ce** and Mn?* ions (fig. 1)
makes it possible to significantly influence their luminescent properties. There
are no such data in the literature.

(a) (6)
Fig. 1. Chromaticity diagram of strontium aluminates samples activated with Ce3* and Mn?*
ions obtained by solid-phase (a) and colloidal-chemical (b) synthesis methods.

1. Y.V. Bokshits, Journal of the Belarusian State University 1, 74 (2017).
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UP-CONVERSION COMPOSITE MATERIALS BASED ON La;0,S:Er,Yb
PHOSPHOR FOR INCREASING THE EFFICIENCY OF SOLAR CELLS

S.A. Bukarev, M.V. Chernov, S.V. Gushchin, A.M. Kuzmin, A.A. Lyapin
National Research Ogarev Mordovia State University, Saransk, Russia
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Modern solar cells based on various photosensitive elements (silicon,
perovskites, organic dyes, etc.) operate in a rather narrow spectral wavelength
range, which corresponds to 0.3 — 1.1 um, which seriously limits the upper limit
of their sensitivity. One of the ways to increase the efficiency of solar cells is to
create combined cells using materials in which, under the action of infrared
radiation passed through the solar cell, up-conversion luminescence occurs in
the visible and IR regions of the spectrum, the radiation of which is also
absorbed by the solar battery [1-3].

In the present work, the objects of study were composite films based on
the LayO,S:Er,Yb phosphor and polyethylene obtained using the extrusion
method.

When excited to the *l13, level of Er3* ions, the films exhibit intense up-
conversion luminescence in the visible and infrared spectral regions, which
corresponds to the electronic transitions Gy, — *lis2, 2Hop — *lisp, *Fsp —
52, *F712 = *lasiz, “Hazre — Hasp, *Sae — Haspo, Forz — s “lere — *lisiz, iy —
1152 of Er®* ions and 2Fs; — 2F72 of Yb®" ions. In this work, the quantitative
characteristics of the up-conversion luminescence of the film were determined:
energy yield, chromaticity coordinates, and correlated color temperatures.

The use of the obtained up-conversion film in the design of bifacial
silicon solar cells made it possible to increase the short-circuit current by 10.5%.

1. P. Gibart, et al., Jpn. J. Appl. Phys. 35, 4401 (1996).

2. A. Shalav et al., Appl. Phys. Lett. 86, 13505 (2005).
3. B.S. Richards, A. Shalav, IEEE Trans. Electron. Devices 54, 2679 (2007).
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JTNHAMUNYECKAA ITOJIAPU3SALIMA CITMHOB AJEP P U As
B KPEMHUNU B YCJIOBUAX OI1P B CUJIbBHOM MATHUTHOM IIOJIE

H.C. Asepkues, M.b. JIudumin

Quzuxo-mexuuyeckuil uncmumym um. A.@. Hoggpe PAH, Cankxm-Ilemepodype
E-mail: averkiev@Ies.ioffe.ru

Junamuueckas noysipusanus saep (9dpdext OBepxays3epa) BOSHHKAET B
ycaoBusix OIIP 3a cueT CBEpXTOHKOrO B3aMMOJCHCTBUS CIMHA JJICKTPOHA U
CIUHA SiApa, CUIBHOTO pa3JInyusi BpEMEH CIIMHOBOM pejlakcaluu 3JeKTPOHOB U
AJIep U MPOIECCOB Kpocc-pesiakcanui. PaBHoBecHas mossipu3aius CIMHOB sIpa
B MarHMUTHOM MOJI€ Majla U3-3a OTHOCUTEJIIbHOW MaJIOCTH SIEPHOTO MarHeToHa
bopa. J[lns Bo3HuKHOBeHHsS 3(¢dekTa HEoOXOIMMBI MPOLECChl  Kpocc-
penakcanuu, Mpy KOTOPHIX BOSHUKAIOT MEPEXO0/IbI C IEPEBOPOT MPOESKIIMK CIIMHA
AJIEKTPOHA M CIMHA sijipa. B oTCyTCTBHE BHENIHEro MEPEeMEHHOI0 MarHUTHOIO
MoJIsl HaKayky CHUCTeMa HaxOAUTCS B TEPMOJMHAMUYECKOM PAaBHOBECHH,
AJIIEKTPOHHBIE COCTOSIHUSA 3acCEleHbl B COOTBETCTBUM C paclpeiesIeHUEM
bonpuMana, saepHON moasipu3auuyd HET. PaBHOBECHOE paclpenesieHue MExXIy
Pa3JIMYHBIMU CHUHOBBIMU TOJYPOBHSIMH 3JICKTPOHA YCTaHABIMBAETCSA 3a CYET
OTHOCUTEIBHO OBICTPBIX MPOLECCOB CINMHOBOW penakcanuu (Bpems Ti), a 3a
CUET KpPOCC-PEJIAKCAIIMOHHBIX MEPEXO0JI0B COCTOSIHUS C pa3HOW MpOoeKUuuen
CIIMHA DJICKTPOHOB OKAa3bIBAIOTCS CBsI3aHHBIMU. [Ipu BKIIIOYEHUU MEPEMEHHOTO
MAarHuTHOTO TOJII Ha YacTOTE OJJHOIO PE30HAHCHOIO IMEepexoja 3aCEIICHHOCTH
ATUX JIBYX 3JICKTPOHHBIX MOJIYPOBHEW HAUMHAIOT BBIPABHUBATHCS, OJHAKO 3a
CYET KpOCC-pEelaKcallii HAYWHAIOT BBIPABHUBATHCA M 3aCEJIEHHOCTU JIPYTHX
noaypoBHeil. OJIHaKO 3aCEJICHHOCTH YPOBHEH, IMEPEXOAbl B KOTOPBIE HE
BO30yX/IaloTcsi (C  OAMHAKOBOM TMpPOEKIMEeW ChuHAa  s/pa)  OCTaloTCs
PABHOBECHBIMU. JTO O3HAYAET, UTO PABHOBECHE MEXKIY COCTOSIHUAMM C PA3HOU
MPOCKIMEH CIUHA sApa HapyllaeTcss W BO3HUKAET WX mojspusanus. B
TPAJUIIMOHHBIX JKcnepuMeHTax 1o OJIIP HCnonb3yrOTCs OTHOCHUTEIbHBIC
cnaOble BHEIIHUE TMOJs, TaK YTO PAa3jIuyuMs 3aCEeNEHHOCTEH 3JIEKTPOHHBIX
noaypoBHeil mano. Ilonsipuzauust siiep B 3THX YCIOBUSX TakkKe Maja H
peann3yeTrcs B yCIOBUSIX HackleHus curaana JI1P.

B mpexacraBieHHOM AOKIane OOCYKIAeTcs ApYyras CUTyalusi: CHIJIbHbIE
MarHuTHbIE TIOJI, PABHOBECHBIE 3aCEJICHHOCTM YPOBHEH  OTJIMYAKOTCS
3HAUMTEIHHO, YaCTOTAa MEPEMEHHOTO TMOJIA JICKHUT B OOJACTH TepareproBOro
u3ilyyeHusd. PaccuMTaHbl CTENEHW MOJSpU3alUMU  SAEP U 3aBUCHUMOCTH
MHTEHCUBHOCTEW MEPEXO0/I0B OT BPEMEHH U MHTEHCUBHOCTHU HaKayku. V3ydeHbl
n-Si, gerupoBaHHbIi GochopoM (cruH siapa ¥2) ¥ MBIIIBIKOM (CIHH siapa 3/2).
Vkazanbel ycnoBus sl gocTwkeHus mnoutu  100% nonspuzauuud  Opu
OTHOCHUTENBHO ci1aboM Bo30ykaeHuu. [Ipon3BeieHo cCpaBHEHNE ¢ UMEIOLUTIMHUCS
AKCTIIEPUMEHTAIbHBIMUA JIaHHBIMH W W3 CPaBHEHHUSI C pacyeTaMu OIpeiesieHbI
XapaKTepHbIE BpEMEHA pellaKcaluu.

PaboTa BrinmonHeHa B pamkax npoexkra PH® Neo 22-12-00139.
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[TOJIVIIPOBOJAHNKOBBIE HAHOKPUCTAJIJIBI U KBAHTOBBIE TOUYKN

A.B. Poauna
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E-mail: anna.rodina@mail.ioffe.ru

[TonynpoBOJTHUKOBBIE ~ KBAaHTOBbIE TOYKM M  HAHOKPUCTALIBI  —
HAaHOPa3MEPHBIE MOJYIPOBOJHUKOBBIE YACTHIBI — IIUPOKO NPUMEHSIOTCS B
ONTOAJNIEKTPOHUKE (MCTOYHMKM OEJIOr0 CBETa, CBETOAWOMBI, JHUCILIEM H
TeNEeBU30PhI), (POTOBOJIbTAMKE (IJIIEMEHTHI COJHEYHBIX OaTapeil), MEIUIIMHE U
ouonorun (ceHcopsl U MeTKH). OCHOBHBIE TMPUMEHEHHS KBAHTOBBIX TOUYEK
OCHOBaHbl Ha MUX (YHIAAMEHTAIBHOM CBOWCTBE — HAJUYMHU JUCKPETHOTO,
3aBUCSIIETO OT pa3Mepa CIEKTpa dIIEKTPOHHBIX COCTOSIHMM, KOTOPBIN
ONpeeNsieT UX ONTUYECKUE CBOMCTBA (3aBHUCSIIME OT pa3Mepa CIEKTPHI
UCITyCKaHUs W morjiouieHus). Takol AUCKPETHBIA CIEKTP, MOJOOHBIN CIIEKTpam
aToMOB, (opmupyercs Onarogapsi KBaHTOBOMY OIPAaHUYEHUIO JIBUIKECHHUS
HOCHUTEJIE 3apsa BO BCEX TPEeX MPOCTPAHCTBEHHBIX HampasieHusX. OH
peanu3yeTcs BHYTPH HaHOPa3MEpPHOro MOJIYIIPOBOJHUKA, BCTPOCHHOIO JHOO B
JTUAJIEKTPUUECKYIO Cpely, JIN0O B APYro MOIYIPOBOIHUK C OONBIIEH MIUPUHOM
3anpenieHHo 30Hbl. B Hacrosimiee BpeMsi BCe MCKYCCTBEHHbIE (DU3HUECKUE
CUCTEMBI, 00EeCTIeUnBaIOLIUE HYJEBYIO CTEIIEHb CBOOOBI ISl HOCUTENEH 3apsia,
Ha3bIBAIOTCS KBAHTOBBIMH TOUKAMHU.

CymecTByOT pas3jInyHble METOABl M3TOTOBJIEHUS ITOIYNPOBOJIHUKOBBIX
KBAHTOBBIX TOYEK, KOTOpPbIE MPHUBOJAT K OTIMYUSAM MX CBOMCTB U creuuduke
npuMeHeHni. OCHOBHBIE METObl MOTYT ObIThb OOOOIIEHHO pa3/ieleHbl Ha JIBE
IpyHnbl:  AOUTaKCUalbHble  ((POpMUpOBaHME  KBAHTOBBIX  TOYEK B
HU3KOPa3MEpHBIX IOJIYIPOBOJAHUKOBBIX TI'E€TEPOCTPYKTYpax) M XUMHUUYECKUE
(KOJIJTOMIHBIA CUHTE3 HAHOKPUCTAUIOB B JUAJICKTPUUECKOM OKpyx)eHuu) [1].
[Ipu 3TOM HCTOpUYECKH MEPBBIMU HYJIbMEPHbIMU (0D) KBAaHTOBBIMU TOYKaMHU, B
KOTOpPbIX ObUI OOHapyXeH W uccieqoBaH 3PQGEeKT pa3MEpHOro KBaHTOBAHUS,
ObLIM  TMOJYNPOBOJHHUKOBBIE  HAHOKPUCTAUIBI,  JTUCIEPTUPOBAHHBIE B
TUAJIEKTPUUECKOW  MaTpUlle — CTEKJ€ WM BOJHOM  pactBope. Mx
HKCIIEPUMEHTAJIbHBIE ONTUYECKHE M TEOPETUYECKUE HCCIEAOBAHMS B Hayaie
BOCBMHUJIECATBIX TOJIOB TMOJIOKWJIM HAayajlo HOBOM 00JacTh — (PU3UKHU
HOJTYTIPOBOTHUKOBBIX HYJIBMEPHBIX CTPYKTYD, T.€. KBAHTOBBIX TO4EK [2].

B cBoeil muieHapHO#W JEKIMU S MPEACTABII0 0030p M CPaBHUTEIbHBIN
aHaIM3 JJIEKTPOHHBIX M  ONTHYECKMX CBOWCTB  MOJYHPOBOJHUKOBBIX
KOJUIOMJIHBIX HAHOKPHUCTAUIOB M SMUTAKCUAJBHBIX KBAaHTOBBIX TOUYEK. ByayT
pPacCMOTpPEHBI  pa3iuyHble  (aKTOphl, OOYCIABIMBAIONIME WX OOmUe U
OTJIMYAIOIIMECS CBOMCTBA C AKLEHTOM Ha CHEUU(UKY MOIYIPOBOIHUKOBBIX
KOJUIOMJHBIX  HAHOKPHUCTAIUIOB. COBpEMEHHBIE TEXHOJOIMU  MO3BOJIAIOT
CUHTE3UPOBATh KOJUIOUHbIE HAHOKPUCTAILJIBI U KOMIIO3UTHBIE HAHOCTPYKTYPbI
Ha OCHOBE Pa3HOOOpA3HBIX MOJYNPOBOAHUKOBBIX COCAMHEHUN C pa3IMYHOM
KPUCTAUTMYECKON  CTPYKTypou  (cdanepurta,  BIOpIHUTA,  IEPOBCKUTA,
XaJIbKONIEPUTA), a TAKXKE Pa3IM4YHON (POpPMBI: cheprUuecKrue KBAHTOBbIE TOYKH,
BBITSIHYTbIE OJJHOMEPHbIE HAHOMAIOYKH (HAHOPObI), IJIOCKUE JBYMEpHBIE
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I1acTuHbl (HaHomareneTsl). CHHTE3UPOBAHHBIE B KOJUIOMIHOM pacTBOpeE
HAaHOKPHUCTAJUIBI JIETKO BCTPAMBAIOTCA B PA3JINYHBIE MATEPUAIIBI U UCCIIEAYEMBIE
OOBEKTBI, UTO SIBISIETCA OOJBIINM MPEUMYIIIECTBOM JJI UX IPUMEHEHUIA.

JUIsT  TIOJNYIIPOBOJHUKOBBIX ~ HAHOKPHUCTAUIOB B JAUAIEKTPHUYECKOM
OKPYXEHUHU XapaKTEPHO CHUJIBHOE MPOCTPAHCTBEHHOE OTPAHUYECHHE HOCUTEINIEH
3apsiaa, Kak Onaronapsi BBICOKMM 3HEPreTUYECKUM MOTEHLIHMAIbHBIM Oapbepam,
TaK MW JUIEKTPUYECKOMY KOHTPACTy MEXAYy IIOJIYNPOBOJAHUKOM U
OKPY KAIOIIEH €ro MaTpUILE. ITO IPUBOAUT K YBEIUYCHHUIO HE TOJIBKO SHEPTUU
pPa3MEpPHOIO KBAHTOBAHMS, HO M YCWICHHIO BCEX B3aMMOJCHCTBHA MEXIY
HOCUTEJIIMM 3apsiia B HAHOKPUCTAUIaX, B TOM YHCIE CHUH-3aBHUCHUMBIX. S
IPEACTABIIO  PE3yJbTaThl HaluX HEJJaBHUX TEOPETUYECKUX "
HKCIIEPUMEHTAJIbHBIX (COBMECTHO C KOJUIEKTUBOM YHHBepcuTera I. ['eHTa,
benbrusi) wucciienoBaHUN YHHBEPCAJIBHOM 3aBUCHMOCTH HKCUTOHHOTO Kpas
MOTJIOLIEHN OT pasMepa HAHOKPUCTAUIA W BIUAHUS KPHUCTAJUIMYECKON
CTPYKTYPHI U ()OPMBI HAHOKPUCTAJIOB HAa SKCUTOHHOE ToTomieHue [3].

VYcunenre CHUH-3aBUCUMBIX (OOMEHHBIX) B3aMMOJCHCTBUM, a TaKxke
NOHW)KEHHE CUMMETPUU HAHOKPHUCTAJUIOB, OOYCIIOBIEHHBIX HX (POpMON WU
KPUCTAJUIMYECKOM CTPYKTypa IMOJyIPOBOJAHHMKA, MPHUBOAAT K OOJIBIIUM
DHEPreTUYECKUM DPACILICIUICHUEM TOHKOW CTPYKTYpPbI DKCUTOHHBIX COCTOSHUM.
CnHOBasI CTPYKTypa 3KCUTOHOB, 4 TAKXKE CIWH-3aBUCUMBIE B3aUMOJCHCTBHS
DKCUTOHOB C IIOBEPXHOCTBIO HAHOKPHUCTAJUIOB, CYILIECTBEHHO BIMAIOT Ha
KUHETUKY U TOJSpHU3alUio UX GoTontoMuHectueHun [4]. B mienapHoit nekuu
Oyaer mpeacTaBieH 0030p HAIIMX TEOPETUUYECKHMX U HIKCIEPUMEHTAJIbHBIX
(COBMECTHO € KOJUIEKTUBOM TexHHueckoro YHuBepcutera r. JlopTMyH[,
['epMaHus) HCCIENOBAaHUWNA  ONTUYECKHX  CBOMCTB  IMOJYIPOBOJIHUKOBBIX
KOJIJIOUAHBIX HaHOKPHCTAJIOB, 00yCIIOBIIEHHBIX CIIUH-3aBUCHUMBIMH
B3aMOJIENCTBUSAMMU.

[IpeacTaBieHHble B TUIEHAPHOM JEKUHUU PE3YJbTaThl pabOT MOAAEPKAHbBI
gactnyHo Poccuiickum Hayuneim @onzpom (rpant Ne 20-42-01008) wu
Poccuiickum ®onnom dDynmameHTanbHbIX uccienoBanuii (['pant Ne 19-52-
12064 HHUO a).

1. M. Bayer, Ann. Phys. 531, 1900039 (2019).

2. Al.L. Efros, L.E. Brus, ACS Nano. 15, 6192 (2021).
3. T. Aubert et al., Nano Letters 22 (2022).

4. A.B.Ponuna u np., ®TT. 60, 1525 (2018).
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SJIEKTPUYECKUE KOJIEBAHIMA B IIOJIYIIPOBOJHUKAX:
NCTOPUA PABUTUA U ITPUHIIAIIBI JENCTBUA

M.C. Karau

HUnemumym paouomexuuxu u dnekmponuxu um. B.A. Komenvnukosa PAH, Mockea
E-mail: mskagan@mail.ru

B nmokmage turaHmpyeTcs gaTth KpaTKuid  0030p pa3BUTHS HIICH,
AKCIIEPUMEHTATBLHOM peanu3anuu u UCTOpUU WCITOJTH30BAHUS
MOJIYIIPOBOJJHUKOB U TOJYNPOBOJHUKOBBIX CTPYKTYpP B Kaue€CTBE HMCTOYHUKOB
ANEKTPUUECKUX KoJieOaHU, HauUMHasg C MEPBbIX padoT B KoHIE 50-X W Hayase
60-x romoB mpomuioro crojerus (L. Esaki - Tyunensnsiii quox, W.T. Read u
A.C. Tarep - naBunno-mpoaetHbie auonbl, B.K. Ridley, T.B. Watkins u C.
Hilsum - pacnpenenennas orpuniatensHas nuddepennanbHas MpOBOIUMOCTD,
J.B. Gunn - nmomenbt B GaAS) M KoHYas MO3AHUMU paboTaMU (KBAHTOBBIC
KacKaJHbIe JIa3epbl, cBepxpemeTk u TI1 mazepsl Ha p-Ge).

OcHOBHOE HampaBlieHWEe — paCHIMPECHHE auama3oHa pabovMx YacToOT
TeHEPAIMH ¥ TIOCIISIOBATEIFHOE OCBOSHUE TaK HA3bIBAEMOM AJIICKTPOMArHUTHOM
mKajael. B HacTosmiee BpeMsi OCTaeTCS HEOCBOSCHHBIM Ha TMPAKTHKE (XOTS
MMEETCsl JOBOJIbHO MHOTO Ja0OpaTOpPHBIX pa3pabOTOK) MOCIEAHSSA €€ 4acTh -
TE€parepLoOBbIi AUANA30H 4acTOT ¢ JynHaMu BOJH OT 30 10 300 MUKpOH.

Kak »T0 wacTto ObIBaeT, pa3BUTHE NUIO TI0 CIOHpaId: CHaJasa
MCITIOJIB30BAJICS OJIMH MPUHIUI TeHepaluu (B JaHHOM citydae ObUTH H300pETEHBI
MOJIyIIPOBOJTHUKOBBIE ~ DJIEMEHTBHl C  OTpHIaTeNbHONM  AuddepeHuaIbHoMn
MIPOBOJIUMOCTBIO), €Tr0 Pa3BUTHE JOBOJWIOCH JI0 €CTECTBEHHBIX IPEJIEIIOB,
OTpPEEISIEMBbIX TMPUHIUNUAIBHBIMU  OTPAHUYEHUSMHU, JIEKAIIUX B OCHOBE
buU3MYEeCKUX MPOIECCOB, 3aTEM MPOUCXOIMI MEPEX0]l K APYyroMy NpUHIUIY (B
JTAHHOM CJIy4ae K JlazepaM), a 3aTeM — BO3BpaT K MEePBOHAYAILHBIM UM, HO
y>K€ Ha HOBBIX pa3pa0OTaHHBIX K ’TOMY BPEMEHU MaTepHaIax U TEXHOJIOTHSX.

Pabota mognepsxana rpantamu PODU 20-02-00624 u 20-52-16304.
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OOOEKT I'AHHA: OT KIIACCUKH K MOIEPHY

M.C. UBanos, I1.b. Pogun, A.B. PoxxkoB
Qusuxo-mexuuyeckuil uncmumym um. A.@. Hoggpe PAH, Canxkm-Ilemepodype
E-mail: rodin@mail.ioffe.ru

CrnoHTaHHass HEYCTOMYMBOCTH OJHOPOAHOrO paclpeleseHuss Mojs B
apceHue  TaJius, BbI3BaHHAs  OTPUIATENBbHON U depeHnanIbHOM
MOJIBKHOCTBIO  DJIEKTPOHOB, M (OPMUPOBAHUE JABMKYIIMXCSA 0OJacTeit
CWJIBHOTO TIOJII — JIOMEHOB ['aHHa — MpEeACTaBISIIOT OO0 SIpKUE HEeTUHEHHBIE
ABJIeHUST (UBUKUA  TOJYNPOBOJAHUKOBBIX TMPUOOPOB, HMEIOIIME Ba)KHBIC
NPUMEHEHUsI B TEHEpAIMM BBICOKOYACTOTHBIX KosieOanuii [1, 2]. OTkpeiTHE
abdexra ['anHa 3HaMeHOBaJIO COOOM HE TOJBKO MOSBIEHHE HOBOrO MpuOOpa
CBY nuamazona, HO ¥ Hayajao HOBOW BOJIHBI (PyHJAAMEHTAIbHBIX UCCIIEIOBAHUIMA
HEYCTOMYMBOCTEH M CIOHTAHHOTO (OPMUPOBAHUS TOKOBBIX M TOJEBBIX
CTPYKTYp B TIOJYNPOBOAHUKAX C MHOTO3HAYHBIMH  BOJIBT-aMIIEPHBIMU
xapakrepuctukamu [3, 4]. [lo3aHee 3T CTPYKTYypbl OBLIM MEPEOCMBICIIEHBI KaK
JIACCUTIATUBHBIEC COJIUTOHBI B HEPABHOBECHBIX HEJIMHEMHBIX cCUCTEMAX |3, 6].

Honrue rtoael 3¢p¢dekt ['aHHAa B OCHOBHOM paccMaTpuBajiCs Kak
MoHOTNOJISIpHBIN 3pdexT B GaAs n-tuma. [Inonepckue TeopeTndeckne padoThI
B.JI. T'ensmonTa 1 M.C. llypa no s3¢ddexty ['anHa B npucyTcTBUM IbIPOK [7] —
ounosisipuomy 3ddekry ['anHa — He OMyUUIn pa3BuTUs. |11 MOHOMOJIAPHOTO
— «KJaccuyeckoro» — 3(dekra ['aHHa B 11€7I0M XapakTepHa U3sIIHASL TPOCTOTA:
dbopMupoBaHHe eAMHCTBEHHOTO noMeHa («the-winner-takes-it-ally npunImm),
aBTOMOJIEJIBHOE JBWIKCHUE JOMEHA 4Yepe3 JUOJ C IOCTOSHHOH CKOPOCTBIO
npetida 3IEKTPOHOB Vy , FeHepalius Kojebanuii ¢ nepuogoM T=W/v,, 3agaHHBIM
BpeMeHeM mpobera joMeHa yepes oopasernr amuasl W [2, 4].

BosBpamenne Ounonsipporo sddexra [anna Ha creHy ¢us3uku
MOJTYTPOBOJHUKOBBIX MpuOopoB B 2000-X cTaio HEOXKUJAHHBIM PE3yJIbTATOM
ucciaenoBanun B cMmexxHod k CBY oOmactu —  ObIcTpoaeicTByromieit
UMITYJIbCHOW 3JEKTPOHHUKHU. M3ydas MMKOCEKyHAHOE MEPEKIIOUYEHUE MOIIHOIO
nasuHHOTO GaAS Tpansucropa, C.H. Baitamreitn, B.C. FOdepeB u coaBTops! B
YUCJIEHHOM 3KCIEpPUMEHTE MpeicKa3zand 3P(EeKT CHOHTAHHOTO BO3HUKHOBEHHE
B DJIEKTPOHHO-JIBIPOYHOM TJIa3Me Y3KHX JBMXKYLIUMXCS 00JlacTeld CHIIBHOIO
MOHU3UPYIOIIETO 3JIEKTPUUYECKOTO MOJIA — OUMNOJSpHBIX JoMeHOB ['anHa [8]. 3a
CBO€ CBOWCTBO HEMpPEACKa3yeMo HcYe3aTh (KOJUIAIICUPOBATh) 3TH JIOMEHBI
MOJIYYHJIA Ha3BaHUE Kotancupyrowux oomenos [8]. B mampHelimeM ObUIO
YCTaHOBJICHO, YTO KOJUIAIICHPYIOIINE JOMEHBI UIPAIOT LEHTPAIbHYIO POJIb BO
mHorrx GaAs mpubopax: KIto4ax ¢ ONTUYECKUM 3amyckoM [9, 10], maBUHHBIX
muonax [11, 12], S-nuogax ¢ rmy6okumu ypoBasimu [13]. K]I okazanuch Taxxke
3¢ (HEKTUBHBIM UCTOYHUKOM CyOTepareprioBoro uanydenus [14, 15].

CBoMM BO3HMKHOBEHHEM KOJUIANICUpYIOUIME JOoMeHbl ['aHHa, Kak u
MOHOTIOJISIPHBIE IOMEHBI ['aHHa, 00s13aHbl OTpULIaTENbHON AuddepeHnaIbHOMN
MOABWKHOCTA  djiekTpoHOB B GaAs. Opnako ¢opma U JUHAMUKA
KOJUIATICUPYIOIUX JOMEHOB HMEET Majo OOLIEro Kak C MOHOMNOJSPHBIMU
nomeHamu [aHHa, Tak ¥ OWNOJSAPHBIMU JOMEHAaMH, MPEIACKa3aHHBIMU
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I'enbmonTom u Illypom [8]. Komnancupyromuii TOMEH NpeCTaBisIeT cOOOM
y3Ky10 (TIOpsiIKa MUKPOMETpa) ABMXKYIIyIOCcS 00nacth cuibHOro (>300 xB/cm)
ANEKTPUYECKOr0 TOJsA, B KOTOPOW MPOUCXOAUT HHTEHCUBHAs yAapHas
noHm3anus. Kak ¥ MOHOMOJSPHBIA JOMEH, KOJUIAIICUPYIOIIUN OUMOJSPHBII
JIOMEH B D3JEKTPOHO-IBIPOYHOM TMJIa3Me [BUTAeTCs B CTOPOHY japeiida
9NIeKTpOHOB. Ero ckopocts Onm3ka K JApei(oBOil CKOPOCTH 3JIEKTPOHOB
(~107 cM/C), HO MeHSIeTCS B 3aBHCHMMOCTH OT (DOPMBI JIOMEHA M €T0 OKPYKCHHUSL.
Konnmancupyromie JTOMEHBI He HMOYMHSIOTCA HpuHIMIy «the-winner-takes-it-
ally: B cTpyKType OIHOBPEMEHHO COCYIIECTBYIOT HECKOJBKO JIOMCHOB.
HcuesHoBenne (Koyiamnc) JOMeHa MPOUCXOAUT Hempeackasyemo. B nemom
KOJUIGKTUBHAs  JMHAMHUKA  KOJUIACUPYIOUIMX  JOMEHOB JaeT  MpUMEp
JUHAMHYECKOT0 Xaoca B IMIPOCTPAHCTBEHHO-pacIpeieIeHHON cucteme [16]. Ora
Xa0TUYECKasl  JUHAMUKA  Ppa3UTEIIbHO  KOHTPACTUPYET €  DJIETAaHTHOM
YHOPSI0YEHHOCTRI0  MOHOMOMSIpHOTO  3(dekrta [anHa. Baumy crnoxHoi
HEJIMHEHHOCTH aHAJIMTHYECKHE MOXObl K TEOPUU KOJUIANICUPYIOIINX JOMEHOB
0 CHX MOp HE pa3padoTaHbl, W HAIIM MPEJICTABICHUS 00 3TOM SBJICHHH
OIMPAIOTCS HAa YUCIIEHHOE MojeupoBanue [8-12].

VYcaoBueM BO3HUKHOBEHHSI  KOJUIANCHUPYIOIIUMX  JTOMEHOB  SIBJISIETCS
BBICOKAs! INIOTHOCTh TOKA (00bI9HO ~1 MA/cM?), KoTOpas 0OBIYHO MOKET OBITH
JIOCTUTHYTa TOJBKO IMPU MPOTEKAHUM TOKa B y3kux kaHanax [8]. TpeOoBanue
BBICOKOW IIJIOTHOCTH TOKA CBSI3aHO C TE€M, YTO ISl Pa3BUTHSI HEYCTOWYMBOCTH
HaIpPSKEHHOCTh  JJIEKTPUYECKOTO TIOJISI B AIEKTPOHHO-ABIPOYHOM  IIa3Me
noJpkHa npeBocxoauts nopor OII snektponos: Ey > 3.5 kB/cwm.

Jist  Qu3MKM  MOJYNPOBOJAHUKOBBIX MPUOOPOB  OCOOEHHO  Ba)KHO
MOHU3UPYIOLIEE JTEUCTBUE KOJUIAIICUPYIOUIMX JTOMEHOB: 3JIEKTPUYECKOE MOJIE B
B Hux npeBocxoaut 300 kB/cM. BenenctBue 3T0oro uaer MHTCHCUBHAS yIapHas
MOHU3AIMs, U KOJUIAICUPYIOMIMK JTOMEH CTAaHOBUTCS MOIIHBIM HCTOYHUKOM
HEpaBHOBECHBIX HoOcHTelel. B To ke Bpems u3-3a manoro pasmepa (~1 Mkm)
najieHue MnoTreHuuana Ha eauHuyHoM KJ[ cocraBiser He3HAYWTENbHBIE JUIS
MomHoro mnpubopa ~10 B. Takum o00pa3om, TPUCYTCTBHE B IJIEKTPOHHO-
JIBIPOYHOM IJ1a3Me, HarpuMep, AeciaTi K/ cnocoOHo o0ecreynTh HHTEHCHUBHYIO
yIAapHYI0 HOHM3alMI0 MPU HaANpsHKeHWM Ha mpudope okosno 100 B, uto Ha
MOPSIAOK ~ MEHbIIE  TUIUYHOTO  HAMNPSDKEHUS  JIABUHHOTO — MPOoOos
BBICOKOBOJIbTHBIX ~ MpubopoB (~1 kB) u cooTBeTCTByeT OCTaTOYHOMY
HaMpPsHKEHUI0 MHOTHX BBICOKOBOJIBTHBIX MPUOOPOB KITFOUEBOTO THUIIA.

Bo3HUKHOBEHHE B 3JIEKTPOHHO-IIBIPOYHOM IUIa3M€ KOJUIANICUPYIOLIUX
JIOMEHOB JIeJIaeT BO3MOKHBIM MHTCHCHUBHYIO yJapHas WMOHH3alUs B ClaboM
CpPEIHEM DJJEKTPUYECKOM ToJIe. ITO MOXET NPUBOAUTH, BO-MEPBBIX, K
OBICTPOMY POCTY KOHIIEHTpAIlMd HEPABHOBECHBIX HOCHUTeNel. MMeHHo Takoi
npoiiecc 00yCJIOBIMBAET CyOHaHOCEKYHAHOE mepekitoueHue GaAS JTaBUHHBIX
TpaH3ucTopoB [8]. BO-BTOpBIX, HOHU3ALMS B KOJUIANICUPYIOIIUX JIOMEHAX
MOXET KOMIICHCUPOBAaTh PEKOMOWHALUIO H  Jpehd(OBYIO  IKCTPaKIIUIO
AJNIEKTPOHHO-ABIPOYHON  MJa3Mbl, oOecreynuBas JUIMTEIbHOE COXPAHEHHE
MPOBOJISALIETO COCTOSHUS MPUOOPaA MPU HU3KOM OCTATOYHOM HAIPSKEHUU. ITO
sIBJICHUE — TaK Ha3biBaeMbIi 10CK-oNn addekT — HabMomaeTcst B IepeKIIIouaTesIx
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C ONTHYECKMM 3amyckoM [17] W JaBUHHBIX JUOAAX, NEPEKIIOYAEMBbIX
UMIyJIbCOM 00paTHOM monsipHoctH [9, 10]. B mepexnrodarensx ¢ ONTHYECKUM
3aIyCKOM CaMOMNOJIJIEPKaHUE IPOBOSALIETO COCTOSHUS BBIPAKAETCA B TOM, UTO
BBICOKOBOJIFTHBIH ~ (POTOKIIIOY HA  OCHOBe  mousryusoiupytomero  GaAs
HEOTPAaHUYEHHO JOJTO COXPaHSET MPOBOMSIIEE COCTOSHHUE IMOCIIE OKOHYAHHUS
YOPABJISIIOLIIETO ONTHUYECKOro MMITyjbca [17], T.e. «3amumaer» B MPOBOASILEM
COCTOSIHUU. JIaBUHHBIE [UOABI COXPAHSIOT MPOBOJAILIEE COCTOSHUE NPH
oOpaTHOM CMEIICHUH B TEUEHHUE BPEMEHH, Ha MOPSIKU IMPEBBIIIAIONINE BpEMs
npetidoBoit axcTpakuuu Hocurenei [11,12]. Lock-on addexT B nepeynciieHHbIX
npudopax MOXKET ObITh O0BSCHEH POPMUPOBAHUEM KOJUIANICHPYIOIIUX JOMEHOB
[9-12]. BbickazaHo MNPEANOJIOKEHUE, YTO KOJUIATICHPYIOUIHNE  JTIOMCHBI
OTBETCTBEHHBI U 3a (popMupoBaHue MpoBosiero cocrosinus B GaAs S-amnoaax
¢ TiIyOoKuMHM 1ieHTpamu [13].

XaoTuyeckasg JIMHAMUKA KOJUIAIICUPYIOMIMX JOMEHOB MPUBOJAT K
BBICOKOYACTOTHBIM KOJIEOAHUSAM, B CLIEKTPE KOTOPBIX UMEETCS CyOTeparepoBast
cocraBisitonas [14]. Ha ocHoBe 3Toro sddexra B JaBUHHBIX TPaH3UCTOPaX
YCIIELTHO CO3/IaHbl KOMITAKTHBIE UCTOYHUKH CyOTeparepIioBoro u3ayueHus [15].
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N3yuancs TyHHENbHBIN AJIEKTPOHHBIN TpaHcnopT B cBepxpemieTkax (CP)
INAS/AISb ¢ snmekTpudeckumu JgoMeHaMu. YkKaszanHble CP, BbIpallieHHBIE C
MOMOIIBIO MOJIEKYJIIPHO-TTy4Y€BOM SMUTAKCUM, OBUIA PACIOJIOXKEHBI MEXKITY
CWJILHO JICTHPOBAHHBIMA BEPXHMM KOHTAKTHBIM cjioeM n*-InAs W CHIBHO
neruposanHoi (~10*° cm?®) nommoxxoii. CP ObUIM JETMPOBAHBI MEIKUMU
noHopamu B KkoHueHTpamuu 2x10Y7 cm3. Mzyuamucr CP (60 mepuomos) c
onuHaKoBbIMU Oapbepamu (3.5 HM AlSb), HO ¢ pa3HON MIUPUHON KBAHTOBBIX SIM:
45, 5 u 6 am. K oOpa3uaMm NOpUKIAIbIBAIUCh TPEYTOJbHBIE HMITYJIbCHI
HanpspkeHus ¢ Bpemenem Hapactanus 0.5-10 pe. M3 3aBucuMocTelt HanpsiKeHUs
U TOKa OT BPEMEHHM BOCCTAHABJIMBAJIUCH BOJbTAMIIEPHBIC XapaKTECPUCTUKU
(BAX) nipu npsiMoii 1 00paTHOM pa3BepTKE HAIPSIKEHHUS.

N3-3a craruueckor orpunatenbHo AuddepeHnaibHol MPOBOIUMOCTH
(OHIT), Bosumkaromed B CP mpu pe3oHAaHCHOM TYHHEIUPOBAHUU MEXKTY
KBaHTOBO-Pa3MEPHBIMU COCTOSIHUSIMH B COCEJIHUX KBAHTOBBIX siMaxX (ME€XaHU3M
Ocaku-lly), mnpu  HEKOTOPOM TOPOTOBOM  HAIPSHKEHUU  OOpa3yroTcs
AJIEKTPUUECKUE JOMEHBI. B cilydae IBMXKyIIUXCS JOMEHOB HAOII0IaeTCs PE3KOe
najieHue Toka. Poct Toka (B cpenHemM), HaOII0JaeMbIi TPH HATIPSKEHUSIX BBIIIIE
MOPOTrOBOr0, CBUJETENBCTBYET O TPEYTOJbHOU (hopMe IUIONIBHOTO JoMeHa. B
00JaCTH HaNPSHKEHU, COOTBETCTBYIOIIMX ABMKYIIUMCS ToMeHaM, Ha BAX Ha
¢dboHe pocTa Toka HaOIIOaeTCs P KBA3UNEPUOANUECKUX OCHUIUISAIIAN, TEPUOT
KOTOPBIX  3aBUCUT OT  IIMPUHBI  KBAaHTOBBIX  siM.  McciemoBanuch
KBa3UMNEPUOANUECKUEe MakcuMyMbl, HaOmonapmmecs Ha BAX CP InAs/AlSb
IIpU HANpsDKEHUsX B oOmactu oOpazoBanust nomeHoB. B CP ¢ mmpokumu KA
NEepPUOJl ATUX OCHWUIALMA COOTBETCTBYET PACUIMPEHHMIO JOMEHAa Ha OJHH
nepuosx CP, T.e. nmepuoguueckue uzMeHeHus Toka B CP ¢ mmpoxkumum KSI
CBSI3aHbI C IEPECKOKAMU IPaHUIIbl JOMEHA B COCEIHIOI KBaHTOBYIO siMy. B CP ¢
y3kumu K5 mepuos ocriuuisanuii Mo HampspKEHUIO 3HAYUTENBHO OOJIbIe U HE
COOTBETCTBYET MEPECKOKaM TpaHUIbl JOMEHa Mexay cocennumu K.
[IpensioxkeHo OOBSICHEHHE, CBS3BIBAIOIICE MPOUCXOXKICHUE TEPHOTUICCKUX
MakcumMymoB B CP ¢ y3kumu K5 co 3HauuTeNnbHBIM yBEIUYEHUEM
MaKCHMAJIBHOTO TIOJII B TPEYrojJbHOM JOMEHEe, H3-3a Yero CTaHOBATCS
BO3MOXXHBIMH  TYHHEJbHBIE  TI€peXoabl  MeXay  cocegHumu  KS
COMPOBOXK/IAIOIIHMECS UCITYCKAaHUEM ONTUYECKUX (DOHOHOB.

PaboTa BBINOJIHEHA B paMKaxX TrOC3aJaHusl MPHU YACTUIHOW MOIIEPIKKE
PODU (rpantsr 20-02-00624, -52-16304).
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TPAHCIIOPT AbIPOK B MOHOKPUCTAJJIMYECKUX IJIEHKAX
AJIMA3A, JJETUPOBAHHOI'O FOPOM

U.B. Anryxos?!, A.Il. bonsmakos?, M.C. Karan!, C.K. Tlanponkwmii?,

B.I'. Paigpuenxo?, H.b. Poguonos®, H.A. XBanbkoBckuitl, P.A. XmenpHuIKuii*
Winemumym paouomexnuxu u anexmporuxu um. B.A. Komenvnuxosea PAH, Mockea
2Uncmumym obweri pusuxu um. A.M. Ipoxopoea PAH, Mockesa
3Tpouyxuti uHCMuUmMym uHHOBAYUOHHBIX U MePMOAOepHbIX uccredosanutl, Tpouyx
ADuszuyeckull uncmumym um. I1.H.Jlebeoesa PAH, Mockea
E-mail: s.paprotskiy@gmail.com

N3yuena npoBOAMMOCTh ajiMa3a, JETMPOBAHHOTO OOpOM, C OMHUUYECKHUMU
KOHTaKTaMU B JJIEKTPUYECKUX IOJAX 10 5-10° B/cM B mHTepBaie Temieparyp
74-580 K. K oOpasnam npukiagblBadd JUOO TMOCTOSHHOE HANpsDKEHUE - B
JUHEWHOW  oOjacth  BosibTammepHol  xapaktepuctuku (BAX), mu6o
TPEYTOJbHBIE UMITYJIbChl HaNpsKeHHUs ¢ BpeMeHeM Hapactanus 0.5-100 mxc n
yactoToil mopTopenust 1-100 'y (Bo m3bexxkaHue koyjieBa HarpeBa oOpasioB
npu OoJIbIIMX HampskeHusx). B mocneanem cmydyae BAX BoccranaBnuBanu u3
3aBUCUMOCTEl  HampsbkeHWs M TOKa OT  BpeMmeHu. McciegoBanuch
SIUTAKCUAJIbHBIC aJMa3Hble IUIEHKW ToiammHOM 10-12 MKM, BBIpallleHHBIE
MeTooM Ta3odazHoro xumuueckoro ocaxjaeHuss (CVD) Ha momoxkax u3
KpuctauioB anmasza ¢ opueHtauued (100), cuibHO JerupoBaHHBIX OOpPOM
(~2x10%° cm®). TToanoXKK MONY4EeHbl METOAOM BBICOKOTO JaBIICHHS/BBICOKOI
temrepatypbl (HPHT). Omuueckue koHTakThl u3 cruiaBa Ni-W TONIIUHON
~35 HM HAaHOCWJIM METOJOM MAarHETPOHHOT'O HAITbUICHHUS.

OmpeneneHbl MEXaHU3Mbl HMOHM3AIMU AKIENTOPHOM mpuMecu Oopa
AIEKTPUYECKUM TOJIEM. YCTAaHOBJIEHO, YTO IMPU KOMHATHOW TEMIIEpaType H
BBHIIIE M3-32 MaJIOW KOHIIEHTPAIlMU CBOOOJHBIX IBIPOK M OOJBIIONW SHEPTrUu
CBsI3U OOpa B aJiMa3ze MOHM3ALIUS TPOUCXOIUT 3a cueT 3¢ dexra Openkens-Ilyna
— MOHM>)KEHUS KyJIOHOBCKOTO Oapbepa npuMmecH B aiekTpuueckom node [1]. [lpu
MOHW)KEHHBIX TEeMIIepaTypax HOHU3aIUsl Oopa MPOUCXOAUT 3a CYET MPSAMOIO
TYHHEJIMPOBAaHUA ABIPOK B BAJICHTHYIO 30HY (3MHEpOBCKas uoHuzauwms). [lpu
TeMmneparypax oOT KoMmHatHOM a0 ~ 500 K rtemmeparypHas 3aBHCHUMOCTH
IPOBOJMMOCTH ajima3a ¢ OOpOM TMOJYMHAETCS AaKTUBALMOHHOMY 3aKOHY.
DHeprusi aKkTHBallMM YMEHBLIAETCS B CHJIBHBIX OJJIEKTPUYECKHX TMOJISX Ha
BENTUYMHY (DPEHKEIIEBCKOTO TOHIKEHUs TpuMmecHoro Oapwepa. I[lpu Oonee
BBICOKMX TEMIIeparypax MpPOBOAUMOCTh HACBIMIAETCS M3-3a TEIJIOBOTO
OITYCTOILIEHHSI AKLENTOPOB.

I[To TemmepaTypHbIM 3aBUCHUMOCTSIM  OIpPEAECIEHbl  KOHUEHTPALUU
CcBOOOJHBIX JBIPOK U MPUMECEH, a TakKe CTerneHb koMreHncanuu. O6HapyXeHo,
YTO TMPUMECHU CHJIBHO KOMIICHCUPOBAaHbI, BEPOSTHO, B  pe3yJbTare
aBTOKOMIIEHCAllMK B Mpolecce pocta CcTpykTyp. CreneHb KOMIIEHCAUUU
coctapisina 10 - 10° npu xonuenTpauu npumeceii ~ 101 cm3, Ipemnoxeno
00BSICHEHHE TaKOW aBTOKOMITCHCAIIUH.

PaboTa BhINOIHEHA B pAMKaxX TOC3a/IaHuUs.

1. J. Frenkel, Phys. Rev. 54, 647 (1938).
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I'EHEPAIITMOHHBLIE ITPOLIECCHI B KPEMHUEBBIX MAII-CTPYKTYPAX
C HAHOPA3SMEPHBIMU NUSJIEKTPUYECKUMU CJIOAMU OKCHUIOB
PEJAKO3EMEJIbHBIX JIEMEHTOB

AM. I'ypesanos!, C.A. I'ypbsHoB?
YCamapcruii 2ocyoapcmeennoiti mexnuueckuii ynusepcumem, Camapa
2Mockoéckutl 20Cy0apcmeeHHblil MeXHUYecKull YHUEEpCUmen
um. H.D. baymana, Mockea
E-mail: gurjanovam@mail.ru

HccnenoBanucy reHepauuMoOHHbIE Ipouecchl B KpeMHUeBbIx M/III-
CTPYKTYypaxX € HaHOpPa3MEpPHbIMU JUAJEKTPUUYECKUMH TUICHKAMH OKCHJIOB
PEeIKO3eMEIbHBIX 3JIEMEHTOB CKaHUA, FpOUsl, TOJIbMHS TOJIIMHON 15 + 60 HM
Ha KPEMHHEBBIX MON0KKax. ['enepanmonnsle xapakrepuctuku M/AII-cTpykTyp
Al/R;03/nSi/Al (R — cuMBOJI peaKo3eMeNbHOTO 3JIEMEHTA) ONPEACSUIACH W3
penakcaloHHbIX  3aBucuMocTelt  emkoctn  MJIII-ctpykryper  C(t) mpwm
HEPABHOBECHOM OOCIHEHUU MOBEPXHOCTH KPEMHHUSI OCHOBHBIMH HOCHUTEISIMU
3apsaa, CO34aBacMOM MPSIMOYTOJIBHBIMA UMITYJIbCAMU HaIlpsbKeHUsA. B naHHOM
merone K MJUII-cTtpykType NpHUKIAABIBAETCS HMITYJIBCHOE HANPSKECHHUE
VCTOILIAIOIIECH IOJISAPHOCTH, aMIUIMUTYAa KOTOPOIrO AOCTAaTOYHA JUISI CMELICHUS
MPUMOBEPXHOCTHOW  00JacTHM  MPOCTPAHCTBEHHOTO 3apsiga B 00JacTh
WHBEPCUOHHBIX M3rnO0B 30H. [Ipu »TOM BBICOKOYacTOoTHas emkocth C M/III-
CTPYKTYpPbl CTAaHOBUTCSI TOpa3Jl0 MEHbIIE, YEM DPAaBHOBECHAs HMHBEPCUOHHAs
eMKocTh Co MpU TOM e caMoM HarpsbkeHuu cmernieHus. [locie npexpaiieHus
JICVUCTBHUSl HWMIYJIbCA HANPSDKEHUS, [0 MEPE TEHEpAMM HEPABHOBECHBIX
HOCUTEJIEW  3apsija  TOJIMHA  O0JacTH  MPOCTPAHCTBEHHOTO  3apsija
YMEHBIIAETCS, 4 BBICOKOYACTOTHAS eMKOCTh M/III-CTpyKTyphl yBEIMUYUBAETCH.
IIpouecc penakcauuu emkoctd M/III-CTpyKTypbl, OUCHIBAETCS YPABHEHUEM:

2
_Nzwes d(C :nisuw_ogs(c_w_lj, 0
2C, dt\C 7,C, | C
rac Ci — €MKOCTb I[I/IBJ'ICKTpI/IKa, OTHCCCHHAasA K CAWHHUIEC IIoIMaau, & —

JOVRJIEKTPUYECKas TPOHUIAEMOCTh IONYNpoBoAHMKA. [lo pemakcanroHHBIM
KPUBBIM HEPABHOBECHOW €MKOCTH, MOJYYEHHBIM IPU PA3JIMYHBIX BEIMYMHAX
MPWIOKEHHOTO TOCTOSIHHOTO HAMpPsHKEHUS, OMNPEACISUINCh 00bEMHOE BpeMs
YKU3HM HEOCHOBHBIX HOCUTENEN 3apsiaa Ty U YAEIbHAsI CKOPOCTh TOBEPXHOCTHOMN
resepanuu S. YKa3aHHbIE 3aBHCHMOCTH PETHCTPUPOBAINCH B TEMHOTE, MPH
KOMHATHOM Temrieparype. JUIMTENbHOCTh NEPEXOIHOIO MPOLECCca PETAKCALAN
HEPAaBHOBECHOM eMKocTH pasHbix oOpas3ioB Al/R;O3/nSi/Al naxoamnack B
npeaenax 30 + 500 mc. PaccumTaHHble 3HAYEHUS CKOPOCTHM MOBEPXHOCTHOM
reHepanu S 1 00bEMHOI0 BPEMEHH >KU3HM HEOCHOBHBIX HOCHUTENEH 3apsiia 7y
uMenu cooTBeTcTBeHHO BenuuuHbl 10 + 90 cm/c m 0.3 + 4.5 Mxc. CkopocTh
ITOBEPXHOCTHOM reHepaLuu B HCCIIEIOBAHHBIX M/II-cTpykTypax
Al/Sc,03/nSi/AL, - Al/ErO5/nSi/Al, - Al/H0,03/nSi/Al Ha mopsok  MeHbIIe
AHAJIOTUYHOIO0 mnapamMerpa B KpemHueBbix MJIII-cTpykTypax € JBYOKHCBHIO
KPEMHUS B KAUECTBE JIUAJICKTPUKA.
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ELECTRONIC PHENOMENA
IN NANOSTRUCTURES
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SEMICONDUCTOR NANOCRYSTALS AND QUANTUM DOTS

A.V. Rodina
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: anna.rodina@mail.ioffe.ru

Semiconductor quantum dots and nanocrystals — nanosized semiconductor
particles — are widely used in optoelectronics (white light sources, LEDs,
displays and TVs), photovoltaics (solar cells), medicine and biology (sensors
and labels). The main applications of quantum dots are based on their
fundamental property of having a discrete, size-dependent spectrum of
electronic states, which determines their optical properties (size-dependent
emission and absorption spectra). Such a discrete spectrum, similar to the
spectra of atoms, is formed due to quantum confinement of charge carriers
motion in all three spatial directions. It is realized inside a nanoscale
semiconductor embedded either in a dielectric medium or in another
semiconductor with larger band gap energy. Currently, all artificial physical
systems that provide zero degree of freedom for charge carriers are called
quantum dots.

There are different methods of fabrication of semiconductor quantum
dots, which lead to differences in their properties and specific applications. The
main methods can be divided into two groups: epitaxial (formation of quantum
dots in low-dimensional semiconductor heterostructures) and chemical
(colloidal synthesis of nanocrystals in a dielectric environment) [1].
Historically, the first 0D quantum dots in which the quantum size effect in all
three dimensions was detected and studied were semiconductor nanocrystals
dispersed in a dielectric matrix — glass or aqueous solution. Their experimental
optical and theoretical studies in the early eighties initiated a new field, the
physics of semiconductor zero-dimensional structures, i.e. quantum dots [2].

In my plenary lecture I will present a review and comparative analysis of
the electronic and optical properties of colloidal semiconductor nanocrystals and
epitaxial quantum dots. Various factors responsible for their common and
different properties will be discussed, with an emphasis on the specificity of
semiconductor colloidal nanocrystals. Modern technologies allow synthesizing
colloidal nanocrystals and composite nanostructures based on a variety of
semiconductor compounds with different crystal structures (sphalerite, wurtzite,
perovskite, chalcoperite) and also with different shapes: spherical quantum dots,
elongated one-dimensional nanorods, and flat two-dimensional nanoplatelets.
Nanocrystals synthesized in colloidal solution are easily embedded into various
materials and objects under study, which is a great advantage for their
applications.

Semiconductor nanocrystals in dielectric environments are characterized
by strong spatial confinement of charge carriers due to both high energy
potential barriers and the dielectric contrast between the semiconductor and the
surrounding matrix. This leads to an increase not only in size quantization
energies, but also to the enhancement of all interactions between charge carriers
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in nanocrystals, including spin-dependent ones. | will present the results of our
recent theoretical and experimental (together with the team of the University of
Ghent, Belgium) studies of the universal dependence of the exciton absorption
edge on the nanocrystal size and the influence of the crystal structure and shape
of nanocrystals on exciton absorption [3].

The enhancement of spin-dependent (exchange) interactions, as well as
the decrease of the symmetry of nanocrystals due to their shape or the crystal
structure of the semiconductor, leads to a large energy splitting of the fine
structure of exciton states. The spin structure of excitons, as well as the spin-
dependent interactions of excitons with the surface of nanocrystals, significantly
affects the kinetics and polarization of their photoluminescence [4]. In this
plenary lecture we will present a review of our theoretical and experimental
(together with the team of the Technical University of Dortmund, Germany)
studies of the optical properties of colloidal semiconductor nanocrystals caused
by spin-dependent interactions.

Results presented in this plenary lecture were supported in parts by the
Russian Science Foundation (Grant Ne 20-42-01008) and the Russian
Foundation for Basic Research (Grant Ne 19-52-12064 NNIO_a).

1. M. Bayer, Ann. Phys. 531, 1900039 (2019).

2. Al.L. Efros, L.E. Brus, ACS Nano. 15, 6192 (2021).

3. T. Aubert et al., Nano Letters 22 (2022).

4. A.V. Rodina et al.,Physics of Solid State 60, 1537 (2018).
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ELECTRICAL OSCILLATIONS IN SEMICONDUCTORS:
HISTORY OF DEVELOPMENT AND PRINCIPLES OF OPERATION

M.S. Kagan
Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Moscow, Russia

E-mail: mskagan@mail.ru

It is planned to give the short review of the development of ideas,
experimental realization and history of semiconductor and semiconductor
structure sources of electric oscillations beginning from first works at the end of
50s - to early 60s of last century (L. Esaki - tunnel diodes, W.T. Read and A.S.
Tager - avalanche diodes, B.K. Ridley, T.B. Watkins u C. Hilsum - distributed
negative differential conductivity (NDC), J.B. Gunn - domains in GaAs) and
concluding with late works (quantum cascade lasers, superlattices and p-Ge THz
lasers).

The mainstream is the operation frequency range extension and successive
development of so-called electromagnetic scale. At the present time, the last part
of this scale - THz frequency region of wavelengths from 30 to 300 um -
remains undeveloped (however there are rather numerous laboratory THz
sources).

As so often is the case, the progress went on in spiral: one generation
principle was used at first (the semiconductor units with NDC were invented in
this case), its development brought to natural limits of underlying physical
processes, then other principles followed (lasers in this case), and the next return
to initial ideas based on new materials and technologies developed by that time.

The work is supported by RFBR grants 20-02-00624 and 20-52-16304.
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GUNN EFFECT: FROM CLASSICS TO MODERNITY

M.S. Ivanov, P.B. Rodin, A.V. Rozhkov
loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: rodin@mail.ioffe.ru

Spontaneous instability of a uniform field distribution in gallium arsenide,
caused by the negative differential electron mobility, and the formation of
moving regions of a strong field — Gunn domains — are striking nonlinear
phenomena in the physics of semiconductor devices that have important
applications in the generation of high-frequency oscillations [1, 2]. The
discovery of the Gunn effect marked not only the appearance of a new
microwave-range device, but also the beginning of fundamental research in
instabilities and the spontaneous formation of current and field structures in
semiconductors with multiple-valued current-voltage characteristics [3, 4].
Later, these structures were conceptualized as dissipative solitons in
nonequilibrium nonlinear systems [5, 6].

For many years, the Gunn effect was mainly considered as a monopolar
effect in n -type GaAs. The pioneering theoretical works by B.L. Gelmont and
M.S. Shur on the Gunn effect in the presence of holes [7] — the bipolar Gunn
effect - have not been developed. The monopolar — «classical» — Gunn effect is
generally characterized by elegant simplicity: the formation of a solitary domain
(«the-winner-takes-it-all» principle), self-similar propagation of the domain
through the diode with a constant electron drift velocity v, , generation of
oscillations with a period of T = W/v, , determined by the domain travel time
through a sample with length W [2, 4].

In late 2000s the bipolar Gunn effect surprisingly appeared again on the
scene of semiconductor physics due to the research in the field adjacent to the
microwave electronics — namely, the ultrafast pulse electronics. Studying the
picosecond switching of a high-power GaAs avalanche transistor,
S.N. Vainshtein, V.S. Yuferev and co-authors predicted in a numerical
experiment the effect of the spontaneous appearance of narrow moving regions
of a strong ionizing electric field in an electron-hole plasma — bipolar Gunn
domains [8]. For their property of unpredictably disappearing (collapsing), these
domains were called collapsing field domains (CFDs) [8]. Subsequently, it was
found that collapsing domains play a crucial role in many power GaAs devices:
optically triggered switches [9, 10], avalanche diodes [11, 12], and S-diodes
with deep levels [13]. CFDs also turned out to be an efficient source of
subterahertz radiation [14, 15].

Collapsing Gunn domains, like monopolar Gunn domains, owe their
appearance to the negative differential electron mobility in GaAs. However, the
shape and dynamics of collapsing domains have little in common with either the
monopolar Gunn domains or the bipolar domains predicted by Gelmont and
Schur [8]. A collapsing domain is a narrow (on the order of a micrometer)
moving region of a strong (> 300 kV/cm) electric field in which intense impact
ionization occurs. Like a monopolar domain, a collapsing bipolar domain in an
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electron-hole plasma moves in the direction of the electron drift. Its velocity is
close to the drift velocity of electrons (~10 7 cm/s), but varies depending on the
shape of the domain and its surroundings. Collapsing domains do not obey the
«the-winner-takes-it-all» principle: several domains coexist in the structure. The
disappearance (collapse) of a domain occurs unpredictably. On the whole, the
collective dynamics of collapsing domains provides an example of dynamic
chaos in a spatially distributed system [16]. This chaotic dynamics contrasts
strikingly with the elegant orderliness of the monopolar Gunn effect. Due to the
complex nonlinearity, analytical approaches to the theory of collapsing domains
have not yet been developed, and our understanding of this phenomenon is
based on numerical simulation [8-12].

The condition for the appearance of collapsing domains is a high current
density (usually ~1 MA/cm?), which can usually be achieved only when current
flows in narrow channels [8]. The requirement for a high current density is due
to the fact that, for the development of instability, the electric field strength in
the electron—hole plasma must exceed the electron NDC threshold:
Ep> 3.5 kV/em.

For the physics of semiconductor devices, the ionizing effect of collapsing
domains is especially important: the electric field in them exceeds 300 kV/cm.
As a result, intense impact ionization occurs, and the collapsing domain
becomes a powerful source of nonequilibrium carriers. At the same time, due to
the small size (~ 1 um), the potential voltage drop across a single CFD is
negligible for a powerful device, ~ 10 V. Thus, the presence of, for example, ten
CFDs in an electron-hole plasma can provide intense impact ionization at device
voltage of about 100 V, which is an order of magnitude lower than the typical
avalanche breakdown voltage of high-voltage devices (~ 1 kV) and corresponds
to the residual voltage of many switching high-voltage devices.

The appearance of collapsing domains in an electron-hole plasma makes
possible the intense impact ionization in a weak average electric field. This can
lead, first, to a rapid increase in the concentration of nonequilibrium carriers. It
iIs this process that causes subnanosecond switching of GaAs avalanche
transistors [8]. Second, ionization in collapsing domains can compensate for the
recombination and drift extraction of electron-hole plasma, providing a long-
term preservation of the conducting state of the device at a low residual voltage.
This phenomenon, the so-called lock-on effect, has been observed in optically
triggered switches [17] and avalanche diodes switched by a reverse polarity
pulse [9, 10]. In switches with optical triggering, self-sustaining of the
conducting state manifests itself in the fact that a high-voltage photoconductive
switch based on semi-insulating GaAs retains the conducting state for an
unlimited period of time after the end of the control optical pulse [17], i.e.,
«locks on» in the conductive state. Avalanche diodes retain their conducting
state under reverse bias for a time that is orders of magnitude longer than the
carrier drift extraction time [11, 12]. The lock-on effect in these devices can be
explained by the formation of collapsing domains [9-12]. It has been suggested
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that the collapsing domains are also responsible for the formation of the
conducting state in GaAs S -diodes with deep centers [13].

The chaotic dynamics of collapsing domains leads to high-frequency
oscillations, the spectrum of which contains a sub-terahertz component [14].
Based on this effect in avalanche transistors, compact sources of subterahertz
radiation have been successfully created [15].

J.B. Gunn, Solid State Commun. 1, 88 (1963).

H. Kroemer, Proc. IEEE 52, 1736 (1964).
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PECULARITIES OF ELECTRON TUNNELING TRANSPORT
IN SUPERLATTICES WITH ELECTRIC DOMAINS

1.V. Altukhov!, A.N. Baranov?, N.D. II’inskaya®, M.S. Kagan?,

N.A. Khvalkovskiy!, S.K. Paprotskiy?, R. Teissier?, A.A. Usikova®
IKotel'nikov Institute of Radio Engineering and Electronics of RAS, Moscow, Russia
2Institute of Electronics and Systems, University of Montpellier, CNRS,
Montpellier, France
3loffe Institute of RAS, Saint-Petersburg, Russia
E-mail: n.khvalkovskiy@gmail.com

Tunneling electron transport in InAs/AlISb superlattices (SL) with electric
domains was studied. These SLs grown by molecular beam epitaxy were
positioned between the heavily doped top n*™ InAs cap layer and the heavily
doped (~10'° cm?®) substrate. SLs were doped with shallow donors of a
concentration of 2x10*" cm3. We studied 60-periods SLs with identical barriers
(3.5 nm AISDb), but with different quantum well (QW) widths: 4, 5, and 6 nm.
Triangular voltage pulses with a rise time of 0.5-10 us were applied to the
samples. The time dependences of current and voltage were used to restore |-V
characteristics forward and reverse voltage sweeping.

The static negative differential conductivity (NDC) arising in superlattices
at resonant tunneling between confined states in neighboring quantum wells
gives rise to electrical domains formation. The step-like decrease in current at
some threshold voltage is caused by moving domain formation. The current rise
at voltages above the threshold indicates the triangular form of the domain. At
voltages when moving domains are formed, the series of quasi-periodic maxima
in the 1-V characteristics of InAs/AISb SLs are observed. Their periods depend
on QW widths. The period of the oscillations in SLs with wide QWSs
corresponds to the domain widening by one SL period that is the periodic
changes in current are caused by jumps of domain boundary into the
neighboring QW. The period of the oscillations in SLs with narrow QWSs is
essentially larger and don't correspond the jumps between the neighboring QWs.
The explanation is proposed that connects the maxima in SLs with narrow QWSs
with a significant increase of electric field inside the the triangular domain
making possible tunneling transitions between QWSs accompanied by the optical
phononemission.

This research was carried out within the framework of the state task with
partial support from the RFBR (grants 20-02-00624, 20-52-16304).
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HOLE TRANSPORT IN SINGLE-CRYSTAL BORON-DOPED
DIAMOND FILMS

1.V. Altukhov?, A.P. Bol’shakov?, M.S. Kagan?, R.A. Khmel nitskiy?,
N.A. Khvalkovskiy!, S.K. Paprotskiy?, V.G. Ral’chenko?, N.B. Rodionov*
Kotel'nikov Institute of Radio Engineering and Electronics of RAS, Moscow, Russia
2Prokhorov General Physics Institute of RAS, Moscow, Russia
3Lebedev Physical Institute of RAS, Moscow, Russia
*Institute of Innovative and Thermonuclear Research, Troitsk, Russia
E-mail: s.paprotskiy@gmail.com

The conductivity of boron-doped diamond with ohmic contacts at electric
fields up to 5-10° VV/cm in the temperature range 74-580 K was studied. A direct
voltage (in the linear region of the current-voltage characteristic) or triangular
voltage pulses with a rising time of 0.5-100 us and a repetition rate of 1-100 Hz
were applied to the samples (to avoid Joule heating of samples at high voltages).
In the latter case, the |-V characteristics were reconstructed from the time
dependences of voltage and current. We studied epitaxial 10-12 pm thick
diamond films grown by chemical vapor deposition (CVD) on synthetic HPHT-
diamond substrates with (100) orientation heavily doped with boron
(~2x10*cm 3). Ohmic contacts of ~ 35 nm thick Ni-W alloy were deposited by
magnetron sputtering.

The mechanisms of ionization of acceptor boron impurity by electric field
are determined. At room temperature and above, because of the low free hole
concentration and the high binding energy of boron in diamond, the ionization
of boron acceptors is due to Poole-Frenkel’ effect [1] (the lowering of Coulomb
potential barrier of impurity by an external electric field). At low temperatures,
the ionization of boron occurs due to the direct tunneling of holes into the
valence band (Zener ionization).

At temperatures from room up to ~ 500 K, the temperature dependence of
the conductivity of diamond with boron obeys the activation law. The activation
energy decreases in strong electric fields by the Frenkel' energy of impurity
barrier lowering. At higher temperatures, the conductivity saturates due to the
thermal depopulation of acceptors.

From the temperature dependences, the concentrations of free holes and
impurities, as well as the compensation ratio are determined. It was found that
the impurities are strongly compensated, probably as a result of self-
compensation during the growth of the structures. The compensation ratio was
10 - 10° at an impurity concentration of ~ 10'® cm™. The explanation of the
self-compensation is suggested.

The work was carried out within the framework of the state task.

1. J. Frenkel, Phys. Rev. 54, 647 (1938).
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GENERATION PROCESSES IN SILICON MIS STRUCTURES
WITH NANOSIZED DIELECTRIC LAYERS OF RARE-EARTH OXIDES

A.M. Guryanov?!, S.A. Guryanov?
!Samara State Technical University, Samara, Russia
2Bauman Moscow State Technical University, Moscow, Russia
E-mail: gurjanovam@mail.ru

Generation processes in silicon MIS structures with nanosized dielectric
films of oxides of rare earth elements scandium, erbium, holmium 15 =+ 60 nm
thick on silicon substrates were studied. The lasing characteristics of the MIS
structures Al/R,03/nSi/Al (R is the symbol of a rare earth element) were
determined from the relaxation dependences of the capacitance of the MIS
structure C(t) at nonequilibrium depletion of the silicon surface by the majority
charge carriers, which is created by rectangular voltage pulses. In this method, a
pulsed voltage of depleting polarity is applied to the MIS structure, the
amplitude of which is sufficient to shift the near-surface region of the space
charge into the region of inversion bending of the bands. In this case, the high-
frequency capacitance C of the MIS structure becomes much smaller than the
equilibrium inversion capacitance C. at the same bias voltage. After the
termination of the voltage pulse, as nonequilibrium charge carriers are
generated, region of the space charge thickness decreases, and the high-
frequency capacitance of the MIS structure increases. The process of relaxation
of the capacitance of the MIS structure is described by the equation:

2
_ Neges d (G _nS+ N.EyEs C—°°—1 1)
2C, dt\ C 7,C, L C ’

g [ee]

where C; is the capacitance of the dielectric per unit area, & is the permittivity of
the semiconductor. The nonequilibrium capacitance relaxation curves obtained
at different values of the applied constant voltage were used to determine the
volume lifetime of minority charge carriers z; and the specific surface
generation rate S. These dependences were recorded in the dark, at room
temperature. The duration of the transient process of relaxation of the
nonequilibrium capacitance of different AI/R,03/nSi/Al samples was within 30
+ 500 ms. The calculated values of the surface generation rate S and the volume
lifetime of minority charge carriers zy; were 10 + 90 cm/s and 0.3 + 4.5 ps,
respectively. The surface generation rate in the studied MIS structures
Al/Sc,03/nSi/Al, Al/Er,Os/nSi/Al, Al/Ho,03/nSi/Al is an order of magnitude
lower than the similar parameter in silicon MIS structures with silicon dioxide as
a dielectric.
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